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TM_]Tib=PdbIbI^p\�[aPhVI[]^`j�b�X�bIEG�TME�j�\�E"��P9jiP`e`EG��EGj�VGX©^dF�VI¡ME�P`�M[]_n[nV��ÂVN^¿¥`E�EG�
\�TMEYb�[]jB��E���^`FN��kpTMFN[njMe
P�kpE�_aP¤����EGFI[]^pk® ��'jikpEGFI_]�|[njMe�VIE�����^`FgP9_���EG\g¡iP`jM[]bI��b©��[]_n_���E
kpEGbN\�FN[n��EGkÂ¡ME�FNElP`jik¿FNE�_aPhVIEYk)VI^³VI¡ME=¢£TMji\�VI[]^`jM[]jMe°P9jik°VN^�VN¡MEl_]EGP`FIji[njMe�^9¢�jMEGTMFI^djibG 
��¡ME2E�o|��E�FN[]��EGj�VNP9_«¢£FNP`��E��U^`FN¥=P9jik"VI¡ME2ÁMV�VN[njMel^9¢�VI¡iE2��^pkpE�_ab�VN^�VI¡iE
kMP9VNP���[]_n_�jM^`V
��E��E�j�VI[]^`jMEYk=P`jik�VN¡ME>FNEGPdkpE�F,��[ned¡dV�FNE�¢£E�F,VI^�\�[nVIEYkB�iP`��EGFNb�¢£^`F,¢£TMFIVI¡MEGF�[njp¢£^dFI��P9VI[]^`j
\�^`j�\�E�FNjM[]jMe
VI¡M^�b�EL��^`[]j�VNbG 
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¾ÈjÎbI[]���i_nE VNE�FN��bGX©jMEGTMFN^`jiP`_�¢£TMji\�VN[n^djM[]jMeÂ\�P`j4��E"E�op�M_aP9[]jMEYk4Pdb�¢£^`_]_n^h��bG ©±>E�jikpFN[nVIEGb
FIEY\�E�[]H`E�bI[]e`jiP`_]b�¢£FN^`� ^9VI¡iE�F�jiE�TMFN^`jib�P`jik�VIFgP9j�b���[nV©VI¡MEG�AVN^¶VI¡ME>b�^d��PLP`jik�VI¡iE'Phop^`j« 
��¡ME�j�XMP
jM^djpQ§_][]jMEGP`F�¢£TMj�\�VI[]^`ji[njMe�\GP9TibIEGb�P9jl^`TpVN�MTpV�bI[nedjiP9_�VI^���EL�MFI^d�iP9e�PhVNEGk�^`jlVI¡iE
Phop^`j2VI^h��P9Fgk�^9VN¡ME�F�\�^`jMjMEY\�VNEGk
jME�TMFN^`j�b� 9��¡M[ab�bI[nedjiP9_p\�^djib�VI[nVITpVNEGb�P¶b��i[n¥dE,VNFNP`[nj«  � ji_n�
VI¡MEdT�P9j�VI[nV��
P`jik�VI¡iE�VI[]��[njMe
^9¢�bI�M[n¥dEGb©\�^pkpE�VI¡iE'[]jp¢£^`FN��PhVI[]^`j« `¾ÈjB\�_aP`bNbI[]\GP9_MjMEGTMFN^`jiP`_
��^pkpEG_]bGX�P°\�^dj�VI[]j�Ti^`Tib�HhP9_]TMEdX�VI¡ME�Pd\�VN[nHhPhVN[n^dj�X©b�VNP9j�kMb�¢£^`F�VN¡ME"��EGP`j%¢£FNEG�TMEGji\��Ã^9¢
VI¡ME5ÁiFN[njie�FgPhVIE P9j�k¿VI¡|Tib�¡M[akpEYb
[]jikp[]H|[]kMTiP9_�jMEGTMFI^djiP9_,VIEG����^dFNP`_U��E�¡�P¤H�[]^`FY  � jÂVI¡iE
\�^`j�VNFNP`FI�dX�[nV�[ab�E�op�M_]^`[nVIEGk5�|�=bI^`��E¶��^`FNE�i[n^d_n^de`[a\�P9_]_]��[njibI�M[]FIEYk=��^pkpEG_]bG 
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��EG¡iP¤H|[n^dF�[]b'VI¡iE2b��i[n¥dE�[�Vgb�EG_�¢'·*)E�Fgb�VNjME�F ºG»d»`Ðd½  M¾Èj"VN¡ME
bI^9QÈ\�P`_n_]EGk bI�M[n¥|[]jMeBjMEGTMFN^`j�P9�MQ
�MFI^�P`\g¡�X|jMEGTMFN^`jiP`_�P`\�VN[nH|[nV��B[abU¢£TM_n_]�=FNE���^`FIVIEYk=��[nVI¡«Xp¢£^`F�EYP`\g¡ljME�TMFN^`j,+gXpVI¡iE�b�E�V�^`¢�[nVNb
ÁiFI[]jMe�VI[]��EGbG 
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RUPdb�EYk^`j¶VI¡iEGbIE©E�_]E���E�j�VgP9FN�>kMP9VNPMXGHhP9FN[n^dTib®jMEGTMFI^djiP9_`^`��E�FgPhVI[]^`j�b®\�P9jL��E©[]���M_nEG��E�j�VIEYk
·�)E�Fgb�VIjMEGF ºY»`»dÐd½  ª��¡MEG��\�P`j�[]j�HdEGb�VI[]edP9VIE�FNP9VIE�\�^pkp[]jMe)·¦��[�VN¡)P`j)P¤HdE�FgP9edE�^hH`EGF�VI[]��E`X
^hH`E�Fb�EGH`EGFNP`_C\��p\�_nEYb'^dF'^hH`EGF>Pl��^d�MTM_aPhVN[n^dj�^9¢�jiE�TMFN^`jib ½ ^dF'�MTi_]bIE�\�^pkp[njie³·¦b�VIFgPhVNE�ed[nEYb
^9¢�\�^pkp[]jMe��iP`bIEGkl^`j b��|ji\g¡iFI^djM[]\�[�V���^`¢�bI�M[]¥`EVI[]��[njie ½  
¸|E�HdE�FgP9_M��^pkpE�_ab,^9¢�jMEGTMFI^djibGX9¢£FN^`� VI¡MEb�[]���M_]EGb�V�VI^2VI¡ME>��^db�VU\�^d���M_nE�o�·£E`  ei |\�^d��Q

�iP9FIVI��E�j�VgP9_ ½ XM¡iP¤HdELP9_ab�^���E�EGj kMEGbI[nedjMEGk5��[nVI¡M[]j"VI¡i[]b�¢£^dFI��P`_n[ab�� ·¦¯�PdP`bNb�P9jik"RU[ab�¡i^`�
ºG»`»dÐd½  ¤Ki^`F�E�oMP`���i_nEdX¤VI¡ME'¸|�i[n¥dE�c�EGbI��^djib�E�¯"^pkpEG_MkpEGbN\�FN[]��EYb�VI¡ME�jMEGTMFN^`jiP`_|b�VNP9VIEA@ . ·#2 ½
PhV�VI[]��EB2>·¦��¡M[]\g¡"\GP9j5��EL[]j�VIE�FN�MFNE�VNEGk5P`bUVI¡iE�\�E�_]_®��E��
�MFNP`jME¶��^`VIEGjdVN[]P`_ ½ PdbUVI¡ME�bITM�
^9¢iVN¡ME�jME�TiFI^djiP9_�FIEYb���^`j�b�E,VI^[�Vgb�^h��j
bI�M[]¥`EGb�·¦FIE�¢£FNPd\�VI^dFI�¶��E�FN[n^pk2��[�VN¡
jMEGedP9VI[]H`EU¥`E�FNjMEG_
C .I·*D ½�½ P`jik�VI¡iE�FIEYb���^`j�b�E�VN^��MFNEGbI��j�P9�pVN[]\�bI�M[]¥`EYb�·£E�op\�[�VgPhVN^`FN�l·£FNEGbI�� d[njM¡i[n�M[nVI^dFI� ½ ��^db�V�Q
b��|jiP`�pVI[a\¶��^`VIEGjdVN[]P`_«ed[nHdE�j �|�5P���^dbI[�VN[nHdEB·£FNEGbI�� ijiE�edP9VI[]H`E ½ ¥`E�FNjMEG_'E4.GFd·*D ½I½ XªP`b���FN[nV�VIEGj
[nj EG�TiP9VI[]^`j��p 
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��¡ME�FNE`_ . [ab,VI¡ME¶b�E�VU^`¢«jMEGTMFI^djib�\�^`jMjiEG\�VNEGkBVI^�jME�TMFN^`ja+©P9jik
[
.]F \�^`FNFIEYb���^`jikib�VI^
VI¡iE

b��|jiP`�pVI[a\¶b�VNFIEGjMe9VN¡l^`¢CVN¡ME�\�^djMjMEG\�VI[]^`j5��E�V��,EGE�j5VI¡iELjME�TMFN^`j�bb+UP9jikdc� 
��¡M[]b«¢£^`FN��P9_][]bI�Ï¡iP`b«VI¡MEUP`kpHhP`jdVgP9edE©^9¢M��E�[]jMe'EYb�VgP9�M_][ab�¡MEYk�PhV�P�HdE�FN�>_]^h��·¦P`jik¶VI¡|Tib

�MFIEY\�[ab�E ½ _nEGH`EG_�^9¢�VI[]��E` i¾SV>¡iP`b�P`_]bI^�e`[]H`EGjlFN[]bIE¶VI^BP�HhP`FI[]E�V��B^`¢CVN¡ME�^dFIE�VI[a\�P`_«P`b��UE�_]_«Pdb
P9�M�M_][]EGk�b�VNTikp[]EGb�·¹¯�P`PdbIb�P`jik
RU[ab�¡i^`� ºG»`»dÐd½ ��¡M[a\g¡�ji^h�ÃEGb�VNP`�M_][]bI¡�bI�M[]¥|[njMe¶jMEGTMFN^`jib�Pdb



P�¢£TM_]_|kM^`��P9[]jL^9¢MFNEGbIEGP`FN\g¡� �D'^h�,EGH`EGFGX�VN¡ME,\�^`FNFIEYb���^`j�kp[njie�kpFNP¤����P`\g¥�^`¢pVI¡M[ab�¢£^dFI��P`_n[ab��
[]b>VI¡�PhV¶[�Vgb¶_n^h� _]E�HdE�_�^9¢�edFNP`j|TM_]P`FI[nV��=[]���M_][nEYbLPB_aP9FNe`E
P`��^`TMj�V¶^9¢,\�^`���MTpVgPhVI[]^`j�E�H`EGj
¢£^`F�P
bI[n���M_]EjME�V��U^`FN¥
^`¢«jMEGTMFI^djibG �m'jM^9VN¡ME�F�kpFgP¤���iP`\g¥�[ab�FNE�_aPhVNEGk�VN^�VN¡ME¶_]Pd\g¥
^`¢«�,EG_n_
EGb�VNP9�i_n[ab�¡iEGk
_nEYP9FNjM[njie>FNTM_]EGb�PhV�VN¡M[ab�_nEGH`E�_p^`¢ªkMEGbN\�FN[n�pVN[n^dj� 9��¡iP9V�[ab�^`jiEUFNEGPdb�^dj2��¡|��[nV©[]b
[n����^`FIVNP9j�V�VN^�¥`EGE���[nj���[]jik�^9VN¡ME�F©¢£^`FN��P`_n[abI��b�kpEGbN\�FN[n�i[njMe¶VN¡MEGbIE�·¦P`jik�^9VN¡ME�F�FIEG_]P9VIEGk ½
VIE�����^`FgP9_®��EG\g¡�P9jM[ab���bG 
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¡i[ned¡ME�F�_]E�H`EG_®^9¢�kpEGbN\�FN[n�MVI[]^`jlVI¡iP`j=VN¡ME�b��i[n¥dE`XpE�op�M_][a\�[nV
VIE�����^`FgP9_,¢£TMji\�VI[]^`jib�\GP9jÃP`_]bI^���ElT�b�EYk¿VI^)^`�MVNP9[]j%P�jME�TiFI^djiP9_,VIEG����^`FgP9_U��E�¡iP¤H|[]^`FY 
¾ÈjÃVN¡ME"b�[]���M_nE _]EGP`¥��°[]j�VIE�edFNP9VI^dF
��^pkpE�_�·§¸���¾ ½ X�VI¡ME []jM�MTpV�VN^°P³jMEGTMFI^dj%P9V
VN[n��E VGX
kpE�jM^`VIEYk��|����·�2 ½ X®\�P`j�VgP9¥`E�Pl\�^`j�VI[]j|TM^`T�b�HhP9_]TME���E�V��,EGE�j�OGE�FN^lP`jik�^djMEl·¹c�E�[abIb¶P`jik
�CP¤�|_]^`F ºG»d»MºY½  p��¡ME�j�XMVI¡MEL��E��
�MFgP9jME¶��^9VIEGj�VI[aP9_
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m'b[n_]_]Tib�VNFNP9VIEYk�[]j�ÁiedTMFIE º X�¢£TMji\�VI[]^`jib�	1P9j�k��¿P9FNE
bITi\g¡�VI¡iP9V>VN¡ME��"�MFN^hH|[]kME�VI^lVI¡iE
jME�TMFN^`j�P9_�[]j�VIE�FNjiP`_>b�VNPhVNE�P¿��P¤H`E"[]jM�MTpV PhVIVNP`\g¥%[nj�VI¡ME�VI[]��E º! #"�$ ·�� ½ P`jikÍP¿��P¤H`E
[njM�iTpV,kpEY\�P¤�2[]j�VI¡iE�VI[]��E º! %"&$ ·�� ½  `¾SV©[]b©VI¡|Tib©��^dbNbI[n�M_]E�VI^�kME�VIEGFI��[]jME�VN¡ME'bI¡iP9��E�^9¢ªVI¡iE
P`\�VN[nH|[nV�� ��[�VN¡�VN¡ME�\g¡i^`[a\�E2^`¢�\�^djib�VgP9j�VNb'�"P9j�k���  � ¢U\�^`TiFNbIE`XiVI¡MEYb�E��M¡MEGjM^`��E�j�P=\�P`j
P9_ab�^���E¶^d�pVNP`[njMEYk=��[nVI¡i[nj5VI¡iE¶bI�M[]¥|[njMe�jMEGTMFN^`jB¢£^dFI��P`_n[ab�� ·�)E�Fgb�VIjMEGF ºY»`»dÐd½ X|�MTMV�P9V�P
�2Ti\g¡5¡M[]e`¡MEGF�\�^`���MTMVNPhVN[n^djiP9_�\�^db�VG 
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E�j�VI[aP9_,EG�TiPhVN[n^djibL^hHdE�F¶VI[]��E=kpEYbI\�FI[]�M[]jMe�PhV2EYP`\g¡)VI[]��E�VI¡iEBHhP9FN[]P9VI[]^`j°^9¢�bI^`��EBb�VgPhVNE
H¤P`FI[aP9�i_nEYb�X�P`b
[njÃVI¡ME"¸��«¾���^|kME�_§ ���¡i[]b�P9�i�MFI^�P`\g¡¿¡iPdb2_]EGkÂVI^)��P9j|�¿��^|kME�_ab�X�b�¡�P9FIQ
[njMe)\�^d����^dj°¢£EGPhVNTMFNEGbG ���¡MEYb�EB¢£EGPhVNTMFNEGb2P`FIElkpEGbN\�FN[n��EGkÂ��EG_n^h�LX�^`j°VN¡MEl��P`bI[]b2^9¢�VI¡iE
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e`^|^pk [n_]_nT�b�VNFNP9VI[]^`j"^9¢�VN¡ME2¥|[]jik"^9¢©\�^`���M_]E�o5VIE�����^`FgP9_C��EG¡iP¤H|[n^dF�VI¡iP9V\GP9j�P9FN[ab�E¶¢£FN^`�
b�VNFNP`[ned¡dVI¢£^`FN�UP`FNkBEG�TiPhVN[n^djibG 
��¡ME,e�PhVNEGk�kp[n��^`_]E�[]b�edFI^dTMjikpEYk�^`j
VI¡iEU��^pkpEG_n[]jMe^9¢�bI�|jiP9�MVI[a\UkM��j�P9��[]\Gb� h��¡ME�FN^`_]E
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Ái��EGFNbG >�«E�V�2���E©VN¡ME'·¹\�^`j�VN[nj|TM^dTib ½ VI[]��E,�iP9FgP9��E�VIE�FYX���·�2 ½ VI¡iE�HhP9_]TME©^`¢�VN¡ME��iFIEYb��|jiP`�pVI[a\
P`\�VN[nH|[nV��`X��2·�2 ½ VN¡ME¶HhP9_]TME>^`¢«VN¡ME¶��^�b�Vgb��|jiP`�pVI[a\>Pd\�VN[nH|[nV��BP9jik���·�2 ½ VN¡MEL\�^djikpTi\�VNP9j�\�E^9¢
VI¡ME�bI��j�P9�ibIE��MFI^hH|[akpEGk��|��\g¡ME���[a\�P9_�jiE�TMFN^9VNFNP`jib���[nV�VNE�Fgb� .
��TiP9VI[]^`j Ä kpEYbI\�FI[]��EGbVI¡iE
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[
W ��[]_n_��E¶kpEY\�FNEGP`bIEGk�VI^2OGE�FN^i MI � f ¡iP`bU��EG\�^d��E>P���E�VIVIEGF��MFIEYkp[a\�VI^dF�^`¢ J�I �°VN¡iP9j�I � W  

� ���\&(
	��
	� ������	� �� ��� ��	� ! &��������S�� & �«EGP`FIjM[]jMe2VI¡MEEGP`FI_][nEYb�VU�MFNEGkp[a\�VN^`FU[]bUTibIE�¢£TM_
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ºG»`Ð|¼9½ X�·*)FI^�bIbI��EGFIe
P9jik5¸p\g¡M��P ��TM¥ ºY»`Ðd»d½  ���¡M[ab,��EY\g¡iP9jM[abI�À[]bUe`FN^`TijikpEGkB^`jlP2VIFgP`\�E
VI¡iP9V>P9FN[]bIEGb�P9¢¬VIEGF�VI¡iE��MTMFgb�V>^9¢�PBb�[]e`j�P9_«P`jiklVI¡MEGj�b�¡|TpVgb�kp^h��j� ���¡M[ab�kpE�Á�jMEGb>P�VI[]��E
[nj�VIEGFIHhP`_¹X®Ph¢¬VNE�FVI¡iE��iTMFNb�V¶^9¢©VN¡ME�b�[]e`jiP`_¹X®P`jik�\�^`FNFIEG_]P9VI[]^`j�\�P`j���E�\�^`���MTMVIEGk³kpTMFN[njie
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��EGF�¢£^dFI�ÑP�¥|[nj�k"^9¢©E�o�VNFNPd\�VN[n^dj5^`¢�VI¡ME
�,^dFI_ak5FIEGe`TM_aP9FN[nVI[]EGb�VN¡MFI^dTMe`¡ VN¡ME
\�^`jib�VIFNTi\�VI[]^`j
^9¢Cb�VIEGFIEG^9V��|�M[]EGk�VIEG����^dFNP`_�bIEG�TMEGji\�EYb� |��¡ME¶P9�M[]_n[nV���VI^���^|kME�_®\�^d���i_nE�o�P`jik���^`FNE>kM�dQ
jiP9��[a\���EG¡iP¤H|[n^dFNb�FNEG�TM[]FIEYb©P`kikp[�VN[n^djiP9_p��EY\g¡iP9jM[abI��b�VI¡iP9V,\�P`j���E��MFN^hH|[]kMEGk��|��¢£FN^`j�VNP`_
P9FNEGP`b'^`F¶E�HdE�j��|�"E�o�VNFNP9QS\�^`FIVI[a\�P`_«b�VNFIT�\�VITiFIEYb� ®��¡ME�\�^dF�VN[]\GP9_�jME�V��U^`FN¥l[abjM^9V¢£TM_]_n��[njpQ
VIE�Fg\�^djMjMEY\�VIEYk5�MTpVkME�ÁijMEYb�H|[aP�P`bNb�^p\�[aPhVN[nHdELP9FNEGP`b¶Ç��|ÉNÅNÅ0�ªÉ�Õ�5GÕ¬ÌnÅD$�Å�� �MË9Ç��M��Ë!�B��	gÅ�Ç4��ÅgÅ�Ê
Ç��iÅ �G�9ÇD�9É����B��ÇÈÅ� � Ç��iÅ�Õ¬ÊiÇÈÅ�É�Ê�ËhÌ&��ÇÈËhÇÈÅBËhÊ�� Ç��iÅ �iÅ�É �NÅ ��Ç§Õ��hÊ � % Ç��iÅ �!�pÇ4��Õ��`Å � �hÉ�Ì���[]jVI¡ME¶¢£^d_n_]^h��[njie���P¤� �


 �iP9FN[]E�VNP`_�P9FNEGPdb,FNE�_aPhVNEVI¡MEL^dTpVNbI[]kME�U^`FN_akB��[nVI¡ VI¡iEL��^`VI^dF�bI�pb�VNE��

 VIEG����^`FgP9_�P`FIEYP`bUFNE�_aPhVIEVN¡MEL^`TpVgb�[akpE¶�U^`FN_]kl��[�VN¡5VI¡MEL[]j�VIE�FNjiP`_�b�VgPhVIE

 ¢£FI^dj�VNP9_�P`FIEYP`bUFNE�_aPhVIEVN¡MEL[nj�VNE�FNjiP9_�b�VNP9VIE¶��[�VN¡5VI¡MEL��^9VN^`F�bI�pb�VNE��
¯"^`FNE�^hHdE�FYX,P`b5bI¡M^h��jÓ[]j�ÁiedTMFNE Ð ·£� ½ X�VI¡MEGFIE°P9FNE��MFN[]H�[]_]E�e`EYk�\�^djMjMEY\�VI[]^`j�bl��E�V��UE�EGj
¢£FI^djdVgP9_�P9FNEGPdb
P`jik%��^�b�VNE�FN[n^dF�\�^`FIVIE�o���EGPd\g¡Ã��^db�VIEGFI[]^`F�P9FNEGP�[]b���[]FIFN^`FNEGk¿��[nVI¡i[nj4VI¡iE



¢£FI^djdVgP9_|_]^`��EGbG ¤��¡i[]b�P`jiPhVN^`��[]\GP9_pkpEYb�[]e`j�b�TMede`EYb�VgbCP`j
[]j�VIE�FN_aP`\�EYk2\�^�^d��EGFNP9VI[]^`j���E�V��UE�EGj
��EGFN\�E��pVN[nHdE���^db�VIE�FN[]^`F=FNE��iFIEYb�EGjdVgPhVN[n^djÎP`jikÎ¢£FN^`j�VNP`_'��^9VN^`F5^`jMEYb�X�¢£^`FlVI¡ME³VIEG����^dFNP`_
^`FNedP9ji[nOYPhVI[]^`j)^9¢���E�¡iP¤H|[]^`TMFY �¾ÈjikME�EGk�X«¢£FN^`j�VNP`_�P9FNEGPdb�P9FNE���E�_][nEGH`EGk)VN^��M_aP¤�³P�\�E�j�VNFNP`_
FI^d_nEU[nj���^db�V©\�^d���i_nE�o�VIEG����^`FgP9_p��E�¡�P¤H�[]^`Fgb�b�T�\g¡�Pdb�P9j�VI[a\�[]�iPhVN[n^dj�Xh�M_aP9jMji[njMe�Xh�,^dFI¥|[]jMe
��EG��^`FN�B^`F�P`j���^`VI¡MEGF�kp�|jiP9��[a\VIEG����^`FgP9_�bIEG�TMEGji\�[]jMe���E�¡iP¤H|[]^`FY 
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m.��^`FNE�kpE�VgP9[]_nEYkÍP9jiP`_n�pbI[]b�^`¢¶VI¡ME�[]jMjMEGFB^`FNedP`jM[]OGPhVN[n^dj%^`¢¶VI¡ME�\�^`FIVI[a\�P`_'b�¡iE�E�Vl��P¤�
P9_ab�^�kpEGbN\�FN[n��E�VN¡M[abUPdb,P2_]P`FIedE'bIE�V�^9¢�E�_]E���EGjdVgP9FN��\�[]FN\�TM[�VgbR�dVI¡iE\�^`FIVI[a\�P9_���[nji[]\�^`_]TM��jib� 
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��P9VI[]^`j�P9jik
��EG\�P`TibIE,^`¢�VN¡MEUVI^`��^`_]^`ed[]\GP9_|�MFN^`��E�FIV��L^9¢�VI¡ME�\�^dF�VN[]\GP9_pP9FNEGPdb�XYjMEG[ned¡���^`FN[]jMe
��[]jM[a\�^d_nTM��b2��[n_]_©VNE�jik°VN^"FIEY\�EG[nHdE�VI¡ME=bNP9��E=bITM�ibIE�V
^9¢�[njp¢£^dFI��P9VI[]^`j� ���¡MEGbIE�e`FN^`TM��b
^9¢���[nji[]\�^`_]TM��jib,P`FIE>\�P9_]_]EGk���Phop[a\�^`_]TM��jib>�9VN¡ME��BbI¡iP9FNE�VI¡iEbNP9��E�[]jp¢£^`FN��PhVN[n^djBb�TM��b�E�V
�MTpV�P`FIEBP`�M_]E�VI^�P`�M�M_]�)kM[�µªE�FNE�j�V�Ái_nVIEGFNb2^`j¿[nVG ���¡MEB��^pkpE�_,^9¢�VI¡iEl\�^dF�VN[]\GP9_�\�^`_]TM��j
FIEG��^dF�VNEGk []jÃ·¦RUTMFNjM^pk ºG»dÐ`»d½ kMEGbN\�FN[n��EGb�VI¡ME2¢£TMji\�VN[n^djM[]jMelP`jik"_]EGP9FNjM[]jMe��MFN^`��E�FIVI[]EGb'^9¢
b�Ti\g¡5��Phop[a\�^`_]TM��jibGXp��¡M[a\g¡ P`FIE¶kp[nµ�EGFIEGj�V�¢£FI^d�ÀVI¡M^�b�EL^`¢«VN¡ME¶¢£^`FN��P9_®jMEGTMFI^dj� 

� &(���	���������'&(� ��¡ME¶\�^dF�VN[]\GP9_���[]jM[a\�^d_nTM��j)·¦P9_abI^
\�P`_n_]EGk=\�^`FIVI[a\�P`_�\�^`_]TM��j ½ []b�P�edFI^dTM�
^9¢�P"��P¤�|��E=P ¡|TMj�kpFIEYk°[nj�VNE�Fg\�^`jijMEG\�VIEGk°jiE�TMFN^`jib���¡ME�FNE=P`\�VI[]H|[�V��)[]b2EGbNb�EGj�VI[aP9_]_n�³FIE�Q
_]P9VIEGk�VI^LVN¡ME'�|�|FNP`��[]kMP`_MjMEGTMFI^djib©��¡i[n_]E�VN¡ME'^`VI¡MEGF�jMEGTMFI^djibGX9E�oM\�[nVNP9VI^dFI��^`F©[]jM¡M[]�M[nVI^dFI�
[nj�VIEGFIjiE�TMFN^`jibGX���P`[nji_n����P9FIVI[a\�[]�iPhVNE
[]j�VN¡ME�[njijME�FL��EG\g¡�P9jM[ab��.^`¢©VI¡iE�\�^`_]TM��j� �¯"^dFIE�Q
^hH`E�FYX�VI¡ME�\�^dF�VN[]\GP9_�\�^`_]TM��j�[abLP=bI[no�_]P¤�dE�FNEGk�b�VIFNTi\�VNTMFNEl·¦\�¢� ªÁie`TiFIE »d½ ��¡ME�FNE�_]P¤�dE�Fgb�¾
VI^�¾I¾�¾LP9_]_n^h�1\�^d���2TMjM[a\�P9VI[]^`j°��[nVI¡Â^`VI¡MEGF2\�^dF�VN[]\GP9_�\�^`_]TM��jib���¡M[]_]EB_]P¤�dE�Fgb¶¾ 
ÀVI^ 
'¾
P9_]_n^h�Ï\�^`���
TMjM[a\�PhVN[n^dj ��[�VN¡"E�o|VIFgPhQÈ\�^dF�VN[]\GP9_®b�VNFIT�\�VITiFIEYb� i±>E���E�j�kp[njieB^`j5VI¡iE2P9FNEGP
VI¡iE
\�^`_]TM��j ��EG_n^djMedbUVN^iX|VN¡ME�b�[]O�E¶^`¢�EYP`\g¡5_]P¤�dE�F���P¤��H¤P`FI�=e`FNEGPhVN_n�d 

N
eighbour I/OExternal input

External output

Cortical distant I/O

Cortical local I/O

Afferent input

II

I

III

IV

V

VI

Thalamic

Cortical

Reticular

Lower layerUpper layer
Pyramidal neurons

Layer IV

Layers V & VI

Layer I

Layers II & III

(*),+.-�� -J021 v 3È� � w��S<hvN��v�G�3Q9È� s y89 s ��v�~R= 9 1 v�yg~��M9��xy��Gw�yN~Yw s IL�¿����G 9 1 v�yg~G�È��v83 t ~Y��G`�x�V7"�x� Ktds 9���~ s 9 tds 9*Gd�R9��y 1 �����dvgw43



� � �����d� ! ��&(�\���� 
�� ��¡ME�[]jMjMEGF©��EG\g¡iP`jM[]bI��b�^9¢ªVN¡ME'\�^d_nTi��j�FNEGbITM_nV©[nj�VN¡MFNE�E���^dbNb�[]�M_]E
kp[]b�VI[]ji\�V�_nEGH`E�_ab�^9¢�P`\�VI[]H|[�V���¢£^dF�VI¡MEL�|�|FgP9��[]kiP9_ªjME�TiFI^djibR�


 ¾ÈjM¡M[]�M[nVIEGk _]E�HdE�_ 
 � FNE��MFNEGbIE�j�Vgb�H`E�FN���UEGP9¥lP`\�VN[nH|[nV��

 ��^h� _nEGH`E�_ 
 º FIEG�MFNEGbIE�j�VNb¶bI��P`_n_�H¤P`FI[aPhVN[n^djib^9¢�FIEG_]P9VI[]H`EG_n�"_]^h�A¢£FNEG�TMEGji\�[]EGb�· � D'O
VI^ º � D�O ½  p²)EL��[n_]_�FNE�¢£EGF�VI^�VI¡M[ab��MFN[]��[]jMe�b�VNPhVNE�P`b,VI¡iE �NË9Ì¬Ì;��ÇÈËhÇÈÅ


 D�[]e`¡5_nEGH`EG_.
 ��FNE��iFIEYb�EGjdVgb�P2�
Ti\g¡l¡i[ned¡ME�FU¢£FNEG�TME�j�\���· ��� D'O>VN^ º ��� D�O ½  |²³E¶��[]_n_FIE�¢£E�F�VN^�VI¡M[ab�b�VgPhVNE�P`bUVI¡iEG��Ë9Ç¹Õ� % Ë	��Ç§Õ��hÊ7��ÇSË9ÇSÅ

 �! �\�������� �����&(� m'b©bNP9[ak2��E�¢£^dFIEdX`P¶��Phop[a\�^`_]TM��j�[]b©P¶bIE�V©^`¢ªbIE�HdE�FgP9_|jME�[]e`¡|��^`FN[njie\�^`FIQ
VI[a\�P9_|\�^d_nTi��j�bCbI¡iP9FN[]jMe�VI¡iEUbNP9��E�bITM�ibIE�V�^9¢M[]jp¢£^`FN��PhVN[n^dj2P9jik2\�^`j�b�VN[�VNTpVIEYbCP�¢£TMji\�VN[n^djiP9_
��^pkpTi_nEd dm'b�_n^djMeLP`b�VN¡ME�FNE�[ab�jM^�bI��EY\�[aP9_][nOYPhVN[n^dj�^`¢�VN¡MEGbIE'\�^`_]TM��jib�X9VI¡MEG�
��[]_n_�^9¢¬VNE�j���E
P`\�VN[nHhP9VIEGk�[]j�P¶��^pkpEGFNP9VIE���P¤�L¢£^`F�P`j|���iPhVIVIEGFIj�^9¢ª[]jp¢£^`FN��PhVI[]^`j« %��EGP`FIji[njMe¶[ab�VI¡iE�j�VI¡iE
P9�M[]_n[nV��B¢£^dF'P���[nji[]\�^`_]TM��j VI^���EG\�^d��E�b���EG\�[]P`_n[]O�EYkl^dj"P��MFIEY\�[ab�EL��PhV�VNE�FNj ^9¢�[njp¢£^dFI��P9Q
VI[]^`j"��¡M[]_nE2^9VI¡iE�Fgb�[nj VN¡ME2bNP9��EL��Phop[]\�^`_]TM��j"P9FNEL[njM¡i[n�M[nVIEYkÂ·¦\�^`TM�i_n[]jMe��hTMji\�^`TM�M_][]jMe ½  
��¡M[]b�VNP`bI¥=\�^`FNFIEYb���^`jikib©VN^�Ái_�VNE�FN[njie�^dF�¢£EGP9VITMFNE¶E�o|VIFgP`\�VI[]^`j� 

 �! �\���� � ���� ! � &(�����2�#���&�� ¨,^dF�VN[]\GP9_�\�^d_nTM��jibLP`FIE�P9�i_nE
VI^"P`\�VI[]HhPhVIE�VN¡ME���bIE�_]H`EGb¶P9V
VI¡MFNE�E�kp[ab�VN[nji\�V�_nEGH`E�_abG Ym>\�VI[]HhPhVN[n^dj
^`¢�P>\�^`_]TM��j
P9V�_]E�HdE�_ 
 ��FIEYdTi[nFNEGb«VI¡ME�bI[n�
TM_nVNP9jiE�^`T�b
P`\�VN[nHhP9VI[]^`j)^9¢���^`VI¡¿\�^dF�VN[]\GP9_©P9j�k�VN¡iP9_aP9��[a\�[njM�iTpVNbG �¨,^`j�b�EYdTiE�j�VI_]�`X®��¡MEGj¿P5\�^`_]TM��j
m FNEG\�E�[]H`EYb�P)\�^dF�VN[]\GP9_�[]jM�MTpV=P`_n^djMEl^dF�P�VN¡iP9_aP9��[a\5[njM�iTpVBP9_]^`jMEdX�[�V���[]_n_�jM^`V�FIEYP`\g¡
_nEGH`E�_-
 �l�MTpV�FgPhVI¡iE�F¶_nEGH`EG_+
 º  ª��¡i[]b�Pd\�VN[nH|[nV�� 
 º [ab¶jM^`jME�VI¡MEG_nEYbIb¶�iFI^d�iP9e�PhVIEYk"VN^ P`_n_
jME�[]e`¡|��^`FN[njMeB\�^`_]TM��jibG M¾S¢�P9��^`jie�VI¡MEG�5X�^`jMEl·§¨ ½ [ab�E�op\�[�VNEGk H|[aP�[�Vgb�VI¡�P9_aP9��[]\�[njM�iTpVGX
[�V���[n_]_�FIEYP`\g¡¿_]E�HdE�_ 
 ��P`jik¿��[]_n_��MFN^pkpTi\�ElP9j%E�o|VIFgPhQÈ\�^dF�VN[]\GP9_�Pd\�VN[n^djÓ·£��¡iP9VIEGH`E�F
VI¡iE
VNP9FNe`E�V ½  ���¡M[ab¶P`\�VI[]^`j���[]_]_CVN¡ME�j³��^|kM[�¢£�"VN¡ME
VI¡iP`_]P`��[a\�\�^`j�VNE�o|VGX���¡M[a\g¡���P¤� jM^h� ��E
�MFI^d�M[nVI[]^`Tib,¢£^`FUVN¡ME�P`\�VI[]H¤P9VI[]^`jl^9¢�\�^`_]TM��j5mÔVN^�_]E�HdE�_ 
 �M i¨,^`_]TM��j5mÏ��[]_n_ªVN¡ME�j _]EGP9FNj
VI^B�MFNE�¢£EGFIEGj�VI[aP9_]_n�5\�P9_]_«\�^`_]TM��j³¨ÓbI[]ji\�ELVN¡M[ab�_aPhV�VNE�F>[]b�¢¦P¤H`^`FgP9�i_nE>VI^�VN¡ME2E�oM\�[nVNPhVN[n^dj ^9¢
VI¡ME'¢£^`FN��EGF>·¹\�¢� �Áie`TiFIE º �d½  d��¡M[ab���EY\g¡iP9jM[abI� ��P¤����Eb�EGE�j�VN^2bI^`��E'E�o�VNE�j�VUPdb�PLed^dP`_
kp[nFNEG\�VIEYk)bIEGP`FN\g¡ �ªVI¡ME�_]E�HdE�_+
 º [ab�P �dÅ���Õ¬ÉIÅ���^dF �gËhÌ¬ÌxÕ¬Ê�$Bb�VNPhVNE`X���¡i[n_]EB_]E�H`EG_-
 �5[ab¶VI¡iE
��Ë9Ç¹Õ� % Ë	��Ç§Õ��hÊ=b�VNP9VIEd ��¡ME�VIEG����^dFNP`_i��EG\g¡iP`jM[ab�� ^9¢�bI�MFIEYP`kp[]jMeL[]j�VIFgPhQÈ\�^`FIVI[a\�P`_MP`\�VI[]H¤P9VI[]^`j�[]jikpEGEGk�P9_]_]^h��b
VI¡ME5b�EYP9Fg\g¡°¢£^`F
bIEG�TMEGji\�EYb�VN¡iPhV�P9FNE=P9�i_nE=VI^³bNPhVN[]b�¢£�³VI¡ME \�P`_n_][njie�\�^d_nTM��j� 2��EYP9FNjM[]jMe
��[n_]_�VI¡MEGj³\�^djibI[]b�V[]j³bI_]^h��_n�5^`FN[nEGj�VI[]jMeBVN¡ME�\GP9_]_�P`\�VN[nH|[nV��5VI^h��P9Fgk"\�^`_]TM��jib>VI¡�PhV¶¡ME�_]�
VI^�FNEGP`\g¡=VI¡ME�bNPhVN[]b�¢¦P`\�VI[]^`j b�VgPhVNE` 
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�M[]b�VNP`�M_]E'��EG\g¡iP`jM[ab��  |R,[ab�VNP9�i_nE>TMjM[nVNbU��^�bIbIEGbNb�V��U^
b�VNP`�M_]E>b�VNPhVNEGb>�ªË�ÉNÅ���Ç§Õ¬Ê?$���ÇÈËhÇÈÅ�P`jik
Ë*������ÇÈËhÕ¬ÊiÕ¬Ê�$(�gÇÈËhÇÈÅ� �RU^9VN¡����4·¹PhV�FIEYb�V�VN^³bITib�VNP9[]jMEYkÂP`\�VI[]H�[nV�� ½ P`jik	��
�
Î·¦bITib�VNP`[njMEYk
P`\�VN[nH|[nV��BVN^BFIEYb�V ½ VIFgP9jibI[nVI[]^`jib�FNEG�TM[]FNE�P9j E�o|VIEGFIj�P9_«Pd\�VI[]H|[�V��)·£Ed  e� iE�o|VNE�FNjiP9_«b�VI[]�2Ti_n[ 	
P9jik�� ½ VI^5��E���E�FI¢£^`FN��EGk4·¦\�¢� ªÁie`TMFNE º`ºY½  ®��¡�T�b�X®��¡M[]_]E�\�^`FIVI[a\�P`_C��^db�VIEGFI[]^`F¶\�^d_nTM��jib
P9FNE�^djM_]�³P9�i_nE�VI^"^dFIe�P9jM[]O�E�bIEG�TME�j�\�EGbLP9V�^`jME�_]E�HdE�_�·¦E`  ei «m�QSR,Q�¨ ½ X®¢£FN^`j�VNP`_�^`jMEYbLP9FNE
P9�M_]EVI^�^`FNedP`jM[]O�E'¡i[nEGFNP`FN\g¡M[a\�P`_®b�EYdTiE�ji\�EGbL·£Ed  e� �·¦m�Qg·¹R�Q�¨ ½�½I½  
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 �`zi�G�B��y89��x~Y���43 t vN�M=]~G�:ILv�G 9 1 �R9JIL~%Gd�B5�vS3;9 1 v 9 1 ��wn�RIL�xy�yg~Y�#9�v � 9
��� 021 �Gw��>IL�xyByg~Y�#9�v � 9WIL~%Gd�B5|yg�R9��x~Y�¿��wxw�~�H*3�yN~Yw s IL� � 9�~ ��vg�Gy 1 �Gy89��4@G�R9��x~Y�ÂwxvS@¤vgw���� 
 �LN
}iv������d�x�V7'H©�xwxw�~hygy s �,�G�VG�yg~Yw s IL� � H©�xwxw�wxv������ 9�~ t ��v8=avN��vN�%9�����w�wB<
y��Gwxw�yg~Yw s IL� JN
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� ��v89�vgy89��x~G��~R= 3Q9��4I s w s 3 � t ��~%G s ygvS3'9 1 v����
9È�����V3È�B9��x~Y��~G�W9 1 v Dd�43Q9��>D�wxv�� � � � T
� 021 v Dd�A3Q9��RD�wxv��Gy?9��A@9�B9C<
�43*3 s 3Q9��G�x�dv�G ��� ��v?9�vgy89��x~Y��~R=
3Q9��4I s w s 3 U t ��~%G s yNvS3;9 1 v�� �®� 9È���G�F3È�B9���~G��~Y�W9 1 v�Dd�A3Q9��RD�wxv�� � � �
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m'b�\�^d���MTpVIEGF�bI\�[nEGj�VI[ab�Vgb�Xp�UEP`FIE¶bI��EY\�[nÁ�\�P`_n_]�B[]jdVNE�FNEGb�VIEYk=[]jlE�´B\�[]E�j�V�b�^`¢¬V��UP`FIEkpEGbI[nedj
¢£^`F�FNEGP9_nQS�,^dFI_akL�MFN^`�M_]E���bG h²³E�VN¡M[]jM¥�VN¡iPhV�bITi\g¡�P9j�E�jMed[njiE�E�FN[]jMe¶^`FN[nEGjdVNEGk2�MTMFN��^�b�E�\�P`j
��EGjME�ÁMV«¢£FI^d��VI¡iE�b�VNTikp�^9¢|�M[]^`_]^`e`[a\�P`_9kMPhVgPM �Z'E�HdE�FIVI¡MEG_nEYbIbGX���^db�V��M[]^`_]^`e`[a\�P`_h��^|kME�_ab�P9FNE
jM^9V¶b�TM[nVNP`�M_]E�¢£^`F>[n����EGkM[]P9VIE
bI^9¢¬V���P9FNEL[]jdVNE�edFNP9VI[]^`j�XM�iTpV¡�P¤H`ELFgPhVI¡iE�F'��E�EGj�kpEYb�[]e`jMEYk
VI^ÂE�o|�i_]P`[njÍE�o|��E�FN[]��EGj�VNP9_>kMPhVgPM �¨,_aP`bNbI[]\GP9_�\�^djMjMEY\�VI[]^`ji[]b�V=��^pkpE�_ab�X,_n[]¥`E��2TM_nVI[nQ§_aP¤�`EGF
��EGFN\�E��pVNFI^djib®^`F��¶^`¡M^djME�j � b«¸pE�_n¢ � FNedP`jM[]O�[]jMe�¯�P9��b«\�P`j¶��E,H�[]E��UEGkLPdbªVI¡iE,P`kiP9�pVgPhVI[]^`j�b
^9¢M�M[]^`_]^`ed[]\GP9_`��^pkpEG_]bCVI^b�^`¢¬V��UP`FIE�EGjMe`[]jMEGE�FN[njMe\�^djib�VNFNP`[nj�Vgb�XYP`kMkp[]jMe>��EY\g¡iP9ji[]bI��b«bITi\g¡
P`b¶�iPd\g¥��iFI^d�iP9e�PhVI[]^`j���[�VN¡°kME�FN[nHhP9�i_nE�VNFNP`jib�¢£EGF¶¢£TMji\�VI[]^`jibGX�^`FLE�op�M_n[a\�[nV���[]jMjME�FIQ§VNP9¥dEGb�Q
P9_]_¹ 
¨,^`ji\�E�FNjM[njie
\�^d���MTpVNP9VI[]^`j5^9¢CVIE�����^`FgP9_ª[]jp¢£^`FN��PhVI[]^`j«X���¡i[]\g¡5[]b�\�FIT�\�[aP9_ª��¡ME�j P`kpQ

kpFIEYbIbI[]jMe>FNEGP`_|�MFI^d�M_]E���b�XhP�M[]^`_]^`ed[]\GP9_d¢£FNP`��EG�,^dFI¥LP`_]bI^P`�M��EGP9FgbCVI^¶��EU¡iE�_]�p¢£TM_«·¹\�¢� `bIEG\�Q
VI[]^`j � ½  hm>b�[]b�bI¡M^h��j2�|�¶VN¡ME�PhV�VNE����pVgb��,E�¡iP¤HdE���E�j�VI[]^`jiEGk®X9PdkMP9�pVgPhVN[n^dj2^9¢��M[]^`_]^`e`[a\�P`_
VIE�����^`FgP9_���^pkpEG_]b�VI^2[njp¢£^dFI��P9VI[]^`j��MFN^p\�EGbNbI[njMeL[ab,jM^9V�^d�|H�[]^`T�b�X`P`jik���EG\g¡�P9jM[ab���b©VI¡iP9V
P9FN[]bIE�¢£FI^d� bITi\g¡BP9V�VIEG���pVNb,P9�M��EGP`F�VI^���E'¡iE�VIEGFI^de`EGjME�^dTib�·¦\�¢� �bIEG\�VI[]^`j ºY½  `²)E��MFN^`��^dbIE
VI¡iP9V�^djME��UP¤�¶VN^kMEGbI[nedj
FNE�TibNP9�i_nE�P9_]e`^dFI[nVI¡M��bC[]b�VN^¶FIE�¢£E�F�P`b��MFNEG\�[]bIE�_]��P`b���^dbNb�[]�M_]EUVI^¶P
\�^`FIVI[a\�P`_9¢£FgP9��E��U^`FN¥ªX�P9_]_]^h��[njMe'Tib�VN^>kpEYP9_���[�VN¡2¡M[]e`¡i_n�[nj�VNE�e`FgPhVNEGk�P`FN\g¡i[�VNEG\�VNTMFNEGbG �¾Èj�VIE�Q
e`FgPhVIEYkVIEG����^`FgP9_��MFN^p\�EGbNbI[njMe'[n���M_][nEYbCkM[�µªE�FNE�j�V�_nEGH`E�_ab�^`¢MVI[]��EU\�^`���MTpVgPhVN[n^djLVI¡iP9VC¡iP¤HdE
VI^5��E�\�^djibI[]b�VIEGjdV¶^`jiE���[nVI¡)EGPd\g¡�^9VN¡ME�FY ®²Í[nVI¡M[]j�VN¡ME�bIP`��E�\�^`FIVI[a\�P9_��iP`FNPdkp[ned� X��iFIE�Q
b�EGjdVNEGk�[]j=bIEG\�VI[]^`j �MX��UE�ÁiFgb�V�kpEGbN\�FN[n��E'_]^h�Î_nEGH`EG_C·¦bI��P9_]_iVN[n��E\�^`j�b�VgP9j�V ½ ��EY\g¡iP9ji[]bI��b
VI¡iP9V,P9FNE�P9�M�i_n[]EGk�VN^¶VIE�����^`FgP9_��iPhVIVIE�FNj�FIEY\�^de`jM[nVI[]^`j� `²³E�VN¡ME�jB\�^`jibI[akpE�F�\GP9TibNP9_][nV��2kpE�Q
VIEG\�VI[]^`j�XhP`�M�M_][nEYk�VN^'VN¡ME,_]EGP`FIji[njMe^9¢�¡M[ned¡ME�F�_]E�H`EG_|FIEYP`\�VN[nHdE,P`�M[n_][nVI[]EGb�^9¢�P`j
P`TpVI^djM^`��^`T�b
FI^d��^`VG 9K�[nj�P9_]_n�dXh�,E�_]^�^d¥�PhV�VIEG����^dFNP`_p��EY\g¡iP9ji[]bI��b�[nj|H`^d_nHdEGkL[]j�jME�TiFNP`_p�M_]P`jMjM[]jMe��[�VN¡
�M[]b�VNP`�M_]ELTMjM[nVNbG 
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��¡ME��CE�����^`FgP9_ � FNedP9ji[nOYPhVI[]^`j�¯�P9�%·¹� � ¯ ½ P9Fg\g¡M[�VNEG\�VITMFNEl·¹±'TMFgP9j�k³P`jik�m'_nE�opP`jikpFNE
ºG»`»dÄd½ ¡iP`b���E�EGj��MFI^d��^�b�EYk2Pdb�P>��^pkpEG_p^9¢�VI¡ME�P9T�kp[�VN^`FN�2\�^dF�VNE�o2P`jik�P9�M�M_][]EGk2VI^Lb���E�EY\g¡
�MFI^p\�EGbNb�[]jMei 9mUV�VN¡ME�_]^h�,EYb�V�_]E�H`EG_¹X9PLbI[]���i_nE�\�^|\g¡i_nEYP>��^pkpEG_«·¦D>P9FIV���[]\g¡�P9jik�m'_nE�opP`jikpFNE
ºG»`»|¼9½ ��E�FI¢£^`FN��b2P"b���EG\�VIFgP9_�VNFNP`jib�¢£^dFI��P9VI[]^`j)^9¢UVI¡ME=bI��E�EG\g¡¿bI[nedjiP9_§ «��¡ME��iFI^p\�EYbIbI[]jMe
_nEGH`E�_�[abBP)��P9�4^9¢Lb�Ti��EGF�QSTMjM[nVNbGX�EGPd\g¡4bITM��E�FIQ§TMji[�V=b�VNP`jikp[]jMe)¢£^`FBP)��Phop[]\�^`_]TM��j�X�Pdb
kpEGbN\�FN[n��EGk�[nj)b�EY\�VN[n^dj �M  �p ªm'b¶P=ÁiFgb�VVIEG����^`FgP9_���EG\g¡iP`jM[ab�� XªEGPd\g¡�b�Ti��EGF�QSTMjM[nV¡�P`bP
b��iP9VI[]^9Q§VIEG����^`FgP9_`FIEY\�E��MVI[]H`E�ÁiEG_]k� Y��¡MEUb���PhVI[aP9_dÁiEG_]k�\�^`FNFIEYb���^`j�kMbªVI^�VI¡MEU[nj�VNE�e`FgPhVN[n^dj¶^9¢
P>bIE�V�^9¢�\�^`j�VI[]e`TM^dTib«Ái��EGFNbC¢£FN^`�ÏVI¡iEU\�^|\g¡i_nEYP���^pkpE�_§ h��¡ME�VNE�����^`FgP9_�ÁiE�_ak2\�^`FNFIEYb���^`j�kMb
VI^LP_nEYP9¥|�L[nj�VNE�e`FgPhVN[n^dj�Xh\�^djdVNFI^d_n_]EGk2�|�2P>kMEG\�P¤�2�iP9FgP9��E�VNE�FY Y��¡i[]b�bI¡M^`FIV�VIEGFI� ��EG��^dFI�
P9_]_n^h��b,VI¡iEL[nj�VIEGe`FgPhVN[n^djl^`¢�P`\�VI[]HhPhVI[]^`j5��[nVI¡M[]j"P9j [nj�VNE�FNH¤P`_®^9¢CVI[]��Ed 
��¡MEbIEG\�^`jikBVIEG����^`FgP9_���EG\g¡iP`jM[ab��À[abU��EGF�¢£^dFI��EGk=��[�VN¡M[]j=VN¡ME¶�MFI^p\�EGbNb�[]jMe���P9�« p¾SV

\�^`FNFNEGbI��^djikMb¶VN^�[nj�VNFNP9Q§��P9�)VNE�����^dFNP`_�_][nji¥|b
��E�V��UE�E�jÂbITM��E�FIQ§TijM[�Vgb2��¡i[]\g¡Â\GP9j¿�MTM[]_ak
E�op�M_][]\�[�V>bIEG�TMEGji\�EYb�^9¢�P`\�VI[]H¤P9VI[]^`j ��[nVI¡M[]j VI¡MEL��P`�� �c�^d�MTib�VIjMEYbIbUVN^Bb�EY�TME�ji\�E�kp[ab�VN^`FIQ
VI[]^`j�·¦[njibIE�FIVI[]^`j=^`F�kpE�_]E�VN[n^dj ½ [ab�^d�pVNP`[njiEGk�VN¡MFI^dTMe`¡BVI¡ME>[nj�VIEGFNPd\�VN[n^djB^9¢���^9VN¡BVIEG����^dFNP`_
��EY\g¡iP9ji[]bI��b� �m kp[]H�[abI[n^dj"��EY\g¡iP9ji[]bI� ��P`b'P9_ab�^�[]���M_nEG��E�j�VIEYk�P9jik _]EGPdkMb�VN^=bI��EY\�[aP9_nQ
[nOYPhVI[]^`j�bL��[�VN¡M[]jÂb�TM��E�FIQSTMjM[nVNb�[]j¿^`FgkpEGF¶VI^�kp[nµªE�FNE�j�VI[aPhVNEBb�EYdTiE�ji\�EGbL�iPdbIbI[]jMe VI¡MFN^`Tie`¡
VI¡ME�bNP9��E¶TMjM[nVNbG 



��¡M[]b���^pkpEG_���P`b"P9�i�M_n[]EGkÔVN^�b���^`¥dE�j kp[ned[�V³FIEY\�^`edjM[nVI[]^`jÓT�b�[]jMe�bI^`��E¿\�_aP`bNb�[a\�P`_
��EGji\g¡M��P9FN¥pb�[njlb���E�EY\g¡��MFI^p\�EGbNb�[]jMeB·¦±>TMFgP9jik�P`jik�m�_]E�oMP`jikpFNE ºG»d»`Äd½  9¾SV,¡�P`b�^d�pVNP`[njMEYk
��EGF�¢£^dFI��P9j�\�EGbbI[n��[]_]P`F>VN^=VN¡ME���EYb�V�b�VI^p\g¡iPdb�VN[]\
��^|kME�_ab�Xª��[nVI¡°P=��E�VIVIE�FL��E�FI¢£^`FN��P9ji\�E
e`[]H`E�jlVI¡iE¶VIE�����^`FgP9_�P`jiklbI�iP9VI[aP9_�\�^d���M_nE�op[�V��B^`¢CVN¡ME�P9_]e`^dFI[nVI¡i�5 
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��¡ME³��EY\g¡iP9jM[abI�-kpEGbN\�FN[n��EGkÓ¡ME�FNE)[]b FNE�_aPhVNEGkÎVN^%[]j�VIE�FNjiP`_¶\�^`���MTpVgPhVN[n^djÓ��[nVI¡M[]jÏP`j
P9FIVI[nÁ�\�[aP9_�\�^`FIVI[a\�P`_`��P9�« ¤��¡iE���Phop[a\�^`_]TM��jibU·¦bIE�EUb�EY\�VI[]^`j �M  � ½ ^`¢pVI¡MEU��P9�2P`FIE©[]j|H`^d_nHdEGk
[nj�VN¡ME'_]EGP`FIji[njMe2^9¢®VIEG����^dFNP`_iFNE�e`Ti_]P`FI[nVI[]EGbGX`P9j�kBP9FNE�VI¡iE'�iPdb�[a\�TMji[�Vgb�^`¢®VI¡ME>��^pkpEG_¹ |m'b
b�Ti\g¡«X9P>TijM[�V�FNE��MFNEGbIE�j�Vgb�P��^`�MTi_]P9VI[]^`j�^9¢�bI�|ji\g¡MFN^`jM^dTib�\�^`FIVI[a\�P`_p\�^`_]TM��jib�VN¡iPhV�FNEG\�EG[nHdE
VI¡ME¶bIP`��E'[]jp¢£^`FN��PhVI[]^`j« |��¡iFIEGE'¥|[nj�kMbU^9¢CPd\�VI[]HhPhVN[n^djB¡iP¤H`E>��EGE�j5kpE�ÁijiEGk®XpP`bUkpEYbI\�FI[]��EYk
¢£^`F�P�b�[]jMed_nEL\�^dF�VN[]\GP9_�\�^`_]TM��j)·¹R,TiFIjM^pk ºG»dÐ`»�½  
KC[]Fgb�VYX�TMjM[nV +�b�VI^dFIEYb=P9jAÅNÆ'��Õ¬ÇÈËhÇ§Õ��hÊ4P`\�VI[]H�[nV�� 
��������. Pdb=bI^�^dj�P`bBVI¡ME³��EGFN\�E��pVN[nHdE

E�H`EGj�VNb	� . [nVL[]b¶P`bNbI^|\�[]P9VIEYk���[nVI¡�^p\G\�TMFY ®m�jM^`VI¡MEGF¶PdbIbI^p\�[aPhVNEGk"FNEG\�E�ji\���b�[]e`jiP`_�
�
 ���. []b
Tib�EYk"P`b>P�VIFgP`\�E2^9¢�VI¡ME2^|\G\�TMFNFNE�ji\�EL^9¢�VI¡ME
E�HdE�j�VG M¾SV[]b'[nji[�VN[]P`_n[]O�EYk5VI^ º P`jik _][njMEYP9FN_n�
kpEG\GP¤�|b�^hH`EGF�VI[]��E` �²Í¡ME�jl[�VUFIEYP`\g¡MEYb � X`VI¡MEb�VN^`FNEGk�[]j�VIEGjib�[nV�� 
��������. [ab�FNEGbIE�V,VI^ �  ���¡iE
Tib�E
^9¢©V��U^BHhP9FN[aP9�M_]EGb 
��������. P`jik 
 
 ���. �MFNE�HdE�j�VNb'VI¡iE
\�^djp¢£TibI[n^dj�^9¢Ub�VNFI^djMeB^`_ak"EGH`E�j�Vgb
��[�VN¡5�UEGP`¥BFNEG\�EGj�V�^djMEGbG 
¸|EG\�^`jik®X�P �NË9Ì¬Ì�P`\�VN[nH|[nV��¿^9¢'TijM[�V +L��EGP`jib
VI¡iP9V�EGH`EGjdV�� . [ab�TibIE�¢£TM_§X�P9jikÃ¡iP`b
VN^

^|\G\�TMFY dKi^`FUb�[]���M_n[nÁ�\GPhVI[]^`j�¡iE�FNE`X9VN¡M[ab,Pd\�VI[]H|[�V�����[]_n_���E\�^djib�[akpEGFIEYk�Pdb�PL��^|^`_]EGP`j�H¤P`_nTiE
· º ^`F �d½ X¤��¡MEGFIEYP`b«[�V�[]bGX¤[nj2VI¡ME���^pkpE�_§XhP'\�^`j�VI[]j|TM^`TibCHhP9_]TME`X¤FNE��MFNEGbIE�j�VN[njMe�VI¡ME�b�VNFIEGjMe9VN¡
^9¢�VI¡MELFNEG�TMEYb�V�¢£^`F� .  
��¡M[nFgk®Xd��¡ME�j=P2b���EG\�[�Á�\�E�H`EGj�V©VI¡iP9V,��P`b�FNEG�TMEYb�VNEGk�VN¡MFI^dTMe`¡�VN¡ME>\GP9_]_�Pd\�VI[]H|[�V���¡iPdb

^|\G\�TMFNEGk)·£E�oM\�[nVNPhVN[n^djl^`¢�P�\GP9_]_nEYk=TMji[�V ½ XMVN¡MELTMjM[nV�[ab�bIP`[]k=VI^���EG��ËhÇ§Õ���UÅ��h 
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 ²Í¡MEGj¿_nEYP9FNjM[]jMe ^|\G\�TMFgb�P9VLVI¡MEB_]E�HdE�_©^`¢�P"\�^`FIVI[a\�P`_
��P9op[]\�^`_]TM��j�X©\�^d_nTM��jib�[]jibI[]kpE5VN¡ME"��Phop[]\�^`_]TM��j�X�VI¡iP9VB�,EGFIE bI��j�\g¡MFI^djM^`T�b�_]�)ÁiFI[]jMe�X
b�EG�iP9FgPhVNE�[nj�VI^¶V��U^�P`bI�|ji\g¡MFN^`jM^dTib��iP`F�Vgb� �
,P`\g¡��iP`F�V�\GP9jBbI�M_n[nV,P`edP9[]j�Xh¢£TiF�VN¡ME�F,FIE�ÁijM[]jMe
_nEYP9FNjM[njie°·¹b�EGE�·¦RUTMFNjM^pk ºG»`Ðd»d½ ¢£^`F
kpE�VgP9[]_]b ½  «m>b�TMji[�VgbL^9¢UVI¡ME=��^pkpEG_�FNE��MFNEGbIE�j�V�bI��jMQ
\g¡MFI^djM^`T�b�\�^d_nTM��jibGXMVN¡ME2E�µ�EY\�V^9¢�_nEYP9FNjM[]jMeBPhV>VI¡ME�_]E�HdE�_C^9¢�P�TMji[�V[]b�VI¡ME�\�FNEGPhVN[n^dj ^9¢
P
jiE��ÏTMjM[nVGXM��^9VN¡5TijM[�Vgb�FNE��MFNEGbIE�j�VI[]jMe
VI¡MELjiE�� b��|ji\g¡MFN^`ji^`Tib�bIE�VNb�^`¢�\�^`_]TM��jib� 
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�� &(�6��� ��¡ME�P9[]� ^9¢pVN¡ME,_]EGP`FIji[njMe'FITM_]E��iFIEYb�EGjdVNEGkL¡iE�FNE�[ab�VN^'�MTM[]_ak
b�EYdTiE�ji\�EGb¶^9¢�TMjM[nVNbGX«��P`bIEGk³TM��^dj°��EGFN\�E��pVN[n^dj�  ��E�V�Tib�bITM�M��^dbIE�VI¡iP9V2P e`[]H`EGj³TMji[�VB+
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¡iP¤H`EVI^=��E�E�oM\�[nVIEGk []j5VI¡iP9V'^`FgkpEGFGXiP9¢¬VIEGF'b�T�\�\�EYbIbI[]H`EL\�P`_n_ab�[]j VI¡MEYb�E¶VN¡MFIEGE�TMjM[nVNbG ���¡iE
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 F�[ab�VN¡ME�VNFNPd\�EL^9¢�E�op\�[�VgPhVN[n^dj�P`\�VN[nH|[nV��=^`¢ �$Fl·£[]j�VIEGjib�[nV��5^9¢ �:FL��^pkpTpQ
_]P9VIEGk³�|��[nVNb¶FNEG\�EGji\�� ½  ���¡ME�H¤P`_nTiE��N �. [abVI¡iE�ÁMV�VN[njMe ^`¢�VI¡iE 
 F�kp[ab�VIFN[n�MTMVI[]^`j)VI^5VI¡iEb�VN^`FNEGk

[ �.]F �UE�[]e`¡�Vgb� ª¾S¢,ji^5b�VIFN^`jMe \�^dFIFNE�_aPhVN[n^dj"¡iP`b¶��E�EGj)kME�VIEY\�VNEGk³��E�V��,EGE�j°P9j|� 
 FP9jik � �. · 	 �.�
 � � []bU�UEGP9¥ ½ X`VN¡ME [ �.]F P9FNE'ji^9V�b�[]e`jM[nÁ�\GP9j�VGX`VI¡ME¶\�^djdVNE�o|V��N �. [ab,VI¡MEGj=e`^|^pk����kME�¢¦P9Ti_�VB·¦\�_n^�b�E
VI^ º¤½  ®��¡ME�\�^djdVNE�o|V¶H¤P`_nTiE��N �. [abLb�EGjib�[nVI[]H`E
VI^ \g¡iP`jMe`EYb'[]j�VN¡ME 
 Fkp[]b�VIFN[]�MTpVI[]^`j«XiP9_]_n^h��[]jMe�VI¡iE2kpE�VNEG\�VI[]^`j5VI¡iP9V�VI¡ME
\�TMFNFIEGj�V�kM[]b�VIFN[n�iTpVI[]^`j [ab�e`^d[njMe�\�_n^�b�EGF
VI^>VI¡ME�[akpEGP`_�^djME¶·¦kpE�ÁijMEGk
�|�¶VI¡ME
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 Flkp[ab�VNFI[]�MTpVN[n^dj¿��P9VN\g¡MEYb�E�opPd\�VN_n�³VI¡ME
[ �.GF  �K�[njiP`_n_]�`X�[n¢�^`jMEB^`¢�VI¡ME5\�TMFNFIEGj�V 
 F=¡iPdb



��EGE�j�kpE�VNEG\�VIEGk�Pdb���EG[njMeL\�^`FNFIEG_]P9VIEGk�VI^����. ��[�VN¡M^`TpV©��E�[]jMeL\�^dFIFNE�_aPhVNEGk�VI^�� �. · 	 �.]F T 	 �.]F[]bU¡M[]e`¡ ½ X|VI¡M[ab 
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VI[]^`j°[]jÂkpE�_aP¤�`EYk|Q§FNEGbI��^`jibIE2VgP`bI¥ª ����6�pÉ�Ê�Ë9ÌC� % - ��$9Ê�Õ¬Ç¹Õ�5hÅ�	2ÅE�pÉ �B� ��Õ¦Å�Ê.�gÅ�X º ·�� ½ � � �	���
� Äiº  

±'^d��[njMEG�`X$�� ]Xim'FI�M[]��XM¯¿ ]XiP`jik��`^�b�EG�M¡�X���  Q �� ®· ºG»d»	�d½  `m°��^pkpE�_d^9¢p\�^dF�VN[]\�^db�VIFN[]P9VNP9_¤�M_aP`b�Q
VI[a\�[nV��¢£^`F�_nEYP9FNjM[njie�^p\�TM_]^`��^9VN^`F�P`bNb�^p\�[aPhVN[n^djib�P`jik�bIEG�TME�j�\�EGbG ����6�pÉ�Ê�Ë9ÌM� % -=��$`ÊiÕ¬Ç§Õ�5¤Å	2ÅE�pÉ �B� ��Õ¦Å�Ê.�gÅ�X ¼ ·�� ½ � � º`º�� �	� Ä  

±'TiFNP`jik®X�¸ª �P9jik5m�_]E�oMP9j�kpFIEdXMKU «· ºY»`»`Ä�½  9� � ¯¿X�P�jME��ÔVIEG����^`FgP9_®jiE�TMFgP9_�jiE�V��U^`FN¥BP9FIQ
\g¡M[nVIEG\�VITMFNE ¢£^`Flb���E�EY\g¡ÎbI[]e`jiP`_��MFN^|\�EGbNb�[]jMe�  ¾Èj��UÉ�� �gÅgÅ��hÕ¬Ê?$6�"L! " � L�ÊiÇÈÅ�É�ÊªËhÇ§Õ��hÊ�Ë9Ì
- �hÊ % Å�ÉIÅ�Ê �gÅG�hÊ < ���!����Ç§Õ���� � /��iÅgÅ ����ËhÊ �>/�Õ $`Ê�Ë9Ì#�UÉ � �gÅ�����Õ¬Ê?$`XimUVN_]P`jdVgPM 


©_]��P9j�X��� ��© C· ºG»d»���½  9K�[nj�kp[njieBb�VNFITi\�VITMFNE¶[nj5VN[n��E` '- ��$9Ê�Õ¬Ç¹Õ�5hÅP/.��Õ¦Å�Ê.�NÅ�X º � � º¤¼h»�� � º`º  
KMFNE�OGOGPhQÈRUTME�VYXMD� «· ºG»d»`»d½   +CÊ �>�9��$Å�ÌnÅR�`Å����hÉ�ÇÈÅIÆ��8�6�pÉ2ÌnÅ���� ���
�hÉ�ÇÈÅ��Å�Ê�Ç �G�9Ç¹Õ�5&%Å �(' �pÊ
ËE$�Å�Ê�ÇªÊ�ÅE�pÉ � ��Õ���%Å�Ç§Õ*)��iÅ�Ë!�pÇ �hÊ�� ��Å�  �©¡i±°VN¡MEGbI[ab�X:�'jM[]H`E�FgbI[�VMJE�D�E�jiFI[ ��^`[]ji\�P`FMJE�Z'P`ji\��
¾� l¾Èj5¢£FNE�ji\g¡« 

KMFNE�OGOGPhQÈRUTME�VYXMD� iP`jik5m�_]E�oMP9jikMFIEdXMK, C· ºG»d»`Ð P ½  9¯�TM_�VN[n��^pkMP`_�b�EYdTiE�ji\�El_]EGP`FIjM[]jMe³��[�VN¡
PL\�^dF�VN[]\GP9_]_n��QS[njibI�M[]FIEYk���^pkpE�_§ ¶¾Èj+� -;L�/-,/. � < ���E� ��Õ¦Ë9Ç¹Õ��9Ê % �hÉCL�ÊiÇÈÅ�Ì¬ÌxÕ $�Å�ÊiÇ10�Ë����|Õ¬Ê�Å�É��hXH`^d_nTM��E/�pXp��P9e`EYb0� �2� � ¼  



KMFNE�OGOGPhQÈRUTME�VYXMD� iP`jik5m�_]E�oMP9jikMFIEdXMK, C· ºG»d»`Ð � ½  d¸pE�_]EG\�VN[n^dj�^9¢�P`\�VI[]^`j���[nVI¡=P2\�^`FIVI[a\�P`_n_]��Q
[nj�b��M[]FNEGkÂ��^pkpEG_¹  ¾Èj /ªÅE5¤Å�ÊiÇ��  .�pÉ � �MÅgËhÊ��A�hÉ � � �8� � �hÊ �CÅgËhÉ�ÊiÕ¬Ê�$*: �2	��hÇ4�gX��iP`e`EYb
º � � � º  

KMFNE�OGOGPhQÈRUTME�VYXMD� iP`jik5m�_]E�oMP9jikMFIEdXMK, C· ºG»d»`»�½  d¸|��EG\�[]P`_n[]OGP9VI[]^`j���[nVI¡M[]jB\�^dF�VN[]\GP9_p��^pkpE�_abR�
m�jBP`�M�M_][]\GPhVI[]^`j�VN^2\�P`TibIP`_n[nV���_]EGP`FIjM[]jMe� ¾Èj
��É � �gÅgÅ��hÕ¬Ê�$!� � % Ç��MÅ���Ç��� .�pÉ � �MÅgËhÊ"/ � ���
�8�!��Õ�� � �9Ê < É�Ç§Õ � ��Õ¦ËhÌ�	
Å��pÉIË9Ì�	2Å�Ç � �hÉ � �g )E�Fgb�VNjME�FYXp²  «· ºG»`»dÐd½  d¸|�M[]¥|[njMe°jMEGTMFN^`jibG  ¾ÈjÍ¯�PdP`bNb�X�²  �P`jikÎRU[]bI¡M^`�«X,¨> nX©EYkp[nVI^`FgbGX
�.�pÌ ��Å���	
Å��pÉIË9Ì�	2Å�Ç � �hÉ � �g �R,FgP`kp¢£^`Fgk=RU^|^`¥ªXp¯"¾�� ��FIEYbIbG 

)^hH`EdXMm� ]X )FI^�bIbI��E�FNeiXM¸ª ]XiP9jik5¯"[]jMe`^d_n_aPMX 
' �· ºY»`»	�d½  9RUFN[ned¡dVNjMEGbNb®��E�Fg\�EG�pVI[]^`j�XG[n_]_]Tib�^dFI�
\�^djdVN^`TMFgbGX`P9jik=\�^`FIVI[a\�^de`EGjM[]\�TM_aPhVIE�¢£EGEGkp��P`\g¥ª  �CÕ���iË9Ì�	
Å��pÉ��B� ��Õ¦Å�Ê �gÅ�X º ��� º � � ¼ �ªº � � �p 

)FI^�bIbI��E�FNeiXM¸ª «· ºG»`Ð���½  `¸|^`��E�jM^dFI��P9_,P9jik°P9�ijM^`FN��P9_���EG¡iP¤H|[n^dFNP`_©b��|jikMFI^d��EYbLkpTME�VN^
VIFgP9jibI��[�VIVIEGF>e�PhVI[]jMeB^`¢©^`�M��^`jiE�j�V>�MFN^p\�EYbIbIEGbG ���Õ��hÌ���$`Õ��NË9Ì1�C�������|Õ¦ËhÇ§É��hX ºG» · ¼`½ � º ��¼�� �
º`ºdº¤¼  

)FI^�bIbI��E�FNeiXM¸ª ]Xi¯"[]jMe`^d_n_aPMX 
' nXMP`jik5²Í[n_]_n[aP9��bI^`j�X��� �· ºY»`» �`½  �¸|�|jdVN¡ME�VN[]\,P9��E�FIVITMFNE©FgP`kMP`F
�MFN^|\�EGbNb�[]jMe��|� P��2TM_nVI[]�M_]E2bN\�P9_]E�jMEGTMFgP9_«bI�pb�VNE�� ¢£^`F���^`TijikMP9FN� P9jik"bITMFI¢¦P`\�ELFNE��iFIE�Q
b�EGj�VNPhVN[n^dj� +	2ÅE�pÉIËhÌ�	
Å�Ç � �hÉ � X Ð � º �	�	� ��º � � Ð  

)FI^�bIbI��E�FNeiXM¸ª iP`jik5¸M\g¡M��P ��TM¥ªXiZ2 im� «· ºG»dÐ�¼9½  9Z�EGTMFNP`_`kp�|jiP`��[a\�b�^9¢pPhV�VNE�j�VI[]^`j�P9_]_n�>��^pk|Q
TM_aPhVIEYk��iP¤H|_n^hH|[aP9j
\�^`jikM[�VN[n^djM[njie ��¨,^`jikM[�VN[n^djMEGk�FNE�[]jp¢£^`Fg\�EG��EGj�VGX9[]jM¡M[]�M[nVI[]^`j�X�P9jik�^`�MQ
��^djME�j�V��MFN^p\�EYbIbI[njiei ��.�������8�2	�Õ��9Ì���$6�hX º � ·�� ½ � ºG»	� � � �	�  

)FI^�bIbI��E�FNeiXM¸ª iP`jik5¸M\g¡M��P ��TM¥ªXiZ2 im� «· ºG»dÐ`»d½  9Z�EGTMFNP`_�kp�|jiP9��[a\�b¶^9¢�P`kMP`�pVI[]H`E
VI[]��[njie
P9jikÓVIEG����^dFNP`_�kp[]bN\�FN[]��[]jiP9VI[]^`jÔkMTMFI[]jMeÍP`bNbI^|\�[]P9VI[]H`E³_nEYP9FNjM[njiei  	
Å��pÉNËhÌ 	2Å�Ç4� �9É � X
��� ¼h»���º � �p 

)TM[]e`^`j«X$
� �· ºG»`» � ½  �0*�,�`Å�ÌxÕ��ËhÇ§Õ��hÊ �dÅ�� ��É � ��É�Õ¦Å�ÇSÅ����!� ���hÉ�ÇÈÅNÆ �gÅ�ÉIÅ9	�ÉIË9Ì��.-=���0�iËhÉNËhÕ�E�hÊ
Å�Ê�Ç¹ÉNÅBËhÕ¬ÉIÅ��>5GÕ���iÅ�Ì¬ÌnÅ�� � �>�hÇ§É�Õ��gÅ��BÅ�Ç"��É %Å % É �9ÊiÇÈËhÌnÅ���  ��¡i± VI¡iEGbI[]bGX J
�\�^`_]E�\�E�j�VIFgP9_]E�kME
��P9FN[]bG B[]j�
©jMed_n[ab�¡« 

D'P`F�V���[a\g¡�X 
� MP`jik m�_]E�oMP9j�kpFIEdXMKU «· ºY»`»�¼`½  9m ¸|��EGEG\g¡Ãc�EG\�^de`jM[nVI[]^`jÃ¸p�|b�VIEG� Tib�[]jMe�P`j
m�TikM[�VN^`FN��¯"^pkpEG_�P`jik�� � ¯.Z�EGTMFNP`_�Z'E�V��U^`FN¥� L¾Èj ��EYP9Fgb�^dj�X �   Q§²  ]X�¸�VNE�EG_nEdX�Z2  Q�¨> nX
P9jik
m�_]�MFNEG\g¡�VGX9cL  QÈK, ]XhEGkM[�VN^`Fgb�X/�UÉ � �gÅgÅ��9Õ¬Ê?$6� L�ÊiÇÈÅ�É�Ê�ËhÇ§Õ��hÊªËhÌ;- �9Ê % Å�ÉIÅ�Ê.�gÅ � % < É�Ç¹Õ � ��Õ¦Ë9Ì	2ÅE�pÉIËhÌ�	
Å�Ç4�2ËhÊ��
	�Å�ÊªÅ�Ç§Õ�� < Ì $2�9É�Õ¬Ç�� �P��X�Z�^`FN��[a\g¡� M¸|�MFN[njMedE�F 
�EGFI_aP9e� 

��[nV�VN��P`j�Xi¯¿ .�© «· ºG»`»dÄd½   < Ì $2�9É�Õ¬Ç�� �P� % �9É�/ªÅ )E�iÅ�Ê�Ç¹Õ¦Ë9Ì��
Å ��Õ�gÕ��9Ê�0�Ë � Õ¬Ê?$`  �©¡�±ÏVI¡MEYb�[ab�X±'EG�iP9FIVI��EGjdV�^`¢�¨,^d���iTpVIEGF'¸p\�[]E�ji\�E�PhV�RUFI^h��j ��ji[nHdE�Fgb�[nV��` 
¯�P`PdbIbGXp²  iP`jiklRU[ab�¡i^`��X�¨> ]XMEGkM[�VN^`FgbL· ºG»d»`Ð�½   �.�pÌ ��Å���	
Å��pÉNËhÌ�	
Å�Ç � �hÉ � ��  ¯�¾�� �©FNEGbNbG 
��P¤H|_n^hHªX�¾� $�� �· ºY» � ¼`½  ;- �9Ê �hÕ¬Ç§Õ��hÊªÅ�� :'Å43�ÅIÆ|Å��[) � ��< ÊiÉIÅ � � Ç¹ÉIË9Ê8� � 1h  ��^djikp^`j � � o|¢£^`Fgk��jM[]H`EGFNbI[nV�� �©FNEGbNb �i 
��EGP`FI_]�2TpVIVIEGFGXpR im� C· ºG»d»���½  9±>��j�P9��[]\ FNEG\�TMFNFIEGjdV�jMEGTMFgP9_�jME�V��,^dFI¥pbG  �CEG\g¡MjM[a\�P`_�c�E�Q
��^dF�V>¨U¯ ��Q�¨�¸|Q »	� Q ºG»`Ä Xp¨UP`FIjiE�e`[]E¶¯"E�_]_n^dj ��jM[]H`EGFNbI[�V��d 

c�E�[abNb�Xi¯Â iP9jik5��P¤��_]^`FYX��i �· ºG»d»MºY½  d¸�VN^`FN[njMe5VNE�����^dFNP`_,bIEG�TMEGji\�EYb� �	2ÅE�pÉIË9Ì1	2Å�Ç � �hÉ � �gX
� � ¼`¼ � �M¼9Ð�¼  

c�EGbN\�^dFI_aPMX|²  im2 iP9j�kl²°P9edjME�FYXMm� �cL �· ºY»�¼ � ½  ;-�ÌnË!���gÕ��gË9Ì ���9Ê �hÕ¬Ç§Õ��hÊ�Õ¬Ê?$FL L��- �pÉ�ÉIÅ�ÊiÇªÉIÅE�
��ÅNË9É ���¿ËhÊ��5Ç��iÅ��9É��hX«\g¡iP`�pVIEGFm VI¡iE�^`FN� ^9¢ ��P¤H|_]^hH|[]P`j�\�^`j�kp[�VN[n^djM[]jMe � 
©P9FN[aPhVI[]^`j�b'[]j
VI¡ME�E�µªEG\�VN[nHdE�jMEYbIb=^9¢LFNE�[]jp¢£^`Fg\�EG��EGj�V=P9jikÎjM^djpQSFIEG[njp¢£^dFN\�E���E�j�VY 1RU_aP`\g¥ªX�m2  D2 UP`jik
�©FN^`¥hP`bI�`X|²  iKU ]XiP9�i�M_nE�VI^djpQS\�E�j�VITiFI��QÈ\�FN^9¢¬VNb,EGkM[�VN[n^dj� 



¸|¥|[njijME�FYXiR �· ºY» � Ð�½   � �iÅ �>Å��iË!5YÕ��hÉ>� %�� É4$�ËhÊ�Õ� ���� 
¸|TMe�PMXMZ� C· ºG»d»���½  �¨,^dF�VN[]\GP9_|\�^`���MTMVNPhVN[n^djiP9_|��P9��b«¢£^dF©P9TikM[�VN^`FN�[]��P9ed[njMe�  	2ÅE�pÉIË9Ì/	2Å�Ç4�

� �hÉ � ��X$��� � � � º  
¸|TMj�X�cL MP9j�k5m'_nE�oMP9jikpFNE`XMKU ]XMEGkM[�VN^`FgbL· ºG»d»�¼`½   - �hÊ�Ê�Å ��Ç§Õ��hÊ�Õ��Ç@�@/ � �G	��hÌ�Õ�� L�Ê�ÇSÅ�É ��ÉIÅ�ÇÈË!�
Ç¹Õ��9Ê � % É ��� +�ÊiÕ �UÅ��BÇD������	�É�Õ�� < ���ªÉ �GË	���iÅ��� ��CP¤��FIEGji\�E 
©FN_n��P9TM��m>bIbI^p\�[aPhVNEGbG 

¸|TpVIVI^`j«X�cL i¸ª �P9jik R�P9FIVI^�X|m2  )� «· ºG»`ÐiºY½  9�«^h��P9Fgk�P%��^pkpEGFIjÓVI¡MEG^`FN�Í^9¢
PdkMP9�MVNPhVN[nHdE
jME�V��U^`FN¥��$
©o|��EG\�VNP9VI[]^`j P9jikl�MFNEGkp[a\�VN[n^dj� +�.�������8�9Ì���$9Õ��gËhÌ;:>Å�5YÕ¦Å���X Ð`Ð · � ½ � º � � �ªº¤¼��  

²)P`[n��E�_§X�m2 nX�D'P9j�P9OGP¤��PMX|�¶ ]XiD�[]j�VI^`j«X )� nX�¸|¡M[]¥¤P`jM^iX �� ]XMP9j�k��CP9jMe�X �� «· ºY»`Ð`»�½  ���¡M^`jME�Q
��E�FIEY\�^`edjM[nVI[]^`j�T�b�[]jMe5VI[]��EBkpE�_aP¤��jMEGTMFNP`_�jME�V��U^`FN¥pb� %¾Èj L! � � � ÉIË9Ê8��Ë���Ç§Õ��hÊ8�R�9Ê
< ���6���gÇ§Õ���� /��MÅgÅ ����ËhÊ��G/�Õ $`Ê�Ë9Ì#�UÉ�� �gÅ�����Õ¬Ê�$9XMHd^`_]TM��E�� ¼  

²)P9VI¥|[]jib�Xª¨> ��i �· ºG»dÐ`»d½   �CÅNË9É�ÊiÕ¬Ê�$ % É � � �dÅ�ÌnË6�`Å���ÉIÅE��ËhÉ �!�g ��©¡i±ÓVI¡iEGbI[]bGX��'jM[]H`E�FgbI[�V��
^9¢
¨UP9�
�MFI[akpedE` 


