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��� 3ODQFN DQG 7KHUPRG\QDPLFV

1RW RQO\ LV 0D[ 3ODQFN UHJDUGHG DV RQH RI WKH RXWVWDQGLQJ WKHRUHWLFDO SK\VLFLVWV RI KLV
DJH� ZKR KHOSHG HVWDEOLVK WKH ILHOG RI PRGHUQ SK\VLFV ZLWK KLV TXDQWXP K\SRWKHVLV� KH ZDV
DOVR WKH DXWKRU RI D ILYH�YROXPH VHULHV RI WH[WERRNV FDOOHG (LQI�KUXQJ LQ GLH WKHRUHWLVFKH
3K\VLN ������� ZKLFK PDNHV KLP RQH RI WKH GLVFLSOLQH¶V FODVVLF WH[WERRN DXWKRUV� 7KLV VH�
ULHV HPHUJHG IURP 3ODQFN¶V OHFWXUHV DW WKH 8QLYHUVLW\ RI %HUOLQ� DQG WKH WH[WERRN EHFDPH D
VWDQGDUG ZRUN RQ SK\VLFV WKH ZRUOG RYHU� ,W SOD\HG D UROH LQ FRQWHPSRUDU\ SK\VLFV WUDLQ�
LQJþDW OHDVW LQ WKH LQWHUZDU SHULRG LQ *HUPDQ�VSHDNLQJ FRXQWULHVþVLPLODU WR WKDW RI WKH
WH[WERRN VHULHV E\ /HY /DQGDX DQG (YJHQ\ /LIVKLW]� RU WKH ³/HFWXUHV´ VHULHV E\ 5LFKDUG
)H\QPDQ� 7KXV LW FDQ EH FRQVLGHUHG D WH[WERRN LQ WKH WUDGLWLRQDO VHQVH� DQG DOO EXW WKH LGHDO
LQ LWV IXOILOOPHQW RI D WH[WERRN¶V IXQFWLRQ� DV GHILQHG VR FRQFLVHO\ E\ 7KRPDV 6� .XKQ LQ
7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV� WR ³H[SRXQG WKH ERG\ RI DFFHSWHG WKHRU\� LOOXVWUDWH
PDQ\ RU DOO RI LWV VXFFHVVIXO DSSOLFDWLRQV� DQG FRPSDUH WKHVH DSSOLFDWLRQV ZLWK H[HPSODU\
REVHUYDWLRQV DQG H[SHULPHQWV´ �.XKQ ����� ����

%XW WKH VWRU\ RI 3ODQFN DV D WH[WERRN DXWKRU KDG DOUHDG\ EHJXQ GHFDGHV EHIRUH WKLV
VHULHV� ,Q ���� WKH SXEOLVKLQJ KRXVH 9HLW 	 &RPSDQ\ LQ /HLS]LJ UHOHDVHG 3ODQFN¶V RQH�
YROXPH 9RUOHVXQJHQ �EHU 7KHUPRG\QDPLN� $FFRUGLQJ WR 3ODQFN� WKH ERRN RULJLQDWHG IURP
VXJJHVWLRQV E\ KLV FROOHDJXHV DQG VWXGHQWV WKDW WKH ³WUHDWLVHV >E\ 3ODQFN@ WKDW FRYHU WKH DUHD
RI WKHUPRG\QDPLFV EH SXEOLVKHG DV D FROOHFWLRQ RU HGLWHG LQWR D VXPPDU\´ �3ODQFN �����
LLL�� <HW� DV 3ODQFN H[SODLQV LQ KLV SUHIDFH� KH GHFLGHG QRW WR IROORZ WKLV DGYLFH� ,QVWHDG KH
ZDQWHG WR ULG WKH WH[WV RI WKHLU FKDUDFWHU DV UHVHDUFK UHVXOWV DQG OHQG WKHP PRUH RI WKH QDWXUH
RI D WH[WERRN

LQWHQGHG DV DQ LQWURGXFWLRQ WR WKH VWXG\ RI WKHUPRG\QDPLFV IRU DQ\RQH ZKR KDV
FRPSOHWHG D FRXUVH LQ EHJLQQLQJ SK\VLFV DQG FKHPLVWU\ DQG LV IDPLOLDU ZLWK WKH
HOHPHQWV RI GLIIHUHQWLDO DQG LQWHJUDO FDOFXOXV� �3ODQFN ����� LLL�

,Q WKLV ZD\ KH FRXOG ³GHYHORS LQ JUHDWHU GHWDLO VRPH RI WKRVH JHQHUDO FRQVLGHUDWLRQV
DQG SURRIV WKDW ZHUH NHSW D ELW VKRUW LQ WKH WHUVH VW\OH RI WUDFWV� LQ RUGHU WR PDNH WKHP PRUH
XQGHUVWDQGDEOH�´ DQG DOVR ³H[SDQG RQ WKH FRUUHVSRQGLQJ VXEMHFW LQ RUGHU WR VXPPDUL]H WKH
HQWLUH DUHD RI WKHUPRG\QDPLFV LQ D FRKHUHQW SUHVHQWDWLRQ´ �3ODQFN ����� LLL�� 'HVSLWH KLV
EHVW LQWHQWLRQV� LW PXVW EH DGPLWWHG WKDW WKH RULJLQ RI WKH WH[W LQ 3ODQFN¶V OHFWXUHV FDQ VWLOO
EH GHWHFWHG� DQG LQ VXFK D ZD\ WKDW WKH ERRN GLIIHUV FRQVLGHUDEO\ IURP ZKDW ZH DFFHSW DV D
WH[WERRN WRGD\�

7KH LQGLYLGXDO OHFWXUHV DUH GLYLGHG LQWR IRXU VHFWLRQV� ,Q WKH ILUVW VHFWLRQ WKHUH DUH WKUHH
VXEVHFWLRQV GHDOLQJ ZLWK ³EDVLF IDFWV DQG GHILQLWLRQV´ OLNH WHPSHUDWXUH� PROHFXODU ZHLJKW�
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DQG WKHUPDO HQHUJ\� WKH VHFRQG VHFWLRQ FRYHUV WKH ILUVW ODZ RI WKHUPRG\QDPLFV� LQFOXGLQJ QRW
RQO\ LWV JHQHUDO IRUPXODWLRQ� EXW DOVR LWV DSSOLFDWLRQ WR KRPRJHQHRXV DQG LQKRPRJHQHRXV
V\VWHPV� WKH WKLUG VHFWLRQ GLVFXVVHV WKH VHFRQG ODZ LQ D VLPLODU PDQQHU� WKH VXEMHFW RI WKH
IRXUWK DQG ILQDO VHFWLRQ LV ³DSSOLFDWLRQV WR VSHFLDO HTXLOLEULD�´ ZKLFK UDQJH IURP KRPRJH�
QHRXV V\VWHPV� WR V\VWHPV LQ YDULRXV DJJUHJDWH VWDWHV� DOO WKH ZD\ GRZQ WR GLOXWH VROXWLRQV�

$OWKRXJK 3ODQFN KDG RIIHUHG UHJXODU FRXUVHV RQ WKHUPRG\QDPLFV DQG WKH PHFKDQLFDO
WKHRU\ RI KHDW HYHU VLQFH KLV VWLQW DV D SULYDWH OHFWXUHU LQ 0XQLFK� DQG LQ VSLWH RI WKH IDFW
WKDW WKH WLWOH RI WKH ERRN� DV ZHOO DV WKH SXUSRVH 3ODQFN FODLPHG LQ LWV SUHIDFH� VXJJHVWHG WKH
FKDUDFWHU RI D WH[WERRN� WKH OHFWXUHV RQ WKHUPRG\QDPLFV SXEOLVKHG LQ ���� UHVHPEOHG OHVV
HODERUDWHG OHVVRQV WKDQ DQ DFFRXQW RI 3ODQFN¶V RZQ WKHUPRG\QDPLF VWXGLHV� +H DWWHPSWHG
D UHWURVSHFWLYH VNHWFK RI WKHVH VWXGLHV LQ KLV DXWRELRJUDSK\ RI �����

>$IWHU@ P\ GRFWRUDO GLVVHUWDWLRQ DW WKH 8QLYHUVLW\ 0XQLFK� ZKLFK , FRPSOHWHG LQ
���� >, FRQWLQXHG@ P\ VWXGLHV RI HQWURS\� ZKLFK , UHJDUGHG DV� QH[W WR HQHUJ\�
WKH PRVW LPSRUWDQW SURSHUW\ RI SK\VLFDO V\VWHPV� 6LQFH LWV PD[LPXP YDOXH LQ�
GLFDWHV D VWDWH RI HTXLOLEULXP� DOO WKH ODZV RI SK\VLFDO DQG FKHPLFDO HTXLOLEULXP
IROORZ IURP D NQRZOHGJH RI HQWURS\� , ZRUNHG WKLV RXW LQ GHWDLO GXULQJ WKH IRO�
ORZLQJ \HDUV� LQ D QXPEHU RI GLIIHUHQW UHVHDUFKHV� )LUVW� LQ LQYHVWLJDWLRQV RQ
WKH FKDQJHV LQ SK\VLFDO VWDWH� SUHVHQWHG LQ P\ SUREDWLRQDU\ SDSHU DW 0XQLFK LQ
����� DQG ODWHU LQ VWXGLHV RQ JDV PL[WXUHV� $OO P\ LQYHVWLJDWLRQV \LHOGHG IUXLWIXO
UHVXOWV� �3ODQFN ����� ��±���

7KHVH EDVLF H[SHULPHQWV RQ WKHUPRG\QDPLF HTXLOLEULD LQ SK\VLFR�FKHPLFDO V\VWHPV�
ZKLFK ZHUH DOVR WKH IRFXV RI 3ODQFN¶V OHFWXUHV� FDPH WR D SURYLVLRQDO FRQFOXVLRQ LQ WKH PLG±
����V� ,Q WKH IROORZLQJ \HDUV� 3ODQFN WKHQ FRQFHQWUDWHG RQ UDGLDWLRQ HTXLOLEULD� KHQFH WKH
SXEOLFDWLRQ GDWH RI KLV OHFWXUHV ZDV DQ\WKLQJ EXW FRLQFLGHQWDO� ,W FDQ EH FRQVLGHUHG D NLQG
RI VXPPDU\ RI KLV HDUO\ ZRUN RQ WKHUPRG\QDPLFV� 2Q WKLV EDVLV� DQG EHFDXVH GLGDFWLF
SULQFLSOHV SOD\ SUDFWLFDOO\ QR UROH LQ LWV LPSDUWDWLRQ RI WKH ODWHVW WKHUPRG\QDPLF NQRZOHGJH�
WKH9RUOHVXQJHQ VHHP WR EHPRUH RI DQ HQFDSVXODWLQJ SRUWUD\DO DQG V\QRSVLV RI FRQWHPSRUDU\
WKHUPRG\QDPLF NQRZOHGJH WKDQ D VWDQGDUG WH[WERRN� :KDW LV LQWHUHVWLQJ LV WKDW 3ODQFN¶V
9RUOHVXQJHQ �EHU 7KHUPRG\QDPLN ZDV UHLVVXHG DQG H[SDQGHG UHSHDWHGO\þXS WR WKH QLQWK
HGLWLRQ LQ ����� XQGHU WKH DHJLV RI WKHLU RULJLQDO DXWKRU� DQG WKHQ LQ LWV WHQWK ������ DQG
HOHYHQWK ������ HGLWLRQV� HGLWHG E\ 0D[ YRQ /DXH DQG 0D[ 3lVOHU� UHVSHFWLYHO\� 0HDQLQJ
WKHVH OHFWXUHV ZHUH UHSXEOLVKHG PRUH RIWHQ WKDQ DQ\ RWKHU ERRN E\ 3ODQFN� ZKLFK SUREDEO\
UHIOHFWV OHVV KLV YLUWXHV DV D WH[WERRN DXWKRU DQG PRUH WKH LPSRUWDQFH DQG VWDQGLQJ RI KLV
ZRUNV RQ WKHUPRG\QDPLFV� ZKLFK GLVWLQJXLVK KLP DV RQH RI WKH OHDGLQJ WKHUPRG\QDPLFLVWV
RI DOO WLPH �(EHOLQJ DQG +RIIPDQQ ����� YLL±[[LY��

��� +HDW 5DGLDWLRQ

$V D ILUVW�UDWH H[SHUW RQ WKHUPRG\QDPLFV� 3ODQFN KDG WKH PHDQV DW KLV GLVSRVDO WR UHVROYH WKH
FRQWUDGLFWLRQV SUHYDOHQW ZLWKLQ WKH WKHRU\ RI UDGLDWLRQ DW WKH HQG RI WKH QLQHWHHQWK FHQWXU\�
FRQWUDGLFWLRQV ZKLFK QHLWKHU WKH WRROV RI HOHFWURG\QDPLFV QRU WKRVH RI RSWLFV FRXOG UHVROYH�
7KLV EHFRPHV DEXQGDQWO\ FOHDU LQ 3ODQFN¶V VHFRQG WH[WERRN� KLV 7KHRULH GHU :lUPHVWUDK�
OXQJ� VXEWLWOHG 9RUOHVXQJHQ YRQ 0D[ 3ODQFN� ZKLFK ZDV SXEOLVKHG E\ -RKDQQ $PEURVLXV
%DUWK¶V SXEOLVKLQJ KRXVH LQ /HLS]LJ LQ VSULQJ ����� $FFRUGLQJ WR WKH SUHIDFH� WKH ³PDLQ
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FRQWHQWV´ RI WKHVH OHFWXUHV UHIOHFW ³WKH OHFWXUHV >3ODQFN@ KHOG DW WKH 8QLYHUVLW\ RI %HUOLQ LQ
ZLQWHU VHPHVWHU �������´ �3ODQFN ����� LY�� (YHQ WKRXJK WKH VWUXFWXUH RI WKH ERRN H[KLELWV
PDQ\ VLPLODULWLHV WR 3ODQFN¶V9RUOHVXQJHQ �EHU 7KHUPRG\QDPLN� WKH OHFWXUHV RQ WKH WKHRU\ RI
KHDW UDGLDWLRQ FHUWDLQO\ UHDG PRUH OLNH D WH[WERRN� &RPSDUHG WR KLV HDUOLHU WH[W RQ WKHUPRG\�
QDPLFV� 3ODQFN¶V ZRUN RQ KHDW UDGLDWLRQ LV OHVV IRFXVHG RQ KLV RZQ UHVHDUFK� DQG LQ DGGLWLRQ�
LW GLVFXVVHV WKH VXEMHFW PXFK PRUH FRPSUHKHQVLYHO\þLQ WKH PDQQHU RI DQ ³LQWURGXFWLRQ WR
WKH VWXG\ RI WKH HQWLUH WKHRU\ RI UDGLDWLYH KHDW RQ D XQLIRUP WKHUPRG\QDPLF IRXQGDWLRQ´
�3ODQFN ����� LLL�� :LWK WKLV WH[W 3ODQFN SURYLGHG ZKDW KDV FRPH WR EH UHFRJQL]HG DV WKH
ILUVW FRPSUHKHQVLYH DFFRXQW RI WKH WKHRU\ RI UDGLDWLRQ�

)LJXUH ���� 0D[ 3ODQFN WHDFKLQJ� ODWH����V� $UFKLYH RI WKH 0D[ 3ODQFN 6RFLHW\� %HUOLQ�

7KH ERRN RSHQV ZLWK H[SODQDWLRQV RI WKH EDVLF SULQFLSOHV RI �JHRPHWULF� RSWLFV UHTXLUHG
IRU WKH VWXG\ RI KHDW UDGLDWLRQ� HVSHFLDOO\ WKH ODZV IRU WKH SURSDJDWLRQ RI UDGLDWLRQ DQG WKH
�FODVVLFDO� HOHFWURG\QDPLF ODZV IRU WKH HPLVVLRQ DQG DEVRUSWLRQ RI UDGLDWLRQ� 7KHQ WKH EDVLF
ODZV RI KHDW UDGLDWLRQ DUH H[SODLQHG� .LUFKKRII¶V UDGLDWLRQ ODZ� EODFN�ERG\ UDGLDWLRQ� WKH
6WHIDQ�%ROW]PDQQ ODZ DQG :LHQ¶V GLVSODFHPHQW ODZ� DOO JHQHUDOL]HG VR DV WR DSSO\ WR UD�
GLDWLRQ ZLWK DQ\ VSHFWUDO HQHUJ\ GLVWULEXWLRQ� $ ZKROH VHFWLRQ LV GHYRWHG WR GLVFXVVLQJ WKH
OLQHDU RVFLOODWRU DV WKH �VLPSOHVW� PRGHO IRU HPLWWLQJ DQG DEVRUELQJ V\VWHPV� 7KH FHQWUDO�
IRXUWK VHFWLRQ RI WKH ERRN LQYHVWLJDWHV WKH LQWHUUHODWLRQ EHWZHHQ HQWURS\ DQG SUREDELOLW\� GH�
ULYLQJ WKH HQHUJ\ GLVWULEXWLRQ RI EODFN�ERG\ UDGLDWLRQ IURP D VWDWLVWLFDO WUHDWPHQW RI UDGLDWLQJ
RVFLOODWRUV� WKHUHE\ HQDEOLQJ 3ODQFN WR GHGXFH D XQLYHUVDOO\ YDOLG UDGLDWLRQ IRUPXOD� ,Q WKLV
VWDWLVWLFDO WUHDWPHQW 3ODQFN¶V FRQVWDQW ݄� WKH TXDQWXP RI DFWLRQ� DSSHDUV DV D QHZ� XQLYHUVDO



�� �� 3ODQFN¶V 7H[WERRN �'� +RIIPDQQ�

QDWXUDO FRQVWDQW� DQG 3ODQFN¶V ODZ LV GHULYHG� 7KH ERRN¶V ILQDO VHFWLRQ LV WKHQ GHYRWHG WR
LUUHYHUVLEOH UDGLDWLRQ SURFHVVHV�

3ODQFN¶V 9RUOHVXQJHQ �EHU GLH 7KHRULH GHU :lUPHVWUDKOXQJ ZDV D VXFFHVV DQG FDUYHG
RXW D SURPLQHQW SRVLWLRQ DPRQJ FRQWHPSRUDU\ SK\VLFV WH[WERRNV� ,QGHHG� WKH VXFFHVV RI WKH
OHFWXUHV ZDV SUREDEO\ ZK\ WKH 6� +LU]HO�9HUODJ RI /HLS]LJ DSSURDFKHG SK\VLFLVW DQG DXWKRU
$UQROG 6RPPHUIHOG RI 0XQLFK ZLWK D SURSRVDO WR FROODERUDWH ZLWK 3ODQFN LQ GHYHORSLQJ D
WH[WERRN RQ WKHRUHWLFDO SK\VLFV �6RPPHUIHOG ����� YRO� �� ���±������ $W WKH WLPH� WKHVH
WZR PHQ ZHUH FRQVLGHUHG WR EH WKH DXWKRULWDWLYH UHSUHVHQWDWLYHV RI WKHRUHWLFDO SK\VLFV LQ
*HUPDQ\� WKH\ ZHUH ERWK DOVR NQRZQ IRU JLYLQJ RXWVWDQGLQJ OHFWXUHV� 7KLV LGHD ZDV QRW
UHDOL]HG� KRZHYHU� DQG DW OHDVW RQH UHDVRQ ZK\ FDQ EH JOHDQHG IURP WKH VXUYLYLQJ FRUUH�
VSRQGHQFH� 6RPPHUIHOG DVVHUWHG� ³WKDW WKH FRQVLVWHQF\ RI VXFK D ZRUN� ZKLFK LV VXSSRVHG
WR EH LWV PDMRU DGYDQWDJH� LV EHWWHU HQVXUHG ZKHQ D VLQJOH DXWKRU GRHV WKH ZKROH WKLQJ´�
�6RPPHUIHOG ����� YRO� �� ���±����� &HUWDLQO\ ERWK DXWKRUV ZHUH DOVR DZDUH WKDW WKHLU DS�
SURDFKHV WR VXFK D WH[WERRN ZRXOG GLIIHU FRQVLGHUDEO\� 3ODQFN WRRN JUHDW SDLQV WR DGKHUH WR
D V\VWHPDWLF� ORJLFDO VWUXFWXUH LQ KLV WH[WERRNV� DQG SUHVHQWHG WKH PDWHULDO LQ D PRUH GHGXF�
WLYH ZD\� ZKHUHDV 6RPPHUIHOG SODFHG WKH FRQFUHWH SUREOHPV RI SK\VLFV LQ WKH IRUHJURXQG�
ZKLFK LV SDUWLFXODUO\ DQG VWULNLQJO\ FOHDU LQ WKH WH[WERRN KH SXEOLVKHG D GHFDGH ODWHU� $WRPLF
6WUXFWXUH DQG 6SHFWUDO /LQHV �FI� WKH FKDSWHU E\ 0LFKDHO (FNHUW LQ WKLV YROXPH�� ,Q WKH SUHI�
DFH WR WKH ILUVW YROXPH RI KLV 9RUOHVXQJHQ �EHU WKHRUHWLVFKH 3K\VLN� 6RPPHUIHOG KLPVHOI
HODERUDWHG RQ WKH GLIIHUHQFHV EHWZHHQ WKH WZR WH[WERRNV�

&RPSDUHG ZLWK WKH OHFWXUHV E\ 3/$1&.� ZKLFK DUH IODZOHVV LQ WKHLU V\VWHP�
DWLF VWUXFWXUH� , EHOLHYH WKDW ZKDW DUJXHV LQ IDYRU RI P\ OHFWXUHV DUH WKHLU JUHDWHU
ULFKQHVV RI PDWHULDO DQG IUHHU WUHDWPHQW RI WKH PDWKHPDWLFDO DSSDUDWXV� <HW ,
JODGO\ UHIHU� HVSHFLDOO\ DV FRQFHUQV WKHUPRG\QDPLFV DQG VWDWLVWLFV� WR WKH PRUH
FRPSUHKHQVLYH DQG LQPDQ\ZD\VPRUH WKRURXJK DFFRXQW E\ 3/$1&.�� �6RP�
PHUIHOG ����D� YL�

,W DOVR VSHDNV WR WKH VXFFHVV RI 3ODQFN¶V 9RUOHVXQJHQ �EHU GLH 7KHRULH GHU :lUPHVWUDK�
OXQJ WKDW WKH ERRN UDQ WKURXJK VL[ HGLWLRQVþILYH GXULQJ 3ODQFN¶V OLIHWLPH� 7KH ODVW HGLWLRQ
WR GDWH ZDV LVVXHG E\ WKH SK\VLFLVW +DQV )DONHQKDJHQ RI 5RVWRFN LQ ����� DV D UHSULQW RI
WKH ILIWK HGLWLRQ IURP ����� 7KH ���� HGLWLRQ ZDV SUHVXPDEO\ D UHVSRQVH QRW VR PXFK WR
FRQWHPSRUDU\ WHDFKLQJ QHHGV DV WKH KLVWRULFDO LQWHUHVWV RI WKH SXEOLVKHU DQG WKH SK\VLFDO
FRPPXQLW\ RI WKH GD\� WKH (DVW *HUPDQ SXEOLVKHU FHUWDLQO\ KRSHG WKDW WKH GLVWULEXWLRQ RI
WKH UHSULQW LQ WKH :HVW PLJKW DOVR EULQJ LQ KDUG FXUUHQF\�

7KH LQGLYLGXDO HGLWLRQV GLIIHU IURP HDFK RWKHU� VRPHWLPHV VLJQLILFDQWO\� QRW OHDVW RI
DOO EHFDXVH WKH\ PLUURU WKH GHYHORSPHQW RI TXDQWXP WKHRU\� 7KH JUHDWHVW GLIIHUHQFHV DUH
IRXQG EHWZHHQ WKH ILUVW HGLWLRQ ������ DQG WKH VHFRQG ������� $V 3ODQFN H[SODLQV LQ KLV
SUHIDFH WR WKH VHFRQG HGLWLRQ� WKH \HDUV EHWZHHQ ���� DQG ����� FRQVLGHUHG ZLWK UHVSHFW
WR WKH ³VSHFLDO WKHRU\ RXWOLQHG LQ WKLV ERRN� HVSHFLDOO\ WKH K\SRWKHVLV RI WKH HOHPHQWDU\

�+LU]HO WR 6RPPHUIHOG� )HEUXDU\ ����� 3ODQFN WR 6RPPHUIHOG� )HEUXDU\ �����
�³GD� GLH (LQKHLWOLFKNHLW HLQHV VROFKHQ:HUNHV� GLH MD JHUDGH VHLQ +DXSWYRU]XJ VHLQ VROO� EHVVHU YHUE�UJW LVW� ZHQQ
HLQ (LQ]LJHU GDV *DQ]H PDFKW�´ $OO (QJOLVK WUDQVODWLRQV E\ WKH DXWKRU�
�³*HJHQ�EHU GHQ 9RUOHVXQJHQ YRQ 3/$1&.� GLH LP V\VWHPDWLVFKHQ $XIEDX HLQZDQGIUHL VLQG� JODXEH LFK ]X *XQ�
VWHQ PHLQHU 9RUOHVXQJHQ HLQH JU|�HUH 5HLFKKDOWLJNHLW DQ 6WRII XQG HLQH IUHLHUH +DQGKDEXQJ GHV PDWKHPDWLVFKHQ
$SSDUDWV DQI�KUHQ ]X N|QQHQ� ,FK YHUZHLVH DEHU JHUQ� LQVEHVRQGHUH ZDV 7KHUPRG\QDPLN XQG 6WDWLVWLN EHWULIIW� DXI
GLH YROOVWlQGLJHUH XQG YLHOIDFK JU�QGOLFKHUH 'DUVWHOOXQJ YRQ 3/$1&.�´
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TXDQWXP RI DFWLRQ� ZHUH E\ DQG ODUJH EHQHILFLDO� ,Q SDUWLFXODU P\ UDGLDWLRQ IRUPXOD KDV
SURYHQ VDWLVIDFWRU\ VR IDU´� �3ODQFN ����� LY�� ,Q DGGLWLRQ� GXULQJ WKHVH \HDUV� QRW RQO\ GLG
3ODQFN¶V ODZ ILQG FRQYLQFLQJ H[SHULPHQWDO FRQILUPDWLRQ� EXW DOVR� DQG PRUH LPSRUWDQWO\�
WKH TXDQWXP K\SRWKHVLV ZDV DSSOLHG VXFFHVVIXOO\ E\ SK\VLFLVWV OLNH $OEHUW (LQVWHLQ� :DOWKHU
1HUQVW� 3HWHU 'HE\H� DQG -RKDQQHV 6WDUNþWR QDPH EXW D IHZþWR UHVROYH RWKHU� XQWLO WKHQ
LQWUDFWDEOH SK\VLFDO SUREOHPV WKDW IHOO RXWVLGH WKH VSKHUH RI UDGLDWLRQ WKHRU\ �+HUPDQQ ������
7KH 6ROYD\ &RQIHUHQFH RI 2FWREHU ����� ZKRVH SURPLQHQW SDUWLFLSDQWV LQFOXGHG 3ODQFN�
KDG� DIWHU DOO� PDGH FOHDU RQFH DQG IRU DOO ZLWK WKH DXWKRULW\ RI WKH OHDGLQJ FRQWHPSRUDU\
SK\VLFLVWV WKDW WKH ³TXDQWXP SUREOHP´ ZDV QRW D VSHFLDO SUREOHP IRU UDGLDWLRQ WKHRU\� EXW
UDWKHU D TXHVWLRQ IXQGDPHQWDO WR WKH GHYHORSPHQW RI FRQWHPSRUDU\ SK\VLFV�

$JDLQVW WKH EDFNGURS RI FRQWHPSRUDU\ GHYHORSPHQWV LQ TXDQWXP WKHRU\� 3ODQFN
UHZRUNHG KLV WH[WERRN VLJQLILFDQWO\þIRU LQVWDQFH� E\ FRPSOHWHO\ HOLPLQDWLQJ WKH VHFWLRQ
(PLVVLRQ XQG $EVRUSWLRQ HOHNWURPDJQHWLVFKHU :HOOHQ GXUFK HLQHQ OLQHDUHQ 2V]LOODWRU�
ZKLFK GLVFXVVHG LQ JUHDW GHWDLO WKH RVFLOODWRU PRGHO� ,Q WKLV LQVWDQFH� 3ODQFN ZDV UHDFWLQJ WR
WKH FRQVHTXHQFHV RI WKH TXDQWXP K\SRWKHVLV SODFLQJ OLPLWV RQ WKH YDOLGLW\ RI WKH FODVVLFDO
ODZV RI HOHFWURG\QDPLFV� IXUWKHUPRUH� WKH RVFLOODWRU PRGHO WXUQHG RXW WR EH DQ RYHUVLP�
SOLILFDWLRQ� ,QVWHDG� WKH TXDQWXP K\SRWKHVLV LWVHOI� DQG WKH DVVXPSWLRQ RI ILQLWH HQHUJ\
HOHPHQWV� ZHUH PRUH FOHDUO\ PDGH WKH IRFXV� LQ WKDW WKH OHLWPRWLI JXLGLQJ KLV UHZRUNLQJ
RI WKH OHFWXUHV ZDV WR ³FRQQHFW WKH TXDQWXP K\SRWKHVLV DV FORVHO\ DV SRVVLEOH WR FODVVLFDO
G\QDPLFV� DQG WR SHQHWUDWH WKH EDUULHUV RI WKH ODWWHU RQO\ ZKHUH WKH IDFWV RI H[SHULHQFH
OHDYH QR RWKHU DOWHUQDWLYH´� �3ODQFN ����� YL�� &KDUDFWHULVWLF RI WKLV FRQVHUYDWLYH DSSURDFK�
3ODQFN SUHVHQWV LQ WKH ERRN KLV VHFRQG TXDQWXP WKHRU\� ZKLFK KH KDG RQO\ GHYHORSHG LQ
�������� 7KH QHZ WKHRU\ SUHVXSSRVHV D GLVFRQWLQXRXV DQG TXDQWDO HPLVVLRQ SURFHVV IRU
UDGLDWLRQ� ZKHUHDV DEVRUSWLRQ� DV EHIRUH� WDNHV SODFH FRQWLQXRXVO\� LQ DFFRUGDQFH ZLWK WKH
FODVVLFDO HOHFWURG\QDPLFV SHU 0D[ZHOO¶V HTXDWLRQV �3ODQFN ����� ���±����� 7KH GHYHORS�
LQJ TXDQWXP WKHRU\ ZDV TXLFN WR JORVV RYHU VXFK DWWHPSWV DW D FODVVLFDO UHLQWHUSUHWDWLRQ
RI WKH LQLWLDO TXDQWXP K\SRWKHVLV� UHPDUNV LQ WKLV YHLQ KDG GLVDSSHDUHG E\ WKH IRXUWK DQG
ILIWK HGLWLRQV RI ���� DQG ����� UHVSHFWLYHO\� ,QVWHDG 3ODQFN WRRN LQWR DFFRXQW WKH ODWHVW
GHYHORSPHQWV LQ TXDQWXP WKHRU\� IURP WKH 1HUQVW KHDW WKHRUHP DQG WKH DSSOLFDWLRQ RI WKH
TXDQWXP K\SRWKHVLV WR WKH WHPSHUDWXUH GHSHQGHQFH RI WKH VSHFLILF KHDWV RI VROLGV� WR WKH
%RKU PRGHO RI WKH DWRP� DQG DOO WKH ZD\ WR WKH 6WHUQ�*HUODFK H[SHULPHQWþDOEHLW SUHVHQWHG
LQ DOO EUHYLW\� ZKLFK FHUWDLQO\ PXVW KDYH SRVHG D FKDOOHQJH WR WKH VWXGHQWV DQG UHDGHUV
DWWHPSWLQJ WR XQGHUVWDQG WKH PDWHULDO�

7KH IDFW WKDW WKHUH ZHUH QR QHZ HGLWLRQV DIWHU WKH ILIWK HGLWLRQ RI ����þDVLGH IURP
WKH DIRUHPHQWLRQHG VL[WK HGLWLRQ RI ����� ZKLFK VKRXOG EH UHJDUGHG DV D KLVWRULFDO UHSULQW
UDWKHU WKDQ D WH[WERRNþFDQ EH H[SODLQHG SULPDULO\ E\ WKH SURJUHVVLYH VKLIW LQ WKH IRFXV RI
TXDQWXP WKHRU\� HYHU IXUWKHU DZD\ IURP UDGLDWLRQ WKHRU\� DQG HYHU PRUH WRZDUG WKH SUREOHPV
RI DWRPLF DQG HOHFWURQ WKHRU\� ZKLFK EHJDQ ZLWK WKH DFFHSWDQFH RI %RKU¶V DWRPLF WKHRU\ DW
WKH ODWHVW� DQG PDUJLQDOL]HG 3ODQFN¶V WKHUPRG\QDPLF DSSURDFK� WUDQVIRUPLQJ KHDW UDGLDWLRQ
WKHRU\ LQWR D SHULSKHUDO VSHFLDO FDVH�

�³LQ GLHVHP %XFKH HQWZRUIHQHQ VSH]LHOOHQ 7KHRULH� LQVEHVRQGHUH GHU +\SRWKHVH GHV HOHPHQWDUHQ :LUNXQJVTXDQ�
WXPV� LP JUR�HQ XQG JDQ]HQ J�QVWLJ JHZHVHQ� 9RU DOOHP KDW VLFK PHLQH 6WUDKOXQJVIRUPHO ELVKHU EHIULHGLJHQG
EHZlKUW�´
�³GHQ $QVFKOX� GHU 4XDQWHQK\SRWKHVH DQ GLH NODVVLVFKH '\QDPLN VR HQJ DOV P|JOLFK ]X JHVWDOWHQ� XQG GLH
6FKUDQNHQ GHU OHW]WHUHQ HUVW GD ]X GXUFKEUHFKHQ� ZR GLH 7DWVDFKHQ GHU (UIDKUXQJ NHLQHQ DQGHUHQ $XVZHJ PHKU
�EULJ ODVVHQ�´
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��� 7KH ,QWURGXFWLRQ WR 7KHRUHWLFDO 3K\VLFV

,W PD\ DOVR KDYH SOD\HG D UROH LQ WKH GHPLVH RI WKH WH[WERRN WKDW� LQ WKH PHDQWLPH� WKH
VDPH SXEOLVKHU KDG LVVXHG 3ODQFN¶V PXOWL�YROXPH (LQI�KUXQJ LQ GLH WKHRUHWLVFKH 3K\VLN�
7KH VHFRQG SDUW RI WKH ILQDO� ILIWK YROXPH RI WKLV QHZ WH[WERRN� ZKLFK DSSHDUHG LQ ����� LV
GHYRWHG DOPRVW HQWLUHO\ WR WKH WRSLFV RI KHDW UDGLDWLRQ DQG TXDQWXP WKHRU\� )RU UHDVRQV RI
VSDFH� PRUH JHQHUDO DQG V\QRSWLF FRQVLGHUDWLRQV DUH QDWXUDOO\ IRUHJURXQGHG� DQG FRQFUHWH
DSSOLFDWLRQV DOPRVW FRPSOHWHO\ HOLPLQDWHG� +HQFH WKH FRQWHQWV RI WKH 9RUOHVXQJHQ �EHU GLH
7KHRULH GHU :lUPHVWUDKOXQJ DUH E\ QR PHDQV IXOO\ LQFRUSRUDWHG LQ 3ODQFN¶V QHZ YROXPH
RQ WKH 7KHRULH GHU :lUPH� RQ WKH FRQWUDU\þDV 3ODQFN VWDWHV KLPVHOIþ³LQ D VHQVH >WKH\@
FRPSOHPHQW HDFK RWKHU UHFLSURFDOO\´� �3ODQFN ����� Y��

3ODQFN¶V (LQI�KUXQJ LQ GLH 7KHRULH GHU :lUPH RI ���� FRQFOXGHG D WH[WERRN SURMHFW
WKDW KH KDG EHJXQ LQ ����� 5HIHUHQFH ZDV PDGH DERYH WR WKH FRQWH[W RI 3ODQFN¶V OHFWXUHV
DQG WR WKH 6� +LU]HO 9HUODJ¶V LGHD RI SXEOLVKLQJ D WH[WERRN ZULWWHQ MRLQWO\ E\ 3ODQFN DQG
6RPPHUIHOG� ,Q WKH VXEVHTXHQW \HDUV 3ODQFN DSSDUHQWO\ FRPSOHWHG WKH WH[WERRN SURMHFW E\
KLPVHOI� DQG� LQ WKH SURFHVV� LQLWLDOO\ GLVFRXUDJHG 6RPPHUIHOG IURP ZULWLQJ D VLPLODU ERRN
�FI� WKH FKDSWHU E\0LFKDHO (FNHUW LQ WKLV YROXPH�� KRZHYHU� WKLV PD\ DOVR EH ZKDW SURPSWHG
6RPPHUIHOG WR FRQFHQWUDWH IXOO\ RQ ZULWLQJ KLV HSRFKDO $WRPLF 6WUXFWXUH DQG 6SHFWUDO /LQHV�
$V KH DGPLWWHG WR +LU]HO LQ -XQH ����� KH KDG

RIWHQ WKRXJKW DERXW SXEOLVKLQJ P\ OHFWXUHV� EXW QRZ WKDW 3ODQFN¶V OHFWXUHV DUH
DSSHDULQJ LQ \RXU SXEOLVKLQJ KRXVH� , GR QRW FRQVLGHU WKLV XUJHQW� 7KH HIIRUW LV
PXFK JUHDWHU WKDQ \RX WKLQN�� �6RPPHUIHOG ����� YRO� �� ����

+HQFH� 6RPPHUIHOG¶V VL[ YROXPHV RI OHFWXUHV RQ WKHRUHWLFDO SK\VLFV GLG QRW DSSHDU XQWLO WKH
����V�

/LNH WKH RWKHU WH[WERRNV E\ 3ODQFN GLVFXVVHG DERYH� KLV (LQI�KUXQJ LQ GLH WKHRUHWLVFKH
3K\VLN HPHUJHG IURP KLV OHFWXUHV DW WKH 8QLYHUVLW\ RI %HUOLQ� +H KDG EHJXQ WKHVH OHFWXUHV
XSRQ KLV DSSRLQWPHQW LQ WKH VXPPHU VHPHVWHU RI ����� DQG WKH\ ZHUH FRQFHLYHG DV D ILYH�
VHPHVWHU FRXUVH HQFRPSDVVLQJ WKH FODVVLFDO DUHDV RI WKHRUHWLFDO SK\VLFVþIURPPHFKDQLFV WR
RSWLFVþDQG SURYLGLQJ D FRPSUHKHQVLYH LQWURGXFWLRQ WR WKH ILHOG� ,QWHUHVWLQJO\� KH PRGLILHG
WKH VHTXHQFH RI WKH OHFWXUHV� FORVLQJ WKHP QRW ZLWK HOHFWULFLW\ DQG RSWLFV� ZKLFK KDG EHHQ
FXVWRPDU\ XS WR WKDW WLPH� EXW ZLWK WKH WKHRU\ RI KHDW� $V KH ZULWHV LQ KLV SUHIDFH WR WKH
7KHRULH GHU :lUPH� ³>WKLV@ ZDV LPSHUDWLYH WR WKH IXQFWLRQDO V\VWHPDWL]DWLRQ WR ZKLFK , DV�
SLUHG� )RU ZKLOH WKH WKHRU\ RI KHDW PD\ EXLOG RQ PHFKDQLFV DQG HOHFWURG\QDPLFV� WKLV LV QRW
WUXH WKH RWKHU ZD\ DURXQG´� �3ODQFN ����� Y�� 7KLV HPSKDVL]HV� RQFH DJDLQ� WKH FHQWUDO UROH
RI WKHUPRG\QDPLFV LQ 3ODQFN¶V SK\VLFDO WKLQNLQJ� ,QFLGHQWDOO\� DXWKRUV RI ODWHU WH[WERRNV
ZRXOG IROORZ 3ODQFN LQ WKLV V\VWHPDWL]DWLRQ �6RPPHUIHOG ����E� -RRV ������

�³HUJlQ]HQ VLH VLFK LQ JHZLVVHP 6LQQH ZHFKVHOVHLWLJ�´
�6RPPHUIHOG WR +LU]HO� �� -XQH �����
�³ZDU >GLHV@ HLQ ]ZLQJHQGHV *HERW GHU HUVWUHEWHQ VDFKOLFKHQ 6\VWHPDWLN� 'HQQ ZRKO OlVVW VLFK GLH 7KHRULH GHU
:lUPH DXI GHU 0HFKDQLN XQG DXI GHU (OHNWURG\QDPLN DXIEDXHQ� QLFKW DEHU JLOW GDV XPJHNHKUWH�´
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)LJXUH ���� $GYHUWLVHPHQW E\ WKH SXEOLVKLQJ KRXVH IRU 3ODQFN¶V WH[WERRN (LQI�KUXQJ LQ GLH
WKHRUHWLVFKH 3K\VLN �3ODQFN ������
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3ODQFN¶V (LQI�KUXQJ LQ GLH WKHRUHWLVFKH 3K\VLN� VHYHUDO HGLWLRQV RI ZKLFK ZHUH SXE�
OLVKHG LQ WKH LQWHUZDU SHULRG� EXW ZKLFK ZDV QHYHU UHSXEOLVKHG DIWHU :RUOG :DU ,,� LV GLYLGHG
LQWR WKH IROORZLQJ YROXPHV�

� 9ROXPH �� (LQI�KUXQJ LQ GLH DOOJHPHLQH 0HFKDQLN �,QWURGXFWLRQ WR JHQHUDO PHFKDQ�
LFV�� �VW HGLWLRQ ����� �QG HGLWLRQ ����� �UG HGLWLRQ ����� �WK HGLWLRQ ����� �WK HGLWLRQ
����

� 9ROXPH �� (LQI�KUXQJ LQ GLH 0HFKDQLN GHIRUPLHUEDUHU .|USHU �,QWURGXFWLRQ WR WKH
PHFKDQLFV RI GHIRUPDEOH ERGLHV�� �VW HGLWLRQ ����� �QG HGLWLRQ ����� �UG HGLWLRQ ����

� 9ROXPH �� (LQI�KUXQJ LQ GLH 7KHRULH GHU (OHNWUL]LWlW XQG GHV 0DJQHWLVPXV �,QWURGXF�
WLRQ WR WKH WKHRU\ RI HOHFWULFLW\ DQG PDJQHWLVP�� �VW HGLWLRQ ����� �QG HGLWLRQ �����
�UG HGLWLRQ ����

� 9ROXPH �� (LQI�KUXQJ LQ GLH WKHRUHWLVFKH 2SWLN �,QWURGXFWLRQ WR WKHRUHWLFDO RSWLFV��
�VW HGLWLRQ ����� �QG HGLWLRQ ����

� 9ROXPH �� (LQI�KUXQJ LQ GLH 7KHRULH GHU :lUPH �,QWURGXFWLRQ WR WKH WKHRU\ RI KHDW��
�VW HGLWLRQ ����

%XW LQ DGGLWLRQ WR WKLV FODVVLFDO WH[WERRN 3ODQFN SXEOLVKHG DQRWKHU ZRUN WKDW IXOILOOV WKH
FULWHULD IRU D WH[WERRN� DQG WKDW DSSHDUHG EHWZHHQ WKH SXEOLFDWLRQ RI KLV (LQI�KUXQJ LQ GLH
7KHRULH GHU :lUPH �3ODQFN ����� DQG KLV (LQI�KUXQJ LQ GLH WKHRUHWLVFKH 3K\VLN �3ODQFN
������ 7KLV LV WKH (LJKW /HFWXUHV RQ 7KHRUHWLFDO 3K\VLFV� GHOLYHUHG DW &ROXPELD 8QLYHUVLW\
LQ ����� XSRQ ZKLFK WKH ILQDO VHFWLRQ ZLOO IRFXV�

��� (LJKW /HFWXUHV

,Q WKH \HDU ���� D *HUPDQ�$PHULFDQ H[FKDQJH SURJUDP IRU SURIHVVRUV ZDV LQLWLDWHG E\ WKH
LQIOXHQWLDO 3UXVVLDQ PLQLVWHULDO RIILFLDO DQG VFLHQFH SROLF\ PDNHU )ULHGULFK $OWKRII �YRP
%URFNH ����� ���±����� 7KH SURJUDP ZDV IXQGHG LQ ODUJH SDUW E\ D IRXQGDWLRQ FUHDWHG E\
WKH %HUOLQ EDQNHU DQG SDWURQ RI WKH VFLHQFHV /HRSROG .RSSHO VSHFLILFDOO\ IRU WKLV SXUSRVH�
,Q ���� WKH SURJUDP ZDV H[SDQGHG WR LQFOXGH D VSHFLDO H[FKDQJH EHWZHHQ WKH )ULHGULFK�
:LOKHOPV�8QLYHUVLWlW LQ %HUOLQ DQG &ROXPELD 8QLYHUVLW\ LQ 1HZ <RUN�� 0D[ 3ODQFN ZDV
DPRQJ WKH VHOHFW FLUFOH RI VSRQVRUHG YLVLWLQJ SURIHVVRUV� ,Q VSULQJ ���� KH DFFHSWHG DQ
LQYLWDWLRQ IURP WKH 3UHVLGHQW RI &ROXPELD 8QLYHUVLW\ WR FRPH WR 1HZ <RUN WKH IROORZLQJ
VSULQJ WR JLYH JXHVW OHFWXUHV� 3ODQFN ODWHU UHIOHFWHG XSRQ WKLV LQYLWDWLRQ LQ D OHWWHU WR KLV
FROOHDJXH :LOKHOP :LHQ LQ 0XQLFK� ZKR ZDV WR WUDYHO XQGHU WKH DHJLV RI WKH VDPH SURJUDP
LQ �����

$W WKH WLPH , QXGJHG P\VHOI LQWR DFFHSWLQJ WKH LQYLWDWLRQ� EXW , PXVW VD\ WKDW
, DEVROXWHO\ GLG QRW UHJUHW LW� RQ WKH FRQWUDU\� DIWHU WKH IDFW , DP YHU\ JODG WKDW
, DFTXLHVFHG WR WKH LGHD� , PD\ QRW KDYH OHDUQHG PXFK RYHU WKHUH LQ WHUPV RI
GLUHFW VFLHQFH� EXW , UHFHLYHG PDQ\ VXJJHVWLRQV DQG PRWLYDWLRQV� DQG RXWVLGH
VFLHQFH WKLV MRXUQH\ EURXJKW PH PRUH WKDQ DQ\ RWKHU , KDYH HYHU PDGH� 0\ WULS
ODVWHG IURP HDUO\ $SULO WR ODWH 0D\� 'XULQJ P\ VWD\ WKHUH , KDG WR KROG D OHFWXUH
HYHU\ )ULGD\ DQG 6DWXUGD\ IRU IRXU FRQVHFXWLYH ZHHNV� DSDUW IURP WKDW , ZDV IUHH
DQG FRXOG XVH WKH LQWHUYHQLQJ SHULRGV IRU WULSV WR :DVKLQJWRQ� %RVWRQ� ,WKDFD�
1LDJDUD )DOOV� HWF� 2I FRXUVH LW LV QRW SRVVLEOH WR JLYH DQ\WKLQJ FRQFOXVLYH LQ WKH

�3UHVLGHQW WR +DOORFN� �� $SULO ����� &ROXPELD 8QLYHUVLW\ $UFKLYHV 1<&� &HQWUDO )LOHV� +DOORFN 3DSHUV�
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OHFWXUHV� DV WKH WLPH LV PXFK WRR VKRUW IRU WKDW� DQG WKH HGXFDWLRQDO EDFNJURXQG
RI WKH OLVWHQHUV WRR GLIILFXOW WR FRQWURO EHVLGHV� 7KHUHIRUH WKH RQO\ WKLQJ RQH FDQ
GR LV PDNH D VXLWDEOH VHOHFWLRQ� %XW WKLV� WRR� KDV LWV SOHDVDQW DVSHFWV� )RU RI
FRXUVH� \RX PXVW WDNH IRU \RXU OHFWXUH SUHFLVHO\ WKRVH PDWWHUV DW ZKLFK \RX DUH
EHVW� IRU ZKLFK WKH OHDVW ZRUN LV QHHGHG LQ SUHSDUDWLRQ� DQG WKHUH LV QR KDUP GRQH
LI WKH WRSLFV RI WKH YDULRXV OHFWXUHV DUH RQO\ ORRVHO\ RU QRW DW DOO FRQQHFWHG� ,Q
DQ\ FDVH LW LV DGYLVDEOH WR FRPSOHWH \RXU SUHSDUDWLRQ DV PXFK DV SRVVLEOH EHIRUH
GHSDUWXUH� IRU RYHU WKHUH RQH LV IURP WKH YHU\ RXWVHW VR FRPSOHWHO\ RFFXSLHG
ZLWK YLVLWV� LQYLWDWLRQV� VLJKWVHHLQJ� DQG ILHOG WULSV� WKDW WKHUH LV QR ORQJHU DQ\
RSSRUWXQLW\ IRU WUXH FROOHFWLRQ� ,QLWLDOO\ , ZDV TXLWH GD]HG E\ WKLV KXVWOH DQG
EXVWOH� EXW DIWHU D ZKLOH , VXFFXPEHG WR D NLQG RI FRXOGQ¶W�FDUH�OHVV DWWLWXGH�
DQG WKHQ HYHU\WKLQJ ZHQW ILQH���

$V WKH RYHUDUFKLQJ WRSLF RI KLV 1HZ <RUN OHFWXUHV 3ODQFN VHOHFWHG ³7KH SUHVHQW V\VWHP
RI WKHRUHWLFDO SK\VLFV´�� �3ODQFN ������ +H WKHUHE\ SLFNHG XS ZKHUH KLV F\FOH RI OHFWXUHV RQ
WKHRUHWLFDO SK\VLFV LQ %HUOLQ KDG OHIW RII� VLQFH LQ WKH VXPPHU VHPHVWHU RI ���� WKLV F\FOH KDG
FORVHG ZLWK D RQH�VHPHVWHU FRXUVH DERXW WKH ³6\VWHP GHU JHVDPWHQ 3K\VLN´ �6\VWHP RI WKH
ZKROH RI SK\VLFV�� ,Q KLV HLJKW OHFWXUHV LQ 1HZ <RUN� 3ODQFN DWWHPSWHG ³WR GHSLFW WKH SUHVHQW
VWDWH RI WKH V\VWHP RI WKHRUHWLFDO SK\VLFV´ DQG WR FRQYH\ WR KLV DXGLHQFH WKRVH SULQFLSOHV
³ZKLFK GRPLQDWH WRGD\¶V SK\VLFV� WKH PRVW LPSRUWDQW K\SRWKHVHV RI ZKLFK LW DYDLOV LWVHOI�
WKH JUHDW WKRXJKWV WKDW KDYH SHQHWUDWHG WKH ILHOG HVSHFLDOO\ LQ UHFHQW \HDUV´�� �3ODQFN �����
��� (YHQ LI 3ODQFN GLG QRW DWWHPSW WR LPSDUW LQ KLV OHFWXUHV WKH VWDWH RI WKHRUHWLFDO SK\VLFV SHU
VH� EXW UDWKHU WR LPSDUW PHUHO\ D NLQG RI RYHUYLHZ RI WKH V\VWHP RI WKHRUHWLFDO SK\VLFV� WKHVH
OHFWXUHV FDQ EH UHJDUGHG DV D WH[WERRN� $IWHU DOO� 3ODQFN¶V SXUSRVH ZDV WR H[SODLQ KLV YLHZ
RI FRQWHPSRUDU\ SK\VLFV DQG PDNH LWV SULQFLSOHV FRPSUHKHQVLEOH WR KLV $PHULFDQ VWXGHQWV
DQG FROOHDJXHV� 7KH OHFWXUHV� ZKLFK ZHUH LQWHQGHG IRU SXEOLFDWLRQ IURP WKH RXWVHW��� ZHUH
RQ WKH IROORZLQJ WRSLFV�

�� (LQOHLWXQJ� 5HYHUVLELOLWlW XQG ,UUHYHUVLELOLWlW �,QWURGXFWLRQ� 5HYHUVLELOLW\ DQG ,UUH�
YHUVLELOLW\�

�� 7KHUPRG\QDPLVFKH *OHLFKJHZLFKWV]XVWlQGH LQ YHUG�QQWHQ /|VXQJHQ �7KHUPRG\�
QDPLF 6WDWHV RI (TXLOLEULXP LQ 'LOXWH 6ROXWLRQV�

�� $WRPLVWLVFKH 7KHRULH GHU 0DWHULH �$WRPLF 7KHRU\ RI 0DWWHU�
�� =XVWDQGVJOHLFKXQJ HLQHV HLQDWRPLJHQ *DVHV �(TXDWLRQ RI 6WDWH IRU D 0RQDWRPLF *DV�
�� :lUPHVWUDKOXQJ� (OHNWURG\QDPLVFKH 7KHRULH �+HDW 5DGLDWLRQ� (OHFWURG\QDPLF 7KH�

RU\�
�� :lUPHVWUDKOXQJ� 6WDWLVWLVFKH 7KHRULH �+HDW 5DGLDWLRQ� 6WDWLVWLFDO 7KHRU\�
�� $OOJHPHLQH '\QDPLN� 3ULQ]LS GHU NOHLQVWHQ :LUNXQJ �*HQHUDO '\QDPLFV� 3ULQFLSOH

RI /HDVW $FWLRQ�
�� $OOJHPHLQH '\QDPLN� 3ULQ]LS GHU 5HODWLYLWlW �*HQHUDO '\QDPLFV� 3ULQFLSOH RI 5HOD�

WLYLW\�
��3ODQFN WR :LHQ� %HUOLQ � 2FWREHU ����� 6WDDWVELEOLRWKHN ]X %HUOLQ� 0DQXVFULSW 'HSDUWPHQW� :LHQ 3DSHUV�
��³'DV JHJHQZlUWLJH 6\VWHP GHU WKHRUHWLVFKHQ 3K\VLN�´
��³GHQ JHJHQZlUWLJHQ 6WDQG GHV 6\VWHPV GHU WKHRUHWLVFKHQ 3K\VLN ]X VFKLOGHUQ´� ³ZHOFKH GLH KHXWLJH 3K\VLN EH�
KHUUVFKHQ� GHU ZLFKWLJVWHQ +\SRWKHVHQ� GHUHQ VLH VLFK EHGLHQW� GHU JUR�HQ *HGDQNHQ� ZHOFKH JHUDGH LQ QHXHUHU =HLW
LQ VLH HLQJHGUXQJHQ VLQG�´
��7KH\ DSSHDUHG LQ ����� SXEOLVKHG E\ 6� +LU]HO LQ /HLS]LJ� DQ $PHULFDQ WUDQVODWLRQ ZDV SXEOLVKHG LQ ���� E\
&ROXPELD 8QLYHUVLW\ 3UHVV� 1HZ <RUN�
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,Q KLV OHFWXUHV� 3ODQFN GHYHORSV D SLFWXUH RI SK\VLFV WKDW FRXOG IDLUO\ EH GHVLJQDWHG�
DV RSSRVHG WR WKH PHFKDQLFDO RU WKH HOHFWURG\QDPLF ZRUOGYLHZ� WKH WKHUPRG\QDPLF ZRUOG�
YLHZ� 7KLV YLHZ LV FKDUDFWHUL]HG E\ 3ODQFN¶V EHOLHI WKDW WKH SULQFLSOHV RI WKHUPRG\QDPLFV
DUH IXQGDPHQWDO IRU D EDVLF XQGHUVWDQGLQJ RI SK\VLFV� ,Q WKLV YHLQ� KH GLIIHUHQWLDWHV DOO SK\V�
LFDO SURFHVVHV LQWR UHYHUVLEOH DQG LUUHYHUVLEOH� 7KLV GLYLVLRQ� DORQJ ZLWK D FRPSUHKHQVLYH
GLVFXVVLRQ RI WKH VHFRQG ODZ RI WKHUPRG\QDPLFV� PDNHV XS WKH FRQWHQW RI WKH ILUVW OHFWXUH�
3ODQFN LOOXVWUDWHV WKH ³ULFK IHUWLOLW\´ RI WKLV DSSURDFK LQ KLV VHFRQG OHFWXUH� EDVHG RQ WKH ODZV
RI WKHUPRG\QDPLF HTXLOLEULXP� 7KHUPRG\QDPLF HTXLOLEULXP LV�

WKDW WKH VWDWH RI D SK\VLFDO FRQILJXUDWLRQ ZKLFK LV FRPSOHWHO\ LVRODWHG� DQG LQ
ZKLFK WKH HQWURS\ RI WKH V\VWHP SRVVHVVHV DQ DEVROXWH PD[LPXP� LV QHFHVVDULO\
D VWDWH RI VWDEOH HTXLOLEULXP� VLQFH IRU LW QR IXUWKHU FKDQJH LV SRVVLEOH� �3ODQFN
����� ���

)RU LQ QDWXUH HQWURS\ FDQ RQO\ JURZ� LW FDQQRW GHFUHDVH LQ FORVHG SK\VLFDO V\VWHPV� 3ODQFN
GHPRQVWUDWHV KRZ VWURQJO\ WKLV ILQGLQJ VKDSHV DOO SK\VLFDO DQG FKHPLFDO SURFHVVHV XVLQJ WKH
H[DPSOH RI WKH WKHRU\ RI GLOXWH VROXWLRQV� ZKRVH LQGLYLGXDO ODZV GHULYH IURP WKLV EDVLF SULQ�
FLSOH� ,QFLGHQWDOO\� KLV WZR LQWURGXFWRU\ OHFWXUHV DGKHUH YHU\ FORVHO\ WR WKH V\VWHPDWL]DWLRQ
RI KLV 9RUOHVXQJHQ �EHU 7KHUPRG\QDPLN� ,Q KLV WKLUG OHFWXUH� KH WKHQ OLQNV WKH FRQFHSW RI HQ�
WURS\ ZLWK DWRPLVWLF WKHRU\� DQG GLVFXVVHV DW OHQJWK WKH UHODWLRQVKLS %ROW]PDQQ HVWDEOLVKHG
EHWZHHQ HQWURS\ DQG SUREDELOLW\ VWDWHV� 8VLQJ WKLV IXQGDPHQWDO UHODWLRQVKLS� LQ WKH IRXUWK
OHFWXUH� KH GHULYHV WKH ODZV DSSOLFDEOH WR JDVHV LQ HTXLOLEULXPþ0D[ZHOO¶V YHORFLW\ GLVWUL�
EXWLRQ� DQG %R\OH¶V� *D\�/XVVDF¶V DQG $YRJDGUR¶V ODZV� ,Q WKH ILIWK DQG VL[WK OHFWXUHV� WKH
SUREOHPV RI UDGLDWLYH HTXLOLEULD DUH ILQDOO\ GLVFXVVHG� LQ WKH FRQWH[W RI WKHUPRG\QDPLF RE�
VHUYDWLRQV DQG ZLWK WKH KHOS RI VWDWLVWLFDO WKHRU\� ,Q WKLV ZD\� WKH OHFWXUHV KLJKOLJKW 3ODQFN¶V
SDWK WR WKH TXDQWXP K\SRWKHVLV DQG GHPRQVWUDWH WKH KLVWRULFDO GHULYDWLRQ RI 3ODQFN¶V ODZ�
7KH VHYHQWK OHFWXUH LV GHYRWHG WR JHQHUDO G\QDPLFV RU� DOWHUQDWLYHO\� PHFKDQLFV� ZLWK D IRFXV
RQ H[DPLQLQJ WKH SULQFLSOH RI OHDVW DFWLRQ� ZKLFK GRPLQDWHV ³DOO RI PHFKDQLFV DV ZHOO DV DOO
RWKHU SK\VLFV´�� �3ODQFN ����� ����� 7KLV LV LOOXVWUDWHG WKURXJK DSSOLFDWLRQV WR PHFKDQLFV�
HOHFWURG\QDPLFV� DQG WKHUPRG\QDPLFV� ,Q WKH FORVLQJ OHFWXUH� D K\PQ LV VXQJ WR WKH UHYR�
OXWLRQDU\ LPSRUWDQFH DQG IDU�UHDFKLQJ FRQVHTXHQFHV RI (LQVWHLQ¶V WKHRU\ RI UHODWLYLW\� LQ D
SRVWFDUG WR 0D[ /DXH KH HYHQ VSHDNV RI KDYLQJ PDGH� ³SURSDJDQGD KHUH IRU WKH SULQFLSOH RI
UHODWLYLW\�´�� $FFRUGLQJ WR 3ODQFN�

LW VXUSDVVHV LQ EROGQHVV HYHU\WKLQJ SUHYLRXVO\ VXJJHVWHG LQ VSHFXODWLYH QDWXUDO
SKHQRPHQD DQG HYHQ LQ WKH SKLORVRSKLFDO WKHRULHV RI NQRZOHGJH� QRQ�HXFOLGLDQ
JHRPHWU\ LV FKLOG¶V SOD\ LQ FRPSDULVRQ >«@ 7KH UHYROXWLRQ LQWURGXFHG E\ WKLV
SULQFLSOH LQWR WKH SK\VLFDO FRQFHSWLRQV RI WKH ZRUOG LV RQO\ WR EH FRPSDUHG LQ
H[WHQW DQG GHSWK ZLWK WKDW EURXJKW DERXW E\ WKH LQWURGXFWLRQ RI WKH &RSHUQLFDQ
V\VWHP RI WKH XQLYHUVH� �3ODQFN ����� ����

��� &RQFOXVLRQ

,Q KLVWRULFDO SHUVSHFWLYH� LW VHHPV DOPRVW EL]DUUH WKDW 3ODQFN¶V RZQ UHYROXWLRQDU\ DFKLHYH�
PHQW� WKH TXDQWXP K\SRWKHVLV� UHFHLYHG DOPRVW SDVVLQJ WUHDWPHQW LQ KLV OHFWXUHV DQG DQ\WKLQJ
��³GLH JHVDPWH 0HFKDQLN HEHQVR ZLH GLH �EULJH 3K\VLN´�
��3ODQFN WR /DXH� :DVKLQJWRQ �� $SULO ����� $UFKLYH RI WKH 0D[ 3ODQFN 6RFLHW\ �$03*�� 'HSW� 9D� 5HS� ��� 1R�
����
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EXW FHQWHU VWDJH� )RXU \HDUV ODWHU� :LOKHOP:LHQ PDGH XS IRU WKLV� ZKHQ KROGLQJ KLV OHFWXUHV
DW &ROXPELD 8QLYHUVLW\ RQ WKH JHQHUDO WRSLF RI ³5HFHQW SUREOHPV LQ WKHRUHWLFDO SK\VLFV´��
�:LHQ ������ ,Q WKHP� :LHQ QRW RQO\ SD\HG WULEXWH WR 3ODQFN¶V PHULWV DV WKH SLRQHHU RI TXDQ�
WXP WKHRU\� EXW DOVR IRFXVHG LQ SDUWLFXODU RQ DSSOLFDWLRQV RI WKH TXDQWXP K\SRWKHVLV WR WKH
WKHRU\ RI VSHFLILF KHDW� WR ;�UD\V� DQG WR HOHFWURQ WKHRU\ WKDW KDG VXFFHHGHG LQ WKH LQWHULP
�:LHQ ������

,Q UHYLHZLQJ 3ODQFN¶V ZRUN DV D WH[WERRN DXWKRU� LW LV VWULNLQJ WKDW� GHVSLWH KLV PDQLIROG
DFWLYLWLHV LQ WKLV ILHOG� KH GLG QRW ZULWH DQ LQGHSHQGHQW WH[W DERXW TXDQWXP WKHRU\� 7KLV LV DOVR
WUXH� E\ WKH ZD\� RI KLV QHDUO\ IRUW\ \HDUV RI OHFWXULQJ� ZKLFK LQFOXGHG QRW D VLQJOH VSHFLDO
OHFWXUH DERXW TXDQWXP WKHRU\� DQG IURP ZKLFK DOO RI KLV WH[WERRNV RULJLQDWHG WR RQH GHJUHH
RU DQRWKHU� 7KXV 3ODQFN GHDOW ZLWK WKH �ROGHU� TXDQWXP WKHRU\ H[FOXVLYHO\ LQ WKH FRQWH[W
RI WKH WKHRU\ RI KHDW UDGLDWLRQ� GHPRQVWUDWLQJ RQFH DJDLQ KLV FRQVHUYDWLYH DWWLWXGH WR WKH
GHYHORSPHQW RI TXDQWXP WKHRU\ EDVHG RQ KLV TXDQWXP K\SRWKHVLV�

$EEUHYLDWLRQV DQG $UFKLYHV

+DOORFN
3DSHUV

&ROXPELD 8QLYHUVLW\ $UFKLYHV� &HQWUDO )LOHV�
:LOOLDP +DOORFN� 1HZ <RUN &LW\

:LHQ 3DSHUV 6WDDWVELEOLRWKHN ]X %HUOLQ� 6WLIWXQJ 3UHX�LVFKHU
.XOWXUEHVLW]� 0DQXVFULSW 'HSDUWPHQW

$03* $UFKLYH RI WKH 0D[ 3ODQFN 6RFLHW\� %HUOLQ

5HIHUHQFHV

YRP %URFNH� %HUQKDUG ������� ,QWHUQDWLRQDOH :LVVHQVFKDIWVEH]LHKXQJHQ XQG GLH $Q�
IlQJH HLQHU GHXWVFKHQ DXVZlUWLJHQ .XOWXUSROLWLN� 'HU 3URIHVVRUHQDXVWDXVFK PLW
1RUGDPHULND� ,Q�:LVVHQVFKDIWVJHVFKLFKWH XQG :LVVHQVFKDIWVSROLWLN LP ,QGXVWULH]HLWDO�
WHU� 'DV ³6\VWHP $OWKRII´ LQ KLVWRULVFKHU 3HUVSHNWLYH� (G� %HUQKDUG YRP %URFNH�
+LOGHVKHLP� /$;� ���±����

(EHOLQJ� :HUQHU DQG 'LHWHU +RIIPDQQ ������� 0D[ 3ODQFN XQG GLH 7KHUPRG\QDPLN� ,Q�
0D[ 3ODQFN� hEHU WKHUPRG\QDPLVFKH *OHLFKJHZLFKWH� (G� :HUQHU (EHOLQJ DQG 'LHWHU
+RIIPDQQ� )UDQNIXUW DP 0DLQ� +DUUL 'HXWVFK� YLL±[[LY�

+HUPDQQ� $UPLQ ������� 7KH *HQHVLV RI 4XDQWXP 7KHRU\ ����±����� &DPEULGJH� 0$�
7KH 0,7 3UHVV� 2ULJLQDO *HUPDQ HGLWLRQ� )U�KJHVFKLFKWH GHU 4XDQWHQWKHRULH� 3K\VLN
9HUODJ� 0RVEDFK� �����

-RRV� *HRUJ ������� /HKUEXFK GHU WKHRUHWLVFKHQ 3K\VLN� /HLS]LJ� *HHVW 	 3RUWLJ�
.XKQ� 7KRPDV 6� ������� 7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV� &KLFDJR� 7KH 8QLYHUVLW\

RI &KLFDJR 3UHVV�
3ODQFN� 0D[ ������� 9RUOHVXQJHQ �EHU 7KHUPRG\QDPLN� /HLS]LJ� 9HLW�
þ �������9RUOHVXQJHQ �EHU GLH 7KHRULH GHU:lUPHVWUDKOXQJ� /HLS]LJ� -RKDQQ$PEURVLXV

%DUWK�
þ ������� $FKW 9RUOHVXQJHQ �EHU WKHRUHWLVFKH 3K\VLN� /HLS]LJ� 6� +LU]HO�

��³9RUOHVXQJHQ �EHU QHXHUH 3UREOHPH GHU WKHRUHWLVFKHQ 3K\VLN�´
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3ODQFN� 0D[ ������� 9RUOHVXQJHQ �EHU GLH 7KHRULH GHU :lUPHVWUDKOXQJ� �QG HG� /HLS]LJ�
-RKDQQ $PEURVLXV %DUWK�

þ ������� (LJKW /HFWXUHV RQ 7KHRUHWLFDO 3K\VLFV� 1HZ <RUN� &ROXPELD 8QLYHUVLW\ 3UHVV�
þ ������� (LQI�KUXQJ LQ GLH WKHRUHWLVFKH 3K\VLN� � YROV� /HLS]LJ� 6� +LU]HO� 3XEOLVKHG

EHWZHHQ ����±�����
þ ������� 7KHRULH GHU :lUPH� /HLS]LJ� 6� +LU]HO�
þ ������� (LQI�KUXQJ LQ GLH 7KHRULH GHU :lUPH� �QG HG� /HLS]LJ� 6� +LU]HO�
þ ������� 6FLHQWLILF $XWRELRJUDSK\ DQG 2WKHU 3DSHUV� 1HZ <RUN� 3KLORVRSKLFDO /LEUDU\�
6RPPHUIHOG� $UQROG �����D��0HFKDQLN� /HLS]LJ� 6� +LU]HO�
þ �����E�� 9RUOHVXQJHQ �EHU WKHRUHWLVFKH 3K\VLN� /HLS]LJ� 6� +LU]HO� � YROV� SXEOLVKHG

EHWZHHQ ����±�����
þ �������:LVVHQVFKDIWOLFKHU %ULHIZHFKVHO� � YROV� %HUOLQ� *17±9HUODJ�
:LHQ�:LOKHOP �������9RUOHVXQJHQ �EHU QHXHUH 3UREOHPH GHU WKHRUHWLVFKHQ 3K\VLN� /HLS]LJ

XQG %HUOLQ� %�*� 7HXEQHU�


