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.��/HNVKPL�%KDL��DQG��0HWLOGD�-RVHSK�
'HSDUWPHQW�RI�$QLPDO�5HSURGXFWLRQ��
*\QDHFRORJ\�DQG�2EVWHWULFV��
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��
0DQQXWK\����������7KULVVXU��.HUDOD

5HFHLYHG�����������
$FFHSWHG�����������

���$VVW��3URIHVVRU��79&&��&9$6��3RRNRGH
���$VVRFLDWH�3URIHVVRU

$EVWUDFW�
7KH� REMHFWLYH� RI� WKH� VWXG\� ZDV� WR�

FRPSDUH� WKH� HIIHFW� RI� HJJ� \RON� EDVHG� DQG�
VR\DEHDQ� OHFLWKLQ� EDVHG� H[WHQGHUV� RQ� WKH�
PRWLOLW\� DQG� IXQFWLRQDO� PHPEUDQH� LQWHJULW\�
RI� 0DODEDUL� EXFN� VHPHQ� DIWHU� SRVW�WKDZ�
LQFXEDWLRQ��7ZHOYH�HMDFXODWHV�ZLWK�PRUH� WKDQ�
���SHUFHQW�LQLWLDO�PRWLOLW\�ZHUH�HTXDOO\�VSOLW�LQWR�
WZR�JURXSV��*URXS� ,�DQG� ,,�ZHUH�H[WHQGHG�DW�
WKH� UDWH� RI� ����PLOOLRQ� VSHUPDWR]RD��PO�ZLWK�
VR\DEHDQ�OHFLWKLQ�EDVHG�H[WHQGHU��$QGURPHG��
DQG�HJJ�\RON�EDVHG�H[WHQGHU��UHVSHFWLYHO\��$W�
WKH�WLPH�RI�SRVW�WKDZ�HYDOXDWLRQ��]HUR�KRXU��DQG�
DW����PLQ�RI�LQFXEDWLRQ�DW���R�&��VSHUPDWR]RD�
�S������� WKDQ� JURXS� ,,��ZKHUHDV� SURJUHVVLYH�
PRWLOLW\�RI�VSHUPDWR]RD�LQ�JURXS�,�DQG�,,�GLG�QRW�

RI�IXQFWLRQDO�PHPEUDQH�LQWHJULW\�IRU�JURXS�,�DW�
�S���������ZDV�REVHUYHG�EHWZHHQ�WKH�JURXSV�
GXULQJ� RWKHU� VWDJHV� RI� LQFXEDWLRQ��4XDOLW\� RI�
IUR]HQ��WKDZHG�EXFN�VHPHQ�LQ�WHUPV�RI�PRWLOLW\�
DQG� IXQFWLRQDO�PHPEUDQH� LQWHJULW\� DIWHU� RQH�
LQ�VR\DEHDQ� OHFLWKLQ�EDVHG�H[WHQGHU�DQG�HJJ�
\RON�EDVHG����SHU�FHQW��H[WHQGHU�
.H\�ZRUGV� 0DODEDUL�EXFN�VHPHQ��IUHH]LQJ��
HJJ� \RON� EDVHG�� VR\DEHDQ� OHFLWKLQ� EDVHG��
H[WHQGHU��IXQFWLRQDO�PHPEUDQH�LQWHJULW\

&U\RSUHVHUYDWLRQ� FDXVHV� JUHDWHU�
GDPDJHV� WR� VSHUPDWR]RD� UHVXOW LQJ� LQ�
ORZHU� IHUWLOL]LQJ� DELOLW\� FRPSDUHG� WR� IUHVK�
DQG� UHIULJHUDWHG� VHPHQ�� &RPSRVLWLRQ� RI�
VHPHQ�H[WHQGHUV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�
DVSHFWV�DIIHFWLQJ�WKH�GHJUHH�RI�VSHUPDWR]RDQ�
FU\RGDPDJH��(YHQWKRXJK�HJJ� \RON� LV� SURYHG�
VSHFLHV�� JRDW� VHPHQ�QHHGV� VSHFLDO� DWWHQWLRQ�
GXULQJ� LWV� FU\RSUHVHUYDWLRQ� DV� WKH� VHPLQDO�
SODVPD�RI� WKLV� VSHFLHV� FRQWDLQV� DQ� HJJ� \RON�
FRDJXODWLQJ� HQ]\PH� �(<&(�� RI� EXOERXUHWKUDO�
JODQG�RULJLQ�ZKLFK�K\GURO\VHV�HJJ�\RON�OHFLWKLQ�
LQWR� IDWW\� DFLGV� DQG� O\VROHFLWKLQ� UHVXOWLQJ� LQ�
GHWULPHQWDO� HIIHFWV� WR� WKH� VSHUPDWR]RD��7KLV�
GHPDQGV�UHPRYDO�RI�VHPLQDO�SODVPD�LQ�JRDWV��
ZKLFK�LV�WLPH�FRQVXPLQJ�DQG�PD\�DIIHFW�VSHUP�
YLDELOLW\� DQG� FDXVH� VSHUP� ORVV� �*UDFLWXD�DQG�
$UDY��������

7KH�ZLGH�YDULDELOLW\�RI�FRQVWLWXHQWV�DQG�
KLJK�FKDQFH�RI�PLFURELDO�FRQWDPLQDWLRQ�RI�HJJ�
\RON�DOVR�VXSSRUW�WKH�QHHG�RI�UHSODFLQJ�HJJ�\RON�
ZLWK�D�VXLWDEOH�DJHQW��7KH�SODQW�GHULYHG�OHFLWKLQ�
IURP�VR\EHDQ�RIIHUV�SURPLVH� IRU�EXFN�VHPHQ�
FU\RSUHVHUYDWLRQ�LQ�WKLV�UHJDUG��

$V�WKH�PDLQWHQDQFH�RI�VSHUP�SURJUHVVLYH�
PRWLOLW\�GXULQJ�LQFXEDWLRQ�KDV�D�GLUHFW�FRUUHODWLRQ�
ZLWK� WKH� VXUYLYDELOLW\� RI� WKH� VSHUPDWR]RD� LQ�
WKH� IHPDOH� UHSURGXFWLYH� WUDFW�� WKH� VWXG\�ZDV�
XQGHUWDNHQ� WR� DVVHVV� WKH� HIIHFW� RI� HJJ� \RON�
EDVHG�DQG� VR\EHDQ� OHFLWKLQ� EDVHG�H[WHQGHUV�
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RQ� WKH� SURJUHVVLYH�PRWLOLW\� DQG� IXQFWLRQDO�
PHPEUDQH�LQWHJULW\�RI�IUR]HQ�EXFN�VSHUPDWR]RD�
DIWHU�SRVW�WKDZ�LQFXEDWLRQ��
0DWHULDOV�DQG�PHWKRGV

7KH� VWXG\�ZDV� FRQGXFWHG�ZLWK� WZHOYH�
HMDFXODWHV�FROOHFWHG�IURP�DGXOW��KHDOWK\�0DODEDUL�
FHQWUH�� 'HSW�� RI� $QLPDO� 5HSURGXFWLRQ��
*\QDHFRORJ\� DQG� 2EVWHWULFV�� &ROOHJH� RI�
9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV��0DQQXWK\��
7KULVVXU��

(MDFXODWHV�ZLWK�PRUH� WKDQ� ��� SHUFHQW�
LQLWLDO�PRWLOLW\� ZHUH� GLYLGHG� LQWR� WZR� JURXSV�
6R\EHDQ� OHFLWKLQ� EDVHG� H[WHQGHU��$QGURPHG�
�0LQLWXE�� *HUPDQ\�� SUHSDUHG� DV� SHU� WKH�
GLUHFWLRQV� RI� WKH�PDQXIDFWXUHU�ZDV� XVHG� WR�
H[WHQG�JURXS�,�DW�WKH�UDWH�RI�����PLOOLRQ�VSHUPV�
PO��*URXS� ,,�ZDV�H[WHQGHG�ZLWK�7ULV�HJJ�\RON�
EDVHG�H[WHQGHU�DW�WKH�VDPH�GLOXWLRQ�UDWH��7KH�
FRPSRVLWLRQ�RI�WKH�7ULV�HJJ�\RON�EDVHG�H[WHQGHU�
LV�VKRZQ�EHORZ�
7ULV�K\GUR[\�PHWK\O�DPLQR�PHWKDQH �������J
&LWULF�DFLG��������J
)UXFWRVH�������J
(JJ�\RON ����PO
*O\FHURO ���PO
6WUHSWRP\FLQ�������PJ
%HQ]\O�SHQLFLOOLQ����ODNK�,8
7ULSSOH�GLVWLOOHG�ZDWHU���8S�WR�����PO

�7KH�H[WHQGHG�VHPHQ�RI�HDFK�JURXS�ZDV�
PDQXDOO\��$Q�DLU�VSDFH�RI���FP�ZDV�FUHDWHG�DW�
WKH�RSHQ�HQG��7KH�ODERUDWRU\�VHDO�ZDV�SUHSDUHG�
E\�VHDOLQJ�WKH�RSHQ�HQG�ZLWK�SRO\YLQ\O�DOFRKRO�
SRZGHU��7KH�VWUDZV�ZHUH�DOORZHG�WR�HTXLOLEUDWH�
DW� ��&� IRU� WZR� KRXUV��&RQYHQWLRQDO�PRGH� RI�
IUHH]LQJ�ZDV�DGRSWHG�LQ�ZKLFK�WKH�VWUDZV�LQ�WKH�
UDFN�ZHUH�H[SRVHG�WR�OLTXLG�QLWURJHQ�YDSRXU�IRU�
���PLQXWHV�DW�IRXU�FHQWLPHWHU�DERYH�WKH�OLTXLG�
QLWURJHQ� OHYHO� DQG� WKHQ� SOXQJHG� LQWR� OLTXLG�
QLWURJHQ�

3RVW�WKDZ� HYDOXDWLRQ�ZDV� GRQH� DIWHU�
��� KRXUV� RI� IUHH]LQJ�� 7KH� FRQWHQWV� RI� IRXU�
WKDZHG�VHPHQ�VWUDZV�IURP�HDFK�JURXS��WDNHQ�
LQ�(SSHQGRUI¶V�WXEHV�ZHUH�LQFXEDWHG�DW����&�IRU�
D�SHULRG�RI�RQH�KRXU�DIWHU�WKDZLQJ��3HUFHQW�RI�
SURJUHVVLYH�PRWLOLW\�DQG�IXQFWLRQDO�PHPEUDQH�
LQWHJULW\� ZHUH� DVVHVVHG� DW� ]HUR� KRXU�� WKLUW\�
PLQXWHV� DQG� RQH� KRXU�� 3URJUHVVLYH� VSHUP�

PRWLOLW\�ZDV�DVVHVVHG�DW����î�REMHFWLYH�RI�WKH�
OLJKW�PLFURVFRSH�

+\SRRVPRWLF� VSHUP� VZHOOLQJ� WHVW�
�+267��ZDV�FDUULHG�RXW�WR�DVVHVV�WKH�IXQFWLRQDO�
PHPEUDQH� LQWHJULW\� RI� VSHUPDWR]RD� DV� SHU�
WKH�PHWKRG� XVHG� IRU� KXPDQ� VSHUPDWR]RD�
�-H\HQGUDQ� HW� DO��� ������� 7KH� RVPRODULW\�
RI� K\SR� RVPRWLF� VROXWLRQ� ����� J� 7ULVRGLXP�
FLWUDWH� GLK\GUDWH� DQG� ���� J� IUXFWRVH� �/��ZDV�
���P2VP�/��&RQWURO�VROXWLRQ�������J�7ULVRGLXP�
FLWUDWH� GLK\GUDWH� DQG������ J� IUXFWRVH� �/��ZDV�
SUHSDUHG�ZLWK�WKH�RVPRODOLW\�RI�����P2VP�/�

7HVW�VROXWLRQ������PO��ZDV�PL[HG�ZLWK�����
PO�VHPHQ�DQG�LQFXEDWHG�DW����&�IRU����PLQXWHV��
6LPLODUO\������PO�VHPHQ�ZDV�PL[HG�ZLWK�����PO�
FRQWURO�VROXWLRQ�DQG� LQFXEDWHG�DW����&� IRU����
PLQXWHV��6PHDUV�ZHUH�SUHSDUHG�IURP�ERWK�WKH�
VXVSHQVLRQV�DIWHU�PL[LQJ�RQH�GURS�RI� GLOXWHG�
VDPSOH�ZLWK�RQH�GURS�RI����HRVLQ��$�PLQLPXP�
RI� ���� VSHUPDWR]RD�ZHUH� FRXQWHG� IURP�ERWK�
WHVW�DQG�FRQWURO�VPHDUV�DW�����î�REMHFWLYH�RI�
OLJKW�PLFURVFRSH��7KH�VSHUPDWR]RD�ZLWK�YDU\LQJ�
GHJUHH� RI� FRLOHG� WDLOV� ZHUH� FRQVLGHUHG� DV�
SRVLWLYH��3HUFHQW�RI�VSHUPDWR]RD�ZLWK�FRLOHG�WDLO�
LQ�FRQWURO�VROXWLRQ�ZDV�VXEWUDFWHG�IURP�SHUFHQW�
RI�WHVW�SRVLWLYH�VSHUPDWR]RD�LQ�RUGHU�WR�JHW�WKH�
DFWXDO�SHUFHQW�RI�VSHUPDWR]RD�UHDFWHG� WR� WKH�
+267�VROXWLRQ��

7KH� GDWD� ZHUH� VWDWLVWLFDOO\� DQDO\VHG�
�6QHGHFRU� DQG�&RFKUDQ�� ������ XVLQJ�6366�
�6WDWLVWLFDO�SDFNDJH�IRU�VRFLDO�VWXGLHV��VRIWZDUH��
3HUFHQW�GDWD�ZHUH� WUDQVIRUPHG�XVLQJ�$UFVLQH�
SULRU� WR� DQDO\VLV�� 7UHDWPHQW� PHDQV� ZHUH�
FRPSDUHG�XVLQJ� RQH�ZD\�$129$��:KHUHYHU�
WKH� WUHDWPHQWV� ZHUH� IRXQG� WR� EH� GLIIHUHQW��
'XQFDQ¶V�PXOWLSOH�UDQJH�WHVW��'057��ZDV�XVHG�
IRU�FRPSDULQJ�WKH�WUHDWPHQW�PHDQV�
5HVXOWV�DQG�GLVFXVVLRQ�
3URJUHVVLYH�PRWLOLW\

7KH�PHDQ�SHUFHQW�RI�SRVW�WKDZ�VSHUP�
SURJUHVVLYH�PRWLOLW\�DW�]HUR�KRXU��WKLUW\�PLQXWHV�
DQG�RQH�KRXU�RI�LQFXEDWLRQ�DW����&�ZHUH���������
��������������������DQG��������������LQ�JURXS�
,�DQG������������������������������DQG�������

$W�]HUR�KRXU�DQG����PLQ�RI�LQFXEDWLRQ��
KLJKHU��S���������SHUFHQW�RI�PRWLOLW\�WKDQ�JURXS�
,,��ZKHUHDV�SURJUHVVLYH�PRWLOLW\�RI�VSHUPDWR]RD�
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KRXU�RI�LQFXEDWLRQ�
)XQFWLRQDO�PHPEUDQH�LQWHJULW\��

3HUFHQW�RI�+26�SRVLWLYH�VSHUPV�DW�]HUR�
KRXU�� WKLUW\�PLQXWHV�DQG�RQH�KRXU�ZHUH�������
�����������������������DQG��������������� LQ�
JURXS�,�DQG������������������������������DQG�
��������������LQ�JURXS�,,��UHVSHFWLYHO\��7KH�PHDQ�
SHUFHQW�YDOXHV�RI�+26�SRVLWLYH�VSHUPDWR]RD�DW�
GLIIHUHQW�WLPH�LQWHUYDOV�RI�LQFXEDWLRQ�KDYH�EHHQ�
SUHVHQWHG�LQ�7DEOH����)LJ���

6WDJH�RI�LQFXEDWLRQ *URXS�,��H[WHQGHG�ZLWK�
$QGURPHG�

*URXS�,,��H[WHQGHG�ZLWK�
HJJ�\RON�EDVHG�H[WHQGHU�

�K� �������������D �������������E
���PLQ� ������������D �������������E
�K� ������������D �������������D

7DEOH����(IIHFW�RI�WKH�H[WHQGHUV�RQ�SURJUHVVLYH�PRWLOLW\��SHU�FHQW��0HDQ���6(0��RI�IUR]HQ�
0DODEDUL�EXFN�VSHUPDWR]RD�DIWHU�SRVW�WKDZ�LQFXEDWLRQ��Q ���

)LJ����(IIHFW�RI� WKH�H[WHQGHUV�RQ�SURJUHVVLYH�
PRWLOLW\� �SHU� FHQW�� 0HDQ� �� 6(0�� RI� IUR]HQ�
0DODEDUL� EXFN� VSHUPDWR]RD� DIWHU� SRVW� WKDZ�
LQFXEDWLRQ��Q ���

OHFLWKLQ� WR� O\VROHFLWKLQ� � �,ULWDQL� DQG�
1LVKLNDZD�� ������ DQG� PDGH� WKH� VSHUP�
PHPEUDQH�PRUH�IXVRJHQLF��8SUHWL�HW�DO����������
3HUKDSV��WKH�VR\EHDQ�GHULYHG�OHFLWKLQV�PLJKW�EH�
UHVLVWDQW�WR�WKH�DFWLRQV�RI�(<&(��

LQ� WKH� TXDOLW\� RI� VHPHQ� LQ� ODWHU� VWDJHV� RI�
LQFXEDWLRQ�WHVW�LQGLFDWHV�WKDW�OHFLWKLQ�LQ�HJJ�\RON�
DOVR�SURWHFWV�VSHUP�PHPEUDQH�SKRVSKROLSLGV�
DQG� LQFUHDVHV� WROHUDQFH� RI� VSHUPDWR]RD� WR�
WKH�IUHH]LQJ�DQG�WKDZLQJ�SURFHVV�DV�UHSRUWHG�
E\�0RXVVD� HW� DO�� �������� (<&(�PHGLDWHG�
SUHVHQW�VWXG\�ZKLFK�PLJKW�EH�GXH�WR�WKH�ORZHU�

+RZHYHU�� IXUWKHU� VWXGLHV� DUH� UHTXLUHG�
WR� LQYHVWLJDWH�ERWK� LQ�YLWUR�DQG� LQ�YLYR� IHUWLOLW\�
EDVHG� H[WHQGHU� IRU� FU\RSUHVHUYDWLRQ� RI� EXFN�
VHPHQ��,W�LV�DOVR�VXJJHVWHG�WR�GHYHORS�D�FRVW�
HIIHFWLYH�PHWKRG�IRU�SUHSDULQJ�VR\EHDQ�OHFLWKLQ�
EDVHG�H[WHQGHU�IRU�LWV�DFFHSWDELOLW\�DQG�SUDFWLFDO�

$FNQRZOHGJPHQW
$FNQRZOHGJH� WKH� ILQDQFLDO� VXSSRUW�

IURP�.HUDOD�9HWHULQDU\� DQG�$QLPDO�6FLHQFHV�
8QLYHUVLW\�
5HIHUHQFHV
'RUDGR�� -���5RGULJXH]�� ,���+LGDOJR��0�� ������

&U\RSUHVHUYDWLRQ�RI�JRDW�VSHUPDWR]RD��
&RPSDULVRQ�RI� WZR� IUHH]LQJ�H[WHQGHUV�
EDVHG�RQ�SRVW�WKDZ�VSHUP�TXDOLW\�DQG�
7KHULRJHQRORJ\� �������±�����

)LVHU��3�6���+DQVHQ��&���8QGHUKLOO��+���0DUFXV��
*�-�� ������1HZ� WKHUPDO� VWUHVV� WHVW� WR�
DVVHVV� WKH� YLDELOLW\� RI� FU\RSUHVHUYDHG�
ERDU�VSHUP��&U\RELRORJ\� ������������

*DFLWXD�� +�� DQG�$UDY��$�� ������ 6XFFHVVIXO�

)LJ����(IIHFW�RI�WKH�H[WHQGHUV�RQ�+26�UHVSRQVH�
�SHU�FHQW��0HDQ���6(0��RI�IUR]HQ�0DODEDUL�EXFN�
VSHUPDWR]RD�DIWHU�SRVW�WKDZ�LQFXEDWLRQ��Q ���
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SUHJQDQFLHV�ZLWK� GLUHFWLRQDO� IUHH]LQJ�
R I � O D UJH � YR OXPH � EXFN � VHPHQ ��
7KHULRJHQRORJ\ ������������

,ULWDQL��$��DQG�1LVKLNDZD��������6WXGLHV�RQ�WKH�
HJJ�FRDJXODWLQJ�HQ]\PH�LQ�JRDW�VHPHQ��
,9��2Q�WKH�SRVLWLRQ�RI�\RON�FRQVLWLWXHQWV�
DWWDFNHG� E\� WKH� FRDJXODWLQJ� HQ]\PH��
-SQ��-��$QLP��5HSURG���������±�����

-H\HQGUDQ��5���9DQGHU�9HQ��+���3HUH]�3HODH]��
0���&UDER��%��*��DQG�=DQHYHOG��/��-��'��
������'HYHORSPHQW�RI�DQ�DVVD\�WR�DVVHVV�
WKH� IXQFWLRQDO� LQWHJULW\� RI� WKH� KXPDQ�
VSHUP�PHPEUDQH�DQG�LWV�UHODWLRQVKLSV�WR�
RWKHU�VHPHQ�FKDUDFWHULVWLFV��-��5HSURG�
)HUWLO� ��������±�����

0RXVVD��0���0DUWLQHW��9���7ULPHFKH��$���7DLQWXULHU��
'�� DQG�$QWRQ��0�� ������ /RZ� GHQVLW\�

6WDJH�RI�LQFXEDWLRQ *URXS�,��H[WHQGHG�ZLWK�
$QGURPHG�

*URXS�,,��H[WHQGHG�ZLWK�HJJ�
\RON�EDVHG�H[WHQGHU�

�K� �������������D �������������E
���PLQ� �������������D �������������D
�K� �������������D �������������D

7DEOH����(IIHFW�RI�WKH�H[WHQGHUV�RQ�+26�UHVSRQVH��SHU�FHQW��0HDQ���6(0��RI�IUR]HQ�
0DODEDUL�EXFN�VSHUPDWR]RD�DIWHU�SRVW�WKDZ�LQFXEDWLRQ��Q ���

OLSRSURWHLQV� H[WUDFWHG� IURP� KHQ� HJJ�
\RON�E\�DQ�HDV\�PHWKRG��FU\RSURWHFWLYH�
HIIHFW� RQ� IUR]HQ�WKDZHG� EXOO� VHPHQ��
7KHULRJHQRORJ\ ��������±�����

5R\��$��������(JJ�\RON�FRDJXODWLQJ�HQ]\PH�LQ�
WKH�VHPHQ�DQG�&RZSHU¶V�JODQG�RI� WKH�
JRDW��1DWXUH ��������±����

6QHGHFRU�� *�+�� DQG� &RFKUDQ��:�*�� ������
6WDWLVWLFDO�PHWKRGV�� �WK� HG�� ,RZD�6WDWH�
8QLYHUVLW\�3UHVV��8�6�$������S�

�8SUHWL��*��&���+DOO��(��/���.RSSHQV��'���2OLYHU��
-��(��DQG�9LVKZDQDWK��5��������6WXGLHV�
RQ�WKH�PHDVXUHPHQW�RI�SKRVSKROLSDVH�
$���3/$���DQG�3/$��LQKLELWRU�DFWLYLWLHV�
LQ� UDP� VHPHQ��$QLP��5HSURG��6FL�����
���±����


