
$XWKRU�,QGH[)XQFWLRQDO�0DWHULDOV�9RO��������Ü�
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$JHHY�/�$��Ü�,PSODQWDWLRQ�RI�D�KRORJUDSKLFVWUXFWXUH� DQG� ZDYHJXLGH� SHULRGLF� VWUXF�WXUHV�IRUPHG�E\�VLOYHU�QDQRSDUWLFOHV�LQWR

$J&O±$J� ILOP� DQG� TXDUW]� JODVV�� .�6�%H�ORVKHQNR��/�$�$JHHY��9�.�0LORVODYVN\ � ���
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$OHNVDQGURYD� ,�3�� Ü� &DORULPHWULF� DQG� ��1D0$6�105�VWXG\�RI�WKH�SKDVH�GLDJUDP�RI

1D1E�±[7D[2�� VROLG� VROXWLRQV�� ,�3�$OHN�VDQGURYD�� <X�1�,YDQRY�� 9�6�%RQGDUHY�$�$�6XNKRYVNLL��9�1�9RURQRY� � ��
$OH[DQGURYLFK� $�$�� Ü� (65� VWXG\� RI� 6F)�FU\VWDOV� DQG� WKH� FU\VWDOV� RI� 6F)�� EDVHGVROLG� VROXWLRQV�� 9�1�9RURQRY�� (�$�3H�WUDNRYVND\D��$�$�$OH[DQGURYLFK � ���
$OSDWRYD�$�9��Ü�2SWLFDO�DQG�SKRWRHOHFWULFDOSURSHUWLHV�RI�/DQJPXLU�%ORGJHWW�GLSKWKD�ORF\DQLQH� WKLQ� ILOPV�� $�9�$OSDWRYD�6�*�<XGLQ�� 9�9�/D]DUHY�� <�$�'UDJLQGD�$�9�.D]DN��6�3�3DOWR � ���
$QWRQ\DN�2�7��Ü�/XPLQHVFHQFH�SURSHUWLHV�RI

6U&O�±(X� PLFURFU\VWDOV� HPEHGGHG� LQ� 1D&OKRVW��$�6�3XVKDN��9�9�9LVWRYVN\\��6�9�0\�DJNRWD�� 7�0�'HPNLY�� 2�7�$QWRQ\DN�-�5�'DF\XN�� 3�9�6DYFK\Q�� $�6�9RORVKL�QRYVNLL � ���
$UODXVNDV�$��Ü�$JHLQJ�GHSHQGHQW�SURSHUWLHV

RI� =Q3F�&��� SKRWRYROWDLF� GHYLFHV�9�.D]XNDXVNDV�� $�$UODXVNDV�� 0�3UDQDL�WLV��5�/HVVPDQQ��0�5LHGH��.�/HR � ���
$UODXVNDV� $�� Ü� 3URSHUWLHV� RI� IXQFWLRQDO'1$�3('27� OD\HUV�� 9�.D]XNDXVNDV�$�$UODXVNDV�� 0�3UDQDLWLV�� 2�.UXSND�)�.DM]DU��=�(VVDLGL��%��6DKUDRXL� � ��
%DED\HYVND\D� 1�9�� Ü� 6RO�JHO� SURFHVVLQJ� RI

WUDQVSDUHQW� /X�2��(X��� SKRVSKRU� ILOPV�1�9�%DED\HYVND\D��$�6�%H]NURYQ\L��3�9�0D�WH\FKHQNR��2�0�9RYN��5�3�<DYHWVNL\ � ���
%DFKHULNRY�<X�<X�� Ü�7KH�SDUDPDJQHWLF� DQGOXPLQHVFHQFH� SURSHUWLHV� RI� VLQJOH�VWDJH

V\QWKHVL]HG� =Q6�&X�� <X�<X�%DFKHULNRY�,�3�9RURQD��$�$�.RQFKLWV��6�9�2SWDV\XN�6�9�.R]LWVNL\��.�'�.DUGDVKRY � ���
%DOODXII�0��Ü�7KH�ELQGLQJ�DELOLW\�DQG�VROYD�WLRQ� SURSHUWLHV� RI� FDWLRQLF� VSKHULFDOSRO\HOHFWURO\WH� EUXVKHV� DV� VWXGLHG� XVLQJDFLG�EDVH� DQG� VROYDWRFKURPLF� LQGLFDWRUV�1�$�9RGROD]ND\D�� 1�2�0FKHGORY�3HWURV�V\DQ�� (�<X�%U\OHYD�� 6�9�%LOHWVND\D�0�6FKULQQHU��/�9�.XWX]RYD��0�%DOODXII � ���

%DUDEDVK� $�,�� Ü� ,QYHVWLJDWLRQ� RI� ,���� 145
VSHFWUD� RI� WKH� PL[HG� �%L,����±Q���3E,��QVHPLFRQGXFWLQJ� OD\HUHG� FU\VWDOV�<X�3�*QDWHQNR��$�,�%DUDEDVK��,�*�9HUWHJHO�(�'�&KHVQRNRY�� $�,�2YFKDUHQNR�� 6�9�3RJ�UHEQ\DN� � ��

%DUDQQLN�6�9��Ü�&U\VWDOOL]DWLRQ�RI�D�ELQDU\PHOW�XQGHU� WKH� VDPSOH� VSRQWDQHRXV�FRRO�LQJ�GRZQ��6�9�%DUDQQLN��9�1�.DQLVFKHY � ���
%DWXULQ�$�$��Ü�;�5D\�IOXRUHVFHQFH�GHWHUPL�QDWLRQ� RI� LPSXULW\� WUDFHV�XVLQJ� D� VHFRQ�GDU\� HPLWWHU� DQG� D� VROLG�VWDWH� GHWHFWRU�,�)�0LNKDLORY��$�$�%DWXULQ��/�3�)RPLQD� � ���
%DXPHU� 9�1�� Ü� 6\QWKHVLV� RI� <�2�� DQG

<�2��1G���PRQRGLVSHUVH�FU\VWDOOLQH�QDQR�VSKHUHV� E\� KRPRJHQRXV� SUHFLSLWDWLRQ�<X�,�3D]XUD�� 9�1�%DXPHU�� 7�*�'H\QHND�2�0�9RYN��5�3�<DYHWVNL\� � ���
%DXPHU�9�1��Ü�'HSHQGHQFH�RI�3E0R2��FU\V�WDO� GDPDJH� WKUHVKROG� RQ�1G��� FRQFHQWUD�

WLRQ�DQG�PHWKRG�RI�GRSLQJ���9�1�%DXPHU�<X�1�*RUREHWV�� /�9�*XG]HQNR��0�%�.RV�P\QD�� %�3�1D]DUHQNR�� 9�0�3X]LNRY�
$�1�6KHNKRYWVRY��=�9�6KWLWHOPDQ � ���

%HGULN�$�,��Ü�7KH�QDWXUH�RI�WUDSSLQJ�FHQWHUVLQ� DPRUSKRXV� ELSKHQ\O� FRQWDLQLQJ� SRO\�PHU��$�)�$GDGXURY��$�,�%HGULN��(�&�9HO�PR]KQD\D�� 3�1�=KPXULQ�� 9�1�/HEHGHY�9�'�7LWVND\D� � ���
%HOLNRY�.�1��Ü�2Q�WKH�EHKDYLRU�RI�HXURSLXP

R[RFRPSRXQGV�LQ�PROWHQ�&V,��9�/�&KHUJL�QHWV�� 7�3�5HEURYD�� <X�1�'DWVNR�� 9�)�*RQFKDUHQNR�� .�1�%HOLNRY�� (�1�.LVLO�<X�,�'RO]KHQNR�� 1�1�.RVLQRY�� (�(�9R�URQNLQD � ���
%HOLNRY�.�1��Ü�6\QWKHVLV�DQG�RSWLFDO�SURSHU�WLHV� RI� SKRVSKDWH�ERUDWH�IOXRULGH� JODVVHVGRSHG�ZLWK�UDUH�HDUWK�HOHPHQWV��.�1�%H�OLNRY�� 1�1�*UHEHQ\XN�� <H�9�*ULVKLQD�1�/�<HJRURYD��<H�$�3RYUR]LQ��6�1�*DONLQ � ���
%HORVKHQNR� .�6�� Ü� ,PSODQWDWLRQ� RI� D� KROR�JUDSKLF�VWUXFWXUH�DQG�ZDYHJXLGH�SHULRGLFVWUXFWXUHV�IRUPHG�E\�VLOYHU�QDQRSDUWLFOHV

LQWR� $J&O±$J� ILOP� DQG� TXDUW]� JODVV�.�6�%HORVKHQNR�� /�$�$JHHY�� 9�.�0LOR�VODYVN\ � ���
%HO\DHY�$�(��Ü�6\QWKHVLV��PRUSKRORJLFDO�DQG

VWUXFWXUDO�SURSHUWLHV�RI�ELR�6L&�FHUDPLFV�9�2�<XNK\PFKXN�� 9�6�.LVHOHY�� $�(�%H�O\DHY�� 0�9�&KXUVDQRYD�� 0�'DQDLORY�0�<D�9DODNK � ���
%HUWLQHWWL�/��Ü�3URSHUWLHV�RI�DPRUSKRXV�DQGFU\VWDOOLQH� VXUIDFHV� RI� QDQR�K\GUR[\DSD�WLWHV��<X�6DNKQR��/�%HUWLQHWWL��*�0DUWUD�6�&ROXFFLD��$�7DPSLHUL��1�5RYHUL� � ��
%HU]KDQVN\� 9�1�� Ü� 6\QWKHVLV� DQG� SURSHUWLHVRI�VXEVWLWXWHG�IHUULWH�JDUQHW�ILOPV�IRU�RQH�GLPHQVLRQDO� PDJQHWRSKRWRQLF� FU\VWDOV�9�1�%HU]KDQVN\��$�9�.DUDYDLQLNRY��(�7�0L�O\XNRYD�� 7�9�0LNKDLORYD�� $�5�3URNRSRY�$�1�6KDSRVKQLNRY� � ���

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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%HU]KDQVN\� 9�1�� Ü� ,QWHUIDFH� SURSHUWLHV� RI
%L�FRQWDLQHG� LURQ� JDUQHW� ILOPV�***�VXE�VWUDWHV�� 9�1�%HU]KDQVN\�� $�9�.DUD�YDLQLNRY�� (�7�0LO\XNRYD�� $�5�3URNRSRY�$�1�6KDSRVKQLNRY � ���

%H]NURYQD\D�2�1��Ü�/XPLQHVFHQW�SURSHUWLHV
RI�UKRGDPLQH��*�G\H�LQ�VLOLFD�VRO�JHO�PD�WULFHV�� 2�1�%H]NURYQD\D�� ,�0�3ULWXOD�9�9�0DVORY�� 9�0�3X]LNRY�� 0�,�.RO\�ED\HYD��$�9�.RVLQRYD��<X�$�*XUNDOHQNR�$�9�/RSLQ� � ���

%H]NURYQ\L� $�6�� Ü� 6RO�JHO� SURFHVVLQJ� RI
WUDQVSDUHQW� /X�2��(X��� SKRVSKRU� ILOPV�1�9�%DED\HYVND\D��$�6�%H]NURYQ\L��3�9�0D�WH\FKHQNR��2�0�9RYN��5�3�<DYHWVNL\ � ���

%LOHWVND\D� 6�9�� Ü� 7KH� ELQGLQJ� DELOLW\� DQGVROYDWLRQ�SURSHUWLHV�RI� FDWLRQLF� VSKHULFDOSRO\HOHFWURO\WH� EUXVKHV� DV� VWXGLHG� XVLQJDFLG�EDVH� DQG� VROYDWRFKURPLF� LQGLFDWRUV�1�$�9RGROD]ND\D�� 1�2�0FKHGORY�3HW�URVV\DQ�� (�<X�%U\OHYD�� 6�9�%LOHWVND\D�0�6FKULQQHU��/�9�.XWX]RYD��0�%DOODXII � ���
%LOHWVNL\�(�9��Ü�0HWDO�Ü�GLHOHFWULF�WUDQVLWLRQDQG� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH

SVHXGR�JDS� LQ� <%D�&X�2�±G� VLQJOH� FU\V�WDOV�� HIIHFW� RI� SUHVVXUH� DQG� R[\JHQ� QRQ�VWRLFKLRPHWU\�� $�$�=DYJRURGQL\�� 5�9�9RYN�� 0�$�2EROHQVNLL�� $�9�6DPRLORY�0�*�5HY\DNLQD��(�9�%LOHWVNL\��9�0�3LQWR6DPRHV � ���
%RLFKHQNR� $�3�� Ü� 2SWLPL]DWLRQ� RI� VRO�JHOV\QWKHVLV�FRQGLWLRQV�IRU�SURGXFLQJ�RI�VLO�LFD�PRQROLWKV�SURPLVLQJ�IRU�FKURPDWRJUD�SK\�� VRUSWLRQ� NLQHWLFV� DQG� PHFKDQLFDOVWDELOLW\�� $�3�%RLFKHQNR�� $�0�)URORYD�2�<X�.RQRYDORYD��/�3�/RJLQRYD � ���
%RLNR� 9�*�� Ü� 2SWLFDO� SURSHUWLHV� RI� $O1�Q±

6L������ ILOPV� REWDLQHG� E\�PHWKRG� RI�+)UHDFWLYH� PDJQHWURQ� VSXWWHULQJ�0�6�=D\DWV�� 9�*�%RLNR�� 3�2�*HQWVDU�0�9�9XLFK\N��2�6�/\WY\Q��$�9�6WURQVNL� � ���
%RQGDU�9�*�� Ü�2SWLFDO� WUDQVPLVVLRQ� DQG� OX�PLQHVFHQFH� RI� JDGROLQLXP� RUWKRVLOLFDWHVLQJOH� FU\VWDOV� ZLWK� FHULXP� DQI� \WWULXPLPSXULWLHV�� 9�*�%RQGDU�� %�3�7VDSHQNR�$�%�7VDSHQNR � ���
%RQGDUHY�9�6��Ü�&DORULPHWULF�DQG���1D�0$6105� VWXG\� RI� WKH� SKDVH� GLDJUDP� RI

1D1E�±[7D[2�� VROLG� VROXWLRQV�� ,�3�$OHN�VDQGURYD�� <X�1�,YDQRY�� 9�6�%RQGDUHY�$�$�6XNKRYVNLL��9�1�9RURQRY� � ��
%R\NR�<X�,�� Ü�0HFKDQLVPV� RI� ORFDO� LQKRPR�JHQHLW\� RI� GRSDQW� FRQFHQWUDWLRQ� LQ

<�6L2��3U��� QDQRFU\VWDOV�� 9�9�6HPLQNR�$�$�0DVDORY��<X�9�0DO\XNLQ��<X�,�%R\NR � ���
%R]KNR�9��Ü�7O%U��&DUULHU�WUDQVSRUW�DV�LQIOX�

HQFHG� E\� GHIHFWV� DQG� 7O� LRQ� PLJUDWLRQ�9�.D]XNDXVNDV��$�=LPLQVNLM��*�'DYLG\XN�9�%R]KNR��*�0LURQFKXN � ���
%U\OHYD� (�<X�� Ü� 7KH� ELQGLQJ� DELOLW\� DQGVROYDWLRQ�SURSHUWLHV�RI� FDWLRQLF� VSKHULFDOSRO\HOHFWURO\WH� EUXVKHV� DV� VWXGLHG� XVLQJDFLG�EDVH� DQG� VROYDWRFKURPLF� LQGLFDWRUV�1�$�9RGROD]ND\D�� 1�2�0FKHGORY�3HWUR�VV\DQ�� (�<X�%U\OHYD�� 6�9�%LOHWVND\D�0�6FKULQQHU��/�9�.XWX]RYD��0�%DOODXII � ���
%XGQLNRY�$�7��Ü�7KHUPRFKHPLFDO�HWFKLQJ�RI

VDSSKLUH� LQ� &2�+�� JDV� DWPRVSKHUH�.K�6K��RJO\� .DOWDHY�� 1�6�6LGHOQLNRYD�$�<D�'DQ±NR�� $�7�%XGQLNRY�� 6�9�1L�]KDQNRYVN\ � ���

%XGQLNRY� $�7�� Ü� $QLVRWURS\� RI� VDSSKLUHSURSHUWLHV� DVVRFLDWHG� ZLWK� FKHPLFDO�PH�FKDQLFDO� SROLVKLQJ� ZLWK� VLOLFD�� $�7�%XG�QLNRY�� (�$�9RYN�� 6�,�.ULYRQRJRY�$�<D�'DQNR��2�$�/XNL\HQNR� � ���
%XGQLNRY�$�7��Ü�*URZWK�DQG�RSWLFDO�SURSHU�

WLHV� RI� $O�2�±G�1[� FU\VWDOV�� .K�6K��RJO\.DOWDHY�� 1�6�6LGHOQLNRYD�� 6�9�1L]KDQN�
RYVN\��$�<D�'DQ±NR��$�7�%XGQLNRY � ���

%XUNKRYHWVN\�9�9��Ü�6WUXFWXUH�PRGLILFDWLRQRI� FDUERQ� QLWULGH� ILOPV� E\� KHDW� WUHDW�PHQW�� 9�1�9DU\XNKLQ�� $�0�3UXGQLNRY�$�,�/LQQLN�� /�1�2OLWVN\�� 9�9�%XUNKRYHW�VN\ � ���
&KHFKXJD� <X�6�� Ü� 7KLQ� ILOP�6L�(X� DQG�6L�<FRPSRVLWHV��9�0�.RYDO��<X�6�&KHFKXJD� � ��
&KHUJLQHWV�9�/�� Ü�2Q� WKH� EHKDYLRU� RI� HXUR�

SLXP� R[RFRPSRXQGV� LQ� PROWHQ� &V,�9�/�&KHUJLQHWV�� 7�3�5HEURYD�� <X�1�'DW�VNR�� 9�)�� *RQFKDUHQNR�� .�1�%HOLNRY�(�1�.LVLO��<X�,�'RO]KHQNR��1�1�.RVLQRY�(�(�9RURQNLQD � ���
&KHUQHQNRY� <X�3�� Ü� 3DUDPDJQHW�WR�IHUUR�PDJQHW� DQG� LQVXODWRU�WR�PHWDO� SKDVH

WUDQVLWLRQV� LQ� /D����0Q2������ $�9�/D]XWD�9�$�5\]KRY�� 9�3�.KDYURQLQ�� <X�3�&KHU�QHQNRY�� 2�3�6PLUQRY�� 3�/�0RONDQRY�,�2�7UR\DQFKXN��9�$�.KRPFKHQNR� � ��
&KHVQRNRY�(�'��Ü�,QYHVWLJDWLRQ�RI� ,����145

VSHFWUD� RI� WKH� PL[HG� �%L,����±Q���3E,��QVHPLFRQGXFWLQJ� OD\HUHG� FU\VWDOV�<X�3�*QDWHQNR�� $�,�%DUDEDVK�� ,�*�9HU�WHJHO�� (�'�&KHVQRNRY�� $�,�2YFKDUHQNR�6�9�3RJUHEQ\DN� � ��
&KHWNLQ�0�9��Ü�+LJK�VSHHG�G\QDPLFV�RI�WKHGRPDLQ�ZDOO� LQ�JDUQHW�ILOPV� LQ�WKH�ODUJHLQ�SODQH� PDJQHWLF� ILHOGV�� 0�9�&KHWNLQ�<X�1�.XUEDWRYD��7�%�6KDSDHYD � ���
&KLOD\D� *�6�� Ü� (IIHFWV� RI� 89� UDGLDWLRQ� RQVHOHFWLYH�UHIOHFWLRQ�DQG�GLHOHFWULF�SURSHU�WLHV� RI� FKROHVWHURO� HVWHU� PL[WXUHV� ZLWKSKRWRDFWLYH� QHPDWLFV�� 0�,�6HUELQD�/�1�/LVHWVNL�� ,�$�*YR]GRYVN\\�� $�9�.R�YDO�FKXN��*�6�&KLOD\D � ���
&KXUVDQRYD�0�9��Ü�6\QWKHVLV��PRUSKRORJLFDO

DQG� VWUXFWXUDO� SURSHUWLHV� RI� ELR�6L&� FH�UDPLFV�� 9�2�<XNK\PFKXN�� 9�6�.LVHOHY�$�(�%HO\DHY�� 0�9�&KXUVDQRYD�� 0�'D�QDLORY��0�<D�9DODNK � ���
&ROXFFLD� 6�� Ü� 3URSHUWLHV� RI� DPRUSKRXV� DQGFU\VWDOOLQH� VXUIDFHV� RI� QDQR�K\GUR[\DSD�WLWHV��<X�6DNKQR��/�%HUWLQHWWL��*�0DUWUD�6�&ROXFFLD��$�7DPSLHUL��1�5RYHUL� � ��
'DF\XN� -�5�� Ü� /XPLQHVFHQFH� SURSHUWLHV� RI

6U&O�±(X�PLFURFU\VWDOV�HPEHGGHG�LQ�1D&OKRVW�� $�6�3XVKDN�� 9�9�9LVWRYVN\\�6�9�0\DJNRWD�� 7�0�'HPNLY�� 2�7�$QWRQ�\DN�� -�5�'DF\XN�� 3�9�6DYFK\Q�$�6�9RORVKLQRYVNLL � ���
'DQ±NR� $�<D�� Ü� 7KHUPRFKHPLFDO� HWFKLQJ� RI

VDSSKLUH� LQ� &2�+�� JDV� DWPRVSKHUH�.K�6K��RJO\� .DOWDHY�� 1�6�6LGHOQLNRYD�$�<D�'DQ±NR��$�7�%XGQLNRY��6�9�1L]KDQ�NRYVN\ � ���
'DQ±NR� $�<D�� Ü�*URZWK� DQG� RSWLFDO� SURSHU�

WLHV� RI� $O�2�±G�1[� FU\VWDOV�� .K�6K��RJO\.DOWDHY�� 1�6�6LGHOQLNRYD�� 6�9�1L]KDQN�
RYVN\��$�<D�'DQ±NR��$�7�%XGQLNRY � ���

$XWKRU�,QGH[�9RO�����¢��Ü�
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'DQDLORY�0��Ü�6\QWKHVLV��PRUSKRORJLFDO�DQG
VWUXFWXUDO�SURSHUWLHV�RI�ELR�6L&�FHUDPLFV�9�2�<XNK\PFKXN�� 9�6�.LVHOHY�� $�(�%H�O\DHY�� 0�9�&KXUVDQRYD�� 0�'DQDLORY�0�<D�9DODNK � ���

'DQLOHQNR�,�$��Ü�;36�DQG�(65�VSHFWURVFRS\�RI
=U2��<�2��&U�2�� QDQRSRZGHUV�� ,�$�<DVK�FKLVK\Q�� $�0�.RUGXEDQ�� 9�9�7UD�FKHYVNL\�� 7�(�.RQVWDQWLQRYD�� ,�$�'DQL�OHQNR��*�.�9RONRYD��,�.�1RVROHY� � ���

'DQLOHQNR� ,�$�� Ü� 6WUXFWXUDO� HYROXWLRQ� RI
=U2�±<�2�� [HURJHOV� XQGHU� KLJK� K\GUR�VWDWLF�SUHVVXUH��2�$�*RUEDQ��6�$�6LQ\DN�LQD�� <X�2�.XOLN�� 7�$�5\XPVKLQD�6�9�*RUEDQ��,�$�'DQLOHQNR��7�(�.RQVWDQ�WLQRYD � ���

'DQNR�$�<D��Ü�$QLVRWURS\�RI�VDSSKLUH�SURS�HUWLHV� DVVRFLDWHG� ZLWK� FKHPLFDO�PHFKDQL�FDO� SROLVKLQJ� ZLWK� VLOLFD�� $�7�%XGQLNRY�(�$�9RYN�� 6�,�.ULYRQRJRY�� $�<D�'DQNR�2�$�/XNL\HQNR� � ���
'DWVNR�<X�1��Ü�2Q�WKH�EHKDYLRU�RI�HXURSLXP

R[RFRPSRXQGV�LQ�PROWHQ�&V,��9�/�&KHUJL�QHWV�� 7�3�5HEURYD�� <X�1�'DWVNR�� 9�)�*RQFKDUHQNR�� .�1�%HOLNRY�� (�1�.LVLO�<X�,�'RO]KHQNR�� 1�1�.RVLQRY�� (�(�9R�URQNLQD � ���
'DYLG\XN�*��Ü�7O%U��&DUULHU�WUDQVSRUW�DV�LQ�

IOXHQFHG�E\�GHIHFWV�DQG�7O�LRQ�PLJUDWLRQ�9�.D]XNDXVNDV�� $�=LPLQVNLM�� *�'DYL�G\XN��9�%R]KNR��*�0LURQFKXN � ���
'HPNLY� 7�0�� Ü� /XPLQHVFHQFH� SURSHUWLHV� RI

6U&O�±(X�PLFURFU\VWDOV�HPEHGGHG�LQ�1D&OKRVW�� $�6�3XVKDN�� 9�9�9LVWRYVN\\�6�9�0\DJNRWD�� 7�0�'HPNLY�� 2�7�$QWRQ�\DN�� -�5�'DF\XN�� 3�9�6DYFK\Q�$�6�9RORVKLQRYVNLL � ���
'HQLVRYD� 7�0�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�(�1�*DODVKRY��7�0�'HQLVRYD��,�0�,YDQRY�(�3�0DNDURY�� 9�1�0DPRQWRY�� 9�1�6KOH�JHO�� <X�*�6WHQLQ�� <D�9�9DVLOLHY�9�1�=KGDQNRY � ���
'HVKNR� 9�,�� Ü� 7KH� FRPSOH[� KHDW� H[FKDQJHPRGHO� DW� JURZLQJ� RI� ODUJH� DONDOL� KDOLGHFU\VWDOV�� $�9�.ROHVQLNRY�� 9�,�'HVKNR�<X�9�/RNKPDQHWV��$�<D�.DUYDWVNLL��,�.�.L�ULFKHQNR � ���
'H\QHND� 7�*�� Ü� 6\QWKHVLV� RI� <�2�� DQG

<�2��1G���PRQRGLVSHUVH�FU\VWDOOLQH�QDQR�VSKHUHV� E\� KRPRJHQRXV� SUHFLSLWDWLRQ�<X�,�3D]XUD�� 9�1�%DXPHU�� 7�*�'H\QHND�2�0�9RYN��5�3�<DYHWVNL\� � ���
'H\QHNR� 1�� Ü� 'HYHORSPHQW� RI� EDFN� FRQWDFW

IRU� &G6�&G7H� WKLQ�ILOP� VRODU� FHOOV�*�.KU\SXQRY�� $�0HULXWV�� 1�.O\XL�7�6KHOHVW��1�'H\QHNR��1�.RYWXQ � ���
'PLWUXN�1��Ü�0RUSKRORJ\�DQG�RSWLFDO�SURS�HUWLHV�RI�ILOPV�ZLWK�PDJQHWLWH�QDQRSDUWL�FOHV�� 2�.RURY\DQNR�� 1�'PLWUXN�6�0DP\NLQ�� 0�6\WQ\N�� 2�/\WY\Q�� 3�)R�FKXN � ���
'RO]KHQNR�<X�,��Ü�2Q�WKH�EHKDYLRU�RI�HXUR�

SLXP� R[RFRPSRXQGV� LQ� PROWHQ� &V,�9�/�&KHUJLQHWV�� 7�3�5HEURYD�� <X�1�'DW�VNR�� 9�)�� *RQFKDUHQNR�� .�1�%HOLNRY�(�1�.LVLO��<X�,�'RO]KHQNR��1�1�.RVLQRY�(�(�9RURQNLQD � ���

'RYEHVKNR� *�,�� Ü� 3RURXV� $O� DQG� &X� VWUXF�WXUHV� DV� LQIUDUHG� VLJQDO� HQKDQFHUV�*�,�'RYEHVKNR�� 2�0�)HVHQNR�� 9�5�5R�PDQ\XN�� 9�,�3HUHNUHVWRY�� <X�2�.RVPLQ�VND��6�,�.VKQ\DNLQD� � ��
'UDJLQGD�<�$��Ü�2SWLFDO�DQG�SKRWRHOHFWULFDOSURSHUWLHV�RI�/DQJPXLU�%ORGJHWW�GLSKWKD�ORF\DQLQH� WKLQ� ILOPV�� $�9�$OSDWRYD�6�*�<XGLQ�� 9�9�/D]DUHY�� <�$�'UDJLQGD�$�9�.D]DN��6�3�3DOWR � ���
'XQDHYVN\�6�0�� Ü�)HUURHOHFWULFLW\� LQ�GRSHGPDQJDQLWHV��6�0�'XQDHYVN\ � ���
']KH]KHU\D�<X�,��Ü�$XWRVWDELOL]DWLRQ�RI�WHP�SHUDWXUH� LQ� V\VWHPV�ZLWK�FRPELQHG�PDJ�QHWLF�DQG�UHVLVWLYH� WUDQVLWLRQ�XQGHU�HOHF�WULF� FXUUHQW� IORZ�� <X�,�']KH]KHU\D�$�,�7RYVWRO\WNLQ�� (�6�.O\PXN�� /�6�8V�SHQVND\D � ���
(NVSHULDQGRYD� /�3�� Ü� 3XULILFDWLRQ� RI� UDZPDWHULDO�IRU�FHVLXP�LRGLGH�VLQJOH�FU\VWDOVDQG� LPSXULW\� FRQFHQWUDWLRQ� E\� ORZ�WHP�SHUDWXUH� GLUHFWLRQDO� FU\VWDOOL]DWLRQ�/�3�(NVSHULDQGRYD � ���
(VVDLGL� =�� Ü� 3URSHUWLHV� RI� IXQFWLRQDO'1$�3('27� OD\HUV�� 9�.D]XNDXVNDV�$�$UODXVNDV�� 0�3UDQDLWLV�� 2�.UXSND�)�.DM]DU��=�(VVDLGL��%��6DKUDRXL� � ��
)HGRUHQNR�2�$��Ü�1RYHO�PDWHULDO� IRU�DFWLYH

HOHPHQWV� RI� ODVHUV� WXQDEOH� LQ� �Ü�� PP
UDQJH�� )H���=Q�±[0J[6H� VLQJOH� FU\VWDOV�<X�$�=DJRUXLNR��1�2�.RYDOHQNR��2�$�)H�GRUHQNR��$�6�*HUDVLPHQNR � ���

)HGRUHQNR�2�$�� Ü�7HPSHUDWXUH�GHSHQGHQFHVRI� RSWLFDO� DQG� SLH]RHOHFWULF� FKDUDF�
WHULVWLFV� RI� =Q0J6H� VLQJOH� FU\VWDOV�<X�$�=DJRUXLNR�� 1�2�.RYDOHQNR�9�0�3X]LNRY��2�$�)HGRUHQNR � ���

)HGRURY� 6�$�� � Ü� 3HFXOLDULWLHV� RI� EDQG� JDSZLGWK� GHSHQGHQFH� XSRQ� FRQFHQWUDWLRQ� RIWKH� DGPL[WXUH� VWULSV� UDQGRPO\� LQFOXGHGLQ� TXDVL�WZR�GLPHQVLRQDO� SKRWRQLF� FU\V�WDO�� 9�9�� 5XP\DQWVHY�� 6�$�� )HGRURY�(�<D��6KWDHUPDQ � ���
)HVHQNR�2�0��Ü�3RURXV�$O�DQG�&X�VWUXFWXUHVDV� LQIUDUHG� VLJQDO� HQKDQFHUV�*�,�'RYEHVKNR�� 2�0�)HVHQNR�� 9�5�5R�PDQ\XN�� 9�,�3HUHNUHVWRY�� <X�2�.RVPLQ�VND��6�,�.VKQ\DNLQD� � ��
)LOLSHQNR�9��Ü�7KH�LRQROXPLQHVFHQFH�FKDUDF�WHULVWLFV� RI� TXDUW]�� 2�9DV\OFKHQNR�1�=KHOWRS\DWRYD�� 9�=KXUHQNR�� 2�.DODQ�WDU\DQ��6�.RQRQHQNR��9�0XUDWRY��9�)LOL�SHQNR� � ��
)RFKXN�3��Ü�0RUSKRORJ\�DQG�RSWLFDO�SURSHU�WLHV� RI� ILOPV� ZLWK� PDJQHWLWH� QDQRSDUWL�FOHV�� 2�.RURY\DQNR�� 1�'PLWUXN�6�0DP\NLQ�� 0�6\WQ\N�� 2�/\WY\Q�� 3�)R�FKXN � ���
)RPLQD� /�3�� Ü�;�5D\� IOXRUHVFHQFH� GHWHUPL�QDWLRQ� RI� LPSXULW\� WUDFHV�XVLQJ� D� VHFRQ�GDU\� HPLWWHU� DQG� D� VROLG�VWDWH� GHWHFWRU�,�)�0LNKDLORY��$�$�%DWXULQ��/�3�)RPLQD� � ���
)URORYD�$�0��Ü�2SWLPL]DWLRQ�RI�VRO�JHO�V\Q�WKHVLV� FRQGLWLRQV� IRU� SURGXFLQJ� RI� VLOLFDPRQROLWKV�SURPLVLQJ�IRU�FKURPDWRJUDSK\�VRUSWLRQ� NLQHWLFV� DQG� PHFKDQLFDO� VWDELO�LW\�� $�3�%RLFKHQNR�� $�0�)URORYD�2�<X�.RQRYDORYD��/�3�/RJLQRYD � ���
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*DODVKRY� (�1�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�(�1�*DODVKRY��7�0�'HQLVRYD��,�0�,YDQRY�(�3�0DNDURY��9�1�0DPRQWRY��9�1�6KOHJHO�<X�*�6WHQLQ�� <D�9�9DVLOLHY�� 9�1�=KGDQ�NRY � ���
*DO�FKLQHWVNLL� /�3�� Ü� (IIHFW� RI� KHDW� WUHDW�

PHQW�LQ�=Q�YDSRU�RQ�VSHFWUDO�NLQHWLF��RS�WLFDO� DQG� PHFKDQLFDO� SURSHUWLHV� RI
=Q6H�2��7H�� FU\VWDOV�� /�3�*DO�FKLQHWVNLL�.�$�.DWUXQRY��$�,�/DOD\DQWV��$�'�2SROR�QLQ � ���

*DONLQ�6�1��Ü�6\QWKHVLV�DQG�RSWLFDO�SURSHU�WLHV� RI� SKRVSKDWH�ERUDWH�IOXRULGH� JODVVHVGRSHG�ZLWK�UDUH�HDUWK�HOHPHQWV��.�1�%H�OLNRY�� 1�1�*UHEHQ\XN�� <H�9�*ULVKLQD�1�/�<HJRURYD��<H�$�3RYUR]LQ��6�1�*DONLQ � ���
*DOXQRY�1�=��Ü�&RPELQHG�FRPSRVLWH�VFLQWLO�ODWLRQ� GHWHFWRU� IRU� VHSDUDWH� PHDVXUH�PHQWV� RI� IDVW� DQG� WKHUPDO� QHXWURQV�1�/�.DUDYDHYD�� 1�=�*DOXQRY�� (�9�0DU�W\QHQNR��$�9�.RVLQRYD � ���
*DQLQD� ,�� Ü� 0HFKDQLVPV� RI� FKDUJH� LQWHUDF�

WLRQV� LQ� FR�GRSHG� /X�6L2��&H��� FU\VWDOV�$�0DVDORY�� 2�9LDJLQ�� ,�*DQLQD�� <X�0D�O\XNLQ � ���
*HJHFKNRUL� 7�2�� Ü� ,QGXFWLYH� GHWHFWLRQ� RIPDJQHWRDFRXVWLF� UHVSRQVHV� DQG� GRPDLQ�DFRXVWLF�HFKR�LQ�PDJQHWRVWULFWLYH�PDWHUL�DOV� XVLQJ� D� SXOVH� 105� WHFKQLTXH�*�,�0DPQLDVKYLOL�� <�*�6KDULPDQRY�7�2�*HJHFKNRUL�� $�0�$NKDONDWVL�$�0�3RKRULO\��2�0�.X]PDN � ���
*HQWVDU� 3�2�� Ü�2SWLFDO� SURSHUWLHV� RI�$O1�Q±

6L������ ILOPV� REWDLQHG� E\�PHWKRG� RI�+)UHDFWLYH�PDJQHWURQ�VSXWWHULQJ��0�6�=D\DWV�9�*�%RLNR�� 3�2�*HQWVDU�� 0�9�9XLFK\N�2�6�/\WY\Q��$�9�6WURQVNL� � ���
*HUDVLPFKXN� 9�6�� Ü� '\QDPLF� SURSHUWLHV� RIDQWLIHUURPDJQHWV�LQ�DOWHUQDWLQJ�PDJQHWLFDQG� HOHFWULF� ILHOGV�� 9�6�*HUDVLPFKXN�$�$�6KLWRY � ���
*HUDVLPHQNR� $�6�� Ü�1RYHO�PDWHULDO� IRU� DF�

WLYH�HOHPHQWV�RI�ODVHUV�WXQDEOH�LQ��Ü��PP
UDQJH�� )H���=Q�±[0J[6H� VLQJOH� FU\VWDOV�<X�$�=DJRUXLNR��1�2�.RYDOHQNR��2�$�)H�GRUHQNR��$�6�*HUDVLPHQNR � ���

*QDWHQNR�<X�3��Ü�,QYHVWLJDWLRQ�RI� ,����145
VSHFWUD� RI� WKH� PL[HG� �%L,����±Q���3E,��QVHPLFRQGXFWLQJ� OD\HUHG� FU\VWDOV�<X�3�*QDWHQNR�� $�,�%DUDEDVK�� ,�*�9HU�WHJHO�� (�'�&KHVQRNRY�� $�,�2YFKDUHQNR�6�9�3RJUHEQ\DN� � ��

*RQFKDUHQNR� 9�)�� � Ü� 2Q� WKH� EHKDYLRU� RI
HXURSLXP� R[RFRPSRXQGV� LQ� PROWHQ� &V,�9�/�&KHUJLQHWV�� 7�3�5HEURYD�� <X�1�'DW�VNR�� 9�)�� *RQFKDUHQNR�� .�1�%HOLNRY�(�1�.LVLO��<X�,�'RO]KHQNR��1�1�.RVLQRY�(�(�9RURQNLQD � ���

*RQFKDUXN�$�,��Ü�$JJUHJDWHV�RI�PXOWLZDOOHGFDUERQ�QDQRWXEHV� LQ�QHPDWLF� OLTXLG�FU\V�WDO� GLVSHUVLRQV�� H[SHULPHQWDO� HYLGHQFHDQG� D� SK\VLFDO� SLFWXUH�� 6�6�0LQHQNR�/�1�/LVHWVNL�� $�,�*RQFKDUXN�� 1�,�/H�ERYND��9�9�3RQHYFKLQVN\��0�6�6RVNLQ � ���
*RUEDQ�2�$��Ü�6WUXFWXUDO�HYROXWLRQ�RI�=U2�±<�2�� [HURJHOV� XQGHU� KLJK� K\GURVWDWLFSUHVVXUH�� 2�$�*RUEDQ�� 6�$�6LQ\DNLQD�<X�2�.XOLN�� 7�$�5\XPVKLQD�� 6�9�*RU�EDQ��,�$�'DQLOHQNR��7�(�.RQVWDQWLQRYD � ���

*RUEDQ�6�9��Ü�6WUXFWXUDO�HYROXWLRQ�RI�=U2�±<�2�� [HURJHOV� XQGHU� KLJK� K\GURVWDWLFSUHVVXUH�� 2�$�*RUEDQ�� 6�$�6LQ\DNLQD�<X�2�.XOLN�� 7�$�5\XPVKLQD�� 6�9�*RU�EDQ��,�$�'DQLOHQNR��7�(�.RQVWDQWLQRYD � ���
*RUQDNRY� 9�6�� Ü� 'RPDLQ� VWUXFWXUH� IRUPD�WLRQ�DQG�HYROXWLRQ�LQ�HSLWD[LDO�H[FKDQJH�

ELDVHG� 1L)H� ILOPV� ZLWK� GLVORFDWLRQ� VOLSSODQHV�� 9�6�*RUQDNRY�� 9�,�1LNLWHQNR�&�*�/HH � ���
*RUREHWV� <X�1�� Ü� 'HSHQGHQFH� RI� 3E0R2�FU\VWDO�GDPDJH�WKUHVKROG�RQ�1G���FRQFHQ�

WUDWLRQ� DQG� PHWKRG� RI� GRSLQJ� �9�1�%DXPHU�� <X�1�*RUREHWV�� /�9�*XG�]HQNR�� 0�%�.RVP\QD�� %�3�1D]DUHQNR�9�0�3X]LNRY��$�1�6KHNKRYWVRY��=�9�6KWL�
WHOPDQ � ���

*UHEHQ\XN� 1�1�� Ü� 6\QWKHVLV� DQG� RSWLFDOSURSHUWLHV� RI� SKRVSKDWH�ERUDWH�IOXRULGHJODVVHV� GRSHG� ZLWK� UDUH� HDUWK� HOHPHQWV�.�1�%HOLNRY�� 1�1�*UHEHQ\XN�� <H�9�*UL�VKLQD�� 1�/�<HJRURYD�� <H�$�3RYUR]LQ�6�1�*DONLQ � ���
*ULVKLQD�<H�9��Ü�6\QWKHVLV�DQG�RSWLFDO�SURS�HUWLHV� RI� SKRVSKDWH�ERUDWH�IOXRULGHJODVVHV� GRSHG� ZLWK� UDUH� HDUWK� HOHPHQWV�.�1�%HOLNRY�� 1�1�*UHEHQ\XN�� <H�9�*UL�VKLQD�� 1�/�<HJRURYD�� <H�$�3RYUR]LQ�6�1�*DONLQ � ���
*ULWV\QD� 9�7�� Ü� 5DGLROXPLQHVFHQFH� PHFKD�QLVP� RI� PDJQHVLXP� DOXPLQDWH� VSLQHOWUDQVSDUHQW� FHUDPLFV�� 2�.�7\XW\XQLN�$�2�0RVNYLWLQ�� <X�*�.D]DULQRY�� 9�7�*UL�WV\QD� � ��
*XG]HQNR� /�9�� Ü� 'HSHQGHQFH� RI� 3E0R2�FU\VWDO�GDPDJH�WKUHVKROG�RQ�1G���FRQFHQ�

WUDWLRQ� DQG� PHWKRG� RI� GRSLQJ� �9�1�%DXPHU�� <X�1�*RUREHWV�/�9�*XG]HQNR�� 0�%�.RVP\QD�� %�3�1D]�DUHQNR�� 9�0�3X]LNRY�� $�1�6KHNKRYWVRY�
=�9�6KWLWHOPDQ � ���

*XUNDOHQNR�<X�$��Ü�/XPLQHVFHQW�SURSHUWLHV
RI�UKRGDPLQH��*�G\H�LQ�VLOLFD�VRO�JHO�PD�WULFHV�� 2�1�%H]NURYQD\D�� ,�0�3ULWXOD�9�9�0DVORY�� 9�0�3X]LNRY�� 0�,�.RO\�ED\HYD��$�9�.RVLQRYD��<X�$�*XUNDOHQNR�$�9�/RSLQ� � ���

*XVDNRYD�/�*��Ü�0RGLILHG�SRWDVVLXP�VRGLXPQLREDWH� EDVHG� OHDG�IUHH� SLH]RFHUDPLFV�/�*�*XVDNRYD�� 9�0�,VKFKXN�� 1�*�.LVHO�'�9�.X]HQNR��1�$�6SLULGRQRY � ���
*YR]GRYVN\\� ,�$��Ü�(IIHFWV�RI�89�UDGLDWLRQRQ� VHOHFWLYH� UHIOHFWLRQ� DQG� GLHOHFWULFSURSHUWLHV� RI� FKROHVWHURO� HVWHU� PL[WXUHVZLWK� SKRWRDFWLYH� QHPDWLFV�� 0�,�6HUELQD�/�1�/LVHWVNL�� ,�$�*YR]GRYVN\\�$�9�.RYDO�FKXN��*�6�&KLOD\D � ���
,VKFKXN� 9�0�� Ü�0RGLILHG� SRWDVVLXP�VRGLXPQLREDWH� EDVHG� OHDG�IUHH� SLH]RFHUDPLFV�/�*�*XVDNRYD�� 9�0�,VKFKXN�� 1�*�.LVHO�'�9�.X]HQNR��1�$�6SLULGRQRY � ���
,YDQRY�,�0��Ü�*URZLQJ�RI����&G:2���=Q:2��DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOV�IRU�UDUHHYHQWV� VHDUFK� E\� ORZ� WKHUPDO� JUDGLHQW&]RFKUDOVNL� WHFKQLTXH�� (�1�*DODVKRY�7�0�'HQLVRYD�� ,�0�,YDQRY��(�3�0DNDURY�9�1�0DPRQWRY��9�1�6KOHJHO��<X�*�6WHQLQ�<D�9�9DVLOLHY��9�1�=KGDQNRY � ���
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,YDQRY�<X�1��Ü�&DORULPHWULF� DQG� ��1D�0$6105� VWXG\� RI� WKH� SKDVH� GLDJUDP� RI
1D1E�±[7D[2�� VROLG� VROXWLRQV�� ,�3�$OHN�VDQGURYD�� <X�1�,YDQRY�� 9�6�%RQGDUHY�$�$�6XNKRYVNLL��9�1�9RURQRY� � ��

,]DL� 9�<X�� Ü� ,QIOXHQFH� RI� LRQ� LPSODQWDWLRQ
RQ�WKH�SKDVH�WUDQVLWLRQV�LQ�&X�36�,�VXSH�ULRQLF� FRQGXFWRUV�� ,�3�6WXGHQ\DN�9�<X�,]DL�� 9�2�6WHIDQRYLFK�� 9�9�3DQ±NR�3�.XV��$�3OHFHQLN� � ��

.DM]DU� )�� Ü� 3URSHUWLHV� RI� IXQFWLRQDO'1$�3('27� OD\HUV�� 9�.D]XNDXVNDV�$�$UODXVNDV�� 0�3UDQDLWLV�� 2�.UXSND�)�.DM]DU��=�(VVDLGL��%��6DKUDRXL� � ��

.DODQWDU\DQ� 2�� Ü� 7KH� LRQROXPLQHVFHQFHFKDUDFWHULVWLFV�RI�TXDUW]��2�9DV\OFKHQNR�1�=KHOWRS\DWRYD�� 9�=KXUHQNR�� 2�.DODQ�WDU\DQ��6�.RQRQHQNR��9�0XUDWRY��9�)LOL�SHQNR� � ��

.DOWDHY� .K�6K��RJO\� � Ü� 7KHUPRFKHPLFDO
HWFKLQJ�RI�VDSSKLUH�LQ�&2�+��JDV�DWPRV�SKHUH��.K�6K��RJO\�.DOWDHY��1�6�6LGHOQLN�RYD�� $�<D�'DQ±NR�� $�7�%XGQLNRY�6�9�1L]KDQNRYVN\ � ���

.DOWDHY�.K�6K��RJO\� � Ü�*URZWK� DQG� RSWLFDO
SURSHUWLHV� RI�$O�2�±G�1[� FU\VWDOV��.K�6K��RJO\� .DOWDHY�� 1�6�6LGHOQLNRYD�� 6�9�1L�
]KDQNRYVN\��$�<D�'DQ±NR��$�7�%XGQLNRY � ���

.DQLVFKHY�9�1�� Ü�2Q� WKH� ELQDU\�PHOW� FU\V�WDOOL]DWLRQ�LQ�WHPSHUDWXUH�ILHOG�DGYDQFLQJZLWK�DFFHOHUDWLRQ��9�1�.DQLVFKHY� � ��

.DQLVFKHY�9�1��Ü�&U\VWDOOL]DWLRQ�RI�D�ELQDU\PHOW�XQGHU� WKH� VDPSOH�VSRQWDQHRXV�FRRO�LQJ�GRZQ��6�9�%DUDQQLN��9�1�.DQLVFKHY � ���

.DUDYDHYD�1�/��Ü�/DUJH�VL]H�FRPSRVLWH�VFLQ�WLOODWRUV��1�/�.DUDYDHYD��2�$�7DUDVHQNR � ���

.DUDYDHYD�1�/��Ü�&RPELQHG�FRPSRVLWH�VFLQ�WLOODWLRQ� GHWHFWRU� IRU� VHSDUDWH� PHDVXUH�PHQWV� RI� IDVW� DQG� WKHUPDO� QHXWURQV�1�/�.DUDYDHYD�� 1�=�*DOXQRY�� (�9�0DU�W\QHQNR��$�9�.RVLQRYD � ���

.DUDYDLQLNRY�$�9�� Ü� 6\QWKHVLV� DQG�SURSHU�WLHV� RI� VXEVWLWXWHG� IHUULWH�JDUQHW� ILOPVIRU� RQH�GLPHQVLRQDO� PDJQHWRSKRWRQLFFU\VWDOV�� 9�1�%HU]KDQVN\�� $�9�.DUD�YDLQLNRY�� (�7�0LO\XNRYD�� 7�9�0LN�KDLORYD�� $�5�3URNRSRY�� $�1�6KDSRVK�QLNRY� � ���

.DUDYDLQLNRY�$�9��Ü�,QWHUIDFH�SURSHUWLHV�RI
%L�FRQWDLQHG� LURQ� JDUQHW� ILOPV�***�VXE�VWUDWHV�� 9�1�%HU]KDQVN\�� $�9�.DUD�YDLQLNRY�� (�7�0LO\XNRYD�� $�5�3URNRSRY�$�1�6KDSRVKQLNRY � ���

.DUERYVNLL�9�/��Ü�(OHFWURQ�VWUXFWXUH�RI�WUL�SOH�WHWUDKHGUDO�VWUXFWXUHV�RQ�WKH�FDOFLXPK\GUR[\DSDWLWH� EDVLV�� 9�/�.DUERYVNLL�6�6�6PRO\DN�� $�3�6KSDN�� <X�$�=DJRURG�QL\��9�+�.DVL\DQHQNR � ���

.DUERYVNL\�9�/��Ü�(OHFWURQ�VWUXFWXUH�RI�FDO�FLXP�DQG�FDGPLXP�DSDWLWHV��$�3�6RURND�9�/�.DUERYVNL\��9�+�.DVLDQHQNR � ���

.DUGDVKRY�.�'��Ü�7KH�SDUDPDJQHWLF�DQG�OX�PLQHVFHQFH�SURSHUWLHV�RI�VLQJOH�VWDJH�V\Q�
WKHVL]HG� =Q6�&X�� <X�<X�%DFKHULNRY�,�3�9RURQD��$�$�.RQFKLWV��6�9�2SWDV\XN�6�9�.R]LWVNL\��.�'�.DUGDVKRY � ���

.DUYDWVNLL� $�<D�� Ü� 7KH� FRPSOH[� KHDW� H[�FKDQJH�PRGHO� DW� JURZLQJ� RI� ODUJH� DONDOLKDOLGH� FU\VWDOV�� $�9�.ROHVQLNRY�9�,�'HVKNR�� <X�9�/RNKPDQHWV�$�<D�.DUYDWVNLL��,�.�.LULFKHQNR � ���

.DVLDQHQNR�9�+��Ü�(OHFWURQ�VWUXFWXUH�RI�FDO�FLXP�DQG�FDGPLXP�DSDWLWHV��$�3�6RURND�9�/�.DUERYVNL\��9�+�.DVLDQHQNR � ���

.DVL\DQHQNR� 9�+�� Ü� (OHFWURQ� VWUXFWXUH� RIWULSOH� WHWUDKHGUDO� VWUXFWXUHV� RQ� WKH� FDO�FLXP� K\GUR[\DSDWLWH� EDVLV�� 9�/�.DU�ERYVNLL�� 6�6�6PRO\DN�� $�3�6KSDN�<X�$�=DJRURGQL\��9�+�.DVL\DQHQNR � ���

.DWUXQRY�.�$��Ü�(IIHFW�RI�KHDW�WUHDWPHQW�LQ
=Q�YDSRU�RQ�VSHFWUDO�NLQHWLF��RSWLFDO�DQG
PHFKDQLFDO� SURSHUWLHV� RI� =Q6H�2��7H�FU\VWDOV�� /�3�*DO�FKLQHWVNLL�� .�$�.D�WUXQRY��$�,�/DOD\DQWV��$�'�2SRORQLQ � ���

.DWUXQRY� ,�.�� Ü� &RQWURO� RI� SRODURQ� IRUPD�WLRQ� LQ� -�DJJUHJDWHV�� ,�.�.DWUXQRY�6�/�<HILPRYD�� $�9�6RURNLQ�� <X�9�0D�O\XNLQ� � ��

.DWUXQRY�,�.��Ü�)HDWXUHV�RI�H[FLWRQ�ORFDOL]D�WLRQ� LQ� D� VLQJOH� -�DJJUHJDWH�� ,�.�.D�WUXQRY�� 6�/�<HILPRYD�� $�9�6RURNLQ�<X�9�0DO\XNLQ � ���

.D]DN� $�9�� Ü� 2SWLFDO� DQG� SKRWRHOHFWULFDOSURSHUWLHV�RI�/DQJPXLU�%ORGJHWW�GLSKWKD�ORF\DQLQH� WKLQ� ILOPV�� $�9�$OSDWRYD�6�*�<XGLQ�� 9�9�/D]DUHY�� <�$�'UDJLQGD�$�9�.D]DN��6�3�3DOWR � ���

.D]DULQRY� <X�*�� Ü� 5DGLROXPLQHVFHQFHPHFKDQLVP� RI� PDJQHVLXP� DOXPLQDWHVSLQHO� WUDQVSDUHQW� FHUDPLFV�� 2�.�7\X�W\XQLN�� $�2�0RVNYLWLQ�� <X�*�.D]DULQRY�9�7�*ULWV\QD� � ��

.D]XNDXVNDV� 9�� Ü� 3URSHUWLHV� RI� IXQFWLRQDO'1$�3('27� OD\HUV�� 9�.D]XNDXVNDV�$�$UODXVNDV�� 0�3UDQDLWLV�� 2�.UXSND�)�.DM]DU��=�(VVDLGL��%��6DKUDRXL� � ��

.D]XNDXVNDV�9��Ü�7O%U��&DUULHU�WUDQVSRUW�DV
LQIOXHQFHG� E\� GHIHFWV� DQG� 7O� LRQ� PLJUD�WLRQ�� 9�.D]XNDXVNDV�� $�=LPLQVNLM�*�'DYLG\XN��9�%R]KNR��*�0LURQFKXN � ���

.D]XNDXVNDV�9��Ü�$JHLQJ�GHSHQGHQW�SURSHU�
WLHV� RI� =Q3F�&��� SKRWRYROWDLF� GHYLFHV�9�.D]XNDXVNDV�� $�$UODXVNDV�� 0�3UDQDL�WLV��5�/HVVPDQQ��0�5LHGH��.�/HR � ���

.KDYURQLQ� 9�3�� Ü� 3DUDPDJQHW�WR�IHUURPDJ�QHW� DQG� LQVXODWRU�WR�PHWDO� SKDVH� WUDQVL�
WLRQV� LQ� /D����0Q2������ $�9�/D]XWD�9�$�5\]KRY�� 9�3�.KDYURQLQ�� <X�3�&KHU�QHQNRY�� 2�3�6PLUQRY�� 3�/�0RONDQRY�,�2�7UR\DQFKXN��9�$�.KRPFKHQNR� � ��

.KL]KQD\D� 7�0�� Ü� 0DJQHWLF� RVFLOODWLRQV� RIORQJLWXGLQDO� VRXQG� LQ� LURQ� ERUDWH�9�,�.KL]KQ\L�� 9�9�7DUDNDQRY�� 7�0�.KL�]KQD\D� � ��

.KL]KQ\L�9�,��Ü�0DJQHWLF�RVFLOODWLRQV�RI�ORQ�JLWXGLQDO� VRXQG� LQ� LURQ� ERUDWH�9�,�.KL]KQ\L�� 9�9�7DUDNDQRY�� 7�0�.KL�]KQD\D� � ��

.KRPFKHQNR� 9�$�� Ü� 3DUDPDJQHW�WR�IHUUR�PDJQHW� DQG� LQVXODWRU�WR�PHWDO� SKDVH
WUDQVLWLRQV� LQ� /D����0Q2������ $�9�/D]XWD�9�$�5\]KRY�� 9�3�.KDYURQLQ�� <X�3�&KHU�QHQNRY�� 2�3�6PLUQRY�� 3�/�0RONDQRY�,�2�7UR\DQFKXN��9�$�.KRPFKHQNR� � ��

$XWKRU�,QGH[�9RO�����¢��Ü�
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.KRPHQNR� $�9�� Ü� 0ROHFXODU� G\QDPLFV� RIJUDSKHQH�SUHSDUDWLRQ�E\�PHFKDQLFDO�H[IR�OLDWLRQ� RI� D� JUDSKLWH� VXUIDFH�$�9�.KRPHQNR��1�9�3URGDQRY � ���

.KU\SXQRY� *�� Ü� 'HYHORSPHQW� RI� EDFN� FRQ�
WDFW� IRU� &G6�&G7H� WKLQ�ILOP� VRODU� FHOOV�*�.KU\SXQRY�� $�0HULXWV�� 1�.O\XL�7�6KHOHVW��1�'H\QHNR��1�.RYWXQ � ���

.KU\SXQRY� *�6�� Ü� 6LQJOH�FU\VWDO� VLOLFRQVRODU�FHOO�HIILFLHQF\� LQFUHDVH� LQ�PDJQHWLFILHOG�� 5�9�=DLWVHY�� 9�5�.RSDFK��0�9�.L�ULFKHQNR��(�2�/XN\DQRY��*�6�.KU\SXQRY�9�1�6DPRIDORY � ���

.LGDORY� 9�9�� Ü� 3UHSDUDWLRQ� RI� QDQRSRURXV
Q�,Q3������OD\HUV�E\�HOHFWURFKHPLFDO�HWFK�
LQJ� LQ� +&,� VROXWLRQ�� -�$�6XFKLNRYD�9�9�.LGDORY��*�$�6XNDFK� � ���

.LOLPFKXN�,�9��Ü�/LJKW�FROOHFWLRQ�VLPXODWLRQLQ� WKH� VFLQWLOODWLRQ� GHWHFWRUV� RI� VKRUW�UDQJH� UDGLDWLRQ��9�$�7DUDVRY�� ,�9�.LOLP�FKXN��<X�7�9\GD\� � ���

.LULFKHQNR� ,�.�� Ü� 7KH� FRPSOH[� KHDW� H[�FKDQJH�PRGHO� DW� JURZLQJ� RI� ODUJH� DONDOLKDOLGH� FU\VWDOV�� $�9�.ROHVQLNRY�9�,�'HVKNR�� <X�9�/RNKPDQHWV�� $�<D�.DU�YDWVNLL��,�.�.LULFKHQNR � ���

.LULFKHQNR�0�9��Ü�6LQJOH�FU\VWDO�VLOLFRQ�VRODUFHOO� HIILFLHQF\� LQFUHDVH� LQ� PDJQHWLF� ILHOG�5�9�=DLWVHY�� 9�5�.RSDFK�� 0�9�.LUL�FKHQNR�� (�2�/XN\DQRY�� *�6�.KU\SXQRY�9�1�6DPRIDORY � ���

.LVHO�1�*��Ü�0RGLILHG�SRWDVVLXP�VRGLXP�QLR�EDWH� EDVHG� OHDG�IUHH� SLH]RFHUDPLFV�/�*�*XVDNRYD�� 9�0�,VKFKXN�� 1�*�.LVHO�'�9�.X]HQNR��1�$�6SLULGRQRY � ���

.LVHOHY�9�6��Ü�6\QWKHVLV��PRUSKRORJLFDO�DQG
VWUXFWXUDO�SURSHUWLHV�RI�ELR�6L&�FHUDPLFV�9�2�<XNK\PFKXN�� 9�6�.LVHOHY�� $�(�%H�O\DHY�� 0�9�&KXUVDQRYD�� 0�'DQDLORY�0�<D�9DODNK � ���

.LVLO� (�1�� Ü� 2Q� WKH� EHKDYLRU� RI� HXURSLXP
R[RFRPSRXQGV�LQ�PROWHQ�&V,��9�/�&KHUJL�QHWV�� 7�3�5HEURYD�� <X�1�'DWVNR�� 9�)�*RQFKDUHQNR�� .�1�%HOLNRY�� (�1�.LVLO�<X�,�'RO]KHQNR�� 1�1�.RVLQRY�� (�(�9RUR�QNLQD � ���

.O\PXN�(�6��Ü�$XWRVWDELOL]DWLRQ�RI�WHPSHUD�WXUH� LQ� V\VWHPV�ZLWK� FRPELQHG�PDJQHWLFDQG� UHVLVWLYH� WUDQVLWLRQ� XQGHU� HOHFWULFFXUUHQW� IORZ�� <X�,�']KH]KHU\D�� $�,�7RY�VWRO\WNLQ��(�6�.O\PXN��/�6�8VSHQVND\D � ���

.O\XL�1��Ü�'HYHORSPHQW�RI�EDFN�FRQWDFW�IRU
&G6�&G7H� WKLQ�ILOP� VRODU� FHOOV�� *�.KU\�SXQRY�� $�0HULXWV�� 1�.O\XL�� 7�6KHOHVW�1�'H\QHNR��1�.RYWXQ � ���

.ROHVQLNRY� $�9�� Ü� 7KH� FRPSOH[� KHDW� H[�FKDQJH�PRGHO� DW� JURZLQJ� RI� ODUJH� DONDOLKDOLGH� FU\VWDOV�� $�9�.ROHVQLNRY�9�,�'HVKNR�� <X�9�/RNKPDQHWV�$�<D�.DUYDWVNLL��,�.�.LULFKHQNR � ���

.RO\ED\HYD� 0�,�� Ü� /XPLQHVFHQW� SURSHUWLHV
RI�UKRGDPLQH��*�G\H�LQ�VLOLFD�VRO�JHO�PD�WULFHV�� 2�1�%H]NURYQD\D�� ,�0�3ULWXOD�9�9�0DVORY�� 9�0�3X]LNRY�� 0�,�.RO\�ED\HYD��$�9�.RVLQRYD��<X�$�*XUNDOHQNR�$�9�/RSLQ� � ���

.RQFKLWV�$�$��Ü�7KH�SDUDPDJQHWLF�DQG�OXPL�QHVFHQFH� SURSHUWLHV� RI� VLQJOH�VWDJH� V\Q�
WKHVL]HG� =Q6�&X�� <X�<X�%DFKHULNRY�,�3�9RURQD��$�$�.RQFKLWV��6�9�2SWDV\XN�6�9�.R]LWVNL\��.�'�.DUGDVKRY � ���

.RQRQHQNR�6��Ü�7KH�LRQROXPLQHVFHQFH�FKDU�DFWHULVWLFV� RI� TXDUW]�� 2�9DV\OFKHQNR�1�=KHOWRS\DWRYD�� 9�=KXUHQNR�� 2�.DODQ�WDU\DQ��6�.RQRQHQNR��9�0XUDWRY��9�)LOL�SHQNR� � ��

.RQRUHYD� 2�� Ü� 3HFXOLDULWLHV� RI� RSWLFDO� DE�
VRUSWLRQ�EDQG�HGJH� LQ� LUUDGLDWHG�*D3�7H�2�.RQRUHYD��3�/LWRYFKHQNR��9�0DQ]KDUD�9�2SLODW��9�7DUWDFKQ\N� � ��

.RQRYDORYD�2�<X��Ü�2SWLPL]DWLRQ�RI� VRO�JHOV\QWKHVLV�FRQGLWLRQV�IRU�SURGXFLQJ�RI�VLO�LFD�PRQROLWKV�SURPLVLQJ�IRU�FKURPDWRJUD�SK\�� VRUSWLRQ� NLQHWLFV� DQG� PHFKDQLFDOVWDELOLW\�� $�3�%RLFKHQNR�� $�0�)URORYD�2�<X�.RQRYDORYD��/�3�/RJLQRYD � ���

.RQVWDQWLQRYD� 7�(�� Ü� ;36� DQG� (65� VSHF�
WURVFRS\� RI� =U2��<�2��&U�2�� QDQRSRZ�GHUV�� ,�$�<DVKFKLVK\Q�� $�0�.RUGXEDQ�9�9�7UDFKHYVNL\�� 7�(�.RQVWDQWLQRYD�,�$�'DQLOHQNR��*�.�9RONRYD��,�.�1RVROHY � ���

.RQVWDQWLQRYD� 7�(�� Ü� 6WUXFWXUDO� HYROXWLRQ
RI�=U2�±<�2��[HURJHOV�XQGHU�KLJK�K\GUR�VWDWLF�SUHVVXUH��2�$�*RUEDQ��6�$�6LQ\DN�LQD�� <X�2�.XOLN�� 7�$�5\XPVKLQD�6�9�*RUEDQ��,�$�'DQLOHQNR��7�(�.RQVWDQ�WLQRYD � ���

.RSDFK� 2�9�� Ü� &RUUHODWLRQ� EHWZHHQ� $U�UKHQLXV� HTXDWLRQ� SDUDPHWHUV� FRQFHUQLQJ
WR� &G�=Q�7H� PHOWLQJ� DQG� FU\VWDOOL]DWLRQSURFHVV��/�3�6KFKHUEDN��2�9�.RSDFK � ���

.RSDFK� 9�5�� Ü� 6LQJOH�FU\VWDO� VLOLFRQ� VRODUFHOO�HIILFLHQF\�LQFUHDVH�LQ�PDJQHWLF�ILHOG�5�9�=DLWVHY�� 9�5�.RSDFK�� 0�9�.LUL�FKHQNR�� (�2�/XN\DQRY�� *�6�.KU\SXQRY�9�1�6DPRIDORY � ���

.RUGXEDQ� $�0�� Ü� ;36� DQG� (65� VSHFWURV�
FRS\� RI� =U2��<�2��&U�2�� QDQRSRZGHUV�,�$�<DVKFKLVK\Q��$�0�.RUGXEDQ��9�9�7UD �FKHYVNL\�� 7�(�.RQVWDQWLQRYD�� ,�$�'D�QLOHQNR��*�.�9RONRYD��,�.�1RVROHY� � ���

.RURQRYVN\\� 9�(�� Ü� 7KHUPDO� LQIOXHQFH� RQPDJQHWRHOHFWULF� FKDUDFWHULVWLFV� RI� \W�WULXP� LURQ� JDUQHW� HSLWD[LDO� ILOPV�9�(�.RURQRYVN\\��%�<�6FKHUEDN� � ��

.RURY\DQNR� 2�� Ü� 0RUSKRORJ\� DQG� RSWLFDOSURSHUWLHV� RI� ILOPV� ZLWK� PDJQHWLWHQDQRSDUWLFOHV�� 2�.RURY\DQNR�1�'PLWUXN�� 6�0DP\NLQ�� 0�6\WQ\N�2�/\WY\Q��3�)RFKXN � ���

.RU]KRY�9�3��Ü�7KH�VHFRQG�FULWLFDO�PDJQHWLFILHOG� RI� PXOWLOD\HUHG� FRQGXFWRUV� ZLWK
QDQR�OD\HUV�RI� VXSHUFRQGXFWLQJ�1E±7L� DO�OR\V��9�3�.RU]KRY��$�9�1LNXORY��9�1�=YH�UHY� � �

.RVLQRY�1�1��Ü�2Q�WKH�EHKDYLRU�RI�HXURSLXP
R[RFRPSRXQGV�LQ�PROWHQ�&V,��9�/�&KHUJL�QHWV�� 7�3�5HEURYD�� <X�1�'DWVNR�� 9�)�*RQFKDUHQNR�� .�1�%HOLNRY�� (�1�.LVLO�<X�,�'RO]KHQNR�� 1�1�.RVLQRY�� (�(�9R�URQNLQD � ���

.RVLQRYD� $�9�� Ü� /XPLQHVFHQW� SURSHUWLHV� RI
UKRGDPLQH��*�G\H�LQ�VLOLFD�VRO�JHO�PDWUL�FHV�� 2�1�%H]NURYQD\D�� ,�0�3ULWXOD�9�9�0DVORY�� 9�0�3X]LNRY�� 0�,�.RO\�ED\HYD��$�9�.RVLQRYD��<X�$�*XUNDOHQNR�$�9�/RSLQ� � ���

.RVLQRYD�$�9��Ü�&RPELQHG�FRPSRVLWH�VFLQWLO�ODWLRQ� GHWHFWRU� IRU� VHSDUDWH� PHDVXUH�PHQWV� RI� IDVW� DQG� WKHUPDO� QHXWURQV�1�/�.DUDYDHYD�� 1�=�*DOXQRY�� (�9�0DU�W\QHQNR��$�9�.RVLQRYD � ���
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.RVPLQVND�<X�2��Ü�3RURXV�$O�DQG�&X�VWUXF�WXUHV� DV� LQIUDUHG� VLJQDO� HQKDQFHUV�*�,�'RYEHVKNR�� 2�0�)HVHQNR�� 9�5�5R�PDQ\XN�� 9�,�3HUHNUHVWRY�� <X�2�.RVPLQ�VND��6�,�.VKQ\DNLQD� � ��

.RVP\QD� 0�%�� Ü� 'HSHQGHQFH� RI� 3E0R2�FU\VWDO�GDPDJH�WKUHVKROG�RQ�1G���FRQFHQ�WUDWLRQ� DQG� PHWKRG� RI� GRSLQJ�9�1�%DXPHU�� <X�1�*RUREHWV�� /�9�*XG�]HQNR�� 0�%�.RVP\QD�� %�3�1D]DUHQNR�9�0�3X]LNRY��$�1�6KHNKRYWVRY��=�9�6KWL�
WHOPDQ � ���

.RYDO�9�0��Ü�7KLQ�ILOP�6L�(X�DQG�6L�<�FRP�SRVLWHV��9�0�.RYDO��<X�6�&KHFKXJD� � ��

.RYDO�FKXN�$�9�� Ü�(IIHFWV� RI�89� UDGLDWLRQRQ� VHOHFWLYH� UHIOHFWLRQ� DQG� GLHOHFWULFSURSHUWLHV� RI� FKROHVWHURO� HVWHU� PL[WXUHVZLWK� SKRWRDFWLYH� QHPDWLFV�� 0�,�6HUELQD�/�1�/LVHWVNL�� ,�$�*YR]GRYVN\\�� $�9�.R�YDO�FKXN��*�6�&KLOD\D � ���

.RYDOHQNR� (�1�� Ü� 'LVSHUVLRQ� RI� UHIUDFWLYH
LQGH[� LQ� WKLQ� ILOPV� &G,�� DQG� =Q,��2�1�<XQDNRYD�� 9�.�0LORVODYVN\�� (�1�.R�YDOHQNR � ���

.RYDOHQNR�1�2��Ü�1RYHO�PDWHULDO�IRU�DFWLYH
HOHPHQWV� RI� ODVHUV� WXQDEOH� LQ� �Ü�� PP
UDQJH�� )H���=Q�±[0J[6H� VLQJOH� FU\VWDOV�<X�$�=DJRUXLNR��1�2�.RYDOHQNR��2�$�)H�GRUHQNR��$�6�*HUDVLPHQNR � ���

.RYDOHQNR�1�2��Ü�7HPSHUDWXUH�GHSHQGHQFHVRI� RSWLFDO� DQG� SLH]RHOHFWULF� FKDUDF�
WHULVWLFV� RI� =Q0J6H� VLQJOH� FU\VWDOV�<X�$�=DJRUXLNR�� 1�2�.RYDOHQNR�9�0�3X]LNRY��2�$�)HGRUHQNR � ���

.RYWXQ� 1�� Ü� 'HYHORSPHQW� RI� EDFN� FRQWDFW
IRU� &G6�&G7H� WKLQ�ILOP� VRODU� FHOOV�*�.KU\SXQRY�� $�0HULXWV�� 1�.O\XL�7�6KHOHVW��1�'H\QHNR��1�.RYWXQ � ���

.R]LWVNL\� 6�9�� Ü� 7KH� SDUDPDJQHWLF� DQG� OX�PLQHVFHQFH�SURSHUWLHV�RI�VLQJOH�VWDJH�V\Q�
WKHVL]HG� =Q6�&X�� <X�<X�%DFKHULNRY�,�3�9RURQD��$�$�.RQFKLWV��6�9�2SWDV\XN�6�9�.R]LWVNL\��.�'�.DUGDVKRY � ���

.ULYRQRJRY� 6�,�� Ü� $QLVRWURS\� RI� VDSSKLUHSURSHUWLHV� DVVRFLDWHG� ZLWK� FKHPLFDO�PH�FKDQLFDO� SROLVKLQJ� ZLWK� VLOLFD�� $�7�%XG�QLNRY�� (�$�9RYN�� 6�,�.ULYRQRJRY�$�<D�'DQNR��2�$�/XNL\HQNR� � ���

.UXSND� 2�� Ü� 3URSHUWLHV� RI� IXQFWLRQDO'1$�3('27� OD\HUV�� 9�.D]XNDXVNDV�$�$UODXVNDV�� 0�3UDQDLWLV�� 2�.UXSND�)�.DM]DU��=�(VVDLGL��%��6DKUDRXL� � ��

.VKQ\DNLQD� 6�,�� Ü�3RURXV�$O� DQG�&X� VWUXF�WXUHV� DV� LQIUDUHG� VLJQDO� HQKDQFHUV�*�,�'RYEHVKNR�� 2�0�)HVHQNR�� 9�5�5R�PDQ\XN�� 9�,�3HUHNUHVWRY�� <X�2�.RVPLQ�VND��6�,�.VKQ\DNLQD� � ��

.XOLN�.�1�� Ü�1HZ�YRUWH[� VWUXFWXUHV� LQ� WKHWZR�GLPHQVLRQDO�K\GURG\QDPLF��$�9�7XU�.�1�.XOLN��9�9�<DQRYVN\ � ���

.XOLN�<X�2��Ü�6WUXFWXUDO�HYROXWLRQ�RI�=U2�±<�2�� [HURJHOV� XQGHU� KLJK� K\GURVWDWLFSUHVVXUH�� 2�$�*RUEDQ�� 6�$�6LQ\DNLQD�<X�2�.XOLN�� 7�$�5\XPVKLQD�� 6�9�*RU�EDQ��,�$�'DQLOHQNR��7�(�.RQVWDQWLQRYD � ���

.XUDN�9�9��Ü�'HFUHDVH�RI� H[FLWRQ�UDGLDWLRQLQWHQVLW\� LQ� FRPSHQVDWHG� JDOOLXPDUVHQLGH� VLQJOH� FU\VWDOV� XQGHU� LQIOXHQFHRI� ORZ� HOHFWULF� ILHOG�� $�'�6KWDQ�NR�0�%�/LWYLQRYD��9�9�.XUDN� � ��

.XUEDWRYD�<X�1��Ü�+LJK�VSHHG�G\QDPLFV�RIWKH� GRPDLQ� ZDOO� LQ� JDUQHW� ILOPV� LQ� WKHODUJH�LQ�SODQH�PDJQHWLF�ILHOGV��0�9�&KHW�NLQ��<X�1�.XUEDWRYD��7�%�6KDSDHYD � ���

.XV� 3�� Ü� ,QIOXHQFH� RI� LRQ� LPSODQWDWLRQ� RQ
WKH� SKDVH� WUDQVLWLRQV� LQ� &X�36�,� VXSH�ULRQLF� FRQGXFWRUV�� ,�3�6WXGHQ\DN�9�<X�,]DL�� 9�2�6WHIDQRYLFK�� 9�9�3DQ±NR�3�.XV��$�3OHFHQLN� � ��

.XWX]RYD� /�9�� Ü� 7KH� ELQGLQJ� DELOLW\� DQGVROYDWLRQ�SURSHUWLHV� RI� FDWLRQLF� VSKHULFDOSRO\HOHFWURO\WH� EUXVKHV� DV� VWXGLHG� XVLQJDFLG�EDVH� DQG� VROYDWRFKURPLF� LQGLFDWRUV�1�$�9RGROD]ND\D�� 1�2�0FKHGORY�3HW�URVV\DQ�� (�<X�%U\OHYD�� 6�9�%LOHWVND\D�0�6FKULQQHU��/�9�.XWX]RYD��0�%DOODXII � ���

.X]HQNR�'�9��Ü�0RGLILHG�SRWDVVLXP�VRGLXPQLREDWH� EDVHG� OHDG�IUHH� SLH]RFHUDPLFV�/�*�*XVDNRYD�� 9�0�,VKFKXN�� 1�*�.LVHO�'�9�.X]HQNR��1�$�6SLULGRQRY � ���

.X]PDN�2�0��Ü�,QGXFWLYH�GHWHFWLRQ�RI�PDJ�QHWRDFRXVWLF�UHVSRQVHV�DQG�GRPDLQ�DFRXV�WLF� HFKR� LQ� PDJQHWRVWULFWLYH� PDWHULDOVXVLQJ� D� SXOVH�105� WHFKQLTXH��*�,�0DP�QLDVKYLOL��<�*�6KDULPDQRY��7�2�*HJHFKN�RUL�� $�0�$NKDONDWVL�� $�0�3RKRULO\�2�0�.X]PDN � ���
/DOD\DQWV�$�,��Ü�(IIHFW�RI�KHDW�WUHDWPHQW�LQ

=Q�YDSRU�RQ�VSHFWUDO�NLQHWLF��RSWLFDO�DQG
PHFKDQLFDO� SURSHUWLHV� RI� =Q6H�2��7H�FU\VWDOV�� /�3�*DO�FKLQHWVNLL�� .�$�.D�WUXQRY��$�,�/DOD\DQWV��$�'�2SRORQLQ � ���

/DOHWLQ� 9�0�� Ü�'HSHQGHQFH� RI�PDJQHWRHOHF�WULF� HIIHFW� LQ� OD\HUHG� OHDG� ]LUFRQDWH�WL�WDQDWH� �� QLFNHO� KHWHURVWUXFWXUHV� RQ� WKHLQWHUIDFH� W\SH�� 1�1�3RGGXEQD\D�9�0�/DOHWLQ��$�,�6WRJQLM��1�1�1RYLWVNLL � ���
/DOHWLQ� 9�0�� Ü� ,QIOXHQFH� RI� WLWDQLXP� R[LGHDGGLWLRQ� RQ� SURSHUWLHV� RI� OHDG� ]LUFRQDWHWLWDQDWH�QLFNHO� IHUULWH� FHUDPLFV�9�0�/DOHWLQ��*�6ULQLYDVDQ � ���
/D]DUHY� 9�9�� Ü� 2SWLFDO� DQG� SKRWRHOHFWULFDOSURSHUWLHV�RI�/DQJPXLU�%ORGJHWW�GLSKWKD�ORF\DQLQH� WKLQ� ILOPV�� $�9�$OSDWRYD�6�*�<XGLQ�� 9�9�/D]DUHY�� <�$�'UDJLQGD�$�9�.D]DN��6�3�3DOWR � ���
/D]XWD� $�9�� Ü� 3DUDPDJQHW�WR�IHUURPDJQHWDQG� LQVXODWRU�WR�PHWDO� SKDVH� WUDQVLWLRQV

LQ� /D����0Q2������ $�9�/D]XWD�� 9�$�5\]�KRY�� 9�3�.KDYURQLQ�� <X�3�&KHUQHQNRY�2�3�6PLUQRY�� 3�/�0RONDQRY�� ,�2�7UR\�DQFKXN��9�$�.KRPFKHQNR� � ��
/HEHGHY�9�1��Ü�7KH�QDWXUH�RI�WUDSSLQJ�FHQ�WHUV� LQ� DPRUSKRXV� ELSKHQ\O� FRQWDLQLQJSRO\PHU�� $�)�$GDGXURY�� $�,�%HGULN�(�&�9HOPR]KQD\D��3�1�=KPXULQ��9�1�/H�EHGHY��9�'�7LWVND\D� � ���
/HERYND� 1�,�� Ü� $JJUHJDWHV� RI� PXOWLZDOOHGFDUERQ�QDQRWXEHV� LQ�QHPDWLF� OLTXLG�FU\V�WDO� GLVSHUVLRQV�� H[SHULPHQWDO� HYLGHQFHDQG� D� SK\VLFDO� SLFWXUH�� 6�6�0LQHQNR�/�1�/LVHWVNL�� $�,�*RQFKDUXN�� 1�,�/H�ERYND��9�9�3RQHYFKLQVN\��0�6�6RVNLQ � ���
/HH�&�*��Ü�'RPDLQ�VWUXFWXUH� IRUPDWLRQ�DQGHYROXWLRQ� LQ� HSLWD[LDO� H[FKDQJH�ELDVHG

1L)H� ILOPV� ZLWK� GLVORFDWLRQ� VOLS� SODQHV�9�6�*RUQDNRY��9�,�1LNLWHQNR��&�*�/HH � ���
/HR� .�� Ü� $JHLQJ�GHSHQGHQW� SURSHUWLHV� RI

=Q3F�&��� SKRWRYROWDLF� GHYLFHV�� 9�.D]X�NDXVNDV�� $�$UODXVNDV�� 0�3UDQDLWLV�5�/HVVPDQQ��0�5LHGH��.�/HR � ���

$XWKRU�,QGH[�9RO�����¢��Ü�

��� )XQFWLRQDO�PDWHULDOV�������������



/HVVPDQQ�5��Ü�$JHLQJ�GHSHQGHQW�SURSHUWLHV
RI� =Q3F�&��� SKRWRYROWDLF� GHYLFHV�9�.D]XNDXVNDV�� $�$UODXVNDV�� 0�3UDQDL�WLV��5�/HVVPDQQ��0�5LHGH��.�/HR � ���

/HY�6��%�� �Ü�7KH�LQIOXHQFH�RI�VLQJOH�EDUULHUVHPLPDJQHWLF� VHPLFRQGXFWRU� VSLQ� ILOWHURQ� HOHFWURQV� VSLQ� SRODUL]DWLRQ�� *�� 9�9HUWVLPDNKD��6��%��/HY � ���
/LQQLN�$�,��Ü�6WUXFWXUH�PRGLILFDWLRQ�RI�FDUE�RQ� QLWULGH� ILOPV� E\� KHDW� WUHDWPHQW�9�1�9DU\XNKLQ��$�0�3UXGQLNRY��$�,�/LQ�QLN��/�1�2OLWVN\��9�9�%XUNKRYHWVN\ � ���
/LVHWVNL� /�1�� Ü� (IIHFWV� RI� 89� UDGLDWLRQ� RQVHOHFWLYH�UHIOHFWLRQ�DQG�GLHOHFWULF�SURSHU�WLHV� RI� FKROHVWHURO� HVWHU� PL[WXUHV� ZLWKSKRWRDFWLYH� QHPDWLFV�� 0�,�6HUELQD�/�1�/LVHWVNL�� ,�$�*YR]GRYVN\\�� $�9�.R�YDO�FKXN��*�6�&KLOD\D � ���
/LVHWVNL� /�1�� Ü� $JJUHJDWHV� RI� PXOWLZDOOHGFDUERQ�QDQRWXEHV� LQ�QHPDWLF� OLTXLG�FU\V�WDO� GLVSHUVLRQV�� H[SHULPHQWDO� HYLGHQFHDQG� D� SK\VLFDO� SLFWXUH�� 6�6�0LQHQNR�/�1�/LVHWVNL�� $�,�*RQFKDUXN�� 1�,�/H�ERYND��9�9�3RQHYFKLQVN\��0�6�6RVNLQ � ���
/LWRYFKHQNR�3��Ü�3HFXOLDULWLHV�RI�RSWLFDO�DE�

VRUSWLRQ�EDQG�HGJH� LQ� LUUDGLDWHG�*D3�7H�2�.RQRUHYD��3�/LWRYFKHQNR��9�0DQ]KDUD�9�2SLODW��9�7DUWDFKQ\N� � ��
/LWYLQRYD�0�%��Ü�'HFUHDVH�RI�H[FLWRQ�UDGLD�WLRQ� LQWHQVLW\� LQ� FRPSHQVDWHG� JDOOLXPDUVHQLGH� VLQJOH� FU\VWDOV� XQGHU� LQIOXHQFHRI� ORZ� HOHFWULF� ILHOG�� $�'�6KWDQ�NR�0�%�/LWYLQRYD��9�9�.XUDN� � ��
/RJLQRYD�/�3��Ü�2SWLPL]DWLRQ�RI�VRO�JHO�V\Q�WKHVLV� FRQGLWLRQV� IRU� SURGXFLQJ� RI� VLOLFDPRQROLWKV�SURPLVLQJ�IRU�FKURPDWRJUDSK\�VRUSWLRQ� NLQHWLFV� DQG� PHFKDQLFDO� VWDELO�LW\�� $�3�%RLFKHQNR�� $�0�)URORYD�2�<X�.RQRYDORYD��/�3�/RJLQRYD � ���
/RNKPDQHWV� <X�9�� Ü� 7KH� FRPSOH[� KHDW� H[�FKDQJH�PRGHO� DW� JURZLQJ� RI� ODUJH� DONDOLKDOLGH� FU\VWDOV�� $�9�.ROHVQLNRY�9�,�'HVKNR�� <X�9�/RNKPDQHWV�$�<D�.DUYDWVNLL��,�.�.LULFKHQNR � ���
/RSLQ�$�9��Ü�/XPLQHVFHQW�SURSHUWLHV�RI�UKR�

GDPLQH��*�G\H� LQ�VLOLFD�VRO�JHO�PDWULFHV�2�1�%H]NURYQD\D�� ,�0�3ULWXOD��9�9�0DVORY�9�0�3X]LNRY�� 0�,�.RO\ED\HYD�� $�9�.R�VLQRYD��<X�$�*XUNDOHQNR��$�9�/RSLQ� � ���
/XNL\HQNR� 2�$�� Ü� $QLVRWURS\� RI� VDSSKLUHSURSHUWLHV� DVVRFLDWHG� ZLWK� FKHPLFDO�PH�FKDQLFDO� SROLVKLQJ� ZLWK� VLOLFD�� $�7�%XG�QLNRY�� (�$�9RYN�� 6�,�.ULYRQRJRY�$�<D�'DQNR��2�$�/XNL\HQNR� � ���
/XN\DQRY�(�2��Ü�6LQJOH�FU\VWDO�VLOLFRQ�VRODUFHOO�HIILFLHQF\�LQFUHDVH�LQ�PDJQHWLF�ILHOG�5�9�=DLWVHY�� 9�5�.RSDFK�� 0�9�.LUL�FKHQNR�� (�2�/XN\DQRY�� *�6�.KU\SXQRY�9�1�6DPRIDORY � ���
/\WY\Q�2��Ü�0RUSKRORJ\�DQG�RSWLFDO�SURSHU�WLHV� RI� ILOPV� ZLWK� PDJQHWLWH� QDQRSDUWL�FOHV�� 2�.RURY\DQNR�� 1�'PLWUXN�6�0DP\NLQ�� 0�6\WQ\N�� 2�/\WY\Q�� 3�)R�FKXN � ���
/\WY\Q� 2�6�� Ü� 2SWLFDO� SURSHUWLHV� RI� $O1�Q±

6L������ ILOPV� REWDLQHG� E\�PHWKRG� RI�+)UHDFWLYH� PDJQHWURQ� VSXWWHULQJ�0�6�=D\DWV�� 9�*�%RLNR�� 3�2�*HQWVDU�0�9�9XLFK\N��2�6�/\WY\Q��$�9�6WURQVNL� � ���

/\WY\QRY� /�$�� Ü� 6RPH� SHFXOLDULWLHV� RI� WKHXVH� RI� VDSSKLUH� OLJKW� JXLGHV� LQ� PHWDO�OXUJ\��/�)�=KXNRY��/�$�/\WY\QRY � ���
0DNDURY� (�3�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�� (�1�*D�ODVKRY�� 7�0�'HQLVRYD�� ,�0�,YDQRY�(�3�0DNDURY��9�1�0DPRQWRY��9�1�6KOHJHO�<X�*�6WHQLQ��<D�9�9DVLOLHY��9�1�=KGDQNRY � ���
0DO\XNLQ�<X��Ü�0HFKDQLVPV�RI�FKDUJH�LQWHU�

DFWLRQV�LQ�FR�GRSHG�/X�6L2��&H���FU\VWDOV�$�0DVDORY�� 2�9LDJLQ�� ,�*DQLQD�� <X�0D�O\XNLQ � ���
0DO\XNLQ�<X�9��Ü�)HDWXUHV�RI�H[FLWRQ�ORFDO�L]DWLRQ� LQ� D� VLQJOH� -�DJJUHJDWH�� ,�.�.D�WUXQRY�� 6�/�<HILPRYD�� $�9�6RURNLQ�<X�9�0DO\XNLQ � ���
0DO\XNLQ�<X�9��Ü�0HFKDQLVPV�RI�ORFDO�LQKR�PRJHQHLW\� RI� GRSDQW� FRQFHQWUDWLRQ� LQ

<�6L2��3U��� QDQRFU\VWDOV�� 9�9�6HPLQNR�$�$�0DVDORY��<X�9�0DO\XNLQ��<X�,�%R\NR � ���
0DO\XNLQ�<X�9��Ü�&RQWURO�RI�SRODURQ�IRUPD�WLRQ� LQ� -�DJJUHJDWHV�� ,�.�.DWUXQRY�6�/�<HILPRYD�� $�9�6RURNLQ�� <X�9�0D�O\XNLQ� � ��
0DPQLDVKYLOL� *�,�� Ü� ,QGXFWLYH� GHWHFWLRQ� RIPDJQHWRDFRXVWLF� UHVSRQVHV� DQG� GRPDLQ�DFRXVWLF�HFKR�LQ�PDJQHWRVWULFWLYH�PDWHUL�DOV� XVLQJ� D� SXOVH� 105� WHFKQLTXH�*�,�0DPQLDVKYLOL�� <�*�6KDULPDQRY�7�2�*HJHFKNRUL�� $�0�$NKDONDWVL�$�0�3RKRULO\��2�0�.X]PDN � ���
0DPRQWRY� 9�1�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�(�1�*DODVKRY��7�0�'HQLVRYD��,�0�,YDQRY�(�3�0DNDURY��9�1�0DPRQWRY��9�1�6KOHJHO�<X�*�6WHQLQ��<D�9�9DVLOLHY��9�1�=KGDQNRY � ���
0DP\NLQ�6��Ü�0RUSKRORJ\�DQG�RSWLFDO�SURS�HUWLHV�RI�ILOPV�ZLWK�PDJQHWLWH�QDQRSDUWLFOHV�2�.RURY\DQNR�� 1�'PLWUXN�� 6�0DP\NLQ�0�6\WQ\N��2�/\WY\Q��3�)RFKXN � ���
0DQ]KDUD� 9�� Ü� 3HFXOLDULWLHV� RI� RSWLFDO� DE�

VRUSWLRQ�EDQG�HGJH� LQ� LUUDGLDWHG�*D3�7H�2�.RQRUHYD��3�/LWRYFKHQNR��9�0DQ]KDUD�9�2SLODW��9�7DUWDFKQ\N� � ��
0DUWUD� *�� Ü� 3URSHUWLHV� RI� DPRUSKRXV� DQGFU\VWDOOLQH� VXUIDFHV� RI� QDQR�K\GUR[\DSD�WLWHV��<X�6DNKQR��/�%HUWLQHWWL��*�0DUWUD�6�&ROXFFLD��$�7DPSLHUL��1�5RYHUL� � ��
0DUW\QHQNR� (�9�� Ü� &RPELQHG� FRPSRVLWHVFLQWLOODWLRQ� GHWHFWRU� IRU� VHSDUDWH� PHDV�XUHPHQWV� RI� IDVW� DQG� WKHUPDO� QHXWURQV�1�/�.DUDYDHYD�� 1�=�*DOXQRY�� (�9�0DU�W\QHQNR��$�9�.RVLQRYD � ���
0DVDORY�$�$��Ü�0HFKDQLVPV�RI�ORFDO�LQKRPR�JHQHLW\� RI� GRSDQW� FRQFHQWUDWLRQ� LQ

<�6L2��3U��� QDQRFU\VWDOV�� 9�9�6HPLQNR�$�$�0DVDORY��<X�9�0DO\XNLQ��<X�,�%R\NR � ���
0DVDORY�$��Ü�0HFKDQLVPV�RI�FKDUJH�LQWHUDF�

WLRQV� LQ� FR�GRSHG� /X�6L2��&H��� FU\VWDOV�$�0DVDORY�� 2�9LDJLQ�� ,�*DQLQD�� <X�0D�O\XNLQ � ���
0DVORY� 9�9�� Ü� /XPLQHVFHQW� SURSHUWLHV� RI

UKRGDPLQH��*�G\H�LQ�VLOLFD�VRO�JHO�PDWUL�FHV�� 2�1�%H]NURYQD\D�� ,�0�3ULWXOD�9�9�0DVORY�� 9�0�3X]LNRY�� 0�,�.RO\�ED\HYD��$�9�.RVLQRYD��<X�$�*XUNDOHQNR�$�9�/RSLQ� � ���
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0DWH\FKHQNR� 3�9�� Ü� 6RO�JHO� SURFHVVLQJ� RI
WUDQVSDUHQW� /X�2��(X��� SKRVSKRU� ILOPV�1�9�%DED\HYVND\D�� $�6�%H]NURYQ\L�3�9�0DWH\FKHQNR��2�0�9RYN��5�3�<DYHW�VNL\ � ���

0FKHGORY�3HWURVV\DQ� 1�2�� Ü� 7KH� ELQGLQJDELOLW\� DQG� VROYDWLRQ� SURSHUWLHV� RI� FDW�LRQLF�VSKHULFDO�SRO\HOHFWURO\WH�EUXVKHV�DVVWXGLHG� XVLQJ� DFLG�EDVH� DQG� VROYDWR�FKURPLF� LQGLFDWRUV�� 1�$�9RGROD]ND\D�1�2�0FKHGORY�3HWURVV\DQ�� (�<X�%U\OHYD�6�9�%LOHWVND\D�� 0�6FKULQQHU�� /�9�.X�WX]RYD��0�%DOODXII � ���
0HOQLFKXN� ,�$�� Ü� ,QIOXHQFH� RI� WKH� LUUDGLD�WLRQ�GR]H�DQG�WHPSHUDWXUH�RQ�WKH�IOX[�RIHMHFWLQJ�DWRPV�GXULQJ�UHOLHI�IRUPDWLRQ�RQ

0J� VXUIDFH� E\� $U�� VSXWWHULQJ�� ,�1�6WDU�VKLQRY��,�$�0HOQLFKXN � ���
0HULXWV� $�� Ü� 'HYHORSPHQW� RI� EDFN� FRQWDFW

IRU� &G6�&G7H� WKLQ�ILOP� VRODU� FHOOV�*�.KU\SXQRY�� $�0HULXWV�� 1�.O\XL�7�6KHOHVW��1�'H\QHNR��1�.RYWXQ � ���
0LNKDLORY� ,�)�� Ü� ;�5D\� IOXRUHVFHQFH� GHWHU�PLQDWLRQ� RI� LPSXULW\� WUDFHV�XVLQJ�D� VHF�RQGDU\�HPLWWHU�DQG�D�VROLG�VWDWH�GHWHFWRU�,�)�0LNKDLORY��$�$�%DWXULQ��/�3�)RPLQD� � ���
0LNKDLORYD� 7�9�� Ü�6\QWKHVLV�DQG�SURSHUWLHVRI� VXEVWLWXWHG� IHUULWH�JDUQHW� ILOPV� IRURQH�GLPHQVLRQDO� PDJQHWRSKRWRQLF� FU\V�WDOV��9�1�%HU]KDQVN\��$�9�.DUDYDLQLNRY�(�7�0LO\XNRYD��7�9�0LNKDLORYD��$�5�3UR�NRSRY��$�1�6KDSRVKQLNRY� � ���
0LORVODYVN\�9�.��Ü�'LVSHUVLRQ�RI�UHIUDFWLYH

LQGH[� LQ� WKLQ� ILOPV� &G,�� DQG� =Q,��2�1�<XQDNRYD�� 9�.�0LORVODYVN\�� (�1�.R�YDOHQNR � ���
0LORVODYVN\�9�.�� Ü� ,PSODQWDWLRQ� RI� D�KROR�JUDSKLF�VWUXFWXUH�DQG�ZDYHJXLGH�SHULRGLFVWUXFWXUHV�IRUPHG�E\�VLOYHU�QDQRSDUWLFOHV

LQWR� $J&O±$J� ILOP� DQG� TXDUW]� JODVV�.�6�%HORVKHQNR�� /�$�$JHHY�9�.�0LORVODYVN\ � ���
0LO\XNRYD� (�7�� Ü� 6\QWKHVLV� DQG� SURSHUWLHVRI� VXEVWLWXWHG� IHUULWH�JDUQHW� ILOPV� IRURQH�GLPHQVLRQDO� PDJQHWRSKRWRQLF� FU\V�WDOV��9�1�%HU]KDQVN\��$�9�.DUDYDLQLNRY�(�7�0LO\XNRYD�� 7�9�0LNKDLORYD�$�5�3URNRSRY��$�1�6KDSRVKQLNRY� � ���
0LO\XNRYD�(�7��Ü�,QWHUIDFH�SURSHUWLHV�RI�%L�FRQWDLQHG� LURQ� JDUQHW� ILOPV�***�VXE�VWUDWHV�� 9�1�%HU]KDQVN\�� $�9�.DUD�YDLQLNRY�� (�7�0LO\XNRYD�� $�5�3URNRSRY�$�1�6KDSRVKQLNRY � ���
0LQHQNR� 6�6�� Ü� $JJUHJDWHV� RI� PXOWLZDOOHGFDUERQ�QDQRWXEHV� LQ�QHPDWLF� OLTXLG�FU\V�WDO� GLVSHUVLRQV�� H[SHULPHQWDO� HYLGHQFHDQG� D� SK\VLFDO� SLFWXUH�� 6�6�0LQHQNR�/�1�/LVHWVNL�� $�,�*RQFKDUXN�� 1�,�/H�ERYND��9�9�3RQHYFKLQVN\��0�6�6RVNLQ � ���
0LUQD\D� 7�$�� Ü� 3KDVH� GLDJUDP� DQG� RSWLFDOSURSHUWLHV�RI�OLTXLG�FU\VWDOOLQH�ELQDU\�FR�EDOW�FDSU\ODWH�Û�ODQWKDQXP�FDSU\ODWH�OLT�XLG� FU\VWDO� V\VWHP�� ,�,�7RNPHQNR�7�$�0LUQD\D��*�*�<DUHPFKXN � ���
0LURQFKXN� *�� Ü� 7O%U�� &DUULHU� WUDQVSRUW� DV

LQIOXHQFHG� E\� GHIHFWV� DQG� 7O� LRQ� PLJUD�WLRQ�� 9�.D]XNDXVNDV�� $�=LPLQVNLM�*�'DYLG\XN��9�%R]KNR��*�0LURQFKXN � ���

0RONDQRY�3�/��Ü�3DUDPDJQHW�WR�IHUURPDJQHWDQG� LQVXODWRU�WR�PHWDO� SKDVH� WUDQVLWLRQV
LQ� /D����0Q2������ $�9�/D]XWD�� 9�$�5\�]KRY�� 9�3�.KDYURQLQ�� <X�3�&KHUQHQNRY�2�3�6PLUQRY�� 3�/�0RONDQRY�� ,�2�7UR\�DQFKXN��9�$�.KRPFKHQNR� � ��

0RVNYLWLQ�$�2��Ü�5DGLROXPLQHVFHQFH�PHFKD�QLVP� RI� PDJQHVLXP� DOXPLQDWH� VSLQHOWUDQVSDUHQW� FHUDPLFV�� 2�.�7\XW\XQLN�$�2�0RVNYLWLQ��<X�*�.D]DULQRY��9�7�*ULW�V\QD� � ��
0XUDWRY�9��Ü�7KH� LRQROXPLQHVFHQFH�FKDUDF�WHULVWLFV� RI� TXDUW]�� 2�9DV\OFKHQNR�1�=KHOWRS\DWRYD��9�=KXUHQNR��2�.DODQWD�U\DQ�� 6�.RQRQHQNR�� 9�0XUDWRY�� 9�)LOL�SHQNR� � ��
0\DJNRWD�6�9��Ü�/XPLQHVFHQFH�SURSHUWLHV�RI

6U&O�±(X�PLFURFU\VWDOV�HPEHGGHG�LQ�1D&OKRVW�� $�6�3XVKDN�� 9�9�9LVWRYVN\\�6�9�0\DJNRWD�� 7�0�'HPNLY�� 2�7�$QWRQ�\DN��-�5�'DF\XN��3�9�6DYFK\Q��$�6�9ROR�VKLQRYVNLL � ���
1DVLERY�$�6��Ü�2SWLFDO�SURSHUWLHV�RI�=Q6�1LFU\VWDOV� REWDLQHG� E\� GLIIXVLRQ� GRSLQJ�<X�)�9DNVPDQ��<X�$�1LWVXN��9�9�<DWVXQ�<X�1�3XUWRY��$�6�1DVLERY��3�9�6KDSNLQ� � ��
1D]DUHQNR� %�3�� Ü� 'HSHQGHQFH� RI� 3E0R2�FU\VWDO�GDPDJH�WKUHVKROG�RQ�1G���FRQFHQ�

WUDWLRQ� DQG� PHWKRG� RI� GRSLQJ� �9�1�%DXPHU�� <X�1�*RUREHWV�� /�9�*XG�]HQNR�� 0�%�.RVP\QD�� %�3�1D]DUHQNR�9�0�3X]LNRY��$�1�6KHNKRYWVRY�� =�9�6KWL�
WHOPDQ � ���

1LNLWHQNR� 9�,�� Ü� 'RPDLQ� VWUXFWXUH� IRUPD�WLRQ�DQG�HYROXWLRQ�LQ�HSLWD[LDO�H[FKDQJH�
ELDVHG� 1L)H� ILOPV� ZLWK� GLVORFDWLRQ� VOLSSODQHV�� 9�6�*RUQDNRY�� 9�,�1LNLWHQNR�&�*�/HH � ���

1LNXORY�$�9��Ü�7KH�VHFRQG�FULWLFDO�PDJQHWLFILHOG� RI� PXOWLOD\HUHG� FRQGXFWRUV� ZLWK
QDQR�OD\HUV�RI� VXSHUFRQGXFWLQJ�1E±7L� DO�OR\V�� 9�3�.RU]KRY�� $�9�1LNXORY�9�1�=YHUHY� � �

1LWVXN�<X�$��Ü�2SWLFDO�SURSHUWLHV�RI�=Q6�1LFU\VWDOV� REWDLQHG� E\� GLIIXVLRQ� GRSLQJ�<X�)�9DNVPDQ�� <X�$�1LWVXN�� 9�9�<DW�VXQ�� <X�1�3XUWRY�� $�6�1DVLERY�3�9�6KDSNLQ� � ��
1L]KDQNRYVN\� 6�9�� Ü� 7KHUPRFKHPLFDO� HWFK�

LQJ� RI� VDSSKLUH� LQ� &2�+�� JDV� DWPRV�SKHUH��.K�6K��RJO\�.DOWDHY��1�6�6LGHOQLN�RYD�� $�<D�'DQ±NR�� $�7�%XGQLNRY�6�9�1L]KDQNRYVN\ � ���
1L]KDQNRYVN\� 6�9�� Ü� *URZWK� DQG� RSWLFDO

SURSHUWLHV� RI�$O�2�±G�1[� FU\VWDOV��.K�6K��RJO\� .DOWDHY�� 1�6�6LGHOQLNRYD�� 6�9�1L�
]KDQNRYVN\��$�<D�'DQ±NR��$�7�%XGQLNRY � ���

1RVNRYD� 1�,�� Ü� 1DQRFU\VWDOOLQH� DOOR\V� ZLWKKLJK� PDJQHWLF� SURSHUWLHV� DQG� KLJK� WHP�SHUDWXUH� VWDELOLW\�� 1�,�1RVNRYD�9�9�6KXOLND��$�3�3RWDSRY � ���
1RVROHY�,�.��Ü�;36�DQG�(65�VSHFWURVFRS\�RI

=U2��<�2��&U�2�� QDQRSRZGHUV�� ,�$�<DVK�FKLVK\Q�� $�0�.RUGXEDQ�� 9�9�7UD�FKHYVNL\�� 7�(�.RQVWDQWLQRYD�� ,�$�'DQL�OHQNR��*�.�9RONRYD��,�.�1RVROHY� � ���
1RYLWVNLL� 1�1�� Ü� 'HSHQGHQFH� RI� PDJQH�WRHOHFWULF�HIIHFW�LQ�OD\HUHG�OHDG�]LUFRQDWH�WLWDQDWH���QLFNHO� KHWHURVWUXFWXUHV�RQ� WKHLQWHUIDFH� W\SH�� 1�1�3RGGXEQD\D�9�0�/DOHWLQ��$�,�6WRJQLM��1�1�1RYLWVNLL � ���

$XWKRU�,QGH[�9RO�����¢��Ü�

��� )XQFWLRQDO�PDWHULDOV�������������



2EROHQVNLL�0�$��Ü�0HWDO�Ü�GLHOHFWULF�WUDQVL�WLRQ� DQG� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH
SVHXGR�JDS� LQ� <%D�&X�2�±G� VLQJOH� FU\V�WDOV�� HIIHFW� RI� SUHVVXUH� DQG� R[\JHQ� QRQ�VWRLFKLRPHWU\�� $�$�=DYJRURGQL\�� 5�9�9RYN�� 0�$�2EROHQVNLL�� $�9�6DPRLORY�0�*�5HY\DNLQD��(�9�%LOHWVNL\��9�0�3LQWR6DPRHV � ���

2OLNKRYVND�/��Ü�6WUXFWXUH�VROXWLRQ�SUREOHPVIRU� FU\VWDOV� FRQWDLQLQJ� SODQDU� GHIHFWV� DWD�KLJK�GHQVLW\��/�2OLNKRYVND � ���
2OLWVN\� /�1�� Ü� 6WUXFWXUH� PRGLILFDWLRQ� RIFDUERQ� QLWULGH� ILOPV� E\� KHDW� WUHDWPHQW�9�1�9DU\XNKLQ��$�0�3UXGQLNRY��$�,�/LQ�QLN��/�1�2OLWVN\��9�9�%XUNKRYHWVN\ � ���
2SLODW� 9�� Ü� 3HFXOLDULWLHV� RI� RSWLFDO� DEVRUS�

WLRQ� EDQG�HGJH� LQ� LUUDGLDWHG� *D3�7H�2�.RQRUHYD��3�/LWRYFKHQNR��9�0DQ]KDUD�9�2SLODW��9�7DUWDFKQ\N� � ��
2SRORQLQ�$�'��Ü�(IIHFW�RI�KHDW�WUHDWPHQW�LQ

=Q�YDSRU�RQ�VSHFWUDO�NLQHWLF��RSWLFDO�DQG
PHFKDQLFDO� SURSHUWLHV� RI� =Q6H�2��7H�FU\VWDOV�� /�3�*DO�FKLQHWVNLL�� .�$�.D�WUXQRY��$�,�/DOD\DQWV��$�'�2SRORQLQ � ���

2SWDV\XN� 6�9�� Ü� 7KH� SDUDPDJQHWLF� DQG� OX�PLQHVFHQFH�SURSHUWLHV�RI�VLQJOH�VWDJH�V\Q�
WKHVL]HG� =Q6�&X�� <X�<X�%DFKHULNRY�,�3�9RURQD��$�$�.RQFKLWV��6�9�2SWDV\XN�6�9�.R]LWVNL\��.�'�.DUGDVKRY � ���

2YFKDUHQNR�$�,��Ü�,QYHVWLJDWLRQ�RI�,����145
VSHFWUD� RI� WKH� PL[HG� �%L,����±Q���3E,��QVHPLFRQGXFWLQJ� OD\HUHG� FU\VWDOV�<X�3�*QDWHQNR�� $�,�%DUDEDVK�� ,�*�9HU�WHJHO�� (�'�&KHVQRNRY�� $�,�2YFKDUHQNR�6�9�3RJUHEQ\DN� � ��

3DOWR� 6�3�� Ü� 2SWLFDO� DQG� SKRWRHOHFWULFDOSURSHUWLHV�RI�/DQJPXLU�%ORGJHWW�GLSKWKD�ORF\DQLQH� WKLQ� ILOPV�� $�9�$OSDWRYD�6�*�<XGLQ�� 9�9�/D]DUHY�� <�$�'UDJLQGD�$�9�.D]DN��6�3�3DOWR � ���
3DQ±NR�9�9��Ü�,QIOXHQFH�RI�LRQ�LPSODQWDWLRQ

RQ�WKH�SKDVH�WUDQVLWLRQV�LQ�&X�36�,�VXSH�ULRQLF� FRQGXFWRUV�� ,�3�6WXGHQ\DN�9�<X�,]DL�� 9�2�6WHIDQRYLFK�� 9�9�3DQ±NR�3�.XV��$�3OHFHQLN� � ��
3DQWVXUNLQ�'�6��Ü�&RPSDULVRQ�RI�WKH�TXDOLW\

RI�%L��*H2��� FU\VWDOV� JURZQ� E\� WKH� FRQ�YHQWLRQDO� DQG� ORZ�WHPSHUDWXUH�JUDGLHQW&]RFKUDOVNL� WHFKQLTXHV�� 9�1�6KOHJHO�'�6�3DQWVXUNLQ � ���
3D]XUD� <X�,�� Ü� 6\QWKHVLV� RI� <�2�� DQG

<�2��1G���PRQRGLVSHUVH�FU\VWDOOLQH�QDQR�VSKHUHV� E\� KRPRJHQRXV� SUHFLSLWDWLRQ�<X�,�3D]XUD�� 9�1�%DXPHU�� 7�*�'H\QHND�2�0�9RYN��5�3�<DYHWVNL\� � ���
3HUHNUHVWRY�9�,�� Ü�3RURXV�$O� DQG�&X� VWUXF�WXUHV� DV� LQIUDUHG� VLJQDO� HQKDQFHUV�*�,�'RYEHVKNR�� 2�0�)HVHQNR�� 9�5�5R�PDQ\XN�� 9�,�3HUHNUHVWRY�� <X�2�.RVPLQ�VND��6�,�.VKQ\DNLQD� � ��
3HWFKHQNR�$�0��Ü�7KH�VWXG\�RI�WKH�GLVORFD�

WLRQ� UHVRQDQFH� LQ� /L)� FU\VWDOV� XQGHU� WKHLQIOXHQFH� RI� WKH� ORZ�GRVH� ;�LUUDGLDWLRQ�*�$�3HWFKHQNR��$�0�3HWFKHQNR � ���
3HWFKHQNR�*�$��Ü�7KH� VWXG\� RI� WKH�GLVORFD�

WLRQ� UHVRQDQFH� LQ� /L)� FU\VWDOV� XQGHU� WKHLQIOXHQFH� RI� WKH� ORZ�GRVH� ;�LUUDGLDWLRQ�*�$�3HWFKHQNR��$�0�3HWFKHQNR � ���

3HWUDNRYVND\D� (�$�� Ü� (65� VWXG\� RI� 6F)�FU\VWDOV� DQG� WKH� FU\VWDOV� RI� 6F)�� EDVHGVROLG� VROXWLRQV�� 9�1�9RURQRY�� (�$�3H�WUDNRYVND\D��$�$�$OH[DQGURYLFK � ���
3LVNXQRYD�1�1��Ü�$)0�VWXG\�RI� LQVWDELOLW\RI� JURZLQJ� FU\VWDO� VXUIDFH� PRUSKRORJ\�1�1�3LVNXQRYD � ���
3OHFHQLN�$��Ü� ,QIOXHQFH�RI� LRQ� LPSODQWDWLRQ

RQ�WKH�SKDVH�WUDQVLWLRQV�LQ�&X�36�,�VXSH�ULRQLF� FRQGXFWRUV�� ,�3�6WXGHQ\DN�9�<X�,]DL�� 9�2�6WHIDQRYLFK�� 9�9�3DQ±NR�3�.XV��$�3OHFHQLN� � ��
3RGGXEQD\D� 1�1�� Ü� 'HSHQGHQFH� RI� PDJQH�WRHOHFWULF�HIIHFW�LQ�OD\HUHG�OHDG�]LUFRQDWH�WLWDQDWH���QLFNHO� KHWHURVWUXFWXUHV�RQ� WKHLQWHUIDFH� W\SH�� 1�1�3RGGXEQD\D�9�0�/DOHWLQ��$�,�6WRJQLM��1�1�1RYLWVNLL � ���
3RJUHEQ\DN�6�9��Ü�,QYHVWLJDWLRQ�RI�,����145

VSHFWUD� RI� WKH� PL[HG� �%L,����±Q���3E,��QVHPLFRQGXFWLQJ� OD\HUHG� FU\VWDOV�<X�3�*QDWHQNR�� $�,�%DUDEDVK�� ,�*�9HU�WHJHO�� (�'�&KHVQRNRY�� $�,�2YFKDUHQNR�6�9�3RJUHEQ\DN� � ��
3RKRULO\�$�0��Ü�,QGXFWLYH�GHWHFWLRQ�RI�PDJ�QHWRDFRXVWLF�UHVSRQVHV�DQG�GRPDLQ�DFRXV�WLF� HFKR� LQ� PDJQHWRVWULFWLYH� PDWHULDOVXVLQJ� D� SXOVH�105� WHFKQLTXH��*�,�0DP�QLDVKYLOL��<�*�6KDULPDQRY��7�2�*HJHFKN�RUL�� $�0�$NKDONDWVL�� $�0�3RKRULO\�2�0�.X]PDN � ���
3RQHYFKLQVN\� 9�9�� Ü� $JJUHJDWHV� RI� PXOWL�ZDOOHG� FDUERQ� QDQRWXEHV� LQ� QHPDWLF� OLT�XLG�FU\VWDO�GLVSHUVLRQV��H[SHULPHQWDO�HYL�GHQFH� DQG� D� SK\VLFDO� SLFWXUH�� 6�6�0L�QHQNR�� /�1�/LVHWVNL�� $�,�*RQFKDUXN�1�,�/HERYND�� 9�9�3RQHYFKLQVN\�0�6�6RVNLQ � ���
3RWDSRY� $�3�� Ü� 1DQRFU\VWDOOLQH� DOOR\V� ZLWKKLJK� PDJQHWLF� SURSHUWLHV� DQG� KLJK� WHP�SHUDWXUH� VWDELOLW\�� 1�,�1RVNRYD�9�9�6KXOLND��$�3�3RWDSRY � ���
3RYUR]LQ�<H�$��Ü�6\QWKHVLV�DQG�RSWLFDO�SURS�HUWLHV� RI� SKRVSKDWH�ERUDWH�IOXRULGHJODVVHV� GRSHG� ZLWK� UDUH� HDUWK� HOHPHQWV�.�1�%HOLNRY�� 1�1�*UHEHQ\XN�� <H�9�*UL�VKLQD�� 1�/�<HJRURYD�� <H�$�3RYUR]LQ�6�1�*DONLQ � ���
3UDQDLWLV�0�� Ü�$JHLQJ�GHSHQGHQW� SURSHUWLHV

RI� =Q3F�&��� SKRWRYROWDLF� GHYLFHV�9�.D]XNDXVNDV�� $�$UODXVNDV�� 0�3UDQDL�WLV��5�/HVVPDQQ��0�5LHGH��.�/HR � ���
3UDQDLWLV� 0�� Ü� 3URSHUWLHV� RI� IXQFWLRQDO'1$�3('27� OD\HUV�� 9�.D]XNDXVNDV�$�$UODXVNDV�� 0�3UDQDLWLV�� 2�.UXSND�)�.DM]DU��=�(VVDLGL��%��6DKUDRXL� � ��
3ULWXOD� ,�0�� Ü� /XPLQHVFHQW� SURSHUWLHV� RI

UKRGDPLQH��*�G\H�LQ�VLOLFD�VRO�JHO�PDWUL�FHV�� 2�1�%H]NURYQD\D�� ,�0�3ULWXOD�9�9�0DVORY�� 9�0�3X]LNRY�� 0�,�.RO\�ED\HYD��$�9�.RVLQRYD��<X�$�*XUNDOHQNR�$�9�/RSLQ� � ���
3URGDQRY�1�9��Ü�0ROHFXODU�G\QDPLFV�RI�JUD�SKHQH�SUHSDUDWLRQ�E\�PHFKDQLFDO�H[IROLD�WLRQ� RI� D� JUDSKLWH� VXUIDFH�$�9�.KRPHQNR��1�9�3URGDQRY � ���
3URNRSRY�$�5��Ü�6\QWKHVLV�DQG�SURSHUWLHV�RIVXEVWLWXWHG� IHUULWH�JDUQHW� ILOPV� IRU� RQH�GLPHQVLRQDO� PDJQHWRSKRWRQLF� FU\VWDOV�9�1�%HU]KDQVN\�� $�9�.DUDYDLQLNRY�(�7�0LO\XNRYD�� 7�9�0LNKDLORYD�� $�5�3UR�NRSRY��$�1�6KDSRVKQLNRY� � ���

$XWKRU�,QGH[�9RO�����¢��Ü�

)XQFWLRQDO�PDWHULDOV������������� ���



3URNRSRY�$�5�� Ü� ,QWHUIDFH� SURSHUWLHV� RI�%L�FRQWDLQHG� LURQ� JDUQHW� ILOPV�***�VXE�VWUDWHV�� 9�1�%HU]KDQVN\�� $�9�.DUD�YDLQLNRY�� (�7�0LO\XNRYD�� $�5�3URNRSRY�$�1�6KDSRVKQLNRY � ���
3UXGQLNRY�$�0��Ü�6WUXFWXUH�PRGLILFDWLRQ�RIFDUERQ� QLWULGH� ILOPV� E\� KHDW� WUHDWPHQW�9�1�9DU\XNKLQ��$�0�3UXGQLNRY��$�,�/LQ�QLN��/�1�2OLWVN\��9�9�%XUNKRYHWVN\ � ���
3UXGQLNRY� $�0�� Ü� &DWDO\VW�IUHH� GHSRVLWLRQRI� QDQRFROXPQDU� FDUERQ� QLWULGH� ILOPV�5�9�6KDODHY�� $�1�8O\DQRY�� $�0�3UXG�QLNRY��9�1�9DU\XNKLQ � ���
3XUWRY�<X�1��Ü�2SWLFDO�SURSHUWLHV�RI�=Q6�1LFU\VWDOV� REWDLQHG� E\� GLIIXVLRQ� GRSLQJ�<X�)�9DNVPDQ��<X�$�1LWVXN��9�9�<DWVXQ�<X�1�3XUWRY��$�6�1DVLERY��3�9�6KDSNLQ� � ��
3XVKDN� $�6�� Ü� /XPLQHVFHQFH� SURSHUWLHV� RI

6U&O�±(X�PLFURFU\VWDOV�HPEHGGHG�LQ�1D&OKRVW�� $�6�3XVKDN�� 9�9�9LVWRYVN\\�6�9�0\DJNRWD�� 7�0�'HPNLY�� 2�7�$QWRQ�\DN�� -�5�'DF\XN�� 3�9�6DYFK\Q�� $�6�9R�ORVKLQRYVNLL � ���
3X]LNRY�9�0��Ü�7HPSHUDWXUH�GHSHQGHQFHV�RIRSWLFDO� DQG� SLH]RHOHFWULF� FKDUDFWHULVWLFV

RI� =Q0J6H� VLQJOH� FU\VWDOV�� <X�$�=D�JRUXLNR�� 1�2�.RYDOHQNR�� 9�0�3X]LNRY�2�$�)HGRUHQNR � ���
3X]LNRY� 9�0�� Ü� /XPLQHVFHQW� SURSHUWLHV� RI

UKRGDPLQH��*�G\H�LQ�VLOLFD�VRO�JHO�PDWUL�FHV�� 2�1�%H]NURYQD\D�� ,�0�3ULWXOD�9�9�0DVORY�� 9�0�3X]LNRY�� 0�,�.RO\�ED\HYD��$�9�.RVLQRYD��<X�$�*XUNDOHQNR�$�9�/RSLQ� � ���
3X]LNRY�9�0��Ü�'HSHQGHQFH�RI�3E0R2��FU\V�WDO� GDPDJH� WKUHVKROG� RQ�1G��� FRQFHQWUD�

WLRQ�DQG�PHWKRG�RI�GRSLQJ���9�1�%DXPHU�<X�1�*RUREHWV�� /�9�*XG]HQNR��0�%�.RV�P\QD�� %�3�1D]DUHQNR�� 9�0�3X]LNRY�
$�1�6KHNKRYWVRY��=�9�6KWLWHOPDQ � ���

5DGFKHQNR� 0�*�� � Ü� &RQYHUVH� PDJQHWRHOHF�WULFLW\� LQ� DV\PPHWULF� PDJQHWRHOHFWULFVWUXFWXUHV�� *�6�� 5DGFKHQNR�� 0�*�� 5DG�FKHQNR � ���
5DGFKHQNR� *�6�� � Ü� &RQYHUVH� PDJQHWRHOHF�WULFLW\� LQ� DV\PPHWULF� PDJQHWRHOHFWULFVWUXFWXUHV�� *�6�� 5DGFKHQNR�� 0�*�� 5DG�FKHQNR � ���
5HEURYD�7�3��Ü�2Q�WKH�EHKDYLRU�RI�HXURSLXP

R[RFRPSRXQGV�LQ�PROWHQ�&V,��9�/�&KHUJL�QHWV�� 7�3�5HEURYD�� <X�1�'DWVNR�� 9�)�*RQFKDUHQNR�� .�1�%HOLNRY�� (�1�.LVLO�<X�,�'RO]KHQNR�� 1�1�.RVLQRY�� (�(�9R�URQNLQD � ���
5HY\DNLQD�0�*��Ü�0HWDO�Ü�GLHOHFWULF�WUDQVL�WLRQ� DQG� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH

SVHXGR�JDS� LQ� <%D�&X�2�±G� VLQJOH� FU\V�WDOV�� HIIHFW� RI� SUHVVXUH� DQG� R[\JHQ� QRQ�VWRLFKLRPHWU\�� $�$�=DYJRURGQL\�� 5�9�9RYN�� 0�$�2EROHQVNLL�� $�9�6DPRLORY�0�*�5HY\DNLQD��(�9�%LOHWVNL\��9�0�3LQWR6DPRHV � ���
5LHGH� 0�� Ü� $JHLQJ�GHSHQGHQW� SURSHUWLHV� RI

=Q3F�&��� SKRWRYROWDLF� GHYLFHV�� 9�.D�]XNDXVNDV�� $�$UODXVNDV�� 0�3UDQDLWLV�5�/HVVPDQQ��0�5LHGH��.�/HR � ���
5RPDQ\XN� 9�5�� Ü� 3RURXV�$O� DQG�&X� VWUXF�WXUHV� DV� LQIUDUHG� VLJQDO� HQKDQFHUV�*�,�'RYEHVKNR�� 2�0�)HVHQNR�� 9�5�5R�PDQ\XN�� 9�,�3HUHNUHVWRY�� <X�2�.RVPLQ�VND��6�,�.VKQ\DNLQD� � ��

5RYHUL� 1�� Ü� 3URSHUWLHV� RI� DPRUSKRXV� DQGFU\VWDOOLQH� VXUIDFHV� RI� QDQR�K\GUR[\DSD�WLWHV��<X�6DNKQR��/�%HUWLQHWWL��*�0DUWUD�6�&ROXFFLD��$�7DPSLHUL��1�5RYHUL� � ��
5XP\DQWVHY� 9�9�� � Ü� 3HFXOLDULWLHV� RI� EDQGJDS�ZLGWK�GHSHQGHQFH�XSRQ�FRQFHQWUDWLRQRI� WKH� DGPL[WXUH� VWULSV� UDQGRPO\� LQ�FOXGHG�LQ�TXDVL�WZR�GLPHQVLRQDO�SKRWRQLFFU\VWDO��9�9��5XP\DQWVHY��6�$��)HGRURY�(�<D��6KWDHUPDQ � ���
5\XPVKLQD� 7�$�� Ü� 6WUXFWXUDO� HYROXWLRQ� RI

=U2�±<�2�� [HURJHOV� XQGHU� KLJK� K\GUR�VWDWLF�SUHVVXUH��2�$�*RUEDQ��6�$�6LQ\DN�LQD�� <X�2�.XOLN�� 7�$�5\XPVKLQD�6�9�*RUEDQ��,�$�'DQLOHQNR��7�(�.RQVWDQ�WLQRYD � ���
5\]KRY� 9�$�� Ü� 3DUDPDJQHW�WR�IHUURPDJQHWDQG� LQVXODWRU�WR�PHWDO� SKDVH� WUDQVLWLRQV

LQ� /D����0Q2������ $�9�/D]XWD�� 9�$�5\�]KRY�� 9�3�.KDYURQLQ�� <X�3�&KHUQHQNRY�2�3�6PLUQRY�� 3�/�0RONDQRY�� ,�2�7UR\�DQFKXN��9�$�.KRPFKHQNR� � ��
6DKUDRXL� %�� � Ü� 3URSHUWLHV� RI� IXQFWLRQDO'1$�3('27� OD\HUV�� 9�.D]XNDXVNDV�$�$UODXVNDV�� 0�3UDQDLWLV�� 2�.UXSND�)�.DM]DU��=�(VVDLGL��%��6DKUDRXL� � ��
6DNKQR�<X�� Ü�3URSHUWLHV� RI� DPRUSKRXV� DQGFU\VWDOOLQH� VXUIDFHV� RI� QDQR�K\GUR[\DSD�WLWHV��<X�6DNKQR��/�%HUWLQHWWL��*�0DUWUD�6�&ROXFFLD��$�7DPSLHUL��1�5RYHUL� � ��
6DPRHV� 9�0�3LQWR� � Ü� 0HWDO� Ü� GLHOHFWULFWUDQVLWLRQ�DQG�WHPSHUDWXUH�GHSHQGHQFH�RI

WKH� SVHXGR�JDS� LQ� <%D�&X�2�±G� VLQJOHFU\VWDOV�� HIIHFW� RI� SUHVVXUH� DQG� R[\JHQQRQVWRLFKLRPHWU\��$�$�=DYJRURGQL\��5�9�9RYN�� 0�$�2EROHQVNLL�� $�9�6DPRLORY�0�*�5HY\DNLQD��(�9�%LOHWVNL\��9�0�3LQWR6DPRHV � ���
6DPRIDORY�9�1��Ü�6LQJOH�FU\VWDO�VLOLFRQ�VRODUFHOO�HIILFLHQF\�LQFUHDVH�LQ�PDJQHWLF�ILHOG�5�9�=DLWVHY�� 9�5�.RSDFK�� 0�9�.LUL�FKHQNR�� (�2�/XN\DQRY�� *�6�.KU\SXQRY�9�1�6DPRIDORY � ���
6DPRLORY� $�9�� Ü� 0HWDO� Ü� GLHOHFWULF� WUDQVL�WLRQ� DQG� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH

SVHXGR�JDS� LQ� <%D�&X�2�±G� VLQJOH� FU\V�WDOV�� HIIHFW� RI� SUHVVXUH� DQG� R[\JHQ�QRQ�VWRLFKLRPHWU\�� $�$�=DYJRURGQL\�� 5�9�9RYN�� 0�$�2EROHQVNLL�� $�9�6DPRLORY�0�*�5HY\DNLQD��(�9�%LOHWVNL\��9�0�3LQWR6DPRHV � ���
6DYFK\Q� 3�9�� Ü� /XPLQHVFHQFH� SURSHUWLHV� RI

6U&O�±(X�PLFURFU\VWDOV�HPEHGGHG�LQ�1D&OKRVW�� $�6�3XVKDN�� 9�9�9LVWRYVN\\�6�9�0\DJNRWD�� 7�0�'HPNLY�� 2�7�$QWRQ�\DN�� -�5�'DF\XN�� 3�9�6DYFK\Q�� $�6�9R�ORVKLQRYVNLL � ���
6FKHUEDN�%�<��Ü�7KHUPDO�LQIOXHQFH�RQ�PDJ�QHWRHOHFWULF� FKDUDFWHULVWLFV� RI� \WWULXPLURQ� JDUQHW� HSLWD[LDO� ILOPV�9�(�.RURQRYVN\\��%�<�6FKHUEDN� � ��
6FKULQQHU� 0�� Ü� 7KH� ELQGLQJ� DELOLW\� DQGVROYDWLRQ�SURSHUWLHV� RI� FDWLRQLF� VSKHULFDOSRO\HOHFWURO\WH� EUXVKHV� DV� VWXGLHG� XVLQJDFLG�EDVH� DQG� VROYDWRFKURPLF� LQGLFDWRUV�1�$�9RGROD]ND\D�� 1�2�0FKHGORY�3HWUR�VV\DQ�� (�<X�%U\OHYD�� 6�9�%LOHWVND\D�0�6FKULQQHU��/�9�.XWX]RYD��0�%DOODXII � ���
6HPLQNR� 9�9�� Ü�0HFKDQLVPV� RI� ORFDO� LQKR�PRJHQHLW\� RI� GRSDQW� FRQFHQWUDWLRQ� LQ

<�6L2��3U��� QDQRFU\VWDOV�� 9�9�6HPLQNR�$�$�0DVDORY��<X�9�0DO\XNLQ��<X�,�%R\NR � ���

$XWKRU�,QGH[�9RO�����¢��Ü�

��� )XQFWLRQDO�PDWHULDOV�������������



6HUELQD� 0�,�� Ü� (IIHFWV� RI� 89� UDGLDWLRQ� RQVHOHFWLYH�UHIOHFWLRQ�DQG�GLHOHFWULF�SURSHU�WLHV� RI� FKROHVWHURO� HVWHU� PL[WXUHV� ZLWKSKRWRDFWLYH� QHPDWLFV�� 0�,�6HUELQD�/�1�/LVHWVNL�� ,�$�*YR]GRYVN\\�� $�9�.R�YDO�FKXN��*�6�&KLOD\D � ���
6KDODHY� 5�9�� Ü� &DWDO\VW�IUHH� GHSRVLWLRQ� RIQDQRFROXPQDU� FDUERQ� QLWULGH� ILOPV�5�9�6KDODHY�� $�1�8O\DQRY�� $�0�3UXG�QLNRY��9�1�9DU\XNKLQ � ���
6KDSDHYD�7�%��Ü�+LJK�VSHHG�G\QDPLFV�RI�WKHGRPDLQ�ZDOO� LQ�JDUQHW�ILOPV� LQ�WKH� ODUJHLQ�SODQH� PDJQHWLF� ILHOGV�� 0�9�&KHWNLQ�<X�1�.XUEDWRYD��7�%�6KDSDHYD � ���
6KDSNLQ�3�9��Ü�2SWLFDO�SURSHUWLHV�RI�=Q6�1LFU\VWDOV� REWDLQHG� E\� GLIIXVLRQ� GRSLQJ�<X�)�9DNVPDQ�� <X�$�1LWVXN�� 9�9�<DW�VXQ�� <X�1�3XUWRY�� $�6�1DVLERY�3�9�6KDSNLQ� � ��
6KDSRVKQLNRY�$�1��Ü�6\QWKHVLV�DQG�SURSHU�WLHV� RI� VXEVWLWXWHG� IHUULWH�JDUQHW� ILOPVIRU� RQH�GLPHQVLRQDO� PDJQHWRSKRWRQLFFU\VWDOV�� 9�1�%HU]KDQVN\�� $�9�.DUD�YDLQLNRY�� (�7�0LO\XNRYD�� 7�9�0LN�KDLORYD�� $�5�3URNRSRY�� $�1�6KDSRVK�QLNRY� � ���
6KDSRVKQLNRY�$�1��Ü�,QWHUIDFH�SURSHUWLHV�RI

%L�FRQWDLQHG� LURQ� JDUQHW� ILOPV�***�VXE�VWUDWHV�� 9�1�%HU]KDQVN\�� $�9�.DUD�YDLQLNRY�� (�7�0LO\XNRYD�� $�5�3URNRSRY�$�1�6KDSRVKQLNRY � ���
6KDULPDQRY� <�*�� Ü� ,QGXFWLYH� GHWHFWLRQ� RIPDJQHWRDFRXVWLF� UHVSRQVHV� DQG� GRPDLQ�DFRXVWLF�HFKR�LQ�PDJQHWRVWULFWLYH�PDWHUL�DOV� XVLQJ� D� SXOVH� 105� WHFKQLTXH�*�,�0DPQLDVKYLOL�� <�*�6KDULPDQRY�7�2�*HJHFKNRUL�� $�0�$NKDONDWVL�$�0�3RKRULO\��2�0�.X]PDN � ���
6KFKHUEDN� /�3�� Ü� &RUUHODWLRQ� EHWZHHQ� $U�UKHQLXV� HTXDWLRQ� SDUDPHWHUV� FRQFHUQLQJ

WR� &G�=Q�7H� PHOWLQJ� DQG� FU\VWDOOL]DWLRQSURFHVV��/�3�6KFKHUEDN��2�9�.RSDFK � ���
6KHNKRYWVRY�$�1��Ü�'HSHQGHQFH�RI�3E0R2�FU\VWDO�GDPDJH�WKUHVKROG�RQ�1G���FRQFHQ�

WUDWLRQ� DQG� PHWKRG� RI� GRSLQJ� �9�1�%DXPHU�� <X�1�*RUREHWV�� /�9�*X�G]HQNR�� 0�%�.RVP\QD�� %�3�1D]DUHQNR�9�0�3X]LNRY��$�1�6KHNKRYWVRY��=�9�6KWL�
WHOPDQ � ���

6KHOHVW�7��Ü�'HYHORSPHQW�RI�EDFN�FRQWDFW�IRU
&G6�&G7H� WKLQ�ILOP� VRODU� FHOOV�� *�.KU\�SXQRY�� $�0HULXWV�� 1�.O\XL�� 7�6KHOHVW�1�'H\QHNR��1�.RYWXQ � ���

6KLWRY�$�$��Ü�'\QDPLF�SURSHUWLHV�RI�DQWLIHU�URPDJQHWV� LQ� DOWHUQDWLQJ� PDJQHWLF� DQGHOHFWULF� ILHOGV�� 9�6�*HUDVLPFKXN�$�$�6KLWRY � ���
6KOHJHO� 9�1�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�(�1�*DODVKRY��7�0�'HQLVRYD��,�0�,YDQRY�(�3�0DNDURY�� 9�1�0DPRQWRY�� 9�1�6KOH�JHO�� <X�*�6WHQLQ�� <D�9�9DVLOLHY�9�1�=KGDQNRY � ���
6KOHJHO�9�1��Ü�&RPSDULVRQ�RI�WKH�TXDOLW\�RI

%L��*H2��� FU\VWDOV� JURZQ�E\� WKH� FRQYHQ�WLRQDO�DQG� ORZ�WHPSHUDWXUH�JUDGLHQW�&]R�FKUDOVNL�WHFKQLTXHV��9�1�6KOHJHO��'�6�3DQ�WVXUNLQ � ���

6KSDN� $�3�� Ü� (OHFWURQ� VWUXFWXUH� RI� WULSOHWHWUDKHGUDO�VWUXFWXUHV�RQ�WKH�FDOFLXP�K\�GUR[\DSDWLWH� EDVLV�� 9�/�.DUERYVNLL�6�6�6PRO\DN�� $�3�6KSDN�� <X�$�=DJRURG�QL\��9�+�.DVL\DQHQNR � ���
6KWDHUPDQ� (�<D�� � Ü� 3HFXOLDULWLHV� RI� EDQGJDS�ZLGWK�GHSHQGHQFH�XSRQ�FRQFHQWUDWLRQRI� WKH� DGPL[WXUH� VWULSV� UDQGRPO\� LQ�FOXGHG�LQ�TXDVL�WZR�GLPHQVLRQDO�SKRWRQLFFU\VWDO��9�9��5XP\DQWVHY��6�$��)HGRURY�(�<D��6KWDHUPDQ � ���
6KWDQ�NR� $�'�� Ü� 'HFUHDVH� RI� H[FLWRQ� UDGLD�WLRQ� LQWHQVLW\� LQ� FRPSHQVDWHG� JDOOLXPDUVHQLGH� VLQJOH� FU\VWDOV� XQGHU� LQIOXHQFHRI� ORZ� HOHFWULF� ILHOG�� $�'�6KWDQ�NR�0�%�/LWYLQRYD��9�9�.XUDN� � ��
6KWLWHOPDQ� =�9�� Ü� 'HSHQGHQFH� RI� 3E0R2�FU\VWDO�GDPDJH�WKUHVKROG�RQ�1G���FRQFHQ�

WUDWLRQ� DQG� PHWKRG� RI� GRSLQJ� �9�1�%DXPHU�� <X�1�*RUREHWV�� /�9�*XG�]HQNR�� 0�%�.RVP\QD�� %�3�1D]DUHQNR�9�0�3X]LNRY��$�1�6KHNKRYWVRY��=�9�6KWL�
WHOPDQ � ���

6KXOLND� 9�9�� Ü� 1DQRFU\VWDOOLQH� DOOR\V� ZLWKKLJK� PDJQHWLF� SURSHUWLHV� DQG� KLJK� WHP�SHUDWXUH� VWDELOLW\�� 1�,�1RVNRYD�9�9�6KXOLND��$�3�3RWDSRY � ���
6LGHOQLNRYD�1�6��Ü�7KHUPRFKHPLFDO� HWFKLQJ

RI� VDSSKLUH� LQ� &2�+�� JDV� DWPRVSKHUH�.K�6K��RJO\� .DOWDHY�� 1�6�6LGHOQLNRYD�$�<D�'DQ±NR�� $�7�%XGQLNRY�� 6�9�1L�]KDQNRYVN\ � ���
6LGHOQLNRYD�1�6��Ü�*URZWK�DQG�RSWLFDO�SURS�

HUWLHV� RI� $O�2�±G�1[� FU\VWDOV��.K�6K��RJO\.DOWDHY�� 1�6�6LGHOQLNRYD�� 6�9�1L]KDQN�
RYVN\��$�<D�'DQ±NR��$�7�%XGQLNRY � ���

6LGOHWVNL\� 2�� Ü� 6FLQWLOODWLRQ� FU\VWDOV� EDVHGRQ� VROLG� VROXWLRQV� RI� R[\RUWKRVLOLFDWHV�2�6LGOHWVNL\ � ���
6LQ\DNLQD� 6�$�� Ü� 6WUXFWXUDO� HYROXWLRQ� RI

=U2�±<�2�� [HURJHOV� XQGHU� KLJK� K\GUR�VWDWLF�SUHVVXUH��2�$�*RUEDQ��6�$�6LQ\DN�LQD�� <X�2�.XOLN�� 7�$�5\XPVKLQD�6�9�*RUEDQ��,�$�'DQLOHQNR��7�(�.RQVWDQ�WLQRYD � ���
6PLUQRY� 2�3�� Ü� 3DUDPDJQHW�WR�IHUURPDJQHWDQG� LQVXODWRU�WR�PHWDO� SKDVH� WUDQVLWLRQV

LQ� /D����0Q2������ $�9�/D]XWD�� 9�$�5\�]KRY�� 9�3�.KDYURQLQ�� <X�3�&KHUQHQNRY�2�3�6PLUQRY�� 3�/�0RONDQRY�� ,�2�7UR\�DQFKXN��9�$�.KRPFKHQNR� � ��
6PRO\DN�6�6��Ü�(OHFWURQ�VWUXFWXUH�RI� WULSOHWHWUDKHGUDO�VWUXFWXUHV�RQ�WKH�FDOFLXP�K\�GUR[\DSDWLWH� EDVLV�� 9�/�.DUERYVNLL�6�6�6PRO\DN�� $�3�6KSDN�� <X�$�=DJRURG�QL\��9�+�.DVL\DQHQNR � ���
6RURND�$�3��Ü�(OHFWURQ�VWUXFWXUH�RI�FDOFLXPDQG� FDGPLXP� DSDWLWHV�� $�3�6RURND�9�/�.DUERYVNL\��9�+�.DVLDQHQNR � ���
6RURNLQ�$�9��Ü�)HDWXUHV�RI�H[FLWRQ�ORFDOL]D�WLRQ� LQ� D� VLQJOH� -�DJJUHJDWH�� ,�.�.D�WUXQRY�� 6�/�<HILPRYD�� $�9�6RURNLQ�<X�9�0DO\XNLQ � ���
6RURNLQ�$�9��Ü�&RQWURO�RI�SRODURQ�IRUPDWLRQLQ� -�DJJUHJDWHV�� ,�.�.DWUXQRY�� 6�/�<HIL�PRYD��$�9�6RURNLQ��<X�9�0DO\XNLQ� � ��

$XWKRU�,QGH[�9RO�����¢��Ü�
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6RVNLQ� 0�6�� Ü� $JJUHJDWHV� RI� PXOWLZDOOHGFDUERQ�QDQRWXEHV� LQ�QHPDWLF� OLTXLG�FU\V�WDO� GLVSHUVLRQV�� H[SHULPHQWDO� HYLGHQFHDQG� D� SK\VLFDO� SLFWXUH�� 6�6�0LQHQNR�/�1�/LVHWVNL�� $�,�*RQFKDUXN�� 1�,�/H�ERYND��9�9�3RQHYFKLQVN\��0�6�6RVNLQ � ���
6SLULGRQRY� 1�$�� Ü� 0RGLILHG� SRWDVVLXP�VR�GLXP� QLREDWH� EDVHG� OHDG�IUHH� SLH]R�FHUDPLFV�� /�*�*XVDNRYD�� 9�0�,VKFKXN�1�*�.LVHO��'�9�.X]HQNR��1�$�6SLULGRQRY � ���
6ULQLYDVDQ�*��Ü�,QIOXHQFH�RI�WLWDQLXP�R[LGHDGGLWLRQ� RQ� SURSHUWLHV� RI� OHDG� ]LUFRQDWHWLWDQDWH�QLFNHO� IHUULWH� FHUDPLFV�9�0�/DOHWLQ��*�6ULQLYDVDQ � ���
6WDUVKLQRY� ,�1�� Ü� ,QIOXHQFH� RI� WKH� LUUDGLD�WLRQ�GR]H�DQG�WHPSHUDWXUH�RQ�WKH�IOX[�RIHMHFWLQJ�DWRPV�GXULQJ�UHOLHI�IRUPDWLRQ�RQ

0J� VXUIDFH� E\� $U�� VSXWWHULQJ�� ,�1�6WDU�VKLQRY��,�$�0HOQLFKXN � ���
6WHIDQRYLFK�9�2��Ü�,QIOXHQFH�RI�LRQ�LPSODQ�

WDWLRQ�RQ�WKH�SKDVH�WUDQVLWLRQV�LQ�&X�36�,VXSHULRQLF� FRQGXFWRUV�� ,�3�6WXGHQ\DN�9�<X�,]DL�� 9�2�6WHIDQRYLFK�� 9�9�3DQ±NR�3�.XV��$�3OHFHQLN� � ��
6WHQLQ� <X�*�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�(�1�*DODVKRY��7�0�'HQLVRYD��,�0�,YDQRY�(�3�0DNDURY�� 9�1�0DPRQWRY�� 9�1�6KOH�JHO�� <X�*�6WHQLQ�� <D�9�9DVLOLHY�9�1�=KGDQNRY � ���
6WRJQLM� $�,�� Ü� 'HSHQGHQFH� RI� PDJQHWRHOHF�WULF� HIIHFW� LQ� OD\HUHG� OHDG� ]LUFRQDWH�WL�WDQDWH� �� QLFNHO� KHWHURVWUXFWXUHV� RQ� WKHLQWHUIDFH� W\SH�� 1�1�3RGGXEQD\D�9�0�/DOHWLQ��$�,�6WRJQLM��1�1�1RYLWVNLL � ���
6WURQVNL�$�9��Ü�2SWLFDO�SURSHUWLHV�RI�$O1�Q±

6L������ ILOPV� REWDLQHG� E\�PHWKRG� RI�+)UHDFWLYH� PDJQHWURQ� VSXWWHULQJ�� 0�6�=D�\DWV�� 9�*�%RLNR�� 3�2�*HQWVDU�� 0�9�9XL�FK\N��2�6�/\WY\Q��$�9�6WURQVNL� � ���
6WXGHQ\DN�,�3��Ü�,QIOXHQFH�RI�LRQ�LPSODQWD�

WLRQ� RQ� WKH�SKDVH� WUDQVLWLRQV� LQ�&X�36�,VXSHULRQLF� FRQGXFWRUV�� ,�3�6WXGHQ\DN�9�<X�,]DL�� 9�2�6WHIDQRYLFK�� 9�9�3DQ±NR�3�.XV��$�3OHFHQLN� � ��
6XFKLNRYD�-�$��Ü�3UHSDUDWLRQ�RI�QDQRSRURXV

Q�,Q3������OD\HUV�E\�HOHFWURFKHPLFDO�HWFK�
LQJ� LQ� +&,� VROXWLRQ�� -�$�6XFKLNRYD�9�9�.LGDORY��*�$�6XNDFK� � ���

6XNDFK� *�$�� Ü� 3UHSDUDWLRQ� RI� QDQRSRURXV
Q�,Q3������OD\HUV�E\�HOHFWURFKHPLFDO�HWFK�
LQJ� LQ� +&,� VROXWLRQ�� -�$�6XFKLNRYD�9�9�.LGDORY��*�$�6XNDFK� � ���

6XNKRYVNLL� $�$�� Ü� &DORULPHWULF� DQG� ��1D0$6�105�VWXG\�RI�WKH�SKDVH�GLDJUDP�RI
1D1E�±[7D[2�� VROLG� VROXWLRQV�� ,�3�$OHN�VDQGURYD�� <X�1�,YDQRY�� 9�6�%RQGDUHY�$�$�6XNKRYVNLL��9�1�9RURQRY� � ��

6\WQ\N�0��Ü�0RUSKRORJ\�DQG�RSWLFDO�SURSHU�WLHV� RI� ILOPV� ZLWK� PDJQHWLWH� QDQRSDUWL�FOHV�� 2�.RURY\DQNR�� 1�'PLWUXN�6�0DP\NLQ�� 0�6\WQ\N�� 2�/\WY\Q�� 3�)R�FKXN � ���
7DPSLHUL�$��Ü�3URSHUWLHV�RI�DPRUSKRXV�DQGFU\VWDOOLQH� VXUIDFHV� RI� QDQR�K\GUR[\DSD�WLWHV��<X�6DNKQR��/�%HUWLQHWWL��*�0DUWUD�6�&ROXFFLD��$�7DPSLHUL��1�5RYHUL� � ��

7DUDNDQRY� 9�9�� Ü� 0DJQHWLF� RVFLOODWLRQV� RIORQJLWXGLQDO� VRXQG� LQ� LURQ� ERUDWH�9�,�.KL]KQ\L�� 9�9�7DUDNDQRY�� 7�0�.KL�]KQD\D� � ��
7DUDVHQNR�2�$��Ü�/DUJH�VL]H�FRPSRVLWH�VFLQ�WLOODWRUV��1�/�.DUDYDHYD��2�$�7DUDVHQNR � ���
7DUDVRY� 9�$�� Ü� /LJKW� FROOHFWLRQ� VLPXODWLRQLQ� WKH� VFLQWLOODWLRQ� GHWHFWRUV� RI� VKRUW�UDQJH� UDGLDWLRQ��9�$�7DUDVRY�� ,�9�.LOLP�FKXN��<X�7�9\GD\� � ���
7DUWDFKQ\N�9��Ü�3HFXOLDULWLHV�RI�RSWLFDO�DE�

VRUSWLRQ�EDQG�HGJH� LQ� LUUDGLDWHG�*D3�7H�2�.RQRUHYD��3�/LWRYFKHQNR��9�0DQ]KDUD�9�2SLODW��9�7DUWDFKQ\N� � ��
7LPRVKHYVNLL�$�1��Ü�$SSOLFDWLRQ�RI�WKH�VHOI�RUJDQL]DWLRQ� PHWKRGV� WR� LQWHUSUHW� WKH

0|VVEDXHU� VSHFWUD� RI� )H±1� DQG� )H±&DXVWHQLWHV�� $�1�7LPRVKHYVNLL�� 9�,�<HUH�PLQ��6�2�<DEORQRYVNLL � ���
7LWVND\D�9�'��Ü�7KH�QDWXUH�RI�WUDSSLQJ�FHQ�WHUV� LQ� DPRUSKRXV� ELSKHQ\O� FRQWDLQLQJSRO\PHU�� $�)�$GDGXURY�� $�,�%HGULN�(�&�9HOPR]KQD\D��3�1�=KPXULQ��9�1�/H�EHGHY��9�'�7LWVND\D� � ���
7RNPHQNR� ,�,�� Ü�3KDVH�GLDJUDP� DQG� RSWLFDOSURSHUWLHV�RI�OLTXLG�FU\VWDOOLQH�ELQDU\�FR�EDOW�FDSU\ODWH�Û�ODQWKDQXP�FDSU\ODWH�OLT�XLG� FU\VWDO� V\VWHP�� ,�,�7RNPHQNR�7�$�0LUQD\D��*�*�<DUHPFKXN � ���
7RYVWRO\WNLQ�$�,��Ü�$XWRVWDELOL]DWLRQ�RI�WHP�SHUDWXUH� LQ� V\VWHPV�ZLWK�FRPELQHG�PDJ�QHWLF�DQG�UHVLVWLYH� WUDQVLWLRQ�XQGHU�HOHF�WULF� FXUUHQW� IORZ�� <X�,�']KH]KHU\D�$�,�7RYVWRO\WNLQ�� (�6�.O\PXN�� /�6�8V�SHQVND\D � ���
7UDFKHYVNL\�9�9��Ü�;36�DQG�(65�VSHFWURV�

FRS\� RI� =U2��<�2��&U�2�� QDQRSRZGHUV�,�$�<DVKFKLVK\Q�� $�0�.RUGXEDQ�9�9�7UDFKHYVNL\�� 7�(�.RQVWDQWLQRYD�,�$�'DQLOHQNR��*�.�9RONRYD�� ,�.�1RVROHY � ���
7UR\DQFKXN� ,�2�� Ü�3DUDPDJQHW�WR�IHUURPDJ�QHW� DQG� LQVXODWRU�WR�PHWDO� SKDVH� WUDQVL�

WLRQV� LQ� /D����0Q2������ $�9�/D]XWD�9�$�5\]KRY�� 9�3�.KDYURQLQ�� <X�3�&KHU�QHQNRY�� 2�3�6PLUQRY�� 3�/�0RONDQRY�,�2�7UR\DQFKXN��9�$�.KRPFKHQNR� � ��
7VDSHQNR� $�%�� Ü� 2SWLFDO� WUDQVPLVVLRQ� DQGOXPLQHVFHQFH� RI� JDGROLQLXP� RUWKRVLOLFDWHVLQJOH� FU\VWDOV� ZLWK� FHULXP� DQI� \WWULXPLPSXULWLHV�� 9�*�%RQGDU�� %�3�7VDSHQNR�$�%�7VDSHQNR � ���
7VDSHQNR� %�3�� Ü� 2SWLFDO� WUDQVPLVVLRQ� DQGOXPLQHVFHQFH� RI� JDGROLQLXP� RUWKRVLOLFDWHVLQJOH� FU\VWDOV� ZLWK� FHULXP� DQI� \WWULXPLPSXULWLHV�� 9�*�%RQGDU�� %�3�7VDSHQNR�$�%�7VDSHQNR � ���
7XU� $�9�� Ü� 1HZ� YRUWH[� VWUXFWXUHV� LQ� WKHWZR�GLPHQVLRQDO�K\GURG\QDPLF��$�9�7XU�.�1�.XOLN��9�9�<DQRYVN\ � ���
7\XW\XQLN�2�.��Ü�5DGLROXPLQHVFHQFH�PHFKD�QLVP� RI� PDJQHVLXP� DOXPLQDWH� VSLQHOWUDQVSDUHQW� FHUDPLFV�� 2�.�7\XW\XQLN�$�2�0RVNYLWLQ�� <X�*�.D]DULQRY�� 9�7�*UL�WV\QD� � ��
8O\DQRY� $�1�� Ü� &DWDO\VW�IUHH� GHSRVLWLRQ� RIQDQRFROXPQDU� FDUERQ� QLWULGH� ILOPV�5�9�6KDODHY�� $�1�8O\DQRY�� $�0�3UXG�QLNRY��9�1�9DU\XNKLQ � ���

$XWKRU�,QGH[�9RO�����¢��Ü�

��� )XQFWLRQDO�PDWHULDOV�������������



8VSHQVND\D�/�6��Ü�$XWRVWDELOL]DWLRQ�RI�WHP�SHUDWXUH� LQ� V\VWHPV�ZLWK� FRPELQHG�PDJ�QHWLF�DQG�UHVLVWLYH�WUDQVLWLRQ�XQGHU�HOHF�WULF� FXUUHQW� IORZ�� <X�,�']KH]KHU\D�$�,�7RYVWRO\WNLQ�� (�6�.O\PXN�� /�6�8V�SHQVND\D � ���
9DNVPDQ� <X�)�� Ü� 2SWLFDO� SURSHUWLHV� RI

=Q6�1L� FU\VWDOV� REWDLQHG� E\� GLIIXVLRQGRSLQJ�� <X�)�9DNVPDQ�� <X�$�1LWVXN�9�9�<DWVXQ�� <X�1�3XUWRY�� $�6�1DVLERY�3�9�6KDSNLQ� � ��
9DODNK� 0�<D�� Ü� 6\QWKHVLV�� PRUSKRORJLFDO

DQG� VWUXFWXUDO� SURSHUWLHV� RI� ELR�6L&� FH�UDPLFV�� 9�2�<XNK\PFKXN�� 9�6�.LVHOHY�$�(�%HO\DHY�� 0�9�&KXUVDQRYD�0�'DQDLORY��0�<D�9DODNK � ���
9DU\XNKLQ� 9�1�� Ü� &DWDO\VW�IUHH� GHSRVLWLRQRI� QDQRFROXPQDU� FDUERQ� QLWULGH� ILOPV�5�9�6KDODHY�� $�1�8O\DQRY�� $�0�3UXG�QLNRY��9�1�9DU\XNKLQ � ���
9DU\XNKLQ�9�1��Ü�6WUXFWXUH�PRGLILFDWLRQ�RIFDUERQ� QLWULGH� ILOPV� E\� KHDW� WUHDWPHQW�9�1�9DU\XNKLQ��$�0�3UXGQLNRY��$�,�/LQ�QLN��/�1�2OLWVN\��9�9�%XUNKRYHWVN\ � ���
9DVLOLHY� <D�9�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�� (�1�*D�ODVKRY�� 7�0�'HQLVRYD�� ,�0�,YDQRY�(�3�0DNDURY�� 9�1�0DPRQWRY�� 9�1�6KOH�JHO��<X�*�6WHQLQ��<D�9�9DVLOLHY��9�1�=K�GDQNRY � ���
9DV\OFKHQNR� 2�� Ü� 7KH� LRQROXPLQHVFHQFHFKDUDFWHULVWLFV�RI�TXDUW]��2�9DV\OFKHQNR�1�=KHOWRS\DWRYD�� 9�=KXUHQNR�� 2�.DODQ�WDU\DQ��6�.RQRQHQNR��9�0XUDWRY��9�)LOL�SHQNR� � ��
9HOPR]KQD\D�(�&��Ü�7KH�QDWXUH�RI�WUDSSLQJFHQWHUV�LQ�DPRUSKRXV�ELSKHQ\O�FRQWDLQLQJSRO\PHU�� $�)�$GDGXURY�� $�,�%HGULN�(�&�9HOPR]KQD\D��3�1�=KPXULQ��9�1�/H�EHGHY��9�'�7LWVND\D� � ���
9HUWHJHO� ,�*�� Ü� ,QYHVWLJDWLRQ� RI� ,���� 145

VSHFWUD� RI� WKH� PL[HG� �%L,����±Q���3E,��QVHPLFRQGXFWLQJ� OD\HUHG� FU\VWDOV�<X�3�*QDWHQNR�� $�,�%DUDEDVK�� ,�*�9HU�WHJHO�� (�'�&KHVQRNRY�� $�,�2YFKDUHQNR�6�9�3RJUHEQ\DN� � ��
9HUWVLPDNKD�*��9�� �Ü�7KH�LQIOXHQFH�RI�VLQ�JOH� EDUULHU� VHPLPDJQHWLF� VHPLFRQGXFWRUVSLQ�ILOWHU�RQ�HOHFWURQV�VSLQ�SRODUL]DWLRQ�*��9��9HUWVLPDNKD��6��%��/HY � ���
9LDJLQ� 2�� Ü� 0HFKDQLVPV� RI� FKDUJH� LQWHUDF�

WLRQV� LQ� FR�GRSHG� /X�6L2��&H��� FU\VWDOV�$�0DVDORY�� 2�9LDJLQ�� ,�*DQLQD�� <X�0D�O\XNLQ � ���
9LVWRYVN\\� 9�9�� Ü� /XPLQHVFHQFH� SURSHUWLHV

RI� 6U&O�±(X� PLFURFU\VWDOV� HPEHGGHG� LQ1D&O� KRVW�� $�6�3XVKDN�� 9�9�9LVWRYVN\\�6�9�0\DJNRWD�� 7�0�'HPNLY�� 2�7�$QWRQ�\DN�� -�5�'DF\XN�� 3�9�6DYFK\Q�$�6�9RORVKLQRYVNLL � ���
9RGROD]ND\D�1�$��Ü�7KH�ELQGLQJ�DELOLW\�DQGVROYDWLRQ�SURSHUWLHV�RI� FDWLRQLF� VSKHULFDOSRO\HOHFWURO\WH� EUXVKHV� DV� VWXGLHG� XVLQJDFLG�EDVH� DQG� VROYDWRFKURPLF� LQGLFDWRUV�1�$�9RGROD]ND\D�� 1�2�0FKHGORY�3HW�URVV\DQ�� (�<X�%U\OHYD�� 6�9�%LOHWVND\D�0�6FKULQQHU��/�9�.XWX]RYD��0�%DOODXII � ���

9RONRYD�*�.�� Ü�;36�DQG�(65� VSHFWURVFRS\
RI� =U2��<�2��&U�2�� QDQRSRZGHUV�,�$�<DVKFKLVK\Q��$�0�.RUGXEDQ�� 9�9�7UD�FKHYVNL\�� 7�(�.RQVWDQWLQRYD�� ,�$�'DQL�OHQNR��*�.�9RONRYD��,�.�1RVROHY� � ���

9RORVKLQRYVNLL�$�6��Ü�/XPLQHVFHQFH�SURSHU�
WLHV� RI� 6U&O�±(X� PLFURFU\VWDOV� HPEHGGHGLQ� 1D&O� KRVW�� $�6�3XVKDN�� 9�9�9LV�WRYVN\\�� 6�9�0\DJNRWD�� 7�0�'HPNLY�2�7�$QWRQ\DN�� -�5�'DF\XN�� 3�9�6DY�FK\Q��$�6�9RORVKLQRYVNLL � ���

9RURQD� ,�3�� Ü� 7KH� SDUDPDJQHWLF� DQG� OXPL�QHVFHQFH� SURSHUWLHV� RI� VLQJOH�VWDJH� V\Q�
WKHVL]HG� =Q6�&X�� <X�<X�%DFKHULNRY�,�3�9RURQD��$�$�.RQFKLWV��6�9�2SWDV\XN�6�9�.R]LWVNL\��.�'�.DUGDVKRY � ���

9RURQNLQD� (�(�� Ü� 2Q� WKH� EHKDYLRU� RI� HXUR�
SLXP� R[RFRPSRXQGV� LQ� PROWHQ� &V,�9�/�&KHUJLQHWV�� 7�3�5HEURYD�� <X�1�'DW�VNR�� 9�)�� *RQFKDUHQNR�� .�1�%HOLNRY�(�1�.LVLO��<X�,�'RO]KHQNR��1�1�.RVLQRY�(�(�9RURQNLQD � ���

9RURQRY�9�1��Ü�&DORULPHWULF�DQG���1D�0$6105� VWXG\� RI� WKH� SKDVH� GLDJUDP� RI
1D1E�±[7D[2�� VROLG� VROXWLRQV�� ,�3�$OHN�VDQGURYD�� <X�1�,YDQRY�� 9�6�%RQGDUHY�$�$�6XNKRYVNLL��9�1�9RURQRY� � ��

9RURQRY�9�1��Ü�(65�VWXG\�RI�6F)��FU\VWDOVDQG�WKH�FU\VWDOV�RI�6F)��EDVHG�VROLG�VROX�WLRQV�� 9�1�9RURQRY�� (�$�3HWUDNRYVND\D�$�$�$OH[DQGURYLFK � ���
9RYN�(�$��Ü�$QLVRWURS\�RI�VDSSKLUH�SURSHU�WLHV� DVVRFLDWHG� ZLWK� FKHPLFDO�PHFKDQLFDOSROLVKLQJ� ZLWK� VLOLFD�� $�7�%XGQLNRY�(�$�9RYN�� 6�,�.ULYRQRJRY�� $�<D�'DQNR�2�$�/XNL\HQNR� � ���
9RYN� 2�0�� Ü� 6\QWKHVLV� RI� <�2�� DQG

<�2��1G���PRQRGLVSHUVH�FU\VWDOOLQH�QDQR�VSKHUHV� E\� KRPRJHQRXV� SUHFLSLWDWLRQ�<X�,�3D]XUD�� 9�1�%DXPHU�� 7�*�'H\QHND�2�0�9RYN��5�3�<DYHWVNL\� � ���
9RYN�2�0��Ü�6RO�JHO�SURFHVVLQJ�RI�WUDQVSDU�

HQW� /X�2��(X��� SKRVSKRU� ILOPV�1�9�%DED\HYVND\D�� $�6�%H]NURYQ\L�3�9�0DWH\FKHQNR��2�0�9RYN��5�3�<DYHW�VNL\ � ���
9RYN� 5�9�� � Ü� 0HWDO� Ü� GLHOHFWULF� WUDQVLWLRQDQG� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH

SVHXGR�JDS� LQ� <%D�&X�2�±G� VLQJOH� FU\V�WDOV�� HIIHFW� RI� SUHVVXUH� DQG� R[\JHQ�QRQ�VWRLFKLRPHWU\�� $�$�=DYJRURGQL\�� 5�9�9RYN�� 0�$�2EROHQVNLL�� $�9�6DPRLORY�0�*�5HY\DNLQD��(�9�%LOHWVNL\��9�0�3LQWR6DPRHV � ���
9XLFK\N�0�9��Ü�2SWLFDO�SURSHUWLHV�RI�$O1�Q±

6L������ ILOPV� REWDLQHG� E\�PHWKRG� RI�+)UHDFWLYH� PDJQHWURQ� VSXWWHULQJ�� 0�6�=D�\DWV�� 9�*�%RLNR�� 3�2�*HQWVDU�� 0�9�9XL�FK\N��2�6�/\WY\Q��$�9�6WURQVNL� � ���
9\GD\�<X�7��Ü�/LJKW�FROOHFWLRQ�VLPXODWLRQ�LQWKH� VFLQWLOODWLRQ� GHWHFWRUV� RI� VKRUW�UDQJHUDGLDWLRQ�� 9�$�7DUDVRY�� ,�9�.LOLPFKXN�<X�7�9\GD\� � ���
<DEORQRYVNLL�6�2��Ü�$SSOLFDWLRQ�RI�WKH�VHOI�RUJDQL]DWLRQ� PHWKRGV� WR� LQWHUSUHW� WKH

0|VVEDXHU� VSHFWUD� RI� )H±1� DQG� )H±&DXVWHQLWHV�� $�1�7LPRVKHYVNLL�� 9�,�<HUH�PLQ��6�2�<DEORQRYVNLL � ���
<DQRYVN\� 9�9�� Ü� 1HZ� YRUWH[� VWUXFWXUHV� LQWKH� WZR�GLPHQVLRQDO� K\GURG\QDPLF�$�9�7XU��.�1�.XOLN��9�9�<DQRYVN\ � ���
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)XQFWLRQDO�PDWHULDOV������������� ���



<DUHPFKXN�*�*��Ü�3KDVH�GLDJUDP�DQG�RSWL�FDO�SURSHUWLHV�RI�OLTXLG�FU\VWDOOLQH�ELQDU\FREDOW� FDSU\ODWH� Û� ODQWKDQXP� FDSU\ODWHOLTXLG� FU\VWDO� V\VWHP�� ,�,�7RNPHQNR�7�$�0LUQD\D��*�*�<DUHPFKXN � ���
<DVKFKLVK\Q� ,�$�� Ü�;36� DQG�(65� VSHFWURV�

FRS\� RI� =U2��<�2��&U�2�� QDQRSRZGHUV�,�$�<DVKFKLVK\Q��$�0�.RUGXEDQ��9�9�7UD�FKHYVNL\�� 7�(�.RQVWDQWLQRYD�� ,�$�'DQ�LOHQNR��*�.�9RONRYD��,�.�1RVROHY� � ���
<DWVXQ�9�9�� Ü� 2SWLFDO� SURSHUWLHV� RI�=Q6�1LFU\VWDOV� REWDLQHG� E\� GLIIXVLRQ� GRSLQJ�<X�)�9DNVPDQ�� <X�$�1LWVXN�� 9�9�<DW�VXQ�� <X�1�3XUWRY�� $�6�1DVLERY�3�9�6KDSNLQ� � ��
<DYHWVNL\� 5�3�� Ü� 6\QWKHVLV� RI� <�2�� DQG<�2��1G���PRQRGLVSHUVH�FU\VWDOOLQH�QDQR�VSKHUHV� E\� KRPRJHQRXV� SUHFLSLWDWLRQ�<X�,�3D]XUD�� 9�1�%DXPHU�� 7�*�'H\QHND�2�0�9RYN��5�3�<DYHWVNL\� � ���
<DYHWVNL\�5�3��Ü�6RO�JHO�SURFHVVLQJ�RI�WUDQV�

SDUHQW� /X�2��(X��� SKRVSKRU� ILOPV�1�9�%DED\HYVND\D��$�6�%H]NURYQ\L��3�9�0D�WH\FKHQNR��2�0�9RYN��5�3�<DYHWVNL\ � ���
<HILPRYD�6�/��Ü�)HDWXUHV�RI�H[FLWRQ�ORFDOL]D�WLRQ� LQ� D� VLQJOH� -�DJJUHJDWH�� ,�.�.D�WUXQRY�� 6�/�<HILPRYD�� $�9�6RURNLQ�<X�9�0DO\XNLQ � ���
<HILPRYD� 6�/�� Ü� &RQWURO� RI� SRODURQ� IRUPD�WLRQ� LQ� -�DJJUHJDWHV�� ,�.�.DWUXQRY�6�/�<HILPRYD�� $�9�6RURNLQ�� <X�9�0D�O\XNLQ� � ��
<HJRURYD�1�/��Ü�6\QWKHVLV�DQG�RSWLFDO�SURS�HUWLHV� RI� SKRVSKDWH�ERUDWH�IOXRULGHJODVVHV� GRSHG� ZLWK� UDUH� HDUWK� HOHPHQWV�.�1�%HOLNRY�� 1�1�*UHEHQ\XN�� <H�9�*UL�VKLQD�� 1�/�<HJRURYD�� <H�$�3RYUR]LQ�6�1�*DONLQ � ���
<HUHPLQ� 9�,�� Ü� $SSOLFDWLRQ� RI� WKH� VHOI�RU�JDQL]DWLRQ� PHWKRGV� WR� LQWHUSUHW� WKH

0|VVEDXHU� VSHFWUD� RI� )H±1� DQG� )H±&DXVWHQLWHV�� $�1�7LPRVKHYVNLL�� 9�,�<HUH�PLQ��6�2�<DEORQRYVNLL � ���
<XGLQ� 6�*�� Ü� 2SWLFDO� DQG� SKRWRHOHFWULFDOSURSHUWLHV�RI�/DQJPXLU�%ORGJHWW�GLSKWKD�ORF\DQLQH� WKLQ� ILOPV�� $�9�$OSDWRYD�6�*�<XGLQ�� 9�9�/D]DUHY�� <�$�'UDJLQGD�$�9�.D]DN��6�3�3DOWR � ���
<XNK\PFKXN�9�2�� Ü�6\QWKHVLV��PRUSKRORJL�

FDO� DQG� VWUXFWXUDO� SURSHUWLHV� RI� ELR�6L&FHUDPLFV��9�2�<XNK\PFKXN��9�6�.LVHOHY�$�(�%HO\DHY�� 0�9�&KXUVDQRYD�� 0�'D�QDLORY��0�<D�9DODNK � ���
<XQDNRYD� 2�1�� Ü� 'LVSHUVLRQ� RI� UHIUDFWLYH

LQGH[� LQ� WKLQ� ILOPV� &G,�� DQG� =Q,��2�1�<XQDNRYD�� 9�.�0LORVODYVN\�� (�1�.R�YDOHQNR � ���
=DJRURGQL\� <X�$�� Ü� (OHFWURQ� VWUXFWXUH� RIWULSOH� WHWUDKHGUDO� VWUXFWXUHV� RQ� WKH� FDO�FLXP� K\GUR[\DSDWLWH� EDVLV�� 9�/�.DU�ERYVNLL�� 6�6�6PRO\DN�� $�3�6KSDN�<X�$�=DJRURGQL\��9�+�.DVL\DQHQNR � ���

=DJRUXLNR�<X�$��Ü�7HPSHUDWXUH�GHSHQGHQFHVRI� RSWLFDO� DQG� SLH]RHOHFWULF� FKDUDF�
WHULVWLFV� RI� =Q0J6H� VLQJOH� FU\VWDOV�<X�$�=DJRUXLNR��1�2�.RYDOHQNR��9�0�3X�]LNRY��2�$�)HGRUHQNR � ���

=DJRUXLNR�<X�$��Ü�1RYHO�PDWHULDO�IRU�DFWLYH
HOHPHQWV� RI� ODVHUV� WXQDEOH� LQ� �Ü�� PP
UDQJH�� )H���=Q�±[0J[6H� VLQJOH� FU\VWDOV�<X�$�=DJRUXLNR��1�2�.RYDOHQNR��2�$�)H�GRUHQNR��$�6�*HUDVLPHQNR � ���

=DLWVHY� 5�9�� Ü� 6LQJOH�FU\VWDO� VLOLFRQ� VRODUFHOO�HIILFLHQF\�LQFUHDVH�LQ�PDJQHWLF�ILHOG�5�9�=DLWVHY�� 9�5�.RSDFK�� 0�9�.L�ULFKHQNR��(�2�/XN\DQRY��*�6�.KU\SXQRY�9�1�6DPRIDORY � ���
=DYJRURGQL\�$�$��Ü�0HWDO�Ü�GLHOHFWULF�WUDQ�VLWLRQ�DQG�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH

SVHXGR�JDS� LQ� <%D�&X�2�±G� VLQJOH� FU\V�WDOV�� HIIHFW� RI� SUHVVXUH� DQG� R[\JHQ�QRQ�VWRLFKLRPHWU\�� $�$�=DYJRURGQL\�� 5�9�9RYN�� 0�$�2EROHQVNLL�� $�9�6DPRLORY�0�*�5HY\DNLQD��(�9�%LOHWVNL\��9�0�3LQWR6DPRHV � ���
=D\DWV� 0�6�� Ü� 2SWLFDO� SURSHUWLHV� RI� $O1�Q±

6L������ILOPV�REWDLQHG�E\�PHWKRG�RI�+)�UH�DFWLYH� PDJQHWURQ� VSXWWHULQJ�� 0�6�=D\DWV�9�*�%RLNR�� 3�2�*HQWVDU�� 0�9�9XLFK\N�2�6�/\WY\Q��$�9�6WURQVNL� � ���
=KGDQNRY� 9�1�� Ü� *URZLQJ� RI� ���&G:2��=Q:2���DQG�=Q0R2��VFLQWLOODWLRQ�FU\VWDOVIRU� UDUH� HYHQWV� VHDUFK� E\� ORZ� WKHUPDOJUDGLHQW� &]RFKUDOVNL� WHFKQLTXH�� (�1�*D�ODVKRY�� 7�0�'HQLVRYD�� ,�0�,YDQRY�(�3�0DNDURY��9�1�0DPRQWRY��9�1�6KOHJHO�<X�*�6WHQLQ��<D�9�9DVLOLHY��9�1�=KGDQNRY � ���
=KHOWRS\DWRYD� 1�� Ü� 7KH� LRQROXPLQHVFHQFHFKDUDFWHULVWLFV�RI�TXDUW]��2�9DV\OFKHQNR�1�=KHOWRS\DWRYD�� 9�=KXUHQNR�� 2�.DODQ�WDU\DQ��6�.RQRQHQNR��9�0XUDWRY��9�)LOL�SHQNR� � ��
=KPXULQ�3�1��Ü�7KH�QDWXUH�RI�WUDSSLQJ�FHQ�WHUV� LQ� DPRUSKRXV� ELSKHQ\O� FRQWDLQLQJSRO\PHU�� $�)�$GDGXURY�� $�,�%HGULN�(�&�9HOPR]KQD\D��3�1�=KPXULQ��9�1�/H�EHGHY��9�'�7LWVND\D� � ���
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