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$FNQRZOHGJHPHQWV 
)LUVW�DQG�IRUHPRVW��,�ZRXOG�OLNH�WR�WKDQN�P\�PHQWRU��3URI��*LDQ�*DHWDQR�7DUWDJOLD��IRU�WKH�
FRQWDJLRXV� HQWKXVLDVP� ZKLFK� PDNHV� HYHU\� UHVXOW� D� VWRU\� ZRUWK� WHOOLQJ�� DQG� HYHU\�
GLVFXVVLRQ�D�FKDQFH�WR�GHOYH�D� OLWWOH�ELW�GHHSHU� LQWR�DOO� WKH�P\VWHULHV�RI� WKH�XQLYHUVH��
7KDQN� \RX� IRU� WKH� IUHHGRP� DQG� FRQVLGHUDWLRQ� \RX� JDYH� PH� DQG� P\� LGHDV�� IRU� WKH�
ZLOOLQJQHVV�WR�GLVFXVV�DQG�FKDW�DERXW�DQ\WKLQJ�DQG�QRWKLQJ��&XP�JUDQR�VDOLV��DV�DOZD\V��
,�DP�HDJHUO\�DZDLWLQJ�\RXU�LQWHUYLHZ�RQ�WKH�/H[�)ULGPDQ�SRGFDVW��WR�SOD\�LW�RQ�UHSHDW�
ZKLOH�,�UXQ�WRZDUGV�QHZ�DGYHQWXUHV� 

(QGOHVV� WKDQNV�JR�WR�(OVD��ZKR�ZDV�WKH�VLQJOH�SHUVRQ�PRVW� UHVSRQVLEOH� IRU�PH�HYHQ�
VWDUWLQJ�WKLV�MRXUQH\��VWLOO�LQ�/RQGRQ��7KDQN�\RX�IRU�DOZD\V�WUHDWLQJ�PH�DV�DQ�HTXDO��HYHQ�
ZKHQ�,�KDG�QR�EXVLQHVV�WR�EH�HYHQ�FORVH��IRU�WKH�LQFUHGLEOH�VXSSRUW�\RX�JDYH�PH��WKH�
REMHFWLYH�DQG�UDWLRQDO�DSSURDFK�WKDW�ƧQDOO\�FKDQQHOOHG�P\�FKDRWLF�PLQG�LQWR�VRPHWKLQJ�
YDJXHO\� UHVHPEOLQJ� D� V\VWHP� DQG� E\� DOZD\V� OHDGLQJ� E\� H[DPSOH� ERWK� LQ� NLQGQHVV��
VWHDGIDVWQHVV��DQG�DSSURDFK�WR�OLIH��(YHU\�ELW�RI�P\�VXFFHVV�LV�MXVW�DV�PXFK�\RXUV� 

,� ZRXOG� DOVR� OLNH� WR� WKDQN� 3URI�� $OIRQVR� 'H� 6LPRQH� DQG� 3URI�� 6WHIDQR� 5LFDJQR� IRU�
DJUHHLQJ�WR�DFW�DV�H[WHUQDO�UHYLVRUV�IRU�WKH�WKHVLV��7KH\�WKHPVHOYHV�KDYH�PDGH�LPSRUWDQW�
FRQWULEXWLRQV�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�WRSLFV�FRYHUHG�LQ�WKH�GLVVHUWDWLRQ�DQG�LW�LV�ERWK�
D�SOHDVXUH�DQG�DQ�KRQRXU�WR�KDYH�WKHP�UHYLHZLQJ�WKH�ZRUN�SUHVHQWHG� 

$�ELJ�WKDQN�\RX�JRHV�WR�DOO�WKH�ODE�PHPEHUV�LQ�*HQRYD��1»ULD��/DXUD��*X\�DQG�0DUWLQD�
�LQ�FKURQRORJLFDO�RUGHU���7KDQNV�IRU�DOO�WKH�KHOS��VXSSRUW�DQG�FRPSDQ\�WKURXJKRXW�WKH�
\HDUV�� IRU� WROHUDWLQJ�P\�HQGOHVV�VKDNLQJ�RI�DJJUHJDWLRQ�VDPSOHV�DQG� DOO�RI�P\�PXVLF�
FKRLFHV� 

$QRWKHU� KXJH� WKDQN� \RX� IRU� DOO� WKH� RWKHU� PHPEHUV� RI� WKH� 7DUWDJOLD� JURXS�� *LRUJLR��
0DJGD�� 0LFKHOH�� $OHVVLR�� -RQQ\�� *DEULHOH�� $QGUHD�� $OH[� DQG� (OLDV�� \RX� KDYH� DOO�
FRQWULEXWHG� LQ� ELJJHU� RU� VPDOOHU� VWHSV� WR� HYHU\WKLQJ� WKDW� LV�ZULWWHQ� RQ� WKH� IROORZLQJ�
SDJHV� 

7DQWLVVLPL� ULQJUD]LDPHQWL� D� WXWWL� L� EUDYL� ƧVLFL� GL� 5RPD�� 9DOHULD�� $QWRQLD�� (OHRQRUD��
5DƦDHOOD�H�0LFKHOH��FKH�PL�DYHVWH�DFFROWR�QHO�YRVWUR�ODE��H�FKH�YL�VLDWH�ODVFLDWL�FRQYLQFHUH�
OD�VWRULD�FRQ�OD�VLQXFOHLQD�� LQIDWWL��SRWHVVH�SRUWDUFL�D�TXDOFKH�SDUWH��1RQ�GLPHQWLFKHU³�
PDL�Qª�OD�VN\UHOOD��Qª�OH�VSLHJD]LRQL�GHO�TXDQWXP�FDVFDGH�ODVHU� 

0LOOH�JUD]LH�DQFKH�DG�(OHRQRUD�H�6DEULQD�TXL�D�*HQRYD��SHU�WXWWR�LO�YRVWUR�DLXWR�FRQ�OD�
PLFURVFRSLD��SHU� OƊRSSRUWXQLW¡�GL� FRQGLYLGHUH�JOL� LPSHJQL�� L�PRPHQWL�EDVVL�TXDQGR� OH�
EROOH� QRQ� VL� IRUPDYDQR�� H� JOL� VJXDUGL� FRQIXVL� TXDQGR� YHGHYDPR� OH� FLDPEHOOH� VXOOR�
VFKHUPR� 



'RWWRUDWR�GL�ULFHUFD�LQ�*HQHWLFD�H�%LRORJLD�0ROHFRODUH 

9 

 

9RUUHL�ULQJUD]LDUH�D�WXWWL�JOL�DOWUL�PHPEUL�GHL�ODERUDWRUL�GRYH�KR�ODYRUDWR�GXUDQWH�JOL�XOWLPL�
DQQL��$QFRUD�QHOOD�IDVH�QRPDGLFD�D�5RPD��JUD]LH�D�0RQLFD�%DOODULQR�SHU�DYHUPL�DFFROWR�
DOOƊLQL]LR� QHO� ODE� �� SHU� IDUH� L� FORQDJJL�� D�*LDFRPR�3DULVL� SHU� DYHUPL� DFFRPSDJQDWR� H�
DLXWDWR�RUJDQL]]DUH�WXWWR�DO�&/16�H�'LSDUWLPHQWR�GL�%LRFKLPLFD��)LQDOPHQWH��WDQWLVVLPL�
ULQJUD]LDPHQWL�D�WXWWL�QHL�ODERUDWRUL�GL�&+7�D�*HQRYD�SHU�WXWWR�LO�WHPSR�SDVVDWR�LQVLHPH��
JOL�DSHULWLYL�H�OD�FRPSDJQLD�DQFKH�QHL�PRPHQWL�GLƦLFLOL��6RSUDWWXWWR�YRUUHL�ULQJUD]LDUH�(GR�
H�<HUDOGLQ�D�*HQRPLFD��SHU� WXWWR� OƊDLXWR��GLVSRQLELOW¡�H�SD]LHQ]D�FRQ�� LQ� UHWURVSHWWLYD��
DVVROXWDPHQWH� WURSSL� FDPSLRQL� LQ� FRVD� TXDOFXQR� DYUHEEH� SRWXWR� GHVFULYHUH� FRPH�
UHOD]LRQH�DEXVLYD��� 

8Q�JUDQGLVVLPR�ULQJUD]LR�YD�DQFKH�D�3DROR��SHU�DYHUPL�VXSSRUWDWR�WXWWR�TXHVWR�WHPSR�
DQFKH�DOOD�GLVWDQ]D��'D�$Q]LR��3DUFR�GHJOL�$FTXHGRWWL�� OD�WXD�EHOOLVVLPD�5RPD��PD�SRL�
DQFKH�D�*HQRYD��QHOOH�0DUFKH��OH�DOWH]]H�GHO�*UDQ�6DVVR��OƊDPELHQWH�JDQJVWD�GHO�QRVWUR�
KRWHO� D�4XHHQV�� TXHOOR� DULVWRFUDWLFR� GHO� &ROG� 6SULQJ�+DUERU� D� TXHOOR� DOWHUQDWLYR� GHO�
%URRNO\Q�3DUN��LQ�DHUHR��PDFFKLQD��R�VXO�PRWRULQR��QRQ�GLPHQWLFKHU³�PDL�WXWWH�OH�FRVH�
FKH�DEELDPR�IDWWR�LQVLHPH� 

6HYHGD� QH� JUH� WXGL� EUH]� VORYHQĜÎLQH� LQ� ]DKYDOH� -XUHWX� LQ� 9LGX� ]D� YHV� QDSRU�� NL� JUH� Y�
RKUDQMDQMH�VWLNRY��2G�VPXÎDQMD�QD�5RJOL��YHÎHUQLK�LJHU��]DJRYRURY�GRNWRUVNLK�QDORJ�LQ�QD�
NRQFX�ĜH�SRURNH��Y�WHK�ĜWLULK�OHWLK�VPR�LPHO�UHV�FHOR�NRDOLFLMR�L]]LYRY�LQ�KYDOD�UHV�]D�YVH� 

1D�NRQFX�JUH�QHL]PHUQD�]DKYDOD�WXGL�PRMLP��]D�QHL]ÎUSQR�SRWUSHķOMLYRVW�LQ�OMXEH]HQ�LQ�QH�
VDPR�Y�]DGQMLK�ĜWLULK�OHWLK��NR�VHP�YDP�SREHJQLO�ÎH]�PHMR��9VH��NDU�VHP�VH�QDXÎLO��YVH�NDU�
PH�]DQLPD�LQ�SRYVRG��NMHU�VHP�ELO��MH�VDPR�SRVOHGLFD�Y]JRMH�LQ�SRGSRUH�OMXEHÎH�GUXķLQH��
+YDOD��NHU�VWH�YHGQR�YHUMHOL�YDPH��PL�GDOL�YVR�ĜLULQR�]QDQMD��]DQLPDQMD�LQ�UDGRYHGQRVWL�LQ�
YVR�SRGSRUR��GD�VHP�WR�ODKNR�GRVHJHO��9DV�PDP�QQV�UDGDMF�[[[ 

(�DOOD�ƧQH��LO�ULQJUD]LR�SLº�JUDQGH�H�SLº�SURIRQGR�YD�D�5HEHFFD��,O�QRVWUR�SHUFRUVR�HUD�SHU�
FDVR�LQL]LDWR�QHOOR�VWHVVR�WHPSR�GHO�GRWWRUDWR��H�FRLQFLGHWHPHQH�VL�©�HYROXWR�LQ�TXDOFRVD�
DQFRUD�SLº�JUDQGH��TXDOFRVD�SHU�VHPSUH��(UD�SHU�WH�FKH�VRQR�SDVVDWR�WXWWL�JOL�RVWDFROL��
HUD�SHU�WH�FKH�VRQR�GLYHQWDWR�FKL�VRQR�RJJL�H�SHU�OD�WXD�SD]LHQ]D�HG�HQRUPH�FDSDFLW¡�GL�
ƧGDUVL� FKH� FL� VLDPR� DQFRUD�� DOOD� GLVWDQ]D��PD� SLº� YLFLQL� FKH�PDL� SULPD�� (� TXHVWR�PL�
VLJQLƧFD�H�G¡�SLº�PRWLYD]LRQH�FKH�TXDOVLDVL�DOWUD�FRVD�  
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6XPPDU\ 
3URWHLQ�DJJUHJDWLRQ�LV�D�ZLGHVSUHDG�SKHQRPHQRQ��FORVHO\�OLQNHG�WR�SURWHLQ�IROGLQJ�DQG�
IXQFWLRQ��$�WLJKWO\�UHJXODWHG�SURFHVV��LW�FDQ�OHDG�WR�D�ZLGH�YDULHW\�RI�SRO\PRUSKLF�SURWHLQ�
DVVHPEOLHV�ZLWK�LQFUHGLEOH�WKHUPRG\QDPLFV�VWDELOLW\�DQG�PHFKDQLFDO�SURSHUWLHV��3URWHLQ�
DJJUHJDWHV� DSSHDU� LQ� IXQFWLRQDO� UROHV� LQ� DOO� WUHHV� RI� OLIH�� IURP� SHUIRUPLQJ� FDWDO\WLF�
UHDFWLRQV�WR�UHJXODWLQJ�JHQH�H[SUHVVLRQ��LQ�SURFHVVHV�WKDW�DUH�WKRXJKW�WR�JR�EDFN�WR�WKH�
SUHELRWLF�VWDJH�RI�OLIH��$JJUHJDWLRQ�KDV�DOVR�DWWUDFWHG�VLJQLƧFDQW�DWWHQWLRQ�RYHU�WKH�ODVW�
GHFDGHV� GXH� WR� WKH� LQYROYHPHQW� RI� DJJUHJDWHG� SURWHLQV� LQ� GHELOLWDWLQJ�
QHXURGHJHQHUDWLYH�GLVHDVHV��2QH�RI�WKHVH�SURWHLQV�LV�DOSKD�V\QXFOHLQ��VKRZQ�WR�IRUP�
LQVROXEOH� DJJUHJDWHG� DVVHPEOLHV� LQ� D� SOHWKRUD� RI� SDWKRORJLFDO� FRQGLWLRQV� VXFK� DV�
3DUNLQVRQƊV�GLVHDVH��/HZ\�ERG\�GHPHQWLD��PXOWLSOH�V\VWHPV�DWURSK\�HWF�� 

1XFOHLF�DFLGV�FDQ�DFW�DV�SRWHQW�PRGXODWRUV�RI�SURWHLQ�DJJUHJDWLRQ��DQG�51$�KDV� WKH�
DELOLW\� WR� HLWKHU� KLQGHU� RU� IDFLOLWDWH� SURWHLQ� DVVHPEO\� DQG� UHJXODWH� SURWHLQ� SKDVH�
WUDQVLWLRQV��7KH�DLP�RI�WKH�UHVHDUFK��GHVFULEH�LQ�WKH�IROORZLQJ�GLVVHUWDWLRQ��ZDV�WR�DVVHVV�
WKH�SRWHQWLDO�PRGXODWLQJ�HƦHFW�51$�KDV�RQ�WKH�DJJUHJDWLRQ�RI�D6��ZLWK�WKH�ORQJ�WHUP�
DPELWLRQ�RI�GHYHORSLQJ�51$�EDVHG�WKHUDSHXWLF�DQG�GLDJQRVWLF�DJHQWV� 

:H�KDYH�VKRZQ�WKDW�51$�DFFHOHUDWHV�WKH�DP\ORLG�DVVHPEO\�RI�D6�ZLWK�ƨXRUHVFHQFH�
EDVHG� DJJUHJDWLRQ� DVVD\V� DQG� LQIUDUHG� VSHFWURVFRS\� E\� LQFUHDVLQJ� WKH� UDWH� RI�
DJJUHJDWLRQ�DQG�GHFUHDVLQJ� WKH�DJJUHJDWLRQ� ODJ�WLPH��:H�KDYH�DOVR�GHWHUPLQHG�WKDW�
51$� LQƨXHQFHV� WKH� VWUXFWXUDO� FKDUDFWHULVWLFV� RI� D6� DJJUHJDWHV� DQG� DOWHUV� WKHLU�
FRQIRUPDWLRQ� DQG� PHFKDQLFDO� SURSHUWLHV�� )LQDOO\�� ZH� KDYH� GHWHUPLQHG� WKDW� D6�
DJJUHJDWHG�VSHFLHV�ERWK�GLUHFWO\�ELQG�51$��DV�ZHOO�DV�VHTXHVWHU�LW�GXULQJ�FRDJJUHJDWLRQ�
LQ�D�SURWHLQ�GHSHQGHQW�PDQQHU��:H�KDYH�GHWHUPLQHG�WKH�KLJKHU�DƦLQLW\�RI�D6�ƧEULOV�IRU�
51$� FRPSDUHG� WR� '1$� E\� PHDQV� RI� TXDQWLI\LQJ� WKH� QXFOHLF� DFLGV� H[WUDFWHG� IURP�
DJJUHJDWHV�DIWHU�DJJUHJDWLRQ��:H�KDYH�DOVR�VKRZQ�GLUHFWO\�WKDW�51$�ELQGV�WR�WKH�ƧEULOV�
E\�LQKLELWLQJ�WKHLU�HQ]\PDWLF�DFWLYLW\�DQG�ZH�KDYH�GHWHUPLQHG�WKH�DSSUR[LPDWH�ELQGLQJ�
DƦLQLW\��,Q�DGGLWLRQ��ZH�KDYH�FRPSXWDWLRQDOO\�GHWHUPLQHG�WKDW�DJJUHJDWLRQ�OHDGV�WR�DQ�
LQFUHDVH� LQ�WKH�DJJUHJDWLRQ�SURSHQVLW\�RI�SURWHLQV�E\�SDUWLWLRQLQJ�RI�SK\VLFRFKHPLFDO�
SURSHUWLHV�LQ�WKH�LQQHU�DQG�RXWHU�SDUWV�RI�WKH�DP\ORLG�FRUH��:H�KDYH�DOVR�VKRZQ�WKDW�
51$��DQG�'1$�ELQGLQJ�GRPDLQV�WHQG�WR�UHPDLQ�RXWVLGH�WKH�DP\ORLG�FRUH�DQG�FDQ�WKXV�
DOVR�FRQWULEXWH�WR�VSHFLƧF�51$�VHTXHVWUDWLRQ�E\�FDQRQLF��DJJUHJDWLRQ�SURQH�5%3V��7KXV��
ZH� FDQ� FRQFOXGH� WKDW� 51$� SOD\V� DQ� LPSRUWDQW� UROH� DQG� KDV� D� KLJK� SRWHQWLDO� DV� D�
PRGXODWRU� QRW� RQO\� RI� D6� DJJUHJDWLRQ�� EXW� RI� RWKHU� DJJUHJDWLRQ�SURQH� SURWHLQV� LQ�
JHQHUDO�



� 

 

���,QWURGXFWLRQ 
6LQFH� WKH� HDUO\� GD\V� RI� PROHFXODU� ELRORJ\�� SURWHLQV� KDYH� EHHQ� LGHQWLƧHG� DV� WKH�
ƌIXQFWLRQDOƍ� HQWLWLHV� RI� PROHFXODU� ELRORJ\�� SULPDULO\� GXH� WR� WKH� UHODWLYH� VLPSOLFLW\� RI�
PHDVXULQJ�DQG�FKDUDFWHULVLQJ�WKH�FDWDO\WLF�IXQFWLRQ�RI�HQ]\PHV��7KH�YLHZ�RI�SURWHLQV�DV�
WKH�SULQFLSDO�DFWRUV�E\�ZKLFK�D�FHOO�FDQ�SHUIRUP�DQG�PDLQWDLQ�DOO�WKH�PROHFXODU�SURFHVVHV�
WKDW� HQDEOH� OLIH� ZDV� IXUWKHU� HQVKULQHG� LQ� WKH� &HQWUDO� 'RJPD� RI� 0ROHFXODU� %LRORJ\��
SURSRVHG�E\�)UDQFLV�&ULFN�LQ��������7KH�YLHZ�WKDW�LQIRUPDWLRQ�FDQ�ƨRZ�XQLGLUHFWLRQDOO\�
IURP�'1$�WR�SURWHLQV�YLD�51$��KDV�VLQFH� UHPDLQHG�DV�D�SULQFLSOH� WKDW�DOO�HDUO\�VWDJH�
VWXGHQWV� HQFRXQWHU� DW� WKH� EHJLQQLQJ� RI� OHVVRQV� H[SODLQLQJ� WKH� EDVLFV� RI� PROHFXODU�
ELRORJ\��$QRWKHU�DOO�WLPH�FODVVLF�H[DPSOH�WKDW�XVXDOO\�IROORZV�LQ�D�OHVVRQ�VRRQ�WKHUHDIWHU��
LV�WKH�$QƧQVHQ�H[SHULPHQW�ZLWK�DQ�51DVH��VKRZLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�D�SURWHLQƊV�
DPLQR�DFLG�VHTXHQFH��LWV�WKUHH�GLPHQVLRQDO�IROG�DQG�LWV�IXQFWLRQ���:KLOH�H[FHSWLRQV�WR�
WKHVH�WZR�SULQFLSOHV�ZHUH�RI�FRXUVH�DGGHG�RYHU�\HDUV�DQG�\HDUV�RI�UHVHDUFK��WKH�EDVLF�
PHVVDJH�FRQYH\HG�WR�WKH�VWXGHQWV�UHPDLQHG��SURWHLQV�DUH�WKH�FHOOƊV�HƦHFWRUV�DQG�UHTXLUH�
WR� EH� IROGHG� LQWR� D� VWDEOH�� WKUHH�GLPHQVLRQDO� VWUXFWXUH� LQ� RUGHU� WR� SHUIRUP� WKHLU�
IXQFWLRQV��,Q�WKLV�FRQWH[W��WKH�SKHQRPHQRQ�RI�SURWHLQ�DJJUHJDWLRQ�XSRQ�PLVIROGLQJ�LV�RI�
FRXUVH�SUHVHQWHG�DV�D�GLVUXSWLYH�SURFHVV��DVVRFLDWHG�ZLWK�ORVV�RI�IXQFWLRQ��GLVHDVH�DQG�
FHOO�GHDWK��:KLOH�WKLV�LV�E\�QR�PHDQV�DQ�LQDFFXUDWH�GHVFULSWLRQ��DV�LV�WKH�FDVH�ZLWK�WKH�
SUHYLRXVO\�SUHVHQWHG�ƌGRJPDVƍ��QXPHURXV�H[FHSWLRQV�DQG�RSHQ�TXHVWLRQV�ZHUH�DGGHG�
WR�WKLV�OLQH�RI�WKRXJKW��$JJUHJDWLRQ�KDV�WXUQHG�RXW�WR�EH�D�JHQHUDO�FRQFHSW�RI�SURWHLQ�
G\QDPLFV��EDVLQJ�LWVHOI�RQ�WKH�H[DFW�VDPH�WKHUPRG\QDPLF�SULQFLSOHV�DV�IROGLQJ�LWVHOI���
7KH�DJJUHJDWHG�SURWHLQV�WKHPVHOYHV�KDYH�DOVR�EHHQ�VKRZQ�WR�EH�IXQFWLRQDO�HQWLWLHV�WKDW�
SHUIRUP�LPSRUWDQW�IXQFWLRQV�LQ�D�YDULHW\�RI�FHOOXODU�PHFKDQLVPV���$QG��ODVW�EXW�QRW�OHDVW��
DJJUHJDWLRQ�KDV�EHHQ�VKRZQ�WR�EH�D�VWURQJ��DPELYDOHQW�IDFWRU�LQ�SURWHLQ�HYROXWLRQ���7KH�
UHVHDUFK�� SUHVHQWHG� LQ� WKLV� WKHVLV�� DLPV� WR� WDFNOH� ERWK� VLGHV� RI� WKHVH� HYHU�FKDQJLQJ�
ƌGRJPDVƍ��,W�H[DPLQHV�WKH�DJJUHJDWLRQ�RI�DOSKD�V\QXFOHLQ��D6���D�SURWHLQ�DVVRFLDWHG�ZLWK�
PXOWLSOH� QHXURGHJHQHUDWLYH� GLVRUGHUV�� ZLWK� WKH� DLP� RI� HYDOXDWLQJ� WKH� IHDVLELOLW\� RI�
GHYHORSLQJ�D�QRYHO�SODWIRUP�IRU�GUXJ�GHYHORSPHQW��,W�DOVR�VKRZV�DJJUHJDWLRQ�FDQ�DOVR�
EH�D� IXQFWLRQ�JHQHUDWLQJ�SURFHVV�� OHDGLQJ� WR�SURWHLQV�DFTXLULQJ�QRYHO� IXQFWLRQV�XSRQ�
DJJUHJDWLRQ��$QG�ƧQDOO\��LW�GHPRQVWUDWHV�WKH�UROH�RI�51$�LQ�WKH�SURFHVV��KLJKOLJKWLQJ�WKH�
LQWHUFRQQHFWHGQHVV�DQG�LQWHUGHSHQGHQF\�RI�PROHFXODU�PHFKDQLVPV�WKDW�JRYHUQ�VXFK�D�
G\QDPLF�DQG�SRWHQWLDOO\�GHDGO\�SURFHVV�DV�DJJUHJDWLRQ� 

����3URWHLQ�DJJUHJDWLRQ�DQG�PLVIROGLQJ 
7KH�WHUP�DJJUHJDWLRQ�FDQ�EH�XVHG�DV�WKH�JHQHULF�WHUP�WKDW�GHVFULEHV�WKH�FOXVWHULQJ�RI�
SURWHLQV� LQWR� ODUJH�� LQVROXEOH� PDFURPROHFXODU� DVVHPEOLHV�� 7KHVH� WKHQ� WHQG� WR� EH�
VXEGLYLGHG� LQWR� HLWKHU� DP\ORLGV� RU� DPRUSKRXV� DJJUHJDWHV��ZKLFK� GLƦHU� DFFRUGLQJ� WR�
WKHLU�VWUXFWXUDO�FKDUDFWHULVWLFV���:KLOH�DP\ORLGV�DUH�JHQHUDOO\�HDVLO\�LGHQWLƧDEOH�GXH�WR�
WKHLU�KLJKO\�FKDUDFWHULVWLF�FURVV�ɴ� VWUXFWXUH��DPRUSKRXV�DJJUHJDWHV� WHQG� WR�VLPSO\�EH�
FODVVLƧHG� DV� ƌQRQ�DP\ORLGƍ� DJJUHJDWHV��� +RZHYHU�� HYHQ� WKLV� FODVVLF� SHUFHSWLRQ� RI� 
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ƌɴ�DJJUHJDWLRQƍ� KDV� EHHQ� FKDOOHQJHG� ODWHO\� E\� WKH� GLVFRYHU\� RI� DQ� DOO�ɲ� DP\ORLG� E\� 
7D\HE�)OLJHOPDQ�DQG�FROOHDJXHV���7KHUHIRUH��WKH�WHUPV�ƌDJJUHJDWLRQƍ��ƌDJJUHJDWHƍ�DQG�
ƌDP\ORLGƍ�KDYH�EHHQ�XVHG�UDWKHU�LQWHUPLWWHQWO\�LQ�WKH�IROORZLQJ�WH[W��ZLWK�DJJUHJDWLRQ�
DQG� DJJUHJDWHV� XVHG� JHQHUDOO\� WR� GHVFULEH� PDFURPROHFXODU� DVVHPEOLHV� RI� D6�� DQG�
DP\ORLG�DQG�ƧEULOV�DOOXGLQJ�VSHFLƧFDOO\�WR�WKH�DP\ORLG�ƧEULO�VWUXFWXUH�DV�GHVFULEHG�EHORZ�
DQG��LQ�WKH�FRQWH[W�RI�GLVFXVVLQJ�UHVXOWV��UHIHUHQFLQJ�WKH�PDWXUH��ƧEULOODU�DVVHPEOLHV�RI�
D6�DV�FRQƧUPHG�E\�H[SHULPHQWDO�DQDO\VLV�ZLWK�DWRPLF�IRUFH�PLFURVFRS\��$)0�� 

7KH�WHUP�DP\ORLG�ZDV�ƧUVW�XVHG�E\�WKH�*HUPDQ�PHGLFDO�GRFWRU�5XGROSK�9LHUFKRZ� LQ�
����� WR�GHVFULEH� WKH�ƧODPHQWRXV� LQFOXVLRQV�KH�REVHUYHG� LQ� WKH�SRVW�PRUWHP�EUDLQ�RI�
SDWLHQWV��NQRZQ�DW�WKH�WLPH�DV��FRUSRUD�DP\ODFHD����$IWHU�VWDLQLQJ�WKH�ƧEULOODU�LQFOXVLRQV�
ZLWK�LRGLQH��D�NQRZQ�PHWKRG�IRU�GHWHFWLQJ�VWDUFK��KH�LQLWLDOO\�FRQFOXGHG�WKH�REVHUYHG�
VSHFLHV�DUH�OLNHO\�FHOOXORVH�DQG�JDYH�WKHP�WKH�QDPH�GHULYHG�IURP�WKH�/DWLQ��DP\OXP��RU�
*UHHN� �ɳʅʐʄʉ��ZRUG� IRU�VWDUFK����7KH�VXEVHTXHQW� UHVHDUFK�VKRZHG�WKHVH� LQFOXVLRQV�DV�
KDYLQJ�D�YHU\�KLJK�QLWURJHQ�FRQWHQW�DQG�DUH�WKXV�OLNHO\�SURWHLF�LQ�RULJLQ��DV�ZHOO�DV�ODWHU�
VKRZLQJ�WKDW�QRW�DOO�RI�WKHP�DUH�IRUPHG�E\�WKH�VDPH�SHSWLGHV�DQG�OLNHO\�KDYH�GLƦHUHQW�
RULJLQV���� )XUWKHU�EUHDNWKURXJKV� FDPH� WKURXJK� WKH� DGYDQFHV� LQ�PHWKRGV�RI� VWUXFWXUDO�
ELRORJ\�DQG�WKH�LGHQWLƧFDWLRQ�RI�YDULRXV�DP\ORLGRJHQLF�SURWHLQV��ZLWK�WKH�PRVW�QRWDEOH�
EHLQJ�WKH�GLVFRYHU\�RI�SULRQV�DQG�WKHLU�E\�3UXVLQHU�LQ����������,Q�IDFW��LW�ZDV�SULRQV�WKDW�
ƧUVW�FRQWULEXWHG�WR�WKH�JUHDWHU�SXEOLF�DZDUHQHVV�RI�DJJUHJDWLRQ�WKURXJK�WKH�PDG�FRZ�
GLVHDVH�VFDUH�LQ�WKH�ODWH�����V�DQG�����V��,Q�SDUDOOHO��WKH�GLVFRYHU\�RI�DP\ORLG�EHWD��$ɴ��
DV�WKH�PDMRU�FRPSRQHQW�RI�DP\ORLG�SODTXHV�IRXQG�LQ�WKH�EUDLQ�RI�$O]KHLPHU�GLVHDVH��$'��
SDWLHQWV���� ƧUVW� VKRZHG� WKH� LQYROYHPHQW� RI� DJJUHJDWLRQ� LQ� QHXURGHJHQHUDWLRQ�� DQ�
DVVRFLDWLRQ�WKDW�FRQWLQXHV�WR�WKLV�GD\�DV�WKH�SULPDU\�DUHD�RI�DSSOLFDWLRQ�IRU�DJJUHJDWLRQ�
DVVRFLDWHG� VWXGLHV��2QZDUGV�� WKH�ZRUN� RI� 6LU� &KULVWRSKHU� 'REVRQ� DQG� FROOHDJXHV� LQ�
&DPEULGJH� DQG� 2[IRUG� JUHDWO\� H[SDQGHG� WKH� WKHRUHWLFDO� IUDPHZRUN� RI� ERWK� WKH�
PROHFXODU� EDVLV� RI� SURWHLQ� PLVIROGLQJ� DQG� DJJUHJDWLRQ�� WKH� H[DFW� PDWKHPDWLFDO�
GHVFULSWLRQ�RI� LWV�DVVRFLDWHG�SURFHVVHV��DV�ZHOO�DV�FRQWULEXWHG�WR� WKH�PRVW� LPSRUWDQW�
QRWLRQ��PLVIROGLQJ�DQG�DP\ORLG�IRUPDWLRQ�LV�QRW�D�ƌVSHFLDO�FDVHƍ��EXW�D�JHQHUDO�SURFHVV��
URRWHG� LQ� WKH� WKHUPRG\QDPLFV�RI� SURWHLQ� IROGLQJ�� WKDW� FDQ�EH�DSSOLHG� WR� DQ\�SURWHLQ�
XQGHU� VSHFLƧF� FRQGLWLRQV��Ƈ���� ,Q� UHFHQW� \HDUV�� WKH� LQFUHDVLQJ� DZDUHQHVV� RI� WKH� VRFLDO�
EXUGHQ�RI�QHXURGHJHQHUDWLRQ�DQG�DJJUHJDWLRQ�DV�RQH�LWV�SULPDU\�KDOOPDUNV��KDYH�OHG�WR�
DQ� H[SORVLRQ� RI� QHZ� UHVXOWV�� ERWK� E\� LGHQWLI\LQJ� QHZ� PROHFXODU� PHFKDQLVPV� DQG�
FRIDFWRUV� WKDW� LQƨXHQFH� DJJUHJDWLRQ��� WKH� H[SHULPHQWDO�PHWKRGRORJ\� WR� VWXG\��� DQG�
DQDO\WLFDO� PHWKRGV� WR� DQDO\VH� LW���� WKH� JURZWK� RI� SUHGLFWLRQ� PHWKRGRORJ\��� DQG� WKH�
DGYDQFHV�RI�SRSXODWLRQ�JHQHWLFV� OHDGLQJ� WR� WKH� LGHQWLƧFDWLRQ�RI�QHZ�ULVN� IDFWRUV�DQG�
PXWDWLRQV������� (VSHFLDOO\� WKH� DGYDQFHPHQW� RI� WKH� VWXG\� RI� SKDVH� WUDQVLWLRQV�� D� ƧHOG�
VLPLODU� WR�DJJUHJDWLRQ� LQ� LWV�ERRPLQJ� WUDQVLWLRQ� IURP�D�FRXSOH�RI� LQWHUHVWLQJ� ƌVSHFLDO�
FDVHVƍ�WR�D�JHQHUDO�FHOOXODU�PHFKDQLVP��KDV�SURYLGHG�DQ�LPSRUWDQW�FHOOXODU�IUDPHZRUN�
IRU�WKH�PROHFXODU�EDVLV�DJJUHJDWLRQ�LQ�YLYR������� 
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������0ROHFXODU�PHFKDQLVPV�RI�SURWHLQ�DJJUHJDWLRQ 

6LQFH�$QƧQVHQƊV�H[SHULPHQW��WKH�JHQHUDO�SULQFLSOH�VWDQGV�WKDW�WKH�SULPDU\�VWUXFWXUH�RI�
SURWHLQV� GHWHUPLQHV� LWV� WKUHH�GLPHQVLRQDO� IROG�� ,Q� WHUPV� RI� JOREXODU� SURWHLQV�� WKH�
SULPDU\�VWUXFWXUH�GHWHUPLQHV�WKH�IRUPDWLRQ�RI�WKH�VHFRQGDU\�VWUXFWXUH�HOHPHQWV��ZKLFK�
WKHQ� IROG� LQWR� D� WKUHH�GLPHQVLRQDO� VWUXFWXUH� DURXQG� WKH� K\GURSKRELF� FRUH� WR� IRUP� D�
VWDEOH��JOREXODU�VWUXFWXUH����6LPLODUO\��WKH�GLVFRYHU\�RI�LQWULQVLFDOO\�GLVRUGHUHG�SURWHLQV�
�,'3V��KDV�DOVR�EURXJKW�WKH�XQGHUVWDQGLQJ�WKDW�SULPDU\�VWUXFWXUH�HOHPHQWV�RI�,'3V�DOORZ�
WKHP� WR� UHPDLQ� G\QDPLFDOO\� XQVWUXFWXUHG���� 7KHVH� VWUXFWXUDO� WUDQVLWLRQV� EHWZHHQ�
WKHUPRG\QDPLF�VWDWHV�ZLWK�FRUUHVSRQGLQJ�FKDQJHV�LQ�IUHH�HQHUJ\�DUH�XVXDOO\�GHSLFWHG�
WKURXJK�WKH�VR�FDOOHG�IUHH�HQHUJ\� ODQGVFDSHV�������7KH�YHUWLFDO�D[LV�RI�WKH�IUHH�HQHUJ\�
ODQGVFDSH� UHSUHVHQWV� WKH� IUHH� HQHUJ\� RI� WKH� FRUUHVSRQGLQJ� IROGHG� VWDWH�� ZKLOH� WKH�
KRUL]RQWDO�D[LV�VKRZV�WKH�PXOWLWXGH�RI�SRVVLEOH�VWUXFWXUDO�FRQIRUPDWLRQV��)LJ�������� 

 

)LJXUH������7KH�YLHZ�RI�SURWHLQ�IROGLQJ�DQG�PLVIROGLQJ�WKURXJK�D�IUHH�HQHUJ\�ODQGVFDSH���$��,Q�LWV�VLPSOHVW�
IRUP��LW�IRUPV�D�VPRRWK�IXQQHO�ZKHUH�D�PXOWLWXGH�RI�XQIROGHG�VWDWHV�ZLWK�KLJK�IUHH�HQHUJ\�FRQYHUJH�LQWR�
D�VLQJOH�PLQLPXP��WKH�QDWLYH�IROG���%��7KH�IROGLQJ�RI�SURWHLQV�XQGHUJRHV�YDULRXV�VWHSV��ZLWK�LQWHUPHGLDWH�
FRQIRUPDWLRQV�VRPHWLPHV�HQFRXQWHULQJ�VPDOO�HQHUJHWLF�EDUULHUV��UHSUHVHQWHG�DV�ORFDO�PLQLPD��WKDW�QHHG�
WR�EH�RYHUFRPH� LQ�RUGHU� WR� UHDFK� WKH�QDWLYH�VWDWH�� �&��$V� WKH�DJJUHJDWHG�VWDWH�FDQ�EH�DV�HQHUJHWLFDOO\�
IDYRXUDEOH�DV�WKH�QDWLYH�IROG��LI�QRW�PRUH��VRPHWLPHV�SURWHLQV�EHFRPH�WUDSSHG�LQ�WKH�PLQLPD�DVVRFLDWHG�
ZLWK� DJJUHJDWLRQ�� �'�� &KDSHURQHV� DQG�RWKHU� FRIDFWRUV� DUH� RIWHQ�ZKDW� LV� SUHYHQWLQJ� WKH�PLVIROGLQJ�RI�
SURWHLQV� LQ�YLYR��RU�KHOSLQJ�WKHP�RYHUFRPH�WKH� ORFDO�HQHUJHWLF�EDUULHUV�WR�UHVFXH�WKHP�IURP�PLVIROGHG�
VWDWHV�� �(�� ,Q� FRQGLWLRQV� RI� SURWHLQ� VXSHUVDWXUDWLRQ�� ZKHUH� LQWHUPROHFXODU� FRQWDFWV� DUH� PXFK� PRUH�
IDYRXUDEOH� FRPSDUHG� WR�SURWHLQ�VROYHQW� FRQWDFWV�� WKH� DJJUHJDWHG� VWDWH� KDV�D�PXFK� ORZHU� IUHH� HQHUJ\�
FRPSDUHG�WR�WKH�QDWLYH�VWDWH�� �)��$V�PLVIROGLQJ�LV�DOVR�D�SURFHVV�ZLWK�PDQ\�LQWHUPHGLDWH�VWDWHV�GXH�WR�
NLQHWLF� DQG� HQWKDOSLF� FRQWULEXWLRQV�� PDQ\� HQHUJHWLF� PLQLPD� XVXDOO\� H[LVW� WKDW� FRUUHVSRQG� WR� YDULRXV�
VWUXFWXUDO�SRO\PRUSKV��7KLV�LV�UHƨHFWHG�LQ�WKH�EURDG�VWUXFWXUDO�HQVHPEOH�RI�DP\ORLG�VWUXFWXUHV��VHHQ�IRU�
PRVW�SURWHLQV��$GDSWHG�IURP�� 

 

7KHVH�LOOXVWUDWH�ZHOO�WKH�IDFW�WKDW�SURWHLQ�IROGLQJ�LQYROYHV�D�ODUJH�QXPEHU�RI�LQWHUPHGLDWH�
VWDWHV�DQG�FRQIRUPDWLRQV��UHSUHVHQWHG�E\�WKH�UXJJHG�VKDSH�RI�WKH�ODQGVFDSH�ZLWK�PDQ\�
ORFDO� IUHH� HQHUJ\�PLQLPD�� 7KHVH� LQWHUPHGLDWH� VWDWHV� FDQ� UDQJH� IURP� ORFDO� VHFRQGDU\�
VWUXFWXUH�UHDUUDQJHPHQWV�WR�SDUWLDO�XQIROGLQJ�DQG�FDQ�RIWHQ�EH�VLPLODU�WR�WKH�QDWLYH�IROG��
DV� ZHOO� DV� IXQFWLRQDO�� WKXV� OHDGLQJ� WR� WHUPV� VXFK� DV� PHWDVWDEOH� VWDWHV� RU� SDUWLDOO\�
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XQIROGHG� LQWHUPHGLDWHV������� 7KHVH� VWDWHV� WKHQ� OHDG� SURJUHVVLYHO\� WR� WKH� ORZHVW� IUHH�
HQHUJ\� VWDWHV�� FRUUHVSRQGLQJ� WR� HLWKHU� WKH� QDWLYH� IROG�� GRPLQDWHG� E\� LQWUDPROHFXODU�
LQWHUDFWLRQV��RU�WKH�DJJUHJDWHG�VWDWH��GRPLQDWHG�E\�LQWHUPROHFXODU�LQWHUDFWLRQV����$V�LV�
WKH�FDVH�ZLWK�QDWLYH�IROGLQJ��WKH�GHWHUPLQDQWV�RI�DJJUHJDWLRQ�FDQ�DOVR�EH�WUDFHG�WR�WKH�
SULPDU\�VWUXFWXUH�OHYHO��7HUPHG�DJJUHJDWLRQ�SURQH�UHJLRQV��$35V���WKHVH�DUH�RIWHQ�VKRUW�
VHJPHQWV�RI�K\GURSKRELF�DPLQR�DFLG�UHVLGXHV���������UHVLGXHV��WKDW�IDYRXU�WKH�IRUPDWLRQ�
RI� ɴ�VKHHWV���� 'XH� WR� WKHLU� K\GURSKRELF� QDWXUH�� $35V� DUH� PRVW� RIWHQ� IRXQG� LQ� WKH�
K\GURSKRELF� FRUH� RI� JOREXODU� SURWHLQV�� FRQWULEXWLQJ� WR� LWV� VWDELOLW\�� $35V� DUH� DOVR�
FRPPRQ�LQ�WKH�PHPEUDQH�VSDQQLQJ�VHJPHQW�RI�WUDQVPHPEUDQH�SURWHLQV����UHQGHULQJ�
WKDW�SDUW�KLJKO\�DJJUHJDWLRQ�SURQH�DV�VHHQ� LQ� WKH�H[DPSOH�RI�$ɴϯϬ�� ,'3V�DOVR�FRQWDLQ�
$35V��DOEHLW�WR�D�OHVVHU�H[WHQW��DQG�KDYH�EHHQ�VKRZQ�WR�KHOS�IDFLOLWDWH�WKH�IRUPDWLRQ�RI�
WUDQVLHQW�VWUXFWXUH��UHTXLUHG�IRU�WKH�LQWHUDFWLRQ�DQG�IXQFWLRQDOLW\�RI�FHUWDLQ�,'3V����7KH�
G\QDPLF�VWUXFWXUH�RI�,'3V�DOVR�PHDQV�WKDW�$35V�WHQG�WR�EH�PRUH�H[SRVHG�WKDQ�$35V�LQ�
JOREXODU�SURWHLQV��ZKLFK�FDQ�PDNH�FHUWDLQ�,'3V�SDUWLFXODUO\�DJJUHJDWLRQ�SURQH����,Q�RUGHU�
WR� FRXQWHUEDODQFH� WKH�PLVIROGLQJ� SURSHQVLW\� RI� $35V�� DPLQR� DFLG� UHVLGXHV� RQ� HLWKHU�
ƨDQNV� RI� WKHVH� K\GURSKRELF� SDWFKHV� KDYH� EHHQ� HYROXWLRQDU\� VHOHFWHG� WR� DFW� DV� D�
FRXQWHUDFWLQJ�IRUFH�E\�PHDQV�RI�XQIDYRXUDEOH�HOHFWURVWDWLF�UHSXOVLRQ�RI�FKDUJHG�DPLQR�
DFLGV��DV�ZHOO�DV�LQGXFLQJ�XQIDYRXUDEOH�VWUXFWXUDO�FRQVWUDLQWV�ZLWK�SUROLQH�UHVLGXHV���� 

$JJUHJDWLRQ� RU� DJJUHJDWH� IRUPDWLRQ� FDQ� WKXV� EH� FRQVLGHUHG� DQ� DOWHUQDWLYH� IROGLQJ�
SDWKZD\�� D� WHUP� RIWHQ� XVHG� ZKHQ� UHIHUULQJ� WR� IXQFWLRQDO� DP\ORLGV� ZKHUH�
DP\ORLGRJHQHVLV� LV�UHTXLUHG�IRU�WKH�SURWHLQƊV�DFWLYLW\����ZKLOH�PLVIROGLQJ�LV�DVVRFLDWHG�
ZLWK�GLVHDVH�FRQGLWLRQV�ZKHUH�SURWHLQV� ORVH�RU�DOWHU� WKHLU� IXQFWLRQDOLW\�XSRQ�DP\ORLG�
IRUPDWLRQ���� 3URWHLQV� DFKLHYH� WKH� VWUXFWXUDO� WUDQVLWLRQ� WR� WKH� DJJUHJDWHG� VWDWH� HLWKHU�
WKURXJK�RƦ�SDWKZD\�LQWHUPHGLDU\�VWDWHV�XSRQ�IROGLQJ��RU�E\�GHVWDELOLVDWLRQ�RI�WKH�QDWLYH�
VWDWH� DQG� DJDLQ� WKH� VWDELOLVDWLRQ� RI� DJJUHJDWLRQ�SURQH�� RƦ�SDWKZD\� LQWHUPHGLDU\�
VWDWHV��� 7KH� GHVWDELOLVDWLRQ� RI� WKH� QDWLYH�� JOREXODU� VWDWH� FDQ� EH� DFKLHYHG� E\� PDQ\�
LQWULQVLF� RU� H[WULQVLF� PHFKDQLVPV�� 0XWDWLRQV� RI� WKH� SURWHLQ� SULPDU\� VWUXFWXUH� DUH�
H[DPSOHV�RI�LQWULQVLF�IDFWRUV�WKDW�FDQ�GHFUHDVH�WKH�FRQIRUPDWLRQDO�VWDELOLW\�LQ�WKH�QDWLYH�
IROG�DQG�DOWHU�WKH�DJJUHJDWLRQ�SURSHQVLW\�RI�SURWHLQV����0DQ\�VWXGLHV��PRVWO\�FRQGXFWHG�
LQ�YLWUR��KDYH�VKRZQ�WKH�HƦHFW�RI�H[WULQVLF�SK\VLFRFKHPLFDO�IDFWRUV�VXFK�DV�FKDQJHV�LQ�
S+��SUHVVXUH��VROYHQW�DQG�FR�IDFWRUV��WKDW�SURPRWH�WKH�WUDQVLWLRQ�IURP�D�JOREXODU�WR�DQ�
DJJUHJDWHG�VWDWH����$OVR��WKH�SUHVHQFH�RI�H[LVWLQJ�DJJUHJDWHG�IRUPV�FDQ�ERWK�GHVWDELOLVH�
WKH� H[LVWLQJ� PRQRPHULF�� JOREXODU� SURWHLQ�� DV� ZHOO� DV� SURPRWH� LWV� DJJUHJDWLRQ� LQ� D�
SURFHVV�NQRZQ��DV�ƌVHHGLQJƍ�DQG�EHVW�NQRZQ�IRU�DV�WKH�PHWKRG�RI�SURSDJDWLRQ�RI�WKH�
SULRQ�SURWHLQ����)XUWKHUPRUH��D�SURFHVV�NQRZQ�DV� ƌFURVV�VHHGLQJƍ�FDQ�DOVR�FDXVH� WKH�
SURSDJDWLRQ�RI�DJJUHJDWLRQ�SURQH�SURWHLQV�E\�DP\ORLGV�RI�DQRWKHU�VSHFLHV����$OO�WKHVH�
SURFHVVHV� GHSHQG� JUHDWO\� RQ� WKH� IRUPDWLRQ� RI� IDYRXUDEOH� LQWHUPROHFXODU� FRQWDFWV�
EHWZHHQ� SURWHLQV��PHDQLQJ� WKH� ORFDO� FRQFHQWUDWLRQ� RI� WKH� SURWHLQ� JUHDWO\� DƦHFWV� LWV�
DJJUHJDWLRQ�SURSHQVLW\����$W�D�FULWLFDO�FRQFHQWUDWLRQ��WKH�FRQWDFWV�EHWZHHQ�SURWHLQV�DUH�
PXFK�PRUH�HQHUJHWLFDOO\�IDYRXUDEOH�WKDQ�FRQWDFWV�EHWZHHQ�WKH�SURWHLQ�DQG�WKH�VROYHQW��
OHDGLQJ�WR�D�SKHQRPHQRQ�NQRZQ�DV�SKDVH�VHSDUDWLRQ����7KH�ORFDO�SURWHLQ�FRQFHQWUDWLRQ�
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LQ� D� VHSDUDWH� SKDVH� FDQ� ULVH� WR� P0� OHYHOV���� ZKLFK� FDQ� LQ� WXUQ� OHDG� WR� DQRWKHU�
SKHQRPHQRQ�� NQRZQ� DV� VXSHUVDWXUDWLRQ�� 6XSHUVDWXUDWLRQ� RFFXUV� ZKHQ� D� SURWHLQ�
UHPDLQV�LQ�VROXWLRQ�DW�D�FRQFHQWUDWLRQ�H[FHHGLQJ�LWV�PD[LPXP�VROXELOLW\�IRU�D�SURORQJHG�
SHULRG�RI�WLPH��ZKLFK�IXUWKHU�UHGXFHV�WKH�IUHH�HQHUJ\�RI�WKH�DJJUHJDWHG�VWDWH�DQG�UHQGHUV�
DJJUHJDWLRQ�PRUH�WKHUPRG\QDPLFDOO\�IDYRXUDEOH�WKDQ�WKH�QDWLYH�VWDWH�������7KLV�SRVHV�D�
FKDOOHQJH�LQ�LWVHOI��DV�PRVW�SURWHLQV�LQ�WKH�FHOO�DUH�H[SUHVVHG�DW�WKHLU�VROXELOLW\�OLPLW����DQ�
REVHUYDWLRQ� WHUPHG� ƌ/LIH�RQ� WKH�(GJHƍ����3KDVH� VHSDUDWLRQ�DQG�VXSHUVDWXUDWLRQ�KDYH�
DOVR�EHHQ�VKRZQ�WR�SURPRWH�SDUWLDO�XQIROGLQJ�DQG�FRQIRUPDWLRQDO�FKDQJHV�LQ�SURWHLQ�
VWUXFWXUH����7KHVH�ƧQGLQJV�KHOS�H[SODLQ�ZK\�DJJUHJDWLRQ�FDQ�RFFXU�VSRQWDQHRXVO\�XQGHU�
SK\VLRORJLFDO�FRQGLWLRQV�XQGHU�WKH�FRQGLWLRQ�RI�VXSHUVDWXUDWLRQ��ZKHQ�WKH�DJJUHJDWHG�
VWDWH�LV�PRUH�HQHUJHWLFDOO\�IDYRXUDEOH�WKDQ�WKH�QDWLYH�VWDWH� 

,Q�RUGHU�WR�SUHYHQW�DJJUHJDWLRQ��FHOOV�KDYH�GHYHORSHG�D�V\VWHP�RI�SURWHLQ�KRPHRVWDVLV��
ZKLFK�ERWK�DVVLVWV�WKH�SURWHLQV�LQ�WKH�IROGLQJ�SURFHVV��DV�ZHOO�DV�FOHDUV�DQ\�PLVIROGHG�RU�
DJJUHJDWHG�VSHFLHV�E\� WDUJHWHG�GHJUDGDWLRQ���� 7KH� UROH�RI� FKDSHURQHV� LV�SDUWLFXODUO\�
LPSRUWDQW��ERWK�LQ�DVVLVWLQJ�WKH�SURWHLQV�LQ�DFKLHYLQJ�WKH�FRUUHFW�IROG�XSRQ�WUDQVODWLRQ��
DV�ZHOO�DV�LQWHUDFWLQJ�ZLWK�DOUHDG\�IRUPHG�DJJUHJDWHV�LQ�DQ�DWWHPSW�WR�GLVDJJUHJDWH�DQG�
UHIROG�WKHP����$JJUHJDWHG�SURWHLQV�DUH�DOVR�GHJUDGHG�E\�SURWHDVRPHV�DQG�LQWUDFHOOXODU�
DXWRSKDJ\����7KH�GHFOLQH�RI�WKHVH�PHFKDQLVPV�ZLWK�DJHLQJ�LV�WKRXJKW�WR�EH�RQH�RI�WKH�
PDMRU�IDFWRUV�FRQWULEXWLQJ�WR�DQ�LQFUHDVH�LQ�ULVN�RI�QHXURGHJHQHUDWLYH�GLVHDVH��OLQNHG�WR�
SURWHLQ�DJJUHJDWLRQ��� 

������6WUXFWXUDO�FKDUDFWHULVWLFV�RI�SURWHLQ�DJJUHJDWHV 

$V�DOUHDG\�PHQWLRQHG��WKH�WHUP�DJJUHJDWH�DQG�DP\ORLG�DUH�RIWHQ�XVHG�LQWHUFKDQJHDEO\��
OLNHO\� VWHPPLQJ� IURP� WKH� IDFW� WKDW� DP\ORLGV� DUH� E\� IDU� WKH� PRVW� VWXGLHG� DQG� ZHOO�
FKDUDFWHULVHG�DJJUHJDWH�DUFKLWHFWXUH���$P\ORLGV�DUH�E\�QR�PHDQV�WKH�RQO\�DUFKLWHFWXUH�
RI�SURWHLQ�DJJUHJDWHV��$PRUSKRXV�DJJUHJDWHV�DUH�VWLOO�IRUPHG�E\�SURWHLQ�PLVIROGLQJ�DQG�
H[KLELW� D� VXEVWDQWLDO� SHUFHQWDJH� RI� ɴ�VWUXFWXUH���� \HW� DUH� PXFK� PRUH� GLƦLFXOW� WR�
VWUXFWXUDOO\� FKDUDFWHULVH� GXH� WR� WKHLU� PRVWO\� PDFURVFRSLF� GLƦHUHQFHV��� $PRUSKRXV�
DJJUHJDWHV�DOVR�H[KLELW�VOLJKWO\�GLƦHUHQW�NLQHWLFV�RI�IRUPDWLRQ�FRPSDUHG�WR�DP\ORLGV���
DQG�DUH�WKRXJKW�WR�EH�WKH�IDYRXUHG�DJJUHJDWH�PRUSKRORJ\�IRUPHG�E\�SURWHLQV�ZLWK�YHU\�
VLPLODU� DPLQR� DFLG� VHTXHQFHV���� $JJUHJDWHV� FDQ� DOVR� EH� IRUPHG� E\� SURWHLQV� XQGHU�
PLQLPDO� XQIROGLQJ�� H[KLELWLQJ� D� QDWLYH�OLNH� VWUXFWXUH� ZLWK� FHUWDLQ� G\QDPLF� HOHPHQWV�
DOORZLQJ�WKH�HVWDEOLVKPHQW�RI�QHZ�LQWHUPROHFXODU�FRQWDFWV����7KH�DP\ORLG�IROG��KRZHYHU��
LV� VWLOO� E\� IDU� WKH� EHVW� FKDUDFWHULVHG� DJJUHJDWH� DUFKLWHFWXUH��PRVWO\� GXH� WR� WKH� ODUJH�
QXPEHU� RI� DWRPLF�OHYHO� VWUXFWXUHV� VROYHG� E\� YDULRXV� PHWKRGV� DQG� LWV� SUHYDOHQFH� LQ�
GLVHDVH�FRQGLWLRQV�� ,WV�VLJQDWXUH�VWUXFWXUDO�KDOOPDUN� LV� WKH�FURVV�ɴ� IROG��ZLWK� LWV�QDPH�
GHULYLQJ� IURP� WKH� SHUSHQGLFXODU� RULHQWDWLRQ� RI� WKH� ɴ�VKHHWV� LQ� UHVSHFW� WR� WKH� ƧEULO�
RULHQWDWLRQ���� 7KHVH� FURVV�ɴ� IROGV� DUH� VWDELOLVHG� E\� D� QXPEHU� RI� LQWHUPROHFXODU�
LQWHUDFWLRQV�WKURXJK�VLGHFKDLQ�VLGHFKDLQ�DQG�VLGHFKDLQ�PDLQFKDLQ�+�ERQGV��EXULHG�VDOW�
EULGJHV�DQG�SRODU�FRQWDFWV�WKDW�IDYRXU�WKH�FRQIRUPDWLRQDO�VWDELOLVDWLRQ�RI�ZKDW�*DOODUGR�
DQG�FROOHDJXHV�KDYH�WHUPHG�ƌSRODU�VWHULF�]LSSHUVƍ����7KH\�GLƦHUHQWLDWH�WKHVH�IURP�ƌGU\�
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VWHULF�]LSSHUVƍ��ZKLFK�DUH�IRUPHG�E\�VLGHFKDLQ�VLGHFKDLQ�FRQWDFWV�EHWZHHQ�WZR�LGHQWLFDO�
VHTXHQFHV��ZKLFK� DUH�PRVWO\� IRXQG�RQ� WKH�SURWRƧEULO� LQWHUIDFH� DQG� FRQWULEXWH� WR� WKH�
SDFNLQJ�RI�WKHVH�VWUXFWXUHV�LQWR�PDWXUH�DP\ORLG�ƧEULOV����$V�PHQWLRQHG�EHIRUH�DOUHDG\��
WKHVH�QXPHURXV�LQWHUPROHFXODU�FRQWDFWV�FRQIHU�JUHDW�VWDELOLW\�WR�WKH�DP\ORLG�IROG��WR�WKH�
H[WHQW�WKDW�WKH�K\SRWKHVLV�KDV�DULVHQ�WKDW�SRVWXODWHV�DP\ORLGV�DV�WKH�ƧUVW�HƦHFWRUV�LQ�WKH�
SUHELRWLF�ZRUOG���DQG�WKH�DP\ORLG�IROG�DV�WKH�SUHFXUVRU�WR�WKH�GHYHORSPHQW�RI�RWKHU��
JOREXODU� SURWHLQV� IROGV���� 8QOLNH� WKH� IROGLQJ� RI� QDWLYH� SURWHLQV�� ZKHUH� JHQHUDOO\� WKH�
QDWLYH� IROG� RQO\� UHIHUV� WR� D� VLQJOH� FRQIRUPDWLRQ� ZLWK� WKH� ORZHVW� HQHUJ\�� WKH�
WKHUPRG\QDPLF�VWDELOLW\�DQG�WKH�PDQ\�NLQHWLFV�EDUULHUV�LQ�WKH�SURFHVV�RI�DP\ORLG�IROGLQJ�
FDQ�OHDG�WR�DQ�LQFUHGLEOH�SRO\PRUSKLVP�RI�VWUXFWXUHV����7KLV� LV�IXUWKHU�UHƨHFWHG�LQ�WKH�
JUHDW�GLƦHUHQFHV�EHWZHHQ�VWUXFWXUHV�RI�LQ�YLWUR�RU�LQ�YLYR�ƧEULOV�RI�WKH�VDPH�SURWHLQ��,Q�
WKH�FDVH�RI�D6��WKH�WZR�VWUXFWXUHV�RI�ƧEULOV�H[WUDFWHG�IURP�SRVW�PRUWHP�EUDLQ�WLVVXH������
DUH�ZLGHO\�GLƦHUHQW�IURP�WKH�RQHV�SURGXFHG�LQ�YLWUR�DQG�KDUERXULQJ�GLVHDVH�DVVRFLDWHG�
PXWDWLRQV����5HFHQW�ZRUN�KDV�UHYHDOHG�WKDW�GHVSLWH�WKH�SUHYDOHQW�DVVRFLDWLRQ�ZLWK�WKH�
FURVV�ɴ�IROG��DP\ORLGV�FDQ�DOVR�IROG�LQ�D�FURVV�ɲ�DUFKLWHFWXUH���7KHVH�PRWLIV�VHHP�WR�EH�
SUHYDOHQW�LQ�F\WRWR[LF�DP\ORLGV�RI�PLFUREHV���DQG�LQ�WKH�FDVH�RI�XSHULQ�����FDQ�IROG�ZLWK�
LQWR� D� FURVV�ɲ� RU� D� FURVV�ɴ� DUFKLWHFWXUH� EDVHG� RQ� WKH� FHOOXODU� HQYLURQPHQW� DQG� LWV�
LQWHUDFWRUV���� IXUWKHU�KLJKOLJKWLQJ� WKH� VWUXFWXUDO�SRO\PRUSKLVP�DQG�DGDSWDELOLW\�RI� WKH�
DP\ORLG�IROG� 

7KH�RWKHU�FKDUDFWHULVWLF�RI�DP\ORLGV�LV�WKDW�RIWHQ�LW�LV�QRW�WKH�IXOO�OHQJWK�SURWHLQ�WKDW�JHWV�
IROGHG� LQWR� WKH� FKDUDFWHULVWLF� DP\ORLG� IROG���� (VSHFLDOO\� IRU� ORQJHU� VHTXHQFHV�� WKH�
XQIDYRXUDEOH� FRQIRUPDWLRQV� WKDW� FRPH�ZLWK� WKH� HQIRUFHG� WRUVLRQ� DQJOHV� FDQ� OHDG� WR�
ORFDO� IUXVWUDWLRQ� WKDW� SUHYHQWV� WKHVH� IUDJPHQWV� IURP� DP\ORLG� IRUPDWLRQ�� 6RPHWLPHV��
WKHVH�H[WHUQDO�UHVLGXHV�DUH�UHPRYHG�E\�SURWHRO\VLV��ZKLFK�KDV�EHHQ�VKRZQ�WR�IXUWKHU�
VWDELOLVH� WKH� DP\ORLG� IROG���� 0RUH� RIWHQ�� WKH\� UHPDLQ� DQG� FRQVWLWXWH� ZKDW� KDV� EHHQ�
WHUPHG�WKH�ƌIX]]\�FRDWƍ�WR�GLVWLQJXLVK�LW�IURP�WKH�ƌDP\ORLG�FRUHƍ����7KHVH�UHVLGXHV�DQG�
WKHLU�FRQIRUPDWLRQDO�ƨH[LELOLW\�KDYH�ERWK�IXQFWLRQDO�DQG�VWUXFWXUDO�UROHV�LQ�PDQ\�VWDJHV�
RI� DJJUHJDWH� IRUPDWLRQ���� 7KH\� SURYLGH� DQ� LQWHUDFWLRQ� VXUIDFH� ZLWK� LWV� RZQ�
SK\VLFRFKHPLFDO� SURSHUWLHV� WKDW� HQDEOHV� WKH� DP\ORLG� WR� IDFLOLWDWH� KHWHURJHQHRXV�
LQWHUDFWLRQV�ZLWK�PDQ\�ELQGLQJ�SDUWQHUV��)LJ������� 
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)LJXUH� ����� 7KH� UHVLGXHV� RXWVLGH� WKH� DP\ORLG� FRUH� WKDW� FRQVWLWXWH� WKH� IX]]\� FRDW� KDYH�PDQ\� IXQFWLRQV�
UDQJLQJ�IURP�ƧEULO�JURZWK�WR�LQWHUDFWLRQ�ZLWK�RWKHU�PROHFXOHV��$GDSWHG�IURP���� 

7KHVH�LQFOXGH�LQWHUDFWLRQ�ZLWK�PRQRPHULF�SURWHLQV��HLWKHU�RI�WKH�VDPH��RU�RWKHU�VSHFLHV�
WR�VHHG�RU�FURVV�VHHG�WKH�ƧEULO�JURZWK��DV�KDV�EHHQ�VKRZQ�LQ�WKH�FDVH�RI�D6�DQG�WDX����
7KHVH�LQWHUDFWLRQV�DƦHFW�WKH�JURZWK�NLQHWLFV�WKHPVHOYHV��HLWKHU�WKURXJK�LQWHUDFWLRQ�ZLWK�
PRQRPHULF� SURWHLQV� WKDW� SURPRWH� ƧEULO� HORQJDWLRQ��� RU� WKURXJK� D� SURFHVV� WHUPHG�
ƌVHFRQGDU\�QXFOHDWLRQƍ��ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�PRUH�GHWDLO�EHORZ����,QWHUDFWLRQV�ZLWK�
RWKHU� FHOOXODU� FRPSRQHQWV� VXFK� VROXEOH� SURWHLQV���� FKDSHURQHV���� PHPEUDQHV��� DQG�
QXFOHLF�DFLGV������FDQ�DOVR�OHDG�WR�ERWK�IXQFWLRQDO�DQG�DEHUUDQW�PHFKDQLVPV�LQ�WKH�FHOO��
7KH�FDVH�RI�KQ513'/���ƧEULOV�LV�HVSHFLDOO\�UHOHYDQW�DQG�IDVFLQDWLQJ��DV�*DUFLD�3DUGR�DQG�
FROOHDJXHV�VKRZ�WKDW�WKH�51$�ELQGLQJ�GRPDLQV�VWD\�SDUWLDOO\�IROGHG�LQ�WKH�IX]]\�FRDW�
DQG�VWLOO�H[KLELW�VSHFLƧFLW\�LQ�51$�ELQGLQJ����LPSO\LQJ�WKDW�QRW�DOO�RI�WKH�FRPSRQHQWV�RI�
WKH�IX]]\�FRDW�DUH�DFWXDOO\�IX]]\�RU�GLVRUGHUHG��EXW�FDQ�SUHVHUYH�D�OHYHO�RI�IROGLQJ�HYHQ�
XSRQ�DJJUHJDWLRQ� 

������7KH�NLQHWLFV�RI�SURWHLQ�DJJUHJDWLRQ 

0DFURVFRSLFDOO\��WKH�SURFHVV�RI�DJJUHJDWLRQ�LV�D�YHU\�FRPSOH[�SURFHVV��ZLWK�VHTXHQWLDO�
FRQIRUPDWLRQDO� FKDQJHV� DQG� VSHFLHV� LQWHUFRQYHUVLRQ� UDQJLQJ� IURP� D� PLVIROGHG�
PRQRPHULF�SURWHLQ�WR�D�PDWXUH�DP\ORLG�ƧEULO�FRQVLVWLQJ�RI�PRUH�WKDQ�RQH�VWUXFWXUDOO\�
GLYHUVH�ƧODPHQWV��,W�FDQ�EH�GLYLGHG�LQWR�WKUHH�GLVWLQFW�SKDVHV��EDVHG�RQ�WKH�FKDUDFWHULVWLF�
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SORW� RI� WLPH�UHVROYHG� ƨXRUHVFHQFH� RI� DQ� DJJUHJDWLRQ� DVVD\� �)LJ� ������ 'XULQJ� WKH� ODJ�
SKDVH��WKH� LQLWLDO�QXFOHL�RI�XQIROGHG�RU�PLVIROGHG�SURWHLQV�DUH�IRUPHG�LQ�WKH�VKDSH�RI�
VPDOO�� ROLJRPHULF� VSHFLHV�� 7KHVH� WKHQ� DFW� ERWK� DV� HORQJDWLRQ�� DV� ZHOO� DV� VHHGLQJ�
WHPSODWHV� WKDW� SURPRWH� WKH� UDSLG� DFFHOHUDWLRQ� RI� SURWRƧEULO� JURZWK� GXULQJ� WKH�
H[SRQHQWLDO� SKDVH�� 7KH� VHHGHG� DJJUHJDWLRQ� DVVD\�� ZKHUH� SUH�IRUPHG� ƧEULOODU� RU�
ROLJRPHULF�VSHFLHV�DUH�DGGHG�WR�WKH�UHDFWLRQ�PL[�DW�WKH�EHJLQQLQJ��WKHUHIRUH�VKRZV�D�
GLVWLQFW�ODFN�RI�WKH�ODJ�SKDVH��)LJ�������7KH�ODVW�LV�WKH�SODWHDX�SKDVH��ZKHUH�WKH�JURZWK�
VWRSV� HLWKHU� GXH� WR� D� ODFN� RI� DYDLODEOH� PRQRPHULF� SURWHLQ� RU� ODFN� RI� HORQJDWLRQ�
FRPSDWLEOH�HQGV�� DQG�ZKHUH� WKH�SURWRƧEULOV� DQG�ƧODPHQWV�DVVHPEOH� LQWR� WKH�PDWXUH�
ƧEULOV����� 

)LJXUH������7KH�NLQHWLFV�RI�SURWHLQ�DJJUHJDWLRQ�ZLWK�LWV�FKDUDFWHULVWLF�SKDVHV��$����%��'LƦHUHQW�VSHFLHV�DUH�
IRUPHG�DQG�WKHQ�LQWHUFRQYHUWHG�GXULQJ�WKH�DJJUHJDWLRQ�SURFHVV��OHDGLQJ�WR�WKH�IRUPDWLRQ�RI�WKH�PDWXUH��
DP\ORLG�ƧEULOV���&��$�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�PDMRU�VSHFLHV�IRUPHG�GXULQJ�WKH�DJJUHJDWLRQ�SURFHVV�
RI�SURWHLQV��$GDSWHG�IURP��� 

$V� PHQWLRQHG� DERYH�� WKHVH� LQGLYLGXDO� SKDVHV� UHIHU� WR� WKH� VSHFLƧF� SDUWV� RI� WKH�
ƨXRUHVFHQFH�EDVHG� DJJUHJDWLRQ� DVVD\V�� 7KHVH� UHO\� RQ� WKH� ƨXRUHVFHQW� GHWHFWLRQ� RI�
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DJJUHJDWHG� VSHFLHV�� VSHFLƧFDOO\� WKURXJK� WKH� XVH� RI� DP\ORLG�VSHFLƧF� G\HV� VXFK� DV�
WKLRƨDYLQ� 7���� 7KH� LQFUHDVH� LQ� ƨXRUHVFHQFH� WKHUHIRUH� GLUHFWO\� FRUUHODWHV� ZLWK� WKH�
SUHVHQFH� RI� DP\ORLG� VSHFLHV�� \HW� GRHV� QRW� QHFHVVDULO\� UHƨHFW� WKH� SUHVHQFH� RI� RWKHU��
LQWHUPHGLDU\�VSHFLHV��7KH�NH\�WR�WKHVH�DUH�WKH�ROLJRPHULF�VSHFLHV��IRUPHG�GXULQJ�WKH�ODJ�
SKDVH� WKURXJK� SULPDU\� QXFOHDWLRQ�� 7KH\� FDQ� XQGHUJR� VLJQLƧFDQW� VWUXFWXUDO� FKDQJHV�
GXULQJ� WKH� ODJ�SKDVH������ WKDW� FDQ�DOVR� OHDG� WR� WKH� IRUPDWLRQ�RI� VWUXFWXUHV�� NQRZQ�DV�
NLQHWLF�WUDSV��WKDW�SUHYHQW�IXUWKHU�ƧEULOODU�DVVHPEO\����'XH�WR�WKHVH�G\QDPLF�VWUXFWXUDO�
UHDUUDQJHPHQWV� DQG� UHODWLYH� FRQIRUPDWLRQ� ƨH[LELOLW\�� WKH� K\GURSKRELF� SDWFKHV� LQ�
ROLJRPHUV� WHQG� EH� PRUH� H[SRVHG�� ZKLFK� FDQ� OHDG� WR� WKHLU� LQFUHDVHG� F\WRWR[LFLW\� LQ�
UHVSHFW�WR�PDWXUH�DP\ORLGV�������2OLJRPHUV�KDYH�EHHQ�VKRZQ�WR�LQWHUDFW�ZLWK�DQG�GLVUXSW�
FHOOXODU�PHPEUDQHV�����LQKLELW�FHOOXODU�SURFHVVHV�DVVRFLDWHG�ZLWK�FRJQLWLRQ����VHTXHVWHU�
RWKHU�FHOOXODU�FRPSRQHQWV���DQG�VHHG�PRQRPHU�DJJUHJDWLRQ���LQ�ZD\V�VLPLODU�WR�PDWXUH�
DP\ORLGV��2OLJRPHUV�FDQ�WKHQ�ERWK�VHOI�DVVHPEOH��JURZ�WKURXJK�HORQJDWLRQ��RU�SURPRWH�
WKH�VHHGLQJ�RI�RWKHU�QXFOHL��ZKLFK� OHDGV� WR� WKH�H[SRQHQWLDO�JURZWK�RI�SURWRƧEULO�DQG�
ƧEULOV����7KH�PDLQ�GLƦHUHQFH�EHWZHHQ�SURWRƧEULOV�DQG�PDWXUH�DP\ORLG�ƧEULOV�OLHV�LQ�WKHLU�
VWUXFWXUH� DQG� IRUPDWLRQ� SURFHVV�� 3URWRƧEULOV� DUH� FRQVLGHUHG� WR� EH� D� PHFKDQLVWLF�
SUHFXUVRU�RI�ƧEULOV��DQG�WKH\�SRVVHVV�VRPH�VLPLODULWLHV�WR�PDWXUH�ƧEULOV��EXW�WKH\�DOVR�
KDYH�GLVWLQFW�VWUXFWXUDO�IHDWXUHV����3URWRƧEULOV�WHQG�WR�EH�PRQRƧODPHQW��FRQWDLQ�VLPLODU�
ɴ�HOHPHQWV�WR�PDWXUH�ƧEULOV��DOEHLW�WR�D�OHVVHU�H[WHQW��ZLWK�FHUWDLQ�LQWHUQDO�VHJPHQWV�RI�
WKH�DP\ORLG�IROG�XQGHUJRLQJ�VWUXFWXUDO�UHDUUDQJHPHQWV�XSRQ�PDWXUH�ƧEULO�IRUPDWLRQ����
0DWXUH�ƧEULOV�FDQ�DOVR�EH�FRPSRVHG�RI�PRUH�WKDQ�RQH�ƧODPHQW�DQG�RIWHQ�RI�ƧODPHQWV�
ZLWK� GLƦHUHQW� FRQIRUPDWLRQV�� DGGLQJ� HYHQ� PRUH� HOHPHQWV� WR� WKH� DUFKLWHFWXUDO�
FRPSOH[LW\� RI� DP\ORLGV�� ,Q� WKHLU� H[FHOOHQW� UHYLHZ�� *DOODUGR� DQG� FROOHDJXHV� KDYH�
FODVVLƧHG�PDWXUH�ƧEULOV�LQWR�IRXU�GLƦHUHQW�FODVVHV��EDVHG�RQ�WKHLU�DUFKLWHFWXUH��� 

x 7\SH�����'LƦHUHQW�SDFNLQJ�DUUDQJHPHQWV�RI�WKH�VDPH�SURWRƧEULO��DV�ZDV�REVHUYHG�
IRU�DP\ORLGRJHQLF�SHSWLGHV�RI�WUDQVWK\UHWLQ���DQG�LPPXQRJOREXOLQ�/&�ɉ����� 

x 7\SH�����$Q�LGHQWLFDO�UHJLRQ�RI�ERWK�ƧODPHQWV�KDV�DQ�LGHQWLFDO�IROG��ZKLOH�WKH�UHVW�
KDYH�D�GLƦHUHQW�RQH��7KLV�ZDV�REVHUYHG�LQ�WKH�Ɖ5RGƊ�DQG�Ɖ7ZLVWHUƊ�SRO\PRUSKV�RI�
Ƚ�V\QXFOHLQ�ƧEULOV�� 

x 7\SH� ��� &RPELQHV� 7\SHV� �� �GLƦHUHQW� SDFNLQJ� RI� SURWRƧODPHQWV�� DQG� �� �SDUWLDO�
FRPPRQ� IROG�� DQG� KDV� EHHQ� REVHUYHG� IRU� $Ⱦ��� LQ� VWUXFWXUHV� HOXFLGDWHG� E\� 
FU\R�(0���DQG�VV105�� 

x 7\SH���� 7KH�PRVW� FRPSOH[��ZLWK�ERWK� WKH� SURWRƧODPHQW� VWUXFWXUH� DQG�SDFNLQJ�
LQWHUDFWLRQV�YDU\LQJ��2EVHUYHG�LQ�SRO\PRUSKV�RI�7DX�ƧEULOV�IRUPHG�LQ�YLWUR�LQ�WKH�
SUHVHQFH�RI�KHSDULQ���DQG�7'3����&�WHUPLQDO�GRPDLQ���� 

7KH� XQGHUO\LQJ� NLQHWLF� SURFHVVHV� RI� WKH� IRUPDWLRQ� RI� WKHVH� VSHFLHV� KDYH� EHHQ� ZHOO�
FKDUDFWHULVHG�ZLWK�FOHDU�PDWKHPDWLFDO�GHƧQLWLRQV�RI�LQGLYLGXDO�FRQWULEXWLRQV����7KH�NH\�
SURFHVVHV�LQYROYHG�LQ�WKH�JURZWK�RI�ƧEULOV�DUH�ERWK�SULPDU\�DQG�VHFRQGDU\�QXFOHDWLRQ��
IUDJPHQWDWLRQ��DQG�HORQJDWLRQ��ZLWK�PRQRPHU�GLVVRFLDWLRQ�DQG�VXEVHTXHQW�ROLJRPHU�
GLVDJJUHJDWLRQ�FRXQWHUDFWLQJ�LW��)LJ������ 



-DNRE�5XSHUW��7KH�HƦHFW�RI�51$�RQ�DOSKD�V\QXFOHLQ�DJJUHJDWLRQ 

 ��   

 

)LJXUH������7KH�NLQHWLF�SURFHVVHV�RI�SURWHLQ�DJJUHJDWLRQ�DQG�WKHLU�JUDSKLFDO�GHSLFWLRQV��$GDSWHG�IURP��� 

3ULPDU\� QXFOHDWLRQ� UHSUHVHQWV� WKH� PLVIROGLQJ� DQG� IRUPDWLRQ� RI� DJJUHJDWLRQ�SURQH�
QXFOHL��'XH� WR� WKH�PDQ\�FRQIRUPDWLRQDO� FKDQJHV�DVVRFLDWHG�ZLWK�PLVIROGLQJ��SULPDU\�
QXFOHDWLRQ� LV�HQWURSLFDOO\�XQIDYRXUDEOH��ZKLFK� UHƨHFWV� LQ� WKH� VORZ�NLQHWLFV����$V� VXFK��
SULPDU\�QXFOHDWLRQ�LV�WKH�SURFHVV�PRVW�DƦHFWHG�E\�SK\VLFRFKHPLFDO�IDFWRUV��DV�ZHOO�DV�
LQWHUDFWLRQ�SDUWQHUV������6HFRQGDU\�QXFOHDWLRQ�UHSUHVHQWV�WKH�PLVIROGLQJ�RQ�WKH�ODWHUDO�
VLGHV�RI�DOUHDG\�DJJUHJDWHG�VSHFLHV����$IWHU�WKH�LQLWLDO�IRUPDWLRQ�RI�VHHGLQJ�FRPSHWHQW�
QXFOHL�ZLWK�SULPDU\�QXFOHDWLRQ��VHFRQGDU\�QXFOHDWLRQ�LQFUHDVHV�LQ�SURPLQHQFH�ZLWK�WKH�
JURZLQJ� DEXQGDQFH� DQG� OHQJWK� RI� DJJUHJDWHV�� WKXV� VLJQLƧFDQWO\� DFFHOHUDWLQJ� WKH�
SURFHVV�������7KH�JURZWK�RI�DJJUHJDWHV�LV�IXUWKHU�SURPRWHG�E\�WKH�SURFHVV�RI�HORQJDWLRQ�
RU�WKH�LQFRUSRUDWLRQ�RI�PRQRPHUV�DW�JURZWK�FRPSHWHQW�ƧEULO�HQGV��(ORQJDWLRQ�LV�FORVHO\�
DVVRFLDWHG� ZLWK� IUDJPHQWDWLRQ�� ZKLFK� FDQ� FUHDWH� PRUH� JURZWK�FRPSHWHQW� HQG��
HVSHFLDOO\�VLQFH�HORQJDWLRQ�LV�XVXDOO\�DQ�DV\PPHWULF�SURFHVV�ZLWK�RQH�HQG�RI�WKH�ƧEULO�
H[KLELWLQJ� LQFUHDVHG� UDWHV� RI� PRQRPHU� LQFRUSRUDWLRQ� FRPSDUHG� WR� WKH� RWKHU����
'HWHUPLQLQJ�WKH�PLFURVFRSLF�FRQVWDQWV�RI�WKH�DJJUHJDWLRQ�VXESURFHVVHV�LV�D�ODERULRXV�
WDVN�DQG�KLJKO\�GHSHQGHQW�RQ� WKH�SURWHLQ�DQG�VROXWLRQ�FRQGLWLRQV����KRZHYHU�FDQ�EH�
FULWLFDO�LQ�WKH�DVVHVVPHQW�RI�WKH�LPSDFW�RI�GLVHDVH�DVVRFLDWHG�PXWDWLRQV��DV�ZHOO�DV�WKH�
HƦHFW�RI�SRWHQWLDO�GUXJV�WKDW�DFW�DV�PRGXODWRUV�RI�SURWHLQ�DJJUHJDWLRQ��� 

������$JJUHJDWLRQ�LQ�SK\VLRORJ\�DQG�IXQFWLRQDO�DP\ORLGV 

:KLOH� GLVHDVH�� HVSHFLDOO\� QHXURGHJHQHUDWLRQ�� LV� WKH�PRVW� SUHYDOHQW� DVVRFLDWLRQ�ZLWK�
DJJUHJDWLRQ��SURWHLQ�DJJUHJDWHV�DUH�SURPLQHQWO\�IHDWXUHG�LQ�D�YDULHW\�RI�IXQFWLRQDO�UROHV�
LQ�DOO�WUHHV�RI�OLIH���ZKLFK�ZDV�SUHGRPLQDQWO\�ZKDW�OHG�WR�WKH�K\SRWKHVLV�RI�WKH�ƌDP\ORLG�
ZRUOGƍ��WKH�SUHELRWLF�ZRUOG�ZKHUH�WKHUPRG\QDPLFDOO\�VWDEOH�DP\ORLG�DVVHPEOLHV�RI�WKH�
ƧUVW� SHSWLGHV� DUH� SHUFHLYHG� DV� WKH� SUHFXUVRU� VSHFLHV� RI� PRGHUQ� SURWHLQV���� 6KRUW�
VHJPHQWV�RI�DP\ORLG�IRUPLQJ�SHSWLGHV�KDYH�LQGHHG�EHHQ�VKRZQ�WR�KDUERXU�WKH�DELOLW\�
WR�SHUIRUP�HQ]\PDWLF�UHDFWLRQV����7KHVH�VR�FDOOHG�FDWDO\WLF�DP\ORLGV�DUH�XVXDOO\�VKRUWHU�
SHSWLGH� VHJPHQWV� WKDW� FDQ� DVVHPEOH� LQWR� VWDEOH� VFDƦROGV� WKDW� FDWDO\VH� D� YDULHW\� RI�
FKHPLFDO�UHDFWLRQ��HLWKHU�LQ�WKH�SUHVHQFH�RI�D�FRIDFWRU�RU�ZLWKRXW����:KLOH�WKH�UDWLRQDO��
JXLGHG�GHVLJQ�RI�WKHVH�SHSWLGHV�FDQ�SURGXFH�FDWDO\WLF�DP\ORLGV�ZLWK�UHDFWLRQ�NLQHWLFV�



'RWWRUDWR�GL�ULFHUFD�LQ�*HQHWLFD�H�%LRORJLD�0ROHFRODUH 

�� 

 

FORVH� WR� WKRVH� RI� JOREXODU� HQ]\PHV�� VHYHUDO� QDWXUDOO\� RFFXUULQJ� DP\ORLGV� KDYH� EHHQ�
FKDUDFWHULVHG�DV�FDWDO\WLF�DQG�FDSDEOH�RI�SHUIRUPLQJ�EDVLF�FKHPLFDO�UHDFWLRQV��PRVWO\�DV�
K\GURODVHV�ZLWK�EURDG�VSHFLƧFLW\��Ƈ����7KLV�KDV�RSHQHG�XS�QHZ�SHUVSHFWLYHV�RI�SRWHQWLDO�
DP\ORLG�DFWLYLW\�LQ�WKH�FHOO��SDUWLFXODUO\�F\WRWR[LFLW\�E\��XQ�VSHFLƧF�GHJUDGDWLRQ�RI�FHOOXODU�
FRPSRQHQWV�E\�FDWDO\WLFDOO\�DFWLYH�DP\ORLG�DVVHPEOLHV��DOWKRXJK�WKHVH�KDYH�\HW�WR�EH�
GHPRQVWUDWHG�LQ�YLYR� 

$P\ORLG�VWUXFWXUHV�ZLWK�ZHOO�FKDUDFWHULVHG�FHOOXODU�IXQFWLRQV�KDYH�EHHQ�SUHGRPLQDQWO\�
H[SORUHG�LQ�\HDVW�DQG�EDFWHULD��2QH�RI�WKH�EHVW�VWXGLHG�FDVHV�LV�DQ�H[DPSOH�RI�FXUOL�ƧEULOV�
WKDW�IRUP�WKH�FHOO�ZDOO�RI�(VFKHULFKLD�FROL�DQG�RWKHU�EDFWHULD����)RUPHG�E\�WZR�VWUXFWXUDO�
DQG�ƧYH�UHJXODWRU\�SURWHLQV��WKH�DVVHPEO\�RI�FXUOL�LV�D�KLJKO\�UHJXODWHG�SURFHVV��HVVHQWLDO�
IRU�ELRƧOP�IRUPDWLRQ��FHOO�DWWDFKPHQW�DQG�LQIHFWLRQ�����7KH�DVVHPEO\�RI�DP\ORLGV�LV�DOVR�
D� NH\� IXQFWLRQDO� DVSHFW� RI� \HDVW� DQG� IXQJDO� UHSURGXFWLRQ�� 7KH� VROXEOH�+(7�V� SURWHLQ�
FRQYHUWV�LQWR�WKH�KLJKO\�DJJUHJDWLRQ�SURQH�+(7�6��LQGXFLQJ�FHOO�GHDWK�E\�IRUPLQJ�SRUHV�
LQ� WKH� PHPEUDQH� RI� JHQHWLFDOO\� LQFRPSDWLEOH� 3RGRVSRGD� DQVHULQD� IXQJL����� :KL���
LQVWHDG��UHJXODWHV�WKH�FHOO�F\FOH�E\�ELQGLQJ�\HDVW�F\FOLQ�P51$�DQG�SUHYHQWLQJ�WKH�RQVHW�
RI�WKH�6�SKDVH�����7KLV�LV�WKH�NH\�VWHS�IRU�WKH�VH[XDO�UHSURGXFWLRQ�RI�\HDVW�FHOOV��KRZHYHU�
LI�WKH�FRPSDWLEOH�FHOOV�GR�QRW�XQLWH�LQ���K��:KL��VWDUWV�DJJUHJDWLQJ�DQG�UHOHDVHV�WKH�F\FOLQ�
P51$� WR� LQGXFH� WKH� RQVHW� RI� WKH� 6�SKDVH� DQG� YHJHWDWLYH� UHSURGXFWLRQ����� :KL��
DJJUHJDWHV� WKHQ� WHPSODWH� IXUWKHU� VROXEOH� :KL�� DJJUHJDWLRQ�� UHQGHULQJ� WKH� FHOO�
SHUPDQHQWO\� VWHULOH�� 7KH\� DUH� KRZHYHU� UHWDLQHG� LQ� WKH� PRWKHU� FHOO�� PHDQLQJ� DQ\�
GDXJKWHU�FHOO�DUH�DJDLQ�SHUIHFWO\�FDSDEOH�RI�VH[XDO�UHSURGXFWLRQ�����7KH�:KL��V\VWHP�RI�
DP\ORLG�PHGLDWHG� HSLJHQHWLF� UHJXODWLRQ� RI� JHQH� H[SUHVVLRQ� LV� YLHZHG� E\� VRPH�
UHVHDUFKHUV�DV�D�SULPLWLYH�PHPRU\�V\VWHP�DQG�WKH�WHUP�ƌPQHPRQVƍ�KDV�EHHQ�FRLQHG�IRU�
VXFK� DP\ORLGV����� $� VLPLODU� FDVH� LV� WKH� FRQVHUYHG� \HDVW� 9WV�� SURWHLQ� �6PDXJ� LQ� 
'��PHODQRJDVWHU���ZKLFK�XQOLNH�:KL��LV�SURSDJDWHG�DPRQJVW�GDXJKWHU�FHOOV��DQG�DJDLQ�
UHJXODWHV� WKH� PLWRWLF�PHLRWLF� F\FOH� EDVHG� RQ� DYDLODEOH� QXWULHQWV� LQ� WKH� LPPHGLDWH�
HQYLURQPHQW�����2UE���WKH�'URVRSKLOD�KRPRORJXH�RI�PDPPDOLDQ�&3(%��LV�LQYROYHG�LQ�WKH�
SURFHVV� RI� ORQJ�WHUP� SRWHQWLDWLRQ� LQ� WKH� EUDLQ� E\� UHJXODWLQJ� WKH� ORFDO� WUDQVODWLRQ� RI�
FHUWDLQ�P51$�����8SRQ�VHOI�DVVHPEO\��WKH�51$�LQWHUDFWRPH�RI�2UE��FKDQJHV��PHDQLQJ�
WKH�DJJUHJDWHG�SURWHLQ�VWLOO�UHWDLQV�WKH�DELOLW\�WR�ELQG�51$�DQG�WKXV�UHJXODWH�ORFDO�SURWHLQ�
WUDQVODWLRQ�LQ�WKH�V\QDSVH����� 

������$JJUHJDWLRQ�LQ�GLVHDVH 

7KH� PLVIROGLQJ� DQG� DJJUHJDWLRQ� RI� SURWHLQV� KRZHYHU� VWLOO� PRVWO\� UHVXOWV� LQ� PDMRU�
GLVUXSWLRQ�RI�FHOOXODU�SURFHVVHV�DQG�LV�WKXV�SULPDULO\�DVVRFLDWHG�ZLWK�GLVHDVH�FRQGLWLRQV��
7KLV�ZDV�IXHOOHG�E\�WKH�GLVFRYHU\�RI�SULRQ�SURWHLQ�DJJUHJDWHV�DV�SULPDU\�FDXVHV�IRU�WKH�
KLJKO\�LQIHFWLRXV�SULRQ�GLVHDVHV�VXFK�DV�ERYLQH�VSRQJLIRUP�HQFHSKDORSDWK\�LQ�FDWWOH�DQG�
&UHXW]IHOGW�-DNRE�GLVHDVH�LQ�KXPDQV�����3ULRQ�GLVHDVHV�DQG�SURWHLQ�PLVIROGLQJ�GLVHDVH�
VKDUH� FRPPRQ�EDFNJURXQG�DQG�PRWLIV�DQG�DUH� FKDUDFWHULVHG�E\� WKH�DFFXPXODWLRQ�RI�
LQVROXEOH�SURWHLQ�GHSRVLWV�LQ�YDULRXV�WLVVXHV��������$�VLJQLƧFDQW�QXPEHU�RI�WKHVH�GHSRVLWV�
DUH� IRXQG� LQ� WKH�EUDLQ�DQG�DUH�FORVHO\�DVVRFLDWHG�ZLWK�QHXURGHJHQHUDWLYH�GLVHDVHV�����
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7KHUH�DUH�PDQ\�H[FHOOHQW�UHYLHZV�RQ�WKH�WRSLF����������DQG�,�ZLOO�RQO\�EULHƨ\�WRXFK�RQ�VRPH�
RI�WKHVH�FDVHV�IRU�FRQWH[W� 

$Ⱦ�KDV�EHHQ�VKRZQ�WR�EH�SULPDULO\�OLQNHG�WR�SODTXHV�IRXQG�LQ�WKH�SDWLHQWV�ZLWK�$'��DV�
KDV� EHHQ� WKH� SURWHLQ� WDX�� ZLWK� DJJUHJDWHV� DƦHFWLQJ� WKH� FHOOƊV� PLFURWXEXOH� LQWHJULW\��
V\QDSWLF� IXQFWLRQV� HWF����� $P\RWURSKLF� ODWHUDO� VFOHURVLV� �$/6�� LV� D� FRPSOH[� GLVHDVH�
FKDUDFWHULVHG� E\� DEHUUDQW� SKDVH� WUDQVLWLRQV� RI� YDULRXV� SURWHLQV� DQG� RIWHQ� ZLWK� DQ�
RYHUODSSLQJ� FOLQLFDO� VSHFWUXP� ZLWK� IURQWRWHPSRUDO� OREDU� GHJHQHUDWLRQ� �)7/'������ 
$/6�)7/'� UHSUHVHQW� D� YHU\� FRPSOH[� PROHFXODU� EDFNJURXQG� ZLWK� PDQ\� QHWZRUNV�
LQYROYHG��KRZHYHU�WKH�SULQFLSDO�SURWHLQV�WKDW�DUH�DOVR�IRXQG�DJJUHJDWHG�LQ�ERWK�GLVHDVH�
FRQGLWLRQV� DUH� 7'3���� DQG� )86����� %RWK�RI� WKHVH�SURWHLQV� DUH� FDQRQLFDO�5%3V��ZLWK� D�
FKDUDFWHULVWLF� PRGXODU� VWUXFWXUH� RI� WZR� QXFOHLF� DFLG�ELQGLQJ� GRPDLQV� DQG� D� ORZ�
FRPSOH[LW\��SULRQ�OLNH�GRPDLQ�UHVSRQVLEOH�IRU�SKDVH�WUDQVLWLRQV�����7KH�DJJUHJDWLRQ�RI�
WKHVH� WZR� DEXQGDQW� SURWHLQV� FDQ� KDYH� GUDPDWLF� DOWHUDWLRQV� LQ� D� YDULHW\� RI� FHOOXODU�
SURFHVVHV��UDQJLQJ�IURP�51$�SURFHVVLQJ�DQG�WUDQVSRUW���������0RUH�UHFHQWO\��70(0���E�
ZDV� LGHQWLƧHG� DV� WKH� ƧEULO� FRPSRQHQW� RI� DP\ORLG� SODTXHV� IRXQG� LQ� SDWLHQWV� ZLWK�
$O]KHLPHUƊV�GLVHDVH�DV�ZHOO�DV�)7/'�DQG�PXOWLSOH�V\VWHPV�DWURSK\��06$����������7KH�ƧEULOV�
RI�70(0���E��H[WUDFWHG�IURP�SDWLHQWVƊ�EUDLQ��KDYH�EHHQ�VKRZQ�WR�EH�YHU\�SRO\PRUSKLF�
DFURVV� WKH� GLVHDVH� VSHFWUD�� DV� KDV� EHHQ� WKH� FDVH� RI� 7'3���� DQG� $Ⱦ�� LQGLFDWLQJ� WKH�
H[LVWHQFH�RI� SRWHQWLDO� GLVHDVH�VSHFLƧF� DP\ORLG� IROGV����� 7KHUH� KDYH�DOVR�EHHQ� VHYHUDO�
RWKHU�SURWHLQV�LGHQWLƧHG�LQ�WKH�DJJUHJDWHV�DFURVV�WKH�$/6�)7/'�VSHFWUXP��IURP�DQQH[LQ�
$�������62'�����WR�GLSHSWLGH�UHSHDWV�IURP�WKH�F�RUI���JHQH����� 

$JJUHJDWLRQ�LV�QRW�OLQNHG�RQO\�WR�QHXURGHJHQHUDWLRQ��,Q�FHUWDLQ�FDVHV��DP\ORLG�GHSRVLWV�
LQ�D�YDULHW\�RI�WLVVXHV�VXFK�DV�KHDUW�� OLYHU�DQG�NLGQH\V�FDQ� OHDG�WR�D�FODVV�RI�GLVHDVHV�
NQRZQ� DV� V\VWHPLF� DP\ORLGRVLV����� ,Q� V\VWHPLF� DP\ORLGRVLV�� H[WUDFHOOXODU� DP\ORLG�
DVVHPEOLHV� IRUP� EHFDXVH� RI� DJJUHJDWLRQ� RI� SURWHLQV� VXFK� DV� ɴ��PLFURJOREXOOLQ��
WUDQVWK\UHWLQ�� WKH� OLJKW� FKDLQ� RI� LPPXQRJOREXOLQ� HWF����� 0XWDWLRQV� LQ� S��� DƦHFW� LWV�
DJJUHJDWLRQ�DQG�KDYH�EHHQ�OLQNHG�WR�FDQFHU����� 

$OO�WKHVH�FDVHV�H[KLELW�D�VLJQLƧFDQW�JHQHWLF�EDFNJURXQG��DV�LV�FRPPRQ�ZLWK�DJJUHJDWLRQ�
SURQH�SURWHLQV��ZLWK�PXWDWLRQV�VLJQLƧFDQWO\�DƦHFWLQJ�WKH�PLVIROGLQJ�DQG�DJJUHJDWLRQ�LQ�
GLVHDVH�������� 7KHVH� H[DPSOHV� VKRZ� WKDW� SURWHLQ� DJJUHJDWLRQ� LV� GLUHFWO\� LQYROYHG� LQ�
VHYHUDO�GLVHDVH�FRQGLWLRQV�LQ�D�YDULHW\�RI�FHOOXODU�FRQWH[WV�� 

������7KH�UROH�RI�51$�LQ�SURWHLQ�DJJUHJDWLRQ 

2QH�RI�WKHVH�FHOOXODU�FRQWH[WV�WKDW�KDV�RQO\�UHFHQWO\�VWDUWHG�HPHUJLQJ�LV�WKH�UROH�51$�
DQG�SOD\� LQ� WKH� IRUPDWLRQ�RI�SURWHLQ�DJJUHJDWHV��51$�KDV� ORQJ�EHHQ� DVVRFLDWHG�ZLWK�
DJJUHJDWLRQ�ERWK�GLUHFWO\�DQG�LQGLUHFWO\��$�KLJK�WKURXJKSXW�VWXG\�RI�WKH�\HDVW�SURWHRPH�
IRU� SRWHQWLDO� SULRQ� SURWHLQV� KDV� LGHQWLƧHG� VHYHUDO� 5%3V� DV� FDQGLGDWHV� ZLWK� D� KLJK�
DJJUHJDWLRQ� SURSHQVLW\����� 7KH� LQWHUSOD\� RI� 51$�ELQGLQJ� DQG� SULRQ�OLNH� GRPDLQV� KDV�
EHHQ�VKRZQ�WR�SOD\�DQ�LPSRUWDQW�UROH�LQ�SURWHLQ�SKDVH�WUDQVLWLRQV����DQG�DP\ORLGV�KDYH�
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DOVR� EHHQ� VKRZQ� WR� KDYH� DQ� LQFUHDVHG� SURSHQVLW\� IRU� LQWHUDFWLRQ� ZLWK� WKHLU� RZQ�
WUDQVFULSWV���� 

$V�PHQWLRQHG� LQ� WKH� VHFWLRQV� DERYH��PDQ\� DJJUHJDWLRQ�SURQH� SURWHLQ� DUH�5%3V� WKDW�
KDUERXU�GRPDLQV�WKDW�VSHFLƧFDOO\�LQWHUDFW�ZLWK�51$��2WKHU�DJJUHJDWLRQ�SURQH�SURWHLQV�
KDYH�EHHQ�VKRZQ�WR�LQWHUDFW�ZLWK�51$��DOEHLW�LQ�D�OHVV�VSHFLƧF�ZD\��51$�KDV�EHHQ�VKRZQ�
WR�PRGXODWH�WKH�DJJUHJDWLRQ�RI�WKH�KXPDQ�SULRQ�SURWHLQ�E\�GLUHFWO\�LQWHUDFWLRQ�����DV�ZHOO�
DV�SURPRWH� WKH�DJJUHJDWLRQ�RI� WDX� LQWR�DQ�$'�OLNH� WRSRORJ\�����7KHVH� WDX�DJJUHJDWHV�
KDYH�DOVR�EHHQ�VKRZQ�WR�VHTXHVWHU�51$�XSRQ�DJJUHJDWLRQ����DQG�VKRZ�D�FHUWDLQ�H[WHQW�
RI�SUHIHUHQFH�DQG�VSHFLƧFLW\�LQ�WHUPV�RI�51$�ELQGLQJ����� 

7KHVH� LQWHUDFWLRQV�EHWZHHQ�51$�DQG�SURWHLQV�DUH�RQH�RI�WKH�FRUQHUVWRQHV�RI�FHOOXODU�
ELRORJ\��KRZHYHU�QRW�DOO�LV�FOHDU�DV�WR�WKH�HYROXWLRQDU\�SURFHVV�WKDW�OHG�WR�WKH�HPHUJHQFH�
RI�VSHFLƧF�51$�ELQGLQJ�GRPDLQV��5HSRUWV�RI�SHSWLGH�51$�FRDJJUHJDWLRQ�LQWR�VSHFLƧF�
DVVHPEOLHV�ZLWK�GLVWLQFW�PROHFXODU�SURSHUWLHV��EDVHG�RQ�K\GURSKRELF����DQG�HOHFWURVWDWLF�
LQWHUDFWLRQV���� KDV� DGGHG� DQRWKHU� GLPHQVLRQV� WR� WKH� DP\ORLG� ZRUOG� K\SRWKHVLV����� 
51$�DPLQR� DFLG� LQWHUDFWLRQV� LQ� WKHVH� DVVHPEOLHV� KDYH� GUDPDWLFDOO\� LQFUHDVHG� WKHLU�
VWDELOLW\�� VXJJHVWLQJ� WKDW� WKHVH� FRQWULEXWHG� WR� WKHLU� FRHYROXWLRQ� LQ� WKH� SUH�ELRWLF�
ZRUOG��������� 

51$�KDV�EHHQ�VKRZQ�WR�GLUHFWO\�LQGXFH�WKH�DJJUHJDWLRQ�RI�VHYHUDO�FHOOXODU�SURWHLQV�LQ�
WKH�QXFOHROXV�����7KHVH�ORQJ�QRQ�FRGLQJ�51$�WHUPHG�U,*651$�LQGXFH�WKH�DVVHPEO\�RI�
WKH� 9+3� SURWHLQ� XSRQ� KHDW� VKRFN� LQWR� DP\ORLG� VWUXFWXUHV� WHUPHG� $�ERGLHV�� WKDW� DUH�
GLVDVVHPEOHG� E\� WKH� FHOOXODU� FKDSHURQH� PDFKLQHU\� DIWHU� VKRFN� WHUPLQDWLRQ����� 7KH�
LQGXFWLRQ�RI�DJJUHJDWLRQ�ZLWK�51$�LV�FULWLFDO�LQ�WKH�SURFHVV��KRZHYHU�XQOLNH�PDQ\�SKDVH�
WUDQVLWLRQV�� WKH� IRUPDWLRQ�RI�$�ERGLHV�ZDV�QRW� VKRZQ� WR� XQGHUJR� OLTXLG�OLTXLG�SKDVH�
VHSDUDWLRQ�����51$�DP\ORLG� LQWHUDFWLRQV� DOVR�SOD\� D� FULWLFDO� UROH� LQ� WKH� IRUPDWLRQ�DQG�
PDLQWHQDQFH�RI�WKH�%DOELDQL�ERG\���� 

,PSRUWDQWO\��51$�KDV�DOVR�EHHQ�VKRZQ�WR�VWDELOLVH�WKH�DJJUHJDWLRQ�SURQH�SURWHLQ�DQG�
DEURJDWH� LWV� DJJUHJDWLRQ� DOPRVW� FRPSOHWHO\� DV� VKRZQ� LQ� WKH� FDVH� RI� 7'3�������� 7KLV�
LPSRUWDQW�REVHUYDWLRQ�KDV�GLUHFWO\�OHG�WR�WKH�GHYHORSPHQW�RI�V\QWKHWLF�51$�DSWDPHUV�
ZLWK�D�ZLGH�VSHFWUXP�RI�DSSOLFDWLRQV����DQG�PRVW�LPSRUWDQWO\�KLJKOLJKWHG�WKDW�ZKLOH�51$�
FDQ�SOD\�D�VLJQLƧFDQW�UROH�LQ�SURWHLQ�DJJUHJDWLRQ��LW�FDQ�DOVR�VLJQLƧFDQWO\�FRQWULEXWH�WR�
LWV�PRGXODWLRQ�DQG�SRWHQWLDO�WKHUDSLHV� 

����$OSKD�V\QXFOHLQ 
$OSKD� V\QXFOHLQ� �D6�� LV� D� ���� DPLQR� DFLG� ORQJ� LQWULQVLFDOO\� GLVRUGHUHG� SURWHLQ�� IRXQG�
DEXQGDQWO\� H[SUHVVHG� LQ�PDPPDOLDQ� FHOOV�����:KLOH� LWV� SULPDU\� KDV� \HW� WR� EH� FOHDUO\�
HVWDEOLVKHG�� LW� KDV� EHHQ� VKRZQ� WR� EH� LQYROYHG� LQ� D� YDULHW\� RI� FHOOXODU� SURFHVVHV�
DVVRFLDWHG� ZLWK� OLSLG�ELQGLQJ����� VXFK� DV� V\QDSWLF� YHVLFOH� WUDƦLFNLQJ�� H[RF\WRVLV���������
PLWRFKRQGULD�KRPHRVWDVLV����DQG�'1$�UHSDLU�����+RZHYHU��LW�LV�OLNHO\�EHVW�NQRZQ�DV�WKH�
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SULPDU\�FRPSRQHQW�RI�/HZ\�ERGLHV��������LWV�LQYROYHPHQW�LQ�D�VSHFWUXP�RI�QHXURORJLFDO�
GLVHDVH�NQRZQ�FROOHFWLYHO\�DV�V\QXFOHLQRSDWKLHV���� 

������7KH�ELRFKHPLFDO�FKDUDFWHULVWLFV�RI�D6 

D6�LV�D�GLVWLQFWO\�PRGXODU�SURWHLQ�ZLWK�WKUHH�GLVWLQFW�GRPDLQV�RU�VHJPHQWV�ZKLFK�GLƦHU�D�
ORW� DFFRUGLQJ� WR� WKHLU� SULPDU\� VWUXFWXUH� DQG� FRPSRVLWLRQ�� 7KH� 1�WHUPLQDO� LV�
SUHGRPLQDQWO\� PDGH� RI� SRODU�� DPSKLSDWKLF� DQG� EDVLF� UHVLGXHV� DQG� UHSUHVHQWV� WKH�
ELQGLQJ�VXUIDFH�IRU�LQWHUDFWLRQ�ZLWK�VHYHUDO�FHOOXODU�FRPSRQHQWV��VHH�7DEOH������������7KH�
1$&�UHJLRQ�LV�QRPLQDOO\�SDUW�RI�WKH�1�WHUPLQDO�UHJLRQ�DQG�UHSUHVHQWV�SDUW�RI�WKH�SURWHLQ�
ZLWK� WKH� KLJKHVW� K\GURSKRELFLW\� DQG� IRUPV� WKH� FHQWUDO� FRUH�RI� WKH� DP\ORLG� DVVHPEO\�
XSRQ�DJJUHJDWLRQ��������7KH�&�WHUPLQDO�UHJLRQ�LV�LQVWHDG�PRVWO\�QHJDWLYHO\�FKDUJHG�DQG�
KDV�EHHQ�VKRZQ�WR�UHPDLQ�PRVWO\�XQVWUXFWXUHG�LQ�PRVW�FHOOXODU�FRQWH[WV��������� 

7DEOH����$Q�RYHUYLHZ�RI�D6�VWUXFWXUH�DQG�WKH�IXQFWLRQV�DVVRFLDWHG�ZLWK�GLƦHUHQW�UHJLRQV��$GDSWHG�IURP���� 

D6�UHVLGXHV )XQFWLRQ 5HIHUHQFH 

� 1�WHUPLQDO�DFHW\ODWLRQ %DUWHOV�HW�DO���������� 

��Ƈ��� 0HPEUDQH�LQVHUWLRQ &KRODN�HW�DO���������� 

��Ƈ��� 0HPEUDQH�ELQGLQJ )XVFR�HW�DO���������� 

1�WHUPLQXV��HVSHFLDOO\�7\U�� +VF���FKDSHURQH�ELQGLQJ %XUPDQQ�HW�DO���������� 

��������DQG�������� ,QYROYHG�LQ�OLSRVRPH�FOXVWHULQ 'RKHUW\�HW�DO���������� 

��������DQG�������� ,QYROYHG�LQ�LQWHU��DQG�LQWUDPROHFXODU�
FRQWDFWV 'RKHUW\�HW�DO���������� 

������� 
)RUPV�D�WUDQVLHQW�Ⱦ�VKHHW�LQ�WKH�SDUWLDOO\�
IROGHG�LQWHUPHGLDWH�VWDWH��FULWLFDO�IRU�
DJJUHJDWLRQ�SURSHQVLW\ 

0LUHFND�HW�DO���������� 

+LV�� /LNHO\�FULWLFDO�IRU�HQ]\PDWLF�DFWLYLW\ +RUYDWK�HW�DO��������� 

&�WHUPLQXV��������� 
3URWHFWV�DJDLQVW�DJJUHJDWLRQ�E\�
LQWUDPROHFXODU�FRQWDFWV��VKLHOGLQJ�WKH�
1$&�UHJLRQ 

+R\HU�HW�DO���������� 

6WHSKHQV�HW�DO���������� 

$VQ��� &OHDYDJH�VLWH�IRU�DVSDUDJLQH�
HQGRSHSWLGDVH =KDQJ�HW�DO���������� 

&�WHUPLQXV���������� ,QWHUDFWLRQ�ZLWK�6(5)� 
)DOVRQH�HW�DO���������� 

0H\HU�HW�DO���������� 

&�WHUPLQXV���������� &D���ELQGLQJ�DQG�OLSLG�ELQGLQJ /DXWHQVFKO¥JHU�HW�DO���������� 

&�WHUPLQXV���������� 'RSDPLQH�ELQGLQJ�PRGXODWHV�
DJJUHJDWLRQ +HUUHUD�HW�DO���������� 

&�WHUPLQXV���������� &ULWLFDO�IRU�ROLJRPHULVDWLRQ )DU]DGIDUG�HW�DO���������� 
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$V�PHQWLRQHG��D6� LV�DQ� ,'3� LQ�VROXWLRQ��KRZHYHU�KDV�EHHQ�VKRZQ�WR� IRUP�D� WUDQVLHQW� 
Ƚ�KHOL[�LQ�WKH�1�WHUPLQXV�DQG�SDUW�RI�WKH�1$&�UHJLRQ�XSRQ�WKH�ELQGLQJ�RI�OLSLGV�����D6�KDV�
DOVR� XQGHUJRHV� VHYHUDO� SRVW�WUDQVODWLRQDO� PRGLƧFDWLRQV�� ,W� KDV� EHHQ� VKRZQ� WR� EH� 
1�WHUPLQDOO\� DFHW\ODWHG� LQ� YLYR�� ZKLFK� DƦHFWV� WKH�Ƚ�KHOL[� IROGLQJ� SURSHQVLW\� DQG� WKH�
DƦHFWHG�IXQFWLRQDOLWLHV�����7KH�SKRVSKRU\ODWLRQ�RI�6HU����KDV�EHHQ�VKRZQ�WR�DƦHFW�WKH�
DJJUHJDWLRQ� SURSHQVLW\� DQG� DP\ORLG� VWUXFWXUH� IRUPDWLRQ� DQG� KDV� EHHQ� XVHG� DV� D�
ELRPDUNHU�RI�3'�����D6�FDQ�DOVR�EH�H[WHQVLYHO\�JO\FDWHG�E\�PHWK\O�JO\R[DO��ULERVH�DQG�
RWKHU�UHDFWLYH�VXJDUV��DƦHFWLQJ�LWV�DJJUHJDWLRQ�NLQHWLFV�����0RVW�LPSRUWDQWO\��D6�KDV�EHHQ�
VKRZQ� WR� EH� WUXQFDWHG� ERWK� 1�WHUPLQDOO\� DQG� &�WHUPLQDOO\����� 7KHVH� WUXQFDWLRQV� FDQ�
RFFXU�LQ�YLYR�DV�UHVXOWV�RI�SURWHDVH�DFWLYLW\����DQG�DUH�DVVRFLDWHG�ZLWK�D�PRUH�DJJUHVVLYH�
IRUP�RI� 3'����� 7KH� UHPRYDO� RI� WKH� QHJDWLYH� FKDUJH� RI� WKH�&�WHUPLQXV� DOVR� GUDVWLFDOO\�
FKDQJHV�WKH�DJJUHJDWLRQ�SDWKZD\V��ERWK�DFFHOHUDWLQJ�WKH�NLQHWLFV�DQG�SURPRWLQJ�GLUHFW�
ƧEULOODWLRQ�������� 

������7KH�DJJUHJDWLRQ�RI�D6 

'XH�WR�LWV�LQYROYHPHQW�LQ�VHYHUDO�QHXURGHJHQHUDWLYH�GLVRUGHUV��WKH�DJJUHJDWLRQ�RI�D6�LV�
ZHOO�VWXGLHG�ERWK�IURP�WKH�NLQHWLF�DQG�VWUXFWXUDO��DV�ZHOO�DV�IXQFWLRQDO�SHUVSHFWLYHV��D6�
DJJUHJDWHV�KDYH�EHHQ�VKRZQ�WR�JURZ�YLD�PRQRPHU�DGGLWLRQ�DQG�DQ�LQWHUPHGLDWH�VWHS�
WKDW� LQYROYHV� WKH� LQWHUFRQYHUVLRQ� RI� ROLJRPHULF� VSHFLHV����� 7KH� LQLWLDO�� VORZ� VWHS� RI�
SULPDU\� QXFOHDWLRQ� LV� YHU\�PXFK� GHSHQGHQW� RQ� VROXWLRQ� FRQGLWLRQV�� VXFK� DV� S+�� VDOW�
FRQFHQWUDWLRQ�HWF����7KH�NH\�WR�WKH�SURFHVV�LV�SHUWXUELQJ�WKH�LQWUDPROHFXODU�LQWHUDFWLRQV�
EHWZHHQ�WKH�RSSRVLWH�FKDUJHV�RQ�WKH�1��DQG�&�WHUPLQL��WKXV�H[SRVLQJ�WKH�1$&�UHJLRQ�
DQG�SURPRWLQJ� WKH� IROGLQJ� YLD� WKH� WUDQVLHQW�ɴ�VKHHW� IRUPDWLRQ� LQ� WKH�SDUWLDOO\� IROGHG�
IRUP�������������&KDUJHG�SRO\PHUV�DUH�KDYH�FRQVHTXHQWO\�EHHQ�DOVR�VKRZ�WR�JUHDWO\�DƦHFW�
WKH� DJJUHJDWLRQ� NLQHWLFV� RI� DOSKD� V\QXFOHLQ��������� 7KH� DGGLWLRQ� RI� OLSLGV� DOVR� LQGXFHV�
DJJUHJDWLRQ� YLD� SULPDU\� QXFOHDWLRQ����� &�WHUPLQDO� WUXQFDWLRQV� DOVR� GLPLQLVK� WKH�
SURWHFWLYH� FKDUJH� VKLHOGLQJ� RI� WKH�1$&� UHJLRQ� DQG� KDYH� EHHQ� VKRZQ� WR� VLJQLƧFDQWO\�
VSHHG� XS� WKH� DJJUHJDWLRQ� NLQHWLFV����� KRZHYHU� LW� KDV� EHHQ� GHWHUPLQHG� WKH� PRUH�
VLJQLƧFDQW�FRQWULEXWLRQ�WR�WKH�SURFHVV�LV�WKH�VHFRQGDU\�QXFOHDWLRQ����� ,Q�JHQHUDO��ZKLOH�
SULPDU\� QXFOHDWLRQ� KDV� EHHQ� VKRZQ� WR� WKH� SULPDU\� SURFHVV� FRQWULEXWLQJ� WR� D6�
DJJUHJDWLRQ�DW�SK\VLRORJLFDO�S+�YDOXHV����VHFRQGDU\�QXFOHDWLRQ�GRPLQDWHV�DW�S+�YDOXHV�
ORZHU�WKDQ�������$V�WKH�LVROHOHFWULF�SRLQW�RI�D6�LV�������WKH�ORZHULQJ�RI�WKH�S+�GLPLQLVKHV�
WKH� RYHUDOO� FKDUJH� RI� WKH� SURWHLQ� DQG� ZHDNHQV� WKH� SURWHFWLYH� LQWUDPROHFXODU�
LQWHUDFWLRQ���� 

$V�DOUHDG\�PHQWLRQHG�EHIRUH��WKH�DJJUHJDWLRQ�SURFHVV�KDV�DOVR�EHHQ�VKRZQ�WR�LQYROYH�
VHYHUDO� LQWHUPHGLDWHV�� &UHPDGHV� DQG� FROOHDJXHV� KDYH� VKRZQ� WKH� HDUO\� VWDJHV� RI�
DJJUHJDWLRQ�LQYROYH�WKH�IDVW�IRUPDWLRQ�RI�ROLJRPHULF�VSHFLHV����ZKLFK�WKHQ�LQWHUFRQYHUW�
LQWR�PRUH�ULJLG��SURWHLQDVH�.�UHVLVWDQW�ROLJRPHULF�VSHFLHV����7KLV�SURFHVV�LV�FKDUDFWHUL]HG�
E\�WKH�WUDQVLWLRQ�IURP�D�SUHGRPLQDQWO\�SDUDOOHO�WR�DQ�DQWLSDUDOOHO�ɴ�VKHHW�RULHQWDWLRQ�����
7KH� &�WHUPLQXV� SOD\� D� FULWLFDO� UROH� LQ� WKH� SURFHVV� RI� VHOI�DVVHPEO\� RI� ROLJRPHULF�
VSHFLHV����� DQG� WKH� WUXQFDWHG� VSHFLHV� WHQG� WR� IRUP� ƧEULOV� GLUHFWO\� ZLWKRXW� WKH�
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LQWHUPHGLDWH�FRQIRUPDWLRQV�����0DWXUH�ƧEULOV�DUH�FKDUDFWHUL]HG�E\�YDULRXV�SRO\PRUSKV��
ZLWK�OLWWOH�UHVHPEODQFH�EHWZHHQ�WKH�VWUXFWXUHV�RI�ƧEULOV�JURZQ�LQ�YLWUR�DQG�WKH�WZR�IROGV�
IURP� SRVW� PRUWHP� WLVVXH�� 7KH� 1�� DQG� HVSHFLDOO\� WKH� &�WHUPLQDO� IRUP� WKH� IX]]\� FRDW�
DURXQG�WKH�DP\ORLG�FRUH��IRUPHG�E\�WKH�1$&�UHJLRQ��DV�GHWHUPLQHG�E\�VV105�����7KH�
WZR�VWUXFWXUHV�RI�LQ�YLYR�DP\ORLG�ƧEULOV�GHULYH�IURP�SDWLHQWV�ZLWK�06$���DQG�/%'����%RWK�
VKRZ�XQNQRZQ�HOHFWURQLF�GHQVLWLHV�LQ�WKH�VWUXFWXUH��VROYHG�E\�FU\R�(0��LQGLFDWLQJ�WKH�
ƧEULOV�OLNHO\�FRQWDLQ�RWKHU�KHWHURJHQRXV�FRPSRQHQWV��/LSLGV�DUH�D�OLNHO\�FDQGLGDWH�IRU�
WKHP��VLQFH�D6�LQWHUDFWV�ZLWK�ƧEULOV�LQ�LWV�PRQRPHULF�IRUP�DQG�D6�ƧEULO��JURZQ�LQ�YLWUR�LQ�
WKH�SUHVHQFH�RI�OLSLGV��DOVR�VKRZ�OLSLG�GHULYHG�HOHFWURQLF�GHQVLWLHV�LQ�WKH�DP\ORLG�FRUH�
DQG�DURXQG�����$SDUW�IURP�OLSLGV��KHSDULQ�KDV�DOVR�EHHQ�VKRZQ�WR�DƦHFW�WKH�ƧEULO�VWUXFWXUH�
ZKHQ� FRDJJUHJDWHG� ZLWK� D6� LQ� YLWUR����� 7KH� UHFHQWO\� VROYHG� 
FU\R�HOHFWURQ�WRPRJUDSK\�LPDJH�RI� LQ�YLYR�D6�DJJUHJDWHV�E\�7ULQNDXV�DQG�FROOHDJXHV�
KDV�DOVR�VKRZQ�WKDW�ƧEULOV�VHTXHVWHU�FHOOXODU�FRPSRQHQWV�VXFK�DV�PHPEUDQH�RUJDQHOOHV�
DQG� SURWHDVRPHV����� )XUWKHUPRUH�� WKH\� VKRZHG� WKDW� GLƦHUHQW� VHHG� SRO\PRUSKV� VHHG�
GLƦHUHQW�ƧEULOODU�DUFKLWHFWXUHV� LQ�YLYR��DQG�WKDW�D6�ƧEULOV�OLNHZLVH�H[KLELW�SRODU�JURZWK�
DOVR�LQ�FHOOXODU�FRQWH[W�����7KH\�DUH�DOVR�WDUJHWHG�E\�WKH�FHOOXODU�FKDSHURQH�PDFKLQHU\��
SULPDULO\� YLD� +VS������� +VS��� LV� UHFUXLWHG� WR� D6� ƧEULOV� E\� 'QD-%�� FR�FKDSHURQH� DQG�
WRJHWKHU�ZLWK� WKH� WKLUG� IDFWRU��$SJ���GLVDJJUHJDWHV� WKH�ƧEULO�E\� UHPRYLQJ�PRQRPHULF�
XQLWV�IURP�WKH�ƧEULO�HQGV�����$QRWKHU�FKDSHURQH��+VF����KDV�EHHQ�VKRZQ�WR�LQWHUDFW�ZLWK�
WKH�1�WHUPLQXV�RI�D6��ZLWK� WKH�ELQGLQJ�DEROLVKHG�XSRQ�7\U���SKRVSKRU\ODWLRQ�����7KH�
GLVDJJUHJDWLRQ�RI�D6�ƧEULOV�KDV�DOVR�EHHQ�VKRZQ�WR�EH�GHWULPHQWDO�LQ�FHUWDLQ�FDVHV��DV�
WKH�VSHFLHV�UHPRYHG�FDQ�DOVR�KDYH�F\WRWR[LF�HƦHFWV�WKHPVHOYHV���� 

������D6�DQG�QXFOHLF�DFLGV 

D6�KDV�QRW�EHHQ�FKDUDFWHUL]HG�DV�D�FDQRQLFDO�QXFOHLF�DFLG�ELQGLQJ�SURWHLQ�DV�LW�ODFNV�D�
FDQRQLFDO�QXFOHLF�DFLG�ELQGLQJ�PRWLI��VXFK�DV�DQ�550�PRWLI�FRPPRQ�LQ�FDQRQLFDO�5%3V��
+RZHYHU��D6�KDV�QRQHWKHOHVV�EHHQ�DVVRFLDWHG�ZLWK�QXFOHLF�DFLGV�LQ�D�QXPEHU�RI�GLƦHUHQW�
VWXGLHV�� ERWK� GLUHFWO\� DQG� LQGLUHFWO\�� &KHUQ\� DQG� FROOHDJXHV� ƧUVW� UHSRUWHG� WKDW� 
GRXEOH�VWUDQGHG�'1$�LQWHUDFWV�ZLWK�PRQRPHULF�D6�DQG�DFFHOHUDWHV�LWV�DJJUHJDWLRQ�����
:KLOH� WKH� PRUSKRORJ\� RI� WKH� ƧEULOV� GLG� QRW� VKRZ� DQ\� VLJQLƧFDQW� FKDQJHV�� HOHFWURQ�
PLFURVFRS\� LPDJHV� UHYHDOHG� WKDW� SODVPLG�'1$�ERXQGV� GLUHFWO\� WR� WKH� ƧEULOV� RI� ERWK� 
ZLOG�W\SH�D6� DV�ZHOO� DV�GLVHDVH�DVVRFLDWHG�PXWDQWV����� $� IXUWKHU� VWXG\� WKHQ� UHSRUWHG�
'1$� LQGXFHV� SDUWLDO� IROGLQJ� LQ� D6�� ZLWK� ERWK� WKH� DJJUHJDWLRQ�SURQH� SDUWLDO� IROGLQJ�
REVHUYHG�� DV� ZHOO� DV� DQ� LQFUHDVH� LQ� DOSKD� KHOLFLFLW\����� 7KHVH� GLƦHUHQW� '1$� VSHFLHV�
FRUUHVSRQGLQJO\�DFFHOHUDWHG��YLD�WKH�SDUWLDOO\�IROGHG�LQWHUPHGLDWH��RU�GHFHOHUDWHG��YLD�
WKH�Ƚ�KHOL[� IRUPDWLRQ�� WKH�DJJUHJDWLRQ�NLQHWLFV�����6LPLODUO\��D6�ZDV�VKRZQ�WR� LQWHUDFW�
ZLWK�'1$� L�PRWLIV�DQG� LQGXFH� FHUWDLQ� FRQIRUPDWLRQDO� FKDQJHV�����ZLWK� WKH�&�WHUPLQDO�
WUXQFDWLRQV�DƦHFWLQJ�'1$�FRQIRUPDWLRQV�LQ�DQ�RSSRVLWH�PDQQHU�FRPSDUHG�WR�IXOO�OHQJWK�
D6�����'1$�DSWDPHUV�KDYH�DOVR�EHHQ�GHYHORSHG�DJDLQVW�D6�E\�XVLQJ�6(/(;��KRZHYHU�WKH\�
KDYH�EHHQ�VKRZQ�WR�DOVR�ELQG�RWKHU�DP\ORLGV�VXFK�DV�$ɴϭϵϮ��2WKHU�'1$�DSWDPHUV�KDYH�
EHHQ�VKRZQ�WR�VLJQLƧFDQWO\�VORZ�GRQH�D6�DJJUHJDWLRQ�NLQHWLFV��KRZHYHU�QR�VWUXFWXUDO�RU�
ELQGLQJ�PHFKDQLVPV�KDYH�EHHQ�SURSRVHG�VR�IDU���� 
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5HFHQWO\�� 6FKDVHU� DQG� FROOHDJXHV� GHPRQVWUDWHG� WKDW� D6� ERWK� ELQGV� GV'1$� DQG�
IDFLOLWDWHV� QRQ�KRPRORJRXV� HQG�MRLQLQJ� UHDFWLRQ� LQ� FHOOV�� WKXV� LPSOLFDWLQJ� D6� LQ� '1$�
UHSDLU�PDFKLQHU\�����6LPLODUO\��+DOODFOL�DQG�FROOHDJXHV�KDYH�UHSRUWHG�WKH�DVVRFLDWLRQ�RI�
D6�ZLWK�SURFHVVLQJ�ERGLHV�DQG�DƦHFWLQJ�P51$�PHWDEROLVP�YLD�GLUHFW�LQWHUDFWLRQ�ZLWK�
WKH�GHFDSSLQJ�PHFKDQLVPV�����1R�GLUHFW�LQWHUDFWLRQ�ZLWK�51$�KDV�EHHQ�GHPRQVWUDWHG�
VR�IDU��ZLWK�WKH�VWXG\�RI�SRO\DQLRQLF�FRPSRXQGV�SXEOLVKHG�E\�&RKOEHUJ�DQG�FROOHDJXHV�
VKRZLQJ�QR�VLJQLƧFDQW�GLƦHUHQFH�LQ�DJJUHJDWLRQ�NLQHWLFV�LQ�WKH�SUHVHQFH�RI�ERWK�WRWDO�
FHOO�DV�ZHOO�DV�LVRODWHG�W51$���� 

:H�FDQ�FRQFOXGH�WKDW�ZKLOH�WKHUH�LV�SOHQW\�RI�HYLGHQFH�OLQNLQJ�D6�WR�QXFOHLF�DFLGV��WKHVH�
DUH� PRVWO\� OLPLWHG� WR� '1$�� 7KH� HƦHFW� RI� 51$� KDV� \HW� WR� EH� SURSHUO\� LQYHVWLJDWHG��
KRZHYHU�ZLWK�WKH�DELOLW\�RI�'1$�WR�PRGXODWH�D6�DJJUHJDWLRQ�DQG�WKH�JHQHUDO�DELOLW\�RI�
51$�WR�KHDYLO\�DƦHFW�SURWHLQ�SKDVH�WUDQVLWLRQV��RQH�FDQ�PDNH�DQ�DUJXPHQW�WKDW�WKHVH�
VWXGLHV�KDUERXU�SOHQW\�RI�SRWHQWLDO� 
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���$LPV 
7KH� DLP� RI� WKLV� WKHVLV� ZDV� WR� HYDOXDWH� WKH� SRWHQWLDO� RI� 51$� DV� D� PRGXODWRU� RI� D6�
DJJUHJDWLRQ�� *LYHQ� WKH� SDVW� H[SHULHQFH� DQG� UHVXOWV� LQ� WKH� VWXG\� DQG� GHVLJQ� RI� 51$�
PROHFXOHV� WKDW� FDQ� LQƨXHQFH� WKH� DJJUHJDWLRQ� RI� 5%3V� VXFK� DV� 7'3������������ DQG� WKH�
FRPSXWDWLRQDO� VWXG\�E\� =DQ]RQL� DQG� FROOHDJXHV� LQGLFDWLQJ� D6�PLJKW� LQWHUDFW�ZLWK� LWV�
P51$����� WKH� JRDO�ZDV� WR� GHWHUPLQH� WKH� IHDVLELOLW\� RI� D� VLPLODU� DSSURDFK� RQ� D6�� 7KH�
GHYHORSPHQW�RI�'1$�DSWDPHUV�E\�7VXNDNRVKL�DQG�FROOHDJXHV�VKRZHG�WKDW�D6�FDQ�EH�
VXFFHVVIXOO\�WDUJHWHG�E\�QXFOHLF�DFLGV�����+RZHYHU��VLQFH�D6�KDV�QRW�EHHQ�FKDUDFWHULVHG�
RU�FODVVLƧHG�DV�DQ�51$�ELQGLQJ�SURWHLQ��D�VWUDWHJ\�RI�ƧUVW�GHWHUPLQLQJ�WKH�JHQHUDO�UROH�
51$� PLJKW� KDYH� RQ� LWV� DJJUHJDWLRQ� ZDV� SULRULWLVHG�� ZLWK� WKH� HYHQWXDO� SURJUHVV�
GHWHUPLQLQJ�WKH�IHDVLELOLW\�RI�D�PRUH�VSHFLƧF�DSSURDFK� 

:LWK�WKLV�SXUSRVH�LQ�PLQG��WKH�FRQFUHWH�DLPV�RI�WKH�SURMHFW�ZHUH� 

x 3HUIRUP�DQG�RSWLPLVH� DQ� DJJUHJDWLRQ� DVVD\�SURWRFRO� RI� D6� FR�LQFXEDWLRQ�ZLWK�
51$�WR�GHWHUPLQH�WKH�HƦHFW�RI�51$�RQ�WKH�NLQHWLFV�RI�WKH�SURFHVV��H�J��ZKHWKHU�
51$� LQFUHDVHV�� GHFUHDVHV� RU� GRHV� QRW� DƦHFW� WKH� UDWH� RI� DJJUHJDWLRQ�� WLPH�RI�
RQVHW��ODJ�WLPH��HWF� 

x (YDOXDWH� WKH� VWUXFWXUDO� FKDUDFWHULVWLFV� RI� D6� DJJUHJDWHV� LQ� RXU� V\VWHP� DQG�
GHWHUPLQH�WKH� LQƨXHQFH�51$�PLJKW�KDYH�RQ�WKH�PRUSKRORJ\�RI�D6�DJJUHJDWHG�
VSHFLHV��7KLV�ZDV�HVSHFLDOO\�LPSRUWDQW�JLYHQ�WKH�JHQHUDO�YLHZ�WKDW�D6�ROLJRPHUV�
PLJKW�EH�WKH�DFWXDO�WR[LF�VSHFLHV�WKDW�FRQWULEXWH�WR�WKH�SDWKRORJ\��'HWHUPLQLQJ�
ZKHWKHU� 51$� FDQ� LQƨXHQFH� FRQIRUPDWLRQ� RI� D6� WR� WKH� H[WHQW� RI� DOWHULQJ� WKH�
FKDUDFWHULVWLFV�RI�LWV�DJJUHJDWHV�ZRXOG�EH�RI�JUHDW�LQWHUHVW�LQ�WKLV�SHUVSHFWLYH� 

x 'HWHUPLQH�DQG�FKDUDFWHULVH�WKH�LQWHUDFWLRQ�EHWZHHQ�D6�DQG�51$�DQG��LI�SRVVLEOH��
TXDQWLI\�WKH�ELQGLQJ�SDUDPHWHUV��7KLV�ZRXOG�SURYLGH�FULWLFDO�LQIRUPDWLRQ�RQ�WKH�
DFWXDO�IHDVLELOLW\�RI�WDUJHWLQJ�D6�DQG�HQVXUH�WKH�DƦLQLW\�DQG�VSHFLƧFLW\�RI�WKHVH�
DSWDPHUV�ZLWKLQ�D�YDULHW\�RI�DSSOLFDWLRQV� 

7KH�VXFFHVV�LQ�WKHVH�DLPV�ZRXOG�OD\�WKH�IRXQGDWLRQ�IRU�WKH�GHVLJQ�DQG�LGHQWLƧFDWLRQ�RI�
VSHFLƧF�51$�DSWDPHUV�WKDW�FRXOG�EH�XVHG�WR�WDUJHW�DQG�PRGXODWH�WKH�DJJUHJDWLRQ�RI�D6��
)XUWKHUPRUH�� WKH�XVH� IRU� WKHVH�VSHFLƧF�51$�DSWDPHUV�FDQ�UDQJH�IURP�DSSOLFDWLRQV� LQ�
LPDJLQJ�YLD�VXSHU�UHVROXWLRQ�PLFURVFRS\��LPSURYHG�GLDJQRVWLFV�YLD�VSHFLƧF�UHFRJQLWLRQ�
RI�DJJUHJDWHG�D6�LQ�SDWLHQW�VDPSOHV�DQG�HYHQWXDO�WHVWV�DV�D�SRWHQWLDO�FOLQLFDO�WKHUDS\� 
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���5HVXOWV 
����51$�DFFHOHUDWHV�WKH�DJJUHJDWLRQ�RI�D6 

������7KH�1�WHUPLQDO�RI�D6�LV�SUHGLFWHG�WR�LQWHUDFW�ZLWK�51$ 

$OSKD� V\QXFOHLQ� LV� QRW� FRQVLGHUHG� WR� EH� D� FODVVLF� RU� D� FDQRQLFDO� 5%3�� $V� DOUHDG\�
PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��LW�GRHV�QRW�KDUERXU�DQ\�NQRZQ�QXFOHLF�DFLG�ELQGLQJ�PRWLIV�
RU�GRPDLQ�DQG�LWV�ELQGLQJ�SUHIHUHQFHV�DUH�FXUUHQWO\�XQNQRZQ��$�VRIWZDUH�XVHG�WR�SUHGLFW�
51$�SURWHLQ�LQWHUDFWLRQ�SURSHQVLWLHV��VXFK�DV�WKH�ZHOO�HVWDEOLVKHG�FDW5$3,'�����JLYHV�WKH�
RYHUDOO�ELQGLQJ�RI�WKH�SURWHLQ�DV�YHU\�ORZ��HVSHFLDOO\�FRPSDUHG�WR�FDQRQLFDO�5%3V�VXFK�
DV� 7'3���� �)LJ�� ������+RZHYHU�� WKH� LQGLYLGXDO� GRPDLQV�RI�D6� KDYH�E\� WKHPVHOYHV� YHU\�
GLƦHUHQW� SURSHQVLWLHV� WRZDUGV� ELQGLQJ� 51$�� PDLQO\� GXH� WR� WKH� HOHFWURVWDWLF� FKDUJH�
GLVWULEXWLRQ��7KH�&�WHUPLQDO�GRPDLQ�KDV�WKH�ORZHU�SUHGLFWHG�ELQGLQJ�SURSHQVLW\��OLNHO\�
GXH�WR�WKH�QHJDWLYH�FKDUJH�DW�SK\VLRORJLFDO�FRQGLWLRQV��IROORZHG�E\�WKH�K\GURSKRELF�1$&�
GRPDLQ�����)LJ������� 

 
)LJXUH������51$�ELQGLQJ�SUHGLFWLRQV�RI�GLƦHUHQW�UHJLRQV�RI�D6����DQG�D6����XVLQJ�WKH�FDW5$3,'�WRRO�����
7KH�UHJLRQV�DV�ODEHOOHG�LQ�WKH�ƧJXUH�FRUUHVSRQG�WR�D6�UHVLGXHV�������Ɖ1WHUPƊ����������Ɖ1$&Ɗ��DQG��������
�Ɖ&WHUPƊ��� &RPSDUHG� ZLWK� FDQRQLFDO� 5%3� D� WKUHVKROG� RI� ���� ZDV� FKRVHQ� WR� LQGLFDWH� QRQ�QHJOLJLEOH�
LQWHUDFWLRQ�SURSHQVLWLHV��)LJXUH�XVHG�IURP�����ZLWK�WKH�DXWKRUVƊ�SHUPLVVLRQ� 

7KH�1�WHUPLQXV�RQ�WKH�RWKHU�KDQG�KDV�D�PXFK�KLJKHU�RYHUDOO�ELQGLQJ�SURSHQVLW\�WRZDUGV�
ELQGLQJ�WKH�51$��DJDLQ�SUHVXPDEO\�GXH�WR�WKH�SRVLWLYH�RYHUDOO�FKDUJH�WKDW�DOVR�GULYHV�
WKH�DVVRFLDWLRQ�ZLWK�WKH�QHJDWLYHO\�FKDUJHG�OLSLG�PHPEUDQHV�LQ�WKH�FHOO�����7KLV�OHG�XV�WR�
EHOLHYH�WKDW�DQ\�HƦHFW�51$�PLJKW�KDYH�RQ�WKH�DJJUHJDWLRQ�RI�D6�PLJKW�EH�DPSOLƧHG�LQ�
WKH�FDVH�RI�D�&�WHUPLQDO�WUXQFDWLRQ��7KHVH�VSHFLHV�FDQ�EH�SURGXFHG�LQ�GLVHDVH�E\�YDULRXV�
HQGRSHSWLGDVHV� DQG� KDYH� EHHQ� VKRZQ� WR� H[DFHUEDWH� SDWKRORJLFDO� V\PSWRPV��������� 
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:H�FKRVH�WKH�WUXQFDWHG�IRUP�FOHDYHG�E\�DVSDUDJLQH�HQGRSHSWLGDVH�EHKLQG�$VQ�������
GXH� WR� WKH� JRRG� RYHUDOO� FKDUDFWHULVDWLRQ� RI� LWV� DJJUHJDWLRQ� FKDUDFWHULVWLFV�������� DQG�
WHUPHG�LW�D6���� 

������2SWLPLVLQJ�WKH�DJJUHJDWLRQ�SURWRFRO�IRU�D6 

7KH�ƧUVW�VWHS�WRZDUGV�FKDUDFWHULVLQJ�WKH�H[DFW�HƦHFW�RI�51$�RQ�WKH�DJJUHJDWLRQ�RI�D6�
ZDV� WR� GHYHORS� D� UREXVW� LQ� YLWUR� PRGHO� WKDW� HQDEOHV� XV� WR� HƦHFWLYHO\� PRQLWRU� WKH�
DJJUHJDWLRQ�NLQHWLFV�RI�WKH�WZR�SURWHLQ�FRQVWUXFWV��WKH�ZLOG�W\SH�D6����DQG�WUXQFDWHG�
D6�����7KLV�HQWDLOHG�WKH�GHWHUPLQDWLRQ�RI�WKH�WHPSHUDWXUH�DQG�OHQJWK�RI�LQFXEDWLRQ��WKH�
OHYHO�RI�DJLWDWLRQ�DQG�PRGDOLW\�RI�ƨXRUHVFHQFH�PHDVXUHPHQWV��VHH�DOVR�0DWHULDOV�DQG�
0HWKRGV���D6�KDV�EHHQ� VKRZQ� WR� WDNH�GD\V� WR� LQLWLDWH� WKH�DJJUHJDWLRQ�SURFHVV�� HYHQ�
ZKHQ�LQFXEDWHG�WR����r&������,WV�DJJUHJDWLRQ�FDQ�EH�VSHG�XS�VLJQLƧFDQWO\�ZLWK�DJLWDWLRQ�
DQG�HYHQ�IXUWKHU�VR�XVLQJ�WHƨRQ�RU�LQHUW�JODVV�EHDGV�DGGHG�WR�WKH�ZHOOV����*LYHQ�WKDW�
51$� LV� D� PROHFXOH� KLJKO\� VHQVLWLYH� WR� GHJUDGDWLRQ� DQG� K\GURO\VLV�� HVSHFLDOO\� DW�
SURORQJHG� LQFXEDWLRQ� WLPHV� DW� KLJKHU� WHPSHUDWXUHV�� LW� ZDV� GHVLUDEOH� WR� UHGXFH� WKH�
DJJUHJDWLRQ�WLPH�DV�PXFK�DV�SRVVLEOH�ZKLOH�VWLOO�UHWDLQLQJ�WKH�UHSURGXFLELOLW\�EHWZHHQ�
WKH�LQGLYLGXDO�UHSOLFDWHV�WR�PDLQWDLQ�51$�LQWHJULW\�GXULQJ�WKH�H[SHULPHQW��$GGLQJ�D�JODVV�
ERURVLOLFDWH�EHDG�WR�HDFK�ZHOO�GRHV�LQGHHG�GUDPDWLFDOO\�VSHHG�XS�WKH�DJJUHJDWLRQ�DV�
ZHOO�DV�LPSURYH�WKH�UHSURGXFLELOLW\�RI�WKH�UHVXOWV�IRU�ERWK�SURWHLQ�FRQVWUXFWV��)LJ������$�%��
7DEOH� ���� $� GHWDLOHG� GHVFULSWLRQ� RI� WKH� DQDO\VLV� RI� WLPH� UHVROYHG� ƨXRUHVFHQFH�
DJJUHJDWLRQ�DVVD\V�FDQ�EH�IRXQG�LQ�0DWHULDOV�DQG�0HWKRGV�� 

7KH�DJJUHJDWLRQ�RI�D6����XQGHU�FRQVWDQW�DJLWDWLRQ�DW����r&�RQO\�VWDUWHG�DIWHU�RQ�DYHUDJH�
���K��ZLWK�WKH�UHVXOWV�VKRZLQJ�JUHDW�LQFRQVLVWHQF\�ERWK�ZLWKLQ�DQG�EHWZHHQ�LQGLYLGXDO�
H[SHULPHQWV� �ʍ� � ������RI� WKH�PHDQ��S� ���������7KLV� LPSURYHG�FRQVLVWHQWO\�ZLWK� WKH�
DGGLWLRQ� RI� WKH� EHDG� �ʍ�  � ��� �� RI� WKH� PHDQ�� S�  � �������� D6���� RQ� WKH� RWKHU� KDQG�
DJJUHJDWHG�PXFK� IDVWHU��DV�DOUHDG\� LQGLFDWHG� LQ�SUHYLRXV�VWXGLHV��������DQG�DGGLQJ� WKH�
EHDG� VLJQLƧFDQWO\� GHFUHDVHG� WKH� DJJUHJDWLRQ� GHOD\� WLPH� IXUWKHU� �S� �� �[������� 7KH�
FDOFXODWHG�DJJUHJDWLRQ�UDWHV�GLG�QRW�VLJQLƧFDQWO\�GLƦHU�ERWK�ZLWKLQ�UHSOLFDWHV��S�!!�������
DQG�EHWZHHQ�H[SHULPHQWDO�FRQGLWLRQV��S� ��������KRZHYHU�ZH�FKRVH�WR�FRQWLQXH�ZLWK�WKH�
H[SHULPHQWV� XVLQJ� WKH� ERURVLOLFDWH� EHDGV� IRU� D6���� DV� ZHOO�� 7KLV� ZDV� GXH� WR�
FRPSDUDELOLW\�ZLWK�D6�����HVSHFLDOO\�FRQVLGHULQJ�WKH�FRQVLVWHQW�HƦHFW�RI�WKH�FRQGLWLRQV�
RQ�WKH�51$��$GGLQJ�WKH�EHDG�DOVR�LPSURYHG�WKH�YDULDQFH�EHWZHHQ�WKH�DJJUHJDWLRQ�UDWHV�
RI�H[SHULPHQWDO�UHSOLFDWHV��ʍ� ������RI�WKH�PHDQ�FRPSDUHG�WR������RI�WKH�PHDQ�ZLWKRXW�
WKH� EHDG��� 1R� VLJQLƧFDQW� GLƦHUHQFH� ZDV� DOVR� REVHUYHG� EHWZHHQ� PHDVXUHPHQWV� RI�
ƨXRUHVFHQFH�DW�WKH�WRS�DQG�ERWWRP�RI�WKH�ZHOO��)LJ�����&�'���,Q�WKH�HQG��XVLQJ�ERWWRP�
PHDVXUHPHQW�ZDV�SUHIHUUHG�GXH�WR�KLJKHU�VHQVLWLYLW\�DV�ZHOO�DV�WKH�SRWHQWLDO�RI�VPDOO�
HYDSRUDWLRQ� GURSOHWV� IRUPLQJ� RQ� WKH� FRYHU� RI� WKH� ZHOO� DQG� LQWHUIHULQJ� ZLWK� WKH�
PHDVXUHPHQWV�DW�ORQJHU�LQFXEDWLRQ�WLPHV��GDWD�QRW�VKRZQ�� 
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)LJXUH������2SWLPLVDWLRQ�DJJUHJDWLRQ�DVVD\V�SHUIRUPHG�WR�GHWHUPLQH�WKH�RSWLPDO�SDUDPHWHUV�� �$��D6����
VWDUWV�DJJUHJDWLQJ�DIWHU�DURXQG����K�ZLWK�RQO\�DJLWDWLRQ��ZKLOH�DGGLQJ�D�JODVV�EHDG�LQ�WKH�VDPH�FRQGLWLRQV�
PHDQV�WKH�ƨXRUHVFHQFH�UHDFKHV�D�SODWHDX�DOUHDG\�DIWHU�OHVV�WKDQ����K��PHDQ�RI���UHSOLFDWHV�ZLWK�VWDQGDUG�
GHYLDWLRQV�VKRZQ���$GGLQJ�WKH�JODVV�EHDG�DOVR�VLJQLƧFDQWO\�FKDQJHV�WKH�UDWH�RI�DJJUHJDWLRQ��7DEOH������%��
6LPLODUO\��JODVV�EHDGV�VSHHG�XS�WKH�DJJUHJDWLRQ�RI�D6����DQG�LPSURYH�WKH�UHSURGXFLELOLW\�RI�WKH�NLQHWLFV�
WUDFHV�ZLWKLQ�UHSOLFDWHV��7DEOH������&��$SDUW�IURP�UHDFKLQJ�D�KLJKHU�PD[LPXP�YDOXH�RI�ƨXRUHVFHQFH��WKHUH�
LV�QR�VLJQLƧFDQW�GLƦHUHQFH�EHWZHHQ�WKH�PHDVXUHPHQWV�RI�ƨXRUHVFHQFH�IURP�WKH�WRS�RU�WKH�ERWWRP�RI�WKH�
ZHOOV���'��1RUPDOLVHG�ƨXRUHVFHQFH�WUDFHV�ZLWK�WKH�ƧW�RI�WKH�H[SRQHQWLDO�SDUW�RI�WKH�VLJPRLG�IXUWKHU�VKRZV�
WKH�UHSHDWDELOLW\��S�YDOXH�������DYHUDJH�YDULDQFH���������WZR�ZD\�SDLUHG�6WXGHQW�W�WHVW�� 
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7DEOH� ��� 6WDWLVWLFDO� DQDO\VLV� RI� WKH� RSWLPLVDWLRQ� RI� D6� DJJUHJDWLRQ�� VKRZQ� IRU� ERWK� FRQVWUXFWV�� 
1RQ�QRUPDOLVHG� UDWHV� DUH� VKRZQ� DV� VHHQ� IRU� WKH� GDWD� LQ� ƧJXUH� ����� 1XPEHU� RI� H[SHULPHQWV� UHIHUV� WR�
LQGLYLGXDO� H[SHULPHQWV� FRQGXFWHG� VHSDUDWHO\� �WHFKQLFDO� UHSOLFDWHV��� ZKLOH� QXPEHU� RI� UHSOLFDWHV� LV� WKH�
QXPEHU� RI� UHSOLFDWHV� ZLWKLQ� DQ� H[SHULPHQW�� 7KH� S�YDOXH� ZLWKLQ� WKH� H[SHULPHQW� ZDV� REWDLQHG� ZLWK� D� 
RQH�IDFWRU�$129$�WHVW� IRU�D6����H[SHULPHQWV�ZLWK�EHDGV� �1��RI�H[SHULPHQWV�!����DQG�ZLWK�D� WZR�ZD\�
SDLUHG�6WXGHQW�W�WHVW�IRU�WKH�UHVW��7KH�S�YDOXHV�FRPSDULQJ�WKH�H[SHULPHQWV�ZLWK�DQG�ZLWK�D�EHDG�DGGHG�
ZHUH�REWDLQHG�XVLQJ�D�RQH�IDFWRU�$129$�WHVW� 

������51$�DFFHOHUDWHV�WKH�DJJUHJDWLRQ�RI�ERWK�D6����DQG�D6��� 

8VLQJ�WKHVH�RSWLPLVHG�PHDVXUHPHQW�SDUDPHWHUV��DJJUHJDWLRQ�DVVD\V�LQ�WKH�SUHVHQFH�RI�
WRWDO� \HDVW� 51$�ZHUH� SHUIRUPHG� WR� GHWHUPLQH� WKH� HƦHFW� RQ� DJJUHJDWLRQ� NLQHWLFV� RI�
D6���� DQG� D6����� � 'XH� WR� WKH�PXFK� IDVWHU� NLQHWLFV� RI� D6���� DJJUHJDWLRQ��ZH� KDG� WR�
LQFUHDVH� WKH� VDPSOLQJ� WR� RQH� UHDG� HYHU\� ��� PLQ� LQVWHDG� RI� ��� PLQ� DV� IRU� D6����
PHDVXUHPHQWV�� 7KH� SURWHLQV� ZHUH� LQFXEDWHG� LQ� WKH� SUHVHQFH� RI� DQ� LQFUHDVLQJ�
FRQFHQWUDWLRQ�RI�51$�XS�WR�����QJ�ʅ>��8QOLNH�LQ�WKH�RSWLPLVDWLRQ�UXQV��3URWHRVWDW70�ZDV�
XVHG�DV�D�UHSRUWHU�G\H�LQVWHDG�RI�7K7�GXH�WR�LWV�PXFK�ORZHU�SURSHQVLW\�WR�ELQG�QXFOHLF�
DFLGV�DQG�WKXV�ORZHU�EDFNJURXQG�DV�VKRZQ�LQ�SUHYLRXV�VWXGLHV���� 
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)LJXUH������$JJUHJDWLRQ�RI�D6����DQG�D6����LQ�WKH�SUHVHQFH�RI�51$��'DWD�SRLQWV�LQ��&�(��FRUUHVSRQGLQJ�WR�
HDFK�SURWHLQ�DUH�SORWWHG�DJDLQVW�WKHLU�RZQ�UHVSHFWLYH�\�D[LV��D6����WR�WKH�OHIW�DQG�D6����WR�WKH�ULJKW�D[LV���
�$��D6����VKRZV�D�PXFK�IDVWHU�RQVHW�RI�WKH�H[SRQHQWLDO�SKDVH�RI�JURZWK���K�DIWHU�WKH�VWDUW�RI�WKH�DVVD\�
ZKLFK�SURJUHVVLYHO\�VKRUWHQV�ZLWK� LQFUHDVLQJ�51$�FRQFHQWUDWLRQ�� �%��$Q� LGHQWLFDO�WUHQG� LV�REVHUYHG�IRU�
D6����� 7KH�SURWHLQ�ZLWKRXW�51$�KDV�D� KLJKHU�ƨXRUHVFHQFH� YDOXH� DW� SODWHDX� FRPSDUHG� WR� D6�����ZKLOH�
YDOXHV�DW�KLJKHU�51$�FRQFHQWUDWLRQV�DUH�FRPSDUDEOH���&��&DOFXODWHG�DJJUHJDWLRQ�UDWHV�IURP�WLPH�UHVROYHG�
3URWHRVWDWƙ�ƨXRUHVFHQFH��'DWD�VKRZQ�DUH�FDOFXODWHG�IURP�SDUDPHWHUV�GHULYHG�IURP�WKH�ƧWWHG�FXUYH�WR� 
��WHFKQLFDO�UHSOLFDWHV�RI���VHSDUDWH�H[SHULPHQWV�DQG�VWDWLVWLFDO�VLJQLƧFDQFH�ZDV�FDOFXODWHG�IRU�UDWHV�LQ�WKH�
SUHVHQFH�RI�51$�DV�FRPSDUHG�WR�WKH�SURWHLQ�RQO\�VDPSOHV��VHH�0DWHULDOV�DQG�0HWKRGV���7KH�SUHVHQFH�RI�
51$�VLJQLƧFDQWO\�LQFUHDVHV�WKH�UDWH�RI�DJJUHJDWLRQ�IRU�ERWK�D6�����)LVKHU�H[DFW�WHVW��S���������DQG�D6����
�)LVKHU� H[DFW� WHVW�� S� �� ��������ZLWK� WKH� D6���� UDWH� UHDFKLQJ� D� SODWHDX�ZLWK� FRQFHQWUDWLRQV� KLJKHU� WKDQ� 
����QJ�ʅ>�� �'��D6����KDV�D�VLJQLƧFDQWO\�VKRUWHU�DJJUHJDWLRQ�ODJ�WLPH�WKDQ�D6�����7KH�DGGLWLRQ�RI�51$�
IXUWKHU�GHFUHDVHV�WKH�ODJ�SKDVH�RI�ERWK�SURWHLQV��D6�����S���������DQG�D6�����S���������)LVKHU�H[DFW�WHVW���
KRZHYHU�LQFUHDVLQJ�FRQFHQWUDWLRQV�GR�QRW�VHHP�WR�GUDVWLFDOO\�DƦHFW�D6����IXUWKHU��ZKLOH�WKH�RSSRVLWH�LV�
WUXH� IRU�D6����� �(�� ,QFUHDVLQJ�FRQFHQWUDWLRQ�RI�51$�DOVR�HOHYDWHV� WKH�SODWHDX�RI�ƨXRUHVFHQFH� IRU�ERWK�
SURWHLQV��HVSHFLDOO\�VLJQLƧFDQWO\�IRU�D6�����S���������FRPSDUHG�WR�S��������IRU�D6�����)LVKHU�H[DFW�WHVW��  
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$V�DOUHDG\�HVWDEOLVKHG��D6�����)LJ������$��DJJUHJDWHV�PXFK�IDVWHU�ERWK�LQ�WHUPV�RI�WKH�
RQVHW�RI�WKH�HORQJDWLRQ�SKDVH�DV�ZHOO�DV�WKH�DJJUHJDWLRQ�UDWH�LWVHOI�FRPSDUHG�WR�D6����
�)LJ������%���7KLV� LV�WUXH�LQ�DOO�WKH�FRQGLWLRQV�� LUUHVSHFWLYH�RI�WKH�FRQFHQWUDWLRQ�RI�51$��
$QDO\VLQJ�WKH�H[SHULPHQWDO�GDWD�VKRZV�WKDW�51$�VLJQLƧFDQWO\�LQFUHDVHV�WKH�DJJUHJDWLRQ�
UDWH� IRU� ERWK� D6���� DV�ZHOO� DV� D6���� �S� �� ������� )LVKHU� H[DFW� WHVW�� ZKHQ� WDNLQJ� LQWR�
DFFRXQW���VHSDUDWH�H[SHULPHQWV�ZLWK���UHSOLFDWHV�HDFK��7KH�FDOFXODWHG�DJJUHJDWLRQ�UDWH�
RI�D6����LV�DSSUR[LPDWHO\���IROG�KLJKHU�WKDQ�D6����LQ�WKH�DEVHQFH�RI�51$��S�����������
)LVKHU�H[DFW�WHVW���$Q�LQLWLDO�ORRN�DW�WKH�UDZ�GDWD�PLJKW�FRXQWHU�WKDW�DV�ƨXRUHVFHQW�VLJQDO�
IRU� WKH� HORQJDWLRQ� VWDJH� LQ� WKH� DEVHQFH� RI� 51$� ORRNV� HVSHFLDOO\� VWHHS� �)LJ�� ���� $���
+RZHYHU��D�FORVHU�ORRN�LGHQWLƧHG�D�GLVWLQFW�WZR�VWHS�DJJUHJDWLRQ�PHFKDQLVP�ZLWK�D�ƧUVW��
VORZHU�VWHS�RFFXUULQJ�EHWZHHQ�URXJKO\�����WR���K��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�GDWD�IURP�
WKH�ZRUN�RI�9DQ�GHU�:DWHUHQ�DQG�FROOHDJXHV�����VHH�)LJ����%�DQG�(���ZKR�LGHQWLƧHG�WKH�
DJJUHJDWLRQ�RI�D6����DV�D�PXOWL�VWHS�SURFHVV�FKDUDFWHULVHG�E\�WKH�IRUPDWLRQ�RI�HDUOLHU�
SURWR�ƧEULOV�WKDW�ODWHU�DVVHPEOH�LQWR�WKH�PDWXUH�ƧEULO�LQ�D�IDVWHU�VHFRQGDU\�VWHS��$V�WKH�
HDUOLHU�VWHS�LV�GLVWLQFWLYHO\�VORZHU��ZH�GHFLGHG�WR�WDNH�LQWR�DFFRXQW�LWV�VSHFLƧF�NLQHWLFV�
ZKHQ�FDOFXODWLQJ�DQG�FRPSDULQJ�WKH�DJJUHJDWLRQ�UDWHV� 

)XUWKHU�DGGLWLRQ�RI�51$�VLJQLƧFDQWO\� LQFUHDVHV�WKH�DJJUHJDWLRQ�UDWH�IRU�ERWK�SURWHLQV�
�)LJ������&���7KH�UDWH�IRU�D6����LQFUHDVHV�XS�WR�DSSUR[LPDWHO\���IROG�DW�����QJ�ʅ>�DQG�
WKHQ� UHDFKHV� D� SODWHDX� �S� !� ���� FRPSDULQJ� WKH� UDWHV� DW� ���� QJ�ʅ>� DQG� ���� QJ�ʅ>�� 
RQH�IDFWRU�$129$���7KH�UDWH� IRU�D6���� LQFUHDVHV�PRUH�WKDQ� ���IROG�DW�����QJ�ʅ>�DQG�
GRHV�QRW�VHHP�WR�VWDELOLVH��S����������FRPSDULQJ�����QJ�ʅ>�DQG�����QJ�ʅ>��RQH�IDFWRU�
$129$��� &XULRXVO\�� DGGLWLRQV� RI� 51$� DOVR� HOLPLQDWH� WKH� UDWH�OLPLWLQJ� ƧUVW� VWHS� RI�
DJJUHJDWLRQ�IRU�D6�����)LJ������$���LQGLFDWLQJ�D�FKDQJH�LQ�WKH�PHFKDQLVP�RI�DJJUHJDWLRQ�
WR�D�IDVWHU��VLQJOH�VWHS�SURFHVV� 

51$�DOVR�GHFUHDVHV�WKH�DJJUHJDWLRQ�ODJ�WLPH�RI�ERWK�SURWHLQ�FRQVWUXFWV��KRZHYHU�EDUHO\�
VLJQLƧFDQWO\�IRU�D6�����S���������)LVKHU�H[DFW�WHVW��XQWLO�KLJKHU�FRQFHQWUDWLRQV��)LJ������'���
,Q� FRQWUDVW�� WKH� ODJ� WLPH� IRU� D6���� GHFUHDVHV� GUDPDWLFDOO\� DIWHU� WKH� DGGLWLRQ� RI� 51$� 
�S�������������FRPSDULQJ���QJ�ʅ>�DQG����QJ�ʅ>��RQH�IDFWRU�$129$���ZLWK� LQFUHDVLQJ�
FRQFHQWUDWLRQV�GHFUHDVLQJ�LW�WR�D�OHVVHU�H[WHQW��S�§������IRU��������������DQG�����QJ�ʅ>��
RQH�IDFWRU�$129$���7KLV�IDFW�IXUWKHU�VXJJHVWV�D�UROH�RI�51$�LQ�WKH�HDUO\�DJJUHJDWLRQ�RI�
D6���� E\� HOLPLQDWLQJ� WKH� UDWH�OLPLWLQJ� ƧUVW� VWHS��ZLWK� KLJKHU� FRQFHQWUDWLRQV� DƦHFWLQJ�
PRVWO\�WKH�HORQJDWLRQ�UDWH�DQG�QRW�WKH�LQLWLDWLRQ� 

7KH�ODVW�SDUDPHWHU�DQDO\VHG�ZDV�WKH�PD[LPXP�YDOXH�RI�ƨXRUHVFHQFH�XSRQ�UHDFKLQJ�WKH�
SODWHDX�DW�WKH�HQG�RI�WKH�HORQJDWLRQ�SKDVH��)LJ������(���+HUH�LW�LV�LPSRUWDQW�WR�PHQWLRQ�
WKDW�ZKLOH�3URWHRVWDW70�GRHV�LQWHUDFW�ZLWK�QXFOHLF�DFLGV��OHDGLQJ�WR�D�KLJKHU�EDFNJURXQG�
ƨXRUHVFHQFH� LQ� WKH� SUHVHQFH� RI� 51$�� WKH� GDWD� DQDO\VHG� KDYH� WKH� EDFNJURXQG� YDOXH�
VXEWUDFWHG� IURP� FRQWURO� ZHOOV� FRQWDLQLQJ� RQO\� 51$� DQG� WKH� G\H�� 7KH� PD[LPXP�
ƨXRUHVFHQFH�YDOXH�LQFUHDVHV�VOLJKWO\�IRU�D6�����S���������)LVKHU�H[DFW�WHVW��XQWLO�����QJ�ʅ>�
DQG�WKHQ�SODWHDXV�LQ�D�PDQQHU�VLPLODU�WR�WKH�DJJUHJDWLRQ�UDWH�LWVHOI��S�!�������EHWZHHQ�
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���������DQG�����QJ�ʅ>���7KH�UHVXOWV�DSSHDU�PRUH�GLVWLQFW�IRU�D6�����S����������)LVKHU�
H[DFW�WHVW���KRZHYHU�DV�UHIHUHQFHG�EHIRUH��WKH�GDWD�IRU�WKH�DJJUHJDWLRQ�RI�D6����LQ�WKH�
DEVHQFH�RI�51$�RQO\�UHIHU�WR�LWV�ƧUVW�VWHS�SURFHVV��7DNLQJ�WKH�ZKROH�GDWDVHW�LQWR�DFFRXQW�
VKRZV�WKH�51$�DFWXDOO\�VLJQLƧFDQWO\�GHFUHDVHV�WKH�ƨXRUHVFHQFH�SODWHDX��S�������������
RQH�IDFWRU�$129$���ZLWK�KLJKHU�FRQFHQWUDWLRQV�LQFUHDVLQJ�LW�EDFN�WR�LWV�RULJLQDO�YDOXH�DW�
����QJ�ʅ>��6LQFH�WKH�RYHUDOO�ƨXRUHVFHQFH�GHSHQGV�RQ�WKH�ELQGLQJ�RI�3URWHRVWDW70�G\H�
WR�WKH�DJJUHJDWHG�SURWHLQ��DQ\�FKDQJHV�LQ�LWV�YDOXH�UHƨHFW�HLWKHU�DQ�RYHUDOO�GHFUHDVH�RI�
DJJUHJDWHG�SURWHLQ��RU�WKH�FKDQJH�RI�DJJUHJDWH�FRQIRUPDWLRQ�DOWHULQJ�WKH�QXPEHU�RI�
DYDLODEOH� ELQGLQJ� VLWHV�� ,W� KDV� EHHQ� VKRZQ� WKH� YDULRXV� SURWHLQ� FRQIRUPDWLRQV� ZLWKLQ�
DJJUHJDWHG� VSHFLHV�JUHDWO\� DƦHFW� 7K7�ELQGLQJ����� KRZHYHU� 3URWHRVWDW70� LV�PXFK� OHVV�
FKDUDFWHULVHG�LQ�WHUPV�RI�DJJUHJDWH�ELQGLQJ�DQG�WKH�RYHUDOO�LQWHUSUHWDWLRQ�LV�OLPLWHG��,W�
LV� KRZHYHU� FOHDU� WKDW� 51$� DƦHFWV� HLWKHU� WKH� FRQIRUPDWLRQ� DQG� FRQVHTXHQWO\� WKH�
VWUXFWXUH�RI�D6�DJJUHJDWHV��RU�WKH�RYHUDOO�OHYHO�RI�LQVROXEOH�SURWHLQ�XSRQ�WKH�FRPSOHWLRQ�
RI�WKH�HORQJDWLRQ�SKDVH� 

2YHUDOO�� WKH� UHVXOWV� RI� WKH� DJJUHJDWLRQ� DVVD\V� FOHDUO\� LQGLFDWH� WKDW� 51$� VLJQLƧFDQWO\�
DƦHFWV�WKH�PHFKDQLVP�RI�VHOI�DVVHPEO\�RI�ERWK�D6����DQG�D6�����7KH�GLƦHUHQW�OHYHOV�RI�
HƦHFW� VXJJHVW� WKH� HƦHFW� LV� SURWHLQ�VSHFLƧF� DQG� LQ� ERWK� FDVHV� H[DFHUEDWHV� WKH�
DJJUHJDWLRQ�E\�ERWK�DFFHOHUDWLQJ�WKH�HORQJDWLRQ�SKDVH�DV�ZHOO�DV�GHFUHDVLQJ�WKH�WLPH�
RI�LWV�RQVHW� 
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����51$�DƝHFWV�WKH�VWUXFWXUDO�SURSHUWLHV�RI�D6�DJJUHJDWHV 
1RWH��WKH�GDWD�SUHVHQWHG�LQ�WKH�IROORZLQJ�FKDSWHU�UHSUHVHQW�D�VXPPDU\�RI�WKH�UHVXOWV�IURP�WKH�XSFRPLQJ�
PDQXVFULSW� ZLWK� WKH� WLWOH� ƌ,QYHVWLJDWLQJ� WKH� HƦHFW� RI� 51$� RQ� Ƚ�V\QXFOHLQ� DJJUHJDWLRQ� E\� LQIUDUHG�
PLFURVFRS\ƍ��7KH�ZRUN�ZDV�GRQH�LQ�FROODERUDWLRQ�ZLWK�WKH�JURXS�RI�3URIHVVRU�0LFKHOH�2UWRODQL�IURP�WKH�
'HSDUWPHQW� RI� 3K\VLFV� ƌ(QULFR� )HUPLƍ� DW� 6DSLHQ]D�8QLYHUVLW\� RI� 5RPH�� 7KH� FKDSWHU� EULHƨ\� LQWURGXFHV�
LQIUDUHG� VSHFWURVFRS\� DQG� DWRPLF� IRUFH� PLFURVFRS\� FRUUHODWHG� ZLWK� LQIUDUHG� QDQRVSHFWURVFRS\� DV�
H[SHULPHQWDO�WHFKQLTXHV��WKHQ�SUHVHQWV�WKH�UHVXOWV�RI�WKH�FKDUDFWHULVDWLRQ�RI�D6�DJJUHJDWLRQ��7KH�SUHFLVH�
GHVFULSWLRQ�RI�WKH�H[SHULPHQWDO�SURFHGXUHV�FDQ�EH�IRXQG�LQ�0DWHULDOV�DQG�0HWKRGV� 

������,QWURGXFWLRQ�DQG�RYHUYLHZ�RI�LQIUDUHG�VSHFWURVFRS\�DQG�LWV�DSSOLFDWLRQV 

,Q�RUGHU�WR�IXUWKHU�LQYHVWLJDWH�WKH�VWUXFWXUDO�LPSDFW�RI�51$�RQ�WKH�DJJUHJDWLRQ�RI�D6��ZH�
HPSOR\HG�)RXULHU�WUDQVIRUP�LQIUDUHG�PLFUR�VSHFWURVFRS\��PLFUR�)7,5��DQG�DWRPLF�IRUFH�
PLFURVFRS\� FRXSOHG� ZLWK� LQIUDUHG� VSHFWURVFRS\� �$)0�,5��� %RWK� WHFKQLTXHV� DUH�
DSSOLFDWLRQV� RI� LQIUDUHG� �,5�� VSHFWURVFRS\� WKDW� HQDEOH� WKH� GLUHFW� REVHUYDWLRQ� RI� WKH�
FRQIRUPDWLRQ� RI� FKHPLFDO� ERQGV� DQG� FRQVHTXHQWO\� WKH� VWUXFWXUDO� FRQIRUPDWLRQV� RI�
ELRORJLFDO�PDFURPROHFXOHV�����,5�VSHFWURVFRS\�LV�EDVHG�RQ�WKH�GLƦHUHQWLDO�DEVRUEDQFH�
RI�LQIUDUHG�OLJKW�E\�FKHPLFDO�ERQGV�EHWZHHQ�WKH�DWRPV��7KH�H[DFW�SRVLWLRQ�DQG�VWUHQJWK�
RI� WKH� DEVRUSWLRQ� EDQG� LQ� WKH� VSHFWUXP� DUH� GHWHUPLQHG� E\� VHYHUDO� LQWUD�� DQG�
LQWHUPROHFXODU�IDFWRUV�WKDW�DƦHFW�WKH�YLEUDWLRQDO�IUHTXHQFLHV�RI�WKH�ERQGV��7KH�SRVLWLRQ�
GHSHQGV� RQ� WKH� W\SH� RI� ERQG� �VLQJOH�� GRXEOH�� WULSH��� WKH� DWRPLF� FRPSRVLWLRQ�� WKH�
HOHFWURQLF�FRXSOLQJV�DV�ZHOO�DV�WKH�LQƨXHQFH�RI�RWKHU�YLEUDWLQJ�PDVVHV�LQ�LWV�LPPHGLDWH�
HQYLURQPHQW�� 7KH� LQWHQVLW\� RI� WKH� DEVRUSWLRQ�EDQG�DOVR� LQFUHDVHV�ZLWK� WKH� LQFUHDVHG�
SRODULW\� RI� WKH� YLEUDWLQJ� ERQGV����� 7KXV�� WKH� YLEUDWLRQDO� IUHTXHQFLHV� RI� FHUWDLQ�
FKDUDFWHULVWLF�ERQGV�RI�ELRORJLFDO�PDFURPROHFXOHV�FKDQJH�GHSHQGLQJ�RQ�WKHLU�PROHFXODU�
HQYLURQPHQW�� VXFK� DV� WKH� DEVRUEDQFH� RI� WKH� SHSWLGH� ERQG� LQ� GLƦHUHQW� VHFRQGDU\�
VWUXFWXUH� FRQIRUPDWLRQV����� $OO� RI� WKH� ERQGV� LQ� D� PROHFXOH� FRQWULEXWH� WR� WKH� RYHUDOO�
DEVRUSWLRQ� VSHFWUXP�� PHDQLQJ� ,5� VSHFWURVFRS\� FDQ� EH� D� SRZHUIXO� WRRO� WR� VWXG\�
ELRORJLFDO� PDFURPROHFXOH� FRQIRUPDWLRQDO� WUDQVLWLRQV� ZLWKRXW� WKH� QHHG� RI� D� VSHFLƧF�
ODEHO��2Q�WKH�RWKHU�KDQG��WKLV�IDFW�PHDQV�WKDW�,5�VSHFWUD�RI�PROHFXOHV�FRQWDLQLQJ�D�KLJK�
QXPEHU� RI� ERQGV�� VXFK� DV� PRVW� ELRORJLFDO� PROHFXOHV�� FRQWDLQ� D� ORW� RI� RYHUODSSLQJ�
DEVRUSWLRQ� EDQGV� WKDW� QHHG� WR� EH� LGHQWLƧHG� DQG� HYDOXDWHG�� 6SHFLƧFDOO\� IRU� SURWHLQ�
FRQIRUPDWLRQ�FKDUDFWHULVDWLRQ��WKH�PRVW�UREXVW�PHWKRG�LV�EDVHG�RQ�WKH�GHFRQYROXWLRQ�
RI�WKH�DPLGH�,�EDQG�����7KH�DPLGH�,�EDQG��XVXDOO\�SRVLWLRQHG�DW�URXJKO\������FP����7DEOH�
���DULVHV�PDLQO\�IURP�WKH�VWUHWFKLQJ�YLEUDWLRQ�RI�WKH�& 2�ERQG�LQ�WKH�SHSWLGH�ERQG��DQG�
GHSHQGV�RQ�WKH�SURWHLQ�VHFRQGDU\�VWUXFWXUH�FRQIRUPDWLRQ�ZKLOVW�QRW�EHLQJ�DƦHFWHG�E\�
WKH�VLGH�FKDLQV�RI�WKH�DPLQR�DFLGV��LQYROYHG�����$QDO\VLQJ�WKH�OLQH�VKDSH�DQG�LQWHQVLW\�RI�
WKH�DPLGH�,�EDQG�WKHUHIRUH�HQDEOHV�GLUHFW� WUDFNLQJ�RI�WKH�SURWHLQ�VHFRQGDU\�VWUXFWXUH�
DQG� LWV� FKDQJHV� DVVRFLDWHG�ZLWK� IROGLQJ�� FDWDO\VLV��PLVIROGLQJ�DQG�DJJUHJDWLRQ���Ƈ���� 
�)LJ������� 
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7DEOH����7KH�DSSUR[LPDWH�SRVLWLRQV�RI�DPLGH�,�EDQG�DEVRUSWLRQ�SHDNV�DW�GLƦHUHQW�ZDYHQXPEHUV�LQ�SURWHLQ�
LQIUDUHG�VSHFWUD���� 

 

)LJXUH������&KDUDFWHULVWLF�DPLGH�,�DQG�DPLGH�,,�DEVRUSWLRQ�SHDNV�LQ�D�SURWHLQ�,5�VSHFWUXP��REWDLQHG�ZLWK�
$)0�,5��7KH�LQVHW�VKRZV�WKH�FRUUHVSRQGLQJ�$)0�LPDJH�ZLWK�WKH�H[DFW�SRLQW�RI�WKH�PHDVXUHPHQW�DV�D�EOXH�
GRW��6KRZQ�EHORZ�WKH�VSHFWUXP�LV�WKH�GHFRQYROXWLRQ�RI�WKH�PDLQ�DEVRUSWLRQ�EDQG�XVLQJ�WKH�ƧYH�/RUHQW]LDQ�
FXUYHV� UHSUHVHQWLQJ� WKH� GLƦHUHQW� VWUXFWXUDO� HOHPHQWV� FRQWULEXWLQJ� WR� WKH� VSHFWUXP�� DQWLSDUDOOHO� DQG�
SDUDOOHO�ɴ�VKHHW� �JUH\��� GLVRUGHUHG� �PDJHQWD�ܤ���KHOL[� �OLJKW� EOXH��� WXUQ� �JUHHQ�� DQG� DQWLSDUDOOHO� ɴ�VKHHW�
�ROLYH�� 

0LFUR�)7,5� LV� DQ� DSSOLFDWLRQ� RI� WKH� WHFKQLTXH�� EDVHG� RQ� WKH� FRXSOLQJ� RI� DQ� LQIUDUHG�
PLFURVFRSH� WR� D� )7,5� VSHFWURPHWHU����� 7KH� VPDOOHU� ƧHOG� RI� YLVLRQ� RI� WKH�PLFURVFRSH�
DOORZV�WR�UHFRUG�VSHFWUD�RI�VDPSOHV�LQ�D�PXFK�VPDOOHU�ZLQGRZ�GRZQ�WR����[����ʅP���
VXLWDEOH� IRU� VDPSOHV� OLNH� SURWHLQ� GHSRVLWV� RU� PHPEUDQH� SURWHLQV��������� 'HVSLWH� WKH�
PXFK�HQKDQFHG� UHVROXWLRQ�� LW� VWLOO� VXƦHUV� IURP� WKH� ƌEXONƍ� V\QGURPH� DV� WKH� VSHFWUXP�
UHFRUGHG�LV�WKH�DYHUDJHG�VSHFWUXP�RI�DOO�WKH�GHSRVLWV�LQ�WKH�VDPSOH��,Q�RUGHU�WR�JDLQ�DQ�
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LQVLJKW�LQWR�WKH�VWUXFWXUDO�FKDUDFWHULVWLFV�RI�VLQJOH�SDUWLFOHV��,5�VSHFWURVFRS\�ZDV�FRXSOHG�
ZLWK� $)0� WR� GHWHFW� WKH� WKHUPDO� H[SDQVLRQ� RI� WKH�PROHFXOHV� XSRQ� LUUDGLDWLRQ�ZLWK� D�
TXDQWXP� FDVFDGH� ODVHU��������� 7KLV� PHWKRG� GRHV� QRW� UHO\� RQ� VSHFWURVFRSLF�� EXW� D�
PHFKDQLF�GHWHFWLRQ�DQG�FDQ�EH�XVHG�DW� URRP� WHPSHUDWXUH�ZLWK�D� YDULHW\�RI� VDPSOHV�
UDQJLQJ� IURP� SURWHLQ� FRPSOH[HV����� PHPEUDQHV���� WR� EDFWHULD����� 6LQFH� SURWHLQ�
DJJUHJDWHV� FDQ� UDQJH� IURP� QDQRVFDOH� ROLJRPHULF� VWUXFWXUH� WR� PLFURVFDOH� ƧEULOODU�
DVVHPEOLHV��$)0�,5� LV� YHU\� VXLWDEOH� IRU� FKDUDFWHULVDWLRQ� RI� SURWHLQ� DJJUHJDWLRQ�� DV� LW�
HQDEOHV� WR� ERWK� YLVXDOO\� GLVWLQJXLVK�PRUSKRORJLFDOO\� GLƦHUHQW� DVVHPEOLHV� DV� ZHOO� DV�
UHFRUG� WKHLU� LQGLYLGXDO� ,5� VSHFWUD� IRU�QDQRVFDOH�DQDO\VLV��������� ,WV� VHQVLWLYLW\�KDV�EHHQ�
VKRZQ�WR�HQDEOH�WKH�GHWHFWLRQ�RI�D�OLJDQG�ERXQG�WR�DP\ORLG�ƧEULOV�����$OO�RI�WKHVH�IDFWV�
WRJHWKHU�PDNH�D�FRPELQHG�DSSURDFK�IURP�PLFUR�)7,5�DQG�$)0�,5�XQLTXHO\�VXLWDEOH�IRU�
WKH�FKDUDFWHULVDWLRQ�RI�D6�DJJUHJDWLRQ�LQ�WKH�SUHVHQFH�RI�51$� 

������&KDUDFWHULVDWLRQ�RI�WKH�LQƟXHQFH�RI�51$�RQ�D6�DJJUHJDWLRQ�ZLWK�PLFUR�)7,5 

$JJUHJDWLRQ�LV�JHQHUDOO\�FKDUDFWHULVHG�E\�WKH�PLVIROGLQJ�DQG�DVVHPEO\�RI�PRQRPHULF�
SURWHLQV�LQWR�DQ�DP\ORLG�IROG��HQULFKHG�ZLWK�ɴ�VKHHW�VWUXFWXUDO�FRPSRQHQWV�����7KHVH�FDQ�
EH�HLWKHU�SDUDOOHO�RU�DQWLSDUDOOHO��ZLWK�HDFK�KDYLQJ�D�GLVWLQFW�ƧQJHUSULQW�LQ�WKH�,5�VSHFWUXP�
WKDW� LV� GLƦHUHQW� IURP� WKDW� RI� UHJXODU� ɴ�VKHHW� FRQIRUPDWLRQV� LQ� IROGHG� SURWHLQV����� ,Q�
JHQHUDO��WKH�VWUXFWXUH�RI�WKH�DP\ORLG�FURVV�ɴ�VWUXFWXUH�IHDWXUHV�D�KLJKO\�FRPSDFW�VHW�RI�
H[WHQGHG�ɴ�VKHHWV�ZLWK�VWURQJ�LQWHU�VKHHW�ERQGLQJ�DQG�DQ�RULHQWDWLRQ�SHUSHQGLFXODU�WR�
WKH�D[LV�RI�WKH�ƧEULO��KHQFH�WKH�QDPH�FURVV�ɴ������7UDFNLQJ�WKH�HYROXWLRQ�RI�WKH�DPLGH�,�
SHDN�DW�YDULRXV�WLPH�SRLQWV�DQG�SHUIRUPLQJ�WKH�GHFRQYROXWLRQV�RI�WKH�VSHFWUXP�DOORZHG�
D�GLUHFW�WUDFNLQJ�RI�WKH�DJJUHJDWH�DVVRFLDWHG�VSHFWUDO�PDUNHUV��)LJ������DQG������ 

$QDO\VLV�DQG� FRPSDULVRQ�RI� WKH� DPLGH� ,� VSHFWUD�REWDLQHG�ZLWK�PLFUR�)7,5� UHYHDO� WKH�
IDVWHU�DJJUHJDWLRQ�RI�D6����LQ�WKH�SUHVHQFH�RI�51$��)LJ��������6SHFLƧFDOO\��WKH�GLƦHUHQFHV�
EHWZHHQ�WKH�DQWLSDUDOOHO�DQG�SDUDOOHO�ɴ�VKHHW�FRPSRQHQW���ɴ�VKHHW�3�$3��DW������FP���DQG�
WKH�DQWLSDUDOOHO�ɴ�VKHHW�FRPSRQHQW���ɴ�VKHHW�$3��DW������FP���UHYHDO�D�VLJQLƧFDQW�LQFUHDVH�
LQ��ɴ�VKHHW�3�$3�DOUHDG\����K�DIWHU�WKH�VWDUW�LQ�SUHVHQFH�RI�51$�ZKLOH�WKHUH�LV�QR�VLJQLƧFDQW�
FKDQJH� EHWZHHQ� ��� K� DQG� ��� K� LQ� SURWHLQ�DORQH� �)LJ�� ���� $�%��� 7KHUH� DUH� QR� PDMRU�
GLƦHUHQFHV� LQ� WKH� RWKHU� FRPSRQHQWV� RI� WKH� VSHFWUXP� EHWZHHQ� WKH� VDPSOHV�� WKXV�
LQGLFDWLQJ� WKDW� ZKLOH� 51$� VSHHGV� XS� WKH� DJJUHJDWLRQ� RI� D6����� LW� OLNHO\� GRHV� QRW�
GUDVWLFDOO\� FKDQJH� WKH� FRQIRUPDWLRQ� RI� WKH� DP\ORLG� ƧEULOV�� 7KLV� LV� FRQƧUPHG� E\� WKH�
VLPLODU�VKDSH�RI�RYHUODLG�VSHFWUD�� LQGLFDWLQJ�DQ�HTXDO�FRQWULEXWLRQ�RI�DOO�WKH�VWUXFWXUDO�
FRPSRQHQWV�DW�WKH�HQG�RI�DJJUHJDWLRQ��)LJ������&�� 
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)LJXUH� ����� $QDO\VLV� RI� D6���� DJJUHJDWLRQ� LQ� WKH� SUHVHQFH� DQG� DEVHQFH� RI� 51$� ZLWK� PLFUR�)7,5�� �$��
3HUFHQWDJH� RI� DPLGH� ,� FRPSRQHQWV� DIWHU� WKH� GHFRQYROXWLRQ� RI� WKH� DPLGH� ,� EDQG� LQWR� ƧYH� /RUHQW]LDQ�
FRPSRQHQWV��FHQWUHG�DW� ������ ������ ������ ������DQG������FPí���7KH�SHUFHQWDJHV�ZHUH�FRPSXWHG�DV�WKH�
UDWLR�RI�HDFK�FRPSRQHQWƊV�LQWHQVLW\�WR�WKH�VXP�RI�WKH�LQWHQVLWLHV�RI�WKH�ƧYH�FRPSRQHQWV�XVHG�WR�ƧW�WKH�
DPLGH� ,�EDQG��7KH�JUDGXDO� LQFUHDVH� LQ� WKH� �ɴ�VKHHW�3�$3� FOHDUO\� LQGLFDWHV� WKH�SURWHLQ�DJJUHJDWLRQ� LQWR�D�
FKDUDFWHULVWLF� FURVV�ɴ� DP\ORLG� VWUXFWXUH�� �%�� 7KH� FRDJJUHJDWLRQ� RI� D6���� ZLWK� 51$� LQFUHDVHV� WKH� 
�ɴ�VKHHW�3�$3� SHUFHQWDJH� VWDUWLQJ� DW� W�  � ��� K�� LQGLFDWLQJ� 51$� VSHHGV� XS� WKH� IRUPDWLRQ� RI� WKH� DP\ORLG�
VWUXFWXUH���&��$Q�H[DPSOH�RI�WKH�PLFUR�)7,5�VSHFWUD�ZLWK�WKH�VSHFWUD�LQ�WKH�SUHVHQFH��IXOO�OLQH��DQG�DEVHQFH�
�GDVKHG�OLQH��RI�51$��6SHFWUD�ZHUH�QRUPDOLVHG�DW������FP����7KH�VKDSH�RI�WKH�VSHFWUXP�DW�W� ����K�VKRZV�
WKH�PXFK�KLJKHU�FRQWULEXWLRQ�IRU�WKH��ɴ�VKHHW�3�$3�FRPSRQHQW�DW�URXJKO\������FP���LQ�WKH�SUHVHQFH�RI�51$� 
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)LJXUH������$QDO\VLV�RI�D6����DJJUHJDWLRQ�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�51$�ZLWK�PLFUR�)7,5���$��7KH�
PHDVXUHPHQWV� LQ� WKH� DEVHQFH� RI� 51$� VKRZV� DQ� LQFUHDVH� RI� WKH� �ɴ�VKHHW�3�$3� FRPSRQHQW� XQWLO� WKH�
SHUFHQWDJH�UHDFKHV�D�SODWHDX�DW�URXJKO\�W� ���K��,Q�FRQWUDVW��WKH��ɴ�VKHHW�$3�FRPSRQHQW�SHUFHQWDJH�VWDUWV�
GHFUHDVLQJ�DW�WKH�VDPH�WLPH�SRLQW��$SDUW�IURP�WKH�VOLJKW�GHFUHDVH�LQ�WKH�SHUFHQWDJH�RI�ɲ�KHOLFDO�VWUXFWXUHV��
WKHUH�DUH�QR�PDMRU�FKDQJHV�LQ�WKH�RYHUDOO�GLVWULEXWLRQ�RI�RWKHU�FRPSRQHQWV���%��2Q�WKH�FRQWUDU\��D6����LQ�
WKH� SUHVHQFH� RI� 51$� VKRZV� D� ODWHU� RQVHW� RI� WKH� �ɴ�VKHHW�3�$3� LQFUHDVH�� \HW� WKH� �ɴ�VKHHW�$3� FRPSRQHQW�
SHUFHQWDJH�LQFUHDVHV�VOLJKWO\�DW�WKH�EHJLQQLQJ��$JDLQ��DSDUW�IURP�WKH�GHFUHDVH�LQ�WKH�ɲ�KHOL[�SHUFHQWDJH�
OLWWOH�FKDQJH�LV�REVHUYHG���&��7KH�RYHUODS�RI�WKH�VSHFWUD�LQ�WKH�SUHVHQFH��IXOO�OLQH��DQG�DEVHQFH��GDVKHG�
OLQH��RI�51$�FRQƧUPV� WKH�REVHUYDWLRQ��7KH�PDMRU�GLƦHUHQFHV�DUH�REVHUYHG�DW� LQWHUPHGLDWH� WLPHSRLQWV�
ZKLOH�WKH�LQLWLDO�DQG�ƧQDO�VSHFWUXP�DSSHDU�LGHQWLFDO� 

7KH�DQDO\VLV�RI�D6����DJJUHJDWLRQ�FRQƧUPV�WKH�IDVWHU�DJJUHJDWLRQ�NLQHWLFV�FRPSDUHG�WR�
D6����� DV� DOUHDG\� VKRZQ� LQ� 6HFWLRQ� ���� DQG� NQRZQ� IURP� OLWHUDWXUH��������� 



'RWWRUDWR�GL�ULFHUFD�LQ�*HQHWLFD�H�%LRORJLD�0ROHFRODUH 

�� 

 

0LFUR�)7,5�DQDO\VLV�KRZHYHU�SRLQWV�RXW�D�PDMRU�GLƦHUHQFH�EHWZHHQ�WKH�SUHVHQFH�DQG�
DEVHQFH�RI�51$� LQ�WKH�DJJUHJDWLRQ�SURFHVV��7LPH�UHVROYHG�ƨXRUHVFHQFH�H[SHULPHQWV�
VKRZ�51$�VLJQLƧFDQWO\�VSHHGV�XS�WKH�DJJUHJDWLRQ�RI�D6�����)LJ��������\HW�WKH�FRQWULEXWLRQ�
RI� 
�ɴ�VKHHW�3�$3� LQFUHDVHV�IDVWHU� LQ�WKH�DEVHQFH�RI�51$��)LJ������$���7KH��ɴ�VKHHW�3�$3�VWDUWV�
LQFUHDVLQJ�DIWHU���K�DQG�UHDFKHV�D�SODWHDX�DIWHU���K��ZKLOH�LQ�WKH�SUHVHQFH�RI�51$��WKH� 
�ɴ�VKHHW�3�$3� VWDUWV� LQFUHDVLQJ� DIWHU� �� K� DQG� UHDFKHV� D� SODWHDX� RQO\� DIWHU� �� K�� 7KLV�
VHHPLQJO\� FRQWUDGLFWV� WKH� NLQHWLF� GDWD�� KRZHYHU� LW� KDV� WR� EH� QRWHG� WKDW� WKH�
PHDVXUHPHQWV�VLPSO\�DFTXLUH�WKH�WRWDO�ƨXRUHVFHQFH�YDOXH�LQ�WKH�ZHOO�ZLWKRXW�VSHFLƧFDOO\�
GLƦHUHQWLDWLQJ�EHWZHHQ�DJJUHJDWH�SRSXODWLRQV�ZLWK�GLƦHUHQW�VWUXFWXUDO�FRQIRUPDWLRQV��
$QDO\VLQJ�WKH�GLƦHUHQW�VWUXFWXUDO�FRPSRQHQWV�ZLWK�PLFUR�)7,5�LQVWHDG�UHYHDOV�WKDW�ZKLOH�
�ɴ�VKHHW�3�$3�LQFUHDVHV�IDVWHU�LQ�WKH�DEVHQFH�RI�51$��WKH�SUHVHQFH�RI�51$�IDYRXUV�DQ�UDSLG�
LQFUHDVH�LQ�WKH��ɴ�VKHHW�$3�FRPSRQHQW�LQ�WKH�HDUO\�VWDJHV�RI�DJJUHJDWLRQ��)LJ������%���7KH�
SHUFHQWDJH�RI��ɴ�VKHHW�$3�WKHQ�GUDVWLFDOO\�GHFUHDVHV�WRZDUGV���LQ�SHUIHFW�FRRUGLQDWLRQ�
ZLWK�WKH�VWDUW�RI�WKH�H[SRQHQWLDO�JURZWK�RI�WKH��ɴ�VKHHW�3�$3�LQ�ERWK�FRQGLWLRQV��)LJ������
7KH� DGGLWLRQ� RI� 51$� WKHUHIRUH� DSSHDUV� WR� IDYRXU� WKH� IRUPDWLRQ� RI� DQ� HDUO\�VWDJH�
LQWHUPHGLDWH� ZLWK� D� KLJKHU� SHUFHQWDJH� RI� DQWLSDUDOOHO� ɴ�VKHHWV�� ZKLFK� WKHQ� UDSLGO\�
FRQYHUWV� LQWR�D�PRUH�PDWXUH�DP\ORLG� VWUXFWXUH�ZLWK�D�PXFK� ORZHU�SHUFHQWDJH�RI� WKH�
DQWLSDUDOOHO�ɴ�VKHHW��$JDLQ��DV�LQ�WKH�FDVH�RI�D6�����LW�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�LQ�WHUPV�
RI�DPLGH�,�FRPSRQHQWV��WKH�VSHFWUD�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�51$�ORRN�DOPRVW�
LGHQWLFDO� DW� WKH� EHJLQQLQJ� DQG� WKH� HQG� RI� DJJUHJDWLRQ�� ZLWK� WKH� PDMRU� GLƦHUHQFHV�
RFFXUULQJ� LQ� WKH� LQWHUPHGLDWH� VWHSV� �)LJ�� ���� &��� 6LPLODUO\� WR� D6����� WKHUH� LV� DOVR� D�
GHFUHDVH� LQ� WKH� ɲ�KHOL[� FRPSRQHQW� GXULQJ� DJJUHJDWLRQ�� ZKLOH� WKH� SHUFHQWDJHV� RI�
GLVRUGHUHG�DQG�WXUQ�UHPDLQ�XQFKDQJHG� 

,Q� RUGHU� WR� IXUWKHU� XQGHUVWDQG� SRWHQWLDO� GLƦHUHQFHV� EHWZHHQ� WKH� VWUXFWXUDO�
FRQIRUPDWLRQV�RI�DJJUHJDWHV�JURZQ�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�51$��ZH�VKLIWHG�RXU�
IRFXV�IURP�WKH�LQWHQVLWLHV�RI�WKH��ɴ�VKHHW�3�$3�WR�LWV�FHQWUDO�IUHTXHQF\��ʘɴ���$V�PHQWLRQHG��
WKH� H[DFW� SRVLWLRQ� RI� WKH� �ɴ�VKHHW�3�$3� LQ� WKH� ,5� VSHFWUXP� GHSHQGV� RQ� LWV� PROHFXODU�
HQYLURQPHQW�RU�WKH�FRQIRUPDWLRQ�RI�WKH�SURWHLQ�EDFNERQH�����'LƦHUHQW�FRQIRUPDWLRQV�
QRW�RQO\�FDXVH�DQ�LQFUHDVH�LQ�WKH�FRPSRQHQW�LQWHQVLW\�EXW�FDQ�DOVR�OHDG�WR�D�VKLIW�RI�LWV�
FHQWUDO�IUHTXHQF\��,Q�WKH�FDVH�RI�ʘɴ��IDFWRUV�VXFK�DV�WKH�QXPEHU�RI�ɴ�VWUDQGV�LQ�D�VKHHW��
WKHLU� OHQJWK�� WKH�QXPEHU�RI� LQWHU�VWUDQG�+�ERQGV�HWF�����7KH� WLPH�UHVROYHG�VKLIW�RI�ʘɴ�

D6���� DQG� D6���� ZLWK� DQG� ZLWKRXW� 51$� UHYHDOV� D� GLVWLQFW� WUHQG� EHWZHHQ� WKH� WZR�
FRQGLWLRQV��)LJ��������7KH�ʘɴ�IRU�D6����LQFUHDVHV�DW�W� ����K�LQ�DJUHHPHQW�ZLWK�WKH�LQFUHDVH�
RI�WKH��ɴ�VKHHW�3�$3�FRPSRQHQW��GHFUHDVH�RI��ɴ�VKHHW�$3�DQG�WKXV�LQGLFDWLQJ�WKH�IRUPDWLRQ�
RI� D�SDUDOOHO� DP\ORLG� VWUXFWXUH�� 7KH�SUHVHQFH�RI�51$� VOLJKWO\� VKLIWV� WKH�ʘɴ� DW� W�  ��� K�
XSZDUGV��WKHQ�VKLIWV�WRZDUGV�ORZHU�IUHTXHQFLHV�DJDLQ�DW�W� ����K��RQO\�WR�HQG�XS�PRUH�RU�
OHVV�DW�D�VLPLODU�OHYHO�DW�����K��)LJ������%�'�� 
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)LJXUH������7KH�VSHFWUDO�DQDO\VLV�RI�WKH�FHQWUDO�IUHTXHQF\��ʘɴ��VKLIW�RI�WKH�PLFUR�)7,5�VSHFWUD��ɴ�VKHHW�3�$3�
FRPSRQHQW�� �$�� &HQWUDO� IUHTXHQF\�RI� WKH� �ɴ�VKHHW�3�$3�FRPSRQHQW��ZLWK� FRQVWDQW� HUURU�EDUV�s����� FPí���
UHVXOWLQJ�IURP�WKH�EHVW�ƧWWLQJ�FXUYHV�RI�WKH�PLFUR�)7,5�VSHFWUD�DFTXLUHG�IRU�WKH�D6����LQ�WKH�SUHVHQFH�DQG�
DEVHQFH�RI�51$��7KH� IUHTXHQF\�RI�ʘɴ� LQ� WKH�SUHVHQFH�RI�51$�VKLIWV� IURP�KLJKHU� IUHTXHQFLHV�DW� W� ���K�
WRZDUGV� D� VOLJKWO\� ORZHU� RQH� DW� WKH� HQG� FRPSDUHG� WR� WKH� SURWHLQ�RQO\� VDPSOH�� �%�� 7KH� VHFRQG� RUGHU�
GHULYDWLYH�RI�WKH�VSHFWUD�DW�W� ����K�FOHDUO\�VKRZV�WKH�VKLIW�WRZDUGV�D�ORZHU�IUHTXHQF\�LQ�WKH�SUHVHQFH�RI�
51$���&��7KH�DQDO\VLV�VKRZV�VHYHUDO�VKLIWV�RI�ʘɴ�WRZDUGV�ORZHU�IUHTXHQFLHV�GXULQJ�WKH�DJJUHJDWLRQ�SURFHVV�
ZLWK�51$��KRZHYHU�WKH�HQGSRLQW�LV�IRXQG�DW�D�VOLJKWO\�KLJKHU�IUHTXHQF\���'��7KH�VDPH�DQDO\VLV�VKRZQ�IRU�
WKH�VHFRQG�GHULYDWLYH�RI�WKH�VSHFWUXP�DW�W� ����K� 

7KH�VHFRQG�GHULYDWLYH�RI�WKH�VSHFWUXP�DW�W� ����K�FRQƧUPV�WKH�YLVLEOH�VKLIW�WRZDUGV�ORZHU�
IUHTXHQFLHV� �)LJ�� ���� %��� $� VLPLODU� VKLIW� WRZDUGV� ORZHU� IUHTXHQFLHV� RFFXUV� GXULQJ� WKH�
DJJUHJDWLRQ�RI�D6����ZLWK�51$��)LJ������&�'���7KLV�IXUWKHU�LQGLFDWHV�SRWHQWLDO�VWUXFWXUDO�
UHDUUDQJHPHQWV� GXULQJ� ƧEULO� JURZWK� DQG� PDWXUDWLRQ�� ,Q� JHQHUDO�� WKH� PRUH� ULJLG� DQ�
DP\ORLG�ƧEULO�LV��WKH�ORZHU�WKH�VKLIW�RI�WKH�ʘɴ�LQ�WKH�VSHFWUXP�����LQGLFDWLQJ�WKH�SUHVHQFH�
RI� 51$� FRXOG� SRWHQWLDOO\� OHDG� WR� D� PRUH� FRPSDFW� DQG� ULJLG� LQWHUPHGLDWH� VWUXFWXUH��
9DULDWLRQV� RI� ʘɴ� RYHU� WLPH� FRXOG� DOVR� LQVWHDG� SRLQW� WR� WKH� IRUPDWLRQ� RI� YDULRXV�
SRO\PRUSKV� GXULQJ� WKH� DJJUHJDWLRQ� SURFHVV�ZLWK� WKHLU� XQLTXH� VSHFWUDO� FRQWULEXWLRQV��
0DWXUH� ƧEULOV� FDQ� DOVR� EH� FRPSRVHG� RI� VHYHUDO� ƧODPHQWV� DQG� WKH� VKLIWV� FRXOG� EH�
DWWULEXWHG�WR�GLƦHUHQW�ƧODPHQW�DVVHPEO\�SDWKZD\V���� 
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������&KDUDFWHULVDWLRQ�RI�ƞEULO�PHFKDQLFDO�SURSHUWLHV�ZLWK�$)0�,5 

7R�VROYH�WKHVH�TXHVWLRQV��$)0�,5�ZDV�XVHG�WR�JLYH�WKH�,5�PHDVXUHPHQWV�WKH�DGGLWLRQDO�
GLPHQVLRQ� RI� YLVXDOLVLQJ� WKH� DJJUHJDWHV� DQG� DQDO\VLQJ� WKHLU� PHFKDQLFDO� DQG�
VSHFWURVFRSLF�SURSHUWLHV��5HSUHVHQWDWLYH�$)0�LPDJHV�RI�D6�VDPSOHV�DW�YDULRXV�WLPHV�
UHYHDO�WKH�ƧUVW�ƧEULOODU�JURZWK�RFFXUULQJ�DOUHDG\�DW����K�LQ�WKH�SUHVHQFH�RI�51$��)LJ������
$���7KLV�FRQƧUPV�WKH�REVHUYHG�IDVWHU�NLQHWLFV�FRPSDUHG�WR�SURWHLQ�RQO\�FRQGLWLRQV��DV�
WKH� ƧUVW� ƧEULOODU� DVVHPEOLHV� DUH� REVHUYHG� RQO\� DW� ��� K�� $)0� LPDJHV� DOVR� RƦHU� DQ�
H[SODQDWLRQ� DV� WR� WKH� REVHUYHG� QRQ�]HUR� FRQWULEXWLRQ� RI� �ɴ�VKHHW�3�$3� LQ� PLFUR�)7,5�
PHDVXUHPHQWV�DOUHDG\�DW�W� ���K��VLQFH�QRQ�ƧEULOODU�VWUXFWXUHV�DUH�SUHVHQW�DOUHDG\�DW�YHU\�
HDUO\� WLPH�� 7KLV� LV� FRQVLVWHQW� ZLWK� WKH� UHSRUWHG� REVHUYDWLRQ� RI� IDVW�IRUPLQJ� D6� 
QRQ�ƧEULOODU� ROLJRPHULF� VSHFLHV�� HVSHFLDOO\� LQ� D� EXƦHU� FRQWDLQLQJ� KLJKHU� VDOW�
FRQFHQWUDWLRQV�VXFK�DV�����P0�.&O�XVHG�LQ�WKH�H[SHULPHQW����� 

$QDO\VLQJ� WKH� GLPHQVLRQV� RI� WKH� ƧEULOV� VKRZV� D� ZLGH� GLVWULEXWLRQ� RI� WKH� GLDPHWHUV�
UDQJLQJ� IURP� ��� WR� ���� �� �)LJ�� ���� %��� 7KLV� LV� FRQVLVWHQW�ZLWK� UHSRUWHG� DQDO\VLV� IURP�
SUHYLRXV� $)0� VWXGLHV����� 7KH� ƧEULOV� JURZQ� LQ� WKH� SUHVHQFH� RI� 51$� H[KLELW� D� VPDOOHU�
GLDPHWHU�ZLWK�DQ�DYHUDJH�RI������DQG�D�PXFK�PRUH�XQLIRUP�GLVWULEXWLRQ��7KHVH�ƧEULOV�
DOVR� H[KLELW� D� KLJKHU� SHUVLVWHQFH� OHQJWK�� ZKLFK� LV� D� SDUDPHWHU� XVHG� WR� LQGLFDWH� WKH�
VWLƦQHVV�RU�WKH�ULJLGLW\�RI�WKH�ƧEULO�����)LJ������&���)LQDOO\��WKH\�DOVR�H[KLELW�D�PXFK�PRUH�
XQLIRUP�GLVWULEXWLRQ�RI�WKH�ʘɴ�IRU�WKH��ɴ�VKHHW�3�$3��WRJHWKHU�ZLWK�WKH�RYHUDOO��ʘɴ�WRZDUGV�
ORZHU�IUHTXHQFLHV��FRPSDUHG�WR�WKH�ELPRGDO�GLVWULEXWLRQ�RI�KLJK��DQG�ORZ�IUHTXHQF\��ʘɴ��
IRU� DJJUHJDWLRQ� ZLWKRXW� 51$� �)LJ�� ���� '��� $V� PHQWLRQHG� SUHYLRXVO\�� D� ORZHU� ʘɴ�

FRUUHVSRQGV� WR� D� KLJKHU� VWUDQG� FRQWHQW�� OHQJWK� DQG� LQWHU�VWUDQG� FKHPLFDO� ERQGV�� DOO�
KDOOPDUNV�RI�D�PXFK�PRUH�FRPSDFW�ƧEULO�DUFKLWHFWXUH��7RJHWKHU�ZLWK�WKH�ƧEULO�GLDPHWHU�
DQG�SHUVLVWHQFH�OHQJWK�PHDVXUHPHQWV��WKHVH�GDWD�VKRZ�LQ�DJUHHPHQW�WKDW�51$�FKDQJHV�
WKH� VWUXFWXUDO� FRQIRUPDWLRQ� DQG� FRQVHTXHQWO\� WKH� PHFKDQLFDO� SURSHUWLHV� RI� D6�
DJJUHJDWHV��DV�SUHYLRXVO\�LQGLFDWHG�IURP�PLFUR�)7,5�GDWD� 
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)LJXUH������$QDO\VLV�RI�D6�DJJUHJDWLRQ�LQ�SUHVHQFH�DQG�DEVHQFH�RI�51$�ZLWK�$)0�,5���$��$)0�PLFURJUDPV�
VKRZ�WKH�JUDGXDO�HYROXWLRQ�RI�ƧEULOODU�VWUXFWXUHV�DW�GLƦHUHQW�WLPHSRLQWV��7KHVH�VWDUW�DSSHDULQJ�DW�W�!����K�
LQ�WKH�DEVHQFH�RI�51$��KRZHYHU�VRPH�SURWRƧEULOV�DUH�DOUHDG\�YLVLEOH�DW�W� ����K�LQ�WKH�SUHVHQFH�RI�51$��
�%�� $QDO\VHV� RI� WKH� ƧEULO� WKLFNQHVV� DQG� WKH� SHUVLVWHQFH� OHQJWK� RI� WKH� ƧEULOV� VKRZ� IXUWKHU� GLƦHUHQFHV��
&RDJJUHJDWLRQ�ZLWK�51$�OHDGV�WR�ƧEULOV�DW�W� �����K�ZLWK�D�VPDOOHU�GLDPHWHU��GQR�51$� ������s������QP� 
�1�  � ���� FRPSDUHG� WR� G51$�  � ����� s� ����� QP� �1�  � ������ DQG� D� KLJKHU� SHUVLVWHQFH� OHQJWK� 
�/QR�51$�  � �����s� ���� QP� FRPSDUHG� WR� /51$�  � ����� s� ���� QP��� %RWK� SDUDPHWHUV� LQGLFDWH� D�PXFK�PRUH�
FRPSDFW�VWUXFWXUH�LQ�WKH�SUHVHQFH�RI�51$���&��([DPSOH�RI�DPLGH�,�EDQG�GHFRQYROXWLRQ�IURP�WKH�VSHFWUD�
REWDLQHG�ZLWK�$)0�,5��7KH�SRLQW�RI�GDWD�DFTXLVLWLRQ�LV�VKRZQ�LQ�WKH�LQVHUWHG�$)0�PLFURJUDP��LQGLFDWHG�
ZLWK�D�EOXH�GRW���'��'HFRQYROXWLRQ�RI�DPLGH�,�EDQG�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�51$�VKRZV�D�PRUH�
VLJQLƧFDQW�VKLIW�RI�ʘɴ�WRZDUGV�ORZHU�IUHTXHQFLHV�LQ�WKH�SUHVHQFH�RI�51$� 
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������51$�VSHHGV�XS�WKH�DJJUHJDWLRQ�DQG�FKDQJHV�WKH�ƞEULO�FRQIRUPDWLRQ�RI�D6 

&RPELQLQJ� WKH� GDWD� IURP� WKH� H[SHULPHQWV� ZLWK� ERWK� PLFUR�)7,5� DQG� $)0�,5� VKRZV�
FOHDUO\�WKDW�51$�GRHV�LQ�IDFW�VSHHG�XS�WKH�DJJUHJDWLRQ�RI�D6��7KLV�ODVW�SDUW�RI�WKH�FKDSWHU�
LV� LQWHQGHG� WR� EULHƨ\� VXPPDULVH� WKH� FRQWULEXWLRQV� RI� WKHVH� WHFKQLTXHV� RQ� LQGLYLGXDO�
H[SHULPHQWDO�FRQGLWLRQV��0LFUR�)7,5�PHDVXUHPHQWV�RI�D6�����FRPELQHG�ZLWK�$)0�GDWD��
VKRZ� WKDW� D� FHUWDLQ� SRSXODWLRQ� RI� QRQ�ƧEULOODU� ROLJRPHUV� LV� IRUPHG� LQ� WKH� YHU\� HDUO\�
VWDJHV� RI� WKH� H[SHULPHQW�� 7KHLU� IRUPDWLRQ� GRHV� QRW� VHHP� WR� EH� LQƨXHQFHG� E\� WKH�
SUHVHQFH�RI�51$�VLQFH�WKH�VSHFWUD�DW�W� ���VHHP�WR�RYHUODS�ZHOO��DV�GR�WKH�SHUFHQWDJHV�
RI�LQGLYLGXDO�FRPSRQHQWV��7KHVH�ROLJRPHULF�VWUXFWXUHV�DSSHDU�WR�EH�PRVWO\�FRPSRVHG�
RI�DQWLSDUDOOHO�ɴ�VKHHWV��ZKLFK� LV� LQ�JRRG�DJUHHPHQW�ZLWK�SUHYLRXVO\�UHSRUWHG�GDWD�����
&RLQFXEDWLRQ�RI�D6����ZLWK�51$�WKHQ�FDXVHV�D�IDVWHU�LQFUHDVH�LQ�WKH�SHUFHQWDJH�RI�WKH�
�ɴ�VKHHW�3�$3�FRPSRQHQW��ZKLFK�FRXSOHG�ZLWK�$)0�LPDJHV�SRLQWV�WR�D�IDVWHU�ƧEULOODWLRQ��
&KDUDFWHULVDWLRQ�RI�WKH�ƧEULOV�DW�WKH�HQGSRLQW�VKRZV�WKDW�WKHUH�LV�D�PL[HG�SRSXODWLRQ��
OLNHO\�FRPSRVHG�RI�WZR�PDMRU�VSHFLHV�LQ�WKH�DEVHQFH�RI�51$�DV�LQGLFDWHG�E\�WKH�VSHFWUDO�
PDUNHUV�LQ�)LJ������'��&RDJJUHJDWLRQ�ZLWK�51$�LQ�WXUQ�DSSHDUV�WR�IDYRXU�WKH�IRUPDWLRQ�
RI� WKH� PRUH� FRPSDFW�� WKLQQHU� SRSXODWLRQ� ZLWK� D� VPDOOHU� GLDPHWHU� DQG� LQFUHDVHG�
SHUVLVWHQFH� OHQJWK�� $V� SUHYLRXVO\� PHQWLRQHG�� XQIRUWXQDWHO\� ZH� GR� QRW� KDYH� WKH�
PHDVXUHPHQWV� IRU� D6���� DYDLODEOH� DW� WKH� PRPHQW� RI� ZULWLQJ�� +RZHYHU�� PLFUR�)7,5�
UHVXOWV� LQGLFDWH� WKDW� VLPLODUO\� WR� D6����� WKHUH� LV� D� SRSXODWLRQ� RI� ROLJRPHULF� VSHFLHV�
IRUPHG�YHU\�HDUO\�LQ�WKH�DJJUHJDWLRQ�SURFHVV�DV�LQGLFDWHG�E\�WKH�QRQ�]HUR�LQLWLDO�YDOXHV�
RI�ɴ�VKHHW� FRPSRQHQWV�� 6LPLODUO\� WR� D6����� WKHVH� VSHFLHV� DSSHDU� WR� KDYH� D� VWUXFWXUH�
FRPSRVHG�PRVWO\�RI�DQWLSDUDOOHO�ɴ�VKHHWV��+RZHYHU��WKH�DGGLWLRQ�RI�51$�LQFUHDVHV�WKH�
IRUPDWLRQ�RI� WKHVH�DQWLSDUDOOHO�ɴ�VKHHWV�VSHFLHV� WHPSRUDULO\�� XQWLO� WKH\�JHW� FRQYHUWHG�
LQWR� WKH�PRVWO\�SDUDOOHO�ɴ�VKHHW� ULFK�ƧEULOODU�VSHFLHV�DW�D�KLJKHU� UDWH�FRPSDUHG�WR� WKH�
SURWHLQ� ZLWKRXW� 51$�� 7KH� HQG� VWUXFWXUHV� DSSHDU� WR� EH� VSHFWUDOO\� VLPLODU�� KRZHYHU�
PDFURVFRSLFDOO\� LW� LV� GLƦLFXOW� WR� FRQFOXGH� DERXW� WKHLU� RYHUODS� ZLWKRXW� $)0� LPDJH�
DQDO\VLV��'XULQJ�WKH�DQDO\VLV�ZH�XQIRUWXQDWHO\�FRXOG�QRW�HVWDEOLVK�UHOLDEO\�ZKHWKHU�51$�
GLUHFWO\�LQWHUDFWV�ZLWK�WKH�SURWHLQ�RU�FRQWULEXWHV�WR�WKH�VSHFWUXP���,W�KDV�EHHQ�SUHYLRXVO\�
VKRZQ�WKDW�$)0�,5�FDQ�EH�VXFFHVVIXOO\�XVHG�LQ�GHWHUPLQLQJ�WKH�ELQGLQJ�EHWZHHQ�D�VPDOO�
PROHFXOH� OLJDQG�DQG�DQ�DP\ORLG�DVVHPEO\����� KRZHYHU� LQ�RXU� FDVH� WKH� ODFN�RI� YLVLEOH�
FKDQJHV�PLJKW�KDYH�EHHQ�GXH�WR�WKH�RYHUDOO�ODFN�RI�FOHDU��51$�VSHFLƧF�VSHFWUDO�PDUNHUV�
GXH�WR�WKHLU�RYHUODS�ZLWK�WKH�DPLGH�,�UHJLRQ�RI�SURWHLQV�����2YHUDOO��ZH�FDQ�VWLOO�FRQFOXGH�
WKDW�VSHFWURVFRSLF�DQDO\VLV�RI�D6�DJJUHJDWLRQ�FOHDUO\�LQGLFDWHV�WKDW�51$�LQƨXHQFHV�QRW�
RQO\�WKH�NLQHWLFV��EXW�DOVR�WKH�VWUXFWXUDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�WKH�DJJUHJDWHV�
IRUPHG�� ,Q� WKH� QH[W� FKDSWHUV�� WKH� DELOLW\� RI� D6� DJJUHJDWHV� WR� ELQG� 51$� ZLOO� EH�
GHPRQVWUDWHG�DQG�SXW�LQWR�D�ZLGHU�FRQWH[W��IXUWKHU�H[SDQGLQJ�RQ�WKH�DOUHDG\�SUHVHQWHG�
GDWD� LQ� WKH� SUHYLRXV� WZR� FKDSWHUV� DQG� KLJKOLJKWLQJ� LWV� UROH� DV� PRGXODWRU� RI� SURWHLQ�
DJJUHJDWLRQ� 
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����D6�VHTXHVWHUV�51$�XSRQ�DJJUHJDWLRQ 

+DYLQJ�REVHUYHG�WKH�HƦHFW�51$�KDV�ERWK�RQ�WKH�DJJUHJDWLRQ�NLQHWLFV�RI�D6�DV�ZHOO�DV�
WKH�DFWXDO�VWUXFWXUDO�PHFKDQLVP�DQG�DUFKLWHFWXUH��WKH�QH[W�TXHVWLRQ�WKDW�SRVHG�LWVHOI�ZDV�
DQ�REYLRXV�RQH��GRHV�51$�LQWHUDFW�GLUHFWO\�ZLWK�WKH�SURWHLQ"�:KDW�DUH�WKH�FKDUDFWHULVWLFV�
RI� WKLV� LQWHUDFWLRQ"� 5HFHQW� ZRUNV� KDV� VKRZQ� WKDW� D6� LV� GLUHFWO\� SUHVHQW� LQ� FHOOXODU�
PHFKDQLVPV�WKH�LQYROYH�QXFOHLF�DFLGV��������DQG�VHYHUDO�'1$�DSWDPHUV��������DV�ZHOO�DV�
GRXEOH�VWUDQGHG�'1$����DUH�NQRZQ�WR�ELQG�D6� 

������D6����DJJUHJDWHV�VHTXHVWHU�ODUJHU�TXDQWLWLHV�RI�51$�WKDQ�D6��� 

$V�DQ�HVWLPDWH�RI�WKH�51$�GHJUDGDWLRQ�GXULQJ�WKH�DJJUHJDWLRQ�DVVD\V��LWV�FRQFHQWUDWLRQ�
ZDV�DOZD\V�PHDVXUHG�EHIRUH�DQG�DIWHU�WKH�H[SHULPHQW��7KHVH�H[SHULPHQWV�ZHUH�DOZD\V�
SHUIRUPHG� ZLWK� FRQWURO� ZHOOV� FRQWDLQLQJ� RQO\� 51$� DQG� DIWHU� TXDQWLƧFDWLRQ�� DQ�
LQWHUHVWLQJ� REVHUYDWLRQ�ZDV�PDGH� WKDW� WKH� SURWHLQ�ZHOOV� FRQVLVWHQWO\� KDG�PXFK� OHVV�
VROXEOH�51$�SUHVHQW�WKDQ�WKH�FRQWURO�ZHOOV��,Q�RUGHU�WR�GHWHUPLQH�ZKHWKHU�WKLV�ZDV�GXH�
WR�GHJUDGDWLRQ�RU�VRPH�RWKHU�SURFHVV��ZH�FROOHFWHG�WKH�VDPSOHV�LQ�WKH�ZHOOV�DIWHU�WKH�
DJJUHJDWLRQ�� FHQWULIXJHG� WKHP� DQG� TXDQWLƧHG� WKH� 51$� IRXQG� LQ� ERWK� VROXEOH� DQG�
LQVROXEOH� IUDFWLRQV� �VHH� 0DWHULDOV� DQG� 0HWKRGV��� 7KH� FRQFHQWUDWLRQ� ZDV� PHDVXUHG�
LQGLYLGXDOO\�IRU�HDFK�ZHOO�DQG�QRUPDOLVHG�DFFRUGLQJ�WR�WKH�LQLWLDO�51$�FRQFHQWUDWLRQ�LQ�
WKH�VDPH�ZHOO��LQ�RUGHU�WR�DFFRXQW�IRU�LQGLYLGXDO�UDWHV�RI�51$�GHJUDGDWLRQ��$OVR��WR�DYRLG�
DQ\� LQWHUIHUHQFH� E\� UHPDLQLQJ� QRQ�DJJUHJDWHG� SURWHLQ� DQG� VPDOOHU� DJJUHJDWHV�� ZH�
PHDVXUHG�WKH�51$�FRQFHQWUDWLRQ�RI�XVLQJ�DQ�51$�VSHFLƧF�ƨXRUHVFHQW�G\H��,PSRUWDQWO\��
WR�E\SDVV�DQ\�SRWHQWLDO�GLƦHUHQFHV�EHWZHHQ�WKH�YROXPHV�RI�WKH�VROXEOH�DQG�LQVROXEOH�
IUDFWLRQV�� FRQFHQWUDWLRQV� ZHUH� UHFDOFXODWHG� DV� 51$� PDVV� DQG� SUHVHQWHG� DV� WKH�
SHUFHQWDJH�RI�WRWDO�51$�PDVV�DIWHU�DJJUHJDWLRQ�LQ�GLƦHUHQW�IUDFWLRQV�� 

)LJXUH������4XDQWLƧFDWLRQ�RI�51$�IRXQG�LQ�VROXEOH�DQG�LQVROXEOH�IUDFWLRQV�DIWHU�WKH�DJJUHJDWLRQ�DVVD\V��
7KH�GDWD�UHSUHVHQW�DYHUDJH�YDOXHV�IURP���GLƦHUHQW�H[SHULPHQWV�ZLWK���UHSOLFDWHV�HDFK���$��$W�ORZHU�LQLWLDO�
51$� FRQFHQWUDWLRQV�� WKH� YDVW�PDMRULW\� RI� 51$� LV� IRXQG� LQ� WKH� LQVROXEOH� IUDFWLRQ�ZLWK� D6����� WKHQ� WKH�
SHUFHQWDJH�JUDGXDOO\�GHFUHDVHV�DV�PRUH�51$�LV�OHIW�LQ�VROXWLRQ�DIWHUZDUGV�� �%��7KH�WUHQG�LV�VLPLODU�ZLWK�
D6�����KRZHYHU�WKH�SHUFHQWDJH�RI�51$�IRXQG�LQ�WKH�LQVROXEOH�IUDFWLRQ�LV�VPDOOHU���&��7KH�DYHUDJH�DPRXQW�
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RI�51$�H[WUDFWHG�IURP�D6����DQG�D6����DJJUHJDWHV�DW�GLƦHUHQW�LQLWLDO�VWDUWLQJ�FRQFHQWUDWLRQV�VKRZ�DJDLQ�
WKDW�D6����DJJUHJDWHV�KDYH�D�KLJKHU�SURSHQVLW\�RI�VHTXHVWHULQJ�VROXEOH�51$�XSRQ�DJJUHJDWLRQ��7ZR�ZD\�
SDLUHG�6WXGHQW�W�WHVW��1� �����S������������S������� 

7KHVH�SHUFHQWDJHV�ZHUH� LQGLYLGXDOO\�DGMXVWHG�WR������WR�DJDLQ� WDNH� LQWR�DFFRXQW� WKH�
GLƦHUHQW�UDWHV�RI�51$�GHJUDGDWLRQ�GXULQJ�H[SHULPHQW�)LJ������$�%���7KHVH�UHVXOWV�FOHDUO\�
LQGLFDWH� WKDW�51$� LV� IRXQG�VHTXHVWHUHG� LQ� WKH�SURWHLQ�DJJUHJDWHV�RI�ERWK�D6����DQG�
D6�����)XUWKHUPRUH��WKHUH�LV�D�FOHDU�GLƦHUHQFH�EHWZHHQ�WKH�DPRXQW�RI�51$�VHTXHVWHUHG�
E\�LQGLYLGXDO�SURWHLQ�FRQVWUXFWV��ZLWK�VLJQLƧFDQWO\�KLJKHU�DPRXQWV�RI�51$�IRXQG�LQ�D6����
DJJUHJDWHV�LQ�DOO�FRQGLWLRQV��)LJ������&���$V�WKH�VWDUWLQJ�FRQFHQWUDWLRQ�RI�WKH�SURWHLQ�LV�
DOZD\V����ʅ0�� LW� LV� VDIH� WR� DVVXPH� WKH�GLƦHUHQFH� LV� GXH� WR� WKH� KLJKHU� VHTXHVWUDWLRQ�
FDSDFLW\�RI�D6����DJJUHJDWHV��+LJKHU�LQLWLDO�FRQFHQWUDWLRQ�RI�51$�LQFUHDVHV�WKH�DPRXQW�
VHTXHVWHUHG� XQWLO� LW� DSSHDUV� WR� UHDFK� VDWXUDWLRQ� DW� ���� QJ�ʅ>� IRU� D6���� �S� !� ���� IRU�
FRPSDULVRQ�EHWZHHQ�����DQG�����QJ�ʅ>��WZR�ZD\�SDLUHG�6WXGHQW�W�WHVW���LQGLFDWLQJ�DOO�
WKH�ELQGLQJ�VSRWV�RQ�WKH�DJJUHJDWHV�DSSHDU�VDWXUDWHG� 

,Q�RUGHU� WR�FRQƧUP�WKDW�DJJUHJDWLRQ� LV� LQGHHG�WKH�XQGHUO\LQJ�PHFKDQLVP�RI�WKH�51$�
VHTXHVWUDWLRQ��ZH�UHSHDWHG�WKH�H[SHULPHQWV�LQ�WKH�VDPH�FRQGLWLRQV�ZLWK�ERYLQH�VHUXP�
DOEXPLQ��D�QRQ�DJJUHJDWLQJ��QRQ�51$�ELQGLQJ�SURWHLQ��7KH�TXDQWLƧFDWLRQ�RI�51$�DW�WKH�
HQG�RI�WKH�DVVD\�VKRZHG�FRPSDUDEOH�YDOXHV�WR�WKH�FRQWURO�YDOXHV�RI�WRWDO�51$�ZLWKRXW�
DQ\�SURWHLQ�DGGHG��)LJ�������$���$OVR��QR�YLVLEOH�DJJUHJDWHV�ZHUH�REVHUYHG�FRPSDUHG�WR�
ZHOOV�FRQWDLQLQJ�D6��)LJ�������%��� 

������51$�LV�VHTXHVWHUHG�WR�D�ODUJHU�H[WHQW�WKDQ�'1$�LQ�D6�DJJUHJDWHV 

:H�UHSHDWHG�WKH�DJJUHJDWLRQ�RI�D6����DQG�D6����DOVR�LQ�WKH�SUHVHQFH�RI�D�WRWDO�FHOO�'1$�
H[WUDFW�� VLQFH� D6� DJJUHJDWHV� KDYH� EHHQ� SUHYLRXVO\� VKRZQ� WR� ELQG� ERWK� SODVPLG� DQG�
OLQHDULVHG�'1$�����D6����KDV�D�KLJKHU�SURSHQVLW\�WR�VHTXHVWHU�'1$�DV�ZHOO��KRZHYHU�WR�
D�OHVVHU�H[WHQW�FRPSDUHG�WR�51$��)LJ�������'���D6����VWLOO�VKRZV�WKH�DELOLW\�WR�VHTXHVWHU�
'1$� DW� ORZHU� LQLWLDO� '1$� FRQFHQWUDWLRQV�� KRZHYHU� KLJKHU� FRQFHQWUDWLRQV� DSSDUHQWO\�
OLPLW�WKH�ELQGLQJ�DELOLW\��D6����EDUHO\�VHTXHVWHUV�DQ\�'1$�LQ�WKH�DJJUHJDWHV��ZLWK�OHVV�
WKDQ� ����RI� WKH� LQLWLDO�'1$� H[WUDFWHG� IURP� WKH� LQVROXEOH� SDUW�� &RPSDULQJ� WKH� DFWXDO�
TXDQWLWLHV�RI�QXFOHLF�DFLGV�H[WUDFWHG�IURP�WKH�DJJUHJDWHV�VKRZ�WKDW�D�KLJKHU�DPRXQW�RI�
51$�ZDV�H[WUDFWHG�IURP�D6����DJJUHJDWHV�FRPSDUHG�WR�'1$��)LJ�������$���7KH�TXDQWLWLHV�
DUH�VLJQLƧFDQWO\�KLJKHU�LQ�DOO�FRQGLWLRQV��S���������WZR�ZD\�SDLUHG�6WXGHQW�W�WHVW��DSDUW�
IURP�����QJ�ʅ>��S�!������WZR�ZD\�SDLUHG�6WXGHQW�W�WHVW���2Q�WKH�RWKHU�KDQG��WKH�LV�OLWWOH�
GLƦHUHQFH�EHWZHHQ�51$�DQG�'1$�IRU�D6����XQWLO�����QJ�ʅ>��ZKHUH�WKH�DPRXQW�RI�'1$�
FRQWLQXHV�WR�ULVH�ZKLOH�DQ�DSSDUHQW�VDWXUDWLRQ�LV�UHDFKHG�IRU��)LJ�������%��� 
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)LJXUH�������$GGLWLRQDO�FRQWURO�H[SHULPHQWV�GHPRQVWUDWLQJ�WKDW�D6�DJJUHJDWLRQ�LV�LQGHHG�WKH�PHFKDQLVP�
RI� QXFOHLF� DFLG� VHTXHVWUDWLRQ�� �$�� 4XDQWLƧFDWLRQ� RI� VROXEOH� 51$� DIWHU� LQFXEDWLRQ� ZLWK� %6$� VKRZV�
FRPSDUDEOH�OHYHOV�WR�51$�DORQH�� �%��)OXRUHVFHQW�PLFURVFRSH�LPDJHV�RI�WKH�ZHOOV�DW���[�PDJQLƧFDWLRQ��
7KHUH�ZDV�QR�DJJUHJDWLRQ�REVHUYHG�LQ�FRQGLWLRQV�ZLWK�%6$�DQG�51$�DORQH�FRPSDUHG�WR�D6����DQG�D6����
DQG�QR�SHOOHW�ZDV�REVHUYHG�DIWHU�FHQWULIXJDWLRQ��GDWD�QRW�VKRZQ����&�'��4XDQWLƧFDWLRQ�RI�WRWDO�FHOO�'1$�
IRXQG�LQ�ERWK�WKH�VROXEOH�DQG�LQVROXEOH�IUDFWLRQV�RI�D6����DQG�D6�����7KH�WUHQGV�DUH�VLPLODU�WR�WKH�WUHQGV�
LQ�WKH�SUHVHQFH�RI�51$��KRZHYHU�WKH�SHUFHQWDJHV�RI�'1$�IRXQG�LQ�WKH�LQVROXEOH�IUDFWLRQ�LV�PXFK�ORZHU�
FRPSDUHG�WR�51$��HVSHFLDOO\�IRU�D6���� 
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)LJXUH� ������ &RPSDULQJ� WKH� DPRXQWV� RI� 51$� DQG�'1$� LVRODWHG� IURP� WKH� DJJUHJDWHV� RI� D6�� �$�� D6����
DJJUHJDWHV� VHTXHVWHU� ODUJHU� DPRXQWV� RI�51$� FRPSDUHG� WR�'1$� XQWLO� ����QJ�ʅ>�ZKHQ� WKH� GLƦHUHQFH�
EHFRPHV�QRQ�VLJQLƧFDQW��S�!������1� ���IRU�51$�DQG�1� ���IRU�'1$��WZR�ZD\�SDLUHG�6WXGHQW�W�WHVW����%��
D6���� DJJUHJDWHV� VHTXHVWHU� QXFOHLF� DFLGV� WR� D� PXFK� ODUJHU� H[WHQW� FRPSDUHG� WR� D6����� 7KHUH� LV� QR�
VLJQLƧFDQW�GLƦHUHQFH�EHWZHHQ�WKH�DPRXQW�RI�51$�DQG�'1$�TXDQWLƧHG��S�!�������1� ���IRU�51$�DQG�1� ���
IRU�'1$��WZR�ZD\�SDLUHG�6WXGHQW�W�WHVW��XQWLO�����QJ�ʅ>��ZKHQ�WKH�DPRXQW�RI�'1$�VLJQLƧFDQWO\�LQFUHDVHV�
FRPSDUHG�WR�51$��S��������� WZR�ZD\�SDLUHG�6WXGHQW�W�WHVW��� �&��)LWWLQJ�WKH�D6����GDWD�ZLWK�WKH�EDVLF� ����
LQWHUDFWLRQ�PRGHO�DW�SUHVXPHG�>51$�'1$@�!!�>DJJUHJDWH@�UHYHDOV�WKH�DSSUR[LPDWH�ELQGLQJ�FRQVWDQW�DW�
���s����QJ�ʅ>�IRU�WRWDO�\HDVW�51$��ZKLOH�WKH�GDWD�IRU�'1$�TXDQWLƧFDWLRQ�FRXOG�QRW�EH�ƧWWHG���'��7KH�VDPH�
FRPSDULVRQ�IRU�D6����JLYHV�WKH�DSSUR[LPDWH�.'�IRU�51$�DW���s����QJ�ʅ>�DQG�IRU�'1$�DW�����s����QJ�ʅ>� 
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,Q�DQ�DWWHPSW�WR�TXDQWLI\�DQG�FRPSDUH�WKH�ELQGLQJ�DƦLQLWLHV�RI�WKH�ƧEULOV�IRU�51$�DQG�
'1$��WKH�H[WUDFWHG�TXDQWLWLHV�ZHUH�SORWWHG�DJDLQVW�LQLWLDO�FRQFHQWUDWLRQ�DQG�ƧWWHG�WR�WKH�
VLPSOLVWLF�PRGHO�RI�UHYHUVLEOH�����ELQGLQJ�WR�RQH�ELQGLQJ�VSRW��)LJ�������&�'�� 

�ܨ  �ܣܰ� ՜  ܣܰܨ�
ZLWK�)�VWDQGLQJ�IRU�ƧEULOV�DJJUHJDWHV�DQG�1$�IRU�QXFOHLF�DFLG��WKH�FRQVWDQW�RI�ELQGLQJ�LV� 

ǡܭ ൌ �
ሾܨሿሾܰܣሿ
ሾܣܰܨሿ  

7KH�GDWD�FDQ�WKHUHIRUH�EH�ƧWWHG�WR�WKH�EDVLF�HTXDWLRQ�RI� 

ሾܣܰܨሿ �ൌ �
ሾܣܰܨሿ௫ ڄ ሾܣܰܨሿ
ǡܭ �� ሾܣܰܨሿ�

 

:KHUH�>)1$@PD[�UHIHUV�WR�WKH�FRQFHQWUDWLRQ�RI�WKH�FRPSOH[�DW�VDWXUDWLRQ�RI�ELQGLQJ��7KH�
FRQVWDQW�RI�ELQGLQJ�LV�MXVW�DQ�HVWLPDWH�LQ�WKLV�FDVH��EHWWHU�WHUPHG�DV�.DSSDUHQW�RU�.'�DSS��
VLQFH�WKH�PHFKDQLVP�RI�ELQGLQJ�DV�ZHOO�DV�WKH�QXPEHU�RI�ELQGLQJ�VLWHV�LV�XQNQRZQ��(YHQ�
PRUH�LPSRUWDQWO\��WKH�QXFOHLF�DFLGV�LQ�WKLV�FDVH�DUH�WRWDO�FHOO�H[WUDFWV�ZLWK�PROHFXOHV�RI�
GLƦHUHQW�PROHFXODU�PDVVHV��WKHUHIRUH�WKH�H[DFW�QXPEHU�RI�PROHFXOHV�ERXQG�LV�XQNQRZQ�
DQG�WKH�FRQVWDQW�FDQQRW�EH�GHWHUPLQHG�FRUUHFWO\��7KLV�HQDEOHG�XV�WR�GHWHUPLQH�WKH�.'�DSS�
IRU�WKH�ELQGLQJ�RI�51$�IRU�ERWK�D6��������s����QJ�ʅ>��DQG�D6�������s����QJ�ʅ>��DV�ZHOO�
DV�WKH�.'�DSS�EHWZHHQ�'1$�DQG�D6����DJJUHJDWHV������s����QJ�ʅ>���$V�VLPSOLVWLF�DV�WKH�
PRGHO�LV��WKHVH�YDOXHV�FDQ�VWLOO�VHUYH�DV�D�URXJK�HVWLPDWH�RI�WKH�ELQGLQJ�DƦLQLWLHV�DQG�
VKRZ�WKH�KLJKHU�SUHIHUHQFH�RI�ERWK�D6����DQG�D6����DJJUHJDWHG�IRUPV�WRZDUGV�51$�
FRPSDUHG�WR�'1$�� 

������0RQRPHULF�D6�GRHV�QRW�ELQG�51$ 

7R� IXUWKHU� FRQWH[WXDOLVH� WKH� DƦLQLW\� RI� WKH� DJJUHJDWHG� VSHFLHV� WRZDUGV� 51$�� ZH�
DWWHPSWHG�WR�GHWHUPLQH�DQG�TXDQWLI\�WKH�ELQGLQJ�EHWZHHQ�WKH�PRQRPHU�DQG�WKH�51$�
DV�ZHOO��0RQRPHULF� D6� KDV� EHHQ� VKRZQ� WR� LQWHUDFW� DQG� ELQG�'1$��������� KRZHYHU� QR�
GHƧQLWH�PHFKDQLVP�RI�ELQGLQJ�DV�ZHOO�DV�DƦLQLW\�FRQVWDQWV�KDYH�EHHQ�GHWHUPLQHG�DV�RI�
\HW��7KH�LQLWLDO�ELQGLQJ�VFUHHQLQJ�ZDV�SHUIRUPHG�ZLWK�DQ�51$�HOHFWURPRELOLW\�VKLIW�DVVD\�
�U(06$���,QFXEDWLQJ�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�D6�LQ�WKH�SUHVHQFH�RI�51$�GLG�QRW�JLYH�
DQ\�VLJQLƧFDQW�VKLIWV�RI�WKH�SURWHLQ��GDWD�QRW�VKRZQ���)XUWKHUPRUH��GXH�WR�WKH�QHFHVVLW\�
RI�SHUIRUPLQJ�LW�LQ�QDWLYH�FRQGLWLRQV��WKH�LQWULQVLFDOO\�GLVRUGHUHG�VWUXFWXUH�RI�WKH�SURWHLQ�
FDXVHG�LW�WR�PLJUDWH�LQ�WKH�JHO�LQ�WKH�IRUP�RI�D�ORQJ�VPHDU��UHQGHULQJ�DQ\�DQDO\VLV�RI�WKH�
JHO�VKLIW�LPSRVVLEOH��7KHUHIRUH��ZH�KDYH�WULHG�WR�TXDQWLI\�WKH�LQWHUDFWLRQ�ZLWK�WZR�IXUWKHU�
WHFKQLTXHV�� FRPPRQO\� XVHG� WR� TXDQWLI\� 51$�SURWHLQ� LQWHUDFWLRQV�� � PLFURVFDOH�
WKHUPRSKRUHVLV� �067��DQG�ELROD\HU� LQWHUIHURPHWU\� �%/,�� �VHH�0DWHULDOV�DQG�0HWKRGV���
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%RWK�WHFKQLTXHV�KDYH�WKHLU�RZQ�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��ZLWK�WKH�FKLHI�GLƦHUHQFH�
EHLQJ�WKH�QHFHVVLW\�WR�LPPRELOLVH�WKH�SURWHLQ�LQ�WKH�FDVH�RI�%/,�����:H�SHUIRUPHG�WKH�
067�H[SHULPHQWV�ZLWK�D�VSHFLƧF�51$�DW�D�����PRODU�H[FHVV��\HW�REVHUYHG�RQO\�D�VOLJKW�
VKLIW�LQ�WKH�ƨXRUHVFHQFH�FXUYH�WKDW�ZDV�ZHOO�ZLWKLQ�WKH�VLJQDO�WR�QRLVH�UDWLR��LQGLFDWLQJ�
QR�VLJQLƧFDQW�ELQGLQJ��)LJ�������$�%���$�VLPLODU�WKLQJ�RFFXUUHG�ZLWK�%/,��ZLWK�ERWK�SURWHLQ�
FRQVWUXFWV�IDLOLQJ�WR�LQGXFH�DQ\�VLJQLƧFDQW�VKLIW�LQ�WKH�ELRVHQVRU�UHVSRQVH��)LJ�������&��� 

 
)LJXUH�������$WWHPSWV�WR�TXDQWLI\�WKH�ELQGLQJ�RI�PRQRPHULF�D6�WR�51$���$�%��067�WKHUPRJUDPV�VKRZ�QR�
GLƦHUHQFH�EHWZHHQ�WKH�SURWHLQ�RQO\��EOXH��DQG�SURWHLQ�51$��JUHHQ���LQGLFDWLQJ�QR�VLJQLƧFDQW�LQWHUDFWLRQ�
RFFXUV�LQ�WKH�VHOHFWHG�FRQGLWLRQV���&��5HVSRQVH�WUDFHV�IRU�%/,�PHDVXUHPHQWV�RI�D6�����EOXH��DQG�D6����
�RUDQJH��LQ�WKH�SUHVHQFH�RI�51$��7KH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�ZLWK�����QJ�ʅ>�WRWDO�\HDVW�51$�DQG�
WKH�SURWHLQV�ZHUH�LPPRELOLVHG�RQ�WKH�VWUHSWDYLGLQ�ELRVHQVRU�DV�GHVFULEHG�LQ�0DWHULDOV�DQG�PHWKRGV��7KH�
SURWHLQ�ORDGV�RQWR�WKH�VHQVRU�ZHOO�HQRXJK�GXULQJ�WKH�ORDGLQJ�SKDVH��\HW�QR�VKLIWV�DUH�REVHUYHG�GXULQJ�
DVVRFLDWLRQ�DQG�GLVVRFLDWLRQ�SKDVHV��LQGLFDWLQJ�QR�GHWHFWHG�ELQGLQJ� 

7KH� IDLOXUH� WR� REWDLQ� D� SRVLWLYH� UHVXOW� IXUWKHU� LQGLFDWHV� WKDW� DQ\� LQWHUDFWLRQ� EHWZHHQ�
PRQRPHULF�D6�DQG�51$�DUH�OLNHO\�WUDQVLHQW�DQG�RFFXUULQJ�LQ�WKH�FRQWH[W�RI�D�GLVRUGHUHG�
FRQIRUPDWLRQDO� HQVHPEOH�� RU� ƌIX]]\ƍ� DFFRUGLQJ� WR� D� WHUP� WKDW� KDV� EHHQ� JDLQLQJ� LQ�
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SRSXODULW\� UHFHQWO\����� $� FRPPRQ�H[DPSOH�RI� WKLV� NLQG�RI� LQWHUDFWLRQ�PRGH�EHWZHHQ�
51$�DQG�SURWHLQV�LV�6(5)������ZKLFK�FRLQFLGHQWDOO\�LV�DOVR�DQ�LQWHUDFWLQJ�SDUWQHU�RI�D6��
7KHVH�KLJKO\� WUDQVLHQW� LQWHUDFWLRQV�ZLWK� ORZ�RU�QR�ELQGLQJ�VSHFLƧFLWLHV�DUH�GLƦLFXOW� WR�
TXDQWLI\� ZLWK� FODVVLF� WHFKQLTXHV� DQG� PRVW� RIWHQ� UHO\� RQ� 105� DQDO\VLV� RI� VWUXFWXUDO�
SHUWXUEDWLRQV� XSRQ� ELQGLQJ�� VRPHWKLQJ� WKDW� XQIRUWXQDWHO\� ZDV� QRW� UHDOLVWLF� IRU� WKH�
WLPHOLQH� RI� RXU� VWXG\�� 1RQHWKHOHVV�� WKLV� JLYHV� IXUWKHU� HPSKDVLV� RQ� WKH� IDFW� WKDW� WKH�
SURSHQVLW\� RI� D6� WR� ELQG� DQG� VHTXHVWHU� QXFOHLF� DFLGV� VLJQLƧFDQWO\� LQFUHDVHV� XSRQ�
DJJUHJDWLRQ��$V�WKH�QH[W�FKDSWHU�LOOXVWUDWHV��WKLV�LV�SDUW�RI�D�EURDGHU�WUHQG�RI�DPRQJVW�
DJJUHJDWLRQ�SURQH� SURWHLQV�� ZKHUH� WKH� VWUXFWXUDO� FKDQJHV� XSRQ�PLVIROGLQJ� SURPRWH�
51$�ELQGLQJ� DQG� FDQ� OHDG� WR� SURWHLQV� DFTXLULQJ� QRYHO� LQWHUDFWLRQ� SURSHQVLWLHV� XSRQ�
DJJUHJDWLRQ� 
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���� $JJUHJDWLRQ� LQFUHDVHV� WKH� 51$�ELQGLQJ� SURSHQVLW\� RI�
DP\ORLGRJHQLF�SURWHLQV 
1RWH��7KLV�FKDSWHU�LV�LQWHQGHG�DV�D�VXPPDU\�RI�WKH�FRQWHQWV�RI�WKH�UHFHQWO\�SXEOLVKHG�DUWLFOH�WLWOHG�ƌ51$�
VHTXHVWUDWLRQ� GULYHQ� E\� DP\ORLG� IRUPDWLRQ�� WKH� DOSKD� V\QXFOHLQ� FDVHƍ� LQ� WKH� MRXUQDO� 1XFOHLF� $FLGV�
5HVHDUFK�����7KH�FKDSWHU�UHFDSV�WKH�FRPSXWDWLRQDO�DVSHFWV�RI�WKH�ZRUN�ZKLFK�DLP�WR�JLYH�FRQWH[W�WR�WKH�
H[SHULPHQWDO�UHVXOWV�GLVFXVVHG�LQ�WKH�ƧUVW�WKUHH�FKDSWHUV�RI�WKH�WKHVLV��7KH�LQWURGXFWLRQ�DQG�H[SHULPHQWDO�
UHVXOWV�KDYH�EHHQ�RPLWWHG�IURP�WKH�WH[W�VLQFH�WKHVH�KDYH�DOUHDG\�EHHQ�SUHVHQWHG�DQG�H[SDQGHG�XSRQ�LQ�
WKH�SUHYLRXV�FKDSWHUV�� 

������6KRUW�LQWURGXFWLRQ 

7KLV�DUWLFOH�EXLOGV�RQ�WKH�SUHYLRXV�ZRUN�DQG�H[SHULHQFH�ZLWKLQ�RXU�JURXS�ZKHQ�SUHGLFWLQJ�
WKH�VWUXFWXUDO�DQG�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�DP\ORLGV��HVSHFLDOO\�RQ�FRPSXWDWLRQDO�
DSSURDFKHV�WKH�HQDEOH�WKH�VXFFHVVIXO�SUHGLFWLRQ�RI�SURWHLQ�DJJUHJDWLRQ�SURSHQVLWLHV�DQG�
LGHQWLƧFDWLRQ�RI� WKHLU�DP\ORLG�FRUH�UHJLRQV���Ƈ�����7R�EULHƨ\�RXWOLQH� WKH�ZRUNƨRZ��WKH�
=\JJUHJDWRU����PHWKRG�ZDV�DSSOLHG�WR�D��UHFHQWO\�SXEOLVKHG�FXUDWHG�OLVW�RI�DJJUHJDWLRQ�
SURQH�SURWHLQV�����6LQFH�=\JJUHJDWRU�FDQ�HƦHFWLYHO\�LGHQWLI\�WKH�DP\ORLG�FRUH��ZH�XVHG�
WKH�DQDO\VLV�WR�HƦHFWLYHO\�GLVFULPLQDWH�EHWZHHQ�WKH�UHVLGXHV�WKDW�IRUP�WKH�FRUH�UHJLRQ�
DQG�WKH�RQHV�WKDW�DUH�OHIW�RXWVLGH��:H�WKHQ�DQDO\VHG�WKH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�
WKHVH�ƌLQQHUƍ�DQG�ƌRXWHUƍ�UHJLRQV�EDVHG�RQ�SDUDPHWHUV�NQRZQ�WR�LQƨXHQFH�51$�ELQGLQJ��
VXFK�DV�K\GURSKRELFLW\��GLVRUGHU��FKDUJH��DV�ZHOO�DV�XVH�FDW5$3,'��WR�DVVHVV�SRWHQWLDO�
GLƦHUHQFHV� LQ� WKH� 51$�ELQGLQJ� SURSHQVLW\�� 7KLV� PHWKRG� ZDV� DSSOLHG� ƧUVW� WR� 
PLFURWXEXOH�DVVRFLDWHG� SURWHLQ� WDX�� D� NQRZQ� IDFWRU� LQYROYHG� LQ� YDULRXV�
QHXURGHJHQHUDWLYH�GLVRUGHUV�����$IWHU�YDOLGDWLRQ��WKH�PHWKRG�ZDV�XVHG�WR�DQDO\VH� WKH�
DIRUHPHQWLRQHG�GDWDVHW�RI�SURWHLQV� WR� LGHQWLI\�SRWHQWLDO�EURDGHU� WUHQGV��)LQDOO\��ERWK�
D6���� DQG� D6���� ZHUH� DVVHVVHG� LQ� WKH� VDPH� ZD\� LQ� RUGHU� WR� JLYH� FRQWH[W� WR� WKH�
H[SHULPHQWDOO\� REWDLQHG� UHVXOWV�� )RU� D�PRUH� LQ�GHWDLO� RYHUYLHZ� RI� WKH� FRPSXWDWLRQDO�
PHWKRGRORJ\��WKH�UHDGHU�LV�LQYLWHG�WR�UHIHU�WR�WKH�0DWHULDOV�DQG�0HWKRGV�VHFWLRQ�RI�WKH�
SXEOLFDWLRQ� 

������&DOFXODWLRQV�UHFDSLWXODWH�H[SHULPHQWDO�UHVXOWV�RQ�WKH�DELOLW\�RI�WDX�ƞEULOV�WR�
DWWUDFW�51$ 

$V�DOUHDG\�PHQWLRQHG�DERYH��ZH�VWDUWHG�E\�DVVHVVLQJ�WKH�UREXVWQHVV�RI�RXU�FDOFXODWLRQV�
RI�DJJUHJDWLRQ�SURSHQVLWLHV�RQ�WKH�NQRZQ�FDVH�RI�WDX��$�FU\R�(0�VWUXFWXUH�RI�WDX�ƧEULOV�
�3'%��63����JURZQ�LQ�WKH�SUHVHQFH�RI�WRWDO�51$��VKRZV�DQ�HOHFWURQ�GHQVLW\�LQ�D�SRFNHW�
RQ�WKH�H[WHUQDO�UHJLRQ�RI�WKH�DJJUHJDWH�ZKHUH�DQ�51$�PROHFXOH�ZDV�ODWHU�DGGLWLRQDOO\�
GRFNHG�LQWR�����7KH����DPLQR�DFLG�UHJLRQ�RI�WKH�&�WHUPLQDO�GLVRUGHUHG�GRPDLQ��UHVLGXHV�
���Ƈ����� LV� LGHQWLƧHG� LQ� WKH� FU\R�(0� VWXG\� DV� WKH� ƧEULO� FRUH���� DQG� DQRWKHU� ZRUN�
LQGLFDWHV�WKDW�WKH�WKLUG�PLFURWXEXOH�ELQGLQJ�UHSHDW��UHVLGXHV����Ƈ������������FRQWULEXWHV�
WR�WDX�DJJUHJDWLRQ��8VLQJ�WKH�=\JJUHJDWRU�DOJRULWKP��ZKLFK�SUHGLFWV�DJJUHJDWLRQ�SURQH�
HOHPHQWV�LQ�SURWHLQ�VHTXHQFHV�����ZH�DUH�DEOH�WR�VXFFHVVIXOO\�LGHQWLI\�WKHVH�WZR�UHJLRQV�
DV� WKH� RQHV� ZLWK� KLJKHVW� DJJUHJDWLRQ� SURSHQVLW\� �SHDNV� DW� UHVLGXHV� ���� DQG� ����� 
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)LJ�������$���7KLV�DQDO\VLV�LQGLFDWHV�WKDW�=\JJUHJDWRU�LV�DEOH�WR�LGHQWLI\�WKH�LQQHU�UHJLRQV�
RI�WKH�WDX�DJJUHJDWH�LQ�GHWDLO� 

$W� WKH�H[SHULPHQWDO� OHYHO�� WKH�ELQGLQJ�RI�GRFNHG�51$� LV�VWDELOLVHG� WKURXJK�K\GURJHQ�
ERQGV�EHWZHHQ�WKH�SKRVSKDWH�EDFNERQH��WKH���2+�JURXS�RI�WKH�ULERVH��DQG�DGGLWLRQDO�
FRQWDFWV�EHWZHHQ�WKH�51$�EDVHV�DQG�WKH�DJJUHJDWH�FRUH�����0RUH�LQ�GHWDLO��WKH�FU\R�(0�
VWUXFWXUH�RI�DJJUHJDWHG�WDX�UHYHDOV�WKDW�UHVLGXHV�5����DQG�+����RQ�WKH�WDX�ƧEULO�VXUIDFH�
GLUHFWO\�LQWHUDFW�ZLWK�VHTXHVWHUHG�51$�DQG�WKDW�UHVLGXHV�(����6�����9�����6�����'�����
6�����'�����3�����,�����$����DUH�H[SRVHG�WR�WKH�VROYHQW��)LJ�������%���$Q�H[DPLQDWLRQ�RI�
UHVLGXHV����Ƈ����UHYHDOV�WKDW�WKH�FDOFXODWHG�SK\VLFRFKHPLFDO�SURSHUWLHV�DUH�FRQVLVWHQW�
ZLWK� FU\R�(0� UHVXOWV��7KLV� FRQƧUPV� WKDW� WKH�H[SHULPHQWDOO\� LGHQWLƧHG�VXUIDFH� UHJLRQV�
H[KLELW�D�KLJKHU�SURSHQVLW\�IRU�51$�ELQGLQJ��$GGLWLRQDOO\��WKHVH�UHJLRQV�DUH�SUHGLFWHG�WR�
SRVVHVV�OHVV�K\GURSKRELFLW\�DQG�PRUH�GLVRUGHU��DV�GHWDLOHG�LQ�)LJ�������%� 

 

)LJXUH�������$QDO\VLV�RI� WDX�DJJUHJDWLRQ�DQG�SUHGLFWLRQ�RI�SK\VLFRFKHPLFDO�SURSHUWLHV�� �$��$JJUHJDWLRQ�
SURSHQVLW\�SURƧOH�IRU�WDX��ZLWK�RUDQJH�GRWV�UHSUHVHQWLQJ�WKH�SUHGLFWHG�LQWHUQDO�SDUW�RI�WKH�ƧEULO��DQG�JUHHQ�
DQG�SLQN�EDUV� LQGLFDWLQJ� UHJLRQV�H[SHULPHQWDOO\� LGHQWLƧHG�DV�SDUW�RI� WKH�ƧEULO� FRUH�� �%��&RPSDULVRQ�RI�
K\GURSKRELFLW\�� 51$�ELQGLQJ�� DQG� GLVRUGHU� SURSHQVLWLHV� IRU� UHVLGXHV� ��������� ZLWK� IHDWXUHV� RI�
H[SHULPHQWDOO\� LGHQWLƧHG� LQWHUQDO� �,Q��DQG�H[WHUQDO� �2XW��UHJLRQV�PDUNHG� LQ�EODFN�DQG�UHG��UHVSHFWLYHO\�
�PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� VKRZQ� IRU� WKHVH� UHJLRQV��� �&�� $QDO\VLV� RI� K\GURSKRELFLW\�� 51$�ELQGLQJ�
SURSHQVLW\�� DQG�GLVRUGHU� DFURVV� WKH�HQWLUH� WDX� VHTXHQFH�� XVLQJ� WKH�=\JJUHJDWRU�PHWKRG� WR�GLVWLQJXLVK�
EHWZHHQ�LQWHUQDO�DQG�H[WHUQDO�UHJLRQV��ZLWK�D�WKUHVKROG�RI������HUURU�EDUV�DUH�FDOFXODWHG�E\�YDU\LQJ�WKH�
=\JJUHJDWRU�WKUHVKROG�ZLWKLQ�WKH�����������UDQJH����'��3HUIRUPDQFH�HYDOXDWLRQ�RI�WKH�=\JJUHJDWRU�PHWKRG�
LQ� GLƦHUHQWLDWLQJ� EHWZHHQ� WKH� LQWHUQDO� DQG� H[WHUQDO� UHJLRQV� RI� H[SHULPHQWDOO\� LGHQWLƧHG� SURWHLQ�
DJJUHJDWHV��ZLWK�DQ�RSWLPDO�WKUHVKROG�RI������DV�LQGLFDWHG�E\�WKH�<RXGHQ�LQGH[�RI�WKH�5HFHLYHU�2SHUDWLQJ�
&KDUDFWHULVWLF��52&��FXUYH��:LWK�UHJDUG�WR�SDQHO�&��ZH�QRWH�WKDW�LQ�WKH�UDQJH�����������WKH�=\JJUHJDWRU�
VFRUHV�DUH�DVVRFLDWHG�ZLWK�D�7UXH�3RVLWLYH�5DWH��735��RI������DQG�D�)DOVH�3RVLWLYH�5DWH��)35��RI������ 
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�� 

 

:H�EURDGHQHG� RXU� DQDO\VLV� WR� HQFRPSDVV� WKH� HQWLUHW\� RI� WKH� WDX� VHTXHQFH�� WKHUHE\�
LQFRUSRUDWLQJ�UHJLRQV�WKDW�OLH�RXWVLGH�RI�WKH�FRUH�DJJUHJDWH�DW�UHVLGXHV����Ƈ�����)LJ�������
&���8SRQ�H[DPLQLQJ�WKH�UHJLRQV�DVVRFLDWHG�ZLWK�ORZ�=\JJUHJDWRU�VFRUHV�� LW� LV�QRWDEOH�
WKDW�SHDNV�ZLWKLQ�UHVLGXHV����Ƈ����DQG����Ƈ�����ZKLFK�FRUUHVSRQG�WR�WKH�SUROLQH�ULFK�
UHJLRQ�DQG�ƧUVW�PLFURWXEXOH�ELQGLQJ�UHSHDW��KDYH�EHHQ�KLJKOLJKWHG�LQ�SUHYLRXV�UHVHDUFK�
IRU�WKHLU�GLUHFW�LQYROYHPHQW�LQ�LQWHUDFWLRQV�ZLWK�QXFOHLF�DFLGV�����7KLV�ƧQGLQJ�VXJJHVWV�D�
KLJK�OLNHOLKRRG�RI�WKHLU�ORFDOL]DWLRQ�ZLWKLQ�WKH�H[WHUQDO�UHJLRQV�RI�WKH�DP\ORLG�VWUXFWXUH�
�)LJ�� ����� &���:H�REVHUYH� WKDW� WKHVH� UHJLRQV�� FKDUDFWHULVHG�E\� LQKHUHQW� GLVRUGHU��PD\�
HYDGH� GHWHFWLRQ� WKURXJK� WUDGLWLRQDO� H[SHULPHQWDO� WHFKQLTXHV� VXFK� DV� FU\R�(0��
&RQVHTXHQWO\�� WKHLU� SRWHQWLDO� FRQWULEXWLRQ� WR� WKH� VHTXHVWUDWLRQ� RI� 51$� GXULQJ�
DJJUHJDWLRQ�FDQQRW�EH�GLVPLVVHG��7KLV�SRVVLELOLW\�KDV�DOVR�EHHQ�DFNQRZOHGJHG�E\�WKH�
DXWKRUV�RI�WKH�FU\R�(0�VWXG\���� 

7KLV�LQLWLDO�UHVXOW�LQGLFDWHV�WKDW�UHJLRQV�RXWVLGH�WKH�FRUH�RI�WDX�DP\ORLG�ƧEULOV�KDYH�WKH�
SRWHQWLDO�WR�LQWHUDFW�ZLWK�51$�DQG�ZH�DUH�DEOH�WR�LGHQWLI\�WKHP�LQ�JUHDW�GHWDLO�XVLQJ�RXU�
FRPSXWDWLRQDO�DSSURDFKHV��7KLV�ƧQGLQJ�DOVR�VXJJHVWV�WKDW�RWKHU�DJJUHJDWLQJ�SURWHLQV�
PLJKW�EHKDYH�DV�WDX� 

,Q� DQ� HƦRUW� WR� H[SORUH� WKH�SUHYDLOLQJ� WUHQG� WKDW� UHJLRQV� FDSDEOH�RI� ELQGLQJ�51$�DUH�
ORFDWHG�RQ�WKH�H[WHULRU�RI�DP\ORLGV��ZH�VRXUFHG�D�GDWDVHW�RI�DP\ORLGV�IURP�D�SUHYLRXV�
SXEOLFDWLRQ����� :H� WKHQ� DQDO\VHG� WKHLU� SK\VLFRFKHPLFDO� SURSHUWLHV� HPSOR\LQJ� WKH�
=\JJUHJDWRU�DOJRULWKP��6XSSOHPHQWDU\�7DEOH�6����7KLV�DOORZHG�XV�WR�SLQSRLQW�WKH�UHJLRQV�
FRQVWLWXWLQJ�WKH�DP\ORLG�FRUH��:H�IRFXVHG�RQ�SURWHLQV�WKDW�SDUWLDOO\�H[KLELW�DQ�XQIROGHG�
VWDWH�LQ�WKHLU�PRQRPHULF�IRUP��:H�HVSHFLDOO\�SULRULWLVHG�SURWHLQV�WKDW�QRW�RQO\�FDQ�EH�
IRXQG� LQ� WKHLU� DP\ORLG� IRUP�� EXW� WKDW� KDYH� EHHQ� DOVR� HPSLULFDOO\� GHWHUPLQHG� DQG�
VWULQJHQWO\� YDOLGDWHG��2XU� IRFXV� KDV� EHHQ� RQ� WKH� IROORZLQJ� SURWHLQV�� FDOFLWRQLQ���������
DP\OLQ�����JOXFDJRQ�����$ɴ�����������DOSKD�V\QXFOHLQ���Ƈ�����KQ513'/�����DQG�WDX�����7KH�
PRGHO�DFKLHYHV�DQ�$UHD�8QGHU�WKH�&XUYH��$8&��RI������RQ�WKH�5HFHLYHU�2SHUDWLQJ�&XUYH�
�52&���WKHUHE\�HƦHFWLYHO\�LGHQWLI\LQJ�WKH�DP\ORLG�FRUH�RI�WKH�DJJUHJDWHV��7KH�RSWLPDO�
=\JJUHJDWRU�WKUHVKROG�LV�QRWHG�WR�EH������DV�LQGLFDWHG�E\�WKH�<RXGHQ�,QGH[�RI�WKH�52&�
FXUYH��ZKLFK�FRUUHVSRQGV�WR�D�7UXH�3RVLWLYH�5DWH��735��RI������DQG�D�)DOVH�3RVLWLYH�5DWH�
�)35��RI�������)LJ�������'�� 

$V� H[SHFWHG�� RXU� FDOFXODWLRQV� VKRZ� WKDW� WKH� LQQHU� UHJLRQ� RI� DQ� DP\ORLG� LV� PRUH�
K\GURSKRELF� WKDQ� WKH� RXWHU� RQH� �)LJ�� ����� $��� 7KHUH� LV� D� VLJQLƧFDQW� VKLIW� RI� WKH� 
51$�ELQGLQJ�SURSHQVLW\�DQG�VWUXFWXUDO�GLVRUGHU�LQ�IDYRU�RI�WKH�H[WHUQDO�UHJLRQ��)LJ�������
%�&�� ZKLOH� WKH� HOHFWURVWDWLF� FKDUJH� GLVWULEXWLRQ� GRHV� QRW� GLƦHU� VXEVWDQWLDOO\�
�6XSSOHPHQWDU\� )LJXUH� 6�$� DQG� %��� 1RWDEO\�� WKH� WUHQG� LV� REVHUYHG� ZLWK� GLƦHUHQW�
SK\VLFRFKHPLFDO� SURSHQVLW\� SUHGLFWRUV� �6XSSOHPHQWDU\� )LJXUH� 6���� *LYHQ� WKH� RYHUDOO�
QHJDWLYH�FKDUJH�RI�WKH�SKRVSKDWH�EDFNERQH�RI�51$�DQG�QR�VLJQLƧFDQW�GLƦHUHQFH�LQ�WKH�
DJJUHJDWH�FKDUJH�GLVWULEXWLRQ��ZH�ƧQG�VWURQJ�51$�ELQGLQJ�SURSHQVLW\�H[FOXVLYHO\� IRU�
SRVLWLYHO\�FKDUJHG�SURWHLQ�UHJLRQV� 
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)LJXUH�������3K\VLFRFKHPLFDO�SURSHUWLHV�RI�LQWHUQDO�DQG�H[WHUQDO�UHJLRQV�RI�DP\ORLGV���$�&��'LƦHUHQFHV�LQ�
K\GURSKRELFLW\�� 51$�ELQGLQJ�� DQG� GLVRUGHU� SURSHQVLWLHV�ZHUH� FDOFXODWHG� IRU� WKH� LQWHUQDO� DQG� H[WHUQDO�
SRUWLRQV� RI� DP\ORLGV�� ZKLFK� ZHUH� LGHQWLƧHG� XVLQJ� WKH� =\JJUHJDWRU� PHWKRG� �6XSSOHPHQWDU\� 7DEOH� ���
6XSSOHPHQWDU\� )LJXUH� ���� �'�)��0ROHFXODU� VWUXFWXUH� RI� WKH�+(7�V� SULRQ� SURWHLQ� �3'%� �510�� VROYHG�E\� 
VROLG�VWDWH� 105�� GHSLFWHG� E\� GLƦHUHQW� FRORXU� VFDOHV� IRU� K\GURSKRELFLW\�� 51$�ELQGLQJ� SURSHQVLW\�� DQG�
GLVRUGHU��UHVSHFWLYHO\���*��)UDFWLRQ�RI�WKH�51$�DQG�'1$�ELQGLQJ�GRPDLQV�SUHGLFWHG�WR�EHORQJ�WR�WKH�RXWHU�
UHJLRQ�RI�DP\ORLG�ƧEULOV�� �+��=\JJUHJDWRU�VFRUHV� IRU�KQ513'/���GRPDLQV��VKRZLQJ�WKH�DYHUDJH�YDOXHV�
DORQJ�ZLWK�WKH�FRUUHVSRQGLQJ�VWDQGDUG�HUURU�RI�WKH�PHDQ��7KH�UHG� FRORXU�KLJKOLJKWV�([RQ����ZKLFK�KDV�
H[SHULPHQWDOO\�GHPRQVWUDWHG�WR�IRUP�WKH�FRUH�RI�WKH�DJJUHJDWH���,�.��)UDFWLRQ�RI�H[SRVHG�UHVLGXHV�LQ�WKH�
51$�ELQGLQJ�DQG�SULRQ�GRPDLQV�RI�WKH�KXPDQ�SURWHRPH�DW�GLƦHUHQW�=\JJUHJDWRU�VFRUHV���LQGLFDWH� 
S�YDOXHV�����������.ROPRJRURY�6PLUQRY�WHVW�� 
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7R� EHWWHU� YLVXDOLVH� WKLV� WUHQG�� ZH� FKRVH� WKH� VWUXFWXUH� RI� WKH� DP\ORLG� IRUPHG� E\�
3RGRVSRUD� DQVHULQD� SURWHLQ� +(7�V� �3'%� �510�� DV� DQ� H[DPSOH� �)LJ�� ����� '�)��� 7KH�
VWUXFWXUH�ZDV�GHWHUPLQHG�XVLQJ� VV105�DQG� LQFOXGHG� WKH�ƨH[LEOH�RXWHU� UHJLRQ�RI� WKH�
DP\ORLG�� 8VLQJ� GLƦHUHQW� FRORXU� VFDOHV�� WKH� GLVWULEXWLRQ� WUHQGV� DUH� FOHDUO\� YLVLEOH��
HVSHFLDOO\�LQ�WKH�K\GURSKRELF�DP\ORLG�FRUH��)LJ�������'�)���7KH�51$�ELQGLQJ�SURSHQVLW\�
LV�FRQVLGHUDEO\�KLJKHU�IRU�WKH�XQVWUXFWXUHG�H[WHUQDO�SRUWLRQ�RI�WKH�ƧEULOV��VLPLODUO\�WR�WKH�
VWUXFWXUDO�GLVRUGHU��)LJ�������'�)��6XSSOHPHQWDU\�)LJXUH�6�%���2YHUDOO��WKH�DQDO\VLV�RI�WKH�
+(7�V�DP\ORLG�VWUXFWXUH�VKRZV�H[FHOOHQW�DJUHHPHQW�ZLWK�WKH�SUHGLFWHG�UHVXOWV�IURP�WKH�
FRPSXWDWLRQDO�DQDO\VLV� 

:LWKLQ� WKH� VHW� RI� DP\ORLGV�� ZH� DQDO\VHG� SURWHLQV� WKDW� KDYH� 51$� DQG� '1$� ELQGLQJ�
GRPDLQV�DQQRWDWHG�LQ�8QLSURW��6XSSOHPHQWDU\�7DEOHV�6��DQG�6����&RQVLVWHQW�ZLWK�RXU�
FDOFXODWLRQV�RI�51$�ELQGLQJ�DELOLWLHV��WKH�QXFOHLF�DFLG�ELQGLQJ�GRPDLQV�DUH�SUHGLFWHG�WR�
EH�GLVSOD\HG�RQ�WKH�VXUIDFH�RI�WKH�DJJUHJDWH��)LJ�������*���7KLV� LV�ZHOO�H[HPSOLƧHG�E\�
KQ513'/����D�SURWHLQ�LQ�ZKLFK�UHVLGXHV����Ƈ����ZHUH�IRXQG�E\�FU\R�(0�WR�FRQVWLWXWH�
WKH� FRUH�RI� WKH�ƧEULO� �3'%��=,5���ZKLOH� WZR�51$�ELQGLQJ�GRPDLQV�DUH�H[WHUQDO���� 7KH�
DJJUHJDWLRQ� SURSHQVLW\� SUHGLFWHG� E\� =\JJUHJDWRU� FDSWXUHV� WKH� LQQHU� SDUW� RI� WKH�
DJJUHJDWH�YHU\�ZHOO��DQG� WKH�51$�ELQGLQJ�GRPDLQV�DUH� LQGHHG�SUHGLFWHG� WR�EH�PRUH�
H[SRVHG� �)LJ�������+���)XUWKHU� LQYHVWLJDWLQJ� WKLV�SKHQRPHQRQ�DW� WKH�KXPDQ�SURWHRPH�
OHYHO��ZH�FDUULHG�RXW�SUHGLFWLRQV�RI�SULRQ�DQG�51$�ELQGLQJ�GRPDLQV��UHVSHFWLYHO\�XVLQJ�
3/$$&���� DQG� FDW5$3,'� VLJQDWXUH����� 3URSRUWLRQDOO\� WR� WKH� RYHUDOO� DJJUHJDWLRQ�
SURSHQVLW\�FRPSXWHG�ZLWK�=\JJUHJDWRU��ZH�HVWLPDWHG�WKDW�SULRQ�GRPDLQV�DUH�LQ�WKH�FRUH�
RI�WKH�ƧEULO�ZKLOH�51$�ELQGLQJ�GRPDLQV�WHQG�WR�EH�RQ�WKH�RXWHU�UHJLRQV��)LJ�������,�.��
6XSSOHPHQWDU\� 7DEOH� 6���� 7KH� OLWHUDWXUH� LV� LQ� DJUHHPHQW� ZLWK� RXU� DQDO\VLV� RI� 
KQ513'/����� 

������3K\VLFRFKHPLFDO�SURSHUWLHV�RI�D6�DJJUHJDWHV 

:H�QH[W�DQDO\VHG�WKH�DJJUHJDWLRQ�SURSHQVLW\�RI�DOSKD�V\QXFOHLQ��D6�RU�D6������D�SURWHLQ�
ZLWK�D�ZHOO�FKDUDFWHULVHG�DP\ORLG�FRUH�����:H�FRPSXWHG�WKH�DJJUHJDWLRQ�SURSHQVLW\�RI�
WKH�ZLOG�W\SH�VHTXHQFH� �)LJ�� �����$�� DQG�SHUIRUPHG�D�PXWDWLRQDO�DQDO\VLV�ZLWK� ������
UDQGRP�VLQJOH�SRLQW�YDULDWLRQV���$V�VXSSRUWHG�E\�GDWD�UHSRUWHG�LQ�WKH�OLWHUDWXUH�����WKH�
FHQWUDO� UHJLRQ� RI� WKH� SURWHLQ� HPHUJHV� DV� D� NH\� GHWHUPLQDQW� LQ� SURWHLQ� DJJUHJDWLRQ��
H[KLELWLQJ� D� SURPLQHQW� =\JJUHJDWRU� SHDN� WKDW� DOLJQV� ZLWK� WKH� 1$&� UHJLRQ� �UHVLGXHV� 
��Ƈ����)LJ�������$���)XUWKHUPRUH��WKH�ZRUN�E\�'RKHUW\�DQG�FROOHDJXHV����VKHGV�OLJKW�RQ�
DGGLWLRQDO�VPDOOHU�UHJLRQV��VSHFLƧFDOO\�UHVLGXHV���Ƈ���DQG���Ƈ����ZKLFK�FRLQFLGH�ZLWK�
PLQRU�=\JJUHJDWRU�SHDNV�DQG�SOD\�D�FUXFLDO�UROH�LQ�PRGXODWLQJ�D6�DJJUHJDWLRQ��)LJ�������
$�� 
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)LJXUH�������$JJUHJDWLRQ�SURSHQVLW\�RI�D6����DQG�D6������$��=\JJUHJDWRU�SURƧOH�RI�D6����DQG�D6�����ZLWK�
FRORXUHG� EDUV� LQGLFDWLQJ� SUHGLFWHG� LQQHU� DQG� RXWHU� DP\ORLG� UHJLRQV�� 7KH� H[SHULPHQWDOO\� GHWHUPLQHG�
DP\ORLG�FRUH�RI�D6�LV�PDUNHG�ZLWK�D�UHG�EDU��2UDQJH�LQGLFDWHV�PLQRU�=\JJUHJDWRU�SHDNV�SOD\LQJ�D�UROH�LQ�
PRGXODWLQJ� D6� DJJUHJDWLRQ�� � �%�� 5DQGRP� PXWDJHQHVLV� DQDO\VLV� VKRZLQJ� WKDW� WKH� 1$&� UHJLRQ� DQG� 
1�WHUPLQXV�RI�D6�DUH�VXVFHSWLEOH�WR�VLJQLƧFDQW�FKDQJHV� LQ�DJJUHJDWLRQ�SURSHQVLW\�� �&��3K\VLFRFKHPLFDO�
SURSHUWLHV�RI�LQQHU��,Q��JUH\��DQG�RXWHU��2XW��UHG��UHJLRQV�RI�D6����DQG�D6��������'��51$�ELQGLQJ�SURSHQVLW\��
K\GURSKRELFLW\��DQG�GLVRUGHU�RI�D6�UHODWLYH�WR�LWV�LQWHUQDO�DQG�H[WHUQDO�SDUWV��'LƦHUHQFHV�ZLWK�UHVSHFW�WR�
WKH�PHDQ�RI�WKH�DP\ORLG�KLVWRJUDPV��)LJ�������$�&��DUH�VKRZQ���(��51$�ELQGLQJ�SUHGLFWLRQV�RI�GLƦHUHQW�
UHJLRQV�RI�D6����DQG�D6�����FRPSDUHG�ZLWK�FDQRQLFDO�5%3��VFRUHV�!�����LQGLFDWH�QRQ�QHJOLJLEOH�LQWHUDFWLRQ�
SURSHQVLWLHV�� 

0XWDWLRQV�LQ�WKH�1$&�UHJLRQ�GLVSOD\�D�VWURQJ�LPSDFW�RQ�D6����DJJUHJDWLRQ��)LJ�������%��
DQG�WKH�RXWHU�UHJLRQV�RI�D6����DJJUHJDWHV�DUH�SUHGLFWHG�WR�EH�GLVRUGHUHG��WR�GLVSOD\�ORZ�
RYHUDOO�K\GURSKRELFLW\��DQG�WR�EH�DEOH�WR�LQWHUDFW�ZLWK�51$�PROHFXOHV��)LJ�������&���$PLQR�
DFLGV���Ƈ���DSSHDU�WR�EH�SDUWLFXODUO\�VHQVLWLYH�WR�FKDQJH�DQG�GUDPDWLFDOO\�DƦHFW�WKH�
SURSHQVLW\� RI� D6� WR� DJJUHJDWH�� LQ� DJUHHPHQW� ZLWK� SUHYLRXV� H[SHULPHQWDO� ZRUN�����
5DQGRP�VLQJOH�PXWDWLRQV�LQ�WKH�&�WHUPLQXV�KDYH�LQVWHDG�QHJOLJLEOH�HƦHFWV��<HW�����RXW�
RI�WKH����QHJDWLYHO\�FKDUJHG�UHVLGXHV�LQ�D6��������*OX�DQG���$VS��DUH�IRXQG�LQ�WKLV�UHJLRQ��
LQGLFDWLQJ�WKDW�WKH�WUXQFDWHG�IRUP�RI�D6�����QDPHO\�D6������ODFNLQJ�DOO�DPLQR�DFLGV�LQ�
SRVLWLRQV����Ƈ�����FRXOG�EHKDYH�GLƦHUHQWO\�FRPSDUHG�WR�WKH�ZLOG�W\SH�SURWHLQ�LQ�WHUPV�
RI�DJJUHJDWLRQ�SURSHQVLW\�DV�ZHOO�DV�51$�ELQGLQJ�DELOLW\� 
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&RPSXWLQJ� WKH� VFRUHV� RI� WKH� SK\VLFRFKHPLFDO� SURSHUWLHV� IRU� ERWK� D6���� DQG� D6����
UHYHDOV�D�VWURQJ�GLƦHUHQFH�EHWZHHQ�WKH�WZR�SURWHLQ�YDULDQWV��)LJ�������'���7KH�UHPRYDO�
RI�WKH����QHJDWLYHO\�FKDUJHG�UHVLGXHV�LQ�WKH�&�WHUPLQDO�SRUWLRQ�UHVXOWV� LQ�D�QHW�FKDUJH�
LQFUHPHQW��$FFRUGLQJO\��WKH�H[WHUQDO�UHJLRQV�RI�D6����DQG�D6����VKRZ�D�ORZHU�GHJUHH�RI�
K\GURSKRELFLW\�FRPSDUHG�WR�WKH�DYHUDJH�RI�WKH�GDWDVHW�DQG�DQ�LQFUHDVH�LQ�51$�ELQGLQJ�
SURSHQVLW\��)LJ�������'��GXH�WR�WKH�DEXQGDQFH�RI�FKDUJHG�DQG�SRODU�UHVLGXHV�RXWVLGH�WKH�
1$&� UHJLRQ�� :H� QRWH� WKDW� UHPRYLQJ� WKH� &�WHUPLQXV� VOLJKWO\� DƦHFWV� WKH� SUHGLFWHG�
VWUXFWXUDO�GLVRUGHU��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�RYHUDOO�XQIROGHG�QDWXUH�RI�WKH�ZKROH�D6�
�)LJ�������'���:H�QH[W�XVHG�WKH�FDW5$3,'�DSSURDFK��������WR�HVWLPDWH�WKH�DELOLW\�RI�D6����
DQG�D6����WR� LQWHUDFW�ZLWK�51$��:KLOH� WKH�&�WHUPLQXV�DQG�1$&�VKRZ�ORZ� LQWHUDFWLRQ�
SURSHQVLW\�� WKH� 1�WHUPLQDO� GRPDLQ� LV� SUHGLFWHG� WR� EH� H[SRVHG� WR� WKH� VROYHQW� LQ� WKH�
DJJUHJDWH�DQG�DYDLODEOH�WR�LQWHUDFW�ZLWK�51$��)LJ�������(��� 

������6XPPDU\�DQG�FRQFOXVLRQV 

,Q� WKH� VWXG\� DERYH� D� FRPSXWDWLRQDO� DSSURDFK� KDV� EHHQ� XVHG� WR� ƧUVW� GLVFULPLQDWH�
EHWZHHQ�WKH�DP\ORLG�FRUH�DQG�WKH�UHJLRQV�RXWVLGH�LQ�DJJUHJDWLRQ�SURQH�SURWHLQV��7KHQ��
WKHVH� SDUWV�ZHUH� DQDO\VHG� DFFRUGLQJ� WR� SDUDPHWHUV� WKDW� GHWHUPLQH� WKH�51$�ELQGLQJ�
SURSHQVLW\�RI�WKH�SURWHLQ�SULPDU\�VWUXFWXUH��$IWHU�YDOLGDWLRQ�RQ�H[DPSOHV�RI�SURWHLQV�ZLWK�
NQRZQ�DP\ORLG�VWUXFWXUHV��WKH�DQDO\VLV�RI�D�EURDG�UDQJH�RI�DJJUHJDWLRQ�SURQH�SURWHLQV�
VKRZV�D�FOHDU�WUHQG�RI�SK\VLFRFKHPLFDO�SURSHUWLHV�GLVFULPLQDWLRQ��7KH�DP\ORLG�FRUH�LV�
WHQGHQWLDOO\� K\GURSKRELF� DQG� KLJKO\� RUGHUHG�ZKLOH� H[WHUQDO� UHJLRQV��ZKLFK� DUH�PRUH�
GLVRUGHUHG��GLVSOD\�D�GLVWLQFWO\�KLJKHU�SURSHQVLW\�WR�LQWHUDFW�ZLWK�QXFOHLF�DFLGV��3URWHLQ�
GRPDLQV� WKDW� IXQFWLRQ� DV� QXFOHLF� DFLGV�ELQGLQJ� UHJLRQV� DOVR� WHQG� WR� SUHGRPLQDQWO\�
UHPDLQ�RXWVLGH�WKH�DP\ORLG�FRUH�XSRQ�DJJUHJDWLRQ��D6�LV�D�JUHDW�H[DPSOH�RI�WKH�WUHQG��
ZLWK�WKH�K\GURSKLOLF�1��DQG�&�WHUPLQDO�GRPDLQV�VKRZQ�WR�UHPDLQ�RXWVLGH�WKH�DP\ORLG�
FRUH� DQG� FRQWULEXWLQJ� WR� WKH� VHSDUDWLRQ� RI� WKH� SK\VLFRFKHPLFDO� SURSHUWLHV� XSRQ�
DJJUHJDWLRQ��7KH�1�WHUPLQXV�DOVR�KDV�D�KLJKHU�RYHUDOO�51$�ELQGLQJ�SURSHQVLW\�WKDW�E\�
LWVHOI�FRXOG�EH�FRQVLGHUHG�VLJQLƧFDQW�FRPSDUHG�WR�RWKHU�5%3V��7KLV�LV�RƦVHW�E\�WKH�PXFK�
ORZHU� SURSHQVLW\� RI� WKH� &�WHUPLQXV� LQ� WKH� PRQRPHULF� SURWHLQ�� KRZHYHU� XSRQ�
DJJUHJDWLRQ�DQG�WKH�SDUWLWLRQ�RI�WKH�SK\VLFRFKHPLFDO�GHWHUPLQDQWV�� WKH�SURSHQVLW\�WR�
LQWHUDFW�ZLWK�51$�LQFUHDVHV�LQ�D6�DJJUHJDWHV��7KLV�LV�IXUWKHU�SRWHQWLDWHG�LQ�WKH�FDVH�RI�
D6�����ZKHUH�WKH�K\GURSKRELF�FRUH�VWUXFWXUH�LV�UHWDLQHG��DQG�WKH�ODFN�RI�WKH�&�WHUPLQDO�
QHJDWLYH� FKDUJH� FRQIHU� WKH� DJJUHJDWHV� D� PXFK� KLJKHU� RYHUDOO� 51$�ELQGLQJ� DƦLQLW\�
FRPSDUHG�WR�WKH�PRQRPHULF�SURWHLQ� 

������&ORVLQJ�UHPDUNV 

7KH� VWXG\� SUHVHQWHG� DERYH� V\VWHPDWLFDOO\� DGGUHVVHV� WKH� UROH� DJJUHJDWLRQ� SOD\V� LQ�
GHWHUPLQLQJ� WKH� 51$�ELQGLQJ� DELOLW\� RI� D� SURWHLQ�� 7KH� SDUWLWLRQLQJ� RI� WKH� PROHFXODU� 
51$�ELQGLQJ�GHWHUPLQDQWV�XSRQ�DP\ORLG�IROGLQJ�DOVR�H[SODLQV�YHU\�ZHOO� WKH�GLƦHUHQW�
WUHQGV� LQ� QXFOHLF� DFLG� VHTXHVWUDWLRQ� REVHUYHG� LQ� D6���� DQG� D6���� DJJUHJDWLRQ� DQG�
SUHVHQWHG�LQ�6HFWLRQ������,W�DOVR�JLYHV�IXUWKHU�FRQWH[W�DV�WR�ZK\�PRQRPHULF�D6�GRHV�QRW�
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H[KLELW� D� FOHDU� 51$�ELQGLQJ� SUHIHUHQFH�� \HW� 51$� VWLOO� SOD\V� D� VLJQLƧFDQW� UROH� LQ� LWV�
DJJUHJDWLRQ��7KLV�SRLQW�ZLOO�EH� IXUWKHU�DGGUHVVHG� LQ�WKH�'LVFXVVLRQ�SDUW�RI� WKH� WKHVLV��
)XUWKHUPRUH�� WKH�PDMRU� LPSOLFDWLRQV�RI� WKH�VWXG\�FDQ�EH� WZRIROG��)LUVWO\�� WKH� LQFUHDVH�
XSRQ�51$�ELQGLQJ�SURSHQVLW\�XSRQ�DJJUHJDWLRQ�FRXOG�SRWHQWLDOO\�OHDG�WR�SURWHLQV�WKDW�
GR� QRW� ELQG� 51$� DV�PRQRPHUV� WR� DFTXLUH� D� SRWHQWLDOO\� WR[LF� JDLQ�RI�IXQFWLRQ� XSRQ�
DJJUHJDWLRQ� E\� PHDQV� RI� 51$� VHTXHVWUDWLRQ�� 6HFRQGO\�� WKH� WUHQG� WKDW� QXFOHLF� 
DFLG�ELQGLQJ�SURWHLQ�GRPDLQV�WHQG�WR�UHPDLQ�RXWVLGH�WKH�DP\ORLG�FRUH�DOVR�LPSOLHV�WKDW�
DJJUHJDWLRQ�SURQH�5%3V�FDQ�SUHVHUYH�WKHLU�51$�ELQGLQJ�IXQFWLRQ�DQG�HYHQ�VSHFLƧFLW\�
XSRQ�DJJUHJDWLRQ��DV�DOUHDG\�H[SHULPHQWDOO\�GHPRQVWUDWHG�LQ�WKH�ZRUN�RI�*DUFLD�3DUGR�
DQG� FROOHDJXHV���� 7KLV� FRXOG� OHDG� WR� WR[LF�51$� VHTXHVWUDWLRQ�E\� WKH�5%3�DJJUHJDWHV�
IRUPHG�LQ�GLVHDVH�DQG�FRQWULEXWH�WR�WKH�SDWKRORJ\� 

7KH�H[SHULPHQWDO�UHVXOWV��SUHVHQWHG�LQ�&KDSWHUV������DQG����WRJHWKHU�ZLWK�WKH�EDFNJURXQG�
FRQWH[W�RI�WKH�FRPSXWDWLRQDO�ZRUN�LQ�&KDSWHU����SDLQW�D�FOHDU�LPDJH�RI�WKH�LPSDFW�RI�51$�
RQ� WKH� SURFHVV� RI� D6� DJJUHJDWLRQ�� 51$� DƦHFWV� ERWK� WKH� NLQHWLFV�� WKH� VWUXFWXUDO�
FKDUDFWHULVWLFV��DV�ZHOO�DV�GLUHFWO\� LQWHUDFWV�ZLWK�DJJUHJDWHV�� ,Q� WKH� ODVW�FKDSWHU�� ,�ZLOO�
RXWOLQH�KRZ�DOO�WKHVH�REVHUYDWLRQV�FDQ�EH�OLQNHG�WRJHWKHU�DQG�KRZ�51$�FDQ�DOVR�GLUHFWO\�
LQƨXHQFH�WKH�IXQFWLRQ�RI�WKH�D6�DJJUHJDWHV� 
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����51$�FDQ�PRGXODWH�WKH�HQ]\PDWLF�DFWLYLW\�RI�D6�DP\ORLG�DVVHPEOLHV 

������,GHQWLƞFDWLRQ�RI�WKH�SXWDWLYH�FDWDO\WLF�VLWH�LQ�D6�ƞEULOV 

$V�RXWOLQHG�LQ�WKH�,QWURGXFWLRQ��DP\ORLG�ƧEULOV�FDQ�DFW�DV�FDWDO\VWV�IRU�YDULRXV�FKHPLFDO�
UHDFWLRQV��������7KH�XQLTXH�DUUDQJHPHQW�RI�ORQJLWXGLQDO�UHSHDWV�RI�DPLQR�DFLG�VLGHFKDLQV�
ZLWK�RU�ZLWKRXW�FRIDFWRUV�FDQ�LQ�WXUQ�SURWRQDWH�RU�GHSURWRQDWH�DPLGH�RU�K\GUR[\O�JURXSV�
WR�DFW�DV�WKH�DFWLYH�VLWH����7KH�PHFKDQLVP�LV�VLPLODU�WR�WKH�FDWDO\WLF�WULDGV�RI�QXFOHDVHV�RU�
SURWHDVHV��ZLWKRXW�D�JOREXODU�DFWLYH�VLWH�RU�SRFNHW�WR�DFKLHYH�VXEVWUDWH�VSHFLƧFLW\���������
$V�PHQWLRQHG��RQH�RI�WKH�PRVW�SURPLQHQW�FDWDO\WLF�PDUNHUV�LV�WKH�KLVWLGLQH�UHVLGXH�GXH�
WR�WKH�XQLTXH�FKHPLVWU\�RI�WKH�LPLGD]ROH�ULQJ�WKDW�DOORZV�LW�WR�DFW�ERWK�DV�D�SURWRQ�GRQRU�
DQG�DFFHSWRU�DW�SK\VLRORJLFDO�S+�����D6�FRQWDLQV�RQO\�RQH�KLVWLGLQH�UHVLGXH�DW�SRVLWLRQ�
����ZKLFK�LV�IRXQG�RQ�WKH�VXUIDFH�RI�PRVW�RI�D6�ƧEULO�SRO\PRUSKV����(VSHFLDOO\�FXULRXV�LV�
WKH� DUUDQJHPHQW� RI� WKH� DPLQR� DFLG� UHVLGXHV� LQ� WKH� VWUXFWXUH� WHUPHG� WKH� URG� �D�
SRO\PRUSK����)LJ�������$�� 

 
)LJXUH��������$��0ROHFXODU�DQG�VWUXFWXUDO�EDVLV�RI�SRWHQWLDO�FDWDO\WLF�DFWLYLW\�RI�D6�ƧEULOV��GHSLFWHG�LV�WKH�
SXWDWLYH�DFWLYH�VLWH�RI�URG��D�SRO\PRUSK��3'%��&8����7KH�DUUDQJHPHQW�RI�DPLQRDFLG�UHVLGXHV�DURXQG�WKH�
ORQJLWXGLQDO�UHSHDWV�RI�+LV���VKRZV�D�QHJDWLYHO\��(����DQG�SRVLWLYHO\��.����FKDUJHG�UHVLGXH�FDSDEOH�RI�
HLWKHU�SURWRQDWLQJ�RU�GHSURWRQDWLQJ�WKH�KLVWLGLQH�UHVLGXHV��WKXV�FUHDWLQJ�D�UHDFWLYH�JURXS���%��7KH�VLWH�RI�
WDX�ƧEULOV��JURZQ�LQ�WKH�SUHVHQFH�RI�51$��ZKHUH�D�SRO\�*�PROHFXOH�ZDV�GRFNHG�ODWHU�GXULQJ�DQDO\VLV��3'%�
�63����7KH�FORVH�VSDWLDO�DUUDQJHPHQW�RI�KLVWLGLQH�DQG�DUJLQLQH�UHVLGXHV�VKRZV�D�GHJUHH�RI�VLPLODULW\�WR�WKH�
SXWDWLYH�D6�ƧEULO�FDWDO\WLF�VLWH� 

7KLV�DUUDQJHPHQW�UDLVHG�VXVSLFLRQ�WKDW�D6�ƧEULOV�FRXOG�DFW�DV�FDWDO\WLF�DP\ORLGV�ZKHQ�
�PLV�IROGHG�LQ�D�IDYRXUDEOH�FRQIRUPDWLRQ�WKDW�DOORZHG�IRU�D�FKHPLFDO�DFWLYDWLRQ�RI�WKH�
VLGHFKDLQV� RI� FHUWDLQ� UHVLGXHV�� VXFK� DV� +LV���� ,QGHHG�� GXULQJ� WKH� FRXUVH� RI� UHVHDUFK�
WKHVLV��D6�ƧEULOV�ZHUH�VKRZQ�WR�EH�DEOH�WR�FDWDO\VH�WKH�K\GURO\VLV�RI�ERWK�HVWHUDVH�DQG�
SKRVSKDWDVH�VXEVWUDWHV��ZLWK�WKH�PXWDWLRQ�+LV��$OD�DOPRVW�FRPSOHWHO\�DEROLVKLQJ�WKH�
HQ]\PDWLF�DFWLYLW\����$Q�LQWULJXLQJ�DVSHFW�RI�WKLV�IDFW�LV��KRZHYHU��WKDW�DSDUW�IURP�+LV����
WKH�SXWDWLYH�DFWLYH�VLWH�LQ�WKH�URG�D�SRO\PRUSK�LV�IRUPHG�PRVWO\�E\�SRVLWLYHO\�FKDUJHG�
UHVLGXHV� RI� �� O\VLQH� UHVLGXHV� �)LJ�� ����� $��� 7KH� RYHUDOO� VWUXFWXUDO� FRQIRUPDWLRQ� DOVR�
UHPLQGHG�XV�RI�WKH�SXWDWLYH�ELQGLQJ�VLWH�RI�51$�LQ�WKH�FU\R�(0�VWUXFWXUH�RI�WDX�ƧEULOV��
JURZQ� LQ� WKH� SUHVHQFH� RI� 51$���� �)LJ�� ����� %��� � 7KLV� LPPHGLDWHO\� SRVHG� D� TXHVWLRQ��
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ZKHWKHU� 51$� FRXOG� ELQG� WR� D6� ƧEULOV� LQ� D� VLPLODU� ZD\� DQG� PRGXODWH� WKHLU� FDWDO\WLF�
SURSHUWLHV��)XUWKHUPRUH��WKH�FKDUDFWHULVDWLRQ�RI�WKH�SRWHQWLDO�PRGXODWRU�PHFKDQLVP�RI�
51$�ZRXOG�HQDEOH�WKH�LQGHSHQGHQW�HVWLPDWH�RI�WKH�DƦLQLW\�RI�51$�WRZDUGV�WKH�ƧEULOV��
YHULI\LQJ�WKH�HVWLPDWHV�IURP�WKH�TXDQWLƧFDWLRQ�RI�VHTXHVWHUHG�51$� 

������D6�ƞEULOV�KDYH�FRPSDUDEOH�FDWDO\WLF�DFWLYLW\�WR�UHSRUWHG�YDOXHV 

:H�GHFLGHG�WR�IROORZ�WKH�SURWRFRO�IRU�WKH�PHDVXUHPHQW�RI�FDWDO\WLF�DFWLYLW\�RI�D6�ƧEULOV�
HVWDEOLVKHG� E\� +RUYDWK� DQG� FROOHDJXHV��� DQG� EDVHG� RQ�PHDVXULQJ� WKH� HVWHUDVH� DQG�
SKRVSKDWDVH� DFWLYLW\� RQ� VWDQGDUGLVHG�� FRORULPHWULF� VXEVWUDWHV� �VHH� 0DWHULDOV� DQG�
0HWKRGV���7KH�UHDFWLRQ�LV�EDVHG�RQ�WKH�FRQYHUVLRQ�RI���QLWURSKHQRO��RU�SDUD�QLWURSKHQRO��
S13�� GHULYDWLYHV� VXFK� DV� ��QLWURSKHQ\O� DFHWDWH� �S13$�� DQG� ��QLWURSKHQ\O� SKRVSKDWH�
�S133��LQWR�S13��D�FRORXUHG�FRPSRXQG�ZLWK�D�SHDN�DEVRUEDQFH�DW�����QP��7KH�UHDFWLRQ�
FDQ�WKXV�EH�WUDFNHG�E\�PHDVXULQJ�WKH�DEVRUEDQFH�RI�WKH�UHDFWLRQ�PL[�DW�����QP��$������
FRQYHUW�WKH�$����LQWR�S13�PRODU�FRQFHQWUDWLRQ�DQG�WKXV�FDOFXODWH�WKH�LQLWLDO�UHDFWLRQ�UDWHV�
DV�DOUHDG\�RXWOLQHG������ 

)LUVWO\��ZH�HVWLPDWHG�WKH�RYHUDOO�NLQHWLFV�RI�WKH�UHDFWLRQ��DQG�WKH�LQƨXHQFH�51$�PLJKW�
KDYH�RQ�WKH�NLQHWLF�SDUDPHWHUV�RI�S13�GHULYDWH�K\GURO\VLV��7KH�ƧEULOV�JURZQ�H[KLELWHG�
ERWK�DQ�HVWHUDVH�DFWLYLW\�WRZDUGV�S13$�DV�ZHOO�DV�SKRVSKDWDVH�DFWLYLW\�WRZDUGV�S133�
�)LJ�� ����� $�'��� ,Q� RUGHU� WR� GHWHUPLQH� WKH� EDVLF� NLQHWLF� SDUDPHWHUV� RI� WKHLU� HQ]\PDWLF�
DFWLYLW\�� WKH� UHDFWLRQ� ZDV� IROORZHG� DW� GLƦHUHQW� VXEVWUDWH� FRQFHQWUDWLRQV�� 7KH� LQLWLDO�
YHORFLWLHV��Y���DW�GLƦHUHQW�FRQFHQWUDWLRQV�RI�VXEVWUDWH�ZHUH�SORWWHG�DJDLQVW�WKH�VXEVWUDWH�
FRQFHQWUDWLRQ� LQ� WKH� 0LFKDHOLV�0HQWHQ� SORW� LQ� RUGHU� WR� GHWHUPLQH� WKH� NLQHWLFV�
SDUDPHWHUV� RI� WKH� UHDFWLRQ� DFFRUGLQJ� WR� WKH� DQDO\VLV� UHSRUWHG� LQ� OLWHUDWXUH���� :KLOH�
PRQRPHULF� D6� KDV� QRW� EHHQ� VKRZQ� WR� FRQWULEXWH� WR� WKH� HQ]\PDWLF� DFWLYLW\���� ZH�
SHUIRUPHG�D�FRQWURO�DVVD\�WR�GHWHUPLQH�WKDW�LV�LQGHHG�WKH�FDVH��$V�H[SHFWHG��WKHUH�LV�QR�
LQGLFDWLRQ�RI�VXEVWUDWH�GHJUDGDWLRQ�LQ�WKH�SUHVHQFH�RI�PRQRPHULF�D6��)LJ�������(�)�� 

7KH�SDUDPHWHUV�REWDLQHG� LQ� WKH� WHVWV�ZLWK�S13$�DQG�S133�ERWK�VKRZ�WKDW� WKH�ƧEULOV�
EHKDYH�VLPLODUO\�WR�WKH�YDOXHV�UHSRUWHG�LQ�OLWHUDWXUH����7DEOH���� 
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)LJXUH������� (Q]\PDWLF� DFWLYLW\�RI� D6�ƧEULOV�� �$�� ���ʅ0�D6�ƧEULOV� DUH� DEOH� WR�GHJUDGH�S133�� D� VWDQGDUG�
VXEVWUDWH� XVHG� WR� WHVW� FRPSRXQGV� IRU� SKRVSKDWDVH� DFWLYLW\�� 7KH� DFWLYLW\� LV� LQFUHDVHG� ZLWK� LQFUHDVLQJ�
FRQFHQWUDWLRQV�RI�S133���%��0LFKDHOLV�0HQWHQ�SORW�IRU�D6�ƧEULOV�DQG�S133��WRJHWKHU�ZLWK�WKH�ƧWWHG�FXUYH�
DQG�WKH�NLQHWLF�SDUDPHWHUV�KLJKOLJKWHG��.0�DQG�9PD[����&��(VWHUDVH�DFWLYLW\�RI����ʅ0�D6�ƧEULOV�PHDVXUHG�E\�
S13$�GHJUDGDWLRQ��$JDLQ��WKH�HQ]\PDWLF�DFWLYLW\�LQFUHDVHV�ZLWK�D�KLJKHU�LQLWLDO�VXEVWUDWH�FRQFHQWUDWLRQ��
�'��0LFKDHOLV�0HQWHQ�SORW� IRU�D6�ƧEULOV�DQG�S13$�� �(�)��0RQRPHULF�D6�GRHV�QRW�H[KLELW�DQ\�HQ]\PDWLF�
DFWLYLW\�WRZDUGV�ERWK�S13$�DQG�S133��7KH�$����YDOXHV�DUH�VHHPLQJO\�QHJDWLYH�GXH�WR�WKH�VXEWUDFWLRQ�RI�
FRQWURO�VDPSOHV�FRQWDLQLQJ�RQO\�VXEVWUDWH�DQG�EXƦHU� 
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7DEOH� ��� .LQHWLF� SDUDPHWHUV� RI� D6� DJJUHJDWH� HQ]\PDWLF� DFWLYLW\� FRPSDUHG� WR� YDOXHV� UHSRUWHG� LQ�
OLWHUDWXUH���� 7KH� YDOXHV� UHSRUWHG� KDYH� EHHQ� FDOFXODWHG� IURP� SDUDPHWHUV�� REWDLQHG� LQ� �� �S133�� DQG� ��
LQGHSHQGHQW�H[SHULPHQWV��S13$���7KH�ƧEULOV�ZHUH�SUHSDUHG�IUHVKO\�IRU�HDFK�LQGLYLGXDO�H[SHULPHQW��VHH�
0DWHULDOV�DQG�0HWKRGV��  

3KRVSKDWDVH��S133� (VWHUDVH��S13$� 
 

3UHVHQW�ZRUN +RUYDWK�HW�DO 3UHVHQW�ZRUN +RUYDWK�HW�DO 

.0���P0 ͳǤͲ� േ ͲǤʹ ͲǤͷ� േ ͲǤͳ͵ ͳǤͷͶ� േ ͲǤͶͶ ͶǤ͵� േ ʹǤͷ 

NFDW���V�� ͲǤͻ ή ͳͲିହ �േ ͲǤͷ ή ͳͲିହ ͵Ͳ ή ͳͲିହ �േ ͳͲ ή ͳͲିହ ͲǤͲͲͷ� േ ͲǤͲͲʹ ͲǤͲͳʹ� േ ͲǤͲͲ͵ 

ɂ���0��V�� ͲǤͲͳ� േ ͲǤͲͲ ͲǤ ͵Ǥʹ� േ ͲǤ ʹǤͻ 

 

7KH�SDUDPHWHUV�REWDLQHG� LQ� WKH� WHVWV�ZLWK�S13$�DQG�S133�ERWK�VKRZ�WKDW� WKH�ƧEULOV�
EHKDYH�VLPLODUO\�WR�WKH�YDOXHV�UHSRUWHG�E\�+RUYDWK�DQG�FROOHDJXHV��7DEOH�����HVSHFLDOO\�
FRQVLGHULQJ�HQ]\PH�NLQHWLFV�QRWRULRXVO\�GLƦHU�IURP�RQH�ODERUDWRU\�WR�DQRWKHU�����2XW�RI�
WKH�SDUDPHWHUV�OLVWHG��WKH�0LFKDHOLV�0HQWHQ�FRQVWDQW��.0��FDQ�EH�FRQVLGHUHG�WKH�PRVW�
UHOLDEOH�FRPSDULVRQ��.0�GHVFULEHV�WKH�EHKDYLRXU�RI�WKH�HQ]\PH�DW�KDOI�VDWXUDWLRQ�ZLWK�
WKH�VXEVWUDWH�DFFRUGLQJ�WR�EDVLF�VWHDG\�VWDWH�NLQHWLFV��ZKLFK�FDQ�EH�LQWHUSUHWHG�DV�WKH�
DƦLQLW\� RI� WKH� HQ]\PH� WRZDUGV� WKH� VSHFLƧF� VXEVWUDWH����� 9HU\� LPSRUWDQWO\�� .0� LV� QRW�
GHSHQGHQW� RQ� HQ]\PH� FRQFHQWUDWLRQ����� 7KLV� LV� HVSHFLDOO\� VLJQLƧFDQW� LQ� WKH� FDVH� RI�
DJJUHJDWH� HQ]\PDWLFV�� ZKHUH� WKH� DJJUHJDWH� SRSXODWLRQ� LV� D� PL[WXUH� RI� GLƦHUHQW�
PROHFXODU� ZHLJKW� VSHFLHV� DQG� WKXV� DQ� H[DFW� PRODULW\� RI� WKH� HQ]\PH� FDQQRW� EH�
GHWHUPLQHG�� 7KH� RWKHU� WZR� YDOXHV� UHSRUWHG�� NFDW� DQG� ɸ�� DUH� XVHG� WR� GHVFULEH� HQ]\PH�
EHKDYLRXU�DW�GLƦHUHQW�VXEVWUDWH�FRQFHQWUDWLRQV��7KH�FDWDO\WLF�FRQVWDQW�NFDW��DOVR�FDOOHG�
WKH�WXUQRYHU�FRQVWDQW��UHSUHVHQWV�WKH�QXPEHU�RI�VXEVWUDWH�PROHFXOHV�WKDW�DUH�FRQYHUWHG�
WR� SURGXFW� SHU� DFWLYH� VLWH� SHU� XQLW� RI� WLPH� ZKHQ� WKH� HQ]\PH� LV� IXOO\� VDWXUDWHG� ZLWK�
VXEVWUDWH��7KLV�UHƨHFWV�WKH�EHKDYLRXU�RI�WKH�HQ]\PH�ZKHQ�IXOO\�VDWXUDWHG�ZLWK�VXEVWUDWH�
DW�KLJK�FRQFHQWUDWLRQV�����7KH�HQ]\PH�VSHFLƧFLW\�FRQVWDQW�ɸ��FDOFXODWHG�E\�GLYLGLQJ�NFDW�
ZLWK� .0�� RQ� WKH� RWKHU� KDQG� GHVFULEHV� WKH� EHKDYLRXU� RI� DQ� HQ]\PH� DW� ORZ� VXEVWUDWH�
FRQFHQWUDWLRQV�� 7KH� NFDW� YDOXHV� LQ� RXU� H[SHULPHQWV� DUH� DQ� RUGHU� RI�PDJQLWXGH� ORZHU�
FRPSDUHG�WR�OLWHUDWXUH��ZKLOH�ɸ�IRU�S13$�LV�YHU\�VLPLODU�DQG�DQ�RUGHU�RI�PDJQLWXGH�ORZHU�
IRU�S133��7DEOH�����7KH�GLVFUHSDQF\�EHWZHHQ�WKHVH�YDOXHV�OLNHO\�FRPHV�IURP�D�GLƦHUHQW�
ƧEULO� SUHSDUDWLRQ� DQG� TXDQWLƧFDWLRQ�� VLQFH� WKHVH� YDOXHV� DUH� FDOFXODWHG� IURP� WKH�
FRQFHQWUDWLRQ�RI�WKH�HQ]\PH���� 
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������51$�LQKLELWV�WKH�FDWDO\WLF�DFWLYLW\�RI�D6�ƞEULOV 

7KH�QH[W�VWHS�ZDV�GHWHUPLQLQJ�KRZ�51$�FDQ� LQƨXHQFH�WKH�FDWDO\WLF�SURSHUWLHV�RI�D6�
DJJUHJDWHV��&R�LQFXEDWLRQ�ZLWK�,QFUHDVLQJ�FRQFHQWUDWLRQV�RI�51$�DW�FRQVWDQW�VXEVWUDWH�
DQG� ƧEULO� FRQFHQWUDWLRQ� GUDVWLFDOO\� GHFUHDVHV� WKH� HQ]\PDWLF� DFWLYLW\� WRZDUGV� S13$� 
�)LJ�������$��DV�ZHOO�DV�S133��)LJ�������'���7KH�LQLWLDO�YHORFLW\�RI�WKH�UHDFWLRQ�GHFUHDVHV�LQ�
ZKDW�DSSHDUV�WR�EH�D�K\SHUEROLF�WUHQG��UHDFKLQJ�VDWXUDWLRQ�DW�YHU\�KLJK�FRQFHQWUDWLRQ�LQ�
WKH�FDVH�RI�S13$��ZKLOH�FRQWLQXDOO\�GHFUHDVLQJ�IRU�S133��:KLOH�WKH�WUHQG�DSSHDUV�WR�EH�
K\SHUEROLF��LW�LV�YHU\�GLƦLFXOW�WR�UHOLDEO\�HVWDEOLVK�D�PHFKDQLVP�RI�LQKLELWLRQ�IRU�MXVW�WKH�
VKDSH�RI�WKH�FXUYH�LQ�WKLV�FDVH�� 

 

)LJXUH�������51$�LQKLELWV�WKH�HQ]\PDWLF�DFWLYLW\�RI�D6�ƧEULOV�� �$��51$�DFWV�DV�DQ�LQKLELWRU�RI�ɲ6�HVWHUDVH�
DFWLYLW\�WRZDUGV�S13$��7KH�ƧW�RI�LQLWLDO�UHDFWLRQ�YHORFLWLHV�ZLWK�WKH�ORJLVWLF�HTXDWLRQ�\LHOGV�DQ�DSSDUHQW�
DƦLQLW\�FRQVWDQW�.����RI�����QJ�ʅ>���%��7KH�'L[RQ�SORW�IRU�51$�UHYHDOV�D�SDUDEROLF�LQKLELWLRQ�PHFKDQLVP��
ZKLFK�RFFXUV�ZKHQ� D�PRGXODWRU� ELQGV� WKH�HQ]\PH� DW�ERWK� WKH� DFWLYH� VLWH� DQG� DW� DGGLWLRQDO� VLWHV�ZLWK�
GLƦHUHQW� DƦLQLWLHV�� �&�� )LEULOV�� VHHGHG�E\�VHHGV�JURZQ� LQ� WKH�SUHVHQFH�RI�HLWKHU�51$�RU�KHSDULQ�� VKRZ�
DOPRVW� QHJOLJHQW� HVWHUDVH� DFWLYLW\� WRZDUGV� S13$�� �'�� 6LPLODU� WR� S13$�� 51$� DOVR� LQKLELWV� WKH� FDWDO\WLF�
DFWLYLW\�RI�ɲ6�ƧEULOV�WRZDUGV�S133��7KH�ƧW�ZLWK�WKH�ORJLVWLF�HTXDWLRQ�LQGLFDWHV�D�.����RI�����QJ�ʅ>���(��$JDLQ��
WKH�'L[RQ�SORW�UHYHDOV�D�K\SHUEROLF�SDUDEROLF�PHFKDQLVP�RI�LQKLELWLRQ��LQGLFDWLQJ�ERWK�WKDW�WKH�PRGXODWRU�
ELQGV�DW�PXOWLSOH�ELQGLQJ�VLWHV��DV�ZHOO�DV�WKH�HQ]\PH�PRGXODWRU�FRPSOH[�EHLQJ�FDWDO\WLFDOO\�DFWLYH���)��$V�
ZLWK�S13$��FRDJJUHJDWLRQ�ZLWK�51$�SURGXFHV�ƧEULOV�ZLWK�YHU\�OLWWOH�FDWDO\WLF�DFWLYLW\�WRZDUGV�SKRVSKDWDVH�
VXEVWUDWHV� 
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6LQFH�WKH�H[DFW�PHFKDQLVP�LV�PRUH�FRPSOLFDWHG�WKDQ�D�VLPSOH�OLQHDU�LQKLELWLRQ��WKH�FXUYH�
ZDV�ƧWWHG�ZLWK�D�ORJLVWLFDO�HTXDWLRQ�ZLWK�IRXU�SDUDPHWHUV�DV�UHSRUWHG�IRU�WKH�LQWHUDFWLRQV�
RI�KXPDQ�HODVWDVH����ZLWK�LWV�PRGXODWRUV����7KLV�HTXDWLRQ�DOORZV�IRU�DQ�HVWLPDWLRQ�RI�WKH�
DSSDUHQW� DƦLQLW\� FRQVWDQW� �.�����ZKHQ� WKH�PHFKDQLVP� RI� WKH� HQ]\PH�PRGLƧHU� LV� WRR�
FRPSOLFDWHG�WR�EH�FKDUDFWHULVHG�SUHFLVHO\�GXH�WR�PLVVLQJ�NLQHWLF�SDUDPHWHUV��XQNQRZQ�
QXPEHU�RI�ELQGLQJ�VSRWV��XQNQRZQ�DOORVWHULF�PHFKDQLVPV�HWF��8VLQJ�WKLV�HTXDWLRQ��WKH�
ƧW�RI�WKH�GDWD�UHYHDOHG�WKH�.���� IRU�WRWDO�51$�WR�EH�����QJ�ʅ>� �S13$��DQG�����QJ�ʅ>�
�S133���$V�ZDV�WKH�FDVH�ZLWK�WKH�51$�H[WUDFWHG�IURP�WKH�DJJUHJDWHV�LQ�&KDSWHU����WKLV�LV�
DQ�DSSDUHQW�FRQVWDQW�GXH�WR�XQNQRZQ�PRODULWLHV�RI�ERWK�WKH�ƧEULOV�DV�ZHOO�DV�51$��7KH�
YDOXH� LV�PXFK�KLJKHU�FRPSDUHG�WR�WKH�DIRUHPHQWLRQHG�YDOXHV�ZKLFK�ZDV�YHU\�FUXGHO\�
HVWDEOLVKHG�DW����QJ�ʅ>�� KRZHYHU�GXH� WR� WKH�FRPSOHWHO\�VWRFKDVWLF�PHWKRG� LW� FDQ�EH�
FRQVLGHUHG�D�EHWWHU�HVWLPDWH�RI�WKH�DFWXDO�ELQGLQJ�RI�51$�WR�WKH�ƧEULOV�� ,W�DOVR�EHWWHU�
UHƨHFWV� WKH� UHYHUVLEOH� ELQGLQJ� RI� WKH� 51$� RQ� WKH� ƧEULO� VXUIDFH�� VLQFH� LQ� WKH� FDVH� RI�
H[WUDFWHG�51$�WKHUH�LV�QR�ZD\�RI�NQRZLQJ�LI�WKH�51$�LV�VLPSO\�ERXQG�WR�WKH�DJJUHJDWHV�
RU�DFWLYHO\�VHTXHVWHUHG��7KH�ODWWHU�ZRXOG�DOVR�LPSO\�DQ�LUUHYHUVLEOH�SURFHVV�DQG�QRW�D�
G\QDPLF�HTXLOLEULXP��7KH�ƧW� DOVR� UHYHDOV�D�VLJQLƧFDQW� FRRSHUDWLYH�HƦHFW� �K� � ����� IRU�
S13$���ZKLFK�UHƨHFWV�WKH�FRPSOH[LRQ�RI�WKH�V\VWHP�REVHUYHG��$V�GRHV�DQ�DWWHPSW�WR�
HOXFLGDWH�WKH�PHFKDQLVP�RI�PRGXODWLRQ�XVLQJ�WKH�'L[RQ�SORW��7KH�'L[RQ�SORW�LV�XVHG�DV�
D�TXLFN�DQG�UHOLDEOH�ZD\�RI�DSSUR[LPDWHO\�GHWHUPLQLQJ�WKH�PHFKDQLVP�RI�WKH�HQ]\PH�
PRGXODWRU�IURP�WKH�VKDSH�RI�WKH�FXUYH�Y����>,@������7KH�SORWV�IRU�S13$�DQG�S133�FRQƧUPV�
WKH�KLJKO\�FRPSOLFDWHG�QDWXUH�RI�WKH�PRGXODWLRQ��VLQFH�WKH�FXUYH�DSSHDUV�WR�VXJJHVW�D�
SDUDEROLF�PHFKDQLVP��)LJ�������%�(������3DUDEROLF�LQKLELWLRQ�LV�D�YHU\�UDUH�PHFKDQLVP�LQ�
QDWXUH��UHSRUWHG�IRU�H[DPSOH�LQ�WKH�FDVH�RI�PRGXODWLRQ�RI�KXPDQ�GLSHSWLG\O�SHSWLGDVH�
E\� SHSWLGHV� GHULYHG� IURP� +,9� 7DW� SURWHLQ����� ,W� RFFXUV� ZKHQ� D� PRGXODWRU� ELQGV� WKH�
HQ]\PH�DW�ERWK�WKH�DFWLYH�VLWH�DQG�DW�DGGLWLRQDO�VLWHV�ZLWK�GLƦHUHQW�DƦLQLWLHV��ZLWK�WKH�
ELQGLQJ� FRPSOHWHO\� H[FOXGLQJ� WKH� VXEVWUDWH�� 7KXV�� ZKLOH� DSSHDULQJ� OLQHDU� DW� ORZHU�
LQKLELWRU� FRQFHQWUDWLRQV�� KLJKHU� LQKLELWRU� FRQFHQWUDWLRQV� H[SRQHQWLDOO\� GHFUHDVH� WKH�
FDWDO\WLF�DFWLYLW\�����7KLV�LQWHUSUHWDWLRQ��KRZHYHU�LPSUHFLVH��VXLWV�WKH�V\VWHP�REVHUYHG��
7KH� WRWDO� FHOO� 51$� OLNHO\� FRQWDLQV� D� YDULHW\� RI� IUDJPHQWV� ZLWK� GLƦHUHQW� ELQGLQJ�
SURSHQVLWLHV�WKDW�FDQ�LQGLYLGXDOO\�ELQG�WKH�ƧEULO�ZLWK�PDQ\�GLƦHUHQW�PRWLIV�DW�QXPHURXV�
VLWHV�RQ�WKH�DFWXDO�ƧEULO��7KHUHIRUH�� WKLV�DSSURDFK�RI�PHDVXULQJ�WKH�ELQGLQJ�DƦLQLW\�RI�
51$�FDQQRW�EH�FRQVLGHUHG�D�UHOLDEOH�PHWKRG��\HW�LW�FRXOG�VWLOO�SUHVHQW�D�YLDEOH�DSSURDFK�
LI�D�VSHFLƧF�51$�RU�VPDOO�PROHFXOH�LV�XVHG��7KLV�ZD\��WKH�H[DFW�PHFKDQLVP�RI�PRGXODWLRQ�
FRXOG�EH�GHWHUPLQHG�E\�SHUIRUPLQJ�WKH�H[SHULPHQWV�DW�GLƦHUHQW�FRQFHQWUDWLRQV�RI�WKH�
VXEVWUDWH�DQG�SORWWLQJ�WKH�FXUYHV�LQ�RUGHU�WR�SURSHUO\�HVWLPDWH�ERWK�WKH�ELQGLQJ�DƦLQLW\�
DV�ZHOO�DV�WKH�H[DFW�PHFKDQLVP�RI�PRGXODWLRQ� 
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������51$�FKDQJHV�WKH�PRUSKRORJ\�RI�D6�ƞEULOV�WR�UHQGHU�WKHP�FDWDO\WLFDOO\�LQDFWLYH�
XSRQ�FRDJJUHJDWLRQ 

:KLOH�51$� XQGRXEWHGO\� ELQGV� WKH� ƧEULOV� DQG� WKXV� LQKLELWV� WKHLU� FDWDO\WLF� DFWLYLW\�� WKH�
H[SHULPHQWV�SUHVHQWHG�DERYH�ZHUH�DOZD\V�SHUIRUPHG�ZLWK�ƧEULOV�VHHGHG�IURP�SURWHLQ�
OHIW�WR�DJJUHJDWH�E\�LWVHOI��6LQFH�WKH�UHVXOWV�SUHVHQWHG�LQ�WKH�SUHFHGLQJ�FKDSWHUV�FOHDUO\�
LQGLFDWHG� WKDW� FRDJJUHJDWLRQ� RI� D6� DQG� 51$� FKDQJHV� WKH� FRQIRUPDWLRQ� RI� WKH�
DJJUHJDWHV�� WKH� TXHVWLRQ� UHPDLQHG� ZKHWKHU� WKHVH� ZHUH� LQ� IDFW� FDWDO\WLFDOO\� DFWLYH�� 
,Q�RUGHU�WR�GHWHUPLQH�WKDW��WKH�VHHGV�ZHUH�SUHSDUHG�E\�FRDJJUHJDWLRQ�ZLWK�ERWK�51$�
DQG�KHSDULQ�DV�D�FRQWURO��0DWHULDOV�DQG�0HWKRGV���$IWHUZDUGV��WKH�ƧEULOV�ZHUH�ZDVKHG�
VHYHUDO�WLPHV�ZLWK�EXƦHU�LQ�DQ�DWWHPSW�WR�UHPRYH�DV�PXFK�RI�WKH�51$�DQG�KHSDULQ�ERXQG�
WR�WKH�DJJUHJDWHV�DV�SRVVLEOH��7KH�DJJUHJDWHV�ZHUH�WKHQ�VRQLFDWHG��ZDVKHG�DJDLQ�DQG�
ƧQDOO\� DGGHG� WR� IUHVK�PRQRPHULF�SURWHLQ�ZLWKRXW� DQ\� IXUWKHU�51$�RU� KHSDULQ�� 7KHVH�
ƧEULOV� H[KLELW� VLJQLƧFDQWO\� OHVV� FDWDO\WLF� DFWLYLW\� FRPSDUHG� WR� WKH� FRQWURO� FRQGLWLRQ��
SUHSDUHG�LQ�WKH�VWDQGDUG�ZD\��)LJ�������&�)���7KLV�LQGLFDWHV�WKDW�FRDJJUHJDWLRQ�ZLWK�51$�
FKDQJHV� WKH�VWUXFWXUH�RI� WKH�ƧEULOV�GUDVWLFDOO\�HQRXJK� WR�DOPRVW�FRPSOHWHO\�DEURJDWH�
WKHLU�FDWDO\WLF�SURSHUWLHV� 
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���'LVFXVVLRQ 
7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�ZRUN�FOHDUO\�LQGLFDWH�WKDW�51$�KDV�D�VLJQLƧFDQW�DQG�PXOWL�
IDFHWHG�HƦHFW�RQ�D6�DJJUHJDWLRQ��7R�EULHƨ\�UHFDS��WKH�UHVXOWV�VKRZQ�LQ�6HFWLRQ�����VKRZ�
WKDW�51$�FDQ�VLJQLƧFDQWO\�DOWHU�WKH�DJJUHJDWLRQ�NLQHWLFV�RI�D6��6HFWLRQ�����VKRZV�WKDW�
51$�FDQ�LQƨXHQFH�WKH�VWUXFWXUDO�FRQIRUPDWLRQV�GXULQJ�WKH�SURFHVV�RI�ƧEULOODWLRQ�DQG�WKH�
PHFKDQLFDO�SURSHUWLHV�RI� WKH�ƧQDO�ƧEULO�SRSXODWLRQ�� 6HFWLRQ�����GHPRQVWUDWHV� WKDW�D6�
DJJUHJDWHV� FDQ� VHTXHVWHU� 51$� LQ� SURWHLQ�VHTXHQFH� GHSHQGHQW� PDQQHU� DQG� WKDW�
DJJUHJDWLRQ� LV� WKH�GULYHU�RI� WKH�SURFHVV��&KDSWHU���JLYHV�D� FRPSXWDWLRQDO� DQG�ZLGHU�
EDFNJURXQG�RQ�KRZ�DJJUHJDWLRQ�FDQ�LQƨXHQFH�WKH�PLVIROGLQJ�RI�SURWHLQV�DQG�WKXV�OHDG�
WR�WKHP�DFTXLULQJ�QRYHO�IXQFWLRQDO�SURSHUWLHV�VXFK�DV�51$�ELQGLQJ��)LQDOO\��&KDSWHU���
VKRZV�XQHTXLYRFDOO\�WKDW�51$�GRHV�ELQG�WKH�ƧEULOV�E\�GLUHFWO\�LQKLELWLQJ�WKHLU�HQ]\PDWLF�
DFWLYLW\��DV�ZHOO�DV�FKDQJHV�WKH�VWUXFWXUDO�FRQIRUPDWLRQ�RI�WKH�PDWXUH�ƧEULOV�E\�FKDQJLQJ�
WKH�FRQIRUPDWLRQ�WKDW�FRQIHUV�WKH�ƧEULOV�WKHLU�FDWDO\WLF�SURSHUWLHV� 

:KDW�WKHVH�UHVXOWV�GR�QRW�SURYLGH��KRZHYHU��LV�D�PHFKDQLVP�RU�D�PROHFXODU�OHYHO�PRGH�
RI�DFWLRQ��:K\�DQG�KRZ�GRHV�51$�DFW�WR�LQƨXHQFH�WKH�WUHQGV�LQ�WKH�ZD\�WKDW�LW�GRHV��DQG�
FRXOG�WKDW�EH�VLJQLƧFDQW" 

�$V�RXWOLQHG�LQ�WKH�LQWURGXFWLRQ��WKH�FXUUHQW�VWDQG�RQ�WKH�DFWXDO�WULJJHU�PHFKDQLVP�RI�D6�
DJJUHJDWLRQ� OLHV� LQ� WKH� LQWHUUXSWLRQ� RI� WKH� LQWUDPROHFXODU� FRQWDFWV� EHWZHHQ� WKH� 1�
WHUPLQDO� DQG� WKH� &�WHUPLQDO� GRPDLQ������������� WKDW� FDQ� OHDG� WR� WKH� IRUPDWLRQ� RI� WKH�
DJJUHJDWLRQ�SURQH�SDUWLDOO\�IROGHG�LQWHUPHGLDWH�����7KH�H[SODQDWLRQ�IRU�WKH�UROH�RI�51$�
LV�WKHUHIRUH�UDWKHU�VLPSOH�DQG�VWUDLJKWIRUZDUG��%\�LQWHUDFWLRQ��DOEHLW�WUDQVLHQWO\��ZLWK�WKH�
1�WHUPLQDO� UHJLRQ�� 51$� OLNHO\� GLVSODFHV� WKH� &�WHUPLQDO� WDLO� DQG� LQFUHDVHV� WKH�
FRQIRUPDWLRQDO�ƨH[LELOLW\�RI�WKH�1$&�UHJLRQ�DQG�WKH�SRWHQWLDO�IRUPDWLRQ�RI�WKH�SDUWLDOO\�
IROGHG� LQWHUPHGLDWH��7KLV� UHVHPEOHV� WKH�RQH�VWHS�QXFOHDWLRQ�PHFKDQLVP�WULJJHUHG�E\�
DQLRQLF�OLSLGV�����,Q�WKLV�LQWHUSUHWDWLRQ��51$�LV�DFWLQJ�DOPRVW�OLNH�D�PROHFXODU�PLPHWLF�RI�
WKH�&�WHUPLQDO�GRPDLQ�DQG�LQFUHDVLQJ�LWV�FRQFHQWUDWLRQ�VKRXOG�PDNH�WKH�DJJUHJDWLRQ�RI�
WKH�ZLOG�W\SH�D6����EHKDYH�LQ�D�ZD\�WKDW�UHVHPEOHV�WKH�&�WHUPLQDOO\�WUXQFDWHG�D6�����
2XU�UHVXOWV�FRQƧUP�WKLV��DV�WKH�LQFUHDVLQJ�FRQFHQWUDWLRQ�RI�51$�GRHV�GUDVWLFDOO\�LQFUHDVH�
WKH�DJJUHJDWLRQ�UDWH��ZLWK�WKH�SHDN�YDOXHV�UHDFKLQJ�D�SODWHDX�VWULNLQJO\�VLPLODU�WR�WKH�
UDWH� RI� D6����ZLWKRXW� 51$� �)LJ�� ������:H� FDQ� WKHUHIRUH� FRQFOXGH� WKDW� LQFUHDVLQJ� WKH�
VWDUWLQJ� FRQFHQWUDWLRQ� RI� 51$� OHDGV� WR� DQ� LQFUHDVHG� SHUWXUEDWLRQ� RI� WKH� FRQWDFWV�
EHWZHHQ� WKH� 1�WHUPLQXV� DQG� WKH� &�WHUPLQXV�� XQWLO� DW� DURXQG� ���� QJ�ʅ>�� WKH�
FRQFHQWUDWLRQ�RI�51$�UHDFKHV�HTXLPRODU�FRQGLWLRQV�FRPSDUHG�WR�WKH�&�WHUPLQXV�DQG�WKH�
DJJUHJDWLRQ� UDWH� LQFUHDVH� HƦHFWLYHO\� SODWHDXV�� 7KH� &�WHUPLQXV� RI� D6� KDV� DOVR� EHHQ�
VKRZQ� WR� LQKLELW�ƧEULOODWLRQ�DQG�SURPRWH�ROLJRPHULVDWLRQ���������7KLV� LV� UHƨHFWHG� LQ� WKH�
$)0�GDWD��VKRZLQJ�D�PXFK�IDVWHU�DSSHDUDQFH�RI�ƧEULO�OLNH�VWUXFWXUHV�LQ�WKH�SUHVHQFH�RI�
51$��)LJ��������7KHVH�ƧEULOV�DOVR�KDYH�GLƦHUHQW�PHFKDQLFDO�SURSHUWLHV��HVSHFLDOO\�D�KLJKHU�
ULJLGLW\�DQG�D� ORZHU�GLDPHWHU� �)LJ��������ZKLFK� LV�SUHFLVHO\�ZKDW�KDV�EHHQ�REVHUYHG� LQ�
HOHFWURQ� PLFURVFRS\� DQDO\VLV� RI� ƧEULOV� SURGXFHG� E\� &�WHUPLQDOO\� WUXQFDWHG� D6�
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FRQVWUXFWV������+RZHYHU��WKH�IDFW�WKDW�ƧEULOV�DUH�PRUH�FRPSDFW�DQG�ULJLG�GRHV�QRW�PHDQ�
WKDW�WKH\ƊUH�PHFKDQLFDOO\�OHVV�SURQH�WR�EUHDNLQJ�����7KLV�FRXOG�LQ�WXUQ�PHDQ�WKH�LQFUHDVH�
LQ�WKH�DJJUHJDWLRQ�UDWH�REVHUYHG�IRU�D6����LQ�WKH�SUHVHQFH�RI�51$�LV�SDUWLDOO\�FDXVHG�E\�
WKH�PXFK�KLJKHU�UDWH�RI�IUDJPHQWDWLRQ�LQ�WKH�H[SHULPHQWDO�VHWXS�XVHG�IRU�DJJUHJDWLRQ�
DVVD\��7KH�XQIRUWXQDWH�GRZQVLGH�RI�XVLQJ�D�V\VWHP�ZLWK�ERWK�FRQWLQXRXV�VKDNLQJ�DV�ZHOO�
DV�D�JODVV�EHDG� LQ� WKH�ZHOO� LV� WKH� OLNHO\� IUDJPHQWDWLRQ�RI�DJJUHJDWHV�� LQGXFHG�E\� WKH�
VKHDULQJ� IRUFHV�����7KH�PHWKRG�RI�ƧWWLQJ� WKH�GDWD�DFTXLUHG� LQ� WKLV�ZD\� LV� DOVR�QRW�DV�
SUHFLVH�DQG�LQIRUPDWLYH�DV�RWKHU�DSSURDFKHV�ZKLFK�DOORZ�IRU�WKH�GLUHFW�LGHQWLƧFDWLRQ�RI�
YDULRXV� LQGLYLGXDO� UDWHV�������� 7KHVH� PRGHOV� UHTXLUH� D� GHWDLOHG� NQRZOHGJH� RI� WKH�
SDUDPHWHUV�DQG�DGGLWLRQDO�PHDVXUHPHQWV�WKDW�ZHUH�XQDYDLODEOH�WR�XV�VXFK�DV�FRQVLVWHQW�
$)0�RU�(0� LPDJLQJ�RI�DJJUHJDWHV� WR�GHWHUPLQH�WKH�DPRXQW�RI�PRQRPHULF�XQLWV� LQ�D�
ƧEULOV�������$QRWKHU�ZLGHO\�XVHG�RSWLRQ�LV�WKH�)LQNH�:DW]N\�HTXDWLRQ�����ZKLFK�GHVFULEHV�
D� WZR�VWHS� PRGHO� ZLWK� LQGLYLGXDO� UDWHV� IRU� QXFOHDWLRQ� DQG� HORQJDWLRQ�� ,PSRUWDQWO\��
KRZHYHU��LW�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�VHFRQGDU\�QXFOHDWLRQ��RQH�RI�WKH�FULWLFDO�VWHSV�
LQ�WKH�DJJUHJDWLRQ�RI�D6��������2YHUDOO��IXUWKHU�H[SHULPHQWV�DUH�QHHGHG�WR�FODULI\�H[DFWO\�
ZKLFK� LV� WKH� SURFHVV� WKDW� 51$� DƦHFWV� WKH�PRVW�� OLNHO\� ZLWK� D� GLƦHUHQW� H[SHULPHQWDO�
DSSURDFK� WKDW� HOLPLQDWHV� WKH� YDULDEOH� RI� IUDJPHQWDWLRQ� DQG� WKH� UHVXOWLQJ� DOWHULQJ� RI�
NLQHWLFV� 

7KH�SRVWXODWLRQ�WKDW�51$�HƦHFWLYHO\�GLVSODFHV�WKH�&�WHUPLQDO�GRPDLQ�DQG�LQFUHDVHV�WKH�
DJJUHJDWLRQ�UDWH�E\�SURPRWLQJ�WKH�SDUWLDOO\�IROGHG�LQWHUPHGLDWH�IRUPDWLRQ�KROGV�ZHOO�LQ�
YLHZ�RI�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�IXOO�OHQJWK�D6�����+RZHYHU��LW�GRHV�QRW�SURYLGH�DQ�
H[SODQDWLRQ�DV�WR�ZK\�51$�KDV�D�VLPLODU�VFDOLQJ�HƦHFW�RQ�D6�����ZKLFK�ODFNV�DOPRVW�WKH�
HQWLUHW\�RI�WKH�&�WHUPLQXV��7KH�,5�UHVXOWV�VKRZ�D�VORZHU�LQFUHDVH�LQ��ɴ�VKHHW�3�$3�LQ�WKH�
SUHVHQFH�RI�51$�FRPSDUHG�WR�D6�����)LJ��������$OVR��WKH�ƨXRUHVFHQFH�GDWD�LQGLFDWH�WKDW�
51$�RYHUDOO�GHFUHDVHV�WKH�DJJUHJDWLRQ�UDWH�DW����QJ�ʅ>� LI� WKH�VORZHU�ƧUVW�VWHS� LV�QRW�
FRQVLGHUHG��DV�ZHOO�DV�GHFUHDVHV�WKH�ƨXRUHVFHQFH�SODWHDX��)LJ��������6LQFH�WKH�1�WHUPLQXV�
GRHV�QRW�FKDQJH�FKHPLFDOO\��51$�VWLOO�OLNHO\�LQWHUDFWV�WUDQVLHQWO\�ZLWK�LW��MXVW�OLNH�LQ�WKH�
FDVH�RI�D6�����DQG�WKLV�LQWHUDFWLRQ�FRXOG�VLPLODUO\�IDYRXU�WKH�SULPDU\�QXFOHDWLRQ�VWHS�YLD�
WKH�SDUWLDOO\�IROGHG�LQWHUPHGLDWH��+RZHYHU��9DQ�GHU�:DWHUHQ�DQG�FROOHDJXHV�IRXQG�RXW�
WKDW�LQ�WKH�FDVH�RI�D6�����VHFRQGDU\�QXFOHDWLRQ�LV�WKH�GRPLQDWLQJ�SURFHVV�ZKLFK�UHƨHFWV�
LQ�WKH�PXFK�KLJKHU�DJJUHJDWLRQ�UDWH�FRPSDUHG�WR�D6��������7KLV�FRXOG�PHDQ�WKDW�ZKLOH�
51$�VSHHGV�XS�WKH�SULPDU\�QXFOHDWLRQ�VWHS�WR��LW�EORFNV�RU�VORZV�GRZQ�WKH�VHFRQGDU\�
QXFOHDWLRQ� VWHS�� 7KLV� K\SRWKHVLV� QHDWO\� H[SODLQV� WKH� YHU\� GLƦHUHQW� VKDSH� RI� WKH�
ƨXRUHVFHQFH�FXUYH�LQ�)LJ�����%�ZKHQ�FRPSDULQJ���DQG����QJ�ʅ>��,QFUHDVLQJ�DGGLWLRQV�RI�
51$�WKHQ�IXUWKHU�VWLPXODWH�WKH�SULPDU\�QXFOHDWLRQ�DV�VHHQ�E\�WKH�LQFUHDVLQJ�DJJUHJDWLRQ�
UDWH�� XQWLO� LW� UHDFKHV� WKH� YDOXHV� PRUH� RU� OHVV� VLPLODU� WR� WKH� VHFRQGDU\� 
QXFOHDWLRQ�GRPLQDWHG�D6����LQ�WKH�DEVHQFH�RI�51$��$�SRVVLEOH�H[SODQDWLRQ�IRU�WKLV�FRXOG�
EH�WKH�LQFUHDVHG�SURSHQVLW\�RI�LQWHUDFWLRQ�ZLWK�51$�E\�WKH�DJJUHJDWHG�IRUP�RI�D6�����
ZKHUHDV�WKH�51$�ERXQG�RU�VHTXHVWHUHG�LQ�WKH�DJJUHJDWHG�IRUP�SUHYHQWV�WKH�LQWHUDFWLRQ�
EHWZHHQ�WKH�PRQRPHUV�DQG�WKH�ƧEULOV�DQG�WKXV�EORFNV�VHFRQGDU\�QXFOHDWLRQ��,I�VR��WKLV�
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FRXOG�SUHVHQW�D�YHU\�LPSRUWDQW�GLVFRYHU\�LQ�WKH�GHYHORSPHQW�RI�51$�EDVHG�WKHUDSHXWLFV�
WKDW�OLPLW�WKH�H[WHQW�RI�SURWHLQ�DJJUHJDWLRQ�LQ�FHOOV�� 

7KH� PHFKDQLVP� RI� ƧEULO�LQGXFHG� VHFRQGDU\� QXFOHDWLRQ� LQ� WKH� FDVH� RI� D6� KDV� EHHQ�
H[SORUHG�E\�.XPDUL�DQG�FROOHDJXHV�����7KH\�VKRZHG�WKDW�XSRQ�DJJUHJDWLRQ��WKH�RUGHUHG�
&�WHUPLQL�IRUPLQJ�WKH�IX]]\�FRDW�RI�D6�ƧEULOV�WUDQVLHQWO\�LQWHUDFW�ZLWK�WKH�1�WHUPLQL�RI�WKH�
PRQRPHUV�LQ�VROXWLRQ��7KLV�WKHQ�HQDEOHV�WKH�QXFOHDWLRQ�RI�WKH�PRQRPHUV�LQ�WKH�VDPH�
ZD\�DV�QHJDWLYHO\�FKDUJHG�SRO\PHUV�FDQ�VWLPXODWH�SULPDU\�QXFOHDWLRQ��E\�GHVWDELOLVLQJ�
WKH�LQWUDPROHFXODU�FRQWDFWV�LQ�WKH�PRQRPHULF�D6��7KH�DGGLWLRQ�RI�51$�LQ�WKLV�PRGHO�FDQ�
WKXV�EORFN�WKH�PRQRPHU�ƧEULO�FRQWDFW� LQ�WZR�ZD\V��7KH�ƧUVW� LV�E\�FRPSHWLQJ�ZLWK�WKH�
ƧEULO� IRU� LQWHUDFWLQJ� ZLWK� WKH� PRQRPHU� 1�WHUPLQXV�� DQG� WKH� VHFRQG� LV� E\� DFWLYHO\�
LQWHUDFWLQJ�ZLWK�WKH�ƧEULO�DQG�OLPLWLQJ�WKH�DYDLODEOH�ELQGLQJ�VSRWV�IRU�WKH�PRQRPHU��2XU�
K\SRWKHVLV� ZRUNV� E\� DVVXPLQJ� WKDW� D��� WKH� LQWHUDFWLRQ� SURSHQVLW\� EHWZHHQ� WKH� 
1�WHUPLQXV�RI�WKH�PRQRPHU�DQG�WKH�51$�LV�VWURQJHU�WKDQ�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�
1�WHUPLQXV�RI�WKH�PRQRPHU�DQG�WKH�&�WHUPLQL�RI�WKH�IX]]\�FRDW��DQG�E���7KH�LQWHUDFWLRQ�
EHWZHHQ�WKH�DJJUHJDWHG�D6�DQG�WKH�51$�LV�VWURQJHU�WKDQ�EHWZHHQ�WKH�DJJUHJDWHG�DQG�
PRQRPHULF�D6��7KH�ODWWHU�DVVXPSWLRQ�FDQ�EH�TXLFNO\�FRQƧUPHG�E\�WKH�HVWLPDWHG�ELQGLQJ�
SURSHQVLWLHV�� REWDLQHG� E\� HQ]\PDWLF� LQKLELWLRQ� DVVD\V�� 7KH� .DSSDUHQW� IRU� ƧEULO�51$�
LQWHUDFWLRQ�FDQ�EH�URXJKO\�HVWLPDWHG�DW�DURXQG�����QJ�ʅ>��PHDQLQJ�DW�WKH�ZRUNLQJ�51$�
FRQFHQWUDWLRQ�RI�����QJ�ʅ>��URXJKO\������RI�WKH�DYDLODEOH�ELQGLQJ�VSRWV�RQ�WKH�ƧEULOV�
DUH�RFFXSLHG�E\� WKH�51$��.XPDUL� DQG� FROOHDJXHV� HVWLPDWH� WKH�.'� IRU� ƧEULO�PRQRPHU�
LQWHUDFWLRQ�WR�EH�URXJKO\���P0�����PHDQLQJ�DW�WKH�ZRUNLQJ�PRQRPHU�FRQFHQWUDWLRQ�RI�
���ʅ0�DQG�WKH�ƧEULO�FRQFHQWUDWLRQ�PXFK� ORZHU�� WKH�DƦLQLW\� IRU� WKH�PRQRPHU� LV�PXFK�
ORZHU� WKDQ� WKH� DƦLQLW\� IRU� WKH� 51$�� 7KH� IRUPHU� DVVXPSWLRQ� FDQ�� KRZHYHU�� RQO\� EH�
HYDOXDWHG�LQGLUHFWO\�IURP�WKH�FDOFXODWHG�DJJUHJDWLRQ�UDWHV��$V�PHQWLRQHG�DERYH��DW�WKH�
51$�FRQFHQWUDWLRQ�RI�����QJ�ʅ>�� WKH�DJJUHJDWLRQ�UDWH�RI�D6���� LV�FRPSDUDEOH� WR�WKH�
DJJUHJDWLRQ�UDWH�RI�D6����DORQH��7KLV�OLNHO\�PHDQV�WKDW�DURXQG�WKH�VDPH�FRQFHQWUDWLRQ��
51$� LV� OLNHO\� WKH� SUHIHUUHG� LQWHUDFWLRQ� SDUWQHU� RI� WKH� 1�WHUPLQXV�� ,Q� DQ\� FDVH�� WKH�
IXOƧOPHQW�RI�MXVW�RQH�RI�WKHVH�UHTXLUHPHQWV�FDQ�VWLOO�HƦHFWLYHO\�DEURJDWH�WKH�VHFRQGDU\�
QXFOHDWLRQ�E\�SUHIHUHQWLDOO\�LQWHUDFWLQJ�ZLWK�WKH�ƧEULO�FRPSDUHG�WR�WKH�PRQRPHU� 

7KLV�IDFW�IXUWKHU�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�WKH�ƧEULO�51$�LQWHUDFWLRQ��ZKLFK�KDYH�VR�IDU�
UHPDLQHG�YHU\�PXFK�XQGHUVWXGLHG��2QH�UHDVRQ�IRU�WKLV�FRXOG�EH�WKH�VLPSOH�IDFW�WKDW�VR�
IDU��QR�DWRPLF�OHYHO�VWUXFWXUHV�RI�SURWHLQ�ƧEULOV�KDYH�EHHQ�VROYHG�ZLWK�WKH�51$�GLUHFWO\�
ERXQG��7KHUH�LV�WKH�VWUXFWXUH�RI�WDX��JURZQ�LQ�WKH�SUHVHQFH�RI�51$��UHFHQWO\�VROYHG�E\�
FU\R�(0�E\�$EVNKDURQ�DQG�FROOHDJXHV�����\HW�WKH�51$�KDV�EHHQ�GRFNHG�LQWR�WKH�VWUXFWXUH�
LQ�WKH�SRVW�SURFHVVLQJ�SKDVH��7KH�FORVHVW�HTXLYDOHQW�LQ�WKH�FDVH�RI�D6�LV�WKH�VWUXFWXUH�RI�
KHSDULQ�UHPRGHOOHG� D6� ƧEULOV�� UHFHQWO\� SXEOLVKHG� E\� 7DR� DQG� FROOHDJXHV����� ZKHUH� D� 
��PHU�KHSDULQ�SRO\VDFFKDULGH�KDV�DOVR�EHHQ�GRFNHG�LQWR�WKH�VWUXFWXUH�SRVW�SURFHVVLQJ��
6WLOO��WKHVH�DUH�DOO�VWUXFWXUHV�RI�ƧEULOV�RULJLQDWLQJ�LQ�YLWUR��ZKHUH�LVRODWHG�FRQGLWLRQV�PD\�
IDFLOLWDWH� WKH� LQWHUDFWLRQ� PRUH� HDVLO\�� +RZHYHU�� WKH� RYHUYLHZ� RI� DOO� WKH� ��� VROYHG�
VWUXFWXUHV�RI�D6�ƧEULOV�IURP�$P\ORLG$WODV��������UHYHDOV�DQ�LQWHUHVWLQJ�IDFW��2XW�RI�DOO�WKH�
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VWUXFWXUHV�GHSRVLWHG� LQ� WKH� FXUDWHG�GDWDEDVH�� RQO\� D� FRXSOH�RULJLQDWH� IURP� WKH�SRVW�
PRUWHP�WLVVXHV��2QH�LV�WKH�VWUXFWXUH�RI�ƧEULOV�IURP�D�SDWLHQW�ZLWK�/HZ\�%RG\�'HPHQWLD����
DQG�WKH�RWKHU�IURP�D�SDWLHQW�ZLWK�0XOWLSOH�6\VWHP�$WURSK\�����)LJ������� 

 

)LJXUH� ����� &RPSDULVRQ� RI� WKH� VWUXFWXUHV� RI� DP\ORLG� ƧEULOV� H[WUDFWHG� IURP� D� SDWLHQW� ZLWK� /HZ\� %RG\�
'HPHQWLD��� �3'%� �$�/�� DQG�0XOWLSOH� 6\VWHP� $WURSK\��� �3'%� �;<3� DQG� �;<2��� %RWK� VWUXFWXUHV� VKRZ�
XQNQRZQ�HOHFWURQLF�GHQVLWLHV�WKDW�LQWHUDFW�ZLWK�SRVLWLYHO\�FKDUJHG�SRFNHWV�ERWK�RQ�WKH�ƧEULO�VXUIDFH��/HZ\�
IROG��DQG�LQ�WKH�ƧEULO�FRUH��06$�IROG�� 

&XULRXVO\��ERWK�VWUXFWXUHV�FOHDUO\�FRQWDLQ�XQDVVLJQHG�HOHFWURQ�GHQVLWLHV�ZKRVH�RULJLQV�
WKH�DXWKRUV�FRXOG�QRW�GHWHUPLQH��7KHVH�GHQVLWLHV�DSSHDU�ERXQG�WR�WKH�ƧEULO�VXUIDFH�RI�
WKH�/%'�IROG��ZLWK�WKH�LQWHUDFWLRQ�VWDELOLVHG�E\�IRXU�O\VLQH�UHVLGXHV�DQG�D�W\URVLQH��DV�
ZHOO�WUDSSHG�LQ�WKH�FRUH�RI�WKH�ƧEULO�DQG�DJDLQ�ERXQG�E\�WKH�IRXU�O\VLQH�UHVLGXHV�DQG�WKH�
RQH�KLVWLGLQH��7KLV�LPPHGLDWHO\�LQGLFDWHV�WKH�XQNQRZQ�OLJDQG�LV�OLNHO\�QHJDWLYHO\�FKDUJHG�
DQG�K\GURSKLOLF��ƧWWLQJ�WKH�GHVFULSWLRQ�RI�51$��)XUWKHUPRUH��WKH�OLJDQG�ELQGLQJ�VLWH�RQ�
WKH�ƧEULOV�LV�ORFDWHG�SUHFLVHO\�ZKHUH�PRQRPHULF�D6�ZDV�SUHGLFWHG�WR�KDYH�WKH�KLJKHVW�
SURSHQVLW\�RI�LQWHUDFWLQJ�ZLWK�LWV�RZQ�WUDQVFULSW�����0RUHRYHU��WKHVH�ƧEULOV�KDYH�D�XQLTXH�
IROG�DPRQJVW�DOO�WKH�VROYHG�VWUXFWXUHV��IXUWKHU� LPSO\LQJ�WKDW�51$�KDV�WKH�SRWHQWLDO�WR�
DOWHU�WKH�DP\ORLG�VWUXFWXUH�LQ�D�QHZ�DQG�XQLTXH�ZD\��:KLOH�GHWHUPLQLQJ�WKH�VWUXFWXUH�RI�
D6�ƧEULOV�DV�JURZQ�LQ�WKH�SUHVHQFH�RI�51$�ZRXOG�EH�DEVROXWHO\�WKH�EHVW�ZD\�WR�DGGUHVV�
DOO�RI�WKHVH�TXHVWLRQV��LW�ZDV�XQIRUWXQDWHO\�RXW�RI�UHDFK�IRU�WKH�VFRSH�RI�WKLV�SURMHFW� 
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'XH�WR� WKH�GLYHUVLW\�RI�ƧEULOV�VWUXFWXUHV�VROYHG�VR� IDU��DOVR� LQ� WKH�SUHVHQFH�RI�YDULRXV�
FRIDFWRUV��LW�ZRXOG�EH�UHDVRQDEOH�WR�DVVXPH�WKDW�WRWDO�FHOO�51$�VXFK�DV�WKH�RQHV�XVHG�LQ�
RXU�H[SHULPHQWV�FRXOG�LQGXFH�WKH�IRUPDWLRQ�RI�D�SRSXODWLRQ�RI�VWUXFWXUDOO\�GLYHUVH�ƧEULOV��
,Q� IDFW�� WKDW�FRXOG�EH�D�IDVFLQDWLQJ�H[SHULPHQW��VWXG\LQJ�WKH�HƦHFW�RI�VWUXFWXUDOO\�DQG�
FRPSRVLWLRQDOO\�GLYHUVH�51$�RQ�WKH�DP\ORLG�IROG�RI�D6��7KLV�DOVR�IXUWKHU�KLJKOLJKWV�WKH�
TXHVWLRQ�WKDW�ZDV�OHIW�XQDGGUHVVHG�VR�IDU��ZKDW�KDSSHQV�ZLWK�WKH�51$"�7KH�51$�XVHG�
LQ�WKH�H[SHULPHQWV�ZDV�D�WRWDO�\HDVW�H[WUDFWHG�51$��ZKLFK� LV� ODUJHO\�IUDJPHQWHG�DQG�
UHSUHVHQWV�D�JRRG�DYHUDJH�SRSXODWLRQ�RI�GLƦHUHQW�PRWLIV�DQG�VWUXFWXUHV��7KLV�LV�SUHFLVHO\�
ZK\� LW� ZDV� FKRVHQ� IRU� WKH� H[SHULPHQWV�� WR� DYRLG� DQ\� VRUW� RI� ELDV� E\� D� FHUWDLQ�
RYHUUHSUHVHQWHG� 51$� VSHFLHV�� +RZHYHU�� LW� PDNHV� WKH� 51$� XQXVDEOH� IRU� DQ\� VRUW� RI�
VHTXHQFLQJ�DSSOLFDWLRQV�GXH�WR�WKH�ORZ�TXDOLW\�DQG�DOVR�WKH�ODFN�RI�VXLWDEOH�NLW�IRU�WKH�
SUHSDUDWLRQ�RI�VHTXHQFLQJ�OLEUDULHV��7KHUH�LV�DOVR�WKH�SRVVLELOLW\�WKDW�ƧEULOV�WKHPVHOYHV�
FDQ�DƦHFW�WKH�51$�ERXQG�WR�WKHP��(Q]\PDWLF�WHVWV�FRQGXFWHG�ZLWK�WKH�ƧEULOV�VKRZHG�
WKDW� WKH\� DUH� FDWDO\WLFDOO\� DFWLYH� ERWK� WRZDUGV� HVWHUDVH� DV� ZHOO� DV� SKRVSKDWDVH�
VXEVWUDWHV��51$�LWVHOI�DV�D�PROHFXOH�FRQWDLQV�ERWK�W\SHV�RI�WKHVH�FKHPLFDO�ERQGV��ZKLFK�
FRXOG�SRWHQWLDOO\�EH�FOHDYHG�E\�WKH�FDWDO\WLFDOO\�DFWLYH�ƧEULOV��,Q�WKLV�FDVH��ZKDW�DSSHDUV�
WR�EH�FRPSHWLWLYH�LQKLELWLRQ�E\�PHDQV�RI�ELQGLQJ�WR�WKH�FDWDO\WLF�VLWH�FRXOG�DFWXDOO\�EH�
DQ� DSSDUHQW� LQKLELWLRQ� E\�PHDQV� RI� 51$� UHSUHVHQWLQJ� D� FRPSHWLWLYH� VXEVWUDWH�� 6WLOO��
FRPSHWLWLYH�LQKLELWRU�RU�FRPSHWLWLYH�VXEVWUDWH��WKLV�GRHV�QRW�FKDQJH�WKH�IDFW�WKDW�51$�LV�
GLUHFWO\� ERXQG� E\� D6� ƧEULOV�� ,Q� IDFW�� LW� FRXOG� DGG� DQRWKHU� SRWHQWLDO� PHFKDQLVP� RI�
F\WRWR[LFLW\�WR�WKH�D6�ƧEULOV�E\�GHJUDGLQJ�51$�DQG�SRWHQWLDOO\�DOWHULQJ�WKH�WUDQVFULSWRPH�
LQ� DƦHFWHG� FHOOV�� )RU� QRZ�� WKHUH� LV� QR� OLQNLQJ� FDWDO\WLF� DFWLYLW\� WR� LQ� YLYR� GHWHUPLQHG�
VWUXFWXUHV�RI�D6�ƧEULOV��7KH�WZR�VWUXFWXUHV�RI�D6�ƧEULOV�IURP�WKH�SRVW�PRUWHP�EUDLQ�IRU�
H[DPSOH�GR�QRW�H[KLELW�WKH�FDWDO\WLF�PRWLI�PHQWLRQHG�LQ�&KDSWHU���RI�WKH�5HVXOWV��7KH�
NH\�UHVLGXH��+LV����LV�DFWXDOO\�VHHQ�GLUHFWO\�LQWHUDFWLQJ�ZLWK�WKH�XQNQRZQ�PRLHW\�LQ�WKH�
FRUH� RI� WKH� ƧEULO� LQ� WKH� FDVH� RI� WKH�06$� ƧEULO� DQG� LV� QRW� VROYHQW� H[SRVHG� �)LJ�� ������
)XUWKHUPRUH��WKH�ƧEULOV�JURZQ�IURP�WKH�VHHGV�DJJUHJDWHG�LQ�WKH�SUHVHQFH�RI�51$�GR�QRW�
H[KLELW� WKH� VDPH� FDWDO\WLF� DFWLYLW\�� LQGLFDWLQJ� WKDW� ZKLOH� WKH� VXEMHFW� RI� HQ]\PDWLFDOO\�
DFWLYH�ƧEULOV�UHPDLQV�IDVFLQDWLQJ��LW�FXUUHQWO\�ODFNV�DQ\�HYLGHQFH�LW�RFFXUV�LQ�YLYR�DV�ZHOO� 

,Q�JHQHUDO��WULJJHULQJ�D6�DJJUHJDWLRQ�LQ�D�FHOOXODU�PRGHO�KDV�UHPDLQHG�D�FKDOOHQJH�����
DQG�WKHUH�LV�QR�DYDLODEOH�VWUXFWXUH�RI�D6�ƧEULOV�LVRODWHG�IURP�FHOOV��7KLV�ƧHOG��KRZHYHU��
FKDQJHG�UDSLGO\�DQG�VWDUWHG�HYROYLQJ�ULJKW�GXULQJ�WKH�WLPH�RI�WKH�UHVHDUFK�IRU�WKLV�WKHVLV�
ZLWK�WKH�GLVFRYHU\�PDGH�E\�5D\�DQG�FROOHDJXHV�WKDW�D6�XQGHUJRHV�ERWK�OLTXLG�WR�OLTXLG�
DQG�OLTXLG�WR�VROLG�SKDVH�VHSDUDWLRQ�����7KH�FKDSWHU�RI�'LVFXVVLRQ�ZDV�JHQHUDOO\�PHDQW�
QRW�WR�GLUHFWO\�FRPPHQW�RQ�WKH�H[SHULPHQWDO�UHVXOWV��EXW�WR�JLYH�WKHP�D�ZLGHU�FRQWH[W��
DQG�WKH�ODVW�SDUW�ZLOO�EH�GHGLFDWHG�SUHFLVHO\�WR�WKLV�QHZ�GLUHFWLRQ�WKH�UHVHDUFK�LV�FXUUHQWO\�
HYROYLQJ��%LRORJLFDO�SKDVH�VHSDUDWLRQ�KDV�FRPH�WR�WKH�IRUHIURQW�RI�OLIH�VFLHQFH�UHVHDUFK�
LQ�WKH�ODVW����\HDUV��ERWK�DV�DQ�HVVHQWLDO�IXQFWLRQDO�DQG�RUJDQLVDWLRQDO�SURFHVV�LQ�FHOOV�����
DV�ZHOO�DV�SRWHQWLDO�SUHFXUVRU�VWDWH�OHDGLQJ�WR�FRQIRUPDWLRQDO�DQG�PRUSKRORJLFDO�VWDWHV��
DVVRFLDWHG�ZLWK� GLVHDVH� DQG� SURWHLQ� DJJUHJDWLRQ����� D6� KDV� EHHQ� VKRZQ� WR� XQGHUJR�
SKDVH�VHSDUDWLRQ�ERWK�LQ�YLWUR�DV�ZHOO�DV�LQ�YLYR���������)XUWKHUPRUH��LW�KDV�EHHQ�VKRZQ�
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WKDW�WKHVH�FRQGHQVDWH�FDQ�PDWXUH�LQWR�DP\ORLG�DVVHPEOLHV����DQG�WKH�NLQHWLFV�RI�WKHVH�
SURFHVVHV� KDYH� EHHQ� GHWHUPLQHG���� (VSHFLDOO\� RI� LQWHUHVW� LV� WKH� ZRUN� E\� 'DGD� DQG�
FROOHDJXHV�� ZKLFK� VKRZ� WKDW� WKH� DFWXDO� NLQHWLF� PRGHO� RI� D6� DJJUHJDWLRQ� LQVLGH� WKH�
FRQGHQVDWH� LV�QRW�GUDVWLFDOO\�GLƦHUHQW�IURP�ZKDW�RFFXUV� LQ�QRQ�GHPL[HG�FRQGLWLRQV����
6WLOO�� WKH� LQLWLDO�QXFOHDWLRQ�VWHS� LV� UHTXLUHG� WR� WULJJHU� WKH�FRQGHQVDWLRQ��\HW�XQOLNH� WKH�
VROXWLRQ�OLNH�FRQGLWLRQV��WKH�DJJUHJDWLRQ�LV�WKHQ�GRPLQDWHG�E\�WKH�VHFRQGDU\�QXFOHDWLRQ��
,PSRUWDQWO\��D6�ƧEULOV�KDYH�EHHQ�VKRZQ�WR�EH�XSWDNHQ�LQWR�D6�OLTXLG�OLNH�FRQGHQVDWHV�
DQG�FDQ�WKXV�LQLWLDWH�WKH�OLTXLG�WR�VROLG�SKDVH�WUDQVLWLRQ�YLD�VHFRQGDU\�QXFOHDWLRQ��7KH�
PDMRU�GLƦHUHQFH�EHWZHHQ�WKH�PRGHO�XVHG�LQ�RXU�UHVHDUFK�DQG�WKH�FRQGHQVDWH�RQH�LV�WKH�
KXJH� GLƦHUHQFH� LQ� ORFDO� FRQFHQWUDWLRQV�� 'DGD� DQG� FROOHDJXHV� KDYH� HVWLPDWHG� WKH�
DSSUR[LPDWH�FRQFHQWUDWLRQ�RI�D6�WR�UHDFK�DURXQG����WR����P0�LQVLGH�WKH�FRQGHQVDWH��
7KLV�LV�DSSUR[LPDWHO\�DQ�RUGHU�RI�PDJQLWXGH�KLJKHU�WKDQ�WKH�FRQFHQWUDWLRQ�XVHG�LQ�RXU�
H[SHULPHQWV�� 7KLV� IDFW�� WRJHWKHU� ZLWK� WKH� FURZGHG� FRQGLWLRQV�� PLJKW� VWUHQJWKHQ�
LQWHUDFWLRQV�IRXQG�WUDQVLHQW�DQG� LQVLJQLƧFDQW� LQ�RXU�V\VWHP��VXFK�DV�WKH�RQH�EHWZHHQ�
PRQRPHULF�D6�DQG�51$��$�YHU\�LQWULJXLQJ�UHVXOW�LQGLUHFWO\�FRQƧUPLQJ�WKLV�KDV�EHHQ�WKH�
UHFHQW� GLVFRYHU\� E\� 'KDNDO� DQG� FROOHDJXHV� WKDW� D6� FDQ� PRGXODWH� WKH� LQWHUQDO�
RUJDQLVDWLRQ� RI� FRQGHQVDWHV� FRPSRVHG� E\� 7'3���� ORZ�FRPSOH[LW\� GRPDLQ�� D6� DQG�
51$����� D6�KDV�EHHQ�VKRZQ� WR� IRUP�FOXVWHUV�RQ� WKH�RXWHU� ULP�RI� WKH� FRQGHQVDWH�DQG�
VHTXHVWHULQJ�WKH�51$�RQ�WKH�VXUIDFH�RI�WKH�FRQGHQVDWH��WKHUHE\�SURPRWLQJ�7'3����/&'�
DJJUHJDWLRQ��$Q�1�WHUPLQDOO\�WUXQFDWHG�D6�FRQVWUXFWHG�GLG�QRW�VKRZ�WKLV�VHTXHVWUDWLRQ�
DELOLW\�� LQGLUHFWO\� FRQƧUPLQJ� WKH� SDUWLWLRQLQJ� RI� 51$� LQVLGH� WKHVH� FRQGHQVDWHV� LV�
PHGLDWHG� E\� WKH� 1�WHUPLQDO� GRPDLQ� RI� D6�� 7KHVH� UHVXOWV� FRQƧUP� WKDW� D6�51$�
LQWHUDFWLRQV�FDQ�EH�FRPSOHWHO\�UH�FRQWH[WXDOLVHG�LQ�WKH�FRQGHQVDWH�V\VWHP��ZKHUH�WKH�
YHU\� KLJK� ORFDO� FRQFHQWUDWLRQV� PLJKW� UHQGHU� RWKHUZLVH� LQVLJQLƧFDQW� LQWHUDFWLRQ� YHU\�
LPSRUWDQW��8QIRUWXQDWHO\��'KDNDO�DQG�FROOHDJXHV�GR�QRW�FRPPHQW�RQ�WKH�H[WHQW�RI�D6�
DJJUHJDWLRQ� LQ� WKLV� V\VWHP�� ,W�ZRXOG�EH� LQFUHGLEO\� LQWHUHVWLQJ� WR� VHH� WKH� HƦHFW� RI� D6�
DJJUHJDWLRQ�RI�WKLV�SDUWLWLRQLQJ�RI�51$�LQVLGH�WKH�FRQGHQVDWH��,Q�DFFRUGDQFH�ZLWK�RXU�
FRPSXWDWLRQDO�PRGHO��WKH�LQFUHDVH�LQ�51$�ELQGLQJ�SURSHQVLW\�E\�D6�DJJUHJDWLRQ�PLJKW�
IXUWKHU�VHTXHVWHU�51$�DQG�SUHYHQW�LW�WR�LQWHUDFW�ZLWK�7'3����/&'��WKXV�DEROLVKLQJ�WKH�
SURWHFWLYH� HƦHFW� RI� 51$� DQG� LQFUHDVLQJ� LWV� DJJUHJDWLRQ�� 2Q� WKH� RWKHU� KDQG�� WKH�
VHTXHVWUDWLRQ� RI� 51$� E\� WKH� LQLWLDO� DJJUHJDWHV� RI� D6� PLJKW� SUHYHQW� DQ\� IXUWKHU�
H[DFHUEDWLRQ�E\�EORFNLQJ�WKH�VHFRQGDU\�QXFOHDWLRQ�SURFHVV�DV�LQ�WKH�FDVH�RI�D6����� 

:KLOH�WKLV�LV�DOO�VSHFXODWLRQ�DW�WKH�FXUUHQW�PRPHQW��WKH�ZRUN�RI�'KDNDO�DQG�FROOHDJXHV�
FDQ� SRWHQWLDOO\� EH� YLHZHG� DV� LQGLUHFWO\� FRQƧUPLQJ� DQG� YDOLGDWLQJ� WKH� UHVXOWV� RI� WKH�
UHVHDUFK� ZRUN� SUHVHQWHG� LQ� WKLV� WKHVLV�� 7KH� LQFUHDVH� LQ� 51$�ELQGLQJ� SURSHQVLW\� E\�
DP\ORLG�IRUPDWLRQ�FDQ�EH�YLHZHG�DV�D�SURFHVV�WKDW�OHDGV�WR�DJJUHJDWLRQ�SURQH�SURWHLQV�
DFTXLULQJ� QRYHO� IXQFWLRQDO� SURSHUWLHV�� 7KLV� VHTXHVWUDWLRQ� RI� 51$� FDQ� GUDVWLFDOO\�
LQƨXHQFH�WKH�DJJUHJDWLRQ�NLQHWLFV�E\�PRGXODWLQJ�WKH�SULPDU\�QXFOHDWLRQ�DQG�SRWHQWLDOO\�
EORFNLQJ�VHFRQGDU\�QXFOHDWLRQ�E\�ZD\�RI�51$�ELQGLQJ�WR�WKH�VXUIDFH�RI�WKH�ƧEULOV��7KLV�
LQFUHDVH�LQ�51$�ELQGLQJ�SURSHQVLW\�FDQ�DOVR�GUDVWLFDOO\�DOWHU�WKH�LQWHUQDO�G\QDPLFV�RI�D�
FRQGHQVDWH�E\�VHTXHVWHULQJ�51$��RIWHQ�RQH�RI�WKH�NH\�FRPSRQHQWV�FRQWULEXWLQJ�WR�WKH�
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OLTXLG�OLNH�SURSHUWLHV��HVSHFLDOO\�LQ�WKH�FDVH�RI�PXOWL�FRPSRQHQW�V\VWHPV�ZLWK�PRUH�WKDQ�
RQH� DJJUHJDWLRQ�SURQH� SURWHLQ�� 7KLV� FRXOG� IXUWKHU� JLYH� FRQWH[W� WR� RQH� RI� WKH� OHVV�
SURPLQHQW�UHVXOWV�RI�WKH�FRPSXWDWLRQDO�DQDO\VLV��SUHVHQWHG�LQ�6HFWLRQ������1DPHO\��WKH�
IDFW�WKDW�QXFOHLF�DFLG�ELQGLQJ�GRPDLQV�DUH�VKRZQ�WR�SUHGRPLQDQWO\�EH�ORFDWHG�RXWVLGH�
WKH�DP\ORLG� FRUH�XSRQ�DJJUHJDWLRQ� �)LJ�� ����� ,�.��� 7KLV� FRXOG�SUHVHQW�DQ�HYROXWLRQDU\�
ƌVDIHW\�YDOYHƍ��DVVXULQJ�WKDW�D�SURWHLQ�GRPDLQ�ZLWK�D�KLJKHU�SURSHQVLW\�IRU�51$�ELQGLQJ�
LV�LQ�FORVH�SUR[LPLW\�WR�WKH�DP\ORLG�FRUH�WR�SUHYHQW�LW�IURP��XQ�VSHFLƧFDOO\�VHTXHVWHULQJ�
51$�XSRQ�DJJUHJDWLRQ��2U��IURP�DQ�LQYHUVH�SHUVSHFWLYH��HQVXUH�WKDW�WKHUH�LV�DOZD\V�DQ�
51$�PROHFXOH�SUHVHQW�WR�WKH�KLJKO\�DJJUHJDWLRQ�SURQH�SULRQ�UHJLRQV�WR�PRGXODWH�DQG�
SUHYHQW�LWV�PLVIROGLQJ��7KLV�LQWHUSUHWDWLRQ�FDQ�EH�WKRXJKW�RI�DV�FRPSOHPHQWDU\�WR�WKH�
SUHYLRXV�ZRUN�RI�*RWRU�DQG�FROOHDJXHV�� VKRZLQJ� WKH� LQWHUSOD\�EHWZHHQ�51$�ELQGLQJ�
GRPDLQV�DQG�SULRQ�GRPDLQV�WKDW�OHDGV�WR�WKH�PRGXODWLRQ�RI�SKDVH�VHSDUDWLRQ�����ZLWK�
WKH�ƌVROXEOHƍ�SULRQ�GRPDLQ�UHSODFHG�E\�WKH�DP\ORLG�FRUH�� 

2YHUDOO�� WKH�REVHUYDWLRQV�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�UHVHDUFK�ZRUN�SUHVHQWHG� LQ�WKLV�
GLVVHUWDWLRQ�SURYLGH�QHZ�LQVLJKWV�LQWR�WKH�PRGXODWLRQ�RI�D6�DJJUHJDWLRQ�E\�51$��D�ƧHOG�
DOPRVW�FRPSOHWHO\�XQH[SORUHG�XQWLO�QRZ��+RZHYHU��VRPH�LQWHUSUHWDWLRQV�EDVHG�RQ�WKH�
IUDPHZRUN� SUHVHQWHG� KHUH� FDQ� UHDFK� IDU� EH\RQG� D6�� 7KH� G\QDPLF� VWUXFWXUH�IXQFWLRQ�
UHODWLRQVKLS�KDV�VR�IDU�EHHQ�OLPLWHG�WR�WKH�VWXG\�RI�JOREXODU�SURWHLQV��\HW�RXU�UHVXOWV�VKRZ�
WKDW�DQ\�DP\ORLG�DVVHPEO\�FDQ�EH�WUHDWHG�DV�D�IXQFWLRQDO�IROG��ZLWK�LWV�RZQ�ELQGLQJ�RU�
FDWDO\WLF�SURSHUWLHV��7KLV�FDQ� LQ�WXUQ�KDYH�SRWHQWLDOO\� IDU�UHDFKLQJ� LPSOLFDWLRQV�IRU� WKH�
FRPSUHKHQVLRQ� RI� SURWHLQ� EHKDYLRXU�� HPSKDVLVLQJ� WKH� LQWULFDWH� LQWHUSOD\� EHWZHHQ�
DJJUHJDWLRQ��LQWHUDFWLRQDO�DQG�IXQFWLRQDO�GLYHUVLW\�DFURVV�WKH�ELRORJLFDO�ODQGVFDSH� 
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���&RQFOXVLRQV�DQG�IXWXUH�SHUVSHFWLYHV 
%DVHG�RQ�WKH�UHVXOWV�SUHVHQWHG�DQG�ZLWK�WKH�RULJLQDO�DLPV�RI�WKH�SURMHFW� LQ�PLQG��WKH�
IROORZLQJ�FRQFOXVLRQV�FDQ�EH�GUDZQ� 

:H� KDYH� VXFFHVVIXOO\� RSWLPLVHG� WKH� SURWRFRO� IRU� WKH� LQ� YLWUR� FKDUDFWHULVDWLRQ� RI� D6�
DJJUHJDWLRQ�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�51$��:H�KDYH�GHWHUPLQHG�E\�ZD\�RI�WLPH�
UHVROYHG�ƨXRUHVFHQFH�ZLWK�3URWHRVWDW70�DQG�PLFUR�)7,5�PHDVXUHPHQWV�WKDW�WRWDO�\HDVW�
51$� DFFHOHUDWHV� WKH� DJJUHJDWLRQ� RI� ERWK� D6���� DQG� D6���� E\� LQFUHDVLQJ� WKH� UDWH� RI�
DJJUHJDWLRQ� DQG� GHFUHDVLQJ� WKH� DJJUHJDWLRQ� ODJ� WLPH��:H� LQWHUSUHWHG� WKH� UHVXOWV� RI�
D6����E\�PHDQV�RI�SHUWXUEDWLRQ�RI�D6�LQWUDPROHFXODU�FRQWDFWV�E\�51$�LQWHUDFWLQJ�ZLWK�
WKH�1�WHUPLQXV��SURPRWLQJ�WKH�SDUWLDO�IROGLQJ�DQG�LQFUHDVLQJ�WKH�SULPDU\�QXFOHDWLRQ�UDWH��
7KLV�ZDV�HVSHFLDOO\�YLVLEOH�LQ�WKH�FDVH�RI�D6�����ZKHUH�WKH�DFFHOHUDWHG�SULPDU\�QXFOHDWLRQ�
RYHUWRRN� VHFRQGDU\� QXFOHDWLRQ� DV� WKH� SULPDU\� FRQWULEXWLRQ� WRZDUGV� WKH� DJJUHJDWLRQ�
SURFHVV� 

:H� KDYH� DOVR� GHWHUPLQHG� WKDW� 51$� LQƨXHQFHV� WKH� VWUXFWXUDO� FKDUDFWHULVWLFV� RI� D6�
DJJUHJDWHV�DQG�DOWHUV�WKHLU�FRQIRUPDWLRQ��$)0�,5�DQG�PLFUR�)7,5�UHVXOWV�KDYH�VKRZQ�
51$�SURPRWHV�WKH�JURZWK�RI�WKLQQHU��PRUH�FRPSDFW��DQG�PRUH�ULJLG�ƧEULOV��:H�KDYH�DOVR�
GHWHUPLQHG�WKDW�51$�DOWHUV�WKH�LQWHUPHGLDWH�DJJUHJDWLRQ�SDWKZD\�E\�SURPRWLQJ�HDUO\�
SURWRƧEULO�JURZWK�LQ�SODFH�RI�WKH�VORZ�LQWHUFRQYHUVLRQ�RI�ROLJRPHULF�VSHFLHV��(Q]\PDWLF�
DFWLYLW\�WHVWV�KDYH�VKRZQ�WKDW�ƧEULOV�DPSOLƧHG�IURP�VHHGV�JURZQ�LQ�WKH�SUHVHQFH�RI�51$�
GR� QRW� H[KLELW� DQ\� FDWDO\WLF� DFWLYLW\� FRPSDUHG� WR� ƧEULOV� DPSOLƧHG� IURP� SURWHLQ�RQO\�
VHHGV�� 6LQFH� WKH� FDWDO\WLF� DFWLYLW\�RI� D6� ƧEULOV� LV� KLJKO\� FRQIRUPDWLRQ�GHSHQGHQW�� WKLV�
GLUHFWO\�VKRZV�DQ�DOWHULQJ�RI�WKH�ƧEULOV�VWUXFWXUH�E\�FRDJJUHJDWLRQ�ZLWK�51$� 

)LQDOO\��ZH�KDYH�GHWHUPLQHG�WKDW�D6�DJJUHJDWHG�VSHFLHV�ERWK�GLUHFWO\�ELQG�51$��DV�ZHOO�
DV�VHTXHVWHU�LW�GXULQJ�FRDJJUHJDWLRQ��:H�KDYH�GHWHUPLQHG�WKH�KLJKHU�DƦLQLW\�RI�D6�ƧEULOV�
IRU�51$�FRPSDUHG� WR�'1$�E\�PHDQV�RI�TXDQWLI\LQJ� WKH�QXFOHLF�DFLGV�H[WUDFWHG� IURP�
DJJUHJDWHV�DIWHU�DJJUHJDWLRQ��:H�KDYH�DOVR�VKRZQ�GLUHFWO\�WKDW�51$�ELQGV�WR�WKH�ƧEULOV�
E\�LQKLELWLQJ�WKHLU�HQ]\PDWLF�DFWLYLW\�DQG�ZH�KDYH�GHWHUPLQHG�WKH�DSSUR[LPDWH�ELQGLQJ�
DƦLQLW\� 

,Q�DGGLWLRQ��ZH�KDYH�FRPSXWDWLRQDOO\�GHWHUPLQHG�WKDW�DJJUHJDWLRQ�OHDGV�WR�DQ�LQFUHDVH�
LQ�WKH�DJJUHJDWLRQ�SURSHQVLW\�RI�SURWHLQV�E\�SDUWLWLRQLQJ�RI�SK\VLFRFKHPLFDO�SURSHUWLHV�
LQ�WKH� LQQHU�DQG�RXWHU�SDUWV�RI�WKH�DP\ORLG�FRUH��:H�KDYH�DOVR�VKRZQ�WKDW�51$��DQG�
'1$�ELQGLQJ� GRPDLQV� WHQG� WR� UHPDLQ� RXWVLGH� WKH� DP\ORLG� FRUH� DQG� FDQ� WKXV� DOVR�
FRQWULEXWH�WR�VSHFLƧF�51$�VHTXHVWUDWLRQ�E\�FDQRQLF��DJJUHJDWLRQ�SURQH�5%3V��:H�KDYH�
DOVR�YHULƧHG�WKH�FRPSXWDWLRQDO�DQDO\VLV�ZLWK�WKH�H[SHULPHQWV�FRQGXFWHG�ZLWK�D6� 

2YHUDOO�� WKH� LGHD� RI� WKH� SURMHFW� ZDV� WR� HYDOXDWH� D6� DV� D� SRWHQWLDO� WDUJHW� IRU� WKH�
GHYHORSPHQW� RI� 51$�EDVHG� PROHFXOHV� IRU� VSHFLƧF� WDUJHWLQJ� DQG� PRGXODWLRQ� RI� LWV�
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SDWKRORJLFDO�SURFHVVHV��%DVHG�RQ�WKH�UHVXOWV��ZH�FDQ�FRQFOXGH�WKDW�51$�GRHV�SOD\�DQ�
LPSRUWDQW�UROH�DQG�KDV�D�KLJK�SRWHQWLDO�DV�D�PRGXODWRU�QRW�RQO\�RI�D6�DJJUHJDWLRQ��EXW�
RI�RWKHU�DJJUHJDWLRQ�SURQH�SURWHLQV�LQ�JHQHUDO� 

7KH�UHVXOWV�RI�WKH�VWXG\�FDQ�RI�FRXUVH�EH�FRQVLGHUHG�SUHOLPLQDU\��DQG�D�ORW�PRUH�ZRUN�
QHHGV�WR�EH�GRQH�LQ�RUGHU�WR�IXUWKHU�FODULI\�DOO�WKH�DVSHFWV�RI�WKH�51$�EDVHG�PRGXODWLRQ��
:H�DUH�VWLOO�FRQGXFWLQJ�WKH�$)0�,5�H[SHULPHQWV�RQ�WKH�D6����WR�GHWHUPLQH�ZKHWKHU�51$�
KDV� D� VLPLODU� HƦHFW�RQ� WKH�PHFKDQLFDO�SURSHUWLHV�RI� LWV� ƧEULOV�� $OVR�� WKH�ZKROH� VHW� RI�
HQ]\PDWLF�DVVD\V�QHHGV�WR�EH�ƧQDOLVHG�IRU�D6����WR�GHWHUPLQH�ZKHWKHU�WKH�LQKLELWLRQ�LQ�
WKH�SUHVHQFH�RI�51$�LV�LQ�IDFW�VWURQJHU�DQG�D�FRQVHTXHQFH�RI�WKH�SUHGLFWHG�KLJKHU�DƦLQLW\�
RI�D6����ƧEULOV�WRZDUGV�51$��7KLV�ZLOO�FRPSOHWH�WKH�IRXQGDWLRQV�RI�WKH�SURMHFW��RXWOLQHG�
LQ�WKLV�WKHVLV� 

$Q�REYLRXV�QH[W�VWHS�ZRXOG�EH�WR�IXUWKHU�LQYHVWLJDWH�WKH�NLQHWLFV�RI�WKH�LQƨXHQFH�RI�51$�
RQ�D6�DJJUHJDWLRQ��VSHFLƧFDOO\�WKH�HƦHFW�RI�51$�RQ�WKH�VHFRQGDU\�QXFOHDWLRQ��7KLV�FRXOG�
EH�HDVLO\�SHUIRUPHG�E\�FRQGXFWLQJ�DJJUHJDWLRQ�DVVD\V�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�
ƧEULOODU�VHHGV��$OVR��D�SRWHQWLDO�DOWHUQDWLYH�WR�WKH�H[SHULPHQWDO�VHWXS�ZLWK�JODVV�EHDGV�
DQG� FRQVWDQW� DJLWDWLRQ� FRXOG� EH� FRQVLGHUHG� LQ� RUGHU� WR� HYDOXDWH� WKH� HƦHFW� WKDW�
IUDJPHQWDWLRQ�KDV�RQ� WKH�NLQHWLFV�RI�D6�DJJUHJDWLRQ� LQ� WKH�SUHVHQFH�DQG�DEVHQFH�RI�
51$��+RZHYHU��WR�IXOO\�HYDOXDWH�WKDW��D�PRUH�FRPSOH[�NLQHWLFV�PRGHO�QHHGV�WR�EH�WDNHQ�
LQWR� DFFRXQW� WR� SURSHUO\� TXDQWLI\� WKHVH� VSHFLƧF� SURFHVVHV�� $GGLWLRQDOO\�� ZLWK� WKH�
LQIRUPDWLRQ� WKDW� ZH� SRVVHVV� DERXW� WKH� LPSRUWDQFH� RI� ƧEULO�51$� LQWHUDFWLRQ�� D�
FRPSOHWHO\�QHZ�NLQHWLF�PRGHO�FRXOG�EH�GHYHORSHG�WKDW�LQFRUSRUDWHV�WKHVH�LQWHUDFWLRQV�
DQG� WKH� ZD\� WKH\� PRGXODWH� WKH� LQGLYLGXDO� SURFHVVHV�� $Q� H[DPSOH� ZRXOG� EH� WKH�
LQWURGXFWLRQ�RI�D�ƧEULO�51$�ELQGLQJ�FRQVWDQW�DQG�D�PRQRPHU�51$�ELQGLQJ�FRQVWDQW�LQWR�
WKH� VHFRQGDU\� QXFOHDWLRQ� HTXDWLRQ� WR� DFFRXQW� IRU� WKH� LQWHUIHUHQFH� RI� 51$� LQWR� WKLV�
SURFHVV��$Q�HDUOLHU�DWWHPSW�DW�VXFK�D�PHFKDQLVP�FDQ�EH�WUDFHG�DW�WKH�ROGHU�YHUVLRQV�RI�
WKH� PDQXVFULSW� RQ� ELR5[LY����� KRZHYHU� ZLWK� DOO� WKH� QHZ� LQIRUPDWLRQ� LW� VKRXOG� EH�
H[SDQGHG�DQG�SROLVKHG� 

7KH�NH\�TXHVWLRQ�DIWHU�GHPRQVWUDWLQJ�WKDW�D6�ƧEULOV�VHTXHVWHU�DQG�ELQG�51$�LV�ZKLFK�
NLQG�RI�51$�JHW�VHTXHVWHUHG�DQG�ZKHWKHU�D�FHUWDLQ�SUHIHUHQFH�H[LVWV�LQ�WHUPV�RI�PRWLIV��
VWUXFWXUHV� HWF�� 7KLV� FRXOG� EH� FUXFLDO� DOVR� IRU� WKH� LGHQWLƧFDWLRQ� RI� SRWHQWLDO� QDWXUDO�
DSWDPHUV��H�J��VHTXHQFHV�WKDW�KDYH�DQ�HVSHFLDOO\�KLJK� LQWHUDFWLRQ�SURSHQVLW\�ZLWK�WKH�
ƧEULOV��$V�DOUHDG\�PHQWLRQHG�� WKH�XVH�RI� WRWDO�\HDVW�51$�SUHYHQWHG�DQ\�DWWHPSWV� IRU�
VHTXHQFLQJ�RI�WKH�RULJLQDO�VDPSOHV�GXH�WR�D�ODFN�RI�PDWHULDO�DYDLODEOH�IRU�VHTXHQFLQJ�
OLEUDULHV�SUHSDUDWLRQ��7R�DGGUHVV�WKLV��ZH�KDYH�SHUIRUPHG�D�VLPLODU�H[SHULPHQW�ZLWK�WRWDO�
51$�� H[WUDFWHG� IURP� KXPDQ�GHULYHG� FHOOV� VXFK� DV� +(.���7� DQG� 6+�6<�<�� :H� KDYH�
H[WUDFWHG�WKH�51$�VHTXHVWHUHG�E\�WKH�DJJUHJDWHV�GXULQJ�FRDJJUHJDWLRQ��DV�ZHOO�DV�WKH�
51$�ERXQG�WR�WKH�SUHIRUPHG�ƧEULOV�LQ�RUGHU�WR�GHWHUPLQH�WKH�SRWHQWLDO�GLƦHUHQFHV�LQ�WKH�
W\SHV�RI�51$�ERXQG��:H�DUH�FXUUHQWO\�DZDLWLQJ�WKH�UHVXOWV�RI�WKH�VHTXHQFLQJ��KHQFH�WKH�
RPLVVLRQ�RI�WKHVH�H[SHULPHQWV�IURP�WKH�WKHVLV��KRZHYHU�ZH�KDYH�KLJK�H[SHFWDWLRQV�IRU�
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WKH�RXWFRPH�RI�WKHVH�H[SHULPHQWV��7KH�LGHQWLƧFDWLRQ�RI�HQULFKHG�PRWLIV�ZRXOG�HQDEOH�
XV�WR�VWXG\�KRZ�WKHVH�SHUWXUE�WKH�DJJUHJDWLRQ�RI�D6�RQ�WKH�PRGHO�DOUHDG\�HVWDEOLVKHG��
$OVR��WKH�XVH�RI�D�VSHFLƧF�51$�ZLWK�D�GHƧQHG�PROHFXODU�PDVV�FRXOG�DOVR�DOORZ�WKH�SUHFLVH�
FDOFXODWLRQ� RI� DOO� WKH� HQ]\PDWLF� SDUDPHWHUV� DQG� GHWHUPLQH� DQ� DFWXDO� PRODU� DƦLQLW\�
FRQVWDQW��DV�ZHOO�DV�D�FRUUHFW�LQKLELWLRQ�PHFKDQLVP�� 

$V� DOUHDG\� KLQWHG� DW� LQ� WKH� 'LVFXVVLRQ�� DQRWKHU� SURPLVLQJ� IXWXUH� JRDO� ZRXOG� EH� WKH�
FKDUDFWHULVDWLRQ�RI�WKH�UROH�RI�51$��DJJUHJDWLRQ�DQG�VXEVHTXHQW�SURFHVVHV�LQ�WKH�OLTXLG�
OLTXLG�DQG�OLTXLG�VROLG�SKDVH�WUDQVLWLRQV�RI�D6��:H�KDYH�DOVR�DOUHDG\�LQLWLDWHG�ZRUN�LQ�WKLV�
ZD\� ZLWK� RXU� FROODERUDWRUV�� XVLQJ� WKH� WHFKQLTXH� RI� ƨXRUHVFHQFH� FRUUHODWLRQ�
VSHFWURVFRS\� �)&6������ 7KHVH� H[SHULPHQWV�ZLOO� HQDEOH� XV� WR� GHWHUPLQH� WKH�PROHFXODU�
G\QDPLFV� DQG�PRELOLW\� RI� ƨXRUHVFHQWO\�WDJJHG�D6�ERWK� LQ� WKH�GLOXWHG�� DV�ZHOO� DV� WKH�
GHQVH�SKDVH�RYHU� WLPH��7KLV� VKRXOG�DOORZ�XV� WR�GHWHUPLQH� WKH� UROH�51$�SOD\V� LQ� WKH�
IRUPDWLRQ��G\QDPLFV�DQG�PDWXUDWLRQ�RI�D6�FRQGHQVDWHV�DQG�FRPSDUH�WKH�UHVXOWV�WR�WKH�
RQHV�DOUHDG\�REWDLQHG�ZLWK� WKH�PHWKRGRORJ\�GHVFULEHG� LQ� WKLV�ZRUN��$Q�HYHQ� IXUWKHU�
JRDO��LQ�FRPELQDWLRQ�ZLWK�WKH�VHTXHQFLQJ�H[SHULPHQWV��ZRXOG�EH�WR�IXUWKHU�H[WUDFW�DQ\�
51$� HQWUDSSHG� LQ� WKHVH� VROLG�OLNH� FRQGHQVDWHV�� SHUIRUP� 51$� VHTXHQFLQJ�� DQG� WKHQ�
FRPSDUH�WKHP�WR�WKH�UHVXOWV�REWDLQHG�YLD�ƌFODVVLFƍ�DP\ORLG�DJJUHJDWLRQ��7KH�FRPSDULVRQ�
FRXOG�IXUWKHU�H[SORUH�WKH�UROHV�GLƦHUHQW�W\SHV�RI�51$�KDYH�ZKHQ�LW�FRPHV�WR�GLƦHUHQW�
SKDVH�WUDQVLWLRQV�DQG�DP\ORLG�VWUXFWXUHV� 

2WKHU�� PRUH� GLVWDQW� DQG� OHVV� FRQFUHWH� JRDOV� DQG� IXWXUH� SHUVSHFWLYHV� LQFOXGH� WKH�
FKDUDFWHULVDWLRQ�RI�D6�DJJUHJDWLRQ�DQG�WKH�SRWHQWLDO� UROH�51$�SOD\V� LQ� LW� LQ�D�FHOOXODU�
PRGHO��HLWKHU�E\�H[WUDFWLQJ�WKH�FHOOXODU�51$�ERXQG�WR�WKH�DJJUHJDWHG�VSHFLHV�RI�D6�RU�
GHWHUPLQH� WKH� WUDQVFULSWRPLF� FKDQJHV� LQ� WKH� FHOOV� XSRQ� DJJUHJDWLRQ�� $QRWKHU� RQH��
PHQWLRQHG� DW� VHYHUDO� SRLQWV� GXULQJ� WKH� 'LVFXVVLRQ�� ZRXOG� DOVR� EH� WR� DWWHPSW� WR�
GHWHUPLQH�WKH�DWRPLF�VWUXFWXUH�RI�D6�DJJUHJDWHV�� IRUPHG� LQ� WKH�SUHVHQFH�RI�51$��E\�
FU\R�(0��$�KLJK�UHVROXWLRQ�VWUXFWXUH�ZRXOG�SURYLGH�LQYDOXDEOH�LQVLJKW�LQWR�WKH�HƦHFW�51$�
KDV�LQ�SHUWXUELQJ�WKH�FRQIRUPDWLRQV�RI�D6�GXULQJ�DJJUHJDWLRQ��DV�ZHOO�DV�FRPSDULQJ�WKH�
VWUXFWXUH�WR�WKH�H[LVWLQJ�RQHV�DQG�SHUKDSV�HYHQ�UHFRJQLVLQJ�51$�DV�RQH�RI�WKH�XQNQRZQ�
HOHFWURQLF�GHQVLWLHV� 

$� ƧQDO��PRUH� FRQFHSWXDO� DSSURDFK�ZRXOG� DOVR� EH� WR� IROORZ� XSRQ� WKH� FRPSXWDWLRQDO�
SUHGLFWLRQV�DQG�DWWHPSW�WR�TXDQWLI\�WKH�FKDQJHV�LQ�51$�ELQGLQJ�SURSHQVLW\�QRW�RQO\�IRU�
D6��EXW�DOVR�IRU�RWKHU�DP\ORLGRJHQLF��QRQ�FDQRQLF�5%3V��2U�DVVHVV�WKH�FKDQJHV�XSRQ�
51$� ELQGLQJ� SDWWHUQV� EHIRUH� DQG� DIWHU� DJJUHJDWLRQ� IRU� FDQRQLF�5%3V�� VLPLODU� WR� WKH�
H[SHULPHQW� SHUIRUPHG� IRU� KQ513'/������:H� KDYH� EHHQ� SURFHHGLQJ� RXUVHOYHV� LQ� WKLV�
GLUHFWLRQ�DV�ZHOO��E\�HYDOXDWLQJ� WKH�51$�ELQGLQJ�SURSHQVLW\�FKDQJHV� IRU�$ɴ������ZLWK�
SRWHQWLDO�IRU�PDQ\�RWKHU�SURWHLQV�WHVWHG�ZLWK�WKH�PHWKRGRORJ\�RXWOLQHG�E\�WKLV�WKHVLV� 

  



-DNRE�5XSHUW��7KH�HƦHFW�RI�51$�RQ�DOSKD�V\QXFOHLQ�DJJUHJDWLRQ 

 ��   

 

���0DWHULDOV�DQG�0HWKRGV 
����3UHSDUDWLRQ�RI�EDFWHULDO�H[SUHVVLRQ�YHFWRUV�IRU�D6 
7KH�SODVPLG�S(7��D�FRQWDLQLQJ�WKH�VHTXHQFH�RI�ZLOG�W\SH�KXPDQ�D6�ZDV�REWDLQHG�IURP�
3URIHVVRU� $QQDOLVD� 3DVWRUH� �)LJ�� ���� $��� 7KH� SODVPLG� DOORZV� IRU� WKH� H[SUHVVLRQ� RI�
UHFRPELQDQW�D6�ZLWKRXW�DQ\�WDJV�RU�ODEHOV�YLD�WKH�7��H[SUHVVLRQ�V\VWHP�LQ�EDFWHULDO�FHOOV��
7KH�H[SUHVVLRQ�YHFWRU�ZDV�XVHG�DV�VXFK� 

7KH�SODVPLG�IRU�WKH�H[SUHVVLRQ�RI�D6�����)LJ������%��ZDV�SUHSDUHG�E\�GHOHWLQJ�WKH�����ES�
RI� WKH� RULJLQDO� YHFWRU� FRGLQJ� IRU� DPLQR�DFLG� UHVLGXHV� �������� YLD� SRO\PHUDVH� FKDLQ�
UHDFWLRQ��3&5��XVLQJ�WKH�4��SRO\PHUDVH��1HZ�(QJODQG�%LRODEV��86$���7DEOH���VKRZV�WKH�
ROLJRQXFOHRWLGHV�XVHG�DQG�WKH�UHDFWLRQ�FRQGLWLRQV��7KH�UHVXOWLQJ�SURGXFW�ZDV� WUHDWHG�
ZLWK�'SQ,��1HZ�(QJODQG�%LRODEV��86$��IRU����PLQ�DW����r&�WR�GHJUDGH�WKH�PDWUL[�'1$�
DQG� VXEVHTXHQWO\� SXULƧHG�ZLWK� WKH�0RQDUFK� 3&5�	� '1$� &OHDQXS� NLW� �1HZ� (QJODQG�
%LRODEV��86$���7KH�FOHDQ�DPSOLFRQV�ZHUH�WKHQ�OLJDWHG�ZLWK�4XLFN/LJDVH��1HZ�(QJODQG�
%LRODEV�� 86$�� DW� URRP� WHPSHUDWXUH� IRU� ��� PLQ� DQG� LPPHGLDWHO\� XVHG� WR� WUDQVIRUP�
FRPSHWHQW�(VFKHULFKLD�FROL�'+�ɲ� FHOOV� �1HZ�(QJODQG�%LRODEV��86$���3RVLWLYH�FRORQLHV�
ZHUH�WHVWHG�IRU�WKH�FRUUHFW�LQVHUW�YLD�3&5�DQG�6DQJHU�VHTXHQFLQJ��XVLQJ�WKH�7�BIRU�DQG�
D6���BUHY�ROLJRQXFOHRWLGHV��7DEOH���� 

 

)LJXUH������3ODVPLG�PDSV�IRU�WKH�S(7��DBD6�������$��DQG�S(7��DBD6������H[SUHVVLRQ�YHFWRUV��%�� 
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7DEOH����/LVW�RI�ROLJRQXFOHRWLGHV�XVHG�LQ�WKH�SUHSDUDWLRQ�RI�D6����DQG�YDOLGDWLRQ�RI�WKH�FRUUHFWQHVV�RI�WKH�
LQVHUW� 

2OLJR�ODEHO 2OLJR�VHTXHQFH���¶ĺ��¶� 

D6���BIRU 7$$*&**&&*&$&7&*$*&$& 

D6���BUHY $77&77*&&&$$&7**7&&77777*$&$$$*& 

7�BIRU 7$$7$&*$&7&$&7$7$*** 

 

7DEOH����&RQGLWLRQV�RI�WKH�3&5�UHDFWLRQ�XVHG�WR�VKRUWHQ�WKH�D6�F'1$�IRU�WKH�SUHSDUDWLRQ�RI�D6�����7KH�
WKHUPRF\FOHU�ZDV�VHW�WR����F\FOHV�� 

7HPSHUDWXUH 7LPH  

����& ���V  

����& ���V  

����& ���V [��� 
����& ���V  

����& ����V  

 

����%DFWHULDO�H[SUHVVLRQ�RI�UHFRPELQDQW�D6 
&RPSHWHQW�(��FROL�%/���>'(�@�FHOOV��7KHUPR�)LVKHU�6FLHQWLƧF��86$��ZHUH�WUDQVIRUPHG�ZLWK�
ERWK�FRQVWUXFWV�DFFRUGLQJ�WR�VWDQGDUG�SURWRFROV��7KH�SUH�LQRFXOXP�ZDV�JURZQ�E\�DGGLQJ�
����ʅ>�RI�FU\R�SUHVHUYHG�EDFWHULD�LQ������JO\FHURO�/%$��0HUFN�.*D$��*HUPDQ\��LQWR����
P/� RI� DXWRFODYHG� /%�PHGLXP� �0HUFN� .*D$��*HUPDQ\�� VXSSOHPHQWHG�ZLWK� ��� ʅJ�P/�
DPSLFLOOLQ��0HUFN�.*D$��*HUPDQ\���7KH�FXOWXUH�ZDV�JURZQ�RYHUQLJKW�DW����r&�DW�����USP��
)RU�IXOO�VFDOH�H[SUHVVLRQ�RI�D6����/�RI�DXWRFODYHG��[<7�EURWK��7KHUPR�)LVKHU�6FLHQWLƧF��
86$��VXSSOHPHQWHG�ZLWK����ʅJ�PO�DPSLFLOOLQ�LQ�D���/�HUOHQPH\HU�ƨDVN�ZHUH�LQRFXODWHG�
ZLWK�RYHUQLJKW�FXOWXUHV� LQ�D� ������ UDWLR��&XOWXUHV�ZHUH�JURZQ�DW���r&�XS� WR�DQ�RSWLFDO�
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GHQVLW\�RI�FD������DW�����QP��3URWHLQ�H[SUHVVLRQ�ZDV�LQGXFHG�ZLWK�����P0�,37*��7KHUPR�
)LVKHU�6FLHQWLƧF��86$��DQG�WKH�FXOWXUHV�ZHUH�VKDNHQ�IRU���K�DW����r&�DW�����USP��&HOOV�
ZHUH�KDUYHVWHG�E\�FHQWULIXJDWLRQ�DW������J�DW���r&�IRU����PLQ��DIWHUZDUGV�WKH�SHOOHW�ZDV�
UHVXVSHQGHG� RQ� LFH� LQ� ��� P0� SRWDVVLXP� SKRVSKDWH� EXƦHU� S+� ���� �0HUFN� .*D$��
*HUPDQ\���IUR]HQ�LPPHGLDWHO\�DQG�NHSW�DW������r&�XQWLO�XVH���7KH�H[SUHVVLRQ�FRQGLWLRQV�
ZHUH�LGHQWLFDO�IRU�ERWK�SURWHLQ�FRQVWUXFWV� 

����,VRODWLRQ�DQG�SXULƞFDWLRQ�RI�D6�FRQVWUXFWV 

)RU�SURWHLQ�LVRODWLRQ�WKH�IUR]HQ�FHOO�VXVSHQVLRQV�ZHUH�WKDZHG�LQ�FROG�ZDWHU�DQG�O\VHG�E\�
ERLOLQJ�DW����r&�IRU����PLQ��7KH�ERLOHG�VXVSHQVLRQ�ZDV�WUDQVIHUUHG�RQ�LFH�IRU����PLQ��
WKHQ�FHQWULIXJHG�DW��������J�DW���r&�IRU����PLQ��7KH�VXSHUQDWDQW�ZDV�WUDQVIHUUHG�LQWR�D�
JODVV�EHDNHU�DQG�SRZGHUHG�VWUHSWRP\FLQ�VXOIDWH� �0HUFN�.*D$��*HUPDQ\��ZDV�DGGHG�
ZLWK�FRQVWDQW�VWLUULQJ�DW�URRP�WHPSHUDWXUH�XS�WR�D�ƧQDO�FRQFHQWUDWLRQ�RI����PJ�P/�LQ�
RUGHU�WR�SUHFLSLWDWH�VROXEOH�QXFOHLF�DFLGV��$IWHU�WKH�DGGLWLRQ�RI�DOO�WKH�SRZGHU��WKH�EHDNHU�
ZDV�WUDQVIHUUHG�WR�D�PDJQHWLF�PL[HU�DW���r&�IRU����PLQ�WR�IXUWKHU�VWLPXODWH�QXFOHLF�DFLG�
SUHFLSLWDWLRQ��7KH�VROXWLRQ�ZDV�WKHQ�FHQWULIXJHG�DW��������J�DW���r&�IRU����PLQ�DQG�WKH�
SHOOHW� FRQWDLQLQJ� SUHFLSLWDWHG� LPSXULWLHV� ZDV� GLVFDUGHG�� 7KH� VXSHUQDWDQW� ZDV� DJDLQ�
WUDQVIHUUHG�WR�D�IUHVK�JODVV�EHDNHU�DQG�WKH�SURWHLQ�ZDV�VORZO\�SUHFLSLWDWHG�E\�JUDGXDO�
DGGLWLRQ�RI�FU\VWDOOLQH�DPPRQLXP�VXOIDWH�DW�FRQVWDQW�VWLUULQJ�XS�WR�D�ƧQDO�FRQFHQWUDWLRQ�
RI�����PJ�P/�DW�URRP�WHPSHUDWXUH��7KH�EHDNHU�ZDV�WKHQ�PRYHG�WR�WKH���r&�DQG�VWLUUHG�
IRU�D�IXUWKHU����PLQ��7KH�VXVSHQVLRQ�ZDV�VXEVHTXHQWO\�FHQWULIXJHG�DW��������J�DW���r&�
IRU����PLQ��7KH�VXSHUQDWDQW�ZDV�GLVFDUGHG��DQG�WKH�SHOOHW�ZDV�UHVXVSHQGHG�LQ����P0�
7ULVƇ+&O�S+������0HUFN�.*D$��*HUPDQ\��ZLWK�����P0�.&O��0HUFN�.*D$��*HUPDQ\��DQG�
GLDO\VHG�DJDLQVW����P0�7ULVƇ+&O�S+�����RYHUQLJKW�DW���r&��7KH�LVRODWLRQ�SURWRFRO�XVHG�
ZDV�LGHQWLFDO�IRU�ERWK�SURWHLQ�FRQVWUXFWV� 

D6����ZDV�SXULƧHG�XVLQJ� LRQ�H[FKDQJH�FKURPDWRJUDSK\�XVLQJ�D�+L7UDSƙ�4�)DVW)ORZ�
FROXPQ� �&\WLYD��86$�� FRQQHFWHG� WR� WKH�౾.7$�SXUHƙ� FKURPDWRJUDSK\� V\VWHP� �&\WLYD��
86$���7KH�GLDO\VHG�SURWHLQ�ZDV�ORDGHG�GLUHFWO\�RQWR�WKH�FROXPQ�HTXLOLEUDWHG�LQ����P0�
7ULVƇ+&O�S+�����DW�WKH�ƨRZ�RI���P/�PLQ��ZDVKHG�XQWLO�DEVRUEDQFHV�RI�89�OLJKW�DW�����
�$������ ���� �$����� DQG� ���� QP� �$����� UHWXUQHG� WR� WKH� EDVHOLQH� YDOXHV�� 7KH� ƨRZ� ZDV�
UHGXFHG�WR���P/�PLQ�DQG�WKH�SURWHLQ�ZDV�HOXWHG�E\�JUDGXDO�DGGLWLRQ�RI����P0�SRWDVVLXP�
SKRVSKDWH�S+����������P0�1D&O��0HUFN�.*D$��*HUPDQ\���7KH�JUDGLHQW�XVHG�ZDV����P0�
1D&O�PLQ�DW�WKH�ƨRZ���P/�PLQ�ZLWK�WKH�DLP�RI�UHDFKLQJ�����P0�1D&O�ZLWKLQ���FROXPQ�
YROXPHV��&9V��RU����P/��7KH�HOXWHG�SURWHLQ�ZDV�SRROHG�DQG�LPPHGLDWHO\�ORDGHG�RQWR�D�
+L/RDGƙ��������6XSHUGH[ƙ����JHO�ƧOWUDWLRQ�FROXPQ��&\WLYD��86$��HTXLOLEUDWHG�LQ����P0�
SRWDVVLXP�SKRVSKDWH�S+����������P0�.&O��0HUFN�.*D$��*HUPDQ\���7KH�VHSDUDWLRQ�ZDV�
IROORZHG�E\�PHDVXULQJ�$����DQG�$����DQG�WKH�HOXWLRQ�SHDN�ZDV�SRROHG��DOLTXRWHG�DQG�
IUR]HQ� LPPHGLDWHO\�� $Q� DOLTXRW� ZDV� NHSW� IRU� SURWHLQ� FRQFHQWUDWLRQ� DQG� SXULW\�
GHWHUPLQDWLRQ�YLD�%&$�DVVD\��VSHFWURSRODULPHWU\�DQG�6'6�3$*(� 
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D6����ZDV�SXULƧHG�YLD�KHSDULQ�DƦLQLW\�FKURPDWRJUDSK\�RQ�D�+L7UDSƙ�+HSDULQ�FROXPQ�
�&\WLYD�� 86$�� FRQQHFWHG� WR� WKH� ౾.7$� SXUHƙ� FKURPDWRJUDSK\� V\VWHP�� 7KH� GLDO\VHG�
SURWHLQ�ZDV�DJDLQ�ORDGHG�GLUHFWO\�RQWR�WKH�FROXPQ�HTXLOLEUDWHG�LQ����P0�7ULVƇ+&O�S+�
����DW� WKH�ƨRZ�RI���P/�PLQ�DQG�ZDVKHG�XQWLO� WKH�89�DEVRUEDQFH�YDOXHV� UHWXUQHG� WR�
EDVHOLQH� YDOXHV�� 7KH� SURWHLQ� ZDV� HOXWHG� E\� JUDGXDO� DGGLWLRQ� RI� ��� P0� SRWDVVLXP�
SKRVSKDWH�S+��������0�1D&O��JUDGLHQW�RI����P0�PLQ�DW�WKH�ƨRZ�RI���P/�PLQ���7KH�HOXWHG�
SURWHLQ�ZDV�DJDLQ�SRROHG�DQG�LPPHGLDWHO\�ORDGHG�RQWR�WKH�+L/RDGƙ��������6XSHUGH[ƙ�
���JHO�ƧOWUDWLRQ�FROXPQ��&\WLYD��86$��HTXLOLEUDWHG�LQ����P0�SRWDVVLXP�SKRVSKDWH�S+�
���������P0�.&O��7KH�VXEVHTXHQW�VWHSV�ZHUH�LGHQWLFDO�WR�WKRVH�GHVFULEHG�IRU�D6���� 

����3URWHLQ�DJJUHJDWLRQ�DVVD\V 
D6�DJJUHJDWLRQ�DVVD\V�ZHUH�SHUIRUPHG�E\�WUDFNLQJ�WKH�ƨXRUHVFHQFH�RI�D�PDUNHU�G\H�WKDW�
ELQGV� WR� DJJUHJDWHG� VSHFLHV�� $V� WLPH� SURJUHVVHV� DQG� WKH� SURWHLQ� VWDUWV� IRUPLQJ�
FKDUDFWHULVWLFDOO\�PLVIROGHG�VSHFLHV�� WKH�RYHUDOO�ƨXRUHVFHQFH� OHYHO� LQFUHDVHV��XQWLO� WKH�
DJJUHJDWLRQ� UHDFKHV�DQ�HTXLOLEULXP�EHWZHHQ� WKH�YDULRXV�DJJUHJDWHG�VSHFLHV�DQG� WKH�
PRQRPHULF� SURWHLQ� DQG� WKH� ƨXRUHVFHQFH� OHYHO� VWDELOLVHV� DW� D� SODWHDX� �)LJ�� ������ 7KH�
ƨXRUHVFHQFH�WUDFH�FDQ�WKHQ�EH�XVHG�WR�GHWHUPLQH�NLQHWLFV�SDUDPHWHUV�RI�DJJUHJDWLRQ�
DQG� FRPSDUH� WKH� HƦHFW� RI� YDULRXV� PROHFXOHV� DV� PRGXODWRUV� RI� WKH� SURFHVV�� 7KH�
ƨXRUHVFHQFH�PDUNHU�WKDW�LV�PRVW�RIWHQ�XVHG�LQ�SURWHLQ�DJJUHJDWLRQ�DVVD\V�LV�WKLRƨDYLQ�
7��7K7������+RZHYHU��VLQFH�7K7�KDV�DOVR�EHHQ�VKRZQ�WR�ELQG�QXFOHLF�DFLGV�DQG�WKXV�VKRZV�
D�YHU\�KLJK�EDFNJURXQG�ZKHQ�SHUIRUPLQJ�DJJUHJDWLRQ�DVVD\V� LQ� WKHLU�SUHVHQFH�����ZH�
SHUIRUPHG� WKH� DJJUHJDWLRQ� DVVD\V� LQ� WKH� SUHVHQFH� RI� QXFOHLF� DVVD\V� ZLWK� WKH� G\H�
3URWHRVWDW70�� 7KH� DJJUHJDWLRQ� DVVD\V� ZHUH� SHUIRUPHG� E\� TXLFNO\� WKDZLQJ� D� IUR]HQ�
DOLTXRW� RI� WKH� SURWHLQ�� HLWKHU� D6���� RU� D6����� DQG� LPPHGLDWHO\� ƧOWHULQJ� WKHP�ZLWK� D� 
����� ʅP� V\ULQJH� ƧOWHU� �0HUFN� .*D$�� *HUPDQ\��� 7RWDO� \HDVW� 51$� �WRW51$�� 5RFKH��
6ZLW]HUODQG�� ZDV� UHVXVSHQGHG� LQ� DJJUHJDWLRQ� DVVD\� EXƦHU� ���� P0� SRWDVVLXP�
SKRVSKDWH�S+����������P0�.&O����P0�0J&O���WR�IRUP�WKH�VWRFN�VROXWLRQ��)RU�DJJUHJDWLRQ�
DVVD\V� LQ� WKH�SUHVHQFH�RI�'1$�� WRWDO�'1$�IURP�KHUULQJ�VSHUP��WRW'1$��0HUFN�.*D$��
*HUPDQ\��ZDV� UHVXVSHQGHG� LQ� VWHULOH��QXFOHDVH�IUHH�ZDWHU� IRU� WKH� VWRFN� VROXWLRQ�DQG�
VRQLFDWHG�ZLWK�D�WLS�VRQLFDWRU�IRU���PLQ�DW�URRP�WHPSHUDWXUH��3URWHLQ��WRW51$�RU�WRW'1$�
ZHUH�GLOXWHG�WR�WKH�ƧQDO�FRQFHQWUDWLRQ�LQ�WKH�DJJUHJDWLRQ�DVVD\�EXƦHU�ZLWK�D������WLPH�
GLOXWHG�3URWHRVWDWƙ�GHWHFWLRQ�G\H� 

)RU� WKH� FRQWURO� DJJUHJDWLRQ� DVVD\V� ZLWK� ERYLQH� VHUXP� DOEXPLQ� �%6$��� XOWUD�SXUH�� 
'1$�� DQG� 51$�IUHH� %6$� ZDV� XVHG� �0HUFN� .*D$�� *HUPDQ\�� DQG� GLOXWHG� WR� WKH� ƧQDO�
FRQFHQWUDWLRQ�LQ�WKH�VDPSOH�EXƦHU�DV�GHVFULEHG�DERYH�IRU�D6�� 

7KH� VDPSOHV� DW� D� FRQVWDQW� FRQFHQWUDWLRQ� RI� SURWHLQ� DW� ��� ʅ0� DQG� DW� YDULRXV�
FRQFHQWUDWLRQV�RI�QXFOHLF�DFLGV�ZHUH�SUHSDUHG� LQ�QXFOHLF�DFLG� ORZ�ELQGLQJ�(SSHQGRUI�
WXEHV��0HUFN�.*D$��*HUPDQ\��DQG�LPPHGLDWHO\�GLVWULEXWHG�LQ�ZHOOV�RQ�D����ZHOO�EODFN�
SODWH�ZLWK�WUDQVSDUHQW�ERWWRP��&RUQLQJ��86$���$V�GHVFULEHG�LQ�5HVXOWV��FKDSWHU����D�VLQJOH�
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ERURVLOLFDWH� JODVV� EHDG� �0HUFN� .*D$�� *HUPDQ\�� ZDV� DGGHG� WR� HDFK� ZHOO� WR� HQVXUH�
VDPSOH�KRPRJHQHLW\�DQG�UHSURGXFLELOLW\�� 

7KH� H[SHULPHQW� ZDV� SHUIRUPHG� LQ� WKH� 7HFDQ� 6SDUN� PXOWLSODWH� UHDGHU� �7HFDQ��
6ZLW]HUODQG��� 7KH� H[FLWDWLRQ�ZDYHOHQJWK�ZDV� VHW� WR� ���� QP� IRU� 7K7� DQG� ���� QP� IRU�
3URWHRVWDWƙ��ZKLOH�WKH�HPLVVLRQ�ZDYHOHQJWK�ZDV�VHW�WR�����QP�IRU�7K7�DQG�����QP�IRU�
3URWHRVWDWƙ�UHVSHFWLYHO\�DW�D�JDLQ�VHWWLQJ�RI�����3ODWHV�ZHUH� LQFXEDWHG�DW����r&�ZLWK�
FRQVWDQW�GRXEOH�RUELWDO�VKDNLQJ�DW�����USP��5HDGV�ZHUH�WDNHQ�HYHU\����PLQ�IRU�D6����
DQG�HYHU\���PLQ�IRU�D6����IRU����K��ZLWK�HDFK�UHDG�UHSUHVHQWHG�DV�DQ�DYHUDJH�RI����VFDQV�
RYHU�DQ�DUHD�RI�WKH�ZKROH�ZHOO��$OO�SURWHLQ�VDPSOHV�ZHUH�DJJUHJDWHG�LQ�SDUDOOHO�WR�WRWDO�
51$� DORQH� DW� WKH� VDPH� VWDUWLQJ� FRQFHQWUDWLRQV� DQG� FRQGLWLRQV� IRU� 51$�GHJUDGDWLRQ�
FRQWURO� 

����$QDO\VLV�RI�DJJUHJDWLRQ�GDWD 

7KH�ƨXRUHVFHQFH�WUDFHV�DFTXLUHG�GXULQJ�WKH�DJJUHJDWLRQ�DVVD\V�ZHUH�ƧUVW�FRUUHFWHG�IRU�
EDFNJURXQG�ƨXRUHVFHQFH�E\�VXEWUDFWLQJ� WKH�YDOXHV� IURP�ZHOOV�FRQWDLQLQJ�RQO\�EXƦHU�
DQG� WKH�DJJUHJDWLRQ�G\H��7KH�GDWD�ZHUH� WKHQ�ƧWWHG� WR�D�VLJPRLG�FXUYH�XVLQJ� WKH�+LOO�
IXQFWLRQ����� 

݄ሺݔሻ �ൌ �ܣ
ݔ

ݔ �  ܭ�

E\�PHDQV�RI�QRQ�OLQHDU�OHDVW�VTXDUH�UHJUHVVLRQ�DQDO\VLV�XVLQJ�WKH�FXUYHBƧW�IXQFWLRQ�RI�
6FLHQWLƧF�3\WKRQ��6FL3\���ZKHUH�$��K�DQG�.�DUH�WKH�ƧWWLQJ�SDUDPHWHUV� 

7R�FRPSXWH�WKH�DJJUHJDWLRQ�UDWH��WKH�JUDGLHQW�RI�WKH�ƧWWHG�FXUYH�LQ�WKH�SRLQW�RI�LQƨHFWLRQ�
EHIRUH� SODWHDX� ZDV� GHWHUPLQHG�� :LWK� WKH� SUHYLRXVO\� VHW� SDUDPHWHUV� DQG� D� 7D\ORU�
H[SDQVLRQ�RI�݄ሺݔሻ�DURXQGܭ��ဌ��WKH�DJJUHJDWLRQ�UDWHߙ��ZDV�FDOFXODWHG�DV����� 

�ݔ ؠ �݄�ሺݔ� ൌ ሻܭ� �ൌ �݄ሺܭሻ ��
߲݄ሺݔሻ
ݔ߲
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�ߙ ൌ ܣ�
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7KH�DJJUHJDWLRQ�ODJ�WLPH�ZDV�GHƧQHG�DV�WKH�LQWHUVHFWLRQ�RI�WKH�ƧWWLQJ�OLQH�ZLWK�WKH�VORSH�
�ߙ DQG� FHQWHUHG� LQ� ሺݔ� ൌ �ሻ�DQGܭ� ሺݕ� ൌ � 

ଶ
ሻဌ�� 7KH� DJJUHJDWLRQ� ODJ� WLPH� ʏ� ZDV� GHƧQHG�

UHVROYLQJ�WKH�OLQHDU�V\VWHP����� 

ሻݔሺݕ �ൌ �ݔߙ   �ݍ�
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7KH�ƧWWHG�SDUDPHWHUV�RI� LQGLYLGXDO�UHSOLFDWHV�DW�WKH�VDPH�FRQFHQWUDWLRQ�RI�51$�'1$�
ZHUH� DYHUDJHG� DQG� WKH� VWDQGDUG� GHYLDWLRQ� ZDV� FDOFXODWHG�� 7KH� SDUDPHWHUV� RI�
H[SHULPHQWV�DW�LGHQWLFDO�51$�FRQFHQWUDWLRQV�ZHUH�DQDO\VHG�IRU�VLJQLƧFDQFH�XVLQJ�D�WZR�
ZD\�6WXGHQW�W�WHVW��ZKLOH�WKH�RQH�IDFWRU�$129$�WHVW�ZDV�XVHG�IRU�FRPSDULQJ�SDUDPHWHUV�
RI�H[SHULPHQWV�DW�GLƦHUHQW�51$�FRQFHQWUDWLRQV�RU�ZLWK�D�GLƦHUHQW�QXPEHU�RI�UHSOLFDWHV��
7KH�)LVKHU�H[DFW�WHVW�ZDV�XVHG�WR�FRPSDUH�WKH�SDUDPHWHUV�DW�GLƦHUHQW�FRQFHQWUDWLRQV�
EHWZHHQ�D6����DQG�D6���� 

����1XFOHLF�DFLG�TXDQWLƞFDWLRQ�DQG�H[WUDFWLRQ�IURP�D6�DJJUHJDWHV 
$IWHU�WKH�FRPSOHWLRQ�RI�WKH�DJJUHJDWLRQ�DVVD\��WKH�VDPSOHV�IURP�LQGLYLGXDO�ZHOOV�RQ�WKH�
���ZHOO� SODWH� ZHUH� WUDQVIHUUHG� WR� ���� P/� SURWHLQ� ORZ�ELQGLQJ� (SSHQGRUI� WXEHV� DQG�
FHQWULIXJHG�DW���r&���������J�IRU����PLQ��7KH�VROXEOH�IUDFWLRQ�ZDV�WUDQVIHUUHG�WR�DQRWKHU�
����P/�(SSHQGRUI�WXEH�DQG�WKH�51$�IRXQG�LQ�VROXWLRQ�ZDV�TXDQWLƧHG�XVLQJ�4XELW�51$�
%5�ƨXRUHVFHQW�G\H�RQ�WKH�4XELW�)OH[�LQVWUXPHQW��7KHUPR�)LVKHU�6FLHQWLƧF��86$���:H�KDYH�
XVHG�WKH�51$�VSHFLƧF�4XELW�G\H�WR�DYRLG�WKH�SRWHQWLDO�LQWHUIHUHQFH�IURP�WKH�UHPDLQLQJ�
PRQRPHULF� SURWHLQ� LQ� VROXWLRQ� DQG� DQ\� SRWHQWLDO� ORZHU� PROHFXODU� ZHLJKW� SURWHLQ�
DJJUHJDWHG� VSHFLHV� OHIW� LQ� VROXWLRQ� DIWHU� WKH� FHQWULIXJDWLRQ�� 6ROXEOH� '1$� DIWHU�
DJJUHJDWLRQ� ZDV� OLNHZLVH� TXDQWLƧHG� ZLWK� 4XELW� '1$� %5� G\H� XVLQJ� WKH� 4XELW� )OH[�
LQVWUXPHQW��7KHUPR�)LVKHU�6FLHQWLƧF��86$�� 

)RU�WKH�TXDQWLƧFDWLRQ�RI�QXFOHLF�H[WUDFWV�VHTXHVWHUHG�LQ�WKH�LQVROXEOH�IUDFWLRQ��WKH�SHOOHW�
REWDLQHG�DIWHU�WKH�LQLWLDO�FHQWULIXJDWLRQ�VWHS�ZDV�UHVXVSHQGHG�LQ����ʅ>�RI�GLJHVWLRQ�EXƦHU�
���0�XUHD������ʅJ�PO�SURWHLQDVH�.����P0�'77��DQG�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU� 
���PLQ������ʅ>�RI���0�JXDQLGLQH�K\GURFKORULGH�ZDV�DGGHG�WR�D�ƧQDO�FRQFHQWUDWLRQ�RI���0�
DQG�WKH�VDPSOH�ZDV�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU�IXUWKHU����PLQ����PO�RI�7UL]ROƙ�
�7KHUPR� )LVKHU� 6FLHWLƧF�� 86$�� ZDV� DGGHG� WR� H[WUDFW� WKH� 51$�� ���� ʅ>� RI� LFH�FROG�
FKORURIRUP��0HUFN�.*R$��*HUPDQ\��ZDV�DGGHG�WR�LQLWLDWH�WKH�VHSDUDWLRQ�RI�WKH�RUJDQLF�
DQG�LQRUJDQLF�SKDVHV��$IWHU�D�FHQWULIXJDWLRQ�VWHS�DW��������J����r&�IRU����PLQ��WKH�51$�
ZDV� H[WUDFWHG� IURP� WKH� LQRUJDQLF� SKDVH� XVLQJ� WKH� 51$� &OHDQ� 	� &RQFHQWUDWRU��� NLW� 
�=\PR�5HVHDUFK��86$��DFFRUGLQJ�WR�WKH�VWDQGDUG�SURWRFRO�VSHFLƧHG�E\�WKH�PDQXIDFWXUHU��
7KH� LVRODWHG� 51$�ZDV� HOXWHG� XVLQJ� QXFOHDVH�IUHH�ZDWHU� LQWR� ����P/� QXFOHLF� DFLG� ORZ�
ELQGLQJ�(SSHQGRUI�WXEHV�DQG�DJDLQ�TXDQWLƧHG�XVLQJ�WKH�4XELW�51$�%5�ƨXRUHVFHQW�G\H��
)RU�WKH�H[WUDFWLRQ�RI�'1$��WKH�DGGLWLRQ�RI�7UL]ROƙ�ZDV�RPLWWHG�DQG�WKH�'1$�ZDV�LQVWHDG�



-DNRE�5XSHUW��7KH�HƦHFW�RI�51$�RQ�DOSKD�V\QXFOHLQ�DJJUHJDWLRQ 

 ��   

 

H[WUDFWHG� GLUHFWO\� IURP� WKH� GLJHVWHG� SHOOHW� ZLWK� WKH� 4,$DPS� '1$� 0LQL� .LW� 
�4LDJHQ��*HUPDQ\��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU�SURWRFRO��'1$�ZDV�HOXWHG�ZLWK����ʅ>�
RI�QXFOHDVH�IUHH�EXƦHU�$(��7KH�H[WUDFWHG�'1$�ZDV�DJDLQ�TXDQWLƧHG�XVLQJ�WKH�4XELW�'1$�
%5�G\H� 

$� VLPLODU� SURWRFRO� IRU� VROXEOH� 51$� TXDQWLƧFDWLRQ� ZDV� DGRSWHG� IRU� WKH� FRQWURO�
H[SHULPHQWV� XVLQJ� WKH� QXFOHDVH�IUHH� %6$� DQG� 51$� DORQH�� 'XH� WR� WKH� XVH� RI� 
DP\ORLG�VSHFLƧF� ƨXRUHVFHQW� G\H� 3URWHRVWDW70�� WKH� LQVROXEOH� DJJUHJDWHV� DIWHU�
FHQWULIXJDWLRQ�ZHUH�WKXV�VWDLQHG�DQG�YLVLEOH�ZLWK�WKH�QDNHG�H\H�HYHQ�WKRXJK�WKH�RYHUDOO�
DPRXQW� ZDV� ORZ�� +RZHYHU�� LQ� WKHVH� FDVHV� QR� SHOOHW� FRXOG� EH� REVHUYHG� DIWHU� WKH�
FHQWULIXJDWLRQ��7KLV�ZDV�FRQƧUPHG�E\�D�YLVXDO�LQVSHFWLRQ�RI�WKH�ZHOOV�ZLWK�D�ƨXRUHVFHQFH�
PLFURVFRSH��$V�D�UHVXOW��ZKLOH�WKH�VROXEOH�51$�ZDV�TXDQWLƧHG�DV�GHVFULEHG�DERYH��QR�
DQDO\VLV�RI�WKH�LQVROXEOH�51$�ZDV�SHUIRUPHG�GXH�WR�D�ODFN�RI�SHOOHW� 

'XH� WR� GLƦHUHQW� UDWHV� RI� GHJUDGDWLRQ� DQG� SURWRFROV� XVHG� IURP� WKH� TXDQWLƧFDWLRQ� RI�
VHTXHVWHUHG�QXFOHLF�DFLGV�� VHYHUDO� VWHSV�ZHUH� LQFOXGHG� LQ� WKH�DQDO\VLV� WR�DFKLHYH� WKH�
PRVW�FRPSDUDEOH�UHVXOWV��7KH�FRQFHQWUDWLRQ�RI�51$�'1$�EHIRUH�DQG�DIWHU�DJJUHJDWLRQ�
ZDV�PHDVXUHG�LQ�HDFK�LQGLYLGXDO�ZHOO��7KH�UHVXOWLQJ�PDVV�FRQFHQWUDWLRQ�EHIRUH�DQG�DIWHU�
DJJUHJDWLRQ� ZHUH� WKHQ� UHFDOFXODWHG� LQWR� 51$�PDVV� DFFRUGLQJ� WR� WKH� YROXPH� RI� WKH�
LQGLYLGXDO�VDPSOH��7KLV�ZDV�GRQH�LQ�RUGHU�WR�DFFRXQW�IRU�WKH�VOLJKWO\�GLƦHUHQW�51$�'1$�
GHJUDGDWLRQ�UDWH�LQ�HDFK�LQGLYLGXDO�ZHOO��DV�ZHOO�DV�SRWHQWLDO�PLQRU�HUURUV�LQ�SLSHWWLQJ��
7KH�PDVV�RI�WKH�51$�'1$�OHIW�LQ�WKH�VROXWLRQ�DQG�WKH�RQH�H[WUDFWHG�IURP�WKH�DJJUHJDWHV�
ZHUH�QRUPDOLVHG�DJDLQVW�WKH�VWDUWLQJ�QXFOHLF�DFLG�PDVV�DQG�H[SUHVVHG�DV�SHUFHQWDJHV��
7KH�ƧQDO�UHVXOW�ZDV�WKXV�SUHVHQWHG�DV�DQ�DYHUDJH�RI�WKH�LQGLYLGXDO�SHUFHQWDJHV�RI�DOO�WKH�
UHSOLFDWHV�IURP�RQH�VWDUWLQJ�51$�FRQFHQWUDWLRQ��7KH�LQGLYLGXDO�SHUFHQWDJHV�DW�GLƦHUHQW�
VWDUWLQJ� QXFOHLF� DFLGV� FRQFHQWUDWLRQ� ZHUH� WKHQ� FRPSDUHG� EHWZHHQ� HDFK� RWKHU� IRU�
VLJQLƧFDQFH�XVLQJ�D�WZR�ZD\�6WXGHQW�W�WHVW� 

����%LROD\HU�LQWHUIHURPHWU\ 
%LROD\HU� LQWHUIHURPHWU\� �%/,�� LV� D� VSHFWURVFRSLF� PHWKRG� XVHG� IRU� WKH� VWXG\� RI�
PDFURPROHFXODU�LQWHUDFWLRQV�LQ�VROXWLRQ��EDVHG�RQ�WKH�UHƨHFWLRQ�RI�ZKLWH�OLJKW�RQ�RSWLFDO�
ELROD\HUV��7KH� WHFKQLTXH� UHOLHV�RQ� WKH� LPPRELOLVDWLRQ�RI�RQH�RI� WKH� LQWHUDFWRUV�RQ�DQ�
RSWLFDO�ELRVHQVRU��ZKLFK�LV�WKHQ�GLSSHG�LQ�WKH�VROXWLRQ�FRQWDLQLQJ�WKH�IUHH�OLJDQG��$V�WKH�
OLJDQG� ELQGV� WR� WKH� VXUIDFH� RI� WKH� VHQVRU�� WKH� WKLFNQHVV� RI� WKH� OD\HU� RI� PROHFXOHV�
LQFUHDVHV��ZKLFK�LQ�WXUQ�LQFUHDVHV�WKH�ZKLWH�OLJKW�UHƨHFWLRQ��7KH�LQFUHDVH�LQ�LQWHUIHUHQFH�
GXH�WR�WKH�LQFUHDVLQJO\�GLVSDUDWH�SKDVHV�RI�WKH�LQGLYLGXDO�UHƨHFWLRQV�SURGXFHV�D�VSHFWUDO�
VKLIW� ZKLFK� UHSUHVHQWV� WKH� PHDVXUHG� VLJQDO�� 7KLV� VLJQDO� LQFUHDVHV� RYHU� WLPH� ZLWK�
LQFUHDVHG�ELQGLQJ�XQWLO�DQ�HTXLOLEULXP�LV�UHDFKHG�RU�XQWLO�WKH�VDWXUDWLRQ�RI�WKH�ELQGLQJ�
VSRWV� RFFXUV�� 7KH� VHQVRU� ZLWK� WKH� OLJDQG� VWLOO� ERXQG� LV� WKHQ� WUDQVIHUUHG� WR� D� ZHOO�
FRQWDLQLQJ�RQO\�EXƦHU��ZKLFK�FDXVHV�LW�WR�GLVVRFLDWH��GHFUHDVLQJ�WKH�VSHFWUDO�VKLIW��XQWLO�
D� G\QDPLF� HTXLOLEULXP� LV� UHDFKHG� DJDLQ�� 7KH� SRVVLELOLW\� RI� PHDVXULQJ� ERWK� WKH�
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DVVRFLDWLRQ�DQG�GLVVRFLDWLRQ�VWHS�VHSDUDWHO\�DOORZV�WKH�HVWLPDWLRQ�RI�UHDO�WLPH�NLQHWLF�
FRQVWDQWV�IRU�ERWK�SURFHVVHV��7KLV�SURYLGHV�D�YHU\�UHOLDEOH�ZD\�RI�HVWLPDWLQJ�WKH�DƦLQLW\�
FRQVWDQW�.'�DV�WKH�UDWLR�EHWZHHQ�WKH�DVVRFLDWLRQ�DQG�GLVVRFLDWLRQ�FRQVWDQWV� �NRQ�DQG�
NRƦ�� 

7KH�%/,� H[SHULPHQWV�RI� WKH�ELQGLQJ� FKDUDFWHULVWLFV� EHWZHHQ�PRQRPHULF� D6� DQG�51$�
ZHUH�SHUIRUPHG�RQ�WKH�2FWHW�5HG�LQVWUXPHQW��6DUWRULXV��*HUPDQ\���'XH�WR�WKH�GLƦLFXOW\�
RI�ODEHOOLQJ�DQG�LPPRELOLVLQJ�WKH�WRWDO�51$��WKH�SURWHLQ�ZDV�LQVWHDG�ODEHOOHG�XVLQJ�WKH�
ELRWLQ�PDOHLPLGH� UHDJHQW� �7KHUPR� )LVKHU� 6FLHQWLƧF�� 86$�� DFFRUGLQJ� WR� WKH�
PDQXIDFWXUHUƊV� LQVWUXFWLRQV�� 7KH� ELQGLQJ� DVVD\V� ZHUH� SHUIRUPHG� LQ� WKH� DJJUHJDWLRQ�
DVVD\�EXƦHU�����P0�SRWDVVLXP�SKRVSKDWH�S+����������P0�.&O����P0�0J&O���ZLWK�WKH�
DGGLWLRQ� RI� ������� 7ZHHQ� ��� �0HUFN� .*R$�� *HUPDQ\�� DW� ��� r&�� 6WUHSWDYLGLQ�FRDWHG�
ELRVHQVRUV� �6DUWRULXV��*HUPDQ\��ZHUH� ORDGHG�ZLWK� ���ʅ0�ELRWLQ\ODWHG�D6����RU�D6����
DQG�DVVD\HG�DJDLQVW�WKH�UDQJH�RI�51$�FRQFHQWUDWLRQV�XVHG�LQ�WKH�DJJUHJDWLRQ�DVVD\V�
���������������DQG����QJ�ʅ>���7KH�ODFN�RI�VLJQDO�GXULQJ�WKH�DVVRFLDWLRQ�DQG�GLVVRFLDWLRQ�
SKDVHV��)LJ�������&��UHƨHFWV�QR�TXDQWLƧDEOH�LQWHUDFWLRQ�DQG�WKXV�WKH�GDWD�FRXOG�QRW�KDYH�
EHHQ�ƧWWHG�IRU�IXUWKHU�DQDO\VLV� 

����0LFURVFDOH�WKHUPRSKRUHVLV 
0LFURVFDOH�7KHUPRSKRUHVLV��067��LV�ƨXRUHVFHQFH�EDVHG�WHFKQLTXH��EDVHG�RQ�PHDVXULQJ�
WKH� GLƦXVLRQ� WLPHV� RI�PROHFXOHV� LQ� D� ODVHU�LQGXFHG� WKHUPDO� JUDGLHQW�� 7KH�PRYHPHQW�
DORQJ� WKH� WHPSHUDWXUH� JUDGLHQW� LV� GHSHQGHQW� RQ� WKH� K\GURG\QDPLF� UDGLXV� RI� WKH�
PROHFXOHV�� ZKLFK� FKDQJHV� XSRQ� VWUXFWXUDO� FRQIRUPDWLRQV� RU� LQWHUDFWLRQ� ZLWK� RWKHU�
PROHFXOHV�� 067� FDQ� WKXV� EH� XVHG� IRU� WUDFNLQJ� WKH� IROGLQJ� G\QDPLFV� RI� ELRORJLFDO�
PDFURPROHFXOHV� RU� WKHLU� LQWHUDFWLRQ� NLQHWLFV�� 7KH�PHDVXUHPHQWV� DUH� SHUIRUPHG� LQ� D�
JODVV�FDSLOODU\��UHTXLULQJ�RQO\�VPDOO�YROXPHV�DQG�QR�LPPRELOLVDWLRQV��0HDVXUHPHQWV�FDQ�
DOVR�EH�SHUIRUPHG�RQ�ODEHO�IUHH�PROHFXOHV�LI�WKHLU�LQWULQVLF�ƨXRUHVFHQFH�LV�KLJK�HQRXJK��
RWKHUZLVH�WKH�PROHFXOHV�QHHG�WR�EH�WDJJHG�ZLWK�D�ƨXRUHVFHQW�G\H� 

'XH�WR�WKH�YHU\�ORZ�EDVH�LQWULQVLF�ƨXRUHVFHQFH�RI�D6��WKH�SURWHLQ�ZDV�WDJJHG�ZLWK�WKH�
G\H�&\��DFFRUGLQJ�WR�WKH�LQVWUXFWLRQV�SURYLGHG�E\�WKH�PDQXIDFWXUHU��7KH�ODEHOOHG�SURWHLQ�
ZDV� WKHQ� GLOXWHG� WR� ��� ʅ0� DQG� 51$� DGGHG� XS� WR� ���� QJ�ʅ>� LQ� DJJUHJDWLRQ� EXƦHU� 
����P0�SRWDVVLXP�SKRVSKDWH�S+����������P0�.&O����P0�0J&O�������ʅ>�RI�VDPSOH�ZDV�
SLSHWWHG� LQWR� WKH� JODVV� FDSLOODU\� DQG� WKH� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� ZLWK� WKH�
0RQROLWK�17�����067� LQVWUXPHQW� �1DQR7HPSHU��*HUPDQ\��DW���� r&�ZLWK� WKH�H[FLWDWLRQ�
ZDYHOHQJWK�VHW�WR�����QP�DQG�WKH�HPLVVLRQ�WR�����QP��0HDVXUHPHQWV�RI�D6�DORQH�DQG�
D6�LQ�WKH�SUHVHQFH�RI�51$�GLG�QRW�VKRZ�DQ\�GLƦHUHQFH��)LJ�������$�%���KHQFH�QR�NLQHWLF�
DQDO\VLV�RI�WKH�UHVXOWV�ZDV�SHUIRUPHG� 
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����)RXULHU�WUDQVIRUP�LQIUDUHG�PLFURVSHFWURVFRS\��PLFUR�)7,5� 
$V�IRU�ƨXRUHVFHQFH�DJJUHJDWLRQ�DVVD\V��WKH�SURWHLQ�VDPSOHV�ZHUH�TXLFNO\�GHIURVWHG�DQG�
LPPHGLDWHO\� ƧOWHUHG� ZLWK� D� ����� ʅP� V\ULQJH� ƧOWHU�� 7RWDO� \HDVW� 51$� �5RFKH�� ZDV�
UHVXVSHQGHG�LQ�WKH�DJJUHJDWLRQ�EXƦHU�����P0�SRWDVVLXP�SKRVSKDWH�S+����������P0�
.&O����P0�0J&O����3URWHLQ�DQG�51$�ZHUH�PL[HG�LPPHGLDWHO\�EHIRUH�WKH�VWDUW�RI�WKH�DVVD\�
WR�WKH�ƧQDO�FRQFHQWUDWLRQV�RI����ʅ0�DQG�����PJ�P/��UHVSHFWLYHO\��ZLWK�WKH�DGGLWLRQ�RI�
1D1��WR�D�ƧQDO�FRQFHQWUDWLRQ�RI����������7KH�VDPSOHV�ZHUH�SUHSDUHG�LQ�����P/�SURWHLQ�
ORZ�ELQGLQJ�(SSHQGRUI�WXEHV�DQG�LQFXEDWHG�DW����r&�ZLWK�FRQVWDQW�DJLWDWLRQ�DW�����USP�
IRU�����K�IRU�D6����DQG���K�IRU�D6�����$W�GHVLJQDWHG�WLPH�SRLQWV�����ʅ>�RI�VDPSOH�ZDV�
UHPRYHG� IURP� WKH� (SSHQGRUI� WXEHV� DQG� FDVW� RQWR� &D)�� ZLQGRZV� GXH� WR� LWV� RSWLFDO�
SURSHUWLHV� DQG� ODFN� RI� DEVRUEDQFH� LQ� WKH� ,5� VSHFWUXP�� )RXU� GURSOHWV� RI� �� ʅ>� ZHUH�
GHSRVLWHG� DW� WKH� FHQWUH� RI� &D)�� ZLQGRZV� DQG� GULHG� FRPSOHWHO\� XQGHU� ORZ�KXPLGLW\�
FRQGLWLRQV� 

0LFUR�)7,5�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�ZLWK�DQ�,)6���Y�6�VSHFWURPHWHU�FRPELQHG�
ZLWK� D� +\SHULRQ� ,5�PLFURVFRSH� �%UXNHU� *PE+�� (WWOLQJHQ�� *HUPDQ\��� 7KH� +\SHULRQ�
PLFURVFRSH�ZDV�HTXLSSHG�ZLWK�D���[�&DVVHJUDLQ�REMHFWLYH�OHQV�ZLWK�D�QXPHULFDO�DSHUWXUH�
RI�����DQG�D�OLTXLG�QLWURJHQ�FRROHG�0&7�GHWHFWRU��6SHFWUD�ZHUH�UHFRUGHG�LQ�WUDQVPLVVLRQ�
PRGH�ZLWKLQ�WKH�VSHFWUDO�UDQJH�EHWZHHQ�����DQG������FPí��DW�D�UHVROXWLRQ�RI���FPí���$�
VDPSOH�DUHD�ZLWK�WKH�GLPHQVLRQV�RI����[����ʅP��ZDV�VFDQQHG�DQG�WKH�ƧQDO�VSHFWUXP�
UHSUHVHQWV�WKH�DYHUDJH�RI�����VFDQV� 

7KH�REWDLQHG�VSHFWUD�ZHUH�EDVHOLQH�FRUUHFWHG��VPRRWKHG�ZLWK�D�VSOLQH�DOJRULWKP��DQG�
QRUPDOL]HG� E\� WKH�:DYHPHWULFV� VRIWZDUH�� $V� GHVFULEHG� LQ� &KDSWHU� �� RI� 5HVXOWV�� WKH�
DPLGH� ,� ZDV� GHFRQYROYHG� XVLQJ� ƧYH� /RUHQW]LDQ� FRPSRQHQWV� FRUUHVSRQGLQJ� WR�
FKDUDFWHULVWLF� DEVRUEDQFHV� RI� YDULRXV� VHFRQGDU\� VWUXFWXUH� HOHPHQWV� �)LJ�� ������ 7KHVH�
ƧWWHG�FXUYHV�ZHUH�FHQWUHG�DW�������������������������DQG������FPí��s���FPí��ZLWK�D�Ƨ[HG�
IXOO�ZLGWK�DW�KDOI�PD[LPXP��):+0��HTXDO�WR����FPí��DQG�LQWHQVLW\�DV�WKH�IUHH�SDUDPHWHU��
7KH�VHFRQGDU\�VWUXFWXUH�DVVLJQPHQW�ZDV�FDUULHG�DV�IROORZV������������FPí��ZDV�DVVLJQHG�
WR�SDUDOOHO�DQG�DQWLSDUDOOHO�ɴ�VKHHW������������FPí��WR�GLVRUGHUHG������������FPí��WR�ɲ�
KHOL[������������FPí��WR�WXUQ�DQG�����������FPí��WR�DQWLSDUDOOHO�ɴ�VKHHW��7KH�VHFRQG�RUGHU�
GHULYDWLYHV� RI� WKH� ,5� VSHFWUD� GHWHUPLQHG� WKH� QXPEHU� DQG� SHDN� SRVLWLRQV� RI� WKH�
/RUHQW]LDQ�OLQH�VKDSHV��)RU�WKH�IUHTXHQF\�VKLIW�DQDO\VLV�RI�WKH��ɴ�VKHHW�3�$3�FRPSRQHQW�
�)LJ��������WKH�VSHFWUD�ZHUH�ƧWWHG�XVLQJ�WKH�VDPH�SDUDPHWHUV�PHQWLRQHG�DERYH�ZLWK�WKH�
RQO\�H[FHSWLRQ�RI�JLYLQJ�D�KLJKHU�IUHTXHQF\�IUHHGRP�WR�WKH��ɴ�VKHHW�3�$3�FRPSRQHQW��H�J��
����������FPí��LQVWHDG�RI�����������FPí�� 

�����$WRPLF�IRUFH�PLFURVFRS\�ƀ�LQIUDUHG�VSHFWURVFRS\ 
7KH�DJJUHJDWLRQ�RI�SURWHLQ�VDPSOHV�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�51$�ZDV�VHW�XS�DV�
GHVFULEHG� LQ� 6HFWLRQ� ����� )RU� WKH� SUHSDUDWLRQ� RI� VDPSOHV� XVHG� IRU� WKH� $)0�,5�
H[SHULPHQWV�� WKH�DOLTXRWV�ZHUH� WDNHQ� IURP� WKH� VDPSOHV�DW� WKH�VDPH� WLPH�SRLQWV�DQG�
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SUHSDUHG�E\�FDVW�GURSSLQJ���ʅ>�WKUHH�WLPHV�RQWR�D���FP�[���FP�WHPSODWH�VWULSSHG�JROG�
VXUIDFH� ZLWK� D� QRPLQDO� URXJKQHVV� RI� ���� QP� �3ODW\SXV� 7HFKQRORJLHV�� :,�� 86$��� 7KH�
VDPSOHV�ZHUH�OHIW�WR�GHSRVLW�IRU���PLQ�DW�URRP�WHPSHUDWXUH��WKHQ�ULQVHG�WZR�WLPHV�ZLWK�
���ʅ>�RI�0LOOL�4�ZDWHU� WR�DFKLHYH�D�VSDUVH�DUHD�RI�GHSRVLWHG�SURWHLQ�DJJUHJDWHV��7KH�
VDPSOHV�ZHUH�WKHQ�OHW�WR�GU\�IRU���K�LQ�D�FRQWUROOHG�ORZ�KXPLGLW\�HQYLURQPHQW� 

$)0�LPDJHV�ZHUH�DFTXLUHG�DW�D�OLQH�UDWH�RI���������+]�DQG�D�UHVROXWLRQ�RI�[[[�SL[HOV�SHU�
OLQH� XVLQJ� WKH� QDQR,5�� LQVWUXPHQW� SODWIRUP� �$QDV\V� ,QVWUXPHQWV� ,QF��� &$�� 86$��� 7KH�
SUREHV�ZHUH��35�(;�Q,5�����JROG�FRDWHG�VLOLFRQ�FDQWLOHYHUV�ZLWK�DQ�HODVWLF�FRQVWDQW�RI�
�����������1Pí��DQG�D�QRPLQDO�UDGLXV�RI����QP��$OO�PHDVXUHPHQWV�ZHUH�GRQH�LQ�FRQWDFW�
PRGH�DQG�DW�URRP�WHPSHUDWXUH��7KH�$)0�LPDJHV�ZHUH�ƨDWWHQHG�XVLQJ�WKH�PDQXIDFWXUHU�
SURYLGHG�$QDO\VLV�6WXGLR�VRIWZDUH��$QDV\V�,QVWUXPHQWV�,QF���6DQWD�%DUEDUD��&$��86$�� 

�����)LEULO�HQ]\PDWLF�DFWLYLW\�DVVD\V 
7KH� SURWRFRO� IRU� ƧEULO� HQ]\PDWLF� DFWLYLW\� ZDV� XVHG� DV� GHVFULEHG� E\� +RUYDWK� DQG�
FROOHDJXHV����7KH�PDLQ�FRQFHUQ��DV�WKH�ƧEULO�HQ]\PDWLF�DFWLYLW\�LV�KLJKO\�GHWHUPLQHG�RQ�
WKH�DJJUHJDWH� VWUXFWXUH��ZDV� WR�HQVXUH�D�KRPRJHQRXV�SRSXODWLRQ�RI� ƧEULOV�� 7KLV�ZDV�
GRQH� WKURXJK� VHHGHG� DJJUHJDWLRQ� RI� PRQRPHULF� D6� XQGHU� TXLHVFHQW� FRQGLWLRQV� WR�
PLQLPLVH�SRWHQWLDO�FKDQJHV�LQ�FRQIRUPDWLRQ��6HHGV�IRU�ƧEULO�JURZWK�ZHUH�SUHSDUHG�DV�
GHVFULEHG����%ULHƨ\������ʅ0�D6�ZDV�DJJUHJDWHG�RQ�D����ZHOO�SODWH�ZLWKRXW�3URWHRVWDW70�
DGGHG� DV� GHVFULEHG� LQ� 6HFWLRQ� ����� $IWHU� D� URXJKO\� ��� K� LQFXEDWLRQ�� WKH� DJJUHJDWH�
VXVSHQVLRQ�ZDV� WUDQVIHUUHG� IURP� WKH�ZHOOV� WR� ����P/� SURWHLQ� ORZ�ELQGLQJ� (SSHQGRUI�
WXEHV��7KH�VDPSOHV�ZHUH�FHQWULIXJHG�DW��������J�DW�URRP�WHPSHUDWXUH�IRU����PLQ��XSRQ�
ZKLFK�WKH�VXSHUQDWDQW�ZDV�UHPRYHG��DQG�WKH�SHOOHW�ZDV�UHVXVSHQGHG�LQ�HTXDO�YROXPH�
RI�VWHULOH��[3%6��7KH�SHOOHW�ZDV�DJDLQ�FHQWULIXJHG�DW��������J�DW�URRP�WHPSHUDWXUH�IRU� 
���PLQ��DIWHU�ZKLFK�WKH�VXSHUQDWDQW�ZDV�DJDLQ�UHPRYHG�DQG�WKH�SHOOHW�UHVXVSHQGHG�LQ�
VWHULOH���[3%6��7KLV�ZDVKLQJ�VWHS�ZDV�GRQH�LQ�RUGHU�WR�DYRLG�DQ\�SRWHQWLDO�PRQRPHULF�RU�
ROLJRPHULF�DJJUHJDWHV�LQ�WKH�ƧQDO�ƧEULO�VWRFN��7KH�UHVXVSHQGHG�ƧEULOV�ZHUH�VRQLFDWHG�LQ�
D� ZDWHU� EDWK� DW� URRP� WHPSHUDWXUH� IRU� ��� PLQ� DW� WKH� VHWWLQJ� RI� ��� $IWHUZDUGV�� WKH�
VXVSHQVLRQ�ZDV�DOLTXRWHG�LQ�SURWHLQ�ORZ�ELQGLQJ�(SSHQGRUI�WXEHV�DQG�VWRUHG�DW�Ƈ����r&�
XQWLO�XVH��7KH�VHHGV�JURZQ�LQ�WKH�SUHVHQFH�RI�51$�DQG�KHSDULQ�ZHUH�SUHSDUHG�VLPLODUO\��
ZLWK� WKH� DGGLWLRQ� RI� DQRWKHU� ZDVKLQJ� VWHS� DIWHU� VRQLFDWLRQ� WR� IXUWKHU� IDFLOLWDWH� WKH�
UHPRYDO�RI�51$�KHSDULQ��3XULƧHG�UHFRPELQDQW�D6�ZDV�TXLFNO\�WKDZHG�DQG�LPPHGLDWHO\�
ƧOWHUHG�LQWR�SURWHLQ�ORZ�ELQGLQJ�(SSHQGRUI�WXEHV��WKH�FRQFHQWUDWLRQ�DGMXVWHG�WR�����ʅ0�
DQG�VHHGV�DGGHG�WR�����RI�ƧQDO�YROXPH��7KH�WXEHV�ZHUH�WKHQ� LQFXEDWHG�DW���� r&� IRU� 
��GD\V�XQGHU�TXLHVFHQW�FRQGLWLRQV� 

7KH�ƧEULOV�ZHUH�DOZD\V�SUHSDUHG�IUHVK�RQ�WKH�GD\�RI�WKH�HQ]\PDWLF�DVVD\��7KH�VDPSOHV�
LQFXEDWHG�DW����r&�ZHUH�FHQWULIXJHG�DW� �������J� IRU� ��K�DW� URRP�WHPSHUDWXUH�DQG�WKH�
SURWHLQ� FRQFHQWUDWLRQ� RI� WKH� VXSHUQDWDQW� GHWHUPLQHG� ZLWK� D� %&$� DVVD\�� 7KH� ƧEULO�
FRQFHQWUDWLRQ�ZDV�WKHQ�GHWHUPLQHG�E\�VXEWUDFWLQJ�WKH�VXSHUQDWDQW�FRQFHQWUDWLRQ�IURP�



-DNRE�5XSHUW��7KH�HƦHFW�RI�51$�RQ�DOSKD�V\QXFOHLQ�DJJUHJDWLRQ 

 ��   

 

WKH� LQLWLDO� PRQRPHU� FRQFHQWUDWLRQ� ����� ʅ0��� 7KH� SHOOHW� DIWHU� FHQWULIXJDWLRQ� ZDV�
UHVXVSHQGHG�ZLWK�VWHULOH��[3%6�WR�D�PRQRPHU�HTXLYDOHQW�FRQFHQWUDWLRQ�RI�����ʅ0� 

5HDFWLRQ�PL[HV�ZHUH�SUHSDUHG�E\�DGGLWLRQ�RI� VWHULOH� �[3%6������0�0J&O��DQG� IUHVKO\�
UHVXVSHQGHG� 51$�� )LEULOV� ZHUH� VRQLFDWHG� LQ� WKH� ZDWHU� EDWK� IRU� ��� PLQ� DW� URRP�
WHPSHUDWXUH� DQG� WKH� VRQLFDWRU� VHWWLQJ� RI� ��� WKHQ� DGGHG� LQWR� WKH� UHDFWLRQ�PL[HV�� 7R�
VWLPXODWH�ƧEULO�51$�LQWHUDFWLRQ��WKH�UHDFWLRQ�PL[HV�ZHUH�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�
ZLWK�JHQWOH�PL[LQJ�IRU����PLQ��7KH�VXEVWUDWH�ZDV�WKHQ�DGGHG�WR�D�ƧQDO�FRQFHQWUDWLRQ�RI�
���P0��S133��RU���P0��S13$���7KH�UHDFWLRQ�PL[WXUH�ZDV�EULHƨ\�PL[HG�ZLWK�D�SLSHWWH�
DQG�DOLTXRWHG�LQWR�&RVWDU�WUDQVSDUHQW����ZHOO�SODWHV��&RUQLQJ�,QF��1<��86$���7KH�SODWHV�
ZHUH�VHDOHG�DQG�LQFXEDWHG�DW����r&�IRU�XS�WR����K�LQ�TXLHVFHQW�FRQGLWLRQ��7KH�UHDFWLRQV�
ZHUH�IROORZHG�E\�PHDVXULQJ�WKH�DEVRUEDQFH�DW�����QP��$�����LQ�D�7HFDQ�6SDUN�PXOWLSODWH�
UHDGHU��7HFDQ��6ZLW]HUODQG��HYHU\���PLQ� 

�����$QDO\VLV�RI�HQ]\PDWLF�DVVD\V�GDWD 
7KH�WLPH�UHVROYHG�$����GDWD�IURP�WKH�HQ]\PDWLF�DVVD\V�ZHUH�ƧUVW�EODQNHG�E\�VXEWUDFWLQJ�
WKH�$����YDOXHV�IURP�ZHOOV�FRQWDLQLQJ�RQO\�VXEVWUDWH�DQG�EXƦHU��7KLV�ZD\��DQ\�FDWDO\WLF�
DFWLYLW\�GXH�WR�SRWHQWLDO�HQ]\PDWLF�FRQWDPLQDQWV�LQ�WKH�EXƦHU��DV�ZHOO�DV�DXWR�K\GURO\VLV�
RI� WKH�VXEVWUDWH��ZDV�HOLPLQDWHG��7KH�$����YDOXHV�ZHUH�WKHQ�FRQYHUWHG� LQWR� WKH�PRODU�
FRQFHQWUDWLRQ� RI� WKH� SURGXFW� ��QLWURSKHQRO� �S13�� DFFRUGLQJ� WR� WKH� FRPSRXQGƊV�
H[WLQFWLRQ�FRHƦLFLHQW�RI������0í�FPí��PHDVXUHG�LQ����P0�SKRVSKDWH�EXƦHU�DW�S+���� 

)RU�WKH�GHWHUPLQDWLRQ�RI�EDVLF�NLQHWLF�SDUDPHWHUV��WKH�LQLWLDO�YHORFLWLHV�RI�UHDFWLRQ��Y���
ZHUH�FDOFXODWHG�DV�WKH�JUDGLHQW�RI�WKH�OLQHDU�ƧW�RI�WKH�SORW�RI�S13�FRQFHQWUDWLRQ�DJDLQVW�
WLPH��7KH�ƧWWHG�Y��ZHUH�WKHQ�SORWWHG�DJDLQVW�LQLWLDO�VXEVWUDWH�FRQFHQWUDWLRQ�WR�REWDLQ�WKH�
FKDUDFWHULVWLF�0LFKDHOLV�0HQWHQ�SORW�RI�Y��>6@���7KH�H[SHULPHQWDO�YDOXHV�ZHUH�ƧWWHG�E\�
OHDVW�VTXDUH� OLQHDU� UHJUHVVLRQ� RQWR� WKH� 0LFKDHOLV�0HQWHQ� FXUYH� ���� WR� REWDLQ� WKH�
0LFKDHOLV�0HQWHQ�FRQVWDQW�.0�DQG�PD[LPXP�UHDFWLRQ�YHORFLW\�9PD[� 

ݒ���� �ൌ � ௩ೌೣڄ��ሾௌሿ
ಾ�ା�ሾௌሿ

 

7KH�SDUDPHWHUV�REWDLQHG�IURP�WKH�ƧWWLQJ�RI�WKH�FXUYH�ZHUH�WKHQ�XVHG�WR�FDOFXODWH�WKH�
UHPDLQLQJ�WZR�NLQHWLF�SDUDPHWHUV��7KH�WXUQRYHU�QXPEHU�NFDW�ZDV�REWDLQHG�E\�GLYLGLQJ�
WKH�9PD[�YDOXH�ZLWK�WKH�PRODU�FRQFHQWUDWLRQ�RI�WKH�HQ]\PH������DQG�WKH�HQ]\PH�VSHFLƧFLW\�
ɸ�E\�GLYLGLQJ�WKH�NFDW�E\�.0������� 

����݇௧ �ൌ � ௩ೌೣ
ሾாሿ

� 

�ߝ���� ൌ � ೌ
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)RU� WKH� GHWHUPLQDWLRQ� RI� WKH� ELQGLQJ� DƦLQLW\� RI� 51$�� WKH� ƧWWHG� Y�� DW� GLƦHUHQW�
FRQFHQWUDWLRQV�RI�51$�ZHUH�SORWWHG�DJDLQVW�WKH�LQLWLDO�51$�FRQFHQWUDWLRQ��7KH�UHVXOWLQJ�
YDOXHV� ZHUH� ƧWWHG� E\� OHDVW�VTXDUH� OLQHDU� UHJUHVVLRQ� ZLWK� D� ORJLVWLF� FXUYH� ZLWK� IRXU�
SDUDPHWHUV����� 

ݒ����� �ൌ � ݒ െ�
ሺ௩బି�௩ಮሻ�ሾௌሿ

బǤఱ
 �ା�ሾௌሿ

 

ZLWK�Y���Y���.����DQG�K�DV�WKH�ƧWWLQJ�SDUDPHWHUV� 

7KH�HVWLPDWLRQ�RI�WKH�LQKLELWLRQ�PHFKDQLVP�ZDV�GRQH�XVLQJ�WKH�VKDSH�RI�WKH�FXUYH�LQ�WKH�
'L[RQ�SORW�� ,Q� WKH�'L[RQ�SORW�� WKH� LQYHUVH�RI� WKH� LQLWLDO� YHORFLW\� LV�SORWWHG�DJDLQVW� WKH�
LQKLELWRU�FRQFHQWUDWLRQ��XQOLNH�WKH�FODVVLF�LQKLELWLRQ�SORW�FKDUDFWHULVHG�E\�WKH�(T�����7KH�
PHFKDQLVP�RI�PRGXODWLRQ�FDQ�VXEVHTXHQWO\�EH�LGHQWLƧHG�IURP�WKH�VKDSH�RI�WKH�FXUYH��
DQG� LWV� FRPSHWLWLYH� FKDUDFWHU� IURP� WKH� RYHUODS� RI� FXUYHV� DW� GLƦHUHQW� VXEVWUDWH�
FRQFHQWUDWLRQV��������� 
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���/LVW�RI�SXEOLFDWLRQV 

���&RODQWRQL�$���5XSHUW�-���9DQGHOOL�$���7DUWDJOLD�*�*���=DFFR�(��=RRPLQJ�LQ�RQ�SURWHLQƇ51$�LQWHUDFWLRQV��D�
PXOWLOHYHO�ZRUNƨRZ�WR�LGHQWLI\�LQWHUDFWLRQ�SDUWQHUV�%LRFKHPLFDO�6RFLHW\�7UDQVDFWLRQV��������������������Ƈ
������'2,����������%67�������� 

���9DQGHOOL�$���0RQWL�0���0LODQHWWL�(���$UPDRV�$���5XSHUW�-���=DFFR�(���%HFKDUD�(���'HOOL�3RQWL�5���7DUWDJOLD�*��
*��6WUXFWXUDO�DQDO\VLV�RI�6$56�&R9���JHQRPH�DQG�SUHGLFWLRQV�RI�WKH�KXPDQ�LQWHUDFWRPH��1XFOHLF�$FLGV�
5HVHDUFK�����������������������Ƈ�������'2,�����������QDU�JNDD���� 

����$UPDRV�$���&RODQWRQL�$���3URLHWWL�*���5XSHUW�-���7DUWDJOLD�*��*��FDW5$3,'�RPLFV�Y�����JRLQJ�GHHSHU�DQG�
ZLGHU� LQ�WKH�SUHGLFWLRQ�RI�SURWHLQ�51$�LQWHUDFWLRQV��1XFOHLF�$FLGV�5HVHDUFK�������������:����:��Ƈ:����
'2,����������QDU�JNDE���� 

���/RXND�$���%DJQROL�6���5XSHUW�-���(VDSD�%���7DUWDJOLD�*��*���&HOOHULQR�$���3DVWRUH�$���7HU]LEDVL�7R]]LQL�(��1HZ�
OHVVRQV�RQ�7'3����IURP�ROG�1��IXU]HUL�NLOOLƧVK��$JLQJ�&HOO�����������������H�������'2,����������DFHO������ 

���*LDPEUXQR�5���5XSHUW� -���=DFFR�(��&KDSWHU� ��� ��([SHULPHQWDO�PHWKRGV� WR�VWXG\�SURWHLQƇQXFOHLF�DFLG�
LQWHUDFWLRQV��$GYDQFHV� LQ�3URWHLQ�0ROHFXODU�DQG�6WUXFWXUDO�%LRORJ\�0HWKRGV��$FDGHPLF�3UHVV���������S��
���������,6%1����������������'2,����������%�������������������������� 

���5XSHUW�-���0RQWL�0���=DFFR�(���7DUWDJOLD�*�*��51$�VHTXHVWUDWLRQ�GULYHQ�E\�DP\ORLG�IRUPDWLRQ��WKH�DOSKD�
V\QXFOHLQ�FDVH��1XFOHLF�$FLGV�5HVHDUFK�����������������������Ƈ�������'2,����������QDU�JNDG���� 

���3HUHJR�(���=DSSRQH�6���&DVWDJQHWWL�)���0DULDQL�'���9LWLHOOR�(���5XSHUW�-���=DFFR�(���7DUWDJOLD��*��*���%R]]RQL�
,��� 6OHQGHUV� (��� 9LFLGRPLQL� *�� 6LQJOH�SKRWRQ� PLFURVFRS\� WR� VWXG\� ELRPROHFXODU� FRQGHQVDWHV�� 1DWXUH�
&RPPXQLFDWLRQV��������������������'2,����������V����������������� 

����3DULVL�*���3LDFHQWLQL�5���,QFRFFLDWL�$���%RQDPRUH�$���0DFRQH�$���5XSHUW�-���=DFFR�(���0LRWWR�0���0LODQHWWL�
(���7DUWDJOLD�*��*���5XRFFR�*���%RƦL�$���'L�5LHQ]R��/��'HVLJQ�RI�SURWHLQ�ELQGLQJ�SHSWLGHV�ZLWK�FRQWUROOHG�
ELQGLQJ�DƦLQLW\��WKH�FDVH�RI�6$56�&R9���UHFHSWRU�ELQGLQJ�GRPDLQ�DQG�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH���
GHULYHG�SHSWLGHV��)URQWLHUV�LQ�0ROHFXODU�%LRVFLHQFHV�������������'2,����������IPROE������������� 

����,QW]H�$���5XSHUW�-���3ROLWR�5���7HPSHULQL�0��(���=DFFR�(���0XUD�)���9HEHU�$���3XVNDU�/���6FKDGH�8���2UWRODQL�
0��� 7DUWDJOLD�*�� *��� *LOLEHUWL� 9�� ,QYHVWLJDWLQJ� WKH� HƦHFW� RI�51$�RQ�Ƚ�V\QXFOHLQ� DJJUHJDWLRQ� E\� LQIUDUHG�
PLFURVSHFWURVFRS\�� %LRSK\VLFDO� -RXUQDO�� VXEPLWWHG 
  

http://dx.doi.org/10.1042/BST20191059
http://dx.doi.org/10.1093/nar/gkaa864
http://dx.doi.org/10.1093/nar/gkab393
http://dx.doi.org/10.1111/acel.13517
http://dx.doi.org/10.1016/B978-0-323-90264-9.00010-6
http://dx.doi.org/10.1093/nar/gkad857
https://www.nature.com/articles/s41467-023-43969-7
https://doi.org/10.3389/fmolb.2023.1332359


'RWWRUDWR�GL�ULFHUFD�LQ�*HQHWLFD�H�%LRORJLD�0ROHFRODUH 

�� 

 

���%LEOLRJUDSK\ 
�� &ULFN��)��+��2Q�SURWHLQ�V\QWKHVLV��6\PS��6RF��([S��%LRO���������Ƈ����������� 

�� $QƧQVHQ��&��%��3ULQFLSOHV�WKDW�*RYHUQ�WKH�)ROGLQJ�RI�3URWHLQ�&KDLQV��6FLHQFH������
���Ƈ����������� 

�� /RXURV��1���6FK\PNRZLW]��-��	�5RXVVHDX��)��0HFKDQLVPV�DQG�SDWKRORJ\�RI�SURWHLQ�
PLVIROGLQJ�DQG�DJJUHJDWLRQ��1DW��5HY��0RO��&HOO�%LRO���������Ƈ����������� 

�� 2W]HQ��'��	�5LHN��5�� )XQFWLRQDO�$P\ORLGV�� &ROG�6SULQJ�+DUE�� 3HUVSHFW�� %LRO�� ����
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DQG�FKDUDFWHUL]DWLRQ�RI�D�QRYHO�FHUHEURYDVFXODU�DP\ORLG�SURWHLQ��%LRFKHP��%LRSK\V��5HV��
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SURFHVVHV�XQGHUO\LQJ�FURVV�VHHGLQJ�LQ�DP\ORLG�DJJUHJDWLRQ�DQG�LPSOLFDWLRQV�LQ�DP\ORLG�
SDWKRORJ\��%LRSK\V��&KHP��������������������� 
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PLVIROGLQJ�LQ�PXOWLGRPDLQ�SURWHLQV��1DWXUH���������Ƈ����������� 
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��� /DQGDX��0��0LPLFNLQJ�FURVV�Ƚ�DP\ORLGV��1DW��&KHP��%LRO���������Ƈ����������� 

��� 6DOLQDV�� 1�� HW� DO�� 7KH� DPSKLELDQ� DQWLPLFURELDO� SHSWLGH� XSHULQ� ���� LV� D� FURVV�
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%LRSK\V��5HV��&RPPXQ����������Ƈ����������� 

��� &UHPDGHV��1��HW�DO��'LUHFW�REVHUYDWLRQ�RI�WKH�LQWHUFRQYHUVLRQ�RI�QRUPDO�DQG�WR[LF�
IRUPV�RI�Ƚ�V\QXFOHLQ��&HOO����������Ƈ������������ 

��� &KHQ��6��:��HW�DO��6WUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�WR[LF�ROLJRPHUV�WKDW�DUH�NLQHWLFDOO\�
WUDSSHG� GXULQJ� Ƚ�V\QXFOHLQ� ƧEULO� IRUPDWLRQ�� 3URF�� 1DWO�� $FDG�� 6FL�� ����� (����Ƈ(�����
������� 

��� &DPSLRQL�� 6�� HW� DO�� $� FDXVDWLYH� OLQN� EHWZHHQ� WKH� VWUXFWXUH� RI� DEHUUDQW� SURWHLQ�
ROLJRPHUV�DQG�WKHLU�WR[LFLW\��1DW��&KHP��%LRO��������Ƈ����������� 



'RWWRUDWR�GL�ULFHUFD�LQ�*HQHWLFD�H�%LRORJLD�0ROHFRODUH 

�� 

 

��� /DVDJQD�5HHYHV�� &�� $�� HW� DO�� $O]KHLPHU� EUDLQ�GHULYHG� WDX� ROLJRPHUV� SURSDJDWH�
SDWKRORJ\�IURP�HQGRJHQRXV�WDX��6FL��5HS���������������� 

��� )DQJ�� <��6�� HW� DO�� )XOO�OHQJWK� 7'3���� IRUPV� WR[LF� DP\ORLG� ROLJRPHUV� WKDW� DUH�
SUHVHQW�LQ�IURQWRWHPSRUDO�OREDU�GHPHQWLD�7'3�SDWLHQWV��1DW��&RPPXQ����������������� 

��� .DW]PDUVNL��1��HW�DO��$Ⱦ�ROLJRPHUV�WULJJHU�DQG�DFFHOHUDWH�$Ⱦ�VHHGLQJ��%UDLQ�3DWKRO��
=XULFK�6ZLW]��������Ƈ���������� 

��� .KHWHUSDO�� ,���&KHQ��0���&RRN��.��'��	�:HW]HO��5��6WUXFWXUDO�GLƦHUHQFHV� LQ�$EHWD�
DP\ORLG�SURWRƧEULOV�DQG�ƧEULOV�PDSSHG�E\�K\GURJHQ�H[FKDQJH��PDVV�VSHFWURPHWU\�ZLWK�
RQ�OLQH�SURWHRO\WLF�IUDJPHQWDWLRQ��-��0RO��%LRO����������Ƈ����������� 

��� )LW]SDWULFN��$��:��3��HW�DO��$WRPLF�VWUXFWXUH�DQG�KLHUDUFKLFDO�DVVHPEO\�RI�D�FURVV�Ⱦ�
DP\ORLG�ƧEULO��3URF��1DWO��$FDG��6FL�����������Ƈ������������ 

��� &ORVH��:��HW�DO��3K\VLFDO�EDVLV�RI�DP\ORLG�ƧEULO�SRO\PRUSKLVP��1DW��&RPPXQ�����
����������� 

��� /L�� %�� HW� DO�� &U\R�(0�RI� IXOO�OHQJWK�Ƚ�V\QXFOHLQ� UHYHDOV� ƧEULO� SRO\PRUSKV�ZLWK� D�
FRPPRQ�VWUXFWXUDO�NHUQHO��1DW��&RPPXQ����������������� 

��� *UHPHU��/��HW�DO��)LEULO�VWUXFWXUH�RI�DP\ORLG�Ⱦ��Ƈ����E\�FU\RƇHOHFWURQ�PLFURVFRS\��
6FLHQFH���������Ƈ����������� 

��� :¥OWL�� 0�� $�� HW� DO�� $WRPLF�UHVROXWLRQ� VWUXFWXUH� RI� D� GLVHDVH�UHOHYDQW� $Ⱦ��Ƈ����
DP\ORLG�ƧEULO��3URF��1DWO��$FDG��6FL�������(����Ƈ(������������ 

��� =KDQJ��:��HW�DO��+HSDULQ�LQGXFHG�WDX�ƧODPHQWV�DUH�SRO\PRUSKLF�DQG�GLƦHU�IURP�
WKRVH�LQ�$O]KHLPHUƊV�DQG�3LFNƊV�GLVHDVHV��H/LIH����H������������� 

��� &DR��4���%R\HU��'��5���6DZD\D��0��5���*H��3��	�(LVHQEHUJ��'��6��&U\R�(0�VWUXFWXUHV�
RI�IRXU�SRO\PRUSKLF�7'3����DP\ORLG�FRUHV��1DW��6WUXFW��0RO��%LRO���������Ƈ����������� 

��� 0LFKDHOV��7��&��7��HW�DO��&KHPLFDO�.LQHWLFV�IRU�%ULGJLQJ�0ROHFXODU�0HFKDQLVPV�DQG�
0DFURVFRSLF�0HDVXUHPHQWV� RI� $P\ORLG� )LEULO� )RUPDWLRQ�� $QQX�� 5HY�� 3K\V�� &KHP������
���Ƈ����������� 

��� +HOGW��&��/���=KDQJ��6��	�%HOIRUW��*��$V\PPHWULF�DP\ORLG�ƧEULO�HORQJDWLRQ��D�QHZ�
SHUVSHFWLYH�RQ�D�V\PPHWULF�ZRUOG��3URWHLQV�������Ƈ���������� 
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��� %XHOO�� $�� .�� HW� DO�� 6ROXWLRQ� FRQGLWLRQV� GHWHUPLQH� WKH� UHODWLYH� LPSRUWDQFH� RI�
QXFOHDWLRQ�DQG�JURZWK�SURFHVVHV�LQ�Ƚ�V\QXFOHLQ�DJJUHJDWLRQ��3URF��1DWO��$FDG��6FL�������
����Ƈ������������ 

��� 0LFKDHOV��7��&��7��HW�DO��7KHUPRG\QDPLF�DQG�NLQHWLF�GHVLJQ�SULQFLSOHV�IRU�DP\ORLG�
DJJUHJDWLRQ�LQKLELWRUV��3URF��1DWO��$FDG��6FL������������Ƈ������������� 

��� 5XIR��&��0��HW�DO��6KRUW�SHSWLGHV�VHOI�DVVHPEOH�WR�SURGXFH�FDWDO\WLF�DP\ORLGV��1DW��
&KHP��������Ƈ����������� 

��� $UDG��(���%DUXFK�/HVKHP��$���5DSDSRUW��+��	�-HOLQHN��5��Ⱦ�$P\ORLG�ƧEULOV�FDWDO\]H�
QHXURWUDQVPLWWHU�GHJUDGDWLRQ��&KHP�&DWDO��������Ƈ����������� 

��� $UDG��(��HW�DO��1DWLYH�*OXFDJRQ�$P\ORLGV�&DWDO\]H�.H\�0HWDEROLF�5HDFWLRQV��$&6�
1DQR����������Ƈ������������� 

��� +RUYDWK�� ,�� 	� :LWWXQJ�6WDIVKHGH�� 3�� $P\ORLG� )LEHUV� RI� Ƚ�6\QXFOHLQ� &DWDO\]H�
&KHPLFDO�5HDFWLRQV��$&6�&KHP��1HXURVFL���������Ƈ����������� 

��� 2W]HQ�� '�� 	� 1LHOVHQ�� 3�� +��:H� ƧQG� WKHP� KHUH�� ZH� ƧQG� WKHP� WKHUH�� IXQFWLRQDO�
EDFWHULDO�DP\ORLG��&HOO��0RO��/LIH�6FL��&0/6��������Ƈ����������� 

���� %DUQKDUW�� 0�� 0�� 	� &KDSPDQ�� 0�� 5�� &XUOL� ELRJHQHVLV� DQG� IXQFWLRQ�� $QQX�� 5HY��
0LFURELRO���������Ƈ����������� 

���� 6HXULQJ��&��HW�DO��7KH�PHFKDQLVP�RI�WR[LFLW\�LQ�+(7�6�+(7�V�SULRQ�LQFRPSDWLELOLW\��
3/R6�%LRO������H��������������� 

���� 6FKOLVVHO��*���.U]\]DQRZVNL��0��.���&DXGURQ��)���%DUUDO��<��	�5LQH��-��$JJUHJDWLRQ�RI�
WKH�:KL��SURWHLQ��QRW�ORVV�RI�KHWHURFKURPDWLQ��FDXVHV�VWHULOLW\�LQ�ROG�\HDVW�FHOOV��6FLHQFH�
���������Ƈ������������ 

���� 6DDULNDQJDV�� -�� HW� DO�� &RPSDUWPHQWDOL]DWLRQ� RI� (5�%RXQG� &KDSHURQH� &RQƧQHV�
3URWHLQ�'HSRVLW�)RUPDWLRQ�WR�WKH�$JLQJ�<HDVW�&HOO��&XUU��%LRO���������Ƈ����������� 

���� &DXGURQ��)��	�%DUUDO��<��$�VXSHU�DVVHPEO\�RI�:KL��HQFRGHV�PHPRU\�RI�GHFHSWLYH�
HQFRXQWHUV�E\�VLQJOH�FHOOV�GXULQJ�\HDVW�FRXUWVKLS��&HOO����������Ƈ������������ 

���� &KDNUDYDUW\��$��.���6PHMNDO��7���,WDNXUD��$��.���*DUFLD��'��0��	�-DURV]��'��)��$�1RQ�
DP\ORLG�3ULRQ�3DUWLFOH�WKDW�$FWLYDWHV�D�+HULWDEOH�*HQH�([SUHVVLRQ�3URJUDP��0RO��&HOO�����
��������H��������� 
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�� 

 

���� .U½WWQHU��6��HW�DO��'URVRSKLOD�&3(%�2UE�$�PHGLDWHV�PHPRU\�LQGHSHQGHQW�RI�,WV�
51$�ELQGLQJ�GRPDLQ��1HXURQ��������Ƈ����������� 

���� +HUYDV��5��HW�DO��&U\R�(0�VWUXFWXUH�RI�D�QHXURQDO�IXQFWLRQDO�DP\ORLG�LPSOLFDWHG�LQ�
PHPRU\�SHUVLVWHQFH�LQ�'URVRSKLOD��6FLHQFH����������Ƈ������������ 

���� $JX]]L��$��	�)DOVLJ��-��3ULRQ�SURSDJDWLRQ��WR[LFLW\�DQG�GHJUDGDWLRQ��1DW��1HXURVFL��
�������Ƈ����������� 

���� 6FKHFNHO��&��	�$JX]]L��$��3ULRQV��SULRQRLGV�DQG�SURWHLQ�PLVIROGLQJ�GLVRUGHUV��1DW��
5HY��*HQHW���������Ƈ����������� 

���� 9DTXHU�$OLFHD�� -�� 	� 'LDPRQG�� 0�� ,�� 3URSDJDWLRQ� RI� 3URWHLQ� $JJUHJDWLRQ� LQ�
1HXURGHJHQHUDWLYH�'LVHDVHV��$QQX��5HY��%LRFKHP���������Ƈ����������� 

���� 6RWR�� &�� 	� 3ULW]NRZ�� 6�� 3URWHLQ� PLVIROGLQJ�� DJJUHJDWLRQ�� DQG� FRQIRUPDWLRQDO�
VWUDLQV�LQ�QHXURGHJHQHUDWLYH�GLVHDVHV��1DW��1HXURVFL����������Ƈ������������ 

���� %ORRP�� *�� 6�� $P\ORLG�Ⱦ� DQG� WDX�� WKH� WULJJHU� DQG� EXOOHW� LQ� $O]KHLPHU� GLVHDVH�
SDWKRJHQHVLV��-$0$�1HXURO���������Ƈ����������� 

���� 7D\ORU�� -�� 3��� %URZQ�� 5�� +�� 	� &OHYHODQG�� '�� :�� 'HFRGLQJ� $/6�� IURP� JHQHV� WR�
PHFKDQLVP��1DWXUH���������Ƈ����������� 

���� 3RUW]��%���/HH��%��/��	�6KRUWHU��-��)86�DQG�7'3����3KDVHV�LQ�+HDOWK�DQG�'LVHDVH��
7UHQGV�%LRFKHP��6FL���������Ƈ����������� 

���� +DOOHJJHU��0��HW�DO��7'3����FRQGHQVDWLRQ�SURSHUWLHV�VSHFLI\�LWV�51$�ELQGLQJ�DQG�
UHJXODWRU\�UHSHUWRLUH��&HOO����������������H���������� 

���� &KDQJ�� $�� HW� DO�� +RPRW\SLF� ƧEULOOL]DWLRQ� RI� 70(0���%� DFURVV� GLYHUVH�
QHXURGHJHQHUDWLYH�GLVHDVHV��&HOO����������������H���������� 

���� 6FKZHLJKDXVHU�� 0�� HW� DO�� $JH�GHSHQGHQW� IRUPDWLRQ� RI� 70(0���%� DP\ORLG�
ƧODPHQWV�LQ�KXPDQ�EUDLQV��1DWXUH���������Ƈ����������� 

���� 6PLWK��%��1��HW�DO��0XWDWLRQV� LQ� WKH�YHVLFXODU� WUDƦLFNLQJ�SURWHLQ�DQQH[LQ�$���DUH�
DVVRFLDWHG�ZLWK�DP\RWURSKLF�ODWHUDO�VFOHURVLV��6FL��7UDQVO��0HG�����HDDG������������ 

���� %UXLMQ��/��,��HW�DO��$JJUHJDWLRQ�DQG�PRWRU�QHXURQ�WR[LFLW\�RI�DQ�$/6�OLQNHG�62'��
PXWDQW�LQGHSHQGHQW�IURP�ZLOG�W\SH�62'���6FLHQFH����������Ƈ������������ 
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���� 0RUL�� .�� HW� DO�� 7KH� &�RUI��� ****&&� UHSHDW� LV� WUDQVODWHG� LQWR� DJJUHJDWLQJ�
GLSHSWLGH�UHSHDW�SURWHLQV�LQ�)7/'�$/6��6FLHQFH����������Ƈ������������ 

���� :HFKDOHNDU�� $�� '��� *LOOPRUH�� -�� '�� 	� +DZNLQV�� 3�� 1�� 6\VWHPLF� DP\ORLGRVLV�� 7KH�
/DQFHW����������Ƈ������������ 

���� 0XFKWDU��(��HW�DO��6\VWHPLF�DP\ORLGRVLV�IURP�$��$$��WR�7��$775���D�UHYLHZ��-��,QWHUQ��
0HG����������Ƈ����������� 

���� 6LOYD�� -�� /��� 'H� 0RXUD� *DOOR�� &�� 9��� &RVWD�� '�� &�� )�� 	� 5DQJHO�� /�� 3�� 3ULRQ�OLNH�
DJJUHJDWLRQ�RI�PXWDQW�S���LQ�FDQFHU��7UHQGV�%LRFKHP��6FL���������Ƈ����������� 

���� &LUXOOL��(��7��HW�DO��([RPH�VHTXHQFLQJ�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV�LGHQWLƧHV�ULVN�
JHQHV�DQG�SDWKZD\V��6FLHQFH����������Ƈ������������ 

���� 1HZE\��*��$��HW�DO��$�*HQHWLF�7RRO�WR�7UDFN�3URWHLQ�$JJUHJDWHV�DQG�&RQWURO�3ULRQ�
,QKHULWDQFH��&HOO��������������H���������� 

���� *RWRU��1��/�� HW�DO��51$�ELQGLQJ�DQG�SULRQ�GRPDLQV�� WKH�<LQ�DQG�<DQJ�RI�SKDVH�
VHSDUDWLRQ��1XFOHLF�$FLGV�5HV����������Ƈ������������ 

���� =DQ]RQL�� $�� HW� DO�� 3ULQFLSOHV� RI� VHOI�RUJDQL]DWLRQ� LQ� ELRORJLFDO� SDWKZD\V�� D�
K\SRWKHVLV� RQ� WKH� DXWRJHQRXV� DVVRFLDWLRQ� RI� DOSKD�V\QXFOHLQ�� 1XFOHLF� $FLGV� 5HV������
����Ƈ������������ 

���� .RYDFKHY��3��6��HW�DO��51$�PRGXODWHV�DJJUHJDWLRQ�RI�WKH�UHFRPELQDQW�PDPPDOLDQ�
SULRQ�SURWHLQ�E\�GLUHFW�LQWHUDFWLRQ��6FL��5HS������������������ 

���� .DPSHUV�� 7��� )ULHGKRƦ�� 3��� %LHUQDW�� -���0DQGHONRZ�� (��0�� 	�0DQGHONRZ�� (�� 51$�
VWLPXODWHV�DJJUHJDWLRQ�RI�PLFURWXEXOH�DVVRFLDWHG�SURWHLQ�WDX�LQWR�$O]KHLPHU�OLNH�SDLUHG�
KHOLFDO�ƧODPHQWV��)(%6�/HWW����������Ƈ����������� 

���� &KDNUDERUW\��3��HW�DO��&R�IDFWRU�IUHH�DJJUHJDWLRQ�RI�WDX� LQWR�VHHGLQJ�FRPSHWHQW�
51$�VHTXHVWHULQJ�DP\ORLG�ƧEULOV��1DW��&RPPXQ������������������ 

���� /HVWHU�� (�� HW� DO�� 7DX� DJJUHJDWHV� DUH� 51$�SURWHLQ� DVVHPEOLHV� WKDW� PLVORFDOL]H�
PXOWLSOH�QXFOHDU�VSHFNOH�FRPSRQHQWV��1HXURQ����������������H��������� 

���� 'DWWD�� '��� 7LZDUL��2��	�*XSWD��0�� .�� 6HOI�$VVHPEO\� RI� 'LSKHQ\ODODQLQH�3HSWLGH�
1XFOHLF�$FLG�&RQMXJDWHV��$&6�2PHJD���������Ƈ������������� 

���� 5KD��$��.��HW�DO��(OHFWURVWDWLF�&RPSOHPHQWDULW\�'ULYHV�$P\ORLG�1XFOHLF�$FLG�&R�
$VVHPEO\��$QJHZ��&KHP��,QW��(G�(QJO���������Ƈ����������� 
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�� 

 

���� &DUQ\��2��	�*D]LW��(��&UHDWLQJ�SUHELRWLF�VDQFWXDU\��VHOI�DVVHPEOLQJ�VXSUDPROHFXODU�
3HSWLGH�VWUXFWXUHV�ELQG�DQG�VWDELOL]H�51$��2ULJ��/LIH�(YRO��%LRVSKHUH� -�� ,QW��6RF��6WXG\�
2ULJ��/LIH��������Ƈ����������� 

���� )UHQNHO�3LQWHU��0��HW�DO��0XWXDOO\�VWDELOL]LQJ�LQWHUDFWLRQV�EHWZHHQ�SURWR�SHSWLGHV�
DQG�51$��1DW��&RPPXQ������������������ 

���� %UDXQ��6��HW�DO��$P\ORLG�DVVRFLDWHG�QXFOHLF�DFLG�K\EULGLVDWLRQ��3OR6�2QH����H������
������� 

���� $XGDV��7��(���-DFRE��0��'��	�/HH��6��,PPRELOL]DWLRQ�RI�SURWHLQV�LQ�WKH�QXFOHROXV�E\�
ULERVRPDO�LQWHUJHQLF�VSDFHU�QRQFRGLQJ�51$��0RO��&HOO��������Ƈ����������� 

���� $XGDV��7��(��HW�DO��$GDSWDWLRQ�WR�6WUHVVRUV�E\�6\VWHPLF�3URWHLQ�$P\ORLGRJHQHVLV��
'HY��&HOO��������Ƈ����������� 

���� 7KHRGRULGLV��3��5��HW�DO��/RFDO�WUDQVODWLRQ�LQ�QXFOHDU�FRQGHQVDWH�DP\ORLG�ERGLHV��
3URF��1DWO��$FDG��6FL��8��6��$�������H������������������ 

���� %RNH�� (��	�0LWFKLVRQ�� 7�� -�� 7KH�EDOELDQL� ERG\� DQG� WKH� FRQFHSW� RI�SK\VLRORJLFDO�
DP\ORLGV��&HOO�&\FOH�*HRUJHW��7H[��������Ƈ����������� 

���� =DFFR��(��HW�DO��51$�DV�D�NH\�IDFWRU�LQ�GULYLQJ�RU�SUHYHQWLQJ�VHOI�DVVHPEO\�RI�WKH�
7$5�'1$�ELQGLQJ�SURWHLQ�����-��0RO��%LRO�����������Ƈ������������ 

���� =DFFR��(��HW�DO��3URELQJ�7'3����FRQGHQVDWLRQ�XVLQJ�DQ�LQ�VLOLFR�GHVLJQHG�DSWDPHU��
1DW��&RPPXQ������������������ 

���� /DVKXHO�� +�� $��� 2YHUN�� &�� 5��� 2XHVODWL�� $�� 	� 0DVOLDK�� (�� 7KH� PDQ\� IDFHV� RI� Ƚ�
V\QXFOHLQ��IURP�VWUXFWXUH�DQG�WR[LFLW\�WR�WKHUDSHXWLF�WDUJHW��1DW��5HY��1HXURVFL��������Ƈ
���������� 

���� )XVFR�� *�� HW� DO�� 'LUHFW� REVHUYDWLRQ� RI� WKH� WKUHH� UHJLRQV� LQ� Ƚ�V\QXFOHLQ� WKDW�
GHWHUPLQH�LWV�PHPEUDQH�ERXQG�EHKDYLRXU��1DW��&RPPXQ����������������� 

���� 6FRWW�� '�� 	� 5R\�� 6�� Ƚ�6\QXFOHLQ� ,QKLELWV� ,QWHUV\QDSWLF� 9HVLFOH� 0RELOLW\� DQG�
0DLQWDLQV�5HF\FOLQJ�3RRO�+RPHRVWDVLV��-��1HXURVFL�����������Ƈ������������� 

���� %XUUª�� -�� HW� DO��Ƚ�6\QXFOHLQ�3URPRWHV�61$5(�&RPSOH[�$VVHPEO\� LQ�9LYR�DQG� LQ�
9LWUR��6FLHQFH����������Ƈ������������ 
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���� 5RFKD�� (�� 0��� 'H� 0LUDQGD�� %�� 	� 6DQGHUV�� /�� +�� $OSKD�V\QXFOHLQ�� 3DWKRORJ\��
PLWRFKRQGULDO� G\VIXQFWLRQ� DQG� QHXURLQƨDPPDWLRQ� LQ� 3DUNLQVRQƊV� GLVHDVH�� 1HXURELRO��
'LV����������Ƈ����������� 

���� 6FKDVHU��$��-��HW�DO��$OSKD�V\QXFOHLQ�LV�D�'1$�ELQGLQJ�SURWHLQ�WKDW�PRGXODWHV�'1$�
UHSDLU�ZLWK�LPSOLFDWLRQV�IRU�/HZ\�ERG\�GLVRUGHUV��6FL��5HS������������������ 

���� 6SLOODQWLQL�� 0�� *��� &URZWKHU�� 5�� $��� -DNHV�� 5��� +DVHJDZD�� 0�� 	� *RHGHUW�� 0�� Ƚ�
6\QXFOHLQ� LQ� ƧODPHQWRXV� LQFOXVLRQV� RI� /HZ\� ERGLHV� IURP� 3DUNLQVRQƊV� GLVHDVH� DQG�
GHPHQWLD�ZLWK�/HZ\�ERGLHV��3URF��1DWO��$FDG��6FL����������Ƈ������������ 

���� *UD]LD� 6SLOODQWLQL�� 0�� HW� DO�� )LODPHQWRXV� Ƚ�V\QXFOHLQ� LQFOXVLRQV� OLQN� PXOWLSOH�
V\VWHP�DWURSK\�ZLWK�3DUNLQVRQƊV�GLVHDVH�DQG�GHPHQWLD�ZLWK�/HZ\�ERGLHV��1HXURVFL��/HWW��
��������Ƈ����������� 

���� *RHGHUW��0��� -DNHV��5��	�6SLOODQWLQL��0��*��7KH�6\QXFOHLQRSDWKLHV��7ZHQW\�<HDUV�
2Q��-��3DUN��'LV�����6��Ƈ6���������� 

���� 'RKHUW\��&�� 3��$�� HW� DO�� $� VKRUW�PRWLI� LQ� WKH�1�WHUPLQDO� UHJLRQ�RI�Ƚ�V\QXFOHLQ� LV�
FULWLFDO�IRU�ERWK�DJJUHJDWLRQ�DQG�IXQFWLRQ��1DW��6WUXFW��0RO��%LRO���������Ƈ����������� 

���� 6WHSKHQV�� $�� '�� HW� DO�� ([WHQW� RI� 1�WHUPLQXV� H[SRVXUH� RI� PRQRPHULF� DOSKD�
V\QXFOHLQ�GHWHUPLQHV�LWV�DJJUHJDWLRQ�SURSHQVLW\��1DW��&RPPXQ������������������ 

���� +R\HU��:��� &KHUQ\�� '��� 6XEUDPDQLDP�� 9�� 	� -RYLQ�� 7��0�� ,PSDFW� RI� WKH� $FLGLF� &�
7HUPLQDO�5HJLRQ�&RPSULVLQJ�$PLQR�$FLGV����í����RQ�Ƚ�6\QXFOHLQ�$JJUHJDWLRQ�LQ�9LWUR��
%LRFKHPLVWU\����������Ƈ������������� 

���� )DU]DGIDUG��$��HW�DO��7KH�&�WHUPLQDO�WDLO�RI�Ƚ�V\QXFOHLQ�SURWHFWV�DJDLQVW�DJJUHJDWH�
UHSOLFDWLRQ�EXW�LV�FULWLFDO�IRU�ROLJRPHUL]DWLRQ��&RPPXQ��%LRO���������������� 

���� %DUWHOV�� 7��� &KRL�� -�� *�� 	� 6HONRH�� '�� -�� Ƚ�6\QXFOHLQ� RFFXUV� SK\VLRORJLFDOO\� DV� D�
KHOLFDOO\�IROGHG�WHWUDPHU�WKDW�UHVLVWV�DJJUHJDWLRQ��1DWXUH���������Ƈ����������� 

���� &KRODN��(��HW�DO��$YLGLW\�ZLWKLQ�WKH�1�WHUPLQDO�DQFKRU�GULYHV�Ƚ�V\QXFOHLQ�PHPEUDQH�
LQWHUDFWLRQ�DQG�LQVHUWLRQ��)$6(%�-����������Ƈ������������ 

���� %XUPDQQ�� %��0�� HW� DO�� 5HJXODWLRQ� RI�Ƚ�V\QXFOHLQ� E\� FKDSHURQHV� LQ�PDPPDOLDQ�
FHOOV��1DWXUH���������Ƈ����������� 

���� 0LUHFND�� (�� $�� HW� DO�� 6HTXHVWUDWLRQ� RI� D� Ⱦ�+DLUSLQ� IRU� &RQWURO� RI� Ƚ�6\QXFOHLQ�
$JJUHJDWLRQ��$QJHZ��&KHP��,QW��(G����������Ƈ������������ 
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�� 

 

���� =KDQJ�� =�� HW� DO�� $VSDUDJLQH� HQGRSHSWLGDVH� FOHDYHV� Ƚ�V\QXFOHLQ� DQG� PHGLDWHV�
SDWKRORJLF�DFWLYLWLHV�LQ�3DUNLQVRQƊV�GLVHDVH��1DW��6WUXFW��0RO��%LRO���������Ƈ����������� 

���� )DOVRQH��6��)��HW�DO��6(5)�SURWHLQ�LV�D�GLUHFW�PRGLƧHU�RI�DP\ORLG�ƧEHU�DVVHPEO\��
&HOO�5HS��������Ƈ����������� 

���� 0H\HU�� 1�� +�� HW� DO�� 6WUXFWXUDO� )X]]LQHVV� RI� WKH� 51$�2UJDQL]LQJ� 3URWHLQ� 6(5)�
'HWHUPLQHV�D�7R[LF�*DLQ�RI�LQWHUDFWLRQ��-��0RO��%LRO����������Ƈ����������� 

���� /DXWHQVFKO¥JHU�� -�� HW� DO�� &�WHUPLQDO� FDOFLXP� ELQGLQJ� RI� Ƚ�V\QXFOHLQ� PRGXODWHV�
V\QDSWLF�YHVLFOH�LQWHUDFWLRQ��1DW��&RPPXQ���������������� 

���� +HUUHUD��)��(��HW�DO��,QKLELWLRQ�RI�Ƚ�6\QXFOHLQ�)LEULOOL]DWLRQ�E\�'RSDPLQH�,V�0HGLDWHG�
E\� ,QWHUDFWLRQV�ZLWK�)LYH�&�7HUPLQDO�5HVLGXHV�DQG�ZLWK�(��� LQ�WKH�1$&�5HJLRQ��3/26�
21(����H������������ 

���� )XVFR�� *�� HW� DO�� 6WUXFWXUDO� EDVLV� RI� V\QDSWLF� YHVLFOH� DVVHPEO\� SURPRWHG� E\� Ƚ�
V\QXFOHLQ��1DW��&RPPXQ������������������ 

���� ,\HU��$���6LGKX��$��	�6XEUDPDQLDP��9��+RZ�LPSRUWDQW�LV�WKH�1�WHUPLQDO�DFHW\ODWLRQ�
RI�DOSKD�V\QXFOHLQ�IRU�LWV�IXQFWLRQ�DQG�DJJUHJDWLRQ�LQWR�DP\ORLGV"�)URQW��1HXURVFL������
������� 

���� :DQJ��<�� HW� DO�� 3KRVSKRU\ODWHG�Ƚ�6\QXFOHLQ� LQ�3DUNLQVRQƊV�'LVHDVH��6FL�� 7UDQVO��
0HG��������UD������UD���������� 

���� )DU]DGIDUG��$��HW�DO��*O\FDWLRQ�PRGXODWHV�DOSKD�V\QXFOHLQ�ƧEULOOL]DWLRQ�NLQHWLFV��$�
VZHHW�VSRW�IRU�LQKLELWLRQ��-��%LRO��&KHP�������������� 

���� 6RUUHQWLQR��=��$��	�*LDVVRQ��%��,��7KH�HPHUJLQJ�UROH�RI�Ƚ�V\QXFOHLQ�WUXQFDWLRQ�LQ�
DJJUHJDWLRQ�DQG�GLVHDVH��-��%LRO��&KHP������������Ƈ������������� 

���� /L�� :�� HW� DO�� $JJUHJDWLRQ� SURPRWLQJ� &�WHUPLQDO� WUXQFDWLRQ� RI� Ƚ�V\QXFOHLQ� LV� D�
QRUPDO� FHOOXODU� SURFHVV� DQG� LV� HQKDQFHG� E\� WKH� IDPLOLDO� 3DUNLQVRQƊV� GLVHDVH�OLQNHG�
PXWDWLRQV��3URF��1DWO��$FDG��6FL�����������Ƈ������������ 

���� YDQ�GHU�:DWHUHQ��,��0���.QRZOHV��7��3��-���%XHOO��$��.���'REVRQ��&��0��	�*DOYDJQLRQ��
&�� &�WHUPLQDO� WUXQFDWLRQ� RI� Ƚ�V\QXFOHLQ� SURPRWHV� DP\ORLG� ƧEULO� DPSOLƧFDWLRQ� DW�
SK\VLRORJLFDO�S+��&KHP�6FL��������Ƈ������������ 

���� ,OMLQD�� 0�� HW� DO�� .LQHWLF� PRGHO� RI� WKH� DJJUHJDWLRQ� RI� DOSKD�V\QXFOHLQ� SURYLGHV�
LQVLJKWV�LQWR�SULRQ�OLNH�VSUHDGLQJ��3URF��1DWO��$FDG��6FL�������(����Ƈ(������������ 
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���� 8YHUVN\��9��1���/L��-��	�)LQN��$��/��(YLGHQFH�IRU�D�3DUWLDOO\�)ROGHG�,QWHUPHGLDWH�LQ�Ƚ�
6\QXFOHLQ�)LEULO�)RUPDWLRQ��-��%LRO��&KHP������������Ƈ������������� 

���� <X��+���+DQ��:���0D��:��	�6FKXOWHQ��.��7UDQVLHQW�Ⱦ�KDLUSLQ�IRUPDWLRQ�LQ�Ƚ�V\QXFOHLQ�
PRQRPHU�UHYHDOHG�E\�FRDUVH�JUDLQHG�PROHFXODU�G\QDPLFV�VLPXODWLRQ��-��&KHP��3K\V�������
�������������� 

���� $QWRQ\��7��HW�DO��&HOOXODU�3RO\DPLQHV�3URPRWH�WKH�$JJUHJDWLRQ�RI�Ƚ�6\QXFOHLQ��-��
%LRO��&KHP�����������Ƈ������������ 

���� &RKOEHUJ�� -�� $��� /L�� -��� 8YHUVN\�� 9�� 1�� 	� )LQN�� $�� /�� +HSDULQ� DQG� 2WKHU�
*O\FRVDPLQRJO\FDQV� 6WLPXODWH� WKH� )RUPDWLRQ� RI� $P\ORLG� )LEULOV� IURP� Ƚ�6\QXFOHLQ� LQ�
9LWUR��%LRFKHPLVWU\���������Ƈ������������ 

���� *DOYDJQLRQ��&��HW�DO��/LSLG�YHVLFOHV�WULJJHU�Ƚ�V\QXFOHLQ�DJJUHJDWLRQ�E\�VWLPXODWLQJ�
SULPDU\�QXFOHDWLRQ��1DW��&KHP��%LRO���������Ƈ����������� 

���� 6RUUHQWLQR�� =�� $�� HW� DO�� 3K\VLRORJLFDO� &�WHUPLQDO� WUXQFDWLRQ� RI� Ƚ�V\QXFOHLQ�
SRWHQWLDWHV�WKH�SULRQ�OLNH�IRUPDWLRQ�RI�SDWKRORJLFDO�LQFOXVLRQV��-��%LRO��&KHP������������Ƈ
������������� 

���� *DVSDU��5��HW�DO��6HFRQGDU\�QXFOHDWLRQ�RI�PRQRPHUV�RQ�ƧEULO�VXUIDFH�GRPLQDWHV�
Ƚ�V\QXFOHLQ� DJJUHJDWLRQ� DQG� SURYLGHV� DXWRFDWDO\WLF� DP\ORLG� DPSOLƧFDWLRQ�� 4�� 5HY��
%LRSK\V������H��������� 

���� &HOHM�� 0�� 6�� HW� DO�� 7R[LF� SUHƧEULOODU� Ƚ�V\QXFOHLQ� DP\ORLG� ROLJRPHUV� DGRSW� D�
GLVWLQFWLYH�DQWLSDUDOOHO�Ⱦ�VKHHW�VWUXFWXUH��%LRFKHP��-����������Ƈ����������� 

���� 7XWWOH��0��'��HW�DO��6ROLG�VWDWH�105�VWUXFWXUH�RI�D�SDWKRJHQLF�ƧEULO�RI�IXOO�OHQJWK�
KXPDQ�Ƚ�V\QXFOHLQ��1DW��6WUXFW��0RO��%LRO���������Ƈ����������� 

���� )ULHJ��%��HW�DO��7KH��'�VWUXFWXUH�RI�OLSLGLF�ƧEULOV�RI�Ƚ�V\QXFOHLQ��1DW��&RPPXQ������
������������ 

���� 7DR�� <�� HW� DO�� +HSDULQ� LQGXFHV� Ƚ�V\QXFOHLQ� WR� IRUP� QHZ� ƧEULO� SRO\PRUSKV�ZLWK�
DWWHQXDWHG�QHXURSDWKRORJ\��1DW��&RPPXQ������������������ 

���� 7ULQNDXV��9��$��HW�DO��,Q�VLWX�DUFKLWHFWXUH�RI�QHXURQDO�Ƚ�6\QXFOHLQ�LQFOXVLRQV��1DW��
&RPPXQ������������������ 

���� *DR�� ;�� HW� DO�� +XPDQ� +VS��� 'LVDJJUHJDVH� 5HYHUVHV� 3DUNLQVRQƊV�/LQNHG� Ƚ�
6\QXFOHLQ�$P\ORLG�)LEULOV��0RO��&HOO��������Ƈ����������� 
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�� 

 

���� 6FKQHLGHU��0��0��HW�DO��7KH�+VF���GLVDJJUHJDWLRQ�PDFKLQHU\�UHPRYHV�PRQRPHU�
XQLWV�GLUHFWO\�IURP�Ƚ�V\QXFOHLQ�ƧEULO�HQGV��1DW��&RPPXQ������������������ 

���� 7LWWHOPHLHU�� -�� HW� DO�� 7KH� +63����+63��� GLVDJJUHJDWLRQ� V\VWHP� JHQHUDWHV�
VSUHDGLQJဨFRPSHWHQW�WR[LF�ȽǦV\QXFOHLQ�VSHFLHV��(0%2�-������H�������������� 

���� &KHUQ\�� '��� +R\HU�� :��� 6XEUDPDQLDP�� 9�� 	� -RYLQ�� 7�� 0�� 'RXEOH�VWUDQGHG� '1$�
VWLPXODWHV�WKH�ƧEULOODWLRQ�RI�DOSKD�V\QXFOHLQ�LQ�YLWUR�DQG�LV�DVVRFLDWHG�ZLWK�WKH�PDWXUH�
ƧEULOV��DQ�HOHFWURQ�PLFURVFRS\�VWXG\��-��0RO��%LRO����������Ƈ����������� 

���� +HJGH��0��/��	�5DR��.��6��-��'1$�LQGXFHV�IROGLQJ�LQ�Ƚ�V\QXFOHLQ��8QGHUVWDQGLQJ�WKH�
PHFKDQLVP�XVLQJ�FKDSHURQH�SURSHUW\�RI�RVPRO\WHV��$UFK��%LRFKHP��%LRSK\V���������Ƈ
���������� 

���� .� 0XNKHUMHH�� 6��� .QRS�� -��0���2OLYD�� 5���0·ELW]�� 6�� 	�:LQWHU�� 5�� 8QWDQJOLQJ� WKH�
LQWHUDFWLRQ�RI�Ƚ�V\QXFOHLQ�ZLWK�'1$� L�PRWLIV�DQG�KDLUSLQV�E\�YROXPH�VHQVLWLYH� VLQJOH�
PROHFXOH�)5(7�VSHFWURVFRS\��56&�&KHP��%LRO���������Ƈ������������ 

���� -LDQJ��.���5RFKD��6���.XPDU��5���:HVWHUOXQG��)��	�:LWWXQJ�6WDIVKHGH��3��&�WHUPLQDO�
WUXQFDWLRQ�RI�Ƚ�V\QXFOHLQ�DOWHUV�'1$�VWUXFWXUH�IURP�H[WHQVLRQ�WR�FRPSDFWLRQ��%LRFKHP��
%LRSK\V��5HV��&RPPXQ���������Ƈ���������� 

���� 7VXNDNRVKL��.���$EH��.���6RGH��.��	�,NHEXNXUR��.��6HOHFWLRQ�RI�'1$�DSWDPHUV�WKDW�
UHFRJQL]H�Ƚ�V\QXFOHLQ�ROLJRPHUV�XVLQJ�D�FRPSHWLWLYH�VFUHHQLQJ�PHWKRG��$QDO��&KHP������
����Ƈ������������ 

���� 7UDQ��&��+���6DKD��5���%ODQFR��&���%DJFKL��'��	�&KHQ��,��$��0RGXODWLRQ�RI�Ƚ�6\QXFOHLQ�
$JJUHJDWLRQ�,Q�9LWUR�E\�D�'1$�$SWDPHU��%LRFKHPLVWU\���������Ƈ������������ 

���� +DOODFOL��(��HW�DO��7KH�3DUNLQVRQƊV�GLVHDVH�SURWHLQ�DOSKD�V\QXFOHLQ�LV�D�PRGXODWRU�
RI�SURFHVVLQJ�ERGLHV�DQG�P51$�VWDELOLW\��&HOO����������������H���������� 

���� $UPDRV��$���&RODQWRQL��$���3URLHWWL��*���5XSHUW��-��	�7DUWDJOLD��*��*��FDW5$3,'�RPLFV�
Y����� JRLQJ� GHHSHU� DQG�ZLGHU� LQ� WKH� SUHGLFWLRQ� RI� SURWHLQƇ51$� LQWHUDFWLRQV��1XFOHLF�
$FLGV�5HV������:��Ƈ:���������� 

���� 5XSHUW�� -���0RQWL��0��� =DFFR�� (��	� 7DUWDJOLD��*��*�� 51$� VHTXHVWUDWLRQ� GULYHQ� E\�
DP\ORLG�IRUPDWLRQ��WKH�DOSKD�V\QXFOHLQ�FDVH��1XFOHLF�$FLGV�5HV�����������Ƈ������������� 

���� %HOOXFFL�� 0��� $JRVWLQL�� )��� 0DVLQ�� 0�� 	� 7DUWDJOLD�� *�� *�� 3UHGLFWLQJ� SURWHLQ�
DVVRFLDWLRQV�ZLWK�ORQJ�QRQFRGLQJ�51$V��1DW��0HWKRGV�������Ƈ����������� 
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���� 1L��;���0F*OLQFKH\��5��3���-LDQJ��-��	�/HH��-��&��6WUXFWXUDO�,QVLJKWV�LQWR�Ƚ�6\QXFOHLQ�
)LEULO�3RO\PRUSKLVP��(ƦHFWV�RI�3DUNLQVRQƊV�'LVHDVH�5HODWHG�&�7HUPLQDO�7UXQFDWLRQV�� -��
0RO��%LRO�����������Ƈ������������ 

���� )LQN��$��/��7KH�$JJUHJDWLRQ�DQG�)LEULOODWLRQ�RI�Ƚ�6\QXFOHLQ��$FF��&KHP��5HV������
���Ƈ����������� 

���� %LDQFDODQD�� 0�� 	� .RLGH�� 6�� 0ROHFXODU� PHFKDQLVP� RI� 7KLRƨDYLQ�7� ELQGLQJ� WR�
DP\ORLG�ƧEULOV��%LRFKLP��%LRSK\V��$FWD�%%$���3URWHLQV�3URWHRPLFV�����������Ƈ������������ 

���� %DUWK�� $�� ,QIUDUHG� VSHFWURVFRS\� RI� SURWHLQV�� %LRFKLP�� %LRSK\V�� $FWD� %%$� ��
%LRHQHUJ������������Ƈ������������ 

���� 2EHUJ��.��$���5X\VVFKDHUW��-��0��	�*RRUPDJKWLJK��(��7KH�RSWLPL]DWLRQ�RI�SURWHLQ�
VHFRQGDU\�VWUXFWXUH�GHWHUPLQDWLRQ�ZLWK� LQIUDUHG�DQG�FLUFXODU�GLFKURLVP�VSHFWUD�� (XU�� -��
%LRFKHP�����������Ƈ������������ 

���� =DQGRPHQHJKL��*���.UHEV��0��5��+���0F&DPPRQ��0��*��	�)¥QGULFK��0��)7,5�UHYHDOV�
VWUXFWXUDO�GLƦHUHQFHV�EHWZHHQ�QDWLYH�Ⱦ�VKHHW�SURWHLQV�DQG�DP\ORLG�ƧEULOV��3URWHLQ�6FL��
��������Ƈ������������ 

���� %DUWK��$��	�=VFKHUS��&��6XEVWUDWH�ELQGLQJ�DQG�HQ]\PH�IXQFWLRQ� LQYHVWLJDWHG�E\�
LQIUDUHG�VSHFWURVFRS\��)(%6�/HWW����������Ƈ����������� 

���� $PL��'��HW�DO��6WUXFWXUH��6WDELOLW\��DQG�$JJUHJDWLRQ�RI�Ⱦ���0LFURJOREXOLQ�0XWDQWV��
,QVLJKWV�IURP�D�)RXULHU�7UDQVIRUP�,QIUDUHG�6WXG\�LQ�6ROXWLRQ�DQG�LQ�WKH�&U\VWDOOLQH�6WDWH��
%LRSK\V��-�����������Ƈ������������ 

���� '\HU��5��%���*DL�� )���:RRGUXƦ��:��+���*LOPDQVKLQ��5��	�&DOOHQGHU��5��+�� ,QIUDUHG�
6WXGLHV�RI�)DVW�(YHQWV�LQ�3URWHLQ�)ROGLQJ��$FF��&KHP��5HV���������Ƈ����������� 

���� $PL�� '�� HW� DO�� ,Q� VLWX� FKDUDFWHUL]DWLRQ� RI� SURWHLQ� DJJUHJDWHV� LQ� KXPDQ� WLVVXHV�
DƦHFWHG�E\�OLJKW�FKDLQ�DP\ORLGRVLV��D�)7,5�PLFURVSHFWURVFRS\�VWXG\��6FL��5HS�����������
������� 

���� *LOLEHUWL��9��HW�DO��+HWHURJHQHLW\�RI�WKH�7UDQVPHPEUDQH�3URWHLQ�&RQIRUPDWLRQ�LQ�
3XUSOH�0HPEUDQHV�,GHQWLƧHG�E\�,QIUDUHG�1DQRVSHFWURVFRS\��6PDOO�������������������� 

���� /X�� )��� -LQ�� 0�� 	� %HONLQ�� 0�� $�� 7LS�HQKDQFHG� LQIUDUHG� QDQRVSHFWURVFRS\� YLD�
PROHFXODU�H[SDQVLRQ�IRUFH�GHWHFWLRQ��1DW��3KRWRQLFV�������Ƈ����������� 

���� 'D]]L�� $�� 	� 3UDWHU�� &�� %�� $)0�,5�� 7HFKQRORJ\� DQG� $SSOLFDWLRQV� LQ� 1DQRVFDOH�
,QIUDUHG�6SHFWURVFRS\�DQG�&KHPLFDO�,PDJLQJ��&KHP��5HY�����������Ƈ������������ 



'RWWRUDWR�GL�ULFHUFD�LQ�*HQHWLFD�H�%LRORJLD�0ROHFRODUH 

�� 

 

���� $PHQDEDU�� ,�� HW� DO�� 6WUXFWXUDO� DQDO\VLV� DQG� PDSSLQJ� RI� LQGLYLGXDO� SURWHLQ�
FRPSOH[HV�E\�LQIUDUHG�QDQRVSHFWURVFRS\��1DW��&RPPXQ����������������� 

���� *LOLEHUWL�� 9�� HW� DO�� 7LS�(QKDQFHG� ,QIUDUHG� 'LƦHUHQFH�1DQRVSHFWURVFRS\� RI� WKH�
3URWRQ�3XPS�$FWLYLW\�RI�%DFWHULRUKRGRSVLQ�LQ�6LQJOH�3XUSOH�0HPEUDQH�3DWFKHV��1DQR�
/HWW����������Ƈ������������ 

���� .RFKDQ�� .�� HW� DO�� ,Q� YLYR� DWRPLF� IRUFH� PLFURVFRS\ƇLQIUDUHG� VSHFWURVFRS\� RI�
EDFWHULD��-��5��6RF��,QWHUIDFH��������������������� 

���� 5XJJHUL��)��6��HW�DO��,QIUDUHG�QDQRVSHFWURVFRS\�FKDUDFWHUL]DWLRQ�RI�ROLJRPHULF�DQG�
ƧEULOODU�DJJUHJDWHV�GXULQJ�DP\ORLG�IRUPDWLRQ��1DW��&RPPXQ����������������� 

���� =KRX�� /�� 	� .XURXVNL�� '�� 6WUXFWXUDO� &KDUDFWHUL]DWLRQ� RI� ,QGLYLGXDO� Ƚ�6\QXFOHLQ�
2OLJRPHUV� )RUPHG� DW� 'LƦHUHQW� 6WDJHV� RI� 3URWHLQ� $JJUHJDWLRQ� E\� $WRPLF� )RUFH�
0LFURVFRS\�,QIUDUHG�6SHFWURVFRS\��$QDO��&KHP����������Ƈ������������ 

���� 5XJJHUL��)��6��HW�DO��,QIUDUHG�QDQRVSHFWURVFRS\�UHYHDOV�WKH�PROHFXODU�LQWHUDFWLRQ�
ƧQJHUSULQW�RI�DQ�DJJUHJDWLRQ�LQKLELWRU�ZLWK�VLQJOH�$Ⱦ���ROLJRPHUV��1DW��&RPPXQ����������
������� 

���� &KLWL�� )��	�'REVRQ��&��0��$P\ORLG� IRUPDWLRQ�E\�JOREXODU�SURWHLQV�XQGHU�QDWLYH�
FRQGLWLRQV��1DW��&KHP��%LRO�������Ƈ���������� 

���� -DKQ��7��5��HW�DO��7KH�&RPPRQ�$UFKLWHFWXUH�RI�&URVV�Ⱦ�$P\ORLG��-��0RO��%LRO�������
���Ƈ����������� 

���� 0RUDQ�� 6�� '�� 	� =DQQL�� 0�� 7�� +RZ� WR� *HW� ,QVLJKW� LQWR� $P\ORLG� 6WUXFWXUH� DQG�
)RUPDWLRQ�IURP�,QIUDUHG�6SHFWURVFRS\��-��3K\V��&KHP��/HWW���������Ƈ������������ 

���� .XURXVNL��'��HW�DO��,V�6XSUDPROHFXODU�)LODPHQW�&KLUDOLW\�WKH�8QGHUO\LQJ�&DXVH�RI�
0DMRU�0RUSKRORJ\� 'LƦHUHQFHV� LQ� $P\ORLG� )LEULOV"� -�� $P�� &KHP�� 6RF�� ����� ����Ƈ�����
������� 

���� +RUURFNV��0��+��HW�DO��)DVW�)ORZ�0LFURƨXLGLFV�DQG�6LQJOH�0ROHFXOH�)OXRUHVFHQFH�
IRU� WKH�5DSLG�&KDUDFWHUL]DWLRQ�RI�Ƚ�6\QXFOHLQ�2OLJRPHUV�� $QDO�� &KHP������ ����Ƈ�����
������� 

���� 4LQ��=���+X��'���+DQ��6���+RQJ��'��3��	�)LQN��$��/��5ROH�RI�'LƦHUHQW�5HJLRQV�RI�Ƚ�
6\QXFOHLQ�LQ�WKH�$VVHPEO\�RI�)LEULOV��%LRFKHPLVWU\����������Ƈ������������� 
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���� YDQGHQ$NNHU��&��&���(QJHO��0��)��0���9HOLNRY��.��3���%RQQ��0��	�.RHQGHULQN��*��+��
0RUSKRORJ\� DQG� 3HUVLVWHQFH� /HQJWK� RI� $P\ORLG� )LEULOV� $UH� &RUUHODWHG� WR� 3HSWLGH�
0ROHFXODU�6WUXFWXUH��-��$P��&KHP��6RF������������Ƈ������������� 

���� *HLQJXHQDXG��)���0LOLWHOOR��9��	�$UOXLVRQ��9��$SSOLFDWLRQ�RI�)7,5�6SHFWURVFRS\�WR�
$QDO\]H�51$�6WUXFWXUH��LQ�51$�6SHFWURVFRS\��0HWKRGV�DQG�3URWRFROV��HGV��$UOXLVRQ��9��
	�:LHQ��)������Ƈ�����6SULQJHU�86���������GRL��������������������������B��� 

���� *LDPEUXQR��5���5XSHUW��-��	�=DFFR��(��&KDSWHU������([SHULPHQWDO�PHWKRGV�WR�VWXG\�
SURWHLQƇQXFOHLF� DFLG� LQWHUDFWLRQV�� LQ� $GYDQFHV� LQ� 3URWHLQ� 0ROHFXODU� DQG� 6WUXFWXUDO�
%LRORJ\� 0HWKRGV� �HGV�� 7ULSDWKL�� 7�� 	� 'XEH\�� 9�� .��� ���Ƈ���� �$FDGHPLF� 3UHVV�� �������
GRL���������%�������������������������� 

���� )X[UHLWHU��0��)X]]LQHVV� LQ�3URWHLQ� ,QWHUDFWLRQVƈ$�+LVWRULFDO�3HUVSHFWLYH�� -��0RO��
%LRO�����������Ƈ������������ 

���� 7DUWDJOLD��*��*��	�9HQGUXVFROR��0��7KH�=\JJUHJDWRU�PHWKRG�IRU�SUHGLFWLQJ�SURWHLQ�
DJJUHJDWLRQ�SURSHQVLWLHV��&KHP�6RF�5HY���������Ƈ������������ 

���� 7DUWDJOLD�� *�� *�� HW� DO�� 3UHGLFWLRQ� RI� $JJUHJDWLRQ�3URQH� 5HJLRQV� LQ� 6WUXFWXUHG�
3URWHLQV��-��0RO��%LRO����������Ƈ����������� 

���� $JRVWLQL�� )��� 9HQGUXVFROR�� 0�� 	� 7DUWDJOLD�� *�� *�� 6HTXHQFH�%DVHG� 3UHGLFWLRQ� RI�
3URWHLQ�6ROXELOLW\��-��0RO��%LRO����������Ƈ����������� 

���� 9HQGUXVFROR��0��	�)X[UHLWHU��0��6HTXHQFH�'HWHUPLQDQWV�RI� WKH�$JJUHJDWLRQ�RI�
3URWHLQV� :LWKLQ� &RQGHQVDWHV� *HQHUDWHG� E\� /LTXLG�OLTXLG� 3KDVH� 6HSDUDWLRQ�� 3URWHLQ�
,QWHUDFW��/LT��/LT��3KDVH�6HS��������������������� 

���� ,TEDO��.���/LX��)��	�*RQJ��&��;��7DX�DQG�QHXURGHJHQHUDWLYH�GLVHDVH��WKH�VWRU\�VR�IDU��
1DW��5HY��1HXURO��������Ƈ���������� 

���� $EVNKDURQ��5��HW�DO��&U\R�(0�VWUXFWXUH�RI�51$�LQGXFHG�WDX�ƧEULOV�UHYHDOV�D�VPDOO�
&�WHUPLQDO�FRUH�WKDW�PD\�QXFOHDWH�ƧEULO�IRUPDWLRQ��3URF��1DWO��$FDG��6FL�������H�����������
������� 

���� +HUQ¢QGH]��)��HW�DO��7DX�$JJUHJDWLRQ��1HXURVFLHQFH��������Ƈ���������� 

���� 9RQ�%HUJHQ��0��HW�DO��$VVHPEO\�RI�ɒ�SURWHLQ�LQWR�$O]KHLPHU�SDLUHG�KHOLFDO�ƧODPHQWV�
GHSHQGV�RQ�D�ORFDO�VHTXHQFH�PRWLI�������94,9<.�������IRUPLQJ�Ⱦ�VWUXFWXUH��3URF��1DWO��
$FDG��6FL����������Ƈ������������ 
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���� :DQJ��;��HW�DO��7KH�SUROLQH�ULFK�GRPDLQ�DQG�WKH�PLFURWXEXOH�ELQGLQJ�GRPDLQ�RI�
SURWHLQ�WDX�DFWLQJ�DV�51$�ELQGLQJ�GRPDLQV��3URWHLQ�3HSW��/HWW���������Ƈ����������� 

���� 0RULDUW\��'��)���9DJWV��6��	�5DOHLJK��'��3��$�UROH�IRU�WKH�&�WHUPLQXV�RI�FDOFLWRQLQ�LQ�
DJJUHJDWLRQ�DQG�JHO�IRUPDWLRQ��D�FRPSDUDWLYH�VWXG\�RI�&�WHUPLQDO�IUDJPHQWV�RI�KXPDQ�
DQG�VDOPRQ�FDOFLWRQLQ��%LRFKHP��%LRSK\V��5HV��&RPPXQ����������Ƈ����������� 

���� 5HFKHV��0��� 3RUDW�� <��	�*D]LW�� (�� $P\ORLG� ƧEULO� IRUPDWLRQ�E\�SHQWDSHSWLGH�DQG�
WHWUDSHSWLGH�IUDJPHQWV�RI�KXPDQ�FDOFLWRQLQ��-��%LRO��&KHP������������Ƈ������������� 

���� /XFD�� 6��� <DX�� :��0��� /HDSPDQ�� 5�� 	� 7\FNR�� 5�� 3HSWLGH� &RQIRUPDWLRQ� DQG�
6XSUDPROHFXODU� 2UJDQL]DWLRQ� LQ� $P\OLQ� )LEULOV�� &RQVWUDLQWV� IURP� 6ROLG� 6WDWH� 105��
%LRFKHPLVWU\����������Ƈ������������� 

���� 3HGHUVHQ��-��6���'LNRY��'��	�2W]HQ��'��(��1��DQG�&�WHUPLQDO�K\GURSKRELF�SDWFKHV�
DUH�LQYROYHG�LQ�ƧEULOODWLRQ�RI�JOXFDJRQ��%LRFKHPLVWU\����������Ƈ������������� 

���� 7·U·N��0��HW�DO��6WUXFWXUDO�DQG�G\QDPLF�IHDWXUHV�RI�$O]KHLPHUƊV�$EHWD�SHSWLGH�LQ�
DP\ORLG�ƧEULOV� VWXGLHG�E\�VLWH�GLUHFWHG�VSLQ� ODEHOLQJ�� -��%LRO��&KHP������������Ƈ������
������� 

���� /½KUV��7��HW�DO���'�VWUXFWXUH�RI�$O]KHLPHUƊV�DP\ORLG�EHWD�������ƧEULOV��3URF��1DWO��
$FDG��6FL��8��6��$������������Ƈ������������� 

���� 0LDNH�� +��� 0L]XVDZD�� +��� ,ZDWVXER�� 7�� 	� +DVHJDZD�� 0�� %LRFKHPLFDO�
&KDUDFWHUL]DWLRQ� RI� WKH� &RUH� 6WUXFWXUH� RI� Ƚ�6\QXFOHLQ� )LODPHQWV�� -�� %LRO�� &KHP�� �����
�����Ƈ������������� 

���� 'HU�6DUNLVVLDQ��$���-DR��&��&���&KHQ��-��	�/DQJHQ��5��6WUXFWXUDO�2UJDQL]DWLRQ�RI�Ƚ�
6\QXFOHLQ� )LEULOV� 6WXGLHG� E\� 6LWH�GLUHFWHG� 6SLQ� /DEHOLQJ�� -�� %LRO�� &KHP�� ����� �����Ƈ
������������� 

���� 'HO�0DU��&���*UHHQEDXP��(��$���0D\QH��/���(QJODQGHU��6��:��	�:RRGV��9��/��6WUXFWXUH�
DQG�SURSHUWLHV�RI�Ƚ�V\QXFOHLQ�DQG�RWKHU�DP\ORLGV�GHWHUPLQHG�DW�WKH�DPLQR�DFLG�OHYHO��
3URF��1DWO��$FDG��6FL������������Ƈ������������� 

���� /DQFDVWHU��$��.���1XWWHU�8SKDP��$���/LQGTXLVW��6��	�.LQJ��2��'��3/$$&��D�ZHE�DQG�
FRPPDQG�OLQH�DSSOLFDWLRQ�WR�LGHQWLI\�SURWHLQV�ZLWK�SULRQ�OLNH�DPLQR�DFLG�FRPSRVLWLRQ��
%LRLQIRUPD��2[I��(QJO����������Ƈ������������ 

���� /LYL�� &�� 0��� .OXV�� 3��� 'HOOL� 3RQWL�� 5�� 	� 7DUWDJOLD�� *�� *�� FDW5$3,'� VLJQDWXUH��
LGHQWLƧFDWLRQ�RI�ULERQXFOHRSURWHLQV�DQG�51$�ELQGLQJ�UHJLRQV��%LRLQIRUPD��2[I��(QJO������
���Ƈ����������� 
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���� 7DUWDJOLD�� *�� *��� &DYDOOL�� $��� 3HOODULQ�� 5�� 	� &DƨLVFK�� $�� 7KH� UROH� RI� DURPDWLFLW\��
H[SRVHG�VXUIDFH��DQG�GLSROH�PRPHQW�LQ�GHWHUPLQLQJ�SURWHLQ�DJJUHJDWLRQ�UDWHV��3URWHLQ�
6FL����������Ƈ������������ 

���� :D[PDQ�� (�� $���0D]]XOOL�� -�� 5��	�*LDVVRQ��%�� ,�� &KDUDFWHUL]DWLRQ� RI� K\GURSKRELF�
UHVLGXH� UHTXLUHPHQWV� IRU� DOSKD�V\QXFOHLQ� ƧEULOOL]DWLRQ�� %LRFKHPLVWU\� ���� ����Ƈ�����
������� 

���� $UDG��(��	�-HOLQHN��5��&DWDO\WLF�DP\ORLGV��7UHQGV�&KHP��������Ƈ����������� 

���� /RYHUL[�� 6���:LQTYLVW�� $��� 6WU·PEHUJ�� 5��	� 6WH\DHUW�� -��0HFKDQLVP�RI� 51DVH� 7���
FRQFHUWHG�WULHVWHU�OLNH�SKRVSKRU\O�WUDQVIHU�YLD�D�FDWDO\WLF�WKUHH�FHQWHUHG�K\GURJHQ�ERQG��
&KHP��%LRO��������Ƈ����������� 

���� +HGVWURP��/��6HULQH�3URWHDVH�0HFKDQLVP�DQG�6SHFLƧFLW\��&KHP��5HY�����������Ƈ
������������ 

���� 6FKQHLGHU��)��+LVWLGLQH�LQ�(Q]\PH�$FWLYH�&HQWHUV��$QJHZ��&KHP��,QW��(G��(QJO������
���Ƈ����������� 

���� 0F'RQDOG��$��*��	�7LSWRQ��.��)��3DUDPHWHU�5HOLDELOLW\�DQG�8QGHUVWDQGLQJ�(Q]\PH�
)XQFWLRQ��0ROHFXOHV���������������� 

���� $WKHO� &RUQLVK�%RZGHQ�� )XQGDPHQWDOV� RI� (Q]\PH� .LQHWLFV�� �WK� (GLWLRQ�� �:LOH\�
%ODFNZHOO�������� 

���� 6FKHQNHU��3��	�%DLFL��$��3DUDGR[LFDO�LQWHUDFWLRQV�EHWZHHQ�PRGLƧHUV�DQG�HODVWDVH�
���)(%6�-�����������Ƈ������������ 

���� 9ODGLPLU� /HVNRYDF�� &RPSUHKHQVLYH� (Q]\PH� .LQHWLFV�� �6SULQJHU� 1HZ� <RUN�� 1<��
������ 

���� /RUH\��6��HW�DO��'LƦHUHQW�PRGHV�RI�GLSHSWLG\O�SHSWLGDVH� ,9� �&'���� LQKLELWLRQ�E\�
ROLJRSHSWLGHV�GHULYHG�IURP�WKH�1�WHUPLQXV�RI�+,9���7DW� LQGLFDWH�DW� OHDVW� WZR�LQKLELWRU�
ELQGLQJ�VLWHV��(XU��-��%LRFKHP�����������Ƈ������������ 

���� 6WHSKHQV��$��'���=DFKDURSRXORX��0��	�6FKLHUOH��*��6��.��7KH�&HOOXODU�(QYLURQPHQW�
$ƦHFWV�0RQRPHULF�Ƚ�6\QXFOHLQ�6WUXFWXUH��7UHQGV�%LRFKHP��6FL���������Ƈ����������� 

���� .QRZOHV��7��3�� -��	�%XHKOHU��0�� -��1DQRPHFKDQLFV�RI� IXQFWLRQDO�DQG�SDWKRORJLFDO�
DP\ORLG�PDWHULDOV��1DW��1DQRWHFKQRO��������Ƈ����������� 
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���� +LOO�� (��.���.UHEV��%���*RRGDOO��'��*���+RZOHWW��*�� -��	�'XQVWDQ��'��(��6KHDU�ƨRZ�
LQGXFHV�DP\ORLG�ƧEULO�IRUPDWLRQ��%LRPDFURPROHFXOHV������Ƈ���������� 

���� 0RUULV��$��0���:DW]N\��0��$���$JDU��-��1��	�)LQNH��5��*��)LWWLQJ�QHXURORJLFDO�SURWHLQ�
DJJUHJDWLRQ� NLQHWLF� GDWD� YLD� D� ��VWHS�� PLQLPDO��2FNKDPƊV� UD]RU�� PRGHO�� WKH� )LQNH�
:DW]N\�PHFKDQLVP�RI�QXFOHDWLRQ�IROORZHG�E\�DXWRFDWDO\WLF�VXUIDFH�JURZWK��%LRFKHPLVWU\�
��������Ƈ������������ 

���� .XPDUL��3��HW�DO��6WUXFWXUDO�LQVLJKWV�LQWR�Ƚ�V\QXFOHLQ�PRQRPHUƇƧEULO�LQWHUDFWLRQV��
3URF��1DWO��$FDG��6FL�������H������������������ 

���� 6DZD\D��0�� 5���+XJKHV��0�� 3��� 5RGULJXH]�� -�� $��� 5LHN�� 5��	� (LVHQEHUJ��'�� 6�� 7KH�
H[SDQGLQJ� DP\ORLG� IDPLO\�� 6WUXFWXUH�� VWDELOLW\�� IXQFWLRQ�� DQG� SDWKRJHQHVLV�� &HOO� �����
����Ƈ������������ 

���� $P\ORLG�$WODV�������KWWSV���SHRSOH�PEL�XFOD�HGX�VDZD\D�DP\ORLGDWODV�� 

���� 6WRMNRYVND�� ,�� 	� 0D]]XOOL�� -�� 5�� 'HWHFWLRQ� RI� SDWKRORJLFDO� DOSKD�V\QXFOHLQ�
DJJUHJDWHV�LQ�KXPDQ�L36&�GHULYHG�QHXURQV�DQG�WLVVXH��67$5�3URWRF������������������� 

���� 5D\�� 6�� HW� DO�� Ƚ�6\QXFOHLQ� DJJUHJDWLRQ� QXFOHDWHV� WKURXJK� OLTXLGƇOLTXLG� SKDVH�
VHSDUDWLRQ��1DW��&KHP���������Ƈ����������� 

���� +\PDQ��$��$���:HEHU��&��$��	�-½OLFKHU��)��/LTXLG�/LTXLG�3KDVH�6HSDUDWLRQ�LQ�%LRORJ\��
$QQX��5HY��&HOO�'HY��%LRO��������Ƈ���������� 

���� +DUGHQEHUJ�� 0��� +RUYDWK�� $��� $PEUXV�� 9��� )X[UHLWHU�� 0�� 	� 9HQGUXVFROR�� 0��
:LGHVSUHDG�RFFXUUHQFH�RI�WKH�GURSOHW�VWDWH�RI�SURWHLQV�LQ�WKH�KXPDQ�SURWHRPH��3URF��
1DWO��$FDG��6FL������������Ƈ������������� 

���� +DUGHQEHUJ��0��&��HW�DO��2EVHUYDWLRQ�RI�DQ�Ƚ�V\QXFOHLQ�OLTXLG�GURSOHW�VWDWH�DQG�LWV�
PDWXUDWLRQ�LQWR�/HZ\�ERG\�OLNH�DVVHPEOLHV��-��0RO��&HOO�%LRO���������Ƈ����������� 

���� 3LURVND��/��HW�DO��Ƚ�6\QXFOHLQ�OLTXLG�FRQGHQVDWHV�IXHO�ƧEULOODU�Ƚ�V\QXFOHLQ�JURZWK��
6FL��$GY�����HDGJ������������ 

���� 'KDNDO��6�� HW� DO��Ƚ�6\QXFOHLQ�HPXOVLƧHV�7'3����SULRQ�OLNH�GRPDLQƈ51$� OLTXLG�
GURSOHWV�WR�SURPRWH�KHWHURW\SLF�DP\ORLG�ƧEULOV��&RPPXQ��%LRO������Ƈ���������� 

���� 5XSHUW�� -��� 0RQWL�� 0��� =DFFR�� (�� 	� 7DUWDJOLD�� *�� *�� $� &RPSXWDWLRQDO� $SSURDFK�
5HYHDOV� WKH� $ELOLW\� RI� $P\ORLGV� WR� 6HTXHVWHU� 51$�� WKH� $OSKD� 6\QXFOHLQ� &DVH��
������������������3UHSULQW�DW�KWWSV���GRL�RUJ���������������������������������� 
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���� 3HUHJR��(��HW�DO��6LQJOH�SKRWRQ�PLFURVFRS\�WR�VWXG\�ELRPROHFXODU�FRQGHQVDWHV��
1DW��&RPPXQ������������������ 

 


