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7KH� RULJLQ� RI�TXDQWL]HG� PDWWHU� ZDYHV�

2QH� 2)� WKH� EDVLF� LQJUHGLHQWV� RI�PRGHUQ� TXDQWXP� ILHOG� WKHRU\� LV� WKH�
QRWLRQ� RI� TXDQWL]HG� PDWWHU� ZDYHV�� 7R� GHVFULEH� WKH� HOHPHQWDU\� SDUWL�
FOHV� FRQVWLWXWLQJ� PDWWHU� VXFK� DV� HOHFWURQV� DQG� TXDUNV�� SUHVHQW� WKHRULVWV�
PDNH� XVH� RI� D� IRUPDO� TXDQWL]DWLRQ� SURFHVV� DSSOLHG� WR� UHODWLYLVWLF�

ZDYHV�� L�H��� ILHOGV� REH\LQJ� D� UHODWLYLVWLF� ZDYH� HTXDWLRQ�� 7R� H[SODLQ� WKH�
LQWHUDFWLRQV� EHWZHHQ� WKHVH� SDUWLFOHV�� WKH\� LQWURGXFH� DQRWKHU� NLQG� RI�

TXDQWL]HG� ILHOG�ZKRVH� SULPH� H[DPSOH� LV�WKH� HOHFWURPDJQHWLF� ILHOG�� 7KH�
QRWLRQ� RI� D� TXDQWL]HG� HOHFWURPDJQHWLF� ILHOG�� WKH�ILUVW�WR�DSSHDU� KLVWRUL�

FDOO\��PD\� EH� UHJDUGHG� DV� D�QDWXUDO� RXWFRPH� RI� WKH�XVXDO� TXDQWL]DWLRQ�
UXOHV� DSSOLHG� WR� D� FODVVLFDO� G\QDPLFDO� V\VWHP� IRUPDOO\� DQDORJRXV� WR� D�
VHW�RI�YLEUDWLQJ� SDUWLFOHV�� ,Q� FRQWUDVW��PDWWHU�ZDYH� TXDQWL]DWLRQ� VHHPV�
DUWLILFLDO�� ,Q� WKLV� FDVH� WKH�ZDYHV� WR�EH� TXDQWL]HG� GR� QRW� KDYH� DQ\� FODV�
VLFDO�PHDQLQJ�� DQG� WKH\�ZHUH� XQNQRZQ� LQ�FODVVLFDO� SK\VLFV�� $OVR� WKH�
UHOHYDQW� TXDQWL]DWLRQ� SURFHVV� GLIIHUV� HVVHQWLDOO\� IURP� WKH� UHJXODU� RQH��
LW�LV�EDVHG� RQ� DQWLFRPPXWDWRUV� LQVWHDG� RI�FRPPXWDWRUV�� +HQFH�� TXDQ�
WL]HG�PDWWHU� ZDYHV� UHSUHVHQW� RQH� RI� WKH� RGGHVW� QRWLRQV� RI�PRGHUQ�
WKHRUHWLFDO� SK\VLFV� DQG� RQH� RI� WKH� KDUGHVW� IRU� D� FULWLFDO� PLQG� WR�
DVVLPLODWH�� 2I� FRXUVH�� IURP� DQ� D[LRPDWLF� SRLQW� RI� YLHZ� WKH�QRWLRQ� LV�

MXVWLILHG� HQRXJK� DV� VRRQ� DV� LWV� LQVHUWLRQ�ZLWKLQ� D� IXOO� VHW�RI�D[LRPV� KDV�
FRUUHFW� HPSLULFDO� FRQVHTXHQFHV�� KRZHYHU� LQGLUHFW� WKHVH�PLJKW� EH�� %XW�
IRU�PDQ\� RI� XV�� IXOO� XQGHUVWDQGLQJ� RFFXUV� RQO\� LI�ZH� FDQ� LPDJLQH�

(TXLSH� 5(+6(,6� GX� &156�� ���� DYHQXH� 3DUPHQWLHU�� ������ 3DULV�� ,� DP� YHU\� JUDWH�
IXO� WR� -RKQ� +HLOEURQ� IRU� WKH� JHQHURXV� KRVSLWDOLW\� DW� %HUNHOH\
V� 2+67� DQG� IRU� KHOSIXO�
FULWLFDO� DGYLFH�� 0\� UHVHDUFKHV� LQ� WKH�KLVWRU\� RI� TXDQWXP� ILHOG� WKHRU\� KDYH� DOVR� HQMR\HG�
WKH� VXSSRUW� RI�%HUQDUG� G
(VSDJQDW� DQG�0LFKHO� 3DW\��
7KH� IROORZLQJ� DEEUHYLDWLRQV� DUH� XVHG�� $3�� $QQDOHQ� GHU� 3K\VLN�� $+(6�� $UFKLYH� IRU� KLV�

WRU\�RI� H[DFW� VFLHQFHV
�� $+43�� $UFKLYH� IRU� KLVWRU\� RI� TXDQWXP� SK\VLFV�� %%�� $NDGHPLH�

GHU� :LVVHQVFKDIWHQ� �%HUOLQ��� 6LW]XQJVEHULFKWH�� &5�� $FDGHPLH� GHV� 6FLHQFHV� �3DULV���

&RPSWHV� 5HQGXV�� 3%�� :ROIJDQJ� 3DXOL�� :LVVHQVFKDIWOLFKHU� %ULHIZHFKVHO�� YRO�� ��� HG�� $��

+HUPDQQ�� .�� YRQ� 0H\HQQ�� DQG� 9�� :HLVVNRSI� �1HZ� <RUN�� ������� DQG� YRO�� ��� HG��.�� YRQ�

0H\HQQ� �1HZ�<RUN�� �������3*9��3K\VLNDOLFKH�*HVHOOVFKDIW��9HUKDQGOXQJHQ��35��3K\VL�
FDO� UHYLHZ�� 356�� 5R\DO� 6RFLHW\� RI� /RQGRQ�� 3URFHHGLQJV�� VHULHV� $�� 3=�� 3K\VLNDOLVFKH�

=HLWVFKULIW��=3��=HLWVFKULIW�IXU�3K\VLN��

+636� ������������
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RXUVHOYHV� DV� WKH�GLVFRYHUHU�� IROORZLQJ� WKH�KLVWRULFDO� GHYHORSPHQW�� 7KH�

SK\VLFLVW� VKRXOG� EH� LQWHUHVWHG� LQ� OHDUQLQJ� WKH�KLVWRULFDO� URRWV� RI�TXDQ�
WL]HG�PDWWHU� ZDYHV�� 7KH� KLVWRULDQ� RU�SKLORVRSKHU� RI� VFLHQFH� VKRXOG� EH�
FXULRXV� WR�NQRZ� WKH�PHFKDQLVPV� RI� WUDQVSRVLWLRQ� DQG� FRUUHVSRQGHQFH�
WKDW�FRXOG� SURGXFH� VXFK� D� VWUDQJH� QRWLRQ��

7KH� VWRU\� VWDUWHG� LQ� �����ZLWK� D� VNHWFK\� WKHRU\� RI�JDVHV� SURSRVHG�
E\�/RXLV� GH� %URJOLH�� %RWK� OLJKW�DQG�PDWHULDO� DWRPV� LQVLGH� D� FDYLW\�� KH�

VDLG�� VKRXOG� EH� GHVFULEHG� E\� �ZDYH�FRXSOHG� DWRPV��� 7KHLU� VWDWH�ZDV�

HQWLUHO\� GHWHUPLQHG� E\� D� VHW� RI� LQWHJHUV� JLYLQJ� WKH� QXPEHU� RI� DWRPV�

FRXSOHG� WR� WKH� YDULRXV� FDYLW\� PRGHV�� 'H� %URJOLH� FRQVLGHUHG� WKLV�
QRWLRQ� WR�EH� D� ILUVW�KLQW� WRZDUGV� D� QHZ� NLQG� RI� UHDOLW\� LQWHUPHGLDWH�
EHWZHHQ� ZDYHV� DQG� SDUWLFOHV��

)RXU� \HDUV� ODWHU�� WKDQNV� WR�3DVFXDO� -RUGDQ
V� HIIRUWV��WKH� UHODWHG� FRQ�

FHSW� RI�TXDQWL]HG� PDWWHU� ZDYHV� ZDV� ULSH�� LW�ZDV� DV�ZHOO� GHILQHG� DV� WKH�
RWKHU� QHZ� FRQFHSWV� RI� TXDQWXP� PHFKDQLFV�� LW�ZDV� FRPSDWLEOH� ZLWK�
)HUPL� VWDWLVWLFV�� DQG� LW�FRXOG� EH� JHQHUDOL]HG� WR� LQWHUDFWLQJ�PDWWHU�� $V�
D�SRVLWLYLVW� FKDPSLRQ�� -RUGDQ�ZDV� QRW� WHPSWHG� WR� OLQN�KLV� QHZ� IRUPDO�
LVP�ZLWK� D�QHZ� NLQG� RI�XQGHUO\LQJ� UHDOLW\�� ,QVWHDG� KH� WKRXJKW� WKDW�KLV�
FRQWLQXRXV� ILHOGV� RI� GLVFRQWLQXRXV� PDWULFHV� ZRXOG� JHW� ULG� RI� ERWK� D�
FRQWLQXRXV� ZDYH�OLNH� UHDOLW\� DQG� D� GLVFRQWLQXRXV� DWRPLVWLF� UHDOLW\��
&OHDUO\�� -RUGDQ
V� DQG� GH� %URJOLH
V� QHZ� ZDYHV� DSSHDUHG� LQ� YHU\�
GLIIHUHQW�SKLORVRSKLFDO� FRQWH[WV�� ,�ZLOO� QHYHUWKHOHVV� HVWDEOLVK� WKHLU�KLV�
WRULFDO� FRQQHFWLRQ��

(LQVWHLQ� DQG� 6FKURGLQJHU� ZHUH� QRW� WKH�RQO\� WKHRULVWV� WR�EH� LQVSLUHG�
E\�GH� %URJOLH
V� GLVVHUWDWLRQ�� -RUGDQ� DQG� 'LUDF� ERWK� UHDOL]HG� KRZ� SUR�
IRXQG� WKH� VWDWLVWLFDO� SDUW� RI� WKLV�ZRUN� ZDV�� DQG� WKH\�H[WUDFWHG� IURP� LW�
D� IRUPDO� VFKHPH� WKDW�ZRXOG� ILW� LQWR� WKHLU� RZQ� DWWHPSWV� WR�PDNH� D�

TXDQWXP� ILHOG� WKHRU\�� 7KLV� JHQHUDO� VFKHPH� FRQVLVWV� RI� FKDUDFWHUL]LQJ�
OLJKW�RU� JDVHV� LQVLGH� D� FDYLW\� E\� D� VHW�RI� LQWHJHUV�JLYLQJ� WKH�HQHUJ\� FDU�
ULHG�E\� WKH�YDULRXV� FDYLW\�PRGHV�� ZKDWHYHU� WKH�GLVFRQWLQXLW\� LQ�TXHV�
WLRQ�RU� WKH�QDWXUH� RI� WKH�FDYLW\�PRGHV� PD\� EH��

7KH� KLVWRULFDO� VLJQLILFDQFH� RI� WKLV� VFKHPH� ZDV� EURDGHU� WKDQ� D� OLQN�
EHWZHHQ� GH� %URJOLH
V� ZDYHV� DQG� ODWHU�TXDQWXP� ILHOG� WKHRU\�� (KUHQIHVW�
DQG� 'HE\H� LQWURGXFHG� LW�HDUO\� LQ� WKLV� FHQWXU\� WR�GHULYH� WKH� VSHFWUXP�
RI� EODFNERG\� UDGLDWLRQ�� ,Q� WKLV� FDVH� WKH� FDYLW\� PRGHV� ZHUH� HOHF�

WURPDJQHWLF� DQG� WKH�GLVFRQWLQXLW\� RULJLQDWHG� PRVW� SODXVLEO\� IURP� WKH�
XQNQRZQ� VWUXFWXUH� RI� UHDO� VRXUFHV�� 7KH� VDPH� VFKHPH� DJDLQ� FDQ� EH�
IRXQG� LQ�6FKURGLQJHU
V� ILUVW�SDSHU� RQ�PDWWHU� ZDYHV� �'HFHPEHU� ������
DV� DQ� HOXFLGDWLRQ� RI� WKH�P\VWHULRXV� %RVH�(LQVWHLQ� FRXQWLQJ�� 7KHUH� WKH�

FDYLW\�PRGHV� FRXOG� EH� HLWKHU� OLJKW�RU�PDWWHU� ZDYHV� DQG� WKH� GLVFRQ�

WLQXLW\� UHVXOWHG� IURP� WKH�%RKU�6RPPHUIHOG� TXDQWL]DWLRQ� UXOHV� DSSOLHG�
WR�WKHVH�PRGHV��

7KHVH� H[DPSOHV� VKRZ� WKDW� SHUPDQHQW� IRUPDO� VFKHPHV� DOORZ�
WUDQVIHUV� RI�NQRZOHGJH� EHWZHHQ� VXFFHVVLYH� WKHRULHV� HYHQ� LI�WKHLU�EDVLF�
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FRQFHSWV� DSSHDU� WR�EH� LQFRPPHQVXUDEOH�� HYHQ� LI�WKHLU� LQYHQWRUV
� ZRUOG�
YLHZV� FRQIOLFW�� 2I� FRXUVH� WKHUH� DUH� RWKHU� PHFKDQLVPV� IRU� VXFK�

WUDQVIHUV�� VRPH� RI� WKHP� DOVR� DSSHDULQJ� LQ� WKH� KLVWRU\� RI� TXDQWL]HG�
PDWWHU� ZDYHV�� )RU� LQVWDQFH�� -RUGDQ� ERUURZHG� IURP� (LQVWHLQ� DQG� GH�

%URJOLH� D�PRVW� LPSRUWDQW� KHXULVWLF� SULQFLSOH�� OLJKW� DQG�PDWWHU� KDG� WR�
EH� UHSUHVHQWHG� E\� DQDORJRXV� FRQFHSWV�� 7KLV� SULQFLSOH� HQJHQGHUHG� GH�

%URJOLH
V� ZDYHV� DQG� ZDYH�FRXSOHG� DWRPV�� LW� DOVR� H[SODLQV� -RUGDQ
V�

TXHHU� LQVLVWHQFH� RQ� TXDQWL]LQJ� WKH�DOUHDG\� TXDQWDO� 6FKURGLQJHU� ZDYHV��

$JDLQ� IROORZLQJ� (LQVWHLQ
V� H[DPSOH�� GH� %URJOLH� DQG� -RUGDQ� GHDOW�
ZLWK� D�PRVW� IDPRXV� DQG� XQLYHUVDO� SX]]OH� RI� UDGLDWLRQ� WKHRU\�� IOXFWXD�
WLRQV�� (LQVWHLQ� WKRXJKW� WKDW� WKH� IRUP� RI� IOXFWXDWLRQV� RI�PDFURVFRSLF�
TXDQWLWLHV� ZRXOG� JLYH� TXDOLWDWLYH� LQIRUPDWLRQ� DERXW� D� IXWXUH� WKHRU\� RI�
UDGLDWLRQ�� ,Q� DQ\� FDVH�� D� SURSHU� UDGLDWLRQ� G\QDPLFV� ZRXOG� ILUVW�KDYH�
WR� H[SODLQ� WKH� SX]]OLQJ� GXDO� IRUP� RI� HQHUJ\� IOXFWXDWLRQV�� )URP� �����
WR� ����� (LQVWHLQ
V� IOXFWXDWLRQ�IRUPXOD� KDG� VXUYLYHG�� EHFDXVH� LWV�RULJL�
QDO� GHULYDWLRQ� XVHG� RQO\� HPSLULFDO� GDWD� DQG� ZHOO�HVWDEOLVKHG� WKHRULHV�
XVHG� LQVLGH� WKHLU� UDQJH� RI� YDOLGLW\� �IRU� LQVWDQFH�� VWDWLVWLFDO� PHFKDQLFV�
WR� FRQQHFW� HQWURS\� DQG� SUREDELOLW\�� DQG� GLIIUDFWLRQ� WKHRU\� IRU� JUDW�
LQJV��� 7KH� UHVXOW� FRXOG� WKHQ� EH� XVHG� E\� GH� %URJOLH� DQG� -RUGDQ� DV� D�

SHUPDQHQW� VWDQGDUG� WR�EH� UHSURGXFHG� E\� DQ\� JRRG� WKHRU\�RI� UDGLDWLRQ��
7KH� WKUHH� H[DPSOHV� JLYHQ� RI� EULGJHV� EHWZHHQ� LQFRPPHQVXUDEOH�

WKHRULHV"IRUPDO� VFKHPHV�� IRUPDO� KHXULVWLF� SULQFLSOHV�� DQG� XQLYHUVDO�

SX]]OHV"VKDUH� WKH� VDPH� NLQG� RI� SHUPDQHQFH� VLQFH�� EHFDXVH� RI� WKHLU�
IRUPDO� RU� KDOI�HPSLULFDO� QDWXUH�� WKH\� FDQ� EH� GLVFRQQHFWHG� WR� VRPH�
H[WHQW� IURP� WKHLU� FRQFHSWXDO� HQYLURQPHQW�� 2QH� RI� WKH� LPSRUWDQW� JLIWV�
RI�D� JRRG� WKHRULVW�PLJKW� EH� WKH�DELOLW\� WR�HIIHFW�WKLV�GLVFRQQHFWLRQ� E\� D�

ILOWHULQJ�UHDGLQJ� RI� RWKHU� SHRSOH
V� ZRUN�� 7KLV� LV� UHTXLUHG� QRW� RQO\� WR�

LQKHULW� SDVW� NQRZOHGJH� EXW� DOVR� WR� H[SORLW� FRQWHPSRUDQHRXV� EXW�
GLIIHUHQW� VFKRROV� RI� WKRXJKW�� )RU� LQVWDQFH�� 'LUDF� FRXOG� H[WUDFW� QRQ�

FRPPXWDWLYLW\� IURP� +HLVHQEHUJ
V� VHPLQDO� PDWUL[� PHFKDQLFV� SDSHU�
DQG� WKH� &RSHQKDJHQ� VFKRRO� FRXOG� DVVLPLODWH� 6FKURGLQJHU
V� ZDYH�

PHFKDQLFV� ZLWKRXW� VKDULQJ� WKH�XQGHUO\LQJ� SKLORVRSKLHV�� ,�ZLOO� H[SODLQ�
LQ�WKH� VDPH�ZD\� KRZ� -RUGDQ� FRXOG� VHH� D�PDWWHU�ZDYH� TXDQWL]DWLRQ� LQ�D�

WUHDWPHQW� RI� D� %RVH� DVVHPEO\�� JLYHQ� E\� 'LUDF� DV� D� SDUWLFOH�SLFWXUH�
SRLQW� RI�YLHZ� LQ�KLV� UDGLDWLRQ� SDSHU� RI� ������

2QFH� WKH� W\SH� RI� LQIRUPDWLRQ� WUDQVIHUDEOH� IURP� RQH� WKHRU\� WR�
DQRWKHU� RU� IURP� RQH� WKHRULVW� WR�DQRWKHU� KDV� EHHQ� LGHQWLILHG�� LW�VKRXOG�
EH� HDVLHU� WR�FKDUDFWHUL]H� WKH�PHWKRGRORJLFDO� DQG� SKLORVRSKLFDO� FKDUDF�
WHU� RI� WKH� SK\VLFLVWV� RU� VFKRROV� XQGHU� DQDO\VLV�� $� VKDUS� FRQWUDVW�

DSSHDUV� EHWZHHQ� WKH� WZR�PDLQ� FUHDWRUV� RI� TXDQWXP� ILHOG� WKHRU\�� -RU�
GDQ� DQG� 'LUDF�� LQ� UHJDUG� WR� WKHLU� DWWLWXGHV� WRZDUG� TXDQWL]HG� PDWWHU�
ZDYHV�� %DVLFDOO\� WKHVH� WZR� SK\VLFLVWV� XQGHUVWRRG� WKH� FRUUHVSRQGHQFH�
PHWKRG� LQ�GLIIHUHQW�ZD\V�� %RKU
V� ROG� FRUUHVSRQGHQFH� SULQFLSOH� FRQ�

QHFWLQJ� TXDQWXP� PRGHOV� ZLWK� FODVVLFDO� WKHRU\� IRU� KLJK� TXDQWXP�
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QXPEHUV� GLG� QRW� JHQHUDOO\� JLYH� D� XQLTXH� DQVZHU� WR� UDGLDWLRQ� SURE�
OHPV�� DQG� KDG� WR� EH� VXSSOHPHQWHG� E\� LQJHQLRXV� JXHVVLQJ�� ,W� LV�

FXUUHQWO\� WKRXJKW� WKDW�+HLVHQEHUJ
V� SHQXOWLPDWH� VKDUSHQLQJ� RI� WKH�

FRUUHVSRQGHQFH� SULQFLSOH� OHG� WR�DQ� XQDPELJXRXV� PHWKRG� RI�TXDQWL]LQJ�
FODVVLFDO� WKHRULHV�� ,Q� IDFW� WZR�QRWDEOH� DPELJXLWLHV� UHPDLQHG��

7KH� ILUVW�RQH� FRQFHUQV� WKH�GHILQLWLRQ� RI� FDQRQLFDO� FRQMXJDWLRQ�� ,Q�
����� 'LUDF� DQG� -RUGDQ� LQGHSHQGHQWO\� SURYLGHG� TXDQWXP� JHQHUDOL]D�
WLRQV� RI� FODVVLFDO� FDQRQLFDO� WUDQVIRUPDWLRQV�� $OWKRXJK� WKHLU� UHVXOWV�
KDYH� RIWHQ� EHHQ� SUHVHQWHG� DV� HTXLYDOHQW� DQG� ODEHOOHG� XQGHU� D� FRPPRQ�

QDPH�� WKH� WUDQVIRUPDWLRQ� WKHRU\�� WKH\�GLIIHU�PRUH� WKDQ� E\� QRWDWLRQ��
'LUDF� WKRXJKW� WKDW� WZR� TXDQWXP� YDULDEOHV� ZRXOG� EH� FRQMXJDWH� LI�DQG�

RQO\� LI�WKH�3RLVVRQ� EUDFNHWV� RI� WKHLU� FDQRQLFDO� FRXQWHUSDUWV� ZHUH� VR��
-RUGDQ� SUHIHUUHG� DQ� D[LRPDWLF� GHILQLWLRQ� RI� FRQMXJDWLRQ� �EDVHG� RQ� WKH�

SRVWXODWH� WKDW� D� YDULDEOH� VKRXOG� EH� FRPSOHWHO\� LQGHWHUPLQDWH� ZKHQ� LWV�

FRQMXJDWH� LV� H[DFWO\� NQRZQ�� IDU�PRUH� JHQHUDO� WKDQ� 'LUDF
V�� )RU�
LQVWDQFH� WKH�D� DQG� D�� RI� IHUPLRQLF� VHFRQG� TXDQWL]DWLRQ� ZHUH� FDQRQL�
FDO� FRQMXJDWHV� IRU� -RUGDQ�� $QWLFRPPXWDWLYH� TXDQWL]DWLRQ� ZDV� TXLWH�
FRQFHLYDEOH� LQ�WKLV� VFKHPH��

7KH� RWKHU� LPSRUWDQW� DPELJXLW\� LQ�WKH�QHZ� FRUUHVSRQGHQFH� PHWKRG�

RULJLQDWHG� IURP� WKH� IX]]\�ZRUG� �FODVVLFDO��� )RU� 'LUDF�� ZKR� KDG� EHHQ�
ZHDQHG� ZLWK� FODVVLFDO� +DPLOWRQLDQ� PHFKDQLFV�� WKH�FODVVLFDO� FRUUHVSRQ�
GHQFH� EDVLV� �WKH� WKLQJ� WR�EH� TXDQWL]HG�� FRXOG� QRW� EH� DQ\WKLQJ� EXW� WKH�
FODVVLFDO� WKHRU\� NQRZQ� WR� GHVFULEH� WKH� SK\VLFDO� ZRUOG� ZKHQ� 3ODQFN
V�
FRQVWDQW� FDQ� EH� QHJOHFWHG�� PRUH� VSHFLILFDOO\� WKH�+DPLOWRQLDQ� FRUSXV�
FXODU� G\QDPLFV� DQG� 0D[ZHOO
V� HOHFWURPDJQHWLF� WKHRU\�� )RU� -RUGDQ��
DQ\� NLQG� RI� FODVVLFDO� IRUPDOLVP� ZRXOG� GR� �HYHQ� 6FKURGLQJHU
V� HTXDWLRQ�
FRQVLGHUHG� DV� D� FODVVLFDO� ZDYH� HTXDWLRQ��� LUUHVSHFWLYH� RI� LWV�UHOHYDQFH�
WR�WKH�FODVVLFDO� ZRUOG��

7KLV� H[SODLQV� ZK\� 'LUDF� UHMHFWHG� -RUGDQ
V� TXDQWL]HG� PDWWHU� ZDYHV�
XQWLO� WKH� ����V�� DQG� LW�DOVR� VKHGV� VRPH� OLJKW�RQ� WKHLU� UDWKHU� XQVWHDG\�
UHFHSWLRQ� DPRQJ� SUH�ZDU� VSHFLDOLVWV�� )RU� D� FRXSOH� RI� \HDUV� WKH� WZR�
FUHDWRUV� RI� WKH� ILUVW�UHODWLYLVWLF� TXDQWXP� ILHOG� WKHRU\� �������������
+HLVHQEHUJ� DQG� 3DXOL�� VKDUHG� -RUGDQ
V� HQWKXVLDVP�� %XW� ZKHQ�
GLIILFXOWLHV� DURVH� ZLWK� WKH�IDPRXV� ZRHIXO� LQILQLWLHV��ZKHQ� LW�ZDV� NQRZQ�
WKDW� WKH� UHODWLYLVWLF� IHDWXUHV� RI� WKH�QHZ� WKHRU\� FRXOG� EH� H[SUHVVHG� DV�
ZHOO� LQ� WKH�PRUH� XVXDO� FRQILJXUDWLRQ�VSDFH� IRUPXODWLRQ�� 3DXOL� UHIXVHG�
WR� FRQVLGHU� WKH� IRUPXODWLRQ� YLD� TXDQWL]HG� PDWWHU� ZDYHV� PRUH� IXQGD�

PHQWDO�� DQG� MRLQHG� WKRVH�ZKR� KDG� GHSORUHG� LWV�RGGLW\� IURP� WKH�YHU\�

EHJLQQLQJ�� ,W� VHHPHG� WR�EH� VDIHU� WR�NHHS� DV� FORVH� DV� SRVVLEOH� WR� WKH�
FODVVLFDO� WKHRU\�� DQG� +HLVHQEHUJ�� 'LUDF�� DQG� 3DXOL� WULHG� LQ� WKH� HDUO\�
����V� WR�JLYH� EDFN� WR�HOHFWURPDJQHWLF� UDGLDWLRQ� WKH�SULYLOHJHG� VWDWXV� LW�
KDG� LQ� WKH� ROG� FRUUHVSRQGHQFH� SULQFLSOH�� $IWHU� WKHVH� WHPSRUDU\� VHW�
EDFNV� WKH� GLVFRYHU\� RI� QHZ� SDUWLFOHV� KHOSHG� WR� UHYLVH� FRQFHSWLRQV� RI�
PDWWHU� LQ�D�ZD\� WKDW�ZRXOG� XOWLPDWHO\� IDYRU�PDWWHU�ZDYH� TXDQWL]DWLRQ�
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DV� WKH�QDWXUDO� IRUPDOLVP� IRU�FUHDWLRQ� DQG� GHVWUXFWLRQ� SURFHVVHV��

���,1129$7,216�

/RXLV� GH�%URJOLH
V� �DWRPHV� FRXSOHV� HQ� RQGH��

$W� WKH� 6ROYD\� FRQJUHVV� KHOG� LQ�%UXVVHOV� LQ�$SULO� ������ /RXLV� GH�

%URJOLH
V� HOGHU� EURWKHU�0DXULFH� UHSRUWHG� WKH� H[SHULPHQWV� KH� KDG� MXVW�
SHUIRUPHG� RQ�;�UD\� GLIIXVLRQ� E\�KHDY\� DWRPV�� 2QFH� DJDLQ� WKH�DEVRUS�
WLRQ� RI� UDGLDWLRQ� E\� ILQLWH�TXDQWD� K�Y�ZDV� SURYHG�� DQG� DQ� ROG� SDUDGR[�
FOHDUO\� UHVWDWHG�� �$Q� DWRP� H[SRVHG� WR� OLJKW�RI�IUHTXHQF\� Y�HPLWV� D�SUR�
MHFWLOH� ZLWK� DQ� HQHUJ\� RI� WKH� RUGHU� RI�PDJQLWXGH� KY��ZHOO� EHIRUH� WKH�
LQFLGHQW� UDGLDWLRQ� FDQ� SURYLGH� WKLV� HQHUJ\� LQ� WKH� IRUP� RI�KRPRJHQH�
RXV� VSKHULFDO� ZDYHV���� 7KH� DOPRVW� XQDYRLGDEOH� FRQFOXVLRQ� WR� WKH� FRU�

SXVFXODU� QDWXUH� RI� UDGLDWLRQ� ZDV� GUDZQ� E\�0DXULFH� GH� %URJOLH� DQG�

DOVR�� GXULQJ� WKH� FRPLQJ� PRQWKV�� E\� RWKHU� OHDGLQJ� H[SHULPHQWHUV�
LQFOXGLQJ�&'�� (OOLV� DQG�$�+�� &RPSWRQ���

$V� KLV� EURWKHU
V� FROODERUDWRU� LQ� DQDO\]LQJ� H[SHULPHQWDO� UHVXOWV��
/RXLV� GH� %URJOLH� ZDV� GHHSO\� LPSUHVVHG� E\� WKH�GXDO� FKDUDFWHU� RI� UDGLD�
WLRQ� DQG� FDUHIXOO\� VWXGLHG� WKH�ROG� (LQVWHLQ� SDSHUV� RQ� WKHVH�PDWWHUV�� ,Q�
(LQVWHLQ
V� SDSHU� RQ� OLJKW�TXDQWD� RI� ����� WKH� FRUSXVFXODU� VWUXFWXUH� RI�

OLJKW�ZDV� GHYHORSHG� IURP� D� IRUPDO� DQDORJ\� EHWZHHQ� JDV� IOXFWXDWLRQV�
DQG� UDGLDWLRQ� IOXFWXDWLRQV�� 3XVKLQJ� WKLV� DQDORJ\� IXUWKHU�� /RXLV� GH�

%URJOLH� FODLPHG� LQ�HDUO\� ����� WKDW�(LQVWHLQ
V� OLJKW�TXDQWD�� WR�EH� IXOO\�
DVVLPLODWHG� WR� DWRPV�� KDG� WR� FDUU\� D� QRQ�]HUR� PDVV�� �7KH� OLJKW�TXDQ�
WXP� K\SRWKHVLV�� LI�RQH� DGRSWV� UHODWLYLVWLF� G\QDPLFV�� ZRXOG� WKHQ� OHDG�
WR� WKH� LGHD� RI� OLJKW� DWRPV� �RI� D� VDPH� YHU\� VPDOO�PDVV�� ZLWK� VSHHGV�
GHSHQGLQJ� RQ� WKHLU� HQHUJ\� �IUHTXHQF\�� EXW� DOO� YHU\� FORVH� WR� F�� 2QH�
ZRXOG� H[SODLQ� LQ�WKLV�ZD\� ZK\� OLJKW�VHHPV� WR�EH� SURSDJDWHG� �WR�ZLWKLQ�

H[SHULPHQWDO� SUHFLVLRQ�� H[DFWO\�ZLWK� WKH� VSHHG� WKDW�SOD\V� WKH�UROH� RI�DQ�
LQILQLWH� VSHHG� LQ�(LQVWHLQ
V� IRUPXODV���� &RQVLGHULQJ� EODFNERG\� UDGLD�
WLRQ� WR�EH� D� JDV� RI� VXFK� UHODWLYLVWLF� DWRPV�� GH� %URJOLH� SURYLGHG� D� QHZ�
GHULYDWLRQ� RI�:LHQ
V� ODZ�� 7KXV� SHUIHFWLQJ� WKH�DQDORJ\� EHWZHHQ� PDWWHU�

��� 0�� GH� %URJOLH�� �/D� UHODWLRQ� KY�  �(� GDQV� OHV� SKHQRPHQHV� SKRWRHOHFWULTXHV��� LQ�
$WRPHV� HW� HOHFWURQV�� �UG� 6ROYD\� FRQJUHVV� �������� 5DSSRUWV� HW� GLVFXVVLRQV� �3DULV�� �������
����

��� &I�� %��:KHDWRQ�� 7KH� WLJHU� DQG� WKH� VKDUN�� (PSLULFDO� URRWV� RI�ZDYH�SDUWLFOH� GXDOLVP�

�&DPEULGJH���������
��� /�� GH� %URJOLH�� �5D\RQQHPHQW� QRLU� HW� TXDQWD� GH� OXPLHUH��� -RXUQDO� GH� SK\VLTXH�� ��

�������� ��������� RQ� ����� FI��0�� -DPPHU�� 7KH� FRQFHSWXDO� GHYHORSPHQW� RI� TXDQWXP�
PHFKDQLFV� �1HZ� <RUN�� ������� ����� �7KH� ULVH� RI�ZDYH� PHFKDQLFV��� )�� .XEOL�� �/RXLV� GH�

%URJOLH� XQG� GLH� (QWGHFNXQJ� GHU�0DWHULHZHOOHQ��� $+(6�� �� �������� ������� DQG�:KHDWRQ�

�UHI�� ����
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DQG� OLJKW��KH� SDYHG� KLV� RZQ�ZD\� WRZDUGV� D� JHQHUDO� ZDYH�SDUWLFOH� GXDO�

LW\��YDOLG� ERWK� IRU� OLJKW�DQG�PDWWHU��

0HDQZKLOH�� WR� LPSURYH� KLV� DSSURDFK� WR� WKH�EODFNERG\� SX]]OH�� WKDW�
LV�WR� VD\�� WR�GHULYH� 3ODQFN
V� ODZ� LQVWHDG� RI�:LHQ
V� ODZ��GH� %URJOLH� XVHG�
WKH�QRWLRQ� RI� OLJKW�PROHFXOHV�� +H� ZDV� SUREDEO\� DZDUH� RI� HDUOLHU� SUR�
SRVDOV� RI� WKLV�NLQG�� REYLRXVO\� VXJJHVWHG� E\� WKH� IROORZLQJ� SRZHU� VHULHV�

GHYHORSPHQW� RI�3ODQFN
V� ODZ�� ,I�(�  �
9GY��LUY��F��K� Y>H[S�KY�N7�� ��� @�a���

B� �RR�B� B�
-�

WKHQ�( A(Q� ZLWK� (Q "��LUY�9GY�F��QKYH[S��QKY�N7�� �ZLWK� WKH�
�� �� Q�B�

XVXDO� QRWDWLRQV� RI�EODFNERG\� WKHRU\��� 7KH� ILUVW�WHUP�([� FRUUHVSRQGHG�
WR�:LHQ
V� ODZ�� DQG� WKH� RWKHU� WHUPV� RI� WKH� VHULHV� FRXOG� EH� XQGHUVWRRG�
DV� RZLQJ� WR�D�SHUIHFW� JDV� RI�A�PROHFXOHV���

'H� %URJOLH� IXUWKHU�QRWLFHG� WKDW� WKH�DYHUDJH� VTXDUHG� HQHUJ\� IOXFWXD�
WLRQ� FRXOG� EH� ZULWWHQ� DV� $� AQKY(Q�� WR�EH� LQWHUSUHWHG� DV� D� VXP� RI�

FRUSXVFXODU� IOXFWXDWLRQV� GXH� WR�A�PROHFXOHV�� :H� UHFDOO� WKDW� WKH� LGHD� RI�

LQIHUULQJ�WKH� VWUXFWXUH� RI� OLJKW�IURP� WKH�IRUP� RI� VWDWLVWLFDO� IOXFWXDWLRQV�
FDOFXODWHG� IURP� WKH� HPSLULFDO� YDOXH� RI� HQWURS\�ZDV� WKH� FHQWUDO� LGHD� RI�

PRVWA� RI�(LQVWHLQ
V� SDSHUV� RQ� UDGLDWLRQ�� 7KH� RQH� ZULWWHQ� LQ� ����� JDYH�

$��(��
 �

O��(�KY��O���LUY�9GY�F���� WKH�ILUVW�WHUP�EHLQJ� FKDUDFWHULVWLF�
RI�D� JDV� RI�IUHH� �DWRPLF�� TXDQWD� K�Y��DQG� WKH� VHFRQG� RQH� RI�SXUHO\� FODV�
VLFDO� HOHFWURPDJQHWLF� ZDYHV�� &RPSDULQJ� (LQVWHLQ
V� ZLWK� KLV� RZQ� IRU�

PXOD�� GH� %URJOLH� FRQFOXGHG� WKDW� WKH� LQWHUIHUHQFH� WHUP�KDG� WR�GR�ZLWK�

OLJKW�PROHFXOHV�� 7KHVH� PROHFXOHV� RU� �DJJORPHUDWLRQV�� FRXOG� H[SODLQ�
PRUH� WKDQ� WKH� VWDWLVWLFDO� SURSHUWLHV� RI� OLJKW��GH� %URJOLH� VXJJHVWHG� WKDW�

WKH\�PLJKW� EH� WKH�NH\� WR�D� FRUSXVFXODU� LQWHUSUHWDWLRQ� RI� LQWHUIHUHQFH���

,Q�WKH�OLJKW�TXDQWXP�SRLQW�RI�YLHZ�� WKH�LQWHUIHUHQFH�SKHQRPHQD� VHHP� WR�
EH� OLQNHG�WR�WKH�H[LVWHQFH� RI�DJJORPHUDWLRQV� RI� OLJKW�DWRPV�ZKRVH�PRYH�
PHQWV� DUH� QRW� LQGHSHQGHQW�� EXW� FRKHUHQW�� 7KHUHIRUH�� LW� LV�QDWXUDO� WR�
VXSSRVH� WKDW� LI�WKH�WKHRU\�RI� OLJKW�TXDQWD�PDQDJHV� WR�H[SODLQ� LQWHUIHU�
HQFH� VRPHGD\�� LW�ZLOO� UHTXLUH� VXFK�DJJORPHUDWLRQV� RI�OLJKW�TXDQWD��

1HYHUWKHOHVV�� WR� VWDUW� KLV� V\QWKHVLV� EHWZHHQ� ZDYH� DQG� SDUWLFOH�
DVSHFWV� RI� OLJKW��GH� %URJOLH� GLG� QRW� XVH� WKLV�QRWLRQ� RI� OLJKW�PROHFXOHV��
,W�VHHPV� YHU\�SUREDEOH� WKDW� WKH�EDVLF� LQJUHGLHQW�ZDV� WKH�ILQLWH�PDVV� RI�

OLJKW� DWRPV�� IRU� VXFK� SDUWLFOHV� WKHUH� H[LVWHG� D� UHVW� IUDPH� ZKHUH� WKH�
UHODWLRQ� ( KY� EHFDPH� P"F� KY^\� 7KLV� ODVW� UHODWLRQ�� OLQNLQJ� WKH� WZR�

��� 'H� %URJOLH� �UHI�� ��� DQG� �6XU� OHV� LQWHUIHUHQFHV� HW� OD� WKHRULH� GHV� TXDQWD� GH� OXPLHUH���

&5�� ���� �������� ��������� DOVR� $�� ORIIH�� �=XU� 7KHRULH� GHU� 6WUDKOXQJVHUVFKHLQXQJHQ��� $3��
��� �������� ��������� *�� .UXWNRZ�� �$XV� GHU� $QQDKPH� XQDEKDQJLJHU� /LFKWTXDQWHQ� IROJW�
GLH� :LHQVFKH� 6WUDKOXQJVIRUPHO��� 3=�� ��� �������� ��������� 0�� :ROINH�� �(LQVWHLQVFKH�

/LFKWTXDQWD� XQG� UDXPOLFKH� 6WUXNWXU� GHU� 6WUDKOXQJ��� 3=�� ��� �������� ��������� DQG� :��

%RWKH�� �'LH� UDXPOLFKH� (QHUJLHYHUWHLOXQJ� LQ� GHU� +RKOUDXPVWUDKOXQJ��� =3�� ��� ��������
���������

��� 'H� %URJOLH� �UHI�� ���� �����
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PRVW� IXQGDPHQWDO� IRUPXODV� ZULWWHQ� E\� (LQVWHLQ� LQ� ����� �( KY� DQG�
(�  �

P�F���� VXJJHVWHG� WKH� H[LVWHQFH� RI�DQ� LQWHUQDO� SHULRGLF� SKHQRPHQRQ�
RI� IUHTXHQF\� Y��� 7KH� VDPH� K\SRWKHVLV� FRXOG� EH� H[WHQGHG� WR�DQ\� RWKHU�

HOHPHQWDU\� SDUWLFOHV�� VLQFH� WKHVH�ZRXOG� GLIIHU� IURP� OLJKW�TXDQWD� RQO\�
E\� WKH� RUGHU� RI�PDJQLWXGH� RI� WKH�PDVV� P��� +HUH� ZDV� VRPH� KRSH� RI�

SHUIHFWLQJ� WKH�DQDORJ\� EHWZHHQ� PDWWHU� DQG� OLJKW���
7KH� FRUUHVSRQGHQFH� EHWZHHQ� UHVW�PDVV� DQG� LQWHUQDO� IUHTXHQF\� ZDV�

GH� %URJOLH
V� VWDUWLQJ� SRLQW� LQ� WKH� FRPPXQLFDWLRQ� �2QGHV� HW�TXDQWD���
ZKLFK� KH� VXEPLWWHG� WR� WKH�3DULV� $FDGHP\� RI� 6FLHQFHV� RQ� 6HSWHPEHU�
���� ������ 7KH� IROORZLQJ� SDUDGR[� KDG� WR�EH� VROYHG�� DFFRUGLQJ� WR� WKH�

JHQHUDO� UXOHV� RI� WUDQVIRUPDWLRQ� RI� HQHUJ\� DQG� WLPH� LQ�UHODWLYLW\� WKHRU\��
WKH� HQHUJ\� LQ� D� UHIHUHQFH� IUDPH� PRYLQJ� DW� WKH� VSHHG� ��F�EHFDPH�
(�  �

P�F��O�IL��a9�� DQG� WKH� LQWHUQDO� IUHTXHQF\� Y��EHFDPH� Y? Y��O������O���
VR� WKDW� Y� �(�K� ZDV� GLIIHUHQW� IURP� YX� DQG� WKH�SHULRGLF� SKHQRPHQRQ�
VHHPHG� WR�EH� GLVFRQQHFWHG� IURP� WKH� FRUSXVFXODU� PRYHPHQW�� 'H� %UR�

JOLH� UHVWRUHG� WKH� FRQQHFWLRQ� E\� QRWLFLQJ� WKDW� WKH� LQWHUQDO� SHULRGLF�
SKHQRPHQRQ� RI� DSSDUHQW� IUHTXHQF\� Y[�ZRXOG� UHPDLQ� VWHDGLO\� LQ�SKDVH�
ZLWK� D�ZDYH� RI� IUHTXHQF\� Y�DQG� VSHHG� 9 F�,��� 7KH� PRVW� GLUHFW� SURRI�
RI� WKLV� IDFW� LV� WKH�RQH� JLYHQ� RQH� \HDU� ODWHU� LQ�GH� %URJOLH
V� WKHVLV�� 7KH�
YLEUDWLRQ� LQ� WKH� SDUWLFOH
V� UHVW� IUDPH� LV� VWHDGLO\� LQ� SKDVH� ZLWK� WKH�
H[WHQGHG� YLEUDWLRQ� VLQAR� �R�EHLQJ� WKH� SDUWLFOH
V� WLPH��� 7KLV� YLEUD�
WLRQ� FDQ� EH� UHZULWWHQ� VP>Y��O�I��\����W�IL[�F�@� LI� WKH� SDUWLFOH� PRYHV�
ZLWK� WKH� FRQVWDQW� VSHHG� ILF� DORQJ� WKH� [� D[LV� RI� WKH� REVHUYHU
V� IUDPH��
EHFDXVH� DFFRUGLQJ� WR� WKH� /RUHQW]� WUDQVIRUPDWLRQ�� WR �W��IL[�F��
�?�3���O�?� 7KH� QHZ� VLQH� IXQFWLRQ� UHSUHVHQWV� D� SODQH� PRQRFKURPDWLF�
ZDYH� RI�IUHTXHQF\� Y� � Y��W�IL��aO���DQG� VSHHG� F�����DV� FODLPHG���

,Q� WKLV� ILUVW�FRPPXQLFDWLRQ� GH� %URJOLH� FDOOHG� KLV� ZDYHV� �ILFWLWLRXV�
ZDYHV�� EHFDXVH� WKHLU� VSHHG� F�����KLJKHU� WKDQ� F�� DSSDUHQWO\� SUHYHQWHG�
WKHP� IURP� FDUU\LQJ� DQ\� HQHUJ\�� %XW� D� YHU\� LPSUHVVLYH� UHVXOW� IROORZHG�
WKLV� K\SRWKHVLV� RI�PDWWHU� ZDYHV�� WKH� %RKU�6RPPHUIHOG� TXDQWL]DWLRQ�

��� 7KLV� UHFRQVWUXFWLRQ� LV� FRQWUDGLFWHG� E\� D� OHWWHU� IURP� GH� %URJOLH� WR�.XEOL� ������� LQ�

UHI�� ���ZKHUH� WKH� JHQHUDOL]DWLRQ� RI� WKH� UHODWLRQ� ? K�S� �NQRZQ� IRU� OLJKW� TXDQWD�� WR�PD�

WHULDO� DWRPV� LV�SODFHG� EHIRUH� WKH� LGHD� RI� D� ILQLWH�PDVV� IRU� OLJKW�TXDQWD�� 6XFK� ODWH� UHPHP�

EUDQFHV� FDQ� KDUGO\� EH� WUXVWHG�� DQG� ,� SUHIHU� D� SODXVLEOH� UHFRQVWUXFWLRQ� FRPSDWLEOH� ZLWK�

GH� %URJXH
V� ILUVW�ZULWLQJV�� ,Q� WKHVH� WKH� UHODWLRQ� ? K�S� GRHV� QRW� DSSHDU� EHIRUH� WKH� WKHVLV��
ZKHUHDV� PDVVLYH� OLJKW� TXDQWD� IROORZ� LPPHGLDWHO\� WKH� ILUVW� UHIHUHQFH� WR� WKH� OLJKW�PDWWHU�

DQDORJ\� �UHI�� ���� ,Q� DQ\� FDVH"WKLV� LV� WKH� LPSRUWDQW� FRQFHSWXDO� SRLQW"GH� %URJOLH� UHDFKHG�

KLV� FRQFOXVLRQV� E\� D� VKDUSHQLQJ� RI� WKLV� DQDORJ\��
��� /�� GH� %URJOLH�� �2QGHV� HW� TXDQWD��� &5�� ���� �������� ��������� 5HFKHUFKHV� VXU� OD�

WKHRULH� GHV� TXDQWD�� WKHVLV� GHIHQGHG� DW� WKH� 6RUERQQH� RQ� ��� 1RY� ������ UHSXEOLVKHG� E\�
0DVVRQ� �3DULV�� ������� ,QLWLDOO\�� GH� %URJOLH
V� SUHFLVH� FRQGLWLRQ� ZDV�� WKH�SKDVH� ZDYH� WXUQ�

LQJ� DURXQG� WKH� FORVHG� RUELW� TXLFNHU� WKDQ� WKH� HOHFWURQ� PXVW� FDWFK� LW�DJDLQ� LQ�SKDVH� FRQ�

FRUGDQFH�� 7KLV� FRQGLWLRQ� LV�RI� FRXUVH� IRUPDOO\� HTXLYDOHQW� WR�D� VWDWLRQDULW\� FRQGLWLRQ� IRU�

WKH� SKDVH� ZDYH� DORQH�� EXW� LWV� H[SUHVVLRQ� UHODWHV� SUREDEO\� WR�0�� %ULOORXLQ
V� HDUOLHU� QR�

WLRQ� RI� D� GLUHFWLQJ� ILHOG�� FI��:KHDWRQ� �UHI������ �����
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FRXOG� EH� LQWHUSUHWHG� DV� D� UHVRQDQFH� FRQGLWLRQ� IRU�ZDYHV� DORQJ� FORVHG�
RUELWV�� 7ZR� ZHHNV� ODWHU�GH� %URJOLH� SUHIHUUHG� WKH�QDPH� �SKDVH� ZDYH��
WR��ILFWLWLRXV� ZDYH��� DQG� KH� ULVNHG� WKH� IROORZLQJ� SUHGLFWLRQ�� �$Q� HOHF�
WURQ� VWUHDP� WUDYHOOLQJ� WKURXJK� D� VPDOO� HQRXJK� DSHUWXUH� ZRXOG� VKRZ� D�
GLIIUDFWLRQ� SKHQRPHQRQ�� 7KLV� PLJKW� EH� WKH� ULJKW�GLUHFWLRQ� WR� ORRN� IRU�
DQ� H[SHULPHQWDO� FRQILUPDWLRQ� RI�P\� LGHDV���� ,I�ZH� DGG� WKH� DQDORJ\�
EHWZHHQ� )HUPDW
V� DQG�0DXSHUWXLV
� SULQFLSOHV� DQG� WKH�KLQW� WKDW� IXWXUH�
ZDYH� PHFKDQLFV� ZRXOG� EH� WR� FODVVLFDO� PHFKDQLFV� ZKDW� ZDYH� RSWLFV� LV�
WR�JHRPHWULFDO� RSWLFV�� ZH� JHW� WKH�PDLQ� SRLQWV� IHDWXUHG� LQ�DQ\�KLVWRULFDO�
DFFRXQW� RI�GH� %URJOLH
V� FRQWULEXWLRQ� WR� WKH�ELUWK� RI�D�QHZ�PHFKDQLFV��

+LV� VXEVHTXHQW� DSSURDFK� WR� LQWHUIHUHQFH� DQG� WR� WKH� VWDWLVWLFV� RI�

JDVHV� ZDV� QHLWKHU� OHVV�SURIRXQG� QRU� OHVV� LQIOXHQWLDO�� ,W�ZDV� VHW�RXW� IRU�
WKH� ILUVW�WLPH� WR� WKH� )UHQFK� $FDGHP\� LQ� 6HSWHPEHU� ����� XQGHU� WKH�
WLWOH� �4XDQWD� GH� OXPLHUH�� GLIIUDFWLRQ� HW� LQWHUIHUHQFHV��� 7R� H[SODLQ�
LQWHUIHUHQFH�� LW�ZDV� QHFHVVDU\� WR� UHODWH� LQ� VRPH�ZD\� WKH�PRYHPHQW� RI�

TXDQWD� WR� WKH� FRUUHVSRQGLQJ� SKDVH� ZDYH�� )RU� WKLV�SXUSRVH� GH� %URJOLH�
SRVWXODWHG� WKDW� �LQ� HYHU\� SRLQW� RI� LWV�WUDMHFWRU\�� D� IUHHO\�PRYLQJ� ERG\�
IROORZV� WKH� UD\�RI� LWV�SKDVH� ZDYH� LQ�XQLIRUP�PRWLRQ�� �� �� �7KHUHIRUH�� ,�
FRQFHLYH� WKH�SKDVH� ZDYH� DV� JXLGLQJ� WKH�HQHUJ\�GLVSODFHPHQWV����

$� \HDU� ODWHU�KH� QRWLFHG� WKDW� WKLV�SRVWXODWH� �RU� D�PRUH� SUHFLVH� RQH�

DVVLPLODWLQJ� TXDQWD� WR� ZDYH� VLQJXODULWLHV�� ZDV� HQRXJK� WR� H[SODLQ�
LQWHUIHUHQFH� SDWWHUQV�� KLJK� ZDYH�LQWHQVLW\� UHJLRQV� ZHUH� DOVR� KLJK� UD\�
GHQVLW\� UHJLRQV���� %XW� LQ�6HSWHPEHU� ����� KH� DGGHG� WZR� H[WUD� �LQ� IDFW�

XVHOHVV�� K\SRWKHVHV�� �7KH� SUREDELOLW\� RI� DEVRUELQJ� RU� HPLWWLQJ� D� OLJKW�
DWRP� LV�GHWHUPLQHG� E\� WKH� UHVXOWDQW� RI�RQH� RI� WKH�YHFWRUV� RI� WKH�SKDVH�
ZDYHV� WKDW�PHHW� DW� WKLV�DWRP��� DQG� DOVR�� �$� VLQJOH� SKDVH� ZDYH� FDUULHV�
ZLWK� LWVHOI� D�PXOWLWXGH� RI� WLQ\� HQHUJ\� SLHFHV��� 7KLV� ODVW� K\SRWKHVLV��
LQWHQGHG� DV� DQ� H[SODQDWLRQ� RI� FRKHUHQFH�� ZDV� RI� FRXUVH� VXJJHVWHG� E\�
WKH�ROGHU� QRWLRQ� RI� OLJKW�PROHFXOHV�� ,W�DOVR� SURYLGHG� D� QHZ� SLFWXUH� IRU�
(LQVWHLQ
V� LQGXFHG� TXDQWXP� HPLVVLRQ�� WKLV� SURFHVV� KDG� WR� EH� LQWHU�

SUHWHG� DV� DGGLQJ� D� QHZ� TXDQWXP� WR� D�ZDYH� DOUHDG\� FDUU\LQJ� VHYHUDO�

TXDQWD�� $WRPV� EHORQJLQJ� WR� WKH� VDPH� ZDYH� ZHUH� FDOOHG� E\� GH� %URJOLH�
ZDYH�FRXSOHG� DWRPV� ��DWRPHV� FRXSOHV� HQ� RQGH��� WR� H[SUHVV� WKH�NLQG�
RI� VSHFLDO� FRUUHODWLRQ� GHVLUHG��

$OWKRXJK� WKLV� QRWLRQ� ZDV� VXSHUIOXRXV� IRU� DQ� H[SODQDWLRQ� RI�

LQWHUIHUHQFH�� LW�SURYHG� LQGLVSHQVDEOH� LQ�D� QHZ� GHULYDWLRQ� RI�3ODQFN
V�
ODZ� JLYHQ� E\� GH� %URJOLH� LQ�2FWREHU� ������ +H� ILUVW�GHWHUPLQHG� WKH�
QXPEHU� QYYGY� RI� VWDWLRQDU\� SKDVH� ZDYHV� LQ�D� FDYLW\� RI�YROXPH� Y�ZLWK�

��� /�� GH� %URJOLH�� �4XDQWD� GH� OXPLHUH�� GLIIUDFWLRQ� HW� LQWHUIHUHQFHV�� ���� 6HS� ������� &5��

����������� ���������
��� ,ELG��

���� /�� GH� %URJOLH�� �6XU� OD�G\QDPLTXH� GHV� TXDQWD� GH� OXPLHUH� HW� OHV� LQWHUIHUHQFHV�� ����
1RY� �������&5�� ����������� �����������
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D� IUHTXHQF\� EHWZHHQ� Y� DQG� Y��� GY?� QH[W� KH� FDOFXODWHG� WKH� DYHUDJH�
QXPEHU� RI�DWRPV� RI�HQHUJ\� K�Y�DWWDFKHG� WR�RQH� RI� WKHVH�ZDYHV�� )RU� WKH�
ILUVW�VWHS�GH� %URJOLH� XVHG� DQ� ROG� IRUPXOD� RI�5D\OHLJK
V��

QYGY ^$LU�89��Y�GY�

UHODWLQJ� WKH�QXPEHU� RI� VWDWLRQDU\� SKDVH� ZDYHV� WR� WKH� SKDVH� VSHHG� 9�
DQG� WR� WKH�JURXS�VSHHG� 8� JLYHQ� E\� O�8 G�Y�9��GY�� ZKLFK� LV�HTXDO� WR�

ILF� LI� 9 F����� 7KH� UHVXOW� LV� QYGY �LUS�GS�K� G�S��]��� ZKHUH� S�
GHQRWHV� WKH�PRPHQWXP� RI� WKH� DWRP�� (YHQWXDOO\� DQ� H[WUD� IDFWRU� RI� ��
ZDV� VXSSOLHG� WR� UHSUHVHQW� WKH� WZR� SRVVLEOH� VWDWHV� RI� SRODUL]DWLRQ� RI�

OLJKW�ZDYHV�� 7KLV� IRUPXOD� ZDV� YHU\� UHPDUNDEOH� LQ� LWVHOI�� LW� VKRZHG�
WKDW� WKH�GHQVLW\� RI�SKDVH� ZDYHV� ZDV� WKH� VDPH� DV� WKH�GHQVLW\� RI�TXDQ�
WXP� VWDWHV� ?�K�� LQ�SKDVH� VSDFH� JLYHQ� E\� 3ODQFN�� ,W�EULGJHG� VWDWLVWLFV�
RI�ZDYHV� ZLWK� VWDWLVWLFV� RI�DWRPV����

$W� WKH� VHFRQG� VWHS�GH� %URJOLH� PDGH� DQ� DGYHQWXURXV� XVH� RI� �*LEEV
�
����

GLVWULEXWLRQ� ODZ�� ZKHQ� JLYLQJ� H[S��QKYIN7��� �� ][S^�Q
KY�N7�� DV�
Q
 ��

WKH�SUREDELOLW\� WKDW�D�SKDVH� ZDYH� FDUULHV� WKH�HQHUJ\� QK�Y��$FFRUGLQJO\��
WKH�QXPEHU� 1YYG� Y�RI�DWRPV� ZLWK� IUHTXHQF\� ZLWKLQ� WKH� VSHFWUDO� LQWHUYDO�
GY� KDG� WR�EH� QYYGY�HKY�N7�?\?�

7R� UHFRYHU� IDPLOLDU� UHVXOWV�� GH� %URJOLH� XVHG� WZR�GLIIHUHQW� OLPLWV�� ���
P����� IRU� WKH� OLJKW� TXDQWD� JLYHV� QYGY ��LUY��F��GY� DQG�

XX 1YKY ��LUKY��F���HKY�N7ZKLFK� LV�3ODQFN
V� ODZ�� ��� ���!��JLYHV�
1YYGY ^YG�S�K��H[S��P��O�F����N7�H[S��P�F��N7��� ZKLFK� GH� %UR�

JOLH� LGHQWLILHG� DV� %ROW]PDQQ
V� ODZ� IRU� WKH� GLVWULEXWLRQ� RI� WKH� NLQHWLF�

HQHUJ\�RI�DWRPV� LQ�D�SHUIHFW� JDV����
7ZR� LPSRUWDQW� UHPDUNV� KDYH� WR�EH�PDGH� DERXW� WKHVH� FDOFXODWLRQV��

7KH� ILUVW�RQH�� WR�EH� IRXQG� LQ�GH� %URJOLH
V� WKHVLV�� FRQFHUQV� WKH�HQXPHUD�
WLRQ� RI� WKH� VWDWHV� RI� D� SKDVH� ZDYH�� 7R� D� JLYHQ� QXPEHU� RI� DWRPV� KY�

FRUUHVSRQGV� RQH� DQG� RQO\� RQH� VWDWH� RI� WKH�ZDYH�� DV� IROORZV� IURP� GH�

%URJOLH
V� �QHZ� K\SRWKHVLV��� �,I� WZR� RU� VHYHUDO� DWRPV� KDYH� SHUIHFWO\�
LGHQWLFDO� SKDVH� ZDYHV�� VR� WKDW� RQH� FDQ� VD\� WKDW� WKH\�DUH� FDUULHG� E\� WKH�
VDPH� ZDYH�� WKHLU�PRYHPHQW� FDQ� QR� ORQJHU� EH� FRQVLGHUHG� HQWLUHO\�
LQGHSHQGHQW� DQG� WKHVH� DWRPV� FDQ� QR� ORQJHU�EH� WUHDWHG� DV� GLVWLQFW� XQL�
WLHV� LQ�SUREDELOLW\� FDOFXODWLRQV�����

���� /�� GH� %URJOLH�� �/HV� TXDQWD�� OD� WKHRULH� FLQHWLTXH� GHV� JD]� HW� OH�SULQFLSH� GH� )HUPDW��

���2FW� �������&5�� ��������������������� ,Q�WKLV�FRPPXQLFDWLRQ�DQG� LQ�WKH�WKHVLV�WKH�
JURXS� VSHHG� ZDV� LQWURGXFHG� RQO\� EHFDXVH� LW� DSSHDUHG� LQ�5D\OHLJK
V� IRUPXOD�� 7KH� UH�

PDUN� DGGHG� LQ� WKH� WKHVLV� ZDV� WKDW� LQ� DQ\� WKHRU\� RI� GLVSHUVLYH� PHGLD� WKH� JURXS� VSHHG�
PHDQV� DOVR� WKH� HQHUJ\� VSHHG� UHPDLQHG� DFFHVVRU\� XQWLO� WKH� ODWHU� VSHFLILFDWLRQ� RI� WKH� UHOD�

WLRQ� EHWZHHQ� ZDYH� DQG� SDUWLFOH� �UHI�� ����
���� 'H� %URJOLH� VKRXOG� KDYH� EHHQ� ZRUULHG� E\� WKH�ZURQJ� QRUPDOL]DWLRQ� IDFWRU��ZKLFK� LV�

WKH� VLJQDWXUH� RI� WKH�PLVXVH� RI�*LEEV
� PHWKRG� ,�ZLOO� H[SODLQ� ODWHU��

���� 'H� %URJOLH�� 5HFKHUFKHV� �UHI�� ���� ���������
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,W� LV�DOVR� FOHDU� WKDW� WKH�H[FKDQJH� RI�DQ� DWRP� DVVRFLDWHG� ZLWK� D� JLYHQ�
ZDYH� ZLWK� DQRWKHU� DWRP� DVVRFLDWHG� ZLWK� DQRWKHU� ZDYH� RI� WKH� VDPH� IUH�

TXHQF\� GRHV� QRW� FKDQJH� WKH�JOREDO� VWDWH� RI� WKH� V\VWHP� LQ�GH� %URJOLH
V�
PLQG�� LPSOLFLWO\� EXW� FHUWDLQO\�� GH� %URJOLH
V� DWRPV� DUH� LQGLVWLQJXLVKDEOH��
(OVHZKHUH� LQ�KLV� WKHVLV� RQH� ILQGV� H[SOLFLWO\� WKH� LGHD� RI� LQGLVWLQJXLVKD�
ELOLW\�� DOWKRXJK� LQ� D� GLIIHUHQW� DQG� VRPHZKDW� VSHFXODWLYH� FRQWH[W��
7KHUH� GH� %URJOLH� WULHV� WR� UHFRQFLOH� WKH� GHVFULSWLRQ� RI� D� JDV� LQVLGH� D�

FDYLW\� E\� VWDWLRQDU\� ZDYHV�� RQ� WKH�RQH� KDQG�� DQG� WKH�NLQHWLF�PROHFXODU�

SLFWXUH�� RQ� WKH�RWKHU� KDQG�� %HFDXVH� RI� WKH�UDQGRPQHVV� RI� WKH�PROHFX�
ODU�PRWLRQ�� WKH�QXPEHU� RI�DWRPV� GHIOHFWHG� SHU� XQLW� WLPH� IURP� D� JLYHQ�
GLUHFWLRQ� LV� HTXDO� WR� WKH�QXPEHU� RI� DWRPV� WDNLQJ� WKLV�GLUHFWLRQ� DIWHU�
GHIOHFWLRQ�� $FFRUGLQJO\�� ZH� FDQ� LPDJLQH� DWRPV� WUDYHOOLQJ� VWUDLJKW� IURP�
RQH� ZDOO� WR� WKH� RWKHU�� DV� VRRQ� DV� ZH� VXSSRVH�� ZLWK� GH� %URJOLH�� WKDW�
�WKHLU� LGHQWLW\� RI� VWUXFWXUH� GLVSHQVHV� XV� IURP� WDNLQJ� WKHLU� LQGLYLGXDOLW\�
LQWR� DFFRXQW�����

7KH� RWKHU� UHPDUN� LV�DERXW� GH� %URJOLH
V� XVH� RI� VWDWLVWLFDO�PHFKDQLFV��
,W�ZLOO� EH� VKRZQ� ODWHU� WKDW�ZLWK� KLV� QRWLRQ� RI�ZDYH�FRXSOHG� �DQG� LPSOL�
FLWO\� LQGLVWLQJXLVKDEOH�� DWRPV�� D� QRWLRQ� LVRPRUSKLF� WR� WKH� ODWHU�TXDQ�
WL]HG�PDWWHU� ZDYHV�� GH� %URJOLH� KDG� DOO� WKH� QHFHVVDU\� LQJUHGLHQWV� WR�
UHDFK� (LQVWHLQ
V� WKHRU\� RI� D� TXDQWXP� JDV�� +H� PLVVHG� LW�PDLQO\�
EHFDXVH� RI�KLV� HUURQHRXV� DSSOLFDWLRQ� RI�*LEEV
� GLVWULEXWLRQ� ODZ�� $OVR��
DV� KH�ZDV� VWDUWLQJ� VRPHWKLQJ� QHZ� DQG� EROG�� KH� SUHIHUUHG� WR� HPSKDVL]H�
WKH� V\QWKHWLF� H[SODQDWLRQ� KH� FRXOG� JLYH� IRU�ZHOO�NQRZQ� SKHQRPHQD�
LQVWHDG� RI� IRFXVLQJ� RQ� QHZ� FRQVHTXHQFHV� RI�KLV� DSSURDFK�� VLJQLILFDQWO\��
KH� GLG� QRW� UHSHDW� LQ�KLV� WKHVLV� WKH�SUHGLFWLRQ� FRQFHUQLQJ� PDWWHU�ZDYH�
GLIIUDFWLRQ��

'H� %URJOLH
V� VXEWOH� HUURU�PD\� EH� PDGH� FOHDU� DV� IROORZV�� *LEEV
�
FDQRQLFDO� PHWKRG� JLYHV� WKH�SUREDELOLW\� SW� WKDW� WKH�JOREDO� V\VWHP� LV� LQ�
D� VWDWH� L�RI� HQHUJ\�(W� ZKHQ� LW�KDV� UHDFKHG� HTXLOLEULXP� ZLWK� D� WKHUPDO�
EDWK� RI� WHPSHUDWXUH� 7�� SW� �H[S��(I��N7��=�� ZLWK� =�  ��� H[S��(��IFU���
,Q� GH� %URJOLH
V� SUREOHP�� D� VWDWH� RI� WKH� JOREDO� V\VWHP� LV� JLYHQ� E\� D�

VHTXHQFH� RI� LQWHJHUV� Q[Q�� QD������ZKLFK� ,� VKDOO� GHVLJQDWH� E\� �QD�D�� D�

ODEHOOLQJ� VWDWLRQDU\� SKDVH� ZDYHV� DQG� HYHQWXDOO\� WKHLU� VWDWH� RI�SRODUL]D�
WLRQ�� ,Q� WKH� FDVH� RI� OLJKW�TXDQWD� WKHUH� LV�QR� D� SULRUL� UHVWULFWLRQ� RQ� WKH�
FKRLFH� RI� �QD�D� VR� WKDW�

= � �� H[S���Q-LSD�N7��
�""�"� D�

���� ,ELG��� ������� IRU� IXUWKHU� LQIRUPDWLRQ� RQ� LQGLVWLQJXLVKDELOLW\� FI��$�� .DVWOHU�� �2Q�
WKH�KLVWRULFDO� GHYHORSPHQW� RI� WKH� LQGLVWLQJXLVKDELOLW\� FRQFHSW� IRU�PLFURSDUWLFOHV��� LQ�$��
YDQ� GHU�0HUZH�� HG��� 2OG� DQG� QHZ� TXHVWLRQV� LQ�SK\VLFV�� FRVPRORJ\� DQG� WKHRUHWLFDO� ELRORJ\�
�1HZ� <RUN�� ������� 0�� .OHLQ�� �(KUHQIHVW
V� FRQWULEXWLRQV� WR� WKH�GHYHORSPHQW� RI� TXDQWXP�
VWDWLVWLFV��� $NDGHPLH� YDQ�:HWHQVFKDSSHQ�� $PVWHUGDP�� 3URFHHGLQJV�� ���%� �������� �������
DQG� 2�� 'DUULJRO�� �/D� JHQHVH� GX� FRQFHSW� GH� FKDPS� TXDQWLTXH��� $QQDOHV� GH� SK\VLTXH�� ��

����������������
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FDQ� EH� IDFWRUHG� LQWR�= 8]D�� ZLWK�
����

]D � �� H[S��QDKYD�N7���
QD ��

&RQVHTXHQWO\�� S�QD�D ,,�"D�ZD��� ZLWK� SD�QD��
 �

H[S��QDKYD�N7��]D��
7KLV� PHDQV� WKDW� RQH� FDQ� DSSO\� WKH� FDQRQLFDO� PHWKRG� WR� WKH� YDULRXV�

VWDWLRQDU\� SKDVH� ZDYHV� FRQVLGHUHG� DV� LQGHSHQGHQW� V\VWHPV�� 'H�

%URJOLH
V� HUURU�ZDV� WR� VXSSRVH� LPSOLFLWO\� WKDW� WKLV� IDFWRULQJ� ZDV� DOVR�
YDOLG� IRU�TXDQWD� RI�PDWWHU�� ZKLFK� LV�QRW� WUXH�EHFDXVH� WKH� FRQVWUDLQW�

AQD 1�� ZKHUH� 1� LV�WKH�IL[HG� QXPEHU� RI�SDUWLFOHV�� PDNHV� WKH� VXPPD�

WLRQ� LQ� WKH� H[SUHVVLRQ� RI�=� QRQ�IDFWRUDEOH�� 7DNLQJ� LQWR� DFFRXQW� WKLV�
FRQVWUDLQW� MXVW� SURYLGHV� WKH� UHVXOWV� RI�(LQVWHLQ
V� WKHRU\� RI� D� TXDQWXP�
JDV�� %XW� GH� %URJOLH� ZDV� WUDSSHG� E\� WKH�SURSHQVLW\� RI�KLV� WLPH� WR�DSSO\�
VWDWLVWLFDO� UHDVRQLQJ� WR� WKH� FRPSRQHQWV� RI� D� JDV� LQVWHDG� RI� DSSO\LQJ�
WKHP� WR� WKH�ZKROH� V\VWHP����

&RPSDULVRQ� WR�HDUOLHU� WKHRULHV�

(YHQ� LI�KH�PLVVHG� E\� OLWWOH�D� WKHRU\� RI� JDV� GHJHQHUDF\�� GH� %URJOLH�
VWLOO� FRQWULEXWHG� JUHDWO\� WR� WKH� SURJUHVV� RI� TXDQWXP� VWDWLVWLFV�� +LV�
VWDWLVWLFV� RI�PDWWHU� ZDYHV�� D� SURIRXQG� FRQVHTXHQFH� RI�KLV� VWURQJ�EHOLHI�
LQ� WKH� DQDORJ\� EHWZHHQ� PDWWHU� DQG� OLJKW��ZDV� HQWLUHO\� QHZ� DQG� SURP�
LVHG� D�EULOOLDQW� IXWXUH�� $SSDUHQWO\� KLV� VWDWLVWLFV� RI� OLJKW�ZDYHV� ZDV� OHVV�

QHZ�� LW� UHVHPEOHG� D�PXFK� HDUOLHU� UHSUHVHQWDWLRQ� RI� FDYLW\� UDGLDWLRQ�
LQWURGXFHG� E\�(KUHQIHVW� DQG�'HE\H�� (KUHQIHVW
V� SURSRVDO� RI� �����ZDV�
WR�UHSUHVHQW� �DV� KDG� 5D\OHLJK� LQ� ������ FDYLW\� UDGLDWLRQ� E\� D� VHW�RI� VWD�

WLRQDU\�PRGHV� IRUPDOO\� DQDORJRXV� WR�KDUPRQLF� RVFLOODWRUV�� DQG� WR� UHV�

WULFW� WKH� HQHUJ\� RI� WKHVH� RVFLOODWRUV� WR� LQWHJUDO� YDOXHV� RI� K� WLPHV� WKHLU�

IUHTXHQF\�� 7KLV� K\SRWKHVLV� JDYH� WKH� HDVLHVW� DQG�PRVW� GLUHFW� SURRI� RI�
3ODQFN
V� ODZ��ZLWKRXW� UHTXLULQJ� D� WKHRU\� RI� WKH� LQWHUDFWLRQ� SURFHVV�
EHWZHHQ� PDWWHU� DQG� UDGLDWLRQ� �FRQWUDU\� WR� 3ODQFN
V� GHULYDWLRQ� RI�

������� ,Q� ������'HE\H� SXEOLVKHG�D� VLPLODU�SURRI��ZLWKRXW�TXRWLQJ�
(KUHQIHVW��� ZKLFK� ZDV� RIWHQ� FRQVLGHUHG� WKH� VLPSOHVW� LI�QRW� WKH�PRVW�

SURIRXQG�� 'H� %URJOLH
V� WHDFKHU� 3DXO� /DQJHYLQ� OLNHG� LW�YHU\�PXFK� DQG�
PHQWLRQHG� LW�GXULQJ� WKH� GLVFXVVLRQV� DW� WKH� ILUVW� 6ROYD\� FRQJUHVV� LQ�
������ 'H� %URJOLH� FRXOG� QRW� KDYH� EHHQ� LJQRUDQW� RI� LW����

���� $� KROLVWLF� GHILQLWLRQ� RI� WKH� VWDWHV� RI� D� JDV� ZDV� LQGHHG� RQH� RI� WKH� LVVXHV� RI� WKH� GL�

DORJXH� EHWZHHQ� 3ODQFN� DQG� 6FKURGLQJHU� LQ� ����� DERXW� WKH� GHILQLWLRQ� RI� HQWURS\�� FI��3��

+DQOH�� �7KH� FRPLQJ� RI� DJH� RI� 6FKURGLQJHU�� +LV� TXDQWXP� VWDWLVWLFV� RI� LGHDO� JDVHV���
$+(6�� ������������ ���������

���� 3�� (KUHQIHVW�� �=XU� 3ODQFNVFKHQ� 6WUDKOXQJVWKHRULH��� 3=�� �� �������� ��������� 3��

'HE\H�� �'HU� :DKUVFKHLQOLFKNHLWVEHJULII� LQ� GHU� 7KHRULH� GHU� 6WUDKOXQJ��� $3�� ��� ��������

����������� 3�� /DQJHYLQ�� LQ� /D� WKHRULH� GX� UD\RQQHPHQW� HW� OHV� TXDQWD�� �VW� 6ROYD\�

FRQJUHVV� �������� 5DSSRUWV� HW�GLVFXVVLRQV� �3DULV�� ������� ���������
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%XW� QHLWKHU� 'HE\H� QRU� (KUHQIHVW� FRQQHFWHG� WKHLU� UHSUHVHQWDWLRQ� RI�

FDYLW\� UDGLDWLRQ� ZLWK� (LQVWHLQ
V� OLJKW�TXDQWXP�� $FFRUGLQJ� WR�'HE\H��
WKHUH�ZDV� QR� UHDVRQ� WR�H[SODLQ� WKH�FRQVWUDLQW� RQ� HQHUJ\� YDOXHV� RI�ZDYH�
PRGHV� E\� DSSHDO� WR� D� FRUSXVFXODU� QDWXUH� RI� UDGLDWLRQ�� �$V� IRU� WKH�

TXHVWLRQV� ZKHWKHU� HOHPHQWDU\� TXDQWD� PXVW� EH� UHJDUGHG� DV� DQ� LQWULQVLF�

SURSHUW\� RI� HWKHU� RU� DV� DQ� LQWULQVLF� SURSHUW\� RI�PDWWHU"WKLV� ODWWHU�
DOWHUQDWLYH� VKRXOG� EH� SUHIHUUHG� DW� WKH�PRPHQW"RXU� FRQVLGHUDWLRQV� GR�
QRW�SURYLGH� DQ\� NH\�� WKH\�FDQ� EH� XQGHUVWRRG� DQG� SXUVXHG� RQ� WKH�EDVLV�
RI�ERWK� K\SRWKHVHV����� (KUHQIHVW� PDGH� LW�HYHQ� FOHDUHU� WKDW� TXDQWL]D�
WLRQ� FRQVWUDLQWV� KDG� WR� RULJLQDWH� IURP� WKH� VWUXFWXUH� RI� WKH� HPLWWLQJ�

PDWWHU����

7KDW� VXFK� >FRQVWUDLQWV@� ��HLQVFKUDQNHQGH� %HGLQJXQJHQ��� FDQ� EH� SK\VL�
FDOO\�MXVWLILHG�VKRXOG�EH� FOHDU�IURP�WKH�IROORZLQJ�UHPDUN��ZKLFK� ,� LQWUR�
GXFH��KRZHYHU�� RQO\�DV� DQ� H[DPSOH�� /HW�XV� DGPLW� WKDW�HYHU\�HPLVVLRQ� RI�
UDGLDWLRQ� RFFXUULQJ� LQ�QDWXUH� UHTXLUHV� LQ�WKH�ODVW�DQDO\VLV� WKH�SDUWLFLSD�
WLRQ� RI� HOHFWURQV� DQG� WKDW� WKHVH� HOHFWURQV� DOZD\V� KDYH� D� GHWHUPLQDWH�
VWUXFWXUH��7KLV� VSHFLDO� VWUXFWXUH�� �� �LV�LQ�SULQFLSOH� VXIILFLHQW�WR�UHVWULFW�
WKH�SRVVLEOH� H[FLWDWLRQV� RI�WKH�QDWXUDO�PRGHV� RI�RXU�FDYLW\��

,Q� VKRUW�� UDGLDWLRQ� KDG� WR�EH� FRQVLGHUHG� DV� HQWLUHO\� FODVVLFDO� �REH\LQJ�
0D[ZHOO
V� HTXDWLRQV��� DQG� HQHUJ\� TXDQWL]DWLRQ� ZDV� QRWKLQJ� EXW� DQ�
H[WHUQDO� FRQVWUDLQW� FRPSDUDEOH�� IRU� LQVWDQFH�� WR� WKH� FRQVWUDLQW� RQ� WKH�
WRWDO� HQHUJ\� YDOXH� LQ�WKH�PLFUR�FDQRQLFDO� HQVHPEOH��

7KH� JHQHUDO� KRVWLOLW\� WR� OLJKW�TXDQWD� SUHYHQWHG� PRVW� WKHRULVWV� IURP�

FRQQHFWLQJ� WKHP�ZLWK� TXDQWL]HG� ZDYHV�� (LQVWHLQ� FRXOG� KDYH� H[SORUHG�
WKLV�GLUHFWLRQ� HDUOLHU� WKDQ� GH� %URJOLH� LI�KH� KDG� QRW� EHHQ� UHVWUDLQHG� E\�
RWKHU� FRQVLGHUDWLRQV�� KH� NQHZ� IURP�KLV� YHU\� ILUVW�SDSHU� RQ� WKH� VXEMHFW�
������� WKDW�D� JDV� RI� LQGHSHQGHQW� OLJKW�TXDQWD� FRXOG� OHDG� RQO\� WR�:LHQ
V�

ODZ��ZKHUHDV� (KUHQIHVW�'HE\H
V� DSSURDFK� JDYH� 3ODQFN
V� ODZ�� $V� ODWHU�
QRWLFHG� E\�(KUHQIHVW� DQG� 1DWDQVRQ�� WKLV�KDG� WR�GR� ZLWK� WKH� IDFW� WKDW�
3ODQFN
V� RU�'HE\H
V� HQHUJ\� HOHPHQWV� ZHUH� QRW� LQGHSHQGHQW�� FRQWUDU\�
WR� (LQVWHLQ
V� OLJKW� TXDQWD�� LQ� RWKHU� ZRUGV�� SHUPXWDWLRQV� RI� HTXDO�
HQHUJ\� HOHPHQWV� GLG� QRW� FKDQJH� WKH� VWDWH� RI� D� FROOHFWLRQ� RI�RVFLOODWRUV��
ZKHUHDV� SHUPXWDWLRQV� RI� LGHQWLFDO� OLJKW�TXDQWD� FKDQJHG� WKH� �PLFUR���
VWDWH�RI� WKH�JDV� WKH\�FRQVWLWXWHG����

6LQFH� WRGD\
V� TXDQWXP� SK\VLFLVW� SOD\V� XQVHOIFRQVFLRXVO\� ZLWK� LQGLV�

WLQJXLVKDEOH� SDUWLFOHV�� LW�PLJKW� EH�ZRUWK� VWUHVVLQJ� WKDW��IRU�D� FODVVLFDOO\�
WUDLQHG� SK\VLFLVW� OLNH� (LQVWHLQ� RU� (KUHQIHVW�� SHUPXWDEOH� HQHUJ\�

���� 'HE\H� �UHI�� ����� ������

���� (KUHQIHVW� �UHI�� ����� �����

���� 3�� (KUHQIHVW�� �:HOFKH� =LLJH� GHU� /LFKTXDQWHQK\SRWKHVH� VSLHOHQ� LQ�GHU� 7KHRULH� GHU�

:DUPHVWUDKOXQJ� HLQH� ZHVHQWOLFKH� 5ROOH"�� $3�� ��� �������� �������� RQ� ����� /�� 1DWDQVRQ��
�8EHU� GLH� VWDWLVWLVFKH� 7KHRULH� GHU� 6WUDKOXQJ��� 3=�� ��� �������� ��������� FI��0�� .OHLQ��
3DXO� (KUHQIHVW� �$PVWHUGDP�� ������� �����
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HOHPHQWV� FRXOG� QRW� EH� LGHQWLILHG� ZLWK� UHDO� SDUWLFOHV�� ,QGHHG�� WZR�
LQGHVWUXFWLEOH� SDUWLFOHV�� HYHQ� LI�WKH\�ZHUH� SHUIHFWO\� LGHQWLFDO�� FRXOG�

DOZD\V� EH� GLVWLQJXLVKHG� E\�PHQWDOO\� IROORZLQJ� WKHLU� WUDFNV�� 6RPH� QHZ�

LPSHWXV� ZDV� UHTXLUHG� WR� FURVV� WKLV� ORJLFDO� EDUULHU�� 6XFK� ZDV� WKH� UHDOL�
]DWLRQ� WKDW� IRU�(LQVWHLQ
V� OLJKW�TXDQWD� DQG� IRU�(KUHQIHVW�'HE\H
V� HOH�
PHQWV� WKH�FRQWDLQHUV� ZHUH� WKH� VDPH�� DV� SURYHG� E\�GH� %URJOLH�� DQG� ODWHU�

LPSOLFLWO\� E\� %RVH�� WKHUH�ZDV� D� RQH�WR�RQH� FRUUHVSRQGHQFH� EHWZHHQ�

VWDWLRQDU\� OLJKW�ZDYHV� DQG� TXDQWXP� VWDWHV� RI� OLJKW�DWRPV� LQVLGH� D� FDY�

LW\��
7KURXJK� KLV� JHQHUDO� FRQQHFWLRQ� EHWZHHQ� ZDYH� DQG� SDUWLFOHV�� /RXLV�

GH� %URJOLH� QRW� RQO\� GHULYHG� WKLV� FRUUHVSRQGHQFH� EXW� ZDV� DOVR� DEOH� WR�

KDQJ� JURXSV� RI� DWRPV� RQ� VWDWLRQDU\� ZDYHV�� 7KLV� KDOI�FRUSXVFXODU�
VFKHPH� ZDV� IRUPDOO\� HTXLYDOHQW� WR� WKH� ROG� (KUHQIHVW�'HE\H� VFKHPH��
EXW� SRLQWHG� WRZDUG� D� QHZ� V\QWKHVLV�� :KHQ� GH� %URJOLH� GHIHQGHG� KLV�
WKHVLV� DW� WKH� 6RUERQQH� RQ�1RYHPEHU� ���� ������ KH� SUHVHQWHG� LW�DV� D�
ILUVW� VWHS� WRZDUG� WKH� LGHQWLILFDWLRQ� RI� D� QHZ� NLQG� RI� UHDOLW\� EHWZHHQ�
ZDYHV� DQG� FRUSXVFOHV�� $V� KH� FRPPHQWHG� PXFK� ODWHU�� �:KLOH� ,�ZDV�

SURFHHGLQJ� VR� EROGO\� LQWR� HQWLUHO\� XQH[SORUHG� JURXQG�� ,� ZDV�
FRQYLQFHG"WH[WV� WKDW� ,�SXEOLVKHG� DW� WKDW� WLPH� VKRZ� LW�FOHDUO\"WKDW� RQH�
KDG� WR� UHDFK� D� WUXH�V\QWKHVLV� RI� WKH�ZDYH� DQG� FRUSXVFOH� FRQFHSWV�� VDY�

LQJ� WKH� SUHFLVH� SLFWXUH� RI� WKH� SK\VLFDO� UHDOLWLHV� DOZD\V� DWWULEXWHG� WR�
WKHVH� WZR� FRQFHSWV��� )XUWKHU� GHWHUPLQDWLRQ� RI� WKH� UHDOLW\� XQGHUO\LQJ�
WKLV� V\QWKHVLV� ZDV� KRSHOHVV�� DV� WKH� ODWHU� KLVWRU\� RI�ZDYH� PHFKDQLFV�

SURYHG�� ,W�ZDV� WKHUHIRUH� D� JRRG� VWUDWHJ\� WR� OHDYH� WKLV� UHDOLW\� IX]]\�� DV�
GH� %URJOLH� WHUPHG� LW� LQ� WKH� ODVW�ZRUGV� RI� KLV� WKHVLV�� �,� LQWHQWLRQDOO\�
NHSW� YDJXH� WKH� GHILQLWLRQ� RI� WKH� SKDVH� ZDYH� DQG� RI� WKH� SHULRGLF�
SKHQRPHQRQ� LW�ZRXOG� VRPHKRZ� H[SUHVV�� DQG� DOVR� WKH�GHILQLWLRQ� RI� WKH�

OLJKW�TXDQWXP�� 7KHUHIRUH�� WKH� SUHVHQW� WKHRU\� VKRXOG� EH� WDNHQ� DV� D�
IRUP�ZKRVH� SK\VLFDO� FRQWHQW� LV�QRW� HQWLUHO\� JLYHQ�� UDWKHU� WKDQ� DV� D�

KRPRJHQHRXV�� GHILQLWLYHO\� FRQVWLWXWHG� GRFWULQH�����

6RPH� LQVSLUHG� UHDGHUV� RI�GH�%URJOLH
V� WKHVLV�

(LQVWHLQ�

,Q� ����� 6DW\HQGUD� 1DWK� %RVH�� DQ� XQNQRZQ� SK\VLFLVW� IURP�'DFFD��
WKRXJKW� KH� KDG� UHDFKHG� DQ� LQWHUHVWLQJ� QHZ� GHULYDWLRQ� RI�3ODQFN
V� ODZ�
DQG� IRUWXQDWHO\� GDUHG� WR� PDLO� LW� WR� (LQVWHLQ�� ,Q� KLV� OHWWHU� KH�
DQQRXQFHG� KLV�PDLQ� UHVXOW� LQ�WKH�IROORZLQJ� ZRUGV�� �<RX� ZLOO� VHH� WKDW� ,�
KDYH� WULHG� WR�GHGXFH� WKH� FRHIILFLHQW� �LUY��F�� LQ�3ODQFN
V� ODZ� LQGHSHQ�
GHQW� RI� WKH� FODVVLFDO� HOHFWURG\QDPLFV�� RQO\� DVVXPLQJ� WKDW� WKH�XOWLPDWH�

���� 'H� %URJOLH�� 5HFKHUFKHV� �UHI�� ���� SUHIDFH� RI� WKH� ����� HGLWLRQ�� ���
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HOHPHQWDU\� UHJLRQ� LQ� WKH�SKDVH� VSDFH� KDV� WKH� FRQWHQW� �]������%RVH� ZDV�

WU\LQJ�WR� LPLWDWH� WKH� WKHRU\� RI� D� SHUIHFW� JDV� WKDW� FRXOG� EH� IRXQG� LQ�
3ODQFN
V� OHFWXUHV� RQ� WKHUPDO� UDGLDWLRQ�� ,Q� WKLV�PHWKRG�� RQH� KDG� ILUVW�
WR�GLYLGH� WKH� �I�@7��VSDFH� LQWR� FHOOV� RI�YROXPH� �]���DQG� WKHQ� WR� HYDOXDWH�
WKH�QXPEHU� RI�GLVWULEXWLRQV� RI� D� JLYHQ� QXPEHU� RI�SDUWLFOHV� DPRQJ� WKH�
FHOOV�� )RU� D� VSHFWUDO� LQWHUYDO� G�Y��FRUUHVSRQGLQJ� WR�D�PRPHQWXP� LQWHU�
YDO� GS� YLD� WKH� UHODWLRQ� S KY�F�� WKH� QXPEHU� RI� FHOOV� KDG� WR� EH�
$� �G�S�K� �LUS�GS�K� �LUY�GY�F��� WKH� IDFWRU� �� UHSUHVHQWLQJ� WKH� WZR�

SRVVLEOH� VWDWHV� RI�SRODUL]DWLRQ�� 1RZ�� DFFRUGLQJ� WR�%RVH�� D�PDFUR�VWDWH�
RI� WKH� JDV� ZDV� FKDUDFWHUL]HG� E\� WKH�QXPEHUV� SW� RI� FHOOV� FRQWDLQLQJ� ��

TXDQWD�� DQG� WKH� QXPEHU� :Y� RI�PLFUR�UHDOL]DWLRQV� RI� WKLV� VWDWH�ZDV�

$?��M�T?3??� IRUPXOD� WR�ZKLFK� ,�ZLOO� UHWXUQ�� )LQDOO\�� WR�

JHW� WKH�HQWURS\� OHDGLQJ� WR�3ODQFN
V� ODZ�� RQH� KDG� WR�FDOFXODWH� WKH�YDOXH�
RI� WKH� VHTXHQFH� RI� PD[LPL]LQJ� WKH�SURGXFW� RI� WKH�YDULRXV� :Y� IRU�
DOO� VSHFWUDO� LQWHUYDOV����

(LQVWHLQ� UHDFWHG� HQWKXVLDVWLFDOO\�� KH� VDZ� WKDW� KLV� OLJKW� TXDQWXP�
K\SRWKHVLV�� E\�PHDQV� RI�%RVH
V� FDOFXODWLRQ�� FRXOG� OHDG� WR�3ODQFN
V� ODZ��
DQG� QRW� RQO\�� DV� SUHYLRXVO\� EHOLHYHG�� WR�:LHQ
V� ODZ�� +H� WUDQVODWHG� WKH�

SDSHU� LPPHGLDWHO\�DQG� VHQW�LW�WR�WKH�=HLWVFKULIW�IXU�3K\VLN�ZLWK�WKH�
IROORZLQJ� FRPPHQW�� �%RVH
V� GHULYDWLRQ� RI�3ODQFN
V� IRUPXOD� LV� LQ�P\�
RSLQLRQ� D� VLJQLILFDQW� EUHDNWKURXJK�� 7KH� PHWKRG� XVHG� KHUH� DOVR� SUR�
YLGHV� WKH� TXDQWXP� WKHRU\� RI� DQ� LGHDO� JDV�� DV� ,�ZLOO� VKRZ� VRPHZKHUH�
HOVH����� $V� %RVH� XVHG� RQO\� PHWKRGV� RI� JDV� WKHRU\�� KLV� FDOFXODWLRQ�
VFKHPH� FRXOG� LQGHHG� EH� DGDSWHG� WR�PDWHULDO� DWRPV� LQVWHDG� RI� OLJKW�
TXDQWD�� $� IHZ� GD\V� ODWHU� (LQVWHLQ� FRPPXQLFDWHG� WR� WKH� %HUOLQ�

$FDGHP\� WKH� UHVXOWLQJ� WKHRU\� RI� D�PRQRDWRPLF� JDV�� 1HUQVW
V� WZR�

LPSRUWDQW� UHTXLUHPHQWV� ZHUH� VDWLVILHG�� YDQLVKLQJ� HQWURS\� DQG� JDV�
GHJHQHUDF\� �GS��G7� _�X�!��� DW�YDQLVKLQJ� WHPSHUDWXUHV����

$W� WKH� HQG� RI� WKLV� FRPPXQLFDWLRQ�� (LQVWHLQ� EURXJKW� XS� ZLWKRXW�

VROYLQJ� WKH� IROORZLQJ� SDUDGR[�� VLPLODU� WR�*LEEV
� SDUDGR[�� DFFRUGLQJ� WR�
WKH�QHZ� WKHRU\�� WKH� HQWURS\� RI� D�PL[WXUH� RI� WZR� GLIIHUHQW� JDVHV"QR�
PDWWHU� KRZ� VPDOO� WKH� GLIIHUHQFHV� EHWZHHQ� PROHFXOHV"ZDV� GLIIHUHQW�
IURP� WKH�HQWURS\� RI�D� VLQJOH� JDV� ILOOLQJ�WKH� VDPH� YROXPH� ZLWK� WKH� VDPH�
WRWDO�QXPEHU� RI�SDUWLFOHV�� (LQVWHLQ� IDLOHG� WR�FRQQHFW� WKLV�SDUDGR[� ZLWK�
%RVH
V� IRUPXOD� IRU�:Y�� ZKLFK� VKRZV� KH�ZDV� QR�PRUH� DZDUH� WKDQ�%RVH�
RI� WKH� LQGLVWLQJXLVKDELOLW\� LQYROYHG� LQ�WKLV�IRUPXOD��

���� %RVH� WR�(LQVWHLQ�� �� -XQ� ����� �(LQVWHLQ� (VWDWH�� -HUXVDOHP��� TXRWHG� LQ�-DPPHU� �UHI��

���� �����

���� 6�1�� %RVH�� �3ODQFNV� *HVHW]� XQG� /LFKWTXDQWHQK\SRWKHVH��� =3�� ��� �������� ����

�����

���� ,ELG��

���� $�� (LQVWHLQ�� �4XDQWHQWKHRULH� GHV� HLQDWRPLJHQ� LGHDOHQ� JDVHV��� %%� ���� -XO� �������
���������
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(KUHQIHVW� KDG� JLYHQ� PRUH� WKRXJKW� WR� WKH� SUREOHPV� DULVLQJ� ZKHQ�

QXPEHULQJ� FRPSOH[LRQV� IRU� OLJKW�TXDQWD� LQ� WKH� VDPH� ZD\� DV� IRU�JDV�
PROHFXOHV�� $IWHU� VHHLQJ� %RVH
V� SDSHU� DQG� NQRZLQJ� DERXW� (LQVWHLQ
V�

WKHRU\��KH� LPPHGLDWHO\� VPHOOHG� VRPH� KLGGHQ� WULFN�� +H� NQHZ� WKDW�DQ\�
FRQVLVWHQW� VWDWLVWLFDO� WUHDWPHQW� RI� DQ� DVVHPEO\� RI� LQGHSHQGHQW� OLJKW�
SDUWLFOHV� ZRXOG� OHDG� WR�:LHQ
V� ODZ� LQVWHDG� RI� 3ODQFN
V�� (LQVWHLQ�

DFNQRZOHGJHG� WKH� SRLQW� LQ� KLV� QH[W� FRPPXQLFDWLRQ� WR� WKH� %HUOLQ�

$FDGHP\����

0U�� (KUHQIHVW�DQG�RWKHU�FROOHDJXHV� KDYH�PDGH� WKH�IROORZLQJ�REMHFWLRQ� WR�
%RVH
V� WKHRU\�RI�UDGLDWLRQ� DQG� WR�P\� DQDORJRXV� WKHRU\�RI� LGHDO�JDVHV�� LQ�
WKHVH� WKHRULHV� WKH�TXDQWD�� RU� WKH�PROHFXOHV�� DUH�QRW� WUHDWHG�DV� VWDWLVWL�

FDOO\� LQGHSHQGHQW� REMHFWV�� DOWKRXJK� WKLV� FLUFXPVWDQFH� ZDV� QRW�PDGH�

H[SOLFLW� LQ�RXU� FRPPXQLFDWLRQV�� 7KH� IRUPXOD�H[SUHVVHV� LQGLUHFWO\�D� FHU�
WDLQ�K\SRWKHVLV�RI�D�PXWXDO� LQIOXHQFH�EHWZHHQ�PROHFXOHV�� SUHVHQWO\�TXLWH�
P\VWHULRXV�� ZKLFK� FRQGLWLRQV� WKH� HTXLSUREDELOLW\� RI� WKH� FDVHV� KHUH�
GHILQHG�DV� FRPSOH[LRQV��

6R� (LQVWHLQ� UHFRJQL]HG� WKH�GLIILFXOW\��EXW� GLG� QRW� FRQVLGHU� LW�WR�EH� IDWDO�
IRU�KLV� DSSURDFK� WR�JDV� WKHRU\�� +LV� SURFHGXUH� KDG� WR�EH� YDOLG�� LI�RQO\�
EHFDXVH� LW�ZDV� FRQVRQDQW� ZLWK� WKH� VSLULW� RI� WKH� OLJKW�TXDQWXP�
K\SRWKHVLV�� WKDW� LV��ZLWK� WKH� DQDORJ\� EHWZHHQ� OLJKW�TXDQWD� DQG� DWRPV��
)RU� KLP� WKH�UHDOLW\� RI�DWRPV� ZDV� QRW� HQGDQJHUHG� E\�%RVH
V� P\VWHULRXV�
FRXQWLQJ�� %XW� QRERG\� ZDV� DEOH� WR� ILQG� WKH�SX]]OLQJ� LQWHUDFWLRQ� WKDW�
ZRXOG� VDYH� WKLV�FRQFHSWLRQ�� QRW� HYHQ� %RVH� ZKHQ� (LQVWHLQ� FKDUJHG� KLP�
ZLWK� WKLV� WDVN����

:KDW� PDGH� %RVH
V� KDSS\� HUURU� SRVVLEOH"� ,W� LV�HDV\� WR� VHH� LQ�D� VLP�

SOH� H[DPSOH� WKDW� WKH� FRPELQDWRU\� IRUPXOD�: $?��S�OSO?� �"���� ��
LPSOLHV�LQGLVWLQJXLVKDELOLW\��DFFRUGLQJ�WR�*LEEV
� ROG� WHUPLQRORJ\��IRU�
TXDQWD�� 7KH� VLPSOHVW� QRQ�WULYLDO� FDVH� LV�$�  ��� �"� ���S? �� DQG� SO� ��
IRU� ]!��� 7KH� YDULRXV� FRQILJXUDWLRQV� DUH��

LQ�WKH�FDVH� RI� LQGLVWLQJXLVKDELOLW\��

��FRQIRUPLQJ� WR�:�  � ��

���� $�� (LQVWHLQ�� �4XDQWHQWKHRULH� GHV� HLQDWRPLJHQ� LGHDOHQ� JDVHV�� ���$EKDQGOXQJ��� %%�

��� -DQ� ������� ������ RQ� ���

���� &I�� -��0HKUD� DQG� +�� 5HFKHQEHUJ�� 7KH� KLVWRULFDO� GHYHORSPHQW� RI�TXDQWXP� WKHRU\�� ��

YROV��� �1HZ� <RUN�� ������� ����� RQ� ����� QRWH� �����
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LQ�WKH�FDVH� RI�GLVWLQJXLVKDELOLW\��

&RQVLGHULQJ� WKDW� WKH� FODVVLFDO� PHDQLQJ� RI� WKH�ZRUG� SDUWLFOH� IRUELGV�

LQGLVWLQJXLVKDELOLW\�� RQH� PXVW� FRQFOXGH� WKDW�%RVH� ERUURZHG� KLV� FRP�
ELQDWRULFV� IURP� VRPH� RWKHU�ZRUN� ZLWKRXW� VHHLQJ� WKDW� LW�GLG� QRW� VXLW�KLV�
RZQ� SUREOHP�� 9HU\� SUREDEO\� WKH� VRXUFH�ZDV� WKH� VHFRQG� HGLWLRQ� �������
RI� 3ODQFN
V� OHFWXUHV� RQ� WKHUPDO� UDGLDWLRQ� RU� LWV�(QJOLVK� WUDQVODWLRQ�

�������� ZKHUH� 3ODQFN� FKDUDFWHUL]HG� WKH� VWDWH� RI�DQ� DVVHPEO\� RI�$� UHVR�
QDWRUV� RI� IUHTXHQF\� Y� E\� WKH� VHTXHQFH� RI� QXPEHUV� SW� JLYLQJ� WKH�
QXPEHU� RI� UHVRQDWRUV� FDUU\LQJ� ��HQHUJ\�HOHPHQWV� K�Y����

7KH� NLQG� RI� FRXQWLQJ� LPSOLHG� E\� WKH� IRUPXOD� :Y �
$?��ST?� 3L� ?� ��� RU� E\� WKH� SUHYLRXV� RQH� 3ODQFN� KDG� XVHG� LQ�KLV�
GHULYDWLRQ� RI� ������ZDV� FHUWDLQO\� FOHDU� WR�KLP�� EHFDXVH� KH� JDYH� WDEOHV�
ZLWK� FRQFUHWH� H[DPSOHV� RI�GLVWULEXWLRQV� RI� HQHUJ\�HOHPHQWV�� DQG� LW�ZDV�
KDUPOHVV� EHFDXVH� VXFK� DEVWUDFW� WKLQJV� DV� HQHUJ\�HOHPHQWV� FRXOG� EH�

LQGLVWLQJXLVKDEOH�� %XW� %RVH� XVHG� WKH� VDPH� IRUPXOD� IRU� GLVWULEXWLQJ�
OLJKW�TXDQWD� RYHU� FHOOV� LQVWHDG� RI� HQHUJ\�HOHPHQWV� RYHU� UHVRQDWRUV��
7KH� FRQIXVLRQ� ZDV� HDV\� WR�PDNH� DQG� LQGHHG� KDG� DSSHDUHG� LQ�WZR� HDU�
OLHU�SDSHUV� ZULWWHQ� E\�0�� :ROINH� LQ� ����� DQG� 5�� (PGHQ� LQ� ��������

,Q� VSLWH� RI�(KUHQIHVW
V� FULWLFLVP�� (LQVWHLQ� ZHQW� RQ�ZLWK� KLV� QHZ� JDV�
WKHRU\�� $IWHU� LPSRUWDQW� HPSLULFDO� SUHGLFWLRQV� OLNH� WKH� FRQGHQVDWLRQ�

HIIHFW��KH� GHULYHG� D� IRUPXOD� IRU�WKH�DYHUDJH� VTXDUHG� IOXFWXDWLRQ� RI� WKH�
QXPEHU� Q(� RI�SDUWLFOHV� LQVLGH� D� SDUWLDO� YROXPH� Y�DQG� DQ� HQHUJ\� LQWHU�
YDO� G(�� XVLQJ� H[DFWO\� WKH� VDPH� W\SH�RI� UHDVRQLQJ� DV� KH� KDG� IRU�EODFN�

ERG\� UDGLDWLRQ� LQ� ������ 7KH� UHVXOW�ZDV� $Q(�Q(�
 �

?�Q(��� O�](�� ZLWK�

](� ��LUY�K����P����(O��G(� IRU� WKH�QXPEHU� RI� FHOOV� LQVLGH� WKH� HQHUJ\�
UDQJH� G(�� 7KH� H[LVWHQFH� RI� D� VHFRQG� QHZ� WHUP� VXJJHVWHG�� E\� DQDORJ\�
ZLWK� UDGLDWLRQ� IOXFWXDWLRQ�� DQ� LQWHUSUHWDWLRQ� LQ�WHUPV� RI�ZDYH� LQWHUIHU�
HQFH�� /LJKW� DQG� PDWWHU� KDG� WR� VKDUH� WKH� VDPH� NLQG� RI�ZDYH�SDUWLFOH�
GXDOLW\����

���� 7KLV� FKDUDFWHUL]DWLRQ� ZDV� LQWURGXFHG� LQWR� EODFNERG\� WKHRU\� E\�+�$�� /RUHQW]� LQ�

�$OWH� XQG� QHXH� )UDJHQ� GHU� 3K\VLN��� 3=�� ��� �������� ����������� LW�SDUDOOHOHG� FORVHO\� WKH�

RQH� XVHG� LQ� ����� E\� %ROW]PDQQ� IRU� JDVHV�� &I�� 7�6�� .XKQ�� %ODFNERG\� WKHRU\� DQG� WKH�

TXDQWXP� GLVFRQWLQXLW\�� ���������� �2[IRUG�� ������� RQ� ���� �����

���� 0�� :ROINH�� �=XU� 4XDQWHQWKHRULH��� 3*9�� ��� �������� ����������� ����������� 5��

(PGHQ�� �8EHU� /LFKWTXDQWHQ��� 3=�� ��� �������� ���������

���� (LQVWHLQ� �UHI�������
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$W� WKDW� WLPH� (LQVWHLQ� KDG� UHFHLYHG� GH� %URJOLH
V� GLVVHUWDWLRQ�� LQ�
ZKLFK� KH� FRXOG� ILQG� WKH� VDPH� IDU�UHDFKLQJ� FRQFOXVLRQ�� LI�PDWWHU� DQG�

OLJKW�ZHUH� DQDORJRXV�� WKH\�KDG� WR�EHDU� WKH� VDPH� NLQG� RI�GXDOLW\�� (LQ�
VWHLQ� FRXOG� SHUVXDGH� KLPVHOI� WKDW� WKH� VHFRQG� WHUP� LQ� WKH� IOXFWXDWLRQ�
IRUPXOD� ZDV� LQGHHG� WKH� RQH� JLYHQ� E\� LQWHUIHUHQFH� RI� GH� %URJOLH
V�
ZDYHV�� 3UDLVLQJ� WKH� OLWWOH�NQRZQ� )UHQFK� WKHRULVW�� KH� DFTXDLQWHG�
VHYHUDO� SK\VLFLVWV� ZLWK� KLV� ZRUN�� $PRQJ� WKHP�ZHUH� WKH�SURIHVVRU� RI�
WKHRUHWLFDO� SK\VLFV� DW�*RWWLQJHQ� 0D[� %RUQ�� KLV� FROOHDJXH�� WKH�SURIHVVRU�
RI� H[SHULPHQWDO� SK\VLFV� -DPHV� )UDQFN�� DQG� KLV� \RXQJ� VWXGHQW�:DOWHU�

(OVDVVHU�� ZKR� UHDOL]HG� WKDW� VRPH� H[SHULPHQWDO� UHVXOWV� E\�'DYLVVRQ� DQG�
.XQVPDQ� DQG� E\�5DPVDXHU� FRXOG� EH� H[SODLQHG� DV�PDWWHU�ZDYH� HIIHFWV�
ZHOO� EHIRUH� WKH�ILUVW�H[SHULPHQWDO� SURRI� RI� HOHFWURQ� GLIIUDFWLRQ� �0DUFK�
���������

6FKUGGLQJHU�

$QRWKHU� IDPRXV� SK\VLFLVW�� (UZLQ� 6FKURGLQJHU�� JRW� D� FRS\� RI� GH�

%URJOLH
V� GLVVHUWDWLRQ�� 'XULQJ� WKH�\HDUV� �������� KH� KDG� JLYHQ�PXFK�

WKRXJKW� WR� WKH� TXDQWXP� WKHRU\� RI� JDVHV���� $FFRUGLQJ� WR� 6DFNXU��
7HWURGH�� DQG� 3ODQFN� ������������� TXDQWXP� WKHRU\� DOORZHG� D� GHWHUPL�
QDWLRQ� RI� WKH� DGGLWLYH� FRQVWDQW� LQ� WKH� VWDWLVWLFDO� HQWURS\� RI� JDVHV� E\�
IL[LQJ� WKH� VL]H� RI� WKH�TXDQWXP� FHOOV� �K��� LQWR�ZKLFK� WKH�PROHFXOHV� KDG�
WR�EH� GLVWULEXWHG�� $OWKRXJK� WKHVH� FRQVWDQWV� GLG� QRW� KDYH� DQ\� HPSLUL�
FDO�PHDQLQJ� IRU�D� VLQJOH� JDV�� WKH\�ZHUH� OLQNHG� WR� WKH� HTXLOLEULXP� FRQ�
VWDQWV� RI� FKHPLFDO� UHDFWLRQV� E\� WKH� ZHOO�NQRZQ� *LEEV� IRUPXOD�

$+��7$6��57OQ.S�  ��� DQG� IRU� WKLV� UHDVRQ� ZHUH� FDOOHG� �FKHPLFDO�
FRQVWDQWV�� E\�1HUQVW����

7KLV� FRQQHFWLRQ� ZDV� PHDQLQJIXO� DQG� VXFFHVVIXO�� EXW� RQO\� LI�LQGLYL�
GXDO� HQWURSLHV� ZHUH� H[WHQVLYH�� DV� UHTXLUHG� E\�*LEEV
� SURRI� RI�KLV� IRU�
PXOD�� ([WHQVLYLW\� FRXOG� EH� DFKLHYHG� E\� VXEWUDFWLQJ� VRPHZKDW�

DUWLILFLDOO\� NOQ1O� IURP� WKH� HQWURS\� RI� D� VLQJOH� JDV� RI� 79�SDUWLFOHV�� WKDW�

LV��E\� GLYLGLQJ� WKH�SUREDELOLW\� RI� D�PDFURVWDWH� E\�1?�� ,Q� ����� 3ODQFN�

H[SODLQHG� WKLV�GLYLVLRQ� E\� WKH� LQGLVWLQJXLVKDELOLW\�RI� LGHQWLFDO�

���� &I�� $�� 5XVVR�� �)XQGDPHQWDO� UHVHDUFK� DW�%HOO� /DERUDWRULHV�� 7KH� GLVFRYHU\� RI� HOHF�

WURQ�GLIIUDFWLRQ��� +636�� ����� �������� ��������� (ODVVHU
V� QRWH� ZDV� VHQW� RQ� ���-XO� ����� WR�

1D� WXUZLVVHQVFKDIWHQ��
���� &I�� -DPPHU� �UHI�� ���� 9�9�� 5DPDQ� DQG� 3�� )RUPDQ�� �:K\� ZDV� LW�6FKURGLQJHU� ZKR�

GHYHORSHG� GH� %URJXH
V� LGHDV"�� +636�� �� �������� ��������� DQG� /��:HVVHOV�� �6FKURGLQJHU
V�
URXWH� WR�ZDYH� PHFKDQLFV��� 6WXGLHV� LQ� WKH�KLVWRU\� DQG� SKLORVRSK\� RI� VFLHQFH�� ��� ��������
���������

���� 2�� 6DFNXU�� �'LH� $QZHQGXQJ� GHU� NLQHWLVFKHQ� 7KHRULH� GHU� *DVH� DXI� FKHPLVFKH�

3UREOHPH��� $3�� ��� �������� ��������� +�� 7HWURGH�� �'LH� FKHPLVFKH� .RQVWDQWH� GHU� *DVH�

XQG� GDV� HOHPHQWDUH� :LUNXQJVTXDQWXP��� $3�� ��� �������� ��������� DQG� $3�� ��� ��������

��������� 0�� 3ODQFN�� 9RUOHVXQJHQ� XEHU� GLH� :GUPHVWUDKOXQJ�� �QG� HG�� �/HLS]LJ�� ������� RQ�

��������� &I�� (�� +LHEHUW�� 'LFWLRQDU\� RI�VFLHQWLILF� ELRJUDSK\�� V�Y�� �1HUQVW���
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PROHFXOHV�� (KUHQIHVW�� ZKR� WKRXJKW� WKH�QRWLRQ� DEVXUG�� UDWKHU� FODLPHG�
ZLWK� KLV� VWXGHQW� 9LNWRU� 7UNDO� WKDW� WKHUH�ZDV� QR� IXQGDPHQWDO� UHDVRQ�
IRU�WKH�HQWURS\� RI�D�KRPRJHQHRXV� JDV� WR�EH� H[WHQVLYH�� VLQFH� �IRU� LPSOL�
FLWO\�GLVWLQJXLVKDEOH� SDUWLFOHV�� WKH�PL[WXUH� RI� WZR� LGHQWLFDO� SRUWLRQV� RI�
WKH� VDPH� JDV� FRXOG� QRW� EH� DFKLHYHG� E\� D� UHYHUVLEOH� SURFHVV�� +H� WKHQ�

JDYH� D� QHZ� GHPRQVWUDWLRQ� RI� WKH�PDVV�DFWLRQ� ODZ�GHDOLQJ� GLUHFWO\�ZLWK�
WKH� QXPEHU� RI� FRPSOH[LRQV� IRU� WKH�PL[WXUH�� ZLWKRXW� DQ\� QHHG� RI�

H[WHQVLYLW\�� 2QO\� REVHUYDEOH� HQWURS\� YDULDWLRQV� KDG� WR�EH� H[WHQVLYH��
QRW� DEVROXWH� HQWURSLHV����

,Q� ����� QHLWKHU� 3ODQFN� QRU� (KUHQIHVW� KDG�PRYHG� IURP� WKHLU� RULJL�
QDO� SRVLWLRQV�� 6FKURGLQJHU� VXSSRUWHG� (KUHQIHVW�� XQWLO� KH� NQHZ� DERXW�
(LQVWHLQ
V� DWWUDFWLYH� QHZ� JDV� WKHRU\���� ,Q� -XO\� ����� KH� DFFHSWHG�
3ODQFN
V� RSLQLRQ� WKDW� �GXULQJ� WKH� FRXQWLQJ� RI� SHUPXWDWLRQV� WKH�
PROHFXOHV� KDYH� EHHQ� RYHUO\� LQGLYLGXDOL]HG�� ZKHUHDV� WKH� H[FKDQJH� RI�
VLPLODU�PROHFXOHV� VKRXOG� KDYH� QR� HIIHFW�RQ� WKH� FRXQWLQJ����� %XW� KH�

FODLPHG�� FRQWUDU\� WR�3ODQFN�� WKDW� WKH�GLYLVLRQ� E\�$+� GLG� QRW� HQWLUHO\�
H[SUHVV� LQGLVWLQJXLVKDELOLW\�� WKDW� RQH� KDG� WR� VZLWFK� WR�%RVH�(LQVWHLQ�

FRXQWLQJ�� +HQFH�� 6FKURGLQJHU� DGRSWHG� (LQVWHLQ
V� JDV� WKHRU\� DOWKRXJK�
KH� IHOW�WKDW� WKH�P\VWHULRXV� LQWHUDFWLRQ� HYRNHG� E\�(LQVWHLQ� PLJKW� HOXGH�
IXUWKHU�UHVHDUFK� VLQFH� LW�ZDV� UHODWHG� WR�DQ� DEHUUDQW� LQGLVWLQJXLVKDELOLW\��
�)RU� WKH�PRPHQW��� KH� GHSORUHG�� �WKHUH� LV�QRW� D� VLQJOH� SRVVLELOLW\� WR�
XQGHUVWDQG� WKH� UHPDUNDEOH� NLQG� RI� LQWHUDFWLRQ� EHWZHHQ� PROHFXOHV� WKDW�
ZRXOG� OHDG� WR� WKH� HOLPLQDWLRQ� RI� WKH� SHUPXWDWLRQ� QXPEHU� IURP� WKH�
VWDWLVWLFDO� FDOFXODWLRQ����� %XW� WKH�XUJH� RI� DQ� H[SODQDWLRQ� ZDV� SUHVVLQJ��
�7R� FRQVLGHU� WKLV� QHZ� VWDWLVWLFV� DV� VRPHWKLQJ� SULPDU\�� QRW� IXUWKHU�

H[SOLFDEOH�� FRQIOLFWV� REYLRXVO\� ZLWK� QDWXUDO� IHHOLQJ�����
:KHQ� LQ� DXWXPQ� ����� 6FKURGLQJHU� UHDG� GH� %URJOLH
V� GLVVHUWDWLRQ��

KH� XQGHUVWRRG� WKDW� D� SURIRXQG� FRQFHSWXDO� FKDQJH� ZDV� QHHGHG� WR� MXV�
WLI\�WKH�%RVH�(LQVWHLQ� FRXQWLQJ�� WKH�FRUSXVFXODU� SLFWXUH� RI�D� JDV� KDG� WR�
EH� GURSSHG� LQ� IDYRU� RI� GH� %URJOLH
V� ZDYHV�� 7KHVH� FRXOG� H[SODLQ� QRW�

RQO\� DQ� LQWHUIHUHQFH� WHUP� LQ� WKH� IOXFWXDWLRQ� IRUPXOD�� EXW� DOVR� WKH�
ZKROH� QHZ� JDV� WKHRU\�� %RVH
V� DUWLFOH� KDG� EHHQ� D� KLVWRULFDO� UHJUHVVLRQ��
EXW� %RVH
V� OHWWHU� UHDFKHG� (LQVWHLQ� EHIRUH� GH� %URJOLH
V� GLVVHUWDWLRQ��

6FKURGLQJHU� ZURWH� LQ�KLV� DUWLFOH�� �=XU� (LQVWHLQVFKHQ� *DVWKHRULH��� VHQW�

���� 0�� 3ODQFN�� �8EHU� GLH� DEVROXWH� (QWURSLH� HLQDWRPLJHU� .RUSHU��� %%� �������� ����

����� 3�� (KUHQIHVW� DQG� 9�� 7UNDO�� �$EOHLWXQJ� GHV� 'LVVRFLDWLRQVJOHLFKJHZLFKWV� DXV� GHU�

4XDQWHQWKHRULH� XQG� GDUDXI� EHUXKHQGH� %HUHFKQXQJ� FKHPLVFKHU� .RQVWDQWHQ��� $3�� ���

�����������������
���� (�� 6FKURGLQJHU�� �*DVHQWDUWXQJ� XQG� IUHLH�:HJODQJH��� 3=�� ��� �������� �������

���� (�� 6FKURGLQJHU�� �%HPHUNXQJHQ� OLEHU� VWDWLVWLVFKH� (QWURSLHGHILQLWLRQ� EHLP� LGHDOHQ�

*DV���%%� ����-XO�����������������RQ������
���� ,ELG��

���� (�� 6FKURGLQJHU�� �=XU� (LQVWHLQVFKHQ� *DVWKHRULH��� 3=�� ��� �������� ������� �UHFHLYHG�
���'HF� �������
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IRU�SXEOLFDWLRQ� ODWH� LQ� ��������

7KH� WUXH�PHDQLQJ� RI�(LQVWHLQ
V� JDV� WKHRU\�LV� WKDW�D� JDV�PXVW� EH� FRQ�
FHLYHG� DV� D� V\VWHP�ZLWK� OLQHDU�SURSHU�RVFLOODWLRQV� VLPLODU� WR�D�YROXPH� RI�
UDGLDWLRQ� RU� WR�D� VROLG�� �� �� �)ROORZLQJ�GH�%URJOLH� RQH� JHWV� WKH�IUHTXHQF\�
VSHFWUXP�RI�WKH�JDV�E\�TXDQWL]LQJ� WKH�VWDWLRQDU\�SKDVH�ZDYHV� ZKLFK� DUH�
DOORZHG� LQ�WKH�YROXPH� Y��PXFK� DV� LQ�WKH�ZHOO�NQRZQ�PHWKRG� RI�-HDQV�
DQG�'HE\H��

)RUPDOO\�� WKLV� VWDWHPHQW� FDQ� EH� LQWHUSUHWHG� DV� DQ� DGRSWLRQ� RI� GH�

%URJOLH
V� ZDYH�FRXSOHG� DWRPV�� %XW� WKHUH� LV� D� FRQFHSWXDO� GLIIHUHQFH��

6FKURGLQJHU� FRQQHFWHG� GH� %URJOLH
V� PHWKRG� H[SOLFLWO\� WR�'HE\H
V� �FRQ�
WUDU\�WR�GH� %URJOLH�� DQG� XVHG� 'HE\H
V� WHUPV�� �WKH� TXDQWL]DWLRQ� RI� VWD�

WLRQDU\� ZDYHV��� LQVWHDG� RI� GH� %URJOLH
V� �ZDYH�FRXSOLQJ��� &OHDUO\� KH�
OHDQHG� WRZDUG� D� SXUH� ZDYH�OLNH� UHDOLW\� LQVWHDG� RI� D�PL[WXUH� RI� WZR�
NLQGV� RI� UHDOLWLHV�� +LV� HDUO\� GLVFXVVLRQ�� LQ� WKH� VDPH� DUWLFOH�� RI� WKH�

SUREOHP� RI� WKH� VSUHDGLQJ� RI� D�ZDYH� SDFNHW� LV� DQRWKHU� LQGLFDWLRQ� RI�
WKLV� DWWLWXGH�� DQG� PDUNV� DOVR� WKH�KLVWRULFDO� VKLIW�RI� KLV� LQWHUHVW� IURP�
VWDWLVWLFDO� SUREOHPV� WR�ZDYH� PHFKDQLFV�� 'XULQJ� WKH� IROORZLQJ� PRQWKV�
KH� IRFXVHG� RQ� WKH� WKHRU\� RI� DWRPLF� VSHFWUD� DQG� OHIW�DVLGH� WKH� LGHD� RI�

DWWDFKLQJ� VHYHUDO� TXDQWD� WR� D� VLQJOH�ZDYH�� %XW� KLV� SURIRXQG� LQVLJKW�
WKDW� WKH�REMHFWV� RI� WKH�%RVH�(LQVWHLQ� VWDWLVWLFV�ZHUH� �HQHUJ\� H[FLWDWLRQ�
VWDWHV� LQVWHDG� RI� WUXH� LQGLYLGXDOV�� ZDV� QRW� ORVW�IRUHYHU����

'LUDF�

$� %ULWLVK� EHJLQQHU� LQ� TXDQWXP� WKHRU\�� 3DXO� 'LUDF�� ZDV� DOVR�

LPSUHVVHG� E\� GH� %URJOLH
V� WKHRU\� RI� JDVHV�� +H� KDG� KHDUG� DERXW� KLV�

WKHVLV�� SUREDEO\� E\� UHDGLQJ� WKH� H[WHQVLYH� VXPPDU\� VXEPLWWHG� LQ�

)HEUXDU\� ����� WR� WKH�3KLORVRSKLFDO� 0DJD]LQH� E\�'LUDF
V� VXSHUYLVRU��
5DOSK� )RZOHU���� 2Q� $XJXVW� ��� ������'LUDF� JDYH� D� WDON� DW� WKH�.DSLW]D�
FOXE� HQWLWOHG�� �%RVH
V� DQG� /RXLV� GH� %URJOLH
V� GHGXFWLRQ� RI� 3ODQFN
V�

ODZ���ZKHUH� KH�PDGH� WKH�IROORZLQJ� FRPPHQW����

,W� LV�D�GLVDGYDQWDJH� RI� WKH�SUHVHQW� WKHRU\�WKDW�WKH�FHOOV�SOD\� VR� LPSRU�
WDQW�D�SDUW� LQ�LW�� �����2QH�FDQ�JHW�RYHU� WKH�GLIILFXOW\�E\�DGRSWLQJ� WKH�SRLQW�
RI�YLHZ�� ILUVW�SURSRVHG� E\�GH� %URJOLH�� WKDW�HDFK� SDUWLFOH� LV�DVVRFLDWHG�
ZLWK� D�ZDYH�� DQG� OHWWLQJ�WKH�ZDYHV� SOD\� WKH�SDUW�RI�WKH�FHOOV� LQ�WKH�SUHYL�
RXV� WKHRU\�� 6HYHUDO� SDUWLFOHV�PD\� EH� DVVRFLDWHG� ZLWK� WKH� VDPH�ZDYH��
7KLV� SRLQW�RI�YLHZ� LV�SRVVLEOH� RQO\�EHFDXVH� LW�WXUQV�RXW� WKDW�WKH�QXPEHU�

���� ,ELG��

���� ,ELG��� ���� �����

���� /�� GH� %URJOLH�� �$� WHQWDWLYH� WKHRU\� RI� OLJKWTXDQWD��� 3KLORVRSKLFDO� 0DJD]LQH�� ���

�����������������
���� .DSLW]D� &OXE�� �0LQXWHV��� $+43�� &I�� 3�� 'LUDF�� 06� GUDIW� RI� D� FULWLFDO� SUHVHQWD�

WLRQ� RI�(LQVWHLQ�%RVH� VWDWLVWLFDO� PHFKDQLFV�� ZLWK� QRWLFH� RI�GH� %URJOLH
V� ZRUN� �$+43���
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RI�ZDYHV� DVVRFLDWHG� ZLWK� D� JLYHQ� UHJLRQ�RI�SKDVH� VSDFH� LV�HTXDO� WR�WKH�
QXPEHU�RI�FHOOV� LQWR�ZKLFK� WKDW�UHJLRQ�RI�SKDVH� VSDFH�ZDV� GLYLGHG� LQ�WKH�

SUHYLRXV� WKHRU\�� )XQGDPHQWDO� DVVXPSWLRQ� RI� SUHVHQW� VWDWLVWLFDO�
PHFKDQLFV� QRZ� UHDGV�� DOO� YDOXHV� IRU� WKH�QXPEHUV� RI� DWRPV� RU� OLJKW�
TXDQWD� DVVRFLDWHG� ZLWK� D�JLYHQ�ZDYH� KDYH� WKH�VDPH�D�SULRUL�SUREDELOLW\��

2QH� FDQ� VHH� WKDW�'LUDF� NHSW� FORVHU� WR�GH� %URJOLH� WKDQ� 6FKURGLQJHU��
KH� �DGRSWHG�� WKH� LGHD� RI� VHYHUDO� SDUWLFOHV� DVVRFLDWHG� ZLWK� WKH� VDPH�

ZDYH�� DQG�� FRQWUDU\� WR� 6FKURGLQJHU�� GLG� QRW� JLYH� XS� WKH� FRQFHSW� RI�

SDUWLFOH� LQ� IDYRU� RI� WKH� FRQFHSW� RI�PHFKDQLFDO� ZDYH�� %XW� KH� GLG� QRW�
VHH� LQ�GH� %URJOLH
V� LGHD� D� SRVVLEOH� JHUP� IRU�D� QHZ�PHFKDQLFV�� 2Q� WKH�

FRQWUDU\�� KH� VHYHUHO\� FULWLFL]HG� GH� %URJOLH
V� JXLGLQJ� SULQFLSOH�� WKH�DQDO�

RJ\�EHWZHHQ� PDWWHU� DQG� OLJKW�� ,Q�-XO\� ����� KH�ZURWH����

)RU� WKH�GLVFXVVLRQ� RI�HTXLOLEULXP� SUREOHPV�� TXDQWD� RI�UDGLDWLRQ� FDQ�QRW�
EH� UHJDUGHG�DV�YHU\�VPDOO�SDUWLFOHV�PRYLQJ� ZLWK�YHU\�QHDUO\�WKH�VSHHG�RI�

OLJKW��7KHUH� DUH� WZR� LPSRUWDQW�SRLQWV� LQ�ZKLFK� WKLV�SLFWXUH� LV� LQDGH�
TXDWH�� ,Q�WKH�ILUVW�SODFH� WKH�VPDOO�SDUWLFOHV� FRXOG�QRW� �DFFRUGLQJ� WR�RUGL�
QDU\� VWDWLVWLFDO� WKHRU\��KDYH� DQ\� VWLPXODWLQJ� HIIHFW�RQ� SURFHVVHV� E\�
ZKLFK� WKH\�DUH� HPLWWHG�� DQG� WKH\� VKRXOG� WKHUHIRUH�EH� GLVWULEXWHG� LQ�
PRPHQWXP� DFFRUGLQJ� WR�0D[ZHOO
V� ODZ��ZKLFK� LV�WKH�VDPH�DV�EHLQJ�GLV�
WULEXWHG� LQ� HQHUJ\� �RU� IUHTXHQF\�� DFFRUGLQJ� WR�:LHQ
V� UDGLDWLRQ� ODZ��

6HFRQGO\� WKH�FRQFHQWUDWLRQ� RI�TXDQWD� LQ�WKHUPRG\QDPLFDO� HTXLOLEULXP�
LV�QRW�DUELWUDU\��DV� LV�WKH�FDVH�ZLWK� DOO�NLQGV�RI�PDWHULDO� SDUWLFOHV��EXW� LV�
D�GHILQLWH�IXQFWLRQ�RI�WHPSHUDWXUH��

'LUDF
V� ILUVW�FULWLFDO� SRLQW� IHOO�ZLWK� WKH� DSSOLFDWLRQ� RI�%RVH
V� VWDWLVWLFV�
WR�PDVVLYH� SDUWLFOHV�� EXW� WKH� VHFRQG� RQH�� H[SUHVVLQJ� WKH�GLVV\PPHWU\�
EHWZHHQ� FRQYHUWLEOH� UDGLDWLRQ� DQG� FRQVHUYHG� PDWWHU�� ZDV� DGPLWWHG� E\�
PRVW� SK\VLFLVWV� XQWLO� WKH�GLVFRYHU\� RI�QHZ� IXQGDPHQWDO� SDUWLFOHV��

'LUDF� ZDV� YHU\� OLWWOH� LQIOXHQFHG� E\� GH� %URJOLH
V� LGHDV� ZKHQ�� LQ�

��������� KH� EXLOW� KLV� RZQ� TXDQWXP� PHFKDQLFV�� +H� SUHIHUUHG� WR� VWDUW�
ZLWK� WKH�+DPLOWRQLDQ� IRUPDOLVP� LQ�ZKLFK� KH�ZDV� DOUHDG\� DQ� H[SHUW��
DQG� KH� IDYRUHG� WKH� XQGHUO\LQJ� EDVLF� FODVVLFDO� SLFWXUH� RI� D� VHW� RI�

FRUSXVFOHV�� 1RW� EHIRUH� ����� DQG� RQO\� IRU� HOHFWURPDJQHWLF� UDGLDWLRQ�
GLG� 'LUDF� FRPH� EDFN� WR� D� QRWLRQ� RI� D� TXDQWL]HG� ILHOG� IRUPDOO\� DQG�

DFFLGHQWDOO\� UHODWHG� WR�GH� %URJOLH
V� ZDYH�FRXSOHG� DWRPV��

-RUGDQ�

(YHQ� UHVWULFWHG� WR� LWV�IRUPDO� VNHOHWRQ�� WKH�QRWLRQ� RI�ZDYH�FRXSOHG�
DWRPV� KDG� DZDNHQHG� RQO\� D� YHU\� WUDQVLWRU\� LQWHUHVW� RQ� WKH� SDUW� RI�

6FKURGLQJHU� DQG� 'LUDF�� 7KH� RQH� ZKR� DGRSWHG� WKH�IRUPDO� VFKHPH� DQG�

NHSW� LW� LQ�PLQG� DOO� WKURXJK� KLV� TXDQWXP� UHVHDUFKHV� ZDV� 3DVFXDO�

���� 3�� 'LUDF�� �7KH� FRQGLWLRQV� IRU� VWDWLVWLFDO� HTXLOLEULXP� EHWZHHQ� DWRPV�� HOHFWURQV�

DQG� UDGLDWLRQ��� 356�� ���� �������� ��������� RQ� �����
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-RUGDQ�� +H� ZDV� WKH� ILUVW��LQ�1RYHPEHU� ������ WR�SXEOLVK� DQ� HOXFLGD�
WLRQ� RI�%RVH
V� P\VWHULRXV� FRXQWLQJ� RI� OLJKW�TXDQWD� E\� ILHOG�TXDQWL]D�
WLRQ� �RQH�PRQWK� EHIRUH� 6FKURGLQJHU��� ,�ZLOO� VKRZ� ODWHU� WKDW� KH� ZDV�

DOUHDG\� ZLOOLQJ� WR� WUHDW�PDWHULDO� SDUWLFOHV� RQ� WKH� VDPH� IRRWLQJ�� (YHQ� LI�
KH� GLG� QRW� SXEOLVK� VXFK� D� JHQHUDOL]DWLRQ� DW� WKDW� WLPH��KH� EHOLHYHG� WKDW�
KH� KDG� GRQH� VR�ZKHQ� LQWHUYLHZHG� LQ� ����� E\� 7KRPDV� .XKQ���� +LV�

PHPRU\� ZDV� QRW�PXFK� PRUH� DFFXUDWH� ZKHQ� KH�ZURWH� LQ� ��������

2I� FRXUVH�(LQVWHLQ
V� WKHRU\�RI� OLJKW�TXDQWD� ZDV� IXQGDPHQWDO� DQG� LQWUR�
GXFHG� WKH�PRVW� LPSRUWDQW�ZDYH� SDUWLFOH� GXDOLVP� LQWR�SK\VLFV� IRU� WKH�
ILUVW�WLPH�� )RU� WKH�VHYHUDO�ERG\�SUREOHP�(LQVWHLQ
V� SDSHUV� RQ�JDV�GHJHQ�
HUDF\�FRPH� LQWR�FRQVLGHUDWLRQ�� 7KHUH�� LQ�FRQQHFWLRQ�ZLWK� GH�%URJOLH� KH�

FRPSDUHG� DQ� LGHDO� JDV�ZLWK� D� V\VWHP�RI� TXDQWL]HG� ZDYHV� LQ� WKUHH�
GLPHQVLRQDO� VSDFH��

,Q� VSLWH� RI� WKH�ZURQJ� DWWULEXWLRQ� RI�GH� %URJOLH
V� VWDWLVWLFDO� ZRUN� WR�(LQ�

VWHLQ�� WKLV� TXRWDWLRQ� GHPRQVWUDWHV� VXIILFLHQWO\� -RUGDQ
V� DFTXDLQWDQFH�
ZLWK� LWV�EDVLV�� WKH�QHZ� UHSUHVHQWDWLRQ� RI� D� JDV� LQ�D� FDYLW\�� ,W� LV� HYHQ�

SUREDEOH� WKDW�KH� UHDG� GH� %URJOLH
V� GLVVHUWDWLRQ� RU� SDUW� RI� LW� LQ� ������
6R� KH� UHPHPEHUHG�� DW� OHDVW�� LQ� �������� +LV� SXEOLVKHG� ZRUN� RI� �����

SURYLGHV� IXUWKHU�HYLGHQFH� RI�GH� %URJOLH
V� LQIOXHQFH��

3DVFXDO� -RUGDQ� DQG� ILHOG�TXDQWL]DWLRQ�

%DFNJURXQG�

$PRQJ� WKH� FUHDWRUV� RI� TXDQWXP� PHFKDQLFV� 3DVFXDO� -RUGDQ� LV� FHU�

WDLQO\� WKH� OHDVW� NQRZQ�� DOWKRXJK� KH� FRQWULEXWHG� PRUH� WKDQ� DQ\ERG\�
HOVH� WR� WKH�ELUWK� RI�TXDQWXP� ILHOG� WKHRU\�� %RUQ� LQ� ����� LQ�+DQQRYHU��
KH�ZDQWHG� ILUVW�WR�EH� D� SDLQWHU�� OLNH�KLV� IDWKHU�� %XW� SK\VLFV� ZDV� PRUH�

ILWWHG�WR�TXHQFK� KLV� WKLUVW� IRU� IXQGDPHQWDO� NQRZOHGJH� LQFOXGLQJ� ELRO�

RJ\� RU� SXUH� SKLORVRSK\�� ,Q� ����� KH� OHDUQHG� UHODWLYLW\� IURP�0RULW]�
6FKOLFN
V� ERRN�� DQG� LQ� �������� KH�ZDV� WKULOOHG� E\�0DFK
V� 0HFKDQLN�
DQG� 3ULQ]LSLHQ� GHU� :DUPHOHKUH�� 7KURXJKRXW� KLV� OLIH�KH� FRQVLGHUHG�
KLPVHOI� D� GLVFLSOH� RI�0DFK� DQG� UHIHUUHG� FRQVWDQWO\� WR�ZKDW� KH� WKRXJKW�
WR�EH� �WKH� HVVHQWLDO� DQG� GHFLVLYH� SULQFLSOH� RI� WKH�SRVLWLYLVWLF� WKHRU\� RI�

NQRZOHGJH�� WKH� OLPLWDWLRQ� RI� VFLHQWLILFDOO\� VRXQG� SURSRVLWLRQV� WR� RQHV�
WKDW� FDQ� EH� SURYHG� H[SHULPHQWDOO\��� +H� FODLPHG� WKDW� WKLV� SULQFLSOH�
KHOSHG� KLP� WR� IROORZ� +HLVHQEHUJ� LQ� KLV� UHMHFWLRQ� RI� XQREVHUYDEOH�

TXDQWLWLHV����

���� 3�� -RUGDQ�� LQWHUYLHZV� E\�7�6�� .XKQ� �������� $+43��
���� 3�� -RUGDQ� DQG� 2�� .OHLQ�� �=XP� 0HKUNRUSHUSUREOHP� GHU� 4XDQWHQWKHRULH��� =3�� ���

�����������������RQ������
���� -RUGDQ� �UHI������� �VW� VHVVLRQ�� ���

���� 3�� -RUGDQ�� $QVFKDXOLFKH� 4XDQWHQWKHRULH� �%HUOLQ�� ������� YLLL��
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([FHSW� IRU� VWXG\� RI� D� IHZ� H[FHOOHQW� SK\VLFV� ERRNV�� LQFOXGLQJ�
6RPPHUIHOG
V� EHVW�VHOOHU� $WRPEDX� XQG� 6SHNWUDOOLQLHQ�� -RUGDQ� ZDV�
WUDLQHG� DV� D�PDWKHPDWLFLDQ�� $W� WKH�7HFKQLVFKH� +RFKVFKXOH� LQ�+DQQ�

RYHU�� SK\VLFV� OHFWXUHV� ZHUH� WRR�PHGLRFUH� IRU� KLP�� DW�*RWWLQJHQ� KH�
GHFLGHG� WKDW� FODVVHV� RI� H[SHULPHQWDO� SK\VLFV� ZHUH� JLYHQ� WRR� HDUO\� LQ�
WKH�PRUQLQJ�� �,Q� WKLV�ZD\� ,� DP� D� SK\VLFLVW� ZKR� QHYHU� DWWHQGHG� D�

SK\VLFV� FRXUVH��� 0RUH� H[DFWO\�� WKH�NLQG� RI�SK\VLFV� KH� ILUVW�OHDUQHG� ZDV�

YHU\�PDWKHPDWLFDO�� EHLQJ� WDXJKW�E\� JUHDW�PDWKHPDWLFLDQV� OLNH�+LOEHUW��
ZKR� JDYH� OHFWXUHV� RQ� VWDWLVWLFDO� PHFKDQLFV�� DQG� &RXUDQW�� ZKR�

UHTXHVWHG� -RUGDQ
V� FROODERUDWLRQ� LQ�ZULWLQJ� KLV�0DWKHPDWLVFKH� 0HWKR�
GHQ� GHU�3K\VLN����

%XW� -RUGDQ
V� VXSHUYLVRU� KDSSHQHG� WR� EH� 0D[� %RUQ�� ZKR� PDGH�

SK\VLFV� DW�*RWWLQJHQ� FDSWLYDWLQJ�� 2QH� FRXOG� SURILW� IURP� WKH�FRPSDQ\�
RI�EULOOLDQW� \RXQJ� SHRSOH� OLNH�+HLVHQEHUJ�� 3DXOL�� DQG� )HUPL�� WKHUH�ZHUH�

JUHDW� LQWHUQDWLRQDO� HYHQWV� OLNH� WKH�%RKU� )HVWVSLHOH� LQ�-XQH� ������ $IWHU�

FROODERUDWLQJ� LQ�%RUD
V� HQF\FORSHGLD� DUWLFOH� RQ� WKH� ODWWLFH� WKHRU\� RI�

FU\VWDOV�� -RUGDQ� GHFLGHG� WR�ZULWH� KLV� GLVVHUWDWLRQ� RQ� WKH� TXDQWXP�
WKHRU\� RI� UDGLDWLRQ� �������� 7KLV� VXEMHFW� KDG� EHHQ� VXJJHVWHG� WR�KLP� E\�
WKH�KLVWRULFDO� WUDQVLWLRQ� IURP� ����� WR� ����� LQ�IDYRU� RI�(LQVWHLQ
V� OLJKW�
TXDQWD��

(PSLULFDO� SURSHUWLHV� RI� ;� DQG� \� UD\V�� LQFOXGLQJ� WKH� QHZO\�
GLVFRYHUHG� &RPSWRQ� HIIHFW� �������� DSSDUHQWO\� FRXOG� QRW� EH� H[SODLQHG�
ZLWKRXW� DGPLWWLQJ� WKH� H[LVWHQFH� RI� OLJKW�SDUWLFOHV�� 7KLV� VWDUWHG� D� QHZ�
VWUHDP� RI� WKHRUHWLFDO� JDPHV�� LQ�ZKLFK� TXDQWXP� K\SRWKHVHV� RQ� WKH�
LQWHUDFWLRQ� EHWZHHQ� PDWWHU� DQG� UDGLDWLRQ� ZHUH� FKHFNHG� E\� �GHWDLOHG�

EDODQFLQJ��� E\�EDODQFLQJ� HPLVVLRQ� DQG� DEVRUSWLRQ� SURFHVVHV� IRU�PDWWHU�
DQG� UDGLDWLRQ� DW� WKHUPDO� HTXLOLEULXP�� DV� (LQVWHLQ� KDG� GRQH� LQ� KLV�
IDPRXV� WKHRU\� RI� UDGLDWLRQ� RI� ������ 3UREDEO\� HQFRXUDJHG� E\�
*RWWLQJHQ
V� ROG� UHVLVWDQFH� WR� OLJKW� TXDQWD�� -RUGDQ� WULHG��ZLWK� %RUD
V�

EHQHGLFWLRQ�� WR�PDLQWDLQ� GHWDLOHG� EDODQFLQJ� �DQG� DOVR� WKH�&RPSWRQ�
UHODWLRQ�� ZLWKRXW� (LQVWHLQ
V� GUDVWLF� K\SRWKHVLV� RI� D� GLUHFWHG� VSRQWDQH�
RXV� HPLVVLRQ����

7KLV� DWWHPSW� ZDV� UHMHFWHG� E\�(LQVWHLQ� KLPVHOI�� ZKR� FRXOG� SRLQW� WR�
DQ� DEVXUG� FRQVHTXHQFH� IRU�DEVRUSWLRQ� SURFHVVHV�� -RUGDQ� EHFDPH� PRUH�

FRQYLQFHG� WKDQ� DQ\ERG\� HOVH� RI� WKH�QHFHVVLW\� RI� OLJKW�TXDQWD�� +H� ZDV�

DOVR� WKH� RQH� DW�*RWWLQJHQ� ZKR� NQHZ� (LQVWHLQ
V� LQTXLULHV� LQ� WKLV� ILHOG�
EHVW����

,Q� WKH� VDPH� \HDU�� ������ (LQVWHLQ� LPSUHVVHG� KLV� DGPLUHU� -RUGDQ� DQG�
KLV� IULHQG� %RUQ� ZLWK� KLV� QHZ� WKHRU\� RI�JDVHV�� $V� DOUHDG\� PHQWLRQHG��

���� -RUGDQ� �UHI������� �VW� VHVVLRQ�� ���

���� 3�� -RUGDQ�� �=XU� 7KHRULH� GHU� 4XDQWHQVWUDKOXQJ��� =3�� ��� �������� ���������

���� $�� (LQVWHLQ�� �%HPHUNXQJ� ]X� 3�� -RUGDQV� $EKDQGOXQJ� 
=XU� 7KHRULH� GHU� 4XDQWHQ�

VWUDKOXQJ�
�� =3�� ��� �������� ���������
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WKH�*RWWLQJHQ� JURXS� ZDV� WKH� ILUVW�WR� UHDOL]H� WKDW� WKHUH� H[LVWHG� H[SHUL�
PHQWDO� HYLGHQFH� LQ� IDYRU� RI� GH� %URJOLH
V� ZDYHV�� )ROORZLQJ� WKLV�
LQWHUHVW� -RUGDQ� SXEOLVKHG� LQ� -XO\� ����� D� QHZ� GHWDLOHG� EDODQFLQJ�
EHWZHHQ� IUHH� HOHFWURQV� DQG� EODFN� UDGLDWLRQ� EDVHG� RQ� GH� %URJOLH
V�
ZDYHV�� $FFRUGLQJ� WR� WKH� V\PPHWU\� EHWZHHQ� OLJKW� DQG� PDWWHU�� IUHH�
HOHFWURQV� KDG� WR�EH� WUHDWHG� OLNH�%RVH�(LQVWHLQ� SDUWLFOHV� DQG� WKH� LQWHUDF�
WLRQ�SUREDELOLW\� KDG� WR�EH� V\PPHWULFDO� XQGHU� H[FKDQJH� RI� HOHFWURQ� DQG�

OLJKW�TXDQWXP� GHQVLWLHV�� -RUGDQ
V� FRUROODU\� ZDV�� �:H� FDQ� XQGHUVWDQG�
WKH� HOHPHQWDU\� VFDWWHULQJ� SURFHVV� QRW� RQO\� DV� WKH� VFDWWHULQJ� RI� OLJKW�
ZDYHV� E\�PDWHULDO� FRUSXVFOHV� EXW� DOVR� DV� WKH� VFDWWHULQJ� RI�PDWWHU�
ZDYHV� E\� FRUSXVFXODU� OLJKW�TXDQWD�����

,Q� ������ IROORZLQJ� 2WWR� 6WHUQ
V� SURSRVDO� RI� D� FRVPLF� PDWWHU� FRQ�

YHUWLEOH� LQWR� UDGLDQW� HQHUJ\�� -RUGDQ� XVHG� KLV� V\PPHWULFDO� H[SUHVVLRQ�
IRU� WKH� LQWHUDFWLRQ� SUREDELOLW\� EHWZHHQ� PDWWHU� DQG� OLJKW� WR�SURYLGH� D�
QHZ� HYDOXDWLRQ� RI� HQHUJ\� SDUWLWLRQ� LQ� 6WHUQ
V� LGHDOL]HG� FRVPRV�� $V�

SRLQWHG� RXW� E\�%URPEHUJ�� DVWURSK\VLFDO� VSHFXODWLRQV� RQ�PDWWHU� DQQLKL�
ODWLRQ�ZHUH� QRW� QHZ�� EXW� �IURP� 6WHUQ
V� SDSHU� WR�-RUGDQ
V�� WKH�EDVLV� IRU�
FUHDWLRQ� DQG� GHVWUXFWLRQ� RI�PDWWHU� ZDV� WUDQVIRUPHG�� )URP� WKH�PDVV�

HQHUJ\� HTXLYDOHQFH�� LW�EHFDPH� WKH�YLHZ� WKDW� OLJKW�DQG�PDWWHU� DUH� VSH�
FLDO� FDVHV� RI� D� JHQHUDOL]HG� 
SDUWLFOH�
�� $� ODWHU� IUXLW�RI� WKH� OLJKW�PDWWHU�
DQDORJ\�� -RUGDQ
V� QRWLRQ� RI� TXDQWL]HG� PDWWHU� ZDYHV�� ZRXOG� VRRQ� IRU�
PDOL]H� WKHVH� �JHQHUDOL]HG� SDUWLFOHV�� DQG� WKH�SURFHVVHV� RI�PDWWHU� FUHD�
WLRQ� DQG� GHVWUXFWLRQ�� -RUGDQ
V� DWWLWXGH� ZDV� MXVW� WKH�UHYHUVH� RI�'LUDF
V��
)RU� 'LUDF� HPSLULFDO� HYLGHQFH� RI�PDWWHU� FRQVHUYDWLRQ� H[FOXGHG� WKH�

OLJKW�PDWWHU� DQDORJ\�� IRU�-RUGDQ� WKH� OLJKW�PDWWHU� DQDORJ\� VXJJHVWHG� WKH�

SRVVLELOLW\� RI�FUHDWLQJ� DQG� GHVWUR\LQJ� PDWWHU����
$� ODVW� H[DPSOH� RI� -RUGDQ
V� LQKHULWDQFH� RI� GH� %URJOLH
V� DQG�

(LQVWHLQ
V� IDLWK� LQ� WKH�PDWWHU�OLJKW� DQDORJ\� LV�KLV� WKHRUHWLFDO� SURRI� RI�
HOHFWURQ� GLIIUDFWLRQ�� 'XDQH� KDG� VNHWFKHG� LQ� ����� KRZ� OLJKW�GLIIUDFWLRQ�
FRXOG� EH� H[SODLQHG� E\�PRPHQWXP� WUDQVIHU� EHWZHHQ� LQFRPLQJ� OLJKW�
TXDQWD� DQG� D� TXDQWL]HG� JUDWLQJ�� 7KLV� UHDVRQLQJ�� -RUGDQ� QRWLFHG� LQ�

������ FRXOG� EH� DSSOLHG� WR� LQFRPLQJ� DWRPV� RI�PDWWHU�� DQG� LPSOLHG� D�
GLIIUDFWLRQ� SDWWHUQ� FRUUHVSRQGLQJ� WR� WKH�ZDYH� OHQJWK� K�S� LGHQWLFDO� WR�
GH�%URJOLH
V� ZDYH� OHQJWK����

���� 3�� -RUGDQ�� �8EHU� GDV� WKHUPLVFKH� *OHLFKJHZLFKW� ]ZLVFKHQ� 4XDQWHQDWRPHQ� XQG�

+RKOUDXPVWUDKOXQJ��� =3�� ��� �������� ��������� RQ� �����

���� 2�� 6WHUQ�� �8EHU� GDV� *OHLFKJHZLFKW� ]ZLVFKHQ� 0DWHULH� XQG� 6WUDKOXQJ��� =HLWVFKULIW�

IXU� (OHFWURFKHPLH�� ��� �������� ��������� DQG� �8EHU� GLH� 8PZDQGOXQJ� YRQ� $WRPHQ� LQ�

6WUDKOXQJ���=HLWVFKULIW�IXU�SK\VLNDOLVFKH�&KHPLH�� �������������������3�� -RUGDQ���8EHU�
GLH� WKHUPRG\QDPLVFKH� *OHLFKJHZLFKWVNRQ]HQWUDWLRQ� GHU� NRVPLVFKHQ� 0DWHULH��� =3�� ���

�������� ��������� &I�� -��%URPEHUJ�� �7KH� FRQFHSW� RI� SDUWLFOH� FUHDWLRQ� EHIRUH� DQG� DIWHU�

TXDQWXP� PHFKDQLFV��� +636�� ��������� ��������� RQ� ���������

���� :�� 'XDQH�� �7KH� WUDQVIHU� LQ�TXDQWD� RI� UDGLDWLRQ� PRPHQWXP� WR�PDWWHU��� 1DWLRQDO�

$FDGHP\� RI� 6FLHQFHV�� 3URFHHGLQJV�� �� �������� ��������� 3�� -RUGDQ�� �%HPHUNXQJ� XEHU�

HLQHQ� =XVDPPHQKDQJ� ]ZLVFKHQ� 'XDQHV� 4XDQWHQWKHRULH� GHU� ,QWHUIHUHQ]� XQG� GHQ� GH� %UR�
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4XDQWL]HG� HOHFWURPDJQHWLF� ILHOG�

,Q� WKH� VXPPHU� RI� ����� %RUQ� ZDV� ORRNLQJ� IRU�KHOS� LQ� WKH�PRQX�
PHQWDO� WDVN� RI�GHYHORSLQJ� WKH� FRQVHTXHQFHV� RI� WKH�QHZ�PXOWLSOLFDWLRQ�
UXOH� MXVW� LQWURGXFHG� E\�+HLVHQEHUJ�� 3DXOL� UHIXVHG�� IURP� GLVGDLQ�� KH�

VDLG�� RI�*RWWLQJHQ
V� IRUPDO�PDWKHPDWLFDO� HPSKDVLV�� DQG� LW�ZDV� -RUGDQ�
ZKR� ZURWH� ZLWK� %RUQ� 34�43 K� �OLUL� IRU� WKH� ILUVW�WLPH���� 7KLV� QHZ�
IRUPDOLVP� ZDV� WKH� �TXDQWXP� PHFKDQLFV�� %RUQ� KDG� EHHQ� VHDUFKLQJ�
IRU�� ,Q�KLV� YLHZ�� WKH� VHW�RI�PDWKHPDWLFDO� UXOHV� WUDQVIRUPLQJ� D� FODVVLFDO�

WKHRU\� LQWR� WKH�FRUUHVSRQGLQJ� TXDQWXP� WKHRU\�KDG� WR�EH� TXLWH� JHQHUDO��
DQG� WKH\�KDG� DOVR� WR� DSSO\� WR� WKH� FODVVLFDO� UDGLDWLRQ� WKHRU\�� -RUGDQ
V�
WDVWH� IRU�PDWKHPDWLFDO� KRPRJHQHLW\� DOVR� IDYRUHG� VXFK� DQ� H[WHQVLRQ��

7KHUHIRUH�� LQ� WKH� ODVW�SDUDJUDSK� RI� WKHLU� MRLQW� SDSHU�� %RUQ� DQG� -RUGDQ�

EROGO\� TXDQWL]HG� WKH� HOHFWURPDJQHWLF� ILHOG� LQ� WKH� VDPH� ZD\� DV� WKH�
FRRUGLQDWHV� S� DQG� T� RI� D� SDUWLFOH�� ,W�ZDV� DQ� HDV\� WDVN� EHFDXVH� RI� WKH�
ZHOO�NQRZQ� DQDORJ\� EHWZHHQ� 0D[ZHOO
V� ILHOG� DQG� D� VHW� RI� KDUPRQLF�
RVFLOODWRUV�� %XW� WKH� WZR� LQQRYDWRUV� ZHUH� DOVR� WRR� DPELWLRXV�� WKH\� WULHG�
WR�GHDO� ZLWK� WKH�SUREOHP� RI� ILHOG� HPLVVLRQ� E\� D� FKDUJHG� SDUWLFOH� DQG�

JRW� FRQIXVHG� LQ�D�PHVV� RI� LQGLFHV� ODEHOOLQJ� VRPHWLPHV� DWRP� OHYHOV� DQG�
VRPHWLPHV� ILHOG�RVFLOODWRU� OHYHOV�� $IWHU� UHDGLQJ� WKHLU�ZRUN�� +HLVHQEHUJ�
FRPPHQWHG�� �,Q� UHVSHFW� RI� WKH�PDWUL[� FDOFXOXV� LQ� HOHFWURG\QDPLFV� ,�
ZRXOG� SUHIHU� WKDW�ZH� FRQFHQWUDWH� IRU�WKH�PRPHQW� RQ�PHFKDQLFV�����

7KH� WKLUG� EDVLF� SDSHU� LQ�PDWUL[� PHFKDQLFV� ZDV� WKH� VR�FDOOHG�
�'UHLPDQQHUDUEHLW�� SXEOLVKHG� LQ�1RYHPEHU� ����� E\� +HLVHQEHUJ��
%RUQ�� DQG� -RUGDQ�� ,Q� VSLWH� RI�+HLVHQEHUJ
V� VWUDWHJLF� DGYLFH�� -RUGDQ�

H[SORUHG� WKH�FRQVHTXHQFHV� RI�ILHOG� TXDQWL]DWLRQ� LQ�WKH� ODVW�SDUW� RI� WKLV�

SDSHU�� 7KLV� WLPH� KH� OLPLWHG� KLPVHOI� WR� WKH� IUHH�ILHOG� XQGHU� WKH�KHDG�

LQJ�� �&RXSOHG� KDUPRQLF� RVFLOODWRUV�� 6WDWLVWLFV� RI�ZDYH� ILHOGV��� 7KDW�
-RUGDQ�ZDV� WKH�DXWKRU� RI� WKLV�SDUW� LV�DWWHVWHG� E\� D� OHWWHU�IURP�+HLVHQ�

EHUJ� WR�3DXOL����

$� WKLUG�WKLQJ�WKDW�-RUGDQ�GLG� IRU�RXU�ZRUN� LV�D� FDOFXODWLRQ� RI�WKH�VWDWLVW�
LFDO�EHKDYLRU� RI� WKH�QDWXUDO� RVFLOODWLRQV� RI� VRPHWKLQJ� OLNH�D�PHPEUDQH�
LQ� WKH�QHZ� WKHRU\�� -RUGDQ� FODLPV� WKDW� WKH� LQWHUIHUHQFH�IOXFWXDWLRQV�
FRPH� RXW� ULJKW��L�H���ERWK� WKH�FODVVLFDO� DQG� WKH�(LQVWHLQLDQ� WHUPV��DQG�KH�
EHOLHYHV� WKDW� WKHUH� LV�DQ� DQDORJ\� EHWZHHQ� RXU� FDOFXODWLRQV� DQG� %RVH
V�
VWDWLVWLFV�� ,�DP� UDWKHU�VRUU\�WKDW�,�GR� QRW�XQGHUVWDQG� HQRXJK� VWDWLVWLFV�
WR�EH� DEOH� WR� MXGJH� KRZ�PXFK� VHQVH� LW�PDNHV�� EXW� ,� FDQQRW� FULWLFL]H�
HLWKHU��EHFDXVH� WKH�SUREOHP� LWVHOI�DQG� WKH�VXEVHTXHQW� FDOFXODWLRQV� VRXQG�

PHDQLQJIXO��

JOLHVFKHQ� :HOOHQ��� =3�� ���������� ���������
���� 0�� %RUQ� DQG� 3�� -RUGDQ�� �=XU� 4XDQWHQPHFKDQLN��� =3�� ��� �������� ��������� )RU�

3DXOL
V� UHIXVDO�� FI��0�� %RUQ��0\� OLIH��5HFROOHFWLRQV� RI�D�1REHO� ODXUHDWH� �1HZ� <RUN�� �������
RQ� �����

����+HLVHQEHUJ�WR�-RUGDQ����2FW� ������$+43���
���� 0�� %RUQ�� :�� +HLVHQEHUJ� DQG� 3�� -RUGDQ�� �=XU� 4XDQWHQPHFKDQLN�� ,,��� =3�� ���

�����������������+HLVHQEHUJ�WR�3DXOL�����2FW� ������3%��������



48$17,=('�0$77(5�:$9(6� ����

-RUGDQ� KDG� SURFHHGHG� LQ� WKH� IROORZLQJ� ZD\�� 0D[ZHOO
V� ILHOG� LQVLGH�
D� FDYLW\� RU�PRUH� VLPSO\� D� YLEUDWLQJ� VWULQJ� �+HLVHQEHUJ� VD\V� D� �PHP�

EUDQH��� FDQ� EH� DQDO\]HG� LQWR� D� VHW� RI�KDUPRQLF� RVFLOODWRUV�� +DSSLO\�
HQRXJK� WKH�RQO\�PHFKDQLFDO� V\VWHPV� WUHDWHG� LQ� WKH�PDWUL[� PHFKDQLFV�
RI� IDOO� ����� ZHUH� KDUPRQLF� RU� VOLJKWO\� DQKDUPRQLF� RVFLOODWRUV�� 7KH�
UHVXOW�ZDV� FRQVWDQW� VSDFLQJ� EHWZHHQ� FRQVHFXWLYH� HQHUJ\� OHYHOV� RI� DQ�
RVFLOODWRU�� $FFRUGLQJO\�� WKH�QHZ�PHFKDQLFV� OHG� WR�D� GHVFULSWLRQ� RI� WKH�
GLIIHUHQW� TXDQWXP� VWDWHV� RI� WKH� ILHOG� IRUPDOO\� LGHQWLFDO� WR� WKH� RQH�

JLYHQ�E\�(KUHQIHVW�LQ������DQG�E\�'HE\H� LQ�������D�VWDWH�ZDV�GHILQHG�
E\� D� VHTXHQFH� RI� LQWHJHUV� JLYLQJ� WKH� QXPEHUV� RI� TXDQWD� DVVRFLDWHG�
ZLWK� WKH� ILHOG� RVFLOODWRUV�� 7KLV� UHSUHVHQWDWLRQ� ZDV� UHFRPPHQGHG� DV�
WKH� VKRUWHVW�ZD\� WR�3ODQFN
V� ODZ��

.QRZLQJ� WKH�FRUUHVSRQGHQFH� EHWZHHQ� %RVH
V� FHOOV� DQG�'HE\H
V� FDY�

LW\�PRGHV�� -RUGDQ� VDZ� WKDW�KH� FRXOG� UHODWH� OLJKW�TXDQWD� WR�ZDYH� H[FLWD�

WLRQV�� DQG� HOXFLGDWH� %RVH
V� FRXQWLQJ� DV� WKH�QDWXUDO� FRXQWLQJ� IRU�TXDQ�
WL]HG�ZDYHV�� 2I� FRXUVH� TXDQWL]DWLRQ� D� OD�'HE\H� ZDV� QRW� QHZ�� -RUGDQ
V�
LQQRYDWLRQ� ZDV� WR� VKRZ� WKDW� WKH� VFKHPH� SRVWXODWHG� E\�'HE\H� EHFDPH�
D� QHFHVVDU\� FRQVHTXHQFH� RI� WKH�QHZ�PHFKDQLFV� DSSOLHG� WR�0D[ZHOO
V�
ILHOG�� )XUWKHUPRUH�� HQHUJ\�GLVFRQWLQXLWLHV� LQ�WKH�ILHOG� DSSHDUHG� DV� SUR�
SHUWLHV� RI� UDGLDWLRQ� LWVHOI��DQG� QRW� RI� WKH�PDWHULDO� HPLWWHUV�� 7KH� REVWD�
FOHV� SUHYLRXVO\� EDUULQJ� WKH� FRQQHFWLRQ� EHWZHHQ� 'HE\H
V� VFKHPH� DQG�

OLJKW� TXDQWD� GLG� QRW� H[LVW� IRU� -RUGDQ�� KH� ZDV� QRW� KRVWLOH� WR� OLJKW�
TXDQWD�� ZKLFK� LQ�DQ\� FDVH� KH� GLG� QRW� LQWHUSUHW� UHDOLVWLFDOO\��

7KLV� FRQFHSWXDO� FKDQJH� ZDV� SURIRXQG� EXW� OHVV� VSHFWDFXODU� WKDQ� WKH�
IOXFWXDWLRQ� FDOFXODWLRQ� DW� WKH� HQG� RI� WKH� �'UHLPDQQHUDUEHLW���
(LQVWHLQ
V� IRUPXOD� RI�-� ���� IRU�WKH�DYHUDJH� VTXDUHG� HQHUJ\� IOXFWXDWLRQV�
LQ� UDGLDWLRQ�� $� KS(� �(����LUY��F��YGY�� KDG� ILUVW�EHHQ� GHGXFHG� E\�
SXUHO\� VWDWLVWLFDO� PHWKRGV� IURP� WKH� VHPL�HPSLULFDO� 3ODQFN� ODZ�� 1RW�
XQWLO� ����� GLG� DQ\RQH� VXFFHHG� LQ�MXVWLI\LQJ� ERWK� WHUPV� RI� WKH� IRUPXOD�

E\� D�G\QDPLFDO� FDOFXODWLRQ�� &ODVVLFDO� WKHRU\�SURYLGHG� RQO\� WKH� VHFRQG�

WHUP�� OLJKW�TXDQWD� RQO\� WKH�ILUVW�� (KUHQIHVW� KDG� HYHQ� VKRZQ� GXULQJ� D�
VHPLQDU� DWWHQGHG� E\� -RUGDQ� DW�*RWWLQJHQ� LQ� WKH� VXPPHU� RI� ����� WKDW�

VRPHWKLQJ� LQWHUPHGLDWH"WKH� FODVVLFDO� RVFLOODWLRQV� RI� FDYLW\�PRGHV� SOXV�
HQHUJ\� TXDQWL]DWLRQ� LQ� WKH� IDVKLRQ� RI�(KUHQIHVW�'HE\H"JDYH� RQO\� WKH�
FODVVLFDO� WHUP� �DOWKRXJK� WKH� VDPH� VFKHPH� ZDV� VXIILFLHQW� WR� SURYH�
3ODQFN
V� ODZ��� +H� DOVR� SURYHG� WKDW� WKLV� UHSUHVHQWDWLRQ� RI� UDGLDWLRQ�
ZDV� LQFRPSDWLEOH� ZLWK� HQWURS\� DGGLWLYLW\� �ZKLFK� KH� QRZ� DGYRFDWHG��
DQG� OHDQHG� WRZDUG� LWV� UHMHFWLRQ�� ,Q� WKH� �'UHLPDQQHUDUEHLW�� -RUGDQ�
PHQWLRQHG� (KUHQIHVW
V� DQDO\VLV� DV� D� �YDOXDEOH� KHOS�� DQG� GUHZ� D� FOHDU�
FXW� FRQFOXVLRQ�� WKH� ROG� TXDQWXP� WKHRU\� IDLOHG� HYHQ� IRU� WKH� VLPSOH�
SUREOHP� RI� WKH�KDUPRQLF� RVFLOODWRU����

���� 3�� (KUHQIHVW�� �(QHUJLHVFKZDQNXQJHQ� LP� 6WUDKOXQJVIHOG� RGHU� .ULVWDOOJLWWHU� EHL� 6X�
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:LWK� WKH�QHZ� TXDQWXP� PHFKQDQLFV� -RUGDQ� FRXOG� FDOFXODWH� WKH�HYR�
OXWLRQ� RI� WKH� HQHUJ\�PDWUL[� (� LQVLGH� D� SDUWLDO� YROXPH� Y�DQG�� WDNLQJ�
LQWR� DFFRXQW� QRQ�FRPPXWDWLYLW\�� IRXQG� IRU�WLPH�DYHUDJHV� �a�� WKH� UHOD�
WLRQ�A��

 �
+Y
H� �� AH�����UY��F��YGY�� LQ� DJUHHPHQW� ZLWK� (LQVWHLQ
V� IRU�

PXOD�� LI�WKH�GLDJRQDO� HOHPHQWV� RI� D�PDWUL[� ZHUH� LQWHUSUHWHG� �IROORZLQJ�
+HLVHQEHUJ�� DV� WKH� REVHUYDEOH� YDOXHV� RI� WKH� FRUUHVSRQGLQJ� FODVVLFDO�

TXDQWLW\�� 7KH� WKUHH�PHQ� FRXOG� UHMRLFH�� E\� D�QHZ�PHFKDQLFV� ERUQ� IURP�
DWRPLF� WKHRU\� WKH\�KDG� VROYHG� WKH�PRVW� IDPRXV� SX]]OH� RI� UDGLDWLRQ�

WKHRU\��
1HYHUWKHOHVV� WKH� WUXH� QDWXUH� RI� WKLV� VROXWLRQ� ZDV� VWLOO� REVFXUH�� LQ�

WKLV� HDUO\� SHULRG� PDWUL[� PHFKDQLFV� ZDV� QRWKLQJ� EXW� D� VNHOHWRQ��
ZLWKRXW� DQ\� DUWLFXODWHG� LQWHUSUHWDWLRQ�� ,I�PDWULFHV� FRUUHVSRQGLQJ� WR�
DWRPLF� YDULDEOHV� FRXOG� EH� UHODWHG� WR� VHWV� RI� VSHFWUDO�OLQH� LQWHQVLWLHV��
WKHUH�ZDV� REYLRXVO\� QR� VXFK� LQWHUSUHWDWLRQ� IRU�ILHOG�PDWULFHV�� 7KLV� GLG�
QRW� ZRUU\� -RUGDQ� LQ� KLV� IRUPDOLVWLF� DSSURDFK�� DQG� LW�ZDV� LQ� IDFW�
FOHDUHG� XS� ODWHU� ZKHQ� WKH� SUREDELOLVWLF� LQWHUSUHWDWLRQ� RI� TXDQWXP�
PHFKDQLFV� ZDV� DYDLODEOH�� %XW� RWKHU� SHRSOH
V� LPPHGLDWH� UHDFWLRQV�
VKRXOG� EH� SODFHG� LQ�WKLV�GDUN� FRQWH[W��

+RVWLOLW\�
(LQVWHLQ� GLG� QRW� ZHOFRPH� WKH� ILUVW�G\QDPLFDO� SURRI� RI�KLV� IOXFWXD�

WLRQ� IRUPXOD�� +H� FRXOG� KDYH� UHMHFWHG� LW�DV� SDUW� RI� DQ� HVRWHULF� PDWUL[�
PHFKDQLFV�� %XW� LQ�KLV� OHWWHU�WR�-RUGDQ� RI�0DUFK� ��� ������ KH� SUHIHUUHG�
WR�SRLQW� RXW� DQ� LQVXIILFLHQF\� RI� WKH� TXDQWXP� ILHOG� DSSURDFK�� -RUGDQ�
FRXOG� JLYH� RQO\� WKH� DYHUDJH� VTXDUHG� IOXFWXDWLRQV�� ZKHUHDV� (LQVWHLQ�� DV�

HDUO\� DV� �����B�NQHZ� WKH� SUREDELOLW\� RI� DQ\� HQHUJ\� IOXFWXDWLRQ�� IRU�
LQVWDQFH� �Y�9�(�KY� IRU�D� IOXFWXDWLRQ� ZKHUH� DOO� WKH� HQHUJ\�ZDV� FRQFHQ�

WUDWHG� LQVLGH� D� YROXPH� Y�ZLWKLQ� WKH� WRWDO� FDYLW\� YROXPH� 9���� ,Q� IDFW�
WKLV� REMHFWLRQ� ZDV� GHIHDWHG� E\� D�PRUH� HODERUDWH� LQWHUSUHWDWLRQ� RI� WKH�

TXDQWXP� PHFKDQLFDO� IRUPDOLVP�� WKH� ODWHU� 'LUDF�-RUGDQ� WKHRU\� RI�
WUDQVIRUPDWLRQV��

$�PRUH� VHULRXV� FULWLFLVP� ZDV� UHVXUUHFWHG� E\�$GROSK� 6PHNDO� IURP�
WKH�SDVW� KLVWRU\� RI� UDGLDWLRQ�� 7KH� PDLQ� REMHFWLRQ� DGGUHVVHG� E\�3ODQFN�
DQG� /RUHQW]� WR� (LQVWHLQ
V� IOXFWXDWLRQ� DUJXPHQWV� LQ� IDYRU� RI� OLJKW�
TXDQWD� ZDV� WKDW� WKH\� VXSSRVHG� DSSOLFDELOLW\� RI� VWDWLVWLFDO�PHFKDQLFV� WR�

SXUH� UDGLDWLRQ� ZLWKRXW� DQ\� VDPSOH� RI� WKHUPDOL]LQJ� PDWWHU�� /RUHQW]�

WKRXJKW� WKDW� HQWURS\� DGGLWLYLW\� IRU� WKH� LPDJLQDU\� SDUWLDO� YROXPHV�
LQVLGH� D� FDYLW\� FRQVLGHUHG� E\� (LQVWHLQ� GLG� QRW� KROG�� VLQFH� FODVVLFDO�
UDGLDWLRQ� WKHRU\� VXJJHVWHG� VSDFLDOO\� H[WHQGHG� DQG� FRUUHODWHG�

SHUSRVLWLRQ� TXDQWLVLHUWHU� (LJHQVFKZLQJXQJHQ��� =3�� ��� �������� ��������� %RUQ�� +HLVHQ�

EHUJ�� DQG� -RUGDQ� �UHI�� ����� �����

����(LQVWHLQ�WR�-RUGDQ����0DU� ������$+43���
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HOHFWURPDJQHWLF� RVFLOODWLRQV�� 3ODQFN� XQGHUOLQHG� D� TXDOLWDWLYH�
GLIIHUHQFH� EHWZHHQ� FDYLW\� UDGLDWLRQ� DQG� D� JDV�� IRU�D� JDV� RXW� RI� HTXLOL�
EULXP� WKHUH� H[LVWHG� D� WKHUPDOL]LQJ� SURFHVV� LQVLGH� WKH� YROXPH� RI� WKH�

JDV� GXH� WR� LQWHUPROHFXODU� LQWHUDFWLRQV�� ZKHUHDV� UDGLDWLRQ� GLG� QRW�
LQWHUDFW�ZLWK� LWVHOI����

6RPH� ILIWHHQ� \HDUV� ODWHU�� LQ� WKH� VSULQJ� RI� ������ 6PHNDO� LQVLVWHG�

DJDLQ� RQ� WKH�QHFHVVLW\� RI� LQWURGXFLQJ� D� WKHUPDOL]LQJ� ERG\� WR� DQDO\]H�
UDGLDWLRQ� IOXFWXDWLRQV�� QRW� RQO\� LQ�(LQVWHLQ
V� VWDWLVWLFDO� UHDVRQLQJ� EXW�
DOVR� LQ� WKH� G\QDPLFDO� FDOFXODWLRQ�� �>-RUGDQ
V� FDOFXODWLRQ@� VXSSRVHV�

QRWKLQJ� OHVV� WKDQ� WKH� H[LVWHQFH� RI� UDGLDWLRQ� SURFHVVHV� WKDW� FDQ� RFFXU�
ZLWKRXW� WKH�SDUWLFLSDWLRQ� RI� UHDO� HPLWWLQJ� DQG� DEVRUELQJ� PDWWHU�� VXFK�

SURFHVVHV� DUH� HVVHQWLDOO\� XQREVHUYDEOH�� �� �� �(QHUJ\� IOXFWXDWLRQV� LQ�SRU�
WLRQV� RI� VSDFH� IUHH�RI�DQ\�PDWWHU� DUH� HVVHQWLDOO\� XQREVHUYDEOH�����

7R� +HLVHQEHUJ
V� HDUV� WKLV� VRXQGHG� OLNH� D� IDPLOLDU�PHORG\�� +DG� KH�
QRW� FODLPHG� WR�EDVH� KLV�PDWUL[� PHFKDQLFV� RQ� D� UHMHFWLRQ� RI�XQREVHUY�
DEOH� TXDQWLWLHV"� ,Q�2FWREHU� ����� KH� VHQW� WKUHH� FRSLHV� RI� WKH� VDPH�
OHWWHU�WR�-RUGDQ�� %RUQ�� DQG� 6PHNDO� WR�GDPS� WKH�TXDUUHO�� -RUGDQ
V� FDO�

FXODWLRQV�� KH�ZURWH�� ZHUH� FHUWDLQO\� YDOLG� IRU�VRXQG� ZDYHV� LQVLGH� D� VROLG�

ERG\�� EXW� WKH� TXHVWLRQ� RI� WKLV� DSSOLFDELOLW\� WR� HOHFWURPDJQHWLF� ZDYHV�
KDG� WR� EH� UHVHUYHG� XQWLO� WKHUH� H[LVWHG� D� TXDQWXP� PHFKDQLFDO� WUHDW�
PHQW� RI� WKH� IXOO� LQWHUDFWLQJ� V\VWHP� RI�PDWWHU� SOXV� UDGLDWLRQ�� $V� IRU�
-RUGDQ
V� H[SODQDWLRQ� RI�%RVH� VWDWLVWLFV��+HLVHQEHUJ� KDG� DOUHDG\� ZULWWHQ�
WKDW�KH� FRXOG� QRW� MXGJH� LW���VLQFH� KH� GLG� QRW� NQRZ� HQRXJK� VWDWLVWLFV���
7KLV� ZDV� QRW� RQO\�PRGHVW\�� LW�ZDV� WKH� WUXWK��DV� SURYHG� E\� KLV� HUURQH�
RXV� FRQQHFWLRQ� RI� DQWLV\PPHWULF� ZDYHV� ZLWK� %RVH� VWDWLVWLFV� �-XQH�
���������+H� FRQFOXGHG� KLV� RSHQ� OHWWHU�ZLWK� WKH�IROORZLQJ�ZRUGV�� �,�ZDV�

DFWXDOO\� UHDG\� WR� JLYH� XS� WKH� SXEOLFDWLRQ� RI� RXU� WKUHH�PDQ�QRWH� FRQ�

FHUQLQJ� WKH� IOXFWXDWLRQ� SUREOHP�� EHFDXVH� DQ\� SROHPLFV� FXW�PH� WR� WKH�

TXLFN� >WKLV� LV�D� UKHWRULFDO� ILJXUH@�� DQG� ,�QR� ORQJHU� VDZ� DQ\� SRLQW� ZRUWK�

ILJKWLQJ�IRU�����
3RRU� -RUGDQ�ZDV� OHIW�DORQH� ZLWK� KLV� JUHDW� LGHD� RI�TXDQWL]HG� ZDYHV��

DQG� QRERG\� H[FHSW� KLV� FORVHVW� FROODERUDWRUV� NQHZ� WKDW�KH� KDG� LQ�PLQG�
DQ� HYHQ�PRUH� GDULQJ� JHQHUDOL]DWLRQ�� +H� WKRXJKW� LQGHHG� WKDW�PDWWHU� DV�
ZHOO� VKRXOG� EH� UHSUHVHQWHG� E\� TXDQWL]HG� ZDYHV�� PRUH� VSHFLILFDOO\� E\�
TXDQWL]HG� A
V� ZKHQ� KH� OHDUQHG� DERXW� 6FKURGLQJHU
V� L�
�ZDYHV��

���� +�$�� /RUHQW]�� /HV� WKHRULHV� VWDWLVWLTXHV� HQ� WKHUPRG\QDPLTXH�� &RQIHUHQFHV� DX�

&ROOHJH� GH� )UDQFH� QRWHHV� SDU� /�� 'XQR\HU� �/HLS]LJ�� ������� ����0�� 3ODQFN�� LQ�/D� WKHRULH�

�UHI�� ����� ���������

���� $�� 6PHNDO�� �=XU� 4XDQWHQVWDWLVWLN� GHU� +RKOUDXPVWUDKOXQJ� XQG� LKUHU�:HFKVHOZLU�

NXQJ�PLW� GHU�0DWHULH��� =3�� ���������� ��������� RQ� ���������

���� :�� +HLVHQEHUJ�� �0HKUNRUSHUSUREOHP� XQG� 5HVRQDQ]� LQ� GHU� 4XDQWHQPHFKDQLN���
=3������������ ���������

���� +HLVHQEHUJ� WR�%RUQ�� -RUGDQ�� DQG� 6PHNDO�� ���2FW� ����� �$+43���
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+HLVHQEHUJ
V� OHWWHU� FLWHG� DERYH� EHDUV� D� WUDFH� RI� WKLV� LGHD�� H[SUHVVHG�
ZLWK� KLV� XVXDO� RSSRUWXQLVP�� �$V� IRU� WKH� TXHVWLRQ� RI� ZKHWKHU�

6FKURGLQJHU
V� \S�
V�DUH�PDWULFHV� RU� QXPEHUV� ,�KDYH� QRW� VHHQ� DQ\� FRP�

SHOOLQJ� DUJXPHQW� IRU� DQ\� RI� WKH� DOWHUQDWLYHV�� 2QH� DOZD\V� KDV� WR� DVN�
ILUVW�ZKDW� FDQ� EH� VWDUWHG� LQ� WKLV�ZD\��� -RUGDQ
V� SDWK� ZDV� VWUHZQ�ZLWK�
GLIILFXOWLHV�� KRZ� WR� JHW� 3DXOL� VWDWLVWLFV� LQVWHDG� RI�%RVH� VWDWLVWLFV�� DQG�
DERYH� DOO�� KRZ� WR�RYHUFRPH� WKH�JHQHUDO� LQGLIIHUHQFH� WR�KLV� LGHDV�� �2I�
FRXUVH� ,�ZDV� KDQGLFDSSHG� E\�P\� VSHHFK� GHIHFW�� WR� VSUHDG� RXU� LGHDV�� ,�
KDG� WR� UHO\�RQ� SULYDWH� FRQYHUVDWLRQV� RU�GLVFXVVLRQV� LQ�YHU\�QDUURZ� FLU�
FOHV� RI� IULHQGV�� H[FHSW� IRU� WKH� SXEOLFDWLRQ� RI� LQFRPSUHKHQVLEOH�
ZRUNV�����

-RUGDQ� GLG� QRW� SXEOLVK� DQ\WKLQJ� RQ� TXDQWL]HG� PDWWHU� ZDYHV� EHIRUH�
������ ,Q� WKH� VXPPHU� RI� WKDW�\HDU� KH� WROG� WKH� VWRU\�WR�6FKURGLQJHU����

7KH� LGHDV� WKDW�,� VHW�RXW� LQ�WKH�ODVW�SDUDJUDSK� RI�P\�ZRUN� RQ� WKH�)HUPL�
JDV� >TXDQWL]HG� PDWWHU� ZDYHV� FRXSOHG� ZLWK� OLJKW�ZDYHV@� KDYH�� DV� ,�

FODLPHG�� DQ� HDUOLHU� RULJLQ��EXW�P\� HDUOLHU� FRQFHSWLRQV� ZHUH� HVVHQWLDOO\�
SULYDWH� FRPPXQLFDWLRQV� WR�%RUQ��+HLVHQEHUJ�� DQG�3DXOL�� $W� WKDW�WLPH�,�
KDG� JLYHQ� D� ORW�RI� WKRXJKW�WR�(LQVWHLQ
V� JDV� WKHRU\�DQG� ,�KDG� VSHFLILHG�
WKH�UHSUHVHQWDWLRQ� LQ�D�ZD\� VLPLODU� WR�\RXU�ZRUN� LQ�WKH�3K\V��=HLWV�� >RQ�
(LQVWHLQ
V� JDV� WKHRU\@��7KH� QXPEHU� RI�DWRPV� LQ�D� FHOO�FRUUHVSRQGV� WR�WKH�
TXDQWXP� QXPEHU� RI�D� FDYLW\�PRGH� RVFLOODWRU� �ZH�DOVR� EULHIO\�PDGH� WKLV�

SRLQW� LQ� WKH� �'UHLPDQQHUDUEHLW���� 7KHQ� \RXU� K\GURJHQ� SDSHU� JDYH�
KRSH� WKDW�E\� IROORZLQJ�XS� WKLV�FRUUHVSRQGHQFH� DOVR� WKH�QRQ�LGHDO� JDV�
FRXOG� EH� UHSUHVHQWHG� E\� TXDQWL]HG� ZDYHV"WKDW� WKHUHIRUH�D� FRPSOHWH�
WKHRU\�RI� OLJKW�DQG�PDWWHU� FRXOG� EH� GHULYHG� LQ�ZKLFK�� DV� DQ� HVVHQWLDO�

LQJUHGLHQW�� WKLV�ZDYH� ILHOG� LWVHOI�RSHUDWHV� LQ�D� TXDQWXP�� QRQ�FODVVLFDO�
ZD\�� WKH�QHHG� WR� UHSUHVHQW� WKH� OLJKW�ILHOG�DV� D� TXDQWXP�PHFKDQLFDOO\�
RSHUDWLQJ�ZDYH� ILHOG�ZDV� REYLRXV� WR�PH� DIWHU�WKH�UHVXOW�RI�WKH�DQDO\VLV� RI�
WKH�IOXFWXDWLRQ�SURSHUWLHV� RI�TXDQWL]HG� ZDYHV� �FI���'UHLPDQQHUDUEHLW����
7KH� GLIILFXOW\�RQ�ZKLFK� WKLV�KRSH� VHHPHG� WR� IORXQGHU�DW� WKDW�WLPH�ZDV�

MXVW� WKH�YDOLGLW\� RI�3DXOL
V� VWDWLVWLFV� LQVWHDG� RI� (LQVWHLQ
V�� VLQFH� WKLV�

GLIILFXOW\�VHHPHG� WR� EH� XQVXSHUDEOH�� ,� JUDGXDOO\� FDPH� WR�GRXEW� WKH�
FRUUHFWQHVV� RI� WKH� ZKROH� UHSUHVHQWDWLRQ�� )XUWKHUPRUH�� 3DXOL� DQG�

+HLVHQEHUJ� GLG�QRW�ZDQW� WR�KHDU�PXFK� DERXW� LW��ZKLOH� %RUQ�ZDV� LQLWLDOO\�
YHU\�IDYRUDEOH��EXW� ODWHU�FRPSOHWHO\�ZLWKGUHZ�KLV� VXSSRUW��

-RUGDQ� DOVR� H[SUHVVHG� KLV� GLIILFXOWLHV� LQ�D� UHYLHZ� DUWLFOH� FRPSRVHG�
LQ� ������ �'HULYLQJ� WKLV�TXDQWL]DWLRQ� >RI�WKH�QDWXUDO� RVFLOODWLRQV� LQVLGH�
D� FDYLW\@� IURP� WKH�JHQHUDO� SULQFLSOHV� RI�TXDQWXP� PHFKDQLFV� KDV� EHHQ�

LPSHGHG� E\� WKH� IDFW� WKDW� WKH� SUHVHQW� IRUPXODWLRQV� RI� TXDQWXP�
PHFKDQLFV� FRQFHUQ� RQO\� V\VWHPV� RI� LQGLYLGXDO� PDVV� SRLQWV� �HOHFWURQV��

���� -RUGDQ� WR� %RUQ�� �� -XO� ����� �$+43��� &I�� DOVR� -RUGDQ� WR� %RKU�� ��� -XO� ������
)UDQFN�WR�%RKU����-XO�������DQG�%RKU�WR�)UDQFN�����-XO�������$+43�� DERXW�IXQGV�IURP�
WKH�&RSHQKDJHQ� ,QVWLWXWH� WR� FXUH� -RUGDQ
V� VWXWWHULQJ��

���� -RUGDQ� WR� 6FKURGLQJHU�� VXPPHU� ����� �RULJLQDO� XQGDWHG�� �$+43���



48$17,=('�0$77(5�:$9(6� ����

QXFOHL��� ZKHUHDV� ZH� KDYH� WR�GR� ZLWK� DQ� RVFLOODWLQJ� FRQWLQXXP� LQ� WKH�
FDVH� RI� WKH� HOHFWURPDJQHWLF� FDYLW\��� 7KLV� FRPPHQW� ZDV� QRW� \HW� LQ�

SULQW�� KRZHYHU�� ZKHQ� -RUGDQ� UHDG� D� QHZ� SDSHU� E\� 'LUDF�� ZKLFK�
UHPRYHG� WKH� LPSHGLPHQW�� -RUGDQ� DGGHG� DQ� XS�EHDW� IRRWQRWH�� �'LPH
V�

SURFHGXUH� RIIHUV�� �� �D�FRPSOHWH� MXVWLILFDWLRQ� RI�%RUQ�� +HLVHQEHUJ�� DQG�
-RUGDQ
V� FRQYLFWLRQ� WKDW� WKH� GLIILFXOWLHV� FRQFHUQLQJ� WKH� LQWHQVLW\�
IOXFWXDWLRQV� RI� UDGLDWLRQ� PXVW� EH� VROYHG� TXDQWXP�PHFKDQLFDOO\� LQ�

TXLWH� WKH� VDPH� ZD\� DV� WKH� FRUUHVSRQGLQJ� GLIILFXOW\� LQ� WKH� RVFLOODWLRQ�

HQHUJ\�RI� FU\VWDO� ODWWLFHV�����:KDW� KDG� 'LUDF� DFFRPSOLVKHG� WR�RYHUWXUQ�

MXGJPHQWV� RQ� ILHOG�TXDQWL]DWLRQ� VR�TXLFNO\"�

���&216758&7,21�

'LUDF
V� UDGLDWLRQ� WKHRU\�

�7KH� TXDQWXP� WKHRU\�RI� WKH�HPLVVLRQ� DQG� DEVRUSWLRQ� RI� UDGLDWLRQ��
ZDV� FRPPXQLFDWHG� E\�1LHOV� %RKU� WR� WKH�5R\DO� 6RFLHW\�� ZKHUH� LW�ZDV�
UHFHLYHG� RQ� )HEUXDU\� ��� ������ 7KLV� WKHRU\�ZDV� HODERUDWHG� GXULQJ� D�
IRXU�PRQWK� VWD\� LQ�&RSHQKDJHQ� E\�'LUDF� DORQH�� IROORZLQJ� KLV� WDVWH� IRU�

VROLWDU\� WKLQNLQJ����
'XULQJ� WKH� ILUVW�WZR� \HDUV� RI� TXDQWXP� PHFKDQLFV� WKH� HOHFWURPDJ�

QHWLF� ILHOG�KDG� EHHQ� WUHDWHG� FODVVLFDOO\� LQ�PDQ\� SUREOHPV�� HOHFWURQ� LQ�D�
FODVVLFDO� &RXORPE� ILHOG�� VFDWWHULQJ�� =HHPDQ� HIIHFW��DQG� HYHQ� WKH�&RPS�
WRQ� HIIHFW� ����� ZLWK� D� VXFFHVV� EH\RQG� H[SHFWDWLRQ�� &RQVHTXHQWO\��
-RUGDQ
V� DWWHPSW� DW�ILHOG�TXDQWL]DWLRQ� FRXOG� EH� SXW� DVLGH�� LQ�IDYRU� RI�D�

IDLUO\� VLPSOH� SURFHGXUH�� RQH� LQWURGXFHG� WKH� FODVVLFDO� LPSRVHG� ILHOG�E\�
WKH� VXEVWLWXWLRQ� SAS�H$�� ����+�H9� DQG� FDOFXODWHG� WKH� HPLWWHG�

�FODVVLFDO�� ILHOG� LQ�VFDWWHULQJ� SUREOHPV� IURP� WKH�HOHFWULF� GLSROH� PRPHQW�
RI� WKH�DWRP��

%XW� WKHUH�ZDV� D� VHULRXV� IODZ� LQ� WKLV� VFKHPH�� VSRQWDQHRXV� HPLVVLRQ�

E\� H[FLWHG� DWRPV� FRXOG� QRW� EH� WUHDWHG� ZLWKRXW� WKH�KHOS� RI� D� VSHFLDO�
FRUUHVSRQGHQFH� DUJXPHQW�� 7KH� VWDWLRQDU\� FKDUJH� FXUUHQW� RI�

6FKURGLQJHU
V� DWRP� FRXOG� DSSDUHQWO\� QRW� UDGLDWH�� DQG� 6FKURGLQJHU�
IDLOHG� LQ�DQ� DWWHPSW� WR� VROYH� WKH�SXUHO\� XQGXODWRU\� FRXSOHG� SUREOHP��
0D[ZHOO� ILHOG�SOXV� A�ILHOG����

���� 3�� -RUGDQ�� �'LH� (QWZLFNOXQJ� GHU� QHXHQ� 4XDQWHQPHFKDQLN��� 'LH� 1DWXUZLVVHQ�

VFKDIWHQ�� ��� �������� ��������� ��������� RQ� ���������
���� 3�� 'LUDF�� �7KH� TXDQWXP� WKHRU\� RI� WKH� HPLVVLRQ� DQG� DEVRUSWLRQ� RI� UDGLDWLRQ���

356�� ����������� ���������
���� (�� 6FKURGLQJHU�� �'HU� (QHUJLHLPSXOVVDW]� GHU�0DWHULHZHOOHQ��� $3�� ��� �������� ����

����� 7KH� VHOI�HQHUJ\� GLIILFXOWLHV� HQFRXQWHUHG� E\� 6FKURGLQJHU� ZHUH� QRW� LQFXUDEOH�� ,Q�

VWHDG�� (�7�� -D\QHV� DQG� RWKHUV� SURYHG� LQ� ����� WKDW� D� WKHRU\� RI� UDGLDWLRQ� LQ� OLQH�ZLWK�

6FKURGLQJHU
V� DWWHPSW� JLYHV� PDQ\� VDWLVIDFWRU\� SUHGLFWLRQV� �LQFOXGLQJ� WKH� FKDUDFWHULVWLFV�
RI� VSRQWDQHRXV� HPLVVLRQ��� ,� WKDQN� &ODXGH� &RKHQ�7DQQRXGML� IRU� WKLV� UHPDUN�� 0RUH� GH�
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'LUDF� ZDV� WKH� ILUVW�WR� H[SODLQ� VSRQWDQHRXV� HPLVVLRQ� E\� D� EOLQG�

DSSOLFDWLRQ� RI�TXDQWXP� PHFKDQLFV� WR� WKH�G\QDPLFDO� V\VWHP� FRQVLVWLQJ�
RI�DWRPV� LQWHUDFWLQJ�ZLWK� UDGLDWLRQ�� +H� FRXOG� GHULYH� (LQVWHLQ
V� $� DQG�
%� FRHIILFLHQWV� ZLWKRXW� DQ\� VXSSOHPHQWDU\� K\SRWKHVLV�� 7KLV� VXFFHVV�
FDPH� DV� D� IUXLW�RI�KLV� QHZERUQ� WUDQVIRUPDWLRQ� WKHRU\��ZKLFK� JDYH� V\V�
WHPDWLF� UXOHV� WR�TXDQWL]H� DQ\� G\QDPLFDO� V\VWHP� DQG� WR� LQWHUSUHW� WKH�

UHVXOWLQJ� IRUPDOLVP���� (YHU\ERG\� ZDV� LPSUHVVHG� E\� WKH�QHZ� UDGLDWLRQ�

WKHRU\�� +HLVHQEHUJ� DQG� 3DXOL� VRRQ� GHFLGHG� WR� FRQVWUXFW� WKHLU� RZQ�

TXDQWXP� HOHFWURG\QDPLFV� RQ� WKH� VDPH� EDVLV�� %RKU� OLNHG� LW� WRR�
EHFDXVH� LW� ILW�ZHOO� ZLWK� KLV� SKLORVRSK\� RI� FRPSOHPHQWDULW\�� �7KH�
UHQXQFLDWLRQ� RI� LQWXLWLRQ� LQ� VSDFH� DQG� WLPH� WKDW� FKDUDFWHUL]HV� WKLV�
WUHDWPHQW� RI� WKH� >UDGLDWLRQ@� SUREOHP� JLYHV� DQ� LPSUHVVLYH� LQGLFDWLRQ� RI�
WKH� HVVHQWLDOO\� FRPSOHPHQWDU\� QDWXUH� RI� GHVFULSWLRQ� LQ� WKH� WKHRU\� RI�

TXDQWD�����

'LUDF
V� SDSHU� FRXOG� KDYH� EHHQ� OLPLWHG� WR� WKH� IROORZLQJ� WRSLFV��
TXDQWL]DWLRQ� RI� WKH� IUHH� ILHOG� D� OD� -RUGDQ�� ZLWK� DQ� LQWHUSUHWDWLRQ� LQ�
WHUPV�RI� OLJKW�TXDQWD�� DQG� D� GHPRQVWUDWLRQ� RI� WKH� IDFW� WKDW� WKH�+DPLO�
WRQLDQ� RI� LQWHUDFWLRQ� ZDV� DQ� RSHUDWRU� UDLVLQJ� RU� ORZHULQJ� WKH�QXPEHUV�
RI� OLJKW�TXDQWD�� ,Q� IDFW� WKHUH�ZDV� VRPHWKLQJ� PRUH�� ZKDW� -RUGDQ� ODWHU�
FDOOHG� VHFRQG� TXDQWL]DWLRQ�� ZKLFK� KDG� EHHQ� 'LUDF
V� WUXH� VWDUWLQJ�
SRLQW���� �,� UHPHPEHU� WKH� RULJLQ� RI� WKDW�ZRUN� ZDV� MXVW� SOD\LQJ� DERXW�
ZLWK� WKH�HTXDWLRQV�� ,�ZDV� LQWHQGLQJ� WR�JHW�D� WKHRU\�RI� UDGLDWLRQ� DW� WKDW�
WLPH�� ,�ZDV� MXVW� SOD\LQJ� DERXW� ZLWK� WKH� 6FKURGLQJHU� HTXDWLRQ�� ,�JRW�
WKH� LGHD� RI� DSSO\LQJ� WKH� TXDQWL]DWLRQ� WR� LW�DQG� ZRUNHG� RXW� ZKDW� LW�

JDYH� DQG� IRXQG� WKDW� LW�MXVW� JDYH� WKH�%RVH� VWDWLVWLFV����� /HW� XV� FRQWHP�

SODWH� WKH�RGG� JDPH� WKH�\RXQJ� &DPEULGJH� WKHRULVW�ZDV� SOD\LQJ��
+H� ILUVW�FRQVLGHUHG� D� VWDWLVWLFDO� HQVHPEOH� RI� V\VWHPV� GHVFULEHG� E\�

WKH�ZDYH� IXQFWLRQ� ?>��REH\LQJ� WR�WKH�6FKURGLQJHU� HTXDWLRQ� LI[G\S�GW +?S�
ZLWK�+ +��9�� +�� EHLQJ� WKH�+DPLOWRQLDQ� IRU�IUHH� HYROXWLRQ� DQG� 9�

UHSUHVHQWLQJ� VRPH� NLQG� RI� LQWHUDFWLRQ�� ,I� ?>�U�GHQRWHV� WKH� HLJHQVWDWH� RI�

+�� ZLWK� (U� DV� HLJHQYDOXH�� WKH� FRHIILFLHQWV� EU� LQ� WKH� GHYHORSPHQW�

?S AEU?SU�JLYH� WKH�QXPEHU� _�EU�?�
��RI� V\VWHPV�LQ�WKH�VWDWH�U� �?S�LV�

WDLOV� FDQ� EH� IRXQG� LQ�(�7�� -D\QHV�� �6XUYH\� RI� WKH�SUHVHQW� VWDWH� RI� WKH�QHR�FODVVLFDO� UDGLD�

WLRQ� WKHRU\��� LQ�/��0DQGHO� DQG� (��:ROI�� HGV��� &RKHUHQFH� DQG� TXDQWXP� RSWLFV� �1HZ� <RUN��

������� �������

���� 3�� 'LUDF�� �7KH� SK\VLFDO� LQWHUSUHWDWLRQ� RI� WKH� TXDQWXP� G\QDPLFV��� 356�� ����

�����������������
���� 1�� %RKU�� LQ�(OHFWURQV� HW�SKRWRQV�� �WK� 6ROYD\� FRQJUHVV� �������� 5DSSRUWV� HW�GLVFXV�

VLRQV� �3DULV�� ������� ���������

���� 7KH� ILUVW�RFFXUHQFH� ,� IRXQG� RI� WKH� H[SUHVVLRQ� �=ZHLWH� 4XDQWHOXQJ�� LV� LQ�3�� -RU�

GDQ�� �=XU� 0HWKRGH� GHU� ]ZHLWHQ� 4XDQWHOXQJ��� =3�� ��� �������� ������ ����� DQG� DOVR� 9�� )RFN��

�.RQILJXUDWLRQVUDXP� XQG� ]ZHLWH� 4XDQWHOXQJ��� LELG��� ��������� -RUGDQ� ODWHU� FRQILUPHG�

WKDW�KH�ZDV� WKH� LQYHQWRU� RI� WKLV�QDPH� �UHI�������
���� 3�� 'LUDF�� LQWHUYLHZ� E\�7�6�� .XKQ� ������������� VHVVLRQ� ���RQ� ����
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QRUPDOL]HG� WR� WKH�QXPEHU� RI� V\VWHPV� LQ�WKH�HQVHPEOH�� DQG� ?SU�WR�RQH���
2Q� WKLV�EDVH� WKH�6FKURGLQJHU� HTXDWLRQ� FDQ� EH� UHZULWWHQ��

L�ULEU�
 �
A+UV� EV�
V�

�LWLEUA+VUEV�

��ZKHUH� +UV +6��

DQG� WKLV� V\VWHP"KHUH� LV� WKH� WULFN"FDQ� EH� YLHZHG� DV� WKH� FDQRQLFDO�

HTXDWLRQV� IRU�WKH�+DPLOWRQLDQ�

)� �AE+UVEV� �M��UV�
WKH� FDQRQLFDO� YDULDEOHV� EHLQJ� �EU-WLE��� 7KHQ�� ZK\� QRW� TXDQWL]H� WKLV�
�FODVVLFDO�� WKHRU\� E\� LPSRVLQJ� >EU-ILEV�@�

 �
LILGUV�DQG� >EU�LILEV@ ��� RU�

>EU�EV�@ GUV�DQG� >EU�EV@ ��� )URP� WKHVH� FRQGLWLRQV� LW�IROORZV� WKDW� WKH�

VSHFWUXP� RI� WKH� RSHUDWRU� 1U EU�EU� LV�������� ��DQG� WKH� DFWLRQ� RI�EU�
DQG� EU��LQ�WKH� VFKHPH� GLDJRQDOL]LQJ� 1U� LV��

E0Q[�� QU�� ��
 �

�QU�O���QX� QU�O�� �� ����

EU�9�QX�
��

QU��
����

��
 �

�QU��� O�O����QX� QU��� O�� �� ����

(TXDWLRQ� ���� LQGLFDWHV� GHVWUXFWLRQ�� HTXDWLRQ� ���� FUHDWLRQ��
7KH� WRWDO�QXPEHU� RI� V\VWHPV�

1� �A1U�U�
LV� FRQVHUYHG� GXULQJ� WKH� HYROXWLRQ� LWLGA�GW�  )W\�� WKDW� LV� WR� VD\�

>)�1@ ��� )ROORZLQJ� WKH�JHQHUDO� LQWHUSUHWDWLRQ� UXOHV� HVWDEOLVKHG� LQ�KLV�
WUDQVIRUPDWLRQ� WKHRU\�'LUDF� LQWHUSUHWHG� _�?)�_���QX�


���
�QU�� ��DV� WKH�

SUREDELOLW\� WKDW� WKH�QXPEHU� RI� V\VWHPV� LQ�WKH� VWDWH� U�EH� QU�� 7KH� HYR�

OXWLRQ� RI� WKLV�A� FRXOG� EH�ZULWWHQ� RXW� E\�PHDQV� RI�HTXDWLRQV� �O�������

L+����QO��
�QU�� �� � ����

A+UVQ[�?QV�
�� ?�EUV�\�� 9�QX� QU�O�� QV� �� ?�� ���

UV�

$� IHZ�PRQWKV� HDUOLHU� 'LUDF� KDG� JLYHQ� WKH� TXDQWXP� PHFKDQLFDO�
HYROXWLRQ� RI� DQ� DVVHPEO\� RI� Q� SDUWLFOHV� REH\LQJ� WKH�%RVH� VWDWLVWLFV����
7KLV� DVVHPEO\� KDG� WR� EH� GHVFULEHG� E\� D� V\PPHWULFDO� ZDYH� IXQFWLRQ�

��[L�� [Q�� LQ� FRQILJXUDWLRQ� VSDFH�� RU�� WKDQNV� WR� WKH� IUHHGRP� JLYHQ�
E\� WKH� WKHRU\� RI� WUDQVIRUPDWLRQV�� E\� WKH�ZDYH� IXQFWLRQ� E�UX� UQ��
JLYLQJ� WKH�SUREDELOLW\� DPSOLWXGH� WKDW� WKH� ]WK�ERVRQ� LV� LQ� WKH� UW�HLJHQ�
VWDWH� RI�+T�� 7KH� E�� EHLQJ� FRPSOHWHO\� V\PPHWULFDO�� FRXOG� EH� UH�

H[SUHVVHG� LQ� WHUPV� RI� WKH� SUREDELOLW\� DPSOLWXGH� E
�Q^��
��
QU�� ��

WKDW�QU�ERVRQV� EH� LQ�WKH� VWDWH� U��

���� 3�� 'LUDF�� �2Q� WKH� WKHRU\� RI�TXDQWXP� PHFKDQLFV��� 356�� ���� �������� ���������
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E�UX�

� 
� 
�

UQ��
 �

^Q[?� QU?� �Q?�O��E
�QX� QU�� ���

WKH� VTXDUH� URRW�EHLQJ� WKHUH� WR�SUHVHUYH� WKH�QRUPDOL]DWLRQ��

�� ?E?� � �� ?E
?� O�
UK�� UQ� QX�

��
QU��

��

�7R� D� JLYHQ� VHTXHQFH� Q["� QU�� FRUUHVSRQG� ��� "U�� ��

HTXLYDOHQW� FRQILJXUDWLRQV��� 7KLV� QHZ� UHSUHVHQWDWLRQ� ZDV� RI� FRXUVH�
IDYRUHG� E\�'LUDF
V� HDUOLHU� QRWLFH� RI� GH� %URJOLH
V� ZRUN� DW� WKH�.DSLW]D�
FOXE��

$Q� HDV\� FDOFXODWLRQ� VKRZV� WKDW� WKH� HYROXWLRQ� RI� E
� LQGXFHG� E\� WKH�
+DPLOWRQLDQ� ��A�!� +W� EHLQJ� DQ� H[HPSODU� RI�+�� LV� H[DFWO\� WKH� RQH�

JLYHQ� E\� HTXDWLRQ� ���� LI�RQH� LGHQWLILHV� ?)�DQG� E
�� 7KH� UHVXOW� RI� WKH�

JDPH� ZDV� D�QHZ� HOHJDQW� IRUPXODWLRQ� RI� VRPHWKLQJ� NQRZQ��

$OWKRXJK� WKLV� IRUPXODWLRQ� ZDV� TXLWH� JHQHUDO� DQG� FRXOG� EH� DSSOLHG�
WR�DQ\� NLQG� RI�ERVRQV�� 'LUDF� XVHG� LW�RQO\� DV� D�EULGJH� EHWZHHQ� WKH� OLJKW�
TXDQWD� LQ� FRQILJXUDWLRQ� VSDFH� DQG� HOHFWURPDJQHWLF� ILHOG� TXDQWL]DWLRQ��
ZKLFK� KH� DVVLPLODWHG� WR�D� �ZDYH� SRLQW� RI�YLHZ��� -RUGDQ
V� ILHOG�+DPLO�

WRQLDQ�� WR�ZKLFK� 'LUDF� DGGHG� DQ� LQWHUDFWLRQ� WHUP��KDG� WKH� VDPH� VWUXF�
WXUH� DV� WKH�+DPLOWRQLDQ� )� IRU�D� VHW� RI�ERVRQV�� $FWXDOO\� WKLV� LGHQWLW\�
FRXOG� QRW� EH� TXLWH� H[DFW� EHFDXVH� )� FRQVHUYHV� WKH� WRWDO�QXPEHU� RI�SDU��
WLGHV�� ZKLOH� WKH� TXDQWL]HG� HOHFWURPDJQHWLF� LQWHUDFWLRQ� WHUP� �M�$�
UDLVHV� RU� ORZHUV� H[FLWDWLRQ� QXPEHUV� E\� RQH� XQLW�� 7R� VDYH� LW��'LUDF�
XVHG� WKH� IUHHGRP� KH� KDG� LQ� LQWHUSUHWLQJ� WKH�A�HYROXWLRQ�� +H� QRWLFHG�
WKDW�TXDQWD� ZLWK� ]HUR�PRPHQWXP� KDG� WR�EH� XQREVHUYDEOH�� 7KHQ� WUDQ�
VLWLRQV� RI� QRUPDO� OLJKW�TXDQWD� IURP� �RU� WRZDUG�� WKHVH� VSHFLDO� VWDWHV�
FRXOG� EH� LQWHUSUHWHG� DV� D� FUHDWLRQ� �RU� D� GHVWUXFWLRQ�� SURFHVV�� 'LUDF�
FRXOG� QRZ� VDIHO\� FRQFOXGH�� �7KHUH� LV� WKXV� D� FRPSOHWH� KDUPRQ\�
EHWZHHQ� WKH� ZDYH� DQG� OLJKW� TXDQWXP� GHVFULSWLRQV� RI� WKH� LQWHUDF�
WLRQV�����

'LUDF
V� KDQGOLQJ� RI� WKLV� GXDOLW\� DW� ILUVW� DSSHDUV� WR� GLIIHU� IURP�
-RUGDQ
V� ZRUN�� WKH�FKURQRORJLFDO� RUGHU� RI�'LUDF
V� UHVHDUFKHV�� DV�ZHOO� DV�
WKH�RUGHU� RI� WKH�SDUDJUDSKV� LQ�KLV� UDGLDWLRQ� SDSHU�� VHHP� WR� IDYRU� WKH�

SDUWLFOH� SLFWXUH�� ,Q� IDFW� WKH� ORJLFDO� RUGHU�� UH�HVWDEOLVKHG� LQ�'LUDF
V�

LQWURGXFWLRQ�� LV� WKH� RQH� JLYHQ� LQ� WKH� �'UHLPDQQHUDUEHLW��� 2QH� VWDUWV�
IURP� WKH�FODVVLFDO� ZDYH� SLFWXUH� RI� HOHFWURPDJQHWLF� UDGLDWLRQ�� DSSOLHV� WR�
LW�WKH� IRUPDO� UXOHV� RI� TXDQWL]DWLRQ�� DQG� JHWV� WKH�GLVFRQWLQXRXV� VWUXF�
WXUH� RI� UDGLDWLRQ� HQHUJ\�� $V� VKRZQ� E\� -RUGDQ�� QDWXUDO� VWDWLVWLFV�

DSSOLHG� WR� WKHVH� TXDQWL]HG� ZDYHV� ZHUH� HTXLYDOHQW� WR�%RVH� VWDWLVWLFV�

DSSOLHG� WR� D� VHW�RI� OLJKW�TXDQWD�� 'LUDF� IXUWKHU�GHPRQVWUDWHG� WKDW� WKH�
WLPH� HYROXWLRQ� RI� WKH�TXDQWL]HG� UDGLDWLRQ� ILHOG�ZDV� HTXLYDOHQW� WR� WKH�

6FKURGLQJHU�'LUDF� HYROXWLRQ� RI� D� VHW� RI� ERVRQV� LQ� WKH� V\PPHWUL]HG�

���� 'LUDF� �UHI�� ����� �����
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FRQILJXUDWLRQ� VSDFH�� 7KDQNV� WR� WKH� WUDQVIRUPDWLRQ� WKHRU\�� KH� FRXOG�
DOVR� H[SODLQ� ZK\� WKLV� IRUPDO� HTXLYDOHQFH� ZDV� QRW� HQGDQJHUHG� E\� WKH�
FRQWUDGLFWLRQ� EHWZHHQ� FRUSXVFXODU� DQG� ZDYH� SURSHUWLHV�� D� FRUSXVFXODU�
SURSHUW\� OLNH� WKH� QXPEHU� RI� SDUWLFOHV�� DQG� D�ZDYH� SURSHUW\� OLNH� WKH�

SKDVH�� FRXOG� QRW� EH� NQRZQ� SUHFLVHO\� DW� WKH� VDPH� WLPH� EHFDXVH� WKH\�
ZHUH� UHSUHVHQWHG� E\� FDQRQLFDOO\� FRQMXJDWH� YDULDEOHV����

5HJDUGOHVV� RI� WKHLU� DJUHHPHQW� RQ� WKH�PHDQLQJ� RI� UDGLDWLRQ�ILHOG�

TXDQWL]DWLRQ�� -RUGDQ� DQG� 'LUDF� FRXOG� QRW� SRVVLEO\� DJUHH� RQ� WKH�

VLJQLILFDQFH� RI� VHFRQG� TXDQWL]DWLRQ�� -RUGDQ
V� UHDGLQJ� RI�'LUDF
V� SDSHU�

QHJOHFWHG� DW� OHDVW� WZR�SRLQWV� LQFRPSDWLEOH� ZLWK� KLV� SRVLWLRQ�� )LUVW�� WKH�
QHZ� WUHDWPHQW� RI� D� VHW�RI�%RVH� SDUWLFOHV�� ODWHU� FDOOHG� VHFRQG� TXDQWL]D�
WLRQ�� EHORQJHG� IRU�'LUDF� WR� WKH� FRUSXVFXODU� SRLQW� RI� YLHZ�� 7KH� WUXH�

VWDUWLQJ�SRLQW� RI� WKLV� WUHDWPHQW� ZDV� WKH�FODVVLFDO� +DPLOWRQLDQ� G\QDP�
LFV�RI� D� VLQJOH� SDUWLFOH�� ZKLFK� ZDV� WKHQ� VXEPLWWHG� WR� WZR� OHYHOV� RI� IRU�

PDO� TXDQWL]DWLRQ� UXOHV�� 7KH� ILUVW� OHYHO� JDYH� WKH� XVXDO� 6FKURGLQJHU�
HTXDWLRQ�� QRZ� YLHZHG� DV� D� IRUPDO� WRRO� WR�FDOFXODWH� WKH�HYROXWLRQ� RI� WKH�

SUREDELOLWLHV� RI� YDULRXV� LQGLYLGXDO� HQHUJ\� VWDWHV� RI� SDUWLFOHV�� DQG� QRW�
DV� D�PHFKDQLFDO� ZDYH� HTXDWLRQ�� ZKLFK� ZDV� 6FKURGLQJHU
V� RULJLQDO� FRQ�

FHSWLRQ�� 7KH� VHFRQG� OHYHO� RI�TXDQWL]DWLRQ� ZDV� WKHQ�QRWKLQJ� EXW� D� FRQ�
YHQLHQW� ZD\� WR�WDNH�%RVH� VWDWLVWLFV� LQWR�DFFRXQW��

7KH� RWKHU� SRLQW� ZDV� D�ZDUQLQJ� DJDLQVW� FRQIXVLQJ� WKH� ?S�ZDYH� DVVRFL�
DWHG� ZLWK� D� OLJKW�TXDQWXP� DQG� WKH� HOHFWURPDJQHWLF� ZDYH�� 7KH� ODWWHU�
ZDV� D� UHDO�ZDYH� ZKRVH� VSHFWUDO� LQWHQVLW\� JDYH� WKH�QXPEHU� RI� TXDQWD�
WLPHV� KY�� WKH�ILUVW�ZDV� D� FRPSOH[� ZDYH� ZKRVH� LQWHQVLW\� _�IW� _�

��
JDYH�

GLUHFWO\� WKH�QXPEHU� RI� TXDQWD� KY�� (OHFWURQV�� 'LUDF� DGGHG�� KDG� RQO\�
RQH� W\SH�RI�ZDYH�� WKH�6FKURGLQJHU� ZDYH����

7KHVH� UHPDUNV� SURYH� VXIILFLHQWO\� WKDW�'LUDF� GLG� QRW� WDNH�KLV� VHFRQG�

TXDQWL]DWLRQ� DV� D� GHULYDWLRQ� RI� WKH�GLVFRQWLQXLW\� RI� OLJKW�� 7KLV� GLVFRQ�

WLQXLW\�RULJLQDWHG� LQ�WKH�TXDQWL]DWLRQ� RI�HOHFWURPDJQHWLF� ZDYHV�� 6LQFH�
IRU� HOHFWURQV� RU� SURWRQV� WKHUH�ZHUH� QR� DQDORJRXV� ZDYHV�� WKH� GLVFRQ�

WLQXLW\�RI�PDWWHU� KDG� WR�EH� D�SULPDU\�� QRW� IXUWKHU�GHGXFLEOH�� SURSHUW\��

7KH� FRPSOHWLRQ� RI�-RUGDQ
V� SURJUDP�

:KHQ� -RUGDQ� UHDG� WKH� UDGLDWLRQ� SDSHU� RI�KLV� %ULWLVK� ULYDO�� KH� KDG�

DOUHDG\� KLV� RZQ� YLHZV� RQ� UDGLDWLRQ� DQG� RQ� TXDQWL]HG� 6FKURGLQJHU�
HTXDWLRQV�� ,Q� WKH�PDWWHU�OLJKW� DQDORJ\� KH�ZDV� PXFK� FORVHU� WKDQ�'LUDF�
WR�GH� %URJOLH� DQG� (LQVWHLQ�� :KHUH� 'LUDF� IHDUHG� D� SRVVLEOH� VRXUFH� RI�

FRQIXVLRQ�� -RUGDQ� DSSUHFLDWHG� D� SRZHUIXO� KHXULVWLF� SULQFLSOH�� ZKLFK�
ZRXOG� JLYH� WKH� FRUUHFW� TXDQWXP� UHSUHVHQWDWLRQ� RI�PDWWHU� DV� VRRQ� DV�
WKH� IRUPDO� DQDORJ\� EHWZHHQ� OLJKW� ZDYHV� DQG� PDWWHU� ZDYHV� ZDV�

���� ,ELG��� �����

���� ,ELG��� �����
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SHUIHFWHG�� ,Q� D� ILUVW�DXGDFLRXV� VWHS� GH� %URJOLH� KDG� EURXJKW� WRJHWKHU�
OLJKW�DQG�PDWWHU� XQGHU� D� VLQJOH� FRQFHSW� RI� �ZDYH�FRXSOHG� DWRPV��� WR�
HYROYH� LQWR� 6FKURGLQJHU
V� DQG� -RUGDQ
V� �TXDQWL]HG� ZDYHV��� )RU� -RU�

GDQ�� 'LUDF
V� QHZ� WUHDWPHQW� RI� D� %RVH� DVVHPEO\� ZDV� WKH� SUHFLVH�
TXDQWXP�PHFKDQLFDO� IRUPXODWLRQ� RI� WKLV�ROG� LGHD��

6WLPXODWHG� E\� WKH� HQWKXVLDVWLF� UHFHSWLRQ� RI�'LUDF
V� WKHRU\�� -RUGDQ�
UHWXUQHG� ZLWK� UHQHZHG� HQHUJ\� WR� KLV� UHVHDUFKHV� RQ� TXDQWL]HG� PDWWHU�
ZDYHV�� 7KH� PDLQ� REVWDFOH�� WKH�3DXOL�)HUPL� VWDWLVWLFV� RI� HOHFWURQV�� VWLOO�
EDUUHG� WKH�ZD\�� DOWKRXJK� VRPH� SURJUHVV� KDG� DOUHDG\� EHHQ�PDGH� WR�FLU�
FXPYHQW� LW��

/DWH� LQ� ����� 3DXOL� KDG� UHFRYHUHG� )HUPL
V� WKHRU\� RI� D� GHJHQHUDWH�
JDV� �)HEUXDU\� ������ E\� H[WHQGLQJ� 6FKURGLQJHU
V� QRWLRQ� RI� TXDQWL]HG�
ZDYHV� WR� IHUPLRQV�� +H� FRQVLGHUHG� WKH� WZR�SRVVLEOH� W\SHV� RI� UHSUHVHQ�
WDWLRQ� IRU� D� JDV�� (LQVWHLQ
V� �FHOOV� LQ�SKDVH� VSDFH�� DQG� 6FKURGLQJHU
V�
�TXDQWL]HG� ZDYHV�� DV� �WZR� HTXDOO\� MXVWLILDEOH� GHVFULSWLRQV��� 7KH� DGDS�
WDWLRQ� RI� TXDQWL]HG� ZDYHV� WR� )HUPL
V� VWDWLVWLFV� ZDV� VWUDLJKWIRUZDUG��
RQH� MXVW� KDG� WR� UHVWULFW� WKH�SHUPLWWHG� HQHUJ\� YDOXHV� RI� D� FDYLW\�PRGH�
RI� IUHTXHQF\� Y�WR��� DQG� K�Y�LQVWHDG� RI� WDNLQJ� WKH�ZKROH� VHW�RI� LQWHJUDO�
PXOWLSOHV�� ��� KY�� �KY��

��
QKY�� ��)URP� WKH�DYHUDJH� YDOXH� Q(�7�� RI�

WKH�QXPEHU� Q(� RI� SDUWLFOHV� LQVLGH� D� SDUWLDO� YROXPH� Y�DQG� DQ� HQHUJ\�
LQWHUYDO� G(�� 3DXOL�� UHWXUQLQJ� WR� (LQVWHLQ
V� VWDWLVWLFDO� PHWKRG�� FRXOG�
DOVR� GHULYH� IRU� WKH� ILUVW�WLPH� WKH� IOXFWXDWLRQ� IRUPXOD� IRU� IHUPLRQV��

$Q(�Q(�
 �

O�Q(�
��

O�](�� LQVWHDG� RI� ���Q(� �� ���](� IRU�ERVRQV�� )RU� YDQ�

LVKLQJ� WHPSHUDWXUHV� DQG� LQVLGH� WKH� )HUPL� VSKHUH� �IROORZLQJ� PRGHUQ�

WHUPLQRORJ\��� ZKHUH� Q(�  � ](�� WKH� IOXFWXDWLRQV� YDQLVK�� 3DXOL� FRP�
PHQWHG� RQ� WKLV�P\VWHULRXV� UHVXOW�� �3HUKDSV� WKLV� EHKDYLRU� ZLOO� EH�

H[SODLQHG� E\� LQWURGXFLQJ� SKDVH� UHODWLRQV� EHWZHHQ� WKH�YDULRXV� GH� %UR�

JOLH� QDWXUDO� RVFLOODWLRQV�� DQG� LW�PLJKW� WKHUHIRUH� JLYH� D�KLQW� IRU�D� IXWXUH�

SK\VLFDO� H[SODQDWLRQ� RI� WKH�EDVLF� K\SRWKHVLV� RI�)HUPL
V� VWDWLVWLFV� DQG�
RI� WKH�HTXLYDOHQFH� UXOH� >H[FOXVLRQ� SULQFLSOH@� DW� WKH� VDPH� WLPH�����

7KH� VXJJHVWLRQ�� WKRXJK� YDJXH�� ZDV� HQFRXUDJLQJ� IRU�-RUGDQ�� ,Q�-XO\�
����� KH� KDG� UHDFKHG� KLV� JRDO�� D� JHQHUDOL]DWLRQ� RI� 6FKURGLQJHU
V� ZDYH�

TXDQWL]DWLRQ� WR�)HUPL
V� VWDWLVWLFV�� )RU� WKLV�SXUSRVH� WKH� �QHZ� IRXQGD�
WLRQ� RI� TXDQWXP� PHFKDQLFV�� KH� KDG� MXVW� JLYHQ� ZDV� LQVWUXPHQWDO����
7KLV� ZRUN�� JHQHUDOL]LQJ� WKH� VWDWLVWLFDO� LQWHUSUHWDWLRQ� RI� TXDQWXP�
PHFKDQLFV�� FORVHO\� SDUDOOHOHG� 'LUDF
V� �7KHRU\� RI� WUDQVIRUPDWLRQV��� %XW�
LW�ZDV� VHW� LQWR� D� VHPL�D[LRPDWLF� IRUP�� DQG� -RUGDQ
V� D[LRPV� ZHUH� LQ�
IDFW�PRUH� JHQHUDO� WKDQ� WKH�PRGHUQ� �DQG�'LUDF
V�� YHUVLRQ� RI� WKH�TXDQ�
WXP� IRUPDOLVP�� 7KH\� DOORZHG� D� EURDGHU� QRWLRQ� RI� FDQRQLFDO�

���� :�� 3DXOL�� �8EHU� *DVHQWDUWXQJ� XQG� 3DUDPDJQHWLVPXV��� =3�� ��� ������� �������� RQ�

�������

���� 3�� -RUGDQ�� �8EHU� HLQH� QHXH� %HJQLQGXQJ� GHU� 4XDQWHQPHFKDQLN�� ,,��� =3�� ���

�������� ������
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FRQMXJDWLRQ�� ZKLFK� -RUGDQ� IRXQG� QHFHVVDU\� IRU�DVVRFLDWLQJ� D� FRQMXJDWH�
RSHUDWRU� ZLWK� WKH� VSLQ� RSHUDWRU� 6]�� 1HLWKHU� 6]� QRU�1U� �WKH�QXPEHUV�
RI� SDUWLFOHV� XVHG� E\�'LUDF�� FRXOG� KDYH� D� FRQMXJDWH� LQ� WKH� RUGLQDU\�
VHQVH� EHFDXVH� WKH\�ZHUH� RSHUDWRUV� ZLWK� D� GLVFUHWH� VSHFWUXP� ZLWKRXW�
DFFXPXODWLRQ� SRLQW���� -RUGDQ
V� FRQFHSW� RI� FRQMXJDWLRQ� ZDV� WKXV� YHU\�
GLIIHUHQW� IURP�'LUDF
V�� LW�ZDV� GHILQHG� D[LRPDWLFDOO\� DQG� GLG� QRW� KDYH� D�
FODVVLFDO� FRXQWHUSDUW�� ZKHUHDV� 'LUDF� FRXOG� QRW� WKLQN� RI� FRQMXJDWLRQ�
EXW� LQ�WHUPV� RI�FODVVLFDO� 3RLVVRQ� EUDFNHWV��

,Q� KLV� UDGLDWLRQ� WKHRU\�'LUDF� KDG� XVHG� �U�� RSHUDWRUV� FRQMXJDWH� WR�

1U� DQG� REH\LQJ� WKH� UHODWLRQ� >1U�6U@�
 � �L�� 7KH� PDWKHPDWLFDO� LPSRVVL�

ELOLW\� RI� WKLV� UHODWLRQ� ZDV� KDUPOHVV�� DV�'LUDF� H[SODLQHG� WR�-RUGDQ�� RQO\�
WKH� PHDQLQJIXO� UHODWLRQ� >1U�HL	U@�

 � HL#U� �1UO��HL�GU�
 �

EU�� DQG�

1U�
 �

EU�EU��ZDV� UHTXLUHG���� ,Q�KLV� �TXDQWXP� PHFKDQLFV� RI�JDV� GHJHQ�
HUDF\�� SXEOLVKHG� LQ�-XO\� ������ -RUGDQ� QRW� RQO\� GHILQHG� 6U� IRU�'LUDF
V�

1U� �ZLWK� VSHFWUXP� ������������ EXW� DOVR� IRU� WKH� QDWXUDO� 1U� RSHUDWRU� RI�
)HUPL� VWDWLVWLFV� �ZLWK� �� DQG� ��IRU� HLJHQYDOXHV��� ,Q� WKH� ODWWHU� FDVH� WKH�
UHVXOW�ZDV� D� �[��PDWUL[��

LI�

DQG� FRQVHTXHQWO\�

HU� � WW���,�M�T�

1� ��
,���0U� 
�����

6XEVWLWXWLQJ� WKLV�YDOXH� LQWR�'LUDF
V� +DPLOWRQLDQ�

)�  �AMUVEU�+UVEV��

KH� REWDLQHG� DQ� HYROXWLRQ� LGHQWLFDO� WR� WKH� RQH� JLYHQ� E\� DQWL�

V\PPHWULFDO� ZDYH� IXQFWLRQV� LQ�FRQILJXUDWLRQ� VSDFH�� $V� LQ� WKH� �'UHL�

PDQQHUDUEHLW��� -RUGDQ� VXEPLWWHG� KLV� QHZ� IRUPDOLVP� WR� WKH� WHVW� RI�

IOXFWXDWLRQV�� WKLV� WLPH� IRU� WKH� GHQVLW\� RI� DQ� LGHDO� JDV�� 7KH� (LQVWHLQ�
DQG� )HUPL� JDVHV� FRXOG� EH� FUHDWHG� RQ� WKH� VDPH� IRRWLQJ�� E\� UHSHDWLQJ�
WKH�NLQG� RI�G\QDPLFDO� FDOFXODWLRQ� DOUHDG\� PDGH� IRU�D� YLEUDWLQJ� VWULQJ��
LQ�WKLV�ZD\� (LQVWHLQ
V� DQG� 3DXOL
V� IRUPXODV� FRXOG� EH� UHFRYHUHG����

���� )RU� DQ� RSHUDWRU� �"�ZLWK� WKH� VSHFWUXP� ��"
���� WKHUH� H[LVWV� DQ� DOJHEUDLF� IXQFWLRQ� )�

VDWLVI\LQJ�L����"
��� ���DQG�)
LIIL��A� ��IRU�DQ\����7KHQ�)����� ���DQG�IRU�DQ\�RSHUDWRU�D�
WKH�UHODWLRQ�>D�3@)
�3�� � >D�)���@� ���H[FOXGHV�>DIL@� � LK��5HI���������

���� &I�� -RUGDQ� �UHI�� ����� ���

���� 3�� -RUGDQ�� �=XU� 4XDQWHQPHFKDQLN� GHU�*DVHQWDUWXQJ��� =3�� ��� �������� ���������
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$OWKRXJK� -RUGDQ� NQHZ� KH� ZDV� RQ� WKH� ULJKW� WUDFN�� KLV� SDSHU� ZDV�

RQO\� D� VNHWFK�� IXOO�RI�PLVSULQWV� DQG� LPSUHFLVLRQV�� 7KH� GUDIW� UHFHLYHG�

E\�$OIUHG� /DQGH� UHVHPEOHV� D� EDG� VWXGHQW� SDSHU� RYHUFRUUHFWHG� E\� WKH�

SURIHVVRU�� -RUGDQ� KDG� RPLWWHG� WKH� VLJQV� LQWURGXFHG� E\� FUHDWLRQ� RSHUD�
WRUV�ZKHQ� DFWLQJ� RQ� IHUPLRQLF� VWDWHV�� 7KHVH� HVVHQWLDO� VLJQV�ZHUH� GHWHU�
PLQHG� H[DFWO\� E\� -RUGDQ� DQG�:LJQHU� ODWH� LQ� ������ 7KHUH� DSSHDUHG� IRU�
WKH� ILUVW�WLPH� DQWLFRPPXWDWLRQ� UHODWLRQV�� ZKLFK� EHFDPH� WKH� IRUPDO�

V\PERO� RI� WKH� VR�FDOOHG� �:LJQHU�-RUGDQ� VHFRQG� TXDQWL]DWLRQ���
DUDV�DVDU ��� DUDV��DV�DU�  �UV�� WKH� DU� GLIIHULQJ� IURP� WKH� EU� E\� WKH�
LQWURGXFWLRQ� RI� VLJQV����

-RUGDQ� H[SUHVVHG� WKH� HVVHQWLDO� PHDQLQJ� KH� JDYH� WR� VHFRQG� TXDQWL�
]DWLRQ� HYHQ� EHIRUH� WKLV� ULJRURXV� IRUPXODWLRQ�� +LV� SDSHU� RQ� JDV� GHJHQ�
HUDF\� HQGHG� ZLWK� WKH�IROORZLQJ� ZRUGV��

7KH� UHVXOWV�ZH� KDYH� UHDFKHG�KDUGO\� OHDYH�DQ\�GRXEW� WKDW"LQ� VSLWH�RI�WKH�

YDOLGLW\� RI�3DXOL
V� VWDWLVWLFV� LQVWHDG�RI�%RVH
V� IRU�HOHFWURQV"D� TXDQWXP�
PHFKDQLFDO� ZDYH� WKHRU\�RI�PDWWHU� FDQ�EH�GHYHORSHG� WKDW�UHSUHVHQWV�HOHF�
WURQV�E\� TXDQWL]HG� ZDYHV� LQ� WKH�XVXDO� WKUHH�GLPHQVLRQDO� VSDFH�� 7KH�
QDWXUDO� IRUPXODWLRQ� RI�WKH�TXDQWXP� WKHRU\�RI�HOHFWURQV�ZLOO� EH� DWWDLQHG�

E\�FRQFHLYLQJ� OLJKW�DQG�PDWWHU� DV� LQWHUDFWLQJ�ZDYHV� LQ�WKUHH�GLPHQVLRQDO�
VSDFH�� 7KH� EDVLF� IDFW�RI�HOHFWURQ� WKHRU\��WKH�H[LVWHQFH� RI�GLVFUHWH� HOHF�
WULF� SDUWLFOHV�� DSSHDUV� LQ� WKLV� FRQWH[W� DV� D� FKDUDFWHULVWLF� TXDQWXP�
SKHQRPHQRQ�� LQGHHG� LW�PHDQV� H[DFWO\� WKDW�PDWWHU�ZDYHV� RFFXU� RQO\� LQ�
GLVFUHWH� TXDQWXP� VWDWHV��

7KDW� WKH�GLVFRQWLQXLW\� RI�ERWK�PDWWHU� DQG� OLJKW�FRXOG� GHULYH� IURP� IRU�
PDO� ZDYH� TXDQWL]DWLRQ� ZDV� QRW� MXVW� D� UHPDUNDEOH� PDWKHPDWLFDO� UHVXOW�
LQ�-RUGDQ
V� PLQG�� ,W�ZDV� LPEHGGHG� LQ�D� SRVLWLYLVWLF� YLHZ� RI� WKH�ZRUOG�

LPSOLFDWLQJ� WKH� OLTXLGDWLRQ� RI�PDWHULDOLVP�� DV� XQGHUOLQHG� E\�&LQL�� ,Q�
KLV� DEXQGDQW� SKLORVRSKLFDO� ZULWLQJV� -RUGDQ� DGYRFDWHG� WKH� UHMHFWLRQ� RI�
DWRPLVP� DVVLPLODWHG� WR�D�NLQG� RI�PDWHULDOLVP����

7KH� QHZ� FRQFHSWV�� UHVXOWLQJ�IURP�WKH�H[SHULHQFHV� RI�TXDQWXP� SK\VLFV�
DQG� WKHLU�LQWHOOHFWXDO� LQWHUSUHWDWLRQ��PHDQ� D� IDU�UHDFKLQJ� OLTXLGDWLRQ� RI�
WKH�FODVVLFDO� ZHVWHUQ�ZRUOG� SLFWXUH� GHYHORSHG� E\� QDWXUDO� VFLHQFH� IURP�
WKH�*UHHN� PDWHULDOLVWLF� SKLORVRSK\�� �� �,Q�'HPRFULWXV
� UHSUHVHQWDWLRQ�
HDFK� LQGLYLGXDO� DWRP� KDG� D�GHILQLWH�GHVWLQ\�DQG� SRVVHVVHG� LQ�LWV�LQGHV�

WUXFWLELOLW\�DQG� LQYDULDELOLW\�WKH�SHUPDQHQW� JXDUDQWHH� RI�LWV�ODVWLQJ�LGHQ�

WLW\��ZKLOH� WKH�HOHFWURQV� DQG� RWKHU� HOHPHQWDU\�SDUWLFOHV� RI� WKH�PRGHUQ�

SK\VLFLVW�� DVLGH� IURP�WKHLU�GHVWUXFWLRQ� DQG� FRQYHUVLRQ� SURSHUWLHV�� SRV�
VHVV�QR� LQGLYLGXDOLW\�� �� �)LQDOO\��WKH�H[LVWHQFH� RI� DWRPV� LV�QR� ORQJHU�D�

���� 5HSULQW� RI� WKH�SUHFHGLQJ� SDSHU� DQQRWDWHG� E\�$�� /DQGH�� 2IILFH� IRU�+LVWRU\� RI� 6FL�

HQFH� DQG� 7HFKQRORJ\�� 8QLYHUVLW\� RI�&DOLIRUQLD�� %HUNHOH\��
����3��-RUGDQ��3K\VLFV�LQ�WKH���WK�FHQWXU\��1HZ�<RUN�� �����������������SDUWO\�TXRWHG�

LQ�0�� &LQL�� �&XOWXUDO� WUDGLWLRQV� DQG� HQYLURQPHQWDO� IDFWRUV� LQ� WKH�GHYHORSPHQW� RI� TXDQ�
WXP� HOHFWURG\QDPLFV� �������������� )XQGDPHQWD� VFLHQWLDH�� �� �������� ��������� RQ� �����
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SULPDU\�EDVLF� IDFW�RI�QDWXUH�� LW�LV�RQO\� D� VSHFLDO� SDUW� RI�D�PXFK� PRUH�

JHQHUDO� DQG� FRPSUHKHQVLYH� SKHQRPHQRQ"WKH� SKHQRPHQRQ� RI� TXDQWXP�
GLVFRQWLQXLWLHV��

7KH� FRKHUHQFH� RI� -RUGDQ
V� SKLORVRSKLFDO� DWWLWXGH� PLJKW� EH� TXHV�
WLRQHG��LV�LW�SRVVLEOH�WKDW�WKH�FKRLFH��RU�SRVVLELOLW\�RI�WKH�FKRLFH��RI�D�
VSHFLDO� NLQG� RI� IRUPDOLVP� LQ� D� SK\VLFDO� WKHRU\�PLJKW� �MXVWLI\� DQG�
FRQILUP�� SRVLWLYLVP"� ,V� LW�QRW� WUXH� WKDW� WKLV� VSHFLDO� FKRLFH� ZDV� JXLGHG�
E\� D� KHXULVWLF� SULQFLSOH�� WKH� OLJKW�PDWWHU� DQDORJ\�� ZKLFK� VKRXOG� EH�

FRPSOHWHO\� DUELWUDU\� IRU�D�SRVLWLYLVW�� DQG�ZKLFK� ZDV� LQGHHG� LQWURGXFHG�

E\� DQWL�SRVLWLYLVWLF� WKLQNHUV� OLNH�(LQVWHLQ� DQG� GH� %URJOLH"� ,Q� DQ\� FDVH�
-RUGDQ�ZDV� FRQYLQFHG� RI� WKH� VXSHULRULW\� RI�KLV�ZDYH� TXDQWL]DWLRQ� RYHU�
WKH�XVXDO� 6FKURGLQJHU�'LUDF� PXOWL�GLPHQVLRQDO� FRQILJXUDWLRQ� VSDFH�� ,I�
LW�ZDV� QRW� WUXHU�� LW�ZDV� DW� OHDVW�PRUH� HFRQRPLFDO�� VLQFH�� DV� -RUGDQ�

VWUHVVHG�� LW�PDGH� XVH� RI� WKH�XVXDO� WKUHH�GLPHQVLRQDO� VSDFH� LQVWHDG� RI�
DQ� DEVWUDFW� PXOWL�GLPHQVLRQDO� VSDFH�� -RUGDQ� KDG� QRZ� LQ� KDQG� WKH�
VFKHPH� WKDW�ZRXOG� IUDPH� IXWXUH� TXDQWXP� HOHFWURG\QDPLFV�� OLJKW�DQG�
PDWWHU� GHVFULEHG� DV� PXWXDOO\� LQWHUDFWLQJ� TXDQWL]HG� ZDYHV� LQ� WKUHH�
GLPHQVLRQDO� VSDFH��

7R� EXLOG� D� UHODWLYLVWLF� WKHRU\� RI� FRXSOHG� TXDQWL]HG� ILHOGV�ZDV� WRR�
GLIILFXOW�D� WDVN� WR�EH� GRQH� LQ�D� VLQJOH� VWURNH�� -RUGDQ� WRRN� WKH�ILUVW�VWHS�
LQ�+DPEXUJ� ZLWK� 3DXOL�� ZKR� KXUULHG�PRUH� WKDQ� KLV�*RWWLQJHQ� IULHQGV�
WRZDUGV� UHODWLYLVWLF� JHQHUDOL]DWLRQV� RI�TXDQWXP� PHFKDQLFV�� 7KH� UHVXOW�
RI� WKLV� FROODERUDWLRQ� ZDV� D� IXOO\� UHODWLYLVWLF� WKHRU\� RI� WKH�IUHH� TXDQ�
WL]HG� HOHFWURPDJQHWLF� ILHOG����'XULQJ� D� VXEVHTXHQW� VWD\� LQ�&RSHQKDJHQ�
DW� WKH� HQG� RI� WKH� VXPPHU� RI� ������ -RUGDQ�PHW� VRPHRQH� ZKR� KDG� DOVR�
UHDG�'LUDF
V� UDGLDWLRQ� SDSHU� LQ�D� SHUVRQDO� ZD\� DQG� ZDV� WU\LQJ�WR�JHQ�
HUDOL]H� VHFRQG� TXDQWL]DWLRQ�� 2VNDU� .OHLQ�� WKHQ� %RKU
V� DVVLVWDQW� LQ�

&RSHQKDJHQ�� KDG� EHHQ� VHDUFKLQJ� IRU� D� VROXWLRQ� RI� WKH� UHODWLYLVWLF�

VHYHUDO�ERG\� SUREOHP� LQ� KLV� ILYH� GLPHQVLRQDO� WKHRU\�� $V� KH� ODWHU�

H[SODLQHG�� �,� KDG� VWLOO� WKDW� OHIW�RYHU� IURP� WKH�ILYH�GLPHQVLRQ� DSSURDFK�
WKDW� ,�ZDQWHG� WR� UHJDUG�� VR� WR� VD\�� WKH�ZDYH� HTXDWLRQ� DV� D� VSDFH�WLPH�
WKLQJ���$IWHU�PHGLWDWLQJ� RYHU� 'LUDF
V� UDGLDWLRQ� SDSHU� KH�ZURWH� WR�KLP�
LQ�0DUFK� ��������

7KDQN� \RX�YHU\�PXFK� IRU�WKH�UHSULQW�RI�\RXU� ODVW�SDSHU��ZKLFK� ,� UHDG�
ZLWK� JUHDW�LQWHUHVW�� ,� WKLQN�LW�KDV� TXLWH� FRQYLQFHG�PH� WKDW�WKH�TXDQWXP�
ILHOG�WKHRU\�RXJKW� WR�FRPH� RQ� WKH� OLQHV�\RX� WUDFH�WKHUH�� ,� WULHG�VRPH�
WLPH� DJR� LI�LW�ZHUH� SRVVLEOH� WR�JHQHUDOL]H� \RXU� UHVXOW� FRQFHUQLQJ� WKH�

���� 3�� -RUGDQ� DQG�:�� 3DXOL�� �=XU� 4XDQWHQHOHNWURG\QDPLN� ODGXQJVIUHLHU� )HOGHU��� =3��
��������������������WKH�PDLQ� UHVXOWV�ZHUH�JLYHQ�LQ�D� OHWWHU�IURP�3DXOL� WR�%RKU�RI���$XJ�
����� �3%�� ������ WKH� SXEOLFDWLRQ� ZDV� GHOD\HG� VHYHUDO� PRQWKV� SUREDEO\� EHFDXVH� WKH� DX�
WKRUV�ZHUH� KRSLQJ� IRU� VRPH� IXUWKHU� GHYHORSPHQW��

���� 2�� .OHLQ�� LQWHUYLHZ� E\� 7�6�� .XKQ�� -�/�� +HLOEURQ�� DQG� /�� 5RVHQIHOG� ��������
$+43�� VHVVLRQ�������DQG�VHVVLRQ�����������.OHLQ� WR�'LUDF�� ���0DU� ������$+43���
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TXDQWL]DWLRQ� RI� WKH�DPSOLWXGHV� RI� WKH�6FKURGLQJHU�ZDYHV� LQ�WDNLQJ�WKH�
HOHFWURVWDWLF�UHDFWLRQ�RI�WKH�ZDYHV� RQ� WKHPVHOYHV� LQWR�DFFRXQW��

:KHUH� 'LUDF� VDZ� RQO\� D� TXDQWL]DWLRQ� RI�SDUWLFOH� QXPEHUV�� -RUGDQ�
VDZ� D� ZDYH� TXDQWL]DWLRQ� DQDORJRXV� WR� OLJKW�ZDYH� TXDQWL]DWLRQ�� DQG�
.OHLQ� VDZ� D� VSDFH�WLPH� GHVFULSWLRQ� RI� D� VHW� RI� SDUWLFOHV�� VRPHWKLQJ�
PRUH� DSSURSULDWH� WR�D� UHODWLYLVWLF� WKHRU\�RI� LQWHUDFWLQJ�PDWWHU�� ,Q�-XO\�
����� %RKU� ZURWH� WR�3DXOL���� �:LWK� VXFK� HIIRUWV� >D� VWDWLVWLFV� RI� LGHDO�

JDVHV� ZLWKRXW� PXOWL�GLPHQVLRQDO� VSDFH@� .OHLQ� DOVR� ZDV� EXV\� IRU� VRPH�

WLPH�� DQG� KH� KRSHG� WR� UHDFK� D� UHODWLYLVWLF� WUHDWPHQW� RI� WKH� VHYHUDO�

ERG\� SUREOHP��� .OHLQ� SODQQHG� D� ILUVW� H[SORUDWRU\� VWHS�ZLWK� D� ZDYH�
WUHDWPHQW� RI� WKH�QRQ�UHODWLYLVWLF� &RXORPE� LQWHUDFWLRQ� EHWZHHQ� FKDUJHG�
ERVRQV�� %XW� KH�ZRUULHG�� DV� KH�ZURWH� 'LUDF�� WKDW� VHOI�HQHUJ\�GLIILFXOWLHV�
ZRXOG� UXLQ� WKH�SURMHFW����

,� JRW� D� IRUPXOD� FRUUHVSRQGLQJ� WR� \RXU� IRUPXOD� ��� >TXDQWL]HG�
6FKURGLQJHU� HTXDWLRQ�� L�1U�GW )9@��ZKHUH� WKH�JHQHUDO� WHUP�DJUHHG�ZLWK�
WKH� JHQHUDO� WHUP� LQ� WKH� FRUUHVSRQGLQJ� IRUPXOD� IRU� WKH� V\PPHWULFDO�
HLJHQIXQFWLRQV� RI�D�PXOWLWXGH� RI� HOHFWURQV� DFWLQJ� RQ� RQH� DQRWKHU�ZLWK�
HOHFWURVWDWLF� IRUFHV�� %XW� WKRVH� WHUPV�ZKHUH� VHYHUDO� LQGLFHV�ZHUH� DOLNH�
�L�H�� WKH�VHOI�HQHUJ\�WHUPV��GLG� QRW� DJUHH� DQG� WKH�IRUPXOD� ,�JRW�GLG� QRW�
OHDG�EDFN� WR�WKH�RUGLQDU\� HTXDWLRQ� IRU�1 O�� 6R� WKLV�RQO\� VWUHVVHV� WKH�
GLIIHUHQFH�EHWZHHQ� OLJKW�DQG�PDWHULDO� SDUWLFOHV��

7KH� ODVW� VHQWHQFH� PXVW� FHUWDLQO\� KDYH� SOHDVHG� 'LUDF�� ZKR� NHSW� ZDUQ�

LQJ�DJDLQVW� RYHU�SOD\LQJ� WKH� OLJKW�PDWWHU� DQDORJ\��
7RJHWKHU� LQ�&RSHQKDJHQ�� .OHLQ� DQG� -RUGDQ� FRXOG� UHFRQVLGHU� WKH�

SUREOHP�� DQG� IRXQG� RXW� WKDW� WKH� VHOI�HQHUJ\� GLIILFXOW\�ZDV� YHU\� HDVLO\�
FLUFXPYHQWHG� E\� FKRRVLQJ� WKH� ULJKW� RUGHU� �QRZ� FDOOHG� QRUPDO� RUGHU�

LQJ�� IRU�SURGXFWV� RI� TXDQWL]HG� ZDYHV� A��� ADED�U� ?�D��� 6SHFLILFDOO\��
RQH� KDG� WR�XVH� WKH� IROORZLQJ� H[SUHVVLRQ� IRU� WKH�QHZ� )�RSHUDWRU� JHQ�
HUDOL]LQJ� 'LUDF
V� )�+DPLOWRQLDQ��

ZLWK� DOO� WKH�FUHDWRUV� ?I���RQ� WKH� OHIW�VLGH��
7KH� 6FKURGLQJHU� HYROXWLRQ� JLYHQ� E\�)� ZDV� HTXLYDOHQW�� DV� GHVLUHG��

WR�WKH�6FKURGLQJHU� HYROXWLRQ� LQ�FRQILJXUDWLRQ� VSDFH� JLYHQ� E\� WKH�+DP�
LOWRQLDQ�

��A���WW�MA���A��
�� ����� _��O[3���[3�UI�G�UG�U?�

���A9�P�$����A����U�_�Y���_�
�O�

����%RKU�WR�3DXOL�� ���-XO�������3%��������
����.OHLQ� �UHI�������
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1RUPDO� RUGHULQJ� HOLPLQDWHG� WKH� H[WUD� LQILQLWH� VHOI�HQHUJ\� WHUPV�

�H���LU�� ?�a7I�7L� _�B��� 7KDQNV� WR� WKLV� VXFFHVV� -RUGDQ� ZDV� YHU\� RSWLPLVWLF�
IRU� D�ZKLOH� DERXW� WKH� IXWXUH� RI� TXDQWXP� HOHFWURG\QDPLFV�� +H� HYHQ�

KRSHG� WKDW� WKH�QRUPDO�RUGHULQJ� WULFN� FRXOG� EH� JHQHUDOL]HG� LQ� VXFK� D�

ZD\� WKDW� WKH�ZHOO�NQRZQ� VHOI�HQHUJ\� GLIILFXOWLHV� RI� FODVVLFDO� HOHFWUR�

G\QDPLFV� ZRXOG� EH� VROYHG�� -RUGDQ� DQG� .OHLQ
V� SDSHU� ZDV� VHQW� IRU�

SXEOLFDWLRQ� LQ�2FWREHU� ������ :LWKLQ� D� \HDU��PDWWHU�ZDYH� TXDQWL]D�
WLRQ�KDG� EHFRPH� D� FOHDQ� DQG� SRZHUIXO� WRRO��ZLWK� D� YHU\� GLUHFW� IRUPDO�

H[SUHVVLRQ� �IRU�%RVH� VWDWLVWLFV�����

$� IHZ�GD\V� ODWHU� -RUGDQ� VHQW� RII�DQRWKHU� SDSHU� IURP�&RSHQKDJHQ��
�2Q� ZDYHV� DQG� FRUSXVFOHV� LQ�TXDQWXP� PHFKDQLFV��� LQ�ZKLFK� KH� VXP�

PDUL]HG� KLV� VXFFHVVHV� DQG�� XVLQJ� KLV� WUDQVIRUPDWLRQ� WKHRU\�� JHQHUDO�
L]HG� VHFRQG� TXDQWL]DWLRQ� WR� FDOFXODWH� WKH� SUREDELOLW\� WKDW� WKH� VLQJOH�
SDUWLFOH� VWDWHV� DW� DUH� RFFXSLHG� 1^DW�� WLPHV� NQRZLQJ� WKDW� WKH� VLQJOH�
SDUWLFOH� VWDWHV� DUH� RFFXSLHG� 1�ILM�� WLPHV�� WKDW� LV� WR� VD\�

_��1�DL���1�D��� _�1�S[���1�IL��� 
�� �� _�
�� LQ�'LUDF
V� QRWDWLRQ��+H�

ZDV� QRZ� DUPHG� WR�DQVZHU� (LQVWHLQ
V� FULWLFLVP� DJDLQVW� KLV� GHULYDWLRQ� RI�
UDGLDWLRQ� IOXFWXDWLRQV�� WDNLQJ� WKH�HQHUJ\� IRU�WKH�ILM�DQG� WKH�SRVLWLRQ� IRU�
WKH�DW� RQH� FRXOG� FDOFXODWH� WKH�SUREDELOLW\� RI�DQ\� GHQVLW\� IOXFWXDWLRQ� LQ�
D� VWDWLRQDU\� VWDWH� RI� DQ� LGHDO� JDV�� DV� LQ�(LQVWHLQ
V� OLJKW�TXDQWXP� SDSHU�
RI� ������ 3URXGO\�� -RUGDQ� DQQRXQFHG� ZLWK� %RKU
V� EOHVVLQJ� �D� YHU\�
IDU�UHDFKLQJ� DQG� FOHDU� H[SODQDWLRQ�� �� �RI� WKH�PDWKHPDWLFDO� UHODWLRQV�
ZKLFK� DUH� EDVLF� IRU� WKH�TXDQWXP�PHFKDQLFDO� GXDOLVP� EHWZHHQ� FRUSXV�
FOHV� DQG� TXDQWL]HG� ZDYHV��� 7KLV� ZDV� -RUGDQ
V� FRQWULEXWLRQ� WR� WKH�

LQWHUSUHWDWLRQ� GHEDWH� DQLPDWLQJ� &RSHQKDJHQ� LQ� ��������

���$66,0,/$7,21�

7KH� HDUO\� UHFHSWLRQ� RI�TXDQWL]HG� PDWWHU� ZDYHV�

%RKU� DQG�+HLVHQEHUJ�

3DUW� RI� WKH�UHDFWLRQV� WR�PDWWHU� ZDYH� TXDQWL]DWLRQ� ZHUH� FRQGLWLRQHG�

E\� WKH� GHEDWH� RQ� XQFHUWDLQWLHV� DQG� FRPSOHPHQWDULW\� KHOG� LQ�

&RSHQKDJHQ� GXULQJ� WKH�ILUVW� VHPHVWHU� RI� ������ 7KH� WZR�PDLQ� SURWD�

JRQLVWV� ZHUH� %RKU� DQG� +HLVHQEHUJ�� WKRXJK� .OHLQ� RIWHQ� WRRN� SDUW� WR�

���� 3�� -RUGDQ� DQG� 2�� .OHLQ�� �=XP� 0HKUNRUSHUSUREOHP� GHU� 4XDQWHQWKHRULH��� =3�� ���

�����������������
���� 3�� -RUGDQ�� �8EHU� :HOOHQ� XQG� .RUSXVNHOQ� LQ� GHU� 4XDQWHQPHFKDQLN��� =3�� ���

�����������������
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DQG� SUREDEO\� IRXQG� RSSRUWXQLWLHV� WR� VXSSRUW� KLV� DQG� -RUGDQ
V� YLHZV�
RQ�ZDYH� TXDQWL]DWLRQ�� $V� LV�ZHOO� NQRZQ�� WKHUH�ZDV� LQLWLDOO\� D� VWURQJ�
RSSRVLWLRQ� EHWZHHQ� %RKU� DQG� +HLVHQEHUJ� DERXW� WKH�PHDQLQJ� RI� WKH�

SURRIV� RI� WKH� IDPRXV� XQFHUWDLQW\� UHODWLRQV� $T$S!K�� %HIRUH� VHQGLQJ�
KLV� XQFHUWDLQW\� SDSHU� IRU�SXEOLFDWLRQ�� +HLVHQEHUJ� FRQYHUWHG� KLPVHOI� WR�
%RKU
V� RSLQLRQ�� EXW� UDWKHU� UHOXFWDQWO\� DQG� RQO\� SDUWLDOO\�� $PD]LQJO\��
WKH� -RUGDQ�.OHLQ� SDSHU� ZDV� ZHOFRPHG� E\� WKH� WZR� SURWDJRQLVWV�� DQG�

PLJKW� HYHQ� KDYH� KHOSHG� GDPS� WKH� OHIWRYHU�GLVFRUG��

+HLVHQEHUJ� KDG� SURYLGHG� WZR� SURRIV� RI� WKH�XQFHUWDLQW\� UHODWLRQV��
7KH� ILUVW�RQH� ZDV� MXVW� D� IRUPDO� GHULYDWLRQ� XVLQJ� WKH�FRPPXWDWRU� >T�S@��
WKH� VHFRQG� RQH� ZDV� D� VHPL�FODVVLFDO� GHULYDWLRQ�� VWDUWLQJ� IURP� WKH�XVXDO�
FODVVLFDO� GHVFULSWLRQ� RI� DQ� LPDJLQDU\� �� UD\�PLFURVFRSH� DQG� FRUUHFWLQJ�
LW� VHPL�TXDQWLWDWLYHO\� E\� WKH� LQWURGXFWLRQ� RI� WKH� TXDQWXP� GLVFRQ�

WLQXLW\� LQ� WKH� H[FKDQJH� RI� HQHUJ\� EHWZHHQ� �� UD\V� DQG� WKH� REVHUYHG�
HOHFWURQ�� $FFRUGLQJ� WR�+HLVHQEHUJ�� WKH�IXQGDPHQWDO� IHDWXUH� OHDGLQJ� WR�

XQFHUWDLQW\� UHODWLRQV� ZDV�� LQ�ERWK� SURRIV�� WKH� TXDQWXP� GLVFRQWLQXLW\�
LQWURGXFHG� HLWKHU� IRUPDOO\� WKURXJK� TXDQWXP� PHFKDQLFV� RU� HPSLULFDOO\�
DV� DQ� H[WUD� OLPLWDWLRQ� LPSRVHG� RQ� WKH� FODVVLFDO� DQDO\VLV� RI� D� WKRXJKW�
H[SHULPHQW��

%RKU� VWURQJO\� RSSRVHG� WKLV�SRLQW� RI�YLHZ�� IRU�KLP� DQ\� SK\VLFDO� GLV�
FXVVLRQ� KDG� WR� VWDUW� IURP� WKH�XQGHUO\LQJ� LQWHUQDO� ORJLF� RI� WKH� WKHRU\��
ZKLFK� FRXOG� EH� UHGXFHG� QHLWKHU� WR� IRUPDOLVP� QRU� WR�DQ� HPSLULFDO� GLV�
FXVVLRQ� RI�PHDVXUHPHQW� SRVVLELOLWLHV�� 7KH� ORJLF� RI� WKH�QHZ� TXDQWXP�
PHFKDQLFV� KDG� WR� EH� IRXQG� LQ� WKH� ZDYH�SDUWLFOH� GXDOLW\� DQG� WKH�
UHOHYDQW� (LQVWHLQ�GH� %URJOLH� IRUPXODV� ( KY�� US WLN� UHODWLQJ�ZDYH� DQG�

SDUWLFOH� FRQFHSWV�� 8QFHUWDLQW\� UHODWLRQV� WKHQ�PHDQW� D� TXDQWLWDWLYH�
HVWLPDWH� RI� WKH� GHJUHH� RI�PXWXDO� H[FOXVLRQ� RI� WKHVH� WZR� FRQFHSWV��
+HLVHQEHUJ� FRXOG� QRW� GHQ\� WKDW�KLV� WKRXJKW� H[SHULPHQWV� LQGHHG�PDGH�
XVH� RI� WKH� ZDYH�SDUWLFOH� GXDOLW\� PHUHO\� WR� HYDOXDWH� WKH�PLQLPDO�
GLVFRQWLQXRXV� H[FKDQJH� RI� HQHUJ\� EHWZHHQ� �� UD\V� DQG� WKH� REVHUYHG�

SDUWLFOH����
:KHQ� KH� NQHZ� DERXW� WKH� -RUGDQ�.OHLQ� TXDQWL]DWLRQ�� +HLVHQEHUJ�

LQWHUSUHWHG� LW�DV� D� IRUPDO� EULGJH� EHWZHHQ� KLV� RULJLQDO� SRLQW� RI� YLHZ�
DQG� %RKU
V�� :DYH�SDUWLFOH� GXDOLVP�� WDNHQ� DV� D� VWDUW�E\�%RKU�� FRXOG� EH�
GHULYHG� E\� IRUPDO� TXDQWL]DWLRQ� DSSOLHG� HLWKHU� WR� WKH�ZDYH� SLFWXUH� RU�
WR� WKH� SDUWLFOH� SLFWXUH�� +HLVHQEHUJ� ODWHU� UHPHPEHUHG�� �7KLV� >PDWWHU�
ZDYH� TXDQWL]DWLRQ@� ,� OLNHG� YHU\�PXFK� EHFDXVH� QRZ� ,� FRXOG� VHH�� 
$OO�

ULJKW�� 7KHUH� LV� DQ� HQWLUHO\� GLIIHUHQW� SLFWXUH� WR� VWDUW�ZLWK�� DQG� LI� ,�

TXDQWL]H� WKDW�SLFWXUH"WKDW� LV� LI�,�PDNH� WKLV�SLFWXUH� RSHQ� WR� WKH� VDPH�

UHVWULFWLRQV� DV� WKH� SDUWLFOH� SLFWXUH"WKHQ� WKH� WZR� SLFWXUHV� EHFRPH�

���� &I�� -�/�� +HLOEURQ�� �7KH� &RSHQKDJHQ� VSLULW� LQ� TXDQWXP� SK\VLFV� DQG� LWV� HDUOLHVW�

PLVVLRQDULHV��� 5HYXH� G
KLVWRLUH� GHV� VFLHQFHV� �������� ��������� DQG� /�� 5RVHQIHOG�� �0HQ�

DQG� LGHDV� LQ� WKH�KLVWRU\� RI� DWRPLF� WKHRU\��� $+(6�� �� �������� �������
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HTXLYDOHQW��
���

2Q� KLV� VLGH� %RKU�� LQ� VSLWH� RI� KLV� GLVOLNH� RI� IRUPDOLVP�� ZHOFRPHG�

'LUDF�� -RUGDQ�� DQG�.OHLQ
V� TXDQWL]HG� ZDYHV�� %HLQJ� QHLWKHU� ZDYHV� QRU�

SDUWLFOHV� WKH\� LOOXVWUDWHG� WKH�QHFHVVLW\� RI�EDQLVKLQJ� WKH� FODVVLFDO� LQWXL�
WLRQ� RI� FDXVDO� VSDWLR�WHPSRUDO� GHVFULSWLRQV� RI� SKHQRPHQD�� LQ� DFFRU�
GDQFH� ZLWK� WKH� SKLORVRSK\� RI� FRPSOHPHQWDULW\�� $W� WKH� 6ROYD\�
FRQJUHVV� RI�2FWREHU� ������ KH� SUDLVHG� WKH��V\PEROLF� SURFHGXUH�� RI�-RU�
GDQ� DQG� .OHLQ�� D� SURFHGXUH� �DQDORJRXV� WR� WKH�GHHS� WUHDWPHQW� RI� WKH�
UDGLDWLRQ� SUREOHP� GHYHORSHG� E\� 'LUDF��� ZKHUH� KH� FRXOG� HQMR\� WKH�
VDPH� �UHQXQFLDWLRQ� RI� WKH� LQWXLWLRQ� RI� VSDFH� DQG� WLPH�� �� ���ZKLFK�
VKRZV� LPSUHVVLYHO\� WKH� HVVHQWLDOO\� FRPSOHPHQWDU\� QDWXUH� RI� GHVFULS�
WLRQ� LQ�TXDQWXP� WKHRU\�����

6FKURGLQJHU�

:KHQ� 6FKURGLQJHU� GLVFRYHUHG� ZDYH� PHFKDQLFV� LQ� ������ KH� WKRXJKW�
WKDW�KH� FRXOG� VDYH� SK\VLFV� IURP� WKH� DEVWUDFW� DOJHEUD� RI� GLVFRQWLQXLW\�
SURSRVHG� E\� WKH�*RWWLQJHQ� VFKRRO�� +H� KRSHG� WKDW�KLV� ?S�ZDYHV� FRXOG�
EH� LQWHUSUHWHG� DV� PHFKDQLFDO� ZDYHV�� WKH� VTXDUHG� PRGXOXV� _�?S�_��
UHSUHVHQWLQJ� VRPH� NLQG� RI� GHQVLW\� RI� HOHFWURQLF� PDWWHU�� 7KH� YDULRXV�

SURRIV� RI� IRUPDO� HTXLYDOHQFH� EHWZHHQ� PDWUL[� DQG� ZDYH� PHFKDQLFV� GLG�
QRW� HUDVH� WKLV� IXQGDPHQWDO� LQWHUSUHWDWLYH� GLIIHUHQFH�� 2EVWDFOHV� WR� D�

UHDOLVWLF� LQWHUSUHWDWLRQ� RI� WKH� ?S�ZDYH�� UDLVHG� E\� WKH� H[SHUW� LQ�FULWLFLVP�

3DXOL�� GLG� QRW� H[WLQJXLVK� 6FKURGLQJHU
V� KRSH� RI� D� IXWXUH� YLFWRU\��
$PRQJ� WKHVH� REVWDFOHV� VWRRG� WKH�DEVWUDFW�PXOWL�GLPHQVLRQDO� VSDFH� WKDW�

6FKURGLQJHU� KDG� EHHQ� IRUFHG� WR� LQWURGXFH� WR� GHDO� ZLWK� VHYHUDO�ERG\�
SUREOHPV��

-RUGDQ
V� TXDQWL]HG� PDWWHU� ZDYHV� UHPRYHG� WKLV� EDUULHU� E\� UH�

HVWDEOLVKLQJ� WKUHH�GLPHQVLRQDO� SK\VLFDO� VSDFH� LQ� WKLV� W\SH�RI�SUREOHP��
$OVR� WKH\� UHVHPEOHG� WKH�TXDQWL]HG� ZDYHV� XVHG� E\� 6FKURGLQJHU� KLPVHOI�
LQ�'HFHPEHU� ����� WR�H[SODLQ� %RVH� VWDWLVWLFV�� DQG� WR� UH�GHILQH� SDUWLFOHV�
DV�ZDYH� H[FLWDWLRQV�� 7KLV� ZDV� D� ILUVW�FRQYHUJHQFH� SRLQW� IRU� WKH� LGHDV�
RI�WKH� WZR�TXDQWXP� WKHRULVWV��

0HDQZKLOH�� 6FKURGLQJHU� KDG� QHHGHG� RQO\� RUGLQDU\� �XQTXDQWL]HG��
ZDYHV� LQWHUDFWLQJ�ZLWK� D�&RXORPE� QXFOHDU� SRWHQWLDO� IRU�KLV� VSHFWDFXODU�
GHULYDWLRQ� RI� DWRPLF� VSHFWUD�� *XLGHG� E\� KLV�PHFKDQLFDO� LQWHUSUHWD�
WLRQ�� KH� KDG� DWWHPSWHG� WR� WDNH� LQWR� DFFRXQW� WKH� &RXORPE� VHOI�
LQWHUDFWLRQ� HQHUJ\� RI� D� A� ZDYH� FDUU\LQJ� WKH� FKDUJH� GHQVLW\� H?S?����%XW�
WKH�FRUUHVSRQGLQJ� ZDYH� HTXDWLRQ��

���� :�� +HLVHQEHUJ�� LQWHUYLHZ� E\�7�6�� .XKQ� DQG� -�/��+HLOEURQ� �������� $+43�� VHVVLRQ�

�������

���� 1�� %RKU�UHI�� ����� ����� �����
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OHG� WR� LQFRUUHFW� UHVXOWV�� 6WLOO�ZRUVH� ZDV� WKH�HIIHFW�RI� WKH�UDGLDWLRQ� UHDF�

WLRQ� FRPSXWHG� E\� LQWURGXFLQJ� WKH� VRXUFH� WHUPV� S�  � H?S?���DQG�

M�
 �

�H�UQ�5H� ?>��
��

�LA�H$�A� LQ�0D[ZHOO
V� HTXDWLRQV�� LW�JDYH� DEVXUG�
LQILQLWH�HQHUJ\� VKLIWV����

1RZ� -RUGDQ
V� SODQ� IRU� D� IXWXUH� TXDQWXP� HOHFWURG\QDPLFV� VWDUWHG�
ZLWK� WKLV�NLQG� RI� FRXSOLQJ� EHWZHHQ� PDWWHU� DQG� HOHFWURPDJQHWLF� ZDYHV��
DQG� WKH� -RUGDQ�.OHLQ� )�+DPLOWRQLDQ� JDYH� FDQRQLFDO� HTXDWLRQV� LGHQWL�
FDO� WR� 6FKURGLQJHU
V� HTXDWLRQ� IRU� WKH� VHOI�LQWHUDFWLQJ� ?S��7KH� RQO\�
GLIIHUHQFH�ZDV� WKH� H[WUD� FRQGLWLRQ� DGGHG� E\� -RUGDQ��

:KHQ� KH� UHDG� WKH� FRQFOXVLRQ� RI�-RUGDQ
V� SDSHU� RQ� JDV� GHJHQHUDF\��
6FKURGLQJHU� UHFRJQL]HG� KLV� ILUVW� LGHD� RI�TXDQWL]HG� ZDYHV�� DQG� DOVR� WKH�
LGHD� RI� LQWHUDFWLQJ� PDWWHU� DQG� OLJKW�ZDYHV�� 2Q� -XO\� ���� ������ KH�
ZURWH� WR�-RUGDQ��

,�DP�SDUWLFXODUO\� LQWHUHVWHG�LQ�\RXU�UHPDUN�>RQ�FRXSOLQJ�TXDQWL]HG� OLJKW�
DQG�PDWWHU�ZDYHV@�� ,QGHHG�� DV� IDU�DV� ,�XQGHUVWDQG� LW��LW�LV�DOVR�P\� RSLQ�
LRQ�� ,� KDG� WKRXJKW� WKDW� WKLV�SRLQW� RI�YLHZ� ZDV� VWULFWO\�H[FOXGHG� E\�
*RWWLQJHQ� DQG�&RSHQKDJHQ�� 1RZ� ,�DP�KDSS\� WKDW�WKHUH�DUH�PRUH� SURV�
SHFWV�� WKDW�ZH� DUH� FRPLQJ� WRJHWKHU�DJDLQ�� 2FFDVLRQDOO\� LW�ZRXOG� EH� XVH�
IXO� WR�PH� WR�NQRZ�ZKHUH� \RX� H[SUHVVHG� VLPLODU�YLHZV� ULJKW�DIWHU� WKH�
SXEOLFDWLRQ� RI�P\� ILUVW�SDSHUV� �DV�H[SUHVVHG� LQ�\RXU�IRRWQRWH���

-RUGDQ� H[SODLQHG� KLPVHOI� H[WHQVLYHO\� LQ� WKH� DQVZHU� TXRWHG� DOUHDG\��
DQG� LQ� KLV� SDSHU� ZLWK� .OHLQ� KH� UHIHUUHG� IRU� WKH� ILUVW� WLPH� WR�

6FKURGLQJHU
V� SDSHU� RQ� (LQVWHLQ
V� JDV� WKHRU\� DV� UHODWHG� WR� KLV� RZQ�
LGHDV��

1HYHUWKHOHVV� WKLV� FRQYHUJHQFH� ZDV� YHU\� VXSHUILFLDO�� WKHUH�ZDV� WRR�
PXFK� DEVWUDFW� DOJHEUD� LQ� -RUGDQ
V� LGHD� WR�SOHDVH� 6FKURGLQJHU
V� WDVWH�
IRU� LQWXLWLYH� SK\VLFV�� ,Q�2FWREHU�� DW� WKH�6ROYD\� FRQJUHVV�� KH� SURWHVWHG�
WKDW� -RUGDQ
V� ZD\� ZDV� QRW� KLV� RU�QDWXUH
V�� �2QH� PXVW� ILUVW�FRPPXQL�
FDWH� LQ�SK\VLFDO� ODQJXDJH�� )RU� WKH�PRPHQW� ,�FDQQRW� VHH� DQ� DQVZHU� WR�
D� SK\VLFDO� TXHVWLRQ� LQ� WKH� DVVHUWLRQ� WKDW� VRPH� YDULDEOHV� DUH� VXEPLWWHG�
WR�D�QRQ�FRPPXWDWLYH� DOJHEUD�� HVSHFLDOO\� ZKHQ� WKHVH� YDULDEOHV� DUH� VXS�
SRVHG� WR� UHSUHVHQW� QXPEHUV� RI� DWRPV����� 2QO\� PXFK� ODWHU�� DQG� VWLOO�

UHIXVLQJ� DOOHJLDQFH� WR� WKH�&RSHQKDJHQ� LQWHUSUHWDWLRQ�� GLG� KH� VXJJHVW�
WKDW�TXDQWL]HG� ZDYHV� PLJKW� SURYLGH� D� FRQYHQLHQW� EDVLV� IRU�D� UHDOLVWLF�
DQG� QRQ�SUREDELOLVWLF� LQWHUSUHWDWLRQ� RI�TXDQWXP� PHFKDQLFV�� $OWKRXJK�
KH� RSSRVHG� -RUGDQ
V� SRVLWLYLVWLF� SHUYHUVLRQ� RI� FRPSOHPHQWDULW\� HYHQ�
PRUH� WKDQ� LWV�RULJLQDO� &RSHQKDJHQ� YHUVLRQ�� KH� DJUHHG� DW� OHDVW� RQ� RQH�

SRLQW�� �:H� PXVW� QRW� EH� DIUDLG� RI� ORVLQJ� WLPH�KRQRXUHG� DWRPLVP�� ,W�
KDV� LWV� FRXQWHUSDUW� LQ� WKH� OHYHO�VFKHPH� �RI� VHFRQG� TXDQWL]DWLRQ�� DQG�

���� 6FKURGLQJHU� �UHI�� �����
���� 6FKURGLQJHU�� LQ�(OHFWURQV� HW�SKRWRQV� �UHI�� ���\� �����
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QRZKHUH� HOVH�����

'LUDF�

'LUDF
V� UHMHFWLRQ� RI�PDWWHU�ZDYH� TXDQWL]DWLRQ� KDV� D� VSHFLDO� LQWHUHVW�
EHFDXVH� LW�FRQGLWLRQHG� WR�D� ODUJH�H[WHQW� WKH�DWWLWXGH� RI�RWKHU� VSHFLDOLVWV�
LQ�HDUO\� TXDQWXP� ILHOG�WKHRU\�� 7KH� VFLHQWLILF� DXWKRULW\� RI� WKH�RQH�ZKR�
LQYHQWHG� ERWK� D� QHZ� UDGLDWLRQ� WKHRU\� DQG� D� QHZ� UHODWLYLVWLF� HTXDWLRQ�
IRU� HOHFWURQV� ZDV� VXFK� WKDW� VHFRQG� TXDQWL]DWLRQ� ZDV� VSDUVHO\� XVHG�
EHIRUH� WKH�ZDU�� HYHQ� ZKHUH� LW�FRXOG� KDYH� EHHQ� PRVW� KHOSIXO�� LQ� WKH�

SRVLWURQ� WKHRU\�� %HIRUH� WKH� ����V� 'LUDF� V\VWHPDWLFDOO\� DYRLGHG� WKH�

-RUGDQ�:LJQHU� TXDQWL]DWLRQ� DOWKRXJK� KH� FRXOG� QRW� LJQRUH� LW�� DQG�

DOWKRXJK� KH� KDG� KLPVHOI� JLYHQ� WKH� ILUVW�H[DPSOH� RI� VHFRQG� TXDQWL]D�
WLRQ�� %XW� KH�PDGH� QR� IRUPDO� DWWDFNV�� KH� GLG� QRW� OLNH� VSHQGLQJ� WLPH�

FULWLFL]LQJ� RWKHU� SHRSOH
V� ZRUN�� DQG� SUHIHUUHG� WR� FRQFHQWUDWH� RQ� KLV�
RZQ� UHVHDUFK�� +LV� RQO\�ZULWWHQ� FULWLFLVP� ,� FRXOG� ILQG�ZDV� UHSRUWHG� DW�
WKH�6ROYD\� FRQJUHVV� RI� ��������

0U�� 'LUDF� DUJXHV� WKDW�WKLV�PRGLILFDWLRQ� >WUDQVLWLRQ�IURP�'LUDF
V� VHFRQG�
TXDQWL]DWLRQ� WR�:LJQHU�-RUGDQ
V@� LV�YHU\�DUWLILFLDO�IURP�D� JHQHUDO�SRLQW�
RI�YLHZ�� )HUPL� VWDWLVWLFV�DUH�QRW� UHDOO\�HVWDEOLVKHG� RQ� WKH�VDPH�EDVLV� DV�
(LQVWHLQ�%RVH� VWDWLVWLFV��VLQFH� WKH�QDWXUDO�ZD\� RI�TXDQWL]LQJ�ZDYHV� OHDGV�
SUHFLVHO\� WR� WKH� ODWWHU�VWDWLVWLFV�IRU�WKH�SDUWLFOHV� DVVRFLDWHG� ZLWK� WKHVH�
ZDYHV�� 7R� JHW� WKH�)HUPL� VWDWLVWLFV��-RUGDQ�KDG� WR�LQWURGXFH� D� VLQJXODU�
TXDQWL]DWLRQ�PHWKRG�� GHVLJQHG� RQ�SXUSRVH� WR�UHDFK�WKH�GHVLUHG� UHVXOW��

5HFHQWO\� LQ�9DUHQQD� 'LUDF� GLVFXVVHG� KLV� UHDFWLRQ� WR� -RUGDQ
V� LQL�
WLDWLYH����

$W� ILUVW�,�GLG� QRW� OLNH�WKH�ZRUN� RI�-RUGDQ�DQG�:LJQHU�� DQG� ,�WKLQN�,�FDQ�
DWWULEXWH� WKLV�GLVOLNH� WR�P\�PLQG� EHLQJ� DQ� HVVHQWLDOO\� JHRPHWULFDO� RQH�
DQG� QRW� DQ� DOJHEUDLF� RQH�� ,Q� WKH�FDVH� RI� WKH�%RVH� VWDWLVWLFV� DQG� WKH�
VHFRQG�TXDQWL]DWLRQ� ZKLFK�ZDV� FRQQHFWHG�ZLWK� LW�RQH�KDG� D�GHILQLWH�SLF�
WXUH�XQGHUO\LQJ� WKH�EDVLF� HTXDWLRQV�� QDPHO\� WKH�SLFWXUH� WKDW�WKH�WKHRU\�
ZRXOG� EH� DSSOLHG� WR�DQ� DVVHPEO\� RI�RVFLOODWRUV�� 7KHUH�ZDV� QR� VXFK�SLF�
WXUH�DYDLODEOH� ZLWK� WKH�)HUPL� VWDWLVWLFV��DQG� ,� IHOW�WKDW�ZDV� D� VHULRXV�
GUDZEDFN�� ,�GLG� QRW� DSSUHFLDWH� WKHUHIRUH�WKH� LPSRUWDQFH� RI� WKLV�RWKHU�
NLQG�RI�VHFRQG�TXDQWL]DWLRQ��

2QH� PLJKW� ULJKWO\�EH� VXUSULVHG� WKDW� WKH� LQYHQWRU� RI���QXPEHUV� DQG� RI�

\A�PDWULFHV� WKRXJKW� KH� KDG� D� JHRPHWULFDO� PLQG�� (OVHZKHUH�� LQ� WKH�

���� &I�� (�� 6FKURGLQJHU�� �7KH� PHDQLQJ� RI�ZDYH� PHFKDQLFV��� LQ�/RXLV� GH� %URJOLH� SK\VL�
FLHQ� HW�SHQVHXU� �3DULV�� ������� ������� RQ� ���� ����

���� 'LUDF�� (OHFWURQV� HW�SKRWRQV� �UHI�� ����� �����
���� 3�� 'LUDF�� �5HFROOHFWLRQV� RI� DQ� H[FLWLQJ� HUD��� LQ�&KDUOHV� :HLQHU�� HG���+LVWRU\� RI�

WZHQWLHWK�FHQWXU\�SK\VLFV��1HZ�<RUN�� ����������������RQ� ������,QWHUQDWLRQDO�VFKRRO�RI�
SK\VLFV� �(QULFR� )HUPL��� FRXUVH� �����
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IRUHZRUG� WR� WKH�ILUVW�HGLWLRQ� RI�KLV�3ULQFLSOHV� RI�TXDQWXP� PHFKDQLFV� KH�
ZURWH�� �)XQGDPHQWDO� ODZV� GR� QRW� JRYHUQ� WKH�ZRUOG� DV� LW�DSSHDUV� LQ�
RXU�PHQWDO� SLFWXUH� LQ�DQ\� YHU\� GLUHFW� ZD\�� EXW� LQVWHDG� WKH\�FRQWURO� D�

VXEVWUDWXP� RI�ZKLFK� ZH� FDQQRW� IRUP� D�PHQWDO� SLFWXUH� ZLWKRXW� LQWUR�

GXFLQJ� LUUHOHYDQFLHV����� 7KLV� VWDWHPHQW� PLJKW� HFKR� (GGLQJWRQ
V� EHOLHI�
LQ� DQ� XQNQRZDEOH�� XQSLFWXUDEOH� EDFNJURXQG�� RU� &RSHQKDJHQ
V� UHMHF�
WLRQ� RI� YLVXDO� DWRPLF� PRGHOV�� ,Q� DQ\� FDVH� WKH� JHRPHWULFDO� SLFWXUHV�
FDOOHG� XSRQ� E\�'LUDF� FRXOG� QRW� EH� D� UHSUHVHQWDWLRQ� RI�KLV� �VXEVWUD�
WXP�� WKH�ZD\� ILHOGV� DQG� SRVLWLRQV� FRXOG� EH� LQ�FODVVLFDO� SK\VLFV����

%\�PHQWDO� SLFWXUHV� RQH� PLJKW� PHDQ� DQ\� UHSUHVHQWDWLRQ� WKDW� KDG�

SURYHG� WR� EH� XVHIXO� LQ� VWDQGDUG� SUREOHPV�� IRU� LQVWDQFH� RVFLOODWRUV��
SRLQW�OLNH� SDUWLFOHV�� VSLQQLQJ� SDUWLFOHV�� RU� DQ\� RI� WKH� HVRWHULF� GUDZLQJV�
XVHG� E\�PDWKHPDWLFLDQV� WR� LOOXVWUDWH� DQG� JXLGH� WKHLU�GHPRQVWUDWLRQV��
:KDW� 'LUDF� PHDQW� DW�9DUHQQD� ZDV� PXFK� PRUH� VSHFLILF�� WKHUH� LV�D� VSH�
FLDO� SULYLOHJHG� FODVV� RI� SLFWXUHV�� DQG� D� SUHFLVH� UHODWLRQ� OLQNLQJ� WKH�

TXDQWXP� IRUPDOLVP� WR� WKLV� FODVV�� 7KHVH� SLFWXUHV� DUH� WKH� EDVLF� FRQ�

FHSWV� RI� FODVVLFDO� PHFKDQLFV�� OLNH�PDWHULDO� SRLQWV� DQG� ZDYLQJ� ILHOGV��
7KH� FRQQHFWLRQ� ZLWK� TXDQWXP� IRUPDOLVP� LV�SURYLGHG� E\� WKH�TXDQWL]D�
WLRQ� UXOHV� RI� D�+DPLOWRQLDQ� V\VWHP�� IRU� LQVWDQFH�� VXEVWLWXWLQJ� FRPPX�
WDWRUV� IRU�3RLVVRQ� EUDFNHWV��

,Q� KLV� ILUVW�SDSHU� RQ� TXDQWXP� PHFKDQLFV�� 'LUDF� KDG� VWUHVVHG� WKH�

SHUPDQHQFH� RI� FODVVLFDO� HTXDWLRQV� LQ�+HLVHQEHUJ
V� QHZ� WKHRU\�� DQG�
WKHUHIRUH� LPSOLFLWO\� WKH� LPSRUWDQFH� RI� FODVVLFDO� SLFWXUHV����

,Q�D� UHFHQW�SDSHU�+HLVHQEHUJ� SXWV� IRUZDUG�D�QHZ� WKHRU\�ZKLFK� VXJJHVWV�
WKDW�LW�LV�QRW� WKH�HTXDWLRQV� RI�FODVVLFDO�PHFKDQLFV� WKDW�DUH� LQ�DQ\�ZD\� DW�

IDXOW��EXW� WKDW�WKH�PDWKHPDWLFDO� RSHUDWLRQV� E\�ZKLFK� SK\VLFDO� UHVXOWV�DUH�
GHGXFHG� IURP�WKHP�UHTXLUH�PRGLILFDWLRQ�� $OO� WKH�LQIRUPDWLRQ�VXSSOLHG�
E\�WKH�FODVVLFDO� WKHRU\�FDQ� WKXV�EH�PDGH� XVH� RI�LQ�WKH�QHZ� WKHRU\��

'LUDF
V� IRUPXODWLRQ� RI� TXDQWXP� PHFKDQLFV�� DV� QRWLFHG� E\� GH�0DULD�
DQG� OD�7HDQD�� �UHSUHVHQWHG� DQ� H[WHQVLRQ� UDWKHU� WKDQ� D� GHVWUXFWLRQ� RI�
WKH� FRQFHSWXDO� ZRUOG� RI� FODVVLFDO� SK\VLFV��� 'LUDF� VKDUSHQHG� WKH�

FRUUHVSRQGHQFH� SULQFLSOH� PRUH� WKDQ�+HLVHQEHUJ� KLPVHOI�� ZKR� EHOLHYHG�
WKDW�KLV� LQWURGXFWLRQ� RI� D� �QHZ� NLQHPDWLFV�� GHVWUR\HG� WKH� FRQFHSWXDO�
IUDPHZRUN� RI� FODVVLFDO� SK\VLFV�� KRZHYHU� QHHGHG� LW�ZDV� DV� D� EDVLV� IRU�
WKH� FRUUHVSRQGHQFH� PHWKRG�� 7KLV� GLIIHUHQFH� LQ�ZHLJKLQJ� WKH� LPSRU�
WDQFH� RI� WKH� FODVVLFDO� EDVLV� IDGHG� DV� TXDQWXP� IRUPDOLVPV� DQG� WKHLU�

LQWHUSUHWDWLRQV� ZHUH� IXUWKHU�GHYHORSHG����

���� 3�� 'LUDF�� 7KH� SULQFLSOHV� RI�TXDQWXP� PHFKDQLFV� �2[IRUG�� ������� SUHIDFH��
���� &I�� %URPEHUJ� �UHI�� ����� ����� DQG� +�� .UDJK�� �&RVPRSK\VLFV� LQ� WKH� WKLUWLHV�� 7R�

ZDUGV� D�KLVWRU\� RI�'LUDF� FRVPRORJ\��� +636�� ����� �������� �������� RQ� �������

���� 3�� 'LUDF�� �7KH� IXQGDPHQWDO� HTXDWLRQV� RI� TXDQWXP� PHFKDQLFV��� 356�� ���� ��������

��������� RQ� �����

���� 0�� GH� 0DULD� DQG� )�� OD�7HDQD�� �'LUDF
V� XQRUWKRGR[� FRQWULEXWLRQ� WR� RUWKRGR[�

TXDQWXP� PHFKDQLFV� �������������� 1RWD� LQWHUQD� ���� �������� ,VWLWXWR� GL� ILVLFD� �*�� 0DU�
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%XW� 'LUDF
V� DQG� WKH�&RSHQKDJHQ�*RWWLQJHQ� XQGHUVWDQGLQJV� RI� WKH�
QHZ� FRUUHVSRQGHQFH� PHWKRG� GLG� QRW� TXLWH� IXVH� WRJHWKHU�� WKH�

&RSHQKDJHQ�*RWWLQJHQ� VFKRRO� TXDQWL]HG� FODVVLFDO� IRUPDOLVPV� ZKHUH�
'LUDF� TXDQWL]HG� FODVVLFDO� SLFWXUHV�� ,�PHDQ� WKDW�'LUDF
V� FODVVLFDO� EDVLV�
KDG� WR�EH� SUHFLVHO\� WKH�RQH� XVHG� WR�GHVFULEH� WKH� V\VWHP�XQGHU� VWXG\� LQ�
WKH�NQRZQ� FODVVLFDO� OLPLW�� 7R� REWDLQ� D� TXDQWXP� WKHRU\� RI� HOHFWURQV��
'LUDF� KDG� WR� VWDUW�ZLWK� WKH� FRUSXVFXODU� SLFWXUH� NQRZQ� WR�EH� YDOLG� LQ�

WKH� FODVVLFDO� OLPLW�� DQG� QRW� ZLWK� DQRWKHU� NLQG� RI� FODVVLFDO� IRUPDOLVP��
,Q� WKH� VDPH� VLWXDWLRQ� -RUGDQ� WRRN� WKH�IUHHGRP� WR�TXDQWL]H� ZDYHV��

1RW� RQO\� WKH� FKRLFH� RI� WKH� FRUUHVSRQGHQFH� EDVLV�� EXW� DOVR� WKH�

TXDQWL]DWLRQ� SURFHVV�� ZDV� ZLGHU� IRU� -RUGDQ�� $V� ,� KDYH� PHQWLRQHG��
'LUDF
V� TXDQWL]DWLRQ� ZDV� UHDFKHG� WKURXJK� D� UHLQWHUSUHWDWLRQ� RI� FODVVL�
FDO� FDQRQLFDO� FRQMXJDWLRQ�� ,QVWHDG�� -RUGDQ
V� �VLQJXODU� PHWKRG� RI�ZDYH�

TXDQWL]DWLRQ�� UHTXLUHG� D�QRQ�FODVVLFDO� D[LRPDWLF� JHQHUDOL]DWLRQ� RI� FRQ�

MXJDWLRQ� HYHQ� LI�LW�ZDV� QRW� �GHVLJQHG� RQ� SXUSRVH� WR� UHDFK� WKH�GHVLUHG�
UHVXOW������

'LUDF
V� GLVGDLQ� IRU�WKH�-RUGDQ�:LJQHU� TXDQWL]DWLRQ� LV�QRW� WKH�RQO\�
LOOXVWUDWLRQ� RI� KLV� FRQFHSWLRQ� RI� FRUUHVSRQGHQFH�� $QRWKHU� RQH�� HYHQ�
PRUH� VSHFWDFXODU�� LV�JLYHQ� E\�KLV� URXWH� WR�DQ� HTXDWLRQ� IRU�WKH� UHODWLYLV�
WLF� HOHFWURQ�� :KHUHDV� WKH� FRQWLQHQWDO� VFKRRO� �IRU� LQVWDQFH� .UDPHUV�
DQG� 3DXOL�� ZDV� VHHNLQJ� D� UHODWLYLVWLF� JHQHUDOL]DWLRQ� RI�3DXOL
V� HTXDWLRQ�
IRU�WKH� VSLQQLQJ� HOHFWURQ�� 'LUDF� VWDUWHG� IURP� WKH� WUXH�FODVVLFDO� SLFWXUH��
WKH�SRLQW� HOHFWURQ�� ZLWKRXW� WKH� VSLQ� SURSHUW\�� IRU� VSLQ�� EHLQJ� SURSRU�
WLRQDO� WR� 3ODQFN
V� FRQVWDQW�� ZDV� NQRZQ� WR� EH� QRQ�FODVVLFDO�� ,Q� KLV�

DSSURDFK� WKLV�SURSHUW\� DURVH� DV� D� E\�SURGXFW� RI�D� UHODWLYLVWLF� TXDQWL]D�
WLRQ�� )LQDOO\�� WR� VROYH� WKH�QHJDWLYH�HQHUJ\� GLIILFXOW\� RI� WKLV� RWKHUZLVH�
ZRQGHUIXO� HTXDWLRQ�� 'LUDF� DJDLQ� DYRLGHG� -RUGDQ
V� TXDQWL]DWLRQ�� +H�
XVHG� WKH� IUHHGRP� KH� KDG� LQ� FRQQHFWLQJ� KLV� HTXDWLRQ� WR� REVHUYDWLRQ��
DQG� LQWURGXFHG� DQ� XQREVHUYDEOH� VHD� RI� QHJDWLYH� HQHUJ\� HOHFWURQV��

DQDORJRXV� WR� WKH� ]HUR�PRPHQWXP� OLJKW� TXDQWD� RI� KLV� UDGLDWLRQ�

WKHRU\�����

0DWKHPDWLFDO� SK\VLFLVWV�

:KHUHDV� -RUGDQ�� %RKU�� +HLVHQEHUJ�� DQG� 6FKURGLQJHU� MXGJHG�
PDWWHU�ZDYH� TXDQWL]DWLRQ� DFFRUGLQJ� WR� LWV�HSLVWHPRORJLFDO� EHDULQJ� DQG�
'LUDF� MXGJHG� LW� DFFRUGLQJ� WR� D� SUH�HVWDEOLVKHG� PHWKRGRORJ\�� RWKHU�
WKHRULVWV� XQGHUOLQHG� LWV�PDWKHPDWLFDO� DGYDQWDJHV� LQ�SDUWLFXODU� SURE�
OHPV�� :LJQHU� KDG� SUREDEO\� IRXQG� VRPH� LQWHUHVWLQJ� V\PPHWU\� LQ�

FRQL��� 8QLYHUVLWD� GL�5RPD�� ,1)1�� 6H]LRQH� GL�5RPD�� S�� ����

����� 'LUDF�� (OHFWURQV� HW�SKRWRQV� �UHI�� ����� RQ� �����

����� &I�� +�� .UDJK�� �7KH� JHQHVLV� RI�'LUDF
V� UHODWLYLVWLF� WKHRU\� RI� WKH� HOHFWURQ��� $+(6��

���������� �������
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-RUGDQ
V� DWWHPSW� WR�TXDQWL]H� IHUPLRQ� ZDYHV� DQG� VR� KHOSHG� KLP� WR� D�

ULJRURXV� IRUPXODWLRQ�� $� \RXQJ�5XVVLDQ� YLVLWRU� WR�*RWWLQJHQ�� 9ODGLPLU�

)RFN�� DOVR� OLNHG� WKH�PDWKHPDWLFV� RI� VHFRQG� TXDQWL]DWLRQ�� +H� LQWUR�
GXFHG� ZKDW� LV�QRZ� FDOOHG� )RFN
V� UHSUHVHQWDWLRQ� �ZKHUH� WKH� DQQLKLOD�
WRUV� DUH� GLDJRQDO��� DQG� KH� JHQHUDOL]HG� WKH� FRUUHVSRQGHQFH� EHWZHHQ�
VHFRQG� TXDQWL]DWLRQ� DQG� FRQILJXUDWLRQ� VSDFH� �HYHQ� IRU� RSHUDWRUV�

FKDQJLQJ� SDUWLFOH� QXPEHUV��� +H� GLG� QRW� VWDWH� DQ\� SUHIHUHQFH� IRU�HLWKHU�
RI� WKH� WZR� IRUPDOLVPV�� DOWKRXJK� KH� FRXOG� VKRZ� WKDW� WKH�-RUGDQ�:LJQHU�
IRUPDOLVP� VLPSOLILHG� WKH�+DUWUHH�)RFN� PHWKRG� �IRU�DSSUR[LPDWH� VROX�
WLRQV� RI� WKH� "��ERG\�SUREOHP��� )RFN
V� GHPRQVWUDWLRQV�� EHLQJ� UHPDUN�

DEO\� FOHDU� DQG� HOHJDQW�� ZHUH� RIWHQ� UHSURGXFHG� LQ� VXEVHTXHQW� DFFRXQWV�
RI� VHFRQG� TXDQWL]DWLRQ������

$� OHVVHU� NQRZQ�� EXW� LQWHUHVWLQJ� FDVH� LV�+HUPDQQ� :H\O
V� LQYROYH�
PHQW� LQ�'LUDF
V� KROH� WKHRU\�� ,Q� WKH� VHFRQG� HGLWLRQ� ������� RI� KLV�

*URXS� WKHRU\�DQG� TXDQWXP� PHFKDQLFV� KH� ZURWH�� �1RWKLQJ� RI� FRXUVH�

SUHYHQWV� XV� IURP�TXDQWL]LQJ� PDWWHU� ZDYHV� LQ�D�ZD\� DQDORJRXV� WR� HOHF�

WURPDJQHWLF� ZDYH� TXDQWL]DWLRQ�� �� �� �>$QG@� QRWKLQJ� SUHYHQWV� XV� IURP�

UHSODFLQJ� WKH�QXPEHU� 136� >RI�RFFXSDWLRQ� RI� D� VWDWH� RI���PRPHQWXP� 3�
DQG� VSLQ� 6@� E\�1IV�

 �
O�136� LI�3���� DQG� WR� NHHS� 136�  �136� LI�

3�!���� 7KDQNV� WR� WKLV� QHZ� QRWDWLRQ�� WKH� VHFRQG� TXDQWL]HG� +DPLO�
WRQLDQ� DSSHDUHG� WR�EH� LQYDULDQW� XQGHU� FKDUJH�FRQMXJDWLRQ�� $QG� WKH�
KROHV� ILUVW� LQWHUSUHWHG� E\�'LUDF� DV� SURWRQV� DFWHG� H[DFWO\� DV� SRVLWLYHO\�
FKDUJHG� HOHFWURQV�� $PD]LQJO\�� 'LUDF� ZDV� LPPHGLDWHO\� FRQYLQFHG� E\�
WKLV� DUJXPHQW�� DOWKRXJK� LW�PDGH� XVH� RI� WKH� -RUGDQ�:LJQHU� TXDQWL]D�
WLRQ�����

5HWURVSHFWLYHO\� ZH� FDQ� VD\� WKDW�:H\O
V� LQVLJKW�ZDV� YHU\� GHHS�� KH�
QRW� RQO\� SURYHG� WKH� V\PPHWU\� EHWZHHQ� KROHV� DQG� HOHFWURQV�� EXW� KH�
DOVR� VKRZHG� WKH�QHHG� RI� DQWLFRPPXWDWLYH� FKDUJH� FRQMXJDWLRQ� WR�JHW� D�

FKDUJH�V\PPHWULF� TXDQWXP� HOHFWURG\QDPLFV�� +H� QRWLFHG� WKDW� FRXSOHG�
'LUDF� DQG� 0D[ZHOO� HTXDWLRQV� ZHUH� LQYDULDQW� E\� WKH� VXEVWLWXWLRQ�

L���!&9� DQG� H�!�H� �&� EHLQJ� D� �[�� QXPEHU� PDWUL[�� DQG� �
EHLQJ� D�

FRPSOH[� FRQMXJDWLRQ�� RQO\� LI�WKH�FRPSRQHQWV� ?S�DQG� ?S�DQWLFRPPXWHG��
VR� WKDW� WKH� FRXSOLQJ� FXUUHQW� EHFDPH� LQYDULDQW�� :H\O
V� GLVFXVVLRQ�
DQWHGDWHG� ERWK� )RFN
V� FKDUJH�V\PPHWULF� IRUPXODWLRQ� RI� SRVLWURQ�
WKHRU\� ������� DQG� %HOLQIDQWH
V� SURRI� RI� WKH� VSLQ�VWDWLVWLFV� WKHRUHP�

�������� DOO� EHFDXVH� KH� HDUO\� UHFRJQL]HG� WKH� XVHIXOQHVV� RI� -RUGDQ
V�

TXDQWL]HG� PDWWHU� ZDYHV�����

����� 9�� )RFN�� �9HUDOOJHPHLQHUXQJ� XQG� /RVXQJ� GHU� 'LUDFVFKHQ� VWDWLVWLVFKHQ�

*OHLFKXQJ��� =3�� ��� �������� ��������� 9�� )RFN�� �.RQILJXUDWLRQVUDXP� XQG� ]ZHLWH� 4XDQ�

WHOXQJ��� =3�� ��� �������� ���������

����� +�� :H\O�� *UXSSHQWKHRULH� XQG� 4XDQWHQPHFKDQLN�� �QG� HG�� �/HLS]LJ�� ������� VHFWLRQ�

,9�&� ����
����� ,ELG��� ��������� 9�� )RFN�� �=XU� 7KHRULH� GHU� 3RVLWURQHQ��� $NDGHPLLD� 1DXN�� 'RNOD�

G\�� �������� ��������� )�-�� %HOLQIDQWH�� �8QGRU� FDOFXOXV� DQG� FKDUJH�FRQMXJDWLRQ��� 3K\VLFD��
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7KH� XVH� RI�TXDQWL]HG� PDWWHU� ZDYHV�

+HLVHQEHUJ� DQG� 3DXO9V� SURJUDP�

(QFKDQWHG� E\� 'LUDF
V� UDGLDWLRQ� WKHRU\�� 3DXOL� VRRQ� SURSRVHG� WR�

+HLVHQEHUJ� D� SURJUDP� IRU� FRQVWUXFWLQJ� D� IXOO\� UHODWLYLVWLF� TXDQWXP�

HOHFWURG\QDPLFV�� ,Q� KLV� DQVZHU� RI�)HEUXDU\� ������+HLVHQEHUJ� PDGH�

FOHDU� KLV� SRLQW� RI�YLHZ�����

,�DJUHH�YHU\�PXFK� ZLWK� \RXU�SURJUDP� FRQFHUQLQJ� HOHFWURG\QDPLFV�� EXW�
QRW�TXLWH� FRQFHUQLQJ� WKH�DQDORJ\�� TXDQWXP�PHFKDQLFV�FODVVLFDO� PHFKDQ�
LFV�  � TXDQWXP� HOHFWURG\QDPLFV�FODVVLFDO� 0D[ZHOO� WKHRU\�� 7KDW� RQH�
PXVW� TXDQWL]H� WKH�0D[ZHOO� HTXDWLRQV� WR�JHW� OLJKW�TXDQWD� DQG� VR�RQ�D� OD�

'LUDF�� ,�EHOLHYH� DOUHDG\��EXW�SHUKDSV� WKH�GH�%URJOLH�ZDYHV� ZLOO� DOVR�KDYH�
WR�EH� TXDQWL]HG� LQ�RUGHU� WR�JHW�FKDUJH��PDVV�� DQG� VWDWLVWLFV� �����RI�HOHF�
WURQV� DQG� QXFOHL��

$SSDUHQWO\�� 3DXOL� DQG�+HLVHQEHUJ� GLG� QRW� DJUHH� DERXW� WKH� FODVVLFDO�
EDVLV� WR�EH� TXDQWL]HG�� 3DXOL�� OLNH�'LUDF�� ZDQWHG� WR�TXDQWL]H� WKH�XVXDO�
FODVVLFDO� HOHFWURG\QDPLFV�� +HLVHQEHUJ�� IROORZLQJ� -RUGDQ�� SUHIHUUHG� WR�

TXDQWL]H� RQO\� ZDYHV�� HYHQ� IRU�PDWWHU�� :KHQ� VHFRQG� TXDQWL]DWLRQ� IRU�
IHUPLRQV�ZDV� DYDLODEOH�� +HLVHQEHUJ� UHDFWHG� HQWKXVLDVWLFDOO\�����

'HDU� -RUGDQ��6FLHQFH� RZHV� \RX�PXFK� IRU�KDYLQJ�PHOWHG� XQGHU� WKH�VXQ�
RI� \RXU� URPDQWLF� IRUPXODH� WKH�'DPRFOHV� VZRUG� RI�)HUPL� VWDWLVWLFV��
ZKLFK� KDG� EHHQ�PHQDFLQJ� IRU�VR� ORQJ�DV� D�GDUN� FORXG� DERYH� WKH�KRUL]RQ�
RI� SDUWLFOH� HOHFWURG\QDPLFV�� �6W\OH� IUHHO\�DGDSWHG� IURP�GH� %URJXH
V�
5HFKHUFKHV� VXU�OD� WKHRULH�GHV� TXDQWD��/HLS]LJ� �������

:KHQ� %RKU�� SUREDEO\� UHSHOOHG� E\� WKH� GU\QHVV� RI� -RUGDQ
V� IRUPDO�

LVP�� LQTXLUHG� DERXW� 3DXOL
V� RSLQLRQ�� KH� JRW� WKH� XVXDO� VKDUS� UHSO\��
3DXOL� FRQFHGHG� VRPH� YDOXH� WR� -RUGDQ
V� FRQFHSWLRQ�� EXW� RQO\� LQ� WKH�

�SKHQRPHQRORJLFDO� SRLQW� RI�YLHZ��� L�H��� LI�RQH� QHJOHFWHG� WKH�SDUWLFOH
V�

�� �������� ��������� DQG� �7KH� XQGRU� HTXDWLRQ� IRU� WKH�PHVRQ� ILHOG��� LELG��� ���������

:H\O
V� UHDVRQLQJ� ZDV� WKH� IROORZLQJ�� 6LQFH� WKH�PDWUL[� &� LV� FKRVHQ� VR� WKDW�&�\IO&�
 �

FKDUJH� FRQMXJDWLRQ� DSSOLHG� WR�MA� JLYHV��

IW�
 �

��H�&W�IO&A�
 �

�H�&LV��\"\�&W�
 �

�HA&A&&A&A�
 �

�HOA\"\A��

6LQFH�
M"�

LV� D� VFDODU� LQ� UHVSHFW� RI� VSLQRULDO� LQGLFHV�� LW�UHPDLQV� XQFKDQJHG� E\� WUDQVSRVL�
WLRQ� LI� ?S�DQG� ?S��FRPPXWH�� DQG� FKDQJHV� LWV� VLJQ� LI� ?S�DQG� ?S��DQWLFRPPXWH�� ,Q� WKH� ODWWHU�
FDVH� RQO\�� RQH� KDV��

�����+HLVHQEHUJ�WR�3DXOL�����)HE� ������3%��������
�����+HLVHQEHUJ�WR�-RUGDQ�����'HF� ������$+43���
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QDWXUH�� FKDUJH�� DQG� HOHFWURPDJQHWLF� LQWHUDFWLRQV�� )RU� KLP�� -RUGDQ
V�

VXJJHVWLRQ� RI�EDVLQJ� HOHFWURG\QDPLFV� RQ� LQWHUDFWLQJ�PDWWHU� ZDYHV� ZDV�

MXVW� D� IRROLVK� H[FXUVLRQ� EH\RQG� WKLV� OLPLWHG� UDQJH� RI�YDOLGLW\�����
)RUWXQDWHO\�� 3DXOL
V� FULWLFLVP�� DOEHLW� VKDUS��ZDV� QRW� REVWLQDWH�� +H�

ZDV� FRQYHUWHG� E\� -RUGDQ� DQG� .OHLQ
V� �WUXO\� EHDXWLIXO� SDSHU��� ZKLFK�

SURYHG� WKDW�PDWWHU�ZDYH� TXDQWL]DWLRQ� FRXOG� DOVR� VXEVXPH� HOHFWURPDJ�
QHWLF� LQWHUDFWLRQV�� $W� WKH� 6ROYD\� FRQJUHVV� RI�2FWREHU� ����� 3DXOL� ZDV�
WKH� RQH� ZKR� EURXJKW� IRUZDUG� VHFRQG� TXDQWL]DWLRQ� ZKHQ� (LQVWHLQ�
UHFDOOHG� WKH�QDWXUDO� GHIHFW� RI� FRQILJXUDWLRQ� VSDFH�� �,Q� WKLV� UHSUHVHQWD�
WLRQ� WZR� FRQILJXUDWLRQV� RI� D� V\VWHP� WKDW�GLIIHU�RQO\� E\� WKH�SHUPXWDWLRQ�
RI� WZR� SDUWLFOHV� RI� WKH� VDPH� W\SH� DUH� UHSUHVHQWHG� E\� WZR� GLIIHUHQW�

SRLQWV� �LQ� FRQILJXUDWLRQ� VSDFH��� ZKLFK� LV�QRW� LQ� DJUHHPHQW� ZLWK� WKH�
QHZ� UHVXOWV� RI� VWDWLVWLFV��� /HW� XV�PHQWLRQ� WKDW�3DXOL
V� UHSO\� WR� WKLV�GLG�
QRW� FRQYLQFH� (LQVWHLQ�� ZKR� ODWHU�GHFODUHG� WR�.OHLQ�� �6HFRQG� TXDQWL]D�
WLRQ�� WKDW� LV�VLQ� VTXDUHG������

1RZ� LQ�DJUHHPHQW� DERXW� WKH�XVH� RI� TXDQWL]HG� ZDYHV� LQ�TXDQWXP�
HOHFWURG\QDPLFV�� +HLVHQEHUJ� DQG� 3DXOL� LQWHQVLILHG� WKHLU� FROODERUDWLRQ��
EXW� HQFRXQWHUHG� VHYHUH� WHFKQLFDO� GLIILFXOWLHV� OLQNHG�ZLWK� JDXJH� LQYDUL�
DQFH� DQG� YDULRXV� LQILQLWLHV�� 1RQHWKHOHVV�� DIWHU� GLVWUHVVLQJ� LQWHUUXS�
WLRQV�� WKH\�ILQDOO\� SXEOLVKHG� LQ� �������� WZR� HQRUPRXV� GLIILFXOW�SDSHUV�
RQ� �WKH� TXDQWXP� WKHRU\� RI�ZDYH� ILHOGV�� JLYLQJ� D� JHQHUDO� UHODWLYLVWLF�

WKHRU\�RI�TXDQWXP� ILHOGV�� 4XDQWXP� HOHFWURG\QDPLFV� ZDV� MXVW� D� SDUWLF�
XODU� FDVH� ZKHUH� HOHFWURPDJQHWLF� UDGLDWLRQ� ZDV� GHVFULEHG� E\� WKH�TXDQ�
WL]HG�0D[ZHOO� ILHOG�� DQG� PDWWHU� E\�'LUDF
V� ILHOG� �L�H�� D� ILHOG� GHVFULEHG�

E\�'LUDF
V� HTXDWLRQ� RI� ����� IRU�WKH� UHODWLYLVWLF� HOHFWURQ�� VXEPLWWHG� WR�

-RUGDQ�:LJQHU� TXDQWL]DWLRQ�����
7KH� LQWURGXFWLRQ� WR� WKH� ILUVW�SDSHU� HPSKDVL]HG� WKH� DGYDQWDJHV� RI�

WUHDWLQJ�PDWWHU� DQG� UDGLDWLRQ� RQ� WKH� VDPH� IRRWLQJ�� DQG� UHMHFWHG� WKH�

FRQILJXUDWLRQ�VSDFH� DSSURDFK� IRU�EHLQJ� KDUGO\� FRPSDWLEOH� ZLWK� UHOD�

WLYLW\� DQG� UHWDUGHG� LQWHUDFWLRQV�� ,QGHHG�� D� FRQILJXUDWLRQ�� EHLQJ� D� VHW�
RI�SRVLWLRQV� DW� D� VLQJOH� WLPH��ZDV� QRW� D� UHODWLYLVWLFDOO\� LQYDULDQW� FRQ�

FHSW�� DV�.OHLQ� KDG� QRWLFHG�� DQG� LW�ILW�WRR�ZHOO� ZLWK� DFWLRQ� DW� D�GLVWDQFH��
DV�(LQVWHLQ� KDG� VDLG� DW� WKH�6ROYD\� FRQJUHVV�� �7KH� SURSHUW\� RI� IRUFHV� WR�
DFW� RQO\� DW� VPDOO� GLVWDQFHV� KDV� D� OHVV� QDWXUDO� H[SUHVVLRQ� LQ�

FRQILJXUDWLRQ� VSDFH� WKDQ� LQ����RU� ��GLPHQVLRQDO� VSDFH������

�����%RKU�WR�3DXOL�� ���-XO�������3%��������DQG���$XJ� ������3%��������
����� 3DXOL� WR�.URQLJ�� ���1RY� ����� �3%�� ������ $�� (LQVWHLQ�� :�� 3DXOL�� (OHFWURQV� HW�SKR�

WRQV�� �UHI�� ����� ��������� �6LQ� VTXDUHG�� LV� LQ�.OHLQ� �UHI�� ����� VHVVLRQ� ��� ���

����� :�� +HLVHQEHUJ� DQG�:�� 3DXOL�� �=XU� 4XDQWHQG\QDPLN� GHU�:HOOHQIHOGHU��� =3�� ���

�������� ������ DQG� �=XU� 4XDQWHQWKHRULH� GHU�:HOOHQIHOGHU�� ,,��� =3�� ��� �������� ���������

&I�� 'DUULJRO� �UHI�� �����
����� (LQVWHLQ� �UHI�� ������
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:LWK� WKHLU� DOO�ZDYH�OLNH� WKHRU\��+HLVHQEHUJ� DQG� 3DXOL� ZHUH� DEOH� WR�

JLYH� D� JHQHUDO�� WKRXJK� YHU\�KHDY\� SURRI� RI� UHODWLYLVWLF� LQYDULDQFH�� %XW�
WR�ZKDW� H[WHQW� GLG� WKHLU� XVH� RI� TXDQWL]HG� PDWWHU� ZDYHV� EULQJ� QHZ�

SUHGLFWLRQV� RU�QHZ� SRVVLELOLWLHV"� ,I�RQH� FRQVLGHUV� WKH�JHQHUDO� TXDQWXP�
ILHOG� WKHRU\� WKH\�GHYHORSHG�� WKH� DQVZHU� LV� ODUJHO\�SRVLWLYH�� QHZ� SDUWL�
FOHV�� QHZ� ILHOGV� WR�EH� GLVFRYHUHG� ODWHU��ZLWK� DQ\� VSLQ� YDOXH�� FRXOG� ILW�
LQWR� WKHLU� IUDPHZRUN�� $ERYH� DOO�� SURFHVVHV� DQQLKLODWLQJ� RU� FUHDWLQJ�
PDWWHU� ZHUH� DOORZHG�� 2QH� FRXOG�� IRU� LQVWDQFH�� DV� QRWLFHG� E\�+HLVHQ�

EHUJ� DQG� 3DXOL� LQ� WKHLU� VHFRQG� SDSHU�� DGG� WR� WKH�XVXDO� +DPLOWRQLDQ� RI�

TXDQWXP� HOHFWURG\QDPLFV� D� WHUP� [?SS�DAH)A� ��+HUP�� FRQM�� JLYLQJ�
PDWWHU� DQQLKLODWLRQ� IROORZLQJ� WKH� SURFHVV� H�S��\� LQWURGXFHG� E\�
(GGLQJWRQ� DQG� -HDQV� WR� VDYH� WKH�HQHUJ\�EDODQFH� RI� VWDUV�����

%XW� +HLVHQEHUJ� DQG� 3DXOL� ZHUH� ZURQJ� ZKHQ� WKH\�KRSHG� WKDW� WKHLU�

WKHRU\��RQFH� UHVWULFWHG� WR�SXUH� TXDQWXP� HOHFWURG\QDPLFV�� EURXJKW� QHZ�

SUHGLFWLRQV� GLIIHULQJ� IURP� 'LPH
V� UDGLDWLRQ� WKHRU\�� 3DXOL� HYHQ�

WKRXJKW� WKDW�KH� FRXOG� JLYH� D�QHZ� HVWLPDWH� RI� VHFRQGDU\� ��UD\� HPLVVLRQ�
LQ�IL�GHFD\� H[SODLQLQJ� WKH� FRQWLQXLW\� RI� WKH� ���VSHFWUXP����� ,OOXVLRQV�
ZHUH� VRRQ� GLVSHOOHG�� $� \RXQJ�$PHULFDQ� YLVLWRU�� 5REHUW� 2SSHQKHLPHU��
KHOSHG� 3DXOL� WR� DSSO\� WKH�PDWKHPDWLFDO� WUDQVIRUPDWLRQ� WKDW� OHG�EDFN�
WR� HOHFWURQ� FRQILJXUDWLRQ� VSDFH�� ZKLFK� ZDV� PRUH� VXLWDEOH� WR�GHVFULEH�
DWRPLF� V\VWHPV�� 7KHQ� 2SSHQKHLPHU� HOLPLQDWHG� WKH��ORQJLWXGLQDO� SKR�
WRQV�� IURP� WKH�+HLVHQEHUJ�3DXOL� IRUPDOLVP� WR� UHDFK� D� QHZ� IRUP�SHU�

IHFWO\� HTXLYDOHQW� WR�'LUDF
V� RULJLQDO� UDGLDWLRQ� WKHRU\�� H[FHSW� IRU� WKH�
XVH� RI�'LUDF
V� HOHFWURQ�� 7KH� LQFRPSOHWHQHVV� DVFULEHG� E\�+HLVHQEHUJ��
3DXOL�� DQG� )HUPL� WR�'LUDF
V� WKHRU\�SURYHG� WR�EH� RQO\� DSSDUHQW�����

����� +HLVHQEHUJ� DQG� 3DXOL� �UHI�� ������ ����� %URPEHUJ� �UHI�� �����
�����+HLVHQEHUJ�DQG�3DXOL� �UHI������������������� DOVR�3DXOL� WR�.OHLQ�� ���)HE� �����

�3%�� ������ 7KH� SUREDELOLW\� IRU� VHFRQGDU\� ��UD\� HPLVVLRQ� GXULQJ� S� GHFD\� LV�SURSRUWLRQDO�
WR� �H��KF��Y�F���� Y�EHLQJ� WKH� VSHHG� RI� WKH� HOHFWURQ� LQVLGH� WKH�QXFOHXV�� 7KLV� VSHHG� KDV� WR�

EH� UHODWLYLVWLF� WR� FRQILQH� WKH� HOHFWURQ� LQVLGH� WKH�QXFOHXV�� ZKLFK� LV�QRW� WKH� FDVH� IRU�D� SDU�
WLFOHV�� $FFRUGLQJ� WR� 3DXOL� WKLV� H[SODLQHG� ZK\� D� VSHFWUD� ZHUH� VKDUS� DQG� �� VSHFWUD� FRQ�

WLQXRXV��

����� 5�-�� 2SSHQKHLPHU�� �1RWH� RQ� WKH� WKHRU\� RI� WKH� LQWHUDFWLRQ� RI� ILHOG� DQG� PDWWHU���
35�� ��� �������� ��������� 'LUDF
V� UDGLDWLRQ� WKHRU\� VHHPHG� WR� EH� LQFRPSOHWH� EHFDXVH��

+HLVHQEHUJ� DQG� 3DXOL� ZURWH�� �LW� GLG� QRW� JLYH� D� XQLIRUP� WUHDWPHQW� RI� >VWDWLF@� LQWHUDFWLRQ�

DQG� UDGLDWLRQ� IRUFHV�� �UHI�� ����� ����� )HUPL� H[SUHVVHG� WKH� VDPH� FULWLFLVP�� �'LUDF
V� HOHF�

WURG\QDPLFV� LV� LQFRPSOHWH� EHFDXVH� LW�FRQVLGHUV� RQO\� WKH� HOHFWURPDJQHWLF� ILHOG� RI� UDGLD�

WLRQ��� &I�� (�� )HUPL�� �6RSUD� �
HOHWWURGLQDPLFD� TXDQWLVWLFD��� $FFDGHPLD� GHL� /LQFHL�� 5HQGL�

FRQWL�� �� �������� ��������� RQ� ����� ,Q� IDFW� WKH� HOHFWURPDJQHWLF� GHJUHHV� RI� IUHHGRP� QRW� LQ�

FOXGHG� LQ�'LUDF
V� UDGLDWLRQ� ILHOG� �L�H�� WKH� ILHOG� GHULYHG� IURP� WKH� YHFWRU� SRWHQWLDO� $� ?�LQ�

WKH�&RXORPE� JDXJH� GLY� $�  ��� DUH� HQWLUHO\� FDUULHG� RYHU� WR� WKH� &RXORPE� LQWHUDFWLRQ��
ZKLFK� 'LUDF� WDNHV� LQWR� DFFRXQW�� 7KHQ� LW� LV� FOHDU� WKDW� WKH� HOLPLQDWLRQ� DW� WKH� TXDQWXP�
OHYHO� RI� WKH� ORQJLWXGLQDO� DQG� WLPH�OLNH� SKRWRQV� �HYHU\� �SDUWLFOH�� ZKLFK� LV�QRW� FUHDWHG� E\�
WKH� WUDQVYHUVH� ILHOG�$-� DV� SHUIRUPHG� E\�2SSHQKHLPHU� DQG� )HUPL� �UHI�� ������ OHDGV� EDFN�

WR�'LUDF
V� WKHRU\�� )RU� D� JHQHUDO� SURRI�� FI��2�� 'DUULJRO�� /D� QDLVVDQFH� GH� OD� WKHRULH� TXDQ�

WLTXH�GHV� FKDPSV�� ����������� 7KHVH� GH� �HPH� F\FOH� �XQSXEOLVKHG�� 3DULV�� �������
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:RUVH� WKDQ� WKDW�� 3DXOL� DQG� 2SSHQKHLPHU� GHPRQVWUDWHG� WKDW� WKH�

VHOI�HQHUJ\� LQILQLWLHV� WKDW� KDG� EHHQ� PHW� VHYHUDO� WLPHV� RQ� WKH�ZD\� WR�

TXDQWXP� HOHFWURG\QDPLFV� ZHUH� QRW� RI� D� SXUHO\� IRUPDO� QDWXUH�� WKH\�
GHILQLWHO\�VSRLOHG�SK\VLFDO�WKLQJV�OLNH�OLQH�VSHFWUD��,Q�-XO\������3DXOL�
ZURWH� WR�%RKU�����

,� DP� QRW� YHU\� VDWLVILHG�E\� WKH�ZKROH� WKHRU\�RI�+HLVHQEHUJ� DQG�PH�

�DOWKRXJK� ,� WKLQN�WKDW� LW�FDUULHV� �FHUWDLQ� IHDWXUHV�� RI� D� IXWXUH�FRUUHFW�

WKHRU\��� 3DUWLFXODUO\� WKH�VHOI�HQHUJ\�RI�HOHFWURQV�PDNHV� PXFK�PRUH� VHUL�
RXV� GLIILFXOWLHV�WKDQ�+HLVHQEHUJ� LQLWLDOO\� WKRXJKW� >+HLVHQEHUJ� EHOLHYHG�
WKDW�-RUGDQ� DQG�.OHLQ
V� QRUPDO� RUGHULQJ� WULFN�FRXOG� EH� JHQHUDOL]HG@��
$OVR� WKH�QHZ� UHVXOWV�WR�ZKLFK� RXU� WKHRU\�OHDGV�DUH�PRVWO\� GXELRXV� DQG�
WKH�GDQJHU� OLHV�QHDU� WKDW�WKLV�ZKROH� EXVLQHVV�ZLOO� JUDGXDOO\� ORVH�FRQWDFW�
ZLWK�SK\VLFV�DQG�GHJHQHUDWH� LQWR�SXUH�PDWKHPDWLFV��

6R� LW�EHFDPH� FOHDU� WR�3DXOL� WKDW�PDWWHU�ZDYH� TXDQWL]DWLRQ� KDG� QRW�

EURXJKW� DQ\WKLQJ� QHZ� LQ�KLV� TXDQWXP� HOHFWURG\QDPLFV�� DQG� LW�KDG� QRW�

KHOSHG� WR�FLUFXPYHQW� LQILQLWLHV�� +LV� SHVVLPLVP� ZDV� FRQWDJLRXV� IRU�WKH�

\RXQJHU� WKHRULVWV� ZKR� ZHUH� DOUHDG\� UHSHOOHG� E\� WKH� RYHUO\� DEVWUDFW�

-RUGDQ�:LJQHU� TXDQWL]DWLRQ� DQG� E\� WKH� WHGLRXV� GHPRQVWUDWLRQV� RI� WKH�

+HLVHQEHUJ�3DXOL� SDSHUV�� 2SSHQKHLPHU� ODWHU� VDLG�� �7KH� ZKROH�

+HLVHQEHUJ�3DXOL� DSSURDFK� WR� HOHFWURG\QDPLFV� LV� D�PRQVWURXV� 
ERR�
ERR�
�� :HLVVNRSI� UHPHPEHUHG� WKDW� DOO� WKHVH� SDSHUV� XVLQJ� VHFRQG�

TXDQWL]DWLRQ� ZHUH� �MXVW� LPSRVVLEOH�� IRU�KLP�� $QG� )HUPL� KDG� HDUOLHU�
GHFLGHG� WR� EXLOG� KLV� RZQ� TXDQWXP� HOHFWURG\QDPLFV� LQGHSHQGHQWO\�
ZLWKRXW� DQ\� XVH� RI� TXDQWL]HG� PDWWHU� ZDYHV����� 7KH� VLPSOLFLW\� RI�KLV�

DSSURDFK� FRQYLQFHG� PRVW� SHRSOH�� RQH� RI� WKH�\RXQJ�PHQ� ZKR� DWWHQGHG�
)HUPL
V� OHFWXUHV� DW�$QQ� $UERU� LQ� ������+HQULN� &DVLPLU�� UHFDOOHG�����

)HUPL� LPSUHVVHG� HYHU\RQH�YHU\�PXFK� E\�KLV�YHU\�FOHDU� OHFWXUHV�RQ� WKH�
TXDQWXP� WKHRU\�RI� WKH�HOHFWURPDJQHWLF� ILHOG��RI�FRXUVH��EHIRUH� WKDW�WKH�

+HLVHQEHUJ�3DXOL� WKHRU\� DQG� VR� RQ� KDG� EHHQ� UHSRUWHG� DW� WKH�

&RSHQKDJHQ� FRQIHUHQFH��EXW� ,�ZRXOG� VD\�WKDW�SHRSOH� IRXQG� LW�GLIILFXOW�WR�
ZRUN�ZLWK�� ���DQG�,� WKLQN�WKLV�)HUPL� SXEOLFDWLRQ� WXUQHG�LW�LQWR�D� VRUW�RI�
WRRO�ZKLFK� \RX�FRXOG� HDVLO\� VROYH�SUREOHPV�ZLWK��

,Q� WKH� HDUO\� WKLUWLHV�� IROORZLQJ� WKH� JHQHUDO� VFHSWLFLVP� DJDLQVW� ZDYH�

TXDQWL]DWLRQ�� VHYHUDO� SDSHUV� GHDOW� ZLWK� TXDQWXP� HOHFWURG\QDPLFV� LQ�

FRQILJXUDWLRQ� VSDFH�� 7KH� PRVW� H[WUHPH� FDVHV� ZHUH� /DQGDX� DQG�

�����2SSHQKHLPHU��UHI��������3DXOL� WR�%RKU�����-XO�������3%��������
����� 5�-�� 2SSHQKHLPHU�� LQWHUYLHZ� E\� 7�6�� .XKQ� �������� $+43�� VHVVLRQ� ��� ���9��

:HLVVNRSI�� LQWHUYLHZ� E\�7�6�� .XKQ� DQG� -�/��+HLOEURQ�� $+43�� ���(�� )HUPL� �UHI�� ����� DQG�

�1RWD� ,,��� LELG��� ��� �������� ��������� (�� )HUPL�� �4XDQWXP� WKHRU\� RI� UDGLDWLRQ��� 5HYLHZV�

RI�PRGHUQ�SK\VLFV��������������������
����� +�� &DVLPLU�� LQWHUYLHZ� E\� 7�6�� .XKQ� DQG� /�� 5RVHQIHOG� �������� $+43�� VHVVLRQ� ���

����



48$17,=('�0$77(5�:$9(6� ����

3HLHUOV
� DQG� 2SSHQKHLPHU
V� DWWHPSWV� WR� FRPH� EDFN� WR� FRQILJXUDWLRQ�
VSDFH� HYHQ� IRU� OLJKW�TXDQWD�� $V� QRWLFHG� DOUHDG\� E\�+HLVHQEHUJ� DQG�
3DXOL� LQ�WKHLU� VHFRQG� SDSHU�� RQH� FRXOG� DOZD\V� WUDQVODWH�ZDYH� TXDQWL]D�
WLRQ� LQWR� FRQILJXUDWLRQ�VSDFH� ODQJXDJH�� HYHQ� ZKHQ� SDUWLFOH� QXPEHUV�
ZHUH� QRW� FRQVHUYHG�� WKLV� FRXOG� EH� DFKLHYHG� E\� LQWURGXFLQJ� D� VHTXHQFH�
RI� FRQILJXUDWLRQ� VSDFHV� ZLWK� DQ\� SRVVLEOH� QXPEHU� RI� SDUWLFOHV�� 7KH�

SURFHGXUH� ZDV� DUWLILFLDO�� DV� 3HLHUOV� ODWHU� DGPLWWHG�� DQG� GLG� QRW� WKURZ�

DQ\�QHZ� OLJKW�RQ� LQILQLWLHV�����

&RPLQJ� EDFN� WR�WKH�FRUUHVSRQGHQFH� SULQFLSOH�

6LQFH� EOLQG� IRUPDO� GHYHORSPHQWV� KDG� SURYHG� XQVXFFHVVIXO�� ERWK�

+HLVHQEHUJ� DQG� 3DXOL� GHFLGHG� WR� FRPH� EDFN� WR� WKH� VSLULW� RI�%RKU
V�

FRUUHVSRQGHQFH� SULQFLSOH�� WKH\�GHFLGHG� WR�NHHS� DV� FORVH� DV� SRVVLEOH� WR�
WKH�FODVVLFDO� WKHRU\�� ,Q�)HEUXDU\� �����+HLVHQEHUJ� JDYH� DQ� DSSDUHQWO\�
QHZ� YHUVLRQ� RI� TXDQWXP� HOHFWURG\QDPLFV� ZLWK� WKH� LQWURGXFWLRQ�� �,Q�
WKH�IROORZLQJ� ,�GHVFULEH� D�PHWKRG� IRU� WKH� WUHDWPHQW� RI� UDGLDWLRQ� SURE�
OHPV��ZKLFK� UHODWHV�PXFK� PRUH� FORVHO\� WKDQ� WKH�SUHYLRXV� RQHV� WR� WKH�
LQWXLWLYH� UHSUHVHQWDWLRQV� RI� FODVVLFDO� WKHRU\� DQG� WKH�PHFKDQLFV� RI�

ZDYHV�� DQG� ZKLFK� FRQVHTXHQWO\� GLUHFWO\� SURYLGHV� LQ�PRVW� FDVHV� WKH�
UHVXOW� H[SHFWHG� IURP�FRUUHVSRQGHQFH� DUJXPHQWV������

,Q� IDFW�+HLVHQEHUJ
V� QHZ� WKHRU\� ZDV� HTXLYDOHQW� WR�+HLVHQEHUJ�
3DXOL
V� TXDQWXP� HOHFWURG\QDPLFV�� )URP� D�PRGHUQ� SRLQW� RI� YLHZ� LW�LV�
REYLRXV� WKDW� WKH� RQO\� FKDQJH� KH� LQWURGXFHG� ZDV� WKH� XVH� RI�

�+HLVHQEHUJ
V� SLFWXUH�� LQVWHDG� RI� 6FKURGLQJHU
V�� ,Q�+HLVHQEHUJ
V� SLF�
WXUH� WKH� RSHUDWRUV�� KHUH� WKH�ILHOG� RSHUDWRUV�� HYROYH� FODVVLFDOO\�� DQG� VR�

PDQ\� FODVVLFDO� SURSHUWLHV� RI� WKH� ILHOG�� OLNH� SURSDJDWLRQ� DQG� LQWHUIHU�

HQFH�� DUH�PRUH� REYLRXV� WKDQ� LQ�6FKURGLQJHU
V� SLFWXUH�� 7KLV� IRUPDOLVP�
ZDV� FORVHO\� UHODWHG�� DV� +HLVHQEHUJ� KLPVHOI� QRWLFHG�� WR� D� SUH�'LUDF�
DSSURDFK� WR� UDGLDWLRQ� SUREOHPV� LQYHQWHG� E\�.OHLQ�� �(OHFWURG\QDPLFV�
DQG� ZDYH� PHFKDQLFV� IURP� WKH� SRLQW� RI� YLHZ� RI� WKH� FRUUHVSRQGHQFH�
SULQFLSOH��� ZKHUH� WKH� SURSHUWLHV� RI� HPLWWHG� FODVVLFDO� HOHFWURPDJQHWLF�
ILHOGV�ZHUH� FRQQHFWHG� E\� DQ� H[WUD� FRUUHVSRQGHQFH� UXOH� WR� WKH�.OHLQ�
*RUGRQ� H[SUHVVLRQ� IRU� WKH� HOHFWULF� FXUUHQW��  �

�K��PL��

�AGA�[SGA��� %XW� FRQWUDU\� WR�.OHLQ�� +HLVHQEHUJ� ZDV� GHDOLQJ� ZLWK�

TXDQWL]HG� HOHFWURPDJQHWLF� DQG� A� ILHOGV�����
:KHQ� 3DXOL�� D� \HDU� ODWHU��ZURWH� KLV�PDJLVWUDO� KDQGERRN� DUWLFOH� RQ�

TXDQWXP� WKHRU\��KH� WUDYHOHG� EDFN� LQ� WLPH� VR� IDU�DV� WR�JLYH� D� GHWDLOHG�

����� +HLVHQEHUJ� DQG� 3DXOL� �UHI�� ������ ����� /�� /DQGDX� DQG� 5�� 3HLHUOV�� �4XDQWHQHOHN�

WURG\QDPLN� LP� .RQILJXUDWLRQVUDXP��� =3�� ��� �������� ��������� 5�-�� 2SSHQKHLPHU��
�1RWH� RQ� WKH� OLJKWTXDQWD� DQG� WKH� HOHFWURPDJQHWLF� ILHOG��� 35�� ��� �������� ���������

����� :�� +HLVHQEHUJ�� �%HPHUNXQJ� ]XU� 6WUDKOXQJVWKHRULH��� $3�� �� �������� ��������� RQ�

�����

����� 2�� .OHLQ�� =3�� ��� �������� ���������
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DQG� SHUIHFWHG� H[SRVLWLRQ� RI�.OHLQ
V� PHWKRG�� ,QILQLWLHV� KDG�PDGH� ILHOG�

TXDQWL]DWLRQ� TXHVWLRQDEOH�� EXW� D� PRUH� LQWXLWLYH� DOEHLW� OHVV� SUHFLVH�
PHWKRG� FRXOG� VWLOO� EH� XVHIXO�� &RQVHTXHQWO\�� 3DXOL� LQWURGXFHG� KLV�

TXLFN� H[SRVLWLRQ� RI� WKH� -RUGDQ�:LJQHU� PHWKRG� ZLWK� D� IHZ� FDXWLRXV�
ZRUGV��

7KLV�PHWKRG� DURVH� IURP�FRQVLGHULQJ� WKH�DQDORJ\�EHWZHHQ�PDWHULDO� SDUWL�
FOHV�ZLWK� V\PPHWULFDO� VWDWHV�RQ� WKH�RQH� KDQG�� DQG� WKH� OLJKW�TXDQWD� RI�
UDGLDWLRQ� RQ� WKH�RWKHU�KDQG�� ,�GRXEW� WKLV�LV�UHDOO\�D� IDU�UHDFKLQJ�SK\VL�
FDO� DQDORJ\�� DQG� LW�FRXOG� DOVR� EH� VKRZQ� WKDW� HYHU\� UHVXOW�RI�ZDYH�
PHFKDQLFV� FDQ� DOVR� EH� UHDFKHG�ZLWKRXW� XVLQJ� WKLV�PHWKRG�� $V� D� FDOFX�

ODWLQJ�GHYLFH� DW� OHDVW�ZH�PXVW� LQWURGXFH� LW��

0DWWHU� ZDYHV�� DGGHG� 3DXOL�� GLIIHUHG� HVVHQWLDOO\� IURP� OLJKW�ZDYHV��
�EHFDXVH� WKH� IXQFWLRQV� ?S�DQG� DUH� V\PEROLF� TXDQWLWLHV�� QRW� WKHP�
VHOYHV� GLUHFWO\� REVHUYDEOH�� DQG� WKH\�FRQWDLQ� WKH�TXDQWXP� RI�DFWLRQ������

7KLV� ODVW� UHPDUN�PHDQW� D� UHWXUQ� WR�'LUDF
V� YLHZSRLQW�� RQO\� FODVVLFDO�
REVHUYDEOH� TXDQWLWLHV� FRXOG� FRQVWLWXWH� D� JHQXLQH� EDVLV� RI� FRUUHVSRQ�
GHQFH�� 'LUDF
V� SRVLWLRQ� KDG� DOVR� HYROYHG� VLQFH� WKH� VHOI�HQHUJ\�
GLIILFXOWLHV�� %HFDXVH� KH� KDG� QR� GRXEW� DERXW� WKH� SLFWXUHV� XQGHUO\LQJ�
WKH� FRUUHVSRQGHQFH� EDVLV� �SRLQW� SDUWLFOHV� DQG� HOHFWURPDJQHWLF� ZDYHV���
KH� FDPH� WR�TXHVWLRQ� WKH�+DPLOWRQLDQ� WUHDWPHQW� RI� WKH�ILHOG�� $OWKRXJK�
WKLV� WUHDWPHQW� ZDV� IRUPDOO\� HTXLYDOHQW� WR�0D[ZHOO
V� HTXDWLRQV�� LW�KDG�
VHOGRP� EHHQ� XVHG� LQ� FODVVLFDO� SK\VLFV�� ZKHUH� LW�ZDV� XQQHFHVVDU\� DQG�

FXPEHUVRPH�� QRZ� 'LUDF� ORRNHG� IRU� VRPH� IXQGDPHQWDO� UHDVRQV� WR�
H[FOXGH� LW��

,Q� ����� KH� SXEOLVKHG� �D� UHODWLYLVWLF� TXDQWXP� PHFKDQLFV�� VWDUWLQJ�
ZLWK� WKH�IROORZLQJ� FULWLFLVP�����

7KHVH� DXWKRUV� >+HLVHQEHUJ�DQG�3DXOL@� UHJDUG�WKH�ILHOG� LWVHOI�DV� D�G\QDPL�
FDO� V\VWHP�DPHQDEOH� WR�+DPLOWRQLDQ� WUHDWPHQW�DQG� LWV�LQWHUDFWLRQV�ZLWK�
WKH�SDUWLFOHV� DV� GHVFULEDEOH� E\�DQ� LQWHUDFWLRQ�HQHUJ\��VR� WKDW�WKH�XVXDO�
PHWKRGV� RI�+DPLOWRQLDQ� TXDQWXP�PHFKDQLFV� FDQ�EH� DSSOLHG�� 7KHUH� DUH�
VHULRXV� REMHFWLRQV� WR� WKHVH�YLHZV�� DSDUW� IURP�WKH�SXUHO\�PDWKHPDWLFDO�
GLIILFXOWLHV�WR�ZKLFK� WKH\�OHDG�� ,I�ZH�ZLVK� WR�PDNH� DQ� REVHUYDWLRQ� RQ� D�

V\VWHP�RI� LQWHUDFWLQJ�SDUWLFOHV�� WKH�RQO\�HIIHFWLYH�PHWKRG� RI�SURFHGXUH� LV�
WR�VXEMHFW� WKHP�WR�D�ILHOG�RI�HOHFWURPDJQHWLF� UDGLDWLRQ� DQG� VHH�KRZ� WKH\�
UHDFW�� 7KXV� WKH�RQO\� UROH�RI�WKH�ILHOG� LV�WR�SURYLGH� D�PHDQV� IRU�PDNLQJ�
REVHUYDWLRQV��

7KLV� FULWLFLVP� WRXFKHG� QRW� RQO\�+HLVHQEHUJ� DQG� 3DXOL
V� TXDQWXP�
HOHFWURG\QDPLFV�� EXW� DOVR� 'LUDF
V� RZQ� UDGLDWLRQ� WKHRU\� RI� ������ )LYH�

����� :�� 3DXOL�� �'LH� DOOJHPHLQHQ� 3ULQ]LSLHQ� GHU�:HOOHQPHFKDQLN��� LQ�+DQGEXFK� GHU�

3K\VLN�� ����� �%HUOLQ�� ������� �������� VHFWLRQ� ���� �.RUUHVSRQGHQ]PDVVLJH� %HKDQGOXQJ� GHU�

6WUDKOXQJVYRUJDQJH��� ��������� RQ� ����� �����

����� 3�� 'LUDF�� �5HODWLYLVWLF� TXDQWXP� PHFKDQLFV��� 356�� ���� �������� ��������� RQ� �����
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\HDUV� KDG� SDVVHG�� DQG� 'LUDF� QRZ� UHDOL]HG� WKDW�� LQ� VSLWH� RI� KLV� SUX�

GHQFH�� KH� KLPVHOI� PLJKW� KDYH� FRQFHGHG� WRR�PXFK� WR� WKH�PDWWHU�OLJKW�
DQDORJ\� E\� JLYLQJ� WKH� VDPH� +DPLOWRQLDQ� VWDWXV� WR�SDUWLFOHV� DQG� UDGLD�

WLRQ�� +H� ZHQW� RQ��

7KH� YHU\�QDWXUH�RI�DQ� REVHUYDWLRQ� UHTXLUHV�DQ� LQWHUSOD\�EHWZHHQ� WKH�ILHOG�
DQG� WKH�SDUWLFOHV��:H� FDQQRW� WKHUHIRUH�VXSSRVH� WKH�ILHOG�WR�EH� D�G\QDPL�
FDO� V\VWHP�RQ� WKH�VDPH� IRRWLQJ�DV� WKH�SDUWLFOHV� DQG� WKXV�VRPHWKLQJ�WR�EH�
REVHUYHG� LQ�WKH�VDPH�ZD\� DV� WKH�SDUWLFOHV�� 7KH� ILHOG�VKRXOG� DSSHDU� LQ�
WKH�WKHRU\�DV� VRPHWKLQJ�PRUH� HOHPHQWDU\�DQG� IXQGDPHQWDO��

7KLV� ZDV� SUREDEO\� DQ� HFKR� RI� %RKU
V� ORQJ�OLYHG� VWUDWHJ\� LQ� WKH� ROG�

TXDQWXP� WKHRU\�� HDUO\� DWRPLF� PRGHOV� FRXOG� EH� GHYHORSHG� RQO\� E\�

VWLSXODWLQJ� WKDW� WKH� UDGLDWLRQ� REVHUYHG� LQ� VSHFWUDO� PHDVXUHPHQWV�

REH\HG� 0D[ZHOO
V� HTXDWLRQV� LQ� IUHH� VSDFH�� 'LUDF� QRZ� UHSURGXFHG�
H[DFWO\� WKLV�EDVLF� IHDWXUH� RI� WKH� FRUUHVSRQGHQFH� PHWKRG�� DOWKRXJK� KH�

FHUWDLQO\� KDWHG� WR� FRPH� EDFN� WR� WKH� DUELWUDULQHVV� RI� ROG�IDVKLRQHG�

FRUUHVSRQGHQFH� UXOHV� LQ�.OHLQ
V� PDQQHU��

,Q� KLV� QHZ� DSSURDFK� KH� GHVFULEHG� SDUWLFOHV� E\� UHODWLYLVWLF� ZDYH�

HTXDWLRQV� �ZLWK� D� GLIIHUHQW� WLPH� IRU�HYHU\� SDUWLFOH� WR� LQVXUH� UHODWLYLVWLF�

LQYDULDQFH�� FRXSOHG� ZLWK� DQ� LPSRVHG� IUHH� TXDQWL]HG� 0D[ZHOO� ILHOG��

7KH� ZDYH� VDWLVI\LQJ� WKLV� VHW�RI� HTXDWLRQV�� EHLQJ� D� IXQFWLRQ� RI� WKLV�ILHOG��
ZDV� LWVHOI� DQ� RSHUDWRU� ZKRVH� PDWUL[� HOHPHQWV� EHWZHHQ� ILHOG� VWDWHV�

FRXOG� EH� LQWHUSUHWHG� DV� SUREDELOLW\� DPSOLWXGHV� IRU�WUDQVLWLRQV� IURP� DQ�

LQFRPLQJ� ILHOG� VWDWH� WR� DQ� RXWJRLQJ� RQH�� 7KDW� WKH�QHZ� WKHRU\� IRFXVHG�
RQ� VXFK� REVHUYDEOH� VFDWWHULQJ� SUREDELOLWLHV� ZDV�� 'LUDF� HPSKDVL]HG�� D�

VDWLVI\LQJ� GHSDUWXUH� IURP�+HLVHQEHUJ�3DXOL
V� WKHRU\��ZKHUH� WKH� HYROX�

WLRQ� RI� WKH� ILHOG� GXULQJ� D� VFDWWHULQJ� SURFHVV�� WKRXJK� XQREVHUYDEOH��
FRXOG� EH� FDOFXODWHG�� �WKH�+HLVHQEHUJ�3DXOL� WKHRU\� WKXV� LQYROYHV� PDQ\�

TXDQWLWLHV� WKDW� DUH� XQFRQQHFWHG� ZLWK� WKH� UHVXOWV� RI� REVHUYDWLRQV� DQG�
WKDW�PXVW� EH� UHPRYHG� IURP� FRQVLGHUDWLRQ� LI�RQH� LV� WR� REWDLQ� D� FOHDU�

LQVLJKW� LQWR� WKH�XQGHUO\LQJ� SK\VLFDO� UHODWLRQV��� 7KLV� XWWHUDQFH� UHFDOOV�

WKH� VWUDWHJ\� RI� WKH� LQYHQWRU� RI�PDWUL[� PHFKDQLFV�� +HLVHQEHUJ� KDG�

UHMHFWHG� XQREVHUYDEOH� FODVVLFDO� WUDMHFWRULHV� LQVLGH� DWRPV�� 'LUDF� QRZ�

UHMHFWHG� DQ\� G\QDPLFDO� GHVFULSWLRQ�� HYHQ� V\PEROLF� TXDQWL]HG� RQHV�� IRU�

ILHOG� HYROXWLRQ� GXULQJ� LQWHUDFWLRQV�� /DWHU� RQ��+HLVHQEHUJ� ZRXOG� MXVWLI\�
KLV� VFDWWHULQJ�PDWUL[� DSSURDFK� WR�SDUWLFOH� SK\VLFV� E\� WKH� VDPH� NLQG� RI�

SKLORVRSK\�����
,W�GLG� QRW� WDNH�PRUH� WKDQ� D�PRQWK� IRU�/HRQ� 5RVHQIHOG� WR�SXEOLVK� D�

SURRI� WKDW� 'LUDF
V� IXQGDPHQWDO� FULWLFLVP� KDG� JHQHUDWHG� D� WKHRU\�
HTXLYDOHQW� WR�+HLVHQEHUJ�3DXOL
V�� ,Q�PRGHUQ� WHUPLQRORJ\� ZH� ZRXOG�

VD\� WKDW� 'LUDF� KDG� LQWURGXFHG� WKH� �LQWHUDFWLRQ� SLFWXUH�� IRU� WKH�

����� :�� +HLVHQEHUJ�� �'LH� 
EHREDFKWEDUHQ� *URVVHQ
� LQ�GHU� 7KHRULH� GHU� (OHPHQWDUWHLO�

FKHQ��� =3�� ����������� ��������� ���������
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HOHFWURPDJQHWLF� ILHOG��ZKHUHDV� SUHYLRXV� TXDQWXP� HOHFWURG\QDPLFLDQV�
KDG� XVHG� 6FKURGLQJHU
V� RU�+HLVHQEHUJ
V� SLFWXUH�� 1HYHUWKHOHVV�� WR�DVVLVW�
LQ�WKH� IXUWKHU�GHYHORSPHQW� RI� WKH� WKHRU\� �LQ� WKH� ����V� 7RPRQDJD� DQG�

6FKZLQJHU� ZHUH� KHOSHG� E\� 'LPH
V� PXOWLSOH� WLPHV��� 'LPH� IRXQG� LW�
ZRUWKZKLOH� WR� VLPSOLI\� 5RVHQIHOG
V� SURRI� DQG� WR� FRPSOHWH� KLV� QHZ�
IRUP� RI� TXDQWXP� HOHFWURG\QDPLFV� ZLWK� WKH�KHOS� RI�)RFN� DQG� 3RGRO�

VN\�� 7KDQNV� WR� WKH� LQWURGXFWLRQ� RI�)HUPL
V� PHWKRG� RI� WKH�TXDQWL]D�
WLRQ� RI� WKH�0D[ZHOO� ILHOG��'LPH� UHDFKHG� D� YHU\� �EHDXWLIXO�� VHW� RI�

HTXDWLRQV��

ZKHUH� HYHU\� V\PERO� UHSUHVHQWHG� LQWULQVLFDOO\� UHODWLYLVWLF� FRQFHSWV�� D�

SUHFLRXV� IORZHU� RI�'LPH
V� HVWKHWLFV�� $� ORRN� DW� WKH� HTXDWLRQV� ZDV�

HQRXJK� WR� VKRZ� WKDW� WKH� FRUUHVSRQGLQJ� WKHRU\� ZDV� UHODWLYLVWLFDOO\�
LQYDULDQW�����

,Q� WKLV� IRUPDOLVP� WKH� UHODWLYLVWLF� H[WHQVLRQ� RI� WKH� QRWLRQ� RI�

FRQILJXUDWLRQ� ZDV� GHFLVLYH�� D� VHW�RI�SRVLWLRQV� [W� KDG� WR�EH� UHSODFHG� E\�
D� VHW� RI� �� YHFWRUV� [W� LQFOXGLQJ� PXOWLSOH� WLPHV� WW�� ,URQLFDOO\�� PDWWHU�
ZDYH� TXDQWL]DWLRQ� WKXV�SURYHG� WR�EH� XVHOHVV� HYHQ� IRU�D� UHODWLYLVWLF� IRU�
PXODWLRQ� RI� TXDQWXP� HOHFWURG\QDPLFV�� 6WDUWLQJ� IURP� WKH� RSSRVLWH�
YLHZSRLQW� 'LPH� KDG� SURGXFHG� DQ� DPD]LQJO\� VLPSOLILHG� YHUVLRQ� RI� WKLV�

WKHRU\��DOWKRXJK� RQH� VWLOO�SRLVRQHG� E\� LPSOLFLW� LQILQLWLHV��

1HZ� SDUWLFOHV�

,Q� �������� WKH� GLVFRYHU\� RI� WZR� QHZ� SDUWLFOHV�� WKH� QHXWURQ� DQG�

SRVLWURQ�� EURXJKW� VRPH� QHZ� EORRG� WR� WKH� VLFN� TXDQWXP� ILHOG� WKHRU\��
'LPH� UHZRUNHG� WKH�KROH� WKHRU\� KH� KDG� FHDVHG� WR�EHOLHYH� LQ� WKH�\HDU�
EHIRUH� WKH�SRVLWURQ
V� GLVFRYHU\�� DQG� VWDUWHG� WR�FDOFXODWH� YDFXXP� SRODU�
L]DWLRQ� HIIHFWV�FRQVLGHUHG� DV� GLVSODFHPHQWV� LQ�WKH�YLUWXDO� LQILQLWH� VHD� RI�

QHJDWLYH� HQHUJ\� HOHFWURQV�� 7KHVH� SKHQRPHQD� FKDQJHG� WKH� SURSHUWLHV�
RI� TXDQWXP� HOHFWURG\QDPLFV� TXDOLWDWLYHO\�� DQG� QRW� RQO\�ZKHQ� DFWXDO�

SRVLWURQV� ZHUH� SUHVHQW�� )ROORZLQJ� 'LPH�� ERWK� WKH�*HUPDQ� VFKRRO�
ZLWK� +HLVHQEHUJ� DQG� KLV� VWXGHQWV� (XOHU�� .RFNHO�� DQG�:HLVVNRSI�� DQG�
WKH� $PHULFDQ� VFKRRO� ZLWK� 2SSHQKHLPHU� DQG� KLV� VWXGHQWV� )XUU\��

>A���A$�[�[]�@A ��

>$�0�[��$�$\�@ LJA�[� �\��

����� /�� 5RVHQIHOG�� �OLEHU� HLQH� PRJOLFKH� )DVVXQJ� GHV� 'LUDFVFKHQ� 3URJUDPPV� ]XU�

4XDQWHQHOHNWURG\QDPLN� XQG� GHUHQ� IRUPDOHQ� =XVDPPHQKDQJ� PLW� GHU� +HLVHQEHUJ�
3DXOLVFKHQ� 7KHRULH��� =3�� ��� �������� ��������� 3�� 'LUDF�� 9�� )RFN�� DQG� %�� 3RGROVN\�� �2Q�

TXDQWXP� HOHFWURG\QDPLFV��� 3K\VLNDOLVFKH� =HLWVFKULIW� GHU� 6RZMHWXQLRQ�� ���� �������� ����

����� RQ� �����
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8HKOLQJ�� DQG� 6HUEHU� ZRUNHG� RXW� V\VWHPDWLF� PHWKRGV� WR� ILVK�SK\VLFDO�
UHVXOWV� IURP� WKH� LQILQLWH�'LUDF� VHD�� 7KHUH� ZDV� HYHQ� VRPH� KRSH� WKDW�
WKH� YDFXXP� SRODUL]DWLRQ� LQILQLWLHV� PLJKW� FDQFHO� VHOI�HQHUJ\�
LQILQLWLHV�����

$� ODUJH�SDUW� RI� WKLV�ZRUN�� DJDLQ� IROORZLQJ� 'LUDF
V� H[DPSOH�� XVHG� WKH�

SLFWXUH� RI�D� VHW�RI�QHJDWLYH� HOHFWURQV�� :KHQ� XVHG�� VHFRQG� TXDQWL]DWLRQ�
IXQFWLRQHG� DV� D�PDWKHPDWLFDO� WRRO� IRU�GHDOLQJ� ZLWK� WKH�PDQ\�HOHFWURQ�
SUREOHP� ILUVW�WUHDWHG� E\�'LUDF� LQ�FRQILJXUDWLRQ� VSDFH�� 7KH� 'LUDF� ILHOG��
ZKHQ� TXDQWL]HG�� ZDV� GHYHORSHG� LQWR�D� VXP� RI�DQQLKLODWRUV� RI� HOHFWURQV�
ZLWK� ERWK� HQHUJ\� VLJQV�� DQG� WKH� SRVLWURQV� ZHUH� VWLOO� LQWHUSUHWHG� DV�
ODFXQDH� LQ� WKH��QRUPDO�� YDFXXP� VWDWH��ZLWK� DOO� QHJDWLYH� HQHUJ\� VWDWHV�
ILOOHG�XS��

%XW� WKHUH�ZDV� DOVR� D�PRUH� SURJUHVVLYH� WUHQG�� 2SSHQKHLPHU�� HYL�

GHQWO\� LQIOXHQFHG� E\�%RKU�� VWDUWHG� KLV� RZQ� YHUVLRQ� RI�SRVLWURQ� WKHRU\�
�ZLWK�:HQGHOO� )XUU\�� E\� D� FULWLFLVP� RI� WKH� QRWLRQ� RI� FRQILJXUDWLRQ��
.QRZOHGJH� RI� WKH�QXPEHU� RI� HOHFWURQV� DQG� SRVLWURQV� ZDV� FRPSOHPHQ�
WDU\�� LQ� %RKU
V� VHQVH�� WR� GHWDLOHG� NQRZOHGJH� RI� WKHLU� VSDFH�
FRQILJXUDWLRQ�� EHFDXVH� WRR� SUHFLVH� D� ORFDOL]DWLRQ� RI� D� SDUWLFOH� FUHDWHV�

SDUDVLWH� SDLUV� DURXQG� LW�� ,Q� WUXH� SK\VLFDO� VLWXDWLRQV� WKH� QXPEHU� RI�

SDUWLFOHV� ZDV� QRW� FRPSOHWHO\� GHWHUPLQDWH�� DQG� WKH� ROG� FRQFHSW� RI� D�

FRQILJXUDWLRQ� RI� D� IL[HG� QXPEHU� RI� SDUWLFOHV� ZDV� LQDSSOLFDEOH�� )XUU\�
DQG� 2SSHQKHLPHU� ZURWH� LQ� 'HFHPEHU� ������ �7KLV� FLUFXPVWDQFH�
PHDQV� WKDW�� DJDLQ� DV� LQ� WKH� FDVH� RI� WKH� HOHFWURPDJQHWLF� ILHOG�� WKH� IRU�
PDO� DVSHFWV� RI� WKH� WKHRU\� DUH� EHVW� VWXGLHG� E\� DEDQGRQLQJ� WKH�ZDYH�
IXQFWLRQV� GHILQHG� LQ�FRQILJXUDWLRQ� VSDFH� DQG� E\� XVLQJ� WKH�PHWKRGV� RI�

TXDQWL]HG� ZDYHV� LQ�DFWXDO� VSDFH������
,Q�1RYHPEHU� ����� )RFN� VKRZHG� KRZ� WR�GHYHORS� WKH� TXDQWL]HG� A�

LQWR� DQQLKLODWRUV� RI� HOHFWURQV� DQG� FUHDWRUV� RI� SRVLWURQV� ZLWK� SRVLWLYH�
HQHUJ\� VLJQV�� DQG�+HLVHQEHUJ�� LQVSLUHG� E\� KLV� HDUOLHU� WKHRU\� RI� LQFRP�

SOHWH� DWRPLF� VKHOOV�� XVHG� WKH� VDPH� IRUPDOLVP� LQ�WKH� ODVW�SDUW� RI�KLV� ELJ�
SDSHU� RQ� SRVLWURQV� RI� ������ $SSDUHQWO\�� RQO\� )RFN� DQG� KLV� 5XVVLDQ�
FROODERUDWRUV� UHDOL]HG� DW� WKDW� WLPH� WKDW� WKLV�ZDV� QRW� RQO\� D� IRUPDO�

UHZULWLQJ�RI�'LUDF
V� FRQFHSWV�� EXW� D�ZD\� WR�GU\�XS� WKH� LQILQLWH� HOHFWURQ�
VHD� DOWRJHWKHU�����

(YHQ� 3DXOL� DSSDUHQWO\� PLVVHG� WKH�SRLQW� DQG� FRQWLQXHG� WR�GLVSDUDJH�
ZKDW� KH� FDOOHG� �VXEWUDFWLRQ� SK\VLFV��� ,Q� ����� KH�ZHOFRPHG� DQ� LGHD� RI�
KLV� DVVLVWDQW� 9LFWRU� :HLVVNRSIV�� WKH� VSLQOHVV� .OHLQ�*RUGRQ� ZDYH��

����� 3�� 'LUDF�� �7KHRULH� GX� SRVLWURQ��� LQ�6WUXFWXUH� HW�SURSULHWHV� GX� QR\DX� DWRPLJXH��
�WK� 6ROYD\� FRQJUHVV� �������� 5DSSRUWV� HW�GLVFXVVLRQV� �3DULV�� ������� ���������

����� :�� )XUU\� DQG� 5�� 2SSHQKHLPHU�� �2Q� WKH� WKHRU\� RI� HOHFWURQ� DQG� SRVLWLYH��� 35�� ���

�����������������RQ������
����� 9�� )RFN� �UHI�� ������:�� +HLVHQEHUJ�� �%HPHUNXQJHQ� ]XU� 'LUDFVFKHQ� 7KHRULH� GHV�

3RVLWURQV���=3�� �������������������� DOVR�+HLVHQEHUJ�WR�3DXOL�� ���-XO�������3%��������



���� '$55,*2/�

ZKHQ� SURSHUO\� TXDQWL]HG�� FRXOG� JLYH� ULVH� WR� SDLU�FUHDWLRQ� DQG�

YDFXXP�SRODUL]DWLRQ� HIIHFWV�� 3DXOL� FDOOHG� KLV� SDSHU� ZLWK� :HLVVNRSI�
WKH� �DQWL�'LUDF� SDSHU�� EHFDXVH� SDLU� FUHDWLRQ� DSSHDUHG� WKHUH� DV� D�

FRQVHTXHQFH� RI�PDWWHU�ZDYH� TXDQWL]DWLRQ�� DQG� QR� ORQJHU� DV� D� MXPS�
RXW� RI�DQ� LQILQLWH� VHD�� 7KDW� WKLV� WKHRU\�ZDV� YHU\� VLPLODU� WR�)RFN
V� YHU�
VLRQ� RI� SRVLWURQ� WKHRU\� ZDV� WKHQ� QRWLFHG� E\� WKH� 5XVVLDQ� VFKRRO��

1HYHUWKHOHVV�� QHJDWLYH� HQHUJ\� SDUWLFOHV� VXUYLYHG� HYHQ� LQ�:HQW]HO
V�
IDPRXV� WH[WERRN� RQ� TXDQWXP� ILHOG� WKHRU\� RI� ������ ,Q� WKLV�FRQWH[W� WKH�
XVH� RI� TXDQWL]HG� HOHFWURQ� ZDYHV� ZDV� VWLOO� VXERUGLQDWH� WR� D� PDQ\�
SDUWLFOH� SLFWXUH� VXSSRVHG� WR�EH�PRUH� IXQGDPHQWDO�����

)HUPL� ZDV� WKH�RQH� ZKR� VWUXFN� WKH� VWURQJHVW� EORZ�� LQ� ������ DJDLQVW�
WKLV� NLQG� RI� FODVVLFDO� SLFWXUH� RI� FRQVHUYHG� SDUWLFOHV�� 7R� EH� VXUH�� KH�
GLVOLNHG� DEVWUDFW� IRUPDOLVPV�� KH� ZDV� UHSHOOHG� E\� WKH� -RUGDQ�:LJQHU�
TXDQWL]DWLRQ�� DQG� KH� GLVFDUGHG� LW�ZKHQ� EXLOGLQJ� KLV� RZQ� TXDQWXP�
HOHFWURG\QDPLFV�� %XW� WKH� VLWXDWLRQ� KDG� FKDQJHG� DIWHU� WKH� QHXWURQ
V�

GLVFRYHU\� DQG� 3DXOL
V� QHXWULQR� SURSRVDO�� 7KHQ� ���GHFD\� DSSHDUHG� DV� DQ�

HOHPHQWDU\� SURFHVV� LQ�ZKLFK� WKH� QHXWURQ� ZDV� DQQLKLODWHG� DQG� WKUHH�
RWKHU� SDUWLFOHV� FUHDWHG�� D� SURWRQ�� DQ� HOHFWURQ�� DQG� D� QHXWULQR�� (QHUJ\�
FRQVHUYDWLRQ� ZDV� VHFXUHG� E\� WKH� XQREVHUYHG� QHXWULQR�� EXW� SDUWLFOH�
QXPEHU� FRQVHUYDWLRQ� ZDV� YLRODWHG� E\� VXSSRVLQJ�� DV� %RKU� DQG� )HUPL�

GLG�� WKDW� WKH� HOHFWURQ� �DQG� WKH�QHXWULQR�� GLG� QRW� SUH�H[LVW� LQVLGH� WKH�
QXFOHXV�� ,Q� )HUPL
V� KDQGV�� ZDYH� TXDQWL]DWLRQ� EHFDPH� D� QHFHVVLW\�
OLQNHG� WR� WKH�QRQ�FRQVHUYDWLRQ� RI� SDUWLFOH� QXPEHU�� +H� ZDV� QRW� FRQ�
FHUQHG� ZLWK� WKH�PHWKRGRORJLFDO� RU� HSLVWHPRORJLFDO� URRWV� RI�'LUDF
V�
DQG� -RUGDQ
V� FRQIOLFWLQJ� FKRLFHV�� EXW�ZLWK� WKH�HIILFLHQF\�RI�D� JLYHQ� IRU�
PDOLVP� LQ�VROYLQJ� D�SDUWLFXODU� SUREOHP�� +LV� WUHDWPHQW� RI� ���GHFD\�� RQH�

RI� WKH�PRVW� GXUDEOH� SK\VLFDO� WKHRULHV� RI� WKH� FHQWXU\�� UHSUHVHQWHG� WKH�
ILUVW�SDUDGLJPDWLF� XVH� RI�PDWWHU�ZDYH� TXDQWL]DWLRQ�� $QG� WKLV� WLPH�

QRERG\� WULHG� WR� ILQG� IRU� HOHFWURQ�QHXWULQR� FUHDWLRQ� ZKDW� 'LUDF
V� VHD�
ZDV� WR�HOHFWURQ�SRVLWURQ� FUHDWLRQ�����

3UHVHQW� WH[WERRNV� RQ� TXDQWXP� ILHOG� WKHRU\�� LI�WKH\� WU\�WR� MXVWLI\�
PDWWHU�ZDYH� TXDQWL]DWLRQ�� SUHIHU� )HUPL
V� SK\VLFDO� DUJXPHQW� RI� DQ�

XQFRQVHUYHG� PDWWHU� RU�:H\O
V� DQG� )RFN
V� WHFKQLFDO� FKDUJH�V\PPHWU\�
DUJXPHQW�� -RUGDQ
V� FODLP� WR� KDYH� GHULYHG� WKH� YHU\� H[LVWHQFH� RI�

����� :�� 3DXOL� DQG� 9�� :HLVVNRSI�� �=XU� 4XDQWLVLHUXQJ� GHU� VNDODUHQ� UHODWLYLVWLVFKHQ�

:HOOHQJOHLFKXQJ��� +HOYHWLFD� SK\VLFD� DFWD�� �� �������� ��������� �6XEWUDFWLRQ�SK\VLFV��� LQ�

:HLVVNRSI� WR�+HLVHQEHUJ�� ��0D\� DQG� ���0D\� ����� �$+43��� �$QWL�'LUDF��� LQ�3DXOL� WR�

+HLVHQEHUJ�� ���-XQ� ����� �3%�� ������ DQG�:HLVVNRSI� �UHI�� ������ '�� ,YDQHQNR� DQG� $�� 6RNR�

ORY�� �%HPHUNXQJHQ� ]XU� ]ZHLWHQ� 4XDQWHOXQJ� GHU� 'LUDF�*OHLFKXQJ��� 3K\VLNDOLVFKH�

=HLWVFKULIW� GHU� 6RZMHWXQLRQ�� ��� �������� ��������� *�� :HQW]HO�� (LQIXKUXQJ� LQ�GLH� 4XDQ�
WHQWKHRULH�GHU�:HOOHQIHOGHU��9LHQQD���������

����� (�� )HUPL�� �7HQWDWLYR� GL� XQD� WHRULD� GHOO
HPLVVLRQH� GHL� UDJJL� 
EHWD�
�� 5LFHUFD�

VFLHQWLILFD�� �� �������� ��������� �7HQWDWLYR� GL� XQD� WHRULD� GHL� UDJJL� ���� 1XRYR� FLPHQWR�� ��

�������� ������ �9HUVXFK� HLQHU� 7KHRULH� GHU� ���6WUDKOHQ�� ,���=3�� ��� �������� ���������
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SDUWLFOHV� LV�XVXDOO\� OHIW�RXW�� SHUKDSV� DV� WRR� �SKLORVRSKLFDO��� 6WLOO�� WKH�
PRVW� SURIRXQG� FRQFHSWXDO� FKDQJH� EURXJKW� XS� E\� HDUO\� TXDQWXP� ILHOG�

WKHRU\� DQG� SUHSDUHG� E\� /RXLV� GH� %URJOLH� PLJKW� ZHOO� EH� WKH� VXEVWLWX�
WLRQ� RI�ZDYH� H[FLWDWLRQV� IRU� FODVVLFDO�� LQGLYLGXDOO\� LGHQWLILDEOH� SDUWL�
FOHV��
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