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'RWVHQNR�9�3��Ü�/XPLQHVFHQW�SURSHUWLHV�DQG

VWDELOLW\� RI� (X��� LRQV� LQ� 6U%32�� DQG6U$O�%�2�� 3�9�3LU�� 9�3�'RWVHQNR�1�3�(IU\XVKLQD��=�'�.OLPHQNR � ��
'UR]GRY� $�1�� Ü� 7KH� VWUXFWXUH� DQG� QDQRLQ�

GHQWDWLRQ� RI� &��� ILOPV� 9�(�3XNKD�$�1�'UR]GRY��$�7�3XJDFKHY��6�1�'XE � ���
'UX]KLQLQ� $�$�� Ü� 0DJQHWRUHVLVWDQFH� DQG

PDJQHWLF� VXVFHSWLELOLW\� RI� GRSHG� 6L±*HZKLVNHUV� $�$�'UX]KLQLQ�� ,�3�2VWURYVNLL�<X�5�.RJXW��-�.�:DUFKXOVND � ���
'XE�6�1�� Ü�7KH� VWUXFWXUH�DQG�QDQRLQGHQWD�

WLRQ� RI� &��� ILOPV� 9�(�3XNKD�$�1�'UR]GRY��$�7�3XJDFKHY��6�1�'XE � ���
'XE� 6�1�� Ü� (ODVWLFLW\�PRGXOH� DQG� KDUGQHVVRI� QLRELXP� DQG� WDQWDOXP� DQRGH� R[LGHILOPV�6�1�'XE��9�9�6WDULNRY � ���
'XEURYLQ�,�9��Ü�&U\RJHQLF�V\QWKHVLV�RI�QDQR�GLPHQVLRQDO� PDJQHWLWH� 3�3�*RUE\N�,�9�'XEURYLQ��0�0�)LORQHQNR � ��
(ILPRYD�6�/��Ü�6WURQJ�HQKDQFHPHQW�RI�F\DQ�LQH�G\H�DJJUHJDWLRQ�E\�D�FDWLRQLF�VXUIDF�WDQW� *�<D�*XUDOFKXN�� ,�.�.DWUXQRY�5�6�*ULQ\RY�� $�9�6RURNLQ�� 6�/�(ILPRYD�<X�9�0DO\XNLQ��6�0�<DUPROXN � ���
(IU\XVKLQD� 1�3�� Ü� /XPLQHVFHQW� SURSHUWLHV

DQG�VWDELOLW\�RI�(X���LRQV�LQ�6U%32��DQG6U$O�%�2��3�9�3LU��9�3�'RWVHQNR��1�3�(I�U\XVKLQD��=�'�.OLPHQNR � ��
(UHPHQNR� $�0�� Ü� 3KRWRFDWDO\VLV� E\� 7L2�ILOPV� DW� VWUXFWXUH� UHOD[DWLRQ2�3�'P\WUHQNR�� 1�3�.XOLVK�� 7�2�%XVNR�9�6�6WDVKFKXN��$�0�(UHPHQNR��1�3�6PLU�QRYD��1�9�9LW\XN � ��

)HGRURY� $�� Ü� &V,�7O�� ILOPV�� GHSRVLWLRQ�� H[�DPLQDWLRQ� RI� VWUXFWXUH� DQG� VFLQWLOODWLRQ$�/HEHGLQVN\�� $�)HGRURY�� $�$QDQHQNR�3�0DWH\FKHQNR � ��
)HGRURY�$�,��Ü�3KDVH�WUDQVIRUPDWLRQV�DW�UH�GXFWLRQ� RI� FRUXQGXP� $�<D�'DQ±NR�0�$�5RP�� 1�6�6LGHOQLNRYD�� .K�6K�.DO�WDHY��6�9�1L]KDQNRYVN\��$�,�)HGRURY � ���
)HGRU\DNR�$�3��Ü�5RWDWLRQDO�YLVFRVLW\�RI�LQ�GXFHG� VPHFWLF�&�SKDVH�RI� OLTXLG�FU\VWDO(�9�3RSRYD�� $�3�)HGRU\DNR�� 9�9�9DVK�FKHQNR��/�$�.XWXO\D � ���
)HVHQNR�2��Ü�*URZWK�DQG�FKDUDFWHUL]DWLRQ�RIXUHD�GRSHG� .'3� FU\VWDOV� ,�3ULWXOD�$�.RVLQRYD�� 0�.RO\ED\HYD�� 9�3X]LNRY�6�%RQGDUHQNR��9�7NDFKHQNR��9�7VXULNRY�2�)HVHQNR � ���
)LORQHQNR� 0�0�� Ü� &U\RJHQLF� V\QWKHVLV� RIQDQRGLPHQVLRQDO� PDJQHWLWH� 3�3�*RUE\N�,�9�'XEURYLQ��0�0�)LORQHQNR � ��
)UHLN� '�0�� Ü� 'RPLQDQW� SRLQW� GHIHFWV� LQ

GRSHG� FDGPLXP� WHOOXULGH� &G7H�*H'�0�)UHLN�� 8�0�3\VNO\QHWV�� /�<�0H]K\�ORYVND � ���
*DEHONRY�6�9��Ü�6\QWKHVLV��PRUSKRORJ\��DQGFRPSDFWLELOLW\� RI� WHWUDJRQDO� ]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
*DQLQD� ,�,�� Ü� &RQWURO� RI� HQHUJ\� VWRUDJH� RI

/X�6L2��&H��� QDQRFU\VWDOV� E\� FR�DFWLYD�WLRQ� $�$�0DVDORY�� 2�*�9\DJLQ�� ,�,�*DQ�LQD��<X�1�9HOLNKRY��<X�9�0DO\XNLQ � ���
*DUDS\Q� ,�� Ü� 5DGLDWLRQ�LQGXFHG� SURFHVVHV

DQG� GHIHFWV� LQ� SXULILHG� &V,� FU\VWDOV,�*DUDS\Q��%�3DYO\N��%�7V\EXO\DN � ���
*DUEX]�7�2��Ü�3K\VLFR�PHFKDQLFDO�DQG�SK\VL�FRFKHPLFDO� LQWHUDFWLRQ� DW� VLQWHULQJ� RI

F%1±7L%�� FRPSRVLWHV� XQGHU� XOWUDKLJKSUHVVXUH� 7�2�*DUEX]�� 0�3�%H]KHQDU�6�$�%R]KNR��1�0�%LO\DYLQD � ���
*DYULN� $�� Ü� /LJKW� VFDWWHULQJ� LQ� WKH� SODVWLFVFLQWLOODWRU� 1�.KODSRYD�� <D�6KSLOHYR\�9�6HQFK\VK\Q��$�*DYULN��9�/HEHGHY � ���
*HW±PDQ� (�,�� Ü� ,VRPRUSKLF� VXEVWLWXWLRQ� RIVDPDULXP� IRU� VWURQWLXP� LQ� WKH

6U��92���2+� VWUXFWXUH� (�,�*HW±PDQ�9�,�0DUFKHQNR�� 6�1�/RERGD�1�9�<DEORFKNRYD���/�3OHKRY � ���
*HWPDQ� 2�� Ü� 6WUXFWXUH� PRUSKRORJ\� DQGSURSHUWLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHVEDVHG� RQ� ELRJHQLF� K\GUR[\DSDWLWH� DQGV\QWKHWLF� FDOFLXP� SKRVSKDWHV� 2�6\FK�1�3LQFKXN�� $�3DUNKRPH\�� $�.XGD�/�,YDQFKHQNR�� 9�6NRURNKRG�� 2�9DV\ONLY�2�*HWPDQ��<�6DNND � ���
*OD]XQRYD�9�$��Ü�;�UD\�SKRWRHOHFWURQ�VSHF�

WURVFRS\� RI� QDQRSRZGHUV� RI� =U2��<�2��&U�2�� FRPSRXQGV� $�0�.RUGXEDQ�,�$�<DVKFKLVK\Q�� 7�(�.RQVWDQWLQRYD�,�$�'DQLOHQNR�� *�.�9RONRYD�� 9�$�*OD�]XQRYD � ���
*RUE\N� 3�3�� Ü� (OHFWURSK\VLFDO� SURSHUWLHV� RISRO\PHU� FRPSRVLWHV� SHQWRQ�VLOYHU� LRGLGHV\VWHP� LQ� �Ü��� *+]� IUHTXHQF\� UHJLRQ0�$�5RNLWVN\�� 3�3�*RUE\N�� 9�9�/HYDQ�GRYVN\�� 6�0�0DNKQR�� 2�9�.RQGUDWHQNR�1�,�6KXW � ���
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*RUE\N�3�3�� Ü�&U\RJHQLF� V\QWKHVLV�RI�QDQR�GLPHQVLRQDO� PDJQHWLWH� 3�3�*RUE\N�,�9�'XEURYLQ��0�0�)LORQHQNR � ��
*RUHQNR� <X�9�� Ü� 3UHSDUDWLRQ� RI� WXQJVWHQFUXFLEOHV�VWDUWLQJ�IURP�WXQJVWHQ�IOXRULGH<X�9�*RUHQNR�� $�)�.RU]K�� /�$�/\W�Y\QRY�� 1�$�6HP\RQRY�� 1�$�+RYDQVN\�%�0�6KLURNRY � ���
*RULOHWVN\�9�,��Ü�7KHUPDO�ODJ�RI�WKH�JURZWK

IXUQDFH�KHDWLQJ�DVVHPEO\�DW�&V,�1D��FU\V�WDO� JURZLQJ� IURP� FRQVWDQW� PHOW� YROXPHRQ� D� VHHG� 9�,�*RULOHWVN\�� 9�9�9DVLO\HY�2�7V�6LGOHWVNL\��0�0�7\PRVKHQNR��9�,�6X�PLQ � ���
*RUREHWV� 2�<X�� Ü� 1RQOLQHDU� VSLQ� ZDYHV� LQDQWLIHUURPDJQHWV�ZLWK�XQLD[LDO�PDJQHWLFDQ\VRWURS\� LQ� D� PDJQHWLF� ILHOG2�<X�*RUREHWV � ���
*RXODWLV� ,�/�� Ü� $OXPLQLXP�YDFDQF\� FRP�

SOH[HV� LQ�*H�±[&[�$�,�&KURQHRV�� ,�/�*RX�ODWLV � ���
*RXODWLV� ,�/�� Ü� 6XSHUFRQGXFWLYLW\� VXSSUHV�VLRQ�DW� WZLQ�ERXQGDULHV�DQG� ORQJLWXGLQDODQG� WUDQVYHUVDO� WUDQVSRUW� DQLVRWURS\� LQ

R[\JHQ�GHILFLHQW�<%D�&X�2�±[�VLQJOH�FU\V�WDOV� 5�9�9RYN�� 0�$�2EROHQVNLL�$�$�=DYJRURGQL\�� $�9�%RQGDUHQNR�,�/�*RXODWLV��1�1�&KHERWDHY � ���
*ULQ\RY�5�6��Ü�6WURQJ�HQKDQFHPHQW�RI�F\DQ�LQH�G\H�DJJUHJDWLRQ�E\�D�FDWLRQLF�VXUIDF�WDQW� *�<D�*XUDOFKXN�� ,�.�.DWUXQRY�5�6�*ULQ\RY�� $�9�6RURNLQ�� 6�/�(ILPRYD�<X�9�0DO\XNLQ��6�0�<DUPROXN � ���
*ULWVNLK�9�$��Ü�7KH�PHWKRG�RI�RSWLFDO�LQYHV�WLJDWLRQV�RI� WKH�QDQRVWUXFWXUDO�GLDPRQG�

OLNH� D±&�1� ILOPV� 6�9�.DUD�0XU]D�%�9�%HO\DHY�� 9�$�*ULWVNLK�� ,�9�=KLN�KDUHY��1�9�.RUWFKLNRYD��'�$�1DXPHQNR�$�0�3UXGQLNRY � ���
*U\YXO�9�,�� Ü�'HIHFW� IRUPDWLRQ� LQ�GLIIXVLYH

OD\HUV� RI� =Q6H�6Q� DQG�=Q6H�0J� 9�,�*U\�YXO��9�3�0DNKQL\��,�9�7NDFKHQNR � ���
*XUDOFKXN� *�<D�� Ü� 6WURQJ� HQKDQFHPHQW� RIF\DQLQH� G\H� DJJUHJDWLRQ� E\� D� FDWLRQLFVXUIDFWDQW� *�<D�*XUDOFKXN�� ,�.�.D�WUXQRY�� 5�6�*ULQ\RY�� $�9�6RURNLQ�6�/�(ILPRYD�� <X�9�0DO\XNLQ�� 6�0�<DU�PROXN � ���
*YR]GRYVN\\� ,�$��Ü�5RWDWLRQ�RI�VLQJOH�FU\V�WDOV� RI� FKLUDO� GRSDQWV� DW� WKH� WRS� RI� DQHPDWLF� GURSOHW�� D� K\GURG\QDPLFDO� DQDO�RJ\�,�$�*YR]GRYVN\\��/�1�/LVHWVNL � ���
+RYDQVN\� 1�$�� Ü� 3UHSDUDWLRQ� RI� WXQJVWHQFUXFLEOHV�VWDUWLQJ�IURP�WXQJVWHQ�IOXRULGH<X�9�*RUHQNR�� $�)�.RU]K�� /�$�/\W�Y\QRY�� 1�$�6HP\RQRY�� 1�$�+RYDQVN\�%�0�6KLURNRY � ���
,OF]XN�-��Ü�7KH�UHOD[DWLRQ�SKHQRPHQD�LQ�LU�UDGLDWHG� 3=7� W\SH� SLH]RFHUDPLFV� 5�=D�FKDULDV]��-�,OF]XN��%�%UXV � ���
,OF]XN�-��Ü�,QIOXHQFH�RI�GRPDLQ�VWUXFWXUH�RQUHOD[DWLRQ�SKHQRPHQD�LQ�WKH�3=7�FHUDPLF%�%UXV��-�,OF]XN��$�=DU\FND��0�&]HUZLHF � ���
,VKFKXN� 9�0�� Ü� 6\QWKHVLV� RI� �&D�&X���±

�[���1[7L2�� VROLG� VROXWLRQV� �1�  � %L�� /D�(�$�9RYN�� 9�0�,VKFKXN�� 7�*�'HLQHND�9�1�%DXPHU�� =�3�6HUJLHQNR�� $�$�.R�]ORYVNL\ � ���

,YDQFKHQNR� /�� Ü� 6WUXFWXUH�PRUSKRORJ\� DQGSURSHUWLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHVEDVHG� RQ� ELRJHQLF� K\GUR[\DSDWLWH� DQGV\QWKHWLF� FDOFLXP� SKRVSKDWHV� 2�6\FK�1�3LQFKXN�� $�3DUNKRPH\�� $�.XGD�/�,YDQFKHQNR�� 9�6NRURNKRG�� 2�9DV\ONLY�2�*HWPDQ��<�6DNND � ���
-HRQJ� :�-�� Ü� &RQWURO� RI� UHIUDFWLYH� LQGH[

DQG�FRPSRVLWLRQ�RI�7L2��WKLQ�ILOP�GHSRV�LWHG� E\� UDGLRIUHTXHQF\� UHDFWLYH� VSXWWHU�LQJ� 6�:�.ZRQ�� :�6�<DQJ�� +�0�/HH�:�.�.LP��+��<�/HH��:�-�-HRQJ��0�.�6RQJ�'�+�<RRQ � ���
.DOWDHY�.K�6K�� Ü�3KDVH� WUDQVIRUPDWLRQV� DWUHGXFWLRQ� RI� FRUXQGXP� $�<D�'DQ±NR�0�$�5RP�� 1�6�6LGHOQLNRYD�� .K�6K�.DO�WDHY��6�9�1L]KDQNRYVN\��$�,�)HGRURY � ���
.DQLVFKHY�9�1��Ü�7KH�DSSOLFDWLRQ�RI�WKH�IUHHERXQGDU\�FRQGLWLRQ�WR�WKH�SUREOHP�RI�EL�QDU\� VPHOW� FU\VWDOOL]DWLRQ� 9�1�.DQLV�FKHY��6�9�%DUDQQLN � ���
.DSLWDQFKXN� /�0�� Ü� 7KHUPRPDJQHWLF� VWXG�LHV� RI� WKHUPRH[IROLDWHG� JUDSKLWH�WUDQVL�WLRQ� PHWDO� FRPSRVLWHV� /�/�9RYFKHQNR�0�*�%DELFK�� 0�,�=DNKDUHQNR�� $�,�%UX�VLORYHWV��/�0�.DSLWDQFKXN � ���
.DUD�0XU]D� 6�9�� Ü� 7KH� PHWKRG� RI� RSWLFDOLQYHVWLJDWLRQV� RI� WKH� QDQRVWUXFWXUDO� GLD�

PRQG�OLNH� D±&�1� ILOPV� 6�9�.DUD�0XU]D�%�9�%HO\DHY�� 9�$�*ULWVNLK�� ,�9�=KLN�KDUHY��1�9�.RUWFKLNRYD��'�$�1DXPHQNR�$�0�3UXGQLNRY � ���
.DVLDQ� 1�$�� Ü� /LTXLG� FU\VWDO� IRUPDWLRQ� LQPL[WXUHV� RI� PHWDO� DONDQRDWHV�� JDGROLQ�LXP�FRQWDLQLQJ� ELQDU\� V\VWHPV� /�1�=D�YRUD�� 9�'�3DQLNDUVND\D�� 1�$�.DVLDQ�$�,�%HGULN�� 9�0�6KHUVKXNRY�� /�1�/LVHW�VNL��7�$�0LUQD\D � ���
.DVLDQ�1�$�� Ü� 6SHFWURSKRWRPHWU\� DQG� HOHF�WULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWLZDOOQDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLTXLGFU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\�� 9�'�3DQLNDUVND\D�1�$�.DVLDQ��6�6�.RVLWV\Q��0�2�/LVXQRYD�2�9�0HOH]K\N � ���
.DWUXQRY� ,�.��Ü�6WURQJ�HQKDQFHPHQW�RI�F\�DQLQH�G\H� DJJUHJDWLRQ� E\� D�FDWLRQLF� VXU�IDFWDQW� *�<D�*XUDOFKXN�� ,�.�.DWUXQRY�5�6�*ULQ\RY�� $�9�6RURNLQ�� 6�/�(ILPRYD�<X�9�0DO\XNLQ��6�0�<DUPROXN � ���
.KODSRYD�1��Ü�/LJKW�VFDWWHULQJ�LQ�WKH�SODV�WLF� VFLQWLOODWRU� 1�.KODSRYD�� <D�6KSL�OHYR\�� 9�6HQFK\VK\Q�� $�*DYULN�� 9�/HEH�GHY � ���
.LOLPFKXN� ,�9�� Ü� &RPSDULVRQ� RI� GLIIHUHQWURXJK�VXUIDFH�PRGHOV�IRU�FRPSXWHU�VLPX�ODWLRQ� RI� OLJKW� FROOHFWLRQ� LQ� D� VFLQWLOOD�WRU�OLJKW� JXLGH� V\VWHP� ,�9�.LOLPFKXN�9�$�7DUDVRY � ���
.LP�:�.��Ü�&RQWURO�RI�UHIUDFWLYH�LQGH[�DQG

FRPSRVLWLRQ� RI� 7L2�� WKLQ� ILOP� GHSRVLWHGE\� UDGLRIUHTXHQF\� UHDFWLYH� VSXWWHULQJ6�:�.ZRQ��:�6�<DQJ��+�0�/HH��:�.�.LP�+��<�/HH��:�-�-HRQJ��0�.�6RQJ��'�+�<RRQ � ���
.LULFKHQNR� 0�9�� Ü� %DFN� VXUIDFH� UHIOHFWRURSWLPL]DWLRQ� IRU� WKLQ� VLQJOH� FU\VWDOOLQHVLOLFRQ� VRODU� FHOOV� 9�5�.RSDFK�0�9�.LULFKHQNR�� 6�9�6KUDPNR��5�9�=DLW�VHY��,�7�7\PFKXN��9�$�$QWRQRYD��$�0�/LV�WUDWHQNR � ���
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.LULFKHQNR� 0�9�� Ü� 2SWLPL]DWLRQ� RI� EDVHFU\VWDOV� IRU� VLOLFRQ� VRODU� FHOOV�RI�YDULRXVGHVWLQDWLRQV� 0�9�.LULFKHQNR�� ,�7�7\P�FKXN�� 9�$�$QWRQRYD�� 1�3�.ORFKNR�9�5�.RSDFK��$�0�/LVWUDWHQNR � ��

.OLPHQNR�=�'��Ü�/XPLQHVFHQW�SURSHUWLHV�DQG
VWDELOLW\� RI� (X��� LRQV� LQ� 6U%32�� DQG6U$O�%�2��3�9�3LU��9�3�'RWVHQNR��1�3�(I�U\XVKLQD��=�'�.OLPHQNR � ��

.ORFKNR�1�3��Ü�2SWLPL]DWLRQ�RI�EDVH�FU\VWDOVIRU�VLOLFRQ�VRODU�FHOOV�RI�YDULRXV�GHVWLQD�WLRQV� 0�9�.LULFKHQNR�� ,�7�7\PFKXN�9�$�$QWRQRYD�� 1�3�.ORFKNR�� 9�5�.R�SDFK��$�0�/LVWUDWHQNR � ��

.ORFKNR� 1�3�� Ü� (OHFWURGHSRVLWLRQ� NLQHWLFV�VWUXFWXUH� DQG� RSWLFDO� SURSHUWLHV� RI� FDG�PLXP�VXOILGH�ILOPV�1�3�.ORFKNR � ���

.ORFKNR�1�3�� Ü�(OHFWURGHSRVLWLRQ� RI� FRSSHULQGLXP�GLVHOHQLGH�ILOPV�XVLQJ�SXOVH�SODW�LQJ�WHFKQLTXH�1�3�.ORFKNR � ���

.REHWV�$�)��Ü�3URGXFWLRQ�RI�QDQR�SRUH�WUDFNPHPEUDQHV�EDVHG�RQ�3(7�ILOPV�LUUDGLDWHG
E\� $U� LRQV� 9�$�%RPNR�� $�)�%XUEDQ�$�)�.REHWV�� $�.U\VKWDO�� ,�9�9RURE\RYD�%�9�=DMWVHY � ���

.RE]DU� <X�/�� Ü� 6LOLFRQ� FU\VWDO� VWUHQJWK� UH�GXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���

.RJXW� <X�5�� Ü�0DJQHWRUHVLVWDQFH� DQG�PDJ�
QHWLF�VXVFHSWLELOLW\�RI�GRSHG�6L±*H�ZKLVN�HUV� $�$�'UX]KLQLQ�� ,�3�2VWURYVNLL�<X�5�.RJXW��-�.�:DUFKXOVND � ���

.ROFKHQNR� ,X�/�� Ü� (IIHFW� RI�PDJQHWLF� ILHOGRQ� PLFURKDUGQHVV� RI� JHUPDQLXP9�$�0DNDUD�� /�3�6WHEOHQNR�� $�0�.X�U\OLXN�� 6�0�1DXPHQNR�� ,X�/�.ROFKHQNR�9�0�.UDYFKHQNR � ��

.ROHVQLNRY� $�9�� Ü� 3UREOHP� RI� WKH� KHDW� UD�GLDWLYH� FRQGXFWDQFH� LQ� VHPLWUDQVSDUHQWPHGLD�� 7KH� DSSUR[LPDWLRQ� RI� VPDOO� UH�IOHFWLRQ�FRHIILFLHQW�$�9�.ROHVQLNRY � ���

.ROHVQLNRY� $�9�� Ü� 5DGLDWLYH� FRQGXFWLRQSUREOHP� LQ� WKH� WKLQ� OD\HU� RI� VHPL�WUDQV�SDUHQW�PHGLXP��7KH�ZHDN�DEVRUSWLRQ�FDVH$�9�.ROHVQLNRY��<X�3�9LUFKHQNR � ���

.ROXSDHYD�=�,��Ü�,QWHUQDO�VWUXFWXUH�SDUDPH�WHUV�DQG�V\QWKHVLV�FRQGLWLRQV�RI�SRO\FU\V�WDOOLQH� GLDPRQG� ILOPV� 6�1�6DPVRQHQNR�1�'�6DPVRQHQNR��=�,�.ROXSDHYD � ���

.RO\ED\HYD� 0�� Ü� *URZWK� DQG� FKDUDF�WHUL]DWLRQ� RI� XUHD�GRSHG� .'3� FU\VWDOV,�3ULWXOD�� $�.RVLQRYD�� 0�.RO\ED\HYD�9�3X]LNRY�� 6�%RQGDUHQNR�� 9�7NDFKHQNR�9�7VXULNRY��2�)HVHQNR � ���

.RQGUDWHQNR�2�9��Ü�(OHFWURSK\VLFDO�SURSHU�WLHV� RI� SRO\PHU� FRPSRVLWHV� SHQWRQ�VLOYHULRGLGH�V\VWHP�LQ��Ü���*+]�IUHTXHQF\�UH�JLRQ�0�$�5RNLWVN\��3�3�*RUE\N��9�9�/H�YDQGRYVN\�� 6�0�0DNKQR�� 2�9�.RQ�GUDWHQNR��1�,�6KXW � ���

.RQGUDWHQNR�9�9�� Ü�1DQRVFDOH�&R�&�PXOWL�OD\HUV� IRU� �FDUERQ� ZLQGRZ�� 6FKZDU�]VFKLOG� REMHFWLYH� <H�$�%XJD\HY�$�<X�'HYL]HQNR�� (�1�=XEDUHY�� 9�9�.RQ�GUDWHQNR � ���

.RQVWDQWLQRYD� 7�(�� Ü� ;�UD\� SKRWRHOHFWURQ
VSHFWURVFRS\� RI� QDQRSRZGHUV� RI� =U2��<�2��&U�2�� FRPSRXQGV� $�0�.RUGXEDQ�,�$�<DVKFKLVK\Q�� 7�(�.RQVWDQWLQRYD�,�$�'DQLOHQNR�� *�.�9RONRYD�� 9�$�*OD�]XQRYD � ���

.RSDFK�9�5��Ü�2SWLPL]DWLRQ�RI�EDVH�FU\VWDOVIRU� VLOLFRQ�VRODU� FHOOV�RI�YDULRXV�GHVWLQD�WLRQV� 0�9�.LULFKHQNR�� ,�7�7\PFKXN�9�$�$QWRQRYD�� 1�3�.ORFKNR�� 9�5�.R�SDFK��$�0�/LVWUDWHQNR � ��

.RSDFK�9�5��Ü�%DFN�VXUIDFH�UHIOHFWRU�RSWLPL�]DWLRQ� IRU� WKLQ� VLQJOH� FU\VWDOOLQH� VLOLFRQVRODU� FHOOV� 9�5�.RSDFK�� 0�9�.LULFKHQNR�6�9�6KUDPNR�� 5�9�=DLWVHY�� ,�7�7\PFKXN�9�$�$QWRQRYD��$�0�/LVWUDWHQNR � ���

.RS\OHWV� ,�$�� Ü� 0XOWLOD\HU� ;�UD\� PLUURUV
0R±%�&� Û� QHZ� FU\VWDOV�DQDO\]HUV� IRU
ZDYHOHQJWK� UDQJH� RI� �� WR� ��� c
,�$�.RS\OHWV��$�$�%DWXULQ��,�)�0LNKDLORY � ���

.RUGXEDQ�$�0��Ü�;�UD\�SKRWRHOHFWURQ�VSHF�
WURVFRS\� RI� QDQRSRZGHUV� RI� =U2��<�2��&U�2�� FRPSRXQGV� $�0�.RUGXEDQ�,�$�<DVKFKLVK\Q�� 7�(�.RQVWDQWLQRYD�,�$�'DQLOHQNR�� *�.�9RONRYD�� 9�$�*OD]X�QRYD � ���

.RUVKLNRYD� 7�,�� Ü� 6\QWKHVLV� RI� VWURQWLXP
WHWUDERUDWH� 6U%�2�� IRU� VLQJOH� FU\VWDOJURZWK� 7�,�.RUVKLNRYD�� 6�9�3DUN�KRPHQNR��$�9�7ROPDFKHY��5�3�<DYHWVNL\ � ���

.RUWFKLNRYD� 1�9�� Ü� 7KH� PHWKRG� RI� RSWLFDOLQYHVWLJDWLRQV� RI� WKH� QDQRVWUXFWXUDO� GLD�
PRQG�OLNH� D±&�1� ILOPV� 6�9�.DUD�0XU]D�%�9�%HO\DHY�� 9�$�*ULWVNLK�� ,�9�=KLN�KDUHY��1�9�.RUWFKLNRYD��'�$�1DXPHQNR�$�0�3UXGQLNRY � ���

.RU]K�$�)��Ü�3UHSDUDWLRQ�RI�WXQJVWHQ�FUXFL�EOHV� VWDUWLQJ� IURP� WXQJVWHQ� IOXRULGH<X�9�*RUHQNR�� $�)�.RU]K�� /�$�/\WY\QRY�1�$�6HP\RQRY�� 1�$�+RYDQVN\�� %�0�6KL�URNRY � ���

.RVLQRYD�$�� Ü�*URZWK� DQG� FKDUDFWHUL]DWLRQRI� XUHD�GRSHG� .'3� FU\VWDOV� ,�3ULWXOD�$�.RVLQRYD�� 0�.RO\ED\HYD�� 9�3X]LNRY�6�%RQGDUHQNR��9�7NDFKHQNR��9�7VXULNRY�2�)HVHQNR � ���

.RVLWV\Q�6�6��Ü�6SHFWURSKRWRPHWU\�DQG�HOHF�WULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWLZDOOQDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLTXLGFU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\��9�'�3DQLNDUVND\D��1�$�.D�VLDQ�� 6�6�.RVLWV\Q�� 0�2�/LVXQRYD�2�9�0HOH]K\N � ���

.RYDOHQNR�(�1��Ü�3HFXOLDULWLHV�RI�DEVRUSWLRQ
VSHFWUD� RI� VROLG� VROXWLRQV� RI� &V$J�,�±&V&X�,�� FRPSOH[� FRPSRXQGV� 9�.�0LORV�ODYVN\��2�1�<XQDNRYD��(�1�.RYDOHQNR � ���

.RYWXQ�.�9��Ü�6WUXFWXUH�DQG�VWUHVV�VWDWH�RILRQ�SODVPD�KDIQLXP�FRQGHQVDWHV�$�6�9XV�6�9�0DO\NKLQ�� $�7�3XJDFKHY�(�1�5HVKHWQ\DN�� 5�9�$]KD]KD�.�9�.RYWXQ � ���

.R]ORYVNL\� $�$�� Ü� 6\QWKHVLV� RI� �&D�&X���±
�[���1[7L2�� VROLG� VROXWLRQV� �1�  � %L�� /D�(�$�9RYN�� 9�0�,VKFKXN�� 7�*�'HLQHND�9�1�%DXPHU�� =�3�6HUJLHQNR�� $�$�.R�]ORYVNL\ � ���

.UDYFKHQNR� 9�$�� Ü� 6WUXFWXUH� DQG� PDJQH�WRUHVLVWDQFH� RI� IUHVKO\� FRQGHQVHG� WKUHH�
OD\HU� 1L)H�&X�$J��1L)H� ILOPV� 9�%�/R�ERGD��<X�$�6KNXUGRGD��9�$�.UDYFKHQNR � ��

$XWKRU�,QGH[�9RO�����¢��Ü�
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.UDYFKHQNR�9�0��Ü�(IIHFW�RI�PDJQHWLF�ILHOGRQ� PLFURKDUGQHVV� RI� JHUPDQLXP9�$�0DNDUD�� /�3�6WHEOHQNR�� $�0�.X�U\OLXN�� 6�0�1DXPHQNR�� ,X�/�.ROFKHQNR�9�0�.UDYFKHQNR � ��

.UDYFKHQNR�$�,��Ü�2Q�FRPELQDWLRQ�RI�IORDW�LQJ�]RQH� UHFU\VWDOOL]DWLRQ�ZLWK� RWKHU� SX�ULILFDWLRQ�PHWKRGV�$�,�.UDYFKHQNR � ���

.UDYHWV� $�)�� Ü� 6LOLFRQ� FU\VWDO� VWUHQJWK� UH�GXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���

.ULYRVKHLQ� 9�,�� Ü� (IIHFW� RI� JURZWK� DWPRV�
SKHUH� RQ� &H��� LQFRUSRUDWLRQ� LQ� *G�6L2�VLQJOH� FU\VWDOV� 9�*�%RQGDU�9�,�.ULYRVKHLQ�� 9�3�0DUW\QRY�/�/�1DJRUQD\D��2�7V�6LGOHWVNL\ � ���

.U\VKWDO�$��Ü�3URGXFWLRQ�RI�QDQR�SRUH�WUDFNPHPEUDQHV�EDVHG�RQ�3(7�ILOPV�LUUDGLDWHG
E\� $U� LRQV� 9�$�%RPNR�� $�)�%XUEDQ�$�)�.REHWV�� $�.U\VKWDO�� ,�9�9RURE\RYD�%�9�=DMWVHY � ���

.XFKPD� 2�9�� Ü� 0HVRSRURXV� 6%$���� VLOLFD
PRGLILHG� ZLWK� FDOL[>�@DUHQH� DQG� E�F\�
FORGH[WULQ� 2�9�.XFKPD�� <X�/�=XE�$�'DEURZVNL��2��6ROFRYD � ���

.XGD�$��Ü�6WUXFWXUH�PRUSKRORJ\�DQG�SURSHU�WLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHV� EDVHGRQ�ELRJHQLF�K\GUR[\DSDWLWH�DQG�V\QWKHWLFFDOFLXP� SKRVSKDWHV� 2�6\FK�� 1�3LQFKXN�$�3DUNKRPH\�� $�.XGD�� /�,YDQFKHQNR�9�6NRURNKRG�� 2�9DV\ONLY�� 2�*HWPDQ�<�6DNND � ���

.XOLVK� 0�3�� Ü� 6KRUW�UDQJH� DWRPLF� RUGHU� LQ
I�F�F�Ü1LÜ�� DW��� $O� VROLG� VROXWLRQ6�0�%RNRFK�� 0�3�.XOLVK�� 9�9�5\DVKNR�2�9�6QDJRYVNL\��9�$�7DWDUHQNR � ��

.XOLVK� 1�3�� Ü� 3KRWRFDWDO\VLV� E\� 7L2�� ILOPVDW� VWUXFWXUH� UHOD[DWLRQ� 2�3�'P\WUHQNR�1�3�.XOLVK�� 7�2�%XVNR�� 9�6�6WDVKFKXN�$�0�(UHPHQNR�� 1�3�6PLUQRYD�1�9�9LW\XN � ��

.XULOR�$�9��Ü�&KDRWLF�G\QDPLFV�RI�DQ�DV\P�PHWULF�FLUFXODU�ELOOLDUG�ZLWK�UD\�VSOLWWLQJ9�9�<DQRYVN\�� 6�9�1D\G\RQRY�$�9�.XULOR � ���

.XU\OLXN�$�0��Ü�(IIHFW�RI�PDJQHWLF�ILHOG�RQPLFURKDUGQHVV� RI� JHUPDQLXP9�$�0DNDUD�� /�3�6WHEOHQNR�� $�0�.X�U\OLXN�� 6�0�1DXPHQNR�� ,X�/�.ROFKHQNR�9�0�.UDYFKHQNR � ��

.XU\OLXN�$�0��Ü�6LOLFRQ�FU\VWDO�VWUHQJWK�UH�GXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���

.XWXO\D� /�$�� Ü� 5RWDWLRQDO� YLVFRVLW\� RI� LQ�GXFHG�VPHFWLF�&�SKDVH� RI� OLTXLG�FU\VWDO(�9�3RSRYD�� $�3�)HGRU\DNR�� 9�9�9DVK�FKHQNR��/�$�.XWXO\D � ���

.ZRQ� 6�:�� Ü� &RQWURO� RI� UHIUDFWLYH� LQGH[
DQG�FRPSRVLWLRQ�RI�7L2��WKLQ�ILOP�GHSRV�LWHG� E\� UDGLRIUHTXHQF\� UHDFWLYH� VSXWWHU�LQJ� 6�:�.ZRQ�� :�6�<DQJ�� +�0�/HH�:�.�.LP�� +��<�/HH�� :�-�-HRQJ�0�.�6RQJ��'�+�<RRQ � ���

/HEHGHY�9��Ü�/LJKW�VFDWWHULQJ�LQ�WKH�SODVWLFVFLQWLOODWRU� 1�.KODSRYD�� <D�6KSLOHYR\�9�6HQFK\VK\Q��$�*DYULN��9�/HEHGHY � ���
/HEHGLQVN\�$��Ü�&V,�7O��ILOPV��GHSRVLWLRQ��H[�DPLQDWLRQ� RI� VWUXFWXUH� DQG� VFLQWLOODWLRQ$�/HEHGLQVN\�� $�)HGRURY�� $�$QDQHQNR�3�0DWH\FKHQNR � ��
/HERYND�1�,��Ü�6SHFWURSKRWRPHWU\�DQG�HOHF�WULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWLZDOOQDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLTXLGFU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\�� 9�'�3DQLNDUVND\D�1�$�.DVLDQ��6�6�.RVLWV\Q��0�2�/LVXQRYD�2�9�0HOH]K\N � ���
/HGQH\�0�)��Ü�,QIOXHQFH�RI�WKH�GLUHFWRU�DQ�FKRULQJ�HQHUJ\�RQ�D�OLJKW�LQGXFHG�)UHHG�HULFNV]� WUDQVLWLRQ� WKUHVKROG� LQ� WKHERXQGHG� OLJKW� EHDPV� $�$�%HUH]RYVND\D�6�1�<H]KRY��0�)�/HGQH\��,�3�3LQNHY\FK � ���
/HGRYVND\D� (�*�� Ü� 6\QWKHVLV�� PRUSKRORJ\�DQG�FRPSDFWLELOLW\�RI�WHWUDJRQDO�]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
/HH�+��<��Ü�&RQWURO�RI� UHIUDFWLYH� LQGH[�DQG

FRPSRVLWLRQ� RI� 7L2�� WKLQ� ILOP� GHSRVLWHGE\� UDGLRIUHTXHQF\� UHDFWLYH� VSXWWHULQJ6�:�.ZRQ�� :�6�<DQJ�� +�0�/HH�:�.�.LP�� +��<�/HH�� :�-�-HRQJ�0�.�6RQJ��'�+�<RRQ � ���
/HH�+�0�� Ü�&RQWURO� RI� UHIUDFWLYH� LQGH[� DQG

FRPSRVLWLRQ� RI� 7L2�� WKLQ� ILOP� GHSRVLWHGE\� UDGLRIUHTXHQF\� UHDFWLYH� VSXWWHULQJ6�:�.ZRQ�� :�6�<DQJ�� +�0�/HH�:�.�.LP�� +��<�/HH�� :�-�-HRQJ�0�.�6RQJ��'�+�<RRQ � ���
/HH� +�-�� Ü� 2SWLFDO� SURSHUWLHV� RI� /L1E2��=QDQG� /L1E2��=Q�1G� ILEHU� VLQJOH� FU\VWDOVJURZQ� E\� PLFUR�SXOOLQJ� GRZQ� PHWKRG+�-�/HH�� -�:�6KXU�� 2�1DNDPXUD�'�+�<RRQ � ���
/HYDQGRYVN\�9�9��Ü�(OHFWURSK\VLFDO�SURSHU�WLHV� RI� SRO\PHU� FRPSRVLWHV� SHQWRQ�VLOYHULRGLGH�V\VWHP�LQ��Ü���*+]�IUHTXHQF\�UH�JLRQ�0�$�5RNLWVN\��3�3�*RUE\N��9�9�/H�YDQGRYVN\�� 6�0�0DNKQR�� 2�9�.RQ�GUDWHQNR��1�,�6KXW � ���
/HYHQHWV� 9�9�� Ü� $SSOLFDWLRQ� RI� 3,;(� DQG3,*(�PHWKRGV� IRU� H[DPLQDWLRQ� RI� WXQJ�VWHQ�DQG�UKHQLXP�DOOR\V�REWDLQHG�E\�&9'9�9�/HYHQHWV��$�2�6KFKXU��2�3�2PHOQ\N�%�0�6KLURNRY � ���
/LVHWVNL�/�1��Ü�5RWDWLRQ�RI�VLQJOH�FU\VWDOV�RIFKLUDO� GRSDQWV� DW� WKH� WRS� RI� D� QHPDWLFGURSOHW�� D� K\GURG\QDPLFDO� DQDORJ\,�$�*YR]GRYVN\\��/�1�/LVHWVNL � ���
/LVHWVNL� /�1�� Ü� /LTXLG� FU\VWDO� IRUPDWLRQ� LQPL[WXUHV� RI� PHWDO� DONDQRDWHV�� JDGROLQ�LXP�FRQWDLQLQJ� ELQDU\� V\VWHPV� /�1�=D�YRUD�� 9�'�3DQLNDUVND\D�� 1�$�.DVLDQ�$�,�%HGULN�� 9�0�6KHUVKXNRY�� /�1�/LVHW�VNL��7�$�0LUQD\D � ���
/LVHWVNL�/�1��Ü�6SHFWURSKRWRPHWU\�DQG�HOHF�WULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWLZDOOQDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLTXLGFU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\�� 9�'�3DQLNDUVND\D�1�$�.DVLDQ��6�6�.RVLWV\Q��0�2�/LVXQRYD�2�9�0HOH]K\N � ���
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/LVRY\WVNL\� '�9�� Ü� ;5'� DQG� LPSHGDQFHVSHFWURVFRS\� VWXG\� RI� SKDVH� WUDQVLWLRQV
LQ� QDQRFU\VWDOOLQH� /L±0Q� VSLQHOV'�9�/LVRY\WVNL\��9�1�%DXPHU � ���

/LVWUDWHQNR� $�0�� Ü� 2SWLPL]DWLRQ� RI� EDVHFU\VWDOV� IRU� VLOLFRQ� VRODU� FHOOV�RI�YDULRXVGHVWLQDWLRQV� 0�9�.LULFKHQNR�� ,�7�7\P�FKXN�� 9�$�$QWRQRYD�� 1�3�.ORFKNR�9�5�.RSDFK��$�0�/LVWUDWHQNR � ��
/LVWUDWHQNR� $�0�� Ü� %DFN� VXUIDFH� UHIOHFWRURSWLPL]DWLRQ� IRU� WKLQ� VLQJOH� FU\VWDOOLQHVLOLFRQ� VRODU� FHOOV� 9�5�.RSDFK�0�9�.LULFKHQNR�� 6�9�6KUDPNR�� 5�9�=DLW�VHY�� ,�7�7\PFKXN�� 9�$�$QWRQRYD�$�0�/LVWUDWHQNR � ���
/LVXQRYD� 0�2�� Ü� 6SHFWURSKRWRPHWU\� DQGHOHFWULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWL�ZDOO� QDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLT�XLG� FU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\��9�'�3DQLNDUVND\D��1�$�.D�VLDQ��6�6�.RVLWV\Q��0�2�/LVXQRYD��2�9�0H�OH]K\N � ���
/LWYLQHQNR� /�0�� Ü� 6\QWKHVLV�� PRUSKRORJ\�DQG�FRPSDFWLELOLW\�RI� WHWUDJRQDO�]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
/RERGD�6�1��Ü�,VRPRUSKLF�VXEVWLWXWLRQ�RI�VD�

PDULXP�IRU�VWURQWLXP�LQ�WKH�6U��92���2+VWUXFWXUH� (�,�*HW±PDQ�� 9�,�0DUFKHQNR�6�1�/RERGD��1�9�<DEORFKNRYD���/�3OHKRY � ���
/RERGD� 9�%�� Ü� 6WUXFWXUH� DQG�PDJQHWRUHVLV�WDQFH� RI� IUHVKO\� FRQGHQVHG� WKUHH�OD\HU

1L)H�&X�$J��1L)H� ILOPV� 9�%�/RERGD�<X�$�6KNXUGRGD��9�$�.UDYFKHQNR � ��
/XNLHQNR� 2�$�� Ü� 6WUXFWXUH� SHUIHFWLRQ� RIEXON� DQG� QHDU�VXUIDFH� OD\HUV� LQ� VDSSKLUHVLQJOH� FU\VWDOV�9�)�7NDFKHQNR��9�0�3X]�LNRY�� $�<D�'DQ±NR�� $�7�%XGQLNRY�2�$�/XNLHQNR � ���
/XNLHQNR� 2�$�� Ü� 6WXG\� RI� QDWXUH� RI� VRPHGHIHFWV� YLVLEOH� LQ� SRODUL]HG� OLJKW� LQ� VDS�SKLUH� VLQJOH� FU\VWDOV� 9�)�7NDFKHQNR�$�<D�'DQ±NR�� 9�0�3X]LNRY�� $�7�%XG�QLNRY�� 2�$�/XNLHQNR�� 1�6�6LGHOQLNRYD�*�7�$GRQNLQ � ���
/\WY\Q� 2�6�� Ü� 3HFXOLDULWLHV� RI� WKH� 3E7H

QDQR�LVOHW�IRUPDWLRQ�RQ�%D)��VXEVWUDWH�DW�KRW� ZDOO�� HSLWD[\� PHWKRG� LQYHVWLJDWHGE\� DWRPLF� IRUFH� PLFURVFRS\� 7�,�6KHUH�PHWD�� ,�9�3URNRSHQNR�� 3�0�/\WY\Q�2�6�/\WY\Q�� 9�0�9RGRS�\DQRY�� $�3�%D�NKWLQRY��(�,�6O\Q�NR � ��
/\WY\Q� 3�0�� Ü� 3HFXOLDULWLHV� RI� WKH� 3E7H

QDQR�LVOHW�IRUPDWLRQ�RQ�%D)��VXEVWUDWH�DW�KRW� ZDOO�� HSLWD[\� PHWKRG� LQYHVWLJDWHGE\� DWRPLF� IRUFH� PLFURVFRS\� 7�,�6KHUH�PHWD�� ,�9�3URNRSHQNR�� 3�0�/\WY\Q�2�6�/\WY\Q��9�0�9RGRS�\DQRY��$�3�%DNK�WLQRY��(�,�6O\Q�NR � ��
/\WY\QRY� /�$�� Ü� 3UHSDUDWLRQ� RI� WXQJVWHQFUXFLEOHV�VWDUWLQJ�IURP�WXQJVWHQ�IOXRULGH<X�9�*RUHQNR�� $�)�.RU]K�� /�$�/\W�Y\QRY�� 1�$�6HP\RQRY�� 1�$�+RYDQVN\�%�0�6KLURNRY � ���
/\WY\QRY� /�$�� Ü� 3RWHQWLDOLWLHV� IRU� VDSSKLUHVWUHQJWK� HQKDQFHPHQW�� 9�9RORVK\Q�/�$�/\WY\QRY��(�9�6O\XQLQ � ���

0DNDUD�9�$�� Ü�(IIHFW� RI�PDJQHWLF� ILHOG� RQPLFURKDUGQHVV� RI� JHUPDQLXP� 9�$�0D�NDUD�� /�3�6WHEOHQNR�� $�0�.XU\OLXN�6�0�1DXPHQNR��,X�/�.ROFKHQNR��9�0�.UDY�FKHQNR � ��
0DNDUD� 9�$�� Ü� 6LOLFRQ� FU\VWDO� VWUHQJWK� UH�GXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���
0DNKQL\� 9�3�� Ü� 'HIHFW� IRUPDWLRQ� LQ� GLIIX�

VLYH� OD\HUV� RI� =Q6H�6Q� DQG� =Q6H�0J9�,�*U\YXO��9�3�0DNKQL\��,�9�7NDFKHQNR � ���
0DNKQR�6�0��Ü�(OHFWURSK\VLFDO�SURSHUWLHV�RISRO\PHU� FRPSRVLWHV� SHQWRQ�VLOYHU� LRGLGHV\VWHP� LQ� �Ü��� *+]� IUHTXHQF\� UHJLRQ0�$�5RNLWVN\�� 3�3�*RUE\N�� 9�9�/HYDQ�GRYVN\�� 6�0�0DNKQR�� 2�9�.RQGUDWHQNR�1�,�6KXW � ���
0DNRYHWVN\� (�'�� Ü� 7KHUPRVWLPXODWHG� LP�

SODQWDWLRQ�RI�QDQRVFDOHG�$J�SDUWLFOHV�LQWR
D� TXDUW]� JODVV� XVLQJ� D� &2�� ODVHU� EHDP/�$�$JHHY�� 9�.�0LORVODYVN\�� (�'�0DN�RYHWVN\��.�6�%HORVKHQNR��$�9�6WURQVN\ � ��

0DNRYHWVN\� (�'�� Ü� 6HOI�GLIIUDFWLRQ� HIIHFWREVHUYDWLRQ� DQG� UHFRUGLQJ� WKH� KROR�JUDSKLF� RQH�GLPHQVLRQDO� DQG� WZR�GLPHQ�VLRQDO� JUDWLQJV� LQ� WKLQ� SKRWRVHQVLWLYHILOPV� /�$�$JHHY�� .�6�%HORVKHQNR�(�'�0DNRYHWVN\��9�.�0LORVODYVN\ � ���
0DO\NKLQ� 6�9�� Ü� 6WUXFWXUH� DQG� VWUHVV� VWDWHRI� LRQ�SODVPD� KDIQLXP� FRQGHQVDWHV$�6�9XV�� 6�9�0DO\NKLQ�� $�7�3XJDFKHY�(�1�5HVKHWQ\DN��5�9�$]KD]KD��.�9�.RYWXQ � ���
0DO\NKLQ� 6�� Ü� 5HVLGXDO� VWUHVVHV� LQ

7L����=U����1L��� TXDVL�FU\VWDOOLQH� ULEERQVPHDVXUHG� E\� ;�UD\� GLIIUDFWLRQ� 6�0DO\N�KLQ � ���
0DO\XNLQ� <X�9�� Ü� 6WURQJ� HQKDQFHPHQW� RIF\DQLQH� G\H� DJJUHJDWLRQ� E\� D� FDWLRQLFVXUIDFWDQW� *�<D�*XUDOFKXN�� ,�.�.D�WUXQRY�� 5�6�*ULQ\RY�� $�9�6RURNLQ�6�/�(ILPRYD�� <X�9�0DO\XNLQ�� 6�0�<DU�PROXN � ���
0DO\XNLQ�<X�9��Ü�&RQWURO�RI�HQHUJ\�VWRUDJH

RI�/X�6L2��&H���QDQRFU\VWDOV�E\�FR�DFWLYD�WLRQ� $�$�0DVDORY�� 2�*�9\DJLQ�� ,�,�*DQ�LQD��<X�1�9HOLNKRY��<X�9�0DO\XNLQ � ���
0DPD\�'�9��Ü�7KH�VWUXFWXUDO�UHOD[DWLRQ�DQGDQLVRWURS\� RI� WKH� VSULQJ�EDFN� LQ� PHWDOV9�9�8VRY�� 9�9�1RYLNRY�� 1�0�6KNDWX�O\DN��$�1�7LWHQNRY��'�9�0DPD\ � ���
0DUFKHQNR�9�,��Ü�,VRPRUSKLF�VXEVWLWXWLRQ�RIVDPDULXP� IRU� VWURQWLXP� LQ� WKH

6U��92���2+� VWUXFWXUH� (�,�*HW±PDQ�9�,�0DUFKHQNR�� 6�1�/RERGD�� 1�9�<DE�ORFKNRYD���/�3OHKRY � ���
0DULQLQ� 9�6�� Ü� 6LPXODWLRQ� RI� SKDVH� GLD�

JUDPV� LQ�/D1L�±+��'��� V\VWHP�DQG� LQYHU�VLRQ� RI� LVRWRSLF� HIIHFW� 9�6�0DULQLQ�<X�)�6KPDONR��.�5�8PHUHQNRYD � ���
0DUW\QHQNR�(�9��Ü�6WXG\�RI�WKH�VSHFWUXP�RIVFLQWLOODWLRQ� DPSOLWXGH�JHQHUDWHG� E\� IDVWQHXWURQ� LQ� DQ� RUJDQLF� VFLQWLOODWRU(�9�0DUW\QHQNR � ���
0DUW\QRY� 9�3�� Ü� (IIHFW� RI� JURZWK� DWPRV�

SKHUH� RQ� &H��� LQFRUSRUDWLRQ� LQ� *G�6L2�VLQJOH� FU\VWDOV� 9�*�%RQGDU�� 9�,�.UL�YRVKHLQ�� 9�3�0DUW\QRY�� /�/�1DJRUQD\D�2�7V�6LGOHWVNL\ � ���
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0DVDORY�$�$��Ü�&RQWURO�RI�HQHUJ\�VWRUDJH�RI
/X�6L2��&H��� QDQRFU\VWDOV� E\� FR�DFWLYD�WLRQ� $�$�0DVDORY�� 2�*�9\DJLQ�� ,�,�*DQ�LQD��<X�1�9HOLNKRY��<X�9�0DO\XNLQ � ���

0DWH\FKHQNR� 3�� Ü�&V,�7O�� ILOPV�� GHSRVLWLRQ�H[DPLQDWLRQ� RI� VWUXFWXUH� DQG� VFLQWLOOD�WLRQ� $�/HEHGLQVN\�� $�)HGRURY�� $�$QD�QHQNR��3�0DWH\FKHQNR � ��
0DWYHHYD�2�9��Ü�6LOLFRQ�FU\VWDO�VWUHQJWK�UH�GXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���
0D]QD� $�9�� Ü� 6WUXFWXUH� IHDWXUHV� DQG� IUDF�WXUH�PHFKDQLVPV� RI� KH[DJRQDO� ERURQ� QL�WULGH� EDVHG� FRPSRVLWH� PDWHULDOV/�5�9LVKQ\DNRY�� $�9�0D]QD�� %�0�6L�QDLVN\��9�0�9HUHVFKDND � ��
0HOH]K\N� 2�9�� Ü� 6SHFWURSKRWRPHWU\� DQGHOHFWULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWL�ZDOO� QDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLT�XLG� FU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\��9�'�3DQLNDUVND\D��1�$�.D�VLDQ�� 6�6�.RVLWV\Q�� 0�2�/LVXQRYD�2�9�0HOH]K\N � ���
0HOQLFKHQNR� '�9�� Ü� $XWRHSLWD[\� DQG� WKHPDLQ� RULHQWDWLRQDO� UHODWLRQV� DW� FU\VWDO�

OL]DWLRQ� RXW� RI� DPRUSKRXV� VWDWH� LQ�&U±2
DQG� 9±2� ILOPV� $�*�%DJPXW�9�$�=KXFKNRY��'�9�0HOQLFKHQNR � ���

0H]K\ORYVND�/�<��Ü�'RPLQDQW�SRLQW�GHIHFWV
LQ� GRSHG� FDGPLXP� WHOOXULGH� &G7H�*H'�0�)UHLN�� 8�0�3\VNO\QHWV�� /�<�0H]K\�ORYVND � ���

0LNKDLORY� ,�)�� Ü� 0XOWLOD\HU� ;�UD\� PLUURUV
0R±%�&� Û� QHZ� FU\VWDOV�DQDO\]HUV� IRU
ZDYHOHQJWK� UDQJH� RI� �� WR� ��� c
,�$�.RS\OHWV��$�$�%DWXULQ��,�)�0LNKDLORY � ���

0LORVODYVN\� 9�.�� Ü� 7KHUPRVWLPXODWHG� LP�
SODQWDWLRQ�RI�QDQRVFDOHG�$J�SDUWLFOHV�LQWR
D� TXDUW]� JODVV� XVLQJ� D� &2�� ODVHU� EHDP/�$�$JHHY�� 9�.�0LORVODYVN\�� (�'�0DN�RYHWVN\��.�6�%HORVKHQNR��$�9�6WURQVN\ � ��

0LORVODYVN\� 9�.�� Ü� 6HOI�GLIIUDFWLRQ� HIIHFWREVHUYDWLRQ� DQG� UHFRUGLQJ� WKH� KROR�JUDSKLF� RQH�GLPHQVLRQDO� DQG� WZR�GLPHQ�VLRQDO� JUDWLQJV� LQ� WKLQ� SKRWRVHQVLWLYHILOPV� /�$�$JHHY�� .�6�%HORVKHQNR�(�'�0DNRYHWVN\��9�.�0LORVODYVN\ � ���
0LORVODYVN\� 9�.�� Ü� 3HFXOLDULWLHV� RI� DEVRUS�

WLRQ�VSHFWUD�RI�VROLG�VROXWLRQV�RI�&V$J�,�±&V&X�,�� FRPSOH[� FRPSRXQGV� 9�.�0LORV�ODYVN\��2�1�<XQDNRYD��(�1�.RYDOHQNR � ���
0LUQD\D�7�$�� Ü�/LTXLG�FU\VWDO� IRUPDWLRQ� LQPL[WXUHV� RI� PHWDO� DONDQRDWHV�� JDGROLQ�LXP�FRQWDLQLQJ� ELQDU\� V\VWHPV� /�1�=D�YRUD�� 9�'�3DQLNDUVND\D�� 1�$�.DVLDQ�$�,�%HGULN�� 9�0�6KHUVKXNRY�� /�1�/LVHW�VNL��7�$�0LUQD\D � ���
0LURQRYD�$�*��Ü�6\QWKHVLV��PRUSKRORJ\��DQGFRPSDFWLELOLW\� RI� WHWUDJRQDO� ]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
0\DJNRWD�6��Ü�/XPLQHVFHQFH�PRGLILFDWLRQ�RI

&V,� FU\VWDO� DFWLYDWHG� E\� &V&O� LPSXULW\$�9RORVKLQRYVNLL�� 6�0\DJNRWD�� <D�&KRU�QRGROVN\��*�6WU\JDQ\XN � ���

1DJRUQD\D� /�/�� Ü� (IIHFW� RI� JURZWK� DWPRV�
SKHUH� RQ� &H��� LQFRUSRUDWLRQ� LQ� *G�6L2�VLQJOH� FU\VWDOV� 9�*�%RQGDU�� 9�,�.ULY�RVKHLQ�� 9�3�0DUW\QRY�� /�/�1DJRUQD\D�2�7V�6LGOHWVNL\ � ���

1DNDPXUD� 2�� Ü� 2SWLFDO� SURSHUWLHV� RI
/L1E2��=Q� DQG� /L1E2��=Q�1G� ILEHU� VLQJOHFU\VWDOV� JURZQ� E\� PLFUR�SXOOLQJ� GRZQPHWKRG�+�-�/HH��-�:�6KXU��2�1DNDPXUD�'�+�<RRQ � ���

1DSOHNRY� '�0�� Ü� 0LQLPDO� )HUPL� PRGHO'�0�1DSOHNRY��$�9�7XU��9�9�<DQRYVN\ � �
1DVLERY�$�6�� Ü�2SWLFDO�DEVRUSWLRQ�DQG�SKR�

WRFRQGXFWLYLW\�RI�=Q6H�&R�VLQJOH�FU\VWDOV<X�)�9DNVPDQ��9�9�3DYORY��<X�$�1LWVXN�<X�1�3XUWRY��$�6�1DVLERY��3�9�6KDSNLQ � ���
1DXPHQNR�'�$��Ü�7KH�PHWKRG�RI�RSWLFDO�LQ�YHVWLJDWLRQV� RI� WKH� QDQRVWUXFWXUDO� GLD�

PRQG�OLNH� D±&�1� ILOPV� 6�9�.DUD�0XU]D�%�9�%HO\DHY�� 9�$�*ULWVNLK�� ,�9�=KLN�KDUHY��1�9�.RUWFKLNRYD��'�$�1DXPHQNR�$�0�3UXGQLNRY � ���
1DXPHQNR� 6�0�� Ü� (IIHFW� RI�PDJQHWLF� ILHOGRQ� PLFURKDUGQHVV� RI� JHUPDQLXP9�$�0DNDUD�� /�3�6WHEOHQNR�� $�0�.X�U\OLXN�� 6�0�1DXPHQNR�� ,X�/�.ROFKHQNR�9�0�.UDYFKHQNR � ��
1DXPHQNR� 6�0�� Ü� 6LOLFRQ� FU\VWDO� VWUHQJWKUHGXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���
1D\G\RQRY� 6�9�� Ü� &KDRWLF� G\QDPLFV� RI� DQDV\PPHWULF� FLUFXODU� ELOOLDUG� ZLWK� UD\VSOLWWLQJ� 9�9�<DQRYVN\�� 6�9�1D\G\RQRY�$�9�.XULOR � ���
1HQDVWLQD�7��Ü�(OHFWURFKHPLFDO�V\QWKHVLV�RIFDWDO\WLF�DFWLYH�DOOR\V�7�1HQDVWLQD��7�%DL�UDFKQD\D��0�9HG��9�6KWHIDQ��1�6DNKQHQNR � ���
1LNRODHQNR�7�<X��Ü�7KH�PHWKRG�RI�GHWHUPL�QDWLRQ�RI�PDWHULDO�VKHDU�HODVWLFLW\�LQ�WKHFRXUVH� RI� LWV� VROLGLILFDWLRQ� 2�<X�$NWDQ�2�6�6YHFKQLNRYD��7�<X�1LNRODHQNR � ���
1LWVXN�<X�$��Ü�2SWLFDO�DEVRUSWLRQ�DQG�SKR�

WRFRQGXFWLYLW\�RI�=Q6H�&R�VLQJOH�FU\VWDOV<X�)�9DNVPDQ�� 9�9�3DYORY�� <X�$�1LW�VXN�� <X�1�3XUWRY�� $�6�1DVLERY�3�9�6KDSNLQ � ���
1L]KDQNRYVN\�6�9��Ü�3KDVH�WUDQVIRUPDWLRQVDW� UHGXFWLRQ� RI� FRUXQGXP� $�<D�'DQ±NR�0�$�5RP�� 1�6�6LGHOQLNRYD�� .K�6K�.DO�WDHY��6�9�1L]KDQNRYVN\��$�,�)HGRURY � ���
1RYLNRY� 9�9�� Ü� 7KH� VWUXFWXUDO� UHOD[DWLRQDQG�DQLVRWURS\�RI�WKH�VSULQJ�EDFN�LQ�PHW�DOV� 9�9�8VRY�� 9�9�1RYLNRY�� 1�0�6KND�WXO\DN��$�1�7LWHQNRY��'�9�0DPD\ � ���
2EROHQVNLL� 0�$�� Ü� ([FHVV� FRQGXFWLYLW\� DQG

SVHXGRJDS� VWDWH� LQ�<%D�&X�±\$O\2�±G� VLQ�JOH� FU\VWDOV� ZLWK� D� V\VWHP� RI� XQLGLUHF�WLRQDO� WZLQ� ERXQGDULHV� 5�9�9RYN�0�$�2EROHQVNLL��$�9�%RQGDUHQNR � ��
2EROHQVNLL� 0�$�� Ü� 6XSHUFRQGXFWLYLW\� VXS�SUHVVLRQ�DW� WZLQ�ERXQGDULHV�DQG� ORQJLWX�GLQDO� DQG� WUDQVYHUVDO� WUDQVSRUW� DQLVRW�

URS\� LQ� R[\JHQ� GHILFLHQW� <%D�&X�2�±[VLQJOH� FU\VWDOV� 5�9�9RYN�� 0�$�2EROHQ�VNLL�� $�$�=DYJRURGQL\�� $�9�%RQGDUHQNR�,�/�*RXODWLV��1�1�&KHERWDHY � ���
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2GH\FKXN� 0�$�� Ü� 6\QWKHVLV�� PRUSKRORJ\�DQG�FRPSDFWLELOLW\�RI� WHWUDJRQDO�]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
2PHOQ\N� 2�3�� Ü� $SSOLFDWLRQ� RI� 3,;(� DQG3,*(� PHWKRGV� IRU� H[DPLQDWLRQ� RI� WXQJ�VWHQ�DQG�UKHQLXP�DOOR\V�REWDLQHG�E\�&9'9�9�/HYHQHWV��$�2�6KFKXU��2�3�2PHOQ\N�%�0�6KLURNRY � ���
2VWURYVNLL� ,�3�� Ü� 0DJQHWRUHVLVWDQFH� DQG

PDJQHWLF� VXVFHSWLELOLW\� RI� GRSHG� 6L±*HZKLVNHUV� $�$�'UX]KLQLQ�� ,�3�2VWURYVNLL�<X�5�.RJXW��-�.�:DUFKXOVND � ���
3DQFKHQNR�7�9��Ü�7KHUPDOO\�LQGXFHG�UHOD[D�WLRQ� RI� RSWLFDO� DEVRUSWLRQ� DQG� SKRWR�

FKURPLF� HIIHFW� LQ� %L��6L2���&X� FU\VWDOV7�9�3DQFKHQNR��.�<X�6WUHOHWV � ���
3DQLNDUVND\D�9�'��Ü�6SHFWURSKRWRPHWU\�DQGHOHFWULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWL�ZDOO� QDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLT�XLG� FU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\��9�'�3DQLNDUVND\D��1�$�.D�VLDQ��6�6�.RVLWV\Q��0�2�/LVXQRYD��2�9�0H�OH]K\N � ���
3DQLNDUVND\D� 9�'�� Ü� /LTXLG� FU\VWDO� IRUPD�WLRQ� LQ� PL[WXUHV� RI� PHWDO� DONDQRDWHV�JDGROLQLXP�FRQWDLQLQJ� ELQDU\� V\VWHPV/�1�=DYRUD�� 9�'�3DQLNDUVND\D�� 1�$�.D�VLDQ��$�,�%HGULN��9�0�6KHUVKXNRY��/�1�/L�VHWVNL��7�$�0LUQD\D � ���
3DUNKRPHQNR�6�9��Ü�6\QWKHVLV�RI�VWURQWLXP

WHWUDERUDWH� 6U%�2�� IRU� VLQJOH� FU\VWDOJURZWK� 7�,�.RUVKLNRYD�� 6�9�3DUN�KRPHQNR��$�9�7ROPDFKHY��5�3�<DYHWVNL\ � ���
3DUNKRPH\� $�� Ü� 6WUXFWXUH�PRUSKRORJ\� DQGSURSHUWLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHVEDVHG� RQ� ELRJHQLF� K\GUR[\DSDWLWH� DQGV\QWKHWLF� FDOFLXP� SKRVSKDWHV� 2�6\FK�1�3LQFKXN�� $�3DUNKRPH\�� $�.XGD�/�,YDQFKHQNR�� 9�6NRURNKRG�� 2�9DV\ONLY�2�*HWPDQ��<�6DNND � ���
3DYORY�9�9��Ü�2SWLFDO�DEVRUSWLRQ�DQG�SKRWR�

FRQGXFWLYLW\� RI� =Q6H�&R� VLQJOH� FU\VWDOV<X�)�9DNVPDQ�� 9�9�3DYORY��<X�$�1LWVXN�<X�1�3XUWRY��$�6�1DVLERY��3�9�6KDSNLQ � ���
3DYO\N�%��Ü�5DGLDWLRQ�LQGXFHG�SURFHVVHV�DQG

GHIHFWV� LQ� SXULILHG� &V,� FU\VWDOV,�*DUDS\Q��%�3DYO\N��%�7V\EXO\DN � ���
3HUQRG� 3�� Ü� 3DUDPHWULF� LQWHUDFWLRQ� LQ� WKH7HUIHQRO�'� EDVHG� PDJQHWRVWULFWLYH� FRP�SRVLWH� DQG� QLFNHO� IHUULWH� 9�9�5XGHQNR�9�1�%HU]KDQVN\�� 6�1�3ROXO\DNK�� 3�3HU�QRG��9�/�3UHREUD]KHQVN\ � ���
3HWFKHQNR�*�$��Ü�)HDWXUHV�RI�UHVRQDQFH�DE�VRUSWLRQ� RI� ORQJLWXGLQDO� XOWUDVRXQG� LQ

VWUDLQHG�FU\VWDOV�.%U�DW�WHPSHUDWXUH�YDUL�DWLRQV�$�0�3HWFKHQNR��*�$�3HWFKHQNR � ���
3HWFKHQNR�$�0��Ü�)HDWXUHV�RI�UHVRQDQFH�DE�VRUSWLRQ� RI� ORQJLWXGLQDO� XOWUDVRXQG� LQ

VWUDLQHG�FU\VWDOV�.%U�DW�WHPSHUDWXUH�YDUL�DWLRQV�$�0�3HWFKHQNR��*�$�3HWFKHQNR � ���
3LQFKXN� 1�� Ü� 6WUXFWXUH� PRUSKRORJ\� DQGSURSHUWLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHVEDVHG� RQ� ELRJHQLF� K\GUR[\DSDWLWH� DQGV\QWKHWLF� FDOFLXP� SKRVSKDWHV� 2�6\FK�1�3LQFKXN�� $�3DUNKRPH\�� $�.XGD�/�,YDQFKHQNR�� 9�6NRURNKRG�� 2�9DV\ONLY�2�*HWPDQ��<�6DNND � ���

3LQNHY\FK� ,�3�� Ü� ,QIOXHQFH� RI� WKH� GLUHFWRUDQFKRULQJ� HQHUJ\� RQ� D� OLJKW� LQGXFHG)UHHGHULFNV]� WUDQVLWLRQ� WKUHVKROG� LQ� WKHERXQGHG� OLJKW� EHDPV� $�$�%HUH]RYVND\D�6�1�<H]KRY��0�)�/HGQH\��,�3�3LQNHY\FK � ���
3LU� 3�9�� Ü� /XPLQHVFHQW� SURSHUWLHV� DQG� VWD�

ELOLW\� RI� (X��� LRQV� LQ� 6U%32�� DQG
6U$O�%�2��3�9�3LU��9�3�'RWVHQNR��1�3�(IU\�XVKLQD��=�'�.OLPHQNR � ��

3OHKRY� �/�� Ü� ,VRPRUSKLF� VXEVWLWXWLRQ� RI� VD�
PDULXP�IRU�VWURQWLXP�LQ�WKH�6U��92���2+VWUXFWXUH� (�,�*HW±PDQ�� 9�,�0DUFKHQNR�6�1�/RERGD��1�9�<DEORFKNRYD���/�3OHKRY � ���

3RG\DORYVN\� '�,�� Ü� 6LOLFRQ� FU\VWDO� VWUHQJWKUHGXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���
3RJRULO\L�$�0��Ü�6LOLFRQ�FU\VWDO�VWUHQJWK�UH�GXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���
3ROHYRGLQ� '�9�� Ü� %LSKDVLF� �+$�E�7&3�� FDO�

FLXP� SKRVSKDWH� FHUDPLFV� =�=�=\PDQ�1�9�7NDFKHQNR��'�9�3ROHYRGLQ � ���
3ROWDYWVHY� 1�6�� Ü� 6\QWKHVLV�� PRUSKRORJ\�DQG�FRPSDFWLELOLW\�RI�WHWUDJRQDO�]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
3ROXO\DNK� 6�1�� Ü�3DUDPHWULF� LQWHUDFWLRQ� LQWKH� 7HUIHQRO�'� EDVHG� PDJQHWRVWULFWLYHFRPSRVLWH� DQG� QLFNHO� IHUULWH� 9�9�5X�GHQNR�� 9�1�%HU]KDQVN\�� 6�1�3ROXO\DNK�3�3HUQRG��9�/�3UHREUD]KHQVN\ � ���
3RSRYD� (�9�� Ü� 5RWDWLRQDO� YLVFRVLW\� RI� LQ�GXFHG� VPHFWLF�&�SKDVH�RI� OLTXLG�FU\VWDO(�9�3RSRYD�� $�3�)HGRU\DNR�� 9�9�9DVK�FKHQNR��/�$�.XWXO\D � ���
3UHREUD]KHQVN\� 9�/�� Ü� 3DUDPHWULF� LQWHUDF�WLRQ� LQ� WKH� 7HUIHQRO�'� EDVHG� PDJQH�WRVWULFWLYH� FRPSRVLWH� DQG� QLFNHO� IHUULWH9�9�5XGHQNR�� 9�1�%HU]KDQVN\�� 6�1�3R�OXO\DNK��3�3HUQRG��9�/�3UHREUD]KHQVN\ � ���
3ULWXOD� ,�� Ü�*URZWK�DQG�FKDUDFWHUL]DWLRQ� RIXUHD�GRSHG� .'3� FU\VWDOV� ,�3ULWXOD�$�.RVLQRYD�� 0�.RO\ED\HYD�� 9�3X]LNRY�6�%RQGDUHQNR��9�7NDFKHQNR��9�7VXULNRY�2�)HVHQNR � ���
3URNRSHQNR�,�9��Ü�3HFXOLDULWLHV�RI�WKH�3E7H

QDQR�LVOHW�IRUPDWLRQ�RQ�%D)��VXEVWUDWH�DW�KRW� ZDOO�� HSLWD[\� PHWKRG� LQYHVWLJDWHGE\� DWRPLF� IRUFH� PLFURVFRS\� 7�,�6KHUH�PHWD�� ,�9�3URNRSHQNR�� 3�0�/\WY\Q�2�6�/\WY\Q�� 9�0�9RGRS�\DQRY�� $�3�%D�NKWLQRY��(�,�6O\Q�NR � ��
3UXGQLNRY�$�0��Ü�7KH�PHWKRG�RI�RSWLFDO�LQ�YHVWLJDWLRQV� RI� WKH� QDQRVWUXFWXUDO� GLD�

PRQG�OLNH� D±&�1� ILOPV� 6�9�.DUD�0XU]D�%�9�%HO\DHY�� 9�$�*ULWVNLK�� ,�9�=KLN�KDUHY��1�9�.RUWFKLNRYD��'�$�1DXPHQNR�$�0�3UXGQLNRY � ���
3XJDFKHY�$�7��Ü�7KH� VWUXFWXUH�DQG�QDQRLQ�

GHQWDWLRQ� RI� &��� ILOPV� 9�(�3XNKD�$�1�'UR]GRY��$�7�3XJDFKHY��6�1�'XE � ���

$XWKRU�,QGH[�9RO�����¢��Ü�

��� )XQFWLRQDO�PDWHULDOV�������������



3XJDFKHY�$�7�� Ü� 6WUXFWXUH� DQG� VWUHVV� VWDWHRI� LRQ�SODVPD� KDIQLXP� FRQGHQVDWHV$�6�9XV�� 6�9�0DO\NKLQ�� $�7�3XJDFKHY�(�1�5HVKHWQ\DN��5�9�$]KD]KD��.�9�.RYWXQ � ���
3XNKD�9�(��Ü�7KH�VWUXFWXUH�DQG�QDQRLQGHQ�

WDWLRQ� RI� &��� ILOPV� 9�(�3XNKD�$�1�'UR]GRY��$�7�3XJDFKHY��6�1�'XE � ���
3XUWRY�<X�1��Ü�2SWLFDO�DEVRUSWLRQ�DQG�SKR�

WRFRQGXFWLYLW\�RI�=Q6H�&R�VLQJOH�FU\VWDOV<X�)�9DNVPDQ�� 9�9�3DYORY�� <X�$�1LW�VXN�� <X�1�3XUWRY�� $�6�1DVLERY�3�9�6KDSNLQ � ���
3X]LNRY�9��Ü�*URZWK�DQG�FKDUDFWHUL]DWLRQ�RIXUHD�GRSHG� .'3� FU\VWDOV� ,�3ULWXOD�$�.RVLQRYD�� 0�.RO\ED\HYD�� 9�3X]LNRY�6�%RQGDUHQNR��9�7NDFKHQNR��9�7VXULNRY�2�)HVHQNR � ���
3X]LNRY� 9�0�� Ü� 6WXG\� RI� QDWXUH� RI� VRPHGHIHFWV� YLVLEOH� LQ� SRODUL]HG� OLJKW� LQ� VDS�SKLUH� VLQJOH� FU\VWDOV� 9�)�7NDFKHQNR�$�<D�'DQ±NR�� 9�0�3X]LNRY�� $�7�%XG�QLNRY�� 2�$�/XNLHQNR�� 1�6�6LGHOQLNRYD�*�7�$GRQNLQ � ���
3X]LNRY�9�0��Ü�6WUXFWXUH�SHUIHFWLRQ�RI�EXONDQG�QHDU�VXUIDFH�OD\HUV�LQ�VDSSKLUH�VLQJOHFU\VWDOV� 9�)�7NDFKHQNR�� 9�0�3X]LNRY�$�<D�'DQ±NR��$�7�%XGQLNRY��2�$�/XNLHQNR � ���
3\VNO\QHWV�8�0��Ü�'RPLQDQW�SRLQW�GHIHFWV�LQ

GRSHG� FDGPLXP� WHOOXULGH� &G7H�*H'�0�)UHLN�� 8�0�3\VNO\QHWV�� /�<�0H]K\�ORYVND � ���
5DWQHU� 0�� Ü� 6FDOLQJ� SURSHUWLHV� RI� GHQ�GULPHUV� ZLWK� ORQJ� IOH[LEOH� EUDQFKHV0�5DWQHU � ���
5HVKHWQ\DN� (�1�� Ü� 6WUXFWXUH� DQG� VWUHVVVWDWH� RI� LRQ�SODVPD�KDIQLXP� FRQGHQVDWHV$�6�9XV�� 6�9�0DO\NKLQ�� $�7�3XJDFKHY�(�1�5HVKHWQ\DN�� 5�9�$]KD]KD�.�9�.RYWXQ � ���
5RLN� 1�9�� Ü� $GVRUSWLRQ� RI� FKROLF� DFLG� RQVLOLFD� PRGLILHG� ZLWK� EHQ]\OWULPHWK\ODP�PRQLXP� JURXSV� 1�9�5RLN�� /�$�%HO\DN�RYD��$�0�9DUYDULQ � ��
5RNLWVN\� 0�$�� Ü� (OHFWURSK\VLFDO� SURSHUWLHVRI� SRO\PHU� FRPSRVLWHV� SHQWRQ�VLOYHU� LR�GLGH� V\VWHP� LQ� �Ü��� *+]� IUHTXHQF\� UH�JLRQ�0�$�5RNLWVN\��3�3�*RUE\N��9�9�/H�YDQGRYVN\�� 6�0�0DNKQR�� 2�9�.RQ�GUDWHQNR��1�,�6KXW � ���
5RP�0�$��Ü�3KDVH�WUDQVIRUPDWLRQV�DW�UHGXF�WLRQ� RI� FRUXQGXP� $�<D�'DQ±NR�0�$�5RP�� 1�6�6LGHOQLNRYD�� .K�6K�.DO�WDHY��6�9�1L]KDQNRYVN\��$�,�)HGRURY � ���
5XGHQNR� 9�9�� Ü� 3DUDPHWULF� LQWHUDFWLRQ� LQWKH� 7HUIHQRO�'� EDVHG� PDJQHWRVWULFWLYHFRPSRVLWH� DQG� QLFNHO� IHUULWH� 9�9�5X�GHQNR�� 9�1�%HU]KDQVN\�� 6�1�3ROXO\DNK�3�3HUQRG��9�/�3UHREUD]KHQVN\ � ���
5XGROSK� 3HWHU� � Ü�3URVSHULW\� DQG�GLIILFXOW\RI� EXON� FU\VWDO� JURZWK� RI� VHPLFRQGXFWRUFRPSRXQGV��D�UHYLHZ��3HWHU�5XGROSK � ���
5\DVKNR�9�9��Ü�6KRUW�UDQJH�DWRPLF�RUGHU�LQ

I�F�F�Ü1LÜ�� DW��� $O� VROLG� VROXWLRQ6�0�%RNRFK�� 0�3�.XOLVK�� 9�9�5\DVKNR�2�9�6QDJRYVNL\��9�$�7DWDUHQNR � ��
6DNKQHQNR� 1�� Ü� (OHFWURFKHPLFDO� V\QWKHVLVRI� FDWDO\WLF� DFWLYH� DOOR\V� 7�1HQDVWLQD�7�%DLUDFKQD\D�� 0�9HG�� 9�6KWHIDQ�1�6DNKQHQNR � ���

6DNKQHQNR�1�� Ü�1HZ� DSSURDFK� WR� FDWDO\WLF
&R±:� DOOR\� HOHFWURGHSRVLWLRQ� 0�9HG�9�6KWHIDQ��7�%DLUDFKQD\D��1�6DNKQHQNR � ���

6DNND�<��Ü�6WUXFWXUH�PRUSKRORJ\�DQG�SURS�HUWLHV�RI�QHZ�SRURXV�ELRFRPSRVLWHV�EDVHGRQ�ELRJHQLF�K\GUR[\DSDWLWH�DQG�V\QWKHWLFFDOFLXP� SKRVSKDWHV� 2�6\FK�� 1�3LQFKXN�$�3DUNKRPH\�� $�.XGD�� /�,YDQFKHQNR�9�6NRURNKRG�� 2�9DV\ONLY�� 2�*HWPDQ�<�6DNND � ���
6DPVRQHQNR� 1�'�� Ü� ,QWHUQDO� VWUXFWXUH� SD�UDPHWHUV� DQG� V\QWKHVLV� FRQGLWLRQV� RISRO\FU\VWDOOLQH� GLDPRQG� ILOPV� 6�1�6DP�VRQHQNR��1�'�6DPVRQHQNR��=�,�.ROXSDHYD � ���
6DPVRQHQNR� 6�1�� Ü� ,QWHUQDO� VWUXFWXUH� SD�UDPHWHUV� DQG� V\QWKHVLV� FRQGLWLRQV� RISRO\FU\VWDOOLQH� GLDPRQG� ILOPV� 6�1�6DP�VRQHQNR��1�'�6DPVRQHQNR��=�,�.ROXSDHYD � ���
6DY\WVNLL� '�,�� Ü� 7ZLQQLQJ� HOHPHQWV� RI� ��QGRUGHU� GHULYHG� IURP� FU\VWDO� ODWWLFH� SD�UDPHWHUV� LQ� FHQWUDO�V\PPHWULFDO� IHUURH�ODVWLFV�'�,�6DY\WVNLL � ���
6HPHQ�NR�0�3��Ü�,QIOXHQFH�RI�VWUXFWXUDO�UH�

OD[DWLRQ�RQ�WKH�SHUIRUPDQFH�RI�&R�EDVHGDPRUSKRXV� PHWDOOLF� DOOR\V� 0�,�=DN�KDUHQNR��0�3�6HPHQ�NR��*�9�<HUHPHQNR � ���
6HP\RQRY� 1�$�� Ü� 3UHSDUDWLRQ� RI� WXQJVWHQFUXFLEOHV�VWDUWLQJ�IURP�WXQJVWHQ�IOXRULGH<X�9�*RUHQNR�� $�)�.RU]K�� /�$�/\W�Y\QRY�� 1�$�6HP\RQRY�� 1�$�+RYDQVN\�%�0�6KLURNRY � ���
6HQFK\VK\Q� 9�� Ü� /LJKW� VFDWWHULQJ� LQ� WKHSODVWLF� VFLQWLOODWRU�1�.KODSRYD�� <D�6KSL�OHYR\�� 9�6HQFK\VK\Q�� $�*DYULN�� 9�/HEH�GHY � ���
6HUJLHQNR� =�3�� Ü� 6\QWKHVLV� RI� �&D�&X���±

�[���1[7L2�� VROLG� VROXWLRQV� �1�  � %L�� /D�(�$�9RYN�� 9�0�,VKFKXN�� 7�*�'HLQHND�9�1�%DXPHU�� =�3�6HUJLHQNR�� $�$�.R�]ORYVNL\ � ���
6KDSNLQ�3�9��Ü�2SWLFDO�DEVRUSWLRQ�DQG�SKR�

WRFRQGXFWLYLW\�RI�=Q6H�&R�VLQJOH�FU\VWDOV<X�)�9DNVPDQ�� 9�9�3DYORY�� <X�$�1LW�VXN�� <X�1�3XUWRY�� $�6�1DVLERY�3�9�6KDSNLQ � ���
6KFKXU� $�2�� Ü� $SSOLFDWLRQ� RI� 3,;(� DQG3,*(�PHWKRGV� IRU� H[DPLQDWLRQ� RI� WXQJ�VWHQ�DQG�UKHQLXP�DOOR\V�REWDLQHG�E\�&9'9�9�/HYHQHWV��$�2�6KFKXU��2�3�2PHOQ\N�%�0�6KLURNRY � ���
6KHNKRYWVRY� 2�9�� Ü� &U\VWDOORJHRPHWULFUHJXODULWLHV� RI� PDLQ� FUDFN� RULJLQDWLRQDQG�GHYHORSPHQW� LQ�WZR�GLPHQVLRQDO�DOX�PLQXP�SRO\FU\VWDOV�(�(�%DGL\DQ��$�*�7RQN�RSU\DG��2�9�6KHNKRYWVRY��5�9�6KXULQRY � ���
6KHUHPHWD� 7�,�� Ü� 3HFXOLDULWLHV� RI� WKH�3E7H

QDQR�LVOHW�IRUPDWLRQ�RQ�%D)��VXEVWUDWH�DW�KRW� ZDOO�� HSLWD[\� PHWKRG� LQYHVWLJDWHGE\� DWRPLF� IRUFH� PLFURVFRS\� 7�,�6KHUH�PHWD�� ,�9�3URNRSHQNR�� 3�0�/\WY\Q�2�6�/\WY\Q�� 9�0�9RGRS�\DQRY�� $�3�%D�NKWLQRY��(�,�6O\Q�NR � ��
6KHUVKXNRY� 9�0�� Ü� 6WXG\� RI� VSHFWUDO� DQGOXPLQHVFHQFH� SURSHUWLHV� DQG� DVVRFLDWLRQLQ� K\GURFDUERQ� VROYHQWV� RI� VWLOEHQH� DQGGLVW\U\OEHQ]HQH� GHULYDWLYHV� 9�0�6KHU�VKXNRY��$�,�%HGU\N��$�2�'RURVKHQNR � ���

$XWKRU�,QGH[�9RO�����¢��Ü�
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6KHUVKXNRY�9�0��Ü�/LTXLG�FU\VWDO�IRUPDWLRQLQ�PL[WXUHV�RI�PHWDO�DONDQRDWHV��JDGROLQ�LXP�FRQWDLQLQJ� ELQDU\� V\VWHPV� /�1�=D�YRUD�� 9�'�3DQLNDUVND\D�� 1�$�.DVLDQ�$�,�%HGULN�� 9�0�6KHUVKXNRY�� /�1�/LVHW�VNL��7�$�0LUQD\D � ���
6KLURNRY� %�0�� Ü� $SSOLFDWLRQ� RI� 3,;(� DQG3,*(� PHWKRGV� IRU� H[DPLQDWLRQ� RI� WXQJ�VWHQ�DQG�UKHQLXP�DOOR\V�REWDLQHG�E\�&9'9�9�/HYHQHWV��$�2�6KFKXU��2�3�2PHOQ\N�%�0�6KLURNRY � ���
6KLURNRY� %�0�� Ü� 3UHSDUDWLRQ� RI� WXQJVWHQFUXFLEOHV�VWDUWLQJ�IURP�WXQJVWHQ�IOXRULGH<X�9�*RUHQNR�� $�)�.RU]K�� /�$�/\W�Y\QRY�� 1�$�6HP\RQRY�� 1�$�+RYDQVN\�%�0�6KLURNRY � ���
6KLVKNLQ�2�9��Ü�0DVV�VSHFWURPHWULF�VWXG\�RIWKHUPDO� GHVRUSWLRQ� SURFHVVHV� DW� YDFXXP

KHDWLQJ� RI� OLWKLXP� LRGLGH� XVHG� WR�/L,�(X�FU\VWDO� JURZLQJ� '�6�6RIURQRY�� $�<X�9R�ORVKNR��2�9�6KLVKNLQ � ���
6KNDWXO\DN� 1�0�� Ü� 7KH� VWUXFWXUDO� UHOD[D�WLRQ�DQG�DQLVRWURS\�RI�WKH�VSULQJ�EDFN�LQPHWDOV�9�9�8VRY��9�9�1RYLNRY��1�0�6KND�WXO\DN��$�1�7LWHQNRY��'�9�0DPD\ � ���
6KNXUGRGD� <X�$�� Ü� 6WUXFWXUH� DQG� PDJQH�WRUHVLVWDQFH� RI� IUHVKO\� FRQGHQVHG� WKUHH�

OD\HU� 1L)H�&X�$J��1L)H� ILOPV� 9�%�/R�ERGD��<X�$�6KNXUGRGD��9�$�.UDYFKHQNR � ��
6KPDONR� <X�)�� Ü� 6LPXODWLRQ� RI� SKDVH� GLD�

JUDPV� LQ�/D1L�±+��'��� V\VWHP�DQG� LQYHU�VLRQ� RI� LVRWRSLF� HIIHFW� 9�6�0DULQLQ�<X�)�6KPDONR��.�5�8PHUHQNRYD � ���
6KSLOHYR\�<D��Ü�/LJKW�VFDWWHULQJ�LQ�WKH�SODV�WLF� VFLQWLOODWRU� 1�.KODSRYD�� <D�6KSL�OHYR\�� 9�6HQFK\VK\Q�� $�*DYULN�� 9�/HEH�GHY � ���
6KUDPNR�6�9��Ü�%DFN�VXUIDFH�UHIOHFWRU�RSWL�PL]DWLRQ� IRU� WKLQ� VLQJOH� FU\VWDOOLQH� VLOL�FRQ� VRODU� FHOOV� 9�5�.RSDFK�� 0�9�.L�ULFKHQNR�� 6�9�6KUDPNR�� 5�9�=DLWVHY�,�7�7\PFKXN�� 9�$�$QWRQRYD�� $�0�/LV�WUDWHQNR � ���
6KWHIDQ� 9�� Ü� (OHFWURFKHPLFDO� V\QWKHVLV� RIFDWDO\WLF� DFWLYH� DOOR\V� 7�1HQDVWLQD�7�%DLUDFKQD\D�� 0�9HG�� 9�6KWHIDQ�1�6DNKQHQNR � ���
6KWHIDQ�9��Ü�1HZ�DSSURDFK�WR�FDWDO\WLF�&R±

:�DOOR\�HOHFWURGHSRVLWLRQ�0�9HG��9�6KWH�IDQ��7�%DLUDFKQD\D��1�6DNKQHQNR � ���
6KXU�-�:��Ü�2SWLFDO�SURSHUWLHV�RI�/L1E2��=QDQG� /L1E2��=Q�1G� ILEHU� VLQJOH� FU\VWDOVJURZQ� E\� PLFUR�SXOOLQJ� GRZQ� PHWKRG+�-�/HH�� -�:�6KXU�� 2�1DNDPXUD�'�+�<RRQ � ���
6KXULQRY� 5�9�� Ü� &U\VWDOORJHRPHWULF� UHJX�ODULWLHV�RI�PDLQ�FUDFN�RULJLQDWLRQ�DQG�GH�YHORSPHQW� LQ� WZR�GLPHQVLRQDO� DOXPLQXPSRO\FU\VWDOV� (�(�%DGL\DQ�� $�*�7RQNR�SU\DG��2�9�6KHNKRYWVRY��5�9�6KXULQRY � ���
6KXW� 1�,�� Ü� (OHFWURSK\VLFDO� SURSHUWLHV� RISRO\PHU� FRPSRVLWHV� SHQWRQ�VLOYHU� LRGLGHV\VWHP� LQ� �Ü��� *+]� IUHTXHQF\� UHJLRQ0�$�5RNLWVN\�� 3�3�*RUE\N�� 9�9�/HYDQ�GRYVN\�� 6�0�0DNKQR�� 2�9�.RQGUDWHQNR�1�,�6KXW � ���
6LGHOQLNRYD�1�6��Ü�3KDVH�WUDQVIRUPDWLRQV�DWUHGXFWLRQ� RI� FRUXQGXP� $�<D�'DQ±NR�0�$�5RP�� 1�6�6LGHOQLNRYD�� .K�6K�.DO�WDHY��6�9�1L]KDQNRYVN\��$�,�)HGRURY � ���

6LGHOQLNRYD�1�6��Ü�6WXG\�RI�QDWXUH�RI�VRPHGHIHFWV� YLVLEOH� LQ� SRODUL]HG� OLJKW� LQ� VDS�SKLUH� VLQJOH� FU\VWDOV� 9�)�7NDFKHQNR�$�<D�'DQ±NR�� 9�0�3X]LNRY�� $�7�%XG�QLNRY�� 2�$�/XNLHQNR�� 1�6�6LGHOQLNRYD�*�7�$GRQNLQ � ���
6LGOHWVNL\� 2�7V�� Ü� 6SHFWURSKRWRPHWU\� DQGHOHFWULFDO� FRQGXFWLYLW\� VWXGLHV� RI� PXOWL�ZDOO� QDQRWXEHV� GLVSHUVHG� LQ� QHPDWLF� OLT�XLG� FU\VWDOV� /�1�/LVHWVNL�� 1�,�/HERYND�2�7V�6LGOHWVNL\��9�'�3DQLNDUVND\D��1�$�.D�VLDQ�� 6�6�.RVLWV\Q�� 0�2�/LVXQRYD�2�9�0HOH]K\N � ���
6LGOHWVNL\�2�7V��Ü�7KHUPDO�ODJ�RI�WKH�JURZWK

IXUQDFH�KHDWLQJ�DVVHPEO\�DW�&V,�1D��FU\V�WDO� JURZLQJ� IURP� FRQVWDQW� PHOW� YROXPHRQ� D� VHHG� 9�,�*RULOHWVN\�� 9�9�9DVLO\HY�2�7V�6LGOHWVNL\��0�0�7\PRVKHQNR��9�,�6X�PLQ � ���
6LGOHWVNL\� 2�7V�� Ü� (IIHFW� RI� JURZWK� DWPRV�

SKHUH� RQ� &H��� LQFRUSRUDWLRQ� LQ� *G�6L2�VLQJOH� FU\VWDOV� 9�*�%RQGDU�� 9�,�.UL�YRVKHLQ�� 9�3�0DUW\QRY�� /�/�1DJRUQD\D�2�7V�6LGOHWVNL\ � ���
6LQDLVN\�%�0��Ü�6WUXFWXUH�IHDWXUHV�DQG�IUDF�WXUH�PHFKDQLVPV� RI� KH[DJRQDO� ERURQ� QL�WULGH� EDVHG� FRPSRVLWH� PDWHULDOV� /�5�9L�VKQ\DNRY�� $�9�0D]QD�� %�0�6LQDLVN\�9�0�9HUHVFKDND � ��
6LURWD� $�9�� Ü� 7KH� DJJUHJDWLRQ� RI� SRLQW�GH�IHFWV� LQ� GLVORFDWLRQ�IUHH� VLOLFRQ� VLQJOHFU\VWDOV� 9�,�7DODQLQ�� ,�(�7DODQLQ�$�$�9RURQLQ��$�9�6LURWD � ��
6NLELQVN\�.�0�� Ü�6WUXFWXUH�RI�QHDU�VXUIDFHPDJQHWLF�OD\HU�LQ�LURQ�ERUDWH�9�(�=XERY�0�%�6WUXJDWVN\��.�0�6NLELQVN\ � ���
6NRURNKRG� 9�� Ü� 6WUXFWXUH� PRUSKRORJ\� DQGSURSHUWLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHVEDVHG� RQ� ELRJHQLF� K\GUR[\DSDWLWH� DQGV\QWKHWLF� FDOFLXP� SKRVSKDWHV� 2�6\FK�1�3LQFKXN�� $�3DUNKRPH\�� $�.XGD�/�,YDQFKHQNR�� 9�6NRURNKRG�� 2�9DV\ONLY�2�*HWPDQ��<�6DNND � ���
6O\Q�NR� (�,�� Ü� 3HFXOLDULWLHV� RI� WKH� 3E7H

QDQR�LVOHW�IRUPDWLRQ�RQ�%D)��VXEVWUDWH�DW�KRW� ZDOO�� HSLWD[\� PHWKRG� LQYHVWLJDWHGE\� DWRPLF� IRUFH� PLFURVFRS\� 7�,�6KHUH�PHWD�� ,�9�3URNRSHQNR�� 3�0�/\WY\Q�2�6�/\WY\Q�� 9�0�9RGRS�\DQRY�� $�3�%DN�KWLQRY��(�,�6O\Q�NR � ��
6O\XQLQ� (�9�� Ü� 3RWHQWLDOLWLHV� IRU� VDSSKLUHVWUHQJWK� HQKDQFHPHQW� 9�9RORVK\Q�/�$�/\WY\QRY��(�9�6O\XQLQ � ���
6PLUQRYD� 1�3�� Ü� 3KRWRFDWDO\VLV� E\� 7L2�ILOPV� DW� VWUXFWXUH� UHOD[DWLRQ2�3�'P\WUHQNR�� 1�3�.XOLVK�� 7�2�%XVNR�9�6�6WDVKFKXN��$�0�(UHPHQNR��1�3�6PLU�QRYD��1�9�9LW\XN � ��
6PLUQRYD�2�/��Ü�$QRGLF�EHKDYLRU�RI�SDVVLYHPHWDOV� DQG� WKHLU� DOOR\V� LQ� FKORULGH� VROX�WLRQV� 9�9�7RYNHV�� 2�/�6PLUQRYD�� %�,�%D�MUDFKQ\M � ���
6QDJRYVNL\�2�9��Ü�6KRUW�UDQJH�DWRPLF�RUGHU

LQ� I�F�F�Ü1LÜ�� DW��� $O� VROLG� VROXWLRQ6�0�%RNRFK�� 0�3�.XOLVK�� 9�9�5\DVKNR�2�9�6QDJRYVNL\��9�$�7DWDUHQNR � ��
6RERO�� 2�9�� Ü� &RQFHQWUDWLRQ� DQG� VWUXFWXUDORUGHULQJ� LQ� QDQR�FU\VWDOOLQH� LRQ�SODVPD

FRQGHQVDWHV� RI� �:�7L�&� VROLG� VROXWLRQ2�9�6RERO� � ���
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6RERO��2�9��Ü�7KHUPDO�IDFWRU�HIIHFW�RQ�SKDVHIRUPDWLRQ�� VWUXFWXUH�� VXEVWUXFWXUH� IHD�WXUHV�� DQG� VWUHVV� VWDWH� LQ� LRQ�SODVPDQDQR�FU\VWDOOLQH� FRQGHQVDWHV� RI� TXDVL�EL�QDU\��:&Ü7L&�FDUELGH�2�9�6RERO� � ���
6RIURQRY�'�6��Ü�0DVV�VSHFWURPHWULF�VWXG\�RIWKHUPDO� GHVRUSWLRQ� SURFHVVHV� DW� YDFXXP

KHDWLQJ� RI� OLWKLXP� LRGLGH� XVHG� WR�/L,�(X�FU\VWDO� JURZLQJ� '�6�6RIURQRY�� $�<X�9R�ORVKNR��2�9�6KLVKNLQ � ���
6ROFRYD� 2�� � Ü� 0HVRSRURXV� 6%$���� VLOLFD

PRGLILHG� ZLWK� FDOL[>�@DUHQH� DQG� E�F\�FORGH[WULQ� 2�9�.XFKPD�� <X�/�=XE�$�'DEURZVNL��2��6ROFRYD � ���
6RQJ�0�.��Ü�&RQWURO�RI�UHIUDFWLYH�LQGH[�DQG

FRPSRVLWLRQ� RI� 7L2�� WKLQ� ILOP� GHSRVLWHGE\� UDGLRIUHTXHQF\� UHDFWLYH� VSXWWHULQJ6�:�.ZRQ��:�6�<DQJ��+�0�/HH��:�.�.LP�+��<�/HH��:�-�-HRQJ��0�.�6RQJ��'�+�<RRQ � ���
6RURNLQ�$�9��Ü�6WURQJ�HQKDQFHPHQW�RI�F\DQ�LQH�G\H�DJJUHJDWLRQ�E\�D�FDWLRQLF�VXUIDF�WDQW� *�<D�*XUDOFKXN�� ,�.�.DWUXQRY�5�6�*ULQ\RY�� $�9�6RURNLQ�� 6�/�(ILPRYD�<X�9�0DO\XNLQ��6�0�<DUPROXN � ���
6WDULNRY�9�9��Ü�(ODVWLFLW\�PRGXOH�DQG�KDUG�QHVV� RI� QLRELXP� DQG� WDQWDOXP� DQRGHR[LGH�ILOPV�6�1�'XE��9�9�6WDULNRY � ���
6WDURODW�0�3��Ü�6\QWKHVLV��PRUSKRORJ\��DQGFRPSDFWLELOLW\� RI� WHWUDJRQDO� ]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
6WDVKFKXN� 9�6�� Ü� 3KRWRFDWDO\VLV� E\� 7L2�ILOPV� DW� VWUXFWXUH� UHOD[DWLRQ2�3�'P\WUHQNR�� 1�3�.XOLVK�� 7�2�%XVNR�9�6�6WDVKFKXN�� $�0�(UHPHQNR�1�3�6PLUQRYD��1�9�9LW\XN � ��
6WHEOHQNR�/�3��Ü�(IIHFW�RI�PDJQHWLF�ILHOG�RQPLFURKDUGQHVV� RI� JHUPDQLXP� 9�$�0D�NDUD�� /�3�6WHEOHQNR�� $�0�.XU\OLXN�6�0�1DXPHQNR��,X�/�.ROFKHQNR��9�0�.UD�YFKHQNR � ��
6WHEOHQNR�/�3��Ü�6LOLFRQ�FU\VWDO�VWUHQJWK�UH�GXFWLRQ� GXH� WR� PDJQHWRUHVRQDQFH9�$�0DNDUD�� $�0�3RJRULO\L�� /�3�6WH�EOHQNR�� $�0�.XU\OLXN�� 6�0�1DXPHQNR�<X�/�.RE]DU�� $�)�.UDYHWV�� '�,�3RG\�DORYVN\��2�9�0DWYHHYD � ���
6WUHOHWV� .�<X�� Ü� 7KHUPDOO\� LQGXFHG� UHOD[D�WLRQ� RI� RSWLFDO� DEVRUSWLRQ� DQG� SKRWR�

FKURPLF� HIIHFW� LQ� %L��6L2���&X� FU\VWDOV7�9�3DQFKHQNR��.�<X�6WUHOHWV � ���
6WURQVN\� $�9�� Ü� 7KHUPRVWLPXODWHG� LPSODQ�

WDWLRQ� RI� QDQRVFDOHG� $J� SDUWLFOHV� LQWR� D
TXDUW]� JODVV� XVLQJ� D� &2�� ODVHU� EHDP/�$�$JHHY�� 9�.�0LORVODYVN\�� (�'�0DN�RYHWVN\��.�6�%HORVKHQNR��$�9�6WURQVN\ � ��

6WUXJDWVN\�0�%��Ü�6WUXFWXUH�RI�QHDU�VXUIDFHPDJQHWLF�OD\HU�LQ�LURQ�ERUDWH�9�(�=XERY�0�%�6WUXJDWVN\��.�0�6NLELQVN\ � ���
6WU\JDQ\XN�*��Ü�/XPLQHVFHQFH�PRGLILFDWLRQ

RI�&V,�FU\VWDO�DFWLYDWHG�E\�&V&O�LPSXULW\$�9RORVKLQRYVNLL�� 6�0\DJNRWD�� <D�&KRU�QRGROVN\��*�6WU\JDQ\XN � ���

6XPLQ�9�,��Ü�7KHUPDO�ODJ�RI�WKH�JURZWK�IXU�
QDFH�KHDWLQJ� DVVHPEO\� DW�&V,�1D�� FU\VWDOJURZLQJ�IURP�FRQVWDQW�PHOW�YROXPH�RQ�DVHHG� 9�,�*RULOHWVN\�� 9�9�9DVLO\HY�2�7V�6LGOHWVNL\��0�0�7\PRVKHQNR��9�,�6X�PLQ � ���

6YHFKQLNRYD�2�6��Ü�7KH�PHWKRG�RI�GHWHUPL�QDWLRQ�RI�PDWHULDO�VKHDU�HODVWLFLW\�LQ�WKHFRXUVH� RI� LWV� VROLGLILFDWLRQ� 2�<X�$NWDQ�2�6�6YHFKQLNRYD��7�<X�1LNRODHQNR � ���
6\FK�2��Ü�6WUXFWXUH�PRUSKRORJ\�DQG�SURSHU�WLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHV� EDVHGRQ�ELRJHQLF�K\GUR[\DSDWLWH�DQG�V\QWKHWLFFDOFLXP� SKRVSKDWHV� 2�6\FK�� 1�3LQFKXN�$�3DUNKRPH\�� $�.XGD�� /�,YDQFKHQNR�9�6NRURNKRG�� 2�9DV\ONLY�� 2�*HWPDQ�<�6DNND � ���
7DODQLQ� ,�(��Ü�7KH�DJJUHJDWLRQ�RI�SRLQW�GH�IHFWV� LQ� GLVORFDWLRQ�IUHH� VLOLFRQ� VLQJOHFU\VWDOV� 9�,�7DODQLQ�� ,�(�7DODQLQ�$�$�9RURQLQ��$�9�6LURWD � ��
7DODQLQ�9�,��Ü�7KH�DJJUHJDWLRQ�RI�SRLQW�GH�IHFWV� LQ� GLVORFDWLRQ�IUHH� VLOLFRQ� VLQJOHFU\VWDOV� 9�,�7DODQLQ�� ,�(�7DODQLQ�$�$�9RURQLQ��$�9�6LURWD � ��
7DUDVRY�5�9�� Ü�6\QWKHVLV��PRUSKRORJ\��DQGFRPSDFWLELOLW\� RI� WHWUDJRQDO� ]LUFRQLDQDQRSRZGHUV�6�9�*DEHONRY��5�9�7DUDVRY�1�6�3ROWDYWVHY�� 0�3�6WDURODW�� 1�)�$Q�GULHYVND\D�� $�*�0LURQRYD�� (�*�/H�GRYVND\D�� /�0�/LWYLQHQNR�� 0�$�2GH\�FKXN��)�9�%HONLQ � ���
7DUDVRY� 9�$�� Ü� &RPSDULVRQ� RI� GLIIHUHQWURXJK�VXUIDFH�PRGHOV�IRU�FRPSXWHU�VLPX�ODWLRQ� RI� OLJKW� FROOHFWLRQ� LQ� D� VFLQWLOOD�WRU�OLJKW� JXLGH� V\VWHP� ,�9�.LOLPFKXN�9�$�7DUDVRY � ���
7DWDUHQNR�9�$�� Ü�6KRUW�UDQJH� DWRPLF� RUGHU

LQ� I�F�F�Ü1LÜ�� DW��� $O� VROLG� VROXWLRQ6�0�%RNRFK�� 0�3�.XOLVK�� 9�9�5\DVKNR�2�9�6QDJRYVNL\��9�$�7DWDUHQNR � ��
7LWHQNRY� $�1�� Ü� 7KH� VWUXFWXUDO� UHOD[DWLRQDQG�DQLVRWURS\�RI�WKH�VSULQJ�EDFN�LQ�PHW�DOV� 9�9�8VRY�� 9�9�1RYLNRY�� 1�0�6KND�WXO\DN��$�1�7LWHQNRY��'�9�0DPD\ � ���
7NDFKHQNR�,�9��Ü�'HIHFW�IRUPDWLRQ�LQ�GLIIX�

VLYH� OD\HUV� RI� =Q6H�6Q� DQG� =Q6H�0J9�,�*U\YXO��9�3�0DNKQL\��,�9�7NDFKHQNR � ���
7NDFKHQNR�1�9��Ü�%LSKDVLF��+$�E�7&3��FDO�

FLXP� SKRVSKDWH� FHUDPLFV� =�=�=\PDQ�1�9�7NDFKHQNR��'�9�3ROHYRGLQ � ���
7NDFKHQNR�9��Ü�*URZWK�DQG�FKDUDFWHUL]DWLRQRI� XUHD�GRSHG� .'3� FU\VWDOV� ,�3ULWXOD�$�.RVLQRYD�� 0�.RO\ED\HYD�� 9�3X]LNRY�6�%RQGDUHQNR��9�7NDFKHQNR��9�7VXULNRY�2�)HVHQNR � ���
7NDFKHQNR�9�)�� Ü�6WXG\� RI� QDWXUH� RI� VRPHGHIHFWV� YLVLEOH� LQ� SRODUL]HG� OLJKW� LQ� VDS�SKLUH� VLQJOH� FU\VWDOV� 9�)�7NDFKHQNR�$�<D�'DQ±NR�� 9�0�3X]LNRY�� $�7�%XG�QLNRY�� 2�$�/XNLHQNR�� 1�6�6LGHOQLNRYD�*�7�$GRQNLQ � ���
7NDFKHQNR� 9�)�� Ü� 6WUXFWXUH� SHUIHFWLRQ� RIEXON� DQG�QHDU�VXUIDFH� OD\HUV� LQ� VDSSKLUHVLQJOH� FU\VWDOV�9�)�7NDFKHQNR��9�0�3X]�LNRY�� $�<D�'DQ±NR�� $�7�%XGQLNRY�2�$�/XNLHQNR � ���
7ROPDFKHY� $�9�� Ü� 6\QWKHVLV� RI� VWURQWLXP

WHWUDERUDWH� 6U%�2�� IRU� VLQJOH� FU\VWDOJURZWK� 7�,�.RUVKLNRYD�� 6�9�3DUN�KRPHQNR��$�9�7ROPDFKHY��5�3�<DYHWVNL\ � ���

$XWKRU�,QGH[�9RO�����¢��Ü�

)XQFWLRQDO�PDWHULDOV������������� ���



7RQNRSU\DG�$�*��Ü�&U\VWDOORJHRPHWULF�UHJX�ODULWLHV�RI�PDLQ�FUDFN�RULJLQDWLRQ�DQG�GH�YHORSPHQW� LQ� WZR�GLPHQVLRQDO� DOXPLQXPSRO\FU\VWDOV� (�(�%DGL\DQ�� $�*�7RQNR�SU\DG��2�9�6KHNKRYWVRY��5�9�6KXULQRY � ���
7RYNHV� 9�9�� Ü� $QRGLF� EHKDYLRU� RI� SDVVLYHPHWDOV� DQG� WKHLU� DOOR\V� LQ� FKORULGH� VROX�WLRQV� 9�9�7RYNHV�� 2�/�6PLUQRYD�� %�,�%D�MUDFKQ\M � ���
7UXELWV\Q�0�3��Ü�7KH�PHFKDQLVP�RI�WKH�GH�IHFW�FHQWHUV�LQIOXHQFH�RQ�WKH�SDUDHOHFWULF�WR�LQFRPPHQVXUDWH� SKDVH� WUDQVLWLRQ� LQUXELGLXP�SRWDVVLXP�]LQF�FKORULGH�FU\VWDOV0�3�7UXELWV\Q��$�0�$QWRQHQNR � ��
7VXULNRY� 9�� Ü� *URZWK� DQG� FKDUDFWHUL]DWLRQRI� XUHD�GRSHG� .'3� FU\VWDOV� ,�3ULWXOD�$�.RVLQRYD�� 0�.RO\ED\HYD�� 9�3X]LNRY�6�%RQGDUHQNR��9�7NDFKHQNR��9�7VXULNRY�2�)HVHQNR � ���
7V\EXO\DN� %�� Ü�5DGLDWLRQ�LQGXFHG�SURFHVVHV

DQG� GHIHFWV� LQ� SXULILHG� &V,� FU\VWDOV,�*DUDS\Q��%�3DYO\N��%�7V\EXO\DN � ���
7XU�$�9��Ü�0LQLPDO�)HUPL�PRGHO�'�0�1DS�OHNRY��$�9�7XU��9�9�<DQRYVN\ � �
7\PFKXN� ,�7�� Ü� 2SWLPL]DWLRQ� RI� EDVH� FU\V�WDOV�IRU�VLOLFRQ�VRODU�FHOOV�RI�YDULRXV�GHV�WLQDWLRQV� 0�9�.LULFKHQNR�� ,�7�7\PFKXN�9�$�$QWRQRYD�� 1�3�.ORFKNR�� 9�5�.R�SDFK��$�0�/LVWUDWHQNR � ��
7\PFKXN� ,�7��Ü�%DFN�VXUIDFH�UHIOHFWRU�RSWL�PL]DWLRQ� IRU� WKLQ� VLQJOH� FU\VWDOOLQH� VLOL�FRQ� VRODU� FHOOV� 9�5�.RSDFK�0�9�.LULFKHQNR�� 6�9�6KUDPNR�� 5�9�=DLW�VHY�� ,�7�7\PFKXN�� 9�$�$QWRQRYD�$�0�/LVWUDWHQNR � ���
7\PRVKHQNR� 0�0�� Ü� 7KHUPDO� ODJ� RI� WKHJURZWK� IXUQDFH� KHDWLQJ� DVVHPEO\� DW

&V,�1D�� FU\VWDO� JURZLQJ� IURP� FRQVWDQWPHOW� YROXPH� RQ� D� VHHG� 9�,�*RULOHWVN\�9�9�9DVLO\HY�� 2�7V�6LGOHWVNL\�� 0�0�7\�PRVKHQNR��9�,�6XPLQ � ���
8PHUHQNRYD�.�5��Ü�6LPXODWLRQ�RI�SKDVH�GLD�

JUDPV� LQ�/D1L�±+��'��� V\VWHP�DQG� LQYHU�VLRQ� RI� LVRWRSLF� HIIHFW� 9�6�0DULQLQ�<X�)�6KPDONR��.�5�8PHUHQNRYD � ���
8VRY� 9�9�� Ü� 7KH� VWUXFWXUDO� UHOD[DWLRQ� DQGDQLVRWURS\� RI� WKH� VSULQJ�EDFN� LQ� PHWDOV9�9�8VRY�� 9�9�1RYLNRY�� 1�0�6KND�WXO\DN��$�1�7LWHQNRY��'�9�0DPD\ � ���
9DNVPDQ� <X�)�� Ü� 2SWLFDO� DEVRUSWLRQ� DQG

SKRWRFRQGXFWLYLW\�RI�=Q6H�&R�VLQJOH�FU\V�WDOV� <X�)�9DNVPDQ�� 9�9�3DYORY�<X�$�1LWVXN��<X�1�3XUWRY��$�6�1DVLERY�3�9�6KDSNLQ � ���
9DUYDULQ� $�0�� Ü� $GVRUSWLRQ� RI� FKROLF� DFLGRQ� VLOLFD� PRGLILHG� ZLWK� EHQ]\OWULPHWK\�ODPPRQLXP� JURXSV� 1�9�5RLN�� /�$�%H�O\DNRYD��$�0�9DUYDULQ � ��
9DVKFKHQNR� 9�9�� Ü� 5RWDWLRQDO� YLVFRVLW\� RILQGXFHG� VPHFWLF�&�SKDVH�RI� OLTXLG�FU\V�WDO� (�9�3RSRYD�� $�3�)HGRU\DNR�9�9�9DVKFKHQNR��/�$�.XWXO\D � ���
9DVLO\HY�9�9�� Ü�7KHUPDO� ODJ� RI� WKH�JURZWK

IXUQDFH�KHDWLQJ�DVVHPEO\�DW�&V,�1D��FU\V�WDO� JURZLQJ� IURP� FRQVWDQW� PHOW� YROXPHRQ� D� VHHG� 9�,�*RULOHWVN\�� 9�9�9DVLO\HY�2�7V�6LGOHWVNL\��0�0�7\PRVKHQNR��9�,�6X�PLQ � ���

9DV\ONLY� 2�� Ü� 6WUXFWXUH� PRUSKRORJ\� DQGSURSHUWLHV� RI� QHZ� SRURXV� ELRFRPSRVLWHVEDVHG� RQ� ELRJHQLF� K\GUR[\DSDWLWH� DQGV\QWKHWLF� FDOFLXP� SKRVSKDWHV� 2�6\FK�1�3LQFKXN�� $�3DUNKRPH\�� $�.XGD�/�,YDQFKHQNR�� 9�6NRURNKRG�� 2�9DV\ONLY�2�*HWPDQ��<�6DNND � ���
9HG�0��Ü�(OHFWURFKHPLFDO�V\QWKHVLV�RI�FDWD�O\WLF� DFWLYH� DOOR\V� 7�1HQDVWLQD�� 7�%DL�UDFKQD\D�� 0�9HG�� 9�6KWHIDQ�1�6DNKQHQNR � ���
9HG� 0�� Ü� 1HZ� DSSURDFK� WR� FDWDO\WLF�&R±:DOOR\�HOHFWURGHSRVLWLRQ�0�9HG��9�6KWHIDQ�7�%DLUDFKQD\D��1�6DNKQHQNR � ���
9HOLNKRY�<X�1��Ü�&RQWURO�RI�HQHUJ\�VWRUDJH

RI�/X�6L2��&H���QDQRFU\VWDOV�E\�FR�DFWLYD�WLRQ� $�$�0DVDORY�� 2�*�9\DJLQ�� ,�,�*DQ�LQD��<X�1�9HOLNKRY��<X�9�0DO\XNLQ � ���
9HUHVFKDND� 9�0�� Ü� 6WUXFWXUH� IHDWXUHV� DQGIUDFWXUH�PHFKDQLVPV� RI�KH[DJRQDO� ERURQQLWULGH� EDVHG� FRPSRVLWH� PDWHULDOV/�5�9LVKQ\DNRY�� $�9�0D]QD�� %�0�6L�QDLVN\��9�0�9HUHVFKDND � ��
9LUFKHQNR� <X�3�� Ü� 5DGLDWLYH� FRQGXFWLRQSUREOHP� LQ� WKH� WKLQ� OD\HU� RI� VHPL�WUDQV�SDUHQW�PHGLXP��7KH�ZHDN�DEVRUSWLRQ�FDVH$�9�.ROHVQLNRY��<X�3�9LUFKHQNR � ���
9LVKQ\DNRY� /�5�� Ü� 6WUXFWXUH� IHDWXUHV� DQGIUDFWXUH�PHFKDQLVPV� RI�KH[DJRQDO� ERURQQLWULGH� EDVHG� FRPSRVLWH� PDWHULDOV/�5�9LVKQ\DNRY�� $�9�0D]QD�� %�0�6L�QDLVN\��9�0�9HUHVFKDND � ��
9LW\XN�1�9�� Ü�3KRWRFDWDO\VLV� E\�7L2�� ILOPVDW� VWUXFWXUH� UHOD[DWLRQ� 2�3�'P\WUHQNR�1�3�.XOLVK�� 7�2�%XVNR�� 9�6�6WDVKFKXN�$�0�(UHPHQNR�� 1�3�6PLUQRYD�� 1�9�9L�W\XN � ��
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9RORVKLQRYVNLL�$��Ü�/XPLQHVFHQFH�PRGLILFD�
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9RYFKHQNR� /�/�� Ü� 7KHUPRPDJQHWLF� VWXGLHVRI� WKHUPRH[IROLDWHG� JUDSKLWH�WUDQVLWLRQPHWDO� FRPSRVLWHV� /�/�9RYFKHQNR�0�*�%DELFK�� 0�,�=DNKDUHQNR�� $�,�%UX�VLORYHWV��/�0�.DSLWDQFKXN � ���
9RYN� (�$�� Ü� 6\QWKHVLV� RI� �&D�&X���±

�[���1[7L2�� VROLG� VROXWLRQV� �1�  � %L�� /D�(�$�9RYN�� 9�0�,VKFKXN�� 7�*�'HLQHND�9�1�%DXPHU�� =�3�6HUJLHQNR�� $�$�.R�]ORYVNL\ � ���
9RYN� 5�9�� Ü� ([FHVV� FRQGXFWLYLW\� DQG

SVHXGRJDS� VWDWH� LQ�<%D�&X�±\$O\2�±G� VLQ�JOH� FU\VWDOV� ZLWK� D� V\VWHP� RI� XQLGLUHF�WLRQDO� WZLQ� ERXQGDULHV� 5�9�9RYN�0�$�2EROHQVNLL��$�9�%RQGDUHQNR � ��
9RYN� 5�9�� Ü� 6XSHUFRQGXFWLYLW\� VXSSUHVVLRQDW� WZLQ� ERXQGDULHV� DQG� ORQJLWXGLQDO� DQGWUDQVYHUVDO� WUDQVSRUW� DQLVRWURS\� LQ� R[\�

JHQ�GHILFLHQW�<%D�&X�2�±[�VLQJOH�FU\VWDOV5�9�9RYN�� 0�$�2EROHQVNLL�� $�$�=DY�JRURGQL\�� $�9�%RQGDUHQNR�� ,�/�*RXODWLV�1�1�&KHERWDHY � ���
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:DUFKXOVND� -�.�� Ü� 0DJQHWRUHVLVWDQFH� DQG

PDJQHWLF� VXVFHSWLELOLW\� RI� GRSHG� 6L±*HZKLVNHUV� $�$�'UX]KLQLQ�� ,�3�2VWURYVNLL�<X�5�.RJXW��-�.�:DUFKXOVND � ���
:X� 5XURQJ� � Ü� 7KH� LQIOXHQFH� RI� %D)�� RQVFLQWLOODWLRQ�SURSHUWLHV�RI�3E:2��FU\VWDO<RXEDR� :DQ�� -LDQ[LQJ� =KDQJ�� 5XURQJ:X��6DQID�;LQJ��+XL�<DQJ � ���
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<DVWUXEHQNR�0�,�� Ü� 7KH� JLYHQ� OHYHO� DWWDLQ�PHQW� SUREOHP� DQG� PDWHULDO� GHVWUXFWLRQ0�,�<DVWUXEHQNR � ��
<DYHWVNL\� 5�3�� Ü� 6\QWKHVLV� RI� VWURQWLXP

WHWUDERUDWH� 6U%�2�� IRU� VLQJOH� FU\VWDOJURZWK� 7�,�.RUVKLNRYD�� 6�9�3DUN�KRPHQNR��$�9�7ROPDFKHY��5�3�<DYHWVNL\ � ���
<HUHPHQNR� *�9�� Ü� ,QIOXHQFH� RI� VWUXFWXUDO
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=DFKDULDV]� 5�� Ü� 7KH� UHOD[DWLRQ� SKHQRPHQDLQ� LUUDGLDWHG� 3=7� W\SH� SLH]RFHUDPLFV5�=DFKDULDV]��-�,OF]XN��%�%UXV � ���
=DLWVHY� 5�9�� Ü� %DFN� VXUIDFH� UHIOHFWRU� RSWL�PL]DWLRQ� IRU� WKLQ� VLQJOH� FU\VWDOOLQH� VLOL�FRQ� VRODU� FHOOV� 9�5�.RSDFK�0�9�.LULFKHQNR�� 6�9�6KUDPNR��5�9�=DLW�VHY�� ,�7�7\PFKXN�� 9�$�$QWRQRYD�$�0�/LVWUDWHQNR � ���
=DMWVHY� %�9�� Ü� 3URGXFWLRQ� RI� QDQR�SRUHWUDFN�PHPEUDQHV�EDVHG�RQ�3(7�ILOPV� LU�

UDGLDWHG�E\�$U�LRQV�9�$�%RPNR��$�)�%XU�EDQ�� $�)�.REHWV�� $�.U\VKWDO�� ,�9�9R�URE\RYD��%�9�=DMWVHY � ���
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=DYJRURGQL\� $�$�� Ü� 6XSHUFRQGXFWLYLW\� VXS�SUHVVLRQ�DW� WZLQ�ERXQGDULHV�DQG� ORQJLWX�GLQDO� DQG� WUDQVYHUVDO� WUDQVSRUW� DQLVRW�
URS\� LQ� R[\JHQ� GHILFLHQW� <%D�&X�2�±[VLQJOH� FU\VWDOV� 5�9�9RYN�� 0�$�2EROHQ�VNLL�� $�$�=DYJRURGQL\�� $�9�%RQGDUHQNR�,�/�*RXODWLV��1�1�&KHERWDHY � ���

=DYRUD� /�1�� Ü� /LTXLG� FU\VWDO� IRUPDWLRQ� LQPL[WXUHV� RI� PHWDO� DONDQRDWHV�� JDGROLQ�LXP�FRQWDLQLQJ� ELQDU\� V\VWHPV� /�1�=D�YRUD�� 9�'�3DQLNDUVND\D�� 1�$�.DVLDQ�$�,�%HGULN�� 9�0�6KHUVKXNRY�� /�1�/LVHW�VNL��7�$�0LUQD\D � ���
=KDQJ�-LDQ[LQJ��Ü�7KH�LQIOXHQFH�RI�%D)��RQVFLQWLOODWLRQ�SURSHUWLHV�RI�3E:2��FU\VWDO<RXEDR� :DQ�� -LDQ[LQJ� =KDQJ�� 5XURQJ:X��6DQID�;LQJ��+XL�<DQJ � ���
=KLNKDUHY� ,�9�� Ü� 7KH�PHWKRG� RI� RSWLFDO� LQ�YHVWLJDWLRQV� RI� WKH� QDQRVWUXFWXUDO� GLD�

PRQG�OLNH� D±&�1� ILOPV� 6�9�.DUD�0XU]D�%�9�%HO\DHY�� 9�$�*ULWVNLK�� ,�9�=KLN�KDUHY��1�9�.RUWFKLNRYD��'�$�1DXPHQNR�$�0�3UXGQLNRY � ���

=KPXULQ� 3�1�� Ü� $SSOLFDWLRQ� RI� WKH� -XGG�
2IHOW� WKHRU\� WR�3U��� LRQV� LQ�<�6L2�� FU\V�WDOV�3�1�=KPXULQ � ��

=KXFKNRY�9�$��Ü�$XWRHSLWD[\�DQG�WKH�PDLQRULHQWDWLRQDO� UHODWLRQV� DW� FU\VWDOOL]DWLRQ
RXW�RI�DPRUSKRXV�VWDWH�LQ�&U±2�DQG�9±2ILOPV� $�*�%DJPXW�� 9�$�=KXFKNRY�'�9�0HOQLFKHQNR � ���

=XE�<X�/��Ü�0HVRSRURXV�6%$����VLOLFD�PRGL�
ILHG�ZLWK�FDOL[>�@DUHQH�DQG�E�F\FORGH[WULQ
2�9�.XFKPD��<X�/�=XE��$�'DEURZVNL��2�6ROFRYD � ���

=XEDUHY� (�1�� Ü�1DQRVFDOH�&R�&�PXOWLOD\HUVIRU� �FDUERQ� ZLQGRZ�� 6FKZDU]VFKLOG� RE�MHFWLYH� <H�$�%XJD\HY�� $�<X�'HYL]HQNR�(�1�=XEDUHY��9�9�.RQGUDWHQNR � ���
=XERY�9�(��Ü�6WUXFWXUH�RI�QHDU�VXUIDFH�PDJ�QHWLF� OD\HU� LQ� LURQ� ERUDWH� 9�(�=XERY�0�%�6WUXJDWVN\��.�0�6NLELQVN\ � ���
=\PDQ� =�=��Ü�%LSKDVLF� �+$�E�7&3�� FDOFLXP

SKRVSKDWH�FHUDPLFV�=�=�=\PDQ��1�9�7ND�FKHQNR��'�9�3ROHYRGLQ � ���
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