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+\GURJHQ�HYROXWLRQ�HQKDQFHPHQW�RI�XOWUD�ORZ
ORDGLQJ��VL]H�VHOHFWHG�PRO\EGHQXP�VXOILGH�

QDQRFOXVWHUV�E\�VXOIXU�HQULFKPHQW
'DQLHO�(VFDOHUD�/ySH]DEÁ��<XELDR�1LXEFÁ��6XQJ�-LQ�3DUNEG��0DUN�,VDDFVH��.DUHQ�:LOVRQHI��

5LFKDUG�(��3DOPHUF DQG�1HLO�9��5HHVD

D&HQWUH IRU�+\GURJHQ�DQG�)XHO�&HOO�5HVHDUFK��6FKRRO�RI�&KHPLFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�
%LUPLQJKDP��%LUPLQJKDP��%����77��8.

E1DQRVFDOH�3K\VLFV�5HVHDUFK�/DERUDWRU\��6FKRRO�RI�3K\VLFV�DQG�$VWURQRP\��8QLYHUVLW\�RI�
%LUPLQJKDP��%LUPLQJKDP��%����77��8.

F&ROOHJH�RI�(QJLQHHULQJ��6ZDQVHD�8QLYHUVLW\��%D\�&DPSXV��)DELDQ�:D\��6ZDQVHD�6$���(1��
8.�

G.H\�/DERUDWRU\�RI�0DWHULDOV�0RGLILFDWLRQ�E\�/DVHU��,RQ�DQG�(OHFWURQ�%HDPV��'HSDUWPHQW�RI�
3K\VLFV��'DOLDQ�8QLYHUVLW\�RI�7HFKQRORJ\� 'DOLDQ��������� &KLQD�

H(XURSHDQ�%LRHQHUJ\�5HVHDUFK�,QVWLWXWH��$VWRQ�8QLYHUVLW\��%LUPLQJKDP��%���(7��8.

I6FKRRO�RI�6FLHQFH��50,7�8QLYHUVLW\������/D�7UREH�6WUHHW��0HOERXUQH��9,&�������$XVWUDOLD

(OHFWURQLF�6XSSRUWLQJ�,QIRUPDWLRQ��(6,��DYDLODEOH

5HYLVHG�0DQXVFULSW
&OLFN�KHUH�WR�YLHZ�OLQNHG�5HIHUHQFHV
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�&RUUHVSRQGLQJ�DXWKRU�

'U�19�5HHV��(PDLO��Q�UHHV#EKDP�DF�XN

6FKRRO�RI�&KHPLFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�%LUPLQJKDP��%LUPLQJKDP��%����77��8.

.(<:25'6��PRO\EGHQXP�GLVXOILGH��QDQRFOXVWHUV��VXOIXU�ULFK��K\GURJHQ�HYROXWLRQ��PDJQHWURQ�
VSXWWHULQJ�GHSRVLWLRQ��

$EVWUDFW�

6L]H�VHOHFWHG�PRO\EGHQXP� VXOILGH� �0R6[�� QDQRFOXVWHUV� REWDLQHG� E\�PDJQHWURQ� VSXWWHULQJ� DQG�
JDV�FRQGHQVDWLRQ�RQ�JODVV\�FDUERQ�VXEVWUDWHV�DUH�W\SLFDOO\�VXOIXU�GHILFLHQW��[� �������������ZKLFK�
OLPLWV� WKHLU� FU\VWDOOLQLW\� DQG� HOHFWURFDWDO\WLF� SURSHUWLHV�� +HUH� ZH� GHPRQVWUDWH� WKDW� D� VXOIXU�
HQULFKLQJ�PHWKRG��FRPSULVLQJ�VXOIXU�HYDSRUDWLRQ�DQG�FOXVWHU�DQQHDOLQJ�XQGHU�YDFXXP�FRQGLWLRQV��
VLJQLILFDQWO\� HQKDQFHV� WKHLU� DFWLYLW\� WRZDUGV� WKH� K\GURJHQ� HYROXWLRQ� UHDFWLRQ� �+(5��� 7KH� 6�
ULFKQHVV� �[�  � ���� �� ����� DQG� H[WHQGHG� FU\VWDOOLQH� RUGHU� REWDLQHG� LQ� WKH� VXOIXU�WUHDWHG� 0R6[
QDQRFOXVWHUV�OHDG�WR�FRQVLVWHQW�����P9�VKLIWV�WR�ORZHU�+(5�RQVHW�SRWHQWLDOV��DORQJ�ZLWK�WZR�IROG�
DQG� PRUH�WKDQ� ���IROG� LQFUHDVHV� LQ� WXUQRYHU� IUHTXHQF\� DQG� H[FKDQJH� FXUUHQW� GHQVLW\� YDOXHV�
UHVSHFWLYHO\��7KH�KLJK�PDVV�DFWLYLWLHV��a����P$�PJ���#�����P9��REWDLQHG�DW�XOWUD�ORZ ORDGLQJV�
�a����QJ�FP��������VXUIDFH�FRYHUDJH��DUH�FRPSDUDEOH�WR�WKH�EHVW�UHSRUWHG�0R6� FDWDO\VWV�LQ�WKH�
OLWHUDWXUH��



�

�� ,QWURGXFWLRQ�
7KH�LQWHUHVW�LQ�WKH�K\GURJHQ�HFRQRP\�DV�D�SRWHQWLDO�FDQGLGDWH�WR�UHSODFH�WKH�FXUUHQW�IRVVLO�IXHO�

EDVHG�HQHUJ\�V\VWHP>�@ KDV�PRWLYDWHG�H[WHQVLYH�UHVHDUFK�RQ�HQYLURQPHQWDOO\�IULHQGO\�K\GURJHQ�
SURGXFWLRQ�PHWKRGV��7KH�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��+(5��WDNLQJ�SODFH�DW�D�ZDWHU�HOHFWURO\VHU�
FDWKRGH�LV�D�VFDODEOH�\HW�HQHUJ\�HIILFLHQW�URXWH>�@ ZKLFK�GHPDQGV�HDUWK�DEXQGDQW�FDWDO\VWV�WR�EH�
FRPPHUFLDOO\� YLDEOH��$PRQJ� WKHP�� WUDQVLWLRQ�PHWDO� GLFKDOFRJHQLGHV� �70'V�� DQG� LQ� SDUWLFXODU�
PRO\EGHQXP�GLVXOILGH� �0R6��� KDYH� VWRRG�RXW� LQ� WKH� SDVW� GHFDGH�>���@ 7KHLU� OD\HUHG� VWUXFWXUH��
DQDORJRXV� WR� WKDW� RI� JUDSKHQH�� DOVR� LPSOLHV� DQLVRWURSLF� SURSHUWLHV�� RQO\� WKH�PHWDOOLF� �7� SKDVH�
VLWHV� ORFDWHG� DW� WKH�0R�HGJH� SODQHV� RI� QDWXUDOO\� RFFXUULQJ�0R6� DUH� DFWLYH� IRU� WKH�+(5�>���@
ZKHUHDV�WKH��+�VHPLFRQGXFWLQJ�EDVDO�SODQHV�DUH�DOPRVW�LQDFWLYH�LI�QR�GHIHFWV�DUH�SUHVHQW�>�±�@
6HYHUDO� VWUDWHJLHV� KDYH� SURYHQ� WR�PD[LPL]H�0R6� +(5� DFWLYLWLHV>��@�� WULJJHULQJ� WKH� �+ĺ�7�
SKDVH�WUDQVLWLRQ�LQ�EDVDO�SODQHV�E\�FKHPLFDO� LQWHUFDODWLRQ>��±��@ RU�VWUHVV�VWUDLQ�HIIHFWV>�����@��
EDVDO� SODQH� DFWLYDWLRQ� E\� LQFRUSRUDWLRQ� RI� WUDQVLWLRQ� PHWDOV>��±��@ RU� RWKHU�
FKDOFRJHQLGHV>�����@��DQG�WKH�IDEULFDWLRQ�RI�0R6[ QDQRVWUXFWXUHV�ZKLFK�DUH�GHIHFW�ULFK>��±��@
RU�KDYH�DGGLWLRQDO�6�YDFDQFLHV�>��±��@ +RZHYHU��WKH�LQ�RSHUDQGR�SURYHQ�UROH�RI�6�DWRPV�DV�WKH�
+(5�DFWLYH�VLWHV>��@ LQGLFDWHV� WKDW� VXOIXU�ULFK�0R6��[ PDWHULDOV� VKRXOG DOVR�SUHVHQW�KLJK�+(5�
DFWLYLWLHV�>��±��@ 2XU�UHFHQWO\�UHSRUWHG�VL]H�VHOHFWHG�0R6[ QDQRFOXVWHUV��REWDLQHG�E\�PDJQHWURQ�
VSXWWHULQJ� DQG� JDV� FRQGHQVDWLRQ�>��@ ZHUH� GHPRQVWUDWHG� WR� EH� VXOIXU�GHILFLHQW� �[�  � ���� �� �����
ZLWK� ORZ�FU\VWDOOLQLWLHV�� ,Q� WKLV�DUWLFOH�ZH�KDYH�HYDOXDWHG� WKH� LQIOXHQFH�RI� VXOIXU�FRQWHQW� LQ� WKH�
+(5�FDWDO\VLV�RI�0R6� PDWHULDOV�WKURXJK�XVH�RI�DQ�LQ�YDFXR VXOIXU�DGGLWLRQ�WUHDWPHQW�SUHYLRXVO\�
GHYHORSHG� IRU� IUHVKO\� GHSRVLWHG�� VXOIXU�GHILFLHQW� �0R6[����� QDQRFOXVWHUV�>��@ :H� GHPRQVWUDWH�
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WKDW�VXOIXU�HYDSRUDWLRQ����PLQ��IROORZHG�E\�DQQHDOLQJ�WUHDWPHQW����PLQ�����������&��LQFRUSRUDWHV�
6�LQ�WKH�0R6[ QDQRFOXVWHU�VWUXFWXUH��[� �������������E\�UHGXFLQJ�R[\JHQ�FRQWDLQLQJ�0R�VXUIDFH�
VSHFLHV�DQG�FRQYHUWLQJ� WKH�DPRUSKRXV�6��� PRLHWLHV� WR�FU\VWDOOLQH�6�� VLWHV��ZKLFK�DOVR�H[WHQGV�
WKH�FU\VWDOOLQH�RUGHU��$�FRQVLVWHQW�����P9�VKLIW�WR�ORZHU�+(5�RYHUSRWHQWLDO��DORQJ�ZLWK�D�WZR�
IROG� LQFUHDVHG� WXUQRYHU� IUHTXHQF\� DQG�PRUH�WKDQ� ���IROG� LQFUHDVH� RI� H[FKDQJH� FXUUHQW� GHQVLW\�
YDOXHV�SURYHV�WKH�EHQHILFLDO�UROH�RI�KLJKHU�6�VXUIDFH�FRQWHQW�DQG�FU\VWDOOLQLWLHV�LQ�WKH��0R6[�����
QDQRFOXVWHUV�+(5�FDWDO\VLV�

�� ([SHULPHQWDO
���� �0R6[����� QDQRFOXVWHUV� GHSRVLWLRQ� DQG� KLJK�DQJOH� DQQXODU� GDUN�ILHOG� VFDQQLQJ�
WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��+$$')�67(0��LPDJLQJ

)LJXUH����&OXVWHU�EHDP�VRXUFH�VFKHPDWLF��,W�FRQVLVWV�RI�ILYH�VHFWLRQV��PDJQHWURQ�VSXWWHULQJ��LRQ�
RSWLFV��PDVV�ILOWHU��FOXVWHU�GHSRVLWLRQ�DQG�FOXVWHU SRVW�WUHDWPHQW��

6L]H�VHOHFWHG� 0R6� QDQRFOXVWHUV� ZHUH� SURGXFHG� XVLQJ� D� '&� PDJQHWURQ� VSXWWHULQJ� DQG JDV�
FRQGHQVDWLRQ�FOXVWHU�EHDP�VRXUFH�DV�VKRZQ�LQ�)LJXUH�� IURP�D���LQFK�VSXWWHULQJ�0R6� WDUJHW��3,�
.(0�� ������ SXULW\��>��@ 7KH� SRVLWLYHO\� FKDUJHG� FOXVWHUV� ZHUH� DFFHOHUDWHG� ZLWK� LRQ� RSWLFDO�
HOHFWURVWDWLF�OHQVHV�DQG�WKHQ�VL]H�VHOHFWHG�ZLWK�D�ODWHUDO�WLPH�RI�IOLJKW�PDVV�ILOWHU�>��@ $�PDVV�RI�
������� DPX�� FRUUHVSRQGLQJ� WR� �����0R6� XQLWV� �GHVLJQDWHG� DV� �0R6��������� ZDV� VHOHFWHG� IRU�
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GHSRVLWLQJ� RQWR� DQ� DPRUSKRXV� FDUERQ� FRDWHG� 7(0� JULGV� �$JDU� 6FLHQWLILF�� ����0HVK�&X�� DQG�
RQWR�JODVV\�FDUERQ��*&��VWXEV����PP�[���PP�[���PP��PLUURU�ILQLVK���7KH�ORDGLQJ�RI�WKH�7(0�
JULG� VDPSOHV�ZDV� DSSUR[�� ���SURMHFWHG� VXUIDFH� DUHD� FRYHUDJH� �L�H��� DSSUR[�� ���RI� WKH� VXUIDFH�
FRYHUHG�E\�FOXVWHUV���ZKLOH� WKH� ORDGLQJV�RI� WKH�*&�VDPSOHV�ZHUH���������DQG�����SURMHFWHG�
VXUIDFH� DUHD��7KH�FOXVWHUV�ZHUH�GHSRVLWHG�RQWR� DPRUSKRXV� FDUERQ�FRYHUHG�7(0 JULGV� DQG�*&�
VWXEV�ZLWK�DQ�LPSDFW�HQHUJ\�RI�����H9�DQG�����H9�SHU�0R6� XQLW��UHVSHFWLYHO\��6XOIXU�DGGLWLRQ�
ZDV�FRQGXFWHG� LQ� D� VXOIXU�DWPRVSKHUH� FUHDWHG�E\�HYDSRUDWLQJ�VXOIXU�XVLQJ�D�KRPH�EXLOW� LQ�VLWX�
WKHUPDO�HYDSRUDWRU����PLQ���$QQHDOLQJ����PLQ�����������&��ZDV�SHUIRUPHG�ZLWK�DQ�HOHFWURQ�EHDP�
ERPEDUGPHQW� KHDWLQJ� VWDJH�� 7KH� WHPSHUDWXUH� ZDV� PRQLWRUHG� XVLQJ� D� S\URPHWHU� �,03$&�
3\URPHWHU��,3(�������6FDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��67(0��LPDJHV�ZHUH�DFTXLUHG�
ZLWK� D� ���� N9� VSKHULFDO� DEHUUDWLRQ�FRUUHFWHG� 67(0� �-(2/� ����)�� LQ� WKH� KLJK�DQJOH� DQQXODU�
GDUN�ILHOG��+$$')��PRGH>�����@�
���� 3K\VLFDO� FKDUDFWHUL]DWLRQ� RI� �0R6[����� QDQRFOXVWHUV�� ;�UD\� SKRWRHOHFWURQ� VSHFWURVFRS\�
�;36�
;36� VSHFWUD� ZHUH� UHFRUGHG� XVLQJ� D� .UDWRV� $[LV� 6835$� ILWWHG� ZLWK� D� PRQRFKURPDWHG�

DOXPLQLXP� VRXUFH� �$O� .Į�� �������� H9�� DQG� D� FKDUJH� QHXWUDOLVHU�� 6DPSOHV� ZHUH� PRXQWHG�
RQ VLOLFRQ�ZDIHUV�E\�XVH�RI� VLOYHU�HSR[\��DQG�DIIL[HG� WR�D� VDPSOH�EDU�XVLQJ�FDUERQ� WDSH��:LGH�
VFDQV� ZHUH� UHFRUGHG� XVLQJ� SDVV� HQHUJLHV� RI� ���� H9� DQG� KLJK�UHVROXWLRQ� VFDQV� ZHUH� UHFRUGHG�
XVLQJ�SDVV�HQHUJLHV�RI����H9�DQG�DQ�DQDO\VLV�DUHD�RI����ȝP���$OO�VFDQV�ZHUH�UHFRUGHG�DW����[����
� 7RUU� XVLQJ� DQ� HPLVVLRQ� FXUUHQW� RI� ���P$��$OO� KLJK�UHVROXWLRQ� VSHFWUD� ZHUH� FRUUHFWHG� WR� WKH�
DGYHQWLWLRXV� &� �V� SHDN� DW� ������ H9�� DQG� GHFRQYROXWHG� XVLQJ� WKH� &DVD;36� ������� VRIWZDUH��
DSSO\LQJ�D�6KLUOH\�EDFNJURXQG�FRUUHFWLRQ�EHIRUH�LQGLYLGXDO�SHDN�GHFRQYROXWLRQ� 0RD2E6F LV�XVHG�
WR�UHIHU�WR�WKH�PRO\EGHQXP�R[\VXOILGH�VSHFLHV��WKH�VXSHUVFULSW�D UHSUHVHQWV�WKH�R[LGDWLRQ�VWDWH�RI�
0R��ZKLOVW�WKH�VXEVFULSWV�E DQG�F WKH�VWRLFKLRPHWU\�RI�2�DQG�6�DWRPV�LQ�WKH�VSHFLILF�R[\VXOILGH�
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����(OHFWURFKHPLFDO�FKDUDFWHUL]DWLRQ
$OO� HOHFWURFKHPLFDO� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� LQ� D� FRQYHQWLRQDO� ��HOHFWURGH�

HOHFWURFKHPLFDO� VHWXS� FRPSULVLQJ� D� WKHUPRVWDWWHG WZR�FRPSDUWPHQW FHOO� ������ �.�� WKH� ILUVW�
FRPSDUWPHQW� FRQWDLQLQJ ERWK� D� VDWXUDWHG� FDORPHO� UHIHUHQFH� HOHFWURGH� �6&(��%$6� ,QF��� -DSDQ��
DQG���PP�GLDPHWHU����PP�WKLFN�JODVV\�FDUERQ�ZRUNLQJ�HOHFWURGHV��*&��W\SH���VWXEV��$OID�$HVDU��
8�.���PRGLILHG�ZLWK�DV�GHSRVLWHG�RU�VXOIXU�HYDSRUDWHG�DQG�DQQHDOHG��0R6[����� QDQRFOXVWHUV��DQG
D VHFRQG� FRPSDUWPHQW� FRQWDLQLQJ D� EULJKW� 3W�PHVK� FRXQWHU� HOHFWURGH� �$OID� $HVDU�� 8�.���� $OO�
H[SHULPHQWV� ZHUH� FRQGXFWHG� XVLQJ� D� 3&�FRQWUROOHG� 3*67$7���1� SRWHQWLRVWDW� �0HWURKP�
$XWRODE�%�9��1HWKHUODQGV���*&�VDPSOHV�ZHUH�SROLVKHG�WR�XQWLO�D�PLUURU�ILQLVK�ZDV�DFKLHYHG�E\�
XVH�RI�GHFUHDVLQJ�VL]H�GLDPRQG�����WR���ȝP��DQG�DOXPLQD�VOXUULHV����WR������ȝP��RQ�D�%XHKOHU�
0HWD6HUY�����DXWRPDWLF�SROLVKHU�XVLQJ�7ULGHQW�0LFURFORWK�SROLVKLQJ�SDGV��$OO�*&�VDPSOHV�ZHUH�
LPPHGLDWHO\�WHVWHG�DIWHU�QDQRFOXVWHU�PRGLILFDWLRQ��EHLQJ�WUDQVSRUWHG�WR� WKH�HOHFWURFKHPLFDO�FHOO�
LQ�D�1��VDWXUDWHG�VHDOHG�FRQWDLQHU�WR�DYRLG�H[SRVXUH�WR�DLU��7KH�QDQRFOXVWHU�PRGLILHG�*&�VWXEV�
ZHUH� HPEHGGHG� LQ� D� (�74� &KDQJH'LVN� 5'(� 7LS� DQG� HOHFWULFDOO\� FRQQHFWHG� WR� D� (�� 6HULHV�
5RWDWLQJ� 6KDIW� DQG� D� 0RGXODWHG� 6SHHG� 5RWDWRU� �3LQH� 5HVHDUFK� ,QVWUXPHQWDWLRQ�� 86$��� 1R�
URWDWLRQ�ZDV�DSSOLHG�GXULQJ�DQ\�HOHFWURFKHPLFDO�H[SHULPHQW��
$���P0�+&O2� �$&6��������6LJPD�$OGULFK�������0�1D&O2� �$&6��������6LJPD�$OGULFK��

VROXWLRQ��S+������ZDV�XVHG�LQ�DOO�H[SHULPHQWV��IUHVKO\�SUHSDUHG�ZLWK�XOWUDSXUH�ZDWHU��0LOOLSRUH�
0LOL�4�'LUHFW���� UHVLVWLYLW\�QRW� OHVV� WKDQ������0��FP���7KLV� IXOO\� VXSSRUWHG��QRQ�FRRUGLQDWLQJ�
DQLRQ�FRQWDLQLQJ�� ORZ� SURWRQ� FRQFHQWUDWLRQ� HOHFWURO\WH� ZDV� FKRVHQ� LQ� FRQWUDVW� WR� WKH� PRUH�
FRPPRQO\� UHSRUWHG� KLJK� SURWRQ� FRQFHQWUDWLRQ� HOHFWURO\WHV� LQ� K\GURJHQ� HYROXWLRQ� H[SHULPHQWV�
����� 0� +�62�� S+� §� ����� ���� 0� +&O2��� S+� §� ��� DV� SUHYLRXV� H[SHULPHQWV� RQ� �0R6[�\
QDQRFOXVWHUV�\LHOGHG�PRUH�UHSURGXFLEOH�HOHFWURFKHPLFDO�UHVXOWV��HQDEOLQJ�DFFXUDWH�HOXFLGDWLRQ�RI�
WKH�+(5�UHDFWLRQ�NLQHWLF�SDUDPHWHUV��$FLGLF�HOHFWURO\WHV�ZLWK�ODFN�RI�D�VXSSRUWLQJ�HOHFWURO\WH��LQ�



�

RXU�FDVH�����0�1D&O2���DUH�UHSRUWHG�WR�GLVWRUW�DQ\�NLQHWLF�DQDO\VLV�GXH�WR�PLJUDWLRQ�HIIHFWV�RI�
WKH�HOHFWURDFWLYH�VSHFLHV�>��@
1DQRFOXVWHU�PRGLILHG�*&�HOHFWURGHV�ZHUH�SUHFRQGLWLRQHG�SULRU� WR�+(5�H[SHULPHQWV�ZLWK����

F\FOHV�IURP��������WR�������9��YV��6&(��DW�D�YROWDJH�VFDQ�UDWH�RI����P9V�� WR�REWDLQ�D�VWDELOL]HG�
SHUIRUPDQFH��+(5�HOHFWURFDWDO\VLV�PHDVXUHPHQWV�ZHUH�WKHQ�UHFRUGHG DW�D�UDQJH�RI�YROWDJH�VFDQ�
UDWHV� IURP��� WR������P9V���� DQG�HOHFWURFKHPLFDO� LPSHGDQFH�VSHFWURVFRS\�PHDVXUHPHQWV� �(,6��
ZHUH�DFTXLUHG�LQ�WKH������WR������9�YV��6&(�ZLWK�����P9�VWHSV��XVLQJ�D�IUHTXHQF\�UDQJH�RI�����
WR� ��� +]� �YROWDJH� DPSOLWXGH�  � ���P9�� WR� DSSO\� WKH� L5 FRPSHQVDWLRQ� FRUUHFWLRQ� RQ� DOO�+(5�
YROWDPPRJUDPV��$OO�+(5�SRWHQWLDOV�UHSRUWHG�DUH�FRUUHFWHG�YHUVXV�WKH�QRUPDO�K\GURJHQ�HOHFWURGH�
�1+(��XVLQJ� WKH�1HUQVWLDQ� VKLIW� FRUUHFWLRQ� �(1+(  �������9��������S+���7KH�HOHFWURFKHPLFDO�
FHOO�ZDV�YLJRURXVO\�SXUJHG�ZLWK�1� SULRU�WR�DQ\�HOHFWURFKHPLFDO�H[SHULPHQW��2[\JHQ�IUHH�JUDGH��
%2&� *DVHV� SOF��� DQG� D� SRVLWLYH� 1� SUHVVXUH� ZDV� PDLQWDLQHG� GXULQJ� H[SHULPHQWV�� $OO�
HOHFWURFKHPLFDO� JODVVZDUH� ZDV� FOHDQHG� RYHUQLJKW� E\� XVH� RI� D� GLOXWH� .0Q2� �$&6� �� �����
6LJPD�$OGULFK�� VROXWLRQ� LQ� FRQFHQWUDWHG� +�62� �!� ���� DQDO\WLFDO� JUDGH�� )LVKHU� 6FLHQWLILF��
IROORZHG�E\�ULQVLQJ�ZLWK�XOWUDSXUH�ZDWHU�



�

�� 5HVXOWV�DQG�GLVFXVVLRQ�
���� 3K\VLFDO� FKDUDFWHUL]DWLRQ� RI� VL]H�VHOHFWHG� �0R6[����� QDQRFOXVWHUV�� +$$')�67(0�

LPDJLQJ DQG�;36
)LJXUH� � VKRZV� WKH� DEHUUDWLRQ�FRUUHFWHG� +$$')�67(0� LPDJHV� RI� �0R6[����� QDQRFOXVWHUV�

�VHOHFWHG�PDVV�DW�FOXVWHU�VRXUFH���������DPX��HTXLYDOHQW�WR������0R6� XQLWV�SHU�FOXVWHU��DW����
SURMHFWHG�VXUIDFH�DUHD�FRYHUDJH�DIWHU�GHSRVLWLRQ�RQ�DPRUSKRXV�FDUERQ�FRYHUHG�7(0�JULGV��)RU�
FOXVWHU�VRXUFH�VFKHPDWLF�DQG�IXUWKHU�GHSRVLWLRQ�SDUDPHWHUV��VHH�)LJ�����)LJ��D�DQG��E�DUH�DFTXLUHG�
DW� ORZ�PDJQLILFDWLRQ� EHIRUH� DQG� DIWHU� VXOIXU� HYDSRUDWLRQ� DQG� DQQHDOLQJ�� UHVSHFWLYHO\�� 7KH� DV�
GHSRVLWHG�0R6[ FOXVWHUV�DUH�UDWKHU�LUUHJXODU�ZLWK�SRRUO\�RUGHUHG�VWUXFWXUHV��DQG�D�PHDQ�GLDPHWHU�
RI�����QP�LV�JLYHQ�EDVHG�RQ�WKH�SURMHFWHG�VXUIDFH�DUHD�IURP�RXU�SUHYLRXV�VWXG\�>��@ 7KH�67(0�
LPDJH�RI�DV�GHSRVLWHG�0R6[ FOXVWHU�DW�D�KLJKHU�PDJQLILFDWLRQ��)LJXUH��F���WRJHWKHU�ZLWK�LWV�))7�
SDWWHUQ��LQVHW���VKRZ�WKH�DPRUSKRXV�IHDWXUH�RI� WKH�FOXVWHU�DQG�FRQILUP�WKH�DEVHQFH�RI�H[WHQGHG�
FU\VWDOOLQH� RUGHU�� 7KH� FOXVWHUV� KDYH� DQ� XQHYHQ� OD\HUHG� VWUXFWXUH� UHYHDOHG� E\� WKH� +$$')�
LQWHQVLW\�OLQH�SURILOH��ZKLFK�DJUHHV�ZLWK�SUHYLRXV�ILUVW�SULQFLSOH�VLPXODWLRQ�VWXGLHV�>��@&RPSDUHG�
ZLWK�WKH�DV�GHSRVLWHG�FOXVWHUV��WKH�VXOIXULVHG�FOXVWHUV�EHFRPH�ODUJHU�ZLWK�D�PHDQ�GLDPHWHU�RI�����
QP��7KLV� LV�GXH�WR� WKH�PRUSKRORJLFDO�UHFRQVWUXFWLRQ�RI�0R6[ FOXVWHUV�ZLWK�WKH�DGGHG�VXOIXU�� ,Q�
FRQWUDVW� WR� WKH�DV�GHSRVLWHG�FOXVWHUV�� WKH�VXOIXULVHG�FOXVWHUV� VKRZQ� LQ�)LJXUH��G�DQG��H�SUHVHQW�
UDWKHU� FU\VWDOOLQH� VWUXFWXUHV�� ZKLFK� FDQ� DOVR� EH� FRQILUPHG� E\� WKHLU� ))7� SDWWHUQV� �LQVHW��� 7KH�
VXOIXULVHG�FOXVWHUV�UHWDLQ�WKH�OD\HUHG�VWUXFWXUH�ZLWK���WR���OD\HUV�WKLFN��7KH�0RLUp SDWWHUQ�VKRZQ�
LQ� )LJXUH� �H� LQGLFDWHV� D�PLVRULHQWDWLRQ� EHWZHHQ� OD\HUV��ZKLFK� FDQ� EH� FRPPRQO\� IRXQG� LQ� WKH�
VXOIXULVHG� FOXVWHUV� ZLWK� �� RU� PRUH� OD\HUV�� *LYHQ� WKDW� VXOIXU� LV� ORQJ� NQRZQ� WR� VXEOLPH� DW�
WHPSHUDWXUHV�ZHOO� EHORZ� ���� �&�>�����@ ZH� FDQ� FRQFOXGH� WKDW� WKH� FU\VWDOOLQH� VWUXFWXUHV� FRPH�
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IURP� WKH� FKHPLFDO� ERQG� EHWZHHQ� WKH� DGGHG� VXOIXU� DQG� WKH� FOXVWHUV�� DQG� WKDW� WKH� VWUXFWXUDO�
PRGLILFDWLRQ�LQWR�FU\VWDOOLQH�FOXVWHUV�PDLQO\�WDNHV�SODFH�ZLWKLQ�WKH��'�OD\HUV�

)LJXUH��� 67(0�LPDJHV�RI DV�GHSRVLWHG�VL]H�VHOHFWHG��0R6[����� QDQRFOXVWHUV�VKRZQ�DW�D��ORZ�
DQG�F��KLJK�PDJQLILFDWLRQ��DQG�67(0�LPDJHV�RI��0R6[����� QDQRFOXVWHUV�DIWHU�VXOIXU�HYDSRUDWLRQ�
DQG�DQQHDOLQJ�DW�E��ORZ�PDJQLILFDWLRQ�DQG�G��H��KLJK�PDJQLILFDWLRQ��7KH�LQVHWV�VKRZQ�LQ�F��G�DQG�
H�DUH�WKH�))7�SDWWHUQV�RI�FRUUHVSRQGLQJ�FOXVWHUV�

;36� PHDVXUHPHQWV� ZHUH� DFTXLUHG� IURP� PRO\EGHQXP� VXOILGH� FOXVWHUV� GHSRVLWHG� RQWR�
DPRUSKRXV� FDUERQ� 7(0� JULGV� WR� LQYHVWLJDWH� WKH� GHJUHH� RI� VXOIXU� LQFRUSRUDWLRQ�� 7KH� KLJK�
UHVROXWLRQ�0R��G�DQG�6��S�VSHFWUD�RI WKH�DV�GHSRVLWHG�PRO\EGHQXP�VXOILGH�QDQRFOXVWHUV�UHYHDO�D�
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FRPSOH[�VXUIDFH�FRPSRVLWLRQ��VHH�)LJ���D���7KH�0R�VSHFWUD��)LJ�����WRS�URZ��FRXOG�QRW�EH�VROHO\�
GHFRQYROXWHG�LQWR�WKH�0R�� �G������� VSLQ�RUELW�GRXEOHW�FKDUDFWHULVWLF�RI�0R6� PDWHULDOV��ELQGLQJ�
HQHUJLHV�RI�a������DQG�a������H9��UHVSHFWLYHO\���7ZR�DGGLWLRQDO�GRXEOHWV�ZHUH�QHHGHG��DVFULEHG�
WR�0RD2E6F �a������ DQG� a������ H9�� VHH� (6,� IRU�0RD2E6F GHILQLWLRQ�� DQG�0R�� �a������ DQG�
a������ H9�� R[LGDWLRQ� VWDWHV� UHSRUWHG� LQ� PRO\EGHQXP� FRPSRXQGV� VXFK� DV� PRO\EGHQXP�
R[\VXOILGHV>��@ DQG�0R2��>��@ $QDO\VLV�RI� WKH�0R����0RD2E6F��0R�� UHODWLYH�SHUFHQWDJHV� �DW��
��� IURP� WKH� ;36� SKRWRHPLVVLRQ� LQWHQVLWLHV� \LHOGV� D� UHODWLYH� UDWLR� RI� ��������������� DW�� ���
FRUURERUDWLQJ� WKH� VLJQLILFDQW� SURSRUWLRQ� RI� R[LGL]HG� PRO\EGHQXP� VSHFLHV� DW� WKH� QDQRFOXVWHUV��
7KH� 6� VSHFWUD� �)LJ�� ��� ERWWRP� URZ�� ZHUH� GHFRQYROXWHG� XVLQJ� WZR� �S������� VSLQ�RUELW� GRXEOHWV�
UHODWHG� WR� WKH� 6�� �a������ DQG� a������ H9�� DQG� 6��� �a������ DQG� a������ H9�� R[LGDWLRQ� VWDWHV�
FRQVLVWHQWO\� UHSRUWHG� IRU� DPRUSKRXV�0R6[ WKLQ� ILOPV� DQG� QDQRSDUWLFOHV�>�����@ \LHOGLQJ� D� 6����
6��� UHODWLYH� UDWLR� RI� ������� 7KH� EURDG� 6� VLJQDO� FHQWHUHG� DW� FD�� ���� H9� LV� DVFULEHG� WR� 62[\�

VSHFLHV�>��@ 7KH�;36�LQWHQVLW\�UDWLR�EHWZHHQ�WKH�6�FRQWDLQLQJ 0R�VSHFLHV��0R���0RD2E6F��DQG�
WKH�6����6��� VSHFLHV�\LHOGV�D�FORVH�WR�VWRLFKLRPHWULF�EXW�VWLOO�6�GHILFLHQW�UDWLR��������������VLPLODU�
WR�WKDW�IRXQG�LQ�RXU�SUHYLRXV�LQYHVWLJDWLRQV�>�����@
/LNHZLVH�� KLJK�UHVROXWLRQ� ;36� VSHFWUD� RQ� WKH� VXOIXU�HYDSRUDWHG� DQG� DQQHDOHG� �0R6[�����

QDQRFOXVWHUV��)LJ���F��UHYHDO�DQ�DOPRVW�WRWDO�FRQYHUVLRQ�RI�R[LGL]HG�0R�VSHFLHV�WR�0R�� �0R����
0RD2E6F��0R�� DW���� UDWLR� RI� ��������������� DV�ZHOO� DV� DQ� HIIHFWLYH� 6�HQULFKPHQW�� REWDLQLQJ� D�
0R���0RD2E6F��6����6��� UDWLR�RI�������������$V IRU�WKH�6����6��� ;36�LQWHQVLW\�UDWLR��WKLV�LV�QRZ�
��������)XUWKHU�DQDO\VLV�RI�WKH�VXOIXULVHG�EXW�QRQ�DQQHDOHG��0R6[����� QDQRFOXVWHUV�VDPSOH��)LJ��
�E�� UHYHDOV� WKDW� 6� LQFRUSRUDWLRQ� RQWR� WKH� QDQRFOXVWHUV� RFFXUV� DW� WKLV� VWDJH� WR� D� FHUWDLQ� H[WHQW�
�0R���0RD2E6F�� 6���� 6��� UDWLR� RI� ��� ���������� EXW� LW� OHDGV� QHLWKHU� WR� DQ� HIIHFWLYH� GHSOHWLRQ� RI�
R[\JHQ�FRQWDLQLQJ�0R�VSHFLHV��0R����0RD2E6F��0R�� DW����UDWLR�RI������������������QRU�WR�IXOO�
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FU\VWDOOL]DWLRQ�RI�WKH�QDQRFOXVWHU�VWUXFWXUHV�>��@ +HQFH��LW�LV�FRQFOXGHG�WKDW�WKH�EHVW�PHWKRGRORJ\�
WR�SURGXFH�6�HQULFKHG�0R6[ QDQRFOXVWHUV�ZLWK�HQKDQFHG�FU\VWDOOLQH�RUGHU�LV�E\�WKH�DGRSWLRQ�RI�
VHTXHQWLDO�VXOIXU�HYDSRUDWLRQ�DQG�WKHUPDO�DQQHDOLQJ�

)LJXUH� �� +LJK�UHVROXWLRQ� 0R� �G� �WRS�� DQG� 6� �S� �ERWWRP�� ;36� VSHFWUD� RI� D�� DV�GHSRVLWHG�
�0R6[����� QDQRFOXVWHUV��E�� VXOIXULVHG��QRQ�DQQHDOHG� �0R6[����� QDQRFOXVWHUV� DQG�F�� VXOIXULVHG��
DQQHDOHG� �0R6[����� QDQRFOXVWHUV��/DEHOV�� UDZ�VSHFWUD� �EODFN��� FXPXODWLYH�SHDN� ILW� �UHG���0R���
�G������� �JUHHQ���0RD2E6F �G�������� �EOXH���0R��� �G������� �RUDQJH��� 6� �S������� �6���� \HOORZ�� DQG� 6�
�S������� �6�����PDJHQWD��
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��� (OHFWURFDWDO\WLF� DFWLYLW\� WR� WKH� K\GURJHQ� HYROXWLRQ� UHDFWLRQ�� LQIOXHQFH� RI� VXOIXU�
HQULFKPHQW

7KH�K\GURJHQ�HYROXWLRQ�DFWLYLW\�RI�WKH�DV�SUHSDUHG�DQG�VXOIXU�HQULFKHG��0R6[����� QDQRFOXVWHUV�
ZDV�HYDOXDWHG�LQ�D���HOHFWURGH�HOHFWURFKHPLFDO�VHWXS��E\�UHFRUGLQJ�OLQHDU�VZHHS�YROWDPPRJUDPV�
EHWZHHQ���WR������9��VFDQ�UDWH ����P9�V����LQ�D��P0�+&O2������0�1D&O2� DTXHRXV�HOHFWURO\WH�
�QRUPDOL]HG�YV��1+(�DQG�L5�FRPSHQVDWHG��IRU�IXUWKHU�GHWDLOV��VHH�([SHULPHQWDO���7KH�ORZ�SURWRQ�
FRQFHQWUDWLRQ� LQ� WKH�HOHFWURO\WH�XVHG� �>+�@�§��î����� PRO�FP����S+§������ LV� UHVSRQVLEOH� IRU� WKH�
GLIIXVLRQ� GHFD\� SHDN� SURILOH� LQ� )LJV�� �D� DQG� �E�� DQDORJRXV� WR� WKDW� IRXQG�ZLWK� RXU� SUHYLRXVO\�
UHSRUWHG� PDJQHWURQ�VSXWWHUHG� QDQRFOXVWHUV�>�����@ 7KH� DV�SUHSDUHG� VDPSOHV� SUHVHQW� RQVHW�
SRWHQWLDOV�� _ȘRQVHW_� IRU� FXUUHQW�GHQVLWLHV�RI� _M_ �����P$�FP����RI�FD������P9��ZKLFK�DUH�a���P9�
SRVLWLYHO\� VKLIWHG� FRPSDUHG� WR� WKH� UHFRUGHG� _ȘRQVHW_� IRU� EDUH� JODVV\� FDUERQ�� 7KLV� FRQILUPV� WKDW�
HYHQ� DW� XOWUD�ORZ ORDGLQJV� 0R6� HIIHFWLYHO\� FDWDO\]HV� WKH� +(5�� 7KH� SHDN� KDOI�PD[LPXP�
RYHUSRWHQWLDOV��_ȘKDOI�PD[_��DQG�FXUUHQW�GHQVLWLHV��_MKDOI�PD[_��PHWULFV�SUHYLRXVO\�XVHG�WR�GHVFULEH�WKH�
+(5�FDWDO\VLV�RI�PDJQHWURQ�VSXWWHUHG�QDQRFOXVWHUV>��@ DUH�IRXQG�WR�EH�FD������P9�DQG������P$�
FP����UHVSHFWLYHO\��VHH�7DEOH�6��(6,���
7KHVH� DUH� LQ� JRRG� DJUHHPHQW� ZLWK� WKH� UHVXOWV� REWDLQHG� IRU� �0R6������� QDQRFOXVWHUV�� ZKLFK�

SUHVHQWHG� D� KLJKHU� FOXVWHU� ORDGLQJ� �FD�� ����ȝJ� FP���� EXW� HTXLYDOHQW� VXUIDFH� FRYHUDJH� JLYHQ� WKH�
VPDOOHU� FOXVWHU� VL]HV� �a�����>��@ ,QWHUHVWLQJO\�� VXFK� XOWUD�ORZ ORDGLQJV� RI� VL]H�VHOHFWHG�0R6[
QDQRFOXVWHUV�XVHG�LQ�WKH�SUHVHQW�ZRUN�����FRYHUDJH��a���QJ�FP��������FRYHUDJH��a����QJ�FP����
����FRYHUDJH��a����QJ�FP����DOUHDG\�SUHVHQW�+(5�DFWLYLWLHV�FRPSDUDEOH�WR�WKRVH�RI��0R6�������
QDQRFOXVWHUV� ZLWK� ORDGLQJV� KLJKHU� E\� �� RUGHU� RI� PDJQLWXGH�� 'HVSLWH� ERWK� VPDOOHU� GLPHQVLRQV�
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�a����QP��DQG�KLJKHU�ORDGLQJV��WKH�6�GHILFLHQW�0R�6�UDWLR�DQG�FOXVWHU�RYHUODSSLQJ�XSRQ�UDQGRP�
VXUIDFH�ODQGLQJ�FDQ�WKHQ�H[SODLQ�WKH��0R6������� QDQRFOXVWHUV¶�UHSRUWHG�SHUIRUPDQFH��$IWHU�VXOIXU�
LQFRUSRUDWLRQ�� DOO� �0R6[����� QDQRFOXVWHUV� H[KLELW� UHPDUNDEOH� LPSURYHPHQWV� LQ� WKHLU� +(5�
SHUIRUPDQFH��$�FRQVLVWHQW� ����P9�VKLIW� LQ� WKH�+(5� _ȘKDOI� PD[_�ZDV� IRXQG� LQGHSHQGHQWO\�RI� WKH�
VDPSOH�ORDGLQJ��VHH��)LJV���D�E���

)LJXUH��� D�E��/LQHDU�VZHHS�YROWDPPRJUDPV�UHFRUGHG�DW���PP�GLDPHWHU�PLUURU�SROLVKHG�JODVV\�
FDUERQ�VDPSOHV��EODFN��PRGLILHG�ZLWK�DV�GHSRVLWHG��0R6[����� QDQRFOXVWHUV��EOXH��DQG�VXOIXULVHG��
DQQHDOHG��0R6[����� QDQRFOXVWHUV��JROG��DW�VXUIDFH�FRYHUDJHV�RI�����D��DQG������E���5HG�DUURZV�
GHQRWH�RYHUSRWHQWLDO�VKLIW�GXH�WR�VXOIXULVDWLRQ�DW� _MKDOI�PD[_��F��7DIHO�SORWV��_Ș_�YV��ORJ_MJHRP_��RI�WKH�
GLIIHUHQW� �0R6[����� QDQRFOXVWHUV� SORWWHG� LQ� D�E��� 6FDQ� UDWH�� ��� P9� V���� G�� (OHFWURFKHPLFDO�
LPSHGDQFH�VSHFWURVFRS\�1\TXLVW� VSHFWUD�RI� VDPSOHV� LQ�D�E�� UHFRUGHG�DW�Șa� �����P9�YV��1+(��
/DEHOV�LQ�F�G���PLUURU�SROLVKHG�JODVV\�FDUERQ��EODFN���DV�GHSRVLWHG��0R6[����� QDQRFOXVWHUV�DW����
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�UHG�� DQG� ���� �SXUSOH�� FRYHUDJH�� DQG� VXUIXULVHG� DQG� DQQHDOHG� �0R6[����� QDQRFOXVWHUV� DW� ���
�JUHHQ��DQG������EOXH��FRYHUDJH�

7R�JDWKHU�IXUWKHU� LQVLJKW�DERXW� WKH�+(5�NLQHWLFV�DQG�HOHFWURQ�WUDQVIHU�SURSHUWLHV��7DIHO�VORSH�
DQDO\VLV�DQG�HOHFWURFKHPLFDO�LPSHGDQFH�VSHFWURVFRS\��(,6��H[SHULPHQWV�ZHUH�FDUULHG�RXW�EHIRUH�
DQG�DIWHU�VXOIXU�HQULFKPHQW�RI��0R6[����� QDQRFOXVWHUV��7DIHO�SORWV�RI�WKH�FDWKRGLF�OLQHDU�VZHHS�
YROWDPPRJUDPV��_Ș_�YV��ORJ_MJHRP_��)LJ���F��VKRZ�7DIHO�VORSHV�LQ�WKH���������P9�GHF�� UDQJH�IRU�
DOO��0R6[����� QDQRFOXVWHU�VDPSOHV�LUUHVSHFWLYH�RI�ERWK�ORDGLQJ�DQG�VXOIXU�PRGLILFDWLRQ��VLPLODU�
YDOXHV� WR� WKH� RQH� IRXQG� IRU� EDUH� *&� �§���� P9� GHF� ����� 7KLV� LQGLFDWHV� WKDW� WKH� VXOIXULVDWLRQ�
WUHDWPHQW�GRHV�QRW�PRGLI\�WKH�PHFKDQLVP�XQGHU�ZKLFK�WKH�+(5�RSHUDWHV��IRU�VORSHV�FORVH�WR�E§�
����P9�GHF�� WKLV�LV�WKH�9ROPHU�PHFKDQLVP��LWV�UDWH�OLPLWLQJ�VWHS�EHLQJ�WKH�HOHFWURDGVRUSWLRQ�RI�
PRQRDWRPLF�K\GURJHQ�>��@ 3UHYLRXV�UHSRUWV�RQ�DPRUSKRXV�0R6[ FDWDO\VWV�KDYH� UHSRUWHG�7DIHO�
VORSHV� RI� E§���P9�GHF� �� �9ROPHU�+H\URYVN\� UDWH�OLPLWLQJ� VWHS��� VLJQLILFDQWO\� ORZHU� WKDQ� WKH�
RQHV� REWDLQHG� IRU� WKH� DV�GHSRVLWHG� DPRUSKRXV� �0R6[����� QDQRFOXVWHUV�� 7ZR�PDLQ� IDFWRUV� DUH�
UHVSRQVLEOH� IRU� WKLV�� WKH� HOHFWURO\WH� S+� DQG� WKH� LQKHUHQW� PRUSKRORJ\� RU� WKH� FOXVWHUV�� 5HFHQW�
LQYHVWLJDWLRQV�E\�'XERXLV�HW�DO��RQ�HOHFWURGHSRVLWHG��DPRUSKRXV�0R6[ PDWHULDOV�KDYH�VKRZQ�WKDW�
WKH� +(5�PHFKDQLVP� �DQG� FRQVHTXHQWO\� WKH� 7DIHO� VORSH�� LV� S+�GHSHQGHQW>��@�� IRU� S+���� WKH�
K\GURQLXP� FDWLRQ� HOHFWURUHGXFWLRQ� JRYHUQV� WKH� SURWRQ� UHGXFWLRQ� ZLWK� S+�LQGHSHQGHQW� 7DIHO�
VORSHV� RI� E§���P9� GHF� ���� DW� KLJKHU� S+� YDOXHV� WKH� ORZHU� SURWRQ� FRQFHQWUDWLRQ� OHDGV� WR�PDVV�
WUDQVSRUW� OLPLWDWLRQV�ZKLFK� XOWLPDWHO\� UHVXOW� LQ� WKH� SURWRQ� HOHFWURDGVRUSWLRQ� �L�H��9ROPHU� UDWH�
OLPLWLQJ�+(5�VWHS��E§����P9�GHF�����GRPLQDWLQJ�WKH�+(5��$OWHUQDWLYHO\� WKH����P9�GHF���7DIHO�
VORSHV�UHSRUWHG�RQ�DPRUSKRXV�0R6[ DUH�ZHOO�NQRZQ�WR�DULVH� IURP�WKH >0R�6��@�� FOXVWHU�EDVHG�
VWUXFWXUH� DQG� WKH� GLIIHUHQW� VXOIXU�PRLHWLHV� HQWDLOHG�>�����@ 7KH� S+��� XVHG� IRU� RXU� HOHFWURO\WH�
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DORQJ�ZLWK�WKH�WULJRQDO�SULVPDWLF�FRRUGLQDWLRQ�DV�IRXQG�LQ��+�0R6� IRU�RXU�VL]H�VHOHFWHG�0R6[
QDQRFOXVWHUV>��@ VXSSRUW�WKH�FD����������P9�GHF�� 7DIHO�VORSHV�REWDLQHG�

(OHFWURFKHPLFDO� LPSHGDQFH� VSHFWURVFRS\� �(,6�� 1\TXLVW� SORWV� ZHUH� ILWWHG� ZLWK D� VLPSOLILHG�
HTXLYDOHQW� FLUFXLW� PRGHO� EDVHG� RQ� WKH� UHFHQWO\�XVHG� OLQHDU� WUDQVPLVVLRQ� PRGHO>�����@ IRU�
DPRUSKRXV�SRURXV� 0R6[ VWUXFWXUHV� �VHH� )LJ�� 6� (6,� IRU� IXUWKHU� GHWDLOV��>�����@ 8QOLNH� WKH�
5DQGOHV� FLUFXLW� FRQYHQWLRQDOO\� XVHG� WR� SK\VLFDOO\� GHVFULEH� WKH� +(5� RQ� 70'� PDWHULDOV�� WKLV�
FLUFXLW� QRW� RQO\� DFFRXQWV� IRU� WKH� FKDUJH� WUDQVIHU� UHVLVWDQFH� �ܴ௧��� EXW� DOVR� IRU WKH� FRQWDFW�
UHVLVWDQFH� EHWZHHQ� WKH� QDQRFOXVWHUV� DQG� WKH� JODVV\� FDUERQ� HOHFWURGH� LQWHUIDFH� �ܴ��� 6XFK�
LQIRUPDWLRQ�LV�RI�SK\VLFDO�UHOHYDQFH�JLYHQ�WKH�OD\HU�GHSHQGHQW�+(5�FDWDO\VLV�RI�70'V�DQG�WKHLU�
LQKHUHQWO\� KLJK� WKURXJK�SODQH� UHVLVWDQFH�>��±��@ $W� ����� 9� YV�� 6&(� �a� ����� 9� YV�� 1+(��� D�
VLJQLILFDQW�GHFUHDVH�LQ�DOO�(,6�UHVLVWDQFH�FRPSRQHQWV�ZDV�IRXQG�DIWHU�WKH�FRPELQHG�WUHDWPHQW�RI�
VXOIXU� HYDSRUDWLRQ� SOXV� DQQHDOLQJ� RQ� WKH� �0R6[����� QDQRFOXVWHUV� �)LJ�� �G��7DEOH�6��(6,���ܴ௧

�a�����YV��a�����ȍ�����FRYHUDJH��a�����YV��a����ȍ������FRYHUDJH���DQG�ܴ �a�����YV��a�����
ȍ�� ��� FRYHUDJH��a������ YV�� a�����ȍ�� ���� FRYHUDJH���:H�SRVWXODWH� WKH� H[WHQGHG� FU\VWDOOLQH�
RUGHU�RI�WKH�VXOIXU�HQULFKHG�QDQRFOXVWHU�VWUXFWXUH�WR�EH�WKH�JRYHUQLQJ�IDFWRU��
7KLV�FDQ�EH�VXSSRUWHG�E\�ERWK�WKH�))7�DQDO\VLV�RI�WKH�QDQRFOXVWHUV�LPDJHG�E\�+$$')�67(0�

DQG�WKH�KLJK�UHVROXWLRQ�6��S�;36�UHVXOWV��7KH�IRUPHU�VKRZV��DIWHU�VXOIXU�LQFRUSRUDWLRQ��WKDW�WKH�
�0R6[����� QDQRFOXVWHU� ))7� SDWWHUQ� FKDQJHV� IURP� D� GLIIXVH� ULQJ� FKDUDFWHULVWLF� RI� KLJKO\�
DPRUSKRXV�PDWHULDOV�WR�D�ZHOO�GHILQHG VHW�RI�GLIIUDFWLRQ�VSRWV�UDQJLQJ�IURP�VLQJOH�VHWV�DVFULEHG�
WR�DOLJQHG�0R6� OD\HUV�DORQJ�WKH�������SODQH��LQWUDOD\HU�VSDFLQJ�������QP��WR�GXDO�VHWV�UHODWHG�WR�
PLVRULHQWHG�VWDFNLQJ�OD\HU�DUUDQJHPHQWV�>��@ 7KH�KLJK�UHVROXWLRQ�6��S�;36�GDWD�PRQLWRULQJ�WKH�
6����6��� LQWHQVLW\�UDWLR��ZKLFK�VHUYHV�DV�D�GHVFULSWRU�RI�WKH�GHJUHH�RI�0R6[ FU\VWDOOLQLW\��UHYHDOV�



��

DQ�LQFUHDVHG�6�� UHODWLYH�FRQWHQW�DIWHU�WKH�VXOIXU�HYDSRUDWLRQ�WUHDWPHQW��������YV��WKH�������IRXQG�
LQ�SULVWLQH�QDQRFOXVWHUV��7KXV��WKH�VXOIXU�HYDSRUDWLRQ�DQG�DQQHDOLQJ�QRW�RQO\�LQFRUSRUDWHV�VXOIXU�
LQWR� WKH� QDQRFOXVWHU� VWUXFWXUHV� EXW� DOVR� FRQYHUWV� WKH� FKDUDFWHULVWLF� DPRUSKRXV�0R6[�0R6� 6���
PRLHWLHV>�����������@ WR� 6�� DV� IRXQG� LQ� FU\VWDOOLQH� 0R6��>��@ )URP� WKHVH� ILQGLQJV� ZH� FDQ�
FRQFOXGH�WKDW�WKH�VXOIXU�HYDSRUDWLRQ�DQG�VXEVHTXHQW�DQQHDOLQJ�RI��0R6[����� QDQRFOXVWHUV�UHVXOWV�
LQ�DQ�RYHUDOO�LPSURYHPHQW�LQ�WKHLU�FKDUJH�WUDQVIHU�SURSHUWLHV��$�SUHYLRXV�UHSRUW�RQ�SRO\PRUSKLF�
0R6� �D� V\VWHP�ZKLFK� UHVHPEOHV� WKH� QRQ�FU\VWDOOLQH� QDWXUH� RI� RXU� DV�GHSRVLWHG� QDQRFOXVWHUV��
UHYHDOHG� WKDW� HOHFWURQ� KRSSLQJ� RQO\� RFFXUV� EHWZHHQ� PHWDOOLF� �7� GRPDLQV� ERXQGHG� E\�
VHPLFRQGXFWLQJ��+�UHJLRQV��DQG�WKHUHIRUH�LV�OLPLWHG��>��@
2Q�D�VHSDUDWH�QRWH��LW�LV�DOVR�QRWHZRUWK\�WR�H[SORUH�ZKLFK�DUH�WKH�SRWHQWLDO�+(5�DFWLYH�VLWHV�LQ�

RXU�0R6[ QDQRFOXVWHUV� )RU�DPRUSKRXV�0R6[� WHUPLQDO�6����>��@ EULGJLQJ�6���>��@ RU�XQVDWXUDWHG�
0R,9 FHQWHUV� �L�H�� 6� YDFDQFLHV�>��@ KDYH� EHHQ� SURSRVHG� DV�PRLHWLHV� UHVSRQVLEOH� IRU� K\GURJHQ�
HYROXWLRQ�� UHDFKLQJ� QR� XQDPELJXRXV� FRQVHQVXV� WR� GDWH�� )RU� WKH� DV�SUHSDUHG� �0R6[�����
QDQRFOXVWHUV��WKH�SUHVHQFH�RI�WHUPLQDO��EULGJLQJ�6��� DV�IRXQG�LQ�RXU�6��S�;36�VSHFWUD�VHHPV�WR�
LQGLFDWH�WKH\�PLJKW�SDUWLFLSDWH�LQ�WKH�+(5�DORQJ�ZLWK�WKH�ZHOO�HVWDEOLVKHG�70'�XQVDWXUDWHG�6��
DFWLYH� VLWHV�>����@ ,Q� WKH� FDVH� RI� RXU� 6�HQULFKHG� �0R6[����� QDQRFOXVWHUV�� WKH� DOPRVW� WRWDO�
FRQYHUVLRQ� RI� WKH� SDUWLDOO\�R[LGL]HG� 0RD2E6F DQG� 6��� VSHFLHV� WR� 0R�� DQG� 6�� DV� IRXQG� LQ�
FU\VWDOOLQH�0R6� DQG�VXEVHTXHQW�+(5�HQKDQFHPHQW�OHDG�XV�WR�EHOLHYH�WKDW�WKH�PDLQ�+(5�DFWLYHV�
DUH�WKH�XQVDWXUDWHG�6�� PRLHWLHV�
����(YDOXDWLRQ�RI�ILJXUHV�RI�PHULW�DQG�FDWDO\VW�EHQFKPDUNLQJ
)XUWKHU�FDWDO\VW�EHQFKPDUNLQJ�E\�WXUQRYHU�IUHTXHQF\��72)��DQG�H[FKDQJH�FXUUHQW�GHQVLW\��M���

DQDO\VLV� DOVR� GHPRQVWUDWHV� WKH� +(5� HQKDQFHPHQW� REVHUYHG�� )RU� ��� VXUIDFH� FRYHUDJH�� DV�
GHSRVLWHG� �0R6[������QDQRFOXVWHUV�SUHVHQW�72)�§�����+� V�� DQG� M�§�����î������ $�FP�� DW� _ȘKDOI�
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PD[_ �����P9��ZKHUHDV� IRU� DQ� HTXLYDOHQW� _ȘKDOI� PD[_� WKH� VXOIXU�PRGLILHG� �0R6[������ QDQRFOXVWHUV�
VDPSOH�H[KLELWV�72)�§�����+� V�� DQG� M�§�����î����� $�FP����$W�����VXUIDFH�FRYHUDJH��VLPLODU�
HQKDQFHPHQWV�FDQ�EH�IRXQG��72)�§�����YV������+� V�� DW�_ȘKDOI�PD[_ �����P9��M�§���� î����� YV������
î� ����� $� FP�����7KH� WZR�IROG� LQFUHDVH� LQ�72)� DQG�PRUH� WKDQ����IROG� LQFUHDVH� LQ� M� LQGLFDWHV�
LPSURYHG� SHU�VLWH� DFWLYLWLHV� DQG� DFWLYH� VLWH� GHQVLWLHV�� SRVLWLYH� VKLIWV� LQ� RQVHW� SRWHQWLDO� YDOXHV�
XQGHU�JLYHQ�+(5�NLQHWLFV��L�H��VDPH�7DIHO�VORSH�YDOXHV��KDYH�EHHQ�UHODWHG�WR�KLJKHU�GHQVLWLHV�RI�
DFWLYH� VLWHV�>��@ 7KLV�� DORQJ� ZLWK� WKH� RQVHW� SRWHQWLDO� VKLIW�� VLJQLILFDQWO\� VXUSDVVHV� WKH� +(5�
HQKDQFHPHQW��FD�����P9�DW�_MKDOI�PD[_��VHH�)LJ��6�D�(6,���IRXQG�DIWHU�6�HGJH�VLWH�GRSLQJ�ZLWK�1L�LQ�
�1L�0R6������ QDQRFOXVWHUV����IROG�LQFUHDVH�LQ�M� EXW�ORZHU�72)�DIWHU�GRSLQJ��>��@ LQGLFDWLQJ�WKDW�
WKH� V\QHUJLVWLF� HIIHFW� RI� VXOIXU� HQULFKPHQW� DQG� LPSURYHG� FU\VWDOOLQLW\� SUHYDLOV� RYHU� D� 6�HGJH�
DFWLYDWLRQ�VWUDWHJ\�RQ�DV�GHSRVLWHG�0R6[�QDQRFOXVWHUV�
:H� ILQDOO\� SURFHHGHG� WR� EHQFKPDUN� WKH� SHUIRUPDQFH� RI� RXU� �0R6[������ QDQRFOXVWHUV� ZLWK�

UHFHQWO\�UHSRUWHG�0R6��EDVHG�FDWDO\VWV� IURP� WKH� OLWHUDWXUH�� �7DEOH�6��(6,��+RZHYHU�� WKH� XOWUD�
ORZ ORDGLQJV�XWLOL]HG�LQ�WKLV�UHSRUW�SUHFOXGH�TXDQWLWDWLYH�FRPSDULVRQV�EDVHG�RQ�WKH�+(5�PHWULFV�
FRPPRQO\�FLWHG��_Ș_�DW����P$�FP�� DQG�_MJHRP_�DW�����P9���,W�LV�ZHOO�NQRZQ�WKDW�WKHVH�PHWULFV�DUH�
KHDYLO\�DIIHFWHG�E\�WKH�FDWDO\VW� ORDGLQJ��IRU� ORDGLQJ�GHSHQGHQW�+(5�VHH�)LJ��6�E�(6,��>�����±
��@ FDWDO\VW� OD\HU� WKLFNQHVV>��������@ DQG� 70'� PRUSKRORJLHV�>��������@ ,QVWHDG�� ZH�
QRUPDOL]HG� DOO� SUHYLRXV� _MJHRP_� UHSRUWHG� YDOXHV� E\� PDVV� DFWLYLW\� �P$� PJ����� D� PHWULF� ZLGHO\�
DFFHSWHG� LQ� WKH� QREOH�PHWDO� HOHFWURFDWDO\VLV� FRPPXQLW\� �VHH� 7DEOH� 6�� (6,��>�����@ 7KH�PDVV�
DFWLYLWLHV� IRXQG� IRU� �0R6[������QDQRFOXVWHUV� DW� _Ș_� YDOXHV� DV� ORZ� DV�����P9��FORVH� WR� WKH�+(5�
RQVHW�� DUH�� DIWHU� VXOIXU� HYDSRUDWLRQ� DQG� DQQHDOLQJ�� FRPSDUDEOH� ZLWK� WKH� EHVW� UHSRUWHG� 0R6�
FDWDO\VWV�DW�����P9�WHVWHG�XVLQJ�D�KLJK�SURWRQ�FRQFHQWUDWLRQ�HOHFWURO\WH��7KH�YDOXHV�REWDLQHG DUH�
FD����� P$�PJ�� DW����FRYHUDJH�DQG�FD���� P$�PJ�� DW�����FRYHUDJH��VHH�7DEOH�6��(6,���)RU�
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_ȘKDOI� PD[_��PDVV� DFWLYLWLHV� DUH� LQ� WKH������P$�PJ�� UDQJH�� IRU����FRYHUDJH�� FD�� ���� P$�PJ��
�SULVWLQH��DQG�FD������ P$�PJ�� �VXOIXULVHG���IRU�����FRYHUDJH��FD� ��� P$�PJ�� �SULVWLQH��DQG�
FD�� ���� P$� PJ�� �VXOIXULVHG��� 7KLV� KLJKOLJKWV� WKH� UHPDUNDEOH� DFWLYLWLHV� RI� WKH� VXOIXULVHG�
�0R6[������QDQRFOXVWHUV�REWDLQHG�DW�YHU\�ORZ�ORDGLQJV�
7KH�HOHFWURFKHPLFDO�VWDELOLW\�RI�0R6[�HOHFWURFDWDO\WV�LV�DOVR�DQ�LPSRUWDQW�IHDWXUH IRU HYDOXDWLQJ
SURVSHFWLYH� ORQJ�WHUP�+(5� SHUIRUPDQFH��$� SUHOLPLQDU\� FRPSDULVRQ� RI� WKH� YHU\� ILUVW� FDWKRGLF�
+(5� F\FOH� UHFRUGHG� GXULQJ� RXU� SUHFRQGLWLRQLQJ� VWHS� ZLWK� WKH ILQDO� SVHXGR�VWDWLRQDU\� /69
UHSRUWHG ���WK UHDO�+(5�F\FOH��DV�VKRZQ�LQ�)LJV���D�DQG��E��UHYHDOV�FOHDU GLIIHUHQFHV�LQ�VWDELOLW\�
EHIRUH�DQG�DIWHU�VXOIXU�HYDSRUDWLRQ�DQG�HQULFKPHQW��)LJ��6��(6,���)RU�����VXUIDFH�FRYHUDJH��DV�
GHSRVLWHG� DQG� 6�GHIILFLHQW� �0R6[������ QDQRFOXVWHUV� SUHVHQW� DQ� H[WUDRUGLQDULO\� KLJK� DFWLYLW\� RQ�
WKHLU�ILUVW�FDWKRGLF�SRODUL]DWLRQ�VFDQ��_ȘKDOI�PD[_§�����P9��ZKLFK�GUDPDWLFDOO\�GHFD\V�VKRZQ�E\�D�
����P9�RYHUSRWHQWLDO�VKLIW�DW�WKH���WK VFDQ �)LJ��6�D���7KLV�LQGLFDWHV�WKDW��GHVSLWH�RI�WKHLU�KLJK�
DFWLYLW\�� WKH�HGJH�GHIHFW�DEXQGDQW�QDWXUH�RI�DPRUSKRXV�0R6[ QDQRFOXVWHUV�DOVR�FRQIHUV� WKHP�D
KLJK�HOHFWURFKHPLFDO�LQVWDELOLW\��5HPDUNDEO\��WKH�6�HQULFKHG�FU\VWDOOLQH��0R6[������QDQRFOXVWHUV�
SUHVHQW�D�GUDPDWLFDOO\�HQKDQFHG�VWDELOLW\��)LJ��6�E���DOWKRXJK�WKHLU�LQLWLDO�DFWLYLW\�LV�QRW�DV�KLJK�
DV� WKH� DPRUSKRXV�QDQRFOXVWHU� FRXQWHUSDUWV�� _ȘKDOI� PD[_� LV�PRGLILHG� OHVV� WKDQ����P9��:H�EHOLHYH�
WKDW� WKH� LPSURYHG� FU\VWDOOLQLW\� DQG� VXEVHTXHQW� PLQRU� SUHVHQFH� RI� GLVVROXWLRQ�SURQH�
XQGHUFRRUGLQDWHG� 0R� VLWHV DIWHU� 6�HQULFKPHQW PLWLJDWHV� HOHFWURFKHPLFDOO\�LQGXFHG� 0R6[
OHDFKLQJ�\LHOGLQJ�KLJKHU VWDELOLWLHV�

�� &RQFOXVLRQV
,Q� VXPPDU\�� WKH� LQLWLDOO\� VXOIXU�GHILFLHQW� �0R6�������� VL]H�VHOHFWHG� QDQRFOXVWHUV� REWDLQHG� E\�

PDJQHWURQ� VSXWWHULQJ� DQG� JDV� FRQGHQVDWLRQ� DQG� GHSRVLWHG� RQWR� JODVV\� FDUERQ� VXEVWUDWHV� KDYH�
EHHQ�VXFFHVVIXOO\�VXOIXU�HQULFKHG��E\�VHTXHQWLDO�DSSOLFDWLRQ�RI�VXOIXU�HYDSRUDWLRQ�DQG�DQQHDOLQJ��
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IRU� +(5� DSSOLFDWLRQV�� 7KLV� WUHDWPHQW� KDV� EHHQ� VKRZQ� WR� LQGXFH� H[WHQGHG� FU\VWDOOLQH� RUGHU��
FRPSDUHG� ZLWK� WKH� LQLWLDOO\� DPRUSKRXV� QDQRFOXVWHU�PRUSKRORJ\�� SOXV� WKH� LQFRUSRUDWLRQ RI� 6��
PRLHWLHV� DW� WKH� �0R6[����� QDQRFOXVWHU� VXUIDFH� WR� \LHOG� 0R���0RD2E6F�� 6���� 6��� UDWLRV� RI� ���
�������� LQVWHDG� RI� ����������� 7KH� DQQHDOLQJ� VWHS� LV� IRXQG� NH\� WR� UHGXFLQJ� IXOO\� WKH� R[\JHQ�
FRQWDLQLQJ�0R�VSHFLHV�WR�0R�� DQG�PD[LPL]LQJ�VXOIXU�LQFRUSRUDWLRQ�DW�WKH�QDQRFOXVWHUV�VXUIDFH���
$� FRQVLVWHQW� SRVLWLYH� VKLIW� LQ� WKH�+(5� _ȘRQVHW_� ZDV� IRXQG� LUUHVSHFWLYH� RI� VDPSOH� ORDGLQJ� RI� 6�
HQULFKHQHG� �0R6[����� QDQRFOXVWHUV� �DSSUR[LPDWHO\� ����P9��� ZKLOVW� WKH� 7DIHO� VORSH� UHPDLQHG�
XQDIIHFWHG�E\�WKH�VXOIXU�WUHDWPHQW��FD�����P9�GHF�����7KH���IROG�DQG�PRUH�WKDQ����IROG�LQFUHDVHV�
LQ�72)�DQG�M� YDOXHV��UHVSHFWLYHO\��VXUSDVV�WKH�+(5�HQKDQFHPHQWV�SUHYLRXVO\�UHSRUWHG�DIWHU�6�
HGJH�VLWH�DFWLYDWLRQ�E\�1L�LQ��1L�0R6������ K\EULG�QDQRFOXVWHUV��7KH�UHVXOWV�LOOXPLQDWH�WKH�FULWLFDO�
UROH� SOD\HG� E\� 6�HQULFKPHQW� DQG� FU\VWDOOLQLW\� LQ�0R6[ QDQRFOXVWHU� K\GURJHQ� HOHFWURFDWDO\VLV��
FUHDWLQJ�KLJKHU�GHQVLWLHV�RI�SURWRQ�DFFHSWRU�6�VLWHV�DQG�ORZHU�FKDUJH�WUDQVIHU�UHVLVWDQFHV��DV�ZHOO�
DV� FRQIHUULQJ� KLJKHU� HOHFWURFKHPLFDO� VWDELOLWLHV�� 1DQRFOXVWHU� EHQFKPDUNLQJ� E\� PDVV� DFWLYLW\�
HPSKDVL]HV� WKH� UHPDUNDEOH� SHUIRUPDQFH� RI� 6�ULFK� �0R6[����� VL]H�VHOHFWHG� QDQRFOXVWHUV� DW� WKH�
XOWUD�ORZ ORDGLQJ� OHYHO� ������� QJ� FP���� ��� VXUIDFH� FRYHUDJH��� ������ P$� PJ�� DW� ���� P9�
RYHUSRWHQWLDO�� DQG��������P$�PJ�� DW� _ȘKDOI� PD[_ �����P9��7KHVH� UHVXOWV�DUH� FRPSDUDEOH� WR� WKH�
VWDWH�RI�WKH�DUW�0R6��EDVHG�FDWDO\VWV�� UHIOHFWLQJ� WKH� VLJQLILFDQW� DFWLYLWLHV� RI� VL]H�VHOHFWHG�0R6[
QDQRFOXVWHUV� REWDLQHG� DW� XOWUD�ORZ ORDGLQJV�� UHVHPEOLQJ� SUHYLRXV� HQKDQFHPHQWV� UHSRUWHG� IRU�
QREOH�PHWDOV>��±��@�

6XSSRUWLQJ�,QIRUPDWLRQ
,QFOXGH��FDOFXODWLRQ�RI�WXUQRYHU�IUHTXHQFLHV��(,6�ILWWLQJ�SDUDPHWHUV��DQG�VWDWH�RI�WKH�DUW�0R6��

EDVHG�FDWDO\VWV�OLWHUDWXUH�RYHUYLHZ�
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$XWKRU�LQIRUPDWLRQ
&RUUHVSRQGLQJ�$XWKRU
'U�1�9� 5HHV��(PDLO��Q�UHHV#EKDP�DF�XN

$XWKRU�&RQWULEXWLRQV
Á '��(�/�DQG�<��1�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN

$FNQRZOHGJHPHQWV
7KH�DXWKRUV�WKDQN�WKH�(365&�IRU�VXSSRUW�WKURXJK�IXQGLQJ�IRU�WKH�&HQWUH�IRU�'RFWRUDO�7UDLQLQJ�

LQ� )XHO� &HOOV� DQG� WKHLU� IXHOV� �'�(�/���1�9�5��� (3�*���������� DQG� D� IHOORZVKLS� JUDQW� �5�(�3���
(3�/��������� DQG� (3�.���������� DQG�� DV� ZHOO� DV� WKH� (XURSHDQ� &RPPLVVLRQ� IRU� WKH�0DULH�
&XULH�,71�SURMHFW�³&DWVHQVH´��<�1���7KH�DXWKRUV�ZRXOG�DOVR�OLNH�WR�WKDQN�'U��0DUN�,VDDFV�DW�WKH�
(XURSHDQ� %LRHQHUJ\� 5HVHDUFK� ,QVWLWXWH� �$VWRQ� 8QLYHUVLW\�� %LUPLQJKDP�� IRU� WKH� ;36�
PHDVXUHPHQW�DFTXLVLWLRQ�
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5HIHUHQFHV
>�@ 3�&�.��9HVERUJ�� %�� 6HJHU�� ,�� &KRUNHQGRUII�� 5HFHQW� GHYHORSPHQW� LQ� K\GURJHQ� HYROXWLRQ�

UHDFWLRQ�FDWDO\VWV�DQG�WKHLU�SUDFWLFDO�LPSOHPHQWDWLRQ��-��3K\V��&KHP��/HWW��������������±
�����

>�@ -�$��7XUQHU��6XVWDLQDEOH�+\GURJHQ�3URGXFWLRQ��6FLHQFH���������������±����

>�@ ,��5RJHU��0�$��6KLSPDQ��0�'��6\PHV��(DUWK�DEXQGDQW�FDWDO\VWV� IRU�HOHFWURFKHPLFDO�DQG�
SKRWRHOHFWURFKHPLFDO�ZDWHU�VSOLWWLQJ��1DW��5HY��&KHP�����������������

>�@ -�'��%HQFN��7�5��+HOOVWHUQ��-��.LEVJDDUG��3��&KDNWKUDQRQW��7�)��-DUDPLOOR��&DWDO\]LQJ�WKH�
+\GURJHQ� (YROXWLRQ� 5HDFWLRQ� �+(5�� ZLWK� 0RO\EGHQXP� 6XOILGH� 1DQRPDWHULDOV�� $&6�
&DWDO���������������±�����

>�@ %�� +LQQHPDQQ�� 3�� 0RVHV�� -�� %RQGH�� .�3�� -¡UJHQVHQ�� -�+�� 1LHOVHQ�� 6�� +RUFK�� HW� DO���
%LRPLPHWLF�K\GURJHQ�HYROXWLRQ��0R6� QDQRSDUWLFOHV�DV�FDWDO\VW�IRU�K\GURJHQ�HYROXWLRQ��-��
$P��&KHP��6RF�����������������±������

>�@ 7�)�� -DUDPLOOR�� .�3�� -¡UJHQVHQ�� -�� %RQGH�� -�+�� 1LHOVHQ�� 6�� +RUFK�� ,�� &KRUNHQGRUII��
,GHQWLILFDWLRQ� RI� $FWLYH� (GJH� 6LWHV� IRU� (OHFWURFKHPLFDO� +� (YROXWLRQ� IURP� 0R6��

1DQRFDWDO\VWV��6FLHQFH���������������±����

>�@ -��%RQGH��3�*��0RVHV��7�)��-DUDPLOOR��-��1RUVNRY��,��&KRUNHQGRUII��+\GURJHQ�HYROXWLRQ�RQ�
QDQR�SDUWLFXODWH�WUDQVLWLRQ�PHWDO�VXOILGHV��)DUDGD\�'LVFXVV����������������±�����

>�@ 0��9HOLFNê��0�$��%LVVHWW��3�6��7RWK��+��9��3DWWHQ��6�'��:RUUDOO� $�1�-��5RGJHUV��HW� DO���
(OHFWURQ� WUDQVIHU�NLQHWLFV�RQ�QDWXUDO� FU\VWDOV� RI�0R6� DQG�JUDSKLWH��3K\V��&KHP��&KHP��
3K\V�����������������±�������
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>�@ &�/��%HQWOH\��0��.DQJ�� )��0DGGDU��)�� /L��0��:DONHU�� -��=KDQJ�� HW� DO��� (OHFWURFKHPLFDO�
0DSV� DQG� 0RYLHV� RI� WKH� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ� RQ� 1DWXUDO� &U\VWDOV� RI�
0RO\EGHQLWH��0R6�����%DVDO�YV��(GJH�3ODQH�$FWLYLW\��&KHP��6FL���������������±������

>��@ '��9RLU\��-��<DQJ��0��&KKRZDOOD��5HFHQW�6WUDWHJLHV�IRU�,PSURYLQJ�WKH�&DWDO\WLF�$FWLYLW\�
RI��'�70'�1DQRVKHHWV�7RZDUG� WKH�+\GURJHQ�(YROXWLRQ�5HDFWLRQ��$GY��0DWHU�� �������
����±������

>��@ '�� 9RLU\�� 0�� 6DOHKL�� 5�� 6LOYD�� 7�� )XMLWD�� 0�� &KHQ�� &RQGXFWLQJ� 0R6� QDQRVKHHWV� DV�
FDWDO\VWV�IRU�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��1DQR�/HWW����������������±������

>��@ $�� $PEURVL�� =�� 6RIHU�� 0�� 3XPHUD�� �+�ĺ� �7� SKDVH� WUDQVLWLRQ� DQG� K\GURJHQ� HYROXWLRQ�
DFWLYLW\� RI� 0R6��� 0R6H��� :6� DQG�:6H� VWURQJO\� GHSHQGV� RQ� WKH� 0;� FRPSRVLWLRQ���
&KHP��&RPPXQ����������������±���

>��@ 0�$��/XNRZVNL��$�6��'DQLHO��)��0HQJ��$��)RUWLFDX[��/��/L��6�� -LQ��(QKDQFHG�+\GURJHQ
(YROXWLRQ� &DWDO\VLV� IURP� (QKDQFHG� +\GURJHQ� (YROXWLRQ� &DWDO\VLV� IURP� &KHPLFDOO\�
([IROLDWHG�0HWDOOLF�0R6� 1DQRVKHHWV��-��$P��&KHP��6RF��������������������

>��@ 6��%KDWWDFKDU\\D��7��3DQGH\��$�.��6LQJK��(IIHFW�RI�VWUDLQ�RQ�HOHFWURQLF�DQG�WKHUPRHOHFWULF�
SURSHUWLHV�RI�IHZ�OD\HUV�WR�EXON�0R6���1DQRWHFKQRORJ\��������������������

>��@ '��9RLU\��+��<DPDJXFKL��-��/L��5��6LOYD��'�&�%��$OYHV��7��)XMLWD��HW�DO���(QKDQFHG�FDWDO\WLF�
DFWLYLW\� LQ� VWUDLQHG� FKHPLFDOO\� H[IROLDWHG�:6� QDQRVKHHWV� IRU� K\GURJHQ� HYROXWLRQ���1DW��
0DWHU���������������±���

>��@ .��4L��6��<X��4��:DQJ��:��=KDQJ��-��)DQ��:�7��=KHQJ��HW�DO���'HFRUDWLRQ�RI�WKH�LQHUW EDVDO�
SODQH�RI�GHIHFW�ULFK�0R6� ZLWK�3G�DWRPV�IRU�DFKLHYLQJ�3W�VLPLODU�+(5�DFWLYLW\��-��0DWHU��



��

&KHP��$���������������±������

>��@ :��;LDR��3��/LX��-��=KDQJ��:��6RQJ��<�3��)HQJ��'��*DR��HW�DO���'XDO�)XQFWLRQDO�1�'RSDQWV�
LQ�(GJHV�DQG�%DVDO�3ODQH�RI�0R6� 1DQRVKHHWV�7RZDUG�(IILFLHQW�DQG�'XUDEOH�+\GURJHQ�
(YROXWLRQ��$GY��(QHUJ\�0DWHU������������

>��@ '��6DUNDU��;��;LH�� -��.DQJ��+��=KDQJ��:��/LX�� -��1DYDUUHWH�� HW� DO��� )XQFWLRQDOL]DWLRQ�RI�
WUDQVLWLRQ�PHWDO�GLFKDOFRJHQLGHV�ZLWK�PHWDOOLF�QDQRSDUWLFOHV��,PSOLFDWLRQV�IRU�GRSLQJ�DQG�
JDV�VHQVLQJ��1DQR�/HWW����������������±������

>��@ -��'HQJ��+��/L��-��;LDR��<��7X��'��'HQJ��+��<DQJ��HW� DO���7ULJJHULQJ� WKH�HOHFWURFDWDO\WLF�
K\GURJHQ� HYROXWLRQ� DFWLYLW\� RI� WKH� LQHUW� WZR�GLPHQVLRQDO�0R6� VXUIDFH� YLD� VLQJOH�DWRP�
PHWDO�GRSLQJ��(QHUJ\�(QYLURQ��6FL���������������±������

>��@ -��/L�� -��.DQJ��4��&DL��:��+RQJ��&�� -LDQ��:�� /LX�� HW� DO��� %RRVWLQJ�+\GURJHQ�(YROXWLRQ�
3HUIRUPDQFH�RI�0R6� E\�%DQG�6WUXFWXUH�(QJLQHHULQJ��$GY��0DWHU��,QWHUIDFHV������������±
���

>��@ 3��/LX��-��=KX��-��=KDQJ��3��;L��.��7DR��'��*DR��HW�DO���3�'RSDQWV�7ULJJHUHG�1HZ�%DVDO�
3ODQH� $FWLYH� 6LWHV� DQG� (QODUJHG� ,QWHUOD\HU� 6SDFLQJ� LQ� 0R6� 1DQRVKHHWV� WRZDUG�
(OHFWURFDWDO\WLF�+\GURJHQ�(YROXWLRQ��$&6�(QHUJ\�/HWW��������������±�����

>��@ ;��5HQ��4��0D��+��)DQ��/��3DQJ��<��=KDQJ� <��<DR��HW�DO���$�6H�GRSHG�0R6� QDQRVKHHW�IRU�
LPSURYHG�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��&KHP��&RPPXQ�����������������±�������

>��@ -��;LH��+��=KDQJ�� 6�� /L��5��:DQJ��;�� 6XQ��0�� =KRX�� HW� DO���'HIHFW�ULFK�0R6� XOWUDWKLQ�
QDQRVKHHWV� ZLWK� DGGLWLRQDO� DFWLYH� HGJH� VLWHV� IRU� HQKDQFHG� HOHFWURFDWDO\WLF� K\GURJHQ�
HYROXWLRQ���$GY��0DWHU����������������±����



��

>��@ *� <H�� <�� *RQJ�� -�� /LQ�� %�� /L�� <�� +H�� 6�7�� 3DQWHOLGHV�� HW� DO��� 'HIHFWV� (QJLQHHUHG�
0RQROD\HU� 0R6� IRU� ,PSURYHG� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ�� 1DQR� /HWW�� ��� �������
����±������

>��@ -�� ;LH�� -�� =KDQJ�� 6�� /L�� )�� *URWH�� ;�� =KDQJ�� +�� =KDQJ�� HW� DO��� &RQWUROODEOH� GLVRUGHU�
HQJLQHHULQJ� LQ� R[\JHQ�LQFRUSRUDWHG� 0R6� XOWUDWKLQ� QDQRVKHHWV� IRU� HIILFLHQW� K\GURJHQ�
HYROXWLRQ��-��$P��&KHP��6RF������������������±�������

>��@ <��2X\DQJ��&��/LQJ��4��&KHQ��=��:DQJ��/��6KL��-��:DQJ��$FWLYDWLQJ�,QHUW�%DVDO�3ODQHV�RI�
0R6� IRU� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ� WKURXJK� WKH� )RUPDWLRQ� RI� 'LIIHUHQW� ,QWULQVLF�
'HIHFWV��&KHP��0DWHU����������������±������

>��@ -�� ;LH�� +�� 4X�� -�� ;LQ��;�� =KDQJ�� *�� &XL�� ;�� =KDQJ�� HW� DO��� 'HIHFW�ULFK�0R6� QDQRZDOO�
FDWDO\VW�IRU�HIILFLHQW�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��1DQR�5HV� ��������������±������

>��@ +��+XDQJ��/��&KHQ��&��/LX��;��/LX��6��)DQJ��:��/LX��HW�DO���+LHUDUFKLFDOO\�1DQRVWUXFWXUHG�
0R6� ZLWK� 5LFK� ,Q�SODQH� (GJHV� DV� D� +LJK�SHUIRUPDQFH� (OHFWURFDWDO\VW� IRU� +\GURJHQ�
(YROXWLRQ�5HDFWLRQ��-��0DWHU��&KHP��$����������������±�������

>��@ <�� .LP�� '�+�.�� -DFNVRQ�� '�� /HH�� 0�� &KRL�� 7�:�� .LP�� 6�<�� -HRQJ�� HW� DO��� ,Q� 6LWX�
(OHFWURFKHPLFDO�$FWLYDWLRQ� RI�$WRPLF� /D\HU�'HSRVLWLRQ�&RDWHG�0R6� %DVDO� 3ODQHV� IRU�
(IILFLHQW�+\GURJHQ�(YROXWLRQ�5HDFWLRQ��$GY��)XQFW��0DWHU�������������±����

>��@ '��(VFDOHUD�/ySH]��5��*ULIILQ��0��,VDDFV��.��:LOVRQ��5�(��3DOPHU��1��9��5HHV��0R6� DQG�
:6� QDQRFRQH� DUUD\V�� ,PSDFW� RI� VXUIDFH� WRSRJUDSK\� RQ� WKH� K\GURJHQ� HYROXWLRQ�
HOHFWURFDWDO\WLF�DFWLYLW\�DQG�PDVV�WUDQVSRUW��$SSO��0DWHU��7RGD\��������������±����

>��@ &�&��&KHQJ��$�<��/X��&�&��7VHQJ��;��<DQJ��0�1��+HGKLOL��0�&��&KHQ��HW�DO���$FWLYDWLQJ�



��

EDVDO�SODQH�FDWDO\WLF�DFWLYLW\�RI�WZR�GLPHQVLRQDO�0R6� PRQROD\HU�ZLWK�UHPRWH�K\GURJHQ�
SODVPD��1DQR�(QHUJ\���������������±�����

>��@ +��/L��&��7VDL��$�/��.RK��/��&DL��$�:��&RQWU\PDQ��$�+��)UDJDSDQH��HW�DO���$FWLYDWLQJ�DQG�
RSWLPL]LQJ�0R6� EDVDO� SODQHV� IRU�K\GURJHQ� HYROXWLRQ� WKURXJK� WKH� IRUPDWLRQ�RI� VWUDLQHG�
VXOSKXU�YDFDQFLHV���1DW��0DWHU��������������±����

>��@ +�� /L�� 0�� 'X�� 0�-�� 0OHF]NR�� $�/�� .RK�� <�� 1LVKL�� (�� 3RS�� HW� DO��� .LQHWLF� 6WXG\� RI�
+\GURJHQ�(YROXWLRQ�5HDFWLRQ�RYHU�6WUDLQHG�0R6� ZLWK�6XOIXU�9DFDQFLHV�8VLQJ�6FDQQLQJ�
(OHFWURFKHPLFDO�0LFURVFRS\��-��$P��&KHP��6RF�����������������±������

>��@ <��<LQ��-��+DQ��<��=KDQJ��;��=KDQJ��3��;X��4��<XDQ��HW�DO���&RQWULEXWLRQV�RI�3KDVH��6XOIXU�
9DFDQFLHV�� DQG�(GJHV� WR� WKH�+\GURJHQ�(YROXWLRQ�5HDFWLRQ�&DWDO\WLF�$FWLYLW\�RI�3RURXV�
0RO\EGHQXP�'LVXOILGH�1DQRVKHHWV��-��$P��&KHP��6RF�����������������±������

>��@ &��7VDL��+��/L��6��3DUN��-��3DUN��+�6��+DQ��-�.��1¡UVNRY��HW�DO���(OHFWURFKHPLFDO�JHQHUDWLRQ�
RI�VXOIXU�YDFDQFLHV�LQ�WKH�EDVDO�SODQH�RI�0R6� IRU�K\GURJHQ�HYROXWLRQ��1DW��&RPPXQ����
��������������

>��@ /�� /LQ�� 1�� 0LDR�� <�� :HQ�� 6�� =KDQJ�� 3�� *KRVH]�� =�� 6XQ�� HW� DO��� 6XOIXU�'HSOHWHG�
0RQROD\HUHG� 0RO\EGHQXP� 'LVXOILGH� 1DQRFU\VWDOV� IRU� 6XSHUHOHFWURFKHPLFDO� +\GURJHQ�
(YROXWLRQ�5HDFWLRQ��$&6�1DQR����������������±������

>��@ <�� 'HQJ�� /�5�/�� 7LQJ�� 3�+�/�� 1HR�� <��-�� =KDQJ�� $�$�� 3HWHUVRQ�� %�6�� <HR�� 2SHUDQGR�
5DPDQ� 6SHFWURVFRS\� RI� $PRUSKRXV� 0RO\EGHQXP� 6XOILGH� �0R6[�� GXULQJ� WKH�
(OHFWURFKHPLFDO� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ�� ,GHQWLILFDWLRQ� RI� 6XOIXU� $WRPV� DV�
&DWDO\WLFDOO\�$FWLYH�6LWHV�IRU�+� 5HGXFWLRQ��$&6�&DWDO�������������±������



��

>��@ <�� *XR�� ;�� =KDQJ�� ;�� =KDQJ�� 7�� <RX�� 'HIHFW� DQG� 6�ULFK� XOWUDWKLQ� 0R6� QDQRVKHHW�
HPEHGGHG�1�GRSHG�FDUERQ�QDQRILEHUV� IRU�HIILFLHQW�K\GURJHQ�HYROXWLRQ�� -��0DWHU��&KHP��
$����������������±�������

>��@ +��=KX��0��'X��0��=KDQJ��0��=RX��7��<DQJ��6��:DQJ��HW�DO���6�ULFK�VLQJOH�OD\HUHG�0R6�
QDQRSODWHV� HPEHGGHG� LQ�1�GRSHG�FDUERQ�QDQRILEHUV�� HIILFLHQW� FR�HOHFWURFDWDO\VWV� IRU� WKH�
K\GURJHQ�HYROXWLRQ�UHDFWLRQ���&KHP��&RPPXQ�����������������±�������

>��@ 3�'��7UDQ��7��9��7UDQ��0��2ULR��6��7RUHOOL��4�'��7UXRQJ��.��1D\XNL��HW�DO���&RRUGLQDWLRQ�
SRO\PHU� VWUXFWXUH� DQG� UHYLVLWHG� K\GURJHQ� HYROXWLRQ� FDWDO\WLF�PHFKDQLVP� IRU� DPRUSKRXV�
PRO\EGHQXP�VXOILGH��1DW��0DWHU�������������±���

>��@ <�� /L�� <�� <X�� <�� +XDQJ�� 5�$�� 1LHOVHQ�� :�$�� *RGGDUG�� <�� /L�� HW� DO��� (QJLQHHULQJ� WKH�
&RPSRVLWLRQ� DQG� &U\VWDOOLQLW\� RI� 0RO\EGHQXP� 6XOILGH� IRU� +LJK�3HUIRUPDQFH�
(OHFWURFDWDO\WLF�+\GURJHQ�(YROXWLRQ��$&6�&DWDO��������������±�����

>��@ 0�-��&XGG\��.�3��$UNLOO��=�:��:DQJ��+��3��.RPVD��$��9�.UDVKHQLQQLNRY��5�(��3DOPHU��
)DEULFDWLRQ� DQG� DWRPLF� VWUXFWXUH� RI� VL]H�VHOHFWHG�� OD\HUHG� 0R6� FOXVWHUV� IRU� FDWDO\VLV���
1DQRVFDOH����������������±���

>��@ <��1LX��6��3DUN��5��3DOPHU��0RGLILFDWLRQ�RI�'HSRVLWHG� 6L]H�6HOHFWHG�0R6� 1DQRFOXVWHUV�
E\�6XOSKXU�$GGLWLRQ��$Q�$EHUUDWLRQ�&RUUHFWHG�67(0�6WXG\��,QRUJDQLFV��������������

>��@ 6�� 3UDWRQWHS�� 6�-�� &DUUROO�� &��;LURXFKDNL��0�� 6WUHXQ�� 5�(�� 3DOPHU�� 6L]H�VHOHFWHG� FOXVWHU�
EHDP�VRXUFH�EDVHG�RQ�UDGLR�IUHTXHQF\�PDJQHWURQ�SODVPD�VSXWWHULQJ�DQG�JDV�FRQGHQVDWLRQ��
5HY��6FL��,QVWUXP��������������������

>��@ %��YRQ�,VVHQGRUII��5�(��3DOPHU��$�QHZ�KLJK�WUDQVPLVVLRQ�LQILQLWH�UDQJH�PDVV�VHOHFWRU�IRU�



��

FOXVWHU�DQG�QDQRSDUWLFOH�EHDPV��5HY��6FL��,QVWUXP������������������

>��@ =�:��:DQJ��2��7RLNNDQHQ��)��<LQ��=�<��/L��%�0��4XLQQ��5�(��3DOPHU��&RXQWLQJ�WKH�DWRPV�
LQ� VXSSRUWHG��PRQROD\HU�SURWHFWHG� JROG� FOXVWHUV�� -�� $P�� &KHP�� 6RF�� ���� ������� ����±
������

>��@ 1��-LDQ��&��6WDSHOIHOGW��.��-��+X��0��)U|ED��5�(��3DOPHU��+\EULG�DWRPLF�VWUXFWXUH�RI� WKH�
6FKPLG� FOXVWHU�$X� ���33K� ����&O� UHVROYHG�E\� DEHUUDWLRQ�FRUUHFWHG�67(0��1DQRVFDOH�� ��
����������±�����

>��@ (�-�)��'LFNLQVRQ��-�*��/LPRQ�3HWHUVHQ��1��9�5HHV��5�*��&RPSWRQ��+RZ�0XFK�6XSSRUWLQJ�
(OHFWURO\WH� ,V� 5HTXLUHG� WR� 0DNH� D� &\FOLF� 9ROWDPPHWU\� ([SHULPHQW� 4XDQWLWDWLYHO\� ³�
'LIIXVLRQDO� ´"� $� 7KHRUHWLFDO� DQG� ([SHULPHQWDO� ,QYHVWLJDWLRQ�� -�� 3K\V�� &KHP�� &�� ����
������������±������

>��@ =�� :X�� <��:DQJ�� <�� <H�� -�� )HQJ�� 0�� =KDQJ�� <�� /XR�� HW� DO��� )LUVW�SULQFLSOHV� VWXG\� RI�
PRQROD\HU�0R6� ZLWK�GHILFLHQW�DQG�H[FHVVLYH�0RQ�DQG�6Q��Q� ���ௗĺ���FOXVWHUV�RQ��ௗ[���
VXSHUFHOOV��&RPSXW��0DWHU��6FL����������������±�����

>��@ 5�3��7XFNHU��1RWHV�RQ�WKH�6XEOLPDWLRQ�RI�6XOIXU�EHWZHHQ�����DQG�����&��,QG��(QJ��&KHP��
������������±����

>��@ 5�1��*UXJHO��+��7RXWDQML��6XOIXU�³FRQFUHWH´�IRU�OXQDU�DSSOLFDWLRQV�� 6XEOLPDWLRQ�FRQFHUQV��
$GY��6S��5HV���������������±�����

>��@ (�� 6FKPLGW�� &�� 6RXULVVHDX�� *�� 0HXQLHU�� $�� /HYDVVHXU�� $PRUSKRXV� PRO\EGHQXP�
R[\VXOILGH�WKLQ�ILOPV�DQG�WKHLU�SK\VLFDO�FKDUDFWHUL]DWLRQ��7KLQ�6ROLG�)LOPV���������������±
����



��

>��@ :�� *UXQHUW�� $�<�� 6WDNKHHY�� 5�� )HOGKDXV�� .�� $QGHUV�� (�6�� 6KSLUR�� .�0�� 0LQDFKHY��
$QDO\VLV�RI�0R��G��;36�6SHFWUD�RI�6XSSRUWHG�0R�&DWDO\VWV��$Q�$OWHUQDWLYH�$SSURDFK��-��
3K\V��&KHP����������������±������

>��@ +��9UXEHO��;��+X��*URZWK�DQG�DFWLYDWLRQ�RI�DQ�DPRUSKRXV�PRO\EGHQXP�VXOILGH�K\GURJHQ�
HYROYLQJ�FDWDO\VW��$&6�&DWDO���������������±������

>��@ 7��:HEHU��-�&��0XLMVHUV��-�:��1LHPDQWVYHUGULHW��6WUXFWXUH�RI�$PRUSKRXV�0R6���-��3K\V��
&KHP����������������±�����

>��@ 6�5�� .HOHPHQ�� *�1�� *HRUJH��0�/�� *RUEDW\�� 'LUHFW� GHWHUPLQDWLRQ� DQG� TXDQWLILFDWLRQ� RI�
VXOSKXU� IRUPV� LQ� KHDY\� SHWUROHXP� DQG� FRDOV� ��� 7KH� ;�UD\� SKRWRHOHFWURQ� VSHFWURVFRS\�
�;36��DSSURDFK��)XHO���������������±����

>��@ '��(VFDOHUD�/ySH]��<��1LX��-��<LQ��.��&RRNH� 1��9��5HHV��5�(��3DOPHU��(QKDQFHPHQW�RI�
WKH�+\GURJHQ (YROXWLRQ�5HDFWLRQ�IURP�1L�0R6� +\EULG�1DQRFOXVWHUV��$&6�&DWDO���������
����±������

>��@ &�(��%ODFNPRUH��1��9�5HHV��5�(��3DOPHU��0RGXODU�FRQVWUXFWLRQ�RI�VL]H�VHOHFWHG�PXOWLSOH�
FRUH�3W�7L2� QDQRFOXVWHUV�IRU�HOHFWUR�FDWDO\VLV���3K\V��&KHP��&KHP��3K\V����������

>��@ <�� =KHQJ�� <�� -LDR�� 0�� -DURQLHF�� 6�=�� 4LDR�� $GYDQFLQJ� WKH� HOHFWURFKHPLVWU\� RI� WKH�
K\GURJHQ�HYROXWLRQ� UHDFWLRQ� WKURXJK� FRPELQLQJ� H[SHULPHQW� DQG� WKHRU\���$QJHZ��&KHP��
,QW��(G��(QJO��������������±���

>��@ 1��'XERXLV��&��<DQJ��5��%HHU��/��5LHV��'��9RLU\��$��*ULPDXG��,QWHUIDFLDO�,QWHUDFWLRQV�DV�
DQ�(OHFWURFKHPLFDO�7RRO�7R�8QGHUVWDQG�0R�%DVHG�&DWDO\VWV�IRU�WKH�+\GURJHQ�(YROXWLRQ�
5HDFWLRQ��$&6�&DWDO��������������±�����



��

>��@ 7�5��+HOOVWHUQ�� -��.LEVJDDUG��&��7VDL��'�:��3DOP�� /�$��.LQJ�� )��$ELOG�3HGHUVHQ�� HW� DO���
,QYHVWLJDWLQJ�&DWDO\VW±6XSSRUW�,QWHUDFWLRQV�7R�,PSURYH�WKH�+\GURJHQ�(YROXWLRQ�5HDFWLRQ�
$FWLYLW\�RI�7KLRPRO\EGDWH�>0R�6��@�± 1DQRFOXVWHUV��$&6�&DWDO�������������±������

>��@ -�� .LEVJDDUG�� 7�)�� -DUDPLOOR�� )�� %HVHQEDFKHU�� %XLOGLQJ� DQ� DSSURSULDWH� DFWLYH�VLWH� PRWLI�
LQWR�D�K\GURJHQ�HYROXWLRQ�FDWDO\VW�ZLWK�WKLRPRO\EGDWH�>0R�6��@�í FOXVWHUV��1DW��&KHP����
����������±�����

>��@ -��%LVTXHUW��*��*DUFLD�%HOPRQWH��)��)DEUHJDW�6DQWLDJR��$��&RPSWH��$QRPDORXV�WUDQVSRUW�
HIIHFWV�LQ�WKH�LPSHGDQFH�RI�SRURXV�ILOP�HOHFWURGHV��(OHFWURFKHP��&RPPXQ��������������±
�����

>��@ -��%LVTXHUW��*��*DUFLD�%HOPRQWH��)��)DEUHJDW�6DQWLDJR��1�6��)HUULROV��3��%RJGDQRII��(�&��
3HUHLUD�� 'RXEOLQJ� ([SRQHQW� 0RGHOV� IRU� WKH� $QDO\VLV� RI� 3RURXV� )LOP� (OHFWURGHV� E\�
,PSHGDQFH��5HOD[DWLRQ�RI�7L2� 1DQRSRURXV�LQ�$TXHRXV�6ROXWLRQ��-��3K\V��&KHP��%������
�����������±������

>��@ $�3�� 0XUWK\�� -�� 7KHHUWKDJLUL�� -�� 0DGKDYDQ�� .�� 0XUXJDQ�� +LJKO\� DFWLYH� 0R6��FDUERQ�
HOHFWURFDWDO\VWV�IRU�WKH�K\GURJHQ�HYROXWLRQ�UHDFWLRQ�± LQVLJKW�LQWR�WKH�HIIHFW�RI�WKH�LQWHUQDO�
UHVLVWDQFH�DQG�URXJKQHVV�IDFWRU�RQ� WKH�7DIHO�VORSH��3K\V��&KHP��&KHP��3K\V������������
����±������

>��@ +�� 9UXEHO�� 7�� 0RHKO�� 0�� *UlW]HO�� ;�� +X�� 5HYHDOLQJ� DQG� DFFHOHUDWLQJ� VORZ� HOHFWURQ�
WUDQVSRUW� LQ� DPRUSKRXV�PRO\EGHQXP�VXOSKLGH�SDUWLFOHV� IRU�K\GURJHQ�HYROXWLRQ� UHDFWLRQ��
&KHP��&RPPXQ������������������

>��@ <�� <X�� 6�<�� +XDQJ�� <�� /L�� 6�1�� 6WHLQPDQQ�� :�� <DQJ�� /�� &DR�� /D\HU�GHSHQGHQW�



��

HOHFWURFDWDO\VLV�RI�0R6� IRU�K\GURJHQ�HYROXWLRQ��1DQR�/HWW���������������±�����

>��@ '��)X� -��=KRX��6��7RQJD\��.��/LX��:��)DQ��7�-��.LQJ�/LX��HW�DO���0HFKDQLFDOO\�PRGXODWHG�
WXQQHOLQJ�UHVLVWDQFH�LQ�PRQROD\HU�0R6���$SSO��3K\V��/HWW���������������±����

>��@ 5�0��DQG�6��D�6DODP��(OHFWULFDO�3URSHUWLHV�RI�0RO\EGHQLWH��3URF��3K\V��6RF��6HFW��%�����
������������

>��@ 6�5�*��7KDNXUWD��(OHFWULFDO�3URSHUWLHV�RI�0RO\EGHQLWH��,QGLDQ�-��3K\V���������������±����

>��@ +��7ULEXWVFK��-�&��%HQQHWW��(OHFWURFKHPLVWU\�DQG�3KRWRFKHPLVWU\�RI�0R6� /D\HU�&U\VWDOV��
,��-��(OHFWURDQDO��&KHP��������������±����

>��@ /�5�/��7LQJ��<��'HQJ��/��0D��<�-��=KDQJ��$�$��3HWHUVRQ��%�6��<HR��&DWDO\WLF�$FWLYLWLHV�RI�
6XOIXU� $WRPV� LQ� $PRUSKRXV� 0RO\EGHQXP� 6XOILGH� IRU� WKH� (OHFWURFKHPLFDO� +\GURJHQ�
(YROXWLRQ�5HDFWLRQ��$&6�&DWDO��������������±�����

>��@ -�'�� %HQFN�� =�� &KHQ�� /�<�� .XULW]N\�� $�-�� )RUPDQ�� 7�)�� -DUDPLOOR�� $PRUSKRXV�
0RO\EGHQXP� 6XOILGH� &DWDO\VWV� IRU� (OHFWURFKHPLFDO� +\GURJHQ� 3URGXFWLRQ�� ,QVLJKWV� LQWR�
WKH�2ULJLQ�RI�WKHLU�&DWDO\WLF�$FWLYLW\��$&6�&DWDO���������������±�����

>��@ 0�$�� %DNHU�� 5�� *LOPRUH�� &�� /HQDUGL�� :�� *LVVOHU�� ;36� LQYHVWLJDWLRQ� RI� SUHIHUHQWLDO�
VSXWWHULQJ�RI�6�IURP�0R6� DQG�GHWHUPLQDWLRQ�RI�0R6[ VWRLFKLRPHWU\�IURP�0R�DQG�6�SHDN�
SRVLWLRQV��$SSO��6XUI��6FL����������������±����

>��@ -�6��.LP��-��.LP��-��=KDR��6��.LP��-�+��/HH��<��-LQ��HW�DO���(OHFWULFDO�7UDQVSRUW�3URSHUWLHV�
RI�3RO\PRUSKLF�0R6���$&6�1DQR����������������±������

>��@ %��/DVVDOOH�.DLVHU��'��0HUNL��+��9UXEHO��6��*XO��9�.��<DFKDQGUD��;��+X��HW�DO���(YLGHQFH�



��

IURP�LQ�VLWX�;�UD\�DEVRUSWLRQ�VSHFWURVFRS\�IRU�WKH�LQYROYHPHQW�RI�WHUPLQDO�GLVXOILGH�LQ�WKH�
UHGXFWLRQ�RI�SURWRQV�E\�DQ�DPRUSKRXV�PRO\EGHQXP�VXOILGH�HOHFWURFDWDO\VW��-��$P��&KHP��
6RF����������������±����

>��@ '�� (VFDOHUD�/ySH]�� 5�� *ULIILQ�� 0�� ,VDDFV�� .�� :LOVRQ�� 5�(�� 3DOPHU�� 1�� 9�� 5HHV��
(OHFWURFKHPLFDO�VXOILGDWLRQ�RI�:6� QDQRDUUD\V��6WURQJ�GHSHQGHQFH�RI�K\GURJHQ HYROXWLRQ�
DFWLYLW\�RQ�WUDQVLWLRQ�PHWDO�VXOILGH�VXUIDFH�FRPSRVLWLRQ��(OHFWURFKHP��&RPPXQ������������
���±�����

>��@ 0��5��*DR��0�.�<��&KDQ��<��6XQ��(GJH�WHUPLQDWHG�PRO\EGHQXP�GLVXOILGH�ZLWK�D�����c�
LQWHUOD\HU� VSDFLQJ� IRU� HOHFWURFKHPLFDO� K\GURJHQ� SURGXFWLRQ��� 1DW�� &RPPXQ�� �� �������
������

>��@ -��.LEVJDDUG��=��&KHQ��%�1��5HLQHFNH��7�)��-DUDPLOOR��(QJLQHHULQJ�WKH�VXUIDFH�VWUXFWXUH�RI�
0R6� WR�SUHIHUHQWLDOO\�H[SRVH�DFWLYH�HGJH�VLWHV�IRU�HOHFWURFDWDO\VLV���1DW��0DWHU������������
���±�����

>��@ -��.LEVJDDUG��7�)�� -DUDPLOOR��0RO\EGHQXP�SKRVSKRVXOILGH�� DQ� DFWLYH�� DFLG�VWDEOH�� HDUWK�
DEXQGDQW�FDWDO\VW� IRU� WKH�K\GURJHQ�HYROXWLRQ� UHDFWLRQ���$QJHZ��&KHP�� ,QW��(G��(QJO�����
������������±���

>��@ <��=KDQJ��/��=XR��<��+XDQJ��/��=KDQJ��)��/DL��:��)DQ�� HW� DO��� ,Q�6LWX�*URZWK�RI�)HZ�
/D\HUHG� 0R6� 1DQRVKHHWV� RQ� +LJKO\� 3RURXV� &DUERQ� $HURJHO� DV� $GYDQFHG�
(OHFWURFDWDO\VWV� IRU� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ�� $&6� 6XVWDLQ�� &KHP�� (QJ�� �� �������
����±������

>��@ '��0F$WHHU��=��*KRODPYDQG��1��0F(YR\��$��+DUYH\��(��2¶0DOOH\��*�6��'XHVEHUJ��HW�DO���



��

7KLFNQHVV�'HSHQGHQFH�DQG�3HUFRODWLRQ�6FDOLQJ�RI�+\GURJHQ�3URGXFWLRQ�5DWH� LQ�0R6���
1DQRVKHHW�DQG�1DQRVKHHW±&DUERQ�1DQRWXEH�&RPSRVLWH�&DWDO\WLF�(OHFWURGHV��$&6�1DQR��
�������������±�����

>��@ %��6HR��*�<��-XQJ��<�-��6D��+�<��-HRQJ��-�<��&KHRQ��-�+��/HH��HW�DO���0RQROD\HU�SUHFLVLRQ�
V\QWKHVLV� RI� PRO\EGHQXP� VXOILGH� QDQRSDUWLFOHV� DQG� WKHLU� QDQRVFDOH� VL]H� HIIHFWV� LQ� WKH�
K\GURJHQ�HYROXWLRQ�UHDFWLRQ��$&6�1DQR���������������±������

>��@ *��/L��'��=KDQJ��4��4LDR��<��<X��'��3HWHUVRQ��$��=DIDU��HW�DO���$OO�7KH�&DWDO\WLF�$FWLYH�
6LWHV�RI�0R6� IRU�+\GURJHQ�(YROXWLRQ��-��$P��&KHP��6RF������������������±�������

>��@ <��*DUVDQ\�� -��*H�� -��6W�3LHUUH��5��5RFKHOHDX��.�(��6ZLGHU�/\RQV��$QDO\WLFDO�3URFHGXUH�
IRU�$FFXUDWH�&RPSDULVRQ�RI�5RWDWLQJ�'LVN�(OHFWURGH�5HVXOWV� IRU� WKH�2[\JHQ�5HGXFWLRQ�
$FWLYLW\�RI�3W�&��-��(OHFWURFKHP��6RF�������������)���±)����

>��@ .�-�-�� 0D\UKRIHU�� '�� 6WUPFQLN�� %�%�� %OL]DQDF�� 9�� 6WDPHQNRYLF�� 0�� $UHQ]�� 1�0��
0DUNRYLF�� 0HDVXUHPHQW� RI� R[\JHQ� UHGXFWLRQ� DFWLYLWLHV� YLD� WKH� URWDWLQJ� GLVF� HOHFWURGH�
PHWKRG�� )URP� 3W� PRGHO� VXUIDFHV� WR� FDUERQ�VXSSRUWHG� KLJK� VXUIDFH� DUHD� FDWDO\VWV��
(OHFWURFKLP��$FWD����������������±������

>��@ (�$��3DROL��)��0DVLQL��5��)U\GHQGDO��'��'HLDQD��&��6FKODXS��0��0DOL]LD�� HW� DO���2[\JHQ�
HYROXWLRQ�RQ�ZHOO�FKDUDFWHUL]HG�PDVV�VHOHFWHG�5X�DQG�5X2� QDQRSDUWLFOHV��&KHP��6FL����
����������±�����

>��@ (��.HPSSDLQHQ��$��%RGLQ��%��6HERN��7��3HGHUVHQ��%��6HJHU��%��0HL��HW�DO���6FDODELOLW\�DQG�
IHDVLELOLW\�RI�SKRWRHOHFWURFKHPLFDO�+� HYROXWLRQ��WKH�XOWLPDWH�OLPLW�RI�3W�QDQRSDUWLFOH�DV�DQ�
+(5�FDWDO\VW��(QHUJ\�(QYLURQ��6FL���������������±������



��

>��@ 3��+HUQDQGH]�)HUQDQGH]��)��0DVLQL��'�1��0F&DUWK\��&�(��6WUHEHO��'��)ULHEHO��'��'HLDQD��
HW�DO���0DVV�VHOHFWHG�QDQRSDUWLFOHV�RI�3W[<�DV�PRGHO�FDWDO\VWV�IRU�R[\JHQ�HOHFWURUHGXFWLRQ��
1DW��&KHP��������������±�����



)LJXUH
&OLFN�KHUH�WR�GRZQORDG�KLJK�UHVROXWLRQ�LPDJH



)LJXUH
&OLFN�KHUH�WR�GRZQORDG�KLJK�UHVROXWLRQ�LPDJH



)LJXUH
&OLFN�KHUH�WR�GRZQORDG�KLJK�UHVROXWLRQ�LPDJH



)LJXUH
&OLFN�KHUH�WR�GRZQORDG�KLJK�UHVROXWLRQ�LPDJH



*UDSKLFDO�$EVWUDFW



,ŝŐŚůŝŐŚƚƐ͗
x ^ƵĐĐĞƐƐĨƵů�ŝŶ�ǀĂĐƵŽ ƐƵůĨƵƌ�ĞŶƌŝĐŚŵĞŶƚ�ŵĞƚŚŽĚ�ĨŽƌ�ƐŝǌĞͲƐĞůĞĐƚĞĚ�DŽ^ϭ͘ϵ ŶĂŶŽĐůƵƐƚĞƌƐ
x �ŶŶĞĂůŝŶŐ�ĂĨƚĞƌ�^�ĞǀĂƉŽƌĂƚŝŽŶ�ĐƌƵĐŝĂů�ƚŽ�ŵĂǆŝŵŝǌĞ�^�ŝŶĐŽƌƉŽƌĂƚŝŽŶ�ĂŶĚ�ĐƌǇƐƚĂůůŝŶŝƚǇ
x ϮϬϬŵs�,�Z�ŽǀĞƌƉŽƚĞŶƚŝĂů ƐŚŝĨƚ͕ ƚǁŽͲĨŽůĚ�ŚŝŐŚĞƌ�dK&Ɛ ŝŶ�^ͲƌŝĐŚ�DŽ^ϰ͘ϵ ŶĂŶŽĐůƵƐƚĞƌƐ
x Εϭϭϭ�ŵ��ĐŵͲϮ ĂĐŚŝĞǀĞĚ�Λ�ϰϬϬŵs�ĂŶĚ�ϱй�ƐƵƌĨĂĐĞ�ĐŽǀĞƌĂŐĞ�ĂŵŽŶŐ�ďĞƐƚ�ŝŶ�DŽ^Ϯ ůŝƚĞƌĂƚƵƌĞ

+LJKOLJKWV��IRU�UHYLHZ�



6XSSOHPHQWDU\�0DWHULDO
&OLFN�KHUH�WR�GRZQORDG�6XSSOHPHQWDU\�0DWHULDO��(6,B'(/B$SSO&DWDO%BUHIHUHHVFRPPHQWVBILQDO�GRF[
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+\GURJHQ�HYROXWLRQ�HQKDQFHPHQW�RI�XOWUD�ORZ
ORDGLQJ��VL]H�VHOHFWHG�PRO\EGHQXP�VXOILGH�

QDQRFOXVWHUV�E\�VXOIXU�HQULFKPHQW
'DQLHO�(VFDOHUD�/ySH]DEÁ��<XELDR�1LXEFÁ��6XQJ�-LQ�3DUNEG��0DUN�,VDDFVH��.DUHQ�:LOVRQHI��

5LFKDUG�(��3DOPHUF DQG�1HLO�9��5HHVD

D&HQWUH�IRU�+\GURJHQ�DQG�)XHO�&HOO�5HVHDUFK��6FKRRO�RI�&KHPLFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�
%LUPLQJKDP��%LUPLQJKDP��%����77��8.

E1DQRVFDOH�3K\VLFV�5HVHDUFK�/DERUDWRU\��6FKRRO�RI�3K\VLFV�DQG�$VWURQRP\��8QLYHUVLW\�RI�
%LUPLQJKDP��%LUPLQJKDP��%����77��8.

F&ROOHJH�RI�(QJLQHHULQJ��6ZDQVHD�8QLYHUVLW\��%D\�&DPSXV��)DELDQ�:D\��6ZDQVHD�6$���(1��
8.�

G.H\�/DERUDWRU\�RI�0DWHULDOV�0RGLILFDWLRQ�E\�/DVHU��,RQ�DQG�(OHFWURQ�%HDPV��'HSDUWPHQW�RI�
3K\VLFV��'DOLDQ�8QLYHUVLW\�RI�7HFKQRORJ\� 'DOLDQ��������� &KLQD�

H(XURSHDQ�%LRHQHUJ\�5HVHDUFK�,QVWLWXWH��$VWRQ�8QLYHUVLW\��%LUPLQJKDP��%���(7��8.

I6FKRRO�RI�6FLHQFH��50,7�8QLYHUVLW\������/D�7UREH�6WUHHW��0HOERXUQH��9,&�������$XVWUDOLD

(OHFWURQLF�6XSSRUWLQJ�,QIRUPDWLRQ��(6,��DYDLODEOH

5HYLVHG�0DQXVFULSW���0DUNHG�XS
&OLFN�KHUH�WR�YLHZ�OLQNHG�5HIHUHQFHV



�

�&RUUHVSRQGLQJ�DXWKRU�

'U�19�5HHV��(PDLO��Q�UHHV#EKDP�DF�XN

6FKRRO�RI�&KHPLFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�%LUPLQJKDP��%LUPLQJKDP��%����77��8.

.(<:25'6��PRO\EGHQXP�GLVXOILGH��QDQRFOXVWHUV��VXOIXU�ULFK��K\GURJHQ�HYROXWLRQ��PDJQHWURQ�
VSXWWHULQJ�GHSRVLWLRQ��

$EVWUDFW�

6L]H�VHOHFWHG�PRO\EGHQXP� VXOILGH� �0R6[�� QDQRFOXVWHUV� REWDLQHG� E\�PDJQHWURQ� VSXWWHULQJ� DQG�
JDV�FRQGHQVDWLRQ�RQ�JODVV\�FDUERQ�VXEVWUDWHV�DUH�W\SLFDOO\�VXOIXU�GHILFLHQW��[� �������������ZKLFK�
OLPLWV� WKHLU� FU\VWDOOLQLW\� DQG� HOHFWURFDWDO\WLF� SURSHUWLHV�� +HUH� ZH� GHPRQVWUDWH� WKDW� D� VXOIXU�
HQULFKLQJ�PHWKRG��FRPSULVLQJ�VXOIXU�HYDSRUDWLRQ�DQG�FOXVWHU�DQQHDOLQJ�XQGHU�YDFXXP�FRQGLWLRQV��
VLJQLILFDQWO\� HQKDQFHV� WKHLU� DFWLYLW\� WRZDUGV� WKH� K\GURJHQ� HYROXWLRQ� UHDFWLRQ� �+(5��� 7KH� 6�
ULFKQHVV� �[�  � ���� �� ����� DQG� H[WHQGHG� FU\VWDOOLQH� RUGHU� REWDLQHG� LQ� WKH� VXOIXU�WUHDWHG� 0R6[
QDQRFOXVWHUV�OHDG�WR�FRQVLVWHQW�����P9�VKLIWV�WR�ORZHU�+(5�RQVHW�SRWHQWLDOV��DORQJ�ZLWK�WZR�IROG�
DQG� PRUH�WKDQ� ���IROG� LQFUHDVHV� LQ� WXUQRYHU� IUHTXHQF\� DQG� H[FKDQJH� FXUUHQW� GHQVLW\� YDOXHV�
UHVSHFWLYHO\��7KH�KLJK�PDVV�DFWLYLWLHV��a����P$�PJ���#�����P9��REWDLQHG�DW�XOWUD�ORZ ORDGLQJV�
�a����QJ�FP��������VXUIDFH�FRYHUDJH��DUH�FRPSDUDEOH�WR�WKH�EHVW�UHSRUWHG�0R6� FDWDO\VWV�LQ�WKH�
OLWHUDWXUH��



�

�� ,QWURGXFWLRQ�
7KH�LQWHUHVW�LQ�WKH�K\GURJHQ�HFRQRP\�DV�D�SRWHQWLDO�FDQGLGDWH�WR�UHSODFH�WKH�FXUUHQW�IRVVLO�IXHO�

EDVHG�HQHUJ\�V\VWHP>�@ KDV�PRWLYDWHG�H[WHQVLYH�UHVHDUFK�RQ�HQYLURQPHQWDOO\�IULHQGO\�K\GURJHQ�
SURGXFWLRQ�PHWKRGV��7KH�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��+(5��WDNLQJ�SODFH�DW�D�ZDWHU�HOHFWURO\VHU�
FDWKRGH�LV�D�VFDODEOH�\HW�HQHUJ\�HIILFLHQW�URXWH>�@ ZKLFK�GHPDQGV�HDUWK�DEXQGDQW�FDWDO\VWV�WR�EH�
FRPPHUFLDOO\� YLDEOH��$PRQJ� WKHP�� WUDQVLWLRQ�PHWDO� GLFKDOFRJHQLGHV� �70'V�� DQG� LQ� SDUWLFXODU�
PRO\EGHQXP�GLVXOILGH� �0R6��� KDYH� VWRRG�RXW� LQ� WKH� SDVW� GHFDGH�>���@ 7KHLU� OD\HUHG� VWUXFWXUH��
DQDORJRXV� WR� WKDW� RI� JUDSKHQH�� DOVR� LPSOLHV� DQLVRWURSLF� SURSHUWLHV�� RQO\� WKH�PHWDOOLF� �7� SKDVH�
VLWHV� ORFDWHG� DW� WKH�0R�HGJH� SODQHV� RI� QDWXUDOO\� RFFXUULQJ�0R6� DUH� DFWLYH� IRU� WKH�+(5�>���@
ZKHUHDV�WKH��+�VHPLFRQGXFWLQJ�EDVDO�SODQHV�DUH�DOPRVW�LQDFWLYH�LI�QR�GHIHFWV�DUH�SUHVHQW�>�±�@
6HYHUDO� VWUDWHJLHV� KDYH� SURYHQ� WR�PD[LPL]H�0R6� +(5� DFWLYLWLHV>��@�� WULJJHULQJ� WKH� �+ĺ�7�
SKDVH�WUDQVLWLRQ�LQ�EDVDO�SODQHV�E\�FKHPLFDO� LQWHUFDODWLRQ>��±��@ RU�VWUHVV�VWUDLQ�HIIHFWV>�����@��
EDVDO� SODQH� DFWLYDWLRQ� E\� LQFRUSRUDWLRQ� RI� WUDQVLWLRQ� PHWDOV>��±��@ RU� RWKHU�
FKDOFRJHQLGHV>�����@��DQG�WKH�IDEULFDWLRQ�RI�0R6[ QDQRVWUXFWXUHV�ZKLFK�DUH�GHIHFW�ULFK>��±��@
RU�KDYH�DGGLWLRQDO�6�YDFDQFLHV�>��±��@ +RZHYHU��WKH�LQ�RSHUDQGR�SURYHQ�UROH�RI�6�DWRPV�DV�WKH�
+(5�DFWLYH�VLWHV>��@ LQGLFDWHV� WKDW� VXOIXU�ULFK�0R6��[ PDWHULDOV� VKRXOG�DOVR�SUHVHQW�KLJK�+(5�
DFWLYLWLHV�>��±��@ 2XU�UHFHQWO\�UHSRUWHG�VL]H�VHOHFWHG�0R6[ QDQRFOXVWHUV��REWDLQHG�E\�PDJQHWURQ�
VSXWWHULQJ� DQG� JDV� FRQGHQVDWLRQ�>��@ ZHUH� GHPRQVWUDWHG� WR� EH� VXOIXU�GHILFLHQW� �[�  � ���� �� �����
ZLWK� ORZ�FU\VWDOOLQLWLHV�� ,Q� WKLV�DUWLFOH�ZH�KDYH�HYDOXDWHG� WKH� LQIOXHQFH�RI� VXOIXU�FRQWHQW� LQ� WKH�
+(5�FDWDO\VLV�RI�0R6� PDWHULDOV�WKURXJK�XVH�RI�DQ�LQ�YDFXR VXOIXU�DGGLWLRQ�WUHDWPHQW�SUHYLRXVO\�
GHYHORSHG� IRU� IUHVKO\� GHSRVLWHG�� VXOIXU�GHILFLHQW� �0R6[����� QDQRFOXVWHUV�>��@ :H� GHPRQVWUDWH�



�

WKDW�VXOIXU�HYDSRUDWLRQ����PLQ��IROORZHG�E\�DQQHDOLQJ�WUHDWPHQW����PLQ�����������&��LQFRUSRUDWHV�
6�LQ�WKH�0R6[ QDQRFOXVWHU�VWUXFWXUH��[� �������������E\�UHGXFLQJ�R[\JHQ�FRQWDLQLQJ�0R�VXUIDFH�
VSHFLHV�DQG�FRQYHUWLQJ� WKH�DPRUSKRXV�6��� PRLHWLHV� WR�FU\VWDOOLQH�6�� VLWHV��ZKLFK�DOVR�H[WHQGV�
WKH�FU\VWDOOLQH�RUGHU��$�FRQVLVWHQW�����P9�VKLIW�WR�ORZHU�+(5�RYHUSRWHQWLDO��DORQJ�ZLWK�D�WZR�
IROG� LQFUHDVHG� WXUQRYHU� IUHTXHQF\� DQG�PRUH�WKDQ� ���IROG� LQFUHDVH RI� H[FKDQJH� FXUUHQW� GHQVLW\�
YDOXHV�SURYHV�WKH�EHQHILFLDO�UROH�RI�KLJKHU�6�VXUIDFH�FRQWHQW�DQG�FU\VWDOOLQLWLHV�LQ�WKH��0R6[�����
QDQRFOXVWHUV�+(5�FDWDO\VLV�

�� ([SHULPHQWDO
���� �0R6[����� QDQRFOXVWHUV� GHSRVLWLRQ� DQG� KLJK�DQJOH� DQQXODU� GDUN�ILHOG� VFDQQLQJ�
WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��+$$')�67(0��LPDJLQJ

)LJXUH����&OXVWHU�EHDP�VRXUFH�VFKHPDWLF��,W�FRQVLVWV�RI�ILYH�VHFWLRQV��PDJQHWURQ�VSXWWHULQJ��LRQ�
RSWLFV��PDVV�ILOWHU��FOXVWHU�GHSRVLWLRQ�DQG�FOXVWHU SRVW�WUHDWPHQW��

6L]H�VHOHFWHG� 0R6� QDQRFOXVWHUV� ZHUH� SURGXFHG� XVLQJ� D� '&� PDJQHWURQ� VSXWWHULQJ� DQG� JDV�
FRQGHQVDWLRQ�FOXVWHU�EHDP�VRXUFH�DV�VKRZQ�LQ�)LJXUH�� IURP�D���LQFK�VSXWWHULQJ�0R6� WDUJHW��3,�
.(0�� ������ SXULW\��>��@ 7KH� SRVLWLYHO\� FKDUJHG� FOXVWHUV� ZHUH� DFFHOHUDWHG� ZLWK� LRQ� RSWLFDO�
HOHFWURVWDWLF�OHQVHV�DQG�WKHQ�VL]H�VHOHFWHG�ZLWK�D�ODWHUDO�WLPH�RI�IOLJKW�PDVV�ILOWHU�>��@ $�PDVV�RI�
������� DPX�� FRUUHVSRQGLQJ� WR� �����0R6� XQLWV� �GHVLJQDWHG� DV� �0R6��������� ZDV� VHOHFWHG� IRU�
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GHSRVLWLQJ� RQWR� DQ� DPRUSKRXV� FDUERQ� FRDWHG� 7(0� JULGV� �$JDU� 6FLHQWLILF�� ����0HVK�&X�� DQG�
RQWR�JODVV\�FDUERQ��*&��VWXEV����PP�[���PP�[���PP��PLUURU�ILQLVK���7KH�ORDGLQJ�RI�WKH�7(0�
JULG� VDPSOHV�ZDV� DSSUR[�� ���SURMHFWHG� VXUIDFH� DUHD� FRYHUDJH� �L�H��� DSSUR[�� ���RI� WKH� VXUIDFH�
FRYHUHG�E\�FOXVWHUV���ZKLOH� WKH� ORDGLQJV�RI� WKH�*&�VDPSOHV�ZHUH���������DQG�����SURMHFWHG�
VXUIDFH� DUHD��7KH FOXVWHUV�ZHUH�GHSRVLWHG�RQWR� DPRUSKRXV� FDUERQ�FRYHUHG�7(0�JULGV� DQG�*&�
VWXEV�ZLWK�DQ�LPSDFW�HQHUJ\�RI�����H9�DQG�����H9�SHU�0R6� XQLW��UHVSHFWLYHO\��6XOIXU�DGGLWLRQ�
ZDV�FRQGXFWHG� LQ� D� VXOIXU�DWPRVSKHUH� FUHDWHG�E\�HYDSRUDWLQJ�VXOIXU�XVLQJ�D�KRPH�EXLOW� LQ�VLWX�
WKHUPDO�HYDSRUDWRU����PLQ���$QQHDOLQJ����PLQ�����������&��ZDV�SHUIRUPHG�ZLWK�DQ�HOHFWURQ�EHDP�
ERPEDUGPHQW� KHDWLQJ� VWDJH�� 7KH� WHPSHUDWXUH� ZDV� PRQLWRUHG� XVLQJ� D� S\URPHWHU� �,03$&�
3\URPHWHU��,3(�������6FDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��67(0��LPDJHV ZHUH�DFTXLUHG�
ZLWK� D� ���� N9� VSKHULFDO� DEHUUDWLRQ�FRUUHFWHG� 67(0� �-(2/� ����)�� LQ� WKH� KLJK�DQJOH� DQQXODU�
GDUN�ILHOG��+$$')��PRGH>�����@�
���� 3K\VLFDO� FKDUDFWHUL]DWLRQ� RI� �0R6[����� QDQRFOXVWHUV�� ;�UD\� SKRWRHOHFWURQ� VSHFWURVFRS\�
�;36�
;36� VSHFWUD� ZHUH� UHFRUGHG� XVLQJ� D� .UDWRV� $[LV� 6835$� ILWWHG� ZLWK� D� PRQRFKURPDWHG�

DOXPLQLXP� VRXUFH� �$O� .Į�� �������� H9�� DQG� D� FKDUJH� QHXWUDOLVHU�� 6DPSOHV� ZHUH� PRXQWHG�
RQ VLOLFRQ�ZDIHUV�E\�XVH�RI� VLOYHU�HSR[\��DQG�DIIL[HG� WR�D� VDPSOH�EDU�XVLQJ�FDUERQ� WDSH��:LGH�
VFDQV� ZHUH� UHFRUGHG� XVLQJ� SDVV� HQHUJLHV� RI� ���� H9� DQG� KLJK�UHVROXWLRQ� VFDQV� ZHUH� UHFRUGHG�
XVLQJ�SDVV�HQHUJLHV�RI����H9�DQG�DQ�DQDO\VLV�DUHD�RI����ȝP���$OO�VFDQV�ZHUH UHFRUGHG�DW����[����
� 7RUU� XVLQJ� DQ� HPLVVLRQ� FXUUHQW� RI� ���P$��$OO� KLJK�UHVROXWLRQ� VSHFWUD� ZHUH� FRUUHFWHG� WR� WKH�
DGYHQWLWLRXV� &� �V� SHDN� DW� ������ H9�� DQG� GHFRQYROXWHG� XVLQJ� WKH� &DVD;36� ������� VRIWZDUH��
DSSO\LQJ�D�6KLUOH\�EDFNJURXQG�FRUUHFWLRQ�EHIRUH�LQGLYLGXDO�SHDN�GHFRQYROXWLRQ� 0RD2E6F LV�XVHG�
WR�UHIHU�WR�WKH�PRO\EGHQXP�R[\VXOILGH�VSHFLHV��WKH�VXSHUVFULSW�D UHSUHVHQWV�WKH�R[LGDWLRQ�VWDWH�RI�
0R��ZKLOVW�WKH�VXEVFULSWV�E DQG�F WKH�VWRLFKLRPHWU\�RI�2�DQG�6�DWRPV�LQ�WKH�VSHFLILF�R[\VXOILGH�
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����(OHFWURFKHPLFDO FKDUDFWHUL]DWLRQ
$OO� HOHFWURFKHPLFDO� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� LQ� D� FRQYHQWLRQDO� ��HOHFWURGH�

HOHFWURFKHPLFDO� VHWXS� FRPSULVLQJ� D� WKHUPRVWDWWHG WZR�FRPSDUWPHQW FHOO� ������ �.�� WKH� ILUVW�
FRPSDUWPHQW� FRQWDLQLQJ ERWK� D� VDWXUDWHG� FDORPHO� UHIHUHQFH� HOHFWURGH� �6&(��%$6� ,QF��� -DSDQ��
DQG���PP�GLDPHWHU����PP�WKLFN�JODVV\�FDUERQ�ZRUNLQJ�HOHFWURGHV��*&��W\SH���VWXEV��$OID�$HVDU��
8�.���PRGLILHG�ZLWK�DV�GHSRVLWHG�RU�VXOIXU�HYDSRUDWHG�DQG�DQQHDOHG��0R6[����� QDQRFOXVWHUV��DQG
D VHFRQG� FRPSDUWPHQW� FRQWDLQLQJ D� EULJKW� 3W� PHVK� FRXQWHU� HOHFWURGH� �$OID� $HVDU�� 8�.���� $OO�
H[SHULPHQWV� ZHUH� FRQGXFWHG� XVLQJ� D� 3&�FRQWUROOHG� 3*67$7���1� SRWHQWLRVWDW� �0HWURKP�
$XWRODE�%�9��1HWKHUODQGV���*&�VDPSOHV�ZHUH�SROLVKHG�WR�XQWLO�D�PLUURU�ILQLVK�ZDV�DFKLHYHG�E\�
XVH�RI�GHFUHDVLQJ�VL]H�GLDPRQG���� WR���ȝP��DQG�DOXPLQD�VOXUULHV����WR������ȝP��RQ�D�%XHKOHU�
0HWD6HUY�����DXWRPDWLF�SROLVKHU�XVLQJ�7ULGHQW�0LFURFORWK�SROLVKLQJ�SDGV��$OO�*&�VDPSOHV�ZHUH�
LPPHGLDWHO\�WHVWHG�DIWHU�QDQRFOXVWHU�PRGLILFDWLRQ��EHLQJ�WUDQVSRUWHG�WR� WKH�HOHFWURFKHPLFDO�FHOO�
LQ�D�1��VDWXUDWHG�VHDOHG�FRQWDLQHU�WR�DYRLG�H[SRVXUH�WR�DLU��7KH�QDQRFOXVWHU�PRGLILHG�*&�VWXEV�
ZHUH� HPEHGGHG� LQ� D� (�74� &KDQJH'LVN� 5'(� 7LS� DQG� HOHFWULFDOO\� FRQQHFWHG� WR� D� (�� 6HULHV�
5RWDWLQJ� 6KDIW� DQG� D� 0RGXODWHG� 6SHHG� 5RWDWRU� �3LQH� 5HVHDUFK� ,QVWUXPHQWDWLRQ�� 86$��� 1R�
URWDWLRQ�ZDV�DSSOLHG�GXULQJ�DQ\�HOHFWURFKHPLFDO�H[SHULPHQW��
$���P0�+&O2� �$&6��������6LJPD�$OGULFK�������0�1D&O2� �$&6��������6LJPD�$OGULFK��

VROXWLRQ��S+������ZDV�XVHG�LQ�DOO�H[SHULPHQWV��IUHVKO\�SUHSDUHG�ZLWK�XOWUDSXUH�ZDWHU��0LOOLSRUH�
0LOL�4�'LUHFW���� UHVLVWLYLW\�QRW� OHVV� WKDQ������0��FP���7KLV� IXOO\� VXSSRUWHG��QRQ�FRRUGLQDWLQJ�
DQLRQ�FRQWDLQLQJ�� ORZ� SURWRQ� FRQFHQWUDWLRQ� HOHFWURO\WH� ZDV� FKRVHQ� LQ� FRQWUDVW� WR� WKH� PRUH�
FRPPRQO\� UHSRUWHG� KLJK� SURWRQ� FRQFHQWUDWLRQ� HOHFWURO\WHV� LQ� K\GURJHQ� HYROXWLRQ� H[SHULPHQWV�
����� 0� +�62��� S+� §� ����� ���� 0� +&O2��� S+� §� ��� DV� SUHYLRXV� H[SHULPHQWV� RQ� �0R6[�\
QDQRFOXVWHUV�\LHOGHG�PRUH�UHSURGXFLEOH�HOHFWURFKHPLFDO�UHVXOWV��HQDEOLQJ�DFFXUDWH�HOXFLGDWLRQ�RI�
WKH�+(5�UHDFWLRQ�NLQHWLF�SDUDPHWHUV��$FLGLF�HOHFWURO\WHV�ZLWK�ODFN�RI�D�VXSSRUWLQJ�HOHFWURO\WH��LQ�
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RXU�FDVH�����0�1D&O2���DUH�UHSRUWHG�WR�GLVWRUW�DQ\�NLQHWLF�DQDO\VLV�GXH�WR�PLJUDWLRQ�HIIHFWV�RI�
WKH�HOHFWURDFWLYH�VSHFLHV�>��@
1DQRFOXVWHU�PRGLILHG�*&�HOHFWURGHV�ZHUH�SUHFRQGLWLRQHG�SULRU� WR�+(5�H[SHULPHQWV�ZLWK����

F\FOHV�IURP��������WR�������9��YV��6&(��DW�D�YROWDJH�VFDQ�UDWH�RI����P9V�� WR�REWDLQ�D�VWDELOL]HG�
SHUIRUPDQFH��+(5�HOHFWURFDWDO\VLV�PHDVXUHPHQWV�ZHUH�WKHQ�UHFRUGHG�DW�D�UDQJH�RI�YROWDJH�VFDQ�
UDWHV� IURP��� WR������P9V���� DQG�HOHFWURFKHPLFDO� LPSHGDQFH�VSHFWURVFRS\�PHDVXUHPHQWV� �(,6��
ZHUH�DFTXLUHG�LQ�WKH������WR������9�YV��6&(�ZLWK�����P9�VWHSV��XVLQJ�D�IUHTXHQF\�UDQJH�RI�����
WR� ��� +]� �YROWDJH� DPSOLWXGH�  � ���P9�� WR� DSSO\� WKH� L5 FRPSHQVDWLRQ� FRUUHFWLRQ� RQ� DOO�+(5�
YROWDPPRJUDPV��$OO�+(5�SRWHQWLDOV�UHSRUWHG�DUH�FRUUHFWHG�YHUVXV�WKH�QRUPDO�K\GURJHQ�HOHFWURGH�
�1+(��XVLQJ� WKH�1HUQVWLDQ� VKLIW� FRUUHFWLRQ� �(1+(  �������9��������S+���7KH�HOHFWURFKHPLFDO�
FHOO�ZDV�YLJRURXVO\�SXUJHG�ZLWK�1� SULRU�WR�DQ\�HOHFWURFKHPLFDO�H[SHULPHQW��2[\JHQ�IUHH�JUDGH��
%2&� *DVHV� SOF��� DQG� D� SRVLWLYH� 1� SUHVVXUH� ZDV� PDLQWDLQHG� GXULQJ� H[SHULPHQWV�� $OO�
HOHFWURFKHPLFDO JODVVZDUH� ZDV� FOHDQHG� RYHUQLJKW� E\� XVH� RI� D� GLOXWH� .0Q2� �$&6� �� �����
6LJPD�$OGULFK�� VROXWLRQ� LQ� FRQFHQWUDWHG� +�62� �!� ���� DQDO\WLFDO� JUDGH�� )LVKHU� 6FLHQWLILF��
IROORZHG�E\�ULQVLQJ�ZLWK�XOWUDSXUH�ZDWHU�
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�� 5HVXOWV�DQG�GLVFXVVLRQ�
���� 3K\VLFDO� FKDUDFWHUL]DWLRQ� RI� VL]H�VHOHFWHG� �0R6[����� QDQRFOXVWHUV�� +$$')�67(0

LPDJLQJ DQG�;36
)LJXUH� � VKRZV� WKH� DEHUUDWLRQ�FRUUHFWHG� +$$')�67(0� LPDJHV� RI� �0R6[����� QDQRFOXVWHUV�

�VHOHFWHG�PDVV�DW�FOXVWHU�VRXUFH���������DPX��HTXLYDOHQW�WR������0R6� XQLWV�SHU�FOXVWHU��DW����
SURMHFWHG�VXUIDFH�DUHD�FRYHUDJH�DIWHU�GHSRVLWLRQ�RQ�DPRUSKRXV�FDUERQ�FRYHUHG�7(0�JULGV��)RU�
FOXVWHU�VRXUFH�VFKHPDWLF�DQG�IXUWKHU�GHSRVLWLRQ�SDUDPHWHUV��VHH�)LJ�����)LJ��D�DQG��E�DUH�DFTXLUHG�
DW� ORZ�PDJQLILFDWLRQ� EHIRUH� DQG� DIWHU� VXOIXU� HYDSRUDWLRQ� DQG� DQQHDOLQJ�� UHVSHFWLYHO\�� 7KH� DV�
GHSRVLWHG�0R6[ FOXVWHUV�DUH�UDWKHU�LUUHJXODU�ZLWK�SRRUO\�RUGHUHG�VWUXFWXUHV��DQG�D�PHDQ�GLDPHWHU�
RI�����QP�LV�JLYHQ�EDVHG�RQ�WKH�SURMHFWHG�VXUIDFH�DUHD�IURP�RXU�SUHYLRXV�VWXG\�>��@ 7KH�67(0�
LPDJH�RI�DV�GHSRVLWHG�0R6[ FOXVWHU�DW�D�KLJKHU�PDJQLILFDWLRQ��)LJXUH��F���WRJHWKHU�ZLWK�LWV�))7�
SDWWHUQ��LQVHW���VKRZ�WKH�DPRUSKRXV�IHDWXUH�RI� WKH�FOXVWHU�DQG�FRQILUP�WKH�DEVHQFH�RI�H[WHQGHG�
FU\VWDOOLQH� RUGHU�� 7KH� FOXVWHUV� KDYH� DQ� XQHYHQ� OD\HUHG� VWUXFWXUH� UHYHDOHG� E\� WKH� +$$')�
LQWHQVLW\�OLQH�SURILOH��ZKLFK�DJUHHV�ZLWK�SUHYLRXV�ILUVW�SULQFLSOH�VLPXODWLRQ�VWXGLHV�>��@&RPSDUHG�
ZLWK�WKH�DV�GHSRVLWHG�FOXVWHUV��WKH�VXOIXULVHG�FOXVWHUV�EHFRPH�ODUJHU�ZLWK�D�PHDQ�GLDPHWHU�RI�����
QP��7KLV� LV�GXH�WR� WKH�PRUSKRORJLFDO�UHFRQVWUXFWLRQ�RI�0R6[ FOXVWHUV�ZLWK�WKH�DGGHG�VXOIXU�� ,Q�
FRQWUDVW� WR� WKH�DV�GHSRVLWHG�FOXVWHUV�� WKH�VXOIXULVHG�FOXVWHUV� VKRZQ� LQ�)LJXUH��G�DQG��H�SUHVHQW�
UDWKHU� FU\VWDOOLQH� VWUXFWXUHV�� ZKLFK� FDQ� DOVR� EH� FRQILUPHG� E\� WKHLU� ))7� SDWWHUQV� �LQVHW��� 7KH�
VXOIXULVHG�FOXVWHUV�UHWDLQ�WKH�OD\HUHG�VWUXFWXUH�ZLWK���WR���OD\HUV�WKLFN��7KH�0RLUp�SDWWHUQ�VKRZQ�
LQ� )LJXUH� �H� LQGLFDWHV� D�PLVRULHQWDWLRQ� EHWZHHQ� OD\HUV��ZKLFK� FDQ� EH� FRPPRQO\� IRXQG� LQ� WKH�
VXOIXULVHG� FOXVWHUV� ZLWK� �� RU� PRUH� OD\HUV�� *LYHQ� WKDW� VXOIXU� LV� ORQJ� NQRZQ� WR� VXEOLPH� DW�
WHPSHUDWXUHV�ZHOO� EHORZ� ���� �&�>�����@ ZH� FDQ� FRQFOXGH� WKDW� WKH� FU\VWDOOLQH� VWUXFWXUHV� FRPH�
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IURP� WKH� FKHPLFDO� ERQG� EHWZHHQ� WKH� DGGHG� VXOIXU� DQG� WKH� FOXVWHUV�� DQG� WKDW� WKH� VWUXFWXUDO�
PRGLILFDWLRQ�LQWR�FU\VWDOOLQH�FOXVWHUV�PDLQO\�WDNHV�SODFH�ZLWKLQ�WKH��'�OD\HUV�

)LJXUH��� 67(0�LPDJHV�RI�DV�GHSRVLWHG�VL]H�VHOHFWHG��0R6[����� QDQRFOXVWHUV�VKRZQ�DW�D��ORZ�
DQG�F��KLJK�PDJQLILFDWLRQ��DQG�67(0�LPDJHV�RI��0R6[����� QDQRFOXVWHUV�DIWHU�VXOIXU�HYDSRUDWLRQ�
DQG�DQQHDOLQJ�DW�E��ORZ�PDJQLILFDWLRQ�DQG�G��H��KLJK�PDJQLILFDWLRQ��7KH�LQVHWV�VKRZQ�LQ�F��G�DQG�
H�DUH�WKH�))7�SDWWHUQV�RI�FRUUHVSRQGLQJ�FOXVWHUV�

;36� PHDVXUHPHQWV� ZHUH� DFTXLUHG� IURP� PRO\EGHQXP� VXOILGH� FOXVWHUV� GHSRVLWHG� RQWR�
DPRUSKRXV� FDUERQ� 7(0� JULGV� WR� LQYHVWLJDWH� WKH� GHJUHH� RI� VXOIXU� LQFRUSRUDWLRQ�� 7KH� KLJK�
UHVROXWLRQ�0R��G�DQG�6��S�VSHFWUD�RI�WKH�DV�GHSRVLWHG�PRO\EGHQXP�VXOILGH�QDQRFOXVWHUV�UHYHDO�D�



��

FRPSOH[�VXUIDFH�FRPSRVLWLRQ��VHH�)LJ���D���7KH�0R�VSHFWUD��)LJ�����WRS�URZ��FRXOG�QRW�EH�VROHO\�
GHFRQYROXWHG�LQWR�WKH�0R�� �G������� VSLQ�RUELW�GRXEOHW�FKDUDFWHULVWLF�RI�0R6� PDWHULDOV��ELQGLQJ�
HQHUJLHV�RI�a������DQG�a������H9��UHVSHFWLYHO\���7ZR�DGGLWLRQDO�GRXEOHWV�ZHUH�QHHGHG��DVFULEHG�
WR�0RD2E6F �a������ DQG� a������ H9�� VHH� (6,� IRU�0RD2E6F GHILQLWLRQ�� DQG�0R�� �a������ DQG�
a������ H9�� R[LGDWLRQ� VWDWHV� UHSRUWHG� LQ� PRO\EGHQXP� FRPSRXQGV� VXFK� DV� PRO\EGHQXP�
R[\VXOILGHV>��@ DQG�0R2��>��@ $QDO\VLV�RI� WKH�0R����0RD2E6F��0R�� UHODWLYH�SHUFHQWDJHV� �DW��
��� IURP� WKH� ;36� SKRWRHPLVVLRQ� LQWHQVLWLHV� \LHOGV� D� UHODWLYH� UDWLR� RI� ��������������� DW�� ���
FRUURERUDWLQJ� WKH� VLJQLILFDQW� SURSRUWLRQ� RI� R[LGL]HG� PRO\EGHQXP� VSHFLHV� DW� WKH� QDQRFOXVWHUV��
7KH� 6� VSHFWUD� �)LJ�� ��� ERWWRP� URZ�� ZHUH� GHFRQYROXWHG� XVLQJ� WZR� �S������� VSLQ�RUELW� GRXEOHWV�
UHODWHG� WR� WKH� 6�� �a������ DQG� a������ H9�� DQG� 6��� �a������ DQG� a������ H9�� R[LGDWLRQ� VWDWHV�
FRQVLVWHQWO\� UHSRUWHG� IRU� DPRUSKRXV�0R6[ WKLQ� ILOPV� DQG� QDQRSDUWLFOHV�>�����@ \LHOGLQJ� D� 6����
6��� UHODWLYH� UDWLR� RI� ������� 7KH EURDG� 6� VLJQDO� FHQWHUHG� DW� FD�� ���� H9� LV� DVFULEHG� WR� 62[\�

VSHFLHV�>��@ 7KH�;36�LQWHQVLW\�UDWLR�EHWZHHQ�WKH�6�FRQWDLQLQJ�0R�VSHFLHV��0R���0RD2E6F��DQG�
WKH�6����6��� VSHFLHV�\LHOGV�D�FORVH�WR�VWRLFKLRPHWULF�EXW�VWLOO�6�GHILFLHQW�UDWLR��������������VLPLODU�
WR�WKDW�IRXQG�LQ�RXU�SUHYLRXV�LQYHVWLJDWLRQV�>�����@
/LNHZLVH�� KLJK�UHVROXWLRQ� ;36� VSHFWUD� RQ� WKH� VXOIXU�HYDSRUDWHG� DQG� DQQHDOHG� �0R6[�����

QDQRFOXVWHUV��)LJ���F��UHYHDO�DQ�DOPRVW�WRWDO�FRQYHUVLRQ�RI�R[LGL]HG�0R�VSHFLHV�WR�0R�� �0R����
0RD2E6F��0R�� DW���� UDWLR� RI� ��������������� DV�ZHOO� DV� DQ� HIIHFWLYH� 6�HQULFKPHQW�� REWDLQLQJ� D�
0R���0RD2E6F��6����6��� UDWLR�RI�������������$V�IRU�WKH�6����6��� ;36�LQWHQVLW\�UDWLR��WKLV�LV�QRZ�
��������)XUWKHU�DQDO\VLV�RI�WKH�VXOIXULVHG�EXW�QRQ�DQQHDOHG��0R6[����� QDQRFOXVWHUV�VDPSOH��)LJ��
�E�� UHYHDOV� WKDW� 6� LQFRUSRUDWLRQ� RQWR� WKH� QDQRFOXVWHUV� RFFXUV� DW� WKLV� VWDJH� WR� D� FHUWDLQ� H[WHQW�
�0R���0RD2E6F�� 6���� 6��� UDWLR� RI� ��� ���������� EXW� LW� OHDGV� QHLWKHU� WR� DQ� HIIHFWLYH� GHSOHWLRQ� RI�
R[\JHQ�FRQWDLQLQJ�0R�VSHFLHV��0R����0RD2E6F��0R�� DW����UDWLR�RI������������������QRU�WR�IXOO�
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FU\VWDOOL]DWLRQ�RI�WKH�QDQRFOXVWHU�VWUXFWXUHV�>��@ +HQFH��LW�LV�FRQFOXGHG�WKDW�WKH�EHVW�PHWKRGRORJ\�
WR�SURGXFH�6�HQULFKHG�0R6[ QDQRFOXVWHUV�ZLWK�HQKDQFHG�FU\VWDOOLQH�RUGHU�LV�E\�WKH�DGRSWLRQ�RI�
VHTXHQWLDO�VXOIXU�HYDSRUDWLRQ�DQG�WKHUPDO�DQQHDOLQJ�

)LJXUH� �� +LJK�UHVROXWLRQ� 0R� �G� �WRS�� DQG� 6� �S� �ERWWRP�� ;36� VSHFWUD� RI� D�� DV�GHSRVLWHG�
�0R6[����� QDQRFOXVWHUV��E�� VXOIXULVHG��QRQ�DQQHDOHG� �0R6[����� QDQRFOXVWHUV� DQG�F�� VXOIXULVHG��
DQQHDOHG� �0R6[����� QDQRFOXVWHUV��/DEHOV�� UDZ�VSHFWUD� �EODFN��� FXPXODWLYH�SHDN� ILW� �UHG���0R���
�G������� �JUHHQ���0RD2E6F �G�������� �EOXH���0R��� �G������� �RUDQJH��� 6� �S������� �6���� \HOORZ�� DQG� 6�
�S������� �6�����PDJHQWD��
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��� (OHFWURFDWDO\WLF� DFWLYLW\� WR� WKH� K\GURJHQ� HYROXWLRQ� UHDFWLRQ�� LQIOXHQFH� RI� VXOIXU�
HQULFKPHQW

7KH�K\GURJHQ�HYROXWLRQ�DFWLYLW\�RI�WKH�DV�SUHSDUHG�DQG�VXOIXU�HQULFKHG��0R6[����� QDQRFOXVWHUV�
ZDV�HYDOXDWHG�LQ�D���HOHFWURGH�HOHFWURFKHPLFDO�VHWXS��E\�UHFRUGLQJ�OLQHDU�VZHHS�YROWDPPRJUDPV�
EHWZHHQ���WR������9��VFDQ�UDWH ����P9�V����LQ�D��P0�+&O2������0�1D&O2� DTXHRXV�HOHFWURO\WH
�QRUPDOL]HG�YV��1+(�DQG�L5�FRPSHQVDWHG��IRU�IXUWKHU�GHWDLOV��VHH�([SHULPHQWDO���7KH�ORZ�SURWRQ�
FRQFHQWUDWLRQ� LQ� WKH�HOHFWURO\WH�XVHG� �>+�@�§��î����� PRO�FP����S+§������ LV� UHVSRQVLEOH� IRU� WKH�
GLIIXVLRQ� GHFD\� SHDN� SURILOH� LQ� )LJV�� �D� DQG� �E�� DQDORJRXV� WR� WKDW� IRXQG�ZLWK� RXU� SUHYLRXVO\�
UHSRUWHG� PDJQHWURQ�VSXWWHUHG� QDQRFOXVWHUV�>�����@ 7KH� DV�SUHSDUHG� VDPSOHV� SUHVHQW� RQVHW�
SRWHQWLDOV�� _ȘRQVHW_� IRU� FXUUHQW�GHQVLWLHV�RI� _M_ �����P$�FP����RI�FD������P9��ZKLFK�DUH�a���P9�
SRVLWLYHO\� VKLIWHG� FRPSDUHG� WR� WKH� UHFRUGHG� _ȘRQVHW_� IRU� EDUH� JODVV\� FDUERQ�� 7KLV� FRQILUPV� WKDW�
HYHQ� DW� XOWUD�ORZ ORDGLQJV� 0R6� HIIHFWLYHO\� FDWDO\]HV� WKH� +(5�� 7KH� SHDN� KDOI�PD[LPXP�
RYHUSRWHQWLDOV��_ȘKDOI�PD[_��DQG�FXUUHQW�GHQVLWLHV��_MKDOI�PD[_��PHWULFV�SUHYLRXVO\�XVHG�WR�GHVFULEH�WKH�
+(5�FDWDO\VLV�RI�PDJQHWURQ�VSXWWHUHG�QDQRFOXVWHUV>��@ DUH�IRXQG�WR�EH�FD������P9�DQG������P$�
FP����UHVSHFWLYHO\��VHH�7DEOH�6��(6,���
7KHVH� DUH� LQ� JRRG� DJUHHPHQW� ZLWK� WKH UHVXOWV� REWDLQHG� IRU� �0R6������� QDQRFOXVWHUV�� ZKLFK�

SUHVHQWHG� D� KLJKHU� FOXVWHU� ORDGLQJ� �FD�� ����ȝJ� FP���� EXW� HTXLYDOHQW� VXUIDFH� FRYHUDJH� JLYHQ� WKH�
VPDOOHU� FOXVWHU� VL]HV� �a�����>��@ ,QWHUHVWLQJO\�� VXFK� XOWUD�ORZ ORDGLQJV� RI� VL]H�VHOHFWHG�0R6[
QDQRFOXVWHUV�XVHG�LQ�WKH�SUHVHQW�ZRUN�����FRYHUDJH��a���QJ�FP��������FRYHUDJH��a����QJ�FP����
����FRYHUDJH��a����QJ�FP����DOUHDG\�SUHVHQW�+(5�DFWLYLWLHV�FRPSDUDEOH�WR�WKRVH�RI��0R6�������
QDQRFOXVWHUV� ZLWK� ORDGLQJV� KLJKHU� E\� �� RUGHU� RI� PDJQLWXGH�� 'HVSLWH� ERWK� VPDOOHU� GLPHQVLRQV�
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�a����QP��DQG�KLJKHU�ORDGLQJV��WKH�6�GHILFLHQW�0R�6�UDWLR�DQG�FOXVWHU�RYHUODSSLQJ�XSRQ�UDQGRP�
VXUIDFH�ODQGLQJ�FDQ�WKHQ�H[SODLQ�WKH��0R6������� QDQRFOXVWHUV¶�UHSRUWHG�SHUIRUPDQFH��$IWHU�VXOIXU�
LQFRUSRUDWLRQ�� DOO� �0R6[����� QDQRFOXVWHUV� H[KLELW� UHPDUNDEOH� LPSURYHPHQWV� LQ� WKHLU� +(5�
SHUIRUPDQFH��$�FRQVLVWHQW� ����P9�VKLIW� LQ� WKH�+(5� _ȘKDOI� PD[_�ZDV� IRXQG� LQGHSHQGHQWO\�RI� WKH�
VDPSOH�ORDGLQJ��VHH��)LJV���D�E���

)LJXUH��� D�E��/LQHDU�VZHHS�YROWDPPRJUDPV�UHFRUGHG�DW���PP�GLDPHWHU�PLUURU�SROLVKHG�JODVV\�
FDUERQ�VDPSOHV��EODFN��PRGLILHG�ZLWK�DV�GHSRVLWHG��0R6[����� QDQRFOXVWHUV��EOXH��DQG�VXOIXULVHG��
DQQHDOHG��0R6[����� QDQRFOXVWHUV��JROG��DW�VXUIDFH�FRYHUDJHV�RI�����D��DQG������E���5HG�DUURZV�
GHQRWH�RYHUSRWHQWLDO�VKLIW�GXH�WR�VXOIXULVDWLRQ�DW� _MKDOI�PD[_��F��7DIHO�SORWV��_Ș_�YV��ORJ_MJHRP_��RI�WKH�
GLIIHUHQW� �0R6[����� QDQRFOXVWHUV� SORWWHG� LQ� D�E��� 6FDQ� UDWH�� ��� P9� V���� G�� (OHFWURFKHPLFDO�
LPSHGDQFH�VSHFWURVFRS\�1\TXLVW� VSHFWUD�RI� VDPSOHV� LQ�D�E�� UHFRUGHG�DW�Șa� �����P9�YV��1+(��
/DEHOV�LQ�F�G���PLUURU�SROLVKHG�JODVV\�FDUERQ��EODFN���DV�GHSRVLWHG��0R6[����� QDQRFOXVWHUV�DW����
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�UHG�� DQG� ���� �SXUSOH�� FRYHUDJH�� DQG� VXUIXULVHG� DQG� DQQHDOHG� �0R6[����� QDQRFOXVWHUV� DW� ���
�JUHHQ��DQG������EOXH��FRYHUDJH�

7R�JDWKHU�IXUWKHU LQVLJKW�DERXW� WKH�+(5�NLQHWLFV�DQG�HOHFWURQ�WUDQVIHU�SURSHUWLHV��7DIHO�VORSH�
DQDO\VLV�DQG�HOHFWURFKHPLFDO�LPSHGDQFH�VSHFWURVFRS\��(,6��H[SHULPHQWV�ZHUH�FDUULHG�RXW�EHIRUH�
DQG�DIWHU�VXOIXU�HQULFKPHQW�RI��0R6[����� QDQRFOXVWHUV��7DIHO�SORWV�RI�WKH�FDWKRGLF�OLQHDU�VZHHS�
YROWDPPRJUDPV��_Ș_�YV��ORJ_MJHRP_��)LJ���F��VKRZ�7DIHO�VORSHV�LQ�WKH���������P9�GHF�� UDQJH�IRU�
DOO��0R6[����� QDQRFOXVWHU�VDPSOHV�LUUHVSHFWLYH�RI�ERWK�ORDGLQJ�DQG�VXOIXU�PRGLILFDWLRQ��VLPLODU�
YDOXHV� WR� WKH� RQH� IRXQG� IRU� EDUH� *&� �§���� P9� GHF� ����� 7KLV� LQGLFDWHV� WKDW� WKH� VXOIXULVDWLRQ�
WUHDWPHQW�GRHV�QRW�PRGLI\�WKH�PHFKDQLVP�XQGHU�ZKLFK�WKH�+(5�RSHUDWHV��IRU�VORSHV�FORVH�WR�E§�
����P9�GHF�� WKLV�LV�WKH�9ROPHU�PHFKDQLVP��LWV�UDWH�OLPLWLQJ�VWHS�EHLQJ�WKH�HOHFWURDGVRUSWLRQ�RI�
PRQRDWRPLF�K\GURJHQ�>��@ 3UHYLRXV�UHSRUWV�RQ�DPRUSKRXV�0R6[ FDWDO\VWV�KDYH� UHSRUWHG�7DIHO�
VORSHV� RI� E§���P9�GHF� �� �9ROPHU�+H\URYVN\� UDWH�OLPLWLQJ� VWHS��� VLJQLILFDQWO\� ORZHU� WKDQ� WKH�
RQHV� REWDLQHG� IRU� WKH DV�GHSRVLWHG� DPRUSKRXV� �0R6[����� QDQRFOXVWHUV�� 7ZR�PDLQ� IDFWRUV� DUH�
UHVSRQVLEOH� IRU� WKLV�� WKH� HOHFWURO\WH� S+� DQG� WKH� LQKHUHQW� PRUSKRORJ\� RU� WKH� FOXVWHUV�� 5HFHQW�
LQYHVWLJDWLRQV�E\�'XERXLV�HW�DO��RQ�HOHFWURGHSRVLWHG��DPRUSKRXV�0R6[ PDWHULDOV�KDYH�VKRZQ�WKDW�
WKH� +(5�PHFKDQLVP� �DQG� FRQVHTXHQWO\� WKH� 7DIHO� VORSH�� LV� S+�GHSHQGHQW>��@�� IRU� S+���� WKH�
K\GURQLXP� FDWLRQ� HOHFWURUHGXFWLRQ� JRYHUQV� WKH� SURWRQ� UHGXFWLRQ� ZLWK� S+�LQGHSHQGHQW� 7DIHO�
VORSHV� RI� E§���P9� GHF� ���� DW� KLJKHU� S+� YDOXHV� WKH� ORZHU� SURWRQ� FRQFHQWUDWLRQ� OHDGV� WR�PDVV�
WUDQVSRUW� OLPLWDWLRQV�ZKLFK� XOWLPDWHO\� UHVXOW� LQ� WKH� SURWRQ� HOHFWURDGVRUSWLRQ� �L�H��9ROPHU� UDWH�
OLPLWLQJ�+(5�VWHS��E§����P9�GHF�����GRPLQDWLQJ�WKH�+(5��$OWHUQDWLYHO\��WKH����P9�GHF���7DIHO�
VORSHV�UHSRUWHG�RQ�DPRUSKRXV�0R6[ DUH�ZHOO�NQRZQ�WR�DULVH� IURP�WKH >0R�6��@�� FOXVWHU�EDVHG�
VWUXFWXUH� DQG� WKH� GLIIHUHQW� VXOIXU� PRLHWLHV� HQWDLOHG�>�����@ 7KH� S+��� XVHG� IRU� RXU� HOHFWURO\WH�
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DORQJ�ZLWK�WKH�WULJRQDO�SULVPDWLF�FRRUGLQDWLRQ�DV�IRXQG�LQ��+�0R6� IRU�RXU�VL]H�VHOHFWHG�0R6[
QDQRFOXVWHUV>��@ VXSSRUW�WKH�FD����������P9�GHF�� 7DIHO�VORSHV�REWDLQHG�

(OHFWURFKHPLFDO� LPSHGDQFH� VSHFWURVFRS\� �(,6�� 1\TXLVW� SORWV� ZHUH� ILWWHG� ZLWK� D� VLPSOLILHG�
HTXLYDOHQW� FLUFXLW� PRGHO� EDVHG� RQ� WKH� UHFHQWO\�XVHG� OLQHDU� WUDQVPLVVLRQ� PRGHO>�����@ IRU�
DPRUSKRXV�SRURXV� 0R6[ VWUXFWXUHV� �VHH� )LJ�� 6� (6,� IRU� IXUWKHU� GHWDLOV��>�����@ 8QOLNH� WKH�
5DQGOHV� FLUFXLW� FRQYHQWLRQDOO\� XVHG� WR� SK\VLFDOO\� GHVFULEH� WKH� +(5� RQ� 70'� PDWHULDOV�� WKLV�
FLUFXLW� QRW� RQO\� DFFRXQWV� IRU� WKH� FKDUJH� WUDQVIHU� UHVLVWDQFH� �ܴ௧��� EXW� DOVR� IRU WKH� FRQWDFW�
UHVLVWDQFH� EHWZHHQ� WKH� QDQRFOXVWHUV� DQG� WKH� JODVV\� FDUERQ� HOHFWURGH� LQWHUIDFH� �ܴ��� 6XFK�
LQIRUPDWLRQ�LV�RI�SK\VLFDO�UHOHYDQFH JLYHQ�WKH�OD\HU�GHSHQGHQW�+(5�FDWDO\VLV�RI�70'V�DQG�WKHLU�
LQKHUHQWO\� KLJK� WKURXJK�SODQH� UHVLVWDQFH�>��±��@ $W� ����� 9� YV�� 6&(� �a� ����� 9� YV�� 1+(��� D�
VLJQLILFDQW�GHFUHDVH�LQ�DOO�(,6�UHVLVWDQFH�FRPSRQHQWV�ZDV�IRXQG�DIWHU�WKH�FRPELQHG�WUHDWPHQW�RI�
VXOIXU� HYDSRUDWLRQ� SOXV� DQQHDOLQJ� RQ� WKH� �0R6[����� QDQRFOXVWHUV� �)LJ�� �G��7DEOH�6��(6,���ܴ௧

�a�����YV��a�����ȍ�����FRYHUDJH��a�����YV��a����ȍ������FRYHUDJH���DQG�ܴ �a�����YV��a�����
ȍ�� ��� FRYHUDJH��a������ YV�� a�����ȍ�� ���� FRYHUDJH���:H�SRVWXODWH� WKH� H[WHQGHG� FU\VWDOOLQH�
RUGHU�RI�WKH�VXOIXU�HQULFKHG�QDQRFOXVWHU�VWUXFWXUH�WR EH�WKH�JRYHUQLQJ�IDFWRU��
7KLV�FDQ�EH�VXSSRUWHG�E\�ERWK�WKH�))7�DQDO\VLV�RI�WKH�QDQRFOXVWHUV�LPDJHG�E\�+$$')�67(0�

DQG�WKH�KLJK�UHVROXWLRQ�6��S�;36�UHVXOWV��7KH�IRUPHU�VKRZV��DIWHU�VXOIXU�LQFRUSRUDWLRQ��WKDW�WKH�
�0R6[����� QDQRFOXVWHU� ))7� SDWWHUQ� FKDQJHV� IURP� D� GLIIXVH� ULQJ� FKDUDFWHULVWLF� RI� KLJKO\�
DPRUSKRXV�PDWHULDOV�WR�D�ZHOO�GHILQHG�VHW�RI�GLIIUDFWLRQ�VSRWV�UDQJLQJ�IURP�VLQJOH�VHWV�DVFULEHG�
WR�DOLJQHG�0R6� OD\HUV�DORQJ�WKH�������SODQH��LQWUDOD\HU�VSDFLQJ�������QP��WR�GXDO�VHWV�UHODWHG�WR�
PLVRULHQWHG�VWDFNLQJ�OD\HU�DUUDQJHPHQWV�>��@ 7KH�KLJK�UHVROXWLRQ�6��S�;36�GDWD�PRQLWRULQJ�WKH�
6����6��� LQWHQVLW\�UDWLR��ZKLFK�VHUYHV�DV�D�GHVFULSWRU�RI�WKH�GHJUHH�RI�0R6[ FU\VWDOOLQLW\��UHYHDOV�
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DQ�LQFUHDVHG�6�� UHODWLYH�FRQWHQW�DIWHU�WKH�VXOIXU�HYDSRUDWLRQ�WUHDWPHQW��������YV��WKH�������IRXQG�
LQ�SULVWLQH�QDQRFOXVWHUV��7KXV��WKH�VXOIXU�HYDSRUDWLRQ�DQG�DQQHDOLQJ�QRW�RQO\�LQFRUSRUDWHV�VXOIXU�
LQWR� WKH� QDQRFOXVWHU� VWUXFWXUHV� EXW� DOVR� FRQYHUWV� WKH� FKDUDFWHULVWLF� DPRUSKRXV�0R6[�0R6� 6���
PRLHWLHV>�����������@ WR� 6�� DV� IRXQG� LQ� FU\VWDOOLQH� 0R6��>��@ )URP� WKHVH� ILQGLQJV� ZH� FDQ�
FRQFOXGH�WKDW�WKH�VXOIXU�HYDSRUDWLRQ�DQG�VXEVHTXHQW�DQQHDOLQJ�RI��0R6[����� QDQRFOXVWHUV�UHVXOWV�
LQ�DQ�RYHUDOO�LPSURYHPHQW�LQ�WKHLU�FKDUJH�WUDQVIHU�SURSHUWLHV��$�SUHYLRXV�UHSRUW�RQ�SRO\PRUSKLF�
0R6� �D� V\VWHP�ZKLFK� UHVHPEOHV� WKH� QRQ�FU\VWDOOLQH� QDWXUH� RI� RXU� DV�GHSRVLWHG� QDQRFOXVWHUV��
UHYHDOHG� WKDW� HOHFWURQ� KRSSLQJ� RQO\� RFFXUV� EHWZHHQ� PHWDOOLF� �7� GRPDLQV� ERXQGHG� E\�
VHPLFRQGXFWLQJ��+�UHJLRQV��DQG�WKHUHIRUH�LV�OLPLWHG��>��@
2Q�D�VHSDUDWH�QRWH��LW�LV�DOVR�QRWHZRUWK\�WR�H[SORUH�ZKLFK�DUH�WKH�SRWHQWLDO�+(5�DFWLYH�VLWHV�LQ�

RXU�0R6[ QDQRFOXVWHUV� )RU�DPRUSKRXV�0R6[��WHUPLQDO�6����>��@ EULGJLQJ�6���>��@ RU�XQVDWXUDWHG�
0R,9 FHQWHUV� �L�H�� 6� YDFDQFLHV�>��@ KDYH� EHHQ� SURSRVHG� DV�PRLHWLHV� UHVSRQVLEOH� IRU� K\GURJHQ�
HYROXWLRQ�� UHDFKLQJ� QR� XQDPELJXRXV� FRQVHQVXV� WR� GDWH�� )RU� WKH� DV�SUHSDUHG� �0R6[�����
QDQRFOXVWHUV��WKH�SUHVHQFH�RI�WHUPLQDO��EULGJLQJ�6��� DV�IRXQG�LQ�RXU�6��S�;36�VSHFWUD�VHHPV�WR
LQGLFDWH�WKH\�PLJKW�SDUWLFLSDWH�LQ�WKH�+(5�DORQJ�ZLWK�WKH�ZHOO�HVWDEOLVKHG�70'�XQVDWXUDWHG�6��
DFWLYH� VLWHV�>����@ ,Q� WKH� FDVH� RI� RXU� 6�HQULFKHG� �0R6[����� QDQRFOXVWHUV�� WKH� DOPRVW� WRWDO�
FRQYHUVLRQ� RI� WKH� SDUWLDOO\�R[LGL]HG� 0RD2E6F DQG� 6��� VSHFLHV� WR� 0R�� DQG� 6�� DV� IRXQG� LQ�
FU\VWDOOLQH�0R6� DQG�VXEVHTXHQW�+(5�HQKDQFHPHQW�OHDG�XV�WR�EHOLHYH�WKDW�WKH�PDLQ�+(5�DFWLYHV�
DUH�WKH�XQVDWXUDWHG�6�� PRLHWLHV�
����(YDOXDWLRQ�RI�ILJXUHV�RI�PHULW�DQG�FDWDO\VW�EHQFKPDUNLQJ
)XUWKHU�FDWDO\VW�EHQFKPDUNLQJ�E\�WXUQRYHU�IUHTXHQF\��72)��DQG�H[FKDQJH�FXUUHQW�GHQVLW\��M���

DQDO\VLV� DOVR� GHPRQVWUDWHV� WKH� +(5� HQKDQFHPHQW� REVHUYHG�� )RU� ��� VXUIDFH� FRYHUDJH�� DV�
GHSRVLWHG� �0R6[������QDQRFOXVWHUV�SUHVHQW�72)�§�����+� V�� DQG� M�§�����î������ $�FP�� DW� _ȘKDOI�
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PD[_ �����P9��ZKHUHDV� IRU� DQ� HTXLYDOHQW� _ȘKDOI� PD[_� WKH� VXOIXU�PRGLILHG� �0R6[������ QDQRFOXVWHUV�
VDPSOH�H[KLELWV�72)�§�����+� V�� DQG� M�§�����î����� $�FP����$W�����VXUIDFH�FRYHUDJH��VLPLODU�
HQKDQFHPHQWV�FDQ�EH�IRXQG��72)�§�����YV������+� V�� DW�_ȘKDOI�PD[_ �����P9��M�§�����î����� YV������
î� ����� $� FP�����7KH� WZR�IROG� LQFUHDVH� LQ�72)� DQG�PRUH� WKDQ����IROG� LQFUHDVH� LQ� M� LQGLFDWHV�
LPSURYHG� SHU�VLWH� DFWLYLWLHV� DQG� DFWLYH� VLWH� GHQVLWLHV�� SRVLWLYH� VKLIWV� LQ� RQVHW� SRWHQWLDO� YDOXHV�
XQGHU�JLYHQ�+(5�NLQHWLFV��L�H��VDPH�7DIHO�VORSH�YDOXHV��KDYH�EHHQ�UHODWHG�WR�KLJKHU�GHQVLWLHV�RI�
DFWLYH� VLWHV�>��@ 7KLV�� DORQJ� ZLWK� WKH� RQVHW� SRWHQWLDO� VKLIW�� VLJQLILFDQWO\� VXUSDVVHV� WKH� +(5�
HQKDQFHPHQW��FD�����P9�DW�_MKDOI�PD[_��VHH�)LJ��6�D�(6,���IRXQG�DIWHU�6�HGJH�VLWH�GRSLQJ�ZLWK�1L�LQ�
�1L�0R6������ QDQRFOXVWHUV����IROG�LQFUHDVH�LQ�M� EXW�ORZHU�72)�DIWHU�GRSLQJ��>��@ LQGLFDWLQJ�WKDW�
WKH� V\QHUJLVWLF� HIIHFW� RI� VXOIXU� HQULFKPHQW� DQG� LPSURYHG� FU\VWDOOLQLW\� SUHYDLOV� RYHU� D� 6�HGJH�
DFWLYDWLRQ�VWUDWHJ\�RQ�DV�GHSRVLWHG�0R6[�QDQRFOXVWHUV�
:H� ILQDOO\� SURFHHGHG� WR� EHQFKPDUN� WKH� SHUIRUPDQFH� RI� RXU� �0R6[������ QDQRFOXVWHUV� ZLWK�

UHFHQWO\�UHSRUWHG�0R6��EDVHG�FDWDO\VWV� IURP� WKH� OLWHUDWXUH�� �7DEOH�6��(6,��+RZHYHU�� WKH�XOWUD�
ORZ ORDGLQJV�XWLOL]HG�LQ�WKLV�UHSRUW�SUHFOXGH�TXDQWLWDWLYH�FRPSDULVRQV�EDVHG�RQ�WKH�+(5�PHWULFV�
FRPPRQO\�FLWHG��_Ș_�DW����P$�FP�� DQG�_MJHRP_�DW�����P9���,W�LV�ZHOO�NQRZQ�WKDW�WKHVH�PHWULFV�DUH�
KHDYLO\�DIIHFWHG�E\�WKH�FDWDO\VW� ORDGLQJ��IRU� ORDGLQJ�GHSHQGHQW�+(5�VHH�)LJ��6�E�(6,��>�����±
��@ FDWDO\VW� OD\HU� WKLFNQHVV>��������@ DQG� 70'� PRUSKRORJLHV�>��������@ ,QVWHDG�� ZH�
QRUPDOL]HG� DOO� SUHYLRXV� _MJHRP_� UHSRUWHG� YDOXHV� E\� PDVV� DFWLYLW\� �P$� PJ����� D� PHWULF� ZLGHO\�
DFFHSWHG� LQ� WKH� QREOH�PHWDO� HOHFWURFDWDO\VLV� FRPPXQLW\� �VHH� 7DEOH� 6�� (6,��>�����@ 7KH�PDVV�
DFWLYLWLHV� IRXQG� IRU� �0R6[������QDQRFOXVWHUV� DW� _Ș_� YDOXHV� DV� ORZ� DV�����P9��FORVH� WR� WKH�+(5�
RQVHW�� DUH�� DIWHU� VXOIXU� HYDSRUDWLRQ� DQG� DQQHDOLQJ�� FRPSDUDEOH� ZLWK� WKH� EHVW� UHSRUWHG� 0R6�
FDWDO\VWV�DW�����P9�WHVWHG�XVLQJ�D�KLJK�SURWRQ�FRQFHQWUDWLRQ�HOHFWURO\WH��7KH�YDOXHV�REWDLQHG�DUH�
FD����� P$�PJ�� DW����FRYHUDJH�DQG�FD���� P$�PJ�� DW�����FRYHUDJH��VHH�7DEOH�6��(6,���)RU�
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_ȘKDOI� PD[_��PDVV� DFWLYLWLHV� DUH� LQ� WKH������P$�PJ�� UDQJH�� IRU����FRYHUDJH�� FD�� ���� P$�PJ��
�SULVWLQH��DQG�FD������ P$�PJ�� �VXOIXULVHG���IRU�����FRYHUDJH��FD����� P$�PJ�� �SULVWLQH��DQG�
FD�� ���� P$� PJ�� �VXOIXULVHG��� 7KLV� KLJKOLJKWV� WKH� UHPDUNDEOH� DFWLYLWLHV� RI� WKH� VXOIXULVHG�
�0R6[������QDQRFOXVWHUV�REWDLQHG�DW�YHU\�ORZ�ORDGLQJV�
7KH�HOHFWURFKHPLFDO�VWDELOLW\�RI�0R6[�HOHFWURFDWDO\WV�LV�DOVR�DQ�LPSRUWDQW�IHDWXUH�IRU HYDOXDWLQJ
SURVSHFWLYH� ORQJ�WHUP�+(5� SHUIRUPDQFH��$� SUHOLPLQDU\� FRPSDULVRQ� RI� WKH� YHU\� ILUVW� FDWKRGLF�
+(5� F\FOH� UHFRUGHG� GXULQJ� RXU� SUHFRQGLWLRQLQJ� VWHS� ZLWK� WKH ILQDO� SVHXGR�VWDWLRQDU\� /69
UHSRUWHG ���WK UHDO�+(5�F\FOH��DV�VKRZQ�LQ�)LJV���D�DQG��E��UHYHDOV�FOHDU GLIIHUHQFHV�LQ�VWDELOLW\�
EHIRUH DQG�DIWHU�VXOIXU�HYDSRUDWLRQ�DQG�HQULFKPHQW��)LJ��6��(6,���)RU�����VXUIDFH�FRYHUDJH��DV�
GHSRVLWHG� DQG� 6�GHIILFLHQW� �0R6[������ QDQRFOXVWHUV� SUHVHQW� DQ� H[WUDRUGLQDULO\� KLJK� DFWLYLW\� RQ�
WKHLU�ILUVW�FDWKRGLF�SRODUL]DWLRQ�VFDQ��_ȘKDOI�PD[_§�����P9��ZKLFK�GUDPDWLFDOO\�GHFD\V�VKRZQ�E\�D�
����P9�RYHUSRWHQWLDO�VKLIW�DW�WKH���WK VFDQ �)LJ��6�D���7KLV�LQGLFDWHV�WKDW��GHVSLWH�RI�WKHLU�KLJK�
DFWLYLW\�� WKH�HGJH�GHIHFW�DEXQGDQW�QDWXUH�RI�DPRUSKRXV�0R6[ QDQRFOXVWHUV�DOVR�FRQIHUV� WKHP�D
KLJK�HOHFWURFKHPLFDO�LQVWDELOLW\��5HPDUNDEO\��WKH�6�HQULFKHG�FU\VWDOOLQH��0R6[������QDQRFOXVWHUV�
SUHVHQW�D�GUDPDWLFDOO\�HQKDQFHG�VWDELOLW\��)LJ��6�E���DOWKRXJK�WKHLU�LQLWLDO�DFWLYLW\�LV�QRW�DV�KLJK�
DV� WKH� DPRUSKRXV�QDQRFOXVWHU� FRXQWHUSDUWV�� _ȘKDOI� PD[_� LV�PRGLILHG� OHVV� WKDQ����P9��:H�EHOLHYH�
WKDW� WKH� LPSURYHG� FU\VWDOOLQLW\� DQG� VXEVHTXHQW� PLQRU� SUHVHQFH� RI� GLVVROXWLRQ�SURQH�
XQGHUFRRUGLQDWHG� 0R� VLWHV DIWHU� 6�HQULFKPHQW PLWLJDWHV� HOHFWURFKHPLFDOO\�LQGXFHG� 0R6[
OHDFKLQJ�\LHOGLQJ�KLJKHU VWDELOLWLHV�

�� &RQFOXVLRQV
,Q� VXPPDU\�� WKH� LQLWLDOO\� VXOIXU�GHILFLHQW� �0R6�������� VL]H�VHOHFWHG� QDQRFOXVWHUV� REWDLQHG� E\�

PDJQHWURQ� VSXWWHULQJ� DQG� JDV� FRQGHQVDWLRQ� DQG� GHSRVLWHG� RQWR� JODVV\� FDUERQ� VXEVWUDWHV� KDYH�
EHHQ�VXFFHVVIXOO\�VXOIXU�HQULFKHG��E\�VHTXHQWLDO�DSSOLFDWLRQ�RI�VXOIXU�HYDSRUDWLRQ�DQG�DQQHDOLQJ��



��

IRU� +(5� DSSOLFDWLRQV�� 7KLV� WUHDWPHQW� KDV� EHHQ� VKRZQ� WR� LQGXFH� H[WHQGHG� FU\VWDOOLQH� RUGHU��
FRPSDUHG� ZLWK� WKH� LQLWLDOO\� DPRUSKRXV� QDQRFOXVWHU�PRUSKRORJ\�� SOXV� WKH� LQFRUSRUDWLRQ� RI� 6��
PRLHWLHV� DW� WKH� �0R6[����� QDQRFOXVWHU� VXUIDFH� WR� \LHOG� 0R���0RD2E6F�� 6���� 6��� UDWLRV� RI� ���
�������� LQVWHDG� RI� ����������� 7KH� DQQHDOLQJ� VWHS� LV� IRXQG� NH\� WR� UHGXFLQJ� IXOO\� WKH� R[\JHQ�
FRQWDLQLQJ�0R�VSHFLHV�WR�0R�� DQG�PD[LPL]LQJ�VXOIXU�LQFRUSRUDWLRQ�DW�WKH�QDQRFOXVWHUV�VXUIDFH���
$� FRQVLVWHQW� SRVLWLYH� VKLIW� LQ� WKH�+(5� _ȘRQVHW_� ZDV� IRXQG� LUUHVSHFWLYH� RI� VDPSOH� ORDGLQJ� RI� 6�
HQULFKHQHG� �0R6[����� QDQRFOXVWHUV� �DSSUR[LPDWHO\� ����P9��� ZKLOVW� WKH� 7DIHO� VORSH� UHPDLQHG�
XQDIIHFWHG�E\�WKH�VXOIXU�WUHDWPHQW��FD�����P9�GHF�����7KH���IROG�DQG�PRUH�WKDQ����IROG�LQFUHDVHV�
LQ�72)�DQG�M� YDOXHV��UHVSHFWLYHO\��VXUSDVV�WKH�+(5�HQKDQFHPHQWV�SUHYLRXVO\�UHSRUWHG�DIWHU�6�
HGJH�VLWH�DFWLYDWLRQ�E\�1L�LQ��1L�0R6������ K\EULG�QDQRFOXVWHUV��7KH�UHVXOWV�LOOXPLQDWH�WKH�FULWLFDO�
UROH� SOD\HG� E\� 6�HQULFKPHQW� DQG� FU\VWDOOLQLW\� LQ�0R6[ QDQRFOXVWHU� K\GURJHQ� HOHFWURFDWDO\VLV��
FUHDWLQJ�KLJKHU�GHQVLWLHV�RI�SURWRQ�DFFHSWRU�6�VLWHV�DQG�ORZHU�FKDUJH�WUDQVIHU�UHVLVWDQFHV��DV�ZHOO�
DV� FRQIHUULQJ� KLJKHU� HOHFWURFKHPLFDO� VWDELOLWLHV� 1DQRFOXVWHU� EHQFKPDUNLQJ� E\� PDVV� DFWLYLW\�
HPSKDVL]HV� WKH� UHPDUNDEOH� SHUIRUPDQFH� RI� 6�ULFK� �0R6[����� VL]H�VHOHFWHG� QDQRFOXVWHUV� DW� WKH�
XOWUD�ORZ ORDGLQJ� OHYHO� ������� QJ� FP���� ��� VXUIDFH� FRYHUDJH��� ������ P$� PJ�� DW� ���� P9�
RYHUSRWHQWLDO�� DQG��������P$�PJ�� DW� _ȘKDOI� PD[_ �����P9��7KHVH� UHVXOWV�DUH� FRPSDUDEOH� WR� WKH�
VWDWH�RI�WKH�DUW�0R6��EDVHG�FDWDO\VWV�� UHIOHFWLQJ� WKH� VLJQLILFDQW� DFWLYLWLHV� RI� VL]H�VHOHFWHG�0R6[
QDQRFOXVWHUV� REWDLQHG� DW� XOWUD�ORZ ORDGLQJV�� UHVHPEOLQJ� SUHYLRXV� HQKDQFHPHQWV� UHSRUWHG� IRU�
QREOH�PHWDOV>��±��@�

6XSSRUWLQJ�,QIRUPDWLRQ
,QFOXGH��FDOFXODWLRQ�RI�WXUQRYHU�IUHTXHQFLHV��(,6�ILWWLQJ�SDUDPHWHUV��DQG�VWDWH�RI�WKH�DUW�0R6��

EDVHG�FDWDO\VWV�OLWHUDWXUH�RYHUYLHZ�



��

$XWKRU�LQIRUPDWLRQ
&RUUHVSRQGLQJ�$XWKRU
'U�1�9� 5HHV��(PDLO��Q�UHHV#EKDP�DF�XN

$XWKRU�&RQWULEXWLRQV
Á '��(�/�DQG�<��1�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN

$FNQRZOHGJHPHQWV
7KH�DXWKRUV�WKDQN�WKH�(365&�IRU�VXSSRUW�WKURXJK�IXQGLQJ�IRU�WKH�&HQWUH�IRU�'RFWRUDO�7UDLQLQJ�

LQ� )XHO� &HOOV� DQG� WKHLU� IXHOV� �'�(�/���1�9�5��� (3�*���������� DQG� D� IHOORZVKLS� JUDQW� �5�(�3���
(3�/��������� DQG� (3�.���������� DQG�� DV� ZHOO� DV� WKH� (XURSHDQ� &RPPLVVLRQ� IRU� WKH�0DULH�
&XULH�,71�SURMHFW ³&DWVHQVH´��<�1���7KH�DXWKRUV�ZRXOG�DOVR�OLNH�WR�WKDQN�'U��0DUN�,VDDFV�DW�WKH�
(XURSHDQ� %LRHQHUJ\� 5HVHDUFK� ,QVWLWXWH� �$VWRQ� 8QLYHUVLW\�� %LUPLQJKDP�� IRU� WKH� ;36�
PHDVXUHPHQW�DFTXLVLWLRQ�



��

5HIHUHQFHV
>�@ 3�&�.��9HVERUJ�� %�� 6HJHU�� ,�� &KRUNHQGRUII�� 5HFHQW� GHYHORSPHQW� LQ� K\GURJHQ� HYROXWLRQ�

UHDFWLRQ�FDWDO\VWV�DQG�WKHLU�SUDFWLFDO�LPSOHPHQWDWLRQ��-��3K\V��&KHP��/HWW��������������±
�����

>�@ -�$��7XUQHU��6XVWDLQDEOH�+\GURJHQ�3URGXFWLRQ��6FLHQFH���������������±�����

>�@ ,��5RJHU��0�$��6KLSPDQ��0�'��6\PHV��(DUWK�DEXQGDQW�FDWDO\VWV� IRU�HOHFWURFKHPLFDO�DQG�
SKRWRHOHFWURFKHPLFDO�ZDWHU�VSOLWWLQJ��1DW��5HY��&KHP�����������������

>�@ -�'��%HQFN��7�5��+HOOVWHUQ��-��.LEVJDDUG��3��&KDNWKUDQRQW��7�)��-DUDPLOOR��&DWDO\]LQJ�WKH�
+\GURJHQ� (YROXWLRQ� 5HDFWLRQ� �+(5�� ZLWK� 0RO\EGHQXP� 6XOILGH� 1DQRPDWHULDOV�� $&6�
&DWDO���������������±�����

>�@ %�� +LQQHPDQQ�� 3�� 0RVHV�� -�� %RQGH�� .�3�� -¡UJHQVHQ�� -�+�� 1LHOVHQ�� 6�� +RUFK�� HW DO���
%LRPLPHWLF�K\GURJHQ�HYROXWLRQ��0R6� QDQRSDUWLFOHV�DV�FDWDO\VW�IRU�K\GURJHQ�HYROXWLRQ��-��
$P��&KHP��6RF�����������������±������

>�@ 7�)�� -DUDPLOOR�� .�3�� -¡UJHQVHQ�� -�� %RQGH�� -�+�� 1LHOVHQ�� 6�� +RUFK�� ,�� &KRUNHQGRUII��
,GHQWLILFDWLRQ� RI� $FWLYH� (GJH� 6LWHV� IRU� (OHFWURFKHPLFDO� +� (YROXWLRQ� IURP� 0R6��
1DQRFDWDO\VWV��6FLHQFH���������������±����

>�@ -��%RQGH��3�*��0RVHV��7�)��-DUDPLOOR��-��1RUVNRY��,��&KRUNHQGRUII��+\GURJHQ�HYROXWLRQ�RQ�
QDQR�SDUWLFXODWH�WUDQVLWLRQ�PHWDO�VXOILGHV��)DUDGD\�'LVFXVV����������������±�����

>�@ 0��9HOLFNê��0�$��%LVVHWW��3�6��7RWK��+��9��3DWWHQ��6�'��:RUUDOO��$�1�-��5RGJHUV��HW� DO���
(OHFWURQ� WUDQVIHU�NLQHWLFV�RQ�QDWXUDO� FU\VWDOV� RI�0R6� DQG�JUDSKLWH��3K\V��&KHP��&KHP��
3K\V�����������������±�������
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>�@ &�/��%HQWOH\��0��.DQJ�� )��0DGGDU��)�� /L��0��:DONHU�� -��=KDQJ�� HW� DO��� (OHFWURFKHPLFDO�
0DSV� DQG� 0RYLHV� RI� WKH� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ� RQ� 1DWXUDO� &U\VWDOV� RI�
0RO\EGHQLWH��0R6�����%DVDO�YV��(GJH�3ODQH�$FWLYLW\��&KHP��6FL���������������±������

>��@ '��9RLU\��-��<DQJ��0��&KKRZDOOD��5HFHQW�6WUDWHJLHV�IRU�,PSURYLQJ�WKH�&DWDO\WLF�$FWLYLW\�
RI��'�70'�1DQRVKHHWV�7RZDUG� WKH�+\GURJHQ�(YROXWLRQ�5HDFWLRQ��$GY��0DWHU�� �������
����±������

>��@ '�� 9RLU\�� 0�� 6DOHKL�� 5�� 6LOYD�� 7�� )XMLWD�� 0�� &KHQ�� &RQGXFWLQJ� 0R6� QDQRVKHHWV� DV�
FDWDO\VWV�IRU�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��1DQR�/HWW����������������±������

>��@ $�� $PEURVL�� =�� 6RIHU�� 0�� 3XPHUD�� �+�ĺ� �7� SKDVH� WUDQVLWLRQ� DQG� K\GURJHQ� HYROXWLRQ�
DFWLYLW\� RI� 0R6��� 0R6H��� :6� DQG�:6H� VWURQJO\� GHSHQGV� RQ� WKH� 0;� FRPSRVLWLRQ���
&KHP��&RPPXQ����������������±���

>��@ 0�$��/XNRZVNL��$�6��'DQLHO��)��0HQJ��$��)RUWLFDX[��/��/L��6�� -LQ��(QKDQFHG�+\GURJHQ�
(YROXWLRQ� &DWDO\VLV� IURP� (QKDQFHG� +\GURJHQ� (YROXWLRQ� &DWDO\VLV� IURP� &KHPLFDOO\�
([IROLDWHG�0HWDOOLF�0R6� 1DQRVKHHWV��-��$P��&KHP��6RF��������������������

>��@ 6��%KDWWDFKDU\\D��7��3DQGH\��$�.��6LQJK��(IIHFW�RI�VWUDLQ�RQ�HOHFWURQLF�DQG�WKHUPRHOHFWULF�
SURSHUWLHV�RI�IHZ�OD\HUV�WR�EXON�0R6���1DQRWHFKQRORJ\��������������������

>��@ '��9RLU\��+��<DPDJXFKL��-��/L��5��6LOYD��'�&�%��$OYHV��7��)XMLWD��HW�DO���(QKDQFHG�FDWDO\WLF�
DFWLYLW\� LQ� VWUDLQHG� FKHPLFDOO\� H[IROLDWHG�:6� QDQRVKHHWV� IRU� K\GURJHQ� HYROXWLRQ���1DW��
0DWHU���������������±���

>��@ .��4L��6��<X��4��:DQJ��:��=KDQJ��-��)DQ��:�7��=KHQJ��HW�DO���'HFRUDWLRQ�RI�WKH�LQHUW EDVDO�
SODQH�RI�GHIHFW�ULFK�0R6� ZLWK�3G�DWRPV�IRU�DFKLHYLQJ�3W�VLPLODU +(5�DFWLYLW\��-��0DWHU��



��

&KHP��$���������������±������

>��@ :��;LDR��3��/LX��-��=KDQJ��:��6RQJ��<�3��)HQJ��'��*DR��HW�DO���'XDO�)XQFWLRQDO�1�'RSDQWV�
LQ�(GJHV�DQG�%DVDO�3ODQH�RI�0R6� 1DQRVKHHWV�7RZDUG�(IILFLHQW�DQG�'XUDEOH�+\GURJHQ�
(YROXWLRQ��$GY��(QHUJ\�0DWHU������������

>��@ '��6DUNDU��;��;LH�� -��.DQJ��+��=KDQJ��:��/LX�� -��1DYDUUHWH�� HW� DO��� )XQFWLRQDOL]DWLRQ�RI�
WUDQVLWLRQ�PHWDO�GLFKDOFRJHQLGHV�ZLWK�PHWDOOLF�QDQRSDUWLFOHV��,PSOLFDWLRQV�IRU�GRSLQJ�DQG�
JDV�VHQVLQJ��1DQR�/HWW����������������±������

>��@ -��'HQJ��+��/L��-��;LDR��<��7X��'��'HQJ��+��<DQJ��HW� DO���7ULJJHULQJ� WKH�HOHFWURFDWDO\WLF�
K\GURJHQ� HYROXWLRQ� DFWLYLW\� RI� WKH� LQHUW� WZR�GLPHQVLRQDO�0R6� VXUIDFH� YLD� VLQJOH�DWRP�
PHWDO�GRSLQJ��(QHUJ\�(QYLURQ��6FL���������������±������

>��@ -��/L�� -��.DQJ��4��&DL��:��+RQJ��&�� -LDQ��:�� /LX�� HW� DO��� %RRVWLQJ�+\GURJHQ�(YROXWLRQ�
3HUIRUPDQFH�RI�0R6� E\�%DQG�6WUXFWXUH�(QJLQHHULQJ��$GY��0DWHU��,QWHUIDFHV������������±
���

>��@ 3��/LX��-��=KX��-��=KDQJ��3��;L��.��7DR��'��*DR��HW�DO���3�'RSDQWV�7ULJJHUHG�1HZ�%DVDO�
3ODQH� $FWLYH� 6LWHV� DQG� (QODUJHG� ,QWHUOD\HU� 6SDFLQJ� LQ� 0R6� 1DQRVKHHWV� WRZDUG�
(OHFWURFDWDO\WLF�+\GURJHQ�(YROXWLRQ��$&6�(QHUJ\�/HWW��������������±�����

>��@ ;��5HQ��4��0D��+��)DQ��/��3DQJ��<��=KDQJ� <��<DR��HW�DO���$�6H�GRSHG�0R6� QDQRVKHHW�IRU�
LPSURYHG�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��&KHP��&RPPXQ�����������������±�������

>��@ -��;LH��+��=KDQJ�� 6�� /L��5��:DQJ��;�� 6XQ��0�� =KRX�� HW� DO���'HIHFW�ULFK�0R6� XOWUDWKLQ�
QDQRVKHHWV� ZLWK� DGGLWLRQDO� DFWLYH� HGJH� VLWHV� IRU� HQKDQFHG� HOHFWURFDWDO\WLF� K\GURJHQ�
HYROXWLRQ���$GY��0DWHU����������������±����
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>��@ *� <H�� <�� *RQJ�� -�� /LQ�� %�� /L�� <�� +H�� 6�7�� 3DQWHOLGHV�� HW� DO��� 'HIHFWV� (QJLQHHUHG�
0RQROD\HU� 0R6� IRU� ,PSURYHG� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ�� 1DQR� /HWW�� ��� �������
����±������

>��@ -�� ;LH�� -�� =KDQJ�� 6�� /L�� )�� *URWH�� ;�� =KDQJ�� +�� =KDQJ�� HW� DO��� &RQWUROODEOH� GLVRUGHU�
HQJLQHHULQJ� LQ� R[\JHQ�LQFRUSRUDWHG� 0R6� XOWUDWKLQ� QDQRVKHHWV� IRU� HIILFLHQW� K\GURJHQ�
HYROXWLRQ��-��$P��&KHP��6RF������������������±�������

>��@ <��2X\DQJ��&��/LQJ��4��&KHQ��=��:DQJ��/��6KL��-��:DQJ��$FWLYDWLQJ�,QHUW�%DVDO�3ODQHV�RI�
0R6� IRU� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ� WKURXJK� WKH� )RUPDWLRQ� RI� 'LIIHUHQW� ,QWULQVLF�
'HIHFWV��&KHP��0DWHU����������������±������

>��@ -�� ;LH�� +�� 4X�� -�� ;LQ��;�� =KDQJ�� *�� &XL�� ;�� =KDQJ�� HW� DO��� 'HIHFW�ULFK�0R6� QDQRZDOO�
FDWDO\VW�IRU�HIILFLHQW�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��1DQR�5HV� ��������������±������

>��@ +��+XDQJ��/��&KHQ��&��/LX��;��/LX��6��)DQJ��:��/LX��HW�DO���+LHUDUFKLFDOO\�1DQRVWUXFWXUHG�
0R6� ZLWK� 5LFK� ,Q�SODQH� (GJHV� DV� D� +LJK�SHUIRUPDQFH� (OHFWURFDWDO\VW� IRU� +\GURJHQ�
(YROXWLRQ�5HDFWLRQ��-��0DWHU��&KHP��$����������������±�������

>��@ <�� .LP�� '�+�.�� -DFNVRQ�� '�� /HH�� 0�� &KRL�� 7�:�� .LP�� 6�<�� -HRQJ�� HW� DO��� ,Q� 6LWX�
(OHFWURFKHPLFDO�$FWLYDWLRQ� RI�$WRPLF� /D\HU�'HSRVLWLRQ�&RDWHG�0R6� %DVDO� 3ODQHV� IRU�
(IILFLHQW�+\GURJHQ�(YROXWLRQ�5HDFWLRQ��$GY��)XQFW��0DWHU�������������±����

>��@ '��(VFDOHUD�/ySH]��5��*ULIILQ��0��,VDDFV��.��:LOVRQ��5�(��3DOPHU��1��9��5HHV��0R6� DQG�
:6� QDQRFRQH� DUUD\V�� ,PSDFW� RI� VXUIDFH� WRSRJUDSK\� RQ� WKH� K\GURJHQ� HYROXWLRQ�
HOHFWURFDWDO\WLF�DFWLYLW\�DQG�PDVV�WUDQVSRUW��$SSO��0DWHU��7RGD\��������������±����

>��@ &�&��&KHQJ��$�<��/X��&�&��7VHQJ��;��<DQJ��0�1��+HGKLOL��0�&��&KHQ��HW�DO���$FWLYDWLQJ�



��

EDVDO�SODQH�FDWDO\WLF�DFWLYLW\�RI�WZR�GLPHQVLRQDO�0R6� PRQROD\HU�ZLWK�UHPRWH�K\GURJHQ�
SODVPD��1DQR�(QHUJ\���������������±�����

>��@ +��/L��&��7VDL��$�/��.RK��/��&DL��$�:��&RQWU\PDQ��$�+��)UDJDSDQH��HW�DO���$FWLYDWLQJ�DQG�
RSWLPL]LQJ�0R6� EDVDO� SODQHV� IRU�K\GURJHQ� HYROXWLRQ� WKURXJK� WKH� IRUPDWLRQ�RI� VWUDLQHG�
VXOSKXU�YDFDQFLHV���1DW��0DWHU��������������±����

>��@ +�� /L�� 0�� 'X�� 0�-�� 0OHF]NR�� $�/�� .RK�� <�� 1LVKL�� (�� 3RS�� HW� DO��� .LQHWLF� 6WXG\� RI�
+\GURJHQ�(YROXWLRQ�5HDFWLRQ�RYHU�6WUDLQHG�0R6� ZLWK�6XOIXU�9DFDQFLHV�8VLQJ�6FDQQLQJ�
(OHFWURFKHPLFDO�0LFURVFRS\��-��$P��&KHP��6RF�����������������±������

>��@ <��<LQ��-��+DQ��<��=KDQJ��;��=KDQJ��3��;X��4��<XDQ��HW�DO���&RQWULEXWLRQV�RI�3KDVH��6XOIXU�
9DFDQFLHV�� DQG�(GJHV� WR� WKH�+\GURJHQ�(YROXWLRQ�5HDFWLRQ�&DWDO\WLF�$FWLYLW\�RI�3RURXV�
0RO\EGHQXP�'LVXOILGH�1DQRVKHHWV��-��$P��&KHP��6RF�����������������±������

>��@ &��7VDL��+��/L��6��3DUN��-��3DUN��+�6��+DQ��-�.��1¡UVNRY��HW�DO���(OHFWURFKHPLFDO�JHQHUDWLRQ�
RI�VXOIXU�YDFDQFLHV�LQ�WKH�EDVDO�SODQH�RI�0R6� IRU�K\GURJHQ�HYROXWLRQ��1DW��&RPPXQ����
��������������

>��@ /�� /LQ�� 1�� 0LDR�� <�� :HQ�� 6�� =KDQJ�� 3�� *KRVH]�� =�� 6XQ�� HW� DO��� 6XOIXU�'HSOHWHG�
0RQROD\HUHG� 0RO\EGHQXP� 'LVXOILGH� 1DQRFU\VWDOV� IRU� 6XSHUHOHFWURFKHPLFDO� +\GURJHQ�
(YROXWLRQ�5HDFWLRQ��$&6�1DQR����������������±������

>��@ <�� 'HQJ�� /�5�/�� 7LQJ�� 3�+�/�� 1HR�� <��-�� =KDQJ�� $�$�� 3HWHUVRQ�� %�6�� <HR�� 2SHUDQGR�
5DPDQ� 6SHFWURVFRS\� RI� $PRUSKRXV� 0RO\EGHQXP� 6XOILGH� �0R6[�� GXULQJ� WKH�
(OHFWURFKHPLFDO� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ�� ,GHQWLILFDWLRQ� RI� 6XOIXU� $WRPV� DV�
&DWDO\WLFDOO\�$FWLYH�6LWHV�IRU�+� 5HGXFWLRQ��$&6�&DWDO�������������±������



��

>��@ <�� *XR�� ;�� =KDQJ�� ;�� =KDQJ�� 7�� <RX�� 'HIHFW� DQG� 6�ULFK� XOWUDWKLQ� 0R6� QDQRVKHHW�
HPEHGGHG�1�GRSHG�FDUERQ�QDQRILEHUV� IRU�HIILFLHQW�K\GURJHQ�HYROXWLRQ�� -��0DWHU��&KHP��
$����������������±�������

>��@ +��=KX��0��'X��0��=KDQJ��0��=RX��7��<DQJ��6��:DQJ��HW�DO���6�ULFK�VLQJOH�OD\HUHG�0R6�
QDQRSODWHV� HPEHGGHG� LQ�1�GRSHG�FDUERQ�QDQRILEHUV�� HIILFLHQW� FR�HOHFWURFDWDO\VWV� IRU� WKH�
K\GURJHQ�HYROXWLRQ UHDFWLRQ���&KHP��&RPPXQ�����������������±�������

>��@ 3�'��7UDQ��7��9��7UDQ��0��2ULR��6��7RUHOOL��4�'��7UXRQJ��.��1D\XNL��HW�DO���&RRUGLQDWLRQ�
SRO\PHU� VWUXFWXUH� DQG� UHYLVLWHG� K\GURJHQ� HYROXWLRQ� FDWDO\WLF�PHFKDQLVP� IRU� DPRUSKRXV�
PRO\EGHQXP�VXOILGH��1DW��0DWHU�������������±���

>��@ <�� /L�� <�� <X�� <�� +XDQJ�� 5�$�� 1LHOVHQ�� :�$�� *RGGDUG�� <�� /L�� HW� DO��� (QJLQHHULQJ� WKH�
&RPSRVLWLRQ� DQG� &U\VWDOOLQLW\� RI� 0RO\EGHQXP� 6XOILGH� IRU� +LJK�3HUIRUPDQFH�
(OHFWURFDWDO\WLF�+\GURJHQ�(YROXWLRQ��$&6�&DWDO��������������±�����

>��@ 0�-��&XGG\��.�3��$UNLOO��=�:��:DQJ��+��3��.RPVD��$��9�.UDVKHQLQQLNRY��5�(��3DOPHU��
)DEULFDWLRQ� DQG� DWRPLF� VWUXFWXUH� RI� VL]H�VHOHFWHG�� OD\HUHG� 0R6� FOXVWHUV� IRU� FDWDO\VLV���
1DQRVFDOH����������������±���

>��@ <��1LX��6��3DUN��5��3DOPHU��0RGLILFDWLRQ�RI�'HSRVLWHG��6L]H�6HOHFWHG�0R6� 1DQRFOXVWHUV�
E\�6XOSKXU�$GGLWLRQ��$Q�$EHUUDWLRQ�&RUUHFWHG�67(0�6WXG\��,QRUJDQLFV��������������

>��@ 6�� 3UDWRQWHS�� 6�-�� &DUUROO�� &��;LURXFKDNL��0�� 6WUHXQ�� 5�(�� 3DOPHU�� 6L]H�VHOHFWHG� FOXVWHU�
EHDP�VRXUFH�EDVHG�RQ�UDGLR�IUHTXHQF\�PDJQHWURQ�SODVPD�VSXWWHULQJ�DQG�JDV�FRQGHQVDWLRQ��
5HY��6FL��,QVWUXP��������������������

>��@ %��YRQ�,VVHQGRUII��5�(��3DOPHU��$�QHZ�KLJK�WUDQVPLVVLRQ�LQILQLWH�UDQJH�PDVV�VHOHFWRU�IRU�
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FOXVWHU�DQG�QDQRSDUWLFOH�EHDPV��5HY��6FL��,QVWUXP������������������

>��@ =�:��:DQJ��2��7RLNNDQHQ��)��<LQ��=�<��/L��%�0��4XLQQ��5�(��3DOPHU��&RXQWLQJ�WKH�DWRPV�
LQ� VXSSRUWHG��PRQROD\HU�SURWHFWHG� JROG� FOXVWHUV�� -�� $P�� &KHP�� 6RF�� ���� ������� ����±
������

>��@ 1��-LDQ��&��6WDSHOIHOGW��.��-��+X��0��)U|ED��5�(��3DOPHU��+\EULG�DWRPLF�VWUXFWXUH�RI� WKH�
6FKPLG� FOXVWHU�$X� ���33K� ����&O� UHVROYHG�E\� DEHUUDWLRQ�FRUUHFWHG�67(0��1DQRVFDOH�� ��
����������±�����

>��@ (�-�)��'LFNLQVRQ��-�*��/LPRQ�3HWHUVHQ��1��9�5HHV��5�*��&RPSWRQ��+RZ�0XFK�6XSSRUWLQJ�
(OHFWURO\WH� ,V� 5HTXLUHG� WR� 0DNH� D� &\FOLF� 9ROWDPPHWU\� ([SHULPHQW� 4XDQWLWDWLYHO\� ³�
'LIIXVLRQDO� ´"� $� 7KHRUHWLFDO� DQG� ([SHULPHQWDO� ,QYHVWLJDWLRQ�� -�� 3K\V�� &KHP�� &�� ����
������������±������

>��@ =�� :X�� <��:DQJ�� <�� <H�� -�� )HQJ�� 0�� =KDQJ�� <�� /XR�� HW� DO��� )LUVW�SULQFLSOHV� VWXG\� RI�
PRQROD\HU�0R6� ZLWK�GHILFLHQW�DQG�H[FHVVLYH�0RQ�DQG�6Q��Q� ���ௗĺ���FOXVWHUV�RQ��ௗ[���
VXSHUFHOOV��&RPSXW��0DWHU��6FL����������������±�����

>��@ 5�3��7XFNHU��1RWHV�RQ�WKH�6XEOLPDWLRQ�RI�6XOIXU�EHWZHHQ�����DQG�����&��,QG��(QJ��&KHP��
������������±����

>��@ 5�1��*UXJHO��+��7RXWDQML��6XOIXU�³FRQFUHWH´�IRU�OXQDU�DSSOLFDWLRQV�� 6XEOLPDWLRQ�FRQFHUQV��
$GY��6S��5HV���������������±�����

>��@ (�� 6FKPLGW�� &�� 6RXULVVHDX�� *�� 0HXQLHU�� $�� /HYDVVHXU�� $PRUSKRXV� PRO\EGHQXP�
R[\VXOILGH�WKLQ�ILOPV�DQG�WKHLU�SK\VLFDO�FKDUDFWHUL]DWLRQ��7KLQ�6ROLG�)LOPV���������������±
����



��

>��@ :�� *UXQHUW�� $�<�� 6WDNKHHY�� 5�� )HOGKDXV�� .�� $QGHUV�� (�6�� 6KSLUR�� .�0�� 0LQDFKHY��
$QDO\VLV�RI�0R��G��;36�6SHFWUD�RI�6XSSRUWHG�0R�&DWDO\VWV��$Q�$OWHUQDWLYH�$SSURDFK��-��
3K\V��&KHP����������������±������

>��@ +��9UXEHO��;��+X��*URZWK�DQG�DFWLYDWLRQ�RI�DQ�DPRUSKRXV�PRO\EGHQXP�VXOILGH�K\GURJHQ�
HYROYLQJ�FDWDO\VW��$&6�&DWDO���������������±������

>��@ 7��:HEHU��-�&��0XLMVHUV��-�:��1LHPDQWVYHUGULHW��6WUXFWXUH�RI�$PRUSKRXV�0R6���-��3K\V��
&KHP����������������±�����

>��@ 6�5�� .HOHPHQ�� *�1�� *HRUJH��0�/�� *RUEDW\�� 'LUHFW� GHWHUPLQDWLRQ� DQG� TXDQWLILFDWLRQ� RI�
VXOSKXU� IRUPV� LQ� KHDY\� SHWUROHXP� DQG� FRDOV� ��� 7KH� ;�UD\� SKRWRHOHFWURQ� VSHFWURVFRS\�
�;36��DSSURDFK��)XHO���������������±����

>��@ '��(VFDOHUD�/ySH]��<��1LX��-��<LQ��.��&RRNH��1��9��5HHV��5�(��3DOPHU��(QKDQFHPHQW�RI�
WKH�+\GURJHQ (YROXWLRQ�5HDFWLRQ�IURP�1L�0R6� +\EULG�1DQRFOXVWHUV��$&6�&DWDO���������
����±������

>��@ &�(��%ODFNPRUH��1��9�5HHV��5�(��3DOPHU��0RGXODU�FRQVWUXFWLRQ�RI�VL]H�VHOHFWHG�PXOWLSOH�
FRUH�3W�7L2� QDQRFOXVWHUV�IRU�HOHFWUR�FDWDO\VLV���3K\V��&KHP��&KHP��3K\V����������

>��@ <�� =KHQJ�� <�� -LDR�� 0�� -DURQLHF�� 6�=�� 4LDR�� $GYDQFLQJ� WKH� HOHFWURFKHPLVWU\� RI� WKH�
K\GURJHQ�HYROXWLRQ� UHDFWLRQ� WKURXJK� FRPELQLQJ� H[SHULPHQW� DQG� WKHRU\���$QJHZ��&KHP��
,QW��(G��(QJO��������������±����

>��@ 1��'XERXLV��&��<DQJ��5��%HHU��/��5LHV��'��9RLU\��$��*ULPDXG��,QWHUIDFLDO�,QWHUDFWLRQV�DV�
DQ�(OHFWURFKHPLFDO�7RRO�7R�8QGHUVWDQG�0R�%DVHG�&DWDO\VWV�IRU�WKH�+\GURJHQ�(YROXWLRQ�
5HDFWLRQ��$&6�&DWDO��������������±�����
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>��@ 7�5��+HOOVWHUQ�� -��.LEVJDDUG��&��7VDL��'�:��3DOP�� /�$��.LQJ�� )��$ELOG�3HGHUVHQ�� HW� DO���
,QYHVWLJDWLQJ�&DWDO\VW±6XSSRUW�,QWHUDFWLRQV�7R�,PSURYH�WKH�+\GURJHQ�(YROXWLRQ�5HDFWLRQ�
$FWLYLW\�RI�7KLRPRO\EGDWH�>0R�6��@�± 1DQRFOXVWHUV��$&6�&DWDO�������������±������

>��@ -�� .LEVJDDUG�� 7�)�� -DUDPLOOR�� )�� %HVHQEDFKHU�� %XLOGLQJ� DQ DSSURSULDWH� DFWLYH�VLWH� PRWLI�
LQWR�D�K\GURJHQ�HYROXWLRQ�FDWDO\VW�ZLWK�WKLRPRO\EGDWH�>0R�6��@�í FOXVWHUV��1DW��&KHP����
����������±�����

>��@ -��%LVTXHUW��*��*DUFLD�%HOPRQWH��)��)DEUHJDW�6DQWLDJR��$��&RPSWH��$QRPDORXV�WUDQVSRUW�
HIIHFWV�LQ�WKH�LPSHGDQFH�RI�SRURXV�ILOP�HOHFWURGHV��(OHFWURFKHP��&RPPXQ��������������±
�����

>��@ -��%LVTXHUW��*��*DUFLD�%HOPRQWH��)��)DEUHJDW�6DQWLDJR��1�6��)HUULROV��3��%RJGDQRII��(�&��
3HUHLUD�� 'RXEOLQJ� ([SRQHQW� 0RGHOV� IRU� WKH� $QDO\VLV� RI� 3RURXV� )LOP� (OHFWURGHV� E\�
,PSHGDQFH��5HOD[DWLRQ�RI�7L2� 1DQRSRURXV�LQ�$TXHRXV�6ROXWLRQ��-��3K\V��&KHP��%������
�����������±������

>��@ $�3�� 0XUWK\�� -�� 7KHHUWKDJLUL�� -�� 0DGKDYDQ�� .�� 0XUXJDQ�� +LJKO\� DFWLYH� 0R6��FDUERQ�
HOHFWURFDWDO\VWV�IRU�WKH�K\GURJHQ�HYROXWLRQ�UHDFWLRQ�± LQVLJKW�LQWR�WKH�HIIHFW�RI�WKH�LQWHUQDO�
UHVLVWDQFH�DQG�URXJKQHVV�IDFWRU�RQ� WKH�7DIHO�VORSH��3K\V��&KHP��&KHP��3K\V������������
����±������

>��@ +�� 9UXEHO�� 7�� 0RHKO�� 0�� *UlW]HO�� ;�� +X�� 5HYHDOLQJ� DQG� DFFHOHUDWLQJ� VORZ� HOHFWURQ�
WUDQVSRUW� LQ� DPRUSKRXV�PRO\EGHQXP�VXOSKLGH�SDUWLFOHV� IRU�K\GURJHQ�HYROXWLRQ� UHDFWLRQ��
&KHP��&RPPXQ������������������

>��@ <�� <X�� 6�<�� +XDQJ�� <�� /L�� 6�1�� 6WHLQPDQQ�� :�� <DQJ�� /�� &DR�� /D\HU�GHSHQGHQW�
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HOHFWURFDWDO\VLV�RI�0R6� IRU�K\GURJHQ�HYROXWLRQ��1DQR�/HWW���������������±�����

>��@ '��)X��-��=KRX��6��7RQJD\��.��/LX��:� )DQ��7�-��.LQJ�/LX��HW�DO���0HFKDQLFDOO\�PRGXODWHG�
WXQQHOLQJ�UHVLVWDQFH�LQ�PRQROD\HU�0R6���$SSO��3K\V��/HWW���������������±����

>��@ 5�0��DQG�6��D�6DODP��(OHFWULFDO�3URSHUWLHV�RI�0RO\EGHQLWH��3URF��3K\V��6RF��6HFW��%�����
������������

>��@ 6�5�*��7KDNXUWD� (OHFWULFDO�3URSHUWLHV�RI�0RO\EGHQLWH��,QGLDQ�-��3K\V���������������±����

>��@ +��7ULEXWVFK��-�&��%HQQHWW��(OHFWURFKHPLVWU\�DQG�3KRWRFKHPLVWU\�RI�0R6� /D\HU�&U\VWDOV��
,��-��(OHFWURDQDO��&KHP��������������±����

>��@ /�5�/��7LQJ��<��'HQJ��/��0D��<�-��=KDQJ��$�$��3HWHUVRQ��%�6��<HR��&DWDO\WLF�$FWLYLWLHV�RI�
6XOIXU� $WRPV� LQ� $PRUSKRXV� 0RO\EGHQXP� 6XOILGH� IRU� WKH� (OHFWURFKHPLFDO� +\GURJHQ�
(YROXWLRQ�5HDFWLRQ��$&6�&DWDO��������������±�����

>��@ -�'�� %HQFN�� =�� &KHQ�� /�<�� .XULW]N\�� $�-�� )RUPDQ�� 7�)�� -DUDPLOOR�� $PRUSKRXV�
0RO\EGHQXP� 6XOILGH� &DWDO\VWV� IRU� (OHFWURFKHPLFDO� +\GURJHQ� 3URGXFWLRQ�� ,QVLJKWV� LQWR�
WKH�2ULJLQ�RI�WKHLU�&DWDO\WLF�$FWLYLW\��$&6�&DWDO���������������±�����

>��@ 0�$�� %DNHU�� 5�� *LOPRUH�� &�� /HQDUGL�� :�� *LVVOHU�� ;36� LQYHVWLJDWLRQ� RI� SUHIHUHQWLDO�
VSXWWHULQJ�RI�6�IURP�0R6� DQG�GHWHUPLQDWLRQ�RI�0R6[ VWRLFKLRPHWU\�IURP�0R�DQG�6�SHDN�
SRVLWLRQV��$SSO��6XUI��6FL����������������±����

>��@ -�6��.LP��-��.LP��-��=KDR��6��.LP��-�+��/HH��<��-LQ��HW�DO���(OHFWULFDO�7UDQVSRUW�3URSHUWLHV�
RI�3RO\PRUSKLF�0R6���$&6�1DQR����������������±������

>��@ %��/DVVDOOH�.DLVHU��'��0HUNL��+��9UXEHO��6��*XO��9�.��<DFKDQGUD��;��+X��HW�DO���(YLGHQFH�
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IURP�LQ�VLWX�;�UD\�DEVRUSWLRQ�VSHFWURVFRS\�IRU�WKH�LQYROYHPHQW�RI�WHUPLQDO�GLVXOILGH�LQ�WKH�
UHGXFWLRQ�RI SURWRQV�E\�DQ�DPRUSKRXV�PRO\EGHQXP�VXOILGH�HOHFWURFDWDO\VW��-��$P��&KHP��
6RF����������������±����

>��@ '�� (VFDOHUD�/ySH]�� 5�� *ULIILQ�� 0�� ,VDDFV�� .�� :LOVRQ�� 5�(�� 3DOPHU�� 1�� 9�� 5HHV��
(OHFWURFKHPLFDO�VXOILGDWLRQ�RI�:6� QDQRDUUD\V��6WURQJ�GHSHQGHQFH�RI�K\GURJHQ�HYROXWLRQ�
DFWLYLW\�RQ�WUDQVLWLRQ�PHWDO�VXOILGH�VXUIDFH�FRPSRVLWLRQ��(OHFWURFKHP��&RPPXQ������������
���±�����

>��@ 0��5��*DR��0�.�<��&KDQ��<��6XQ��(GJH�WHUPLQDWHG�PRO\EGHQXP�GLVXOILGH�ZLWK�D�����c�
LQWHUOD\HU� VSDFLQJ� IRU� HOHFWURFKHPLFDO� K\GURJHQ� SURGXFWLRQ��� 1DW�� &RPPXQ�� �� �������
������

>��@ -��.LEVJDDUG��=��&KHQ��%�1��5HLQHFNH��7�)��-DUDPLOOR��(QJLQHHULQJ�WKH�VXUIDFH�VWUXFWXUH�RI�
0R6� WR�SUHIHUHQWLDOO\�H[SRVH�DFWLYH�HGJH�VLWHV�IRU�HOHFWURFDWDO\VLV���1DW��0DWHU������������
���±�����

>��@ -��.LEVJDDUG��7�)�� -DUDPLOOR��0RO\EGHQXP�SKRVSKRVXOILGH�� DQ� DFWLYH�� DFLG�VWDEOH�� HDUWK�
DEXQGDQW�FDWDO\VW� IRU� WKH�K\GURJHQ�HYROXWLRQ� UHDFWLRQ���$QJHZ��&KHP�� ,QW��(G��(QJO�����
������������±���

>��@ <��=KDQJ��/��=XR��<��+XDQJ��/��=KDQJ��)��/DL��:��)DQ�� HW� DO��� ,Q�6LWX�*URZWK�RI )HZ�
/D\HUHG� 0R6� 1DQRVKHHWV� RQ� +LJKO\� 3RURXV� &DUERQ� $HURJHO� DV� $GYDQFHG�
(OHFWURFDWDO\VWV� IRU� +\GURJHQ� (YROXWLRQ� 5HDFWLRQ�� $&6� 6XVWDLQ�� &KHP�� (QJ�� �� �������
����±������

>��@ '��0F$WHHU��=��*KRODPYDQG��1��0F(YR\��$��+DUYH\��(��2¶0DOOH\��*�6��'XHVEHUJ��HW�DO���
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7KLFNQHVV�'HSHQGHQFH�DQG�3HUFRODWLRQ�6FDOLQJ�RI�+\GURJHQ�3URGXFWLRQ�5DWH� LQ�0R6���
1DQRVKHHW�DQG�1DQRVKHHW±&DUERQ�1DQRWXEH�&RPSRVLWH�&DWDO\WLF�(OHFWURGHV��$&6�1DQR��
�������������±�����

>��@ %��6HR��*�<��-XQJ��<�-��6D��+�<��-HRQJ��-�<��&KHRQ��-�+��/HH��HW�DO���0RQROD\HU�SUHFLVLRQ�
V\QWKHVLV� RI� PRO\EGHQXP� VXOILGH� QDQRSDUWLFOHV� DQG� WKHLU� QDQRVFDOH� VL]H� HIIHFWV� LQ� WKH�
K\GURJHQ�HYROXWLRQ�UHDFWLRQ��$&6�1DQR���������������±������

>��@ *��/L��'��=KDQJ��4��4LDR��<��<X��'��3HWHUVRQ��$��=DIDU��HW�DO���$OO�7KH�&DWDO\WLF�$FWLYH�
6LWHV�RI�0R6� IRU�+\GURJHQ�(YROXWLRQ��-��$P��&KHP��6RF������������������±�������

>��@ <��*DUVDQ\�� -��*H�� -��6W�3LHUUH��5��5RFKHOHDX��.�(��6ZLGHU�/\RQV��$QDO\WLFDO�3URFHGXUH�
IRU�$FFXUDWH�&RPSDULVRQ�RI�5RWDWLQJ�'LVN�(OHFWURGH�5HVXOWV� IRU� WKH�2[\JHQ�5HGXFWLRQ�
$FWLYLW\�RI�3W�&��-��(OHFWURFKHP��6RF�������������)���±)����

>��@ .�-�-�� 0D\UKRIHU�� '�� 6WUPFQLN�� %�%�� %OL]DQDF�� 9�� 6WDPHQNRYLF�� 0�� $UHQ]�� 1�0��
0DUNRYLF�� 0HDVXUHPHQW� RI� R[\JHQ� UHGXFWLRQ� DFWLYLWLHV� YLD� WKH� URWDWLQJ� GLVF� HOHFWURGH�
PHWKRG�� )URP� 3W� PRGHO� VXUIDFHV� WR� FDUERQ�VXSSRUWHG� KLJK� VXUIDFH� DUHD� FDWDO\VWV��
(OHFWURFKLP��$FWD����������������±������

>��@ (�$��3DROL��)��0DVLQL��5��)U\GHQGDO��'��'HLDQD��&��6FKODXS��0��0DOL]LD�� HW� DO���2[\JHQ�
HYROXWLRQ�RQ�ZHOO�FKDUDFWHUL]HG�PDVV�VHOHFWHG�5X�DQG�5X2� QDQRSDUWLFOHV��&KHP��6FL����
����������±�����

>��@ (��.HPSSDLQHQ��$��%RGLQ��%��6HERN��7��3HGHUVHQ��%��6HJHU��%��0HL��HW�DO���6FDODELOLW\�DQG�
IHDVLELOLW\�RI�SKRWRHOHFWURFKHPLFDO�+� HYROXWLRQ��WKH�XOWLPDWH�OLPLW�RI�3W�QDQRSDUWLFOH�DV�DQ�
+(5�FDWDO\VW��(QHUJ\�(QYLURQ��6FL���������������±������
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>��@ 3��+HUQDQGH]�)HUQDQGH]��)��0DVLQL��'�1��0F&DUWK\��&�(��6WUHEHO��'��)ULHEHO��'��'HLDQD��
HW�DO���0DVV�VHOHFWHG�QDQRSDUWLFOHV�RI�3W[<�DV�PRGHO�FDWDO\VWV�IRU�R[\JHQ�HOHFWURUHGXFWLRQ��
1DW��&KHP��������������±�����


