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&KDSWHU �
6RUWLQJ 7KLQJV 2XW� 'UXGH DQG WKH )RXQGDWLRQV RI &ODVVLFDO 2SWLFV
0DUWD -RUGL 7DOWDYXOO

��� ,QWURGXFWLRQ

0\ JRDO ZLOO EH UHDFKHG LI WKHVH SDJHV ZLOO VWUHQJWKHQ LQ WKH UHDGHU WKH YLHZ
WKDW RSWLFV LV QRW DQ ROG� ZRUQ�RXW GRPDLQ RI SK\VLFV� EXW WKDW DOVR KHUH D IUHVK
OLIH SXOVHV� WKH FRQWULEXWLRQ WR ZKRVH IXUWKHU QRXULVKPHQW VKRXOG EH HQWLFLQJ IRU
DQ\RQH�� �'UXGH ����D� YL�

:LWK WKHVH VWLPXODWLQJ ZRUGV 3DXO 'UXGH DLPHG DW HQJDJLQJ SK\VLFLVWV� LQ ����� LQ WKH UHDG�
LQJ RI KLV WH[WERRN /HKUEXFK GHU 2SWLN� 0RUH WKDQ RQH KXQGUHG \HDUV ODWHU� LQ WKLV SDSHU
, ZLOO WU\ WR FODULI\ KLVWRULFDOO\ WKHVH LQVSLUHG ZRUGV� ,Q ZKDW VHQVH FRXOG RSWLFV KDYH EHHQ
FRQVLGHUHG ROG" ,Q ZKLFK DVSHFWV GLG 'UXGH¶V QHZ DFFRXQW RI RSWLFV ³SXOVH ZLWK IUHVK OLIH´"
+RZ FRXOG WKH IXUWKHU ³QRXULVKPHQW´ RI RSWLFV WDNH SODFH LQ 'UXGH¶V YLHZ" 7R ZKDW H[WHQW
GLG 'UXGH VXFFHHG LQ DFKLHYLQJ KLV JRDO"

,Q IDFW� LQ ���� -HG =� %XFKZDOG DOUHDG\ VSRNH RI 'UXGH¶V /HKUEXFK GHU 2SWLN LQ KLV
WKRURXJK DFFRXQW RQ WKH FRPSOH[ DQG JUDGXDO WUDQVLWLRQ EHWZHHQ WKH PDFURVFRSLF RXWORRN
RI 0D[ZHOO¶V HOHFWURG\QDPLFV DQG 'UXGH¶V PLFURVFRSLF DSSURDFK WR HOHFWURPDJQHWLF RSWLFV
�%XFKZDOG ������ /HKUEXFK GHU 2SWLN ZDV %XFKZDOG¶V ILQDOH� , VKDUH ZLWK %XFKZDOG WKH
YLHZSRLQW WKDW /HKUEXFK GHU 2SWLN ZDV WKH ILUVW HQFRPSDVVLQJ ZRUN LQ ZKLFK D PLFURVFRSLF
DSSURDFK WR RSWLFV ZDV HVWDEOLVKHG� )RU WKLV UHDVRQ� WKH ERRN LV D SDUWLFXODUO\ LQWHUHVWLQJ
VXEMHFW RI VWXG\� +RZHYHU� LQ WKLV SDSHU� LQVWHDG RI DQDO\]LQJ 'UXGH¶V ZRUN DJDLQVW WKH
EDFNJURXQG RI WKH JHQHUDO KLVWRU\ RI HOHFWURG\QDPLFV� , ZLOO H[SORUH WKH DUWLFXODWLRQ RI WKH
ERRN ZLWK RWKHU FRQWH[WV�

)LUVW� , XQGHUVWDQG /HKUEXFK GHU 2SWLN QRW RQO\ DV D VLQJXODU SRLQW LQ 'UXGH¶V FDUHHU�
EXW DV WKH UHVXOW RI D ORQJ SURFHVV� VWDUWHG LQ WKH HDUO\ ����V� WKURXJK ZKLFK KH UHIOHFWHG XSRQ
DQG FKDQJHG KLV XQGHUVWDQGLQJ RI ZKDW RSWLFV VKRXOG EH� 0RUHRYHU� /HKUEXFK GHU 2SWLN QRW
RQO\ KDG DQ LPSDFW RQ WKH SK\VLFV FRPPXQLW\� WKH HQGHDYRU WR ZULWH D FRPSUHKHQVLYH ERRN
RQ RSWLFV ZDV DOVR LPSRUWDQW IRU 'UXGH DV D ZD\ WR RUJDQL]H KLV NQRZOHGJH� VWUHQJWKHQ KLV
YLHZV RQ WKH ILHOG� DQG UHYDPS KLV FDUHHU� , ZLOO WKXV IROORZ WKH VWRU\ RI /HKUEXFK GHU 2SWLN
WKURXJK WKH GHYHORSPHQW RI RSWLFV� DQG QRW HOHFWURG\QDPLFV� 6HFRQG� WR XQGHUVWDQG EHWWHU
WKH GLVWLQFWLYHQHVV RI 'UXGH¶V GHFLVLRQV IRU D UHGHILQLWLRQ� ERWK RQWRORJLFDO DQG HSLVWHPRORJ�
LFDO� RI RSWLFV� , ZLOO IROORZ 'UXGH LQ KLV FRQYHUVDWLRQ ZLWK KLV FRQWHPSRUDULHV� LQ SDUWLFXODU
KLV PHQWRU DQG GLVVHUWDWLRQ DGYLVRU :ROGHPDU 9RLJW� DQG LQ UHODWLRQ WR RWKHU YLHZV DERXW
RSWLFV FRQYH\HG LQ FRHWDQHRXV WH[WERRNV� 7KLUG� DIWHU , DUULYH DW 'UXGH¶V FRQVWUXFWLRQ RI
/HKUEXFK GHU 2SWLN� , ZLOO WKHQ JR IXUWKHU WR DVN DERXW WKH LPSDFW WKH ERRN KDG LQ VHWWLQJ WKH
WRQH IRU IXWXUH JHQHUDWLRQV� HVSHFLDOO\ LQ VWLPXODWLQJ IXUWKHU UHVHDUFK LQ WKH ILHOG� 7R DQVZHU

�$OO WUDQVODWLRQV DUH GRQH E\ WKH DXWKRU�
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WKH DERYH PHQWLRQHG TXHVWLRQV� , KDYH GLYLGHG WKH SDSHU LQWR ILYH VHFWLRQV FRUUHVSRQGLQJ WR
GLIIHUHQW SHULRGV RI 'UXGH¶V OLIH DQG FDUHHU�

,Q WKH ILUVW VHFWLRQ� , ZLOO IROORZ 'UXGH¶V HDUO\ FDUHHU DW WKH 8QLYHUVLW\ RI *|WWLQJHQ�
IURP ���� XQWLO ����� XQGHU9RLJW¶V VXSHUYLVLRQ� 0\ FRQFHUQZLOO EH WR LGHQWLI\ WKRVH DVSHFWV
RI WKH *|WWLQJHQ DSSURDFK WR RSWLFV WKDW ZHUH XQVDWLVIDFWRU\ IRU 'UXGH DQG� DW WKH VDPH WLPH�
WR XQIROG 'UXGH¶V JUDGXDO VKDSLQJ RI DQ DOWHUQDWLYH YLHZ� $ FKRLFH EHWZHHQ WKH PHFKDQLFDO
DQG WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW� WRJHWKHU ZLWK WKH FULWHULD XSRQ ZKLFK WR UHO\ LQ
PDNLQJ VXFK D GHFLVLRQ� ZHUH ERWK DW VWDNH IRU 'UXGH LQ WKLV SHULRG� +LV ILUVW WH[WERRN�
SXEOLVKHG LQ ����� 3K\VLN GHV $HWKHUV� HPERGLHG KLV GHFLVLRQV RQ WKHVH PDWWHUV� DQG WKHUHE\
PDUNHG DQ LPSRUWDQW WXUQLQJ SRLQW LQ KLV OLIH DQG FDUHHU�

)URP ���� WR ����� 'UXGH VHUYHG DV IXOO SURIHVVRU DW WKH 8QLYHUVLW\ RI /HLS]LJ� ZKHUH
KH FRXOG GHYHORS LQ GHSWK KLV RZQ VWDQGSRLQW RQ RSWLFV� KLQJLQJ FRPSOHWHO\ XSRQ WKH HOHF�
WURPDJQHWLF WKHRU\ RI OLJKW� ,Q WKH \HDUV DIWHU ����� 'UXGH PDQDJHG WKH LQFRUSRUDWLRQ RI
PDWWHU LQWR WKH HOHFWURPDJQHWLF SLFWXUH RI OLJKW� %\ ���� KH HQYLVLRQHG D XQLILHG WKHRUHWLFDO
DSSURDFK IRU D YDULHW\ RI RSWLFDO SKHQRPHQD VWHPPLQJ IURP GLIIHUHQW NLQGV RI LQWHUDFWLRQV
EHWZHHQ OLJKW DQG PDWWHU� ,Q KLV VHFRQG WH[WERRN� /HKUEXFK GHU 2SWLN� SXEOLVKHG LQ �����
'UXGH GLVSOD\HG KLV RZQ� SURJUDPPDWLF YLHZ� ZKLFK PHUJHG WKH HOHFWURPDJQHWLF WKHRU\ RI
OLJKW ZLWK WKH G\QDPLFDO DFWLRQ RI WKH PLFURVWUXFWXUH RI PDWWHU� , ZLOO JLYH DQ DFFRXQW RI
'UXGH¶V GHYHORSPHQW EHWZHHQ ���� DQG ���� LQ WKH WKLUG VHFWLRQ�

/HKUEXFK GHU 2SWLN ZDV QRW D FRPSHQGLXP RI ZHOO�HVWDEOLVKHG NQRZOHGJH LQ RSWLFV�
1HZ RSWLFDO SKHQRPHQD ZHUH H[SORUHG H[SHULPHQWDOO\ DW WKH HQG RI WKH QLQHWHHQWK FHQWXU\�
ZKLFK OHG WR D UHYLWDOL]DWLRQ RI WKHRUHWLFDO GLVFXVVLRQV DERXW WKH LQWHUDFWLRQ EHWZHHQ OLJKW DQG
PDWWHU� )RU WKLV UHDVRQ� PDQ\ WH[WERRNV KDG EHFRPH UDSLGO\ RXWGDWHG� 'UXGH¶V /HKUEXFK
GHU 2SWLN ZDV YHU\ LQQRYDWLYH LQ DWWHPSWLQJ WR HQFRPSDVV ERWK ROG DQG QHZ SKHQRPHQD�
WKURXJK KLV SHUVRQDO VWUDWHJ\ RIPHUJLQJ HOHFWURPDJQHWLVP DQGPDWWHU� %XW 'UXGH¶V WH[WERRN
ZDV RULJLQDO DOVR IRU RWKHU UHDVRQV� 0RVW (XURSHDQ WH[WERRNV RQ RSWLFV HYLQFHG D VSHFLDO
FRQFHUQ IRU WKH QDWXUH RI WKH HWKHU� EHFDXVH OLJKW SUHVXPDEO\ DPRXQWHG WR WKH SHUWXUEDWLRQ RI
WKDW VXEVWDQFH� ,Q /HKUEXFK GHU 2SWLN� LQVWHDG� 'UXGH UHOLQTXLVKHG TXHVWLRQV DERXW WKH FRQ�
VWLWXWLRQ RI WKH HWKHU� WDNLQJ WKH HOHFWURPDJQHWLF HTXDWLRQV RI OLJKW DV WKH VWDUWLQJ SRLQW IRU
KLV DFFRXQW RI RSWLFDO SKHQRPHQD� $FWXDOO\� 'UXGH GLG QRW HVFKHZ PHQWLRQLQJ WKH HWKHU DV
WKH VXEVWUDWXP IRU OLJKW� EXW LQ VWDUWLQJ IURP WKH OLJKW HTXDWLRQV� 'UXGH FRPSOHWHG D UDGLFDO
VKLIW LQ WKH NLQG RI TXHVWLRQV WH[WERRNV KDG DGGUHVVHG VR IDU� IURP WKH UHODWLRQ EHWZHHQ WKH
QDWXUH RI WKH HWKHU DQG LWV PDWKHPDWLFDO H[SUHVVLRQ� WR WKH UHODWLRQ EHWZHHQ WKH PLFURVWUXF�
WXUH RI PDWWHU DQG WKH PRGLILFDWLRQ RI WKH OLJKW HTXDWLRQV WKDW FDSWXUHG WKLV QHZ GLPHQVLRQ RI
RSWLFDO SKHQRPHQD� , ZLOO GHVFULEH WKH FRQWHQW� RUJDQL]DWLRQ� DQG PDLQ SRLQWV RI /HKUEXFK
GHU 2SWLN LQ WKH IRXUWK VHFWLRQ�

,Q WKH ILIWK VHFWLRQ� , H[DPLQH 'UXGH¶V ZRUN� EHWZHHQ ���� DQG ����� FRQFHUQLQJ WKH
UHODWLRQ EHWZHHQ RSWLFDO SKHQRPHQD DQG WKH PLFURVWUXFWXUH RI PDWWHU� ,PSRUWDQW RXWFRPHV
VWHPPHG IURP WKH LQFRUSRUDWLRQ RI WKH HOHFWURQ LQWR WKH SUHYLRXV SLFWXUH RI RSWLFV� ZKLFK
DOORZHG 'UXGH WR QHWZRUN RSWLFV ZLWK RWKHU ILHOGV LQ VFLHQFH� OLNH FKHPLVWU\� 6XFK PRGLIL�
FDWLRQV ZHUH LQFOXGHG LQ D VHFRQG HGLWLRQ RI KLV ERRN LQ �����

$OO LQ DOO� 'UXGH QRW RQO\ SURYLGHG UHDGHUV ZLWK H[SODQDWLRQV RI QHZ SKHQRPHQD� EXW
DOVR ZLWK QHZ TXHVWLRQV WR DVN DQG D QHZ PHWKRGRORJLFDO DSSURDFK WR RSWLFV� $GYDQFLQJ
LQWR DOPRVW YLUJLQ WHUUDLQ� 'UXGH¶V FODLPV LQ /HKUEXFK GHU 2SWLN KDG D VWURQJ LPSDFW� ZKLFK
, ZLOO DQDO\]H LQ WKH HSLORJXH RI WKH SDSHU� :LWKRXW FULWLFL]LQJ GLUHFWO\ SUHYLRXV ZRUNV LQ RS�
WLFV� 'UXGH UHGHILQHG WKHP DV SDUW RI D SDVW WKDW VKRXOG EH RYHUFRPH� +H VLPSO\ UHRUJDQL]HG
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RSWLFDO NQRZOHGJH LQ VXFK D ZD\ WKDW WKHVH ROGHU WUDGLWLRQV ZHUH QRW PHQWLRQHG RU ZHUH
UH�XQGHUVWRRG WKURXJK ³'UXGH¶V OHQV�´ /HKUEXFK GHU 2SWLN UHPDLQHG LQIOXHQWLDO IRU \HDUV
WR FRPH� LQ SDUW WKURXJK :ROGHPDU 9RLJW¶V ���� 0DJQHWR� XQG (OHNWURRSWLN� LQ ZKLFK KH
H[WHQGHG 'UXGH¶V WDNH RQ RSWLFV WR WKH H[SODQDWLRQ RI QHZ IHDWXUHV RI RSWLFDO SKHQRPHQD�
%RWK WKHRUHWLFDO DQG H[SHULPHQWDO SK\VLFLVWV XVHG 'UXGH¶V DQG 9RLJW¶V DFFRXQWV DV SRLQWV
RI UHIHUHQFH LQ WKH HDUO\ WZHQWLHWK FHQWXU\� /DWHU SK\VLFLVWV VWDUWHG WR MX[WDSRVH VXFK DS�
SURDFKHV ZLWK WKH HPHUJLQJ TXDQWXP WKHRU\� SDUWLFXODUO\ DIWHU %RKU¶V ���� TXDQWXP PRGHO
RI WKH DWRP� 0RVW LPSRUWDQWO\� ZKDW FDPH WR EH FRQVLGHUHG FODVVLFDO RSWLFV� DV RSSRVHG WR
TXDQWXP SK\VLFV� ZDV QRW VLPSO\ ZKDW FDPH EHIRUH TXDQWXP RSWLFV� 7KLV LV DQRWKHU UHDVRQ
LW LV LPSRUWDQW WR DQDO\]H 'UXGH¶V /HKUEXFK GHU 2SWLN� 'UXGH¶V VHOHFWLRQ DQG UHRUJDQL]D�
WLRQ RI QLQHWHHQWK�FHQWXU\ RSWLFV EHFDPH WKH SDUDGLJP RI ³FODVVLFDO RSWLFV�´ DJDLQVW ZKRVH
EDFNGURS SK\VLFLVWV FRQVWUXFWHG WKH TXDQWXP XQGHUVWDQGLQJ RI RSWLFDO SKHQRPHQD�

��� *|WWLQJHQ ����±����� )URP WKH2SWLFV RI (WKHU WR WKH (OHFWURPDJQHWLF (TXDWLRQV

����� 2Q 9RLJW¶V )RRWVWHSV

3DXO 'UXGH ZDV ERUQ RQ �� -XO\ ���� LQ %UDXQVFKZHLJ� ZKHUH KH OLYHG XQWLO KH FRPSOHWHG
KLV VWXGLHV DW WKH ORFDO *\PQDVLXP LQ ���� �+RIIPDQQ ����� *ROGEHUJ ������ 7KHUHDIWHU�
KH VWXGLHG PDWKHPDWLFV� ILUVW DW *|WWLQJHQ DQG WKHQ DW )UHLEXUJ DQG %HUOLQ� ,Q WKH VL[WK
VHPHVWHU� KH GHFLGHG WR UHWXUQ WR *|WWLQJHQ DQG GHYRWH KLPVHOI WR WKHRUHWLFDO SK\VLFV� XQGHU
WKH JXLGDQFH RI :ROGHPDU 9RLJW� GLUHFWRU RI WKH 3K\VLFV ,QVWLWXWH DW *|WWLQJHQ� 'UXGH¶V
HDUO\ UHVHDUFK ZDV YHU\ PXFK LQIOXHQFHG E\ 9RLJW LQ WHUPV RI VXEMHFW PDWWHU� JXLGHOLQHV� DQG
UHVHDUFK SURFHGXUHV� 9RLJW� LQ WXUQ� ZDV D IDLWKIXO KHLU RI )UDQ] (UQVW 1HXPDQQ¶V DSSURDFK
WR SK\VLFV� 7KXV LW LV RI NH\ LPSRUWDQFH WR WUDFH WKH VFLHQWLILF JHQHDORJ\ IURP 1HXPDQQ WR
'UXGH� LQ RUGHU WR XQGHUVWDQG WKH VSHFLILF WUDGLWLRQ ZLWKLQ ZKLFK 'UXGH JUHZ XS�

1HXPDQQ� RQH RI WKH IRXQGLQJ IDWKHUV RI *HUPDQ WKHRUHWLFDO SK\VLFV� ZDV 3ULYDW�
GR]HQW IRU SK\VLFV DQG PLQHUDORJ\ VWDUWLQJ LQ ���� DW WKH 8QLYHUVLW\ RI .|QLJVEHUJ� 7R
VXSSOHPHQW KLV OHFWXUHV� LQ ����� KH LQDXJXUDWHG WKH *HUPDQ PDWKHPDWLFDO�SK\VLFDO VHP�
LQDU� WKURXJK ZKLFK KH WUDLQHG KLV VWXGHQWV� LQFOXGLQJ 9RLJW� LQ KLV SDUWLFXODU DSSURDFK WR
WKHRUHWLFDO SK\VLFV� 2SWLFV ZDV RQH RI WKH SULQFLSDO WRSLFV RI LQWHUHVW LQ 1HXPDQQ¶V VHPL�
QDU� $W WKDW WLPH� LW ZDV FRPPRQSODFH WR WKLQN WKDW OLJKW FRQVLVWHG RI HODVWLF SHUWXUEDWLRQV
SURSDJDWHG WKURXJK D WUDQVSDUHQW VXEVWDQFH ILOOLQJ HYHU\WKLQJ� FDOOHG WKH HWKHU� $Q RSWLFDO
WKHRU\ DPRXQWHG WR WKH VHW RI GLIIHUHQWLDO HTXDWLRQV DQG ERXQGDU\ FRQGLWLRQV GHVFULELQJ WKH
EHKDYLRU RI WKH HWKHU� ZKLFK ZHUH WR EH GHULYHG IURP WKH DSSOLFDWLRQ RI JHQHUDO PHFKDQLFDO
SULQFLSOHV WR WKDW K\SRWKHWLFDO HODVWLF VXEVWDQFH� *DLQLQJ RSWLFDO NQRZOHGJH PHDQW WKHQ WR
REWDLQ WKH PRVW FRPSOHWH VHW RI HTXDWLRQV DQG ERXQGDU\ FRQGLWLRQV� ZKLFK� RQ WKH RQH VLGH�
ZHUH VXSSRVHG WR PDQLIHVW WKH WUXH SURSHUWLHV RI WKH HWKHU� DQG RQ WKH RWKHU VLGH� KDG WR GH�
VFULEH PDWKHPDWLFDOO\ RSWLFDO PHDVXUHPHQWV� 7KH SKHQRPHQD RI UHIOHFWLRQ DQG UHIUDFWLRQ
WKURXJK FU\VWDOV ZHUH WKH PDLQ WDUJHW RI RSWLFDO WKHRULHV�

,Q VXFK D GXDOLVW VFKHPH� 1HXPDQQ SXUVXHG D YHU\ VSHFLILF PHWKRGRORJ\� ZKLFK
.DWKU\Q 2OHVNR GXEEHG WKH ³HWKRV RI H[DFWLWXGH´ �2OHVNR ������ 7KH NH\ WR 1HXPDQQ¶V
DSSURDFK OD\ LQ PDVWHU\ RI WKH UHODWLRQV EHWZHHQ WKH PDWKHPDWLFDO HTXDWLRQV GHVFULELQJ
WKH HWKHU DQG H[SHULPHQWDO PHDVXUHPHQWV� ZKLFK UHTXLUHG WKH GHYHORSPHQW RI QXPHULFDO
WHFKQLTXHV WR ILW DFFXUDWH HPSLULFDO GDWD LQWR WKHRUHWLFDO IRUPXODV� WKH LPSURYHPHQW RI
VWUDWHJLHV WR HOLPLQDWH WKH SRVVLEOH H[SHULPHQWDO VRXUFHV RI HUURU� DQG WKH LGHQWLILFDWLRQ RI
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WKH NH\ SDUDPHWHUV IRU D EHWWHU FRPSDULVRQ EHWZHHQ WKHRUHWLFDO DQG REVHUYDEOH TXDQWLWLHV�
$V 2OHVNR SRLQWHG RXW� IROORZLQJ WKH HWKRV RI H[DFWLWXGH� H[SHULPHQWDO UHHQDFWPHQW ZDV
VWLPXODWHG RQO\ E\ WKH GHVLUH WR FKHFN WKHRU\� ZKLOH WKH FUHDWLYH WDVN RI HQKDQFLQJ RSWLFDO
WKHRULHV ZDV UHVWULFWHG WR WKH DGGLWLRQ RU PRGLILFDWLRQ RI GLIIHUHQWLDO WHUPV LQ WKH PDWKHPDW�
LFDO HTXDWLRQV GHVFULELQJ WKH HWKHU� 1R DGGLWLRQDO K\SRWKHVHV RQ WKH XQGHUO\LQJ LQWHUDFWLRQ
EHWZHHQ HWKHU DQG PDWWHU ZHUH FDOOHG IRU� 7KXV� QR QHZ OHYHO RI SK\VLFDO H[SODQDWLRQ
EH\RQG WKH SULQFLSOHV RI PHFKDQLFV DQG WKH PDWKHPDWLFDO FRPSOHWLRQ RI WKH HWKHU HTXDWLRQV
ZDV DGGHG� 7KLV G\QDPLFV RI NQRZOHGJH LQGHHG OHG WR DQ HIIHFWLYH H[SORUDWLRQ RI WKH OLPLWV
RI WKH SUHVHQW WKHRULHV RI HWKHU� EXW QRW QHFHVVDULO\ WR QHZ FRQFHSWXDO IUDPHZRUNV�

9RLJW FRPSOHWHG KLV GLVVHUWDWLRQ LQ ����� H[SDQGLQJ XSRQ RQH RI WKH PRVW IUHTXHQWO\
UHFXUUHQW WRSLFV LQ RSWLFV WDFNOHG DW WKH .|QLJVEHUJ VHPLQDU� WKH EHKDYLRU RI OLJKW UHIOHFWHG
E\ RU UHIUDFWHG WKURXJK FU\VWDOV� 2Q WKH RQH KDQG� 9RLJW ZRUNHG ZLWK RSWLFDO FRQVWDQWV�
ZKLFK ZHUH WKH PHDVXUDEOH TXDQWLWLHV WKDW DFFRXQWHG IRU WKH EHKDYLRU RI OLJKW DW WKH ERUGHU
EHWZHHQ HWKHU DQG PDWWHU� L�H� WKH UHIUDFWLYH LQGH[ DQG WKH FRHIILFLHQW RI UHIOHFWLYLW\ RI WKH
FU\VWDO� 9RLJW OLWHUDOO\ VSHQW KRXUV LQ WKH ODERUDWRU\ PHDVXULQJ WKH RSWLFDO FRQVWDQWV RI PDQL�
IROG FU\VWDO VDPSOHV� 2Q WKH RWKHU KDQG� 9RLJW HQKDQFHG 1HXPDQQ¶V LQLWLDO VHW RI GLIIHUHQWLDO
HTXDWLRQV DQG ERXQGDU\ FRQGLWLRQV VR WKDW WKH PRVW VDWLVIDFWRU\ PDWKHPDWLFDO H[SUHVVLRQ IRU
WKH RSWLFDO FRQVWDQWV WKDW ILW LQWR KLV PHDVXUHPHQWV FRXOG EH GHULYHG IURP WKHP� ,Q JHQHUDO�
9RLJW DLPHG WR JR D VWHS IXUWKHU LQ WKH WKHRUHWLFDO XQGHUVWDQGLQJ RI RSWLFV� WKH ³FDXVDO QH[XV´
EHWZHHQ WKH NLQG RI VXEVWDQFH H[SORUHG �GLIIHUHQW FU\VWDOV LQ WKLV FDVH� DQG WKH PRGLILFDWLRQ
RI WKH SURSHUWLHV RI WKH HWKHU� UHSUHVHQWHG LQ D VHW RI GLIIHUHQWLDO HTXDWLRQV� ,W LV LPSRUWDQW WR
QRWLFH WKDW� ZLWKLQ WKLV IUDPHZRUN� WKH UROH RI PDWWHU ZDV VROHO\ WRPRGLI\ WKH HWKHU¶V SURSHU�
WLHV� HWKHU� ZKHWKHU ILOOLQJ WKH LQWHUVWLFHV RI PDWWHU RU VXUURXQGLQJ LW� ZDV FRQVLGHUHG WKH RQO\
VXEVWUDWXP RI OLJKW SURSDJDWLRQ� 0DWWHU GLG QRW SOD\ D UROH LQ WKH SURGXFWLRQ RI OLJKW� )URP
WKLV SRLQW RI YLHZ� WKH PDWKHPDWLFDO GHVFULSWLRQ RI RSWLFDO SKHQRPHQD VKRXOG EH D PLUURU RI
WKH HWKHU¶V EHKDYLRU�

9RLJW EURXJKW WKH .|QLJVEHUJ WUDGLWLRQ WR WKH *|WWLQJHQ 3K\VLFV ,QVWLWXWH LQ ����
�2OHVNR ����� ���±����� )RXU \HDUV ODWHU� 'UXGH ILQLVKHG D GLVVHUWDWLRQ LQ *|WWLQJHQ WKDW
ZDV D FRQWLQXDWLRQ RI 9RLJW¶V RZQ� (TXDOO\ GULYHQ E\ WKH HWKRV RI H[DFWLWXGH� 'UXGH VHW RXW
WR VWXG\ WKH RSWLFDO FRQVWDQWV RI FU\VWDOV� DOWKRXJK KH IRFXVHG RQ RQH YHU\ VSHFLILF FODVV
RI FU\VWDOV� WKRVH WKDW QRW RQO\ UHIUDFWHG DQG UHIOHFWHG OLJKW� EXW DOVR SDUWLDOO\ DEVRUEHG LW
�'UXGH ������ )RU VHYHUDO \HDUV DIWHU KLV GLVVHUWDWLRQ� 'UXGH FRQWLQXHG WR ZRUN DQG SXEOLVK
RQ WKLV SUREOHP� H[WHQGLQJ KLV UHVHDUFK IURP FU\VWDOV WR PHWDOV� 7R EH VXUH� 'UXGH¶V FORVH
IDLWKIXOQHVV WR 9RLJW¶V JXLGHOLQHV WXUQHG RXW QRW WR EH YHU\ EHQHILFLDO IRU KLP� 3UHFLVHO\
EHFDXVH KH ZDV RIWHQ UHJDUGHG� DPRQJ *HUPDQ WKHRUHWLFDO SK\VLFLVWV� DV XQGXO\ GHSHQGHQW
RQ KLV WHDFKHU� IURP ���� XQWLO ���� 'UXGH IRXQG LW YHU\ GLIILFXOW WR REWDLQ D MRE RXWVLGH
RI *|WWLQJHQ �-XQJQLFNHO DQG 0F&RUPPDFK ������ %XW KLV UHSXWDWLRQ LPSURYHG LQ �����
ZLWK WKH SXEOLFDWLRQ RI KLV ILUVW WH[WERRN 3K\VLN GHV $HWKHUV� ZKHUH KH FOHDUO\ GLVWDQFHG
KLPVHOI IURP 9RLJW¶V DJHQGD DQG VWDUWHG VXSSRUWLQJ WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW�
+RZHYHU� 'UXGH¶V FKDQJH RI KHDUW GLG QRW KDSSHQ RYHUQLJKW DQG LQYROYHG PXFK PRUH WKDQ
D VXEVWLWXWLRQ RI RQH WKHRU\ RI OLJKW ZLWK DQRWKHU�

����� 7RZDUGV D 1HZ :D\ WR 2SWLFDO .QRZOHGJH� 3UDFWLFDO 3K\VLFV

,Q ����±����� LQ KLV ODERUDWRU\ LQ .DUOVUXKH� +HLQULFK +HUW] REVHUYHG WKDW HOHFWURPDJQHWLF
GLVWXUEDQFHV RI WKH HWKHU H[KLELWHG ZDYH�OLNH FKDUDFWHULVWLFV DQG SURSDJDWHG WKURXJK WKH
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HWKHU DW WKH VSHHG RI OLJKW �+HUW] ������� ,W LV FRPPRQ ZLVGRP WKDW +HUW]¶V H[SHULPHQWV
SURYLGHG SK\VLFLVWV ZLWK D VWURQJ DUJXPHQW IRU WKH XQLILFDWLRQ RI HOHFWURPDJQHWLVP DQG RS�
WLFV DQG ZHUH D EUHDNWKURXJK IRU WKH GLVVHPLQDWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW
LQ &RQWLQHQWDO (XURSH� ,Q ����±����� 9RLJW¶V VWXGHQWV GLVFXVVHG WKH HOHFWURPDJQHWLF WKH�
RU\ RI OLJKW LQ FRQQHFWLRQ ZLWK +HUW]¶V H[SHULPHQWV LQ WKH PDWKHPDWLFDO�SK\VLFDO VHPLQDU LQ
*|WWLQJHQ �2OHVNR ����� ����� )URP WKHQ RQZDUGV� 'UXGH GLYLGHG KLV LQWHUHVW EHWZHHQ WKH
1HXPDQQ�9RLJW PHFKDQLFDO WKHRU\ RI OLJKW DQG 0D[ZHOO¶V HOHFWURPDJQHWLF WKHRU\� $W WKH
EHJLQQLQJ� KH PDGH QR FKRLFH EHWZHHQ WKHP� ,Q IDFW� KH PDGH XS KLV PLQG RQO\ DIWHU D ORQJ
SURFHVV RI UHIOHFWLRQ GXULQJ ZKLFK KH FDUHIXOO\ H[DPLQHG DQG FRPSDUHG ERWK DSSURDFKHV�
:KDW ZDV DW VWDNH ZDV QRW VLPSO\ ZKLFK WKHRU\ WR FKRRVH EXW� DERYH DOO� ZKLFK FULWHULD WR
XVH WR GHFLGH WKH PRVW VDWLVIDFWRU\ WKHRU\� 7KH FRQFOXVLRQV 'UXGH HYHQWXDOO\ DUULYHG DW� LQ
����� ZHUH VLJQLILFDQWO\ GLIIHUHQW IURP 9RLJW¶V FRQVHUYDWLRQLVW SRVLWLRQ DW WKDW WLPH�

'UXGH¶V ILUVW RSHQ GHPRQVWUDWLRQ RI D UDGLFDO GHSDUWXUH IURP 9RLJW¶V VWDQGSRLQW ZDV KLV
SURYRFDWLYH ���� SDSHU �'UXGH ����D�� 7KHUH 'UXGH DGGUHVVHG RQH RI WKH PRVW SX]]OLQJ
FRQVHTXHQFHV RI FRPSDULQJ HOHFWURPDJQHWLF DQG PHFKDQLFDO WKHRULHV RI OLJKW� WKH YDULRXV
VHWV RI GLIIHUHQWLDO HTXDWLRQV GHULYHG IURP FRQVLGHULQJ WKH HWKHU DV DQ HODVWLF VXEVWDQFH ZHUH
PDWKHPDWLFDOO\ HTXLYDOHQW WR 0D[ZHOO¶V HOHFWURPDJQHWLF HTXDWLRQV� ,Q IDFW� LQ DGGLWLRQ WR
1HXPDQQ¶V PHFKDQLFDO WKHRU\ RI OLJKW� WKHUH H[LVWHG RWKHUV WKDW DOVR GHVFULEHG WKH SKHQRP�
HQD RI UHIUDFWLRQ DQG UHIOHFWLRQ RI OLJKW VDWLVIDFWRULO\� PRVW VLJQLILFDQWO\ )UHVQHO¶V� :KDW
GLIIHUHQWLDWHG WKHP ZHUH VSHFLILF SURSHUWLHV DVFULEHG WR WKH HODVWLF HWKHU� ,Q SDUWLFXODU� 1HX�
PDQQ FRQVLGHUHG HWKHU DQ LQFRPSUHVVLEOH VXEVWDQFH� ZKLOH $XJXVWLQ )UHVQHO UHJDUGHG LW DV
D FRPSUHVVLEOH PDWHULDO�� 1HYHUWKHOHVV� WKHVH WKHRULHV RI OLJKW DOO OHG WR HTXLYDOHQW PDWKH�
PDWLFDO HTXDWLRQV DQG ERXQGDU\ FRQGLWLRQV� LQFOXGLQJ HOHFWURPDJQHWLF HTXDWLRQV� 7KLV ZDV�
DFFRUGLQJ WR 'UXGH� D SRZHUIXO UHDVRQ WR GLVFRXQW RSWLFV DOWRJHWKHU�

6LQFH PDQ\ GLIIHUHQW WKHRULHV� ZKLFK GHULYH IURP YHU\ GLIIHUHQW EDVLF DVVXPS�
WLRQV� FDQ DFFRXQW IRU VFRUHV RI REVHUYDEOH IHDWXUHV LQ WKH VDPH ZD\ ZLWKRXW
FRQWUDGLFWLRQV� WKH WKHRUHWLFDO UHVHDUFK RQ RSWLFDO SKHQRPHQD KDV EHHQ GLVFUHG�
LWHG WR WKH H[WHQW WKDW RQH WULHV WR XQGHUVWDQG WKHVH SKHQRPHQD WKURXJK PDWK�
HPDWLFDO DQG DOPRVW SKLORVRSKLFDO VSHFXODWLRQV� IURP ZKLFK QHZ NQRZOHGJH
DERXW WKH WUXH SURSHUWLHV RI QDWXUH FDQQRW EH H[WUDFWHG� IRU WKH VDPH SURSHUWLHV
DUH H[SODLQHG GLIIHUHQWO\ LQ WKH GLIIHUHQW WKHRULHV� �'UXGH ����D� ����

:KDW 'UXGH GHVFULEHG ZDV DQ HSLVWHPRORJLFDO GLOHPPD� 7KH RQO\ FULWHULD WKH HWKRV RI
H[DFWLWXGH RIIHUHG WR HYDOXDWH WKH YDOLGLW\ RI DQ RSWLFDO WKHRU\ ZDV WKH SUHFLVLRQ RI WKH QX�
PHULFDO DJUHHPHQW EHWZHHQ H[SHULPHQWDO GDWD DQG WKHRUHWLFDO SUHGLFWLRQV� 1RZ� JLYHQ WKH
PDWKHPDWLFDO HTXLYDOHQFH EHWZHHQ PHFKDQLFDO DQG HOHFWURPDJQHWLF WKHRULHV RI OLJKW� LW ZDV
FOHDU WKDW QXPHULFDO H[DFWLWXGH FRXOG QRW EH WKH RQO\ ZD\ WR PHGLDWH EHWZHHQ RSWLFDO H[SHU�
LPHQWV DQG WKH SK\VLFDO SURSHUWLHV RI WKH HWKHU� +RZ WR SURFHHG LQ WKLV VLWXDWLRQ" 'UXGH¶V
ZD\�RXW LQYROYHG D WZRIROG EUHDN ZLWK 1HXPDQQ¶V DQG 9RLJW¶V WUDGLWLRQ�

)LUVW RI DOO� 'UXGH HQGRUVHG D PRUH UDGLFDO SKHQRPHQRORJLFDO VWDQGSRLQW� WKHRULHV RI
OLJKW KH UHGXFHG WR MXVW WKH GLIIHUHQWLDO HTXDWLRQV DQG WKH LPSRVHG ERXQGDU\ FRQGLWLRQV� +H
FDOOHG WKH FRPELQDWLRQ RI WKHVH WZR LQJUHGLHQWV DQ (UNOlUXQJVV\VWHP �H[SODQDWRU\ V\VWHP��
�)RU D JHQHUDO DFFRXQW RI WKH GLVVHPLQDWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW LQ &RQWLQHQWDO (XURSH� VHH
�'DUULJRO ����� %XFKZDOG ������ 0RUH VSHFLILFDOO\ DERXW +HUW]¶V FRQWULEXWLRQ� VHH �%XFKZDOG ������
�7KH VWRU\ RI WKH YDULRXV WKHRULHV RI WKH OXPLIHURXV HWKHU LQ WKH QLQHWHHQWK FHQWXU\ LV UDWKHU LQWULFDWH� $ JRRG
RYHUYLHZ FDQ EH IRXQG LQ �:KLWWDNHU ������
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7KH SRLQW RI GHSDUWXUH IRU RSWLFV ZDV WKHQ WKH (UNOlUXQJVV\VWHP� 4XHVWLRQV DERXW WKH WUXH
QDWXUH RI WKH HWKHU EHFDPH LUUHOHYDQW IRU WKH PDWKHPDWLFDO FRQVWUXFWLRQ RI DQ RSWLFDO WKHRU\�
ZKLOH WKH SK\VLFDO V\VWHP WR EH VWXGLHG ZDV UHGXFHG WR WKH PDWKHPDWLFDO SDUDPHWHUV PDNLQJ
XS WKH (UNOlUXQJVV\VWHP� 7KH FKRLFH RI DQ RSWLFDO WKHRU\ ZDV WKXV D FKRLFH RI ODQJXDJH�
HLWKHU GHQVLW\� HODVWLFLW\� DQG YHORFLW\ RI HWKHU SHUWXUEDWLRQV� RU PDJQHWLF SHUPHDELOLW\� GL�
HOHFWULF FRQVWDQW� DQG PDJQHWLF ILHOG VWUHQJWK�

6HFRQGO\� VLQFH WKH HWKRV RI H[DFWLWXGH KDG H[KDXVWHG LWV SRWHQWLDO IRU UHYHDOLQJ QHZ
NQRZOHGJH DERXW WKH HWKHU� 'UXGH KLQWHG DW RWKHU SRVVLEOH FULWHULD WR KHOS RQH FKRRVH DPRQJ
WKH GLIIHUHQW WKHRULHV RI OLJKW� 0RUH VSHFLILFDOO\� KH FODLPHG WKDW

WKH DGRSWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW VHHPV WR EH D VLJQLILFDWLYH
VWHS LQ WKH WUXH XQGHUVWDQGLQJ RI QDWXUH� VLQFH WKH YHORFLW\ RI OLJKW LQ YDFXXP RU
WKURXJK DLU GHULYHV GLUHFWO\ IURP HOHFWURPDJQHWLF IHDWXUHV� �'UXGH ����D� ����

,Q RWKHU ZRUGV� 'UXGH SURPRWHG D XQLILFDWLRQ RI RSWLFDO DQG HOHFWURPDJQHWLF WKHRULHV IURP
EHORZ� *LYHQ WKDW H[SHULPHQWV SURYHG WKDW RSWLFDO DQG HOHFWURPDJQHWLF ZDYHV SURSDJDWHG
DW WKH VDPH YHORFLW\� RQH ZDV LQFOLQHG WR H[WHQG WKLV FRLQFLGHQFH WR WKH UHVW RI WKH RSWL�
FDO DQG HOHFWURPDJQHWLF IHDWXUHV� 8QLILFDWLRQ ZRXOG WKHQ PHDQ� DFFRUGLQJ WR KLV UDGLFDO
SKHQRPHQRORJLFDO PRYH� WKH DGRSWLRQ RI D VLQJOH SK\VLFDO ODQJXDJH WR GHVFULEH WKH PDWKH�
PDWLFDO HTXDWLRQV DFFRXQWLQJ ERWK IRU RSWLFDO DQG HOHFWURPDJQHWLF SKHQRPHQD�

9RLJW ZDV DOVR DZDUH RI WKH PDWKHPDWLFDO HTXLYDOHQFH EHWZHHQ PHFKDQLFDO DQG HOHFWUR�
PDJQHWLF WKHRULHV� 1HYHUWKHOHVV� IRU \HDUV KH GLG QRW V\PSDWKL]H ZLWK WKLV LGHD RI XQLI\LQJ
RSWLFV DQG HOHFWURPDJQHWLVP IURP EHORZ� )RU KLP� WKH RQO\ ZD\ WR VWULYH IRU XQLILFDWLRQ ZDV
WKH GHWHUPLQDWLRQ RI WKH SURSHUWLHV RI D JHQHUDO HWKHU� IURP ZKLFK WKH HTXDWLRQV RI RSWLFDO
DQG HOHFWURPDJQHWLF SKHQRPHQD FRXOG EH GHULYHG� 7KXV� DGRSWLQJ DQ HOHFWURPDJQHWLF ODQ�
JXDJH ZRXOG PHDQ� IRU KLP� ORVLQJ JHQHUDOLW\� DQG UHVWULFWLQJ RQHVHOI WR RQO\ RQH SRVVLEOH
QDWXUH IRU WKH HWKHU� ,Q IDFW� 9RLJW KDG FRQYH\HG KLV RZQ SRLQW RI YLHZ LQ D SDSHU SXEOLVKHG
MXVW RQH \HDU EHIRUH 'UXGH¶V SDSHU �9RLJW ������ ,Q LW� 9RLJW PDLQWDLQHG D ³PDWKHPDWLFDO
YLHZSRLQW´ LQ WKH GHYHORSPHQW RI RSWLFDO WKHRULHV� 7KDW LV WR VD\� OLNH 'UXGH� KH GHFLGHG WR
ZRUN GLUHFWO\ ZLWK GLIIHUHQWLDO HTXDWLRQV� %XW XQOLNH KLV GLVFLSOH� IRU WKH VDNH RI JHQHUDOLW\�
9RLJW FRQFHDOHG DQ\ GHFLVLRQ DERXW WKH SK\VLFDO LQWHUSUHWDWLRQ RI PDWKHPDWLFDO WHUPV� 7KLV
HYHQWXDOO\ LPSOLHG FRQWLQXLQJ WR UHO\ RQ WKH ³LQFRQWHVWDEOH SULQFLSOHV RI PHFKDQLFV´ �9RLJW
����� ����� 9RLJW XSKHOG VXFK D PDWKHPDWLFDO YLHZSRLQW XQWLO WKH SXEOLFDWLRQ RI WKH VHFRQG
YROXPH RI KLV DPELWLRXV .RPSHQGLXP GHU 7KHRUHWLVFKHQ 3K\VLN �9RLJW ������

7KH EUHDN ZLWK KLV PDVWHU QRWZLWKVWDQGLQJ� 'UXGH ZDV QRW DORQH LQ KLV SRVLWLYLVWLF
PRYH� ZKLFK KH GXEEHG ³SUDFWLFDO SK\VLFV�´ $V KHPHQWLRQHG LQ KLV ���� SDSHU� 'UXGH IRXQG
LQVSLUDWLRQ LQ +HUW]¶V WUHDWPHQW RI HOHFWURG\QDPLFV� ,Q ���� +HUW] KDG VWDWHG WKDW 0D[ZHOO¶V
HTXDWLRQV FRQWDLQHG HYHU\WKLQJ WKDW ZDV HVVHQWLDO LQ 0D[ZHOO¶V WKHRU\� VR WKDW DQ\ DWWHPSW
WR GHULYH WKHP IURP PHFKDQLFDO PRGHOV RI WKH HOHFWURPDJQHWLF HWKHU� DV KDG EHHQ GRQH LQ
WKH SDVW� RYHUVKRW WKH PDUN �+HUW] ������ ,Q KLV SDSHU� +HUW] VLPSO\ SRVWXODWHG WKH HOHFWUR�
PDJQHWLF HTXDWLRQV� ZKLFK KH REWDLQHG E\ VLPSOLI\LQJ 0D[ZHOO¶V IRUPDOLVP DQG GHWDFKLQJ
LW IURP DQ\ SK\VLFDO DVVXPSWLRQV FRQFHUQLQJ WKH QDWXUH RI WKH HOHFWURPDJQHWLF IRUFHV� 7KH
HOHFWULFDO SRODUL]DWLRQV RI WKH PHGLXP ZHUH� IRU KLP� WKH RQO\ WKLQJV WUXO\ SUHVHQW� 7R ORRN
IRU WKHLU RULJLQ LQ VRPH HVVHQWLDO TXDOLW\ RI WKH HWKHU ZDV IXWLOH�� ,Q IDFW� VXFK D UHIRUPXODWLRQ
RI 0D[ZHOO¶V HTXDWLRQV EHFDPH YHU\ SRSXODU LQ (XURSH WKDQNV WR LWV FODULW\ DQG V\QWKHWLF
�,Q IDFW� WKH %ULWLVK SK\VLFLVW 2OLYHU +HDYLVLGH KDG EHHQ ZRUNLQJ RQ D VLPLODU UHIRUPXODWLRQ RI 0D[ZHOO¶V HTXD�
WLRQV VLQFH ����� DV +HUW] ULJKWO\ DFNQRZOHGJHG LQ KLV SDSHU� )RU PRUH LQIRUPDWLRQ DERXW WKH GHYHORSPHQWV RI



�� 'UXGH¶V /HKUEXFK �0� -RUGL� ��

YDOXH� 7KXV LPPHGLDWHO\ DIWHU +HUW]� RWKHU SK\VLFLVWV� OLNH +HUPDQQ YRQ +HOPKROW] DQG
+HQGULN $QWRRQ /RUHQW]� DGRSWHG LW�

'HVSLWH 'UXGH¶V FOHDU DOLJQPHQW ZLWK +HUW]¶V DSSURDFK� KH VWLOO SRQGHUHG IRU VRPH WLPH
WKH GHILQLWLYH DGRSWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW� 7KH WKHRU\ ZDV WURXEOHG E\
RQH LPSRUWDQW GLIILFXOW\� 0D[ZHOO¶V HTXDWLRQV DFFRXQWHG ZHOO IRU WKH SKHQRPHQD RI UH�
IOHFWLRQ DQG UHIUDFWLRQ RI OLJKW� EXW QRW IRU WKRVH RSWLFDO SKHQRPHQD LQ ZKLFK PDWWHU ZDV
DVVXPHG WR FRQWULEXWH GLUHFWO\ WR WKH JHQHUDWLRQ DQG DEVRUSWLRQ RI OLJKW ZDYHV� (YHU VLQFH
WKH HDUO\ ����V� LW KDG EHFRPH FOHDU WR SK\VLFLVWV WKDW HWKHU ZDYHV ZHUH QRW VXIILFLHQW WR
GHVFULEH RSWLFDO SKHQRPHQD� OLNH RSWLFDO GLVSHUVLRQ� ,Q WKHVH FDVHV� GLIIHUHQWLDO HTXDWLRQV
UHIHUULQJ WR WKH HWKHU KDG WR EH FRPELQHG ZLWK GLIIHUHQWLDO HTXDWLRQV DFFRXQWLQJ IRU WKH DF�
WLRQ RI PDWWHU� :KLOH WKHUH ZHUH DWWHPSWV WR LQWHUZHDYH WKH DFWLRQ RI HWKHU DQG PDWWHU LQ WKH
IUDPHZRUN RI WKH PHFKDQLFDO WKHRULHV RI OLJKW� 0D[ZHOO¶V HOHFWURPDJQHWLF HTXDWLRQV DSSOLHG
RQO\ WR WKH HWKHU� 7R ILOO WKLV JDS� 'UXGH VXJJHVWHG WKDW ³LQ RUGHU WR IL[ WKH IDFWV ULJKWO\� DOVR
WKLV WKHRU\ >WKH HOHFWURPDJQHWLF RQH@ PXVW EH EXLOW XSRQ HQODUJHG DVVXPSWLRQV >LQFRUSRUDW�
LQJ WKH DFWLRQ RI PDWWHU@� DW WKH H[SHQVH RI WKH DGYDQWDJH RI LWV VLPSOLFLW\ DQG HYLGHQFH´
�'UXGH ����D� ����� +HQFH� LQ WKH HQVXLQJ WZR \HDUV� 'UXGH ZRUNHG RQ WKH SRVVLELOLW\ RI
H[WHQGLQJ WKH VFRSH RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW WR RWKHU RSWLFDO SKHQRPHQD DSDUW
IURP UHIOHFWLRQ DQG UHIUDFWLRQ� 1DPHO\� KH ZDQWHG WR ILQG WKH (UNOlUXQJVV\VWHPH� IRU WKHVH
RWKHU SKHQRPHQD� DQG UHODWH WKHP WR 0D[ZHOO¶V (UNOlUXQJVV\VWHP IRU HWKHU� ,Q SDUWLFXODU�
KH GZHOOHG XSRQ WKH .HUU HIIHFW �'UXGH ����E� DQG RSWLFDO GLVSHUVLRQ �'UXGH ������ , ZLOO
FRQFHQWUDWH RQ WKH ODVW H[DPSOH� EHFDXVH RI LWV SHUVLVWHQFH DQG LWV VSHFLDO VLJQLILFDQFH WR WKH
VWRU\�

����� 2SWLFDO 'LVSHUVLRQ DQG WKH ³3UDFWLFDO 3K\VLFV´ DW :RUN

%HJLQQLQJ LQ WKH VHYHQWHHQWK FHQWXU\� RSWLFDO GLVSHUVLRQ ZDV XQGHUVWRRG DV WKH FRQWLQXRXV
VSUHDG RI ZKLWH OLJKW LQWR GLIIHUHQW FRORUV ZKHQ SDVVLQJ WKURXJK D SULVPDWLF PHGLXP� 7KH
HQVXLQJ RUGHU RI FRORUV ZDV DOZD\V� UHG� RUDQJH� \HOORZ� JUHHQ� EOXH DQG YLROHW� DV REVHUYHG
LQ UDLQERZV� 2QH SDUDPHWUL]HG WKLV SKHQRPHQRQ WKURXJK ݊� WKH LQGH[ RI UHIUDFWLRQ� ZKLFK
UHIHUUHG WR WKH FKDQJH LQ WKH GLUHFWLRQ RI OLJKW SURSDJDWLRQ ZLWK UHVSHFW WR WKH LQLWLDO EHDP�
(DFK FRORU FRUUHVSRQGHG WR RQH IUHTXHQF\ RI OLJKW ZDYHV� WKXV RSWLFDO GLVSHUVLRQ DPRXQWHG
WR WKH GHSHQGHQFH RI ݊ RQ WKH OLJKW IUHTXHQF\ �ߥ 7KH FRQWLQXLW\ RI WKH DQDO\WLFDO IXQFWLRQ
݊ሺߥሻ VWRRG IRU WKH REVHUYHG RUGHU RI FRORUV PHQWLRQHG DERYH�

,Q WKH HDUO\ ����V� WKRXJK� D VHULHV RI FLUFXPVWDQFHV FKDQJHG UDGLFDOO\ WKH XQGHUVWDQG�
LQJ RI WKLV SKHQRPHQRQ� ERWK IURP WKH H[SHULPHQWDO DQG WKH WKHRUHWLFDO SHUVSHFWLYH� 2Q
WKH RQH KDQG� LW ZDV IRXQG WKDW ZKHQ OLJKW SDVVHG WKURXJK FHUWDLQ VXEVWDQFHV �DFWXDOO\� OLT�
XLG G\HV�� WKH QRUPDO VXFFHVVLRQ RI FRORUV DSSHDUHG UHYHUVHG� 7KH UHYHUVDO LPSOLHG WKDW WKH
IXQFWLRQ ݊ ZDV GLVFRQWLQXRXV ZLWK UHVSHFW WR ߥ DW VRPH SRLQW� 0RUH LQWHUHVWLQJO\� LW ZDV DF�
NQRZOHGJHG WKDW WKH GLVFRQWLQXLW\ LQ WKH EHKDYLRU RI ݊ WRRN SODFH DURXQG WKRVH FRORUV RI WKH
VSHFWUXP ZKRVH IUHTXHQF\ FRLQFLGHG ZLWK WKH IUHTXHQF\ DW ZKLFK WKH OLTXLG G\HV W\SLFDOO\
DEVRUEHG OLJKW� 7KDW LV WR VD\� ZKHQ LQWHUDFWLQJ ZLWK WKHVH VXEVWDQFHV� RQH FRORU FRPSRQHQW
RI WKH OLJKW ZDV DEVRUEHG� ZKLOH WKH RWKHUV SDVVHG WKURXJK DQG ZHUH GLVSHUVHG LQWR D VSHF�
WUXP� $EVRUSWLRQ DQG GLVSHUVLRQ RI OLJKW EHFDPH WZR FRPSOHPHQWDU\ IHDWXUHV RI WKH VDPH

+HDYLVLGH DQG� LQ JHQHUDO� WKH ZRUN RI WKH VR�FDOOHG ³0D[ZHOOLDQV´ �*HRUJH )UDQFLV )LW]*HUDOG� 2OLYHU /RGJH�
2OLYHU +HDYLVLGH� LQ WKH ����V DQG ����V� VHH �+XQW ������
�7KH H PDUNV D *HUPDQ SOXUDO�
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OLJKW�PDWWHU LQWHUDFWLRQ� %XW LI WKLV ZDV WKH FDVH� PDWWHU VKRXOG QRW MXVW PRGLI\ WKH SURSHUWLHV
RI HWKHU� EXW VKRXOG SOD\ DQ DFWLYH UROH LQ WKH SURGXFWLRQ DQG DEVRUSWLRQ RI OLJKW ZDYHV��

2Q WKH RWKHU KDQG� DOPRVW VLPXOWDQHRXV ZLWK WKHVH H[SHULPHQWDO ILQGLQJV� D UDGLFDOO\
QHZ RSWLFDO WKHRU\ ZDV SXW IRUZDUG� LQ ZKLFK ERWK WKH DFWLRQ RI PDWWHU DQG HWKHU ZHUH WDNHQ
LQWR DFFRXQW�� ,W ZDV DVVXPHG WKDW K\SRWKHWLFDO PLFURVFRSLF PDWWHU SDUWLFOHV YLEUDWHG DURXQG
IL[HG SRVLWLRQV XQGHU WKH DFWLRQ RI HODVWLF IRUFHV� :KHQ OLJKW LQWHUDFWHG ZLWK WKHP� WKH SDU�
WLFOHV ZHUH VHW LQ 0LWVFKZLQJXQJHQ �FR�YLEUDWLRQV� ZLWK HWKHU ZDYHV� 2QO\ ZKHQ WKH IUH�
TXHQF\ RI OLJKW FRLQFLGHG ZLWK WKH SURSHU IUHTXHQF\ RI WKH PDWWHU SDUWLFOHV GLG WKHVH DEVRUE
WKH OLJKW� E\ UHVRQDQFH� LQ DQDORJ\ ZLWK D WXQLQJ IRUN� )RU WKH RWKHU FRORUV� OLJKW ZDV WUDQV�
PLWWHG WKURXJK WKH PDWHULDO� EXW ZLWK D FHUWDLQ SKDVH GHOD\� ZKRVH HPSLULFDO FRXQWHUSDUW ZDV
WKH FKDQJH RI GLUHFWLRQ RI OLJKW SURSDJDWLRQ� SDUDPHWUL]HG WKURXJK WKH LQGH[ RI UHIUDFWLRQ ݊�
$FFRUGLQJ WR WKH 0LWVFKZLQJXQJHQ PRGHO� WKH SKDVH GHOD\ GHSHQGHG RQ WKH FRORU RI WKH
OLJKW� 7KXV WKH QHZ RSWLFDO WKHRU\ DFFRXQWHG IRU D GLVSHUVLRQ RI OLJKW RYHU WKH ZKROH VSHF�
WUXP� LQWHUUXSWHG DW UHVRQDQFH IUHTXHQFLHV� ZKLFK RFFXUHG ZKHQ WKH PLFURVFRSLF SDUWLFOHV
RI PDWWHU ZHUH DVVXPHG WR DEVRUE OLJKW� ,I WKH H[SHULPHQWDOO\ GHWHUPLQHG SRLQWV RI FRORU
UHYHUVDO FRLQFLGHG ZLWK WKH QDWXUDO IUHTXHQFLHV RI WKH K\SRWKHWLFDO SDUWLFOHV RI PDWWHU� WKH
0LWVFKZLQJXQJHQ PRGHO ZRXOG H[SODLQ SHUIHFWO\ WKH SKHQRPHQRQ RI RSWLFDO GLVSHUVLRQ� DV
FRPSOHPHQWDU\ WR WKH DEVRUSWLRQ RI OLJKW�

(YHQ DIWHU WKH DGRSWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW� WKH 0LWVFKZLQJXQJHQ
PRGHO ZDV FRQVLGHUHG WKH PRVW VDWLVIDFWRU\ DFFRXQW RI WKLV SKHQRPHQRQ� DQG JHQHUDOO\� D
SDUDGLJP IRU WKH ZD\ LQ ZKLFK PDWWHU DQG OLJKW VKRXOG LQWHUDFW DW WKH PLFURVFRSLF OHYHO�
<HW� WKH 0LWVFKZLQJXQJHQ UHSUHVHQWHG OLJKW DV FRQVLVWLQJ RI PHFKDQLFDO SHUWXUEDWLRQV RI
WKH OXPLQLIHURXV HWKHU DQG QRW RI HOHFWURPDJQHWLF ILHOGV� +RZ FRXOG RQH DFFRXQW IRU RS�
WLFDO GLVSHUVLRQ DQG IRU SURFHVVHV RI OLJKW�PDWWHU LQWHUDFWLRQ LQ JHQHUDO� RQ WKH EDVLV RI WKH
HOHFWURPDJQHWLF WKHRU\ RI OLJKW" )RU VHYHUDO WKHRUHWLFDO SK\VLFLVWV LQ WKH HDUO\ ����V� PRVW
VLJQLILFDQWO\ +HUPDQQ YRQ +HOPKROW]� +HQGULN $QWRRQ /RUHQW]� DQG DOVR 3DXO 'UXGH� DQ�
VZHULQJ WKLV TXHVWLRQ PHDQW GHYHORSLQJ DQ HOHFWURPDJQHWLF YHUVLRQ RI WKH0LWVFKZLQJXQJHQ
PRGHO��

9RQ +HOPKROW]¶V� /RUHQW]¶V� DQG 'UXGH¶V DSSURDFKHV WR RSWLFDO GLVSHUVLRQ ZHUH UDWKHU
GLIIHUHQW� 7KH ILUVW WZR SK\VLFLVWV VRXJKW D PHFKDQLFDO IRXQGDWLRQ IRU 0D[ZHOO¶V HOHFWUR�
PDJQHWLF WKHRU\ YLD JHQHUDO SULQFLSOHV RI PHFKDQLFV� 2QFH WKH\ KDG JLYHQ D PHFKDQLFDO
IRUP WR WKH HOHFWURPDJQHWLF HTXDWLRQV� ERWK YRQ +HOPKROW] DQG /RUHQW]� DOPRVW VLPXOWD�
QHRXVO\� EXW LQGHSHQGHQWO\� LQFRUSRUDWHG WKH SRVLWLRQV DQG YHORFLWLHV RI WKH K\SRWKHWLFDOO\
YLEUDWLQJ SDUWLFOHV RI PDWWHU� DV LI WKH\ SHUIRUPHG0LWVFKZLQJXQJHQ ZLWK OLJKW� %XW WR IRUP
D FRPSOHWH HOHFWURPDJQHWLF YHUVLRQ RI WKH PRGHO� RQH DGGLWLRQDO K\SRWKHVLV KDG WR EH DGGHG�
LI PDWWHU SDUWLFOHV DUH JRLQJ WR UHVSRQG WR WKH HOHFWURPDJQHWLF HWKHU� WKHVH SDUWLFOHV VKRXOG

�&KULVWLDQ &KULVWLDQVHQZDV WKH ILUVW WRPHDVXUH WKH GLVFRQWLQXLW\ RI OLJKW GLVSHUVLRQ WKURXJK IXFKVLQH �&KULVWLDQVHQ
������ 'UDZLQJ RQ &KULVWLDQVHQ¶V H[SHULPHQWV� $XJXVW .XQGW V\VWHPDWL]HG WKH DQRPDORXV EHKDYLRU GHSHQGLQJ RQ
WKH NLQG RI VXEVWDQFHV �G\HV�� WKH SRVLWLRQ RI WKH GLVFRQWLQXLW\ DQG LWV UHODWLRQ WR RWKHU SURSHUWLHV RI WKH PDWHULDOV�
VXFK DV WKH DEVRUSWLRQ RI OLJKW �.XQGW ����D� ����E� ����F� ����G�� $V D UHVXOW RI WKHVH REVHUYDWLRQV WKH WHUP
³DQRPDORXV GLVSHUVLRQ´ ZDV FRLQHG�
�:ROIJDQJ 6HOOPHLHU ZDV WKH WKHRUHWLFLDQ ZKR WRRN WKH ILUVW VWHSV �6HOOPHLHU ����D� ����E� ����F� ����G�� 2WKHU
SK\VLFLVWV� PRVW VLJQLILFDQWO\� +HUPDQQ YRQ +HOPKROW] ������� (GXDUG .HWWHOHU ������� DQG (XJHQ YRQ /RPPHO
������ VXEVHTXHQWO\ HODERUDWHG RQ 6HOOPHLHU¶V WKHRU\�
�$ERXW YRQ +HOPKROW]¶V DQG /RUHQW]¶V HOHFWURPDJQHWLF WKHRULHV RI RSWLFDO GLVSHUVLRQ� RQ WKH EDVLV RI WKH 0LW�
VFKZLQJXQJHQPRGHO� VHH �%XFKZDOG ����� ���±���� DQG �'DUULJRO ����� ���±����� $ERXW 'UXGH¶V GHYHORSPHQWV
LQ WKLV GLUHFWLRQ WKHUH LV QR FRPSUHKHQVLYH VHFRQGDU\ OLWHUDWXUH�
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EH HOHFWULFDOO\ FKDUJHG� ,Q WXUQ� ZKHQ ERWK HWKHU DQG FKDUJHG SDUWLFOHV ZHUH LQ FR�YLEUDWLRQ�
WKH PLFURVFRSLF PRWLRQV RI PDWWHU SURYRNHG D SHULRGLF FKDQJH LQ WKH HOHFWULFDO SRODUL]DWLRQ
RI WKH VXEVWDQFH� 7KH WRWDO HOHFWULF SRODUL]DWLRQ DPRXQWHG WKHQ WR WKH VXP RI WKH HWKHU DQG
PDWWHU FRQWULEXWLRQV� WKH ILUVW VWLOO EHLQJ GHWHUPLQHG E\ 0D[ZHOO¶V HTXDWLRQV�� ,Q WKLV ZD\�
YRQ +HOPKROW] DQG /RUHQW] UHSURGXFHG WKH IRUPDOLVP RI WKH0LWVFKZLQJXQJHQPRGHO� ZKLOH
JLYLQJ LW DQ HOHFWURPDJQHWLF PHDQLQJ� OLJKW ZDYHV ZHUH HOHFWURPDJQHWLF ZDYHV DQG PDWWHU
SDUWLFOHV ZHUH FKDUJHG SDUWLFOHV �YRQ +HOPKROW] ����� ����� ����� /RUHQW] ������ )XUWKHU�
PRUH� ERWK YRQ +HOPKROW] DQG /RUHQW] LGHQWLILHG WKH K\SRWKHWLFDO FKDUJHG SDUWLFOHV ZLWK
DQRWKHU NLQG RI FKDUJHG SDUWLFOHV GHSOR\HG LQ D YHU\ GLIIHUHQW SKHQRPHQRORJLFDO GRPDLQ�
WKH HOHFWURO\WLF LRQV� ,RQV KDG EHHQ KLWKHUWR XQGHUVWRRG DV WKH PRYLQJ HOHFWULF FKDUJHV JRLQJ
IURP RQH HOHFWURGH WR WKH RWKHU LQ HOHFWURO\VLV H[SHULPHQWV� 7KH\ ZHUH WKH RQO\ VRUW RI PRY�
LQJ FKDUJHG SDUWLFOHV SRVWXODWHG LQ SK\VLFV DW WKDW WLPH� EXW WKH\ KDG QHYHU EHHQ DWWULEXWHG
RSWLFDO SURSHUWLHV� 7KXV� WKH FRQQHFWLRQ EHWZHHQ HOHFWURO\WLF LRQV DQG WKH GLVSHUVLYH FKDUJHG
SDUWLFOHV SRLQWHG DW D SRVVLEOH XQLILFDWLRQ RI HOHFWULFDO DQG RSWLFDO SKHQRPHQD WKURXJK WKH
VDPH K\SRWKHWLFDO PLFURVFRSLF DJHQWV���

'UXGH¶V DQDO\VLV RI RSWLFDO GLVSHUVLRQ LQ ���� ZDV GLIIHUHQW IURP YRQ +HOPKROW]¶V DQG
/RUHQW]¶V �'UXGH ������ +H UHOLQTXLVKHG DEVWUDFWLRQ� GUDZLQJ D QRYHO ERXQGDU\ EHWZHHQ
HOHFWURPDJQHWLVP DQG PHFKDQLFV� 7KH UHGXFWLRQ RI 0D[ZHOO¶V HOHFWURPDJQHWLF WKHRU\ WR
PHFKDQLFV ZHQW IDU EH\RQG WKH SXUH IRUPDO DQDO\VLV UHTXLUHG IRU WKH SUDFWLFDO SK\VLFV� :KDW
ZDV LPSRUWDQW IRU 'UXGH ZDV WR ILQG WKH GLIIHUHQWLDO WHUPV WKDW FRPSOHPHQWHG 0D[ZHOO¶V
HTXDWLRQV WR JLYH WKH VDPH IXQFWLRQDO H[SUHVVLRQ IRU ݊ሺߥሻ JLYHQ E\ WKH 0LWVFKZLQJXQJHQ
PRGHO� $Q\ RWKHU SK\VLFDO K\SRWKHVHV RQ WKH FRQVWLWXWLRQ RI WKH V\VWHP ZHUH XQQHFHVVDU\
IRU WKH WLPH EHLQJ� LQFOXGLQJ WKH PHFKDQLFDO IRXQGDWLRQ RI HWKHU� 0RUHRYHU� 'UXGH DOVR
UHIHUUHG WR WKH PLFURVWUXFWXUH RI PDWWHU LQ YHU\ GLIIHUHQW WHUPV IURP YRQ +HOPKROW] DQG
/RUHQW]� ZLWKRXW FRPPLWWLQJ KLPVHOI WR WKH QDWXUH RI WKH FKDUJHG SDUWLFOHV�

,Q KLV ���� SDSHU� 'UXGH FRQGXFWHG D IRUPDO DQDO\VLV� FRPSDULQJ WKH PDWKHPDWLFDO
H[SUHVVLRQ IRU ݊ሺߥሻ GHULYHG IURP WKH 0LWVFKZLQJXQJHQ PRGHO ZLWK WKH GHILQLWLRQ RI ݊ DF�
FRUGLQJ WR 0D[ZHOO¶V HTXDWLRQV� 5HJDUGLQJ WKLV FRPSDULVRQ� LW ZDV LPSRUWDQW WKDW� LQ WKH
FDVH RI WKH VLPSOHVW SKHQRPHQD RI UHIOHFWLRQ DQG UHIUDFWLRQ� ZKHQ WKH FKDQJH RI GLUHFWLRQ
RI OLJKW GLG QRW GHSHQG RQ WKH IUHTXHQF\� WKH PDWKHPDWLFDO HTXLYDOHQFH RI PHFKDQLFDO DQG
HOHFWURPDJQHWLF WKHRULHV RI OLJKW HQWDLOHG WKH HTXLYDOHQFH RI RSWLFDO DQG HOHFWURPDJQHWLF SD�
UDPHWHUV� $V LQ ERWK FDVHV WKH GLIIHUHQWLDO HTXDWLRQV UHIHUUHG VROHO\ WR WKH EHKDYLRU RI WKH
HWKHU� HLWKHU OXPLQLIHURXV RU HOHFWURPDJQHWLF� WKDW LV ݊ଶ ൌ ߳଴� ߳଴ EHLQJ WKH GLHOHFWULF FRQ�
�/RUHQW] SXEOLVKHG KLV HOHFWURPDJQHWLF WKHRU\ RI RSWLFDO GLVSHUVLRQ DV HDUO\ DV ����� EXW KLV UHVXOWV UHPDLQHG
XQQRWLFHG XQWLO WKH PLG�����V� %XFKZDOG DQG 2OLYLHU 'DUULJRO DUJXH WKDW LW ZDV PRVW SUREDEO\ EHFDXVH KH ZURWH
LQ 'XWFK DQG� DW WKDW WLPH� KH GLG QRW HQMR\ LQWHUQDWLRQDO FRQQHFWLRQV� ,Q WKH FDVH RI KLV ���� WKHRU\� KRZHYHU� WKH
VLWXDWLRQ GLG QRW GLIIHU PXFK� GXH WR WKH XVH RI YHU\ FRPSOLFDWHG PDWKHPDWLFDO WRROV VXFK DV UHWDUGHG SRWHQWLDOV DQG
WKH RQJRLQJ ODFN RI LQWHUQDWLRQDO FRQQHFWLRQV� 2Q WKH GHHS GLIIHUHQFHV EHWZHHQ /RUHQW]¶V DFFRXQW DQG WKH UHVW RI
(XURSHDQ SK\VLFLVWV¶� VHH �%XFKZDOG ����� ���±���� DQG �'DUULJRO ����� ���±����� 7KH VLWXDWLRQ FKDQJHG ZKHQ D
V\VWHPDWLF DFFRXQW LQ *HUPDQ DSSHDUHG LQ ���� �/RUHQW] ������ $OVR LW PXVW EH HPSKDVL]HG WKDW� DOWKRXJK /RUHQW]
KDG PDGH XVH RI D PHFKDQLFDO SULQFLSOH LQ ����� KH ZDV QRW GRJPDWLF LQ WKLV UHVSHFW DQG VRRQ DEDQGRQHG JHQHUDO
SULQFLSOHV� ZKLFK� RQ WKH RWKHU KDQG� ZHUH GULYLQJ YRQ +HOPKROW]¶V DSSURDFK�
��,Q IDFW� /RUHQW] ILUVW LGHQWLILHG FKDUJHG SDUWLFOHV ZLWK HOHFWURQV LQ WKH ���� *HUPDQ WUDQVODWLRQ RI KLV ���� SDSHU
�/RUHQW] ������ $V 7KHRGRUH $UDEDW]LV KDV UHPDUNHG� WKH LGHQWLILFDWLRQ RI )DUDGD\¶V LRQV ZLWK FKDUJHG SDUWLFOHV
SUHVXSSRVHG WKH FRQYLFWLRQ WKDW HOHFWULFLW\ KDG DQ DWRPLVWLF VWUXFWXUH� DV ZDV WKH FDVH IRU YRQ +HOPKROW] �$UDEDW]LV
����� ��±���� ,Q WKLV GLUHFWLRQ� E\ ���� YRQ +HOPKROW] KDG DOUHDG\ VXJJHVWHG D SRVVLEOH FRQQHFWLRQ EHWZHHQ WKH
FRQFHSW RI LRQV LQ HOHFWURO\VLV DQG WKH QRWLRQ RI D PRYLQJ VLQJXODU FKDUJH LQ HOHFWURPDJQHWLF WKHRU\ �YRQ +HOPKROW]
������ ,RQV DFTXLUHG RSWLFDO SURSHUWLHV RQO\ ODWHU� 6HH DOVR �'DUULJRO ����� ���±���� IRU IXUWKHU GHWDLOV RQ WKLV
FRQQHFWLRQ�
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VWDQW RI WKH HWKHU� 1RZ� IRU RSWLFDO GLVSHUVLRQ DQG RWKHU SKHQRPHQD LQYROYLQJ WKH DFWLRQ RI
PDWWHU� WKH HTXDOLW\ ݊ଶ ൌ ߳଴ RQO\ KHOG LQ WKH OLPLW RI YHU\ ORZ IUHTXHQFLHV� L�H� ݊ଶஶ ൌ ߳଴�
'UXGH DLPHG DW GHWHUPLQLQJ WKH GLIIHUHQWLDO WHUPV RI WKH 0LWVFKZLQJXQJHQ PRGHO UHVSRQ�
VLEOH IRU WKH GLIIHUHQFH EHWZHHQ WKH GLVSHUVLRQ IRUPXOD ݊ሺߥሻ DQG LWV OLPLW ݊ஶ� 7KLV ZRXOG
WHOO KLP KRZ WR FRPSOHPHQW PDWKHPDWLFDOO\ 0D[ZHOO¶V HTXDWLRQV WR ILOO WKH JDS EHWZHHQ
݊ଶஶ ൌ ߳଴ DQG ݊ሺߥሻ�

+LV UHDVRQLQJ GHYHORSHG WKURXJK VHYHUDO VWHSV� 7KH VWDUWLQJ SRLQW ZDV WKH PHFKDQL�
FDO (UNOlUXQJVV\VWHP FRUUHVSRQGLQJ WR WKH PRGHO RI 0LWVFKZLQJXQJHQ��� %\ FRPSDULQJ LW
ZLWK 0D[ZHOO¶V HTXDWLRQV� 'UXGH DUULYHG DW D YHU\ LQWHUHVWLQJ FRQFOXVLRQ� WKH GLIIHUHQFH EH�
WZHHQ ݊þGHULYHG IURP WKH 0LWVFKZLQJXQJHQ (UNOlUXQJVV\VWHPþDQG LWV OLPLW DW YHU\ ORZ
IUHTXHQFLHV ݊ஶ FRUUHVSRQGHG WR WKH UDWLR ݎ RI WKH VXP RI WKH PDVVHV RI DOO PDWWHU SDUWL�
FOHV WR WKH PDVV RI HWKHU FRQWDLQHG LQ WKH VDPH YROXPH� 7KHUHIURP 'UXGH VXUPLVHG WKDW
݊ଶ െ ݊ଶஶ ൌ ݊ଶ െ ߳଴ DPRXQWHG WR WKH FRQWULEXWLRQ RI WKH K\SRWKHWLFDO PLFURSDUWLFOHV WKDW
FRPSRVHG PDWWHU� 7KH SUREOHP ZDV WKDW� ZLWKLQ WKH HOHFWURPDJQHWLF IUDPHZRUN� WKH PDVVHV
GLG QRW UHODWH WR WKH HIILFDF\ RI WKRVH SDUWLFOHV LQ LQWHUDFWLQJ ZLWK WKH HWKHU� 7R RYHUFRPH
WKLV GLIILFXOW\� 'UXGH DVVLJQHG WR HDFK SDUWLFOH DQ HOHFWULFDO SRODUL]DWLRQ ߯௛� VR WKDW WKH WRWDO
HOHFWULFDO SRODUL]DWLRQ RI WKH V\VWHP� HWKHU�PDWWHU� ߯� ZDV D VXP RI WKH HWKHU DQG PDWWHU FRQ�
WULEXWLRQV ߯ ൌ ߯଴ ൅σ߯௛� ߯଴ EHLQJ WKH SRODUL]DWLRQ RI WKH HWKHU� %\ DVVXPLQJ WKDW ߯௛ FRXOG
YLEUDWH DW QDWXUDO IUHTXHQFLHV� DQDORJRXVO\ WR WKH PDVVLYH SDUWLFOHV LQ PHFKDQLFDO WKHRULHV RI
GLVSHUVLRQ� RQH FRXOG HPXODWH WKH IRUPDOLVP RI0LWVFKZLQJXQJHQ IRU ߯ DQG WKHUHIRUH SXUVXH
D VFKHPD RI FR�YLEUDWLRQV EHWZHHQ ߯ DQG WKH HOHFWULF ILHOG RI WKH HWKHU� 8VLQJ WKHVH HTXD�
WLRQV� RQH REWDLQHG ߯ DV D IXQFWLRQ RI WKH IUHTXHQF\ RI OLJKW� �ߥ WKDW ZDV REYLRXVO\ WKH VDPH
DV ݊ሺߥሻ� ,Q WKH ODVW VWHS� 'UXGH SXW IRUZDUG WKDW� LQ WKH VDPH ZD\ DV WKH HOHFWULFDO SRODUL]D�
WLRQ RI HWKHU ZDV FKDUDFWHUL]HG E\ WKH GLHOHFWULF FRQVWDQW� ߳଴� WKH SRODUL]DWLRQ RI HDFK PDWWHU
SDUWLFOH ZDV FKDUDFWHUL]HG E\ D QHZ GLHOHFWULF FRQVWDQW� ߳௛� ,Q WKHVH WHUPV� WKH GLYHUJHQFH
݊ଶെ߳଴ FRLQFLGHG H[DFWO\ ZLWKσ߳௛ሺߥሻ� ZKLFK SOD\HG WKH VDPH UROH DV WKH UDWLR PHQWLRQHGݎ
DERYH���

7KURXJK WKLV LQJHQLRXV PHWKRG RI FRPELQLQJ WKH 0LWVFKZLQJXQJHQ PRGHO� HOHFWUR�
PDJQHWLF YDULDEOHV� DQG QHZ HOHFWURPDJQHWLF SDUDPHWHUV� 'UXGH UHDFKHG D WZRIROG JRDO�
ILUVW� KH UHVWRUHG WKH HTXLYDOHQFH EHWZHHQ RSWLFDO DQG HOHFWURPDJQHWLF FRQVWDQWV� VR WKDW
݊ሺߥሻଶ ൌ ߳଴ ൅σ߳௛ሺߥሻ� DQG VHFRQG� KH RXWOLQHG D SURFHGXUH WR PRGLI\ 0D[ZHOO¶V HTXDWLRQV
LQ FDVHV ZKHUH WKH DFWLRQ RI PDWWHU KDG WR EH WDNHQ LQWR DFFRXQW� ZLWKRXW PDNLQJ JHQHUDO
FODLPV DERXW WKH XQLILFDWLRQ RI HOHFWURPDJQHWLVP DQG PHFKDQLFV� 0RUH VSHFLILFDOO\� ߯௛
IROORZHG WKH HTXDWLRQV RI PRWLRQ RI PDWWHU� WR ZLW WKH 0LWVFKZLQJXQJHQ� DQG LQ WKLV ZD\
FRQWULEXWHG WR WKH EHKDYLRU RI WKH JHQHUDO V\VWHP� 0D[ZHOO¶V HTXDWLRQV UHPDLQHG IRUPDOO\
XQWRXFKHG LI RQH FRQVLGHUHG ߳ LQVWHDG RI ߳଴� (IIHFWLYHO\� 'UXGH KDG H[WHQGHG WR RSWLFDO GLV�
SHUVLRQ WKH SRVVLELOLW\ RI VZLWFKLQJ IURP WKH PHFKDQLFDO WR WKH HOHFWURPDJQHWLF IUDPHZRUN
WKURXJK D VLPSOH FKRLFH RI ODQJXDJH� 7ZR RWKHU DVVXPSWLRQV DERXW PDWWHU ZHUH EURXJKW LQ
ZLWK WKH 0LWVFKZLQJXQJHQ PRGHO� LWV PLFURVWUXFWXUH DQG WKH LQGHSHQGHQFH RI HDFK SDUWLFOH
LQ JLYLQJ ULVH WR PDFURVFRSLF HIIHFWV� ZKLFK KHQFH ERLOHG GRZQ WR WKH VLPSOH VXP RI LQGL�

��,W LV UHPDUNDEOH WKDW 'UXGH WRRN YRQ +HOPKROW]¶V VHW RI PHFKDQLFDO HTXDWLRQV IRU GLVSHUVLRQ� ODLG GRZQ LQ �����
DV D EDVLV IRU FRPSDULVRQ �YRQ +HOPKROW] ������ EXW QRW YRQ +HOPKROW]¶V ���� HOHFWURPDJQHWLF WKHRU\� /LPLWLQJ
KLPVHOI WR D IRUPDO FRPSDUDWLYH DQDO\VLV� 'UXGH FKRVH YRQ +HOPKROW]¶V ���� PHFKDQLFDO WKHRU\� ³VLQFH LW VXSSOLHG
WKH IRUP RI WKH GLIIHUHQWLDO HTXDWLRQV LQ WKH PRVW SUHFLVH DQG DQVFKDXOLFKVWHQ >FOHDUHVW� PRVW LQWXLWLYH@ ZD\´ �'UXGH
����� �����
��,Q IDFW� LQ KLV ���� SDSHU� 'UXGH PHQWLRQHG DQ LQVSLULQJ H[FKDQJH RI OHWWHUV ZLWK +HUW]�
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YLGXDO DFWLRQV� 1R K\SRWKHVLV DERXW WKH QDWXUH RI WKRVH SDUWLFOHV ZDV RIIHUHG� DV IRU H[DPSOH
WKHLU LGHQWLILFDWLRQ ZLWK HOHFWURO\WLF LRQV�

����� 3K\VLN GHV $HWKHUV DQG 'UXGH¶V $GYRFDF\ RI WKH (OHFWURPDJQHWLF
7KHRU\ RI /LJKW

,Q KLV ILUVW WH[WERRN 3K\VLN GHV $HWKHUV ������� 'UXGH GHFLVLYHO\ VLGHG ZLWK WKH HOHFWURPDJ�
QHWLF WKHRU\ RI OLJKW� 7KH ERRN ZDV WKH UHVXOW RI KLV OHFWXUHV RQ HOHFWURPDJQHWLVP DW WKH
8QLYHUVLW\ RI *|WWLQJHQ EHWZHHQ ���� DQG ����� ,Q WKH ILUVW SDUW RI WKH YROXPH� 'UXGH DQ�
DO\]HG WKH SURSHUWLHV RI WKH HOHFWURPDJQHWLF ILHOG� +LV JRDO ZDV ³WR GHULYH� RQ WKH EDVLV RI
IXQGDPHQWDO H[SHULPHQWV� WKH VWULFWO\ QHFHVVDU\ IRUPXODV IRU WKH PDWKHPDWLFDO FKDUDFWHUL�
]DWLRQ RI REVHUYDEOH IHDWXUHV´ �'UXGH ����� YL�� ,Q WKLV ZD\� 'UXGH SDVVHG RYHU FRPSOHWHO\
WKH HWKRV RI H[DFWLWXGH RI KLV PDVWHUV� +H GLG QRW DLP DW WKH GHWHUPLQDWLRQ RI WKH (UNOl�
UXQJVV\VWHPH IURP K\SRWKHVHV RQ WKH XOWLPDWH QDWXUH RI HWKHU� EXW IURP EHORZ� QDPHO\ IURP
HOHFWURPDJQHWLF SKHQRPHQD� )XUWKHU� KH H[SOLFLWO\ UHVWUDLQHG KLPVHOI IURP DQ\ DWWHPSW WR
EDVH HOHFWURPDJQHWLVP RQ PHFKDQLFDO SULQFLSOHV� D WDVN WKDW� DFFRUGLQJ WR KLP� ZDV ³RQO\
MXVWLILHG >«@ DV D QHFHVVLW\ RI WKH QDWXUDO SKLORVRSKHUV´ �'UXGH ����� YL��

,Q WKH VHFRQG SDUW RI WKH ERRN� 'UXGH WDFNOHG RSWLFDO SKHQRPHQD IURP WKH SRLQW RI YLHZ
RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW� 'UXGH SXVKHG IRU WKH DGRSWLRQ RI WKLV WKHRU\ LQ YLHZ
RI WKH XQLILFDWLRQ RI RSWLFDO DQG HOHFWURPDJQHWLF SKHQRPHQD WKURXJK WKH FRPPRQ (UNOl�
UXQJVV\VWHP DQG WKH FRLQFLGHQW PDQLIHVWDWLRQV RI RSWLFDO DQG HOHFWURPDJQHWLF SKHQRPHQD
LQ H[SHULPHQWV� ,Q SDUWLFXODU� +HUW]¶V GLVFRYHU\ WKDW HOHFWURPDJQHWLF ZDYHV SURSDJDWHG DW
WKH YHORFLW\ RI OLJKW ZDV NH\ WR 'UXGH¶V DGYRFDF\ RI VXFK D XQLILFDWLRQ�

7KH IDFW WKDW WKH HTXLYDOHQFH RI WKH SURSHUWLHV �RI OXPLIHURXV DQG HOHFWURPDJ�
QHWLF HWKHU� LV QRW VHUHQGLSLWRXV� EXW VRPHWKLQJ GHHSO\ HQWUHQFKHG LQ WKH QDWXUH
RI WKH WKLQJ� ZDV DOUHDG\ DQ LGHD WKDW 0D[ZHOO DUWLFXODWHG LQ ����� ZKHQ RQH
ZDV QRW VR IDU DZD\ IURP SRVVHVVLQJ WKH UHVRXUFHV� ZLWK ZKLFK +HUW] KDV SURYHG
WKLV DQDORJ\ LQ VXFK DQ HYLGHQW ZD\� �'UXGH ����� ����

+HQFH 'UXGH¶V XQLILFDWLRQ RI HOHFWURPDJQHWLVP DQG RSWLFV LPSOLHG WKDW WKH RSWLFDO HWKHU
ZDV HOHFWURPDJQHWLF LQ QDWXUH� ZKLFK� IRU KLP� PHDQW WKDW WKH PDWKHPDWLFDO WHUPV LQ RSWLFDO
HTXDWLRQV VKRXOG EH LQWHUSUHWHG XVLQJ WKH ODQJXDJH RI HOHFWURPDJQHWLVP� 'UXGH¶V XQLILFDWLRQ
RI HOHFWURPDJQHWLVP DQG RSWLFV HYHQWXDOO\ UHVXOWHG LQ D GLYLGH EHWZHHQ HOHFWURPDJQHWLVP
DQG PHFKDQLFV� WKH HWKHU ZDV HOHFWURPDJQHWLF LQ HVVHQFH� ZKLOH PHFKDQLFV RQO\ VHUYHG WR
PRGHO WKH G\QDPLFV RI PDWHULDO REMHFWV� ,I WKHUH ZDV QRWKLQJ EH\RQG HTXDWLRQV DQG WKH
ODQJXDJH WR GHVFULEH WKHP� VXFK DV PHFKDQLFDO SULQFLSOHV� WKHUH ZDV QR ZD\ WR XQLI\ WKH
WZR GRPDLQV RI PHFKDQLFV DQG HOHFWURPDJQHWLVP� 'UXGH¶V PRYH WKXV ZHQW SUHFLVHO\ LQ
WKH RSSRVLWH GLUHFWLRQ RI 9RLJW¶V DWWHPSW WR SUHVHUYH WKH JHQHUDOLW\ LQ RSWLFV WKURXJK WKH
³LQFRQWHVWDEOH SULQFLSOHV RI PHFKDQLFV�´

$IWHU HQGRUVLQJ WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW� 'UXGH WXUQHG WR RSWLFDO SKHQRPHQD
WKDW FDOOHG IRU WKH FRPELQDWLRQ RI HOHFWURPDJQHWLF ZDYHV ZLWK WKH PRWLRQ RI PLFURSDUWLFOHV
RI PDWWHU� RSWLFDO GLVSHUVLRQ DQG WKH QDWXUDO URWDWLRQ RI OLJKW� 7KH VHFRQG SKHQRPHQRQ FRQ�
VLVWHG LQ WKH FKDQJH LQ WKH GLUHFWLRQ RI OLJKW SRODUL]DWLRQ ZKHQ OLJKW SDVVHG WKURXJK FHUWDLQ
WUDQVSDUHQW PHGLD� H�J� TXDUW]� 7KLV FKDQJH RI GLUHFWLRQ� PHDVXUHG E\ WKH DQJOH �ߜ ZDV GH�
SHQGHQW RQ WKH FRORU RI WKH OLJKW� KHQFH LW VKRZHG IHDWXUHV VLPLODU WR GLVSHUVLRQ� H[SUHVVHG
WKURXJK WKH IXQFWLRQDO UHODWLRQ �ሻߥሺߜ )ROORZLQJ KLV ���� UHDVRQLQJ� 'UXGH DUJXHG WKDW WKH



�� �� 'UXGH¶V /HKUEXFK �0� -RUGL�

DFWLRQ RI PDWWHU SDUWLFOHV PRGLILHG 0D[ZHOO¶V HTXDWLRQV WKURXJK WKHLU FRQWULEXWLRQ WR WKH
HOHFWURPDJQHWLF FRQVWDQWV� %XW FRQWUD ����� 'UXGH QRZ UHODWHG WKH PLFURGLHOHFWULF FRQ�
VWDQWV� ߳௛� WR HOHFWULFDO PLFURFXUUHQWV� �௛ݑ WKDW FURVVHG HDFK PDWWHU SDUWLFOH RI NLQG ݄� 7KXV�
RQ WKH RQH KDQG� RQH KDG WKH FXUUHQW GHQVLW\� �଴ݑ RI WKH HWKHU� ZKLFK IROORZHG 0D[ZHOO¶V
HTXDWLRQ� ଴ݑ ൌ ఢబ

ସగ௖
ௗ௑
ௗ௧ � ܺ EHLQJ WKH H[WHUQDO HOHFWULF ILHOG RI OLJKW� 2Q WKH RWKHU� RQH KDG WKH

PLFURFXUUHQWV� �௛ݑ ZKLFK ZHUH WKHPVHOYHV VXEMHFW WR WKH SDUWLFOH PRWLRQV� ,Q WKH FDVH RI RS�
WLFDO GLVSHUVLRQ� WKH PRWLRQ FRQVLVWHG LQ KDUPRQLF RVFLOODWLRQV� +HQFH� XQGHU WKH LQIOXHQFH
RI DQ H[WHUQDO HOHFWULF ILHOG� ܺ� FRPLQJ IURP OLJKW� WKH PLFURFXUUHQWV IROORZHG WKH HTXDWLRQ�

௛ݑ ൅ ܽ௛
௛ݑ݀
ݐ݀ ൅ ܾ௛

݀ଶݑ௛
ଶݐ݀ ൌ ߳௛
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ܽ௛ DQG ܾ௛ EHLQJ WZR FRHIILFLHQWV UHODWHG WR IULFWLRQDO DQG YLEUDWLRQDO WHUPV� UHVSHFWLYHO\� ,Q
WKH VDPH IDVKLRQ� WR H[SODLQ WKH QDWXUDO URWDWLRQ RI OLJKW� 'UXGH DVVXPHG WKDW WKH PLFURFXU�
UHQWV XQGHUZHQW D VSLUDO PRWLRQ� 7KLV RWKHU NLQG RI0LWEHZHJXQJ �FR�PRWLRQ� ZLWK WKH HWKHU
ZDV DOVR LQ JRRG DJUHHPHQW ZLWK REVHUYDEOH IDFWV���

'UXGH FRQFOXGHG KLV ERRN ZLWK D SURJUDPPDWLF VHFWLRQ� LQ ZKLFK KH FDOOHG DWWHQWLRQ
WR WKH VWDWH RI WKH DUW FRQFHUQLQJ PDJQHWR�RSWLFDO SKHQRPHQD� $V LQ WKH FDVH RI RSWLFDO
GLVSHUVLRQ DQG WKH QDWXUDO URWDWLRQ RI OLJKW� WKHVH SKHQRPHQD VWHPPHG IURP D SURFHVV RI
OLJKW�PDWWHU LQWHUDFWLRQ� WKH GLIIHUHQFH EHLQJ WKDW DQ H[WHUQDO PDJQHWLF ILHOG ZDV DSSOLHG�
7KH .HUU HIIHFW� PHQWLRQHG HDUOLHU� DQG WKH PDJQHWR�URWDWLRQ RI OLJKW SRODUL]DWLRQ �QRZD�
GD\V FDOOHG WKH )DUDGD\ HIIHFW� ZHUH WKH WZR PRVW FRPPRQ LQVWDQFHV RI PDJQHWR�RSWLFDO
SKHQRPHQD WKHQ NQRZQ� 7KH ODWWHU FRQVLVWHG RI WKH URWDWLRQ RI OLJKW SRODUL]DWLRQ ZKHQ OLJKW
SDVVHG WKURXJK D WUDQVSDUHQW PDWHULDO XQGHU WKH LQIOXHQFH RI D PDJQHWLF ILHOG� DQG LW KDG EHHQ
ILUVW SURGXFHG E\0LFKDHO )DUDGD\ ������� 7KH 6FRWWLVK SK\VLFLVW -RKQ .HUU REVHUYHG D VLP�
LODU SKHQRPHQRQ ������� SRODUL]HG OLJKW UHIOHFWHG E\ D PDJQHWL]HG PDWHULDO H[SHULHQFHG D
FKDQJH LQ WKH GLUHFWLRQ RI SRODUL]DWLRQ� ,Q IDFW� DV HDUO\ DV ����� 'UXGH KDG DOUHDG\ GHDOW
ZLWK WKH .HUU HIIHFW LQ WKH YHLQ RI SUDFWLFDO SK\VLFV� KH XQGHUWRRN D FRPSDUDWLYH DQDO\VLV
RI WKH YDULRXV (UNOlUXQJVV\VWHPH VXJJHVWHG KLWKHUWR IRU WKH .HUU HIIHFW� UHOLQTXLVKLQJ DQ\
SK\VLFDO K\SRWKHVLV UHJDUGLQJ WKH PLFURVFRSLF PHFKDQLVP WKDW FRXOG JLYH ULVH WR WKH FRUUH�
VSRQGLQJ PDWKHPDWLFDO GHVFULSWLRQ �'UXGH ����E�� ,Q ����� KRZHYHU� 'UXGH UHJDUGHG VXFK
D PDWKHPDWLFDO DSSURDFK DV LQVXIILFLHQW� +H ODPHQWHG WKDW

VR IDU RQH KDV RQO\ EHHQ DEOH WR HVWDEOLVK RQH VDWLVIDFWRU\ PDWKHPDWLFDO (U�
NOlUXQJVV\VWHP IRU WKH RSWLFDO IHDWXUHV RI PDJQHWLFDOO\ DFWLYH ERGLHV� ZLWKRXW
EHLQJ DEOH WR JLYH D SK\VLFDO MXVWLILFDWLRQ RI WKH (UNOlUXQJVV\VWHP� LQ VXFK D
ZD\ WKDW LW ZRXOG EH SRVVLEOH EHIRUHKDQG WR FRPSXWH WKHRUHWLFDOO\ WKH PDJQHWR�
RSWLFDO IHDWXUHV RQ WKH EDVLV RI RWKHU SK\VLFDO SURSHUWLHV RI ERGLHV� �'UXGH �����
���±����

$V D PDWWHU RI IDFW� 'UXGH GLG QRW DWWHPSW WR JLYH D SK\VLFDO H[SODQDWLRQ RI PDJQHWR�
RSWLFDO SKHQRPHQD� DW OHDVW QRW IRU WKH WLPH EHLQJ� %XW KLV SURJUDPPDWLF FODLP HSLWRPL]HG
D VKLIW LQ KLV KHXULVWLF VWUDWHJ\� IURP HWKHU SURSHUWLHV WR WKH EHKDYLRU RI PLFURVFRSLF PDWWHU
��,W PXVW EH HPSKDVL]HG WKDW 'UXGH¶V SKHQRPHQRORJLFDO DSSURDFK HQWDLOHG DQ LPSRUWDQW FRQFHSWXDO GLIIHUHQFH
IURP /RUHQW]¶V DQG YRQ +HOPKROW]¶V HOHFWURPDJQHWLF FRQVWUXFWLRQV RI RSWLFDO GLVSHUVLRQ� ZKLOH IRU WKH ODWWHU WZR
WKH HOHFWULFDO IRUFH H[HUWHG RQ HDFK SDUWLFOH FRPSULVHG ERWK WKH HOHFWULF ILHOG RI HWKHU DQG WKH HOHFWULFDO SRODUL]DWLRQ
RI WKH SDUWLFOHV� 'UXGH LGHQWLILHG H[WHUQDO IRUFH ZLWK WKH HOHFWULF ILHOG RI WKH HWKHU� , XVHG WKH WHUP0LWEHZHJXQJ IRU
EUHYLW\¶V VDNH�
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SDUWLFOHV� $OVR WKH SKHQRPHQD RI IOXRUHVFHQFH DQG SKRVSKRUHVFHQFH FDOOHG IRU DQ RSWLFDO
WKHRU\ EDVHG RQ D SK\VLFDO PRGHO RI WKH EHKDYLRU RI PROHFXOHV LQ KLV RSLQLRQ� ,Q /HKUEXFK
GHU 2SWLN� 'UXGH HODERUDWHG DW OHQJWK RQ WKLV ODFN RI D SK\VLFDO LQWHUSUHWDWLRQ RI RSWLFDO
SKHQRPHQD� %XW PXFK ZDV VWLOO WR FRPH EHWZHHQ ���� DQG �����

��� /HLS]LJ ����±����� )URP 3K\VLN GHV $HWKHUV WR /HKUEXFK GHU 2SWLN

����� 3K\VLN GHV $HWKHUV DQG 'UXGH¶V 3URJUDP LQ /HLS]LJ

3K\VLN GHV $HWKHUV ZDV YHU\ LQIOXHQWLDO LQ LQWURGXFLQJ 0D[ZHOO¶V HOHFWURPDJQHWLVP DQG
HOHFWURPDJQHWLF RSWLFV LQWR *HUPDQ 8QLYHUVLWLHV �.|QLJ ������ DQG PRUH VSHFLILFDOO\� LQ
LQWURGXFLQJ 'UXGH¶V RZQ YLHZ RI WKH ILHOG� ,Q FRPSDULVRQ WR WKH PRVW SURPLQHQW ERRNV RQ
HOHFWURPDJQHWLVP DW WKH WLPH� HVSHFLDOO\ /XGZLJ %ROW]PDQQ¶V 9RUOHVXQJHQ �EHU 0D[ZHOOV
7KHRULH GHU (OHNWUL]LWlW XQG GHV /LFKWHV ������ DQG +HQUL 3RLQFDUp¶V (OHFWULFLWp HW RSWLTXH
������� 3K\VLN GHV $HWKHUV ������� 'UXGH¶V ERRN� FRQWDLQHG D JUHDW GHDO RI LQQRYDWLYH PD�
WHULDO� LQ SDUWLFXODU DERXW RSWLFV� ,W SUHVHQWHG WKH ILUVW V\VWHPDWLF HOHFWURPDJQHWLF DFFRXQW RI
RSWLFV� $FWXDOO\� %ROW]PDQQ¶V ERRN ZDV UDGLFDOO\ GLIIHUHQW IURP 'UXGH¶V� %ROW]PDQQ GH�
ULYHG HOHFWURPDJQHWLF HTXDWLRQV E\ FODVVLI\LQJ WKH HWKHU DV D FRPSOLFDWHGPHFKDQLFDO V\VWHP�
DQG KH GLG QRW GHDO ZLWK RSWLFDO SKHQRPHQD EH\RQG UHIUDFWLRQ DQG UHIOHFWLRQ� ,Q FRQWUDVW�
3RLQFDUp¶V DSSURDFK ZDV YHU\ VLPLODU WR 'UXGH¶V� IRU 3RLQFDUp VWXFN WR 0D[ZHOO¶V HTXDWLRQV
IRU UHSUHVHQWLQJ HOHFWURPDJQHWLF SKHQRPHQD� DQG DYRLGHG JLYLQJ WKHP DQ\PHFKDQLFDO IRXQ�
GDWLRQ� 'UXGH DFNQRZOHGJHG 3RLQFDUp¶V LQIOXHQFH LQ WKH LQWURGXFWLRQ RI 3K\VLN GHV $HWKHUV�
,Q SDUWLFXODU� KH IROORZHG 3RLQFDUp LQ FHUWDLQ GHULYDWLRQV RI HOHFWURPDJQHWLF HTXDWLRQV IURP
REVHUYDEOH IHDWXUHV �H�J� WKH LQGXFWLRQ ODZ�� +RZHYHU� 3RLQFDUp GLG QRW H[SORUH WKH FRQ�
VHTXHQFHV RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW LQ LWV LQWHUSOD\ ZLWK WKH PLFURVWUXFWXUH RI
PDWWHU� +H FRQILQHG KLPVHOI WR DFFRXQWLQJ IRU WKH UHIOHFWLRQ DQG UHIUDFWLRQ RI OLJKW� ,Q WKLV
UHJDUG� 'UXGH ZHQW IXUWKHU WKDQ KLV )UHQFK FROOHDJXH�

3K\VLN GHV $HWKHUVZDV DOVR FUXFLDO IRU 'UXGH LQ SURPRWLQJ KLV FDUHHU� ,Q $XJXVW RI WKH
\HDU LW ZDV SXEOLVKHG KH ZDV RIIHUHG DQ H[WUDRUGLQDU\ SURIHVVRUVKLS IRU WKHRUHWLFDO SK\VLFV
LQ /HLS]LJ� DQG LW ZDV SUHFLVHO\ WKH DSSHDUDQFH RI 3K\VLN GHV $HWKHUV WKDW WLSSHG WKH EDODQFH
LQ KLV IDYRU �-XQJQLFNHO DQG 0F&RUPPDFK ����� ����� $OVR LQ ����� 'UXGH PDUULHG (PLOLH
5HJHOVEHUJHU� WKH GDXJKWHU RI D *|WWLQJHQ MXULVW� 7KXV� VKRUWO\ DIWHU WKH ZHGGLQJ� WKH FRXSOH
PRYHG WR /HLS]LJ WR VWDUW D QHZ OLIH� DV ZHOO DV D QHZ FKDSWHU LQ 'UXGH¶V FDUHHU�

'UXGH¶V LQDXJXUDO VSHHFK� KHOG DW WKH 8QLYHUVLW\ RI /HLS]LJ RQ � 'HFHPEHU ����� ZDV
D FOHDU� SURJUDPPDWLF SUHVHQWDWLRQ RI WKH DSSURDFK WR RSWLFV KH KDG EHHQ IRUJLQJ DQG ZDQWHG
WR SXUVXH LQ WKH HQVXLQJ \HDUV �'UXGH ������ 'UXGH¶V GHFLVLRQ WR UHGXFH WKH SK\VLFDO V\VWHP
WR SK\VLFDO ODQJXDJH GHVFULELQJ WKH PDWKHPDWLFDO HTXDWLRQV� ZKDW KH FDOOHG SUDFWLFDO SK\VLFV
LQ ����� ZDV UHLQYLJRUDWHG DQG UHLWHUDWHG�

<RX VHH� WKH JRDOV RI WKH FXUUHQW UHVHDUFK RQ WKHRUHWLFDO SK\VLFV DUH QRW VR H[�
WHQVLYH DV WKH JRDOV RI WKH ROG QDWXUDO SKLORVRSKHUV� 7RGD\ RQH GRHV QRW DVN
DERXW WKH VR�FDOOHG WUXH HVVHQFH RI WKLQJV� ZKLFK JRHV EH\RQG ZKDW LV SHUFHSWL�
EOH� QRW DERXW WKH XOWLPDWH FDXVH RI SKHQRPHQD� 7KH JRDO RI D WKHRU\ LV VLPSO\
WKH GHVFULSWLRQ RI WKH SKHQRPHQDO ZRUOG��� �'UXGH ����� ��

��³3KHQRPHQDO ZRUOG´ LV WKH XVXDO WUDQVODWLRQ RI WKH *HUPDQ SKLORVRSKLFDO WHUP (UVFKHLQXQJVZHOW� +HUHDIWHU� WKH
*HUPDQ ZRUG ZLOO EH XVHG�
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'UXGH VLGHG H[SOLFLWO\ ZLWK (UQVW 0DFK� ZKRP KH IRXQG DQ ³H[FHOOHQW DGYRFDWH´ RI WKH
FDXVH� 7KHVH ZRUGV DFTXLUHG VSHFLDO VLJQLILFDQFH LQ FRQQHFWLRQ ZLWK 'UXGH¶V GHVFULSWLRQ RI
WKH HWKHU� $FFRUGLQJ WR 'UXGH� ³WKH ZRUG µ(WKHU¶ GRHV QRW LQYROYH D QHZ K\SRWKHVLV� EXW
LW LV RQO\ WKH HSLWRPH RI VSDFH IUHH RI PDWWHU� ZKLFK SRVVHVVHV FHUWDLQ SK\VLFDO SURSHUWLHV´
�'UXGH ����� ��� WKXV LW ZDV RQO\ WKH HPERGLPHQW RI 0D[ZHOO¶V HTXDWLRQV�

7KH VXEVHTXHQW VKLIW IURP HWKHU WR PDWWHU DV WKH QHZ KHXULVWLF DURXQG ZKLFK WR GHYHORS
RSWLFDO WKHRULHV ZDV DOVR FOHDUO\ UHIOHFWHG LQ 'UXGH¶V /HLS]LJ VSHHFK� 2Q WKH EDVLV RI WKH
SKHQRPHQRQ RI GLVSHUVLRQ� 'UXGH DUJXHG WKDW ³WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW FDOOV IRU
WKH FRQFHSW RI PROHFXOHV LQ RUGHU WR GHVFULEH WKH RSWLFDO SURSHUWLHV RI PDWWHU LQ WKH HDVLHVW
ZD\� , HPSKDVL]H� RI PDWWHU� QRW HWKHU´ �'UXGH ����� ���� +HUH� WKH PROHFXODU VWUXFWXUH
RI PDWWHU ZDV E\ QR PHDQV WR EH UHJDUGHG DV DQ DG KRF K\SRWKHVLV� EXW ZDV XQHTXLYRFDOO\
DVVRFLDWHG ZLWK REVHUYDEOH SKHQRPHQD� 7KLV K\SRWKHVLV DOVR OHG WR D UH�FDWHJRUL]DWLRQ RI
RSWLFDO SURSHUWLHV� WKHVH ZHUH SURSHUWLHV RI PDWWHU� QRW HWKHU� ZKRVH WUDLWV ZHUH DOUHDG\ ZHOO�
IL[HG E\ 0D[ZHOO¶V HTXDWLRQV� ,Q OLJKW RI WKLV� UHVHDUFK HIIRUWV LQ RSWLFV VKRXOG IRFXV RQ WKH
HOXFLGDWLRQ RI WKH SURSHUWLHV RI PROHFXOHV WKDW OHDG WR WKH SURSHU GHVFULSWLRQ RI SKHQRPHQD�
3K\VLFV RI PDWWHU DQG SK\VLFV RI WKH HWKHU VKRXOG EH FRPELQHG� ZLWKRXW EHLQJ UHGXFLEOH� RQH
WR HDFK RWKHU�

1R VRRQHU VDLG WKDQ GRQH� 'UXGH GHYRWHG KLV UHVHDUFK LQ /HLS]LJ WR H[DPLQLQJ LQ PRUH
GHWDLO LVVXHV UHODWLQJ WR WKH SURJUDP KH DGYDQFHG LQ KLV LQDXJXUDO WDON� ZKLOH KH SHUVLVWHG LQ
KLV PLVVLRQDU\ WDVN WR VSUHDG KLV RZQ YLHZ RI HOHFWURPDJQHWLVP LQ *HUPDQ\� +LV ZRUN PDGH
VLJQLILFDQW SURJUHVV WKURXJK D ���� SDSHU LQ ZKLFK KH SURGXFHG D FRQVLVWHQW DQG HQFRPSDVV�
LQJ DFFRXQW RI RSWLFDO GLVSHUVLRQ DQG PDJQHWR�RSWLFDO SKHQRPHQD �'UXGH ������ GHULYLQJ
WKH (UNOlUXQJVV\VWHPH IURP SK\VLFDO K\SRWKHVHV� 7ZR LPSRUWDQW HYHQWV OHG 'UXGH WR ZRUN
LQ WKLV GLUHFWLRQ� 2Q RQH VLGH ZHUH QRYHO GHYHORSPHQWV LQ PDJQHWR�RSWLFV WKDW FKDQJHG WKH
ILHOG LQ WKH SHULRG EHWZHHQ ���� DQG ����� 2Q WKH RWKHU VLGH ZDV 'UXGH¶V SODQ WR ZULWH D
WH[WERRN RQ RSWLFV� /HKUEXFK GHU 2SWLN� GXULQJ WKH HODERUDWLRQ RI ZKLFK KH ZDV IRUFHG WR
GHDO ZLWK D EURDGHU VSHFWUXP RI LQVLJKWV LQWR WKH ILHOG� 'UXGH KDG EHFRPH RQH RI WKH PRVW
SURPLQHQW ILJXUHV LQ WKH ILHOGV RI RSWLFV DQG HOHFWURPDJQHWLVP E\ WKDW WLPH�

����� 0DJQHWR�RSWLFV DQG WKH ,RQ +\SRWKHVLV

$ QHZ PDJQHWR�RSWLFDO SKHQRPHQRQ KDG EHHQ FKDUDFWHUL]HG H[SHULPHQWDOO\� ZKLFK OHG WR
D JHQHUDO UHYDPSLQJ RI WKH VHDUFK IRU RSWLFDO WKHRULHV LQ PDJQHWR�RSWLFV� ,Q ���� 3LHWHU
=HHPDQ� /RUHQW]¶V VWXGHQW LQ /HLGHQ� KDG GHWHFWHG WKDW WKH VSHFWUDO ' OLQH DW ZKLFK VRGLXP
YDSRU HPLWWHG OLJKW VSOLW LQWR GLIIHUHQW FRPSRQHQWV ZKHQ D PDJQHWLF ILHOG ZDV DSSOLHG �=HH�
PDQ ����D� ����E�� =HHPDQ XVHG WKH WKHRUHWLFDO LQVLJKWV RI KLV PDVWHU WR DQDO\]H KRZ WKH
VSOLW RI VSHFWUDO OLQHV FRXOG EH UHODWHG WR WKH PLFURVWUXFWXUH RI VRGLXP DWRPV� )XQGDPHQWDO
LQ /RUHQW]¶V DFFRXQW ZDV WKH K\SRWKHVLV WKDW LRQV HPLWWHG OLJKW DW WKH IUHTXHQFLHV RI WKHLU
PHFKDQLFDO PRWLRQV� LQ WKH VDPH IDVKLRQ DV LQ WKH 0LWVFKZLQJXQJHQ PRGHO� 7KH RQO\ GLI�
IHUHQFH ZDV WKDW� LQ WKH FDVH RI GLVSHUVLRQ� OLJKW ZDV DEVRUEHG DW VSHFLILF IUHTXHQFLHV� ZKLOH
LQ WKH FDVH RI VSHFWUDO OLQHV� LW ZDV HPLWWHG DW VSHFLILF IUHTXHQFLHV� )XUWKHU� /RUHQW] SXW
IRUZDUG WKDW� XSRQ WKH DSSOLFDWLRQ RI D PDJQHWLF ILHOG� WKH LQLWLDO PRWLRQ RI WKH LRQV ZDV
GHFRPSRVHG LQWR WKUHH FRPSRQHQWV� OHDGLQJ WR GLIIHUHQW IUHTXHQFLHV� RQH OLQHDUO\ SRODU�
L]HG RVFLOODWLRQ DQG WZR FLUFXODUO\ SRODUL]HG LQ RSSRVLWH GLUHFWLRQV� ([SORLWLQJ WKLV SK\VLFDO
PRGHO� =HHPDQ FRXOG XVH WKH H[SHULPHQWDO GDWD WR FDOFXODWH WKH FKDUJH�WR�PDVV UDWLR� ݁Ȁ݉�
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RI WKH LRQV� ZKLFK KDG SUHYLRXVO\ RQO\ EHHQ DVVXPHG� ,W ZDV LQGHHG WKH ILUVW FDOFXODWLRQ RI
LRQLF SURSHUWLHV RXWVLGH WKH ILHOG RI HOHFWURO\VLV���

$IWHU ����� :ROGHPDU 9RLJW DOVR EHFDPH YHU\ DFWLYH LQ GLVFXVVLRQV RI PDJQHWR�RSWLFV�
+H KDG UHFHQWO\ ³FRQYHUWHG´ WR WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW� DQG KLV FRQWULEXWLRQV
WR PDJQHWR�RSWLFV ZHUH ZHOO DSSUHFLDWHG E\ 'UXGH� LQ ERWK WKH ���� SDSHU DQG WKH ����
/HKUEXFK GHU 2SWLN� $FWXDOO\� /RUHQW]� 9RLJW� DQG 'UXGH DWWHQGHG WKH ��WK 0HHWLQJ RI *HU�
PDQ 1DWXUDO 6FLHQWLVWV DQG 3K\VLFLDQV LQ '�VVHOGRUI� KHOG LQ ����� DQG WKH\ FRXOG SUREDEO\
KDYH H[FKDQJHG RSLQLRQV RQ WKH QHZ� IDVKLRQDEOH WRSLF RI PDJQHWR�RSWLFV� ,Q ���� 9RLJW
DOVR ODLG GRZQ D FRPSUHKHQVLYH WKHRU\ RI PDJQHWR�RSWLFDO SKHQRPHQD� WDNLQJ ³WKH V\VWHP
RI HTXDWLRQV WKDW 'UXGH KDG GHYHORSHG RQ WKH EDVLV RI +HUW]¶V ZRUN DV KLV VWDUWLQJ SRLQW´
�9RLJW ����� ����� ,Q SDUWLFXODU� KH EXLOW XSRQ 'UXGH¶V ���� SDSHU RQ GLVSHUVLRQ DQG KLV VR�
OXWLRQ RI PRGLI\LQJ WKH HOHFWURPDJQHWLF FRQVWDQWV LQ RUGHU WR LQWHJUDWH WKH DFWLRQV RI PDWWHU
LQWR RSWLFV� 9RLJW DOVR DGRSWHG 'UXGH¶V ODQJXDJH RI (UNOlUXQJVV\VWHP� /LJKW HTXDWLRQV ZHUH
FRPSOHPHQWHG E\ GLIIHUHQW YHFWRUV� ௛ܲ� DFFRXQWLQJ IRU WKH DFWLRQ RI PDWWHU� 1HYHUWKHOHVV�
9RLJW GLG QRW LQWHUSUHW WKH YHFWRUV ௛ܲ SK\VLFDOO\� VWLFNLQJ IRU WKH WLPH EHLQJ� WR WKH PDWK�
HPDWLFDO IRUP RI (UNOlUXQJVV\VWHPH� 'UXGH DFNQRZOHGJHG 9RLJW¶V (UNOlUXQJVV\VWHPH IRU
WKH =HHPDQ DQG )DUDGD\ HIIHFWV LQ KLV RZQ ����� RYHUDUFKLQJ DFFRXQW RI PDJQHWR�RSWLFDO
SKHQRPHQD� %XW LQ WKLV SDSHU KH ZHQW D VWHS IXUWKHU WKDQ 9RLJW� 'UXGH UHODWHG HDFKPDJQHWR�
RSWLFDO (UNOlUXQJVV\VWHP WR RQH K\SRWKHWLFDO NLQG RI PRWLRQ RI WKH PLFURVFRSLF SDUWLFOHV LQ
WKHLU LQWHUDFWLRQ ZLWK WKH HWKHU� ZKLFK FRXOG H[SODLQ LWV VSHFLILF VHW RI GLIIHUHQWLDO HTXDWLRQV�
7KH LQFRUSRUDWLRQ RI D QHZ HOHPHQW� WKH LRQ� LQWR 'UXGH¶V SLFWXUH RI WKH PLFURVWUXFWXUH RI
PDWWHU ZDV LQVWUXPHQWDO LQ DFKLHYLQJ WKH QHZ DFFRXQW� 'UXGH UHSODFHG KLV HDUOLHU ODQJXDJH
RI PLFURFXUUHQWV ZLWK WKH QHZ ODQJXDJH RI LRQV� DUJXLQJ WKDW ³WKH HDVLHVW IRXQGDWLRQ RI WKH
WKHRU\ RI GLVSHUVLRQ LV HPERGLHG LQ Y� +HOPKROW]¶V DVVXPSWLRQ RI PRYLQJ DQG HOHFWULFDOO\
FKDUJHG LRQV´ �'UXGH ����� ����� %RWK 'UXGH¶V PDQHXYHU DQG KLV WKHRUHWLFDO MXVWLILFDWLRQ
GHVHUYH FORVH VFUXWLQ\� 'LG 'UXGH¶V FKDQJH RI PLQG PHDQ WKDW QRZ KH DJUHHG ZLWK YRQ
+HOPKROW]¶V ����±���� VWUDWHJ\ WR UHGXFH HOHFWURPDJQHWLVP WR PHFKDQLFDO SULQFLSOHV ZKHQ
ILJXULQJ RXW DQ HOHFWURPDJQHWLF WKHRU\ RI RSWLFDO GLVSHUVLRQ"

'UXGH ERUURZHG YRQ +HOPKROW]¶V LRQ K\SRWKHVLV EXW QRW YRQ +HOPKROW]¶V RYHUDOO DS�
SURDFK� 'UXGH IRXQG LQVSLUDWLRQ IRU KLV DSSURDFK LQ WKH ZRUN RI 5LFKDUG $XJXVW 5HLII� ZKR�
LQ ����� KDG SXEOLVKHG D ERRN WLWOHG 7KHRULH PROHNXODU�HOHNWULVFKHU 9RUJlQJH �5HLII ������
7KH VWDQGSRLQW 5HLII GHYHORSHG WKHUH ZDV VLPLODU WR 'UXGH¶V� )RU 5HLII KDG

>D@ERYH DOO DYRLGHG WKRVH GHYHORSPHQWV WKDW RQO\ KDG PDWKHPDWLFDO LQWHUHVW� ,
KDYH QRW XVHG WKH SULQFLSOH RI OHDVW DFWLRQ IRU WKH GHULYDWLRQV RI HTXDWLRQV� EXW
, KDYH GHULYHG WKH PRWLRQ HTXDWLRQV RI LRQV IURP PROHFXODU FRQVLGHUDWLRQV� LQ
RUGHU WR DWWDLQ WKH HDVLHVW LQWHUSUHWDWLRQ RI WKH HTXDWLRQV� )RU WKLV SXUSRVH , XVH
WKH ODQJXDJH RI DWRPLVP� �5HLII ����� YLL�

5HLII¶V SURFHGXUH FRQVLVWHG LQ VWDWLQJ ILUVW RI DOO WKH HTXDWLRQ RI PRWLRQ RI LRQV RI FKDUJH
GHQVLW\ ݁ DQG PDVV GHQVLW\݉ XQGHU WKH LQIOXHQFH RI WKH HOHFWULF ILHOG RI OLJKW ܺ� )RU H[DP�
SOH� LQ WKH FDVH RI GLVSHUVLRQ� WKH LRQV EHLQJ SUHVXPDEO\ VXEMHFW DOVR WR HODVWLF IRUFHV� WKH
HOHFWULFDO PRPHQW ߦ RI WKH LRQV FRXOG EH H[SUHVVHG LQ WKH IROORZLQJ ZD\�

��)RU PRUH LQIRUPDWLRQ DERXW WKH LQWHUSOD\ EHWZHHQ WKHRU\ DQG H[SHULPHQW LQ =HHPDQ¶V URXWH WR KLV H[SHULPHQWV
DQG DQDO\VHV� VHH �$UDEDW]LV ����� +HQWVFKHO ����� .R[ ������
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ݎ EHLQJ WKH FRHIILFLHQW RI WKH IULFWLRQDO IRUFH� DQG ߠ WKH FRHIILFLHQW IRU WKH HODVWLF IRUFH� %\
VXSSRVLQJ WKDW ERWK ܺ DQG ߦ ZHUH ZDYH IXQFWLRQV KDYLQJ WKH IUHTXHQF\ RI OLJKW �ߥ WKH ODWWHU
ZLWK D SKDVH GHOD\ FKDUDFWHUL]HG WKURXJK WKH LQGH[ RI UHIUDFWLRQ ݊� RQH HDVLO\ REWDLQHG DQ
H[SUHVVLRQ IRU ݊ GHSHQGLQJ RQ ߥ LGHQWLFDO WR WKH RQH GHULYHG IURP WKH 0LWVFKZLQJXQJHQ
PRGHO� 7KXV WKH PRWLRQ RI LRQV LQ 5HLII¶V SLFWXUH ZRUNHG YHU\ VLPLODUO\ WR WKH PRWLRQ RI
PLFURFXUUHQWV LQ 'UXGH¶V SLFWXUH� $W DQ\ UDWH� WKH HWKHU SHUVLVWHG LQ EHLQJ DQ HPERGLPHQW RI
0D[ZHOO HTXDWLRQV� WKXV LW ZDV RQO\ WKH PRWLRQ RI PLFURSDUWLFOHV RI PDWWHU ZKLFK PRGLILHG
RSWLFDO FRQVWDQWV� ,Q WKLV VHQVH� 'UXGH¶V DGRSWLRQ RI WKH LRQ HVVHQWLDOO\ LPSOLHG D UHSODFHPHQW
RI WKH PLFURFXUUHQWV� �௛ݑ LQ KLV HDUOLHU DFFRXQWV E\ LRQV� DQG WKHUHIRUH WKH LGHQWLILFDWLRQ RI
WKH PRWLRQ RI WKH FKDUJH ZLWK WKH PRWLRQ RI WKH PDVV RI WKH LRQV�

$SDUW IURP WKHLU YLEUDWLRQV� ZKLFK H[SODLQHG RSWLFDO GLVSHUVLRQ� LQ ����'UXGH DVVXPHG
WKDW LRQV XQGHUZHQW WZR RWKHU� GLIIHUHQW NLQGV RI PRWLRQ� VSLUDO PRWLRQV DQG DOVR WUDQVODWLRQV
SHUSHQGLFXODU WR WKHPDJQHWLF ILHOG� 'UXGH UHODWHG WKH ILUVW NLQG RI EHKDYLRU WR WKH.HUU HIIHFW�
7KHQ 'UXGH DUJXHG WKDW WKH (UNOlUXQJV\VWHPH IRU WKH =HHPDQ DQG )DUDGD\ HIIHFWV FRXOG EH
REWDLQHG E\ DVVXPLQJ LRQV SHUIRUPHG WKH VHFRQG NLQG RI PRWLRQ� $OWRJHWKHU� ZLWK WKH ����
SDSHU� 'UXGH ODLG GRZQ WKH ILUVW FRPSUHKHQVLYH DFFRXQW RI PDJQHWR�RSWLFDO SKHQRPHQD RQ
WKH EDVLV RI D V\VWHPDWLF FRPELQDWLRQ RI HOHFWURPDJQHWLF HTXDWLRQV DQG WKH LRQ K\SRWKHVLV�
/HKUEXFK GHU 2SWLN FRQVLVWHG RI D IXOO�IOHGJHG H[SDQVLRQ RI WKLV ³LRQ WXUQ´ LQWR ERRN IRUP�
IURP RSWLFDO GLVSHUVLRQ WR DOO YDULHWLHV RI PDJQHWR�RSWLFDO SKHQRPHQD NQRZQ DW WKDW WLPH�
WRJHWKHU ZLWK IOXRUHVFHQFH DQG SKRVSKRUHVFHQFH� :H FDQ VD\ WKDW ZLWK /HKUEXFK GHU 2SWLN
'UXGH IXOILOOHG WKH SURJUDPPDWLF DLPV SUHVHQWHG LQ WKH ODVW FKDSWHU RI 3K\VLN GHV $HWKHUV�

$OWKRXJK KLV DSSURSULDWLRQ RI WKH LRQ K\SRWKHVLV VXSSOHPHQWHG QLFHO\ 'UXGH¶V DS�
SURDFK DQG IXOILOOHG KLV UHTXLUHPHQWV IRU D SK\VLFDO LQWHUSUHWDWLRQ RI RSWLFV� LW PXVW EH HP�
SKDVL]HG WKDW WKH SDUWLFXODU DGRSWLRQ RI WKH LRQ FDQQRW EH MXVWLILHG IXOO\ IURP WKH SRLQW RI
YLHZ RI SUDFWLFDO SK\VLFV� 7KH PROHFXODU VWUXFWXUH RI PDWWHU DQG WKH SRVVLELOLW\ RI SDUWLFOHV
JHQHUDWLQJ WLPH�YDU\LQJ HOHFWULFDO SRODUL]DWLRQV ZDV HQRXJK IRU WKDW SXUSRVH� 3RODUL]DWLRQV
DQG IUHTXHQFLHV ZHUH WKH PHDVXUDEOH TXDQWLWLHV LQ RSWLFDO SKHQRPHQD� +HQFH� DVVLJQLQJ
DQ DFWLYH UROH LQ RSWLFV WR LRQV� ZKLFK ZHUH FKDUDFWHUL]HG E\ D PDVV� ݉� DQG DQ HOHFWULFDO
FKDUJH� ݁� GHWHUPLQHG WKURXJK HOHFWURO\WLF H[SHULPHQWV� LQGHSHQGHQW RI RSWLFDO SKHQRPHQD�
ZDV D NLQG RI ³H[WHUQDO K\SRWKHVLV´ WR WKH G\QDPLFV RI SUDFWLFDO SK\VLFV� :KLOH WKH HWKHU
ZDV UHGXFHG WR WKH SK\VLFDO ODQJXDJH QHFHVVDU\ IRU 0D[ZHOO¶V HTXDWLRQV� PDWWHU ZDV QRW UH�
GXFHG WR WKH PLQLPDO SK\VLFDO ODQJXDJH QHFHVVDU\ WR JLYH D PHDQLQJ WR WKH GLIIHUHQWLDO WHUPV
DFFRXQWLQJ IRU WKH PRWLRQ RI SDUWLFOHV� ,Q D ZD\� 'UXGH RYHUVWHSSHG WKH ERXQGV IRU WKHR�
UHWLFDO SK\VLFV KH KLPVHOI KDG HVWDEOLVKHG LQ ����� $VVXPLQJ WKH H[LVWHQFH RI LRQV PHDQW
DVNLQJ RQHVHOI DERXW WKH HVVHQFH RI WKH PLFURSDUWLFOHV RI PDWWHU� EH\RQG WKH GHVFULSWLRQ RI
WKH (UVFKHLQXQJVZHOW� :KDW FRXOG KDYH KDSSHQHG IRU 'UXGH WR PDNH VXFK D GHFLVLRQ"

, WKLQN WKDW /HKUEXFK GHU 2SWLN FRXOG KDYH SOD\HG D FDWDO\]LQJ UROH� $V 'UXGH ZURWH LQ
WKH SUHIDFH� WKH HQGHDYRU WR ZULWH D ERRN PRWLYDWHG KLP WR VKDUSHQ KLV RZQ YLHZ RI WKH ILHOG�
,QGHHG KH DFFHSWHG WKH RIIHU WR ZULWH D ERRN IURP WKH SXEOLVKLQJ KRXVH EHFDXVH� DPRQJ RWKHU
UHDVRQV� ³, ZLVKHG IRU P\VHOI WKH GHYHORSPHQW RI QHZ LGHDV WKURXJK WKH GHHSHQLQJ RI P\
RZQ YLHZ RI WKH ILHOG� ZKLFK LV FRPSHOOLQJ LQ ZULWLQJ D ERRN´ �'UXGH ����D� LLL�� %HWZHHQ
���� DQG ���� 'UXGH ZRUNHG RQ YDULRXV WRSLFV UHODWHG WR RSWLFV� EXW LW ZDV RQO\ DW WKH HQG�
LQ ����� WKDW KH VDZ LQ WKH DGRSWLRQ RI WKH LRQ K\SRWKHVLV WKH SRVVLELOLW\ RI DQ RYHUDUFK�
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LQJ DFFRXQW RI RSWLFV� +H QHYHU PHQWLRQHG YRQ +HOPKROW]¶V LRQ K\SRWKHVLV RU 5HLII¶V ZRUN
XQWLO ����� DOWKRXJK WKH\ ZHUH DOUHDG\ SXEOLVKHG LQ ��������� DQG ����� UHVSHFWLYHO\� $W
WKDW PRPHQW� 'UXGH ZDV FRQFHQWUDWLQJ RQ KLV H[SHULPHQWDO DQG WKHRUHWLFDO ZRUN RQ HOHFWULF
ZDYHV DQG WKH QDWXUH RI DFWLRQV DW D GLVWDQFH� +H DOVR SXEOLVKHG RQ PDJQHWR�RSWLFDO SKH�
QRPHQD� EXW RQO\ IURP WKH SRLQW RI YLHZ RI WKH (UNOlUXQJVV\VWHP��� 6R LW LV SODXVLEOH WR
WKLQN WKDW 'UXGH¶V SURPSW DGYRFDF\ RI WKH LRQ K\SRWKHVLV RULJLQDWHG LQ WKH UHH[DPLQDWLRQ
DQG FRPSDULVRQ RI GLIIHUHQW VRXUFHV QHFHVVDU\ IRU WKH SXUSRVH RI ZULWLQJ WKH WH[WERRN� ZKLFK
DOORZHG KLP WR VHH WKH LRQ K\SRWKHVLV DV D PHDQV WR DUWLFXODWH RSWLFDO NQRZOHGJH LQ D XQLILHG
ZD\� ZLWKRXW JLYLQJ XS KLV RZQ DSSURDFK WR RSWLFV���

6LQFH WKH DGYDQWDJH RI GHDOLQJ ZLWK LRQV LQVWHDG RI PLFURFXUUHQWV ZDV QRW WKH SRVVLELO�
LW\ RI H[SODLQLQJ WKH RSWLFDO SURSHUWLHV RI PDWWHU� , WKLQN WKDW WKH DGRSWLRQ RI WKH LRQ RIIHUHG
'UXGH DQRWKHU NLQG RI DGYDQWDJH� D QHZ KHXULVWLFV� ,Q IDFW� WKH LQFRUSRUDWLRQ RI WKH LRQ LQWR
'UXGH¶V SLFWXUH QRW RQO\ KDG FRQVHTXHQFHV RQ DQ RQWRORJLFDO OHYHO �H�J� WKH LRQV DV WKH VSH�
FLILF SDUWLFOHV WKDW ZHUH RSWLFDOO\ DFWLYH�� EXW DOVR HSLVWHPRORJLFDOO\� )RU WKH LRQ K\SRWKHVLV
DOORZHG 'UXGH WR H[SORUH QHZ ZD\V WR JDLQ NQRZOHGJH LQ RSWLFV� DSDUW IURP VHHNLQJ WKH
ULJKW PDWKHPDWLFDO GHVFULSWLRQ RI SKHQRPHQD DQG WKH XQLILFDWLRQ RI HWKHU WKHRULHV IURP EH�
ORZ �H�J� DGRSWLRQ RI WKH HOHFWURPDJQHWLF ODQJXDJH�� $V ZH ZLOO VHH LQ WKH IROORZLQJ VHFWLRQ
RQ /HKUEXFK GHU 2SWLN� WKH LRQ K\SRWKHVLV DOORZHG 'UXGH WR QHWZRUN GLIIHUHQW GRPDLQV RI
NQRZOHGJH �RSWLFV DQG EH\RQG� WKURXJK WKH VSHFLILF SURSHUWLHV RI FKDUJH ݁ DQG PDVV ݉ RI
WKHVH SDUWLFOHV� ZKLFK VKRXOG PDQLIHVW LQ GLIIHUHQW SKHQRPHQD�

��� 7KH /HKUEXFK GHU 2SWLN

����� /HKUEXFK GHU 2SWLN DV D 1RYHO 3URJUDP LQ 2SWLFV

7KH \HDU ���� EHJDQ YHU\ SURGXFWLYHO\ IRU 'UXGH� ,Q -DQXDU\ KH EHFDPH WKH QHZ HGLWRU RI
WKH PRVW SUHVWLJLRXV *HUPDQ VFLHQWLILF MRXUQDO� $QQDOHQ GHU 3K\VLN� DQG KH SXEOLVKHG KLV
VHFRQG WH[WERRN� /HKUEXFK GHU 2SWLN� ZKLFK ZDV VRRQ WUDQVODWHG LQWR (QJOLVK DQG EHFDPH

��0RUH VSHFLILFDOO\� EHWZHHQ ���� DQG ����� 'UXGH¶V UHVHDUFK KDG EHHQ HVSHFLDOO\ IUXLWIXO LQ WKUHH GLUHFWLRQV�
HOHFWULF ZDYHV� PDJQHWR�RSWLFDO SKHQRPHQD DQG DFWLRQV DW D GLVWDQFH� &RQFHUQLQJ WKH ILUVW WRSLF� 'UXGH IRXQG
H[SHULPHQWDOO\ WKDW HOHFWULF ZDYHV� ZKRVH IUHTXHQF\ OD\ RXWVLGH WKH RSWLFDO UDQJH RI WKH VSHFWUXP� DOVR GLVSOD\HG
GLVSHUVLRQ� DQG LQGHHG DQRPDORXV GLVSHUVLRQ WKURXJK FHUWDLQ OLTXLGV� )XUWKHUPRUH� LQ OLQH ZLWK KLV ���� FODLPV DW
KLV LQDXJXUDO VSHHFK LQ /HLS]LJ� KH LPPHGLDWHO\ UHODWHG WKH GLVSHUVLRQ EHKDYLRU WR WKH FKHPLFDO FRQVWLWXWLRQ RI WKH
OLTXLGV H[DPLQHG �'UXGH ����� ����D� ������ ,Q ���� KH DGGUHVVHG WKH .HUU HIIHFW DJDLQ IURP D WKHRUHWLFDO SRLQW
RI YLHZ� EXW ZLWKRXW GDULQJ WR JLYH LW D SK\VLFDO LQWHUSUHWDWLRQ LQ WHUPV RI WKH SURSHUWLHV RI PDWWHU� DV KH KDG KLPVHOI
VXJJHVWHG DW WKH HQG RI WKH 3K\VLN GHV $HWKHUV �'UXGH ����F�� 7KH SDSHU ZDV WKH FRQWLQXDWLRQ RI DQ ROG FRQWURYHUV\
KH KDG EHHQ HQJDJHG LQ VLQFH WKH HDUO\ ����V ZLWK '� *ROGKDPPHU� FRQFHUQLQJ WKH EHVW (UNOlUXQJVV\VWHP IRU WKH
.HUU HIIHFW DQG ZKLFK NLQG RI RSWLFDO FRQVWDQWV EHVW GHVFULEHG LW� )RU PRUH GHWDLOV DERXW WKH FRQWURYHUV\� VHH
�%XFKZDOG ����� ���±����� (YHQWXDOO\� 'UXGH DOVR H[SORUHG WKH WKHRUHWLFDO SRVVLELOLW\ RI UHGXFLQJ DFWLRQV DW D
GLVWDQFH VXFK DV JUDYLWDWLRQ� WR ORFDO DFWLRQV� PHGLDWHG E\ WKH HOHFWURPDJQHWLF HWKHU �'UXGH ����E��
��,W LV YHU\ UHPDUNDEOH WKDW 'UXGH GLG QRW PHQWLRQ /RUHQW]¶V DFFRXQW RI WKH =HHPDQ HIIHFW HLWKHU LQ ���� RU LQ
����� DOWKRXJK� KH UHIHUUHG WR =HHPDQ¶V SDSHUV DQG PHW /RUHQW] LQ ���� DW WKH FRQIHUHQFH LQ '�VVHOGRUI� $W WKDW
WLPH� /RUHQW] KDG DOUHDG\ SXEOLVKHG KLV WKHRUHWLFDO DFFRXQW �/RUHQW] ����� ������ ,Q WKH ���� SDSHU� 'UXGH LQGHHG
UHVRUWHG WR 9RLJW¶V ���� (UNOlUXQJVV\VWHP IRU WKH =HHPDQ HIIHFW� EXW 9RLJW GLG QRW DOOXGH WR /RUHQW] HLWKHU� 'DUULJRO
������ ���±���� LV RI WKH RSLQLRQ WKDW 'UXGH� DQG DOVR 9RLJW� EHFDPH DGYRFDWHV RI WKH PLFURVFRSLF YLHZ RI RSWLFV
DEUXSWO\� SRVVLEO\ DV D FRQVHTXHQFH RI /RUHQW]¶V SUHVHQFH DW WKDW PHHWLQJ� %XW WKH DEVHQFH RI /RUHQW] LQ 'UXGH¶V
���� SDSHU DQG ���� ERRN� LQ WKH FRQWH[W RI PDJQHWR�RSWLFV� KLQWV DW DQRWKHU H[SODQDWLRQ� 3RVVLEO\ /RUHQW] KDG DQ
LQIOXHQFH RQ WKHP� EXW KH ZDV QRW WKH RQO\ UHDVRQ IRU 'UXGH¶V DGRSWLRQ RI WKH LRQ� 'UXGH GHYHORSHG� DV HDUO\ DV
����� D PLFURVFRSLF RXWORRN WR H[SODLQ RSWLFV� LQ KLV FRQWULEXWLRQ WR GLVSHUVLRQ�



�� �� 'UXGH¶V /HKUEXFK �0� -RUGL�

WKH UHIHUHQFH ERRN IRU RSWLFV LQ PDQ\ (XURSHDQ XQLYHUVLWLHV� 'UXGH ZDV DVNHG E\ WKH SXE�
OLVKLQJ KRXVH 6� +LU]HO WR ZULWH WKH WH[WERRN ³EHFDXVH D PRGHUQ ERRN FRYHULQJ WKH ZKROH
ILHOG ZDV ODFNLQJ´ �'UXGH ����D� LLL�� 6LQFH KH ZDV FRQVLGHUHG RQH RI WKH JUHDWHVW VSHFLDO�
LVWV RQ RSWLFDO SK\VLFV DW WKH WLPH� +LU]HO ³FRXOG UHDOO\ QRW KDYH FRQWDFWHG DQ\ RQH EHWWHU
WKDQ 'UXGH IRU WKLV UHTXHVW´ �.|QLJ ������ :ROGHPDU 9RLJW� :DOWHU .|QLJ� DQG 0D[ 3ODQFN
KLJKOLJKWHG SUHFLVHO\ WKLV SRLQW LQ WKHLU UHFROOHFWLRQV RI 'UXGH DIWHU KLV WUDJLF GHDWK LQ ����
�9RLJW ����� .|QLJ ����� 3ODQFN ������

,Q IDFW� /HKUEXFK GHU 2SWLN EHFDPH WKH ILUVW WH[WERRN RQ RSWLFV WR PDNH XVH RI RQO\ WKH
HOHFWURPDJQHWLF WKHRU\ RI OLJKW DQG WR FRPELQH LW V\VWHPDWLFDOO\ ZLWK D PLFURSK\VLFDO YLHZ
RI PDWWHU �LQ WKLV FDVH WKH LRQ K\SRWKHVLV�� 0RUHRYHU� 'UXGH GLG QRW KDYH PXFK FRQFXUUHQFH
LQ *HUPDQ\� $W WKDW WLPH� *HUPDQ VWXGHQWV RI WKHRUHWLFDO RSWLFV ZRXOG UHVRUW WR FRPSHQGL�
XPV RQ WKH VXEMHFW� ZULWWHQ E\ SURPLQHQW SURIHVVRUV DW XQLYHUVLWLHV� )DPRXV H[DPSOHV ZHUH
SHQQHG E\ .HWWHOHU ������� 9RLJW ������� DQG YRQ +HOPKROW] �������

.HWWHOHU¶V ERRN UHVSRQGHG WR YHU\ GLIIHUHQW TXHVWLRQV WKDQ 'UXGH¶V� .HWWHOHU KDG EHHQ
YHU\ DFWLYH� LQ WKH ����V DQG ����V� LQ WKH IXUWKHU HODERUDWLRQ RI RSWLFDO WKHRULHV EDVHG RQ
WKH JURXQGEUHDNLQJ K\SRWKHVLV WKDW WKH HWKHU DQG PDWWHU SDUWLFOHV ZHUH LQ0LWVFKZLQJXQJHQ�
%XW KH REYLRXVO\ GLG QRW GLVFXVV KRZ WR GHDO ZLWK WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW LQ WKH
FRQWH[W RI PHFKDQLFDO WKHRULHV RI HWKHU� DQG KH VXEVHTXHQWO\ OHIW PDJQHWR�RSWLFV RXW RI KLV
DQDO\VLV DOWRJHWKHU� 7KHVH WRSLFV IORXULVKHG ILUVW LQ WKH HDUO\ ����V� ZKHQ .HWWHOHU GLHG�

%\ FRQWUDVW� 9RLJW ZDV ZHOO DZDUH RI WKH GLIILFXOWLHV WKDW KDG DULVHQ LQ RSWLFV GXH WR WKH
VSUHDG RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW LQ &RQWLQHQWDO (XURSH E\ WKH WLPH KH ZURWH KLV
.RPSHQGLXP� %XW KH GHFLGHG WR DSSURDFK RSWLFV LQ WKH VHFRQG YROXPH RI KLV .RPSHQGLXP
GHU WKHRUHWLVFKHQ 3K\VLN IURP DPDWKHPDWLFDO YLHZSRLQW� ZLWKRXW FRPPLWWLQJ KLPVHOI WR DQ\
K\SRWKHVLV RQ WKH QDWXUH RI WKH HWKHU� WKXV OHDYLQJ WKH ILQDO GHFLVLRQ DERXW WKH QDWXUH RI WKH
HWKHU WR WKH UHDGHUV� +H MXVW VWXFN WR WKH PDWKHPDWLFDO IRUPXODWLRQ RI SKHQRPHQD� ZKLFK LQ
WXUQ PHDQW WKDW KH WRRN PHFKDQLFDO SULQFLSOHV DV XQGLVSXWHG EDVHV� 2QO\ IRU RSWLFDO GLVSHU�
VLRQ GLG 9RLJW LQWURGXFH DGGLWLRQDO PDWKHPDWLFDO WHUPV� ௛ܲ� LQWR WKH GLIIHUHQWLDO HTXDWLRQV IRU
WKH HWKHU� 0DJQHWR�RSWLFDO SKHQRPHQD ZHUH VLPSO\ RPLWWHG LQ KLV DFFRXQW RI RSWLFV� ,URQL�
FDOO\� 9RLJW ZDV WKH ILUVW RQH WR JR EH\RQG KLV RZQ ZRUN� )URP WKH ODWH ����V� KH DGYRFDWHG
WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW DQG GHYRWHG KLPVHOI SUHFLVHO\ WR WKH RQO\ GRPDLQ RI RS�
WLFV WKDW ZDV DEVHQW IURP KLV .RPSHQGLXP� QDPHO\� PDJQHWR�RSWLFV� DV PHQWLRQHG HDUOLHU�
,Q WKDW ILHOG� 9RLJW VRRQ EHFDPH DQ DXWKRULW\�

9RQ +HOPKROW]¶V SRVWKXPRXV FROOHFWLRQ RI OHFWXUHV WKXV ZRXOG KDYH EHHQ WKH PRVW
LPPHGLDWH FRPSHWLWRU WR 'UXGH¶V /HKUEXFK GHU 2SWLN LQ *HUPDQ\� IRU YRQ +HOPKROW] FOHDUO\
HPEUDFHG WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW� DQG KHZDV D SLRQHHU LQ LQWURGXFLQJ WKH FRQFHSW
RI LRQV LQWR RSWLFV� +RZHYHU� WKH KRW WRSLF DW WKH HQG RI WKH ����V� QDPHO\ PDJQHWR�RSWLFV�
ZDV DOVR PLVVLQJ LQ YRQ +HOPKROW]¶V ERRN�

2XWVLGH *HUPDQ\� 'UXGH¶V ERRN ZDV FRPSDUHG ZLWK WKH ZRUNV RI WKH %ULWLVK SK\VLFLVWV
7KRPDV 3UHVWRQ� 7KH 7KHRU\ RI /LJKW ������� DQG $OIUHG %� %DVVHW� $ 7UHDWLVH RI 3K\VLFDO
2SWLFV ������� 7KH VW\OH RI WKH (QJOLVK ERRNV ZDV UDWKHU GLIIHUHQW IURP WKDW RI WKH *HUPDQ
RQHV� VSHFLILFDOO\ LQ WKHLU ZD\ RI DSSURDFKLQJ DQG RUJDQL]LQJ WKHRUHWLFDO RSWLFV� $V 3UH�
VWRQ H[SUHVVHG ZHOO LQ KLV ERRN� KLV JRDO ZDV WR ³IXUQLVK WKH VWXGHQW ZLWK DQ DFFXUDWH DQG
FRQQHFWHG DFFRXQW RI WKH PRVW LPSRUWDQW UHVHDUFKHV IURP WKH HDUOLHVW WLPHV XS WR WKH PRVW
UHFHQW GDWH >«@ ZLWKRXW HQWHULQJ LQWR FRPSOLFDWHG PDWKHPDWLFDO WKHRULHV´ �3UHVWRQ ������
7KDW ZDV H[DFWO\ WKH RSSRVLWH RI ZKDW 'UXGH ZDV WU\LQJ WR GR LQ KLV /HKUEXFK GHU 2SWLN�
'UXGH� DV ZHOO DV WKH DERYH PHQWLRQHG *HUPDQ DXWKRUV� QRUPDOO\ WULHG WR FRQYH\ D XQLILHG
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SURJUDP WKDW FRXOG H[SODLQ DOO RSWLFDO SUREOHPV LQ D FRQVLVWHQW ZD\� 7KH JXLGLQJ SULQFLSOH
RI HDFK WH[WERRN ZDV H[SUHVVHG LQ LWV LQWURGXFWLRQ DQG ZDV DOZD\V FORVHO\ UHODWHG WR WKH
VWUDWHJ\ HDFK DXWKRU FKRVH WR GHVFULEH DQG PDQLSXODWH PDWKHPDWLFDOO\ ERWK RSWLFDO SKHQRP�
HQD DQG K\SRWKHWLFDO SK\VLFDO PHFKDQLVPV� 7KHUH ZDV WKXV QRW PXFK VSDFH IRU KLVWRULFDO
DFFRXQWV LQ WKLV NLQG RI WH[WERRN� $OWHUQDWLYHO\� ERWK 3UHVWRQ¶V DQG %DVVHW¶V ERRNV SURYLGHG
WKH UHDGHU ZLWK YHU\ SUHFLVH DFFRXQWV RI RSWLFDO H[SHULPHQWV� WKH W\SHV RI LQVWUXPHQWV XVHG
WR SHUIRUP WKHP� DQG YDULRXV WHFKQLTXHV WR PDQLSXODWH GDWD� ZLWKRXW KHVLWDWLQJ WR VWLFN WR
GLYHUVH (XURSHDQ VRXUFHV DQG FRPSDUH GLIIHUHQW KLVWRULFDO DFFRXQWV IURP 1HZWRQ RQZDUGV�
7KH UHDGHU ZDV FRQGXFWHG VPRRWKO\ WKURXJK D PDQLIROG RI DSSURDFKHV� HDFK RQH WHDFKLQJ
VRPHWKLQJ DERXW WKH FKDUDFWHULVWLFV RI RSWLFDO SKHQRPHQD DQG WKH ZD\ LQ ZKLFK WKH\ ZHUH
GLVFORVHG DW VSHFLILF KLVWRULFDO PRPHQWV� DOPRVW FKURQRORJLFDOO\� XS WR WKH )DUDGD\ DQG .HUU
HIIHFWV �WKH =HHPDQ HIIHFW ZDV SXEOLVKHG ODWHU WKDQ WKHLU ERRNV�� 7KH HOHFWURPDJQHWLF WKHRU\
RI OLJKW RQO\ DSSHDUHG DV WKH PRVW UHFHQW GHYHORSPHQW LQ RSWLFV� LQ FRQQHFWLRQ ZLWK +HUW]¶V
H[SHULPHQWV� DOWKRXJK WKH DXWKRUV� HVSHFLDOO\ 3UHVWRQ� KDG EHHQ FORVHO\ UHODWHG WR WKH PDLQ
GHYHORSHUV RI WKH HOHFWURPDJQHWLF WKHRU\ LQ *UHDW %ULWDLQ� ,Q SDUWLFXODU� 3UHVWRQ ZDV D MX�
QLRU FROOHDJXH RI *HRUJH )LW]*HUDOG LQ 'XEOLQ� 1HYHUWKHOHVV� WKH SRLQW ZDV QRW WR DGYRFDWH
HLWKHU WKHRU\ RI OLJKW� EXW WR JLYH WKH UHDGHU DQ RYHUYLHZ RI WKH VWDWH RI DIIDLUV� ,Q IDFW� DW
WKH PRPHQW WKH ERRNV ZHUH SXEOLVKHG� WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW GLG QRW VXIILFH
WR DFFRXQW IRU SKHQRPHQD VWHPPLQJ IURP WKH LQWHUDFWLRQ RI OLJKW ZLWK PDWWHU� OLNH RSWLFDO
GLVSHUVLRQ RU WKH .HUU HIIHFW�

7KXV 'UXGH ZDV RIIHUHG� E\ WKH SXEOLVKLQJ KRXVH 6� +LU]HO� WKH JUHDW RSSRUWXQLW\ WR
SLRQHHU WKH H[SORUDWLRQ RI HVVHQWLDOO\ YLUJLQ WHUULWRU\� LQ D PRPHQW ZKHQ WKH TXHVWLRQV WR
DVN LQ RSWLFV ZHUH FKDQJLQJ UDSLGO\� ,Q WKH ����V DQG ����V� RSWLFDO WKHRUHWLFLDQV HQJDJHG
LQ D KRQLQJ RI WKH 0LWVFKZLQJXQJHQ PRGHO� ,Q WKH HDUO\ ����V� WKH PDLQ LVVXH LQ *HUPDQ\
EHFDPH KRZ WR FKRRVH EHWZHHQ HOHFWURPDJQHWLF DQG PHFKDQLFDO WKHRULHV RI OLJKW� DQG WKH
LPSOLFDWLRQV RI WKLV FKRLFH LQ UHODWLRQ WR WKH XOWLPDWH QDWXUH RI WKH HWKHU� DORQJVLGH WKH WUDQV�
ODWLRQ RI WKH0LWVFKZLQJXQJHQ PRGHO LQWR HOHFWURPDJQHWLF ODQJXDJH� (YHQWXDOO\� LQ WKH ODWH
����V� WKH ILHOG RI PDJQHWR�RSWLFV RIIHUHG LWVHOI DV WKH QHZ ERLOLQJ SRW� 7KXV 'UXGH DUULYHG
DW WKH ULJKW PRPHQW WR WDNH XS WKH PRVW IDVKLRQDEOH TXHVWLRQV DQG OD\ GRZQ KLV RZQ DQVZHU�

����� /HKUEXFK GHU 2SWLN 3LHFH E\ 3LHFH

7KH WH[WERRN ZDV GLYLGHG LQWR WZR SDUWV� JHRPHWULFDO RSWLFV DQG SK\VLFDO RSWLFV� *HRPHWUL�
FDO RSWLFV GHDOW ZLWK WKH RSWLFDO IHDWXUHV RI OLJKW SURSDJDWLRQ DQG FDPH GRZQ WR IRXU HVVHQWLDO
ODZV� OLQHDU SURSDJDWLRQ RI OLJKW �OLJKW UD\V�� WKH JHRPHWULFDO ODZV RI UHIUDFWLRQ DQG UHIOHF�
WLRQ� DQG WKH SRVVLELOLW\ WKDW D OLJKW UD\ VSOLWV DW DQ\ SRLQW RI LWV WUDMHFWRU\� 7KHVH ODZV FRXOG
EH H[SUHVVHG E\ VLPSOH JHRPHWULFDO UHODWLRQV DQG WKH\ VXIILFHG WR GHVFULEH WKH IXQFWLRQLQJ
RI PRVW RSWLFDO LQVWUXPHQWV� OHQVHV� PLFURVFRSHV� WHOHVFRSHV� DQG SULVPV� 7KH VHFRQG SDUW
RI WKH WH[WERRN ZDV GHYRWHG WR SK\VLFDO RSWLFV� ZKHUH JHRPHWULFDO ODZV GLG QRW VXIILFH� 2QH
KDG WR LQWURGXFH K\SRWKHVHV RQ WKH QDWXUH RI OLJKW DQG WKH SK\VLFDO PHFKDQLVP RI OLJKW�PDWWHU
LQWHUDFWLRQ LQ RUGHU WR DFFRXQW IRU RSWLFDO SKHQRPHQD PRUH FRPSOH[ WKDQ UHIOHFWLRQ DQG UH�
IUDFWLRQ� 7KLV SDUW ZDV GLYLGHG LQWR WKUHH ELJ VHFWLRQV� WKH ILUVW� DERXW WKH JHQHUDO SURSHUWLHV
RI OLJKW� LQ ZKLFK WKH FRQVWLWXWLRQ RI PDWWHU GLG QRW SOD\ D UROH �VXFK DV WKH LQWHUIHUHQFH
DQG GLIIUDFWLRQ RI OLJKW�� WKH VHFRQG DERXW WKH RSWLFDO SURSHUWLHV RI ERGLHV PHDVXUHG ZKHQ
OLJKW ZDV UHIOHFWHG E\ RU SDVVHG WKURXJK WUDQVSDUHQW PHGLD �SULQFLSDOO\� RSWLFDO GLVSHUVLRQ
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DQG PDJQHWR�RSWLFDO SKHQRPHQD�� DQG WKH WKLUG DERXW WKH HPLVVLRQ RI UDGLDWLRQ IURP PDWWHU�
ZKLFK ERLOHG GRZQ WR WKH WKHUPRG\QDPLFV RI UDGLDWLRQ�

'UXGH¶V SURJUDPPDWLF FODLPV DUH WR EH IRXQG LQ WKH VHFRQG SDUW RI WKH ERRN� 7KH ILUVW
SDUW KHOSIXOO\ SURYLGHG WKH UHDGHU ZLWK WKH QHFHVVDU\ NQRZOHGJH DERXW KRZ WR SURGXFH DQG
PHDVXUH RSWLFDO SKHQRPHQDZLWK RSWLFDO LQVWUXPHQWV� EXW LW GLG QRW FRQWDLQPXFK QHZ NQRZO�
HGJH� ,Q IDFW� 'UXGH FRQVWDQWO\ UHIHUUHG WKH UHDGHU WR WKH H[LVWLQJ OLWHUDWXUH RQ JHRPHWULFDO
RSWLFV WR ZKLFK KH KLPVHOI KDG UHVRUWHG��� 'UXGH GHYRWHG WKH ORQJHVW DQG PRVW LQYROYHG
VHFWLRQ RI WKH LQWURGXFWLRQ WR MXVWLI\LQJ KLV DSSURDFK WR SK\VLFDO RSWLFV LQ WKH VHFRQG SDUW�
QDPHO\� WKH DGRSWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW DQG WKH LRQ K\SRWKHVLV�

7KH ILUVW QRWLRQ IURP SK\VLFDO RSWLFV WKDW 'UXGH LQWURGXFHG LQ WKH PDLQ WH[W ZDV WKDW
RI WKH FRQVWDQW YHORFLW\ RI OLJKW LQ YDFXR� ܿ� 7R VXSSRUW LW� 'UXGH SXW IRUZDUG D GHWDLOHG
RYHUYLHZ RI WKH LQWHUIHURPHWULF H[SHULPHQWV WR PHDVXUH ܿ� 7KHUHDIWHU� WKH SKHQRPHQRQ RI
LQWHUIHUHQFH OHG 'UXGH WR LQWURGXFH WKH ZDYH QDWXUH RI OLJKW� 7KH PDWKHPDWLFDO WUDQVODWLRQ
RI WKLV SK\VLFDO FRQFHSW ZDV WKH ZDYH IXQFWLRQ� ZLWK WKH YHORFLW\ RI OLJKW EHLQJ RQH RI LWV SD�
UDPHWHUV� +HQFH� WKH VHFRQG VWHS VXEVXPHG WKH ILUVW RQH� ,Q ZKDW IROORZHG� 'UXGH H[SORUHG
WKH GLIIHUHQW ZD\V LQ ZKLFK ZDYH IXQFWLRQV FRXOG EH VXSHUSRVHG� WKXV JLYLQJ ULVH WR GLIIHUHQW
SDWWHUQV RI LQWHUIHUHQFH �VXFK DV 1HZWRQ¶V ULQJV� DQG WR WKH GLIIUDFWLRQ RI OLJKW �GHSHQGLQJ
RQ WKH H[SHULPHQWDO VHW XS��

1H[W� WR GHVFULEH WKH IHDWXUHV RI WKH GRXEOH UHIUDFWLRQ RI OLJKW� 'UXGH LQWURGXFHG WKH
FRQFHSWV RI OLJKW SRODUL]DWLRQ DQG WUDQVYHUVH ZDYHV� :LWK WKHVH QRWLRQV FOHDUO\ IRUPXODWHG�
DQ LQGHWHUPLQDF\ LQ WKH PDWKHPDWLFDO IRUPXODWLRQ DSSHDUHG� 'LIIHUHQW FRQYHQWLRQV FRQ�
FHUQLQJ WKH UHODWLYH RULHQWDWLRQ RI WKH ZDYH DPSOLWXGH� LWV SRODUL]DWLRQ� DQG WKH GLUHFWLRQ RI
SURSDJDWLRQ FRXOG EH DGRSWHG� )RU H[DPSOH� DFFRUGLQJ WR 1HXPDQQ¶V PHFKDQLFDO WKHRU\ RI
OLJKW� WKH ZDYH DPSOLWXGH FRLQFLGHGZLWK WKH GLUHFWLRQ RI OLJKW SRODUL]DWLRQ� ZKLOH LQ )UHVQHO¶V
PHFKDQLFDO WKHRU\ WKH DPSOLWXGH ZDV SHUSHQGLFXODU WR WKH SRODUL]DWLRQ� 7KHVH GLIIHUHQFHV
QRWZLWKVWDQGLQJ� LQ ERWK FDVHV DPSOLWXGH DQG SRODUL]DWLRQ ZHUH FRQVLGHUHG WR EH SHUSHQGLF�
XODU WR WKH GLUHFWLRQ RI ZDYH SURSDJDWLRQ� )URP WKLV SRLQW RI YLHZ� WKH WZR WKHRULHV RI OLJKW
ZHUH PDWKHPDWLFDOO\ HTXLYDOHQW�

7KH HOHFWURPDJQHWLF WKHRU\ RI OLJKW FRQFHDOHG WKHVH LQGHWHUPLQDFLHV� IRU WKH SHUSHQGLF�
XODULW\ RI WKH WZR OLJKW YHFWRUV �HOHFWULF DQG PDJQHWLF ILHOG� WR WKH GLUHFWLRQ RI SURSDJDWLRQ
ZDV LQKHUHQW WR WKH IRUPXODWLRQ RI WKH WKHRU\� 7KH DGRSWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\
RI OLJKW OHG RQH� WKHUHIRUH� WR RYHUFRPH WKH FRQIOLFW� EXW QRW WR UHVROYH LW� %XW EH\RQG WKLV
LVRODWHG DGYDQWDJH� 'UXGH¶V MXVWLILFDWLRQ RI KLV SUHIHUHQFH IRU WKH HOHFWURPDJQHWLF WKHRU\ RI
OLJKW OD\ LQ WKH SRVVLELOLW\ RI XQLI\LQJ RSWLFV DQG HOHFWURPDJQHWLVP WKURXJK WKH LGHQWLILFDWLRQ
RI WKH YHORFLW\ RI OLJKW ZLWK WKH YHORFLW\ RI HOHFWURPDJQHWLF ZDYHV� %HFDXVH RI WKLV� 'UXGH
GHHPHG WKH DGRSWLRQ RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW ³RQH VWHS IXUWKHU LQ NQRZOHGJH
DERXW QDWXUH� VLQFH WKLV ZD\ WZR LQLWLDOO\ SDUDOOHO GRPDLQV RI NQRZOHGJH� OLNH RSWLFV DQG HOHF�
WULFLW\� DUH WUHDWHG WRJHWKHU LQ D FORVH DQG PHDVXUDEOH UHODWLRQ´ �'UXGH ����D� ����� :LWK
QR IXUWKHU H[SODQDWLRQ� 'UXGH LGHQWLILHG WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW ZLWK 0D[ZHOO
HTXDWLRQV DQG ERXQGDU\ FRQGLWLRQV�

:KHUHDV0D[ZHOO HTXDWLRQV DFFRXQWHG ZHOO IRU DOO WKH SKHQRPHQD 'UXGH KDG GHVFULEHG
VR IDU� WKH EHKDYLRU RI OLJKW LQ DEVRUEHQW PHGLD FDOOHG IRU DGGLWLRQDO WHUPV UHODWHG WR WKH
PLFURSK\VLFDO DFWLRQ RI PDWWHU� 'UXGH MXVWLILHG WKLV YHU\ FOHDUO\ LQ KLV LQWURGXFWLRQ�

��0RUH VSHFLILFDOO\� WR:LQNHOPDQQ¶V+DQGEXFK GHU 3K\VLN ������ DQG0�OOHU DQG 3RXLOOHWV¶V /HKUEXFK GHU 3K\VLN
XQG 0HWHRURORJLH �������
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)LUVW RI DOO� LQ WKLV ZD\ RQH VXFFHHGV LQ SURYLGLQJ DQ H[SODQDWLRQ RI WKH SKH�
QRPHQRQ RI GLVSHUVLRQ� VLQFH WKH SXUHO\ HOHFWURPDJQHWLF H[SHULPHQWV RQO\ VXJ�
JHVW� , ZRXOG VD\� PDFURVFRSLF SURSHUWLHV RI ERGLHV� 7R H[SODLQ RSWLFDO GLVSHU�
VLRQ LW LV QHFHVVDU\ WR PDNH K\SRWKHVHV RQ WKH PLFURSK\VLFDO SURSHUWLHV RI ERG�
LHV� ,Q WKLV VHQVH , KDYH XVHG WKH LRQ K\SRWKHVLV LQWURGXFHG E\ Y� +HOPKROW]�
EHFDXVH LW VHHPV WR PH WKH HDVLHVW� FOHDUHVW >DQVFKDXOLFKVWH@ DQG PRVW FRQVH�
TXHQW RQH WR FKDUDFWHUL]H� DSDUW IURP GLVSHUVLRQ� DOVR WKH DEVRUSWLRQ DQG QDWXUDO
URWDWLRQ RI OLJKW SRODUL]DWLRQ� DQG DOVR WKH PDJQHWR�RSWLFDO SURSHUWLHV DQG SURS�
HUWLHV RI ERGLHV LQ PRWLRQ� �'UXGH ����D� Y�

,Q WKH IROORZLQJ IRXU FKDSWHUV� 'UXGH GHYHORSHG LQ GHWDLO KLV SURJUDPPDWLF DSSURDFK WR
WKH RSWLFDO SURSHUWLHV RI PDWWHU� )LUVW RI DOO� KH WDFNOHG WKH SKHQRPHQD RI RSWLFDO GLVSHUVLRQ
DQG RI WKH URWDWLRQ RI OLJKW SRODUL]DWLRQ� ERWK RI ZKLFK KH KDG DOUHDG\ GHDOW ZLWK LQ 3K\VLN
GHV $HWKHUV� EXW QRZ� KH XVHG WKH QRYHO SHUVSHFWLYH RI WKH LRQ K\SRWKHVLV� 7KHQ KH H[SODLQHG
WKH VLQJXODU IHDWXUHV RI WKH UHIOHFWLRQ RI OLJKW LQ PHWDOV� DQG H[SDQGHG XSRQ WKH PDJQHWR�
RSWLFDO SKHQRPHQD� /HW XV ORRN DJDLQ DW WKH H[DPSOH RI GLVSHUVLRQ WR JHW D EHWWHU JOLPSVH RI
'UXGH¶V GHYHORSPHQWV LQ WKLV GLUHFWLRQ�

7KH SK\VLFDO V\VWHP UHVSRQVLEOH IRU WKH RSWLFDO SURSHUWLHV RI PDWWHU FRQVLVWHG RI WKH
HOHFWURPDJQHWLF HWKHU� ܰଵ SRVLWLYH LRQV� DQG ܰଶ QHJDWLYH LRQV� ERWK NLQGV EHLQJ FKDUDFWHU�
L]HG E\ QDWXUDO IUHTXHQFLHV RI YLEUDWLRQ� )RU WKH FDVH RI RSWLFDO GLVSHUVLRQ� ZKHQ WKH HOHF�
WURPDJQHWLF ZDYHV LPSLQJHG XSRQ PDWWHU� WKHVH LRQV ZHUH VXSSRVHG WR EH VHW LQ YLEUDWLRQ
DW WKH VDPH IUHTXHQFLHV DV WKH LPSLQJLQJ OLJKW� 7KH GLVSODFHPHQWV RI WKH LRQV IURP WKHLU
HTXLOLEULXP SRVLWLRQV� ଵߦ DQG �ଶߦ FDXVHG WKH SRODUL]DWLRQ RI WKH PDWHULDO PHGLXP� ZKHUHDV
WKH HWKHU SRODUL]DWLRQ FRUUHVSRQGHG WR WKH HOHFWULF ILHOG� ܺ� RI WKH OLJKW� 'UXGH¶V LGHD IRU LQ�
FRUSRUDWLQJ WKH SRODUL]DWLRQ RI WKH PHGLXP LQWR 0D[ZHOO HTXDWLRQV ZDV WKH IROORZLQJ� WKH
GLVSODFHPHQW RI WKH LRQV JDYH ULVH WR WZR HOHFWULF FXUUHQWV� ݆ଵ DQG ݆ଶ� RI RSSRVLWH VLJQ� ZKLFK
FRXOG EH H[SUHVVHG DV WKH SURGXFW RI WKH UHVSHFWLYH QXPEHU RI LRQV�ܰଵ DQGܰଶ� WKHLU FKDUJHV�
݁ଵ DQG ݁ଶ� DQG WKHLU YHORFLWLHV� ௗకభ

ௗ௧ DQG ௗకమ
ௗ௧ � 7KH WRWDO HOHFWULFDO FXUUHQW DPRXQWHG WR WKH

VXP RI WKH LRQ FXUUHQWV DQG WKH HWKHU FXUUHQW� ଵ
ସగ

డ௑
డ௧ � %\ DVVXPLQJ WKDW LRQV ZHUH VXEMHFW WR

HODVWLF IRUFHV െସగ௘భమ
ఏభ ଵߦ DQG െସగ௘మమ

ఏమ �ଶߦ ZKLOH DFWHG XSRQ E\ HOHFWURPDJQHWLF OLJKW� 'UXGH
HYHQWXDOO\ REWDLQHG WKLV H[SUHVVLRQ IRU WKH WRWDO HOHFWULF FXUUHQW���

݆ ൌ ͳ
Ͷߨ

߲ܺ
ݐ߲ ൭ͳ൅

ଵܰଵߠ
ͳെ ௕భ

ఔమ
൅ ଶܰଶߠ
ͳെ ௕మ

ఔమ
൱ Ǥ �����

7KH IDFWRU ͳ ZLWKLQ WKH EUDFNHWV FRUUHVSRQGHG WR WKH DFWLRQ RI WKH HWKHU� ZKHUHDV WKH RWKHU
WZR WHUPV UHIHUUHG WR WKH LQIOXHQFH RI WKH SRVLWLYH DQG QHJDWLYH LRQV� 7KH H[SUHVVLRQ GH�
SHQGHG RQ WKH HOHFWULF ILHOG RI OLJKW� ܺ� LWV IUHTXHQF\� �ߥ WZR SDUDPHWHUV� ܾଵ DQG ܾଶ� DQG
WKH HODVWLF FRQVWDQWV RI WKH WZR W\SHV RI LRQV� ଵߠ DQG �ଶߠ 'UXGH KDG WKXV PDQDJHG D FRPEL�
QDWLRQ� LQ RQH PDWKHPDWLFDO H[SUHVVLRQ� RI ERWK HOHFWURPDJQHWLF SDUDPHWHUV �HOHFWULF ILHOGV
DQG IUHTXHQFLHV� DQG PHFKDQLFDO SDUDPHWHUV �HODVWLF FRQVWDQWV�� 6XEVHTXHQWO\� LI RQH GH�
ILQHG WKH GLHOHFWULF FRQVWDQW� ߳ᇱ� RI WKH MRLQW V\VWHP RI PDWWHU DQG HWKHU DV WKH VXP RI WKH
GLHOHFWULF FRQVWDQW RI WKH HWKHU� ߳ ൌ ͳ� DQG WKH WZR LRQLF WHUPV ZULWWHQ DERYH� RQH FRXOG
HYHQWXDOO\ UHWXUQ WR 0D[ZHOO¶V H[SUHVVLRQ IRU WKH HOHFWULF FXUUHQW ݆ ൌ ఢᇲ

ସగ
డ௑
డ௧ � ZLWK D PRGL�

��)RU VLPSOLFLW\¶V VDNH� , KDYH DSSUR[LPDWHG 'UXGH¶V IRUPXOD WR WKH FDVH RI QR IULFWLRQDO IRUFH�
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ILHG GLHOHFWULF FRQVWDQW� 7KLV LV WKH ZD\ LQ ZKLFK WKH HTXDWLRQV RI PRWLRQ RI WKH LRQV HQWHUHG
0D[ZHOO HTXDWLRQV� DQG WKH UHODWLRQ ߳ᇱ ൌ ݊ଶ� EHWZHHQ RSWLFDO DQG HOHFWURPDJQHWLF FRQVWDQWV�
UHPDLQHG XQWRXFKHG�

)ROORZLQJ WKH VDPH VWUDWHJ\ RI PRGLI\LQJ FRQVWDQWV� 'UXGH FRQWLQXHG WR DFFRXQW IRU WKH
RWKHU RSWLFDO SURSHUWLHV RI PDWWHU DQG PDJQHWR�RSWLFDO SKHQRPHQD� SURYLGLQJ D IXOO GHULYD�
WLRQ RI WKH GLIIHUHQWLDO HTXDWLRQV IRU PDJQHWR�RSWLFV E\ DWWULEXWLQJ WR HDFK SKHQRPHQRQ D
VSHFLILF NLQG RI LRQLF PRWLRQ� :KLOH IRU RSWLFDO GLVSHUVLRQ LRQV YLEUDWHG� IRU PHWDOOLF UH�
IOHFWLRQ LRQV ZHUH VXSSRVHG WR WUDQVODWH DFURVV WKH PHWDO� DQG LQ WKH SKHQRPHQRQ RI URWDWLRQ
RI OLJKW SRODUL]DWLRQ �WKURXJK TXDUW]� LRQV ZHUH DVVXPHG WR FRPELQH YLEUDWLRQV DQG URWD�
WLRQV� WUDFLQJ RXW KHOLFRLGDO WUDMHFWRULHV� 8QGHU WKH LQIOXHQFH RI D FRQVWDQW PDJQHWLF ILHOG�
'UXGH VXJJHVWHG WZR SRVVLEOH PRWLRQV IRU LRQV� ZKLFK FRXOG PRGLI\ ERWK WKH GLHOHFWULF DQG
WKH PDJQHWLF FRQVWDQWV� ILUVW� LRQV FRXOG JR WKURXJK SURSHU YLEUDWLRQV DQG VPDOO URWDWLRQV�
UHVXOWLQJ LQ KHOLFRLGDO PRWLRQV� 'UXGH DUJXHG WKDW WKH FRUUHVSRQGLQJO\ PRGLILHG 0D[ZHOO
HTXDWLRQV OHG WR VDWLVIDFWRU\ DJUHHPHQW ZLWK WKH IHDWXUHV RI WKH ³LQYHUVH´ =HHPDQ HIIHFW
WKURXJK VRGLXP JDV��� 7KH VHFRQG SRVVLEOH PRWLRQ RI LRQV ZDV D VXSHUSRVLWLRQ RI WKHLU QDW�
XUDO YLEUDWLRQV SDUDOOHO WR WKH HOHFWULF ILHOG RI OLJKW DQG D WUDQVODWLRQ SHUSHQGLFXODU ERWK WR
WKH HOHFWULF DQG PDJQHWLF ILHOGV �DV LQ WKH +DOO HIIHFW�� :LWK WKH GLIIHUHQWLDO HTXDWLRQV FRUUH�
VSRQGLQJ WR WKHVH PRWLRQV� 'UXGH FRXOG H[SODLQ WKH =HHPDQ HIIHFW LQ VRGLXP YDSRU� DQG WKH
.HUU DQG )DUDGD\ HIIHFWV� DV PDQLIHVWHG WKURXJK WKH XVH RI QLFNHO� FREDOW� DQG LURQ YDSRUV�

,Q WKH ODVW FKDSWHU GHYRWHG WR WKH VXEMHFW RI SK\VLFDO RSWLFV� 'UXGH HYHQWXDOO\ UHIHUUHG
WR WKH RSWLFDO SURSHUWLHV RI ERGLHV LQ PRWLRQ� ,Q WKLV FDVH KH UHIHUUHG VXEVWDQWLDOO\ RQO\ WR
/RUHQW]¶V9HUVXFK ������� 'UXGH UHFRQVLGHUHG KLV IRUPXODWLRQ RI FHUWDLQ RSWLFDO SKHQRPHQD�
VXFK DV RSWLFDO GLVSHUVLRQ� LQ OLJKW RI WKH SRVVLELOLW\ WKDW QRW RQO\ FRXOG LRQV PRYH IURP
WKHLU HTXLOLEULXP SRVLWLRQV LQVLGH PROHFXOHV� EXW DOVR WKH PROHFXOHV WKHPVHOYHV FRXOG PRYH�
,Q WKLV FDVH� WKH IUHTXHQF\ RI OLJKW ߥ ൌ ଵ

ఛ DSSHDULQJ LQ WKH GLVSHUVLRQ IRUPXOD VKRXOG EH
UHSODFHG� XVLQJ LQVWHDG�

ͳ
߬ǯ ൌ

ͳ
߬ ቆͳ െ

௫ݒଵ݌ ൅ ௬ݒଶ݌ ൅ ௭ݒଷ݌
ܿ ቇ ǡ �����

ଵǡ݌ ଶǡ݌ ଷ݌ EHLQJ WKH QRUPDO FRPSRQHQWV RI WKH GLUHFWLRQ RI ZDYH SURSDJDWLRQ� ௫ǡݒ ௬ǡݒ ௭ݒ WKH
FRPSRQHQWV RI WKHPROHFXOH¶V YHORFLW\ WKURXJKRXW WKH VSDFH DQG ܿ WKH OLJKW YHORFLW\ LQ YDFXR�
,Q IDFW� WKLV ZDV WKH RQO\ RFFDVLRQ LQ ZKLFK 'UXGH UHVRUWHG WR /RUHQW]¶V WKHRUHWLFDO ZRUNV�
,W LV YHU\ UHPDUNDEOH WKDW 'UXGH UHGXFHG /RUHQW]¶V FRQWULEXWLRQ WR WKH VSHFLDO FDVH LQ ZKLFK
HTXLOLEULXP SRVLWLRQV RI LRQV LQVLGH PROHFXOHV ZHUH QRW IL[HG� VLQFH /RUHQW] KDG IRXQGHG
KLV ZKROH DSSURDFK WR RSWLFDO SKHQRPHQD RQ WKH UHODWLYH PRWLRQV RI LRQV� PDNLQJ WKHP
UHVSRQVLEOH IRU WKH ORFDO FKDQJHV LQ WKH SURSHUWLHV RI WKH VWDWLF HOHFWURPDJQHWLF HWKHU� $V
%XFKZDOG DQG 'DUULJRO FODLPHG LQ WKHLU UHVSHFWLYH ERRNV� /RUHQW]¶V DSSURDFK� FDOOLQJ IRU
VXFK FRPSOLFDWHG PDWKHPDWLFDO WRROV DV UHWDUGHG SRWHQWLDOV� ZDV DOPRVW FHUWDLQO\ QRW ZHOO

��7KLV HIIHFW ZDV REVHUYHG RQH \HDU DIWHU WKH =HHPDQ HIIHFW �0DFDOXVR DQG &RUELQR ������ IRU ZKLFK 9RLJW KDG
DOUHDG\ SURYLGHG DQ (UNOlUXQJV\VWHP LQ ���� DQG ���� �9RLJW ������ 'DPLDQR 0DFDOXVR DQG KLV DVVLVWDQW 2UVR
0DULR &RUELQR WRRN D VDPSOH RI VRGLXP JDV DQG DSSOLHG D FRQVWDQW PDJQHWLF ILHOG� DV LQ DUUDQJHPHQWV WKDW H[KLELWHG
WKH =HHPDQ HIIHFW� %XW LQ FRQVWUDVW WR =HHPDQ¶V H[SHULPHQW� 0DFDOXVR DQG &RUELQR GLG QRW H[DPLQH WKH OLJKW
HPLWWHG E\ WKH JDV� 7KH\ PDGH ZKLWH OLJKW SDVV WKURXJK WKH JDV DQG PHDVXUHG WKH FKDQJH RI SRODUL]DWLRQ RI WKH
WUDQVPLWWHG OLJKW� 7KH\ REVHUYHG D FRQWLQXRV FKDQJH RI WKH DQJOH RI SRODUL]DWLRQ IRU WKH ZKROH VSHFWUXP� LQWHUUXSWHG
RQO\ E\ VKDUS GLVFRQWLQXLWLHV DW WKH ' VSHFWUDO OLQHV RI VRGLXP�
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XQGHUVWRRG LQ *HUPDQ\� LQ LWV EURDGHU VFRSH �%XFKZDOG ����� 'DUULJRO ������ 'UXGH ZDV�
LQ WKLV UHJDUG� QR H[FHSWLRQ�

(YHQWXDOO\� LQ WKH WKLUG SDUW RI WKH ERRN� 'UXGH ZURWH DERXW WKH WKHUPRG\QDPLFV RI UD�
GLDWLRQ� ,W LV YHU\ VLJQLILFDQW WKDW 'UXGH GHYRWHG PRUH WKDQ ILIW\ SDJHV WR WKLV PDWWHU� IRU WKLV
ZDV WKH ILUVW WLPH WKDW WKH WRSLF ZDV VR WKRURXJKO\ WUHDWHG LQ D WH[WERRN RQ RSWLFV� 7R GDWH�
LW KDG EHHQ VFDUFHO\ FRQVLGHUHG SDUW RI RSWLFV� VLQFH LW VHHPHG WR KDYH QRWKLQJ WR GR ZLWK
WKH H[SODQDWLRQ RI OLJKW SURSDJDWLRQ� HLWKHU WKURXJK WKH HWKHU RU PDWWHU� 7KHUPRG\QDPLFV RI
UDGLDWLRQ GHDOW LQVWHDG ZLWK WKH JHQHUDWLRQ RI UDGLDWLRQ E\ PDWWHU DQG WKH GLVWULEXWLRQ RI LWV
HQHUJ\ RYHU GLIIHUHQW VSHFWUDO IUHTXHQFLHV DW GLIIHUHQW WHPSHUDWXUHV� 7KH WKHUPRG\QDPLFV
RI UDGLDWLRQ UHTXLUHG� WKHUHIRUH� D YHU\ GLIIHUHQW VHW RI FRQFHSWV �L�H� GLVWULEXWLRQ RI HQHUJ\�
EODFN�ERG\ UDGLDWLRQ�� SK\VLFDO ODZV �L�H� WKH VHFRQG SULQFLSOH RI WKHUPRG\QDPLFV�� PDWKH�
PDWLFDO SURFHGXUHV �L�H� WKRVH RI WKH NLQHWLF WKHRU\ RI JDVHV�� DQG H[SHULPHQWDO VRXUFHV �L�H�
VSHFWURVFRS\� WKDQ WKH RQHV GLVFXVVHG KLWKHUWR� ,Q IDFW� 'UXGH UHOLHG RQ DFFRXQWV IURP RWK�
HUV� EDVLFDOO\ *XVWDY .LUFKKRII� %ROW]PDQQ� DQG :LOKHOP :LHQ� WR H[SDQG XSRQ WKLV LVVXH�
+RZHYHU� LQ WKH YHU\ ODVW VHFWLRQ RI WKLV SDUW� ZKLFK ZDV DERXW WKH HPLVVLRQ RI UDGLDWLRQ E\
JDVHV DQG YDSRUV� 'UXGH SUHVHQWHG KLV RZQ LQVLJKWV LQ D YHU\ UHYHDOLQJ ZD\� 7KH LRQV ZHUH
SUHVXPHG WR EH WKH FDXVH RI WKH OLJKW HPLVVLRQ LQ OXPLQHVFHQFH� IOXRUHVFHQFH� DQG VSHFWUDO
OLQHV� LQ D ZD\ DQDORJRXV WR WKH ZD\ FRYLEUDWLRQV RI LRQV ZLWK OLJKW FDXVHG RSWLFDO GLVSHUVLRQ
DQG PDJQHWR�RSWLFDO SKHQRPHQD� 7KH NH\ GLIIHUHQFH ZDV WKDW QRZ WKH LRQV ZHUH QRW VXS�
SRVHG WR PRGLI\ WKH EHKDYLRU RI WKH DOUHDG\ SURSDJDWLQJ OLJKW� 7KH\ ZHUH LQVWHDG VXSSRVHG
WR YLEUDWH DQG WR HPLW UDGLDWLRQ DW WKH VDPH IUHTXHQF\ DV WKHLU YLEUDWLRQ� $FWXDOO\� 'UXGH GLG
QRW H[SDQG DW OHQJWK XSRQ WKH YDULRXV PDQLIHVWDWLRQV RI WKHVH SKHQRPHQD� IRU ZKLFK WKHUH
ZDV� VR IDU� QR V\VWHPDWLF WKHRU\� +LV GHVFULSWLRQ RI WKH SKHQRPHQRQ ZDV UDWKHU VXSHUILFLDO
LQ FRPSDULVRQ ZLWK WKH VHFWLRQ RQ SK\VLFDO RSWLFV� 5DWKHU� WKH LPSRUWDQW SRLQW LV 'UXGH¶V
H[WHQVLRQ RI WKH IUXLWIXOQHVV RI WKH LRQ K\SRWKHVLV WR RSWLFDO SKHQRPHQD EH\RQG GLVSHUVLRQ
DQG PDJQHWR�RSWLFV�

$OO LQ DOO� WKH LRQ K\SRWKHVLV VHHPHG WR SURYLGH 'UXGHZLWK DQ LQVLJKWIXO ZD\ WR GHVFULEH
PDWKHPDWLFDOO\ DOO NLQGV RI RSWLFDO SKHQRPHQD LQYROYLQJ OLJKW�PDWWHU LQWHUDFWLRQV IURP WKH
VWDQGSRLQW RI WKH PRWLRQ RI SDUWLFOHV DW WKH PLFURVFRSLF OHYHO� <HW� WKH LRQ K\SRWKHVLV DOVR
DOORZHG 'UXGH DQRWKHU URXWH WR QHZ NQRZOHGJH�

����� 7KH ,RQ +\SRWKHVLV DV D 1HZ +HXULVWLFV

'UXGH MXVWLILHG WKH DGRSWLRQ RI WKH LRQ K\SRWKHVLV LQ /HKUEXFK GHU 2SWLN RQ WKH JURXQGV
WKDW LW SURYLGHG WKH PRVW DQVFKDXOLFK GHVFULSWLRQ RI WKH RSWLFDO SURSHUWLHV RI PDWWHU� QDPHO\�
WKH FOHDUHVW� PRVW GHPRQVWUDWLYH� PRVW JUDSKLF GHVFULSWLRQ� ,W LV WUXH WKDW D PRYLQJ LRQ LV
PXFK HDVLHU WR SLFWXUH WKDQ D PRYLQJ SDUWLFOH EHLQJ FURVVHG VLPXOWDQHRXVO\ E\ DQ HOHFWULF
PLFURFXUUHQW� ZKLFK 'UXGH VXJJHVWHG LQ ����� %XW WKH LRQ RIIHUHG PXFK PRUH WKDQ D PRUH
FRQFUHWH SK\VLFDO SLFWXUH� RWKHU DGYDQWDJHV FRQWULEXWHG WR LWV EHLQJ DQVFKDXOLFK�

2Q WKH RQH KDQG� WKH LRQ K\SRWKHVLV ZRUNHG ZHOO DV D KHXULVWLF WRRO� WR PRGHO WKH LQ�
WHUDFWLRQ EHWZHHQ OLJKW DQG PDWWHU LQ D PRUH DSSURDFKDEOH ZD\� 2Q WKH RWKHU KDQG� WKH LRQ
KDG DQ RQWRORJLFDO VWDWXV DV WKH SK\VLFDO DJHQW RI RSWLFDO SKHQRPHQD� ZKRVH VSHFLILF SURS�
HUWLHV FRXOG EH PHDVXUHG WKURXJK GLIIHUHQW VRUWV RI H[SHULPHQWV� 1HYHUWKHOHVV� LRQV FRXOG
QRW EH GLUHFWO\ YLHZHG RU GHWHFWHG� 7KHLU SURSHUWLHV �VXFK DV PDVV DQG FKDUJH� FRXOG EH FDO�
FXODWHG IURP H[SHULPHQWDO GDWD RQO\ E\ DQDO\]LQJ WKHVH GDWD XQGHU WKH SUHYLRXV DVVXPSWLRQ
WKDW PHDVXUDEOH SKHQRPHQD ZHUH FDXVHG E\ WKH K\SRWKHWLFDO LRQV� 7KURXJK WKH VKDULQJ RI
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LRQV DV ERWK KHXULVWLF WRROV DQG SK\VLFDO DJHQWV LQ WKLV ZD\� 'UXGH ILJXUHG RXW D QHZ ZD\ WR
QHWZRUN GLIIHUHQW GRPDLQV RI NQRZOHGJH�

,Q WKH VHFRQG SDUW RI KLV ERRN� 'UXGH SODFHG VSHFLDO HPSKDVLV RQ =HHPDQ¶V H[SHULPHQWV
DQG WKH ILUVW PHDVXUHPHQW RI WKH FKDUJH�WR�PDVV UDWLR RI LRQV REWDLQHG IURP WKHP� 'UXGH
UHOLHG RQ =HHPDQ¶V LQWHUSUHWDWLRQ RI WKH H[SHULPHQWDO VSOLW RI WKH ' OLQHV RI VRGLXP XQGHU
WKH LQIOXHQFH RI D PDJQHWLF ILHOG� DV D GLUHFW FRQVHTXHQFH RI WKH GHFRPSRVLWLRQ RI WKH QDWXUDO
PRWLRQ RI LRQV� DQG KH UHSURGXFHG =HHPDQ¶V UHODWLRQ EHWZHHQ WKH IUHTXHQF\ GLIIHUHQFH� ݃ ൌ
ଵܦ െ �ଶܦ DQG WKH PDVV�݉� DQG FKDUJH� ݁� RI WKH K\SRWKHWLFDO LRQV�

݃ ൌ ܪଵߥ
݁
݉ ǡ �����

ܪ EHLQJ WKH PDJQHWLF ILHOG DSSOLHG DQG ଵߥ WKH IUHTXHQF\ RI WKH RULJLQDO ' OLQH� 7KLV DSSURDFK
RIIHUHG DQ H[FHSWLRQDO RSSRUWXQLW\ WR REWDLQ D QXPHULFDO YDOXH RI ݁Ȁ݉ IRU WKH K\SRWKHWLFDO
LRQ IURP RSWLFDO H[SHULPHQWV� %XW 'UXGH GLG QRW VWRS WKHUH� 'UXGH FRPSDUHG =HHPDQ¶V
YDOXH ZLWK RWKHU YDOXHV IRU ݁Ȁ݉ REWDLQHG LQ RWKHU H[SHULPHQWDO FRQWH[WV RXWVLGH RI RSWLFV�
OLNH WKH SURGXFWLRQ RI FDWKRGH UD\V DQG WKH SURFHVV RI HOHFWURO\VLV� ,I LW ZHUH QRW IRU WKHLU
VKDUHG UHOLDQFH RQ WKH LRQ DV D K\SRWKHWLFDO FDXVH� LW LV UDWKHU XQOLNHO\ WKDW VXFK GLYHUVH
SKHQRPHQD ZRXOG KDYH EHHQ SXW WRJHWKHU LQ D WH[WERRN RQ RSWLFV�

,W LV UHPDUNDEOH WKDW� IURP WKH GHYLDWLRQ RI FDWKRGH UD\V� .DXIPDQQ KDV GHULYHG
>«@ DOPRVW WKH VDPH YDOXH >«@ IRU WKH UHODWLRQ RI WKH FKDUJH WR WKH PDVV RI WKH
DFFHOHUDWHG FDWKRGH SDUWLFOHV� )RU WKH LRQV DSSHDULQJ LQ HOHFWURO\VLV WKLV UHOD�
WLRQ LV PXFK VPDOOHU� >«@ 2QH FDQ WKLQN WKDW HLWKHU WKH HOHFWURO\WLF LRQ FRQWDLQV
PRUH SRVLWLYHO\ DQG QHJDWLYHO\ FKDUJHG FRPSRQHQWV WKDW KROG WRJHWKHU IRU HOHF�
WURO\VLV EXW PRYH IUHHO\ ZLWK OLJKW ZDYHV DQG LQ YDFXXP� RU WKH HOHFWURO\WLF LRQ
LV FRPSRVHG E\ WKH ERQGLQJ RI D FKDUJH ݁ RI PDVV ݉ �HOHFWURQ� ZLWK D ELJJHU
QHXWUDO PDVVܯ� �'UXGH ����D� ���±����

7KLV WH[W DSSHDUV LQ D IRRWQRWH� EXW WKLV GRHV QRW PHDQ WKDW LW ZDV FRQVLGHUHG DQFLOODU\
E\ 'UXGH� $FWXDOO\� LQ WKH HQVXLQJ \HDUV� KLV UHVHDUFK IRFXVHG RQ WKH H[WHQVLRQ RI WKH LRQ
K\SRWKHVLV WR WKH PRVW YDULHG RI ILHOGV� 0RVW SUREDEO\� 'UXGH LQFRUSRUDWHG WKHVH LQVLJKWV
LQWR KLV WH[W LQ WKH ODVW PRPHQWV EHIRUH GHOLYHULQJ LW WR WKH SXEOLVKLQJ KRXVH� 0D\EH KH
OHDUQHG DERXW .DXIPDQQ¶V H[SHULPHQWV RQO\ LQ ����� DV :DOWHU .DXIPDQQ JDYH D WDON RQ
WKH WRSLF LQ WKH VDPH VHVVLRQ RI WKH ���� PHHWLQJ RI WKH *HUPDQ 3K\VLFDO 6RFLHW\ DV 'UXGH
VSRNH� 7KLV ZRXOG H[SODLQ ZK\ 'UXGH RQO\ PHQWLRQHG .DXIPDQQ LQ UHODWLRQ WR FDWKRGH
UD\V� )RU� LQ IDFW� DOPRVW VLPXOWDQHRXVO\� -RVHSK -� 7KRPVRQ LQ &DPEULGJH �����D� ����E��
.DXIPDQQ LQ %HUOLQ ������� DQG (PLO :LHFKHUW LQ .|QLJVEHUJ �����D� ����E� SHUIRUPHG
H[SHULPHQWV ZLWK FDWKRGH UD\V DQG PHDVXUHG VLPLODU YDOXHV IRU ݁Ȁ݉� &DWKRGH UD\V ZHUH
HPLWWHG E\ WKH FDWKRGH RI D YDFXXP WXEH GXULQJ DQ HOHFWULFDO GLVFKDUJH� ,I WKH UD\V ZHUH
LQWHUSUHWHG DV VWUHDPV RI HOHFWULFDOO\ FKDUJHG SDUWLFOHV� WKHQ E\ PHDVXULQJ WKHLU GHYLDWLRQ LQ
D PDJQHWLF ILHOG RQH FRXOG REWDLQ D QXPHULFDO YDOXH RI WKHLU K\SRWKHWLFDO ݁Ȁ݉���

6RPH IXUWKHU DVSHFWV RI WKLV WULDQJXODU FRPSDULVRQ RI ݁Ȁ݉ YDOXHV VKRXOG EH KLJKOLJKWHG�
)LUVW� RQO\ DIWHU WKH VDPH K\SRWKHVLV RI PRYLQJ FKDUJHG SDUWLFOHV ZDV DSSOLHG WR VHYHUDO
GLIIHUHQW SKHQRPHQD ZHUH LRQV GLIIHUHQWLDWHG LQWR GLIIHUHQW VRUWV� 7KHQ RQO\ WKH SDUWLFOHV
��7KH VHFRQGDU\ OLWHUDWXUH RQ FDWKRGH UD\ H[SHULPHQWV LQ WKH ODWH ����V LV KXJH� HVSHFLDOO\ RQ 7KRPVRQ� 5HSUH�
VHQWDWLYH H[DPSOHV LQFOXGH �)DOFRQHU ����� 5RERWWL ������ WKH ILUVW IRXU SDSHUV RI �%XFKZDOG DQG :DUZLFN ������
DQG �1DYDUUR ������ )RU WKH WD[RQRP\ RI WKH HOHFWURQ� VHH �$UDEDW]LV ������
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UHVSRQVLEOH IRU FDWKRGH UD\V VHHPHG WR FRLQFLGH ZLWK WKH RQHV PHDVXUHG E\ =HHPDQ� 5H�
PDUNDEO\� 'UXGH UHIHUUHG WR WKHP DV ³HOHFWURQV�´ 7KLV ZDV WKH ILUVW WLPH WKDW 'UXGH PDGH WKH
GLVWLQFWLRQ EHWZHHQ HOHFWURQV DQG HOHFWURO\WLF LRQV� D GLFKRWRP\ WKDW EHFDPH YHU\ IUXLWIXO LQ
KLV UHVHDUFK LQ WKH HQVXLQJ \HDUV� 7KXV WKH YDOXH RI ݁Ȁ݉ REWDLQHG LQ H[SHULPHQWV VLJQLILHG
WKDW HOHFWURO\WLF LRQV ZHUH PXFK PRUH PDVVLYH SDUWLFOHV WKDQ HOHFWURQV� 6HFRQG� RQO\ DI�
WHU WKLV GLFKRWRP\ DURVH FRXOG RQH EHJLQ WR ZRQGHU DERXW KRZ HOHFWURQV FRXOG EH FRPELQHG
ZLWK HOHFWURO\WLF LRQV LQ WKH FRQVWLWXWLRQ RI PDWWHU� DV 'UXGH GLG� +H HQYLVLRQHG WZR SRVVLELO�
LWLHV� HLWKHU LRQV ZHUH FRPSRVHG RI D PDQLIROG RI SRVLWLYH DQG QHJDWLYH HOHPHQWDU\ FKDUJHV�
RU D FKDUJH ݁ ZDV DWWDFKHG WR D ELJJHU PDVV �ܯ 1RZ� UDWKHU WKDQ 'UXGH¶V DQVZHU� ZKDW LV
LPSRUWDQW KHUH LV WKH IDFW WKDW 'UXGH DVNHG WKLV TXHVWLRQ� 7KH LRQ WXUQHG RXW WR EH QRW RQO\
SURGXFWLYH LQ SURYLGLQJ KLP ZLWK D FOHDUHU SK\VLFDO SLFWXUH� LRQV DOVR RIIHUHG 'UXGH WKH DELO�
LW\ WR LQWHUUHODWH GLIIHUHQW SKHQRPHQD WKURXJK WKH GLIIHUHQW ZD\V LQ ZKLFK WKH\ PDQLIHVWHG
WKH SURSHUWLHV DFNQRZOHGJHG DV GHSHQGHQW XSRQ LRQV� DQG WKHQ WR VSHFXODWH RQ D PRUH JHQ�
HUDO SLFWXUH RI WKH FRQVWLWXWLRQ RI PDWWHU� 7KDW LV WR VD\� SLHFHV RI LQIRUPDWLRQ REWDLQHG IURP
GLIIHUHQW H[SHULPHQWDO FRQWH[WV� RQFH LQWHUSUHWHG DV D FRQVHTXHQFH RI WKH VDPH PLFURVFRSLF
DJHQW� FRXOG FRQWULEXWH WR WKH GLVFORVXUH RI D QHZ DQG H[FLWLQJ SX]]OH� WKH PLFURVWUXFWXUH RI
PDWWHU�

'UXGH¶V DSSURSULDWLRQ RI WKH LRQ DOVR LPSDFWHG WKH WKLUG SDUW RI WKH ERRN� VSHFLILFDOO\
ZKHQ KH GHDOW ZLWK WKH SKHQRPHQRQ RI OXPLQHVFHQFH� $FFRUGLQJ WR 'UXGH� OXPLQHVFHQFH
ZDV SURGXFHG ZKHQ LRQV YLEUDWHG DQG HPLWWHG UDGLDWLRQ DW WKH VDPH IUHTXHQF\ DV WKHLU YLEUD�
WLRQV� 7R VXSSRUW WKLV K\SRWKHVLV� 'UXGH SXW IRUZDUG WKH IROORZLQJ DUJXPHQW� KH DVVXPHG
WKDW WKH QXPEHU RI YLEUDWLQJ LRQV FRLQFLGHG ZLWK WKH FKHPLFDO YDOHQFH QXPEHU RI WKH PDWH�
ULDO� DQG WKDW WKH FKDUJH DVVRFLDWHG ZLWK D YDOHQFH ZDV D XQLYHUVDO FRQVWDQW��� 8VLQJ WKHVH
K\SRWKHVHV� WRJHWKHU ZLWK H[SHULPHQWDO YDOXHV IRU WKH DPRXQW RI OLJKW HQHUJ\ HPLWWHG SHU
VHFRQG� KH FDOFXODWHG D YDOXH IRU WKH K\SRWKHWLFDO DPSOLWXGH ݈ RI WKH YLEUDWLRQV RI WKH LRQV�
LI UHJDUGHG DV LGHDO +HUW] UHVRQDWRUV� )LQDOO\ KH SRLQWHG RXW WKDW ݈ ZDV YDULRXV RUGHUV RI
PDJQLWXGH VPDOOHU WKDQ WKH VL]H RI WKH PROHFXOH� ZKLFK ZDV IXOO\ FRQVLVWHQW ZLWK WKH JHQ�
HUDO SLFWXUH RI LRQV DV YLEUDWLQJ LQVLGH PROHFXOHV� 7KXV 'UXGH IRXQG VXSSRUW IRU KLV LQLWLDO
K\SRWKHVLV LQ WKH SODXVLELOLW\ RI WKH UHVXOWV JHQHUDWHG E\ KLV QHWZRUN RI DVVXPSWLRQV� LRQV
EHLQJ +HUW] UHVRQDWRUV� DSSOLFDELOLW\ RI WKH NLQHWLF WKHRU\� DQG YDOHQFH QXPEHUV UHSUHVHQWLQJ
VLWHV IRU XQLYHUVDO FKDUJHV�

,Q WKLV PDQQHU� H[SORLWDWLRQ RI WKH LRQ K\SRWKHVLV OHG WR D QHZ ZD\ WR JHQHUDWH NQRZO�
HGJH� WKLV ZDV QRW WKH HWKRV RI H[DFWLWXGH� QRU SK\VLFDO XQLILFDWLRQ WKURXJK PDWKHPDWLFDO
HTXLYDOHQFH� EXW D QHWZRUNLQJ RI GLIIHUHQW SK\VLFDO GRPDLQV WKURXJK D VKDUHG K\SRWKHVLV�
,Q WKLV FDVH� SUHFLVH QXPHULFDO DJUHHPHQW EHWZHHQ WKHRU\ DQG H[SHULPHQWV FRXOG QRW KHOS
LQ FKHFNLQJ ZKHWKHU WKH K\SRWKHVLV ZDV FRUUHFW� 2QH KDG WR SUHVXPH WKH LRQ LQ RUGHU WR
FDOFXODWH ݁Ȁ݉ IURP H[SHULPHQWDO GDWD� 7KH RQO\ ZD\ WR FKHFN WKH LRQ K\SRWKHVLV ZDV WKH
FRQVLVWHQF\ RI WKH VSHFXODWLYH SLFWXUH RQ WKH PLFURVWUXFWXUH RI PDWWHU FRQVWUXFWHG WKURXJK
WKH QHWZRUN RI LQVLJKWV GHSHQGHQW XSRQ LW �HOHFWURFKHPLVWU\� VSHFWURVFRS\� FDWKRGH UD\V�
SK\VLFDO RSWLFV� KHDW UDGLDWLRQ��
��7KH YDOHQFH QXPEHU ZDV UHODWHG WR WKH QXPEHU RI RWKHU DWRPV WKDW RQH VXEVWDQFH UHTXLUHG WR IRUP PROHFXOHV�
+HQFH YDOHQFH ZDV UHODWHG WR HPSW\ SRVLWLRQV LQ WKH DWRP� QRW \HW WR WKH QXPEHU RI HOHPHQWDU\ SDUWLFOHVþ
HOHFWURQVþWR EH VKDUHG LQ IRUPLQJ PROHFXOHV� 'UXGH FDOFXODWHG WKH FKDUJH DVVRFLDWHG ZLWK D YDOHQFH SRVLWLRQ
IURP HOHFWURO\VLV� XVLQJ WKH NLQHWLF WKHRU\ RI JDVHV� WKXV LW ZDV DFNQRZOHGJHG WKDW� LQ HOHFWURO\VLV� WKH HOHFWURO\WHV
RI RQH VXEVWDQFHþLRQVþDOZD\V WUDQVSRUWHG WKH VDPH QXPEHU RI YDOHQFHV IURP RQH HOHFWURGH WR WKH RWKHU� 'UXGH
KDSSLO\ REVHUYHG WKDW WKLV FKDUJH DOPRVW FRLQFLGHG ZLWK WKH FKDUJH RI WKH HOHFWURQ PHDVXUHG E\ 7KRPVRQ� %XW
'UXGH GLG QRW JR IXUWKHU LQ UHODWLQJ WKH FKDUJH RI RQH HOHFWURQ ZLWK WKH FKDUJH RI YDOHQFH�
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����� &RQWHQW DQG 1DUUDWLYH LQ /HKUEXFK GHU 2SWLN

7KH ZD\ LQ ZKLFK 'UXGH RUJDQL]HG KLV ERRN LV LQVHSDUDEOH IURP WKH ZD\ LQ ZKLFK KH XQ�
GHUVWRRG WKH VWXG\ RI RSWLFV� WKH QDWXUH RI HOHFWURPDJQHWLF OLJKW� DQG WKH UROH DWWULEXWHG WR
PDWWHU LQ WKH SURGXFWLRQ RI RSWLFDO SKHQRPHQD� )URP WKH SUHYLRXV WZR VHFWLRQV LW IROORZV WKDW
'UXGH¶V VWDUWLQJ SRLQW LQ DFFRXQWLQJ IRU SK\VLFDO RSWLFV ZDV DOZD\V WKH GHVFULSWLRQ RI DQ RS�
WLFDO SKHQRPHQRQ� 7KHQ KH JDYH D PDWKHPDWLFDO GHVFULSWLRQ RI WKH SKHQRPHQRQ� DQG DW WKH
VDPH WLPH LGHQWLILHG HDFK PDWKHPDWLFDO WHUP ZLWK LWV SK\VLFDO PHDQLQJ� 6LQFH WKH SK\VLFDO
V\VWHP KDG EHHQ UHGXFHG WR WKH SK\VLFDO ODQJXDJH WR GHVFULEH WKH IRUPDOLVP� PDWKHPDWLFDO
DQG SK\VLFDO DFFRXQWV RI RSWLFDO SKHQRPHQD PLUURUHG HDFK RWKHU �, FDOO LW D PDWKHPDWLFDO�
SK\VLFDO DSSURDFK�� 7KXV WKHUH ZDV QR VSDFH IRU SK\VLFDO VSHFXODWLRQ EH\RQG WKH ERXQGV VHW
RXW E\ WKH IRUPDO GHVFULSWLRQ RI WKH SKHQRPHQD� 7KH LQWURGXFWLRQ RI SKHQRPHQD IROORZHG
D VWULFW RUGHU� IURP WKRVH ZLWK WKH VLPSOHVW PDWKHPDWLFDO�SK\VLFDO GHVFULSWLRQ WR WKRVH ZLWK
WKH PRVW FRPSOH[� KHQFH IURP OLJKW SURSDJDWLRQ WR PDJQHWR�RSWLFV� (DFK VWHS VXEVXPHG WKH
IRUPHU RQH� ERWK LQ WHUPV RI PDWKHPDWLFV �IURP WKH SDUDPHWHU RI OLJKW YHORFLW\ WR FRPSOH[
(UNOlUXQJVV\VWHPH� DQG LQ WHUPV RI WKH SK\VLFDO FRQFHSWV XVHG �IURP ZDYH SURSDJDWLRQ WR
WKH LQWHUDFWLRQV RI HOHFWURPDJQHWLF OLJKW ZLWK LRQV�� 7KHUH ZHUH RQO\ WZR GHWRXUV RQ WKLV
URXWH� )LUVW� ZKHQ 'UXGH FODLPHG WKH XQLILFDWLRQ RI HOHFWURPDJQHWLVP DQG RSWLFV E\ LQWUR�
GXFLQJ DQ H[WHUQDO FULWHULXP� WKH H[SHULPHQWDO FRLQFLGHQFH RI WKH YHORFLWLHV RI OLJKW DQG
HOHFWURPDJQHWLF ZDYHV� 6HFRQG� ZKHQ� IRU WKH ILUVW WLPH� 'UXGH GHFLGHG WR LQWURGXFH D VSHF�
XODWLYH HOHPHQW� WKH LRQ� $ FOHDU JDS ZDV DSSDUHQW EHWZHHQ WKH SK\VLFDO GHVFULSWLRQ RI
PDWKHPDWLFDO WHUPV �GLHOHFWULF FRQVWDQWV� UHIUDFWLYH LQGH[� HOHFWULF FXUUHQWV� OLJKW YHORFLW\�
SKDVH GHOD\� OLJKW IUHTXHQFLHV� DQG FKDUDFWHULVWLF IUHTXHQFLHV RI VHOHFWLYH DEVRUSWLRQ� DQG
WKH VXSSRVLWLRQ WKDW WKH PRWLRQV RI LRQV ZHUH WKH FDXVH RI WKH RSWLFDO SURSHUWLHV RI PDW�
WHU� 7KXV� WKH LRQ K\SRWKHVLV HQODUJHG WKH SK\VLFDO V\VWHP EH\RQG WKH LQWHUSUHWDWLRQ RI WKH
PDWKHPDWLFDO IRUPDOLVP� 'UXGH FDOOHG WKLV VWUDWHJ\ RI RUJDQL]LQJ WKH ERRN WKH ³V\QWKHWLF
URXWH�´

)URP WKH SHUVSHFWLYH RI D SK\VLFLVW WRGD\� WKH V\QWKHWLF URXWH PLJKW VHHP D YHU\ REYL�
RXV ZD\ WR RUJDQL]H D ERRN� 1HYHUWKHOHVV� WKLV ZDV QRW QHFHVVDULO\ WKH FDVH� .HWWHOHU� IRU
H[DPSOH� DUWLFXODWHG KLV ERRN DURXQG WKH SULQFLSOH WKDW OLJKW DQG PDWWHU LQWHUDFWHG WKURXJK
0LWVFKZLQJXQJHQ� 7KXV KH RUJDQL]HG WKH FKDSWHUV DFFRUGLQJ WR WKH W\SH RI PHGLXP ZLWKLQ
ZKLFK WKH 0LWVFKZLQJXQJHQ ZHUH SHUIRUPHG� IURP WKH VLPSOHVW WR WKH PRVW FRPSOLFDWHG
PHGLD �ILUVW LVRWURSLF PHGLD� WKHQ DQLVRWURSLF� WKHQ WKRVH KDYLQJ QDWXUDO SURSHUWLHV WR SR�
ODUL]H OLJKW�� 3UHVWRQ� LQVWHDG� SXW WKH HPSKDVLV RQ KRZ RSWLFDO SKHQRPHQD ZHUH SURGXFHG
H[SHULPHQWDOO\� +H GHVFULEHG VRPH IXQGDPHQWDO H[SHULPHQWV� OLNH 1HZWRQ¶V UHIUDFWLRQ RI
OLJKW� IRU ZKLFK KH HYHQ UHSURGXFHG SDVVDJHV RI 1HZWRQ¶V ZRUNV� 3UHVWRQ WKXV FRPELQHG
FKURQRORJ\ ZLWK H[SHULPHQWDO VLPSOLFLW\ LQ RUJDQL]LQJ KLV DFFRXQW�

'UXGH¶V SDUWLFXODU DSSURDFK WR RSWLFV FOHDUO\ UHIOHFWHG DQRWKHU H[SOLFLW JRDO� H[SUHVVHG
LQ WKH LQWURGXFWLRQ RI KLV ERRN� ³7R SUHVHUYH D FORVH FRQWDFW ZLWK H[SHULPHQW� DLPLQJ DW
WKH VLPSOHVW FKDUDFWHUL]DWLRQ SRVVLEOH RI WKH ILHOG� , KDYH FKRVHQ WKH V\QWKHWLF URXWH´ �'UXGH
����D� LLL�� 7KXV 'UXGH¶V V\QWKHWLF URXWH DLPHG DW ³VLPSOLFLW\�´ ZKHUH VLPSOLFLW\ PHDQW
XVLQJ WKH OHDVW QXPEHU RI SK\VLFDO K\SRWKHVHV WR VXSSRUW WKH PDWKHPDWLFDO IRUPDOLVP� ,Q
WKLV VHQVH� 'UXGH¶V VWUDWHJ\ FDQ EH UHJDUGHG DV D UHDOL]DWLRQ� IRU WKH ILHOG RI RSWLFV� RI WKH
SRVLWLYLVWLF PRYH KH LQLWLDWHG LQ ����� ,QGHHG� LW LV KDUG WR LPDJLQH DQRWKHU VWUDWHJ\� GLIIHUHQW
IURP WKH V\QWKHWLF URXWH� WKDW FRXOG DUWLFXODWH WKH H[LVWLQJ NQRZOHGJH LQWR D XQLWDU\ DQG
FRQVLVWHQW YLHZ RI RSWLFV IROORZLQJ WKH EDVLF VLPSOLFLW\ SULQFLSOH� $QRWKHU RSWLRQ ZRXOG
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KDYH EHHQ VHHNLQJ WR XQLI\ WKH ILHOG DURXQG� IRU H[DPSOH� PHFKDQLFDO SULQFLSOHV� DV YRQ
+HOPKROW] GLG� EXW 'UXGH KDG DOUHDG\ UHOHJDWHG WKRVH SULQFLSOHV WR QDWXUDO SKLORVRSKHUV
\HDUV EHIRUH�

7KH V\QWKHWLF URXWH LPSOLHG D YHU\ SDUWLFXODU NLQG RI WUDIILFNLQJ EHWZHHQ WKH VLPSOHVW
DFFRXQW LQ SULQFLSOH DQG WKH ROGHU VRXUFHV� 3UHYLRXV SDSHUV HQWHUHG WKH QDUUDWLYH IRU WZR
SULQFLSOH UHDVRQV� ILUVW� WR SURYLGH VXSSRUW IRU 'UXGH¶V XQLWDU\ YLHZ �LQ WKH FDVH RI H[SHUL�
PHQWV�� VHFRQG� DV FRPSRQHQWV QDWXUDOO\ LQFRUSRUDWHG LQWR KLV RYHUDOO SLFWXUH� $V D PDWWHU
RI IDFW� KH FRPPHQWHG ZLWK UHJDUG WR KLV RZQ SUHYLRXV ZRUNV RQ RSWLFDO GLVSHUVLRQ DQG WKH
.HUU HIIHFW WKDW WKH\ ZHUH VXEVXPHG E\ WKH QHZ DFFRXQW LQ /HKUEXFK GHU 2SWLN� 7KH LPSOL�
FDWLRQ ZDV WKDW SUHYLRXV SDSHUV FRXOG QRW JLYH XV PRUH LQIRUPDWLRQ DERXW RSWLFV� XQOHVV ZH
ZDQWHG WR JR EH\RQG WKH VLPSOHVW GHVFULSWLRQ RI SKHQRPHQD� 7KH V\QWKHWLF URXWH EORFNHG�
LQ WKLV ZD\� GLUHFW FRQWDFW ZLWK WKH VFLHQWLILF SDVW� 7KLV FRQWUDVWV FOHDUO\ ZLWK 3UHVWRQ¶V DQG
%DVVHW¶V ERRNV� ZKHUH ROGHU ZRUNV HQWHUHG WKH VWRU\ E\ WHDFKLQJ XV VRPHWKLQJ DERXW RSWLFV�
FRQYH\LQJ LQVWHDG DQ DFFXPXODWLYH SURFHVV RI NQRZOHGJH DFTXLVLWLRQ�

7KURXJK WKH V\QWKHWLF URXWH� 'UXGH FRQFHDOHG QRW RQO\ ROGHU YHUVLRQV RI HOHFWURPDJ�
QHWLVP DQG WKH LRQ K\SRWKHVLV EXW DOVR WKH NLQG RI TXHVWLRQV WKDW OHG WR DOWHUQDWLYH FRQFHS�
WLRQV RI WKHVH VXEMHFWV� YL]� ZKHWKHU HOHFWURPDJQHWLVP DQG PHFKDQLFV UHODWHG WR HDFK RWKHU
LQ D PDQQHU EH\RQG WKH V\VWHP RI 0D[ZHOO¶V HTXDWLRQV� 6LPSOLFLW\� DV FKDUDFWHUL]HG DERYH�
ZRUNHG DV D VHOI�HYLGHQW FULWHULRQ IRU VHOHFWLQJ NQRZOHGJH DQG SRVVLEOH ZD\V RI JHQHUDWLQJ
NQRZOHGJH LQ /HKUEXFK GHU 2SWLN� %XW VLPSOLFLW\ KDG QRW DOZD\V EHHQ VXFK DQ REYLRXV ZD\
WR MXVWLI\ FKRLFHV LQ SK\VLFV� $V 3RLQFDUp DUJXHG HORTXHQWO\ LQ WKH LQWURGXFWLRQ RI KLV ����
ERRN RQ HOHFWULFLW\ DQG RSWLFV�

+RZ FDQZHPDNH D GHFLVLRQ DPRQJ DOO WKHVH SRVVLEOH H[SODQDWLRQV >KH LV VSHDN�
LQJ RI WKH YDULRXV PHFKDQLFDO DQG HOHFWURPDJQHWLF WKHRULHV RI OLJKW� PDWKHPDWL�
FDOO\ HTXLYDOHQW@� LI WKH H[SHULPHQWV GR QRW KHOS XV" >«@ 2XU GHFLVLRQ FDQ RQO\
EH IRXQGHG RQ FRQVLGHUDWLRQV LQ ZKLFK RXU SHUVRQDO YLHZV SOD\ D ELJ UROH� LQ
WKDW WKHUH DUH VROXWLRQV WKDW VRPHRQH FDQ UHIXVH GXH WR WKHLU RGGLW\ DQG RWKHU
VROXWLRQV WKDW DUH SUHIHUUHG GXH WR WKHLU VLPSOLFLW\� �3RLQFDUp ����� �±��

7KXV� ZKDW IRU 3RLQFDUp ZDV D PDWWHU RI SHUVRQDO WDVWH LQ WKH VHOHFWLRQ RI WKHRULHV� IRU 'UXGH
ZDV D GLVWLQJXLVKLQJ IDFWRU EHWZHHQ SK\VLFV DQG QDWXUDO SKLORVRSK\�

,Q 'UXGH¶V V\QWKHWLF URXWH� WKH QHZ TXHVWLRQV WR EH SRVHG DSSHDUHG DOPRVW DW WKH HQG
RI WKH QDUUDWLYH� ZKHQ WKH LQWURGXFWLRQ RI WKH LRQ K\SRWKHVLV SURGXFHG D JDS EHWZHHQ WKH
PDWKHPDWLFDO IRUPDOLVP DQG LWV SK\VLFDO LQWHUSUHWDWLRQ� EUHDNLQJ LQ WKLV ZD\ WKH VLPSOLF�
LW\ UXOH� 7KH ³IUHVK OLIH SXOVLQJ´ LQ RSWLFV ZDV WR EH IRXQG� DV 'UXGH SURJQRVWLFDWHG LQ WKH
LQWURGXFWLRQ� LQ WKH LQWHUSOD\ EHWZHHQ RSWLFDO SURSHUWLHV RI PDWWHU� WKH FRUUHVSRQGLQJ (UNOl�
UXQJVV\VWHPH� WKH SK\VLFDO K\SRWKHVHV DERXW KRZ LRQV EHKDYHG� DQG LQVLJKWV FRPLQJ IURP
RWKHU SK\VLFDO ILHOGV�

����� /HKUEXFK GHU 2SWLN DV D 0RGHUQ %RRN RQ 2SWLFV

'UXGH¶V WH[WERRN UDSLGO\ EHFDPH LQIOXHQWLDO LQ *HUPDQ\� LQ WKH UHVW RI (XURSH� DQG HYHQ
LQ WKH 8QLWHG 6WDWHV� $Q (QJOLVK WUDQVODWLRQ E\ &KDUOHV 5� 0DQQ DQG 5REHUW $� 0LOOLNDQ
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ZDV SXEOLVKHG LQ ���� �'UXGH ������ DQG D VHFRQG DQG WKLUG HGLWLRQ RI WKH *HUPDQ YHUVLRQ
DSSHDUHG LQ ���� DQG ���� �'UXGH ����� ��������

5HYLHZV RI /HKUEXFK GHU 2SWLN� ERWK RI WKH ���� *HUPDQ DQG ���� (QJOLVK HGLWLRQV�
KLJKOLJKWHG WKH PRGHUQLW\ RI WKH ERRN� GHVFULELQJ LW DV DQ DGYDQFHG WH[W WKDW FRQWDLQHG D ORW
RI QRYHO NQRZOHGJH� XSVKRWV RI WKH IDVW GHYHORSPHQWV LQ RSWLFV LQ WKH SUHFHGLQJ GHFDGHV�
DQG QHYHU LQFOXGHG LQ WH[WERRNV XS WR WKDW SRLQW� )RU H[DPSOH� 0D[ $EUDKDP ZURWH� LQ D
UHYLHZ RI ����� ³DV D UHVXOW RI WKH IDVW SURJUHVV WKDW RSWLFV KDV PDGH LQ WKH ODVW \HDUV� WKH
ROG ERRNV DUH REVROHWH� 'UXGH¶V /HKUEXFK GHU 2SWLN� EXLOW RQ PRGHUQ FRQVLGHUDWLRQV� LV
WKHUHIRUH ZHOFRPH´�� �$EUDKDP ����� ���±����� $QG $OEHUW $� 0LFKHOVRQ FRPPHQWHG LQ
WKH SUHIDFH WR WKH ���� (QJOLVK HGLWLRQ� ³7KHUH GRHV QRW H[LVW WR�GD\ LQ WKH (QJOLVK ODQJXDJH
D JHQHUDO DGYDQFHG WH[W XSRQ 2SWLFV ZKLFK HPERGLHV WKH LPSRUWDQW DGYDQFHV LQ ERWK WKHRU\
DQG H[SHULPHQW ZKLFK KDYH EHHQ PDGH ZLWKLQ WKH ODVW GHFDGH´ �'UXGH ����� LLL�� (YHQ LQ
FRPSDULVRQ WR IDPRXV (QJOLVK WH[WERRNV RQ RSWLFV� /HKUEXFK GHU 2SWLN ZDV KLJKO\ SUDLVHG�

,W LV D VDWLVIDFWLRQ WR QRWH WKDW WKHUH KDV DSSHDUHG D WUDQVODWLRQ RI WKLV ZRUN�
ZKLFK UHFHLYHG VXFK LQVWDQW UHFRJQLWLRQ DW WKH KDQGV RI SK\VLFLVWV WKH ZRUOG
RYHU XSRQ LWV DSSHDUDQFH LQ *HUPDQ\� >«@ 'HVFULSWLYHO\� WKH ERRN LV IXOO\ RQ D
SDU ZLWK 3UHVWRQ¶V 7KHRU\ RI /LJKW DQG PDWKHPDWLFDOO\ PRUH YDOXDEOH� DV ZHOO
DV PRUH OXFLG DQG DWWUDFWLYH� WKDQ %DVVHW¶V 7UHDWLVH RQ 3K\VLFDO 2SWLFV� �.HQW
����� ��±���

7KH DVSHFW RI 'UXGH¶V DFFRXQW WKDW PRVW VDWLVILHG UHYLHZHUV ZDV KLV WUHDWPHQW RI WKH
HOHFWURPDJQHWLF WKHRU\ RI OLJKW WRJHWKHU ZLWK WKH LRQ K\SRWKHVLV� ZHOO H[SUHVVHG LQ WKLV (QJ�
OLVK UHYLHZ RI WKH ILUVW *HUPDQ HGLWLRQ�

7H[WERRNV RI RSWLFV� LW LV WUXH� DUH QXPHURXV� DQG WKH UHYLHZHU LV DSW WR WKLQN WKDW
RI WKH PDNLQJ RI PDQ\ ERRNV WKHUH LV QR HQG� 3URIHVVRU 'UXGH¶V ERRN� KRZHYHU�
FRQWDLQV PXFK WKDW LV QRYHO �DW DQ\ UDWH� WR (QJOLVK ERRNV� DQG WKH VWXGHQW ZLOO
ILQG XS�WR�GDWH LQIRUPDWLRQ RQPDQ\ SRLQWV RI LQWHUHVW� >«@ ,Q DOO WKLV ZRUN 3URI�
'UXGH KDV EHHQ PRVW VXFFHVVIXO� WKH HOHFWURPDJQHWLF WKHRU\� VXSSOHPHQWHG E\
WKH RQH DGGLWLRQDO K\SRWKHVLV RI WKH PRYLQJ HOHFWURQV� VHUYHV WR FRRUGLQDWH LQ D
VDWLVIDFWRU\ ZD\ YHU\ PDQ\ RI WKH SKHQRPHQD RI OLJKW� �$QRQ\PRXV �����

1RZ WKH TXHVWLRQ LV� LQ ZKDW GLG WKH PRGHUQLW\ RI WKH ERRN OD\" 2U SXW LW LQ DQRWKHU ZD\�
ZKDW NQRZOHGJH ZDV OHIW EHKLQG DV ROG� RQFH PRGHUQ NQRZOHGJH DUULYHG"

,Q P\ RSLQLRQ� WKH PRGHUQLW\ RI WKH ERRN OD\ QRW RQO\ LQ WKH DGRSWLRQ RI WKH HOHFWUR�
PDJQHWLF WKHRU\ RI OLJKW DQG WKH LQWURGXFWLRQ RI WKH LRQ K\SRWKHVLV� EXW DOVR LQ ZKDW WKHVH
GHFLVLRQV LPSOLHG IRU WKH FRQFHSWLRQ RI RSWLFV DV D ZKROH� 7KDW LV WR VD\� WKH PRGHUQLW\ OD\
DOVR LQ WKH ZD\ HOHFWURPDJQHWLVP DQG WKH LRQ K\SRWKHVLV ZHUH UHGHILQHG LQ WKHLU DUWLFXODWLRQ
DV SDUW RI WKH V\QWKHWLF URXWH� (OHFWURPDJQHWLF WKHRU\ ZDV UHGXFHG WR WKH 0D[ZHOO¶V HTXD�
WLRQV DQG RSWLFDO SKHQRPHQD ZHUH SLFWXUHG DV PDQLIHVWDWLRQV RI LRQV� IDYRUHG IRU ERWK EHLQJ
DQVFKDXOLFK HQRXJK WR GHULYH RSWLFDO WKHRULHV DQG EHLQJ HPEHGGHG LQ D EURDGHU QHWZRUN RI
H[SHULPHQWDO SUDFWLFHV IURPZKLFK WR FKDUDFWHUL]H WKHLU SURSHUWLHV� 'UXGH¶V YLHZSRLQW RQ RS�
WLFV ZDV DOVR PRGHUQ LQ LWV ZD\ RI EUHDNLQJ ZLWK WKH RSWLFDO GHEDWHV RI WKH SDVW� 'LVFXVVLRQV
��0RUHRYHU� WZR IXUWKHU HGLWLRQV RI WKH (QJOLVK YHUVLRQ DSSHDUHG LQ ���� DQG ����� %HVLGHV WKHP� WKHUH ZDV RQH
)UHQFK WUDQVODWLRQ LQ ���� DQG DQRWKHU LQWR 5XVVLDQ LQ ���� �&DUGRQD DQG 0DU[ ������
��,WDOLFV DUH PLQH�
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RI WKH QDWXUH RI WKH HWKHU ZHUH DEDQGRQHG IRU VLPSOLFLW\� WKH SKLORVRSKLFDO FRQIOLFWV DERXW
WKH FRLQFLGHQFH RI HOHFWURPDJQHWLF DQGPHFKDQLFDO(UNOlUXQJVV\VWHPHZHUH RXW RI SODFH� $W
WKH VDPH WLPH� /HKUEXFK GHU 2SWLN UHYHDOHG D QHZ GRPDLQ IRU VSHFXODWLRQ LQ RSWLFV UHJDUG�
LQJ WKH FRQQHFWLRQ EHWZHHQ LRQV DQG WKHLU RSWLFDO PDQLIHVWDWLRQV� DQG WKH FRQVWUXFWLRQ RI D
FRQVLVWHQW PLFURVFRSLF SLFWXUH RI PDWWHU WKURXJK WKH FRPELQDWLRQ RI WKH SURSHUWLHV RI LRQV
IURP GLIIHUHQW H[SHULPHQWDO FRQWH[WV� 'UXGH KDG FRQFHLYHG D PRGHUQ ERRN� DOVR EHFDXVH LW
SRVHG PRGHUQ TXHVWLRQV� ZKLFK WKHQ VKDSHG UHVHDUFK LQ RSWLFV LQ WKH HQVXLQJ \HDUV� 'UXGH
LV WKH ILUVW� EHVW H[DPSOH RI WKH IUXLWIXOQHVV RI WKHVH QHZ TXHVWLRQV� 'UXGH QRW RQO\ ZURWH
D ERRN XQGHU WKHLU JXLGDQFH� EXW WKH WDVN RI ZULWLQJ VXFK D ERRN DOVR RSHQHG IRU KLP QHZ
SDWKZD\V IRU IXUWKHU UHVHDUFK�

��� *LHVVHQ ����±%HUOLQ ����� 'HYHORSPHQW RI /HKUEXFK GHU 2SWLN¶V 3URJUDP XS WR
WKH 6HFRQG (GLWLRQ

����� ,RQV YV� (OHFWURQV� WKH 6KDUSHQLQJ RI 'UXGH¶V 1HZ +HXULVWLFV

7KH LRQ K\SRWKHVLV WXUQHG RXW WR SURYLGH JUHDW JDLQV IRU 'UXGH LQ D VKRUW WLPH� 2Q �� $SULO
����� 'UXGH SUHVHQWHG KLV ZRUN RQ PDJQHWR�RSWLFDO SKHQRPHQD LQ WKH DQQXDO PHHWLQJ RI
WKH *HUPDQ 3K\VLFDO 6RFLHW\� LQ ZKLFK KH XVHG WKH LRQ K\SRWKHVLV IRU WKH ILUVW WLPH� 2Q ��
'HFHPEHU� 'UXGH VXEPLWWHG D SDSHU RQ WKH LRQ WKHRU\ RI PHWDOV� LQ ZKLFK KH DFFRXQWHG IRU
WKH RSWLFDO SURSHUWLHV RI PHWDOV E\ DVVXPLQJ WKDW WKHUH H[LVWHG D NLQG RI OLJKW LRQV �DV RS�
SRVHG WR PDVVLYH LRQV� WKDW FRXOG WUDYHO IUHHO\ DFURVV WKH PHWDO �'UXGH ����E���� ,Q -DQXDU\
���� 'UXGH VHQW RII WKH SUHIDFH RI /HKUEXFK GHU 2SWLN� ZKHUH RSWLFV ZDV EXLOW XSRQ WKH LRQ
K\SRWKHVLV� )LQDOO\� LQ )HEUXDU\� KH VHQW RII D YHU\ ORQJ SDSHU WR $QQDOHQ GHU 3K\VLN� LQ
ZKLFK KH H[WHQGHG KLV RSWLFDO SURJUDP WR RWKHU ILHOGV� VSHFLILFDOO\� WR WKH WKHUPDO DQG HOHF�
WULF SURSHUWLHV RI PHWDOV �'UXGH ����F� ����G�� )URP 'HFHPEHU ���� WR )HEUXDU\ �����
LQ WKHVH ODVW SDSHUV� WKH GLFKRWRP\ EHWZHHQ OLJKW DQG PDVVLYH LRQV KDG WUDQVIRUPHG LQWR D
GLFKRWRP\ EHWZHHQ HOHFWURQV DQG LRQV�

,Q WKH VDPH VSDQ RI WLPH� 'UXGH ZDV RIIHUHG D SRVLWLRQ DV IXOO SURIHVVRU DW WKH 8QLYHUVLW\
RI *LHVVHQ DQG GLUHFWRUVKLS RI LWV ,QVWLWXWH RI 3K\VLFV� UHVXOWV RI KLV EHLQJ ³NQRZQ WKURXJK
KLV VRXQG DQG FRPSUHKHQVLYH ZRUNV RQ WKH ILHOG RI RSWLFV DQG HOHFWULF ZDYHV´ �/RUH\ �����
����� +H DFFHSWHG LPPHGLDWHO\� DQG LQ $SULO ���� KH DQG KLV IDPLO\ ZHUH DOUHDG\ LQ *LHVVHQ�
ZKHUH KH VSHQW WKH ILYH PRVW SURGXFWLYH DQG KDSS\ \HDUV RI KLV SURIHVVLRQDO OLIH �.|QLJ
����� 3ODQFN ����� 9RLJW ����� /RUH\ ������ +H IRXQGHG WKH 3K\VLNDOLVFKHV .ROORTXLXP
DQG VXFFHHGHG LQ FUHDWLQJ D YHU\ OLYHO\ UHVHDUFK DWPRVSKHUH DPRQJ WKH GRFWRUDO VWXGHQWV�
UHVLGHQW UHVHDUFKHUV� DQG YLVLWRUV� $W WKH IRUHIURQW RI WKLV UHVHDUFK ZHUH LRQV DQG HOHFWURQV�
$V RQH RI KLV GRFWRUDO VWXGHQWV� .DUO +DKQ� UHFDOOHG� ³7KH HOHFWURQ DQG LRQ WKHRULHV ZHUH
LQ WKH IRUHJURXQG LQ *LHVVHQ LQ WKDW SHULRG� 'UXGH KLPVHOI ZRUNHG RQ KLV HOHFWURQ WKHRU\
RI PHWDOV� ,Q VHFRQG SODFH FDPH HYHU\WKLQJ WKDW ZDV DVVRFLDWHG ZLWK HOHFWULF ZDYHV DQG
UDGLDWLRQ´ �/RUH\ ����� �����

,Q WHUPV RI HIIHFWV� WKH HOHFWURQ ZDV WKH PRVW VLJQLILFDQW DFTXLVLWLRQ RI 'UXGH¶V UHVHDUFK
LQ *LHVVHQ� DQG LW HQKDQFHG WKH IUXLWIXOQHVV RI WKH HOHFWURPDJQHWLF WKHRU\ DQG LRQ K\SRWKHVLV
��'UXGH¶V LQVSLUDWLRQ IRU ZULWLQJ WKLV SDSHU ZDV D ZRUN SXEOLVKHG E\:LOKHOP *LHVH LQ ����� LQ ZKLFK KH VXJJHVWHG
WKDW HOHFWULFDO FRQGXFWLRQ WKURXJK PHWDOV ZDV FRQQHFWHG WR LRQV �*LHVH ������ ,W PXVW QRW EH MXVW D FRLQFLGHQFH
WKDW /RUHQW]� LQ KLV ���� 9HUVXFK� JURXQGHG KLV DGRSWLRQ RI WKH LRQ K\SRWKHVLV RQ *LHVH¶V ZRUN� DPRQJ RWKHU
WKLQJV� 'UXGH QHYHU PHQWLRQHG /RUHQW]¶V ZRUNV EHIRUH /HKUEXFK GHU 2SWLN� ZKHUH KH KDG WR UHDG WKHP WR SURYLGH
D FRPSUHKHQVLYH DFFRXQW RI WKH ILHOG�
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RYHUDOO� $QDORJRXVO\ WR WKH SUHYLRXV GLVFXVVLRQ RI WKH YDULRXV ZD\V LQ ZKLFK LRQV FRXOG EH
SURGXFWLYH LQ /HKUEXFK GHU 2SWLN� ZH DOVR VHH VHYHUDO GLIIHUHQW IRUPV RI IHFXQGLW\ IRU WKH
HOHFWURQ LQ 'UXGH¶V ZD\V RI DUWLFXODWLQJ LW� 'UXGH¶V DSSURSULDWLRQ RI WKH HOHFWURQ RFFXUUHG
LQ WZR VWHSV� )LUVW� 'UXGH HPSOR\HG WKH HOHFWURQ LQ KLV HOHFWURQ WKHRU\ RI PHWDOV� PHQWLRQHG
SUHYLRXVO\ �'UXGH ����F� ����G�� 5DWKHU WKDQ MXVW WKH GHILQLWLRQ RI WKH HOHFWURQ DV D XQL�
YHUVDO FKDUJHG SDUWLFOH� ZKDW ZDV XVHIXO IRU 'UXGH ZDV HVWDEOLVKLQJ D FRQWUDVW EHWZHHQ WKH
OLJKWQHVV RI WKH HOHFWURQV DQG WKH PDVVLYHQHVV RI WKH LRQV� QRZ UHOHJDWHG WR ³DJJUHJDWHV RI
HOHFWULF FRUHV DQG SRQGHUDEOH PDVVHV WKDW UHIHU WR HOHFWURO\WHV´ �'UXGH ����F� ����� )RU LQ
WKLV ZD\� 'UXGH FRXOG GLVWLQJXLVK FRQFHSWXDOO\ EHWZHHQ WZR NLQGV RI PLFURVFRSLF EHKDYLRU
LQ PHWDOV� XQGHU WKH DFWLRQ RI DQ HOHFWULF ILHOG� LRQV ZHUH DVVXPHG WR EH SUDFWLFDOO\ DW UHVW�
ZKHUHDV HOHFWURQV PRYHG IUHHO\ DFURVV WKH PDWHULDO� 7KLV DVVXPSWLRQ HQDEOHG 'UXGH WR WUHDW
HOHFWURQV DV WKH SDUWLFOHV RI DQ LGHDO JDV� DQG WKHUHE\ WR PDNH XVH RI WKH NLQHWLF WKHRU\ RI
JDVHV WR SUHGLFW WKH WKHUPDO DQG HOHFWULF SURSHUWLHV RI PHWDOV� )RU D FRQFUHWH FKHFN RQ KLV
UHVXOWV� KH WKHQ UHVRUWHG WR 7KRPVRQ¶V PHDVXUHPHQWV RI WKH FKDUJH� ݁� RI WKH HOHFWURQ� 7KH
YDOXH RI WKH PDVV RI HOHFWURQV� KRZHYHU VPDOO LW ZDV� SOD\HG QR UROH LQ 'UXGH¶V ���� WKHRU\
RI PHWDOV�

,Q ���� 'UXGH WXUQHG DJDLQ WR WKH HOHFWURQ� WR JLYH D PRUH SUHFLVH LQWHUSUHWDWLRQ RI
RSWLFDO SKHQRPHQD LQ WHUPV RI WKH PLFURVWUXFWXUH RI PDWWHU �'UXGH ����D� ����E�� ,Q WKLV
FDVH� WKH HOHFWURQV KDG ERWK PDVV DQG FKDUJH� $QRWKHU SRVW����� HYHQW DOVR OHG 'UXGH WR
UHLQIRUFH WKH LGHD WKDW WKH HOHFWURQV DQG LRQV KDG ZHOO�GLIIHUHQWLDWHG UROHV LQ RSWLFV� ,Q �����
DQRWKHU VWXGHQW RI /RUHQW] LQ /HLGHQ� /RGHZLMN 6LHUWVHPD ������� FDOFXODWHG D YDOXH IRU
݁Ȁ݉ IURP KLV H[SHULPHQWV RQ WKH )DUDGD\ HIIHFW LQ VRGLXP JDV� ZKLFK ZDV DOPRVW WKH VDPH
DV WKH YDOXH FDOFXODWHG E\ KLV FROOHDJXH =HHPDQ ILYH \HDUV HDUOLHU LQ /HLGHQ� DQG DV WKH RQH
PHDVXUHG LQ FDWKRGH UD\V� $ VKDUSHU GLFKRWRP\ EHWZHHQ HOHFWURQV DQG LRQV ZDV HVWDEOLVKHG�
HOHFWURQV ZHUH WKH OLJKW FKDUJHG SDUWLFOHV FKDUDFWHUL]HG E\ WKH XQLYHUVDO YDOXH ݁Ȁ݉� ZKLOH
LRQV ZHUH FKDUDFWHUL]HG E\ WKH YDOXHV ݁ᇱȀ݉ᇱ REWDLQHG LQ H[SHULPHQWV RQ HOHFWURO\VLV� ZKLFK
GLG QRW DOO DJUHH ZLWK RQH DQRWKHU� EXW GHSHQGHG RQ WKH VXEVWDQFH H[SORUHG� 7KLV GLFKRWRP\
ZDV YHU\ XVHIXO IRU 'UXGH LQ YDULRXV VHQVHV� )LUVW RI DOO� 'UXGH HQYLVLRQHG WKH YLEUDWLRQ
RI HOHFWURQV DV WKH RULJLQ RI QDWXUDO IUHTXHQFLHV LQ WKH XOWUDYLROHW UHJLRQ RI WKH VSHFWUXP�
ZKLOH WKH PRWLRQ RI LRQV� EHLQJ PXFK PRUH PDVVLYH� FDXVHG QDWXUDO YLEUDWLRQV LQ WKH LQIUDUHG
UHJLRQ� 7KLV DVVXPSWLRQ ZDV HVSHFLDOO\ XVHIXO LQ WKH FDVHV RI RSWLFDO GLVSHUVLRQ DQG WKH
)DUDGD\ HIIHFW� /HW¶V DJDLQ IROORZ 'UXGH¶V UHDVRQLQJ IRU WKH H[DPSOH RI GLVSHUVLRQ�

*LYHQ WKH DVVXPSWLRQ WKDW PDFURVFRSLF HIIHFWV ZHUH WKH VXP RI WKH PLFURDFWLRQV RI
HLWKHU LRQV RU HOHFWURQV� 'UXGH UHZURWH� LQ ����� WKH IRUPXOD IRU GLVSHUVLRQ REWDLQHG RQ WKH
EDVLV RI WKH0LWVFKZLQJXQJHQPRGHO� LQ WHUPV RI WKH UDWLR RI FKDUJH WR PDVV RI WKH K\SRWKHW�
LFDO SDUWLFOHV� 7KH GHSHQGDQFH RI WKH LQGH[ RI UHIUDFWLRQ RQ ߥ RI OLJKW KDG WKH VDPH JHQHULF
IRUP DV LQ �����

݊ଶ ൌ ͳ ൅෍ ௜ଶߥ௜ܭ
ଶ௜ߥ െ ଶߥ Ǥ �����

1RZ 'UXGH IRXQG WKH IROORZLQJ H[SUHVVLRQ IRU WKH SDUDPHWHUܭ௜ DV D IXQFWLRQ RI WKH QXPEHU
ܰ௜ RI HOHFWURQV�LRQV ZLWK HDFK SURSHU IUHTXHQF\� �௜ߥ ݁ EHLQJ WKHLU FKDUJH DQG݉ WKHLU PDVV�

௜ܭ ൌ
Ͷ݁ߨଶܰ௜
݉ Ǥ �����
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$SSO\LQJ WKLV H[SUHVVLRQ WR DOUHDG\�H[LVWLQJ HPSLULFDO GDWD RQ GLVSHUVLRQ LQ IOXRULWH� 'UXGH
VKRZHG WKH SODXVLELOLW\ RI KLV K\SRWKHVLV� +H GLG LW LQ WKH IROORZLQJ ZD\� +H XVHG WKH WZR
YDOXHV RI ௜ܭ REWDLQHG E\ ILWWLQJ H[SHULPHQWDO GDWD RQ GLVSHUVLRQ WKURXJK IOXRULWH LQWR WKH
JHQHULF IRUPXOD� ZKLFK FRUUHVSRQGHG WR WZR SURSHU IUHTXHQFLHV ௜ߥ �RU WKH LQYHUVH RI WZR
ZDYHOHQJWKV �௜ߣ DW ZKLFK WKH K\SRWKHWLFDO PLFURVFRSLF SDUWLFOHV YLEUDWHG� 2QH IUHTXHQF\
WXUQHG RXW WR EH LQ WKH XOWUDYLROHW UHJLRQ� WKH RWKHU LQ WKH LQIUDUHG� $V'UXGH REVHUYHG� ௄ೠ೗೟ೝೌೡఒೠ೗೟ೝೌೡ
ZDV PXFK ODUJHU WKDQ ௄೔೙೑ೝೌೝ

ఒ೔೙೑ೝೌೝ � %\ UHODWLQJ WKLV SLHFH RI LQIRUPDWLRQ WR WKH IDFW WKDW WKH YDOXH
݁Ȁ݉ RI HOHFWURQV ZDV PXFK VPDOOHU WKDQ ݁ᇱȀ݉ᇱ RI LRQV� 'UXGH SURYHG WKH SODXVLELOLW\ RI KLV
K\SRWKHVLV WKDW HOHFWURQV YLEUDWHG DW XOWUDYLROHW DQG LRQV DW LQIUDUHG IUHTXHQFLHV�

2Q WKH ZKROH� WKH SDUDPHWHUV ௜ܭ DQG ௜ߥ RI ݊ሺߥሻ� ZKLFK FRXOG EH FRPSXWHG E\ ILWWLQJ
PDFURVFRSLF REVHUYDWLRQV LQWR WKH IRUPXOD� WXUQHG RXW WR SURYLGH DQ H[FHSWLRQDO ZLQGRZ
LQWR WKH LQYLVLEOH PLFURVWUXFWXUH RI PDWWHU� RQ WKH RQH KDQG� ௜ߥ ZHUH LGHQWLILHG GLUHFWO\ ZLWK
WKH IUHTXHQF\ RI WKH QDWXUDO YLEUDWLRQV RI WKH FRUUHVSRQGLQJ FKDUJHG SDUWLFOHV� 2Q WKH RWKHU�
E\ XVLQJ HLWKHU WKH XQLYHUVDO YDOXH IRU ݁Ȁ݉ RI WKH HOHFWURQV RU WKH YDU\LQJ RQHV REWDLQHG
LQ HOHFWURO\VLV H[SHULPHQWV� RQH FRXOG GHULYH� IURP WKH HPSLULFDO YDOXH RI �௜ܭ WKH QXPEHU
ܰ௜ RI FKDUJHG SDUWLFOHV LQYROYHG LQ SURGXFLQJ RSWLFDO SKHQRPHQD� 7KXV RSWLFDO GLVSHUVLRQ
EHFDPH D PHDQV WR FRXQWPLFURVFRSLF SDUWLFOHV� ,Q WKLV ZD\� WKH LQQHU VWUXFWXUH RI PROHFXOHV
FRXOG EH IXUWKHU FKDUDFWHUL]HG WKURXJK 'UXGH¶V LQWHUSUHWDWLRQ RI RSWLFDO SKHQRPHQD� ZKLOH
XQWLO WKHQ WKLV LQQHU VWUXFWXUH KDG UHPDLQHG SUDFWLFDOO\ UHVWULFWHG WR WKH GRPDLQ RI FKHPLVWV�

7KH HOHFWURQ K\SRWKHVLV OHG 'UXGH WR VXJJHVW DQRWKHU EROG FRQQHFWLRQ EHWZHHQ RSWLFV
DQG DQ RXWVLGH VFLHQWLILF GRPDLQ� ,Q ���� 'UXGH VXJJHVWHG WKDW WKH HOHFWURQV FRXQWHG LQ GLV�
SHUVLRQ FDOFXODWLRQV FRLQFLGHG ZLWK YDOHQFH HOHFWURQV� WR ZLW WKH VDPH HQWLWLHV UHYHDOHG ERWK
SK\VLFDO DQG FKHPLFDO SURSHUWLHV GHSHQGLQJ RQ WKH FLUFXPVWDQFHV� 7R PDNH WKLV FRQQHF�
WLRQ EHWZHHQ RSWLFV DQG WKH SHULRGLF SURSHUWLHV RI WKH HOHPHQWV� 'UXGH UHOLHG XSRQ 5LFKDUG
$EHJJ¶V UHFHQW WKHRU\ RI YDOHQFH� -XVW WKDW \HDU $EHJJ ������� WKH WKHRUHWLFDO FKHPLVW� KDG
ODLG GRZQ WKH ILUVW HOHFWURQ WKHRU\ RI YDOHQFH� DFFRUGLQJ WR ZKLFK WKH FKHPLFDO YDOHQFH QXP�
EHU FRUUHVSRQGHG WR WKH QXPEHU RI QHJDWLYH HOHFWURQV ORRVHO\ ERXQG WR WKH DWRP WKDW WHQGHG
WR EH VKDUHG ZLWK RWKHU DWRPV LQ RUGHU WR IRUP PROHFXOHV� ,Q WKH FDVH RI IOXRULWH� WKH LGHQWL�
ILFDWLRQ EHWZHHQ GLVSHUVLRQ DQG YDOHQFH HOHFWURQV ZRUNHG� ZKLOH 'UXGH OHIW WKH VWDJH RSHQ
IRU FKHFNLQJ WKH K\SRWKHVLV ZLWK RWKHU VXEVWDQFHV�

,Q WKH HQG� WKH HOHFWURQ K\SRWKHVLV VKRZHG LWVHOI IHFXQG LQ WZR ZD\V� ILUVW� WKURXJK WKH
FRQFHSWXDO GLIIHUHQWLDWLRQ EHWZHHQ HOHFWURQV DQG LRQV� JURXQGHG LQ WKHLU PDVV GLIIHUHQFH� DQG
VHFRQG� WKURXJK WKH SRVVLELOLW\ RI FDOFXODWLQJ WKH FKDUJH�WR�PDVV UDWLR� ݁Ȁ݉� DQG QXPEHU�ܰ௜�
IURP H[SHULPHQWV� $ QHWZRUN RI KHWHURJHQHRXV GRPDLQV RI NQRZOHGJH ZDV VSDQQHG WKURXJK
WKH FRQQHFWLRQ RI WKH YDOXHV RI ݁Ȁ݉�ܰ௜� DQG FKHPLFDO YDOHQFH� FDWKRGH UD\V� =HHPDQ HIIHFW�
RSWLFDO GLVSHUVLRQ� FKHPLVWU\� 7KXV LQ WKHVH \HDUV� 'UXGH GHHSHQHG KLV FRPPLWPHQW WR WKH
QHZ LRQ KHXULVWLFV KH KDG LQWURGXFHG LQ �����

����� 'LVSHUVLRQ (OHFWURQV DQG WKH 6HFRQG (GLWLRQ RI /HKUEXFK GHU 2SWLN

7KH VLJQLILFDQFH RI WKHVH QRYHO LQVLJKWV IRU 'UXGH¶V SURJUDP RI RSWLFV ZDV GHPRQVWUDWHG E\
WKHLU LQFRUSRUDWLRQ LQWR WKH VHFRQG HGLWLRQ RI /HKUEXFK GHU 2SWLN� DV 'UXGH KLJKOLJKWHG LQ
WKH LQWURGXFWLRQ WR WKH ���� HGLWLRQ� 7KH HOHFWURQ ZDV LQGHHG WKH HVVHQWLDO PRGLILFDWLRQ ZLWK
UHVSHFW WR WKH ILUVW HGLWLRQ RI WKH ERRN�



�� �� 'UXGH¶V /HKUEXFK �0� -RUGL�

,Q WKH VL[ \HDUV WKDW KDYH HODSVHG VLQFH WKH SXEOLFDWLRQ RI WKH ILUVW HGLWLRQ RI WKLV
ERRN� D IDVW GHYHORSPHQW RI WKH ZKROH ILHOG RI SK\VLFV KDV WDNHQ SODFH WKURXJK
WKH H[SHULPHQWDO DQG WKHRUHWLFDO GLVSOD\ RI WKH HOHFWURQ WKHRU\ LQ D ZD\ WKDW
LV KLWKHUWR XQLTXH� ,Q RSWLFV� WKLV DGYDQFHPHQW LV QDWXUDOO\ QRWLFHDEOH LQ WKH
FKDSWHUV WKDW� DV LQ WKH FDVH RI GLVSHUVLRQ RI ERGLHV DQG WKHLU PDJQHWLF DFWLYLW\�
DUH EXLOW RQ WKH LRQ K\SRWKHVLV� %DVLFDOO\� WKH SURJUHVV FRQVLVWV LQ UHSODFLQJ
WKH LRQ K\SRWKHVLV E\ WKH HOHFWURQ K\SRWKHVLV� QDPHO\� E\ WKH NQRZOHGJH WKDW
IURP FHUWDLQ RSWLFDO SKHQRPHQD RQH FDQ GHULYH WKH VDPH FKDUDFWHULVWLF XQLYHUVDO
FRQVWDQW DV LQ WKH FDVH RI FDWKRGH UD\V DQG JHQHUDOO\ ZKHQ IUHH HOHFWURQV DSSHDU�
�'UXGH ����� Y�

,Q ���� 'UXGH DVVXPHG WKDW WKH FKDUJHG SDUWLFOHV SURGXFLQJ RSWLFDO GLVSHUVLRQ� DV ZHOO
DV WKH =HHPDQ� .HUU� DQG )DUDGD\ HIIHFWV ZHUH LQGHHG HOHFWURQV� 2QO\ ZKHQ WKH SURSHU
IUHTXHQFLHV RI WKH K\SRWKHWLFDO FKDUJHG SDUWLFOHV ZHUH VLWXDWHG LQ WKH LQIUDUHG� DV PHQWLRQHG
HDUOLHU� GLG KH ZRUN ZLWK LRQV� $V D PDWWHU RI IDFW� 'UXGH UHZRUNHG WKH DQDO\WLFDO H[SUHVVLRQV
IRU WKH .HUU DQG )DUDGD\ HIIHFWV LQ D VLPLODU ZD\ WR KLV UHZRUNLQJ RI WKH GLVSHUVLRQ IRUPXOD�
0RUH VSHFLILFDOO\� KH UHZURWH WKH YDULDWLRQ RI WKH SRODUL]DWLRQ DQJOH� �ߜ ZLWK UHVSHFW WR WKH
IUHTXHQF\ RI OLJKW� �ߥ LQ WHUPV RI WKH QXPEHU� ܰ௜� RI HOHFWURQV� FKDUDFWHUL]HG E\ WKH QDWXUDO
IUHTXHQF\� �௜ߥ DQG WKH XQLYHUVDO FRQVWDQW ݁Ȁ݉� 7KXV� QRW RQO\ IURP H[SHULPHQWV RQ RSWLFDO
GLVSHUVLRQ� EXW DOVR RQ WKH .HUU DQG )DUDGD\ HIIHFWV� RQH FRXOG FDOFXODWH WKH QXPEHU RI
GLVSHUVLRQ HOHFWURQV WKDW K\SRWKHWLFDOO\ JDYH ULVH WR PHDVXUDEOH IHDWXUHV�

,Q WKLV ZD\ WKH QHWZRUN RI SKHQRPHQD HVWDEOLVKHG WKURXJK WKH HOHFWURQ K\SRWKHVLV H[�
WHQGHG WR WKH ZKROH ILHOG RI PDJQHWR�RSWLFV� ,Q WKH QHZ HGLWLRQ� RQH TXHVWLRQ VHHPHG WR
³SXOVH IUHVK OLIH´ PRUH WKDQ HYHU� KRZ RSWLFDO SKHQRPHQD� WDNHQ DV D ZKROH� FRXOG KHOS XV
LQ FKDUDFWHUL]LQJ WKH VWUXFWXUH RI VSHFLILF FKHPLFDO VXEVWDQFHV� RQFH ZH DVVXPHG WKDW HOHF�
WURQV ZHUH WKH PLFURVFRSLF FDXVHV RI WKHLU PDFURVFRSLF IHDWXUHV� 2QH LPSRUWDQW DVVXPSWLRQ
ZDV LPSOLFLW LQ 'UXGH¶V UHIRUPXODWLRQ RI RSWLFV� ZKLFK WXUQHG RXW WR EH SUREOHPDWLF D GHFDGH
ODWHU� LQ RUGHU IRU PDFURVFRSLF SKHQRPHQD WR UHVXOW IURP WKH DULWKPHWLF VXP RI ܰ௜ PLFUR�
VFRSLF UHVRQDQFHV� HDFK HOHFWURQ VKRXOG LQWHUDFW ZLWK OLJKW LQGHSHQGHQWO\ RI DOO WKH RWKHU
HOHFWURQV�

����� /DVW <HDU LQ %HUOLQ

$V KH ZDV ZULWLQJ WKH SUHIDFH WR WKH VHFRQG HGLWLRQ� 'UXGH DQG KLV IDPLO\ ZHUH OLYLQJ LQ
%HUOLQ� ,Q ���� KH ZDV RIIHUHG D IXOO SURIHVVRUVKLS LQ SK\VLFV DQG WKH GLUHFWRUVKLS RI WKH
%HUOLQ 3K\VLFV ,QVWLWXWH� UHSODFLQJ (PLO :DUEXUJ� 7KLV ZDV D ELJ SURPRWLRQ� VR GHVSLWH
FHUWDLQ UHVHUYDWLRQV DERXW OHDYLQJ KLV SOHDVDQW OLIH LQ *LHVVHQ� 'UXGH DFFHSWHG� %XW VRRQ WKH
VLWXDWLRQ LQ %HUOLQ EHFDPH YHU\ GHPDQGLQJ� 7KH ILUVW \HDU KH LQYHVWHG DOPRVW DOO KLV HQHUJLHV
LQWR WKH UHRUJDQL]DWLRQ RI WKH ,QVWLWXWH� DQG WKLV NHSW KLP DZD\ IURP UHVHDUFK� +H FDPH WR
WKH SRLQW ZKHUH KH IHOW VR DQ[LRXV WKDW� DW WKH HQG RI D WDON KH JDYH RQ �� -XQH LQ WKH 3UXVVLDQ
$FDGHP\ RI 6FLHQFHV� KH GHFODUHG� ³, KDYH D IHHOLQJ RI RSSUHVVLRQ� ZKHWKHU� E\ WKH H[HUWLRQ
RI DOO P\ VWUHQJWK� , ZLOO EH XS WR WKH WDVNV DVVLJQHG WR PH´�� �/RUH\ ����� �����

-XVW RQH ZHHN DIWHU KH XWWHUHG WKHVH GUHDGIXO ZRUGV� 'UXGH FRPPLWWHG VXLFLGH� 3ODQFN�
ZKR KDG ZRUNHG ZLWK KLP LQ %HUOLQ� UHPHPEHUHG WKH ODVW ZHHNV RI 'UXGH LQ WKLV ZD\�

��³,FK HPSILQGH HLQ *HI�KO GHU %HNOHPPXQJ� RE LFK GXUFK $QVSDQQXQJ DOOHU PHLQHU .UlIWH GHQ DQ PLFK JHVWHOOWHQ
$XIJDEHQ JHZDFKVHQ VHLQ ZHUGH�´
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+H UHWDLQHG KLV XVXDO SHUPDQHQWO\ MRYLDO FKDUDFWHU LQ KLV HYHU\GD\ OLIH� LQVLGH
DQG RXWVLGH KRPH� XQWLO WKH ODVW GD\� :KLOH WKH ZRUN DW WKH ,QVWLWXWH PDGH LWV
UHJXODU SURJUHVV� KH GHYRWHG KLPVHOI ZLWK HQWKXVLDVP DQG VXFFHVV DJDLQ WR KLV
VFLHQWLILF DFWLYLW\� +H QHYHU H[SUHVVHG DQ\ LGHD DERXW GUDVWLF UHOLHI� 2Q �� -XQH
KH ZURWH WKH SUHIDFH WR WKH VHFRQG HGLWLRQ RI KLV /HKUEXFK GHU 2SWLN >«@ DQG
RQ �� -XQH� MXVW RQH ZHHN EHIRUH WKH FDWDVWURSKH� KH JDYH KLV LQDXJXUDO WDON DW
WKH $FDGHP\ RI 6FLHQFHV� >«@ LQ ZKLFK KH SRUWUD\HG KLV VFLHQWLILF FDUHHU DQG
LPPHGLDWH SODQV IRU WKH IXWXUH�
+H KDG DOUHDG\ FRPSOLHG ZLWK WKH PRVW LPSRUWDQW GXWLHV RI WKH VHPHVWHU� KROL�
GD\V ZHUH FORVH� 7KH DSSOLFDWLRQ WR OHDYH RQ YDFDWLRQ ZDV DOUHDG\ VLJQHG� KLV
VXEVWLWXWLRQ E\ WKH DVVLVWDQWV DUUDQJHG� D WRXU LQ WKH .DUZHQGHO PRXQWDLQV ZLWK
KLV FROOHDJXH DQG IULHQG :LOO\ :LHQ DJUHHG XSRQ� IURP WKH HTXLSPHQW WR WKH
ODVW GHWDLO RI WKH JDUGHUREH SUHSDUHG IRU WKLV SXUSRVH� �3ODQFN ����� ���±����

��� (SLORJXH� )ROORZLQJ WKH 7UDFHV RI /HKUEXFK GHU 2SWLN

����� /HKUEXFK GHU 2SWLN DW 8QLYHUVLWLHV DQG LQ 2WKHU 7H[WERRNV

'UXGH¶V /HKUEXFK GHU 2SWLN EHFDPH RQH RI WKH UHIHUHQFH ERRNV IRU WHDFKLQJ RSWLFV DW XQL�
YHUVLWLHV� LQ SDUWLFXODU *HUPDQ XQLYHUVLWLHV� )RU LQVWDQFH� 5XGROSK 0LQNRZVNL� ZKR ZRUNHG
DV DVVLVWDQW WR 5XGROI /DGHQEXUJ� EHIRUH DQG DIWHU ::,� VDLG� FRQFHUQLQJ WKH 8QLYHUVLW\ RI
%UHVODX� LQ DQ LQWHUYLHZ ZLWK 7KRPDV .XKQ DQG -RKQ +HLOEURQ IRU WKH $UFKLYH IRU +LVWRU\
RI 4XDQWXP 3K\VLFV�

(OHFWUR�PDJQHWLF WKHRU\ , WKLQN WKH ERRN PRVW ZLGHO\ XVHG ZRXOG KDYH EHHQ
$EUDKDP¶V� 7R VRPH H[WHQW� DOWKRXJK WKDW ZDV QRW WUDQVODWHG LQWR *HUPDQ WKDW
, NQRZ RI� /RUHQW]¶V WKHRU\ RI HOHFWURQV� 2SWLFV" , WKLQN 'UXGH¶V ZDV SURED�
EO\ WKH FRPPRQO\ XVHG ERRN� 0HFKDQLFV" , GR QRW TXLWH UHPHPEHU� %XW WKLV
ZHUH� LQ JHQHUDO� OHFWXUHV WDLORUHG DIWHU VRPH ERRN� <RX PD\ UHDG %ROW]PDQQ
RU .LUFKKRII������

)XUWKHU 'UXGH¶V DSSURDFK ZDV DOVR LQIOXHQWLDO IRU RWKHU WH[WERRNV� LQ SDUWLFXODU 9RLJW¶V
VHFRQG WH[WERRN� GHYRWHG DOPRVW H[FOXVLYHO\ WR PDJQHWR�RSWLFV� WLWOHG 0DJQHWR� XQG
(OHNWUR�2SWLN �9RLJW ������ 9RLJW VWDUWHG E\ GHVFULELQJ WKH VLPSOHVW =HHPDQ HIIHFW DQG
/RUHQW]¶V WKHRUHWLFDO DFFRXQW RI LW� DQG FRQWLQXHG E\ H[WHQGLQJ WKHVH LQLWLDO LQVLJKWV WR
D PDQLIROG RI QHZ SRVVLEOH YDULHWLHV RI WKH =HHPDQ HIIHFW DQG IXUWKHU PDJQHWR�RSWLFDO
SKHQRPHQD� VXFK DV WKH )DUDGD\ HIIHFW� 7R GR VR� 9RLJW UHOLHG XSRQ 'UXGH¶V VWUDWHJ\ RI
GHULYLQJ WKH RSWLFDO IRUPXODV WKURXJK WKH PRGLILFDWLRQ RI FRQVWDQWV� 9RLJW¶V GHSDUWXUH
SRLQW ZDV DFWXDOO\ 'UXGH¶V IRUPXODWLRQ RI RSWLFDO GLVSHUVLRQ DV SURGXFHG E\ ܰ௜ HOHFWURQV
HDFK YLEUDWLQJ DW D SURSHU IUHTXHQF\ �௜ߥ 9RLJW DFNQRZOHGJHG 'UXGH¶V LPSDFW ERWK LQ WKH
LQWURGXFWLRQ RI WKH ERRN DQG WKURXJKRXW WKH WH[W�

&RQFHUQLQJ WUHDWPHQWV RI PDJQHWR�RSWLFV LQ JHQHUDO WH[WERRNV RQ RSWLFV WKH RQH
E\ 3� 'UXGH GHVHUYHV VSHFLDO PHQWLRQ �/HKUEXFK GHU 2SWLN� /HLS]LJ ���� DQG

��6HH SDJH � RI WKH LQWHUYLHZ RI 0LQNRZVNL E\ 7KRPDV .XKQ DQG -RKQ +HLOEURQ LQ $SULO ����� $+43� $36� 0�I
1R� ��������PLQNRZVNL�U�����
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������ ZKLFK KDV D VLQJXODU KXH GXH WR WKH VWURQJ HPSKDVLV RQ WKH HOHFWURQ
WKHRU\� 'UXGH FRQILQHV KLPVHOI WR WKH HDVLHVW FDVH RI WKH =HHPDQ HIIHFW� QDPHO\
WR WKH HDVLHVW VRUW RI PDJQHWLFDOO\ H[FLWDEOH ERGLHV� DQG WKHUHE\ WKH OLFHQVH IRU
URXQGLQJ DQG FRPSOHWLQJ WKH WKHRU\ OLHV LQ KLV FKDUDFWHUL]DWLRQ� ZKLFK GRHV QRW
FRUUHVSRQG FRPSOHWHO\ WR WKH UHDO VWDWH� �9RLJW ����� ��

$OO LQ DOO� 'UXGH¶V /HKUEXFK GHU 2SWLN DQG 9RLJW¶V 0DJQHWR� XQG (OHNWUR�2SWLN KDG D
UHVRXQGLQJ LPSDFW RQ WKH HQVXLQJ \HDUV RI RSWLFDO UHVHDUFK LQ YDULRXV ODERUDWRULHV LQ *HU�
PDQ\� ZKHUH H[SHULPHQWV RQ RSWLFDO SKHQRPHQD ZHUH GHHPHG DQ DSSURSULDWH PHDQV WR H[�
SORUH WKH PLFURVWUXFWXUH RI PDWWHU� 0RVW VLJQLILFDQWO\� RQ WKH EDVLV RI WKHVH WZR ZRUNV� VWX�
GHQWV RI 9RLJW LQ *|WWLQJHQ� 5XGROI /DGHQEXUJ LQ %UHVODX� &KULVWLDQ )�FKWEDXHU LQ /HLS]LJ�
DQG 'PLWUL 5RVFKGHVWZHQVN\ LQ 6W� 3HWHUVEXUJ GLG D YHU\ JRRG MRE RI FDOFXODWLQJ WKH QXPEHU
RI RSWLFDO HOHFWURQV LQ JDVHRXV VXEVWDQFHV IURP PHDVXUHPHQWV RI WKH )DUDGD\ HIIHFW� DQRPD�
ORXV GLVSHUVLRQ� DQG WKH LQWHQVLW\ RI GLVSHUVHG VSHFWUDO OLQHV��� ,Q WKLV FRQWH[W� WKH HOHFWURQV
WKDW ZHUH VXSSRVHG WR EH RSWLFDOO\ DFWLYH LQ WKH SURGXFWLRQ RI WKHVH SKHQRPHQD ZHUH GXEEHG
³GLVSHUVLRQ HOHFWURQV�´ 4XHVWLRQV DERXW WKH QDWXUH RI WKH HWKHU RU WKH SRVVLELOLW\ RI XQLI\�
LQJ PHFKDQLFV DQG HOHFWURPDJQHWLVP VLPSO\ GLVDSSHDUHG� 7KH VWUDWHJ\ RI FRPELQLQJ PDWWHU
DQG HWKHU E\ PHDQV RI WKH HOHFWURQ K\SRWKHVLV ZDV WDNHQ IRU JUDQWHG� 7KH PDLQ QHZ FRQFHUQ
LQ WKH PHDVXUHPHQW RI RSWLFDO SKHQRPHQD EHFDPH WKH DQDO\VLV RI PDWWHU� ZKHUH GLVSHUVLRQ
HOHFWURQV DFTXLUHG D OLIH EH\RQG WKH VSHFLILFLWLHV RI HDFK SKHQRPHQRQ� 7KH )DUDGD\ HIIHFW�
RSWLFDO GLVSHUVLRQ� DQG WKH VSUHDG RI WKH VSHFWUDO OLQHV DOO EHFDPH D PHDQV WR FDOFXODWH WKH
QXPEHU DQG SURSHUWLHV RI GLVSHUVLRQ HOHFWURQV� 7KH KHXULVWLFV VKLIW IURP WKH QDWXUH RI HWKHU
WR WKH QDWXUH RI PDWWHU KDG EHHQ FRPSOHWHG� 3UHFLVLRQ ZDV D SUHFRQGLWLRQ RI ILWWLQJ H[SHU�
LPHQWDO GDWD WR WKH IRUPXODV� EXW NQRZOHGJH FDPH IURP WKH QHWZRUNLQJ RI SKHQRPHQD DQG
GLIIHUHQW GRPDLQV RI NQRZOHGJH WKURXJK WKH VKDULQJ RI FRQFHSWV OLNH GLVSHUVLRQ HOHFWURQV
�H�J� FDWKRGH UD\V� RSWLFDO SKHQRPHQD� FKHPLVWU\� DQG JDV WKHRU\����

'UXGH¶V /HKUEXFK GHU 2SWLN� LQ SDUWLFXODU LWV (QJOLVK HGLWLRQ� ZDV DOVR LQIOXHQWLDO IRU WKH
$PHULFDQ SK\VLFLVW 5REHUW :RRG LQ WKH ZULWLQJ RI KLV WH[WERRN 3K\VLFDO 2SWLFV ������� ,Q
FRQWUDGLVWLQFWLRQ WR 'UXGH¶V DQG 9RLJW¶V ERRNV� DQG PRUH LQ OLQH ZLWK WKH (QJOLVK WUDGLWLRQ�
:RRG SD\HG PRUH DWWHQWLRQ WR WKH H[SHULPHQWDO UHDOL]DWLRQ RI RSWLFDO SKHQRPHQD LQ WKHLU
ROG DQG QHZ YDULDWLRQV� KLV ERRN EHLQJ DQ RXWVWDQGLQJ UHIHUHQFH ZRUN IURP WKLV SRLQW RI
YLHZ� +RZHYHU� ³QR SUHWHQFH DW RULJLQDOLW\ LQ WKH PDWKHPDWLFDO WUHDWPHQW ZDV PDGH´ �:RRG
����� ��� ,QVWHDG� LQ WKLV UHJDUG� :RRG UHOLHG PRVWO\ RQ 'UXGH¶V ZRUN� ³7KH H[FHOOHQW
WKHRUHWLFDO WUHDWPHQW� EDVHG XSRQ WKH HOHFWUR�PDJQHWLF WKHRU\� JLYHQ E\ 'UXGH� KDV EHHQ
IROORZHG YHU\ FORVHO\� DQG LW LV KRSHG WKDW WKLV DFNQRZOHGJPHQW PD\ VHUYH LQ SODFH RI WKH
QXPHURXV TXRWDWLRQ PDUNV ZKLFK ZRXOG RWKHUZLVH EH QHFHVVDU\´ �:RRG ����� ��� 0HQWLRQ
RI WKH RWKHU WZR (QJOLVK ERRNV� E\ %DVVHW DQG 3UHVWRQ� :RRG RPLWWHG� ,Q WKLV ZD\� WKH
DXGLHQFH IRU 'UXGH JUHZ ODUJHU VWLOO LQ (QJOLVK VSHDNLQJ FRXQWULHV�

��6HH HVSHFLDOO\ �*HLJHU ����� /DGHQEXUJ DQG /RULD ����� /DGHQEXUJ ����� ����� )�FKWEDXHU DQG 6FKHOO �����
)�FKWEDXHU DQG +RIPDQQ ����� 5RVFKGHVWZHQVN\ ������
��/RUHQW] DOVR ZURWH D YHU\ LQIOXHQWLDO ERRN GUDZLQJ XSRQ WKH HOHFWURQ WKHRU\ �/RUHQW] ������ FRQWDLQLQJ IHDWXUHV
RQ WKH YDULRXV GRPDLQV RI SK\VLFDO NQRZOHGJH WKDW ZHUH K\SRWKHWLFDOO\ H[SODLQHG WKURXJK GLIIHUHQW EHKDYLRUV RI
HOHFWURQV� VXFK DV RSWLFV DQG KHDW� 1HYHUWKHOHVV� /RUHQW]¶V ZDV QRW D ERRN RQ RSWLFV� DQG LW ODFNHG D V\VWHPDWLF
DSSURDFK WR WKH ILHOG� ZKLFK LQFOXGHG WKH GHVFULSWLRQ RI LQVWUXPHQWV DQG H[SHULPHQWV� IURP WKH VLPSOHVW WR WKH PRVW
FRPSOH[ SKHQRPHQD� VHSDUDWH IURP D WKHRUHWLFDO DFFRXQW RI WKH DFWLRQV RI WKH HOHFWURQV�
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����� )URP D 0RGHUQ %RRN WR &ODVVLFDO 2SWLFV

'UXGH¶V WH[WERRN ZDV DOVR UHIHUUHG WR LQ UHVHDUFK SDSHUV� (YHQWXDOO\� LQ WKH FRQWH[W RI WKH
HPHUJLQJ TXDQWXP WKHRU\� 'UXGH¶V PRGHUQ /HKUEXFK GHU 2SWLN ZDV UHGHILQHG DV ³FODVVLFDO�´
7KLV WUDQVLWLRQ LV SDUWLFXODUO\ ZHOO�UHYHDOHG WKURXJK 6RPPHUIHOG¶V ����±���� DWWHPSWV WR
OD\ GRZQ D TXDQWXP WKHRU\ RI RSWLFDO GLVSHUVLRQ� ,Q WKH ����V� 'UXGH¶V DFFRXQW RI RSWL�
FDO GLVSHUVLRQ VXIIHUHG D ELJ WKHRUHWLFDO EORZ� ,Q ���� 1LHOV %RKU SRVWXODWHG WKDW DWRPV
FRQVLVWHG RI D QXFOHXV RUELWHG E\ HOHFWURQV DQG WKDW VSHFLILF WUDMHFWRULHV H[LVWHG DORQJ ZKLFK
HOHFWURQV GLG QRW UDGLDWH HQHUJ\ �%RKU ����D�� 7KH FUX[ RI WKH FRQWUDGLFWLRQ EHWZHHQ %RKU¶V
DWRP DQG 'UXGH¶V GLVSHUVLRQ WKHRU\ ZDV WKDW LQ WKH TXDQWXP PRGHO HOHFWURQV RUELWHG� QRW YL�
EUDWHG� DQG WKDW DWRPV HPLWWHG RU DEVRUEHG OLJKW RQO\ WKURXJK HOHFWURQV MXPSLQJ EHWZHHQ
RUELWV� QRW WKURXJK WKH PHFKDQLFDO FR�YLEUDWLRQV RI HOHFWURQV ZLWK OLJKW� ,Q WKLV ZD\� %RKU
H[SODLQHG WKH HPLVVLRQ SURFHVV RI GLVFUHWH VSHFWUDO OLQHV� $W WKH VDPH WLPH� KH DOVR DWWHPSWHG
WR NHHS 'UXGH¶V WKHRU\ RI GLVSHUVLRQ DQG WKH LGHQWLILFDWLRQ EHWZHHQ GLVSHUVLRQ HOHFWURQV DQG
YDOHQFH HOHFWURQV E\ DOORZLQJ RUELWV WR EH� XQGHU YHU\ VSHFLILF FLUFXPVWDQFHV� SHUWXUEHG
DURXQG WKHLU VWDWLRQDU\ VWDWHV �%RKU ����E� ����F��

7KH WKHRUHWLFDO SK\VLFLVW $UQROG 6RPPHUIHOG VLQJOHG RXW WKLV FRQFHSWXDO FRQIOLFW� DQG
GXULQJ YDULRXV \HDUV KH JUDSSOHG ZLWK WKH SRVVLELOLW\ RI UHVWRULQJ WKH FRUUHVSRQGHQFH EH�
WZHHQ OLJKW IUHTXHQFLHV DQG PHFKDQLFDO YLEUDWLRQV DV D ZD\ WR DFFRXQW IRU RSWLFDO GLVSHUVLRQ
LQ WKH FRQWH[W RI %RKU¶V PRGHO RI WKH DWRP �6RPPHUIHOG ����� ������ 6RPPHUIHOG IROORZHG
WKH VDPH GLUHFWLRQ KLQWHG DW SUHYLRXVO\ E\ %RKU� DQG KH GHYHORSHG DW OHQJWK WKH DQDO\WLFDO
SUREOHP RI VWDWLRQDU\ RUELWV EHLQJPHFKDQLFDOO\ SHUWXUEHG XQGHU WKH H[WHUQDO LQIOXHQFH RI WKH
HOHFWULF ILHOG RI OLJKW� 7KXV0LWVFKZLQJXQJHQ EHWZHHQ OLJKW DQG PDWWHU SHUVLVWHG LQ DFFRXQWV
RI RSWLFDO GLVSHUVLRQ� DOWKRXJK QRZ HOHFWURQV YLEUDWHG KDUPRQLFDOO\ DURXQG WKHLU TXDQWXP
RUELWV� LQVWHDG RI RVFLOODWLQJ DURXQG IL[HG SRVLWLRQV� ,Q WKLV ZD\� 6RPPHUIHOG UHFRYHUHG WKH
FODVVLFDO WKHRU\ RI RSWLFDO GLVSHUVLRQ� ZKLFK KH GLUHFWO\ LGHQWLILHG ZLWK 'UXGH¶V /HKUEXFK GHU
2SWLN��� (YHQWXDOO\� 6RPPHUIHOG SXW IRUZDUG WKH IROORZLQJ FRQFHSWXDO GLFKRWRP\� LQ RUGHU
WKDW WKH ZKROH SLFWXUH KHOG� WKH SKHQRPHQD RI VSHFWUDO OLQHV VKRXOG EH FRQVLGHUHG TXDQWXP
LQ QDWXUH� WKHUHIRUH IROORZLQJ %RKU¶V TXDQWXP MXPSV� ZKLOH RSWLFDO GLVSHUVLRQ SHUVLVWHG LQ
EHLQJ DFFRXQWHG IRU E\ FODVVLFDO SK\VLFV� QDPHO\� 0LWVFKZLQJXQJHQ EHWZHHQ HOHFWURPDJ�
QHWLF UDGLDWLRQ DQG PDWWHU� 'UXGH¶V WKHRU\ RI RSWLFDO GLVSHUVLRQ LQVWDQWLDWHG WKH FODVVLFDO
FDVH �6RPPHUIHOG ����� ���������

,Q WKH ODWH ����V� 6RPPHUIHOG¶V GUHDP IDGHG IRU YDULRXV UHDVRQV� EXW WKH LPSRUWDQW
SRLQW KHUH LV WKH UHGHILQLWLRQ RI 'UXGH¶V SUHYLRXVO\ PRGHUQ DSSURDFK DV FODVVLFDO� ZLWKLQ
WKLV FRQWH[W� :KDW PDGH 'UXGH¶V GLVSHUVLRQ WKHRU\ D FODVVLFDO WKHRU\� DV RSSRVHG WR WKH
TXDQWXP WKHRU\" :DV LW VLPSO\ WKDW LW ZDV QRQ�TXDQWXP" 7KH UHDVRQ %RKU¶V DWRP EHFDPH
SUREOHPDWLF LQ UHODWLRQ WR 'UXGH¶V WKHRU\ RI GLVSHUVLRQ LQ ���� ZDV LQ IDFW D YHU\ VSHFLILF
DQG UHVWULFWHG RQH� WKH FDXVDO UHODWLRQ EHWZHHQ WKH K\SRWKHWLFDO UHVRQDQFH SURFHVV DW WKH
SDUWLFXODU PHFKDQLFDO IUHTXHQFLHV RI HOHFWURQV DQG WKH PDFURVFRSLF SURGXFWLRQ RI RSWLFDO
GLVSHUVLRQ DV LW ZDV REVHUYHG LQ WKH ODERUDWRU\� %XW DV ZH KDYH VHHQ� VXFK D FDXVDO UHODWLRQ
ZDV IDU IURP EHLQJ REYLRXV WR 'UXGH LQ WKH EHJLQQLQJ� ,W ZDV UDWKHU WKH UHVXOW RI D SURFHVV
H[WHQGLQJ IURP ���� XS WR ����� WKURXJK ZKLFK 'UXGH� LQ FRQYHUVDWLRQ ZLWK KLV FRQWHP�
SRUDULHV� PDGH QXPHURXV GHFLVLRQV WKDW DIIHFWHG KLV DQG RWKHUV¶ FRQFHSWLRQV RI RSWLFV DV D
ZKROH� ERWK DW WKH HSLVWHPRORJLFDO OHYHO �IURP HWKRV RI H[DFWLWXGH WR VLPSOLFLW\� DQG WKHQ
WR QHWZRUNV RI LQVLJKWV WKURXJK WKH HOHFWURQ K\SRWKHVLV�� DQG RQWRORJLFDO OHYHO �IURP D PH�

��)RU PRUH LQIRUPDWLRQ DERXW WKLV HSLVRGH� VHH �-RUGL 7DOWDYXOO ������
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FKDQLFDO HWKHU WR DQ HOHFWURPDJQHWLF HWKHU� LUUHGXFLEOH WR PHFKDQLFV�� 7KXV� LQ WKH HQG� LW
ZDV RQH RI WKH IHDWXUHV WKDW PDGH /HKUEXFK GHU 2SWLN D PRGHUQ ERRN� LQ WKH FRQWH[W RI LWV
FRPSRVLWLRQ� ZKLFK OHG LW WR EH FRQVLGHUHG FODVVLFDO \HDUV ODWHU� WKH DUWLFXODWLRQ RI YLEUDWLQJ
HOHFWURQV DQG HOHFWURPDJQHWLF OLJKW WKURXJK WKH DQDO\VLV RI RSWLFDO GLVSHUVLRQ DV UHSUHVHQWD�
WLYH RI PDQLIROG PDJQHWR�RSWLFDO SKHQRPHQD�

$V D PDWWHU RI IDFW� LW ZDV WKH H[SHULPHQWDOLVW /DGHQEXUJ ZKR� LQ ����� ILUVW YHQWXUHG D
QHZ LQWHUSUHWDWLRQ RI RSWLFDO GLVSHUVLRQ� ZKLFK ZRXOG WXUQ RXW WR EH LQ EHWWHU DJUHHPHQW ZLWK
WKH FRQFHSWXDO UHTXLUHPHQWV RI WKH HPHUJLQJ TXDQWXP WKHRU\ �/DGHQEXUJ ������ /DGHQ�
EXUJ¶V GLIILFXOWLHV ZLWK 'UXGH¶V DFFRXQW RULJLQDWHG LQ WKH FRXQWLQJ RI GLVSHUVLRQ HOHFWURQV
DQG EHFDPH DSSDUHQW LQ WKH HDUO\ ����V� KDYLQJ� DW WKH EHJLQQLQJ� QRWKLQJ WR GR ZLWK TXDQ�
WXP SK\VLFV� 7KH SUREOHP ZDV WKDW WKH QXPEHU RI GLVSHUVLRQ HOHFWURQV GLG QRW FRLQFLGH ZLWK
WKH YDOHQFH QXPEHU� DQG PRVW LPSRUWDQWO\� WKH QXPEHUV FRPSXWHG IURP H[SHULPHQWV KLQWHG
DW WKH SRVVLELOLW\ WKDW GLVSHUVLRQ HOHFWURQV ZHUH DFWXDOO\ QRW LQGHSHQGHQW IURP HDFK RWKHU LQ
WKHLU LQWHUDFWLRQV ZLWK OLJKW� 1RZ� WR LQWHUSUHW ௜ܭ LQ WHUPV RI ܰ௜� WKXV ௜ܭ ൌ ସగ௘మே೔

௠ � RQH KDG
SUHYLRXVO\ WR DVVXPH WKDW HOHFWURQV LQWHUDFWHG ZLWK OLJKW� HDFK RQH LQGHSHQGHQW RI WKH RWKHU�
,Q RWKHU ZRUGV� 'UXGH¶V FRXQWLQJ RI GLVSHUVLRQ HOHFWURQV OHG WR D GHDG HQG� IRU WKH UHVXOWV RI
WKH FRXQWLQJ XQGHUPLQHG WKH FRQGLWLRQV IRU WKH GLVSHUVLRQ HOHFWURQV WR EH FRXQWHG� 7KHUH�
DIWHU� LQ ����� LQGHSHQGHQWO\ IURP 6RPPHUIHOG� /DGHQEXUJ VXJJHVWHG D QHZ LQWHUSUHWDWLRQ
RIܭ௜� UHVRUWLQJ WR QHZ TXDQWXP WRROV DQG %RKU¶V DWRPLF PRGHO� /DGHQEXUJ UHOLQTXLVKHG WKH
SURSRUWLRQ EHWZHHQ PDFURVFRSLF IHDWXUHV DQG PLFURVFRSLF HOHFWURQV XQGHUSLQQLQJ 'UXGH¶V
WKHRU\ RI GLVSHUVLRQ� DQG VXJJHVWHG D QHZ SURSRUWLRQDOLW\� EHWZHHQ WKH PHDVXUDEOH SDUDP�
HWHU ௜ܭ DQG WKH QXPEHU RI TXDQWXP WUDQVLWLRQV FRUUHVSRQGLQJ WR WKH IUHTXHQF\ �௜ߥ ,Q WKLV
ZD\� RSWLFDO GLVSHUVLRQ EHFDPH D TXDQWXP SKHQRPHQRQ� %XW DW WKH VDPH WLPH� WKH 0LW�
VFKZLQJXQJHQ PRGHO SHUVLVWHG LQ VXSSO\LQJ WKH PDWKHPDWLFDO H[SUHVVLRQ IRU ݊ሺߥሻ XVHG WR
ILW WKH H[SHULPHQWDO GDWD DQG FDOFXODWH WKH YDOXH RI �௜ܭ DOEHLW UHGXFHG PHUHO\ WR D IRUPDO GH�
YLFH� 7KXV ZKDW /DGHQEXUJ OHIW EHKLQG ZLWK KLV TXDQWXP LQWHUSUHWDWLRQ RI RSWLFDO GLVSHUVLRQ
ZDV QRW FODVVLFDO SK\VLFV DOWRJHWKHU� EXW WKH LGHQWLILFDWLRQ RI WKH DEVWUDFW SDUWLFOHV UHVRQDWLQJ
ZLWK OLJKW LQ WKH PRGHO RI 0LWVFKZLQJXQJHQ ZLWK YHU\ VSHFLILF FKDUJHG SDUWLFOHV� HOHFWURQV�
ZKRVH SURSHUWLHV FRXOG EH FDOFXODWHG IURP D KHWHURJHQHRXV QHWZRUN RI SKHQRPHQD� 7KH
0LWVFKZLQJXQJHQ �DQG 0LWEHZHJXQJHQ LQ JHQHUDO� SHUVLVWHG LQ GHVFULELQJ PDWKHPDWLFDOO\
RSWLFDO SKHQRPHQD� WKRXJK GHYRLG RI SK\VLFDO PHDQLQJ� )RU WKH 0LWVFKZLQJXQJHQ ZHUH
FRQFHSWXDOO\ LQFRPSDWLEOH ZLWK TXDQWXP WUDQVLWLRQV� 'UXGH¶V PRGHUQ KHXULVWLFV� GHYHORSHG
IURP ���� XQWLO ���� WR QHWZRUN KHWHURJHQHRXV SKHQRPHQD WKURXJK WKHLU VKDULQJ RI WKH
VDPH K\SRWKHWLFDO PLFURVFRSLF DJHQW� QDPHO\� HOHFWURQV� ZDV OHIW EHKLQG� 7KH QHZ IHDWXUHV
ZLWK SK\VLFDO PHDQLQJ ZHUH TXDQWXP WUDQVLWLRQV� LQVWHDG RI GLVSHUVLRQ HOHFWURQV�

2YHUDOO� ZKDW ZDV PRGHUQ LQ 'UXGH¶V WH[WERRN� LQFOXGLQJ DQG EH\RQG WKH EOHQGLQJ
RI WKH HOHFWURPDJQHWLF WKHRU\ RI OLJKW DQG HOHFWURQV� ZDV DOVR ZKDW DOORZHG LW WR EHFRPH
FODVVLFDO� ZKHQ LWV GLIIHUHQFHV IURP WKH HPHUJHQW GRPDLQ RI TXDQWXP SK\VLFV ZHUH PDGH
DSSDUHQW� 1HJRWLDWLRQV RI WKH ERXQGDU\ EHWZHHQ FODVVLFDO DQG TXDQWXP SK\VLFV WRRN SODFH
SUHFLVHO\ DW WKH SRLQWV RI DUWLFXODWLRQ RI NQRZOHGJH WKDW KDG EHHQ DVFULEHG ³IUHVK OLIH´ LQ
'UXGH¶V DFFRXQW� FDXVDO UHODWLRQV EHWZHHQ PRYLQJ� LQGHSHQGHQW HOHFWURQV DQG PDFURVFRSLF
IHDWXUHV� GLVFORVXUH RI WKH PLFURVWUXFWXUH RI PDWWHU WKURXJK WKH LQWHUUHODWLRQ RI SKHQRPHQD
K\SRWKHWLFDOO\ PDQLIHVWLQJ HOHFWURQ SURSHUWLHV� %XW DW WKH VDPH WLPH� WKLV ³PRGHUQLW\´ RI
WKH ERRN ZDV LWVHOI WKH UHVXOW RI DQ DUGXRXV SURFHVV WKDW ZDV E\ QR PHDQV OHVV FKDOOHQJLQJ
RU LQQRYDWLYH WKDQ LWV ODWHU GHYHORSPHQW LQ UHODWLRQ WR TXDQWXP SK\VLFV� &ODVVLFDO SK\VLFV
KDG EHHQ FRQVWUXFWHG WKURXJK RWKHU GLVWLQFWLRQV ERWK RQ WKH HSLVWHPRORJLFDO DQG RQWRORJLFDO
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OHYHOV� ZKLFK ZHUH OHIW EHKLQG DV RSWLFV WRRN RQ D PRGHUQ IRUP� PDWKHPDWLFDO IRUPDOLVP
YV� WKH QDWXUH RI HWKHU� PHFKDQLFV YV� HOHFWURPDJQHWLVP� 2QO\ D ORQJ�WHUP DQDO\VLV HQDEOHV
XV WR XQGHUVWDQG WKH VSHFLILF ³FODVVLFDO´ SK\VLFV ZLWK ZKLFK SK\VLFLVWV JUDSSOHG LQ WKH ILUVW
GHFDGHV RI WKH WZHQWLHWK FHQWXU\� DQG DYRLG RYHUVLPSOLI\LQJ LW WR PHDQ DOO RI QRQ�TXDQWXP
SK\VLFV� &ODVVLFDO RSWLFV� DQG PRUH VSHFLILFDOO\ 'UXGH¶V /HKUEXFK GHU 2SWLN� HVWDEOLVKHG
WKH ILHOG RI SRVVLELOLWLHV� WKH H[SORUDWLRQ RI ZKRVH OLPLWV� GHILQHG WKH FRJQLWLYH VSDFH ZLWKLQ
ZKLFK WKH ERXQGDU\ ZLWK TXDQWXP SK\VLFV ZDV QHJRWLDWHG�

$EEUHYLDWLRQV DQG $UFKLYHV

$+43 $UFKLYH IRU +LVWRU\ RI 4XDQWXP 3K\VLFV� $PHULFDQ
3KLORVRSKLFDO 6RFLHW\� 3KLODGHOSKLD

$FNQRZOHGJPHQWV

7KLV SDSHU KDV KDG D YHU\ ORQJ FRQFHSWLRQ� ,W KDV DFFRPSDQLHG PH IRU PRUH WKDQ WKUHH \HDUV�
GXULQJ ZKLFK LW KDV EHFRPH SDUW RI P\ GLVVHUWDWLRQ� , KDYH EHQHILWHG IURP D JUDQW RI WKH &DWD�
ODQ *RYHUQPHQW GXULQJ P\ LQLWLDO VWD\ DW WKH 0D[ 3ODQFN ,QVWLWXWH IRU WKH +LVWRU\ RI 6FLHQFH
LQ %HUOLQ� DQG WKHQ D SUH�GRFWRUDO JUDQW RI WKH 0D[ 3ODQFN 6RFLHW\ WR FRQWLQXH ZRUN RQ P\
GLVVHUWDWLRQ WKHUH� ,Q WKLV WLPH , KDYH OHDUQHG D ORW IURP /XLV 1DYDUUR IURP WKH 8QLYHUVLW\
RI %DUFHORQD� DQG IURP SHUVRQDO H[FKDQJHV ZLWK DOO WKH PHPEHUV RI WKH LQWHUQDWLRQDO SURMHFW
RQ WKH +LVWRU\ DQG )RXQGDWLRQV RI 4XDQWXP 3K\VLFV� -�UJHQ 5HQQ� P\ GRFWRUDO DGYLVRU� GH�
VHUYHV VSHFLDO PHQWLRQ� , ZRXOG DOVR OLNH WR DGGUHVV D VSHFLDO WKDQN WR 0DVVLPLOLDQR %DGLQR
DQG -DXPH 1DYDUUR IRU WKHLU JUHDW LGHD DQG WKHLU HQWKXVLDVWLF HQJDJHPHQW RI XV LQ WKLV IDVFL�
QDWLQJ SURMHFW RQ WKH +LVWRU\ RI 4XDQWXP 3K\VLFV WKURXJK ,WV 7H[WERRNV� $QG DOVR IRU WKHLU
SDWLHQFH LQ ZDLWLQJ IRU P\ SDSHU DQG UHDGLQJ WKH YDULRXV YHUVLRQV RI LW� 0DVVLPLOLDQR LV WKH
SHUVRQ ZKR KDV SDUWLFLSDWHG WKH PRVW LQ WKH SURFHVV RI ZULWLQJ WKLV SDSHU� DQG WR ZKRP , DP
PRVW LQGHEWHG IRU WKH ILQDO UHVXOW� , DP DOVR YHU\ WKDQNIXO WR -HUHPLDK -DPHV IRU KLV FRS\�
HGLWLQJ� ZKLFK HQRUPRXVO\ LPSURYHG WKH TXDOLW\ RI WKH ODQJXDJH� ,Q DGGLWLRQ� , ZRXOG DOVR
OLNH WR WKDQN WKH HGLWRULDO WHDP� OHG E\ 1LQD 5XJH� IRU WKHLU VWHDGIDVW GHGLFDWLRQ DQG HIIRUWV
EHKLQG WKH FXUWDLQV WR PDNH D SURIHVVLRQDO ERRN RXW RI WKHVH HVVD\V� 6KDULQJ DQ RIILFH ZLWK
1LQD , KDYH UHDOL]HG KRZ GLIILFXOW� LPSRUWDQW� DQG� XQIRUWXQDWHO\� DW WLPHV LQYLVLEOH� LV WKH
WDVN RI D ERRN HGLWRU�

5HIHUHQFHV

$EHJJ� 5LFKDUG ������� 'LH 9DOHQ] XQG GDV SHULRGLVFKH 6\VWHP� 9HUVXFK HLQHU 7KHRULH GHU
0ROHNXODUYHUELQGXQJHQ� =HLWVFKULIW I�U DQRUJDQLVFKH &KHPLH ������ ���±����

$EUDKDP� 0D[ ������� /HKUEXFK GHU 2SWLN� 3K\VLNDOLVFKH =HLWVFKULIW �� ���±����
$QRQ\PRXV ������� /HKUEXFK GHU 2SWLN� 1DWXUH ��� ���±����
$UDEDW]LV� 7KHRGRUH ������� 7KH 'LVFRYHU\ RI WKH =HHPDQ (IIHFW� $ &DVH 6WXG\ RI WKH ,Q�

WHUSOD\ EHWZHHQ 7KHRU\ DQG ([SHULPHQW� 6WXGLHV LQ +LVWRU\ DQG 3KLORVRSK\ RI 6FLHQFH
3DUW $ ������ ���±����
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$UDEDW]LV� 7KHRGRUH ������� 5HSUHVHQWLQJ (OHFWURQV� $ %LRJUDSKLFDO $SSURDFK WR 7KHRUHW�
LFDO (QWLWLHV� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�

%DVVHW� $OIUHG %� ������� $ 7UHDWLVH RQ 3K\VLFDO 2SWLFV� &DPEULGJH� 'HLJKWRQ� %HOO DQG &R�
%RKU� 1LHOV �����D�� 2Q WKH &RQVWLWXWLRQ RI $WRPV DQG 0ROHFXOHV� 3KLORVRSKLFDO 0DJD]LQH

�WK 6HULHV ��� �±���
þ �����E�� 2Q WKH &RQVWLWXWLRQ RI $WRPV DQG 0ROHFXOHV� 3KLORVRSKLFDO 0DJD]LQH �WK

6HULHV ��� ���±����
þ �����F�� 2Q WKH &RQVWLWXWLRQ RI $WRPV DQG 0ROHFXOHV� 3KLORVRSKLFDO 0DJD]LQH �WK

6HULHV ��� ���±����
%ROW]PDQQ� /XGZLJ ������� 9RUOHVXQJHQ �EHU 0D[ZHOOV 7KHRULH GHU (OHNWUL]LWlW XQG GHV

/LFKWV� /HLS]LJ� -RKDQQ $PEURVLXV %DUWK�
%XFKZDOG� -HG =� ������� )URP 0D[ZHOO WR 0LFURSK\VLFV� $VSHFWV RI (OHFWURPDJQHWLF 7KH�

RU\ LQ WKH /DVW 4XDUWHU RI WKH 1LQHWHHQWK &HQWXU\� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR
3UHVV�

þ ������� 7KH &UHDWLRQ RI 6FLHQWLIL (IIHFWV� +HLQULFK +HUW] DQG (OHFWULF :DYHV� &KLFDJR�
7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�

%XFKZDOG� -HG =� DQG $QGUHZ:DUZLFN� HGV� ������� +LVWRULHV RI WKH (OHFWURQ� 7KH %LUWK RI
0LFURSK\VLFV� &DPEULGJH� 0$� 7KH 0,7 3UHVV�

&DUGRQD� 0DQXDO DQG:HUQHU 0DU[ ������� 7KH 3RVWKXPRXV ,PSDFW RI 3DXO 'UXGH� $QQDOHQ
GHU 3K\VLN �������� ���±����

&KULVWLDQVHQ� &KULVWLDQ ������� hEHU GLH %UHFKXQJVYHUKlOWQLVVH HLQHU ZHLQJHLVWLJHQ /|VXQJ
GHV )XFKVLQ� EULHIOLFKH 0LWWKHLOXQJ� $QQDOHQ GHU 3K\VLN �������� ���±����

'DUULJRO� 2OLYLHU ������� (OHFWURG\QDPLFV IURP $PSqUH WR (LQVWHLQ� 2[IRUG� 2[IRUG 8QL�
YHUVLW\ 3UHVV�

'UXGH� 3DXO ������� hEHU GLH *HVHW]H GHU 5HIOH[LRQ XQG %UHFKXQJ GHV /LFKWHV DQ GHU *UHQ]H
DEVRUELHUHQGHU .ULVWDOOH� $QQDOHQ GHU 3K\VLN �������� ���±����

þ �����D�� ,Q ZLHZHLW JHQ�JHQ GLH ELVKHULJHQ /LFKWWKHRULHQ GHQ $QIRUGHUXQJHQ GHU SUDF�
WLVFKHQ 3K\VLN" 1DFKULFKWHQ YRQ GHU .|QLJOLFKHQ *HVHOOVFKDIW GHU :LVVHQVFKDIWHQ ]X
*|WWLQJHQ ������� ���±����

þ �����E�� hEHU PDJQHWRRSWLVFKH (UVFKHLQXQJHQ� $QQDOHQ GHU 3K\VLN ������� ���±����
þ ������� hEHU GLH %H]LHKXQJ GHU 'LHOHFWULFLWlWVFRQVWDQWHQ ]XP RSWLVFKHQ %UHFKXQJVH[�

SRQHQWHQ� $QQDOHQ GHU 3K\VLN ������� ���±����
þ ������� 3K\VLN GHV bWKHUV DXI HOHNWUR�PDJQHWLVFKHU *UXQGODJH� 6WXWWJDUW� )� (QNH�
þ ������� 'LH 7KHRULH LQ GHU 3K\VLN� $QWULWWVYRUOHVXQJ JHKDOWHQ DP �� 'HFHPEHU ����

DQ GHU 8QLYHUVLWlW /HLS]LJ� /HLS]LJ� 6� +LU]HO�
þ ������� $QRPDOH HOHFWULVFKH 'LVSHUVLRQ YRQ )O�VVLJNHLWHQ� $QQDOHQ GHU 3K\VLN �������

�±���
þ �����D�� (OHFWULVFKH $QRPDOLH XQG FKHPLVFKH &RQVWLWXWLRQ� $QQDOHQ GHU 3K\VLN

������� ���±����
þ �����E�� hEHU )HUQHZLUNXQJHQ� $QQDOHQ GHU 3K\VLN �������� �±���
þ �����F�� =XU 7KHRULH GHU PDJQHWR�RSWLVFKHQ (UVFKHLQXQJHQ DP (LVHQ� 1LFNHO XQG

.REDOW� $QQDOHQ GHU 3K\VLN �������� ���±����
þ ������� =XU 7KHRULH GHU DQRPDOHQ HOHFWULVFKHQ 'LVSHUVLRQ� $QQDOHQ GHU 3K\VLN �������

���±����
þ ������� =XU 7KHRULH GHU PDJQHWR�RSWLVFKHQ (UVFKHLQXQJHQ� 9HUKDQGOXQJHQ GHU

'HXWVFKHQ 3K\VLNDOLVFKHQ *HVHOOVFKDIW ����� ���±����
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þ �����D�� /HKUEXFK GHU 2SWLN� �VW HG� /HLS]LJ� 6� +LU]HO�
þ �����E�� =XU ,RQHQWKHRULH GHU 0HWDOOH� 3K\VLNDOLVFKH =HLWVFKULIW ������ ���±����
þ �����F�� =XU (OHNWURQWKHRULH GHU 0HWDOOH� 7HLO ,� $QQDOHQ GHU 3K\VLN ������� ���±����
þ �����G�� =XU (OHNWURQWKHRULH GHU 0HWDOOH� 7HLO ,,� $QQDOHQ GHU 3K\VLN �������� ���±

����
þ ������� 7KH 7KHRU\ RI 2SWLFV� /RQGRQ� /RQJPDQV *UHHQ DQG &RPSDQ\�
þ �����D�� 2SWLVFKH (LJHQVFKDIWHQ XQG (OHNWURQWKHRULH� ,� 7HLO� $QQDOHQ GHU 3K\VLN

������� ���±����
þ �����E�� 2SWLVFKH (LJHQVFKDIWHQ XQG (OHNWURQWKHRULH� ,,� 7HLO� $QQDOHQ GHU 3K\VLN

�������� ���±����
þ ������� /HKUEXFK GHU 2SWLN� �QG HG� /HLS]LJ� 6� +LU]HO�
þ ������� /HKUEXFK GHU 2SWLN� �UG HG� /HLS]LJ� 6� +LU]HO�
)DOFRQHU� ,VREHO ������� &RUSXVFOHV� (OHFWURQV DQG &DWKRGH 5D\V� -� -� 7KRPVRQ DQG WKH

µ'LVFRYHU\ RI WKH (OHFWURQ¶� %ULWLVK -RXUQDO IRU WKH +LVWRU\ RI 6FLHQFH ������ ���±����
)DUDGD\� 0LFKDHO ������� 2Q WKH 0DJQHWL]DWLRQ RI /LJKW DQG WKH ,OOXPLQDWLRQ RI 0DJQHWLF

/LQHV RI )RUFH� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ ���� �±���
)�FKWEDXHU� &KULVWLDQ DQG :DOWHU +RIPDQQ ������� hEHU 0D[LPDOLQWHQVLWlW� 'lPSIXQJ XQG

ZDKUH ,QWHQVLWlWVYHUWHLOXQJ YRQ 6HULHQOLQLHQ LQ $EVRUSWLRQ�$QQDOHQ GHU 3K\VLN �������
��±����

)�FKWEDXHU� &KULVWLDQ DQG &XUW 6FKHOO ������� 0HWKRGHQ ]XU TXDQWLWDWLYHQ 8QWHUVXFKXQJ
YRQ $EVRUSWLRQVOLQLHQ� VSH]LHOO GHU 1DWULXPOLQLHQ� 3K\VLNDOLVFKH =HLWVFKULIW ��� ����±
�����

*HLJHU� /XGZLJ ������� hEHU GLH %HJOHLWHUVFKHLQXQJ GHV LQYHUVHQ ORQJLWXGLQDOHQ =HHPDQ�
HIIHNWHV� $QQDOHQ GHU 3K\VLN ������� ���±����

*LHVH� :LOKHOP ������� *UXQG]�JH HLQHU HLQKHLWOLFKHQ 7KHRULH GHU (OHFWULFLWlWVOHLWXQJ� $Q�
QDOHQ GHU 3K\VLN ������� ���±����

*ROGEHUJ� 6WDQOH\ ������� 3DXO 'UXGH� ,Q�'LFWLRQDU\ RI 6FLHQWLILF %LEOLRJUDSK\� (G� &KDUOHV
&� *LOOLVSLH� 1HZ <RUN� 6FULEQHU�

YRQ +HOPKROW]� +HUPDQQ ������� =XU 7KHRULH GHU DQRPDOHQ 'LVSHUVLRQ� $QQDOHQ GHU 3K\VLN
������� ���±����

þ ������� 'DV 3ULQFLS GHU NOHLQVWHQ:LUNXQJ LQ GHU (OHNWURG\QDPLN� 6LW]XQJVEHULFKWH GHU
.|QLJOLFK 3UHX�LVFKHQ $NDGHPLH GHU :LVVHQVFKDIWHQ ]X %HUOLQ �� ���±����

þ ������� (OHFWURPDJQHWLVFKH 7KHRULH GHU )DUEHQ]HUVWUHXXQJ� $QQDOHQ GHU 3K\VLN
������� ���±����

þ ������� 9RUOHVXQJHQ �EHU GLH HOHNWURPDJQHWLVFKH 7KHRULH GHV /LFKWV� ,Q� 9RUOHVXQJHQ
�EHU WKHRUHWLVFKH 3K\VLN YRQ +HUPDQQ YRQ +HOPKROW]� (G� $UWKXU .|QLJ DQG &DUO
5XQJH� �� +DPEXUJ� 9HUODJ YRQ /HRSROG 9RVV�

þ ������� 'LH QHXHUH (QWZLFNOXQJ YRQ )DUDGD\V ,GHHQ �EHU (OHNWULFLWlW� ,Q� 9RUWUlJH XQG
5HGHQ YRQ +HUPDQQ YRQ +HOPKROW]� �� %UDXQVFKZHLJ� )ULHGULFK 9LHZHJ XQG 6RKQ�
���±����

+HQWVFKHO� .ODXV ������� 'LH (QWGHFNXQJ GHV =HHPDQ�(IIHNWV DOV %HLVSLHO I�U GDV NRP�
SOH[H :HFKVHOVSLHO YRQ ZLVVHQVFKDIWOLFKHQ ,QVWUXPHQWHQ� ([SHULPHQWHQ XQG 7KHRULH�
3K\VLNDOLVFKH %OlWWHU ��� ����±�����

+HUW]� +HLQULFK 5� ������� hEHU GLH $XVEUHLWXQJVJHVFKZLQGLJNHLW GHU HOHFWURG\QDPLVFKHQ
:LUNXQJHQ� $QQDOHQ GHU 3K\VLN ���� ���±����
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+HUW]� +HLQULFK 5� ������� hEHU GLH *UXQGJOHLFKXQJHQ GHU (OHFWURG\QDPLN I�U UXKHQGH .|U�
SHU� $QQDOHQ GHU 3K\VLN ������� ���±����

+RIIPDQQ� 'LHWHU ������� 3DXO 'UXGH ������������ $QQDOHQ GHU 3K\VLN �������� ���±����
+XQW� %UXFH -� ������� 7KH 0D[ZHOOLDQV� ,WKDFD� &RUQHOO 8QLYHUVLW\ 3UHVV�
-RUGL 7DOWDYXOO� 0DUWD ������� &KDOOHQJLQJ WKH %RXQGDULHV EHWZHHQ &ODVVLFDO DQG 4XDQWXP

3K\VLFV� WKH &DVH RI 2SWLFDO 'LVSHUVLRQ� ,Q� 7UDGLWLRQV DQG 7UDQVIRUPDWLRQV LQ WKH +LV�
WRU\ RI 4XDQWXP 3K\VLFV� (G� 6KDXO .DW]LU� &KULVWRSK /HKQHU� DQG -�UJHQ 5HQQ� 3UR�
FHHGLQJV �� 0D[ 3ODQFN 5HVHDUFK /LEUDU\ IRU WKH +LVWRU\ DQG 'HYHORSPHQW RI .QRZO�
HGJH� %HUOLQ� (GLWLRQ 2SHQ $FFHVV�

-XQJQLFNHO� &KULVWD DQG 5XVVHOO 0F&RUPPDFK ������� ,QWHOOHFWXDO 0DVWHU\ RI 1DWXUH� 7KH�
RUHWLFDO 3K\VLFV IURP 2KP WR (LQVWHLQ� �� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV�

.DXIPDQQ� :DOWHU ������� 'LH PDJQHWLVFKH $EOHQNEDUNHLW HOHFWURVWDWLVFK EHHLQIOXVVWHU
.DWKRGHQVWUDKOHQ� $QQDOHQ GHU 3K\VLN ������� ���±����

.HQW� 1� $� ������� 5HYLHZ RI 7KH 7KHRU\ RI 2SWLFV� E\ 3DXO 'UXGH� $VWURSK\VLFDO -RXUQDO
��� ���

.HUU� -RKQ ������� 2Q 5RWDWLRQ RI WKH 3ODQH RI 3RODUL]DWLRQ E\ 5HIOHFWLRQ RI WKH 3ROH RI D
0DJQHW� 3KLORVRSKLFDO 0DJD]LQH �WK 6HULHV �� ���±����

.HWWHOHU� (GXDUG ������� 'DV VSHFLILVFKH *HVHW] GHU VRJHQDQQWHQ DQRPDOHQ 'LVSHUVLRQ� $Q�
QDOHQ GHU 3K\VLN -XEHOEDQG� ���±����

þ ������� 7KHRUHWLVFKH 2SWLN JHJU�QGHW DXI GDV %HVVHO�6HOOPHLHU¶VFKH 3ULQFLS� %UDXQ�
VFKZHLJ� )ULHGULFK 9LHZHJ XQG 6RKQ�

.|QLJ� :DOWHU ������� =XU (ULQQHUXQJ DQ 3DXO 'UXGH� =ZHL $QVSUDFKHQ YRQ )� 5LFKDUG DQG
:� .|QLJ� *LHVVHQ� 9HUODJ YRQ $OIUHG 7|SHOPDQQ� �±���

.R[� $QQH -� ������� 7KH =HHPDQ (IIHFW� (XURSHDQ -RXUQDO RI 3K\VLFV ��� ���±����

.XQGW� $XJXVW �����D�� hEHU GLH DQRPDOH 'LVSHUVLRQ GHU .|USHU PLW 2EHUIOlFKHQIDUEHQ�
$QQDOHQ GHU 3K\VLN ���� ���±����

þ �����E�� 8HEHU DQRPDOH 'LVSHUVLRQ� $QQDOHQ GHU 3K\VLN ���� ���±����
þ �����F�� 8HEHU DQRPDOH 'LVSHUVLRQ� 'ULWWH 0LWWKHLOXQJ� $QQDOHQ GHU 3K\VLN ���� ���±

����
þ �����G�� 8HEHU DQRPDOH 'LVSHUVLRQ� 9LHUWH 0LWWKHLOXQJ� $QQDOHQ GHU 3K\VLN �������

��±���
/DGHQEXUJ� 5XGROI ������� $VWURSK\VLNDOLVFKH %HPHUNXQJHQ LP$QVFKOX� DQ 9HUVXFKH �EHU

$EVRUSWLRQ XQG DQRPDOH 'LVSHUVLRQ LQ OHXFKWHQGHP :DVVHUVWRII� 3K\VLNDOLVFKH =HLW�
VFKULIW ��� �±���

þ ������� hEHU GLH DQRPDOH 'LVSHUVLRQ XQG GLH PDJQHWLVFKH 'UHKXQJ GHU 3RODULVDWLRQV�
HEHQH GHV OHXFKWHQGHQ :DVVHUVWRIIV� VRZLH GLH 9HUEUHLWHUXQJ YRQ 6SHNWUDOOLQLHQ� $Q�
QDOHQ GHU 3K\VLN ������� ���±����

þ ������� 'LH TXDQWHQWKHRUHWLVFKH 'HXWXQJ GHU =DKO GHU 'LVSHUVLRQVHOHNWURQHQ� =HLW�
VFKULIW I�U 3K\VLN �� ���±����

/DGHQEXUJ� 5XGROI DQG 6WDQLVODZ /RULD ������� hEHU GLH 'LVSHUVLRQ GHV OHXFKWHQGHQ
:DVVHUVWRIIV� 3K\VLNDOLVFKH =HLWVFKULIW ������ ���±����

/RPPHO� (XJHQ ������� 7KHRULH GHU QRUPDOHQ XQG DQRPDOHQ'LVSHUVLRQ�$QQDOHQ GHU 3K\VLN
������� ���±����

/RUHQW]� +HQGULN $� ������� /D WKpRULH pOHFWURPDJQpWLTXH GH0D[ZHOO HW VRQ DSSOLFDWLRQ DX[
FRUSVPRXYDQWV�$UFKLYHV QpHUODQGDLVHV GHV VFLHQFHV H[DFWHV HW QDWXUHOOHV ��� ���±����
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þ ������� 9HUVXFK HLQHU 7KHRULH GHU HOHNWULVFKHQ XQG RSWLVFKHQ (UVFKHLQXQJHQ LQ EH�
ZHJWHQ .|USHUQ� /HLGHQ� (� -� %ULOO�

þ ������� hEHU GHQ (LQIOXVV PDJQHWLVFKHU .UlIWH DXI GLH (PLVVLRQ GHV /LFKWHV� $QQDOHQ
GHU 3K\VLN �������� ���±����

þ ������� 2SWLVFKH 9HUVFKLMQVHOHQ GLH PHW GH ODGLQJ HQ GH PDVVD GHU LRQHQ LQ YHUEDQG
VWDDQ� 9HUVODJHQ .RQLQNOLMNH $NDGHPLH YDQ :HWHQVFKDSSHQ WH $PVWHUGDP �� ���±����

þ ������� 7KH 7KHRU\ RI (OHFWURQV DQG ,WV $SSOLFDWLRQV WR WKH 3KHQRPHQD RI /LJKW DQG
5DGLDQW +HDW� 1HZ <RUN� &ROXPELD 8QLYHUVLW\ 3UHVV�

/RUH\� :LOKHOP ������� 'LH 3K\VLN DQ GHU 8QLYHUVLWlW *LH�HQ LP ��� -DKUKXQGHUW�
1DFKULFKWHQ GHU *LH�HQHU +RFKVFKXOJHVHOOVFKDIW ��� ��±����

0DFDOXVR� 'DPLDQR DQG 2UVR 0� &RUELQR ������� 6XU XQH QRXYHOOH DFWLRQ VXELH SDU OD OX�
PLqUH WUDYHUVDQW FHUWDLQHV YDSHXUV PpWDOOLTXHV GDQV XQ FKDPS PDJQpWLTXH� &RPSWHV
UHQGXV KHEGRPDGDLUHV GHV VpDQFHV GH O¶$FDGpPLH GHV VFLHQFHV �������� ���±����

0�OOHU� -RKDQQ +�� &ODXGH 6� 3RXLOOHW� /HRSROG 3IDXQGOHU� DQG 2WWR /XPPHU �������
/HKUEXFK GHU 3K\VLN XQG 0HWHRURORJLH� �WK HG� %UDXQVFKZHLJ� )ULHGULFK 9LHZHJ XQG
6RKQ�

1DYDUUR� -DXPH ������� $ +LVWRU\ RI WKH (OHFWURQ� -� -� DQG *� 3� 7KRPVRQ� &DPEULGJH�
&DPEULGJH 8QLYHUVLW\ 3UHVV�

2OHVNR� .DWKU\Q 0� ������� 3K\VLFV DV D &DOOLQJ� 'LVFLSOLQH DQG 3UDFWLFH LQ WKH .|QLJVEHUJ
6HPLQDU IRU 3K\VLFV� ,WKDFD� &RUQHOO 8QLYHUVLW\ 3UHVV�

3ODQFN�0D[ ������� 3DXO 'UXGH�9HUKDQGOXQJHQ GHU 'HXWVFKHQ 3K\VLNDOLVFKHQ *HVHOOVFKDIW
�� ���±����

3RLQFDUp� +HQUL ������� eOHFWULFLWp HW RSWLTXH� FRXUV GH SK\VLTXH PDWKpPDWLTXH� 3DULV�
*HRUJHV &DUUp�

þ ������� (OHNWUL]LWlW XQG 2SWLN� 9RUOHVXQJHQ JHKDOWHQ YRQ +� 3RLQFDUp� (G� :LOKHOP
-DHJHU DQG (UQVW *XPOLFK� %HUOLQ� -XOLXV 6SULQJHU�

3UHVWRQ� 7KRPDV ������� 7KH 7KHRU\ RI /LJKW� /RQGRQ� 0DF0LOODQ DQG &R�
5HLII� 5LFKDUG ������� 7KHRULH PROHNXODU�HOHNWULVFKHU 9RUJlQJH� )UHLEXUJ� 0RKU 9HUODJ�
5RERWWL� 1DGLD ������� -� -� 7KRPVRQ DQG WKH &DYHQGLVK /DERUDWRU\� 7KH +LVWRU\ RI DQ

(OHFWULF &KDUJH 0HDVXUHPHQW� $QQDOV RI 6FLHQFH ��� ���±����
5RVFKGHVWZHQVN\� 'PLWU\ ������� $QRPDOH 'LVSHUVLRQ LQ 1DWULXPGDPSI� $QQDOHQ GHU

3K\VLN �������� ���±����
6HOOPHLHU� :ROIJDQJ �����D�� hEHU GLH GXUFK GLH $HWKHUVFKZLQJXQJHQ HUUHJWHQ 0LWVFKZLQ�

JXQJHQ GHU .|USHUWKHLOFKHQ XQG GHUHQ 5�FNZLUNXQJ DXI GLH HUVWHUQ� EHVRQGHUV ]XU (U�
NOlUXQJ GHU 'LVSHUVLRQ XQG LKUHU $QRPDOLHQ� $QQDOHQ GHU 3K\VLN ������� ���±����

þ �����E�� hEHU GLH GXUFK GLH $HWKHUVFKZLQJXQJHQ HUUHJWHQ 0LWVFKZLQJXQJHQ GHU .|U�
SHUWKHLOFKHQ XQG GHUHQ 5�FNZLUNXQJ DXI GLH HUVWHUQ� EHVRQGHUV ]XU (UNOlUXQJ GHU 'LV�
SHUVLRQ XQG LKUHU $QRPDOLHQ� $QQDOHQ GHU 3K\VLN ������� ���±����

þ �����F�� hEHU GLH GXUFK GLH $HWKHUVFKZLQJXQJHQ HUUHJWHQ 0LWVFKZLQJXQJHQ GHU .|U�
SHUWKHLOFKHQ XQG GHUHQ 5�FNZLUNXQJ DXI GLH HUVWHUQ� EHVRQGHUV ]XU (UNOlUXQJ GHU 'LV�
SHUVLRQ XQG LKUHU $QRPDOLHQ� $QQDOHQ GHU 3K\VLN �������� ���±����

þ �����G�� hEHU GLH GXUFK GLH $HWKHUVFKZLQJXQJHQ HUUHJWHQ 0LWVFKZLQJXQJHQ GHU .|U�
SHUWKHLOFKHQ XQG GHUHQ 5�FNZLUNXQJ DXI GLH HUVWHUQ� EHVRQGHUV ]XU (UNOlUXQJ GHU 'LV�
SHUVLRQ XQG LKUHU $QRPDOLHQ� $QQDOHQ GHU 3K\VLN �������� ���±����



�� �� 'UXGH¶V /HKUEXFK �0� -RUGL�

6LHUWVHPD� /RGHZLMN +� ������� %HUHNHQLQJ YDQ H�P XLW GH PDJQHWLVFKH GUDDLLQJ YDQ KHW
SRODULVDWLHYODN� YRRU VWRIIHQ ]RQGHU DEVRUSWLHEDQG LQ KHW ]LFKWEDUH VSHFWUXP� 9HUVODJ
YDQ GH JHZRQH YHUJDGHULQJHQ GHU $IGHHOLQJ 1DWXXUNXQGH� ���±����

6RPPHUIHOG� $UQROG ������� 'LH DOOJHPHLQH 'LVSHUVLRQVIRUPHO QDFK GHP %RKUVFKHQ 0R�
GHOO� ,Q� )HVWVFKULIW -XOLXV (OVWHU XQG +DQV *HLWHO� (G� .DUO %HUJZLW]� %UDXQVFKZHLJ�
)ULHGULFK 9LHZHJ XQG 6RKQ� ���±����

þ ������� 'LH 'UXGHVFKH 'LVSHUVLRQVWKHRULH YRP 6WDQGSXQNWH GHV %RKUVFKHQ 0RGHOOHV
XQG GLH .RQVWLWXWLRQ YRQ +�� 2� XQG 1�� $QQDOHQ GHU 3K\VLN �������� ���±����

7KRPVRQ� -RVHSK -� �����D�� &DWKRGH 5D\V� 3URFHHGLQJV RI WKH 5R\DO ,QVWLWXWLRQ ��� ���±
����

þ �����E�� &DWKRGH 5D\V� 3KLORVRSKLFDO 0DJD]LQH �WK 6HULHV ��� ���±����
9RLJW� :ROGHPDU ������� =XU 7KHRULH GHV /LFKWHV� $QQDOHQ GHU 3K\VLN ������� ���±����
þ ������� .RPSHQGLXP GHU WKHRUHWLVFKHQ 3K\VLN� =ZHLWHU %DQG� (OHNWULFLWlW XQG 0DJ�

QHWLVPXV� 2SWLN� /HLS]LJ� 9HLW�
þ ������� =XU 7KHRULH GHUPDJQHWR�RSWLVFKHQ (UVFKHLQXQJHQ�$QQDOHQ GHU 3K\VLN �������

���±����
þ ������� 3DXO 'UXGH� 3K\VLNDOLVFKH =HLWVFKULIW ������ ���±����
þ �������0DJQHWR� XQG (OHNWUR�2SWLN� /HLS]LJ� %� *� 7HXEQHU�
:KLWWDNHU� (GPXQG ������� $ +LVWRU\ RI WKH 7KHRULHV RI $HWKHU DQG (OHFWULFLW\� )URP WKH

$JH RI 'HVFDUWHV WR WKH &ORVH RI WKH 1LQHWHHQWK &HQWXU\� /RQGRQ� /RQJPDQ� *UHHQ DQG
&R�

:LHFKHUW� (PLO �����D�� ([SHULPHQWHOOHV �EHU GLH .DWKRGHQVWUDKOHQ� 6FKULIWHQ GHU
3K\VLNDOLVFK�gNRQRPLVFKHQ *HVHOOVFKDIW ]X .|QLJVEHUJ ��� ��±���

þ �����E�� hEHU GDV :HVHQ GHU (OHNWUL]LWlW� 6FKULIWHQ GHU 3K\VLNDOLVFK�gNRQRPLVFKHQ
*HVHOOVFKDIW ]X .|QLJVEHUJ ��� �±���

:LQNHOPDQQ� $GROI� HG� �������+DQGEXFK GHU 3K\VLN� �� 2SWLN� %UHVODX� 9HUODJ YRQ (GXDUG
7UHZHQGW�

:RRG� 5REHUW :LOOLDPV ������� 3K\VLFDO 2SWLFV� 1HZ <RUN� 0DF0LOODQ DQG &R�
=HHPDQ� 3LHWHU �����D�� 2Q WKH ,QIOXHQFH RI 0DJQHWLVP RQ WKH 1DWXUH RI WKH /LJKW (PLWWHG

E\ D 6XEVWDQFH� 3KLORVRSKLFDO 0DJD]LQH �WK 6HULHV �������� ���±����
þ �����E�� 'RXEOHWV DQG 7ULSOHWV LQ WKH 6SHFWUXP 3URGXFHG E\ ([WHUQDO 0DJQHWLF )RUFHV�

3KLORVRSKLFDO 0DJD]LQH �WK 6HULHV ��� ��±���


