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�6WXG\�RI �6RPH�7UDQVLWLRQ�0HWDO�&RPSOH[HV�RI �6FKLII �
%DVH��7KHUPRG\QDPLF�DQG�.LQHWLF�$VSHFWV�

6XUHQGUD�3UDVDG�6LQJK
'HSDUWPHQW�RI�&KHPLVWU\��$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\���.DWKPDQGX�

$EVWUDFW�

&X�,,���1L�,,���&R�,,���)H�,,,��DQG�0Q�,,��FRPSOH[HV�ZLWK�6FKLII�EDVH�DUH�SUHSDUHG�E\�FRQGHQVDWLRQ�RI
GLK\GURDFHWLF�DFLG�ZLWK� R�WROXLGLQH��7KH� OLJDQG�DFWV� DV�ELGHQWDWH�PROHFXOH�� 7KH� NLQHWLF� SDUDPHWHUV� IRU�
WKHLU�GHFRPSRVLWLRQ�KDYH�EHHQ�HYDOXDWHG�E\�&RDWV�5HGIHUQ�PHWKRG�IURP�7*�GDWD��7KH�YDOXHV�RI�NLQHWLF�
DQG�WKHUPRG\QDPLF�SDUDPHWHUV�DUH�FRPSDUDEOH��DQG�WKH�GHFRPSRVLWLRQ�IROORZV�D�UHDFWLRQ�PRGH�

,QWURGXFWLRQ�

0HWDO� FRPSOH[HV� RI� YDULRXV� 6FKLII� EDVHV� KDYH� EHHQ� WKH� VXEMHFW� RI� LQWHQVLYH� UHVHDUFK���� EXW�
FRPSDUDWLYHO\�OLWWOH�DWWHQWLRQ�KDV�EHHQ�JLYHQ�WR�WKH�6FKLII�EDVHV�GHULYHG�IURP�GLK\GURDFHWLF�DFLG�DQG�QR�
UHSRUW�LV�DYDLODEOH�IRU�WKH�NLQHWLF�SDUDPHWHUV�RI�VXFK�FRPSOH[HV��7KH�SUHVHQW�FRPPXQLFDWLRQ�GHDOV�ZLWK�
WKH� V\QWKHVLV�� WKHUPDO�GHJUDGDWLRQ�DQG�HYDOXDWLRQ�RI�NLQHWLF�SDUDPHWHUV�RI� FRPSOH[HV�RI�&X�,,���1L�,,���
&R�,,����)H�,,,��DQG�0Q�,,��ZLWK�6FKLII�EDVH�GHULYHG�IURP�GLK\GURDFHWLF�DFLG�DQG�R�WROXLGLQH��

([SHULPHQWDO�0HWKRGV�

7KH�6FKLII�EDVH�ZDV�V\QWKHVLVHG�E\�DGGLQJ�DQ�HWKDQROLF�VROXWLRQ�RI�WKH�DSSURSULDWH�DPLQH��R�WROXLGLQH��
WR� DQ� HWKDQROLF� VROXWLRQ� RI� ODFWRQH� �GLK\GURDFHWLF� DFLG�� LQ� ���� PRODU� UDWLR� DQG� UHIOX[LQJ� WKH� UHVXOWLQJ�
PL[WXUH�RQ�DQ�50/�5RWDPDQWOH�IRU�����K��7KH�ZKLWH�SURGXFW�ZDV�FU\VWDOOLVHG�IURP�HWKDQRO��3XULW\�RI�WKH�
FRPSRXQG�ZDV�FKHFNHG�E\�7/&��

7KH�PHWDO�FRPSOH[HV�ZHUH�V\QWKHVLVHG�E\�DGGLQJ�D�PHWKDQROLF�VROXWLRQ�RI�WKH�DSSURSULDWH�PHWDO�VDOW�
0&/�ā[+�2� ������PRO�� WR� D�PHWKDQROLF� VROXWLRQ�RI�6FKLII�EDVH� �'+$±R�WROXLGLQH�� ������PRO�� DQG� WKH�
UHDFWLRQ� PL[WXUH� ZDV� UHIOX[HG� RQ� DQ� 50/� 5RWDPDQWOH� IRU� �� K�� 7R� WKH� FROG� VROXWLRQ�� ���� DOFRKROLF�
DPPRQLD�VROXWLRQ�ZDV�DGGHG�GURS�ZLVH�WLOO�WKH�SUHFLSLWDWH�ZDV�IRUPHG��7KH�FRPSOH[HV�RI�GLIIHUHQW�PHWDOV�
ZHUH�SUHFLSLWDWHG�DW�GLIIHUHQW�S+��7KH�SUHFLSLWDWH�RI�FRPSOH[�ZDV�ILOWHUHG�LQ�KRW�FRQGLWLRQ��ZDVKHG�ZLWK�
KRW�PHWKDQRO� IROORZHG� E\� SHWUROHXP� HWKHU� �������&��� 7KH�PHWDO� FRPSOH[HV�ZHUH� GULHG� XQGHU� UHGXFHG�
SUHVVXUH�RYHU�DQK\GURXV�&D&O��LQ�D�GHVLFFDWRU��

7KH� 7*� FXUYHV� ZHUH� UHFRUGHG� DW� 56,&�� &KHQQDL�� ZLWK� KHDWLQJ� UDWH� ���&� SHU� PLQ� IURP� URRP�
WHPSHUDWXUH�WR�O����&�LQ�QLWURJHQ�DWPRVSKHUH�

&RUUHVSRQGLQJ�DXWKRU
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5HVXOWV�DQG�'LVFXVVLRQ�

7KH�DQDO\WLFDO�GDWD�DQG�SK\VLFR�FKHPLFDO�GDWD�RI�WKH�OLJDQG�DQG�FRPSOH[HV�DUH�SUHVHQWHG�LQ�7DEOH����7KH�
FRQGXFWLYLW\�GDWD�RI�DOO�FRPSOH[HV��LQ���±��0�'062��VKRZ�WKH�QRQ�HOHFWURO\WLF�QDWXUH�RI�WKHVH�FRPSOH[HV��

7DEOH����3K\VLFDO�GDWD�DQG�PDJQHWLF�GDWD�RI�WKH�FRPSOH[HV


$OO�FRPSRXQGV�JDYH�VDWLVIDFWRU\�&��+�DQG�1�DQDO\VLV�

7KH� LQIUDUHG� VSHFWUD� RI� WKH� OLJDQGV� VKRZ� D� EURDG�ZHDN� EDQG� DURXQG� ����±����� FP±�� DWWULEXWHG� WR�
LQWUDPROHFXODU�K\GURJHQ�ERQGLQJ���7KH�2±+���1�VWUHWFKLQJ�DW�����±�����FP±��REVHUYHG� LQ� WKH� OLJDQG� LV�
DEVHQW�LQ�DOO�WKH�FRPSOH[HV�ZKLFK�FRQILUPV�WKH�GHSURWRQDWLRQ�RI�HQROLF�2±+�DQG�FRRUGLQDWLRQ�RI�R[\JHQ�
ZLWK�PHWDO�LRQV��7KLV�LV�IXUWKHU�VXSSRUWHG�E\�DQ�XSZDUG�VKLIW�Y�&±2��������FP±���WKH�H[WHQW�RI�������FP±

�� LQ� DOO� WKH� FRPSOH[HV�� ,QIUDUHG� VSHFWUXP�RI� OLJDQG� VKRZV�D� VWURQJ�EDQG�DW� �����FP±�� �& 1��ZKLFK� LV�
VKLIWHG�WR�ORZHU�IUHTXHQF\�UHJLRQ�������FP±���LQ�WKH�FRPSOH[HV�LQGLFDWLQJ�WKH�SDUWLFLSDWLRQ�RI�D]RPHWKLQH�
JURXS�LQ�FKHODWLRQ��7KH�QHZ�EDQGV�DW�����FP±��DQG�����FP±��LQ�WKH�PHWDO�FRPSOH[HV�KDYH�EHHQ�DVVLJQHG�
WR�Y�0±2��DQG�Y�0±1��PRGH�UHVSHFWLYHO\���

2Q� WKH� EDVLV� RI� PDJQHWLF� PRPHQW� YDOXH� �7DEOH���� RFWDKHGUDO� JHRPHWU\� IRU� FRPSRXQGV� �±�� DQG�
WHWUDKHGUDO�JHRPHWU\�IRU�FRPSRXQG���DUH�VXJJHVWHG��

7KHUPDO�6WXGLHV�

>&X�,,���/���@�FRPSOH[��7*�FXUYH�RI�&8�,,���/����FRPSOH[�VKRZV�WKDW�WKHUH�LV�QR�ZHLJKW�ORVV�XS�WR�
����&� LQGLFDWLQJ� WKH� DEVHQFH� RI� ODWWLFH� RU� FRRUGLQDWHG� ZDWHU�� 7KHUHIRUH�� WKH� FRPSOH[� H[KLELWV� KLJK�
WKHUPDO� VWDELOLW\� DQG� GHFRPSRVHV� DW� !����&�� 7KH� WKHUPRJUDP� VKRZV� RQH� VWHS� H[RWKHUPLF� SHDNV� DW�
������&�ZKLFK�LQGLFDWH�WKH�GHFRPSRVLWLRQ�WHPSHUDWXUH�RI�&X�,,��FRPSOH[��(QGRWKHUPLF�SHDN�REVHUYHG�LQ�
GLIIHUHQWLDO� WKHUPDO� FXUYH� DURXQG� ������&� DQG� ������&� PD\� EH� GXH� WR� GHFRPSRVLWLRQ� RI� WKH� RUJDQLF�
OLJDQG�DQG�VXEVHTXHQW�VORZ�R[LGDWLRQV���7KH� WKHUPRJUDYLPHWULF�FXUYH�DWWDLQV�VWDELOLW\�DW�����&�DQG� WKH�
KRUL]RQWDO� OLQH� KDV� EHHQ� REVHUYHG� DIWHU� ����&� LQ� WKH� FRPSOH[� DQG� WKH� UHVLGXH� FRUUHVSRQGV� WR� WKH�
UHVSHFWLYH�PHWDO�R[LGH��

>1L�,,���/���@�FRPSOH[�

$�FDUHIXO�DQDO\VLV�RI�WKHUPRJUDP�LQGLFDWHV�WKDW�WKH�FRPSOH[�LV�VWDEOH�XS�WR�����&��7KH�PHWDO�FKHODWH�
IROORZV� VLQJOH� VWHS� GHFRPSRVLWLRQ�� 7KH� WKHUPRJUDYLPHWULF� FXUYH� VKRZV� D� VLQJOH� H[RWKHUPLF� SHDN� DW�
������&�ZKLFK�LQGLFDWHV�GHFRPSRVLWLRQ�WHPSHUDWXUH�RI�WKH�PHWDO�FKHODWH�DQG�VKRZV�DEVHQFH�RI�ODWWLFH�RU�
FRRUGLQDWHG�ZDWHU��)LQDOO\�1L2�LV�REWDLQHG�DV�WKH�HQG�SURGXFW��
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>&R�,,���/���@�FRPSOH[�

7KH� REVHUYHG�ZHLJKW� ORVV�ZLWKLQ� ��±����&� WHPSHUDWXUH� UDQJH� FRXOG� EH� FRUUHODWHG�ZLWK� WKH� ORVV� RI�
ZDWHU�RI� FU\VWDOOLVDWLRQ�RU� ODWWLFH�ZDWHU���7KH� VHFRQG� VWHS�ZDV�HQFRXQWHUHG�DW�����&�ZKHUH� WKH�RUJDQLF�
FRQVWLWXHQWV�RI�WKH�FRPSOH[�VWDUW�EUHDNLQJ�DQG�WKH�GHFRPSRVLWLRQ�DW�����&�VKRZQ�LQ�WKHUPRJUDYLPHWULF�
FXUYH� LV� VXSSRUWHG� E\� WZR� HQGRWKHUPLF� SHDNV� DW� ���� DQG� ����&� LQ� GLIIHUHQWLDO� WKHUPDO� FXUYH�� 7KH�
IRUPDWLRQ�RI�PHWDO�R[LGH�LV�REVHUYHG�DW�����&��

>)H�,,,���/���@�FRPSOH[

7KH� WKHUPRJUDYLPHWULF� FXUYH� RI� )H�,,,�� FRPSOH[� VKRZV� DV� H[RWKHUPLF� SHDN� DW� �����&� ZKLFK�
FRUUHVSRQGV� WR� ZDWHU� RI� FU\VWDOOLVDWLRQ��� +RZHYHU�� WKH� WHPSHUDWXUH� ����&� PD\� EH� WKH� GHFRPSRVLWLRQ�
WHPSHUDWXUH�RI�RUJDQLF�PDWWHU�DQG�WKH�H[RWKHUPLF�SHDN�DW�����&�LQGLFDWHV�GHFRPSRVLWLRQ�WHPSHUDWXUH�RI�
WKH�FRPSOH[��)H2�LV�REWDLQHG�DV�WKH�HQG�SURGXFW�DW�����&��

>0Q�,,���/���@�FRPSOH[�

7KH�WKHUPRJUDYLPHWULF�FXUYH�RI�0Q�,,��FRPSOH[�VKRZV�D�ZHLJKW�ORVV�E\�D�ZHDN�H[RWKHUPLF�SHDN�DW�
���&�� LQGLFDWLQJ� WKH� SUHVHQFH� RI� ODWWLFH� RU� ZDWHU� RI� FU\VWDOOLVDWLRQ�� 7KH� RUJDQLF� SDQ� FRPSOHWHO\�
GHFRPSRVLQJ� LQ� WKH� UDQJH� ���±����&� ZDV� VXSSRUWHG� E\� GLIIHUHQWLDO� WKHUPDO� FXUYH�� )LQDOO\�� 0Q2� LV�
REWDLQHG�DW�����&��

7KHUPDO�VWXGLHV�LQGLFDWH�WKDW�DOO�WKH�PHWDO�FRPSOH[HV�GR�QRW�FRQWDLQ�FRRUGLQDWHG�ZDWHU�DQG�WKDW�WKH\�DUH�
WKHUPDOO\�TXLWH� VWDEOH��'HFRPSRVLWLRQ�RI�DOO� WKH�FRPSOH[HV� VWDUWHG�DW� UHODWLYHO\�KLJKHU� WHPSHUDWXUH�DQG�ZDV�
FRPSOHWHG�DERYH�����&�DQG�WKH�ZHLJKWV�RI�WKH�UHVLGXH�FRUUHVSRQG�WR�WKH�IRUPDWLRQ�RI�PHWDO�R[LGH��7KH�WKHUPDO�
EHKDYLRXUV�RI�&X�,,��DQG��1L�,,��FRPSOH[HV�DUH�DOPRVW�VDPH�ZKLOH�WKH�RWKHUV�GLIIHU�IURP�WKHP��

.LQHWLF�3DUDPHWHUV�IRU�7KHUPDO�'HFRPSRVLWLRQ�

7KH�IUDFWLRQDO�ZHLJKW�ORVV�� ��DQG�WKH�FRUUHVSRQGLQJ���± �Q�KDYH�EHHQ�FDOFXODWHG�IURP�7*�FXUYHV�DW�

GLIIHUHQW�WHPSHUDWXUHV��ZKHUH�Q�GHSHQGV�XSRQ�WKH�UHDFWLRQ�PRGHO�DQG�
����� IRIW ��7KH�7�

YV��FXUYHV�ZHUH�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�WKHUPRJUDYLPHWULF�GDWD�IRU�DOO�WKH�ILYH�FRPSOH[HV�ZDV�VXEMHFWHG�WR�
QRQ�LVRWKHUPDO�NLQHWLF�VWXGLHV��7KH�ZHLJKHG�OHDVW�VTXDUH�PHWKRG��/60��ZDV�XVHG�IRU�REWDLQLQJ�EHVW�ILW�OLQHDU�
SORWV�E\�DSSO\LQJ�WKH�GDWD�RI�YDULRXV�HTXDWLRQV�DQG�WKXV�WKH�NLQHWLF�SDUDPHWHUV�ZHUH�HYDOXDWHG��7KH�YDOXHV�RI�
VORSH��LQWHUFHSW�DQG�HQHUJ\�RI�DFWLYDWLRQ�ZHUH�REWDLQHG�IURP�SORWV��7KH�YDOXH�RI�VORSH��LQWHUFHSW�DQG�HQHUJ\�RI�
DFWLYDWLRQ�ZHUH�REWDLQHG�IURP�SORWV��7KH�YDOXH�RI�IUHTXHQF\�IDFWRU��=��ZDV�HYDOXDWHG�XVLQJ�HTQ������IRU�&RDWV�
5HGIHUQ�PHWKRG�DQG�WKH�HQWURS\�RI�DFWLYDWLRQ�ZDV�FDOFXODWHG�XVLQJ�HTQ��������

,QWHUFHSW� �ORJ��=5� (D���� � ����

6 �����5�ORJ�=K�.7P���� � ����

ZKHUH�.� LV� WKH�%ROW]PDQQ� FRQVWDQW�� K� WKH� 3ODQFN
V� FRQVWDQW�� � WKH�� UDWH� RI� KHDWLQJ�� 5� WKH�PRODU� JDV�

FRQVWDQW�DQG�7P�WKH�SHDN�WHPSHUDWXUH��

7KH�YDOXHV�RI�(D��=�DQG� 6�DUH�JLYHQ�LQ�7DEOH���DQG�WKH�DSSDUHQW�RUGHU�RI�WKH�UHDFWLRQ�LV�RQH��7KH�
YDOXHV� RI� NLQHWLF� SDUDPHWHUV� KDYH� EHHQ� FDOFXODWHG� E\� &RDWV�5HGIHUQ� PHWKRG��� 7KH� KLJKHU� YDOXH� RI�
DFWLYDWLRQ� HQHUJ\� VXJJHVWV� WKH� KLJKHU� VWDELOLW\�� ,Q� WKH� SUHVHQW� VWXG\�� WKH� QXPHULFDO� YDOXHV� RI� DFWLYDWLRQ�
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HQHUJ\� �(D�� �� IUHTXHQF\� IDFWRU� �=�� DQG� HQWURS\� RI� DFWLYDWLRQ� � 6�� LQGLFDWH� WKH� VPRRWKQHVV� RI� WKH�
IHDVLELOLW\�DQG�UHDFWLRQ�UDWH�RI�WKH�LQLWLDO�UHDFWDQWV�DQG�LQWHUPROHFXODU�VWDJH�FRPSRXQGV��

7DEOH����7KHUPDO�NLQHWLF�SDUDPHWHUV�RI�WKH�FRPSOH[HV�RI�&X�,,���1L�,,���&R�,,���)H�,,,��DQG�0Q�,,��E\��

FRDWV�UHGIHUQ�PHWKRG

7KH� QHJDWLYH� YDOXHV� RI� HQWURS\� RI� DFWLYDWLRQ� LQGLFDWH� WKDW� WKH� DFWLYDWHG� FRPSOH[HV� KDYH� D� PRUH�
RUGHUHG�RU�PRUH�ULJLG�VWUXFWXUH�WKDQ�WKH�UHDFWDQWV��

.LQHWLF� SDUDPHWHUV� IRU� WKHVH� FRPSRXQGV� KDYH� EHHQ� GHWHUPLQHG� LQGLYLGXDOO\� DW� WKH� ILUVW� DQG� VHFRQG�
GHFRPSRVLWLRQ�VWDJHV��8VXDOO\� WKH�ILUVW�GHFRPSRVLWLRQ� WHPSHUDWXUH� OLHV� LQ� WKH�UDQJH����±����&�DQG� WKH�
VHFRQG�RQH�LQ�WKH�UDQJH����±����&��7KH�RUGHU�RI�WKHUPDO�VWDELOLW\�RI�FRPSRXQGV�FRPHV�WR�EH��!�!�!�!��
����!���!���!���!����&���RQ�WKH�EDVLV�RI�ILUVW�GHFRPSRVLWLRQ�VWDJH��DQG��!�!���RQ�WKH�EDVLV�RI�VHFRQG�
GHFRPSRVLWLRQ� VWDJH���7KH�RUGHU�RI� VWDELOLW\� RI� WKH� FRPSRXQGV�RQ� WKH�EDVLV� RI� WKH� YDOXHV�RI� DFWLYDWLRQ�
HQHUJ\�FDQ�EH�VHW�DV��!�!�!�!���IRU�ILUVW�VWHS��DQG��!�!���IRU�VHFRQG�VWHS���7KH�YDULDWLRQ�LQ�WKH�WUHQG�
PLJKW� EH� LQWHUSUHWHG� WR� EH� GXH� WR� VRPH� LQWHUPROHFXODU� LQWHUDFWLRQV� �VWUXFWXUDO� DV� ZHOO� DV� HOHFWURQLF��
RFFXUULQJ�WKHUHLQ��7KHVH�DUH�EHVLGHV�VHYHUDO�H[SHULPHQWDO�IDFWRUV���

$FNQRZOHGJHPHQW�

�,�DP�KLJKO\�REOLJHG�WR�3URI�5DPHVK�&KDQGUD��KHDG�RI�&KHPLVWU\�'HSW��'HOKL�8QLYHUVLW\�DQG�'U��6�1��
7KDNXU�DQG�WHDP�IRU�YDOXDEOH�VXJJHVWLRQV�DQG�SURYLGLQJ�PH�WHFKQLFDO�DQG�ODE�IDFLOLWLHV��

5HIHUHQFHV�

��� 6�)��7DQ�DQG�.�3��$QJ��7ULPV��0HW��&KHP�������������������������������
��� 1�5�� 5DR� DQG�0�&�� *DQRUNDU�� ,QGLDQ� -�� &KHP���0$�� ���� �������� ��$�� ���� �������� ��$�� ���

���������
��� 7�.��&KRQGKHNDU�DQG�'�2��.KDQRONDU��,QGLDQ�-��&KHP�����$��������������
��� $�3��0LVKUD�DQG�0DKLPD�.KDUH�-��,QGLDQ�&KHP��6RF�������������������
��� 1�6��%KDYH�DQG�5�%��.KDUDW��-��,QGLDQ�&KHP��6RF��������������������
��� 3�5��6KXNOD��9�.��6LQJK�
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��� $�9��1LNRODHY��9�$��/DQJYLHQNR�DQG�/����0\DFKLQD��7KHUPDO�$QDO\VLV��9RO�����$FDGHPLF�3UHVV��
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��� $�:��&RDWV�DQG�-�3��5HGIHUQ��1DWXUH�����������������
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