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(SF��DQG�(SF��RI�WKH�SDUD�GHULYDWLYH�����������9�DQG������

9��UHVSHFWLYHO\��DUH�WKH�PRUH�QHJDWLYHV�DPRQJ�WKH�LQYHVWL�

JDWHG�TXLQRQHV�

7KH�SHDN�FXUUHQW�RI�WKH�ILUVW��,SF���DQG�VHFRQG�UHGXFWLRQ

ZDYHV� �,SF���RI� WKH� VWXGLHG�QDSKWKRTXLQRQHV�DUH�SURSRU�

WLRQDO�WR�WKH�VTXDUH�URRW�RI�WKH�VFDQ�UDWH��LQGLFDWLQJ�GLIIXVLRQ

FRQWUROOHG�SURFHVVHV��,Q�UHODWLRQ�WR�WKH�ILUVW�FDWKRGLF�ZDYH�

FRPSRXQGV�������������������DQG����GLVSOD\HG�DQ�DOPRVW

LGHDO� HOHFWURFKHPLFDO� EHKDYLRU�� WKH� VHSDUDWLRQ� EHWZHHQ

DQRGLF�DQG�FDWKRGLF�SHDN�SRWHQWLDOV��'(S��LV�FORVH�WR�WKDW

H[SHFWHG�IRU�D�UHYHUVLEOH�RQH�HOHFWURQ�WUDQVIHU�����P9���WKH

SHDN�FXUUHQW�UDWLR��,SD���,SF���LV�FORVH�WR�XQLW\�DQG�(SF��DQG

(����DUH�LQGHSHQGHQW�RI�VFDQ�UDWHV��7KHVH�GDWD�DQG�WKH�RQH

)DUDGD\�PRO�FRQVXPSWLRQ�PHDVXUHG�IURP�HOHFWURO\VLV�ZLWK

TXLQRQH����VHH�H[SHULPHQWDO��DUH�FRPSDWLEOH�ZLWK�D�UHYHUV�

LEOH�PRQRHOHFWURQLF�UHGXFWLRQ�ZDYH��)LJV����DQG�����7KH

RWKHU�TXLQRQHV���������������������VKRZHG�D�VOLJKW�GHYLDWLRQ

IURP�WKH�LGHDO�EHKDYLRU��WKH�'(S�YDOXHV�YDULHV�IURP����P9

WR����P9�DQG�WKH�(SF��DQG�(D��DUH�FRQVWDQW�RQO\�DW�ORZ�VFDQ

UDWHV��d�����9�V�����FKDQJLQJ�VOLJKWO\�ZLWK�WKH�LQFUHDVH�RI

VFDQ�UDWH��DV�H[SHFWHG�IRU�D�TXDVL�UHYHUVLEOH�SURFHVV�

([FHSW�IRU������DQG����WKH�SURILOHV�RI�WKH�VHFRQG�UHGXF�

WLRQ� ZDYH� VKRZ� FKDUDFWHULVWLFV� RI� D� OHVV� UHYHUVLEOH

PRQRHOHFWURQLF�SURFHVVHV��EHVLGHV�DSSHDULQJ�EURDGHU�DQG

VPDOOHU�WKDQ�WKH�ILUVW�ZDYH��WKHLU�FXUUHQW�UDWLRV��,SD��,SF��

��� 7RQKROR�HW�DO� -��%UD]��&KHP��6RF�

7DEOH����9ROWDPPHWULF�SDUDPHWHUV�LQ�'0)�7%$3����0��Q� �������P9�V
��
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GHYLDWHG�VLJQLILFDQWO\�IURP�XQLW\��7KLV�IDFW�LV�PRUH�HYLGHQW

IRU�WKH�RUWKR�GHULYDWLYHV������)LJ���������DQG�����ZKHUH�WKH

FRUUHVSRQGLQJ�DQRGLF�ZDYHV�DUH�QRW�GLVFHUQLEOH��7KLV�IDFW

LV�LQGLFDWLYH�RI�NLQHWLF�RU�RWKHU�FRPSOLFDWLRQV��,W�LV�SRVVLEOH

WKDW�WKH�UHVLGXDO�ZDWHU�SUHVHQW�LQ�WKH�VROYHQW�DQG�UHDJHQWV

FRXOG�FDWDO\]H�WKH�GLVSURSRUWLRQDWLRQ�RI�WKH�UDGLFDO�DQLRQ

�4x��RU�EH�UHGXFHG�E\�WKH�HOHFWURJHQHUDWHG�GLDQLRQ��4������

7KLV� TXDVL�UHYHUVLEOH� FKDUDFWHU� RI� WKH� VHFRQG� UHGXFWLRQ

SURFHVV�DQG�WKH�SRVLWLYH�VKLIW�LQ�(SF��FRXOG�DOVR�EH�GXH�WR

LRQ�SDLULQJ�VWDELOL]DWLRQ�RI�WKH�TXLQRQH�GLDQLRQ��4����E\�WKH

WHWUD�Q�EXW\ODPPRQLXP�FDWLRQ���

([FHSW�IRU����'(� �������9���WKH�GLIIHUHQFH�EHWZHHQ�WKH

WZR� FDWKRGLF� SHDNV� �(SF��(SF��� 7DEOH� ��� LV� FRQVLVWHQWO\

VPDOOHU�IRU�WKH�RUWKR�TXLQRQH�GHULYDWLYHV�������������DQG

����WKDQ�IRU�WKH�SDUD�TXLQRQHV��$V�UHSRUWHG�IRU�DURPDWLF

GLDQLRQV����FKDUJHV�GLVSHUVHG�RYHU�D�ODUJH�PROHFXODU�IUDPH�

ZRUN�DUH�XVXDOO\�OHVV�DIIHFWHG�RU�XQDIIHFWHG�E\�FRXQWHU�LRQV�

2Q�WKH�RWKHU�KDQG��WKH�SUR[LPLW\�RI�WKH�WZR�FKDUJHV�LQ�WKH

RUWKR�QDSKWKRTXLQRQH�GLDQLRQV�FRXOG�EH�PRUH�HIILFLHQWO\

VWDELOL]HG�E\�FRXQWHU�LRQV��Q�%X�1
�4�����FDXVLQJ�D�SRVLWLYH

VKLIW�LQ�WKH�VHFRQG�ZDYH��7KH�YLFLQLW\�RI�D�FKDUJH�DQG�WKH

QRQERQGLQJ� HOHFWURQV�RI� WKH� SHUL�20H�VXEVWLWXHQW� FRXOG

KDYH�D�VLPLODU�HIIHFW�DQG�H[SODLQ�WKH�LQWHUPHGLDWH�YDOXHV�RI

(SF��(SF��IRU�WKH�SDUD�TXLQRQHV�������������

8VLQJ�WKH�(SF��YDOXHV�PHDVXUHG�IURP�&9�UHFRUGHG�ZLWK

Q� �������9�V����WKH�VHYHQWHHQ�TXLQRQHV�LQYHVWLJDWHG�FDQ�EH

DUUDQJHG�LQ� WKH�IROORZLQJ�RUGHU�RI�HDVLQHVV�RI�UHGXFWLRQ�

���!����!��� !� ��  � �� !� �� !� �� !� ���  � ��� !� ��  

��!���!���!����!����!����!����

,Q� VSLWH� RI� WKH� SRVVLELOLW\� RI� FRPSDULVRQ� RQO\� RQ� D

TXDOLWDWLYH�EDVLV��UHJXODU�(SF��FKDQJHV�ZLWK�WKH�FRQVWDQW�V

RI�WKH�WHWKHUHG�VXEVWLWXHQW���ZHUH�YHULILHG��DOZD\V�ZLWK�WKH

H[SHFWHG� WUHQG���� 7KXV�� WKH� LQWURGXFWLRQ� RI� D� PHWKR[\

JURXS�DW�&��SRVLWLRQ��SHUL��RI�WKH�SDUD�1)4�VNHOHWRQ����o

���SURYRNHG�DQ�(SF��VKLIW�RI��������9��7KH�VDPH�VXEVWLWXWLRQ

FDXVHV�D�OHVV�LQWHQVH�HIIHFW���������9��RQ�WKH�174����o����

LQGLFDWLQJ�DQ�LQIOXHQFH�RI�WKH�KHWHURDWRP��,QWHUHVWLQJO\��D

PHWKR[\�JURXS�DW�WKH�&���SHUL��SRVLWLRQ�RI�174����o����

LQGXFHV�D�KLJKHU�VKLIW���������9���$V�H[SHFWHG�RQ�WKH�EDVLV

RI�VXEVWLWXHQW�FRQVWDQWV�IRU�PHWKR[\�JURXSV��VS�;� �������

VP�;� ������DQG�VR�;� �������
�����WKHLU�DWWDFKPHQW�WR�WKH

&��SRVLWLRQ�RI�SDUD�174����o����KDYH�D�VPDOOHU�LQIOXHQFH

RQ� WKH� (SF��� PDNLQJ� WKH� UHGXFWLRQ� RQO\� ������ 9� PRUH

QHJDWLYH�� 7KLV� UHIOHFWV� WKH� GRPLQDQW� HOHFWURGRQDWLQJ

PHVRPHULF�HIIHFW�RI�WKH�ORQH�HOHFWURQ�SDLU�RI�WKH�PHWKR[\

JURXS��$OWKRXJK�QRW�DGGLWLYH��SRVVLEO\�GXH�WR�FKDQJHV�LQ

WKH�PROHFXOH©V�SODQDULW\�FDXVHG�E\�WKH�VWHULF�FRQJHVWLRQ���

WKH�LQWURGXFWLRQ�RI�D�VHFRQG�PHWKR[\�JURXS��DV�LQ����o����

DQG����o������GRHV�OHDG�WR�VKLIWV�RI��������9�DQG��������9�

UHVSHFWLYHO\�� 7KH� ORFDWLRQ� RI� WKH�PHWKR[\� JURXS� RQ� WKH

EHQ]HQRLG�ULQJ��&��YV��&���&��YV��&���DQG�GLIIHUHQW�KHWHURD�

WRPV�LQ�WKH�DWWDFKHG�ULQJ��6�RU�2��VHHPV�WR�LQIOXHQFH�WKH

QDSKWKRTXLQRQH�FDUERQ\OV�DQG�WKXV�(SF���IDFW�DOUHDG\�GHP�

RQVWUDWHG�E\���&�105�GDWD�DQDO\VLV������

,QWURGXFWLRQ�RI�PHWK\O��HWK\O�DQG� LVRSURS\O�JURXSV�DW

&�� RI� WKH�SDUD�1)4� VNHOHWRQ� ��� DQG���� SURPRWHG� VPDOO

FDWKRGLF�VKLIWV�RI�FD�������9��$OO�WKH�QHJDWLYH�LQFUHPHQWV

DUH�FRQVLVWHQW�ZLWK�WKH�LQFUHDVH�RI�WKH�QHJDWLYH�FKDUJH�DW

WKH�UHGXFWLRQ�VLWH���

:LWKLQ� WKH�TXLQRQHV� LQYHVWLJDWHG�� WKH� RUWKR�TXLQRQHV

ZHUH� VKRZQ� WR� EH�PRUH� HDVLO\� UHGXFHG� WKDQ� WKH� VLPLODU

SDUD�TXLQRQHV��FRUURERUDWLQJ�SUHYLRXV�REVHUYDWLRQV�ZLWK

RWKHU�FODVVHV�RI�TXLQRQHV����LQ�VSLWH�RI�WKH�VPDOO�QXPEHU�RI

V\VWHPDWLF�HOHFWURFKHPLFDO�VWXGLHV�FRPSDULQJ� RUWKR��DQG

SDUD��SDLU�RI�FRPSRXQGV����%\�FRPSDULQJ�WKH�(SF��DQG�(SF�
YDOXHV�RI����YV��������YV�����DQG����YV������RQH�REVHUYHV�WKDW

WKH� GLIIHUHQFHV� DUH� DOPRVW� FRQVWDQW�� DURXQG� ���� P9

DQG�!�����P9�PRUH�QHJDWLYH��UHVSHFWLYHO\��IRU�SDUD��GH�

ULYDWLYHV��7KH�ODUJHU�GLIIHUHQFH�RQ�(SF��LV�UHODWHG�WR�KLJKHU

RUWKR�4��� VWDELOLW\�� DV� DOUHDG\� UHSRUWHG�� 9HU\� UHFHQWO\�

6WRSSDQL�DQG�FRZRUNHUV���FRQFOXGHG��EDVHG�RQ�WKH�FDOFX�

ODWHG� /802� DWRPLF� FKDUJHV�� WKDW� HOHFWURQLF� DV\PPHWU\

DQG�SRODULW\�RI�& 2�ERQG�DUH�KLJKHU�LQ�RUWKR�QDSKWKRTXL�

QRQHV�WKDQ�LQ�SDUD�QDSKWKRTXLQRQHV��7KHVH�DVSHFWV�PDNH

WKH�FDUERQ\O�FDUERQ�DWRP�RI�RUWKR�FRPSRXQGV�PRUH�HOHF�

WURQ� GHILFLHQW� DQG�� KHQFH�� HDVLHU� WR� UHGXFH� WKDQ� WKRVH� LQ

V\PPHWULF� SDUD�QDSKWKRTXLQRQH� GHULYDWLYHV�� 7KH\� DOVR

REVHUYHG� WKDW� LQ� WHWUDK\GURQDSKWKRTXLQRQHV� WKH� HOHWUR�

SKLOLFLW\� RI� WKH� FDUERQ\O� R[\JHQ�ZDV� ORZHUHG���� ,QGHHG�

ZLWKLQ�WKH�TXLQRQHV�LQYHVWLJDWHG�LQ�WKH�SUHVHQW�VWXG\��WKH

RUWKR�QDSKWKRGLK\GURS\UDQTXLQRQHV����������DUH�PRUH�GLI�

ILFXOW� WR� UHGXFH� WKDQ� SDUD�QDSKWKRWKLRSKHQTXLQRQHV� DQG

SDUD�QDSKWKRIXUDQTXLQRQHV�� SUREDEO\� GXH� WR� D� VPDOOHU

DELOLW\�WR�VWDELOL]H�WKH�HOHFWURJHQHUDWHG�VHPLTXLQRQH��4x�

DQG�GLDQLRQ��4����YLD�FRQMXJDWLRQ�

(OHFWURO\VHV�RI�TXLQRQHV��LQ�WKH�DEVHQFH�RI�HOHFWURSKLOHV

�DFHWLF� DQK\GULGH��� OHDG�� TXLWH� UHJXODUO\� WR� WKH� VWDUWLQJ

PDWHULDO�� E\� DLU� R[LGDWLRQ�� ,Q� RXU� FDVH�� TXLQRQH� �� ZDV

UHFRYHUHG��DIWHU�FDWKRGLF�UHGXFWLRQ��DOPRVW�TXDQWLWDWLYHO\�
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,Q� WKH�SUHVHQFH�RI�DFHWLF�DQK\GULGH��DOO� WKH�UHDFWLRQV�RF�

FXUUHG�VPRRWKO\��ZLWK�H[DFW�FRQVXPSWLRQ�RI���)�PRO�DQG

ZLWK�KLJK�\LHOGV��UHSURGXFLQJ�HDUOLHU�UHVXOWV���

,W�ZDV�VKRZQ�UHFHQWO\�WKDW�WKH�WU\SDQRFLGDO�DFWLYLW\�ZDV

KLJKHU�DPRQJ�TXLQRQHV�ZLWK�PRUH�SRVLWLYH�UHGXFWLRQ�SR�

WHQWLDOV����(DUOLHU�VWXGLHV�VXJJHVWHG�D�FRUUHODWLRQ�EHWZHHQ

UHGR[� SRWHQWLDOV� DQG� DQWLPDODULDO� DFWLYLWLHV��� ,W� ZDV� DOVR

VXJJHVWHG� WKDW� R[LGDWLYH� VWUHVV� SOD\V� LPSRUWDQW� UROH� LQ

PDODULD�� EHLQJ�ERWK� EHQHILFLDO� DQG�SDWKRORJLFDO����8VLQJ

WKH�UHVXOWV�SXEOLVKHG�LQ�WKH�OLWHUDWXUH�UHSRUWLQJ�WKH�DQWLSODV�

PRGLDO�DFWLYLW\�DVVD\V�IRU�VRPH�RI�WKHVH�TXLQRQHV�����ZH

FRXOG� VHH� QR� DSSDUHQW� FRUUHODWLRQ�� RUWKR�� DQG� SDUD�TXL�

QRQHV�EHLQJ�HTXDOO\�DFWLYH��7KLV�VXJJHVWV�WKDW�D�GLIIHUHQW

PHFKDQLVP�RI�GUXJ�DFWLRQ����LQGHSHQGHQW�RI�ELRUHGXFWLRQ

LV�RSHUDWLQJ��DV�LV�WKH�FDVH�IRU�FKORURTXLQH�DQG�RWKHU�DOND�

ORLGV����$PRQJ�RWKHU�SRVVLEOH�PHFKDQLVPV��WKH�VLJQLILFDQW

DQG�VLPLODU�DQWLPDODULDO�DFWLYLW\�RI�RUWKR��DQG�SDUD�KHWHUR�

F\FOLF�TXLQRQHV�FRXOG�LQYROYH�LURQ�FKHODWLRQ���

&RQFOXVLRQV

2UWKR�QDSKWKRTXLQRQHV� DUH� DOZD\V� HDVLHU� WR� UHGXFH

WKDQ�WKHLU�SDUD��LVRPHUV��UHIOHFWLQJ�WKH�HQKDQFHG�HOHFWUR�

SK\OLF� FKDUDFWHU� RI� WKH� YLFLQDO� FDUERQ\OV� LQ� WKH� IRUPHU

JURXS��7KH�4���VSHFLHV�JHQHUDWHG�E\�WKH�UHGXFWLRQ�RI�RUWKR�

TXLQRQHV�RU�SHUL�20H�VXEVWLWXWHG�SDUD�TXLQRQHV�DUH�EHWWHU

VWDELOL]HG�E\�FDWLRQV�RI� WKH� VXSSRUWLQJ�HOHFWURO\WHV��7KLV

VWDELOL]DWLRQ�UHVXOWV�LQ�D�SRVLWLYH�VKLIW�RI�(SF���WXUQLQJ�'(SF
VPDOOHU�WKDQ�������9�IRU�WKHVH�FRPSRXQGV��7KH�KHWHURD�

WRPV� �2� DQG� 6�� RI� KHWHURF\FOLF� QDSKWKRTXLQRQHV� H[HUW

GLIIHUHQW�HIIHFWV�RYHU�WKHLU�FDUERQ\O�JURXSV�DQG��DV�FRQVH�

TXHQFH��RYHU�WKH�FDUERQV�LQ�WKH�EHQ]HQRLG�ULQJ��7KLV�IDFW

FDXVHV�GLIIHUHQW�VKLIWV�LQ�WKH�UHGXFWLRQ�SRWHQWLDO�RI�TXLQRQHV

GHSHQGLQJ�RQ�WKH�SRVLWLRQ�RI�WKH�VXEVWLWXHQW��7KH�SRVLWLRQV

RUWKR��PHWD�DQG�SDUD�FDQ�QRW�EH�FRQVLGHUHG�VLPLODU�DQG�WKH

HIIHFW�LV�PRUH�SURQRXQFHG�ZKHQ�VXEVWLWXHQWV�DUH�SODFHG�LQ

WKH�SHUL��SRVLWLRQ��(OHFWURFKHPLFDO�UHGXFWLYH�WUDQVIRUPD�

WLRQV�RI�TXLQRQHV�LQ�WKH�SUHVHQFH�RI�HOHFWURSKLOHV�DUH�HDVLO\

SHUIRUPHG� DQG� PD\� EH� XVHIXO� IRU� V\QWKHVLV� RI� VHYHUDO

TXLQRQH� GHULYDWLYHV� RU� WR� SURWHFW� WKH� UHDFWLYH� FDUERQ\O

JURXSV�

1R�FRUUHODWLRQ�ZDV�HYLGHQFHG�EHWZHHQ�HOHFWURFKHPLFDO

SDUDPHWHUV�RI�TXLQRQHV�DQG�SXEOLVKHG�DQWLSODVPRGLDO�DF�

WLYLWLHV��7KLV�ILQGLQJ�VXJJHVWV�WKDW��DW�OHDVW�IRU�WKH�TXLQRQHV

HYDOXDWHG��UHGR[�SRWHQWLDO�DUH�QRW�UHODWHG�WR�WKLV�ELRORJLFDO

DFWLYLW\�

$FNQRZOHGJPHQWV

7KH�DXWKRUV�ZLVK�WR�WKDQN�3URI��'pOLR�6��5DVODQ��3URI�

0DULDQR�$��3HUHLUD�DQG�3URI��$QW{QLR�9HQWXUD�IRU�NLQG�JLIWV

RI�TXLQRQHV��:H�DFNQRZOHGJH�&13T��3$'&7��)$3($/�

)$3(0,*�DQG�&$3(6�IRU�IHOORZVKLSV�DQG�ILQDQFLDO�VXS�

SRUW�WR�WKLV�ZRUN��:H�DOVR�WKDQN�3URI��-RVp�'LDV�6��)LOKR

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLGDGH�)HGHUDO�GH�0LQDV

*HUDLV��IRU�UXQQLQJ�105�VSHFWUD�

5HIHUHQFHV

��&UDZIRUG�� 3�:���&DUORV��(���(OOHJRRG�� -�&���&KHQJ�

&�&��� 'RQJ�� 4��� /LX�� '�)��� /XR�� <�/�� (OHFWURFKLP�

$FWD����������������

�� 3LQWR��$�9���)HUUHLUD��9�)���&DSHOOD��5�6���*LOEHUW��%��

3LQWR��0�&�5���GD�6LOYD��-�6��7UDQV��5R\��6RF���7URS�

0HG��+\J����������������

�� 3LQWR��$�9���3LQWR��0�&�)�5���*LOEHUW��%���3HOOHJULQR�

-���0HOOR�� 5�7�� 7UDQV�� 5R\�� 6RF��� 7URS��0HG�� +\J�

��������������

��&DUYDOKR�� /�+��� 5RFKD�� (�0�0��� 5DVODQ�� '�6��

2OLYHLUD��$�%���.UHWWOL��$�8��%UD]��-��0HG��%LR��5HV�

��������������

��5LEHLUR�5RGULJXHV��5���GRV�6DQWRV��:�*���=DQL��&�/��

2OLYHLUD��$�%���5RPDQKD��$�-��%LRRUJ��0HG��&KHP�

/HWW����������������

��2OLYHLUD��$�%���5DVODQ��'�6���0LUDJOLD��0��GR�&�0�$��

0HVTXLWD�� $�/��� =DQL�� &�/��� )HUUHLUD�� '�7��� 0DLD�

-�*�6��4XtPLFD�1RYD���������������

��0RQNV��7�-���+DQ]OLN��5�3���&RKHQ��*�0���5RVV��'��
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