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%DODEDHY� 1� Ü� &ROOLVLRQDO� G\QDPLFV� VLPXOD�WLRQ� RI� JUDIWHG� SRO\PHU� EUXVKHV� FRQVLVW�LQJ� RI� DQLVRWURSLF� PRQRPHUV� ,�1HHORY�1�%DODEDHY�� 0�5DWQHU�� )�6XQGKROP�.�%LQGHU� �� ��%DU�\DKWDU� 9�*� Ü� 0HFKDQLVPV� RI� UD\FKDRWL]DWLRQ� LQ� FRPSRVLWH� GHWHFWRUV9�*�%DU�\DKWDU�� 9�9�<DQRYVN\�� 6�9�1DL�GHQRY��$�9�.XULOR� �� ���%DUDQQLN� 6�9� Ü� &ULWLFDO� SDUDPHWHUFDOFXODWLRQ� RI� D� ELQDU\� PHOWFU\VWDOOL]DWLRQ� LQ� VWDWLRQDU\� UHJLPH9�1�.DQLVKFKHY��6�9�%DUDQQLN� �� ���%DUDQRYVNL\�$�(� Ü�(OHFWURQLF�VWUXFWXUH�DQGPDJQHWLF� SURSHUWLHV� RI� UDUH�HDUWK� 50�DQG� 50� FRPSRXQGV� $�(�%DUDQRYVNL\�*�(�*UHFKQHY�� $�6�3DQILORY�� ,�9�6YHFK�NDUHY� �� ���%DUWDQ�0� Ü� 3ODQH�HOOLSWLFDO�PLUURU� IXUQDFHIRU� FU\VWDO� JURZWK� 6�1RYDFRQL�$O�%ROWRVL�� 5�%DLHV�� 0�%DUWDQ�,�*UR]HVFX� �� ���%DVLODG]H� *�'� Ü� ,Q�OLQH� FRQWURO� RISRODUL]DWLRQ� VHQVLWLYLW\� IRU� ILEHU�RSWLFELFRQLFDO� IXVHG� VLQJOH�PRGH� FRXSOHUV*�'�%DVLODG]H�� $�,�'ROJRY�9�1�%HU]KDQVN\� �� ���%DXPHU� 9�1� Ü� $QLVRWURS\� RI� PHFKDQLFDOSURSHUWLHV� RI� R[LGH� VLQJOH� FU\VWDOV� IRULQRUJDQLF� VFLQWLOODWRUV� ,�3�%DEL\FKXN�9�1�%DXPHU�� 9�*�%RQGDU�� %�9�*ULQ\RY�9�,�.ULYRVKHLQ�� /�/�1DJRUQD\D�(�1�3LURJRY��9�'�5\]KLNRY� �� ���%HGULN� $�,� Ü� &DVFDGH� WKUHH�FRPSRQHQWFRPSRVLWLRQ� RQ� SRO\VW\UHQH� EDVLVDEVRUELQJ� LQ� YLVLEOH� UDQJH� DQG� HPLWWLQJLQ� QHDU� ,5� $�,�%HGULN�� $�2�'RURVKHQNR�<X�$�*XUNDOHQNR�� 9�0�6KHUVKXNRY�2�9�6XOLPD� �� ���%HOD\HYD� $�,� Ü� 3RO\PHU�FU\VWDOOLQHVWUXFWXUHV� RI� FXWRII� W\SH� ZLWKKRPRJHQHRXV� OD\HUV� RI� KLJK� UHIUDFWLRQLQGH[�$�,�%HOD\HYD��6�1�.RORPLHWV� �� ���%HORJXE�9�9� Ü�'HYHORSPHQW� RI� D� GHWHFWLRQEORFN� RI� D� FRPELQHG� PRGH� VFLQWLOODWRU�SKRWRGLRGH� V\VWHP� �FRXQWLQJ�FXUUHQW�� IRUD]LPXWKDO� GHWHFWLQJ� FRPSOH[HV9�9�1HNUDVRY�� 9�9�%HORJXE�(�0�6HOHJHQHY�� %�9�*U\Q\RY�<X�$�%RURGHQNR� �� ���%HORVKRY� 2�1� Ü� 6RPH� SHFXOLDULWLHV� RIPHFKDQLFDO� SURSHUWLHV� RI� DPRUSKRXVPHWDO�DOOR\V�9�6�$EUDPRY��2�1�%HORVKRY�2�9�3URNRILHYD� �� ���%HORWHORY� 9�,� Ü� 6FDQQLQJ� QHDU�ILHOG� RSWLFDOPLFURVFRS\� RI� PDJQHWLF� VWUXFWXUHV� LQPDJQHWLF� ILOPV� 9�,�%HORWHORY�$�6�/RJJLQRY�� $�9�1LNRODHY�$�3�3\DWDNRY��$�.�=YH]GLQ� �� ���%HORWHORY� 9�,� Ü� 0DJQHWRRSWLFDO� HIIHFWV� LQWZR� GLPHQVLRQDO� SKRWRQLF� FU\VWDOV9�,�%HORWHORY�� 3�3HUOR�� $�.�=YH]GLQ�1�9�*DSRQHQNR� �� ���%HORXV�$�*� Ü�(IIHFW�RI�WKH�FU\VWDO�VWUXFWXUHGHIHFWLYHQHVV� RQ� PDJQHWLF� VWDWH� RIVRGLXP�GRSHG� ODQWKDQXP� PDQJDQLWHV$�,�7RYVWRO\WNLQ��$�1�3RJRULO\��9�9�.RWRY�$�*�%HORXV��2�,�9�\XQRY� �� ���%HO\M� $�9� Ü� 3K\VLFR�FKHPLFDO� DQDO\VLV� RI)H�2� VROXWLRQ� LQ� WKH�PHOW� VROYHQW�3E2±%�2�±%D2±%D)��9�9�0RUHQNR��$�9�%HO\M� �� ���

%HU]KDQVN\� 9�1� Ü� ,Q�OLQH� FRQWURO� RISRODUL]DWLRQ� VHQVLWLYLW\� IRU� ILEHU�RSWLFELFRQLFDO� IXVHG� VLQJOH�PRGH� FRXSOHUV*�'�%DVLODG]H�� $�,�'ROJRY�9�1�%HU]KDQVN\� �� ���%H]URGQ\�9� Ü�0XOWLSOH� VFDWWHULQJ�HIIHFW�RQOXPLQHVFHQFH� SURSHUWLHV� RI� RUJDQLFOXPLQRSKRUV� (�7LNKRQRY�� 9�3�<DVKFKXN�2�3U\JRG\XN��9�%H]URGQ\��<X�)LODWRY� �� ���%H]XV� $�9� Ü� 'RPDLQ� VWUXFWXUH� RI� ELOD\HUPDJQHWLF� ILOPV� ZLWK� GLIIHUHQWFKDUDFWHULVWLFV� RI� OD\HUV� $�9�%H]XV�<X�$�0DPDOXL��<X�$�6LU\XN� �� ���%LOD� 5�9� Ü� 5HIUDFWLYH� LQGH[� RIIHUURPDJQHWLF� VHPLFRQGXFWRUV� LQ� D� ILHOGRI� FRKHUHQW� OLJKW� EHDPV� 2�<X�6HPFKXN�9�1�6HPLRVKNR�� 5�9�%LOD�� 0DJQXV:LOODQGHU��0DJQXV�.DUOVWHHQ� �� ���%LODQFKXN� 9�9� Ü� ,QIOXHQFH� RI� VWUXFWXUDOGLVRUGHULQJ� RQ� SKRQRQ� DQG� HOHFWURQVSHFWUD�RI�&X��δ36�%U VXSHULRQLF�FU\VWDOV,�3�6WXGHQ\DN�� 9�2�6WHIDQRYLFK�9�9�%LODQFKXN�� 9�9�3DQNR�<D�,�6WXGHQ\DN� �� ���%LQGHU�.� Ü�&ROOLVLRQDO�G\QDPLFV�VLPXODWLRQRI�JUDIWHG�SRO\PHU�EUXVKHV�FRQVLVWLQJ�RIDQLVRWURSLF� PRQRPHUV� ,�1HHORY�1�%DODEDHY�� 0�5DWQHU�� )�6XQGKROP�.�%LQGHU� �� ��%LURY� 0�0� Ü� 2Q� FRQWDPLQDWLRQ� RI� OLWKLXPWHWUDERUDWH�VLQJOH�FU\VWDOV�ZLWK�SODWLQXP�FRQWDLQHU� PDWHULDO�� 9�0�+RORYH\�2�2�3DUODJ�� 9�7�0DVO\XN�� 3�3�3XJD�0�0�%LURY��'�2�6DQWRQL\� �� ��%ODQN�$�%� Ü�3K\VLFR�FKHPLFDO�SURSHUWLHV�RISKRVSKDWH� VROXWLRQV� XVHG� LQ� .'3� VLQJOHFU\VWDO� JURZWK� 5�3�3DQWDOHU�2�0�6PLUQRYD��$�%�%ODQN� �� ���%ODQN�$�%� Ü�([SUHVV�GHWHUPLQDWLRQ�RI� LURQPLFURLPSXULWLHV� LQ� WHFKQRORJLFDOVROXWLRQV� IRU� JURZLQJ� .+�32� VLQJOHFU\VWDOV�E\�YLVXDO�WHVW�PHWKRG�7�,�,YNRYD�5�3�3DQWDOHU�� $�%�%ODQN�� (�$�5H�VKHWQ\DN��<X�(X�9DNKRYVND\D� �� ���%RJDFKYD� *�1� Ü� 6WUXFWXUH� GHIHFWV� DQGSURSHUWLHV� RI� ILDQLWHV� 9�3�3DVKFKHQNR�$�0�3UXGQLNRY��9�1�9DU\XNKLQ��1�*�.LVHO�*�1�%RJDFKYD��9�0�,VKFKXN� �� ���%RNRFK�6�0� Ü�.LQHWLFV�RI�VSLQRGDO�RUGHULQJLQ� 1L±0R VROLG� VROXWLRQV� 6�0�%RNRFK�0�3�.XOLVK� �� ���%ROWRVL�$O� Ü�3ODQH�HOOLSWLFDO�PLUURU�IXUQDFHIRU� FU\VWDO� JURZWK� 6�1RYDFRQL�$O�%ROWRVL�� 5�%DLHV�� 0�%DUWDQ�,�*UR]HVFX� �� ���%RQGDU� 9�*� Ü� $QLVRWURS\� RI� PHFKDQLFDOSURSHUWLHV� RI� R[LGH� VLQJOH� FU\VWDOV� IRULQRUJDQLF� VFLQWLOODWRUV� ,�3�%DEL\FKXN�9�1�%DXPHU�� 9�*�%RQGDU�� %�9�*ULQ\RY�9�,�.ULYRVKHLQ�� /�/�1DJRUQD\D�(�1�3LURJRY��9�'�5\]KLNRY� �� ���%RQGDUFKXN� <D�0� Ü� 'HYHORSPHQW� DQGLQYHVWLJDWLRQ� RI� ����� µP�ODVHUV� IRUHFRORJLFDO� PRQLWRULQJ� <D�0�%RQGDUFKXN�<D�2�'RYJ\� �� ���
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%RURGHQNR� <X�$� Ü� 'HYHORSPHQW� RI� DGHWHFWLRQ� EORFN� RI� D� FRPELQHG� PRGHVFLQWLOODWRU�SKRWRGLRGH� V\VWHP� �FRXQWLQJ�FXUUHQW�� IRU� D]LPXWKDO� GHWHFWLQJFRPSOH[HV� 9�9�1HNUDVRY�� 9�9�%HORJXE�(�0�6HOHJHQHY�� %�9�*U\Q\RY�<X�$�%RURGHQNR� �� ���%RU]\NK� $�6� Ü� 1RQFRQWDFW� PHWKRG� RIWKHUPDO� OLQHDU� H[SDQVLRQ� FRHIILFLHQWGHWHUPLQDWLRQ� IRU� YDULRXV� PDWHULDOV� LQWHPSHUDWXUH� UDQJH� ���� WR� �����&$�6�%RU]\NK��9�3�3RSRY��9�6�6DYFKHQNR�/�9�6NLELQD�� 0�0�&KHUQLN�.�$�<XVKFKHQNR� �� ���%RVLQ� 0�(� Ü� (OHFWULF� UHVLVWLYLW\� RIDOXPLQXP� GXH� WR� WKH� VWUXFWXUH� VWDWHHYROXWLRQ� XQGHU� DFWLYH� ORDGLQJ� QHDU� WKH\LHOG� OLPLW� 9�1�1LNLIRUHQNR�� 0�(�%RVLQ�=�$�.UDVQLNRYD��6�$�6RORGLORY� �� ��%RVLQ�0�(� Ü�'LVORFDWLRQ�GLVWULEXWLRQ�LQ�UXE\VLQJOH� FU\VWDOV� XQGHU� ORDGLQJ� DW� KLJKWHPSHUDWXUHV� 0�(�%RVLQ�,�)�=Y\DJLQWVHYD�� 9�1�=Y\DJLQWVHY�)�)�/DYUHQW\HY��9�1�1LNLIRUHQNR� �� ���%RXFKHDU�0� Ü�'LODWRPHWULF�VWXG\�RI�RUGHUHGVWUXFWXUHV� LQ� )H±$O DOOR\V0�%RXIHQJKRXU�� $�+D\RXQH�1�<D�5RNKPDQRY�� 0�%RXFKHDU�'�+DPDQD� �� ���%RXIHQJKRXU� 0� Ü� 'LODWRPHWULF� VWXG\� RIRUGHUHG� VWUXFWXUHV� LQ� )H±$O DOOR\V0�%RXIHQJKRXU��$�+D\RXQH��1�<D�5RNK�PDQRY��0�%RXFKHDU��'�+DPDQD� �� ���%RYJ\UD� 2�9� Ü� 7KHUPRVWLPXODWHGOXPLQHVFHQFH� VSHFWUD� RI� ,Q[7O�±[,QDQRVWUXFWXUHV� V\QWKHVL]HG� LQ� SRURXVVLOLFRQ� $�9�)UDQLY�� 2�9�%RYJ\UD�2�9�6DYFK\Q� �� ���%R\NR� 5�6� Ü� /XPLQHVFHQW� SUREHV� IRU� VRPHUDGLRDFWLYH�ZDVWH�FRQILQHPHQW�SKRVSKDWHV2�9�&KXNRYD�� 5�6�%R\NR�� *�,�*DLGLGHL�3�*�1DJRUQ\L�� 6�*�1HGLONR�� ,�0�1H�G\HONR�� 9�,�5DG]LYDQRY�� 9�3�6DNXQ�9�9�%R\NR� �� ���%R\NR�9�9� Ü� /XPLQHVFHQW� SUREHV� IRU� VRPHUDGLRDFWLYH�ZDVWH�FRQILQHPHQW�SKRVSKDWHV2�9�&KXNRYD�� 5�6�%R\NR�� *�,�*DLGLGHL�3�*�1DJRUQ\L�� 6�*�1HGLONR�� ,�0�1H�G\HONR�� 9�,�5DG]LYDQRY�� 9�3�6DNXQ�9�9�%R\NR� �� ���%XUEHOR�5�0� Ü�3KRWRWKHUPRDFRXVWLF� HIIHFW�DSSOLHG� DVSHFWV� RI� VWUHVVHG� VWDWH� DUHDGLDJQRVWLFV� LQ� VWUXFWXUDO� PDWHULDOV$�1�$OHNVHHY�� 5�0�%XUEHOR�� 1�.�=KD�ELWHQNR��$�*�.X]±PLFK� �� ���%XUOL\� 3�9� Ü� 3KDVH� WUDQVLWLRQ� DQGSHFXOLDULWLHV� RI� DFRXVWLF� ZDYH� VSUHDGLQJLQ� EHQ]RSKHQRQH� 3�9�%XUOL\�9�9�.R]DFKHQNR�� 9�,�0HO�QLN�.�,�1HOLSRYLWFK� �� ���&KHSHOHYD� /�9� Ü� 3KRWRLQGXFHG� FKROHVWHULFKHOL[� LQYHUVLRQ� LQ� VRPH� V\VWHPVFRQWDLQLQJ�FKLUDO�α�β�XQVDWXUDWHG�NHWRQHV$�,�.ULYRVKH\��1�,�6KNROQLNRYD��/�9�&KH�SHOHYD��/�$�.XWXO\D��1�6�3LYQHQNR� �� ��&KHUQLN� 0�0� Ü� 1RQFRQWDFW� PHWKRG� RIWKHUPDO� OLQHDU� H[SDQVLRQ� FRHIILFLHQWGHWHUPLQDWLRQ� IRU� YDULRXV� PDWHULDOV� LQWHPSHUDWXUH� UDQJH� ���� WR� �����&$�6�%RU]\NK��9�3�3RSRY��9�6�6DYFKHQNR�/�9�6NLELQD�� 0�0�&KHUQLN�.�$�<XVKFKHQNR� �� ���

&KHUQLNRY� 9�9� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9R�URQNLQ��2�9�=HOHQVND\D��9�9�&KHUQLNRY� �(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���&KHUQ\VKHY� $�$� Ü� 'HWHUPLQDWLRQ� RI� WKHGLVWRUWHG� VXUIDFH� OD\HU� WKLFNQHVV� LQPDFKLQHG� RSWLFDOO\� WUDQVSDUHQW� SRO\PHUDUWLFOHV� 1�3�.KODSRYD�� 0�9�/LWYLQHQNR�$�$�&KHUQ\VKHY� �� ���&KLVKNR� 9�9� Ü� ,QWHUQDO� IULFWLRQSHFXOLDULWLHV� LQ� PHWDOV� VXEMHFWHG� WR� DVLQJOH� ZHDN� PDJQHWLF� ILHOG� SXOVH2�,�'DWVNR�� 9�6�$EUDPRY�� 9�<X'PLWUHQNR��9�9�&KLVKNR� �� ���&KRUQ\L� =�3� Ü� 5HOD[DWLRQ� SURSHUWLHV� RIGHIHFW� FRPSOH[HV� LQ� 6U&O�±7O� FU\VWDOV6�,�.DFKDQ�� 9�0�6DODSDN�� =�3�&KRUQ\L�,�%�3LUNR��7�0�.XVKQLU� �� ���&KXJDL�2� Ü�6WXGLHV�RI�SKRWRDFWLYH�VWDWHV�RILVRYDOHQWO\�GRSHG�=Q6H����FU\VWDOV�E\�WKHPHWKRG� RI� VFDQQLQJ� SKRWRGLHOHFWULFVSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���&KXJDL� 2� Ü� 5DGLDWLRQ�LQGXFHG� FKDQJHV� LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���&KXJDL� 2� Ü� (OHFWURSK\VLFDO� SURSHUWLHV� RIPHWDO�VHPLFRQGXFWRU�PHWDO� VWUXFWXUHVEDVHG� RQ� LVRYDOHQWO\� GRSHG� ]LQF� VHOHQLGHFU\VWDOV� 2�&KXJDL�� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 6�2OH\QLN�� .�.DWUXQRY�,�=HQ\D� �� ���&KXJDL� 2�1� Ü� ,QWHJUDO� GLDJQRVWLFV� RILUUHYHUVLEOH� FKDQJHV� LQ� SRZHU� RSWLFDOHOHPHQWV� ,�$�.OLPHQNR�� 9�.�.RPDU±�9�3�0LJDO�� 6�9�6XOLPD�� $�6�3KRPLQ�2�1�&KXJDL� �� ���&KXNRYD� 2�9� Ü� /XPLQHVFHQW� SUREHV� IRUVRPH� UDGLRDFWLYH� ZDVWH� FRQILQHPHQWSKRVSKDWHV� 2�9�&KXNRYD�� 5�6�%R\NR�*�,�*DLGLGHL��3�*�1DJRUQ\L��6�*�1HGLONR�,�0�1HG\HONR�� 9�,�5DG]LYDQRY�� 9�3�6D�NXQ��9�9�%R\NR� �� ���&KXQJ� &KRQJ� (XQ� Ü� 5DGLDWLRQ� GHWHFWRUGHYHORSPHQW� LQ�.$(5,�<RQJ�.\XQ�.LP�6H� +ZDQ� 3DUN�� -DQJ� +R� +D�� :RR� *\R/HH��6HRN�%RRQJ�+RQJ��&KRQJ�(XQ�&KXQJ �� ���'DQ±NR� $�<D� Ü� )RUPDWLRQ� RI� WKH� VSLQHOVWUXFWXUH� �$O$O�2��� SKDVH� RQ� VDSSKLUHVXUIDFH� 1�6�6LGHOQLNRYD�� 0�$�5RP�$�<D�'DQ±NR�� 6�9�1L]KDQNRYVN\�� 8�9�6L�ULN� 6�,�.ULYRQRJRY� �� ��'DQ�NR� $�<D� Ü� 3HFXOLDULWLHV� RI� RSWLFDO� DQGVWUXFWXUH� FKDUDFWHULVWLFV� RI� VDSSKLUHVLQJOH� FU\VWDOV� JURZQ� LQ� $U �� &2DWPRVSKHUH� $�<D�'DQ�NR�9�)�7NDFKHQNR�� 1�6�6LGHOQLNRYD�9�0�3X]LNRY��6�9�1L]KDQNRYVNL\ �� ���

$XWKRU�,QGH[�9RO�����¢��Ü�

��� )XQFWLRQDO�PDWHULDOV�������������



'DQLOHQNR� ,�$� Ü� 3KDVH� WUDQVIRUPDWLRQV� LQWKH� V\QWKHVLV� RI� /D���6U���0Q2�QDQRSRZGHUV� ,�$�'DQLOHQNR�7�(�.RQVWDQWLQRYD�� *�(�6KDWDORYD�*�.�9RONRYD�� $�6�'RURVKNHYLFK�9�$�*OD]XQRYD� �� ���'DULQVN\� %�0� Ü� (OHFWURSODVWLF� HIIHFWDVVRFLDWHG�ZLWK�WKH�GLVORFDWLRQ�JHQHUDWLRQLQ� WKH� LQLWLDOO\� GLVORFDWLRQ�IUHH� VLOLFRQILODPHQWDU\� FU\VWDOV� $�3�(UPDNRY�%�0�'DULQVN\��$�,�'UR]K]KLQ� �� ���'DWVNR� 2�,� Ü� ,QWHUQDO� IULFWLRQ� SHFXOLDULWLHVLQ� PHWDOV� VXEMHFWHG� WR� D� VLQJOH� ZHDNPDJQHWLF� ILHOG� SXOVH� 2�,�'DWVNR�9�6�$EUDPRY�� 9�<X� 'PLWUHQNR�9�9�&KLVKNR� �� ���'HLQHND� 7�*� Ü� &DSDFLWRU� DQG� UHVRQDWRUFHUDPLFV� ZLWK� ORZ� VLQWHULQJ� WHPSHUDWXUH(�$�9RYN�� 7�*�'HLQHND�� 9�0�,VKFKXN�3�9�0DWHLFKHQNR� �� ���'HLQHND� 7�*� Ü� 6\QWKHVLV� RI� OHDG� ]LUFRQDWH�LQIOXHQFH� RI� ]LUFRQLXP� R[LGH� FU\VWDOPRGLILFDWLRQ� (�$�9RYN�� 7�*�'HLQHND�9�0�,VKFKXN�� 5�3K�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ���'HPLGRY� (�6� Ü� (IIHFW� RI� GLVORFDWLRQV� LQUHOD[HG�0%(�6L*H OD\HUV�RQ�WKH�HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER��/�'R]VD��(�0�3DVKDHY��<X�0�,YD�QRY��6�1�<DNXQLQ� �� ���'HUHY\DQNR�9�9� Ü�0DJQHWLF�FRQWULEXWLRQ�WRHOHFWULF� UHVLVWDQFH� RI� JDGROLQLXP� VLQJOHFU\VWDO� DW� ORZ� WHPSHUDWXUHV� 9�$�)LQNHO�9�9�'HUHY\DQNR� �� ��'HUHY\DQNR� 9�9� Ü� 0DJQHWRUHVLVWDQFH� RIJUDQXODU� KLJK�WHPSHUDWXUHVXSHUFRQGXFWRU�<%D�&X�2����GHOWD���%9LQ�ZHDN�PDJQHWLF�ILHOGV�9�9�'HUHY\DQNR�7�9�6XNKDUHYD��9�$�)LQNHO�� �� ���'H\QHND� 7�*� Ü� (IIHFW� RI� ]LUFRQLXP� R[LGHFU\VWDOOLQH� PRGLILFDWLRQV� RQ� OHDG]LUFRQDWH� V\QWKHVLV� 7�*�'H\QHND�(�$�9RYN��9�0�,VKFKXN��5�)�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ��'PLWUHQNR� 9�<X� Ü� ,QWHUQDO� IULFWLRQSHFXOLDULWLHV� LQ� PHWDOV� VXEMHFWHG� WR� DVLQJOH� ZHDN� PDJQHWLF� ILHOG� SXOVH2�,�'DWVNR�� 9�6�$EUDPRY�� 9�<X'PLWUHQNR��9�9�&KLVKNR� �� ���'REURWYRUVND� 0�9� Ü� ;36� VWXG\� RIDPPRQLD�H[SRVHG�&�� ILOPV�ERWK�RULJLQDODQG�SKRWRSRO\PHUL]HG�0�9�'REURWYRUVND�9�$�.DUDFKHYWVHY��2�0�9RYN��$�0�5DR� �� ���'ROJRY�$�,� Ü�,Q�OLQH�FRQWURO�RI�SRODUL]DWLRQVHQVLWLYLW\� IRU� ILEHU�RSWLF�ELFRQLFDO� IXVHGVLQJOH�PRGH� FRXSOHUV� *�'�%DVLODG]H�$�,�'ROJRY��9�1�%HU]KDQVN\� �� ���'RURVKHQNR�$�2� Ü�&DVFDGH�WKUHH�FRPSRQHQWFRPSRVLWLRQ� RQ� SRO\VW\UHQH� EDVLVDEVRUELQJ� LQ� YLVLEOH� UDQJH� DQG� HPLWWLQJLQ� QHDU� ,5� $�,�%HGULN�� $�2�'RURVKHQNR�<X�$�*XUNDOHQNR�� 9�0�6KHUVKXNRY�2�9�6XOLPD� �� ���'RURVKHQNR�$�2� Ü�(IIHFW�RI�RUJDQLF�G\H�RQWKH�JURZWK�DQG�RSWLFDO�SURSHUWLHV�RI�.'3,�0�3ULWXOD�� <X�1�9HOLNKRY�� $�1�/HY�FKHQNR�� 0�,�.RO\ED\HYD�� 9�0�3X]LNRY�9�%�7\XW\XQQLN��$�2�'RURVKHQNR� �� ���

'RURVKNHYLFK�$�6� Ü�3KDVH� WUDQVIRUPDWLRQVLQ� WKH� V\QWKHVLV� RI� /D���6U���0Q2�QDQRSRZGHUV� ,�$�'DQLOHQNR�7�(�.RQVWDQWLQRYD�� *�(�6KDWDORYD�*�.�9RONRYD�� $�6�'RURVKNHYLFK�9�$�*OD]XQRYD� �� ���'RURVKNHYLFK� $�6� Ü� 6\QWKHVLV� RI� /D%6L2�VWLOOZHOOLWH� QDQRSRZGHUV7�(�.RQVWDQWLQRYD�� *�.�9RONRYD�$�6�'RURVKNHYLFK�� 9�$�*OD]XQRYD�9�0�3RJLENR��/�*�*XVDNRYD� �� ���'RWVHQNR� 9�3� Ü� /XPLQHVFHQW� PDWHULDOV� RIUHG� DQG� JUHHQ� HPLVVLRQ� RQ� WKH� EDVLV� RIFDOFLXP� WXQJVWDWH� 6�%�0HVKNRYD�=�0�7RSLORYD�� 9�3�'RWVHQNR�� ,�3�.R�YDOHYVND\D��$�9�.LUL\DN� �� ���'RYJ\�<D�2� Ü�'HYHORSPHQW�DQG�LQYHVWLJDWLRQRI������µP�ODVHUV�IRU�HFRORJLFDO�PRQLWRULQJ<D�0�%RQGDUFKXN��<D�2�'RYJ\� �� ���'R]VD�/� Ü�(IIHFW� RI�GLVORFDWLRQV� LQ� UHOD[HG0%(� 6L*H OD\HUV� RQ� WKH� HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���'UR]G�=� Ü�,QIOXHQFH�RI�DOXPLQD�DQG�]LUFRQLDQDQRSDUWLFOHV� RQ� PHFKDQLFDO� SURSHUWLHVDQG�GDPSLQJ�RI�PDJQHVLXP�=�7URMDQRYD�=�'UR]G�� 3�/XNDF�� +�)HUNHO�:�5LHKHPDQQ� �� ���'UR]K]KLQ� $�,� Ü� 6WUXFWXUH� UHOD[DWLRQ� LQWKLQ� ILODPHQWDU\� JHUPDQLXP� FU\VWDOV$�3�(UPDNRY��$�,�'UR]K]KLQ� �� ���'UR]K]KLQ� $�,� Ü� (OHFWURSODVWLF� HIIHFWDVVRFLDWHG�ZLWK�WKH�GLVORFDWLRQ�JHQHUDWLRQLQ� WKH� LQLWLDOO\� GLVORFDWLRQ�IUHH� VLOLFRQILODPHQWDU\� FU\VWDOV� $�3�(UPDNRY�%�0�'DULQVN\��$�,�'UR]K]KLQ� �� ���'UX]KLQLQ� $�$� Ü� 3LH]RUHVLVWLYH� SURSHUWLHVRI� ERURQ�GRSHG� VLOLFRQ� ZKLVNHUV� DWFU\RJHQLF� WHPSHUDWXUHV� $�$�'UX]KLQLQ�,�,�0DU\DPRYD�� ,�9�3DYORYVN\\�7�3DOHZVNL� �� ���'XERYLN� 0�)� Ü� $FWLYDWRU� FHQWHUV� LQ/L�*G�%2����/Q �/Q  � &H�� (X�� VLQJOHFU\VWDOV� 0�)�'XERYLN�� 2�9�*D\GXN�%�9�*U\Q\RY�� 7�,�.RUVKLNRYD�$�9�7ROPDFKHY�� $�1�6KHNKRYWVRY�5�3�<DYHWVNL\� �� ���'XLVHQEDHY� 0� Ü� 3KRWRHOHFWULF� PHPRU\� LQ�+±6L& 0�'XLVHQEDHY� �� ���'\RPLQ� $�9� Ü� 3HFXOLDU� IHDWXUHV� DQGDSSOLFDELOLW\�RI�DV\PSWRWLF�H[SDQVLRQV�RIDGGLWLYH� LQWHUPROHFXODU� LQWHUDFWLRQV� LQDQLVRWURSLF� PHGLD�� ,,�� 7KH� UROH� RIDQLVRPHWU\� LQ� IRUPDWLRQ� RIVXSUDPROHFXODU� VWUXFWXUHV� LQ� PHVRJHQLFV\VWHPV� 3�3�6KWLIDQ\XN�� $�9�'\RPLQ�$�3�)HGRU\DNR�� /�1�/LVHWVNL�6�(�<DNRYHQNR� �� ���(NRPDVRY�(�*� Ü�'\QDPLF�WUDQVIRUPDWLRQ�RIGRPDLQ� ZDOO� VWUXFWXUH� LQ� RUWKR�IHUULWHV0�$�6KDPVXWGLQRY�� (�*�(NRPDVRY�'�0�6KDPVXWGLQRY� �� ���(NRPDVRY� (�*� Ü� 3URSHUWLHV� RI� WKH� �WKLQ�VWUXFWXUH� GRPDLQ� ZDOOV� LQ� UDUH�HDUWKRUWKR�IHUULWHV� (�*�(NRPDVRY�0�$�6KDEDOLQ��2�%�*DHYD� �� ���
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(UHPHQNR� $�0� Ü� 6XUIDFH� SURSHUWLHV� DQGSKRWRFDWDO\WLF� DFWLYLW\� RI� QDQRVWUXFWXUDOILOPV� 9�,�<DWVNLY�� ,�6�3HWULN�1�3�6PLUQRYD�� 9�0�*UDQFKDN�$�0�(UHPHQNR� �� ���(UHPLQ� (�9� Ü� 0DJQHWLF� DQG� UHVRQDQFHSURSHUWLHV� RI� PXOWLOD\HU� �*G�6L�&R�6L�QILOPV� *�6�3DWULQ�� 2�9�9DV�NRYVNLL�'�$�9HOLNDQRY�� $�9�6YDORY�� 1�9�9RONRY�(�9�(UHPLQ��0�$�3DQRYD� �� ���(UPDNRY�$�3� Ü�6WUXFWXUH�UHOD[DWLRQ�LQ�WKLQILODPHQWDU\� JHUPDQLXP� FU\VWDOV$�3�(UPDNRY��$�,�'UR]K]KLQ� �� ���(UPDNRY� $�3� Ü� (OHFWURSODVWLF� HIIHFWDVVRFLDWHG�ZLWK�WKH�GLVORFDWLRQ�JHQHUDWLRQLQ� WKH� LQLWLDOO\� GLVORFDWLRQ�IUHH� VLOLFRQILODPHQWDU\� FU\VWDOV� $�3�(UPDNRY�%�0�'DULQVN\��$�,�'UR]K]KLQ� �� ���)HGRU\DNR� $�3� Ü� 3HFXOLDU� IHDWXUHV� DQGDSSOLFDELOLW\�RI�DV\PSWRWLF�H[SDQVLRQV�RIDGGLWLYH� LQWHUPROHFXODU� LQWHUDFWLRQV� LQDQLVRWURSLF� PHGLD�� ,,�� 7KH� UROH� RIDQLVRPHWU\� LQ� IRUPDWLRQ� RIVXSUDPROHFXODU� VWUXFWXUHV� LQ� PHVRJHQLFV\VWHPV� 3�3�6KWLIDQ\XN�� $�9�'\RPLQ�$�3�)HGRU\DNR�� /�1�/LVHWVNL�6�(�<DNRYHQNR� �� ���)HG\XQ\D\HYD� ,�$� Ü� ([SHULPHQWDO� DQGWKHRUHWLFDO� LQYHVWLJDWLRQ� RI� WKH� UHDFWLRQRI� ����GLSKHQ\O�����R[D]ROH� DQG� ����GLSKHQ\O�������R[DGLD]ROH� GLPHWK\ODPLQRGHULYDWLYHV� ZLWK� WKH� 9LOVPHLHU� UHDJHQW2�1�6HPHQRYD�� 2�6�*DONLQD�/�'�3DWVHQNHU�� ,�*�<HUPROHQNR�,�$�)HG\XQ\D\HYD� �� ��)HUNHO� +� Ü� ,QIOXHQFH� RI� DOXPLQD� DQG]LUFRQLD� QDQRSDUWLFOHV� RQ� PHFKDQLFDOSURSHUWLHV� DQG� GDPSLQJ� RI� PDJQHVLXP=�7URMDQRYD�� =�'UR]G�� 3�/XNDF�+�)HUNHO��:�5LHKHPDQQ� �� ���)LODWRY� <X� Ü�0XOWLSOH� VFDWWHULQJ� HIIHFW� RQOXPLQHVFHQFH� SURSHUWLHV� RI� RUJDQLFOXPLQRSKRUV� (�7LNKRQRY�� 9�3�<DVKFKXN�2�3U\JRG\XN��9�%H]URGQ\��<X�)LODWRY� �� ���)LQNHO� 9�$� Ü� 0DJQHWLF� FRQWULEXWLRQ� WRHOHFWULF� UHVLVWDQFH� RI� JDGROLQLXP� VLQJOHFU\VWDO� DW� ORZ� WHPSHUDWXUHV� 9�$�)LQNHO�9�9�'HUHY\DQNR� �� ��)LQNHO�� 9�$� Ü� 0DJQHWRUHVLVWDQFH� RIJUDQXODU� KLJK�WHPSHUDWXUHVXSHUFRQGXFWRU� <%D� �� &X� �� 2� �� �� GHOWD��%9� LQ� ZHDN� PDJQHWLF� ILHOGV9�9�'HUHY\DQNR�� 7�9�6XNKDUHYD�9�$�)LQNHO�� �� ���)UDQLY� $�9� Ü� 7KHUPRVWLPXODWHGOXPLQHVFHQFH� VSHFWUD� RI� ,Q[7O�±[,QDQRVWUXFWXUHV� V\QWKHVL]HG� LQ� SRURXVVLOLFRQ� $�9�)UDQLY�� 2�9�%RYJ\UD�2�9�6DYFK\Q� �� ���*DHYD� 2�%� Ü� 3URSHUWLHV� RI� WKH� �WKLQ�VWUXFWXUH� GRPDLQ� ZDOOV� LQ� UDUH�HDUWKRUWKR�IHUULWHV� (�*�(NRPDVRY�0�$�6KDEDOLQ��2�%�*DHYD� �� ���*DLGLGHL�*�,� Ü�&KHPLFDO� ERQGV�GHYLDWLRQ� LQ1+��� 3+��� $V+��� DQG� 6E+� PROHFXOHV%�$�2NKULPHQNR�� *�,�*DLGLGHL�� '�0�6D�PRLOHQNR� �� ���

*DLGLGHL�*�,� Ü�/XPLQHVFHQW�SUREHV�IRU�VRPHUDGLRDFWLYH�ZDVWH�FRQILQHPHQW�SKRVSKDWHV2�9�&KXNRYD�� 5�6�%R\NR�� *�,�*DLGLGHL�3�*�1DJRUQ\L�� 6�*�1HGLONR�� ,�0�1H�G\HONR�� 9�,�5DG]LYDQRY�� 9�3�6DNXQ�9�9�%R\NR� �� ���*DOLFK� <X� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�� .�.DWUX�QRY�� %�*ULQ\RY�� 9�1HNUDVRY�� 9�6LOLQ�9�6SDVRY�� <X�*DOLFK�� 2�9HUELWVNL\�,�=HQ\D� �� ���*DONLQ� 6�1� Ü� 3UHSDUDWLRQ� RI� KLJK�SXULW\FKDUJH�IRU�JURZWK�RI�&G�±[=Q[7H FU\VWDOV(�)�9RURQNLQ�� /�9�$WURVKFKHQNR�6�1�*DONLQ�� $�,�/DOD\DQWV�� ,�$�5\EDOND�9�'�5\]KLNRY� �� ���*DONLQ� 6�1� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9RURQ�NLQ�� 2�9�=HOHQVND\D�� 9�9�&KHUQLNRY�(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���*DONLQD�2�6� Ü�([SHULPHQWDO�DQG�WKHRUHWLFDOLQYHVWLJDWLRQ� RI� WKH� UHDFWLRQ� RI� ����GLSKHQ\O�����R[D]ROH� DQG� ����GLSKHQ\O�������R[DGLD]ROH� GLPHWK\ODPLQRGHULYDWLYHV� ZLWK� WKH� 9LOVPHLHU� UHDJHQW2�1�6HPHQRYD�� 2�6�*DONLQD�/�'�3DWVHQNHU�� ,�*�<HUPROHQNR�,�$�)HG\XQ\D\HYD� �� ��*DSRQHQNR�1�9� Ü�0DJQHWRRSWLFDO�HIIHFWV�LQWZR� GLPHQVLRQDO� SKRWRQLF� FU\VWDOV9�,�%HORWHORY�� 3�3HUOR�� $�.�=YH]GLQ�1�9�*DSRQHQNR� �� ���*DUDPXV� 9�0� Ü� 6PDOO�DQJOH� QHXWURQVFDWWHULQJ� LQ� ,QYDU� )H±1L±& DOOR\V� LQPDJQHWLF� ILHOG� 9�0�1DGXWRY�9�0�*DUDPXV�� 5�:LOOXPHLW�'�9�6HPHQRY� �� ���*D\GXN� 2�9� Ü� $FWLYDWRU� FHQWHUV� LQ/L�*G�%2����/Q �/Q  � &H�� (X�� VLQJOHFU\VWDOV� 0�)�'XERYLN�� 2�9�*D\GXN�%�9�*U\Q\RY�� 7�,�.RUVKLNRYD�$�9�7ROPDFKHY�� $�1�6KHNKRYWVRY�5�3�<DYHWVNL\� �� ���*HNWLQ� $� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���*HNWLQ� $�9� Ü� 6LQJOH� GHWHFWRU�GXDOVFLQWLOODWRU� DQWL�&RPSWRQ� SUREHV$�%�5RVHQIHOG��0�)�/�/HUFK��*�-�7DNDFV�$�9�*HNWLQ��9�/�3HUHYHUWDLOR� �� ���*HNWLQ� $�9� Ü� 'HHS� WUDSV� LQ� .0J)� DQG/L%D)� FU\VWDOV� $�9�*HNWLQ�� 1�9�6KLUDQ�6�9�1HLFKHYD��,�0�.UDVRYLWVND\D� �� ���*HO� 3�9� Ü� ;�UD\� VSHFWURVFRSLF� VWXG\� RIVWUXFWXUDO� LVRW\SLVP� LQ� 0H�6L VLOLFLGHV3�9�*HO�� $�9�<XVKFKHQNR�$�)�1HG\EDO\XN��9�0�6DNKQR� �� ���*HUDVLPRY� 9�*� Ü� 6SHFLILF� IHDWXUHV� RIVRGLXP� LRGLGH� �1D-⋅�+�2��GHK\GUDWLRQ� LQYDFXXP� %�9�*ULQ\RY�� 9�*�*HUDVLPRY�$�-�9RORVKNR�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���
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*OD]XQRYD�9�$� Ü�3KDVH� WUDQVIRUPDWLRQV� LQWKH� V\QWKHVLV� RI� /D���6U���0Q2�QDQRSRZGHUV� ,�$�'DQLOHQNR�7�(�.RQVWDQWLQRYD�� *�(�6KDWDORYD�*�.�9RONRYD�� $�6�'RURVKNHYLFK�9�$�*OD]XQRYD� �� ���*OD]XQRYD� 9�$� Ü� 6\QWKHVLV� RI� /D%6L2�VWLOOZHOOLWH� QDQRSRZGHUV7�(�.RQVWDQWLQRYD�� *�.�9RONRYD�$�6�'RURVKNHYLFK�� 9�$�*OD]XQRYD�9�0�3RJLENR��/�*�*XVDNRYD� �� ���*RLNR� ,�<X� Ü� ,QWHQVLILFDWLRQ� RI� FRSSHU� DQGFKURPLXP��9,��UHPRYDO�IURP�VROXWLRQV�LQPDJQHWLF� ILHOG� 6�9�*RUREHWV�2�<X�*RUREHWV�� ,�<X�*RLNR�7�3�.DVDWNLQD� �� ���*RORGHQNR�0� Ü�,QYHVWLJDWLRQ�RI�GLVORFDWLRQVLQ�*H VLQJOH�FU\VWDOV�E\�VFDQQLQJ�HOHFWURQEHDP� 9�1DGWRFK\�� 0�*RORGHQNR�'�0RVNDO� �� ��*RORYLQD�,�6� Ü�(IIHFW�RI�DQQHDOLQJ�PRGH�RQ=Q6±&X�&O SURSHUWLHV� <X�<X�%DFKHULNRY�,�6�*RORYLQD�� 1�9�.LWV\XN�0�$�0XNKO\R�� 9�(�5RGLRQRY�2�$�6WDGQ\N� �� ���*ROXE� 7�9� Ü� ,QWHUQDO� IULFWLRQ� DQG�<RXQJ�VPRGXOXV� LQ� ,QYDU� )H±1L±& DOOR\V9�0�1DGXWRY��7�9�*ROXE��2�9�+\PHQ\XN �� ���*RPHQ\XN� 2�9� Ü� /XPLQHVFHQFH� SURSHUWLHVRI� 1D$O3�2� FU\VWDOV� GRSHG� ZLWKFKURPLXP� LRQV� 2�9�*RPHQ\XN�6�*�1HGLONR��1�9�6WXV��0�6�6ORERG\DQ\N�9�3�6FKHUEDWVN\� �� ���*RQFKDUXN� 9�(� Ü� 6SHFWUDO� DQG� NLQHWLFFKDUDFWHULVWLFV� RI� OXPLQHVFHQW� FRQYHUWHUVRQ� WKH� EDVHV� RI� FDGPLXP� LRGLGH6�6�1RYRVDG�� ,�6�1RYRVDG�9�(�*RQFKDUXN��/�9�.RVW\N� �� ���*RULOHWVN\�9�,� Ü�(IIHFW�RI�PLFURZDYH�HQHUJ\RQ� GHK\GUDWLRQ� SURFHVV� RI� VRGLXP� LRGLGHXVHG� LQ� VLQJOH� FU\VWDO� JURZLQJ$�<X�9RORVKNR�� %�9�*ULQ\RY�9�,�*RULOHWVN\�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���*RULOHWVN\�9�,� Ü�&KDQJHV� LQ� FU\VWDOOL]DWLRQFRQGLWLRQV� ZKHQ� JURZLQJ� ODUJH� VLQJOHFU\VWDOV� DW� PHOW� IHHGLQJ� 9�,�*RULOHWVN\�%�9�*ULQ\RY�� 9�,�6XPLQ�0�0�7\PRVKHQNR� �� ���*RUREHWV� 2�<X� Ü� ,QWHQVLILFDWLRQ� RI� FRSSHUDQG� FKURPLXP� �9,�� UHPRYDO� IURPVROXWLRQV�LQ�PDJQHWLF�ILHOG�6�9�*RUREHWV�2�<X�*RUREHWV�� ,�<X�*RLNR�7�3�.DVDWNLQD� �� ���*RUREHWV� 6�9� Ü� 6WXG\� RI� UHOD[DWLRQ� RI� DFOXVWHU�RI�PDJQHWLF�SDUWLFOHV�LQ�PDJQHWLFILHOG� <X�,�*RUREHWV�� 6�9�*RUREHWV�,�$�0HOQLFKXN��<X�$�/HJHQNLL� �� ���*RUREHWV� 6�9� Ü� ,QWHQVLILFDWLRQ� RI� FRSSHUDQG� FKURPLXP� �9,�� UHPRYDO� IURPVROXWLRQV�LQ�PDJQHWLF�ILHOG�6�9�*RUREHWV�2�<X�*RUREHWV�� ,�<X�*RLNR�7�3�.DVDWNLQD� �� ���*RUREHWV�<X�,� Ü�5HIUDFWLRQ�DQG�UHIOHFWLRQ�RIEXON� VSLQ� ZDYHV� RQ� D� ERXQGDU\� RI� WZRKRPRJHQHRXV� GLHOHFWULF� IHUURPDJQHWVKDYLQJ� ELD[LDO� DQLVRWURS\� <X�,�*RUREHWV�6�$�5HVKHWQ\DN� �� ���

*RUREHWV� <X�,� Ü� 6WXG\� RI� UHOD[DWLRQ� RI� DFOXVWHU�RI�PDJQHWLF�SDUWLFOHV�LQ�PDJQHWLFILHOG� <X�,�*RUREHWV�� 6�9�*RUREHWV�,�$�0HOQLFKXN��<X�$�/HJHQNLL� �� ���*UDQFKDN� 9�0� Ü� 6XUIDFH� SURSHUWLHV� DQGSKRWRFDWDO\WLF� DFWLYLW\� RI� QDQRVWUXFWXUDOILOPV� 9�,�<DWVNLY�� ,�6�3HWULN�1�3�6PLUQRYD�� 9�0�*UDQFKDN�$�0�(UHPHQNR� �� ���*UHEHQ\XN� $�*� Ü� 7KHRUHWLFDO� PRGHOV� IRUVWUXFWXUDO�SKDVH�WUDQVLWLRQV� LQ�PROHFXODUFOXVWHUV� DQG� FU\VWDOV� RI� LQRUJDQLFFRPSRXQGV�$�*�*UHEHQ\XN� �� ���*UHFKQHY� *�(� Ü� (OHFWURQLF� VWUXFWXUH� DQGPDJQHWLF� SURSHUWLHV� RI� UDUH�HDUWK� 50�DQG� 50� FRPSRXQGV� $�(�%DUDQRYVNL\�*�(�*UHFKQHY�� $�6�3DQILORY�,�9�6YHFKNDUHY� �� ���*ULQ\RY� %� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���*ULQ\RY� %� Ü� 2Q� OXPLQHVFHQFH� NLQHWLFV� RIVFLQWLOODWRUV� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��*ULQ\RY� %�9� Ü�(IIHFW� RI�PLFURZDYH� HQHUJ\RQ� GHK\GUDWLRQ� SURFHVV� RI� VRGLXP� LRGLGHXVHG� LQ� VLQJOH� FU\VWDO� JURZLQJ$�<X�9RORVKNR�� %�9�*ULQ\RY�9�,�*RULOHWVN\�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���*ULQ\RY� %�9� Ü� $QLVRWURS\� RI� PHFKDQLFDOSURSHUWLHV� RI� R[LGH� VLQJOH� FU\VWDOV� IRULQRUJDQLF� VFLQWLOODWRUV� ,�3�%DEL\FKXN�9�1�%DXPHU�� 9�*�%RQGDU�� %�9�*ULQ\RY�9�,�.ULYRVKHLQ�� /�/�1DJRUQD\D�(�1�3LURJRY��9�'�5\]KLNRY� �� ���*ULQ\RY� %�9� Ü� &KDQJHV� LQ� FU\VWDOOL]DWLRQFRQGLWLRQV� ZKHQ� JURZLQJ� ODUJH� VLQJOHFU\VWDOV� DW� PHOW� IHHGLQJ� 9�,�*RULOHWVN\�%�9�*ULQ\RY�� 9�,�6XPLQ�� 0�0�7\PR�VKHQNR� �� ���*ULQ\RY� %�9� Ü� 6SHFLILF� IHDWXUHV� RI� VRGLXPLRGLGH��1D-⋅�+�2��GHK\GUDWLRQ�LQ�YDFXXP%�9�*ULQ\RY�� 9�*�*HUDVLPRY�� $�-�9R�ORVKNR�� 1�1�6PLUQRY�� '�6�6RIURQRY�2�9�6KLVKNLQ��(�0�.LVLO� �� ���*ULWV\QD�9�7� Ü�3URFHVVLQJ�RI�SKRWRHOHFWURQVSHFWUD� IRU� DGYDQFHG� FKHPLFDO� DQDO\VLV<X�*�.D]DULQRY�� 9�7�*ULWV\QD�<X�9�6LGRUHQNR� �� ���*UR]HVFX�,� Ü�3ODQH�HOOLSWLFDO�PLUURU�IXUQDFHIRU� FU\VWDO� JURZWK� 6�1RYDFRQL�$O�%ROWRVL�� 5�%DLHV�� 0�%DUWDQ�,�*UR]HVFX� �� ���*U\Q\RY� %�9� Ü� $FWLYDWRU� FHQWHUV� LQ/L�*G�%2����/Q �/Q  � &H�� (X�� VLQJOHFU\VWDOV� 0�)�'XERYLN�� 2�9�*D\GXN�%�9�*U\Q\RY�� 7�,�.RUVKLNRYD�$�9�7ROPDFKHY�� $�1�6KHNKRYWVRY�5�3�<DYHWVNL\� �� ���

$XWKRU�,QGH[�9RO�����¢��Ü�

)XQFWLRQDO�PDWHULDOV������������� ���



*U\Q\RY� %�9� Ü�'HYHORSPHQW� RI� D� GHWHFWLRQEORFN� RI� D� FRPELQHG� PRGH� VFLQWLOODWRU�SKRWRGLRGH� V\VWHP� �FRXQWLQJ�FXUUHQW�� IRUD]LPXWKDO� GHWHFWLQJ� FRPSOH[HV9�9�1HNUDVRY�� 9�9�%HORJXE�(�0�6HOHJHQHY�� %�9�*U\Q\RY�<X�$�%RURGHQNR� �� ���*U\WVLY� 0�<D� Ü� &KDUJH� WUDQVSRUW� LQHOHFWURFKURPLF� ILOPV� RI� SRO\�RUWKR�WROXLGLQH� 2�,�$NVLPHQW\HYD�2�,�.RQRSHOQ\N�� 0�<D�*U\WVLY�*�9�0DUW\QLXN� �� ���*XEDQVNL� $� Ü� 7KHUPDOO\� VWLPXODWHGFXUUHQWV� RI� =Q±%L±2 WKLQ� ILOP� DUUHVWHUV$�*XEDQVNL��-�=LDMD��:�0LVWD� �� ��*XUNDOHQNR� <X�$� Ü� &DVFDGH� WKUHH�FRPSRQHQW� FRPSRVLWLRQ� RQ� SRO\VW\UHQHEDVLV� DEVRUELQJ� LQ� YLVLEOH� UDQJH� DQGHPLWWLQJ� LQ� QHDU� ,5� $�,�%HGULN�$�2�'RURVKHQNR�� <X�$�*XUNDOHQNR�9�0�6KHUVKXNRY��2�9�6XOLPD� �� ���*XVDNRYD� /�*� Ü� 6\QWKHVLV� RI� /D%6L2�VWLOOZHOOLWH� QDQRSRZGHUV7�(�.RQVWDQWLQRYD�� *�.�9RONRYD�$�6�'RURVKNHYLFK�� 9�$�*OD]XQRYD�9�0�3RJLENR��/�*�*XVDNRYD� �� ���+D� -DQJ� +R� Ü� 5DGLDWLRQ� GHWHFWRUGHYHORSPHQW� LQ�.$(5,�<RQJ�.\XQ�.LP�6H� +ZDQ� 3DUN�� -DQJ� +R� +D�� :RR� *\R/HH��6HRN�%RRQJ�+RQJ��&KRQJ�(XQ�&KXQJ �� ���+DPDQD�'� Ü�'LODWRPHWULF� VWXG\�RI�RUGHUHGVWUXFWXUHV� LQ� )H±$O DOOR\V0�%RXIHQJKRXU�� $�+D\RXQH�1�<D�5RNKPDQRY�� 0�%RXFKHDU�'�+DPDQD� �� ���+D\RXQH�$� Ü�'LODWRPHWULF�VWXG\�RI�RUGHUHGVWUXFWXUHV� LQ� )H±$O DOOR\V0�%RXIHQJKRXU�� $�+D\RXQH�1�<D�5RNKPDQRY�� 0�%RXFKHDU�'�+DPDQD� �� ���+RORYH\�9�0� Ü�2Q�FRQWDPLQDWLRQ�RI�OLWKLXPWHWUDERUDWH�VLQJOH�FU\VWDOV�ZLWK�SODWLQXP�FRQWDLQHU� PDWHULDO�� 9�0�+RORYH\�2�2�3DUODJ�� 9�7�0DVO\XN�� 3�3�3XJD�0�0�%LURY��'�2�6DQWRQL\� �� ��+RQJ� 6HRN� %RRQJ� Ü� 5DGLDWLRQ� GHWHFWRUGHYHORSPHQW� LQ�.$(5,�<RQJ�.\XQ�.LP�6H� +ZDQ� 3DUN�� -DQJ� +R� +D�� :RR� *\R/HH��6HRN�%RRQJ�+RQJ��&KRQJ�(XQ�&KXQJ �� ���+RUYDWK�=V�-� Ü�&U\VWDO�GHIHFWV� LQ�HSLWD[LDO,Q3 OD\HUV�� HOHFWULFDO� DQG� VFDQQLQJHOHFWURQ� PLFURVFRSH� VWXG\� =V�-�+RUYDWK�$�/�7RWK��9�5DNRYLFV��=�3DV]WL��*�3HWR� �� ���+RUYDWK� =V�-� Ü� (IIHFW� RI� GLVORFDWLRQV� LQUHOD[HG�0%(�6L*H OD\HUV�RQ�WKH�HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER��/�'R]VD��(�0�3DVKDHY��<X�0�,YD�QRY��6�1�<DNXQLQ� �� ���+\PHQ\XN� 2�9� Ü� ,QWHUQDO� IULFWLRQ� DQG<RXQJ�V�PRGXOXV�LQ�,QYDU�)H±1L±& DOOR\V9�0�1DGXWRY��7�9�*ROXE��2�9�+\PHQ\XN �� ���,FKLQRVH� 1� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���

,VKFKXN� 9�0� Ü� &DSDFLWRU� DQG� UHVRQDWRUFHUDPLFV� ZLWK� ORZ� VLQWHULQJ� WHPSHUDWXUH(�$�9RYN�� 7�*�'HLQHND�� 9�0�,VKFKXN�3�9�0DWHLFKHQNR� �� ���,VKFKXN� 9�0� Ü� (IIHFW� RI� ]LUFRQLXP� R[LGHFU\VWDOOLQH� PRGLILFDWLRQV� RQ� OHDG]LUFRQDWH� V\QWKHVLV� 7�*�'H\QHND�(�$�9RYN��9�0�,VKFKXN��5�)�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ��,VKFKXN� 9�0� Ü� 6WUXFWXUH� GHIHFWV� DQGSURSHUWLHV� RI� ILDQLWHV� 9�3�3DVKFKHQNR�$�0�3UXGQLNRY��9�1�9DU\XNKLQ��1�*�.L�VHO��*�1�%RJDFKYD��9�0�,VKFKXN� �� ���,VKFKXN� 9�0� Ü� 0DWHULDOV� ZLWK� IHUUR�DQWLIHUURHOHFWULF� SKDVH� WUDQVLWLRQLQWHQWHG� IRU� HQHUJ\� DFFXPXODWHG� DQGFRQYHUWLQJ� GHYLFHV� 9�0�,VKFKXN�1�$�6SLULGRQRY� �� ���,YDQFKHQNR� ,� Ü� $XWRPDWHG� (65VSHFWURPHWHU� IRU� YDULRXV� DSSOLFDWLRQV,�,YDQFKHQNR��6�.DUHOLQ��1�3RSHQNR� �� ���,YDQRY�%�$� Ü�1RUPDO�PRGHV�IRU�WKH�YRUWH[VWDWH� PDJQHWLF� GRWV� &�(�=DVSHO�%�$�,YDQRY� �� ���,YDQRY� <X�0� Ü� (IIHFW� RI� GLVORFDWLRQV� LQUHOD[HG�0%(�6L*H OD\HUV�RQ�WKH�HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���,YDQRYD� (�)� Ü� ,5� VSHFWUD� RI� PRQRHWKDQRODPLQH� DQG� LWV�ELQDU\�PL[WXUHV� LQ� FDUERQWHWUDFKORULGH�1�9�$UNKLSHQNR��6�1�.L\NR�(�)�,YDQRYD� �� ���,YLQD�1�/� Ü�(IIHFW�RI�GLVORFDWLRQV�LQ�UHOD[HG0%(� 6L*H OD\HUV� RQ� WKH� HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���,YNRYD�7�,� Ü�([SUHVV�GHWHUPLQDWLRQ�RI� LURQPLFURLPSXULWLHV� LQ� WHFKQRORJLFDOVROXWLRQV� IRU� JURZLQJ� .+�32� VLQJOHFU\VWDOV�E\�YLVXDO�WHVW�PHWKRG�7�,�,YNRYD�5�3�3DQWDOHU�� $�%�%ODQN�� (�$�5H�VKHWQ\DN��<X�(X�9DNKRYVND\D� �� ���.DFKDQ� 6�,� Ü� 5HOD[DWLRQ� SURSHUWLHV� RIGHIHFW� FRPSOH[HV� LQ� 6U&O�±7O� FU\VWDOV6�,�.DFKDQ�� 9�0�6DODSDN�� =�3�&KRUQ\L�,�%�3LUNR��7�0�.XVKQLU� �� ���.DOLWD� 9�0� Ü� $QRPDORXVO\� ODUJHPDJQHWRVWULFWLRQ� FDXVHG� E\UHDUUDQJHPHQW�RI�PDJQHWRHODVWLF�GRPDLQV9�0�.DOLWD�� $�)�/R]HQNR�6�0�5\DEFKHQNR�� 3�$�7URWVHQNR�7�0�<DWNHYLFK� �� ���.DPDUDG� -� Ü� 7UDQVSRUW� SURSHUWLHV� RI/X�)H��� VLQJOH� FU\VWDOV XQGHU� H[WUHPHFRQGLWLRQV� <�6NRURNKRG�� =�$UQROG�-�.DPDUDG��$�9�$QGUHHY� �� ���.DPDUFKXN�*�9� Ü�$QLRQ�UDGLFDO�FRQGXFWLQJ0H7&14 VDOWV� ZLWK� S\UD]LQH�EDVHGFDWLRQV� '�9�=LRONRYVNL\�$�9�.UDYFKHQNR�� 9�$�6WDURGXE�$�5�.D]DFKNRY�� 9�9�.KRWNHYLFK�*�9�.DPDUFKXN�� $�9�.KRWNHYLFK�2�6�3\VKNLQ� �� ���
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.DQLVFKHY� 9�1� Ü� 2Q� WUDQVLWLRQ� FULWHULRQIURP� IODW� FU\VWDOOL]DWLRQ� IURQW� LQ� ELQDU\PHOW�WR�FHOOXODU�RQH�9�1�.DQLVFKHY� �� ��.DQLVKFKHY� 9�1� Ü� &ULWLFDO� SDUDPHWHUFDOFXODWLRQ� RI� D� ELQDU\� PHOWFU\VWDOOL]DWLRQ� LQ� VWDWLRQDU\� UHJLPH9�1�.DQLVKFKHY��6�9�%DUDQQLN� �� ���.DSLWDQFKXN� /�0� Ü� 7KHUPRH[IROLDWHGJUDSKLWH� Û� WUDQVLWLRQDO� PHWDOQDQRFRPSRVLWHV� 7�$�/HQ�� /�<X�0DW]XL�1�*�%DELFK�� 9�6�.RSDQ�/�0�.DSLWDQFKXN� �� ���.DUDFKHYWVHY� 9�$� Ü� ;36� VWXG\� RIDPPRQLD�H[SRVHG�&�� ILOPV�ERWK�RULJLQDODQG�SKRWRSRO\PHUL]HG�0�9�'REURWYRUVND�9�$�.DUDFKHYWVHY��2�0�9RYN��$�0�5DR� �� ���.DUHOLQ� 6� Ü� $XWRPDWHG� (65� VSHFWURPHWHUIRU� YDULRXV� DSSOLFDWLRQV� ,�,YDQFKHQNR�6�.DUHOLQ��1�3RSHQNR� �� ���.DUOVWHHQ� 0DJQXV� Ü� 5HIUDFWLYH� LQGH[� RIIHUURPDJQHWLF� VHPLFRQGXFWRUV� LQ� D� ILHOGRI� FRKHUHQW� OLJKW� EHDPV� 2�<X�6HPFKXN�9�1�6HPLRVKNR�� 5�9�%LOD�� 0DJQXV:LOODQGHU��0DJQXV�.DUOVWHHQ� �� ���.DVDWNLQD� 7�3� Ü� ,QWHQVLILFDWLRQ� RI� FRSSHUDQG� FKURPLXP� �9,�� UHPRYDO� IURPVROXWLRQV�LQ�PDJQHWLF�ILHOG�6�9�*RUREHWV�2�<X�*RUREHWV�� ,�<X�*RLNR�7�3�.DVDWNLQD� �� ���.DWUXQRY�.� Ü�(OHFWURSK\VLFDO�SURSHUWLHV�RIPHWDO�VHPLFRQGXFWRU�PHWDO� VWUXFWXUHVEDVHG� RQ� LVRYDOHQWO\� GRSHG� ]LQF� VHOHQLGHFU\VWDOV� 2�&KXJDL�� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 6�2OH\QLN�� .�.DWUXQRY�,�=HQ\D� �� ���.DWUXQRY� .� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���.DWUXQRY�.� Ü�6WXGLHV�RI�SKRWRDFWLYH�VWDWHVRI� LVRYDOHQWO\�GRSHG�=Q6H���� FU\VWDOV�E\WKH� PHWKRG� RI� VFDQQLQJ� SKRWRGLHOHFWULFVSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���.DWUXQRY�.� Ü�5DGLDWLRQ�LQGXFHG�FKDQJHV�LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���.DWUXQRY�.� Ü�2Q� OXPLQHVFHQFH� NLQHWLFV� RIVFLQWLOODWRUV� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��.D]DFKNRY�$�5� Ü�$QLRQ�UDGLFDO�FRQGXFWLQJ0H7&14 VDOWV� ZLWK� S\UD]LQH�EDVHGFDWLRQV� '�9�=LRONRYVNL\�$�9�.UDYFKHQNR�� 9�$�6WDURGXE�$�5�.D]DFKNRY�� 9�9�.KRWNHYLFK�*�9�.DPDUFKXN�� $�9�.KRWNHYLFK�2�6�3\VKNLQ� �� ���.D]DULQRY� <X�*� Ü� 3URFHVVLQJ� RISKRWRHOHFWURQ� VSHFWUD� IRU� DGYDQFHGFKHPLFDO� DQDO\VLV� <X�*�.D]DULQRY�9�7�*ULWV\QD��<X�9�6LGRUHQNR� �� ���

.KODSRYD� 1�3� Ü� 'HWHUPLQDWLRQ� RI� WKHGLVWRUWHG� VXUIDFH� OD\HU� WKLFNQHVV� LQPDFKLQHG� RSWLFDOO\� WUDQVSDUHQW� SRO\PHUDUWLFOHV� 1�3�.KODSRYD�� 0�9�/LWYLQHQNR�$�$�&KHUQ\VKHY� �� ���.KRWNHYLFK�$�9� Ü�$QLRQ�UDGLFDO�FRQGXFWLQJ0H7&14 VDOWV� ZLWK� S\UD]LQH�EDVHGFDWLRQV� '�9�=LRONRYVNL\�$�9�.UDYFKHQNR�� 9�$�6WDURGXE�$�5�.D]DFKNRY�� 9�9�.KRWNHYLFK�*�9�.DPDUFKXN�� $�9�.KRWNHYLFK�2�6�3\VKNLQ� �� ���.KRWNHYLFK�9�9� Ü�$QLRQ�UDGLFDO�FRQGXFWLQJ0H7&14 VDOWV� ZLWK� S\UD]LQH�EDVHGFDWLRQV� '�9�=LRONRYVNL\�$�9�.UDYFKHQNR�� 9�$�6WDURGXE�$�5�.D]DFKNRY�� 9�9�.KRWNHYLFK�*�9�.DPDUFKXN�� $�9�.KRWNHYLFK�2�6�3\VKNLQ� �� ���.KU\SXQRY� *�6� Ü� 'HYHORSPHQW� RI� ,72OD\HUV�IRU�KLJK�HIILFLHQF\�&G7H VRODU�FHOOV*�6�.KU\SXQRY� �� ���.KU\SXQRY� *�6� Ü� 6WUXFWXUH�� RSWLFDO� DQGHOHFWULFDO� SURSHUWLHV� RI� ,72� ILOPV� RQIOH[LEOH� SRO\LPLGH� VXEVW\UDWHV*�6�.KU\SXQRY� �� ���.LP� -RQJ� .\XQJ� Ü� $QDO\VLV� RI� GHVLJQFKDUDFWHULVWLFV� RI� WKH� SURWRW\SHLRQL]DWLRQ� FKDPEHU� DQG� EHDP� ORVVPRQLWRU� IRU� SURWRQ� DFFHOHUDWRU� IDFLOLWLHVLQ� .RUHD� -DH� &KHRQ� .LP�� -RQJ� .\XQJ.LP��<RQJ�.\XQ�.LP��6H�+ZDQ�3DUN� �� ���.LP� &KDQ�+\HRQJ� Ü� 5DGLRORJLFDOFKDUDFWHUL]DWLRQ� RI� PHWDO� R[LGHVHPLFRQGXFWRU� ILHOG� HIIHFW� WUDQVLVWRUGRVLPHWHU� &KDQ�+\HRQJ�.LP�� 6DQJ�+RRQ/HH��%DRGRQJ�:DQJ��;�*HRUJH�;X� �� ���.LP� -DH� &KHRQ� Ü� $QDO\VLV� RI� GHVLJQFKDUDFWHULVWLFV� RI� WKH� SURWRW\SHLRQL]DWLRQ� FKDPEHU� DQG� EHDP� ORVVPRQLWRU� IRU� SURWRQ� DFFHOHUDWRU� IDFLOLWLHVLQ� .RUHD� -DH� &KHRQ� .LP�� -RQJ� .\XQJ.LP��<RQJ�.\XQ�.LP��6H�+ZDQ�3DUN� �� ���.LP� <RQJ� .\XQ� Ü� $QDO\VLV� RI� GHVLJQFKDUDFWHULVWLFV� RI� WKH� SURWRW\SHLRQL]DWLRQ� FKDPEHU� DQG� EHDP� ORVVPRQLWRU� IRU� SURWRQ� DFFHOHUDWRU� IDFLOLWLHVLQ� .RUHD� -DH� &KHRQ� .LP�� -RQJ� .\XQJ.LP��<RQJ�.\XQ�.LP��6H�+ZDQ�3DUN� �� ���.LP� <RQJ� .\XQ� Ü� 5DGLDWLRQ� GHWHFWRUGHYHORSPHQW� LQ�.$(5,�<RQJ�.\XQ�.LP�6H� +ZDQ� 3DUN�� -DQJ� +R� +D�� :RR� *\R/HH��6HRN�%RRQJ�+RQJ��&KRQJ�(XQ�&KXQJ �� ���.LUL\DN�$�9� Ü�/XPLQHVFHQW�PDWHULDOV�RI�UHGDQG� JUHHQ� HPLVVLRQ� RQ� WKH� EDVLV� RIFDOFLXP� WXQJVWDWH� 6�%�0HVKNRYD�=�0�7RSLORYD�� 9�3�'RWVHQNR�,�3�.RYDOHYVND\D��$�9�.LUL\DN� �� ���.LVHO� 1�*� Ü� 6WUXFWXUH� GHIHFWV� DQGSURSHUWLHV� RI� ILDQLWHV� 9�3�3DVKFKHQNR�$�0�3UXGQLNRY��9�1�9DU\XNKLQ��1�*�.L�VHO��*�1�%RJDFKYD��9�0�,VKFKXN� �� ���.LVLO�(�0� Ü�(IIHFW�RI�PLFURZDYH�HQHUJ\�RQGHK\GUDWLRQ� SURFHVV� RI� VRGLXP� LRGLGHXVHG� LQ� VLQJOH� FU\VWDO� JURZLQJ$�<X�9RORVKNR�� %�9�*ULQ\RY�9�,�*RULOHWVN\�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���
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.LVLO� (�0� Ü� 6SHFLILF� IHDWXUHV� RI� VRGLXPLRGLGH��1D-⋅�+�2��GHK\GUDWLRQ�LQ�YDFXXP%�9�*ULQ\RY�� 9�*�*HUDVLPRY�� $�-�9R�ORVKNR�� 1�1�6PLUQRY�� '�6�6RIURQRY�2�9�6KLVKNLQ��(�0�.LVLO� �� ���.LWV\XN�1�9� Ü�(IIHFW�RI�DQQHDOLQJ�PRGH�RQ=Q6±&X�&O SURSHUWLHV� <X�<X�%DFKHULNRY�,�6�*RORYLQD�� 1�9�.LWV\XN�0�$�0XNKO\R�� 9�(�5RGLRQRY�2�$�6WDGQ\N� �� ���.L\NR� 6�1� Ü� ,5� VSHFWUD� RI� PRQRHWKDQRODPLQH� DQG� LWV�ELQDU\�PL[WXUHV� LQ� FDUERQWHWUDFKORULGH� 1�9�$UNKLSHQNR�� 6�1�.L\NR�(�)�,YDQRYD� �� ���.OLPHQNR� ,� Ü�5DGLDWLRQ�LQGXFHG�FKDQJHV� LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���.OLPHQNR� ,�$� Ü� ,QWHJUDO� GLDJQRVWLFV� RILUUHYHUVLEOH� FKDQJHV� LQ� SRZHU� RSWLFDOHOHPHQWV� ,�$�.OLPHQNR�� 9�.�.RPDU±�9�3�0LJDO�� 6�9�6XOLPD�� $�6�3KRPLQ�2�1�&KXJDL� �� ���.REDVD�,�0� Ü�'LVSHUVLRQV�RI�7L2� FRQWDLQLQJ)H����&R������'�DQG�&X������'�LRQV�DVFDWDO\VWV� IRU� SODVWLF� PHWDOOL]DWLRQ,�0�.REDVD�� <D�6�0D]XUNHYLFK�1�,�=R]XOD� �� ���.ROFKHQNR� <X�/� Ü� 5HODWLRQ� EHWZHHQVWUXFWXUH� LQKRPRJHQHLWLHV�DQG�UHOD[DWLRQSURFHVVHV� LQ� H[FLWHG� VLOLFRQ� FU\VWDOV9�$�0DNDUD�� $�0�.RORPLHWV�<X�/�.ROFKHQNR�� 6�0�1DXPHQNR�2�9�5XGHQNR��/�3�6WHEOHQNR� �� ���.RORPLHWV� $�0� Ü� 5HODWLRQ� EHWZHHQVWUXFWXUH� LQKRPRJHQHLWLHV�DQG�UHOD[DWLRQSURFHVVHV� LQ� H[FLWHG� VLOLFRQ� FU\VWDOV9�$�0DNDUD�� $�0�.RORPLHWV�<X�/�.ROFKHQNR�� 6�0�1DXPHQNR�2�9�5XGHQNR��/�3�6WHEOHQNR� �� ���.RORPLHWV� 6�1� Ü� 3RO\PHU�FU\VWDOOLQHVWUXFWXUHV� RI� FXWRII� W\SH� ZLWKKRPRJHQHRXV� OD\HUV� RI� KLJK� UHIUDFWLRQLQGH[�$�,�%HOD\HYD��6�1�.RORPLHWV� �� ���.RO\ED\HYD�0�,� Ü�(IIHFW�RI�RUJDQLF�G\H�RQWKH�JURZWK�DQG�RSWLFDO�SURSHUWLHV�RI�.'3,�0�3ULWXOD�� <X�1�9HOLNKRY�� $�1�/HY�FKHQNR�� 0�,�.RO\ED\HYD�� 9�0�3X]LNRY�9�%�7\XW\XQQLN��$�2�'RURVKHQNR� �� ���.RPDU±� 9�.� Ü� ,QWHJUDO� GLDJQRVWLFV� RILUUHYHUVLEOH� FKDQJHV� LQ� SRZHU� RSWLFDOHOHPHQWV� ,�$�.OLPHQNR�� 9�.�.RPDU±�9�3�0LJDO�� 6�9�6XOLPD�� $�6�3KRPLQ�2�1�&KXJDL� �� ���.RPDU�� 9� Ü� 5DGLDWLRQ�LQGXFHG� FKDQJHV� LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���.RPDU��9� Ü�6WXGLHV�RI�SKRWRDFWLYH�VWDWHV�RILVRYDOHQWO\�GRSHG�=Q6H����FU\VWDOV�E\�WKHPHWKRG� RI� VFDQQLQJ� SKRWRGLHOHFWULFVSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���

.RQRSHOQ\N� 2�,� Ü� &KDUJH� WUDQVSRUW� LQHOHFWURFKURPLF� ILOPV� RI� SRO\�RUWKR�WROXLGLQH� 2�,�$NVLPHQW\HYD�2�,�.RQRSHOQ\N�� 0�<D�*U\WVLY�*�9�0DUW\QLXN� �� ���.RQVWDQNHYLFK� ,�9� Ü� 6SHFLILF� IHDWXUHV� RISKRWROXPLQHVFHQFH� FHQWHUV� LQ� &V%U�(X��FU\VWDOV� JURZQ� IURP�PHOW�<X�9�=RUHQNR�5�0�7XUFKDN��,�9�.RQVWDQNHYLFK� �� ���.RQVWDQWLQRYD� 7�(� Ü� 6\QWKHVLV� RI� OHDG]LUFRQDWH�� LQIOXHQFH� RI� ]LUFRQLXP� R[LGHFU\VWDO� PRGLILFDWLRQ� (�$�9RYN�7�*�'HLQHND�� 9�0�,VKFKXN�5�3K�5DPDNDHYD�� *�.�9RONRYD�7�(�.RQVWDQWLQRYD� �� ���.RQVWDQWLQRYD�7�(� Ü�3KDVH�WUDQVIRUPDWLRQVLQ� WKH� V\QWKHVLV� RI� /D���6U���0Q2�QDQRSRZGHUV� ,�$�'DQLOHQNR�7�(�.RQVWDQWLQRYD�� *�(�6KDWDORYD�*�.�9RONRYD�� $�6�'RURVKNHYLFK�9�$�*OD]XQRYD� �� ���.RQVWDQWLQRYD� 7�(� Ü� (IIHFW� RI� ]LUFRQLXPR[LGH� FU\VWDOOLQH� PRGLILFDWLRQV� RQ� OHDG]LUFRQDWH� V\QWKHVLV� 7�*�'H\QHND�(�$�9RYN��9�0�,VKFKXN��5�)�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ��.RQVWDQWLQRYD� 7�(� Ü� 6\QWKHVLV� RI� /D%6L2�VWLOOZHOOLWH� QDQRSRZGHUV7�(�.RQVWDQWLQRYD�� *�.�9RONRYD�$�6�'RURVKNHYLFK�� 9�$�*OD]XQRYD�9�0�3RJLENR��/�*�*XVDNRYD� �� ���.RSDQ�9�6� Ü�7KHUPRH[IROLDWHG�JUDSKLWH�ÛWUDQVLWLRQDO� PHWDO� QDQRFRPSRVLWHV7�$�/HQ�� /�<X�0DW]XL�� 1�*�%DELFK�9�6�.RSDQ��/�0�.DSLWDQFKXN� �� ���.RUGXEDQ� $�0� Ü� ;36� DQG� (65� VWXG\� RIWDQWDOXP� QDQRSDUWLFOHV� $�3�6KSDN�$�0�.RUGXEDQ��9�9�7UDFKHYVN\� �� ���.RUVKLNRYD� 7�,� Ü� $FWLYDWRU� FHQWHUV� LQ/L�*G�%2����/Q �/Q  � &H�� (X�� VLQJOHFU\VWDOV� 0�)�'XERYLN�� 2�9�*D\GXN�%�9�*U\Q\RY�� 7�,�.RUVKLNRYD�$�9�7ROPDFKHY�� $�1�6KHNKRYWVRY�5�3�<DYHWVNL\� �� ���.RVPLQVND\D� <X�$� Ü� 6RPH� UHJXODULWLHV� RIGLDPRQG� SKDVH� IRUPDWLRQ� DWQRQHTXLOLEULXP� WUDQVLWLRQ� SURFHVV� RI� &YDSRUV� ZLWK� ORZ� 7L FRQFHQWUDWLRQ� LQWRFRQGHQVHG� VWDWH� 9�,�3HUHNUHVWRY�<X�$�.RVPLQVND\D��,�%�<DQFKXN� �� ���.RVW\N� /�9� Ü� 6SHFWUDO� DQG� NLQHWLFFKDUDFWHULVWLFV� RI� OXPLQHVFHQW� FRQYHUWHUVRQ� WKH� EDVHV� RI� FDGPLXP� LRGLGH6�6�1RYRVDG�� ,�6�1RYRVDG�9�(�*RQFKDUXN��/�9�.RVW\N� �� ���.RWRY�9�9� Ü�(IIHFW�RI�WKH�FU\VWDO�VWUXFWXUHGHIHFWLYHQHVV� RQ� PDJQHWLF� VWDWH� RIVRGLXP�GRSHG� ODQWKDQXP� PDQJDQLWHV$�,�7RYVWRO\WNLQ�� $�1�3RJRULO\�� 9�9�.R�WRY��$�*�%HORXV��2�,�9�\XQRY� �� ���.RYDOHQNR� (�1� Ü� $EVRUSWLRQ� VSHFWUDSHFXOLDULWLHV�RI�WKLQ�ILOPV�RI��&V&X�&O���±[�&V&X�,��[ V\VWHP� 2�1�<XQDNRYD�9�.�0LORVODYVN\��(�1�.RYDOHQNR� �� ���.RYDOHQNR�9�)� Ü����ÜGRPDLQ�ZDOO� LQ�FXELFFU\VWDO� ZLWK� SKRWRLQGXFHG� PDJQHWLFDQLVRWURS\� 2�$�$QWRQLXN�9�)�.RYDOHQNR��2�9�7\FKNR� �� ���.RYDOHQNR� 9�)� Ü� 1XFOHDWLRQ� GXULQJSKRWRLQGXFHG� VSLQ�UHRULHQWDWLRQWUDQVLWLRQ�9�)�.RYDOHQNR��2�9�7\FKNR� �� ���
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.RYDOHYVND\D� ,�3� Ü� /XPLQHVFHQW� PDWHULDOVRI�UHG�DQG�JUHHQ�HPLVVLRQ�RQ�WKH�EDVLV�RIFDOFLXP� WXQJVWDWH� 6�%�0HVKNRYD�=�0�7RSLORYD�� 9�3�'RWVHQNR�� ,�3�.RYD�OHYVND\D��$�9�.LUL\DN� �� ���.R]DFKHQNR� 9�9� Ü� 3KDVH� WUDQVLWLRQ� DQGSHFXOLDULWLHV� RI� DFRXVWLF� ZDYH� VSUHDGLQJLQ� EHQ]RSKHQRQH� 3�9�%XUOL\�� 9�9�.R]D�FKHQNR��9�,�0HO�QLN��.�,�1HOLSRYLWFK� �� ���.R]LQ� '�1� Ü� 2Q� WKH� FKRLFH� RI� VFLQWLOODWRUVIRU� �VFLQWLOODWRU�SKRWRGLRGH�� GHWHFWRUVIRU� GLJLWDO� UDGLRJUDSK\� 9�'�5\]KLNRY�'�1�.R]LQ� �� ���.R]LQ� '�1� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9R�URQNLQ�� 2�9�=HOHQVND\D�� 9�9�&KHUQLNRY�(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���.UDVQLNRYD� =�$� Ü� (OHFWULF� UHVLVWLYLW\� RIDOXPLQXP� GXH� WR� WKH� VWUXFWXUH� VWDWHHYROXWLRQ� XQGHU� DFWLYH� ORDGLQJ� QHDU� WKH\LHOG� OLPLW� 9�1�1LNLIRUHQNR�� 0�(�%RVLQ�=�$�.UDVQLNRYD��6�$�6RORGLORY� �� ��.UDVRYLWVND\D� ,�0� Ü� 'HHS� WUDSV� LQ� .0J)�DQG� /L%D)� FU\VWDOV� $�9�*HNWLQ�1�9�6KLUDQ�� 6�9�1HLFKHYD�,�0�.UDVRYLWVND\D� �� ���.UDYFKHQNR� $�9� Ü� $QLRQ�UDGLFDOFRQGXFWLQJ�0H7&14 VDOWV�ZLWK�S\UD]LQH�EDVHG�FDWLRQV�'�9�=LRONRYVNL\��$�9�.UDY�FKHQNR�� 9�$�6WDURGXE�� $�5�.D]DFKNRY�9�9�.KRWNHYLFK��*�9�.DPDUFKXN��$�9�.KRW�NHYLFK��2�6�3\VKNLQ� �� ���.UDYFKHQNR� 9�0� Ü� ,5� OXPLQHVFHQFH� RI=Q6H�EDVHG� VFLQWLOODWRUV� 2�9�9DNXOHQNR�9�0�.UDYFKHQNR� �� ��.UDYWVRY�0�9� Ü�$FRXVWLF� HPLVVLRQ�PHWKRGIRU� LQYHVWLJDWLRQ� RI� IXQFWLRQDO�PDWHULDOV2�9�/\DVKHQNR�� 0�9�.UDYWVRY�� 9�3�9HOHV�FKXN� �� ���.UDYWVRY� 0�9� Ü� 5HOD[DWLRQ� RI� GHIHFWVWUXFWXUH� LQ� XOWUDVRQLF� ZDYH� ILHOG� DQGDFRXVWLF� HPLVVLRQ� LQ� /L) VLQJOH� FU\VWDOV0�9�.UDYWVRY�� 2�9�/\DVKHQNR�$�3�2QDQNR� �� ���.ULYRQRJRY� 6�,� Ü� )RUPDWLRQ� RI� WKH� VSLQHOVWUXFWXUH� �$O$O�2��� SKDVH� RQ� VDSSKLUHVXUIDFH� 1�6�6LGHOQLNRYD�� 0�$�5RP�$�<D�'DQ±NR�� 6�9�1L]KDQNRYVN\��8�9�6L�ULN��6�,�.ULYRQRJRY� �� ��.ULYRVKHLQ�9�,� Ü�$QLVRWURS\� RI�PHFKDQLFDOSURSHUWLHV� RI� R[LGH� VLQJOH� FU\VWDOV� IRULQRUJDQLF� VFLQWLOODWRUV� ,�3�%DEL\FKXN�9�1�%DXPHU�� 9�*�%RQGDU�� %�9�*ULQ\RY�9�,�.ULYRVKHLQ�� /�/�1DJRUQD\D�(�1�3LURJRY��9�'�5\]KLNRY� �� ���.ULYRVKH\� $�,� Ü� 3KRWRLQGXFHG� FKROHVWHULFKHOL[� LQYHUVLRQ� LQ� VRPH� V\VWHPVFRQWDLQLQJ�FKLUDO�α�β�XQVDWXUDWHG�NHWRQHV$�,�.ULYRVKH\��1�,�6KNROQLNRYD��/�9�&KH�SHOHYD��/�$�.XWXO\D��1�6�3LYQHQNR� �� ��.XFKHUHQNR� 6�6� Ü� 5HJXODULWLHV� RI� HODVWLFDQLVRWURSLF� VWUDLQV� FDXVHG� E\� 7� �� +� �� 3LQIOXHQFH�RQ�WKH�VWUXFWXUDO�WUDQVLWLRQ�DQGSURSHUWLHV� RI� PDJQHWLF� VHPLFRQGXFWRUV3�,�3RO\DNRY��6�6�.XFKHUHQNR� �� ���

.XFKHUHQNR� 6�6� Ü� 7KHUPRG\QDPLFDOPHFKDQLVPV� RI� HODVWLFDOO\� DQLVRWURS\VWUDLQLQJ� VWUHVVHV� LQ� WKH� FKDQJHV� RI� WKHSKDVH� WUDQVLWLRQ� DQG� SURSHUWLHV� RIPDJQHWLF� GLHOHFWULFV� XQGHU� 7�+�3LQIOXHQFH�3�,�3RO\DNRY��6�6�.XFKHUHQNR� �� ���.XOLVK�0�3� Ü�.LQHWLFV�RI�VSLQRGDO�RUGHULQJLQ� 1L±0R VROLG� VROXWLRQV� 6�0�%RNRFK�0�3�.XOLVK� �� ���.XULOR� $�9� Ü� 0HFKDQLVPV� RI� UD\FKDRWL]DWLRQ� LQ� FRPSRVLWH� GHWHFWRUV9�*�%DU�\DKWDU�� 9�9�<DQRYVN\�6�9�1DLGHQRY��$�9�.XULOR� �� ���.XVKQLU� 7�0� Ü� 5HOD[DWLRQ� SURSHUWLHV� RIGHIHFW� FRPSOH[HV� LQ� 6U&O�±7O� FU\VWDOV6�,�.DFKDQ�� 9�0�6DODSDN�� =�3�&KRUQ\L�,�%�3LUNR��7�0�.XVKQLU� �� ���.XWXO\D� /�$� Ü� 3KRWRLQGXFHG� FKROHVWHULFKHOL[� LQYHUVLRQ� LQ� VRPH� V\VWHPVFRQWDLQLQJ�FKLUDO�α�β�XQVDWXUDWHG�NHWRQHV$�,�.ULYRVKH\��1�,�6KNROQLNRYD��/�9�&KH�SHOHYD��/�$�.XWXO\D��1�6�3LYQHQNR� �� ��.X]±PLFK� $�*� Ü� 3KRWRWKHUPRDFRXVWLFHIIHFW�� DSSOLHG� DVSHFWV� RI� VWUHVVHG� VWDWHDUHD� GLDJQRVWLFV� LQ� VWUXFWXUDO� PDWHULDOV$�1�$OHNVHHY�� 5�0�%XUEHOR�� 1�.�=KD�ELWHQNR��$�*�.X]±PLFK� �� ���.X]PLFK� *�,� Ü� 0RVVEDXHU� DQDO\VLV� RI� WKHVWUXFWXUH� )H±1L±& DOOR\V� DIWHU� KHDW� DQGXOWUDVRQLF� WUHDWPHQWV� 9�0�1DGXWRY�'�9�6HPHQRY�� <H�2�6Y\VWXQRY�� *�,�.X]�PLFK� �� ���/DOD\DQWV�$�,� Ü�3UHSDUDWLRQ�RI�KLJK�SXULW\FKDUJH�IRU�JURZWK�RI�&G�±[=Q[7H FU\VWDOV(�)�9RURQNLQ�� /�9�$WURVKFKHQNR�� 6�1�*D��NLQ��$�,�/DOD\DQWV��,�$�5\EDOND��9�'�5\�]KLNRY� �� ���/DYUHQW\HY� 9�,� Ü� 6WXG\� RI� GDPDJHDFFXPXODWLRQ� PHFKDQLVPV� LQ� UHLQIRUFHGDOXPLQXP�ERURQ�VWHHO� FRPSRVLWHV� GXULQJWKHUPDO� F\FOLQJ� /�5�9LVKQ\DNRY�9�3�0RUR]��9�,�/DYUHQW\HY� �� ���/DYUHQW\HY�)�)� Ü�'LVORFDWLRQ�GLVWULEXWLRQ�LQUXE\� VLQJOH� FU\VWDOV� XQGHU� ORDGLQJ� DWKLJK� WHPSHUDWXUHV� 0�(�%RVLQ�,�)�=Y\DJLQWVHYD�� 9�1�=Y\DJLQWVHY�)�)�/DYUHQW\HY��9�1�1LNLIRUHQNR� �� ���/HH� 6DQJ�+RRQ� Ü� 5DGLRORJLFDOFKDUDFWHUL]DWLRQ� RI� PHWDO� R[LGHVHPLFRQGXFWRU� ILHOG� HIIHFW� WUDQVLVWRUGRVLPHWHU� &KDQ�+\HRQJ�.LP�� 6DQJ�+RRQ/HH��%DRGRQJ�:DQJ��;�*HRUJH�;X� �� ���/HH� :RR� *\R� Ü� 5DGLDWLRQ� GHWHFWRUGHYHORSPHQW� LQ�.$(5,�<RQJ�.\XQ�.LP�6H� +ZDQ� 3DUN�� -DQJ� +R� +D�� :RR� *\R/HH��6HRN�%RRQJ�+RQJ��&KRQJ�(XQ�&KXQJ �� ���/HJHQNLL� <X�$� Ü� 6WXG\� RI� UHOD[DWLRQ� RI� DFOXVWHU�RI�PDJQHWLF�SDUWLFOHV�LQ�PDJQHWLFILHOG� <X�,�*RUREHWV�� 6�9�*RUREHWV�,�$�0HOQLFKXN��<X�$�/HJHQNLL� �� ���/HPHVKHYVND\D�(�7� Ü�3KRWRLQGXFHG�FKDQJHVLQ�RSWLFDO�SURSHUWLHV�RI�WKLQ�ILOP�$J±3E,�ELOD\HU� V\VWHPV� 9�9�0XVVLO�(�7�/HPHVKHYVND\D��9�9�3LOLSHQNR� �� ���/HQ� 7�$� Ü� 7KHUPRH[IROLDWHG� JUDSKLWH� ÛWUDQVLWLRQDO� PHWDO� QDQRFRPSRVLWHV7�$�/HQ�� /�<X�0DW]XL�� 1�*�%DELFK�9�6�.RSDQ��/�0�.DSLWDQFKXN� �� ���
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/HUFK� 0�)�/� Ü� 6LQJOH� GHWHFWRU�GXDOVFLQWLOODWRU� DQWL�&RPSWRQ� SUREHV$�%�5RVHQIHOG��0�)�/�/HUFK��*�-�7DNDFV�$�9�*HNWLQ��9�/�3HUHYHUWDLOR� �� ���/HYFKHQNR�$�1� Ü�(IIHFW� RI� RUJDQLF� G\H� RQWKH�JURZWK�DQG�RSWLFDO�SURSHUWLHV�RI�.'3,�0�3ULWXOD�� <X�1�9HOLNKRY�� $�1�/HY�FKHQNR�� 0�,�.RO\ED\HYD�� 9�0�3X]LNRY�9�%�7\XW\XQQLN��$�2�'RURVKHQNR� �� ���/LVHWVND\D� (�.� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9R�URQNLQ��2�9�=HOHQVND\D��9�9�&KHUQLNRY� �(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���/LVHWVNL� /�1� Ü� 3HFXOLDU� IHDWXUHV� DQGDSSOLFDELOLW\�RI�DV\PSWRWLF�H[SDQVLRQV�RIDGGLWLYH� LQWHUPROHFXODU� LQWHUDFWLRQV� LQDQLVRWURSLF� PHGLD�� ,,�� 7KH� UROH� RIDQLVRPHWU\� LQ� IRUPDWLRQ� RIVXSUDPROHFXODU� VWUXFWXUHV� LQ� PHVRJHQLFV\VWHPV� 3�3�6KWLIDQ\XN�� $�9�'\RPLQ�$�3�)HGRU\DNR�� /�1�/LVHWVNL�6�(�<DNRYHQNR� �� ���/LVQ\DN� 9�9� Ü� 6SHFWURVFRSLF� LQYHVWLJDWLRQRI� IOXRULQDWHG� PRQRSKRVSKDWH� WXQJVWHQEURQ]HV� 1�9�6WXV�� 9�9�/LVQ\DN�0�6�6ORERG\DQ\N� �� ���/LWYLQHQNR� 0�9� Ü� 'HWHUPLQDWLRQ� RI� WKHGLVWRUWHG� VXUIDFH� OD\HU� WKLFNQHVV� LQPDFKLQHG� RSWLFDOO\� WUDQVSDUHQW� SRO\PHUDUWLFOHV� 1�3�.KODSRYD�� 0�9�/LWYLQHQNR�$�$�&KHUQ\VKHY� �� ���/RJJLQRY�$�6� Ü�6FDQQLQJ�QHDU�ILHOG�RSWLFDOPLFURVFRS\� RI� PDJQHWLF� VWUXFWXUHV� LQPDJQHWLF� ILOPV� 9�,�%HORWHORY�$�6�/RJJLQRY�� $�9�1LNRODHY�$�3�3\DWDNRY��$�.�=YH]GLQ� �� ���/R]D� $� Ü� 6HOHFWLRQ� DQG� UHVXOWV� RI� WKHDEHUUDWLRQ� FRPSXWDWLRQ� DQG� SHFXOLDULWLHVRI� SRODUL]LQJ� HIIHFW� FRPSHQVDWLRQ� LQGRXEOH�89�PRQRFKURPDWRUV� IRU� VDWHOOLWH�ERUQH� 89� R]RQRPHWHUV� 9�9DVKFKHQNR�$�/R]D��=K�3DWODVKHQNR� �� ���/R]HQNR� $�)� Ü� $QRPDORXVO\� ODUJHPDJQHWRVWULFWLRQ� FDXVHG� E\UHDUUDQJHPHQW�RI�PDJQHWRHODVWLF�GRPDLQV9�0�.DOLWD�� $�)�/R]HQNR�6�0�5\DEFKHQNR�� 3�$�7URWVHQNR�7�0�<DWNHYLFK� �� ���/XNDF� 3� Ü� ,QIOXHQFH� RI� DOXPLQD� DQG]LUFRQLD� QDQRSDUWLFOHV� RQ� PHFKDQLFDOSURSHUWLHV� DQG� GDPSLQJ� RI� PDJQHVLXP=�7URMDQRYD�� =�'UR]G�� 3�/XNDF�+�)HUNHO��:�5LHKHPDQQ� �� ���/\DVKHQNR� 2�9� Ü� 5HOD[DWLRQ� RI� GHIHFWVWUXFWXUH� LQ� XOWUDVRQLF� ZDYH� ILHOG� DQGDFRXVWLF� HPLVVLRQ� LQ� /L) VLQJOH� FU\VWDOV0�9�.UDYWVRY��2�9�/\DVKHQNR��$�3�2QDQNR �� ���/\DVKHQNR� 2�9� Ü� 5HOD[DWLRQ� RI� DFWLYHDFRXVWLF� HPLVVLRQ� VRXUFHV� GXULQJ� WKHQDWXUDO�DJLQJ�RI�$�%� HSLWD[LDO�VWUXFWXUHV9�3�9HOHVFKXN��2�9�/\DVKHQNR� �� ���/\DVKHQNR�2�9� Ü�$FRXVWLF�HPLVVLRQ�PHWKRGIRU� LQYHVWLJDWLRQ� RI� IXQFWLRQDO�PDWHULDOV2�9�/\DVKHQNR�� 0�9�.UDYWVRY�� 9�3�9H�OHVFKXN� �� ���

0DNDUD� 9�$� Ü� 5HODWLRQ� EHWZHHQ� VWUXFWXUHLQKRPRJHQHLWLHV� DQG� UHOD[DWLRQ�SURFHVVHVLQ� H[FLWHG� VLOLFRQ� FU\VWDOV� 9�$�0DNDUD�$�0�.RORPLHWV�� <X�/�.ROFKHQNR�� 6�0�1DX�PHQNR��2�9�5XGHQNR��/�3�6WHEOHQNR� �� ���0DPDOXL� <X�$� Ü� 'RPDLQ� VWUXFWXUH� RIELOD\HU� PDJQHWLF� ILOPV� ZLWK� GLIIHUHQWFKDUDFWHULVWLFV� RI� OD\HUV� $�9�%H]XV�<X�$�0DPDOXL��<X�$�6LU\XN� �� ���0DUW\QLXN� *�9� Ü� &KDUJH� WUDQVSRUW� LQHOHFWURFKURPLF� ILOPV� RI� SRO\�RUWKR�WROXLGLQH� 2�,�$NVLPHQW\HYD�2�,�.RQRSHOQ\N�� 0�<D�*U\WVLY�*�9�0DUW\QLXN� �� ���0DU\DPRYD� ,�,� Ü� 3LH]RUHVLVWLYH� SURSHUWLHVRI� ERURQ�GRSHG� VLOLFRQ� ZKLVNHUV� DWFU\RJHQLF� WHPSHUDWXUHV� $�$�'UX]KLQLQ�,�,�0DU\DPRYD�� ,�9�3DYORYVN\\�� 7�3D�OHZVNL� �� ���0DVO\XN�9�7� Ü�2Q�FRQWDPLQDWLRQ�RI�OLWKLXPWHWUDERUDWH�VLQJOH�FU\VWDOV�ZLWK�SODWLQXP�FRQWDLQHU� PDWHULDO�� 9�0�+RORYH\�2�2�3DUODJ�� 9�7�0DVO\XN�� 3�3�3XJD�0�0�%LURY��'�2�6DQWRQL\� �� ��0DWHLFKHQNR�3�9� Ü�&DSDFLWRU�DQG�UHVRQDWRUFHUDPLFV� ZLWK� ORZ� VLQWHULQJ� WHPSHUDWXUH(�$�9RYN�� 7�*�'HLQHND�� 9�0�,VKFKXN�3�9�0DWHLFKHQNR� �� ���0DW]XL� /�<X� Ü� 7KHUPRH[IROLDWHG� JUDSKLWHÛ� WUDQVLWLRQDO� PHWDO� QDQRFRPSRVLWHV7�$�/HQ�� /�<X�0DW]XL�� 1�*�%DELFK�9�6�.RSDQ��/�0�.DSLWDQFKXN� �� ���0DW]XL� 9�,� Ü� (OHFWULFDO� DQG� WKHUPDOFRQGXFWLYLW\� RI� JUDSKLWH�PHWDOFRPSRVLWHV�2�,�6WHOPDNK��/�/�9RYFKHQNR�9�,�0DW]XL� �� ���0DW]XL� /� Ü� ,QIOXHQFH� RI� KHDW� WUHDWPHQW� RQPRUSKRORJ\� DQG� SKDVH� FRPSRVLWLRQ� RI7(*�&R� FRPSRVLWH� PDWHULDO� /�0DW]XL�0�%DELFK��0�=DNKDUHQNR��2�1DNRQHFKQD�/�9RYFKHQNR� �� ��0D]PDQLVKYLOL�$�6� Ü�6WXG\�RI� VWDWLVWLFV�RITXDOLW\� FRQWURO� IXQFWLRQDO� LQ� WKH� URXJKVXUIDFH� WUHDWPHQW� WKHRU\� <X�3�9LU�FKHQNR��$�6�0D]PDQLVKYLOL� �� �0D]XUNHYLFK� <D�6� Ü� 'LVSHUVLRQV� RI� 7L2�FRQWDLQLQJ� )H���� &R� ��� ��'� DQG� &X� ����'� LRQV� DV� FDWDO\VWV� IRU� SODVWLFPHWDOOL]DWLRQ� ,�0�.REDVD�<D�6�0D]XUNHYLFK��1�,�=R]XOD� �� ���0HO�QLN� 9�,� Ü� 3KDVH� WUDQVLWLRQ� DQGSHFXOLDULWLHV� RI� DFRXVWLF� ZDYH� VSUHDGLQJLQ� EHQ]RSKHQRQH� 3�9�%XUOL\�9�9�.R]DFKHQNR�� 9�,�0HO�QLN�.�,�1HOLSRYLWFK� �� ���0HOQLFKXN� ,�$� Ü� 6WXG\� RI� UHOD[DWLRQ� RI� DFOXVWHU�RI�PDJQHWLF�SDUWLFOHV�LQ�PDJQHWLFILHOG� <X�,�*RUREHWV�� 6�9�*RUREHWV�,�$�0HOQLFKXN��<X�$�/HJHQNLL� �� ���0HOQLFKXN� 6�9� Ü� /LJKW� FROOHFWLRQ� VWXG\� LQVFLQWLOODWLRQ� VWULSV� ZLWK� ZDYH� OHQJWKVKLIWLQJ� OLJKW� JXLGH� 9�*�6HQFK\VKLQ�$�)�$GDGXURY��6�9�0HOQLFKXN� �� ���0HOQLFKXN� ,�$� Ü� (IIHFW� RI� VWULSH� GRPDLQVWUXFWXUH� RULHQWDWLRQ� RQ� VHFRQGDU\HOHFWURQ� \LHOG� ,�$�0HOQLFKXN�� (�,�9DVNR�3�,�0HOQ\FKXN� �� ���0HOQLFKXN�6�9� Ü�'HSHQGHQFH�RI� OLJKW�\LHOGRI� VFLQWLOODWLRQ� VWULSV� RQ� WKH� UHIOHFWLYHFRDWLQJ�PDWHULDO�NLQG�6�9�0HOQLFKXN� �� ���
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0HOQ\FKXN� 3�,� Ü� (IIHFW� RI� VWULSH� GRPDLQVWUXFWXUH� RULHQWDWLRQ� RQ� VHFRQGDU\HOHFWURQ� \LHOG� ,�$�0HOQLFKXN�� (�,�9DVNR�3�,�0HOQ\FKXN� �� ���0HVKNRYD� 6�%� Ü� /XPLQHVFHQW� PDWHULDOV� RIUHG� DQG� JUHHQ� HPLVVLRQ� RQ� WKH� EDVLV� RIFDOFLXP� WXQJVWDWH� 6�%�0HVKNRYD�=�0�7RSLORYD�� 9�3�'RWVHQNR�� ,�3�.R�YDOHYVND\D��$�9�.LUL\DN� �� ���0LJDO� 9�3� Ü� ,QWHJUDO� GLDJQRVWLFV� RILUUHYHUVLEOH� FKDQJHV� LQ� SRZHU� RSWLFDOHOHPHQWV� ,�$�.OLPHQNR�� 9�.�.RPDU±�9�3�0LJDO�� 6�9�6XOLPD�� $�6�3KRPLQ�2�1�&KXJDL� �� ���0LJDO��9� Ü�6WXGLHV�RI�SKRWRDFWLYH�VWDWHV�RILVRYDOHQWO\�GRSHG�=Q6H����FU\VWDOV�E\�WKHPHWKRG� RI� VFDQQLQJ� SKRWRGLHOHFWULFVSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���0LJDO�� 9� Ü� 5DGLDWLRQ�LQGXFHG� FKDQJHV� LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���0LORVODYVN\� 9�.� Ü� $EVRUSWLRQ� VSHFWUDSHFXOLDULWLHV�RI�WKLQ�ILOPV�RI��&V&X�&O���±[�&V&X�,��[ V\VWHP� 2�1�<XQDNRYD�9�.�0LORVODYVN\��(�1�.RYDOHQNR� �� ���0LVWD�:� Ü�7KHUPDOO\�VWLPXODWHG�FXUUHQWV�RI=Q±%L±2 WKLQ� ILOP� DUUHVWHUV�$�*XEDQVNL�-�=LDMD��:�0LVWD� �� ��0RUHQNR�9�9� Ü�3K\VLFR�FKHPLFDO�DQDO\VLV�RI)H�2� VROXWLRQ� LQ� WKH�PHOW� VROYHQW�3E2±%�2�±%D2±%D)� 9�9�0RUHQNR���9�%HO\M� �� ���0RUR]�9�3� Ü�6WXG\�RI�GDPDJH�DFFXPXODWLRQPHFKDQLVPV� LQ� UHLQIRUFHG� DOXPLQXP�ERURQ�VWHHO� FRPSRVLWHV� GXULQJ� WKHUPDOF\FOLQJ� /�5�9LVKQ\DNRY�� 9�3�0RUR]�9�,�/DYUHQW\HY� �� ���0RVNDO�'� Ü�,QYHVWLJDWLRQ�RI�GLVORFDWLRQV� LQ*H VLQJOH� FU\VWDOV� E\� VFDQQLQJ� HOHFWURQEHDP� 9�1DGWRFK\�� 0�*RORGHQNR�'�0RVNDO� �� ��0R]JRYR\� $�9� Ü� 1XPHULFDO� VLPXODWLRQ� LQSURFHVVLQJ� RI� H[SHULPHQWDO� GDWD� RQPHFKDQLFDO� VSHFWURVFRS\� RI� PDWHULDOV$�9�0R]JRYR\�� 9�6�$EUDPFKXN�� ,�9�$E�UDPFKXN� �� ���0XNKO\R� 0�$� Ü� (IIHFW� RI� DQQHDOLQJ� PRGHRQ� =Q6±&X�&O SURSHUWLHV� <X�<X�%D�FKHULNRY�� ,�6�*RORYLQD�� 1�9�.LWV\XN�0�$�0XNKO\R�� 9�(�5RGLRQRY�2�$�6WDGQ\N� �� ���0XVVLO� 9�9� Ü� 3KRWRLQGXFHG� FKDQJHV� LQRSWLFDO� SURSHUWLHV� RI� WKLQ� ILOP� $J±3E,�ELOD\HU� V\VWHPV� 9�9�0XVVLO�(�7�/HPHVKHYVND\D��9�9�3LOLSHQNR� �� ���1DGWRFK\�9� Ü� ,QYHVWLJDWLRQ� RI� GLVORFDWLRQVLQ�*H VLQJOH�FU\VWDOV�E\�VFDQQLQJ�HOHFWURQEHDP� 9�1DGWRFK\�� 0�*RORGHQNR�'�0RVNDO� �� ��1DGXWRY� 9�0� Ü� 0RVVEDXHU� DQDO\VLV� RI� WKHVWUXFWXUH� )H±1L±& DOOR\V� DIWHU� KHDW� DQGXOWUDVRQLF� WUHDWPHQWV� 9�0�1DGXWRY�'�9�6HPHQRY�� <H�2�6Y\VWXQRY�� *�,�.X]�PLFK� �� ���

1DGXWRY� 9�0� Ü� ,QWHUQDO� IULFWLRQ� DQG<RXQJ�V�PRGXOXV�LQ�,QYDU�)H±1L±& DOOR\V9�0�1DGXWRY��7�9�*ROXE��2�9�+\PHQ\XN �� ���1DGXWRY� 9�0� Ü� 6PDOO�DQJOH� QHXWURQVFDWWHULQJ� LQ� ,QYDU� )H±1L±& DOOR\V� LQPDJQHWLF� ILHOG� 9�0�1DGXWRY�9�0�*DUDPXV�� 5�:LOOXPHLW�'�9�6HPHQRY� �� ���1DJRUQD\D�/�/� Ü�$QLVRWURS\�RI�PHFKDQLFDOSURSHUWLHV� RI� R[LGH� VLQJOH� FU\VWDOV� IRULQRUJDQLF� VFLQWLOODWRUV� ,�3�%DEL\FKXN�9�1�%DXPHU�� 9�*�%RQGDU�� %�9�*ULQ\RY�9�,�.ULYRVKHLQ�� /�/�1DJRUQD\D�(�1�3LURJRY��9�'�5\]KLNRY� �� ���1DJRUQD\D�/� Ü�2Q�OXPLQHVFHQFH�NLQHWLFV�RIVFLQWLOODWRUV� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��1DJRUQ\L� 3�*� Ü� /XPLQHVFHQW� SUREHV� IRUVRPH� UDGLRDFWLYH� ZDVWH� FRQILQHPHQWSKRVSKDWHV� 2�9�&KXNRYD�� 5�6�%R\NR�*�,�*DLGLGHL��3�*�1DJRUQ\L��6�*�1HGLONR�,�0�1HG\HONR�� 9�,�5DG]LYDQRY�9�3�6DNXQ��9�9�%R\NR� �� ���1DLGHQRY� 6�9� Ü� 0HFKDQLVPV� RI� UD\FKDRWL]DWLRQ� LQ� FRPSRVLWH� GHWHFWRUV9�*�%DU�\DKWDU�� 9�9�<DQRYVN\�6�9�1DLGHQRY��$�9�.XULOR� �� ���1DNRQHFKQD� 2� Ü� ,QIOXHQFH� RI� KHDWWUHDWPHQW� RQ� PRUSKRORJ\� DQG� SKDVHFRPSRVLWLRQ� RI� 7(*�&R� FRPSRVLWHPDWHULDO� /�0DW]XL�� 0�%DELFK�� 0=DNKDUHQNR��2�1DNRQHFKQD��/�9RYFKHQNR �� ��1DNRQHFKQD� 2�,� Ü� ,QIOXHQFH� RI� 6L RQPLFURVWUXFWXUH�DQG�PHFKDQLFDO�SURSHUWLHVRI� 7L$O6L1 KDUG� WKLQ� ILOPV2�,�1DNRQHFKQD��0�,�=DNKDUHQNR� �� ���1DWVLN� 9�'� Ü� 6WUXFWXUH� VHQVLWLYLW\� RISDUDPHWHUV� RI� DFRXVWLF� UHOD[DWLRQ�α�SHDNLQ�QLRELXP�DQG�LURQ�9�'�1DWVLN��3�3�3DO�9DO��/�1�3DO�9DO��<X�$�6HPHUHQNR� �� ���1DWVLN� 9�'� Ü� $QDO\VLV� RI� ORZ�WHPSHUDWXUHUHOD[DWLRQ� UHVRQDQFHV� LQ� PDWHULDOVFRQWDLQLQJ� GHIHFWV� 9�'�1DWVLN�<X�$�6HPHUHQNR� �� ���1DXPHQNR� 6�0� Ü� 5HODWLRQ� EHWZHHQVWUXFWXUH� LQKRPRJHQHLWLHV�DQG�UHOD[DWLRQSURFHVVHV� LQ� H[FLWHG� VLOLFRQ� FU\VWDOV9�$�0DNDUD�� $�0�.RORPLHWV�<X�/�.ROFKHQNR�� 6�0�1DXPHQNR�2�9�5XGHQNR��/�3�6WHEOHQNR� �� ���1HGLONR� 6�*� Ü� /XPLQHVFHQFH� SURSHUWLHV� RI1D$O3�2� FU\VWDOV� GRSHG� ZLWK� FKURPLXPLRQV� 2�9�*RPHQ\XN�� 6�*�1HGLONR�1�9�6WXV�� 0�6�6ORERG\DQ\N�9�3�6FKHUEDWVN\� �� ���1HGLONR�6�*� Ü�/XPLQHVFHQW�SUREHV�IRU�VRPHUDGLRDFWLYH�ZDVWH�FRQILQHPHQW�SKRVSKDWHV2�9�&KXNRYD�� 5�6�%R\NR�� *�,�*DLGLGHL�3�*�1DJRUQ\L�� 6�*�1HGLONR�� ,�0�1H�G\HONR�� 9�,�5DG]LYDQRY�� 9�3�6DNXQ�9�9�%R\NR� �� ���1HG\EDO\XN� $�)� Ü� ;�UD\� VSHFWURVFRSLFVWXG\� RI� VWUXFWXUDO� LVRW\SLVP� LQ� 0H�6LVLOLFLGHV� 3�9�*HO�� $�9�<XVKFKHQNR�$�)�1HG\EDO\XN��9�0�6DNKQR� �� ���
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1HG\HONR� ,�0� Ü� /XPLQHVFHQW� SUREHV� IRUVRPH� UDGLRDFWLYH� ZDVWH� FRQILQHPHQWSKRVSKDWHV� 2�9�&KXNRYD�� 5�6�%R\NR�*�,�*DLGLGHL��3�*�1DJRUQ\L��6�*�1HGLONR�,�0�1HG\HONR�� 9�,�5DG]LYDQRY�9�3�6DNXQ��9�9�%R\NR� �� ���1HHORY� ,� Ü� &ROOLVLRQDO� G\QDPLFV� VLPXODWLRQRI�JUDIWHG�SRO\PHU�EUXVKHV�FRQVLVWLQJ�RIDQLVRWURSLF� PRQRPHUV� ,�1HHORY�1�%DODEDHY�� 0�5DWQHU�� )�6XQGKROP�.�%LQGHU� �� ��1HLFKHYD� 6�9� Ü� 'HHS� WUDSV� LQ� .0J)� DQG/L%D)� FU\VWDOV� $�9�*HNWLQ�� 1�9�6KLUDQ�6�9�1HLFKHYD��,�0�.UDVRYLWVND\D� �� ���1HNUDVRY� 9� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���1HNUDVRY�9�9� Ü�'HYHORSPHQW�RI�D�GHWHFWLRQEORFN� RI� D� FRPELQHG� PRGH� VFLQWLOODWRU�SKRWRGLRGH� V\VWHP� �FRXQWLQJ�FXUUHQW�� IRUD]LPXWKDO� GHWHFWLQJ� FRPSOH[HV9�9�1HNUDVRY�� 9�9�%HORJXE�(�0�6HOHJHQHY�� %�9�*U\Q\RY�<X�$�%RURGHQNR� �� ���1HOLSRYLWFK� .�,� Ü� 3KDVH� WUDQVLWLRQ� DQGSHFXOLDULWLHV� RI� DFRXVWLF� ZDYH� VSUHDGLQJLQ� EHQ]RSKHQRQH� 3�9�%XUOL\�� 9�9�.R�]DFKHQNR��9�,�0HO�QLN��.�,�1HOLSRYLWFK� �� ���1HVWHUNLQD� 9� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���1LNLIRUHQNR�9�1� Ü�'LVORFDWLRQ� GLVWULEXWLRQLQ� UXE\� VLQJOH� FU\VWDOV� XQGHU� ORDGLQJ� DWKLJK� WHPSHUDWXUHV� 0�(�%RVLQ�,�)�=Y\DJLQWVHYD�� 9�1�=Y\DJLQWVHY�)�)�/DYUHQW\HY��9�1�1LNLIRUHQNR� �� ���1LNLIRUHQNR� 9�1� Ü� (OHFWULF� UHVLVWLYLW\� RIDOXPLQXP� GXH� WR� WKH� VWUXFWXUH� VWDWHHYROXWLRQ� XQGHU� DFWLYH� ORDGLQJ� QHDU� WKH\LHOG� OLPLW� 9�1�1LNLIRUHQNR�� 0�(�%RVLQ�=�$�.UDVQLNRYD��6�$�6RORGLORY� �� ��1LNRODHY�$�9� Ü�6FDQQLQJ�QHDU�ILHOG�RSWLFDOPLFURVFRS\� RI� PDJQHWLF� VWUXFWXUHV� LQPDJQHWLF� ILOPV� 9�,�%HORWHORY�$�6�/RJJLQRY�� $�9�1LNRODHY�$�3�3\DWDNRY��$�.�=YH]GLQ� �� ���1L]KDQNRYVNL\� 6�9� Ü� 3HFXOLDULWLHV� RIRSWLFDO� DQG� VWUXFWXUH� FKDUDFWHULVWLFV� RIVDSSKLUH� VLQJOH� FU\VWDOV� JURZQ� LQ� $U �&2 DWPRVSKHUH� $�<D�'DQ�NR�� 9�)�7ND�FKHQNR�� 1�6�6LGHOQLNRYD�� 9�0�3X]LNRY�6�9�1L]KDQNRYVNL\� �� ���1L]KDQNRYVN\� 6�9� Ü� )RUPDWLRQ� RI� WKHVSLQHO� VWUXFWXUH� �$O$O�2��� SKDVH� RQVDSSKLUH� VXUIDFH� 1�6�6LGHOQLNRYD�0�$�5RP�� $�<D�'DQ±NR�6�9�1L]KDQNRYVN\�� 8�9�6LULN�6�,�.ULYRQRJRY� �� ��1RYDFRQL� 6� Ü� 3ODQH�HOOLSWLFDO� PLUURUIXUQDFH� IRU� FU\VWDO� JURZWK� 6�1RYDFRQL�$O�%ROWRVL�� 5�%DLHV�� 0�%DUWDQ�,�*UR]HVFX� �� ���1RYLNRY�9�$� Ü�6WUXFWXUH�PRGHO�RI�ELVWDEOHFXUUHQW� VZLWFKLQJ� LQ� &G6 ILOPV3�$�3DQFKHNKD��9�$�1RYLNRY� �� ���

1RYRVDG� ,�6� Ü�,QIOXHQFH�RI� LRGLQH� LPSXULW\RQ� SKRWRFKHPLFDO� DQG� HPLVVLRQ�SURFHVVHVLQ� &G%U��&X FU\VWDOV� 6�6�1RYRVDG�,�6�1RYRVDG� �� ���1RYRVDG� ,�6� Ü� 6SHFWUDO� DQG� NLQHWLFFKDUDFWHULVWLFV� RI� OXPLQHVFHQW� FRQYHUWHUVRQ� WKH� EDVHV� RI� FDGPLXP� LRGLGH6�6�1RYRVDG�� ,�6�1RYRVDG�9�(�*RQFKDUXN��/�9�.RVW\N �� ���1RYRVDG�6�6� Ü�,QIOXHQFH�RI�LRGLQH�LPSXULW\RQ� SKRWRFKHPLFDO� DQG� HPLVVLRQ�SURFHVVHVLQ� &G%U��&X FU\VWDOV� 6�6�1RYRVDG�,�6�1RYRVDG� �� ���1RYRVDG� 6�6� Ü� 6SHFWUDO� DQG� NLQHWLFFKDUDFWHULVWLFV� RI� OXPLQHVFHQW� FRQYHUWHUVRQ� WKH� EDVHV� RI� FDGPLXP� LRGLGH6�6�1RYRVDG�� ,�6�1RYRVDG�9�(�*RQFKDUXN��/�9�.RVW\N� �� ���2NKULPHQNR� %�$� Ü� &KHPLFDO� ERQGVGHYLDWLRQ� LQ� 1+��� 3+��� $V+��� DQG� 6E+�PROHFXOHV�%�$�2NKULPHQNR��*�,�*DLGLGHL�'�0�6DPRLOHQNR� �� ���2OHLQLN�6� Ü�6WXGLHV�RI�SKRWRDFWLYH�VWDWHV�RILVRYDOHQWO\�GRSHG�=Q6H����FU\VWDOV�E\�WKHPHWKRG� RI� VFDQQLQJ� SKRWRGLHOHFWULFVSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���2OHLQLN� 6� Ü� 5DGLDWLRQ�LQGXFHG� FKDQJHV� LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���2OH\QLN� 6� Ü� (OHFWURSK\VLFDO� SURSHUWLHV� RIPHWDO�VHPLFRQGXFWRU�PHWDO� VWUXFWXUHVEDVHG� RQ� LVRYDOHQWO\� GRSHG� ]LQF� VHOHQLGHFU\VWDOV� 2�&KXJDL�� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 6�2OH\QLN�� .�.DWUXQRY�,�=HQ\D� �� ���2QDQNR� $�3� Ü� 5HOD[DWLRQ� RI� GHIHFWVWUXFWXUH� LQ� XOWUDVRQLF� ZDYH� ILHOG� DQGDFRXVWLF� HPLVVLRQ� LQ� /L) VLQJOH� FU\VWDOV0�9�.UDYWVRY�� 2�9�/\DVKHQNR�� $�3�2QD�QNR� �� ���2SWDV\XN� 6�9� Ü� 3KRWRVWLPXODWHG� *DGLIIXVLRQ� LQ� ]LQF� VXOILGH<X�<X�%DFKHULNRY�� 6�9�2SWDV\XN�9�(�5RGLRQRY��$�$�6WDGQLN� �� ���2UORY� /�.� Ü� (IIHFW� RI� GLVORFDWLRQV� LQUHOD[HG�0%(�6L*H OD\HUV�RQ�WKH�HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���3DGO\DN�%� Ü�(35�VSHFWURVFRS\�RI�LUUDGLDWHGELRDFWLYH�JODVVHV�%�3DGO\DN��6�6]DUVND� �� ���3DO�9DO� /�1� Ü� 6WUXFWXUH� VHQVLWLYLW\� RISDUDPHWHUV� RI� DFRXVWLF� UHOD[DWLRQ�α�SHDNLQ�QLRELXP�DQG�LURQ�9�'�1DWVLN��3�3�3DO�9DO��/�1�3DO�9DO��<X�$�6HPHUHQNR� �� ���3DO�9DO� 3�3� Ü� 6WUXFWXUH� VHQVLWLYLW\� RISDUDPHWHUV� RI� DFRXVWLF� UHOD[DWLRQ�α�SHDNLQ�QLRELXP�DQG�LURQ�9�'�1DWVLN��3�3�3DO�9DO��/�1�3DO�9DO��<X�$�6HPHUHQNR� �� ���
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3DOHZVNL� 7� Ü� 3LH]RUHVLVWLYH� SURSHUWLHV� RIERURQ�GRSHG�VLOLFRQ�ZKLVNHUV�DW�FU\RJHQLFWHPSHUDWXUHV� $�$�'UX]KLQLQ�� ,�,�0DU\D�PRYD��,�9�3DYORYVN\\��7�3DOHZVNL� �� ���3DQFKHNKD� 3�$� Ü� 6WUXFWXUH� PRGHO� RIELVWDEOH� FXUUHQW� VZLWFKLQJ� LQ� &G6 ILOPV3�$�3DQFKHNKD��9�$�1RYLNRY� �� ���3DQILORY� $�6� Ü� (OHFWURQLF� VWUXFWXUH� DQGPDJQHWLF� SURSHUWLHV� RI� UDUH�HDUWK� 50�DQG� 50� FRPSRXQGV� $�(�%DUDQRYVNL\�*�(�*UHFKQHY�� $�6�3DQILORY�� ,�9�6YHFK�NDUHY� �� ���3DQNR� 9�9� Ü� ,QIOXHQFH� RI� VWUXFWXUDOGLVRUGHULQJ� RQ� SKRQRQ� DQG� HOHFWURQVSHFWUD�RI�&X��δ36�%U VXSHULRQLF�FU\VWDOV,�3�6WXGHQ\DN�� 9�2�6WHIDQRYLFK�9�9�%LODQFKXN�� 9�9�3DQNR�<D�,�6WXGHQ\DN� �� ���3DQRYD� 0�$� Ü� 0DJQHWLF� DQG� UHVRQDQFHSURSHUWLHV� RI� PXOWLOD\HU� �*G�6L�&R�6L�QILOPV� *�6�3DWULQ�� 2�9�9DV�NRYVNLL�'�$�9HOLNDQRY�� $�9�6YDORY�� 1�9�9RONRY�(�9�(UHPLQ��0�$�3DQRYD� �� ���3DQWDOHU� 5�3� Ü� ([SUHVV� GHWHUPLQDWLRQ� RILURQ� PLFURLPSXULWLHV� LQ� WHFKQRORJLFDOVROXWLRQV� IRU� JURZLQJ� .+�32� VLQJOHFU\VWDOV�E\�YLVXDO�WHVW�PHWKRG�7�,�,YNRYD�5�3�3DQWDOHU�� $�%�%ODQN�� (�$�5HVKH�WQ\DN��<X�(X�9DNKRYVND\D� �� ���3DQWDOHU�5�3� Ü�3K\VLFR�FKHPLFDO�SURSHUWLHVRI� SKRVSKDWH� VROXWLRQV� XVHG� LQ� .'3VLQJOH� FU\VWDO� JURZWK� 5�3�3DQWDOHU�2�0�6PLUQRYD��$�%�%ODQN� �� ���3DUN� 6H� +ZDQ� Ü� $QDO\VLV� RI� GHVLJQFKDUDFWHULVWLFV� RI� WKH� SURWRW\SHLRQL]DWLRQ� FKDPEHU� DQG� EHDP� ORVVPRQLWRU� IRU� SURWRQ� DFFHOHUDWRU� IDFLOLWLHVLQ� .RUHD� -DH� &KHRQ� .LP�� -RQJ� .\XQJ.LP��<RQJ�.\XQ�.LP��6H�+ZDQ�3DUN� �� ���3DUN� 6H� +ZDQ� Ü� 5DGLDWLRQ� GHWHFWRUGHYHORSPHQW� LQ�.$(5,�<RQJ�.\XQ�.LP�6H� +ZDQ� 3DUN�� -DQJ� +R� +D�� :RR� *\R/HH��6HRN�%RRQJ�+RQJ��&KRQJ�(XQ�&KXQJ �� ���3DUODJ� 2�2� Ü� 2Q� FRQWDPLQDWLRQ� RI� OLWKLXPWHWUDERUDWH�VLQJOH�FU\VWDOV�ZLWK�SODWLQXP�FRQWDLQHU� PDWHULDO�� 9�0�+RORYH\�2�2�3DUODJ�� 9�7�0DVO\XN�� 3�3�3XJD�0�0�%LURY��'�2�6DQWRQL\� �� ��3DVKDHY� (�0� Ü� (IIHFW� RI� GLVORFDWLRQV� LQUHOD[HG�0%(�6L*H OD\HUV�RQ�WKH�HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���3DVKFKHQNR� 9�3� Ü� 6WUXFWXUH� GHIHFWV� DQGSURSHUWLHV� RI� ILDQLWHV� 9�3�3DVKFKHQNR�$�0�3UXGQLNRY��9�1�9DU\XNKLQ��1�*�.LVHO�*�1�%RJDFKYD��9�0�,VKFKXN� �� ���3DV]WL� =� Ü� &U\VWDO� GHIHFWV� LQ� HSLWD[LDO� ,Q3OD\HUV�� HOHFWULFDO� DQG� VFDQQLQJ� HOHFWURQPLFURVFRSH� VWXG\� =V�-�+RUYDWK�$�/�7RWK��9�5DNRYLFV��=�3DV]WL��*�3HWR� �� ���3DWODVKHQNR� =K� Ü� 6HOHFWLRQ� DQG� UHVXOWV� RIWKH� DEHUUDWLRQ� FRPSXWDWLRQ� DQGSHFXOLDULWLHV� RI� SRODUL]LQJ� HIIHFWFRPSHQVDWLRQ� LQ� GRXEOH� 89PRQRFKURPDWRUV� IRU� VDWHOOLWH�ERUQH� 89R]RQRPHWHUV� 9�9DVKFKHQNR�� $�/R]D�=K�3DWODVKHQNR� �� ���

3DWULQ� *�6� Ü� 0DJQHWLF� DQG� UHVRQDQFHSURSHUWLHV� RI� PXOWLOD\HU� �*G�6L�&R�6L�QILOPV� *�6�3DWULQ�� 2�9�9DV�NRYVNLL�'�$�9HOLNDQRY�� $�9�6YDORY�� 1�9�9RONRY�(�9�(UHPLQ��0�$�3DQRYD� �� ���3DWVHQNHU� /�'� Ü� ([SHULPHQWDO� DQGWKHRUHWLFDO� LQYHVWLJDWLRQ� RI� WKH� UHDFWLRQRI� ����GLSKHQ\O�����R[D]ROH� DQG� ����GLSKHQ\O�������R[DGLD]ROH� GLPHWK\ODPLQRGHULYDWLYHV� ZLWK� WKH� 9LOVPHLHU� UHDJHQW2�1�6HPHQRYD�� 2�6�*DONLQD�/�'�3DWVHQNHU�� ,�*�<HUPROHQNR�,�$�)HG\XQ\D\HYD� �� ��3DYORYVN\\� ,�9� Ü� 3LH]RUHVLVWLYH� SURSHUWLHVRI� ERURQ�GRSHG� VLOLFRQ� ZKLVNHUV� DWFU\RJHQLF� WHPSHUDWXUHV� $�$�'UX]KLQLQ�,�,�0DU\DPRYD�� ,�9�3DYORYVN\\��7�3DOHZ�VNL� �� ���3DYO\QD� 2�9� Ü� (IIHFW� RI� G\QDPLF� EORFNLQJRI� GLVORFDWLRQV� E\� LQWHUVWLWLDO� DWRPV� RQPHFKDQLFDO� SURSHUWLHV� RI� PHWDOV� DQGDOOR\V� 9�9�6KLURNRY�� 2�9�3DYO\QD�2�9�6KLURNRY� �� ���3HUHNUHVWRY� 9�,� Ü� 6RPH� UHJXODULWLHV� RIGLDPRQG� SKDVH� IRUPDWLRQ� DWQRQHTXLOLEULXP� WUDQVLWLRQ� SURFHVV� RI� &YDSRUV� ZLWK� ORZ� 7L FRQFHQWUDWLRQ� LQWRFRQGHQVHG� VWDWH� 9�,�3HUHNUHVWRY�<X�$�.RVPLQVND\D��,�%�<DQFKXN� �� ���3HUHYHUWDLOR� 9�/� Ü� 6LQJOH� GHWHFWRU�GXDOVFLQWLOODWRU� DQWL�&RPSWRQ� SUREHV$�%�5RVHQIHOG��0�)�/�/HUFK��*�-�7DNDFV�$�9�*HNWLQ��9�/�3HUHYHUWDLOR� �� ���3HUOR� 3� Ü� 0DJQHWRRSWLFDO� HIIHFWV� LQ� WZRGLPHQVLRQDO� SKRWRQLF� FU\VWDOV9�,�%HORWHORY�� 3�3HUOR�� $�.�=YH]GLQ�1�9�*DSRQHQNR� �� ���3HWFKHQNR� $�0� Ü� 6WXG\� RI� PDUWHQVLWH� LQK\GUDXOLFDOO\� SUHVVHG� ��&�$� VWHHO� E\LQWHUQDO� IULFWLRQ� PHWKRG1�*�$OHNVDQGURY�� $�0�3HWFKHQNR�1�<D�5RNKPDQRY� �� ���3HWR� *� Ü� &U\VWDO� GHIHFWV� LQ� HSLWD[LDO� ,Q3OD\HUV�� HOHFWULFDO� DQG� VFDQQLQJ� HOHFWURQPLFURVFRSH� VWXG\� =V�-�+RUYDWK�$�/�7RWK��9�5DNRYLFV��=�3DV]WL��*�3HWR� �� ���3HWULN� ,�6� Ü� 6XUIDFH� SURSHUWLHV� DQGSKRWRFDWDO\WLF� DFWLYLW\� RI� QDQRVWUXFWXUDOILOPV� 9�,�<DWVNLY�� ,�6�3HWULN�1�3�6PLUQRYD�� 9�0�*UDQFKDN�$�0�(UHPHQNR� �� ���3KRPLQ� $�6� Ü� ,QWHJUDO� GLDJQRVWLFV� RILUUHYHUVLEOH� FKDQJHV� LQ� SRZHU� RSWLFDOHOHPHQWV� ,�$�.OLPHQNR�� 9�.�.RPDU±�9�3�0LJDO�� 6�9�6XOLPD�� $�6�3KRPLQ�2�1�&KXJDL� �� ���3LOLSHQNR� 9�9� Ü� 3KRWRLQGXFHG� FKDQJHV� LQRSWLFDO� SURSHUWLHV� RI� WKLQ� ILOP� $J±3E,�ELOD\HU� V\VWHPV� 9�9�0XVVLO�(�7�/HPHVKHYVND\D��9�9�3LOLSHQNR� �� ���3LUNR� ,�%� Ü�5HOD[DWLRQ�SURSHUWLHV� RI�GHIHFWFRPSOH[HV� LQ� 6U&O�±7O� FU\VWDOV6�,�.DFKDQ�� 9�0�6DODSDN�� =�3�&KRUQ\L�,�%�3LUNR��7�0�.XVKQLU� �� ���3LURJRY� (�1� Ü� $QLVRWURS\� RI� PHFKDQLFDOSURSHUWLHV� RI� R[LGH� VLQJOH� FU\VWDOV� IRULQRUJDQLF� VFLQWLOODWRUV� ,�3�%DEL\FKXN�9�1�%DXPHU�� 9�*�%RQGDU�� %�9�*ULQ\RY�9�,�.ULYRVKHLQ�� /�/�1DJRUQD\D�(�1�3LURJRY��9�'�5\]KLNRY� �� ���

$XWKRU�,QGH[�9RO�����¢��Ü�
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3LURJRY� (�1� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9R�URQNLQ��2�9�=HOHQVND\D��9�9�&KHUQLNRY� �(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���3LYQHQNR� 1�6� Ü� 3KRWRLQGXFHG� FKROHVWHULFKHOL[� LQYHUVLRQ� LQ� VRPH� V\VWHPVFRQWDLQLQJ�FKLUDO�α�β�XQVDWXUDWHG�NHWRQHV$�,�.ULYRVKH\��1�,�6KNROQLNRYD��/�9�&KH�SHOHYD��/�$�.XWXO\D��1�6�3LYQHQNR� �� ��3RG\DORYVNL� '�,� Ü� ([FKDQJH� FRXSOLQJSHFXOLDULWLHV�LQ�XOWUDWKLQ�)H�&X�7E 55φιλµ
στρυχτυρεσ ον 6L VXEVWUDWHV<H�2�3RJRU\HORY��'�,�3RG\DORYVNL� �� ���3RJLENR� 9�0� Ü� 6\QWKHVLV� RI� /D%6L2�VWLOOZHOOLWH� QDQRSRZGHUV7�(�.RQVWDQWLQRYD�� *�.�9RONRYD�$�6�'RURVKNHYLFK�� 9�$�*OD]XQRYD�9�0�3RJLENR��/�*�*XVDNRYD� �� ���3RJRULO\� $�1� Ü� (IIHFW� RI� WKH� FU\VWDOVWUXFWXUH�GHIHFWLYHQHVV�RQ�PDJQHWLF�VWDWHRI� VRGLXP�GRSHG� ODQWKDQXP� PDQJDQLWHV$�,�7RYVWRO\WNLQ�� $�1�3RJRULO\�� 9�9�.R�WRY��$�*�%HORXV��2�,�9�\XQRY� �� ���3RJRU\HORY� <H�2� Ü� ([FKDQJH� FRXSOLQJSHFXOLDULWLHV� LQ� XOWUDWKLQ� )H�&X�7E ILOPVWUXFWXUHV� RQ 6L VXEVWUDWHV<H�2�3RJRU\HORY��'�,�3RG\DORYVNL� �� ���3RO\DNRY� 3�,� Ü� 5HJXODULWLHV� RI� HODVWLFDQLVRWURSLF� VWUDLQV� FDXVHG� E\� 7� �� +� �� 3LQIOXHQFH�RQ�WKH�VWUXFWXUDO�WUDQVLWLRQ�DQGSURSHUWLHV� RI� PDJQHWLF� VHPLFRQGXFWRUV3�,�3RO\DNRY��6�6�.XFKHUHQNR� �� ���3RO\DNRY� 3�,� Ü� 7KHUPRG\QDPLFDOPHFKDQLVPV� RI� HODVWLFDOO\� DQLVRWURS\VWUDLQLQJ� VWUHVVHV� LQ� WKH� FKDQJHV� RI� WKHSKDVH� WUDQVLWLRQ� DQG� SURSHUWLHV� RIPDJQHWLF� GLHOHFWULFV� XQGHU� 7�+�3LQIOXHQFH�3�,�3RO\DNRY��6�6�.XFKHUHQNR� �� ���3RSHQNR�1� Ü�$XWRPDWHG�(65� VSHFWURPHWHUIRU� YDULRXV� DSSOLFDWLRQV� ,�,YDQFKHQNR�6�.DUHOLQ��1�3RSHQNR� �� ���3RSRY�9�3� Ü�1RQFRQWDFW�PHWKRG�RI�WKHUPDOOLQHDU� H[SDQVLRQ� FRHIILFLHQWGHWHUPLQDWLRQ� IRU� YDULRXV� PDWHULDOV� LQWHPSHUDWXUH� UDQJH� ���� WR� �����&$�6�%RU]\NK��9�3�3RSRY��9�6�6DYFKHQNR�/�9�6NLELQD�� 0�0�&KHUQLN�.�$�<XVKFKHQNR� �� ���3ULWXOD� ,�0� Ü�(IIHFW� RI� RUJDQLF� G\H� RQ� WKHJURZWK� DQG� RSWLFDO� SURSHUWLHV� RI� .'3,�0�3ULWXOD�� <X�1�9HOLNKRY�� $�1�/HY�FKHQNR�� 0�,�.RO\ED\HYD�� 9�0�3X]LNRY�9�%�7\XW\XQQLN��$�2�'RURVKHQNR� �� ���3URNKRURY� .�$� Ü� 7KHRUHWLFDO� WUHDWPHQW� RIWKH� UHVRQDQW� K\SHU�5DPDQ� VFDWWHULQJ� RIOLJKW� LQ� FU\VWDOV� /�(�6HPHQRYD�.�$�3URNKRURY� �� ��3URNRILHYD� 2�9� Ü� 6RPH� SHFXOLDULWLHV� RIPHFKDQLFDO� SURSHUWLHV� RI� DPRUSKRXVPHWDO�DOOR\V�9�6�$EUDPRY��2�1�%HORVKRY�2�9�3URNRILHYD� �� ���3UXGQLNRY�$�0� Ü�,QIOXHQFH�RI�89�UDGLDWLRQRQ� VWUXFWXUH� DQG� SURSHUWLHV� RI� GLDPRQG�OLNH� α�&�1 ILOPV� 5�9�6KDODHY�9�1�9DU\XNKLQ��$�0�3UXGQLNRY� �� ���

3UXGQLNRY� $�0� Ü� 6WUXFWXUH� GHIHFWV� DQGSURSHUWLHV� RI� ILDQLWHV� 9�3�3DVKFKHQNR�$�0�3UXGQLNRY��9�1�9DU\XNKLQ��1�*�.L�VHO��*�1�%RJDFKYD��9�0�,VKFKXN� �� ���3U\JRG\XN�2� Ü�0XOWLSOH�VFDWWHULQJ�HIIHFW�RQOXPLQHVFHQFH� SURSHUWLHV� RI� RUJDQLFOXPLQRSKRUV� (�7LNKRQRY�� 9�3�<DVKFKXN�2�3U\JRG\XN��9�%H]URGQ\��<X�)LODWRY� �� ���3XJD� 3�3� Ü� 2Q� FRQWDPLQDWLRQ� RI� OLWKLXPWHWUDERUDWH�VLQJOH�FU\VWDOV�ZLWK�SODWLQXP�FRQWDLQHU� PDWHULDO�� 9�0�+RORYH\�2�2�3DUODJ�� 9�7�0DVO\XN�� 3�3�3XJD�0�0�%LURY��'�2�6DQWRQL\� �� ��3X]LNRY�9�0� Ü�3HFXOLDULWLHV� RI� RSWLFDO� DQGVWUXFWXUH� FKDUDFWHULVWLFV� RI� VDSSKLUHVLQJOH� FU\VWDOV� JURZQ� LQ� $U �� &2DWPRVSKHUH� $�<D�'DQ�NR�9�)�7NDFKHQNR�� 1�6�6LGHOQLNRYD�9�0�3X]LNRY��6�9�1L]KDQNRYVNL\� �� ���3X]LNRY�9�0� Ü�(IIHFW�RI�RUJDQLF�G\H�RQ�WKHJURZWK� DQG� RSWLFDO� SURSHUWLHV� RI� .'3,�0�3ULWXOD�� <X�1�9HOLNKRY�� $�1�/HY�FKHQNR�� 0�,�.RO\ED\HYD�� 9�0�3X]LNRY�9�%�7\XW\XQQLN��$�2�'RURVKHQNR� �� ���3\DWDNRY�$�3� Ü�6FDQQLQJ�QHDU�ILHOG�RSWLFDOPLFURVFRS\� RI� PDJQHWLF� VWUXFWXUHV� LQPDJQHWLF� ILOPV� 9�,�%HORWHORY�$�6�/RJJLQRY�� $�9�1LNRODHY�$�3�3\DWDNRY��$�.�=YH]GLQ� �� ���3\VKNLQ� 2�6� Ü� $QLRQ�UDGLFDO� FRQGXFWLQJ0H7&14 VDOWV� ZLWK� S\UD]LQH�EDVHGFDWLRQV� '�9�=LRONRYVNL\�$�9�.UDYFKHQNR�� 9�$�6WDURGXE�$�5�.D]DFKNRY�� 9�9�.KRWNHYLFK�*�9�.DPDUFKXN�� $�9�.KRWNHYLFK�2�6�3\VKNLQ� �� ���5DG]LYDQRY� 9�,� Ü� /XPLQHVFHQW� SUREHV� IRUVRPH� UDGLRDFWLYH� ZDVWH� FRQILQHPHQWSKRVSKDWHV� 2�9�&KXNRYD�� 5�6�%R\NR�*�,�*DLGLGHL��3�*�1DJRUQ\L��6�*�1HGLONR�,�0�1HG\HONR�� 9�,�5DG]LYDQRY�9�3�6DNXQ��9�9�%R\NR� �� ���5DNRYLFV� 9� Ü� &U\VWDO� GHIHFWV� LQ� HSLWD[LDO,Q3 OD\HUV�� HOHFWULFDO� DQG� VFDQQLQJHOHFWURQ� PLFURVFRSH� VWXG\� =V�-�+RUYDWK�$�/�7RWK��9�5DNRYLFV��=�3DV]WL��*�3HWR� �� ���5DPDNDHYD�5�)� Ü�(IIHFW�RI�]LUFRQLXP�R[LGHFU\VWDOOLQH� PRGLILFDWLRQV� RQ� OHDG]LUFRQDWH� V\QWKHVLV� 7�*�'H\QHND�(�$�9RYN��9�0�,VKFKXN��5�)�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ��5DPDNDHYD� 5�3K� Ü� 6\QWKHVLV� RI� OHDG]LUFRQDWH�� LQIOXHQFH� RI� ]LUFRQLXP� R[LGHFU\VWDO� PRGLILFDWLRQ� (�$�9RYN�7�*�'HLQHND�� 9�0�,VKFKXN�� 5�3K�5DPD�NDHYD��*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ���5DR�$�0� Ü�;36�VWXG\�RI�DPPRQLD�H[SRVHG&�� ILOPV� ERWK� RULJLQDO� DQGSKRWRSRO\PHUL]HG� 0�9�'REURWYRUVND�9�$�.DUDFKHYWVHY��2�0�9RYN��$�0�5DR� �� ���5DWQHU�0� Ü�&ROOLVLRQDO�G\QDPLFV�VLPXODWLRQRI�JUDIWHG�SRO\PHU�EUXVKHV�FRQVLVWLQJ�RIDQLVRWURSLF� PRQRPHUV� ,�1HHORY�1�%DODEDHY�� 0�5DWQHU�� )�6XQGKROP�.�%LQGHU� �� ��5HVKHWQ\DN�(�$� Ü�([SUHVV�GHWHUPLQDWLRQ�RILURQ� PLFURLPSXULWLHV� LQ� WHFKQRORJLFDOVROXWLRQV� IRU� JURZLQJ� .+�32� VLQJOHFU\VWDOV�E\�YLVXDO�WHVW�PHWKRG�7�,�,YNRYD�5�3�3DQWDOHU�� $�%�%ODQN�� (�$�5HVKHW�Q\DN��<X�(X�9DNKRYVND\D� �� ���

$XWKRU�,QGH[�9RO�����¢��Ü�

��� )XQFWLRQDO�PDWHULDOV�������������



5HVKHWQ\DN�6�$� Ü�5HIUDFWLRQ�DQG�UHIOHFWLRQRI�EXON�VSLQ�ZDYHV�RQ�D�ERXQGDU\�RI�WZRKRPRJHQHRXV� GLHOHFWULF� IHUURPDJQHWVKDYLQJ� ELD[LDO� DQLVRWURS\� <X�,�*RUREHWV�6�$�5HVKHWQ\DN� �� ���5LHKHPDQQ�:� Ü� ,QIOXHQFH� RI� DOXPLQD� DQG]LUFRQLD� QDQRSDUWLFOHV� RQ� PHFKDQLFDOSURSHUWLHV� DQG� GDPSLQJ� RI� PDJQHVLXP=�7URMDQRYD�� =�'UR]G�� 3�/XNDF�+�)HUNHO��:�5LHKHPDQQ� �� ���5RGLRQRY� 9�(� Ü� (IIHFW� RI� DQQHDOLQJ� PRGHRQ� =Q6±&X�&O SURSHUWLHV� <X�<X�%D�FKHULNRY�� ,�6�*RORYLQD�� 1�9�.LWV\XN�0�$�0XNKO\R�� 9�(�5RGLRQRY�2�$�6WDGQ\N� �� ���5RGLRQRY� 9�(� Ü� 3KRWRVWLPXODWHG� *DGLIIXVLRQ� LQ� ]LQF� VXOILGH<X�<X�%DFKHULNRY�� 6�9�2SWDV\XN�9�(�5RGLRQRY��$�$�6WDGQLN� �� ���5RNKPDQRY� 1�<D� Ü� 'LODWRPHWULF� VWXG\� RIRUGHUHG� VWUXFWXUHV� LQ� )H±$O DOOR\V0�%RXIHQJKRXU��$�+D\RXQH��1�<D�5RNK�PDQRY��0�%RXFKHDU��'�+DPDQD� �� ���5RNKPDQRY�1�<D� Ü�6WXG\�RI�PDUWHQVLWH� LQK\GUDXOLFDOO\� SUHVVHG� ��&�$� VWHHO� E\LQWHUQDO� IULFWLRQ� PHWKRG1�*�$OHNVDQGURY�� $�0�3HWFKHQNR�1�<D�5RNKPDQRY� �� ���5RP� 0�$� Ü� )RUPDWLRQ� RI� WKH� VSLQHOVWUXFWXUH� �$O$O�2��� SKDVH� RQ� VDSSKLUHVXUIDFH� 1�6�6LGHOQLNRYD�� 0�$�5RP�$�<D�'DQ±NR� 6�9�1L]KDQNRYVN\�8�9�6LULN��6�,�.ULYRQRJRY� �� ��5RPDQ\XN� *�0� Ü� (YDOXDWLRQ� RI� WKHIXQGDPHQWDO� DEVRUSWLRQ� VSHFWUXP� RI� DPDWHULDO� E\� LWV� UHIUDFWLYH� LQGH[GLVSHUVLRQ� LQ� WKH� WUDQVSDUHQF\� UDQJH%�9�$QGUL\HYVN\�� 0�2�5RPDQ\XN�*�0�5RPDQ\XN� �� ��5RPDQ\XN� 0�2� Ü� (YDOXDWLRQ� RI� WKHIXQGDPHQWDO� DEVRUSWLRQ� VSHFWUXP� RI� DPDWHULDO� E\� LWV� UHIUDFWLYH� LQGH[GLVSHUVLRQ� LQ� WKH� WUDQVSDUHQF\� UDQJH%�9�$QGUL\HYVN\�� 0�2�5RPDQ\XN�*�0�5RPDQ\XN� �� ��5RVHQIHOG� $�%� Ü� 6LQJOH� GHWHFWRU�GXDOVFLQWLOODWRU� DQWL�&RPSWRQ� SUREHV$�%�5RVHQIHOG��0�)�/�/HUFK��*�-�7DNDFV�$�9�*HNWLQ��9�/�3HUHYHUWDLOR� �� ���5R]KLWVNLL�1�1� Ü�6LPXODWLRQ�RI�SURFHVVHV�LQRSWRFKHPRWURQLF� HPLWWHU� ZLWK� HOHFWURGHVPRGLILHG�E\�/DQJPXLU�%ORGJHWW�WHFKQLTXH'�$�9DV\DQRYLWFK�� <X�7�=KROXGRY�1�1�5R]KLWVNLL� �� ���5XGHQNR�2�9� Ü�5HODWLRQ� EHWZHHQ� VWUXFWXUHLQKRPRJHQHLWLHV� DQG� UHOD[DWLRQ�SURFHVVHVLQ� H[FLWHG� VLOLFRQ� FU\VWDOV� 9�$�0DNDUD�$�0�.RORPLHWV�� <X�/�.ROFKHQNR�6�0�1DXPHQNR�� 2�9�5XGHQNR�/�3�6WHEOHQNR� �� ���5\DEFKHQNR� 6�0� Ü� $QRPDORXVO\� ODUJHPDJQHWRVWULFWLRQ� FDXVHG� E\UHDUUDQJHPHQW�RI�PDJQHWRHODVWLF�GRPDLQV9�0�.DOLWD�� $�)�/R]HQNR�6�0�5\DEFKHQNR�� 3�$�7URWVHQNR�7�0�<DWNHYLFK� �� ���5\DNKRYD� 2�*� Ü� 6SHFWUXP� RI� QRQOLQHDUPDJQHWRHODVWLF� ZDYHV� LQ� D� FXELFIHUURPDJQHW� 5�0�9DNKLWRY�2�*�5\DNKRYD� �� ���

5\EDOND� ,�$� Ü� 3UHSDUDWLRQ� RI� KLJK�SXULW\FKDUJH�IRU�JURZWK�RI�&G�±[=Q[7H FU\VWDOV(�)�9RURQNLQ�� /�9�$WURVKFKHQNR�6�1�*DONLQ�� $�,�/DOD\DQWV�� ,�$�5\EDOND�9�'�5\]KLNRY� �� ���5\]KLNRY�9� Ü�(OHFWURSK\VLFDO� SURSHUWLHV� RIPHWDO�VHPLFRQGXFWRU�PHWDO� VWUXFWXUHVEDVHG� RQ� LVRYDOHQWO\� GRSHG� ]LQF� VHOHQLGHFU\VWDOV� 2�&KXJDL�� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 6�2OH\QLN�� .�.DWUXQRY�,�=HQ\D� �� ���5\]KLNRY�9�'� Ü�3UHSDUDWLRQ�RI�KLJK�SXULW\FKDUJH�IRU�JURZWK�RI�&G�±[=Q[7H FU\VWDOV(�)�9RURQNLQ�� /�9�$WURVKFKHQNR�6�1�*DONLQ�� $�,�/DOD\DQWV�� ,�$�5\EDOND�9�'�5\]KLNRY� �� ���5\]KLNRY� 9�'� Ü� $QLVRWURS\� RI� PHFKDQLFDOSURSHUWLHV� RI� R[LGH� VLQJOH� FU\VWDOV� IRULQRUJDQLF� VFLQWLOODWRUV� ,�3�%DEL\FKXN�9�1�%DXPHU�� 9�*�%RQGDU�� %�9�*ULQ\RY�9�,�.ULYRVKHLQ�� /�/�1DJRUQD\D�(�1�3LURJRY��9�'�5\]KLNRY� �� ���5\]KLNRY� 9� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���5\]KLNRY�9� Ü�6WXGLHV�RI�SKRWRDFWLYH�VWDWHVRI� LVRYDOHQWO\�GRSHG�=Q6H���� FU\VWDOV�E\WKH� PHWKRG� RI� VFDQQLQJ� SKRWRGLHOHFWULFVSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���5\]KLNRY�9� Ü�5DGLDWLRQ�LQGXFHG�FKDQJHV�LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���5\]KLNRY� 9� Ü� 2Q� OXPLQHVFHQFH� NLQHWLFV� RIVFLQWLOODWRUV� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��5\]KLNRY� 9�'� Ü� 2Q� WKH� FKRLFH� RIVFLQWLOODWRUV� IRU� �VFLQWLOODWRU�SKRWRGLRGH�GHWHFWRUV� IRU� GLJLWDO� UDGLRJUDSK\9�'�5\]KLNRY��'�1�.R]LQ� �� ���5\]KLNRY� 9�'� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9RURQ�NLQ�� 2�9�=HOHQVND\D�� 9�9�&KHUQLNRY�(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���6DNKDURYD�1�$� Ü�&U\VWDO�JHRPHWULFDO�PRGHORI� JUDLQ� ERXQGDULHV� VWUXFWXUH(�(�%DGL\DQ�� $�*�7RQNRSULDG�1�$�6DNKDURYD�� 2�9�6KHNKRYWVRY�5�9�6KXULQRY� �� ���6DNKDURYD� 1�$� Ü� 6WUXFWXUDO� UHOD[DWLRQ� DWSODVWLF� GHIRUPDWLRQ� RI� WZR�GLPHQVLRQDOSRO\FU\VWDOV�ZLWK�IFF�ODWWLFH�(�(�%DGL\DQ�$�*�7RQNRSULDG�� 1�$�6DNKDURYD�2�9�6KHNKRYWVRY��5�9�6KXULQRY� �� ���
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6DNKQR�9�0� Ü�;�UD\�VSHFWURVFRSLF�VWXG\�RIVWUXFWXUDO� LVRW\SLVP� LQ� 0H�6L VLOLFLGHV3�9�*HO�� $�9�<XVKFKHQNR�$�)�1HG\EDO\XN��9�0�6DNKQR� �� ���6DNXQ�9�3� Ü� /XPLQHVFHQW� SUREHV� IRU� VRPHUDGLRDFWLYH�ZDVWH�FRQILQHPHQW�SKRVSKDWHV2�9�&KXNRYD�� 5�6�%R\NR�� *�,�*DLGLGHL�3�*�1DJRUQ\L�� 6�*�1HGLONR�� ,�0�1H�G\HONR�� 9�,�5DG]LYDQRY�� 9�3�6DNXQ�9�9�%R\NR� �� ���6DODSDN� 9�0� Ü� 5HOD[DWLRQ� SURSHUWLHV� RIGHIHFW� FRPSOH[HV� LQ� 6U&O�±7O� FU\VWDOV6�,�.DFKDQ�� 9�0�6DODSDN�� =�3�&KRUQ\L�,�%�3LUNR��7�0�.XVKQLU� �� ���6DPRLOHQNR� '�0� Ü� &KHPLFDO� ERQGVGHYLDWLRQ� LQ� 1+��� 3+��� $V+��� DQG� 6E+�PROHFXOHV�%�$�2NKULPHQNR��*�,�*DLGLGHL�'�0�6DPRLOHQNR� �� ���6DQWRQL\� '�2� Ü� 2Q� FRQWDPLQDWLRQ� RIOLWKLXP� WHWUDERUDWH� VLQJOH� FU\VWDOV� ZLWKSODWLQXP� �FRQWDLQHU� PDWHULDO�9�0�+RORYH\�� 2�2�3DUODJ�� 9�7�0DVO\XN�3�3�3XJD��0�0�%LURY��'�2�6DQWRQL\� �� ��6DYFKHQNR� 9�6� Ü� 1RQFRQWDFW� PHWKRG� RIWKHUPDO� OLQHDU� H[SDQVLRQ� FRHIILFLHQWGHWHUPLQDWLRQ� IRU� YDULRXV� PDWHULDOV� LQWHPSHUDWXUH� UDQJH� ���� WR� �����&$�6�%RU]\NK��9�3�3RSRY��9�6�6DYFKHQNR�/�9�6NLELQD�� 0�0�&KHUQLN�.�$�<XVKFKHQNR� �� ���6DYFK\Q� 2�9� Ü� 7KHUPRVWLPXODWHGOXPLQHVFHQFH� VSHFWUD� RI� ,Q[7O�±[,QDQRVWUXFWXUHV� V\QWKHVL]HG� LQ� SRURXVVLOLFRQ� $�9�)UDQLY�� 2�9�%RYJ\UD�2�9�6DYFK\Q� �� ���6FKHUEDWVN\�9�3� Ü�/XPLQHVFHQFH�SURSHUWLHVRI� 1D$O3�2� FU\VWDOV� GRSHG� ZLWKFKURPLXP� LRQV� 2�9�*RPHQ\XN�6�*�1HGLONR��1�9�6WXV��0�6�6ORERG\DQ\N�9�3�6FKHUEDWVN\� �� ���6HOHJHQHY� (�0� Ü� 'HYHORSPHQW� RI� DGHWHFWLRQ� EORFN� RI� D� FRPELQHG� PRGHVFLQWLOODWRU�SKRWRGLRGH� V\VWHP� �FRXQWLQJ�FXUUHQW�� IRU� D]LPXWKDO� GHWHFWLQJFRPSOH[HV� 9�9�1HNUDVRY�� 9�9�%HORJXE�(�0�6HOHJHQHY�� %�9�*U\Q\RY�<X�$�%RURGHQNR� �� ���6HPFKXN� 2�<X� Ü� 5HIUDFWLYH� LQGH[� RIIHUURPDJQHWLF� VHPLFRQGXFWRUV� LQ� D� ILHOGRI� FRKHUHQW� OLJKW� EHDPV� 2�<X�6HPFKXN�9�1�6HPLRVKNR�� 5�9�%LOD�� 0DJQXV:LOODQGHU��0DJQXV�.DUOVWHHQ� �� ���6HPHQRY� '�9� Ü� 0RVVEDXHU� DQDO\VLV� RI� WKHVWUXFWXUH� )H±1L±& DOOR\V� DIWHU� KHDW� DQGXOWUDVRQLF� WUHDWPHQWV� 9�0�1DGXWRY�'�9�6HPHQRY�� <H�2�6Y\VWXQRY�� *�,�.X]�PLFK� �� ���6HPHQRY� '�9� Ü� 6PDOO�DQJOH� QHXWURQVFDWWHULQJ� LQ� ,QYDU� )H±1L±& DOOR\V� LQPDJQHWLF� ILHOG� 9�0�1DGXWRY�9�0�*DUDPXV�� 5�:LOOXPHLW�'�9�6HPHQRY� �� ���6HPHQRYD� /�(� Ü� 7KHRUHWLFDO� WUHDWPHQW� RIWKH� UHVRQDQW� K\SHU�5DPDQ� VFDWWHULQJ� RIOLJKW� LQ� FU\VWDOV� /�(�6HPHQRYD�.�$�3URNKRURY� �� ��

6HPHQRYD� 2�1� Ü� ([SHULPHQWDO� DQGWKHRUHWLFDO� LQYHVWLJDWLRQ� RI� WKH� UHDFWLRQRI� ����GLSKHQ\O�����R[D]ROH� DQG� ����GLSKHQ\O�������R[DGLD]ROH� GLPHWK\ODPLQRGHULYDWLYHV� ZLWK� WKH� 9LOVPHLHU� UHDJHQW2�1�6HPHQRYD�� 2�6�*DONLQD�/�'�3DWVHQNHU�� ,�*�<HUPROHQNR�,�$�)HG\XQ\D\HYD� �� ��6HPHUHQNR�<X�$� Ü�6WUXFWXUH� VHQVLWLYLW\� RISDUDPHWHUV� RI� DFRXVWLF� UHOD[DWLRQ�α�SHDNLQ�QLRELXP�DQG�LURQ�9�'�1DWVLN��3�3�3DO�9DO��/�1�3DO�9DO��<X�$�6HPHUHQNR� �� ���6HPHUHQNR� <X�$� Ü� $QDO\VLV� RI� ORZ�WHPSHUDWXUH� UHOD[DWLRQ� UHVRQDQFHV� LQPDWHULDOV� FRQWDLQLQJ� GHIHFWV� 9�'�1DWVLN�<X�$�6HPHUHQNR� �� ���6HPLQR]KHQNR� 9� Ü� 5DGLDWLRQ�LQGXFHGFKDQJHV� LQ� GLHOHFWULF� DQG� SKRWRHOHFWULFSURSHUWLHV� RI� $,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���6HPLQR]KHQNR� 9� Ü� 2Q� OXPLQHVFHQFHNLQHWLFV� RI� VFLQWLOODWRUV� XVHG� LQ� ;�UD\LQWURVFRS\� V\VWHPV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 9�6HPLQR]KHQNR�%�*ULQ\RY�� /�1DJRUQD\D�� 9�6SDVRY�.�.DWUXQRY��,�=HQ\D��2�9\DJLQ� �� ��6HPLRVKNR� 9�1� Ü� 5HIUDFWLYH� LQGH[� RIIHUURPDJQHWLF� VHPLFRQGXFWRUV� LQ� D� ILHOGRI� FRKHUHQW� OLJKW� EHDPV� 2�<X�6HPFKXN�9�1�6HPLRVKNR�� 5�9�%LOD�� 0DJQXV:LOODQGHU��0DJQXV�.DUOVWHHQ� �� ���6HQFK\VKLQ�9�*� Ü�/LJKW�FROOHFWLRQ�VWXG\�LQVFLQWLOODWLRQ� VWULSV� ZLWK� ZDYH� OHQJWKVKLIWLQJ� OLJKW� JXLGH� 9�*�6HQFK\VKLQ�$�)�$GDGXURY��6�9�0HOQLFKXN� �� ���6KDEDOLQ� 0�$� Ü� 3URSHUWLHV� RI� WKH� �WKLQ�VWUXFWXUH� GRPDLQ� ZDOOV� LQ� UDUH�HDUWKRUWKR�IHUULWHV� (�*�(NRPDVRY�0�$�6KDEDOLQ��2�%�*DHYD� �� ���6KDODHY�5�9� Ü�,QIOXHQFH�RI�89�UDGLDWLRQ�RQVWUXFWXUH� DQG� SURSHUWLHV� RI� GLDPRQG�OLNH
α�&�1 ILOPV�5�9�6KDODHY��9�1�9DU\XNKLQ�$�0�3UXGQLNRY� �� ���6KDPVXWGLQRY� '�0� Ü� '\QDPLFWUDQVIRUPDWLRQ� RI� GRPDLQ�ZDOO� VWUXFWXUHLQ� RUWKR�IHUULWHV� 0�$�6KDPVXWGLQRY�(�*�(NRPDVRY��'�0�6KDPVXWGLQRY� �� ���6KDPVXWGLQRY� 0�$� Ü� '\QDPLFWUDQVIRUPDWLRQ� RI� GRPDLQ�ZDOO� VWUXFWXUHLQ� RUWKR�IHUULWHV� 0�$�6KDPVXWGLQRY�(�*�(NRPDVRY��'�0�6KDPVXWGLQRY� �� ���6KDWDORYD� *�(� Ü� 3KDVH� WUDQVIRUPDWLRQV� LQWKH� V\QWKHVLV� RI� /D���6U���0Q2�QDQRSRZGHUV� ,�$�'DQLOHQNR�7�(�.RQVWDQWLQRYD�� *�(�6KDWDORYD�*�.�9RONRYD�� $�6�'RURVKNHYLFK�9�$�*OD]XQRYD� �� ���6KHNKRYWVRY� $�1� Ü� $FWLYDWRU� FHQWHUV� LQ/L�*G�%2����/Q �/Q  � &H�� (X�� VLQJOHFU\VWDOV� 0�)�'XERYLN�� 2�9�*D\GXN�%�9�*U\Q\RY�� 7�,�.RUVKLNRYD�$�9�7ROPDFKHY�� $�1�6KHNKRYWVRY�5�3�<DYHWVNL\� �� ���6KHNKRYWVRY� 2�9� Ü� &U\VWDO�JHRPHWULFDOPRGHO� RI� JUDLQ� ERXQGDULHV� VWUXFWXUH(�(�%DGL\DQ�� $�*�7RQNRSULDG�1�$�6DNKDURYD�� 2�9�6KHNKRYWVRY�5�9�6KXULQRY� �� ���
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6KHNKRYWVRY�2�9� Ü�6WUXFWXUDO�UHOD[DWLRQ�DWSODVWLF� GHIRUPDWLRQ� RI� WZR�GLPHQVLRQDOSRO\FU\VWDOV�ZLWK�IFF�ODWWLFH�(�(�%DGL\DQ�$�*�7RQNRSULDG�� 1�$�6DNKDURYD�2�9�6KHNKRYWVRY��5�9�6KXULQRY� �� ���6KHUVKXNRY�9�0� Ü�&DVFDGH�WKUHH�FRPSRQHQWFRPSRVLWLRQ� RQ� SRO\VW\UHQH� EDVLVDEVRUELQJ� LQ� YLVLEOH� UDQJH� DQG� HPLWWLQJLQ� QHDU� ,5� $�,�%HGULN�� $�2�'RURVKHQNR�<X�$�*XUNDOHQNR�� 9�0�6KHUVKXNRY�2�9�6XOLPD� �� ���6KLPDPXUD� .� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���6KLUDQ� 1� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���6KLUDQ� 1�9� Ü� 'HHS� WUDSV� LQ� .0J)� DQG/L%D)� FU\VWDOV� $�9�*HNWLQ�� 1�9�6KLUDQ�6�9�1HLFKHYD��,�0�.UDVRYLWVND\D� �� ���6KLURNRY�2�9� Ü�(IIHFW�RI�G\QDPLF�EORFNLQJRI� GLVORFDWLRQV� E\� LQWHUVWLWLDO� DWRPV� RQPHFKDQLFDO� SURSHUWLHV� RI� PHWDOV� DQGDOOR\V� 9�9�6KLURNRY�� 2�9�3DYO\QD�2�9�6KLURNRY� �� ���6KLURNRY�9�9� Ü�(IIHFW�RI�G\QDPLF�EORFNLQJRI� GLVORFDWLRQV� E\� LQWHUVWLWLDO� DWRPV� RQPHFKDQLFDO� SURSHUWLHV� RI� PHWDOV� DQGDOOR\V� 9�9�6KLURNRY�� 2�9�3DYO\QD�2�9�6KLURNRY� �� ���6KLVKLGR� 7� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���6KLVKNLQ�2�9� Ü�(IIHFW�RI�PLFURZDYH�HQHUJ\RQ� GHK\GUDWLRQ� SURFHVV� RI� VRGLXP� LRGLGHXVHG� LQ� VLQJOH� FU\VWDO� JURZLQJ$�<X�9RORVKNR�� %�9�*ULQ\RY�9�,�*RULOHWVN\�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���6KLVKNLQ�2�9� Ü�6SHFLILF�IHDWXUHV�RI�VRGLXPLRGLGH��1D-⋅�+�2��GHK\GUDWLRQ�LQ�YDFXXP%�9�*ULQ\RY�� 9�*�*HUDVLPRY�$�-�9RORVKNR�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���6KNROQLNRYD�1�,� Ü�3KRWRLQGXFHG�FKROHVWHULFKHOL[� LQYHUVLRQ� LQ� VRPH� V\VWHPVFRQWDLQLQJ�FKLUDO�α�β�XQVDWXUDWHG�NHWRQHV$�,�.ULYRVKH\��1�,�6KNROQLNRYD��/�9�&KH�SHOHYD��/�$�.XWXO\D��1�6�3LYQHQNR� �� ��6KRVWDN� 5�,� Ü� &DOFXODWLRQV� RI� WKH� GLSROHHOHFWURQLF�SRODUL]DELOLW\�RI�LRQV�LQ�/L1E2����'�DW�WHPSHUDWXUH�UDQJH������÷ ����.5�,�6KRVWDN��$�9�<DWVHQNR� �� ���6KSDN� $�3� Ü� ;36� DQG� (65� VWXG\� RIWDQWDOXP� QDQRSDUWLFOHV� $�3�6KSDN�$�0�.RUGXEDQ��9�9�7UDFKHYVN\� �� ���6KWLIDQ\XN� 3�3� Ü� 3HFXOLDU� IHDWXUHV� DQGDSSOLFDELOLW\�RI�DV\PSWRWLF�H[SDQVLRQV�RIDGGLWLYH� LQWHUPROHFXODU� LQWHUDFWLRQV� LQDQLVRWURSLF� PHGLD�� ,,�� 7KH� UROH� RIDQLVRPHWU\� LQ� IRUPDWLRQ� RIVXSUDPROHFXODU� VWUXFWXUHV� LQ� PHVRJHQLFV\VWHPV� 3�3�6KWLIDQ\XN�� $�9�'\RPLQ�$�3�)HGRU\DNR�� /�1�/LVHWVNL�6�(�<DNRYHQNR� �� ���

6KXULQRY� 5�9� Ü� 6WUXFWXUDO� UHOD[DWLRQ� DWSODVWLF� GHIRUPDWLRQ� RI� WZR�GLPHQVLRQDOSRO\FU\VWDOV�ZLWK�IFF�ODWWLFH�(�(�%DGL\DQ�$�*�7RQNRSULDG�� 1�$�6DNKDURYD�2�9�6KHNKRYWVRY��5�9�6KXULQRY� �� ���6KXULQRY� 5�9� Ü� &U\VWDO�JHRPHWULFDO� PRGHORI� JUDLQ� ERXQGDULHV� VWUXFWXUH(�(�%DGL\DQ�� $�*�7RQNRSULDG�1�$�6DNKDURYD�� 2�9�6KHNKRYWVRY�5�9�6KXULQRY� �� ���6LGHOQLNRYD� 1�6� Ü� 3HFXOLDULWLHV� RI� RSWLFDODQG� VWUXFWXUH� FKDUDFWHULVWLFV� RI� VDSSKLUHVLQJOH� FU\VWDOV� JURZQ� LQ� $U �� &2DWPRVSKHUH� $�<D�'DQ�NR�9�)�7NDFKHQNR�� 1�6�6LGHOQLNRYD�9�0�3X]LNRY��6�9�1L]KDQNRYVNL\� �� ���6LGHOQLNRYD�1�6� Ü�)RUPDWLRQ� RI� WKH� VSLQHOVWUXFWXUH� �$O$O�2��� SKDVH� RQ� VDSSKLUHVXUIDFH� 1�6�6LGHOQLNRYD�� 0�$�5RP�$�<D�'DQ±NR��6�9�1L]KDQNRYVN\��8�9�6LULN�6�,�.ULYRQRJRY� �� ��6LGRUHQNR� <X�9� Ü� 3URFHVVLQJ� RISKRWRHOHFWURQ� VSHFWUD� IRU� DGYDQFHGFKHPLFDO� DQDO\VLV� <X�*�.D]DULQRY�9�7�*ULWV\QD��<X�9�6LGRUHQNR� �� ���6LOLQ� 9� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���6LULN� 8�9� Ü� )RUPDWLRQ� RI� WKH� VSLQHOVWUXFWXUH� �$O$O�2��� SKDVH� RQ� VDSSKLUHVXUIDFH� 1�6�6LGHOQLNRYD�� 0�$�5RP�$�<D�'DQ±NR�� 6�9�1L]KDQNRYVN\�8�9�6LULN��6�,�.ULYRQRJRY� �� ��6LU\XN�<X�$� Ü�'RPDLQ�VWUXFWXUH�RI�ELOD\HUPDJQHWLF� ILOPV� ZLWK� GLIIHUHQWFKDUDFWHULVWLFV� RI� OD\HUV� $�9�%H]XV�<X�$�0DPDOXL��<X�$�6LU\XN� �� ���6NLELQD� /�9� Ü� 1RQFRQWDFW� PHWKRG� RIWKHUPDO� OLQHDU� H[SDQVLRQ� FRHIILFLHQWGHWHUPLQDWLRQ� IRU� YDULRXV� PDWHULDOV� LQWHPSHUDWXUH� UDQJH� ���� WR� �����&$�6�%RU]\NK��9�3�3RSRY��9�6�6DYFKHQNR�/�9�6NLELQD�� 0�0�&KHUQLN�.�$�<XVKFKHQNR� �� ���6NRURNKRG� <� Ü� 7UDQVSRUW� SURSHUWLHV� RI/X�)H��� VLQJOH� FU\VWDOV XQGHU� H[WUHPHFRQGLWLRQV <�6NRURNKRG�� =�$UQROG�-�.DPDUDG��$�9�$QGUHHY� �� ���6ORERG\DQ\N� 0�6� Ü� 6SHFWURVFRSLFLQYHVWLJDWLRQ� RI� IOXRULQDWHGPRQRSKRVSKDWH� WXQJVWHQ� EURQ]HV1�9�6WXV��9�9�/LVQ\DN��0�6�6ORERG\DQ\N �� ���6ORERG\DQ\N� 0�6� Ü� /XPLQHVFHQFHSURSHUWLHV� RI� 1D$O3�2� FU\VWDOV� GRSHGZLWK� FKURPLXP� LRQV� 2�9�*RPHQ\XN�6�*�1HGLONR��1�9�6WXV��0�6�6ORERG\DQ\N�9�3�6FKHUEDWVN\� �� ���6PLUQRY�1�1� Ü�(IIHFW�RI�PLFURZDYH�HQHUJ\RQ� GHK\GUDWLRQ� SURFHVV� RI� VRGLXP� LRGLGHXVHG� LQ� VLQJOH� FU\VWDO� JURZLQJ$�<X�9RORVKNR�� %�9�*ULQ\RY�9�,�*RULOHWVN\�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���
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6PLUQRY�1�1� Ü�6SHFLILF�IHDWXUHV�RI�VRGLXPLRGLGH��1D-⋅�+�2��GHK\GUDWLRQ�LQ�YDFXXP%�9�*ULQ\RY�� 9�*�*HUDVLPRY�$�-�9RORVKNR�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���6PLUQRYD� 1�3� Ü� 6XUIDFH� SURSHUWLHV� DQGSKRWRFDWDO\WLF� DFWLYLW\� RI� QDQRVWUXFWXUDOILOPV� 9�,�<DWVNLY�� ,�6�3HWULN�1�3�6PLUQRYD�� 9�0�*UDQFKDN�$�0�(UHPHQNR� �� ���6PLUQRYD� 2�0� Ü� 3K\VLFR�FKHPLFDOSURSHUWLHV�RI�SKRVSKDWH�VROXWLRQV�XVHG�LQ.'3�VLQJOH�FU\VWDO�JURZWK�5�3�3DQWDOHU�2�0�6PLUQRYD��$�%�%ODQN� �� ���6RIURQRY�'�6� Ü�(IIHFW�RI�PLFURZDYH�HQHUJ\RQ� GHK\GUDWLRQ� SURFHVV� RI� VRGLXP� LRGLGHXVHG� LQ� VLQJOH� FU\VWDO� JURZLQJ$�<X�9RORVKNR�� %�9�*ULQ\RY�9�,�*RULOHWVN\�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���6RIURQRY�'�6� Ü�6SHFLILF�IHDWXUHV�RI�VRGLXPLRGLGH��1D-⋅�+�2��GHK\GUDWLRQ�LQ�YDFXXP%�9�*ULQ\RY�� 9�*�*HUDVLPRY�� $�-�9R�ORVKNR�� 1�1�6PLUQRY�� '�6�6RIURQRY�2�9�6KLVKNLQ��(�0�.LVLO� �� ���6RORGLORY� 6�$� Ü� (OHFWULF� UHVLVWLYLW\� RIDOXPLQXP� GXH� WR� WKH� VWUXFWXUH� VWDWHHYROXWLRQ� XQGHU� DFWLYH� ORDGLQJ� QHDU� WKH\LHOG� OLPLW� 9�1�1LNLIRUHQNR�� 0�(�%RVLQ�=�$�.UDVQLNRYD��6�$�6RORGLORY� �� ��6SDVRY� 9� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���6SDVRY� 9� Ü� 2Q� OXPLQHVFHQFH� NLQHWLFV� RIVFLQWLOODWRUV� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��6SLULGRQRY� 1�$� Ü� 0DWHULDOV� ZLWK� IHUUR�DQWLIHUURHOHFWULF� SKDVH� WUDQVLWLRQLQWHQWHG� IRU� HQHUJ\� DFFXPXODWHG� DQGFRQYHUWLQJ� GHYLFHV� 9�0�,VKFKXN�1�$�6SLULGRQRY� �� ���6WDGQLN� $�$� Ü� 3KRWRVWLPXODWHG� *DGLIIXVLRQ� LQ� ]LQF� VXOILGH<X�<X�%DFKHULNRY�� 6�9�2SWDV\XN�9�(�5RGLRQRY��$�$�6WDGQLN� �� ���6WDGQ\N�2�$� Ü�(IIHFW�RI�DQQHDOLQJ�PRGH�RQ=Q6±&X�&O SURSHUWLHV� <X�<X�%DFKHULNRY�,�6�*RORYLQD�� 1�9�.LWV\XN�0�$�0XNKO\R�� 9�(�5RGLRQRY�2�$�6WDGQ\N� �� ���6WDURGXE� 9�$� Ü� $QLRQ�UDGLFDO� FRQGXFWLQJ0H7&14 VDOWV� ZLWK� S\UD]LQH�EDVHGFDWLRQV� '�9�=LRONRYVNL\�$�9�.UDYFKHQNR�� 9�$�6WDURGXE�$�5�.D]DFKNRY�� 9�9�.KRWNHYLFK�*�9�.DPDUFKXN�� $�9�.KRWNHYLFK�2�6�3\VKNLQ� �� ���6WDU]KLQVNL\�1� Ü�(OHFWURSK\VLFDO�SURSHUWLHVRI� PHWDO�VHPLFRQGXFWRU�PHWDO� VWUXFWXUHVEDVHG� RQ� LVRYDOHQWO\� GRSHG� ]LQF� VHOHQLGHFU\VWDOV� 2�&KXJDL�� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 6�2OH\QLN�� .�.DWUXQRY�,�=HQ\D� �� ���

6WDU]KLQVNL\�1� Ü�(QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���6WDU]KLQVNL\� 1� Ü� 6WXGLHV� RI� SKRWRDFWLYHVWDWHV� RI� LVRYDOHQWO\� GRSHG� =Q6H� ��FU\VWDOV� E\� WKH� PHWKRG� RI� VFDQQLQJSKRWRGLHOHFWULF� VSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���6WDU]KLQVNL\� 1� Ü� 5DGLDWLRQ�LQGXFHGFKDQJHV� LQ� GLHOHFWULF� DQG� SKRWRHOHFWULFSURSHUWLHV� RI� $,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���6WDU]KLQVNL\�1� Ü�2Q� OXPLQHVFHQFH� NLQHWLFVRI� VFLQWLOODWRUV� XVHG� LQ�;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��6WHEOHQNR�/�3� Ü�5HODWLRQ�EHWZHHQ�VWUXFWXUHLQKRPRJHQHLWLHV� DQG� UHOD[DWLRQ�SURFHVVHVLQ� H[FLWHG� VLOLFRQ� FU\VWDOV� 9�$�0DNDUD�$�0�.RORPLHWV�� <X�/�.ROFKHQNR�6�0�1DXPHQNR�� 2�9�5XGHQNR�/�3�6WHEOHQNR� �� ���6WHIDQRYLFK� 9�2� Ü� ,QIOXHQFH� RI� VWUXFWXUDOGLVRUGHULQJ� RQ� SKRQRQ� DQG� HOHFWURQVSHFWUD�RI�&X��δ36�%U VXSHULRQLF�FU\VWDOV,�3�6WXGHQ\DN�� 9�2�6WHIDQRYLFK�9�9�%LODQFKXN�� 9�9�3DQNR�<D�,�6WXGHQ\DN� �� ���6WHOPDNK� 2�,� Ü� (OHFWULFDO� DQG� WKHUPDOFRQGXFWLYLW\� RI� JUDSKLWH�PHWDOFRPSRVLWHV�2�,�6WHOPDNK��/�/�9RYFKHQNR�9�,�0DW]XL� �� ���6WXGHQ\DN� <D�,� Ü� ,QIOXHQFH� RI� VWUXFWXUDOGLVRUGHULQJ� RQ� SKRQRQ� DQG� HOHFWURQVSHFWUD�RI�&X��δ36�%U VXSHULRQLF�FU\VWDOV,�3�6WXGHQ\DN�� 9�2�6WHIDQRYLFK�9�9�%LODQFKXN�� 9�9�3DQNR�<D�,�6WXGHQ\DN� �� ���6WXGHQ\DN� ,�3� Ü� ,QIOXHQFH� RI� VWUXFWXUDOGLVRUGHULQJ� RQ� SKRQRQ� DQG� HOHFWURQVSHFWUD�RI�&X��δ36�%U VXSHULRQLF�FU\VWDOV,�3�6WXGHQ\DN�� 9�2�6WHIDQRYLFK�9�9�%LODQFKXN�� 9�9�3DQNR�<D�,�6WXGHQ\DN� �� ���6WXV� 1�9� Ü� /XPLQHVFHQFH� SURSHUWLHV� RI1D$O3�2� FU\VWDOV� GRSHG� ZLWK� FKURPLXPLRQV� 2�9�*RPHQ\XN�� 6�*�1HGLONR�1�9�6WXV�� 0�6�6ORERG\DQ\N�9�3�6FKHUEDWVN\� �� ���6WXV� 1�9� Ü� 6SHFWURVFRSLF� LQYHVWLJDWLRQ� RIIOXRULQDWHG� PRQRSKRVSKDWH� WXQJVWHQEURQ]HV� 1�9�6WXV�� 9�9�/LVQ\DN�0�6�6ORERG\DQ\N� �� ���6XNKDUHYD� 7�9� Ü� 0DJQHWRUHVLVWDQFH� RIJUDQXODU� KLJK�WHPSHUDWXUHVXSHUFRQGXFWRU� <%D� �� &X� �� 2� �� �� GHOWD��%9� LQ� ZHDN� PDJQHWLF� ILHOGV9�9�'HUHY\DQNR�� 7�9�6XNKDUHYD�9�$�)LQNHO�� �� ���

$XWKRU�,QGH[�9RO�����¢��Ü�
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6XOLPD� 6� Ü� 5DGLDWLRQ�LQGXFHG� FKDQJHV� LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���6XOLPD� 6�9� Ü� ,QWHJUDO� GLDJQRVWLFV� RILUUHYHUVLEOH� FKDQJHV� LQ� SRZHU� RSWLFDOHOHPHQWV� ,�$�.OLPHQNR�� 9�.�.RPDU±�9�3�0LJDO�� 6�9�6XOLPD�� $�6�3KRPLQ�2�1�&KXJDL� �� ���6XOLPD� 2�9� Ü� &DVFDGH� WKUHH�FRPSRQHQWFRPSRVLWLRQ� RQ� SRO\VW\UHQH� EDVLVDEVRUELQJ� LQ� YLVLEOH� UDQJH� DQG� HPLWWLQJLQ� QHDU� ,5� $�,�%HGULN�� $�2�'RURVKHQNR�<X�$�*XUNDOHQNR�� 9�0�6KHUVKXNRY�2�9�6XOLPD� �� ���6XPLQ� 9�,� Ü� &KDQJHV� LQ� FU\VWDOOL]DWLRQFRQGLWLRQV� ZKHQ� JURZLQJ� ODUJH� VLQJOHFU\VWDOV� DW� PHOW� IHHGLQJ� 9�,�*RULOHWVN\�%�9�*ULQ\RY�� 9�,�6XPLQ�0�0�7\PRVKHQNR� �� ���6XQGKROP� )� Ü� &ROOLVLRQDO� G\QDPLFVVLPXODWLRQ� RI� JUDIWHG� SRO\PHU� EUXVKHVFRQVLVWLQJ� RI� DQLVRWURSLF� PRQRPHUV,�1HHORY�� 1�%DODEDHY�� 0�5DWQHU�)�6XQGKROP��.�%LQGHU� �� ��6YDORY� $�9� Ü� 0DJQHWLF� DQG� UHVRQDQFHSURSHUWLHV� RI� PXOWLOD\HU� �*G�6L�&R�6L�QILOPV� *�6�3DWULQ�� 2�9�9DV�NRYVNLL�'�$�9HOLNDQRY�� $�9�6YDORY�� 1�9�9RONRY�(�9�(UHPLQ��0�$�3DQRYD� �� ���6YHFKNDUHY� ,�9� Ü� (OHFWURQLF� VWUXFWXUH� DQGPDJQHWLF� SURSHUWLHV� RI� UDUH�HDUWK� 50�DQG� 50� FRPSRXQGV� $�(�%DUDQRYVNL\�*�(�*UHFKQHY�� $�6�3DQILORY�� ,�9�6YHFK�NDUHY� �� ���6Y\VWXQRY�<H�2� Ü�0RVVEDXHU�DQDO\VLV�RI�WKHVWUXFWXUH� )H±1L±& DOOR\V� DIWHU� KHDW� DQGXOWUDVRQLF� WUHDWPHQWV� 9�0�1DGXWRY�'�9�6HPHQRY�� <H�2�6Y\VWXQRY�� *�,�.X]�PLFK� �� ���6]DER� ,� Ü�(IIHFW� RI� GLVORFDWLRQV� LQ� UHOD[HG0%(� 6L*H OD\HUV� RQ� WKH� HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���6]DUVND�6� Ü�(35�VSHFWURVFRS\�RI�LUUDGLDWHGELRDFWLYH�JODVVHV�%�3DGO\DN��6�6]DUVND� �� ���7DNDFV� *�-� Ü� 6LQJOH� GHWHFWRU�GXDOVFLQWLOODWRU� DQWL�&RPSWRQ� SUREHV$�%�5RVHQIHOG��0�)�/�/HUFK��*�-�7DNDFV�$�9�*HNWLQ��9�/�3HUHYHUWDLOR� �� ���7LNKRQRY�(� Ü�0XOWLSOH� VFDWWHULQJ�HIIHFW� RQOXPLQHVFHQFH� SURSHUWLHV� RI� RUJDQLFOXPLQRSKRUV� (�7LNKRQRY�� 9�3�<DVKFKXN�2�3U\JRG\XN��9�%H]URGQ\��<X�)LODWRY� �� ���7NDFKHQNR� 9�)� Ü� 3HFXOLDULWLHV� RI� RSWLFDODQG� VWUXFWXUH� FKDUDFWHULVWLFV� RI� VDSSKLUHVLQJOH� FU\VWDOV� JURZQ� LQ� $U �� &2DWPRVSKHUH� $�<D�'DQ�NR�9�)�7NDFKHQNR�� 1�6�6LGHOQLNRYD�9�0�3X]LNRY��6�9�1L]KDQNRYVNL\� �� ���7ROPDFKHY� $�9� Ü� $FWLYDWRU� FHQWHUV� LQ/L�*G�%2����/Q �/Q  � &H�� (X�� VLQJOHFU\VWDOV� 0�)�'XERYLN�� 2�9�*D\GXN�%�9�*U\Q\RY�� 7�,�.RUVKLNRYD�$�9�7ROPDFKHY�� $�1�6KHNKRYWVRY�5�3�<DYHWVNL\� �� ���

7RQNRSULDG� $�*� Ü� &U\VWDO�JHRPHWULFDOPRGHO� RI� JUDLQ� ERXQGDULHV� VWUXFWXUH(�(�%DGL\DQ�� $�*�7RQNRSULDG�1�$�6DNKDURYD�� 2�9�6KHNKRYWVRY�5�9�6KXULQRY� �� ���7RQNRSULDG� $�*� Ü� 6WUXFWXUDO� UHOD[DWLRQ� DWSODVWLF� GHIRUPDWLRQ� RI� WZR�GLPHQVLRQDOSRO\FU\VWDOV�ZLWK�IFF�ODWWLFH�(�(�%DGL\DQ�$�*�7RQNRSULDG�� 1�$�6DNKDURYD�2�9�6KHNKRYWVRY��5�9�6KXULQRY� �� ���7RSLORYD� =�0� Ü� /XPLQHVFHQW� PDWHULDOV� RIUHG� DQG� JUHHQ� HPLVVLRQ� RQ� WKH� EDVLV� RIFDOFLXP� WXQJVWDWH� 6�%�0HVKNRYD�=�0�7RSLORYD�� 9�3�'RWVHQNR�,�3�.RYDOHYVND\D��$�9�.LUL\DN� �� ���7RWK�$�/� Ü�&U\VWDO� GHIHFWV� LQ� HSLWD[LDO� ,Q3OD\HUV�� HOHFWULFDO� DQG� VFDQQLQJ� HOHFWURQPLFURVFRSH� VWXG\� =V�-�+RUYDWK�$�/�7RWK��9�5DNRYLFV��=�3DV]WL��*�3HWR� �� ���7RYVWRO\WNLQ� $�,� Ü� (IIHFW� RI� WKH� FU\VWDOVWUXFWXUH�GHIHFWLYHQHVV�RQ�PDJQHWLF�VWDWHRI� VRGLXP�GRSHG� ODQWKDQXP� PDQJDQLWHV$�,�7RYVWRO\WNLQ�� $�1�3RJRULO\�9�9�.RWRY��$�*�%HORXV��2�,�9�\XQRY� �� ���7UDFKHYVN\� 9�9� Ü� ;36� DQG� (65� VWXG\� RIWDQWDOXP� QDQRSDUWLFOHV� $�3�6KSDN�$�0�.RUGXEDQ��9�9�7UDFKHYVN\� �� ���7URMDQRYD� =� Ü� ,QIOXHQFH� RI� DOXPLQD� DQG]LUFRQLD� QDQRSDUWLFOHV� RQ� PHFKDQLFDOSURSHUWLHV� DQG� GDPSLQJ� RI� PDJQHVLXP=�7URMDQRYD�� =�'UR]G�� 3�/XNDF�+�)HUNHO��:�5LHKHPDQQ� �� ���7URWVHQNR� 3�$� Ü� $QRPDORXVO\� ODUJHPDJQHWRVWULFWLRQ� FDXVHG� E\UHDUUDQJHPHQW�RI�PDJQHWRHODVWLF�GRPDLQV9�0�.DOLWD�� $�)�/R]HQNR�6�0�5\DEFKHQNR�� 3�$�7URWVHQNR�7�0�<DWNHYLFK� �� ���7XUFKDN� 5�0� Ü� 6SHFLILF� IHDWXUHV� RISKRWROXPLQHVFHQFH� FHQWHUV� LQ� &V%U�(X��FU\VWDOV� JURZQ� IURP�PHOW�<X�9�=RUHQNR�5�0�7XUFKDN��,�9�.RQVWDQNHYLFK� �� ���7\FKNR� 2�9� Ü� ���ÜGRPDLQ� ZDOO� LQ� FXELFFU\VWDO� ZLWK� SKRWRLQGXFHG� PDJQHWLFDQLVRWURS\� 2�$�$QWRQLXN�9�)�.RYDOHQNR��2�9�7\FKNR� �� ���7\FKNR� 2�9� Ü� 1XFOHDWLRQ� GXULQJSKRWRLQGXFHG� VSLQ�UHRULHQWDWLRQWUDQVLWLRQ�9�)�.RYDOHQNR��2�9�7\FKNR� �� ���7\PRVKHQNR� 0�0� Ü� &KDQJHV� LQFU\VWDOOL]DWLRQ� FRQGLWLRQV� ZKHQ� JURZLQJODUJH� VLQJOH� FU\VWDOV� DW� PHOW� IHHGLQJ9�,�*RULOHWVN\�� %�9�*ULQ\RY�� 9�,�6XPLQ�0�0�7\PRVKHQNR� �� ���7\XW\XQQLN�9�%� Ü�(IIHFW�RI�RUJDQLF�G\H�RQWKH�JURZWK�DQG�RSWLFDO�SURSHUWLHV�RI�.'3,�0�3ULWXOD�� <X�1�9HOLNKRY�� $�1�/HY�FKHQNR�� 0�,�.RO\ED\HYD�� 9�0�3X]LNRY�9�%�7\XW\XQQLN��$�2�'RURVKHQNR� �� ���9�\XQRY� 2�,� Ü� (IIHFW� RI� WKH� FU\VWDOVWUXFWXUH�GHIHFWLYHQHVV�RQ�PDJQHWLF�VWDWHRI� VRGLXP�GRSHG� ODQWKDQXP� PDQJDQLWHV$�,�7RYVWRO\WNLQ�� $�1�3RJRULO\�9�9�.RWRY��$�*�%HORXV��2�,�9�\XQRY� �� ���9DNKLWRY� 5�0� Ü� 6SHFWUXP� RI� QRQOLQHDUPDJQHWRHODVWLF� ZDYHV� LQ� D� FXELFIHUURPDJQHW� 5�0�9DNKLWRY�2�*�5\DNKRYD� �� ���
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9DNKRYVND\D� <X�(X� Ü� ([SUHVVGHWHUPLQDWLRQ�RI� LURQ�PLFURLPSXULWLHV� LQWHFKQRORJLFDO� VROXWLRQV� IRU� JURZLQJ.+�32� VLQJOH� FU\VWDOV� E\� YLVXDO� WHVWPHWKRG� 7�,�,YNRYD�� 5�3�3DQWDOHU�$�%�%ODQN�� (�$�5HVKHWQ\DN�<X�(X�9DNKRYVND\D� �� ���9DNXOHQNR�2�9� Ü�,5�OXPLQHVFHQFH�RI�=Q6H�EDVHG� VFLQWLOODWRUV� 2�9�9DNXOHQNR�9�0�.UDYFKHQNR� �� ��9DU\XNKLQ�9�1� Ü�,QIOXHQFH�RI�89�UDGLDWLRQRQ� VWUXFWXUH� DQG� SURSHUWLHV� RI� GLDPRQG�OLNH� α�&�1 ILOPV� 5�9�6KDODHY�9�1�9DU\XNKLQ��$�0�3UXGQLNRY� �� ���9DU\XNKLQ� 9�1� Ü� 6WUXFWXUH� GHIHFWV� DQGSURSHUWLHV� RI� ILDQLWHV� 9�3�3DVKFKHQNR�$�0�3UXGQLNRY��9�1�9DU\XNKLQ��1�*�.L�VHO��*�1�%RJDFKYD��9�0�,VKFKXN� �� ���9DV�NRYVNLL� 2�9� Ü�0DJQHWLF� DQG� UHVRQDQFHSURSHUWLHV� RI� PXOWLOD\HU� �*G�6L�&R�6L�QILOPV� *�6�3DWULQ�� 2�9�9DV�NRYVNLL�'�$�9HOLNDQRY�� $�9�6YDORY�� 1�9�9RONRY�(�9�(UHPLQ��0�$�3DQRYD� �� ���9DVHWVN\�6�,� Ü�*UDQXODWLRQ�DV�D�PHWKRG�IRUSUHSDUDWLRQ� RI� DONDOL� KDOLGH� VDOWV� IRU� WKHJURZWK� RI� VFLQWLOODWLRQ� VLQJOH� FU\VWDOV%�*�=DVODYVN\��6�,�9DVHWVN\� �� ���9DVKFKHQNR� 9� Ü� 6HOHFWLRQ� DQG� UHVXOWV� RIWKH� DEHUUDWLRQ� FRPSXWDWLRQ� DQGSHFXOLDULWLHV� RI� SRODUL]LQJ� HIIHFWFRPSHQVDWLRQ� LQ� GRXEOH� 89PRQRFKURPDWRUV� IRU� VDWHOOLWH�ERUQH� 89R]RQRPHWHUV� 9�9DVKFKHQNR�� $�/R]D�=K�3DWODVKHQNR� �� ���9DVNR� (�,� Ü� (IIHFW� RI� VWULSH� GRPDLQVWUXFWXUH� RULHQWDWLRQ� RQ� VHFRQGDU\HOHFWURQ� \LHOG� ,�$�0HOQLFKXN�� (�,�9DVNR�3�,�0HOQ\FKXN� �� ���9DV\DQRYLWFK�'�$� Ü�6LPXODWLRQ�RI�SURFHVVHVLQ� RSWRFKHPRWURQLF� HPLWWHU� ZLWKHOHFWURGHV� PRGLILHG� E\� /DQJPXLU�%ORGJHWW� WHFKQLTXH� '�$�9DV\DQRYLWFK�<X�7�=KROXGRY��1�1�5R]KLWVNLL� �� ���9GRYLQ� 9�,� Ü� (IIHFW� RI� GLVORFDWLRQV� LQUHOD[HG�0%(�6L*H OD\HUV�RQ�WKH�HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���9HOHVFKXN�9�3� Ü�$FRXVWLF�HPLVVLRQ�PHWKRGIRU� LQYHVWLJDWLRQ� RI� IXQFWLRQDO�PDWHULDOV2�9�/\DVKHQNR�� 0�9�.UDYWVRY�� 9�3�9H�OHVFKXN� �� ���9HOHVFKXN� 9�3� Ü� 5HOD[DWLRQ� RI� DFWLYHDFRXVWLF� HPLVVLRQ� VRXUFHV� GXULQJ� WKHQDWXUDO�DJLQJ�RI�$�%� HSLWD[LDO�VWUXFWXUHV9�3�9HOHVFKXN��2�9�/\DVKHQNR� �� ���9HOLNDQRY� '�$� Ü� 0DJQHWLF� DQG� UHVRQDQFHSURSHUWLHV� RI� PXOWLOD\HU� �*G�6L�&R�6L�QILOPV� *�6�3DWULQ�� 2�9�9DV�NRYVNLL�'�$�9HOLNDQRY�� $�9�6YDORY�� 1�9�9RONRY�(�9�(UHPLQ��0�$�3DQRYD� �� ���9HOLNKRY� <X�1� Ü� (IIHFW� RI� RUJDQLF� G\H� RQWKH�JURZWK�DQG�RSWLFDO�SURSHUWLHV�RI�.'3,�0�3ULWXOD�� <X�1�9HOLNKRY�� $�1�/HY�FKHQNR�� 0�,�.RO\ED\HYD�� 9�0�3X]LNRY�9�%�7\XW\XQQLN��$�2�'RURVKHQNR� �� ���

9HUELWVNL\� 2� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���9LOORUD� (� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���9LUFKHQNR� <X�3� Ü� +HDW� ORFDOL]DWLRQ� DQGIRUPDWLRQ� RI� VHFRQGDU\� EUHDNGRZQVWUXFWXUH�LQ�VHPLFRQGXFWRU�PDWHULDOV��,,,�$QDO\VLV� RI� WKH� RQH�GLPHQVLRQDO� PRGHO<X�3�9LUFKHQNR��$�$�9RG\DQLWVNLL� �� ���9LUFKHQNR� <X�3� Ü� 6WXG\� RI� VWDWLVWLFV� RITXDOLW\� FRQWURO� IXQFWLRQDO� LQ� WKH� URXJKVXUIDFH� WUHDWPHQW� WKHRU\� <X�3�9LU�FKHQNR��$�6�0D]PDQLVKYLOL� �� �9LVKQ\DNRY� /�5� Ü� 6WXG\� RI� GDPDJHDFFXPXODWLRQ� PHFKDQLVPV� LQ� UHLQIRUFHGDOXPLQXP�ERURQ�VWHHO� FRPSRVLWHV� GXULQJWKHUPDO� F\FOLQJ� /�5�9LVKQ\DNRY�9�3�0RUR]��9�,�/DYUHQW\HY� �� ���9RG\DQLWVNLL� $�$� Ü� +HDW� ORFDOL]DWLRQ� DQGIRUPDWLRQ� RI� VHFRQGDU\� EUHDNGRZQVWUXFWXUH�LQ�VHPLFRQGXFWRU�PDWHULDOV��,,,�$QDO\VLV� RI� WKH� RQH�GLPHQVLRQDO� PRGHO<X�3�9LUFKHQNR��$�$�9RG\DQLWVNLL� �� ���9RONRY� 1�9� Ü� 0DJQHWLF� DQG� UHVRQDQFHSURSHUWLHV� RI� PXOWLOD\HU� �*G�6L�&R�6L�QILOPV� *�6�3DWULQ�� 2�9�9DV�NRYVNLL�'�$�9HOLNDQRY�� $�9�6YDORY�� 1�9�9RONRY�(�9�(UHPLQ��0�$�3DQRYD� �� ���9RONRYD� *�.� Ü� 6\QWKHVLV� RI� /D%6L2�VWLOOZHOOLWH� QDQRSRZGHUV7�(�.RQVWDQWLQRYD�� *�.�9RONRYD�$�6�'RURVKNHYLFK�� 9�$�*OD]XQRYD�9�0�3RJLENR��/�*�*XVDNRYD� �� ���9RONRYD�*�.� Ü�6\QWKHVLV�RI� OHDG�]LUFRQDWH�LQIOXHQFH� RI� ]LUFRQLXP� R[LGH� FU\VWDOPRGLILFDWLRQ� (�$�9RYN�� 7�*�'HLQHND�9�0�,VKFKXN��5�3K�5DPDNDHYD��*�.�9RO�NRYD��7�(�.RQVWDQWLQRYD� �� ���9RONRYD� *�.� Ü� 3KDVH� WUDQVIRUPDWLRQV� LQWKH� V\QWKHVLV� RI� /D���6U���0Q2�QDQRSRZGHUV� ,�$�'DQLOHQNR�7�(�.RQVWDQWLQRYD�� *�(�6KDWDORYD�*�.�9RONRYD�� $�6�'RURVKNHYLFK�9�$�*OD]XQRYD� �� ���9RONRYD� *�.� Ü� (IIHFW� RI� ]LUFRQLXP� R[LGHFU\VWDOOLQH� PRGLILFDWLRQV� RQ� OHDG]LUFRQDWH� V\QWKHVLV� 7�*�'H\QHND�(�$�9RYN��9�0�,VKFKXN��5�)�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ��9RORVKNR�$�-� Ü�6SHFLILF�IHDWXUHV�RI�VRGLXPLRGLGH��1D-⋅�+�2��GHK\GUDWLRQ�LQ�YDFXXP%�9�*ULQ\RY�� 9�*�*HUDVLPRY�� $�-�9R�ORVKNR�� 1�1�6PLUQRY�� '�6�6RIURQRY�2�9�6KLVKNLQ��(�0�.LVLO� �� ���9RORVKNR� $�<X� Ü� (IIHFW� RI� PLFURZDYHHQHUJ\�RQ�GHK\GUDWLRQ�SURFHVV�RI�VRGLXPLRGLGH� XVHG� LQ� VLQJOH� FU\VWDO� JURZLQJ$�<X�9RORVKNR�� %�9�*ULQ\RY�9�,�*RULOHWVN\�� 1�1�6PLUQRY�'�6�6RIURQRY��2�9�6KLVKNLQ��(�0�.LVLO� �� ���
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9RURQNLQ� (�)� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9R�URQNLQ��2�9�=HOHQVND\D��9�9�&KHUQLNRY� �(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���9RURQNLQ� (�)� Ü�3UHSDUDWLRQ� RI� KLJK�SXULW\FKDUJH�IRU�JURZWK�RI�&G�±[=Q[7H FU\VWDOV(�)�9RURQNLQ��/�9�$WURVKFKHQNR��6�1�*DO�NLQ��$�,�/DOD\DQWV��,�$�5\EDOND��9�'�5\�]KLNRY� �� ���9RURQRYD� 9� Ü� 1HZ� UHG� SKRVSKRU�&D����(X����)���� VLQJOH� FU\VWDO.�6KLPDPXUD�� 1�6KLUDQ�� $�*HNWLQ�9�9RURQRYD�� 9�1HVWHUNLQD�� 1�,FKLQRVH�(�9LOORUD��7�6KLVKLGR� �� ���9RYFKHQNR�/� Ü�,QIOXHQFH�RI�KHDW�WUHDWPHQWRQ�PRUSKRORJ\�DQG�SKDVH�FRPSRVLWLRQ�RI7(*�&R� FRPSRVLWH� PDWHULDO� /�0DW]XL�0�%DELFK��0�=DNKDUHQNR��2�1DNRQHFKQD�/�9RYFKHQNR� �� ��9RYFKHQNR� /�/� Ü� (OHFWULFDO� DQG� WKHUPDOFRQGXFWLYLW\� RI� JUDSKLWH�PHWDOFRPSRVLWHV�2�,�6WHOPDNK��/�/�9RYFKHQNR�9�,�0DW]XL� �� ���9RYN� (�$� Ü� (IIHFW� RI� ]LUFRQLXP� R[LGHFU\VWDOOLQH� PRGLILFDWLRQV� RQ� OHDG]LUFRQDWH� V\QWKHVLV� 7�*�'H\QHND�(�$�9RYN��9�0�,VKFKXN��5�)�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ��9RYN�2�0� Ü�;36�VWXG\�RI�DPPRQLD�H[SRVHG&�� ILOPV� ERWK� RULJLQDO� DQGSKRWRSRO\PHUL]HG� 0�9�'REURWYRUVND�9�$�.DUDFKHYWVHY��2�0�9RYN��$�0�5DR� �� ���9RYN� (�$� Ü� &DSDFLWRU� DQG� UHVRQDWRUFHUDPLFV� ZLWK� ORZ� VLQWHULQJ� WHPSHUDWXUH(�$�9RYN�� 7�*�'HLQHND�� 9�0�,VKFKXN�3�9�0DWHLFKHQNR� �� ���9RYN� (�$� Ü� 6\QWKHVLV� RI� OHDG� ]LUFRQDWH�LQIOXHQFH� RI� ]LUFRQLXP� R[LGH� FU\VWDOPRGLILFDWLRQ� (�$�9RYN�� 7�*�'HLQHND�9�0�,VKFKXN�� 5�3K�5DPDNDHYD�*�.�9RONRYD��7�(�.RQVWDQWLQRYD� �� ���9\DJLQ� 2� Ü� 2Q� OXPLQHVFHQFH� NLQHWLFV� RIVFLQWLOODWRUV� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��:DQJ� %DRGRQJ� Ü� 5DGLRORJLFDOFKDUDFWHUL]DWLRQ� RI� PHWDO� R[LGHVHPLFRQGXFWRU� ILHOG� HIIHFW� WUDQVLVWRUGRVLPHWHU� &KDQ�+\HRQJ�.LP�� 6DQJ�+RRQ/HH��%DRGRQJ�:DQJ��;�*HRUJH�;X� �� ���:KDQJ� -RRKR� Ü� $� 0RQWH� &DUOR� VWXG\� RIFRQWUDEDQG� GHWHFWLRQ� XVLQJ� IDVW� QHXWURQUHVRQDQFH� WHFKQLTXH� -LQK\RXQJ� %DH�-RRKR�:KDQJ� �� ���:LOODQGHU� 0DJQXV� Ü� 5HIUDFWLYH� LQGH[� RIIHUURPDJQHWLF� VHPLFRQGXFWRUV� LQ� D� ILHOGRI� FRKHUHQW� OLJKW� EHDPV� 2�<X�6HPFKXN�9�1�6HPLRVKNR�� 5�9�%LOD�� 0DJQXV:LOODQGHU��0DJQXV�.DUOVWHHQ� �� ���:LOOXPHLW� 5� Ü� 6PDOO�DQJOH� QHXWURQVFDWWHULQJ� LQ� ,QYDU� )H±1L±& DOOR\V� LQPDJQHWLF� ILHOG� 9�0�1DGXWRY�9�0�*DUDPXV�� 5�:LOOXPHLW�'�9�6HPHQRY� �� ���

;X� ;�*HRUJH� Ü� 5DGLRORJLFDOFKDUDFWHUL]DWLRQ� RI� PHWDO� R[LGHVHPLFRQGXFWRU� ILHOG� HIIHFW� WUDQVLVWRUGRVLPHWHU� &KDQ�+\HRQJ�.LP�� 6DQJ�+RRQ/HH��%DRGRQJ�:DQJ��;�*HRUJH�;X� �� ���<DNRYHQNR� 6�(� Ü� 3HFXOLDU� IHDWXUHV� DQGDSSOLFDELOLW\�RI�DV\PSWRWLF�H[SDQVLRQV�RIDGGLWLYH� LQWHUPROHFXODU� LQWHUDFWLRQV� LQDQLVRWURSLF� PHGLD�� ,,�� 7KH� UROH� RIDQLVRPHWU\� LQ� IRUPDWLRQ� RIVXSUDPROHFXODU� VWUXFWXUHV� LQ� PHVRJHQLFV\VWHPV� 3�3�6KWLIDQ\XN�� $�9�'\RPLQ�$�3�)HGRU\DNR�� /�1�/LVHWVNL�6�(�<DNRYHQNR� �� ���<DNXQLQ� 6�1� Ü� (IIHFW� RI� GLVORFDWLRQV� LQUHOD[HG�0%(�6L*H OD\HUV�RQ�WKH�HOHFWULFDOEHKDYLRU� RI� 6L�6L*H KHWHURVWUXFWXUHV=V�-�+RUYDWK�� /�.�2UORY�� 1�/�,YLQD�(�6�'HPLGRY�� 9�,�9GRYLQ�� 0�$GDP�,�6]DER�� /�'R]VD�� (�0�3DVKDHY�<X�0�,YDQRY��6�1�<DNXQLQ� �� ���<DQFKXN�,�%� Ü�6RPH�UHJXODULWLHV�RI�GLDPRQGSKDVH� IRUPDWLRQ� DW� QRQHTXLOLEULXPWUDQVLWLRQ�SURFHVV�RI�& YDSRUV�ZLWK�ORZ�7LFRQFHQWUDWLRQ� LQWR� FRQGHQVHG� VWDWH9�,�3HUHNUHVWRY�� <X�$�.RVPLQVND\D�,�%�<DQFKXN� �� ���<DQRYVN\� 9�9� Ü� 0HFKDQLVPV� RI� UD\FKDRWL]DWLRQ� LQ� FRPSRVLWH� GHWHFWRUV9�*�%DU�\DKWDU�� 9�9�<DQRYVN\�� 6�9�1DL�GHQRY��$�9�.XULOR� �� ���<DVKFKXN� 9�3� Ü�0XOWLSOH� VFDWWHULQJ� HIIHFWRQ� OXPLQHVFHQFH� SURSHUWLHV� RI� RUJDQLFOXPLQRSKRUV� (�7LNKRQRY�� 9�3�<DVKFKXN�2�3U\JRG\XN��9�%H]URGQ\��<X�)LODWRY� �� ���<DWNHYLFK� 7�0� Ü� $QRPDORXVO\� ODUJHPDJQHWRVWULFWLRQ� FDXVHG� E\UHDUUDQJHPHQW�RI�PDJQHWRHODVWLF�GRPDLQV9�0�.DOLWD�� $�)�/R]HQNR�6�0�5\DEFKHQNR�� 3�$�7URWVHQNR�7�0�<DWNHYLFK� �� ���<DWVHQNR� $�9� Ü� 6LPXODWLRQ� RI� WKH� ORFDOHOHFWULF� ILHOG� LQ� WHWUDJRQDO� SKDVH� RI%D7L2� $�$�<DWVHQNR��$�9�<DWVHQNR� �� ���<DWVHQNR� $�9� Ü� &DOFXODWLRQV� RI� WKH� GLSROHHOHFWURQLF�SRODUL]DELOLW\�RI�LRQV�LQ�/L1E2����'�DW�WHPSHUDWXUH�UDQJH������÷ ����.5�,�6KRVWDN��$�9�<DWVHQNR� �� ���<DWVHQNR� $�$� Ü� 6LPXODWLRQ� RI� WKH� ORFDOHOHFWULF� ILHOG� LQ� WHWUDJRQDO� SKDVH� RI%D7L2� $�$�<DWVHQNR��$�9�<DWVHQNR� �� ���<DWVNLY� 9�,� Ü� 6XUIDFH� SURSHUWLHV� DQGSKRWRFDWDO\WLF� DFWLYLW\� RI� QDQRVWUXFWXUDOILOPV� 9�,�<DWVNLY�� ,�6�3HWULN�1�3�6PLUQRYD�� 9�0�*UDQFKDN�$�0�(UHPHQNR� �� ���<DYHWVNL\� 5�3� Ü� $FWLYDWRU� FHQWHUV� LQ/L�*G�%2����/Q �/Q  � &H�� (X�� VLQJOHFU\VWDOV� 0�)�'XERYLN�� 2�9�*D\GXN�%�9�*U\Q\RY�� 7�,�.RUVKLNRYD�$�9�7ROPDFKHY�� $�1�6KHNKRYWVRY�5�3�<DYHWVNL\� �� ���<HUPROHQNR� ,�*� Ü� ([SHULPHQWDO� DQGWKHRUHWLFDO� LQYHVWLJDWLRQ� RI� WKH� UHDFWLRQRI� ����GLSKHQ\O�����R[D]ROH� DQG� ����GLSKHQ\O�������R[DGLD]ROH� GLPHWK\ODPLQRGHULYDWLYHV� ZLWK� WKH� 9LOVPHLHU� UHDJHQW2�1�6HPHQRYD�� 2�6�*DONLQD�/�'�3DWVHQNHU�� ,�*�<HUPROHQNR�,�$�)HG\XQ\D\HYD� �� ��
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<XQDNRYD� 2�1� Ü� $EVRUSWLRQ� VSHFWUDSHFXOLDULWLHV�RI�WKLQ�ILOPV�RI��&V&X�&O���±[�&V&X�,��[ V\VWHP� 2�1�<XQDNRYD�9�.�0LORVODYVN\��(�1�.RYDOHQNR� �� ���<XVKFKHQNR� $�9� Ü� ;�UD\� VSHFWURVFRSLFVWXG\� RI� VWUXFWXUDO� LVRW\SLVP� LQ� 0H�6LVLOLFLGHV� 3�9�*HO�� $�9�<XVKFKHQNR�$�)�1HG\EDO\XN��9�0�6DNKQR� �� ���<XVKFKHQNR� .�$� Ü� 1RQFRQWDFW� PHWKRG� RIWKHUPDO� OLQHDU� H[SDQVLRQ� FRHIILFLHQWGHWHUPLQDWLRQ� IRU� YDULRXV� PDWHULDOV� LQWHPSHUDWXUH� UDQJH� ���� WR� �����&$�6�%RU]\NK��9�3�3RSRY��9�6�6DYFKHQNR�/�9�6NLELQD�� 0�0�&KHUQLN�.�$�<XVKFKHQNR� �� ���=DNKDUHQNR� 0� Ü� ,QIOXHQFH� RI� KHDWWUHDWPHQW� RQ� PRUSKRORJ\� DQG� SKDVHFRPSRVLWLRQ� RI� 7(*�&R� FRPSRVLWHPDWHULDO� /�0DW]XL�� 0�%DELFK�� 0=DNKDUHQNR��2�1DNRQHFKQD��/�9RYFKHQNR �� ��=DNKDUHQNR� 0�,� Ü� ,QIOXHQFH� RI� 6L RQPLFURVWUXFWXUH�DQG�PHFKDQLFDO�SURSHUWLHVRI� 7L$O6L1 KDUG� WKLQ� ILOPV2�,�1DNRQHFKQD��0�,�=DNKDUHQNR� �� ���=DVODYVN\� %�*� Ü� *UDQXODWLRQ� DV� D� PHWKRGIRU� SUHSDUDWLRQ� RI� DONDOL� KDOLGH� VDOWV� IRUWKH�JURZWK�RI�VFLQWLOODWLRQ�VLQJOH�FU\VWDOV%�*�=DVODYVN\��6�,�9DVHWVN\� �� ���=DVSHO� &�(� Ü�1RUPDO�PRGHV� IRU� WKH� YRUWH[VWDWH� PDJQHWLF� GRWV� &�(�=DVSHO�%�$�,YDQRY� �� ���=HOHQVND\D� 2�9� Ü� �'�� DQG� �'�PDWULFHVVFLQWLOODWLRQ�HOHPHQWV�RQ�WKH�FU\VWDOV�EDVH=Q6H�7H�� ���� &G:2��� &V,�7O��� %L�*H�2��9�'�5\]KLNRY�� 6�1�*DONLQ�� (�)�9R�URQNLQ��2�9�=HOHQVND\D��9�9�&KHUQLNRY� �(�1�3LURJRY��'�1�.R]LQ��(�.�/LVHWVND\D� �� ���=HQ\D� ,� Ü� (QHUJ\� FKDUDFWHULVWLFV� RIVFLQWLOODWRUV� IRU� ;�UD\� LQWURVFRS\9�5\]KLNRY�� 1�6WDU]KLQVNL\�.�.DWUXQRY�� %�*ULQ\RY�� 9�1HNUDVRY�9�6LOLQ�� 9�6SDVRY�� <X�*DOLFK�2�9HUELWVNL\��,�=HQ\D� �� ���=HQ\D� ,� Ü� 6WXGLHV� RI� SKRWRDFWLYH� VWDWHV� RILVRYDOHQWO\�GRSHG�=Q6H����FU\VWDOV�E\�WKHPHWKRG� RI� VFDQQLQJ� SKRWRGLHOHFWULFVSHFWURVFRS\� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�� 9�0LJDO��9�.RPDU��� .�.DWUXQRY�� 6�2OHLQLN�,�=HQ\D� �� ���=HQ\D� ,� Ü� 5DGLDWLRQ�LQGXFHG� FKDQJHV� LQGLHOHFWULF� DQG� SKRWRHOHFWULF� SURSHUWLHV� RI$,,%9, FU\VWDOV� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 2�&KXJDL�9�6HPLQR]KHQNR�� 9�0LJDO��� 9�.RPDU��,�.OLPHQNR�� .�.DWUXQRY�� 6�$EDVKLQ�6�2OHLQLN��6�6XOLPD��,�=HQ\D� �� ���

=HQ\D� ,� Ü� 2Q� OXPLQHVFHQFH� NLQHWLFV� RIVFLQWLOODWRUV� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�9�6HPLQR]KHQNR�� %�*ULQ\RY�/�1DJRUQD\D�� 9�6SDVRY�� .�.DWUXQRY�,�=HQ\D��2�9\DJLQ� �� ��=HQ\D� ,� Ü� (OHFWURSK\VLFDO� SURSHUWLHV� RIPHWDO�VHPLFRQGXFWRU�PHWDO� VWUXFWXUHVEDVHG� RQ� LVRYDOHQWO\� GRSHG� ]LQF� VHOHQLGHFU\VWDOV� 2�&KXJDL�� 9�5\]KLNRY�1�6WDU]KLQVNL\�� 6�2OH\QLN�� .�.DWUXQRY�,�=HQ\D� �� ���=KDELWHQNR� 1�.� Ü� 3KRWRWKHUPRDFRXVWLFHIIHFW�� DSSOLHG� DVSHFWV� RI� VWUHVVHG� VWDWHDUHD� GLDJQRVWLFV� LQ� VWUXFWXUDO� PDWHULDOV$�1�$OHNVHHY�� 5�0�%XUEHOR�1�.�=KDELWHQNR��$�*�.X]±PLFK� �� ���=KROXGRY�<X�7� Ü�6LPXODWLRQ�RI�SURFHVVHV�LQRSWRFKHPRWURQLF� HPLWWHU� ZLWK� HOHFWURGHVPRGLILHG�E\�/DQJPXLU�%ORGJHWW�WHFKQLTXH'�$�9DV\DQRYLWFK�� <X�7�=KROXGRY�1�1�5R]KLWVNLL� �� ���=LDMD�-� Ü�7KHUPDOO\� VWLPXODWHG�FXUUHQWV�RI=Q±%L±2 WKLQ� ILOP� DUUHVWHUV�$�*XEDQVNL�-�=LDMD��:�0LVWD� �� ��=LRONRYVNL\�'�9� Ü�$QLRQ�UDGLFDO�FRQGXFWLQJ0H7&14 VDOWV� ZLWK� S\UD]LQH�EDVHGFDWLRQV� '�9�=LRONRYVNL\�$�9�.UDYFKHQNR�� 9�$�6WDURGXE�$�5�.D]DFKNRY�� 9�9�.KRWNHYLFK�*�9�.DPDUFKXN�� $�9�.KRWNHYLFK�2�6�3\VKNLQ� �� ���=RUHQNR� <X�9� Ü� 6SHFLILF� IHDWXUHV� RISKRWROXPLQHVFHQFH� FHQWHUV� LQ� &V%U�(X��FU\VWDOV� JURZQ� IURP�PHOW�<X�9�=RUHQNR�5�0�7XUFKDN��,�9�.RQVWDQNHYLFK� �� ���=R]XOD�1�,� Ü�'LVSHUVLRQV�RI�7L2� FRQWDLQLQJ)H����&R������'�DQG�&X������'�LRQV�DVFDWDO\VWV� IRU� SODVWLF� PHWDOOL]DWLRQ,�0�.REDVD�� <D�6�0D]XUNHYLFK�� 1�,�=R�]XOD� �� ���=YH]GLQ� $�.� Ü� 6FDQQLQJ� QHDU�ILHOG� RSWLFDOPLFURVFRS\� RI� PDJQHWLF� VWUXFWXUHV� LQPDJQHWLF� ILOPV� 9�,�%HORWHORY�$�6�/RJJLQRY�� $�9�1LNRODHY�$�3�3\DWDNRY��$�.�=YH]GLQ� �� ���=YH]GLQ� $�.� Ü� 0DJQHWRRSWLFDO� HIIHFWV� LQWZR� GLPHQVLRQDO� SKRWRQLF� FU\VWDOV9�,�%HORWHORY�� 3�3HUOR�� $�.�=YH]GLQ�1�9�*DSRQHQNR� �� ���=Y\DJLQWVHY�9�1� Ü�'LVORFDWLRQ� GLVWULEXWLRQLQ� UXE\� VLQJOH� FU\VWDOV� XQGHU� ORDGLQJ� DWKLJK� WHPSHUDWXUHV� 0�(�%RVLQ�,�)�=Y\DJLQWVHYD�� 9�1�=Y\DJLQWVHY�)�)�/DYUHQW\HY��9�1�1LNLIRUHQNR� �� ���=Y\DJLQWVHYD� ,�)� Ü�'LVORFDWLRQ�GLVWULEXWLRQLQ� UXE\� VLQJOH� FU\VWDOV� XQGHU� ORDGLQJ� DWKLJK� WHPSHUDWXUHV� 0�(�%RVLQ�,�)�=Y\DJLQWVHYD�� 9�1�=Y\DJLQWVHY�)�)�/DYUHQW\HY��9�1�1LNLIRUHQNR� �� ���
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