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7R�LQFUHDVH�DEVRUSWLRQ��$UWKHPHG��������WDEOHW�VKRXOG�EH�WDNHQ�ZLWK�IRRG�RU�D�PLON\�GULQN��VHH VHFWLRQ�
������ ,I�D�SDWLHQW�LV�XQDEOH�WR� WROHUDWH�IRRG��$UWKHPHG��������WDEOHW�VKRXOG�VWLOO�EH�DGPLQLVWHUHG��EXW�WKH�
V\VWHPLF�H[SRVXUH�PD\�EH�UHGXFHG�

3DWLHQWV�ZKR�YRPLW�ZLWKLQ���KRXU�RI�WDNLQJ�WKH�PHGLFDWLRQ�VKRXOG�UHSHDW�WKH�GRVH�

,I�D�GRVH�LV�PLVVHG��LW�VKRXOG�EH�WDNHQ�DV�VRRQ�DV�UHDOL]HG�DQG�WKHQ�WKH�UHFRPPHQGHG�UHJLPHQ�FRQWLQXHG�XQWLO�
WKH�IXOO�FRXUVH�RI�WUHDWPHQW�KDV�EHHQ�FRPSOHWHG�

7KH�WDEOHWV�PD\�EH�FUXVKHG�DQG�DGGHG�WR�D�VPDOO�DPRXQW�RI�VHPL�VROLG�IRRG�RU�OLTXLG��DOO�RI�ZKLFK�VKRXOG�EH�
FRQVXPHG�LPPHGLDWHO\�

5HQDO�RU�KHSDWLF�LPSDLUPHQW
1R�GRVH�DGMXVWPHQWV�DUH�QHFHVVDU\�LQ�SDWLHQWV�ZLWK�UHQDO�RU�KHSDWLF�LPSDLUPHQW��+RZHYHU��FDXWLRQ�LV�DGYLVHG�
ZKHQ�DGPLQLVWHULQJ�$UWKHPHG��������WDEOHW�WR�SDWLHQWV�ZLWK�VHYHUH�UHQDO�RU�KHSDWLF�SUREOHPV��VHH�VHFWLRQ�
�����



(OGHUO\

1R�VSHFLDO�SUHFDXWLRQV�RU�GRVDJH�DGMXVWPHQWV�DUH�QHFHVVDU\�LQ�VXFK�SDWLHQWV�

��� &RQWUDLQGLFDWLRQV

$UWKHPHG��������WDEOHW�LV�FRQWUDLQGLFDWHG�LQ�
� 3DWLHQWV�ZLWK�NQRZQ�K\SHUVHQVLWLYLW\�WR�DUWHPHWKHU��OXPHIDQWULQH�RU�WR�DQ\�RI�WKH H[FLSLHQWV�
� 3DWLHQWV�ZLWK�VHYHUH�PDODULD�DFFRUGLQJ�WR�ZKR GHILQLWLRQ�
� 3DWLHQWV�ZLWK�D�SHUVRQDO�RU�IDPLO\�KLVWRU\�RI�FRQJHQLWDO�SURORQJDWLRQ�RI�WKH�47F�LQWHUYDO�RU�VXGGHQ�GHDWK��RU�
ZLWK�DQ\�RWKHU�FOLQLFDO�FRQGLWLRQ�NQRZQ�WR�SURORQJ�WKH�47F�LQWHUYDO��VXFK�DV�SDWLHQWV�ZLWK�D�KLVWRU\�RI�
V\PSWRPDWLF�FDUGLDF�DUUK\WKPLDV��FOLQLFDOO\�UHOHYDQW�EUDG\FDUGLD�RU�VHYHUH�FDUGLDF GLVHDVHV�
� 3DWLHQWV�WDNLQJ�GUXJV�WKDW�DUH�NQRZQ�WR�SURORQJ�47F�LQWHUYDO�VXFK DV�

� $QWLDUUK\WKPLFV�RI�FODVVHV�,$�DQG ,,,
� 1HXUROHSWLFV�DQG�DQWLGHSUHVVDQW DJHQWV
� &HUWDLQ�DQWLELRWLFV�LQFOXGLQJ�VRPH�DJHQWV�RI�WKH�IROORZLQJ�FODVVHV��PDFUROLGHV��
IOXRURTXLQRORQHV��LPLGD]ROH��DQG�WULD]ROH�DQWLIXQJDO DJHQWV

� &HUWDLQ�QRQ�VHGDWLQJ�DQWLKLVWDPLQHV��WHUIHQDGLQH� DVWHPL]ROH�
� &LVDSULGH

� 3DWLHQWV�ZLWK�NQRZQ�GLVWXUEDQFHV�RI�HOHFWURO\WH�EDODQFH�H�J��+\SRNDODHPLD�RU K\SRPDJQHVDHPLD
� 3DWLHQWV�WDNLQJ�DQ\�GUXJ�ZKLFK�LV�PHWDEROL]HG�E\�WKH�F\WRFKURPH�HQ]\PH�F\S�G���H�J��)OHFDLQLGH��
PHWRSURORO��LPLSUDPLQH��DPLWULSW\OLQH� FORPLSUDPLQH�
� 3DWLHQWV�WDNLQJ�GUXJV�WKDW�DUH�VWURQJ�LQGXFHUV�RI�F\S�D��VXFK�DV�ULIDPSLFLQ��FDUEDPD]HSLQH��SKHQ\WRLQ��VW�
-RKQ¶V ZRUW�

��� 6SHFLDO�ZDUQLQJV�DQG�SUHFDXWLRQV�IRU XVH

5HQDO�KHSDWLF�G\VIXQFWLRQ��$UWHPHWKHU�OXPHIDQWULQH�KDV�QRW�EHHQ�VWXGLHG�LQ�SDWLHQWV�ZLWK�VHYHUH�UHQDO�RU�
KHSDWLF�LPSDLUPHQW�

0DODULD�SURSK\OD[LV��$UWHPHWKHU�OXPHIDQWULQH�KDV�QRW�EHHQ�HYDOXDWHG�IRU�PDODULD�SURSK\OD[LV�

0DODULD�QRW�FDXVHG�E\�3��IDOFLSDUXP��$UWHPHWKHU�OXPHIDQWULQH�KDV�QRW�EHHQ�HYDOXDWHG�IRU�WKH�
WUHDWPHQW�RI�PDODULD�GXH�WR�3��YLYD[��3��PDODULDH��3��RYDOHRU�3��NQRZOHVL��VHH�VHFWLRQ������
)ROORZLQJ�WUHDWPHQW�RI�PL[HG�LQIHFWLRQV�LQFOXGLQJ�3��YLYD[��IROORZ�XS�WUHDWPHQW�PXVW�EH�JLYHQ�LQ�
RUGHU�WR�HUDGLFDWH�WKH�H[RHU\WKURF\WLF�IRUPV�RI�3��YLYD[�



2WKHU�DQWLPDODULDOV�
8QOHVV�WKHUH�LV�QR�RWKHU�WUHDWPHQW�RSWLRQ��$UWKHPHG��������WDEOHW�VKRXOG�QRW�EH�JLYHQ�FRQFXUUHQWO\�ZLWK�DQ\�
RWKHU�DQWLPDODULDO�DJHQW�GXH�WR�OLPLWHG�GDWD�RQ�VDIHW\�DQG�HIILFDF\��VHH�VHFWLRQ������

,I�D�SDWLHQW�GHWHULRUDWHV�ZKLOH�WDNLQJ�$UWKHPHG��������WDEOHW�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�

'XH�WR�WKH�SRWHQWLDO�RI�DGGLWLYH�V\QHUJLVWLF�47�SURORQJDWLRQ��FORVH�(&*�PRQLWRULQJ�LV�DGYLVHG�ZKHQ�TXLQLQH�
LV�JLYHQ�DIWHU�$UWKHPHG��������WDEOHW��VHH�VHFWLRQ������

,I�$UWKHPHG�������� WDEOHW� LV� JLYHQ�DIWHU�PHIORTXLQH�� FORVH�PRQLWRULQJ�RI� IRRG� LQWDNH� LV� DGYLVHG� �VHH� VHFWLRQ�
�����

,Q� SDWLHQWV� SUHYLRXVO\� WUHDWHG� ZLWK� KDORIDQWULQH�� $UWKHPHG� ������� WDEOHW� VKRXOG� QRW� EH� DGPLQLVWHUHG�
HDUOLHU�WKDQ�RQH�PRQWK�DIWHU�WKH�ODVW�KDORIDQWULQH�GRVH��VHH�VHFWLRQ������

+RUPRQDO�FRQWUDFHSWLYHV��$UWKHPHG��������WDEOHW�PD\�UHGXFH�WKH�HIIHFWLYHQHVV�RI�KRUPRQDO�
FRQWUDFHSWLYHV��3DWLHQWV�VKRXOG�EH�DGYLVHG�WR�XVH�DQ�DGGLWLRQDO�QRQ�KRUPRQDO��L�H��EDUULHU��PHWKRG�RI�ELUWK�
FRQWURO�IRU�RQH�PRQWK�DIWHU�WKHUDS\�ZLWK�DUWHPHWKHU�OXPHIDQWULQH�

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

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

$UWKHPHG��������WDEOHW�VKRXOG�QRW�EH�XVHG�LQ�SDWLHQWV�WDNLQJ�GUXJV�WKDW�DUH�NQRZQ�WR�SURORQJ�WKH�47F�
LQWHUYDO��VHH�VHFWLRQ�������DV�HIIHFWV�PD\�EH�DGGLWLYH�DQG�LQFUHDVH�WKH�ULVN�RI�FDUGLDF�DUUK\WKPLD�

,QWHUDFWLRQ�ZLWK�RWKHU�DQWLPDODULDOV
$UWKHPHG��������WDEOHW�VKRXOG�QRW�EH�JLYHQ�FRQFXUUHQWO\�ZLWK�DQ\�RWKHU�DQWLPDODULDO�DJHQW��VHH�VHFWLRQ�
������,Q�DGGLWLRQ��GXH�WR�WKH�SURSHQVLW\�RI�VRPH�DQWLPDODULDO�DJHQWV�WR�SURORQJ�WKH�47F�LQWHUYDO��FDXWLRQ�LV�
DGYLVHG�ZKHQ� DGPLQLVWHULQJ�$UWKHPHG�������� WDEOHW� WR� SDWLHQWV� LQ�ZKRP� WKHUH�PD\� VWLOO� EH� GHWHFWDEOH�
FRQFHQWUDWLRQV�RI�WKHVH�GUXJV�LQ�WKH�SODVPD�IROORZLQJ�SULRU WUHDWPHQWV�

$GPLQLVWUDWLRQ�RI�D�VL[�GRVH�UHJLPHQ�RI�DUWHPHWKHU�OXPHIDQWULQH��RYHU����KRXUV��VWDUWLQJ����KRXUV�DIWHU�
FRPSOHWLRQ�RI�D�WKUHH�GRVH�UHJLPHQ�RI�PHIORTXLQH�RU�SODFHER�LQ�KHDOWK\�YROXQWHHUV�VKRZHG�QR�HIIHFW�RI�
PHIORTXLQH�RQ�SODVPD�FRQFHQWUDWLRQV�RI�DUWHPHWKHU�RU�WKH�DUWHPHWKHU�GLK\GURDUWHPLVLQLQ�UDWLR��EXW�D��������
UHGXFWLRQ�LQ�SODVPD�OHYHOV�RI�OXPHIDQWULQH��7KHVH�DUH�SRVVLEO\�GXH�WR�ORZHU�DEVRUSWLRQ�VHFRQGDU\�WR�D�
PHIORTXLQH�LQGXFHG�GHFUHDVH�LQ�ELOH�SURGXFWLRQ��3DWLHQWV�WKDW KDYH�EHHQ�SUHWUHDWHG�ZLWK�PHIORTXLQH�VKRXOG�
EH�HQFRXUDJHG�WR�HDW�DW�GRVLQJ�WLPHV�WR�FRPSHQVDWH�IRU�WKH�GHFUHDVH�LQ�ELRDYDLODELOLW\��3ODVPD�PHIORTXLQH�
FRQFHQWUDWLRQV�IURP�WKH�WLPH�RI�DGGLWLRQ�RI�DUWHPHWKHU�OXPHIDQWULQH�ZHUH�QRW�DIIHFWHG�FRPSDUHG�ZLWK�D�
JURXS�WKDW�UHFHLYHG�PHIORTXLQH�IROORZHG�E\ SODFHER�
,Q�SDWLHQWV�SUHYLRXVO\�WUHDWHG�ZLWK�KDORIDQWULQH��$UWKHPHG��������WDEOHW�VKRXOG�EH�GRVHG�DW�OHDVW�RQH�
PRQWK�DIWHU�WKH�ODVW�KDORIDQWULQH�GRVH�GXH�WR�WKH�ORQJ�HOLPLQDWLRQ�KDOI�OLIH�RI�KDORIDQWULQH�DQG�WKH�SRWHQWLDO�
DGGLWLYH�V\QHUJLVWLF�HIIHFWV�RQ�WKH�47�LQWHUYDO�

,QWHUDFWLRQ�ZLWK�&<3����HQ]\PHV
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�RU�VDIHW\�SURILOH�RI�GUXJV�WKDW�DUH�
SUHGRPLQDQWO\�PHWDEROLVHG�E\�WKHVH�HQ]\PHV��VHH�VHFWLRQV�����DQG �����
/XPHIDQWULQH�ZDV�IRXQG�WR�LQKLELW�&<3�'��LQ�YLWUR��7KLV�PD\�EH�RI�SDUWLFXODU�FOLQLFDO�UHOHYDQFH�IRU�
FRPSRXQGV�ZLWK�D�ORZ�WKHUDSHXWLF�LQGH[��VHH�VHFWLRQ������



,QWHUDFWLRQ�ZLWK�&<3�����$��LQKLELWRUV
.HWRFRQD]ROH��ERWK�DUWHPHWKHU�DQG�OXPHIDQWULQH�DUH�PHWDEROLVHG�SUHGRPLQDQWO\�E\�WKH�F\WRFKURPH HQ]\PH�
&<3�$���DQG�GR�QRW�LQKLELW�WKLV�HQ]\PH�DW�WKHUDSHXWLF�FRQFHQWUDWLRQV��7KH�FRQFXUUHQW�RUDO�DGPLQLVWUDWLRQ�RI�
NHWRFRQD]ROH�ZLWK�DUWHPHWKHU�OXPHIDQWULQH�OHG�WR�D�PRGHVW�LQFUHDVH����IROG��LQ�DUWHPHWKHU��'+$��DQG�
OXPHIDQWULQH�H[SRVXUH�LQ�KHDOWK\�DGXOW�VXEMHFWV��7KLV�LQFUHDVH�LQ�H[SRVXUH�WR�WKH�DQWLPDODULDO�FRPELQDWLRQ�
ZDV�QRW�DVVRFLDWHG�ZLWK�LQFUHDVHG�VLGH�HIIHFWV�RU�FKDQJHV�LQ�HOHFWURFDUGLRJUDSKLF�SDUDPHWHUV��'RVH�
DGMXVWPHQW�RI�$UWKHPHG��������WDEOHW�LV�QRW�FRQVLGHUHG�QHFHVVDU\�ZKHQ�DGPLQLVWHUHG�FRQFRPLWDQWO\�ZLWK�
NHWRFRQD]ROH�RU�RWKHU�D]ROH�DQWLIXQJDOV��EXW�VXFK�FRPELQDWLRQV�VKRXOG�EH�XVHG�ZLWK�FDXWLRQ�

+,9�7UHDWPHQW�0HGLFDWLRQV
+,9�QXFOHRVLGH�DQG�QXFOHRWLGH�UHYHUVH�WUDQVFULSWDVH�LQKLELWRUV��175,V��H�J��DEDFDYLU��HPWULFLWDELQH��
ODPLYXGLQH��WHQRIRYLU�>7')�RU�7$)@��]LGRYXGLQH��
&R�DGPLQLVWUDWLRQ�KDV�QRW�EHHQ�VWXGLHG�EXW�EDVHG�RQ�PHWDEROLVP�DQG�FOHDUDQFH�D�FOLQLFDOO\�VLJQLILFDQW�
LQWHUDFWLRQ�LV�XQOLNHO\�

+,9�QRQ�QXFOHRVLGH�UHYHUVH�WUDQVFULSWDVH�LQKLELWRUV��1157,V��
(IDYLUHQ]���&R�DGPLQLVWUDWLRQ�RI�HIDYLUHQ]�DQG�DUWHPHWKHU�OXPHIDQWULQH�OHDG�WR�GHFUHDVHV�LQ�DUWHPHWKHU�
H[SRVXUH������DQG�������GLK\GURDUWHPLVLQLQ�H[SRVXUH������DQG������DQG�OXPHIDQWULQH�H[SRVXUH�E\������
DQG�������/XPHIDQWULQH�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�HIDYLUHQ]�H[SRVXUH�LQ�HLWKHU�VWXG\��8VH�ZLWK�FDXWLRQ�DV�
GHFUHDVHG�FRQFHQWUDWLRQV�RI�DUWHPHWKHU��GLK\GURDUWHPLVLQLQ��RU�OXPHIDQWULQH�PD\�UHVXOW�LQ�D�GHFUHDVH�RI�
DQWLPDODULDO�HIILFDF\�

1HYLUDSLQH��/XPHIDQWULQH�LV�PHWDEROLVHG�SUHGRPLQDQWO\�E\�&<3�$���8SRQ�FR�DGPLQLVWUDWLRQ�ZLWK�
DUWHPHWKHU�OXPHIDQWULQH�ZLWK�QHYLUDSLQH�GHFUHDVHG�WKH�$8&V�RI�DUWHPHWKHU�DQG�GLK\GURDUWHPLVLQLQ��,Q�D�
FURVV�RYHU�VWXG\�OXPHIDQWULQH�H[SRVXUH�ZDV�GHFUHDVHG�E\�����DQG�OXPHIDQWULQH�UHGXFHG�QHYLUDSLQH�
H[SRVXUH�E\������8VH�ZLWK�FDXWLRQ�

5LOSLYLULQH��&R�DGPLQLVWUDWLRQ�KDV�QRW�EHHQ�VWXGLHG�EXW�EDVHG�RQ�PHWDEROLVP�DQG�FOHDUDQFH�D�
SKDUPDFRNLQHWLF�LQWHUDFWLRQ�LV�XQOLNHO\��5LOSLYLULQH�VKRXOG�EH�XVHG�ZLWK�FDXWLRQ�ZKHQ�FR�DGPLQLVWHUHG�ZLWK�D�
GUXJ�WKDW�KDV�D�SRWHQWLDO�ULVN�WR�SURORQJ�WKH�47�LQWHUYDO�

+,9�3URWHDVH�,QKLELWRUV��3,V�
$WD]DQDYLU��&R�DGPLQLVWUDWLRQ�PD\�LQFUHDVH�SODVPD�OHYHOV�RI�DUWHPLVLQLQV�DQG�OXPHIDQWULQH��%RWK�
OXPHIDQWULQH�DQG�DWD]DQDYLU�KDYH�EHHQ�VKRZQ�WR�SURORQJ�WKH�47�LQWHUYDO�

'DUXQDYLU��&R�DGPLQLVWUDWLRQ�PD\�LQFUHDVH�SODVPD�OHYHOV�RI�DUWHPLVLQLQV�DQG�OXPHIDQWULQH�

/RSLQDYLU�ULWRQDYLU��'DWD�IURP�FOLQLFDO�VWXGLHV�DQG�SRSXODWLRQ�PRGHOOLQJ�VXJJHVW�WKDW�FR�DGPLQLVWUDWLRQ�RI�
ORSLQDYLU�ULWRQDYLU�DQG�DUWHPHWKHU�GHFUHDVHV�H[SRVXUH�RI�GLK\GURDUWHPLVLQLQ��WKH�ELRORJLFDOO\�DFWLYH�
PHWDEROLWH��E\�a��������/XPHIDQWULQH�$8&�ZDV�VLJQLILFDQWO\�LQFUHDVHG�E\�����IROG�DQG�WKHUH�ZDV�WUHQG�
WRZDUGV�LQFUHDVHG�&PD[������IROG���7KH�FOLQLFDO�PHDQLQJ�RI�WKHVH�RSSRVLWH�HIIHFWV�RQ�DUWHPHWKHU�DQG�
OXPHIDQWULQH�LV�QRW�FOHDU��%RWK�OXPHIDQWULQH�DQG�ORSLQDYLU�KDYH�EHHQ�VKRZQ�WR�SURORQJ�WKH�47�LQWHUYDO�

5LWRQDYLU��&R�DGPLQLVWUDWLRQ�PD\�LQFUHDVH�SODVPD�OHYHOV�RI�DUWHPLVLQLQV�DQG�OXPHIDQWULQH��DV�ERWK�DUH�
PHWDEROLVHG�E\�&<3�$���&DXWLRQ�LV�UHFRPPHQGHG�

+,9�,QWHJUDVH�6WUDQG�7UDQVIHU�,QKLELWRUV��,167,V�
'ROXWHJUDYLU��5DOWHJUDYLU��&R�DGPLQLVWUDWLRQ�KDV�QRW�EHHQ�VWXGLHG�EXW�EDVHG�RQ�PHWDEROLVP�HOLPLQDWLRQ�DQG�
WR[LFLW\�SURILOHV�WKHUH�LV�OLWWOH�SRWHQWLDO�IRU�LQWHUDFWLRQ�

(OYLWHJUDYLU�FRELFLVWDW��&R�DGPLQLVWUDWLRQ�KDV�QRW�EHHQ�VWXGLHG��$UWHPHWKHU�DQG�OXPHIDQWULQH�DUH�
PHWDEROL]HG�E\�&<3�$���(OYLWHJUDYLU�FRELFLVWDW�PD\�LQFUHDVH�FRQFHQWUDWLRQV�RI�DUWHPLVLQLQV�DQG�
OXPHIDQWULQH�



3KDUPDFRNLQHWLF�(QKDQFHU
&RELFLVWDW��&R�DGPLQLVWUDWLRQ�KDV�QRW�EHHQ�VWXGLHG��&RELFLVWDW�PD\�LQFUHDVH�FRQFHQWUDWLRQV�RI�DUWHPLVLQLQV�
DQG�OXPHIDQWULQH�E\�LQKLELWLRQ�RI�&<3�$��

$QWLYLUDOV�DJDLQVW�+HSDWLWLV�%�RU�&
&R�DGPLQLVWUDWLRQ�KDV�QRW�EHHQ�VWXGLHG��,Q�PDQ\�LQVWDQFHV�D�FOLQLFDOO\�VLJQLILFDQW�LQWHUDFWLRQ�DSSHDUV�
XQOLNHO\��+RZHYHU��FRQVXOW�WKH�VXPPDU\�RI�SURGXFW�FKDUDFWHULVWLFV�RI�WKH�GHVLUHG�PHGLFDWLRQ�

��� )HUWLOLW\��SUHJQDQF\�DQG EUHDVW�IHHGLQJ

3UHJQDQF\

$�PRGHUDWH�DPRXQW�RI�GDWD�RQ�SUHJQDQW�ZRPHQ�LQ�WKHLU�ILUVW�WULPHVWHU��PRUH�WKDQ�����SUHJQDQF\�
RXWFRPHV��LV�DYDLODEOH�IRU�DUWHPHWKHU�OXPHIDQWULQH��'DWD�IURP�D�UHFHQW�PHWD�DQDO\VLV�KDYH�VKRZQ�WKDW�
FRPSDUHG�WR�TXLQLQH��DUWHPHWKHU�OXPHIDQWULQH�WUHDWPHQW�LQ�WKH�ILUVW�WULPHVWHU�ZDV�QRW�DVVRFLDWHG�ZLWK�DQ�
LQFUHDVHG�ULVN�RI�PLVFDUULDJH�RU�VWLOOELUWK��:KLOH�WKH�GDWD�DUH�OLPLWHG��WKH\�LQGLFDWH�QR�GLIIHUHQFH�LQ�WKH�
SUHYDOHQFH�RI�PDMRU�FRQJHQLWDO�DQRPDOLHV�EHWZHHQ�WUHDWPHQW�JURXSV��IRU�DQLPDO�GDWD�VHH�VHFWLRQ������
$�ODUJH�DPRXQW�RI�GDWD�RQ�SUHJQDQW�ZRPHQ�LQ�WKHLU�VHFRQG�DQG�WKLUG�WULPHVWHU��PRUH�WKDQ������GRFXPHQWHG�
SUHJQDQF\�RXWFRPHV��LV�DYDLODEOH�IRU�DUWHPLVLQLQ�GHULYDWLYHV�LQFOXGLQJ�DUWHPHWKHU�OXPHIDQWULQH��7KH\�
LQGLFDWH�QR�IHWDO�RU�QHRQDWDO�WR[LFLW\�
$UWKHPHG��������WDEOHW�FDQ�EH�XVHG�GXULQJ�SUHJQDQF\�

%UHDVW�IHHGLQJ
7KH�DPRXQWV�RI�DUWHPHWKHU��GLK\GURDUWHPLVLQLQ�DQG�OXPHIDQWULQH�LQ�EUHDVW�PLON�DUH�VPDOO��7KHUHIRUH��EUHDVW�
IHHGLQJ�ZRPHQ�FDQ�UHFHLYH�DUWHPLVLQLQ�EDVHG�FRPELQDWLRQ�WKHUDSLHV��LQFOXGLQJ�$UWKHPHG��������WDEOHW��IRU�
PDODULD�WUHDWPHQW�

)HUWLOLW\

7KHUH�LV�QR�LQIRUPDWLRQ�RQ�WKH�HIIHFWV�RI�$UWKHPHG��������WDEOHW�RQ�IHUWLOLW\�LQ�KXPDQV�

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

1R�VWXGLHV�RQ�WKH�HIIHFWV�RQ�WKH�DELOLW\ WR�GULYH�DQG�XVH�PDFKLQHV�KDYH�EHHQ�SHUIRUPHG��3DWLHQWV�UHFHLYLQJ�
$UWKHPHG��������WDEOHW�VKRXOG�EH�ZDUQHG�WKDW�GL]]LQHVV��IDWLJXH�RU�DVWKHQLD�PD\�RFFXU��LQ�ZKLFK�FDVH�WKHLU�
DELOLW\�WR�GULYH�RU�RSHUDWH�PDFKLQHV�PD\�EH�LPSDLUHG�

��� 8QGHVLUDEOH HIIHFWV

7KH�VDIHW\�RI�DUWHPHWKHU�OXPHIDQWULQH�KDV�EHHQ�HYDOXDWHG�LQ�DGXOWV��DGROHVFHQWV�DQG�FKLOGUHQ�LQ�FOLQLFDO�WULDOV�
ZLWK�PRUH�WKDQ������SDWLHQWV�

$GYHUVH�UHDFWLRQV�UHSRUWHG�IURP�FOLQLFDO�VWXGLHV�DQG�SRVW�PDUNHWLQJ�H[SHULHQFH�DUH�OLVWHG�EHORZ�DFFRUGLQJ�WR�
V\VWHP�RUJDQ FODVV�

$GYHUVH�UHDFWLRQV�DUH�UDQNHG�XQGHU�KHDGLQJV�RI�IUHTXHQF\�XVLQJ�WKH�0HG'5$�IUHTXHQF\�FRQYHQWLRQ�
9HU\�FRPPRQ���������
&RPPRQ���������WR�������
8QFRPPRQ�����������WR���������
5DUH������������WR�����������
9HU\�UDUH������������
1RW�NQRZQ��FDQQRW�EH�HVWLPDWHG�IURP�DYDLODEOH�GDWD��

7DEOH����)UHTXHQF\�RI�XQGHVLUDEOH�HIIHFWV
$GXOWV�DQG�DGROHVFHQWV�DERYH�
���\HDUV�RI�DJH

,QIDQWV DQG FKLOGUHQ RI�
���\HDUV�RI�DJH�DQG EHORZ
�LQFLGHQFH�HVWLPDWHV�

&DUGLDF�GLVRUGHUV
3DOSLWDWLRQV 9HU\�FRPPRQ 8QFRPPRQ



(OHFWURFDUGLRJUDP�
47�SURORQJHG

8QFRPPRQ UDUH

1HUYRXV�V\VWHP�GLVRUGHUV
+HDGDFKH 9HU\�FRPPRQ &RPPRQ
'L]]LQHVV 9HU\�FRPPRQ &RPPRQ
*DLW�GLVWXUEDQFH XQFRPPRQ ��
$WD[LD��K\SRDHVWKHVLD 8QFRPPRQ ��
&ORQLF�PRYHPHQWV &RPPRQ 8QFRPPRQ
6RPQROHQFH XQFRPPRQ XQFRPPRQ
5HVSLUDWRU\��WKRUDFLF�DQG�PHGLDVWLQDO�GLVRUGHUV
&RXJK &RPPRQ 9HU\�FRPPRQ
*DVWURLQWHVWLQDO�GLVRUGHUV
9RPLWLQJ 9HU\�FRPPRQ 9HU\�FRPPRQ
$EGRPLQDO�SDLQ 9HU\�FRPPRQ FRPPRQ
1DXVHD 9HU\�FRPPRQ &RPPRQ
'HFUHDVHG�DSSHWLWH 9HU\�FRPPRQ 9HU\�FRPPRQ
'LDUUKRHD &RPPRQ &RPPRQ
6NLQ�DQG�VXEFXWDQHRXV�WLVVXH�GLVRUGHUV
5DVK &RPPRQ &RPPRQ
3UXULWXV &RPPRQ 8QFRPPRQ
8UWLFDULD 8QFRPPRQ 8QFRPPRQ
$UWKUDOJLD 9HU\�FRPPRQ &RPPRQ
0\DOJLD 9HU\�FRPPRQ &RPPRQ
*HQHUDO�GLVRUGHUV�DQG�DGPLQLVWUDWLRQ�VLWH�FRQGLWLRQV
$VWKHQLD 9HU\�FRPPRQ &RPPRQ
)DWLJXH 9HU\�FRPPRQ &RPPRQ
,PPXQH�V\VWHP�GLVRUGHUV
+\SHUVHQVLWLYLW\ 1RW�NQRZQ 5DUH
%ORRG�DQG�O\PSKDWLF�V\VWHP�GLVRUGHUV
'HOD\HG�KDHPRO\WLF�DQDHPLD 1RW�NQRZQ 1RW�NQRZQ
+HSDWRELOLDU\�GLVRUGHUV
/LYHU�IXQFWLRQ�WHVWV�DEQRUPDO 8QFRPPRQ &RPPRQ
3V\FKLDWULF�GLVRUGHUV
6OHHS�GLVRUGHUV 9HU\�FRPPRQ XQFRPPRQ
�7KHVH�DGYHUVH�UHDFWLRQV�ZHUH�UHSRUWHG�GXULQJ�SRVW�PDUNHWLQJ�H[SHULHQFH��%HFDXVH�WKHVH�VSRQWDQHRXVO\�UHSRUWHG�HYHQWV�
DUH�IURP�D�SRSXODWLRQ�RI�XQFHUWDLQ�VL]H��LW�LV�GLIILFXOW�WR HVWLPDWH�WKHLU�IUHTXHQF\�

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�SURYLGHUV�DUH�DVNHG�WR�
UHSRUW�DQ\�VXVSHFWHG�DGYHUVH�UHDFWLRQV�WR�WKH�PDUNHWLQJ�DXWKRULVDWLRQ�KROGHU��RU��LI�DYDLODEOH��YLD�WKH�QDWLRQDO�
UHSRUWLQJ�V\VWHP�

��� 2YHUGRVH

([SHULHQFH�RI�RYHUGRVDJH�ZLWK�DUWHPHWKHU�DQG�OXPHIDQWULQH�LV�OLPLWHG��,Q�FDVHV�RI�VXVSHFWHG�RYHUGRVDJH�
V\PSWRPDWLF�DQG�VXSSRUWLYH�WKHUDS\�VKRXOG�EH�JLYHQ�DV�DSSURSULDWH��ZKLFK�VKRXOG�LQFOXGH�PRQLWRULQJ�RI�
(&*�DQG�VHUXP�HOHFWURO\WHV�

�� 3+$50$&2/2*,&$/ 3523(57,(6

��� 3KDUPDFRG\QDPLF SURSHUWLHV

3KDUPDFRWKHUDSHXWLF�JURXS��$QWLPDODULDOV��$UWHPLVLQLQ�DQG�GHULYDWLYHV��FRPELQDWLRQV��$7&�FRGH� 3��%)��

3KDUPDFRG\QDPLFV HIIHFWV



$UWKHPHG��������WDEOHW�FRPSULVHV�D�IL[HG�UDWLR�RI�����SDUWV�RI�DUWHPHWKHU�DQG�OXPHIDQWULQH��UHVSHFWLYHO\��7KH�
VLWH�RI�DQWLSDUDVLWLF�DFWLRQ�RI�ERWK�FRPSRQHQWV�LV�WKH�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\PHULVDWLRQ�SURFHVV��ZKLOH�DUWHPHWKHU�JHQHUDWHV�UHDFWLYH�PHWDEROLWHV�DV�D�UHVXOW�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�
LWV�SHUR[LGH�EULGJH�DQG�KDHP LURQ� %RWK DUWHPHWKHU DQG OXPHIDQWULQH KDYH D VHFRQGDU\ DFWLRQ LQYROYLQJ
LQKLELWLRQ RI QXFOHLF DFLG� DQG�SURWHLQ�V\QWKHVLV�ZLWKLQ�WKH�PDODULDO SDUDVLWH�

&OLQLFDO�HIILFDF\

7KH�HIILFDF\�RI�DUWHPHWKHU�OXPHIDQWULQH�ZDV�HYDOXDWHG�IRU�WKH�WUHDWPHQW�RI�DFXWH��XQFRPSOLFDWHG�PDODULD�
�GHILQHG�DV�V\PSWRPDWLF�3��IDOFLSDUXP�PDODULD�ZLWKRXW�VLJQV�DQG�V\PSWRPV�RI�VHYHUH�PDODULD�RU�HYLGHQFH�RI�
YLWDO�RUJDQ�G\VIXQFWLRQ��LQ�ILYH���GRVH�UHJLPHQ�VWXGLHV�DQG�RQH�VWXG\�FRPSDULQJ�WKH���GRVH�UHJLPHQ�ZLWK�WKH�
��GRVH�UHJLPHQ��%DVHOLQH�SDUDVLWH�GHQVLW\�UDQJHG�IURP�����ȝ/�� ��������ȝ/��������WR����SDUDVLWDHPLD��LQ�
WKH�PDMRULW\�RI�SDWLHQWV�
6WXGLHV�ZHUH�FRQGXFWHG�LQ�RWKHUZLVH�KHDOWK\��SDUWLDOO\�LPPXQH�RU QRQ�LPPXQH�DGXOWV�DQG�FKLOGUHQ����NJ ERG\�
ZHLJKW��ZLWK�XQFRPSOLFDWHG�PDODULD�LQ�7KDLODQG��VXE�6DKDUDQ�$IULFD��(XURSH��DQG�6RXWK�$PHULFD�

(IILFDF\�HQGSRLQWV�FRQVLVWHG�RI�
� ���GD\�FXUH�UDWH��SURSRUWLRQ�RI�SDWLHQWV�ZLWK�FOHDUDQFH�RI�DVH[XDO�SDUDVLWHV�ZLWKLQ���GD\V�ZLWKRXW�
UHFUXGHVFHQFH�E\�GD\ ��
� SDUDVLWH�FOHDUDQFH�WLPH��3&7���GHILQHG�DV�WLPH�IURP�ILUVW�GRVH�XQWLO�ILUVW�WRWDO�DQG�FRQWLQXHG�GLVDSSHDUDQFH�
RI�DVH[XDO�SDUDVLWH�ZKLFK�FRQWLQXHV�IRU�D�IXUWKHU����KRXUV
� IHYHU�FOHDUDQFH�WLPH��)&7���GHILQHG�DV�WLPH�IURP�ILUVW�GRVH�XQWLO�WKH�ILUVW�WLPH�ERG\�WHPSHUDWXUH�IHOO�EHORZ�
�����&�DQG�UHPDLQHG�EHORZ������&�IRU�DW�OHDVW�D�IXUWKHU����KRXUV��RQO\�IRU�SDWLHQWV�ZLWK WHPSHUDWXUH
!�����&�DW�EDVHOLQH�
7KH�PRGLILHG�LQWHQW�WR�WUHDW��P,77��SRSXODWLRQ�LQFOXGHV�DOO�SDWLHQWV�ZLWK�PDODULD�GLDJQRVLV�FRQILUPDWLRQ�ZKR�
UHFHLYHG�DW�OHDVW�RQH�GRVH�RI�VWXG\�GUXJ��(YDOXDEOH�SDWLHQWV�JHQHUDOO\�DUH�DOO�SDWLHQWV�ZKR�KDG�D�GD\���DQG�D�
GD\����SDUDVLWRORJLFDO�DVVHVVPHQW�RU�H[SHULHQFHG�WUHDWPHQW�IDLOXUH�E\�GD\�����7KH�UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�
WDEOH�EHORZ�

&OLQLFDO�HIILFDF\�UHVXOWV

6WXG\�1R� $JH 3RO\PHUDVH�FKDLQ�
UHDFWLRQ��3&5��

FRUUHFWHG����GD\�FXUH�
UDWH��Q�1�����LQ�
HYDOXDEOH�SDWLHQWV

0HGLDQ�)&7�

>��WK����WK�

SHUFHQWLOH@

0HGLDQ�3&7�

>��WK����WK�

SHUFHQWLOH@

<HDU��6WXG\�
ORFDWLRQ

$���� �����\HDUV ������������ Q� ��
���KRXUV�>������@

Q ���
���KRXUV�>������@

�������
7KDLODQG

$��� �����\HDUV �������������� Q� ��
���KRXUV�>������@

1$ �������
7KDLODQG

$��� ������\HDUV �������������� Q� ��
���KRXUV�>�����@

Q ���
���KRXUV�>������@

�������
7KDLODQG

$���� ������\HDUV �������������� Q� ���
���KRXUV�>������@

Q ���
���KRXUV�>������@

�������
(XURSH��
&ROXPELD

$���� ��PRQWKV���
\HDUV

�������������� Q� ���
��KRXUV�>�����@

Q ���
���KRXUV�>������@

�������
��FRXQWULHV�LQ�

$IULFD

%����&7 ��PRQWKV����
\HDUV

�������������� Q� ���
��KRXUV�>�����@

Q ���
���KRXUV�>������@

�������
��FRXQWULHV�LQ�

$IULFD



%����'7 ��PRQWKV����
\HDUV

�������������� Q� ���
��KRXUV�>�����@

Q ���
���KRXUV�>������@

�������
��FRXQWULHV�LQ�

$IULFD

��(IILFDF\�FXUH�UDWH�EDVHG�RQ�EORRG�VPHDU�PLFURVFRS\
�P,77�SRSXODWLRQ
��)RU�SDWLHQWV�ZKR�KDG�D�ERG\�WHPSHUDWXUH�!�����&�DW�EDVHOLQH�RQO\
�2QO\�WKH���GRVH�UHJLPHQ�RYHU����KRXUV�JURXS�GDWD�LV�SUHVHQWHG
&7�±$UWHPHWKHU�OXPHIDQWULQH�WDEOHWV�DGPLQLVWHUHG�DV�FUXVKHG�WDEOHWV
'7�±$UWHPHWKHU�OXPHIDQWULQH�'LVSHUVLEOH�WDEOHWV

$UWHPHWKHU�OXPHIDQWULQH�LV�QRW�LQGLFDWHG�IRU��DQG�KDV�QRW�EHHQ�HYDOXDWHG�LQ��WKH�WUHDWPHQW�RI�PDODULD�GXH�WR
3��YLYD[��3��PDODULDH�RU�3��RYDOH��DOWKRXJK�VRPH�SDWLHQWV�LQ�FOLQLFDO�VWXGLHV�KDG�FR�LQIHFWLRQ�ZLWK�3��
IDOFLSDUXP�DQG�3��YLYD[�DW�EDVHOLQH��$UWHPHWKHU�OXPHIDQWULQH�LV�DFWLYH�DJDLQVW�EORRG�VWDJHV�RI�3ODVPRGLXP�
YLYD[��EXW�LV�QRW�DFWLYH�DJDLQVW�K\SQR]RLWHV�

5HVLVWDQFH
6WUDLQV�RI�3��IDOFLSDUXP�ZLWK�D�PRGHUDWH�GHFUHDVH�LQ�VXVFHSWLELOLW\�WR�DUWHPHWKHU�RU�OXPHIDQWULQH�DORQH�FDQ�EH�
VHOHFWHG�LQ�YLWUR�RU�LQ�YLYR��EXW�QRW�PDLQWDLQHG�LQ�WKH�FDVH�RI�DUWHPHWKHU�
$OWHUDWLRQV�LQ�VRPH�JHQHWLF�UHJLRQV�RI�3��IDOFLSDUXP�>PXOWLGUXJ�UHVLVWDQW����SIPGU����FKORURTXLQH�UHVLVWDQFH�
WUDQVSRUWHU��SIFUW���DQG�NHOFK�����.���@�EDVHG�RQ�LQ�YLWUR�WHVWLQJ�DQG�RU�LGHQWLILFDWLRQ�RI�LVRODWHV�LQ�HQGHPLF�
DUHDV�ZKHUH�DUWHPHWKHU�OXPHIDQWULQH�WUHDWPHQW�ZDV�DGPLQLVWHUHG��KDYH�EHHQ�UHSRUWHG��7KH�FOLQLFDO�UHOHYDQFH�
RI�WKHVH�ILQGLQJV�LV�QRW�NQRZQ�

47�47F�3URORQJDWLRQ�

)RU�LQIRUPDWLRQ�RQ�WKH�ULVN�RI�47�47F�SURORQJDWLRQ�LQ�SDWLHQWV�VHH�&RQWUDLQGLFDWLRQV��VHFWLRQ�����

,Q�D�KHDOWK\�DGXOW�YROXQWHHU�SDUDOOHO�JURXS�VWXG\�LQFOXGLQJ�D�SODFHER�DQG�PR[LIOR[DFLQ�FRQWURO�JURXS��Q� ����
SHU�JURXS���WKH�DGPLQLVWUDWLRQ�RI�WKH�VL[�GRVH�UHJLPHQ�RI�DUWHPHWKHU�OXPHIDQWULQH�ZLWK�IRRG�ZDV�DVVRFLDWHG�
ZLWK D PRGHUDWH SURORQJDWLRQ RI 47F) �47 LQWHUYDO FRUUHFWHG E\ )ULGHULFLDV IRUPXOD�� 7KH PHDQ FKDQJHV IURP�
EDVHOLQH�DW�������������DQG�����KRXUV�SRVW�ILUVW�GRVH�ZHUH������������������DQG������PVHF��UHVSHFWLYHO\��$W�����
DQG�����KRXUV�DIWHU�ILUVW�GRVH� WKH�FKDQJHV�IURP�EDVHOLQH�IRU�47F)�KDG�QR�GLIIHUHQFH�IURP�]HUR��1R�VXEMHFW�
KDG�D�!����PVHF�LQFUHDVH�IURP�EDVHOLQH�QRU�DQ�DEVROXWH�LQFUHDVH�WR�!�����PVHF��0R[LIOR[DFLQ�FRQWURO�ZDV�
DVVRFLDWHG�ZLWK�D�47F)�LQFUHDVH�DV�FRPSDUHG�WR�SODFHER�IRU����KRXUV�DIWHU�WKH�VLQJOH�GRVH�ZLWK�D�PD[LPDO�
FKDQJH�DW���KRXU�DIWHU�GRVH�RI����� PVHF�

��� 3KDUPDFRNLQHWLF SURSHUWLHV

$UWHPHWKHU

$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��7KH�DEVROXWH�ELRDYDLODELOLW\�LV XQNQRZQ�

)ROORZLQJ�VLQJOH�GRVH�DGPLQLVWUDWLRQ�RI�RQH�����PJ�����PJ��WDEOHW�V��RI�$UWKHPHG��������WDEOHW��LQ�KHDOWK\�
YROXQWHHUV��WKH�PHDQ����6'��DUWHPHWKHU�&PD[�YDOXH������������QJ�PO��WKH�FRUUHVSRQGLQJ�YDOXH�IRU�$8&�ZDV�
�������������QJ�K�PO��DQG�WKH�PHDQ�DUWHPHWKHU�WPD[�YDOXH�ZDV���������������KRXUV��$UWHPHWKHU�H[SRVXUH�IURP�
RQH����PJ�����PJ�WDEOHW�LV�HTXLYDOHQW�WR�IRXU ���PJ�����PJ�WDEOHWV��7KH�SKDUPDFRNLQHWLF�GDWD�IRU�
GLK\GURDUWHPLVLQ�ZHUH�VXSSRUWLYH�DQG�LQGLFDWHG�D�FRPSDUDEOH�ELRDYDLODELOLW\�EHWZHHQ�7HVW�DQG�5HIHUHQFH�

,Q�KHDOWK\�YROXQWHHUV�WKH�UHODWLYH�ELRDYDLODELOLW\�RI�DUWHPHWKHU�ZDV�LQFUHDVHG�PRUH�WKDQ�WZR�IROG�ZKHQ�WDNHQ�
ZLWK�IRRG�

'LVWULEXWLRQ
$UWHPHWKHU LV ����� ERXQG WR KXPDQ VHUXP SURWHLQV LQ YLWUR� 7KH DFWLYH PHWDEROLWH GLK\GURDUWHPLVLQLQ �'+$��
LV�DOVR�ERXQG�WR�KXPDQ�VHUXP�SURWHLQV ���������



0HWDEROLVP
$UWHPHWKHU�LV�UDSLGO\�DQG�H[WHQVLYHO\�PHWDEROLVHG�ZLWK�VXEVWDQWLDO�ILUVW�SDVV�PHWDEROLVP�
$UWHPHWKHU�LV�PHWDEROLVHG�LQ�WKH�OLYHU�WR�WKH�ELRORJLFDOO\�DFWLYH�PDLQ�PHWDEROLWH�'+$��GHPHWK\ODWLRQ��
SUHGRPLQDQWO\�WKURXJK�WKH�LVRHQ]\PH�&<3�$�����7KH�SKDUPDFRNLQHWLFV�RI�DUWHPHWKHU�LQ�DGXOWV�LV�WLPH�
GHSHQGHQW��'XULQJ�UHSHDWHG�DGPLQLVWUDWLRQ�RI�DUWHPHWKHU�OXPHIDQWULQH��SODVPD�DUWHPHWKHU�OHYHOV�GHFUHDVHG�
VLJQLILFDQWO\� ZKLOH OHYHOV RI WKH DFWLYH PHWDEROLWH �GLK\GURDUWHPLVLQLQ� LQFUHDVHG� DOWKRXJK QRW WR D VWDWLVWLFDOO\�
VLJQLILFDQW GHJUHH� 7KH UDWLR RI GD\ ��GD\ � $8& IRU DUWHPHWKHU ZDV EHWZHHQ ���� DQG ����� DQG ZDV EHWZHHQ
���� DQG ���� IRU GLK\GURDUWHPLVLQLQ� 7KLV VXJJHVWV WKDW WKHUH ZDV LQGXFWLRQ RI WKH HQ]\PH UHVSRQVLEOH IRU WKH�
PHWDEROLVP�RI�DUWHPHWKHU��'+$�LV�IXUWKHU�FRQYHUWHG�WR�LQDFWLYH�PHWDEROLWHV��SULPDULO\�E\�JOXFXURQLGDWLRQ��,Q�
YLYR� GDWD� LQGLFDWH� WKDW� DUWHPLVLQLQV� KDYH� VRPH� FDSDFLW\� WR� LQGXFH� F\WRFKURPH� LVRHQ]\PHV�&<3�&��� DQG�
&<3�$��

(OLPLQDWLRQ
$UWHPHWKHU�DQG�GLK\GURDUWHPLVLQLQ�DUH�UDSLGO\�FOHDUHG�IURP�SODVPD�ZLWK�DQ�HOLPLQDWLRQ�KDOI�OLIH�RI�DERXW���
KRXUV�
1R XULQDU\� H[FUHWLRQ� GDWD� DUH� DYDLODEOH� IRU� KXPDQV�� ,Q� UDWV� DQG� GRJV� XQFKDQJHG� DUWHPHWKHU� KDV� QRW� EHHQ�
GHWHFWHG� LQ� IDHFHV� DQG� XULQH� GXH� WR� LWV� UDSLG� DQG� KLJK�ILUVW�SDVV� PHWDEROLVP�� EXW� VHYHUDO� PHWDEROLWHV�
�XQLQGHQWLILHG��KDYH�EHHQ�GHWHFWHG�LQ�ERWK�IDHFHV�DQG XULQH�

/XPHIDQWULQH

$EVRUSWLRQ
$EVRUSWLRQ�RI�OXPHIDQWULQH��D�KLJKO\�OLSRSKLOLF�FRPSRXQG��VWDUWV�DIWHU�D�ODJ�WLPH�RI�XS�WR���KRXUV��ZLWK�SHDN�
SODVPD�FRQFHQWUDWLRQ�DERXW�����KRXUV�DIWHU�GRVLQJ��7KH�DEVROXWH�ELRDYDLODELOLW\�LV�XQNQRZQ�

)ROORZLQJ�VLQJOH�GRVH�DGPLQLVWUDWLRQ�RI�RQH�����PJ�����PJ��WDEOHW�V��RI�$UWKHPHG��������WDEOHW��LQ�KHDOWK\�
YROXQWHHUV��WKH�PHDQ����6'��OXPHIDQWULQH�&PD[�YDOXH�ZDV���������������QJ�PO��WKH�FRUUHVSRQGLQJ�YDOXH�IRU�
$8&�ZDV�����������������QJ�K�PO��DQG�WKH�PHDQ�OXPHIDQWULQH�WPD[�YDOXH�ZDV���������������KRXUV�
/XPHIDQWULQH�H[SRVXUH�IURP�RQH����PJ�����PJ�WDEOHW�LV�HTXLYDOHQW�WR�IRXU����PJ�����PJ�WDEOHWV�

,Q�KHDOWK\�YROXQWHHUV�WKH�UHODWLYH�ELRDYDLODELOLW\�RI�OXPHIDQWULQH��ZKHQ�ZDV�WDNHQ�DIWHU�D�KLJK�IDW�PHDO��ZDV
LQFUHDVHG�VL[WHHQ�IROG�FRPSDUHG�ZLWK�IDVWHG�FRQGLWLRQV��)RRG�KDV�DOVR�EHHQ�VKRZQ�WR�LQFUHDVH�WKH�DEVRUSWLRQ�
RI�OXPHIDQWULQH�LQ�SDWLHQWV�ZLWK�PDODULD��DOWKRXJK�WR�D�OHVVHU�H[WHQW��DSSUR[LPDWHO\�WZR�IROG���PRVW�SUREDEO\�
GXH�WR�WKH�ORZHU�IDW�FRQWHQW�RI�WKH�IRRG�LQJHVWHG�E\�DFXWHO\�LOO�SDWLHQWV��7KH�IRRG�LQWHUDFWLRQ�GDWD�LQGLFDWH�WKDW�
DEVRUSWLRQ�RI�OXPHIDQWULQH�XQGHU�IDVWHG�FRQGLWLRQV�LV�YHU\�SRRU��3DWLHQWV�VKRXOG�WKHUHIRUH�EH�HQFRXUDJHG�WR�
WDNH�WKH�PHGLFDWLRQ�ZLWK�D�QRUPDO�GLHW�DV�VRRQ�DV�IRRG�FDQ�EH�WROHUDWHG�

'LVWULEXWLRQ
/XPHIDQWULQH�LV�������ERXQG�WR�KXPDQ�VHUXP�SURWHLQV�LQ�YLWUR�

0HWDEROLVP
/XPHIDQWULQH�LV�1�GHEXW\ODWHG��PDLQO\�E\�&<3�$���LQ�KXPDQ�OLYHU�PLFURVRPHV��7KH�V\VWHPLF�H[SRVXUH�WR�
WKH�PHWDEROLWH� GHVEXW\O�OXPHIDQWULQH�� IRU�ZKLFK� WKH� LQ� YLWUR� DQWLSDUDVLWLF� HIIHFW� LV� �� WR� �� IROG� KLJKHU� WKDQ�
OXPHIDQWULQH� ZDV OHVV WKDQ �� RI WKH H[SRVXUH WR WKH SDUHQW GUXJ� 'HVEXW\O�OXPHIDQWULQH GDWD LV QRW DYDLODEOH�
VSHFLILFDOO\�IRU�DQ�$IULFDQ�SRSXODWLRQ��,Q�YLWUR��OXPHIDQWULQH�VLJQLILFDQWO\�LQKLELWV�WKH�DFWLYLW\�RI�&<3�'��DW�
WKHUDSHXWLF� SODVPD� FRQFHQWUDWLRQV�� ,Q� KXPDQV�� WKH� H[SRVXUH� WR� OXPHIDQWULQH� LQFUHDVHV� ZLWK� UHSHDWHG�
DGPLQLVWUDWLRQ� RI� DUWHPHWKHU�OXPHIDQWULQH� RYHU� WKH� ��GD\� WUHDWPHQW� SHULRG�� FRQVLVWHQW� ZLWK� WKH� VORZ�
HOLPLQDWLRQ�RI�WKH FRPSRXQG�

(OLPLQDWLRQ
/XPHIDQWULQH LV HOLPLQDWHG YHU\ VORZO\ ZLWK D WHUPLQDO KDOI�OLIH RI DSSUR[LPDWHO\ � GD\V� 1R XULQDU\ H[FUHWLRQ�
GDWD DUH DYDLODEOH IRU KXPDQV� /XPHIDQWULQH LV HOLPLQDWHG YLD WKH ELOH LQ UDWV DQG GRJV� ZLWK H[FUHWLRQ SULPDULO\�
LQ WKH IDHFHV� $IWHU RUDO GRVLQJ LQ UDWV DQG GRJV TXDOLWDWLYH DQG TXDQWLWDWLYH UHFRYHU\ RI PHWDEROLWHV LQ ELOH DQG�
IDHFHV�ZDV�UHODWLYHO\�ORZ��PRVW�RI�WKH�GRVH�EHLQJ�UHFRYHUHG�DV�SDUHQW GUXJ�

3KDUPDFRNLQHWLFV�LQ�VSHFLDO�SDWLHQW�SRSXODWLRQV
6SHFLILF�SKDUPDFRNLQHWLF�VWXGLHV�KDYH�QRW�EHHQ�SHUIRUPHG�LQ�SDWLHQWV�ZLWK�KHSDWLF�RU�UHQDO�LQVXIILFLHQF\��1R�
SKDUPDFRNLQHWLF�VWXGLHV�DUH�DYDLODEOH�LQ�HOGHUO\�SDWLHQWV�



3DHGLDWULF�SRSXODWLRQ
,Q�SDHGLDWULF�PDODULD�SDWLHQWV��PHDQ�&PD[��&9���RI�DUWHPHWKHU��REVHUYHG�DIWHU�ILUVW�GRVH��ZHUH�������������
��� ����� DQG ��� QJ�PO ����� IRU ERG\ ZHLJKW JURXSV ������ ������ DQG ������ NJ� UHVSHFWLYHO\� FRPSDUHG�
WR�����QJ�PO�������LQ�DGXOW�PDODULD�SDWLHQWV��7KH�DVVRFLDWHG�PHDQ�&PD[�RI�'+$�ZHUH�������������������
�������DQG������QJ�PO��������UHVSHFWLYHO\�FRPSDUHG�WR�����QJ�PO�������LQ�DGXOW�PDODULD SDWLHQWV�
$8& RI OXPHIDQWULQH �SRSXODWLRQ PHDQ� FRYHULQJ WKH VL[ GRVHV RI DUWHPHWKHU�OXPHIDQWULQH� ZHUH ���� ��� DQG�
��������JK�PO���IRU���SDHGLDWULF���PDODULD���SDWLHQWV���LQ���ERG\���ZHLJKW���JURXSV����������� ����������DQG�����
����NJ��UHVSHFWLYHO\��FRPSDUHG�WR�D�PHDQ�$8&�RI������J�K�PO�������LQ�DGXOW�PDODULD SDWLHQWV�
7KH�HOLPLQDWLRQ�KDOI�OLYHV�RI�DUWHPHWKHU�DQG�OXPHIDQWULQH�LQ�FKLOGUHQ�DUH�XQNQRZQ�

��� 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�

0XWDJHQLFLW\
1R� HYLGHQFH� RI� PXWDJHQLFLW\� ZDV� GHWHFWHG� LQ� LQ� YLWUR� RU� LQ� YLYR� WHVWV� ZLWK� DQ� DUWHPHWKHU�OXPHIDQWULQH�
FRPELQDWLRQ �FRQVLVWLQJ RI � SDUW DUWHPHWKHU� � SDUWV OXPHIDQWULQH�� ,Q WKH PLFURQXFOHXV WHVW P\HORWR[LFLW\ ZDV�
VHHQ DW DOO GRVH OHYHOV ����� ����� DQG ����� PJ�NJ�� EXW UHFRYHU\ ZDV DOPRVW FRPSOHWH �� KRXUV DIWHU GRVLQJ�

&DUFLQRJHQLFLW\
&DUFLQRJHQLFLW\�VWXGLHV�ZLWK�WKH�DUWHPHWKHU�OXPHIDQWULQH�FRPELQDWLRQ�ZHUH�QRW�FRQGXFWHG�

5HSURGXFWLYH�WR[LFLW\�VWXGLHV
5HSURGXFWLYH� WR[LFLW\� VWXGLHV� SHUIRUPHG� ZLWK� WKH� DUWHPHWKHU�OXPHIDQWULQH� FRPELQDWLRQ� FDXVHG� PDWHUQDO�
WR[LFLW\� DQG� LQFUHDVHG� SRVW�LPSODQWDWLRQ� ORVV� LQ� UDWV� DQG� UDEELWV� DW� GRVHV� ���PJ�NJ�GD\� �FRUUHVSRQGLQJ� WR�
DSSUR[LPDWHO\� �� PJ�NJ�GD\� DUWHPHWKHU�� DQG� ���� PJ�NJ�GD\� �FRUUHVSRQGLQJ� WR� ��� PJ�NJ�GD\� DUWHPHWKHU��
UHVSHFWLYHO\��7KHVH�HIIHFWV�ZHUH�QRW�REVHUYHG�DW�ORZHU�GRVHV�

/XPHIDQWULQH DORQH FDXVHG QR VLJQ RI UHSURGXFWLYH RU GHYHORSPHQW WR[LFLW\ DW GRVHV XS WR ����� PJ�NJ�GD\ LQ�
UDWV�DQG UDEELWV�

(PEU\RWR[LFLW\ KDV EHHQ REVHUYHG LQ UDW DQG UDEELW UHSURGXFWLYH WR[LFLW\ VWXGLHV FRQGXFWHG ZLWK DUWHPHWKHU� D�
GHULYDWLYH�RI�DUWHPLVLQLQ��$UWHPLVLQLQV��H�J��DUWHVXQDWH��DUH�NQRZQ�WR�EH�HPEU\RWR[LF�LQ DQLPDOV�

$UWHPHWKHU�FDXVHG�LQFUHDVHV�LQ�SRVW�LPSODQWDWLRQ�ORVV�DQG�WHUDWRJHQLFLW\��FKDUDFWHULVHG�DV�D�ORZ�LQFLGHQFH�RI�
FDUGLRYDVFXODU DQG VNHOHWDO PDOIRUPDWLRQV� LQ UDWV DW ���� PJ�NJ� DQG LQ UDEELWV DW �� PJ�NJ� 0DWHUQDO WR[LFLW\�
ZDV DOVR REVHUYHG LQ UDEELWV DW �� PJ�NJ�GD\� 1R RWKHU DGYHUVH HIIHFWV ZHUH REVHUYHG DW ORZHU GRVHV LQ UDEELWV��
7KH�QR�REVHUYHG�HIIHFW�GRVH�ZDV���PJ�NJ�GD\�LQ�UDWV�DQG����PJ�NJ�GD\�LQ UDEELWV�

7KH HPEU\RWR[LF DUWHPHWKHU GRVH� �� PJ�NJ�GD\ LQ WKH UDW� \LHOGV DUWHPHWKHU DQG GLK\GURDUWHPLVLQLQ H[SRVXUHV�
VLPLODU�WR�WKRVH�DFKLHYHG�LQ KXPDQV�

$UWHVXQDWH� D VWUXFWXUDOO\ UHODWHG FRPSRXQG� DOVR FDXVHG LQFUHDVHV LQ SRVW�LPSODQWDWLRQ ORVV DQG WHUDWRJHQLFLW\�
�ORZ�LQFLGHQFH�RI�FDUGLRYDVFXODU�DQG�VNHOHWDO�PDOIRUPDWLRQV��LQ�UDWV�DW���PJ�NJ�DQG�LQ�WKH�ORZHVW�GRVH�WHVWHG�
LQ�WKH�UDEELWV����PJ�NJ�GD\��VHH�VHFWLRQ�����IRU�GDWD�LQ KXPDQV��

&DUGLRYDVFXODU�3KDUPDFRORJ\
,Q�WR[LFLW\�VWXGLHV�LQ�GRJV�DW�GRVHV�! ����PJ�NJ�GD\�RQO\��WKHUH�ZDV�VRPH�HYLGHQFH�RI�SURORQJDWLRQ�RI�WKH�47F�
LQWHUYDO��DW�KLJKHU�GRVHV�WKDQ�LQWHQGHG�IRU�XVH�LQ�PDQ��,Q�DQ�LQ�YLWUR�DVVD\�RI�+(5*�FKDQQHOV��OXPHIDQWULQH�DQG�
WKH�PDLQ�PHWDEROLWH�GHVEXW\O�OXPHIDQWULQH�VKRZHG�VRPH�LQKLELWRU\�SRWHQWLDO�LQ�RQH�RI�WKH�FXUUHQWV�UHVSRQVLEOH�
IRU�FDUGLDF�UHSRODUL]DWLRQ��)URP�WKH�HVWLPDWHG�,&���YDOXHV��WKH�RUGHU�RI�SRWHQF\�RI�+(5*�FXUUHQW�EORFN�ZDV�
KDORIDQWULQH��,&��� ������ȝ0��!�FKORURTXLQH������ȝ0��!PHIORTXLQH������ȝ0��!GHVEXW\O�OXPHIDQWULQH������ȝ0�
!OXPHIDQWULQH������ȝ0���&OLQLFDO�VWXGLHV�VKRZ��WKDW�SURORQJDWLRQ�RI�47F)�FDQ�RFFXU�ZLWK�VWDQGDUG�GRVLQJ�RI
DUWHPHWKHU�OXPHIDQWULQH��VHH�VHFWLRQV�����DQG������

�� 3+$50$&(87,&$/ 3$57,&8/$56



��� /LVW�RI ([FLSLHQWV
3UHJHODWLQL]HG VWDUFK��ODFWRVH��7DOFXP��0HWK\O�3DUDEHQ��3URS\O�SDUDEHQ��3RWDVVLXP�6RUEDWH��3RO\VRUEDWH
����393.�����$HURVLO��7DOFXP��0DJQHVLXP VWHDUDWH��&URVV�&DUPHOORVH�VRGLXP��,VRSURS\O��+\GUR[\O�
SURS\O�PHWK\O�FHOOXORVH��0HWK\OHQH�FKORULGH��,VRSURS\O��,QVWDQW�FRDW�8QLYHUVDO�\HOORZ�

��� ,QFRPSDWLELOLWLHV

1RW�DSSOLFDEOH�

��� 6KHOI�OLIH

���PRQWKV

��� 6SHFLDO�SUHFDXWLRQV�IRU VWRUDJH
6WRUH�LQ�WKH�RULJLQDO�SDFNDJH�

'R�QRW�VWRUH�DERYH����&��.HHS�PHGLFLQH�DZD\�IURP�GLUHFW�VXQOLJKW�

.HHS�DOO�PHGLFLQH�RXW�RI�WKH�UHDFK�RI�FKLOGUHQ�

��� 1DWXUH�DQG�FRQWHQWV�RI FRQWDLQHU

��[�� WDEOHWV�DUH�SURYLGHG�LQ�FOHDU�39&� $OX�EOLVWHUV DUH�SODFHG�LQ�DQ�LQQHU�FDUWRQ�ZLWK�LQVHUW�

��� 6SHFLDO�SUHFDXWLRQV�IRU GLVSRVDO

1R�VSHFLDO�UHTXLUHPHQWV�
$Q\�XQXVHG�SURGXFW�RU�ZDVWH�PDWHULDO�VKRXOG�EH�GLVSRVHG�RI�LQ�DFFRUGDQFH�ZLWK�ORFDO�UHTXLUHPHQWV�
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