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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��3RVWHU 0&����

0ROHFXODU�OHYHO�PRQLWRULQJ�RI�ORQJ�QRQ�FRGLQJ�51$�VHOI�VSOLFLQJ�E\�PHDQV�RI�VP)5(7

(��$KXQED\���6��=HOJHU�3DXOXV���5��%¸UQHU���5��.��6LJHO�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH�����������=XULFK�
6ZLW]HUODQG�

7KH G\QDPLFV RI ELRPROHFXOHV DUH H[WHQVLYHO\ VWXGLHG E\ PHDQV RI )¸UVWHU 5HVRQDQFH (QHUJ\
7UDQVIHU �)5(7�� 7R GLVHQWDQJOH WKH HQVHPEOH DYHUDJH DQG WR YLVXDOL]H GLVWLQFW FRQIRUPDWLRQDO
VWDWHV DQG VWDWH�WUDQVLWLRQV� WKHLU ILQH VXUYHLOODQFH LV DFKLHYDEOH DW WKH VLQJOH�PROHFXOH �VP� OHYHO
E\ VP)5(7 >�@� ,Q WKLV VWXG\� ZH WDNH DGYDQWDJH RI WKLV WHFKQLTXH WR PRQLWRU WKH VSOLFLQJ HYHQWV RI
D ORQJ QRQ�FRGLQJ 51$� QDPHO\ WKH JURXS ,, LQWURQ DL�͇� IRXQG LQ WKH PLWRFKRQGULD
RI 6DFFKDURP\FHV FHUHYLVLDH� 5HFHQW DGYDQFHV LQ WKH ILHOG RI VSOLFLQJ E\ LQ YLWUR VWXGLHV XQGHU
QHDU�SK\VLRORJLFDO FRQGLWLRQV HVSHFLDOO\ IRFXV RQ WKH QDWXUH RI OLJDWLRQ RI WKH FRGLQJ UHJLRQV
FDWDO\]HG E\ WKH JURXS ,, LQWURQ LWVHOI >�@� ,Q DGGLWLRQ� WKHVH HQGHDYRUV DUH JUHDWO\ FRPSOHPHQWHG
ZLWK FRQIRUPDWLRQDO VWDWH DQDO\VLV E\ HPSOR\LQJ VP)5(7 >�@� 1HYHUWKHOHVV� WR IXOO\ FDSWXUH WKH
FRPSOH[ VHOI�FDWDO\WLF PHFKDQLVP� LW LV FUXFLDO WR FRXSOH WKH FKDQJHV LQ WKH ULER]\PH VWUXFWXUH
ZLWK�IXQFWLRQ�

2ULHQWHG WRZDUGV PXOWL�FRORU IOXRUHVFHQFH LPDJLQJ� KHUH� ZH SURSRVH D KLJKO\ SUHFLVH DQG VWDEOH
LQWHUPROHFXODU ODEHOLQJ VWUDWHJ\� ZKLFK LV SURPLVLQJ WR VLWH�VSHFLILFDOO\ WDJ WKH SDUWLFXODUO\ ORQJ LQWURQ�
ZLWKRXW FRPSURPLVLQJ WKH ULER]\PH DFWLYLW\� 7KLV ELRRUWKRJRQDO DSSURDFK LQYROYHV SKRVSKRUDPLGDWH
DFWLYDWLRQ RI WKH � WHUPLQXV RI WKH 51$ DQG LWV IXUWKHU IXQFWLRQDOL]DWLRQ ZLWK DQ DPLQH PRGLILHG
IOXRURSKRUH� DV ZHOO DV WKH SHULRGDWH R[LGDWLRQ RI WKH � HQG DQG LWV VXEVHTXHQW PRGLILFDWLRQ ZLWK D
K\GUD]LGH DWWDFKHG G\H >�@� 2XU FKRLFH RI )5(7 SDLU LV &\� DQG &\� G\HV� GRQRU DQG DFFHSWRU�
UHVSHFWLYHO\� 7KHUHE\� GXDO IOXRUHVFHQW ODEHOLQJ RI WKH IODQNLQJ H[RQV JUDQWV WKH YLVXDOL]DWLRQ RI WKH IROGLQJ
SDWKZD\V�DQG�WKH�VHOI�VSOLFLQJ�PHFKDQLVP�RI�WKH�LQWURQ�

)LQDQFLDO VXSSRUW E\ WKH 6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ �5.26� DQG WKH 8QLYHUVLW\ RI =XULFK
DQG WKH *UDGXDWH 6FKRRO RI &KHPLFDO DQG 0ROHFXODU 6FLHQFHV =XULFK �&06=+� LV JUDWHIXOO\
DFNQRZOHGJHG�

>�@ 5LFKDUG %¸UQHU� 'DQQ\ .RZHUNR� +HOHQD *XLVHW 0LVHUDFKV� 0LFKHOOH )� 6FKDIIHU� 5RODQG .� 2�
6LJHO��&RRUG��&KHP��5HY���������������������������
>�@�$QQD�0DULH�3\OH��$QQX��5HY��%LRSK\V���������������������
>� %LVKQX 3� 3DXGHO� (ULFD )LRULQL� 5LFKDUG %¸UQHU� 5RODQG .� 2� 6LJHO� DQG 'DYLG 6� 5XHGD� 3URF�
1DWO��$FDG��6FL��8��6��$��������������������������
>�@ 0HQJ =KDR� )DELR '� 6WHIIHQ� 5LFKDUG %¸UQHU� 0LFKHOOH )� 6FKDIIHU� 5RODQG .� 2� 6LJHO� DQG (YD
)UHLVLQJHU��1XFOHLF�$FLGV�5HV�������������H���
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/RRNLQJ�DW�WKH�ELRV\QWKHWLF�SDWKZD\�RI�WKH�PRO\EGHQXP�FRIDFWRU�LQ�VHDUFK�RI�WKH
PLVVLQJ�PHWDEROLWH�IRU�WKH�0RFR�ULERVZLWFK

)��$PDGHL���6��*DOOR���.��6FKUDGHU���*��6FKZDU]���5��2��6LJHO�

�8QLYHUVLW\�RI�=XULFK��'HSDUWPHQW�RI�&KHPLVWU\�%���8QLYHUVLW\�RI�&RORJQH��,QVWLWXWH�RI�%LRFKHPLVWU\

0RO\EGHQXP FRIDFWRU �0RFR� FRQVLVWV RI 0RO\EGHQXP �9,� FRRUGLQDWHG WR D WULF\FOLF S\UDQRSWHULQ
DQG LW LV DQ HVVHQWLDO PHWDEROLWH IRU DOPRVW DOO OLYLQJ RUJDQLVP� ,Q IDFW� 0RFR�GHSHQGHQW HQ]\PHV
XVH RI WKH UHGR[ SURSHUWLHV RI WKH PRO\EGHQXP FHQWUH WR FDWDO\]H IXQGDPHQWDO UHDFWLRQV LQ WKH
PHWDEROLF F\FOHV RI FDUERQ� QLWURJHQ DQG VXOSKXU� 0RFR LV ELRV\QWKHVL]HG WKURXJK D KLJKO\
FRQVHUYHG ��VWHS SDWKZD\ VWDUWLQJ IURP *73 ZKLFK LV UHVSHFWLYHO\ FRQYHUWHG LQ F303� 037� 037�
$03 DQG 0RFR SULRU WR WKH LQVHUWLRQ RI WKH PRO\EGHQXP FHQWUH GHULYLQJ IURP PRO\EGDWH� 7KLV
SDWKZD\ LV FRPPRQ LQ DOPRVW DOO OLYLQJ RUJDQLVPV DQG LW LQYROYHV D YDULHW\ RI GLIIHUHQW HQ]\PHV�
ZKLFK H[SUHVVLRQ VHHPV WR EH FRQWUROOHG E\ DQ QF51$ UHJXODWRU\ HOHPHQW� WKH 0RFR ULERVZLWFK� ,Q
IDFW� WKH XVH RI D /DF= UHSRUWHU V\VWHP GHPRQVWUDWHG WKDW WKH 0RFR ULERVZLWFK IURP (�FROL LV
FDSDEOH RI JHQH UHJXODWLRQ >�@� +RZHYHU� QR HYLGHQFH RI WKH GLUHFW LQWHUDFWLRQ EHWZHHQ WKLV 51$
DQG 0RFR RU DQ\ RI LWV ELRV\QWKHWLF SUHFXUVRUV FRXOG HYHU EH REVHUYHG� 7KLV LV GXH WR WKH VFDUFH
DYDLODELOLW\ DQG KLJK R[\JHQ VHQVLWLYLW\ RI 0RFR DQG LWV SUHFXUVRUV� 7KH SHFXOLDU RUJDQLF R[\JHQ�
VHQVLWLYH VFDIIROG� FRPPRQ LQ PRVW RI WKHVH PROHFXOHV PDNHV WKHP XQV\QWKHVL]DEOH� +RZHYHU�
SURWRFROV WR LVRODWH F303 IURP EDFWHULD DQG WR REWDLQ 0RFR LQVHUWHG LQ D 0RFR FDUULHU SURWHLQ �0&3�
IURP &KODP\GRPRQDV UHLQKDUGWLL ZHUH HVWDEOLVKHG >���@� 7KH PDLQ DLP RI WKLV SURMHFW LV WR
GHWHUPLQDWH WKH LGHQWLW\ RI WKH PHWDEROLWH WKDW FDXVHV D FRQIRUPDWLRQDO FKDQJH LQ WKH 0RFR
ULERVZLWFK� )RU WKLV SXUSRVH� QDWLYH JHO HOHFWURSKRUHVLV DQG GLIIHUHQW IRRWSULQWLQJ DVVD\V ZHUH
SHUIRUPHG XQGHU VWULFW R[\JHQ�IUHH FRQGLWLRQ� :H SURYHG WKDW *73� PRO\EGDWH DQG F303 DUH QRW
VSHFLILF 0RFR ULERVZLWFK ELQGHU� 0RUHRYHU� ERWK WKH DSR�0&3 DQG WKH 0RFR ORDGHG 0&3 IURP
&�UHLQKDUGWLL FDXVH FRQIRUPDWLRQDO FKDQJHV LQ WKH 51$ VWUXFWXUH� +RZHYHU� ZKHQ WKH 0&3 LV
ORDGHG ZLWK 0RFR� WKH SURWHLQ KDV D KLJKHU DIILQLW\ WR WKH 51$ FRPSDUHG WR WKH DSR�0&3� 2XU
ILQGLQJV VXJJHVW WKDW 0RFR SOD\V D UROH LQ WKH 51$�SURWHLQ LQWHUDFWLRQ HQKDQFLQJ WKH DIILQLW\
EHWZHHQ WKH WZR VSHFLHV� 7KHVH UHVXOWV OHG WR WKH K\SRWKHVLV WKDW WKH 0&3 LV QRW RQO\ LQYROYHG LQ
WKH�0RFR�WUDQVIHU�EXW�WKDW�LW�PLJKW�KDYH�DQ�DFWLYH�UROH�LQ�WKH�51$�JHQH�UHJXODWLRQ�

)LQDQFLDO VXSSRUW E\ WKH 6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ �5.26�� WKH 8=+ )RUVFKXQJVNUHGLW �)$�
DQG�WKH�8QLYHUVLW\�RI�=XULFK�LV�JUDWHIXOO\�DFNQRZOHGJHG�

>�@�(�(��5HJXOVNL�HW�DO���0RO�0LFURELRO����������������
>�@�-�$��6DQWDPDULD�$UDXMR�HW�DO���-%,&����������������
>�@�.��)LVFKHU�HW�DO���-�%LRO�&KHP�������������������
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&KHPLFDO�$SSURDFKHV�WR�0RQLWRU�&ROODJHQ�&URVV�OLQNLQJ�LQ�WKH�([WUDFHOOXODU�0DWUL[

0��5��$URQRII���1��%��+HQW]HQ���/��3RPSL]L���6��.DQJ���+��:HQQHPHUV�

�/DERUDWRULXP�I¾U�2UJDQLVFKH�&KHPLH��'�&+$%��(7+�=¾ULFK

&ROODJHQ LV DQ HVVHQWLDO SURWHLQ WKDW SURYLGHV PHFKDQLFDO VWUHQJWK WR VNLQ DQG RWKHU WLVVXHV�>�@
:KLOH WKH FKDUDFWHULVWLF 33,,�OLNH VHFRQGDU\ VWUXFWXUH RI WKH SUROLQH�ULFK FROODJHQ SHSWLGHV HQDEOHV
WKHLU DVVHPEO\ LQWR WULSOH KHOLFHV DQG IXUWKHU ILEURXV VWUXFWXUHV�>�@ PDQ\ RI WKH PDFURVFRSLF
VWUXFWXUDO TXDOLWLHV OLNH WHQVLOH VWUHQJWK DQG SURWHRO\WLF UHVLVWDQFH DULVH IURP WKH FURVV�OLQNLQJ RI
FROODJHQ LQ WKH H[WUDFHOOXODU PDWUL[ �(&0��>�@ 7KLV FURVV�OLQNLQJ RFFXUV SRVW�WUDQVODWLRQDOO\ GXULQJ
FROODJHQ ILEULO IRUPDWLRQ ZKHQ O\V\O R[LGDVH �/2;� FDWDO\]HV WKH R[LGDWLYH GHDPLQDWLRQ RI WKH ͉�
DPLQH RI O\VLQH WR DQ DOGHK\GH WKDW FDQ UHDFW ZLWK DGMDFHQW VWUDQGV LQ RUGHU WR JHQHUDWH GLYDOHQW
DQG WULYDOHQW FURVV�OLQNV�>�@ :KLOH /2;�PHGLDWHG FROODJHQ FURVV�OLQNLQJ RFFXUV DV D QRUPDO
PHFKDQLVP LQ FROODJHQ PDWXUDWLRQ GXULQJ WLVVXH GHYHORSPHQW RU ZRXQG KHDOLQJ� SHUWXUEDWLRQV LQ
/2; DFWLYLW\ DQG FROODJHQ GHYHORSPHQW DUH FRUUHODWHG ZLWK D QXPEHU RI GLVHDVHV DQG GLVRUGHUV
LQFOXGLQJ�SXOPRQDU\�DQG�KHSDWLF�ILEURVLV��FDUGLRP\RSDWK\��DQG�WXPRU�PHWDVWDVLV�>�@

+HUH ZH SUHVHQW D FKHPLFDO DSSURDFK WR PRQLWRU FROODJHQ UHPRGHOLQJ DQG FURVV�OLQNLQJ ZLWK WKH
DSSOLFDWLRQ RI V\QWKHWLF FROODJHQ PRGHO SHSWLGHV �&03V�� %XLOGLQJ XSRQ SUHYLRXV NQRZOHGJH RI WKH
FRQIRUPDWLRQDO HIIHFWV WKDW GLFWDWH WKH WULSOH KHOL[ IRUPDWLRQ RI IXQFWLRQDOL]HG FROODJHQ� &03V ZHUH
FUHDWHG WKDW FDQ DQQHDO DQG FRYDOHQWO\ DWWDFK ZLWKLQ WKH QDWXUDO FROODJHQ RI WKH (&0�>���@ )XUWKHU�
LQ RUGHU WR YLVXDOL]H FURVV�OLQNLQJ GXULQJ WKH FROODJHQ PDWXUDWLRQ SURFHVV� D FRPSOLPHQWDU\ /2;�
DFWLYDWDEOH IOXRUHVFHQW SUREH ZDV GHVLJQHG WKDW HQDEOHV FRORFDOL]DWLRQ RI WKH FROODJHQ SUREHV ZLWK
WKH VLWHV RI /2; DFWLYLW\� 8OWLPDWHO\� ZH HQYLVLRQ WKDW WKHVH WRROV ZLOO IDFLOLWDWH VWXG\ RI FROODJHQ
UHPRGHOLQJ DW WKH PROHFXODU OHYHO ZKLOH VLPXOWDQHRXVO\ SURYLGLQJ D PHDQV WR SHUWXUE WKH
GHYHORSPHQW RI ILEURVLV E\ DQFKRULQJ WKHUDSHXWLFV GLUHFWO\ DW WKH GHVLUHG VLWH RI DFWLRQ� WKXV
SURYLGLQJ�QHZ�DYHQXHV�IRU�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�ILEURWLF�GLVRUGHUV�DQG�PHWDVWDWLF�FDQFHU�

�

>�@��������0��'��6KRXOGHUV��5��7��5DLQHV��$QQX��5HY��%LRFKHP����������������
>�@��������6��'RELW]��0��5��$URQRII��+��:HQQHPHUV��$FF��&KHP��5HV�����������������
>�@��������+��$��/XFHUR��+��0��.DJDQ��&HOO�0RO��/LIH�6FL�����������������
>�@��������7��5��&R[��-��7��(UOHU��'LV��0RGHOV�0HFK���������������
>�@��������1��%��+HQW]HQ��/��(��-��6PHHQN��-��:LWHN��6��5LQLNHU��+��:HQQHPHUV��-��$P��&KHP��6RF������������
������
>�@��������0��5��$URQRII��-��(JOL��0��0HQLFKHOOL��+��:HQQHPHUV��$QJHZ��&KHP��,QW��(G�����������������
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,QIOXHQFH�RI�SHSWLGH�FRPSRVLWLRQ�IRU�WKH�VWDELOLW\�RI�WKHLU�$J�,��FRPSOH[HV

/��%DEHO���0��+RORJQH���2��:DONHU���.��0��)URPP�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�)ULERXUJ��&KHPLQ�GX�0XV«H���������)ULERXUJ�
6ZLW]HUODQG����8QLYHUVLW«�GH�/\RQ��&156��8&%�/\RQ����(16�/\RQ��,QVWLWXW�GHV�6FLHQFHV�$QDO\WLTXHV�

805���������UXH�GH�OD�'RXD��������9LOOHXUEDQQH��)UDQFH�

+LVWLGLQH� PHWKLRQLQH DQG F\VWHLQH DUH ZHOO NQRZQ WR VWURQJO\ ELQG VLOYHU�,��� 0RGHO WHWUDSHSWLGHV
FRQWDLQLQJ RQH KLVWLGLQH DQG RQH PHWKLRQLQH DV HQG JURXSV� +LV;;0HW� KDYH VKRZQ WKDW D OLQHDU
$J�,� FRRUGLQDWLRQ WDNHV SODFH� IRUPLQJ D ��� FRPSOH[ �)LJXUH ���� 0RUHRYHU� LQ WKRVH
WHWUDSHSWLGHV� WKH ELQGLQJ FRQVWDQW IRU VLOYHU ZDV REVHUYHG WR VOLJKWO\ YDU\ GHSHQGLQJ RQ WKH
QDWXUH RI WKH WZR FHQWUDO DPLQR DFLGV� ,Q WKLV VWXG\� ZH LQYHVWLJDWHG WKH HIIHFW RI HDFK DPLQR DFLG
IRU WKH FRRUGLQDWLRQ RI VLOYHU E\ WKH SHSWLGH� )OXRUHVFHQFH VSHFWURVFRS\ ZLWK D FRPSHWLWLYH
IOXRUHVFHQW SHSWLGH FRQWDLQLQJ WU\SWRSKDQ ZDV XVHG WR DVVHVV WKH WKHUPRG\QDPLF SDUDPHWHUV RI
HDFK RI WKH VWXGLHG SHSWLGHV� :H REVHUYHG WKDW JOXWDPLF DFLG �(� *OX� LQ FHUWDLQ SRVLWLRQV LQ WKH
SHSWLGH FDQ HQKDQFH WKH ELQGLQJ FKDUDFWHU RI WKH SHSWLGH ZKLOH DUJLQLQH �5� $UJ� GHFUHDVHV LW� 7KLV
ZRUN DOVR LQYHVWLJDWHV ZKHWKHU WKLV VWDELOL]DWLRQ�GHVWDELOL]DWLRQ LV GXH WR WKH SUHRUJDQL]DWLRQ RI WKH
SHSWLGH RU WR LQWHUPROHFXODU FRRUGLQDWLRQ RI WKH VLOYHU WR WKH JOXWDPDWH UHVLGXH� 7R WKDW HQG�
VHYHUDO�105�PHDVXUHPHQWV�ZHUH�DOVR�FRQGXFWHG��DQG�VROXWLRQ�105�VWUXFWXUHV�ZHUH�UHVROYHG�

)LJXUH �� 0RGHO RI WKH FRRUGLQDWLRQ PRGH RI RQH $J�,� E\ D PRGHO SHSWLGH LQVSLUHG E\ 6LO( SURWHLQ
FRQWDLQLQJ�RQH�+LV;;0HW�XQLW�

>�@ 6RQMD (FNKDUGW� 3ULVFLOOD 6� %UXQHWWR� -DFLQWKH *DJQRQ� 0DJGDOHQD 3ULHEH� %HUQG *LHVH�
.DWKDULQD�0��)URPP��&KHPLFDO�5HYLHZ�����������������������
>�@ D� 9DOHQWLQ &KDEHUW� 0DJJ\ +RORJQH� 2OLYLHU 6«QªTXH� $XUHOLHQ &URFKHW� 2OLYLHU :DONHU�
.DWKDULQD 0� )URPP� &KHPLFDO &RPPXQLFDWLRQV� ����� ��� ���������� E� 9DOHQWLQ &KDEHUW�
0DJJ\ +RORJQH� 2OLYLHU 6«QªTXH� 2OLYLHU :DONHU� .DWKDULQD 0� )URPP� &KHPLFDO
&RPPXQLFDWLRQV������������������������
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;�UD\�VWUXFWXUH�RI�D�VHFRQG�JHQHUDWLRQ�SHSWLGH�GHQGULPHU�DV�/HFWLQ�FRPSOH[�DW������
UHVROXWLRQ

6��%DHULVZ\O���$��6WRFNHU���6��-DYRU���7��'DUEUH���-��5H\PRQG�

�8QLYHUVLW\�RI�%HUQ��)UHLHVWUDVVH����&+������%HUQ

:H UHFHQWO\ VKRZHG WKDW FR�FU\VWDOOL]DWLRQ RI &�IXFRV\ODWHG SHSWLGHV ZLWK WKH EDFWHULDO OHFWLQ /HF%
IURP 3VHXGRPRQDV DHUXJLQRVD ZDV D YHU\ HIILFLHQW ZD\ WR REWDLQ KLJK TXDOLW\ ;�UD\ VWUXFWXUHV RI
RWKHUZLVH GLIILFXOW WR FU\VWDOOL]H PROHFXOHV�>�� �� �� �@ +HUHLQ ZH UHSRUW WKH ILUVW FRPSOHWH ;�UD\
VWUXFWXUH RI D VHFRQG JHQHUDWLRQ SHSWLGH GHQGULPHU� 6LPLODUO\ WR WKH ;�UD\ VWUXFWXUH RI D ILUVW
JHQHUDWLRQ SHSWLGH GHQGULPHU UHSRUWHG SUHYLRXVO\ >�@� WKLV VHFRQG JHQHUDWLRQ GHQGULPHU HQJDJHV LQ
LQWHUPROHFXODU K\GURJHQ ERQGV� VXJJHVWLQJ WKDW SHSWLGH GHQGULPHUV PD\ IRUP VXSUDPROHFXODU
DJJUHJDWHV�

)LJXUH �� ;�UD\ VWUXFWXUH RI D VHFRQG JHQHUDWLRQ SHSWLGH GHQGULPHU� 7KH SHSWLGH LV VKRZQ DV
VWLFNV ZLWK WKH HOHFWURQ GHQVLW\ DV D EOXH PHVK� 7KH SURWHLQ LV GLVSOD\HG DV JUHHQ FDUWRRQ ZLWK
&D���DV�PDJHQWD�VSKHUHV�

>�@ 6W«SKDQH %DHULVZ\O� %HH�+D *DQ� 7KLVVD 1� 6LULZDUGHQD� 5LFDUGR 9LVLQL� 0DXUDQH 5REDGH\�
6DFKD -DYRU� $FKLP 6WRFNHU� 7DPLV 'DUEUH� DQG -HDQ�/RXLV 5H\PRQG� $&6 &KHPLFDO %LRORJ\� �����
�������૱���
>�@ 5XQ]H +H� ,YDQ 'LERQDYHQWXUD� 5LFDUGR 9LVLQL� %HH�+D *DQ� <RQJFKXQ )X� 'DQLHO 3UREVW�
$OH[DQGUH /XVFKHU� 7KLOR .RKOHU� &KULVWLDQ YDQ 'HOGHQ� $FKLP 6WRFNHU� :HQMLQJ +RQJ� 7DPLV
'DUEUH�DQG�-HDQ�/RXLV�5H\PRQG��&KHPLFDO�6FLHQFH��������������������
>�@ ,YDQ 'LERQDYHQWXUD� ;LDQ -LQ� 5LFDUGR 9LVLQL� 'DQLHO 3UREVW� 6DFKD -DYRU� %HH�+D *DQ� *DHOOH
0LFKDXG� $QWRQLQR 1DWDOHOOR� 6LOYLD 0DULD 'RJOLD� 7KLOR .RKOHU� &KULVWLDQ YDQ 'HOGHQ� $FKLP 6WRFNHU�
7DPLV�'DUEUH�DQG�-HDQ�/RXLV�5H\PRQG��&KHPLFDO�6FLHQFH������������������
>�@ *DHOOH 0LFKDXG� 5LFDUGR 9LVLQL� 0\ULDP %HUJPDQQ� *LDQOXFD 6DOHUQR� 5RVD %RVFR� (PLOLH *LOORQ�
%DUEDUD 5LFKLFKL� &ULVWLQD 1DWLYL� $QQH ,PEHUW\� $FKLP 6WRFNHU� 7DPLV 'DUEUH� DQG -HDQ�/RXLV
5H\PRQG��&KHPLFDO�6FLHQFH������������������
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)DFWRUV�LQ�EDFWHULDO�HUJRWKLRQHLQH�GHJUDGDWLRQ

0��$��%HOLDHYD���$��5��6WDPSIOL���$��0DXUHU���)��/HLVLQJHU���)��3��6HHEHFN�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO

(UJRWKLRQHLQH LV D VXOIXU�FRQWDLQLQJ GHULYDWLYH RI KLVWLGLQH WKDW HPHUJHV IURP PLFURELDO
ELRV\QWKHVLV DQG HQWHUV WKH KXPDQ ERG\ YLD VSHFLILF LQWHVWLQDO XSWDNH DQG UHJXODWHG WLVVXH�
GHSHQGHQW GLVWULEXWLRQ� :KLOH WKH SURWHLQV LQYROYHG LQ EDFWHULDO ELRV\QWKHVLV DQG XSWDNH E\
DQLPDOV DUH ZHOO�FKDUDFWHUL]HG >���@� OHVV LV NQRZQ DERXW WKH GHJUDGDWLYH SDWKZD\V RI
HUJRWKLRQHLQH� :H KDYH GLVFRYHUHG D QHWZRUN RI EDFWHULDO SURWHLQV WKDW PHGLDWH XSWDNH DQG
GHJUDGDWLRQ RI HUJRWKLRQHLQH DQG LWV R[LGL]HG GHULYDWLYH HUJRWKLRQHLQH VXOIRQLF DFLG LQ D EURDG
UDQJH RI EDFWHULD� ,Q WKLV SUHVHQWDWLRQ ZH GHVFULEH WKH FU\VWDO VWUXFWXUHV DQG IXQFWLRQDO
FKDUDFWHUL]DWLRQ�RI�WKHVH�SURWHLQV�

>�@�)ORULDQ�3��6HHEHFN��-��$P��&KHP��6RF�����������������������૱����
>�@ 5HWR %XUQ� /DWLWLD 0LVVRQ� 0DUFHO 0HXU\� )ORULDQ 3� 6HHEHFN� $QJHZ� &KHP� ,QW� (G�� ����� ���
�����૱�����
>�@ 'LUN *U¾QGHPDQQ� 6WHSKDQLH +DUOILQJHU� 6WHIDQ *RO]� $QGUHDV *HHUWV� $QGUHDV /D]DU� 5HLQKDUG
%HUNHOV��1RUPD�-XQJ��$QGUHD�5XEEHUW��(GJDU�6FK¸PLJ��31$6���������������������������
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7RWDO�V\QWKHVLV�RI�D�VSHFLHV�VSHFLILF�DQWKUDQLOLF�DFLG�DVFDURVLGH�IURP�WKH�QHPDWRGH
&DHQRUKDEGLWLV�QLJRQL

&��3��%HUJDPH���&��'RQJ���6��+��YRQ�5HXVV���

�8QLYHUVLW\�RI�1HXFKDWHO���0D[�3ODQFN�,QVWLWXWH�IRU�&KHPLFDO�(FRORJ\

&KHPLFDO FRPPXQLFDWLRQ LQ QHPDWRGHV� VXFK DV WKH PRGHO RUJDQLVP &DHQRUKDEGLWLV HOHJDQV� LV
UHJXODWHG WKURXJK WKH H[FUHWLRQ RI SKHURPRQHV FDOOHG DVFDURVLGHV� D IDPLO\ RI JO\FROLSLGV EDVHG RQ
WKH ����GLGHR[\VXJDU /�DVFDU\ORVH OLQNHG WR YDULRXV IDWW\ DFLG�OLNH DJO\FRQHV GHULYHG IURP WKH
SHUR[LVRPDO ͆�R[LGDWLRQ F\FOH >�@� 7KHVH VPDOO PROHFXOHV UHJXODWH QHPDWRGH EHKDYLRXU DQG
GHYHORSPHQWDO SODVWLFLW\� DV ZHOO DV FURVV�NLQJGRP LQWHUDFWLRQ� 7KLV ZLGH UDQJH RI ELRORJLFDO
IXQFWLRQV LV SDUDOOHOHG E\ WKH VWUXFWXUDO GLYHUVLW\ RI WKHVH FKHPLFDO FXHV� ,QGHHG� VPDOO VWUXFWXUDO
DOWHUDWLRQV RI WKH VLGH FKDLQ RU WKH PRGXODU DWWDFKPHQW RI DGGLWLRQDO EXLOGLQJ EORFNV GHULYHG IURP
SULPDU\ PHWDEROLVP FDQ GUDPDWLFDOO\ FKDQJH WKHLU ELRORJLFDO DFWLYLW\ >�@� &RPSDUDWLYH 06
VFUHHQLQJ RI &DHQRUKDEGLWLV QLJRQL� UHYHDOHG VRPH KLJKO\ FRQVHUYHG FRPSRQHQWV DQG KLJKOLJKWHG
WKH�SUHVHQFH�RI�VSHFLHV�VSHFLILF�DVFDURVLGHV�>�@>�@�

+HUH ZH GHVFULEH WKH LVRODWLRQ� LGHQWLILFDWLRQ� DQG WRWDO V\QWKHVLV RI D QRYHO FODVV RI PRGXODU
DVFDURVLGHV IURP &� QLJRQL WKDW FDUU\ DQ DQWKUDQLOLF DFLG XQLW RI SRWHQWLDO /�WU\SWRSKDQ RULJLQ DW WKH
��SRVLWLRQ� 7R FRQILUP WKH VWUXFWXUH DVVLJQPHQW DQG REWDLQ PDWHULDO IRU IXQFWLRQDO FKDUDFWHUL]DWLRQ
ZH V\QWKHVL]HG WKH DQWKUDQLOLF DFLG DVFDURVLGH LQ �� VWHSV VWDUWLQJ IURP FRPPHUFLDOO\ DYDLODEOH /�
UKDPQRVH� ,Q FRQWUDVW WR SUHYLRXV V\QWKHWLF SURFHGXUHV WKDW UHVXOWHG LQ PL[WXUHV RI �� DQG
��VXEVWLWXWHG DVFDURVLGH GHULYDWLYHV >���@ DQG UHTXLUHG WHGLRXV FKURPDWRJUDSKLF VHSDUDWLRQV� ZH
QRZ HPSOR\HG D UHGXFWLYH RSHQLQJ RI D UKDPQRVH�GHULYHG F\FOLF VXOIDWH WR DIIRUG D UHJLRVHOHFWLYHO\
SURWHFWHG�����GLGHR[\VXJDU�>�@�WKDW�IDFLOLWDWHG�WKH�VSHFLILF�V\QWKHVLV�RI�WKH���OLQNHG�LVRPHU�

>�@�YRQ�5HXVV��&KLPLD��������������������
>�@�+ROOLVWHU�HW�DO���%LRRUJDQLF�	�0HGLFLQDO�&KHPLVWU\�����������������������
>�@�'RQJ�HW�DO���-RXUQDO�RI�2UJDQLF�&KHPLVWU\����������������������
>�@�'RQJ�HW�DO���2UJDQLF�	�%LRPROHFXODU�&KHPLVWU\����������������������
>�@�=KDQJ�HW�DO���2UJDQLF�/HWWHUV����������������������
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3UHFLVLRQ�'UXJV��$�&RYDOHQW�6WUDWHJ\�WR�0LQLPL]H�6LGH�(IIHFWV�RI�3,�.�,QKLELWRU�&DQFHU
7KHUDS\

&��%RUVDUL���(��.HOHV���,��%XVORY���'��5DJHRW���0��3��:\PDQQ�

�'HSDUWPHQW�RI�%LRPHGLFLQH��8QLYHUVLW\�RI�%DVHO��0DWWHQVWUDVVH����������%DVHO��6ZLW]HUODQG

3KRVSKRLQRVLWLGH���NLQDVH �3,�.� VLJQDOLQJ LV D NH\ UHJXODWRU RI FHOOXODU SURFHVVHV VXFK DV FHOO
JURZWK� SUROLIHUDWLRQ DQG PHWDEROLVP� &RQVWLWXWLYHO\ DFWLYDWHG 3,�. LV IUHTXHQW LQ WXPRUV DQG
GULYHV FDQFHU SURJUHVVLRQ� 3,�. LV WKHUHIRUH EURDGO\ H[SORUHG DV WKHUDSHXWLF WDUJHW� EXW PDQ\ SDQ�
3,�. LQKLELWRUV GLVSOD\HG D ORZ UHVSRQVH UDWH LQ FOLQLFDO WULDOV � PDLQO\ GXH WR DGYHUVH VLGH HIIHFWV�
,QKLELWLRQ RI 3,�. XVLQJ FODVV , SDQ�3,�. LQKLELWRUV WULJJHUV D UDSLG LQFUHDVH LQ EORRG JOXFRVH DQG
LQVXOLQ�>�@ ,VRIRUP�VHOHFWLYH LQKLELWLRQ RI 3,�.ͅ PLJKW DOOHYLDWH K\SHUJO\FHPLD DQG K\SHULQVXOLQHPLD�
EXW WKH VHOHFWLYLW\ RI FODLPHG 3,�.ͅ�VSHFLILF GUXJV LV FXUUHQWO\ OLPLWHG� 7R GDWH� WKH VSHFLILF UROHV RI
WKH GLIIHUHQW 3,�. LVRIRUPV �PDLQO\ 3,�.ͅ DQG ͆� LQ LQVXOLQ VLJQDOLQJ UHPDLQ FRQWURYHUVLDO� $
UHGXQGDQW�SK\VLRORJLFDO�UROH�RI�3,�.͆�LQ�LQVXOLQ�DFWLRQ�DQG�VHQVLWLYLW\�LV�XQGHU�LQYHVWLJDWLRQ�

+HUHLQ� ZH GHYHORS D UDWLRQDO DSSURDFK WR LQFUHDVH WDUJHW VHOHFWLYLW\ H[SORLWLQJ D FRYDOHQW ELQGLQJ
RI LQKLELWRUV WDUJHWLQJ 3,�. LVRIRUP�VSHFLILF QXFOHRSKLOLF DPLQR DFLG VLGH FKDLQV� ,Q 3,�.ͅ� WKH QRQ�
FRQVHUYHG &\V��� LV VXFK D UHVLGXH� $ FRPELQDWLRQ RI ZDUKHDG DFWLYLW\ GHVLJQ� SUR[LPLW\ DQG
RULHQWDWLRQ DOORZV D WLJKW FRQWURO RI UHYHUVLEOH LQKLELWRU ELQGLQJ DQG LVRIRUP VHOHFWLYH FRYDOHQW
ELQGLQJ� :H KDYH GHYHORSHG DVVD\V WR FKDUDFWHUL]H DQG VHOHFW FRPSRXQGV LQ YLWUR DQG LQ FHOO� ;�
UD\ FU\VWDOORJUDSK\ WRJHWKHU ZLWK V\QWKHVLV RI WKH FRUUHVSRQGLQJ UHYHUVLEOH DQDORJV� ZDVKRXW
H[SHULPHQWV LQ 6.29�� FHOOV DQG QDQR%5(7 H[SHULPHQWV SURYH WKH FRYDOHQW QDWXUH RI WKH
FRPSRXQGV� 7KH GHYHORSPHQW RI LVRIRUP�VHOHFWLYH FRYDOHQW FRPSRXQGV UHSUHVHQWV D PDMRU VWHS
WRZDUGV DQ LQFUHDVHG ORFDO DQG WHPSRUDO FRQWURO RI 3,�. LQ SUHFLVH DQG LQQRYDWLYH FDQFHU WKHUDS\�
DQG�KDV�WKH�SRWHQWLDO�WR�PLQLPL]H�PHWDEROLF�VLGH�HIIHFWV�

>�@ %HDXILOV )� &PLOMDQRYLF 1� &PLOMDQRYLF 9� %RKQDFNHU 7� 0HORQH $� 0DURQH 5� -DFNVRQ (� =KDQJ ;�
6HOH $� %RUVDUL &� 0HVWDQ -� +HEHLVHQ 3� +LOOPDQQ 3� *LHVH %� =YHOHELO 0� )DEEUR '� :LOOLDPV 5/�
5DJHRW '� :\PDQQ 03� �������'LPRUSKROLQR�������WULD]LQ���\O�����WULIOXRURPHWK\O�S\ULGLQ���DPLQH
�345����� D 3RWHQW� %UDLQ�3HQHWUDQW� 2UDOO\ %LRDYDLODEOH� 3DQ�&ODVV , 3,�.�P725 ,QKLELWRU DV
&OLQLFDO�&DQGLGDWH�LQ�2QFRORJ\��-�0HG�&KHP���������������������������
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6\QWKHWLF�$FFHVVLELOLW\�DQG�1DWXUDO�3URGXFW�/LNHQHVV�RI�*'%�0ROHFXOHV

6��2��%¾KOPDQQ���-��5H\PRQG�

�8QLYHUVLW\�RI�%HUQ��)UHLHVWUDVVH����&+������%HUQ

7KH JHQHUDWHG GDWDEDVHV *'% OLVW DOO SRVVLEOH RUJDQLF PROHFXOHV XS WR D JLYHQ VL]H REH\LQJ VLPSOH
UXOHV RI FKHPLFDO VWDELOLW\ DQG IHDVLELOLW\�>�@ :LWK ��� ELOOLRQ VWUXFWXUHV XS WR �� DWRPV RI &� 1� 2� 6�
DQG KDORJHQ� *'%�� UHSUHVHQWV WR GDWH WKH ODUJHVW VPDOO PROHFXOH GDWDEDVH�>�@ $OWKRXJK RXU
HQXPHUDWLRQ UXOHV UHVWULFW ULQJ VWUDLQ DQG IXQFWLRQDO JURXSV� PRVW *'%�� PROHFXOHV FRQWDLQ
IHDWXUH FRPELQDWLRQV ZKLFK ZRXOG EH GLIILFXOW WR UHDOL]H LQ WKH ODERUDWRU\� 7R DGGUHVV WKLV SUREOHP
ZH UHFHQWO\ UHSRUWHG WZR VXEVHWV RI *'%�� ZLWK UHGXFHG FRPSOH[LW\ IROORZLQJ HLWKHU IUDJPHQW
UXOHV �)'%����>�@ RU PHGLFLQDO FKHPLVWU\ UXOH �*'%0HG&KHP��>�@ +HUH ZH SURSRVH DQ DOWHUQDWLYH
DSSURDFK EDVHG RQ ILOWHULQJ *'%�� DFFRUGLQJ WR V\QWKHWLF DFFHVVLELOLW\ DQG QDWXUDO SURGXFW
OLNHQHVV VFRUHV EDVHG RQ WKH RFFXUUHQFH RI VXEVWUXFWXUHV LQ NQRZQ PROHFXOHV XVLQJ DQ DSSURDFK
LQVSLUHG�E\�(UWO�HW�DO�>�@

6FRULQJ�RI�*'%���FRPSRXQGV�XVLQJ�WKH�WZR�GDWDEDVHV�&K(0%/��RUDQJH��DQG�813'��EOXH��

�

�

>�@�0��$ZDOH��5��9LVLQL��'��3UREVW��-��$UXV�3RXV��-��/��5H\PRQG��&KLPLD�������������������
>�@�/��5XGGLJNHLW��5��YDQ�'HXUVHQ��/��&��%OXP��-��/��5H\PRQG��-��&KHP��,QI��0RGHO�����������
����������
>�@�5��9LVLQL��0��$ZDOH��-��/��5H\PRQG��-��&KHP��,QI��0RGHO��������������������
>�@�0��$ZDOH��)��6LURFNLQ��1��6WLHIO��-��/��5H\PRQG��&KHP5[LY������
GRL����������FKHPU[LY���������Y��������
>�@�D��3��(UWO��$��6FKXIIHQKDXHU��-��&KHPLQIRUP��������������E��3��(UWO��6��5RJJR��$��6FKXIIHQKDXHU��-�
&KHP��,QI��0RGHO������������������
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/XPLQHVFHQW�JO\FRFOXVWHUV��WRZDUGV�OHFWLQ�GHWHFWLRQ�DV�D�GLDJQRVWLF�VWUDWHJ\

-��3��%\UQH�

�6FKRRO�RI�&KHPLVWU\��1DWLRQDO�8QLYHUVLW\�RI�,UHODQG�*DOZD\��,UHODQG

%DFWHULDO LQIHFWLRQV DQG FRQWDPLQDWLRQ DUH VLJQLILFDQW FDXVHV RI LOOQHVV DQG GHDWK� 1RYHO UDSLG SRLQW�
RI�FDUH GLDJQRVWLF VWUDWHJLHV DUH RI VRFLHWDO DQG HFRQRPLF YDOXH� SDUWLFXODUO\ LQ WKH FRQWH[W RI
JURZLQJ DQWLELRWLF UHVLVWDQFH DQG KRVSLWDO�DFTXLUHG LQIHFWLRQV �H�J� 3VHXGRPRQDV DHUXJLQRVD� D
OHDGLQJ FDXVH�RI�GHDWK LQ F\VWLF ILEURVLV SDWLHQWV�� ZKHUH VWDQGDUG ODE�EDVHG GLDJQRVLV XVXDOO\
WDNHV��૱��GD\V�>�@

0DQ\ SDWKRJHQLF EDFWHULD �H�J� (� FROL� 3� DHUXJLQRVD� SURGXFH FKDUDFWHULVWLF FDUERK\GUDWH�ELQGLQJ
SURWHLQV� VXFK DV WKH LPSRUWDQW FODVV RI SURWHLQV FDOOHG OHFWLQV� :KLOH PXFK UHFHQW UHVHDUFK KDV
IRFXVVHG RQ WKH XVH RI JO\FRFOXVWHUV DQG JO\FRPLPHWLFV DV LQKLELWRUV IRU WKHVH SURWHLQV� DV SDUW RI
DQWLPLFURELDO WKHUDSHXWLF VWUDWHJLHV�>�@ WKHVH LQWHUDFWLRQV DOVR RIIHU D SRWHQWLDOO\ YDOXDEOH SDWKZD\
WRZDUGV GHWHFWLRQ DQG GLDJQRVLV RI SDWKRJHQV� 7KHVH RIWHQ�VSHFLILF LQWHUDFWLRQV KDYH EHHQ SUREHG
E\ XVH RI IOXRUHVFHQWO\�WDJJHG SURWHLQV DQG JO\FDQ DUUD\V>�@� KRZHYHU� WDJJLQJ RI WKH
FDUERK\GUDWH�GHULYDWLYHV�DOORZV�GHWHFWLRQ�RI�WKH�XQPRGLILHG�SURWHLQV�>�@

:LWK WKLV JRDO LQ PLQG� WKLV ZRUN SUHVHQWV QRYHO JO\FRFOXVWHU PROHFXOHV� ZKLFK KDYH OXPLQHVFHQW
SURSHUWLHV �)LJXUH ��� 7KHVH PXOWLYDOHQW V\VWHPV RIIHU WKH SRWHQWLDO WR ELQG ZLWK OHFWLQV LQ VROXWLRQ�
IXQFWLRQLQJ�DV�VHQVRUV�ZLWK�DSSOLFDELOLW\�IRU�GLDJQRVLV�RI�EDFWHULD�LQ�FOLQLFDO�VHWWLQJV�

)LJXUH����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�OXPLQHVFHQW�JO\FRFOXVWHU�VHQVLQJ�VWUDWHJ\

>�@ D� +� -� 6LVPDHW� $� -� 3LQWR� (� '� *RXOXFK� %LRVHQV� %LRHOHFWURQ�� ����� ��� ��� E� /� '� 5HQQHU
HW�DO���$SSO��(QYLURQ��0LFURELRO���������������
>�@ D� $� 0� %RXNHUE HW DO�� -� 0HG� &KHP�� ����� ��� ������ E� /LJHRXU HW DO�� 2UJ� %LRPRO� &KHP��
����������������F��6RPPHU�HW�DO���&KHP��2SHQ���������������
>�@ D� +� <DQ� 5� <DODJDOD� )� <DQ� *O\FRFRQMXJDWH -�� ����� ��� ���� E� $� +RDQJ� (� /DLJUH� '�
*R\DUG� (� 'HIUDQFT� )� 9LQHW� 3� 'XP\� 2� 5HQDXGHW� 2UJ� %LRPRO� &KHP�� ����� ��� ����� F� 0�
.LOFR\QH� -� 4� *HUODFK� 5� *RXJK� 0� (� *DOODJKHU� 0� .DQH� 6� '� &DUULQJWRQ� /� -RVKL� $QDO�
&KHP������������������
>�@ D� 6� 0DQGDO� 5� 'DV� 3� *XSWD� %� 0XNKRSDGK\D\� 7HWUDKHGURQ /HWW�� ����� ��� ����� E� 5�
.LNNHUL��'��*U¾QVWHLQ��3��+��6HHEHUJHU��-��$P��&KHP��6RF��������������������
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$�*HQHWLF�$OJRULWKP�WR�([SORUH�WKH�3HSWLGH�&KHPLFDO�6SDFH

$��&DSHFFKL���-��5H\PRQG�

�8QLYHUVLW\�RI�%HUQ��)UHLHVWUDVVH����&+������%HUQ

:H UHFHQWO\ XVHG WKH FRQFHSW RI PROHFXODU VKDSH DQG SKDUPDFRSKRUHV WR GHVFULEH DQG H[SORUH
WKH FKHPLFDO VSDFH RI ODUJH PROHFXOHV VXFK DV SURWHLQ IURP WKH 3URWHLQ 'DWDEDQN �;LDQ -LQ HW DO��
������ ELF\FOLF SHSWLGHV �'LERQDYHQWXUD HW DO� ���� DQG ������ SHSWLGH GHQGULPHUV �6LULZDUGHQD HW
DO� $QJHZ� ������ DQG QRQ�/LSLQVNL PROHFXOHV IURP 3XE&KHP DQG &K(0%/ �&DSHFFKL HW DO� ������
+HUH ZH XVHG WKH VDPH FRQFHSW LQ FRPELQDWLRQ ZLWK D JHQHWLF DOJRULWKP �*$� WR H[SORUH WKH
FKHPLFDO VSDFH RI OLQHDU� �SRO\�F\FOLF DQG GHQGULWLF SHSWLGHV� 2XU *$ RSWLPL]HV UDQGRP SHSWLGHV
IRU VKDSH DQG SKDUPDFRSKRUH VLPLODULW\ WR DQ\ WDUJHW PROHFXOH E\ LWHUDWLYH F\FOHV RI PXWDWLRQV
DQG VHOHFWLRQ� DQG WKHUHE\ DOORZV XV WR H[SORUH DQ H[WUHPHO\ YDVW FKHPLFDO VSDFH RI DW OHDVW ����
SHSWLGHV�ZLWKRXW�WKH�QHHG�IRU�H[KDXVWLYH�HQXPHUDWLRQ�

>�@ ;LDQ -LQ� 0DKHQGUD $ZDOH� 0LFKDO =DVVR� 'DQLHO .RVWUR� /XF 3DWLQ\� -HDQ�/RXLV 5H\PRQG� %0&
%LRLQIRUPDWLFV����������������
>�@ YDQ 'LERQDYHQWXUD� ;LDQ -LQ� 5LFDUGR 9LVLQL� 'DQLHO 3UREVW� 6DFKD -DYRU� %HH�+D *DQ� *DHOOH
0LFKDXG� $QWRQLQR 1DWDOHOOR� 6LOYLD 0DULD 'RJOLD� 7KLOR .RKOHU� &KULVWLDQ YDQ 'HOGHQ� $FKLP 6WRFNHU�
7DPLV�'DUEUH��-HDQ�/RXLV�5H\PRQG��&KHPLFDO�6FLHQFH�������������������
>�@ ,YDQ 'LERQDYHQWXUD� 6W«SKDQH %DHULVZ\O� $OLFH &DSHFFKL� %HH�+D *DQ� ;LDQ -LQ� 7KLVVD 1XZDQ
6LULZDUGHQD� 5XQ]H +H� 7KLOR .RKOHU� $ULDQQD 3RPSLOLR� *LRYDQQL 'L %RQDYHQWXUD� &KULVWLDQ YDQ
'HOGHQ��6DFKD�-DYRU��-HDQ�/RXLV�5H\PRQG��&KHPLFDO�&RPPXQLFDWLRQV����������������������
>�@ 7KLVVD 6LULZDUGHQD� $OLFH &DSHFFKL� %HH�+D *DQ� ;LDQ -LQ� 5XQ]H +H� 'HQJZHQ :HL� /DQ 0D�
7KLOR .¸KOHU� &KULVWLDQ YDQ 'HOGHQ� 6DFKD -DYRU� -HDQ�/RXLV 5H\PRQG� $QJHZDQGWH &KHPLH
,QWHUQDWLRQDO�(GLWLRQ����������������������
>�@ $OLFH &DSFFKL� 0DKHQGUD $ZDOH� 'DQLHO 3UREVW� -HDQ�/RXLV 5H\PRQG� 0ROHFXODU
,QIRUPDWLFV�������
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'HVLJQ�DQG�V\QWKHVLV�RI�3527$&V�+,)��ͅ�DQG���ͅ�GHJUDGHUV

&��&HFFKLQL���&��7HUHQ]L���9��&HVHUDQL���-��7KHXULOODW���6��7DUG\���/��6FDSR]]D�

�6FKRRO�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�*HQHYD��5XH�0LFKHO�6HUYHW���������*HQªYH���
)XQFWLRQDO�&DQFHU�*HQRPLFV�*URXS��,QVWLWXWH�RI�2QFRORJ\�5HVHDUFK��9LD�9HOD���������%HOOLQ]RQD

7KH FODVVLFDO DSSURDFK RI GUXJ GLVFRYHU\ IRFXVHV RQ WKH GHYHORSPHQW RI KLJK VHOHFWLYH VPDOO
PROHFXOHV DEOH WR ELQG DQG WR LQKLELW HQ]\PDWLF DFWLYH VLWHV� 7KLV VWUDWHJ\ IDFHV OLPLWDWLRQV LQ WKH
FRQWH[W RI ૺXQGUXJJDEOHૻ SURWHLQV� ZKLFK DUH FKDOOHQJLQJ WR WDUJHW� 7KH GLVFRYHU\ RI 3URWHRO\VLV
7DUJHWLQJ &KLPHUDV �3527$&V� DV DQ DOWHUQDWLYH VWUDWHJ\ WR LQGXFH VHOHFWLYH SURWHLQ GHJUDGDWLRQ
HQDEOHG WKH GHYHORSPHQW RI D QHZ DSSURDFK DJDLQVW GLIIHUHQW GLVHDVHV LQFOXGLQJ
FDQFHU���� *HQHUDOO\ VSHDNLQJ� D 3527$& DFWV DV D EL�IXQFWLRQDO PROHFXOH ZKLFK FDQ ELQG D WDUJHW
SURWHLQ DQG LQGXFHV LWV GHJUDGDWLRQ WKURXJK D VSHFLILF XELTXLWLQ OLJDVH� ,Q WKH FRQWH[W RI
G\VUHJXODWHG XELTXLWLQDWLRQ� WKH (� XELTXLWLQ OLJDVH DGDSWRU 9RQ +LSSHO�/LQGDX �9+/� LV UHFXUUHQWO\
PXWDWHG LQ FOHDU UHQDO FHOO �5&&� FDQFHU� 7\SLFDOO\� WKH SURWHLQ IXQFWLRQ RI 9+/ LV HQWLUHO\ ORVW E\
JHQH GHOHWLRQ RI RQH DOOHOH DQG GHOHWHULRXV SRLQW PXWDWLRQV RQ WKH RWKHU DOOHOH���� 7KH DEVHQFH RI
9+/ SURPRWHV WXPRULJHQHVLV E\ DFFXPXODWLRQ RI +,)��ͅ DQG +,)��ͅ WKDW QRUPDOO\ DUH XELTXLWLQDWHG
E\ 9+/ DQG WKHQ GHJUDGHG WKURXJK WKH SURWHDVRPH���� ,Q WKLV SURMHFW� ZH DLP DW JHQHUDWLQJ
3527$&V ZKLFK FDQ LQGXFH VHOHFWLYH SURWHLQ GHJUDGDWLRQ RI +,)��ͅ DQG ��ͅ LQ RUGHU WR FRXQWHUDFW
WKHLU DFFXPXODWLRQ LQ 5&& FDQFHU ODFNLQJ 9+/ XELTXLWLQ OLJDVH� 0RUH VSHFLILFDOO\� 3527$&V FDQ
UHFUXLW RWKHU W\SHV RI (� XELTXLWLQ OLJDVHV� VXFK DV FHUHEORQ �&5%1� DQG FDQ OHDG WR VXEVWUDWH
GHJUDGDWLRQ�E\�IRUPLQJ�D�WHUQDU\�FRPSOH[�

3527$&V PD\ EH V\QWKHWL]HG FRPELQLQJ ELQGHUV IRU OLJDVHV DQG ELQGHUV IRU WKH WDUJHW RI LQWHUHVW
�72,�� 9+/ DQG FHUHEORQ ELQGHUV KDYH EHHQ DOUHDG\ UHSRUWHG LQ WKH OLWHUDWXUH ���� DV ZHOO DV +,)��ͅ
DQG ��ͅ LQKLELWRUV������ 7R GDWH� ILYH GLIIHUHQW 3527$&V KDYH EHHQ V\QWKHWL]HG LQ JRRG \LHOG
�������� XVLQJ D FOLFN UHDFWLRQ DSSURDFK���� :HVWHUQ�EORW DQDO\VLV RI FHOOV WUHDWHG E\ 3527$&V
VKRZHG WKDW WZR RI WKHP LQFUHDVH GHJUDGDWLRQ RI +,)��ͅ LQ 9+/�GHILFLHQW 5&& FHOOV� ZKLOH DQRWKHU
RQH�HQKDQFHV�GHJUDGDWLRQ�RI�+,)��ͅ��7KH�ELRORJLFDO�HYDOXDWLRQ�RI�WKH�ILIWK�3527$&�LV�VWLOO�RQJRLQJ�

7KHVH UHVXOWV SURYH WKDW� LQ WKH DEVHQFH RI 9+/� FHUHEORQ XELTXLWLQ OLJDVH �&5%1� PD\ LQGXFH
VHOHFWLYH GHJUDGDWLRQ RI +,)��ͅ DQG ��ͅ� $GGLWLRQDO ZRUN LV RQJRLQJ LQ RUGHU WR FKDUDFWHUL]H IXUWKHU
WKH 3527$&V DQG HVWDEOLVK VWUXFWXUH�DFWLYLW\ UHODWLRQV �6$5�� 7KLV ZLOO DOORZ WKH RSWLPL]DWLRQ RI
WKHLU�VWUXFWXUH�WRZDUGV�PRUH�SRWHQW�DQG�VHOHFWLYH�+,)�ͅ�GHJUDGHUV�

�@ &KXUFKHU ,� - 0HG &KHP�� ����� ������������� >�@ &RZH\ &/� 5DWKPHOO :.� &XUU 2QFRO 5HS��
����� ������������� >�@ 6FK¸QHQEHUJHU '� +DUODQGHU HW DO�� &DQFHU 5HV�� ����� �������������� >�@
:XU] 53� 'HOODPDJJLRUH .� HW DO�� - 0HG &KHP�� ����� ������������� >�@ +RQJFKDQ $� HW DO�� %LRRUJ
0HG &KHP /HWW�� ����� ���������������� >�@ 5RJHUV -/� %D\HK /� HW DO�� - 0HG &KHP�� �����
���������������>�@�&ROOLQV�,��:DQJ�+��HW�DO���%LRFKHP�-�������������������������
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/XFLIHUDVH�LQGXFHG�SKRWRXQFDJLQJ��%LROXPLQRO\VLV

'��&KDQJ���1��:LQVVLQJHU�

�'HSDUWPHQW�RI�2UJDQLF�&KHPLVWU\��8QLYHUVLW\�RI�*HQHYD

%LROXPLQHVFHQFH UHVRQDQFH HQHUJ\ WUDQVIHU �%5(7� KDV EHHQ ZLGHO\ XVHG IRU VWXG\LQJ G\QDPLF
SURFHVV LQ ELRORJLF V\VWHPV VXFK DV SURWHLQ�SURWHLQ LQWHUDFWLRQV DQG RWKHU VLJQDOLQJ HYHQWV�� 7KH
YDVW PDMRULW\ RI %5(7 DSSOLFDWLRQV KDYH EHHQ IRFXVHG RQ XVLQJ WKH SURWHLQ�HQHUJ\ JHQHUDWHG E\
WKH OXFLIHUDVH DV D VLJQDO WR UHSRUW DQ HYHQW� 0RUH UHFHQWO\ WKHUH KDV EHHQ D VKLIW� ZKHUH %5(7 LV
XWLOL]HG DV D VZLWFKHU WR SHUIRUP D IXQFWLRQ� VXFK DV FRQWUROOLQJ QHXURQDO DFWLYLW\� JHQH H[SUHVVLRQ�
DQG D SKRWR VZLWFKDEOH IOXRUHVFHQW SURWHLQ���� +HUHLQ� ZH UHSRUW WKH DSSOLFDWLRQ RI %5(7 WR SHUIRUP
D ELRRUWKRJRQDO UHDFWLRQ� FRXPDULQ SKRWRXQFDJLQJ WR UHOHDVH VPDOO IXQFWLRQDO PROHFXOHV LQ OLYLQJ
FHOOV� UHIHUUHG WR DV ELROXPLQRO\VLV� &RXPDULQ FDJHG VPDOO PROHFXOHV DUH PRGLILHG ZLWK KDORWDJ
OLQNHU WR ELQG ZLWK KDORWDJ IXVHG 1DQROXF SURWHLQ �+�/XF� FRYDOHQWO\� 7KH HIILFLHQW %5(7 IURP +�/XF
WR FRXPDULQ ZRXOG LQGXFH WKH H[FLWHG VWDWH RI FRXPDULQ� K\GURO\VLV WR UHOHDVH VPDOO PROHFXOHV� :H
GHPRQVWUDWHG WKH VXFFHVVIXO UHOHDVH RI D IOXRUHVFHQFH SUREH FRXPDULQ IURP +�/XF SURWHLQ LQ +HOD
FHOOV ZLWK IDVW NLQHWLFV� EUHDNLQJ WKH LQWHUDFWLRQ EHWZHHQ VWUHSWDYLGLQ DQG +�/XF� 0RUHRYHU� ZH
DSSOLHG�WKLV�%5(7�LQGXFHG�SKRWRXQFDJLQJ�V\VWHP�WR�UHOHDVH�LQKLELWRU�LEUXWLQLE�LQ�6.%5��FHOOV�

>�@ <DR� =�� =KDQJ� %� 6�� 3UHVFKHU� -� $�� $GYDQFHV LQ ELROXPLQHVFHQFH LPDJLQJ� QHZ SUREHV IURP
ROG�UHFLSHV��&XUU�2SLQ�&KHP�%LRO�������������������
>�@ 3DUN� 6� <�� 6RQJ� 6� +�� 3DOPDWHHU� %�� 3DO� $�� 3HWHUVHQ� (� '�� 6KDOO� *� 3�� :HOFKNR� 5� 0�� ,EDWD�
.�� 0L\DZDNL� $�� $XJXVWLQH� *� -�� +RFKJHVFKZHQGHU� 8�� 1RYHO OXFLIHUDVH�RSVLQ FRPELQDWLRQV IRU
LPSURYHG�OXPLQRSVLQV��-�1HXURVFL�5HV������������
>�@ %HUJOXQG� .�� &OLVVROG� .�� /L� +� )� (�� :HQ� /�� 3DUN� 6� <�� *OHL[QHU� -�� .OHLQ� 0� (�� /X� '� <��
%DUWHU� -� :�� 5RVVL� 0� $�� $XJXVWLQH� *� -�� <LQ� +� +�� +RFKJHVFKZHQGHU� 8�� /XPLQRSVLQV LQWHJUDWH
RSWR� DQG FKHPRJHQHWLFV E\ XVLQJ SK\VLFDO DQG ELRORJLFDO OLJKW VRXUFHV IRU RSVLQ DFWLYDWLRQ� 3 1DWO
$FDG�6FL�86$����������������(����(����
>�@ .LP� &� .�� &KR� .� )�� .LP� 0� :�� 7LQJ� $� <�� /XFLIHUDVH�/29 %5(7 HQDEOHV YHUVDWLOH DQG
VSHFLILF�WUDQVFULSWLRQDO�UHDGRXW�RI�FHOOXODU�SURWHLQ�SURWHLQ�LQWHUDFWLRQV��(OLIH���������H������
>�@ /LQGEHUJ� (�� $QJHUDQL� 6�� $Q]ROD� 0�� :LQVVLQJHU� 1�� /XFLIHUDVH�LQGXFHG SKRWRUHGXFWLYH
XQFDJLQJ�RI�VPDOO�PROHFXOH�HIIHFWRUV��1DW�&RPPXQ�������������
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([SORULQJ�'&$)���IRU�UHSURJUDPPDEOH�WDUJHWHG�SURWHLQ�GHJUDGDWLRQ

6��&RRPDU���'��*LOOLQJKDP�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO

7DUJHWHG SURWHQ GHJUDGDWLRQ E\ UHSURJUDPPLQJ (� OLJDVHV ZLWK ELIXQFWLRQDO VPDOO PROHFXOHV VXFK
DV 3527$&V LV DQ HPHUJLQJ WRSLF LQ FKHPLFDO ELRORJ\� 7R GDWH RQO\ D IHZ (� OLJDVHV KDYH EHHQ
VKRZQ WR EH DPHQDEOH IRU VXFK D SXUSRVH� 5HFHQWO\ YDULRXV DU\OVXOIRQDPLGHV ZHUH VKRZQ WR
LQGXFH GHJUDGDWLRQ RI WKH VSOLFLQJ IDFWRU 5%0�� YLD WKH 5,1* W\SH (� OLJDVH &5/�'&$)��� +HUH ZH
LGHQWLI\ WKH DU\OVXOIRQDPLGH PRVW VXLWHG IRU FKHPLFDO PRGLILFDWLRQV� PDNH D VWUXFWXUH DFWLYLW\
DQDO\VLV�DQG�GHPRQVWUDWH�LWV�EHKDYLRXU�LQ�ELIXQFWLRQDO�UHSURJUDPPLQJ�

>3UHSULQW@ &RRPDU 6� *LOOLQJKDP '*�� %LR5[LY� ������Y�� ����� $YDLODEOH IURP�
KWWSV���GRL�RUJ����������������
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5DGLRODEHOOHG���*D�URWD[DQHV�DV�QRQ�FRYDOHQW�SODWIRUPV�IRU�VXSUDPROHFXODU�GUXJ
GHOLYHU\

)��G
2UFK\PRQW���-��3��+ROODQG�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH�����������=XULFK��6ZLW]HUODQG

6XSUDPROHFXODU V\VWHP� VXFK DV URWD[DQHV KDYH VKRZQ JUHDW SRWHQWLDO DV FDUULHUV IRU GUXJ GHOLYHU\
V\VWHPV GXH WR H[FHOOHQW ELRFRPSDWLELOLW\� ,Q SDUWLFXODU� KRVW PROHFXOHV VXFK DV ͆�F\FORGH[WULQV �͆�
&'� DQG FXFXUELWXULO &%>�@ KDYH WKH DELOLW\ WR WUDS PROHFXOHV WKURXJK PROHFXODU UHFRJQLWLRQ LQ WKHLU
XQLTXH K\GURSKRELF FDYLWLHV� 5RWD[DQHV FDQ EH V\QWKHVLVHG XVLQJ WKH &%>�@ DON\QH�D]LGH
F\FORDGGLWLRQ UHDFWLRQ �&%�$$&� >�@� 7KH F\FORDGGLWLRQ LV FDWDO\VHG LQVLGH RI WKH &%>�@ FDYLW\ E\ DQ
HIILFLHQW SUHRUJDQLVDWLRQ DQG VWDELOLVDWLRQ RI WKH WUDQVLWLRQ VWDWH WKURXJK D K\GURJHQ ERQGLQJ
QHWZRUN EHWZHHQ WKH VXEVWUDWHV� &%>�@ DQG ͆�&' XWLOLVHG DV D FR�FDWDO\VW >�@� 8VLQJ WKLV DELOLW\ RI
&%>�@ DQG ͆�&'� ZH DLP WR GHYHORS DQ HIILFLHQW DQG PRGXODU V\QWKHWLF WRRO IRU WKH V\QWKHVLV RI QRQ�
FRYDOHQWO\ ERXQG WDUJHWHG UDGLRWUDFHUV LQ KLJK UDGLRFKHPLFDO \LHOG DQG SXULW\� 'XH WR WKH
V\PPHWU\ RI WKH UHDFWLRQ� ZH FDQ LQWURGXFH WKH WDUJHWLQJ YHFWRU� VXFK DV WKH SURVWDWH PHPEUDQH
VSHFLILF DQWLJHQ �360$� ELQGLQJ PRWLI� *O\�1+�&�2��1+�/\V WZLFH� 7R LQWURGXFH WKH PHWDO LRQ WR WKH
V\VWHP� ͆�&' LV PRQRIXQFWLRQDOLVHG ZLWK WKH 'HVIHUULR[DPLQH % FKHODWH �')2�� :H WKXV
VXFFHVVIXOO\ V\QWKHVLVHG D URWD[DQH ZLWKLQ RQH PLQXWH LQ +�2 E\ PL[LQJ WKH IRXU FRPSRQHQWV LQ DQ
LGHDO VWRLFKLRPHWULF UDWLR DW �� r&� )XUWKHU RSWLPLVDWLRQ RI WKH RQH�SRW FRRSHUDWLYH FDSWXUH DQG
UDGLRODEHOOLQJ PHWKRG DV D UDSLG DSSURDFK WR FRQVWUXFW VXSUDPROHFXODU UDGLRWUDFHUV LV DGYDQFLQJ
DQG WKH ELRORJLFDO SURSHUWLHV RI WDUJHWHG >��*D@URWD[DQHV DUH XQGHU HYDOXDWLRQ LQ FHOOXODU DVVD\V
DQG�LQ�YLYR�

:H WKDQN WKH 6ZLVV *RYHUQPHQW ([FHOOHQFH 6FKRODUVKLS VFKHPH IRU D VWXGHQW DZDUG �)G2�� WKH
6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ �616) 3URIHVVRUVKLS 33��3�B�������� WKH 6ZLVV &DQFHU /HDJXH
�.UHEVOLJD�6FKZHL]��./6����������������DQG�WKH�8QLYHUVLW\�RI�=XULFK��8=+��IRU�ILQDQFLDO�VXSSRUW�

>�@�/��0RFN��7��$��,UUD��-��3��:HSVLHF��7��/��0DQLPDUDQ��-��2UJ��&KHP������������������
>�@�+RX��&��.H��-��)��6WRGGDUW��&KHP��6RF��5HY������������������
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7DUJHWHG�OXQJ�FDQFHU�ELRLPDJLQJ�XVLQJ�PXOWLIXQFWLRQDO�KDUPRQLF�QDQRSDUWLFOHV

5��GH�0DWRV���-��9XLOOHXPLHU���6��3DVVHPDUG���'��6WDHGOHU���6��&RQVWDQW���/��%RQDFLQD���6��*HUEHU�
/HPDLUH�

�(FROH�3RO\WHFKQLTXH�)«G«UDOH�GH�/DXVDQQH���7,%,2�6DJO���(SLWKHOL[���8QLYHUVLW\�RI�*HQHYD��*$3�
%LRSKRWRQLFV���,QVWLWXWH�RI�&KHPLFDO�6FLHQFHV�DQG�(QJLQHHULQJ��(3)/�/DXVDQQH

7KH UHFHQW DQG UDSLG SURJUHVV LQ QDQRWHFKQRORJLHV KDV SDYHG WKH ZD\ IRU WKH LQYHVWLJDWLRQ RI
QDQRPDWHULDOV LQ FOLQLFDO VHWWLQJV IRU HDUO\ GHWHFWLRQ� GLDJQRVLV DQG WDUJHWHG WUHDWPHQW RI FDQFHU�
ZKLFK UHSUHVHQWV D PDMRU KHDOWK EXUGHQ LQ GHYHORSHG FRXQWULHV�>�@ 7KH DELOLW\ WR SURGXFH LQRUJDQLF
QDQRSDUWLFOHV RI WXQDEOH VL]H DQG FRPSRVLWLRQ� FRPELQHG ZLWK WKHLU VXUIDFH SURSHUWLHV VXLWDEOH IRU
FKHPLFDO IXQFWLRQDOL]DWLRQ KDYH JHQHUDWHG LQWHQVH HIIRUWV WR GHYHORS QRYHO WKHUDQRVWLF WRROV EDVHG
RQ�PXOWLIXQFWLRQDO�QDQRPDWHULDOV�>�@

/XQJ FDQFHU LV WKH PRVW IUHTXHQWO\ GLDJQRVHG FDQFHU LQ PHQ DQG ZRPHQ DQG UHSUHVHQWV WKH PRVW
FRPPRQ FDXVH RI FDQFHU�UHODWHG GHDWKV� ERWK LQ WKH 8QLWHG 6WDWHV DQG LQ (XURSH� ZLWK D VLJQLILFDQW
UDWH RI ��� DQG ��� RI WRWDO FDQFHU GHDWKV�>�@ (SLWKHOLDO JURZWK IDFWRU UHFHSWRU �(*)5� ZDV
UHSRUWHG DV D YDOXDEOH ELRPDUNHU IRU OXQJ FDQFHU WDUJHWLQJ GXH WR LWV RYHUH[SUHVVLRQ LQ QRQ�VPDOO
FHOO�OXQJ�FDQFHU�>�@

,Q WKLV FRQWH[W� ZH SUHVHQW WKH GHVLJQ� V\QWKHVLV DQG HYDOXDWLRQ RI DQ DQDORJXH RI WKH (*)5
W\URVLQH NLQDVH LQKLELWRU (UORWLQLE� 7KLV GHULYDWLYH ZDV IXUWKHU FRQMXJDWHG WR WKH VXUIDFH RI
SRO\�HWK\OHQHJO\FRO� �3(*� FRDWHG KDUPRQLF /L1E2� QDQRSDUWLFOHV IRU WDUJHWHG PXOWLSKRWRQ
LPDJLQJ�RI�OXQJ�FDQFHU�FHOOV�H[SUHVVLQJ�(*)5�

>�@ 7DVVD� &�� 6KDZ� 6� <�� :HLVVOHGHU� 5� $FF� &KHP� 5HV� ����� ��� �������� <LJLW� 0� 9�� 0RRUH�
$���0HGDURYD��=��3KDUP��5HV����������������������
>�@�6PLWK��/���.XQFLF��=���2VWULNRY��.��.���.XPDU��6��-��1DQRPDWHU��������$UWLFOH�,'�����������SDJHV�
>�@�0DOYH]]L��0���%HUWXFFLR��3���/HYL��)���/D�9HFFKLD��&���1HJUL�(��$QQ��2QFRO����������������������
>�@�,PDL��.���7DNDRND��$��1DW�5HY�&DQFHU�����������������
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6\QWKHVLV�DQG�3KRWRSK\VLFDO�3URSHUWLHV�RI�%2',3<�7HWKHUHG�7ULWKLRODWR�%ULGJHG
'LQXFOHDU�5XWKHQLXP�,,��$UHQH�&RPSRXQGV

2��'HVLDWNLQD���(��3ÅXQHVFX���-��)XUUHU�

�8QLYHUVLW\�RI�%HUQ��'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��)UHLHVWUDVVH���&+������%HUQ�
6ZLW]HUODQG

&DWLRQLF WULWKLRODWR�EULGJHG GLQXFOHDU UXWKHQLXP�,,��DUHQH FRPSRXQGV EHDULQJ RQH
�>�͋��DUHQH��5X��͐��65��@�� RU� WZR �>�͋��DUHQH��5X��͐��65����͐��65��@�� W\SHV RI WKLRO OLJDQGV�
H[KLELW LQWHUHVWLQJ DQWLFDQFHU� DQG DQWLSDUDVLWLF DFWLYLW\�� $VFHUWDLQLQJ DQG TXDQWLI\LQJ WKHLU
LQWUDFHOOXODU XSWDNH DQG IDWH� DQG LGHQWLI\LQJ WKHLU PHFKDQLVP RI DFWLRQ KDV EHFRPH D SUHURJDWLYH
IRU HQWHULQJ FOLQLFDO WULDOV LQ D QHDU IXWXUH� 2QH RI WKH PHWKRGRORJLHV HQDEOLQJ WKH LQYHVWLJDWLRQ RI
VXE�FHOOXODU ORFDOL]DWLRQ RI PHWDO FRPSOH[HV LV WKH FRQIRFDO IOXRUHVFHQFH PLFURVFRS\ RI IOXRURSKRUH�
WDJJHG�FRQMXJDWHV�

%2',3<V KDYH DWWUDFWHG D FRQVLGHUDEOH LQWHUHVW� GXH WR WKHLU DGYDQWDJHRXV SKRWRSK\VLFDO SURSHUWLHV�
ZKLFK FDQ EH WXQHG YLD FKHPLFDO PRGLILFDWLRQV� 7KHVH G\HV KDYH IRXQG QXPHURXV DSSOLFDWLRQV LQ RSWLFDO
LPDJLQJ� ELRORJLFDO ODEHOLQJ� DQG IOXRUHVFHQFH VHQVLQJ�� 7KHUH DUH RQO\ IHZ UHSRUWV GHVFULELQJ WKH WDJJLQJ
RI ELRDFWLYH 5X�,,��DUHQH FRPSRXQGV ZLWK %2',3< G\HV DQG WKH XVH RI WKH UHVXOWLQJ K\EULG PROHFXOHV LQ
LPDJLQJ����

,Q WKLV FRQWH[W� ZH KDYH V\QWKHVL]HG D VHULHV RI QHZ %2',3<�WHWKHUHG WULWKLRODWR�EULGJHG GLQXFOHDU
UXWKHQLXP�,,��DUHQH FRQMXJDWHV E\ DQFKRULQJ WKH G\H DV SHQGDQW DUP RQ RQH RI WKH EULGJHG WKLRO
SUHVHQWLQJ D VXLWDEOH IXQFWLRQDO JURXS� 7KUHH W\SHV RI FRYDOHQW OLQNDJH �HVWHU� DPLGH DQG DPLQH ERQG�
EHWZHHQ WKH RUJDQRPHWDOOLF PRLHW\ DQG WKH IOXRURSKRUH ZHUH H[SORUHG� ,Q DGGLWLRQ� ZH KDYH PHDVXUHG
WKHLU SKRWRSK\VLFDO SURSHUWLHV DQG FRPSDUHG WKHP WR WKRVH RI WKH IUHH G\HV DQG RI SUHYLRXVO\ UHSRUWHG
UXWKHQLXP�DQDORJXHV�SUHVHQWLQJ�GLIIHUHQW�%2',3<V�IDVWHQHG�RQ�WKH�ELQXFOHDU�FRUH�RQ�IOH[LEOH�OLQNHUV�

>�@�-XOLHQ�)XUUHU��*HRUJ�6¾VV�)LQN��&RRUG��&KHP��5HY�������������������
>�@ $IRQVR 3� %DVWR� -RDFKLP 0¾OOHU� 5LFFDUGR 5XEELDQL� 'DYLG 6WLEDO� )HGHULFR *LDQQLQL� *HRUJ 6¾VV�
)LQN� 9UHQL %DOPHU� $QGUHZ +HPSKLOO� *LOOHV *DVVHU� -XOLHQ )XUUHU�$QWLPLFURE� $JHQWV &KHPRWKHU�
����������H���������
>�@�7RVKL\XNL�.RZDGD��+LURNL�0DHGD��.D]X\D�.LNXFKL��&KHP��6RF��5HY����������������������
>�@ 7LDQML :DQJ� <XDQMXQ +RX� <RQJMLH &KHQ� .H /L� ;XH[LQ &KHQJ� 4LDQ[LRQJ =KRX� ;XHVRQJ :DQJ�
'DOWRQ�7UDQV����������������������������
>�@ 6HPUD 7DVDQ� 2OLYLHU =DYD� %HQR°W %HUWUDQG� &ODLUH %HUQKDUG� &KULVWLQH *R]H� 0LFKHO 3LFTXHW�
3LHUUH /H *HQGUH� 3LHUUH +DUYH\� )UDQFN 'HQDW� $QJHOD &DVLQL� (ZHQ %RGLR� 'DOWRQ 7UDQV� �����
������������������
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6LQJOH�0ROHFXOH�,PDJLQJ�RI�/LSLG�'URSOHWV�ZLWK�(QYLURQPHQW�6HQVLWLYH�3KRWRDFWLYDWDEOH
3UREHV

$��(RUGRJK�����&��3DJDQLQL���'��3LQRWVL���3��$URVLR���3��5LYHUD�)XHQWHV���

�/DERUDWRU\�RI�2UJDQLF�&KHPLVWU\��(7+�=XULFK���%LRFKHPLFDO�(QJLQHHULQJ�/DERUDWRU\��(7+�=XULFK���
6FLHQWLILF�&HQWHU�IRU�2SWLFDO�DQG�(OHFWURQ�0LFURVFRS\���,QVWLWXWH�RI�&KHPLFDO�6FLHQFHV�DQG

(QJLQHHULQJ��(3)�/DXVDQQH

6WRFKDVWLF RSWLFDO UHFRQVWUXFWLRQ PLFURVFRS\ �67250� LV D VXSHUUHVROXWLRQ PLFURVFRS\ WHFKQLTXH
ZKLFK UHOLHV RQ EULJKW IOXRURSKRUH ODEHOV WKDW DOORZ RSWLFDO FRQWURO RI WKH IUDFWLRQ RI HPLWWLQJ
PROHFXOHV�>�@ 3KRWRDFWLYDWDEOH� GLD]RLQGDQRQH�PDVNHG VLOLFRQ UKRGDPLQH �11�6L5� LV ZHOO VXLWHG IRU
WKLV DSSOLFDWLRQ�>�@ 7KH SKRWRDFWLYDWLRQ RI 11�6L5� GLVSOD\V WZR PDLQ SDWKZD\V� $� IRUPDWLRQ RI
IOXRUHVFHQW SKRWRSURGXFW� YLD :ROII�UHDUUDQJHPHQW ZLWK VXEVHTXHQW UHDFWLRQ ZLWK D QXFOHRSKLOH�
DQG %� QRQ�IOXRUHVFHQW SKRWRSURGXFW IRUPDWLRQ YLD DQ DOWHUQDWLYH LQWUDPROHFXODU FDUEHQH LQVHUWLRQ�
3DWKZD\ $ ZDV IRXQG WR WDNH SODFH LQ DSRODU HQYLURQPHQWV� VR ZH FKRVH OLSLG GURSOHWV WR VKRZFDVH
WKH�XVH�RI�HQYLURQPHQW�GHSHQGHQW�SKRWRDFWLYDWLRQ�LQ�ELRLPDJLQJ�
3KRWRDFWLYDWLRQ H[SHULPHQWV ZHUH FDUULHG RXW LQ RLO GURSOHW PRGHO V\VWHPV� JHQHUDWHG LQ D
PLFURIOXLGLF GHYLFH� 7R DFKLHYH VWDEOH ODEHOLQJ RI SKDVH ERXQGDU\� D SDOPLWLF DFLG GHULYDWLYH ZDV
V\QWKHWL]HG� ZKLFK ZDV XVHG WR YLVXDOL]H OLSLG GURSOHWV LQ OLYH DQG IL[HG FHOOV� /LYH FHOO 67250
LPDJLQJ ZDV DFFRPSOLVKHG XVLQJ OLSLG GURSOHW LQGXFHG +H/D FHOOV� DQG �'�67250 ZDV XVHG RQ
IL[HG�FHOOV�WR�GLVSOD\�VKHOO�OLNH�ODEHOLQJ�RI�OLSLG�GURSOHWV�

>�@�0��-��5XVW��0��%DWHV��;��=KXDQJ��1DW��0HWKRGV�������������૱����
>�@ -� %� *ULPP� %� 3� (QJOLVK� +� &KRL� $� .� 0XWKXVDP\� %� 3� 0HKO� 3� 'RQJ� 7� $� %URZQ� -�
/LSSLQFRWW�6FKZDUW]��=��/LX��7��/LRQQHW��/��'��/DYLV��1DW��0HWKRGV��������������૱����
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6RUWDVH�PHGLDWHG�FRQMXJDWLRQ�RI�WULJO\FLQH�IXQFWLRQDOLVHG�FKHODWHV�WR�+HU��WDUJHWLQJ
'$53LQV

5��)D\���-��6FKDHIHU���%��'UHLHU���$��3O¾FNWKXQ���-��3��/DPE�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH�����������=XULFK�
6ZLW]HUODQG���'HSDUWPHQW�RI�%LRFKHPLVWU\��8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH����������

=XULFK��6ZLW]HUODQG�

'$53LQV �'HVLJQHG $QN\ULQ 5HSHDW 3URWHLQV� DUH KLJKO\ VWDEOH JHQHWLFDOO\ HQJLQHHUHG DQWLERG\
PLPLFV� 7KH *��'$53LQ SRVVHVVHV SLFRPRODU DIILQLW\ IRU +HU� �+XPDQ HSLGHUPDO JURZWK IDFWRU
UHFHSWRU� ZKLFK LV RYHUH[SUHVVHG LQ PDQ\ EUHDVW DQG RYDULDQ FDQFHUV� 7KH *��'$53LQ WKHUHIRUH
KDV�SRWHQWLDO�LQ�GLDJQRVWLF�LPDJLQJ��RI�+HU��SRVLWLYH�FDQFHUV�

7KH 6RUWDVH�$ HQ]\PH HQDEOHV VLWH�VSHFLILF WUDQVSHSWLGDWLRQV WR RFFXU EHWZHHQ ELRPROHFXOHV
FRQWDLQLQJ D 1�WHUPLQXV /3;7* DPLQR DFLG PRWLI DQG WULJO\FLQH IXQFWLRQDOLVHG SUREHV� 7KH 6RUWDVH�
$ HQ]\PH FRQYHUWV WKH WKUHRQLQH UHVLGXH SUHVHQW LQWR DQ DFWLYDWHG WKLRHVWHU ZKLFK FDQ XQGHUJR
QXFOHRSKLOLF DWWDFN E\ D WULJO\LQH SUREH LQ WKHDFWLYH VLWH RI WKH VRUWDVH HQ]\PH� 1�WHUPLQXV
+LV�WDJV DUH LQVWDOOHG RQ ERWK WKH 6RUWDVH�$ HQ]\PH DQG WKH '$53LQ VXEVWUDWH� 6XFFHVVIXO
FRQMXJDWLRQ WR WKH '$53LQ UHVXOWV LQ +LV�WDJ FOHDYDJH ZKLFK HQDEOHV WKH SURGXFW WR HDVLO\ EH
VHSDUDWHG�IURP�WKH�VWDUWLQJ�PDWHULDOV�E\�1L�17$�DIILQLW\�FKURPDWRJUDSK\�

7KH V\QWKHVLV RI QRYHO WULJO\FLQH PRGLILHG FKHODWHV� +%('�&&�*�� DQG ')2�*�� ZKLFK FDQ
FRRUGLQDWH WKH UDGLRQXFOLGHV ��*D��DQG ��=U��ZDV D SUHUHTXLVLWH WR XWLOLVH 6RUWDVH�$ ELRFRQMXJDWLRQ
WR IRUP QRYHO LPPXQR3(7 DJHQWV� ')2�*�ZDV V\QWKHVLVHG LQ WZR VWHSV IURP ')2 PHV\ODWH LQ DQ
RYHUDOO \LHOG RI ���� +%('�&&�*� ZDV V\QWKHVLVHG LQ VHYHQ OLQHDU VWHSV IURP
�����K\GUR[\SKHQ\O�SURSLRQLF DFLG LQ DQ RYHUDOO \LHOG RI ���� ')2�*� DQG +%('�&&�*� ZHUH
FRQMXJDWHG WR WKH *��'$53LQ XVLQJ D �� IROG RU �� IROG H[FHVV RI OLJDQG� 7KH SXULILHG
')2�*��'$53LQ FRXOG EH UDGLRODEHOOHG ZLWK D UDGLRFKHPLFDO FRQYHUVLRQ �5&&� !��� �UDGLR�7/&�� D
UDGLRFKHPLFDO SXULW\ !��� �1$3���� DQG D PRODU DFWLYLW\ RI DURXQG ��� 0%T�QPRO� 7KH
LPPXQRUHDFWLYLW\ RI >��*D@*D+%('�&&�*� ZDV GHWHUPLQHG LQ YLWUR LQ 6.�29�� �+HU� �YH� FHOOV ZDV
GHWHUPLQHG�WR�EH���s���

:H KDYH EHHQ DEOH WR VXFFHVVIXOO\ XWLOLVH 6RUWDVH�$ FRQMXJDWLRQ RI WZR GLIIHUHQW WULJO\FLQH PRGLILHG
FKHODWHV WR V\QWKHVLV QHZ '$53LQ FRQMXJDWHV ZKLFK FDQ EH ODEHOOHG ZLWK ��*D��DQG ��=U��� 7KHVH
FRQMXJDWHV�PD\�EH�IXUWKHU�VWXGLHG�DV�3(7�WUDFHUV�WR�LPDJH�+HU��SRVLWLYH�WXPRXUV�LQ�YLYR�

>�@�3DWHUVRQ�%��0��HW�DO����&KHP��,QW��(G�������������������
>�@�0DVVD�6��HW�DO���&RQWUDVW�0HGLD�0RO��,PDJLQJ�����������������
>�@�*ROGVWHLQ��5REHUW��HW�DO����-��1XFO��0HG��0RO��,PDJLQJ�����������������
>�@�=DKQG��&��HW�DO�����0RO��%LR�������������������
>�@�=DKQG��&��HW�DO��&DQFHU�5HV������������������
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$�QRYHO�3RVW�7UHDWPHQW�SURFHVV�RI�PHGLFDO�DQG�SKDUPDFHXWLFDO�PDWHULDO�XVLQJ�VF&2�

0��)XUODQ���3��:LGPHU�

��H&2���9LD�%U¾VLJKHOO����&+������7DYHUQH��6ZLW]HUODQG

7KH SDUDPRXQW DGYDQWDJH RI XVLQJ VF&2� RYHU RWKHU H[WUDFWLRQ VROYHQWV VXFK DV DOFRKRO DQG
K\GURFDUERQV UHVLGHV RQ LWV XQLTXH WXQDEOH VROYDWLRQ SURSHUWLHV� EDVHG RQ WHPSHUDWXUH DQG
SUHVVXUH� FRPELQHG ZLWK LWV ORZ WR[LFLW\ DQG QHJOLJLEOH UHVLGXDO� 6LQFH &2� HIIHFWLYHO\ LQDFWLYDWHV
PLFURRUJDQLVP LW FDQ EH DSSOLHG DV ILQDO VWHULOL]DWLRQ VWHS� WKXV LQ FRPELQDWLRQ ZLWK WKH SRVW
WUHDWPHQW SURFHVV WKH RYHUDOO SURFHVV WLPH FDQ EH VLJQLILFDQWO\ UHGXFHG� )XUWKHUPRUH� WR UHDFK WKH
VXSHUFULWLFDO VWDWH� &2� UHTXLUH WHPSHUDWXUH FORVH WR WKH SK\VLRORJLFDO YDOXH WKXV DOORZLQJ WKH
WUHDWPHQW RI WHPSHUDWXUH VHQVLWLYH PDWHULDOV� WKHVH FDQ EH GDPDJHG E\ VROYHQW�EDVHG SURFHVV
DQG�E\�FODVVLFDO�VWHULOL]DWLRQ�PHWKRGV�

7KH SURSRVHG SURFHVV GHYHORSHG E\ H&2� IDFH DO WKRVH FKDOOHQJHV� WKDW KDYH WR EH RYHUFRPH LQ
RUGHU WR JHW UHSURGXFLEOH SURGXFW FKDUDFWHULVWLFV DQG F*03 FRPSOLDQW SURGXFW SXULW\ EHWZHHQ WKH
SURGXFWLRQ EDWFKHV� 7KH LQQRYDWLYH QDWXUH RI WKH SURFHVV OLHV LQ WKH KRUL]RQWDOO\ SODFHG SURFHVV
FKDPEHU HTXLSSHG ZLWK D VSHFLDO URWDWDEOH EDVNHW� 7KH URWDWLRQ RI WKH EDVNHW� ZKLFK HQKDQFHV WKH
PDVV WUDQVIHU DQG WKXV WKH GLVVROXWLRQ RI WKH LPSXULWLHV WR EH UHPRYHG� OHDG WR KRPRJHQHRXV
FRQGLWLRQV WKURXJK WKH HQWLUH SURFHVV FKDPEHU YROXPH ZKLOH WKH RUGHUHG SODFHPHQW RI WKH
PDWHULDO LQVLGH WKH EDVNHW LQFUHDVHV WKH FRQWDFW DUHD DQG DOORZV D KRPRJHQHRXV H[SRVXUH ZLWK
WKH VF&2�� 7KHVH FRQGLWLRQV WXUQ WR EH HVVHQWLDO IRU DQ HYHQ SXULILFDWLRQ HIIHFW WKURXJK WKH HQWLUH
YROXPH RI WKH SURFHVV FKDPEHU ZKLFK LV RI SDUDPRXQW LPSRUWDQFH IRU WKH TXDOLW\ RI WKH ILQDO
SURGXFW DQG WKXV IRU WKH UHSURGXFLELOLW\ RI WKH SURFHVV� :H FRPSDUHG WKH SURSRVHG SRVW WUHDWPHQW
SURFHVV ZLWK D ZHOO�HVWDEOLVKHG VROYHQW�EDVHG SXULILFDWLRQ SURFHVV IRU WKH SXULILFDWLRQ RI D
FRPPHUFLDO ELR�PDWHULDO� 6HYHUDO FDPSDLJQV KDYH EHHQ FRQGXFWHG E\ VWDFNLQJ WKH PDWHULDOV WR EH
WUHDWHG DW WKH WRS� PLGGOH DQG ERWWRP RI WKH EDVNHW DQG DQDO\]LQJ WKHLU ILQDO LPSXULW\ UHVLGXDO
FRQWHQW� 7KH DQDO\VLV VKRZHG WKDW QR GLIIHUHQFH LQ SXULW\ FRXOG EH GHWHFWHG EHWZHHQ WKH GLIIHUHQW
SRVLWLRQV� VXJJHVWLQJ WKDW WKH H[DFW ORFDWLRQ RI WKH PDWHULDO �DW WKH SHULSKHU\� LQ WKH PLGGOH� RU DW
WKH FHQWHU RI WKH EDVNHW� KDV QR LQIOXHQFH� WKXV REWDLQLQJ KRPRJHQHRXV FRPSRVLWLRQ DPRQJ WKH
FKDUJH� 1R GLIIHUHQFH LQ SXULW\ FRXOG EH GHWHFWHG DOVR ZKHQ WKH VDPSOHV ZHUH SDFNHG LQ FRQWDFW
ZLWK HDFK RWKHU� )XUWKHUPRUH� WKH SURSRVHG SURFHVV LV ���WLPHV IDVWHU FRPSDUHG ZLWK WKH
WUDGLWLRQDO RQH� ZKLFK ODVWV IRU PRUH WKDQ �� GD\V� DQG LW DOVR GHFUHDVH WKH UDZ PDWHULDOV H[SHQVHV
E\�D�IDFWRU����

7KH QHZ SURSRVHG SRVW�WUHDWPHQW SURFHVV IRU LPSXULWLHV UHPRYDO WKURXJK VF&2� KDV SURYHG YHU\
SURPLVLQJ DV VXEVWLWXWH RI VWDQGDUG VROYHQW�EDVHG SURFHVVHV DOORZLQJ WR UHGXFH E\ D IDFWRU ��
ERWK WKH SURFHVV WLPH DQG WKH UDZ PDWHULDO H[SHQVHV� 7KH WXQDELOLW\ RI WKH VROYDWLRQ SURSHUWLHV E\
PLOG WHPSHUDWXUH DQG SUHVVXUH FRQGLWLRQV DQG WKH ORZ WR[LFLW\ RI &2� FRXSOHG ZLWK WKH KRUL]RQWDO
GHVLJQ RI WKH SURFHVV FKDPEHU ZLWK WKH URWDWLQJ EDVNHW OHDG WR DQ HYHQ LPSXULW\ UHPRYDO� 7KH
WUHDWHG PDWHULDOV GR QRW VKRZ DQ\ FRPSRVLWLRQ GLIIHUHQFH UHODWHG WR WKH SRVLWLRQ LQ WKH EDVNHW�
'XH WR WKH KRPRJHQHRXV FRQGLWLRQV DQG WKH EDWFK WR EDWFK UHSURGXFLELOLW\ WKH SURSRVHG SURFHVV
FRPSOLHV ZLWK WKH F*03 VWDQGDUGV DQG WKXV FDQ EH DSSOLHG LQ WKH SKDUPDFHXWLFDO�� PHGLFDO�� DQG
IRRG�LQGXVWULHV�
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.LOOLQJ�PHFKDQLVP�RI�DQWLPLFURELDO�SHSWLGH�GHQGULPHU�*�./�LQYHVWLJDWHG�E\
IOXRUHVFHQFH�PLFURVFRS\

%��*DQ���7��'DUEUH���-��5H\PRQG�

�8QLYHUVLW\�RI�%HUQ���8QLYHUVLW\�RI�%HUQ��)UHLHVWUDVVH����&+������%HUQ

:H UHFHQWO\ GLVFRYHUHG WKDW SHSWLGH GHQGULPHUV VXFK DV *�./� FRQVLVWLQJ RI WKUHH VXFFHVVLYH
JHQHUDWLRQV RI O\VLQH�OHXFLQH GLSHSWLGHV FRQQHFWHG E\ O\VLQH EUDQFKLQJ UHVLGXHV� HIILFLHQWO\ NLOO
*UDP�QHJDWLYH EDFWHULD LQFOXGLQJ PXOWLGUXJ UHVLVWDQW FOLQLFDO LVRODWHV RI 3VHXGRPRQDV DHUXJLQRVD
DQG $FLQHWREDFWHU EDXPDQQLL� RSHQLQJ D QHZ DYHQXH WR DGGUHVV WKLV SXEOLF KHDOWK WKUHDW�>�@ +HUH
ZH UHSRUW WZR IOXRUHVFHQW DQDORJV RI *�./ EHDULQJ HLWKHU IOXRUHVFHLQ �*�./�)OXR� RU GDQV\O
�*�./�'DQV\O� WKDW VKRZ D VLPLODU ELRDFWLYLW\ SURILOH WR *�./� :H FRPELQHG ELRSK\VLFDO DQG
LPDJLQJ WHFKQLTXHV WR VWXG\ WKHLU PHFKDQLVP RI DFWLRQ� 6XSHU�UHVROXWLRQ VWLPXODWHG HPLVVLRQ
GHSOHWLRQ �67('� PLFURVFRS\ DQG WLPH�ODSVH LPDJLQJ UHYHDOHG WKDW IOXRUHVFHLQ�ODEHOOHG *�./
ORFDOL]H DW WKH EDFWHULDO PHPEUDQH DQG WUDYHUVH WKH EDFWHULDO FHOO ZDOO WR DFFXPXODWH LQ 3�
DHUXJLQRVD� 6KRUWO\ DIWHU WKH DGGLWLRQ RI WKH FRPSRXQG� WKH EDFWHULDO PHPEUDQH LV SHUPHDELOL]HG
DV GHPRQVWUDWHG E\ WKH VWURQJ LQIOX[ RI SURSLGLXP LRGLGH LQWR WKH FHOO� 4XDQWLILFDWLRQ RI EDFWHULDO
XSWDNH VKRZV WKDW *�./�)OXR FDQ DFFXPXODWH LQ WKH EDFWHULD XS WR PLOOLPRODU UDQJH� 7UDQVPLVVLRQ
HOHFWURQ PLFURVFRS\ LPDJHV WRJHWKHU ZLWK /36 FRPSHWLWLRQ DVVD\V VKRZ WKDW *�./ FRPSOHWHO\
GHVWUR\V WKH RXWHU OHDIOHW DQG FDQ ELQG WR WKH UHOHDVHG /36� $V LW FURVVHV WKH EDFWHULDO FHOO ZDOO� LW
GLVLQWHJUDWHV WKH LQQHU PHPEUDQH DQG IRUP ODUJH DJJUHJDWHV WRJHWKHU ZLWK WKH FRPSRXQG DQG
'1$�LQ�WKH�EDFWHULD�

>�@ 0� 6WDFK� 7� 1� 6LULZDUGHQD� 7� .RKOHU� &� YDQ 'HOGHQ� 7� 'DUEUH� -� /� 5H\PRQG� $QJHZ� &KHP��
,QW� (G� (QJO� ����� ��� ������������ E� 7� 1� 6LULZDUGHQD� 0� 6WDFK� 5� +H� %� +� *DQ� 6� -DYRU� 0�
+HLW]� /� 0D� ;� &DL� 3� &KHQ� '� :HL� +� /L� -� 0D� 7� .RKOHU� &� YDQ 'HOGHQ� 7� 'DUEUH� -� /� 5H\PRQG�
-� $P� &KHP� 6RF� ����� ���� �������� F� 7� 1� 6LULZDUGHQD� $� &DSHFFKL� %� +� *DQ� ;� -LQ� 5� +H�
'� :HL� /� 0D� 7� .RKOHU� &� YDQ 'HOGHQ� 6� -DYRU� -� /� 5H\PRQG� $QJHZ� &KHP�� ,QW� (G� (QJO� �����
��������������
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&DUER[\PHWK\ODWHG�DQG�PHWK\ODWHG�'1$�GDPDJH�DV�D�EDVLV�IRU�SUHGLFWLRQ�RI�FRORQ
FDQFHU�ULVN

6��0��*HLVHQ���7��.RVWND���0��7��(PSO���3��6WHLQEHUJ���6��-��6WXUOD�

�'HSDUWPHQW�RI�+HDOWK�6FLHQFHV�DQG�7HFKQRORJ\��(7+���,QVWLWXWH�IRU�)RRG�7R[LFRORJ\��7L+R
+DQQRYHU���)HGHUDO�5HVHDUFK�,QVWLWXWH�RI�1XWULWLRQ�DQG�)RRG��05,

1�1LWURVR FRPSRXQGV �12&V� DUH NQRZQ KXPDQ FDUFLQRJHQV DQG D GLHW KLJK LQ UHG RU SURFHVVHG
PHDW VWLPXODWHV WKHLU IRUPDWLRQ LQ WKH KXPDQ JXW� 7KH PROHFXODU EDVLV RI 12& FDUFLQRJHQHVLV
LQYROYHV '1$ DON\ODWLRQ� RU IRUPDWLRQ RI '1$ DGGXFWV� OHDGLQJ WR UHSOLFDWLRQ�DVVRFLDWHG
PXWDJHQHVLV� $PRQJ WKH '1$ DGGXFWV IRUPHG IURP 12& H[SRVXUH� WKRVH DULVLQJ IURP DON\ODWLRQ RI
WKH R[\JHQ LQ WKH '1$ EDVH JXDQLQH LQFOXGH WKH SUR�PXWDJHQLF OHVLRQV 2��PHWK\OGHR[\JXDQLQH
�2��0HG*� DQG 2��FDUER[\PHWK\OGHR[\JXDQLQH �2��&0G*�� $OWKRXJK 2��0HG* JLYHV ULVH WR ERWK
*&�$7 DQG *&�7$ WUDQVLWLRQ PXWDWLRQV� WKH SURWHLQ 2��PHWK\OJXDQLQH '1$ PHWK\OWUDQVIHUDVH
�0*07� UHSDLUV 2��0HG* DQG WKHUHE\ RIIHULQJ SURWHFWLRQ IURP JHQRWR[LF HIIHFWV� :KHWKHU 0*07
FDQ DOVR UHSDLU 2��&0G* KRZHYHU� WKHUHE\ PLWLJDWLQJ DGGLWLRQDO HIIHFWV RI WKLV GDPDJH LQ WDUJHW
FHOOV� LV QRW \HW NQRZQ� 7R XQGHUVWDQG WKH SRWHQWLDOO\ SURWHFWLYH UROH RI 0*07 LQ 2��&0G*�LQGXFHG
PXWDJHQHVLV� ZH HVWDEOLVKHG D QDQRIORZ OLTXLG FKURPDWRJUDSK\ WDQGHP PDVV VSHFWURPHWU\
DSSURDFK IRU VLPXOWDQHRXVO\ TXDQWLI\LQJ 2��0HG* DQG 2��&0G* LQ ELRORJLFDO VDPSOHV� :H DSSOLHG
WKLV DSSURDFK WR WHVW ZKHWKHU H[SUHVVLRQ RI 0*07 UHGXFHG WKH 2��&0G* EXUGHQ RI KXPDQ FRORQ
HSLWKHOLDO FHOOV �+&(&� H[SRVHG WR D FDUER[\PHWK\ODWLQJ DJHQW DQG ZKHWKHU WKHVH SHUVLVWHG E\
WUHDWLQJ FHOOV ZLWK WKH 0*07�LQKLELWRU 2��%HQ]\OJXDQLQH� 7KH GDWD VXJJHVW 0*07 PD\ RIIHU
SURWHFWLRQ IURP 2��&0G* PXWDJHQLFLW\� EXW OHVV HIIHFWLYHO\ WKDQ IRU 2��0HG*� 7KHVH UHVXOWV DUH
DQWLFLSDWHG WR KHOS LGHQWLI\ LQGLYLGXDOV RU SRSXODWLRQV VXVFHSWLEOH WRZDUG SHUVLVWHQW '1$ GDPDJH
GHULYHG IURP �FDUER[\�� PHWK\ODWLQJ DJHQWV DQG XQGHUVWDQG IDFWRUV WKDW PLWLJDWH LWV DGYHUVH
HIIHFWV�
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'HYHORSLQJ�WKH�SURGXFWLRQ�RI�UDGLRODQWKDQLGH����7E�DQG�LWV�FKDUDFWHUL]DWLRQ�WRZDUGV
FOLQLFDO�DSSOLFDWLRQ

3��9��*UXQGOHU���1��*UDFKHYD���=��7DOLS���-��5��=HHYDDUW���8��.¸VWHU���&��%DLODW���<��1HGMDGL���7�
'XUDQ���5��6FKLEOL�����&��0¾OOHU���1��3��YDQ�GHU�0HXOHQ���

�&HQWHU�IRU�5DGLRSKDUPDFHXWLFDO�6FLHQFHV�(7+�36,�86=��3DXO�6FKHUUHU�,QVWLWXWH��9LOOLJHQ�36,�
6ZLW]HUODQG���5DGLRFKHPLVWU\��6RXWK�$IULFDQ�1XFOHDU�(QHUJ\�&RUSRUDWLRQ��1HFVD���%ULWV��6RXWK
$IULFD���,QVWLWXW�/DXH�/DQJHYLQ��*UHQREOH��)UDQFH���,QVWLWXWH�RI�5DGLDWLRQ�3K\VLFV��,5$���/DXVDQQH�
6ZLW]HUODQG���'HSDUWPHQW�RI�&KHPLVWU\�DQG�$SSOLHG�%LRVFLHQFHV��(7+�=XULFK��=XULFK��6ZLW]HUODQG�

�/DERUDWRU\�RI�5DGLRFKHPLVWU\��3DXO�6FKHUUHU�,QVWLWXWH��9LOOLJHQ�36,��6ZLW]HUODQG

7KH UDGLRLVRWRSH ���/X LV FXUUHQWO\ UHJDUGHG DV WKH ૺJROG VWDQGDUGૻ RI UDGLRQXFOLGH WKHUDS\�
+RZHYHU� WKH FDQFHU GRHV QRW WHQG WR UHPDLQ LQ UHPLVVLRQ� )URP WKLV SHUVSHFWLYH� ���7E �7���  
���� G�� D WKHUDSHXWLF UDGLRODQWKDQLGH ZKLFK VKRZV VLPLODU GHFD\ FKDUDFWHULVWLFV DQG FKHPLFDO
EHKDYLRXU WR WKDW RI ���/X� PD\ EH VXSHULRU DV D UHVXOW RI LWV FR�HPLVVLRQ RI FRQYHUVLRQ DQG $XJHU
HOHFWURQV ZKLFK FDQ NLOO VPDOO PHWDVWDVHV >�@� 6WULQJHQW TXDOLW\ UHTXLUHPHQWV PXVW EH PHW WR DOORZ
LQ YLWUR DQG LQ YLYR H[SHULPHQWV WR EH SHUIRUPHG UHOLDEO\� (IIRUWV ZHUH SXW LQWR GHYHORSPHQW DQG
LPSURYHPHQW RI WKH ���7E SXULILFDWLRQ SURFHVV EDVHG RQ WKH SURGXFWLRQ PHWKRG UHSRUWHG SUHYLRXVO\
>�@�

(QULFKHG ���*G R[LGH WDUJHWV ZHUH LUUDGLDWHG HLWKHU DW WKH 6$)$5,�� �6RXWK $IULFD� UHDFWRU� WKH KLJK
IOX[ UHDFWRU RI ,// �)UDQFH�� RU WKH VSDOODWLRQ�LQGXFHG QHXWURQ VRXUFH �6,14� DW 36, �6ZLW]HUODQG�
XVLQJ WKH ���*G�Q�͇����*Gగ���7E QXFOHDU UHDFWLRQ WR \LHOG D QR�FDUULHU�DGGHG �Q�F�D�� SURGXFW� ���7E
LV VHSDUDWHG IURP ���*G XVLQJ FDWLRQ H[FKDQJH FKURPDWRJUDSK\ DQG FRQFHQWUDWHG XVLQJ H[WUDFWLRQ
FKURPDWRJUDSK\�EHIRUH�HOXWLRQ�RI�WKH�ILQDO�SURGXFW�DW�KLJK�\LHOGV�������*%T��LQ�D�VPDOO�YROXPH�

7KH UDGLRQXFOLGLF SXULW\ RI ���7E&O� ZDV ೪����� DW (QG RI 6HSDUDWLRQ �(26�� 8VLQJ WKLV TXDOLW\ RI
SURGXFW� LW ZDV SRVVLEOH WR DFKLHYH ODEHOOLQJ RI '27$12& ZLWK ���7E DW ��� 0%T�QPRO VSHFLILF
DFWLYLW\ DW D ODEHOOLQJ HIILFLHQF\ RI ೪���� 7KH UDGLRODEHOOLQJ \LHOG RI '27$ ZLWK ���7E ZDV
FRPSDUDEOH WR Q�F�D� ���/X RYHU D WZR�ZHHN SHULRG� :LWK WKH DLP RI IXWXUH LQVWUXPHQW FDOLEUDWLRQ�
WKH QXFOLGH LV DOVR EHLQJ DVVHVVHG PHWURORJLFDOO\ ZLWK RQJRLQJ VWDQGDUGL]DWLRQ DQG KDOI�OLIH
PHDVXUHPHQWV�RI����7E�

,Q FRQFOXVLRQ� KLJK \LHOGV RI ���7E&O� LQ D TXDQWLW\ DQG TXDOLW\ VXLWDEOH IRU KLJK�VSHFLILF
UDGLRODEHOOLQJ� XVHIXO IRU SUHFOLQLFDO DQG SRWHQWLDO FOLQLFDO DSSOLFDWLRQ� ZDV SURGXFHG XVLQJ D YDULHW\
RI�LUUDGLDWLRQ�VRXUFHV�DQG�DQ�LQQRYDWLYH�FKHPLFDO�VHSDUDWLRQ�PHWKRG�

>�@ 0¾OOHU HW DO� (XU� -� 1XFO� 0HG� 0RO� ,PDJLQJ ����� ��� ������� >�@ /HKHQEHUJHU HW DO� 1XFO� 0HG�
%LRO�������������������

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��3RVWHU 0&����

6WUXFWXUH�DFWLYLW\�VWXGLHV�RQ�WKH�SKRWRUDGLRV\QWKHVLV�RI���=U�')2�ODEHOOHG�0HW0$E�IRU
PROHFXODU�LPDJLQJ�RI�JDVWULF�FDQFHU

0��*XW���6��.OLQJOHU���5��)D\���/��(LFKHQEHUJHU���-��3��+ROODQG�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=XULFK��:LQWHUWKXUHUVWUDVVH�����������=XULFK

&ODVVLF PHWKRGV WR UDGLRODEHO SURWHLQV DUH W\SLFDOO\ PXOWL�VWHS SURFHGXUHV� )LUVW WKH SURWHLQ LV
IXQFWLRQDOLVHG DQG SXULILHG� WKHQ LQ D VHFRQG VWHS� WKH SURWHLQ�FRQMXJDWH LV UDGLRODEHOOHG� 2XU
JURXS UHFHQWO\ GHYHORSHG D PHWKRG WR UDGLRODEHO DQWLERGLHV XVLQJ D SKRWRDFWLYH DU\O D]LGH LQ D RQH�
SRW�SURFHGXUH�LQ
,Q WKLV VWXG\� VWUXFWXUH�DFWLYLW\ UHODWLRQVKLSV ZHUH H[SORUHG E\ FRXSOLQJ GLIIHUHQW SKRWRUHDFWLYH
JURXSV WR WKH FKHODWH GHIHUR[DPLQH �')2� DQG HYDOXDWLQJ WKHLU SKRWRFKHPLFDO FRQMXJDWLRQ
SURSHUWLHV XVLQJ WKH HQJLQHHUHG DQWLERG\ IUDJPHQW� 0HW0$E �RQDUWX]XPDE�� ([SHULPHQWV VKRZHG
WKDW XQGHU RXU H[SHULPHQWDO FRQGLWLRQV� WKH QRQ�VXEVWLWXWHG DU\O D]LGH ��� LV WKH PRVW UHDFWLYH
�a��� SKRWRUDGLRFKHPLFDO FRQYHUVLRQ >3&&@�� IROORZHG E\ WKH WHWUD�IOXRUR DU\O D]LGH ��� ZLWK 3&&
a���� 3KRWRUDGLRFKHPLFDO ODEHOOLQJ XVLQJ WKH PHWD�QLWUR DU\OD]LGH ��� ZDV VXFFHVVIXO EXW 3&&
UHGXFHG WR a���� %\ FKDQJLQJ WKH QDWXUH RI WKH SKRWRDFWLYH JURXS ZH DOVR VKRZHG WKH
EHQ]RSKHQRQH�GHULYDWLYH�����DQG�WKH�GLD]LULQH�����OHG�WR�QR�SURWHLQ�UDGLRODEHOOLQJ�
7KH PRVW VXFFHVVIXO SKRWRUHDFWLYH FKHODWH ZDV WKHQ XVHG IRU LQ YLWURDQG LQ YLYRVWXGLHV� ��=U')2�
D]HSLQ�0HW0$E ��� ZDV V\QWKHVL]HG XVLQJ D RQH�SRW DSSURDFK DQG WKH ELRFKHPLFDO SURSHUWLHV ZHUH
FRPSDUHG WR ��=U�')2�%Q�1&6�0HW0$E ��� SURGXFHG YLD VWDQGDUG ELRFRQMXJDWLRQ PHWKRGV� 6LPLODU
VSHFLILF WXPRXU XSWDNHV ZHUH REVHUYHG LQ 3(7 LPDJHV LQ PLFH EHDULQJ 0.1��� [HQRJUDIWV� ZLWK H[
YLYR ELRGLVWULEXWLRQ LQGLFDWLQJ WKDW WXPRXU�DVVRFLDWHG UDGLRDFWLYLW\ UHDFKHG ����s��� �Q �� IRU
� DQG ����s���� �Q �� �,'�J IRU � DW �� K SRVW�LQMHFWLRQ� %ORFNLQJ VWXGLHV FRQILUPHG WKDW WXPRXU�
XSWDNH RI WKH UDGLRWUDFHUV ZDV VSHFLILF� 2YHUDOO� H[SHULPHQWV VKRZHG WKDW SKRWRUDGLRFKHPLFDO
ODEHOOLQJ RI SURWHLQV ZLWK FKHODWHV GHULYDWLVHG ZLWK QRQ�VXEVWLWXWHG DU\O D]LGHV LV D YLDEOH DSSURDFK
IRU UDGLRSKDUPDFHXWLFDO V\QWKHVLV� )XUWKHU VWXGLHV DUH XQGHUZD\ WR DGGUHVV WKH VFRSH RI
SKRWRUDGLRV\QWKHVLV ZLWK GLIIHUHQW UDGLRQXFOLGHV� FKHODWHV� SKRWRDFWLYH JURXSV DQG ELRORJLFDO
YHFWRUV�

>�@ 0DOD\ 3DWUD� /DULVVD 6� (LFKHQEHUJHU� *UHJRU )LVFKHU� -DVRQ 3� +ROODQG� $QJHZ� &KHPLH ,QW� (G��
����� ��� ���� ������ >�@ /DULVVD 6� (LFKHQEHUJHU� 0DOD\ 3DWUD� -DVRQ 3� +ROODQG� &KHP� &RPPXQ��
����� ��� ���������� >�@ 0DOD\ 3DWUD� 6LPRQ .OLQJOHU� /DULVVD 6� (LFKHQEHUJHU� -DVRQ 3� +ROODQG�
L6FLHQFH��������������������
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'HYHORSPHQW�RI�D�WKHUDSHXWLF�FROOHFWLQ����LQKLELWRU�WR�PLQLPL]H�LVFKHPLD�UHSHUIXVLRQ
LQMXULHV

5��+HYH\���'��%HUWD���0��0DUDM�0DUWLQH]���7��:LFKHUV���7��%UXQQHU�����0��6PLHģNR���6��5DEEDQL���'�
5LFNOLQ�

�0ROHFXODU�3KDUPDF\��'HSW��3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�%DVHO���0ROHFXODU�0RGHOLQJ�
'HSW��3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�%DVHO

7KH FRPSOHPHQW V\VWHP LV D FRPSOH[ SDWKZD\ ZKLFK SOD\V DQ LPSRUWDQW UROH LQ LQQDWH LPPXQLW\
DQG DV D ILUVW OLQH RI GHIHQVH DJDLQVW LQYDGLQJ RUJDQLVPV� GDPDJHG WLVVXHV� DQG PDLQWHQDQFH RI
KHDOWK\ FHOO SRSXODWLRQV� 'HVSLWH LWV DVVRFLDWLRQ ZLWK KRVW GHIHQVH� FRPSOHPHQW FDQ WXUQ DJDLQVW
KRVW FHOOV ZKHQ G\VUHJXODWHG RU H[FHVVLYHO\ WULJJHUHG� &RPSOHPHQW LV FRQVLGHUHG D PDMRU
FRQWULEXWRU WR YDULRXV LQIODPPDWRU\ GLVHDVHV� DQG LWV OHFWLQ SDWKZD\ KDV EHHQ LPSOLFDWHG LQ
WUDQVSODQWDWLRQ� DQG LVFKHPLD�WULJJHUHG FOLQLFDO FRQGLWLRQV� 6SHFLILF LQKLELWLRQ RI WKLV LQLWLDWLRQ
SDWKZD\�PD\�WKHUHIRUH�SDYH�WKH�ZD\�IRU�QRYHO�WKHUDSHXWLF�DSSURDFKHV�

$PRQJ WKH SRWHQWLDO WDUJHWV DUH FROOHFWLQV� D IDPLO\ RI &�W\SH OHFWLQV ZKLFK ELQG SDWKRJHQ� RU
GDPDJH�DVVRFLDWHG PROHFXODU SDWWHUQV �3$03V�'$03V�� WKHUHXSRQ HQKDQFLQJ SKDJRF\WRVLV DQG�RU
LQGXFLQJ VXUIDFH RSVRQL]DWLRQ� &ROOHFWLQ��� �&/���� &/�.�� LV EURDGO\ H[SUHVVHG LQ PXOWLSOH WLVVXH
W\SHV DQG KDV EHHQ GHVFULEHG DV DQ DFWLYDWRU RI FRPSOHPHQW YLD WKH OHFWLQ SDWKZD\� ,W KDV EHHQ
SUHYLRXVO\ GHPRQVWUDWHG WKDW ORFDOO\�SURGXFHG &/��� SOD\V DQ LPSRUWDQW UROH LQ ERWK DFXWH NLGQH\
LQMXU\ DQG ODWH�VWDJH�FKURQLF UHQDO LQIODPPDWLRQ� DQG WKDW SUHYHQWLQJ &/��� ELQGLQJ WR WKH UHQDO
FHOO�VXUIDFH�FDQ�UHGXFH�QHXWURSKLO�ILOWUDWLRQ��&�G�GHSRVLWLRQ��DQG�WXEXODU�LQMXU\�>���@�

*LYHQ WKH LQKHUHQWO\ ZHDN DIILQLWLHV RI QDWLYH FDUERK\GUDWHV IRU OHFWLQV� ZH KDYH EHHQ IRFXVHG RQ
GHYHORSLQJ JO\FRPLPHWLF LQKLELWRUV RI &/��� ZLWK HQKDQFHG DIILQLWLHV DQG LPSURYHG
SKDUPDFRNLQHWLF SURSHUWLHV� %DVHG RQ LQVLJKWV IURP LQ VLOLFR PROHFXODU G\QDPLFV VLPXODWLRQV� ZH
KDYH FRQVWUXFWHG VHYHUDO JO\FRPLPHWLF OLEUDULHV DQG HYDOXDWHG WKHP XVLQJ ELRFKHPLFDO DQG
ELRSK\VLFDO PHWKRGV LQ HIIRUWV WR HYHQWXDOO\ GHYHORS D WKHUDSHXWLF HQWLW\� DV ZHOO DV WR IXUWKHU
HYDOXDWH�WKH�ELRORJLFDO�UROH�RI�&/����

>�@ &RQUDG $ )DUUDU� 'DYLG 7UDQ� .H /L� :HLMX :X� 4L 3HQJ� :LOKHOP 6FKZDHEOH� :XGLQJ =KRX�
6WHYHQ�+�6DFNV��-RXUQDO�RI�&OLQLFDO�,QYHVWLJDWLRQ�����������������������
>�@ :HLMX :X� &KHQJIHL /LX� &RQUDG $ )DUUDU� /LDQJ 0D� ;LD 'RQJ� 6WHYHQ + 6DFNV� .H /L� :XGLQJ
=KRX��-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�RI�1HSKURORJ\��������������������
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5REXVW�'1$�&LUFXLW�IRU�WKH�5HOHDVH�RI�)XQFWLRQDO�0ROHFXODU�2XWSXWV

.��7��.LP���6��$QJHUDQL���'��&KDQJ���1��:LQVVLQJHU�

�'HSDUWPHQW�RI�2UJDQLF�&KHPLVWU\��1&&5�&KHPLFDO�%LRORJ\��)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI
*HQHYD�����TXDL�(UQHVW�$QVHUPHW�������*HQHYD��6ZLW]HUODQG

'1$ FLUFXLWV KDYH EHHQ XVHG DV FRPSXWDWLRQDO GHYLFHV WKDW FRQYHUW DQ ROLJRQXFOHRWLGH LQSXW LQWR D
VSHFLILF RXWSXW� +RZHYHU� FDQRQLFDO '1$ FLUFXLWV VXIIHU IURP ORZ \LHOG DQG OLPLWHG RXWSXW VFRSH�
W\SLFDOO\ ROLJRQXFOHRWLGHV� +HUHLQ� ZH GHPRQVWUDWH WKH FRXSOLQJ RI D '1$ FLUFXLW WR WHPSODWHG
UHDFWLRQV LQ RUGHU WR DFKLHYH KLJK OHYHO RI DPSOLILFDWLRQ LQ WKH RXWSXW RI D VPDOO IXQFWLRQDO PROHFXOH
LQ UHVSRQVH WR D QXFOHLF DFLG LQSXW� 7KH V\VWHP IHDWXUHV IDVW UHDFWLRQ NLQHWLFV UHJDUGOHVV RI WKH
WDUJHW OHQJWK� KLJK RXWSXW EDVHG RQ TXDGUDWLF VLJQDO DPSOLILFDWLRQ� DQG DOVR WDUJHW�VSHFLILFLW\ DW
VLQJOH�QXFOHRWLGH OHYHO� ZKLFK JRHV EH\RQG WKH DELOLW\ RI WKH FDQRQLFDO '1$ FLUFXLW DQG WKH
WHPSODWHG�UHDFWLRQ�
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6LPXOWDQHRXV�SKRWRFKHPLFDO�FRQMXJDWLRQ�DQG���=U�UDGLRODEHOOLQJ�RI�DQWLERGLHV�IRU
LPPXQR�3(7

6��.OLQJOHU���/��(LFKHQEHUJHU���-��3��+ROODQG�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=XULFK��:LQ

$ PHWKRG IRU WKH VLPXOWDQHRXV� RQH�VWHS SKRWRFKHPLFDO FRQMXJDWLRQ DQG ��=U�UDGLRODEHOOLQJ RI
DQWLERGLHV ZDV GHYHORSHG� 7KH DLP RI WKLV ZRUN ZDV WR OHYHUDJH RXU UHFHQW LGHQWLILFDWLRQ RI D
SKRWRFKHPLFDOO\ DFWLYDWHG SDWKZD\ IRU UDSLG� RQH�VWHS FRQMXJDWLRQ DQG UDGLRODEHOOLQJ RI DQWLERGLHV
IRU�LPPXQR�3(7��)LJXUH�������

$ SKRWRDFWLYDWDEOH FKHODWH EDVHG RQ GHVIHUULR[DPLQH % IXQFWLRQDOLVHG ZLWK DQ DU\OD]LGH PRLHW\
�')2�$U1� >�@� ZDV V\QWKHVLVHG LQ RQH VWHS DQG SXULILHG E\ VHPL�SUHSDUDWLYH KLJK�SHUIRUPDQFH
OLTXLG FKURPDWRJUDSK\ ZLWK D SXULW\ !���� 'HQVLW\ IXQFWLRQDO WKHRU\ �')7� FDOFXODWLRQV ZHUH XVHG
WR LQYHVWLJDWH WKH PHFKDQLVP RI DU\OD]LGH DFWLYDWLRQ DQG SKRWRFKHPLFDO FRQMXJDWLRQ WR SULPDU\
DPLQHV� 7LPH�GHSHQGHQW ')7 FDOFXODWLRQV ZHUH DOVR XVHG WR SUREH WKH QDWXUH RI WKH HOHFWURQLF
H[FLWHG VWDWHV LQYROYHG LQ WKH SKRWRFKHPLFDO UHDFWLYLW\ RI WKH DU\OD]LGH JURXS� 7KH UDGLRODEHOOHG
FRPSOH[� ��=U��� ZDV SURGXFHG DQG FKDUDFWHULVHG YLD VWDQGDUG UDGLRFKHPLFDO PHWKRGV� ��=U�
UDGLRODEHOOLQJ H[SHULPHQWV ZHUH XVHG WR GHWHUPLQH WKH HIILFLHQF\ RI SKRWRFKHPLFDO FRQMXJDWLRQ YLD
D FRQYHQWLRQDO WZR�VWHS DSSURDFK DQG E\ D VLPXOWDQHRXV RQH�VWHS PHWKRG� $ WZR�VWHS DSSURDFK
LQYROYLQJ SKRWRFKHPLFDO FRXSOLQJ WKHQ ��=U�UDGLRODEHOOLQJ RI WKH LQWHUPHGLDWH ')2�D]HSLQ�
WUDVWX]XPDE JDYH D PHDVXUHG SKRWRFKHPLFDO FRQMXJDWLRQ HIILFLHQF\ RI ��� s ����� ,Q FRQWUDVW� WKH
VLPXOWDQHRXV RQH�VWHS SURFHVV JDYH D KLJKHU FRQMXJDWLRQ �DQG SKRWRUDGLRODEHOOLQJ� HIILFLHQF\ RI
a��� PDNLQJ WKH SKRWRDFWLYDWLRQ SURFHVV FRPSHWLWLYH ZLWK PDQ\ H[LVWLQJ WKHUPDOO\�PHGLDWHG
ELRFRQMXJDWLRQ PHWKRGV� 6WDELOLW\ PHDVXUHPHQWV� FHOOXODU�EDVHG VDWXUDWLRQ ELQGLQJ DVVD\V� 3(7
LPDJLQJ DQG ELRGLVWULEXWLRQ VWXGLHV LQ PLFH EHDULQJ 6.�29�� WXPRXUV ZHUH SHUIRUPHG�
([SHULPHQWDOV LQ FHOOV DQG LQ YLYR FRQILUPHG WKH ELRFKHPLFDO YLDELOLW\ RI SKRWRUDGLRODEHOOHG
>��=U@=U')2�D]HSLQ�WUDVWX]XPDE� 3(7 LPDJLQJ UHYHDOHG KLJK WXPRXU XSWDNH� &RPSDULVRQ RI WKH
ELRGLVWULEXWLRQ GDWD EHWZHHQ WKH QRUPDO DQG EORFNLQJ JURXSV VKRZHG D VSHFLILF DFFXPXODWLRQ RI
UDGLRDFWLYLW\ LQ 6.�29�� WXPRXUV ����� s ���� �,' J�� LQ WKH QRUPDO JURXS YHUVXV ���� s ��� �,'
J���LQ�WKH�EORFNLQJ�JURXS��3�YDOXH� ���������

([SHULPHQWDO GDWD VXSSRUW WKH FRQFOXVLRQ WKDW WKH FRPELQDWLRQ RI SKRWRFKHPLVWU\ DQG
UDGLRFKHPLVWU\ LV D YLDEOH VWUDWHJ\ IRU SURGXFLQJ UDGLRODEHOOHG DQWLERGLHV� LPPXQRJOREXOLQ
IUDJPHQWV DQG RWKHU SURWHLQV IRU LPDJLQJ DQG WKHUDS\� 7KLV DOWHUQDWLYH WHFKQRORJ\ KDV PDQ\
DWWUDFWLYH IHDWXUHV DQG ZRUN LV RQJRLQJ WR H[SORUH WKH IXOO SRWHQWLDO RI RXU SKRWRUDGLRFKHPLFDO
DSSURDFK IRU ODEHOOLQJ RWKHU SURWHLQV� SHSWLGHV� VPDOO�PROHFXOHV DQG QDQRSDUWLFOHV ZLWK YDULRXV
FKHODWHV�DQG�UDGLRQXFOLGHV�

>�@�*ULWVDQ�HW�DO���&KHP��5HY���������������������������
>�@�+DVKL]XPH�HW�DO���-��2UJ��&KHP���������������������������
>��@:HVWHU�HW�DO���1XFO��0HG��%LRO������������������������
>�@�/DQJH�HW�DO���-��/DEHOOHG�&RPSRXQGV�5DGLRSKDUP������������������������
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([SORULQJ�WKH�QDWXUH�RI�89�LQGXFHG�51$�SURWHLQ�FURVV�OLQNLQJ�ZLWK�WKH�KHOS�RI�&/,5�06

$��.Q¸UOHLQ���&��6DUQRZVNL���7��GH�9ULHV���0��*¸W]H���)��$OODLQ���5��$HEHUVROG���-��+DOO�

�,QVWLWXWH�RI�3KDUPDFHXWLFDO�6FLHQFHV��(7+�=¾ULFK���,QVWLWXWH�RI�0ROHFXODU�6\VWHPV�%LRORJ\��(7+
=¾ULFK���,QVWLWXWH�RI�0ROHFXODU�%LRORJ\�DQG�%LRSK\LVFV��(7+�=¾ULFK

51$�SURWHLQ LQWHUDFWLRQV SOD\ D IXQGDPHQWDO UROH LQ PDQ\ ELRORJLFDO SURFHVVHV� 3HUWXUEDWLRQV RI
WKHVH LQWHUDFWLRQV FDQ OHDG WR FHOOXODU G\VIXQFWLRQ DQG GLVHDVHV LQFOXGLQJ QHXURGHJHQHUDWLRQ DQG
FDQFHU� >�@ 7KHUHIRUH� LGHQWLI\LQJ WKH 51$ WDUJHWV RI 51$ ELQGLQJ SURWHLQV �5%3V� LV FUXFLDO WR
XQGHUVWDQG WKH PROHFXODU PHFKDQLVPV RI 5%3૮PHGLDWHG GLVHDVHV�>�@ 6WDWH૮RI૮WKH૮DUW PHWKRGV WR
UHYHDO WKH SRVLWLQJ RI D SURWHLQ RQ 51$ DUH 89 FURVVOLQNLQJ DQG LPPXQRSUHFLSLWDWLRQ �&/,3� DQG LWV
UHODWHG SURWRFROV�>�@ $OO WKHVH WHFKQLFV GHSHQG RQ WKH LQKHUHQW UHDFWLYLW\ RI ULERQXFOHRWLGHV XQGHU
��� QP 89 LUUDGLDWLRQ WR LQGXFH DQ LUUHYHUVLEOH� FRYDOHQW FURVV�OLQN ZLWK LQWHUDFWLQJ SURWHLQV LQ
FORVH SUR[LPLW\� (YHQ WKRXJK 89 FURVVOLQNLQJ LV ZLGHO\ DSSOLHG GXH WR LWV VLPSOH SURFHGXUH� WKH
VWDQGDUG 89૮FURVVOLQNLQJ UHDFWLRQ UHPDLQV SRRUO\ XQGHUVWRRG� $ SUHIHUHQFH LQ FURVVOLQNLQJ
HIILFLHQF\ IRU VSHFLILF QXFOHRWLGHV DQG DPLQR DFLG UHVLGXHV LV VXJJHVWHG� EXW WR RXU NQRZOHGJH
QHYHU�LQYHVWLJDWHG�LQ�D�V\VWHPDWLF�PDQQHU�>�@

:H DSSOLHG D QHZ PHWKRG FDOOHG &/,5�06 �&URVV OLQNLQJ RI LVRWRSH ODEHOOHG 51$ DQG WDQGHP PDVV
6SHFWURPHWU\� WR VWXG\ WKH 51$ SURWHLQ LQ D V\VWHPDWLF PDQQHU�>�@ 6WDEOH LVRWRSH ODEHOOLQJ RI
VSHFLILF 51$ QXFOHRWLGHV SURGXFHV GLVWLQFW PDVV VKLIWV LQ WKH UHVXOWLQJ PDVV VSHFWUD RI D SHSWLGH�
51$ DGGXFW� 7KHLU SUHVHQFH HQDEOHV UHWHQWLRQ RI ERWK 51$ VLWH SRVLWLRQDO LQIRUPDWLRQ DV ZHOO DV
SHSWLGH VLWH ORFDOL]DWLRQ E\ WUDGLWLRQDO 06 � SHSWLGH VHTXHQFLQJ E\ D VLQJOH H[SHULPHQW� 7KH
LVRWRSLF ODEHOOLQJ RI D VLQJOH QXFOHRWLGH LQ WKH 51$ VHTXHQFH E\ VROLG SKDVH 51$ FKHPLVWU\ DOORZHG
XV WR JDLQ D VLQJOH QXFOHRWLGH UHVROXWLRQ IRU WKH ILUVW WLPH� 7KLV UHSUHVHQWV DQ LPSURYHPHQW RYHU
SUHYLRXV�DSSOLFDWLRQV�ZKHUH�RQO\�SHSWLGH�RU�51$�VLWH�LQIRUPDWLRQ�LV�UHWDLQHG�

)2; � UHFRJQLWLRQ PRWLI �550� LQ FRPSOH[ ZLWK WKH )2; ELQGLQJ HOHPHQW 51$ �)%(� � QXFOHRWLGHV
8*&$8*8� SURYLGHV D UREXVW PRGHO IRU &/,5 06 VWXGLHV� ,Q DGGLWLRQ� WKH VWUXFWXUH RI 5%)2; 550
DQG 8*&$8*8 ZDV ILUVW VROYHG XVLQJ QXFOHDU PDJQHWLF UHVRQDQFH �105� VSHFWURVFRS\�>�@ %\
V\QWKHVL]LQJ D OLEUDU\ RI )%( PXWDQWV� WHVWLQJ WKHLU ELQGLQJ WRZDUGV )2; 550 DQG LQYHVWLJDWLQJ
WKHLU FURVV OLQNLQJ EHKDYLRU� ZH HQYLVLRQHG WR XQGHUVWDQG WKH VSHFLILFLW\ RI WKH FURVV OLQNLQJ
UHDFWLRQ�

�

>�@�6��*HUVWEHUJHU��0��+DIQHU��7��7XVFKO��1DWXUH�5HYLHZV�*HQHWLFV���������������������
>�@�(�&��:KHHOHU��(�/��9DQ�1RVWUDQG��*�:��<HR��:LOH\�,QWHUGLVFLS�5HY�51$����������
>�@�)�&�<��/HH��-��8OH��0ROHFXODU�&HOO��������������������
>�@�.�0��0HLVHQKHLPHU��7�+��.RFK��&ULW�5HY�%LRFKHP�0RO�%LRO��������������������
>�@�*��'RUQ��HW�DO���1DW�0HWKRGV��������������������
>�@�6��'��$XZHWHU��-�*�8��5H\PRQG��6�3��%ODFN��)��$OODLQ��(0%2�����������૱����
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6WUXFWXUH�DFWLYLW\�VWXG\�DQG�PROHFXODU�LQVLJKWV�LQ�WKH�PRGH�RI�DFWLRQ�RI�FRPSOHPHQW�&�
LQKLELWRU�&S��

&��/DPHUV���%��:DJQHU���3��*URV���-��'��/DPEULV���'��5LFNOLQ�

�0ROHFXODU�3KDUPDF\��3KDUPD]HQWUXP��.OLQJHOEHUJVWU������8QLYHUVLW\�RI�%DVHO�������%DVHO�
6ZLW]HUODQG���&U\VWDO�DQG�6WUXFWXUDO�&KHPLVWU\��%LMYRHW�&HQWHU�IRU�%LRPROHFXODU�5HVHDUFK�
'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�6FLHQFHV��8WUHFKW�8QLYHUVLW\�������&+�8WUHFKW��7KH

1HWKHUODQGV���'HSDUWPHQW�RI�3DWKRORJ\�DQG�/DERUDWRU\�0HGLFLQH��6FKRRO�RI�0HGLFLQH��8QLYHUVLW\�RI
3HQQV\OYDQLD������&XULH�%OYG���3KLODGHOSKLD��3$��������86$

7KH FRPSOHPHQW V\VWHP VHUYHV LQ EORRG FLUFXODWLRQ DV ૺILUVW OLQH RI GHIHQVHૻ DJDLQVW LQMXULRXV
VWLPXOL DQG LQYDGHUV� 8SRQ DFWLYDWLRQ� D VHULHV RI FDVFDGLQJ HQ]\PDWLF UHDFWLRQV OHDGV WR DQ
DPSOLILFDWLRQ RI WKH UHVSRQVH DQG WR SDWKRJHQ FOHDUDQFH DQG RSVRQLF FHOO NLOOLQJ� <HW FRPSOHPHQW
KDV DOVR JDLQHG LQFUHDVLQJ LQWHUHVW DV D SRWHQWLDO GUXJ WDUJHW� VLQFH LW PD\ EH LQDGYHUWHQWO\
WULJJHUHG RQ KXPDQ FHOOV RU ELRPDWHULDO VXUIDFHV� WKHUHE\ FRQWULEXWLQJ WR FOLQLFDO FRPSOLFDWLRQV LQ
WKH SDWKRJHQHVLV RI YDULRXV DXWRLPPXQH� LQIODPPDWRU\ DQG DJH�UHODWHG GLVHDVHV DV ZHOO DV
WUDQVSODQW UHMHFWLRQ� :KLOH WKH LQYROYHPHQW RI G\VUHJXODWHG FRPSOHPHQW DFWLYDWLRQ LQ
LQIODPPDWRU\ DQG DXWRLPPXQH GLVHDVHV LV QRZ ZLGHO\ UHFRJQL]HG>�@� VR IDU RQO\ RQH FRPSOHPHQW�
VSHFLILF�GUXJ�KDV�UHDFKHG�WKH�PDUNHW�

,Q WKLV SUHVHQWDWLRQ ZH UHIOHFW RQ WKH GHYHORSPHQW RI WKH SLFRPRODU FRPSOHPHQW LQKLELWRU &S��� D
QH[W�JHQHUDWLRQ GHULYDWLYH RI WKH FRPSVWDWLQ SHSWLGH� 7KH &� LQKLELWRU FRPSVWDWLQ ZDV RULJLQDOO\
LGHQWLILHG XVLQJ D SKDJH GLVSOD\ DSSURDFK>�@ DQG VHYHUDO RI LWV GHULYDWLYHV DUH FXUUHQWO\ LQ FOLQLFDO
GHYHORSPHQW� ,Q SDUWLFXODU� WKH SUHVHQWHG VWXG\ LV IRFXVHG RQ UHFHQW VWUXFWXUH�DFWLYLW\ UHODWLRQVKLS
LQYHVWLJDWLRQV� %DVHG RQ D QRYHO FR�FU\VWDO VWUXFWXUH RI &S�� LQ FRPSOH[ ZLWK LWV FRPSOHPHQW
WDUJHW &�E� ZH XVHG VLWH�VSHFLILF PRGLILFDWLRQV�GHOHWLRQV� QRQSURWHLQRJHQLF DPLQR DFLGV DQG WDLORU�
PDGH EXLOGLQJ EORFNV WR HOXFLGDWH WKH 6$5 LQ GHWDLO DQG LGHQWLI\ NH\ LQWHUDFWLRQ GHWHUPLQDQWV� %\
HPSOR\LQJ IXQFWLRQDO 635 H[SHULPHQWV� ZH ZHUH DEOH WR IXUWKHU HOXFLGDWH WKH PROHFXODU PRGH RI
DFWLRQ RI &S��� %XLOGLQJ RQ WKLV LQVLJKW� ZH IROORZ YDULRXV VWUDWHJLHV �H�J� SURGUXJ DSSURDFKHV RU
ELRFRQMXJDWLRQ� WR LPSURYH DIILQLW\ DQG SKDUPDFRNLQHWLF SURSHUWLHV IRU D XVH RI WKLV SURPLVLQJ
LQKLELWRU�FODVV�LQ�D�EURDG�UDQJH�RI�GLVHDVH�PRGHOV�

>�@�'DQLHO�5LFNOLQ��-RKQ�'��/DPEULV��-�,PPXQRO�����������������������
>�@�$UYLQG�6DKX��'LPLWULRV�0RULNLV��-RKQ�'��/DPEULV��-�,PPXQRO���������������������
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'LVFRYHU\�RI�D�1HZ�$FHW\ODWHG�/\VLQH�0LPLF�DQG�2SWLPL]DWLRQ�RI�&%3�3���
%URPRGRPDLQ�,QKLELWRUV

(��/DXO���9��3DVFDQX���0��6��.LULOORYD���$��'ROERLV���3��6OHG]���$��&DIOLVFK���&��1HYDGR�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=¾ULFK���'HSDUWPHQW�RI�%LRFKHPLVWU\��8QLYHUVLW\�RI�=¾ULFK

%URPRGRPDLQV SOD\ D NH\ UROH LQ WKH FRPSOH[ HSLJHQHWLF UHJXODWLRQ SURFHVVHV DV ૺUHDGHUૻ
PRGXOHV RI DFHW\ODWHG O\VLQH UHVLGXHV RQ KLVWRQH WDLOV� 7KLV OHDGV WR D VLJQDOLQJ FDVFDGH WR DFWLYDWH
WKH WUDQVFULSWLRQ DQG H[SUHVVLRQ RI JHQHV�>�@ +LJKO\ KRPRORJRXV &%3 DQG 3��� EURPRGRPDLQV
KDYH UHFHQWO\ UHFHLYHG VLJQLILFDQW LQWHUHVW GXH WR WKHLU LPSRUWDQW UROH LQ WKH GHYHORSPHQW RI
YDULRXV KXPDQ FDQFHUV�>�@ +RZHYHU� WKHLU VSHFLILF ELRORJLFDO IXQFWLRQV UHPDLQ HOXVLYH� 2UWKRVWHULF
LQKLELWRUV RI &%3�3��� EURPRGRPDLQV FRXOG IXUWKHU FODULI\ WKH UROHV RI WKHVH SURWHLQV LQ SURPRWLQJ
GLVHDVH�

3UHYLRXVO\�ZH�UHSRUWHG�&%3�3����LQKLELWLQJ�FKHPLFDO�SUREHV��EHDULQJ�D�S�HWKR[\�DFHWRSKHQRQH�KHDG�
JURXS�WKDW�PLPLFV�WKH�HQGRJHQRXV�DFHW\ODWHG�O\VLQH�>���@�([WHQVLYH�RSWLPL]DWLRQ�HIIRUWV�DIIRUGHG�OHDG
FRPSRXQGV�ZLWK�ORZ�QDQRPRODU�SRWHQF\��H[TXLVLWH�VHOHFWLYLW\�RYHU�UHODWHG�SURWHLQV�DQG�DGHTXDWH
PHWDEROLF�VWDELOLW\�DQG�WR[LFLW\�SURILOHV��+RZHYHU��FULWLFDO�VROXELOLW\�LVVXHV�DQG�ODFN�RI�FHOOXODU�WDUJHW
HQJDJHPHQW�SUHYHQWHG�IXUWKHU�LQ�YLYR�GHYHORSPHQW�RI�WKHVH�PROHFXOHV�

,Q�WKLV�ZRUN��ZH�H[DPLQHG�YDULRXV�VWUDWHJLHV�WR�DGGUHVV�WKHVH�FKDOOHQJHV��LQFOXGLQJ�WKH�DGGLWLRQ�RI
VROXELOL]LQJ�PRLHWLHV��VXEVWLWXWLRQ�SDWWHUQV�SURQH�WR�GLVUXSW�SODQDU�FRQIRUPDWLRQV�DQG�DQ�LQFUHDVH�LQ�WKH
DPRXQW�RI�VS��FDUERQ�DWRPV��6LJQLILFDQW�LPSURYHPHQWV�FRXOG�EH�DFKLHYHG�ZLWKRXW�VDFULILFLQJ�WKH�SRWHQF\
RI�RXU�SUREHV��,Q�DGGLWLRQ��YLD�LQ�VLOLFR�KLJK�WKURXJKSXW�IUDJPHQW�GRFNLQJ��D�QHZ�KHDG�JURXS�KDV�EHHQ
GLVFRYHUHG��IXUQLVKLQJ�DQ�LPSURYHG�SRWHQF\�DQG�VROXELOLW\�FRPSDUHG�WR�WKH�SUHYLRXVO\�UHSRUWHG�S�HWKR[\�
DFHWRSKHQRQHV�

>�@�7��)XMLVDZD��3��)LOLSSDNRSRXORV��1DW��5HY��0RO��&HOO�%LRO����������������૱����
>�@�1��*��,\HU��+���]GDJ��&��&DOGDV��2QFRJHQH����������������૱�����
>�@ $� 8Q]XH� 0� ;X� -� 'RQJ� /� :LHGPHU� '� 6SLOLRWRSRXORV� $� &DIOLVFK� &� 1HYDGR�-� 0HG� &KHP��
��������������૱�����
>�@ /� %DWLVWH� $� 8Q]XH� $� 'ROERLV� )� +DVVOHU� ;� :DQJ� 1� 'HHUDLQ� -� =KX� '� 6SLOLRWRSRXORV� &�
1HYDGR��$��&DIOLVFK��$&6�&HQW��6FL���������������૱����
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&URVV�OLQNDEOH�SRO\PHULF�FRQWUDVW�DJHQW�IRU�KLJK�UHVROXWLRQ�LPDJLQJ�RI
WKH�YDVFXODU�V\VWHP�ZLWK�;�UD\�PLFUR&7

1��/H���:��.XR���9��.XUWFXRJOX���%��6SLQJOHU�

�8QLYHUVLW\�RI�=XULFK

;�UD\ PLFURFRPSXWHG WRPRJUDSK\ �PLFUR&7� LV D SRZHUIXO WRRO IRU �' UHFRQVWUXFWLRQ RI WKH
YDVFXODU V\VWHPV LQ VPDOO DQLPDOV� ZKLFK LV FUXFLDO IRU XQGHUVWDQGLQJ PDQ\ SK\VLRORJLFDO DQG
SDWKRORJLFDO SURFHVVHV�>�@ ,W LV DEOH WR SURYLGH PLFURPHWHU VFDOH UHVROXWLRQ RQ ZKROH PRXVH RUJDQV
LQ LQWDFW� QDWLYH K\GUDWHG VWDWH� )RU FDSLOODU\ UHVROXWLRQ H[ YLYR ;�UD\ PLFUR&7 KRZHYHU� WKH
FXUUHQWO\ DYDLODEOH FRQWUDVW DJHQWV KDYH GLIIHUHQW GUDZEDFNV�>�@ $OWKRXJK YDVFXODU FDVWLQJ ZLWK
K\GURSKRELF SODVWLF UHVLQV FDQ SURYLGH KLJK ;�UD\ DWWHQXDWLRQ FRHIILFLHQWV� LW VXIIHUV IURP VHYHUDO
OLPLWDWLRQV� *DV DQG ZDWHU LQFOXVLRQV FDQ FUHDWH VPDOO KROH DUWLIDFWV LQ ODUJHU YHVVHOV DQG KLJK
YLVFRVLW\ UHTXLUHV KLJKHU SUHVVXUHV WR UHOLDEO\ ILOO WKH VPDOOHVW FDSLOODULHV�>���@ 6PDOO PROHFXOH
DQJLRJUDSK\ FRQWUDVW DJHQWV SDVV WKH EORRG YHVVHO ZDOOV ZLWKLQ PLQXWHV� SUHYHQWLQJ DQ\ KLJK�
UHVROXWLRQ LPDJLQJ� :KLOH QDQRSDUWLFOH�EDVHG EORRG SRRO FRQWUDVW DJHQWV DUH XVHG IRU LQ
YLYR YDVFXODU LPDJLQJ SURYLGLQJ UHVROXWLRQV XS WR �� ͐P� WKH\ WHQG WR VHGLPHQW DQG DJJUHJDWH LQ
DQ H[ YLYR VHWWLQJ DQG FDQ GLIIXVH PRUH VORZO\ WKURXJK WKH WLVVXH DV ZHOO� PDNLQJ WKHP XQVXLWDEOH
IRU�WKH�ORQJHU�VFDQ�WLPHV�UHTXLUHG�LQ�KLJK�UHVROXWLRQ�LPDJLQJ�

7R RYHUFRPH DOO WKHVH GUDZEDFNV� ZH KDYH GHYHORSHG D ZDWHU�VROXEOH ORZ�YLVFRVLW\ SRO\PHULF
FRQWUDVW DJHQW� ZKLFK LV FURVV�OLQNDEOH ZLWK JOXWDUDOGHK\GH� $OO RI WKHVH SURSHUWLHV DOORZ WKH
FRQWUDVW DJHQW WR FRPELQH WKH UHOLDEOH ILOOLQJ RI K\GURSKLOLF FRQWUDVW DJHQWV ZLWK WKH SHUPDQHQW
UHWHQWLRQ RI YDVFXODU FDVWLQJ� 7KLV DOORZV IRU HDVLHU VDPSOH SUHSDUDWLRQ� ORQJHU VFDQ WLPHV
DVVRFLDWHG ZLWK KLJK�UHVROXWLRQ LPDJLQJ DQG PXOWLSOH DFTXLVLWLRQV RI WKH VDPH VDPSOH� VXFK DV IRU
KLHUDUFKLFDO�LPDJLQJ�RU�GXDO�HQHUJ\�;�UD\�PLFUR&7�DSSOLFDWLRQV�

>�@ (� /� 5LWPDQ� 5ROH RI PLFURFRPSXWHG WRPRJUDSK\ LQ PLFURYDVFXODU LPDJLQJ� 9RO� ����� 63,(�
�����
>�@�5��+OXVKFKXN��'��+DEHUWK¾U��9��'MRQRY��9DVFXODU�3KDUPDFRORJ\��������������
>�@ 6� ;� 9DVTXH]� )� *DR� )� 6X� 9� *ULMDOYD� -� 3RSH� %� 0DUWLQ� -� 6WLQVWUD� 0� 0DVQHU� 1� 6KDK� '� 0�
:HLQVWHLQ��5��)DULDV�(LVQHU��6��7��5HGG\��3/26�21(����������H������
>�@ '� 6PDOO� '� :HLQVWHLQ� &� 'D\� *� .QLWWHU� 1� 2XHOOHWWH� /� 3LQNRV� 6� ;� 9DVTXH]� 1� 6KDK�
&DQFHU�5HVHDUFK�����������������
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([SORUDWLRQ�RI�FKORULQ�H��GHULYDWLYHV�IRU�SKRWRG\QDPLF�WKHUDS\

1��/H���0��.DOW���%��6SLQJOHU�

�8QLYHUVLW\�RI�=XULFK

3KRWRG\QDPLF WKHUDS\ LV DQ HPHUJLQJ PHWKRG IRU WUHDWPHQW RI GLIIHUHQW W\SHV RI FDQFHU LQFOXGLQJ
VNLQ FDQFHU� OXQJ WXPRXUV DQG VRPH RI QRQ�FDQFHURXV GLVHDVHV OLNH� YDULRXV VNLQ FRQGLWLRQV DV
DFQH� ZDUWV DQG DFWLQLF NHUDWRVLV�>���@ &KORULQ H�� ZKLFK LV WKH GHJUDGDWLRQ SURGXFW RI FKORURSK\OO D
RU SKHRSK\WLQ D� UHFHQWO\ DWWUDFWHG JUHDW DWWHQWLRQ GXH WR LWV FRQVLGHUDEO\ IDVW DQG VHOHFWLYH
DFFXPXODWLRQ LQ WXPRU VLWHV DV ZHOO DV LWV ORZ GDUN WR[LFLW\� )XUWKHUPRUH� ZLWK WKUHH IUHH FDUER[\OLF
JURXSV� FKORULQ H� FDQ EH IXQFWLRQDOL]HG ZLWK YDULRXV VLGH FKDLQV WR JLYH QRYHO FKORULQ GHULYDWLYHV�
7KH PRVW SURPLQHQW H[DPSOHV DPRQJ WKHP VKRXOG EH 7DODSRUILQ DQG 3KRWRORQ� 7DODSRUILQ LV WKH
FRQMXJDWLRQ SURGXFW RI FKORULQ H� ZLWK /�DVSDUWLF DFLG� ZKLFK ZDV DSSURYHG LQ -DSDQ IRU WKH
WUHDWPHQW�RI�HDUO\�VWDJH�OXQJ�FDQFHU�>���@

+HUH� ZH UHSRUW WKH V\QWKHVLV DQG ELRORJLFDO HYDOXDWLRQ RI QRYHO SODWLQDWHG GHULYDWLYHV RI FKORULQ H�
DQG LWV GHFDUER[\ODWHG SURGXFW� FKORULQ H�� ZKLFK PLJKW FRPELQH WKH SKRWRWR[LFLW\ RI FKORULQV DQG
FKHPRWR[LFLW\�RI�SODWLQXP�GHULYDWLYHV�

$FNQRZOHGJHPHQWV��:H�WKDQN�8QLYHUVLW\�RI�=XULFK�IRU�ILQDQFLDO�VXSSRUW�RI�RXU�UHVHDUFK�

>�@�'ROPDQV��'��(���)XNXPXUD��'���-DLQ��5��.���1DWXUH�5HYLHZ�&DQFHU��������������������
>�@�$EUDKDPVH��+���+DPEOLQ��0��5���%LRFKHPLFDO�-RXUQDO������������������������
>�@ 8VXGD� -�� .DWR� +�� 2NXQDND� 7�� )XUXNDZD� .�� 7VXWVXL� +�� <DPDGD� .�� 6XJD� <�� +RQGD� +��
1DJDWVXND��<���2KLUD��7���7VXERL��0���+LUDQR��7���-RXUQDO�RI�7KRUDFLF�2QFRORJ\����������������������
>�@ +DUXEXPL .DWR� 0�� 8VXGD� -�� 2NXQDND� 7�� )XUXNDZD� .�� 3KRWRGLDJQRVLV DQG 3KRWRG\QDPLF
7KHUDS\�������������������
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6WUXFWXUDO�DQG�PHFKDQLVWLF�EDVLV�IRU�DQDHURELF�HUJRWKLRQHLQH�ELRV\QWKHVLV

)��/HLVLQJHU���5��%XUQ���0��0HXU\���3��/XNDW���)��3��6HHEHFN�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO���6WUXFWXUH�DQG�IXQFWLRQ�RI�3URWHLQV��+HOPKROW]
FHQWUH�IRU�LQIHFWLRQ�UHVHDUFK

(UJRWKLRQHLQH� D VXOIXU PHWDEROLWH WKDW RFFXUV LQ PLFURRUJDQLVPV� IXQJL DQG DQLPDOV>�@� ZDV
VXJJHVWHG WR EH HVVHQWLDO WR PLWLJDWH LQIODPPDWRU\ RU FDUGLRYDVFXODU GLVHDVH� GHPHQWLD DQG RWKHU
HSLSKHQRPHQD RI DJLQJ ZKHQ DFWLYHO\ DFFXPXODWHG>�D��I� �@ � ,Q UHFHQW \HDUV EURDG VFLHQWLILF
FRQVHQVXV KDV IRUPHG DURXQG WKH LGHD WKDW HUJRWKLRQHLQH SURWHFWV WKH FHOOV IURP UHDFWLYH R[\JHQ
VSHFLHV� +RZHYHU� LW ZDV UHFHQWO\ GLVFRYHUHG WKDW HUJRWKLRQHLQH FDQ DOVR EH PDGH E\ VWULFWO\
DQDHURELF PLFURRUJDQLVPV XVLQJ R[\JHQ LQGHSHQGHQW FKHPLVWU\>�@� 7KLV ILQGLQJ IXUWKHU LQGLFDWHV
WKDW WKH SUHYLRXV IRFXV RQ WKH UROH RI HUJRWKLRQHLQH LQ R[LGDWLYH VWUHVV SURWHFWLRQ PD\ EH WR
QDUURZ DQG WKDW WKLV VXOIXU PHWDEROLWH LV DOVR LPSRUWDQW IRU R[\JHQ�LQGHSHQGHQW OLIH� %DVHG RQ WKH
FU\VWDO VWUXFWXUH DQG NLQHWLF REVHUYDWLRQV RI DQDHURELF HUJRWKLRQHLQH ELRV\QWKHWLF HQ]\PH �(DQ%�
IURP WKH JUHHQ VXOIXU EDFWHULXP &KORURELXP OLPLFROD ZH GHVFULEH WKH FDWDO\WLF PHFKDQLVP RI DQ
XQSUHFHGHQWHG &�6 ERQG IRUPLQJ UHDFWLRQ>�@� 6WUXFWXUDO LQVLJKWV HQDEOHG WKH DVVLJQPHQW RI VSHFLILF
IXQFWLRQ WR DOO FUXFLDO DFWLYH VLWH UHVLGXHV� 6LJQLILFDQW DFWLYH VLWH VLPLODULW\ DPRQJ (DQ% KRPRORJV
VXJJHVWV WKDW R[LGDWLYH VXOIXUL]DWLRQ RI KHWHURF\FOLF VXEVWUDWHV PD\ DSSO\ WR VHYHUDO GLIIHUHQW
ELRV\QWKHWLF�SDWKZD\�RFFXUULQJ�LQ�SURWHREDFWHULD��VSLURFKDHWHV�DQG�ILUPLFXWHV�

>�@ D%� +DOOLZHOO� ,� .� &KHDK� &� /� 'UXP� %LRFKHP� %LRSK\V� &RPPXQ� ����� ���� ��� ૱ ���� E'� 6�
*HQJKRI� (� ,QDPLQH� 9� .RYDOHQNR� '� %� 0HOYLOOH� -� %LRO� &KHP� ����� ���� � � ��� F$� $VNDUL� '� %�
0HOYLOOH� -� %LRO� &KHP� ����� ���� ����� G)� 3� 6HHEHFN� -� $P� &KHP� 6RF� ����� ���� ����������
H'� *U¾QGHPDQQ� 6� +DUOILQJHU� 6� *RO]� $� *HHUWV� $� /D]DU� 5� %HUNHOV� 1� -XQJ� $� 5XEEHUW� (�
6FKRHPLJ� 3URF� 1DWO� $FDG� 6FL� 8� 6� $� ����� ���� ���������� I-� (\� (� 6FKRPLJ� '� 7DXEHUW� -�
$JULF��)RRG�&KHP����������������������
>�@ D,� .� &KHDK� 5� 7DQJ� 3� <H� 7� 6� =� <HZ� .� +� &� /LP� %� +DOOLZHOO� )UHH 5DGLF� 5HV� ����� ��� ��
� ��� E7� <� 6RQJ� +� &� /LQ� &� /� &KHQ� -� +� :X� -� :� /LDR� 0� /� +X� )UHH� 5DGLF� 5HV� ����� ���
���� � ����� F<� .DWR� <� .XER� '� ,ZDWD� 6� .DWR� 7� 6XGR� 7� 6XJLXUD� 7� .DJD\D� 7� :DND\DPD� $�
+LUD\DPD��0�
6XJLPRWR� .� 6XJLKDUD� 6� .DQHNR� 7� 6RJD� 0� $VDQR� 0� 7RPLWD� 7� 0DWVXL� 0� :DGD� $� 7VXML�
3KDUP� 5HV� ����� ��� ��� � ���� G,� .� &KHDK� /� )HQJ� 5� 0� 7DQJ� .� +� /LP� %� +DOOLZHOO� %LRFKHP�
%LRSK\V� 5HV� &RPPXQ� ����� ���� ��� � ���� H5� :� /L� &� <DQJ� $� 6� 6LW� <� :� .ZDQ� 6� 0� /HH�
0��3��+RL��6��:�
KDQ��0��+DXVPDQ��3��0��9DQKRXWWH��*��3��/HXQJ��-��3KDUPDFRO��([S��7KHU�����������������������
>�@ 5� %XUQ� /� 0LVVRQ� 0� 0HXU\� )� 3� 6HHEHFN� $QJHZ &KHP ,QW (G (QJO� ����� ��� ����� �
������
>�@�'XQEDU��.��/���6FKDUI��'��+���/LWRPVND��$���+HUWZHFN��&���&KHP��5HY�������������������������
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'HYHORSPHQW�RI�D�0XOWLIXQFWLRQDO�&\FORSHQWDGLHQ\O�EDVHG�/LQNHU�IRU�WKH�'HVLJQ�RI
1RYHO�&DQFHU�7KHUDQRVWLFV

5��/HQJDFKHU���5��$OEHUWR�

�8QLYHUVLW\�RI�=XULFK��'HSDUWPHQW�RI�&KHPLVWU\��:LQ���'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI
=XULFK��:LQ

)RU WKH FUHDWLRQ RI QRYHO UDGLRSKDUPDFHXWLFDOV� D VXLWDEOH UDGLRLVRWRSH QHHGV WR EH LQWURGXFHG LQWR
D ELRORJLFDOO\ DFWLYH OHDG�V\VWHP� ��P7F FDQ EH DSSOLHG LQ VXFK D IDVKLRQ� VLQFH LW LV DOUHDG\ ZLGHO\
XVHG IRU WKH GLDJQRVWLFV RI YDULRXV WDUJHWV�>�@ &\FORSHQWDGLHQH �&S� RIIHUV DQ LQWHUHVWLQJ ZD\ WR
LQWURGXFH�7F�LQWR�OHDG�VWUXFWXUHV��DV�HYLGHQW�E\�WKH�5H�DQDORJXHV�RI�IHUURFLIHQ�>�@

5HFHQWO\� RXU JURXS GHYHORSHG D PXOWLIXQFWLRQDO &S� EHDULQJ WZR HVWHU IXQFWLRQDOLWLHV� WKDW FDQ EH
HPSOR\HG LQ VXFK D ZD\� 7KH WZR HVWHU IXQFWLRQDOLWLHV FRXOG VHUYH DV OLQNHUV EHWZHHQ WZR ELRDFWLYH
WDUJHWLQJ�PRLHWLHV��ZKLOH�WKH�&S�DFWV�DV�D�FKHODWRU�IRU�5H�DQG���P7F�>�@

,Q WKLV SUHVHQWDWLRQ� QHZ GHULYDWLYHV RI WKH SUHYLRXVO\ UHSRUWHG &S DUH VKRZFDVHG� ZKHUH RQH RI
WKH HVWHU JURXSV LV UHSODFHG E\ D QRYHO IXQFWLRQDO JURXS� 8VLQJ DQ D]LGH LQ WKLV SRVLWLRQ QRW RQO\
LQFUHDVHV WKH RUWKRJRQDOLW\ RI WKH WZR ELQGLQJ VLWHV� EXW DOVR RSHQV XS QHZ V\QWKHWLF URXWHV WR
FRXSOH WKH &S WR ELRDFWLYH PROHFXOHV� VXFK DV ૺ&OLFNૻ�UHDFWLRQV WKDW DUH DOUHDG\ ZLGHO\ XVHG LQ
ELR�� PHGLFLQDO�� DQG UDGLRFKHPLVWU\�>�@ )XUWKHUPRUH� WKH D]LGH FDQ EH UHGXFHG WR WKH
FRUUHVSRQGLQJ DPLQH� UHVXOWLQJ LQ D &S EHDULQJ DPLQH DQG FDUER[\OLF DFLG PRLHWLHV DQG WKHUHE\
PLPLFNLQJ�DQ�DPLQR�DFLG��ZKLFK�FDQ�EH�HDVLO\�UDGLRODEHOOHG�ZLWK���P7F�

>�@�5��'LOZRUWK��6��-��3DUURWW��&KHP��6RF��5HY�������������������
>�@ *� -DRXHQ� 6� 7RS� $� 9HVVLªUHV� 3� 3LJHRQ� *� /HFOHUFT� ,� /DLRV� &KHP� &RPPXQ�� �����
���૱����
>�@�$��)UHL��%��6SLQJOHU��5��$OEHUWR��&KHP��(XU��-����������FKHP������������$FFHSWHG�0DQXVFULSW��
>�@�.��1ZH��0��:��%UHFKELHO��&DQFHU�%LRWKHUDS\�	�5DGLRSKDUPDFHXWLFDOV��������������������
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6\QWKHVLV�RI�)OXRUHVFHQW�7RROV�WR�%HWWHU�8QGHUVWDQG�WKH�&DQDOLFXODU�/LSLG�7UDQVSRUWHU
6\VWHP

0��/HXHQEHUJHU���6��%HUQKDUG���3��*URVVHQEDFKHU���%��6WLHJHU���0��/RFKQHU�

�,QVWLWXWH�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�0HGLFLQH���'HSDUWPHQW�RI�&OLQLFDO�3KDUPDFRORJ\�DQG
7R[LFRORJ\

&DQDOLFXODU ELOH IRUPDWLRQ LV UHJXODWHG E\ DQ HODERUDWH DUUD\ RI $%&�WUDQVSRUWHUV L�H� %6(3 �%LOH
6DOW ([SRUW 3XPS RU $%&%���� 0'5� �RU $%&%�� DQG $%&*��*�� %LOH VDOWV DUH ELRV\QWKHWLFDOO\
FRPSOH[ PROHFXOHV� 1DWXUH GHYHORSHG DQ HIILFLHQW SDWKZD\ WR UHF\FOH WKHP� ,Q WKH VPDOO LQWHVWLQH�
WKH $SLFDO 6RGLXP�%LOH VDOW 7UDQVSRUWHU �$6%7� LV FUXFLDO IRU WKH HIILFLHQW UHDEVRUSWLRQ RI ELOH VDOWV
�%6��� %LOH VDOWV UHWXUQLQJ WR WKH OLYHU E\ WKH SRUWDO YHLQ DUH WDNHQ XS DW WKH EDVRODWHUDO PHPEUDQH
E\ 2$73V �2UJDQLF $QLRQ 7UDQVSRUWLQJ 3RO\SHSWLGHV� DQG 17&3 �1D��7DXURFKRODWH &R�WUDQVSRUWLQJ
3RO\SHSWLGH��DQG�DUH�SXPSHG�LQWR�WKH�FDQDOLFXOXV�E\�%6(3�

7KH JRDO RI RXU UHVHDUFK LV WKH V\QWKHVLV RI QRYHO IOXRUHVFHQW VXEVWUDWHV DQG SULPDU\ DQWLERGLHV DV
SUREHV WR LQYHVWLJDWH WKH PHFKDQLVP RI ELOH VDOW VHFUHWLRQ LQWR WKH FDQDOLFXOXV DQG ORFDOLVDWLRQ RI
WKH�YDULRXV�WUDQVSRUWHUV�

7KUHH IOXRUHVFHQW G\HV ZHUH FRXSOHG WR WKH VLGH FKDLQV RI FKROLF DFLG �&$� DQG FKHQRGHR[\FKROLF
DFLG �&'&$� WR PLPLF WKH NQRZQ WUDQVSRUW VXEVWUDWHV JO\FRFKRODWH �*&� DQG
JO\FRFKHQRGHR[\FKRODWH �*&'&�� 1LWUREHQ]RIXUD]DQ �1%'�� GDQV\O DQG D FRXPDULQ G\H �3DFLILF
%OXH�� 7KH DFWLYLW\ RI WKH V\QWKHWLF IOXRUHVFHQW ELOH VDOWV ZDV HYDOXDWHG LQ &+2 FHOOV H[SUHVVLQJ WKH
GLIIHUHQW WUDQVSRUWHUV� DV ZHOO DV LQ 6I� FHOO YHVLFOHV H[SUHVVLQJ %6(3� UHVXOWLQJ LQ D TXLWH FRPSOHWH
SURILOH�RI�WKH�%6��WUDQVSRUWHU�LQWHUDFWLRQV�
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)XQFWLRQDOL]HG�3UROLQH�5LFK�3HSWLGHV�%LQG�WKH�%DFWHULDO�6HFRQG�0HVVHQJHU�F�GL�*03

6��/RRVOL���&��$��)ROHWWL���+��:HQQHPHUV�

�(7+�=XULFK��/DERUDWRU\�RI�2UJDQLF�&KHPLVWU\���(7+�=XULFK

&�GL�*03 LV DQ DWWUDFWLYH WDUJHW LQ WKH ILJKW DJDLQVW EDFWHULDO LQIHFWLRQV VLQFH LW LV D QHDU XELTXLWRXV
VHFRQG PHVVHQJHU WKDW UHJXODWHV LPSRUWDQW FHOOXODU SURFHVVHV RI SDWKRJHQV� LQFOXGLQJ ELRILOP
IRUPDWLRQ DQG YLUXOHQFH���� 6FUHHQLQJ RI D FRPELQDWRULDO SHSWLGH OLEUDU\ HQDEOHG WKH LGHQWLILFDWLRQ
RI WKH SUROLQH�ULFK WHWUDSHSWLGH *XS�*XS�1DS�$UJ� ZKLFK ELQGV F�GL�*03 VHOHFWLYHO\ RYHU RWKHU
QXFOHRWLGHV LQ ZDWHU� &RPSXWDWLRQDO DQG &' VSHFWURVFRSLF VWXGLHV SURYLGHG D SRVVLEOH ELQGLQJ
PRGH RI WKH FRPSOH[ DQG HQDEOHG WKH GHVLJQ RI D SHQWDSHSWLGH ZLWK HYHQ KLJKHU ELQGLQJ VWUHQJWK
WRZDUGV F�GL�*03� %LRORJLFDO VWXGLHV VKRZHG WKDW WKH WHWUDSHSWLGH LQKLELWV ELRILOP JURZWK E\ WKH
RSSRUWXQLVWLF�SDWKRJHQ�3��DHUXJLQRVD�

>�@�8��-HQDO�HW�DO��1DW�5HY��0LFURELRO���������������������������
>�@�0��*RPHOVN\�HW�DO��0LFURELRO��0RO��%LRO��5HY������������������
>�@�5��+HQJJH��1DW��5HY��0LFURELRO��������������������

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��3RVWHU 0&����

,PSURYHG�GHVLJQ�RI�PL5�&/,3�SUREHV�WRZDUGV�HOXFLGDWLRQ�RI�PL51$V�IXQFWLRQV

$��/��0DOLQRZVND���<��:DQJ���-��+DOO�

�,QVWLWXWH�RI�3KDUPDFHXWLFDO�6FLHQFHV��(7+�=¾ULFK

0LFUR51$V �PL51$V� FRQVWLWXWH D FODVV RI VPDOO� HQGRJHQRXV� QRQFRGLQJ 51$V �QF51$V� DQG KDYH
D JUHDW LQIOXHQFH RQ YDULRXV SURFHVVHV ZLWKLQ WKH FHOO� LQFOXGLQJ FHOO JURZWK DQG GLIIHUHQWLDWLRQ >�@�
%\ EDVH૮SDLULQJ WR WKHLU VSHFLILF� SDUWLDOO\૮FRPSOHPHQWDU\ VLWHV ORFDWHG SUHGRPLQDQWO\ LQ WKH
� XQWUDQVODWHG UHJLRQ ��૮875� RI WKH WDUJHW PHVVHQJHU 51$V �P51$V�� PL51$V SDUWLFLSDWH LQ WKH
SRVW�WUDQVFULSWLRQDO UHJXODWLRQ RI JHQH H[SUHVVLRQ� 0L51$V DUH UHVSRQVLEOH IRU FRQWUROOLQJ WKH
H[SUHVVLRQ RI XS WR ��� RI KXPDQ SURWHLQ૮FRGLQJ JHQHV >�@ DQG WKHLU G\VUHJXODWLRQ KDV EHHQ
UHODWHG WR PDQ\ SDWKRORJLFDO SURFHVVHV DQG GLVHDVHV VXFK DV FDQFHU >�@� 0L51$V FDQ EH
FRQVLGHUHG DV HLWKHU WKHUDSHXWLF DJHQWV RU WKHUDSHXWLF WDUJHWV >�@� ,Q RUGHU WR XVH PLFUR51$V IRU
WKHUDSHXWLF SXUSRVH� LQ�GHSWK XQGHUVWDQGLQJ RI PHFKDQLVPV JRYHUQLQJ WKH PL51$V DFWLYLW\ LV RI
JUHDW LPSRUWDQFH� 2QH RI WKH NH\ FKDOOHQJHV LV WKH HOXFLGDWLRQ RI PLFUR51$V WDUJHWV DQG WKH VLWHV
RI FDQRQLFDO DQG QRQ�FDQRQLFDO LQWHUDFWLRQV� ,PSHUIHFW SDLULQJ EHWZHHQ PL51$ DQG WDUJHW P51$ LQ
DQLPDOV >�@� DV ZHOO DV KLJK IDOVH SRVLWLYH DQG IDOVH QHJDWLYH UDWHV IRU FXUUHQW SUHGLFWLRQ DOJRULWKPV
JHQHUDWH D QHHG IRU WKH H[SHULPHQWDO YDOLGDWLRQ LQ DGGLWLRQ WR WKHRUHWLFDOO\ SUHGLFWHG VLWHV RI
LQWHUDFWLRQ�

)RU WKLV SXUSRVH� PL51$ DQDORJXHV EHDULQJ YDULRXV FURVV�OLQNHUV FDQ EH DSSOLHG� ,Q WKH SUHVHQFH RI
FURVV�OLQNHUV� D FRYDOHQW ERQG EHWZHHQ WKH PL51$ DQG WKH P51$ WDUJHW LV IRUPHG� HQDEOLQJ
HOXFLGDWLRQ DQG�RU YDOLGDWLRQ RI WKH WDUJHW VLWH� 7KH PLFUR51$ FURVV૮OLQNLQJ DQG
LPPXQRSUHFLSLWDWLRQ �PL5૮&/,3� DSSURDFK GHYHORSHG LQ RXU JURXS DOORZV FDSWXULQJ SUHGLFWHG DQG
XQSUHGLFWHG PL51$V WDUJHWV LQ FHOOV E\ HPSOR\LQJ ELV�PRGLILHG SUH�PL51$V FRQWDLQLQJ ELRWLQ DQG
WULR[VDOHQ >�@� $V VKRZQ E\ ,PLJ HW DO�� WKH ELV૮PRGLILHG PL5૮���D SUREH LV DEOH WR FURVV૮OLQN WR
FRPSOHPHQWDU\ UHJLRQV SUHVHQW LQ P51$ WDUJHWV� EXW WKH H[DFW VLWH RI FURVV૮OLQNLQJ KDV QRW EHHQ
GHWHUPLQHG \HW� ,Q RUGHU WR GHYHORS XQLYHUVDO PL5�&/,3 SUREHV� PRUH NQRZOHGJH DERXW WKH
IXQFWLRQLQJ�RI�WKH�DIRUHPHQWLRQHG�SUREHV�LV�QHHGHG�
+HUHLQ� ZH SUHVHQW WKH UHVXOWV RI WKH LQ YLWUR FURVV�OLQNLQJ DVVD\V ZLWK D VHW RI V\QWKHVL]HG
WULR[VDOHQ�ODEHOOHG PL5����D DQDORJXHV� 7KH UHVXOWV VXJJHVW WKDW WKH FURVV�OLQNLQJ LV WDNLQJ SODFH
ZLWK WKH XULGLQH SRVLWLRQHG ��� EDVH SDLUV XSVWUHDP IURP WKH GHVLUHG FURVV�OLQNLQJ VLWH� 7KLV
NQRZOHGJH LV XVHG WR SUHSDUH RSWLPL]HG PL5�&/,3 SUREHV� ZLWK WKH DELOLW\ WR FURVV�OLQN ZLWK WKH
WDUJHW�P51$�LQGHSHQGHQWO\�RI�WKH�PL51$�VHTXHQFH�

7KLV ZRUN ZDV VXSSRUWHG E\ D JUDQW IURP WKH 6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ �������B�������
DQG�1&&5�51$�DQG�'LVHDVH��'��1)�����������

>�@ &DPHURQ 3� %UDFNHQ� +DPLVK 6� 6FRWW� *UHJRU\ -� *RRGDOO� 1DWXUH 5HYLHZV *HQHWLFV� ����� ���
��������
>�@�'DYLG�3��%DUWHO��&HOO����������������������
>�@�5REHUWR�*DPEDUL�HW�DO���,QWHUQDWLRQDO�-RXUQDO�RI�2QFRORJ\��������������������
>�@�$QQD�/��0DOLQRZVND��-RQDWKDQ�+DOO��$GYDQFHV�LQ�1XFOHLF�$FLG�7KHUDSHXWLFV����������������
>�@�1LFROH�&ORRQDQ��%LRHVVD\V����������������������
>�@�-RFKHQ�,PLJ�HW�DO���1DWXUH�&KHPLFDO�%LRORJ\�����������������������
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105�VWUXFWXUH�GHWHUPLQDWLRQ�RI�WKH�&3(%��ULER]\PH�

,��0DUNRYD���6��-RKDQQVHQ���5��2��6LJHO�

�8QLYHUVLW\�RI�=XULFK

7KLV ZRUN LV IRFXVHG RQ WKH LQYHVWLJDWLRQ RI WKH VROXWLRQ VWUXFWXUH DQG IROGLQJ PHFKDQLVP RI WKH
F\WRSODVPLF SRO\DGHQ\ODWLRQ HOHPHQW ELQGLQJ SURWHLQ � �&3(%�� ULER]\PH E\ QXFOHDU PDJQHWLF
UHVRQDQFH �105�� 5LER]\PHV DUH 51$ PROHFXOHV WKDW DFW DV FKHPLFDO FDWDO\VWV LQ FHOOV� 7KH
GLVFRYHU\ RI ULER]\PHV ZDV D PLOHVWRQH LQ 51$ UHVHDUFK DQG UHYHDOHG WKH XQLTXH UROH RI 51$ LQ D
PXOWLWXGH RI FHOOXODU UHDFWLRQV� 7KH &3(%� ULER]\PH LV XQWLO QRZ WKH RQO\ FRQILUPHG VPDOO ULER]\PH
LQ PDPPDOV DQG LWV UROH UHPDLQV VWLOO XQNQRZQ�� $V 51$ IXQFWLRQ LV GLUHFWO\ OLQNHG WR VWUXFWXUH�
VWUXFWXUDO�VWXGLHV�DUH�WKH�EDVLV�WR�XQGHUVWDQG�51$�IXQFWLRQ�

7KH &3(%� ULER]\PH EHORQJV WR WKH +HSDWLWLV 'HOWD 9LUXV �+'9��OLNH IDPLO\ RI VHOI�FOHDYLQJ
ULER]\PHV WKDW KDYH D QHVWHG GRXEOH SVHXGRNQRW IROG DQG D ��HQG FOHDYDJH DFWLYLW\ LQ FRPPRQ��
7KH EHVW VWXGLHG ULER]\PH LQ WKLV IDPLO\ LV WKH +'9 ULER]\PH LWVHOI� ZKRVH WKUHH GLPHQVLRQDO
VWUXFWXUH ZDV VROYHG E\ ;�UD\ FU\VWDOORJUDSK\�� (YHQ WKRXJK� WKH QXPEHU RI QHZO\ GLVFRYHUHG +'9�
OLNH ULER]\PH LV FRQWLQXRXVO\ LQFUHDVLQJ� WKH +'9 ULER]\PH LV VWLOO WKH RQO\ RQH ZLWK D NQRZQ
VWUXFWXUH� 7KHUHIRUH� VROYLQJ WKH VWUXFWXUH RI WKH &3(%� ULER]\PH ZLOO QRW RQO\ KHOS WR HQOLJKWHQ LWV
ELRORJLFDO�UROH�EXW�DOVR�WR�H[SDQG�WKH�NQRZOHGJH�RQ�WKH�+'9�OLNH�ULER]\PH�IDPLO\�LQ�JHQHUDO�

105 VWUXFWXUH GHWHUPLQDWLRQ RI VXFK D ODUJH 51$ LV D FKDOOHQJLQJ WDVN GXH WR KHDY\ VSHFWUDO
RYHUODS DQG ODUJH OLQH ZLGWKV RI WKH SURWRQ UHVRQDQFHV� 7R RYHUFRPH WKLV LVVXH� ZH XVH GLIIHUHQW
ODEHOLQJ VFKHPHV� )RU H[DPSOH� ZH XVH SDUWLDOO\ GHXWHUDWHG QXFOHRWLGHV� ��&� ��1 ODEHOLQJ
WHFKQLTXHV�DQG�DSSO\�XS�WR�GDWH�PXOWLQXFOHDU�DQG�PXOWLGLPHQVLRQDO�105�VSHFWURVFRS\��

)LQDQFLDO VXSSRUW E\ WKH 8QLYHUVLW\ RI =XULFK DQG WKH 6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ LV
JUDWHIXOO\�DFNQRZOHGJHG�

>�@�-RHO�5LFKWHU��7UHQGV�LQ�%LRFKHPLFDO�6FLHQFHV����������������
>�@ .RXURVK 6DOHKL�$VKWLDQL� $QGUHM /XSW£N� $OH[DQGHU /LWRYFKLFN� -DFN 6]RVWDN� 6FLHQFH� �����
���������������
>�@ &KHQ -+� <DMLPD 5� &KDGDODYDGD '0� &KDVH (� %HYLODFTXD 3&� *ROGHQ %/� %LRFKHPLVWU\� �����
����������������
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6HPLV\QWKHWLF�$SSURDFKHV�IRU�WKH�0RGLILFDWLRQ�RI�WKH�*O\FRV\ODWHG�0DFUROLGH�$QWLELRWLF
)LGD[RPLFLQ

$��0HLHU���5��%HUJ���&��*HUW]HQ���.��=HUEH���0��*ZHUGHU���'��6FK¦IOH���3��6DQGHU���+��*RKONH���.�
*DGHPDQQ�

�8QLYHUVLW\�RI�=XULFK��'HSDUWPHQW�RI�&KHPLVWU\���+HLQULFK�+HLQH�8QLYHUVLW\�'¾VVHOGRUI���8QLYHUVLW\
RI�=XULFK��,QVWLWXWH�RI�0HGLFDO�0LFURELRORJ\

)LGD[RPLFLQ ��� WLDFXPLFLQ %� OLSLDUP\FLQ $�� LV D PDUNHWHG GUXJ IRU WKH WUHDWPHQW RI LQWHVWLQH
LQIHFWLRQV FDXVHG E\ &ORVWULGLXP GLIILFLOH� )LGD[RPLFLQ LV D JO\FRV\ODWHG PDFUROLGH DQG ZDV LVRODWHG
IURP YDULRXV VWUDLQV RI VRLO EDFWHULD�>�@ ,W VKRZV JRRG DFWLYLW\ DJDLQVW PDQ\ *UDP�SRVLWLYH EDFWHULD�
LQFOXGLQJ VRPH UHVLVWDQW VWUDLQV RI 6WDSK\ORFRFFXV DXUHXV DQG 0\FREDFWHULXP WXEHUFXORVLV�>�@
,QYHVWLJDWLRQV RI WKH PHFKDQLVP RI DFWLRQ UHYHDOHG WKDW )LGD[RPLFLQ ELQGV WR WKH 51$�SRO\PHUDVH
�51$3��DQG�FRQVHTXHQWO\�LQKLELWV�WKH�WUDQVFULSWLRQ�>�@

,Q ����� RXU UHVHDUFK JURXS DFFRPSOLVKHG WKH ILUVW WRWDO V\QWKHVLV>�@ RI WKLV FRPSOH[ QDWXUDO
SURGXFW ZKLFK GRHV QRW SRVVHVV LGHDO SKDUPDFRNLQHWLF SURSHUWLHV� 'XH WR LWV ORZ ZDWHU�VROXELOLW\
DQG� DV D FRQVHTXHQFH� LWV PLQLPDO V\VWHPLF DEVRUSWLRQ WKH DSSOLFDWLRQ IRU WKH WUHDWPHQW RI
LQIHFWLRQV RXWVLGH WKH JXW LV OLPLWHG� 7KHUHIRUH� VHPLV\QWKHWLF PRGLILFDWLRQV SUHVHQW D SURPLVLQJ
VWUDWHJ\ WR LPSURYH LWV SKDUPDFRNLQHWLF SURSHUWLHV DQG DOVR FLUFXPYHQW UHVLVWDQFH GHYHORSPHQW�
:H KDYH GHYHORSHG V\QWKHWLF VWUDWHJLHV WKDW DOORZ VHOHFWLYH DQG YHUVDWLOH PRGLILFDWLRQV RI WKLV
FRPSOH[ QDWXUDO SURGXFW DQG KHUHLQ ZH SUHVHQW WKH V\QWKHVLV RI QRYHO GHULYDWLYHV RI ILGD[RPLFLQ
����DQG�WKHLU�DQWLELRWLF�DFWLYLWLHV�

>�@�5HYLHZ��:LOOLDP�(UE��-LHSLQJ�=KX��1DW��3URG��5HS���������������૱����
>�@ 0HNRQQHQ .XUDEDFKHZ� 6WHSKHQ +� -� /X� 3KLOLSS .UDVWHO� (VWKHU .� 6FKPLWW� %DQJDORUH /�
6XUHVK� $QQH *RK� -RKQ (� .QR[� 1JDL /LQJ 0D� -DQ -LULFHN� 'DYLG %HHU� 0LFKDHO &\QDPRQ� )UDQN
3HWHUVHQ� 9HURQLTXH 'DUWRLV� 7KRPDV .HOOHU� 7KRPDV 'LFN� 9DVDQ .� 6DPEDQGDPXUWK\� -�
$QWLPLFURE� &KHPRWKHU� ����� ��� ���૱���� 'RXJODV -� %LHGHQEDFK� -DPHV (� 5RVV� 6KDQQRQ '�
3XWQDP��5RQDOG�1��-RQHV��$QWLPLFURE��$JHQWV�&KHPRWKHU����������������૱�����
>�@ $EUDKDP /� 6RQHQVKHLQ� +DQQDK %� $OH[DQGHU� 'DYLG 0� 5RWKVWHLQ� 6XVDQ +� )LVKHU� -� %DFWHULRO�
����� ���� ��૱��� $EUDKDP /� 6RQHQVKHLQ� +DQQDK %� $OH[DQGHU� -� 0RO� %LRO� ����� ���� ��૱���
$XGUH\ 7XSLQ� 0D[LPH *XDOWLHUL� -HDQ�3DXO /HRQHWWL� .RQVWDQWLQ %URGROLQ� (0%2 -� ����� ���
����૱����� $DVKLVK 6ULYDVWDYD� 0HOL]D 7DODXH� 6KXDQJ /LX� 'DYLG 'HJHQ� 5LFKDUG <� (EULJKW� (OHQD
6LQHYD� $QLUEDQ &KDNUDERUW\� 6HUJH\ <� 'UX]KLQLQ� 6XMR\ &KDWWHUMHH� -D\DQWD 0XNKRSDGK\D\� HW DO��
&XUU� 2SLQ� 0LFURELRO� ����� ��� ���૱���� ,ULQD $UWVLPRYLWFK� -DLPH 6HGGRQ� 3DPHOD 6HDUV� &OLQ�
,QIHFW� 'LV� ����� ��� ���૱���� =DNLD 0RULFKDXG� /DXUHQW &KDORLQ� .RQVWDQWLQ %URGROLQ�-� 0RO� %LRO�
����� ���� ���૱���� +DQGH %R\DFL� -DPHV &KHQ� 0LUMDP /LOLF� 0DUJDUHW 3DOND� 5DFKHO $QQH
0RRQH\� 5REHUW /DQGLFN� 6HWK $� 'DUVW� (OL]DEHWK $� &DPSEHOO� (OLIH� ����� �� �૱��� :HL /LQ� .DO\DQ
'DV� 'DYLG 'HJHQ� $EKLVKHN 0D]XPGHU� 'LHJR 'XFKL� 'RQJ\H :DQJ� <RQ :� (EULJKW� 5LFKDUG <�
(EULJKW��(OHQD�6LQHYD��0DWWKHZ�*LJOLRWWL��HW�DO��0RO��&HOO�������������૱���
>�@ (OLDV .DXIPDQQ� +LURPX +DWWRUL� +LGHNL 0L\DWDNH�2QGR]DEDO� .DUO *DGHPDQQ� 2UJ� /HWW� �����
��� ����૱����� 6\QWKHWLF VWXGLHV� /RXLV -HDQQH�-XOLHQ� *XLOODXPH 0DVVRQ� (ORL $VWLHU� *U«JRU\
*HQWD�-RXYH� 9LQFHQW 6HUYDMHDQ� -HDQ�0DULH %HDX� 6W«SKDQLH 1RUVLNLDQ� (PPDQXHO 5RXOODQG� -� 2UJ�
&KHP���������������૱����DQG�UHIHUHQFHV�WKHUHLQ�
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7ULD]ROH�OLQNHG�RUJDQRPHWDOOLF�DUFKLWHFWXUHV���$GGLQJ�GLYHUVLW\�WR�WULWKLRODWR�EULGJHG
GLQXFOHDU�UXWKHQLXP�,,��DUHQH�FRPSRXQGV�YLD�&X$$&�FOLFN�FKHPLVWU\

0��0¸VFKLQJ���2��'HVLDWNLQD���(��3ÅXQHVFX���-��)XUUHU�

�8QLYHUVLW\�RI�%HUQ��'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��)UHLHVWUDVVH���������%HUQ�
6ZLW]HUODQG

7KH KLJK F\WRWR[LFLW\ RI FDWLRQLF WULWKLRODWR�EULGJHG GLQXFOHDU UXWKHQLXP�,,��DUHQH FRPSOH[HV
�JHQHUDO IRUPXOD >�͋��S�0H&�+�3UL��5X��͐��65��@�� DJDLQVW KXPDQ FDQFHU FHOOV� KDV HQFRXUDJHG XV
WR�SXUVXH�WKH�GHYHORSPHQW�RI�WKLV�VFDIIROG�IRU�REWDLQLQJ�ELRORJLFDOO\�DFWLYH�FRPSRXQGV�

7KH IXQFWLRQDOL]DWLRQ RI RUJDQRPHWDOOLF FRPSOH[HV DIWHU FRRUGLQDWLRQ �DOVR WHUPHG ૺFKHPLVWU\�RQ�WKH�
FRPSOH[ૻ� SURYLGHV DQ HOHJDQW DSSURDFK WR QHZ OLEUDULHV RI FRPSRXQGV� 1HYHUWKHOHVV� WKLV W\SH RI
PRGLILFDWLRQ LV RIWHQ KDPSHUHG E\ WKH SRRU WKHUPDO VWDELOLW\ RI WKH PHWDORUJDQLF FRPSOH[HV DQG�RU
XQGHVLUHG OLJDQG H[FKDQJH LQ WKH SUHVHQFH RI FHUWDLQ UHDJHQWV DQG VROYHQWV� $PLGDWLRQ DQG HVWHULILFDWLRQ
UHDFWLRQV FDWDO\]HG E\ VSHFLILF FRXSOLQJ DJHQWV� DV ZHOO DV &X$$& FOLFN F\FORDGGLWLRQV UHTXLUH VRIWHU
UHDFWLRQ FRQGLWLRQV DQG DUH WKXV RIWHQ FRQVLGHUHG IRU WKH V\QWKHVLV RI FRQMXJDWHV IURP RUJDQRPHWDOOLF
XQLWV��

7KH FRQWUROOHG V\QWKHVLV RI PL[HG FDWLRQLF WULWKLRODWR SUHFXUVRUV DOORZLQJ IXUWKHU PRGLILFDWLRQ �JHQHUDO
IRUPXOD >�͋��S�0H&�+�3UL��5X��͐��6�&+��&�+��S�%XW���͐��6�&�+��;+�@&O� ZKHUH �;+  �2+� �1+�� �&+�&2�+��
HQDEOHG WKH REWDLQPHQW RI D ODUJH YDULHW\ RI FRQMXJDWHV IRU WDLORUHG DSSOLFDWLRQV���� +RZHYHU� LQ VRPH
FDVHV WKLV W\SH RI GHULYDWL]DWLRQ FRXOG QRW EH DSSOLHG DQG DOWHUQDWLYH V\QWKHWLF SDWKZD\V QHHGHG WR EH
H[SORUHG�

7KH IDFLOH WXQLQJ DIIRUGHG E\ WKH FRSSHU�,��FDWDO\]HG D]LGH�DON\QH �&X$$&� ����F\FORDGGLWLRQ V\QWKHVLV FDQ
SURYLGH D XVHIXO DQG YHUVDWLOH DFFHVV URXWH WR QHZ PROHFXODU DUFKLWHFWXUHV� $V SURRI�RI�FRQFHSW� ZH UHSRUW
VRPH RI RXU ILUVW UHVXOWV LQ WKH XVH RI FOLFN FKHPLVWU\ IRU WKH GHYHORSPHQW RI YDULRXV FRQMXJDWHV EDVHG RQ
WULWKLRODWR�EULGJHG GLQXFOHDU UXWKHQLXP�,,��DUHQH PRLHWLHV� 'LIIHUHQW UXWKHQLXP�EDVHG LQWHUPHGLDWHV ZHUH
XVHG IRU WKH WULD]ROH�OLQNDJH ZLWK VSHFLILF IXQFWLRQDO XQLWV �PHWDEROLWHV� IOXRURSKRUHV� MXGLFLRXVO\
VXEVWLWXWHG� 7KLV ILUVW LQVLJKW LQWR DSSO\LQJ WKH &X$$& F\FORDGGLWLRQ WR RXU GLQXFOHDU 5X�,,��DUHQH EXLOGLQJ
EORFNV�VNHWFKHV�WKH�SRWHQWLDO�RI�WKLV�UHDFWLRQ�WR�SUHSDUH�¢�OD�FDUWH�RWKHU�FRQMXJDWHV�LQ�WKH�QHDU�IXWXUH�

>�@�-XOLHQ�)XUUHU��*HRUJ�6¾VV�)LQN��&RRUG��&KHP��5HY�������������������
>�@�7LQD�0HGH��0LFKDHO�-¦JHU��8OULFK�6��6FKXEHUW��&KHP��6RF��5HY����������������������
>�@ )HGHULFR *LDQQLQL� -XOLHQ )XUUHU� *HRUJ 6¾VV�)LQN� &DWKHULQH 0� &ODYHO� 3DXO -� '\VRQ� -�
2UJDQRPHW��&KHP�������������������
>�@ 'DYLG 6W¯EDO� %UXQR 7KHUULHQ� *HRUJ 6XVV૯)LQN� 3DWU\FMD 1RZDN૯6OLZLQVND� 3DXO -� '\VRQ� (YD
ÎHUP£NRY£��0DUWLQD�ĚH]£ÏRY£��3DYHO�7RPģ¯N��-��%LRO��,QRUJ��&KHP����������������૱����
>�@ )HGHULFR *LDQQLQL� 0DUFR %DUWRORQL� /\GLD (� +� 3DXO� *HRUJ 6¾VV�)LQN� -HDQ�/RXLV 5H\PRQG�
-XOLHQ�)XUUHU��0HG&KHP&RPP����������������������
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,QGXFWLRQ�RI�5HGXFWLYH�6WUHVV�LQ�0LWRFKRQGULD�E\�(Q]\PDWLF�$FWLYDWLRQ�RI�D
7ULDON\OSKRVSKLQH�3UREH

-��1JX\HQ�����$��7LUOD���3��5LYHUD�)XHQWHV���

�/DERUDWRU\�RI�2UJDQLF�&KHPLVWU\��(7+�=XULFK���,QVWLWXWH�RI�&KHPLFDO�6FLHQFHV�DQG�(QJLQHHULQJ�
(3)�/DXVDQQH

5HGR[ KRPHRVWDVLV LV HVVHQWLDO IRU RUJDQHOOH IXQFWLRQ LQ HXNDU\RWHV DQG LWV GLVUXSWLRQ LV DVVRFLDWHG
ZLWK FDQFHU>�@� PHWDEROLF>�@ DQG QHXURGHJHQHUDWLYH GLVHDVHV>�@� :H SUHYLRXVO\ GHPRQVWUDWHG WKDW D
SKRWRDFWLYDWDEOH WULDON\OSKRVSKLQH FDQ PLPLF FHUWDLQ DVSHFWV RI UHGXFWLYH VWUHVV LQ OLYLQJ FHOOV E\
LQFUHDVLQJ FRQFHQWUDWLRQ RI IUHH WKLROV� SURWHLQ PLVIROGLQJ DQG DJJUHJDWLRQ�>�@ 5HGR[ EDODQFH
KRZHYHU� LV GLIIHUHQW LQ HDFK FHOO FRPSDUWPHQW DQG GLVUXSWLRQ RI PLWRFKRQGULDO UHGR[ VWDWH KDV
EHHQ VSHFLILFDOO\ OLQNHG WR SDWKRORJLHV VXFK DV LQVXOLQ UHVLVWDQFH� REHVLW\ DQG W\SH ,, GLDEHWHV�>�@ ,Q
WKLV VWXG\� ZH SURSRVH DQ RUJDQHOOH�WDUJHWHG UHGXFLQJ DJHQW EDVHG RQ WULEXW\OSKRVSKLQH WKDW VKLIWV
WKLV UHGR[ EDODQFH LQ PLWRFKRQGULD WRZDUGV UHGXFWLYH VWUHVV� :H GHVLJQ WKH SUREH WR WDUJHW
HQGRJHQHRXV QLWURUHGXFWDVHV DQG VXEVHTXHQWO\ UHOHDVH WULEXW\OSKRVSKLQH� DV ZHOO DV D IOXRUHVFHQW
UHSRUWHU ZLWKLQ WKH RUJDQHOOH� &RQIRFDO LPDJLQJ� ELRORJLFDO DVVD\V DQG WUDQVFULSWRPLFV DQDO\VLV RQ
PDPPDOLDQ FHOOV DOORZHG XV WR TXDQWLI\ WKLV UHGR[ LPEDODQFH� 7KHVH UHVXOWV VKRZ DFWLYDWLRQ RI
WUDQVFULSWLRQ IDFWRU $7)�� WKDW LQIOXHQFHV PLWRFKRQGULDO UHGR[ KRPHRVWDVLV WKURXJK PRGXODWLRQ RI
JHQHV�LQYROYHG�LQ�JOXWDWKLRQH�PHWDEROLVP�>�@

>�@ 7RQLD &� -RUJHQVRQ� :HL[LRQJ =KRQJ� 7HUU\ '� 2EHUOH\� &DQFHU 5HVHDUFK� ����� ���
����������
>�@�����0HOYLQ�5��+D\GHQ��-DPHV�5��6RZHUV��$QWLR[LGDQWV�	�5HGR[�6LJQDOLQJ�������������������
>�@ 0DUN $� 6PLWK� &DWKHULQH $� 5RWWNDPS� $NLKLNR 1XQRPXUD� $UXQ .� 5DLQD� *HRUJH 3HUU\�
%LRFKLPLFD�HW�%LRSK\VLFD�$FWD���0ROHFXODU�%DVLV�RI�'LVHDVH����������������������
>�@ $OLQD 7LUOD� 3DEOR 5LYHUD�)XHQWHV� $QJHZDQGWH &KHPLH ,QWHUQDWLRQDO (GLWLRQ� ����� ���
������������
>�@ -XOLD 6]HQGURHGL� (VWKHU 3KLHOL[� 0LFKDHO 5RGHQ� 1DWXUH 5HYLHZV (QGRFULQRORJ\� ����� ��
�������
>�@�����-DGH�1JX\HQ��$OLQD�7LUOD��3DEOR�5LYHUD�)XHQWHV��PDQXVFULSW�LQ�SUHSDUDWLRQ�
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6\QWKHVLV�DQG�LQ�YLWUR�FHOO�SHQHWUDWLRQ�FKDUDFWHUL]DWLRQ�RI�3527$&�EDVHG�SODWIRUPV

6��3DQQLOXQJKL���6��7DUG\���$��*RXLOOHU���/��*DOLEHUW���7��'H�6PHGW���/��6FDSR]]D�

�6FKRRO�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�*HQHYD��5XH�0LFKHO�6HUYHW���������*HQªYH���
$OSLQH�,QVWLWXWH�IRU�'UXJ�'LVFRYHU\��(3)/�,QQRYDWLRQ�3DUN�%XLOGLQJ�&�������/DXVDQQH

3URWHRO\VLV�7DUJHWLQJ &KLPHUDV �3527$&V� UHSUHVHQW D QRYHO DQG HPHUJLQJ WRRO LQ WDUJHWHG SURWHLQ
GHJUDGDWLRQ WKDW LV FXUUHQWO\ UHFHLYLQJ PXFK DWWHQWLRQ IRU LWV WKHUDSHXWLF SRWHQWLDO� 7KH
PHFKDQLVP RI DFWLRQ UHOLHV RQ 3527$&V DELOLW\ WR UHFUXLW DQG KLMDFN WKH XELTXLWLQ�SURWHDVRPH
V\VWHP �836� LQ RUGHU WR DFWLYDWH SURWHDVRPDO GHVWUXFWLRQ RI XQGUXJJDEOH WDUJHWV���� 3527$&V DUH
ELVSHFLILF PROHFXOHV FRQWDLQLQJ DQ (� OLJDVH ELQGHU� D OLQNHU RI YDULRXV OHQJWKV DQG D WDUJHW SURWHLQ
RI LQWHUHVW �72,� ELQGHU� ,Q WKLV VHQVH� 3527$&V ZRUN DV D XVHIXO SODWIRUP DEOH WR FUHDWH D VHOHFWLYH
EULGJH EHWZHHQ WKH (� OLJDVH DQG WKH 72,� SURPRWLQJ SRO\XELTXLWLQDWLRQ DQG VXEVHTXHQW
SURWHDVRPDO GHJUDGDWLRQ RI GHVLUHG SURWHLQV� &RQVLGHULQJ WKDW HQJLQHHUHG (� OLJDVHV FDQ NQRFN
RXW GLVHDVH�FDXVLQJ SURWHLQV WKDW DUH QRW SK\VLRORJLFDO VXEVWUDWHV RI WKH 836 PDFKLQHU\� D YDVW
DUUD\ RI GLIIHUHQW 3527$&V FRPELQDWLRQV LV HQYLVDJHG� 1RZDGD\V� D YDULHW\ RI VPDOO PROHFXOHV�
VXFK DV 7KDOLGRPLGH DQG LWV GHULYDWLYHV DQG OLJDQGV IRU 9RQ�+LSSHO /LQGDX �9+/�� KDYH EHHQ SURYHQ
WR ELQG (� OLJDVHV EHORQJLQJ WR WKH &5/ FRPSOH[� DOORZLQJ WKH GHYHORSPHQW RI UHVSHFWLYHO\
&HUHEORQ��&5%1��EDVHG�DQG�9+/�EDVHG�3527$&V����

'HVSLWH WKRVH SUHOLPLQDU\ SURPLVLQJ UHVXOWV� DSSOLFDWLRQ RI 3527$& WHFKQRORJ\ LV VRPHWLPHV
DIIHFWHG E\ SRRU FHOOXODU SHUPHDELOLW\ DQG WKH PHFKDQLVP RI FHOO�SHQHWUDWLRQ LWVHOI LV VWLOO SDUWLDOO\
XQFOHDU� 7KH DLP RI WKLV SURMHFW LV WR SURYLGH HYLGHQFH DQG HYDOXDWH WKH DELOLW\ RI WHWUDHWK\OHQH
JO\FRO�FRQMXJDWHG (� OLJDVH ELQGHUV EH\RQG WKH NQRZQ RQHV WR SURPRWH WUDQVSRUW DFURVV WKH FHOO
PHPEUDQH��UHJDUGOHVV�RI�72,�ELQGHU�QDWXUH�DQG�VWUXFWXUDO�FKDUDFWHULVWLFV�

)RU WKLV ZRUN ZH ILUVWO\ FKRVH ��K\GUR[\OWKDOLGRPLGH DQG 9+/ OLJDQGV WR V\QWKHWL]H WKH ZLGHO\ XVHG
&5%1�EDVHG DQG 9+/�EDVHG 3527$&V� ,Q D VHFRQG WLPH� D QRYHO VWUDWHJ\ ZDV H[SORUHG� XVLQJ WZR
EUDQG QHZ 1HGG�� OLJDQGV ����� LQ RUGHU WR H[SORLW WKLV +(&7 XELTXLWLQ (� OLJDVH DV D SXWDWLYH
GHJUDGHU WRRO IRU PHPEUDQH SURWHLQV� &OLFN FKHPLVWU\ VWUDWHJ\ ZDV VHOHFWHG IRU LQ SDUDOOHO FRXSOLQJ
RI OLJDVH OLJDQG�FRQWDLQLQJ PRLHW\ DQG IOXRUHVFHLQ� OHDGLQJ WR D IOXRUHVFHLQ�EDVHG 3527$&
DVVHPEO\� )XUWKHU LQ YLWUR VWXGLHV ZLOO EH FDUULHG RXW WR HYDOXDWH DQG TXDQWLI\ FHOO SHQHWUDWLRQ
WKDQNV�WR�WKH�XVH�RI�WKH�IOXRUHVFHQW�WUDFHU�

>�@ :XU] 53� 'HOODPDJJLRUH . HW DO�� - 0HG &KHP�� ����� ������������� >�@ *X 6� &XL '� HW DO�
%LRHVVD\V� ����� ������H�������� >�@ 0XQG 7 HW DO�� 31$6� ����� �������������������� >�@
.DWKPDQ�6�*�HW�DO��-�$P�&KHP�6RF�����������������������������
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'LVHFWLQJ�WKH�5ROH�RI�WKH�&%3�%URPRGRPDLQ�LQ�'HYHORSPHQW�DQG�+HPDWRORJLF
0DOLJQDQFLHV

9��3DVFDQX���$��'ROERLV���(��/DXO���.��5ROOLQV���.��3UXPPHO���&��0RVLPDQQ���3��6OHG]���$��&DIOLVFK���&�
1HYDGR�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�=XULFK���,QVWLWXWH�RI�0ROHFXODU�/LIH�6FLHQFHV��8QLYHUVLW\�RI
=XULFK���'HSDUWPHQW�RI�%LRFKHPLVWU\��8QLYHUVLW\�RI�=XULFK

7KH ͉�1�DFHW\ODWLRQ RI O\VLQH UHVLGXHV RQ KLVWRQH WDLOV LV RQH RI WKH PRVW SUHYDOHQW SRVW�
WUDQVODWLRQDO PRGLILFDWLRQV LQIOXHQFLQJ JHQH H[SUHVVLRQ� %URPRGRPDLQV DUH SURWHLQ PRGXOHV WKDW
VSHFLILFDOO\ UHFRJQL]H WKHVH DFHW\ODWHG PDUNV� PHGLDWLQJ SURWHLQ�SURWHLQ LQWHUDFWLRQV DQG
GRZQVWUHDP�VLJQDOLQJ�FDVFDGHV�>�@

&%3 LV D EURPRGRPDLQ�FRQWDLQLQJ WUDQVFULSWLRQ FR�UHJXODWRU ZLWK HVVHQWLDO UROHV LQ HPEU\RQLF
GHYHORSPHQW� 'HIHFWLYH &%3 IXQFWLRQ KDV EHHQ H[WHQVLYHO\ DVVRFLDWHG ZLWK QXPHURXV
KHPDWRORJLFDO PDOLJQDQFLHV� 'HVSLWH VXVWDLQHG HDUOLHU HIIRUWV� WKH VSHFLILF UROH RI WKH EURPRGRPDLQ
�%5'� LQ UHODWLRQ WR WKH RWKHU &%3 GRPDLQV UHPDLQV SRRUO\ XQGHUVWRRG� 7R GLVVHFW WKH UROH RI WKLV
LQGLYLGXDO GRPDLQ� KLJKO\ VHOHFWLYH &%3B%5' LQKLELWRUV KDYH EHHQ GHYHORSHG� ZLWK GHVLUDEOH
SK\VLFRFKHPLFDO SURSHUWLHV�>�@ 7KH PRVW UHFHQW JHQHUDWLRQ RI &%3B%5' LQKLELWRUV GLVSOD\V VLQJOH�
GLJLW�QDQRPRODU�SRWHQF\�DQG�H[FHOOHQW�VROXELOLW\�

7KH HIIHFW RI RXU OHDG FRPSRXQGV ZDV LQYHVWLJDWHG VLGH�E\�VLGH ZLWK D VHULHV RI ILUVW�LQ�FODVV &%3�
GHJUDGHUV GHYHORSHG LQ RXU JURXS� $Q H[WHQVLYH FRPSDUDWLYH VWXG\ RI LQKLELWRUV YV� GHJUDGHUV ZDV
SHUIRUPHG XVLQJ UHOHYDQW FHOOXODU GLVHDVH PRGHOV� 7KHVH UHVXOWV ZHUH FRPSOHPHQWHG E\ LQ YLYR
VWXGLHV�XVLQJ�]HEUDILVK�HPEU\RV�

>�@ 3DQDJLV )LOLSSDNRSRXORV� 6DUDK 3LFDXG� 0DULD 0DQJRV� 7UDF\ .HDWHV� -HDQ�3KLOLSSH /DPEHUW�
'DOLD %DUV\WH�/RYHMR\� ,OGLNR )HOOHWDU� 5XGROI 9RONPHU� 6XVDQQH 0XOOHU� 7RQ\ 3DZVRQ� $QQH�&ODXGH
*LQJUDV��&KHU\O�+��$UURZVPLWK��6WHIDQ�.QDSS��&HOO���������������������
>�@ /DXUHQW %DWLVWH� $QGUHD 8Q]XH� $\PHULF 'ROERLV� )DEULFH +DVVOHU� ;XDQ :DQJ� 1LFKRODV
'HHUDLQ��-LDQ�=KX��&ULVWLQD�1HYDGR��$PHGHR�&DIOLVFK��$&6�&HQW��6FL��������������������
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'HYHORSPHQW�RI�0ROHFXODU�7RROV�IRU�WKH�&HOOXODU�6WXG\�RI�$GHQRVLQH�$��5HFHSWRUV

%��3UHWL���0��/HXHQEHUJHU���0��/RFKQHU���%��*��)UHQJXHOOL���*��/DGGV�

�'HSDUWPHQW�RI�&KHPLVWU\����,QVWLWXWH�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�0HGLFLQH���6FKRRO�RI�/LIH
6FLHQFHV���'HSDUWPHQW�RI�3KDUPDFRORJ\

7KH QXFOHRVLGH DGHQRVLQH DFWV DV DQ LPSRUWDQW VLJQDOOLQJ PROHFXOH E\ H[HUWLQJ LWV DJRQLVW DFWLYLW\
DW DOO VXEW\SHV �$�� $�$� $�%� $�� RI WKH DGHQRVLQH UHFHSWRUV �$5V�� ZKLFK EHORQJ WR WKH IDPLO\ RI
*3&5V� 7KHVH VXEW\SHV KDYH D ZLGH WLVVXH GLVWULEXWLRQ DQG DUH LPSOLFDWHG LQ FDUGLRYDVFXODU�
UHVSLUDWRU\� LQIODPPDWRU\� DQG QHXURORJLFDO GLVRUGHUV� %HFDXVH WKHLU FRPPRQ OLJDQGV KDYH
GLDPHWULFDOO\ RSSRVHG HIIHFWV DQG KDYH RYHUODSSLQJ WLVVXH GLVWULEXWLRQ� WKH $5V KDYH EHHQ REMHFW
RI H[WHQVLYH UHVHDUFK WR GLVFRYHU VXEW\SH VHOHFWLYH OLJDQGV� :H DUH GHYHORSLQJ QRYHO SRWHQW VPDOO
PROHFXODU SUREHV WKDW DUH VHOHFWLYH DJRQLVWV RI DGHQRVLQH $�5 DQG FDQ EH XVHG WR VWXG\ WKLV *
SURWHLQ�FRXSOHG�UHFHSWRU�LQ�PDPPDOLDQ�FHOOV��LQ�WLVVXH�RU�LQ�YLYR�

:H KDYH SUHYLRXVO\ GLVFRYHUHG VHYHUDO SRWHQW DQG $�5�VHOHFWLYH DJRQLVWV WKDW DUH EDVHG RQ WKH
DGHQRVLQH DQG 1(&$ VWUXFWXUHV� ZKLFK DUH NQRZQ SRWHQW QRQ�VHOHFWLYH $5V DJRQLVWV�
6XEVHTXHQWO\� ZH XVHG D PROHFXODU PRGHOLQJ DSSURDFK WR GRFN RXU V\QWKHWLF DGHQRVLQH
GHULYDWLYHV LQWR D KRPRORJ\ PRGHO RI WKH KXPDQ $�5� ZKLFK UHYHDOHG DQ DJRQLVW�OLNH ELQGLQJ PRGH
ZLWK UHVLGXHV WKDW DUH W\SLFDO RI DGHQRVLQH DQG 1(&$ DJRQLVW� %DVHG RQ WKLV PRGHO� ZH
K\SRWKHVL]HG WKDW WKH LQWURGXFWLRQ RI K\GURJHQ GRQRU�DFFHSWRU ERQGV DQG�RU K\GURSKRELF UHVLGXHV
LQ SDUD SRVLWLRQ LQ WKH SKHQ\O ULQJ RI WKH �%HQ]\OR[\�F\FORSHQW\O � GHULYDWLYH FRXOG LQFUHDVH WKH
SRWHQF\ DW $�5 DQG UHWDLQ WKH VHOHFWLYLW\� 1HZO\ V\QWKHVL]HG DQDORJXHV ZHUH DQDO\]HG E\ \HDVW�
EDVHG VFUHHQ DQG E\ D PDPPDOLDQ FHOOV DVVD\ WR DVVHVV WKH SRWHQF\ DQG VHOHFWLYLW\� +HUH ZH
UHSRUW WKH LPSURYHG V\QWKHVLV RI D VHULHV RI WKHVH $�5�VHOHFWLYH DJRQLVWV� ,Q SDUWLFXODU� ZH KDYH
RSWLPL]HG WZR NH\ VWHSV� WKH 61$U�UHDFWLRQ WR LQWURGXFH VXEVWLWXHQWV DW WKH SXULQH &�� SRVLWLRQ E\
XVLQJ PLFURZDYH FKHPLVWU\ DQG WKH 2�DON\ODWLRQ UHDFWLRQ RQ WKH F\FORSHQW\O PRLHW\ RI GHULYDWLYH
��IRU�WKH�LQWURGXFWLRQ�RI�QHZ�SDUD�VXEVWLWXWHG�SKHQ\O�ULQJV�

>�@ 6DFKGHYD� 6�� *XSWD� 0� $GHQRVLQH DQG LWV UHFHSWRUV DV WKHUDSHXWLF WDUJHWV� DQ RYHUYLHZ� 6DXGL
3KDUP��-����������������ಗ����

�
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7KH�+'9�OLNH�IDPLO\��FU\VWDO�VWUXFWXUH�RI�WKH�&3(%��ULER]\PH

$��,��3U]\WXOD�0DOO\���6��-RKDQQVHQ���9��2OLHULF���(��)UHLVLQJHU���5��.��6LJHO�

�8QLYHUVLW\�RI�=XULFK���3DXO�6FKHUUHU�,QVWLWXWH��6ZLVV�/LJKW�6RXUFH

2XU JRDO LV WR GHWHUPLQH WKH WKUHH�GLPHQVLRQDO VWUXFWXUH RI D FDWDO\WLF 51$ WKDW RFFXUV RQ WKH
&3(%� JHQH LQ PDPPDOV DQG EHORQJV WR WKH ODUJH IDPLO\ RI +HSDWLWLV GHOWD YLUXV �+'9��OLNH
ULER]\PHV� 6R IDU� LW LV WKH RQO\ FRQILUPHG VPDOO ULER]\PH LQ PDPPDOV DQG LWV ELRORJLFDO UROH LV QRW
\HW XQGHUVWRRG� 0RVW RI RXU NQRZOHGJH LV OLPLWHG WR WKH FRPSDULVRQ ZLWK WKH +'9 ULER]\PH�
DOWKRXJK WKH WZR ULER]\PHV KDYH RQO\ �� � RI VHTXHQFH VLPLODULW\� 5HFHQW 105 VWXGLHV RI RXU
JURXS FRQILUPHG WKH SURSRVHG FRPSOH[ VHFRQGDU\ VWUXFWXUH LQWR D QHVWHG GRXEOH SVHXGRNQRW >�@�
+RZHYHU��WKH�VWUXFWXUH�RI�WKH�FRUH�UHJLRQ��G\QDPLFV�DQG�FDWDO\WLF�PHFKDQLVP�UHPDLQ�HOXVLYH�

+HUH ZH ZLOO IRFXV RQ WKH VWUXFWXUH GHWHUPLQDWLRQ E\ ;�UD\ FU\VWDOORJUDSK\ RI WKH +RPR VDSLHQV
�KXPDQ� DQG WKH 3DQ WURJORG\WHV �FKLPSDQ]HH� &3(%� ULER]\PHV DV WKHLU VHTXHQFHV DUH LGHQWLFDO�
H[FHSW IRU RQH QXFOHRWLGH >�@� 7KLV RQH QXFOHRWLGH KDV DQ HQRUPRXV LQIOXHQFH RQ WKH FDWDO\WLF
DFWLYLW\ DV WKH FOHDYDJH�UDWH RI WKH FKLPSDQ]HH ULER]\PH LV DOPRVW RQH RUGHU RI PDJQLWXGH KLJKHU
FRPSDUHG WR WKH KXPDQ YDULDQW� 7KH WKUHH�GLPHQVLRQDO VWUXFWXUH RI WKH &3(%� ULER]\PH ZLOO VKHG
LPSRUWDQW OLJKW RQ WKH VWUXFWXUH RI WKH FDWDO\WLF FRUH RI WKH ULER]\PH� ,W ZLOO EH DOVR WKH ILUVW
VWUXFWXUH�IURP�WKH�+'9�OLNH�ULER]\PH�IDPLO\�

>�@�6DOHKL�$VKWLDQL��.��/XSWDN��	�6]RVWDN�-�:���6FLHQFH������������������૱�����
>�@�6NLODQGDW��0���5RZLQVND�=\UHN��0��	�6LJHO��5�.�2���51$���������������૱����
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7LUXFDOOLF�$FLG�'HULYDWLYHV��'HWHUPLQDWLRQ�RI�WKHLU�$EVROXWH�&RQILJXUDWLRQ�E\�9LEUDWLRQDO
&LUFXODU�'LFKURLVP

-��.��5HLQKDUGW���7��1LOVX���$��0��.OHPG���2��'DQWRQ���0��6PLHģNR���5��+XEHU���7��%¾UJL���&�
*U¾QGHPDQQ���0��+DPEXUJHU�

�8QLYHUVLW\�RI�%DVHO��'HSDUWPHQW�RI�3KDUPDFHXWLFDO�6FLHQFHV���.DPQRHWYLG\D�6FLHQFH�$FDGHP\���
8QLYHUVLW\�+RVSLWDO�)UHLEXUJ��,QVWLWXWH�IRU�,QIHFWLRQ�3UHYHQWLRQ�DQG�+RVSLWDO�(SLGHPLRORJ\���

8QLYHUVLW\�RI�*HQHYD��'HSDUWPHQW�RI�3K\VLFDO�&KHPLVWU\

$XWRLPPXQH GLVHDVHV OLNH UKHXPDWRLG DUWKULWLV RU PXOWLSOH VFOHURVLV DUH FKDUDFWHUL]HG E\ DQ
LQFUHDVHG 7 FHOO SUROLIHUDWLRQ�� $YDLODEOH WKHUDSLHV W\SLFDOO\ H[KLELW VHYHUH VLGH HIIHFWV FDOOLQJ IRU
EHWWHU WROHUDWHG WUHDWPHQW RSWLRQV�� 7R GLVFRYHU QHZ OHDG FRPSRXQGV IRU WKH WUHDWPHQW RI
DXWRLPPXQH GLVHDVHV� D OLEUDU\ RI ��� H[WUDFWV IURP SODQWV XVHG LQ 7UDGLWLRQDO &KLQHVH 0HGLFLQH
�7&0� ZDV VFUHHQHG IRU LQKLELWLRQ RI 7 O\PSKRF\WH SUROLIHUDWLRQ� $ GLFKORURPHWKDQH H[WUDFW RI
ૺ)UDQNLQFHQVHૻ �UHVLQ IURP %RVZHOOLD WKXULIHUD� ZDV IRXQG DFWLYH� )URP WKH DFWLYH H[WUDFW� D WRWDO
RI WHQ WULWHUSHQRLGV ZHUH LVRODWHG� DPRQJ WKHP IRXU ODQRVWDQH DQG D WLUXFDOODQH WULWHUSHQH� %RWK
&૯�� HSLPHUV RI WKHVH VFDIIROGV KDYH EHHQ UHSRUWHG�� +RZHYHU� WKH DEVROXWH FRQILJXUDWLRQ RI
FRPSRXQGV EHDULQJ D FDUER[\OLF PRLHW\ DW &��� DV LQ � KDV QRW EHHQ HVWDEOLVKHG XQDPELJXRVO\�
9LEUDWLRQDO FLUFXODU GLFKURLVP �9&'� VSHFWUD RI � ZHUH UHFRUGHG DQG FRPSDUHG WR WKH DE LQLWLR
FDOFXODWHG VSHFWUD� &RPSDULVRQ ZDV SHUIRUPHG E\ YLVXDO FRPSDULVRQ RI WKH LQGLYLGXDO EDQGV� DQG
E\ FDOFXODWLQJ WKH VLPLODULW\ LQGLFHV �6LP9&'� EHWZHHQ WKH VSHFWUD�� ,Q DGGLWLRQ� ILQGLQJV ZHUH
FRPSDUHG�ZLWK�WKH�VWUXFWXUH�HVWDEOLVKHG�E\�;�UD\�GLIIUDFWLRQ�DQDO\VLV�

9LVXDO DQG FRPSXWDWLRQDO DQDO\VHV FRQILUPHG WKH DEVROXWH FRQILJXUDWLRQ RI � DV
��5���6���6���6���6���6�� ZKLFK ZDV LQ DFFRUG ZLWK WKH ;�UD\ GLIIUDFWLRQ GDWD� 7KLV VKRZV WKH
SRWHQWLDO RI 9&' DV D QRQ�GHVWUXFWLYH PHWKRG IRU HVWDEOLVKLQJ WKH DEVROXWH FRQILJXUDWLRQ LQ
FRQIRUPDWLRQDOO\�IOH[LEOH�VLGH�FKDLQV�

>�@�'��'��&KDSOLQ��-��$OOHUJ\�&OLQ��,PPXQRO������������������
>�@�0��+HU��HW��DO���-��$OOHUJ\�&OLQ��,PPXQRO�����������������������
>�@�7��$NLKLVD��HW��DO���-��&KHP��6RF���3HUNLQ�7UDQV������������������������
>�@�3��/�3RODYDUDSX��&��/��&RYLQJWRQ��&KLUDOLW\������������������
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ૺ&ORVH�WR�5HOHDVHૻ��$�%LRRUWKRJRQDO�8QFDJLQJ�5HDFWLRQ�%DVHG�2Q�5LQJ�&ORVLQJ
0HWDWKHVLV

9��6DEDWLQR���7��:DUG�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO

%LRRUWKRJRQDO XQFDJLQJ UHDFWLRQV DUH KLJKO\ GHVLUDEOH LQ WKH ILHOG RI FKHPLFDO ELRORJ\� ,Q WKH SDVW
IHZ \HDUV� VHYHUDO VWUDWHJLHV KDYH EHHQ DGDSWHG WR ZRUN XQGHU SK\VLRORJLFDO FRQGLWLRQV� :H
SUHVHQW KHUHLQ D QRYHO XQFDJLQJ UHDFWLRQ WKDW UHVXOWV IURP D ULQJ�FORVLQJ PHWDWKHVLV HYHQW� $ VPDOO
PROHFXOH WHWKHUHG WR D GLROHILQ VXEVWUDWH� LV UHOHDVHG YLD VSRQWDQHRXV ����HOLPLQDWLRQ IROORZLQJ D
ULQJ�FORVLQJ PHWDWKHVLV� 7KLV VWUDWHJ\� ZKLFK ZH WHUP ૺFORVH WR UHOHDVHૻ� DOORZHG XV WR XQFDJH
ELRPROHFXOHV� GUXJV DQG IOXRUHVFHQW SUREHV LQ DTXHRXV PHGLD DQG XQGHU SK\VLRORJLFDO FRQGLWLRQV�
:H�HQYLVLRQ�WKLV�VWUDWHJ\�PD\�ILQG�XV�LQ�FKHPLFDO�ELRORJ\��ELRHQJLQHHULQJ�DQG�PHGLFLQH�

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��3RVWHU 0&����

'LYHUVH�HIIHFWV�RI�KDORJHQDWHG���DPLQRHWKR[\GLSKHQ\O�ERUDWH�GHULYDWLYHV�RQ�VWRUH�
RSHUDWHG�FDOFLXP�HQWU\�LQ�EUHDVW�FDQFHU�FHOOV

$��(��6FKLOG���5��%KDUGZDM���0��+HGLJHU���0��/RFKQHU�

�,QVWLWXWH�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�0HGLFLQH��8QLYHUVLW\�RI�%HUQ���'HSDUWPHQW�IRU�%LR0HGLFDO
5HVHDUFK��8QLYHUVLW\�RI�%HUQ

&DOFLXP VLJQDOLQJ UHJXODWHV D YDULHW\ RI FHOOXODU IXQFWLRQV VXFK DV FHOO GLIIHUHQWLDWLRQ� SUROLIHUDWLRQ�
PXVFOH FRQWUDFWLRQ� QHXURWUDQVPLVVLRQ DQG IHUWLOL]DWLRQ� 6WRUH�RSHUDWHG FDOFLXP HQWU\ �62&(� LV
WKH XELTXLWRXV SDWKZD\ LQ PHWD]RDQV WR UHILOO WKH FDOFLXP VWRUHG LQ WKH HQGR��VDUFRSODVPLF
UHWLFXOXP �(5 DQG 65� UHVSHFWLYHO\�� &DOFLXP VWRUHV DUH D FUXFLDO FRPSRQHQW RI WKH FDOFLXP
VLJQDOLQJ PDFKLQHU\ WKDW PDLQWDLQV WKH FDOFLXP KRPHRVWDVLV� (OHYDWHG H[SUHVVLRQ OHYHOV RI WKH
SURWHLQV IDFLOLWDWLQJ 62&( �H�J� 2DUL�67,0� KDYH EHHQ DVVRFLDWHG ZLWK YDULRXV W\SHV RI FDQFHU VXFK
DV EUHDVW� SURVWDWH DQG FHUYLFDO FDQFHU� DV ZHOO DV OXQJ DGHQRFDUFLQRPD DQG HVRSKDJHDO
VTXDPRXV�FHOO�FDUFLQRPD�

��$PLQRHWKR[\GLSKHQ\O ERUDWH ���$3%� LV WKH PRVW VWXGLHG PRGXODWRU RI 62&( WR GDWH� ,W KDV WKH
DELOLW\ WR HLWKHU EORFN RU HQKDQFH WKH FDOFLXP HQWU\ GHSHQGLQJ RQ LWV FRQFHQWUDWLRQ� :H KDYH
V\QWKHVL]HG ��$3% GHULYDWLYHV VXEVWLWXWHG ZLWK KDORJHQV RQ RQH RI WKH SKHQ\O JURXSV� 7KHVH
GHULYDWLYHV ZHUH VFUHHQHG IRU WKHLU DELOLW\ WR LQKLELW 62&( LQ LWV DFWLYH VWDWH DV ZHOO DV VFUHHQHG IRU
DQ\ HIIHFWV RQ FHOOV ZKHUH 62&( FRPSRQHQWV DUH LQ WKHLU LQDFWLYH VWDWH� 7KH WZR EUHDVW FDQFHU FHOO
OLQHV 0'$�0%���� DQG 0&)�� ZHUH XVHG WR FRQGXFW 62&( H[SHULPHQWV� %RWK RI WKHVH FHOO OLQHV
H[KLELW D UREXVW FDOFLXP HQWU\� PDNLQJ WKHP VXLWDEOH VWXG\LQJ 62&(� :H IRXQG WKDW FKDQJLQJ WKH
SRVLWLRQ RI WKH KDORJHQ RQ WKH SKHQ\O JURXS RI ��$3% JLYHV ULVH WR GLVWLQFWO\ GLIIHUHQW FDOFLXP
PRELOL]DWLRQ�UHVSRQVHV�
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([RF\FOLF�0HWDOODWHG�7HWUDS\ULGLQRSRUSK\UD]LQH�DV�D�3RWHQWLDO�3KRWRVHQVLWL]HU�IRU
3KRWRG\QDPLF�7KHUDS\

/��6FKQHLGHU���0��/DURFFD���:��:X���9��%DEX���&��.¸QLJ���6��)HUUDUL���%��6SLQJOHU�

�8QLYHUVLW\�RI�=XULFK

7KH ILUVW H[RF\FOLF PHWDOODWHG WHWUDS\ULGLQRSRUSK\UD]LQH�
>WHWUDNLV��WUDQV�3W�1+���&O��WHWUDS\ULGLQRSRUSK\UD]LQH�]LQF�,,�@�12��� ZDV VXFFHVVIXOO\ V\QWKHVL]HG
LQ D PXOWLVWHS V\QWKHVLV VWDUWLQJ IURP ����S\ULGLQHGLFDUERQLWULOH� 7KH V\QWKHVLV LQYROYHG D
SODWLQDWLRQ RI WKH LQWHUPHGLDWH WHWUDS\ULGLQRSRUSK\UD]LQH�]LQF�,,� ZLWK WUDQVSODWLQ DQG DIIRUGHG WKH
SURGXFW LQ DQ RYHUDOO \LHOG RI ���� 7KH ILQDO SURGXFW DQG WKH LQWHUPHGLDWH ZHUH FKDUDFWHUL]HG� WKH
VLQJOHW R[\JHQ TXDQWXP \LHOGV �̺̩� ZHUH GHWHUPLQHG DQG WKH F\WRWR[LFLW\ ZDV LQYHVWLJDWHG LQ YLWUR
LQ WKH GDUN DV ZHOO DV XQGHU OLJKW LUUDGLDWLRQ� $GGLWLRQDOO\� WKH '1$ ELQGLQJ DELOLW\ RI WKH ILQDO
SURGXFW�ZDV�LQYHVWLJDWHG�
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ૺ'RXEO\�2UWKRJRQDOૻ�/DEHOOLQJ�RI�3HSWLGHV�DQG�3URWHLQV

5��6LPRQHW�'DYLQ���5��7HVVLHU���-��GH�&HEDOORV���1��*XLGRWWL���-��:DVHU���%��)LHU]�

�/DERUDWRU\�RI�&DWDO\VLV�DQG�2UJDQLF�6\QWKHVLV��(3)���/DERUDWRU\�RI�%LRSK\VLFDO�&KHPLVWU\�RI
0DFURPROHFX���/DERUDWRU\�RI�&DWDO\VLV�DQG�2UJDQLF�6\QWKHVLV���,QVWLWXW�GHV�6FLHQFHV�HW�,QJ«QLHULH

&KLPLTXHV��(3)

+\SHUYDOHQW LRGLQH UHDJHQWV DUH YHUVDWLOH UHDJHQWV LQ V\QWKHWLF FKHPLVWU\�>�@ )RU H[DPSOH� (WK\Q\O
%HQ]LRGR;RORQH �(%;� UHDJHQWV ZHUH XVHG E\ RXU JURXS LQ WKH HWK\Q\ODWLRQ RI NHWR� F\DQR DQG
QLWUR HVWHU� DV ZHOO DV WKLROV�>�@ +RZHYHU� DSSOLFDWLRQV RI K\SHUYDOHQW LRGLQH UHDJHQWV WRZDUGV
ELRPROHFXOH ODEHOOLQJ UHPDLQ VFDUFH� 'XULQJ D FROODERUDWLRQ EHWZHHQ RXU JURXS DQG WKH JURXS RI
3URI� $GLEHNLDQ� WKH DON\Q\ODWLRQ RI WKH WKLRO JURXS RI F\VWHLQH LQ SURWHLQV ZDV UHFHQWO\
DFKLHYHG�>�@ +HUHLQ� ZH SUHVHQW QHZ IXQFWLRQDOL]DWLRQ PHWKRGV RI SHSWLGHV DQG SURWHLQV XVLQJ
EHQ]LRGR[RORQH UHDJHQWV� OHDGLQJ WR WKH ILUVW GRXEOH ODEHOOLQJ RI ELRPROHFXOHV XVLQJ K\SHUYDOHQW
LRGLQH�UHDJHQWV�>�@

>�@�<RVKLPXUD��$���=KGDQNLQ��9��9��&KHP��5HY�����������������
>�@ �D� *RQ]DOH]� '� )�� %UDQG� -� 3�� :DVHU� -� &KHP� (XU� -������ ��� ����� �E� )UHL� 5�� :RGULFK� 0�
'���+DUL��'��3���%RULQ��3�$���&KDXYLHU��&���:DVHU�-��-��$P��&KHP��6RF�������������������
>�@ $EHJJ� '�� )UHL� 5�� &HUDWR� /�� +DUL� '� 3�� :DQJ� &�� :DVHU� -�� $GLEHNLDQ� $� $QJHZ� &KHP� ,QW�
(G������������������
>�@ 7HVVLHU� 5�� &HEDOORV� -�� *XLGRWWL� 1�� 6LPRQHW�'DYLQ� 5�� )LHU]� %�� :DVHU� -� PDQXVFULSW XQGHU
UHYLVLRQ�
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$QWLPLFURELDO�3HSWLGH�'HQGULPHU�&KLPHUD�DFWLYH�DJDLQVW�0XOWLGUXJ�UHVLVWDQW�%DFWHULD

6��6LULZDUGHQD���-��/��5H\PRQG�

�8QLYHUVLW\�RI�%HUQ��'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��)UHLHVWUDVVH����&+������%HUQ

*�./ LV D �UG JHQHUDWLRQ �*�� DQWLPLFURELDO SHSWLGH GHQGULPHU �$03'� ZLWK KLJK DFWLYLW\ DJDLQVW
3VHXGRPRQDV DHUXJLQRVD DQG RWKHU *UDP�QHJDWLYH EDFWHULD LQFOXGLQJ 0'5 FOLQLFDO LVRODWHV�>�@
5HFHQWO\ ZH UHSRUWHG 7�� ZKLFK LV DQ RSWLPL]HG DQDORJ RI *�./ E\ FKHPLFDO VSDFH H[SORUDWLRQ
PHWKRG� DGGLWLRQDOO\ VKRZHG JRRG DFWLYLW\ DJDLQVW .OHEVLHOOD SQHXPRQLDH�>�@ 716�� LV OLSLGDWHG
VHFRQG JHQHUDWLRQ SHSWLGH GHQGULPHU ZKLFK LV DFWLYH DV *�./ RQ *UDP�QHJDWLYH VWUDLQV� EXW
DGGLWLRQDOO\ VKRZHG JRRG DFWLYLW\ RQ WKH *UDP�SRVLWLYH EDFWHULXP 6WDSK\ORFRFFXV DXUHXV LQFOXGLQJ
WKH PHWKLFLOOLQ UHVLVWDQW VWUDLQ 056$�>�@ +HUH ZH FRPELQLQJ VHTXHQFH HOHPHQWV IURP WZR GLIIHUHQW
$03'V PLJKW SURGXFH FKLPHULF GHQGULPHUV GLVSOD\LQJ DFWLYLW\ IHDWXUHV RI ERWK SDUHQW FRPSRXQGV�
:H FRPELQHG VHTXHQFH HOHPHQWV IURP 716�� ZLWK WKRVH RI 7� RU *�./PLJKW SURGXFH D FKLPHULF
$03' GLVSOD\LQJ DFWLYLW\ DJDLQVW ERWK .� SQHXPRQLDH DQG 6� DXUHXV� 6\QWKHVLV DQG WHVWLQJ
UHYHDOHG '&�� D FKLPHULF $03' FRPELQLQJ WKH EUDQFKHV RI 716�� ZLWK WKH FRUH RI 7� GLVSOD\V
JRRG DFWLYLW\ DJDLQVW D EURDG UDQJH RI PXOWLGUXJ UHVLVWDQW *UDP�QHJDWLYH EDFWHULD LQFOXGLQJ .�
SQHXPRQLDH�DV�REVHUYHG�IRU�7��DQG�VLJQLILFDQW�DFWLYLW\�DJDLQVW�056$�VLPLODUO\�WR�716���>�@
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6LQJOH�0ROHFXOH�,PDJLQJ�RI�$FWLYH�0LWRFKRQGULDO�1LWURUHGXFWDVHV�XVLQJ�D�3KRWR�
&URVVOLQNLQJ�)OXRUHVFHQW�6HQVRU

=��7KLHO���3��5LYHUD�)XHQWHV�

�/DERUDWRU\�RI�2UJDQLF�&KHPLVWU\��(7+�=XULFK��6ZLW]HUODQG

0DQ\ SURWHLQV DUH NQRZQ WR ORFDOL]H LQ FOXVWHUV RUJDQL]HG LQ VSHFLILF VXEFHOOXODU GRPDLQV� :KHWKHU
WKH DFWLYLW\ RI FHUWDLQ HQ]\PHV LV DOVR UHVWULFWHG WR PLFURGRPDLQV LV GLIILFXOW WR DVVHVV GXH WR WKH
ODFN RI SUREHV WKDW DOORZ PLFURVFRS\ ZLWK UHVROXWLRQV EH\RQG WKH GLIIUDFWLRQ OLPLW� :H GHYHORSHG D
SKRWRDFWLYDWDEOH IOXRURSKRUH WR PDS QLWURUHGXFWDVH DFWLYLW\ LQ OLYH FHOOV ZLWK VLQJOH�PROHFXOH
UHVROXWLRQ� 7KH PHFKDQLVP RI SKRWRDFWLYDWLRQ DQG JHQHUDWLRQ RI IOXRUHVFHQFH VLJQDO XSRQ
LQWHUDFWLRQ ZLWK WKH WDUJHW HQ]\PHV LV EDVHG RQ D VWXG\ WKDW ZH UHSRUWHG SUHYLRXVO\�>�@ 7KH
GLD]RLQGDQRQH�EDVHG SUREH XQGHUJRHV D :ROII�UHDUUDQJHPHQW IROORZLQJ LUUDGLDWLRQ ZLWK ��� QP
OLJKW� 'HSHQGLQJ RQ WKH VXEVWLWXHQWV RQ WKH [DQWKHQH FRUH� WKLV SKRWRUHDFWLRQ \LHOGV WZR GLYHUJLQJ
SURGXFWV� 7KH QLWUR JURXS IDYRUV IRUPDWLRQ RI QRQ�IOXRUHVFHQW SURGXFWV� ZKHUHDV DQ DPLQR
VXEVWLWXHQW IDYRUV IRUPDWLRQ RI D IOXRUHVFHQW VLJQDO� (Q]\PDWLF UHGXFWLRQ RI WKH QLWUR JURXS SULRU WR
SKRWRDFWLYDWLRQ LV WKXV UHTXLUHG LQ RUGHU WR REWDLQ D IOXRUHVFHQW VLJQDO� ([SHULPHQWV LQ VROXWLRQ DQG
LQ OLYH FHOOV FRQILUP KLJK VHOHFWLYLW\ WRZDUGV QLWURUHGXFWDVHV� )XUWKHUPRUH� ZH VKRZHG WKDW WKH
IOXRUHVFHQW SKRWRSURGXFW FURVVOLQNV WR QXFOHRSKLOLF UHVLGXHV RI VXUURXQGLQJ HQ]\PHV� ZKLFK
SUHYHQWV WKH GLIIXVLRQ RI WKH SUREH DZD\ IURP WKH ORFDWLRQ RI DFWLYDWLRQ� 7ZR�FRORU� WKUHH�
GLPHQVLRQDO VLQJOH PROHFXOH ORFDOL]DWLRQ PLFURVFRS\ ZDV XVHG WR UHFRQVWUXFW VXSHU�UHVROYHG
LPDJHV RI WKH LQWUDFHOOXODU GLVWULEXWLRQ RI QLWURUHGXFWDVH DFWLYLW\� 3HUIRUPLQJ FOXVWHU DQDO\VLV RQ WKH
REWDLQHG LPDJHV� ZH FRXOG VKRZ WKDW QLWURUHGXFWDVH DFWLYLW\ LV UHVWULFWHG WR VXE�PLWRFKRQGULDO
PLFURGRPDLQV�>�@

>�@ (� $� +DODEL� =� 7KLHO� 1� 7UDSS� '� 3LQRWVL� 3� 5LYHUD�)XHQWHV� -� $P� &KHP� 6RF����������
�����૱������
>�@������=��7KLHO��3��5LYHUD�)XHQWHV��$QJHZ��&KHP��,QW��(G��������LQ�UHYLVLRQ�
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6\QWKHVLV�RI�IXQFWLRQDOL]HG�SUREHV�EDVHG�RQ�*6.����$�WR�VWXG\�62&(�

'��7VFKHUULJ���5��%KDUGZDM���-��'HUQLF���0��+HGLJHU���0��/RFKQHU�

�,QVWLWXWH�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�0HGLFLQH���'HSDUWPHQW�IRU�%LR0HGLFDO�5HVHDUFK

$ ZLGH DUUD\ RI SK\VLRORJLFDO IXQFWLRQV DUH UHJXODWHG E\FDOFLXP FDWLRQV� &D��VLJQDOLQJ SDWKZD\V
WKDW LQGXFH HQGRSODVPLF UHWLFXOXP VWRUH GHSOHWLRQ WULJJHU D UHILOOLQJ SURFHVV NQRZQ DV VWRUH
RSHUDWHG &D�� HQWU\ �62&(�� 'HYLDWLRQ RI 62&( DFWLYLW\ KDV EHHQ DVVRFLDWHG ZLWK QXPHURXV
GLVHDVHV VXFK DV LPPXQRGHILFLHQF\� DXWRLPPXQLW\ DQG FDQFHU� PDNLQJ WKLV SURFHVV DQ LQWHUHVWLQJ
WDUJHW IRU GUXJ GHYHORSPHQW �L�H� PRGXODWRUV�� 6RPH 62&( PRGXODWRUV KDYH EHHQ GLVFORVHG�
KRZHYHU��WKHLU�PRGH�RI�DFWLRQ�DQG�ELQGLQJ�VLWH�V��DUH�SRRUO\�XQGHUVWRRG�>�@

7R HOXFLGDWH WKH ELQGLQJ SRFNHW�V� LQ WKH 62&( SURWHLQV� ZH DUH IROORZLQJ D VWUDWHJ\ LQFRUSRUDWLQJ
FRYDOHQW WDUJHW PRGLILFDWLRQ IROORZHG E\ SURWHRPLFV DQDO\VLV ZLWK WDQGHP PDVV VSHFWURVFRS\�
+HQFH� ZH V\QWKHVL]HG QRYHO SUREHV EDVHG RQ WKH NQRZQ 62&(�LQKLELWRU *6.����$ IHDWXULQJ
SKRWR�FURVVOLQNLQJ PRLHWLHV� 7R IDFLOLWDWH WKH DQDO\VLV RI WKH FRPSOH[ SURWHRPLFV UHVXOWV� ZH
IROORZHG D PL[HG LVRWRSH VWUDWHJ\ DFFRUGLQJ WR /DPRV HW DO�>�@ ZLWK D GHXWHUDWHG �G�� YHUVLRQ RI
WKH *6. DQDORJXH� 7R PDNH WKLV VWUDWHJ\ JHQHUDOO\ DYDLODEOH ZH GHYHORSHG D GHXWHUDWHG GLD]LULQH
EXLOGLQJ EORFN LQ D QHZ VWUDLJKWIRUZDUG V\QWKHVLV VWDUWLQJ IURP FKHDS DQG HDVLO\ DFFHVVLEOH VWDUWLQJ
PDWHULDO� +HUHLQ� ZH SUHVHQW WKH V\QWKHVLV RI WKHVH QRYHO SUREHV DQG WKHLU SUHOLPLQDU\ ELRORJLFDO
DVVHVVPHQW�

>�@ 3UDNUL\D� 0� 	 /HZLV� 5� 6� ������ 6WRUH�2SHUDWHG &DOFLXP &KDQQHOV� 3K\VLRORJLFDO 5HYLHZV
����������������
>�@�/DPRV��6�0��HW�DO���������$QJHZDQGWH�&KHPLH�,QWHUQDWLRQDO�(GLWLRQ���������������
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6FUHHQLQJ�DQG�UHSRVLWLRQLQJ�WKH�FDQGLGDWH�GUXJV�IRU�UHWLQREODVWRPD

3��7VHQJ���3��-��'\VRQ�

��FROH�3RO\WHFKQLTXH�)«GHUDOH�GH�/DXVDQQH

7KH FRPELQDWLRQ RI FKHPRWKHUDS\ ZLWK WKHUPRWKHUDS\ �WHUPHG WKHUPRFKHPRWKHUDS\� LV
H[WHQVLYHO\ XVHG LQ WKH FOLQLF IRU WKH WUHDWPHQW RI UHWLQREODVWRPD >�@� +RZHYHU� WKH OLPLWDWLRQ RI
WKHUPRFKHPRWKHUDS\ LV WKDW WKH FKHPRWKHUDSHXWLF DJHQWV XVHG ZHUH QRW EHHQ GHVLJQHG IRU VXFK
DQ DSSOLFDWLRQ� 0RUHRYHU QRQH RI WKHVH GUXJV DUH VSHFLILFDOO\ DFWLYDWHG DW WKH KHDWHG WXPRU VLWH
DQG DOO RI WKHP OHDG WR V\VWHPLF WR[LFLW\� 1HZ SRWHQWLDO FKHPRWKHUDSHXWLFV IRU WKH WUHDWPHQW RI
SUREOHPDWLF PDOLJQDQFLHV FDQ EH LGHQWLILHG E\ VFUHHQLQJ OLEUDULHV FRQWDLQLQJ GUXJV DOUHDG\
DSSURYHG IRU RWKHU DSSOLFDWLRQV>�@� 7KLV VR�FDOOHG UHSXUSRVLQJ DSSURDFK RI H[LVWLQJ GUXJV KDV WKH
DGYDQWDJH WKDW WKURXJK SUHFHGLQJ UHVHDUFK DQG GHYHORSPHQW HIIRUWV� WKH SKDUPDFRORJ\�
IRUPXODWLRQ DQG WR[LFRORJ\ RI WKHVH DJHQWV LQ KXPDQV LV HVWDEOLVKHG� ZKLFK ZRXOG UHGXFH WKH WLPH
DQG FRVW RI DSSURYLQJ WKRVH FRPSRXQGV IRU FOLQLFDO XVH LQ FDQFHU WKHUDS\>�@� 7R LPSURYH WKH
UHWLQREODVWRPD WUHDWPHQW� ZH GHVLJQHG D FHOO�EDVHG KLJK�WKURXJKSXW VFUHHQ �+76� WR LGHQWLI\ QRYHO
FKHPRWKHUDSHXWLF DJHQWV WKDW LQWHUDFW V\QHUJLVWLFDOO\ ZLWK D K\SHUWKHUPLD WR LQGXFH FDQFHU FHOO
NLOOLQJ� :H VHOHFWHG WKH 3UHVWZLFN FKHPLFDO OLEUDU\ RI NQRZQ GUXJV ����� FRPSRXQGV� DQG D FDQFHU
GUXJV FROOHFWLRQ OLEUDU\ ��� FRPSRXQGV�� +HDW LV DSSOLHG DW �� RYHU DQ KRXU ZKHQ FRPELQHG ZLWK
FKHPRWKHUDS\� 7KH WKHUPRUHVSRQVLYH SURSHUWLHV RI WKH FDQGLGDWH GUXJV KDYH EHHQ VWXGLHG DQG
WKH VFUHHQLQJ UHVXOWV QRW RQO\ YHULILHG WKDW FDUERSODWLQ LV WKH EHVW KHDW�DFWLYDWHG GUXJ DPRQJ
WUDGLWLRQDO GUXJV� EXW DOVR WKH QHZ GLVFRYHUHG RI FKRVHQ FDQGLGDWHV �H�J� *HPFLWDELQH� VKRZHG WKH
KLJK SRWHQWLDO WKHUPRFKHPRWKHUD\ HIILFDF\� &RQVHTXHQWO\� ZH EHOLHYH WKDW WKHUH LV FRQVLGHUDEOH
URRP IRU LPSURYLQJ WKHUPRFKHPRWKHUDS\ E\ VFUHHQLQJ WKH GUXJ OLEUDULHV WR EH XVHG LQ
FRPELQDWLRQ�ZLWK�WKH�KHDW�WUHDWPHQW�

>�@ &� 0� &ODYHO� 3� 1RZDN�6OLZLQVND� (� 3ÅXQHVFX� 3� -� '\VRQ� 0HG� &KHP� &RPPXQ� ����� �� ����
૱������
>�@�+��3��9DUEDQRY��)��.XWWOHU���'��%DQIL��*��7XUFDWWL��3��-��'\VRQ��3/R6�21(��������������������
>�@�1��1RVHQJR��1DWXUH�����������������������ಗ����

�

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��3RVWHU 0&����

2Q�WKH�+XQW�IRU�WKH�0LVVLQJ�'DWD����7KLD�%�QRUHVWURJHQV�DV�/RJLF��EXW�1HJOHFWHG
,QWHUPHGLDWHV�EHWZHHQ�(VWURJHQV�DQG�%HQ]RWKLRSKHQH�W\SH�6(50V

&��$��9RFN���

�)DFXOW\�RI�&KHPLVWU\��8QLYHUVLW\�RI�9LHQQD��:¦KULQJHU�6WU���������$������9LHQQD��$XVWULD���
'HSDUWPHQW�RI�)RRG�6FLHQFHV��)DFXOW\�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�9LHQQD��$OWKDQVWU������8=$�,,��

$������9LHQQD��$XVWULD

6WHURLGDO KRUPRQHV UHSUHVHQW D YHU\ LPSRUWDQW VXEFODVV RI VWHURLG�W\SH QDWXUDO SURGXFWV� ,Q
SDUWLFXODU� VWHURLGDO VH[ KRUPRQHV EDVHG RQ WKH HVWUDQH EDFNERQH �H�J� ��͆�HVWUDGLRO�
��͆�GLK\GURHTXLOHQLQ� KDYH DWWUDFWHG HQRUPRXV LQWHUHVW GXH WR WKHLU PXOWLSOH HIIHFWV LQ KXPDQ
RUJDQLVPV� 2Q WKH VHDUFK IRU QHZ VWUXFWXUDO DQDORJXHV ZLWK LPSURYHG ELRORJLFDO SURSHUWLHV�
V\QWKHWLF ��WKLD�%�QRUHVWUDGLRO GHULYDWLYH � KDV EHHQ SUHSDUHG DOUHDG\ LQ ���� LQ UDFHPLF IRUP>�@

DQG�EHHQ�UHLQYHVWLJDWHG�DV�SXUH�HQDQWLRPHU�WRJHWKHU�ZLWK�DOO�SRVVLEOH�VWHUHRLVRPHUV�LQ������>�@

,Q D UHFHQW SUHVHQWDWLRQ� ZH KDYH VKRZQ WKH ODFN RI ELRORJLFDO GDWD IRU WKH ORQJ�WLPH NQRZQ� EXW
VRPHKRZ IRUJRWWHQ ��WKLD�%�QRUHVWURJHQV OLNH ��>�@ +HUH� ZH ZDQW WR GHPRQVWUDWH WKH KLJK
LPSRUWDQFH RI WKHVH FRPSRXQGV DV ORJLF EULGJH EHWZHHQ WKH QDWXUDO HVWURJHQ KRUPRQHV DQG WKH
ODWHU GHYHORSHG ZHOO�NQRZQ EHQ]RWKLRSKHQH�EDVHG 6HOHFWLYH (VWURJHQ 5HFHSWRU 0RGXODWRUV
�6(50V��OLNH�H�J��UDOR[LIHQH�RU�DU]R[LIHQH�>�@

>�@�5RQQLH�5��&UHQVKDZ��*HRUJH�0��/XNH��7HWUDKHGURQ�/HWWHUV����������������૱�����
>�@ &KDUOHV :� /XJDU ,,,� 'DYLG 0DJHH� 0DU\ '� $GULDQ� 3DPHOD 6KHWOHU� +HQU\ 8� %U\DQW� -HIIUH\ $�
'RGJH��%LRRUJDQLF�DQG�0HGLFLQDO�&KHPLVWU\�/HWWHUV����������������૱�����
>�@ &DUVWHQ $� 9RFN� ��7KLD�%�QRUHVWUD�������������WHWUDHQ�����͆�GLRO � $Q ,QH[SOLFDEOH /DFN RI
%LRORJLFDO 'DWD IRU D +LJKO\ ,QWHUHVWLQJ 6\QWKHWLF 6WHURLG� $GYDQFHV LQ &KHPLFDO %LRORJ\
�&RQIHUHQFH���)UDQNIXUW���0DLQ��*HUPDQ\��������SRVWHU�3���
>�@ &DVVLD 5� 2YHUN� .XDQ�:HL 3HQJ� 5H]HQH 7� $VJKRGRP� ,ULGD .DVWUDWL� 'DQLHO '� /DQWYLW� =KLKXL
4LQ��-RQQD�)UDVRU��-XG\�/��%ROWRQ��*UHJRU\�5��-��7KDWFKHU��&KHP0HG&KHP���������������૱�����

�
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7ZR�SKRWRQ�WULJJHUHG�SKRWRUHOHDVH�RI�FDJHG�PROHFXODU�FDUJRV�IURP�PXOWLIXQFWLRQDO
KDUPRQLF�QDQRSDUWLFOHV

-��9XLOOHXPLHU���5��'H�0DWRV���*��*DXOLHU���&��0DV���6��&RQVWDQW���/��%RQDFLQD���6��*HUEHU�/HPDLUH�

�(FROH�3RO\WHFKQLTXH�)«G«UDOH�GH�/DXVDQQH���8QLYHUVLW\�RI�*HQHYD��*$3�%LRSKRWRQLFV���2QFRWKHLV�
���FKHPLQ�GHV�$XO[��&+������3ODQ�OHV�2XDWHV��*HQHYD��6ZLW]HUODQG���(SLWKHOL[�����FKHPLQ�GHV
$XO[��&+������3ODQ�OHV�2XDWHV��*HQHYD��6ZLW]HUODQG���,QVWLWXWH�RI�&KHPLFDO�6FLHQFHV�DQG

(QJLQHHULQJ��*U

1RZDGD\V� FDQFHU LV RQH RI WKH OHDGLQJ FDXVH RI GHDWK LQ GHYHORSHG FRXQWULHV� 7KH GHVLJQ RI
PXOWLPRGDO QDQRGHYLFHV IRU LQ YLYR LPDJLQJ RIIHUV WKH SHUVSHFWLYH RI FDQFHU GHWHFWLRQ DW D YHU\
HDUO\ VWDJH� >�@ 7KH UHFHQW SURJUHVV LQ WKH GHYHORSPHQW RI VWLPXOL�UHVSRQVLYH QDQRFDUULHUV DOORZV
WR DFKLHYH KLJKHU FRQFHQWUDWLRQ DQG UHGXFHV WKH VLGH HIIHFWV RI DFWLYH PROHFXOHV� 7KH FRPELQDWLRQ
RI FRQWUROOHG UHOHDVH RI WKHUDSHXWLFV DQG LPDJLQJ SURSHUWLHV LQ D VLQJOH QDQRFDUULHU KDV D JUHDW
SRWHQWLDO IRU WKHUDQRVWLF DSSOLFDWLRQV� >�@ ,Q WKLV FRQWH[W� KDUPRQLF QDQRSDUWLFOHV �+13V�� ZKLFK DUH
FRPSRVHG E\ QRQ�FHQWURV\PPHWULF PDWHULDOV� FDQ EH HDVLO\ LPDJHG E\ WKHLU VHFRQG KDUPRQLF
JHQHUDWLRQ�VLJQDO�LQ�PXOWLSKRWRQ�LPDJLQJ�SODWIRUPV�>�@

:H GLVFORVHG HIILFLHQW SURWRFROV IRU WKH ELRFRPSDWLEOH FRDWLQJ >�@ DQG SRVW�IXQFWLRQDOL]DWLRQ RI ELVPXWK
IHUULWH �%L)H2�� %)2� +13V DV ZHOO DV WKHLU IDYRUDEOH SURSHUWLHV IRU WDUJHWHG LPDJLQJ RI KXPDQ FDQFHU FHOOV
DQG WLVVXH >���@� +HUHLQ� ZH UHSRUW WKH GHVLJQ� SUHSDUDWLRQ DQG HYDOXDWLRQ RI PXOWLIXQFWLRQDO +13V DV QRYHO
OLJKW�DFWLYDEOH 1,5 QDQRFDUULHUV� ([FLWDWLRQ RI WKHVH IXQFWLRQDOL]HG +13V LQ WKH QHDU ,5 UHJLRQ JHQHUDWHG
VHFRQG KDUPRQLF 89 HPLVVLRQ DQG VXEVHTXHQW VHOHFWLYH UHOHDVH RI WKH FDJHG FRPSRXQGV� :H UHFHQWO\
GHPRQVWUDWHG WKH XQFDJLQJ SURFHVV XVLQJ WU\SWRSKDQ DV FDUJR PRGHO XSRQ IHPWRVHFRQG SXOVHG LUUDGLDWLRQ
DW ��� QP >�@� )XUWKHUPRUH� WKLV VWUDWHJ\ ZDV DSSOLHG WR VHOHFWLYH GHOLYHU\ RI DQWLFDQFHU GUXJV �HUORWLQLE
DQG�GR[RUXELFLQ��LQ�YLWUR�

7KH VXLWDELOLW\ RI WKLV PHWKRGRORJ\ IRU WKH GHFRXSOHG LPDJLQJ RI FDQFHU FHOOV DQG WKHUDSHXWLF
LQWHUYHQWLRQ WKURXJK H[SRVXUH WR XQFDJHG PROHFXODU FDUJRV ZDV LQYHVWLJDWHG LQ YLWUR E\ WXQLQJ WKH
H[FLWDWLRQ�ZDYHOHQJWK�LQ�D�PXOWLSKRWRQ�LPDJLQJ�VHWXS�

>�@ ;LDR૯-LH &KHQ� ;XH૯4LRQJ =KDQJ� 4L /LX � -LQJ =KDQJ� *DQJ =KRX� -� 1DQRELRWHFKQRORJ\� �����
�� ���� >�@ =KRX� /�� :DQJ� +�� /L� <� 7KHUDQRVWLFV ����� � ���� ����૱������ &KHQ� ;��-�� =KDQJ�
;��4�� /LX� 4�� =KDQJ� -�� =KRX� *�� -� 1DQRELRWHFKQRORJ\� ����� �� ����� *DL� 6�� <DQJ� *�� <DQJ� 3��
+H� )�� /LQ� -�� -LQ� '�� ;LQJ� %�� 1DQR 7RGD\� ����� ��� ���૱����� >�@ %RQDFLQD� /� 0RO� 3KDUP� �����
��� �������� >�@ 6WDHGOHU� '�� 3DVVHPDUG� 6�� 0DJRXURX[� 7�� 5RJRY� $�� 0DJXLUH� &� 0�� 0RKDPHG�
%� 0�� 6FKZXQJ� 6�� 5\W]� '�� -XHVWHO� 7�� +ZX� 6�� 0XJQLHU� <�� /H 'DQWHF� 5�� 9RONRY� <�� *HUEHU�
/HPDLUH� 6�� 3ULQD�0HOOR� $�� %RQDFLQD� /�� :ROI� -��3� 1DQRPHGLFLQH� 1%0 ����� ��� �������� >�@
3DVVHPDUG� 6�� 6WDHGOHU� '�� 6RQHJR� *�� 0DJRXURX[� 7�� 6FKQHLWHU� *� 6�� -XLOOHUDW�-HDQQHUHW� /��
%RQDFLQD� /�� *HUEHU�/HPDLUH� 6� -� 1DQRSDUW� 5HV� ����� ������� >�@ 5RJRY� $�� ,URQGHOOH� 0��
5DPRV�*RPHV� )�� %RGH� -�� 6WDHGOHU� '�� 3DVVHPDUG� 6�� &RXUYRLVLHU� 6�� <DPDPRWR� <��:DKDUWH� )��
&LHSLHOHZVNL� '�� 5LGHDX� 3�� *HUEHU�/HPDLUH� 6�� $OYHV� )�� 6DODPHUR� -�� %RQDFLQD� /�� :ROI� -��3� $&6
3KRWRQLFV ����� �� ���������� >�@ 'XEUHLO� /�� /HURX[� ,�� /HGHYLQ� 0�� 6FKOHGHU� &�� /DJDOLFH� /��
/RYR� &�� )OHXULVVRQ� 5�� 3DVVHPDUG� 6�� .LOLQ� 9�� *HUEHU�/HPDLUH� 6�� &ROOH� $�0�� %RQDFLQD� /��
5RXJHU� .� $&6 1DQR� ����� ��� ���������� >�@ 9XLOOHXPLHU� -�� *DXOLHU� *�� 'H 0DWRV� 5� � 2UWL]� '� �
0HQLQ� /� � &DPSDUJXH� *� � 0DV� &� � &RQVWDQW� 6� � /H 'DQWHF� 5� � 0XJQLHU� <� � %RQDFLQD� /� �
*HUEHU�/HPDLUH��6���VXEPLWWHG�PDQXVFULSW�
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Capsule Chemistry at the Touch of a Button – a New Tool for Medicinal Chemistry

T. Jiang1,2, B. M. Wanner1,2, P. L. Nichols1,2, K. Chen2, A. McMillan2, S. Bordi2, J. W. Bode2*

1Synple Chem AG, 2Laboratory for Organic Chemistry, Department of Chemistry and Applied
Biosciences, ETH Zurich, 8093 Zurich, Switzerland

Automation in synthetic organic chemistry is highly desirable due to improved safety,
reproducibility and the productivity enhancing benefits. However, despite significant advances in
the field, very few truly “plug and play” systems exist that combine both convenience and
reliability with ease of use. With this goal in mind, an innovative, integrated, capsule-based, fully
automated console has been developed for executing organic synthesis.

The utility of this automated technology is demonstrated for the formation of saturated N-
heterocycles, reductive aminations, and multistep combinations, which enable rapid and highly
efficient the preparation of complex drug-like molecules.
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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6KRUW�WDON 0&����

3KRWRDFWLYDWLRQ�RI�VLOLFRQ�UKRGDPLQHV�YLD�D�OLJKW�LQGXFHG�SURWRQDWLRQ

0��6��)UHL�����/��5H\PRQG�����.��-RKQVVRQ���

�,QVWLWXWH�RI�&KHPLFDO�6FLHQFHV�DQG�(QJLQHHULQJ��,6,&����FROH�3RO\WHFKQLTXH�)«G«UDOH�GH�/DXVDQQH
�(3)/��������/DXVDQQH��6ZLW]HUODQG���'HSDUWPHQW�RI�&KHPLFDO�%LRORJ\��0D[�3ODQFN�,QVWLWXWH�IRU
0HGLFDO�5HVHDUFK��-DKQVWUDVVH�����������+HLGHOEHUJ��*HUPDQ\���%LRPROHFXODU�6FUHHQLQJ�)DFLOLW\�
�FROH�3RO\WHFKQLTXH�)«G«UDOH�GH�/DXVDQQH��(3)/��������/DXVDQQH��6ZLW]HUODQG����1DWLRQDO�&HQWUH

RI�&RPSHWHQFH�LQ�5HVHDUFK��1&&5��LQ�&KHPLFDO�%LRORJ\�������/DXVDQQH��6ZLW]HUODQG

3KRWRDFWLYDWDEOH IOXRURSKRUHV DUH LPSRUWDQW WRROV WR LQYHVWLJDWH G\QDPLF SURFHVVHV LQ FHOOV� :LWK
WKH DGYHQW RI VXSHU�UHVROXWLRQ PLFURVFRS\ WHFKQLTXHV EDVHG RQ VLQJOH�PROHFXOH ORFDOL]DWLRQ� WKHVH
IOXRURSKRUHV KDYH IRXQG HYHQ PRUH DSSOLFDWLRQV� +RZHYHU� WR PDNH WKHVH WHFKQLTXHV DYDLODEOH IRU
URXWLQH OLYH�FHOO LPDJLQJ� EULJKWHU� FHOO�SHUPHDEOH IOXRURSKRUHV DUH UHTXLUHG� ,Q RXU UHVHDUFK� ZH
GHYHORS QHZ SKRWRDFWLYDWDEOH V\QWKHWLF IOXRURSKRUHV EDVHG RQ WKH VLOLFRQ UKRGDPLQH VFDIIROG� 7KLV
FODVV RI IOXRURSKRUHV KDV LGHDO SURSHUWLHV IRU OLYH�FHOO LPDJLQJ� H[FLWDWLRQ DQG HPLVVLRQ PD[LPD LQ
WKH IDU�UHG� KLJK H[WLQFWLRQ FRHIILFLHQW� KLJK TXDQWXP \LHOG� SKRWRVWDELOLW\ DQG FHOO�SHUPHDELOLW\�
,QVWHDG RI XVLQJ EXON\ SKRWRODELOH JURXSV� ZH PDGH XVH RI SKRWRFKHPLFDO FRQFHSWV WKDW UHTXLUH
VPDOOHU VWUXFWXUDO PRGLILFDWLRQV DQG JHQHUDWHG D IDU�UHG SKRWRDFWLYDWDEOH IOXRURSKRUH� 7KH XQXVXDO
PHFKDQLVP RI SKRWRDFWLYDWLRQ DQG WKH IOXRURSKRUHV RXWVWDQGLQJ VSHFWURVFRSLF SURSHUWLHV PDNH LW
D SRZHUIXO WRRO IRU OLYH�FHOO VXSHU�UHVROXWLRQ PLFURVFRS\� :H VKRZHG WKDW WKLV IOXRURSKRUH FDQ EH
XVHG QRW RQO\ LQ IL[HG�FHOOV� EXW DOVR IRU IROORZLQJ WKH IDVW G\QDPLFV RI PLWRFKRQGULD E\ VLQJOH�
PROHFXOH ORFDOL]DWLRQ PLFURVFRS\ LQ OLYH�FHOOV� 0RVW H[FLWLQJO\� ZH FRXOG GLVWLQJXLVK WKH XQODEHOHG
LQWHULRU RI WKH PLWRFKRQGULD IURP WKHLU ODEHOHG RXWHU PHPEUDQH LQ VHYHUDO FDVHV� VKRZFDVLQJ WKH
SRZHU�RI�WKLV�SUREH�LQ�FRPELQDWLRQ�ZLWK�VXSHU�UHVROXWLRQ�PLFURVFRS\�
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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6SRQVRU�WDON 0&����

'LVFRYHU\�RI�SRWHQW�&;&5��DQWDJRQLVWV�ZLWK�WKHUDSHXWLF�SRWHQWLDO�LQ�DXWRLPPXQH
GLVHDVHV

(��&DURII���(��0H\HU���+��6LHQGW���7��.LPPHUOLQ���3���DQLVPDD���1��6FKPLW]���0��.HOOHU�

�&KHPLVWU\�,PPXQRORJ\��,GRUVLD���&KHPLVWU\�2QFRORJ\��,GRUVLD���+LW�WR�/HDG�&KHPLVWU\��,GRUVLD���
3UHFOLQLFDO�'03.��,GRUVLD���0HGLFDO�6ROXWLRQ�,PPXQRORJ\��&HQWUDO�(XURSH��8&%���%LRORJ\

,PPXQRORJ\��,GRUVLD

&KHPRNLQHV DUH D IDPLO\ RI VLJQDOLQJ SURWHLQV VHFUHWHG E\ FHOOV� 7KHLU PDMRU UROH LV WR DFW DV
FKHPRDWWUDFWDQWV WR JXLGH WKH PLJUDWLRQ RI LPPXQH FHOOV WKURXJK D PHFKDQLVP FDOOHG FKHPRWD[LV�
'LIIHUHQFHV LQ FKHPRNLQH FRQFHQWUDWLRQV LQ EORRG DQG WLVVXHV DUH VHQVHG E\ FHOOV H[SUHVVLQJ RQ
WKHLU VXUIDFH WKH FRJQDWH UHFHSWRU RI WKH FKHPRNLQH� UHVXOWLQJ LQ GLUHFWHG PLJUDWLRQ DORQJ WKH
FKHPRNLQH JUDGLHQW� 7KH &;&5� UHFHSWRU� D FODVV $ * SURWHLQ�FRXSOHG UHFHSWRU �*3&5�� ELQGV WR
WKH WKUHH SUR�LQIODPPDWRU\ FKHPRNLQHV &;&/�� &;&/�� DQG &;&/�� DQG LV D NH\ FRPSRQHQW RI
WKH DGDSWLYH LPPXQH UHVSRQVH� :H DQG RWKHUV� VWDUWHG SURJUDPV DLPLQJ DW WKH GLVFRYHU\ RI VPDOO
PROHFXOHV WR EORFN WKH &;&5� D[LV� (QFRXUDJLQJ GDWD UHFHQWO\ GLVFORVHG ZLWK WKH &;&/��
PRQRFORQDO DQWLERG\ HOGHOXPDE� LQ FRPELQDWLRQ ZLWK PHWKRWUH[DWH LQ D SKDVH ,, WULDO IRU
UKHXPDWRLG DUWKULWLV IXUWKHU VWUHQJWKHQHG RXU LQWHUHVW LQ WKLV WDUJHW� +HUHLQ ZH SUHVHQW WKH
LGHQWLILFDWLRQ DQG RSWLPL]DWLRQ RI WKLD]ROR�SLSHUD]LQH DQDORJV DV SRWHQW &;&5� DQWDJRQLVWV DQG
VKDUH�LQ�YLYR�HIILFDF\�GDWD�LQ�D�SURRI�RI�PHFKDQLVP�PRXVH�PRGHO�RI�OXQJ�LQIODPPDWLRQ�

>�@ 6WHSKHQ 3� $QGUHZV� 5KRQD -� &R[� 6PDOO 0ROHFXOH &;&5� $QWDJRQLVWV� -� 0HG� &KHP� ����� ���
����������
>�@ 0LFKDHO <HOOLQ� ,JRU 3DOLLHQNR� $QGUD %DODQHVFX� 6HPHQ 7HU�9DUWDQLDQ� 9LUD 7VHOX\NR� /L�$Q ;X�
;LDROX 7DR� 3LQD 0� &DUGDUHOOL� +HLGL /HEODQF� *HRII 1LFKRO� &RGULQD $QFXWD� 5RGLFD &KLULHDF� $OOLVRQ
/XR� $ SKDVH ,,� UDQGRPL]HG� GRXEOH�EOLQG� SODFHER�FRQWUROOHG VWXG\ HYDOXDWLQJ WKH HIILFDF\ DQG
VDIHW\ RI 0';������ D IXOO\ KXPDQ DQWL�&;&/�� PRQRFORQDO DQWLERG\� LQ FRPELQDWLRQ ZLWK
PHWKRWUH[DWH�LQ�SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV��$UWKULWLV�5KHXP����������������������
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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6KRUW�WDON 0&����

6WUXFWXUDO�LQVLJKWV�LQWR�PROHFXODU�R[\JHQ�ELQGLQJ�DQG�DFWLYDWLRQ�E\�IRUP\OJO\FLQH
JHQHUDWLQJ�HQ]\PH

'��0LDU]ORX���)��/HLVLQJHU���'��-RVV���'��+¦XVVLQJHU���)��3��6HHEHFN�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO

,Q ELRORJLFDO V\VWHPV FRSSHU SOD\V HVVHQWLDO UROH LQ UHGR[ FDWDO\VLV� 3URWHLQ�ERXQG FDQ F\FOH
EHWZHHQ WKH R[LGDWLYH VWDWHV ,� ,, DQG SRVVLEO\ ,,, DQG WKHUHE\ IDFLOLWDWH ELQGLQJ DQG DFWLYDWLRQ RI
VXEVWUDWHV��>����@

7KH IRUP\OJO\FLQH JHQHUDWLQJ HQ]\PH �)*(� LV D QRYHO FRSSHU GHSHQGHQW R[LGDVH� ZKLFK SDUWLFLSDWHV LQ
WKH DFWLYDWLRQ RI VXOIDWDVHV LQ EDFWHULD DQG DQLPDOV� )*( FDWDODVHV DQ 2��GHSHQGHQW FRQYHUVLRQ RI VSHFLILF
F\VWHLQH UHVLGXH WR IRUP\OJO\FLQH WKURXJK WKH DEVWUDFWLRQ RI WKH SHSWLG\O�F\VWHLQH SUR��5��͆�K\GURJHQ >�@�
$FFRUGLQJ WR WKH UHFHQW VWUXFWXUDO LQYHVWLJDWLRQV� )*( LQ WKH UHVWLQJ VWDWH KDV D VLQJOH &X�,�� FRRUGLQDWHG
RQO\ ZLWK WZR F\VWHLQHV LQ WKH OLQHDU JHRPHWU\� 7KH DQDORJRXV VXOIXU ULFK FRRUGLQDWLRQ LV FRPPRQ IRU
FRSSHU WUDIILFNLQJ SURWHLQV DQG WUDQVFULSWLRQ IDFWRUV� EXW XQSUHFHGHQWHG DPRQJ FRSSHU�GHSHQGHQW
R[LGDVHV� ZKLFK SUHGRPLQDQWO\ ELQG WKH PHWDO LQ WKH KLVWLGLQH�ULFK WHWUDKHGUDO RU VTXDUH SODQDU
FRRUGLQDWLRQ JHRPHWU\� ,Q FRQWUDVW WR WKH FRSSHU WUDIILFNLQJ HQ]\PHV� )*( DFWLYH VLWH FDQ ELQG DQG
DFWLYDWH�2��WR�DEVWUDFW�+�DWRP�IURP�&�+�ERQG��>���@

,Q WKLV SUHVHQWDWLRQ ZH ZLOO GHVFULEH WKH FU\VWDO VWUXFWXUH RI )*( IURP 7� FXUYDWD LQ WKH FRPSOH[ ZLWK &X�,�
DQG D VXEVWUDWH SHSWLGH� 7KLV KLJK�UHVROXWLRQ VWUXFWXUH� WRJHWKHU ZLWK 105 VSHFWURVFRS\ DQG NLQHWLF GDWD�
UHYHDOHG DQ DFLGLF 2� ELQGLQJ SRFNHW� FORVHO\ ORFDWHG WR WKH FRSSHU FHQWHU� 7KLV )*( DFWLYH VLWH IHDWXUH
SOD\V�NH\�UROH�LQ�2��DFWLYDWLRQ�

7KH VFKHPDWLF UHSUHVHQWDWLRQ RI &X�,� FRRUGLQDWLRQ VSKHUH LQ WKH FU\VWDO VWUXFWXUH RI WF)*( LQ WKH
FRPSOH[�ZLWK�VXEVWUDWH�DQDORJ�

>�@�(�,��6RORPRQ��HW�DO���&KHP�5HY��������������������������
>�@�:��.HRZQ��-�%��*DU\��DQG�7�'��6WDFN��-�%LRO�,QRUJ�&KHP��������������������������
>�@�-��)H\��HW�DO���-�%LRO�&KHP��������������������������
>�@ $� 0HVVHUVFKPLGW� LQ �&RPSUHKHQVLYH 1DWXUDO 3URGXFWV ,,� &KHPLVWU\ DQG %LRORJ\�� ����� ��
��������
>�@�0��0HXU\��0��.QRS��DQG�)�3��6HHEHFN��$QJHZ��&KHP��,QW��(G��(QJO���������������������������
>�@�0��-��$SSHO��HW�DO���31$6���������������������������

�



0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6KRUW�WDON 0&����

'LVFRYHU\�DQG�RSWLPL]DWLRQ�RI�QRYHO��SRWHQW�P*OX��1$0�FRPSRXQGV

)��2+DUD���/��*REEL���0��+RQHU���/��/LQGHPDQQ���'��0XUL���6��3LFKHUHX���-��0��3ODQFKHU���%�
%LHPDQV���*��-DHVFKNH�

�)��+RIIPDQQ�/D�5RFKH�/WG��5RFKH�,QQRYDWLRQ�&HQWHU��%DVHO

$OORVWHULF PRGXODWLRQ RI WKH PHWDERWURSLF JOXWDPDWH UHFHSWRUV LV D ILHOG UHFHLYLQJ VLJQLILFDQW IRFXV�
ERWK LQ EDVLF VFLHQFH DQG LQ GUXJ GHYHORSPHQW� 1HYHUWKHOHVV� WKHUH LV D QRWDEOH DEVHQFH RI
VXLWDEOH� SRWHQW 1$0 WRRO FRPSRXQGV IRU WKH *URXS ,,, P*OXV ��� DQG �� >�@ $ QXPEHU RI UHFHQW
SXEOLFDWLRQV KDYH KLJKOLJKWHG WKH QHHG IRU VHOHFWLYH P*OX� 1$0V DV SKDUPDFRORJLFDO WRROV WR KHOS
HOXFLGDWH WKH ELRORJ\ DQG SUREH WKHUDSHXWLF LPSOLFDWLRQV RI WKLV UHFHSWRU� >�D� �E� �@ 7KH RQO\ WZR
SXEOLVKHG P*OX� 1$0V � D VPDOO PROHFXOH >�@ DQG D SKRWRVZLWFKDEOH WRRO FRPSRXQG >�@ VXIIHU IURP
ORZ SRWHQF\ ����� X0�� 2XU HIIRUWV WRZDUGV WKH LGHQWLILFDWLRQ RI P*OX� QHJDWLYH DOORVWHULF
PRGXODWRUV�DV�WRRO�FRPSRXQGV�VXLWDEOH�IRU�LQYHVWLJDWLRQ�RI�P*OX��ELRORJ\�ZLOO�EH�SUHVHQWHG�

>�@ %UDQGHQ -� 6WDQVOH\ DQG 3� -HIIUH\ &RQQ� 7UHQGV LQ 3KDUPDFRORJLFDO 6FLHQFHV� ����� ���
��������
>�D@ .DVSHU +DUSVºH� 9LJQLU ,VEHUJ� %HQMDPLQ *� 7HKDQ� 'DKOLD :HLVV� $QJHOD $UVRYD� )LRQD +�
0DUVKDOO��+DQV�%U¦XQHU�2VERUQH�	�'DYLG�(��*ORULDP��6FLHQWLILF�5HSRUWV�����������������
>�E@ &KDNL� 6KLJH\XNL� +LUR\XNL .RLNH� DQG .HQLFKL )XNXPRWR� &KURQLF 6WUHVV� �����
GRL��������������������������
>�@ 7KRPDV 8WOH\� 'XVWLQ +DGGHQKDP� -DPHV 0� 6DORYLFK� 5RFLR =DPRUDQR� 3DLJH 1� 9LQVRQ� &UDLJ
:� /LQGVOH\� &RUH\ 5� +RSNLQV DQG &ROOHHQ 0� 1LVZHQGHU� %LRRUJDQLF 	 0HGLFLQDO &KHPLVWU\
/HWWHUV����������������������
>�@ ;DYLHU 5RYLUD� $QD 7UDSHUR� 6LOYLD 3LWWROR� &KDUOHLQH =XVV\� $GHOH )DXFKHUUH� &KULV -RSOLQJ� -HVXG
*LUDOGR� -HDQ�3KLOLSSH 3LQ� 3DX *RURVWL]D� &\ULO *RXGHW DQG $PDGHX /OHEDULD� &HOO &KHPLFDO %LRORJ\�
������������������
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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6KRUW�WDON 0&����

3RO\PHUDVH�$PSOLILFDWLRQ�0DVV�6SHFWURPHWU\�&RXSOHG�4XDQWLWDWLRQ�RI�D�0XWDJHQLF�'1$
$GGXFW��

&��0��$ORLVL���$��1LOIRURXVKDQ���1��=LHJOHU���6��-��6WXUOD�

�'HSDUWPHQW�RI�+HDOWK�6FLHQFHV�DQG�7HFKQRORJ\��(7+�=¾ULFK��6FKPHO]EHUJVWUDVVH���������=XULFK�
6ZLW]HUODQG�

7KH IRUPDWLRQ RI '1$ DGGXFWV FDQ LQLWLDWH WKH SURFHVV RI PXWDJHQHVLV� 7KH ODFN RI PHWKRGV WR
GHWHUPLQH ORZ DEXQGDQFH '1$ DGGXFWV ZLWKLQ SDUWLFXODU '1$ VHTXHQFHV OLPLWV RXU XQGHUVWDQGLQJ
RI WKH FRQWULEXWLRQV RI DON\ODWLRQ WR PXWDJHQHVLV� 7KH XVH RI DUWLILFLDO QXFOHRWLGHV LQFRUSRUDWHG
RSSRVLWH '1$ DGGXFWV E\ HQJLQHHUHG SRO\PHUDVHV LV D SRWHQWLDO VWUDWHJ\ IRU VLWH�VSHFLILF GHWHFWLRQ
RI '1$ DGGXFWV� ,Q SUHYLRXV VWXGLHV� ZH FUHDWHG DUWLILFLDO QXFOHRWLGHV WKDW ZHUH LQFRUSRUDWHG
VSHFLILFDOO\ RSSRVLWH 2��DON\O�JXDQLQH �*� DGGXFWV E\ D 7DT SRO\PHUDVH PXWDQW�>�@ ,Q WKLV ZRUN� ZH
GHVLJQHG DQG V\QWKHWL]HG D QHZ DUWLILFLDO QXFOHRWLGH ZLWK DQ H[WHQGHG ͕�VXUIDFH EDVH WKDW HQDEOHV
VWURQJHU HQ]\PDWLF LQWHUDFWLRQV� ZKLOH UHWDLQLQJ KLJK DQG VHOHFWLYH K\EULGL]DWLRQ RSSRVLWH 2�
�DON\O*� :H PDGH VLJQLILFDQW DGYDQFHV E\ FRPELQLQJ WKH LQFRUSRUDWLRQ RI WKH QHZ DUWLILFLDO
QXFOHRWLGH RSSRVLWH D ELRORJLFDOO\ UHOHYDQW 2��DON\O* OHVLRQ� L�H� 2��FDUER[\PHWK\O*�&0*�� ZLWK
DQDO\WLFDO UHDGRXWV� :H PHDVXUHG DQG FKDUDFWHUL]HG WKH HQ]\PDWLF SURFHVV� DQG ZH HVWDEOLVKHG D
PDVV VSHFWURPHWULF PHWKRG IRU TXDQWLI\LQJ WKH LQFRUSRUDWHG DUWLILFLDO QXFOHRWLGH DV D PDUNHU IRU
WKH SUHVHQFH DQG VHTXHQFH ORFDWLRQ RI 2��&0*� 7KH UHVXOWV RI WKLV ZRUN DGYDQFH FKHPLFDO DQG
ELRFKHPLFDO WRROV IRU OLQNLQJ '1$ DON\ODWLRQ WR PXWDJHQHVLV DQG IRU HYDOXDWLQJ '1$ DGGXFWV DV
SRWHQWLDO�GLDJQRVWLF�ELRPDUNHUV�

>�@ /DXUD $� :\VV� $UPDQ 1LOIRURXVKDQ� )ULW] (LFKHQVHKHU� 8UVLQD 6XWHU� 1LQD %ODWWHU� $QGUHDV
0DU[��6KDQD�-��6WXUOD��-��$P��&KHP��6RF�������������������૱��
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/0:�9$9��,QKLELWRUV��'LVFRYHU\��2SWLPL]DWLRQ��	�0RGH�RI�$FWLRQ�6WXGLHV

3��5��6NDDQGHUXS�

�1RYDUWLV�,QVWLWXWHV�IRU�%LRPHGLFDO�5HVHDUFK��&KHPLFDO�%LRORJ\�DQG�7KHUDSHXWLFV

*XDQLQH QXFOHRWLGH H[FKDQJH IDFWRUV �*()V� DUH KLJKO\ G\QDPLF SURWHLQV DQG WKHLU IXQFWLRQ KDV
EHHQ FKDOOHQJLQJ WR PRGXODWH ZLWK ORZ PROHFXODU ZHLJKW �/0:� FRPSRXQGV� *()V DFWLYDWH GLVWLQFW
VPDOO *73DVHV UHOHYDQW IRU KXPDQ GLVHDVH DQG KROG SURPLVLQJ WKHUDSHXWLF SRWHQWLDO DV QRYHO GUXJ
WDUJHWV� 7KH ILUVW DOORVWHULF /0: LQKLELWRUV RI 9$9� ZLOO EH SUHVHQWHG� 8VLQJ ELRFKHPLFDO VFUHHQLQJ
DQG OLJDQG�EDVHG KLW H[SDQVLRQ� ZH GLVFRYHUHG D FODVV RI LPLGD]RS\UD]LQHV WKDW SRWHQWO\ DQG
VHOHFWLYHO\ LQKLELW 9$9��*() GHSHQGHQW DFWLYDWLRQ RI 5$&�� ,QLWLDOO\� SKRWR�DIILQLW\ ODEHOLQJ ZDV
XVHG WR ORFDWH WKH ELQGLQJ VLWH� ZKLFK ODWHU ZDV VKRZQ ZLWK KLJK UHVROXWLRQ FR�FU\VWDO VWUXFWXUHV�
7KH LQKLELWRU�9$9� FRPSOH[ LV LQFRPSDWLEOH ZLWK ELQGLQJ WR 5$&� OHDGLQJ WR LQKLELWLRQ RI JXDQLQH
QXFOHRWLGH H[FKDQJH� 2SWLPL]DWLRQ OHG WR D FRPSRXQG ZLWK DQ ,&���YDOXH RI �� Q0� D ILUVW LQ FODVV
DOORVWHULF�9$9��*()�LQKLELWRU�

�
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0HGLFLQDO�&KHPLVWU\�	�&KHPLFDO�%LRORJ\��6KRUW�WDON 0&����

&�WHUPLQDO�%LRFRQMXJDWLRQ�7KURXJK�3KRWRUHGR[�&DWDO\]HG�'HFDUER[\ODWLYH�$ON\Q\ODWLRQ

0��*DUUHDX���)��/H�9DLOODQW���-��:DVHU�

�/DERUDWRU\�RI�&DWDO\VLV�DQG�2UJDQLF�6\QWKHVLV��(3)

7DUJHWLQJ WKH &�WHUPLQDO SRVLWLRQ RI SHSWLGHV LV RI KLJK LQWHUHVW� ERWK IRU GHVLJQLQJ QRYHO VFDIIROG
IRU GUXJ GLVFRYHU\ DQG IRU IXUWKHU DSSOLFDWLRQV LQ SURWHLQ ODEHOOLQJ� 'XH WR WKH VHOHFWLYLW\ FKDOOHQJH
EHWZHHQ FDUER[\OLF DFLGV RQ WKH VLGH�FKDLQV DQG WKLV SRVLWLRQ� HIILFLHQW PHWKRGV DUH VWLOO YHU\ UDUH�
$V WKH H[WHQVLRQ RI WKH GHFDUER[\ODWLYH DON\Q\ODWLRQ RQ DPLQR DFLGV GHYHORSHG SUHYLRXVO\ LQ RXU
JURXS�>�@ ZH UHSRUW KHUHLQ D GHFDUER[\ODWLYH DON\Q\ODWLRQ RQ SHSWLGHV &�WHUPLQDO SRVLWLRQ�>�@ 8VLQJ
SKRWRUHGR[ FDWDO\VLV DQG K\SHUYDOHQW LRGLQH (%; UHDJHQWV� IXQFWLRQDOL]HG SHSWLGHV DUH REWDLQHG LQ
�� PLQ� 1RYHO RUJDQLF G\HV ZHUH GHVLJQHG WR HQDEOH KLJK VHOHFWLYLW\� 9DULRXV IXQFWLRQDO JURXSV
ZHUH WROHUDWHG� ERWK RQ SHSWLGHV DQG (%; UHDJHQWV� OHDGLQJ WR WKH LQWURGXFWLRQ RI GLYHUVH
IXQFWLRQDOLWLHV RQ QDWLYH SHSWLGHV XS WR KH[DPHUV� 2XU HIIRUWV QRZ WDUJHW ODUJHU SHSWLGHV DQG
SURWHLQV��ZLWK�WKH�GHYHORSPHQW�RI�FRQGLWLRQV�LQ�DTXHRXV�PHGLD�

>�@�����)��/H�9DLOODQW��7��&RXUDQW��-��:DVHU��$QJHZ��&KHP��,QW��(G�����������������૱������
>�@ 0� *DUUHDX� )� /H 9DLOODQW� -� :DVHU� $QJHZ� &KHP� ,QW� (G� ����� '2,�
��������DQLH�����������
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6WDELOL]LQJ�LQDFWLYH�FRQIRUPDWLRQV�RI�0$/7��DV�DQ�HIIHFWLYH�VWUDWHJ\�WR�LQKLELW�LWV
SURWHDVH�DFWLYLW\�

-��/DQJORLV���3��(UEHO���1��$XELQ���)��%RUQDQFLQ���&��:LHVPDQQ���)��9LOODUG���%��*HUULWV���-��4XDQFDUG��
$��6FKODSEDFK���0��5HQDWXV�

�1RYDUWLV�,QVWLWXWHV�IRU�%LRPHGLFDO�5HVHDUFK

7KH SDUDFDVSDVH 0$/7� �PXFRVD DVVRFLDWHG O\PSKRLG WLVVXH O\PSKRPD WUDQVORFDWLRQ SURWHLQ ��
SOD\V DQ LPSRUWDQW UROH LQ YDULRXV LPPXQH SDWKZD\V DQG KDV EHHQ SURSRVHG DV D WKHUDSHXWLF
WDUJHW IRU DXWR�LPPXQH GLVRUGHUV DV ZHOO DV FDQFHUV �L�H� '/%&/�� :H H[SORUHG GLIIHUHQW
PHFKDQLVPV WR LQKLELW WKH SURWHDVH DFWLYLW\ RI 0$/7� DQG GLVFRYHUHG WZR XQUHODWHG FKHPLFDO
VFDIIROGV� %LRSK\VLFDO DQG VWUXFWXUDO VWXGLHV UHYHDOHG WKDW ERWK VFDIIROGV VWDELOL]H WKH SURWHDVH LQ
DQ LQDFWLYH FRQIRUPDWLRQ� :KLOH RQH OLJDQG ELQGV WR WKH DOORVWHULF VLWH DW WKH LQWHUIDFH EHWZHHQ WKH
FDVSDVH DQG WKH ,*� GRPDLQ� WKH RWKHU OLJDQG ELQGV WR WKH DFWLYH VLWH LQ D VR IDU XQGHVFULEHG
PHFKDQLVP� ,WHUDWLYH VWUXFWXUH EDVHG GUXJ GLVFRYHU\ RQ RQH VFDIIROG UHVXOWHG LQ WKH LGHQWLILFDWLRQ
RI�D�SRWHQW��VHOHFWLYH�DQG�ELRDYDLODEOH�0$/7��LQKLELWRU�
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$�QDQRWHFKQRORJLFDO�DSSURDFK�WR�V\QWKHWLF�ELRORJ\��FDVFDGH�UHDFWLRQV�LQ�V\QWKHWLF
FRPSDUWPHQWV�

$��%HOOXDWL���-��/LX���6��7KDPERR���&��*��3DOLYDQ�

�'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�%DVHO

&RPSDUWPHQWDOL]DWLRQ SOD\V D IXQGDPHQWDO UROH LQ ELRORJ\� WKH VSDWLRWHPSRUDO VHJUHJDWLRQ RI
ELRFKHPLFDO SURFHVVHV� ERWK ZLWKLQ WKH FHOO DQG EHWZHHQ FHOOV� DOORZV D ILQH FRQWURO RI RSWLPDO
UHDFWLRQ FRQGLWLRQV� NLQHWLFV DQG RYHUDOO SURWHFWLRQ IURP H[WHUQDO HQYLURQPHQW� 0XFK OLNH
SKRVSKROLSLGV� DPSKLSKLOLF EORFN FRSRO\PHUV FDQ VHOI�DVVHPEOH LQWR VSKHULFDO YHVLFOHV UHVHPEOLQJ
FHOOV� ZKLFK FDQ KRVW D YDULHW\ RI HQ]\PHV DQG WKXV SHUIRUP VHYHUDO VSHFLILF UHDFWLRQV� ZLWK
DSSOLFDWLRQV�PDLQO\�LQ�ELRPHGLFLQH�DQG�ELRVHQVLQJ�>�@

8VLQJ PRUH WKDQ D VLQJOH HQ]\PH LQ DQ LQWHUFRQQHFWHG� FDVFDGLQJ V\VWHP PHDQV WKDW QDQRPHWUH�
VL]HG REMHFWV VWDUW WR EHKDYH DV VLPSOH HQ]\PDWLF QHWZRUNV� DFKLHYLQJ FRPSOH[ UHVSRQVHV
GHSHQGLQJ RQ WKH SRO\PHU�HQ]\PH DVVHPEO\� ,Q DGGLWLRQ� WKH ELRFRPSDWLELOLW\ RI WKH FKRVHQ
SRO\���PHWK\OR[D]ROLQH��EORFN�SRO\�GLPHWK\OVLOR[DQH��EORFN�SRO\���PHWK\OR[D]ROLQH� �302;$�
3'06�302;$� SRO\PHU PHDQV WKDW FHOOV FDQ EH SKHQRW\SLFDOO\ PRGLILHG E\ DVVLVWLQJ WKHLU QDWLYH
PHWDEROLVP RU RXWULJKW H[SDQGLQJ WKHLU HQYLURQPHQWDO UHVSRQVH�>�@ 7KH HYHU�JURZLQJ FRPSOH[LW\
RI QDQRPHWULF FDWDO\WLF DVVHPEOLHV OHDGV WKHP WR EHKDYH G\QDPLFDOO\ DQG� LQ WXUQ� WR LQWHUDFW ZLWK
OLYLQJ�PDWWHU�

>�@ %HOOXDWL� $�� &UDFLXQ� ,�� 0H\HU� &� (�� 5LJR� 6�� 3DOLYDQ� &� *�� &XUU� 2SLQ� %LRWHFKQRO� ����� ���
��૱���
>�@�%HOOXDWL��$���&UDFLXQ��,���/LX��-���3DOLYDQ��&��*���%LRPDFURPROHFXOHV��������������
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)URP�6HWLSLSUDQW�WR�$&7���������GLVFRYHU\�RI�QHZ�SRWHQW�&57+��DQWDJRQLVWV

5��6LHJULVW���0��+ROGQHQHU���3��%RXLV���&��*QHUUH���-��+D]HPDQQ���6��5LFKDUG���&��%RVV���+��$LVVDRXL�

�,GRUVLD�3KDUPDFHXWLFDOV�/WG�

$FWLYDWLRQ RI WKH FKHPRDWWUDFWDQW UHFHSWRU�KRPRORJRXV PROHFXOH H[SUHVVHG RQ 7 KHOSHU�� FHOOV
�&57+�� DOVR NQRZQ DV '3�� E\ SURVWDJODQGLQ '� �3*'�� LQGXFHV SUR�LQIODPPDWRU\ UHVSRQVHV�
'HYHORSPHQW RI &57+� UHFHSWRU DQWDJRQLVWV FRXOG WKHUHIRUH EH XVHIXO WR WUHDW DOOHUJLF DQG W\SH �
LQIODPPDWRU\�GLVHDVHV�VXFK�DV�DOOHUJLF�UKLQLWLV��DWRSLF�GHUPDWLWLV��DVWKPD��RU�QDVDO�SRO\SRVLV�>�@�

:H SUHYLRXVO\ UHSRUWHG WKH GLVFRYHU\ RI VHWLSLSUDQW ZKLFK ZDV LQ DGYDQFHG FOLQLFDO GHYHORSPHQW
>�@� /DWH VWDJH FOLQLFDO VWXGLHV ZLWK VHWLSLSUDQW LQ VHDVRQDO DOOHUJLF UKLQLWLV �3KDVH �� >�@ GLG QRW
FRQILUP HIILFDF\ ILQGLQJV PDGH LQ HDUOLHU VWXGLHV� 2XU HIIRUWV WR LGHQWLI\ D PRUH SRWHQW EDFNXS
FRPSRXQG VWDUWHG E\ PRGLI\LQJ WKH FRUH RI WKH PROHFXOH DQG V\QWKHVL]LQJ WHWUDK\GURFDUED]ROH
GHULYDWLYHV ZLWK GUXJ�OLNH SURSHUWLHV� )XUWKHU OHDG RSWLPL]DWLRQ JXLGHG DOVR E\ LQ�YLWUR F\WRWR[LFLW\
SURILOLQJ ILQDOO\ OHG WR WKH GLVFRYHU\ RI WKH FOLQLFDO FDQGLGDWH $&7�������� ZKLFK LV FXUUHQWO\ LQ
3KDVH���GHYHORSPHQW�LQ�QDVDO�SRO\SRVLV�>�@�

,Q WKLV SUHVHQWDWLRQ� ZH ZLOO GHVFULEH RXU PHGLFLQDO FKHPLVWU\ HIIRUWV WKDW FXOPLQDWHG ZLWK WKH
LGHQWLILFDWLRQ�RI�$&7��������>�@�

>�@�5��3HWWLSKHU�HW�DO���1DW��5HY��'UXJ�'LVF��������������������
>�@�+��)UHW]�HW�DO���-��0HG��&KHP�����������������������
>�@�3��5DWQHU�HW�DO���$OOHUJ\�$VWKPD�&OLQ��,PPXQRO���������������
>�@�0��*«KLQ�HW�DO���%DVLF�&OLQ��3KDUPDFRO��7R[LFRO����������������������
>�@�+��$LVVDRXL�HW�DO���0DQXVFULSW�LQ�SUHSDUDWLRQ�
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6\QWKHVLV�RI�QHZ�DPLQRS\UD]ROH�DQDORJXHV�ZLWK�SURPLVLQJ�DQWL�OHLVKPDQLRVLV�DFWLYLW\��$
8QLYHUVLW\�'1'L�2SHQ�6\QWKHVLV�3URMHFW

6��7DUG\���6��6WXGHQWV�IURP�%863����&��&HFFKLQL���+��0��,VPDLO���1��'HVFKDPSV���/��3HOOLVVLHU���$�
5XW]���0��)X���(��9DUHVLR���/��6FDSR]]D���%��3HUU\�

�6FKRRO�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�RI�*HQHYD���6WXGHQWV�IURP�WKH�VHFRQG�\HDU�RI�WKH
EDFKHORU�LQ�3KDUPDFHXWLFDO�6FLHQFHV�SHUIRUPLQJ�SUDFWLFOH�H[HUFLFH�LQ�SKDUPDFHXWLFDO�FKHPLVWU\���

'UXJV�IRU�1HJOHFWHG�'LVHDVHV�LQLWLDWLYH�'1'L

/HLVKPDQLRVLV LV D QHJOHFWHG WURSLFDO GLVHDVH� DQ LOOQHVV WKDW NLOOV XS WR ������ SHRSOH \HDUO\�
([LVWLQJ GUXJV KDYH VHULRXV GUDZEDFNV LQ WHUPV RI VDIHW\� UHVLVWDQFH� VWDELOLW\� GLIILFXOW\ RI
DGPLQLVWUDWLRQ DQG FRVW� 7KXV� WKHUH LV D QHHG IRU QHZ WUHDWPHQWV� 7KH DPLQRS\UD]ROH FODVV RI
FRPSRXQGV RULJLQDOO\ IURP 3IL]HU KDV VKRZQ SURPLVLQJ HDUO\ SURILOHV IRU WKH WUHDWPHQW RI ERWK
YLVFHUDO DQG FXWDQHRXV OHLVKPDQLRVLV� >�@ ,Q WKH IUDPH RI DQ 2SHQ 6\QWKHVLV 1HWZRUN �261�
EHWZHHQ WKH 8QLYHUVLW\ RI *HQHYD DQG WKH 'UXJV IRU 1HJOHFWHG 'LVHDVHV LQLWLDWLYH �'1'L�� ZH
DLPHG DW V\QWKHWL]LQJ QHZ DPLQRS\UD]ROH DQDORJXHV IRU HDUO\ VWDJH GLVFRYHU\ IRU QHZ WUHDWPHQWV
IRU�OHLVKPDQLRVLV�

,Q RUGHU WR H[SORUH WKH DPLQRS\UD]ROH FKHPRW\SHV� ZH VHW XS D ��VWHSV V\QWKHVLV WR REWDLQ
WKHRUHWLFDOO\ �� GLIIHUHQW SURGXFWV� 7KH WZR NH\ UHDFWLRQV DUH UHGXFWLYH DPLQDWLRQ DQG SHSWLGLF
FRXSOLQJ GXULQJ ZKLFK VWUXFWXUDO GLYHUVLILFDWLRQ RFFXUV� %LRORJLFDO DFWLYLW\ KDV EHHQ DVVHVVHG RQ
/HLVKPDQLD LQIDQWXP DQG F\WRWR[LFLW\ RQ KXPDQ DQG PXULQH ILEUREODVWV� ,Q ����� WKLV PXOWL�VWHSV
V\QWKHVLV OHG WR �� QHZ FRPSRXQGV WKDW KDYH EHHQ IXOO\ FKDUDFWHUL]HG E\ +506� �+�105�
��&�105� ,5 DQG +3/&� $OO ILQDO FRPSRXQGV KDYH EHHQ WHVWHG LQ YLWUR IRU ERWK HIILFDF\ DQG WR[LFLW\�
7ZR RI WKHP KDYH VKRZQ KLJK SRWHQF\ DJDLQVW /HLVKPDQLD LQIDQWXP �,&�� ��� DQG ��� PLFUR0� DQG
D VHOHFWLYLW\ LQGH[ �&&���,&��� UDQJLQJ IURP �� WR ���� 7KH RSHQ VRXUFH QDWXUH RI WKLV SURMHFW DLPHG
DW GHHSHQLQJ WKH OHDUQLQJ RI ODERUDWRU\ ZRUN LQ WKH FRQWH[W RI VWXGHQWV 5	' SUDFWLFDO ZRUN� 7KH
FROODERUDWLYH VSLULW RI WKH VWXGHQWV KDV OHG WR WKH VXFFHVVIXO V\QWKHVLV RXWSXW DQG WKH GHYHORSPHQW
RI D VFLHQWLILF ULJRU RI ZRUN� ZKLFK LQFOXGHV WKH SUHSDUDWLRQ DQG WKH IROORZ�XS SODQV RI H[SHULPHQW�
7KH SURPLVLQJ DQWL�OHLVKPDQLRVLV DFWLYLW\ KDV FOHDUO\ LQGLFDWHG DQ 6$5 DQG WKH SRVVLELOLW\ RI IXUWKHU
H[SORULQJ WKH FXUUHQW FKHPRW\SH WR LPSURYH FRPSRXQGV HIILFDF\ DQG VHOHFWLYLW\� 7KH WZR PRVW
SRWHQW FRPSRXQGV KDYH XQGHUJRQH LQ YLWUR $'0( VWXGLHV DQG KDYH VKRZQ PHWDEROLVP LVVXH� ,Q
WKLV�FRQWH[W��D�QHZ�VHW�RI����FRPSRXQGV�ZDV�GHVLJQHG�IRU�SUDWLFOH�ZRUN�LQ�����

>�@�0RZEUD\�&��(��HW�DO��-��0HG��&KHP���������������������������
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'LVFRYHU\�DQG�RSWLPLVDWLRQ�RI�QRYHO�FRPSRXQGV�IRU�PDODULD�YHFWRU�FRQWURO

2��)��+XHWHU���0��+RSS«���3��:HJH���5��1RXUDQL���0��'DQLHOV���3��0DLHQILVFK�

�6\QJHQWD�&URS�3URWHFWLRQ��6FKDIIKDXVHUVWUDVVH��&+������6WHLQ��6ZLW]HUODQG���6\QJHQWD�-HDORWWV
+LOO�,QWHUQDWLRQDO�5HVHDUFK�&HQWUH��%UDFNQHOO��%HUNVKLUH�5*����(<��8.���6\QJHQWD�&URS�3URWHFWLRQ�

6FKZDU]ZDOGDOOHH������&+������%DVHO��6ZLW]HUODQG

,Q H[FHVV RI ����� FRPSRXQGV� IURP RYHU ��� FKHPLFDO FODVVHV� KDYH EHHQ VFUHHQHG DW 6\QJHQWD
DJDLQVW DGXOW PRVTXLWRHV ZLWKLQ D UHVHDUFK DQG RSWLPLVDWLRQ SURJUDPPH� XQGHUWDNHQ DV SDUW RI D
3URGXFW�'HYHORSPHQW�3DUWQHUVKLS�VSRQVRUHG�E\�WKH�,9&&��,QQRYDWLYH�9HFWRU�&RQWURO�&RQVRUWLXP��

,Q WKH LQLWLDO VFUHHQLQJ HIIRUW� PDQ\ FODVVHV ZLWK ELRORJLFDO DFWLYLW\ DJDLQVW PRVTXLWRHV ZHUH
GLVFRYHUHG����� +RZHYHU� WKH FODVV RI V\QWKHWLF DQDORJXHV RI WKH QDWXUDO SURGXFW VWURELOXULQ ZDV
VHOHFWHG IRU RSWLPL]DWLRQ DV LW UHSUHVHQWV D QRYHO PRGH RI DFWLRQ IRU FRQWURO RI WKH DQRSKHOLQH
YHFWRUV RI PDODULD� DQG GLVSOD\HG PDQ\ RI WKH FKDUDFWHULVWLFV UHTXLUHG RI YHFWRU FRQWURO
LQWHUYHQWLRQV�

7KH GLVFRYHU\� GHVLJQ� RSWLPLVDWLRQ DQG DVVRFLDWHG VWUXFWXUH DFWLYLW\ UHODWLRQVKLSV RI VWURELOXULQ
DQDORJXHV ZLOO EH GHVFULEHG� $V D UHVXOW� SURPLVLQJ OHDG FDQGLGDWHV IRU IXUWKHU HYDOXDWLRQ ZHUH
LGHQWLILHG�����

>�@�2�)��+XHWHU��0��+RSS«��3��:HJH��3��0DLHQILVFK��&KLPLD�������������������������
>�@�0��+RSS«��2�)��+XHWHU��$��%\ZDWHU��3��:HJH�DQG�3��0DLHQILVFK��&KLPLD�������������������������
>�@�6\QJHQWD�:2�������������
>�@�6\QJHQWD�:2�������������
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$GYDQFHG�EXLOGLQJ�EORFNV�IRU�PHGLFLQDO�FKHPLVWU\�IURP�WKH�FKHPLFDO�XQLYHUVH�GDWDEDVH
*'%

.��0HLHU���-��5H\PRQG�

�8QLYHUVLW\�RI�%HUQ��)UHLHVWUDVVH����&+������%HUQ

:LWK PRUH WKDQ �� GUXJ FDQGLGDWHV LQ FOLQLFDO WULDOV� IUDJPHQW�EDVHG GUXJ GLVFRYHU\ �)%''� KDV
EHFRPH D YHU\ VXFFHVVIXO VWUDWHJ\ WR LGHQWLI\ ELRDFWLYH PROHFXOHV GXULQJ WKH SDVW �� \HDUV�>�@
+RZHYHU� WKH VXFFHVV RI )%'' LV RIWHQ GHSHQGHQW RQ WKH TXDOLW\ RI WKH IUDJPHQW OLEUDU\� ,W LV
WKHUHIRUH FULWLFDO WR DFFHVV QHZ DQG DGYDQFHG IUDJPHQWV RU EXLOGLQJ EORFNV� 5H\PRQG HW�
DO� H[WHQVLYHO\ HQXPHUDWHG WKH FKHPLFDO VSDFH RI VPDOO PROHFXOHV ZLWK XS WR �� KHDY\ DWRPV LQ
WKH FKHPLFDO VSDFH SURMHFW� 7KLV SURMHFW OHDG WR GLIIHUHQW FKHPLFDO XQLYHUVH GDWDEDVHV� *'%���
����� PLOOLRQ PROHFXOHV�� *'%��� ���� PLOOLRQ PROHFXOHV�� DQG *'%��� ���� ELOOLRQ PROHFXOHV�� 7KH
YDVW PDMRULW\ RI WKH PROHFXOHV LQ WKHVH GDWDEDVHV KDYH QRW EHHQ GHVFULEHG LQ V\QWKHWLF OLWHUDWXUH
DQG DUH WKHUHIRUH D VRXUFH RI LQVSLUDWLRQ IRU QRYHO IUDJPHQWV RU EXLOGLQJ EORFNV�>���@ 7KH XVH RI *'%
IRU GUXJ GLVFRYHU\ ZDV H[HPSOLILHG ZLWK WKH VXFFHVVIXO LGHQWLILFDWLRQ RI QHZ *OXWDPDWH 7UDQVSRUWHU
� �*/7��� LQKLELWRUV� )LUVW� $VSDUWDWH DQG *OXWDPDWH ZHUH V\VWHPDWLFDOO\ GLYHUVLILHG XVLQJ *'%�
+LJK�WKURXJKSXW YLUWXDO VFUHHQLQJ IROORZHG E\ V\QWKHVLV RI KLJK�UDQNLQJ PROHFXOHV WKHQ \LHOGHG D
QHZ 1RUERUDQH�W\SH LQKLELWRU� 7KHVH $VSDUWDWH DQDORJXHV VKRZHG QRW RQO\ JRRG PLFURPRODU
DFWLYLW\ EXW DOVR KLJK VHOHFWLYLW\ WRZDUGV */7���>�@ ([WHQVLYH DQDO\VLV RI PROHFXOHV GHVFULEHG LQ
OLWHUDWXUH FRPSDUHG WR PROHFXOHV LQ *'% UHYHDOHG WKDW D ODUJH SDUW RI QRYHOW\ UHVLGHV LQ SRO\F\FOLF
FRPSRXQGV�>�@ ,Q WKLV ZRUN ZH IRFXVVHG RQ WKH V\QWKHVLV RI FRQIRUPDWLRQDOO\ UHVWULFWHG VWUXFWXUHV
EHDULQJ RQH TXDWHUQDU\ FDUERQ� 6R KHUH ZH SUHVHQW D QHZ DSSURDFK WR WKH GHVLJQ RI WKH V\QWKHVLV
RI QRYHO SRO\F\FOLF PROHFXOHV IURP *'%� GLVSOD\LQJ SKDUPDFRSKRULF IHDWXUHV RI LQWHUHVW IRU
PHGLFLQDO�FKHPLVWU\�

��

>�@ '� $� (UODQVRQ� 6� :� )HVLN� 5� (� +XEEDUG� :� -DKQNH� +� -KRWL� 1DW� 5HY� 'UXJ 'LVFRY�� ����� ���
�������
>�@�/��&��%OXP��-��/��5H\PRQG��-��$P��&KHP��6RF�����������������������
>�@ /� 5XGGLJNHLW� 5� YDQ 'HXUVHQ� /� &� %OXP� -��/� 5H\PRQG� -� &KHP� ,QI� 0RGHO�� ����� ���
���������
>�@�KWWS���JGE�XQLEH�FK�WRROV���������������
>�@ (� /XHWKL� .� 7� 1JX\HQ� 0� %¾U]OH� /� &� %OXP� <� 6X]XNR� 0� +HGLJHU� -��/� 5H\PRQG� -� 0HG�
&KHP����������������������
>�@�5��9LVLQL��-��$U¼V�3RXV��0��$ZDOH��-��/��5H\PRQG��-��&KHP��,QI��0RGHO���������������������
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