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/DERUDWRU\��,QVWLWXWH�IRU�0DWHUQDO�DQG�&KLOG�+HDOWK�,5&&6�³%XUOR�*DURIROR´��7ULHVWH��������
,WDO\

$QWRQHOOD�0X]]R��*LXOLDQD�'HFRUWL��'HSDUWPHQW�RI�0HGLFLQH��6XUJHU\�DQG�+HDOWK�6FLHQFHV��
8QLYHUVLW\�RI�7ULHVWH��7ULHVWH��������,WDO\

0DUWLQD�0DUFX]]L��/RUHQ]R�*LRULR��*DEULHOH�6WRFFR��'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�
7ULHVWH��7ULHVWH��������,WDO\

&RUUHVSRQGLQJ�DXWKRU��*LXOLDQD�'HFRUWL��0'��$VVRFLDWHG�3URIHVVRU��$GYDQFHG�7UDQVODWLRQDO�
'LDJQRVWLFV�/DERUDWRU\��,QVWLWXWH�IRU�0DWHUQDO�DQG�&KLOG�+HDOWK�,5&&6�³%XUOR�*DURIROR´��9LD�
GHOO¶,VWULD�������7ULHVWH��������,WDO\��JLXOLDQD�GHFRUWL#EXUOR�WULHVWH�LW

$EVWUDFW
,QIODPPDWRU\�ERZHO�GLVHDVHV��,%'V��DUH�FKURQLF�LQIODPPDWRU\�GLVRUGHUV�RI�WKH�
LQWHVWLQDO� WUDFW� WKDW� KDYH� HPHUJHG� DV� D� JURZLQJ� SUREOHP� LQ� LQGXVWULDOL]HG�
FRXQWULHV��.QRZOHGJH�RI� ,%'�SDWKRJHQHVLV� LV� VWLOO� LQFRPSOHWH�� DQG� WKH�PRVW�
ZLGHO\�DFFHSWHG�LQWHUSUHWDWLRQ�FRQVLGHUV�JHQHWLF�IDFWRUV��HQYLURQPHQWDO�VWLPXOL��
XQFRQWUROOHG�LPPXQH�UHVSRQVHV�DQG�DOWHUHG�LQWHVWLQDO�PLFURELRWD�FRPSRVLWLRQ�DV�
GHWHUPLQDQWV�RI�,%'��OHDGLQJ�WR�GLVIXQFWLRQ�RI�WKH�LQWHVWLQDO�HSLWKHOLDO�IXQFWLRQV��
,Q�YLWUR�PRGHOV�FRPPRQO\�XVHG�WR�VWXG\�WKH�LQWHVWLQDO�EDUULHU�GR�QRW�IXOO\�UHIOHFW�
WKH�SURSHU�LQWHVWLQDO�DUFKLWHFWXUH��$Q�LPSRUWDQW� LQQRYDWLRQ�LV�UHSUHVHQWHG�E\�
RUJDQRLGV���'�LQ�YLWUR�FHOO�VWUXFWXUHV�GHULYHG�IURP�VWHP�FHOOV�WKDW�FDQ�VHOI�RUJDQL]H�
LQWR� IXQFWLRQDO�RUJDQ�VSHFLILF� VWUXFWXUHV��2UJDQRLGV�PD\�EH�JHQHUDWHG� IURP�
LQGXFHG�SOXULSRWHQW�VWHP�FHOOV�RU�DGXOW�LQWHVWLQDO�VWHP�FHOOV�RI�,%'�SDWLHQWV�DQG�
WKHUHIRUH� UHWDLQ� WKHLU� JHQHWLF� DQG� WUDQVFULSWRPLF� SURILOH�� 7KHVH�PRGHOV� DUH�
SRZHUIXO�SKDUPDFRORJLFDO�WRROV�WR�EHWWHU�XQGHUVWDQG�,%'�SDWKRJHQHVLV��WR�VWXG\�
WKH�PHFKDQLVPV�RI�DFWLRQ�RQ�WKH�HSLWKHOLDO�EDUULHU�RI�GUXJV�DOUHDG\�XVHG�LQ�WKH�
WUHDWPHQW�RI�,%'��DQG�WR�HYDOXDWH�QRYHO�WDUJHW�GLUHFWHG�PROHFXOHV�ZKLFK�FRXOG�
LPSURYH�WKHUDSHXWLF�VWUDWHJLHV��7KH�DLP�RI�WKLV�UHYLHZ�LV�WR�LOOXVWUDWH�WKH�SRWHQWLDO�
XVH�RI�RUJDQRLGV�IRU�WKHUDS\�SHUVRQDOL]DWLRQ�E\�IRFXVLQJ�RQ�WKH�PRVW�VLJQLILFDQW�
DGYDQFHV�LQ�,%'�UHVHDUFK�DFKLHYHG�WKURXJK�WKH�XVH�RI�DGXOW�VWHP�FHOOV�GHULYHG�
LQWHVWLQDO�RUJDQRLGV�

.H\�:RUGV�� ,QIODPPDWRU\� ERZHO� GLVHDVH��2UJDQRLGV�� ,QWHVWLQDO� HSLWKHOLXP�� �'�FHOO�
FXOWXUHV��3HUVRQDOL]HG�PHGLFLQH
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�7KH�$XWKRU�V��������3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

&RUH�7LS��,QWHVWLQDO�RUJDQRLGV�KDYH�KHOSHG� WR�XQYHLO�NQRZOHGJH�DERXW� LQIODPPDWRU\�ERZHO�GLVHDVHV�
SDWKRJHQHVLV��IRFXVLQJ�RQ�WKH�JHQHWLF�DQG�HSLJHQHWLF�IDFWRUV�LQYROYHG�LQ�WKH�RQVHW�RI�WKHVH�GLVHDVHV��WKH�
DOWHUHG�LQWHVWLQDO�HSLWKHOLDO�FHOO��,(&��IXQFWLRQV��DQG�WKH�LQWHUSOD\�EHWZHHQ�,(&V�DQG�RWKHU�VXUURXQGLQJ�
FHOOV��LQFOXGLQJ�LPPXQH�FHOOV�DQG�WKH�LQWHVWLQDO�EDFWHULD��,QWHVWLQDO�RUJDQRLGV�DUH�FXUUHQWO\�EHLQJ�HYDOXDWHG�
LQ�SUH�FOLQLFDO�VWXGLHV�DV�SKDUPDFRORJLFDO�WRROV�WR�EHWWHU�XQGHUVWDQG�WKH�VSHFLILF�PHFKDQLVPV�RI�DFWLRQ�RI�
DOUHDG\�XVHG�GUXJV�RQ�WKH�,(&V�DQG�WR�LGHQWLI\�QRYHO�SKDUPDFRORJLFDO�WDUJHWV�DQG�DSSURDFKHV�

&LWDWLRQ��/XFDIz�0��0X]]R�$��0DUFX]]L�0��*LRULR�/��'HFRUWL�*��6WRFFR�*��3DWLHQW�GHULYHG�RUJDQRLGV�IRU�WKHUDS\�
SHUVRQDOL]DWLRQ�LQ�LQIODPPDWRU\�ERZHO�GLVHDVHV��:RUOG�-�*DVWURHQWHURO������������������������
85/��KWWSV���ZZZ�ZMJQHW�FRP�����������IXOO�Y���L��������KWP
'2,��KWWSV���G[�GRL�RUJ���������ZMJ�Y���L�������

,1752'8&7,21
,QIODPPDWRU\�ERZHO�GLVHDVHV��,%'V��DUH�FKURQLF�LQIODPPDWRU\�GLVRUGHUV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�WKDW�
KDYH�HPHUJHG�DV�D�JURZLQJ�SUREOHP�LQ�LQGXVWULDOL]HG�FRXQWULHV>�@��,%'V�LQFOXGH�&URKQ·V�GLVHDVH��&'��
DQG�XOFHUDWLYH�FROLWLV��8&�>�@��ZKLFK�FDQ�EH�GLVWLQJXLVKHG�E\�GLIIHUHQFHV�LQ�JHQHWLF�SUHGLVSRVLWLRQ��
FOLQLFDO�DVSHFWV��DQG�ULVN�IDFWRUV>�@��DQG�E\�WKH�ORFDWLRQ�DQG�QDWXUH�RI�LQIODPPDWLRQ>�@��8&�LV�UHVWULFWHG�WR�
WKH�PXFRVDO�VXUIDFH�RI�WKH�ODUJH�LQWHVWLQH��,W�VWDUWV�LQ�WKH�UHFWXP�DQG�H[WHQGV�WKURXJK�WKH�HQWLUH�FRORQ�LQ�
D�FRQWLQXRXV�PDQQHU>�@��7KH�VHYHULW\�RI�V\PSWRPV�GHSHQGV�RQ�WKH�LQWHVWLQDO�DUHDV�LQYROYHG�LQ�LQIODP�
PDWLRQ>�@�� ,W� XVXDOO\� RFFXUV� ZLWK� EORRG\� GLDUUKHD� ZLWK� SXV� DQG�PXFXV� �RIWHQ� QRFWXUQDO� DQG�
SRVWSUDQGLDO���IHYHU��ZHLJKW�ORVV��DEGRPLQDO�SDLQ��DQG�VLJQV�RI�V\VWHPLF�LQÁDPPDWLRQ>�@��&'�LV�FKDUDF�
WHUL]HG�E\�WKH�LQYROYHPHQW�RI�ERWK�WKH�VPDOO�DQG�ODUJH�LQWHVWLQH��LW�PRVW�FRPPRQO\�DIIHFWV�WKH�LOHRFHFDO�
UHJLRQ��WKH�WHUPLQDO�LOHXP��WKH�SHULDQDO�DUHD��DQG�WKH�FRORQ��ZLWK�VHJPHQWDO�DQG�WUDQVPXUDO�LQIODP�
PDWLRQ��ILVVXULQJ�XOFHUDWLRQV��QRQ�FDVHDWLQJ�JUDQXORPDV��VWULFWXUHV��DEVFHVVHV��DQG�ILVWXODV>�����@��7KH�
FOLQLFDO�SUHVHQWDWLRQ�RI�&'�GHSHQGV�RQ�WKH�ORFDWLRQ��H[WHQW��DQG�VHYHULW\�RI�LQIODPPDWLRQ��3DWLHQWV�
XVXDOO\�VKRZ�SRVWSUDQGLDO�DEGRPLQDO�SDLQ��HVSHFLDOO\�DURXQG�WKH�SHULXPELOLFDO�DUHD��EORRG\�GLDUUKHD��
QDXVHD��HPHVLV��G\VSKDJLD��HDUO\�VDWLHW\��DQG�ZHLJKW�ORVV>�@�
$OWKRXJK�QR�FXUDWLYH�WUHDWPHQW�LV�DYDLODEOH�IRU�WKHVH�GLVHDVHV��FXUUHQW�WKHUDSHXWLF�RSWLRQV�DLP�DW�

DFKLHYLQJ�DQ�LPSURYHPHQW�LQ�V\PSWRPV�DQG�FDQ�EH�GLYLGHG�LQ�WZR�GLIIHUHQW�JURXSV��7KH�UHPLVVLRQ�
LQGXFWLRQ�GUXJV��ZKLFK�DUH�XVHG�WR�DFKLHYH�FOLQLFDO�UHPLVVLRQ��DQG�WKH�PDLQWHQDQFH�GUXJV�ZKLFK�VXVWDLQ�
WKH�FOLQLFDO�UHPLVVLRQ�DQG�SUHYHQW�GLVHDVH�UHODSVH>�@��$PLQRVDOLF\ODWHV�DUH�DGPLQLVWHUHG�DV�ILUVW�OLQH�
DJHQWV�WR�WUHDW�PLOG�WR�PRGHUDWHO\�DFWLYH�8&��7KH\�H[HUW�WKHLU�DQWL�LQIODPPDWRU\�DFWLYLW\�E\�ELQGLQJ�WR�
WKH�SHUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU>�@��*OXFRFRUWLFRLGV�DUH�XVHG�IRU�LQGXFLQJ�UHPLVVLRQ��
ZKHQ�ERXQG�WR�WKHLU�UHFHSWRU��WKH\�PRGXODWH�WKH�H[SUHVVLRQ�RI�LQIODPPDWRU\�PHGLDWRUV�DQG�FRQWURO�
LQIODPPDWRU\� VWDWHV>����@��7KH� WKLRSXULQHV� D]DWKLRSULQH� DQG�PHUFDSWRSXULQH� DUH� HIILFDFLRXV� IRU�
PDLQWDLQLQJ� UHPLVVLRQ�� 7KLRSXULQHV� DUH� LQDFWLYH� SURGUXJV� EXW� WKHLU�PHWDEROLWHV� �WKLRJXDQLQH�
QXFOHRWLGHV��DUH�UHVSRQVLEOH�IRU�FDXVLQJ�LPPXQRVXSSUHVVLRQ��HLWKHU�E\�LQKLELWLQJ�WKH�GH�QRYR�SXULQH�
V\QWKHVLV�RU�E\�LQFRUSRUDWLQJ�LQWR�WKH�'1$�RU�51$>�@��,QIOL[LPDE�DQG�DGDOLPXPDE��ZKLFK�ELQG�WKH�
SUR�LQIODPPDWRU\�F\WRNLQH� WXPRU�QHFURVLV� IDFWRU� �71)���KDYH�EHHQ� LQWURGXFHG�ERWK� IRU� LQGXFLQJ�
UHPLVVLRQ� DQG� IRU�PDLQWHQDQFH� WKHUDS\>��@��)XUWKHUPRUH�� RWKHU�PRQRFORQDO� DQWLERGLHV� VXFK� DV�
YHGROL]XPDE��D�VHOHFWLYH�Į�ȕ�� LQWHJULQ� LQKLELWRU��DQG�XVWHNLQXPDE��DQ� LQWHUOHXNLQ� �,/��������S���
LQKLELWRU��KDYH�EHHQ�XVHG�DV�DOWHUQDWLYHV�IRU�SDWLHQWV�ZKR�KDYH�IDLOHG�RU�DUH�LQWROHUDQW�WR�DQWL�71)�
WKHUDS\>��@��(YHQWXDOO\��WKDOLGRPLGH��E\�VHOHFWLYHO\�LQKLELWLQJ�71)�Į�H[SUHVVLRQ�DQG�VXSSUHVVLQJ�71)�Į
�LQGXFHG�QXFOHDU�IDFWRU�NDSSD�%��1)�ǋ%��DFWLYDWLRQ��FDQ�EH�HPSOR\HG�ZKHQ�SDWLHQWV�GR�QRW�UHVSRQG�WR�
WKH�VWDQGDUG�WKHUDSLHV>����@��'HVSLWH�WKH�PXOWLSOH�WKHUDSHXWLF�RSWLRQV��KLJK�LQWHULQGLYLGXDO�YDULDELOLW\�LQ�
UHVSRQVH�WR�WKHVH�GUXJV�LV�HYLGHQW��DQG�JHQHWLF�DQG�HSLJHQHWLF�IDFWRUV�FRXOG�SOD\�D�NH\�UROH�LQ�WKHVH�
GLIIHUHQFHV>�����@�
,%'V�DUH�PXOWL�HWLRORJLFDO�GLVHDVHV�� ,W� LV�FXUUHQWO\�EHOLHYHG�WKDW�XQFRQWUROOHG� LPPXQH�UHVSRQVH�

DJDLQVW� LQWHVWLQDO�PLFURELRWD�� FRPELQHG�ZLWK� HQYLURQPHQWDO� IDFWRUV� LQ� JHQHWLFDOO\� SUHGLVSRVHG�
LQGLYLGXDOV��OHDGV�WR�ERZHO�LQIODPPDWLRQ��SHUWXUELQJ�WKH�PXFRVDO�EDUULHU�DQG�LQFUHDVLQJ�LQWHVWLQDO�
HSLWKHOLDO�FHOO��,(&��G\VIXQFWLRQ>�����@��+RZHYHU��HYHQ�WRGD\��LW�LV�QRW�FRPSOHWHO\�XQGHUVWRRG�ZKLFK�RI�
WKHVH�IDFWRUV�DUH�WKH�LQLWLDWRUV�RI�LQIODPPDWLRQ�DQG�ZKLFK�DUH�FRQWULEXWRUV>��@��$Q�DOWHUHG�LQWHVWLQDO�
DUFKLWHFWXUH�DQG�DEQRUPDOLWLHV�LQ�WKH�LQWHVWLQDO�ZDOO�IXQFWLRQ�KDYH�EHHQ�DVVRFLDWHG�ZLWK�WKH�RQVHW�RI�WKH�
GLVHDVH>��@�
7KH� FXUUHQW�PRGHOV� HPSOR\HG� WR� VWXG\� WKH� LQWHVWLQDO� EDUULHU� LQ� YLWUR� VKRZ�PDQ\�ZHDNQHVVHV��

6WDELOL]HG�FHOO�OLQHV��VXFK�DV�WKH�KXPDQ�HSLWKHOLDO�FRORUHFWDO�DGHQRFDUFLQRPD�FHOOV�&DFR��RU�+7�����GR�
QRW�UHSURGXFH�WKH�KHWHURJHQHRXV�LQWHVWLQDO�FHOO�W\SHV>�����@�DQG�GR�QRW�UHSUHVHQW�,%'�SDWKRSK\VLRORJ\
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>��@��$QLPDO�PRGHOV�DUH�KLJKO\�FRVWO\��UHTXLUH�SUREDQGV�WR�EH�UDLVHG�IRU�ZHHNV>�@��DQG�PD\�QRW�UHIOHFW�
KXPDQ�SDWKRELRORJ\��ZKLFK�PD\�FRQWULEXWH�WR�GUXJ�IDLOXUH�LQ�FOLQLFDO�WKHUDS\>�����@��&RQVHTXHQWO\��
QHZ�PRGHOV�DUH�QHFHVVDU\�WR�EHWWHU�GHILQH�WKH�SDWKRJHQHVLV�XQGHUO\LQJ�,%'V�DQG�WR�ILQG�QHZ�FOLQLFDO�
DSSURDFKHV�LQ�LWV�WUHDWPHQW>��@�
$�PDMRU�DGYDQFHPHQW�LQ�FOLQLFDO�UHVHDUFK�RI�KXPDQ�,(&V�LV�UHSUHVHQWHG�E\�WKH�GHYHORSPHQW�RI��'�

RUJDQRLG�FXOWXUHV��ZKLFK�UH�FUHDWH�LQWHVWLQDO�HSLWKHOLDO�WLVVXH�LQ�YLWUR>��@�VWDUWLQJ�IURP�DGXOW�VWHP�FHOOV�
�$6&V��RU�SOXULSRWHQW�VWHP�FHOOV��36&V���VXFK�DV�HPEU\RQLF�VWHP�FHOOV�RU�LQGXFHG�36&V��L36&V�>��@��
7KHVH�FHOOV��JURZQ�XQGHU�DSSURSULDWH�FRQGLWLRQV�DQG�VWLPXOL��VHOI�RUJDQL]H�DQG�VKRZ�WKH�VSHFLILF�WLVVXH�
VWUXFWXUHV��SURSHUWLHV�DQG�IXQFWLRQDOLW\�RI�WKH�JDVWURLQWHVWLQDO�WLVVXH��IRUPLQJ�D�VSKHURLG�OLNH�VWUXFWXUH
>��@�

,17(67,1$/�25*$12,'6
$6&V�DUH�ORFDWHG�DW�WKH�EDVH�RI�WKH�LQWHVWLQDO�FU\SWV��ZKLFK�FDQ�EH�LVRODWHG�IURP�LQWHVWLQDO�ELRSVLHV>��@��
,QWHVWLQDO� FU\SWV� DUH� HPEHGGHG� LQ� D� �'�PHPEUDQH�OLNH�JHO�� VXFK� DV�PDWULJHO��ZKLFK�PLPLFV� WKH�
H[WUDFHOOXODU�PDWUL[��DQG�VXSSOHPHQWHG�ZLWK�DQ�DSSURSULDWH�FXOWXUH�PHGLXP�WKDW�LV�FUXFLDO�IRU�WKH�
GHYHORSPHQW�DQG�H[SDQVLRQ�RI�$6&V��IURP�ZKLFK�LQWHVWLQDO�RUJDQRLGV�FDQ�EH�REWDLQHG>�������@��7KH�
RUJDQRLGV�REWDLQHG�LQ�YLWUR�ZLWK�WKLV�PHWKRG�SUHVHQW�RQO\�,(&V��3DQHWK�FHOOV��JREOHW�FHOOV��HQWHURF\WHV�
DQG�HQWHURHQGRFULQH�FHOOV��GHULYHG�IURP�WKH�FU\SW�EDVHG�VWHP�FHOOV�DQG�DUH�RULHQWHG�ZLWK�WKHLU�DSLFDO�
VLGH�WRZDUG�WKH�OXPHQ�DQG�WKHLU�EDVRODWHUDO�GRPDLQ�LQ�FRQWDFW�ZLWK�PDWULJHO>�����@��2Q�WKH�RWKHU�KDQG��
6SHQFH�HW�DO>��@��KDYH�GHPRQVWUDWHG�WKDW�LW� LV�SRVVLEOH�WR�VXFFHVVIXOO\�JHQHUDWH�LQWHVWLQDO�RUJDQRLGV�
VWDUWLQJ�IURP�L36&V�ZLWK�D�SURFHVV�WKDW�PLPLFV�RUJDQRJHQHVLV��DQG�WKDW�WKLV�W\SH�RI�RUJDQRLGV�PD\�
SUHVHQW�QRW�RQO\�HSLWKHOLDO�FHOOV�EXW�DOVR�PHVHQFK\PDO�FHOOV��LQFOXGLQJ�P\RILEUREODVWV��DQG�VPRRWK�
PXVFOH�FHOOV��WKXV�SURYLGLQJ�D�PRUH�DFFXUDWH�PRGHO>�����@��7KLV�PHWKRG�LV�DGYDQWDJHRXV�ZKHQ�LW�LV�
QHFHVVDU\�WR�JHQHUDWH�RUJDQRLGV�VWDUWLQJ�IURP�WLVVXHV�QRW�HDVLO\�DFFHVVLEOH��UHSURJUDPPLQJ�SHULSKHUDO�
EORRG�PRQRQXFOHDU�FHOOV�RU�ILEUREODVWV�WR�D�SOXULSRWHQW�VWDWH��WKXV�REWDLQLQJ�L36&V�WKDW�FDQ�EH�GLIIHUHQ�
WLDWHG�WR�WKH�WLVVXH�RI�LQWHUHVW�E\�XVLQJ�GHGLFDWHG�SURWRFROV>��@��7KH�UHSURJUDPPLQJ�SKDVH�LV�FRPSOH[�
DQG�FDQ�EH�DFKLHYHG�XVLQJ�GLIIHUHQW�PHWKRGV��7KHVH�PHWKRGV�DUH�FKRVHQ�DFFRUGLQJ� WR�HIILFLHQF\��
IRRWSULQW��LQWHJUDWLRQ�RI�YLUDO�YHFWRU�VHTXHQFHV�LQWR�UHSURJUDPPHG�FHOO�JHQRPH���DQG�W\SH�RI�VRPDWLF�
FHOOV�WR�EH�UHSURJUDPPHG>��@��6XEVHTXHQWO\��LQ�RUGHU�WR�REWDLQ�WKH�GLIIHUHQW�W\SHV�RI�FHOOV�FRQVWLWXWLQJ�
WKH�RUJDQ�RI�LQWHUHVW��D�PLFURHQYLURQPHQW�WKDW�PLPLFV�HPEU\RJHQHVLV�LV�UHTXLUHG>��@��+RZHYHU��L36&�
GHULYHG� LQWHVWLQDO� RUJDQRLGV�� XQOLNH�$6&�GHULYHG� LQWHVWLQDO� RUJDQRLGV�� FDQ� DFTXLUH� JHQHWLF� DQG�
HSLJHQHWLF�YDULDWLRQV��)RU�H[DPSOH��PXWDWLRQV�FDQ�RFFXU�GXULQJ�WKH�UHSURJUDPPLQJ�SURFHVV�RU�DULVH�
GXULQJ�WKH�SURORQJHG�FXOWXUH�ZKLFK�FDQ�EH�FRQVHUYHG�LI�WKH\�IDFLOLWDWH�FHOO�SURSDJDWLRQ>��������@�
$IWHU�H[SDQVLRQ��LQWHVWLQDO�RUJDQRLGV�FDQ�EH�HPSOR\HG�LQ�DQ\�H[SHULPHQWDO�DSSURDFK�GHYHORSHG�IRU�

FHOO�OLQHV��VXFK�DV�'1$���51$���SURWHLQ�EDVHG�WHFKQLTXHV��OLYH�LPDJLQJ��GUXJ�VFUHHQLQJ�DQG�´RPLFVµ�
DSSURDFKHV��LQFOXGLQJ�VLQJOH�FHOO�51$�VHTXHQFLQJ��0HWK\O&�VHTXHQFLQJ��DQG�PDVV�VSHFWURPHWU\�>��@��
)RU�H[DPSOH��<LQ�HW�DO>��@�KDYH�FRPELQHG�JHQRPH�ZLGH�DQDO\VLV�RI�RSHQ�FKURPDWLQ�E\�2PQL�$VVD\�IRU�
7UDQVSRVDVH�$FFHVVLEOH�&KURPDWLQ�VHT�ZLWK�WKH�WUDQVFULSWRPH�GDWD�IURP�51$�VHT��%\�FRUUHODWLQJ�JHQH�
H[SUHVVLRQ�ZLWK�RSHQ�FKURPDWLQ�SHDNV�� LQWHVWLQH�VSHFLILF�SURFHVVHV�ZHUH� LGHQWLILHG��7KHVH�UHVXOWV�
FRQILUP�WKH�UHOHYDQFH�RI�LQWHVWLQDO�RUJDQRLGV�WR�EHWWHU�GHILQH�WKH�JHQHWLF�FKDUDFWHULVWLFV�DQG��DW�WKH�VDPH�
WLPH��WR�LQYHVWLJDWH�FUXFLDO�SK\VLRORJLFDO�DQG�ELRFKHPLFDO�SURFHVVHV�LQ�WKH�JXW�HSLWKHOLXP>��@�
2UJDQRLG�FXOWXUHV�DUH�DOVR�D�SRZHUIXO�PRGHO�IRU�JHQHWLF�PDQLSXODWLRQ�WRROV��VXFK�DV�WUDQVSRVRQ�

PXWDJHQHVLV��VL51$V��DQG�&5,635�&DV��H�J���NQRFN�GRZQ��NQRFN�RXW��NQRFN�LQ��RU�RYHUH[SUHVVLRQ�>��@��
,Q�SDUWLFXODU�&5,635�&DV��DORQJ�ZLWK�WUDQVFULSWLRQ�DFWLYDWRU�OLNH�HIIHFWRU�QXFOHDVH��DQG�]LQF�ILQJHU�
QXFOHDVHV� WHFKQRORJLHV>��@� DOORZV� WKH� ORZ� IUHTXHQF\� ,%'�DVVRFLDWHG�PXWDWLRQV� WR� EH� JUDGXDOO\�
LQWURGXFHG�LQWR�RUJDQRLGV�GHULYHG�IURP�KHDOWK\�SDWLHQWV��SURYLGLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKHLU�
HIIHFW�RQ�WKH�HSLWKHOLDO�FHOO�IXQFWLRQV>�����@��,Q�WKLV�ZD\��LQWHVWLQDO�RUJDQRLGV�FDQ�EH�XVHIXO�WR�H[SODLQ�LQ�D�
PRUH�VSHFLILF�PDQQHU�WKH�HIIHFW�RI�NQRZQ�JHQHWLF�YDULDQWV� LGHQWLILHG�E\�JHQRPH�ZLGH�DVVRFLDWLRQ�
VWXGLHV>��@�DQG�FDQ�EHFRPH�FUXFLDO�WRROV�IRU�,%'�UHVHDUFK��HVSHFLDOO\�IRU�WKH�YHU\�HDUO\�RQVHW�,%'��9(2�
,%'��
,Q�DGGLWLRQ��$6&�GHULYHG�RUJDQRLGV�FDQ�XQGHUJR�H[WHQVLYH�H[SDQVLRQ� LQ�FXOWXUH�DQG�PDLQWDLQ�

JHQRPH�VWDELOLW\��ZKLFK�PDNHV�WKHP�VXLWDEOH�IRU�ELREDQNLQJ>��@�
,Q�WKLV�UHYLHZ��ZH�IRFXV�RQ�WKH�PRVW�VLJQLILFDQW�DGYDQFHV�LQ�,%'�UHVHDUFK�REWDLQHG�XVLQJ�$6&�GHULYHG�

LQWHVWLQDO�RUJDQRLGV��)LJXUH����

2UJDQRLG�PRGHOV�WR�VWXG\�WKH�JHQHWLF�DQG�HSLJHQHWLF�FRQWULEXWLRQ�RQ�,%'�HSLWKHOLXP

6HYHUDO�IRUPV�RI�,%'�DUH�SRO\JHQLF�DQG�PXOWLSOH�VXVFHSWLELOLW\�ORFL�KDYH�EHHQ�FRUUHODWHG�WR�,%'�RQVHW
>��@��,QWHVWLQDO�RUJDQRLGV�UHWDLQ�WKH�JHQHWLF�DQG�HSLJHQHWLF�VLJQDWXUHV�RI�WKH�RULJLQDO�WLVVXH�DQG�FDQ�
KHQFH�EH�HPSOR\HG�IRU�VWXG\LQJ�JHQHWLF�DQG�HSLJHQHWLF�SKHQRW\SLF�SURILOHV>��@��0RUHRYHU��WKH�VWXG\�RI�
VSHFLILF�YDULDQWV�DIIHFWLQJ�WKH�GLIIHUHQW�FHOO�W\SHV�FRQVWLWXWLQJ�WKH�HSLWKHOLXP�RI�,%'�SDWLHQWV�FRXOG�
LGHQWLI\�VXE�SKHQRW\SHV�RI�WKH�GLVHDVH�WKDW�FRXOG�KHOS�WR�XQGHUVWDQG�WKHLU�EHKDYLRU�DQG�RXWFRPH>��@�
2UJDQRLGV�DOVR�PDLQWDLQ�WKH�UHJLRQ�VSHFLILF��GXRGHQXP�LOHXP�MHMXQXP��JHQH�H[SUHVVLRQ�RI�WKH�

JDVWURLQWHVWLQDO�WUDFW�IURP�ZKLFK�WKH\�GHULYH>��@��0RUHRYHU��ELRSVLHV�IURP�,%'�SDWLHQWV�DQG�GHULYHG�
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)LJXUH���,QWHVWLQDO�RUJDQRLG�LQ�LQIODPPDWRU\�ERZHO�GLVHDVH�UHVHDUFK��7KH�IXWXUH�RI�SUHFLVLRQ�PHGLFLQH��3DWLHQW�GHULYHG�LQWHVWLQDO�RUJDQRLGV�DUH�
WKUHH�GLPHQVLRQDO�LQ�YLWUR�FHOO�VWUXFWXUHV�GHULYHG�IURP�VWHP�FHOOV�WKDW�GLIIHUHQWLDWH�DQG�VHOI�RUJDQL]H�LQWR�IXQFWLRQDO�LQWHVWLQDO�HSLWKHOLXP�VSHFLILF�FHOO�W\SHV��)RU�WKLV�
UHDVRQ��WKLV�PRGHO�LV�VXLWDEOH�IRU�GLIIHUHQW�UHVHDUFK�DSSURDFKHV�XVHIXO�WR�LQIODPPDWRU\�ERZHO�GLVHDVH��,%'��PRGHOOLQJ�DQG�WR�VWXG\�FXUUHQW�DQG�QHZ�WKHUDSHXWLF�
RSWLRQV��%\�UHWDLQLQJ�WKH�GLVHDVH�VSHFLILF�SKHQRW\SLF�GHIHFWV��LQWHVWLQDO�RUJDQRLGV�FDQ�EH�HPSOR\HG�WR�VWXG\�HSLJHQHWLF�DQG�WUDQVFULSWRPLF�SURILOHV��,Q�DGGLWLRQ��WKH�
DELOLW\�RI�LQWHVWLQDO�RUJDQRLGV�WR�GLIIHUHQWLDWH�LQWR�DOO�WKH�GLIIHUHQW�FHOO�W\SHV�SUHVHQW�LQ�WKH�LQWHVWLQDO�HSLWKHOLXP�PDNHV�WKLV�PRGHO�XVHIXO�WR�GLVFRYHU�QHZ�FHOO�VSHFLILF�
GLVHDVH�PHFKDQLVPV��)XUWKHUPRUH��RUJDQRLGV�FDQ�EH�XVHG�WR�VWXG\�F\WRNLQH�LQGXFHG�DSRSWRVLV�DQG� WR� WHVW�FXUUHQWO\�XVHG�GUXJV� WR�EHWWHU�XQGHUVWDQG� WKHLU�
PHFKDQLVPV��&R�FXOWXULQJ�LQWHVWLQDO�RUJDQRLGV�ZLWK�HLWKHU�PLFURELRWD�FRPSRQHQWV�RU�LPPXQH�FHOOV�KHOSV�WR�LQYHVWLJDWH�,%'�SDWKRJHQHVLV��7KDQNV�WR�DOO�WKHVH�UHVHDUFK�
DSSURDFKHV�QHZ�SKDUPDFRJHQRPLF�ELRPDUNHUV��QHZ�WKHUDSHXWLF�WDUJHWV�DQG�QHZ�GUXJV�FRXOG�EH�GLVFRYHUHG��HQDEOLQJ�WKH�GHYHORSPHQW�RI�SUHFLVLRQ�PHGLFLQH�IRU�,%'�
SDWLHQWV��7KH�LPDJH�ZDV�FUHDWHG�ZLWK�KWWSV���ELRUHQGHU�FRP��

LQWHVWLQDO�RUJDQRLGV�VKRZ�VLPLODU�H[SUHVVLRQ�OHYHOV�RI�VHYHUDO�,%'�PDUNHU�JHQHV��'RWWL�HW�DO>��@�KDYH�
LGHQWLILHG�D�VHW�RI�JHQHV�� LQFOXGLQJ�/<=��&/'1����DQG�+<$/���XSUHJXODWHG�ERWK�LQ�WKH�PXFRVD�RI�
SDWLHQWV�ZLWK�DFWLYH�8&�DQG�LQ�WKH�GHULYHG�RUJDQRLGV>��@��$FFRUGLQJO\��WKH�H[SUHVVLRQ�OHYHOV�RI�JHQHV�
HQFRGLQJ�MXQFWLRQDO�SURWHLQV��VXFK�DV�=2����DOVR�NQRZQ�DV�WLJKW�MXQFWLRQ�SURWHLQ����2&/1�DQG�&711%��
ZHUH�VLPLODU�LQ�LQWHVWLQDO�FU\SWV�IURP�&'�SDWLHQWV�DQG�GHULYHG�RUJDQRLGV�
9(2�,%'V�DUH�D�VXEVHW�RI�SHGLDWULF�SDWLHQWV�ZLWK�,%'�GLDJQRVHG�EHIRUH�WKH�DJH�RI���\HDUV��DQG�XS�WR�

����RI�WKHVH�SDWLHQWV�PD\�KDYH�D�UDUH�PRQRJHQLF�GLVRUGHU��6HYHUDO�GHIHFWV�LQ�JHQHV�UHVSRQVLEOH�IRU�WKH�
SURSHU�LQWHVWLQDO�HSLWKHOLDO�EDUULHU�IXQFWLRQV�KDYH�EHHQ�GLVFRYHUHG��LQFOXGLQJ�12;�>��@�DQG�77&�$>��@��
7R�VWXG\�WKH�LPSDFW�RI�WKHVH�PXWDWLRQV�RQ�,(&V��6FKZHUG�HW�DO>��@�JHQHUDWHG�KXPDQ�FRORQLF�RUJDQRLGV�
RI�SDWLHQWV�DIIHFWHG�E\�,%'�FDUU\LQJ�D�12;��S�1���+�PXWDWLRQ>��@��7KHVH�RUJDQRLGV�VKRZ�VLJQLILFDQWO\�
OHVV�SURGXFWLRQ�RI�FRQVWLWXWLYH�VXSHUR[LGH�WKDQ�RUJDQRLGV�GHULYHG�IURP�KHDOWK\�SDWLHQWV��7KLV�GHIHFW�
FRXOG�IDYRU�WKH�FU\SW�FRORQL]DWLRQ�E\�OXPLQDO�PLFURRUJDQLVPV�VLQFH�VXSHUR[LGH�KDV�DQ�DQWL�DGKHVLYH�RU�
DQWL�LQYDVLYH�HIIHFW�RQ�EDFWHULD��2Q�WKH�RWKHU�KDQG��ELDOOHOLF�PLVVHQVH�PXWDWLRQV�LQ�WKH�77&�$�JHQH�KDYH�
EHHQ�IRXQG�LQ�9(2�,%'�SDWLHQWV��UHVXOWLQJ�LQ�WKH�DFWLYDWLRQ�RI�5KR$�GHSHQGHQW�SURWHLQV�ZKLFK�UHJXODWH�
F\WRVNHOHWDO�DUFKLWHFWXUH�E\�DOWHULQJ�FHOO�SRODUL]DWLRQ�DQG�SUROLIHUDWLRQ��DV�GHPRQVWUDWHG�LQ�RUJDQRLG�
FXOWXUHV>��@�
$PRQJ�WKH�JHQHWLF�YDULDQWV�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�GHYHORSLQJ�,%'��SRO\PRUSKLVPV�LQ�12'����

LQYROYHG�LQ�WKH�PLFURELDO�SDWKRJHQV�UHFRJQLWLRQ>��@��DQG�$7*��/�>��@�JHQHV�SOD\�DQ�LPSRUWDQW�UROH��
+RZHYHU��WKHLU�ELRORJLFDO�IXQFWLRQV�LQ�WKH�LQWHVWLQDO�HSLWKHOLXP�RI�,%'�SDWLHQWV�UHPDLQ�XQFOHDU>�����@�
2UJDQRLGV�JHQHUDWHG�IURP�12'��NQRFNRXW��.2��PLFH�VKRZ�LQFUHDVHG�LQWUDFHOOXODU�(VFKHULFKLD�FROL��(��

FROL��IROORZLQJ�PHWDEROLF�VWUHVV>��@��ZKLOH�WKH�QXPEHU�RI�3DQHWK�FHOOV��NQRZQ�WR�KDYH�DQWLPLFURELDO�
DFWLYLW\�LQ�WKH�LQWHVWLQDO�HSLWKHOLXP��LV�QRW�DIIHFWHG��$WJ��/��GHILFLHQW�LQWHVWLQDO�RUJDQRLGV�GHULYHG�IURP�
PLFH�SUHVHQW�D�KLJKHU�DFWLYDWLRQ�RI�67,1*�GHSHQGHQW�W\SH�,� LQWHUIHURQ��,)1��VLJQDOLQJ�DIWHU�,/����
VWLPXODWLRQ��OHDGLQJ�WR�WUDQVLHQW�HQGRSODVPLF�UHWLFXOXP��(5��VWUHVV>��@��1R�GDWD�RQ�SDWLHQW�GHULYHG�
RUJDQRLGV�ZLWK�YDULDQWV�DOUHDG\�DVVRFLDWHG�ZLWK�WKH�LQFUHDVHG�VXVFHSWLELOLW\�WR�,%'�KDYH�EHHQ�SXEOLVKHG�
\HW�
.HOVHQ�HW�DO>��@�UHSRUWHG�WUDQVFULSWRPLF�GLIIHUHQFHV�IURP�51$�VHTXHQFLQJ�EHWZHHQ�RUJDQRLGV�GHULYHG�

IURP�SHGLDWULF�,%'��9(2�DQG�ROGHU�RQVHW��DQG�QRQ�,%'�SDWLHQWV>��@��2QH�RI�WKH�PRVW�XSUHJXODWHG�JHQHV�
LQ�RUJDQRLGV�JHQHUDWHG�IURP�SHGLDWULF�,%'�SDWLHQWV�LV�/<=��HQFRGLQJ�IRU�WKH�DQWLPLFURELDO�SURWHLQ�

https://biorender.com/
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O\VR]\PH�� FRQILUPLQJ�SUHYLRXV� UHVXOWV�E\�'RWWL� HW� DO>��@� FRQGXFWHG�RQ�DGXOW� ,%'�SDWLHQW�GHULYHG�
RUJDQRLGV>��@��,Q�DGGLWLRQ��DQ�XSUHJXODWLRQ�RI�WKH�DQWLJHQ�SUHVHQWDWLRQ�JHQHV�+/$�'5%��DQG�+/$�
'5$��QHFHVVDU\�IRU�7�FHOO�DFWLYDWLRQ��ZDV�GHPRQVWUDWHG>��@��6LPLODU�UHVXOWV�KDYH�EHHQ�REWDLQHG�E\�
0F'RQDOG�DQG�-HZHOO>��@�LQ�PXFRVDO�HSLWKHOLDO�FHOOV�E\�KLVWRORJLFDO�DQG�LPPXQRKLVWRFKHPLFDO�DQDO\VLV�
RQ�FRORQLF�ELRSV\�VSHFLPHQV>��@��,W�LV�WKHUHIRUH�SRVVLEOH�WKDW��VLQFH�WKHVH�JHQHV�DUH�XSUHJXODWHG��WKH�
FRQWLQXRXV�DQG�SDWKRORJLFDO�DFWLYDWLRQ�RI�7�FHOOV�PD\�OHDG�WR�WKH�GHYHORSPHQW�RI�,%'>��@��0RUHRYHU��WKH�
VDPH�DXWKRUV�KDYH�IRXQG�WKDW�WKH�PRVW�GRZQUHJXODWHG�JHQH�LQ�,%'�GHULYHG�RUJDQRLGV�ZDV�&'���>��@��D�
JO\FRV\OSKRVSKDWLG\OLQRVLWRO�DQFKRUHG�JO\FRSURWHLQ�H[SUHVVHG�LQ�QHXWURSKLOV�DQG�FRORQ�FU\SW�FHOOV�
/RRNLQJ�DW� WKH�UROH�RI�HSLJHQHWLF�PRGLILFDWLRQV� LQ�,%'��D�UHFHQW�VWXG\�VKRZHG�FKDQJHV� LQ�'1$�

PHWK\ODWLRQ�SURILOHV�LQ�SXULILHG�,(&V�IURP�,%'��FRPSDUHG�WR�QRQ�,%'�SHGLDWULF�SDWLHQWV��WKDW�ZHUH�
VWULFWO\�FRUUHODWHG�WR�,%'�SDWKRJHQHVLV>��@��7R�DVVHVV�ZKHWKHU�WKHVH�DOWHUDWLRQV�DUH�DOVR�SUHVHUYHG�LQ��'�
PRGHOV��LQWHVWLQDO�RUJDQRLGV�KDYH�EHHQ�GHYHORSHG�IURP�FKLOGUHQ�QHZO\�GLDJQRVHG�ZLWK�,%'�DQG�IURP�
KHDOWK\�FRQWUROV��'LIIHUHQFHV�LQ�'1$�PHWK\ODWLRQ�DQG�WUDQVFULSWLRQ�SURILOHV�KDYH�EHHQ�IRXQG�EHWZHHQ�
SHGLDWULF�SDWLHQW�GHULYHG�RUJDQRLGV�DQG�FRQWUROV��7KLV�VXJJHVWV�WKDW�,%'�DVVRFLDWHG�LQWHVWLQDO�HSLWKHOLDO�
VSHFLILF�HSLJHQHWLF�DOWHUDWLRQV�FDQ�EH�SUHVHUYHG�LQ�RUJDQRLG�FXOWXUHV��0RUHRYHU��LW�KDV�EHHQ�REVHUYHG�
WKDW�WKHVH�HSLJHQHWLF�DOWHUDWLRQV�DUH�VWDEOH�RYHU�WLPH�DQG�WKHUHIRUH�FDQ�FRQWULEXWH�WR�FKURQLF�UHODSVLQJ�
LQIODPPDWLRQ�GXH�WR�LPSDLUHG�,(&�IXQFWLRQ>��@�
7KHVH�GDWD�VXJJHVW�WKDW�LQWHVWLQDO�RUJDQRLGV�FDQ�EH�D�SURPLVLQJ�WRRO�WR�DVVHVV�WKH�PROHFXODU�DQG�

IXQFWLRQDO�HIIHFWV�RQ�WKH�LQWHVWLQDO�HSLWKHOLXP�RI�JHQHWLF�DQG�HSLJHQHWLF�YDULDWLRQV�UHODWHG�WR�,%'�

,QWHVWLQDO�RUJDQRLGV�WR�VWXG\�WKH�HSLWKHOLDO�EDUULHU

7KH�LQWHVWLQDO�HSLWKHOLXP��FRQVLVWLQJ�RI�GLIIHUHQW�FHOO�W\SHV��HQWHURF\WHV��HQWHURHQGRFULQH�FHOOV��JREOHW�
FHOOV��DQG�3DQHWK�FHOOV���SOD\V�D�IXQGDPHQWDO�UROH�LQ�PDLQWDLQLQJ�LQWHVWLQDO�KRPHRVWDVLV��DFWLQJ�DV�D�
SK\VLFDO�DQG�FKHPLFDO�EDUULHU�DJDLQVW�SDWKRJHQV�WKURXJK�WKH�SURGXFWLRQ�RI�PXFXV�DQG�DQWLPLFURELDO�
SHSWLGHV��$�GHIHFW�RI�WKHVH�DFWLYLWLHV�LV�HYLGHQW�LQ�,%'�SDWLHQWV��EXW�LW�LV�VWLOO�QRW�FOHDU�ZKHWKHU�WKHVH�DUH�
SULPDU\�GHIHFWV�RU�VHFRQGDU\�HIIHFWV�RI�WKH�LQIODPPDWRU\�VWDWH>��@�
,Q�SDUWLFXODU��UHGXFHG�OHYHOV�RI�WUHIRLO�IDFWRU���LQ�JREOHW�FHOOV�RI�,%'�SDWLHQWV�KDYH�EHHQ�REVHUYHG��

ZKLFK�UHVXOWV�LQ�D�GHFUHDVHG�YLVFRVLW\�RI�WKH�LQWHVWLQDO�PXFXV�OD\HU�DQG��DV�D�FRQVHTXHQFH��WKH�LQYDVLRQ�
RI�VHYHUDO�,%'�LQGXFLQJ�PLFURRUJDQLVPV��,Q�,%'�SDWLHQWV��GHFUHDVHG�JREOHW�FHOOV�QXPEHU��GLPLQLVKHG�
PXFLQ����08&���SURGXFWLRQ��UHGXFHG�PXFXV�VXOIDWLRQ��DQG�GHFUHDVHG�PXFXV�EDUULHU�KDYH�EHHQ�GHWHFWHG
>�����@��0RUHRYHU��D�GHFUHDVHG�H[SUHVVLRQ�RI�FRQVWLWXWLYH�GHIHQVLQV�E\�3DQHWK�FHOOV�LQ�,%'�SDWLHQWV�KDV�
DOVR�EHHQ�REVHUYHG��$�ORZ�H[SUHVVLRQ�RI�WKH�FRQVWLWXWLYH�KXPDQ���GHIHQVLQ���KDV�EHHQ�GHPRQVWUDWHG�LQ�
SDWLHQWV�ZLWK�8&��ZKLOH� D� ORZ� H[SUHVVLRQ� RI� KXPDQ���GHIHQVLQ� �� DQG�KXPDQ���GHIHQVLQ� ��ZDV�
GHPRQVWUDWHG�LQ�WKRVH�DIIHFWHG�E\�&'��DOORZLQJ�EDFWHULD�WR�HQWHU�WKH�LQWHVWLQDO�PXFRVD>��@�
,QWHVWLQDO�RUJDQRLGV�FDQ�EH�PDQLSXODWHG�WR�LQGXFH�GLIIHUHQWLDWLRQ�WR�GHILQLWH�OLQHDJHV��DOORZLQJ�WKH�

VWXG\�RI�FHOO�W\SH�VSHFLILF�IXQFWLRQV�G\VIXQFWLRQV�LQ�WKH�FRQWH[W�RI�WKH�LQWHVWLQDO�HSLWKHOLXP�DV�GHVFULEHG�
LQ� WKH�VWXG\�FRQGXFWHG�E\�7UHYHLO� HW� DO>��@��,QWHVWLQDO�RUJDQRLGV�FDQ�EH�VSHFLILFDOO\�GLIIHUHQWLDWHG�
WRZDUGV�JREOHW�FHOO�RU�3DQHWK�FHOO�OLQHDJHV�E\�VSHFLILF�VPDOO�PROHFXOHV��ZLWK�LPSURYHG�UHSUHVHQWDWLRQ�RI�
WKHVH�FHOO�W\SHV�ZLWKLQ�WKH�HQWLUH�RUJDQRLG�FHOO�SRSXODWLRQ>��@��,Q�SDUWLFXODU��RUJDQRLGV�HQULFKHG�LQ�
3DQHWK�FHOOV�FDQ�EH�REWDLQHG�ZLWK�WKH�DGGLWLRQ�RI�'$37��D�VPDOO�PROHFXOH�LQKLELWRU�RI�1RWFK�VLJQDOLQJ��
ZKHUHDV�WKH�GLIIHUHQWLDWLRQ�WRZDUGV�WKH�JREOHW�FHOO�OLQHDJH�FDQ�EH�LQGXFHG�WKURXJK�WKH�DGGLWLRQ�RI�
'$37�DQG�,:3����ZKLFK�LQKLELWV�:QW�VLJQDOLQJ>��@��7R�FKDUDFWHUL]H�WKH�HIIHFW�RI�FHOO�W\SH�HQULFKPHQW�
DQG�WR�SUHGLFW�NH\�PROHFXODU�UHJXODWRUV� LQYROYHG�LQ�3DQHWK�FHOO�DQG�JREOHW�FHOO�VSHFLILF� IXQFWLRQV��
DXWKRUV�KDYH�XVHG�P51$��PL51$��DQG�OQF51$�SURILOHV>��@��7KDQNV�WR�WKLV�DSSURDFK��WKH\�SUHGLFWHG�
NH\�IDFWRUV�LQYROYHG�LQ�GLIIHUHQWLDWLRQ�RU�PDLQWHQDQFH�RI�3DQHWK�FHOOV�DQG�JREOHW�FHOOV��VXFK�DV�&HESD��
-XQ��1U�G���DQG�5[UD�VSHFLILF�WR�3DQHWK�FHOOV��*IL�E�DQG�0\F�VSHFLILF�IRU�JREOHW�FHOOV��DQG�(WV���1U�F��
DQG�9GU�VKDUHG�EHWZHHQ�WKHP��,QWHUHVWLQJO\��VHYHUDO�SUHGLFWHG�UHJXODWRUV�DUH�DVVRFLDWHG�ZLWK�LQIODP�
PDWLRQ�DQG�,%'��LQGLFDWLQJ�WKDW�WKHLU�G\VUHJXODWLRQ�FDQ�FRQWULEXWH�WR�,%'�SDWKRJHQHVLV>��@�
2UJDQRLGV�GHULYHG�IURP�D�PRXVH�PRGHO�RI�FROLWLV�ZHUH�HVWDEOLVKHG�WR�LQYHVWLJDWH�WKH�UHODWLRQVKLS�

EHWZHHQ�WKH�GLIIHUHQWLDWLRQ�VWDWH�DQG�F\WRNLQH�VHFUHWLRQ�LQ�WKH�LQWHVWLQDO�HSLWKHOLXP>��@��8QGLIIHUHQ�
WLDWHG�PRXVH�GHULYHG�LQWHVWLQDO�RUJDQRLGV�VKRZHG�H[SUHVVLRQ�OHYHOV�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�DQG�
RWKHU�LQIODPPDWRU\�PHGLDWRUV�KLJKHU�WKDQ�WKRVH�GLIIHUHQWLDWHG�LQWR�VHFUHWRU\�RU�DEVRUSWLYH�OLQHDJHV��
7KLV�VXJJHVWV� WKDW� WKH�GLIIHUHQWLDWLRQ�VWDWH�RI� WKH� LQWHVWLQDO�HSLWKHOLXP��UHJDUGOHVV�RI�EDFWHULD�DQG�
LPPXQH�FHOOV��SURPRWHV�WKH�UHOHDVH�RI�LPPXQRPRGXODWRU\�IDFWRUV�DQG�KDV�D�FUXFLDO�UROH�LQ�PDLQWDLQLQJ�
LQWHVWLQDO�KRPHRVWDVLV>��@�
,Q�,%'��F\WRNLQHV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�SDWKRORJLFDO�SURFHVV��,Q�SDUWLFXODU��71)�Į��ZKLFK�LV�

SURGXFHG�E\�LPPXQH�DQG�QRQ�LPPXQH�FHOOV��WKURXJK�WKH�DFWLYDWLRQ�RI�GLIIHUHQW�SDWKZD\V�LQFOXGLQJ�
1)�N%��FDQ�VWLPXODWH�WKH�SURGXFWLRQ�RI�RWKHU�SUR�LQIODPPDWRU\�F\WRNLQHV�E\�PDFURSKDJHV�DQG�LQGXFH�
WKH�GHDWK�RI�3DQHWK�FHOOV��HSLWKHOLDO�FHOOV��DQG�7�FHOOV>��@��71)�Į�KDV�DQ�DFFHSWHG�UROH�LQ�WKH�FRQWLQXRXV�
LPPXQH�VWLPXODWLRQ�LQ�LQWHVWLQDO�RUJDQRLGV�E\�WULJJHULQJ�VHYHUDO�VLJQDOLQJ�FDVFDGHV�ZKLFK�OHDG�WR�FHOO�
DFWLYDWLRQ��VXUYLYDO��DQG�JHQH�H[SUHVVLRQ>��@��,W�KDV�DOVR�EHHQ�FRQILUPHG�WKDW�KLJK�H[SUHVVLRQ�RI�WKH�
71)�Į�LQGXFHG�SURWHLQ���JHQH��ZKLFK�HQFRGHV�$����D�XELTXLWLQ�HGLWLQJ�HQ]\PH�DQG�QHJDWLYH�IHHGEDFN�
UHJXODWRU�RI�1)�N%��SURPRWHV�71)�Į�GHSHQGHQW�,(&�GHDWK>��@��,QWHVWLQDO�RUJDQRLGV�IURP�$���WUDQVJHQLF�
PLFH�� LQ�ZKLFK�$���H[SUHVVLRQ� LV�GULYHQ�E\� WKH�9LOOLQ�SURPRWHU��ZHUH�PRUH� VXVFHSWLEOH� WR�71)�
GHSHQGHQW�GHDWK��0RUHRYHU��DIWHU�71)�Į�DGGLWLRQ��$���WUDQVJHQLF�RUJDQRLGV�VKRZHG�D�VWURQJ�FDVSDVH���
DQG���H[SUHVVLRQ�ZKHUHDV�FRQWURO�RUJDQRLGV�ZHUH�XQDIIHFWHG�� LQGLFDWLQJ�WKDW� LPPXQH�FHOOV�RU�JXW�
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PLFURELRWD�DUH�QRW�QHFHVVDU\� IRU�71)�LQGXFHG�DSRSWRVLV�RI�$���H[SUHVVLQJ�FHOOV>��@��7KH�DXWKRUV�
GHPRQVWUDWHG�WKDW�WKLV�HIIHFW�GHSHQGHG�RQ�UHFHSWRU�LQWHUDFWLQJ�SURWHLQ�NLQDVH���ZLWK�LWV�SURDSRSWRWLF�
DFWLYLW\��DQG�$���ZDV�IRXQG�WR�DVVRFLDWH�ZLWK�WKH�GHDWK�LQGXFLQJ�VLJQDOLQJ�ULSRSWRVRPH�FRPSOH[��
SRWHQWLDWLQJ�LWV�DELOLW\�WR�DFWLYDWH�FDVSDVH��>��@�
*UDELQJHU�HW�DO>��@�KDYH�IRXQG�WKDW�ERWK�71)�Į�UHFHSWRUV��71)5��DQG�71)5���DUH�LQYROYHG�LQ�FHOO�

GHDWK�LQ�LQWHVWLQDO�RUJDQRLG�PRGHOV��DOWKRXJK�71)5��LV�WKH�SUHGRPLQDQW�PHGLDWRU>��@��,QGHHG��WKH�
DXWKRUV� VKRZHG� DQ� DOPRVW� FRPSOHWH� DEURJDWLRQ� RI� 71)�LQGXFHG� FHOO� GHDWK� LQ� 71)5��GHILFLHQW�
RUJDQRLGV�ZKLOH�RUJDQRLGV�IURP�71)5��GHILFLHQW�PLFH�VKRZHG�UHGXFHG�FHOO�GHDWK�IROORZLQJ�H[SRVXUH�
WR�71)>��@�
)HUUHU�3LFyQ�HW�DO>��@�KDYH�REVHUYHG�WKDW�71)�Į�UHGXFHV�WKH�UHVSRQVH�WR�EXW\UDWH�RI�WKH�LQWHVWLQDO�

HSLWKHOLXP�E\�GHFUHDVLQJ�LWV�XSWDNH��R[LGDWLRQ��DQG�FRQVXPSWLRQ>��@��7KH�DXWKRUV�KDYH�XVHG�GLIIHUHQ�
WLDWHG�HSLWKHOLDO�RUJDQRLGV�IURP�,%'�SDWLHQWV��ZKLFK�PLPLF�WKH�SKHQRW\SH�RI�FHOOV�UHVLGLQJ�RQ�WKH�
OXPLQDO�VLGH�RI�WKH�FU\SW�DQG�WKDW�DUH�GLUHFWO\�H[SRVHG�WR�EDFWHULD�DQG�WKHLU�PHWDEROLWHV��DQG�QRQ�,%'�
FRQWUROV�WUHDWHG�ZLWK�EXW\UDWH�DQG�71)�Į��7KH�H[SUHVVLRQ�RI�WKH�EXW\UDWH�WUDQVSRUWHUV�PRQRFDUER[\ODWH�
WUDQVSRUWHU����HQFRGHG�E\�6/&��$����$%&*���DQG�WKH�EXW\UDWH�UHFHSWRU�*35���ZDV�HYDOXDWHG��$IWHU�
71)�Į� WUHDWPHQW�� WKH\�KDYH�IRXQG�D�GRZQUHJXODWLRQ�RI�6/&��$��DQG�$%&*��JHQHV��DV�ZHOO�DV�DQ�
LQFUHDVH�RI�*35���JHQH�H[SUHVVLRQ�LQ�ERWK�,%'�DQG�QRQ�,%'�GHULYHG�RUJDQRLGV��LQGLFDWLQJ�WKDW�WKH�
UHVSRQVH�WR�EXW\UDWH�LV�QRW�LQWULQVLFDOO\�DOWHUHG�LQ�,%'�SDWLHQWV�DQG�WKDW�LQIODPPDWLRQ�DIIHFWHG�EXW\UDWH�
XSWDNH�DQG�R[LGDWLRQ>��@�
71)�Į�DOVR�FRQWULEXWHV�WR�EDUULHU�GHWHULRUDWLRQ�E\�DFWLYDWLQJ�WKH�P\RVLQ�OLJKW�FKDLQ�NLQDVH��ZKLFK�

DOWHUV�WLJKW�MXQFWLRQV��7-���DQG��WKHUHIRUH��LQWHVWLQDO�SHUPHDELOLW\>��@��7-�GLVORFDWLRQ�VHHPV�WR�EH�D�FUXFLDO�
HYHQW�LQ�,%'�SDWKRJHQHVLV�DV�FRQILUPHG�E\�+DOO�HW�DO>��@��7KHVH�DXWKRUV�KDYH�GHPRQVWUDWHG�WKDW�WKH�
GRZQUHJXODWLRQ�RI�WKH�FUHDWLQH�WUDQVSRUWHU��6/&�$���DOVR�NQRZQ�DV�&57���REVHUYHG�LQ�,%'�SDWLHQWV��LV�
DVVRFLDWHG�ZLWK�DOWHUDWLRQV�LQ�7-�DUFKLWHFWXUH>��@��,Q�GHWDLO��&57�.2�LQWHVWLQDO�RUJDQRLGV�VKRZ�D�OHDN\�7-�
SURILOH��D�VWUHVVHG�PHWDEROLF�SKHQRW\SH��DQG�D�GLPLQLVKHG�HSLWKHOLDO�EDUULHU�IRUPDWLRQ��7KLV�PLJKW�EH�
FDXVHG�E\�D�GHFUHDVHG�FUHDWLQH�XSWDNH��ZKLFK�LV�UHTXLUHG�E\�DFWLQ�DQG�P\RVLQ�WR�UHJXODWH�7-�VWUXFWXUH�
DQG�LQWHVWLQDO�EDUULHU�LQWHJULW\>��@�
7KH�UROH�RI�LQIODPPDWLRQ�LQ�WKH�LQWHVWLQDO�HSLWKHOLDO�EDUULHU�IXQFWLRQ�KDV�DOVR�EHHQ�LQYHVWLJDWHG�E\�WKH�

),7&�GH[WUDQ��N'D��)'���XSWDNH�DVVD\��XVLQJ�PXULQH�LQWHVWLQDO�RUJDQRLGV�H[SRVHG�LQ�YLWUR�WR�GH[WUDQ�
VRGLXP�VXOIDWH��'66�>��@��'66�LV�D�VXOIDWHG�SRO\VDFFKDULGH�ZLWK�YDULDEOH�PROHFXODU�ZHLJKWV�ZKLFK�
FDXVHV�8&�OLNH�SDWKRORJLHV�GXH�WR�LWV�WR[LFLW\�WR�FRORQLF�HSLWKHOLDO�FHOOV��ZKLFK�UHVXOWV�LQ�FRPSURPLVHG�
PXFRVDO�EDUULHU�IXQFWLRQ��'66�FDXVHG�D�GHFOLQH�LQ�WKH�DEVRUSWLRQ�DELOLW\�RI� WKH� LQIODPHG�RUJDQRLG�
LQWHVWLQDO�EDUULHU��FRQILUPHG�E\�)'��DOWHUHG�LQWHVWLQDO�FRQFHQWUDWLRQ�DQG�UHGXFHG�WUDQVORFDWLRQ�WR�WKH�
OXPHQ��'66�DOVR�FDXVHG�LQFUHDVHG�SURGXFWLRQ�RI�71)�Į��,/����DQG�RWKHU�LPSRUWDQW�IDFWRUV�LQYROYHG�LQ�
WKH�HSLWKHOLDO�EDUULHU�GLVUXSWLRQ��LQFOXGLQJ�PDWUL[�PHWDOORSHSWLGDVHV�003����003���WKH�FKHPRNLQH�
OLJDQG�&;&/���DQG�WKH�SURWHDVRPH�GHSHQGHQW�SURWHLQ�GHJUDGDWLRQ�XELTXLWLQ�'��8%'�>��@�
$OWHUDWLRQ�LQ�WKH�DXWRSKDJ\�SURFHVV�ZLWKLQ�GLIIHUHQW�FHOOXODU�FRPSDUWPHQWV�FRXOG�SRWHQWLDOO\�OHDG�WR�

DQ�LQIODPPDWRU\�UHVSRQVH�LQ�WKH�JXW��LQFUHDVLQJ�LQWHVWLQDO�EDUULHU�G\VIXQFWLRQ�DQG�,%'�GHYHORSPHQW
>��@��$XWRSKDJ\� LV� D� KRXVHNHHSLQJ� SURFHVV� WKDW� PDLQWDLQV� FHOOXODU� KRPHRVWDVLV�� DOORZLQJ� WKH�
GHJUDGDWLRQ�DQG�UHF\FOLQJ�RI�FHOOXODU�FRPSRQHQWV>�����@��$XWRSKDJ\�LV�DOVR�G\VUHJXODWHG�LQ�LQWHVWLQDO�
RUJDQRLGV�IURP�SDWLHQWV�ZLWK�,%'V�DQG�LQ�PRXVH�LQWHVWLQDO�RUJDQRLGV�ODFNLQJ�$7*��/���ZKLFK�VKRZ�
GHFUHDVHG�3DQHWK�FHOO�OHYHOV�DQG�LQFUHDVHG�(5�VWUHVV�LQGXFHG�FHOO�GHDWK��H[DFHUEDWHG�ZKHQ�FXOWXUHG�ZLWK�
71)�Į>�����@��$GGLWLRQDOO\��UHFHQW�VWXGLHV�KDYH�VXJJHVWHG�D�QRYHO�SURFHVV�E\�ZKLFK�DOWHUHG�DXWRSKDJ\�
LV�DVVRFLDWHG�ZLWK�,%'V��$V�DOUHDG\�REVHUYHG�LQ�RWKHU�DXWRSKDJ\�GHILFLHQW�FHOOXODU�PRGHOV��VXFK�DV�
$7*����� DQG�$7*������PRXVH� HPEU\RQLF� ILEUREODVW� FHOOV��$WJ�ï�ï� DXWRSKDJ\�GHILFLHQW�PRXVH�
LQWHVWLQDO�RUJDQRLGV�VKRZ�LQFUHDVHG�OHYHOV�RI�DUJRQDXWH����D�FUXFLDO�HIIHFWRU�RI�PL51$V�ZKRVH�XSUHJX�
ODWLRQ�LQ�SDWLHQWV�ZLWK�,%'�UHVXOWV�LQ�WKH�DOWHUHG�H[SUHVVLRQ�RI�JHQHV�LPSOLFDWHG�LQ�,%'�SDWKRJHQHVLV�
'LIIHUHQW�VWXGLHV�KDYH�DOVR�GHPRQVWUDWHG�D�FUXFLDO�UHODWLRQVKLS�EHWZHHQ�XQUHVROYHG�(5�VWUHVV��IDLOLQJ�

DXWRSKDJ\��DQG�SUR�LQIODPPDWRU\�PHGLDWRUV�LQ�,(&V�GXULQJ�DFWLYH�,%'��)RU�H[DPSOH��,/����SRWHQWLDWHV�
WKH�(5�VWUHVV�UHVSRQVH�FDXVHG�E\�RWKHU�F\WRNLQHV�YLD�WKH�DFWLYDWLRQ�RI�67$7��DQG�LQGXFHV�,(&�DSRSWRVLV�
LQ�V\QHUJ\�ZLWK�,/���$>��@��0RUHRYHU��,/����WUHDWPHQW�UHGXFHV�WKH�/*5���LQWHVWLQDO�VWHP�FHOO��,6&��
OHYHOV�DQG�DPSOLILHV�WKH�QXPEHU�RI�WUDQVLW�DPSOLI\LQJ��7$��FHOOV��DQ�XQGLIIHUHQWLDWHG�SRSXODWLRQ�LQ�
WUDQVLWLRQ�EHWZHHQ�VWHP�FHOOV�DQG�GLIIHUHQWLDWHG�FHOOV��E\�LQKLELWLQJ�:QW�DQG�1RWFK�VLJQDOLQJ�SDWKZD\V
>��@��$OO�WKHVH�ILQGLQJV�VKRZ�WKDW�,/����GHFUHDVHV�RUJDQRLG�VXUYLYDO�E\�OLPLWLQJ�,6&�H[SDQVLRQ�DQG�
SURPRWLQJ�7$�SURJHQLWRU�SUROLIHUDWLRQ>��@�

,QWHVWLQDO�RUJDQRLGV�WR�VWXG\�WKH�UHODWLRQVKLS�EHWZHHQ�,(&V�DQG�WKH�VXUURXQGLQJ�FHOOV��LQFOXGLQJ�

LPPXQH�FHOOV�DQG�PLFURELRWD

,(&V�DUH�LQYROYHG�LQ�FRPSOH[�FURVVWDON�ZLWK�RWKHU�FHOO�W\SHV��LQFOXGLQJ�LPPXQH�DQG�PHVHQFK\PDO�FHOOV��
,QWHVWLQDO�RUJDQRLGV�KDYH�EHHQ�XVHG�IRU�LQ�GHSWK�H[�YLYR�DQDO\VHV�RI�LQWHUDFWLRQV�EHWZHHQ�WKH�HSLWKHOLXP�
DQG�ODPLQD�SURSULD�FHOOV>��@�DQG�EHWZHHQ�WKH�HSLWKHOLXP�DQG�WKH�XQGHUO\LQJ�LPPXQH�FHOOV>��@�
&R�FXOWXULQJ� LQWHVWLQDO� RUJDQRLGV�ZLWK� RWKHU� VSHFLILF� FHOO� W\SHV�PD\� KHOS� WR� LQYHVWLJDWH� ,%'�

SDWKRJHQHVLV��)RU�H[DPSOH��,KDUD�HW�DO>��@�KDYH�HVWDEOLVKHG�D�PRXVH�RUJDQRLG²PRQRQXFOHDU�SKDJRF\WH�
�03��FR�FXOWXUH�WR�VWXG\�KRZ�03V��VXFK�DV�GHQGULWLF�FHOOV�DQG�PDFURSKDJHV��DFFXPXODWH�LQ�WKH�LQIODPHG�
LQWHVWLQH�FDXVLQJ�DQ�LPEDODQFH�EHWZHHQ�LQWHVWLQDO�LPPXQH�UHVSRQVHV�DQG�PLFURELRWD�DQG�PHGLDWLQJ�
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VHYHUDO�LQWHUDFWLRQV�ZLWK�RWKHU�LQWHVWLQDO�FHOO�W\SHV>��@��7KH�DXWKRUV�KDYH�UHYHDOHG�WKDW�H[FHVVLYH�(�
FDGKHULQ��D�FHOO�DGKHVLRQ�PROHFXOH�FUXFLDO�LQ�WKH�IRUPDWLRQ�RI�DGKHUHQV�MXQFWLRQV��$-V���H[SUHVVHG�E\�
03V��PHGLDWHV� WKHLU� DGKHVLYH� LQWHUDFWLRQV�ZLWK� WKH� HSLWKHOLXP�� DFWLYDWLQJ�1RWFK� VLJQDOLQJ� DQG�
SHUWXUELQJ�SK\VLRORJLFDO�,(&�GLIIHUHQWLDWLRQ�DQG�HSLWKHOLDO�KRPHRVWDVLV��ZLWK�WKH�SURPRWLRQ�RI�JREOHW�
FHOO�GHSOHWLRQ��PXFXV�OD\HU�GLVUXSWLRQ��G\VELRVLV��DQG�JXW�LQIODPPDWLRQ>��@�
,QWHVWLQDO�RUJDQRLGV�DUH�DOVR�XVHIXO�WR�VWXG\�WKH�LQWHUDFWLRQV�EHWZHHQ�,(&V�DQG�OXPLQDO�EDFWHULD��

LQYROYHG�LQ�LQWHVWLQDO�LQIODPPDWLRQ��$EQRUPDO�JURZWK�RI�D�VSHFLILF�PLFURRUJDQLVP�OHDGV�WR�XQEDODQFH�RI�
WKH�JXW�PLFURELRWD��ZKLFK�PD\�LQLWLDWH�LQWHVWLQDO�LQIODPPDWRU\�GLVHDVHV��LQFOXGLQJ�,%'>��@��'\VUHJ�
XODWHG�LPPXQH�UHVSRQVHV�WRZDUGV�WKH�JXW�PLFURELRWD�LQGXFH�D�WLVVXH�GDPDJLQJ�FKURQLF�LQIODPPDWRU\�
VWDWH�� OHDGLQJ� WR� EDUULHU� G\VIXQFWLRQ�� LQIHFWLRQV�� DQG� LQWHVWLQDO� LQIODPPDWLRQ>��@��7KHUHIRUH�� WKH�
PLFURELRWD�HSLWKHOLDO� LQWHUDFWLRQ�KDV�EHHQ�LQYHVWLJDWHG�WR�XQGHUVWDQG�,%'�SDWKRJHQHVLV�� ,QWHVWLQDO�
RUJDQRLG�PRGHOV�KDYH�HPHUJHG�DV�D�KHOSIXO�WRRO�WR�VWXG\�WKLV�FUXFLDO�LQWHUDFWLRQ�LQ�YLWUR��VKRZLQJ�WKDW�
GLIIHUHQFHV�LQ�,(&�EHKDYLRU�FDQ�FRQWULEXWH�WR�WKH�DOWHUHG�FRPSRVLWLRQ�RI�WKH�JXW�PLFURELRPH��EDUULHU�
SHUPHDELOLW\��DQG�PLFURELRPH�LQWHUDFWLRQ�LQ�,%'�SDWLHQWV>��@��7KLV�KDV�EHHQ�FRQILUPHG�E\�/HEHU�HW�DO
>��@��ZKR�KDYH�XVHG�PRXVH� LQWHVWLQDO�RUJDQRLGV� WR� VWXG\� WKH�QXFOHRWLGH�ELQGLQJ�ROLJRPHUL]DWLRQ�
GRPDLQ��OHXFLQH�ULFK�UHSHDW�FRQWDLQLQJ�;���1/5;���DV�D�UHJXODWRU�RI�JXW�KRPHRVWDVLV��LQYROYHG�LQ�WKH�
FRQWURO�RI�WKH�LPPXQH�UHVSRQVH��PLFURELRWD�FRPSRVLWLRQ��DQG�PHWDEROLVP>��@��,QWHVWLQDO�RUJDQRLGV�
GHULYHG� IURP�1/5;��GHILFLHQW�PLFH�VKRZ�DQ�DOWHUHG�JOXWDPLQH�PHWDEROLVP�EHFDXVH�RI� LQFUHDVHG�
JOXWDPDWH�GHK\GURJHQDVH�DFWLYLW\�FRPSDUHG�WR�LQWHVWLQDO�RUJDQRLGV�REWDLQHG�IURP�:7�PLFH��:LWK�WKLV�
DEQRUPDO�KRVW�JOXWDPLQH�PHWDEROLVP��LQWHVWLQDO�EDFWHULD�PD\�EH�OHVV�H[SRVHG�WR�DPLQR�DFLGV��DQG�WKLV�
PD\�OHDG�WR�LQFUHDVHG�SUROLIHUDWLRQ�RI�PLFURRUJDQLVPV�FDSDEOH�RI�DPLQR�DFLG�SURGXFWLRQ>��@�
,Q�DGGLWLRQ��LW�KDV�UHFHQWO\�EHHQ�IRXQG�WKDW�RUJDQRLGV�GHULYHG�IURP�PLFH�ZLWK�KLJKO\�VLPSOLILHG�

PLFURELRWD�DUH�GLIIHUHQW�IURP�WKRVH�GHULYHG�IURP�PLFH�KDUERULQJ�FRPSOH[�FRQYHQWLRQDO�PLFURELRWD>��@��
)RU�H[DPSOH��RUJDQRLGV�GHULYHG�IURP�PLFH�KDUERULQJ�OLPLWHG�EDFWHULDO�VSHFLHV�KDYH�DQ�DFFHOHUDWHG�
SUROLIHUDWLRQ�UDWH��DUH�OHVV�VXEMHFWHG�WR�FHOO�GHDWK��DQG�UHVSRQG�GLIIHUHQWO\�WR�SUR�LQIODPPDWRU\�VWLPXOL��
LQ�SDUWLFXODU�71)�Į�VWLPXODWLRQ��7KH�HIIHFWV�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�71)�Į�RQ�WKHVH�WZR�RUJDQRLGV�
KDYH�EHHQ�VWXGLHG��,6&�JURZWK�IURP�PLFH�ZLWK�OLPLWHG�EDFWHULDO�VSHFLHV�ZDV�LQKLELWHG�RQO\�E\�WKH�ORZHU�
FRQFHQWUDWLRQ�RI�71)�Į�WHVWHG�FRPSDUHG�WR�WKDW�RI�PLFH�ZLWK�FRPSOH[�EDFWHULDO�VSHFLHV��LQ�ZKLFK�JURZWK�
ZDV�LQKLELWHG�E\�DOO�FRQFHQWUDWLRQV�WHVWHG��0RUHRYHU��ZLWK�LQFUHDVHG�FRQFHQWUDWLRQ�RI�WKH�F\WRNLQH��WKH�
LQKLELWLRQ�GHFUHDVHV��DQG��FRQYHUVHO\��JURZWK�RI�RUJDQRLGV�IURP�PLFH�ZLWK�OLPLWHG�EDFWHULDO�VSHFLHV�LV�
SURPRWHG��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�PLFURHQYLURQPHQW��VXFK�DV�PLFURELDO�FRPSRVLWLRQ��RI�WKH�
LQWHVWLQDO�VHJPHQW� IURP�ZKLFK�WKH�RUJDQRLGV�DUH�RULJLQDWHG�FRXOG�DIIHFW� ,6&�UHSOLFDWLRQ�DQG��DV�D�
FRQVHTXHQFH��RUJDQRLG�JURZWK�� DQG�FRXOG�DOVR�DIIHFW� WKH� UHVSRQVH� WR�GLIIHUHQW� FRQFHQWUDWLRQV�RI�
F\WRNLQHV��VXFK�DV�71)�Į>��@�
,QWHVWLQDO�RUJDQRLGV�FDQ�EH�HPSOR\HG�WR�HYDOXDWH�WKH�FRQWULEXWLRQ�RI� OXPLQDO�SDWKRJHQV�WR�,%'�

SDWKRJHQHVLV��)RU�H[DPSOH��WKH�F\WRWR[LF�HIIHFW�RI�&ORVWULGLRLGHV�GLIILFLOH�WR[LQV�RQ�WKH�VPDOO�LQWHVWLQDO�
HSLWKHOLXP�ZDV�VWXGLHG�XVLQJ�D�MHMXQDO�GHULYHG�LQWHVWLQDO�RUJDQRLG�FXOWXUH�GHYHORSHG�E\�(QJHYLN�HW�DO
>��@��7KHVH�RUJDQRLGV�VKRZ�KLJK�H[SUHVVLRQ�RI�WKH�WR[LQ�$�DQG�WKH�ELQDU\�WR[LQ�&��GLIILFLOH�WUDQVIHUDVH�
UHFHSWRUV��DQG�DV�D�UHVXOW��DUH�PRUH�VHQVLWLYH�WR�WR[LQ�$�WKDQ�WR�WR[LQ�%��WKH�RWKHU�WR[LQ�SURGXFHG�E\�&��
GLIILFLOH��GHYHORSLQJ�PXFRVDO�GDPDJH�DQG�DQ�DOWHUHG�SHUPHDELOLW\>��@�
,Q� FRQVLGHUDWLRQ�RI� WKH�DIRUHPHQWLRQHG�GDWD��RUJDQRLG�PRGHOV�PXVW�EH� LPSOHPHQWHG�ZLWK� WKH�

LQWHVWLQDO�PLFURELRWD�WR�GHWHUPLQH�WKH�VSHFLILF�HIIHFW�RI�EDFWHULD�RQ�WKH�HSLWKHOLDO�EDUULHU>��@��+RZHYHU��
RUJDQRLG�FXOWXUHV�IRUP�D�VSKHURLG�ZLWK�DQ�HQFORVHG�OXPHQ�DQG��WKHUHIRUH��SDWKRJHQV�LQWURGXFWLRQ�LV�
GLIILFXOW>��@��)RU�WKLV�UHDVRQ��GLIIHUHQW�WHFKQLTXHV�KDYH�EHHQ�JHQHUDWHG�WR�EHWWHU�LQWURGXFH�PLFURRU�
JDQLVPV�LQWR�WKH�LQWHVWLQDO�RUJDQRLGV��)RU�H[DPSOH��6D[HQD�HW�DO>��@�KDYH�PHFKDQLFDOO\�GLVUXSWHG�WKH�
RUJDQRLGV�WR�SURPRWH�EDFWHULDO�H[SRVXUH��KRZHYHU��SRODUL]DWLRQ�ZDV�ORVW�DQG��FRQVHTXHQWO\��ERWK�WKH�
DSLFDO� DQG�EDVRODWHUDO�GRPDLQV�ZHUH� LQ� FRQWDFW�ZLWK�EDFWHULD>��@��/HVOLH� HW� DO>��@�KDYH�GHYHORSHG�
PLFURLQMHFWLRQ�WHFKQLTXHV�WR�LQWURGXFH�EDFWHULD�LQWR�RUJDQRLGV�EXW�WKHVH�SURFHGXUHV�DUH�GLIILFXOW�WR�
SHUIRUP�DQG� WR� UHSOLFDWH>��@��$FFRUGLQJ� WR� VHYHUDO� VWXGLHV�� WKH� FXOWXUH�RI� LQWHVWLQDO� RUJDQRLGV� LQ�
PRQROD\HU�FRXOG�RYHUFRPH�WKHVH�OLPLWV�VLQFH�LW�SUHVHUYHV�WKH�PDMRU�SURSHUWLHV�DQG�IDFWRUV�RI�LQWHVWLQDO�
HSLWKHOLXP�LQ�YLYR��KHQFH���'�RUJDQRLGV�KDYH�EHHQ�PHFKDQLFDOO\�GLVUXSWHG�DQG�VHHGHG�RQ�WUDQVZHOO�
PHPEUDQH�JHOV�WR�IRUP�D�VHOHFWLYH�DQG�SHUPHDEOH�OD\HU��VHSDUDWLQJ�WKH�DSLFDO�DQG�EDVDO�GRPDLQ�ZKLFK�
DUH�ERWK�GLUHFWO\�DFFHVVLEOH>��@��7KLV�LPSRUWDQW�LQQRYDWLRQ�VKRZV�WKH�DELOLW\�WR�PDQLSXODWH�WKH�PRGHO�
V\VWHP��LQWURGXFLQJ�EDFWHULD�DQG�YLUXVHV�LQ�WKH�FXOWXUH�PHGLXP�RQ�WKH�OXPLQDO�VLGH��DQG�UHSUHVHQWV�D�
SRZHUIXO�DOWHUQDWLYH�WR�RWKHU��'�PRGHOV�RI�SULPDU\�HSLWKHOLDO�FHOOV�E\�PLPLFNLQJ�LQ�YLYR�SK\VLRORJ\�DQG�
SURYLGLQJ�D�OXPHQ��DSLFDO�VLGH��DQG�D�ODPLQD�SURSULD��EDVDO�GRPDLQ�>�����@��,W�KDV�EHHQ�GHPRQVWUDWHG�
WKDW�WKH�PRQROD\HU�V\VWHP�VXFFHVVIXOO\�UHIOHFWV�WKH�SURSHUWLHV�RI�LQWHVWLQDO�HSLWKHOLXP�LQ�YLYR��LQFOXGLQJ�
HSLWKHOLDO�EDUULHU�IRUPDWLRQ��SRODUL]DWLRQ��DQG�JHQH�H[SUHVVLRQ�SURILOHV>��@��7KH�PRQROD\HU�DOVR�UHIOHFWV�
WKH�DEHUUDQW�SHUPHDELOLW\�FDXVHG�E\�SUR�LQIODPPDWRU\�F\WRNLQHV��VXFK�DV�71)�Į�DQG�,)1�Ǆ��ZKLFK�FDXVH�
D�PLVORFDOL]DWLRQ�RI�ERWK�7-V�DQG�$-V�DQG�UHGXFH�WKHLU�P51$�OHYHOV>��@��$QRWKHU�VXFFHVVIXO�XVH�RI�WKH�
RUJDQRLG�GHULYHG�PRQROD\HU�KDV�EHHQ�GHPRQVWUDWHG�E\�6D\HG�HW�DO>��@��7KHVH�DXWKRUV�GHPRQVWUDWHG�
WKDW�GHWHFWLRQ�RI�KLJK�FRQFHQWUDWLRQV�RI�WKH�HQJXOIPHQW�DQG�FHOO�PRWLOLW\�SURWHLQ���LQ�WKH�HSLWKHOLXP�
FRXOG�EH�D�GLDJQRVWLF�PDUNHU�RI�G\VELRVLV�DQG�JXW�LQIODPPDWLRQ�VLQFH�LW�LV�D�FUXFLDO�LQWHVWLQDO�EDFWHULDO�
VHQVRU>��@��,Q�DGGLWLRQ��D�FR�FXOWXUH�RI�KXPDQ�LQWHVWLQDO�RUJDQRLG�GHULYHG�PRQROD\HU�DQG�PDFURSKDJHV�
VKRZV�KRZ�HSLWKHOLDO�DQG�LQQDWH�LPPXQH�FHOOV�UHVSRQG�WR�SDWKRJHQV>��@��,Q�WKLV�PRGHO��PDFURSKDJHV�
KDYH� WKH� FDSDELOLW\� WR� VHQVH�DQG� LQWHUDFW�ZLWK�(�� FROL��ZKHQ�DGGHG� WR� WKH�DSLFDO� VLGH�RI� ,(&V��E\�
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LPSURYLQJ�WKHLU�DGKHUHQFH�SURSHUWLHV�DQG�E\�SURPRWLQJ�WKH�JHQHUDWLRQ�RI�FHOO�PHPEUDQH�SURMHFWLRQV�WR�
FDSWXUH�WKH�SDWKRJHQ��7KLV�V\VWHP�KDV�SURYLGHG�DQ�LPSRUWDQW�WRRO�WR�HYDOXDWH�WKH�KRVW�GHIHQVH�WRZDUGV�
RUJDQLVPV>��@�

,17(67,1$/�25*$12,'6�72�678'<�&855(17�7+(5$3,(6
,QWHVWLQDO�RUJDQRLG�FXOWXUHV�KDYH�UHFHQWO\�EHHQ�HPSOR\HG�WR�VWXG\�WKH�PROHFXODU�PHFKDQLVPV�RI�DFWLRQ�
RI�DOUHDG\�DSSURYHG�GUXJV��7DEOH����
,Q�,%'V��PXFRVDO�KHDOLQJ�KDV�HPHUJHG�DV�D�NH\�SURJQRVWLF�SDUDPHWHU�DQG�UHSUHVHQWV�WKH�WKHUDSHXWLF�

JRDO� LQ� WKH� WUHDWPHQW�RI� WKHVH�GLVHDVHV>��@��,QGHHG��KHDOLQJ�PHDQV� VXSSUHVVLRQ�RI� LQIODPPDWLRQ��
LPSURYHPHQW�RI�LQWHVWLQDO�EDUULHU�E\�D�G\QDPLF�LQWHUDFWLRQ�RI�FHOO�UHJHQHUDWLRQ��GLIIHUHQWLDWLRQ��DQG�
PLJUDWLRQ>��@�DQG��FRQVHTXHQWO\��VXVWDLQHG�FOLQLFDO�UHPLVVLRQ��UHGXFHG�UDWH�RI�VXUJHU\��DQG� ORZHU�
LQFLGHQFH�RI�SRWHQWLDO�ORQJ�WHUP�FRPSOLFDWLRQV�VXFK�DV�FRORUHFWDO�FDQFHU>�����@��+RZHYHU��DOWKRXJK�D�
QXPEHU�RI�WKHUDSLHV�KDYH�EHFRPH�DYDLODEOH�LQ�UHFHQW�\HDUV��,%'�KHWHURJHQHLW\�PDNHV�LW�GLIILFXOW�WR�
REWDLQ�FRPSOHWH�PXFRVDO�KHDOLQJ�LQ�RUGHU�WR�DYRLG�UHODSVH��DQG�LW�LV�QRW�\HW�FOHDU�ZKLFK�LV�WKH�RSWLPDO�
WKHUDS\�IRU�D�VSHFLILF�SDWLHQW��$�EHWWHU�FRPSUHKHQVLRQ�RI�WKH�PHFKDQLVPV�LQYROYHG�LQ�PXFRVDO�KHDOLQJ�
PD\�FRQWULEXWH�WR�DPHOLRUDWLQJ�WKH�WKHUDSHXWLF�DQG�FOLQLFDO�DSSURDFKHV�FXUUHQWO\�XVHG��)RU�H[DPSOH��,/�
���.2�PRXVH�LQWHVWLQDO�RUJDQRLGV��ZKLFK�VSRQWDQHRXVO\�GHYHORS�HQWHURFROLWLV��DQG�:7�PRXVH�LQWHVWLQDO�
RUJDQRLGV� KDYH� EHHQ� HVWDEOLVKHG� WR� XQGHUVWDQG� WKH� GLIIHUHQW� PROHFXODU� LQWHUDFWLRQV� EHWZHHQ�
D]DWKLRSULQH�� ��DPLQRVDOLF\OLF�DFLG�� DQG� WKH� LQWHVWLQDO� HSLWKHOLXP�DQG� WKH�PHFKDQLVWLF�DVSHFWV�RI�
PXFRVDO�KHDOLQJ>��@��,Q�GHWDLO��WKH�UHVHDUFKHUV�KDYH�WUHDWHG�ZLWK�71)�Į�WKH�:7�DQG�,/����.2�RUJDQRLGV�
ZLWK�DQG�ZLWKRXW���DPLQRVDOLF\OLF�DFLG�DQG�D]DWKLRSULQH�DQG�KDYH�LQYHVWLJDWHG�WKH�H[SUHVVLRQ�OHYHOV�RI�
(�FDGKHULQ�DQG�GHVPRJOHLQ����ZKLFK�DUH�FORVHO\�UHODWHG�WR�WKH�UHJXODWLRQ�RI�WKH�LQWHVWLQDO�EDUULHU��71)�Į�
WUHDWHG�:7�RUJDQRLGV�VKRZHG�LQWHUQDOL]DWLRQ�DQG�DEQRUPDO�GLVUXSWLRQ�RI�(�FDGKHULQ��ZKLOH�WUHDWPHQW�
ZLWK���DPLQRVDOLF\OLF�DFLG�DQG�D]DWKLRSULQH�UHVWRUHG�(�FDGKHULQ�OHYHOV�RQ�FHOO�PHPEUDQHV��2Q�WKH�RWKHU�
VLGH�� XQWUHDWHG� ,/����.2�RUJDQRLGV� UHVXOWHG� LQ�GHIHFWLYH�(�FDGKHULQ�PHPEUDQH� H[SUHVVLRQ� DQG�
LQFUHDVHG�F\WRSODVPDWLF�H[SUHVVLRQ��ZKLFK�ZDV�QRW�IXUWKHU�DOWHUHG�E\�71)�Į�WUHDWPHQW��+RZHYHU��LW�ZDV�
REVHUYHG�LQ�ERWK�PRGHOV�WKDW�WKH�HIIHFWV�RQ�(�FDGKHULQ�ZHUH�JUHDWHU�ZLWK���DPLQRVDOLF\OLF�DFLG�WKDQ�
ZLWK�D]DWKLRSULQH�WUHDWPHQW��:HVWHUQ�EORW�DQDO\VLV�FRQILUPHG�WKDW�WKH�WZR�GUXJV�LPSDFW�RQO\�WKH�UH�
GLVWULEXWLRQ�RI�SURWHLQV�RQ�WKH�LQWHVWLQDO�VXUIDFH��'HVPRJOHLQ���OHYHOV�ZHUH�UHGXFHG�E\�71)�Į�DGPLQLV�
WUDWLRQ�LQ�:7�PRGHOV�DQG�UHVWRUHG�RQO\�E\���DPLQRVDOLF\OLF�DFLG�ZKHUHDV�� LQ�,/����.2�RUJDQRLGV��
GHVPRJOHLQ���H[SUHVVLRQ�ZDV� LQFUHDVHG� LQ�DOO� WUHDWPHQW�JURXSV�E\�WKH�DFWLYDWLRQ�RI�S���PLWRJHQ�
DFWLYDWHG�SURWHLQ�NLQDVH�SDWKZD\��D�FUXFLDO�IDFWRU�LQ�WKH�PDLQWHQDQFH�RI�HSLWKHOLDO�EDUULHU>��@�
,QWHVWLQDO�RUJDQRLGV�KDYH�DOVR�EHHQ�HPSOR\HG�WR�VWXG\�WKH�HIIHFWV�RI�WKH�WKLRSXULQH�WKLRJXDQLQH�RQ�

WKH�UHSOLFDWLRQ�RI�URWDYLUXV��D�5HRYLULGDH�IDPLO\�YLUXV�WKDW�PLJKW�SOD\�D�UROH�LQ�WKH�SDWKRJHQHVLV�RI�,%'
>��@��$OWKRXJK�WKLRJXDQLQH�LV�UDUHO\�XVHG�WR�WUHDW�,%'�GXH�WR�LWV�DGYHUVH�HIIHFWV��LW�KDV�EHHQ�SURSRVHG�LQ�
WKH�WUHDWPHQW�RU�SUHYHQWLRQ�RI�URWDYLUXV�LQIHFWLRQ�YLD�5DF��LQDFWLYDWLRQ��5DF��LV�D�PHPEHU�RI�WKH�5KR�
IDPLO\�RI�VPDOO�*73DVHV��XELTXLWRXVO\�H[SUHVVHG��ZKLFK�PHGLDWHV�VHYHUDO�FHOOXODU�VLJQDOLQJ�SDWKZD\V�
LQFOXGLQJ�DFWLQ�UHRUJDQL]DWLRQ��JHQH�WUDQVFULSWLRQ��DSRSWRVLV��DQG�UHGR[�VLJQDOLQJ��5DF��VKRZV�WZR�
FRQIRUPDWLRQDO�VWDWHV��WKH�LQDFWLYH�*'3�ERXQG�VWUXFWXUH�DQG�WKH�DFWLYH�*73�ERXQG�IRUP�ZKLFK�H[HUWV�
WKH�ELRORJLFDO�IXQFWLRQV��6HYHUDO�YLUXVHV�XVH�5DF��LQ�WKH�DFWLYH�FRQIRUPDWLRQDO�IRUP�WR�LQIHFW�FHOOV��D�
SURFHVV� LPSDLUHG� E\� D� ORVV�RI�IXQFWLRQ� RI� 5DF�� E\� JHQH� NQRFNRXW� RU� NQRFNGRZQ�� ,W� KDV� EHHQ�
GHPRQVWUDWHG�WKDW�YLUXV�UHSOLFDWLRQ�LV�LQWHUUXSWHG�DIWHU�WKLRJXDQLQH�WUHDWPHQW�DW�D�GRVH�RI�����QJ�P/�LQ�
SDWLHQW�GHULYHG�URWDYLUXV�LVRODWHG�IURP�KXPDQ�LQWHVWLQDO�RUJDQRLGV��7KLV�FRXOG�EH�GXH�WR�WKLRJXDQLQH�
PHWDEROLWHV��GHR[\���WKLRJXDQRVLQH�SKRVSKDWH�DQG���WKLRJXDQRVLQH�SKRVSKDWH��WKDW�FDQ�ELQG�WR�5DF���
IRUPLQJ�D�FRPSOH[�DQG�LQKLELWLQJ�WKH�5DF��DFWLYLW\>��@�
$QWL�71)�DJHQWV��LQ�SDUWLFXODU�LQIOL[LPDE��KDYH�EHHQ�HVWDEOLVKHG�DV�WKH�UHIHUHQFH�WKHUDS\�WR�WUHDW�

UHIUDFWRU\�,%'��+RZHYHU��ZKHWKHU�DQWL�71)�DJHQWV�KDYH�DQ\�GLUHFW�HIIHFW�RQ�,(&V�UHPDLQV�XQNQRZQ
>��@��5HFHQWO\� LW�ZDV�GHPRQVWUDWHG� WKDW� WUHDWPHQW�RI�RUJDQRLGV� IURP�8&�SDWLHQWV�ZLWK� LQIOL[LPDE�
FRQFXUUHQWO\�ZLWK�71)�Į�GLG�QRW�FDXVH�D�FOHDU�HIIHFW�RQ�WKHLU�YLDELOLW\�RU�PRUSKRORJ\�EXW�UHVXOWHG�LQ�D�
VLJQLILFDQW�UHGXFWLRQ�RI�8%'�P51$�H[SUHVVLRQ��8%'�LV�D�XELTXLWLQ�OLNH�PRGLILHU�LQYROYHG�LQ�SURWHLQ�
GHJUDGDWLRQ�WKDW� LV�XSUHJXODWHG�LQ�LQIODPHG�LQWHVWLQDO�WLVVXH��8%'�P51$�H[SUHVVLRQ�SDWWHUQ�DOVR�
FRUUHODWHG�ZLWK�SURWHLQ�OHYHOV��DV�FRQILUPHG�E\�LPPXQREORWWLQJ�RI�RUJDQRLG�O\VDWHV>��@�
*OXFRFRUWLFRLGV�KDYH�EHQHILFLDO�HIIHFWV�LQ�UHVWRULQJ�WKH�HSLWKHOLDO�EDUULHU�GLVUXSWHG�E\�F\WRNLQHV��;X�HW�

DO>��@�VWXGLHG�WKH�HSLWKHOLDO�EDUULHU�IXQFWLRQ�RI�$6&V�GHULYHG�LQWHVWLQDO�RUJDQRLGV�RI�&'�SDWLHQWV�DQG�WKH�
UROH�RI�JOXFRFRUWLFRLG�WUHDWPHQW>��@��8VLQJ�FRQIRFDO�PLFURVFRS\��WKH\�HYDOXDWHG�WKH�SHUPHDWLRQ�RI�WKH�
)'��PDUNHU��ZKLFK�LV�XVHG�WR�PHDVXUH�PDFURPROHFXODU�SDUDFHOOXODU�SHUPHDELOLW\�IURP�WKH�EDVDO�WR�WKH�
OXPLQDO�VLGH�RI�RUJDQRLGV�WUHDWHG�ZLWK�D�F\WRNLQH�PL[WXUH��$IWHU�DQ�LQFUHDVH�LQ�LQWUDOXPLQDO�)'��FRQFHQ�
WUDWLRQ� FRPSDUHG� WR� WKH� XQWUHDWHG�� WKH� DXWKRUV� H[SRVHG� WKH� RUJDQRLGV� WR� WKH� JOXFRFRUWLFRLG�
SUHGQLVRORQH��ZKLFK�VLJQLILFDQWO\�UHGXFHG�LQWUDOXPLQDO�)'��SHUPHDWLRQ��,Q�DGGLWLRQ��SUHGQLVRORQH�
UHVWRUHG�&/'1��H[SUHVVLRQ�WKDW�ZDV�XSUHJXODWHG�E\�WKH�F\WRNLQH�PL[WXUH>��@��7KLV�LV�FUXFLDO�EHFDXVH�
&/'1��LV�RQH�RI�WKH�PRVW�UHSUHVHQWHG�7-�FRPSRQHQWV��IRUPLQJ�FDWLRQ�VHOHFWLYH�SRUHV�WKDW�PDNH�WKH�
LQWHVWLQDO�EDUULHU�PRUH�SHUPHDEOH�WR�LRQV�DQG�PROHFXOHV�DQG�LWV�H[SUHVVLRQ�LV�LQFUHDVHG�LQ�&'�SDWLHQWV�
ELRSVLHV>�����@��7KH�DXWKRUV�DOVR�IRXQG�WKDW�WKH�DGPLQLVWUDWLRQ�RI�PLIHSULVWRQH��D�JOXFRFRUWLFRLG�UHFHSWRU�
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7DEOH���0ROHFXODU�WDUJHW�LGHQWLILHG�E\�WUHDWPHQW�RI�LQWHVWLQDO�RUJDQRLGV�ZLWK�FXUUHQW�WKHUDSLHV�IRU�LQIODPPDWRU\�ERZHO�GLVHDVH

0ROHFXODU�
WDUJHW 7UHDWPHQW�HIIHFW 'UXJ 6SHFLHV 5HI�

(�FDGKHULQ 5H�GLVWULEXWLRQ�RI�SURWHLQ�RQ�LQWHVWLQDO�VXUIDFH�UHVWRUHG�FRUUHFW�
SHUPHDELOLW\

��DPLQRVDO\FLOLF�DFLG��
D]DWKLRSULQH

0RXVH��,/������� >��@

'HVPRJOHLQ�� 5HVWRUHG�SK\VLRORJLFDO�GHVPRJOHLQ���H[SUHVVLRQ�OHYHOV ��DPLQRVDO\FLOLF�DFLG 0RXVH��,/������� >��@

8%' 5HVWRUHG�SK\VLRORJLFDO�8%'�H[SUHVVLRQ�OHYHOV ,QIOL[LPDE +XPDQ��8&�SDWLHQWV� >��@

&/'1�� 5HVWRUHG�SK\VLRORJLFDO�&/'1���H[SUHVVLRQ�OHYHOV 3UHGQLVRORQH��WRIDFLWLQLE +XPDQ��&'�DQG�&5&�
SDWLHQWV�

>���
��@

=2�� 5H�GLVWULEXWLRQ�RI�SURWHLQ�RQ�LQWHVWLQDO�VXUIDFH�UHVWRUHG�FRUUHFW�
SHUPHDELOLW\

7RIDFLWLQLE +XPDQ��&5&�SDWLHQWV� >��@

&'��&URKQ
V�GLVHDVH��&/'1����&ODXGLQ����&5&��&RORUHFWDO�FDQFHU��,/�����,QWHUOHXNLQ�����8%'��8ELTXLWLQ�'��8&��8OFHUDWLYH�FROLWLV��=2����=RQXOD�RFFOXGHQV�

DQWDJRQLVW��UHGXFHG�WKH�EHQHILFLDO�HIIHFW�RI�SUHGQLVRORQH��FRQILUPLQJ�WKDW�WKH�HIIHFW�LV�JOXFRFRUWLFRLG�
UHFHSWRU�GHSHQGHQW>��@�
$�UHFHQW�VWXG\�SXEOLVKHG�E\�6D\RF�%HFHUUD�DQG�FROODERUDWRUV�HPSOR\HG�KXPDQ�FRORQLF�RUJDQRLGV�WR�

XQGHUVWDQG�KRZ�WRIDFLWLQLE�WUHDWPHQW�UHVWRUHV�7-�DUFKLWHFWXUH�DQG�HSLWKHOLDO�EDUULHU�IXQFWLRQV��DFKLHYLQJ�
KHDOLQJ>��@��,Q�DGGLWLRQ�WR�&/'1V��2&/1�DQG�WULFHOOXOLQ�DUH�LQGXFHG�E\�GLIIHUHQW�SUR�LQIODPPDWRU\�
PHGLDWRUV��VXFK�DV�,)1�Ǆ��7KHVH�SURWHLQV�DUH�KLJKO\�H[SUHVVHG�LQ�WKH�LQWHVWLQDO�HSLWKHOLXP�DQG�FRQWURO�
WKH�SDUDFHOOXODU�WUDQVSRUW�RI�VROXWHV��ZKLOH�=2���UHJXODWHV�DQG�DVVHPEOHV�7-�VWUXFWXUH��7KHUHIRUH��WKH�
SURSHU�ORFDOL]DWLRQ�RI�WKHVH�SURWHLQV�LV�HVVHQWLDO�LQ�WKH�PDLQWHQDQFH�RI�WKH�HSLWKHOLDO�EDUULHU�IXQFWLRQ��
6HYHUDO�JHQHV�DUH�LQYROYHG�LQ�UHJXODWLQJ�WKH�HSLWKHOLDO�EDUULHU�IXQFWLRQ��LQFOXGLQJ�JHQHV�WKDW�FRQWURO�WKH�
-DQXV�.LQDVH�VLJQDO� WUDQVGXFWLRQ�DQG� WUDQVFULSWLRQ�SDWKZD\� >-DQXV�NLQDVH�VLJQDO� WUDQVGXFHU�DQG�
DFWLYDWRU�RI�WUDQVFULSWLRQ��-$.�67$7�@��7KH�DFWLYDWLRQ�RI�-$.�67$7�VLJQDOLQJ�LQGXFHV�WKH�WULJJHULQJ�RI�
-$.��DQG�-$.��DQG�WKH�SKRVSKRU\ODWLRQ�RI�WKHLU�GRZQVWUHDP�WDUJHWV�67$7��DQG�67$7��ZKLFK�DUH�
DVVRFLDWHG�ZLWK� WKH�XSUHJXODWLRQ�RI�&/'1���DQG� WKH� FRQVHTXHQW�DOWHUHG�SHUPHDELOLW\�DFURVV� WKH�
LQWHVWLQDO�HSLWKHOLXP��7KHUHIRUH�� WDUJHWLQJ� WKH� -$.�67$7�SDWKZD\�KDV�EHFRPH�D�QHZ�WKHUDSHXWLF�
DSSURDFK�LQ�,%'��DQG�WRIDFLWLQLE�KDV�EHHQ�DSSURYHG�DV�D�SDQ�-$.�LQKLELWRU��7KH�GUXJ�ELQGV�WR�WKH�
DGHQRVLQH�WULSKRVSKDWH�ELQGLQJ�VLWH�LQ�WKH�FDWDO\WLF�FOHIW�RI�WKH�NLQDVH�GRPDLQ�RI�-$.�DQG�LQKLELWV�WKH�
DFWLYDWLRQ�RI�-$.�67$7�SDWKZD\��7RIDFLWLQLE�KDV�D�GLUHFW�HIIHFW�RQ�,(&V��UHVFXLQJ�WKH�SHUPHDELOLW\�
DOWHUHG�E\�,1)�Ǆ��$IWHU�,)1�Ǆ�WUHDWPHQW��)'��LQIOX[�LQFUHDVHV�DSSUR[LPDWHO\���IROG�LQWR�WKH�RUJDQRLGV��
DQG�WKH�DGGLWLRQ�RI�WRIDFLWLQLE�UHVWRUHV�WKH�)'��SK\VLRORJLFDO�IOX[��7R�EHWWHU�XQGHUVWDQG�WKH�VSHFLILF�
PHFKDQLVP�RI� WRIDFLWLQLE�RQ� ,(&V��=2���DQG�2&/1�OHYHOV�ZHUH�HYDOXDWHG�E\�ZHVWHUQ�EORWWLQJ� LQ�
LQWHVWLQDO�RUJDQRLGV��EXW�ZHUH�XQDOWHUHG�DIWHU�,)1�Ǆ�DQG�WRIDFLWLQLE�WUHDWPHQWV��7KHVH�UHVXOWV�VXJJHVW�
WKDW�WRIDFLWLQLE�LV�DEOH�WR�FRXQWHU�GDPDJHV�FDXVHG�E\�,)1�Ǆ�RQ�HSLWKHOLDO�SHUPHDELOLW\�E\�UH�ORFDOL]DWLRQ�
RI�7-�SURWHLQV�UDWKHU�WKDQ�E\�LQFUHDVLQJ�WKHLU�H[SUHVVLRQ>��@�
/OR\G�HW�DO>��@�KDYH�UHFHQWO\�GHPRQVWUDWHG�IRU� WKH� ILUVW� WLPH�WKH�SRWHQWLDO�XVH�RI�PDFUROLGHV�� LQ�

SDUWLFXODU�FODULWKURP\FLQ��LQ�WKH�WUHDWPHQW�RI�,%'V>��@��8VLQJ�KXPDQ�LQWHVWLQDO�RUJDQRLGV�JHQHUDWHG�
IURP�SDWLHQWV�ZLWKRXW� HYLGHQFH�RI� ,%'�� WKHVH�DXWKRUV�KDYH�GHPRQVWUDWHG� WKDW�� LQ�DGGLWLRQ� WR� LWV�
DQWLELRWLF�SURSHUWLHV�� FODULWKURP\FLQ� VKRZV� DQWL�LQIODPPDWRU\� HIIHFWV� LQ� WKH� LQWHVWLQDO� HSLWKHOLD��
VXSSUHVVLQJ�WKH�LQFUHDVH�LQ�1)�N%�QXFOHDU�OHYHOV�LQGXFHG�E\�71)>��@�

,17(67,1$/�25*$12,'6�$6�$�5(6($5&+�722/�)25�1(:�3266,%/(�7+(5$3(87,&�
$3352$&+(6
5HFHQWO\��VWXGLHV�KDYH�EHHQ�SHUIRUPHG�XVLQJ�PRXVH�DQG�KXPDQ�LQWHVWLQDO�RUJDQRLGV�WR�LGHQWLI\�QRYHO�
WKHUDSHXWLF�WDUJHWV�DQG�DSSURDFKHV�IRU�,%'�WUHDWPHQW>��@��7DEOHV���DQG����
7KH�OLYHU�UHFHSWRU�KRPRORJ����/5+����LV�D�QXFOHDU�UHFHSWRU�WKDW�KDV�EHHQ�IRXQG�LQ�WKH�LQWHVWLQDO�

FU\SWV��ZKHUH�LW�SURPRWHV�HSLWKHOLDO�UHQHZDO�E\�DFWLYDWLQJ�:QW�ȕ�FDWHQLQ�VLJQDOLQJ>��@��7KH�XVH�RI�
KXPDQ�LQWHVWLQDO�RUJDQRLGV�KDV�GHPRQVWUDWHG�WKH�IXQGDPHQWDO�UROH�RI�/5+���LQ�LQWHVWLQDO�HSLWKHOLDO�
KRPHRVWDVLV� DQG� FHOO� VXUYLYDO�� FRQILUPLQJ� WKH� UHVXOWV�GHULYHG� IURP�KXPDQL]HG�PRXVH� LQWHVWLQDO�
RUJDQRLGV�LQ�ZKLFK�WKH�PRXVH�/UK���LV�GHOHWHG��DQG�WKH�KXPDQ�/5+���LV�H[SUHVVHG��,QWHVWLQDO�RUJDQRLGV�
IURP�ERWK�&'�SDWLHQWV�DQG�KHDOWK\�FRQWUROV�KDYH�VKRZQ�WKDW�/5+���RYHUH[SUHVVLRQ�DEURJDWHV�71)�Į�
PHGLDWHG�FHOO�GHDWK�DQG�LPSURYHV�HSLWKHOLDO�UHVLVWDQFH�WR�WKH�HIIHFWV�RI�IOXRURXUDFLO��D�FKHPRWKHUDSHXWLF�
DJHQW�ZLWK�NQRZQ� LQWHVWLQDO� WR[LFLW\�ZKLFK�KDV�EHHQ�XVHG� WR�PLPLF�GDPDJHG�PXFRVD�� UHGXFLQJ�
LQWHVWLQDO�LQIODPPDWLRQ�DQG�HSLWKHOLDO�ZRXQGV>��@��7KH�DFWLYDWLRQ�RI�/5+���LV�OLJDQG�GHSHQGHQW�DQG�LV�
FDUULHG�RXW�E\�VLJQDOLQJ�SKRVSKROLSLGV��VXFK�DV�SKRVSKDWLG\OLQRVLWRO�WULVSKRVSKDWH��ZKLFK�KDV�EHHQ�
GHPRQVWUDWHG� WR� ELQG� ZLWK� KLJK�DIILQLW\� /5+��>��@��,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� PRGHOLQJ�
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7DEOH���1RYHO�SRWHQWLDO�PROHFXODU�WDUJHWV�LGHQWLILHG�XVLQJ�LQWHVWLQDO�RUJDQRLGV

3RWHQWLDO�PROHFXODU�WDUJHWV (IIHFW 6SHFLHV 5HI�

/5+�� ,PSURYHG�UHVLVWDQFH�WR�SUR�LQIODPPDWRU\�PHGLDWRUV�
DQG�LQGXFHG�PXFRVDO�KHDOLQJ

+XPDQL]HG�PRXVH��/UK������/5+�������
DQG�+XPDQ

>��@

3;5 5HGXFHG�1)�N%�DFWLYLW\ +XPDQ��,%'�SDWLHQWV� >��@

,/����S67$7��63 5HVWRUHG�WLVVXH�GDPDJH�DQG�LQWHVWLQDO�KRPHRVWDVLV 0RXVH��$7)����� >��@

7*)�ȕ�63 $UUHVWHG�LQIODPPDWRU\�VLJQDOV 0RXVH >���@

6,57� 5HJXODWHG�:QW�ȕ�FDWHQLQ�63 0RXVH��6LUW�²�²� >���@

$7)���$FWLYDWLQJ�WUDQVFULSWLRQ�IDFWRU����,%'��,QIODPPDWRU\�ERZHO�GLVHDVH��,/��,QWHUOHXNLQ��/5+����/LYHU�UHFHSWRU�KRPRORJ����1)�N%��1XFOHDU�IDFWRU�NDSSD�
%��3;5��3UHJQDQH�;�UHFHSWRU��6,57���+XPDQ�VLUWXLQ�SURWHLQ����63��6LJQDOLQJ�SDWKZD\��67$7��6LJQDO�WUDQVGXFHU�DQG�DFWLYDWRU�RI�WUDQVFULSWLRQ��7*)�ȕ��
7UDQVIRUPLQJ�JURZWK�IDFWRU�Ƥ�

7DEOH���3RWHQWLDO�WKHUDSHXWLF�DSSURDFKHV�IRU�LQIODPPDWRU\�ERZHO�GLVHDVH�WUHDWPHQW�LGHQWLILHG�XVLQJ�LQWHVWLQDO�RUJDQRLGV

3RWHQWLDO�WKHUDSHXWLF�
DSSURDFKHV (IIHFW 6SHFLHV 5HI�¬

6H[�KRUPRQHV� 'HFUHDVHG�H[SUHVVLRQ�RI�(5�VWUHVV�PDUNHUV +XPDQ��8&�IHPDOH�
SDWLHQWV�

>���@

1DOWUH[RQH 5HGXFHG�(5�VWUHVV�OHYHOV��LQFUHDVHG�WKH�H[SUHVVLRQ�RI�HQGRJHQRXV�HQFHSKDOLQV�DQG�
HQGRUSKLQV

+XPDQ��,%'�SDWLHQWV� >���@

%DFLOOXV�VXEWLOLV��5=���� 3URPRWHG�LQWHVWLQDO�PXFRVD�UHSDLU 0RXVH >���@

%DFWHULDO�LQGROHDFU\OLF�DFLG 3URPRWHG�DQWL�LQIODPPDWRU\�F\WRNLQHV�VHFUHWLRQ�ZKLOH�LQGXFLQJ�JREOHW�FHOOV�GLIIHU�
HQWLDWLRQ

0RXVH >���@

+\DOXURQDQ����N'D 3URPRWHG�HSLWKHOLDO�ZRXQG�KHDOLQJ 0RXVH >���@

(5��(QGRSODVPLF�UHWLFXOXP��,%'��,QIODPPDWRU\�ERZHO�GLVHDVH��8&��8OFHUDWLYH�FROLWLV�

K\GURSKRELF�UHVLGXHV�LQ�WKH�ELQGLQJ�VLWH�RI�WKH�UHFHSWRU�SUHYHQWV�OLJDQG�ELQGLQJ>��@��UHVXOWLQJ�LQ�D�
IDLOHG�UHVFXH�RI�71)�Į�PHGLDWHG�FHOO�GHDWK��7KLV�ILQGLQJ�VXJJHVWV�WKDW�WDUJHWLQJ�/5+���FRXOG�LPSURYH�
UHVLVWDQFH�WR�SUR�LQIODPPDWRU\�PHGLDWRUV�DQG�LQGXFH�PXFRVDO�KHDOLQJ�LQ�,%'�SDWLHQWV>��@�
,QWULJXLQJO\��SUHJQDQH�;�UHFHSWRU��3;5���WKH�PDLQ�VLJQDO�WUDQVGXFHU�LQ�WKH�LQWHVWLQDO�UHVSRQVH�WR�

[HQRELRWLF�VWUHVV��KDV�EHHQ�VKRZQ�WR�UHGXFH�1)�N%�DFWLYLW\��ZKRVH�FRQWULEXWLRQ�LQ�,%'�SDWKRJHQHVLV�LV�
XQGLVSXWHG>��@��,QWHVWLQDO�RUJDQRLGV�GHULYHG�IURP�SDWLHQWV�ZLWK�,%'�ZHUH�SUHWUHDWHG�ZLWK�71)�Į�DQG�
WKHQ�ZLWK�WKH�DQWLELRWLF�ULIDPSLFLQ��D�NQRZQ�3;5�OLJDQG��3;5�LQKLELWV�WKH�H[SUHVVLRQ�RI�VHYHUDO�SUR�
LQIODPPDWRU\�JHQHV��HVSHFLDOO\�LQ�WKH�,(&�FRPSDUWPHQW��FRPSDUHG�WR�WKH�VWURPDO�DQG�LPPXQRORJLFDO�
FRPSDUWPHQWV�� DQG� UHGXFHV� ,/��� DQG� ,/��ȕ� OHYHOV��ZKLFK� DUH�1)�N%� WDUJHW�JHQHV��7KHUHIRUH�� WKH�
VWLPXODWLRQ�RI�3;5�E\�ULIDPSLFLQ�RU�RWKHU�3;5�OLJDQGV�PLJKW�EH�RI� LQWHUHVW�DV�D�QRYHO�WKHUDSHXWLF�
DSSURDFK�LQ�,%'�PDQDJHPHQW��HVSHFLDOO\�LQ�SDWLHQWV� LQ�ZKLFK�K\SHU�DFWLYDWLRQ�RI�1)�N%�SDWKZD\�
RFFXUV>��@�
0RUHRYHU��D�QRYHO�,/����LQGXFHG�VLJQDO�LQ�,(&V�KDV�EHHQ�REVHUYHG�WKDQNV�WR�WKH�XVH�RI�RUJDQRLGV��,/�

���DFWLYDWHV� LWV�GRZQVWUHDP� WDUJHW�� WKH�DFWLYDWLQJ� WUDQVFULSWLRQ� IDFWRU��� �$7)���ZKLFK� LV�DFWLYHO\�
LQYROYHG�LQ�WKH�,/����S67$7��VLJQDOLQJ�SDWKZD\�WR�UHVWRUH�WLVVXH�GDPDJH�DQG�LQWHVWLQDO�KRPHRVWDVLV
>��@��6WLPXODWLRQ�RI�,(&V�E\�,/����LQLWLDWHV�D�VLJQDO�FDVFDGH�OHDGLQJ�WR�SKRVSKRU\ODWLRQ�DQG�FRQVHTXHQW�
DFWLYDWLRQ�RI�67$7��YLD�WKH�LQYROYHPHQW�RI�$7)���7KLV�SURWHLQ�KDV�EHHQ�LGHQWLILHG�DV�DQ�HVVHQWLDO�IDFWRU�
IRU� ,(&�SUROLIHUDWLRQ�E\�GLUHFWO\� FRQWUROOLQJ� FU\SW� UHJHQHUDWLRQ�DQG� UHFRYHULQJ�DQG�PDLQWDLQLQJ�
HSLWKHOLDO�EDUULHU�IXQFWLRQDOLW\��7R�FRQILUP�WKHVH�GDWD��FRORQ�RUJDQRLGV�IURP�:7�DQG�$7)�����PLFH�KDYH�
EHHQ� LPSODQWHG� LQWR� '66�WUHDWHG� $7)�����PLFH� FRORQ� WKURXJK� LQWUD�UHFWDO� LQMHFWLRQ�� 2QO\� PLFH�
WUDQVSODQWHG�ZLWK�:7�RUJDQRLGV�VKRZHG�D�UHGXFWLRQ�LQ�WKH�LQIODPPDWRU\�VWDWH�ZLWK�LQFUHDVHG�FHOO�
VXUYLYDO��UHGXFHG�GLVHDVH�DFWLYLW\��UHFRYHUHG�HSLWKHOLDO�LQMXULHV��DQG�LPSURYHG�FRORQ�LQWHJULW\��0RVW�
LPSRUWDQWO\��LQGXFLQJ�WKH�,/����SDWKZD\�FDQ�SURPRWH�KRVW�GHIHQVH�DQG�ZRXQG�UHVWRUDWLRQ�DQG�FDQ�
PLWLJDWH�GLVHDVH�SURJUHVVLRQ�DQG�SHUSHWXDWLRQ>��@��+RZHYHU��VHYHUDO�VWXGLHV�KDYH�DOVR�UHSRUWHG�D�
FULWLFDO�UROH�RI�WKH�67$7��VLJQDOLQJ�SDWKZD\��GHPRQVWUDWLQJ�WKDW�LW�VXSSUHVVHV�WKH�DXWRSKDJ\�SURFHVVHV��
FDXVLQJ�EDFWHULDO� LQYDVLRQ�DQG� LQWHVWLQDO� LQIODPPDWLRQ>��@��,QGHHG�� WKH� LQKLELWLRQ�RI� WKLV�SDWKZD\�
SURWHFWV� WKH�6DOPRQHOOD�LQIHFWHG�LQWHVWLQDO�PRXVH�RUJDQRLG�PRGHO� IURP�EDFWHULDO�LQGXFHG� LQMXU\��
UHGXFLQJ�WKH�SUR�LQIODPPDWRU\�F\WRNLQH�OHYHOV�DQG�UHVWRULQJ�WKH�DXWRSKDJ\�SURFHVVHV��,QWHUHVWLQJO\��
SHUVLVWHQW�DOWHUDWLRQ�LQ�DXWRSKDJ\�SURFHVVHV�FRXOG�OHDG�WR�FKURQLF�LQWHVWLQDO�LQIODPPDWLRQ��H[SRVLQJ�WKH�
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LQWHVWLQDO�HSLWKHOLXP�WR�EDFWHULD�DQG�SDWKRJHQV>��@�
,Q�DGGLWLRQ�WR�,/�����,/����KDV�DOVR�HPHUJHG�DV�D�QRYHO�WKHUDSHXWLF�DSSURDFK�E\�SURPRWLQJ�PXFRVDO�

KHDOLQJ�DQG�ZRXQG�UHSDLU�YLD�WKH�SKRVSKRU\ODWLRQ�DQG�DFWLYDWLRQ�RI�67$7���7KLV�KDV�EHHQ�FRQILUPHG�E\�
XVLQJ�RUJDQRLGV�GHULYHG�IURP�:7��,/��5$�����DQG�67$7��ODFNLQJ�PLFH��,/����FRQWUROV�SUROLIHUDWLRQV�RI�
LQWHVWLQDO�FU\SWV�LQ�:7�RUJDQRLGV�E\�DFWLYDWLQJ�,/���5$�DQG�67$7��VLJQDOLQJ�SDWKZD\V��DQG�LQGXFHV�
WKH�RYHUH[SUHVVLRQ�RI�VHYHUDO�JHQHV�LPSOLFDWHG�LQ�FUXFLDO�IXQFWLRQV��LQFOXGLQJ�WKH�SRVLWLYH�UHJXODWLRQ�RI�
F\WRNLQH�SURGXFWLRQ��LPPXQH�UHVSRQVH��DQG�ZRXQG�KHDOLQJ��7KLV�VXJJHVWV�WKDW�WKH�HSLWKHOLDO�67$7��
SKRVSKRU\ODWLRQ�E\�,/����EDODQFHV�JXW�KRPHRVWDVLV�
2I�QRWH��VRPH�SUR�LQIODPPDWRU\�F\WRNLQHV�KDYH�DOVR�EHHQ�IRXQG�WR�EH�QHJDWLYHO\�PRGXODWHG�E\�KLJK�

OHYHOV�RI�SURJHVWHURQH�DQG�HVWURJHQ�UHOHDVHG�GXULQJ�SUHJQDQF\�LQ�,%'�SDWLHQWV>���@��7R�FODULI\�WKH�HIIHFW�
RI�VH[�KRUPRQHV��YDQ�GHU�*LHVVHQ�HW�DO>���@�KDYH�HVWDEOLVKHG�LQWHVWLQDO�RUJDQRLGV�IURP�8&�IHPDOHV�DQG�
PLPLFNHG�WKH�WLVVXH�LQIODPPDWLRQ�ZLWK�WXQLFDP\FLQ��ZKLFK�UHVXOWV�LQ�DQ�LQFUHDVHG�H[SUHVVLRQ�RI�(5�
VWUHVV�PDUNHUV��LQFOXGLQJ�WKH����N'D�JOXFRVH�UHJXODWHG�SURWHLQ�����*53�����&&$$7�HQKDQFHU�ELQGLQJ�
SURWHLQ� KRPRORJRXV� SURWHLQ� �&+23��� DQG� SKRVSKRU\ODWHG� LQRVLWRO�UHTXLULQJ� HQ]\PH� �� �,5(����
6SHFLILFDOO\��*53���H[SUHVVLRQ�LV�GHFUHDVHG�DIWHU�SURJHVWHURQH�DGGLWLRQ��WKH�VWUHVV�GRZQVWUHDP�WDUJHW�
&+23�LV�UHGXFHG�ZLWK�HVWURJHQ�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�SURJHVWHURQH��DQG�,5(��SKRVSKRU\ODWLRQ�
LV�GHFUHDVHG�XSRQ�WUHDWPHQW�ZLWK�HVWURJHQ��SURJHVWHURQH��RU�ZLWK�WKHLU�FRPELQDWLRQ��,Q�DGGLWLRQ��,/���
DQG� ,/����ZKLFK�DUH�KLJKO\�H[SUHVVHG� LQ� LQIODPHG� LQWHVWLQH�� DUH�PRGXODWHG�E\�KRUPRQHV�RQO\� LQ�
WXQLFDP\FLQ�WUHDWHG�RUJDQRLGV��WKXV�VXJJHVWLQJ�WKDW�HVWURJHQ�DQG�SURJHVWHURQH�GHFUHDVH�WKH�VWUHVV�
LQGXFHG�F\WRNLQH�SURGXFWLRQ��0RUHRYHU��VH[�KRUPRQHV�SRVLWLYHO\�PRGXODWH�WKH�LQWHVWLQDO�EDUULHU�E\�
DPHOLRUDWLQJ�7-�G\QDPLFV�YLD�WKH�XSUHJXODWLRQ�RI�&/'1���&/'1���DQG�2&/1��$�OLPLWDWLRQ�RI�WKLV�
VWXG\�LV�WKH�KRUPRQH�FRQFHQWUDWLRQ�XVHG�LQ�YLWUR��WKDW�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�LQ�YLYR�KRUPRQH�
OHYHOV�GXULQJ�SUHJQDQF\��+RZHYHU��D�QHZ�SRVVLEOH�FOLQLFDO�DSSURDFK�LQ�,%'��DSSO\LQJ�WUHDWPHQW�ZLWK�
VH[�KRUPRQHV�FRXOG�EH�SURSRVHG>���@�
(5�VWUHVV�KDV�DOVR�EHHQ�VLJQLILFDQWO\�UHGXFHG�E\�D�ORZ�GRVH�RI�QDOWUH[RQH��DQ�RSLRLG�DQWDJRQLVW�WKDW�

DFWV�RQ�WKH�Ǎ�RSLRLG�UHFHSWRU��025�>���@��7KLV�KDV�EHHQ�FRQILUPHG�XVLQJ�LQWHVWLQDO�RUJDQRLGV�IURP�
SDWLHQWV�ZLWK�,%'�WUHDWHG�ZLWK�/36��ZKLFK�LQGXFHV�WKH�H[SUHVVLRQ�RI�*53����DQ�LPSRUWDQW�(5�VWUHVV�
PDUNHU��7UHDWPHQW�ZLWK�QDOWUH[RQH�UHGXFHG�(5�VWUHVV�OHYHOV�DQG�LQFUHDVHG�WKH�H[SUHVVLRQ�RI�HQFHSKDOLQV�
DQG�HQGRUSKLQV��HQGRJHQRXV�DJRQLVWV�RI�RSLRLG�UHFHSWRUV�� ,QWHUHVWLQJO\�� ORZ�GRVHV�RI�QDOWUH[RQH�
LQGXFHG� FOLQLFDO� LPSURYHPHQW� LQ� ������RI�SDWLHQWV�ZLWK� UHIUDFWRU\� ,%'�DQG� ORQJ�ODVWLQJ�GLVHDVH�
UHPLVVLRQ�LQ��������,Q�DGGLWLRQ��LW�KDV�EHHQ�UHSRUWHG�WKDW�QDOWUH[RQH�LV�VDIH�LQ�SHGLDWULF�,%'�SDWLHQWV��7KH�
PROHFXODU�PHFKDQLVP�E\�ZKLFK�QDOWUH[RQH�LV�DEOH�WR�UHGXFH�(5�VWUHVV�LV�QRW�HQWLUHO\�FOHDU��KRZHYHU��WKH�
DXWKRUV�K\SRWKHVL]H�WKDW�LW�FRXOG�EH�GXH�WR�WKH�DQWDJRQLVP�RQ�025>���@�
2UJDQRLG�FXOWXUHV�KDYH�DOVR�EHHQ�WUHDWHG�ZLWK�VHYHUDO�OXPLQDO�EDFWHULD�WR�EHWWHU�FRPSUHKHQG�WKHLU�

SRVLWLYH�PRGXODWLRQ�RI�LQIODPPDWRU\�IODUHV�GXULQJ�,%'��)RU�H[DPSOH��WKH�SURELRWLF�%DFLOOXV�VXEWLOLV�
5=����SURPRWHV�LQWHVWLQDO�PXFRVD�UHSDLU�LQ�RUJDQRLG�PRGHOV�E\�XSUHJXODWLQJ�WKH�H[SUHVVLRQ�RI�08&��
LQ�WKH�PXFXV�OD\HU>���@��2Q�WKH�RWKHU�KDQG��:ORGDUVND�HW�DO>���@�KDYH�HYDOXDWHG�WKH�UROH�RI�EDFWHULD�WKDW�
DUH�DEOH�WR�XVH�PXFLQV�DV�DQ�HQHUJ\�VRXUFH�DV�D�QHZ�SRVVLEOH�WKHUDSHXWLF�DSSURDFK�E\�WKH�UHOHDVH�RI�WKH�
LQGROHDFU\OLF�DFLG��,$���D�EHQHILFLDO�ELRDFWLYH�WU\SWRSKDQ�PHWDEROLWH>���@��%DFWHULDO�,$�WUHDWPHQW�GRHV�
QRW�FKDQJH�RUJDQRLG�JURZWK�RU�VL]H�EXW�LQFUHDVHV�WKH�H[SUHVVLRQ�RI�JHQHV�DVVRFLDWHG�ZLWK�JREOHW�FHOO�
IXQFWLRQV��VXFK�DV�08&���ZKLFK�LV�GHFUHDVHG�GXULQJ�LQWHVWLQDO�LQIODPPDWLRQ��DQG�WKH�H[SUHVVLRQ�RI�
WDUJHW�JHQHV�LQ�WKH�1)�(��UHODWHG�IDFWRU���PHGLDWHG�DQWLR[LGDQW�SDWKZD\��ZKLFK�DOVR�VXSSUHVVHV�SUR�
LQIODPPDWRU\�SDWKZD\V�DQG�DFWLYDWHV�DU\O�K\GURFDUERQ�UHFHSWRU�VLJQDOLQJ��,Q�IDFW��DQ�XSUHJXODWLRQ�RI�
WKH�DU\O�K\GURFDUERQ�UHFHSWRU�WDUJHW�JHQH�&<3�$��ZDV�REVHUYHG��,Q�DGGLWLRQ��,$�LQFUHDVHV�08&��DQG�
,/���� OHYHOV� DQG�GHFUHDVHV� 71)� H[SUHVVLRQ� LQ� /36�WUHDWHG� FR�FXOWXUHV� RI� ERQH�PDUURZ�GHULYHG�
PDFURSKDJHV�DQG�PXULQH�LQWHVWLQDO�RUJDQRLGV��WKXV�VXJJHVWLQJ�WKDW�,$�FDQ�VLPXOWDQHRXVO\�SURPRWH�
DQWL�LQIODPPDWRU\�F\WRNLQHV�VHFUHWLRQ�ZKLOH�LQGXFLQJ�JREOHW�FHOOV�GLIIHUHQWLDWLRQ>���@�
$QRWKHU�LPSRUWDQW�DQWL�LQIODPPDWRU\�IXQFWLRQ�KDV�EHHQ�IRXQG�IRU�WUDQVIRUPLQJ�JURZWK�IDFWRU�ȕ�

�7*)�ȕ���7*)�ȕ�VLJQDOLQJ�SDWKZD\�DUUHVWV�LQIODPPDWRU\�VLJQDOV�LQ�WKH�LQWHVWLQDO�FRPSDUWPHQW�WKURXJK�
VPDOO�PRWKHU�DJDLQVW�GHFDSHQWDSOHJLF��60$'���DFWLYDWLRQ�DV�GRZQVWUHDP�WDUJHW>���@��$IWHU�WKH�ELQGLQJ�
WR� LWV� UHFHSWRUV�� 7*)�ȕ� LQGXFHV� WKH� SKRVSKRU\ODWLRQ� DQG� DFWLYDWLRQ� RI� UHFHSWRU�60$'V��ZKLFK�
FRQVHTXHQWO\�ELQG�60$'���WUDQVORFDWH�LQWR�WKH�QXFOHXV��DQG�UHJXODWH�JHQH�WUDQVFULSWLRQ��WKXV�DFWLQJ�DV�
WUDQVFULSWLRQDO�UHSUHVVRUV�RU�DFWLYDWRUV�RI�JHQHV��7KH�DQWL�LQIODPPDWRU\�HIIHFW�RI�7*)�ȕ�KDV�DOVR�EHHQ�
GHPRQVWUDWHG�XVLQJ�PRXVH�LQWHVWLQDO�RUJDQRLGV��,Q�SDUWLFXODU��LW�KDV�EHHQ�REVHUYHG�WKDW�H[SRVXUH�WR�
71)�Į�LQGXFHV�WKH�H[SUHVVLRQ�RI�&&/����WKDW�HQFRGHV�IRU�D�FKHPRNLQH�WKDW�LV�XS�UHJXODWHG�E\�LQIODP�
PDWRU\�VLJQDOLQJ�SDWKZD\V��DQG�WKDW��IROORZLQJ�WKH�DGGLWLRQ�RI�7*)�ȕ��WKLV�LQGXFWLRQ�LV�LQWHUUXSWHG
>���@�
7KH�FDQRQLFDO�:QW�VLJQDOLQJ�SDWKZD\�SOD\V�D�IXQGDPHQWDO�UROH�LQ�PDLQWDLQLQJ�LQWHVWLQDO�HSLWKHOLXP�

KRPHRVWDVLV��SUHVHUYLQJ�WKH�XQGLIIHUHQWLDWHG�,6&�SURILOH��LQGXFLQJ�SUROLIHUDWLRQ�DQG�FRQWUROOLQJ�GLIIHU�
HQWLDWLRQ>���@��7KH�HSLWKHOLDO�KXPDQ�VLUWXLQ�SURWHLQ����6,57���LV�DOVR�NQRZQ�WR�EH�LQYROYHG�LQ�FHOO�GLIIHU�
HQWLDWLRQ��JURZWK��DQG�DXWRSKDJ\��7R�EHWWHU�LQYHVWLJDWH�WKH�UROH�WKDW�WKHVH�IDFWRUV�SOD\�LQ�,%'��/L�HW�DO
>���@�KDYH�XVHG�:7�DQG�6,57��.2�PRXVH�LQWHVWLQDO�RUJDQRLGV��7KH�LQKLELWLRQ�RI�6,57��GHWHUPLQHV�WKH�
DFWLYDWLRQ�RI�WKH�:QW�ȕ�FDWHQLQ�VLJQDOLQJ�SDWKZD\�DQG�H[KLELWV�HQKDQFHG�HSLWKHOLDO�SUROLIHUDWLRQ��ZKLFK�
FRLQFLGHV�ZLWK�ZKDW�KDV�EHHQ�VHHQ�LQ�YLYR�RQ�WKH�PXFRVD�RI�,%'�SDWLHQWV��)XUWKHUPRUH��71)�WUHDWPHQW�RI�
:7�RUJDQRLGV�UHGXFHV�6,57��H[SUHVVLRQ��VXJJHVWLQJ�WKDW�71)�PD\�LQGXFH�:QW�ȕ�FDWHQLQ�VLJQDOLQJ�
WKURXJK�UHSUHVVLRQ�RI�6,57��H[SUHVVLRQ��,Q�WKLV�ZD\��WKH�FULWLFDO�UROH�RI�:QW�SDWKZD\�DQG�WKH�EHQHILFLDO�
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HIIHFW�RI� 6,57�� LQ� WKH� LQWHVWLQDO� HSLWKHOLXP�ZDV�GHPRQVWUDWHG>���@��0RUH� VWXGLHV� DUH� UHTXLUHG� WR�
XQGHUVWDQG�WKH�HIIHFWLYH�UROH�RI�:QW�VLJQDOV�LQ�WKH�LQWHVWLQDO�HSLWKHOLXP�
.LP�HW�DO>���@�KDYH�GHPRQVWUDWHG�WKDW�RUDO�WUHDWPHQW�ZLWK�K\DOXURQDQ����N'D��+$����PD\�EH�DQ�

HIIHFWLYH�WKHUDS\�IRU�,%'�SDWLHQWV��SURPRWLQJ�HSLWKHOLDO�ZRXQG�KHDOLQJ�YLD�WKH�DFWLYDWLRQ�RI�5KR$�5KR�
DVVRFLDWHG�SURWHLQ�NLQDVH�VLJQDOLQJ��7KH�XVH�RI�PRXVH�LQWHVWLQDO�RUJDQRLGV�KDV�FRQILUPHG�WKDW�+$����
ZKLFK�LV�VSHFLILFDOO\�LQWHUQDOL]HG�E\�WKH�OD\LOLQ�UHFHSWRU��LQGXFHV�=2���H[SUHVVLRQ��DQG�UHVWRUHV�WKH�
HSLWKHOLDO�EDUULHU��ZKLFK�LV�GLVUXSWHG�GXULQJ�DFWLYH�,%'>���@�
,Q�DGGLWLRQ�WR�DOO�WKHVH�SRVVLEOH�WKHUDSHXWLF�WDUJHWV��'DYRXGL�HW�DO>���@�KDYH�XVHG�PRXVH�LQWHVWLQDO�

RUJDQRLGV�WR�VWXG\�QRYHO�GUXJ�GHOLYHU\�VWUDWHJLHV��LQFOXGLQJ�QDQRSDUWLFOHV�DQG�PLFURSDUWLFOHV�EDVHG�
WKHUDSLHV�� WR�SURYLGH�GUXJ�GHOLYHU\�DW�VSHFLILF�DUHDV�� WKXV�UHGXFLQJ�WKH�GLVDGYDQWDJHV�RI�V\VWHPLF�
WUHDWPHQWV�WKDW�UHVXOW�LQ�QRQ�VHOHFWLYH�GLVWULEXWLRQ�RI�GUXJV�DQG�VLGH�HIIHFWV>���@��$XWKRUV�KDYH�LQVHUWHG�
��DPLQRVDOLF\OLF�DFLG�RU�UKRGDPLQH�%��XVHG�DV�D�WUDFHU�G\H��LQWR�SRO\ODFWLF�FR�JO\FROLF�DFLG�QDQRSDUWLFOHV�
DQG�KDYH�ORDGHG�WKHP�LQWR�WKH�OXPHQ�RI�LQWHVWLQDO�RUJDQRLGV��%\�FRQIRFDO�IOXRUHVFHQW�PLFURVFRS\��LW�ZDV�
VKRZQ�WKDW�UKRGDPLQH�%�ZDV�UHOHDVHG�LQWR�WKH�OXPHQ�DQG�GLJHVWHG�DIWHU���G��GHPRQVWUDWLQJ�WKH�DELOLW\�
RI�WKH�RUJDQRLG�WR�GLJHVW�QDQRSDUWLFOHV�DQG�FRQILUPLQJ�WKH�DGVRUSWLRQ�RI�QDQRSDUWLFOHV�LQVLGH�WKH�OXPHQ�
ZLWK�QR�QHJDWLYH�FRQVHTXHQFHV�RQ�RUJDQRLG�JURZWK��7KLV�LV�D�WURMDQ�KRUVH�V\VWHP�LQ�ZKLFK�WKH�GUXJ�LV�
FRQFHDOHG�IURP�WKH�KRVW�FHOOV��DQG�FRXOG�UHSUHVHQW�D�QHZ�WKHUDSHXWLF�DSSURDFK�IRU�GHOLYHULQJ�GUXJV�WR�
WKH�VSHFLILF�LQIODPHG�ORFDWLRQ��UHGXFLQJ�DGYHUVH�UHDFWLRQV>���@�

/,0,7$7,216�2)�,17(67,1$/�25*$12,'�7(&+12/2*<
$OWKRXJK�WKH�IXWXUH�DSSOLFDWLRQV�DQG�FOLQLFDO�FRQWULEXWLRQV�RI�LQWHVWLQDO�RUJDQRLGV�VHHP�WR�EH�YHU\�
HQFRXUDJLQJ��WKHUH�DUH�VWLOO�VHYHUDO�LVVXHV�WR�RYHUFRPH��2QH�RI�WKH�OLPLWDWLRQV�LV�WKDW�VHYHUDO�FRPSRQHQWV�
XVHG�WR�FXOWXUH�LQWHVWLQDO�RUJDQRLGV��VXFK�DV�WKH�PDWULJHO�DQG�VRPH�JURZWK�IDFWRUV��DUH�GHULYHG�IURP�FHOO�
OLQHV��7KHUHIRUH��WKH\�PLJKW�FRQWDLQ�ODUJH�DPRXQWV�RI�[HQRJHQLF�IDFWRUV�DQG�XQNQRZQ�FRPSRQHQWV�WKDW�
FRXOG�SRWHQWLDOO\�FDXVH�SDWKRJHQ�LPPXQRJHQ�WUDQVPLVVLRQ�WR�RUJDQRLG�FXOWXUHV��LQ�DGGLWLRQ�WR�WKH�
ODUJH�YDULDELOLW\�EHWZHHQ�WKH�GLIIHUHQW�SURGXFWLRQ�EDWFKHV�XVHG��)RU�WKHVH�UHDVRQV��JURZWK�FRQGLWLRQV�
PXVW�EH�IXUWKHU�RSWLPL]HG�DQG�VWDQGDUGL]HG>��@��)RU�H[DPSOH��:QW�FRQGLWLRQHG�PHGLXP�PLJKW�EH�
UHSODFHG�ZLWK�FRPPHUFLDO�YDULDQWV>��@�DQG�PDWULJHO�PLJKW�EH�VXEVWLWXWHG�E\�V\QWKHWLF�H[WUDFHOOXODU�
PDWULFHV��VXFK�DV�FROODJHQ�DQG�K\GURJHO��<LQ�HW�DO>��@�KDYH�XVHG�VPDOO�PROHFXOHV��LQFOXGLQJ�YDOSURLF�DFLG�
DQG�&+,5�������D�JO\FRJHQ�V\QWKDVH�NLQDVH��ȕ�LQKLELWRU��DV�FRQGLWLRQHG�PHGLD�WR�PDLQWDLQ�VHOI�UHQHZDO�
RI�PRXVH�/JU���,6&V��UHVXOWLQJ�LQ�KRPRJHQHRXV�FXOWXUHV>��@��0RUHRYHU��WKH�FXUUHQW�SURWRFROV�XVHG�WR�
LVRODWH�DQG�FXOWXUH�LQWHVWLQDO�RUJDQRLGV�PXVW�EH�LPSURYHG�EHFDXVH�LW�KDV�EHHQ�VKRZQ�WKDW�WKH�LQWHVWLQDO�
FU\SWV�LVRODWHG�IURP�DFWLYHO\�LQIODPHG�VHJPHQWV�RIWHQ�GR�QRW�DOORZ�IRU�FRUUHFW�JURZWK�RI�LQWHVWLQDO�
RUJDQRLGV�GXH� WR� WKH� ORVV�RU�GLVUXSWLRQ�RI� WKH�HSLWKHOLDO� OD\HU>��@��$QRWKHU� OLPLW� LV� WKDW� LQWHVWLQDO�
RUJDQRLGV�ODFN�RWKHU�FHOO�DQG�WLVVXH�W\SHV��LQFOXGLQJ�QHUYRXV�WLVVXH��HQGRWKHOLXP�OLQHG�EORRG�YHVVHOV��
DQG�LPPXQH�PHGLDWRUV��ZKLFK�DUH�FUXFLDO�IRU�GUXJ�SKDUPDFRNLQHWLF�DQDO\VHV�DQG�GLVHDVH�PRGHOLQJ��LQ�
DGGLWLRQ��WKH\�ODFN�WKH�SK\VLRORJLFDO�LQWHVWLQDO�DQG�EORRG�IORZ��WKH�PHFKDQLFDO�GHIRUPDWLRQV�VLPLODU�WR�
WKRVH�VHHQ� LQ� WKH�FRQWUDFWLRQV�RI�SHULVWDOVLV��DQG�WKH�JXW�PLFURELRWD>������@��)RU� WKHVH�UHDVRQV�� WKH�
LQWHVWLQDO�RUJDQRLG�WHFKQRORJ\�VWLOO�UHTXLUHV�VWDQGDUGL]HG�PHWKRGV�WR�LQFOXGH�WKH�LQWHVWLQDO�PLFURELRWD�
DQG� LPPXQH�FHOOV�RI� WKH� ODPLQD�SURSULD��ZKLFK�FRXOG�DOORZ� IRU�PHFKDQLVWLF� VWXGLHV�RI� ,%'V>��@��
0RUHRYHU��$6&�GHULYHG� LQWHVWLQDO�RUJDQRLGV�PLVV� WKH�PHVHQFK\PDO�VWUXFWXUH� LQ�FRQWUDVW� WR� WKRVH�
GHULYHG�IURP�L36&V>�����@�

&21&/86,21
7KH�LQWHVWLQDO�HSLWKHOLXP�SOD\V�D�SLYRWDO�UROH�LQ�WKH�PDLQWHQDQFH�RI�LQWHVWLQDO�KRPHRVWDVLV�E\�FRQWUROOLQJ�
WKH�PLFURELDO�FRPSRVLWLRQ�DQG�ODPLQD�SURSULD�IDFWRUV�DQG�LWV�VWXG\�LV�LPSRUWDQW�WR�LQFUHDVH�NQRZOHGJH�
RQ�,%'�SDWKRJHQHVLV��,QWHVWLQDO�RUJDQRLGV�SURYLGH�DGYDQWDJHV�E\�EHWWHU�UHIOHFWLQJ�WKH�LQ�YLYR�SK\VLRORJ\�
RI�LQWHVWLQDO�HSLWKHOLXP�DQG�DUH�WKXV�EHFRPLQJ�DQ�LPSRUWDQW�WRRO�IRU�,%'�PRGHOLQJ�
,QWHVWLQDO�RUJDQRLGV�GHPRQVWUDWHG�WKDW�,(&V�SOD\�DQ�LPSRUWDQW�UROH�LQ�SURPRWLQJ�WKH�LQIODPPDWRU\�

VWDWHV�� E\� UHOHDVLQJ� VHYHUDO� SUR�LQIODPPDWRU\� F\WRNLQHV�� WKH� FRQWULEXWLRQ� RI� WKH� LQWHUSOD\�ZLWK�
VXUURXQGLQJ�FHOOV�DQG�ZLWK�EDFWHULD�KRVW�LQWHUDFWLRQV��RFFXUULQJ�LQ�SDWLHQWV�ZLWK�,%'V��KDV�DOVR�EHHQ�
H[SORUHG��)XUWKHUPRUH��LQWHVWLQDO�RUJDQRLGV�KDYH�EHHQ�XVHG�WR�EHWWHU�XQGHUVWDQG�WKH�PHFKDQLVPV�RI�
DOUHDG\�DSSURYHG�GUXJV�IRU�WKH�PDQDJHPHQW�RI�,%'�DQG�WR�FRPSUHKHQG�WKHLU�HIIHFWV�RQ�WKH�LQWHVWLQDO�
HSLWKHOLXP��,Q�DGGLWLRQ��VLQFH�WKH\�FDQ�EH�JHQHUDWHG�IURP�D�VSHFLILF�SDWLHQW��WKH\�FRXOG�EH�XVHG�WR�WHVW�
GLIIHUHQW�GUXJV�WR�RSWLPL]H�DQG�SHUVRQDOL]H�WUHDWPHQW��UHGXFLQJ�WKHUDS\�IDLOXUH�DQG�WKH�RFFXUUHQFH�RI�
DGYHUVH�HIIHFWV�
+RZHYHU��LW�LV�LPSRUWDQW�WR�XQGHUOLQH�WKDW�WKLV�UHFHQW�WHFKQRORJ\�VWLOO�QHHGV�WR�EH�LPSURYHG�DQG�

FXUUHQWO\��LQ�WKH�OLWHUDWXUH��WKH�GDWD�DYDLODEOH�DUH�IHZ�DQG�SUHOLPLQDU\��7KHUHIRUH��PRUH�VWXGLHV�DUH�
UHTXLUHG�WR�LPSURYH�WKLV�WHFKQLTXH�DQG�WR�EHWWHU�XQGHUVWDQG�KRZ�WR�XVH�LQWHVWLQDO�RUJDQRLGV��HVSHFLDOO\�
LQ�WKH�FRQWH[W�RI�SHUVRQDOL]HG�WKHUDS\�DQG�GUXJ�GHYHORSPHQW�IRU�,%'�
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)227127(6
$XWKRU�FRQWULEXWLRQV��/XFDIz�0��'HFRUWL�*��DQG�6WRFFR�*�FRQWULEXWHG�WR�WKH�FRQFHSWXDOL]DWLRQ��/XFDIz�0��0X]]R�$��
0DUFX]]L�0��DQG�*LRULR�/�ZURWH�WKH�RULJLQDO�GUDIW��/XFDIz�0��'HFRUWL�*��DQG�6WRFFR�*�ZURWH�WKH�UHYLHZ�DQG�HGLWHG�
WKH�UHYLHZ��DOO�DXWKRUV�KDYH�UHDG�DQG�DJUHH�WR�WKH�SXEOLVKHG�YHUVLRQ�RI�WKH�PDQXVFULSW�

&RQIOLFW�RI�LQWHUHVW�VWDWHPHQW��$OO�WKH�DXWKRUV�UHSRUW�QR�UHOHYDQW�FRQIOLFWV�RI�LQWHUHVW�IRU�WKLV�DUWLFOH�

2SHQ�$FFHVV��7KLV�DUWLFOH�LV�DQ�RSHQ�DFFHVV�DUWLFOH�WKDW�ZDV�VHOHFWHG�E\�DQ�LQ�KRXVH�HGLWRU�DQG�IXOO\�SHHU�UHYLHZHG�E\�
H[WHUQDO�UHYLHZHUV��,W�LV�GLVWULEXWHG�LQ�DFFRUGDQFH�ZLWK�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�1RQ&RPPHUFLDO��&&�%<�
1&������OLFHQVH��ZKLFK�SHUPLWV�RWKHUV�WR�GLVWULEXWH��UHPL[��DGDSW��EXLOG�XSRQ�WKLV�ZRUN�QRQ�FRPPHUFLDOO\��DQG�OLFHQVH�
WKHLU�GHULYDWLYH�ZRUNV�RQ�GLIIHUHQW�WHUPV��SURYLGHG�WKH�RULJLQDO�ZRUN�LV�SURSHUO\�FLWHG�DQG�WKH�XVH�LV�QRQ�
FRPPHUFLDO��6HH��KWWSV���FUHDWLYHFRPPRQV�RUJ�/LFHQVHV�E\�QF�����

&RXQWU\�7HUULWRU\�RI�RULJLQ��,WDO\

25&,'�QXPEHU��0DULDQQD�/XFDIz����������������������$QWRQHOOD�0X]]R����������������������0DUWLQD�0DUFX]]L������
����������������/RUHQ]R�*LRULR����������������������*LXOLDQD�'HFRUWL����������������������*DEULHOH�6WRFFR�����������
����������

6�(GLWRU��)DQ�-5�
/�(GLWRU��)LOLSRGLD�
3�(GLWRU��)DQ�-5

5()(5(1&(6
.DSODQ�**��7KH�JOREDO�EXUGHQ�RI�,%'��IURP������WR�������1DW�5HY�*DVWURHQWHURO�+HSDWRO�������������������>30,'��
���������'2,����������QUJDVWUR���������@

������

/HSSNHV�0��1HXUDWK�0)��&\WRNLQHV�LQ�LQIODPPDWRU\�ERZHO�GLVHDVHV���8SGDWH�������3KDUPDFRO�5HV�������������������
>30,'�����������'2,����������M�SKUV������������@

������

2UGiV�,��(FNPDQQ�/��7DODPLQL�0��%DXPJDUW�'&��6DQGERUQ�:-��8OFHUDWLYH�FROLWLV��/DQFHW����������������������>30,'��
���������'2,����������6��������������������@

������

<HVKL�.��5XVFKHU�5��+XQWHU�/��'DO\�1/��/RXNDV�$��:DQJFKXN�3��5HYLVLWLQJ�,QIODPPDWRU\�%RZHO�'LVHDVH��3DWKRORJ\��
7UHDWPHQWV��&KDOOHQJHV�DQG�(PHUJLQJ�7KHUDSHXWLFV�,QFOXGLQJ�'UXJ�/HDGV�IURP�1DWXUDO�3URGXFWV��-�&OLQ�0HG���������
>30,'�����������'2,����������MFP�������@

������

6FKXOWH�/��+RKZLHOHU�0��0�OOHU�0��.ODXV�-��,QWHVWLQDO�2UJDQRLGV�DV�D�1RYHO�&RPSOHPHQWDU\�0RGHO�WR�'LVVHFW�
,QIODPPDWRU\�%RZHO�'LVHDVH��6WHP�&HOOV�,QW���������������������>30,'�����������'2,����������������������@

������

$EUDKDP�&��&KR�-+��,QIODPPDWRU\�ERZHO�GLVHDVH��1�(QJO�-�0HG����������������������>30,'�����������'2,��
��������1(-0UD�������@

������

+HQGULFNVRQ�%$��*RNKDOH�5��&KR�-+��&OLQLFDO�DVSHFWV�DQG�SDWKRSK\VLRORJ\�RI�LQIODPPDWRU\�ERZHO�GLVHDVH��&OLQ�
0LFURELRO�5HY�����������������>30,'�����������'2,����������FPU����������������@

������

+DP�0��0RVV�$&��0HVDODPLQH�LQ�WKH�WUHDWPHQW�DQG�PDLQWHQDQFH�RI�UHPLVVLRQ�RI�XOFHUDWLYH�FROLWLV��([SHUW�5HY�&OLQ�
3KDUPDFRO������������������>30,'�����������'2,����������HFS�����@

������

/XFDIz�0��)UDQFD�5��6HOYHVWUHO�'��&XUFL�'��3XJQHWWL�/��'HFRUWL�*��6WRFFR�*��3KDUPDFRJHQHWLFV�RI�WUHDWPHQWV�IRU�
LQIODPPDWRU\�ERZHO�GLVHDVH��([SHUW�2SLQ�'UXJ�0HWDE�7R[LFRO���������������������>30,'�����������'2,��
�����������������������������@

������

3UDQWHUD�&��0DUFRQL�6��*OXFRFRUWLFRVWHURLGV�LQ�WKH�WUHDWPHQW�RI�LQIODPPDWRU\�ERZHO�GLVHDVH�DQG�DSSURDFKHV�WR�
PLQLPL]LQJ�V\VWHPLF�DFWLYLW\��7KHUDS�$GY�*DVWURHQWHURO������������������>30,'�����������'2,��
���������������;��������@

�������

7UDYDVVRV�:-��&KHLIHW]�$6��,QIOL[LPDE��8VH�LQ�,QIODPPDWRU\�%RZHO�'LVHDVH��&XUU�7UHDW�2SWLRQV�*DVWURHQWHURO����������
��������>30,'�����������'2,����������V����������������@

�������

6KLP�++��&KDQ�3:��&KXDK�6:��6FKZHQGHU�%-��.RQJ�6&��/LQJ�./��$�UHYLHZ�RI�YHGROL]XPDE�DQG�XVWHNLQXPDE�IRU�WKH�
WUHDWPHQW�RI�LQIODPPDWRU\�ERZHO�GLVHDVHV��-*+�2SHQ������������������>30,'�����������'2,����������MJK�������@

�������

%UDPX]]R�0��9HQWXUD�$��0DUWHORVVL�6��/D]]HULQL�0��7KDOLGRPLGH�IRU�LQIODPPDWRU\�ERZHO�GLVHDVH��6\VWHPDWLF�UHYLHZ��
0HGLFLQH��%DOWLPRUH������������H�����>30,'�����������'2,����������0'�����������������@

�������

/XFDIz�0��'L�6LOYHVWUH�$��5RPDQR�0��$YLDQ�$��$QWRQHOOL�5��0DUWHORVVL�6��1DYLJOLR�6��7RPPDVLQL�$��6WRFFR�*��9HQWXUD�
$��'HFRUWL�*��'H�,XGLFLEXV�6��5ROH�RI�WKH�/RQJ�1RQ�&RGLQJ�51$�*URZWK�$UUHVW�6SHFLILF���LQ�*OXFRFRUWLFRLG�5HVSRQVH�
LQ�&KLOGUHQ�ZLWK�,QIODPPDWRU\�%RZHO�'LVHDVH��%DVLF�&OLQ�3KDUPDFRO�7R[LFRO������������������>30,'�����������'2,��
��������EFSW������@

�������

'H�,XGLFLEXV�6��/XFDIz�0��9LWXOR�1��0DUWHORVVL�6��=LPEHOOR�5��'H�3DVFDOH�)��)RUFDWR�&��1DYLJOLR�6��'L�6LOYHVWUH�$��
*HUGRO�0��6WRFFR�*��9DOOH�*��9HQWXUD�$��%UDPX]]R�0��'HFRUWL�*��+LJK�7KURXJKSXW�6HTXHQFLQJ�RI�PLFUR51$V�LQ�
*OXFRFRUWLFRLG�6HQVLWLYH�3DHGLDWULF�,QIODPPDWRU\�%RZHO�'LVHDVH�3DWLHQWV��,QW�-�0RO�6FL����������>30,'�����������'2,��
��������LMPV��������@

�������

3RUWHU�5-��.DOOD�5��+R�*7��8OFHUDWLYH�FROLWLV��5HFHQW�DGYDQFHV�LQ�WKH�XQGHUVWDQGLQJ�RI�GLVHDVH�SDWKRJHQHVLV��)����5HV�
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