
� ���������	��
�
���������������������! "���#�$� %&��'��)(*��+
����,���-�.���/�102�"�34'657��!�8��9,��:��,���)'<;

=)>?>A@8BC@7DFEG@�H:EG@I>KJMLNLOEQPSR?=�TVUXWYWYEGZ[B\EGL^]?U_TVEa`7RM=)TGU_WFWY@I>AbcDFZ[dfe1UND^bcJcgFEG`hRA@I>Ab
=)>KgYZh>?EV>M@[dfgF@7DFEVgF@I`
i�jlknmfoOprqskut�vFw7qsxzyhkM{I|FkuvFwK}^v)~foOpst-o_|^vF�hqskn|Y�hvX�h�:wKkn�SvYps�rknqN�o�yhkM��kn�so7�f�:kuo���xXwfoNwKwhx��I�
� �7�O�_�7�?��ku�so7�f��q�o_���� jlknmfoOprqskut�vFw7qsxzyhk?��wI�axNpst-oNqskn|�oI�K�:whku�XvFps�rk�qN�ozyhkM��ku�so7�?��xNps�rx���q�o_�nkuoI�K�S�7� � �7�O� � ��kn�soI���q�oN�n�

 -¡£¢^¤^¥O¦K§X¤X¨�© vzmIpsv^�rv^wªq)o"wKxO�Sv^��oNmKmhpsxXo_|��¬«Ko_�rv�y4xXw#wKv^�Ip�o_�£wKvYq�®xNps¯7�l�ax_p)�°qrps�h|Fqs�hpsvF�qsx�±/{h��²´³Qµª�foNw7qsk�q�oOqsku�Xvz�°qrps�K|Yqs�hpsvF¶�mhpsx_mcvFprq���psv^�uoNqsknxXwh�r�KknmK��·loNwfy#±/{h¸�²´³Qµ7�Ko_wªqsk�q�oNqskn�Sv
�°qrps�h|Fqs�hpsvY¶�oN|Fqskn�7knq���psv^�uoOqskux_wK�r�hkumh��·¹oNwfo_���I�rkn�^º © v/�»oN|^v)q�®x"µª�Kk�qsv�yhk�¼?vFpsvFw7q¹|��Kv^t�kn|�oN�½o_mI¶mh�nku|^oNqsknxXwh���h�rknwK¾9qs�Kv��soNt�v�t�x7yIv^�»�OkQº vXºNmIpsv�yhkn|FqsknwK¾9qs�Kv�«cxXkn�nknwK¾:mcx_knw7q½x_�co�|^�uo_�r�£xN�co_�n¯_o_whv^�
oNwfy�±/{I¸¹²\x_�Aol|F�VoN�r��xN�?«cv^wK}Fx7yhkuo_}^vFmKknwKv^�^ºª¿®�Kv�t�x7yhvF�Q�S�®o_�r|^oXyhv:��x_prpsvF�VoOqsknxXw��axNp��°qrps�h|F¶qs�Ipsv^�^�ªkn��o/|^�uo_�r��x_�Apsv^|^�hps�rkn�Sv�wKvF�hp�o_�KwKvFq�®x_ps¯7��psv^|^v^wªqs����mIpsxXmcxX�rv^y��Gx_p®qs�hv¹mIpsxª|^v^�r�rknwK¾�x_�
�°qrps�h|Fqs�hpsv^y�yIxXt-oNkuwh�^ºN¿®�hpsx_�K¾X�)qs�Kv��K�rv�x_�Iqs�Kkn�½t�x7yhvF�S®v�|^o_w)psv^mhpsv^�rvFw7q£o_wfy/mIpsxª|^v^�r�½qs�Kv
�°qrps�h|Fqs�hpsv9xN�?|Y�hv^t�kn|�o_�h|^xXt�mcx_�KwfyI��kuw�qs�hv®�axNpstÀxN�?�VoN«cv^�nv�y�qrpsv^v^�^º © v®psv^mcx_prq�xX�Ip�psvF�r�K��qs�x_w¬mIpsv^�nkut�knwKoNpr��o_mhmK�nkn|�oNqsknx_wK�/qsx��r�hx�Áqs�KoNqlqs�hvzt�x7yIv^�»�1o_yhx_mhqsknwK¾"qs�Kkn�:psv^mIpsv^�rv^wªq�oNqsknxXwxN��t�xX�nv^|F�K�uoNp)�°qrps�h|Fqs�hpsvX�A|�oNw¬o_yKoNmhqskn�Sv^����|�o_mIqs�hpsv��rkn¾_wKk�Âf|�oNwªq/qsxXmcxX�nx_¾Xkn|�o_��o_�rmcv^|Yqs��oNwfy
|��KvFt�ku|^o_�c�a�hwK|FqsknxXwKo_�nk�qsknv^���ax_p�v�oN|Y�"�rmcv^|^k�ÂK|l|^�uo_�r��x_�Mqs�Kv:t�x_�nv^|^�K�nv^�^�NÃ°�h�°q�xXw"qs�Kv¹«fo_�rkn�9x_�qs�hv/o_�r�rxª|FkVoOqsknxXw�«cvFq��v^v^w�qs�hvlt�xX�nv^|F�K�uoNp�t�x_psmh�Kx_�ux_¾_��o_wKy"qs�Kvlq�oOps¾XvFq�mIpsxXmcvFprq��ªº

Ä ÅKÆ�ÇcÈ?É/Ê�Ë�Ì1Ç?ÍsÉ�Æ
Î ]?U#e1ZhWFWYEVÏ?EGTGEugsÐÑZ7Ò�DYU_TG@7gYEG>?ÓCWYZIÔ[U#WYEVÓh>?EVÕMLN@I>hg[@IWYeMUXL�g^W�ZIÒ)Ô[ZITGU_LOJATG@ID�W�gYDFJAL�gFJ?DFU_W
gYZ4@7>fÐ#eA@7DYgYEaLOJ?Ta@7D/Ï1UN]M@SÖKEGZIJAD/Z7Ò�@8W�U_TVUXL�gYUXb�LOTa@IWFWlZ7Ò�L^]?UNÔ[EaLN@7T�LOZIÔ[e1ZIJ?>Mb?W/Z7×½UND^W
@8Ï?EGÓ#L^]A@ITVTGUN>?ÓhU�EV>CÔ[@I>fÐ�ÕAU_TGbAW)Z7Ò9DFU_WYU_@IDFL^]�R?W�JAL^]\@hWzØ¹]?U_Ô[EGW�gYDFÐIR½H:EVZcL^]?U_Ô�EaW�gYDFÐIR
Ù ]A@IDYÔ8@ILNUNJcgFEGL_@7TzØ¹]AUNÔ[EGW�gYDFÐIR¹UOg^L7Ú Î ]AUÛ@IWFWYU_WFW�Ô[UN>Kg4ZIÒ�WYJAL^]ÜDFUNTa@ªgFEVZh>AW�]AEVeAW�DYU_ecÝ
DYUXW�U_>hg^W�gY]?U\W�gF@ID�gFEV>?ÓÑe1ZIEG>Kg�ÒQZhD[gY]?U�eADYUXbcEGLOgYEGZI>ÞZ7Ò�DYUXßKJ?EVDFU_b.e?DFZIe1UNDYgYEGU_W�Z7Ò�>?UNà
Ô�ZhTVUXLOJ?TGU_W_Ú�áAZID4EG>AW�gF@7>MLOUIR�gY]?UÛ@7Ï?EGTVEVgsÐ.ZIÒ-@ÑÔ�ZcbcU_T)gFZâe?DFU_bcEaL�g�WYeMUXLOEVÕML�e?DFZIe1UNDYÝ
gYEGU_W)ZIÒ9Ô[ZITGU_LOJATVUXW�@7TGTGZªà)WlgY]?U"DYUXW�UX@7D^L^]?UND^W:gYZ4D^@ªgFEVZh>A@7TGTGÐ#bcUXW�EGÓI>�>?U_à´LOZIÔ[e1ZIJ?>Mb?W
ZIecgFEVÔ[EGãNEG>?Ó4gF]?U�DFU_ßKJ?EGDFUNÔ[UN>Kg�ZIÒ�ÏMZIgY]\]fJ?Ô8@I>Û@7>Mb�ÕA>A@I>ALOEa@7T�DYUXW�ZhJ?D^LOU_W_ÚAáAZID�gY]?EaW
DYUX@IWYZI>¬gY]?U[@IL^]AEVU_ÖIUNÔ[U_>hg)ZIÒ9ÓIZfZcb�e?DFU_bcEaL�gFEVÖhU-Ô[ZcbcUNTaW�LNZI>AW�gYEVgYJ?gYU_Wz@8Ï?EGÓ4g^@IWYä�ÒQZhD
ÏMZIgY]¬gY]?U�ÏM@IWYEGL�@7>Mb4gF]?U-@7e?eATVEGU_b¬DFU_WYU_@7D^L^]�Ú

B\@7>fÐ�Ô8@ªgY]AUNÔ8@ªgFEGL_@7TfÔ[Zfb?UNTaW�à:UNDFU¹b?UNÖIU_TVZheMUXb-EG>"gF]?U:eA@IW�g�ÐhU_@IDFW�à/EugF]-gF]?U/@7EGÔ
Z7Ò1@I>A@7TGÐfãNEG>?ÓzDYU_TG@7gYEGZI>AWY]?EGeAW�ÏMUNgsà¹U_UN>�Ô�ZhTVUXLOJ?Ta@7D�W�gYDFJAL�gFJ?DFU_W®@7>Ab"gF@IDYÓhUOg®e?DFZIe1UNDYgYEGU_W
W�JAL^]8@hW�L^]?UNÔ[EaLN@7TcDFU_@hL�gFEVÖfEVgsÐ-ZID�Ï?EGZITGZIÓhEGL_@7Tc@ILOgYEGÖfEugsÐhÚ Î ]?U/U_@IDYTGEVUXWsg�Ô[UOgF]?Zcb?W9@ITVT?EGÔ�Ý
e?TVÐ�@�>?ZI>?Ý°bcEGDFU_L�g�LNZIDFDYU_TG@7gYEGZI>�Z7Ò1gY]?U)Ô[ZhTVUXLOJ?Ta@7D9W�gYDFJAL�gFJ?DFUlgYZ�gY]AU/gF@IDYÓhUOg�e?DFZIe1UNDYgsÐIÚ
å >[gY]?UXW�U)Ô[ZcbcU_TGW¹W�ZhÔ�U/eA]KÐcWYEGLNZ7ÝrL^]?UNÔ[EaLN@ITce?DYZheMU_D�gFEVUXW�à:UNDFU/JAW�UXb[@IW�Ô[ZITGU_LNJ?Ta@7D�bcUNÝ
WYLNDYEGecgYZhDFW_Ú Î ]?UNÐ#W�]?ZhJ?Tab�Ï1U�ÏMUNg�gYU_D�LOTa@IWFWYEuÕAUXb�@hWle?DYZheMU_D�gsÐKÝ°e?DFZIe1UNDYgsÐ�ZhD:eADYZheMU_D�gsÐKÝ
æ �£oNprqskuoN�u�����r�KmKmcxNprqsv�y�«ª��ç��:²:{h¿Ñ¾Np�o_wªq¹èXè_�XéS�O�X�Xê_�Sê"o_wKy8ç8ç[�Xè_éX�_ê_�SèXë7º



�N�X� ¸)º ç#ºc��kuo_w7�h|^|^k»�c¸)ºfç�kn|��Kv^�nk»�c¸)ºc{7mcvFp�yh�Iqsk»�KoNwfy�¸�ºf{7q�oNpsk�q�o
@IL�gFEVÖfEVgsÐ[DYU_TG@7gYEGZI>AWY]?EGeAW�Ô[ZcbcU_TGW_Ú Î ]AU�Ô8@��sZhD�e?DFZIÏATVU_Ô EG>#LNZIDFDYU_TG@7gYEG>?Ó"WYZIÔ[U�Ô[ZhTVUXL�Ý
J?TG@ID�e?DFZIe1UNDYgYEGU_W��QDFU��AUXL�gFEV>?Ó#bcEu×½UNDFUN>Kg�W�gYDFJALOgYJ?D^@7T�@IWYeMUXL�gFW�Z7Ò9Ô[ZITGU_LNJ?TGU_W��:gYZ4ZIgY]?U_D
äKEG>Ab?W¬ZIÒ-e?DYZheMU_D�gFEVUXW��QgsÐfe?EGL_@7TGTVÐÜL^]?U_Ô[EGL_@7TzDYUX@IL�gFEVÖfEVgsÐ ZhD#ÏAEVZhTVZhÓIEaLN@7Tz@ILOgYEGÖKEVgsÐ	�8EaW
DYU_e?DYUXW�U_>KgYU_bÞÏfÐâgF]?U\>?U_U_bÞgFZÑÕA>AbÜ@âWYUOg4ZIÒ�LNZIÔ[e?TGUOgFUC@7>AbÞDFUNTGUNÖª@7>Kg4Ô[ZITGU_LNJ?Ta@7D
bcU_WFLODFEVe?gYZID^W_Ú

Î ]?U4e?DFZIÏ?TGUNÔ!Z7Ò)EabcU_>hgFEuÒQÐfEG>?ÓÛWYJAL^] e?DFZIe1UND�bcU_WFLODFEGecgYZhDFW_R�à/]?EaL^] EV>AEugFEG@ITVTGÐÑ]A@Ib
TVUXbâgFZÛgF]?U�JAWYU¬ZIÒ�e?]fÐcW�EaLOZIÝ°L^]AUNÔ[EGL_@7T:e?DFZIe1UNDYgYEGU_W�
��������R�WYJ?ÏAWYU_ßKJ?UN>KgFTVÐ ]A@hW�ÏMU_UN>
Ò�@ILOUXbÑÏfÐ\gY]AU�JAWYU8Z7Ò)@�à/EabcU�LNTG@hWYW�ZIÒ/>KJAÔ�U_DYEaLN@IT�bcUXWYLNDYEGecgYZhDFW_R£Ô[ZIDFU4W�e1U_LNEuÕ1LN@7TGTGÐ
ZIDFEVU_>hgFU_bzgFZ/gY]?U¹DYU_e?DFU_WYUN>KgF@7gYEGZI>�Z7ÒcÔ[ZITGU_LNJ?TG@ID�ÓhUNZIÔ[UNgYDFÐ	�7W�]M@7e1U®@I>Ab-@7gYZIÔ LOZh>?>?UXL�Ý
gYEGÖKEVgYEGU_W��QgYZIe1ZITGZIÓhEGL_@7TMEV>Ab?EGLNU_W���
 �������°ÚK=�TugF]?ZIJ?Óh]8gY]AU_WYU�Ta@IW�g¹Ô[UOgF]?Zcb?W:JAWYU�L^]?U_Ô�EaLN@IT
ÓID^@7e?]AW®@hW�ÖhUND^WY@7gYEGTVU:ÖIU_]?EaLOTGU_W�ÒQZID�DFUNe?DFU_WYUN>KgFEV>?ÓzWsgFDYJML�gYJADF@ITKEG>cÒQZhDYÔ8@ªgFEVZh>�RSgY]AUlL^]AUNÔ�Ý
EGL_@7TAÓhDF@Ie?]AW®>?U_U_b�gFZ-ÏMU�UN>ALNZfb?U_b[EG>hgFZ�gY]?U�ÖIUXL�gYZhDYEa@7T���ZID9Ô8@7gYDFEGLNEG@IT���ÒQZhDYÔ DYUXßKJ?EVDFU_b
ÏKÐ gF]?U�gFU_L^]?>AEGßKJ?U¬JAWYU_b gFZÛWYZITGÖIU�gY]?U¬DYU_ÓIDFU_WFW�EGZI>Ñe?DFZIÏATVU_Ô¬Ú���Ò�LNZIJ?D^W�UhR�gF]?EGW�U_>cÝ
LOZcbcEG>?Ó"e?DFZcLOUXWYW�EGW¹ÓIZhEV>?Ó-gYZ"DFUNÔ[ZªÖhU�W�ZhÔ[U�W�gYDFJAL�gFJ?DF@ITAEG>cÒQZIDFÔ8@ªgFEVZh>4à/]?EaL^]4Ô8@SÐ�Ï1U
DYU_TVU_ÖS@I>Kg_ÚAB�ZhDYU_ZªÖIU_D_RhgY]?U��� "!$#&%�!$#�bcUNÕA>?EVgYEGZI>�Z7Ò®gF]?U�UN>ALNZcbcEV>AÓ8e?DYZcLNU_WFW/]A@IWlZIgY]?U_D
W�U_ÖIUND^@7T¹bcDF@Sà/ÏM@IL^äcWNÚ�á?ZID�U�'?@7Ô[e?TGUIR�à/]?U_> gY]?U#UN>ALNZcbcEV>AÓ\EGW�e1UNDYÒQZIDFÔ�UXb ÏfÐÛJMW�EG>?Ó
( %� 	%�)*%,+-#&.���)/#10"2-35463�7�RAgF]?UNÐ�>?U_U_b�gFZ�Ï1U"e?DFZIe1UNDFTGÐ¬bcUXW�EGÓI>AU_b�ÏfÐ�@7>8354$ �39! ( gF]?DYZhJ?ÓI]
@4ÖIU_DYÐ¬U�'ce1UN>AWYEGÖIU ( !$#&��):��0;2�39!$!,%�!<�5 = ;!,%��-.�>fÚ Î ]fJAW�gY]AEGW�@7eAe?DYZK@IL^]�>?U_U_b?Wz@7>CU�'fÝ
eMU_D�gXR�à/]AEGL^]âÔ8@SÐÑ>?ZIg�Ï1U¬@SÖª@IEVTa@7Ï?TGUIR�ZID�Ô8@SÐÛÏ1U#ÖhUNDFÐÑU�'ceMU_>AWYEVÖhUIR�ZID�UNÖIU_>âÔ8@SÐ
ÏMU4Ô[EaW�TGU_@hbcEG>?Ó�EuÒlgF]?U�U9'fe1UNDYg-äf>?Zªà/TGU_bcÓhU8EGW�>AZ7g�LNZIDFDYUXL�g_Ú�á�EG>A@7TGTGÐIR�L^]M@7>?ÓhEV>?Ó�gF]?U
LOTa@IWFWlZ7Ò�L^]AUNÔ[EGL_@7T�LNZIÔ[eMZhJ?>Ab?W)J?>AbcU_D)WsgFJAbcÐIRAZIDlgY]AU-LOZIÔ[e?J?gF@ªgFEVZh>A@7T½g^@IWYä½Rcà/EVTGT�Z7Ò
LOZIJADFWYU�Ô[UX@7>¬gY]A@7g�@7TGT½gY]?U-@IÏMZªÖhUzW�gYU_eAWlÔ"JMWsg)Ï1U�eMU_D�ÒQZhDYÔ[UXb4ÒQDFZIÔ WFLOD^@ªg^L^]�Ú?B�ZhDYU
ÓIUN>AUND^@7T�ÖhU_LOgYZIDFEa@7T9DFUNe?DFU_WYUN>Kg^@ªgYEGZI>ÑZIÒ)ÓID^@7e?]AW_R�à/EVgY] J?>?EaLOEVgsÐÑe?DYZheMU_D�gFEVUXWNR�Ô8@SÐÛÏ1U
ÖIUNDFÐ4bcE*?4LOJ?TVg)gYZ[Ô8@7e�Zh>�gF]?U�gF@IDYÓhUOg/Öª@7TGJ?U_W_Ú

=ÀLNZIÔ[e?TGUOgYU_TVÐ#bcEu×½UNDFUN>Kg)@7eAe?DYZK@IL^]8EaWleMZKWYWYEGÏ?TVU�Ò�@ILNEV>AÓ�bcEGDFU_L�gFTVÐ[gF]?U�e?DFZfLNU_WFW�EG>?Ó
Z7Ò£WsgFDYJALOgYJ?DFU_b�bcZhÔ[@IEV>�EG>�gF]?U)Ô8@IL^]AEV>?UlTGU_@IDY>?EG>?Ó�WYÐfW�gYU_Ô8WNÚ�@Ü]?EGTGU)@7TGÓIZIDFEVgY]?Ô8W�gY]M@ªg
Ô[@I>?EGe?J?Ta@ªgYU¬W�ÐfÔ�ÏMZhTVEaL4EG>cÒQZIDFÔ8@ªgFEVZh>â@7DFU#LN@IeA@7ÏATVU4ZIÒ�bcU_@ITVEG>?ÓÛà/EugF].]?EGÓI]?TGÐ WsgFDYJML�Ý
gYJ?DFU_b b?@ªg^@?R1gY]AUNÐ\ÖhUNDFÐ�Z7Ò»gYU_> @IDYU�>?ZIg�@IÏ?TGU"gFZ�b?U_@7T�à/EVgY] >?ZhEGWYÐ\@7>AbÛEG>ALOZhÔ�eATVUNgYU
b?@ªg^@?ÚhB\ZIDFUNZªÖIU_D_RXgF]?UNÐ8@7DFU/JAWYJA@7TGTGÐ�>?ZIg¹WYJ?EugFU_b�gFZ�bcUX@7T?à/EVgY]�b?ZIÔ8@7EG>AW9à/]AUNDFU/ÏMZIgY]
LN@ªgFUNÓhZIDFEGL_@7TA��WYÐKÔ�ÏMZhTGW��:@7>Ab¬>fJ?Ô[UNDFEaLN@7T½U_>hgFEugFEVUXW)LOZfU9'fEaW�g/@I>Ab#]A@SÖIU�gY]?U-WF@7Ô[U�DFUNTGUOÝ
ÖS@I>ALOUzÒQZhDlgY]?U-WYZITGJcgYEGZI>�ZIÒ�gY]AU�e?DYZhÏ?TGUNÔ�Ú

B UNJADF@ITh>?UNgsà¹ZhDYäcW�@7DFU�J?>AEVÖhUND^WY@ITVTGÐ�DFU_LNZIÓh>?EVã_U_b-@hW�gFZfZITaW�WYJ?EVgYUXb�ÒQZID�bcUX@7TGEV>AÓ�à/EVgY]
>?ZIEaW�Ð�@7>Mb�EV>MLOZIÔ[e?TGUOgFU�b?@7gF@ARAU_WYe1U_LOEa@7TGTGÐ#EG>CLOZh>KgYU�'fg^W)à/]?U_DYU->fJ?Ô[U_DYEaLN@IT�Öª@7DFEG@IÏ?TGU_W
e?TG@SÐ-@zDFUNTGUNÖª@7>Kg®DYZhTVU:EG>"gF]?U)W�ZhTVJ?gYEGZI>"ZIÒAgF]?Ule?DYZhÏ?TGUNÔ�Ú å >�@hb?bcEVgYEGZI>�gYZzgY]AEGW�L_@7eA@IÏ?EVTVÝ
EugsÐhRAà/]?U_>�JAW�UXb¬ÒQZIDzLOTa@IWFW�EVÕMLN@7gYEGZI>�@7>Ab;�SZID�e?DYUXbcEaL�gYEGZI>¬g^@IWYäfW_RcgF]?UNÐ�bcZ8>?ZIg�>?U_U_b�@
ÒQZIDFÔ[@IT£W�e1U_LNEuÕML_@ªgFEVZh>�Z7Ò�gY]?Uze?DFZIÏ?TGUNÔ�RC�sJAW�g/DYUXßKJ?EVDFEG>?Ó�@�W�UNg/Z7Ò�U9'c@IÔ[e?TVUXWlW�]?Zªà/EG>?Ó
WY@IÔ�eATVUXW[Z7Ò�gF]?U¬ÒQJ?>ALOgYEGZI>ÞgYZÑÏ1U¬TGU_@IDY>AU_b£Ú�D�>cÒQZIDYgYJ?>M@ªgYU_TVÐhR�>?UNJADF@IT:>AUOgsà:ZIDFäfW[@IDYU
Ô�ZKWsgFTVÐ8DFUNÓK@7D^bcU_b8@hW�TGU_@IDY>AEV>?Ó�Ô[Zfb?UNTaW�ÒQZhD/bcZIÔ8@7EG>AW¹EV>¬à/]?EaL^]�EG>AW�gF@7>MLOU_W:@7DFU�ZhDYÓK@ªÝ
>?EVã_U_bÑEG>KgYZE7 ( � ( #&."b?@ªg^@�WsgFDYJML�gYJADYUXWNR�TGEGäIU4DFU_LNZID^b?W�ZID�Õ	'cUXbfÝ°WYEGãNU4@7DFD^@SÐfW_R£@7>Ab gF]fJAW
gY]?U_Ð.bcZÑ>?Z7g4WYUNU_Ô W�JAEugFU_b.gYZ bcU_@ITlà/EugF]	W�gYDFJALOgYJ?DFU_b bcZIÔ8@7EG>AW_Ú�F/U_LNJ?DFDYU_>hg[>?U_JcÝ
DF@IT?>?UOgsà:ZIDFäcWNR7gY]A@7g¹ÓIU_>?UND^@7TGEGãNU:ÒQUNUXbfÒQZIDFà:@IDFb�>?UNgsà¹ZhDYäcW®gFZ"WYU_ßKJ?UN>MLOU_W���@�eA@ID�gFEGLNJ?Ta@7D
LN@IWYU�Z7Ò®bcÐf>A@7Ô[EaLN@7TGTGÐ�WsgFDYJML�gYJADYUXb#b?@7gF@6�l@7DFU�e1UNDF]A@7eMW:gY]?U�Ï1U_W�g)äf>?Zªà/>#U9'?LOUNe?gYEGZI>�Ú

å >�DYUXLOUN>Kg�ÐhU_@IDFW_RO]?Zªà:UNÖhUNDXR�gY]?U_DYU�]A@IW�ÏMU_UN>"WYZIÔ[U9UN×1ZhD�g�EV>�gFDYÐfEG>?Ó/gFZ�U�'fgFUN>Ab�gF]?U
LOZIÔ[e?J?gF@ªgFEVZh>A@7T�LN@IeA@7Ï?EGTGEugFEVUXW)Z7Ò�>?U_J?D^@7T�>AUOgsà:ZIDFäfW:gFZ#W�gYDFJAL�gFJ?DFU_b�bcZhÔ[@IEV>MWNÚ	@Ü]AEVTGU



±/{h��²��_±/{h¸¹² «ª���:vF�hp�o_���:vYq�®xNps¯7�9�Gx_p:{7qrps�h|Fqs�hpsvF� �_�Së
gY]?U[U_@IDYTGEGUND�@7e?e?DFZh@hL^]?U_W�à¹U_DYU[@7ÏATVU�gYZ�bcUX@7T®à/EugF] WYZIÔ[U[@IWYeMUXL�g^W�ZIÒ¹e?DFZcLOUXWYWYEV>AÓ�Z7Ò
WsgFDYJALOgYJ?DFU_b"EV>?ÒQZIDFÔ[@7gYEGZI>�RS>?Zh>?U:Z7ÒAgF]?UNÔ�U_W�gF@7ÏATVEaW�]AU_b"@�e?D^@ILOgYEaLN@7Tf@7>Mb"U9?8LNEVU_>Kg�àl@SÐ
Z7Ò?bcU_@ITVEG>?Ó)à/EVgY]�WsgFDYJALOgYJ?DFU_b�EG>cÒQZhDYÔ8@ªgFEVZh>�ÚN=.Ô�ZhDYU�e1Zªà:UNDYÒQJ?Th@Ie?e?DFZh@IL^]�RO@ªg�TGU_@hWsg£ÒQZhD
LOTa@IWFW�EVÕMLN@7gYEGZI>¬@7>Ab¬e?DFU_bcEaL�gFEVZh>�g^@IWYäcWNRcàl@IW:e?DFZIe1ZhWYU_b#EV> 
 ����@I>Ab4ÒQJAD�gF]?UND)U9'fgYUN>MbcU_b
EV> 
 ����Ú å >ÛgY]?UXW�U�à:ZIDFäfWz@#ÓIUN>AUND^@7TGEVãX@ªgYEGZI>�ZIÒ¹DFU_LNJ?DYDFUN>Kgz>?UNJ?D^@7T�>?UNgsà¹ZhDYäcW�ÒQZID�e?DFZ7Ý
LOU_WFWYEV>?Ó8WYU_ßKJ?U_>ALOUXW:gYZ[gY]AU-LN@IWYU�Z7Ò�bcEGDYUXL�gYUXb¬ÓID^@7e?]AW:EaW/e?DFU_WYUN>KgYUXb£Ú Î ]?U�ÏA@hW�EaLzEGb?U_@
ÏMU_]?EV>Mb\gF]?EGWzÓhUN>?U_DF@ITVEGã_@7gYEGZI>�EaW�gF]?U�U�'fgYU_>AW�EGZI>ÛZ7Ò9gF]?U[LOZI>MLOUNe?gzZIÒ�� 0
	�%�)*2�#10�+�ÒQDYZhÔ
gY]?U�bcZIÔ8@7EG>�Z7Ò9WYU_ßKJ?U_>ALOUXW/gYZ4gY]?U�bcZIÔ8@7EG>�Z7Ò9bcEGDFU_L�gFU_b�ZhDFbcU_DYUXb¬ÓID^@7e?]AW ��� ���W5�OÚ
@ÛU�à/EVTGT®ÓIEGÖIU�Ô�ZhDYU�bcUOg^@7EGTGWzZh>\gY]AU_WYU-gsÐfeMUXWzZ7Ò�>?U_J?D^@7T�>?UOgsà:ZIDFäcW/ÒQZIDzgF]?U�LNTG@hWYW�Z7Ò
bcEVDFU_LOgYUXb#ZhDFb?UNDFU_b�@hLOÐcLOTGEaL�ÓhDF@Ie?]AW���� ��=��W5�:EG>�dcU_L�gFEVZh>��cÚ��cÚ

Î ]?U9e1ZhWFW�EGÏ?EGTVEVgsÐ�ZIÒce?DYZcLNU_WFW�EG>?Ó)W�gYDFJAL�gFJ?DYUXb�EV>?ÒQZIDFÔ[@7gYEGZI>�JAWYEG>?Ó)>?U_J?DF@ITI>?UNgsà¹ZhDYäcW
EGW[@7eAeMUX@7TGEV>?ÓCÒQZID[W�U_ÖIU_DF@IT�DFU_@IWYZI>MWNÚ�á�EGD^Wsg�Z7Ò�@ITVT�R�>AUNJ?D^@7T:>?UOgsà:ZIDFäcW�@IDYU�J?>?EGÖIUND^WF@7T
@7e?e?DFZC'cEVÔ8@7gYZID^W
�XEG>4@IbAbcEugFEVZh>�R7gF]?UNÐ[@7DFU)@7ÏATVU/gFZ-TGU_@7DF>�ÒQDYZhÔ @-WYUOg¹Z7Ò£U�'?@7Ô[e?TGU_W�@7>Ab
ÖIUNDFÐ\ZIÒ»gYUN>�R�ÏfÐCJAWYEV>AÓ#gF]?U4LOZhDYDFU_LOg�Ô�UNgY]?ZcbcZhTVZhÓIÐ�ÒQZhD�gYD^@7EG>?EG>?ÓAR½gF]?UNÐÑ@7DFU�@IÏ?TGU[gYZ
DYUX@IL^]4@�ßhJAEugFU�]?EGÓI]#ÓIUN>AUND^@7TGEVãX@ªgYEGZI>8e1UNDYÒQZIDFÔ8@7>ALNUIÚKá�EG>A@ITVTGÐIRc@IW:@7TGDFU_@Ib?Ð�Ô[UN>KgFEVZh>?U_b
@7Ï1ZªÖIUIR?gY]?U_Ð�@IDYU-@IÏ?TGU�gYZ�b?U_@7T�à/EugF]\>?ZhEGWYÐ#@I>Ab�EV>MLOZIÔ[e?TGUOgFUIR1ZID)U_ÖIU_>\@7Ô"ÏAEVÓhJ?ZIJAW_R
b?@ªg^@?Ú

=)TGTlgY]?UXW�U\L_@7eA@IÏ?EVTGEVgYEGU_W8@7DFU¬eA@7DYgYEaLOJ?Ta@7DFTGÐ JAW�UNÒQJ?T)à/]?U_>ÜbcU_@ITVEG>?ÓÑà/EugF]	e?DYUXbcEaL�Ý
gYEGZI>8g^@IWYäfW�EV>�Ø¹]?UNÔ[EaWsgFDYÐhRhà/]AUNDFU�b?@ªg^@"@IDYU)JMW�JA@ITVTGÐ[Óh@7gY]?U_DYUXb[U�'ceMU_DYEGÔ[UN>KgF@ITVTGÐ[@7>Ab
gY]?U�LNZIÔ[e1ZIJ?>AbAW"LN@I> >A@ªgFJ?D^@7TGTVÐÛÏMU4DFUNeADYUXW�U_>hgFU_bÑ@IW-TG@IÏMU_TVUXbÑÓID^@7e?]AW_Ú��¹@IL^]Ñ>?ZcbcU
Z7Ò/gY]AU�ÓID^@7eA] EaW�@7>â@ªgFZIÔ!ZID�@�ÓIDFZIJ?e ZIÒ�@ªgFZIÔ8WNR�à/]?EGTVU#U_bcÓhU_W�DFUNe?DFU_WYUN>Kg"Ï1ZI>Mb?W
ÏMUNgsà¹U_UN>#@7gYZhÔ[W_ÚcdfZ">?U_J?D^@7T1>?UOgsà:ZIDFäcW�ÒQZID:e?DFZcLOU_WFWYEV>?Ó"Z7Ò�W�gYDFJAL�gFJ?DYUXW¹WYUNU_Ô2gYZ�]A@SÖIU
gY]?U¬LOZIÔ[e?J?gF@ªgFEVZh>A@7T:LN@IeA@7Ï?EGTGEugFEVUXW�gYZÛbcU_@IT�à/EVgY].L^]?U_Ô[EGL_@7T¹b?ZIÔ8@7EG>AW_Ú Î ]?U#e?DYUXbcEaL�Ý
gYEGZI>[Ô[Zfb?UNT?LN@I>�Ò�@ILOUlZh>?U:ÒQJ?>Ab?@IÔ�U_>KgF@7TAe?DYZhÏ?TGUNÔ EG>8Ø¹]AUNÔ[EGW�gYDFÐ��ªgY]AU/e?DYUXbcEaL�gYEGZI>�Z7Ò
gY]?U�e?]fÐcWYEGL_@7TVÝ°L^]?U_Ô[EGL_@7T½e?DFZIe1UNDYgYEGU_W_RfL^]AUNÔ[EGL_@7T£DFU_@hL�gYEGÖfEugsÐ8ZhD/Ï?EGZITGZIÓIEaLN@IT£@IL�gFEVÖfEVgsÐ4Z7Ò
Ô�ZhTVUXLOJ?TGU_W_RATGU_@hbcEG>?Ó8gYZ�������0 ( # ( � ( #���3�� ( !���. ( � !,3 �"! !,%� 	39! ("#�$ 3�) � ( #&%�0	7,> #  �&%�d Ù F��OR
ZID'������0 ( # ( � ( #��C3�� ( !���. ( � !,3 �"( . ( #�� # ()#*$ 39)*� ( #&%�0�7 > #  �&%�dc=�F��4WsgFJAbcEGU_W_Ú:F/U_LNJ?D^W�EGÖIU
>?UNJ?D^@7T�>AUOgsà:ZIDFäfW<
 ����Ò�@hLOU[gF]?EGW-e?DYZhÏ?TGUNÔ�ÏfÐCWYEGÔ"J?TVgF@I>?UNZhJAW�TGÐ\TGU_@IDY>?EG>?Ó�Ï1Z7gY] ]AZªà
gYZ�DFUNe?DFU_WYUN>Kg-@7>Ab ]?Zªà gYZ\LNTG@hWYWYEVÒQÐCWsgFDYJML�gYJADYUXbÛeM@ªg�gFUNDF>AW_Ú Î ]?U4WYeMUXLOEVÕMLOEVgsÐCZIÒ:gF]?U
e?DYZheMZKW�UXb8@7e?eADYZK@IL^][WsgFUNÔ8W9ÒQDFZIÔ gY]AU�@7ÏAEVTGEugsÐ�Z7Ò£gF]?U_WYU�>AUOgsà:ZIDFäfW�gYZ"@IJcgYZhÔ[@7gYEaLN@ITVTGÐ
UN>ALNZfb?U�gY]?U�WsgFDYJALOgYJ?D^@7T�EV>cÒQZhDYÔ8@7gYEGZI>\bcU_eMU_>AbcEG>?Ó4ZI>�gF]?U"LNZIÔ[e?Jcg^@ªgYEGZI>M@7T�e?DFZIÏATVU_Ô
@ªg�]M@7>Ab£RME�Ú UIÚGRMgY]?U�DYU_e?DYUXW�U_>KgF@ªgFEVZh>�Z7Ò�gY]AU"Ô[ZITGU_LNJ?TG@ID�W�gYDFJAL�gFJ?DFU_W)EaW)>AZ7gzb?UOÕA>?UXb\@
e?DYEGZIDFE�RAÏ?Jcg�TGU_@7DF>?UXb�ZI>�gF]?U"ÏA@hW�EaW)ZIÒ9gY]AU-gYD^@7EG>?EG>?Ó�WYUOgXÚ Î ]?EaWz@7Ï?EGTVEVgsÐ�EGW�e?DFZªÖIUXb�EV>
gY]?EaW�eA@7e1UND�ÏfÐÛgF]?U�@7e?e?TGEaLN@ªgFEVZh>âZ7ÒzØ:@hWYL_@IbcU�Ø¹ZIDFDYU_TG@7gYEGZI>ÑÒQZID[W�gYDFJAL�gFJ?DYUXW �°Ø/Øld	�

 ����gYZ\gsà¹Z\D^@Ib?EGL_@7TGTVÐ bcEu×½UNDFUN>Kg+%�d?=�F �,%�d Ù F2e?DFZIÏATVU_Ô[W
�£gF]?U�e?DFU_b?EGLOgYEGZI> Z7Ò/gF]?U
>?ZI>cÝrWYeMUXLOEVÕML�@IL�gFEVÖfEVgsÐ ��@�?[>AEugsÐ	�¹gYZªàl@7D^b?W�gY]?U�Ï1UN>?ã_ZcbcEG@IãNU_e?EV>AUC�-�=�Hl=�. DFU_LNUNecgFZID
ÏKÐ @CÓIDFZIJ?e ZIÒ)ÏMU_>?ãNZcbcEa@7ã_UNe?EG>?U_W���H:ãC� 
*�
/��°R®@7>AbÑgF]?U�eADYUXbcEGLOgYEGZI>âZIÒ/gY]?U¬Ï1ZIEGTVEG>?Ó
eMZhEV>Kg/ÒQZID)@�ÓhDYZhJ?e#ZIÒ�@hLOÐcLOTGEGLz]fÐcbcDFZfL_@7DFÏMZh>AW ��@7TGäª@7>?UXW5�9
�=���°Ú

å g¬Ô�JAWsg�Ï1U W�gYDFU_WFW�UXbÜgF]A@ªg¬gY]?U ÓIU_>?UND^@7TGEVgsÐ	@I>Ab �MU�'cEVÏAEVTGEugsÐÜZIÒ�@.W�gYDFJALOgYJ?DFU_b
DYU_e?DYUXW�U_>KgF@ªgFEVZh>�R�@7TGTGZªà)W�ZI>?U[gFZCbcUX@7T9à/EVgY]â]AUOgYU_DYZhÓIU_>?UNZhJAW�LOZhÔ�e1ZIJA>Ab?W-@I>AbÑ]?UOgYÝ
UNDFZIÓIU_>?UNZhJAW�e?DYZhÏ?TGUNÔ8W�JAW�EG>?ÓzgY]AUlWF@7Ô[U/@7eAe?DYZK@IL^]?UXWNÚ Î ]?EaW�@IbcÖª@I>hg^@7ÓhU�EaW®>?Z7g�@7g�gF]?U
U�'ceMU_>AWYU)Z7Ò£e?DFU_bcEaL�gFEVÖhU�@IL_LOJ?D^@ILNÐIR7EG>[Ò�@ILOg¹ZhJ?D9DFU_WYJ?Tug^W�
*�0��� 
*� ���1LOZIÔ[eA@IDYUlÒ�@SÖhZID^@7Ï?TGÐ
ÖIUND^WYJAW:gY]?U-gYD^@IbcEVgYEGZI>A@IT1%�dc= FÁgFDYUX@ªgFÔ�U_>Kg_R?ÒQZhD/gY]AU"@7>A@ITVÐcWYEGWlZIÒ�Ï1UN>AãNZcbcEa@7ãNU_e?EG>?U_W_R
ÏA@IWYU_b"ZI>"UXßKJA@ªgFEVZh>AW 
*�
/���Ú å g®EGW®@ITGWYZ�LNZIÔ[eMUNgYEVgYEGÖIUlà/EVgY]"DFU_WYJ?TVgFW�ZI>2%�d Ù F.e?DFZIÏ?TGUNÔ8W



�N�Xê ¸)º ç#ºc��kuo_w7�h|^|^k»�c¸)ºfç�kn|��Kv^�nk»�c¸)ºc{7mcvFp�yh�Iqsk»�KoNwfy�¸�ºf{7q�oNpsk�q�o
��WYJAL^]â@IW_R£gY]AU4e?DFU_bcEaL�gFEVZh> ZIÒlgY]?U4Ï1ZIEGTGEV>?Ó�e1ZIEG>Kg"Z7Ò)@ITVäª@7>AU_W��zà/]?UNDFU[gY]?U �  "!$#&%�!$#
@7>A@ITVÐKgYEaLN@IT�äf>?Zªà/TGU_bcÓhU#@ITVTGZªà)W�gF]?U�JAWYU¬Z7Ò�WYJ?Eug^@7Ï?TGU���@Ib.]?ZcL���DYU_e?DFU_WYUN>KgF@7gYEGZI>AW�@IW
EV>?eAJcg/gYZ4W�gF@I>Ab?@7D^b#>?UNJ?D^@7T½>?UNgsà¹ZhDYäcW�
*�-���°Ú

dfJALNLNU_WFW�EGÖIU�W�gYJAbcEGU_W)ZI>#gY]?U�EG>KgYUNDF>A@IT£DYU_e?DYUXW�U_>KgF@ªgFEVZh>#bcU_ÖIU_TVZheMUXb�ÏfÐ8gF]?U�DYUXLOJ?DYÝ
W�EGÖIU:>?UNJADF@ITK>AUOgsà:ZIDFäfW �QDFU_@ITVEGãNUXb-ÏfÐ-@-Ø:@IWFLN@hbcUlØ¹ZhDYDFUNTa@ªgFEVZh>"@7TGÓIZhDYEVgY]?Ô ��@7e?e?TGEGU_b"gYZ
%�dc=�FÜW�gYJAb?EVUXW9Z7Ò�Ï1UN>AãNZcbcEa@7ãNU_e?EG>?U_W�à:UNDFU�LNZI>AbcJML�gYUXb[JAWYEV>?Ó�eADYEG>ALOEGeA@ITMLOZhÔ[eMZh>?UN>Kg
@7>A@ITVÐcWYEGW�
� ���°Ú Î ]?EaW�W�gYJAb?Ð�@ITVTGZªà)W)JMW)gFZ�bcU_@IT�à/EVgY]\gY]?U�EGWFW�JAU"Z7Ò�gF]?U"DFUNTa@ªgFEVZh>AWY]?EVe
ÏMUNgsà¹U_UN>4gF]?U�bcUNÖhUNTGZIe1U_b4>AUNJ?D^@7T1>fJ?Ô[UNDFEGL_@7T½LOZcbcU_W:@7>Mb8gY]AUzßKJA@ITVEVgF@7gYEGÖIU�@hW�e1U_LOgFW:Z7Ò
gY]?U*%�dc=�F<eADYZhÏ?TVU_Ô�Ú Î ]?U#DYUXW�J?TVgFW�W�]AZªà�gF]A@ªg�gY]?U#DYUXLOJ?D^W�EGÖIU8>AUNJ?D^@7T¹>?UOgsà:ZIDFäCEaW
@7Ï?TGU�gYZ#bcEGWFLOZªÖhUND/DFUNTGUNÖª@7>Kg�W�gYDFJAL�gFJ?D^@7T£ÒQUX@ªgYJADYUXW/�sJAW�g�ZI>�gF]?U-ÏA@hW�EaW/ZIÒ�gF]?U�@hWYWYZcLOEa@ªÝ
gYEGZI>AWzÏ1UOgsà:UNUN>ÛgY]AU�Ô[ZITGU_LNJ?Ta@7D�Ô[ZIDFe?]?ZITGZIÓhÐ¬@I>Ab�gF]?U�gF@IDYÓhUOg�eADYZheMU_D�gsÐ ��@�?8>?EVgsÐ �OÚ
å > eA@7DYgYEaLOJ?Ta@7D�gF]?U�L^]A@IDF@hL�gFUNDFEGW�gYEaLNWzZ7ÒlÔ8@7>fÐÛWYJ?ÏAW�gYEVgYJAUN>KgFW�@ª×½U_L�gFEV>AÓ�gY]?U�@hL�gFEVÖfEVgsÐ
Z7Ò�Ï1UN>?ã_Zfb?EG@IãNUNeAEV>?UXWNRK@7TGDYUX@IbcÐ�]?EGÓI]?TGEVÓh]KgYU_b4ÏKÐ�e?DFUNÖfEGZIJAW�%�dc=�F W�gYJMbcEVUXWNRhà¹U_DYU�LOZIDYÝ
DYUXL�gYTGÐ"DFU_LNZIÓh>?EVã_U_b�ÏfÐ-gF]?U)Ô[ZcbcUNT�Ú Î ]AEGW�EaW�@zÒQJAD�gF]?UND:WsgFUNe[gYZªàl@7D^b?W�gF]?U�@IWFWYU_WFW�Ô[UN>Kg
Z7Ò�gY]?U�Ô[ZcbcUNT�@hW/@�>?UNàÀgYZfZIT½ÒQZhD/gY]AU�DF@7gYEGZI>A@IT½b?U_WYEVÓh>#ZIÒ�>?U_àÀÔ[ZITGU_LNJ?TGU_W_Ú

Î ]?U¹L^]A@IecgYU_D�EaW�ZIDFÓh@7>AEVã_U_b�@IW�ÒQZITGTGZªà)WNÚªdfU_LOgYEGZI> �)ÏMU_ÓIEG>AW�à/EugF]�@I>-ZIJcgFTVEG>?U:Z7Ò?gF]?U
gYD^@IbcEVgYEGZI>A@IT1%�d Ù F � %�dc= F @7e?e?DFZh@hL^]¬@I>Ab�EVg�EaW/ÒQZITGTGZªà¹UXb#ÏfÐ#gY]?U"EV>KgYDFZcbcJALOgYEGZI>�Z7Ò
gY]?U)>AUNà %�d Ù F �,%�dc=�FÞ@7eAe?DYZK@IL^]�ÏA@IWYU_b�ZI>�DFU_LOJADFWYEVÖhUl>?UNJ?D^@7Tc>AUOgsà:ZIDFäfW_Ú zUN>AUND^@7T
DYU_e?DYUXW�U_>KgF@ªgFEVZh>A@7T�EGWFW�JAU_W"ÒQZID[L^]?UNÔ[EaLN@7TlLOZhÔ[eMZhJ?>Ab?W�@7DFU�bcEaWYLNJAWFW�UXb EV>	dfU_LOgYEGZI>8�AÚ
Î ]?U-ÕAD^W�gzLOZhÔ[e?JcgF@7gYEGZI>A@IT�g^@IWYäcW/Ò�@ILNU_b�EG>�gF]?EGWzeA@IeMU_D_R1E�Ú UhÚVRMgY]?U�e?DFU_bcEaL�gFEVZh>�Z7Ò9gF]?U
ÏMZhEVTGEV>AÓ.e1ZIEG>hg¬ÒQZID�@7TGäª@7>?UXWNR¹EV>MLOTGJAbcEG>?Ó DFUNeADYUXW�U_>hg^@ªgFEVZh>ÞDFJ?TGU_W¬@7>Ab U�'ceMU_DYEGÔ[UN>KgF@IT
DYUXW�J?TVgFW_R9EaW4U9'feATG@IEV>?UXbÞEV>ÁdfUXL�gFEVZh> �AÚ¹dfEGÔ[EVTa@7DFTGÐIR9gF]?UC@Ie?e?TGEGL_@ªgYEGZI>ÞgFZ gY]?U %�dc=�F
e?DYZhÏ?TGUNÔ´Z7ÒMgY]?Ule?DFU_b?EGLOgYEGZI>"ZIÒAgF]?U/@�?8>?EVgsÐ�gYZªàl@7D^b?W�gF]?UlÏMU_>?ãNZcbcEa@7ã_UNe?EG>?U��-�=�Hl= .
DYUXLOUNe?gYZID�EaW"U9'feATG@IEV>?UXbâEG>ÞdfUXL�gFEVZh>��cR�à/]?U_DYU#à¹U¬e?DFU_WYUN>Kg�@ITGWYZ\gF]?U¬W�gYJMbcÐ Z7Ò)gF]?U
EV>KgYU_DY>M@7T�DFUNeADYUXW�U_>hg^@ªgFEVZh>AW8bcUNÖhUNTGZIe1U_b	ÏfÐ gY]?UÛ>?UNJ?D^@7T�Ô[Zfb?UNT)gF]?DFZIJ?Óh] Ù DFEV>ALNEVeM@7T
Ø¹ZIÔ[eMZh>?UN>Kg¹=�>A@7TGÐcW�EaW_Ú,��EGWFLOJAWFWYEVZh>8Z7Ò½gY]?U�DYUXW�J?TVgFW¹@7>Ab8LNZI>ALNTVJMW�EGZI>AW�@7DFU�LOZh>hg^@7EG>?U_b
EV>\dfUXL�gYEGZI>��8@7>Mb¬dfUXL�gFEVZh> �cRcDYUXW�e1U_LOgYEGÖIU_TVÐhÚ

� 	�
�Ì£Ë�È�fÍ���
���
�Ë)È�������
£Ç�� É9È���.Í�Æ����! "	$#%���'&�	

å >ÑgY]?EaW�WYU_LOgYEGZI>Ñà:U�bcU_WFLODFEGÏMU8gF]?U4>?U_à %�d Ù F �,%�dc=�F2@Ie?e?DFZh@IL^]ÑÏA@hW�UXb ZI> >?U_JcÝ
DF@IT�>?UNgsà¹ZhDYäcW�ÒQZhD"e?DFZcLOUXWYWYEV>AÓ\Z7Ò�W�gYDFJAL�gFJ?DFU_bâb?@7gF@ ��DYUXLOJ?D^WYEVÖhU4>?UNJADF@IT�>?UNgsà¹ZhDYäcW���Ú
á�EGD^Wsg:Z7Ò�@7TGTAà:U�Ï?DFEGU��AÐ�DYU_ÖfEVU_à gF]?U)gFDF@hbcEVgYEGZI>A@IT?à:@SÐ�Z7Ò£e1UNDYÒQZIDFÔ[EV>?Ó+%�d Ù F �,%�dc=�F
WsgFJAbcEGU_W_Ú Î ]?U_> à¹U#W�J?ÓhÓIUXWsg"]AZªà�gF]?U�JAWYU4ZIÒ)>?UNJ?D^@7T�>?UOgsà:ZIDFäcW�ÒQZID�e?DYZcLNU_WFW�EG>?Ó�Z7Ò
WsgFDYJALOgYJ?DFU_WlÔ8@SÐ8]?U_TVe�EG>#DFU_b?JALOEG>?Ó�gY]?U�Ï?JADFbcU_>�Z7Ò�b?UNÖIU_TVZhe?EG>?Ó�@I>Ab¬W�U_TVUXL�gYEG>?Ó[DFUNTGUOÝ
ÖS@I>Kg�WsgFDYJALOgYJ?D^@7T1ÒQUX@ªgYJADYUXW:ÒQZID/Ô[ZITGU_LNJ?TG@ID/DYU_e?DFU_WYUN>KgF@7gYEGZI>�Ú

@ÜEugF]?ZIJcg:TVZKWYW9Z7Ò�ÓIU_>?UND^@7TGEVgsÐIRªÒQZhD9gY]AU�WY@IäIU)ZIÒ�@-W�EGÔ[e?TGUND�U9'ceMZKW�EVgYEGZI>4@I>Ab8bcJ?U�gYZ
gY]?U_EVD/DFUNTGUNÖª@7>MLOUIRfà:U�Ô8@IEV>?TGÐ8ÒQZcLOJMW:gY]?UzÒQZITGTGZªà/EV>?Ó�U�'ce?Ta@7>M@ªgYEGZI>MW¹@I>Ab�U9'?@7Ô[e?TGU_W:ZI>
%�dc=�FÞWsgFJAbcEGU_W_Ú)()Zªà:UNÖIU_D_RNgY]?ZhJ?ÓI]Kg %�d Ù F bcU_@ITGW�à/EVgY]�ÓIU_>?UND^@7TKe?DFZIe1UNDYgYEGU_W�EV>AW�gYUX@Ib
Z7Ò�@IL�gFEVÖfEVgsÐIRfgF]?U�ÒQZITGTGZªà/EV>?Ó[LOZh>AWYEGbcU_DF@7gYEGZI>AWl@IDYU�Öª@7TGEGb¬Ï1Z7gF]#ÒQZhD %�d Ù FÀ@I>Ab�%�dc=�F
@7>A@ITVÐcWYEGW_Ú



±/{h��²��_±/{h¸¹² «ª���:vF�hp�o_���:vYq�®xNps¯7�9�Gx_p:{7qrps�h|Fqs�hpsvF� �_�Xè
����� ���	��
����
���������������� ����!��"!$#%#&��� 
('*)
Î ]?U)@7EGÔ Z7Ò£@ %�dc=�F	W�gYJAb?Ð-EGW�gYZzÕA>Ab[@7>8@Ie?e?DFZIe?DFEG@7gYU�ÒQJ?>AL�gFEVZh>$+ � ��à/]AEGL^]�RIÓIEGÖIUN>
@�Ô[ZhTVUXLOJ?TGU-WsgFDYJML�gYJADYUhRce?DYUXbcEaL�gFWlEVgFW)Ï?EVZhTVZhÓIEaLN@IT½@hL�gFEVÖfEVgsÐIRcE�Ú UhÚ �

,.-0/2143�14/2576�+ ��89/2:*;<-0/2;=:�>��0? � ���

B�ZIDFU¹ÓhUN>?U_DF@ITVTGÐ�%�d Ù F @IWFW�JAÔ�UXW�gY]A@7g�@I>fÐ�Ô�ZhTVUXLOJ?Ta@7D®e?DFZIe1UNDYgsÐIRªWYJAL^]�@hW�e?]fÐfWYEaLN@7TVÝ
L^]?UNÔ[EaLN@7T£eADYZheMU_D�gFEVUXWNR?L_@7>¬ÏMU�DFUNTa@ªgFU_b�gYZ�gY]?U-W�gYDFJALOgYJ?DFU�Z7Ò�gY]?U-LNZIÔ[eMZhJ?>Ab?W_RcE�Ú UhÚ �

@ :�ACB=>D:*/25$6E+ �F89/2:*; -G/2;=:�>��0? �)�-�

Î ]?U)ÒQJ?>ML�gYEGZI>�+ �IHKJML EGW�gY]?U_DYUNÒQZIDFU�@�ÒQJA>AL�gFEVZh>A@7TMgYD^@7>AWFbcJALOgYEGZI>8ÒQDFZIÔ2@7>�EV>?eAJcg
WsgFDYJALOgYJ?DFU_b#bcZIÔ8@IEV>NH/Rcà/]?U_DYUzÔ[ZITGU_LOJATVUXW:@IDYUzDFUNe?DFU_WYUN>KgYUXb£RhgYZ8@7>#ZIJcgFe?Jcg)bcZIÔ8@IEV>
L8R�WYJAL^]Ñ@IWzgF]?U8DYUX@7T®>fJ?Ô"Ï1UND-WYUOgXÚ å > U_ßKJA@ªgFEVZh>AW �8@7>Ab ��gY]?U[gFUNDFÔPOYW�gYDFJALOgYJ?DFURQ
WsgFDYUXWYWYU_W4gY]?U EVÔ[e1ZIDYgF@I>ALOUÛZ7Ò-gF]?UÛJMW�UÛZ7Ò-ÓITGZIÏM@7TzEV>cÒQZhDYÔ8@7gYEGZI>Á@IÏMZhJcg#Ô[ZITGU_LNJ?Ta@7D
W�]A@IeMUhRc@ªgYZhÔ&LOZh>?>?U_LOgYEGÖfEugFEVUXW:@I>Ab¬L^]?UNÔ[EaLN@7TMÒQJ?>ALOgYEGZI>A@ITVEVgYEGU_W/@hW:J?>AbcU_DFW�gYZfZcb4EG>�gF]?U
%�d Ù F �,%�dc=�F W�gYJAbcEGU_W_Ú

Î ]?U"ÒQJA>AL�gFEVZh>S+ � ��EaW�@�LNZIÔ[e?TGU�'\ZIÏ	�sU_L�gzà/]?EaL^]ÛLN@I>CÏ1U�b?U_WFLODFEVÏ1U_bÛ@IW�gY]?U[W�UNÝ
ßhJAUN>KgYEa@7T�WYZITGJcgFEVZh>CgFZ�gsà¹Z�Ô8@7EG>Ñe?DFZIÏ?TGUNÔ8W
�/# T�gF]?U !,3  ;!,3�793�0 ( � ( #&%�0  ;!5%VU9)*3GW�R�E�Ú UIÚGR
]?Zªà´gYZ�U_>ALOZcbcU�Ô[ZITGU_LOJATVUXW�gF]?DFZIJ?Óh]\gY]AU�U9'fgYD^@IL�gFEVZh>Û@I>AbCWYUNTGU_LOgYEGZI>CZIÒ:W�gYDFJAL�gFJ?D^@7T
ÒQU_@ªgFJ?DFU_W
�;#1# T�gY]?UNW<�5 = ;#106+  ;!5%VU9)*3GW�R?E�Ú UhÚVRfgF]?U�DYU_ÓIDFU_WFW�EGZI>[g^@IWYä8JAWYJA@7TGTVÐ8e1UNDYÒQZIDFÔ[U_b
ÏKÐ¬TGEV>?UX@7D)ZhD)>?Zh>cÝ�TGEG>?U_@ID/DYU_ÓIDFU_WFW�EGZI>#gYZfZITaW ��UIÚ ÓAÚGRAU_ßKJA@7gYEGZI>A@IT£Ô[Zfb?UNTGEV>?ÓMRM@I>Ab¬ÒQUNUXbfÝ
ÒQZIDFà:@IDFb�>?UNJ?D^@7T£>AUOgsà:ZIDFäfW���Ú

=�LNLNZID^bcEG>?Ó"gFZ[gY]?EaW/ÖfEGUNà�R(+ � �/LN@I>#Ï1U-bcU_LNZIÔ[e1ZhWYU_b¬@IW:ÒQZITGTGZªà)W
+ � �X6ZY �\[�� � � � �=�

à/]?UNDFU][�� ��EGW�gF]?U�390;.�%�2�#10�+:ÒQJ?>ALOgYEGZI>-ÒQDFZIÔ gF]?U/bcZIÔ8@IEV>�Z7Ò?gF]?U/L^]?UNÔ[EaLN@7TcW�gYDFJAL�gFJ?DFU_W
gYZ�gY]?U�bcU_WFLODFEGecgYZhD:WYeA@ILNUIRfà/]?EGTVU^Y8EGW¹gF]?U_W<�5 = ;#10�+zÒQJ?>ALOgYEGZI>4ÒQDFZIÔ2gF]?U�bcU_WFLODFEVe?gYZID^W
W�eA@hLOU�gFZÑgY]?U\ÏAEVZhTVZhÓIEaLN@7T)@hL�gFEVÖfEVgsÐ WYeA@ILNUIÚ Î ]?EaW4LNZIDFDYUXW�e1ZI>AbAW�gYZÑgY]AU�gYD^@IbcEVgYEGZI>M@7T
%�d Ù F �,%�dc=�F6@Ie?e?DFZh@IL^]AU_W_R9@IW4WYJ?Ô[Ô8@7DFEVã_U_b	EG> á�EGÓAÚ ��ÒQZID�gY]?U %�dc=�F�R¹à/]?UNDFU
L^]?UNÔ[EaLN@7T�ÒQUX@ªgYJADYUXWz@IDYU�DFUNe?DFU_WYUN>KgYUXb�ÏfÐC@¬W�J?EVgF@IÏ?TGU�WYUOg�Z7Ò:>fJ?Ô[UNDFEGL_@7T®bcU_WFLODFEVe?gYZID^W
�»ÒQJ?>ALOgYEGZI>`[���RAà/]?EGL^]�@IDYU�gY]?U_>�JAW�UXb4gFZ[e?DYUXbcEaL�glgY]?U�ÏAEVZhTVZhÓIEaLN@7T½@ILOgYEGÖfEugsÐ �QÒQJ?>ALOgYEGZI>
Y �OÚ Î ]?U�DYU_e?DYUXW�U_>KgF@ªgFEVZh>A@7TMe?DFZIÏ?TGUNÔ&EaW¹Ò�@ILNU_b#ÏKÐ8JMW�EG>?Ó8bcEV×1U_DYU_>hg)@Ie?e?DFZh@IL^]AU_W�WYJAL^]
@IWzgY]AU�bcUOÕM>?EugFEVZh> @7>AbÑWYUNTGU_L�gFEVZh>ÑZ7Òle?]fÐfWYEaLOZ7ÝrL^]?U_Ô�EaLN@IT®ZID�ÓIU_ZIÔ[UOgFDYEaLN@IT9@7>AbÛUNTGU_LOÝ
gYDFZI>?EaLze?DYZheMU_D�gFEVUXWNR?gY]?U-L_@7TaLOJ?Ta@ªgFEVZh>#ZIÒ�gFZIe1ZITGZIÓIEaLN@IT½EV>Ab?EGLNU_W_R?ZID)@I>¬U9'ce?TVEaLOEVg)ÖIUXL�gFZID
ÏA@IWYU_b�DFUNeADYUXW�U_>hg^@ªgFEVZh>¬ZIÒ9Ô[ZITGU_LOJATG@ID�LOZh>?>?UXL�gYEGÖfEugsÐE��WYUNU"gY]?U�U�'?@7Ô[e?TGU_W�EG>ÛdfU_LOgYEGZI>
�AÚ��-��Ú Î ]?UÛßKJ?UXWsgFEVZh>ÜÔ8@7DFä EG>ÜgY]AUCe?EaL�gFJ?DYU W�]AZªà/>ÜEV>Áá�EGÓAÚ �CW�gYDFU_WFW�UXW[gY]A@7g#gF]?U
>KJAÔ"Ï1UND8@7>Ab.gsÐfeMU�ZIÒ�bcU_WFLODFEGecgYZhDFW�JAWYU_b.gYZ DYU_e?DYUXW�U_>Kg�gF]?U�L^]?UNÔ[EaLN@7T/LNZIÔ[eMZhJ?>Ab
bcUNe1UN>Ab¬Zh>�gF]?U-W�e1U_LNEuÕ1L�%�dc=�F e?DFZIÏ?TGUNÔ @ªg/]A@7>Mb£Ú Î ]?U�U�'?@hL�g/>fJ?Ô"Ï1UND)@I>Ab#gsÐKe1U
Z7Ò�bcU_WFLODFEVe?gYZID^W:JAWYU_b�ÒQZID)@8WYeMUXLOEVÕML�WsgFJAbcÐ#@IDYU�bcUXLOEabcU_b#ÏfÐ#@I>#U9'fe1UNDYg)EG>�gF]?U�ÕAUNTab£Ú

å >�Ô[ZIDFUlbcUOg^@7EGT�RªgF]?U/UN>MLOZcbcEG>?Ó�eADYZcLOUXWYW®DFU_ßKJ?EGDFU_W�gY]?U)WYZITGJcgYEGZI>�Z7ÒMgsà¹Z�WYJ?Ïcg^@IWYäfW_Ú
Î ]?U/@7EGÔ Z7Ò1gY]?U:ÕAD^W�g®Zh>?UlEGW�gFZ�U�'ce?TGEGLNEugFTVÐ�DYU_e?DYUXW�U_>Kg�gF]?U/DYU_TVU_Öª@7>Kg®W�gYDFJALOgYJ?D^@7TcEG>cÒQZIDYÝ
Ô[@7gYEGZI>4L_@7DFDYEGU_b�ÏfÐ[Ô�ZhTVUXLOJ?TGU_W_RIà/]AEVTGU/gY]AU�WYU_LOZh>Ab[ZI>AU)EGW�gYZ�LOZcbcEVÒQÐ�gF]?EaW¹W�gYDFJAL�gFJ?D^@7T
EV>cÒQZhDYÔ8@7gYEGZI>�EV>KgFZ�@[>fJ?Ô[UNDFEGL_@7T�DFUNe?DFU_WYUN>Kg^@ªgYEGZI>�Ú?á?ZID�U�'?@7Ô[e?TGUIR?à/]AUN>\LOZh>AWYEGbcU_DYEG>?Ó
gYZIe1ZITGZIÓhEGL_@7T/EG>AbcEaLOUXWNR�ÕADFW�g4Z7Ò�@7TGT�@ÑÔ[ZhTVUXLOJ?TGU�EGW�DYU_e?DFU_WYUN>KgYUXb.ÏfÐâgF]?U\Ô[ZITGU_LNJ?Ta@7D



�_ë_� ¸)º ç#ºc��kuo_w7�h|^|^k»�c¸)ºfç�kn|��Kv^�nk»�c¸)ºc{7mcvFp�yh�Iqsk»�KoNwfy�¸�ºf{7q�oNpsk�q�o

?

Physico-chemical 
properties

Geometrical/electronic
properties

Topological indices

representation of connectivity
Explicit vectorial 

Numerical DescriptorsEncoding/Selection

8.090

Molecule Activity

τ

g

xm

1x
x2

3x

����� ¨��f¨�� �hqs�nknwKvÛx_�"qs�Kv\qrp�oXyIknqsknx_wfo_��±/{I¸¹²6oNmKmIpsxSo_|��Mº�{ªqrps�K|Fqs�Ip�o_�z�Gv�oNqs�Ipsv^��x_�"qs�Kv
t�x_�nv^|^�K�nv8oOpsv�psv^mIpsv^�rv^wªqsv�y�qs�hpsxX�h¾X�Ûyhk�¼?vFpsv^wªq�w7�ht�vFpskn|�o_�9yIv^�r|FpsknmhqsxNps�^º®¿®�hv�w7�Kt�vFpskn|�oN�yIv^�r|FpsknmhqsxNps�¹|^o_w�«cv/x_«hq�oNkuwhv�y�«ª�-�K�rknwh¾�yhk�¼?vFpsv^wªq¹o_mhmhpsxXo_|��Kv^�^ºK¿®�Kv^k�p¹w7�Ktz«cvYp�o_wKy�q��Imcv
yIv^mcv^wKy-x_w�qs�hv/±/{h¸�² q�o_�r¯"oOq��foNwfyAºI¿®�hvlv^wh|^x7yhknwK¾�mhpsxª|Fv^�r�9xXw-qs�Kv¹9�hxX�nv/yIvFÂfwhv^��qs�Kv
	 �a�hwK|Fqsknx_wMºM¸ psvF¾_psv^�r�rknxXw#�a�Kwh|FqsknxXwÛ³�
h·�kn�lqs�Kv^w#o_mhmK�nknv�y�qsx"qs�Kv�wI�ht�vFpskn|�o_��yIv^�r|FpsknmhqsxNps�qsxzxX«hq�oNknw�qs�KvlmIpsv�yhkn|Fqsv^y�«Kknx_�ux_¾Xkn|�oN��o_|Fqskn�7k�q��ªº

ÓID^@7e?][W�ähUNTGUOgFZI>�R7@I>Ab�gY]?U_>8EV>fÖª@7DFEG@I>Kg�e?DFZIe1UNDYgYEGU_W9Z7Ò1gY]?U/Ô[ZITGU_LNJ?Ta@7D�ÓID^@7eA]�WYäIU_TVUNgYZI>
@7DFU8JAW�UXbÛgYZCbcUNÕA>?U4@I>Ab LOZhÔ�eAJcgYU4@�>fJ?Ô[UNDFEaLN@7T9ÒQZIDFÔ"J?Ta@?Ú Î ]fJAW_R£gF]?U8ÒQJ?>ALOgYEGZI> [
LN@7>¬Ï1U�J?>AbcU_DFW�gYZfZcb�@IW¹gY]?U�ÒQZhTVTGZªà/EG>?Ó8LOZIÔ[e1ZhWYEugFEVZh>

[�� � 6�[� �\[�� � � ��� �&�6�

à/]?UNDFU`[� U9'KgFDF@hL�g^W�@ÑWYeMUXLOEVÕML�WsgFDYJML�gYJADF@ITl@hW�e1U_LOg[ÒQDYZhÔ�gY]?U�Ô[ZhTVUXLOJ?TGU �QE�Ú UhÚVR�gF]?U
W�ZhTVJcgFEVZh>\gFZ#gF]?U�ÕAD^Wsg�W�JAÏcgF@hW�ä	��R�@I>Ab [��ÀLNZIÔ[e?JcgFU_W�@#>KJAÔ�U_DYEaLN@IT®ÖS@ITVJAU"ÒQDFZIÔ gF]?U
WsgFDYJALOgYJ?DFU)DFUOgFJ?DY>AU_b8ÏfÐ7[� �QE�Ú UhÚVRhgY]AUzWYZITGJcgYEGZI>[gFZ-gF]?U�WYU_LNZI>Ab8WYJ?Ïcg^@IWYä �OÚ ��'?@7Ô[e?TGU_W
Z7Ò [ � @7DFU�gY]AU�LNZI>?>?UXL�gFEVÖfEVgsÐ¬EG>AbcEaLOUXW ��� �OR½ZID�gY]?U�]fÐfb?DYZhe?]?ZIÏAEGLIRAUNTGU_LOgYDFZI>?EaL7R1e1ZITa@7D
@7>Ab¬WsgFUNDFEGL�eADYZheMU_D�gFEVUXWNÚ

@ÛU�LOZhJ?TGb W�ZhD�g�gY]AU�gFDF@hbcEugFEVZh>A@7T/@Ie?e?DFZh@IL^]AU_W-Zh>âgF]?U#ÏM@IWYEGW�Z7Ò�gY]?U�UNÖhZITGJcgYEGZI>
gYZªàl@7D^bÑgY]?U¬JAWYU#ZIÒ�Ô[ZIDFU#b?EVDFU_LOg�DFUNe?DFU_WYUN>Kg^@ªgYEGZI>MW"ZIÒ)gY]?U¬Ô[ZITGU_LNJ?TG@ID8WsgFDYJALOgYJ?DFU_W_Ú
dfJ?Ô[Ô8@7DFEVã_EV>?ÓMRAà:U�L_@7>\Ô[UN>KgFEVZh>\Ô[Zfb?UNTaW�ÏA@hW�UXb�ZI>\eA]KÐcWYEGLNZ7ÝrL^]?UNÔ[EaLN@IT�e?DFZIe1UNDYgYEGU_W

� ���;�0���°RªgY]M@ªglÔ[@SÐ�Ï1U�ZhÏcgF@IEV>?UXb4@IW¹LOZhÔ"Ï?EG>A@ªgFEVZh>AW9ZIÒ£ÒQDF@IÓIÔ[UN>KglLOZI>KgFDYEGÏ?JcgFEVZh>AWNRhZI>
gYZIe1ZITGZIÓhEGL_@7TfEG>AbcEaLOU_W�
�0�?R �-���°RXZID�Ô8@ªgFDYEaLOEa@7T�
 �-/��?ÓID^@7e?]�DYU_e?DYUXW�U_>KgF@ªgFEVZh>AW_RS@I>Ab"ÕA>A@7TGTGÐ
@�gYU_Ô�eATG@7gYUOÝ°ÏA@hW�UXb�@Ie?e?DFZh@hL^]�
 � �9��Ú Î ]?EGW�TG@hWsg9Ô[ZcbcU_TMJAWYU_W�@�>?UNJADF@IT?>?UOgsà:ZIDFä"à/]AEGL^]
eA@7DYgYEa@7TGTVÐ�Ô[EVÔ[EaLNW�gY]?U:L^]?UNÔ[EaLN@7ThWsgFDYJALOgYJ?DFU_W�Z7ÒfgY]AU¹@7>M@7TGÐKã_U_b�LOZhÔ[eMZhJ?>Ab?W�ÏKÐzÔ[U_@I>AW
Z7Ò�@�LNZIÔ[Ô[ZI>¬Ô[ZITGU_LOJATG@ID¹gFUNÔ[e?Ta@ªgFUIRAW�gF@7gYEaLN@7TGTGÐ�bcUOÕM>?U_b#ÒQZID)@ITVT�gY]?U-LNZIÔ[eMZhJ?>Ab?W_Ú

Î ]?UCÔ8@ªgF]?UNÔ8@7gYEaLN@7T�@7>Mb LOZhÔ�eAJcgF@7gYEGZI>A@IT�gFZKZhTGW#JAWYU_bÜEG> %�d Ù F �,%�dc=�F$@IecÝ
e?DYZcL^]?UXW�@IDYU�ßKJ?EVgYUlbcEV×1U_DYU_>Kg�ÒQDFZIÔ U_@hL^]�Z7gY]AUND�@I>Ab�EG>ALOTGJAbcU:U_ßKJA@7gYEGZI>�ÏA@hW�UXb�Ô[ZcbcUNTaW

�hR ����@7>Ab#>?UNJADF@IT£>?UOgsà:ZIDFä8ÏA@IWYU_b¬Ô[ZcbcUNTaW 
 � ��� ���-��Ú
()Zªà:UNÖIU_D_RKEG>�gFDF@hbcEugFEVZh>A@7T�%�d Ù F � %�d?=�F�RfÏ1Z7gY]`[� @7>Ab [�Þ@7DFUzb?UOÕA>?UXb �  ;!$#��

%�!$#»R�E�Ú UhÚVR�gY]?U_ÐCbcZ�>?Z7g-bcU_eMU_>Ab ZI>ÛgY]?U[DFUNÓhDYUXWYWYEVZh>�gF@hW�ä½Ú Î ]?U_DYUNÒQZIDFU"gF]?UNÐÛ@7DFU�bcUNÝ
W�EGÓI>?UXb�gF]?DYZhJ?ÓI]Û@�ÖhUNDFÐ¬U9'ceMU_>AW�EGÖIU�gYDFEa@7T�@7>AbCUNDFDYZhD�@Ie?e?DFZh@IL^]CEV>ÛZID^bcUND�gYZ�@Ib?@Iecg



±/{h��²��_±/{h¸¹² «ª���:vF�hp�o_���:vYq�®xNps¯7�9�Gx_p:{7qrps�h|Fqs�hpsvF� �Xë7�
gY]?U_Ô<gYZ�gY]AUzDFUNÓhDYUXWYWYEGZI>4e?DFZIÏATVU_Ô<DYUXßhJAEVDFU_b�ÏKÐ4gY]?U�%�dc= FÀW�gYJAb?ÐIÚAdfZMRcUNÖIU_>�EVÒ�gF]?U
L^]?UNÔ[EaLN@7T�ÓID^@7e?]�EaW�LOTGU_@IDYTGÐ�DFU_LNZIÓh>?EVã_U_b¬@IW�@ �AU�'cEGÏ?TVU"ÖIUN]AEGLNTVU�ÒQZhD/gY]AU"DFEGL^]�U�'ce?DFU_W�Ý
W�EGZI> Z7ÒzL^]AUNÔ[EGL_@7TlWsgFDYJML�gYJADF@IT:EG>cÒQZhDYÔ8@ªgFEVZh>�R�gY]?U�e?DFZIÏATVU_Ô�Z7Ò�JAWYEG>?ÓÛEVg8EV>	@CÒQZIDFÔ
@7Ô[UN>A@IÏ?TGU�b?EVDFU_LOgYTGÐ8gYZ %�dc= F @7>A@ITVÐcWYEGW:EaW/WsgFEVTGT�ZIe1UN>�Ú

å >[gY]?EaW¹L^]M@7ecgFUND9à:U)e?DFZIe1ZhWYUlgYZ-DFU_@ITVEGãNUlgF]?U.[�� ÒQJ?>AL�gFEVZh>8gY]ADYZhJ?ÓI]4@I>4@Ib?@IecgYEGÖIU
Ô[@Ie?e?EG>?ÓAR9gY]fJAW8@7TGTGZªà/EV>?Ó gF]?U\@7JcgFZIÔ8@ªgFEGL¬ÓhUN>?U_DF@7gYEGZI>ÞZ7Ò�>fJ?Ô[U_DYEaLN@IT)bcU_WFLODFEVe?gYZID^W
à/]?EGL^]Û@7DFU�WYeMUXLOEVÕML�ÒQZhD�gF]?U�DFUNÓhDYUXWYWYEGZI>¬gF@hW�ä¬gYZ#ÏMU[WYZITGÖIU_b�Ú Î ]?EaW�L_@7>\Ï1U[bcZI>?U�ÏfÐ
JAW�EG>?Ó#DYUXLOJ?D^W�EGÖIU�>AUNJ?D^@7T�>?UOgsà:ZIDFäcW 
 ����R1à/]?EaL^]C@7DFU"@IÏ?TVU-gYZ4g^@7ähU"bcEGDYUXL�gYTGÐ�@IW�EV>?eAJcg
gY]?U�ÓhDF@Ie?]�ÓhUN>?U_DF@7gYU_b#ÏfÐ$[ � @7>Ab�gYZ8EGÔ[e?TGUNÔ[UN>Kg�@IbA@7ecgFEVÖhUNTGÐ8ÏMZIgY]`[ � @7>Ab Y½Ú

å >�ZID^bcUND/gFZ�U9'fU_Ô[e?TVEVÒQÐ#gY]?U�@7Ï1ZªÖIU-LOZh>ALOU_ecgFW_RAEG>Cá�EGÓAÚ �?RAà:U"WY]?Zªà gY]?U�ZIJcgFTVEG>?U
Z7Ò9gF]?U�eADYZheMZKW�UXb\@7e?eADYZK@IL^]�@IWFW�JAÔ�EG>?Ó�gY]A@7g�@#ÓIEGÖIU_>\Ô[ZITGU_LOJATVU�EGWzDFUNe?DFU_WYUN>KgYUXb�ÏfÐ
[ � @hW�@�Ta@7Ï1UNTGU_bÛgYDFUNUªPXÚ Î ]?EaWzgYDFUNUNÝ°W�gYDFJALOgYJ?DFU_bCDYU_e?DYUXW�U_>KgF@ªgFEVZh>\EaWzgY]?U_> eADYZcLOUXWYWYU_b
ÏKÐÑ@�DFU_LOJADFWYEVÖhU[>?UNJ?D^@7T¹>?UOgsà:ZIDFä½Ú Î ]?U4ZhJcgYe?J?g�Z7ÒlgF]?U4DFU_LOJADFWYEVÖhU[>?UNJ?D^@7T�>?UOgsà:ZIDFä
LOZI>MWsgFEugFJcgYUXW-gF]?U#DFUNÓhDYUXWYWYEGZI>ÑZIJcgFe?JcgXR�à/]AEVTGU4gF]?U#EG>KgYU_DY>A@IT�DFUNe?DFU_WYUN>Kg^@ªgYEGZI>MW�Z7Ò)gF]?U
DYUXLOJ?D^W�EGÖIU�>?UNJADF@IT1>AUOgsà:ZIDFä���E�Ú UIÚGRfgY]AUzZhJcgYeAJcg/Z7Ò�gF]?U�]?Eab?bcUN>¬J?>?EVgFW��lLOZh>AW�gYEVgYJcgFU�gF]?U
>?UNJ?D^@7T�EVÔ[e?TGUNÔ[UN>Kg^@ªgYEGZI>�ZIÒ®gY]?U�>KJAÔ�U_DYEaLN@IT�bcUXWYLNDYEGecgYZhDFW)DYUNgYJ?DF>?U_b¬ÏfÐ�[ � Ú å gzÔ"JAW�g
ÏMU�WsgFDYUXWYWYU_b�Rh@ªg:gY]AEGW¹eMZhEV>KgXRhgF]A@ªg:gY]AU�DFU_LNJ?DFWYEGÖIU/>?U_J?DF@ITM>AUOgsà:ZIDFä�bcZfUXW�>?ZIg¹>?U_U_b4gYZ
gF@7ähU:@hW®EV>Ae?Jcg9@�Õ	'cU_bfÝrW�EGãNU:>fJ?Ô[UNDFEGL_@7TfÖIUXL�gFZID�ÒQZID®U_@hL^]�EG>?e?J?g®ÓhDF@Ie?]�Rª@IW�EVg9]A@7eAeMU_>AW
à/EugF]¬W�gF@I>Ab?@7D^b4>AUNJ?D^@7T½>?UNgsà¹ZhDYäcW�gsÐKeAEGL_@7TGTVÐ4JMW�UXb4EG>*%�dc= FÀW�gYJMbcEVUXWNRcÏ1U_L_@7JAWYU�Eug/EaW
@7Ï?TGUlgYZ�gFDYUX@ªg9Öª@7DFEG@IÏ?TGUOÝrW�EGãNUlDFUNe?DFU_WYUN>KgF@7gYEGZI>AW®ZIÒMgF]?U)EG>?e?Jcg¹ÓID^@7e?]�Ú7B\ZIDFUNZªÖIU_D_RªWYEV>MLOU
gY]?U4U_>ALOZcbcEG>?Ó�ÒQJA>AL�gFEVZh> �\[� ��EaW-TGU_@7DF>?UXbÛÏfÐÛgY]?U�>?UNJ?D^@7T¹>?UOgsà:ZIDFä�gFZIÓIUNgY]?U_D-à/EVgY]
gY]?U�Ô[@Ie?e?EG>?Ó-ÒQJA>AL�gFEVZh> � Y	��RhgY]?U�DYUXW�JATugFEV>?Ó">KJAÔ�U_DYEaLN@ITMLNZfb?U�DFUNe?DFU_WYUN>KgFW�gY]?U O�Ï1U_W�g Q
>KJAÔ�U_DYEaLN@IT�LOZcbcEG>?Ó[Z7Ò�gY]?U�EG>?e?J?g)ÓID^@7e?]�ÒQZIDlgY]AU�ÓIEGÖIUN>�%�dc= FÁg^@IWYä½Ú

@ÛU-Ô8@SÐ4ZhÏAWYUNDFÖIUzgY]A@7g)gY]AU-Ô8@7EG>\bcEu×½UNDFUN>MLOU�Ï1UOgsà:UNUN>�gF]?U�gFDF@hbcEugFEVZh>A@7T %�dc=�F
WYL^]?U_Ô[U\W�]?Zªà/>ÞEG>	á�EGÓAÚ �\@I>Ab gY]?UCe?DYZheMZKW�UXb.>AUNà6WYL^]?U_Ô[U�DYU_eMZhD�gFU_b EV>Üá�EVÓMÚ �
EGW�bcJ?U#gYZCgY]?U�@7JcgFZIÔ8@ªgFEGL�bcUOÕA>AEugFEVZh>.Z7Ò/gF]?U�[ � ÒQJ?>ML�gYEGZI> ZIÏcg^@7EG>?U_bâÏKÐ gFDF@IEV>?EG>?Ó
gY]?U8DFU_LNJ?DFWYEGÖIU[>?UNJADF@IT�>?UOgsà:ZIDFä�ZªÖIU_D�gY]?U8DFUNÓhDYUXWYWYEVZh>�gF@hW�ä½Ú Î ]AEGW�EGÔ[e?TGEVUXW�gY]A@7g->?Z
�� "!$#&%�!$#�WYUNTGU_L�gFEVZh>¬@I>Ab �ªZID/U�'fgFDF@hL�gYEGZI>¬Z7Ò�ÒQU_@7gYJ?DFU_WlZhD/e?DFZIe1UNDYgYEGU_WlÏfÐ#@I>¬U9'ceMU_D�g)EaW
>?UNUXbcU_b¬EG>#gF]?U�>?U_àÀWFL^]?UNÔ[UzÒQZID [ � Ú

Î Z�ÒQJ?TGTVÐ�ÓhDF@hW�e�gF]?UlÔ8@ªgY]AUNÔ8@ªgFEGL_@7TfÔ[Zfb?UNTfJ?>AbcU_DYeAEV>?>AEV>?Ó�DFU_LNJ?DFWYEGÖIU9>?U_J?D^@7Tf>?UOgYÝ
à¹ZhDYäcW)à/EVgY]AEV>CgY]?U�LOZI>KgFU�'fg�ZhJcgYTGEV>AU_b\EG>Cá�EGÓAÚ �cR1Eug�EGWzLODFJALNEG@IT�gYZ¬J?>Ab?UND^Wsg^@7>Ab�]AZªà
gY]?U�U_>ALOZcbcEG>?Ó�ÒQJ?>ALOgYEGZI>�R?E�Ú UIÚGR([�)RcEaW)LNZIÔ[e?JcgFU_b#ÒQZID/UX@IL^]¬EV>?eAJcg)ÓID^@7e?]�Ú

á?ZID"gY]?U�WF@7äIU#Z7Ò)U9'fe1ZhWYEVgYEGZI>�R�EV>.gY]?U#ÒQZITGTGZªà/EV>?ÓCà¹U�@IWFW�JAÔ�U4gY]A@7g7[� DYUNgYJ?DF>AW
TG@IÏMU_TVUXb.gFDYU_U_W_R�à/]?UNDFU�U_@hL^] Ta@7Ï1UNT)@hWYWYZcLOEa@ªgYUXb.à/EVgY]	UX@IL^].>AZfb?U�Z7ÒzgY]?U�gFDYU_U¬EaW8@
W�ÐfÔ"Ï1ZIT1DFUNe?DFU_WYUN>KgYEG>?ÓMRªÒQZID:U�'?@7Ô[e?TGUIRhgY]AU�@ªgFZIÔ gsÐfeMUzZID:@-Ô[ZITGU_LNJ?Ta@7D�ÓhDYZhJ?e�ÚfdfEV>MLOU
[� à/EGTVT�Ï1U�DFU_@ITVEGãNUXb�ÏKÐ�@�DYUXLOJ?D^W�EGÖIU">?UNJ?D^@7T�>?UOgsà:ZIDFä½R?gF]?U_WYU�WYÐfÔ"Ï1ZITaW�>?U_U_b�gFZ�Ï1U
DYU_e?DYUXW�U_>KgYU_b#@IWl>fJ?Ô[UNDFEaLN@7T£ÖhU_LOgYZID^W_ÚfáAZID/U9'c@IÔ[e?TVUhRA@�Ï?EGeMZhTG@ID/TVZcLN@ITVEaW�glDFUNeADYUXW�U_>hg^@ªÝ
gYEGZI>ÑLN@7> Ï1U8JAW�UXb\gFZ\LOZcbcU ��@I>AbCgYZ�bcEaWsgFEV>?ÓhJ?EaW�] @7Ô[Zh>?Ó6�)gY]?U[gsÐfe1U_W�ZIÒ:L^]?U_Ô�EaLN@IT
ZIÏ �sUXL�gFW_Ú å >\@4Ï?EVe1ZITa@7D�TVZcL_@7TGEGW�g�DFUNe?DFU_WYUN>KgF@7gYEGZI>¬U_@hL^]\LOZIÔ[e1ZI>?U_>Kg�Z7Ò®gY]AU"ÖIUXL�gFZID)EaW
@IWFW�EGÓI>?UXb�gFZ�ZI>?U[UN>KgFEugsÐC@I>AbÛEug-EaW�U_ßKJA@IT®gYZ �[EuÒ/@7>MbCZh>?TVÐCEuÒ:gY]?U8DFUNeADYUXW�U_>hg^@ªgFEVZh>
DYUNÒQUND^W9gFZ"gF]A@ªglUN>KgYEVgsÐ��cZ7gF]?UNDFà/EGWYU�EVglEGWlWYUOg:gYZ�Ý5�,�KUhÚ ÓMÚVRf@IWFWYJ?Ô[EV>?Ó�gY]M@ªg:gY]?U �AJ?ZhDYEG>?U
@ªgYZhÔ ��á/��EaW9@IWFW�ZcLNEG@7gYU_b�à/EVgY]8gF]?U)EVÝ�gF]�LOZhÔ[eMZh>?UN>Kg�@7>Mb�gY]?UzL^]?TVZhDYEG>?U)@7gYZIÔ ��Ø¹T1��EaW
i ¿®�Kv4yIvFÂfwhk�qskux_wÑx_��oNw o_mhmhpsx_mhpskuoNqsv[�G�KwK|Yqskux_w 	�� �axNp�qs�hv8�rmcv^|^k�Âf|8�rvYq�xN�/t�xX�nv^|^�h�nv^��°qs�fyIknv�y�knw�qs�hku��mKo_mcvFp�kn��yhkn�r|^�h�r�rv�y�knw4{IvF|FqsknxXw8é7º



�_ëX� ¸)º ç#ºc��kuo_w7�h|^|^k»�c¸)ºfç�kn|��Kv^�nk»�c¸)ºc{7mcvFp�yh�Iqsk»�KoNwfy�¸�ºf{7q�oNpsk�q�o

Recursive Neural Network

R E

Outputs of Recursive

Hidden Units

Chemical Tree

O

BA

N

N

bdz

HHH

Molecule Numerical Code

Neural Network

Output of Recursive

Activity

HHH H HClPh HC

ττ g
8.090

����� ¨��A¨ ¿®�Kv�whvF ±/{h¸¹²&�r|��Kv^t�v#�K�rknwK¾Ûpsv^|^�hps�rkn�Sv¬wKv^�Ip�o_��wKvFq�®x_ps¯7�8kn�4�r�Kx�9w���qs�Kv
t�x_�nv^|^�K�nvX�½oN�VqsvFp�o[�°qrps�K|Fqs�Ip�o_��|^x7yhknwK¾8mh�foN�rv-yIpskn�Sv^w#«7�#o_y¬�Kxª|�ps�K�nv^�-³ 	�� ·Y�Mkn�zyIk�psv^|Fqs���mIpsxª|^v^�r�rv�y[«ª��qs�hvlpsv^|^�hps�rkn�Sv/whv^�hp�oN�MwhvFq��x_ps¯�qs�hpsx_�K¾_��qs�Kv)o_yKoNmhqskn�Svlv^wh|^x7yhknwh¾��a�Kwh|FqsknxXw
	�� ºc¿®�Kv)knw7qsvYpswfo_�Mpsv^mhpsv^�rvFw7q�oOqsknxXw�yhv^�Xv^�nxXmcv�y[«ª�"qs�Kv/psv^|^�Ips�rku�Xv�whv^�hp�oN�½wKvYq�®xNps¯�kn�9qs�Kv^w�h�rv�y�«ª�)qs�Kv�psv^¾_psv^�r�rknx_w�t�x7yhv^�7knt�mK�nv^t�v^wªqsv�y/«ª�)qs�Kv®x_�hqsmh�hq�mfoOprq�x_�fqs�hv®wKvF�hp�o_�IwKvYq�®xNps¯
³a�G�Kwh|FqsknxXw 
h·�qsxzmhpsx7yh�h|^vlqs�Kv¹ÂfwfoN�MmIpsv�yhkn|Fqsknx_w�³Qo_|Fqskn�7k�q��K·Yº

@IWFW�ZcLOEa@ªgFU_b¬à/EVgY]�gF]?U �rÝ�gY]CLNZIÔ[e1ZI>?U_>hgXR?gF]?U �AJ?ZhDYEG>?U"@7gYZhÔ EaW)DFUNe?DFU_WYUN>KgFU_b¬ÏfÐ#gF]?U
ÒQZITGTVZªà/EG>?Ó4ÖhU_L�gFZID 
�� � ��� � �R? ? ?���� � �

	 
�� �
�� P

� ��� � �R? ? ?���� � ��� ���°Rfà/]?EVTGU-gF]?U[L^]?TVZhDYEG>?U"@7gYZhÔ EaW
DYU_e?DYUXW�U_>KgYU_b�ÏfÐ�
�� � ��� � �I? ? ?���� � �

	 
�� �
��� P

� ��� � �I? ? ?���� � ��� �9��Ú
Î ]?U\LOZhÔ�eAJcgF@7gYEGZI>ÜZ7Ò [ � EaW�@Ñe?DFZIÓhDYUXWYWYEGÖIU¬e?DYZcLNU_WFW[à/]?EGL^]ÜW�gF@ID�g^W[ÒQDYZhÔ gF]?U

TVUX@SÖIU_W�Z7Ò¹gY]?U�EV>Ae?Jcg�gYDFUNU[@7>Ab�gYUNDFÔ[EV>M@ªgYUXW�@ªgzgY]?U�DYZfZIgzZIÒ9gY]?U�gYDFUNUhR½à/]?UNDFU�@�>fJcÝ
Ô�U_DYEaLN@IT£LOZcbcU�ÒQZID:gY]?Uzà/]?ZhTVU�gYDFUNUzEGWlÓhUN>?U_DF@7gYUXb£ÚfdceMUXLOEVÕMLN@ITVTGÐIRKgY]AEGW/LNZfb?EV>?Ó�e?DFZcLOU_WFW
Wsg^@7DYgFW/@ªg/gF]?U�TGU_@ªÒ®TGUNÖIU_T�ÏfÐ4e?DFZcbcJALOEG>?Ó8W�gYUNe�ÏfÐ�W�gYU_e�@8LOZcbcUzÒQZID)UX@IL^]¬ÖfEGWYEugFU_b¬TGU_@ªÒ
>?ZcbcU#@I>Ab ÏfÐ W�gYZhDYEG>?Ó�gF]?U_WYU#LNZcbcU_W�@IW�Wsg^@ªgYU�EV>cÒQZhDYÔ8@7gYEGZI>ÑÒQZID�U_@hL^]âLOZhDYDFU_WYeMZh>AbfÝ
EV>?Ó8TGU_@7ÒsÚMdfJAL_LOUXWYWYEVÖhUNTGÐIRfgF]?U�EV>KgFUNDF>A@7T�>AZfb?U_W/@7DFU�ÖfEGWYEugFU_b£RAÒQDYZhÔ<gY]AU�ÒQDYZh>KgYEGUNDlgYZ[gF]?U
gYZIe Z7Ò¹gY]?U�gFDYU_UIÚ�á?ZhD�U_@hL^]ÛLOJADYDFUN>KgYTGÐ�ÖfEGWYEVgYU_bÛ>?ZcbcU[EVgFW�>fJ?Ô[UNDFEGL_@7T�Ta@7Ï1UNT9@I>Ab\gF]?U
LOZcbcU_W8@ITVDFU_@hbcÐ.LNZIÔ[e?JcgFU_b ÒQZID8EVgFW4L^]AEVTabcDFUN> ��W�gYZIDFU_b EG> gF]?UCW�gF@7gYU��OR�@7DFU¬JAW�UXb gYZ
LOZIÔ[e?J?gYUzgY]?U-LNZcbcUzÒQZID:gY]?U-LNJ?DFDYU_>hgl>?ZcbcUhÚAdfEV>MLOUzgY]?EaW)LNZIÔ[e?Jcg^@ªgYEGZI>#EGWle1UNDYÒQZIDFÔ[U_b
EV>8gF]?U�WF@7Ô[U)àl@SÐ-ÒQZhD¹@7TGT?gF]?U�>AZfb?U_W9EG>8gF]?U/gYDFUNUhR7gF]?U�ÓhUN>?U_DF@7gYU_b[LNZfb?U_W�@IDYU�@7TGTMLOZh>cÝ
WsgFDF@IEV>?UXb-gFZ�ÏMU�Z7Ò1gY]?U)WF@7Ô[U/W�EGãNUhÚIá�EV>M@7TGTVÐhRªgY]?U�LOZcbcU/LOZhÔ�eAJcgYUXb�ÒQZID®gY]AU/DYZfZ7g9ZIÒMgF]?U
gYDFUNU�EGWlJMW�UXb¬@hW¹gY]?U�>fJ?Ô[UNDFEaLN@7T£LNZfb?U�ÒQZhDlgY]?U�à/]AZITGU�gFDYU_UIÚ Î ]?U�U_>ALOZcbcEG>?Ó�ÒQJ?>ALOgYEGZI>
[ � EGW�gF]?UNDFUOÒQZhDYU8WYUNU_>Ñ@hW�@�7 ( � ( 3 ( !,��0	7$# ( #&%�0¬ÒQJ?>ALOgYEGZI>�Ú B Z7gFU[gY]A@7g�ÒQZID�TGU_@7Ò:>?ZcbcUXW
gY]?U�e?DFZcLOUXWYW/W�gF@ID�g^Wlà/EugF]�@[>fJ?TGT�W�gF@7gYU�ÏMUXLN@IJAW�U�gF]?UNDFU�EaWl>?Z8e?DFUNÖfEVZhJAWlEG>cÒQZIDFÔ8@ªgYEGZI>
ÒQDYZhÔ bcU_WFLOU_>Ab?@I>hg^WNÚ

å >Cá�EVÓMÚ �4à:U-U9'fU_Ô[e?TVEVÒQÐ¬gY]?U�@7Ï1ZªÖIU-ÖfEaW�EVg�Zh>\@7>\EG>?e?J?g�gYDFUNU�à/]?UNDFU�gF]?U"Ta@7Ï1UNTaW
@7DFU�>?ZIg®U9'ce?TVEaLOEVgYTGÐ�DFUNe?DFU_WYUN>KgYUXb£ÚSá�EGD^Wsg�gY]?UlTGU_@SÖhU_W:��>?ZcbcU_WA�MR��cR)��@I>Ab �-��@IDYU¹ÖfEGWYEugFU_b
@7>Ab"gY]?U)LNZIDFDYUXW�e1ZI>MbcEV>AÓ�LOZcbcUXW�@7DFU¹ÓhUN>?U_DF@7gYUXb£Ú Î ]?UN>�>?ZcbcU ��EGW9ÖKEaWYEugFU_b�@7>Ab�@�LOZcbcU
ÒQZID�Eug�EaW�e?DFZfb?JALOUXb\g^@7äfEV>AÓ#EG>KgYZ�@ILNLNZIJ?>Kg�Eug^W�TG@IÏMU_T9@7>Ab\gY]?U4LNZcbcU_WzÓIU_>?UND^@ªgFU_b�ÒQZhD
Eug^W:L^]AEVTabcDFUN>�RKE�Ú UIÚGRf>?ZcbcU_W��cR �ARK@I>Ab��cÚfdfJMLNLOUXWYWYEGÖIUNTGÐIRf@"LNZcbcU�EaWlLOZIÔ[e?J?gYU_b4ÒQZID:>?ZcbcU
�8JAWYEV>AÓ4gY]AU�LNZfb?U_WzLOZIÔ[e?J?gYU_b\ÒQZID �»gY]AU[WYJ?ÏcgFDYU_U_W�DYZfZ7gFU_b�EG>\gF]?U���>?ZcbcUXW �#@7>Ab �MR
@7>Ab�gF]?U"Ta@7Ï1UNT�Z7Ò9>AZfb?U �cÚ½á�EV>M@7TGTVÐhRAgF]?U"DFZfZ7g�>?ZcbcU �"EaW�ÖfEaW�EVgYUXb\@7>Mb¬gY]?U[LOZcbcU�ÒQZhD
EugXR½LNZIDFDYUXW�e1ZI>MbcEV>AÓ8gYZ#gY]?U[LOZcbcU"ÒQZIDzgY]AU�à/]?ZhTVU"gYDFUNUhR1EaW�ÓIUN>AUND^@ªgYUXb£Ú Î ]?U�b?Eu×½UNDFUN>Kg



±/{h��²��_±/{h¸¹² «ª���:vF�hp�o_���:vYq�®xNps¯7�9�Gx_p:{7qrps�h|Fqs�hpsvF� �Xë_é
ÓIDFUNÐ�TVU_ÖIU_TGW�JAWYU_b�gFZ�ÕMTVT�EG>\gF]?U"gFDYU_U�>AZfb?U_W�LOZh>KÖhUNÐ�EG>cÒQZIDFÔ8@ªgYEGZI>Û@7Ï1ZIJcgzgY]?U�gYEGÔ[U
à/]?UN>[gF]?U�LOZcbcU�Z7Ò£U_@hL^]�>AZfb?U)EGW9JAW�UXb8@IW9W�gF@7gYU)EG>cÒQZhDYÔ8@ªgFEVZh>�ÒQZID9gF]?U�LNJ?DYDFUN>Kg9>?ZcbcUhÚ

4

5 76

1

2

3

����� ¨��A¨ ¿®�hv®|^x7yhknwh¾lmhpsxª|^vF�r� �So:|Fx7yhv®kn��mhpsx_¾_psv^�r�rkn�Sv^����¾Xv^whvFp�oNqsv^y��axNp�v^o_|��zwKx7yIv®«ª�)�K�rknwK¾qs�hv�|^x7yhv-oN��psv�oXy7��mhpsx7yI�K|^v^y��axNpzk�qs��yhv^�r|Fv^wfyho_wªqs�^º �¹x7yhv^��|^x_�uxNpsv�y¬9k�qs��yhk�¼?vFpsvFw7q�¾NpsvF��nv^�Xv^�n�-oNpsv[�h�rv�y\qsx¬yhv^whx_qsv"qs�Kv�qsknt�v"9�Kv^wCqs�Kv�|Fx7yhv[xN�lv�oN|Y�CwKx7yIv[kn���K�rv�yCo_���°q�oOqsv
knwI�ax_pst-oOqsknxXw��axNp�qs�hv�|^�Iprpsv^wªq�whx7yhv �MvXº ¾hºn�½qs�hv�|^x7yIv-�Gx_p�wKx7yIv"��kn��¾_v^wKvFp�oOqsv�y¬«ª���K�rknwK¾qs�hvl|^x7yIv^��¾Xv^whvFp�oNqsv^y"�axNp�wKx7yhvF�9ézo_wKy���³»kuw�oXyhyhk�qsknxXw�qsx�qs�Kvlw7�ht�vFpskn|�o_�c�uo_«cvF�1oOqrq�o_|��Kv�yqsxzwKx7yhv��_·Yº

B Z7gFU-gF]A@ªgzgY]?U�à:@SÐ#gY]AU�U_>ALOZcbcEG>?Ó4ÒQJA>AL�gFEVZh>Û@ILOgFW�ZI>C@#W�e1U_LNEuÕ1L�gYDFUNUhR£W�JAL^]Û@IW
gY]?U�gFDYU_U�EV>\á�EGÓAÚ	�?RAEGW)WYe1U_LOEVÕAUXb#EG>�gYU_DYÔ8WlZIÒ�]?ZªàÀgY]AU�UN>ALNZfb?EV>?Ó[ÒQJA>AL�gFEVZh>\@IL�g^WlZI>
gY]?UlW�JAÏcÝ�gFDYU_U_W�Z7ÒAUX@IL^]�>?ZcbcUIÚ å >-gF]?EaW�WYUN>MW�U¹gY]?U:UN>MLOZcbcEG>?Ó�EaW O�DFU_LOJADFWYEVÖhURQAÚ_B�ZhDYU_ZªÖIUND
gY]?U:UN>ALNZcbcEV>AÓ)EGW:7 ( � ( #&%�0;��! # @7>Ab .5�-��79��)nÚ7dKg^@ªgYEGZI>M@7DFÐ�Ô[U_@I>AW£gF]A@ªg�gY]AU¹LOZhÔ[e?JcgF@7gYEGZI>
gY]A@7g�e?DFZfb?JALOUXW�gY]AU�LOZcbcU)EaW�gF]?U�WF@7Ô[U/ÒQZhD�@7TGT?gF]?U�>AZfb?U_W_RIà/]?EGTVU�LN@7JMWY@IT?Ô[U_@7>MW�gY]M@ªg
gY]?U8LOZhÔ[e?JcgF@7gYEGZI>ÛZ7Ò�UX@IL^]ÛLNZcbcU�b?UNe1UN>Ab?W�Zh>?TGÐ�ZI>\gF]?U8LOJ?DFDFUN>Kg�>?ZcbcU8@I>Ab\>?ZcbcUXW
bcU_WFLOU_>AbcEG>?Ó�ÒQDYZhÔ&EugXÚ

Ø¹ZI>ALNUNDF>?EV>AÓ�gF]?U/DFUNÓIDFU_WFWYEVZh>-ÒQJ?>ALOgYEGZI>NY½RªEug�gF@7ähU_W�@hW�EV>Ae?Jcg9gF]?U)LOZcbcU/ÓhUN>?U_DF@7gYU_b
ÏKÐ7[ � ÒQZhD9gF]?U�DFZfZ7g�ZIÒ½UX@IL^]8EG>?e?Jcg¹gYDFUNU�@I>Ab[DFUOgYJADY>AW9gY]?UzbcU_WYEGDYUXb[ÖS@ITVJAU�@IWFW�ZcLNEG@7gYU_b
à/EugF]#gF]?U�gYDFUNUhÚ

��� � � )%� � ��'��������	� �����
�&��
�� ���
 �_� ����� � �&���
=:g�gF]?EaW�e1ZIEG>Kg8à¹U#ÒQZIDFÔ8@7TGTVÐÑe?DFZªÖfEGbcU�@Ûe?DYZheMU_D�EG>AW�gF@I>hgFEG@7gYEGZI> Z7Ò)gF]?U�EV>?eAJcg4@7>Ab
ZIJcgFe?Jcg�bcZhÔ[@IEV>MW:ÒQZIDlgY]AU�UN>ALNZfb?EV>?Ó8@I>Ab#gY]?U�ZhJcgYe?J?g/ÒQJ?>AL�gFEVZh>AW_Ú

� UOg¹gY]?UzWsgFDYJML�gYJADYUXb[EV>?eAJcglb?ZIÔ8@7EG>8ÒQZID][ � RfbcUN>AZ7gYUXb8ÏfÐ���RKÏ1Uz@-WYUOg:Z7Ò�Ta@7Ï1UNTGU_b
bcEVDFU_LOgYUXb�ZhDFbcU_DYUXb4@ILNÐcLOTGEGL�ÓID^@7e?]MW �"����=��W5�OR?@IW¹e?DFZfb?JALOUXb�ÏfÐ[gY]AU�@Ie?e?TGEGL_@ªgFEVZh>�Z7Ò
[ � gYZ�gF]?U�EG>?e?J?glb?@7gF@-WYUOg:Z7Ò�Ô[ZITGU_LNJ?TGU_W�H)ÚKáAZID¹@ ����=�Àà¹U�Ô[U_@7>4@��)=� à/]?UNDFU
ÒQZID9UX@IL^][ÖIU_D�gFU�'�@zgFZ7gF@ITAZhDFbcU_D�ZI>�gY]AU)U_bcÓhU_W�TGU_@SÖfEG>?ÓzÒQDYZhÔ�EVg�EaW�bcUNÕA>?U_b�ÚhB�ZhDYU_ZªÖIUND
TVUNg[JMW�@hWYWYJ?Ô[U#gY]A@7g��´]A@IW�ÒQZID[UX@IL^]â>?ZcbcU�@ÛÏMZhJ?>AbcUXb.ZhJcg�ÝrbcU_ÓIDFUNUIÚ � @IÏMU_TGW[@IDYU
gYJ?e?TGU_W�Z7Ò�Öª@7DFEG@IÏ?TVUXW4@7>MbÞ@IDYU\@7g�g^@IL^]?UXb.gFZ ÖIU_D�gFEGLNU_W_Ú � UNg�� ��� bcU_>?Z7gFU�gY]AU\TG@IÏMU_T
W�eA@hLOUhÚ

Î ]?U�bcUXWYLNDYEGecgFZID���ZIDzLOZcbcU���WYeA@ILNU-EGWzL^]?ZKW�U_>\@IW�� ��� à/]?EGTVU"gY]?U�ZIJ?gYe?Jcg�WYeA@ILNUIR
ÒQZID/ZIJAD/e?J?DFeMZKW�UhRcEGW)b?UOÕA>?UXb#@hW.L 6�� �[Ú

á�EG>A@ITVTGÐIRcà:U�bcUOÕA>AU�gY]?U�U_>ALOZcbcEG>?Ó[ÒQJ?>ALOgYEGZI>�@IW
[ � �
�SJ�� ��� � �-�



�_ëN� ¸)º ç#ºc��kuo_w7�h|^|^k»�c¸)ºfç�kn|��Kv^�nk»�c¸)ºc{7mcvFp�yh�Iqsk»�KoNwfy�¸�ºf{7q�oNpsk�q�o
@7>Ab�gY]?U�ZhJcgYeAJcg)ÒQJ?>ALOgYEGZI>�Y�@IW

Y � � ��� J�� �7? � �=�

Î ]?U4JAWYU�ZIÒ�@\Wsg^@ªgFEVZh>A@7DFÐ @I>Ab LN@IJAWF@7T�Ô[ZcbcU_T�ÒQZhD�[� @7TGTVZªà)W�JMW-gFZÛL^]?ZfZhWYU4@
J?>?EVÒQZIDFÔ6@I>Ab\ßKJ?EVgYU�W�EGÔ[e?TVU�>?UNJADF@IT�DFU_@ITVEGã_@7gYEGZI>¬ÒQZIDzU_@hL^]\WsgFUNe\ZIÒX[ � gY]ADYZhJ?ÓI]�gF]?U
bcUOÕA>AEugFEVZh>�Z7Ò�@"DYUXLOJ?D^WYEVÖhU/>?UNJ?D^@7T1>?UNgsà¹ZhDYä�Ô[Zfb?UNT�Ú å >�ZID^bcUND�gYZ"eADYZcLOUXWYW�U_@hL^]4>?ZcbcU
gY]?U�DFU_LOJADFWYEVÖhU4>?U_J?DF@ITl>?UOgsà:ZIDFäÑJAW�UXW�gY]?U�EG>cÒQZIDFÔ8@ªgYEGZI>Þ@SÖª@7EGTG@IÏ?TVU¬@ªg�gY]?U�LNJ?DYDFUN>Kg
>?ZcbcU � # T�gY]?U�>fJ?Ô[UNDFEaLN@7T½Ta@7Ï1UNT�@7g�gF@hL^]?U_b�gYZ�gF]?U�>?ZcbcUIR #1# TzgY]?U�>fJ?Ô[UNDFEaLN@7T£LNZfb?U�ÒQZhD
U_@IL^]�WYJ?Ï?ÓID^@7eA]�Z7Ò�gY]AU�>?ZcbcU<��W�gF@ªgFU�EV>?ÒQZIDFÔ[@7gYEGZI> �OÚ

=�W�@-DYUXW�J?TVg_RhEuÒ � EaW�gF]?U�Ô8@�'fEGÔ"JAÔ ZhJcg�ÝrbcUNÓhDYU_U/Z7Ò � �)=��W�EV> �¹RhgY]?U�DYUXLOJ?D^W�EGÖIU
>?UNJ?D^@7T£>AUOgsà:ZIDFä1RKÒQZhD/U_@IL^]�W�gYUNe�ZIÒ&[��RcÓIUOg^W/EG>?e?Jcg/ÒQDFZIÔ<gF]?U-WYeA@ILNU

� � ��� � � ���������	� � � �
	 
�� �ä8gFEVÔ[U_W

@7>Ab#e?DFZfb?JALOUXW/@8LOZcbcU�EV> � ����Ú
� UOg�JAW�LOZh>AWYEGbcU_D_R1ÒQZhDzU9'?@7Ô[e?TGUIR£@�DFU_LNJ?D^W�EGÖIU->AUNJ?D^@7T®>?UNgsà¹ZhDYä�à/EVgY]�
!]AEGb?b?UN>

>?UNJ?DFZI>MWNÚ zEVÖhUN>CgY]?U[LOJ?DFDFUN>Kg�ÖfEaW�EVgYUXb\>?ZcbcUhRMgF]?U�ZIJcgFe?Jcg��� � ��� Z7Ò9gF]?U�]AEGb?b?UN>
>?UNJ?DFZI>MW �QE�Ú UhÚVRcgF]?U-LOZcbcUzÒQZhDlgY]?U-LNJ?DYDFUN>Kg/>?ZcbcUC�:EGW/LNZIÔ[e?JcgFU_b�@IW:ÒQZhTVTGZªà)W �

� 6�� �����������
��� P��

�
� � � ��! �#"%$& � � ���

à/]?UNDFU
�  � � � EaW:gY]?U�Ta@7Ï1UNT���U�'fgYU_DY>A@IT½EV>?eAJcg��/@hWYWYZcLOEa@ªgFU_b8à/EVgY]¬gY]AU-LOJ?DFDYU_>Kg:>?ZcbcUhR�  � ���(' �ÞEaW8gY]AU\à¹U_EVÓh]Kg4Ô[@7gYDFE'Ü@IWFWYZfLNEG@7gYUXb.à/EVgY]ÜgF]?U\Ta@7Ï1UNTzW�eA@hLOUhR �

�
� 

� ���('�� EaW�gY]?UlDFU_LNJ?DFWYEGÖIU9à:UNEGÓI]Kg®Ô[@7gYDFE'-@hWYWYZcLOEa@ªgYUXb�à/EVgY]�gY]?U�)IÝ�gF]�WYJ?Ï?ÓhDF@Ie?]"LOZcbcUhR� � ��!  � � � EGW)gY]?U�LOZcbcU"LNZIÔ[e?JcgFU_b¬ÒQZID�gY]?U*)7Ý�gY]ÛW�J?ÏAÓID^@7e?]�Z7Ò®gF]?U"LOJADYDFUN>Kg�>?ZcbcUhR"  � ���6EaW�gY]?U¬Ï?Ea@IW�ÖIUXL�gYZhD_R®@7>Mb#� �,+A�

6.-A�/+  �"à/]?UNDFU0-A� � �"EaW�@ WYEVÓhÔ�ZhEGbA@7T>?ZI>?TGEG>?U_@IDlÒQJ?>AL�gFEVZh>�Ú

dfeMUXLOEVÕMLN@ITVTGÐIRfTGUOg/JAW/W�gYJAb?Ð8à/]A@ªg/]A@Ie?eMU_>AW¹ÒQZID/@[W�EG>?ÓhTVUzDYUXLOJ?D^WYEVÖhU)>?UNJADYZh>�à/EVgY]
 6 �IÚ Î ]AU�WYEVÔ[e?TGU_W�g�>?ZI>?Ý�TGEV>AU_@7Dz>?U_J?DF@IT®DYUX@7TGEVãX@ªgYEGZI>ÛZ7Ò9gF]?U[DYUXLOJ?D^WYEVÖhU"Ô[ZcbcUNT�EaW
ÓIEGÖIUN>¬ÏfÐ

1 62-A� ��
3� P54 76  � ��

��� P984 � 1 � ��! �;: ��� �"�=�

à/]?UNDFU9- EaW-@�WYEVÓhÔ�ZhEGbA@7T®ÒQJ?>ALOgYEGZI>�R 4  @7DFU�gY]?U8à:UNEGÓI]KgFW"@IWFW�ZcLOEa@ªgFU_b\gYZ�gY]AU4TG@IÏMU_TW�eA@hLOUhR 84 � @IDYU"gY]?U[à:UNEGÓI]KgFWz@IWFWYZfLNEG@7gYUXb�gYZ#gY]?U8WYJ?Ï?ÓhDF@Ie?]AWzW�eA@hLOUXWNR
:
EaW�gY]?U�Ï?Ea@IW_R�

EaW[gY]AUCLOJ?DFDFUN>Kg8EV>?eAJcg#Ta@7Ï1UNT�R 1 � P ! �R?I?R?�� 1 � � ! @7DFU¬gY]?UCUN>ALNZfb?U_bÞDYU_e?DFU_WYUN>KgF@7gYEGZI>AWZ7Ò)W�JAÏ?ÓID^@7e?]MW8R�@I>Ab 1 EaW�gF]?U�U_>ALOZcbcEG>?Ó\ZIÒ:gF]?U#LNJ?DFDYU_>hg"W�gYDFJALOgYJ?DFUIÚ�=<ÓID^@7e?]AEGL_@7T
DYU_e?DYUXW�U_>KgF@ªgFEVZh>�ZIÒ�gY]AU-W�EG>?ÓITGU�DFU_LOJADFWYEVÖhU�>?U_J?DFZI>¬EGW/ÓhEVÖhUN>¬EV>�á�EVÓMÚ	�AÚ

D�WYEV>?Ó�U_ßKJA@ªgFEVZh> � �-�lgY]AU-DYUXLOJ?D^WYEVÖhU�]?EGbAbcUN>\>AUNJ?DFZI>AW�LN@I>�DYUX@7TGEVã_U-U_@hL^]�W�gYU_e\Z7Ò
[ � Ú?á�EV>M@7TGTVÐhRKEG>4gF]?U�W�EGÔ[e?TGU_W�glL_@IWYUIRKgY]?UzZIJ?gYe?Jcg/Ô8@7eAe?EV>AÓ"ÒQJ?>ML�gYEGZI>�Y"� �¹EGW:DFU_@7TGEGãNU_b
ÏKÐ#@8W�EG>?ÓITGU�Wsg^@7>AbA@7D^b4>?U_J?DYZh>#à/EVgY]0
$EG>?e?J?gFW_Ú



±/{h��²��_±/{h¸¹² «ª���:vF�hp�o_���:vYq�®xNps¯7�9�Gx_p:{7qrps�h|Fqs�hpsvF� �Xë �

1 n

ŵ
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