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y{zv|Y|}j~rte�wY[)rx[���VY[�rt��VY[������S�v�S��` �~oYi����~�S�v��` �S�%|Yz~mS[�d

���>���C���Y�~��� ]�ikjSlkjSmSik�Cz~l�Z\j~exi�j~��rx[���jSm~�Yikexi�j~��rt[���[�rtd
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Ì�Í�ÎÐÏtÑ�Ò ��Ó��~� ­�jvefikjS����l�z~dtdxi�Ã§�Czvexi�j~�»ºÐgYikjSlkjSmSik�Cz~l�Z\j~exi�jS�Ðº1dt|Yik¯Jik�Ym¨�Y[�oYrxj~�Yd�º}rfz~�Y¯
jSrxwY[�rW��jJwYik�Ym¢dt��VY[�Z\[�d�º1dxoY|Y|1jSr/eÉ¤~[���efjSrÉZ�z~��VYik�Y[
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wY[\�Cz~|pexoYrx[�g§z~d��\dxoYr
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�Y[�oYrtjS�§z~lk[~º)����[°�Yik¤~[Cz~oÐº�[�dte���jJw ��[¢|§z~r*l�� jSrxwprx[°rt[�l�zvefi��Ww§zv�Yd�lk[�nBoY[�l<l�[�d��Y[�oYrxj~�Y[�d
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|}jSik��e,�QdxjSopZ�[�exexrx[�zvo���lÂz~dtdxi�Ã§�Cz�ef[�opr�¬-!¿|§zvrtefikr
wY[¢��[�d*wYjS�Y� ��[�d�º,jS��¤.��rtikÃ§[°nJo/�·ikl
[�dte�|1jSdtdxikgYl�[EwY[ �Mz~ikrx[�oY�Y[E��l�z~dxdtikÃY�Czvexi�jS�²��j~rxrx[���ex[ wp[ Z�j~op¤S[�Z�[���efd�gpi�jSlkjSmSiknBoY[�d�¬
qslkoYdti�[�oYrxd¢dxikZ�oYl�zvefikjS�Yd¢[�e���j~Z�|Yz~rfz~ikdxj~�Yd�zC¤S[���wp[�d¢exrfzC¤vz~o:½9[�� �Y[�oYrxj~|YV�c:dti�j~l�jSm~i�[
dxjS��e�|YrtjS|}j~d���d�ik��iM¬ 
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i�dtdxoY[¢wY[�d
Z%���Czv�Yi�dtZ\[�d�¤JikdxoY[�l�d*|Yr�����jJ��[�d*dx[�Z�gYlk[°dtopË�dfz~��ef[¢|}j~oYr)lÂz���l�z~dxdtikÃY�Czvexi�jS�
wY[)Z�j~op¤S[�Z�[���efdhgpi�jSlkjSmSiknBoY[�d�¬
0 Ò �¥� Ï �21 � �h� *�l�z~dxdtikÃY�Czvexi�jS�*wYo)Z\jSop¤S[�Z\[���eCºSZ\jSo:¤S[�Z\[��Bexd>gYikjSlkjSmSiknBoY[�d�ºv�Y[�oYrxj~�Y[�d
�\dt|Yik¯~[~º���j:w§zvmS[)�Y[�oYrtjS�§z~l�|Yz~rWrfz~�pmYºYZ�z~��VYik�Y[3�\¤~[���ex[�oYrtdhdtoY|Y|1jSrte
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]�i�j~l�jSm~i���z~l�¤:ikdxoYz~l���lÂzvdxdxi�Ã§��zvefikjS� ikd?z�«<[�lkl ¼ ¯B�Yj±«��Ez~�YwQ¤S[�r/c���jSZ\Z\jS�»ºÐgpopehd/efikl�l�ik�:¼
efrxikmSoYik�Ym��Mzv��eC¬>^ ��efVY[{|Yrx[�dx[���eW«<jSrx¯�º:w§zve�z*��l�z~dxdtikÃ§��zvefikjS�¨dti�Z\|Yl�c�Z\[Czv�Ydªg1[�ik�Ym%z~gYlk[
efj�|Yope�z ��%'�54 �'	����*��	�� j~��z�mSi�¤S[���w§zvefzQik�Y|Yope°£�[~¬ mY¬76 jSV»º�efVp[�rx[�ikd*z�wYjSm98/¦�¬\UWVYikd
wYi;:}[�rtd®��rtjSZ ����& 	=<���
��;>���&.�$��% £M[v¬·mY¬�¶ ��¹ ¦,«�VY[�rt[{�Yjve<j~�Ylkc�z ���*��	�� gpopeªz)Z\jSrx[���jSZ\|Yl�[¾½
6 dx[�Z�z~��efik�
d/efrtoY��exoYrx[?8
i�d�[�½Jexrfz~��ef[�wQ��rxjSZ�z%mSik¤~[���w§zve�z%ik�Y|Yope�¬
y�[���[���e%dt[�rxik[�d�j~��[�½:|1[�rxikZ\[���efd%VYz±¤~[�[��pl�ikmSV�ef[��Y[�w(efVpi�d*gYi�j~l�jSm~i���z~l<Z\[���V§z~�YikdxZA@

w§zve�z
��l�z~dxdtikÃY�Czvexi�jS����z~��g1[hrx[�z~lki�¡�[�w�i��¢efVY[{VJopZ¢zv��¤:ikdxoYz~lÐ��jSrtex[�½¢«�ikexV¨lÂzvex[��Y��i�[�dªj~�
z~g}j~ope)Å¥�~�%Z\d
¶ �S¸±¹�z~�YwQ[�¤~[����Mzvdtef[�r�º�¶·�S�¥¹�«�Vpi���V»º���jS�YdxikwY[�rxik�Ym¢exVY[µ¤:ikdxoYz~l�|§zvexVB«�zCc
lÂzvex[��Y��i�[�dh¶ �B��¹7ºBZ�z±c\j~�Ylkc�g}[���j~Z�|YzvefikgYlk[É«�i�efV°z)¤~[�rtc\dt|}[���i�Ã§�h|prxjJ��[�dtdxik�Ym�zvrx��VYi�ef[���¼
efoYrt[�z~�Yw�Z\[���V§z~�pi�dtZ ¶·�~Æv¹7¬CB,¤S[��ED¾VYikmSV�lk[�¤~[�l.D)¤:ikdxoYz~l�wYzve�z���l�z~dxdtikÃ§��zvefikjS�Edxop��VEz~d
�Mz~��[)rx[���jSm~�Yikexi�j~��¶�Å¥¸�¹���z~��g}[)rt[Cz~lki�¡�[�w�zve�dxoY��V�z�¤S[�r/c¨�Mz~dteÉrxzvef[v¬
^ e*V§z~d*g}[�[���V�cJ|1j~efVY[�dxik¡�[�w9exV§zve
efVY[�oY�Ywp[�rxl�cJi��pm �Y[�oYrxz~l®Z�[���V§z~�YikdxZ ikd�g§z~dt[�w

jS��z�rxz~�Y¯EjSrtwY[�r*��jJwYi��pm�dx��VY[�Z\[E¶ �:Å�¹�@�exVY[°�p[�oYrxz~l�ik�p��jSrtZ¢z�efikjS��ikd���j:wY[�w(g�c exVY[
rx[�l�zvexik¤~[�jSrtwY[�r�i��©«�VYik��V efVY[�dx[��p[�oYrtjS�Yd¢ÃYrx[~¬ UWVp[���j~�Y�Y[�½:ikjS�Yikdte�D�Fh[�lkjSrxZ\[�z~�Yw
UWVYjSrx|1[,Dª��l�z~dxdtikÃY�Czvexi�jS�°Z�jJwY[�l}|Yrt[�dt[���ef[�w¨i���¶ �~Ç�¹}ikd<z*gYikjSlkjSmSik�Cz~lklkc\|plÂz~opdxikgYl�[{Z\j:wY[�l
j~��exVYikdÉZ\[���V§z~�YikdxZ�¬�^ eÉikd�g§z~dx[�w�j~��dt|Yi�¯Bik�Ym°�p[�e «<jSrx¯BdÉj~�,�Y[�oYrxj~�Yd*£MnBoYi�ef[
wYi;:}[�rt[���e
��rxjSZ¿oYdxo§zvl��Y[�oYrxz~l��Y[�e «�jSrt¯Bd�º1dx[�[
[~¬ mY¬�¶·�v�~¹»��j~r�z�wYikdx��oYdxdti�j~��¦�¬
bJoYrx|Yrti�dti��pmSlkc©[��YjSoYmSVÐº�efVYikd�[�½:|}[�rxikZ\[���e�z~lÉ[�¤JikwY[��p��[�ikd¢ik�©��jSVY[�rx[��Y��[Q«�ikexV z~l ¼

mSjSrxi�efVpZ�d�wY[�rxi�¤S[�w ��rtjSZ efVp[�dtefzvefikdtexi���z~lÉl�[�z~rx�Yik�Ym efVY[�jSrtc~ºª��jSl�lkj±«�i��pm�efVY[�«<jSrx¯9j~�
D®z~|Y�Yik¯(¶ ÇpÅSº�ÇS�¥¹ ¬¢­�jSrt[¢|prx[���i�dt[�l�cSº�efVY[�rx[\i�d*z¨wYjSoYgpl�[�l�ik�Y¯F@)jS�EefVY[\jS�Y[\V§zv�Yw exVY[
dte�z�efikdtefik�Czvl>lk[Cz~rt�Yi��pm°efVY[�jSrtc�jG:}[�rtdhefjJjSlkdÉexj�[�¤vz~lko§zvex[%z~�Yw zv�§z~l�c:¡�[�dxop��V gpi�jSlkjSmSik�Czvl
Z�jJwY[�l�d�º�z~�Yw�j~�*efVp[�j~exVY[�r�V§z~�Yw�exVY[ F{[�lkjSrxZ\[Wz~�pw�UWVYjSrt|}[�Z�jJwY[�l:ikd,z~�*i���ex[�rx[�dtexi��Ym
��rxjS��et¼ [��Yw¨��jSr�zvl�mSj~rxi�efVYZ\d�wY[�rtik¤~[�wQ��rxjSZ�exVY[)dtefzvefikdtexi���z~l�l�[�z~rx�pi��Ym\efVp[�jSr/cS¬
UWVpi�d{|Yi�[���[*j~�>exVY[�jSr/c�V§z~dÉVYj±«�[�¤S[�r?�Y[�¤~[�r?g1[�[���[¾½p|1[�rti�Z\[��Bex[�w»ºÐrx[�mSz~rxwYik�Ym�Z\jv¼

efikjS����l�z~dxdtikÃ§��zvefikjS�»¬

����H ���������������! ��*IJ�K0'����3L���� �%,%M��-C�+ 10'����3
]�i�j~l�jSm~i���z~l§Z\j~efikjS��rx[���jSmS�Yi�efikjS��rx[���[�rxdsefj
jSoYr®z~gpi�lkike c%exj)rx[���jSmS�Yik¡�[{z)dx��[��Y[%£�Z\j~efikjS�
jSr?Z\j±¤S[�Z\[��Be�¦?g§z~dx[�wEjS� efVY[�[�¤SjSlkopexi�jS�Ej~�<z�lki�Z\i�ef[�w �BoYZ*g}[�r)j~�®|}jSik��efd)z~��nBoYi�rt[�w
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��jSr%i��pdte�zv�Y��[�«�ikexV z Z\j~exi�jS�©�Czv|pefoYrt[¨efjJjSl7¬©­ ¬®´)ik[�dt[�zv�YwPUµ¬sq�jSmSmSikj©¶ �~¸�¹W|Yrtjv¼
|}jSdt[�z°gpi�jSlkjSmSik�Czvl�l�c�|plÂz~opdxikgYl�[%�p[�oYrxz~l�Z\jJwY[�lª£M�Yjve?g§z~dt[�w jS��dx|Yik¯Bi��Ym¨�p[�oYrtjS�Yd�¦���jSr
efVY[¨rt[���j~mS�Yi�efikjS�(j~�ÉgYikjSl�j~mSi���z~l�Z\j~exi�j~�Pzv�Yw9z~��exi�j~�»ºsg§z~dx[�w9jS��efVY[�zC¤vz~iklÂzvgYi�lki�e c�j~�
�Y[�oYrtjS|YV�cJdxikjSlkjSmSik�Cz~l}z~�Yw�ikZ�z~mSik�Ym
dtefopwYi�[�dWz~�Yw¢[�½:|1[�rxikZ\[���e�zvlÐrx[�dxoYl�efd�¬sUWVYi�d<dx[���efikjS�
rx[�Z\ik�YwYd�efVY[)Z�z~ik��ikwY[�z~d�j~��exVY[�ikrW«�j~rx¯�¬
UWVp[hZ\j:wp[�l1i�d<g§z~dx[�w�jS��efVY[{¯~[�c°z~dtdxoYZ\|pexi�jS�¢efV§zve�z~��efikjS�°rt[���j~mS�Yi�efikjS��ikd�g§z~dt[�w

jS�%l�[�z~rx�p[�w\|Yrxjvefj~e cJ|Yik�Cz~lp|§zvexex[�rt�Yd�z~�Yw\[¾½p|pl�jSi�efd�ik�p��jSrtZ�zvefikjS����rxj~Z�exVY[�¤S[���efrfzvl�z~�Yw
efVY[�wpjSrxdxz~l,|§zvexV�«ªzCcS¬3!W����jSrxwYik�Ym¨efj�exVY[�Z\jJwY[�lMº»efVY[�e «<j¨|§zvexV�«ªzCcJd*|prxjJ��[�dtd?��jSrxZ
£�¤S[���efrfzvl ¦%z~�Yw9jS|:efik���Yj¥« £MwpjSrxdxz~l ¦�ik�p��jSrtZ�zvefikjS� £Mdt[�[Q³>ikmSoYrx[ Å±¦�¬ Bsz~��V©|§zvexVB«�zCc
��jS�Ydti�d/efd¨j~�µz�VYik[�rfzvrx��V�c j~�)�p[�oYrxz~l{��[�zvefoYrt[�wY[�ef[���efj~rxd�«�i�efV rx[���[�|pefi�¤S[�Ã§[�l�w dti�¡�[�d
efV§zve{ik�Y��rt[Cz~dt[�«�ikexV�efVp[�VYik[�rxz~rx��V�c�l�[�¤S[�lM¬?UWVY[*VYik[�rfzvrx��V�c�lk[�¤~[�lkdµj~�,exVY[*��jSrtZ |§zvexV:¼
«ªzCc�z~rx[µ��jSrtZ\[�w�g�c�dti�Z\|Ylk[���[�lkl�d�ºÐZ\j:wp[�lk[�w�g�c�´)z~g1jSrWÃ§lkex[�rtd�º1Z�j~rx[
��jSZ\|Ylk[�½���[�l�lkd
efV§zve�rx[�dx|1jS�Yw(Z�z�½:i�Z�z~lkl�c���jSr*jSrxik[���ef[�w(g§z~rtd�i��pwY[�|1[��Ywp[���e\j~�WefVp[�ikr�[�½pz~��e\dx|§zvexiÂzvl
|}jSdtikexi�j~�»º�¤Ji�[�«ª¼ exoY�Y[�w �p[�oYrtjS�Yd°dt[�lk[���efi�¤S[���jSr�g}jJwpc9|1jSdx[�d�º�z~�pw Z\j~efikjS�P|§zvexex[�rt�:¼
dx[�lk[���efi�¤S[��p[�oYrtjS�Yd\efV§zve¢z~rt[�dt[�lk[���efi�¤S[���jSr%exVY[¨«�VYjSlk[�Z\j±¤S[�Z\[��Be°dx[�nJop[��Y��[~¬ UWVY[
VYi�[�rfz~rt��V�c l�[�¤S[�l�d
j~�sefVY[%Z\j~exi�j~� |YzvefV�«�z±c z~rx[�Z\j~exi�j~� £�[��Y[�rxm~cp¦hwY[�ef[���efj~rxd�º�wY[�ef[���¼
efjSrtd<��jSr<l�jJ�Cz~l}jS|pexi����§j±« Ã§[�l�w¨|Yzvexex[�rx�pd)£�exrfz~�YdtlÂz�efikjS�»ºp[¾½:|§z~�Ydti�jS�Ðº�z~�Yw���jS��efrfzv��efik�Ym
�§j±«{¦�ºS�Y[�oYrxj~�Yd�dx[�l�[���efi�¤S[W��jSr���jSZ\|Ylk[�½�i��pdte�zv�Befz~�Y[�jSoYd,jS|:efik���§j±«©|§zvexex[�rt�Yd�ºBz~�pw�Z\jv¼
efikjS�E|§zvexex[�rt�:¼ dt[�lk[���exik¤~[°�Y[�oYrxj~�Yd�¬ Bsz~��V l�[�¤S[�lsik� exVY[\VYik[�rfzvrx��V�cE�Cz~�Eg1[�z~dxdtj:��iÂzvex[�w
«�ikexV�z~rt[Cz~d®i���efVY[ÉZ�z~�CzvnJop[?z~�Yw¢VBoYZ�z~�°gYrxz~ik�¢efVYzve���jS��e�z~ik�°�p[�oYrtjS�Yd<«�i�efV¢dxikZ\i�l�z~r
|YrxjS|1[�r/efik[�d�¬
UWVp[%Z�jJwY[�l�«�z~dµ|Yrxj~mSrfz~Z\Z\[�w z~�pw�ef[�d/ef[�wE«�i�efVEd/efik��¯�Ã§mSoprx[�dµ|1[�r/��jSrxZ\ik�Ym¨wYi�� ¼

��[�rx[���e�e cJ|1[�d�j~�ÉZ\j~efikjS�Yd\dxop��V z~d%«�z~l�¯Bik�YmYº®l�ikZ\|Yik�YmYº�rtoY�Y�Yik�Ym�z~�Yw9ik�Bex[�rtZ�[�wYi�zvef[
Z�j~rx|YVYd�¬%UWVY[\Z\j~efikjS� «ªzvd
��z~|pexoYrx[�w�g�c Z�z~�Bo§z~lkl�c�efrxz~��¯Bi��Ym�efVp[hu/jSi���exd
jv�ªz~��efjSrtd
|}[�rt��jSrtZ�ik�Ym?exVY[ªefVYrt[�[�Z�z~ik��Z\j~exi�j~�Ydsz~�Yw�z~r/efi�Ã§��i�z~lklkc�mS[��Y[�rfzvexi��pm)exVY[Wik�Bex[�rtZ�[�wYi�zvef[
jS�Y[�d�¬
UWVp[ÉZ\jJwY[�lpdxVYj±«�d�efV§z�e�dx[�¤S[�rxz~l§|Yrti��Y��i�|pl�[�d®exV§zvesz~rt[W��[��Bexrfz~l:��jSr>efVp[Wrx[���jSmS�Yi�efikjS�

j~�®dte�z�efikjS�§z~r/c jSg:u/[���efd)Z\ikmSV�e)g}[\ikZ�|1jSr/e�z~��e
z~lkdxj¨��jSrhexVY[%rx[���jSm~�Yikexi�j~��j~�®��jSZ\|Yl�[¾½
Z�jvefikjS�%|§zvetef[�rt�Yd�¬�UWVY[ªÃ§rtdte�|Yrti��p��ik|Yl�[�ikd�zhrt[�|Yrt[�dx[���e�zvexi�jS��ik��ef[�rtZ\d�j~��l�[�z~rx�p[�w%|Yrtjv¼
efj~e cJ|Yik�Cz~l�|§z�exef[�rx�Yd�¬�UWVY[
dx[���jS�pw�|Yrti��Y��i�|pl�[*i�dÉz\�Y[�oYrxz~l�z~rx��Vpikex[���exoYrx[)efVYzveÉ��jS�Ydti�d/efd
j~�sVYik[�rfzvrx��VYik[�dµj~�s�p[�oYrxz~l>wY[�ef[���efj~rxd?«�i�efV mSrxz~wYo§z~lkl�c�ik�Y��rt[Cz~dti��pm���[�zvefoprx[�dt|}[���i�Ã§��i�e c
z~�Yw�i���¤vz~rtiÂz~�p��[~¬
UWVp[¢Z\jJwY[�l(�·d
z~rt��VYi�ef[���efoYrt[¢dt[�[�Z�d)efjQg1[\z~wY[�nBo§z�ef[\efjQz~����jSoY��e)��jSr?efVp[�ik��¤vz~rxi ¼

z~�Y��[
|YrtjS|}[�rtexi�[�d{«�i�efV�rt[�dx|1[���ehexj°dtexi�Z*oYlkoYd?|1jSdxi�efikjS�»º�dx��z~lki��Ympº»z~�Yw�dx|1[�[�w�efV§z�e?z~rt[
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³>i�m~oYrx[QÅ @%]�lkjJ��¯ wYiÂzvmSrfz~ZÊjv�ªefVY[¢Z\j:wY[�ls|YrxjS|1jSdt[�w�g�c�­�¬>´)ik[�dt[�z~�Yw�Uµ¬>q�jSmSmSikj
¶ �S¸±¹�efV§zve<dxVpj¥«�d<efVY[�e «�j�|§zvefV�«�zCc:d<��jSr�efVY[É|YrxjJ��[�dxdti��Ym%jv�Ð��jSrtZ�z~�Yw°Z\j~exi�j~� £Mj~|pefik�
�§j±«{¦�¬µUWVY[%zv|Y|YrxjC½:ikZ¢z�ef[%dxik¡�[�j~��efVY[�rx[���[�|pexik¤~[%Ã§[�lkwYdµ��j~Z�|Yz~rx[�w�efj°e cJ|Yik�Cz~l>dtefikZ�¼
oYl�i�i�dhi��Ywpi���zvef[�w ik��efVp[�Z\i�wYwpl�[%rtj¥«)¬ !{gYgYrt[�¤JiÂz�efikjS�Yd�@h^ UµºÐik�p��[�rtj~ef[�Z�|1jSrxz~l>��jSrtex[�½��
�*_�º�¯Bi��p[�efik�°jJ����i�|pikefz~ls��jSr/ef[�½��<_µ³�º�jS|pexi�� �§j±«��®y{³<º�rx[���[�|pexik¤~[°Ã§[�l�w��<b:UÉb1º�dtoY|1[�¼
rxikjSrªef[�Z�|1jSrxz~l�dxoYlk��opd�� D�ÅSº§|Yrti�Z�z~r/c¨¤Ji�dto§z~l���jSr/ef[¾½Ð¬ª_hefVY[�r{zvgYgYrx[�¤JiÂzvexi�j~�Yd{ik�YwYik�Cz�ef[
��jSrtrx[�dt|}j~�YwYik�Ym°zvrx[CzvdÉik�QZ�j~�Y¯~[�cQz~�YwQVJopZ¢zv�Q¤Jikdxo§z~l���jSrtex[�½}¬

��V§z~rfzv��ef[�rxikdtexi��ª��jSr�rx[���jSmS�pikexi�jS�%jv��gYi�j~l�jSm~i���z~l:Z\j~exi�j~�»¬ !{�%i�Z\|1jSrtefz~��esz~wYwYi�efikjS�§zvlpz~d ¼
dxoYZ\|pexi�jS��i��¨exVY[*Z\jJwY[�l�ikdWefVY[)[¾½pikdtex[��Y��[�j~�>rx[���oYrtrx[���e{�Y[�oprfz~l��Y[�e «�j~rx¯¨dtexrxoY��efoYrt[�d
efV§zve<z~dtdxjJ��i�zvef[Édx[�nBoY[���efi�z~l}i��p��j~rxZ�zvefikjS��j±¤S[�r®efikZ\[~¬�UWVYikd�zvdxdxopZ�|:efikjS��lk[Cz~wYd®efj
|Yrx[¾¼
wYi���efikjS�Yd,exV§zve,��z~�%g1[ª|YV�cJdxikjSl�j~mSi���z~lklkc�ex[�d/ef[�wÐºJdtoY��V�z~d>exVY[ª[�½:ikdtex[��Y��[{j~�1zvdtcJZ\Z�[�efrti��
lÂzvex[�rxz~l���jS�p�Y[���efikjS�Ydhg1[�e «<[�[���Z\j~efikjS��|§zvexex[�rt��dt[�lk[���exik¤~[��Y[�oYrxjS�pd�¬WUWVY[
|Yrx[�wYik��efikjS�
j~��efVY[µZ\jJwY[�l}efV§zve�efVY[?rt[���jSmS�Yi�efikjS��j~��gYikjSlkjSmSik�Cz~l}Z�j±¤~[�Z\[���efdÉikdW|}jSdtdxikgYlk[)«�i�efV�exVY[
i��p��j~rxZ�zvefikjS����rtjSZ�[Cz~��V%|§z�efV�«ªzCc�z~l�j~�Y[ªikd,��jS�pdxikdtef[���e®«�i�efV%��l�ik�Yik�Cz~lprx[�dtoYl�efd�dxVpj¥«�ik�Ym
efV§zve<|§zvexi�[���efd<«�i�efV¢l�[�dxikjS�Yd�exV§zve®ik�Y��lkoYwY[?[�ikexVY[�r®jS�Yl�c\efVY[ÉVBoYZ�z~��[�nJopik¤vz~lk[���eWj~�Ð^ Uµº
jSr�efVY[Q­QU���D)� ��jSZ\|Ylk[�½Pzvrx[¨dtexi�lkl�z~gYlk[¨efjErx[���jSm~�Yi�¡�[���jSZ\|Ylk[�½©gYikjSlkjSmSik�Cz~l�Z�j±¤~[�¼
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Z�[���efd*«�Vp[���exVY[�bJUÉb�i�d
dx|Yz~rx[�w»¬Q_?�Ylkc gYikl�zvef[�rfz~lslk[�dxikjS�Yd*j~��exVY[°b:UÉb�V§zC¤S[¢g}[�[��
rx[�|1jSr/ef[�w�efj\lk[Cz~w�efj\dt[�¤S[�rx[*wY[�Ã§��ikexd{ik�¨efVY[)|1[�rt��[�|:efikjS��j~��gYikjSlkjSmSik�Cz~l»Z\j±¤S[�Z\[���efd�¬
F{[�dx|pikex[�efVY[�dx[�rx[�dtoYl�efd�ºªexVY[�«ªzCc©gYikjSl�j~mSi���z~l�Z\j~efikjS� ikd�rx[���jSmS�Yik¡�[�w ikd¢d/efikl�l{z~�

jS|}[�� |YrtjSgYlk[�Z�¬ _?� exVY[�j~�Y[�VYz~�Ywa¶ �~¹{dxoYmSm~[�dte¢efV§z�e�gYikjSlkjSmSik�Cz~l�Z\j~efikjS� ��z~� g1[
wY[�rtik¤~[�w(��rxjSZ wpcJ�§zvZ�ik��� ��
�+ ik�p��jSrxZ�zvexi�j~��«�i�efVYjSo:e%l�jJ�Czvl<ikZ�z~mS[°Z\j~exi�j~�»º,jS��exVY[
j~efVY[�r?V§z~�pwP¶�Å±�pº,Cv¹�|YrtjS|1jSdx[%z¨�Y[�« e cJ|1[\j~�®|}jSik��et¼ l�ikmSV�eµdtexi�Z*oYlkoYdµ«�VYi���V dxopmSmS[�d/efd
efV§zve�exVY[WwY[�ef[���efikjS�°jv�}dt|}[���i�Ã§�Édx|§zvexiÂzvl�z~rxrxz~�YmS[�Z�[���efdsj~� ���*�'��%,	�%'&�� +-��& �$��% � 	���& ��
 	��
�Cz~�Q[�½:|Yl�z~ik��jSopr{zvgYi�lki�e c�efj\rx[���jSm~�Yi�¡�[�zv��efikjS�Yd�¬

����� � ��I��C&$0
	�� %M�+�
	 3(��	���	 �� K0
	��������
�
UWVYi�dsdt[���exi�j~�°gYrti�[ �Yc%rx[�¤Ji�[�«�d<dtjSZ\[{rt[�l�zvef[�w\«<jSrt¯���rxjSZ�efVY[W��jSZ\|Yopef[�r<dt��ik[��Y��[ÉÃY[�lkw»¬

2 3 9 Ò �JI�
�� Í ���¨�¥��I ? 5M���
À{dxik�Ym)Z\j~efikjS�\�Czv|pefoYrt[WdtcJdtex[�Z\d®i�d���jSZ\Z�j~�Ylkc�oYdx[�w¢ik�%efVY[WZ\j±¤Ji�[�Z�z~¯Bi��pm
ik�YwYopdtefr/c
��jSrWdx|1[���iÂz~l�[ :Ð[���exd�¬®UWVY[�cQz~lklkj¥« efj\V§zC¤S[
dxj~Z�[)rt[Cz~lÐexi�Z\[*z~��nBoYikdxi�efikjS�Qj~��efVY[ªu/jSik��efd
|}jSdtikexi�j~�Yd�¬�]ªz~dt[�w
jS�µefVY[sl�zvexex[�rxd�i�e�i�d�|1jSdtdxikgYl�[sefjÉz~�pi�Z�zvex[�dxjSZ\[®zC¤~z�e�z~rtd�¬�UWVYi�d�w§z�e�z
�Cz~� z~lkdxj¨g1[%oYdx[�w exj�z~�§z~l�cJ¡�[vº�rt[���jSmS�Yik¡�[�z~�Yw m~[��Y[�rfzvex[%Z�jvefikjS�Yd�¬%­�z~��c�rt[�dx[�z~rx��V
V§z~d�g}[�[��Q�Cz~rtrxik[�w�jSope�ik�QexVYi�d�wYikrx[���exi�jS�Qefj\dtcJ��efVp[�efik¡�[��Y[�«4dxZ\j:jvefVQZ�jvefikjS�YdW��rxjSZ
Z�jvefikjS���Cz~|pexoYrx[)w§z�e�z~g§zvdx[¢£Mdt[�[)��jSrW[�½pz~Z\|Ylk[°¶ �SÇpº§�~Æpº��~Ç�¹Á¦¾¬

2 3 9 Ò �JI�
�� Í ��� 57� 5 Ò 3
^ �Ydtex[Cz~w�j~�ª��jS�YdxikwY[�rxik�Ym�Z�z~rt¯~[�w�|}j~i���efd
|1jSdxi�efikjS�Yd*z~��rtjSdxd)efikZ\[~º�rx[�dx[Czvrx��V�ik����jSZ�¼
|Yopef[�rh¤Ji�dti�j~�Eexrxik[�dhexj�V§z~�pwYl�[�wYi�rt[���efl�c�efVp[�i�Z�z~m~[�dx[�nJop[��Y��[~¬
UWVY[�rt[%[�½:i�d/efd)z°«�ikwY[
l�i�exex[�rfz�efoYrt[�jS�P[�¤S[���et¼ gYz~dx[�w zv�§z~l�c:dti�d¢j~�?¤JikwY[�jSd�z~�Yw j~oYr�z~ikZ VY[�rx[�ikd°dti�Z\|Yl�c©efj
rx[�Z\ik�Yw(dxj~Z�[°i�wY[�z~d�¬ !{d��Mz~r*z~d�VBoYZ�z~�9z~��efikjS�(rx[���jSmS�pikexi�jS�(ikd���jS�Y��[�rx�Y[�w»ºsZ�z~��c
z~|Y|Yrtj�z~��VY[�dhV§zC¤S[�g}[�[���|YrtjS|1jSdx[�w9£Mdt[�[¨¶·�¥¹���jSr{z¢rx[�¤Ji�[�«{¦�¬h­�z~��c�zv|Y|YrxjSz~��VY[�dhV§zC¤S[
g}[�[���|YrtjS|1jSdx[�w»º>g§zvdx[�w�jS��mS[��Y[�rti��°VJopZ¢zv��Z\j:wY[�lsrx[���j±¤S[�r/c ¶·��C:º��pÅ~º�� Cv¹ º�Z\j~efikjS�
g}jJwpc |§z~r/efd*exrfz~��¯Bik�Ym9¶·�~�pº>�S�¥¹7º,jS��Z\j~exi�j~��|}[�rxikj:wpi���ike c�z~�§z~l�cJdxikd¨¶kÅ��Yº<Å±�Jº���Æpº>�S��¹7º
jSr)g§z~dx[�w�jS� �Y[�«�rt[�|Yrt[�dt[���e�zvexi�j~�Yd�¬�UWVYikd�ikd�zQwYi�Ë¢��oYl�e�e�zvdx¯�efj�Ã§�Yw�zQrti�mSV�e*rx[�|:¼
rx[�dt[���e�z�efikjS� «�VYik��V²z~l�lkj±«�d¢exj���l�z~dtdxi��Ác ��jSrxrt[���exlkcP�Yj±¤S[�lhw§z�e�z «�i�efV z�dtexjSrx[�w jS�Y[v¬
­�z~��c¨rx[�|Yrx[�dx[��BefzvefikjS�YdÉV§zC¤S[
g1[�[��Q|YrtjS|}j~dx[�w�dtoY��V�z~dWU�[�Z\|1jSrfzvl�U�[�Z�|plÂzvex[�d�ik��¶·��¹7º
Z¢zvrxmSik�§z~lªVpi�d/efjSmSrxz~Z\d\j~�hdt|§zvexi�jv¼ ef[�Z�|1jSrxz~lªmSrxz~wYik[���efd¢zve\dx[�¤S[�rfz~lWef[�Z\|}jSrxz~lªdt�Cz~lk[�d
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¶·ÇS�¥¹ º§j~rWZ�jvefikjS��Z\j~exi�j~�Qwp[�dx��rxik|pefj~rxd*¶ �v�pº�� C:º1�~�¥¹ ¬

UWVYi�d®gYrti�[���j±¤S[�r/¤Ji�[�« dxVYj±«�d<exV§zvesefVp[�e «<j���jSZ\Z�oY�pikexi�[�d�V§zC¤S[{wY[�¤~[�lkjS|Y|1[�w�Z\[�efVYjJwYd
z~�Yw¨z~|p|Yl�ik�Cz�efikjS�YdWg§z~dt[�w¨jS�°wYi;:}[�rt[���e�¯Bi��pwYdWj~��ik�Y|Yope�ºp[�i�efVp[�rWdtexi���¯¢rx[�|Yrx[�dx[���efzvefikjS�Yd
£MiM¬·[v¬�|1jSi���exd�¦?jSr?ikZ�z~mS[%dx[�nBoY[��Y��[�d�¬�U�j�gYrxikwYmS[�exVY[%m�z~|Ðº�jS�Y[%|1jSdxdti�gYlk[\nBoY[�d/efikjS��ikd
VYj±«(efj?[¾½:exrfz~��e,��rxj~Z�ikZ�z~mS[<dx[�nBoY[��Y��[�dsdxjSZ\[ª|1jSik�Bexd>«�VYik��V%��jSopl�w%VY[�l�|���j~r�[¾½YzvZ�|pl�[
��jSr�Z\j~efikjS�\rx[���jSmS�pikexi�jS�Ð¬sb:oY��V¢i�wY[�zµV§z~dsg}[�[���rx[���[���exlkc\|YrtjS|1jSdx[�w¢ik��¶ ��¸±¹§«�VY[�rt[�exVY[
z~opefVpjSrxd*dxVYj±«¿VYj±«&exj z~opexjSZ�zvefik�Czvl�l�c [�½Jefrxz~��e�exVY[���jSrx�Y[�rxd�jv�WefVY[�� F��he�¤Sj~l�oYZ\[
£���jSrtZ�[�w�g�c¢exVY[hdt[�nBoY[��Y��[C¦�zv�Yw�oYdt[hefVY[�Z ��jSr<¤JikwY[�j�ik��ef[�rx|Yrt[�e�z�efikjS�»¬s^ �°efVpi�dª|Yz~|}[�r
z~�Yj~exVY[�rW|YrtjS|1jSdxi�efikjS�Qi�d�wYikdx��oYdxdt[�w»¬

����� ��� 	 � ��	Q% 	 3�0 �+��3�0
�2���/& 0'����3
UWVY[W´µi�[�dx[�z~�Yw�q�ikjSmSmSikj{«<jSrt¯
ikd>ik�YwY[�[�w%zÉrx[���[�rx[��Y��[�i���exVYikd>wYjSZ�z~ik�»¬ !hd�Z�[���efikjS�Y[�w
gBcµexVY[ªzvopefVYj~rxd�º�ik�*efVp[�ikr>[�½:|1[�rti�Z\[���efz~l:dt[�e�efVY[�c)jS�Yl�c*��jS�Ydti�wY[�r>d/efik��¯)ÃYmSoYrx[�dW£Mz±¤~jSikw:¼
i��Ym�ÃYmSoYrx[ �vg§z~��¯BmSrtjSoY�YwEdt[�mSZ\[���efzvefikjS� z~�YwE[�lkikZ�ik�§zvexi��pm¨dxjSZ\[%oY�Y��[�r/e�z~ik��e c i���exVY[
Ã§mSoYrt[*wY[�ef[���efikjS��¦¾º1cJik[�lkwYik�Ym°efVp[�dx[*¤S[�r/cQ|YrxjSZ\ikdxik�Ym�rt[�dxoplkexd�¬W^ ��exVYi�d�«<jSrx¯�º�efVY[�z~i�Z
jSd{exj�wY[�Z\jS�pdtefrxzvef[*efV§zve{efVY[�i�rÉ��rfz~Z\[�«�jSrt¯�ikdhrtjSgYoYd/eµ[��pjSoYmSV�exj�wY[�z~l�«�i�efVEDfefrxop[,D
i�Z�z~mS[�dªik�Ydtex[Cz~w¨j~��d/efik��¯¢Ã§mSoprx[�d�¬�U�j%dtVYj±«4i�eCºJ«�[{«�i�lkl»oYdt[hefVY[hdfz~Z\[?w§z�e�z�dx[�e�z~dªik�
¶ �~Ç¥¹ º§¯Bik�YwYl�c�mSi�¤S[���g�c�efVY[
z~o:efVYjSrtd�¬

!²dtex[�|���oYr/efVY[�r�ºp´)ik[�dt[?z~�pw�q�i�j~mSmSikj���j~�YdxikwY[�r�mS[��Y[�rfz~l�gYikjSlkjSmSik�Cz~l1Z\j:wp[�lkd<«�VY[�rx[
efVY[�gprfz~ik�Ez~��exik¤Ji�e c ikd?rx[�|Yrx[�dx[���ex[�w�g�c�z���jS��efik�BoYjSoYdµdt�Cz~l�z~r?¤vz~rtiÂz~gpl�[�£�[~¬ mY¬)rx[�lÂzvex[�w
efj�efVp[��Y[�oprfz~l?dt|Yik¯~[ ��rx[�nJop[��Y��cY¦°«�VYik��V²i�d�z�¤vz~lki�w zvdxdxopZ�|:efikjS�4z�e�efVYikd�lk[�¤~[�lµj~�
Z�jJwY[�l�ikdfzvexi�j~�9£Mdt[�[%[~¬ mY¬�¶kÅ±�¥¹���j~r?z°wYikdx��oYdxdti�j~��¦hgYopehwYj:[�dh�Yjve?dtexrxik��exlkc���jSrtrx[�dt|}j~�YwYd
efj¨efVY[%exrxoY[\�Y[�oYrfz~l�[��Y��jJwYik�Ym�£�«�VYik��V�ikdµefj�g}[%rt[�l�zvef[�w exjQexVY[\dx|Yik¯~[\efrxz~ik� i�efdt[�l���¦¾¬
^ �Ydtex[Cz~w»ºÉ«�[�«�iklklµ��jS�Ydti�wp[�r¨�Y[�e «�jSrt¯Bd�j~�
ik��ef[�m~rfzvex[�¼ zv�Yw:¼ ÃYrx[ �Y[�oYrxjS�pd¨oYdxik�Ym©rfz~�Y¯
jSrxwY[�r���jJwYik�Ym{dt��VY[�Z\[�dª¶�Å±Çv¹7º¥«�Vpi���V*dx[�[�Z efjÉg}[�Z*oY��V�Z\jSrt[srx[�l�zvex[�w)efjW«�V§zve�ikd�rt[Cz~lkl�c
[��Y��j:wY[�w�ik�*exVY[<gprfz~ik�»ºSz�e�exVYikd�dtZ¢zvl�lBl�zvef[��Y��c
dx��z~lk[~¬,³§jSlklkj¥«�ik�YmÉefVYikd�exrfz~��¯�º�«�[®«�jSopl�w
l�ik¯~[\efjQrx[�¤:ikdxi�e
efVY[¢´µi�[�dx[¢z~�Yw�q�jSmSm~i�jQZ\j:wY[�lÉ£Mik� �Mzv��e*zQdtoYgYdt[�e*j~�ªi�e
��jS�Ydti�wp[�rxik�Ym
|YrxjJ��[�dxdxik�Ym�i��
D�Å
z~�pw�­QUÉ¦Wgpope�oYdxik�Ym�i���ex[�mSrxzvef[¾¼ z~�YwJ¼ Ã§rt[µ�Y[�oYrxz~l�Z\j:wp[�lkd�¬sUWVYikdÉikd
efVY[)dx[���jS�pw�rx[�z~dxj~�Qjv�>efVpi�dW«<jSrx¯�¬

!©Ã§�§z~lJrx[�z~dxj~�%j~�§rx[�wYjSik�Ym
´µi�[�dx[ªzv�Yw%q�i�j~mSmSj?[¾½p|1[�rti�Z\[��BefzvefikjS�%«�z~d>efj{��jSZ\|§zvrx[
efVY[�i�r�rt[�dxoplkexd�«�i�efVC6 lkj±«�lk[�¤~[�lB��op[�d�8�i��µefVp[s��j~l�lkj±«�i��Ym�dt[��Ydt[G@�i��)jSrtwY[�r»exjÉwpi�dt��rxikZ\i��Yzvef[
Z�jvefikjS�Yd�º}wYj�«<[��Y[�[�w efj���jS�YdxikwY[�r?l�j~�Ym°ef[�rxZ ��[CzvexoYrx[�d\£MiM¬ [~¬?efrxz�u/[���efjSrti�[�d?j~�s[�¤S[�r/c
u/jSi���exd�«�Vpi���V ��jSrtrx[�dt|}j~�YwYd�efj9mSlkjSg§z~l?Z\j~exi�j~��¦�jSr¨i�d�i�eQdxopË���ik[���eQefj9«�j~rx¯ «�i�efV
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dxVYjSr/e\ef[�rtZ efrxz�u/[���efjSrti�[�d�£MiM¬·[v¬©lkjJ�Cz~lWZ\j~exi�jS�9jS|1[�rxzvefj~rxd�¦¾¬(^ �©exVY[�jSrxikmSik�§z~lWd/efoYwpc~º
mSl�j~g§z~l�wYi�dt|Yl�z~��[�Z�[���efd
z~rx[�i���ef[�mSrfz�ef[�wEzvl�jS�pm°efVY[�dxikZ�oYl�zvef[�wEwYjSrxdxz~l ��¤S[��Bexrfz~l�¤:ikdxoYz~l
|§zvefV�«�zCc:d�¬<^ ��efVpi�d���j~Z�|Yz~rfzvexik¤~[*d/efoYw:c�«�[
��j~�YdxikwY[�rÉlkj:��z~l»Z\j~efikjS����op[�dÉjS�Yl�cS¬sUWVY[
dx[�Z\ik�§z~lJi�wp[Cz{jv�pefVpi�d���VYjSik��[<i�d�rx[�l�zvex[�w*exjÉexVY[<yÉoYgpi���«<jSrt¯\¶ �~�:ºJÅ~Å�¹JjS��dt[�mSZ\[��BefzvefikjS�
«�VY[�rt[hi�e�ikd�dtVYj±«��°efV§z�e�[�z~rxl�c\¤:ikdxoYz~l}|prxjJ��[�dtdx[�dª��jSopl�w¢g}[{dxopË���ik[���eªexj*|1[�r/��jSrxZ exVY[
e�z~dt¯ @���jSoYlkw zvl�dtj�[Czvrxl�c©¤Jikdxo§zvl{|Yrtj:��[�dtdx[�d°g}[QdxopË���i�[��Be°efj lÂz~g1[�l�Z\j~exi�jS�pd�� Ä�[
dxikZ�oYl�zvef[)efVpi�d�dxi�efoYzvefikjS�QVY[�rt[)exj\VY[�lk|�oY�pwY[�rtdte�zv�YwYik�Ym�exVYikdÉ�Mz~��eC¬

� � ��

���������°��#�� � �)$����*# � �¾$	� 
 �*��#%$��&��� � #%$�	W��	���$
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	��
UWVY[���j~Z�|pope�zvexi�j~�§z~l�|YrxjSgpl�[�Z exV§zvehi�dµzvwYwYrx[�dxdt[�w g�c�exVYikdh«�j~rx¯Qi�dÉefVY[*rx[���jSmS�Yi�efikjS�
j~�?gYikjSlkjSmSik�Cz~lWZ\j~exi�j~� ik� ikZ¢zvmS[�dt[�nBoY[��Y��[�d�¬��{[�rx[�«<[�«�jSopl�w lkik¯~[�exj ��jJ��opd¢jS�Pz
gYi�j~l�jSm~i���z~l�l�c¨|Yl�z~oYdti�gpl�[
Z\[���V§z~�pi�dtZ ��jS�Ydti�wp[�rxik�Ym�efVY[
z~rt��VYikex[���efoYrt[*j~��efVp[
gprfz~ik��¶ Æv¹7¬
UWVp[ªmS[��p[�rfzvl:|YrtjSgYlk[�Z�i�d�dxoYgJ¼ wYi�¤Ji�wY[�w\i���efj{e «�jµZ�z~ik��dtefz~mS[�d�£Mdt[�[W³>ikmSoYrt[��B¦¾¬�exVY[

Ã§rxd/e�i�d�efVY[���[�zvefoprx[ª[¾½:exrfz~��efikjS�\z~�Yw�exVY[ªdt[���j~�Yw\dte�zvmS[ªikd>efVY[���l�z~dxdtikÃ§��zvefikjS�\|YrtjSgYlk[�Z�¬

� ? Í ; Í �p��
�� Í��1Í �~� Ò � Í�� �±�¥�§�~�65 Ò 3 ��1 Ò ���
^ eÉefz~¯~[�dhzvdÉik�Y|Yo:e?z\rfzC« dt[�nBoY[��Y��[�jv�>ikZ�z~mS[�d{z~dWefVp[*jS�p[�d�dxVYj±«���ik��³>i�m~oYrx[
��z~�Yw
[�½Jefrxz~��exd���[�zvefoYrt[�d\��rxjSZ efVY[Qdx[�nBoY[��Y��[~¬ ³§[�zvefoYrt[�d���jSopl�w©g}[�[�wYmS[�d�ºªlkj:��z~lWZ\j~efikjS�
��jSZ\|YopefzvefikjS�»º�[�ef�~¬k¬k¬ª^ �QexVY[
gYrfz~ik�»º§efVpi�d�e cJ|Yi���z~lklkcQ��j~rxrx[�dx|1jS�YwYdÉefj\efVY[ D�Å�jSopex|Yope�¬
^ e)i�d
z�VJopmS[\Z¢zv| jv�<¤vz~lkoY[�d�¬¢^ � z���jSZ\|Yo:ef[�r)d/c:d/ef[�ZÊike
ikd
wp[�lkik¤~[�rx[�w�ik� exVY[%��jSrxZ
j~�ªz���[�zvefoYrt[%¤S[���efjSrµexj�exVY[\��l�z~dxdtikÃY[�r
gYl�jJ��¯�¬\UWVY[\jSg:u/[���efi�¤S[�i�dµexjQdt[�lk[���e*exVY[\g}[�dte
��[CzvexoYrx[�d{efVYzveh«�ikl�l�lk[Cz~w�exj¢exVY[�Z\jSrt[�rxj~gYoYdteh��l�z~dxdtikÃY�Czvexi�jS�Ð¬?^ ��|§z~r/efik��oYl�z~r�«�[*«�i�lkl
i���¤S[�dtexi�m�z�ef[
ik�>rfz~�Y¯¢jSrxwp[�r���jJwYik�Ym¢��z~��g}[)oYdt[���oYlM¬

� ? Í �21��§�C�:5��,�S�:�65 Ò 3 � 1 Ò ���
^ e?e�z~¯v[�d
z~d?ik�Y|Yo:eµefVY[���[�zvefoYrt[�¤S[���exjSr
z~�Yw ��l�z~dtdxi�Ã§[�d)i�eC¬
^ eµef[�lklkd?«�VYi���V ��l�z~dtdµ[Cz~��V
��[CzvexoYrx[�¤S[���efjSr�g}[�l�jS�pmSd*exjY¬�^ ��j~oYr���z~dx[¢ike*«�i�lkl�g1[¢exVY[¢e cJ|1[�j~�Éz~��efikjS��efVYzve*exVY[
��V§z~rfzv��ef[�r�ikd�wYj~i��Ymp¬�U�«<j���l�z~dtdxi�Ã§[�rtd�z~rx[{��jS�Ydti�wp[�rx[�w�@,efVp[?�Y[Czvrx[�d/eª�Y[�i�m~VJg1jSr?£M�Czvl�lk[�w
y�!�Ä ¦ ¶kÅ�C�¹�zv�Yw²exVY[�b�D)­ ¶ ��C:º{�~�:º)Å¥�¥¹
��lÂz~dtdxi�Ã§[�rtd�¬ UWVY[�y�!�Ä ��lÂz~dtdxi�Ã§[�r�i�d�z
dxikZ�|pl�[\��l�z~dtdxi�Ã§�Czvexi�j~� Z\[�efVYjJwEg§z~dx[�w�j~� Z�ik�YikZ�oYZ wYi�d/e�z~�p��[�d�¬��{ikmSV wYikZ\[��Ydti�j~�§z~l
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efrfzvi��Yik�Ym©w§zvefz £���[�zvefoprx[ ¤S[���efj~r�¦�exjSmS[�efVY[�rQ«�i�efV²efVY[ ��l�z~dxd�ike�g1[�lkjS�YmSd�efjYºhi�dQ��[�w
i���efj�efVY[¢��l�z~dxdtikÃ§[�r�¬ !ªe�l�[�z~dte%j~�Y[¢exrfz~ik�Yik�Ym�dfzvZ�|pl�[°��rtjSZÊ[Czv��V(��l�z~dxd�ikd�dtVYj±«���efj
efVY[���lÂzvdxdxi�Ã§[�r�¬ 
 zvex[�r�exVY[¨wYikdtefz~�Y��[�d�¶kÅ:Cv¹ º�opdxo§z~lkl�c(i��9z�Vpi�mSV(wpi�Z\[��pdxikjS�§z~lWdt|§z~��[vº
g}[�e «�[�[���efVp[{dxz~Z\|Yl�[Éefj*g}[É��l�z~dxdtikÃY[�w�z~�Yw�z~l�lYexVY[{exrfz~ik�Yik�Ym�dxz~Z\|Ylk[�dª|Yrt[�¤JikjSoYdxl�c���[�w
efj%efVY[µ��lÂzvdxdxi�Ã§[�r{wYoprxik�Ym�exVY[?efrxz~ik�Yi��pm�d/e�z~m~[~º�z~rt[µ�Cz~lk��oYl�zvex[�w»¬®UWVY[)��l�z~dxdtikÃY�Czvexi�jS�Qj~�
efVY[��p[�«�dfz~Z\|Ylk[%ikdhwYjS�p[�g�c z~dtdxikmS�Yik�Ym¨ike{efVY[�dfz~Z\[���lÂz~dtd)z~dhexVY[*exrfz~ik�Yik�Ym¨dfz~Z\|Ylk[
��jSoY�Yw¨«�i�efV�exVY[µdxZ�z~lklk[�dte{wYikdtefz~�Y��[)efj\i�eC¬

� � I Í ��5�� Í 3 �C� 1<� Í � 
RI
UWVY[µZ\j~efikjS��rx[���jSmS�pikexi�jS��dti�Z*oYlÂz�efikjS�¨«�i�lkl»g1[?ef[�d/ef[�w�jS��z%dt[�e�j~������gYikjSlkjSmSik�Cz~l}Z\jv¼
efikjS��i�Z�z~mS[µdt[�nBoY[��Y��[�d�£Á¤:ikwY[�j¢dxz~Z\|Yl�[�d�¦���rxj~Z¿e «<j���lÂzvdxdx[�d�º§«�z~l�¯Bik�Ym¢z~�Yw�Z�z~rx��VYik�Ym
£Mdx[�[
³>i�m~oYrx[
��¦¾¬
UWVp[{|1[�r/��jSrxZ�z~�Y��[hzv�§z~l�c:dti�d<��jS�pdxikdtef[�w�ik�°dtefz~rtexi��pm
exVY[{lk[Czvrx�Yik�Ym
|YV§z~dt[{«�i�efV°j~�Y[

rfz~�YwpjSZ\lkc°��VYj:j~dx[�����[Cz�efoYrt[?¤S[���efjSrª��rtjSZ�[�z~��V���l�z~dxdÉz~�pwQrt[�|1[Czvex[�wYl�c¨ik�Y��rt[�Z\[���exi��Ym
efVY[�wYzve�z°dxz~Z\|Ylk[Q£���[Cz�efoYrt[�¤S[���efj~r�¦{ik��efVY[*«ªz~lk¯Bi��pm�zv�Yw Z�z~rx��VYik�Ym¨��lÂz~dtdx[�d�¬)Ä VY[��
efVY[)efrxz~i��pi��Ym¢i�d{��jSZ\|Ylk[�ex[�w�exVY[�rt[�d/efik�Ym°w§z�e�z¢dxz~Z\|Ylk[�dµz~rt[*opdx[�w�z~dÉexVY[)ef[�d/efik�Ym�dt[�e
efj nBo§z~��efi��Ác�exVY[¨��l�z~dtdxi�Ã§[�r �·d�[�rtrxjSr�rxzvef[v¬�UWVp[¨�JopZ�g1[�r\j~�É[�rtrxjSrtd�efV§z�e�efVY[¨��lÂzvdxdxi ¼
Ã§[�r<��jSZ\Z\ikexd�z~rx[{rx[���jSrtwY[�w�z~�pw°efVY[h[�rxrtjSr�|1[�rt��[��Befz~mS[?ikdª��z~l���oYl�zvef[�w¨j¥¤~[�r�exVY[{exj~e�zvl
ef[�d/efik�Ym�dx[�e�¬
UWVp[�dxikZ�oplÂzvexi�j~��|YrxjJ��[�dxd�i���¤Sj~lk¤~[�w�efrxz~ik�Yi��pmÉexVY[���lÂz~dtdxi�Ã§[�r�«�ikexV�jS�p[<dxz~Z\|Yl�[®��rxjSZ

[Cz~��VE�Cz�ef[�m~jSrtc(£M��l�z~dtd�¦?z~�Yw exVY[��EoYdti��Ym¨exVY[%rx[�dte)j~�sefVp[%w§zve�z�dxz~Z\|Ylk[�dµefj�ex[�dteµexVY[
[�rxrtjSrWrfz�ef[)j~�>exVY[)��l�z~dxdtikÃY[�r�¬ !{�Áex[�r���jSZ\|Ylk[�exi��pm¢efVp[)ex[�d/ehz\�Y[�«adfz~Z\|Ylk[
j~��exVY[µef[�dte
w§zve�z¨��rxj~Z [Cz~��V��Czvex[�mSjSr/c ikd�z~wpwY[�w�exjQexVY[\efrfzvi��Yik�YmQdx[�e�z~�pw�efVp[¢rt[�dtexi��pm�w§zvefzQikd
oYdx[�wEexj�ef[�dteµefVp[���l�z~dxdtikÃY[�r�¬�UWVY[�dt[%dtef[�|Yd
z~rx[�rx[�|1[Cz�ef[�wEdtoY����[�dxdtik¤~[�l�c�op�Bexi�l,z~l�Z\jSd/e
z~l�l�efVY[�w§zve�z¢i�dµoYdt[�w z~dhexrfz~ik�Yik�Ym�w§z�e�zp¬µUWVY[�rx[���jSrx[\z~d{efVY[�exrfz~ik�Yik�Ym�dx[�e)mSrxj±«�dhexVY[
ef[�d/efik�Ym�dt[�e?ikdhrt[�wYop��[�wEzv�Yw z¢dtZ�z~l�lk[�rh[�rxrtjSrÉrfzvex[�ikdh[�½:|1[���ef[�wÐ¬hUWVYikd?ikdhikl�lkoYdtexrfzvex[�w
i���³>ikmSoYrx[
��«�VY[�rx[*zv�Áef[�rªe «�[�lk¤~[*exrfz~ik�Yik�Ym¢dxz~Z\|Ylk[�d�efVY[)��l�z~dtdx[�d{z~rt[)«<[�lkl�wY[�ÃY�Y[�w»¬
UWVpi�d�exrfz~ik�Yik�YmEz~�Yw(ef[�dtexi��Ym |prxjJ��[�dtd\i�d�rt[�|1[Czvex[�w9oY��efikl�exVY[°ef[�dtexi��YmEdt[�e\dxik¡�[¨ikd

Z�ik�YikZ�z~l?£Á«�VY[���efVY[¢dx[�e*dxik¡�[°i�d*[�nBo§z~lsefjQefVY[��BoYZ�g1[�r�jv�ª��l�z~dtdx[�df¦�¬�^ ��efVpi�d*Z¢zv�:¼
�Y[�rµz¢Z�j~rx[���jSZ\|Ylk[�ef[%ikwY[�z°j~��efVp[���l�z~dxdtikÃY�Czvexi�jS�E|1[�r/��jSrxZ�z~��[¨£�exVY[�rxzvef[*j~�s��jSrtrx[���e
��l�z~dxdtikÃ§��zvefikjS�Ydf¦�ikd�jSgpefz~i��p[�w���jSrWwYi :Ð[�rx[���eÉefrxz~i��pi��Ym ��ef[�dtefik�Ym�dx[�e{dti�¡�[*rxzvefikjSd�¬
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³>i�m~oYrx[��M@Wy !�Ä ��l�z~dxdtikÃ§[�r?[�rtrxjSrÉrfz�ef[�j~gpe�z~ik�Y[�w�jS��exVY[
����´µi�[�dx[
efrfz¥u/[���exjSrxik[�dhwYi�d ¼
��rxikZ\i��Yzvefik�Ym°g1[�e «<[�[���«ªzvl�¯�z~�pw�Z�z~rx��V�Z\j~efikjS�Yd�¬�_?��efVp[
¤~[�rtexi���z~l�z�½:i�dÉi�dÉ|Ylkj~exex[�w
efVY[?|1[�rt��[��Befz~mS[)[�rtrxjSr�rfzvex[h¤S[�rxdxopd�exVY[)z~Z\jSoY��eWjv��dxz~Z\|Ylk[�d�oYdx[�w¨efj�efrxz~ik��efVY[µ��lÂz~d ¼
dxi�Ã§[�r�¬

H ��H ���� �%,%'��� 
$��3 ��� �K0'����3 � � 0 � � �M �� 	Q�F0'� �'�
	Q%
8�� 8�� 1 	 Í �p��
�� Í � Í �~� Ò ��
 Í �C�S��5 I��65 Ò 3
!hd?wY[�z~l�eµi��9¶·�S¸:º»�S�¥¹�efVY[*Ã§rxd/e?ef[���VY�YiknJop[¢ikdhefj°[�½Jefrxz~��e)Z�z~�Bo§z~lkl�c�efVp[{u/jSik�Bexd?|1jSdxi ¼
efikjS�Yd<��rtjSZ efVp[{¤Ji�wp[�j�dxz~Z\|Yl�[�dªj~��z
dxoYg:u/[���eWrt[�|1[Czvex[�wYl�c¢|}[�rt��jSrtZ�ik�Ym
efVY[Ée «�j�e cJ|1[�d
j~�)Z\j~efikjS�Yd�¬ B®zv��V ��[�zvefoprx[�¤~[���efjSr¨��jS�Ydxikdtexd¨j~�\Å¥��dt|§zvefikjv¼ ef[�Z\|1jSrfzvlÉexrfz�u/[���efj~rxik[�d
j~��exVY[)u/j~i���efd*j~�WzQdxoYgJu/[���e�|}[�rt��jSrtZ\i��Ym�z�Z\j~exi�jS�Ðº�ik��³>ikmSoYrt[��¨efVY[QÅ¥��u/jSik�Bexd�z~rt[
dxVYj±«��»¬
UWVY[�rt[�«�[�rx[\rxj~oYmSVYl�c �v�°wYi :Ð[�rx[���e
dfzvZ�|pl�[�dµj~�sefVY[�dxz~Z\[%dxoYgJu/[���e)«�z~lk¯Jik�Ym
z~�YwQz~�Yj~exVY[�r{�~�%j~��Z�z~rx��Vpi��Ymp¬
UWVp[°efrxz�u/[���efjSrti�[�d�j~��[�z~��V�Z\j~efikjS��dxz~Z\|Ylk[E£�¤JikwY[�jB¦
z~rx[¢dtexjSrx[�w�i���z�Å¥�
�<�
�<�~�

Z¢z�efrxi ½}º:«�VY[�rx[µ[�z~��V�[�lk[�Z\[���e�ik��efVY[?Z�zvexrxi ½���jSrxrt[�dt|}jS�pwYdªefj%zv����j~r�����jJjSrxwYik�§zvex[
j~�sz
u/jSik��e?ik� z¢dt|}[���i�Ã§��efikZ\[�ik�Ydtefz~��e)z~d{dxVYj±«�� ik�E³>i�m~oYrx[��:¬?³�i�mSoprx[*Ç°dxVYj±«�dhexVY[
dxZ\j:jvefV�[�¤~jSl�o:efikjS��j~��efVp[Wu/j~i���efd�|1jSdxi�efikjS��«�ikexVQexi�Z\[v¬
UWVp[���j:jSrtwYik�§zvef[�d�z~rx[Qz~lklWrx[�lÂzvexik¤~[Qexj efVY[QVYik|Eu/jSik��eCº®i��©j~exVY[�r%«<jSrxwYd\efVp[QVpi�|

u/jSi���e¨ikd���jS�pdxikwY[�rt[�w z~d�efVY[ j~rxikmSi��Ð¬ U�j9mS[��Y[�rfzvex[�efVY[ ��lÂzvdxdxi�Ã§[�r���[�zvefoprx[�¤S[���exjSrxd
��jSr�efVY[¨exrfz~ik�Yik�Ym z~�Yw(ef[�dtefik�Ym £M��l�z~dtdxi�Ã§�Czvexi�j~��¦�efVY[¨efVprx[�[�wYikZ\[��Ydti�j~�§z~lWefrxz�u/[���efjSr/c
Z¢z�efrxik��[�d\z~rx[¨rt[�dtV§z~|1[�w9i��©z���jS�Ydxikdtex[���e�Z�z~�Y�Y[�r�efj���jSrtZ z�jS�p[¨��jSlkoYZ\�(¤S[���efjSr�¬

QRQTS�U'V4W�X4Y
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March Walk

³>i�m~oYrx[{�'@ !{�°[¾½YzvZ�|pl�[?jv��[Cz~��V¢��l�z~dxd�j~�ÐexVY[µ´µi�[�dx[*¶ �~��¹1i�Z�z~mS[Édx[�nBoY[��Y��[�dWw§z�e�z~g§zvdx[
efV§zveÉ«<[�rx[%opdx[�w�exj¢ex[�dtehefVY[*Z�jvefikjS��rx[���jSm~�Yikexi�j~�»¬hUWVY[�dx[%��lÂz~dtdx[�dµj~��Z\j~efikjS�Yd{«�[�rx[
��VYjSdx[���dxik�Y��[¢«�z~l�¯ z~�pw�Z�z~rt��V(z~rx[\nBoYi�ef[¢dxikZ�ikl�z~r�zv�Yw�exVJopd�Z\jSrx[\��V§zvl�lk[��Ym~i��Ym�efj
��l�z~dxdtik�Ác~¬

Feature 
Extraction
Block

Feature
Vector

Block
Classification

Biological Motion Recognition

Feature Vector ClassVideo Sample

³>i�m~oYrx[µ�2@s]<l�jJ��¯¨wYi�z~mSrfzvZ�j~��efVY[*­�jvefikjS�QyÉ[���jSmS�pikexi�jS�Q|YrtjSgYlk[�Z�¬

NPORQQNPR
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Joints

Hip Joint

origin
used as

1

87

2

12

11
9

10

5

4

3
6

Joints
Frames (Time)

³>i�m~oYrx[¢�M@�´)ik[�dt[°zv|Y|YrxjSz~��V�ik�Y|Yope�¬ 
 [��Áe�@*UWVY[)u/jSik�Bexd)|}jSdtikexi�j~�Yd�z~rt[\Z¢zv�JoYz~l�l�cEl�z�¼
g}[�l�lk[�w»¬sy�ikmSV�e @KB,¤S[�rtc°|}jSdtikexi�j~��i�d®efVY[���dtexjSrx[�w¨i���z�� F4Z�zvexrxi ½�«�VYi���V¨��z~�°exVY[��¨g1[
��jJwY[�w�z~dÉz¨Å�F ��[�zvefoprx[?¤S[���exjSr�¬

³>i�m~oYrx[¢Ç'@*B,¤~jSl�o:efikjS��j~�ªexVY[µu/jSi���exd�|1jSdxi�efikjS�Yd
«�VYi���V�«�i�lkl<g1[�dtefj~rx[�w�zve*exVY[�dfz~Z\[
|}jSdtikexi�j~�Ydªik��efVY[h��[�zvefoprx[h¤~[���exjSrªwY[�dx��rxik|pefikjS�»¬®UWVY[?lk[��Áe�zv�Yw¨rxikmSV�eªV§zv�Yw¨dxikwY[µmSrxz~|YV
z~rx[ ��z~�Yw ����jJjSrxwpi��§z�ef[�d�rt[�dx|1[���efi�¤S[�lkc~¬

QRQTS�U'V4W�X4Y
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UWVY[¢rt[�dtV§z~|Yik�Ym�j~rxwY[�r
ikd
�Yj~e
dxjQi�Z\|1jSrtefz~��eCº�efVp[¢��rxi�efik�Cz~l�efVpi��YmQg1[�ik�YmQexj�|1[�r/��jSrxZ
efVY[�[¾½pz~��e\dxz~Z\[¨rx[�dtV§z~|Yik�YmEjS�([�¤S[�r/c�efVprx[�[¨wpi�Z\[��pdxikjS�§z~lªexrfz�u/[���efj~rtc�Z¢z�efrxik��[�d\dxj
efV§zve<efVY[{[�lk[�Z\[���exdWi��°exVY[hexrfz~ik�Yik�Ym�¤S[���exjSrWz~rt[h��j~�Ydxikdtefz~��eWg}[�e «�[�[���[Czv��VYj~efVp[�r�@,exVY[
dfz~Z\[Érxj±« j~�»e «<j*��[�zvefoprx[�¤S[���efjSrtd�dtVYjSoYlkw���j~rxrx[�dx|1jS�Yw�efj*exVY[Édfz~Z\[®u/j~i���e<z~�Yw�efikZ�[v¬

8�� 8�� 8 9 1��§�C�:5�� Í ��� @ Í �6; Ò � ��� 3 � Í
³>i�m~oYrx[�¸QdxVpj¥«�d�exVY[°rt[�dtoYlkexd�jSgpefz~ik�Y[�w�exVY[¨y !�Ä £�gYl�z~��¯�wpj~efdf¦*z~�Yw(b�D)­ ��lÂzvdxdxi ¼
Ã§[�rtd*zv����j~rxwYik�Ym¨efj�VY[\|Yrtj:��[�wYoYrt[\wY[�dt��rxikg1[�w�ik� dx[���efikjS���:¬�Å~¬�^ � exVY[%�Czvdx[\j~�ªb�D)­
efVY[�rx[)«�[�rx[�zvl�dtj�z¢�BoYZ*g}[�rhj~�>|§z~rxz~Z\[�ef[�rxdÉefV§zve{��j~oYl�wQefj¢g}[*z~wvu/oYd/ef[�w»¬WUWVY[�Z�z~ik�
|§z~rfzvZ�[�ef[�rxdÉz~rx[µexVY[ �)[�rx�Y[�l�U®cJ|1[�£ 
 i��Y[�z~r�º�q�jSl�c:�pjSZ\iÂz~lMº1y{zvwYiÂzvl�]ªz~dti�d�º1b:i�m~Z�j~i�w�¦¾º
efVY[ �µ[�rx�p[�l(Fh[�m~rx[�[�£���j~r)exVY[�|}jSl�cJ�YjSZ\i�z~ls��l�z~dxdtikÃ§[�r�¦
z~�YwEefVY[�[�rtrxjSrµefj~l�[�rfz~�Y��[¢|Yz�¼
rfz~Z\[�ex[�r�¬�UWVY[%Z�z~�Y�p[�r)i���«�Vpi���V efVY[�dx[%|§z~rt[�Z\[�ex[�rtd
ik�p��[�rx[�w jS��exVY[%��l�z~dxdtikÃY�Czvexi�jS�
|}[�rt��jSrtZ¢zv�Y��[)V§z~d�g1[�[���[¾½p|pl�jSrt[�w»¬
^ �EefVpi�d)|§z~r/efik��oYl�z~r)�Czvdx[~º�exVY[�y�!�Ä ��lÂz~dtdxi�Ã§[�r
dx[�[�Z\d)efj�V§zC¤S[¢z¨g}[�exef[�r)|}[�rt��jSr ¼

Z¢zv�Y��[\efV§zv�(b�Dµ­�¬,bJoY��V�z��Mz~��e
ikd�wYik��oYdtdx[�w(i�� ¶·ÇpÅ�¹ ¬¨_µg�¤JikjSoYdxl�cSº���jSrµefVY[¢lÂz~rtmS[�d/e
|}jSl�cJ�YjSZ\i�z~l�wY[�m~rx[�[vºY«�ikexV�z%l�z~rxmS[µ�BoYZ*g}[�r{jv�,wY[�mSrx[�[�d�j~�>��rt[�[�wYjSZ�ºYefVY[)[�dtefikZ�zvefikjS�
i�d�op�Ydtefz~gYlk[~¬ _hefVY[�r�[�d/efikZ¢z�efikjS�Yd¨V§zC¤S[�¤~[�r/c dxikZ\i�l�z~r�|1[�r/��jSrxZ�z~�Y��[�d�¬ !{d�z���j~�:¼
dx[�nBoY[��Y��[�«<[¨z~rt[¢m~jSi��pm�efj���jS�Ydti�wp[�r�j~�Ylkc jS�p[¨b�Dµ­ [�d/efikZ¢z�efjSr @�efVY[¢|}jSl�cJ�YjSZ\i�z~l
¯~[�rt�Y[�l�wY[�mSrx[�[*�\[�dtefikZ�zvefj~r�¬

³>ikmSoYrx[
¸,@�­Qj~efikjS����l�z~dxdtikÃY�Czvexi�jS��|}[�rt��jSrtZ�z~�Y��[�d{opdxik�Ym¢wpi;:}[�rt[���eh��lÂzvdxdxi�Ã§[�rxd
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H ��� ���� �%,%'��� 
$��3 ��� �K0'����3 � � 0 � � �/� � 	 � 	Q%
� ��3 % 	Q%
8�� H�� 1 	 Í �p��
�� Í � Í �~� Ò ��
 Í �C�S��5 I��65 Ò 3�� Ò �}Í � � 5 Í�Ñ��
^ e�ikd�¯J�pj¥«��*efV§zve�gYikjSlkjSmSik�Cz~l�d/cJdtef[�Z\d>oYdt[�dx|pi�¯v[���jJwYik�Ym*¶kÅ±Ç:º��:Å�¹�efj�efrxz~�YdtZ�i�e�Ã§rxd/e�exVY[
Z�j~dte{rx[�lk[�¤vz~��ehi��p��j~rxZ�zvefikjS�Qi���z~��ikZ�z~mS[v¬�]ªz~dx[�w�jS�QefVYikdhikwY[�z¢i�ehV§zvd{g1[�[���dxVYj±«��
|Yrx[�¤:ikjSoYdtlkc¨exV§zveWopdxik�Ym¢dtoY��VQ��jJwYi��pm�i�e�ikdÉ|1jSdtdxikgYl�[µexj�[¾½Jefrfzv��eWefVp[µZ�j~dteÉi�Z\|1jSrtefz~��e
i��p��j~rxZ�zvefikjS� ��rxjSZ z�d/e�zvexi��¢i�Z�z~m~[°ik��jSrxwp[�r*exj�mS[��Y[�rxzvef[¢oYl�efrfzQ�Mz~dte*��l�z~dxdtikÃY�Czvexi�jS�
¶ �~Æ¥¹ ¬PUWVY[QjS|}[�� nBoY[�dtefikjS�Pi�d\«�[�zvefVp[�r�dxoY��V ��j:wpi��Ym ikd°z~lkdxj�mSjJj:w(��jSr%��lÂz~dtdxi��ÁcJi��Ym
gYi�j~l�jSm~i���z~l�Z\j~efikjS�»¬®^ ��jvefVY[�rÉ«<jSrxwpdÉ«<[CzvexVY[�rÉdx|pi�¯v[���jJwYik�Ym�i�d{z~lkdxj¢z~gYlk[)exj¢[¾½Jefrfzv��e
rxik��V²ik�p��jSrtZ�zvefikjS� ��rxj~Z [�¤S[�r/c ��rfzvZ�[ ik� z�dx[�nBoY[��Y��[�jv�*ikZ�z~mS[�d�z~�Yw g}[�z~gYlk[�efj
��l�z~dxdtik�Ác¨«�i�efV�z%mSj:jJw�|Yrx[���ikdxikjS��exVY[?e cJ|}[�d{jv�>Z\j~exi�jS� �
UWVp[�Z�z~ik��wYi :Ð[�rx[��Y��[�ik��exVY[�dt[�[¾½p|1[�rti�Z\[��Bexdµi�d�efVp[
«�zCc�exVY[*��lÂzvdxdxi�Ã§��zvefikjS����[�z�¼

efoYrt[h¤S[���efj~rxdÉz~rx[hwY[�Ã§�p[�w¨��rxjSZ�efVp[?rfzC«²¤:ikwY[�j�dxz~Z\|Ylk[�dWj~��efVp[he «�j\Z\j~exi�jS�pd�e cJ|}[�d�¬
UWVY[°wYi :}[�rx[���e%dtex[�|Yd%zvrx[°dtoYZ\Z�z~rxik¡�[�w©ik��exVY[�³>ikmSoYrt[�Æ�¦)z~�Yw�z~rx[¢wY[�efz~i�lk[�w�i���exVY[
�Y[�½JeQdx[���efikjS�»¬�³�i�mSoprx[�Å±�(dtVYj±«�dQnBo§zvl�i�e�zvexik¤~[�l�c efVY[ ex[�Z\|}j~rfz~l?rt[�l�zvefikjS� g1[�e «<[�[��
¤S[���efjSr)��[Cz�efoYrt[�d
[�lk[�Z\[���efd�¬�*�jS��efrfzvrtc efj%u/jSik��e*|1jSdtikexi�jS� efrxz~��¯Bi��YmQ«�VYik��V�|Yrxj±¤JikwY[�d
z�dxZ\jJj~efV�mSlkjSg§z~lsik�p��jSrxZ�zvexi�j~��jS��g1jJwpcEdx[�mSZ\[���e%wYikdx|Yl�z~��[�Z\[���efdQ£�dx[�[¨³>ikmSoYrx[¢Ç�¦¾º
dx|Yik¯Bi��Ym��Y[�oYrtjS�Yd�j~opef|Yo:e�ikd�zQ�YjSikdtcE¤S[�rxdxikjS�(j~��efVYikd�dti�mS�Yz~l�«�ikexV�jS�Yl�c l�jJ�Cz~l�ex[�Z�¼
|}jSrxz~l�rx[�lÂzvexi�j~�Yd%£�dxZ�z~lkl�|Yik[���[�j~�}u/jSi���eh|}jSdtikexi�j~��efrxz�u/[���efjSr/cp¦Édx[�|§z~rxzvef[�w�g�c�rxz~�YwYjSZ
u/oYZ\|Ydsj~�ÐexVY[�dxikmS�§z~lM¬)!hdsdtoY��V»º:«<[���l�z~ikZ efV§zvesik�p��jSrtZ�zvefikjS��i��\efVY[�dt|Yi�¯Bik�Ym��p[�oYrtjS�Yd
jSopef|pope�i�dÉZ�z~ik�Ylkc�rx[�l�zvex[�w�efj\l�jJ�Czvl»Z\j~efikjS�Qi��p��j~rxZ�zvefikjS�»¬
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Video Sample
Ordering
Sorted 

1 2

Feature Vector

3 4

active neurons
of the most
Selection 

every spike
Put together

tracking
Target

Hat Filter
Mexican 

³>ikmSoYrt[
Æ'@®_h¤S[�r/¤Ji�[�« j~��exVY[µ��[CzvexoYrx[µ¤~[���exjSr�[�½Jefrxz~��exi�j~��gYlkjJ��¯1¬
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Frame 1

Frame 1 Frame 2 Frame 3

Frame 2

X 10

with Sorted Ordering 
Feature Vector

Y  2
X 10

X  9
Y  4

Y  3

Y  5
X  8

Sorted Ordering Block

³>i�m~oYrx[ C'@>UWVpi�d�ÃYmSoYrx[ÉdxVpj¥«�d<efVY[{z~��exi�j~�°efV§z�e<ikd�|1[�r/��jSrxZ\[�w�g�c�exVY[ÉdxjSr/ef[�w°j:wY[�rxik�Ym
gYl�jJ��¯ «�VYik��V4Ã§�§zvl�l�c mS[��p[�rfz�ef[�dQefVY[E��[Cz�efoYrt[E¤~[���efjSr�¬ ^ �²��rxz~Z\[PÅEefVY[ dx��z~�Y�Yik�Ym
|§zvexex[�rt�
exV§zve�mS[��p[�rfz�ef[�d�efVY[sdtjSrtex[�w�[�l�[�Z\[���e,jSrtwY[�rti��pmhik�
exVY[<j~opef|Yo:e���[�zvefoprx[s¤S[���efjSr�º
i�d�dxVpj¥«��Ð¬

³>i�m~oYrx[�Å±�'@ B>½YzvZ�|pl�[�d%j~�W��[CzvexoYrx[¢¤S[���efjSrtd%mSi�¤S[���exj�efVp[���l�z~dxdtikÃY[�r%oYdti��Ym rt[�lk[�¤vz~��e
dx|Yik¯~[�d�wY[�ef[���efikjS�»º�z~opexjSZ�zvefik�Cz~lkl�c �Cz~lk��oplÂzvex[�w ��rxjSZ efVY[\dx|pi�¯Bik�Ym��Y[�oYrfzvl��Y[�e�¬\UWVY[
l�[��ÁeÉz~�YwQrxikmSV�e{VYz~�YwQdxikwY[)mSrfz~|pVYdÉz~rx[ ��z~�Yw ����jJjSrxwpi��§z�ef[�d�rt[�dx|1[���efi�¤S[�lkc~¬
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8�� H�� 8 	 Í �p��
�� Í � Í �~� Ò ��
 Í �C�S��5 I��65 Ò 3�� Ó Í �±�'5(1 Í Ó ��� Í I>� �
�Ð� Í I 1 � � �Y� = Í �\�±�¥�§��� 5 3>=
UWVY[�mSj�z~l:i�d�efjµj~gpe�z~ik��zµg}jJwpc�¼ ��[���ef[�rx[�w¢dx[�nJop[��Y��[{j~�1efVp[�z~��exi�jS�Ð¬,UWVYikds«�z~dswYjS�p[Éik�
jSrxwY[�r�efj
rx[�dt[�Z*gYl�[{efVY[Édx[�nJop[��Y��[�d�exV§zve<z~rx[{z~�§zvlkcJ¡�[�w°g�c%efVp[{VBoYZ�z~��¤:ikdxoYz~l}d/cJdtef[�Z
«�VYi�lk[¨i�efd�efrxz~��¯Bi��pm�zv�(jSg:u/[���eC¬�!hd�exVY[¨[�c~[QZ\j±¤S[�d�ºsefrxz~��¯Bi��Ym z�efz~rxmS[�e�«�VYikl�[�exVY[
e�z~rtmS[�e®ikd<wYikdx|plÂz~��i��pm�ikexdx[�lk� ºBefVY[�e�zvrxmS[�e<ikd<z~|Y|Yrtj±½:ikZ�zvef[�lkc���[���ef[�rt[�w�j~�Bexj*exVY[{rt[�exi��§z:º
efVYikd?dfzvZ�[�[ :}[���eh«ªz~dµm~[��Y[�rfzvex[�w g�c���rxjS|p|Yi��pm�efVY[�¤JikwY[�j~d?efj���[���ef[�r?efVY[�efz~rxm~[�e?ik�
efVY[���rfz~Z\[v¬,UWVYikd�z~lkdxj*��rt[Czvex[�dªz)dxj~rte®j~�»rt[�l�zvefi�¤S[{|}j~dxi�efikjS�Yik�YmYº�efj
efVY[We�zvrxmS[�e���j:jSrtwYi ¼
�§zvef[Wd/cJdtef[�Z�z~d,efVp[W��[���ex[�rsj~�1efVY[ªefz~rxmS[�e�ikd<zv|Y|YrxjC½:ikZ¢z�ef[�l�c\z~l�«�z±cJd®i��%exVY[W��[��Bex[�rsj~�
efVY[�ikZ¢zvmS[~¬�UWVYikds«ªz~d<z~lkdxj*oYdx[�w°ik��¶·�S�¥¹�dti��Y��[h[�¤S[�r/c�|}jSik��e���j:j~rxwYik�§zvex[�d®z~rx[Érx[�lÂz�efi�¤S[
efj�exVY[°Vpi�|�|1jSdtikexi�jS�pd�¬�³§rtjSZ z~��ikZ\|Yl�[�Z\[���e�zvexi�j~�(|}jSik��e�j~��¤:ik[�«)ºszQdxikZ\|Yl�[¨Z\j±¤�¼
i��Ym�jSg:u/[���e�wY[�ef[���efj~r��Cz~��g}[¢jSgpe�zvi��Y[�w�oYdti��Ym�z�efVYrt[�dtVYjSlkwYi��pm�ef[���VY�YiknJop[Qj±¤~[�r*exVY[
�������	�	
��
���������������	��������� g}[�e «�[�[��¨zµdxj�¼ �Czvl�lk[�w 
 	 � 	�
�	�%,��	 � +�� <�	 z~�pw�exVY[�i�Z�z~mS[�g1[�ik�Ym
jSgYdx[�rt¤~[�w»¬ Fh[���ikdxikjS�Yd%��z~��g1[°e�z~¯v[��(ik�YwY[�|}[��YwY[���exlkc�|}jSik��e%g�c�|1jSik��e ¶ Ç��¥¹7¬ ­�j~rx[
��jSZ\|Ylk[�½�z~|Y|prxj�z~��Vp[�d,��z~�%z~lkdxj{g}[®oYdx[�w ¶ ��Çpº¥�B�:º¥�B¸Bº:Åvº~���Bº~�~Æ:ºvÇ:ºv�S�:ºv�~�pºv�~�:ºJÅCÆpº¥�YÅ�¹7¬
^ ��jSoprÉ��z~dx[µ«<[*VYz±¤~[*opdx[�wQefVY[)¤vz~rxi�zvexi�jS�Yz~l�z~|Y|prxj�z~��VQwY[�¤S[�lkjS|1[�w�ik��¶·���±¹�«�VYik��V�z~l ¼
l�j±«�dhexj°jSgpefz~ik� z¢rtjSgYoYd/e?dx[�mSZ\[���e�z�efikjS����jSrÉ�YjSikdtc�i�Z�z~mS[*dx[�nJop[��Y��[�d�¬µUWVp[�Z\j~efikjS�
dx[�m~Z�[���e�zvexi�jS� £Mdt[�|§z~rxzvefikjS� ��jSrx[�mSrxj~oY�Yw ¤S[�rtdxoYd�g§z~��¯BmSrtjSoY�Yw�¦�z~�Yw efVp[ ��jS�Yd/efrxop��¼
efikjS��j~��z%rx[�dtexjSrx[�w�g§zv��¯Jm~rxjSoY�pw�z~rt[
wpjS�Y[)i���z%��jSop|Yl�[�w�«�zCcSº1z~lkl�j±«�ik�Ym�exVY[)Z\j~efikjS�
dx[�m~Z�[���e�zvexi�jS�E|§zvrte?exj¨|}jSdtikexik¤~[�l�c ik� �§oY[��Y��[%efVp[�rx[�dtefj~rfzvexi�jS�E|§zvrte)z~�pw�¤:ik��[¾¼ ¤~[�rxdxzp¬
UWVYi�d�z~|Y|Yrtj�z~��V�ikd*��oYlkl�c�z~o:efjSZ�zvexi��°z~�Yw���z~��g1[°ikZ�|pl�[�Z�[���ef[�w(��jSr)¤Ji�wp[�jv¼ dtefrt[Cz~Z\d
£MiM¬·[v¬�«�ikexV���z~oYdfzvl�i�e cp¦�¬É³§rxjSZ�exVY[
gYi��Yz~rtc�Z�z~dt¯Jd{jSgpefz~i��p[�w9£�[�¤S[�rtcQ|Yi ½:[�l�i�dÉlÂzvg}[�l�lk[�w
z~d®��j~rx[�m~rxjSoY�pw°jSrsg§z~��¯BmSrtjSoY�Yw§¦�º:exVY[ÉZ�j~dteªikZ\|}j~rte�zv�Be®��jSrt[�mSrtjSoY�Yw���jS�p�Y[���ef[�w¨��jSZ�¼
|}jS�p[���e�i�d°��[���ex[�rx[�w4ik� z�Ãp½:[�w dxik¡�[Eg1jSoY�Ywpi��Ym(g1jC½ «�VYik��V²i�d¨oYdt[�w efj(��rxjS| exVY[
¤:ikwY[�jY¬

�Ð� Í I 8 � 0aÍ�� 57�S� 3 ?��p� � 1�� Í ���
B®zv��V ��rxz~Z\[ i�� exVY[ ��rtjS|Y|1[�w ¤Ji�wY[�jSd¨«ªzvd�exrfz~�pdt��jSrtZ�[�w oYdxik�Ym9efVY[ ­�[¾½:i���z~� VYzve
efrfzv�Ydt��[�r���oY�Y��efikjS�¨i��¨dti�½°wYi :Ð[�rx[��Be�dt�Cz~lk[�dWopdxik�Ym%efVY[ +���& ���*� ��� 
 
������ � efjJjSlkg}jC½���rxjSZ
b:i�Z\jS�p��[�lklki��µz~�YwEefVY[�rx[�dxoYl�efik�YmQ��jJ[�Ë���ik[���efd
��rxjSZ z~l�l�efVY[�dx��z~l�[�d
«<[�rt[¢�pjSrxZ�z~lki�¡�[�w

� �"!$#&%('*),+.-&),/ %�021$354�674�09896;:<0�3>=?1$-@+.#@AB%C4D)�-@6E#F=G)�H�6EI$3C094�6J%C%.# S HK#&%L)	M�),#F-F)�/$-@6E)�+
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£7z~d
[�½:|Yl�z~ik�Y[�w ¶�Å±Çv¹ ¦�¬�UWVY[¢VYi�m~VY[�d/e%rx[�dxoYl�efik�Ym��Yj~rxZ�z~lki�¡�[�w(��jJ[�Ë���i�[��Bexd�£�«�Vpi���V9z~rt[
|YrxjS|1jSr/efikjS�§z~lÐexj%efVY[)�Y[�oYrfz~l�dt|Yik¯~[)��rx[�nBoY[��Y��ik[�df¦{z~�pwQexVY[�ikr���jJjSrxwYik�§zvex[�dW«�i�efVYik�QexVY[
��rfz~Z\[?«<[�rx[
dfzC¤~[�w»¬

�Ð� Í I H �^� Í 1 Í �~�65 Ò 3 Ò ;É�6? Í � Ò ���\�§�~�65 �}Í 3 Í 
�� Ò 3 � 
��:5 3>= 1 Ò �S� 1 5 3 ? 5�� 5Á�65 Ò 3
³�j~r?[Cz~��V ��rxz~Z\[�efVY[%|Yrtj:��[�wYoprx[%oYdt[�wEefj¨[�½Jexrfz~��eµefVY[%Z\jSd/e)rx[�lk[�¤vz~��e)dt|Yi�¯v[�d
i�d?exVY[
dfz~Z\[
z~dWefVY[)jS�p[
opdx[�wQik��¶·�:ÅSº��vÆpº»Å±Çv¹<£�dx[�[*zvl�dtj�¶ ���:º§�S�v¹Á¦¾¬

�Ð� Í I 7 �^� Ò �±� Í Ó Ò ��Ó Í ��5 3R=
!hd�Z\[���efikjS�Y[�w�|Yrx[�¤Ji�jSopdxl�c*ik�
jSrxwY[�r�exj�mS[��Y[�rfzvex[®exVY[s��l�z~dxdtikÃY�Czvexi�jS�*¤S[���efjSr�efVp[<dt|Yi�¯v[�d
«�[�rx[°dtjSrtex[�w�«�i�efV�rx[�dt|}[���e�exj�exVY[�ikr*|1jSdtikexi�jS� £M��jJjSrtwYi��Yzvef[�d �©z~�pw �Y¦?dtj�efVYzve*exVY[
dx|Yik¯~[�d?«�VYi���V «<[�rt[%jS��efVp[�efjS|�l�[��Áe?V§z~�pw ��jSrt�Y[�r{j~�®z¢��rfzvZ�[�z~rx[*|YlÂzv��[�w�ÃYrxdteµz~�Yw
efVY[¨jS�p[�d�efVYzve\z~rt[¨i��(efVp[¨g}j~etefjSZ rxikmSV�e\V§z~�pw(��jSrt�Y[�r\z~rt[¨|Yl�z~��[�w©l�z~d/e�£Mdx[�[Q³>i�m�¼
oYrx[ C�¦¾ºÐefVpi�d?��jSrtZ j~�s��[�zvefoYrt[�¤S[���exjSr)[�lk[�Z\[���e
jSrxwp[�rxik�Ym�ikdµ�Cz~lkl�[�wEdxjSr/ef[�w jSrtwY[�rti��Ympº
wYoY[°exj�efVY[��Mzv��e�exV§zve*efVY[�dt|Yik¯~[�d�z~rt[�dxj~rtef[�w9z~����jSrxwpi��Ym�exj�efVY[�i�r�|}jSdtikexi�j~�(i���exVY[
i�Z�z~mS[ ����rfzvZ�[v¬%^ � efV§zve)«�zCc�efVY[�rx[\ikd*z¨��jSrxrt[�dx|1jS�Ywp[��Y��[°g1[�e «<[�[�� efVY[\|1jSdxi�efikjS�Ej~�
efVY[\dx|pi�¯v[.� d���jJjSrxwpi��§z�ef[%«�ikexVYik��efVp[���[�zvefoYrt[�¤~[���efjSr*z~�YwEefVY[¢z~rt[Cz�j~�ªZ\j~exi�jS�EefVYzve
mS[��Y[�rfzvex[�w�exVY[�dt|Yik¯~[~¬h³§[CzvexoYrx[
¤S[���efjSrtdh«<[�rx[*mS[��p[�rfz�ef[�w���j~rÉexVY[%�~�°´)ik[�dt[*«�z~lk¯Jik�Ym
Z�jvefikjS�Pdxz~Z\|Ylk[�d¢exVY[�j~efVp[�r°�~� Z¢zvrx��VYik�Ym�dxz~Z\|Ylk[�d�ºWgYz~dx[�w jS�9efVY[�dx[Q¤S[���efjSrtd�exVY[
��l�z~dxdtikÃ§��zvefikjS��|}[�rt��jSrtZ¢zv�Y��[µ«�z~dWef[�d/ef[�w»¬
^ �Q³>ikmSoYrt[%ÅSÅSº§zv�Q[¾½Jefrfzv��efikjS�Qj~��efVY[µexjS|�����dx|Yik¯~[
|1jSdxi�efikjS�Yd�j±¤S[�r{z���[�« ��rxz~Z\[�d

j~�{exVY[�i��p|Yope¢Z�jvefikjS�©ÃYl�Z zvrx[�dxVYj±«��»º�i��©jSrxwp[�r%efjEikl�lkoYdtexrfzvex[Q«�VYzve�i�d�z e c:|pi���z~l
��[CzvexoYrx[)dx[�eC¬

8�� H�� H 9 1��§�C�:5�� Í ��� @ Í �6; Ò � ��� 3 � Í
³�[�zvefoprx[�¤~[���exjSrxd?«<[�rt[%mS[��p[�rfz�ef[�w���j~rhefVY[%�~�¨´µi�[�dx[�«�z~l�¯Bik�Ym�Z\j~efikjS��dxz~Z\|Yl�[�d
z~�Yw
efVY[
j~efVp[�rh�~��Z�z~rt��VYik�Ym°dxz~Z\|Yl�[�d�¬É³§jSr�[Cz~��V��Czvex[�mSjSr/c¨��[CzvexoYrx[µ¤~[���exjSrxd{e�z~¯Bik�Ym°ik��efj
z~����jSoY��e)efVY[%efj~|©ÅC�pº��~�pº��S�pº�����z~�pw��v��dt|Yik¯~[�d
«�[�rx[�mS[��p[�rfz�ef[�wÐ¬�UWVpi�d)«ªzvd
wpjS�Y[
i��¢jSrxwY[�r<exj*ef[�dte�VYj±« dx[��pdxi�efi�¤S[µefVY[É��l�z~dtdxi�Ã§�Czvexi�j~�¨[�rxrtjSr�ikd<exj*exVY[?z~Z\jSop�Be�j~��dt|Yi�¯v[�d
e�z~¯v[�� ik��efj(z~����jSop�Be�¬²]ªz~dx[�w jS� exVY[�dt[�¤~[���exjSrxd�º���l�z~dxdtikÃ§��zvefikjS� |1[�r/��jSrxZ�z~�Y��[�«�z~d
ef[�d/ef[�wEz~�Yw�exVY[���jS�pÃ§mSoprfzvexi�jS�pdh«�ikexV�efVp[�lkj¥«<[�d/e
zC¤S[�rxz~mS[���lÂzvdxdxi�Ã§��zvefikjS� [�rtrxjSr{rfzvex[
z~rx[µdtVYj±«���efj~mS[�exVY[�rW«�i�efV�efVY[
y !�Ä ´)ik[�dt[
��oYrt¤~[*ik��³>i�m~oYrx[%Å¥�J¬
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³�i�mSoprx[%ÅSÅ @�U�jS|Q���%dx|Yik¯~[
|1jSdxi�efikjS�YdÉj±¤S[�rÉz���[�« ��rfz~Z\[�d{j~��efVp[
ik�Y|Yo:e{Z\j~exi�j~��ÃYl�Z�¬

Average error

19

25

28

27

29

27

28

2

³>i�m~oYrx[�Å¥�M@E­�jvefikjS� ��l�z~dtdxi�Ã§�Czvexi�j~� |}[�rt��jSrtZ¢zv�Y��[�gYz~dx[�w jS�PexVY[�Z\jSdte°i�Z\|1jSrtefz~��e
dx|Yik¯~[
|}j~dxi�efikjS�Yd�¬

QRQTS�U'V4W�X4Y



�~� � ����%��E� +-���������$	�
�
 	�� ��
�%���
�������&	��
����$	�
�
���
>������� � ��	

^ ��³>ikmSoYrt[%Å¥�:º:exVY[
zC¤S[�rxz~mS[)��l�z~dtdxi�Ã§�Czvexi�j~��[�rtrxjSrtdWj~��efVY[µwYi :}[�rx[���ehZ\[�exVYjJwYdÉz~�Yw
��[CzvexoYrx[�d?¤S[���efjSr)��jSZ�gYik�§zvexi�j~�Yd
z~rx[%dtVYj±«��»¬\³§rxjSZ efVY[�ÃYmSoYrx[vº�ike)ikd)��lk[Cz~r?exV§zve?exVY[
l�j±«<[�dte<zC¤S[�rfz~m~[É��lÂzvdxdxi�Ã§��zvefikjS�°[�rxrtjSr�j~�Ðz~l�l:efVY[WZ\[�exVYjJwYdsi�d�efVp[�y�!�Ä ��lÂzvdxdxi�Ã§[�r®«�i�efV
efVY[
�S�%dx|pi�¯v[
��[�zvefoYrt[µ¤S[���efjSrtd�£My�!�Ä �~�\dt|Yik¯~[±¦¾¬

	 5�1Á� Í ��5 3>= � I 5 � Í � ; � Ò � ��? Í�� �§��� = � Ò 
 3 Ó 2 �JI�� Ò �1Í 9 1��§�C�:5��,�S�:�65 Ò 3
^ ��jSrtwY[�r
efj�ikZ\|Yrxj±¤~[���l�z~dxdtikÃY�Czvexi�jS��|}[�rt��jSrtZ¢zv�Y��[vº,ike*V§z~d*g}[�[���ex[�d/ef[�w�efj�rt[�Z\j±¤S[
dx|Yik¯~[�d{��jSZ\i��Ym%��rtjSZ¿exVY[µg§z~��¯BmSrtjSoY�Yw»¬®UWVYikd�dx[�m~Z�[���e�zvexi�jS�Qj~��efVp[)¤Jikdxo§zvl �§o:½�ik��efj
lÂzCcS[�rxd*£���j~rx[�m~rxjSoY�pw�¤S[�rtdxoYdÉg§z~��¯BmSrtjSoY�Yw§¦WikdWdxj~Z�[�efVYik�Ym%«�VYik��V�ikd�|}[�rt��jSrtZ\[�w�i���exVY[
gYrfz~ik�°g�c%exVY[?­�b:U z~rx[�z°¶ Æpº��S�~¹�«�VYik��V�D u/opdtefi�Ã§[�d9DWexVYi�d®ikwY[Czp¬�UWVp[{rt[�dxoplkexd�jSgpefz~ik�Y[�w
��rxjSZ efVp[hdx[�mSZ\[���e�z�efikjS�¨dtex[�| £Mdt[�[µ³�i�mSoprx[�Å��B¦®��z~��g1[hoYdt[�w�efj�wYi�dt�Cz~rtw¨dx|Yik¯~[�dª��rxjSZ
efVY[%g§zv��¯Jm~rxjSoY�pw»¬%UWVY[\rx[�dxoYl�efik�YmQrx[�lk[�¤vz~��e
dx|pi�¯v[�d*z~rµdxVYj±«�� i���³>ikmSoYrt[¨Å¥��z~�YwEi�efd
i�Z\|§z~��eÉjS����l�z~dxdtikÃ§��zvefikjS��|}[�rt��jSrtZ¢zv�Y��[)ikdÉ|prx[�dt[���ef[�w�ik��³>ikmSoYrt[%Å±�p¬

³>i�m~oYrx[ÉÅ±�'@�³>ikl�ef[�rti��pmhdx|pi�¯v[�d,��rxj~Z4efVY[<g§z~��¯BmSrtjSoY�Yw�exj{ikZ\|Yrxj±¤~[ª��l�z~dxdtikÃY�Czvexi�jS�Ð¬ &{j~ex[
efV§zve���Vpj:jSdti��pm°�S�%jSrW�S�\dt|Yik¯~[�d{i�dt��� ehdti�mS�pikÃ§��zvefi�¤S[*z~d�dxVpj¥«���i��Q³>ikmSoYrt[\Å¥�:¬
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³>i�m~oYrx[�Å��2@'! dxz~Z\|Ylk[Qjv�ÉexVY[¨gYik�§z~r/c�Z�z~dx¯Bd\jSgpefz~ik�Y[�w(efj wpi�dt��rxikZ\i��Yzvef[�g1[�e «<[�[��
g§z~��¯BmSrxj~oY�Yw�z~�Yw���jSrx[�mSrxjSop�Yw�dx|Yik¯~[�dhik�QexVY[)g§z~��¯BmSrxj~oY�Yw�Ã§lkex[�rti��Ymp¬

³>i�m~oYrx[¢Å¥�M@WU�jS|����°dt|Yik¯~[%|1jSdxi�efikjS�Yd?j±¤~[�rµz¢��[�« ��rfz~Z\[�d{j~��efVp[�i��p|Yope?Z\j~exi�j~��Ã§lkZ
«�ikexV�g§zv��¯Jm~rxjSoY�pwQÃ§l�ef[�rxik�YmY¬
QRQTS�U'V4W�X4Y
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� Ò � Í � Í�� 
 Í 3 � Í � � ��5 3R= 0aÒ � Í 2 3 ; Ò �����p�65 Ò 3 � � Ò � ? Í � �¥�'5 3 5 3>= @ ?��§� Í
!hl�efVYjSopmSV�exVYikd®wpj:[�d®�pj~e®��jSrtrx[�dt|}j~�Yw�exj
z
d/e�z~�YwYz~rxw�dtefzvefikdtexi���z~l§|§z~rxz~wYikmSZ�ºB«<[ÉV§zC¤S[
rx[�rtoY��exVY[\[�½:|1[�rxikZ\[���eCº>gBcE��Vpj:jSdti��pm�efVp[ D¾g1[�d/e D�dfz~Z\|Ylk[�d
��jSrµefrxz~i��pi��Ymp¬¢^ ��j~efVY[�r
«�jSrtwYd�º�exVYi�d���jSrtrx[�dt|}j~�YwYd�efjEz�dfz~Z\|Ylk[¨dx[�l�[���efikjS�©g�c(z~� D�[�½:|}[�rte9D°�pj~e%z�rxz~�YwYjSZ
dfz~Z\|Ylki��pmY¬*^ �sexVY[�rxik��VY[�dteCº�ik� i��:��jSrxZ�zvexi�jS�Ðº»dfz~Z\|Ylk[�d)jSr{¤S[���efjSrtd)z~rx[�jSgpe�zvi��Y[�w z~�Yw
��[�w Ã§rxd/e*z~dµefrfzvi��Yik�Ym¨¤S[���exjSrxd)efj¨efVp[���lÂzvdxdxi�Ã§[�r*Z*oY��V�g1[�etef[�rµrt[�dtoYlkexd�zvrx[%jSgpefz~ik�Y[�w
z~dªdxVpj¥«��Qik��³>i�m~oYrx[�ÅCÇpº:¤~[�rtc�dxikZ�ikl�z~r�ºp«�Vp[��Q�Yj~eWg1[�etef[�r<efj�«�V§zve�ikdWjSgpefz~ik�Y[�w�«�i�efV
efrfzvmS[���efjSrti�[�d�¬

³>i�m~oYrx[¨Å±ÇM@
UWVp[\ÃYmSoYrx[\dtVYj±«�d
exV§zve
Z�oY��V�g}[�exex[�r)rx[�dxoYl�efd
�Cz~� g1[�j~gpe�z~ik�Y[�w�i��<exVY[
rxik��VY[�d/ehik��ik�p��jSrtZ�zvefikjS��dfz~Z\|Ylk[�d{z~rt[
dt[�lk[���ef[�w�z~dWefVY[µÃ§rtdte�efrxz~ik�Yi��pm�dxz~Z\|Ylk[�d�¬
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2 3 � Í � �1Í �~� Ò � � 1 Í � Í 3 ���%�vÓ Í ��5 3>= Ò 3 9 1M�Y�C�:5��,�S�p��5 Ò 3 57� 3�� � 9 ��
��*5M� 1
!4¤S[�rtc¨lk[�mSi�efikZ�zvef[hnJop[�dtexi�j~��ikd�º D �{j±«²i�Z\|1jSrtefz~��e�i�d�exVY[µikZ�|Yz~��e�j~��exVY[µ|Yrt[�¤Ji�j~oYdxl�c
Z�[���efikjS�Y[�w���[�zvefoprx[�¤~[���exjSr?[�l�[�Z�[���e)jSrxwY[�rxik�Ym�d/c:d/ef[�Z £Mdt[�[%³�i�mSoprx[ CS¦ÉjS��exVY[���lÂz~d ¼
dxi�Ã§�Czvexi�j~�(|}[�rt��jSrtZ¢zv�Y��[�«�ikexV�efVY[�´µik[�dx[°w§zve�z �'D�jSr D�^ d�ike���rtoY��i�z~l<exV§zve
efVY[°dx|Yik¯~[
��jJjSrxwYik�§zvex[�d
mS[��p[�rfz�efik�Ym�Z\[Czv�Yi��pm~��oYlsefrfz¥u/[���exjSrxik[�d*g}[�dxj~rtef[�w�z~�pw�mSrtjSoY|1[�w�ik��exVY[
��l�z~dxdtikÃ§��zvefikjS�©¤S[���efjSr �MD¥¬9U�j�z~�Yd/«�[�r�exVYi�d\nBoY[�dtefikjS�©«�[Q|}[�rt��jSrtZ\[�w9efVY[¨��jSlkl�j±«�ik�Ym
[�½:|}[�rxikZ\[���e
jS� efVY[\´µik[�dx[%exrfz�u/[���efj~rxik[�d�¬�b:jSr/ef[�wEjSrtwY[�rti��pm�«�VYi���V ikdµwYjS�Y[%g�c�dtjSrte/¼
i��Ym¢efVY[�[�l�[�Z\[���efdµ«�i�efVYik� efVY[
��[CzvexoYrx[�¤~[���efjSrµg§zvdx[�w j~��efVY[�i�r?lkjJ�Czvexi�jS��«�ikexVYi���exVY[
��rfz~Z\[�z~d\wY[�dt��rxikg1[�w ik� B>½:|}[�rxikZ�[���e�z~lhb:[�exoY| ik� dtoYgYdx[���exi�jS� *�lÂz~dtdxi��ÁcJi��Ym©­Qj~efikjS�
«�ikexV�b:|pi�¯v[°y�[�dt|}jS�pdx[�d)«�z~d)��jSZ\|§z~rt[�wEefjQ|}j~dxi�efikjS�:¼ exrfz�u/[���exjSrtc�jSrxwY[�rxik�Ym�«�[�rx[�[�¤�¼
[�rtc |}jSdtikexi�j~�²ik� efVY[�¤~[���exjSrQg}[�l�jS�pmSd¨efj9z(dx|1[���ikÃ§�Eefrxz�u/[���efjSr/c�£7zvd�«�z~d�wYjS�p[ ik�
dxoYgYdt[���efikjS��*�lÂz~dtdxi��ÁcJi��Ym¢­�jvefikjS�°«�i�efV¨U�rfz�u/[���efj~rxik[�d�¦¾¬sUWVY[µ[ :}[���efdªj~��exVY[?dtjSrtex[�w¨jSr ¼
wY[�rti��Ym)«�i�efV°rt[�dt|}[���e®efj)efVY[�|1jSdxi�efikjS�:¼ efrfz¥u/[���exjSrtc\j~rxwY[�rxik�Ym�zvrx[�dxVYj±«��¢i��¢³>ikmSoYrx[)Å¥¸J¬
UWVY[{´)ik[�dt[Éexrfz�u/[���efj~rxik[�ds«�[�rx[ÉoYdx[�w�exj*��jSZ\|§z~rx[WexVY[We «�j)e cJ|}[�d<j~�ÐjSrxwp[�rxik�Ym
g}[��Cz~opdx[
ikeWikdª��jSZ\|Yl�ik�Cz�ef[�w¨exj%wYj�efrxz�u/[���efjSr/c¢exrfz~��¯Bik�Ym\jS�¨�YjSikdtc°w§zve�z*dxoY��V�z~d�exVY[hefj~|¨dx|Yik¯~[
|}jSdtikexi�j~��w§zvefzp¬hÄ i�efV�efVp[\´)ik[�dt[�Z\j~efikjS��exrfz�u/[���exjSrxik[�d?��jSrtZ\[�w�g�c�exVY[���j:j~rxwYik�§zvex[�d
j~�ÐexVY[®u/oY�p��efikjS�Yd<j±¤S[�r®efikZ\[~ºJike<i�d<dxikZ\|Yl�[Éefj*mS[��Y[�rfzvex[{|1jSdtikexi�jS�J¼ efrxz�u/[���efjSr/c�jSrxwY[�rxik�Ym
«�ikexVYi���efVp[
��lÂzvdxdxi�Ã§��zvefikjS��¤~[���efjSrtd�¬

!{d%�Cz~�9g1[�dx[�[��©i��©³>ikmSoYrt[�Å¥¸�exVY[���[CzvexoYrx[¢¤S[���efjSr\dtjSrtex[�w9jSrxwp[�rxik�Ym wYjJ[�d%�pj~e
dxikmS�Yi�Ã§�Cz~��exlkcaik�Y��rx[Czvdx[(efVY[(��lÂzvdxdxi�Ã§��zvefikjS�È[�rxrtjSr�rfz�ef[�«�i�efV rx[�dx|1[���eEexj |}jSdtikexi�j~�:¼
efrfz¥u/[���exjSrtc*jSrtwY[�rti��Ymp¬,UWVYikd�dxoYmSm~[�dtexd,efV§z�e,efrxz�u/[���efjSr/c*exrfz~��¯Bik�Ym)i�d,�pj~eszh¤S[�rtc���rxop��i�z~l
|§z~rte�jv�>Z\j~exi�jS�Q��l�z~dtdxi�Ã§�Czvexi�j~�»¬
UWVp[*Z�z~ik��wYi :}[�rx[��Y��[*i���efVp[�dx[)e «<j°��j~�YwYi�efikjS�Yd{«�z~d�efVY[µ«�zCcQexVY[)��l�z~dxdtikÃY�Czvexi�jS�

¤S[���efjSrtd*£MjSr�exVY[µ��[CzvexoYrx[?¤~[���efjSrtd�¦Wz~rx[µm~[��Y[�rfzvex[�w¨��rxjSZ&efVY[
´µik[�dx[µZ\j~exi�j~��exrfz�u/[���exjv¼
rxik[�d�¬�_?��jS�p[¢V§zv�Yw»º>¤~[���exjSrxd
«�[�rx[�m~[��Y[�rfzvex[�w�«�i�efV�|1jSdtikexi�jS�J¼ efrxz�u/[���efjSr/c jSrxwY[�rxik�Ym
i��Pj~efVY[�r�«<jSrtwYd°efVp[�cPz~rx[�efVp[�[¾½Yzv��e�dxz~Z\[�¤~[���exjSrxd¢efV§zve�«<[�rx[�oYdx[�w efj�Z�[�z~dxoprx[
efVY[*��l�z~dxdtikÃ§[�r?|1[�rt��j~rxZ�z~�Y��[�ik��dxoYgpdx[���efikjS� *�lÂzvdxdxi��ÁcJi��pmQ­�j~efikjS��«�i�efV�U�rxz�u/[���efjSrti�[�d�¬
^ �QexVY[�dt[���l�z~dtdxi�Ã§�Czvexi�j~��¤S[���efj~rxdh[�z~��V�|1jSdtikexi�jS�Q«�ikexVYik��efVp[
¤~[���exjSrÉg}[�l�jS�pm¢efj¢z\��[�r ¼
e�z~ik��efrxz�u/[���efjSr/c�j~�<z°��[�r/e�z~ik��u/jSi���e)zv�Yw�efV§z�e?ikdµ��jS�Ydti�d/ef[��Be)exVYrxjSopmSVYjSope?z~lkl�efVp[����
dfz~Z\|Ylk[�d�¬{U�j�mS[��Y[�rxzvef[
efVY[*��l�z~dxdtikÃ§��zvefikjS��¤~[���exjSrxd{«�ikexV�dxjSr/ef[�w�jSrxwp[�rxik�Ym�efVY[*dfz~Z\[
´)ik[�dt[ªefrfz¥u/[���exjSrtc*w§zvefzh«ªzvd�oYdx[�w¢gYo:e,«�ikexVYik�\exVY[ª��[Cz�efoYrt[�¤S[���efj~r,efVY[W[�l�[�Z�[���efd���rxjSZ
[Cz~��V���rxz~Z\[¢«<[�rx[°dxjSr/ef[�w9zv����j~rxwYik�Ym�exj�efVY[�i�r*|}j~dxi�efikjS��«�i�efVYik��efVY[¢��rfz~Z\[°dtj�efVYzve
efVY[¢��jJjSrxwYik�§zvex[�d
j~�ªexVY[°wYi :}[�rx[���e�efrxz�u/[���efjSrti�[�d*«�VYik��V�«�[�rx[�j~��efVp[¢efj~|�lk[��Áe�VYz~�Yw

QRQTS�U'V4W�X4Y
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��jSrt�Y[�r{j~�®z���rxz~Z\[�z~rt[�|Yl�z~��[�w�Ã§rxd/e)z~�Yw�efVY[*jS�Y[�d{efV§zveÉ«<[�rx[%ik��exVY[�g1j~exexjSZ rxikmSV�e
V§z~�YwQ��jSrt�Y[�rÉz~rt[µ|Yl�z~��[�w�l�z~dte*£�dx[�[*³>ikmSoYrt[EC�¦�¬

³>i�m~oYrx[�Å±¸M@�UWVY[µikZ�|Yz~��e�j~��exVY[?��[CzvexoYrx[?¤~[���efjSrW[�l�[�Z�[���e{j~rxwY[�rxik�Ym\jS�¨��l�z~dxdtikÃY�Czvexi�jS�
|}[�rt��jSrtZ¢zv�Y��[v¬

� ����#��ª����������#

³�j~l�lkj±«�i��Ym�efVY[*rx[���[�rx[��Y��[*«�jSrt¯�jv�®´)ik[�dt[�z~�pw q�jSm~mSi�j�¶ �~¸�¹ º�«<[�V§zC¤S[�[�½:|}[�rxikZ\[���ef[�w
��jS�Ydti�wp[�rxik�Ym�z\¤:ikwY[�j�dx[�nJop[��Y��[¢zvdÉexVY[�ik�Y|Yope?z~�Yw�Vpj¥«aexj�oYdt[�dx|pi�¯Bik�Ym¨�Y[�oprfz~l��Y[�e/¼
«�jSrt¯Bd)«�i�efVErxz~�Y¯QjSrxwY[�rµ��jJwYik�Ym¨i��EjSrtwY[�r{efj¨[�½Jexrfz~��e)rx[�lk[�¤vz~��e)efj~¯~[��pd�¬�ÀÉdxik�Ym¨efVYikd
w§zve�z:ºp«�[)V§zC¤~[)¤~[�rtikÃ§[�w�exV§zve���j~rxrx[���eÉgYikjSlkjSmSik�Cz~l»Z\j~exi�j~�Q��lÂzvdxdxi�Ã§��zvefikjS�Q�Cz~�Qg}[µ|1[�r ¼
��jSZ\[�w»¬�UWVpi�d%«�z~d\�Yj~e\jSg�¤Ji�j~oYd\dxik�Y��[¨efVp[QwYzve�z�«�z~d 6 �Yj~i�d/c 8¨z~�Yw©|}j~i���efd%wpj �pj~e
��jSrtrx[�dt|}j~�Yw�efj¢Ãp½:[�w°u/jSik��e�� dhlkj:��zvefikjS��gYo:eµz~rt[�nBoYi�ef[��pjSi�d/c�ex[�Z\|1jSrfz~l�cS¬{UWVYikd?VYj±«ª¼
[�¤S[�r�ºJi�d®ik�°��j~VY[�rt[��Y��[{«�i�efV°dtjSZ\[{rt[���[���eªd/efoYwYik[�dh¶ �pº§Å±�pº Cv¹§«�VYik��V¨z~rt[{dtVYj±«�i��pm*efVYzve
Z�jvefikjS�(rx[���jSmS�pikexi�jS�(ikd�d/efikl�l<|}jSdtdxikgYlk[�«�ikexV©|1[�r/efoYrtg§zvexi�jS�pd�jS��efVp[�Z�z~rx¯v[�r � d%|1jSdxi ¼
efikjS�Yd�¬
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­QjSrx[�|Yrt[���ikdx[�lkc~º:«<[{VYz±¤~[hdt[�lk[���ex[�w°exVY[�Z\jSdte®rx[�l�[�¤vz~��e�dt|Yi�¯v[{��jSr�[�¤S[�rtc\��rfz~Z\[�ik�:¼
wY[�|1[��Ywp[���efl�c¨j~�»exVY[�ikr�ex[�Z\|}j~rfz~l}jSrxm�zv�Yi�dxzvefikjS�»¬>UWVYi�d�zvl�lkj±«�d�efj�dt[�lk[���eÉz�l�ikZ\ikex[�w¨dt[�e
j~��rx[�l�[�¤vz~��e?|1jSi���exd{efj¢g}[*oYdx[�w�ik��efVY[*Z\j~efikjS����lÂzvdxdxi�Ã§��zvefikjS�»¬ ! dt|§zvefi�z~l�Z�zvef��VYik�Ym
|YoYrxdtoYi�e\l�ik¯~[�z~lkmSjSrtikexVYZ «ªz~d%ikZ\|Ylk[�Z\[���ef[�w©��j~r�efV§z�e%|YoYrt|}jSdt[~¬EUWVYikd\��jSrtrx[�dt|}j~�YwYd
efj�efVY[�rx[���[���e
efVY[�jSrtcEjv�ªUWVYjSrt|}[�[�e�z~lM¬�¶·�:Å~º��~ÆJºsÅ±Ç�¹s«�VYjQ��l�z~ikZ efV§zve
efVp[��p[�oYrxz~l
i��p��j~rxZ�zvefikjS��ikdÉ��j:wp[�wQgBc¨exVY[)rx[�lÂzvexik¤~[)jSrxwY[�r�i���«�VYik��V�efVp[�dx[
�Y[�oYrxjS�pd�ÃYrx[~¬

!¿dtex[�|���oYr/efVY[�r�º�efVY[�dx[�|1jSik�Bexd�z~rt[¢�pj~e 6 efrxz~��¯~[�wM8¨zvl�l®z~lkjS�YmQefVY[¢dx[�nBoY[��Y��[¨gpope
dxikZ�|plkc%rt[�l�zvef[�w%efjµ�Y[�z~rxg�c�|1jSik��efd�ik�\exVY[W|Yrt[�¤Ji�j~oYd,��rfz~Z\[vº�i��\j~exVY[�r>«<jSrtwYdsjS�Yl�c ���������
+-��&.�$��% ��oY[�d�V§zC¤S[�g1[�[���e�z~¯v[���ik��efj�z~����jSoY��eC¬�UWVpi�d*i�d*zQ¯v[�c�i�dtdxoY[vº>g1[���z~oYdx[�efVYikd
rx[�dtoYl�e%i�d*��jSVp[�rx[���e%«�ikexV�efVY[¢�Mz~��e*efV§zve�i��:��jSrxZ�zvexi�jS� ��rxjSZ [�z~rxl�c�¤Jikdxo§zvl�|Yrtj:��[�dxdt[�d
z~|Y|1[Cz~rtd�exj�g1[�dtopË���ik[���e�exj���lÂz~dtdxi��Ác©gYi�j~l�jSm~i���z~l�Z�jvefikjS�»¬ UWVpi�d¢wYj:[�d¢�pj~e°Z\[�z~�Yd
efV§zve�6/z~lkl}ikdWwYjS�p[ 8?zveªefVpi�dW[�z~rxl�c�d/e�z~mS[hgYope�i�eWdxoYm~mS[�d/efdWefV§z�eWdxoY��V D¾��jSmS�Yi�efi�¤S[ DÉe�z~dt¯
�Cz~��g1[�rt[Cz~lkik¡�[�wEik��efVp[�dxj¨��z~lkl�[�w�6 �Mz~d/ehgYrxz~ik�M8�¬{UWVY[�¯~[�c�ikwY[�z�g}[�VYi��pw�efVYikdhikdhefVYzve
efVY[?��jSZ\|Ylk[�ef[h|}[�rx��[�|pefikjS��oYdt[�d���[�[�wYg§zv��¯JdW��rtjSZ�[Cz~rtlkc�¤Ji�dti�jS��|Yrtj:��[�dtdx[�dWik�¨jSrtwY[�r®efj
wYrxi�¤S[)efVY[)l�zvexex[�rW|1[�rt��[�|:efikjS��z~dWwpi�dt��oYdtdx[�w ik� ¶ ¸¥¹ ¬

!{dÉ�Mzvr{zvdÉ��jSZ\|Yopex[�r�¤:ikdxikjS��i�dÉ��jS�p��[�rt�Y[�wÐº1exVYi�dÉZ\[Cz~�pdÉexV§zve�«�[*�Cz~�Ql�z~g}[�l�dxoY��V
Z�jvefikjS�
z~opefj~Z¢z�efik�Cz~lklkc?z~�Yw)oYdti��Ym���[�[�w:¼ ��j~rt«�z~rxw)|Yrtj:��[�dxd<£�l�jJ�Cz~l~Z�jvefikjS�)��oY[�d���[�[�wYik�Ym
z�b�Dµ­�¦�oYdx[���oYl�i�� D¾rx[�z~l�¼ efikZ\[,D�dtcJdtex[�Z\d�¬"!hd®wYik��oYdtdx[�w¨i���¶·Ç~�v¹§efVY[ÉoYdt[{j~�Ðdtefzvefikdtexi���z~l
l�[�z~rx�Yik�Ym\efVY[�jSrtc�i�dÉz%¯~[�c�i�dtdxoY[)efj\jSgpefz~ik��dtoY��V���oY�p��efikjS�Y�Yz~l�i�e cS¬
³�i��§zvl�l�cEefVYikd�[�½:|1[�rti�Z\[���efz~l�«<jSrx¯ j~�Wdti�Z*oYlÂz�efikjS�»º���lk[Czvrxl�c���jS�pÃ§rtZ «�V§z�e\´µi�[�dx[

z~�Yw q�jSm~mSi�j ¶·�S¸�¹�|1jSik��ef[�w jSopeµ«�Vp[���|prxjS|1jSdxik�YmQz¨Z\j:wY[�l�j~�®��jSr/efik�Cz~l�Z\j~exi�j~� |1[�r ¼
��[�|:efikjS�»ºBz~�Yw�exVYikd,«�jSrt¯*VYz~d�g}[�[��\z~gpl�[ªexjh¤S[�rxi��Ác�efVYzve,efVp[ªefVY[�jSrtc*wYikrx[���efl�c%z~|p|Ylkc�jS�
rfzC«ÈikZ�z~mS[\dx[�nBoY[��Y��[�d�º,oYdxik�YmQdx|Yik¯Bi��pm��Y[�oYrxj~�Yd
z~�Yw l�jJ�Cz~l>Z�jvefikjS�EwY[�ex[���exjSr�¬\UWVYikd
[�½:|}[�rxikZ\[���e�z~l�«�jSrt¯�zvl�dtj���jS�:Ã§rxZ efV§z�e?UWVYjSrt|}[*[�e)zvl7¬�¶ �~ÆJº>Å±Ç¥¹>Z\jJwY[�l�i�d{�Yj~ehjS�Yl�c
¤~zvl�ikw���jSr*dte�z�efik��i�Z�z~m~[�d�º�gpope%dxVpjSoYlkw(g}[°¤vz~lkikw���jSr�ikZ�z~mS[°dt[�nBoY[��Y��[�d�¬�UWVp[�rx[���jSrx[vº
��opefoYrt[?«�j~rx¯¢«�iklkl»��jS�pdxikwY[�rWefVp[µ��jJwYi��pm�jv��exVY[µdx[�nBoY[��Y��[*opdxik�Ym%ef[�Z\|1jSrfzvl»�Cz~opdfz~lkike c~º
«�VYi���V°Z�[�z~�Yd�z~w§z~|pexi��pm*efVp[?��F²��jJwYik�Ym�wYj~�Y[hVY[�rx[�efj�z���F��he®�Czvdx[~¬s^ e<i�d®[�½:|1[���ef[�w
efV§zvesexVY[{dt[�lk[���ef[�w¨|1jSik��efds«�i�lkl1exVY[��¢g}[ÉZ\jSrx[Érx[�l�[�¤vz~��e�ik�¢ex[�rxZ\d<j~�»dt|§zvefikjv¼ ef[�Z\|1jSrfzvl
[�¤S[���efd?zv�Yw¨efVY[���Z�zCc�g}[µZ\jSrt[)dxoYi�e�z~gpl�[)efj\��l�z~dtdxi��Ác�Z�jvefikjS�Yd�¬

�¢��� 3 Ò:Ñ 1 Í Ó = � Í 3 �¥�
UWVY[É´)ik[�dt[ªw§zvefz~dx[�e�V§z~d�g1[�[��%¯Bi��Ywplkc%|prxj±¤Ji�wY[�w\gBc Fhr�¬,´)ik[�dt[�z~�Yw�exVY[ª|Yrt[�dx[���e®«<jSrt¯
V§z~d�g}[�[��Qrx[�z~l�ik¡�[�w�exV§z~�Y¯BdWefj%efVpi�d�w§zvefz�dt[�e�¬
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Ä�[�z~rx[\[�dx|1[���i�z~lklkc exV§z~�Y¯���oYlkl,efj�b:ikZ\jS� UWVYjSrx|1[¢z~�YwEVYikd
m~rxjSoY|E��jSrµ|1j±«�[�rt��oYlkl
i�wY[�z~d�«�VYik��V�z~rt[szve�efVY[sjSrti�m~i��)j~�BefVpi�d�«<jSrx¯�¬>UWVpi�d�«�j~rx¯?V§zvd�g1[�[��*rt[Cz~lkik¡�[�w)efVYz~�Y¯Bd�efj
jSoYr»��jSZ\Z�j~�*|§zvrtefik��ik|§zvexi�j~�µi��µefVp[®V�etef|�@ � ��«W«W«ª¼ dxjS|»¬ ik�Yrxi�zp¬ ��r �vjJwpcJdxdt[�[ ����jS��efrxz~��exd �vrtik¤vz~m~[
!�*�^�|Yrtjvu/[���eC¬
UWVp[ +���&.���*� ����
 
 ����� � exj:j~l�g1jC½9��rxjSZ Fhr�¬ bJi�Z\jS�Y��[�lkl�i�£7zC¤vz~iklÂz~gpl�[�jS�Ylki��Y[C¦\«�z~d

oYdx[�w efj9gYopi�lkw4zv�Yw Z�z~�pi�|YoplÂzvex[ 
 z~|plÂz~��iÂzv�²|�cJrfzvZ�ikwYd�¬¿Ä�[E«<jSoYlkw²l�ik¯~[�z~lkdxj9efj
efV§z~�p¯ 
 z~oYrt[���e�q�[�rxrti��p[�eW��jSrª|prxj±¤Ji�wYik�Ym%oYd�zv��[�½pz~Z\|Ylk[)j~��Z�zvefl�z~g¨��jJwY[?opdxik�Ym�efVYikd
l�ikgYrfzvrtc¨ik��j~rxwY[�rªefj\wY[���jSZ\|}j~dx[*z~��ikZ�z~mS[µik��efj�dx|Yik¯~[�d�¬
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!hd%z~��[�½Jefrxz�dfzv��[�mSo§z~rtw(j~�WefVY[¢¤~zvl�ikwYi�e c�j~�WexVY[�rt[�dxoplkexd�efV§zve*«�[�rx[¨jSg:e�z~ik�Y[�wÐº,e «�j
[�½Jefrxz�[¾½:|}[�rxikZ�[���efd�«<[�rt[<rt[Cz~lkik¡�[�wÐ¬,y�[�dxoplkexd�zvrx[srx[�|}jSr/ef[�w
Vp[�rx[vº~Z�z~¯Bik�Ym�|Yrxj~Ãpe�jv�JexVY[
[�½:|}[�rxikZ\[���e�z~l§dt[�exoY|»ºBz~l�efVYj~oYmSV%�Yj~e>wYikrx[���efl�c%rx[�lÂz�ef[�w�exj?efVY[�|Yrx[�¤:ikjSoYd�wp[�¤S[�l�j~|YZ\[���eC¬

� � ��� ��3 � � �( K0 0 � 	 I 	+0 � � � �+ �3 �C�	�  J%M� I �/� 	 	�
$ �I �/� 	
UWVY[�Ã§rtdte>«�z~d,opdxik�Ym?efVY[�dfz~Z\[�Z\[�efVYjJw\z~d>ik�%dxopgYdx[���efikjS� D *�l�z~dxdtik�ÁcJik�Ym
­�j~exi�j~����rxjSZ
b:|Yik¯~[*yÉ[�dx|1jS�Ydx[�d9Dµexj¢��lÂzvdxdxi��ÁcQdfz~Z\|Ylk[�d���rxj~Z�e «�j¢�Czvex[�mSj~rxik[�dÉrxj~efzvef[�w�z~�pw��Yj~��rxj�¼
e�zvex[�w £Mdt[�[)³>ikmSoYrt[�Å±Æ�¦¾¬,UWVY[µdxz~Z\|Yl�[�dWi��¨��lÂzvdxd*D�efrtoY[,D�z�l�jSm~j�«�ikexVQz�wYi :Ð[�rx[���eÉdxik¡�[vº
jSrxik[���e�z�efikjS��jS� zvwYwY[�w��YjSikdx[~¬hUWVY[���l�z~dtd D��Mz~lkdx[ D)i�dhz°�YjS�J¼ lkjSmSjYº§«�VY[�rx[�efVp[�lkjSmSj°ikd
Z�ikrxrtjSrx[�w\jSr>«�z~rx|Y|1[�wÐ¬,UWVY[W��l�z~dtdxi�Ã§�Czvexi�j~�¢rt[�dxoplkexd®opdxik�YmµefVY[�e «<jµe cJ|}[�d®jv�}Z\[�efVYjJwYd
y�!�Ä zv�Yw�b�D)­ �Czv� g1[%dx[�[���i�� ³>ikmSoYrt[�Å�Cpº»exVY[�rt[�b�D)­ ��l�z~dxdtikÃY�Czvexi�jS� g§z~dt[�w jS�
dx|Yik¯Bi��Ym)�Y[�oYrxj~�Ydsi�d>¤~[�r/c%|}j±«<[�r/��oYl�lMºB��lkjSdx[ªexj)�
� z��Áef[�r,zhefrfzv�Yi��pm?«�ikexVQÅC�S�hdfzvZ�|pl�[�d�¬

!{dh[¾½p|1[���ef[�w»º»��l�z~dtdxi�Ã§�Czvexi�j~��|}[�rt��jSrtZ�z~�Y��[*i�d{mSjJj:wQg}[��Cz~opdx[�i�ehikdhgYz~dx[�w�jS��exVY[
l�jJ�Czvexi�j~�¢j~�ÐefVY[�efjS|¢dx|Yik¯~[�dªefV§z�e�zvrx[ÉoYdxo§zvl�l�c�zvl�jS�pm*[�wYmS[�d�¬ �{[�rx[{exVY[hlkjSmSj
�Czvrfz~��ef[�r ¼
i�d/efik��i�dhi��Ywp[�[�wErt[�l�zvef[�w�efj°exVY[�[�wYmS[�d�¬µUWVYikdµrx[�dtoYl�eµi�dhmSjSik�Ym°efj°g}[*��jSZ\|§z~rt[�w�«�i�efV
UWVYjSrx|1[)[�e{z~lM¬�dx|Yik¯~[��Y[�ehrx[�dxoYl�efdÉi��Qz\�Y[Czvrª��opefoYrt[~¬

� � ��� ��3 � � �  10�0 � 	 I 	+0 � � � �C� 	Q%�3 �10 �C�	�A0 � 	  �3C��IJ �� � 	+0
	Q���
02����3�	�
$ �I��C�
	
UWVY[�dx[���jS�pw([�½:|}[�rxikZ\[���e%ikd{u/oYdte*efj�rt[�Z\ik�Yw�oYd�exV§zve�z~l�efVYjSopmSV�¤S[�rtc�[�Ë���ik[���e�ºs«<[
z~rx[h�Mzvr<��rxj~Z&«�V§z�eªefVY[hgYrfz~ik�¨�Czv�¨wYjY¬ 
 [�eWopdªdx[�[µVYj±« exVY[?dfzvZ�[)zvl�mSj~rxi�efVYZ&z~d�exVY[
jS�Y[°opdx[�w(ik��efVp[°|Yrt[�¤Ji�j~oYd%[�½:|1[�rxikZ\[���e\|1[�rt��j~rxZ\d�jS����l�z~dxdtik�ÁcJik�Ym efVY[¢|Yrx[�dx[��p��[¨j~�
z~��z~�YikZ�z~lÐik���§zvefoprfz~l}i�Z�z~mS[�d)£Mdt[�[
³>ikmSoYrt[)�~��¦¾¬,UWVY[µrx[�dxoYl�efd���z~�¨g}[µdt[�[��Qik��Ã§mSoprx[
³>i�m~oYrx[
�:Å~¬

*�lk[Czvrxl�c(ike\wpj:[�d%&?_?U «<jSrt¯1ºs«�VY[�rx[Qz~d\z |YrxikZ�zvef[¨gprfz~ik�9|}[�rt��jSrtZ�d�exVYikd�e�z~dt¯
«�ikexV¨z*dtoY����[�dªg1[�etef[�r®efV§zv� CS�
� z~�pw°ik��Å±�S��¼fÅ¥�~�µZ\dx[��%¶ �vÆ�¹7¬ D?ikdxo§z~l1��l�z~dtikÃ§��zvefikjS��ikd
dtefiklkl�z~��i���efrti�m~oYi��pm��Mz~��eC¬
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True Class False Class

³>i�m~oYrx[\Å±Æ'@ !{��[¾½pz~Z\|Yl�[)j~�>[Cz~��VQ��l�z~dtd{j~��efVp[
lkjSmSj\ikZ�z~mS[�d�¬

³>i�m~oYrx[�Å�C'@ *�lÂz~dtdxi��ÁcJi��Ym¨d/e�zvexi��
lkjSmSj°ikZ�z~mS[�dhoYdti��Ym�efVY[*dfz~Z\[�z~l�m~jSrxi�efVYZ zvd{ik��dxopg:¼
dx[���efikjS� D *�lÂzvdxdxi��ÁcJi��pm¨­�j~exi�j~�Q��rtjSZ b:|pi�¯v[�y�[�dt|}jS�pdx[�d D%¬
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Animal Class Distractor Class

³>ikmSoYrt[��v�'@ !h�Q[�½pz~Z\|Ylk[*jv�>[�z~��V���lÂzvdxdÉj~��exVY[
z~�YikZ�z~l»ikZ¢zvmS[�d�¬

³>i�m~oYrx[Q�:ÅG@-*�lÂz~dtdxi��ÁcJi��Ym�dtefzvefik�Qz~�YikZ¢zvlªi�Z�z~m~[�d�oYdxik�YmEefVY[�dfzvZ�[Qz~lkmSjSrtikexVYZ zvd�ik�
dxoYgYdt[���efikjS� D *�l�z~dtdxi��Ác:ik�Ym�­�j~efikjS����rxjSZ b:|Yik¯~[*yÉ[�dx|1jS�Ydt[�d9D�¬
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¶kÅ�¹)Uµ¬ !hz~��V�zv�Yw !*¬ �)z~oY|»¬�]�z±c~[�dtiÂz~�°z~lkmSjSrxi�efVpZ�ds��jSr®z~w§zv|pefi�¤S[É��V§z~�Ym~[{wY[�ef[���efikjS�
i���i�Z�z~m~[Édt[�nBoY[��Y��[�dªoYdxik�Ym
Z�z~rx¯vj¥¤\rxz~�YwYj~Z Ã§[�l�wYd�¬�� � < %����M��
 ����	������ % <�� � +�� <�	
����+ + ��%'�$����& �$��% º§¸M@kÅC�B¸��1Å±ÇS�pº}Å�C C��J¬

¶ �¥¹*�p¬ !{mSm�z~r/«ªzvl<zv�Yw���¬�*ªz~i7¬ �ÉoYZ�z~��Z\j~exi�j~��z~�§zvlkcJdxikd�@\zQrx[�¤:ik[�«)¬ ����+ ����&)	�


>�����$��% ��%�� � +�� <�	
	>%���	�
 ��& ��%���� % < º�¸v�§£7��¦?@·���~Æ��J�S�S�pº}Å:C C Cp¬

¶·��¹
yÉoY¡�[��§zh]ªz�u/��d/c�zv�Yw�³§rfzv�Y�ªbJjSl�ik�§zp¬JUWVYrt[�[�wpi�Z\[��pdxikjS�§z~l:jSg:u/[���e,rt[�|Yrt[�dx[���e�zvexi�jS�
rx[�¤Jikdxi�ef[�w»¬Ð^ � ��
 ����	�	���� % < � � � &	�'	
����& � %'& 	�
�%���&.�$��%����,����% � 	�
�	�%,��	G��% ����+ ����&)	�


>�����$��% º 
 jS�pwYjS�»ºFB��YmSl�z~�YwÐº1�~oY�Y[\Å�CSÆ�¸J¬Y^�B�B�B *�j~Z�|popef[�rhbJj:��i�[�e cQqsrt[�dtd�¬

¶ �v¹*�p¬ !*¬�]�[�ik��ef[�Z¢z z~�Yw©­ ¬ 
 z~|Y|1[~¬�q�[�rt��[�|pefikjS�©j~�ÉgYi�j~l�jSm~i���z~l�Z\j~exi�jS��«�i�efVpjSope
l�jJ�Cz~l�i�Z�z~m~[�Z\j~efikjS�»¬ ��
 ����	�	���� % < � � � &	�'	�� ��& �$��%������ ���*��	�+ � � ��� ���$	�%,��	�� � �
&P�'	�	 � � º C�C§£7Æ�¦?@ �vÇSÇpÅ��p�vÇSÇS�pºp�~�S���J¬

¶ �¥¹$!�¬·³�¬�]�jSgYik��¯¨z~�pw��p¬ Ä ¬'F?zC¤Ji�d�¬<UWVp[
rt[���jSmS�Yi�efikjS�Qj~�>VBoYZ�z~�QZ\j±¤S[�Z\[��BehoYdxik�Ym
ef[�Z\|1jSrfzvlSef[�Z\|Yl�zvex[�d�¬2������� 
�
 ��%/� ����& �$��%/� ��% � ��& & 	�
�%�� %������������ ��%��
� ��� ��� %,	
� %'& 	�� ��� <�	�%,��	 º§�~�§£M��¦ @ �S�S¸��p�~Ç�¸:ºp­�z~rt��V �~�~�pÅS¬

¶·Ç�¹*�p¬s]�j±c:��[~¬ &ÉjSi�dt[�rx[�wpoY��exi�jS�©j~�{i�Z�z~m~[¨dx[�nBoY[��Y��[�d°oYdti��pm�z~wYz~|pe�z�efi�¤S[�Z\j~efikjS�
��jSZ\|1[��Ydxzvef[�w���rfz~Z\[�zC¤S[�rfz~mSik�YmY¬¢^ � ������� � ��� ��� � º»¤Sj~l�oYZ\[°�pº�|§z~mS[�d*��Ç:Å��
��Ç~�Yº»Å:C C��:¬
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