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���,QWURGXFWLRQ
5DSLG� GHYHORSPHQW� RI� HFRORJLFDOO\� FOHDQ

WHFKQRORJLHV� IRU� HQHUJ\� VXSSO\LQJ� DQG� LP�
SUHVVLYH�SUDFWLFDO�DFKLHYHPHQWV�LQ�SKRWRYRO�
WDLF�KDYH�FDXVHG�WKH�LUUHYHUVLEOH�DYDODQFKH�
OLNH�JURZWK�RI�ZRUOG�VRODU�FHOOV��6&��SURGXF�
WLRQ� >����@�� 5HFHQWO\�� DERXW� ��� �� RI� WKH
WRWDO� ZRUOG� VRODU� FHOOV� PDQXIDFWXULQJ� LV

WKHLU� VHULDO� SURGXFWLRQ� RQ� WKH� VLOLFRQ� EDVH�
IURP�ZKLFK�XS�WR������LV�EHORQJ�WR�VLQJOH�
FU\VWDO�6L�6&�>�@��$FFRUGLQJ�WR�>�@�WKH�PHQ�
WLRQHG� WHQGHQF\� ZLOO� RFFXU� LQ� WKH� QHDUHVW
DQG�PRUH�GLVWDQW�SURVSHFWV��7KLV� FDXVHG�DQ
DFWXDOLW\�RI�UHVHDUFK�DLPHG�DW�VLQJOH�FU\VWDO
6L�6&�FRVW�UHGXFWLRQ�DQG�WKHLU�HIILFLHQF\�LQ�
FUHDVH�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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&XUUHQWO\��VXFK�UHVHDUFK�LQFOXGHV�D�FRP�
SXWHU� VLPXODWLRQ� RI� HOHFWURQLF� SURFHVVHV
ZKLFK�FRQGLWLRQHG�6L�6&�HIILFLHQF\� OHYHO�GH�
SHQGLQJ�RQ�WKH�IHDWXUHV�RI�WKHLU�GHVLJQ�DQG
WHFKQRORJLFDO�VROXWLRQV��'76��DQG�DFWLQJ�H[�
WHUQDO� IDFWRUV� �()��� 7KH� PHQWLRQHG� DERYH
LQIRUPDWLRQ� GLUHFWO\� DSSOLHV� WR� WKH� VLQJOH�
FU\VWDO� 6L�6&�� WKH� HIILFLHQF\� RI� ZKLFK� GH�
SHQGV�HVVHQWLDOO\�IURP�TXDOLW\�RI�WKHLU�EDVH
FU\VWDOV� �6L�%&�� DIWHU� SURGXFWLRQ�� VWRUDJH
DQG�RSHUDWLRQ�

,Q�WXUQ��WKH�TXDOLW\�RI�6L�%&��GHWHUPLQHG
E\� WKH� VLQJOH�FU\VWDO� VLOLFRQ� GHIHFWLYHQHVV
FKDUDFWHU� DQG� GHJUHH�� VLJQLILFDQWO\� DIIHFWV
RQ� RQH� RI� WKH� NH\�6L�6&� HOHFWURQLF� SDUDPH�
WHUV�Û�PLQRULW\�FKDUJH�FDUULHUV��0&&��OLIH�
WLPH�W��,Q�WKH�FDVH�RI�GRPLQDQW�UROH�RI�EXON
SRLQW� GHIHFWV� �%3'�� DQG� WKHLU� FRPSOH[HV
�&%3'��� DV� UHFRPELQDWLRQ�FHQWHUV� �5&��� WKH
0&&� OLIHWLPH� GHFUHDVHV�ZLWK�5&� FRQFHQWUD�
WLRQ�1W� JURZWK�� WKDW� OHDGV� WR�HIILFLHQF\�UH�GXFWLRQ�RI�FRQVLGHUHG�GHYLFHV�>�@��1RWH�WKDW
DFFRUGLQJ� WR� DSSURSULDWH� FRPSUHKHQVLYH� OLW�
HUDU\�GDWD� DPRQJ� WKH�PRVW� HIIHFWLYH�5&� LQ
WKH� 6L�%&� DUH� IROORZLQJ� %3'�� YDFDQFLHV� 9�
LQWHUVWLWLDO�FKURPLXP�&UL��WLWDQ�7LL��]LQF�=QL�JROG� $XL�� PRO\EGHQXP� 0RL�� LURQ� )HL�� DQGDOVR�&%3'��ELYDFDQFLHV�9��� WULYDFDQFLHV�9��9±3�� 9±�$V�� 7LL±7LL�� =QL±=QL�� 9�±2L�� &UL±%�)HL±%��)HL±$O��%L±2L� DQG�&L±2L�� ZKHUH�2L�ÛLQWHUVWLWLDO� R[\JHQ�� DQG� DWRPV� RI� FKHPLFDO
HOHPHQWV� ZLWKRXW� VXEVFULSWV� FRUUHVSRQG� WR
VXEVWLWXWLRQDO� LPSXULW\� LQ� WKH� VLOLFRQ� ODW�
WLFH�

8QGHU� WKH� LQIOXHQFH� RI� ()� LQ� WKH� %3'
DQG�&%3'�HQVHPEOH� LQVLGH�6L�%&�WKH�UHFRQ�
VWUXFWLRQV� PD\� RFFXU�� ,Q� VRPH� FDVHV�� IRU
H[DPSOH�� XQGHU� WKH� LQIOXHQFH� RI� LQWHQVH
VRODU�UDGLDWLRQ��WKH\�UHVXOW�LQ�WR�1W�LQFUHDVH�RZLQJ�WR�WKH�SKRWRFKHPLFDO�JHQHUDWLRQ�)HL±%�DQG�%L±2L�FRPSOH[HV���DQG�KHQFH�WR�W�DQG6L�6&�HIILFLHQF\�GHFUHDVH�>�@��,Q�RWKHU�FDVHV�
IRU� H[DPSOH�� XQGHU� WKH� LQIOXHQFH� RI� D� VWD�
WLRQDU\�PDJQHWLF�ILHOG��60)��WKH�1W�OHYHO�LVUHGXFHG�� ZKLFK� UHVXOWV� LQ� WR� W� DQG� 6L�6&
HIILFLHQF\� LQFUHDVH� >�@�� $W� WKDW� LW� VWLOO� UH�
PDLQV�DV�RSHQ�WKH�SUREOHP�DERXW�WKH�VSHFLI�
LFV� RI� WKH� UHFRQVWUXFWLRQ� LQ� SRLQW� GHIHFWV
HQVHPEOH�LQVLGH�6L�%&�XQGHU�WKH�60)�LQIOX�
HQFH� RQ�6L�6&��$W� WKH� VDPH� WLPH�� WKH� VROX�
WLRQ� RI� WKLV� SUREOHP� ZRXOG� EH� HVVHQWLDOO\
IDFLOLWDWHG� E\� HVWDEOLVKLQJ� D� FRUUHODWLRQ� EH�
WZHHQ� WKH� H[SHULPHQWDOO\� UHJLVWHUHG� W
FKDQJHV�DQG�PDWKHPDWLFDOO\�PRGHOHG�W�IURP
1W� GHSHQGHQFLHV� IRU� GLIIHUHQW� %3'� DQG&%3'��)XUWKHUPRUH��WKH�GHFLVLRQ�RI�HPSKD�
VL]HG� SUREOHP� LV� DFTXLUHG� DW� WKH� SUHVHQW
WLPH� D� VSHFLDO� DFWXDOLW\� LQ� FRQQHFWLRQ� ZLWK

WKH�VWDUW�RI�DSSOLHG�UHVHDUFK�RQ�WKH�GHYHORS�
PHQW� RI� QH[W�JHQHUDWLRQ� SKRWRYROWDLF� PRG�
XOH� EDVHG� RQ� PXOWL�MXQFWLRQ� VLQJOH� FU\VWDO
6L�6&� ZLWK� Q��S�S��W\SH� YHUWLFDO� GLRGH
PHVKHV��7KH�PRGXOH�HIILFLHQF\�RI�VXFK�6L�6&
FDQ� EH� LQFUHDVHG� DERXW� LQ� ���� WLPHV� �XS� WR
����� LQ� D� KLJKO\� FRQFHQWUDWHG� VRODU� UDGLD�
WLRQ�� DW� WKH� H[SHQVH� RI� LQIOXHQFH� RQ� 6L�6&
WKH�KRPRJHQHRXV�60)�RI�DERXW�����7�LQGXF�
WLRQ� >�@��1DWXUDOO\��WKH�UHVXOWV�RI�FRPSXWHU
VLPXODWLRQ� RI� LQWULQVLF� SRLQW� GHIHFWV�� YDUL�
RXV� LPSXULWLHV�DQG�DOVR� WKHLU� FRPSOH[HV� LQ�
IOXHQFH�RQ�W�LQ�6L�%&�ZLOO�SURYLGH�DGGLWLRQDO
DELOLW\�WR�SUHGLFW�WKH�HYROXWLRQ�RI�HOHFWURQLF
DQG�� WKHUHIRUH�� IXQFWLRQDO� SDUDPHWHUV�� QRW
RQO\�6L�6&�� EXW� DOVR� RWKHU� GHYLFHV� EDVHG�RQ
VLQJOH�FU\VWDO� VLOLFRQ�� 7KLV� ZLOO� DOORZ� ORRN�
LQJ� IRU� ZD\V� WR� RSWLPL]H� WKHLU� '76� PRVW
HIILFLHQWO\�DQG�FRVW�HIIHFWLYHO\��DV�ZHOO�DV�WR
HVWLPDWH� WKHLU� UHOLDELOLW\� DQG� GXUDELOLW\
OHYHO�

,Q�FRQQHFWLRQ�ZLWK�WKH�LQIRUPDWLRQ�PHQ�
WLRQHG� DERYH� D� SXUSRVH� RI� WKH� UHVHDUFK�
ZKLFK�PDLQ�UHVXOWV�DUH�GHVFULEHG�EHORZ��ZDV
WR� FUHDWH� D�PDWKHPDWLFDO�PRGHO� RI�6L�%&�S�
W\SH� FRQGXFWLYLW\�ZLWK�VXEPLFURQ� WKLFNQHVV
GLIIXVLRQ�Q���DQG�S��OD\HUV�XQGHU�WKH�RSSR�
VLWH� SODQDU� VXUIDFHV�� DQG� DOVR� VXEVHTXHQW
DQDO\WLFDO�UHVHDUFK�RI�WKH�0&&�Û�HOHFWURQV
OLIHWLPH�WQ� LQ�VXFK�EDVH�FU\VWDOV�S�OD\HU�GH�SHQGHQFH� IURP� UDQJH� DQG� FRQFHQWUDWLRQ� RI
WKH�PRVW�SUREDEOH�%3'�DQG�&%3'�LQ�6L�%&�

���([SHULPHQWDO
,Q�FXUUHQW�UHVHDUFK�ZRUN�LW�ZDV�FUHDWHG�D

PDWKHPDWLFDO� PRGHO� IRU� WKH� DERYH� PHQ�
WLRQHG� 6L�%&� ZLWK� ���Ü���� PP� WKLFNQHVV
IURP� VLOLFRQ� 6+%���� PDUN�� JURZQ� E\� WKH
&]RFKUDOVNL� PHWKRG�� 7KH� PRGHO� SURYLGHV� D
SRVVLELOLW\�RI�H[LVWHQFH�LQ�6L�%&�S�OD\HU�HDU�
OLHU�PHQWLRQHG�%3'�DQG�&%3'��$W�WKDW�WKH
H[LVWHQFH� RI�3��$V�� DQG�$O� DWRPV�ZLWK� FRQ�
FHQWUDWLRQV� OHVV� WKDQ� �����FPÜ�� LQ� WKH
ERXQGDU\� RI� Q��� DQG� S��OD\HUV� ZLWK� S�W\SH
VLOLFRQ� 6+%���� PDUN� RI� ERURQ� GRSHG� ZLWK
FRQFHQWUDWLRQ�DERXW�����������FPÜ���DOORZHG
XQGHU� WKH� SHFXOLDULWLHV� RI� WKHUPRGLIIXVLRQ
PHWKRG� XVHG� IRU� Q��S�S�� GLRGH� VWUXFWXUH
IRUPLQJ�� ,QWHUVWLWLDO� DWRPV� RI� FDUERQ� DQG
R[\JHQ� DUH� ZHOO�NQRZQ� DWWULEXWH� RI� VLQJOH�
FU\VWDO� VLOLFRQ� JURZQ� E\� &]RFKUDOVNL
PHWKRG�� 7KH� DWRPV� RI� RWKHU� FKHPLFDO� HOH�
PHQWV� DUH� FODVVLILHG� DV� EDFNJURXQG� LPSXUL�
WLHV�ZKLFK�DUH�ZHOO�NQRZQ�IRU�VXFK�VLOLFRQ�

&UHDWLQJ� WKH� PDWKHPDWLFDO� PRGHO� RI� WKH
LQYHVWLJDWHG� REMHFWV� ZDV� FDUULHG� RXW� E\
XVLQJ� D� VSHFLDOL]HG� HOHFWURQLF� VSUHDGVKHHW
IRU� FRPSXWHU� VLPXODWLRQ� RI� 6L�6&� DQG� DOVR
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IRU� DQDO\WLFDO� VWXG\� RI� SUREOHPV� UHODWHG� WR
UHDO� 6L�%&� HOHFWURQLF� SDUDPHWHUV� LQIOXHQFH
RQ� WKH� 6L�6&� RXWSXW� SDUDPHWHUV� �ILQDOO\�Û
RQ�WKH�HIILFLHQF\�RI�VXFK�GHYLFHV��>����@�

7KH�FDOFXODWLRQ�RI�WQ�YDOXHV�LQ�WKH�LQYHV�WLJDWHG�REMHFWV�ZDV�SHUIRUPHG�DW�����.��,Q
WKH�7DEOH�EHORZ�WKH�YDOXHV�RI�UHFRPELQDWLRQ
SDUDPHWHUV� DUH� SUHVHQWHG�� HOHFWURQV� DQG
KROHV� FDSWXUH� FURVV�VHFWLRQ� DUHD� VQ�S�� DQGDOVR�WKH�GHSWK�RI�UHFRPELQDWLRQ�FHQWHUV�(FÜ(W� OHYHOV� LQ� WKH� VLOLFRQ� EDQG� JDS� WRZDUGVFRQGXFWLRQ�EDQG�ERWWRP�Û�KDUPIXO�IRU�FRQ�
VLGHUHG� GLRGH� VWUXFWXUHV� %3'� DQG� &%3'
ZKLFK�WDNHQ�LQWR�DFFRXQW�LQ�WKLV�UHVHDUFK�

���5HVXOWV�DQG�GLVFXVVLRQ
'HSHQGHQFHV� RI� WQ� IURP�1W� IRU�%3'�DQG&%3'�VSHFLILHG�LQ�WKH�7DEOH�ZHUH�FDOFXODWHG

DQG� SORWWHG� LQ� )LJ���� XVLQJ� WKH� FUHDWHG
PDWKHPDWLFDO�PRGHO��

$V�LW�VHHPV�IURP�WKH�JUDSKV�SUHVHQWHG�LQ
)LJ����� D� REWDLQHG� GHSHQGHQFHV� � RI� WQ� IURP&%3'Ü9Ü3�� 9±�$V�� 9��� 9�±2L� DQG� 9�� FRQ�FHQWUDWLRQ�� DUH� JURXSHG� LQ� DFFRUGDQFH� ZLWK
WKH� DPRXQW� RI� YDFDQFLHV�� FRQWDLQHG� LQ
&%3'�� &%3'� ZLWK� RQH� �9±3� DQG� 9±�$V��
WZR��9��DQG�9�±2L��DQG�WKUHH��9���YDFDQFLHV�*UDSKV� RI� WQÜ1W� GHSHQGHQFHV� IRU� 9±3� DQG9±�$V� FRPSOH[HV� SUDFWLFDOO\� GR� QRW� GLIIHU
IURP� HDFK� RWKHU�� DQG� WKH� HIIHFW� RI� VXFK
&%3'�RQ�WKH�WQ�YDOXH�FRXOG�EH�GHVFULEHG�E\D�VLQJOH�DYHUDJHG�FXUYH��4XDOLWDWLYHO\�VLPL�
ODU� VLWXDWLRQ� WDNH� SODFH� LQ� FDVH� RI� 9�� DQG9�±2L� &%3'� ZKLFK�� KRZHYHU�� KDYH� D� QHJD�WLYH� LQIOXHQFH�RQ�WKH�WQ�YDOXH�YHUVXV�&%3'ZKLFK� EDVHG� RQ� WKH� RQH� YDFDQF\�� +RZHYHU�
DV� LW� VHHPV� IURP� )LJ����D� WKH� FRPSOH[HV
IRUPHG� E\� WKUHH� YDFDQFLHV� HIIHFW� WKH� PRVW
QHJDWLYHO\� RQ� WQ� YDOXH�� 7KH� DERYH� VWDWHGHQDEOH� WR�FRQFOXGH� WKDW� WKH�GHJUHH�RI�QHJD�
WLYH� LPSDFW� RI�&%3'�ZLWK�YDFDQFLHV� RQ� WKH
WQ�YDOXH�DW�1W� �FRQVW� LV�GHWHUPLQHG�E\�WKHQXPEHU� RI� YDFDQFLHV�� ZKLFK� HQWHUV� LQWR� D
&%3'�FRPSRVLWLRQ��7KH�QHJDWLYH�LPSDFW�VLJ�
QLILFDQWO\� LQFUHDVHV� ZLWK� YDFDQFLHV� QXPEHU
JURZWK�� 7KHUHIRUH�� RZLQJ� WR� WKH� IDFW� WKDW
IRU� VLQJOH�FU\VWDO� WKH� LQWHJUDWLRQ� RI� PRQR�
YDFDQFLHV� LQ� ELYDFDQFLHV� DQG� WULYDFDQFLHV
DQG� DOVR� WKHVH� GHIHFWV� LQ� PRUH� LQWULFDWH
FRPSOH[HV� LV� HQHUJHWLFDOO\� SURILWDEO\�� LW
VKRXOG� EH� H[SHFWHG� WKDW� DIWHU� PDQXIDFWXU�
LQJ�WKH�GHYLFH�VWUXFWXUH�EDVHG�RQ�FRQVLGHUHG
W\SH�6L�%&�ZLWK�WLPH�LQ�LW�PD\�RFFXUUHG�D�WQYDOXH� GHFUHDVH� XQGHU� WKH� LQIOXHQFH� RI� ()�
SURYLGLQJ� WKH� QHFHVVDU\� OHYHO� RI� GLIIXVLRQ
PRELOLW\� IRU� FRUUHVSRQGLQJ� VWUXFWXUDO� XQLWV
LQ�UHDO�VLOLFRQ�FU\VWDO�

7KH� FRPSDUDWLYH� DQDO\VLV� RI� WQ� IURP�1WGHSHQGHQFHV��SUHVHQWHG�LQ�)LJ����E�HQDEOH�WR
FRQFOXGH� WKDW� LQWHUVWLWLDO� WLWDQLXP�DQG�]LQF
DWRPV� DW� FRQFHQWUDWLRQV� DERYH� �����FPÜ�
VWDUW�WR�DIIHFW�QHJDWLYHO\�RQ�WQ�YDOXH��ZKLOH&%3'� IURP� SDLU� RI� VXFK� LGHQWLFDO� DWRPV
VWDUW� WR� DIIHFW� QHJDWLYHO\� RQ� WKH� VSHFLILHG
SDUDPHWHU� DW� PXFK� KLJKHU� FRQFHQWUDWLRQV
ZKLFK�DUH������FPÜ��DQG������FPÜ��IRU�7LL±7LL� DQG� =QL±=QL�� UHVSHFWLYHO\�� 6XFK� FLUFXP�VWDQFH� PD\� EH� VWLSXODWHG� E\� WKH� IROORZLQJ�
2ZLQJ�WR�IRUPDWLRQ�WKH�&%3'�IURP�WZR�LQ�
WHUVWLWLDO�DWRPV�RI�WLWDQLXP�RU�]LQF��D�VDWX�
UDWLRQ� RI� GDQJOLQJ� PHWDO� ERQGV� RI� WKHVH
SRLQW�GHIHFWV� RFFXU�� WKDW�SURSHUO\� IURP�WKH
7DEOH� OHDGV� WR� D� GHFUHDVH� VQ�S� YDOXHV� IURP��Ü��Ü��Ü���FP��IRU�7LL�DQG�=QL�DWRPV�XS�WR��Ü��Ü��Ü���FP�� IRU� &%3'� 7LL±7LL� DQG� =QL±=QL�� ,Q� WXUQ�� WKH� VQ�S� UHGXFWLRQ� FDXVHV� WKHGHFUHDVH� RI� 7LL±7LL� DQG� =QL±=QL� FRPSOH[HVQHJDWLYH�LQIOXHQFH�RQ�WQ��7KXV��WKH�LPSURYH�PHQW� RI� 0&&� HOHFWURQLF� SDUDPHWHUV� LQ� WKH
VLOLFRQ�FU\VWDOV�LQ�WKH�SUHVHQFH�RI�7LL�DQG�=QLLPSXULWLHV�FDQ�EH�DFKLHYHG�E\�FDUU\LQJ�RXW�D
WUHDWPHQW� WKDW� ZLOO� OHDG� WR� WKH� LQWHJUDWLRQ
RI� LQGLYLGXDO� WLWDQLXP� DQG� ]LQF� LQWHUVWLWLDO

7DEOH��5HFRPELQDWLRQ�SDUDPHWHUV�RI�KDUP�
IXO�IRU�6L�6&�EXON�SRLQW�GHIHFWV��%3'��DQG
WKHLU� FRPSOH[HV� �&%3'�� WKDW�ZHUH�XVHG�DW
WKH�FDOFXODWLRQ�RI�WQ��1W��GHSHQGHQFHV

%3'�DQG
&%3'

(FÜ(W�H9 VQ��FP� VS��FP� 5HIH�
UHQFHV

7LL ����� ������Ü�� ������Ü�� >�@
7LL±7LL ����� ������Ü�� ������Ü��
=QLL ����� ������Ü�� ������Ü��

=QL±=QL ����� ������Ü�� ������Ü��
&UL ����� ������Ü�� ������Ü�� >��������@

&UL±% ����� ������Ü�� ������Ü���
)HL ����� ������Ü�� ������Ü�� >�����@

)HL±% ����� ������Ü�� ������Ü��
)HL±$O ����� ������Ü�� ������Ü�� >�@
$XL ����� ������Ü�� ������Ü�� >�@
0RL ����� ������Ü�� ������Ü��
&L±2L ����� ������Ü�� ������Ü�� >������@
9±3 ����� ������Ü�� ������Ü��
9±�$V ����� ������Ü�� ������Ü��
9� ����� ������Ü�� ������Ü��

9�±2L ����� ������Ü�� ������Ü��
9� ����� ������Ü�� ������Ü���
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DWRPV� LQ� WKH�ELQDU\�FRPSOH[HV�IURP� LGHQWL�
FDO�DWRPV��

6LQFH� WKH� UHDO� 6L�%&� RI� FRQVLGHUHG� W\SH
XVXDOO\� LV� FKDUDFWHUL]HG� E\� WKH� SUHVHQFH� RI
PRUH� WKDQ� RQH� W\SH� RI� KDUPIXO� &%3'�� WKH
SRVVLELOLW\� RI� VHYHUDO�&%3'� W\SHV� LQIOXHQFH
RQ�0&&�HOHFWURQLF�SDUDPHWHUV�DFFRXQWLQJ�LV
SUDFWLFDOO\� LQWHUHVWHG�� 6R� WKH� QH[W� VWDJH� RI
WKLV�UHVHDUFK�ZDV�WKH�PRGHOLQJ�RI�WKH�VLPXO�
WDQHRXV� LQIOXHQFH� RI� WZR�GLIIHUHQW� W\SHV� RI
KDUPIXO� &%3'� RU� &%3'� DQG� %3'� RQ� WQYDOXH��

$V� PHQWLRQHG� HDUOLHU�� RQH� RI� WKH� PDLQ
KDUPIXO� LPSXULW\�� ZKLFK� LV� DOZD\V� SUHVHQW
LQ�VLOLFRQ�FU\VWDOV�JURZQ�E\�WKH�&]RFKUDOVNL
PHWKRG� LV� WKH� LQWHUVWLWLDO� R[\JHQ�� 7KHUH�
IRUH��IRU�WKH�FRQVLGHUHG�W\SH�6L�%&�WKH�%L±2LFRPSOH[� H[DPLQHG� DV� WKH� SHUPDQHQWO\� SUH�
VHQW� NLQG� RI� &%3'�� ,Q� DGGLWLRQ� WR� 2L� IRUVXFK�6LÜ%&�DV�W\SLFDO�LPSXULWLHV�DOVR�DUH�&LDQG� )HL�� 7KHUHIRUH�� DW� WKH� FDOFXODWLRQV� RQWKH�VHFRQG�VWDJH�RI�WKH�UHVHDUFK�LQ�DGGLWLRQ
WR�WKH�%L±2L�FRPSOH[��WDNHQ�LQWR�DFFRXQW�WKH

IROORZLQJ�&%3'�DQG�%3'��9���9�±2L��)HL±%�&L±2L�DQG�)HL�Û�WR�VWXG\�WKH�LQIOXHQFH�RQ�WQYDOXH� HDFK�RI� WKHP� LQ�SDLU�ZLWK�%L±2L�� 7KHFDOFXODWHG� GLDJUDPV� RI� WQ� YDOXHV� GLVWULEX�WLRQ� GHSHQGLQJ� RQ� WKH� YDULRXV� SDLUV� IURP
VSHFLILHG� &%3'� DQG� %3'� FRQFHQWUDWLRQV
SUHVHQWHG�RQ�)LJ����DQG�)LJ����

$OO�RI�WKHVH�GLDJUDPV�FOHDUO\�LQGLFDWH�RQ
WKH� SRVVLELOLW\� RI� VLJQLILFDQW� HQKDQFHPHQW
RI� HDUO\� PHQWLRQHG� SKRWRQ� GHJUDGDWLRQ� HI�
IHFW�LQ�6L�6&�EDVHG�RQ�6L�%&�ZKLFK�JURZQ�E\
&]RFKUDOVNL� PHWKRG� DQG� GRSHG� E\� ERURQ� DW
WKH�JHQHUDWLRQ� LQ� WKHP�XQGHU� WKH� LQIOXHQFH
RI�VRODU�UDGLDWLRQ��WRJHWKHU�ZLWK�%L±2L�FRP�SOH[HV�RQ�PDQ\�RUGHUV�ORZHU�FRQFHQWUDWLRQV
RI� ELYDFDQFLHV� DQG� 9�±2L�� )HL±%� DQG� &L±2LFRPSOH[HV�� $W� WKH� VDPH� WLPH� LW� LV� YHU\� LQ�
WHUHVWLQJ�WKH�IDFW�RI�LQFUHDVLQJ�WKH�LQWHUVWL�
WLDO� LURQ� DWRPV� QHJDWLYH� FRQWULEXWLRQ� DIWHU
WKHLU� LQWURGXFWLRQ� LQ� FRPSOH[HV�ZLWK� LQWHU�
VWLWLDO� DWRPV� RI� WKH�PDLQ� GRSDQW�Û� ERURQ�
WKDW� IROORZV� IURP� D� FRPSDULVRQ� RI� WKH� GLD�
JUDPV�SUHVHQWHG�LQ�IUDJPHQWV�D�DQG�E�RI�WKH

)LJ����� 'HSHQGHQFHV� RI� QRQHTXLOLEULXP� HOHFWURQV� OLIHWLPH� IURP� SRLQW� GHIHFWV� DQG� WKHLU� FRPSOH[HV
FRQFHQWUDWLRQ�LQ�WKH�S�OD\HU�RI�Q��S�S��W\SH�GLRGH�VWUXFWXUH�EDVHG�RQ�6+%����PDUN�RI�6L�%&��JURZQ
E\� WKH�&]RFKUDOVNL�PHWKRG� �JUDSKV�RQ� WKH�DÜG� IUDJPHQWV�DUH�QDPHG� LQ�DFFRUGDQFH�ZLWK�%3'�DQG
&%3'�W\SHV�E\�WKH�SUHVHQFH�RI�ZKLFK�WKH\�DUH�FRQGLWLRQHG��
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)LJ�����1RWH� WKDW� LQ� >�@� WKH� HPSKDVL]HG� HI�
IHFW� LV� GHVFULEHG� DV� H[SHULPHQWDOO\� UHJLV�
WHUHG� IDFW��$W� WKDW�� GLDJUDPV�� SUHVHQWHG� LQ

)LJ�����F�VKRZV�WKDW�PD[LPXP�HQKDQFHPHQW
RI�SKRWRQ�GHJUDGDWLRQ�HIIHFW�LQ�6L�6&��EDVHG
RQ�WKH�FRQVLGHUHG�6L�%&��VKRXOG�EH�H[SHFWHG

)LJ����� 'LDJUDPV� RI� WQ�1W�� GHSHQGHQFHV� IRU� 6L�%&� FRQVLGHUHG� W\SH� DW� VLPXOWDQHRXVO\� GRPLQDWLQJLQIOXHQFH�RI��D�Û�%L±2L�FRPSOH[HV�DQG�LURQ�LQWHUVWLWLDO�DWRPV��E�Û�%L±2L�DQG�)HL±%�FRPSOH[HV��F�Û
%L±2L�DQG�&L±2L�FRPSOH[HV��QXPHULF�YDOXHV�LQ�WKH�GLDJUDP�ILHOG�LQGLFDWH�WKH�WQ�UDQJH�DW�FRUUHVSRQG�LQJ�FRQFHQWUDWLRQV�RI�%3'�DQG�&%3'��

)LJ����� 'LDJUDPV� RI� WQ�1W�� GHSHQGHQFHV� IRU� 6L�%&� FRQVLGHUHG� W\SH� DW� VLPXOWDQHRXVO\� GRPLQDWLQJLQIOXHQFH�RI��D�Û�%L±2L�FRPSOH[HV�DQG�ELYDFDQFLHV��E�Û�%L±2L�DQG�9�±2L�FRPSOH[HV��QXPHULF�YDOXHV
LQ�WKH�GLDJUDP�ILHOG�LQGLFDWH�WKH�WQ�UDQJH�DW�FRUUHVSRQGLQJ�FRQFHQWUDWLRQV�RI�%3'�DQG�&%3'��
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LQ�WKH�FDVH�RI�&L±2L�FRPSOH[HV�VPDOO�FRQFHQ�WUDWLRQ�DGGLWLYHV� WR�DYDLODEOH� LQ� LQFRPSDUD�
EO\�ODUJHU�FRQFHQWUDWLRQV�%L±2L�FRPSOH[HV�,Q�DGGLWLRQ��RXU�UHVXOWV�VKRZQ�LQ�)LJ����
E��PD\�VHUYH�DV�D�VWDUWLQJ�SRLQW�IRU�IXUWKHU
GHYHORSPHQW� RI� SK\VLFDO� FRQFHSWLRQV� FRQ�
FHUQLQJ�WKH�QDWXUH�RI�WKH�QRWHG�LQ�LQWURGXF�
WLRQ� EHQHILFLDO� LQIOXHQFH� RI� D� VWDWLRQDU\
PDJQHWLF� ILHOG� RQ� HIILFLHQF\� RI� WKH� 6L�6&
ZLWK� FRQVLGHUHG� W\SH� 6L�%&�� ,QGHHG�� DV� LW
FDQ�EH�VHHQ�IURP�)LJ�����E��D�VOLJKW�GHFUHDVH
RI� 9�±2L� FRPSOH[HV� FRQFHQWUDWLRQ� LQ� 6L�%&FDXVHV�DSSUHFLDEOH�LQFUHDVH�RI�WQ��ZKLFK�LV�DVHULRXV� SUHUHTXLVLWH� IRU� 6L�6&� HIILFLHQF\
JURZWK�� 2Q� WKH� RWKHU� KDQG�� LQ� >�@� LW� ZDV
SURSRVHG� WKH� K\SRWKHVLV�� LQLWLDWHG� E\� LGHDV
IURP� >��@� DERXW� WKH� LQYROYHPHQW� LQ� WKH� HI�
IHFW� RI� 6L�6&� HIILFLHQF\� LQFUHDVH� XQGHU� WKH
60)�LQIOXHQFH�WKH�GHFRPSRVLWLRQ�SURFHVV�RI
&%3'� FRQVLVWLQJ� IURP� VLOLFRQ� DWRPV� YDFDQ�
FLHV� DQG� LQWHUVWLWLDO� R[\JHQ� DWRPV�� 6R� QRZ
WKH� REYLRXV� DUJXPHQW� LQ� IDYRU� RI� WKLV� K\�
SRWKHVLV�YDOLGLW\�LV�REWDLQHG��$IWHU�WKLV��WKH
IXUWKHU�VWXG\�RI�60)�LQIOXHQFH�SK\VLFV�RQ�WQYDOXHV� DQG� 6L�6&� HIILFLHQF\� ZLWK� Q��S�S��
W\SH� GLRGH� VWUXFWXUH� PD\� EH� GHYHORSHG� DW
UHDOL]DWLRQ� RI� DSSURSULDWH� FRPSUHKHQVLYH
DQDO\VLV�� )RU� H[DPSOH�� XVLQJ� PHWKRGV� RI
GHHS� OHYHO� WUDQVLHQW� VSHFWURVFRS\� �'/76�
>��@�LQ�FRQMXQFWLRQ�ZLWK�VWXGLHV�RI�WKH�0&&
OLIHWLPH� LQ� 6L�%&� >�@� DQG� 6L�6&� RXWSXW� SD�
UDPHWHUV� GHWHUPLQDWLRQ� >��@� EHIRUH� DQG
DIWHU� WKH� 60)� DFWLRQ� LQ� FRPELQDWLRQ� ZLWK
FRPSXWHU� VLPXODWLRQV� RI� WQ� GHSHQGHQFLHVIURP�SRLQW�GHIHFWV� VWUXFWXUH� UHFRQVWUXFWLRQ
UHVXOWV� LQ� 6L�6&� Q��S�S�� GLRGH� VWUXFWXUH
XQGHU�WKH�60)�LQIOXHQFH�

���&RQFOXVLRQV
$�PDWKHPDWLFDO�PRGHO�RI�VRODU�FHOOV�EDVH

FU\VWDOV�ZLWK�S�W\SH�FRQGXFWLYLW\��DQG����Ü
����PP� WKLFNQHVV� IURP� 6+%���� PDUN� VLOL�
FRQ��JURZQ�E\�WKH�&]RFKUDOVNL�PHWKRG��ZLWK
VXEPLFURQ� WKLFNQHVV� Q��� DQG� S��GLIIXVLRQ
OD\HUV� XQGHU� WKH� RSSRVLWH� SODQDU� VXUIDFHV
KDV� EHHQ� GHYHORSHG�� 7KH� FRPSXWHU� VLPXOD�
WLRQV� RI� HOHFWURQV� OLIHWLPH� WQ� GHSHQGHQFHVIURP� DVVRUWPHQW� DQG� FRQFHQWUDWLRQ� 1W� RIWKH� PRVW� SUREDEOH� EXON� SRLQW� GHIHFWV� DQG
WKHLU�FRPSOH[HV�LQ�VXFK�EDVH�FU\VWDOV�S�OD\HU
ZHUH�FDUULHG�RXW�E\�XVLQJ�RI� WKLV�PRGHO�� ,W
KDV� EHHQ� VKRZQ� WKDW� GHJUHH� RI� &%3'�ZLWK
YDFDQFLHV�9� QHJDWLYH� LPSDFW� RQ� WQ� YDOXH� DW1W� �FRQVW� GHWHUPLQHG� E\� WKH� TXDQWLW\� RIYDFDQFLHV��ZKLFK�HQWHUV�LQWR�D�&%3'�FRPSR�
VLWLRQ� DQG� VLJQLILFDQWO\� LQFUHDVH� ZLWK� WKH
WUDQVLWLRQ� IURP� PRQRYDFDQFLHV� WR� ELYDFDQ�
FLHV�9��DQG�WULYDFDQFLHV�9���,Q�FRQWUDVW��WKH

SDLULQJ�RI�LQGLYLGXDO�WLWDQLXP�RU�]LQF�LQWHU�
VWLWLDO� DWRPV� UHVXOWV� LQ� VLJQLILFDQW� WQ� LQ�FUHDVH�� ,W� KDV� EHHQ� GHWHFWHG� WKH� H[WUHPHO\
VWURQJ�LQIOXHQFH�RI�%3'�DQG�&%3'��9���9�±2L��)HL±%��&L±2L�DQG�)HL�VPDOO�FRQFHQWUDWLRQVRQ�WQ�YDOXH�ZKLFK�LQ�WKH�SUHVHQFH�RI�VLJQLIL�FDQWO\� KLJKHU� %L±2L� FRPSOH[HV� FRQFHQWUD�WLRQV�SHUFHSWLEO\�GHFUHDVHV�ZLWK�1W� LQFUHDV�LQJ� IRU� HDFK� GHIHFW� IURP� DERYH� OLVWHG�� $W
WKH�VDPH�WLPH�&L±2L�FRPSOH[HV�UHQGHUHG�UH�FRUG�VWURQJ�LQIOXHQFH�RQ�WQ�YDOXH��$�QXPEHURI�REWDLQHG�UHVXOWV�ZHOO�FRUUHODWHG�ZLWK�WKH
H[SHULPHQWDO� GDWD� ZKLFK� UHODWH� WR� WKH� HI�
IHFWV� RI� SKRWRQ� GHJUDGDWLRQ� LQ� VRODU� FHOOV
EDVHG�RQ�FRQVLGHUHG� W\SH�VLOLFRQ�FU\VWDOV�DV
ZHOO� DV� WR� LQIOXHQFH� RI� D� VWDWLRQDU\� PDJ�
QHWLF�ILHOG�RQ�VXFK�GHYLFHV�HIILFLHQF\��2YHU�
DOO�� RXU� UHVXOWV� SURYLGH� DGGLWLRQDO� SRVVLELO�
LW\� IRU� WKH� HYROXWLRQ� IHDWXUHV� SUHGLFWLRQ�RI
HOHFWURQLF��DQG�FRQVHTXHQWO\��IXQFWLRQDO�SD�
UDPHWHUV�� QRW� RQO\� IRU� 6L�6&�� EXW� DOVR� IRU
RWKHU� GHYLFHV� EDVHG� RQ� VXFK� GLRGH� VWUXF�
WXUHV�� ,W� ZLOO� DOORZ� ORRNLQJ� IRU� PRVW� HIIL�
FLHQW� DQG� FRVW� HIIHFWLYH� ZD\V� WR� RSWLPL]H
WKHLU� GHVLJQ�WHFKQRORJLFDO� VROXWLRQV�� DQG
DOVR� HVWLPDWHV� WKHLU� UHOLDELOLW\� DQG� GXUDELO�
LW\�OHYHO�

$FNQRZOHGJPHQWV�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG� E\�8NUDLQH� VFLHQFH�� LQQRYDWLRQV� DQG
LQIRUPDWL]DWLRQ� VWDWH� DJHQF\�� LQ� WHUPV� RI
DJUHHPHQW� '������������ �'HYHORSPHQW� RI
SKRWRHQHUJHWLF�XQLW�EDVHG�RQ�PXOWL�MXQFWLRQ
VLOLFRQ� VRODU� FHOOV� ZLWK� YHUWLFDO� GLRGH
PHVKHV��DFFHSWHG������������

5HIHUHQFHV
� ���(�'HVSRWRX�� $�(�*DPPDO�� %�)RQWDLQH� HW� DO��

*OREDO�0DUNHW�2XWORRN�IRU�3KRWRYROWDLFV�8QWLO
������ (XURSHDQ� 3KRWRYROWDLF� ,QGXVWU\� $V�
VRVLDWLRQ� �(3,$��� 5HQHZDEOH� (QHUJ\� +RXVH�
%UXVVHOV�� %HOJLXP�� ��� 0D\� �����
KWWS���ZZZ�HSLD�RUJ�ILOHDGPLQ�(3,$BGRFV�S
XEOLF�*OREDOB0DUNHWB2XWORRNBIRUB3KRWRYROWD
LFVBXQWLOB�����SGI�

� ���:�+RIIPDQQ��/�:DOGPDQQ��LQ��+LJK�HIILFLHQW
/RZ�FRVW�3KRWRYROWDLFV��5HFHQW�'HYHORSPHQWV�
HG�� E\� 9�3HWURYD�.RFK�� 5�+H]HO� DQG
$�*RHW]EHUJHU�� 6SULQJHU�9HUODJ�� %HUOLQ
+HLGHOEHUJ��������

� ���$�/�)DKUHQEUXFK��5�+�%XEH��)XQGDPHQWDOV�RI
6RODU�&HOOV��3KRWRYROWDLF�6RODU�(QHUJ\�&RQYHU�
VLRQ��$FDGHPLF�3UHVV��1HZ�<RUN��������

� ���-�6FKPLGW��.�%RWKH��'�0DFGRQDOG�HW�DO���(OHF�
WURQLFDOO\� 6WLPXODWHG� 'HJUDGDWLRQ� RI� 6LOLFRQ
6RODU�&HOOV���������KWWS���VVF�FHFV�DQX�HGX�DX�
ILOHV�3DSHUB056����BILQDO�SGI�

� ���5�9�=DLWVHY�� 9�5�.RSDFK�� 0�9�.LULFKHQNR� HW
DO���)XQFWLRQDO�0DWHULDOV�����������������

� ���(�6RNRO�� 9�.RSDFK�� 5�=DLWVHY� HW� DO��� 9LG�
QRYO\XYDOQD�(QHUJHW\ND� �5HQHZDEOH�(QHUJHW�
LFV����������������
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� ���$�&XHYDV�� 5�6LQWRQ�� 466� PRGHO� Û� ([FHO
6SUHDGVKHHW�IRU�6LPXODWLQJ�4663&�/LIHWLPH�0HDV�
XUHPHQWV� �������� KWWS���VVF�FHFV�DQX�HGX�DX�
ILOHV�4660RGHO�1RY�����[OV�

� ���$�&XHYDV�� 5�6LQWRQ�� W�PRGHO�� D� 6SUHDGVKHHW
IRU�0RGHOLQJ�WKH�4XDVL�VWHDG\�VWDWH�(IIHFWLYH
/LIHWLPH� �������� KWWS���VVF�FHFV�DQX�HGX�DX�
ILOHV�7DX0RGHOPDQXDOVKRUW�SGI�

� ���6�,QGUDGHHS�� &RUUHODWLRQ� RI� *UDLQ�WR�JUDLQ
(OHFWULFDO�3URSHUWLHV�ZLWK�,PSXULWLHV�DQG�'H�
IHFWV� LQ� 6RODU� *UDGH� 3RO\FU\VWDOOLQH� 6LOLFRQ�
3K�'�� 7KHVLV�� 1RUWK� &DUROLQD� �������
KWWS���ZZZ�OLE�QFVX�HGX�WKHVHV�DYDLODEOH�HWG
�����������������XQUHVWULFWHG��HWG�SGI�

����$�&KDQWUH��-�3K\V��$UFK������������������
����%�%�3DXG\DO�� .�5�0F,QWRVK�� '�+�0DFGRQDOG�

*�&ROHWWL��LQ��3URF��RI�WKH���WK�(XU��&RQI��RQ
3KRWRYROWDLF� 6RODU� (QHUJ\� &RQYHUVLRQ�� +DP�
EXUJ��*HUPDQ\���������S�����

����&�-�%HEHN�� '�(�*URRP�� 6�(�+ROODQG� HW� DO��
3URWRQ�5DGLDWLRQ�'DPDJH� LQ�+LJK�UHVLVWLYLW\
Q�W\SH� 6LOLFRQ� &&'V� �������� KWWS���HVFKRODU�
VKLS�RUJ�XF�LWHP��JK�N�YJ�

����3�7�1HXYRQHQ�� (IIHFWV� RI� 9DFDQF\�W\SH� 'H�
IHFWV�LQ�6LOLFRQ�%DVHG�3DUWLFOH�'HWHFWRUV��0DV�
WHU�V� 7KHVLV�� /DSSHHQUDQWD� 8QLYHUVLW\� RI
7HFKQRORJ\� �������� KWWS���ZZZ�GRULD�IL�ELW�
VWUHDP�KDQGOH�������������)LQLVKHG�SGI"VH
TXHQFH ��

����9�$�0DNDUD��/�3�6WHEOHQNR��$�0�.XU\OLXN�HW
DO���)XQFWLRQDO�0DWHULDOV�����������������
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