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SURFHVV�RI�FKDUJH�VHSDUDWLRQ�LV�IDYRXUHG�

.H\ZRUGV��LQGROH�GHULYDWLYHV��PLFHOODU�V\VWHPV

,QWURGXFWLRQ

,W� LV�ZHOO� NQRZQ� WKDW� WKH�PHWK\O� YLRORJHQ� �3DUDTXDW

GLFKORULGH�� ���©�GLPHWK\O����©�ELS\ULGLQLXP� GLFKORULGH�

�09����&O�����IRUPV�JURXQG�VWDWH��HOHFWURQ�GRQRU�DFFHSWRU

�('$��FRPSOH[HV�ZLWK�D�YDULHW\�RI�HOHFWURQ�GRQRUV�����0RVW

RI�WKHVH�VWXGLHV�ZHUH�FDUULHG�RXW�LQ�KRPRJHQHRXV�VROXWLRQV�

,W�LV�DOVR�RI�LQWHUHVW�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�RUJDQL]HG

V\VWHPV� RQ� WKH� SURSHUWLHV� RI� WKHVH� FRPSOH[HV�� 6HYHUDO

SDSHUV�KDYH�EHHQ�SXEOLVKHG�RQ�WKH�HIIHFW�RI�VXUIDFWDQWV�RQ

('$�FRPSOH[HV�IRUPHG�E\�PHWK\O�YLRORJHQ�ZLWK�GLIIHUHQW

GRQRUV��,Q�WKH�FDVH�RI�QDSKWK\ODPLQHV��LQ�WKH�SUHVHQFH�RI

VRGLXP� GRGHF\O� VXOIDWH� �6'6�� WKH� REVHUYHG� DVVRFLDWLRQ

FRQVWDQWV�ZLWK�09���ZHUH�PXFK�KLJKHU�WKDQ�LQ�WKH�DEVHQFH

RI�WKH�GHWHUJHQW��EXW�WKH\�ZHUH�VWURQJO\�GHSHQGHQW�XSRQ�WKH

6'6� FRQFHQWUDWLRQ�� 7KH� ('$� FRPSOH[HV� RI�09���ZLWK

RWKHU� QDSKWKDOHQH� GHULYDWLYHV�� DFWLQJ� DV� HOHFWURQ� GRQRUV

ZHUH�DOVR�VWXGLHG�LQ�6'6��3\UHQH�DQG�PHWK\OYLRORJHQ�LQ

WKH�SUHVHQFH�RI�6'6�PLFHOOHV�IRUP�DQ�('$�FRPSOH[�FKDU�

DFWHUL]HG� E\� WKH� SUHVHQFH� RI� D� QHZ� EDQG� LQ� WKH� YLVLEOH

VSHFWUXP�����7KLV�FRPSOH[�ZDV�DOVR�LQYHVWLJDWHG�E\�IOXR�

$UWLFOH
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UHVFHQFH� TXHQFKLQJ� WHFKQLTXHV��� ,Q� SUDFWLFDOO\� DOO� FDVHV

ZKHQ�VXUIDFWDQW�HIIHFWV�ZHUH�VWXGLHG��QRUPDO�PLFHOOHV�ZHUH

IRUPHG�� 7KH� IRUPDWLRQ� RI� ('$� FRPSOH[HV� LQ� UHYHUVH

PLFHOODU�VROXWLRQV�UHFHLYHG�YHU\�PXFK�OHVV�DWWHQWLRQ�

7KH� SDUWLFXODU� FDVH� RI� WKH� LQWHUDFWLRQ� EHWZHHQ

PHWK\OYLRORJHQ� DQG� LQGROH� DQG� LWV� GHULYDWLYHV� GHVHUYHG

VSHFLDO� DWWHQWLRQ�EHFDXVH�RI� WKH� UHOHYDQFH�RI� WKHVH�FRP�

SOH[HV�LQ�UHODWLRQ�WR�ELRORJLFDO�V\VWHPV���)URP�WKLV�SRLQW�RI

YLHZ� LW� LV� RI� VSHFLDO� FRQFHUQ� WR� LQYHVWLJDWH� WKH� HIIHFW� RI

RUJDQL]HG�V\VWHPV�VXFK�DV�PLFHOOHV��UHYHUVHG�PLFHOOHV�DQG

SRO\HOHFWURO\WHV��RQ�WKH�FRPSOH[HV�IRUPHG�E\�WKHVH�PROH�

FXOHV��7KH�LQWHUDFWLRQ�RI�LQGROH�DQG�WU\SWRSKDQ�ZLWK�QRU�

PDO�� DQG� UHYHUVH�PLFHOOHV� LV�ZHOO� GRFXPHQWHG�� DQG� LW� LV

NQRZQ�WKDW�09���VWURQJO\�DVVRFLDWHV�ZLWK�6'6�PLFHOOHV��

,Q�DQ�HDUO\�VWXG\�0DUWHQV�DQG�9HUKRHYHQ��VKRZHG�WKDW�WKH

FRPSOH[�IRUPDWLRQ�EHWZHHQ�LQGROH�DQG�09���LV�IDYRUHG�LQ

6'6� PLFHOOHV�� 7KLV� ZDV� FRQILUPHG� ODWHU� E\� 3DUN� DQG

+ZDQJ���LQ�D�VWXG\�RI�WKH�HIIHFW�RI�6'6�DQG�SRO\HOHFWUR�

O\WHV�RQ�WKH�FKDUJH�WUDQVIHU�LQWHUDFWLRQ�RI�LQGROH�GHULYDWLYHV

ZLWK�09����,W�ZDV�REVHUYHG�WKDW�WKH�QHJDWLYH�SRO\LRQV�DOVR

HQKDQFHG� WKH� FRPSOH[� IRUPDWLRQ� RI� QHXWUDO� LQGROH� DQG

]ZLWWHULRQLF�WU\SWRSKDQ�ZLWK�09���ZKLOH�WKH�SUHVHQFH�RI

6'6�SURGXFHV�D�VLPLODU�EXW�ODUJHU�HIIHFW��/DWHU�DQ�H[SHUL�

PHQWDO�DQG�WKHRUHWLFDO�VWXG\�ZDV�SXEOLVKHG�RI�WKH�HIIHFW�RI

SRO\HOHFWURO\WHV�RQ�WKH�DVVRFLDWLRQ�FRQVWDQWV�RI�WKH�FRP�

SOH[HV� EHWZHHQ� DON\OYLRORJHQV� DQG� LQGROH� GHULYDWLYHV���

7KH� UHVXOWV� ZHUH� H[SODLQHG� E\� D� PRGHO� WKDW� FRQVLGHUV

K\GURSKRELF�LQWHUDFWLRQV�DV�ZHOO�DV�HOHFWURVWDWLF�IRUFHV�LQ

WKH�IRUPDWLRQ�RI�WKH�('$�FRPSOH[HV�

7R�RXU�NQRZOHGJH�WKH�HIIHFW�RI�UHYHUVHG�PLFHOOHV�RQ�WKH

('$�FRPSOH[HV�RI�09���ZLWK�LQGROH�DQG�LWV�GHULYDWLYHV

KDV�QRW� EHHQ� UHSRUWHG� LQ� WKH� OLWHUDWXUH��5HYHUVH�PLFHOOHV

PD\�EH�FRQVLGHUHG�DV�D�YHU\�SULPLWLYH�PRGHO�RI�ELRORJLFDO

V\VWHPV��7KH\�SURYLGH�WKUHH�GLIIHUHQW�VLWHV�IRU�WKH�VROXELOL�

]DWLRQ�RI�VPDOO�PROHFXOHV��WKH�LQWHUIDFH�IRUPHG�E\�WKH�SRODU

KHDG�RI� WKH�VXUIDFWDQW�PROHFXOHV�� WKH�ZDWHU�SRRO�DQG�WKH

EXON�RUJDQLF�SKDVH��,W�LV�WKHUHIRUH�RI�LQWHUHVW�WR�LQYHVWLJDWH

WKH�IRUPDWLRQ�RI�09���LQGROH�FRPSOH[HV�LQ�WKHVH�V\VWHPV�

7R�WKLV�HQG�WKH�DYDLODEOH�LQIRUPDWLRQ�DERXW�WKH�GLVWULEXWLRQ

RI�LQGROH�DQG�GHULYDWLYHV�LQ�$27��VRGLXP�GLRFW\O�VXOIRVXF�

FLQDWH�� �� KHSWDQH� UHYHUVH� PLFHOOHV��� LV� YHU\� XVHIXO�� 7KH

SDUWLWLRQLQJ� RI�09��� LQ�$27� UHYHUVH�PLFHOOHV�ZDV� DOVR

UHSRUWHG����:LWK�WKLV�LQIRUPDWLRQ�DW�KDQG�ZH�XQGHUWRRN�DQ

LQYHVWLJDWLRQ�RI�WKH�IRUPDWLRQ�RI�('$�FRPSOH[HV�EHWZHHQ

09���DQG�LQGROHV�LQ�$27�KHSWDQH�UHYHUVH�PLFHOOHV��,Q�WKLV

SDSHU�ZH�SUHVHQW�UHVXOWV�RQ�WKHVH�V\VWHPV�WRJHWKHU�ZLWK�D

VLPLODU�VWXG\�LQ�QRUPDO�PLFHOOHV��,Q�VSLWH�RI�WKH�FRQVLGHU�

DEOH�DPRXQW�RI�ZRUN�SXEOLVKHG�LQ�KRPRJHQHRXV�VROXWLRQ

DQG�PLFHOODU�VROXWLRQ��WKH�HIIHFW�RI�WKH�VLJQ�RI�WKH�FKDUJHG

LQWHUIDFH�LQ�QRUPDO�PLFHOOHV��DQG�WKH�VWUXFWXUH�RI�WKH�LQGROH

GHULYDWLYHV�ZDV�QRW��WR�RXU�NQRZOHGJH��V\VWHPDWLFDOO\�LQ�

YHVWLJDWHG��+HUH�ZH�SUHVHQW�D�VWXG\�RI�WKH�HIIHFW�RI�DQLRQLF

�6'6�� DQG� FDWLRQLF� �&7$&�� FHW\OWULPHWK\ODPPRQLXP

FKORULGH��PLFHOOHV�RQ�WKH�DVVRFLDWLRQ�RI�WU\SWRSKDQ��LQGROH�

��DFHWLF�DFLG��DQG�LQGROH���EXW\ULF�DFLG�ZLWK�09���

$OVR��ZH�LQFOXGH�LQ�WKLV�SDSHU�D�SUHOLPLQDU\�LQYHVWLJD�

WLRQ�RI�WKH�SKRWRFKHPLVWU\�RI�WKHVH�('$�FRPSOH[HV��6XFK

VWXGLHV�KDYH�UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ�GXULQJ�UHFHQW

\HDUV����,W�LV�ZHOO�NQRZQ�WKDW�LQ�VRPH�FDVHV�WKH�SKRWRO\VLV

RI�('$�FRPSOH[HV�PD\�OHDG�WR�WKH�IRUPDWLRQ�RI�IUHH�UDGLFDO

LRQV��7KLV�FKDUJH�VHSDUDWLRQ�SURFHVV�ZDV�LQYHVWLJDWHG�E\

SLFRVHFRQG�DQG�QDQRVHFRQG�IODVK�SKRWRO\VLV����7KH�IRUPD�

WLRQ�RI� WKH�09��� UDGLFDO� FDWLRQ�ZDV�DOVR�REVHUYHG�XSRQ

LUUDGLDWLRQ�RI�VHYHUDO�FRPSOH[HV�RI�09����IRU�D�UHYLHZ�VHH

5HI�������$OVR�WKH�SKRWRFKHPLVWU\�RI�WKH�QDSKWKDOHQH�GHUL�

YDWLYHV� ��09��� FRPSOH[HV� ZDV� VWXGLHG� LQ� ZDWHU� DQG� LQ

PLFHOODU�VROXWLRQV���+HUH�ZH�VKRZ�VRPH�UHVXOWV�SHUWDLQLQJ

WR�WKH�FKDUJH�VHSDUDWLRQ�HIILFLHQF\�DIWHU�ODVHU�SXOVH�H[FLWD�

WLRQ�RI�WKH�LQGROH�GHULYDWLYHV09���FRPSOH[HV�

([SHULPHQWDO

/�7U\SWRSKDQ� �7US�� �6LJPD��� LQGROH���DFHWLF� DFLG

�,$$�� �.RFK� /LJKW�� DQG� LQGROH���EXW\ULF� DFLG� �,%$�

�6LJPD�� ZHUH� XVHG� ZLWKRXW� IXUWKHU� SXULILFDWLRQ�� 0HWK\O

YLRORJHQ� GLFKORULGH� �09����&O���� �$OGULFK�� DQG� WULV>K\�

GUR[\PHWK\O@�DPLQRPHWKDQH� �7ULV�� �$OGULFK�� ZHUH� XVHG

ZLWKRXW� IXUWKHU� SXULILFDWLRQ�� &HW\OWULPHWK\ODPPRQLXP

FKORULGH��&7$&��DQG�VRGLXP�GRGHF\OVXOIDWH��6'6��ZHUH

UHFU\VWDOOL]HG�IURP�FRPPHUFLDO�SURGXFWV�E\�VWDQGDUG�SUR�

FHGXUHV�� 'LRFW\O� VXOIRVXFFLQDWH�� VRGLXP� VDOW� �$27�

�6LJPD�� ZDV� XVHG� DV� UHFHLYHG�� Q�+HSWDQH� �6LQWRUJDQ�

+3/&� JUDGH� DQG� WULSO\� GLVWLOOHG� ZDWHU� ZHUH� HPSOR\HG�

89�YLV�DEVRUSWLRQ�VSHFWUD�ZHUH�UHFRUGHG�ZLWK�D�+HZOHWW

3DFNDUG�����$�GLRGH�DUUD\�VSHFWURSKRWRPHWHU��$OO�PHDV�

XUHPHQWV�ZHUH�FDUULHG�RXW�DW����r����&�

7KH� DVVRFLDWLRQ� FRQVWDQWV� RI� 09��� ZLWK� WKH� LQGROH

GHULYDWLYHV�ZHUH�GHWHUPLQHG�E\�IROORZLQJ�WKH�FKDQJH�LQ�WKH

DEVRUEDQFH�RI�WKH�FKDUJH�WUDQVIHU�EDQG�SURGXFHG�E\�FKDQJ�

LQJ�WKH�09���FRQFHQWUDWLRQ�DW�IL[HG�LQGROH�FRQFHQWUDWLRQ�

7KH�DEVRUEDQFH�DW� WKH�PD[LPXP�RI� WKH�EDQG��OPD[��ZDV

GHWHUPLQHG�E\�VXEWUDFWLQJ�WKH�DEVRUEDQFH�RI�VROXWLRQV�FRQ�

WDLQLQJ�WKH�VDPH�FRQFHQWUDWLRQ�RI�09���DQG�VXUIDFWDQW��7KH

SORWV�RI�DEVRUEDQFH�YV��>09��@�ZHUH�ILWWHG�E\�D�QRQ�OLQHDU

OHDVW�VTXDUHV�SURFHGXUH�WR�D�����HTXLOLEULXP�ZLWK�WKH�HTXL�

OLEULXP�FRQVWDQW�.DV�� DQG� WKH�H[WLQFWLRQ�FRHIILFLHQW� H�� DV

DGMXVWDEOH�SDUDPHWHUV��7KH�YDOXHV�RI�.DV�DQG�H�ZHUH�RE�

WDLQHG�E\�DQ�LWHUDWLYH�SURFHGXUH�SUHYLRXVO\�GHVFULEHG��,Q

WKH�VWXGLHV�RI�KRPRJHQHRXV�VROXWLRQV�DQG�QRUPDO�PLFHOOHV

WKH�FRQFHQWUDWLRQ�RI�09���ZDV�YDULHG�EHWZHHQ���[������DQG

��[������0��7KH�FRQFHQWUDWLRQV�RI�6'6�DQG�&7$&�ZHUH

DOVR�FKDQJHG�EHWZHHQ���[������DQG���[������0��,QGROH�GH�

ULYDWLYHV�ZHUH�NHSW�IL[HG�DW���[������0��$OO�WKH�VROXWLRQV

ZHUH�PDGH�LQ������0�7ULV��7KH�DVVRFLDWLRQ�LQ�$27�UHYHUVH

PLFHOOHV� ZDV� VWXGLHG� DW� IL[HG� VXUIDFWDQW� FRQFHQWUDWLRQ

�����0���7KH�VL]H�RI�WKH�ZDWHU�SRRO�ZDV�YDULHG�E\�DGGLWLRQ

RI�ZDWHU�ZLWK������0�7ULV��7KH�UDWLR�5� �>ZDWHU@�>VXUIDFWDQW@

�� %LDVXWWL�HW�DO� -��%UD]��&KHP��6RF�



ZDV�YDULHG�IURP���WR�����,Q�WKH�UHYHUVH�PLFHOOHV�VWXG\�WKH

FRQFHQWUDWLRQ�RI�WKH�LQGROH�GHULYDWLYHV�ZDV���[������0�

)RU�ODVHU�IODVK�SKRWRO\VLV�H[SHULPHQWV�HLWKHU�D�QLWURJHQ

ODVHU��/DVHU�2SWLFV����QV�):+0�DQG���P-�SHU�SXOVH��RU�D

IUHTXHQF\�WULSOHG�1G�<$*�ODVHU��6SHFWURQ�/DVHUV��IRU�LU�

UDGLDWLRQ�DW�����QP�ZHUH�HPSOR\HG��7KH�VLJQDO�IURP�WKH

30�WXEH�ZDV�DFTXLUHG�E\�D�GLJLWL]LQJ�VFRSH��DYHUDJHG�DQG

WKHQ� WUDQVIHUUHG� WR�D�FRPSXWHU��4XDQWXP�\LHOGV�RI�09��

ZHUH�GHWHUPLQHG�E\�DFWLQRPHWU\�ZLWK�=Q733��]LQF�WHWUD�

SKHQ\O� SRUSK\ULQ�� LQ� EHQ]HQH� DV� SUHYLRXVO\� GHVFULEHG���

7KH�WULSOHW�\LHOG�RI�=Q733�ZDV�PHDVXUHG�DW�����QP�LPPH�

GLDWHO\�DIWHU�WKH�ODVHU�SXOVH��$OO�PHDVXUHPHQWV�ZHUH�SHU�

IRUPHG�LQ�GHDHUDWHG�VROXWLRQV�DW�����.�

5HVXOWV�DQG�'LVFXVVLRQ

1RUPDO�PLFHOOHV

7KH�('$�FRPSOH[HV�IRUPHG�E\�LQGROLF�FRPSRXQGV�DQG

09���DUH�FKDUDFWHUL]HG�E\�D�EURDG�FKDUJH�WUDQVIHU�EDQG

FHQWHUHG�DURXQG�����QP��)LJXUHV���DQG���VKRZ�WKH�DEVRUS�

WLRQ�VSHFWUD�RI�WKHVH�FRPSOH[HV�IRU�7US�LQ�ZDWHU�DW�S+���

DQG�LQ�WKH�SUHVHQFH�RI�YDULDEOH�FRQFHQWUDWLRQV�RI�&7$&�DQG

6'6��UHVSHFWLYHO\��7KH�DSSDUHQW�DVVRFLDWLRQ�FRQVWDQW�.DV�

DQG�WKH�PRODU�H[WLQFWLRQ�FRHIILFLHQWV�RI�WKH�FRPSOH[HV�LQ

ZDWHU�LQ�WKH�DEVHQFH�RI�VXUIDFWDQWV��DUH�FROOHFWHG�LQ�7DEOH

���7KH�FRUUHVSRQGLQJ�TXDQWLWLHV�SUHYLRXVO\�UHSRUWHG�LQ�WKH

OLWHUDWXUH� DUH� DOVR� LQFOXGHG� LQ� WKH� WDEOH� IRU� WKH� VDNH� RI

FRPSDULVRQ�� ,W� FDQ� EH� VHHQ� WKDW� WKH� UHVXOWV� VKRZ� VRPH

YDULDWLRQ�ZKLFK� LV� W\SLFDO� IRU� WKLV� W\SH� RI�PHDVXUHPHQW�

7KLV�YDULDWLRQ�LV�PRVW�SUREDEO\�GXH�WR�GLIIHUHQW�H[SHULPHQ�

WDO�FRQGLWLRQV�DQG� WR� WKH� WUHDWPHQW�RI�H[SHULPHQWDO�GDWD�

2XU�YDOXHV��DOWKRXJK�QRW�FRLQFLGHQW��DUH�VLPLODU�LQ�PDJQL�

WXGH� WR� WKRVH� RI� RWKHU� VRXUFHV�� ,W� FDQ� EH� VHHQ� WKDW� WKH

DVVRFLDWLRQ�FRQVWDQWV�DUH�YHU\�VLPLODU�IRU�WKH�WKUHH�LQGROH

GHULYDWLYHV�LQ�ZDWHU��7KH�VOLJKWO\�KLJKHU�YDOXHV�IRU�,$$�DQG

,%$� FRPSDUHG�ZLWK� 7US� UHIOHFW� WKH� LQIOXHQFH� RI� WKH� QHW

QHJDWLYH� FKDUJH� RI� WKH� PROHFXOH�� ,W� ZDV� UHSRUWHG�� WKDW

LQGROH� LWVHOI� DOVR� IRUPV� DQ�('$�FRPSOH[�ZLWK�09��� LQ

(W2+�ZLWK�DQ�DVVRFLDWLRQ�FRQVWDQW�RI������0���

7KH�OPD[�DQG�VSHFWUDO�ZLGWK�RI�WKH�FKDUJH�WUDQVIHU�EDQG

UHPDLQ� XQFKDQJHG� LQ� WKH� SUHVHQFH� RI� 6'6� DQG� &7$&�

+RZHYHU��DV�FDQ�EH�REVHUYHG�LQ�)LJ����IRU�09���DQG�7US�

WKH�LQWHQVLW\�GHFUHDVHV�ZKHQ�WKH�&7$&�FRQFHQWUDWLRQ�LQ�

FUHDVHV�ZKLOH�DQ�RSSRVLWH�HIIHFW�LV�REVHUYHG�LQ�WKH�SUHVHQFH

RI�6'6��)LJ������7KH�DVVRFLDWLRQ�FRQVWDQWV�GHSHQG�RQ�WKH

VXUIDFWDQW�FRQFHQWUDWLRQ�DQG�)LJ����VKRZV�.DV�IRU�,$$��,%$

DQG�7US�DV�D�IXQFWLRQ�RI�&7$&�FRQFHQWUDWLRQ��,W�FDQ�EH�VHHQ

WKDW�WKH�YDOXHV�GHFUHDVH�ZKHQ�WKH�VXUIDFWDQW�FRQFHQWUDWLRQ

LQFUHDVHV�EH\RQG�WKH�FPF��FULWLFDO�PLFHOODU�FRQFHQWUDWLRQ

 �����[������0� IRU� &7$&� LQ� SXUH� ZDWHU��� 7KLV� PD\� EH

XQGHUVWRRG� E\� WKH� DVVRFLDWLRQ�RI� WKH� LQGROLF� FRPSRXQGV

ZLWK�WKH�PLFHOOHV��6LQFH�09���PD\�EH�FRQVLGHUHG�WR�UHPDLQ

XQDVVRFLDWHG�GXH�WR�WKH�HOHFWURVWDWLF�UHSXOVLRQ��WKH�DVVRFLD�

WLRQ� RI� WKH� QHJDWLYHO\� FKDUJHG� ,$$� DQG� ,%$� ZLWK� WKH

PLFHOOHV� SURGXFHV� WKH� REVHUYHG� UHGXFWLRQ�� $OVR� 7US� LV

NQRZQ� WR� DVVRFLDWH� ZLWK� &7$&�PLFHOOHV�� DQG� WKH� VDPH

H[SODQDWLRQ� LV�YDOLG� LQ� WKLV�FDVH��7KH� LQFUHDVH� LQ�.DV�RE�

VHUYHG� IRU� ,$$� LQ� WKH� SUHPLFHOODU� UHJLRQ� LV� QRW� HDVLO\

H[SODLQHG��EXW�LW�PD\�EH�GXH�WR�D�VSHFLILF�VDOW�HIIHFW���

9RO�����1R��������� &KDUJH�7UDQVIHU�&RPSOH[HV�LQ�1RUPDO�DQG�5HYHUVH�0LFHOODU�6\VWHPV ��
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)LJXUH���VKRZV�WKH�GHSHQGHQFH�RI�WKH�DVVRFLDWLRQ�FRQ�

VWDQWV� ZLWK� 6'6� FRQFHQWUDWLRQ�� )RU� ,$$� DQG� ,%$� WKH\

GLPLQLVK� LQ� WKH� SUHVHQFH� RI� WKH� VXUIDFWDQW�� 7KLV� FDQ� EH

XQGHUVWRRG�E\�FRQVLGHULQJ�WKDW�WKH�,$$�RU�,%$�DQLRQV�DUH

UHSHOOHG�IURP�WKH�QHJDWLYHO\�FKDUJHG�LQWHUIDFH��ZKLOH�09��

VWURQJO\�DVVRFLDWHV�ZLWK�WKH�GHWHUJHQW���ORZHULQJ�DOVR�WKH

FPF�ZLWK�UHVSHFW�WR�LWV�YDOXH�LQ�SXUH�ZDWHU��)RU�WKLV�UHDVRQ

WKH�UHVXOWV�FDQ�QRW�EH�H[SODLQHG�WDNLQJ�LQWR�DFFRXQW�RQO\�D

VLPSOH� LRQLF�VWUHQJWK� HIIHFW� EHFDXVH� 09��� LQGXFHV� WKH

PLFHOOL]DWLRQ�SURFHVV�DW�ORZHU�FRQFHQWUDWLRQ�WKDQ�LQ�ZDWHU

DQG� WKHQ� WKH� PRVW� LPSRUWDQW� HIIHFW� LV� UHODWHG� ZLWK� WKH

SUHVHQFH�RI�WKH�PLFHOOHV��HYHQ�DW�WKH�ORZHVW�6'6�FRQFHQ�

WUDWLRQ��7KH�RSSRVLWH�HIIHFW��DQ�LQFUHPHQW�RI�WKH�DVVRFLDWLRQ

FRQVWDQWV�YDOXHV��LV�REVHUYHG�LQ�WKH�FDVH�RI�7US��7KLV�PD\

EH�UDWLRQDOL]HG�E\�FRQVLGHULQJ�WKDW�WKH�DPLQRDFLG�DVVRFL�

DWHV�ZLWK�WKH�6'6�PLFHOOHV�DV�SUHYLRXVO\�UHSRUWHG���,Q�WKLV

ZD\��VLQFH�09���ORFDO�FRQFHQWUDWLRQ�LV�JUHDWO\�LQFUHDVHG�DW

WKH�PLFHOODU�LQWHUIDFH��WKH�DSSDUHQW�DVVRFLDWLRQ�FRQVWDQW�LV

KLJKHU�GXH�WR�D�ORFDO�FRQFHQWUDWLRQ�HIIHFW�LQ�WKH�PLFHOODU

SVHXGRSKDVH�

5HYHUVH�PLFHOOHV

7KH�W\SLFDO�FKDUJH�WUDQVIHU�EDQG�RI�LQGROH�GHULYDWLYHV

ZLWK�09���LV�DOVR�SUHVHQW�LQ�UHYHUVH�PLFHOOHV�RI�$27�LQ

Q�KHSWDQH��$�UHSUHVHQWDWLYH�VSHFWUXP�LV�VKRZQ�LQ�)LJ����IRU

,%$� DW� GLIIHUHQW� ZDWHU�VXUIDFWDQW� UDWLR� �5��� 7KH� VLPLODU

FKDUDFWHULVWLFV� RI� WKH� VSHFWUXP� LQ� ZDWHU� DQG� LQ� UHYHUVH

PLFHOODU�VROXWLRQ��OPD[�DQG�VSHFWUDO�ZLGWK��LQGLFDWH�WKDW�WKH

DVVRFLDWLRQ�LV�WDNLQJ�SODFH�HLWKHU�LQ�WKH�ZDWHU�SRRO��RU�LQ�WKH

LQWHUIDFH�LQ�D�UHJLRQ�ZLWK�D�YHU\�KLJK�ZDWHU�FRQWHQW��,Q�WKHVH

V\VWHPV�LW�LV�QRW�SRVVLEOH�WR�XVH�KLJK�HQRXJK�FRQFHQWUDWLRQV

RI�09���WR�KDYH�D�FRPSOHWH�VDWXUDWLRQ�FXUYH�IRU�WKH�DEVRU�

EDQFH�RI�WKH�FRPSOH[��7KHUHIRUH��LQ�RUGHU�WR�HYDOXDWH�WKH

DSSDUHQW�DVVRFLDWLRQ�FRQVWDQW�ZH�XVHG�WKH�LQLWLDO�VORSHV�RI

WKH�DEVRUEDQFH�YV�� >09��@�DQG�WKH�H[WLQFWLRQ�FRHIILFLHQW

IRU� WKH�FRPSOH[� LQ�ZDWHU��7KH�DVVRFLDWLRQ�FRQVWDQWV�DV�D

IXQFWLRQ�RI�WKH�ZDWHU�FRQWHQW�DUH�SUHVHQWHG�LQ�)LJ�����7KH

HYDOXDWLRQ�RI�.DV�ZDV�EDVHG�RQ�WKH�DQDO\WLFDO�FRQFHQWUDWLRQ

RI� WKH� UHDFWDQWV�� 7KLV� LV� GXH� WR� WKH� ODFN� RI� DQ� HDV\� DQG

UHOLDEOH� PHDQV� WR� GHWHUPLQH� ORFDO� FRQFHQWUDWLRQV� LQ� WKH

UHYHUVH�PLFHOODU�V\VWHP��)RU�WKH�FDVH�RI�,$$�WKH�YDOXHV�RI

.DV�DUH�PRUH� WKDQ�RQH�RUGHU�RI�PDJQLWXGH�JUHDWHU� LQ� WKH

UHYHUVH�PLFHOOHV�WKDQ�LQ�ZDWHU��7KH�DVVRFLDWLRQ�FRQVWDQW�LV

DOVR�YHU\�PXFK�KLJKHU�WKDQ�LQ�ZDWHU�IRU�,%$��ZKLOH�EHLQJ

RI�WKH�VDPH�RUGHU�IRU�7US��7KHVH�UHVXOWV�FDQ�EH�LQWHUSUHWHG

LQ�WHUPV�D�VLPSOH�WKUHH�SVHXGRSKDVH�PRGHO���$W�5� ����WKH

VL]H�RI�WKH�ZDWHU�SRRO�LV�QHJOLJLEOH�DQG�WKH�VXUIDFWDQW�KHDGV

DUH� LQFRPSOHWHO\�K\GUDWHG�� ,W�ZDV�SUHYLRXVO\�VKRZQ� WKDW

LQGROH� DONDQRLF� DFLGV� LQ� $27� VROXWLRQV� DUH� SDUWLWLRQHG

EHWZHHQ�WKH�ZDWHU�SRRO�DQG�WKH�LQWHUIDFH���,$$�LV�PRVWO\

LQ�WKH�LQWHUIDFH�DW�ORZ�ZDWHU�FRQWHQW��DQG�LW�LV�GLVSODFHG�WR

WKH�ZDWHU�SRRO�ZKHQ�5�LQFUHDVHV��7KHUHIRUH��VLQFH�09���LV

H[SHFWHG�WR�EH�ORFDOL]HG�DW�WKH�QHJDWLYH�LQWHUIDFH��ZKHQ�5

LQFUHDVHV�,$$�PRYHV�IURP�WKH�LQWHUIDFH�WR�WKH�FHQWHU�RI�WKH

�� %LDVXWWL�HW�DO� -��%UD]��&KHP��6RF�

)LJXUH����$SSDUHQW�DVVRFLDWLRQ�FRQVWDQWV�DV�D�IXQFWLRQ�RI�&7$&�FRQFHQ�

WUDWLRQ��� ��WU\SWRSKDQ����x��,$$���� ��,%$�

)LJXUH����$SSDUHQW�DVVRFLDWLRQ�FRQVWDQWV�DV�D�IXQFWLRQ�RI�6'6�FRQFHQ�

WUDWLRQ��� ��WU\SWRSKDQ����x��,$$���� ��,%$�

)LJXUH� ���$EVRUSWLRQ� VSHFWUD� RI� LQGROEXW\ULF� DFLG� �� [� ��
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ZDWHU�SRRO��WKH�ORFDO�FRQFHQWUDWLRQ�LQ�WKH�YLFLQLW\�RI�09��

GHFUHDVHV�DQG�VR�GRHV�WKH�DSSDUHQW�HTXLOLEULXP�FRQVWDQW�

)RU�7US� LW�ZDV�VXJJHVWHG� WKDW� LW� UHPDLQV� LQ� WKH� LQWHUIDFH

LQGHSHQGHQWO\� RI� 5�� 7KHUHIRUH� .DV� VKRZV� RQO\� D� PLQRU

FKDQJH�ZLWK�WKH�ZDWHU�FRQWHQW��,Q�WKH�FDVH�RI�,%$�WKH�YDOXHV

RI�WKH�DSSDUHQW�DVVRFLDWLRQ�FRQVWDQWV�DUH�RI�WKH�VDPH�RUGHU

RI�PDJQLWXGH�DV�LQ�ZDWHU��,%$�LV�EHOLHYHG�WR�FR�PLFHOOL]H�

IRUPLQJ�SDUW�RI�WKH�LQWHUIDFH�ZLWK�PRVW�RI�WKH�LQGROH�JURXSV

RULHQWHG�WRZDUGV�WKH�RUJDQLF�SKDVH����7KH�HPLVVLRQ�VSHF�

WUXP�RI�,%$�LQ�$27�DW�5� ����FRUUHVSRQGV�WR�WKH�LQGROH

JURXS�LQ�DQ�HQYLURQPHQW�OHVV�SRODU�WKDQ�HWKDQRO����1HYHU�

WKHOHVV�� WKH� FRPSOH[� LV� ZHDNO\� IRUPHG�� GXH� WR� WKH� KLJK

FRQFHQWUDWLRQ�RI�09���DW�WKH�LQWHUIDFH�

/DVHU�SKRWRO\VLV�UHVXOWV

:KHQ�D�VROXWLRQ�FRQWDLQLQJ�7US������0��09��������0

LQ�&7$&����0�LV�ODVHU�IODVK�LUUDGLDWHG�DW�����QP�RU����

QP�D�YHU\�ZHDN��ORQJ�OLYHG��VHYHUDO�WHQV�RI�PLFURVHFRQGV�

DEVRUSWLRQ�UHPDLQV�LQ�WKH�UHJLRQ�RI�����QP��7KH�DEVRUSWLRQ

VSHFWUXP�LQ�WKH�UHJLRQ�DURXQG�����QP�UHVHPEOHV�FORVHO\

WKDW� RI�09������ �)LJ�� ���� ,W�PXVW� EH� QRWLFHG� WKDW� IRU� WKH

FRQFHQWUDWLRQV�UHIHUUHG�WR�LQ�)LJ�����DW�����RU�����QP�WKHUH

LV�QR�DSSUHFLDEOH�DEVRUSWLRQ�RI�WKH�VHSDUDWH�FRPSRQHQWV�RI

WKH�VROXWLRQ��7KH�TXDQWXP�\LHOG�IRU�09���IRUPDWLRQ�ZDV

HVWLPDWHG�WR�EH�OHVV�WKDQ��������7KLV�LV�YHU\�VLPLODU�WR�WKH

TXDQWXP�\LHOGV�IRU�WKH�VLPLODU�SURFHVVHV�REVHUYHG�E\�+X�

ELJ�� LQ� WKH� FDVH� RI� QDSKWKDOHQH�09��� FRPSOH[HV�� 7KH

UDGLFDO�FDWLRQ�ZDV�REVHUYHG�RQO\�LQ�&7$&��,Q�SXUH�ZDWHU

RU�LQ�6'6�PLFHOOHV�ZH�ZHUH�QRW�DEOH�WR�GHWHFW�LW��,Q�UHYHUVH

PLFHOOHV��WKH�DEVRUSWLRQ�RI�WKH�FRPSOH[�ZDV�WRR�ZHHN�WR

H[WUDFW�DQ\�YDOLG�FRQFOXVLRQ��$OVR�WKH�DEVRUSWLRQ�ZDV�YHU\

IHHEOH�LQ�WKH�FDVH�RI�,$$�DQG�,%$��7KHVH�UHVXOWV�PD\�EH

H[SODLQHG� E\� WKH� HOHFWURVWDWLF� HIIHFW� RI� WKH� SRVLWLYH

PLFHOOH�ZDWHU�LQWHUIDFH��7KH�PHWK\OYLRORJHQ�UDGLFDO��FDUU\�

LQJ�D�SRVLWLYH�FKDUJH��LV�SUREDEO\�SDUWLDOO\�H[SHOOHG�IURP

WKH�LQWHUIDFH��DQG�RQFH�LQ�WKH�ZDWHU�SVHXGR�SKDVH�LW�EHFRPHV

ORQJ�OLYHG��2Q�WKH�RWKHU�KDQG�IRU�WKH�QHJDWLYH�6'6�PLFHOOHV�

RU�HYHQ�LQ�&7$&�IRU�WKH�QHJDWLYHO\�FKDUJHG�,$$�DQG�,%$

WKH�HVFDSH�FDQ�QRW�FRPSHWH�ZLWK�D�YHU\�IDVW�UHFRPELQDWLRQ

WKDW�PD\�WDNH�SODFH�XQGHU�WKHVH�FRQGLWLRQV�

&RQFOXVLRQV

7KH� DVVRFLDWLRQ� FRQVWDQWV� IRU� WKH� ('$� FRPSOH[HV

IRUPHG�E\�PHWK\OYLRORJHQ�DQG�LQGROH�GHULYDWLYHV�LQ�QRUPDO

FDWLRQLF��&7$&��DQG�DQLRQLF��6'6��PLFHOOHV��GHSHQG�RQ

WKH�VXUIDFWDQW�FRQFHQWUDWLRQ��7KLV�SRLQWV�WR�D�PLFHOODU�HIIHFW

RQ�WKH�FRPSOH[�IRUPDWLRQ��,W�PD\�EH�H[SODLQHG�E\�FRQVLG�

HULQJ�WKH�SDUWLWLRQLQJ�RI�WKH�FRPSRQHQWV�EHWZHHQ�WKH�DTXH�

RXV�DQG�PLFHOODU�SVHXGR�SKDVH

,Q�WKH�FDVH�RI�UHYHUVHG�PLFHOOHV�RI�$27��KHSWDQH��WKH

DSSDUHQW�DVVRFLDWLRQ�FRQVWDQWV� IRU� ,$$�DQG�7US�DUH�YHU\

PXFK�KLJKHU�WKDQ�LQ�SXUH�ZDWHU�RU�QRUPDO�PLFHOODU�VROX�

WLRQV��7KH\�GHFUHDVH�ZLWK�WKH�ZDWHU�FRQWHQW�RI�WKH�VROXWLRQ�

7KH�REVHUYHG�EHKDYLRU�PD\�EH�H[SODLQHG�E\�WKH�KLJK�ORFDO

FRQFHQWUDWLRQ� RI� WKH� UHDFWDQWV� DW� WKH� LQWHUIDFH�� DQG� WKH

VXEVHTXHQW�GLVSODFHPHQW�IURP�WKH�LQWHUIDFH�DV�WKH�VL]H�RI

WKH�ZDWHU�SRRO�LQFUHDVHV�

)RU�,%$�WKH�YDOXHV�DUH�RI�WKH�VDPH�RUGHU�RI�PDJQLWXGH

DV�LQ�ZDWHU�GXH�WR�WKH�IDFW�WKDW�,%$�LV�IRUPLQJ�SDUW�RI�WKH

LQWHUIDFH�E\�D�FR�PLFHOOL]DWLRQ�SURFHVV�

,Q�QRUPDO�PLFHOODU�VROXWLRQ��ODVHU�IODVK�SKRWRO\VLV�RI�WKH

FRPSOH[�SURGXFHV�WKH�UDGLFDO�FDWLRQ�RI�PHWK\OYLRORJHQ�LQ

ORZ�\LHOG��7KLV� LV�RQO\�REVHUYHG�ZKHQ� WKH�FKDUJH�RI� WKH

LQWHUIDFH�UHQGHUV�IDYRUDEOH� WKH�SURFHVV�RI�FKDUJH�VHSDUD�

WLRQ��ZKLFK�LV�WKH�FDVH�RI�WKH�FDWLRQLF�PLFHOOHV�RI�&7$&�

$FNQRZOHGJPHQWV

7KDQNV�DUH�JLYHQ�WR�&RQVHMR�1DFLRQDO�GH�,QYHVWLJDFLR�

QHV�&LHQWtILFDV�\�7pFQLFDV��&21,&(7���&RQVHMR�GH�,QYHV�

WLJDFLRQHV�&LHQWtILFDV�\�7HFQROyJLFDV�GH� OD�3URYLQFLD�GH

&yUGRED��&21,&25��DQG�6HFUHWDUtD�GH�&LHQFLD�\�7pFQLFD

9RO�����1R��������� &KDUJH�7UDQVIHU�&RPSOH[HV�LQ�1RUPDO�DQG�5HYHUVH�0LFHOODU�6\VWHPV ��

)LJXUH����7UDQVLHQW�DEVRUSWLRQ�VSHFWUXP�WDNHQ�DW���PV�DIWHU�ODVHU�SXOVH

LUUDGLDWLRQ�DW�����QP��RI�WKH�7US�������0����09
��
��������0��FRPSOH[��LQ

WKH�SUHVHQFH�RI�&7$&�����0��,QVHW�WLPH�SURILOH�RI�WKH�DEVRUSWLRQ�DW����

QP�DIWHU�LUUDGLDWLRQ�DW�����QP�

)LJXUH����$SSDUHQW�DVVRFLDWLRQ�FRQVWDQWV�LQ�$27�UHYHUVH�PLFHOOHV�DV�D

IXQFWLRQ�RI�WKH�ZDWHU�FRQWHQW�EDVHG�RQ�EXON�LQGROH�FRQFHQWUDWLRQ��� ��WU\S�

WRSKDQ����x��,$$���� ��,%$�



GH� OD� 8QLYHUVLGDG�1DFLRQDO� GH� 5tR�&XDUWR� IRU� ILQDQFLDO

VXSSRUW�

5HIHUHQFHV

�� 6OLINLQ��0�$��,Q�&KDUJH�7UDQVIHU�,QWHUDFWLRQ�RI�%LR�

PROHFXOHV��$FDGHPLF�3UHVV��/RQGRQ��������

��0XUWK\��$�6�1���%KDUGZDM��$�3��6SHFWURFKLPLFD�$FWD
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