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JURXS�$��2WKHU�SDWLHQWV�ZHUH�DWWULEXWHG�WR�JURXS�%��%RWK�JURXSV�ZHUH�FRPSDUHG�

5HVXOWV������SDWLHQWV�ZHUH�LQFOXGHG�����LQ�JURXS�%�DQG����LQ�JURXS�$��6DOLYDU\�&3/�UDQJHG�IURP�����{J�J�WR�!�����{J�J�
7KH�FXW�RII�YDOXH�EHWZHHQ�WKH�WZR�JURXSV�ZDV�HTXDO�WR�����{J�J�3DWLHQWV�LQ�JURXS�%�SUHVHQW�PRUH�IUHTXHQWO\�ZLWK�RVWHRSRUR�
VLV��RU�EUDLQ��MRLQWV��OLYHU�RU�VNLQ�FKURQLF�LQIODPPDWLRQ��S���������$�SRVVLEOH�DVVRFLDWLRQ��S�������LV�DOVR�QRWHG�ZLWK�DQ�DO�
WHUHG�JXW�IORUD��IDWW\�OLYHU��K\SRWRQLD�RI�WKH�IRUHJXW�DQG�,J�&09��VHURORJ\��6XUSULVLQJO\��RWKHU�LQIODPPDWRU\�SDUDPHWHUV
DQG�SUHGLDEHWHV�ZHUH�QRW�DVVRFLDWHG�ZLWK�JURXS�%�

&RQFOXVLRQ��6DOLYDU\�&3/�OHYHO�LV�DQ�LQWHUHVWLQJ�SDUDPHWHU�WR�HYDOXDWH�WKH�LQIODPPDWLRQ�RI�WKH�XSSHU�SDUW�RI�WKH�ERG\��LQ�
FOXGLQJ�PRXWK��EUDLQ��MRLQW��OLYHU�DQG�VNLQ�

.H\ZRUGV��&DOSURWHFWLQ��3HULRGRQWLWLV��2VWHRSRURVLV��%UDLQ��&09

/LVW�RI�$EEUHYLDWLRQV��%0,��%RG\�0DVV�,QGH[��&��$FQHV��&XWLEDFWHULXP�$FQHV��&/3��&DOSURWHFWLQ��&09��&\WRPHJDORYLUXV�
)Q��)XVREDFWHULXP�1XFOHDWXP��+39��+XPDQ�3DSLOORPDYLUXV��+69��+HUSHV�6LPSOH[�9LUXV��0/5��0RQRF\WH�/\PSKRF\WH�5D�
WLR��15/��1HXWURSKLO�/\PSKRF\WH�5DWLR��3'/���3URJUDPPHG�'HDWK�/LJDQG����3/5��3ODWHOHW�/\PSKRF\WH�5DWLR��3J��3RUSK\�
URPRQDV�*LQJLYDOLV��32��3HULRGRQWLWLV��6,%2��6PDOO�,QWHVWLQDO�%DFWHULDO�2YHUJURZWK
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,QWURGXFWLRQ

6DOLYDU\�SURWHLQV�� �VXFK�DV�,/�z��,/�� �,/��RU�71)�y���FDQ�EH�XVHG�DV�LQIODPPDWRU\�PDUNHUV�RI �WKH�RUDO �FDYLW\�>���@� �+RZHYHU

QRQH�RI�WKHP�FDQ�EH�PHDVXUHG�E\�D�VLPSOH�LQH[SHQVLYH�DPEXODWRU\�WHVW��:H�WKHUHIRUH�GHFLGHG�WR�XVH�D�ORZ�FRVW�&/3�NLW�IRU�DOO

RXWSDWLHQWV�ZLWK�D�KLVWRU\�RI�32��&/3�LV�PDLQO\�V\QWKHVL]HG�E\�QHXWURSKLOV�>�@�DQG�LV�D�JRRG�PDUNHU�RI�QHXWURSKLO�LQGXFHG�LQ�

IODPPDWLRQ��SDUWLFXODUO\�XVHG�LQ�WKH�PRQLWRULQJ�RI�LQIODPPDWRU\�ERZHO�GLVHDVHV�>�@�

)DHFDO�&/3�LQFUHDVH�KDV�EHHQ�DVVRFLDWHG�ZLWK�QXPHURXV�DQG�GLYHUVH�GLVHDVHV�VXFK�DV�QHXURGHJHQHUDWLYH�GLVHDVHV�>���@��DXWRLP�

PXQH�GLVHDVHV�>�@��GLJHVWLYH�FDQFHUV�>�@��HRVLQRSKLOLF�JDVWURLQWHVWLQDO�GLVHDVHV�>�@��OLYHU�VWHDWRVLV�>��@��RU�IRRG�LQWROHUDQFH�>��@�

HWF��6DOLYD�&/3�LV�LQFUHDVHG�LQ�SDWLHQWV�ZLWK�32�>�����@��6MpJUHQ�V\QGURPH�>��@�RU�SRVW�PHQRSDXVDO�RVWHRSRURVLV�>��@�

32�LV�YHU\�FRPPRQ�>��@�DQG�|�OLNH�&/3�LQFUHDVH�|�LV�DVVRFLDWHG�ZLWK�PDQ\�VHYHUH�SDWKRORJLHV�VXFK�DV�FDQFHU�>��@��PHWDEROLF

V\QGURPH�>��@� �DV�ZHOO �DV�EUDLQ�>��@� �FDUGLRYDVFXODU�>��@� �MRLQWV�>��@� �ERQH�>��@�RU�VNLQ�LQIODPPDWLRQ�>��@� �2UDO �EDFWHULD�DQG

YLUXVHV�KDYH�EHHQ�LPSOLFDWHG�LQ�WKH�RFFXUUHQFH�RI�32�RU�HQGRGRQWLF�OHVLRQV��HVSHFLDOO\�)XVREDFWHULXP�QXFOHDWXP��)Q��DQG�3RU�

SK\URPRQDV�JLQJLYDOLV��3J��>��@�RU�KHUSHV�YLUXVHV�>�����@�

32�DQG�HQGRGRQWLF�OHVLRQV�DUH�HQWDQJOHG�>��@��&XWLEDFWHULXP�DFQHV��&��DFQHV��LV�WKH�PDLQ�EDFWHULD�IRXQG�LQ�HQGRGRQWLF�LQIHF�
WLRQV�>��@�RU�LQ�SHULRGRQWDO�DEVFHVV�>��@��&RQVHTXHQWO\��HQGRGRQWLF�WKHUDS\�LV�UHIHUUHG�WR�LPSURYH�JXP}V�KHDOLQJ�>��@�

6HYHUH�32�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�1/5�ZKLFK�GHSLFWV�LWV�LQIODPPDWRU\�DQG�GHVWUXFWLYH�QDWXUH�>��@��+RZHYHU��D�UHOHYDQW

PDUNHU�LV�QRW�FXUUHQWO\�DYDLODEOH�LQ�XVXDO�SUDFWLFH�WR�TXDQWLI\�PLOG�WR�VHYHUH�LQIODPPDWLRQ�&XUUHQWO\��2XWSDWLHQW�NLWV�IRU�&/3

GRVDJH�DUH�DYDLODEOH��ZKLFK�FRXOG�JUHDWO\�VLPSOLI\�WKH�PRQLWRULQJ�RI�FKURQLF�LQIODPPDWRU\�GLVHDVHV�RU�FRXOG�DOORZ�EHWWHU�SODQQ�

LQJ�RI�GHQWDO�RU�JLQJLYDO�DJJUHVVLYH�WUHDWPHQWV�E\�SRVWSRQLQJ�WKHLU�H[HFXWLRQ�RXWVLGH�WKH�LQIODPPDWRU\�SKDVH�

:H�LQYHVWLJDWHG�ZKHWKHU�DQ�2XWSDWLHQW�NLW�IRU�&/3�GRVDJH�FRXOG�EH�RI�LQWHUHVW�WR�HYDOXDWH�WKH�LQIODPPDWLRQ�RI�WKH�XSSHU�SDUW

RI�WKH�ERG\��LQFOXGLQJ�PRXWK��EUDLQ��MRLQWV��OLYHU�DQG�VNLQ�

:H�DOVR�LQYHVWLJDWHG�ZKHWKHU�VDOLYDU\�&/3�ZDV�DVVRFLDWHG�ZLWK�32��RUDO�G\VELRVLV��H�J��)Q�3J�RQ�GHQWDO�FROOHWV�RU�&��DFQHV�RQ

WKH�WRQJXH���VLJQV�RI�LQFUHDVHG�YLVFHUDO�IDW��H�J��OLYHU�VWHDWRVLV��SDQFUHDWLF�VWHDWRVLV��SUHGLDEHWHV��IRUHJXW�K\SRWRQLD��DOWHUHG�JXW

PLFURELRWD��RU�ELRORJLFDO�LQIODPPDWRU\�PDUNHU�UDWLRV��H�J��LQFUHDVHG�&53��1/5��0/5��3/5��

0DWHULDO�DQG�0HWKRGV

7KLV�ZRUN�LV�D�GHVFULSWLYH�UHWURVSHFWLYH�HSLGHPLRORJLFDO�VWXG\�

'DWD�ZHUH�FROOHFWHG�GXULQJ�WKH�QRUPDO�FRXUVH�RI�URXWLQH�JDVWURHQWHURORJLFDO�FRQVXOWDWLRQV�IRU�6PDOO�,QWHVWLQDO�%DFWHULDO�2YHU�

JURZWK��6,%2���IURP������2FWREHU���WK�WR�'HFHPEHU���WK�7KHUH�ZDV�QR�K\SRWKHVLV�WHVWLQJ�EHIRUH�GDWD�FROOHFWLRQ��QR�GDWD�FROOHF�

WLRQ�EH\RQG�WKDW�ZKLFK�LV�SDUW�RI�URXWLQH�FOLQLFDO�SUDFWLFH��QR�VFKHGXOHG�GDWD�DQDO\VLV�EHIRUH�GDWD�FROOHFWLRQ��7KLV�UHWURVSHFWLYH

DQDO\VLV�RI�&DVH�6HULHV�FDQQRW�WKHUHIRUH�EH�TXDOLILHG�DV�~UHVHDUFK��DQG�GRHV�QRW�UHTXLUHV�DSSURYDO�IURP�HWKLFV�ERDUGV�GHVLJQHG

WR�SURWHFW�KXPDQV�LQYROYHG�LQ�FOLQLFDO�UHVHDUFK��DFFRUGLQJ�WR�WKH�,QWHUQDWLRQDO�&RPPLWWHH�RI�0HGLFDO�-RXUQDO�(GLWRUV��,&0-(��

)UHQFK�OHJLVODWLRQ�GRHV�QRW�UHTXLUH�WKH�FRQVHQW�RI�DQ�,QVWLWXWLRQDO�5HYLHZ�%RDUG�LQ�VXFK�HSLGHPLRORJLFDO�VWXGLHV�

,QFOXVLRQ�&ULWHULD

$OO�SDWLHQWV�ZLWK�D�SUHYLRXV�PHGLFDO�KLVWRU\�RI�32�ZHUH�LQFOXGHG��3DWLHQWV�VLJQHG�D�ZULWWHQ�FRQVHQW�IRU�WKH�SRVVLEOH�UHWURVSHF�

WLYH�XVH�RI�WKH�DQRQ\PL]HG�FROOHFWHG�GDWD�
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([FOXVLRQ�&ULWHULD

/DFN�RI�VLJQHG�FRQVHQW�IRU�SRVVLEOH�UHWURVSHFWLYH�HSLGHPLRORJLFDO�XVH�RI�GDWD��LQFRPSOHWH�LQIRUPDWLRQ�RQ�DJH��%0,��RVWHRSRUR�

VLV��&09�VHURORJ\��JO\FDHPLD��1/5��0/5��3/5��RUDO�&/3�OHYHO��FOLQLFDO�VLJQV�RI�32��)Q�3J�RQ�GHQWDO�FROOHWV��&��DFQHV�RQ�WKH

WRQJXH��DGHTXDWH�RUDO�K\JLHQH��PHGLFDO�KLVWRU\�RI�KHUSHWLF�IODUH��PHGLFDO�KLVWRU\�RI�]RQD��+39�LQIHFWLRQ��FKURQLF�LQIODPPDWLRQ

LQFOXGLQJ�DQ[LHW\�GHSUHVVLRQ��EUDLQ�IRJ��EXUQRXW��FKURQLF�IDWLJXH�V\QGURPH��ORQJ�&29,'��PHPRU\�ORVV�RU�3DUNLQVRQ��DOWHUHG

IORUD��EUHDWK�WHVW�� �SVRULDVLV� �DUWKULWLV� �DXWRLPPXQH�GLVHDVH� �OLYHU �VWHDWRVLV �RU �K\SRWRQLD�RI �WKH�IRUHJXW ��WUDQVDEGRPLQDO �XOWUD�

VRXQG��3DWLHQWV�ZLWK�XQFRQWUROOHG�GLVHDVHV��H�J��VHYHUH�VHSVLV��DXWRLPPXQH�GLVHDVH��FDQFHU��GLDEHWHV�PHOOLWXV��UHQDO�RU�KHSDWLF�LQ�
VXIILFLHQF\��HQGRFULQH�GLVRUGHUV��K\SHUWHQVLRQ��DQG�FDUGLDF�IDLOXUH��ZHUH�H[FOXGHG�

'RVDJH�RI�6DOLYDU\�&/3

%g/0$11�/DERUDWRULHV�$*��6FKpQHQEXFK��6ZLW]HUODQG��FXUUHQWO\�FRPPHUFLDOL]HV�D�NLW�WR�PHDVXUH�IDHFDO�&/3��:H�XVHG�WKLV

GHYLFH��,%'RFb��RXWVLGH�RI�LWV�LQGLFDWLRQ�IRU�RII�ODEHO�PHDVXUH�RI�VDOLYDU\�&/3��:H�UHSODFHG�WKH����dJ�RI�VWRRO�ZLWK�����PO�RI�VDOL�

YD�

*DV�0HDVXUHPHQW

7KH�SDWLHQW�FRPHV�DIWHU�DW�OHDVW����KRXUV�RI�IDVWLQJ��+H��VKH�LQKDOHV�URRP�DLU�DQG�KROG�KLV�KHU�EUHDWK�IRU����VHFRQGV��+H�VKH�H[�

KDOHV�WKH�DLU�RI�WKH�OXQJV�LQ�D�ILUVW�QHXWUDO�SODVWLF�EDJ������OLWUH��DQG�DIWHUZDUGV�KH�VKH�H[KDOHV�DW�OHDVW�����PO��H[SHFWHG�WR�EHORQJ

WR�WKH�H[SLUDWRU\�UHVHUYH�YROXPH��LQ�D�VPDOO�QHXWUDO�SODVWLF�EDJ��&RQWUDOFRb��*LJQDF��)UDQFH��ZZZ�FRQWUDOFR�FRP��

([KDOHG�JD]HV�IURP�WKH�VHFRQG�EDJ�DUH�WKHQ�LPPHGLDWHO\�PHDVXUHG�E\�WKH�;�SLG�����b��DQ�DPEXODWRU\�JDV�FKURPDWRJUDSK�DVVR�

FLDWHG�ZLWK�SKRWRLRQL]DWLRQ�GHWHFWLRQ�WHFKQRORJ\�>'UiJHU��/XEHFN��*HUPDQ\��ZZZ�GUDHJHU�FRP���3URGXFWV���0XOWL�*DV�'HWHF�

WRUV@��;�SLG�����b�GHWHFWV�YRODWLOH�RUJDQLF�FRPSRXQGV�FRQFHQWUDWLRQV�DV�ORZ�DV����SSE�

$FHWLF�DFLG�LV�GHWHFWHG�EHWZHHQ�����WR�����VHFRQGV��SURSLRQLF�DFLG�LV�GHWHFWHG�EHWZHHQ�����WR�����VHFRQGV�DQG�EXW\ULF�DFLG�LV�GH�

WHFWHG�EHWZHHQ�����WR�����VHFRQGV�

;�SLG�����b�GRHV�QRW�GHWHFW�K\GURJHQ�DQG�LV�WKHUHIRUH�QRW�VXLWDEOH�IRU�WKH�GHWHFWLRQ�RI�6,%2�UHODWHG�WR�VXJDU�PDODEVRUSWLRQ��;�

SLG�����b�ZDV�XVHG�DIWHU�EUHDWK�KROGLQJ�DQG�RQO\�DIWHU�IDVWLQJ��QRW�DIWHU�VXJDU�LQWDNH�

7KH�DLU�RI�WKH�ILUVW�EDJ�LV�DQDO\VHG�E\�WKH�'UiJHU�;�DPb�������:H�URXWLQHO\�XVH�WKH�'UiJHU�;�DPb������>'UiJHU��/XEHFN��*HU�

PDQ\��ZZZ�GUDHJHU�FRP���3URGXFWV���0XOWL�*DV�'HWHFWRUV@�WR�PHDVXUH�K\GURJHQ�EHIRUH�DQG�WZR�KRXUV�DIWHU�WKH�LQWDNH�RI�ODFWX�

ORVH�LQ�RUGHU�WR�GLDJQRVH�6,%2�UHODWHG�WR�VXJDU�PDODEVRUSWLRQ��5HVXOWV�DUH�SXEOLVKHG�VHSDUDWHO\�

%RWK�GHYLFHV�DUH�HDVLO\�SRUWDEOH�DQG�HTXLSSHG�ZLWK�SRZHUIXO�SXPSV��7KH�VHWXS�LV�EDVLF�DQG�VLPLODU�IRU�ERWK�GHYLFHV��,W�UHTXLUHV

RQO\ �D �VKRUW �QHXWUDO �WXEH �WR �FRQQHFW �WKH �EDJ �DQG�WKH �GHYLFH�$OWHUHG �PLFURELRWD �ZDV �GLDJQRVHG�ZKHQ�6,%2�RU �SRRU �GLYHUVLW\

�ORZ�OHYHO�RI�YRODWLOH�RUJDQLF�FRPSRXQGV��ZDV�GHWHFWHG�

8OWUDVRXQG�([DPLQDWLRQ

*DVWURSDUHVLV�ZDV�GLDJQRVHG�ZKHQ�WKH�VXUIDFH�RI�WKH�VWRPDFK�UHDFKHG����FPc�DIWHU����KRXUV�RI�IDVWLQJ��,OHDO�GLVWHQVLRQ�ZDV�GLDJ�

QRVHG�DV�VRRQ�DV�LOHDO�GLDPHWHU�UHDFKHG�����FP�DW�WKH�LOHRFHFDO�MXQFWLRQ��/DFN�RI�JDVWUR�GXRGHQDO�YRLGLQJ�ZDV�GLDJQRVHG�ZKHQ

QR�HYDFXDWLRQ�RI�EXEEOHV�EHWZHHQ�WKH�VXSHULRU�PHVHQWHULF�DUWHU\�DQG�WKH�DRUWD�ZDV�REVHUYHG�DIWHU���PLQXWHV�RI�RVWHRSDWKLF�DE�

GRPLQDO�PDQRHXYHUV��-HMXQDO�K\SRWRQLD�FRXOG�DOVR�EH�LPSOLFDWHG��,Q�WKDW�FDVH��WKH�MHMXQXP�FRQWDLQV�IHZ�EXEEOHV�DQG�QR�SHULV�

WDOVLV�LV�YLVXDOL]HG�>��@��$EGRPLQDO�XOWUDVRXQG�H[DPLQDWLRQ�DOVR�HQDEOHV�WR�GLDJQRVH�OLYHU�VWHDWRVLV�
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2UDO�([DPLQDWLRQ

)Q�3J�RI�GHQWDO�FROOHWV

)Q�IOXRUHVFHQFH�LQWHUDFWV�ZLWK�3J�ZKHQ�H[FLWHG�ZLWK�����QP�EOXH�OLJKW��*UHHQ�IOXRUHVFHQFH�RI�)Q�FKDQJHV�WR�UHG�IOXRUHVFHQFH�LQ

WKH�SUHVHQFH�RI�3J�>��@��7KHUHIRUH��WKH�SUHVHQFH�RI�UHG�OLQHV�DW�WKH�GHQWDO�FROOHWV�HQDEOHV�WR�LGHQWLI\�ELRILOPV�FRQWDLQLQJ�)Q�3J�

&��DFQHV�RQ�WKH�WRQJXH

&��DFQHV�SURGXFHV�SRUSK\ULQV��ZKLFK�H[KLELW�IOXRUHVFHQFH�SURSHUWLHV�DQG�FRORXU�EDFWHULD�D�EULJKW�UHG�RUDQJH�XQGHU�WKH�OLJKW�RI

D�:RRG}V�ODPS�>��@��7KHUHIRUH��WKH�SUHVHQFH�RI�EULJKW�UHG�RUDQJH�RQ�WKH�WRQJXH�LGHQWLILHV�ELRILOPV�FRQWDLQLQJ�&��DFQHV�

6WDWLVWLFV

1R�FDVH�ZDV�GLVFDUGHG�H[FHSW�ZKHQ�DW�OHDVW�RQH�H[FOXVLRQ�FULWHULD�ZDV�LGHQWLILHG��$V�D�FRQVHTXHQFH�QR�UHFUXLWPHQW�RU�VHOHFWLRQ

ELDV�LV�H[SHFWHG��$OO�SDWLHQWV�ZHUH�&DXFDVLDQ�

&RPSDULVRQV�RI�SHUFHQWDJHV�RU�PHDQV�XVHG�WZR�VDPSOH�W�WHVWV��<DWHV�FRUUHFWLRQ�ZDV�XVHG�IRU�VPDOO�VDPSOHV�

%HFDXVH �RI �WKH �ODUJH �QXPEHU �RI �WHVWV �QHFHVVDU\ �IRU �WKLV �VSHFLILF �DQDO\VLV �WKH �WKUHVKROG �RI �VWDWLVWLFDO �VLJQLILFDQFH �ZDV �VHW �WR

S�������

,GHQWLILHG�VWDWLVWLFDO �GLIIHUHQFHV �RQO\ �FRQFHUQ�IHZ�SHUFHQWDJHV� �:H�WKHUHIRUH �GLG�QRW �FDOFXODWH �FRQILGHQFH�LQWHUYDOV �DQG�HIIHFW

VL]HV�ZKLFK�UHTXLUH�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV��,W�LV�WKHUHIRUH�QRW�SRVVLEOH�WR�SURYLGH�D�FOHDU�XQGHUVWDQGLQJ�RI�WKH�PDJQL�

WXGH�RI�WKH�REVHUYHG�UHODWLRQVKLSV�

5HVXOWV

7KLV �GHVFULSWLYH �REVHUYDWLRQDO �HSLGHPLRORJLFDO �VWXG\ �LQFOXGHV ���� �SDWLHQWV� �1R �SDWLHQW �ZDV �H[FOXGHG �VLQFH �DOO �UHTXLUHG �GDWD

ZHUH�DYDLODEOH��7KHUH�LV�WKHUHIRUH��QR�H[FOXVLRQ�HIIHFW�

'HWHUPLQDWLRQ�RI�WKH�7KUHVKROG�RI�6DOLYDU\�&/3��6HH�7DEOH���

3DWLHQWV�ZHUH�FODVVLILHG�DFFRUGLQJ�WR�&/3�OHYHOV�

7KH�ILUVW����SDWLHQWV��IURP�����WR�����{J�J��GLG�QRW�SUHVHQW�ZLWK�32�RU�)Q�3J��JURXS�$��

3DWLHQWV�IURP�����WR�!�����{J�J��DOZD\V�SUHVHQW�ZLWK�32�DQG�)Q�3J��VXEJURXS�%���

)URP�����WR�����{J�J��SDWLHQWV�SUHVHQW�ZLWK�32�DQG�RU�)Q�3J�LQ�������RI�FDVHV��GHVSLWH�������RI�DGHTXDWH�RUDO�K\JLHQH��JURXS

VXE%���

:H�FRQFOXGHG�WKDW�&/3�EHORZ�����ZDV�DVVRFLDWHG�ZLWK�ORZ�LQIODPPDWLRQ��&/3�!����ZDV�DVVRFLDWHG�ZLWK�VHYHUH�LQIODPPDWLRQ

DQG�&/3�IURP�����WR�����ZDV�DVVRFLDWHG�ZLWK�PHGLXP�LQIODPPDWLRQ�

$FFRUGLQJ�WR�WKH�SURWRFRO�ZH�FRPSDUHG�WKH����SDWLHQWV�RI�WKH�ILUVW�JURXS��JURXS�$��WR�WKH����UHPDLQLQJ�SDWLHQWV��JURXS�%��

'HVSLWH�D�VLPLODU�RUDO�K\JLHQH�UDWH��32�DQG�RU�)Q�3J�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�JURXS�%�WKDQ�LQ�JURXS�$�
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*URXS �% �LV �SHUKDSV �LQKRPRJHQHRXV �VLQFH �WKHUH �DUH �WUHQGV �RI �VWDWLVWLFDO �GLIIHUHQFHV ��S������ �EHWZHHQ �VXEJURXS �%� �DQG �VXE�

JURXS�%��UHJDUGLQJ�WKH�IUHTXHQF\�RI�32�DQG�RU�)Q�3J��DQG�RI�RUDO�K\JLHQH�

:H�VSHFXODWHG�WKDW�EDG�RUDO�K\JLHQH��RQO\�������LQ�VXE�JURXS�%��YHUVXV�������LQ�VXEJURXS�%���FRXOG�KDYH�ZRUVHQHG�ORFDO�LQ�

IODPPDWLRQ�DQG�KDG�WKHUHIRUH�LQFUHDVHG�&/3�OHYHOV�

7DEOH����3DWLHQWV�FODVVLILHG�DFFRUGLQJ�WR�VDOLYDU\�&/3�FRQFHQWUDWLRQV��32�DQG�RU�)Q�3J��RU�DGHTXDWH�RUDO�K\JLHQH

�� 6DOLYDU\�&/3�OHYHOV�LQ
{J�J�

32�DQG�RU�)Q�3J�
RI�SDWLHQWV

$GHTXDWH�RUDO�K\JLHQH�
RI�SDWLHQWV

3DWLHQWV���WR���
���SDWLHQWV��LQ�JURXS�$� )URP�����WR����� ��� ������

3DWLHQWV����WR�����VXEJURXS�%��
���SDWLHQWV��LQ�JURXS�%� )URP�����WR����� ������ ������

3DWLHQWV����WR������VXEJURXS�%��
���SDWLHQWV��LQ�JURXS�%� )URP�����WR�!����� ����� ������

3�YDOXHV�EHWZHHQ�$�DQG�%� � ������ !����

3�YDOXHV�EHWZHHQ�%��DQG�%� � ����� �����

&RPSDULVRQ�RI�*URXS�$�DQG�%��6HH�7DEOHV���DQG���

*URXSV�$�DQG�%�ZHUH�VLPLODU�DFFRUGLQJ�WR�JHQGHU��DJH�DQG�%RG\�0DVV�,QGH[��%0,���DGHTXDWH�RUDO�K\JLHQH��KHUSHWLF�IODUHV��]R�

QD��RU�PHGLFDO�KLVWRU\�RI�SDSLOORPDYLUXV��+39���6HH�WDEOH���

7KH�WZR�JURXSV�ZHUH�DOVR�VLPLODU�UHJDUGLQJ�SUHGLDEHWHV��&��DFQHV��RU�&53��1/5��3/5�DQG�0/5�

$V�H[SHFWHG�IURP�WKH�VWXG\�SURWRFRO��WKH�WZR�JURXSV�ZHUH�VWDWLVWLFDOO\�GLIIHUHQW�UHJDUGLQJ�32�DQG�RU�)Q�3J����������7KH�SHU�

FHQWDJH�RI�RVWHRSRURVLV��RI�RQJRLQJ�MRLQWV��OLYHU��VNLQ�FKURQLF�LQIODPPDWLRQ��RU�RI�DQ[LHW\�GHSUHVVLRQ��EUDLQ�IRJ��EXUQRXW��FKURQ�

LF�IDWLJXH�V\QGURPH��ORQJ�&29,'��PHPRU\�ORVV��RU�3DUNLQVRQ��VHH�WDEOHV���DQG����ZHUH�KLJKHU�LQ�JURXS�%��S��������

$�GLIIHUHQFH�EHWZHHQ�*URXS�$�DQG�*URXS�%�UHJDUGLQJ�&09��,J*�DQG�PHWDEROLF�V\QGURPH��H�J��DOWHUHG�JXW�PLFURELRWD��OLYHU

VWHDWRVLV�DQG�IRUHJXW�K\SRWRQLD��LV�SRVVLEOH�DOWKRXJK�LW�ZDV�QRW�VWDWLVWLFDOO\�FRQILUPHG�GXH�WR�ODFN�RI�VWXG\�SRZHU��$�WUHQG�ZDV

KRZHYHU�HYLGHQFHG��S�������

:H�FRQFOXGHG�ILUVWO\�WKDW�VDOLYDU\�&/3�LV�DVVRFLDWHG�ZLWK�ERQH��EUDLQ��MRLQWV��OLYHU�DQG�VNLQ�FKURQLF�LQIODPPDWLRQ��DQG�LV�D�EHW�

WHU�PDUNHU�WKDQ�&53��1/5��3/5�RU�0/5��6HFRQGO\�WKDW�&09�LQIHFWLRQ�DQG�PHWDEROLF�V\QGURPH�PD\�EH�UHOHYDQW�PDUNHUV�WR�LQ�

YHVWLJDWH�LQ�SDWLHQWV�ZLWK�32�DQG�RU�)Q�3J�
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7DEOH����'HPRJUDSKLF�DQG�FOLQLFDO�GDWD�EHWZHHQ�JURXS�$��OHVV�WKDQ�����{J�J��DQG�JURXS�%��PRUH�WKDQ�����{J�J�

��
*HQGHU
���RI
IHPDOH�

$JH
�\HDUV� %0,� 32

DQG�RU)Q�3J

$GHTXDWH
RUDO

K\JLHQH�
0HGLFDO�KLVWRU\���

2QJRLQJ
MRLQWV��OLYHU�
PRXWK��RU
VNLQ�FKURQLF
LQIODPPDWLRQ


$Q[LHW\�GHSUHVVLRQ�
EUDLQ�IRJ��EXUQ�RXW�
FKURQLF�IDWLJXH
V\QGURPH��ORQJ
&29,'��PHPRU\
ORVV��3DUNLQVRQ

+HUSHV
VLPSOH[ ]RQD +39

*URXS
$
��
FDVHV

������ ����
��������

����
���
����

�� ������ �� �� ������ ����� �����

*URXS
%
��
FDVHV

������� ��������
�����

����
���
����

������ ������ ������ ������ ������ ������ ������

3
YDOXH !���� !���� !���� ������ !���� ������ ������ !���� !���� !����


�FKRODQJLWLV��FKURQLF�HQGRGRQWLF�LQIHFWLRQV��MXYHQLOH�DUWKULWLV��OLFKHQ��0$6+��PXOWLSOH�VFOHURVLV��SVRULDVLV��UKHXPDWRLG�DUWKULWLV�

VFOHURGHUPD��6MpJUHQ�V\QGURPH��V\VWHPLF�OXSXV�HU\WKHPDWRXV��VSRQG\ODUWKURVLV��YLWLOLJR�

7DEOH����%LRORJLFDO�DQG�UDGLRORJLFDO�GDWD�EHWZHHQ�JURXS�$��OHVV�WKDQ�����{J�J��DQG�JURXS�%��PRUH�WKDQ�����{J�J�

� 3UHGLDEHWHVJO\FDHPLD!���J�O ,J*
&09� &53 1/5 3/5 0/5

DOWHUHG
JXW
IORUD
�EUHDWK
WHVW�

/LYHU
VWHDWRVLV

)RUHJXW
K\SRWRQLD 2VWHRSRURVLV

&�
DFQHV
RI�WKH
WRQJXH

*URXS
$
��
FDVHV

����� �����
���
���
���

���
���
���

�������
��

����
���
����

����� ���� ����� � �����

*URXS
%
��
FDVHV

����� �����
���
���
���

���
���
���

��������
����
���
����

����� ����� ����� ����� �����

3
YDOXH ����� ����� !���� !���� !���� !���� ����� ����� ����� ������ !����

'LVFXVVLRQ

6DOLYDU\ �&/3 �FDQ �EH �TXDQWLWDWLYHO\ �HYDOXDWHG �E\ �WKH �2XWSDWLHQW �NLW �SURYLGHG �E\ �%g+/0$11 �/DERUDWRULHV �$*� �7KH �OHYHO

UDQNHG�IURP����{J�J�WR�PRUH�WKDQ�����{J�J��7R�RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�WLPH�VXFK�D�NLW�KDV�EHHQ�XVHG�IRU�VDOLYD�

3DWLHQWV�ZLWK�OHYHO�RI�VDOLYDU\�&/3�ORZHU�WKDQ�����{J�J�GLG�QRW�SUHVHQW�ZLWK�32�RU�)Q�3J��:H�WKHUHIRUH�FRQVLGHUHG�WKDW�VXFK�D

ORZ�&/3�OHYHO �VKRXOG �EH �WKH �JRDO �WR �EH �DFKLHYHG �EHIRUH �FODLPLQJ �WKDW �RUDO �LQIODPPDWLRQ �LV �FRQWUROOHG� �,W �PD\ �DOVR �EH �D �SUH�

UHTXLVLWH�IRU�GHQWLVWV�FRQVLGHULQJ�GHQWDO�LPSODQWV�ZLWK�RU�ZLWKRXW�ERQH�JUDIWLQJ��DV�FKURQLF�LQIODPPDWLRQ�DSSHDUV�WR�EH�DVVRFLDW�

HG�ZLWK�RVWHRSRURVLV�DQG�FDQ�WKHUHIRUH�KLQGHU�ERQH�UHFRQVWUXFWLRQ�
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2XWSDWLHQW�.LW�RI�&/3�0D\�+HOS�WR�6FUHHQ��'LDJQRVH�DQG�)ROORZ�&KURQLF�,QIODPPDWLRQ��%HWWHU�7KDQ�2WKHU
$YDLODEOH�&ULWHULD

&/3�LV �SURGXFHG�E\ �QHXWURSKLOV �>�@ �DQG�LV �D �UHFRJQL]HG�PDUNHU �RI �ERZHO �LQIODPPDWLRQ�>�@�6DOLYD �&/3�LQFUHDVH �LV �DVVRFLDWHG

ZLWK�32�DQG�FKURQLF�LQIODPPDWLRQ�>�����@��32�LV�DVVRFLDWHG�ZLWK�PDQ\�VHYHUH�GLVHDVHV�>�����@�DQG�DEXQGDQW�GDWD�VXJJHVW�D

FDXVDO�FURVV�UROH�RI�)Q��3J��&�DFQHV�DQG�KHUSHV�YLUXVHV�>�����@�

$QLPDO�PRGHOV�KDYH�FRQILUPHG�WKH�FDXVDO�UROH�RI�SHULRGRQWDO�SDWKRJHQV�LQ�EUDLQ�LQIODPPDWLRQ�>�����@�

7KLV�ZRUN�FRQILUPV�WKDW�KLJK�VDOLYDU\�&/3�LV�DVVRFLDWHG�ZLWK�32��SHULRGRQWDO�SDWKRJHQV�DV�ZHOO�DV�ERQH��EUDLQ��MRLQWV��OLYHU�DQG

VNLQ�FKURQLF�LQIODPPDWLRQ��$�WUHQG�IRU�VWDWLVWLFDO�UHODWLRQVKLS�ZDV�IRXQG�ZLWK�,J�&09��VHURORJ\��KRZHYHU�QRW�ZLWK�KHUSHWLF

IODUH��]RQD�RU�+39��:H�FRQFOXGHG�WKDW�EDFWHULD�DUH�PRUH�LPSOLFDWHG�LQ�QHXWURSKLOLF��LQGXFHG�LQIODPPDWLRQ�WKDQ�KHUSHWLF�YLUXV�

HV�

+RZHYHU�YLUDO�LQIHFWLRQV�KDYH�EHHQ�UHSRUWHG�WR�LQFUHDVH�RUDO�LQIODPPDWRU\�GLVHDVHV�OLNH�SHULRGRQWLWLV��HQGRGRQWLF�GLVHDVH��DQG

SHUL�LPSODQWLWLV�>��@��$�FURVV�WDON��V\QHUJ\�RU�DVVRFLDWLRQ�RI�SDWKRJHQV�LV�OLNHO\�>��@��&09�FRXOG�EH�WKH�PRVW�GHOHWHULRXV�YLUXV�

,Q�WKLV�ZRUN�VDOLYDU\�&/3�DSSHDUV�WR�EH�PRUH�UHOLDEOH�WKDQ�V\VWHPLF�PDUNHUV�VXFK�DV�&53��1/5��0/3�RU�3/5�

,Q�SDWLHQWV�ZLWK�&29,'�����VHUXP�&/3�RQ�DGPLVVLRQ�ZDV�WKH�RQO\�LQGHSHQGHQW�ULVN�IDFWRU�IRU�LQWXEDWLRQ�GHDWK�HYHQ�DIWHU�DG�

MXVWPHQW�IRU �DJH� �VH[� �ERG\�PDVV�LQGH[� �FRPRUELGLWLHV� �QHXWURSKLOV� �O\PSKRF\WHV� �QHXWURSKLO �WR�O\PSKRF\WHV �UDWLR� �IHUULWLQ�RU

&53�>��@�

6HUXP�&/3�FRXOG�DOVR�EH�JRRG�PDUNHU�RI�SHUVLVWLQJ�YLUDO�DFWLYLW\�LQ�&29,'�����ZKLFK�HQDEOH�WR�GLVFULPLQDWH�EHWZHHQ�GLVHDVH

DFWLYLW\�DQG�UHFRYHU\�>��@��,QFUHDVHG�&/3�FRXOG�FRQQHFW�RQJRLQJ�YLUDO�LQIHFWLRQ�ZLWK�QHXWURSKLOLF�LQIODPPDWLRQ�>��@�

&29,'����VHYHULW\�FRUUHODWHV�ZLWK�VHUXP�&/3�OHYHO�RU�3'�/��H[SUHVVLRQ��&ULWLFDO�&29,'����VHHPV�WR�EH�FKDUDFWHUL]HG�E\�DQ

LPPXQH �SURILOH �RI �DFWLYDWHG �DQG �H[KDXVWHG �7 �FHOOV �DQG �PRQRF\WHV� �7KLV �LPPXQH �SKHQRW\SH �PD\ �LQIOXHQFH �WKH �FDSDFLW\ �WR

PRXQW�DQ�HIILFLHQW�7�FHOO�LPPXQH�UHVSRQVH��3ODVPD�%�FHOO�DFWLYLW\�DQG�&3/�ZHUH�KLJKHU�LQ�FULWLFDO�&29,'����ZKLOH�PRVW�WUDQ�

VFULSWV�UHODWHG�WR�LPPXQH�IXQFWLRQV�ZHUH�UHGXFHG�>��@�

6XFK�D�PHFKDQLVP�PD\�H[SODLQ�ZK\�VHYHUH�&29,'����PD\�WULJJHU�32�DQG�YLFH�YHUVD�>��@��7KLV�ELGLUHFWLRQDO�PHFKDQLVP�PDLQ�

O\�EDVHG�RQ�&/3�DQG�3'/��H[SUHVVLRQ�PD\�H[SODLQ�ZK\�RWKHU�PDUNHUV�ZHUH�QRW�LQFUHDVHG�LQ�WKH�JURXS�%�GHVSLWH�FOLQLFDO�SHULR�

GRQWLWLV�

$FFRUGLQJ�WR�D�UHFHQW�PHWD�DQDO\VLV��1/5��0/5�DQG�3/5�FRXOG�EH�UDWKHU�LQGLFDWLYH�RI�FDQFHU�ULVN�>�����@�

1/3�LQFUHDVH�DVVRFLDWHG�ZLWK�32�VHYHULW\�FRXOG�WKHUHIRUH�EH�D�VSXULRXV�HIIHFW�RI�G\VELRVLV�VKDUHG�E\�WKH�PRXWK��WKH�VWRPDFK

DQG�WKH�FRORQ�ZKLFK�VLPXOWDQHRXVO\�SURPRWHV�32��DV�ZHOO�DV�WKH�ULVN�RI�JDVWULF�RU�FRORQLF�FDQFHUV�

6DOLYDU\�&/3��$OWHUHG�*XW�0LFURELRWD��/LYHU�6WHDWRVLV�DQG�)RUHJXW�+\SRWRQLD

$OWHUHG�GLYHUVLW\�RI�WKH�JXW�PLFURELRWD�LV�DVVRFLDWHG�ZLWK�PHWDEROLF�V\QGURPH�>��@�DQG�32�>��@�

)RUHJXW�K\SRWRQLD��PDLQO\�JDVWULF�DQG�MHMXQDO��LV�PDLQO\�IRXQG�LQ�SDWLHQWV�ZLWK�VHYHUH�OLYHU�VWHDWRVLV�>��@�

/LYHU�VWHDWRVLV�LV�WKH�FRUQHU�VWRQH�RI�PHWDEROLF�V\QGURPH�>��@��,W�LV�WKHUHIRUH�QRW�VXUSULVLQJ�WR�ILQG�D�WUHQG�EHWZHHQ�KLJK�VDOL�

YDU\�&/3�DQG�OLYHU�VWHDWRVLV�RU�DOWHUHG�GLYHUVLW\�RI�JXW�PLFURELRWD�
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&/3�LQ�JLQJLYR�FUHYLFXODU�IOXLG�LV�LQFUHDVHG�LQ�SDWLHQWV�ZLWK�FRURQDU\�GLVHDVH�>��@��DUUK\WKPLD�RU�GHFUHDVHG�OHIW�FDUGLDF�IXQF�

WLRQ�>��@�

2XU�UHVXOWV�DUH�FRKHUHQW�ZLWK�LQFUHDVHG�FDUGLDF�RU�PHWDEROLF�ULVNV�LQ�SDWLHQWV�ZLWK�HOHYDWHG�VDOLYDU\�&/3�

3UHGLDEHWHV��QRQH�RI�RXU�SDWLHQW�SUHVHQWHG�ZLWK�GLDEHWHV�RU�XQFRQWUROOHG�GLDEHWHV��GRHV�QRW�DSSHDU�WR�KDYH�DQ\�LQIOXHQFH�RQ

VDOLYDU\�&/3�OHYHOV�

6KRXOG�6DOLYDU\�&/3�7HVWV�%H�,QWURGXFHG�LQ�5RXWLQH�WR�'HWHFW�3DWLHQWV�DW�5LVN�RI�&HUWDLQ�&DQFHUV�RU�WR�2SWL�
PL]H�'HQWDO�6XUJHU\�"

$JJUHVVLYH�RUDO�PLFURELRWD�LV�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�WXPRXUV�LQ�GLVWDQW�RUJDQV�>��@��:H�WKHUHIRUH�VXJJHVW�WKDW�VDOL�

YDU\�&/3�FRXOG�EH�DQ�DGHTXDWH�SUH�VFUHHQLQJ�PDUNHU�IRU�RUDO�RU�GLJHVWLYH�FDQFHUV�

&/3�GRVDJH�GLVWLQJXLVKHV�KHDOWK\�SHULRGRQWLXP�DQG�32�>�@��,W�DOVR�KHOSV�WR�GLDJQRVH�SHUL�LPSODQWLWLV�>��@��6DOLYDU\�&/3�GRVDJH

FRXOG�WKHUHIRUH�EH�XVHIXO�WR�PRQLWRU�GHQWDOV�VXUJLFDO�SURFHGXUHV�

/LPLWDWLRQV�RI�WKH�VWXG\

7KH�UHWURVSHFWLYH�GHVLJQ�RI�WKH�VWXG\�SUHFOXGHV�DQ\�FDXVDO�UHODWLRQVKLS�FRQFOXVLRQ�

$OO�SDWLHQWV�ZHUH�&DXFDVLDQ�ZKLFK�PD\�OLPLW�RXU�FRQFOXVLRQ�WR�WKLV�SRSXODWLRQ�

3RSXODWLRQV�ZHUH�QRW�UDQGRPL]HG�DQG�WKH�WZR�JURXSV�PD\�EH�GLIIHUHQW��OHDGLQJ�WR�VRPH�ELDVHV��+RZHYHU�WKH�GHPRJUDSKLF�GDWD

ZHUH�VLPLODU�DV�ZHOO�DV�JO\FDHPLD��&53��1/5��0/5��3/5��KHUSHWLF�IODUH��]RQD��+39�LQIHFWLRQ��DQG�RUDO�K\JLHQH��$OO�SDWLHQWV�ZLWK

XQFRQWUROOHG�VHSVLV�ZHUH�H[FOXGHG�7KHUHIRUH�WKH�WZR�JURXSV�DSSHDU�VLPLODU�H[FHSW�ZLWK�UHJDUGV�WR�&/3��32�DQG�RU�)Q�3J��DQG

IDFWRUV�ZKLFK�PD\�LQIOXHQFH�WKHVH�FRQGLWLRQV�

7KLV�REVHUYDWLRQDO�VWXG\�ZDV�SHUIRUPHG�RQ�D�VKRUW�WLPHIUDPH�DQG�RQO\�LQ�DXWXPQ�

7R�RXU�NQRZOHGJH��QR�SXEOLFDWLRQ�UHSRUWV�VHDVRQDO�WUHQGV�LQ�FDOSURWHFWLQ�FRQFHQWUDWLRQV�

+RZHYHU��32�VHYHULW\�PD\�EH�DOOHYLDWHG�E\�YLWDPLQ�'�RU�O\FRSHQH�>�����@�

2Q�WKH�FRQWUDU\��YLUDO�LQIHFWLRQV�RU�IODUHV�RI�DXWRLPPXQH�GLVHDVHV��WKDW�PD\�LQFUHDVH�RUDO�LQIODPPDWLRQ��DUH�PRUH�IUHTXHQW�LQ

ZLQWHU��HDUO\�VSULQJ�RU�ODWH�VXPPHU�>��@�

9LWDPLQ�'�LV�V\QWKHWL]HG�DIWHU�VXQ�H[SRVXUH��/\FRSHQH�LV�IRXQG�LQ�UHGGLVK�YHJHWDEOHV��6R�RQH�FDQ�H[SHFW�WKDW�DXWXPQ�LV�UDWKHU�D

SHULRG�ZLWK�DGHTXDWH�YLWDPLQ�'�DQG�O\FRSHQH�OHYHOV��,Q�DGGLWLRQ��IHZHU�YLUDO�LQIHFWLRQV�RU�DXWRLPPXQH�RXWEUHDNV�RFFXU�LQ�WKH

IDOO��,Q�D�VKHOO�QXW�DXWXPQ�DSSHDUV�WR�EH�WKH�EHVW�SHULRG�WR�FRQILUP�WKH�ODFN�RI�RUDO�LQIODPPDWLRQ�

$SSOLFDWLRQ�RI�7KLV�1HZ�.QRZOHGJH�)RU�5RXWLQH�3UDFWLFH

4XDQWLWDWLYH�WHVWLQJ�RI�VDOLYDU\�&/3�ZLWK�WKH�2XWSDWLHQW�NLW�RI�%g+/0$11�/DERUDWRULHV�$*�LV�HDV\�WR�SHUIRUP��UHOLDEOH��LQH[�
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