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6HFRQG�GRVH�WR�EH�WDNHQ�VWULFWO\�DIWHU��KRXUV�RI�ILUVW�GRVH��$IWHU�HDFK�GRVH��JLYH�\RXU�FKLOG�IDWW\�PHDO�RU�
VRPHWKLQJ�WR�HDW�RU�GULQN��,I�\RXU�FKLOG�YRPLWV�ZLWKLQ���KRXU�RI�WDNLQJ�)$1(7+$���RUDO�VXVSHQVLRQ��UHSHDW����
WKH�GRVH�LPPHGLDWHO\��7DNH�GRVDJH�H[DFWO\�DV�UHFRPPHQGHG��RWKHUZLVH�LQIHFWLRQ�PD\�UHWXUQ��
'LUHFWLRQ�)RU�5HFRQVWLWXWLRQ��6KDNH� WKH�ERWWOH� WR� ORRVHQ� WKH�SRZGHU��DGG���PO�SUHYLRXVO\�ERLOHG�DQG�
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FRROHG�ZDWHU�� LQYHUW�WKH�ERWWOH�DQG�VKDNH�XQWLO�DOO�SRZGHU�LV�GLVSHUVHG��WKHQ�VORZO\�DGG�PRUH�ZDWHU�XS�WR�
WKH���PO�PDUN�RQ�WKH�ERWWOH��,W�LV�DGYLVHG�WR�VKDNH�WKH�ERWWOH�EHIRUH�HDFK�XVH��

����&RQWUDLQGLFDWLRQV�

)DQHWKD�LV�FRQWUDLQGLFDWHG�LQ����
��SDWLHQWV�ZLWK�NQRZQ�K\SHUVHQVLWLYLW\�WR�WKH�DFWLYH�VXEVWDQFHV�RU�WR�DQ\�RI�WKH��
H[FLSLHQWV�OLVWHG�LQ�VHFWLRQ�������
��SDWLHQWV�ZKR�DUH�WDNLQJ�DQ\�GUXJ�ZKLFK�LV�PHWDEROLVHG�E\�WKH�F\WRFKURPH��
HQ]\PH�&<3�'���H�J��PHWRSURORO��LPLSUDPLQH��DPLWU\SW\OLQH��FORPLSUDPLQH�����
��SDWLHQWV�ZLWK�D�IDPLO\�KLVWRU\�RI�VXGGHQ�GHDWK�RU�RI�FRQJHQLWDO�SURORQJDWLRQ�RI��
WKH�47F�LQWHUYDO�RQ�HOHFWURFDUGLRJUDPV��RU�ZLWK�DQ\�RWKHU�FOLQLFDO�FRQGLWLRQ��
NQRZQ�WR�SURORQJ�WKH�47F�LQWHUYDO����
��SDWLHQWV�WDNLQJ�GUXJV�WKDW�DUH�NQRZQ�WR�SURORQJ�WKH�47F�LQWHUYDO��SURDUU\WKPLF����WKHVH�GUXJV�LQFOXGH����
���DQWLDUUK\WKPLFV�RI�FODVVHV�,$�DQG�,,,��QHXUROHSWLFV��DQWLGHSUHVVLYH�DJHQWV����
���FHUWDLQ�DQWLELRWLFV�LQFOXGLQJ�VRPH�DJHQWV�RI�WKH�IROORZLQJ�FODVVHV��PDFUROLGHV���
IOXRURTXLQRORQHV��LPLGD]ROH�DQG�WULD]ROH�DQWLIXQJDO�DJHQWV��FHUWDLQ�QRQ�
VHGDWLQJ�DQWLKLVWDPLQHV��WHUIHQDGLQH��DVWHPL]ROH���FLVDSULGH������IOHFDLQLGH���
���SDWLHQWV�ZLWK�D�KLVWRU\�RI�V\PSWRPDWLF�FDUGLDF�DUU\WKPLDV�RU�ZLWK�FOLQLFDOO\��
UHOHYDQW�EUDG\FDUGLD�RU�ZLWK�FRQJHVWLYH�FDUGLDF�IDLOXUH�DFFRPSDQLHG�E\�UHGXFHG��
OHIW�YHQWULFOH�HMHFWLRQ�IUDFWLRQ����
��SDWLHQWV�ZLWK�GLVWXUEDQFHV�RI�HOHFWURO\WH�EDODQFH�H�J��K\SRNDODHPLD�RU��K\SRPDJQHVHPLD����
��SDWLHQWV�WDNLQJ�GUXJV�WKDW�DUH�VWURQJ�LQGXFHUV�RI�&<3�$��VXFK�DV�ULIDPSLQ���
FDUEDPD]HSLQH��SKHQ\WRLQ��6W��-RKQ
V�ZRUW��+\SHULFXP�SHUIRUDWXP���

����6SHFLDO�ZDUQLQJV�DQG�SUHFDXWLRQ�IRU�XVH�

)DQHWKD�LV�QRW�UHFRPPHQGHG�GXULQJ�WKH�ILUVW�WULPHVWHU�RI�SUHJQDQF\�LQ�VLWXDWLRQV�ZKHUH�RWKHU�VXLWDEOH�DQG�
HIIHFWLYH�DQWLPDODULDOV�DUH�DYDLODEOH��

)DQHWKD�KDV�QRW�EHHQ�HYDOXDWHG�IRU�WKH�WUHDWPHQW�RI�VHYHUH�PDODULD��LQFOXGLQJ�FDVHV�RI�FHUHEUDO�PDODULD�RU�
RWKHU�VHYHUH�PDQLIHVWDWLRQV�VXFK�DV�SXOPRQDU\�RHGHPD�RU�UHQDO�IDLOXUH��

'XH� WR� OLPLWHG� GDWD� RQ� VDIHW\� DQG� HIILFDF\�� )DQHWKD� VKRXOG� QRW� EH� JLYHQ� FRQFXUUHQWO\� ZLWK� DQ\� RWKHU�
DQWLPDODULDO�DJHQW�XQOHVV�WKHUH�LV�QR�RWKHU�WUHDWPHQW�RSWLRQ��

,I�D�SDWLHQW�GHWHULRUDWHV�ZKLOH� WDNLQJ�)DQHWKD��DOWHUQDWLYH�WUHDWPHQW�IRU�PDODULD�VKRXOG�EH�VWDUWHG�ZLWKRXW�
GHOD\�� ,Q� VXFK� FDVHV��PRQLWRULQJ� RI� WKH� (&*� LV� UHFRPPHQGHG� DQG� VWHSV� VKRXOG� EH� WDNHQ� WR� FRUUHFW� DQ\�
HOHFWURO\WH�GLVWXUEDQFHV��

7KH� ORQJ� HOLPLQDWLRQ� KDOI�OLIH� RI� OXPHIDQWULQH�PXVW� EH� WDNHQ� LQWR� DFFRXQW�ZKHQ� DGPLQLVWHULQJ� TXLQLQH� LQ�
SDWLHQWV�SUHYLRXVO\�WUHDWHG�ZLWK�)DQHWKD��

,I�TXLQLQH�LV�JLYHQ�DIWHU�)DQHWKD��FORVH�PRQLWRULQJ�RI�WKH�(&*�LV�DGYLVHG��

,I�)DQHWKD�LV�JLYHQ�DIWHU�PHIORTXLQH��FORVH�PRQLWRULQJ�RI�IRRG�LQWDNH�LV�DGYLVHG��

,Q�SDWLHQWV�SUHYLRXVO\�WUHDWHG�ZLWK�KDORIDQWULQH��)DQHWKD�VKRXOG�QRW�EH�DGPLQLVWHUHG�HDUOLHU�WKDQ�RQH�PRQWK�
DIWHU�WKH�ODVW�KDORIDQWULQH�GRVH��

)DQHWKD�LV�QRW�LQGLFDWHG�DQG�KDV�QRW�EHHQ�HYDOXDWHG�IRU�SURSK\OD[LV�RI�PDODULD��

)DQHWKD�VKRXOG�EH�XVHG�FDXWLRXVO\�LQ�SDWLHQWV�RQ�DQWL�UHWURYLUDO�GUXJV��$57V��VLQFH�GHFUHDVHG�DUWHPHWKHU��
'+$��DQG�RU�OXPHIDQWULQH�FRQFHQWUDWLRQV�PD\�UHVXOW�LQ�D�GHFUHDVH�RI�DQWLPDODULDO�HIILFDF\�RI�)DQHWKD��

/LNH� RWKHU� DQWLPDODULDOV� �H�J�� KDORIDQWULQH�� TXLQLQH� DQG� TXLQLGLQH�� )DQHWKD� KDV� WKH� SRWHQWLDO� WR� FDXVH�47�
SURORQJDWLRQ��

&DXWLRQ� LV� UHFRPPHQGHG� ZKHQ� FRPELQLQJ� )DQHWKD� ZLWK� GUXJV� H[KLELWLQJ� YDULDEOH� SDWWHUQV� RI� LQKLELWLRQ��
PRGHUDWH� LQGXFWLRQ�RU�FRPSHWLWLRQ�IRU�&<3�$��DV�WKH�WKHUDSHXWLF�HIIHFWV�RI�VRPH�GUXJV�FRXOG�EH�DOWHUHG��
'UXJV�WKDW�KDYH�D�PL[HG�LQKLELWRU\�LQGXFWLRQ�HIIHFW�RQ�&<3�$���HVSHFLDOO\�DQWL�UHWURYLUDO�GUXJV�VXFK�DV�+,9�
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SURWHDVH� LQKLELWRUV� DQG� QRQ�QXFOHRVLGH� UHYHUVH� WUDQVFULSWDVH� LQKLELWRUV� VKRXOG� EH� XVHG� ZLWK� FDXWLRQ� LQ�
SDWLHQWV�WDNLQJ�)DQHWKD���

&DXWLRQ�LV�UHFRPPHQGHG�ZKHQ�FRPELQLQJ�)DQHWKD�ZLWK�KRUPRQDO�FRQWUDFHSWLYHV��)DQHWKD�PD\�UHGXFH�WKH�
HIIHFWLYHQHVV� RI� KRUPRQDO� FRQWUDFHSWLYHV�� 7KHUHIRUH�� SDWLHQWV� XVLQJ� RUDO�� WUDQVGHUPDO� SDWFK�� RU� RWKHU�
V\VWHPLF� KRUPRQDO� FRQWUDFHSWLYHV� VKRXOG� EH� DGYLVHG� WR� XVH� DQ� DGGLWLRQDO� QRQ�KRUPRQDO�PHWKRG� RI� ELUWK�
FRQWURO�IRU�DERXW�RQH�PRQWK��

3DWLHQWV� ZKR� UHPDLQ� DYHUVH� WR� IRRG� GXULQJ� WUHDWPHQW� VKRXOG� EH� FORVHO\� PRQLWRUHG� DV� WKH� ULVN� RI�
UHFUXGHVFHQFH�PD\�EH�JUHDWHU��

5HQDO�LPSDLUPHQW

1R�VSHFLILF�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�LQ�WKLV�JURXS�RI�SDWLHQWV��7KHUH�LV�QR�VLJQLILFDQW�UHQDO�H[FUHWLRQ�RI�
OXPHIDQWULQH�� DUWHPHWKHU� DQG� GLK\GURDUWHPLVLQLQ� LQ� VWXGLHV� FRQGXFWHG� LQ� KHDOWK\� YROXQWHHUV� DQG� FOLQLFDO�
H[SHULHQFH� LV� OLPLWHG�� 1R� GRVH� DGMXVWPHQW� IRU� WKH� XVH� RI� )DQHWKD� LQ� SDWLHQWV� ZLWK� UHQDO� LPSDLUPHQW� LV�
UHFRPPHQGHG��&DXWLRQ�LV�DGYLVHG�ZKHQ�DGPLQLVWHULQJ�)DQHWKD�WR�SDWLHQWV�ZLWK�VHYHUH�UHQDO�LPSDLUPHQW��,Q�
WKHVH�SDWLHQWV��(&*�DQG�EORRG�SRWDVVLXP�PRQLWRULQJ�LV�DGYLVHG��

+HSDWLF�LPSDLUPHQW

1R� VSHFLILF� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� LQ� WKLV� JURXS� RI� SDWLHQWV�� ,Q� SDWLHQWV� ZLWK� VHYHUH� KHSDWLF�
LPSDLUPHQW�� D� FOLQLFDOO\� UHOHYDQW� LQFUHDVH� RI� H[SRVXUH� WR� DUWHPHWKHU� DQG� OXPHIDQWULQH� DQG�RU� WKHLU�
PHWDEROLWHV� FDQQRW� EH� UXOHG� RXW�� 7KHUHIRUH� FDXWLRQ� VKRXOG� EH� H[HUFLVHG� LQ� GRVLQJ� SDWLHQWV� ZLWK� VHYHUH�
KHSDWLF�LPSDLUPHQW�,Q�WKHVH�SDWLHQWV��(&*�DQG�EORRG�SRWDVVLXP�PRQLWRULQJ�LV�DGYLVHG��1R�GRVH�DGMXVWPHQW�
LV�UHFRPPHQGHG�IRU�SDWLHQWV�ZLWK�PLOG�WR�PRGHUDWH�KHSDWLF�LPSDLUPHQW��

1HZ�LQIHFWLRQV

'DWD�IRU�D� OLPLWHG�QXPEHU�RI�SDWLHQWV� LQ�D�PDODULD�HQGHPLF�DUHD�VKRZ�WKDW�QHZ�LQIHFWLRQV�FDQ�EH�WUHDWHG�
ZLWK�D�VHFRQG�FRXUVH�RI�)DQHWKD��,Q�WKH�DEVHQFH�RI�FDUFLQRJHQLFLW\�VWXG\�GDWD��DQG�GXH�WR�ODFN�RI�FOLQLFDO�
H[SHULHQFH��PRUH�WKDQ�WZR�FRXUVHV�RI�)DQHWKD�FDQQRW�EH�UHFRPPHQGHG��

����,QWHUDFWLRQV�ZLWK�RWKHU�PHGLFLQDO�SURGXFWV�DQG�RWKHU�IRUPV�RI�LQWHUDFWLRQ�

&RQWUDLQGLFDWLRQV�RI�FRQFRPLWDQW�XVH

,QWHUDFWLRQ�ZLWK�GUXJV�WKDW�DUH�NQRZQ�WR�SURORQJ�WKH�47F�LQWHUYDO

)DQHWKD� LV� FRQWUDLQGLFDWHG� ZLWK� FRQFRPLWDQW� XVH� RI� GUXJV� �WKH\� PD\� FDXVH� SURORQJHG� 47F� LQWHUYDO� DQG�
7RUVDGH�GH�3RLQWHV��VXFK�DV��DQWLDUUK\WKPLFV�RI�FODVVHV�,$�DQG�,,,��QHXUROHSWLFV�DQG�DQWLGHSUHVVDQW�DJHQWV��
FHUWDLQ�DQWLELRWLFV� LQFOXGLQJ�VRPH�DJHQWV�RI�WKH�IROORZLQJ�FODVVHV��PDFUROLGHV��IOXRURTXLQRORQHV�� LPLGD]ROH��
DQG� WULD]ROH� DQWLIXQJDO� DJHQWV�� FHUWDLQ� QRQ�VHGDWLQJ� DQWLKLVWDPLQHV� �WHUIHQDGLQH�� DVWHPL]ROH��� FLVDSULGH��
IOHFDLQLGH��

,QWHUDFWLRQ�ZLWK�GUXJV�PHWDEROL]HG�E\�&<3�'�

/XPHIDQWULQH� ZDV� IRXQG� WR� LQKLELW� &<3�'�� LQ� YLWUR�� 7KLV� PD\� EH� RI� SDUWLFXODU� FOLQLFDO� UHOHYDQFH� IRU�
FRPSRXQGV�ZLWK�D�ORZ�WKHUDSHXWLF�LQGH[��&R�DGPLQLVWUDWLRQ�RI�)DQHWKD�ZLWK�GUXJV�WKDW�DUH�PHWDEROLVHG�E\�
WKLV� LVR�HQ]\PH� LV� FRQWUDLQGLFDWHG� �H�J�� QHXUROHSWLFV�� PHWRSURORO�� DQG� WULF\FOLF� DQWLGHSUHVVDQWV� VXFK� DV�
LPLSUDPLQH��DPLWULSW\OLQH��FORPLSUDPLQH��LV�FRQWUDLQGLFDWHG��

,QWHUDFWLRQ�ZLWK�VWURQJ�LQGXFHUV�RI�&<3�$��VXFK�DV�ULIDPSLQ

2UDO� DGPLQLVWUDWLRQ� RI� ULIDPSLQ� �����PJ� GDLO\��� D� VWURQJ� &<3�$�� LQGXFHU�� ZLWK� )DQHWKD� 7DEOHWV� ���GRVH�
UHJLPHQ�RYHU���GD\V��LQ�VL[�+,9���DQG�WXEHUFXORVLV�FRLQIHFWHG�DGXOWV�ZLWKRXW�PDODULD�UHVXOWHG�LQ�VLJQLILFDQW�
GHFUHDVHV� LQ� H[SRVXUH� WR� DUWHPHWKHU� ������� '+$� ������ DQG� OXPHIDQWULQH� ������ ZKHQ� FRPSDUHG� WR�
H[SRVXUH� YDOXHV� DIWHU� )DQHWKD� DORQH�� &RQFRPLWDQW� XVH� RI� VWURQJ� LQGXFHUV� RI� &<3�$�� VXFK� DV� ULIDPSLQ��
FDUEDPD]HSLQH��SKHQ\WRLQ��6W��-RKQ
V�:RUW�LV�FRQWUDLQGLFDWHG�ZLWK�)DQHWKD��

,QGXFHUV�VKRXOG�QRW�EH�DGPLQLVWHUHG�DW�OHDVW�RQH�PRQWK�DIWHU�)DQHWKD�DGPLQLVWUDWLRQ��XQOHVV�FULWLFDO�WR�XVH�
DV�MXGJHG�E\�WKH�SUHVFULEHU��
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&RQFRPLWDQW�XVH�QRW�UHFRPPHQGHG

,QWHUDFWLRQ�ZLWK�RWKHU�DQWLPDODULDO�GUXJV�

'DWD�RQ�VDIHW\�DQG�HIILFDF\�DUH�OLPLWHG��DQG�)DQHWKD�VKRXOG�WKHUHIRUH�QRW�EH�JLYHQ�FRQFXUUHQWO\�ZLWK�RWKHU�
DQWLPDODULDOV�XQOHVV�WKHUH�LV�QR�RWKHU�WUHDWPHQW�RSWLRQ��

,I�)DQHWKD� LV�JLYHQ�IROORZLQJ�DGPLQLVWUDWLRQ�RI�PHIORTXLQH�RU�TXLQLQH��FORVH�PRQLWRULQJ�RI�IRRG� LQWDNH��IRU�
PHIORTXLQH��RU�RI� WKH�(&*��IRU�TXLQLQH�� LV�DGYLVHG��7KH� ORQJ�HOLPLQDWLRQ�KDOI�OLIH�RI� OXPHIDQWULQH�PXVW�EH�
WDNHQ� LQWR� DFFRXQW� ZKHQ� DGPLQLVWHULQJ� TXLQLQH� LQ� SDWLHQWV� SUHYLRXVO\� WUHDWHG� ZLWK� )DQHWKD�� ,Q� SDWLHQWV�
SUHYLRXVO\�WUHDWHG�ZLWK�KDORIDQWULQH��)DQHWKD�VKRXOG�QRW�EH�DGPLQLVWHUHG�HDUOLHU�WKDQ�RQH�PRQWK�DIWHU�WKH�
ODVW�KDORIDQWULQH�GRVH��

0HIORTXLQH

$�GUXJ�LQWHUDFWLRQ�VWXG\�ZLWK�)DQHWKD�LQ�PDQ�LQYROYHG�DGPLQLVWUDWLRQ�RI�D���GRVH�UHJLPHQ�RYHU����KRXUV�LQ�
KHDOWK\�YROXQWHHUV�ZKLFK�ZDV�FRPPHQFHG�DW����KRXUV�DIWHU�FRPSOHWLRQ�RI�D���GRVH�UHJLPHQ�RI�PHIORTXLQH�
RU� SODFHER�� 3ODVPD� PHIORTXLQH� FRQFHQWUDWLRQV� IURP� WKH� WLPH� RI� DGGLWLRQ� RI� )DQHWKD� ZHUH� QRW� DIIHFWHG�
FRPSDUHG�ZLWK�D�JURXS�ZKLFK�UHFHLYHG�PHIORTXLQH�IROORZHG�E\�SODFHER��

3UH�WUHDWPHQW� ZLWK� PHIORTXLQH� KDG� QR� HIIHFW� RQ� SODVPD� FRQFHQWUDWLRQV� RI� DUWHPHWKHU� RU� WKH�
DUWHPHWKHU�GLK\GURDUWHPLVLQLQ�UDWLR�EXW�WKHUH�ZDV�D�VLJQLILFDQW�UHGXFWLRQ�LQ�SODVPD�OHYHOV�RI� OXPHIDQWULQH��
SRVVLEO\�GXH�WR� ORZHU�DEVRUSWLRQ�VHFRQGDU\�WR�D�PHIORTXLQH�LQGXFHG�GHFUHDVH� LQ�ELOH�SURGXFWLRQ��3DWLHQWV�
VKRXOG�EH�HQFRXUDJHG�WR�HDW�DW�GRVLQJ�WLPHV�WR�FRPSHQVDWH�IRU�WKH�GHFUHDVH�LQ�ELRDYDLODELOLW\��

4XLQLQH

$�GUXJ�LQWHUDFWLRQ�VWXG\�LQ�KHDOWK\�PDOH�YROXQWHHUV�VKRZHG�WKDW�WKH�SODVPD�FRQFHQWUDWLRQV�RI�OXPHIDQWULQH�
DQG� TXLQLQH�ZHUH� QRW� DIIHFWHG�ZKHQ� L�Y�� TXLQLQH� ����PJ�NJ� %:�RYHU� �� KRXUV��ZDV� JLYHQ� VHTXHQWLDOO\� ��
KRXUV�DIWHU�WKH�ODVW��VL[WK��GRVH�RI�)DQHWKD��VR�DV�WR�SURGXFH�FRQFXUUHQW�SODVPD�SHDN�OHYHOV�RI�OXPHIDQWULQH�
DQG�TXLQLQH���3ODVPD�FRQFHQWUDWLRQV�RI�DUWHPHWKHU�DQG�GLK\GURDUWHPLVLQLQ��'+$��DSSHDUHG�WR�EH�ORZHU��,Q�
WKLV�VWXG\��DGPLQLVWUDWLRQ�RI�)DQHWKD�WR����VXEMHFWV�KDG�QR�HIIHFW�RQ�47F�LQWHUYDO��,QIXVLRQ�RI�TXLQLQH�DORQH�
LQ����RWKHU�VXEMHFWV�FDXVHG�D�WUDQVLHQW�SURORQJDWLRQ�RI�47F�LQWHUYDO��ZKLFK�ZDV�FRQVLVWHQW�ZLWK�WKH�NQRZQ�
FDUGLRWR[LFLW\�RI�TXLQLQH��7KLV�HIIHFW�ZDV�VOLJKWO\��EXW�VLJQLILFDQWO\��JUHDWHU�ZKHQ�TXLQLQH�ZDV�LQIXVHG�DIWHU�
)DQHWKD� LQ� ��� DGGLWLRQDO� VXEMHFWV�� ,W� ZRXOG� WKXV� DSSHDU� WKDW� WKH� LQKHUHQW� ULVN� RI� 47F� SURORQJDWLRQ�
DVVRFLDWHG�ZLWK�L�Y��TXLQLQH�ZDV�HQKDQFHG�E\�SULRU�DGPLQLVWUDWLRQ�RI�)DQHWKD��

&RQFRPLWDQW�XVH�UHTXLULQJ�FDXWLRQ

,QWHUDFWLRQV�DIIHFWLQJ�WKH�XVH�RI�)DQHWKD

,QWHUDFWLRQ�ZLWK�&<3�$��LQKLELWRUV

%RWK�DUWHPHWKHU�DQG�OXPHIDQWULQH�DUH�PHWDEROLVHG�SUHGRPLQDQWO\�E\�WKH�F\WRFKURPH�HQ]\PH�&<3�$���EXW�
GR�QRW�LQKLELW�WKLV�HQ]\PH�DW�WKHUDSHXWLF�FRQFHQWUDWLRQV��

.HWRFRQD]ROH

7KH� FRQFXUUHQW� RUDO� DGPLQLVWUDWLRQ� RI� NHWRFRQD]ROH� ZLWK� )DQHWKD� OHG� WR� D�PRGHVW� LQFUHDVH� ��� ��IROG�� LQ�
DUWHPHWKHU��'+$�� DQG� OXPHIDQWULQH� H[SRVXUH� LQ� KHDOWK\� DGXOW� VXEMHFWV�� 7KLV� LQFUHDVH� LQ� H[SRVXUH� WR� WKH�
DQWLPDODULDO�FRPELQDWLRQ�ZDV�QRW�DVVRFLDWHG�ZLWK�LQFUHDVHG�VLGH�HIIHFWV�RU�FKDQJHV�LQ�HOHFWURFDUGLRJUDSKLF�
SDUDPHWHUV�� %DVHG� RQ� WKLV� VWXG\�� GRVH� DGMXVWPHQW� RI� )DQHWKD� LV� FRQVLGHUHG� XQQHFHVVDU\� LQ� IDOFLSDUXP�
PDODULD�SDWLHQWV�ZKHQ�DGPLQLVWHUHG�LQ�DVVRFLDWLRQ�ZLWK�NHWRFRQD]ROH�RU�RWKHU�SRWHQW�&<3�$��LQKLELWRUV��

)DQHWKD�VKRXOG�EH�XVHG�FDXWLRXVO\�ZLWK�GUXJV�WKDW�LQKLELW�&<3�$��DQG�DUH�FRQWUDLQGLFDWHG�ZLWK�GUXJV�ZKLFK�
DGGLWLRQDOO\�DUH�NQRZQ�WR�SURORQJ�47F��GXH�WR�SRWHQWLDO�IRU�LQFUHDVHG�FRQFHQWUDWLRQV�RI�OXPHIDQWULQH�ZKLFK�
FRXOG�OHDG�WR�47�SURORQJDWLRQ��

,QWHUDFWLRQ�ZLWK�ZHDN�WR�PRGHUDWH�LQGXFHUV�RI�&<3�$�

:KHQ� )DQHWKD� LV� FR�DGPLQLVWHUHG� ZLWK� PRGHUDWH� LQGXFHUV� RI� &<3�$��� LW� PD\� UHVXOW� LQ� GHFUHDVHG�
FRQFHQWUDWLRQV�RI�DUWHPHWKHU�DQG�RU�OXPHIDQWULQH�DQG�ORVV�RI�DQWLPDODULDO�HIILFDF\��

,QWHUDFWLRQ�ZLWK�DQWL�UHWURYLUDO�GUXJV�VXFK�DV�SURWHDVH� LQKLELWRUV�DQG�QRQ�QXFOHRVLGH�UHYHUVH�WUDQVFULSWDVH�
LQKLELWRUV
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%RWK�DUWHPHWKHU�DQG�OXPHIDQWULQH�DUH�PHWDEROL]HG�E\�&<3�$���$57V��VXFK�DV�SURWHDVH�LQKLELWRUV�DQG�QRQ�
QXFOHRVLGH� UHYHUVH� WUDQVFULSWDVH� LQKLELWRUV��DUH�NQRZQ�WR�KDYH�YDULDEOH�SDWWHUQV�RI� LQKLELWLRQ�� LQGXFWLRQ�RU�
FRPSHWLWLRQ� IRU� &<3�$��� )DQHWKD� VKRXOG� EH� XVHG� FDXWLRXVO\� LQ� SDWLHQWV� RQ� $57V� VLQFH� GHFUHDVHG�
DUWHPHWKHU��'+$�� DQG�RU� OXPHIDQWULQH� FRQFHQWUDWLRQV�PD\� UHVXOW� LQ� D�GHFUHDVH�RI�DQWLPDODULDO�HIILFDF\�RI�
)DQHWKD��DQG�LQFUHDVHG�OXPHIDQWULQH�FRQFHQWUDWLRQV�PD\�FDXVH�47�SURORQJDWLRQ��

/RSLQDYLU��ULWRQDYLU

,Q�D�FOLQLFDO�VWXG\�LQ�KHDOWK\�YROXQWHHUV��ORSLQDYLU�ULWRQDYLU�GHFUHDVHG�WKH�V\VWHPLF�H[SRVXUHV�WR�DUWHPHWKHU�
DQG�'+$�E\� DSSUR[LPDWHO\� ����EXW� LQFUHDVHG� WKH�H[SRVXUH� WR� OXPHIDQWULQH� E\� DSSUR[LPDWHO\� ����� IROG��
([SRVXUHV�WR�ORSLQDYLU�ULWRQDYLU�ZHUH�QRW�VLJQLILFDQWO\�DIIHFWHG�E\�FRQFRPLWDQW�XVH�RI�)DQHWKD��

1HYLUDSLQH

,Q� D� FOLQLFDO� VWXG\� LQ� +,9�LQIHFWHG� DGXOWV�� QHYLUDSLQH� VLJQLILFDQWO\� UHGXFHG� WKH�PHGLDQ� &PD[� DQG�$8&� RI�
DUWHPHWKHU� E\� DSSUR[LPDWHO\� ���� DQG� ����� UHVSHFWLYHO\� DQG� UHGXFHG� WKH� PHGLDQ� &PD[� DQG� $8&� RI�
GLK\GURDUWHPLVLQLQ�E\�DSSUR[LPDWHO\�����DQG������UHVSHFWLYHO\��/XPHIDQWULQH�&PD[�DQG�$8&�ZHUH�QRQ�
VLJQLILFDQWO\� UHGXFHG� E\� QHYLUDSLQH�� $UWHPHWKHU�OXPHIDQWULQH� UHGXFHG� WKH� PHGLDQ� &PD[� DQG� $8&� RI�
QHYLUDSLQH�E\�DSSUR[LPDWHO\�����DQG�����UHVSHFWLYHO\��

(IDYLUHQ]

(IDYLUHQ]�GHFUHDVHG�WKH�H[SRVXUHV�WR�DUWHPHWKHU��'+$��DQG�OXPHIDQWULQH�E\�DSSUR[LPDWHO\�����������DQG�
�����UHVSHFWLYHO\��([SRVXUHV�WR�HIDYLUHQ]�ZHUH�QRW�VLJQLILFDQWO\�DIIHFWHG�E\�FRQFRPLWDQW�XVH�RI�)DQHWKD��

,QWHUDFWLRQV�UHVXOWLQJ�LQ�HIIHFWV�RI�)DQHWKD�RQ�RWKHU�GUXJV

,QWHUDFWLRQ�ZLWK�GUXJV�PHWDEROL]HG�E\�&<3����HQ]\PHV

:KHQ�)DQHWKD� LV�FR�DGPLQLVWHUHG�ZLWK�VXEVWUDWHV�RI�&<3�$�� LW�PD\� UHVXOW� LQ�GHFUHDVHG�FRQFHQWUDWLRQV�RI�
WKH� VXEVWUDWH� DQG� SRWHQWLDO� ORVV� RI� VXEVWUDWH� HIILFDF\�� 6WXGLHV� LQ� KXPDQV� KDYH� GHPRQVWUDWHG� WKDW�
DUWHPLVLQLQV�KDYH�VRPH�FDSDFLW\�WR�LQGXFH�&<3�$��DQG�&<3�&���DQG�LQKLELW�&<3�'��DQG�&<3�$���$OWKRXJK�
WKH�PDJQLWXGH�RI�WKH�FKDQJHV�ZDV�JHQHUDOO\�ORZ�LW�LV�SRVVLEOH�WKDW�WKHVH�HIIHFWV�FRXOG�DOWHU�WKH�WKHUDSHXWLF�
UHVSRQVH�RI�GUXJV�WKDW�DUH�SUHGRPLQDQWO\�PHWDEROLVHG�E\�WKHVH�HQ]\PHV��

,QWHUDFWLRQ�ZLWK�KRUPRQDO�FRQWUDFHSWLYHV

,Q� YLWUR�� WKH�PHWDEROLVP�RI� HWKLQ\O� HVWUDGLRO� DQG� OHYRQRUJHVWUHO�ZDV� QRW� LQGXFHG�E\�DUWHPHWKHU��'+$��RU�
OXPHIDQWULQH�� +RZHYHU�� DUWHPHWKHU� KDV� EHHQ� UHSRUWHG� WR� ZHDNO\� LQGXFH�� LQ� KXPDQV�� WKH� DFWLYLW\� RI�
&<3�&����&<3�%��� DQG�&<3�$��7KHUHIRUH��)DQHWKD�PD\�SRWHQWLDOO\� UHGXFH� WKH�HIIHFWLYHQHVV� RI�KRUPRQDO�
FRQWUDFHSWLYHV��3DWLHQWV�XVLQJ�RUDO��WUDQVGHUPDO�SDWFK��RU�RWKHU�V\VWHPLF�KRUPRQDO�FRQWUDFHSWLYHV�VKRXOG�EH�
DGYLVHG�WR�XVH�DQ�DGGLWLRQDO�QRQKRUPRQDO�PHWKRG�RI�ELUWK�FRQWURO�IRU�DERXW�RQH�PRQWK��

'UXJ�IRRG�GULQN�LQWHUDFWLRQV

)DQHWKD�VKRXOG�EH�WDNHQ�ZLWK�IRRG�RU�GULQNV�ULFK�LQ�IDW�VXFK�DV�PLON�DV�WKH�DEVRUSWLRQ�RI�ERWK�DUWHPHWKHU�
DQG�OXPHIDQWULQH�LV�LQFUHDVHG��

*UDSHIUXLW� MXLFH� VKRXOG� EH� XVHG� FDXWLRXVO\� GXULQJ� )DQHWKD� WUHDWPHQW�� $GPLQLVWUDWLRQ� RI� DUWHPHWKHU� ZLWK�
JUDSHIUXLW� MXLFH� LQ� KHDOWK\� DGXOW� VXEMHFWV� UHVXOWHG� LQ� DQ� DSSUR[LPDWHO\� WZR� IROG� LQFUHDVH� LQ� V\VWHPLF�
H[SRVXUH�WR�WKH�SDUHQW�GUXJ��

����3UHJQDQF\�DQG�/DFWDWLRQ�
:RPHQ�RI�FKLOGEHDULQJ�SRWHQWLDO

:RPHQ�XVLQJ�RUDO��WUDQVGHUPDO�SDWFK��RU�RWKHU�V\VWHPLF�KRUPRQDO�FRQWUDFHSWLYHV�VKRXOG�EH�DGYLVHG�WR�XVH�
DQ�DGGLWLRQDO�QRQ�KRUPRQDO�PHWKRG�RI�ELUWK�FRQWURO�IRU�DERXW�RQH�PRQWK��

3UHJQDQF\

$�PHWD�DQDO\VLV� RI� REVHUYDWLRQDO� VWXGLHV� LQFOXGLQJ� RYHU� ���� DUWHPHWKHU�OXPHIDQWULQH� H[SRVHG� ZRPHQ� LQ�
WKHLU�ILUVW�WULPHVWHU�RI�SUHJQDQF\�DVVHVVHG�DGYHUVH�SUHJQDQF\�RXWFRPHV��7KH�GDWD�VKRZHG�WKDW�FRPSDUHG�
WR�TXLQLQH��DUWHPLVLQLQ�WUHDWPHQW��LQFOXGLQJ�DUWHPHWKHU�OXPHIDQWULQH��ZDV�QRW�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�
ULVN�RI�PLVFDUULDJH��VWLOOELUWK�RU�FRQJHQLWDO�DQRPDOLHV��+RZHYHU��GXH�WR�WKH�OLPLWDWLRQV�RI�WKHVH�VWXGLHV��WKH�
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ULVN� RI� DGYHUVH� SUHJQDQF\� RXWFRPHV� IRU� DUWHPHWKHU�OXPHIDQWULQH� H[SRVHG� ZRPHQ� LQ� HDUO\� SUHJQDQF\�
FDQQRW�EH�H[FOXGHG��

6DIHW\� GDWD� IURP� SUHJQDQF\� VWXGLHV� LQFOXGLQJ� RYHU� ����� SUHJQDQW� ZRPHQ� ZKR� ZHUH� H[SRVHG� WR�
DUWHPHWKHU�OXPHIDQWULQH� GXULQJ� WKH� VHFRQG� RU� WKLUG� WULPHVWHU� GLG� QRW� VKRZ� DQ� LQFUHDVH� LQ� DGYHUVH�
SUHJQDQF\�RXWFRPHV�RU�WHUDWRJHQLF�HIIHFWV�RYHU�EDFNJURXQG�UDWHV��

6WXGLHV�LQ�DQLPDOV�KDYH�VKRZQ�UHSURGXFWLYH�WR[LFLW\��

)DQHWKD� WUHDWPHQW� LV� QRW� UHFRPPHQGHG�GXULQJ� WKH� ILUVW� WULPHVWHU� RI�SUHJQDQF\� LQ� VLWXDWLRQV�ZKHUH�RWKHU�
VXLWDEOH� DQG� HIIHFWLYH� DQWLPDODULDOV� DUH� DYDLODEOH�� +RZHYHU�� LW� VKRXOG� QRW� EH� ZLWKKHOG� LQ� OLIH�WKUHDWHQLQJ�
VLWXDWLRQV�� ZKHUH� QR� RWKHU� HIIHFWLYH� DQWLPDODULDOV� DUH� DYDLODEOH�� 'XULQJ� WKH� VHFRQG� DQG� WKLUG� WULPHVWHU��
)DQHWKD� WUHDWPHQW� VKRXOG�EH�FRQVLGHUHG� LI� WKH�H[SHFWHG�EHQHILW� WR� WKH�PRWKHU�RXWZHLJKV� WKH� ULVN� WR� WKH�
IRHWXV��

%UHDVW�IHHGLQJ

$QLPDO�GDWD�VXJJHVW�H[FUHWLRQ�LQWR�EUHDVW�PLON�EXW�QR�GDWD�DUH�DYDLODEOH�LQ�KXPDQV��:RPHQ�WDNLQJ�)DQHWKD�
VKRXOG�QRW�EUHDVW�IHHG�GXULQJ�WKHLU�WUHDWPHQW��'XH�WR�WKH�ORQJ�HOLPLQDWLRQ�KDOI�OLIH�RI�OXPHIDQWULQH����WR���
GD\V���LW�LV�UHFRPPHQGHG�WKDW�EUHDVW�IHHGLQJ�VKRXOG�QRW�UHVXPH�XQWLO�DW�OHDVW�RQH�ZHHN�DIWHU�WKH�ODVW�GRVH�
RI�)DQHWKD�XQOHVV�SRWHQWLDO�EHQHILWV�WR�WKH�PRWKHU�DQG�FKLOG�RXWZHLJK�WKH�ULVNV�RI�)DQHWKD�WUHDWPHQW��

�����(IIHFWV�RQ�DELOLW\�WR�GULYH�DQG�XVH�PDFKLQHV�

3DWLHQWV� UHFHLYLQJ� )DQHWKD� VKRXOG� EH�ZDUQHG� WKDW� GL]]LQHVV� RU� IDWLJXH�DVWKHQLD�PD\� RFFXU� LQ�ZKLFK� FDVH�
WKH\�VKRXOG�QRW�GULYH�RU�XVH�PDFKLQHV��
����8QGHVLUDEOH�HIIHFWV�

$VWKHQLD�� 3\UH[LD�� $UWKUDOJLD�� 0\DOJLD�� 6OHHS� 'LVRUGHUV�� +HSDWRPHJDO\�� 3DOSLWDWLRQV�� 6SOHQRPHJDO\��
$QDHPLD��1DVRSKDU\QJLWLV�� 5KLQLWLV�� )DWLJXH�� $VSDUWDWH� DPLQRWUDQVIHUDVH� LQFUHDVH� �&KLOGUHQ��� (RVLQRSKLOLD��
7LQQLWXV�� &RQMXQFWLYLWLV�� &RQVWLSDWLRQ�� '\VSHSVLD�� '\VSKDJLD�� 3HSWLF� 8OFHU�� *DLW� GLVWXUEDQFHV�� DEVFHVV��
DFURGHUPDWLWLV�� EURQFKLWLV�� JDVWURHQWHULWLV�� LQIOXHQ]D��/57,V�� 57,V�� %ORRG� FHOO� FRXQW�GHFUHDVH��:KLWH� %ORRG�
FHOO� FRXQW� LQFUHDVH�� ,QFUHDVHG� $ODQLQH� DPLQRWUDQVIHUDVH�� GHFUHDVHG�� +\SRNDOHPLD�� %DFN� SDLQ�� $WD[LD��
&ORQXV�� )LQH� PRWRU� GHOD\�� +\SHU�UHIOH[LD�� +\SRHVWKHVLD�� 1\VWDJPXV�� 7UHPRU�� $JLWDWLRQV�� 0RRG� VZLQJV��
+HPDWXULD��3URWHQLQXULD��SKDU\QJR�ODQU\JHDO�SDLQ��XUWLFDULD��
+\SHUVHQVLWLYLW\�UHDFWLRQV� LQFOXGH�$QDSK\OD[LV��DQJLRHGHPD��VHULRXV�VNLQ�UHDFWLRQV��EXOORXV�HUXSWLRQ��KDYH�
EHHQ�UHSRUWHG���

����2YHUGRVH�

,Q� FDVHV� RI� VXVSHFWHG� RYHUGRVDJH� V\PSWRPDWLF� DQG� VXSSRUWLYH� WKHUDS\� VKRXOG� EH� JLYHQ� DV� DSSURSULDWH��
ZKLFK�VKRXOG�LQFOXGH�(&*�DQG�EORRG�SRWDVVLXP�PRQLWRULQJ��

�� 3KDUPDFRORJLFDO�SURSHUWLHV��

����3KDUPDFRG\QDPLF�SURSHUWLHV�

)DQHWKD�LV�DQ�$UWHPHWKHU�EDVHG�&RPELQDWLRQ�7KHUDS\��$&7��ZKLFK�FRQWDLQV�WZR�VXEVWDQFHV�DFWLYH�DJDLQVW�
PDODULD�SDUDVLWHV��)DQHWKD�
FRPSULVHV�D�IL[HG�UDWLR�RI�����SDUWV�RI�DUWHPHWKHU�DQG�OXPHIDQWULQH��UHVSHFWLYHO\���,Q�WKLV�FRPELQDWLRQ��WKH�G
UXJ�$UWHPHWKHU�NLOOV�WKH�SDUDVLWHV�YHU\�IDVW�DQG�SRWHQWLDWHV�WKH�HIIHFWV�RI�WKH�VHFRQG�GUXJ�/XPHIDQWULQH��
7KLV�FRPELQDWLRQ�WKHUDS\�SHUPLWV�D�VKRUWHU�GXUDWLRQ�RI�WUHDWPHQW��WKHUHE\�LPSURYLQJ�FRPSOLDQFH��7KH�WKHRU
HWLFDO�ULVN�IRU�GUXJ�UHVLVWDQFH�LV�
VLJQLILFDQWO\�UHGXFHG�E\�XVLQJ�FRPELQDWLRQ�WKHUDS\��7KH�VLWH�RI�DQWLSDUDVLWLF�DFWLRQ�RI�ERWK�FRPSRQHQWV�LV�WK
H�IRRG�YDFXROH�RI�WKH�PDODULDO�SDUDVLWH��ZKHUH�WKH\�DUH�WKRXJKW�WR�LQWHUIHUH�ZLWK�WKH�FRQYHUVLRQ�RI�KDHP��D�
WR[LF�LQWHUPHGLDWH�SURGXFHG�GXULQJ�KDHPRJORELQ�EUHDNGRZQ��WR�WKH�QRQWR[LF�KDHPR]RLQ��PDODULD�SLJPHQW����
/XPHIDQWULQH�LV�WKRXJKW�WR�LQWHUIHUH�ZLWK�WKH�SRO\PHUL]DWLRQ�SURFHVV��ZKLOH�
DUWHPHWKHU�JHQHUDWHV�UHDFWLYH�PHWDEROLWHV�DV�D�UHVXOW�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�LWV�SHUR[LGH�EULGJH�DQG�KD
HP�LURQ���%RWK�DUWHPHWKHU�DQG�OXPHIDQWULQH�KDYH�D�VHFRQGDU\�DFWLRQ�LQYROYLQJ�LQKLELWLRQ�RI�QXFOHLF�DFLG�DQG
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�SURWHLQ�V\QWKHVLV�ZLWKLQ�WKH�PDODULDO�SDUDVLWH���
����3KDUPDFRNLQHWLF�SURSHUWLHV�

$EVRUSWLRQ��
$UWHPHWKHU� LV� DEVRUEHG� IDLUO\� UDSLGO\� DQG� GLK\GURDUWHPLVLQLQ� �'+$��� WKH� DFWLYH�PHWDEROLWH� RI� DUWHPHWKHU��
DSSHDUV� UDSLGO\� LQ� WKH� V\VWHPLF� FLUFXODWLRQ�ZLWK� SHDN� SODVPD� FRQFHQWUDWLRQV� RI� ERWK� FRPSRXQGV� UHDFKHG�
DERXW���KRXUV�DIWHU�GRVLQJ��$EVRUSWLRQ�RI�OXPHIDQWULQH��D�KLJKO\�OLSRSKLOLF�FRPSRXQG��VWDUWV�DIWHU�D�ODJ�WLPH�
RI�XS�WR���KRXUV��ZLWK�SHDN�SODVPD�FRQFHQWUDWLRQ�DERXW�����KRXUV�DIWHU�GRVLQJ�

'LVWULEXWLRQ��
$UWHPHWKHU� LV� ������ ERXQG� WR� KXPDQ� VHUXP� SURWHLQV� LQ� YLWUR�� 7KH� DFWLYH�PHWDEROLWH� GLK\GURDUWHPLVLQLQ�
�'+$�� LV�DOVR�ERXQG�WR�KXPDQ�VHUXP�SURWHLQV�����������/XPHIDQWULQH� LV�������ERXQG�WR�KXPDQ�VHUXP�
SURWHLQV�LQ�YLWUR���
0HWDEROLVP��
$UWHPHWKHU�LV�UDSLGO\�DQG�H[WHQVLYHO\�PHWDEROLVHG�ZLWK�VXEVWDQWLDO�ILUVW�SDVV�PHWDEROLVP��/XPHIDQWULQH�LV�1�
GHEXW\ODWHG��PDLQO\�E\�&<3�$���LQ�KXPDQ�OLYHU�PLFURVRPHV��

(OLPLQDWLRQ��
$UWHPHWKHU�DQG�GLK\GURDUWHPLVLQLQ�DUH�UDSLGO\�FOHDUHG�IURP�SODVPD�ZLWK�DQ�HOLPLQDWLRQ�KDOI�OLIH�RI�DERXW���
KRXUV��/XPHIDQWULQH�LV�HOLPLQDWHG�YHU\�VORZO\�ZLWK�D�WHUPLQDO�KDOI�OLIH�RI�DSSUR[LPDWHO\���GD\V��1R�XULQDU\�
H[FUHWLRQ�GDWD�DUH�DYDLODEOH�IRU�KXPDQV��

����3UHFOLQLFDO�VDIHW\�GDWD�

*HQHUDO�WR[LFLW\

7KH� PDLQ� FKDQJHV� REVHUYHG� LQ� UHSHDW�GRVH� WR[LFLW\� VWXGLHV� ZHUH� DVVRFLDWHG� ZLWK� WKH� H[SHFWHG�
SKDUPDFRORJLFDO�DFWLRQ�RQ�HU\WKURF\WHV��DFFRPSDQLHG�E\�UHVSRQVLYH�VHFRQGDU\�KDHPDWRSRLHVLV��

1HXURWR[LFLW\

6WXGLHV�LQ�GRJV�DQG�UDWV�KDYH�VKRZQ�WKDW�LQWUDPXVFXODU� LQMHFWLRQV�RI�DUWHPHWKHU�UHVXOWHG�LQ�EUDLQ�OHVLRQV��
&KDQJHV�REVHUYHG�PDLQO\�LQ�EUDLQVWHP�QXFOHL� LQFOXGHG�FKURPDWRO\VLV��HRVLQRSKLOLF�F\WRSODVPLF�JUDQXODWLRQ��
VSKHURLGV��DSRSWRVLV�DQG�GDUN�QHXURQV��/HVLRQV�ZHUH�REVHUYHG�LQ�UDWV�GRVHG�IRU�DW� OHDVW���GD\V�DQG�GRJV�
IRU�DW� OHDVW���GD\V��EXW� OHVLRQV�ZHUH�QRW�REVHUYHG�DIWHU�VKRUWHU� LQWUDPXVFXODU� WUHDWPHQW�FRXUVHV�RU�DIWHU�
RUDO�GRVLQJ��7KH�HVWLPDWHG�DUWHPHWKHU����K�$8&�DIWHU���GD\V�RI�GRVLQJ�DW�WKH�QR�REVHUYHG�HIIHFW� OHYHO� LV�
DSSUR[LPDWHO\� ��IROG� JUHDWHU� RU� PRUH� WKDQ� WKH� HVWLPDWHG� DUWHPHWKHU� ��� K� $8&� LQ� DGXOW� KXPDQV�� 7KH�
KHDULQJ�WKUHVKROG�ZDV�DIIHFWHG�DW����G%�E\�RUDO�DUWHPHWKHU�DGPLQLVWUDWLRQ�WR�GRJV�DW�D�GRVH�RI�DERXW����
WLPHV� WKH� KLJKHVW� DUWHPHWKHU� FOLQLFDO� GRVH� �����PJ�GD\��EDVHG�RQ�ERG\� VXUIDFH�DUHD� FRPSDULVRQV��0RVW�
QHUYRXV� V\VWHP�GLVRUGHU� DGYHUVH�HYHQWV� LQ� WKH� VWXGLHV�RI� WKH���GRVH� UHJLPHQ�ZHUH�PLOG� LQ� LQWHQVLW\� DQG�
UHVROYHG�E\�WKH�HQG�RI�WKH�VWXG\��

0XWDJHQLFLW\

$UWHPHWKHU�DQG�OXPHIDQWULQH�ZHUH�QRW�JHQRWR[LF�FODVWRJHQLF�EDVHG�RQ�LQ�YLWUR�DQG�LQ�YLYR�WHVWLQJ��

&DUFLQRJHQLFLW\

&DUFLQRJHQLFLW\�VWXGLHV�ZHUH�QRW�FRQGXFWHG��

5HSURGXFWLYH�WR[LFLW\�VWXGLHV

(PEU\RWR[LFLW\�ZDV�REVHUYHG� LQ� UDW�DQG� UDEELW� UHSURGXFWLYH� WR[LFLW\� VWXGLHV� FRQGXFWHG�ZLWK�DUWHPHWKHU��D�
GHULYDWLYH�RI�DUWHPLVLQLQ��$UWHPLVLQLQV�DUH�NQRZQ�WR�EH�HPEU\RWR[LF��/XPHIDQWULQH�DORQH�FDXVHG�QR�VLJQ�RI�
UHSURGXFWLYH�RU�GHYHORSPHQW�WR[LFLW\�DW�GRVHV�XS�WR�������PJ�NJ�GD\�LQ�UDWV�DQG�UDEELWV��GRVHV�ZKLFK�DUH�
DW�OHDVW����WLPHV�KLJKHU�WKDQ�WKH�GDLO\�KXPDQ�GRVH�EDVHG�RQ�ERG\�VXUIDFH�DUHD�FRPSDULVRQV��

5HSURGXFWLYH� WR[LFLW\� VWXGLHV� SHUIRUPHG� ZLWK� WKH� DUWHPHWKHU�OXPHIDQWULQH� FRPELQDWLRQ� FDXVHG� PDWHUQDO�
WR[LFLW\�DQG�LQFUHDVHG�SRVW�LPSODQWDWLRQ�ORVV�LQ�UDWV�DQG�UDEELWV��

$UWHPHWKHU�FDXVHG�LQFUHDVHV�LQ�SRVW�LPSODQWDWLRQ�ORVV�DQG�WHUDWRJHQLFLW\��FKDUDFWHULVHG�DV�D�ORZ�LQFLGHQFH�
RI�FDUGLRYDVFXODU�DQG�VNHOHWDO�PDOIRUPDWLRQV��LQ�UDWV�DQG�UDEELWV��7KH�HPEU\RWR[LF�DUWHPHWKHU�GRVH�LQ�WKH�
UDW�\LHOGV�DUWHPHWKHU�DQG�GLK\GURDUWHPLVLQLQ�H[SRVXUHV�VLPLODU�WR�WKRVH�DFKLHYHG�LQ�KXPDQV�EDVHG�RQ�$8&��
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)HUWLOLW\

$UWHPHWKHU�OXPHIDQWULQH� DGPLQLVWUDWLRQ� \LHOGHG� DOWHUHG� VSHUP� PRWLOLW\�� DEQRUPDO� VSHUP�� UHGXFHG�
HSLGLG\PDO�VSHUP�FRXQW��LQFUHDVHG�WHVWHV�ZHLJKW��DQG�HPEU\RWR[LFLW\��RWKHU�UHSURGXFWLYH�HIIHFWV��GHFUHDVHG�
LPSODQWV� DQG� YLDEOH�HPEU\RV�� LQFUHDVHG�SUHLPSODQWDWLRQ� ORVV��ZHUH�DOVR�REVHUYHG��7KH�QR�DGYHUVH�HIIHFW�
OHYHO�IRU�IHUWLOLW\�ZDV�����PJ�NJ�GD\��7KH�UHOHYDQFH�WR�WKLV�ILQGLQJ�LQ�KXPDQV�LV�XQNQRZQ��

-XYHQLOH�WR[LFLW\�VWXGLHV

$� VWXG\� LQYHVWLJDWHG� WKH� QHXURWR[LFLW\� RI� RUDO� DUWHPHWKHU� LQ� MXYHQLOH� UDWV�� 0RUWDOLW\�� FOLQLFDO� VLJQV� DQG�
UHGXFWLRQV�LQ�ERG\�ZHLJKW�SDUDPHWHUV�RFFXUUHG�PRVW�QRWDEO\�LQ�\RXQJHU�UDWV��'HVSLWH�WKH�V\VWHPLF�WR[LFLW\�
QRWHG�� WKHUH�ZHUH� QR� HIIHFWV� RI� DUWHPHWKHU� RQ� DQ\� RI� WKH� IXQFWLRQDO� WHVWV� SHUIRUPHG� DQG� WKHUH�ZDV� QR�
HYLGHQFH�RI�D�GLUHFW�QHXURWR[LF�HIIHFW�LQ�MXYHQLOH�UDWV��

9HU\�\RXQJ�DQLPDOV� DUH�PRUH� VHQVLWLYH� WR� WKH� WR[LF� HIIHFW� RI� DUWHPHWKHU� WKDQ�DGXOW� DQLPDOV�� 7KHUH� LV� QR�
GLIIHUHQFH�LQ�VHQVLWLYLW\�LQ�VOLJKWO\�ROGHU�DQLPDOV�FRPSDUHG�WR�DGXOW�DQLPDOV��&OLQLFDO�VWXGLHV�KDYH�HVWDEOLVKHG�
WKH�VDIHW\�RI�DUWHPHWKHU�DQG�OXPHIDQWULQH�DGPLQLVWUDWLRQ�LQ�SDWLHQWV�ZHLJKLQJ���NJ�DQG�DERYH��

&DUGLRYDVFXODU�6DIHW\�3KDUPDFRORJ\

,Q�WR[LFLW\�VWXGLHV�LQ�GRJV�DW�GRVHV�!����PJ�NJ�GD\��WKHUH�ZDV�VRPH�HYLGHQFH�RI�SURORQJDWLRQ�RI�WKH�47F�
LQWHUYDO��VDIHW\�PDUJLQ�RI�����IROG�WR�����IROG�IRU�DUWHPHWKHU�XVLQJ�FDOFXODWHG�IUHH�&PD[���DW�KLJKHU�GRVHV�
WKDQ� LQWHQGHG�IRU�XVH� LQ�PDQ�� ,Q�YLWUR�K(5*�DVVD\V�VKRZHG�D�VDIHW\�PDUJLQ�RI�!����IRU�DUWHPHWKHU�DQG�
GLK\GURDUWHPLVLQLQ��7KH�K(5*�,&���ZDV������0�IRU�OXPHIDQWULQH�DQG������0�IRU�LWV�GHVEXW\O�PHWDEROLWH��

%DVHG� RQ� WKH� DYDLODEOH� QRQ�FOLQLFDO� GDWD�� D� SRWHQWLDO� IRU� 47F� SURORQJDWLRQ� LQ� WKH� KXPDQ� FDQQRW� EH�
GLVFRXQWHG���

�� 3KDUPDFHXWLFDO�SDUWLFXODUV�

����/LVW�RI�H[FLSLHQWV�

x &LWULF�$FLG�
x ;DQWKDQ�*XP�
x &ROORLGDO�6LOLFRQ'LR[LGH��
x 0LFURFU\VWDOOLQH�&HOOXORVH��
x 2UDQJH�)ODYRXU�3RZGHU��
x 0HWK\O�SDUDEHQ�
x 3URS\OSDUDEHQ��
x 6XJDU�

����,QFRPSDFWLELOLWLHV�

x 1RQH�.QRZQ��

����6KHOI�OLIH�

���0RQWKV�

����6SHFLDO�SUHFDXWLRQV�IRU�VWRUDJH�

x 6WRUH�LQ�D�FRRO�GU\�SODFH�EHORZ����&��.HHS�PHGLFLQH�DZD\�IURP�UHDFK�RI�FKLOGUHQ��

����1DWXUH�DQG�FRQWHQWV�RI�FRQWDLQHU�DQG�VSHFLDO�HTXLSPHQW�IRU�XVH��DGPLQLVWUDWLRQ�RU�
LPSODQWDWLRQ!�

)$1(7+$�2UDO�6XVSHQVLRQ�LV�SUHVHQWHG�DV�D�\HOORZ�SRZGHUHG�GUXJ�LQ����PO�3(7�ERWWOH�IRU�SDHGLDWULF�XVH��
6KDNH�WKH�ERWWOH�ZHOO�EHIRUH�HDFK�XVH�

����6SHFLDO�SUHFDXWLRQV�IRU�GLVSRVDO�DQG�RWKHU�KDQGOLQJ!�



3DJH����RI�

$Q\�XQXVHG�SURGXFW�RU�ZDVWH�PDWHULDO�VKRXOG�EH�GLVSRVHG�RI�LQ�DFFRUGDQFH�ZLWK�ORFDO�UHTXLUHPHQWV��

$SSOLFDQW�0DQXIDFWXUHU�

x 1DPH��$OEHQ�+HDOWKFDUH�,QGXVWULHV�/LPLWHG��
x $GGUHVV��.P����2OG�2QLWVKD�$ZND�5RDG�2JLGL��$QDPEUD�6WDWH��1LJHULD��
x 3KRQH�1R���������������
x (PDLO�$GGUHVV�DOEHQQJ#URFNHWPDLO�FRP��


