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H[WUDFHOOXODU� VWLPXOL� WKDW� ELQG� WR� *� SURWHLQ�FRXSOHG

UHFHSWRUV� RU� VWLPXODWH� UHFHSWRU� W\URVLQH� NLQDVHV� �([WRQ�

�������,Q�DGGLWLRQ��SKRUERO�HVWHUV�DUH�SRWHQW�DFWLYDWRUV�RI

3/'� LQ� D� YDULHW\� RI� FHOOXODU� V\VWHPV�� ZKLFK� LPSOLFDWHV

SURWHLQ� NLQDVH� &� �3.&�� LQ� 3/'� UHJXODWLRQ�� )XUWKHU�

R[LGDWLYH� VWUHVV� VXFK� DV� SHUYDQDGDWH� DOVR� VWLPXODWHG

3/'� DFWLYLW\� LQ� 6ZLVV� �7�� ILEUREODVWV� DQG� YDVFXODU

VPRRWK�PXVFOH�FHOOV��960&V���0LQ�HW�DO���������6KLQ�HW

DO����������+RZHYHU�� OLWWOH� LV�NQRZQ�DERXW� WKH�XSVWUHDP

VLJQDOLQJ� SDWKZD\� RI� 3/'� UHJXODWLRQ� LQ� UHVSRQVH� WR

SHUYDQDGDWH� LQ�960&V��

0HPEHUV�RI�WKH�PDPPDOLDQ�PLWRJHQ�DFWLYDWHG�SURWHLQ

NLQDVH� �0$3.�� IDPLO\� LQFOXGH� IRXU� GLVWLQFW� JURXSV�� WKH

H[WUDFHOOXODU�VLJQDO�UHJXODWHG�NLQDVHV���DQG����(5.�����

WKH�F�-XQ�1�WHUPLQDO�NLQDVH��-1.���S���0$3.��DQG�(5.��

(5.����DUH�JHQHUDOO\�DFWLYDWHG�E\�JURZWK�IDFWRUV��LPSOL�

FDWLQJ�WKHLU�PDMRU�UROH�LQ�FHOO�JURZWK�DQG�GLIIHUHQWLDWLRQ�

,Q� FRQVWUDVW�� S��� 0$3.� DQG� -1.� DUH� VWLPXODWHG� LQ
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VHUXP� VWDUYDWLRQ�� WKH� FHOOV�ZHUH� ODEHOHG�ZLWK� ��µ&L�PO
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ZLWK���PO�RI�SKRVSKDWH�EXIIHUHG�VDOLQH� �3%6��DQG�SUH�

HTXLOLEUDWHG� LQ� VHUXP�IUHH� '0(0� IRU� �� K�� 'XULQJ� WKH

ILQDO����PLQ�RI� WKH�SUHLQFXEDWLRQ�������EXWDQ���RO�ZDV

LQFOXGHG�� $W� WKH� HQG� RI� WKH� SUHLQFXEDWLRQ�� FHOOV� ZHUH

WUHDWHG� ZLWK� SHUYDQDGDWH� IRU� WKH� LQGLFDWHG� WLPHV�

,QFXEDWLRQV�ZHUH� WHUPLQDWHG�E\� UHPRYLQJ� WKH�PHGLXP�

IROORZHG� E\�ZDVKLQJ� RQ� LFH�ZLWK� ��PO� RI� LFH�FROG� 3%6

DQG� DQ� DGGLWLRQ� RI� ���� PO� RI� LFH�FROG� PHWKDQRO�� &HOOV

ZHUH�VFUDSHG�RII� WKH�SODWHV�XVLQJ�D� UXEEHU�SROLFHPDQ�

DQG� WKH� OLSLGV� ZHUH� H[WUDFWHG� DQG� VHSDUDWHG� ZLWK

PHWKDQRO�FKORURIRUP�����1�+&O����������7KH�ORZHU�SKDVH

ZDV� GULHG� XQGHU� 1��� UHVXVSHQGHG� LQ� ��� PO� RI� FKORUR�

IRUP�PHWKDQRO� ������� DQG�VSRWWHG�RQWR� D� VLOLFD� JHO� ��$

WKLQ�OD\HU�FKURPDWRJUDSK\�SODWH��:KDWPDQ��&OLIWRQ��1-���

7KH� SODWHV�ZHUH� GHYHORSHG� LQ� WKH� XSSHU� SKDVH� RI� WKH

VROYHQW� V\VWHP� RI� HWK\O� DFHWDWH�LVR�RFWDQH�+�2�DFHWLF

DFLG� �������������� DQG� VWDLQHG� ZLWK� LRGLQH�� $� SKRV�

SKDWLG\OEXWDQRO�LQ�WKH�H[WUD�ODQH�ZDV�XVHG�WR�ORFDWH�WKH

EDQGV��ZKLFK�ZHUH�WKHQ�VFUDSHG�LQWR�D�YLDO�FRQWDLQLQJ�D

VFLQWLOODWLRQ� PL[WXUH�� 7KH� UDGLRDFWLYLW\� LQFRUSRUDWHG� LQWR

WRWDO� SKRVSKROLSLGV� ZDV� PHDVXUHG� E\� /6&�� DQG� WKH

UHVXOWV� DUH� SUHVHQWHG� DV� D� SHUFHQWDJH� RI� WKH� WRWDO

UDGLRDFWLYLW\� �FSP�� LQFRUSRUDWHG� LQWR�SKRVSKDWLG\OEXWDQRO�

S���0$3.�DFWLYLW\�DVVD\�DQG�:HVWHUQ�EORWWLQJ

*URZWK�DUUHVWHG� 960&V�ZHUH� SUHWUHDWHG� DQG� O\VHG� LQ

UDGLRLPPXQRSUHFLSLWDWLRQ�DVVD\�EXIIHU�����P0�7ULV��S+
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P0�1D&O�����µJ�PO�OHXSHSWLQ�����µJ�PO�DSURWLQLQ��DQG��

P0� 306)�� DQG� WKH� O\VDWH� ZDV� LQFXEDWHG� ZLWK� DQWL�

SKRVSKR�S���0$3.�DQWLERG\��DQG�SURWHLQ�$�VHSKDURVH

IRU���K�DW���&��7KH�LPPXQRSUHFLSLWDWH�ZDV�UHVXVSHQGHG

LQ����µO�NLQDVH�DVVD\�EXIIHU�����P0�7ULV��S+��������P0
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4XDQWLILFDWLRQ� RI� S���0$3.� SKRVSKRU\ODWLRQ� ZDV� SHU�

IRUPHG�E\�DQDO\]LQJ� VFDQQHG� ILOPV�XVLQJ�6FLRQ� ,PDJH

%HWD��E�LPDJH�DFTXLVLWLRQ�DQG�DQDO\VLV�VRIWZDUH��6FLRQ

&RUSRUDWLRQ��� /HYHOV� RI� SKRVSKRU\ODWLRQ� DUH� SUHVHQWHG

DV�IROG�LQFUHDVH�RYHU�WKH�UHVSHFWLYH�FRQWUROV��EDVHG�RQ

DUELWUDU\�GHQVLWRPHWU\�XQLWV��

5HVXOWV

'RVH��DQG� WLPH�GHSHQGHQW�DFWLYDWLRQ�RI�S���0$3.

E\�SHUYDQDGDWH

S���0$3.�LV�UHJXODWHG�E\�VWUHVV�UHODWHG�VLJQDOV��LQFOXG�

LQJ� WKH� DFWLYLW\� RI� +�2�� RQ� GLVWLQFW� XSVWUHDP� NLQDVHV

�/HZLV�HW�DO����������7R�GHWHUPLQH�ZKHWKHU�SHUYDQDGDWH

VWLPXODWHV� S��� 0$3.�� FHOOV� ZHUH� H[SRVHG� WR� YDU\LQJ

FRQFHQWUDWLRQV� RI� SHUYDQDGDWH�� DQG� WKHQ� S��� 0$3.

DFWLYDWLRQ� ZDV� GHWHUPLQHG� E\� PHDVXULQJ� WKH� OHYHOV� RI

S���0$3.�SKRVSKRU\ODWLRQ��DQ�LQGLFDWLRQ�RI�S���0$3.

DFWLYDWLRQ�� 3HUYDQDGDWH� VWLPXODWHG� S��� 0$3.� SKRV�

SKRU\ODWLRQ�GRVH�GHSHQGHQWO\��)LJXUH��$���ZKLFK�LV�FRQ�

VLVWHQW� ZLWK� D� SUHYLRXV� UHSRUW� �'DXP� HW� DO��� ������

8QH[SRVHG� 960&V� GLG� QRW� VKRZ� DQ\� VLJQLILFDQW� S��

0$3.� SKRVSKRU\ODWLRQ�� 3HUYDQDGDWH� IURP� WKH� PL[WXUH

RI�������P0�FRQFHQWUDWLRQV�RI�+�2��SOXV�����P0�YDQD�

GDWH� LQGXFHG� PD[LPXP� S��� 0$3.� SKRVSKRU\ODWLRQ�

S���0$3.�SKRVSKRU\ODWLRQ�E\�SHUYDQDGDWH�SHDNHG�DW

���PLQ��)LJXUH��%���)ROORZLQJ�WKLV�SHDN��WKH�OHYHO�RI�S��

0$3.�SKRVSKRU\ODWLRQ�JUDGXDOO\�GHFUHDVHG��7KHVH�UHVXOWV

LQGLFDWH�WKDW�SHUYDQDGDWH�DFWLYDWHV�S���0$3.�LQ�D�WLPH�

DQG�GRVH�GHSHQGHQW�PDQQHU� LQ�960&V��

5ROH� RI� S��� 0$3.� LQ� SHUYDQDGDWH�LQGXFHG� 3/'

DFWLYDWLRQ

:H� QH[W� H[DPLQHG� ZKHWKHU� S��� 0$3.� LV� LQYROYHG� LQ

SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ�VLQFH�ERWK�3/'�DQG

S���0$3.�DUH�DFWLYDWHG�E\�SHUYDQDGDWH��6%�������LV

ZLGHO\� XVHG� DV� D� VSHFLILF� LQKLELWRU� RI� S��� 0$3.�� ,WV

SULPDU\� DFWLYLW\� LV� QRW� WR� EORFN� WKH� IRUPDWLRQ� RI� WKH

DFWLYH��SKRVSKRU\ODWHG�IRUP�RI�S���0$3.�EXW�UDWKHU�WR

LQKLELW�LWV�NLQDVH�DFWLYLW\�E\�ELQGLQJ�WR�WKH�$73�DFFHSWRU

SRFNHW��<RXQJ�HW�DO����������7KXV��WKH�LQKLELWRU\�HIIHFW�RI

6%������� RQ� SHUYDQDGDWH�LQGXFHG� S��� 0$3.� DFWLY�

DWLRQ�ZDV�HYDOXDWHG�E\�PHDVXULQJ�WKH�HQ]\PDWLF�DFWLYLW\

RI� S��� 0$3.� LQ� WKH� SUHVHQFH� RI� 6%�������� :LWK

LQFUHDVLQJ� FRQFHQWUDWLRQV� RI� 6%������� SHUYDQDGDWH�

VWLPXODWHG�S���0$3.�DFWLYLW\�JUDGXDOO\�GHFUHDVHG��)LJXUH

�$���LQGLFDWLQJ�WKDW�6%�������DFWV�DV�DQ�LQKLELWRU�RI�S��

0$3.�LQ�SHUYDQDGDWH�VWLPXODWHG�960&V��$V�LOOXVWUDWHG

LQ�)LJXUH��%��6%�������SUHWUHDWPHQW�SUHYHQWHG�SHUYDQD�

GDWH�LQGXFHG�3/'�DFWLYDWLRQ� LQ� D� FRQFHQWUDWLRQ�GHSHQ�

GHQW� PDQQHU�� 6%������� LWVHOI� GLG� QRW� LQIOXHQFH� 3/'

DFWLYLW\� �GDWD� QRW� VKRZQ��� 7KH� REVHUYDWLRQ� WKDW� WKH

LQKLELWLRQ�QHYHU� UHDFKHG������VXJJHVWV� WKDW� WKHUH�DUH

UHGXQGDQW�SDWKZD\V�FRXSOLQJ�SHUYDQDGDWH�WR�3/'�DFWLY�

DWLRQ�� 7R� UXOH� RXW� WKH� SRVVLELOLW\� WKDW� WKLV� SKHQRPHQRQ

PD\� EH� GXH� WR� QRQVSHFLILF� LQKLELWLRQ� RI� S��� 0$3.

DFWLYLW\� E\�6%��������ZH� HPSOR\HG� DQRWKHU� DSSURDFK

XVLQJ� GRPLQDQW� QHJDWLYH� IRUPV� RI� D� NQRZQ� XSVWUHDP

DFWLYDWRU�RI�S���0$3.��7KH�SODVPLG�>SF'1$��0..���.�

$�@� HQFRGLQJ�D� GRPLQDQW� QHJDWLYH� IRUP�RI�0..�� �'1�

0..����ZDV�LQWURGXFHG�LQWR�960&V��DQG�WKH�FHOOV�ZHUH

WKHQ�VWLPXODWHG�ZLWK�SHUYDQDGDWH�IRU����PLQ��3KRVSKRU�

\ODWLRQ� RI� S���0$3.�ZDV� JUHDWHU� LQ� WKH� HPSW\� YHFWRU

WUDQVIHFWDQWV�WKDQ�LQ�FHOOV�H[SUHVVLQJ�'1�0..���LQGLFDW�

LQJ� WKDW�0..��DFWV�XSVWUHDP�RI�S���0$3.� LQ�960&V

�)LJXUH� �&��� &RQVLVWHQW� ZLWK� WKH� ORZHU� OHYHOV� RI� S��

0$3.�SKRVSKRU\ODWLRQ�� WKH�SHUYDQDGDWH�VWLPXODWHG�3/'

DFWLYLW\�LQ�SF'1$��0..���.�$��WUDQVIHFWDQWV�GURSSHG�WR

���� RI� WKH� DFWLYLW\� VHHQ� LQ� WKH� FRQWURO� HPSW\� YHFWRU

WUDQVIHFWDQWV��)LJXUH��'���6%�������WUHDWPHQW�LQKLELWHG

)LJXUH� ��� 'RVH�� DQG� WLPH�GHSHQGHQFH� RI� SHUYDQDGDWH�VWLPXODWHG� S��
0$3.� DFWLYDWLRQ� LQ� 960&V�� 7R�PHDVXUH� S���0$3.� DFWLYDWLRQ� FHOOV�ZHUH
SUHWUHDWHG�ZLWK�����P0�YDQDGDWH��IROORZHG�E\�VWLPXODWLRQ�ZLWK�WKH�LQGLFDWHG
FRQFHQWUDWLRQV�RI�+�2��IRU����PLQ��$��RU�ZLWK�����P0�+�2��IRU�WKH�LQGLFDWHG
WLPHV� �%��� /\VDWHV� ZHUH� LPPXQREORWWHG� ZLWK� DQWL�SKRVSKR� S��� 0$3.
DQWLERG\�� ZKLFK� LV� VSHFLILF� IRU� WKH� DFWLYDWHG�� SKRVSKRU\ODWHG� IRUPV� �WRS
SDQHO��� 7KH� EORW� ZDV� VWULSSHG� DQG� UHSUREHG� ZLWK� DQWL�WRWDO� S��� 0$3.
DQWLERG\�� ZKLFK� UHFRJQL]HV� ERWK� SKRVSKRU\ODWHG� DQG� QRQSKRVSKRU\ODWHG
IRUPV� �ERWWRP� SDQHO��� 'DWD� UHSUHVHQW� WKH� UHVXOWV� RI� WKUHH� VHSDUDWH
H[SHULPHQWV�



,QYROYHPHQW�RI�S���0$3.�LQ�3/'�UHJXODWLRQ ��

3/'�DFWLYLW\�E\������ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOW

LQ� )LJXUH� �%�� 6LPLODU� UHVXOWV� ZHUH� REWDLQHG� ZLWK� D

GRPLQDQW� QHJDWLYH� IRUP� RI� 0..�� �GDWD� QRW� VKRZQ��

7DNHQ�WRJHWKHU�� WKHVH�UHVXOWV�VWURQJO\�VXJJHVW�WKDW�S��

0$3.�IXQFWLRQV�XSVWUHDP�RI�3/'�LQ�SHUYDQDGDWH�VWLPX�

ODWHG�3/'�DFWLYDWLRQ��

7R� IXUWKHU� FODULI\� WKH� UROH� RI� S��� 0$3.� LQ� WKH

UHJXODWLRQ� RI� 3/'�� ZH� H[DPLQHG� ZKHWKHU� S��� 0$3.

PHGLDWHV� SKRUERO����P\ULVWDWH����DFHWDWH� �30$���� DQG

RWKHU� VWUHVV� �K\SHURVPRODU� VWUHVV� DQG� 89� LUUDGLDWLRQ��

LQGXFHG�3/'�DFWLYDWLRQ�� VLQFH� WKHVH�VWLPXOL� KDYH�EHHQ

UHSRUWHG� WR� DFW� DV� VWURQJ� DFWLYDWRUV� RI� S��� 0$3.

�6FKXOW]� HW�DO��� ������/HZLV�HW�DO��� �������$V� VKRZQ� LQ

)LJXUH� �$�� WKH\� VWLPXODWHG� S��� 0$3.� DFWLYDWLRQ� LQ� D

GRVH�GHSHQGHQW� PDQQHU�� 2I� WKHVH� VWLPXOL�� PDQQLWRO

H[KLELWHG�WKH�PRVW�SRWHQW�VWLPXODWRU\�DFWLYLW\��ODQHV���WR

���� ,QFXEDWLRQ�RI�960&V�ZLWK�30$�����Q0�IRU����PLQ�

RU�PDQQLWRO������P0�IRU����PLQ��LQGXFHG�DQ�DSSUHFLDEOH

3/'�DFWLYDWLRQ�RI�a��IROG�DQG�����IROG��UHVSHFWLYHO\��)LJXUH

�%���,UUDGLDWLRQ�RI�960&V�ZLWK�89�OLJKW����N-�P���FDXVHG

D�PRGHVW�� �����IROG��� LQFUHDVH� LQ�3/'�DFWLYLW\��3UHWUHDW�

PHQW�ZLWK�6%�������GLPLQLVKHG�>�+@3WG%XW�IRUPDWLRQ�LQ

UHVSRQVH�WR�30$��K\SHURVPRODU�VWUHVV��RU�89�LUUDGLDWLRQ

LQ� D� GRVH�GHSHQGHQW� PDQQHU� �)LJXUH� �&��� 7RJHWKHU�

WKHVH� UHVXOWV� LQGLFDWH� WKDW� S���0$3.� DOVR� DFWV� DV� DQ

XSVWUHDP�DFWLYDWRU�RI�3/'�LQ�WKH�30$�DQG�RWKHU�VWUHVV

VLJQDOLQJ�SDWKZD\V��

3.&� DV� DQ� XSVWUHDP� UHJXODWRU� RI� S��� 0$3.� LQ

SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ

3UHYLRXV� UHSRUWV�� LQFOXGLQJ� RXU� REVHUYDWLRQV� RQ� 6ZLVV

�7��FHOOV� �0LQ�HW�DO����������VXJJHVWHG� WKDW�3.&� LV�DQ

LPSRUWDQW�PHGLDWRU�RI�SHUYDQDGDWH�LQGXFHG�3/'�DFWLYD�

WLRQ��+RZHYHU��ZKHWKHU�3.&�DFWV�XSVWUHDP�RI�S���0$3.

LQ�SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ�KDV�QRW�\HW�EHHQ

FOHDUO\�GHILQHG��8VLQJ�FDOSKRVWLQ�&��D�VHOHFWLYH�LQKLELWRU

RI�3.&��ZH� ILUVW�H[DPLQHG�ZKHWKHU�3.&� LV� LQYROYHG� LQ

PHGLDWLQJ� SHUYDQDGDWH�VWLPXODWHG� >�+@3WG%XW� IRUPDWLRQ

LQ� 960&V�� &HOOV� ZHUH� SUHWUHDWHG� ZLWK� LQFUHDVLQJ� FRQ�

FHQWUDWLRQV�RI�FDOSKRVWLQ�&�IRU����PLQ�SULRU�WR�SHUYDQD�

)LJXUH����(IIHFW�RI�6%�������DQG�D�GRPLQDQW�QHJDWLYH� IRUP�RI�0..��RQ�SHUYDQDGDWH�LQGXFHG�S���0$3.�SKRVSKRU\ODWLRQ�DQG�3/'�DFWLYDWLRQ��$��6WDUYHG
960&V�ZHUH�SUHWUHDWHG�ZLWK�����P0�YDQDGDWH�IRU����PLQ��IROORZHG�E\�VWLPXODWLRQ�ZLWK�����P0�+�2�� IRU����PLQ��/\VDWHV�ZHUH�LPPXQRSUHFLSLWDWHG�ZLWK�DQWL�
SKRVSKR�S���0$3.�DQWLERG\�DQG�DQ� LQ�YLWUR�NLQDVH�DVVD\�ZDV�SHUIRUPHG�XVLQJ�*67�$7)��DV�WKH�VXEVWUDWH�LQ�HLWKHU�WKH�DEVHQFH�RU�SUHVHQFH�RI�6%�������
%��>�+@0\ULVWDWH�ODEHOHG�FHOOV�ZHUH�SUHWUHDWHG�ZLWK�WKH�LQGLFDWHG�FRQFHQWUDWLRQV�RI�6%�������IRU���K��IROORZHG�E\�VWLPXODWLRQ�ZLWK�SHUYDQDGDWH�IRU����PLQ��3/'
DFWLYLW\�ZDV�WKHQ�PHDVXUHG��'DWD�UHSUHVHQW�WKUHH�VHSDUDWH�H[SHULPHQWV�FRQGXFWHG�LQ�GXSOLFDWH��&��960&V�WUDQVIHFWHG�ZLWK�SF'1$���HPSW\�YHFWRU��RU�SF'1$��
0..���.�$���'1�0..���H[SUHVVLQJ�D�GRPLQDQW�QHJDWLYH�IRUP�RI�0..��ZHUH�HLWKHU�QRW�WUHDWHG��−��RU�VWLPXODWHG�ZLWK�SHUYDQDGDWH ����IRU����PLQ��/\VDWHV�ZHUH
LPPXQREORWWHG�ZLWK�DQWL�SKRVSKR�S���0$3.��WRS�SDQHO���WKHQ�UHSUREHG�ZLWK�DQWL�WRWDO�S���0$3.��ERWWRP�SDQHO���'��(PSW\�YHFWRU�RU�'1�0..��WUDQVIHFWHG�FHOOV
ZHUH�>�+@P\ULVWDWH�ODEHOHG�DQG�ZHUH�HLWKHU�QRW�WUHDWHG��−��RU�VWLPXODWHG�ZLWK�SHUYDQDGDWH����� IRU����PLQ�LQ�HLWKHU�WKH�DEVHQFH�RU�SUHVHQFH�RI�6%����������
µ0��� 3/'� DFWLYLW\� LV� H[SUHVVHG� UHODWLYH� WR� WKH� SHUYDQDGDWH�VWLPXODWHG� FRQWURO�� 'DWD� UHSUHVHQW� WKH� UHVXOWV� RI� WKUHH� LQGHSHQGHQW� H[SHULPHQWV� FRQGXFWHG� LQ
GXSOLFDWH�



�� ([S��0RO��0HG��9RO��������������������

GDWH� WUHDWPHQW�� 6WLPXODWLRQ� RI� >�+@3WG%XW� IRUPDWLRQ� E\

SHUYDQDGDWH�ZDV�SDUWLDOO\�DWWHQXDWHG�E\�FDOSKRVWLQ�&�LQ

D�GRVH�GHSHQGHQW�IDVKLRQ��)LJXUH��$���0RUHRYHU��GRZQ�

UHJXODWLRQ�RI�30$�VHQVLWLYH�3.&� LVRIRUPV�DOVR�FDXVHG

D�GHFUHDVH� LQ� >�+@3WG%XW� IRUPDWLRQ� LQ�UHVSRQVH� WR�SHU�

YDQDGDWH��GDWD�QRW�VKRZQ���6LQFH�WKHVH�UHVXOWV�LQGLFDWH

WKDW� SHUYDQDGDWH�LQGXFHG�3/'� DFWLYDWLRQ� LV� GHSHQGHQW

RQ� 3.&� LQ� 960&V�� ZH� QH[W� GHWHUPLQHG� WKH� HIIHFW� RI

3.&� LQKLELWLRQ� RQ� SHUYDQDGDWH�LQGXFHG� S��� 0$3.

DFWLYDWLRQ�� &DOSKRVWLQ� &� SUHWUHDWPHQW� GHFUHDVHG� WKH

SKRVSKRU\ODWLRQ�OHYHO��)LJXUH��%��DQG�WKH�DFWLYLW\��)LJXUH

�&��RI�S���0$3.�LQ�D�FRQFHQWUDWLRQ�GHSHQGHQW�PDQQHU�

&DOSKRVWLQ�&� LWVHOI� KDG� OLWWOH�HIIHFW�RQ�DFWLYDWLRQ�RI�S��

0$3.� �GDWD� QRW� VKRZQ��� 7KHVH� REVHUYDWLRQV� VXJJHVW

WKDW�3.&� OLHV� XSVWUHDP�RI� S���0$3.� LQ� SHUYDQDGDWH�

VWLPXODWHG� 3/'� DFWLYDWLRQ�� +RZHYHU�� PDQQLWRO�LQGXFHG

S��� 0$3.� SKRVSKRU\ODWLRQ� ZDV� QRW� LQIOXHQFHG� E\

FDOSKRVWLQ� &� SUHWUHDWPHQW�� LQGLFDWLQJ� WKDW� 3.&� LV� QRW

XSVWUHDP�RI�S���0$3.�LQ�RVPRWLF�VWUHVV�VLJQDOLQJ��GDWD

QRW� VKRZQ��� 7R� IXUWKHU� GHWHUPLQH� ZKHWKHU� 3.&� LV

VXIILFLHQW� IRU�S���0$3.�DFWLYDWLRQ��ZH� LQYHVWLJDWHG� WKH

HIIHFW�RQ�SHUYDQDGDWH�LQGXFHG�3/'�DFWLYLW\�RI�D�FRPEL�

QDWLRQ� RI� FDOSKRVWLQ� &� DQG� 6%������� �)LJXUH� �'��

&DOSKRVWLQ� &� LWVHOI� GLG� QRW� VLJQLILFDQWO\� DIIHFW� WKH� 3/'

DFWLYLW\� LQ� WKH� DEVHQFH� RI� SHUYDQDGDWH� �ODQH� ���� 7KH

FRPELQDWLRQ�RI�FDOSKRVWLQ�&�DQG�6%�������VKRZHG�DQ

LQKLELWRU\� HIIHFW� JUHDWHU� WKDQ� WKDW� REVHUYHG� ZLWK� HLWKHU

LQKLELWRU�DORQH� �ODQHV��� WR�����EXW� OHVV� WKDQ� WKH�VXP�RI

ERWK�VHSDUDWH�HIIHFWV��7KHVH�UHVXOWV�VXJJHVW�WKDW�DOWKRXJK

3.&� IXQFWLRQV�XSVWUHDP�RI�S���0$3.� LQ� UHJXODWLRQ�RI

3/'��DGGLWLRQDO�HOHPHQW�V��RWKHU� WKDQ�3.&�PD\�VLJQDO

WR�S���0$3.�

'LVFXVVLRQ

3HUYDQDGDWH� VWLPXODWHG� WKH� DFWLYDWLRQ� RI� ERWK� S��

0$3.� DQG� 3/'� LQ� 960&V�� 3/'� DFWLYLW\� FRQWLQXHG� WR

LQFUHDVH� IRU� XS� WR� ��� PLQ� DIWHU� SHUYDQDGDWH�H[SRVXUH

�6KLQ� HW� DO��� ������� 7KH� LQFUHDVH� LQ� 3/'� DFWLYLW\� �a��

IROG���KRZHYHU��RFFXUUHG�PRVWO\�GXULQJ�WKH�LQLWLDO����PLQ

RI�SHUYDQDGDWH�H[SRVXUH��S���0$3.�DFWLYLW\�UHDFKHG�LWV

SHDN� DW� ��� PLQ�� 7KLV� SUHFHGHG� WKH� WLPH� SHULRG� RI

PD[LPDO�3/'�DFWLYDWLRQ��$OWKRXJK�SHUYDQDGDWH�LQGXFHG

S���0$3.�DFWLYLW\�EHJDQ�WR�GHFOLQH�DIWHU����PLQ��LW�ZDV

PDLQWDLQHG� WR�D�VLJQLILFDQW� OHYHO� IRU�XS� WR���K� IROORZLQJ

)LJXUH���� ,QYROYHPHQW�RI�S���0$3.�LQ�30$��DQG�VWUHVV�LQGXFHG�3/'�DFWLYDWLRQ��$��6WDUYHG�960&V�ZHUH�VWLPXODWHG�ZLWK�HLWKHU�WKH�LQGLFDWHG�FRQFHQWUDWLRQV
RI�30$� IRU����PLQ� �ODQHV������RU�PDQQLWRO� IRU����PLQ� �ODQHV�������89� LUUDGLDWHG�FHOOV�ZHUH�H[SRVHG� WR�89� OLJKW� �����QP��DW� WKH� LQGLFDWHG� LQWHQVLW\�� IROORZHG
E\�D����PLQ� LQFXEDWLRQ��ODQHV�������/\VDWHV�ZHUH� LPPXQREORWWHG�ZLWK�DQWL�SKRVSKR�S���0$3.�DQWLERG\��WRS�SDQHO��DQG�WKH�EORW�ZDV�UHSUREHG�ZLWK�DQWL�WRWDO
S���0$3.�DQWLERG\��ERWWRP�SDQHO���%��&HOOV�ZHUH�VWLPXODWHG�ZLWK����Q0�30$�IRU����PLQ������P0�PDQQLWRO�IRU����PLQ��RU���N-�P��89�OLJKW��7KH�3/'�DVVD\
ZDV�SHUIRUPHG�DV�GHVFULEHG�LQ�0DWHULDOV�DQG�0HWKRGV��'DWD�UHSUHVHQW�WKH�UHVXOWV�RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV�FRQGXFWHG�LQ�GXSOLFDWH��&��>�+@0\ULVWDWH�
ODEHOHG�FHOOV�ZHUH�SUHWUHDWHG�ZLWK�WKH� LQGLFDWHG�FRQFHQWUDWLRQV�RI�6%�������IRU���K�DQG�VWLPXODWHG�ZLWK�HLWKHU����Q0�30$�IRU����PLQ������P0�PDQQLWRO� IRU
���PLQ��RU���N-�P��89� OLJKW��3/'�DFWLYLW\�ZDV�PHDVXUHG�DQG�GDWD� UHSUHVHQW� WKH� UHVXOWV�RI� WKUHH�VHSDUDWH�H[SHULPHQWV�FRQGXFWHG� LQ�GXSOLFDWH�



,QYROYHPHQW�RI�S���0$3.�LQ�3/'�UHJXODWLRQ ��

SHUYDQDGDWH� VWLPXODWLRQ��7KHUHIRUH�� DW� OHDVW� GXULQJ� WKH

LQLWLDO� ���PLQ�SHULRG� WKHUH� LV�D�FRUUHODWLRQ�EHWZHHQ� WKH

DFWLYDWLRQ�RI�S���0$3.�DQG�3/'��:H�VSHFXODWH�WKDW�WKH

DSSDUHQW� GLVFUHSDQF\� EHWZHHQ� S��� 0$3.� DQG� 3/'

DFWLYLW\�DIWHU����PLQ�GRHV�QRW�H[FOXGH�WKHLU� UHODWLRQVKLS

EXW�DOOXGHV�WR�WKH�FRPSOH[LW\�RI�3/'�UHJXODWLRQ��LQ�ZKLFK

S��� 0$3.� SDUWLFLSDWHV� DV� D� FRPSRQHQW�� ,W� LV� ZHOO

HVWDEOLVKHG�WKDW�3/'�DFWLYLW\�LV�HODERUDWHO\�FRQWUROOHG�E\

3.&��$'3�ULERV\ODWLRQ� IDFWRUV�� WKH�5KR� IDPLO\�RI�VPDOO

*� SURWHLQV�� SURWHLQ� W\URVLQH� NLQDVHV� DQG� FDOFLXP� LRQV

�([WRQ�HW�DO����������:H�SURSRVH�WKDW�S���0$3.�UHJX�

ODWHV� 3/'� DFWLYLW\� EDVHG� XSRQ� WKH� IROORZLQJ� REVHUYD�

WLRQV�� ��� 6%������� SUHWUHDWPHQW� UHVXOWHG� LQ� D� GRVH�

GHSHQGHQW�JUDGXDO�GHFUHDVH�LQ�SHUYDQDGDWH�LQGXFHG�3/'

DFWLYLW\��)LJXUH��%������H[SUHVVLRQ�RI�GRPLQDQW�QHJDWLYH

PXWDQWV�RI�0..����FDXVHG�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH

OHYHOV�RI�SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ��DOWKRXJK

OHVV�WKDQ�WKRVH�FDXVHG�E\�WKH�SKDUPDFRORJLFDO�LQKLELWRU

6%������� �)LJXUH� �'��� DQG� ��� GLYHUVH� H[WUDFHOOXODU

VWLPXOL�LQFOXGLQJ�RVPRWLF�VWUHVV��PDQQLWRO��DQG�89�OLJKW�

ZKLFK�KDYH�EHHQ�VKRZQ�WR�DFWLYDWH�S���0$3.�LQGXFHG

3/'� DFWLYDWLRQ� DQG� LQKLELWLRQ� E\� 6%������� RI� WKHVH

VWLPXOL�LQGXFHG� 3/'� DFWLYDWLRQ� ZDV� DOVR� GRVH�GHSHQ�

GHQW� �)LJXUH� ���� 7KLV� FOHDUO\� GHILQHV� D� QRYHO� SDWKZD\

LQYROYLQJ� UHJXODWLRQ� RI� 3/'� E\� S��� 0$3.�� :KLOH� ZH

SUHSDUH� WKLV�PDQXVFULSW� WZR� SDSHUV� UHSRUWLQJ� WKDW� S��

0$3.� UHJXODWHV� 3/'� ZHUH� SXEOLVKHG� �%DQQR� HW� DO��

������ 1DWDU]DQ� HW� DO��� ������� 1DWDU]DQ� DQG� KLV

FROOHDJXHV��������UHSRUWHG�WKDW�S���0$3.�DQG�3/'�DUH

DVVRFLDWHG� LQ� HQGRWKHOLDO� FHOOV�� :H� DOVR� REVHUYHG� WKH

)LJXUH����(IIHFW�RI�D�3.&�LQKLELWRU�RQ�SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ�DQG�S���0$3.�SKRVSKRU\ODWLRQ��$��>�+@0\ULVWDWH�ODEHOHG�960&V�ZHUH�SUHWUHDWHG
ZLWK�WKH�LQGLFDWHG�FRQFHQWUDWLRQV�RI�FDOSKRVWLQ�&�IRU����PLQ�DQG�VWLPXODWHG�ZLWK�SHUYDQDGDWH�IRU����PLQ��DQG�3/'�DFWLYLW\�ZDV�PHDVXUHG��'DWD�DUH�UHSUHVHQWDWLYH
RI�WKUHH�VHSDUDWH�H[SHULPHQWV�FRQGXFWHG�LQ�GXSOLFDWH��%��4XLHVFHQW�FHOOV�ZHUH�SUHWUHDWHG�ZLWK�WKH�LQGLFDWHG�FRQFHQWUDWLRQV�RI�FDOSKRVWLQ�&�DQG�VWLPXODWHG�ZLWK
SHUYDQDGDWH� DV� GHVFULEHG� DERYH�� WKHQ� LPPXQREORWWHG�ZLWK� DQWL�SKRVSKR� S���0$3.� DQWLERG\� �WRS� SDQHO�� DQG� UHSUREHG�ZLWK� DQWL�WRWDO� S���0$3.� DQWLERG\
�ERWWRP�SDQHO���&��&HOOV�ZHUH�SURFHVVHG�DV�GHVFULEHG�LQ��%���DQG�S���0$3.�DFWLYLW\�ZDV�PHDVXUHG�E\�LQ�YLWUR�NLQDVH�DVVD\V�XVLQJ�*67�$7)��DV�D�VXEVWUDWH�
'DWD� DUH� UHSUHVHQWDWLYH� RI� WKUHH� VHSDUDWH� H[SHULPHQWV�� '�� >�+@0\ULVWDWH�ODEHOHG� FHOOV� ZHUH� XQWUHDWHG� ���� RU� WUHDWHG� ZLWK� �� µ0� FDOSKRVWLQ� &� DORQH� ���� RU
SHUYDQDGDWH������)RU�LQKLELWLRQ�RI�3/'�DFWLYDWLRQ�FHOOV�ZHUH�SUHWUHDWHG�ZLWK���µ0�FDOSKRVWLQ�&���������µ0�6%������������RU���µ0�FDOSKRVWLQ�&����µ0�6%������
���� IRU� ���PLQ�� DQG�ZLWK� SHUYDQDGDWH� IRU� ���PLQ�� DQG� WKH� UDGLRDFWLYLW\� LQFRUSRUDWHG� LQWR� 3WG%XW� ZDV�PHDVXUHG�� 'DWD� DUH� UHSUHVHQWDWLYH� RI� WKUHH� VHSDUDWH
H[SHULPHQWV�FRQGXFWHG� LQ�GXSOLFDWH�



�� ([S��0RO��0HG��9RO��������������������

SUHVHQFH� RI� S���0$3.� LQ� WKH�3/'� LPPXQRSUHFLSLWDWH

�GDWD�QRW�VKRZQ���VXJJHVWLQJ�WKDW�3/'�PD\�EH�VLPLOLDUO\

UHJXODWHG� LQ� 960&V�� )LQDOO\�� ZH� DOVR� H[DPLQHG� WKH

SRVVLEOH�UROH�RI�(5.����LQ�SHUYDQDGDWH�VWLPXODWHG�3/'

DFWLYDWLRQ�� VLQFH� SHUYDQDGDWH� LV� D� VWURQJ� LQGXFHU� RI

(5.����DQG�LW�KDV�EHHQ�UHSRUWHG�WKDW�WKH�(5.�FDVFDGH

LV� LPSOLFDWHG� LQ� FKHPRDWWUDFWDQW� I0HW�/HX�3KH� �I0/3��

DQG� QRUHSLQHSKULQH�LQGXFHG� 3/'� DFWLYDWLRQ� �'MHUGMRXUL

HW�DO���������0XWKDOLI�HW�DO���������DV�ZHOO�DV�LQ�R[LGDWLYH

VWUHVV�LQGXFHG�3/'�DFWLYDWLRQ� LQ�3&���FHOOV��+RZHYHU�

SUHWUHDWPHQW�ZLWK� WKH�VSHFLILF�0(.� LQKLELWRU�3'������

KDG�QR�VLJQLILFDQW�HIIHFW�RQ�3/'�DFWLYLW\�LQ�960&V��GDWD

QRW� VKRZQ��� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� S��� 0$3.

VSHFLILFDOO\� DFWLYDWHV� 3/'� LQ� SHUYDQDGDWH�VWLPXODWHG

960&V��

,W� LV� ZLGHO\� DFFHSWHG� WKDW� 0..���� DFW� DV� XSVWUHDP

UHJXODWRUV�RI� S���0$3.� �/HZLV� HW� DO��� ������� DOWKRXJK

QRQH� RI� WKH� IDFWRUV� ZKLFK� DFW� IXUWKHU� XSVWUHDP� LQ� WKH

SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ�FDVFDGH�KDYH�EHHQ

LGHQWLILHG��3HUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ�LV�OLQNHG

WR�3.&�DFWLYDWLRQ�DQG�VKRZV�FHOO�W\SH�VSHFLILFLW\��,Q�WKH

SUHVHQW�VWXG\��WKH�VHOHFWLYH�3.&�LQKLELWRU��FDOSKRVWLQ�&�

SDUWLDOO\�LQKLELWHG�SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ�LQ

960&V��)LJXUH�����%RWK�WKH�DFWLYDWLRQ�RI�S���0$3.�E\

SHUYDQDGDWH� DQG� 30$� �)LJXUH� �&� DQG� �$��� DQG� WKH

LQKLELWLRQ� RI� 3/'� E\� 6%������� IROORZLQJ� H[SRVXUH� WR

SHUYDQDGDWH�DQG�30$��)LJXUH��%�DQG��&��ZHUH�GRVH�

GHSHQGHQW��7KLV�LQGLFDWHV�WKDW�WKH�3.&�S���0$3.�3/'

SDWKZD\�H[LVWV�DQG�LV�DFWLYH�LQ�960&V��7KHUH�LV�FRQVL�

GHUDEOH�HYLGHQFH�WKDW�LQ�PDQ\�FHOO�W\SHV��WKH�DFWLYDWLRQ

RI�3.&�LV�DFFRPSDQLHG�E\�WKH�DFWLYDWLRQ�RI�S���0$3.�

,Q� WKH� VLJQDO� WUDQVGXFWLRQ� RI� LVFKHPLF� SUHFRQGLWLRQLQJ�

S��� 0$3.� DFWV� GRZQVWUHDP� RI� 3.&� �1DNDQR� HW� DO��

�������$GGLWLRQDOO\��S���0$3.�PHGLDWHV�YDULRXV�FHOOXODU

DFWLYLWLHV�LQ�D�3.&�GHSHQGHQW�PDQQHU�����DUVHQLWH�LQGXFHG

DFWLYDWLRQ� RI� $3��� LQ� -%�� FHOOV� �&KHQ� HW� DO��� ������� ��

SKRUERO�HVWHU�LQGXFHG�PDWUL[�PHWDOORSURWHDVH���VHFUHWLRQ

LQ� WKH� KXPDQ� VTXDPRXV� FHOO� FDUFLQRPD� FHOO� OLQH� �80�

6&&�����6LPRQ�HW�DO�������������WKH�VLJQDO�IURP�WKH�*T�

���FRXSOHG�P��PXVFDULQLF�DFHW\FKROLQH�UHFHSWRU�LQ�+(.�

���� FHOOV� �1DJDR� HW� DO��� ������� ��� 7� FHOO� DFWLYDWLRQ� LQ

DGGLWLRQ�WR�WKH�PDLQWHQDQFH�RI�7�FHOO�DQHUJ\��'H6LOYD�HW

DO�������������SKRUERO�HVWHU��DQG�I0/3�VWLPXODWHG�VXSHU�

R[LGH�DQLRQ�SURGXFWLRQ� LQ�KXPDQ�QHXWURSKLOV��=X�HW�DO��

�������7KHVH�UHVXOWV��LQFOXGLQJ�RXU�ILQGLQJV�ZLWK�960&V

VXJJHVW�WKDW�WKH�3.&�S���0$3.�SDWKZD\�LV�LQYROYHG�LQ

WKH� UHJXODWLRQ�RI�D�YDULHW\�RI�FHOOXODU� IXQFWLRQV�

0DQ\� LQYHVWLJDWRUV� UHSRUW� WKDW�3.&�GLUHFWO\�DFWLYDWHV

3/'��&RQVLVWHQW�ZLWK�WKLV�QRWLRQ��3.&�α�LV�FRQVWLWXWLYHO\
DVVRFLDWHG�ZLWK�3/'�LQGHSHQGHQW�RI�SHUYDQDGDWH�VWLPX�

ODWLRQ��0LQ�HW�DO����������VXJJHVWLQJ�WKDW�SURWHLQ�SURWHLQ

LQWHUDFWLRQ� PLJKW� EH� LPSRUWDQW� IRU� WKH� 3.&�PHGLDWHG

3/'� DFWLYDWLRQ�� ,W� KDV� DOVR� EHHQ� VKRZQ� WKDW� 3/'� LV

SKRVSKRU\ODWHG�RQ� WKH�PXOWLSOH�VHULQH�WKUHRQLQH�UHVLGXHV

E\�3.&� �.LP�HW�DO��� ������� VXJJHVWLQJ� WKDW�3.&�FRXOG

GLUHFWO\�UHJXODWH�3/'�E\�SKRVSKRU\ODWLRQ��2XU�GDWD�FOHDUO\

GHPRQVWUDWH� WKDW� ERWK� 3.&� DQG� S��� 0$3.� IXQFWLRQ

XSVWUHDP�RI�3/'��DQG� WKDW�3.&� IXQFWLRQV�XSVWUHDP�RI

S��� 0$3.�� 7KXV�� LW� LV� WHPSWLQJ� WR� VSHFXODWH� WKDW� LQ

DGGLWLRQ� WR� WKH� GLUHFW� UHJXODWRU\� UROH� RI� 3.&� RQ� 3/'

DFWLYLW\�� WKHUH� LV� DOVR� DQ� LQGLUHFW� PHFKDQLVP� IRU� 3/'

UHJXODWLRQ�� QDPHO\� YLD� DFWLYDWLRQ� RI� S���0$3.� �)LJXUH

����,I�3.&�DQG�S���0$3.�PLJKW�UHJXODWH�3/'�LQ�D�OLQHDU

DUUD\� RI� 3.&�S���0$3.�3/'� �L�H�� 3.&� LV� D� VXIILFLHQW

XSVWUHDP� UHJXODWRU� RI� S��� 0$3.��� LQKLELWRU\� HIIHFW� E\

FRPELQDWLRQ� RI� FDOSKRVWLQ�&� DQG�6%������� VKRXOG� EH

HTXDO� WR� WKDW�E\�HLWKHU� LQKLELWRU�DORQH��7KH�FRPELQDWLRQ

WUHDWPHQW� UHVXOWHG� LQ� D� JUHDWHU� LQKLELWLRQ� RI� 3/'� WKDQ

HLWKHU�LQKLELWRU�DORQH��DOWKRXJK�OHVV�WKDQ�WKH�VXP�RI�ERWK

VHSDUDWH� HIIHFWV� �)LJXUH� �'��� 7KHVH� UHVXOWV� DUH� PRUH

FRQVLVWHQW� ZLWK� D�PRGHO�� LQ� ZKLFK� 3.&� FRXOG� UHJXODWH

3/'�ERWK�GLUHFWO\�DQG� LQGLUHFWO\� �)LJXUH�����7KLV�PRGHO

DOVR�LQFOXGHV�WKH�PXOWLSOH�SDWKZD\V�IRU�3/'�UHJXODWLRQ�

IRU� LQVWDQFH�� 30$� UHJXODWHV� 3/'� LQ� ERWK� S��� 0$3.�

LQGHSHQGHQW�DQG��GHSHQGHQW�SDWKZD\V��PDQQLWRO�LQGXFHG

RVPRWLF�VWUHVV�VHHPV�WR�HPSOR\�S���0$3.�DV�D�PDMRU

URXWH�IRU�3/'�DFWLYDWLRQ��VLQFH�3.&�LQKLELWLRQ�E\�FDOSKR�

VWLQ�&� RQO\�PLQLPDOO\� DWWHQXDWHG�PDQQLWRO�LQGXFHG� S��

0$3.�SKRVSKRU\ODWLRQ� �GDWD�QRW� VKRZQ���3HUYDQDGDWH

HTXDOO\� XWLOL]HV� ERWK� 3.&�� DQG� S��� 0$3.�GHSHQGHQW

SDWKZD\V�� ZKLFK� LV� VXSSRUWHG� E\� WKH� REVHUYDWLRQ� WKDW

SHUYDQDGDWH�LQGXFHG�3/'�DFWLYDWLRQ�ZDV� LQKLELWHG� LQ�D

VLPLODU�OHYHO�E\�HLWKHU�LQKLELWRU��FDOSKRVWLQ�&�RU�6%������

�)LJXUH� �'��� 5HFHQWO\�� LW� KDV� EHHQ� VKRZQ� WKDW� DPRQJ

WKH� 3.&� LVRIRUPV�� RQO\� 3.&�α� DQG� 3.&�ε� DUH� UDSLGO\
WUDQVORFDWHG� LQWR� WKH� QXFOHXV� XSRQ� +�2�� ����� P0�

WUHDWPHQW��DQG�WKHUHIRUH�DFWLYDWLRQ�RI�WKHVH�WZR�LVRIRUPV

PD\�EH� LQYROYHG� LQ�+�2��LQGXFHG�DSRSWRVLV�RI�960&V

)LJXUH����$�PRGHO�IRU�WKH�VLJQDOLQJ�SDWKZD\V�RI�3/'�DFWLYDWLRQ�LQ�960&V�
3HUYDQDGDWH� HQWHUV� FHOOV� E\� GLIIXVLRQ� DQG� WULJJHUV� WKH� UHDFWLRQV�� ZKLFK
XOWLPDWHO\� OHDGV�WR�3/'�DFWLYDWLRQ�� ,W� LV� OLNHO\� WKDW� WKH�SHUYDQDGDWH�VWLPXOXV
LV� GHOLYHUHG� WKURXJK� 3.&�� ZKLFK� VXEVHTXHQWO\� DFWLYDWHV� 3/'�� ,W� KDV� QRW
EHHQ� FOHDU�� KRZHYHU�� ZKHWKHU� S���0$3.� LV� LQYROYHG� LQ� WKLV� SURFHVV��2XU
GDWD�VXJJHVW� WKDW�3.&�FRXOG� UHJXODWH�3/'�E\�ERWK�S���0$3.�GHSHQGHQW
�LQGLUHFW�� DQG� �LQGHSHQGHQW� �GLUHFW�� PHFKDQLVPV�� ,Q� WKLV� PRGHO� ZH� DOVR
VXJJHVW� WKH� UROH� RI� S��� 0$3.� IRU� D� SRWHQWLDO� URXWH� RI� 3/'� DFWLYDWLRQ� LQ
GHOLYHULQJ�WKH�VLJQDOV�IURP�WKH�H[WUDFHOOXODU�VWLPXOL�VXFK�DV�PDQQLWRO�LQGXFHG
RVPRWLF�VWUHVV��



,QYROYHPHQW�RI�S���0$3.�LQ�3/'�UHJXODWLRQ ��

�/L� HW� DO��� ������� DOWKRXJK� LW� UHPDLQV� WR� EH� GHWHUPLQHG

ZKHWKHU� WKHVH� VDPH� WZR� 3.&� LVRIRUPV� DUH� WKH�PDMRU

PHGLDWRUV�RI� QHFURVLV� LQ�960&V� IROORZLQJ�H[SRVXUH� WR

SHUYDQDGDWH��

,Q� FRQFOXVLRQ�� WKH� SUHVHQW� VWXG\� SURYLGHV� HYLGHQFH

WKDW� VWUHVV�LQGXFHG� 3/'� DFWLYDWLRQ� LV� PHGLDWHG� LQ� SDUW

WKURXJK�3.&�S���0$3.��)XUWKHU�VWXGLHV� LQFOXGLQJ�HOXFL�

GDWLRQ�RI�WKH�PROHFXODU�PHFKDQLVP�ZKHUHE\�S���0$3.

UHJXODWHV� 3/'� DQG� LGHQWLILFDWLRQ� RI� WKH� VSHFLILF� 3.&

LVRIRUP�V�� LQYROYHG� LQ� S���0$3.� DFWLYDWLRQ� LQ� 960&V

ZLOO� SURYLGH� JUHDWHU� LQVLJKW� LQWR� WKH� XQGHUVWDQGLQJ� RI

VWUHVV�LQGXFHG�3/'�DFWLYDWLRQ�

$FNQRZOHGJHPHQW
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