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75$9$&(7�3/86� LV� LQGLFDWHG� LQ�DGXOWV� IRU� WKH�GHFUHDVH�RI� LQWUDRFXODU�SUHVVXUH� �,23�� LQ�SDWLHQWV�
ZLWK�RSHQ�DQJOH�JODXFRPD�RU�RFXODU�K\SHUWHQVLRQ�ZKR�DUH�LQVXIILFLHQWO\�UHVSRQVLYH�WR�WRSLFDO�EHWD�
EORFNHUV�RU�SURVWDJODQGLQ�DQDORJXHV

��� 3RVRORJ\�DQG PHWKRG�RI DGPLQLVWUDWLRQ
3RVRORJ\
8VH�LQ�DGXOWV��LQFOXGLQJ�WKH�HOGHUO\

7KH�GRVH�LV�RQH�GURS�RI�7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV LQ�WKH�FRQMXQFWLYDO�VDF�RI�WKH�DIIHFWHG�
H\H�V��RQFH�GDLO\��LQ�WKH�PRUQLQJ�RU�HYHQLQJ��,W�VKRXOG�EH�DGPLQLVWHUHG�DW�WKH�VDPH�WLPH�HDFK�
GD\�

,I� D� GRVH� LV�PLVVHG�� WUHDWPHQW� VKRXOG�EH� FRQWLQXHG�ZLWK� WKH� QH[W� GRVH�DV� SODQQHG�� 7KH�GRVH�
VKRXOG�QRW�H[FHHG�RQH�GURS�LQ�WKH�DIIHFWHG�H\H�V��GDLO\�

6SHFLDO�SRSXODWLRQV

+HSDWLF�DQG�UHQDO�LPSDLUPHQW

1R�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�ZLWK�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��
VROXWLRQ�RU�ZLWK�WLPRORO���PJ�PO�H\H�GURSV�LQ�SDWLHQWV�ZLWK�KHSDWLF�RU�UHQDO�LPSDLUPHQW�

7UDYRSURVW�KDV�EHHQ�VWXGLHG�LQ�SDWLHQWV�ZLWK�PLOG�WR�VHYHUH�KHSDWLF�LPSDLUPHQW�DQG�LQ�SDWLHQWV�
ZLWK� PLOG� WR� VHYHUH� UHQDO� LPSDLUPHQW� �FUHDWLQLQH� FOHDUDQFH� DV� ORZ� DV� ��� PO�PLQ��� 1R� GRVH�
DGMXVWPHQW�ZDV�QHFHVVDU\�LQ�WKHVH�SDWLHQWV�

3DWLHQWV� ZLWK� KHSDWLF� RU� UHQDO� LPSDLUPHQW� DUH� XQOLNHO\� WR� UHTXLUH� GRVH� DGMXVWPHQW� ZLWK�
7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV �VHH�VHFWLRQ������

3DHGLDWULF�SRSXODWLRQ

7KH�VDIHW\�DQG�HIILFDF\�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��VROXWLRQ�LQ�
FKLOGUHQ� DQG� DGROHVFHQWV� EHORZ� WKH� DJH� RI� ��� \HDUV� KDYH� QRW� EHHQ� HVWDEOLVKHG�� 1R� GDWD� DUH�
DYDLODEOH�

$GPLQLVWUDWLRQ�
)RU�RFXODU�XVH�

7KH� SDWLHQW� VKRXOG� UHPRYH� WKH� SURWHFWLYH� VDFKHW� LPPHGLDWHO\� SULRU� WR� LQLWLDO� XVH�� 7R� SUHYHQW�
FRQWDPLQDWLRQ� RI� WKH� GURSSHU� WLS� DQG� VROXWLRQ�� FDUH� PXVW� EH� WDNHQ� QRW� WR� WRXFK� WKH� H\HOLGV��
VXUURXQGLQJ�DUHDV�RU�RWKHU�VXUIDFHV�ZLWK�WKH�GURSSHU�WLS�RI�WKH�ERWWOH�

:KHQ�QDVRODFULPDO�RFFOXVLRQ�LV�XVHG�RU�WKH�H\HOLGV�DUH�FORVHG�IRU���PLQXWHV��V\VWHPLF�DEVRUSWLRQ�
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LV�UHGXFHG��7KLV�PD\�UHVXOW� LQ�D�GHFUHDVH� LQ�V\VWHPLF�DGYHUVH�UHDFWLRQV�DQG�DQ�LQFUHDVH�LQ� ORFDO�
DFWLYLW\��VHH�VHFWLRQ������

,I�PRUH�WKDQ�RQH�WRSLFDO�RSKWKDOPLF�PHGLFLQDO�SURGXFW�LV�EHLQJ�XVHG��WKH�PHGLFLQDO�SURGXFWV�PXVW�
EH�DGPLQLVWHUHG�DW�OHDVW���PLQXWHV�DSDUW��VHH�VHFWLRQ������

:KHQ� VXEVWLWXWLQJ� DQRWKHU� RSKWKDOPLF� DQWLJODXFRPD�PHGLFLQDO� SURGXFW� ZLWK� 7UDYRSURVW�7LPRORO�
3UDYDFHW� SOXV�� WKH� RWKHU� PHGLFLQDO� SURGXFW� VKRXOG� EH� GLVFRQWLQXHG� DQG� 7UDYRSURVW�7LPRORO�
3UDYDFHW�SOXV VKRXOG�EH�VWDUWHG�WKH�IROORZLQJ�GD\�

3DWLHQWV� PXVW� EH� LQVWUXFWHG� WR� UHPRYH� VRIW� FRQWDFW� OHQVHV� SULRU� WR� DSSOLFDWLRQ� RI�
7UDYRSURVW�7LPRORO� 3UDYDFHW� SOXV DQG� ZDLW� ��� PLQXWHV� DIWHU� LQVWLOODWLRQ� RI� WKH� GRVH� EHIRUH�
UHLQVHUWLRQ�

��� &RQWUDLQGLFDWLRQV
� +\SHUVHQVLWLYLW\�WR�WKH�DFWLYH�VXEVWDQFHV�RU�WR�DQ\�RI�WKH�H[FLSLHQWV�OLVWHG�LQ�VHFWLRQ�����

� +\SHUVHQVLWLYLW\�WR�RWKHU�EHWD�EORFNHUV�

� 5HDFWLYH� DLUZD\� GLVHDVH� LQFOXGLQJ� EURQFKLDO� DVWKPD�� RU� D� KLVWRU\� RI� EURQFKLDO� DVWKPD�� VHYHUH�
FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH�

� 6LQXV� EUDG\FDUGLD�� VLFN� VLQXV� V\QGURPH�� LQFOXGLQJ� VLQR�DWULDO� EORFN�� VHFRQG� RU� WKLUG�GHJUHH�
DWULRYHQWULFXODU�EORFN�QRW�FRQWUROOHG�ZLWK�SDFHPDNHU��2YHUW�FDUGLDF�IDLOXUH��FDUGLRJHQLF�VKRFN�

� 6HYHUH�DOOHUJLF�UKLQLWLV�DQG�FRUQHDO�G\VWURSKLHV�

��� 6SHFLDO�ZDUQLQJV�DQG�SUHFDXWLRQV�IRUXVH
6\VWHPLF�HIIHFWV

/LNH�RWKHU�WRSLFDOO\�DSSOLHG�RSKWKDOPLF�DJHQWV��WUDYRSURVW�DQG�WLPRORO�DUH�DEVRUEHG�V\VWHPLFDOO\��
'XH�WR�WKH�EHWD�DGUHQHUJLF�FRPSRQHQW��WLPRORO��WKH�VDPH�W\SHV�RI�FDUGLRYDVFXODU��SXOPRQDU\�DQG�
RWKHU� DGYHUVH� UHDFWLRQV� VHHQ� ZLWK� V\VWHPLF� EHWD�DGUHQHUJLF� EORFNLQJ� PHGLFLQDO� SURGXFWV� PD\�
RFFXU��7KH� LQFLGHQFH�RI� V\VWHPLF�$'5V�DIWHU� WRSLFDO�RSKWKDOPLF�DGPLQLVWUDWLRQ� LV� ORZHU� WKDQ� IRU�
V\VWHPLF�DGPLQLVWUDWLRQ��)RU�LQIRUPDWLRQ�RQ�KRZ�WR�UHGXFH�V\VWHPLF�DEVRUSWLRQ��VHH�VHFWLRQ�����

&DUGLDF�GLVRUGHUV

,Q� SDWLHQWV� ZLWK� FDUGLRYDVFXODU� GLVHDVHV� �H�J�� FRURQDU\� KHDUW� GLVHDVH�� 3ULQ]PHWDO
V� DQJLQD� DQG�
FDUGLDF� IDLOXUH�� DQG� K\SRWHQVLRQ�� WKHUDS\� ZLWK EHWD�EORFNHUV� VKRXOG� EH� FULWLFDOO\� DVVHVVHG� DQG�
WKHUDS\�ZLWK�RWKHU�DFWLYH�VXEVWDQFHV�VKRXOG�EH�FRQVLGHUHG��3DWLHQWV�ZLWK�FDUGLRYDVFXODU�GLVHDVHV�
VKRXOG�EH�ZDWFKHG�IRU�VLJQV�RI�GHWHULRUDWLRQ�RI�WKHVH�GLVHDVHV�DQG�RI�DGYHUVH�UHDFWLRQV�

'XH�WR�WKHLU�QHJDWLYH�HIIHFW�RQ�FRQGXFWLRQ�WLPH��EHWD�EORFNHUV�VKRXOG�RQO\�EH�JLYHQ�ZLWK�FDXWLRQ�
WR�SDWLHQWV�ZLWK�ILUVW�GHJUHH�KHDUW�EORFN�

9DVFXODU�GLVRUGHUV

3DWLHQWV�ZLWK�VHYHUH�SHULSKHUDO� FLUFXODWRU\�GLVWXUEDQFH�GLVRUGHUV� �L�H��VHYHUH� IRUPV�RI�5D\QDXG
V�
GLVHDVH�RU�5D\QDXG
V�V\QGURPH��VKRXOG�EH�WUHDWHG�ZLWK�FDXWLRQ�

5HVSLUDWRU\�GLVRUGHUV

5HVSLUDWRU\�UHDFWLRQV�� LQFOXGLQJ�GHDWK�GXH�WR�EURQFKRVSDVP�LQ�SDWLHQWV�ZLWK�DVWKPD��KDYH�EHHQ�
UHSRUWHG�IROORZLQJ�DGPLQLVWUDWLRQ�RI�VRPH�RSKWKDOPLF�EHWD�EORFNHUV�

7UDYRSURVW�7LPRORO� 3UDYDFHW� SOXV VKRXOG� EH� XVHG� ZLWK� FDXWLRQ� LQ� SDWLHQWV� ZLWK� PLOG�PRGHUDWH�
FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH� �&23'�� DQG� RQO\� LI� WKH� SRWHQWLDO� EHQHILW� RXWZHLJKV� WKH�
SRWHQWLDO�ULVN�

+\SRJO\FDHPLD�GLDEHWHV
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%HWD�EORFNHUV� VKRXOG� EH� DGPLQLVWHUHG� ZLWK� FDXWLRQ� LQ� SDWLHQWV� VXEMHFW� WR� VSRQWDQHRXV�
K\SRJO\FDHPLD� RU� LQ� SDWLHQWV� ZLWK� ODELOH� GLDEHWHV�� DV� EHWD�EORFNHUV� PD\� PDVN� WKH� VLJQV� DQG�
V\PSWRPV�RI�DFXWH�K\SRJO\FDHPLD�

0XVFOH�ZHDNQHVV

%HWD�DGUHQHUJLF�EORFNLQJ�PHGLFLQDO�SURGXFWV�KDYH�EHHQ�UHSRUWHG�WR�SRWHQWLDWH�PXVFOH�ZHDNQHVV�
FRQVLVWHQW�ZLWK�FHUWDLQ�P\DVWKHQLF�V\PSWRPV��H�J��GLSORSLD��SWRVLV�DQG�JHQHUDOLVHG�ZHDNQHVV��

&RUQHDO�GLVHDVHV

2SKWKDOPLF�EHWD�EORFNHUV�PD\� LQGXFH�GU\QHVV�RI�H\HV��3DWLHQWV�ZLWK�FRUQHDO�GLVHDVHV�VKRXOG�EH�
WUHDWHG�ZLWK�FDXWLRQ�

&KRURLGDO�GHWDFKPHQW

&KRURLGDO� GHWDFKPHQW� KDV� EHHQ� UHSRUWHG� ZLWK� DGPLQLVWUDWLRQ� RI� DTXHRXV� VXSSUHVVDQW� WKHUDS\�
�H�J��WLPRORO��DFHWD]RODPLGH��DIWHU�ILOWUDWLRQ�SURFHGXUHV�

2WKHU�EHWD�EORFNLQJ�DJHQWV

7KH� HIIHFW� RQ� LQWUD�RFXODU� SUHVVXUH� RU� WKH� NQRZQ� HIIHFWV� RI� V\VWHPLF� EHWD�EORFNDGH� PD\� EH�
SRWHQWLDWHG�ZKHQ�WLPRORO�LV�JLYHQ�WR�SDWLHQWV�DOUHDG\�UHFHLYLQJ�D�V\VWHPLF�EHWD�EORFNLQJ�PHGLFLQDO�
SURGXFW��7KH�UHVSRQVH�RI�WKHVH�SDWLHQWV�VKRXOG�EH�FORVHO\�REVHUYHG��7KH�XVH�RI�WZR�WRSLFDO�EHWD�
DGUHQHUJLF�EORFNLQJ�DJHQWV�LV�QRW�UHFRPPHQGHG��VHH�VHFWLRQ������

6XUJLFDO�DQDHVWKHVLD

%HWD�EORFNLQJ� RSKWKDOPRORJLFDO� SUHSDUDWLRQV� PD\� EORFN� V\VWHPLF� EHWD�DJRQLVW� HIIHFWV�� H�J�� RI�
DGUHQDOLQH��7KH�DQDHVWKHWLVW�VKRXOG�EH�LQIRUPHG�ZKHQ�WKH�SDWLHQW�LV�UHFHLYLQJ�WLPRORO�

+\SHUWK\URLGLVP

%HWD�EORFNHUV�PD\�PDVN�WKH�VLJQV�RI�K\SHUWK\URLGLVP�

6NLQ�FRQWDFW

3URVWDJODQGLQV� DQG� SURVWDJODQGLQ� DQDORJXHV� DUH� ELRORJLFDOO\� DFWLYH� VXEVWDQFHV� WKDW� PD\� EH�
DEVRUEHG�WKURXJK�WKH�VNLQ��:RPHQ�ZKR�DUH�SUHJQDQW�RU�DWWHPSWLQJ�WR�EHFRPH�SUHJQDQW�VKRXOG�
H[HUFLVH� DSSURSULDWH� SUHFDXWLRQV� WR� DYRLG� GLUHFW� H[SRVXUH� WR� WKH� FRQWHQWV� RI� WKH� ERWWOH�� ,Q� WKH�
XQOLNHO\� HYHQW� RI� FRPLQJ� LQ� FRQWDFW� ZLWK� D� VXEVWDQWLDO� SRUWLRQ� RI� WKH� FRQWHQWV� RI� WKH� ERWWOH��
WKRURXJKO\�FOHDQVH�WKH�H[SRVHG�DUHD�LPPHGLDWHO\�

$QDSK\ODFWLF�UHDFWLRQV

:KLOH� WDNLQJ�EHWD�EORFNHUV�� SDWLHQWV�ZLWK� D� KLVWRU\� RI� DWRS\�RU�D� KLVWRU\� RI� VHYHUH� DQDSK\ODFWLF�
UHDFWLRQ�WR�D�YDULHW\�RI�DOOHUJHQV�PD\�EH�PRUH�UHDFWLYH�WR�UHSHDWHG�FKDOOHQJH�ZLWK�VXFK�DOOHUJHQV�
DQG�XQUHVSRQVLYH�WR�WKH�XVXDO�GRVH�RI�DGUHQDOLQH�XVHG�WR�WUHDW�DQDSK\ODFWLF�UHDFWLRQV�

&RQFRPLWDQW�WKHUDS\

7LPRORO�PD\�LQWHUDFW�ZLWK�RWKHU�PHGLFLQDO�SURGXFWV��VHH�VHFWLRQ������

7KH�XVH�RI�WZR�ORFDO�SURVWDJODQGLQV�LV�QRW�UHFRPPHQGHG�

2FXODU�HIIHFWV

7UDYRSURVW� PD\� JUDGXDOO\� FKDQJH� WKH� H\H� FRORXU� E\� LQFUHDVLQJ� WKH� QXPEHU� RI� PHODQRVRPHV�
�SLJPHQW�JUDQXOHV�� LQ�PHODQRF\WHV��%HIRUH� WUHDWPHQW� LV� LQVWLWXWHG��SDWLHQWV�PXVW�EH� LQIRUPHG�RI�
WKH�SRVVLELOLW\�RI�D�SHUPDQHQW�FKDQJH�LQ�H\H�FRORXU��8QLODWHUDO�WUHDWPHQW�FDQ�UHVXOW�LQ�SHUPDQHQW�
KHWHURFKURPLD�� 7KH� ORQJ�WHUP� HIIHFWV� RQ� WKH� PHODQRF\WHV� DQG� DQ\� FRQVHTXHQFHV� WKHUHRI� DUH�
FXUUHQWO\�XQNQRZQ��7KH�FKDQJH�LQ�LULV�FRORXU�RFFXUV�VORZO\�DQG�PD\�QRW�EH�QRWLFHDEOH�IRU�PRQWKV�
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WR�\HDUV��7KH�FKDQJH�LQ�H\H�FRORXU�KDV�SUHGRPLQDQWO\�EHHQ�VHHQ�LQ�SDWLHQWV�ZLWK�PL[HG�FRORXUHG�
LULGHV�� L�H�� EOXH�EURZQ�� JUH\�EURZQ�� \HOORZ�EURZQ� DQG� JUHHQ�EURZQ�� KRZHYHU�� LW� KDV� DOVR� EHHQ�
REVHUYHG�LQ�SDWLHQWV�ZLWK�EURZQ�H\HV��7\SLFDOO\��WKH�EURZQ�SLJPHQWDWLRQ�DURXQG�WKH�SXSLO�VSUHDGV�
FRQFHQWULFDOO\�WRZDUGV�WKH�SHULSKHU\�LQ�DIIHFWHG�H\HV��EXW�WKH�HQWLUH�LULV�RU�SDUWV�RI�LW�PD\�EHFRPH�
PRUH� EURZQLVK��$IWHU� GLVFRQWLQXDWLRQ� RI� WKHUDS\�� QR� IXUWKHU� LQFUHDVH� LQ�EURZQ� LULV� SLJPHQW� KDV�
EHHQ�REVHUYHG�

,Q�FRQWUROOHG�FOLQLFDO�WULDOV��SHULRUELWDO�DQG�RU�H\HOLG�VNLQ�GDUNHQLQJ�LQ�DVVRFLDWLRQ�ZLWK�WKH�XVH�RI�
WUDYRSURVW�KDV�EHHQ�UHSRUWHG�

3HULRUELWDO� DQG� OLG� FKDQJHV�� LQFOXGLQJ� GHHSHQLQJ� RI� WKH� H\HOLG� VXOFXV�� KDYH� EHHQ� REVHUYHG�ZLWK�
SURVWDJODQGLQ�DQDORJXHV�

7UDYRSURVW�PD\�JUDGXDOO\�FKDQJH�H\HODVKHV�LQ�WKH�WUHDWHG�H\H�V���WKHVH�FKDQJHV�ZHUH�REVHUYHG�
LQ�DERXW�KDOI�RI�WKH�SDWLHQWV�LQ�FOLQLFDO�WULDOV�DQG�LQFOXGH��LQFUHDVHG�OHQJWK��WKLFNQHVV��SLJPHQWDWLRQ�
DQG�RU�QXPEHU�RI�ODVKHV��7KH�PHFKDQLVP�RI�H\HODVK�FKDQJHV�DQG�WKHLU� ORQJ�WHUP�FRQVHTXHQFHV�
DUH�FXUUHQWO\�XQNQRZQ�

7UDYRSURVW�KDV�EHHQ�VKRZQ�WR�FDXVH�VOLJKW�HQODUJHPHQW�RI�WKH�SDOSHEUDO�ILVVXUH�LQ�VWXGLHV�LQ�WKH�
PRQNH\��+RZHYHU��WKLV�HIIHFW�ZDV�QRW�REVHUYHG�GXULQJ�WKH�FOLQLFDO�WULDOV�DQG�LV�FRQVLGHUHG�WR�EH�
VSHFLHV�VSHFLILF�

7KHUH�LV�QR�H[SHULHQFH�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��VROXWLRQ�LQ�
LQIODPPDWRU\� RFXODU� FRQGLWLRQV�� QRU� LQ� QHRYDVFXODU�� DQJOH�FORVXUH�� QDUURZ�DQJOH� RU� FRQJHQLWDO�
JODXFRPD�� DQG� RQO\� OLPLWHG� H[SHULHQFH� LQ� WK\URLG� H\H� GLVHDVH�� LQ� RSHQ�DQJOH� JODXFRPD� RI�
SVHXGRSKDNLF�SDWLHQWV�DQG�LQ�SLJPHQWDU\�RU�SVHXGRH[IROLDWLYH�JODXFRPD�

0DFXODU�RHGHPD�KDV�EHHQ�UHSRUWHG�GXULQJ�WUHDWPHQW�ZLWK�SURVWDJODQGLQ�)�Į�DQDORJXHV��&DXWLRQ�LV�
UHFRPPHQGHG� ZKHQ� XVLQJ� 7UDYRSURVW�7LPRORO� 3UDYDFHW� SOXV LQ� DSKDNLF� SDWLHQWV�� SVHXGRSKDNLF�
SDWLHQWV�ZLWK�D�WRUQ�SRVWHULRU�OHQV�FDSVXOH�RU�DQWHULRU�FKDPEHU�OHQVHV��RU�LQ�SDWLHQWV�ZLWK�NQRZQ
ULVN�IDFWRUV�IRU�F\VWRLG�PDFXODU�RHGHPD�

,Q� SDWLHQWV� ZLWK� NQRZQ� SUHGLVSRVLQJ� ULVN� IDFWRUV� IRU� LULWLV�XYHLWLV�� DQG� LQ� SDWLHQWV� ZLWK� DFWLYH�
LQWUDRFXODU�LQIODPPDWLRQ��7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV FDQ�EH�XVHG�ZLWK�FDXWLRQ�

([FLSLHQWV

7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV FRQWDLQV�EHQ]DONRQLXP�FKORULGH�ZKLFK�LV�NQRZQ�WR�GLVFRORXU�VRIW�
FRQWDFW�OHQVHV��&RQWDFW�ZLWK�VRIW�FRQWDFW�OHQVHV�VKRXOG�EH�DYRLGHG�

3DWLHQWV�PXVW� EH� LQVWUXFWHG� WR� UHPRYH� FRQWDFW� OHQVHV� SULRU� WR�DSSOLFDWLRQ� RI� 7UDYRSURVW�7LPRORO�
3UDYDFHW�SOXV DQG�ZDLW� DW� OHDVW����PLQXWHV�DIWHU� LQVWLOODWLRQ�RI� WKH�GRVH�EHIRUH� UHLQVHUWLRQ� �VHH�
VHFWLRQ������

%HQ]DONRQLXP�FKORULGH�KDV�EHHQ�UHSRUWHG�WR�FDXVH�H\H�LUULWDWLRQ��V\PSWRPV�RI�GU\�H\HV�DQG�PD\�
DIIHFW�WKH�WHDU�ILOP�DQG�FRUQHDO�VXUIDFH��6KRXOG�EH�XVHG�ZLWK�FDXWLRQ� LQ�GU\�H\H�SDWLHQWV�DQG� LQ�
SDWLHQWV�ZKHUH�WKH�FRUQHD�PD\�EH�FRPSURPLVHG�

3DWLHQWV�VKRXOG�EH�PRQLWRUHG�LQ�FDVH�RI�SURORQJHG�XVH�

7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV FRQWDLQV�PDFURJROJO\FHURO�K\GUR[\VWHDUDWH�����ZKLFK�PD\�FDXVH�
VNLQ� UHDFWLRQV�
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��� ,QWHUDFWLRQ�ZLWK�RWKHU�PHGLFLQDO�SURGXFWV�DQG�RWKHU�IRUPV�RILQWHUDFWLRQ
1R�VSHFLILF�GUXJ�LQWHUDFWLRQ�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�ZLWK�WUDYRSURVW�RU�WLPRORO�

7KHUH� LV� D� SRWHQWLDO� IRU� DGGLWLYH� HIIHFWV� UHVXOWLQJ� LQ� K\SRWHQVLRQ� DQG�RU�PDUNHG� EUDG\FDUGLD� ZKHQ�
RSKWKDOPLF� EHWD�EORFNHU� VROXWLRQ� LV� DGPLQLVWHUHG� FRQFRPLWDQWO\�ZLWK� RUDO� FDOFLXP� FKDQQHO� EORFNHUV��
EHWD�DGUHQHUJLF� EORFNLQJ� DJHQWV�� DQWLDUUK\WKPLFV� �LQFOXGLQJ� DPLRGDURQH��� GLJLWDOLV� JO\FRVLGHV��
SDUDV\PSDWKRPLPHWLFV�RU�JXDQHWKLGLQH�

7KH�K\SHUWHQVLYH� UHDFWLRQ� WR�VXGGHQ�ZLWKGUDZDO�RI�FORQLGLQH� FDQ�EH�SRWHQWLDWHG�ZKHQ� WDNLQJ�EHWD�
EORFNHUV�

3RWHQWLDWHG�V\VWHPLF�EHWD�EORFNDGH��H�J��GHFUHDVHG�KHDUW�UDWH��GHSUHVVLRQ��KDV�EHHQ�UHSRUWHG�GXULQJ�
FRPELQHG WUHDWPHQW�ZLWK�&<3�'��LQKLELWRUV��H�J��TXLQLGLQH��IOXR[HWLQH��SDUR[HWLQH��DQG�WLPRORO�

0\GULDVLV� UHVXOWLQJ� IURP� FRQFRPLWDQW� XVH� RI� RSKWKDOPLF� EHWD�EORFNHUV� DQG� DGUHQDOLQH� �HSLQHSKULQH��
KDV�EHHQ�UHSRUWHG�RFFDVLRQDOO\�

%HWD�EORFNHUV�PD\�LQFUHDVH�WKH�K\SRJO\FDHPLF�HIIHFW�RI�DQWLGLDEHWLF�PHGLFLQDO�SURGXFWV�

%HWD�EORFNHUV�FDQ�PDVN�WKH�VLJQV�DQG�V\PSWRPV�RI�K\SRJO\FDHPLD

��� 3UHJQDQF\�DQG�/DFWDWLRQ
3UHJQDQF\

7UDYRSURVW�KDV�KDUPIXO�SKDUPDFRORJLFDO�HIIHFWV�RQ�SUHJQDQF\�DQG�RU�WKH�IRHWXV�QHZERUQ�FKLOG�

7KHUH� DUH� QR� RU� OLPLWHG� DPRXQW� RI� GDWD� IURP� WKH� XVH� RI� WUDYRSURVW�WLPRORO� ���PLFURJUDPV�PO��� ��
PJ�PO�H\H�GURSV��VROXWLRQ�RU� WKH� LQGLYLGXDO�FRPSRQHQWV� LQ�SUHJQDQW�ZRPHQ��7LPRORO�VKRXOG�QRW�EH�
XVHG�GXULQJ�SUHJQDQF\�XQOHVV�FOHDUO\�QHFHVVDU\�

(SLGHPLRORJLFDO� VWXGLHV� KDYH� QRW� UHYHDOHG� PDOIRUPDWLYH� HIIHFWV� EXW� VKRZ� D� ULVN� IRU� LQWUDXWHULQH�
JURZWK� UHWDUGDWLRQ� ZKHQ� EHWD�EORFNHUV� DUH� DGPLQLVWHUHG� E\� WKH� RUDO� URXWH�� ,Q� DGGLWLRQ�� VLJQV� DQG�
V\PSWRPV�RI�EHWD�EORFNDGH��H�J��EUDG\FDUGLD��K\SRWHQVLRQ��UHVSLUDWRU\�GLVWUHVV�DQG�K\SRJO\FDHPLD��
KDYH� EHHQ� REVHUYHG� LQ� WKH� QHRQDWH� ZKHQ� EHWD�EORFNHUV� KDYH� EHHQ� DGPLQLVWHUHG� XQWLO� GHOLYHU\�� ,I�
7UDYRSURVW�7LPRORO� 3UDYDFHW� SOXV LV� DGPLQLVWHUHG� XQWLO� GHOLYHU\�� WKH� QHRQDWH� VKRXOG� EH� FDUHIXOO\�
PRQLWRUHG�GXULQJ�WKH�ILUVW�GD\V�RI�OLIH�

7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV VKRXOG�QRW�EH�XVHG�GXULQJ�SUHJQDQF\�XQOHVV�FOHDUO\�QHFHVVDU\��)RU�
LQIRUPDWLRQ�RQ�KRZ�WR�UHGXFH�V\VWHPLF�DEVRUSWLRQ�

%UHDVW�IHHGLQJ

,W� LV�XQNQRZQ�ZKHWKHU� WUDYRSURVW� IURP�H\H�GURSV� LV�H[FUHWHG� LQ�KXPDQ�EUHDVW�PLON��$QLPDO�VWXGLHV�
KDYH�VKRZQ�H[FUHWLRQ�RI�WUDYRSURVW�DQG�PHWDEROLWHV�LQ�EUHDVW�PLON��7LPRORO�LV�H[FUHWHG�LQ�EUHDVW�PLON�
DQG� KDV� WKH� SRWHQWLDO� WR� FDXVH� VHULRXV� DGYHUVH� UHDFWLRQV� LQ� WKH� EUHDVW�IHG� LQIDQW�� +RZHYHU�� DW�
WKHUDSHXWLF�GRVHV�RI�WLPRORO� LQ�H\H�GURSV�LW� LV�QRW�OLNHO\�WKDW�VXIILFLHQW�DPRXQWV�ZRXOG�EH�SUHVHQW�LQ�
EUHDVW�PLON� WR�SURGXFH�FOLQLFDO�V\PSWRPV�RI�EHWD�EORFNDGH� LQ� WKH� LQIDQW��)RU� LQIRUPDWLRQ�RQ�KRZ�WR�
UHGXFH�V\VWHPLF�DEVRUSWLRQ�

7KH�XVH�RI�35$9$&(7�3/86 E\�EUHDVW�IHHGLQJ�ZRPHQ�LV�QRW�UHFRPPHQGHG�

��� (IIHFWV�RQ�DELOLW\�WR GULYH�DQG�XVH PDFKLQHV
35$9$&(7�3/86V KDV�QR�RU�QHJOLJLEOH�LQIOXHQFH�RQ�WKH�DELOLW\�WR�GULYH�DQG�XVH�PDFKLQHV�

$V�ZLWK�DQ\�H\H�GURSV��WHPSRUDU\�EOXUUHG�YLVLRQ�RU�RWKHU�YLVXDO�GLVWXUEDQFHV�PD\�RFFXU��,I�EOXUUHG�
YLVLRQ� RFFXUV� DW� LQVWLOODWLRQ�� WKH� SDWLHQW� PXVW� ZDLW� XQWLO� WKH� YLVLRQ� FOHDUV� EHIRUH� GULYLQJ� RU� XVLQJ�
PDFKLQHV�
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��� 8QGHVLUDEOH�HIIHFWV

6XPPDU\�RI�WKH�VDIHW\�SURILOH

,Q�FOLQLFDO�VWXGLHV�LQYROYLQJ�������SDWLHQWV�WUHDWHG�ZLWK�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����
PJ�PO�H\H�GURSV��VROXWLRQ�WKH�PRVW�IUHTXHQWO\�UHSRUWHG�WUHDWPHQW�UHODWHG�DGYHUVH�UHDFWLRQ�ZDV�
RFXODU�K\SHUDHPLD���������

7DEXODWHG�VXPPDU\�RI�DGYHUVH�UHDFWLRQV

7KH�DGYHUVH�UHDFWLRQV�OLVWHG�LQ�WKH�WDEOH�EHORZ�ZHUH�REVHUYHG�LQ�FOLQLFDO�VWXGLHV�RU�ZLWK�SRVW�
PDUNHWLQJ�H[SHULHQFH��7KH\�DUH�UDQNHG�DFFRUGLQJ�WR�V\VWHP�RUJDQ�FODVV�DQG�FODVVLILHG�DFFRUGLQJ�WR�
WKH�IROORZLQJ�FRQYHQWLRQ��YHU\�FRPPRQ����������FRPPRQ���������WR���������XQFRPPRQ�����������
WR����������UDUH������������WR������������YHU\�UDUH��������������RU�QRW�NQRZQ��FDQQRW�EH�
HVWLPDWHG�IURP�WKH�DYDLODEOH�GDWD���:LWKLQ�HDFK�IUHTXHQF\�JURXSLQJ��DGYHUVH�UHDFWLRQV�DUH�SUHVHQWHG�
LQ�GHFUHDVLQJ�RUGHU�RI�VHULRXVQHVV�

6\VWHP�2UJDQ�&ODVV )UHTXHQF\ $GYHUVH�5HDFWLRQV

,PPXQH�V\VWHP�GLVRUGHUV 8QFRPPRQ K\SHUVHQVLWLYLW\

3V\FKLDWULF�GLVRUGHUV 5DUH QHUYRXVQHVV

1RW�NQRZQ GHSUHVVLRQ

1HUYRXV�V\VWHP�GLVRUGHUV 8QFRPPRQ GL]]LQHVV��KHDGDFKH

1RW�NQRZQ FHUHEURYDVFXODU�DFFLGHQW��V\QFRSH��
SDUDHVWKHVLD

(\H�GLVRUGHUV 9HU\�FRPPRQ RFXODU�K\SHUDHPLD

&RPPRQ SXQFWDWH�NHUDWLWLV��H\H�SDLQ��YLVXDO�
GLVWXUEDQFH��YLVLRQ�EOXUUHG��GU\�H\H��H\H�
SUXULWXV��RFXODU�GLVFRPIRUW��H\H�LUULWDWLRQ

8QFRPPRQ NHUDWLWLV��LULWLV��FRQMXQFWLYLWLV��DQWHULRU�
FKDPEHU�LQIODPPDWLRQ��EOHSKDULWLV��
SKRWRSKRELD��YLVXDO�DFXLW\�UHGXFHG��
DVWKHQRSLD��H\H�VZHOOLQJ��ODFULPDWLRQ�
LQFUHDVHG��HU\WKHPD RI�H\HOLG��JURZWK�RI�
H\HODVKHV��H\H�DOOHUJ\��FRQMXQFWLYDO�
RHGHPD��H\HOLG�RHGHPD

5DUH FRUQHDO�HURVLRQ��PHLERPLDQLWLV��
FRQMXQFWLYDO�KDHPRUUKDJH��H\HOLG�PDUJLQ�
FUXVWLQJ��WULFKLDVLV��GLVWLFKLDVLV

1RW�NQRZQ PDFXODU�RHGHPD��H\HOLG�SWRVLV��OLG�VXOFXV�
GHHSHQHG��LULV�K\SHUSLJPHQWDWLRQ��
FRUQHDO�GLVRUGHU

&DUGLDF�GLVRUGHUV 8QFRPPRQ EUDG\FDUGLD

5DUH DUUK\WKPLD��KHDUW�UDWH�LUUHJXODU

1RW�NQRZQ FDUGLDF�IDLOXUH��WDFK\FDUGLD��FKHVW�SDLQ��
SDOSLWDWLRQV

9DVFXODU�GLVRUGHUV 8QFRPPRQ K\SHUWHQVLRQ��K\SRWHQVLRQ

1RW�NQRZQ RHGHPD�SHULSKHUDO

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

8QFRPPRQ G\VSQRHD��SRVWQDVDO�GULS

5DUH G\VSKRQLD��EURQFKRVSDVP��FRXJK��WKURDW�
LUULWDWLRQ��RURSKDU\QJHDO�SDLQ��QDVDO�
GLVFRPIRUW

1RW�NQRZQ DVWKPD

*DVWURLQWHVWLQDO�GLVRUGHUV 1RW�NQRZQ G\VJHXVLD
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+HSDWRELOLDU\�GLVRUGHUV 5DUH DODQLQH�DPLQRWUDQVIHUDVH�LQFUHDVHG��
DVSDUWDWH�DPLQRWUDQVIHUDVH�LQFUHDVHG

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�
GLVRUGHUV

8QFRPPRQ GHUPDWLWLV�FRQWDFW��K\SHUWULFKRVLV��VNLQ�
K\SHUSLJPHQWDWLRQ��SHULRFXODU�

5DUH XUWLFDULD��VNLQ�GLVFRORXUDWLRQ��DORSHFLD

1RW�NQRZQ UDVK

0XVFXORVNHOHWDO�DQG�FRQQHFWLYH�
WLVVXH�GLVRUGHUV

5DUH SDLQ�LQ�H[WUHPLW\

5HQDO�DQG�XULQDU\�GLVRUGHUV 5DUH FKURPDWXULD

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

5DUH WKLUVW��IDWLJXH

$GGLWLRQDO�DGYHUVH�UHDFWLRQV�WKDW�KDYH�EHHQ�VHHQ�ZLWK�RQH�RI�WKH�DFWLYH�VXEVWDQFHV�DQG�PD\�
SRWHQWLDOO\�RFFXU�ZLWK�7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV�

7UDYRSURVW

6\VWHP�2UJDQ�&ODVV $GYHUVH�5HDFWLRQV

,PPXQH�V\VWHP�GLVRUGHUV VHDVRQDO�DOOHUJ\

3V\FKLDWULF�GLVRUGHUV DQ[LHW\��LQVRPQLD

(\H�GLVRUGHUV XYHLWLV��FRQMXQFWLYDO�IROOLFOHV��H\H�GLVFKDUJH��
SHULRUELWDO�RHGHPD��H\HOLGV�SUXULWXV��HFWURSLRQ��
FDWDUDFW��LULGRF\FOLWLV��RSKWKDOPLF�KHUSHV�
VLPSOH[��H\H�LQIODPPDWLRQ��SKRWRSVLD��HF]HPD�
H\HOLGV��KDOR�YLVLRQ��K\SRDHVWKHVLD�H\H��
DQWHULRU�FKDPEHU�SLJPHQWDWLRQ��P\GULDVLV��
H\HODVK�K\SHUSLJPHQWDWLRQ��H\HODVK�
WKLFNHQLQJ��YLVXDO�ILHOG�GHIHFW

(DU�DQG�ODE\ULQWK�GLVRUGHUV YHUWLJR��WLQQLWXV

9DVFXODU�GLVRUGHUV EORRG�SUHVVXUH�GLDVWROLF�GHFUHDVHG��EORRG�
SUHVVXUH�V\VWROLF�LQFUHDVHG

5HVSLUDWRU\��WKRUDFLF�DQG�PHGLDVWLQDO�GLVRUGHUV DVWKPD�DJJUDYDWHG��UKLQLWLV�DOOHUJLF��HSLVWD[LV��
UHVSLUDWRU\�GLVRUGHU��QDVDO�FRQJHVWLRQ��QDVDO�
GU\QHVV

*DVWURLQWHVWLQDO�GLVRUGHUV SHSWLF�XOFHU�UHDFWLYDWHG��JDVWURLQWHVWLQDO�
GLVRUGHU��GLDUUKRHD��FRQVWLSDWLRQ��GU\�PRXWK��
DEGRPLQDO�SDLQ��QDXVHD��YRPLWLQJ

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�GLVRUGHUV VNLQ�H[IROLDWLRQ��KDLU�WH[WXUH�DEQRUPDO��
GHUPDWLWLV�DOOHUJLF��KDLU�FRORXU�FKDQJHV��
PDGDURVLV��SUXULWXV��KDLU�JURZWK�DEQRUPDO��
HU\WKHPD

0XVFXORVNHOHWDO�DQG�FRQQHFWLYH�WLVVXH�GLVRUGHUV PXVFXORVNHOHWDO�SDLQ��DUWKUDOJLD

5HQDO�DQG�XULQDU\�GLVRUGHUV G\VXULD��XULQDU\�LQFRQWLQHQFH

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

,QYHVWLJDWLRQV SURVWDWLF�VSHFLILF�DQWLJHQ�LQFUHDVHG
7LPRORO

/LNH�RWKHU�WRSLFDOO\�DSSOLHG�RSKWKDOPLF�PHGLFLQDO�SURGXFWV��WLPRORO�LV�DEVRUEHG�LQWR�WKH�V\VWHPLF�
FLUFXODWLRQ��7KLV�PD\�FDXVH�XQGHVLUDEOH�HIIHFWV�VLPLODU�WR�WKRVH�VHHQ�ZLWK�V\VWHPLF�EHWD�EORFNLQJ�
DJHQWV��$GGLWLRQDO�OLVWHG�DGYHUVH�UHDFWLRQV�LQFOXGH�UHDFWLRQV�VHHQ�ZLWKLQ�WKH�FODVV�RI�RSKWKDOPLF�EHWD�
EORFNHUV��7KH�LQFLGHQFH�RI�V\VWHPLF�$'5V�DIWHU�WRSLFDO�RSKWKDOPLF�DGPLQLVWUDWLRQ�LV�ORZHU�WKDQ�IRU�
V\VWHPLF�DGPLQLVWUDWLRQ��)RU�LQIRUPDWLRQ�RQ�KRZ�WR�UHGXFH�V\VWHPLF�DEVRUSWLRQ��VHH�VHFWLRQ�����
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6\VWHP�2UJDQ�&ODVV $GYHUVH�5HDFWLRQV

,PPXQH�V\VWHP�GLVRUGHUV V\VWHPLF�DOOHUJLF�UHDFWLRQV�LQFOXGLQJ�
DQJLRHGHPD��XUWLFDULD��ORFDOL]HG�DQG�
JHQHUDOL]HG�UDVK��SUXULWXV��DQDSK\OD[LV

0HWDEROLVP�DQG�QXWULWLRQ�GLVRUGHUV K\SRJO\FDHPLD

3V\FKLDWULF�GLVRUGHUV ,QVRPQLD��QLJKWPDUHV��PHPRU\�ORVV��
KDOOXFLQDWLRQ

1HUYRXV�V\VWHP�GLVRUGHUV FHUHEUDO�LVFKDHPLD��LQFUHDVHV�LQ�VLJQV�DQG�
V\PSWRPV�RI�P\DVWKHQLD�JUDYLV

(\H�GLVRUGHUV VLJQV�DQG�V\PSWRPV�RI�RFXODU�LUULWDWLRQ��H�J��
EXUQLQJ��VWLQJLQJ��LWFKLQJ��WHDULQJ��UHGQHVV���
FKRURLGDO�GHWDFKPHQW�IROORZLQJ�ILOWUDWLRQ�
VXUJHU\��VHH�VHFWLRQ�������GHFUHDVHG�FRUQHDO�
VHQVLWLYLW\��GLSORSLD

&DUGLDF�GLVRUGHUV RHGHPD��FRQJHVWLYH�KHDUW�IDLOXUH��
DWULRYHQWULFXODU�EORFN��FDUGLDF�DUUHVW

9DVFXODU�GLVRUGHUV 5D\QDXG
V�SKHQRPHQRQ��FROG�KDQGV�DQG�IHHW

*DVWURLQWHVWLQDO�GLVRUGHUV QDXVHD��G\VSHSVLD��GLDUUKRHD��GU\�PRXWK��
DEGRPLQDO�SDLQ��YRPLWLQJ

6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�GLVRUGHUV SVRULDVLIRUP�UDVK�RU�H[DFHUEDWLRQ�RI�SVRULDVLV

0XVFXORVNHOHWDO�DQG�FRQQHFWLYH�WLVVXH�GLVRUGHUV P\DOJLD

5HSURGXFWLYH�V\VWHP�DQG�EUHDVW�GLVRUGHUV VH[XDO�G\VIXQFWLRQ��GHFUHDVHG�OLELGR

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

��� 2YHUGRVH
$�WRSLFDO�RYHUGRVH�ZLWK�7UDYRSURVW�7LPRORO�3UDYDFHW�SOXV LV�QRW�OLNHO\�WR�RFFXU�RU�WR�EH�DVVRFLDWHG�
ZLWK�WR[LFLW\�

,Q�FDVH�RI�DFFLGHQWDO�LQJHVWLRQ��V\PSWRPV�RI�RYHUGRVH�IURP�V\VWHPLF�EHWD�EORFNDGH�PD\�LQFOXGH�
EUDG\FDUGLD��K\SRWHQVLRQ��EURQFKRVSDVP�DQG�KHDUW�IDLOXUH�

,I� RYHUGRVH� ZLWK� 7UDYRSURVW�7LPRORO� 3UDYDFHW� SOXV RFFXUV�� WUHDWPHQW� VKRXOG� EH�
V\PSWRPDWLF�DQG�VXSSRUWLYH��7LPRORO�GRHV�QRW�GLDO\VH�UHDGLO\

�� 3+$50$&2/2*,&$/�3523(57,(6
������� 3KDUPDFRG\QDPLFV�SURSHUWLHV�

3KDUPDFRWKHUDSHXWLF�JURXS��2SKWKDOPRORJLFDOV��$QWLJODXFRPD�SUHSDUDWLRQV�DQG�PLRWLFV��$7&�FRGH��
6��('���

0HFKDQLVP�RI�DFWLRQ

7UDYRSURVW�7LPRORO� 3UDYDFHW�SOXV FRQWDLQV� WZR�DFWLYH� VXEVWDQFHV�� WUDYRSURVW� DQG� WLPRORO�PDOHDWH��
7KHVH�WZR�FRPSRQHQWV�ORZHU�LQWUDRFXODU�SUHVVXUH�E\�FRPSOHPHQWDU\�PHFKDQLVPV�RI�DFWLRQ�DQG�WKH�
FRPELQHG�HIIHFW�UHVXOWV�LQ�DGGLWLRQDO�,23�UHGXFWLRQ�FRPSDUHG�WR�HLWKHU�FRPSRXQG�DORQH�

7UDYRSURVW��D�SURVWDJODQGLQ�)�Į�DQDORJXH��LV�D�IXOO�DJRQLVW�ZKLFK�LV�KLJKO\�VHOHFWLYH�DQG�KDV�D�KLJK�
DIILQLW\� IRU� WKH� SURVWDJODQGLQ� )3� UHFHSWRU� DQG� UHGXFHV� WKH� LQWUDRFXODU� SUHVVXUH� E\� LQFUHDVLQJ� WKH�
RXWIORZ�RI�DTXHRXV�KXPRXU�YLD�WUDEHFXODU�PHVKZRUN�DQG�XYHRVFOHUDO�SDWKZD\V��5HGXFWLRQ�RI�,23�LQ�
PDQ�VWDUWV�ZLWKLQ�DSSUR[LPDWHO\���KRXUV�DIWHU�DGPLQLVWUDWLRQ�DQG�PD[LPXP�HIIHFW�LV�UHDFKHG�DIWHU�
���KRXUV��6LJQLILFDQW� ORZHULQJ�RI� LQWUDRFXODU�SUHVVXUH�FDQ�EH�PDLQWDLQHG�IRU�SHULRGV�H[FHHGLQJ����
KRXUV�ZLWK�D�VLQJOH�GRVH�

7LPRORO� LV�D�QRQ�VHOHFWLYH�DGUHQHUJLF�EORFNLQJ�DJHQW� WKDW�KDV�QR� LQWULQVLF�V\PSDWKRPLPHWLF��GLUHFW�
P\RFDUGLDO�GHSUHVVDQW�RU�PHPEUDQH�VWDELOLVLQJ�DFWLYLW\��7RQRJUDSK\�DQG�IOXRURSKRWRPHWU\�VWXGLHV�
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LQ�PDQ�VXJJHVW�WKDW�LWV�SUHGRPLQDQW�DFWLRQ�LV�UHODWHG�WR�UHGXFHG�DTXHRXV�KXPRXU�IRUPDWLRQ�DQG�D�
VOLJKW�LQFUHDVH�LQ�RXWIORZ�IDFLOLW\�

6HFRQGDU\�SKDUPDFRORJ\

7UDYRSURVW�VLJQLILFDQWO\�LQFUHDVHG�RSWLF�QHUYH�KHDG�EORRG�IORZ�LQ�UDEELWV�IROORZLQJ���GD\V�RI�WRSLFDO�
RFXODU�DGPLQLVWUDWLRQ������PLFURJUDPV�RQFH�GDLO\��

3KDUPDFRG\QDPLF�HIIHFWV

&OLQLFDO�HIIHFWV

,Q� D� WZHOYH�PRQWK�� FRQWUROOHG� FOLQLFDO� VWXG\� LQ� SDWLHQWV� ZLWK� RSHQ�DQJOH� JODXFRPD� RU� RFXODU�
K\SHUWHQVLRQ� DQG� EDVHOLQH� PHDQ� ,23� RI� ��� WR� ��� PP+J�� WKH� PHDQ� ,23�ORZHULQJ� HIIHFW� RI�
WUDYRSURVW�WLPRORO� ��� PLFURJUDPV�PO� �� �� PJ�PO� H\H� GURSV�� VROXWLRQ� GRVHG� RQFH� GDLO\� LQ� WKH�
PRUQLQJ�ZDV���WR����PP+J��7KH�QRQ�LQIHULRULW\�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�
H\H�GURSV��VROXWLRQ�DV�FRPSDUHG�WR�ODWDQRSURVW����PLFURJUDPV�PO���WLPRORO���PJ�PO�LQ�WKH�PHDQ�
,23�UHGXFWLRQ�ZDV�GHPRQVWUDWHG�DFURVV�DOO�WLPH�SRLQWV�DW�DOO�YLVLWV�

,Q� D� WKUHH�PRQWK�� FRQWUROOHG� FOLQLFDO� VWXG\� LQ� SDWLHQWV� ZLWK� RSHQ�DQJOH� JODXFRPD� RU� RFXODU�
K\SHUWHQVLRQ� DQG� EDVHOLQH� PHDQ� ,23� RI� ��� WR� ��� PP+J� WKH� PHDQ� ,23�ORZHULQJ� HIIHFW� RI�
WUDYRSURVW�WLPRORO� ��� PLFURJUDPV�PO� �� � PJ�PO� H\H� GURSV�� VROXWLRQ� GRVHG� RQFH� GDLO\� LQ� WKH�
PRUQLQJ� ZDV� �� WR� ��� PP+J� DQG� ZDV� XS� WR� �� PP+J� JUHDWHU� WKDQ� WKDW� RI� WUDYRSURVW� ���
PLFURJUDPV�PO�GRVHG�RQFH�GDLO\� LQ� WKH�HYHQLQJ�DQG� �� WR���PP+J�JUHDWHU� WKDQ� WKDW�RI� WLPRORO���
PJ�PO� GRVHG� WZLFH� GDLO\�� $� VWDWLVWLFDOO\� VXSHULRU� UHGXFWLRQ� LQ�PRUQLQJ�PHDQ� ,23� ���$0����KRXUV�
DIWHU� WKH� ODVW� GRVH� RI� WUDYRSURVW�WLPRORO� ���PLFURJUDPV�PO� �� ��PJ�PO� H\H� GURSV�� VROXWLRQ�� ZDV�
REVHUYHG�FRPSDUHG�WR�WUDYRSURVW�DW�DOO�YLVLWV�WKURXJKRXW�WKH�VWXG\�

,Q� WZR� WKUHH�PRQWK�� FRQWUROOHG FOLQLFDO� VWXGLHV� LQ� SDWLHQWV� ZLWK� RSHQ�DQJOH� JODXFRPD� RU� RFXODU�
K\SHUWHQVLRQ� DQG� EDVHOLQH� PHDQ� ,23� RI� ��� WR� ��� PP+J�� WKH� PHDQ� ,23�ORZHULQJ� HIIHFW� RI�
WUDYRSURVW�WLPRORO� ��� PLFURJUDPV�PO� �� �� PJ�PO� H\H� GURSV�� VROXWLRQ� GRVHG� RQFH� GDLO\� LQ� WKH�
PRUQLQJ�ZDV���WR ��PP+J��0HDQ�,23�UHGXFWLRQV�ZHUH�QRQ�LQIHULRU��DOWKRXJK�QXPHULFDOO\�ORZHU��WR�
WKRVH�DFKLHYHG�E\�FRQFRPLWDQW�WKHUDS\�ZLWK�WUDYRSURVW����PLFURJUDPV�PO�GRVHG�RQFH�GDLO\�LQ�WKH�
HYHQLQJ�DQG�WLPRORO���PJ�PO�GRVHG�RQFH�GDLO\�LQ�WKH�PRUQLQJ�

,Q�D���ZHHN��FRQWUROOHG�FOLQLFDO�VWXG\�LQ�SDWLHQWV�ZLWK�RSHQ�DQJOH�JODXFRPD�RU�RFXODU�K\SHUWHQVLRQ�
DQG�EDVHOLQH�PHDQ�,23�RI����WR����PP+J��WKH�PHDQ�,23�ORZHULQJ�HIIHFW�RI�WUDYRSURVW�WLPRORO����
PLFURJUDPV�PO��� ��PJ�PO� H\H� GURSV�� VROXWLRQ� �SRO\TXDWHUQLXP���SUHVHUYHG�� GRVHG� RQFH� GDLO\� LQ�
WKH�PRUQLQJ�ZDV���PP+J�DQG�HTXLYDOHQW�WR�WKDW�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�
H\H�GURSV��VROXWLRQ��EHQ]DONRQLXP�FKORULGH�SUHVHUYHG��

,QFOXVLRQ�FULWHULD�ZHUH�FRPPRQ�DFURVV�WKH�VWXGLHV��ZLWK�WKH�H[FHSWLRQ�RI�WKH�,23�HQWU\�FULWHULD�DQG�
UHVSRQVH�WR�SUHYLRXV�,23�WKHUDS\��7KH�FOLQLFDO�GHYHORSPHQW�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�
�� �� PJ�PO� H\H� GURSV�� VROXWLRQ� LQFOXGHG� ERWK� SDWLHQWV� QDLYH� DQG� RQ� WKHUDS\�� ,QVXIILFLHQW�
UHVSRQVLYHQHVV�WR�PRQRWKHUDS\�ZDV�QRW�DQ�LQFOXVLRQ�FULWHULRQ�

([LVWLQJ� GDWD� VXJJHVW� WKDW� HYHQLQJ� GRVLQJ� PLJKW� KDYH� VRPH� DGYDQWDJHV� DV� UHJDUGV� PHDQ� ,23�
UHGXFWLRQ��&RQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�SDWLHQW�FRQYHQLHQFH�DQG�WKHLU� OLNHO\�FRPSOLDQFH�ZKHQ�
UHFRPPHQGLQJ�PRUQLQJ�YV��HYHQLQJ�GRVLQJ�

������3KDUPDFRNLQHWLF�SURSHUWLHV

$EVRUSWLRQ

7UDYRSURVW�DQG�WLPRORO�DUH�DEVRUEHG�WKURXJK�WKH�FRUQHD��7UDYRSURVW� LV�D�SURGUXJ�WKDW�XQGHUJRHV�
UDSLG�HVWHU�K\GURO\VLV� LQ� WKH�FRUQHD�WR� WKH�DFWLYH� IUHH�DFLG��)ROORZLQJ�RQFH�GDLO\�DGPLQLVWUDWLRQ�RI�
WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��VROXWLRQ�34�LQ�KHDOWK\�VXEMHFWV��1 ����
IRU� �� GD\V�� WUDYRSURVW� IUHH� DFLG� ZDV� QRW� TXDQWLILDEOH� LQ� SODVPD� VDPSOHV� IURP� WKH� PDMRULW\� RI�
VXEMHFWV� �������� DQG�JHQHUDOO\�ZDV� QRW� GHWHFWDEOH� RQH�KRXU� DIWHU� GRVLQJ��:KHQ�PHDVXUDEOH� ���
�����QJ�PO�� WKH�DVVD\� OLPLW�RI�TXDQWLWDWLRQ��� FRQFHQWUDWLRQV� UDQJHG� IURP������ WR������QJ�PO��7KH�
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PHDQ� WLPRORO� VWHDG\�VWDWH� &PD[�ZDV� ����� QJ�PO� DQG� 7PD[�ZDV� DSSUR[LPDWHO\� ����� KRXUV� DIWHU�
RQFH�GDLO\�DGPLQLVWUDWLRQ�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��VROXWLRQ�

'LVWULEXWLRQ

7UDYRSURVW�IUHH�DFLG�FDQ�EH�PHDVXUHG�LQ�WKH�DTXHRXV�KXPRXU�GXULQJ�WKH�ILUVW�IHZ�KRXUV�LQ�DQLPDOV�
DQG�LQ�KXPDQ�SODVPD�RQO\�GXULQJ�WKH�ILUVW�KRXU�DIWHU�RFXODU�DGPLQLVWUDWLRQ�RI�WUDYRSURVW�WLPRORO����
PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��VROXWLRQ��7LPRORO�FDQ�EH�PHDVXUHG�LQ�KXPDQ�DTXHRXV�KXPRXU�
DIWHU�RFXODU�DGPLQLVWUDWLRQ�RI�WLPRORO�DQG�LQ�SODVPD�IRU�XS�WR����KRXUV�DIWHU�RFXODU�DGPLQLVWUDWLRQ�RI�
WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��VROXWLRQ�

%LRWUDQVIRUPDWLRQ

0HWDEROLVP� LV� WKH� PDMRU� URXWH� RI� HOLPLQDWLRQ� RI� ERWK� WUDYRSURVW� DQG� WKH� DFWLYH� IUHH� DFLG�� 7KH�
V\VWHPLF� PHWDEROLF� SDWKZD\V� SDUDOOHO� WKRVH� RI� HQGRJHQRXV� SURVWDJODQGLQ� )�Į� ZKLFK� DUH�
FKDUDFWHULVHG�E\�UHGXFWLRQ�RI�WKH�������GRXEOH�ERQG��R[LGDWLRQ�RI�WKH����K\GUR[\O�DQG�ǃ�R[LGDWLYH�
FOHDYDJHV�RI�WKH�XSSHU�VLGH�FKDLQ�

7LPRORO� LV� PHWDEROLVHG� E\� WZR� SDWKZD\V�� 2QH� URXWH� \LHOGV� DQ� HWKDQRODPLQH� VLGH� FKDLQ� RQ� WKH�
WKLDGLD]ROH� ULQJ� DQG� WKH� RWKHU� JLYHV� DQ� HWKDQROLF� VLGH� FKDLQ� RQ� WKH� PRUSKROLQH� QLWURJHQ� DQG� D�
VHFRQG�VLPLODU�VLGH�FKDLQ�ZLWK�D�FDUERQ\O�JURXS�DGMDFHQW�WR�WKH�QLWURJHQ��7KH�SODVPD�W��� RI�WLPRORO�
LV���KRXUV�DIWHU�RFXODU�DGPLQLVWUDWLRQ�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��
VROXWLRQ�

(OLPLQDWLRQ

7UDYRSURVW� IUHH�DFLG�DQG� LWV�PHWDEROLWHV�DUH�PDLQO\�H[FUHWHG�E\�WKH�NLGQH\V��/HVV� WKDQ����RI�DQ�
RFXODU� GRVH� RI� WUDYRSURVW� ZDV� UHFRYHUHG� LQ� XULQH� DV� IUHH� DFLG�� 7LPRORO� DQG� LWV� PHWDEROLWHV� DUH�
SULPDULO\� H[FUHWHG� E\� WKH� NLGQH\V�� $SSUR[LPDWHO\� ����RI� D� WLPRORO� GRVH� LV� H[FUHWHG� LQ� WKH� XULQH�
XQFKDQJHG�DQG�WKH�UHPDLQGHU�H[FUHWHG�LQ�XULQH�DV�PHWDEROLWHV�

��� 3UHFOLQLFDO�VDIHW\ GDWD

,Q�PRQNH\V��DGPLQLVWUDWLRQ�RI�WUDYRSURVW�WLPRORO����PLFURJUDPV�PO�����PJ�PO�H\H�GURSV��VROXWLRQ�
WZLFH�GDLO\�ZDV�VKRZQ�WR�LQGXFH�LQFUHDVHG�SDOSHEUDO�ILVVXUH�DQG�WR�LQFUHDVH�LULV�SLJPHQWDWLRQ�VLPLODU�
WR�WKDW�REVHUYHG�ZLWK�RFXODU�DGPLQLVWUDWLRQ�RI�SURVWDQRLGV�

7UDYRSURVW�WLPRORO� ��� PLFURJUDPV�PO� �� �� PJ�PO� H\H� GURSV�� VROXWLRQ� SUHVHUYHG� ZLWK�
SRO\TXDWHUQLXP��� LQGXFHG�PLQLPDO�RFXODU� VXUIDFH� WR[LFLW\�� FRPSDUHG� WR�H\H�GURSV�SUHVHUYHG�ZLWK�
EHQ]DONRQLXP�FKORULGH��RQ�FXOWXUHG�KXPDQ�FRUQHDO�FHOOV�DQG�IROORZLQJ�WRSLFDO�RFXODU�DGPLQLVWUDWLRQ�
LQ�UDEELWV�

7UDYRSURVW

7RSLFDO� RFXODU� DGPLQLVWUDWLRQ�RI� WUDYRSURVW� WR�PRQNH\V�DW� FRQFHQWUDWLRQV�RI�XS� WR�������� WR� WKH�
ULJKW�H\H�WZLFH�GDLO\�IRU�RQH�\HDU�UHVXOWHG�LQ�QR�V\VWHPLF�WR[LFLW\�

5HSURGXFWLRQ�WR[LFLW\�VWXGLHV�ZLWK�WUDYRSURVW�KDYH�EHHQ�XQGHUWDNHQ�LQ�UDWV��PLFH�DQG�UDEELWV�XVLQJ�
WKH� V\VWHPLF� URXWH�� )LQGLQJV� DUH� UHODWHG� WR� )3� UHFHSWRU� DJRQLVW� DFWLYLW\� LQ� XWHUXV� ZLWK� HDUO\�
HPEU\ROHWKDOLW\��SRVW�LPSODQWDWLRQ�ORVV�DQG�IRHWRWR[LFLW\��,Q�SUHJQDQW�UDWV��V\VWHPLF�DGPLQLVWUDWLRQ�
RI� WUDYRSURVW� DW�GRVHV�PRUH� WKDQ����� WLPHV� WKH� FOLQLFDO� GRVH�GXULQJ� WKH�SHULRG�RI�RUJDQRJHQHVLV�
UHVXOWHG� LQ�DQ� LQFUHDVHG� LQFLGHQFH�RI�PDOIRUPDWLRQV��/RZ�OHYHOV�RI�UDGLRDFWLYLW\�ZHUH�PHDVXUHG� LQ�
DPQLRWLF� IOXLG� DQG� IRHWDO� WLVVXHV� RI� SUHJQDQW� UDWV� DGPLQLVWHUHG� �+�WUDYRSURVW�� 5HSURGXFWLRQ� DQG�
GHYHORSPHQW�VWXGLHV�KDYH�GHPRQVWUDWHG�D�SRWHQW�HIIHFW�RQ�IRHWDO�ORVV�ZLWK�D�KLJK�UDWH�REVHUYHG�LQ�
UDWV� DQG� PLFH� ����� SJ�PO� DQG� ��� SJ�PO� SODVPD�� UHVSHFWLYHO\�� DW� H[SRVXUHV� ���� WR� �� WLPHV� WKH�
FOLQLFDO�H[SRVXUH��XS�WR����SJ�PO��

7LPRORO

1RQ�FOLQLFDO�GDWD�UHYHDO�QR�VSHFLDO�KD]DUG�IRU�KXPDQV�ZLWK�WLPRORO�EDVHG�RQ�FRQYHQWLRQDO�VWXGLHV�RI�
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VDIHW\�SKDUPDFRORJ\��UHSHDWHG�GRVH�WR[LFLW\��JHQRWR[LFLW\�DQG�FDUFLQRJHQLF�SRWHQWLDO��5HSURGXFWLRQ�
WR[LFLW\�VWXGLHV�ZLWK�WLPRORO�VKRZHG�GHOD\HG�IRHWDO�RVVLILFDWLRQ�LQ�UDWV�ZLWK�QR�DGYHUVH�UHDFWLRQV�RQ�
SRVWQDWDO� GHYHORSPHQW� ������� WLPHV� WKH� FOLQLFDO� GRVH�� DQG� LQFUHDVHG� IRHWDO� UHVRUSWLRQV� LQ� UDEELWV�
��������WLPHV�WKH�FOLQLFDO�GRVH��

� 3+$50$&(87,&$/�3$57,&8/$56

��� /LVW�RIH[FLSLHQWV

%HQ]DONRQLXP�&KORULGH�6ROXWLRQ
32/�<2;</����&$6725�2,/
%RULF�DFLG
0DQQLWRO
7URPHWKDPLQH�
(GHWDWH�'LVRGLXP
6RGLXP�SHUERUDWH
+\GURFKORULGH�DFLG
3XULILHG�ZDWHU

��� ,QFRPSDWLELOLWLHV
1RW�DSSOLFDEOH

��� 6KHOI OLIH
�� PRQWKV�IRU�WKH�GDWH�RI�PDQXIDFWXULQJ�

��� 6SHFLDO�SUHFDXWLRQV�IRUVWRUDJH
6WRUH DW D WHPSHUDWXUH QRW H[FHHGLQJ ���& LQ D GU\�SODFH� 3URWHFW IURP OLJKW� .HHS RXW RI UHDFK
RI FKLOGUHQ�

��� 1DWXUHDQGFRQWHQWVRIFRQWDLQHU�DQGVSHFLDOHTXLSPHQWIRUXVH�DGPLQLVWUDWLRQRU�

LPSODQWDWLRQ!

��0/�2SDTXH�6WHULOH�SODVWLF�%RWWOH

��� 6SHFLDO�SUHFDXWLRQV�IRU�GLVSRVDO��DQG�RWKHU KDQGOLQJ!
7KHUH�DUH�QR�VSHFLDO�VWRUDJH�SUHFDXWLRQV��$Q\�XQXVHG�SURGXFW�RU�ZDVWH�PDWHULDO�VKRXOG�EH�GLVSRVHG�
RI�LQ�DFFRUGDQFH�ZLWK�ORFDO�UHTXLUHPHQWV�

� �$33/,&$17�0$18)$&785(5!
6WDOOLRQ�ODERUDWRULHV�3YW��/WG�
&��%������������	����*,'&�.HUDOD�%DYOD�
'LVW�$KPHGDEDG���������*XMDUDW�,QGLD


