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¹zCFG�K�ºe»lVDX�C{¼�CFVDG�CWG�Q>CFX�VDG�K¡VH½j¼�O�KZ¾�VHX�¼1CW¾�»lVH¿�¼`EHGJ¼1E�G�R�¾�VDX�¼4R�K�¾¦EHG�R�CFG�Q�X�K�G�X�VH¿�ºeÀPEHX�KLR
¾�EHG�CW»�Á�U�E�¼�CWVDG7X�Â3CFUWUFX�ÃyÄ�ÅJK�G�¿�K�U�Eh¼�CWÅJK�UWÆ²X�CF¾�»�UWK�¼`E�X�Â3X�X�Á�Ç`OªEHX[Q�¿`EHX�»�CFG�Q�¿�CWQDCFR�VHÀ�È+KLÇ±¼�X
I¡C{¼�O²¼2I8VHºeÉ�G�QHK�¿�K�R�QH¿�C{»�»lK±¿�X�ÀPEHX�K�R�VDG7E�G�CW¾¦EHQDK�¼`EhÂJKLGTÀ%Æ�E<O�EHG�R3ºvÇLEH¾�K±¿`E<»�¿�K�X�Á�»�º
»lVDX�K�EHGTK±ÊyK�Ç±¼�CWÅJK>X�K�G�X�VH¿�CF¾�V�¼�VH¿�½ËKLK�R3ÀPEHÇ`ÂjÃjÌ§O�CFX�K�GJ¼`EHCFUWX�¼�O�K�CW¾�»�UFK�¾�K�G%¼`Eh¼�CFVDG²VD½�¼�O�K
I¡O�VDUWK©»lK�¿�Ç�K±»�¼�CWVDG3º'EHÇ±¼�CFVDG?Ç�Æ3Ç�UFK©CWG�Ç�UFÁ�R�CFG�QÍCW¾¦EHQDKTEHÇwÎJÁ�CWX�CW¼�CWVDG?I¡CW¼�OÏ¼�O�KTÇLEHUFC{À�¿`Eh¼�KLR
O�EHG�R3ºvÇLEH¾�K±¿`E3Ð%CW¾¦EHQDK§»�¿�V�Ç�K�X�X�CFG�Q�ÐJQDKLG�K±¿`E�¼�CFVHG�VD½j¾¦EHG�CW»�Á�U�Eh¼�VH¿8EHÇ±¼�CFVDG�X½�VH¿4E�»�»�¿�VDEHÇ�O3º
CWG�Q�¼�O�K�QH¿`EHX�»�CFG�Q�»lVDX�CW¼�CWVDGyÐ	K�¼�ÇHÃyS�R�R�CW¼�CFVHGPE�UUWK�ÅJK�UFX[VD½4Ç�VD¾�»�UWK�Ñ3C{¼2Æ7E�¿�K�EHR�R�K�R7CF½�¼�O�K
X�Æ�X�¼�KL¾ÒCWXZ¼�V�ÀlK[R�K�X�CFQDG�K�RT½�V�¿ZI8VH¿�Â3CFG�Q�Á�G�R�K±¿ZÅDEh¿�C�E�À�UFK[UFCWQDOJ¼�CFG�Q�ÇLVDG�R�CW¼�CWVDG�X�Ð�¾�VwÅ3CWG�Q
V�¿NV�Ç�ÇLUWÁ�R�K�R�VHÀ�È+KLÇ±¼�X�ÃhÓ'¼NCFXzEHUFX�V�R�K�X�CW¿`E�À�UWK1¼�O�E�¼z¼�O�K1X�Æ3X�¼�K�¾ÔÀlK8E�À�UFK4¼�V�ÇLVHG%¼�¿�VHU%¼�O�K1¾¦Ehº
G�C{»PÁ�UFE�¼�VH¿§½Ë¿�VD¾ÖÕ�×�Ø�UFV%ÇwE�¼�CWVDG�CWG<¼�O�K�Å3CFÇ�CFG�CW¼2Æ¦VD½l¼�O�K�V�À�È�K�Ç±¼8¼�V�¼�O�K�VH»�¼�CF¾�EHUlQH¿`EHX�»�CWG�Q
»lVDX�C{¼�CFVDG9¿�KLQJEh¿�R�UWKLX�X�VD½�»lK�¿�X�»lK�Ç�¼�C{ÅJK§R�CFX�¼�VH¿�¼�CWVDG�X�Ù�CF½P¼�O�K§VHÀ�È+KLÇ±¼�CFXX�KLK�G�½�¿�VD¾ÖÚ�¿�K�¾�VH¼�K�Û
»lVDCWGJ¼�X�Ü`ÐyX�»lKLÇ�Á�U�E�¿�¿�K±ÝPK�Ç±¼�CFVDG�X[EHG�R�¼�O�K9UWCWÂJKHÃyÌ¿`EHR�CW¼�CWVDG�EHUN¾�K�¼�O�V�R�X�VD½4X�K�G�X�V�¿�ºvQDÁ�CFR�KLR
É�G�K±ºe»yVHX�CW¼�CFVHG�CWG�Q<E�¿�K[ÀPEHX�K�RTVDG©O�EHG�R3ºvK�ÆDK>ÇwEHUWCWÀ�¿`E�¼�CWVDGyÃPÞ�V�¿�¾¦EHUFU{ÆJÐ�X�Á�Ç�O²E�ÇLEHUFC{À�¿`Eh¼�CFVDG
»�¿�V�Ç�K�R�Á3¿�K�CWX1¼�CF¾�K�ºvÇ�VDG�X�Á�¾�CFG�Q�E�G�R<G�V�¼§½�E�Á�U{¼�ºe¼�VDUFK±¿`EHGJ¼LÃ�Ä�ÅJK±¿�Æ�¼�CF¾�K�I¡O�K�G<¼�O�K�O�EHG�R3º
K±ÆJK§Ç�VDG3É�QDÁ3¿`E�¼�CFVHG�CWX�Ç`O�EHG�QDKLRyÐ�¼�O�K8ÇwEHUWCWÀ�¿`E�¼�CWVDG�X�O�VHÁ�UWR�ÀlK8»lK�¿�½ËVH¿�¾�K�RyÃ�ß%Á�Ç�O�¾�K±¼�O�V�R�X
ÇLEHG©VDG�UWÆ�I8VH¿�Â�I8K�UFU	CW½2à



á ¼�O�K�O�EHG�R3ºvK�ÆDK�ÇLVHG�É�QDÁ3¿`E�¼�CWVDG<CWX1X�¼�¿�CWÇ�¼�U{Æ�É�Ñ3K�R�EHG�R¦ÇLVD¾9»PUWK�¼�K�UWÆ9Â3G�VwI¡G�Ù�CWG�ÇLUWÁ�R�CWG�Q
ÇLEH¾�K±¿`E�»PE�¿`E�¾�K�¼�K±¿�X�Ü8EHG�R

á ¼�O�K¤»yVHX�CW¼�CFVHGlâwVH¿�CFK�GJ¼`E�¼�CFVDGãÀPEHX�K�R)VDGã¼�O�K�X�K�QDK�VD¾�K±¼�¿�CFÇ�½�KLE�¼�Á3¿�K�X�ÇLEHGãÀlK¤¿�KLÇ�VDG3º
X�¼�¿�Á�Ç±¼�KLRyÃ
äÍK9G�VH¼�KDÐlO�VLI8K�ÅJK±¿LÐl¼�O�E�¼�K�ÅJK�G�CW½�¼�O�K�X�K�Ç�VDG�R�CW¼�CFVHG�X[E�¿�K9¾�K±¼LÐl¼�O�K9O�EHG�R3ºvK�ÆDK�ÇLEHUFC{º

À�¿`E�¼�CWVDGT¾¦Eh¼�¿�CWÑ�ÇLEHG�G�VH¼ZÀlK>CWG%¼�K±¿�»�¿�K�¼�K�RTEHX�E�G²EHR�KwÎJÁPEh¼�K>Ç�VDQDG�CW¼�C{ÅJK[¾�V�R�KLUyVD½zO%Á�¾¦EHG
Q�¿`EHX�»�CFG�Q¤ÙeEHG�R©O�K�G�ÇLK�»�¿�VHÀPE�À�UWÆ�G�K�ÅJK±¿ZÀlKLÇ�VD¾�K8È�Á�X�¼�EHXZ»lVwI8K±¿�½�Á�U�Ü`Ã

S�G?EHU{¼�K�¿�G�E�¼�C{ÅJK�¾�K�¼�O�V�R�VDUWVDQHÆ¯CFX�UFKLE�¿�G�CFG�Q�¼�O�K<¼�¿`EHG�X�½�VH¿�¾¦Eh¼�CFVDGyÃå¡K�ÇLK�GJ¼�UWÆDÐG�K�Á3º
¿`E�U§G�K±¼2I8VH¿�ÂÍÀPEHX�K�R?UWKwEh¿�G�CWG�Q7O�EHX�EHUFX�V�½�VDÁ�G�R?E�»�»�UFCWÇwEh¼�CFVDG�X�CFGÏQ�¿`EHX�»�CFG�Q�ÃÌ§O�K�I8VH¿�Â
CWGÏæ ç%Ð�èHèHÐcéhêÁ�X�K�R²QDK�VD¾�K±¼�¿�CFÇ>½ËKwE�¼�Á3¿�K�X�EHX¡CFG3»�Á�¼¡¼�V�¼�O�K[»yVHX�CW¼�CFVHG²Ç�VDGJ¼�¿�VDUFUWK�¿LÃlß�CWG�ÇLK[¼�O�K
CW¾¦EHQDK8»�¿�V�Ç�KLX�X�CWG�Q�»�¿�V�Ç�KLR�Á3¿�KLXX�Á�Ç`O¦EHXX�KLQD¾�KLGJ¼`E�¼�CWVDGyÐD½�KLE�¼�Á3¿�K§K±Ñ�¼�¿`EHÇ±¼�CFVDG�EHG�R�ÇLUFEHX�X�CWº
É�ÇLE�¼�CFVHG�E�¿�K4G�VH¼�¿�V�ÀPÁ�X�¼�CFG>¿�KLEHUJKLGJÅ3C{¿�VDG�¾�K�G%¼�XzEHG�R�X�CFG�ÇLK¼�O�K�X�K�»�¿�V%ÇLK�X�X�CFG�Q�EHUWQDVH¿�C{¼�O�¾�X
Eh¿�K�ÇLVH¾�»�Á�¼`Eh¼�CFVDG�EHUWUWÆ7K±Ñ�»lKLG�X�C{ÅJKDÐ	X�VH¾�K¦VH½4¼�O�K�I8VH¿�Â¤¿�KLX�VH¿�¼�X�¼�V©¾¦E�¿�Â3CWG�Q©»lVDCFGJ¼�X>VDG
¼�O�K§V�À�È�K�Ç±¼�XN¼�V�ÀlK§QH¿`EHX�»lK�R	ÃHë8Æ�ÇLVHG%¼�¿`E�X�¼LÐD½�V�¿�R�KLEHUWCFG�Q�I¡CW¼�O9¼�O�K§QDK�G�K�¿`E�U�ÇLEHX�KZVH½jO�EHG�R3º
UWCFG�Q�VHÀ�È+KLÇ±¼�X8I¡O�VDX�K[QHKLVD¾�K�¼�¿�Æ�EHG�R�½�KLE�¼�Á3¿�KLXZEh¿�K[G�VH¼§»�¿�KLÇ�CFX�K�UWÆ<¾�V�R�K�UFK�R©VH¿ZX�»lK�ÇLCFEHUFU{Æ
¾�E�¿�ÂJK�R	ÐC{¼�CWX�R�KLX�C{¿`E�À�UFK�¼�O�E�¼�E�QDKLG�K±¿`EHU�Ç�VDGJ¼�¿�VDU¾�V�R�KLUÇwE�GªÀlK�½�VDÁ�G�R7I¡O�CFÇ`O	Ð�EH½�¼�K�¿
E�G�CFG�CW¼�CFEHU�UWKwE�¿�G�CWG�Q>X�¼�K±»	ÐH¿�VHÀ�Á�X�¼�U{Æ9¼�¿`EHG�X�½�VH¿�¾�X�¿`E�I�CF¾�EHQDK¡R�E�¼`E�CFGJ¼�V[K�ÊlK�Ç�¼�C{ÅJK§½�EHÇ±¼�VH¿�X
E�G�R�¼�O�K�G©CFGJ¼�V¦EHÇ�¼�CWVDG�ÅDE�UFÁ�KLX�Ã
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�KLE�¿�G�CFG�QZVD½�X�K�G�X�VH¿�ºeÀPEHX�KLR>KLUWKL¾�KLGJ¼`E�¿�Æ�VH»lK±¿`E�¼�CFVHG�X	CWX¾�VH¼�CWÅHE�¼�K�R�À%Æ�À�Á�CFUFR�CWG�Q¡E§R�KL¾�VHG�º
X�¼�¿`Eh¼�CWÅJK[¿�VHÀlVH¼¡X�Æ�X�¼�KL¾�½ËVH¿�VDÁ3¿Z»�¿�V�È+KLÇ±¼[ß%¹Në8º2é����ªÚ`ß�C{¼�Á�E�¼�KLR©S�¿�¼�CWÉ�ÇLCFEHUzï1VD¾�¾�Á�G�CFÇLE�º
¼�V�¿�X�Û�æ{èwéhêeÃ���Á�¿�¿�VHÀlVH¼�X�Æ3X�¼�K�¾�EHCF¾�X4E�¼1EHX�X�K�¾�À�UFCWG�Q9E�¼�VLÆ�EHC{¿�Ç�¿`E�½Ë¼4½�¿�VD¾6ÀPEHX�CFÇZVHÀ�È+KLÇ±¼�X
UWCWÂJK©X�Ç�¿�K±I¡X�Ð�UFK�R�QDKLX�VH¿¦G%Á3¼�X¤Ù�¹NCWQ�Ã¡èhÜ`ÃNä"CW¼�O�CWGÏ¼�O�CWX¦X�Ç�VH»lKTR�CWÊlK±¿�KLGJ¼�¼`EHX�Â3X�O�ELÅDK©¼�V
ÀlK�»lK±¿�½�VH¿�¾�KLRyàlR�K±¼�K�¿�¾�CFG�K�I¡O�CWÇ�O²ÀPEHX�CFÇ9V�À�È�K�Ç±¼�X�E�¿�K�G�KLK�R�KLR²¼�V¦ÀlK�QH¿`EHX�»lK�RÏÙ�X�CF¾�»�UWÆ
ÇLEHUWUFK�RTV�À�È�K�Ç±¼�XZCFG�¼�O�K[½�VDUWUFVwI¡CWG�Q�»PE�¿�¼�X�Ü`Ð�CFR�KLGJ¼�CW½ËÆ©E9X�CFG�QDUWK>VHÀ�È+KLÇ±¼LÐ3»lVDX�CW¼�CWVDG©¼�O�K[QH¿�C{»�º
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X�E�¾�K�E�»�»�UFCFK�X¡CF½¼�O�K>E�¼`EHGPñ9½ËÁ�G�Ç±¼�CFVHG�X¡E�¿�K[Á�X�K�RyÃ

Ì�V9X�Á�¾�¾�E�¿�C#��KDÐ�I8K�»�¿�VH»lVDX�K�¼�O�K�½�VHUFUFVLI¡CFG�Q�X�¼�¿`E�¼�K�QHÆ�¼�V�É�G�R�¼�O�K�¾�CWG�CF¾¦EHUlÇ�V�R�CFG�Q
½ËVH¿Z¼�O�K>V�¿�CFK�G%¼`Eh¼�CFVDGTVH½NEHG©VHÀ3È�K�Ç�¼Là

è�Ã�ß%KLE�¿�Ç�O¤½�VH¿[E¦»�¿�CWG�Ç�CW»PEHUzÇ�VD¾�»lVDG�K�G%¼�»PEHC{¿�I¡O�VDX�K9E�¼`EHGPñ¦½ËÁ�G�Ç±¼�CFVDG¤X�O�VwI¡X[E<X�CWG�QHUFK
»lK±¿�CFV�RyÃ

ñ%Ã¡Ó2½1X�¼�K�»ãè�½�EHCWUFX�àX�KwEh¿�Ç�OÍ½ËVH¿>¼2I8V©»�¿�CFG�Ç�CW»PEHU4Ç�VD¾�»lVDG�K�GJ¼>»jE�CW¿�X>I¡O�VDX�K¦G%Á�¾�ÀlK±¿�X�VH½
»lK±¿�CFV�R©O�ELÅJK>G�V�ÇLVD¾�¾�VDGTR�CWÅ�CFX�VH¿LÃ

é%Ã¡Ó2½8X�¼�K±»?ñ©½�EHCFUWX�EHQJE�CFGyÐ¼�O�KLGÍÁ�X�K¦¼�O�K�É�¿�X�¼Îô8»�¿�CFG�Ç�CW»PEHU4Ç�VD¾�»lVDG�K�GJ¼9½ËVH¿�¼�O�K¦X�¼`E�¼�K
K�G�ÇLV�R�CWG�Q3Ã
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principal component 1 !#" �9��� i�mJk§u+_J�Ju2�%]w^�kZ^`fwnJu2b+t2_J^�b+k`|��hd�b+mJk8�%t2u2b4]LnJ|�u2k`^`fwnJ|��Jt2rcnJ^`r{�%]LaP^�fh�[��fhnJk�n�b+u�fwgjb+mJk
rc��]Lowk§u+k�«H_Jk`nJ^`kZfwgy]�^`_J�Jr{^¡fw��ú'k`^�b� �¡�z� $��Q��aKa0�i�5¨�a�XQ^��Ý¤*X?_�á ð�_C^�a�^
ÌVTQH¿`EHX�»¯Î%Á�EHX�CWºe»�U�E�GPEh¿�VHÀ3È�K�Ç�¼�X�ÐyI8K<EHX�X�Á�¾�K�¼�O�E�¼>¼�O�K�QH¿�CW»�»lK±¿�CFX[»lK�¿�»lK�G�R�CWÇLÁ�UFE�¿>¼�V
¼�O�K8¼`EhÀPUWKZEHG�R�CW¼�XO�K�CFQDOJ¼CFXNÂ3G�VwI¡GyÃJÌ§O�K±¿�K¡Eh¿�K§X�¼�CFUWU3¼�O3¿�KLK¸<c��¹NXN¼�V�Ç�VDGJ¼�¿�VDU�¼�O�K8¿�VHÀlVH¼
Eh¿�¾©àl¾�V�¼�CFVDG�X�»PE�¿`EHUWUFK�U¼�V<¼�O�K�¼`EhÀPUWK�»�U�EHG�K�Ù5=Ð�R�ÜZEHG�R²¼�O�K>¿�VH¼`Eh¼�CFVDG¤E�ÀlVDÁ3¼�¼�O�K9E�Ñ�CFX
I¡O�CWÇ�OTCWXZ»lK±¿�»yK�G�R�CFÇ�Á�UFE�¿¡¼�V9¼�O�K�¼`E�À�UFK¦Ù�æJÜ`Ã

RGB-Image

Binarization

Centering

Translations-
coding

Rotations-
coding !#" �9��� ³	°D]L�>�Ja{k¡fhg	^`fwnhb+t2fhaca{r{nJo�P���� �C¡H 3i�mJk��Jt2k����Jt2fH^�k`u+u2k`|<r{��]Lowk`u8]Lt2k�]L|J|Jrcb+r{fwn%]La{acd�^`k`nD�

b+k�t2k`|�g�fwtNb+mJkZt2fwb�]�b+r{fwn9^`f�|Jr{nJoJ 

Ó2GúV�¿�R�K±¿�¼�V²QDKLG�K±¿`E�¼�K�E²X�¾¦E�UFU8EHÇ±¼�CFVDG¯X�»PEHÇ�KHÐzUFKLE�¿�G�CFG�Q¤CFX�R�C{Å3CFR�K�R¯ÀlK±¼2I8KLK�GÍ¼2I8V
UWKwEh¿�G�K±¿�X�à	VDG�K�½ËVH¿[¼�O�K9¼�¿`EHG�X�U�E�¼�CWVDG�EHU¾�VH¼�CWVDG7VDG7¼�O�K9»�U�EHG�KHÐy¼�O�K�V�¼�O�K±¿>½ËVH¿[¼�O�K9¿�VH¼`E�º



¼�CWVDG�EHU4¾�VH¼�CFVHG"Ù�¹NCWQ�Ã¾�DÜ`ÃNÌ§O�K¤õ�ö�Õ�×U+	.WÕHõ�ó�)�×�¢§.Wò`Õ�ö�×lò�öT¼�O�K�G¯O�EHX9½ËVDÁ3¿�EHÇ±¼�CFVDG�X�¼�V²X�KLUWKLÇ±¼
Ù�¼2I8V>CWG�=�ºEHG�R�¼2I8V>CFG�RJºvR�C{¿�KLÇ±¼�CFVHGlÜ`ÃJÌ§O�K[ö2)Hõ'ÕHõ�óu)�×�¢J.Wò`Õ�ö�×jò±ö[O�EHX¼2I8V�EHÇ±¼�CFVHG�X¼�V[X�KLUWKLÇ±¼
Ù�¿�V�¼`E�¼�CFVDG¯Ç�UFV%Ç`Â�I¡CWX�K�EHG�RúÇLVHÁ�GJ¼�K±¿�ºvÇLUWV�Ç�Â�I¡CFX�KhÜ`Ã�ß%Á�Ç`OÏET»jEh¿�¼�CW¼�CFVHGúO�EHX�¼�O�K<½�VDUWUFVwI¡CWG�Q
E�R�ÅHEHGJ¼`EHQDK�X¡Ç�VD¾�»PE�¿�K�R©I¡C{¼�O²E9¾�VDG�VDUFC{¼�O�CFÇ>UFKLE�¿�G�K±¿Là

á Ì§O�K>X�¼`E�¼�K[X�»PEHÇ�K>CFXZX�CFQDG�C{ÉPÇLEHGJ¼�UWÆ©X�¾�EHUFUWK�¿LÃ
á Ì§O�K�X�¼`E�¼�K�ÇLV%R�CWG�Q7CWX�X�V7R�KLX�CWQDG�KLR¯¼�OPEh¼�¼�O�K�X�¼`Eh¼�K�ÅJK�Ç±¼�VH¿�X�¾�K±¿�K�UWÆ¯Ç�VDGJ¼`EHCFG¯¼�O�K
¿�K�UFK±ÅDE�G%¼¡CWG�½�VH¿�¾¦Eh¼�CFVDGT½ËVH¿Z¼�O�K>Ç�VH¿�¿�K�X�»lVDG�R�CWG�Q¦UWKwE�¿�G�K±¿LÃ
Ó2Gª»�¿`E�Ç�¼�CWÇLKHÐ	¼�O�K�¼2I8VTUFKLE�¿�G�K±¿�X9Eh¿�K<E�»�»PUWCFK�RúE�UW¼�K±¿�GPEh¼�KLU{ÆJÃ¹NC{¿�X�¼LÐ¼�O�K�¼�¿`EHG�X�U�E�¼�CWVDG3º

UWKwEh¿�G�K±¿¡CFX¡Eh»�»�UWCFK�R©I¡CW¼�O�UFVDG�Q�UFKLE�¿�G�CFG�Q�X�¼�K±»PXZÁ�GJ¼�CFU	C{¼�EHÇ`O�CFK±ÅJK�X¡CW¼�XZQHVJEHU	R�K±É�G�K�R�I¡CW¼�O
C{¼�X8X�¼`E�¼�K�Ç�V�R�CFG�Q�Ã3Ì§O�K�¼�¿`E�G�X�UFE�¼�CFVHG�ºvUWKwEh¿�G�K±¿§CFX1¼�O�KLG¦¿�K�»�U�E�ÇLK�R<À%Æ¦¼�O�K�¿�VH¼`E�¼�CFVHG�ºvUWKwEh¿�G�K±¿
I¡O�CWÇ�O²CWX�E�»�»�UFCWKLR²X�CW¾�CFUFE�¿�UWÆ©I¡C{¼�O²UWVDG�Q<UFKLE�¿�G�CFG�Q¦X�¼�K�»�X�Á�GJ¼�CFU�C{¼�X�QHVJEHUCFX�EHÇ`O�CFK±ÅJK�R	ÃPS§¼
¼�O�CWX�¾�VD¾�K�G%¼�C{¼�¾¦ELÆúV%ÇLÇ�Á3¿�¼�O�E�¼�¼�O�K�¼�¿`EHG�X�UFE�¼�CFVDGÏQDVJE�U§X�¼`E�¼�K�CFX�R�CFX�¼�Á3¿�ÀlKLRÏÀ%ÆÍ¼�O�K
¿�V�¼`E�¼�CFVDG3ºvUWKwE�¿�G�K±¿LÃjÌ§O�K�¿�K�½�V�¿�KDÐ�¼�O�K>¼�¿`EHG�X�UFE�¼�CFVDG3ºvUWKwE�¿�G�K±¿�CFX�EHÇ±¼�CWÅHE�¼�K�R©VDG�ÇLK�EHQJEHCWG	ÃPÌ§O�K
»�¿�V�Ç�K�R�Á3¿�K�X§E�¿�K�¿�K�»lKLE�¼�K�R�Á�G%¼�CWUjÀlVH¼�O�UFKLE�¿�G�K�¿�X1¿�K±»yV�¿�¼8¼�O�E�¼8¼�O�K±Æ�E�UFUyE�¿�¿�C{ÅJK�R<¼�O�K�QDVJE�U
X�¼`Eh¼�KDÃ�Ì§O�CWX¡X�¼`E�¼�K[CFX§¼�O%Á�X§¼�O�K>Ç�VD¾�¾�VHGTQDVJEHU	X�¼`E�¼�KHÃ

�¡�0Ê �k� \�a�XQ^��Ý¤*Xü\�¤ 7 � � � n ¢Ë^
ÌV�Á3¼�CFUWC#��K>EHUFUyX�CWÑ,<���¹zX�ÐjE�R�R�C{¼�CFVDG�EHUyUFKLE�¿�G�K�¿�XZX�O�VDÁ�UFR�ÀyK�CFGJ¼�¿�V�R�Á�ÇLK�RyÃ�¹NCWQ�Ãè��9X�O�VwI¡X
O�VwI X�Á�Ç�O²E9»lVDX�CW¼�CWVDG�CFG�Q�ÇwEHG�ÀyK�¿�KLEHUFCp�LK�R©CFGT½ËVDÁ3¿¡X�¼�K�»�X�Ã
è�Ã�Ì§O�K>É�¿�X�¼�UWKwEh¿�G�K±¿¡»lVDX�X�KLX�X�K�X¡¼2I8V�<c��¹NX�E�G�R²C{¼�XZ¼`EHX�Â©CFXZ¼�O�E�¼¡¼�O�K>VHÀ�È+KLÇ±¼¡I¡CFUFUyÀyK
VHÀ�X�K±¿�ÅJK�R<½Ë¿�VH¾AE>Ç�K±¿�¼`EHCFG�»lK�¿�X�»lK�Ç�¼�C{ÅJKDÃJÌ�Æ�»�CFÇLEHUFU{Æ�½�V�¿8E�»�U�EHG�E�¿4¼`E�À�UFKHÐJ¼�O�CWX4¾�KLEHG�X
¼�V�»lVDX�C{¼�CFVDG�¼�O�K[QH¿�C{»�»lK±¿¡»lK±¿�»yK�G�R�CFÇ�Á�UFE�¿�UWÆ<¼�V�¼�O�K[¼`E�À�UWK>X�Á3¿�½�E�ÇLK¦ÙeE�D ÀlÜ`Ã

ñ%Ã¡S�»�»�UWÆ�¼�O�KÌ=yâ�R�UWKwE�¿�G�K±¿�Ù�ÀfD ÇhÜ`Ã
é%Ã¡S�»�»�UWÆ�¼�O�K�æ�¿�VH¼`E�¼�CWVDG3ºvUFKLE�¿�G�K�¿�Ù�ÇcD RjÜ`Ã�3Ã�Ì§O�K�UFEHX�¼©O�KLCWQDOJ¼�ºvUFKLE�¿�G�K�¿�I¡CFUWU�Ç�VH¿�¿�KLÇ±¼�¼�O�KfS�ºvÇ�V�VH¿�R�CWGPEh¼�KDÐ1¼�O�K¤O�K�CFQHO%¼�VwÅJK±¿�¼�O�K
¼`E�À�UWK<Ù�R9D K�Ü`Ã

~�]h£ ~Ë��£ ~Ë^±£ ~Ë|�£ ~Ëk±£
 !#" ��$I£��t: fwu+r b+r{fwnJr{nJo[]LnJ|��3fwu2kZ^`fwnhb+t2fha��4r b+m�´¥¤ É \yu4rcn�gFfw_Jt�u'b+k`�Ju� 
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¨ �z� $��?aª©Ta�Z?��¤t«2¢OZ�¬Y¬Y¯®î¤�dQa�á��Á3¿�K�Ñ�»lK±¿�CF¾�K�GJ¼`EHU�¿�K�X�Á�UW¼�X�X�O�VwI Á�G�R�K±¿�¼�O�K¦¾�VDX�¼�R�CWÅJK±¿�X�K<Ç�VDG�R�CW¼�CFVHG�X>¼�OPEh¼�I8K<ÇLEHG
K±Ñ�¼�¿`EHÇ±¼�QDKLVH¾�K�¼�¿�CWÇ�½�KLE�¼�Á3¿�K�X�ÀjE�X�KLR�VHG¤¼�O�K9ÇLEHUFÇ�Á�U�E�¼�CWVDG�X�VD½�¾�VD¾�K�G%¼�X�¼�V�K�G�ÇLV%R�K>¼�O�K
»lVDX�C{¼�CFVDG�CWG�Q�CFG�½�VH¿�¾�E�¼�CFVDG<EHG�R¦¼�V�É�G�R<G�VDG3ºvQDK�VD¾�K±¼�¿�CFÇ¡»PE�¿`EH¾�K±¼�K±¿�X4ÀPEHX�K�R<VDG<Ç�VD¾�À�CFG3º
CWG�Q¡»�¿�CFG�ÇLC{»PEHU%ÇLVD¾9»yVHG�K�GJ¼�X�Ã�Ì§O�K±¿�KL½ËVH¿�KDÐwCW½�¼�O�K1CWG�»�Á3¼zCFX�O�CWQDO3ºvR�CW¾�K�G�X�CWVDG�EHUeÐ�EHG�K�ÊlK�Ç�¼�C{ÅJK
R�CW¾�KLG�X�CWVDG�¿�K�R�Á�Ç±¼�CFVHG�ÇwEHG<ÀlK[EHÇ`O�CFK±ÅJK�R�À�Æ¦»�¿�VHÈ+KLÇ±¼�CFG�Q�¼�O�K�V�¿�CFQDCWGPE�UyCWG�»�Á3¼ZX�»PEHÇ�K�CFGJ¼�V
E9¾�CFG�CF¾�EHUX�Á3À�X�»jE�ÇLKHÃ°1Eh¿�C�E�À�UFK�X�CWG�¼�O�KZX�Á3À�X�»PEHÇ�K¡ÇLEHG�ÀlK§»PE�¿�¼�C{¼�CFVDG�K�R9À�Æ9Ç�VwÅJK±¿�CFG�Q[¼�O�K�¾6I¡C{¼�O�UFCFG�QDÁ�CWX�¼�CFÇ
¼�K±¿�¾�X�Ù�¼�O�K�¿�CWQDOJ¼�»PE�¿�¼9VD½§¹zCFQ�Ã1èDèhÜ`Ã�Ó2GÍ¼�O�K¦½�VDUWUFVwI¡CWG�Q²CF¾�»�UWKL¾�K�GJ¼`E�¼�CFVHG�X�½�Á�����Æ7Ç�VDG3º
¼�¿�VHUFUFK±¿�X[ÇLVDG�X�¼�¿�Á�Ç±¼�KLRªEHÇLÇ�VH¿�R�CFG�Q�¼�V�¼�O�K�ë8ºvX�»�UFCWG�K�¾�V�R�K�U�E�¿�K�Á�X�K�Rãæ{èLñhêvÃÌ§O�CWX>¾�V�R�K�U
»�¿�VwÅ�CFR�KLX[EHG�CFR�KLEHUNCW¾�»�UFK�¾�KLGJ¼`E�¼�CWVDG�VD½¼�O�K¦ï1í¤S�ï ¾�V�R�K�U§Ù�ÇLK±¿�K�ÀlK�UFUFE�¿�¾�V�R�K�UE�¿�¼�CFÇ±º
Á�UFE�¼�CFVDG©Ç�VDGJ¼�¿�VDUFUWK�¿±Ü�Ù�»�¿�VH»lVDX�K�R©À%Æ�S�U{À�Á�X�æ{è±ê�Ü`Ã3äÍK>R�K±ÉPG�K[UFCWG�QHÁ�CWX�¼�CFÇ�¼�K�¿�¾�XZ½�VH¿ZCFG3»�Á3¼
ÅHE�¿�CFE�À�UFK�X§I¡C{¼�O�ë8ºvX�»�UFCFG�K�ÀPEHX�CFXZ½ËÁ�G�Ç±¼�CFVDG�XZEHG�R©½ËVH¿¡VHÁ�¼�»�Á3¼§ÅHE�¿�C�EhÀPUWKLX8I¡CW¼�O�X�CFG�QDUWK�¼�VDG�X�Ã
Ì§O�CWX�¾�K±¼�O�V�R²¿�KLÎ%Á�CW¿�K�X�½�K±I8K�¿�»PE�¿`E�¾�K�¼�K±¿�X�¼�O�EHG¤VH¼�O�K�¿�X�K±¼�½�Á�G�Ç�¼�CWVDG�X�X�Á�Ç`O7EHX�¼�¿`Eh»yK±º��VDCWR	ÐÚ¯�EHÁ�X�X�C�E�G�½�Á�G�Ç±¼�CFVDGyÐK±¼�ÇDÃÌ§O�K�VDÁ3¼�»�Á�¼�ÇLVD¾9»PÁ3¼`E�¼�CWVDGÏCFX�ÅJK±¿�ÆúX�CF¾9»PUWKTEHG�RÏ¼�O�K
CWGJ¼�K�¿�»lVDUFE�¼�CFVDG�»�¿�V�ÇLK�X�X>CFX[¼�¿`E�G�X�»PE�¿�K�GJ¼LÃ	äÍK�EHUFX�VTEHÇ�O�CWK�ÅJK�RªQDV�V�RªEh»�»�¿�VwÑ�CF¾¦E�¼�CWVDGÍÇLE�º
»PE�À�CWUFCW¼�CWKLX¡EHG�R©¿`E�»�CFR©ÇLVDGJÅJK±¿�QDK�G�ÇLK>VD½¼�O�K>ë8ºvX�»�UWCFG�K>ÇLVHG%¼�¿�VHUFUFK±¿�X�Ã
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¼�¿�VHUFUFK±¿�CFX[¼�¿`EHCFG�K�RyÃ	äÍK¦Á�X�K�¼�O�CW¿�RªVH¿�R�K±¿�X�»�UFCFG�K�X�EHX�¾�K�¾�ÀlK±¿�X�O�C{»ú½ËÁ�G�Ç±¼�CFVHG�X�E�G�R7ÀyK±º
¼2I8K�K�G¤é�EHG�RV��Â3G�VH¼Z»lVDCWG%¼�XZ½�VH¿¡KLEHÇ`O©UFCFG�QDÁ�CWX�¼�CFÇ>ÅHE�¿�CFE�À�UFKHÃPÌ§O�K>R�CWX�¼�¿�CWÀ�Á3¼�CFVDGTVH½�¼�O�KLX�K
»lVDCWGJ¼�X>CWX[KwÎJÁ�CWR�CFX�¼`EHGJ¼�EHG�R7ÇLVDG�X�¼`EHGJ¼[¼�O3¿�VDÁ�QDO�VDÁ3¼[¼�O�K�I¡O�VHUFK�UFKLE�¿�G�CFG�Q�»�¿�V�Ç�K�X�X�ÃÌ§O�K
Ç�V�K�o¦Ç�CFK�G%¼�XNVD½�¼�O�K8ë8ºvX�»�UFCWG�K�X�Ù�R�K§ë8V�VH¿N»lVDCWG%¼�X�Ü�E�¿�K§CWG�CW¼�C�E�UFUWÆc��K�¿�V3ÃDÌ§O�K±Æ9Eh¿�K§¾�V�R�CWÉ�K�R
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S�X1R�KLX�Ç±¿�CWÀlK�R�E�ÀlVwÅJKHÐ�X�Á3»lK�¿�Å�CFX�K�R�UWKwE�¿�G�CWG�Q�CFX4ÀPEHX�KLR�VDG¦¼�¿`EHCWG�CWG�Q9K±Ñ�EH¾�»�UWKLX1I¡CW¼�O<X�K�G3º
X�V�¿zCWG�»�Á3¼zEHG�R�EHÇ±¼�Á�E�¼�VH¿VDÁ3¼�»�Á3¼LÃhÌ§O�CFX�E�»�»�¿�VJEHÇ`O�CWX�EHR�E�»�¼�CWÅJK�VDG�U{Æ[R�Á3¿�CFG�QZ¼�O�KN¼�¿`EHCFG�CWG�Q
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X�O�VDÁ�UWR�ÀyK�QH¿`EHX�»lK�R�CWG�EHG�VH¼�O�K±¿8I§ELÆDÃ3Ó2G<¼�O�K�X�K�ÇwEHX�K�X�Ð�¼�O�K�Ç�VDGJ¼�¿�VDUFUWK�¿8¾�Á�X�¼§ÀlK�¼�¿`EHCWG�KLR
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ÀlK[¾¦EHR�K[ÀlK�¼2I8K�K�G�¼�O�K[¼�¿`E�CFG�CFG�Q¦EHG�R²E�»�»�UFCFÇLE�¼�CWVDGyÃPÌ§O�K>X�Æ3X�¼�K�¾ÒUFKLE�¿�G�X¡Ç�VDGJ¼�CFG%Á�VDÁ�X�UWÆDÃ
Þ�V�¼�¿`E�CFG�CFG�Q�K±Ñ�EH¾9»PUWKLX§E�¿�K�G�KLÇ�KLX�X�Eh¿�ÆJÃ�ä"O�E�¼§CFX8G�K�K�R�K�R�CFX§VDG�U{Æ¦¼�V9QDCWÅJK[E��±ý>=¾���!_©½ËVH¿
E9X�Á�Ç�Ç�KLX�X�½ËÁ�U	QH¿`EHX�»�CFG�Q�ÐPKHÃ Q3Ã�Ç�VH¿�¿�KLÇ±¼Z»lVDX�CW¼�CWVDG�CFG�Q�CFG�¼�O�CFXZI8V�¿�ÂlÃ<�Á3¿�CFG�Q²EHUWU¼�O�K�¾�VH¼�CWVDG7¼�CF¾�KHÐ	¼�O�K�UWKwEh¿�G�K±¿�CF¾9»�¿�VLÅJKLX>CW¼�X[ÀlK�OPE�Å3CFVH¿>»lK±¿�¾¦EHG�K�G%¼�U{Æ
½�¿�VD¾(¼�O�K9X�¼`E�¼�K�R�K±¼�K�¿�¾�CWG�E�¼�CFVDGªE�G�RªEHÇ±¼�CFVDG�K�Ñ�KLÇ�Á3¼�CFVDGyÃ	Ì§O�K�ÇLÁ3¿�¿�K�GJ¼>X�¼`E�¼�K�CWX[R�K�¼�K±¿�º
¾�CFG�KLR?À%ÆÏQH¿`E�À�À�CFG�Q¯EHG?CF¾¦E�QDKDÐ»�¿�K±»�¿�V�ÇLK�X�X�CFG�QÍC{¼�E�G�RÏ¼�¿`EHG�X�½�VH¿�¾�CFG�QÍCW¼�¼�VÍE7X�¼`E�¼�K
ÅDKLÇ±¼�VH¿LÃÌ§O�CFX�Ç�Æ�ÇLUWK�CWX�¿�K�U�Eh¼�CWÅJK�UWÆ¯Ç�VD¾�»�Á3¼`E�¼�CWVDG�EHUFU{ÆúK�Ñ�»lK�G�X�CWÅJKHÃÌ§O�K±¿�K�½�VH¿�KHÐNCW¼�CWX�R�K±º
X�C{¿`E�À�UFKT¼�O�E�¼�¼�O�K²UWKwE�¿�G�CWG�QÍQDVJE�U¡ÇLEHG?ÀyK²EHÇ`O�CFK±ÅJKLR?I¡C{¼�OãE�X<½�K±I�ÇwEH¾�K�¿`EªCW¾¦EHQDK�X�E�X
»lVDX�X�C{À�UFKHÃÌ§O%Á�X�I8K<»�¿�VH»lVDX�K¦¼�O�K@?�Õ�ö�óvÕ3:�.Wòq.Wò`Õ�ö�×�ó�×%ôf+�õ'ò§-�+`àzCF½8¼�O�K¦¿�VHÀlVH¼9CFX�½�Eh¿�½�¿�VD¾
¼�O�K�QDVJE�UeÐy¼�O�K�X�¼�K�»�X�C#��K�CFX[X�K�¼[U�E�¿�QDK±¿  CF½�¼�O�K9¿�VHÀlVH¼>CFX[G�KwEh¿[¼�O�K�QHVJEHUeÐy¼�O�K�X�¼�K±»PX�Cp�LK�CWX
Ç�VH¿�¿�K�X�»lVDG�R�CWG�QDUWÆ�¿�KLR�Á�Ç�KLRyÃ

Ì§O�K¡¾¦EhÑ3CF¾¦E�UjEHG�R¦¾�CWG�CF¾¦EHU�X�¼�K±»PX�Cp�LK�E�¿�KZR�K�É�G�KLR¦EHG�R�¼�O�K¡Ä4Á�Ç�UFCWR�KLEHG¦R�CFX�¼`E�G�Ç�K¡VH½
E�G�E�¿�À�CW¼�¿`Eh¿�Æ�X�¼`E�¼�K¡¼�V[¼�O�K�QHVJEHUPCFX4K�X�¼�CF¾¦E�¼�K�RyÃ�Ì§O�K�ÇLÁ3¿�¿�K�GJ¼8EHÇ±¼�CFVDG¦X�¼�K�»<CFX4X�KLUWKLÇ±¼�KLR<E�X
»�¿�VH»lVH¿�¼�CWVDG�EHU¼�V�¼�O�K�R�CWX�¼`EHG�ÇLK>ÀyK±¼2I8K�KLGT¼�O�K�ÇLÁ3¿�¿�K�GJ¼�X�¼`E�¼�K�EHG�R²¼�O�K�QHVJEHUeÃ	ß%CW¾�CFUFE�¿[E�X
¼�O�K>å�K±I§E�¿�RV<�CFX�¼`E�G�Ç�K�å¡K�R�Á�Ç±¼�CFVHGTI¡O�CWÇ�O²EHX�X�Á�¾�K�X�¼�O�E�¼�X�¼`E�¼�K�X�E�¿�K>X�V¦KLG�Ç�V�R�KLR©¼�O�E�¼
X�CW¾�CFUFE�¿�X�¼`E�¼�K�X�O�ELÅJK�¼�O�K�X�CF¾�CWU�E�¿�Ç�V�R�CFG�QDX�Ã�Ì§O�CFX�ÇLVHG�R�C{¼�CFVDGÍCWX�½ËÁ�U{É�UFUFK�RªÀ�Æ�Á�X�CWG�QT¼�O�K
Ç�V�R�CFG�Q¦Eh»�»�¿�VJE�Ç�OTR�KLX�Ç±¿�CWÀlK�RTCFG©X�K�Ç�¼�CWVDGi�¦EHG�Rò�%Ã
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Ì§O�K�¿�K�CFG�½ËVH¿�ÇLK�¾�K�GJ¼�UWKwE�¿�G�CWG�QTE�»�»�¿�VDEHÇ�OªO�EHX�ÀlKLK�GªCW¾�»�UFK�¾�KLGJ¼�K�RÍEHX�EHGªV�À�È�K�Ç±¼>O�CFK±¿�º
Eh¿�Ç�OJÆªÙ�¹NCFQ�ÃèwéDÜ`Ã�Ä1EHÇ`O©VD½�¼�O�K[ÇLVH¾�»lVDG�KLGJ¼�X¡CFXZR�K±É�G�KLR²E�XZ½�VDUWUFVwI¡X�à

A áza¥_C��X]a��3b Ì§O�K�ÇLUFEHX�XCB4DFEFG H I;EJH�R�K±ÉPG�K�X�¼�O�K¤ÀPEHX�CFÇ�CWGJ¼�K�¿�½�EHÇLK¤½�VH¿©EHUFU�¼�O�K�UWKwEh¿�G�K±¿
Ç�U�E�X�X�KLX�I¡O�CFÇ`O¯KL¾�»�UWVwÆLK�º��KwE�¿�G�CWG�Q3ÃzÓ2GÍ¼�O�K�X�K�¾�V�R�Á�UWKLX>¼�O�K<X�¼�V�Ç`O�EHX�¼�CFÇHÐ�Á�G�R�CW¿�K�Ç±¼�KLR
E�Ç�¼�CWVDG©X�KLUWKLÇ±¼�CFVDGÍÙ�èwéJÜ4ÇwEHG�ÀlK[Á�X�K�Ryà
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ÇLEHUWUFK�R a � YOáz¤���_�\��z¤*X \�a�¨�Y¾a���_�\�ZQ��a Ã
A áza¥_C��X]a�� � ªVb Ì§O�K�Ç�U�EHX�XbB4DFEFG H I;EJHJcFdTK�Ñ%¼�KLG�R�X�¼�O�K�Ç�U�EHX�XbB4DFEFG H I;EJH�¼�V¦CFG�ÇLUWÁ�R�K9EHUWU
¼�O�K<G�KLÇ�K�X�X�E�¿�ÆÍÇLVD¾9»yVHG�K�GJ¼�X9½�VH¿�Ä�Ñ�»lK�¿�CWKLG�Ç�K<å�K±»�U�ELÆDÐzå¡K�I§Eh¿�R <�CFX�¼`EHG�Ç�K�å¡KLR�Á�Ç±¼�CFVDG
E�G�R�ëZEHÇ�Â3X�¼�K�»�î4Á�G�CFX�O�¾�K�GJ¼LÃ%Ì§O�K�Æ�ÇLVDGJ¼`EHCWG¦E�¾�KL¾�VH¿�Æ9½�V�¿4K±Ñ�»lK�¿�CWKLG�Ç�KLX�EHG�R�¾�K±¼�O�V�R�X
¼�V9¿�KLÇ�VH¿�RTEHG�R©¿�K�ÇwEHUWU	VD½zK±Ñ�»lK�¿�CWKLG�Ç�KLX�Ã
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A áza¥_C��X]a�� � ªÎ\�_ � áÝa Ê ® ¤�d?a�^�b Ì§O�K�Ç�U�EHX�XjB4DJEFGJH I;E HJc�d�g4G"hiDFE�k"l[m n[E[o�CFX§E�Ç�VDGJ¼`EHCFG�K±¿�º
Ç�U�E�X�X�½�VH¿<¾�VH¿�KpB[DJEFG H IiE HJcFd�g[G"hiDJEÏVHÀ�È+KLÇ±¼�X�Ã4¹PVH¿�K�Ñ�E�¾�»�UFKHÐ1VDG�K¤VHÀ3È�K�Ç�¼<UFKLE�¿�G�X¦¼�O�K
¼�¿`E�G�X�UFE�¼�CFVHGPE�U¾�VH¼�CFVDGyÐPEHG�VH¼�O�K±¿¡UFKLE�¿�G�XZ¼�O�K[¿�V�¼`E�¼�CFVDGyÃ

����_C^�Y�ý�aK_C�%X?a��3b Ì§O�K�Ç�U�EHX�XrqFH[G[ots4u4E�G H I;E H¯CWG�Ç�UFÁ�R�K�X¦EpB[DJEFG H IiE HJcFd�g[G"hiDJE�k9l[m n4E[o
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