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3RVRORJ\

7KH�UHFRPPHQGHG�GRVH�LV�RQH�GURS�LQ�WKH�DIIHFWHG�H\H�V��RQFH�GDLO\��DGPLQLVWHUHG�LQ�WKH�HYHQLQJ��7KH�
GRVH�VKRXOG�QRW�H[FHHG�RQFH�GDLO\�DV�PRUH�IUHTXHQW�DGPLQLVWUDWLRQ�PD\�OHVVHQ�WKH�LQWUDRFXODU�SUHVVXUH�
ORZHULQJ�HIIHFW�

)RU�VLQJOH�XVH�RQO\��RQH�FRQWDLQHU�LV�VXIILFLHQW�WR�WUHDW�ERWK�H\HV��$Q\�XQXVHG�VROXWLRQ�VKRXOG�EH�GLVFDUGHG�
LPPHGLDWHO\�DIWHU�XVH�

3DHGLDWULF�SRSXODWLRQ�

7KH�VDIHW\�DQG�HIILFDF\�RI�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ LQ�FKLOGUHQ�DJHG���WR����\HDUV�KDV�QRW�\HW�
EHHQ�HVWDEOLVKHG�

3DWLHQWV�ZLWK�KHSDWLF�DQG�UHQDO�LPSDLUPHQW�

%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ KDV�QRW�EHHQ�VWXGLHG�LQ�SDWLHQWV�ZLWK�UHQDO�RU�PRGHUDWH�WR�VHYHUH�KHSDWLF�
LPSDLUPHQW�DQG�VKRXOG�WKHUHIRUH�EH�XVHG�ZLWK FDXWLRQ�LQ�VXFK�SDWLHQWV��,Q�SDWLHQWV�ZLWK�D�KLVWRU\�RI�PLOG�
OLYHU�GLVHDVH�RU�DEQRUPDO�DODQLQH�DPLQRWUDQVIHUDVH��$/7���DVSDUWDWH�DPLQRWUDQVIHUDVH��$67��DQG�RU�
ELOLUXELQ�DW�EDVHOLQH��ELPDWRSURVW�����PJ�P/�H\H�GURSV��PXOWL�GRVH�IRUPXODWLRQ���VROXWLRQ�KDG�QR DGYHUVH�
HIIHFW�RQ�OLYHU�IXQFWLRQ�RYHU����PRQWKV�

0HWKRG�RI�DGPLQLVWUDWLRQ

,I�PRUH�WKDQ�RQH�WRSLFDO�RSKWKDOPLF�PHGLFLQDO�SURGXFW�LV�EHLQJ�XVHG��HDFK�RQH�VKRXOG�EH�DGPLQLVWHUHG�DW�
OHDVW���PLQXWHV�DSDUW�
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��� 6SHFLDO�ZDUQLQJV�DQG�SUHFDXWLRQV�IRU�XVH

:DUQLQJV�DQG�3UHFDXWLRQV

2FXODU

%HIRUH�WUHDWPHQW�LV�LQLWLDWHG��SDWLHQWV�VKRXOG�EH�LQIRUPHG�RI�WKH�SRVVLELOLW\�RI�H\HODVK�JURZWK��GDUNHQLQJ�
RI�WKH�H\HOLG�VNLQ�DQG�LQFUHDVHG�LULV�SLJPHQWDWLRQ��VLQFH�WKHVH�KDYH�EHHQ�REVHUYHG�GXULQJ�WUHDWPHQW�ZLWK�
%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ��6RPH�RI�WKHVH�FKDQJHV�PD\�EH�SHUPDQHQW��DQG�PD\�OHDG�WR�GLIIHUHQFHV�
LQ�DSSHDUDQFH�EHWZHHQ�WKH�H\HV�ZKHQ�RQO\�RQH�H\H�LV�WUHDWHG��,QFUHDVHG�LULV�SLJPHQWDWLRQ�LV�OLNHO\�WR�EH�
SHUPDQHQW��7KH�SLJPHQWDWLRQ�FKDQJH�LV�GXH�WR�LQFUHDVHG�PHODQLQ�FRQWHQW�LQ�WKH�PHODQRF\WHV�UDWKHU�WKDQ�WR�
DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�PHODQRF\WHV��7KH�ORQJ�WHUP�HIIHFWV�RI�LQFUHDVHG�LULV�SLJPHQWDWLRQ�DUH�QRW�
NQRZQ��,ULV�FRORXU�FKDQJHV�VHHQ�ZLWK�RSKWKDOPLF�DGPLQLVWUDWLRQ�RI�ELPDWRSURVW�PD\�QRW�EH�QRWLFHDEOH�IRU�
VHYHUDO�PRQWKV�WR�\HDUV��7\SLFDOO\��WKH�EURZQ�SLJPHQWDWLRQ�DURXQG�WKH�SXSLO�VSUHDGV�FRQFHQWULFDOO\�
WRZDUGV�WKH�SHULSKHU\�RI�WKH�LULV�DQG�WKH�HQWLUH�LULV�RU�SDUWV�EHFRPH�PRUH�EURZQLVK��1HLWKHU�QDHYL�QRU�
IUHFNOHV�RI�WKH�LULV�DSSHDU�WR�EH�DIIHFWHG�E\�WKH�WUHDWPHQW��$W���PRQWKV��WKH�LQFLGHQFH�RI�LULV�
K\SHUSLJPHQWDWLRQ�ZLWK�ELPDWRSURVW�����PJ�P/�VLQJOH�GRVH�ZDV�������$W����PRQWKV��WKH�LQFLGHQFH�RI�LULV�
SLJPHQWDWLRQ�ZLWK�ELPDWRSURVW�����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ��ZDV�������VHH�VHFWLRQ������DQG�GLG�
QRW�LQFUHDVH�IROORZLQJ���\HDUV�WUHDWPHQW��3HULRUELWDO�WLVVXH�SLJPHQWDWLRQ�KDV�EHHQ�UHSRUWHG�WR�EH�UHYHUVLEOH�
LQ�VRPH�SDWLHQWV�

&\VWRLG�PDFXODU�RHGHPD�KDV�EHHQ�XQFRPPRQO\�UHSRUWHG�����������WR���������IROORZLQJ�WUHDWPHQW�ZLWK�
ELPDWRSURVW�����PJ�P/�H\H�GURSV��PXOWL�GRVH�IRUPXODWLRQ���7KHUHIRUH��%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ
VKRXOG�EH�XVHG�ZLWK�FDXWLRQ�LQ�SDWLHQWV�ZLWK�NQRZQ�ULVN�IDFWRUV�IRU�PDFXODU�RHGHPD��H�J��DSKDNLF�SDWLHQWV��
SVHXGRSKDNLF�SDWLHQWV�ZLWK�D�WRUQ�SRVWHULRU�OHQV�FDSVXOH��

7KHUH�KDYH�EHHQ�UDUH�VSRQWDQHRXV�UHSRUWV�RI�UHDFWLYDWLRQ RI�SUHYLRXV�FRUQHDO�LQILOWUDWHV�RU�RFXODU�
LQIHFWLRQV�ZLWK�ELPDWRSURVW�����PJ�P/�H\H�GURSV��VROXWLRQ��PXOWL�GRVH�IRUPXODWLRQ���%LPDWRSURVW�
2SKWKDOPLF�6ROXWLRQ VKRXOG�EH�XVHG�ZLWK�FDXWLRQ�LQ�SDWLHQWV�ZLWK�D�SULRU�KLVWRU\�RI�VLJQLILFDQW�RFXODU�YLUDO�
LQIHFWLRQV��H�J��KHUSHV�VLPSOH[��RU�XYHLWLV�LULWLV�

%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ KDV�QRW�EHHQ�VWXGLHG�LQ�SDWLHQWV�ZLWK�LQIODPPDWRU\�RFXODU�FRQGLWLRQV��
QHRYDVFXODU��LQIODPPDWRU\��DQJOH�FORVXUH�JODXFRPD��FRQJHQLWDO�JODXFRPD�RU�QDUURZ�DQJOH�JODXFRPD�

6NLQ

7KHUH�LV D�SRWHQWLDO�IRU�KDLU�JURZWK�WR�RFFXU�LQ�DUHDV�ZKHUH�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ VROXWLRQ�
FRPHV�UHSHDWHGO\�LQ�FRQWDFW�ZLWK�WKH�VNLQ�VXUIDFH��7KXV��LW�LV�LPSRUWDQW�WR�DSSO\�%LPDWRSURVW�2SKWKDOPLF�
6ROXWLRQ DV�LQVWUXFWHG�DQG�DYRLG�LW�UXQQLQJ�RQWR�WKH�FKHHN�RU�RWKHU�VNLQ�DUHDV�

5HVSLUDWRU\

%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ KDV�QRW�EHHQ�VWXGLHG�LQ�SDWLHQWV�ZLWK�FRPSURPLVHG�UHVSLUDWRU\�IXQFWLRQ��
:KLOH�WKHUH�LV�OLPLWHG�LQIRUPDWLRQ�DYDLODEOH�RQ�SDWLHQWV�ZLWK�D�KLVWRU\�RI�DVWKPD�RU�&23'��WKHUH�KDYH�
EHHQ�UHSRUWV�RI H[DFHUEDWLRQ�RI�DVWKPD��G\VSQRHD�DQG�&23'��DV�ZHOO�DV�UHSRUWV�RI�DVWKPD��LQ�SRVW�
PDUNHWLQJ�H[SHULHQFH��7KH�IUHTXHQF\�RI�WKHVH�V\PSWRPV�LV�QRW�NQRZQ��3DWLHQWV�ZLWK�&23'��DVWKPD�RU�
FRPSURPLVHG�UHVSLUDWRU\�IXQFWLRQ�GXH�WR�RWKHU�FRQGLWLRQV�VKRXOG�EH�WUHDWHG�ZLWK�FDXWLRQ�

&DUGLRYDVFXODU

%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ KDV�QRW�EHHQ�VWXGLHG�LQ�SDWLHQWV�ZLWK�KHDUW�EORFN�PRUH�VHYHUH�WKDQ�ILUVW�
GHJUHH�RU�XQFRQWUROOHG�FRQJHVWLYH�KHDUW�IDLOXUH��7KHUH�KDYH�EHHQ�D�OLPLWHG�QXPEHU�RI�VSRQWDQHRXV�UHSRUWV�
RI�EUDG\FDUGLD�RU�K\SRWHQVLRQ�ZLWK�ELPDWRSURVW�����PJ�P/�H\H�GURSV��VROXWLRQ��PXOWL�GRVH�IRUPXODWLRQ���
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2WKHU�,QIRUPDWLRQ

,Q�VWXGLHV�RI�ELPDWRSURVW�����PJ�PO�LQ�SDWLHQWV�ZLWK�JODXFRPD�RU�RFXODU�K\SHUWHQVLRQ��LW�KDV�EHHQ�VKRZQ�
WKDW�WKH�PRUH�IUHTXHQW�H[SRVXUH�RI�WKH�H\H�WR�PRUH�WKDQ�RQH�GRVH�RI�ELPDWRSURVW�GDLO\�PD\�GHFUHDVH�WKH�
,23�ORZHULQJ�HIIHFW��3DWLHQWV�XVLQJ�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ZLWK�RWKHU�SURVWDJODQGLQ�DQDORJXHV�
VKRXOG�EH�PRQLWRUHG�IRU�FKDQJHV�WR�WKHLU�LQWUDRFXODU�SUHVVXUH�

%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/�VLQJOH�GRVH�KDV�QRW�EHHQ�VWXGLHG�LQ�SDWLHQWV�ZHDULQJ�FRQWDFW�
OHQVHV�

&RQWDFW�OHQVHV�VKRXOG�EH�UHPRYHG�SULRU�WR�LQVWLOODWLRQ�DQG�PD\�EH�UHLQVHUWHG����PLQXWHV�IROORZLQJ�
DGPLQLVWUDWLRQ�
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'UXJ�,QWHUDFWLRQV

1R�LQWHUDFWLRQ�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�

1R�LQWHUDFWLRQV�DUH�DQWLFLSDWHG�LQ�KXPDQV��VLQFH�V\VWHPLF�FRQFHQWUDWLRQV�RI�ELPDWRSURVW�DUH�H[WUHPHO\�ORZ�
�OHVV�WKDQ�����QJ�P/��IROORZLQJ�RFXODU�GRVLQJ�ZLWK�ELPDWRSURVW�����PJ�P/�H\H�GURSV��VROXWLRQ��PXOWL�
GRVH�IRUPXODWLRQ���%LPDWRSURVW�LV�ELRWUDQVIRUPHG�E\�DQ\�RI�PXOWLSOH�HQ]\PHV�DQG�SDWKZD\V��DQG�QR�
HIIHFWV�RQ�KHSDWLF�GUXJ�PHWDEROLVLQJ�HQ]\PHV�ZHUH�REVHUYHG�LQ�SUHFOLQLFDO�VWXGLHV�

,Q�FOLQLFDO�VWXGLHV��%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ��ZDV�XVHG�
FRQFRPLWDQWO\�ZLWK�D�QXPEHU�RI�GLIIHUHQW�RSKWKDOPLF�EHWD�EORFNLQJ�DJHQWV�ZLWKRXW�HYLGHQFH�RI�
LQWHUDFWLRQV�

&RQFRPLWDQW�XVH�RI�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ DQG�DQWLJODXFRPDWRXV�DJHQWV�RWKHU�WKDQ�WRSLFDO�
EHWD�EORFNHUV�KDV�QRW�EHHQ�HYDOXDWHG�GXULQJ�DGMXQFWLYH�JODXFRPD�WKHUDS\�

7KHUH�LV�D�SRWHQWLDO�IRU�WKH�,23�ORZHULQJ�HIIHFW�RI�SURVWDJODQGLQ�DQDORJXHV��H�J��%LPDWRSURVW�2SKWKDOPLF�
6ROXWLRQ��WR�EH�UHGXFHG�LQ�SDWLHQWV�ZLWK�JODXFRPD�RU�RFXODU�K\SHUWHQVLRQ�ZKHQ�XVHG�ZLWK�RWKHU�
SURVWDJODQGLQ�DQDORJXHV��VHH�VHFWLRQ������
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3UHJQDQF\

7KHUH�DUH�QR�DGHTXDWH�GDWD�IURP�WKH�XVH�RI�ELPDWRSURVW�LQ�SUHJQDQW�ZRPHQ��$QLPDO�VWXGLHV�KDYH�VKRZQ�
UHSURGXFWLYH�WR[LFLW\�DW�KLJK�PDWHUQRWR[LF�GRVHV��VHH�VHFWLRQ������

%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ VKRXOG�QRW�EH�XVHG�GXULQJ�SUHJQDQF\�XQOHVV�FOHDUO\�QHFHVVDU\�

%UHDVW�IHHGLQJ

,W�LV�XQNQRZQ�ZKHWKHU�ELPDWRSURVW�LV�H[FUHWHG�LQ�KXPDQ�EUHDVW�PLON��$QLPDO�VWXGLHV�KDYH�VKRZQ�
H[FUHWLRQ�RI�ELPDWRSURVW�LQ�EUHDVW�PLON��$�GHFLVLRQ�PXVW�EH�PDGH�ZKHWKHU�WR�GLVFRQWLQXH�EUHDVW�IHHGLQJ�RU�
WR�GLVFRQWLQXH�IURP�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ WKHUDS\�WDNLQJ�LQWR�DFFRXQW�WKH�EHQHILW�RI�EUHDVW�
IHHGLQJ�IRU�WKH�FKLOG�DQG�WKH�EHQHILW�RI�WKHUDS\�IRU�WKH�ZRPDQ�

)HUWLOLW\

7KHUH�DUH�QR�GDWD�RQ�WKH�HIIHFWV�RI�ELPDWRSURVW�RQ�KXPDQ�IHUWLOLW\�
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��� (IIHFWV�RQ�DELOLW\�WR�GULYH�DQG�XVH�PDFKLQHV

%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ KDV�QHJOLJLEOH�LQIOXHQFH�RQ�WKH�DELOLW\�WR�GULYH�DQG�XVH�PDFKLQHV��$V�
ZLWK�DQ\�RFXODU�WUHDWPHQW��LI�WUDQVLHQW�EOXUUHG�YLVLRQ�RFFXUV�DW�LQVWLOODWLRQ��WKH�SDWLHQW�VKRXOG�ZDLW�XQWLO�WKH�
YLVLRQ�FOHDUV�EHIRUH�GULYLQJ�RU�XVLQJ�PDFKLQHV�
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��� 8QGHVLUDEOH�HIIHFWV

,Q�D���PRQWK�FOLQLFDO�VWXG\��DSSUR[LPDWHO\�����RI�SDWLHQWV�WUHDWHG�ZLWK�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ
����PJ�P/�VLQJOH�GRVH�H[SHULHQFHG�DGYHUVH�UHDFWLRQV��7KH�PRVW�IUHTXHQWO\�UHSRUWHG�DGYHUVH�UHDFWLRQV�
ZHUH�FRQMXFWLYDO�K\SHUDHPLD��PRVWO\�WUDFH�WR�PLOG�DQG�RI�D�QRQ�LQIODPPDWRU\�QDWXUH��RFFXUULQJ�LQ�����RI�
SDWLHQWV��DQG�H\H�SUXULWLV�RFFXUULQJ�LQ����RI�SDWLHQWV��$SSUR[LPDWHO\������RI�SDWLHQWV�LQ�WKH�%LPDWRSURVW�
2SKWKDOPLF�6ROXWLRQ ����PJ�P/�VLQJOH�GRVH�JURXS�GLVFRQWLQXHG�GXH�WR�DQ\�DGYHUVH�HYHQW�LQ�WKH���PRQWK�
VWXG\�

7KH�IROORZLQJ�DGYHUVH�UHDFWLRQV�ZHUH�UHSRUWHG�GXULQJ�FOLQLFDO�WULDOV�ZLWK�%LPDWRSURVW�2SKWKDOPLF�
6ROXWLRQ ����PJ�P/�VLQJOH�GRVH�RU�LQ�WKH�SRVW�PDUNHWLQJ�SHULRG��0RVW�ZHUH�RFXODU��PLOG�DQG�QRQH�ZDV�
VHULRXV�

9HU\�FRPPRQ����������FRPPRQ���������WR���������XQFRPPRQ�����������WR����������UDUH������������WR�
�����������YHU\�UDUH�������������DQG�QRW�NQRZQ��FDQQRW�EH�HVWLPDWHG�IURP�DYDLODEOH�GDWD��DGYHUVH�
UHDFWLRQV�DUH�SUHVHQWHG�DFFRUGLQJ�WR�6\VWHP�2UJDQ�&ODVV LQ�7DEOH����:LWKLQ�HDFK�IUHTXHQF\�JURXSLQJ��
XQGHVLUDEOH�HIIHFWV�DUH�SUHVHQWHG�LQ�RUGHU�RI�GHFUHDVLQJ�VHULRXVQHVV�

7DEOH��

6\VWHP�2UJDQ�FODVV )UHTXHQF\ $GYHUVH�UHDFWLRQ

1HUYRXV�V\VWHP�GLVRUGHUV XQFRPPRQ KHDGDFKH

QRW�NQRZQ GL]]LQHVV

(\H�GLVRUGHUV YHU\�FRPPRQ FRQMXQFWLYDO�K\SHUDHPLD

FRPPRQ SXQFWDWH�NHUDWLWLV��H\H�LUULWDWLRQ��
IRUHLJQ�ERG\�VHQVDWLRQ��GU\�H\H��
H\H�SDLQ��H\H�SUXULWXV��JURZWK�RI�
H\HODVKHV��H\HOLG�HU\WKHPD

XQFRPPRQ DVWKHQRSLD��FRQMXQFWLYDO�RHGHPD��
SKRWRSKRELD��ODFULPDWLRQ�LQFUHDVHG��
LULV�K\SHUSLJPHQWDWLRQ��EOXUUHG�
YLVLRQ��H\HOLG�SUXULWXV��H\HOLG�
RHGHPD

QRW�NQRZQ H\H�GLVFKDUJH��RFXODU�GLVFRPIRUW

5HVSLUDWRU\��WKRUDFLF�DQG�
PHGLDVWLQDO�GLVRUGHUV

QRW�NQRZQ DVWKPD��DVWKPD�H[DFHUEDWLRQ��
&23'�H[DFHUEDWLRQ�DQG�G\VSQRHD

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�
GLVRUGHUV

FRPPRQ VNLQ�K\SHUSLJPHQWDWLRQ�
�SHULRFXODU�

XQFRPPRQ KDLU�JURZWK�DEQRUPDO

QRW�NQRZQ VNLQ�GLVFRORUDWLRQ��SHULRFXODU�

,PPXQH�V\VWHP�GLVRUGHUV QRW�NQRZQ +\SHUVHQVLWLYLW\�UHDFWLRQ�LQFOXGLQJ�
VLJQV�DQG�V\PSWRPV�RI�H\H�DOOHUJ\�
DQG�DOOHUJLF�GHUPDWLWLV

9DVFXODU�GLVRUGHUV QRW�NQRZQ K\SHUWHQVLRQ
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,Q�FOLQLFDO�VWXGLHV��RYHU������SDWLHQWV�KDYH�EHHQ�WUHDWHG�ZLWK�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����
PJ�P/��PXOWL�GRVH�IRUPXODWLRQ���2Q�FRPELQLQJ�WKH�GDWD�IURP�SKDVH�,,,�PRQRWKHUDS\�DQG�DGMXQFWLYH�
%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ��XVDJH��WKH�PRVW�IUHTXHQWO\�
UHSRUWHG�DGYHUVH�UHDFWLRQV�ZHUH�

��JURZWK�RI�H\HODVKHV�LQ�XS�WR�����LQ�WKH�ILUVW�\HDU�ZLWK�WKH�LQFLGHQFH�RI�QHZ�UHSRUWV�GHFUHDVLQJ�WR����DW�
��\HDUV�DQG����DW���\HDUV

��FRQMXQFWLYDO�K\SHUDHPLD��PRVWO\�WUDFH�WR�PLOG�DQG�WKRXJKW�WR�EH�RI�D�QRQ�LQIODPPDWRU\�QDWXUH��LQ�XS�WR�
����LQ�WKH�ILUVW�\HDU�ZLWK�WKH�LQFLGHQFH�RI�QHZ�UHSRUWV�GHFUHDVLQJ�WR�����DW���\HDUV�DQG�����DW���\HDUV

��RFXODU�SUXULWXV�LQ�XS�WR�����RI�SDWLHQWV�LQ�WKH�ILUVW�\HDU�ZLWK�WKH�LQFLGHQFH�RI�QHZ�UHSRUWV�GHFUHDVLQJ�WR�
���DW���\HDUV�DQG����DW���\HDUV�

/HVV�WKDQ����RI�SDWLHQWV�GLVFRQWLQXHG�GXH�WR�DQ\�DGYHUVH�HYHQW�LQ�WKH�ILUVW�\HDU�ZLWK�WKH�LQFLGHQFH�RI�
DGGLWLRQDO�SDWLHQW�GLVFRQWLQXDWLRQV�EHLQJ����DW�ERWK�� DQG���\HDUV�

7DEOH���OLVWV�DGYHUVH�UHDFWLRQV�WKDW�ZHUH�VHHQ�LQ�D����PRQWK�FOLQLFDO�VWXG\�ZLWK�%LPDWRSURVW�2SKWKDOPLF�
6ROXWLRQ ����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ���EXW�ZHUH�UHSRUWHG�DW�D�KLJKHU�IUHTXHQF\�WKDQ�ZLWK�
%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��VLQJOH�GRVH���0RVW�ZHUH�RFXODU��PLOG�WR�PRGHUDWH��DQG�
QRQH�ZHUH�VHULRXV�

7DEOH��

6\VWHP�2UJDQ�FODVV )UHTXHQF\ $GYHUVH�5HDFWLRQ

1HUYRXV�V\VWHP�GLVRUGHUV FRPPRQ KHDGDFKH

(\H�GLVRUGHUV YHU\�FRPPRQ RFXODU�SUXULWXV��JURZWK�RI�
H\HODVKHV

FRPPRQ DVWKHQRSLD��FRQMXQFWLYDO�RHGHPD��
SKRWRSKRELD��WHDULQJ��LQFUHDVHG�LULV�
SLJPHQWDWLRQ��EOXUUHG�YLVLRQ

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�
GLVRUGHUV

FRPPRQ H\HOLG�SUXULWXV

,Q�DGGLWLRQ�WR�WKH�DGYHUVH�UHDFWLRQV�VHHQ�ZLWK�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/�VLQJOH�GRVH��
7DEOH���OLVWV�DGGLWLRQDO�DGYHUVH�UHDFWLRQV�WKDW�ZHUH�VHHQ�ZLWK�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����
PJ�P/��PXOWL�GRVH�IRUPXODWLRQ���0RVW�ZHUH�RFXODU��PLOG�WR�PRGHUDWH��DQG�QRQH�ZHUH�VHULRXV�

7DEOH��

6\VWHP�2UJDQ�FODVV )UHTXHQF\ $GYHUVH�5HDFWLRQ

1HUYRXV�V\VWHP�GLVRUGHUV XQFRPPRQ GL]]LQHVV

(\H�GLVRUGHUV FRPPRQ FRUQHDO�HURVLRQ��RFXODU�EXUQLQJ��
DOOHUJLF�FRQMXQFWLYLWLV��EOHSKDULWLV��
ZRUVHQLQJ�RI�YLVXDO�DFXLW\��H\H�
GLVFKDUJH��YLVXDO�GLVWXUEDQFH��
H\HODVK�GDUNHQLQJ

XQFRPPRQ UHWLQDO�KDHPRUUKDJH��XYHLWLV��
F\VWRLG�PDFXODU�RHGHPD��LULWLV��
EOHSKDURVSDVP��H\HOLG�UHWUDFWLRQ

QRW�NQRZQ SHULRUELWDO�DQG�OLG�FKDQJHV�
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LQFOXGLQJ�GHHSHQLQJ�RI�WKH�H\HOLG�
VXOFXV

9DVFXODU�GLVRUGHUV FRPPRQ K\SHUWHQVLRQ

*DVWURLQWHVWLQDO�GLVRUGHUV XQFRPPRQ QDXVHD

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�
GLVRUGHUV

QRW�NQRZQ SHULRELWDO�HU\WKHPD

*HQHUDO�GLVRUGHUV�DQG�
DGPLQLVWUDWLRQ�VLWH�FRQGLWLRQV

XQFRPPRQ DVWKHQLD

,QYHVWLJDWLRQV FRPPRQ OLYHU�IXQFWLRQ�WHVW�DEQRUPDO

$GYHUVH�UHDFWLRQV�UHSRUWHG�LQ�SKRVSKDWH�FRQWDLQLQJ�H\H�GURSV�

&DVHV�RI�FRUQHDO�FDOFLILFDWLRQ�KDYH�EHHQ�UHSRUWHG�YHU\�UDUHO\�LQ�DVVRFLDWLRQ�ZLWK�WKH�XVH�RI�SKRVSKDWH�
FRQWDLQLQJ�H\H�GURSV�LQ�VRPH�SDWLHQWV�ZLWK�VLJQLILFDQWO\�GDPDJHG�FRUQHDV�

5HSRUWLQJ�RI�VXVSHFWHG�DGYHUVH�UHDFWLRQV

5HSRUWLQJ�VXVSHFWHG�DGYHUVH UHDFWLRQV�DIWHU�DXWKRULVDWLRQ�RI�WKH�PHGLFLQDO�SURGXFW�LV�LPSRUWDQW��,W�DOORZV�
FRQWLQXHG�PRQLWRULQJ�RI�WKH�EHQHILW�ULVN�EDODQFH�RI�WKH�PHGLFLQDO�SURGXFW��+HDOWKFDUH�SURIHVVLRQDOV�DUH�
DVNHG�WR�UHSRUW�DQ\�VXVSHFWHG�DGYHUVH�UHDFWLRQV�YLD�

:HEVLWH��ZZZ�PKUD�JRY�XN�\HOORZFDUG
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��� 2YHUGRVH

1R�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�RYHUGRVH�LQ�KXPDQV��RYHUGRVH�LV�XQOLNHO\�WR�RFFXU�DIWHU�RFXODU�
DGPLQLVWUDWLRQ�

,I�RYHUGRVH�RFFXUV��WUHDWPHQW�VKRXOG�EH�V\PSWRPDWLF�DQG�VXSSRUWLYH��,I�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ
����PJ�P/�VLQJOH�GRVH�LV�DFFLGHQWDOO\�LQJHVWHG��WKH�IROORZLQJ�LQIRUPDWLRQ�PD\�EH�XVHIXO��,Q�VKRUW�WHUP�
RUDO��E\�JDYDJH��PRXVH�DQG�UDW�VWXGLHV��GRVHV�XS�WR�����PJ�NJ�GD\�RI�ELPDWRSURVW�GLG�QRW�SURGXFH�DQ\�
WR[LFLW\��7KLV�GRVH�LV�DW�OHDVW����WLPHV�KLJKHU�WKDQ�DQ�DFFLGHQWDO�GRVH�RI�WKH�HQWLUH�FRQWHQW�RI�D�SDFN�RI�
%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/�VLQJOH�GRVH�����[�����P/�VLQJOH�GRVH�FRQWDLQHUV�����P/��LQ�
D����NJ�FKLOG�
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� 3+$50$&2/2*,&$/�3523(57,(6
��� 3KDUPDFRG\QDPLFV�SURSHUWLHV

3KDUPDFRWKHUDSHXWLF�JURXS��2SKWKDOPRORJLFDOV��SURVWDJODQGLQ�DQDORJXHV��

$7&�FRGH��6��((���

0HFKDQLVP�RI�DFWLRQ

7KH�PHFKDQLVP�RI�DFWLRQ�E\�ZKLFK�ELPDWRSURVW�UHGXFHV�LQWUDRFXODU�SUHVVXUH�LQ�KXPDQV�LV�E\�LQFUHDVLQJ�
DTXHRXV�KXPRXU�RXWIORZ�WKURXJK�WKH�WUDEHFXODU�PHVKZRUN�DQG�HQKDQFLQJ�XYHRVFOHUDO�RXWIORZ��5HGXFWLRQ�
RI�WKH�LQWUDRFXODU�SUHVVXUH�VWDUWV�DSSUR[LPDWHO\���KRXUV�DIWHU�WKH�ILUVW�DGPLQLVWUDWLRQ�DQG�PD[LPXP�HIIHFW�
LV�UHDFKHG�ZLWKLQ�DSSUR[LPDWHO\���WR����KRXUV��7KH�GXUDWLRQ�RI�HIIHFW�LV�PDLQWDLQHG�IRU�DW�OHDVW����KRXUV�

%LPDWRSURVW�LV�D�SRWHQW�RFXODU�K\SRWHQVLYH�DJHQW��,W�LV�D�V\QWKHWLF�SURVWDPLGH��VWUXFWXUDOO\�UHODWHG�WR�
SURVWDJODQGLQ�)�Į �3*)�Į���WKDW�GRHV�QRW�DFW�WKURXJK�DQ\�NQRZQ�SURVWDJODQGLQ�UHFHSWRUV��%LPDWRSURVW�
VHOHFWLYHO\�PLPLFV�WKH�HIIHFWV�RI�QHZO\�GLVFRYHUHG�ELRV\QWKHVLVHG�VXEVWDQFHV�FDOOHG�SURVWDPLGHV��7KH�
SURVWDPLGH�UHFHSWRU��KRZHYHU��KDV�QRW�\HW�EHHQ�VWUXFWXUDOO\�LGHQWLILHG�

&OLQLFDO�HIILFDF\

$����ZHHN��GRXEOH�PDVNHG��UDQGRPL]HG��SDUDOOHO�JURXS���FOLQLFDO�VWXG\�FRPSDUHG�WKH�HIILFDF\�DQG�VDIHW\�
RI�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/�VLQJOH�GRVH�ZLWK�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����
PJ�P/��PXOWL�GRVH�IRUPXODWLRQ���%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/�VLQJOH�GRVH�DFKLHYHG�QRQ�
LQIHULRU�,23�ORZHULQJ�HIILFDF\�WR�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ��
IRU�ZRUVH�H\H�,23�FKDQJH�IURP�EDVHOLQH�LQ�SDWLHQWV�ZLWK�JODXFRPD�RU�RFXODU�K\SHUWHQVLRQ��%LPDWRSURVW�
2SKWKDOPLF�6ROXWLRQ ����PJ�P/�VLQJOH�GRVH�DOVR�DFKLHYHG�HTXLYDOHQW�,23�ORZHULQJ�HIILFDF\�ZLWK�
%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ��LQ�DYHUDJH�H\H�,23�DW�HDFK�IROORZ�
XS�WLPHSRLQW�DW�ZHHNV������DQG����

'XULQJ����PRQWKV
�PRQRWKHUDS\�WUHDWPHQW�ZLWK�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��PXOWL�GRVH�
IRUPXODWLRQ��LQ�DGXOWV��YHUVXV�WLPRORO��PHDQ�FKDQJH�IURP�EDVHOLQH�LQ�PRUQLQJ���������LQWUDRFXODU�SUHVVXUH�
UDQJHG�IURP������WR������PP+J��$W�DQ\�YLVLW��WKH�PHDQ�GLXUQDO�,23�YDOXHV�PHDVXUHG�RYHU�WKH����PRQWK�
VWXG\�SHULRG�GLIIHUHG�E\�QR�PRUH�WKDQ�����PP+J�WKURXJKRXW�WKH�GD\�DQG�ZHUH�QHYHU�JUHDWHU�WKDQ������
PP+J�

,Q�D���PRQWK�FOLQLFDO�VWXG\�ZLWK�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ���
YHUVXV�ODWDQRSURVW��D�VWDWLVWLFDOO\�VXSHULRU�UHGXFWLRQ�LQ�PRUQLQJ�PHDQ�,23��UDQJLQJ�IURP������WR������
PP+J�IRU�ELPDWRSURVW�YHUVXV�±����WR������PP+J�IRU�ODWDQRSURVW��ZDV�REVHUYHG�DW�DOO�YLVLWV�WKURXJKRXW�
WKH�VWXG\��&RQMXQFWLYDO�K\SHUDHPLD��JURZWK�RI�H\HODVKHV��DQG�H\H�SUXULWXV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQWO\�
KLJKHU�ZLWK�ELPDWRSURVW�WKDQ�ZLWK�ODWDQRSURVW��KRZHYHU��WKH�GLVFRQWLQXDWLRQ�UDWHV�GXH�WR�DGYHUVH�HYHQWV�
ZHUH�ORZ�ZLWK�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�

&RPSDUHG�WR�WUHDWPHQW�ZLWK�EHWD�EORFNHU�DORQH��DGMXQFWLYH�WKHUDS\�ZLWK�EHWD�EORFNHU�DQG�%LPDWRSURVW�
2SKWKDOPLF�6ROXWLRQ ����PJ�P/��PXOWL�GRVH�IRUPXODWLRQ��ORZHUHG�PHDQ�PRUQLQJ���������LQWUDRFXODU�
SUHVVXUH�E\������WR������PP+J�

/LPLWHG�H[SHULHQFH�LV�DYDLODEOH�LQ�SDWLHQWV�ZLWK�RSHQ�DQJOH�JODXFRPD�ZLWK�SVHXGRH[IROLDWLYH�DQG�
SLJPHQWDU\�JODXFRPD��DQG�FKURQLF�DQJOH�FORVXUH�JODXFRPD�ZLWK�SDWHQW�LULGRWRP\�

1R�FOLQLFDOO\�UHOHYDQW�HIIHFWV�RQ�KHDUW�UDWH�DQG�EORRG�SUHVVXUH�KDYH�EHHQ�REVHUYHG�LQ�FOLQLFDO�WULDOV�

3DHGLDWULF�SRSXODWLRQ

7KH�VDIHW\�DQG�HIILFDF\�RI�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ LQ�FKLOGUHQ�DJHG���WR����\HDUV�KDV�QRW�EHHQ�
HVWDEOLVKHG�
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����3KDUPDFRNLQHWLFV�3URSHUWLHV

3KDUPDFRNLQHWLFV

$EVRUSWLRQ

%LPDWRSURVW�SHQHWUDWHV�WKH�KXPDQ�FRUQHD�DQG�VFOHUD�ZHOO LQ�YLWUR��$IWHU�RFXODU�DGPLQLVWUDWLRQ�LQ�DGXOWV��
WKH�V\VWHPLF�H[SRVXUH�RI�ELPDWRSURVW�LV�YHU\�ORZ�ZLWK�QR�DFFXPXODWLRQ�RYHU�WLPH��$IWHU�RQFH�GDLO\�RFXODU�
DGPLQLVWUDWLRQ�RI�RQH�GURS�RI�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/�WR�ERWK�H\HV�IRU�WZR�ZHHNV��
EORRG�FRQFHQWUDWLRQV�SHDNHG�ZLWKLQ����PLQXWHV�DIWHU�GRVLQJ�DQG�GHFOLQHG�WR�EHORZ�WKH�ORZHU�OLPLW�RI�
GHWHFWLRQ��������QJ�PO��ZLWKLQ�����KRXUV�DIWHU�GRVLQJ��0HDQ�&PD[ DQG�$8& ����KUV YDOXHV�ZHUH�VLPLODU�RQ�
GD\V���DQG��� DW�DSSUR[LPDWHO\������QJ�PO�DQG������QJ�KU�PO�UHVSHFWLYHO\��LQGLFDWLQJ�WKDW�D�VWHDG\�
ELPDWRSURVW�FRQFHQWUDWLRQ�ZDV�UHDFKHG�GXULQJ�WKH�ILUVW�ZHHN�RI�RFXODU�GRVLQJ�

'LVWULEXWLRQ

%LPDWRSURVW�LV�PRGHUDWHO\�GLVWULEXWHG�LQWR�ERG\�WLVVXHV�DQG�WKH�V\VWHPLF�YROXPH RI�GLVWULEXWLRQ�LQ�KXPDQV�
DW�VWHDG\�VWDWH�ZDV������O�NJ��,Q�KXPDQ�EORRG��ELPDWRSURVW�UHVLGHV�PDLQO\�LQ�WKH�SODVPD��7KH�SODVPD�
SURWHLQ�ELQGLQJ�RI�ELPDWRSURVW�LV�DSSUR[LPDWHO\�����

%LRWUDQVIRUPDWLRQ

%LPDWRSURVW�LV�WKH�PDMRU�FLUFXODWLQJ�VSHFLHV�LQ�WKH�EORRG�RQFH�LW�UHDFKHV�WKH�V\VWHPLF�FLUFXODWLRQ�
IROORZLQJ�RFXODU�GRVLQJ��%LPDWRSURVW�WKHQ�XQGHUJRHV�R[LGDWLRQ��1�GHHWK\ODWLRQ�DQG�JOXFXURQLGDWLRQ�WR�
IRUP�D�GLYHUVH�YDULHW\�RI�PHWDEROLWHV�

(OLPLQDWLRQ

%LPDWRSURVW�LV�HOLPLQDWHG�SULPDULO\�E\�UHQDO�H[FUHWLRQ��XS�WR�����RI�DQ�LQWUDYHQRXV�GRVH�DGPLQLVWHUHG�WR�
KHDOWK\�DGXOW�YROXQWHHUV�ZDV�H[FUHWHG�LQ�WKH�XULQH������RI�WKH�GRVH�ZDV�H[FUHWHG�YLD�WKH�IDHFHV��7KH�
HOLPLQDWLRQ�KDOI�OLIH��GHWHUPLQHG�DIWHU�LQWUDYHQRXV�DGPLQLVWUDWLRQ��ZDV�DSSUR[LPDWHO\����PLQXWHV��WKH�WRWDO�
EORRG FOHDUDQFH�ZDV�����O�KU�NJ�

&KDUDFWHULVWLFV�LQ�HOGHUO\�SDWLHQWV

$IWHU�WZLFH�GDLO\�GRVLQJ�RI�%LPDWRSURVW�2SKWKDOPLF�6ROXWLRQ ����PJ�P/��WKH�PHDQ�$8&����KU YDOXH�RI�
�������QJ�KU�PO�ELPDWRSURVW�LQ�WKH�HOGHUO\��VXEMHFWV����\HDUV�RU�ROGHU��ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�
�������QJ�KU�PO�LQ�\RXQJ�KHDOWK\�DGXOWV��+RZHYHU��WKLV�ILQGLQJ�LV�QRW�FOLQLFDOO\�UHOHYDQW�DV�V\VWHPLF�
H[SRVXUH�IRU�ERWK�HOGHUO\�DQG�\RXQJ�VXEMHFWV�UHPDLQHG�YHU\�ORZ�IURP�RFXODU�GRVLQJ��7KHUH�ZDV�QR�
DFFXPXODWLRQ�RI�ELPDWRSURVW�LQ�WKH�EORRG�RYHU�WLPH�DQG�WKH�VDIHW\�SURILOH�ZDV�VLPLODU�LQ�HOGHUO\�DQG�\RXQJ�
SDWLHQWV�
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����3UHFOLQLFDO�VDIHW\�GDWD

&OLQLFDO�6WXGLHV

(IIHFWV�LQ�QRQ�FOLQLFDO�VWXGLHV�ZHUH�REVHUYHG�RQO\�DW�H[SRVXUHV�FRQVLGHUHG�VXIILFLHQWO\�LQ�H[FHVV�RI�WKH�
PD[LPXP�KXPDQ�H[SRVXUH�LQGLFDWLQJ�OLWWOH�UHOHYDQFH�WR�FOLQLFDO�XVH�

0RQNH\V�DGPLQLVWHUHG�RFXODU�ELPDWRSURVW�FRQFHQWUDWLRQV�RI������PJ�P/�GDLO\�IRU���\HDU�KDG�DQ�LQFUHDVH�
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