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&RPSHWLQJ�,QWHUHVWV��7KH�DXWKRUV�KDYH�GHFODUHG�WKDW�QR�FRPSHWLQJ�LQWHUHVW�H[LVWV�

5HFHLYHG������-DQ�����$FFHSWHG������$SU����

*VW`YPNO[���0]`ZWYPUN�0U[LYUH[PVUHS�7\ISPZOLY

;OPZ�PZ�HU�VWLU�HJJLZZ�HY[PJSL�KPZ[YPI\[LK�\UKLY�[OL�[LYTZ�VM�[OL�*YLH[P]L�*VTTVUZ�([[YPI\[PVU��**�)@�5*��SPJLUZL
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$EVWUDFW

2EMHFWLYHV��,QWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ��,''��LV�ZLGHO\�DFFHSWHG�DV�D�FDXVH�RI�ORZ�EDFN�SDLQ�DQG
UHODWHG�GHJHQHUDWLYH�PXVFXORVNHOHWDO�GLVRUGHUV��1XFOHXV�SXOSRVXV��13��FHOO�DSRSWRVLV�ZKLFK�LV�UHODWHG
WR�H[FHVVLYH�HQGRSODVPLF�UHWLFXOXP��(5��VWUHVV�LQ�WKH�LQWHUYHUWHEUDO�GLVF��,9'��FRXOG�DJJUDYDWH�,''
SURJUHVVLRQ��0DQ\�VWXGLHV�KDYH�VKRZQ�WKH�WKHUDSHXWLF�SRWHQWLDO�RI�H[RVRPHV�GHULYHG�IURP�ERQH
PDUURZ�PHVHQFK\PDO�VWHP�FHOOV��06&�H[RV��LQ�GHJHQHUDWLYH�GLVHDVHV��:H�K\SRWKHVL]HG�WKDW�WKH
GHOLYHU\�RI�06&�H[RV�FRXOG�PRGXODWH�(5�VWUHVV�DQG�LQKLELW�H[FHVVLYH�13�FHOO�DSRSWRVLV�GXULQJ�,''�

0HWKRGV��7KH�(5�VWUHVV�OHYHOV�ZHUH�PHDVXUHG�LQ�QRUPDO�RU�GHJHQHUDWLYH�13�WLVVXHV�IRU�FRQWUDVW��7KH
HIIHFWV�RI�06&�H[RV�ZHUH�WHVWLILHG�LQ�DGYDQFHG�JO\FDWLRQ�HQG�SURGXFWV��$*(V���LQGXFHG�(5�VWUHVV�LQ
KXPDQ�13�FHOOV��7KH�PHFKDQLVP�LQYROYLQJ�$.7�DQG�(5.�VLJQDOLQJ�SDWKZD\V�ZDV�LQYHVWLJDWHG�XVLQJ
51$�LQWHUIHUHQFH�RU�VLJQDOLQJ�LQKLELWRUV��+LVWRORJLFDO�RU�LPPXQRKLVWRFKHPLFDO�DQDO\VLV�DQG�781(/
VWDLQLQJ�ZHUH�XVHG�IRU�HYDOXDWLQJ�06&�H[RV�WKHUDSHXWLF�HIIHFWV�LQ�YLYR�

7U\�RXW�30&�/DEV�DQG�WHOO�XV�ZKDW�\RX�WKLQN��/HDUQ�0RUH�
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5HVXOWV��7KH�(5�VWUHVV�OHYHO�DQG�DSRSWRWLF�UDWH�ZDV�HOHYDWHG�LQ�GHJHQHUDWLYH�,9'�WLVVXHV��06&�H[RV
FRXOG�DWWHQXDWH�(5�VWUHVV�LQGXFHG�DSRSWRVLV�E\�DFWLYDWLQJ�$.7�DQG�(5.�VLJQDOLQJ��0RUHRYHU��GHOLYHU\
RI�06&�H[RV�LQ�YLYR�PRGXODWHG�(5�VWUHVV�UHODWHG�DSRSWRVLV�DQG�UHWDUGHG�,''�SURJUHVVLRQ�LQ�D�UDW�WDLO
PRGHO�

&RQFOXVLRQV��7KHVH�UHVXOWV�KLJKOLJKW�WKH�WKHUDSHXWLF�HIIHFWV�RI�H[RVRPHV�LQ�SUHYHQWLQJ�,''
SURJUHVVLRQ��2XU�ZRUN�LV�WKH�ILUVW�WR�GHPRQVWUDWH�WKDW�06&�H[RV�FRXOG�PRGXODWH�(5�VWUHVV�LQGXFHG
DSRSWRVLV�GXULQJ�$*(V�DVVRFLDWHG�,9'�GHJHQHUDWLRQ�

.H\ZRUGV��0HVHQFK\PDO�VWHP�FHOOV��H[RVRPHV��DGYDQFHG�JO\FDWLRQ�HQG�SURGXFWV��HQGRSODVPLF
UHWLFXOXP�VWUHVV��LQWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ

,QWURGXFWLRQ

,QWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ��,''��LV�FRQVLGHUHG�DV�WKH�OHDGLQJ�FDXVH�RI�ORZ�EDFN�SDLQ��UHVXOWLQJ�LQ
D�JUHDW�EXUGHQ�RQ�WKH�JOREDO�KHDOWK�FDUH�V\VWHP� ��7KH�LQWHUYHUWHEUDO�GLVF��,9'��LV�FRPSRVHG�RI�WKH
LQQHU�QXFOHXV�SXOSRVXV��13��DQG�RXWHU�DQQXOXV�ILEURVXV��$)���ZKLFK�IXQFWLRQV�DV�WKH�ORDG�EHDULQJ�DQG
EXIIHULQJ�XQLW�RI�WKH�VSLQH� ��/RFDWHG�LQ�WKH�LQQHU�GLVF��13�FHOOV�PDLQO\�SURGXFH�DQG�PDLQWDLQ�WKH
H[WUDFHOOXODU�PDWUL[��(&0���,W�LV�DFFHSWHG�WKDW�,''�SURJUHVVLRQ�LV�LQLWLDWHG�DQG�DFFHOHUDWHG�E\�WKH
GHSOHWLRQ�RI�13�FHOOV�DQG�GHJUDGDWLRQ�RI�(&0� ��,QKLELWLQJ�WKH�DSRSWRVLV�RI�13�FHOOV�GXULQJ�,''�FRXOG
EH�DQ�HIIHFWLYH�ZD\�WR�SUHYHQW�RU�UHYHUVH�GLVF�GHJHQHUDWLRQ�

$GYDQFHG�JO\FDWLRQ�HQG�SURGXFWV��$*(V��DUH�IRUPHG�E\�QRQ�HQ]\PDWLF�UHDFWLRQ�RI�UHGXFLQJ�VXJDUV
ZLWK�IUHH�DPLQR�JURXSV�RI�PDFURPROHFXOHV��DOVR�FDOOHG�WKH�0LOODUG�UHDFWLRQ� ��$*(V�XVXDOO\
DFFXPXODWH�LQ�DJLQJ�DQG�GHJHQHUDWLYH�WLVVXHV��DQG�DUH�FORVHO\�UHODWHG�WR�LQIODPPDWLRQ��PHWDEROLF
G\VIXQFWLRQ�DQG�HQGRSODVPLF�UHWLFXOXP��(5��VWUHVV��HVSHFLDOO\�LQ�FROODJHQ�ULFK�WLVVXHV� ��$*(V�FDQ
LQGXFH�(5�VWUHVV�DQG�WKHQ�DFWLYDWH�WKH�XQIROGHG�SURWHLQ�UHVSRQVH��835��WKURXJK�FUXFLDO�WUDQVPHPEUDQH
SURWHLQV�LQ�(5� ��,QLWLDWHG�E\�WKH�835��WKH�&�(%3�KRPRORJRXV�SURWHLQ��&+23���D�GRZQVWUHDP
JURZWK�DUUHVW�JHQH��LV�WUDQVFULSWLRQDOO\�DFWLYDWHG�DQG�FRQWUROV�WKH�H[SUHVVLRQ�RI�DSRSWRVLV�UHODWHG�JHQHV
DQG�LQGXFHV�FHOO�DSRSWRVLV�XQGHU�VHYHUH�(5�VWUHVV� ��&+23�KDV�EHHQ�YHULILHG�DV�D�FUXFLDO�PHGLDWRU�LQ
(5�VWUHVV�LQGXFHG�DSRSWRVLV�VLJQDOLQJ� ��$�VWXG\�VKRZHG�WKDW�VLOHQFLQJ�RI�&+23�FRXOG�LQKLELW�$)
FHOO�DSRSWRVLV�DQG�DPHOLRUDWH�,''�LQ�D�UDW�PRGHO� ��$FFXPXODWLQJ�HYLGHQFH�VXJJHVWV�WKDW�$*(V
DFFXPXODWH�LQ�,9'�WLVVXHV�DQG�EHFDPH�D�FUXFLDO�PHGLDWRU�GXULQJ�,''�SURJUHVVLRQ� ��3UHYLRXV
VWXGLHV�DOVR�GHPRQVWUDWHG�WKDW�WKH�GHSRVLWLRQ�RI�$*(V�HOLFLWV�ERWK�LQIODPPDWLRQ�DQG�R[LGDWLYH�VWUHVV�LQ
,9'�DQG�SURPRWH�WKH�SURFHVV�RI�,''� ��$FFXPXODWLRQ�RI�$*(V�LQ�RUJDQV�RU�WLVVXHV�LQGXFHV�VHYHUH
(5�VWUHVV�DQG�UHVXOWV�LQ�FHOO�GHDWK�WKURXJK�WKH�835�K\SHUDFWLYDWLRQ�DQG�GRZQVWUHDP�DFWLYDWLRQ�RI
FDVSDVHV� ��&RQVHTXHQWO\��LQKLELWLRQ�RI�$*(V�LQGXFHG�(5�VWUHVV�FRXOG�EH�D�WKHUDSHXWLF�WDUJHW�IRU�,''
WUHDWPHQW�

7KHUDSHXWLF�PHWKRGV�IRU�,''�IRFXV�RQ�WKH�UHVWRUDWLRQ�RI�DSRSWRWLF��GDPDJHG�RU�DJLQJ�13�FHOOV��DQG
PHVHQFK\PDO�VWHP�FHOOV��06&��DUH�FRQVLGHUHG�DV�D�SRWHQWLDO�FKRLFH�IRU�GLVF�UHSDLU� ��06&
WUDQVSODQWDWLRQ�DPHOLRUDWHV�WKH�SURJUHVVLRQ�RI�,''�SDUWO\�WKURXJK�VXSSOHPHQWLQJ�H[KDXVWHG�13�FHOOV�RU
DWWHQXDWLQJ�H[FHVVLYH�FHOO�DSRSWRVLV�GXULQJ�,''� ��$FFXPXODWLQJ�HYLGHQFH�KDV�UHYHDOHG�WKH�UROH�RI
06&�SDUDFULQH�IDFWRUV�LQ�PDLQWDLQLQJ�WKH�SUROLIHUDWLRQ�DQG�UHGXFLQJ�WKH�DSRSWRVLV�RI�13�FHOOV� �
,QWHUHVWLQJO\��06&V�DUH�IRXQG�WR�WUDQVIHU�VSHFLILF�W\SHV�RI�H[WUDFHOOXODU�YHVLFOHV��VXFK�DV�H[RVRPHV��WR
DFKLHYH�WKHLU�WKHUDSHXWLF�SDUDFULQH�HIIHFWV� ��06&�GHULYHG�H[RVRPHV�DUH�ELOD\HU�YHVLFOHV�RI�������
QP�GLDPHWHU��FRQWDLQLQJ�YDULRXV�F\WRNLQHV��VLJQDOLQJ�SURWHLQV�RU�OLSLGV��DQG�UHJXODWRU\�QXFOHLF�DFLGV�
��([RVRPHV��D�FHOO�IUHH�PHGLDWRU��DUH�LQYROYHG�LQ�FHOO�WR�FHOO�FRPPXQLFDWLRQ��FHOO�VLJQDOLQJ�DQG

PHWDEROLVP�PRGXODWLRQ��DQG�SOD\�D�FUXFLDO�UROH�LQ�06&�EDVHG�WKHUDS\� ��7UDQVSODQWDWLRQ�RI�H[RVRPHV
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LQWR�WDUJHW�FHOOV�FDQ�DOWHU�FHOO�VLJQDOLQJ�UHODWHG�WR�SUROLIHUDWLRQ��GLIIHUHQWLDWLRQ��DXWRSKDJ\�RU�DSRSWRVLV
DQG�PDQ\�RWKHU�FHOOXODU�DFWLYLWLHV� ��+RZHYHU��WKH�XQGHUO\LQJ�PHFKDQLVPV�RI�H[RVRPHV�EDVHG
WKHUDS\�DUH�QRW�IXOO\�XQGHUVWRRG�DQG�GHVHUYH�WR�EH�IXUWKHU�H[SORUHG�

2XU�SUHYLRXV�VWXG\�KDV�VKRZQ�WKDW�$*(V�DFFXPXODWH�LQ�13�WLVVXHV�DQG�FRUUHODWH�ZLWK�WKH�3ILUUPDQQ
JUDGHV�RI�,9'� ��,Q�WKH�SUHVHQW�VWXG\��ZH�PHDVXUHG�WKH�H[SUHVVLRQ�OHYHOV�RI�(5�VWUHVV�PDUNHU�DQG�835
UHODWHG�JHQH�LQ�QRUPDO�DQG�GHJHQHUDWLYH�13�WLVVXHV��7KH�LQ�YLWUR�VWXGLHV�UHYHDOHG�WKDW�$*(V�SURPRWHG
13�FHOO�DSRSWRVLV�E\�LQGXFLQJ�(5�VWUHVV�ZLWK�WKH�835�DFWLYDWLRQ��DQG�H[RVRPHV�GHULYHG�IURP�ERQH
PDUURZ�06&��06&�H[RV��FRXOG�DWWHQXDWH�WKH�DSRSWRWLF�UDWHV�LQ�KXPDQ�13�FHOOV��0RUHRYHU��ZH
GHVLJQHG�H[SHULPHQWV�DQG�WHVWLILHG�WKDW�06&�H[RV�FRXOG�DWWHQXDWH�WKH�$*(V�LQGXFHG�(5�VWUHVV�WKURXJK
DFWLYDWLQJ�$.7�DQG�(5.�VLJQDOLQJ�SDWKZD\V�LQ�YLWUR��0HDQZKLOH��WKH�WKHUDSHXWLF�HIIHFW�RI�06&�H[RV
LQMHFWLRQ�RQ�,''�ZDV�WHVWHG�LQ�YLYR�XVLQJ�D�UDW�WDLO�PRGHO��2XU�VWXG\�RIIHUV�QHZ�LQVLJKWV�LQWR�WKH
PHFKDQLVPV�RI�(5�VWUHVV�UHODWHG�DSRSWRVLV�LQ�KXPDQ�13�FHOOV�DQG�WKH�DSSOLFDWLRQ�RI�06&�H[RV�DV�D
WKHUDS\�IRU�,''�

0DWHULDOV�DQG�PHWKRGV

13�FHOOV�LVRODWLRQ�DQG�FXOWXUH

$OO�WKH�H[SHULPHQWDO�SURWRFROV�ZHUH�DSSURYHG�E\�WKH�(WKLFV�&RPPLWWHH�RI�7RQJML�0HGLFDO�&ROOHJH�
+XD]KRQJ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��:LWK�LQIRUPHG�FRQVHQW�IURP�WKH�SDWLHQWV��QRUPDO�13
WLVVXHV�ZHUH�FROOHFWHG�IURP�SDWLHQWV��Q� �������PDOHV�DQG���IHPDOHV��DJHG�������\HDUV��PHDQ�DJH�����
\HDUV��ZKR�XQGHUZHQW�VXUJHU\�IRU�LGLRSDWKLF�VFROLRVLV�DQG�GHJHQHUDWLYH�13�WLVVXHV�ZHUH�REWDLQHG�IURP
SDWLHQWV��Q� �������PDOHV�DQG���IHPDOHV��DJHG�������\HDUV��PHDQ�DJH������\HDUV��ZKR�XQGHUZHQW
VXUJHU\�IRU�GLVF�H[FLVLRQ�DQG�VSLQDO�IXVLRQ�VXUJHU\��7KH�GHJHQHUDWLYH�JUDGH�RI�KXPDQ�13�WLVVXH
VDPSOHV�ZDV�FODVVLILHG�E\�WKH�3ILUUPDQQ�JUDGHV�DFFRUGLQJ�WR�PDJQHWLF�UHVRQDQFH�LPDJHV�RI�WKH�SDWLHQWV
DV�SUHYLRXVO\�GHVFULEHG� ��+XPDQ�13�WLVVXHV�ZHUH�FXW�LQWR�SLHFHV�DQG�HQ]\PDWLFDOO\�GLJHVWHG�LQ�����
W\SH�,,�FROODJHQDVH��*LEFR��DQG�������WU\SVLQ��*LEFR��IRU���K��$IWHU�EHLQJ�ILOWHUHG�DQG�ZDVKHG�LQ�3%6�
WKH�VXVSHQVLRQ�ZDV�FHQWULIXJHG��DQG�WKH�LVRODWHG�FHOOV�ZHUH�FXOWXUHG�LQ�'XOEHFFR
V�PRGLILHG�(DJOH
PHGLXP��'0(0��FRQWDLQLQJ�����IHWDO�ERYLQH�VHUXP��)%6���*LEFR��DQG����SHQLFLOOLQ�VWUHSWRP\FLQ
�,QYLWURJHQ���7KH�FXOWXUH�PHGLXP�ZDV�UHSODFHG�WZLFH�HYHU\�ZHHN�DQG�13�FHOOV�IURP�WKH�VHFRQG�RU�WKLUG
SDVVDJH�ZHUH�XVHG�LQ�WKH�IROORZLQJ�H[SHULPHQWV�

,VRODWLRQ�DQG�LGHQWLILFDWLRQ�RI�PHVHQFK\PDO�VWHP�FHOOV

+XPDQ�ERQH�PDUURZ�VSHFLPHQV�ZHUH�KDUYHVWHG�IURP�WKH�LOLDF�FUHVWV�RI�KHDOWK\�YROXQWHHU�GRQRUV��7KH
GRQRUV�SURYLGHG�LQIRUPHG�FRQVHQW�IRU�WKHLU�WLVVXHV�WR�EH�XVHG�LQ�WKLV�H[SHULPHQW��06&V�IURP�ERQH
PDUURZ�ZHUH�LVRODWHG�E\�GHQVLW\�JUDGLHQW�FHQWULIXJDWLRQ�DQG�DGKHUHQFH�WR�WLVVXH�FXOWXUH�SODVWLF��&HOOV
ZHUH�H[SDQGHG�LQ�'0(0�FRQWDLQLQJ�����)%6�DQG����SHQLFLOOLQ�VWUHSWRP\FLQ��7KH�FHOOV�IURP�WKH
VHFRQG�RU�WKLUG�SDVVDJH�ZHUH�XVHG�LQ�WKH�IROORZLQJ�H[SHULPHQWV��)RU�WKH�GHWHFWLRQ�RI�FHOO�VXUIDFH
PDUNHUV��06&V�ZHUH�FKDUDFWHUL]HG�E\�SRVLWLYH�H[SUHVVLRQ�RI�&'����&'���DQG�&'����DQG�QHJDWLYH
H[SUHVVLRQ�RI�&'���DQG�+/$�'5�XVLQJ�IORZ�F\WRPHWU\��%'�%LRVFLHQFHV��86$��DFFRUGLQJ�WR�WKH
PDQXIDFWXUHU
V�LQVWUXFWLRQV��)OXRUHVFHLQ�LVRWKLRF\DQDWH��),7&��ODEHOHG�DQWL�KXPDQ�&'����&'�����DQG
SK\FRHU\WKULQ��3(��ODEHOHG�DQWL�KXPDQ�&'����&'����+/$�'5�ZHUH�DOO�SXUFKDVHG�IURP�%'
%LRVFLHQFHV��0RUHRYHU��WKH�PXOWL�OLQHDJH�GLIIHUHQWLDWLRQ�SRWHQWLDO�RI�06&V�ZDV�GHWHUPLQHG�LQ
RVWHRJHQLF��FKRQGURJHQLF��DQG�DGLSRJHQLF�GLIIHUHQWLDWLRQ�PHGLXPV��UHVSHFWLYHO\��&\DJHQ��&KLQD���$IWHU
FHOOV�ZHUH�FXOWXUHG�LQ�UHVSHFWLYH�LQGXFWLRQ�PHGLXPV�DFFRUGLQJ�WR�VWDQGDUG�SURWRFROV��$OL]DULQ�UHG
VWDLQLQJ��2LO�UHG�2�VWDLQLQJ�DQG�$OFLDQ�EOXH�VWDLQLQJ�ZHUH�SHUIRUPHG�WR�FRQILUP�HDFK�OLQHDJH
GLIIHUHQWLDWLRQ��UHVSHFWLYHO\�
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([RVRPHV�LVRODWLRQ�DQG�FKDUDFWHUL]DWLRQ

06&V�ZHUH�FXOWXUHG�LQ�'0(0�GHSULYHG�RI�)%6�IRU���GD\V��7KHQ�WKH�FXOWXUH�PHGLD�ZHUH�KDUYHVWHG�DQG
FHQWULIXJHG�DW�����J�IRU����PLQ�������J�IRU����PLQ�WR�UHPRYH�GHDG�FHOOV�DQG�GHEULV��WKHQ�������J�IRU��
K�WR�UHPRYH�ODUJH�YHVLFOHV��1H[W��ZH�WUDQVIHUUHG�WKH�VXSHUQDWDQW�FRQWDLQLQJ�FHOO�IUHH�FXOWXUH�PHGLD�WR�D
QHZ�WXEH�ZLWKRXW�GLVWXUELQJ�WKH�SHOOHW�DQG�DGGHG�WKH�7RWDO�([RVRPH�,VRODWLRQ�UHDJHQW��,QYLWURJHQ��LQ
VWULFW�DFFRUGDQFH�ZLWK�WKH�PDQXIDFWXUHU
V�LQVWUXFWLRQV��$IWHU�FROOHFWLQJ�WKH�LVRODWHG�H[RVRPHV�
PRUSKRORJ\�ZDV�REVHUYHG�XVLQJ�7UDQVPLVVLRQ�(OHFWURQ�0LFURVFRS\��7(0���)(,�7HFQDL�*���7:,1��
DQG�WKH�QXPEHU�DQG�VL]H�GLVWULEXWLRQ�RI�H[RVRPHV�ZHUH�DQDO\]HG�E\�QDQRSDUWLFOH�WUDIILFNLQJ�DQDO\VLV
�17$��XVLQJ�WKH�1$126,*+7�16����V\VWHP��0DOYHUQ��8.��DFFRUGLQJ�WR�PDQXIDFWXUHU
V�LQVWUXFWLRQV�
7KH�SDUWLFOHV�ZHUH�FKDUDFWHUL]HG�E\�WKH�H[SUHVVLRQ�RI�H[RVRPDO�PDUNHUV��VXFK�DV�$OL[��76*�����DQG
&'���XVLQJ�:HVWHUQ�EORW�DQDO\VLV�

8SWDNH�RI�H[RVRPHV�E\�13�FHOOV

3XULILHG�06&�H[RVRPHV�ZHUH�LQFXEDWHG�ZLWK�3.+����6LJPD�$OGULFK��IRU���PLQ�DW�URRP�WHPSHUDWXUH�
$IWHU�ZDVKHG�LQ�3%6�DQG�FHQWULIXJHG�DW��������J�IRU����PLQ��WKH�H[RVRPHV�ZHUH�VXVSHQGHG�LQ�EDVDO
PHGLXP�DQG�LQFXEDWHG�ZLWK�13�FHOOV�IRU����K�DW�����&��7KHQ�VWDLQHG�E\�����J�P/�����GLDPLGLQR���
SKHQ\OLQGROH��'$3,���%H\RWLPH��1DQWRQJ��&KLQD��IRU���PLQ��WKH�13�FHOOV�ZHUH�SODFHG�XQGHU�D
IOXRUHVFHQFH�PLFURVFRSH��2O\PSXV��%;����0HOYLOOH��1<��86$��IRU�LPDJH�FDSWXUH�

:HVWHUQ�EORW�DQDO\VLV

7RWDO�SURWHLQV�ZHUH�LVRODWHG�XVLQJ�D�SURWHLQ�H[WUDFWLRQ�NLW��%H\RWLPH��1DQWRQJ��&KLQD��DFFRUGLQJ�WR
VWDQGDUG�SURWRFROV��7KH�DQWLERGLHV�XVHG�ZHUH��&'�������������76*��������������$OL[����������
*53�������������*53������������&+23�����������FDVSDVH������������FDVSDVH������������
�3URWHLQWHFK���S�3(5.�����������3(5.�����������$7)������������S�,5(�Į�����������,5(�Į���������
�$EFDP���(5.�����������S�(5.�����������$.7����������S�$.7�����������DQG�*$3'+�����������&HOO
6LJQDOLQJ�7HFKQRORJ\���+RUVHUDGLVK�SHUR[LGDVH��+53���FRQMXJDWHG�VHFRQGDU\�DQWLERGLHV��6DQWD�&UX]
%LRWHFKQRORJ\��ZHUH�XVHG�DQG�SURWHLQ�EDQGV�ZHUH�YLVXDOL]HG�DQG�GHWHFWHG�XVLQJ�DQ�HQKDQFHG
FKHPLOXPLQHVFHQFH�V\VWHP��*$3'+�ZDV�XVHG�IRU�QRUPDOL]DWLRQ��7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ
WULSOLFDWH�

4XDQWLWDWLYH�UHDO�WLPH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��T57�3&5�

7RWDO�51$�ZDV�H[WUDFWHG�ZLWK�7UL]RO�UHDJHQW��,QYLWURJHQ��IURP�13�WLVVXHV�DQG�FXOWXUHG�FHOOV��UHYHUVH�
WUDQVFULEHG�DQG�DPSOLILHG�E\�T57�3&5�DFFRUGLQJ�WR�PDQXIDFWXUHU
V�LQVWUXFWLRQV��7KH�SULPHUV�XVHG�IRU
T57�3&5�ZHUH�DV�IROORZV��+RPR�*53����IRUZDUG��
�&$7&$&*&&*7&&7$7*7&*��
��UHYHUVH��
�
&*7&$$$*$&&*7*77&7&*��
��+RPR�&+23��IRUZDUG��
�&&&7&$&7&7&&$*$77&&$*7&�
�
��UHYHUVH��
�&7$*&7*7*&&$&777&&777&$��
��+RPR�$7)���IRUZDUG��
�
&*$**7*77**7*****$&77*$��
��UHYHUVH��
��&$$&&&$7&&$&$*&&$*&&$77��
��+RPR
;%3���IRUZDUG��
�$$&&7*7$*$$*$7*$&&7&*77&&��
��UHYHUVH��
�
$$$*$*77&$77**&$$$$*7*7&&��
��+RPR�*$3'+��IRUZDUG��
�
7&$$*$$**7**7*$$*&$**��
��UHYHUVH��
�7&$$$**7**$**$*7***7��
��*$3'+�ZDV
XVHG�IRU�QRUPDOL]DWLRQ��7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWH�

,PPXQRIOXRUHVFHQFH�DQDO\VLV

,PPXQRIOXRUHVFHQFH�DQDO\VLV�ZDV�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG� ��%ULHIO\��13�FHOOV�RU�WLVVXHV
DWWDFKHG�WR�VOLGHV�ZHUH�IL[HG�ZLWK����SDUDIRUPDOGHK\GH��WKHQ�SHUPHDELOL]HG�ZLWK������7ULWRQ�;����
LQ�3%6��7KH�VOLGHV�ZHUH�ZDVKHG�LQ�3%6�DQG�EORFNHG�ZLWK����ERYLQH�VHUXP�DOEXPLQ��%6$��LQ�3%6�IRU
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��K�DW�����&��DQG�WKHQ�LQFXEDWHG�ZLWK�SULPDU\�DQWLERGLHV�DJDLQVW��*53�����������*53�����������&+23
���������FDVSDVH�����������RU�FDVSDVH�������������3URWHLQWHFK���$IWHU�ZDVKHG�WZLFH��WKH�VOLGHV�ZHUH
VXEVHTXHQWO\�WUHDWHG�ZLWK�VHFRQGDU\�JRDW�DQWL�UDEELW�DQWLERG\��%RVWHU��DW�����&�IRU���K��1XFOHL�ZHUH
FR�VWDLQHG�IRU���PLQ�ZLWK�����J�P/�'$3,��%H\RWLPH��1DQWRQJ��&KLQD���DQG�LPDJHV�ZHUH�FDSWXUHG
XQGHU�D�PLFURVFRSH��2O\PSXV��%;����0HOYLOOH��1<��86$��

7HUPLQDO�GHR[\QXFOHRWLG\O�WUDQVIHUDVH�G873�QLFN�HQG�ODEHOLQJ��781(/��VWDLQLQJ

781(/�VWDLQLQJ�ZDV�XVHG�WR�HYDOXDWH�FHOO�DSRSWRVLV��7KH�FHOOV�ZHUH�IL[HG�LQ����SDUDIRUPDOGHK\GH�IRU
��K�DW�URRP�WHPSHUDWXUH�DQG�WKHQ�WUHDWHG�ZLWK������7ULWRQ;�����IRU����PLQ��$IWHU�ZDVKHG�ZLWK�3%6�
WKH�FHOOV�ZHUH�LQFXEDWHG�ZLWK�WKH�FHOO�GHDWK�GHWHFWLRQ�NLW��5RFKH��%DVHO��6ZLW]HUODQG��DFFRUGLQJ�WR�WKH
PDQXIDFWXUHU
V�LQVWUXFWLRQV��1XFOHL�ZHUH�FR�VWDLQHG�IRU���PLQ�ZLWK�����J�P/�'$3,��%H\RWLPH�
1DQWRQJ��&KLQD���DQG�LPDJHV�ZHUH�FDSWXUHG�XQGHU�D�PLFURVFRSH��2O\PSXV��%;����0HOYLOOH��1<�
86$��

51$�LQWHUIHUHQFH

.QRFNGRZQ�RI�&+23�LQ�13�FHOOV�ZDV�UHDOL]HG�E\�WUDQVIHFWHG�ZLWK�VKRUW�LQWHUIHULQJ�51$��VL51$���6L�
51$�DJDLQVW�&+23��VL�&+23��DQG�VFUDPEOHG�VL51$��VL�1&��ZHUH�V\QWKHVL]HG�E\�5LER%LR
�*XDQJ]KRX��&KLQD��DQG�WUDQVIHFWHG�ZLWK�/LSRIHFWDPLQH�������,QYLWURJHQ��DFFRUGLQJ�WR�WKH�VWDQGDUG
SURWRFRO��7KH�VHTXHQFHV�RI�VL51$�ZHUH�DV�IROORZV��&+23�KRPR�������
�
*&8*$*8&$88*&&888&877��
�DQG��
�$*$$$**&$$8*$&8&$*&77��
��&+23�KRPR�
������
�**8&&8*8&88&$*$8*$$77��
�DQG��
�88&$8&8*$$*$&$**$&&77��
��&+23�
KRPR�������
�*&*&$8*$$*$$*$$$*$$77��
�DQG��
�88&888&&88&$8*&*&77��
��6L�
1&���
�88&8&&*$$&*8&$&*877��
�DQG��
�$&*8*$&$&*88&**$*$$77��
��$IWHU
DFKLHYLQJ�KLJK�VLOHQFLQJ�HIILFLHQF\��WKH�13�FHOOV�ZHUH�XVHG�LQ�IROORZLQJ�WUHDWPHQW�JURXS�

$QLPDO�H[SHULPHQWV

7KH�DQLPDO�H[SHULPHQWV�ZHUH�FRQGXFWHG�IROORZLQJ�D�SURWRFRO�DSSURYHG�E\�WKH�$QLPDO�([SHULPHQWDWLRQ
&RPPLWWHH�RI�+XD]KRQJ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��$�WRWDO�RI����WKUHH�PRQWK�ROG
6SUDJXH�'DZOH\�UDWV�ZHUH�XVHG�IRU�WKH�LQ�YLYR�H[SHULPHQWV��$PRQJ�WKHP����UDWV�UHPDLQHG�LQWDFW��$IWHU
WKH�DQLPDOV�ZHUH�DQHVWKHWL]HG�ZLWK�����Z�Y��SHQWREDUELWDO�����PJ�NJ���WKUHH�,9'V��&R�����&R����DQG
&R������LQ�HDFK�UDW�ZHUH�ORFDWHG�E\�SDOSDWLRQ�RQ�WKH�FRFF\JHDO�YHUWHEUDH�DQG�FRQILUPHG�E\�WULDO
UDGLRJUDSK\��7R�HYDOXDWH�WKH�WKHUDSHXWLF�HIIHFW�RI�H[RVRPHV�RQ�,''��WKUHH�UDW�,9'V��&R�����&R����DQG
&R������ZHUH�XQGHUZHQW�IRU�WKH�GLIIHUHQW�WUHDWPHQWV�DFFRUGLQJO\��0RUH�FRQFUHWHO\��WKH�WKUHH�,9'V
�&R�����&R����DQG�&R������ZHUH�DFFHSWHG�IRU�LQWUDGLVFDO�LQMHFWLRQ�RI�3%6��$*(V������ȝJ�P/��RU�D
PL[WXUH�RI�$*(V������ȝJ�P/��DQG�H[RVRPHV������ȝJ�P/���UHVSHFWLYHO\��DW�WKH�VDPH�WRWDO�LQMHFWLRQ
YROXPH����ȝ/���XVLQJ�D����JDXJH�QHHGOH��+DPLOWRQ��%HQDGH��6ZLW]HUODQG�� ��7KH�LQMHFWLRQV�ZHUH
SHUIRUPHG�HYHU\�WZR�ZHHNV�IRU�WZR�PRQWKV�

+LVWRORJLF�DQDO\VLV

$QLPDOV�ZHUH�HXWKDQL]HG��DQG�WKH�GLVFV�ZHUH�KDUYHVWHG��7KH�VSHFLPHQV�ZHUH�GHFDOFLILHG�DQG�IL[HG�LQ
IRUPDOGHK\GH��GHK\GUDWHG��WKHQ�HPEHGGHG�LQ�SDUDIILQ��7KH�VOLGHV�RI�HDFK�GLVF�ZHUH�VWDLQHG�ZLWK
KHPDWR[\OLQ�HRVLQ��+(��DQG�DVVHVVHG�ZLWK�D�KLVWRORJLFDO�JUDGLQJ�VFDOH� ��7KH�VHFWLRQV�ZHUH
GHSDUDIILQL]HG�DQG�UHK\GUDWHG��DQG�WKHQ�PLFURZDYHG�LQ������PRO�/�VRGLXP�FLWUDWH�IRU����PLQ��1H[W����
K\GURJHQ�SHUR[LGH�ZDV�XVHG�WR�EORFN�HQGRJHQRXV�SHUR[LGDVH�DFWLYLW\�IRU����PLQ��DQG����ERYLQH�VHUXP
DOEXPLQ�ZDV�XVHG�WR�EORFN�QRQVSHFLILF�ELQGLQJ�VLWHV�IRU����PLQ��7KH�VHFWLRQV�ZHUH�WKHQ�LQFXEDWHG�ZLWK
SULPDU\�DQWLERG\��&+23�����������*53������������FDVSDVH�����������3URWHLQWHFK��RYHUQLJKW�DW����&�
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)LQDOO\��WKH�VHFWLRQV�ZHUH�LQFXEDWHG�ZLWK�DQ�+53�FRQMXJDWHG�VHFRQGDU\�DQWLERG\��6DQWD�&UX]
%LRWHFKQRORJ\��DQG�FRXQWHUVWDLQHG�ZLWK�KHPDWR[\OLQ��$OO�WHVWV�ZHUH�SHUIRUPHG�RQ�DW�OHDVW�WKUHH
VHFWLRQV�IURP�HDFK�VSHFLPHQ�

6WDWLVWLFDO�DQDO\VLV

'DWD�DUH�SUHVHQWHG�DV�WKH�PHDQ���VWDQGDUG�GHYLDWLRQ�RI�DW�OHDVW�WKUHH�LQGHSHQGHQW�H[SHULPHQWV�
6WDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�*UDSK3DG�3ULVP���VRIWZDUH��/D�-ROOD��&$��86$��
'LIIHUHQFHV�EHWZHHQ�JURXS�PHDQV�ZHUH�HYDOXDWHG�ZLWK�6WXGHQW
V�W�WHVW�RU�RQH�ZD\�$129$�E\�DQDO\VLV
RI�YDULDQFH��3�YDOXH��������VKRZV�D�VWDWLVWLFDO�VLJQLILFDQFH�

5HVXOWV

7KH�H[SUHVVLRQ�RI�(5�VWUHVV�PDUNHUV�GXULQJ�WKH�LQWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ

(5�VWUHVV�ZDV�UHODWHG�WR�WKH�SDWKRJHQHVLV�RI�,''�DQG�VHYHUH�(5�VWUHVV�FRXOG�LQGXFH�H[FHVVLYH
DSRSWRVLV�LQ�13�FHOOV� ��7R�HQVXUH�ZKHWKHU�(5�VWUHVV�ZDV�UHOHYDQW�WR�WKH�SURJUHVVLRQ�RI�,''��WKH
H[SUHVVLRQ�OHYHOV�RI�(5�VWUHVV�PDUNHUV�ZHUH�HYDOXDWHG�LQ�13�VDPSOHV�DW�GLIIHUHQW�GHJHQHUDWLYH�GHJUHHV�
7KH�13�VDPSOHV�LQFOXGHG���DW�*UDGH�,,����DW�*UDGH�,,,����DW�*UDGH�,9�DQG���DW�*UDGH�9�DFFRUGLQJ�WR�WKH
3ILUUPDQQ�JUDGHV� ��7KH�KLVWRORJLFDO�GHJHQHUDWLYH�GHJUHHV�RI�13�WLVVXHV�ZHUH�PHDVXUHG�E\�+(��$OFLDQ
EOXH��DQG�0DVVRQ�VWDLQLQJ��)LJ���$���$�PDUNHU�IRU�(5�VWUHVV��*53����DQG�D�GRZQVWUHDP�SURWHLQ
LQLWLDWHG�E\�WKH�835��&+23��ZHUH�PHDVXUHG�E\�ZHVWHUQ�EORW�DQDO\VLV�LQ�DOO�13�WLVVXH�VDPSOHV��)LJ���%�
'���,Q�DGGLWLRQ��WKH�H[SUHVVLRQ�OHYHOV�RI�*53���DQG�&+23�ZHUH�GHWHFWHG�E\�T57�3&5�LQ�DOO�VSHFLPHQV
�Q� ������,QFUHDVLQJ�OHYHOV�RI�*53���DQG�&+23�H[SUHVVLRQ�ZHUH�IRXQG�WR�SRVLWLYHO\�FRUUHODWH�ZLWK
3ILUUPDQQ�JUDGHV�RI�,''��)LJ���(�)���,PPXQRIOXRUHVFHQFH�DQDO\VLV�VKRZHG�WKDW�WKH�OHYHOV�RI�FDVSDVH��
DQG�FDVSDVH����H[SUHVVLRQ�ZHUH�KLJKHU�LQ�WKH�GHJHQHUDWLYH�13�WLVVXH�VDPSOHV�FRPSDUHG�ZLWK�QRUPDO
VDPSOHV��)LJ���*�+���7KHVH�UHVXOWV�LQGLFDWH�WKDW�(5�VWUHVV�PDUNHU�H[SUHVVLRQ�DQG�(5�VWUHVV�UHODWHG
DSRSWRVLV�LQFUHDVH�GXULQJ�WKH�SURJUHVVLRQ�RI�,''�

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

(5�VWUHVV�OHYHO�GXULQJ�,''�LQ�KXPDQ�13�WLVVXHV���$��5HSUHVHQWDWLYH�KLVWRORJLFDO�LPDJHV�RI�QRUPDO�RU
GHJHQHUDWLYH�13�WLVVXHV�LQ�+(��$OFLDQ�EOXH�DQG�0DVVRQ�VWDLQLQJ��0DJQLILFDWLRQ������î��+LVWRORJLFDO
JUDGHV�RI�13�WLVVXHV�ZHUH�HYDOXDWHG�DQG�DQDO\]HG��
3����������%�'��7KH�SURWHLQ�OHYHOV�RI�*53���DQG
&+23�ZHUH�DQDO\]HG�E\�ZHVWHUQ�EORW�DQDO\VLV��%��DQG�WKH�UHODWLYH�TXDQWLWDWLYH�GDWD��&��'��ZDV�FDOFXODWHG
DFFRUGLQJO\��*$3'+�ZDV�XVHG�DV�DQ�LQWHUQDO�FRQWURO��
3��������YV�1&�JURXS���(��*53���P51$�OHYHO
ZDV�PHDVXUHG�E\�T57�3&5�LQ�QRUPDO�DQG�GHJHQHUDWLYH�13�WLVVXHV��OHIW�SDQHO���$�FRUUHODWLRQ�EHWZHHQ
*53���P51$�OHYHO�DQG�3ILUUPDQQ�JUDGHV�RI�13�WLVVXHV��Q� �����ZDV�GHWHUPLQHG�E\�QRQSDUDPHWULF�OLQHDU
UHJUHVVLRQ��ULJKW�SDQHO����)��&+23�P51$�OHYHO�ZDV�DQDO\]HG�E\�T57�3&5��OHIW�SDQHO��DQG�OLQHDU
UHJUHVVLRQ�FRQILUPHG�D�FRUUHODWLRQ�EHWZHHQ�&+23�P51$�OHYHO�DQG�3ILUUPDQQ�JUDGHV�RI�13�WLVVXHV��Q� 
�����ULJKW�SDQHO����*�+��5HSUHVHQWDWLYH�LPDJHV�RI�FDVSDVH����*��DQG�FDVSDVH�����+��H[SUHVVLRQ�ZDV
GHWHFWHG�E\�LPPXQRIOXRUHVFHQFH�DQDO\VLV�DQG�WKH�UHODWLYH�IOXRUHVFHQFH�LQWHQVLW\�ZDV�FDOFXODWHG�LQ�QRUPDO
DQG�GHJHQHUDWLYH�13�WLVVXHV��0DJQLILFDWLRQ������î��
3��������YV�1&�JURXS�
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,GHQWLILFDWLRQ�RI�06&�H[RV�DQG�LQWHUQDOL]DWLRQ�E\�13�FHOOV

+XPDQ�06&V�ZHUH�FROOHFWHG�IURP�WKH�ERQH�PDUURZ�DVSLUDWHV�RI�GRQRUV��+XPDQ�06&V�ZHUH�LGHQWLILHG
ZLWK�D�VSLQGOH�OLNH�DSSHDUDQFH�DW�DERXW��������FRQIOXHQFH��)LJ���$���06&V�ZHUH�FXOWXUHG�LQ
RVWHRJHQLF��DGLSRJHQLF�RU�FKRQGURJHQLF�PHGLXP�WR�LQGXFH�WKH�PXOWLOLQHDJH�GLIIHUHQWLDWLRQ��UHVSHFWLYHO\
�)LJ���%���)ORZ�F\WRPHWU\�DQDO\VLV�VKRZHG�WKDW�06&V�ZHUH�SRVLWLYH�IRU�WKH�VXUIDFH�DQWLJHQV�&'���
&'���DQG�&'�����DQG�QHJDWLYH�IRU�&'���DQG�+/$�'5��)LJ���&���06&�GHULYHG�H[RVRPHV��06&�
H[RV��ZHUH�LVRODWHG�DQG�SXULILHG�IURP�06&�FXOWXUH�PHGLXP��1DQRSDUWLFOH�WUDIILFNLQJ�DQDO\VLV��17$��
WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��DQG�ZHVWHUQ�EORWWLQJ�ZHUH�XVHG�WR�FKDUDFWHUL]H�WKH�GLDPHWHU�
PRUSKRORJ\�DQG�SURWHLQ�PDUNHUV�RI�06&�H[RV��UHVSHFWLYHO\��7KH�FRQFHQWUDWLRQ�RI�H[RVRPHV�ZDV
����î�� �SDUWLFOHV�P/�DQG�WKH�PHDQ�GLDPHWHU�RI�SDUWLFOHV�ZDV������QP�DV�PHDVXUHG�E\�WKH�17$
V\VWHP��)LJ���'���$�UHODWLYH�LQWHQVLW\�WKUHH�GLPHQVLRQDO�SORW�VKRZHG�D�VWHUHR�SLFWXUH�RI�WKH�VL]H
GLVWULEXWLRQ��)LJ���(���7KH�PRUSKRORJ\�RI�WKHVH�SDUWLFOHV�ZDV�FRQILUPHG�LQ�WKH�7(0�LPDJH��)LJ���)��
$FFRUGLQJ�WR�WKH�ZHVWHUQ�EORWWLQJ�UHVXOWV��WKH�OHYHOV�RI�H[RVRPDO�PDUNHU�SURWHLQV�VXFK�DV�$OL[�
76*�����&'���ZHUH�PXFK�KLJKHU�LQ�H[RVRPHV�WKDQ�FHOOV��)LJ���*���0RUHRYHU��3.+���ODEHOHG
H[RVRPHV�ZHUH�LQFXEDWHG�ZLWK�13�FHOOV�LQ�RUGHU�WR�GHWHUPLQH�WKH�H[RVRPHV�HQJXOIPHQW�E\�13�FHOOV��$V
VKRZQ�LQ�)LJ���+��IOXRUHVFHQFH�ODEHOHG�H[RVRPHV�ZHUH�GLVWULEXWHG�WKURXJKRXW�WKH�F\WRSODVP�RI�13
FHOOV�XQGHU�IOXRUHVFHQW�PLFURVFRS\��LQGLFDWLQJ�WKDW�WKH�QDQR�VL]HG�YHVLFOHV�ZHUH�LQWHUQDOL]HG�E\�13
FHOOV�

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

,GHQWLILFDWLRQ�RI�KXPDQ�ERQH�PDUURZ�06&�DQG�H[RVRPHV��06&�H[RV����$��5HSUHVHQWDWLYH�LPDJHV�RI
06&�VSLQGOH�OLNH�PRUSKRORJ\�DQG�DGKHUHQFH�WR�SODVWLF��VFDOH�EDU�����ȝP����%��7KH�DELOLW\�RI�06&�WR
GLIIHUHQWLDWH�LQWR�WKH�RVWHRJHQLF��FKRQGURJHQLF��DQG�DGLSRJHQLF�OLQHDJHV�ZDV�FRQILUPHG�E\�$OL]DULQ�5HG
VWDLQLQJ��OHIW�SDQHO��VFDOH�EDU�����ȝP���2LO�5HG�2�VWDLQLQJ��PLGGOH�SDQHO��VFDOH�EDU�����ȝP��DQG�$OFLDQ�EOXH
VWDLQLQJ��ULJKW�SDQHO��VFDOH�EDU�����ȝP���UHVSHFWLYHO\���&��&HOO�VXUIDFH�PDUNHUV��&'����&'�����&'���
&'���DQG�+/$�'5��RI�06&�ZDV�GHWHFWHG�E\�IORZ�F\WRPHWULF�DQDO\VLV���'��3DUWLFOH�VL]H�GLVWULEXWLRQ�RI
06&�H[RV�ZDV�PHDVXUHG�E\�QDQRSDUWLFOH�WUDIILFNLQJ�DQDO\VLV��17$����(��$�WKUHH�GLPHQVLRQDO�SORW
DFFRUGLQJ�WR�WKH�17$�UHVXOWV�VKRZHG�WKH�VWHUHR�SLFWXUH�RI�06&�H[RV�VL]H�GLVWULEXWLRQ���)��7\SLFDO�LPDJH
RI�06&�H[RV�PRUSKRORJ\�ZDV�FDSWXUHG�E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0���6FDOH�EDU������QP��
�*��3URWHLQ�PDUNHUV�RI�06&�H[RV�ZHUH�GHWHFWHG�E\�ZHVWHUQ�EORW�DQDO\VLV�LQ�H[RVRPHV�DQG�06&�FHOOV���+�
5HSUHVHQWDWLYH�LPDJHV�RI�13�FHOOV�LQFXEDWHG�ZLWK�3%6�RU�3.+���ODEHOOHG�06&�H[RV�IRU����K��7KH�QXFOHL
RI�13�FHOOV�ZHUH�VWDLQHG�E\�'$3,��EOXH���0DJQLILFDWLRQ������î��VFDOH�EDU�����ȝP�

06&�H[RV�UHGXFHG�$*(V�LQGXFHG�(5�VWUHVV�DQG�DPHOLRUDWHG�13�FHOOV�DSRSWRVLV

$*(V�DUH�WKRXJKW�WR�KDYH�GHWULPHQWDO�HIIHFWV�RQ�FHOOV�WKURXJK�LQGXFLQJ�VHYHUH�(5�VWUHVV�DQG�H[FHVVLYH
DSRSWRVLV� ��([RVRPHV�IURP�VWHP�FHOOV�KDYH�EHHQ�LQGLFDWHG�DV�DQWL�DSRSWRWLF�LQ�YDULRXV�FRQGLWLRQV
DQG�FRXOG�EH�DSSOLHG�WR�UHJXODWLQJ�FHOO�DSRSWRWLF�HYHQWV� ��7R�DVVHVV�WKH�HIIHFWV�RI�06&�H[RV�RQ�WKH
13�FHOOV��ZH�WUHDWHG�13�FHOOV�ZLWK���������RU�����ȝJ�P/�06&�H[RV�XQGHU�$*(V������ȝJ�P/�
VWLPXODWLRQ�IRU����K��7KHQ��WKH�H[SUHVVLRQ�OHYHOV�RI�(5�VWUHVV�PDUNHUV�*53���DQG�*53���ZHUH
DQDO\]HG�E\�ZHVWHUQ�EORW��DQG�WKH�TXDQWLWDWLYH�SURWHLQ�OHYHOV�ZHUH�FDOFXODWHG��)LJ���$��
,PPXQRIOXRUHVFHQFH�DQDO\VLV�DOVR�VKRZHG�WKDW�*53���RU�*53���ODEHOHG�FHOOV�ZHUH�LQFUHDVHG�LQ�WKH
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$*(V�JURXS�DQG�GHFUHDVHG�VLJQLILFDQWO\�ZKHQ�FR�WUHDWHG�ZLWK�06&�H[RV��)LJ���%�&���,W�ZDV�LQGLFDWHG
WKDW�06&�H[RV�FRXOG�DPHOLRUDWH�$*(V�LQGXFHG�(5�VWUHVV�LQ�D�GRVH�GHSHQGHQW�PDQQHU��6LQFH�VHYHUH
(5�VWUHVV�FRXOG�FDXVH�FHOO�DSRSWRVLV��ZH�QH[W�FRPSDUHG�WKH�DFWLYDWLRQ�OHYHO�RI�FDVSDVH���DQG�FDVSDVH�
���EHWZHHQ�WKH�GLIIHUHQW�JURXSV��)LJ���$���&DVSDVH���ODEHOHG�RU�FDVSDVH����ODEHOHG�FHOOV�LQFUHDVHG�LQ
WKH�$*(V�WUHDWPHQW�JURXS�DQG�GHFUHDVHG�ZKHQ�FR�WUHDWHG�ZLWK�06&�H[RV��)LJ���%�&���781(/
DQDO\VLV�DOVR�VXJJHVWHG�WKDW�WKH�DSRSWRVLV�UDWH�ZDV�LQFUHDVHG�XQGHU�$*(V�WUHDWPHQW�DQG�GHFUHDVHG�LQ
WKH�06&�H[RV�JURXS�LQ�D�GRVH�GHSHQGHQW�PDQQHU��)LJ���'�(���7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�UHYHDO�WKDW
$*(V�DXJPHQW�(5�VWUHVV�LQ�KXPDQ�13�FHOOV�DQG�WUHDWPHQW�ZLWK�06&�H[RV�H[HUWV�D�SURWHFWLYH�HIIHFW�E\
UHGXFLQJ�(5�VWUHVV�LQGXFHG�DSRSWRVLV�

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

06&�H[RV�UHGXFHG�WKH�*53���DQG�*53���H[SUHVVLRQ�XQGHU�WKH�$*(V�VWLPXODWLRQ��7KH�KXPDQ�13�FHOOV
ZHUH�WUHDWHG�ZLWK�$*(V������ȝJ�P/�LQ����K�H[FHSW�IRU�LQ�WKH�FRQWURO�JURXS��06&�H[RV������������
LQGLFDWHV�WKDW��������RU�����ȝJ�P/�H[RVRPHV�ZHUH�XVHG�LQ�WKH�FRUUHVSRQGLQJ�JURXSV���$��7KH�SURWHLQ
OHYHOV�RI�*53���DQG�*53���ZHUH�PHDVXUHG�E\�ZHVWHUQ�EORW�DQDO\VLV�DQG�WKH�UHODWLYH�TXDQWLWDWLYH�GDWD�ZDV
FDOFXODWHG�DFFRUGLQJO\��*$3'+�ZDV�XVHG�DV�DQ�LQWHUQDO�FRQWURO���%��5HSUHVHQWDWLYH�LPDJHV�RI�*53��
H[SUHVVLRQ�WUHDWHG�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�06&�H[RV�XQGHU�WKH�VWLPXODWLRQ�RI�$*(V��7KH�QXFOHL
RI�13�FHOOV�ZHUH�VWDLQHG�E\�'$3,��0DJQLILFDWLRQ������î���&��5HSUHVHQWDWLYH�LPDJHV�RI�*53���H[SUHVVLRQ
LQ�GLIIHUHQW�JURXSV��7KH�QXFOHL�RI�13�FHOOV�ZHUH�VWDLQHG�E\�'$3,��0DJQLILFDWLRQ������î���'��4XDQWLWDWLYH
DQDO\VLV�RI�IOXRUHVFHQFH�LQWHQVLW\�XVLQJ�,PDJH�3UR�3OXV�����IRU�*53���DQG�*53���DFFRUGLQJ�WR�WKH
LPPXQRIOXRUHVFHQFH�DQDO\VLV�UHVXOWV��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'��
3��������YV��FRQWURO�JURXS�
3��������YV��$*(V�JURXS�

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

06&�H[RV�DWWHQXDWHG�WKH�DFWLYDWLRQ�RI�FDVSDVH���DQG�FDVSDVH����XQGHU�WKH�$*(V�VWLPXODWLRQ�LQ�KXPDQ�13
FHOOV��7KH�KXPDQ�13�FHOOV�ZHUH�WUHDWHG�ZLWK�$*(V������ȝJ�P/��LQ����K�H[FHSW�IRU�LQ�WKH�FRQWURO�JURXS�
06&�H[RV�������������LQGLFDWHV�WKDW��������RU�����ȝJ�P/�H[RVRPHV�ZHUH�XVHG�LQ�WKH�FRUUHVSRQGLQJ
JURXSV���$��5HSUHVHQWDWLYH�ZHVWHUQ�EORWWLQJ�DVVD\�DQG�TXDQWLWDWLYH�DQDO\VLV�RI�FOHDYHG�FDVSDVH���DQG
FOHDYHG�FDVSDVH����OHYHO��*$3'+�ZDV�XVHG�DV�DQ�LQWHUQDO�FRQWURO���%��5HSUHVHQWDWLYH�LPDJHV�RI�FDVSDVH��
DQG�FDVSDVH����H[SUHVVLRQ�WUHDWHG�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�06&�H[RV�XQGHU�WKH�VWLPXODWLRQ�RI
$*(V��7KH�QXFOHL�RI�13�FHOOV�ZHUH�VWDLQHG�E\�'$3,��0DJQLILFDWLRQ������î���&��4XDQWLWDWLYH�DQDO\VLV�RI
IOXRUHVFHQFH�LQWHQVLW\�IRU�FDVSDVH���DQG�FDVSDVH����DFFRUGLQJ�WR�WKH�LPPXQRIOXRUHVFHQFH�DQDO\VLV�UHVXOWV�
�'��5HSUHVHQWDWLYH�LPDJHV�RI�781(/�DQDO\VLV�LQ�GLIIHUHQW�JURXS��7KH�QXFOHL�RI�13�FHOOV�ZHUH�VWDLQHG�E\
'$3,��0DJQLILFDWLRQ������î���(��4XDQWLWDWLRQ�RI�WKH�UDWLR�RI�DSRSWRWLF�FHOOV�LQ�WRWDO�FHOOV�ZDV�PHDVXUHG
DFFRUGLQJ�WR�WKH�781(/�VWDLQLQJ��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'��
3��������YV��FRQWURO�JURXS�� 3
�������YV��$*(V�JURXS�
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06&�H[RV�LQKLELWHG�WKH�DFWLYDWLRQ�RI�835�XQGHU�$*(V�LQGXFHG�(5�VWUHVV�LQ�KXPDQ�13
FHOOV

,W�ZDV�SUHYLRXVO\�VKRZQ�WKDW�VHYHUH�RU�SURORQJ�(5�VWUHVV�LQGXFHG�WKH�RYHU�DFWLYDWLRQ�RI�WKH�835�
UHVXOWLQJ�LQ�H[FHVVLYH�SURWHLQ�GHJUDGDWLRQ�DQG�XOWLPDWHO\�FHOO�GHDWK� ��7R�IXUWKHU�LQYHVWLJDWH�WKH�UROH�RI
06&�H[RV�LQ�$*(V�LQGXFHG�(5�VWUHVV��ZH�GHWHUPLQHG�ZKHWKHU�06&�H[RV�WUHDWPHQW�FRXOG�UHJXODWH�WKH
835�DFWLYDWLRQ��7KH�H[SUHVVLRQ�RI�WKUHH�WUDQVPHPEUDQH�SURWHLQV�LQ�WKH�FODVVLFDO�EUDQFKHV�RI�WKH�835�
SURWHLQ�NLQDVH�OLNH�HQGRSODVPLF�UHWLFXOXP�NLQDVH��3(5.���LQRVLWRO�UHTXLULQJ�SURWHLQ��Į��,5(�Į���DQG
DFWLYDWLQJ�WUDQVFULSWLRQ�IDFWRU����$7)���ZHUH�PHDVXUHG�E\�ZHVWHUQ�EORW�DQDO\VLV��)LJ���$���$V
H[SHFWHG��$*(V�WUHDWPHQW�LQGXFHG�LQFUHDVHG�H[SUHVVLRQ�RI�$7)���SKRVSKRU\ODWHG�,5(�Į��S�,5(�Į�
DQG�SKRVSKRU\ODWHG�3(5.��S�3(5.���ZKLFK�LQGLFDWHG�DFWLYDWLRQ�RI�WKH�835��)LJ���%���7KH
WUDQVFULSWLRQ�RI�835�WDUJHW�JHQHV��DFWLYDWLQJ�WUDQVFULSWLRQ�IDFWRU����$7)���DQG�;�ER[�ELQGLQJ�SURWHLQ��
�;%3���DOVR�LQFUHDVHG�DFFRUGLQJO\��)LJ���%�'���0RUHRYHU��D�PHGLDWRU�RI�(5�VWUHVV�UHODWHG�DSRSWRVLV�
&+23��ZDV�DFWLYDWHG�LQ�WUDQVFULSWLRQ�DQG�SURWHLQ�OHYHOV�XQGHU�$*(V�WUHDWPHQW��)LJ���(���,QWHUHVWLQJO\�
WKH�H[SUHVVLRQ�RI�WKH�GRZQVWUHDP�HIIHFWRUV�$7)���;%3���DQG�&+23�ZHUH�DOO�GHFUHDVHG�VLJQLILFDQWO\�LQ
WKH�06&�H[RV�JURXS�FRPSDUHG�ZLWK�WKH�$*(V�JURXS��&RQVHTXHQWO\��WKHVH�GDWD�VKRZ�WKDW�06&�H[RV
UHJXODWH�WKH�835�DFWLYDWLRQ�LQ�UHVSRQVH�WR�$*(V�LQGXFHG�(5�VWUHVV�LQ�KXPDQ�13�FHOOV�

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

06&�H[RV�DPHOLRUDWHG�WKH�DFWLYDWLRQ�RI�835�XQGHU�WKH�$*(V�WUHDWPHQW��7KH�06&�H[RV�JURXS�ZDV
FRWUHDWHG�ZLWK�$*(V������ȝJ�P/��DQG�06&�H[RV������ȝJ�P/����$��7KH�SURWHLQ�H[SUHVVLRQ�OHYHOV�RI�S�
3(5.��3(5.��$7)���S�,5(Į��,5(Į��;%3���$7)���DQG�&+23�ZHUH�PHDVXUHG�E\�ZHVWHUQ�EORW�DQDO\VLV�
*$3'+�ZDV�XVHG�DV�DQ�LQWHUQDO�FRQWURO���%��4XDQWLWDWLYH�DQDO\VLV�RI�UHODWLYH�SURWHLQ�OHYHOV�IRU�S�3(5.�
$7)���S�,5(Į��;%3���$7)���DQG�&+23���&�(��7KH�WUDQVFULSWLRQDO�OHYHOV�RI�;%3���&���$7)���'��DQG
&+23��(��ZHUH�DQDO\]HG�E\�T57�3&5��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'��
3��������YV��FRQWURO
JURXS�� 3��������YV��$*(V�JURXS�

06&�H[RV�DWWHQXDWHG�$*(V�LQGXFHG�(5�VWUHVV�LQGXFHG�DSRSWRVLV�WKURXJK�&+23
UHJXODWLRQ�LQ�KXPDQ�13�FHOOV

*URZLQJ�HYLGHQFH�KDV�VKRZQ�WKDW�WKH�LQFUHDVHG�H[SUHVVLRQ�RI�&+23�FRXOG�UHVXOW�LQ�,9'�FHOO�DSRSWRVLV
��7R�FRQILUP�WKH�UHODWLRQVKLS�EHWZHHQ�&+23�DQG�(5�VWUHVV�UHODWHG�DSRSWRVLV��WKH�HIIHFWV�RI�&+23

VLOHQFLQJ�LQ�KXPDQ�13�FHOOV�ZHUH�WHVWHG��&+23�VLOHQFLQJ�ZDV�UHDOL]HG�E\�51$�LQWHUIHUHQFH�DQG�WKH
VLOHQFLQJ�HIILFLHQF\�ZDV�PHDVXUHG�DW�SURWHLQ�OHYHOV��)LJ���$��DQG�WUDQVFULSWLRQDO�OHYHOV��GDWD�GLG�QRW
VKRZ���6LOHQFLQJ�RI�&+23�RU�WUHDWPHQW�ZLWK�06&�H[RV�ERWK�VLJQLILFDQWO\�UHGXFHG�FDVSDVH�DFWLYDWLRQ
XQGHU�WKH�$*(V�VWLPXODWLRQ��:KHQ�13�FHOOV�LQ�WKH�VL�&+23�JURXS�ZHUH�FR�WUHDWHG�ZLWK�06&�H[RV
�����ȝJ�P/���WKH�LQKLELWLRQ�RI�$*(V�LQGXFHG�FDVSDVHV�DFWLYDWLRQ�ZDV�HYHQ�PRUH�DSSDUHQW��)LJ���%�)��
,PPXQRIOXRUHVFHQFH�DQDO\VLV�LQGLFDWHG�WKDW�FDVSDVH���DQG�FDVSDVH����ODEHOHG�FHOOV�ZHUH�GHFUHDVHG
VLJQLILFDQWO\�LQ�WKH�VL�&+23�JURXS�ZLWK�RU�ZLWKRXW�06&�H[RV��FRPSDUHG�ZLWK�WKH�VL�1&�JURXS��)LJ���
)���0RUHRYHU��WKH�781(/�DQDO\VLV�UHVXOWV�ZHUH�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQV�RQ�FDVSDVH���DQG
FDVSDVH����DFWLYDWLRQ�OHYHOV��)LJ���*�+���7RJHWKHU��WKHVH�GDWD�UHYHDO�WKDW�06&�H[RV�UHGXFHG�WKH�(5
VWUHVV�WKURXJK�WKH�UHJXODWLRQ�RI�&+23�H[SUHVVLRQ�DQG�DWWHQXDWH�(5�VWUHVV�LQGXFHG�DSRSWRVLV�XQGHU�WKH
$*(V�WUHDWPHQW�

��

�

�

�
�

�

��

�

�

�

�



���������������30 ([RVRPHV�IURP�PHVHQFK\PDO�VWHP�FHOOV�PRGXODWH�HQGRSODVPLF�UHWLFXOXP�VWUHVV�WR�SURWHFW�DJDLQVW�QXFOHXV�SXOSRVXV�FHOO�GHDWK�DQG�DPHOLRUDWH�L«

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� �����

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

06&�H[RV�DWWHQXDWHG�WKH�$*(V�LQGXFHG�(5�VWUHVV�LQGXFHG�DSRSWRVLV�LQ�KXPDQ�13�FHOOV��7KH�06&�H[RV
JURXS�ZDV�FRWUHDWHG�ZLWK�$*(V������ȝJ�P/��DQG�06&�H[RV������ȝJ�P/����$��7KHUH�IUDJPHQWV�RI�VL�
&+23�����������DQG������ZHUH�V\QWKHVL]HG�DQG�WKH�VLOHQFLQJ�HIILFLHQF\�ZDV�DVVHVVHG�E\�WKH�ZHVWHUQ
EORWWLQJ�DQDO\VLV��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'��
3�������YV��FRQWURO�JURXS���%�(��:HVWHUQ�EORW
DQDO\VLV�DQG�WKH�TXDQWLWDWLYH�VWDWLVWLFDO�DQDO\VLV�VKRZHG�WKH�SURWHLQ�OHYHOV�RI�&+23��&���FOHDYHG�FDVSDVH�
����'��DQG�FOHDYHG�FDVSDVH����(��H[SUHVVLRQ��*$3'+�ZDV�XVHG�DV�DQ�LQWHUQDO�FRQWURO��'DWD�ZHUH
SUHVHQWHG�DV�WKH�PHDQ���6'��
3��������YV��FRQWURO�JURXS�� 3��������YV��$*(V�JURXS�� 3����������)�
5HSUHVHQWDWLYH�LPDJHV�RI�FDVSDVH����FDVSDVH����DQG�&+23�SURWHLQ�H[SUHVVLRQ�ZHUH�GHWHFWHG�E\
LPPXQRIOXRUHVFHQFH�VWDLQLQJ��0DJQLILFDWLRQ������î���*�+��5HSUHVHQWDWLYH�LPDJHV�RI�781(/�VWDLQLQJ��*�
DQG�WKH�TXDQWLWDWLYH�VWDWLVWLFDO�DQDO\VLV��+��VKRZHG�WKH�UDWH�RI�781(/�SRVLWLYH�FHOOV�LQ�GLIIHUHQW�JURXSV�
0DJQLILFDWLRQ������î��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'��
3��������YV��FRQWURO�JURXS�� 3��������YV�
$*(V�JURXS�� 3��������

06&�H[RV�SURWHFWHG�DJDLQVW�$*(V�LQGXFHG�(5�VWUHVV�LQGXFHG�DSRSWRVLV�WKURXJK�$.7
DQG�(5.�SDWKZD\�LQ�KXPDQ�13�FHOOV

1XPHURXV�VWXGLHV�KDYH�FRQILUPHG�WKDW�$.7�DQG�(5.�SDWKZD\V�FRXOG�EH�DFWLYDWHG�E\�WKH�GHOLYHU\�RI
H[RVRPHV� ��7R�IXUWKHU�LQYHVWLJDWH�WKH�PHFKDQLVP�RI�06&�H[RV�LQ�PRGXODWLQJ�(5�VWUHVV��ZHVWHUQ
EORW�DQDO\VLV�ZDV�FDUULHG�RXW�WR�PHDVXUH�WKH�OHYHOV�RI�$.7��S�$.7��(5.�DQG�S�(5.�H[SUHVVLRQ�LQ
KXPDQ�13�FHOOV��)LJ���$���7KH�SKRVSKRU\ODWHG�OHYHOV�RI�$.7�DQG�(5.�ZHUH�ERWK�LQFUHDVHG�LQ�WKH
06&�H[RV�WUHDWHG�JURXS������ȝJ�P/��FRPSDUHG�ZLWK�WKH�$*(V�JURXS��)LJ���%�&���7KH�OHYHOV�RI
&+23�H[SUHVVLRQ��FDVSDVH���DQG�FDVSDVH����DFWLYDWLRQ�ZHUH�DOVR�DVVHVVHG�E\�ZHVWHUQ�EORWWLQJ��)LJ���
'�*���,QWHUHVWLQJO\��WKH�SKRVSKRU\ODWLRQ�RI�ERWK�$.7�DQG�(5.�ZDV�GHFUHDVHG�XQGHU�$*(V
VWLPXODWLRQ��DQG�PD\�EH�UHODWHG�WR�&+23�H[SUHVVLRQ�DQG�FDVSDVH�DFWLYDWLRQ��06&�H[RV�WUHDWPHQW
VLJQLILFDQWO\�DFWLYDWHG�WKH�$.7�DQG�(5.�VLJQDOLQJ��ZKLFK�UHGXFHG�&+23�H[SUHVVLRQ�DQG�XOWLPDWHO\
LQKLELWHG�WKH�FOHDYDJH�RI�FDVSDVH���DQG�FDVSDVH�����+RZHYHU��WKH�SURWHFWLYH�HIIHFWV�RI�06&�H[RV�ZHUH
DEURJDWHG�ZKHQ�WKH�13�FHOOV�ZHUH�WUHDWHG�ZLWK�WKH�$.7�VLJQDOLQJ�LQKLELWRU�/<��������RU�WKH�(5.
VLJQDOLQJ�LQKLELWRU�3'�������,PPXQRIOXRUHVFHQFH�DQDO\VLV�DOVR�VKRZHG�WKDW�WKH�&+23��FDVSDVH���DQG
FDVSDVH����ODEHOHG�FHOOV�GHFUHDVHG�LQ�WKH�06&�H[RV�JURXS��EXW�LQFUHDVHG�VLJQLILFDQWO\�ZLWK�/<������
RU�3'������FR�WUHDWPHQW��)LJ���+���0RUHRYHU��WKH�781(/�VWDLQLQJ�UHVXOWV�VXJJHVWHG�WKDW�06&�H[RV
GHFUHDVHG�WKH�DSRSWRWLF�UDWH��ZKLOH�EORFNDGH�RI�$.7�RU�(5.�VLJQDOLQJ�LQKLELWHG�WKH�DQWL�DSRSWRWLF
HIIHFWV�RI�06&�H[RV�LQ�YLWUR��)LJ���,�-���7KHVH�UHVXOWV�LQGLFDWH�WKDW�06&�H[RV�SURWHFW�DJDLQVW�(5
VWUHVV�UHODWHG�DSRSWRVLV�SDUWO\�WKURXJK�WKH�DFWLYDWLRQ�RI�$.7�DQG�(5.�VLJQDOLQJ�LQ�KXPDQ�13�FHOOV�
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KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� �����

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

06&�H[RV�PRGXODWHG�WKH�$*(V�LQGXFHG�(5�VWUHVV�WKURXJK�DFWLYDWLQJ�WKH�$.7�DQG�(5.�VLJQDOLQJ�LQ
KXPDQ�13�FHOOV��7KH�06&�H[RV�JURXS�ZDV�FRWUHDWHG�ZLWK�$*(V������ȝJ�P/��DQG�06&�H[RV�����
ȝJ�P/����$��7KH�SURWHLQ�OHYHOV�RI�$.7��S�$.7��(5.�DQG�S�(5.�ZHUH�DVVHVVHG�E\�ZHVWHUQ�EORWWLQJ�
/<��������/<��LV�D�EURDG�VSHFWUXP�LQKLELWRU�RI�3,�.�$.7��3'�������3'��FRXOG�LQKLELW�WKH
SKRVSKRU\ODWLRQ�RI�(5.����HIILFLHQWO\���%�&��:HVWHUQ�EORW�DQDO\VLV�DQG�WKH�TXDQWLWDWLYH�VWDWLVWLFDO�DQDO\VLV
VKRZHG�WKH�SURWHLQ�OHYHOV�RI�S�$.7��%��DQG�S�(5.��&����'�*��7KH�SURWHLQ�OHYHOV�RI�&+23��(���FOHDYHG
FDVSDVH�����)���FOHDYHG�FDVSDVH����*��ZHUH�PHDVXUHG�E\�ZHVWHUQ�EORWWLQJ�DQG�DQDO\]HG�VWDWLVWLFDOO\�
*$3'+�ZDV�XVHG�DV�DQ�LQWHUQDO�FRQWURO��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'��
3��������YV��FRQWURO
JURXS�� 3��������YV��$*(V�JURXS�� 3����������+��5HSUHVHQWDWLYH�LPDJHV�RI�FDVSDVH����FDVSDVH����DQG
&+23�SURWHLQ�H[SUHVVLRQ�ZHUH�DVVHVVHG�E\�LPPXQRIOXRUHVFHQFH�VWDLQLQJ��0DJQLILFDWLRQ������î���,�-�
5HSUHVHQWDWLYH�LPDJHV�RI�781(/�VWDLQLQJ��,��DQG�WKH�TXDQWLWDWLYH�VWDWLVWLFDO�DQDO\VLV��-��VKRZHG�WKH�UDWH�RI
781(/�SRVLWLYH�FHOOV�LQ�GLIIHUHQW�JURXSV��0DJQLILFDWLRQ������î��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'�

3��������YV��FRQWURO�JURXS�� 3��������YV��$*(V�JURXS�� 3��������

06&�H[RV�UHGXFHG�(5�VWUHVV�UHODWHG�FHOO�DSRSWRVLV�DQG�DPHOLRUDWHG�WKH�LQWHUYHUWHEUDO
GLVF�GHJHQHUDWLRQ�LQ�YLYR

7R�IXUWKHU�LQYHVWLJDWH�WKH�WKHUDSHXWLF�HIIHFWV�RI�06&�H[RV�RQ�$*(V�LQGXFHG�,''��DQ�DQLPDO�PRGHO�RI
,''�ZDV�XVHG�LQ�RXU�H[SHULPHQW��7KUHH�LQGHSHQGHQW�GLVFV�RI�HDFK�UDW�ZHUH�LQWUDGLVFDOO\�LQMHFWHG�ZLWK
3%6��$*(V��RU�$*(V�DQG�06&�H[RV��UHVSHFWLYHO\��7KH�GHJHQHUDWLYH�JUDGHV�RI�UDW�,9'V�ZHUH�DVVHVVHG
E\�05,�DQG�;�UD\�H[DPLQDWLRQ�DW������DQG���ZHHNV�DIWHU�WKH�LQWUDGLVFDO�LQWHUYHQWLRQ��)LJ���$�%���7KH
SHUFHQW�GLVF�KHLJKW�LQGH[���'+,��ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�;�UD\�UHVXOWV��)LJ���&���$�ORZ
�'+,�LQ�$*(V�WUHDWHG�GLVFV�UHYHDOHG�GHJHQHUDWLYH�FKDQJHV�LQGLFDWLQJ�D�FROODSVHG�RU�QDUURZLQJ
LQWHUYHUWHEUDO�VSDFH��0HDQZKLOH��WKH�3ILUUPDQQ�VFRUH�ZDV�EDVHG�RQ�05,�UHVXOWV��DQG�ZDV�XVHG�WR
HYDOXDWH�WKH�GHJUHH�RI�,''��ZKLFK�ZDV�ORZHU�LQ�WKH�06&�H[RV�JURXS�FRPSDUHG�ZLWK�WKH�$*(V�JURXS
�)LJ���'���+LVWRORJLFDO�VWDLQLQJ�DQG�LPPXQRKLVWRFKHPLFDO�DQDO\VLV�IRU�&+23��*53���DQG�FDVSDVH��
DOVR�VXJJHVWHG�WKDW�06&�H[RV�DWWHQXDWHG�WKH�$*(V�LQGXFHG�(5�VWUHVV�DQG�FHOO�DSRSWRVLV�GXULQJ�,''
�)LJ���(�)���0HDQZKLOH��781(/�VWDLQLQJ�UHYHDOHG�WKDW�WKH�UDWH�RI�781(/�SRVLWLYH�FHOOV�ZDV�LQFUHDVHG
LQ�WKH�$*(V�JURXS�DQG�GHFUHDVHG�VLJQLILFDQWO\�ZKHQ�GLVFV�ZHUH�FR�WUHDWHG�ZLWK�$*(V�DQG�06&�H[RV
�)LJ���*�+���7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�UHYHDO�WKDW�06&�H[RV�PD\�LQKLELW�WKH�DFWLYDWLRQ�RI�$*(V�
LQGXFHG�(5�VWUHVV�UHODWHG�FHOO�DSRSWRVLV�DQG�DPHOLRUDWH�,''�SURJUHVVLRQ�LQ�YLYR�
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KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� �����

2SHQ�LQ�D�VHSDUDWH�ZLQGRZ
)LJXUH��

06&�H[RV�DPHOLRUDWHG�WKH�(5�VWUHVV�UHODWHG�DSRSWRVLV�DQG�UHWDUGHG�WKH�,''�SURJUHVVLRQ�LQ�YLYR���$��;�
UD\�RI�UDW�WDLO�ZLWK�WKUHH�LQGHSHQGHQW�GLVFV�DW���������ZHHNV��:KLWH��EOXH�DQG�UHG�DUURZV�PHDQ�GLVFV�ZLWK
3%6��$*(V�RU�$*(V�DQG�06&�H[RV�LQMHFWLRQ�UHVSHFWLYHO\���%��7��ZHLJKWHG�05,�RI�UDW�WDLO�DW��������
ZHHNV��:KLWH��EOXH�DQG�UHG�DUURZV�PHDQ�GLVFV�ZLWK�3%6��$*(V�RU�$*(V�DQG�06&�H[RV�LQMHFWLRQ
UHVSHFWLYHO\���&�'��&KDQJHV�LQ�'+,���'+,���&��EDVHG�RQ�WKH�;�UD\�DQG�3ILUUPDQQ�05,�JUDGHV��'��EDVHG
RQ�WKH�05,�UHVXOWV�LQ�HDFK�JURXS��Q� ����IRU�HDFK�JURXS���'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'��
3��
�������(��5HSUHVHQWDWLYH�+(�VWDLQLQJ�DQG�LPPXQRKLVWRFKHPLFDO�VWDLQLQJ�RI�*53����&+23�DQG�FDVSDVH��
H[SUHVVLRQ�LQ�HDFK�JURXS��0DJQLILFDWLRQ�����î��VFDU�EDU� �����ȝP��DQG�����î��VFDU�EDU� ����ȝP����)�
+LVWRORJLFDO�JUDGHV�ZHUH�DVVHVVHG�DFFRUGLQJ�WR�WKH�+(�VWDLQLQJ��Q� ����IRU�HDFK�JURXS���'DWD�ZHUH
SUHVHQWHG�DV�WKH�PHDQ���6'��
3����������*�+��5HSUHVHQWDWLYH�781(/�VWDLQLQJ�LPDJHV��*��RI�UDW�GLVFV�DQG
WKH�VWDWLVWLFDO�DQDO\VLV��+��RI�781(/�SRVLWLYH�FHOOV�LQ�HDFK�JURXS��'DWD�ZHUH�SUHVHQWHG�DV�WKH�PHDQ���6'�

3��������

'LVFXVVLRQ

$FFXPXODWLQJ�HYLGHQFH�KDV�VKRZQ�WKDW�06&�WUDQVSODQWDWLRQ�FRXOG�DPHOLRUDWH�,''�SURJUHVVLRQ�WKURXJK
SDUDFULQH�HIIHFWV� ��([RVRPHV�DUH�D�FULWLFDO�ELRDFWLYH�FRPSRQHQW�RI�06&�VHFUHWLRQ�DQG�PD\�VHUYH
DV�DQ�DOWHUQDWLYH�WR�06&�EDVHG�WKHUDS\��,Q�WKLV�VWXG\��ZH�IRXQG�WKDW�06&�H[RV�FRXOG�SURWHFW�13�FHOOV
DJDLQVW�(5�VWUHVV�LQGXFHG�DSRSWRVLV�XQGHU�WKH�VWLPXODWLRQ�RI�$*(V�LQ�D�GRVH�GHSHQGHQW�PDQQHU��7KH
DQWL�DSRSWRWLF�HIIHFW�RI�06&�H[RV�LV�SDUWO\�PHGLDWHG�E\�WKH�DFWLYDWLRQ�RI�$.7�DQG�(5.�VLJQDOLQJ
WKURXJK�WKH�LQKLELWLRQ�RI�K\SHUDFWLYH�(5�VWUHVV�DQG�WKH�835��6HYHUH�(5�VWUHVV�ZDV�LQGXFHG�E\�$*(V
WUHDWPHQW�DQG�UHVXOWHG�LQ�DQ�DFFXPXODWLRQ�RI�&+23�SURWHLQ��ZKLFK�SURPRWHG�WKH�FOHDYDJH�RI�FDVSDVH�
����FDVSDVH���LQ�KXPDQ�13�FHOOV��7KH�VXSSOHPHQWDWLRQ�ZLWK�06&�H[RV�FRXOG�DWWHQXDWH�WKH�GHWULPHQWDO
HIIHFWV�RI�$*(V�LQ�KXPDQ�13�FHOOV��,Q�DGGLWLRQ��WKH�LQ�YLYR�VWXG\�LQGLFDWHG�WKDW�06&�H[RV�FRXOG
DPHOLRUDWH�(5�VWUHVV�DQG�SOD\�D�SURWHFWLYH�UROH�GXULQJ�,''�SURJUHVVLRQ�

%RWK�$*(V�DQG�(5�VWUHVV�SOD\�LPSRUWDQW�UROHV�LQ�WKH�SDWKRJHQHVLV�RI�,''��+LJKHU�OHYHO�RI�$*(V�ZDV
GHWHFWHG�LQ�WKH�GHJHQHUDWHG�GLVF��HVSHFLDOO\�LQ�LQGLYLGXDOV�ZLWK�GLDEHWHV�PHOOLWXV� ��$*(V
DFFXPXODWLRQ�ZDV�UHODWHG�WR�K\SHUDFWLYH�LQIODPPDWLRQ��GLPLQLVKHG�JO\FRVDPLQRJO\FDQ��DQG�ORVV�RI
ZDWHU�FRQWHQW�LQ�,9'�WLVVXHV� ��2XU�SUHYLRXV�VWXG\�DOVR�VKRZHG�WKDW�$*(V�SURPRWHG�KXPDQ
13�FHOO�GHDWK�DQG�,''�SURJUHVVLRQ�WKURXJK�DJJUDYDWLQJ�R[LGDWLYH�VWUHVV�DQG�PLWRFKRQGULDO�G\VIXQFWLRQ
��0RUHRYHU��$*(V�DFFXPXODWLRQ�ZDV�GHPRQVWUDWHG�WR�LQGXFH�(5�VWUHVV��OHDGLQJ�WR�FHOO�DSRSWRVLV

PDLQO\�WKURXJK�WKH�LQGXFWLRQ�RI�D�SURORQJHG�835� ��2XU�UHVXOWV�UHYHDOHG�WKDW�WKH�OHYHOV�RI�*53���DQG
&+23�H[SUHVVLRQ�ZHUH�LQFUHDVHG�LQ�GHJHQHUDWLYH�GLVF�WLVVXHV��LQGLFDWLQJ�DQ�LQFUHDVLQJ�(5�VWUHVV�OHYHO
LQ�SDUDOOHO�ZLWK�WKH�DFFXPXODWLRQ�RI�$*(V�GXULQJ�,''�SURJUHVVLRQ��7KH�LQ�YLWUR�VWXG\�DOVR�IRXQG�WKDW
*53���DQG�*53���ZHUH�ERWK�XS�UHJXODWHG�VLJQLILFDQWO\�LQ�$*(V�WUHDWHG�KXPDQ�13�FHOOV�FRPSDUHG
ZLWK�WKH�QRUPDO�FRQWURO��&ROOHFWLYHO\��$*(V�DFFXPXODWLRQ�LQ�WKH�,9'�SURPRWHG�WKH�SURJUHVVLRQ�RI�,''
SDUWO\�WKURXJK�LQGXFLQJ�D�SURORQJHG�DQG�VHYHUH�(5�VWUHVV��6WXGLHV�LQ�GLDEHWLF�PLFH�KDYH�UHYHDOHG�WKDW
$*(V�DFFXPXODWLRQ�LV�DVVRFLDWHG�ZLWK�GHJHQHUDWLYH�FKDQJHV�LQ�,9'��LQFOXGLQJ�K\SHUDFWLYH
H[WUDFHOOXODU�PDWUL[�FDWDEROLVP��ORVV�RI�GLVF�KHLJKW�DQG�GLPLQLVKHG�ZDWHU�FRQWHQW� ��,QKLELWLRQ�RI
$*(V�GHSRVLWLRQ�DQG�$*(V�UHODWHG�(5�VWUHVV�PD\�SURYLGH�D�WKHUDSHXWLF�WDUJHW�LQ�,''�WUHDWPHQW�
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KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� �����

7KH�835��DQ�HYROXWLRQDULO\�FRQVHUYHG�UHVSRQVH�LQGXFHG�E\�(5�VWUHVV��FRXOG�EH�DFWLYDWHG�WR�IDFLOLWDWH
FHOOV�WR�DGDSW�WR�(5�VWUHVV�DQG�VXUYLYH�LQ�VWUHVVIXO�FRQGLWLRQV� ��+RZHYHU��VHYHUH�RU�SURORQJHG�(5
VWUHVV�SURPRWHV�835�K\SHUDFWLYDWLRQ�WR�UHVXOW�LQ�H[FHVVLYH�FHOOXODU�SURWHLQV�GHJUDGDWLRQ�DQG�WKH�ILQDO
GHPLVH�RI�WKH�FHOO� ��7KH�835�LV�WULJJHUHG�WR�HOLFLW�GRZQVWUHDP�FDVFDGHV��LQFOXGLQJ�$7)��DQG�;%3��
ZKLFK�FRQWULEXWH�WR�WKH�H[SUHVVLRQ�RI�&+23�SURWHLQ� ��7KH�DFFXPXODWLRQ�RI�&+23�SURWHLQ
FRXOG�LQGXFH�WKH�FOHDYDJH�RI�FDVSDVH����DQG�FDVSDVH����UHVXOWLQJ�LQ�FHOO�DSRSWRVLV� ��$�SUHYLRXV
VWXG\�KDV�LQGLFDWHG�WKDW�&+23�GHOHWLRQ�FRXOG�DPHOLRUDWH�(5�VWUHVV�DQG�DEURJDWH�WKH�SUR�DSRSWRWLF
HIIHFWV�LQGXFHG�E\�WKH�DFFXPXODWLRQ�RI�$*(V�LQ�FKRQGURF\WHV� ��2Q�WKH�RWKHU�KDQG��&+23
RYHUH[SUHVVLRQ�ZDV�IRXQG�WR�SURPRWH�WKH�DFWLYDWLRQ�RI�FDVSDVH���DQG�FDXVH�DQ�LQFUHDVHG�DSRSWRWLF�UDWH
��2XU�GLVFRYHULHV�UHYHDOHG�WKDW�NQRFNGRZQ�RI�&+23�E\�VL�51$�LQ�KXPDQ�13�FHOOV�DWWHQXDWHG�WKH

DFWLYDWLRQ�RI�FDVSDVH����DQG�FDVSDVH����DQG�DOOHYLDWHG�WKH�(5�VWUHVV�LQGXFHG�DSRSWRVLV�

06&�WUDQVSODQWDWLRQ�KDV�EHHQ�SURSRVHG�DV�DQ�LGHDO�DSSURDFK�IRU�,9'�UHJHQHUDWLRQ�EHFDXVH�06&V
FRXOG�SURWHFW�DJDLQVW�UHVLGHQW�,9'�FHOO�GHDWK�WKURXJK�WKH�SDUDFULQH�HIIHFWV� ��06&�H[RV��DV�D
FRPSRQHQW�RI�06&�SDUDFULQH��FRXOG�VHUYH�DV�DQ�DOWHUQDWLYH�WR�VWHP�FHOO�EDVHG�WKHUDS\� ��0RUHRYHU�
H[RVRPHV�EDVHG�WKHUDS\�FRXOG�EH�DSSOLHG�EHWZHHQ�GLIIHUHQW�LQGLYLGXDOV��HYHQ�DFURVV�VSHFLHV� �
06&�H[RV�KDYH�EHHQ�DSSOLHG�LQ�LPPXQRPRGXODWLRQ��ZRXQG�KHDOLQJ��PHGLDWLQJ�LQIODPPDWLRQ�DQG�FHOO
DSRSWRVLV�UHJXODWLRQ� ��,Q�RXU�VWXG\��DFFXPXODWLRQ�RI�$*(V�ZDV�IRXQG�WR�SURPRWH�&+23
H[SUHVVLRQ�DQG�LPSDLUHG�13�FHOOV��7UHDWPHQW�ZLWK�06&�H[RV�DPHOLRUDWHG�WKH�835�K\SHUDFWLYDWLRQ�DQG
GHFUHDVHG�&+23�H[SUHVVLRQ��ZKLFK�SURWHFWHG�13�FHOOV�DJDLQVW�H[FHVVLYH�DSRSWRVLV�XOWLPDWHO\��:KHQ
FHOOV�ZHUH�WUHDWHG�ZLWK�DQ�$.7�DQWDJRQLVW�RU�(5.�DQWDJRQLVW��WKH�DQWL�DSRSWRWLF�HIIHFWV�RI�06&�H[RV
ZHUH�VLJQLILFDQWO\�DEURJDWHG��7KHVH�UHVXOWV�LQGLFDWH�WKDW�06&�H[RV�FRXOG�GHFUHDVH�WKH�OHYHO�RI�&+23
H[SUHVVLRQ�DQG�UHGXFH�FDVSDVH�DFWLYDWLRQ�LQ�D�VHYHUH�(5�VWUHVV�FRQGLWLRQ�

7R�GDWH��H[RVRPHV�DUH�NQRZQ�DV�D�FRQYH\RU�WR�GHOLYHU�FDUJRHV�IURP�WKH�SDUHQWDO�FHOOV�WR�WKH�UHFLSLHQW
FHOOV��7KH�WKHUDSHXWLF�PHFKDQLVPV�RI�06&�H[RV�FRXOG�EH�H[SODLQHG�E\�WUDQVPLVVLRQ�RI�ELRDFWLYH
IDFWRUV�IURP�06&V�WR�WDUJHW�FHOOV�WKURXJK�D�VWDEOH�ELOD\HU�PHPEUDQH�VWUXFWXUH��$FFXPXODWLQJ�HYLGHQFH
KDV�UHYHDOHG�WKDW�H[RVRPDO�SURWHLQV�RU�51$V�SOD\�D�VLJQLILFDQW�UROH�LQ�DOWHULQJ�WKH�FHOOXODU�DFWLYLWLHV
DQG�IXQFWLRQV�RI�UHFLSLHQW�FHOOV� ��$�UHFHQW�VWXG\�VKRZHG�WKDW�H[RVRPHV�IURP�EORRG�SODVPD�FRXOG
DFWLYDWH�WKH�$.7�DQG�(5.�SDWKZD\V�WR�UHJXODWH�DQJLRJHQHVLV�DQG�SURPRWH�WKH�H[SUHVVLRQ�RI�DQWL�
DSRSWRWLF�SURWHLQV� ��([RVRPDO�SURWHLQV��VXFK�DV�&'����ZHUH�IRXQG�WR�PHGLDWH�WKH�DFWLYDWLRQ�RI�$.7
DQG�(5.�VLJQDOLQJ� ��$.7�DQG�(5.�VLJQDOLQJ�DUH�LQYROYHG�LQ�FHOO�SUROLIHUDWLRQ�DQG�PLJUDWLRQ��DQG
SOD\�D�JUHDW�UROH�LQ�WKH�UHJXODWLRQ�RI�SURWHLQ�V\QWKHVLV��FHOO�DSRSWRVLV��DQG�PHWDEROLVP� ��,PSDLULQJ
WKH�$.7�DQG�(5.�SDWKZD\V�ZDV�IRXQG�WR�DJJUDYDWH�(5�VWUHVV�UHODWHG�DSRSWRVLV�DQG�PLWRFKRQGULDO
G\VIXQFWLRQ� ��7UHDWPHQW�ZLWK�$*(V�LQGXFHG�&+23�H[SUHVVLRQ�DQG�SURPRWHG�WKH�GHSKRVSKRU\ODWLRQ
RI�$.7�DQG�(5.�DFFRUGLQJ�WR�RXU�UHVXOWV��0RUHRYHU��DGPLQLVWUDWLRQ�RI�06&�H[RV�UHVWRUHG�WKH
LPSDLUHG�$.7�DQG�(5.�VLJQDOLQJ��UHVXOWLQJ�LQ�D�GHFUHDVHG�DSRSWRWLF�UDWH�LQ�KXPDQ�13�FHOOV��+RZHYHU�
WKH�SURWHFWLYH�HIIHFWV�RI�06&�H[RV�ZHUH�UHPRYHG�ZKHQ�FHOOV�ZHUH�FRWUHDWHG�ZLWK�WKH�3,�.�$.7
LQKLELWRU�/<��������RU�WKH�(5.�LQKLELWRU�3'�������&+23�DQG�FOHDYHG�FDVSDVH���H[SUHVVLRQ�ZHUH
ERWK�LQFUHDVHG�ZKHQ�$.7�RU�(5.�VLJQDOLQJ�ZDV�EORFNHG��&RQVHTXHQWO\��LW�LV�UHDVRQDEOH�WR�VXJJHVW�WKDW
06&�H[RV�DPHOLRUDWHG�(5�VWUHVV�LQGXFHG�DSRSWRVLV�SDUWO\�WKURXJK�WKH�DFWLYDWLRQ�RI�WKH�$.7�DQG�(5.
VLJQDOLQJ�SDWKZD\V�

:H�IXUWKHU�LQYHVWLJDWHG�WKH�UROH�RI�06&�H[RV�LQ�D�UDW�WDLO�PRGHO�RI�,''��2XU�SUHYLRXV�VWXG\�YHULILHG
WKDW�GLVF�LQMHFWLRQ�RI�$*(V�ZLOO�WULJJHU�DQG�DFFHOHUDWH�,''�SURJUHVVLRQ� ��$�VXLWDEOH�QHHGOH�GLDPHWHU
DQG�VPDOO�LQMHFWLRQ�YROXPH�ZLOO�PLQLPL]H�WKH�LQIOXHQFH�RI�WKH�LQMHFWLRQ�LWVHOI�RQ�,''��,Q�RXU�VWXG\��ZH
XVHG�D����JDXJH�QHHGOH�IRU�WKH�GHOLYHU\�RI�06&�H[RV��ZLWK�D�YROXPH�RI���ȝ/��LQ�RUGHU�WR�QRW�DFFHOHUDWH
WKH�,''�SURFHVV� ��,Q�OLQH�ZLWK�WKH�UHVXOWV�RI�RXU�LQ�YLWUR�VWXGLHV��WKH�LQ�YLYR�VWXG\�DOVR�VKRZHG�WKDW
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06&�H[RV�ZHUH�HIIHFWLYH�LQ�DPHOLRUDWLQJ�(5�VWUHVV�UHODWHG�DSRSWRVLV�LQ�13�FHOOV��&RQVLVWHQW�ZLWK�WKH
SURILOH�RI�$*(V�OHYHO��WKH�H[SUHVVLRQ�RI�*53���DQG�&+23�ZDV�LQFUHDVHG�LQ�GHJHQHUDWLYH�,9'�WLVVXHV
ZKLFK�LQGLFDWHG�D�SURORQJHG�(5�VWUHVV�FRQGLWLRQ�GXULQJ�,''�SURJUHVVLRQ��7UHDWPHQW�ZLWK�06&�H[RV
GHFUHDVHG�WKH�H[SUHVVLRQ�RI�&+23�DQG�*53����DQG�DPHOLRUDWHG�WKH�,''�SURJUHVVLRQ�WR�VRPH�GHJUHH�
DFFRUGLQJ�WR�KLVWRORJLFDO�DVVHVVPHQW��&ROOHFWLYHO\��06&�H[RV�SURWHFWHG�DJDLQVW�13�FHOOV�DSRSWRVLV
LQGXFHG�E\�$*(V�DQG�VKRZHG�SURPLVH�LQ�UHWDUGLQJ�,''�SURJUHVVLRQ�

([RVRPHV�GHULYHG�IURP�06&�KDYH�EHHQ�WHVWLILHG�WKH�WKHUDSHXWLF�SRWHQWLDO�LQ�,9'�UHJHQHUDWLRQ��$
UHFHQW�VWXG\�VKRZHG�WKDW�06&�H[RV�FRXOG�SURPRWH�13�FHOO�SUROLIHUDWLRQ�DQG�HQKDQFH�H[WUDFHOOXODU
PDWUL[�SURGXFWLRQ�LQ�YLWUR� ��,Q�DGGLWLRQ��&KHQJ�HW�DO��IRXQG�WKDW�06&�H[RV�LQKLELWHG�13�FHOO�DSRSWRVLV
WKURXJK�WKH�WUDQVIHU�RI�H[RVRPDO�PLFUR51$�WDUJHWLQJ�RQ�DFWLYDWLQJ�3,�.�$.7�SDWKZD\� ��,Q�RXU
VWXG\��ZH�LQYHVWLJDWHG�WKH�UROH�RI�06&�H[RV�LQ�DPHOLRUDWLQJ�(5�VWUHVV�LQGXFHG�DSRSWRVLV�LQ�KXPDQ�13
FHOOV��&RQVLVWHQW�ZLWK�SUHYLRXV�VWXGLHV��ZH�YHULILHG�WKH�WKHUDSHXWLF�HIIHFWV�RI�06&�H[RV�RQ�WKH�,''
SURFHVV��+RZHYHU��WKHUH�DUH�VWLOO�VRPH�OLPLWDWLRQV�ZLWK�RXU�VWXG\��$OWKRXJK�RXU�VWXG\�IRXQG�WKDW�WKH
06&�H[RV�LQWHUYHQWLRQ�DWWHQXDWHG�(5�VWUHVV�UHODWHG�DSRSWRVLV�LQ�13�FHOOV�WKURXJK�$.7�DQG�(5.
VLJQDOLQJ��IXUWKHU�LQYHVWLJDWLRQ�LV�UHTXLUHG�WR�IXOO\�UHYHDO�WKH�XQGHUO\LQJ�PHFKDQLVPV�LQ�06&�H[RV
PRGXODWLRQ�RI�(5�VWUHVV��,Q�DGGLWLRQ��WKRXJK�WKH�UDW�PRGHO�XVHG�LQ�RXU�VWXG\�FRXOG�VLPXODWH�WKH
SDWKRORJLFDO�GHYHORSPHQW�RI�,''�WR�VRPH�GHJUHH��WKH�,9'V�RI�URGHQWV�DUH�GLIIHUHQW�IURP�PDPPDOV�LQ
ERWK�IXQFWLRQDO�DQG�ELRPHFKDQLFDO�WUDLWV��6WXGLHV�XVLQJ�,''�PRGHOV�LQYROYHG�LQ�SLJV��PRQNH\V�RU�JRDWV
DUH�UHTXLUHG�LQ�WKH�IXUWKHU�UHVHDUFK�

,Q�VXPPDU\��ZH�GHPRQVWUDWHG�WKDW�WKH�OHYHOV�RI�(5�VWUHVV�PDUNHUV�DQG�FHOO�DSRSWRVLV�DUH�LQFUHDVHG
GXULQJ�,''��06&�H[RV�FRXOG�DPHOLRUDWH�(5�VWUHVV�LQGXFHG�13�FHOOV�DSRSWRVLV�XQGHU�WKH�$*(V
VWLPXODWLRQ�LQ�YLWUR��,Q�DGGLWLRQ��WKH�WUDQVIHU�RI�06&�H[RV�LQWR�WKH�GLVF�FRXOG�DWWHQXDWH�(5�VWUHVV�
UHODWHG�DSRSWRVLV�GXULQJ�,''�DQG�PD\�UHYHUVH�,''�SURJUHVVLRQ�LQ�YLYR��7KHVH�ILQGLQJV�RIIHU�QHZ
WKHUDSHXWLF�RSSRUWXQLWLHV�IRU�H[WUDFHOOXODU�YHVLFOHV�RU�H[RVRPHV�LQ�WKH�WUHDWPHQW�RI�,9'�GHJHQHUDWLRQ�

$FNQRZOHGJPHQWV

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�.H\�5HVHDUFK�DQG�'HYHORSPHQW�3URJUDP�RI�&KLQD
�����<)%����������WKH�1DWLRQDO�1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD��8�������������������DQG
1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�+XEHL�3URYLQFH��:-����=�����

$EEUHYLDWLRQV

��

��
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,'' LQWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ

,9' LQWHUYHUWHEUDO�GLVF

13 QXFOHXV�SXOSRVXV

$) DQQXOXV�ILEURVXV

(&0 H[WUDFHOOXODU�PDWUL[

$*(V DGYDQFHG�JO\FDWLRQ�HQG�SURGXFWV

(5 HQGRSODVPLF�UHWLFXOXP

835 XQIROGHG�SURWHLQ�UHVSRQVH

&+23 &�(%3�KRPRORJRXV�SURWHLQ

06& PHVHQFK\PDO�VWHP�FHOOV

06&�H[RV H[RVRPHV�GHULYHG�IURP�06&

$.7 VHULQH�WKUHRQLQH�SURWHLQ�NLQDVH

(5. H[WUDFHOOXODU�VLJQDO�UHJXODWHG�NLQDVH

*53�� ELQGLQJ�LPPXQRJOREXOLQ�SURWHLQ

*53�� KHDW�VKRFN�SURWHLQ���N'D�EHWD�PHPEHU��

&'�� FOXVWHU�RI�GLIIHUHQWLDWLRQ���

&'�� FOXVWHU�RI�GLIIHUHQWLDWLRQ���

&'��� FOXVWHU�RI�GLIIHUHQWLDWLRQ����

&'�� FOXVWHU�RI�GLIIHUHQWLDWLRQ���

+/$�'5 KXPDQ�OHXNRF\WH�DQWLJHQ�'5�LVRW\SH

&'�� FOXVWHU�RI�GLIIHUHQWLDWLRQ���

76*��� WXPRU�VXVFHSWLELOLW\�JHQH����

$OL[ SURJUDPPHG�FHOO�GHDWK���LQWHUDFWLQJ�SURWHLQ

3(5. SURWHLQ�NLQDVH�OLNH�HQGRSODVPLF�UHWLFXOXP�NLQDVH

,5(�Į LQRVLWRO�UHTXLULQJ�SURWHLQ��Į

$7)� DFWLYDWLQJ�WUDQVFULSWLRQ�IDFWRU��

$7)� DFWLYDWLQJ�WUDQVFULSWLRQ�IDFWRU��

;%3� ;�ER[�ELQGLQJ�SURWHLQ��

5HIHUHQFHV



���������������30 ([RVRPHV�IURP�PHVHQFK\PDO�VWHP�FHOOV�PRGXODWH�HQGRSODVPLF�UHWLFXOXP�VWUHVV�WR�SURWHFW�DJDLQVW�QXFOHXV�SXOSRVXV�FHOO�GHDWK�DQG�DPHOLRUDWH�L«

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� �����

���3UL\DGDUVKDQL�3��/L�<��<DR�/��$GYDQFHV�LQ�ELRORJLFDO�WKHUDS\�IRU�QXFOHXV�SXOSRVXV�UHJHQHUDWLRQ�
2VWHRDUWKULWLV�&DUWLODJH�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

���9HUIDLOOLH�7��*DUJ�$'��$JRVWLQLV�3��7DUJHWLQJ�(5�VWUHVV�LQGXFHG�DSRSWRVLV�DQG�LQIODPPDWLRQ�LQ
FDQFHU��&DQFHU�/HWW��������������±����>3XE0HG@�>*RRJOH�6FKRODU@

���9HUJURHVHQ�33��.LQJPD�,��(PDQXHO�.6��+RRJHQGRRUQ�5-��:HOWLQJ�7-��YDQ�5R\HQ�%-��HW�DO�
0HFKDQLFV�DQG�ELRORJ\�LQ�LQWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ��D�YLFLRXV�FLUFOH��2VWHRDUWKULWLV�&DUWLODJH�
������������±����>3XE0HG@�>*RRJOH�6FKRODU@

���&KDQ�&0��+XDQJ�'<��+XDQJ�<3��+VX�6+��.DQJ�/<��6KHQ�&0��HW�DO��0HWK\OJO\R[DO�LQGXFHV�FHOO
GHDWK�WKURXJK�HQGRSODVPLF�UHWLFXOXP�VWUHVV�DVVRFLDWHG�526�SURGXFWLRQ�DQG�PLWRFKRQGULDO�G\VIXQFWLRQ�
-�&HOO�0RO�0HG��������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

���1RZRWQ\�.��&DVWUR�-3��+XJR�0��%UDXQH�6��:HEHU�'��3LJQLWWHU�0��HW�DO��2[LGDQWV�SURGXFHG�E\
PHWK\OJO\R[DO�PRGLILHG�FROODJHQ�WULJJHU�(5�VWUHVV�DQG�DSRSWRVLV�LQ�VNLQ�ILEUREODVWV��)UHH�5DGLF�%LRO
0HG��������������±����>3XE0HG@�>*RRJOH�6FKRODU@

���&KLDQJ�&.��:DQJ�&&��/X�7)��+XDQJ�.+��6KHX�0/��/LX�6+��HW�DO��,QYROYHPHQW�RI�(QGRSODVPLF
5HWLFXOXP�6WUHVV��$XWRSKDJ\��DQG�$SRSWRVLV�LQ�$GYDQFHG�*O\FDWLRQ�(QG�3URGXFWV�,QGXFHG�*ORPHUXODU
0HVDQJLDO�&HOO�,QMXU\��6FL�5HS����������������>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

���6RQJ�<��:DQJ�<��=KDQJ�<��*HQJ�:��/LX�:��*DR�<��HW�DO��$GYDQFHG�JO\FDWLRQ�HQG�SURGXFWV�UHJXODWH
DQDEROLF�DQG�FDWDEROLF�DFWLYLWLHV�YLD�1/53��LQIODPPDVRPH�DFWLYDWLRQ�LQ�KXPDQ�QXFOHXV�SXOSRVXV�FHOOV�
-�&HOO�0RO�0HG��������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

���*XR�5��/LX�:��/LX�%��=KDQJ�%��/L�:��;X�<��6,57��VXSSUHVVHV�FDUGLRP\RF\WH�DSRSWRVLV�LQ�GLDEHWLF
FDUGLRP\RSDWK\��$Q�LQVLJKW�LQWR�HQGRSODVPLF�UHWLFXOXP�VWUHVV�UHVSRQVH�PHFKDQLVP��,QW�-�&DUGLRO�
�����������±����>3XE0HG@�>*RRJOH�6FKRODU@

���/LX�-��+XDQJ�.��&DL�*<��&KHQ�;0��<DQJ�-5��/LQ�/5��HW�DO��5HFHSWRU�IRU�DGYDQFHG�JO\FDWLRQ�HQG�
SURGXFWV�SURPRWHV�SUHPDWXUH�VHQHVFHQFH�RI�SUR[LPDO�WXEXODU�HSLWKHOLDO�FHOOV�YLD�DFWLYDWLRQ�RI
HQGRSODVPLF�UHWLFXOXP�VWUHVV�GHSHQGHQW�S���VLJQDOLQJ��&HOO�6LJQDO�������������±����>3XE0HG@
>*RRJOH�6FKRODU@

����.LP�,��;X�:��5HHG�-&��&HOO�GHDWK�DQG�HQGRSODVPLF�UHWLFXOXP�VWUHVV��GLVHDVH�UHOHYDQFH�DQG
WKHUDSHXWLF�RSSRUWXQLWLHV��1DW�5HY�'UXJ�'LVFRY�������������±����>3XE0HG@�>*RRJOH�6FKRODU@

����+LUVFK�,��:HLZDG�0��3UHOO�(��)HUUDUL�'0��(5S���GHILFLHQF\�DIIHFWV�VHQVLWLYLW\�WR�DSRSWRVLV�YLD
LPSDLUPHQW�RI�WKH�$7)��&+23�SDWKZD\�RI�VWUHVV�UHVSRQVH��$SRSWRVLV�������������±����>3XE0HG@
>*RRJOH�6FKRODU@

����6HQNDO�&(��3RQQXVDP\�6��%LHODZVNL�-��+DQQXQ�<$��2JUHWPHQ�%��$QWLDSRSWRWLF�UROHV�RI�FHUDPLGH�
V\QWKDVH���JHQHUDWHG�&���FHUDPLGH�YLD�VHOHFWLYH�UHJXODWLRQ�RI�WKH�$7)��&+23�DUP�RI�(5�VWUHVV�
UHVSRQVH�SDWKZD\V��)$6(%�-�������������±�����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����;X�=��%X�<��&KLWQLV�1��.RXPHQLV�&��)XFKV�6<��'LHKO�-$��PL5����E�UHJXODWLRQ�RI�F�-XQ�PHGLDWHV
*$''����&+23�GHSHQGHQW�DSRSWRVLV��1DW�&RPPXQ����������������>30&�IUHH�DUWLFOH@�>3XE0HG@
>*RRJOH�6FKRODU@

����=KDQJ�<+��=KDR�&4��-LDQJ�/6��'DL�/<��/HQWLYLUDO�VK51$�VLOHQFLQJ�RI�&+23�LQKLELWV�DSRSWRVLV
LQGXFHG�E\�F\FOLF�VWUHWFK�LQ�UDW�DQQXODU�FHOOV�DQG�DWWHQXDWHV�GLVF�GHJHQHUDWLRQ�LQ�WKH�UDWV��$SRSWRVLV�
�����������±�����>3XE0HG@�>*RRJOH�6FKRODU@
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����)LHOGV�$-��%HUJ�-RKDQVHQ�%��0HW]�/1��0LOOHU�6��/D�%��/LHEHQEHUJ�(&��HW�DO��$OWHUDWLRQV�LQ
LQWHUYHUWHEUDO�GLVF�FRPSRVLWLRQ��PDWUL[�KRPHRVWDVLV�DQG�ELRPHFKDQLFDO�EHKDYLRU�LQ�WKH�8&'�7�'0�UDW
PRGHO�RI�W\SH���GLDEHWHV��-�2UWKRS�5HV�������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@
>*RRJOH�6FKRODU@

����-D]LQL�(��6KDUDQ�$'��0RUVH�/-��'\NH�-3��$URQRZLW]�(%��&KHQ�/.��HW�DO��$OWHUDWLRQV�LQ�7�
UHOD[DWLRQ�PDJQHWLF�UHVRQDQFH�LPDJLQJ�RI�WKH�RYLQH�LQWHUYHUWHEUDO�GLVF�GXH�WR�QRQHQ]\PDWLF�JO\FDWLRQ�
6SLQH����������(���±����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����<RVKLGD�7��3DUN�-6��<RNRVXND�.��-LPER�.��<DPDGD�.��6DWR�.��HW�DO��8S�UHJXODWLRQ�LQ�UHFHSWRU�IRU
DGYDQFHG�JO\FDWLRQ�HQG�SURGXFWV�LQ�LQIODPPDWRU\�FLUFXPVWDQFHV�LQ�ERYLQH�FRFF\JHDO�LQWHUYHUWHEUDO
GLVF�VSHFLPHQV�LQ�YLWUR��6SLQH��������������±���>3XE0HG@�>*RRJOH�6FKRODU@

����6RQJ�<��/L�6��*HQJ�:��/XR�5��/LX�:��7X�-��HW�DO��6LUWXLQ���GHSHQGHQW�PLWRFKRQGULDO�UHGR[
KRPHRVWDVLV�SURWHFWV�DJDLQVW�$*(V�LQGXFHG�LQWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ��5HGR[�%LRO�������������±
����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����&KHQ�6��=KDR�/��'HQJ�;��6KL�'��:X�)��/LDQJ�+��HW�DO��0HVHQFK\PDO�6WHP�&HOOV�3URWHFW�1XFOHXV
3XOSRVXV�&HOOV�IURP�&RPSUHVVLRQ�,QGXFHG�$SRSWRVLV�E\�,QKLELWLQJ�WKH�0LWRFKRQGULDO�3DWKZD\��6WHP
&HOOV�,QW���������������������>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����+HQU\�1��&ORXHW�-��/H�%LGHDX�-��/H�9LVDJH�&��*XLFKHX[�-��,QQRYDWLYH�VWUDWHJLHV�IRU�LQWHUYHUWHEUDO
GLVF�UHJHQHUDWLYH�PHGLFLQH��)URP�FHOO�WKHUDSLHV�WR�PXOWLVFDOH�GHOLYHU\�V\VWHPV��%LRWHFKQRO�$GY�
�����������±����>3XE0HG@�>*RRJOH�6FKRODU@

����<DQJ�)��/HXQJ�9<��/XN�.'��&KDQ�'��&KHXQJ�.0��0HVHQFK\PDO�VWHP�FHOOV�DUUHVW�LQWHUYHUWHEUDO
GLVF�GHJHQHUDWLRQ�WKURXJK�FKRQGURF\WLF�GLIIHUHQWLDWLRQ�DQG�VWLPXODWLRQ�RI�HQGRJHQRXV�FHOOV��0RO�7KHU�
������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����&KHQJ�;��=KDQJ�*��=KDQJ�/��+X�<��=KDQJ�.��6XQ�;��HW�DO��0HVHQFK\PDO�VWHP�FHOOV�GHOLYHU
H[RJHQRXV�PL5����YLD�H[RVRPHV�WR�LQKLELW�QXFOHXV�SXOSRVXV�FHOO�DSRSWRVLV�DQG�UHGXFH�LQWHUYHUWHEUDO
GLVF�GHJHQHUDWLRQ��-�&HOO�0RO�0HG�������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����/X�.��/L�+<��<DQJ�.��:X�-/��&DL�;:��=KRX�<��HW�DO��([RVRPHV�DV�SRWHQWLDO�DOWHUQDWLYHV�WR�VWHP
FHOO�WKHUDS\�IRU�LQWHUYHUWHEUDO�GLVF�GHJHQHUDWLRQ��LQ�YLWUR�VWXG\�RQ�H[RVRPHV�LQ�LQWHUDFWLRQ�RI�QXFOHXV
SXOSRVXV�FHOOV�DQG�ERQH�PDUURZ�PHVHQFK\PDO�VWHP�FHOOV��6WHP�FHOO�UHVHDUFK�	�WKHUDS\�������������
>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����5DQL�6��5\DQ�$(��*ULIILQ�0'��5LWWHU�7��0HVHQFK\PDO�6WHP�&HOO�GHULYHG�([WUDFHOOXODU�9HVLFOHV�
7RZDUG�&HOO�IUHH�7KHUDSHXWLF�$SSOLFDWLRQV��0RO�7KHU�������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@
>*RRJOH�6FKRODU@

����/DL�5&��<HR�5:��/LP�6.��0HVHQFK\PDO�VWHP�FHOO�H[RVRPHV��6HPLQ�&HOO�'HY�%LRO������������±��
>3XE0HG@�>*RRJOH�6FKRODU@

����:LOOPV�(��&DEDQDV�&��0DJHU�,��:RRG�0-$��9DGHU�3��([WUDFHOOXODU�9HVLFOH�+HWHURJHQHLW\�
6XESRSXODWLRQV��,VRODWLRQ�7HFKQLTXHV��DQG�'LYHUVH�)XQFWLRQV�LQ�&DQFHU�3URJUHVVLRQ��)URQW�,PPXQRO�
������������>30&�IUHH�DUWLFOH@�>3XE0HG@�>*RRJOH�6FKRODU@

����3KLQQH\�'*��3LWWHQJHU�0)��&RQFLVH�5HYLHZ��06&�'HULYHG�([RVRPHV�IRU�&HOO�)UHH�7KHUDS\��6WHP
&HOOV�������������±���>3XE0HG@�>*RRJOH�6FKRODU@
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����&KDQJ�<+��:X�.&��+DUQ�+-��/LQ�6=��'LQJ�'&��([RVRPHV�DQG�6WHP�&HOOV�LQ�'HJHQHUDWLYH
'LVHDVH�'LDJQRVLV�DQG�7KHUDS\��&HOO�7UDQVSODQW�������������±����>30&�IUHH�DUWLFOH@�>3XE0HG@
>*RRJOH�6FKRODU@

����%DULOH�/��9DVVDOOL�*��([RVRPHV��7KHUDS\�GHOLYHU\�WRROV�DQG�ELRPDUNHUV�RI�GLVHDVHV��3KDUPDFRO
7KHU�������������±����>3XE0HG@�>*RRJOH�6FKRODU@
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