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0DVVLPLOLDQR %DGLQR

��� ,QWURGXFWLRQ

7RGD\� WKH QDPH 2WWR 6DFNXU KDUGO\ DSSHDUV LQ KLVWRULFDO DFFRXQWV RI TXDQWXP SK\VLFV�
6DFNXU ZDV ERUQ LQ %UHVODX� LQ WKH ERUGHU UHJLRQ RI 6LOHVLD LQ *HUPDQ\ �QRZ :URFáDZ�
3RODQG� RQ �� 6HSWHPEHU ������ $W WKDW WLPH� WKH 8QLYHUVLW\ RI %UHVODX ZDV DQ LPSRUWDQW
FHQWHU IRU UHVHDUFK LQ H[SHULPHQWDO SK\VLFV� HVSHFLDOO\ VSHFWURVFRS\ DQG RSWLFV� 7KH &KHP�
LVWU\ 'HSDUWPHQW� IRXQGHG E\ $OEHUW /DGHQEXUJ LQ ����� ZDV RQH RI WKH EHVW HTXLSSHG LQ WKH
*HUPDQ 5HLFK� 6DFNXU VWXGLHG SK\VLFDO FKHPLVWU\ LQ +HLGHOEHUJ �RQH VHPHVWHU�� LQ %HUOLQ�
DQG LQ %UHVODX XQGHU 5LFKDUG $EHJJ� ZKR ZDV DOVR KLV GRFWRUDO VXSHUYLVRU� $IWHU WKH GRF�
WRUDWH� ZKLFK KH UHFHLYHG DW D SUHFRFLRXVO\ \RXQJ DJH RQ �� -XO\ ����� KH EHFDPH $EHJJ¶V
DVVLVWDQW�

+RZHYHU� DV ZDV FXVWRPDU\ LQ *HUPDQ\� KH OHIW KLV DOPD PDWHU WR HQULFK KLV VFLHQ�
WLILF H[SHULHQFH� )RU WZR \HDUV� IURP 2FWREHU ���� WR 2FWREHU ����� KH ZRUNHG RQ WKH
SURSHUWLHV RI DOOR\V DW WKH .DLVHUOLFKHV *HVXQGKHLWVDPW LQ %HUOLQ� 7KH UHVHDUFK RI WKLV LQ�
VWLWXWH� KHDGHG E\ 7KHRGRU 3DXO� IRFXVHG HVSHFLDOO\ RQ SRVVLEOH KHDOWK ULVNV UHODWHG WR WKH
OLGV RI W\SLFDO *HUPDQ EHHU PXJV� ZKLFK ZHUH PDGH RI DOOR\V RI OHDG� ]LQF� WLQ� DQG FRSSHU�
7KHQ� 6DFNXU PRYHG WR /RQGRQ� ZLWK D OHWWHU RI UHFRPPHQGDWLRQ IURP $EHJJ� DQG ZRUNHG
DW :LOOLDP 5DPVH\¶V ODERUDWRU\ DW 8QLYHUVLW\ &ROOHJH� ,Q /RQGRQ �2FWREHU ����±0DUFK
������ KH PHW 2WWR +DKQ� ZLWK ZKRP KH ZRUNHG RQ UDGLRDFWLYLW\� SDUWLFXODUO\ RQ WKH GHFD\
RI UDGLXP� 6DFNXU¶V :DQGHUMDKUH HQGHG ZLWK DQRWKHU VL[�PRQWK UHVHDUFK VWLQW LQ :DOWKHU
1HUQVW¶V ODERUDWRU\ LQ %HUOLQ� $IWHU KLV UHWXUQ WR %UHVODX� RQ �� 2FWREHU ����� KH REWDLQHG
KLV KDELOLWDWLRQ DQG EHFDPH D 3ULYDWGR]HQW�

6DFNXU VHHPHG WR EH KHDGHG IRU D TXLHW DFDGHPLF FDUHHU LQ %UHVODX� EXW WKHVH SODQV ZHUH
VXGGHQO\ GLVUXSWHG E\ WZR XQH[SHFWHG HYHQWV� ,Q ����� SHUVRQDO SUREOHPV IRUFHG $OEHUW
/DGHQEXUJ WR UHWLUH IURP KLV SRVLWLRQ DV GLUHFWRU RI WKH GHSDUWPHQW� DQG KLV VXFFHVVRU� (GXDUG
%XFKQHU� ZDV DQ\WKLQJ EXW D VXSSRUWHU RI SK\VLFDO FKHPLVWU\� 0RUHRYHU� LQ ����� 6DFNXU¶V
PHQWRU $EHJJ GLHG LQ D EDOORRQLQJ DFFLGHQW� $OO RI D VXGGHQ� 6DFNXU IRXQG KLPVHOI ZLWKRXW
DQ DFDGHPLF JXLGH DQG LQ D KRVWLOH UHVHDUFK HQYLURQPHQW� +LV FDUHHU SURVSHFWLYHV DSSHDUHG
WR EH DW D GHDG HQG� DQG GXULQJ ����±����� KH KDG WR WDNH RQ PLQRU WHDFKLQJ DVVLJQPHQWV
WR VXUYLYH� 7KLV JULP VLWXDWLRQ FKDQJHG DW WKH HQG RI ����� ZKHQ )ULW] +DEHU LQYLWHG 6DFNXU
WR VSHQG D UHVHDUFK SHULRG DW WKH QHZO\ IRXQGHG .DLVHU�:LOKHOP�,QVWLWXW I�U &KHPLH XQG
(OHNWURFKHPLH� ,W VHHPV WKDW &ODUD ,PPHUZDKU� +DEHU¶V ILUVW ZLIH DQG KHUVHOI D VWXGHQW RI

�%LRJUDSKLFDO LQIRUPDWLRQ RQ 6DFNXU FDQ EH IRXQG LQ WKH HQWU\ ZULWWHQ E\ $OH[DQGHU .LSQLV LQ WKH 1HXH 'HXWVFKH
%LRJUDSKLH �.LSQLV ����� DQG LQ WKH RELWXDULHV ZULWWHQ E\ SHUVRQDO IULHQGV DQG IRUPHU FROOHDJXHV RI 6DFNXU¶V DW
%UHVODX DIWHU KLV XQWLPHO\ GHPLVH LQ ���� �$XHUEDFK ����� +HUW] ����� 3LFN ������
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$EHJJ LQ %UHVODX� SOD\HG D UROH LQ WKLV LPSRUWDQW FDOO�� 7KH IROORZLQJ \HDU� 6DFNXU EHFDPH
GLUHFWRU RI D GHSDUWPHQW� DQG DIWHU WKH RXWEUHDN RI WKH ZDU� KH ZDV UHFUXLWHG WR VWXG\ WKH
PRVW HIIHFWLYH ZD\ WR ILOO WKH EXOOHWV RI KRZLW]HUV� 8QIRUWXQDWHO\� KLV FDUHHU HQGHG DEUXSWO\
RQ �� 'HFHPEHU ����� ZKHQ KH ZDV PRUWDOO\ ZRXQGHG E\ DQ XQH[SHFWHG H[SORVLRQ LQ KLV
RZQ ODERUDWRU\ DQG GLHG D IHZ KRXUV ODWHU�

+LV FRQWHPSRUDULHV FUHGLWHG 6DFNXU ZLWK D UDUH JLIW IRU H[SODLQLQJ WKH FRPSOH[LW\ RI
PRGHUQ SK\VLFDO FKHPLVWU\ LQ VLPSOH WHUPV� +LV WHDFKLQJ DFWLYLWLHV LQ %UHVODX LQFOXGHG YHU\
XQFRQYHQWLRQDO FRXUVHV� OLNH D ³5HDGLQJ JURXS RQ FODVVLFV RI SK\VLFDO FKHPLVWU\´ �:LQWHU
6HPHVWHU ��������� D PDVVLYH SUHVHQFH RI WKHUPRG\QDPLFV DQG WKHUPRFKHPLVWU\ �6XPPHU
6HPHVWHU ����� 66 ����� :6 �������� :6 ��������� NLQHWLF WKHRU\ �66 ����� 66 ������
DQG VRPH DGYDQFHG FODVVHV RQ WKH ³PDWKHPDWLFDO WUHDWPHQW RI FKHPLVWU\´ �:6 �������� 66
������ $IWHU $EHJJ¶V GHDWK� 6DFNXU ZDV IRUFHG WR WDNH RQ LQWURGXFWRU\ FRXUVHV RQ FKHPLVWU\
�66 ����� :6 ��������� D VSHFLDO FRXUVH RQ FKHPLVWU\ IRU GHQWLVWV �66 ����� :6 ���������
DQG KH KDG WR WDNH FDUH RI WKH ZHHNO\ FROORTXLXP RQ SK\VLFDO FKHPLVWU\� FUHDWHG E\ /DGHQ�
EXUJ DQG $EHJJ VRPH \HDUV HDUOLHU�

0RVW SUREDEO\� LW ZDV GXULQJ WKLV WRXJK SHULRG DIWHU $EHJJ¶V GHDWK WKDW 6DFNXU¶V SHGD�
JRJLFDO VNLOOV ZHUH UHILQHG DQG UHDFKHG WKH KLJK OHYHO ODWHU DFNQRZOHGJHG E\ KLV FROOHDJXHV�
+LV LQWURGXFWRU\ FRXUVHV ZHUH SDUWLFXODUO\ DSSUHFLDWHG� DQG 6DFNXU GHYHORSHG WKHP LQWR
D ERRN �6DFNXU ����D� WKDW FRQYLQFHG WKH SXEOLVKHU 6SULQJHU WR DVVLJQ D PRUH DPELWLRXV
SURMHFW WR WKH \RXQJ 3ULYDWGR]HQW� QDPHO\ D WH[WERRN RQ WKHUPRG\QDPLFV DQG WKHUPRFKHP�
LVWU\� ZKLFK , ZLOO GLVFXVV LQ WKLV SDSHU� 2QH PRYLQJ UHFROOHFWLRQ FRQFHUQLQJ 6DFNXU¶V DELOLW\
WR ZULWH WH[WERRNV FDPH IURP )ULW] +DEHU� PDQ\ \HDUV DIWHU 6DFNXU¶V GHDWK� RQ WKH SXEOLFD�
WLRQ RI WKH VHFRQG HGLWLRQ RI WKH /HKUEXFK� HGLWHG E\ &ODUD YRQ 6LPVRQ� LQ ����� ,Q WKH
IRUHZRUG WR WKH ERRN� +DEHU SRLQWHG RXW WKDW� DOWKRXJK VRPH RI WKH FRQWHQW ZDV RXWGDWHG�
WKH FODULW\ RI WKH ZRUN ZDV VWLOO UHPDUNDEOH� +H DOVR DGGHG D SHUVRQDO HYDOXDWLRQ RQ 6DFNXU�

+H KDG LQ WKH KLJKHVW PHDVXUH WKRVH IHDWXUHV WKDW DUH QHFHVVDU\ WR WKH FRPSR�
VLWLRQ RI D JRRG WH[WERRN� D FOHDU XQGHUVWDQGLQJ RI WKH IXQGDPHQWDO FRQFHSWV�
D PDVWHU\ RI WKH VXEMHFW PDWWHU� SUDFWLFDOLW\ DQG SUHFLVLRQ LQ MXGJHPHQW DQG�
ILQDOO\� OLJKWQHVV DQG VLPSOLFLW\ LQ KLV SUHVHQWDWLRQ� �+DEHU �����

$SSDUHQWO\� 6DFNXU ZDV QRW RQO\ D ERUQ WHDFKHU� EXW DOVR DQ LQQRYDWLYH RQH� $ VXPPDU\
RI KLV FRXUVHV DW WKH XQLYHUVLW\ RI %UHVODX �VHH WKH WDEOH DW WKH HQG RI WKH SDSHU� UHYHDOV D
ZLGH UDQJH RI LQWHUHVWV DQG D FDUHIXO EDODQFH EHWZHHQ H[SHULPHQWDO DQG WKHRUHWLFDO LVVXHV�
+LV DELOLW\ WR PDVWHU ERWK ODERUDWRU\ WHFKQLTXHV DQG VXEWOHWLHV RI GLIIHUHQWLDO FDOFXOXV ZDV
XQGHUVFRUHG E\ KLV FRQWHPSRUDULHV�

7KHUH DUH WZR OHVVRQV WKDW WKH FDVH RI 6DFNXU¶V WH[WERRN FDQ WHDFK XV DQG WKDW , VSHOO
RXW LQ WKLV SDSHU� )LUVW� 6DFNXU¶V ERRN VKRZV XV WKDW� ZKHQ VWXGLHG IURP D KLVWRULFDO SHUVSHF�
WLYH� D WH[WERRN LV QRW RQO\ D UHFRUG RI HVWDEOLVKHG WKHRULHV� EXW LW PD\ DOVR UHIOHFW LQWHUQDO
WHQVLRQV RI WKH JHQHUDO G\QDPLFV RI NQRZOHGJH� $ WH[WERRN DFWLYHO\ VHOHFWV DQG RUJDQL]HV
LWV PDWHULDO� D SURFHVV WKDW LV QHYHU FRPSOHWHO\ QHXWUDO� 5HVHDUFK FRQVLGHUDWLRQV PLJKW HQWHU
WKLV SURFHVV DQG OHDG WR D IXQGDPHQWDO UHVKDSLQJ RI WKH SHGDJRJLFDO WUDGLWLRQ� 7KLV GRHV QRW
KDSSHQ LQ HYHU\ FDVH QHFHVVDULO\� LQ WKLV SDSHU ZH ZLOO HQFRXQWHU WH[WERRNV WKDW VHSDUDWH WKH
SHGDJRJLFDO WUDGLWLRQ IURP XS�WR�GDWH UHVHDUFK� +RZHYHU� LW GRHV KDSSHQ LQ 6DFNXU¶V ERRN�
SDUWLFXODUO\ LQ KLV WUHDWPHQW RI VSHFLILF KHDW�
�$GPLQLVWUDWLYH OHWWHUV FRQFHUQLQJ 6DFNXU¶V KLULQJ DW WKH ,QVWLWXWH DUH QRZ FROOHFWHG LQ +DEHU¶V FRUUHVSRQGHQFH
VWRUHG DW WKH $UFKLYH RI WKH 0D[ 3ODQFN 6RFLHW\� %HUOLQ �$03*��
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6HFRQG� D WH[WERRN FDQ EHFRPH D IXQFWLRQDO YHKLFOH IRU UHVHDUFK� D ZD\ WR GLVVHPLQDWH
QHZPHWKRGV� FRQFHSWV� DQG SURFHGXUHV� 0RUH LPSRUWDQWO\� LW FDQ FRQWULEXWH WR WKH IRUPDWLRQ
RI D QHZ JHQHUDWLRQ RI VWXGHQWV DEOH QRW RQO\ WR PDVWHU HVWDEOLVKHG WHFKQLTXHV� EXW DOVR WR
UHFRJQL]H QHZ SULRULWLHV DQG QHZ DYHQXHV RI UHVHDUFK� 6DFNXU¶V GLVFXVVLRQ RI FKHPLFDO
HTXLOLEULXP DQG KLV LQVLVWHQFH RQ WKH LPSRUWDQFH RI WKH FRQFHSW RI HQWURS\ DFKLHYH SUHFLVHO\
WKLV JRDO�

��� 7KH 6WUXFWXUH RI WKH %RRN

6DFNXU¶V /HKUEXFK GHU 7KHUPRG\QDPLN XQG 7KHUPRFKHPLH ZDV SXEOLVKHG E\ WKH %HUOLQ
SXEOLVKHU -XOLXV 6SULQJHU LQ ����� $SSDUHQWO\� WKH ERRN ZDV ZHOO UHFHLYHG� ([WDQW UHYLHZV
SRLQW RXW LWV LQQRYDWLYH FKDUDFWHU DQG LWV GLGDFWLFDO FODULW\� $ERYH DOO UHYLHZHUV UHPDUNHG�
WKDW WKH ERRN FRQVWLWXWHV D XVHIXO WRRO IRU WKH FKHPLVW HDJHU WR ILQG KLV RU KHU ZD\ WKURXJK WKH
MXQJOH RI QHZ GHYHORSPHQWV LQ SK\VLFDO FKHPLVWU\ �&RHKQ ����� .U�JHU ������ $OWKRXJK LW
LV GLIILFXOW WR HVWDEOLVK ZLWK FHUWDLQW\� LW VHHPV WKDW WKH ERRN HVVHQWLDOO\ GHULYHG IURP6DFNXU¶V
OHFWXUHV DW WKH XQLYHUVLW\ LQ %UHVODX� +H KDG EHHQ OHFWXULQJ FRQVLVWHQWO\ RQ WKHUPRG\QDPLFV
DQG WKHUPRFKHPLVWU\ VLQFH WKH VXPPHU VHPHVWHU ���� DQG HVSHFLDOO\ IRFXVHG RQ WKHVH WRSLFV
LQ WKHZLQWHU VHPHVWHUV ������� DQG �������� LPPHGLDWHO\ EHIRUH WKH SXEOLFDWLRQ RI WKH ERRN�
)XUWKHUPRUH� LQ WKH SUHIDFH WR WKH ILUVW HGLWLRQ� KH XQGHUVFRUHG WKH FOHDU SHGDJRJLFDO DLP RI
WKH ERRN� ³LQ WKH VHOHFWLRQ DQG WKH RUJDQL]DWLRQ RI WKH PDWHULDO , KDYH EHHQ JXLGHG HVSHFLDOO\
E\ WKH GLGDFWLFDO SRLQW RI YLHZ DQG , KDYH GHOLEHUDWHO\ UHOLQTXLVKHG FRPSOHWHQHVV´ �6DFNXU
����D� LLL�� 7KH ERRN ZDV WKXV FRQFHLYHG IRU XVH LQ WKH FODVVURRP�

$V IRU FRQWHQW� WKH ERRN FRQVLVWV RI �� FKDSWHUV DQG FRYHUV WKH PRVW LPSRUWDQW WRSLFV
RI SK\VLFDO FKHPLVWU\� LQFOXGLQJ HOHFWURFKHPLVWU\ DQG FDSLOODULW\� 7KHUH LV D VHFWLRQ GHYRWHG
WR WKH WKHRU\ RI UDGLDWLRQ DQG D YHU\ ORQJ DQG LQVWUXFWLYH FKDSWHU RQ 1HUQVW¶V WKHRUHP�� 7KH
ZKROH HGLILFH RI SK\VLFDO FKHPLVWU\ LV SUHVHQWHG DV UHVWLQJ RQ WZR PDLQ SLOODUV� WKH ILUVW
DQG WKH VHFRQG SULQFLSOHV RI WKHUPRG\QDPLFV� 7KHVH WZR SULQFLSOHV DUH GHSOR\HG WR HODER�
UDWH WKH IXQGDPHQWDO HTXDWLRQV RI FKHPLFDO VWDWLFV DQG FKHPLFDO HTXLOLEULXP� KHQFH 6DFNXU
GLVFXVVHV DW OHQJWK WKHLU FRQVHTXHQFHV� 7KH JUHDW LPSRUWDQFH 6DFNXU JLYHV WKH SULQFLSOHV
RI WKHUPRG\QDPLFV UHYHDOV WKH LQIOXHQFH RI 0D[ 3ODQFN� ZKR KDG EHHQ HPSKDVL]LQJ WKH
IRXQGDWLRQDO UROH RI WKHUPRG\QDPLFV IRU SK\VLFDO FKHPLVWU\ VLQFH WKH HQG RI WKH QLQHWHHQWK
FHQWXU\ �+LHEHUW ����� .RUPRV %DUNDQ ����� FI� DOVR +RIIPDQQ
V DUWLFOH LQ WKLV YROXPH��
+RZHYHU� 3ODQFN RQO\ LQVSLUHG SDUWV RI 6DFNXU¶V ERRN� )RU LQVWDQFH� 6DFNXU GLG QRW IROORZ
3ODQFN LQ WKH WKRURXJK XVH RI WKH IRUPDOLVP RI WKHUPRG\QDPLF SRWHQWLDOV� 0RUH LPSRU�
WDQWO\� FRQWUDU\ WR 3ODQFN� 6DFNXU OHDQHG PRUH VWURQJO\ RQ WKH H[SHULPHQWDO VLGH RI SK\VLFDO
FKHPLVWU\� DQG LQ KLV ERRN� 6DFNXU UHSRUWHG UHFHQW GDWD DV ZHOO DV GHVFULSWLRQV RI WKH PRVW DG�
YDQFHG H[SHULPHQWDO WHFKQLTXHV� 7KLV DWWHQWLRQ WR WKH HPSLULFDO EDVLV RI WKH GLVFLSOLQH KLQWV
DW DQRWKHU LPSRUWDQW VRXUFH RI LQVSLUDWLRQ� QDPHO\ 1HUQVW¶V 7KHRUHWLVFKH &KHPLH �������

0RUH JHQHUDOO\� 6DFNXU SUHVHQWHG SK\VLFDO FKHPLVWU\ DV D GLVFLSOLQH LQ IOX[� +H UH�
SHDWHGO\ VWUHVVHG WKH OLPLWDWLRQV RI FODVVLFDO GRFWULQHV DV ZHOO DV WKH VKDN\ IRXQGDWLRQV RI
PRUH UHFHQW DSSURDFKHV� *LYLQJ VKDSH WR IHHOLQJV WKDW 1HUQVW� 3ODQFN� DQG (LQVWHLQ YRLFHG
DW WKH )LUVW 6ROYD\ &RQIHUHQFH� RQO\ RQH \HDU HDUOLHU �0HKUD ����� 0DUDJH DQG :DOOHERUQ
������ KH SRUWUD\HG WKH WKHRU\ RI PDWWHU DV D ILHOG H[SHULHQFLQJ GHHS FKDQJH� ZKHUH QHZ�

�7KH ERRN ZDV WUDQVODWHG LQWR (QJOLVK E\ *� (� *LEVRQ DQG SXEOLVKHG LQ ���� E\ 0DF0LOODQ �6DFNXU ������
&XULRXVO\� WKH WUDQVODWLRQ KDV DQ DGGLWLRQDO FKDSWHU�
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LQWHUHVWLQJ� DQG SRVVLEO\ UHYROXWLRQDU\� WKLQJV ZHUH DERXW WR KDSSHQ� 8OWLPDWHO\� 6DFNXU¶V
ERRN LV SHUPHDWHG ZLWK D VHQVH RI WUDQVLWLRQ�

��� 7KH 5HRUJDQL]DWLRQ RI .QRZOHGJH� 7KH &DVH RI 6SHFLILF +HDWV

7KHVH REVHUYDWLRQV OHDG PH WR WKH ILUVW SRLQW RI WKLV SDSHU� WKH LPSDFW RI QHZ UHVHDUFK DJHQ�
GDV RQ WKH RUJDQL]DWLRQ RI NQRZOHGJH LQ D WH[WERRN� 7KLV FUHDWLYH SURFHVV WXUQV WKH WH[WERRN
LQWR D KLVWRULRJUDSKLFDO WRRO WKDW DOORZV XV WR XQGHUVWDQG D JUHDW GHDO DERXW KRZ LGHDV DERXW
UHOHYDQW SUREOHPV� DFFHSWDEOH VROXWLRQV DQG� XOWLPDWHO\� WKH UHODWLYH LPSRUWDQFH RI GLIIHUHQW
SDUWV RI D ILHOG RI NQRZOHGJH FDQ FKDQJH GXULQJ D SHULRG RI FULVLV� , LOOXVWUDWH WKLV JHQHUDO
SRLQW E\ FRQVLGHULQJ WKH ZD\ 6DFNXU FRSHG ZLWK WKH LVVXH RI VSHFLILF KHDWV LQ KLV ERRN�

7KH XQGHUVWDQGLQJ RI VSHFLILF KHDW XQGHUZHQW D PDMRU WKHRUHWLFDO FKDQJH DW WKH WXUQ RI
WKH FHQWXU\� 7KH QLQHWHHQWK FHQWXU\ H[SHULHQFHG VSHFWDFXODU GHYHORSPHQWV LQ NLQHWLF PRG�
HOV RI PDWWHU� $FFRUGLQJ WR WKHVH PRGHOV� WKH WKHUPDO SURSHUWLHV RI SK\VLFDO ERGLHV FDQ EH
WUDFHG WR WKH PHFKDQLFDO EHKDYLRU RI WKH PLFURVFRSLFDO FRQVWLWXHQWV RI PDWWHU� ,Q SDUWLFXODU�
FRQFOXVLRQV UHJDUGLQJ WKH VSHFLILF KHDWV RI YDULRXV VXEVWDQFHV FRXOG EH GUDZQ IURP WKH VR�
FDOOHG HTXLSDUWLWLRQ WKHRUHP� ZKLFK VWDWHV WKDW HDFK GHJUHH RI IUHHGRP� RU PRUH SUHFLVHO\�
HDFK TXDGUDWLF WHUP RI WKH WRWDO HQHUJ\� JHWV WKH VDPH VKDUH RI WKH WRWDO HQHUJ\� 7HPSHUDWXUH
YDULDWLRQ LV UHODWHG WR FKDQJHV LQ WKH HQHUJ\ RI WKH ERG\� WKHUHIRUH WR WKH ³LQWHQVLW\´ ZLWK
ZKLFK LW FDUULHV RXW LWV PRWLRQ� EXW LW GRHV QRW DIIHFW WKH NLQGV RI PRWLRQ LW FDQ SHUIRUP�
7KXV� WKH DPRXQW RI HQHUJ\ QHFHVVDU\ WR LQFUHDVH WKH WHPSHUDWXUH RI WKH ERG\� VD\� IURP
���� WR ���� &� PXVW EH WKH VDPH DV WKDW UHTXLUHG WR LQFUHDVH LW IURP �� WR �� &� ,Q RWKHU
ZRUGV� WKH VSHFLILF KHDW RI HDFK ERG\ PXVW EH LQGHSHQGHQW RI WHPSHUDWXUH� D FRQFOXVLRQ WKDW
ILW ZHOO ZLWK WKH 'XORQJ�3HWLW SKHQRPHQRORJLFDO ODZ RI WKHUPRG\QDPLFV�

.LQHWLF PRGHOV KDG EHHQ FRQVWUXFWHG HVSHFLDOO\ IRU JDVHV� 7KH JDVHRXV VWDWH ZDV KLV�
WRULFDOO\ WKH ILUVW WR EH SLFWXUHG DV D FROOHFWLRQ RI WLQ\ SDUWLFOHV LQ UDQGRPPRWLRQ� DQG WKLV OHG
WR HSRFK�PDNLQJ SURJUHVV LQ WKH XQGHUVWDQGLQJ RI WKH ODZV RI WKHUPRG\QDPLFV� ([WHQVLRQ
RI WKH NLQHWLF DSSURDFK WR WKH VROLG DQG OLTXLG VWDWHV ZDV QRW DV VXFFHVVIXO� WKRXJK� %HUQKDUG
:HLQVWHLQ DQG *XVWDY 0LH PDGH VRPH DWWHPSWV LQ WKLV GLUHFWLRQ DURXQG ����� EXW LW EH�
FDPH FOHDU SUHWW\ TXLFNO\ WKDW WKH VROLG VWDWH LQYROYHG HQRUPRXV IRUPDO FRPSOLFDWLRQV DQG
KHQFH JDYH YHU\ OLWWOH SD\RII �:HLQVWHLQ ����±����� 0LH ������ ,Q SDUWLFXODU� WKH HTXLSDU�
WLWLRQ WKHRUHP ZDV KRSHOHVVO\ DW YDULDQFH ZLWK WKH H[SHULPHQWDO RXWFRPHV RI +HLQULFK )�
:HEHU ������� ZKR KDG IRXQG D WHPSHUDWXUH GHSHQGHQFH LQ WKH VSHFLILF KHDWV RI PDQ\ VROLG
VXEVWDQFHV� ,Q NLQHWLF WKHRU\� WKHUH ZDV QR FOHDU LGHD RI KRZ WR H[SODLQ WKH WHPSHUDWXUH
GHSHQGHQFH RI WKH VSHFLILF KHDW RI D VROLG�

0DQ\ WH[WERRNV RQ WKHUPRG\QDPLFV DQG SK\VLFDO FKHPLVWU\ DFNQRZOHGJHG WKLV LP�
SDVVH LQ FRQWHPSRUDU\ UHVHDUFK E\ RUJDQL]LQJ WKH WRSLF RI VSHFLILF KHDW DFFRUGLQJ WR D SUHFLVH
GLGDFWLF VFKHPH� 7KLV ³NLQHWLF VFKHPH´ JXLGHG WKH VWXGHQWV¶ WUDLQLQJ ILUVW WKURXJK D IDPLO�
LDUL]DWLRQ ZLWK WKH WUHDWPHQW RI D JDV DV D VHW RI SDUWLFOHV LQ UDQGRP PRWLRQ� 7KH DSSOLFDWLRQ
RI PHFKDQLFDO DUJXPHQWV ZDV FDUULHG RXW IRU PRQRDWRPLF JDVHV� DQG WKHQ PRUH FRPSOH[
PRGHOV IRU SRO\DWRPLF JDVHV ZHUH GHVFULEHG� 7KHQ� VWURQJ FRKHVLRQ IRUFHV ZHUH LQWURGXFHG
WR GLVFXVV WKH OLTXLG VWDWH� )LQDOO\� WKH VWXGHQW ZDV SUHVHQWHG ZLWK D PRGHO RI SDUWLFOHV DU�
UDQJHG LQ D ODWWLFH� YLEUDWLQJ DURXQG HTXLOLEULXP SRVLWLRQV� FXVWRPDULO\ XVHG WR UHSUHVHQW D
VROLG� ,Q WKLV VFKHPD� DQ LGHDOL]HG JDV ZDV SUHVHQWHG DV WKH SDUDGLJPDWLF FDVH� WKH VROYHG
H[DPSOH� ZKLOH OLTXLGV� DQG DERYH DOO VROLGV ZHUH KDQGOHG DV SX]]OHV� 0DVWHULQJ WKH WUHDW�
PHQW RI WKH JDV ZDV QHFHVVDU\ ILUVW� EHIRUH H[WHQGLQJ WKH DSSURDFK WR VWLOO�P\VWHULRXV FDVHV�
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7KLV VFKHPH ZDV JHQHUDOO\ DGRSWHG LQ FODVVLF ERRNV RQ WKHUPRG\QDPLFV XVHG E\ SK\VLFDO
FKHPLVWV� VXFK DV /XGZLJ %ROW]PDQQ¶V 9RUOHVXQJHQ �EHU GLH *DVWKHRULH ������ RU 3ODQFN¶V
9RUOHVXQJHQ �EHU 7KHUPRG\QDPLN ������� DV ZHOO DV LQ WH[WERRNV RI SK\VLFDO FKHPLVWU\ WKDW
UHOLHG PRVWO\ RQ SKHQRPHQRORJLFDO WKHUPRG\QDPLFV� VXFK DV *HRUJH 6HQWHU¶V �������

7KRXJK� DW WKH EHJLQQLQJ RI WKH FHQWXU\� WKH HPHUJLQJ TXDQWXP WKHRU\ RIIHUHG DQ DO�
WHUQDWLYH WR WKH NLQHWLF VFKHPH� 3ODQFN¶V WKHRU\ RI UDGLDWLRQ� EDVHG RQ WKH K\SRWKHVLV WKDW
HQHUJ\ GHSHQGV RQ WKH IUHTXHQF\ RI DQ RVFLOODWLRQ YLD D XQLYHUVDO FRQVWDQW� ZDV LQ VWXSHQGRXV
DFFRUG ZLWK WKH H[SHULPHQWDO GDWD� DQG LWV XQGHUO\LQJ PRGHO �HOHFWURPDJQHWLF UHVRQDWRUV LQ
DQ HPSW\ FDYLW\� ZDV LQWULJXLQJO\ FORVH WR PDWWHU� ,QGHHG� WKH SLFWXUH RI SDUWLFOHV YLEUDW�
LQJ DERXW IL[HG SRLQWV RI D VROLG ODWWLFH ZDV D QDWXUDO H[WHQVLRQ RI 3ODQFN¶V RULJLQDO LGHD RI
UHVRQDWRUV� ,Q ����� ZKHQ (LQVWHLQ DSSOLHG WKH TXDQWXP K\SRWKHVLV WR D VROLG ODWWLFH� WKH
UHVXOWLQJ WKHRU\ HQMR\HG PDUNHG VXFFHVV� HVSHFLDOO\ EHFDXVH LW H[SODLQHG WKH WHPSHUDWXUH
GHSHQGHQFH RI VSHFLILF KHDWV� +RZHYHU� WKH TXDQWXP K\SRWKHVLV KDG EHHQ FRQFHLYHG DQG
DSSOLHG SULPDULO\ WR SHULRGLF SKHQRPHQD� ,W ZDV DSSDUHQWO\ YHU\ GLIILFXOW WR UHFRQFLOH WKLV
K\SRWKHVLV ZLWK WKH SLFWXUH RI JDV PROHFXOHV LQ UDQGRP PRWLRQ� 7KXV� LQ WKH ILUVW GHFDGH
DIWHU ����� TXDQWXP WKHRU\ WXUQHG WKH UHVHDUFK DJHQGD RQ WKH VWUXFWXUH RI PDWWHU XSVLGH
GRZQ� ZKLOH LQ FODVVLFDO NLQHWLF WKHRU\ WKH WDVN KDG EHHQ WKH H[WHQVLRQ IURP DQ DSHULRGLF WR
D SHULRGLF V\VWHP� QRZ WKH SULRULW\ EHFDPH WKH DSSOLFDWLRQ RI D IRUPDO SURFHGXUH GHYLVHG IRU
SHULRGLF EHKDYLRU WR WKH JDV� $OO RI D VXGGHQ� WKH VROLG KDG EHFRPH WKH SDUDGLJPDWLF FDVH
DQG WKH JDV KDG EHFRPH WKH SX]]OH�

6DFNXU¶V ERRN ZDV WKH ILUVW WR FKDQJH WKH SHGDJRJLFDO SUHVHQWDWLRQ RI WKH WRSLF RI VSH�
FLILF KHDW DV D UHVXOW RI WKLV UDGLFDO FKDQJH LQ WKH UHVHDUFK DJHQGD� +H DOUHDG\ LQWURGXFHG
WKH SUREOHP RI VSHFLILF KHDW LQ WKH VHFRQG FKDSWHU RI KLV ERRN� MXVW DIWHU KDYLQJ GHILQHG
WKH FRQFHSW RI WHPSHUDWXUH� +H EHJDQ ZLWK D VXPPDU\ RI FODVVLFDO NQRZOHGJH FRQFHUQLQJ
WKH WKHUPDO EHKDYLRU RI VROLGV� ZKLFK EDVLFDOO\ FRQVLVWHG RI GHFDGHV RI H[SHULPHQWDO REVHU�
YDWLRQV FRQGHQVHG LQWR WKH ODZ RI 'XORQJ�3HWLW DQG LQWR .RSS¶V UXOH� %RWK ODZV� 6DFNXU
LQVLVWHG� KDYH RQO\ D YHU\ OLPLWHG UDQJH RI YDOLGLW\� 1H[W� KH DEUXSWO\ LQWURGXFHG (LQVWHLQ¶V
TXDQWXP WKHRU\ RI VSHFLILF KHDWV �6DFNXU ����D� ��±���� $FFRUGLQJ WR (LQVWHLQ¶V K\SRWKH�
VLV� WKH DWRPV LQ WKH VROLG ODWWLFH FDQ EH LQWHUSUHWHG DV FRPSRXQGHG RI WKUHH RVFLOODWRUV WKDW
SHUIRUP LQGHSHQGHQW RVFLOODWLRQV DORQJ HDFK RI WKH FRRUGLQDWH D[HV� ,I RQH DVVXPHV WKDW WKH
HQHUJ\ LV GLVWULEXWHG RYHU WKH RVFLOODWRUV DFFRUGLQJ WR 3ODQFN¶V GLVWULEXWLRQ ODZ� LW LV HDV\
WR ILQG DQ H[SUHVVLRQ IRU WKH VSHFLILF KHDW WKDW WHQGV WR ]HUR DV WKH WHPSHUDWXUH GHFUHDVHV�
7KLV LV D UHPDUNDEOH UHVXOW� 6DFNXU FRPPHQWHG� EHFDXVH LW KDSSHQV WR FRLQFLGH ZLWK WKH SUH�
GLFWLRQV RI WKH WKHRUHP WKDW 1HUQVW KDG SXW IRUZDUG WKH SUHYLRXV \HDU �LQ ������ &OHDUO\�
(LQVWHLQ¶V LQWXLWLRQ ZDV D VWHS LQ WKH ULJKW GLUHFWLRQ� EXW 6DFNXU ZDV DOVR TXLFN WR SRLQW RXW
WKDW LW ZDV IDU IURP EHLQJ WKH ODVW ZRUG RQ WKH VXEMHFW� ³HYHQ WKRXJK (LQVWHLQ¶V WKHRU\ KDV
EHHQ TXDOLWDWLYHO\ FRQILUPHG E\ WKH H[SHULHQFH� WKHUH FDQ EH QR GRXEW WKDW LW RQO\ JLYHV D
URXJK VNHWFK RI WKH UHDOLW\´ �6DFNXU ����D� ����

7KHUHIRUH� 6DFNXU GLVFXVVHG WHFKQLTXHV DQG UHVXOWV RI WKH H[SHULPHQWV FDUULHG RXW LQ
���� DQG ���� E\ 1HUQVW� $UQROG (XFNHQ DQG RWKHUV� WKHVH H[SHULPHQWV JUDGXDOO\ HQODUJHG
WKH HPSLULFDO EDVLV RI WKH WKHRU\ DQG RIIHUHG FOXHV DERXW KRZ LW FRXOG EH LPSURYHG� 2QH DW�
WHPSW LQ WKLV GLUHFWLRQ ZDV WKH 1HUQVW�/LQGHPDQQ IRUPXOD� ZKLFK KDG WZR FKDUDFWHULVWLF IUH�
TXHQFLHV WKDW 6DFNXU GLVFXVVHG LQ WKH FRQWH[W RI WKHVH H[SHULPHQWV� 7KH 1HUQVW�/LQGHPDQQ
IRUPXOD ZDV� KRZHYHU� VWLOO RQO\ D SDUWLDO UHVXOW EHFDXVH� DV 6DFNXU XQGHUVFRUHG� ³LW KDV QRW
\HW IRXQG D WKHRUHWLFDO LQWHUSUHWDWLRQ´ �6DFNXU ����D� ���� )LQDOO\� 6DFNXU PHQWLRQHG WKH
LPSRUWDQW SUREOHP RI GHWHUPLQLQJ WKH FKDUDFWHULVWLF IUHTXHQF\� DQ LVVXH WKDW LPSDFWV RQ WKH
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RSWLFDO DQG HODVWLF SURSHUWLHV RI WKH VROLG� ,Q SDUWLFXODU� KH WRXFKHG RQ )UHGHULFN /LQGH�
PDQQ¶V LPSRUWDQW DUJXPHQW FRQFHUQLQJ KRZ WR IL[ WKH IUHTXHQF\ IURP WKH WHPSHUDWXUH RI
IXVLRQ �/LQGHPDQQ ������ 2YHUDOO� 6DFNXU¶V SLFWXUH RI WKH WKHRU\ RI WKH VSHFLILF KHDW RI D
VROLG LV H[FHOOHQWO\ XS�WR�GDWH DQG FRPSOHWH� WKH RQO\ PLVVLQJ SLHFH LV 3HWHU 'HE\H¶V WKHRU\
ZKLFK ZRXOG DSSHDU DW WKH HQG RI ������

7KH UHPDLQGHU RI WKH FKDSWHU GHDOV ZLWK VSHFLILF KHDWV LQ OLTXLGV� VROXWLRQV� DQG JDVHV�
+HUH� WKH WUHDWPHQW EHFRPHV YHU\ FODVVLFDO DQG UHOLHV VROHO\ RQ WKHUPRG\QDPLFV DQG H[SHUL�
PHQWV� 7KH NLQHWLF DSSURDFK WR VSHFLILF KHDWV LQ JDVHV LV PHQWLRQHG RQO\ ODWHU� ZKHQ 6DFNXU
LQWURGXFHV WKH PHFKDQLFDO LQWHUSUHWDWLRQ RI WKH FRQFHSW RI HQWURS\ �6DFNXU ����D� ����� ,Q
JHQHUDO� VSHFLILF KHDW LQ JDVHV UHFHLYHV PXFK OHVV DWWHQWLRQ�

��� 7KH 4XDQWXP LQ 4XDUDQWLQH

6DFNXU¶V DFFRXQW RI VSHFLILF KHDW ZDV FOHDUO\ LQVSLUHG E\ WKH UHVXOWV RI TXDQWXP WKHRU\� +H
GLG QRW VLPSO\ LQIRUP WKH UHDGHU WKDW WKHUH ZDV D QHZ ZD\ WR DWWDFN WKH WRSLF� KH RXWULJKW
UHRUJDQL]HG WKH PDWHULDO DFFRUGLQJ WR WKH QHZ UHVHDUFK DJHQGD� 4XDQWXP WKHRU\ VKRZHG WKDW
WKHUH ZDV D YHU\ QDWXUDO ZD\ WR KDQGOH WKH VSHFLILF KHDW RI D VROLG� (LQVWHLQ¶V WUHDWPHQW� DOEHLW
LQFRPSOHWH� ZDV WKH QHZ SDUDGLJPDWLF VROXWLRQ� +RZHYHU� WKHUH ZDV QR TXDQWXP WKHRU\ RI
D JDV LQ ����� 7KH FRQVWUXFWLRQ RI VXFK D WKHRU\ ZDV WKH IURQW OLQH RI UHVHDUFKþUHVHDUFK
WR ZKLFK 6DFNXU KLPVHOI ZDV FRQWULEXWLQJ� 7KH DSSDUHQWO\ ZHOO�NQRZQ JDV KDG WUDQVIRUPHG
LQWR D WHUUD LQFRJQLWD� 7KH JRDO RI KLV UHRUJDQL]DWLRQ ZDV HYLGHQWO\ SHGDJRJLFDO� WKHUH ZDV
QR SRLQW LQ JHWWLQJ WKH VWXGHQWV DFTXDLQWHG ZLWK D VXUSDVVHG VFKHPH� 7KH\ FRXOG FRQWULEXWH
PRUH HIIHFWLYHO\ WR WKH DGYDQFHPHQW RI NQRZOHGJH LI WKH\ NQHZ IURP WKH EHJLQQLQJ ZKDW
WKH QHZ VWDUWLQJ SRLQWV DQG WKH QHZ SUREOHPV ZHUH�

2WKHU WH[WERRNV RQ WKHUPRG\QDPLFV DQG SK\VLFDO FKHPLVWU\ KDG D IDU OHVV RSHQ�PLQGHG
DWWLWXGH WRZDUG TXDQWXP WKHRU\� 7R EH VXUH� DOPRVW QRQH RI WKH PDMRU WH[WERRNV SXEOLVKHG
DIWHU ���� LJQRUHG TXDQWXP WKHRU\ DOWRJHWKHU� +RZHYHU� DW WKH VDPH WLPH� DOPRVW QRQH PDGH
DQ HIIRUW WR LQWHJUDWH TXDQWXP WKHRU\ LQWR WKHLU GLGDFWLFDO VWUXFWXUH� ,QVWHDG� WKH PRVW FRP�
PRQ VWUDWHJ\ FRQVLVWHG RI D FOHDU�FXW VHSDUDWLRQ EHWZHHQ WKH HVWDEOLVKHG� DQG VWLOO UHOLDEOH�
NLQHWLF WKHRU\ DQG WKH QHZ TXDQWXP PDFKLQHU\� 8VXDOO\� WKH TXDQWXP WKHRU\ ZDV FRQILQHG
WR VSHFLILF FKDSWHUV� PRUH RIWHQ WKDQ QRW DW WKH HQG RI WKH ERRN DV D VRUW RI DSSHQGL[� $V
D FRQVHTXHQFH� WKH NLQHWLF VFKHPH LQ WKH RUJDQL]DWLRQ RI WKH WRSLF RI VSHFLILF KHDW ODUJHO\
UHPDLQHG GRPLQDQW� WKH ZLGHVSUHDG SHGDJRJLFDO VWUDWHJ\ VWLOO DLPHG DW FRQVROLGDWLQJ WKH
JRRG ROG NLQHWLF WKHRU\ LQ WKH PLQGV RI VWXGHQWV� 7KH TXDQWXP WKHRU\ SHUVLVWHG LQ D VWDWH RI
TXDUDQWLQH� VHJUHJDWHG LQ OHVV SURPLQHQW SODFHV RU� DV ZH VKDOO VHH� LQ VHSDUDWH YROXPHV�

7KH IXQGDPHQWDO MXVWLILFDWLRQ IRU WKLV SHGDJRJLFDO VWUDWHJ\ ZDV WKH ³UHDVRQDEOH GRXEW´
DUJXPHQW� $IWHU DOO� WKH TXDQWXP K\SRWKHVLV ZDV \RXQJ DQG LPSRUWHG IURP UDGLDWLRQ WKHRU\
LQWR WKH VWXG\ RI PDWWHU� %\ FRQWUDVW� NLQHWLF WKHRU\ ZDV PRUH WKDQ KDOI D FHQWXU\ ROG� IXOO RI
JORU\ DQG QRW \HW FRPSOHWHO\ H[SORUHG� %XW WKH UHDVRQDEOH GRXEW DUJXPHQW ZDV QRW PHUHO\
EDVHG RQ FRPPRQ VHQVH FRQVLGHUDWLRQV� 5HVHDUFK DOVR SOD\HG D UROH� $ SDSHU SXEOLVKHG
E\ WKH DXWKRULWDWLYH SK\VLFDO FKHPLVW *LOEHUW /HZLV LQ FROODERUDWLRQ ZLWK (OOLRW $GDPV LQ
���� PDGH WKLV SRLQW FOHDUO\ �*� 1� /HZLV DQG $GDPV ������ ,Q WKDW SDSHU� WKH DXWKRUV FKDO�

�7KH IRUHZRUG WR WKH ERRN ZDV ZULWWHQ LQ $SULO ����� 'HE\H¶V SDSHU DSSHDUHG LQ 1RYHPEHU �'HE\H ������ ,W LV
WUXH WKDW WKH %RUQ�YRQ .iUPiQ SDSHU ZDV SXEOLVKHG LQ 0DUFK �%RUQ DQG YRQ .iUPiQ ������ EXW LW ZDV SUREDEO\
WRR ODWH WR LQFOXGH WKH UHVXOWV RI WKDW SDSHU LQ 6DFNXU¶V ERRN�
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OHQJHG KHDG�RQ WKH QHFHVVLW\ RI DGRSWLQJ WKH TXDQWXP WKHRU\ WR H[SODLQ QHZ H[SHULPHQWDO
SKHQRPHQD FRQQHFWHG ZLWK WKH WKHUPDO EHKDYLRU RI ERGLHV�

1RZ� LI WKHUH ZHUH QR RWKHU ZD\ RI H[SODLQLQJ WKH YHU\ LPSRUWDQW IDFWV WR ZKLFK
DWWHQWLRQ KDV EHHQ FDOOHG E\ WKH TXDQWXP WKHRU\� LW ZRXOG EH SURSHU WR PDNH
VXFK DVVXPSWLRQV DQG WR PRGLI\ WKH ERG\ RI SK\VLFDO WKHRU\ LQ VR IDU DV PLJKW
EH QHFHVVDU\ WR UHQGHU LW FRQVLVWHQW ZLWK WKHP� %XW ZH EHOLHYH WKDW QR VXFK
QHFHVVLW\ H[LVWV� �*� 1� /HZLV DQG $GDPV ����� ����

7KH\ ZHQW RQ WR DUJXH WKDW WKH PRVW LPSUHVVLYH UHVXOWV RI TXDQWXP WKHRU\� LQFOXGLQJ WKH
WHPSHUDWXUH GHSHQGHQFH RI VSHFLILF KHDW� PLJKW EH REWDLQHG E\ VXSSOHPHQWLQJ WKH FODVVLFDO
HTXLSDUWLWLRQ WKHRUHP ZLWK D QHZ K\SRWKHVLV� FDOOHG WKH FRQVWUDLQW K\SRWKHVLV� $FFRUGLQJ WR
WKLV K\SRWKHVLV� WKH SDUWLFOHV LQ UHDO ERGLHV PXVW EH DVFULEHG D VPDOOHU YDOXH RI WKH SDUWLWLRQHG
HQHUJ\ EHFDXVH RI WKHLU PXWXDO LQWHUDFWLRQV� $SSDUHQWO\� WKH SDSHU E\ /HZLV DQG $GDPV
ZDV YHU\ LQIOXHQWLDO� ERWK LQ WKH 8QLWHG 6WDWHV DQG LQ (XURSH� LQ FRQYH\LQJ WKH PHVVDJH WKDW
TXDQWXP WKHRU\ ZDV QRW \HW HVWDEOLVKHG HQRXJK WR MXVWLI\ D UHYROXWLRQ LQ WKH SHGDJRJLFDO
RUJDQL]DWLRQ RI WKH NQRZOHGJH LQ SK\VLFDO FKHPLVWU\� /HZLV DQG $GDPV¶V VXJJHVWLRQ ZDV
WDNHQ XS E\ WKH YDVW PDMRULW\ RI WH[WERRNV RQ WKHUPRG\QDPLFV DQG SK\VLFDO FKHPLVWU\�

2QH WHOOLQJ H[DPSOH LV D WH[WERRN ZULWWHQ E\ (GZDUG :� :DVKEXUQ LQ ����� ,Q KLV
ERRN� :DVKEXUQ VXSHUILFLDOO\ UHYLHZHG WKH TXDQWXP GHYHORSPHQWV DQG 'HE\H¶V WKHRU\� +H
HYHQ EHJDQ WKH FKDSWHU RQ VSHFLILF KHDWV E\ VWDWLQJ WKDW

WKH V\VWHPDWLF LQYHVWLJDWLRQV RI VSHFLILF KHDWV DW ORZ WHPSHUDWXUHV FDUULHG RXW
LQ UHFHQW \HDUV ODUJHO\ E\ 1HUQVW DQG KLV DVVRFLDWHV DW WKH 8QLYHUVLW\ RI %HUOLQ
KDYH UHVXOWHG LQ DQ H[WHQVLYH PRGLILFDWLRQ RI IRUPHU WKHRULHV FRQFHUQLQJ KHDW
FDSDFLW\� �:DVKEXUQ ����� ���±����

+RZHYHU� :DVKEXUQ PDLQWDLQHG D UHDVRQDEOH GRXEW DERXW WKLV PRGLILFDWLRQ� $OWKRXJK
/HZLV DQG $GDPV¶V K\SRWKHVLV ZDV D ³TXDOLWDWLYH LQWHUSUHWDWLRQ RQO\�´ :DVKEXUQ GHFLGHG
WR VHW DVLGH WKH TXDQWXP WKHRU\ DQG WR EDVH KLV ³SUHVHQWDWLRQ >«@ XSRQ WKH ROGHU SULQFLSOH
RI HTXLSDUWLRQ RI HQHUJ\´ VXSSOHPHQWHG E\ WKH FRQVWUDLQW DVVXPSWLRQ� &RQVHTXHQWO\� KH
RUJDQL]HG WKH WRSLF RI VSHFLILF KHDW DFFRUGLQJ WR WKH NLQHWLF VFKHPH� KH VHW RXW WKH WKHRU\
RI WKH PRQRDWRPLF JDV DQG WKHQ LQWURGXFHG IXUWKHU FRPSOLFDWLRQV UHODWHG WR WKH URWDWLRQ DQG
YLEUDWLRQ RI JDV SDUWLFOHV� /LTXLGV DQG VROLGV ZHUH OHIW LQ D IRJJ\ VWDWH� ,URQLFDOO\� LQ WKH
IRUHZRUG� :DVKEXUQ ULGLFXOHG WKH QLQHWHHQWK�FHQWXU\ VNHSWLFLVP FRQFHUQLQJ NLQHWLF PRGHOV
DQG WRRN D UHDOLVW¶V VWDQFH�

>,@QVWHDG RI FRQVLGHULQJ WKHVH >PRGHOV@ LQ D VSHFLDO FKDSWHU DV LQWHUHVWLQJ EXW
XQQHFHVVDU\ K\SRWKHWLFDO H[SODQDWLRQV RI REVHUYHG IDFWV� WKH\ DUH WKHPVHOYHV
LQ WKHLU PRVW HVVHQWLDO IHDWXUHV WUHDWHG DV IDFWV DOUHDG\ HVWDEOLVKHG EH\RQG WKH
SRVVLELOLW\ RI UHDVRQDEOH GRXEW� DQG WRJHWKHU ZLWK WKHUPRG\QDPLFV� DUH PDGH
WR VHUYH DV WKH IUDPHZRUN RI WKH GHYHORSPHQW RI WKH ZKROH VXEMHFW� �:DVKEXUQ
����� YLLL±L[�

8OWLPDWHO\� :DVKEXUQ� DV ZHOO DV RWKHU DXWKRUV� XVHG WKH VDPH ³TXDUDQWLQH VWUDWHJ\´ DJDLQVW
TXDQWXP WKHRU\ WKDW WKHLU SUHGHFHVVRUV KDG DGRSWHG DJDLQVW NLQHWLF PRGHOV�

%XW WKH PRVW VLJQLILFDQW LQVWDQFH RI WKH SHUVLVWHQW TXDUDQWLQH RI WKH TXDQWXP WKHRU\ ZDV
:LOOLDP &� /HZLV¶V 6\VWHP RI 3K\VLFDO &KHPLVWU\ ������� 7KH ILUVW HGLWLRQ RI /HZLV¶V ERRN



�� �� 6DFNXU¶V /HKUEXFK �0� %DGLQR�

ZDV SULQWHG LQ ����� DV RQH LQVWDOOPHQW LQ D VHULHV RI WH[WERRNV LQ SK\VLFDO FKHPLVWU\ HGLWHG
E\ :LOOLDP 5DPVD\� ,Q KLV UHYLHZ RI WKH ERRN� )UHGHULFN *HRUJH 'RQQDQ� LQFLGHQWDOO\ WKH
RWKHU HGLWRU RI WKH VHULHV� SUDLVHG WKH ZRUN DV WKH WUHDWLVH WKDW ZRXOG LQWHUUXSW WKH %ULWLVK
GHSHQGHQFH RQ *HUPDQ WH[WV LQ SK\VLFDO FKHPLVWU\� +H HYHQ ZHQW D VWHS IXUWKHU E\ VWDWLQJ
WKDW� ³LQ LWV DUUDQJHPHQW RI PDWWHU� OXFLGLW\ RI VW\OH� DQG FRPSUHKHQVLYH XQLW\ RI GHVLJQ LW
LV GHVWLQHG WR EHFRPH WKH VWDQGDUG JHQHUDO WUHDWLVH RQ WKH VXEMHFW RI SK\VLFDO FKHPLVWU\ IRU
(QJOLVK�VSHDNLQJ VWXGHQWV´ �'RQQDQ ������ 'RQQDQ¶V RSLQLRQ ZDV E\ DQG ODUJH FRQILUPHG
EHFDXVH� IRU H[DPSOH� LQ WKH VHFRQG HGLWLRQ RI KLV ERRN ������ :DVKEXUQ UHIHUV WKH VWXGHQW
WR /HZLV¶V WH[WERRN DV WKH DXWKRULWDWLYH VRXUFH IRU PRUH DGYDQFHG GLVFXVVLRQV�

+RZHYHU� WKH JHQHUDO VWUXFWXUH RI WKH ZRUN LV QRW UHYROXWLRQDU\� $Q DQRQ\PRXV UH�
YLHZHU RI WKH VHFRQG HGLWLRQ FRPPHQWHG WKDW ³WKH PRUH FODVVLFDO SRUWLRQV DUH SUHVHQWHG WR
WKH VWXGHQW LQ PXFK WKH VDPH PDQQHU DV LQ VHYHUDO RI WKH ROGHU WH[W�ERRNV �DQG� LW PLJKW
EH DGGHG� OHFWXUH FRXUVHV�´ �$QRQ\PRXV ����� ����� ,Q HIIHFW� /HZLV FRQVLVWHQWO\ DGRSWHG
WKH NLQHWLF VFKHPH LQ KLV ERRN EHFDXVH� LQ KLV SHGDJRJLFDO RUJDQL]DWLRQ� NLQHWLF WKHRU\ DQG
WKHUPRG\QDPLFV DUH WKH IRXQGDWLRQV RI WKH V\VWHP�

7KH VFLHQWLILF WUHDWPHQW RI DQ\ VHW RI SKHQRPHQD FRQVLVWV LQ DSSO\LQJ WKH PLQL�
PXP RI JHQHUDO SULQFLSOHV RU WKHRULHV ZKLFK FDQ DIIRUG D UHDVRQDEOH H[SODQDWLRQ
RI WKH EHKDYLRU RI PDWWHU XQGHU JLYHQ FRQGLWLRQV� DQG SUHGLFW LWV EHKDYLRU XQGHU
QHZ FRQGLWLRQV� 7KH SULQFLSOHV UHIHUUHG WR DV IDU DV SK\VLFV DQG FKHPLVWU\ DUH
FRQFHUQHG DUH WKH NLQHWLF WKHRU\ DQG WKHUPRG\QDPLFV� �:� &� /HZLV �����

,W LV PRUH LQWHUHVWLQJ WR VHH KRZ WKH DWWLWXGH WRZDUG TXDQWXP WKHRU\ HYROYHG WKURXJK
WKH WKUHH HGLWLRQV RI WKH ZRUN� ,Q WKH ILUVW HGLWLRQ� /HZLV FRQILQHG WKH TXDQWXP WKHRU\ WR
WKH HQG RI WKH VHFRQG YROXPH� EXW LQ WKH VHFRQG HGLWLRQ ������� KH IHOW WKDW ³WKH UROH ZKLFK
WKH TXDQWXP WKHRU\ QRZ SOD\V LQ SK\VLFDO DQG FKHPLFDO UHVHDUFK PDNHV LW LPSHUDWLYH IRU WKH
DGYDQFHG VWXGHQW WR EH IDPLOLDU WR VRPH H[WHQW´ ZLWK LW� 7KHUHIRUH� KH H[SDQGHG KLV WUHDWLVH
WR WKUHH YROXPHV DQG GHYRWHG WKH ODVW RQH FRPSOHWHO\ WR WKH TXDQWXP� ,Q WKH SUHIDWRU\ QRWH
WR WKH DGGLWLRQDO YROXPH� /HZLV SRLQWHG RXW WKDW� DOWKRXJK WKH TXDQWXP WKHRU\ ZDV ERUQ DV
D WKHRU\ RI UDGLDWLRQ� LWV LPSRUWDQFH IRU SK\VLFDO FKHPLVWU\ ZDV UHODWHG WR LWV DSSOLFDWLRQ WR
VSHFLILF KHDW�

>(@YHQ WKH VXFFHVV ZKLFK KDV DWWHQGHG 3ODQFN¶V WUHDWPHQW RI UDGLDWLRQ SUREOHPV
ZRXOG VFDUFHO\ KDYH VXIILFHG WR JDLQ IRU KLV YLHZV WKDW SURPLQHQFH ZKLFK WKH\
QRZ KDYH� KDG LW QRW EHHQ IRU WKH VDWLVIDFWRU\ H[SODQDWLRQZKLFK KLV WKHRU\ RIIHUV
DW WKH VDPH WLPH IRU WKH KHDW FRQWHQW RI WKH VXEVWDQFHV DQG WKH YDULDWLRQ RI WKH
KHDW FRQWHQW ZLWK WHPSHUDWXUH� �:� &� /HZLV �����

$IWHU WKLV RSHQLQJ VWDWHPHQW� LQ WKH WKLUG YROXPH� /HZLV FRQVLVWHQWO\ SUHVHQWHG WKH WRSLF
RI VSHFLILF KHDW DFFRUGLQJ WR WKH TXDQWXP VFKHPH� )LUVW� KH DFFRXQWHG IRU 'HE\H¶V WKHRU\ RI
VROLG DV WKH EHVW HVWDEOLVKHG FDVH DQG WKHQ UHSRUWHG RQ WKH DWWHPSWV DW FRQVWUXFWLQJ D TXDQWXP
WKHRU\ RI JDV� 7KLV VWUXFWXUH UHPDLQHG XQFKDQJHG LQ WKH WKLUG HGLWLRQ RI WKH ERRN �������
6R� LV /HZLV¶V WH[WERRN D WXUQLQJ SRLQW LQ DWWLWXGHV DERXW WKH TXDQWXP" 1RW TXLWH� 7KH
TXDUDQWLQH LV VWLOO LQ IRUFH� /HZLV FOHDUO\ VHSDUDWHG WKH NLQHWLF DSSURDFK IURP WKH TXDQWXP
RQH DQG KLJKOLJKWHG WKDW TXDQWXP WKHRU\ VKRXOG EH UHVHUYHG IRU WKH DGYDQFHG VWXGHQW RQO\�
$OVR� WKH UHDVRQDEOH GRXEW DUJXPHQW ZDV VWLOO WKH PDLQ UHDVRQ IRU WKLV VHSDUDWLRQ� ,Q WKH
VDPH SUHIDWRU\ QRWH� /HZLV ZURWH�
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,Q WKH SUHVHQW YROXPH >«@ WKH XQGHUO\LQJ LGHDVþHVSHFLDOO\ WKRVH LQYROYHG LQ
WKH TXDQWXP WKHRU\þKDYH QRW \HW EHHQ IXOO\ DFFHSWHG� DW OHDVW LQ WKHLU SUHVHQW
IRUP� 7KH SRVLWLRQ RI WKH TXDQWXP WKHRU\ LV WR D FHUWDLQ H[WHQW XQGHILQHG� 7KH
SK\VLFDO VLJQLILFDQFH RI ZKDW LV PHDQW E\ D TXDQWXP RI HQHUJ\ RU� LQ VWULFWHU
VHQVH� WKH TXDQWXP RI DFWLRQ LV VWLOO YDJXH� �:� &� /HZLV �����

1RWH DQ LPSRUWDQW GLIIHUHQFH� 6DFNXU KDG DOVR FDXWLRQHG KLV VWXGHQWV DJDLQVW SUHPD�
WXUH HQWKXVLDVP DQG KLJKOLJKWHG WKH OLPLWDWLRQV RI (LQVWHLQ¶V WKHRU\� +RZHYHU� WKLV GLG QRW
SUHYHQW 6DFNXU IURP JUDVSLQJ WKH UDGLFDO LQQRYDWLRQ RI WKH QHZ DSSURDFK� DQG KH WKHUHIRUH
HQGRUVHG WKH JHQHUDO UHRUJDQL]DWRQ RI NQRZOHGJH HQWDLOHG E\ WKH TXDQWXP WKHRU\� /HZLV¶V
FDYHDW� LQVWHDG� XQGHUPLQHV WKH TXDQWXP WKHRU\ DV D ZKROH� 4XDQWXP WKHRU\ LV D UHOHYDQW
SLHFH RI SK\VLFV� EXW LW KDV D VRPHZKDW LQIHULRU SHGDJRJLFDO VWDWXV� ,W LV VRPHWKLQJ DERXW
ZKLFK WKH VWXGHQW PXVW EH LQIRUPHG� EXW QRW IRUPHG� %\ DQG ODUJH� WKLV ZDV WKH SUHYDLOLQJ
VWUDWHJ\ DPRQJ WKH DXWKRUV RI SK\VLFDO FKHPLVWU\ WH[WERRNV� 7KH TXDQWXP WKHRU\ GLG QRW
DIIHFW WKH RUJDQL]DWLRQ RI WKH GLGDFWLF PDWHULDO HYHQ IRU WKRVH WRSLFV� VXFK DV VSHFLILF KHDW� LQ
ZKLFK LWV VXFFHVV ZDV SDWHQW DQG LWV VXSHULRULW\ RYHU WKH FODVVLFDO WKHRU\ EODWDQW� 4XDQWXP
WKHRU\ UHPDLQHG TXDUDQWLQHG LQ SODFHV WR ZKLFK RQO\ WKH PRVW ]HDORXV VWXGHQW ZRXOG KDYH
DFFHVV�

��� 5HVHDUFK LQ WKH &ODVVURRP

,Q FRQWHPSRUDU\ UHYLHZV PRVW FRPPHQWDWRUV ZHUH VWUXFN E\ WKH IXQGDPHQWDO UROH WKDW HQ�
WURS\ SOD\HG LQ 6DFNXU¶V ERRN� 7KH VHFRQG OHVVRQ WKDW ZH FDQ GUDZ IURP KLV WH[WERRN
KLQJHV SUHFLVHO\ RQ WKLV FRQFHSW� $OWKRXJK D NH\ QRWLRQ LQ WKHUPRG\QDPLFV� HQWURS\ HQ�
FRXQWHUHGPDQ\ GLIILFXOWLHV LQ EHLQJ DFFHSWHG E\ WKH FRPPXQLW\ RI SK\VLFDO FKHPLVWV �.UDJK
DQG :HLQLQJHU ������ 7KH UHDVRQ LV WKDW HQWURS\ LV D YHU\ DEVWUDFW TXDQWLW\ DQG LV XVXDOO\
GLIILFXOW WR PHDVXUH H[SHULPHQWDOO\� 7KHUHIRUH� SK\VLFDO FKHPLVWV ZHUH PRUH LQFOLQHG WR XVH
QRWLRQV� VXFK DV DIILQLW\ �ZKDW ZH QRZ FDOO IUHH HQHUJ\� RU PD[LPXP ZRUN� WR H[SUHVV WKH
ODZV RI HTXLOLEULXP �+LHEHUW ����� /DLGOHU ������ 7KH PDMRULW\ RI WH[WERRNV RQ SK\VLFDO
FKHPLVWU\ VLPSO\ LJQRUHG HQWURS\ DOWRJHWKHU �:HLQLQJHU ������

7R WKH FRQWUDU\� 6DFNXU GLVFXVVHG HQWURS\ LQ GHWDLO� QRW RQO\ IURP D WKHUPRG\QDPL�
FDO SRLQW RI YLHZ� EXW DOVR IURP D VWDWLVWLFDO�PHFKDQLFDO RQH� ,Q D VHFWLRQ GHYRWHG WR WKH
³PHFKDQLFDO PHDQLQJ RI WKH VHFRQG SULQFLSOH DQG WKH FRQFHSW RI HQWURS\�´ 6DFNXU H[SOLFLWO\
IROORZHG WKH OHDGV RI %ROW]PDQQ DQG 3ODQFN LQ UHODWLQJ HQWURS\ WR PROHFXODU GLVRUGHU DQG
WKH DWRPLF K\SRWKHVLV �6DFNXU ����D� ���±����� +H SUHVHQWHG %ROW]PDQQ¶V ZRUN DV WKH VR�
OXWLRQ WR WKH IXQGDPHQWDO SX]]OH RI WKH FRPSDWLELOLW\ EHWZHHQ PHFKDQLFDO UHYHUVLELOLW\ DQG
WKHUPRG\QDPLFDO XQLGLUHFWLRQDOLW\� 7KH NH\ WR WKH VROXWLRQ� 6DFNXU SRLQWHG RXW� LV WKDW LW
LV YHU\ HDV\ IRU D PHFKDQLFDO V\VWHP WR EHFRPH PRUH DQG PRUH GLVRUGHUHG� ZKLOH LW LV YHU\
XQOLNHO\ WKDW LW ZLOO VSRQWDQHRXVO\ UHWULHYH DQ RUGHUHG GLVSRVLWLRQ� ³2QH XQGHUVWDQGV WKH GLI�
IHUHQFH EHWZHHQ RUGHUHG DQG GLVRUGHUHG PRWLRQ�´ 6DFNXU VWDWHG� ³E\ FRPSDULQJ WKH PRWLRQ
RI D UHJLPHQW RI VROGLHUV ZLWK WKDW RI D VZDUP RI PRVTXLWRV´ �6DFNXU ����D� �����

6DFNXU GZHOOHG RQ WKH QRWLRQ RI GLVRUGHU DQG LOOXVWUDWHG LW E\PHDQV RI YDULRXV DQDORJLHV
IURP WKH PL[WXUH RI JDVHV WR WKH EHKDYLRU RI D GLH� 7KH PHVVDJH KH ZDQWHG WR FRQYH\ WR WKH
VWXGHQWV ZDV WKDW %ROW]PDQQ¶V VWDWLVWLFDO YHUVLRQ RI HQWURS\ ZDV D IOH[LEOH WRRO ZKRVH VFRSH
ZDV QRW OLPLWHG WR JDV WKHRU\� ,Q KLV:lUPHVWUDKOXQJ� 3ODQFN KDG VKRZQ WKDW WKH ³%ROW]PDQQ
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SULQFLSOH´� KDG D YHU\ JHQHUDO YDOLGLW\ DQG IROORZHG IURP WKH EDVLF SURSHUWLHV RI HQWURS\ DQG
SUREDELOLW\ WKHPVHOYHV �3ODQFN ������ %\ UHSHDWLQJ WKH VDPH DUJXPHQW� 6DFNXU ZDV JRLQJ
IDU EH\RQG WKH OLPLWV RI XVXDO WH[WERRNV LQ SK\VLFDO FKHPLVWU\� +LV SXUSRVH ZDV WR SUHVHQW
WKHUPRG\QDPLFV DV DQ DUHD RI NQRZOHGJH LQWLPDWHO\ LQWHUWZLQHG ZLWK NLQHWLF WKHRU\� SURE�
DELOLW\ DQG� XOWLPDWHO\� TXDQWXP WKHRU\� 7KH QRWLRQ RI HQWURS\� VWXEERUQO\ GLVPLVVHG E\
SK\VLFDO FKHPLVWV� ZDV WKH NH\VWRQH RI WKLV FRQFHSWXDO QHWZRUN� 7KH %ROW]PDQQ SULQFLSOH
QRW RQO\ SURYLGHG DQ HIIHFWLYH ZD\ WR FDOFXODWH WKH HQWURS\ RI D PRQRDWRPLF JDV� 8VLQJ
3ODQFN¶V ZRUN RQ WKH TXDQWXP WKHRU\ RI UDGLDWLRQ� LW DOORZHG WKH DVVLJQDWLRQ RI DQ HQWURS\
HYHQ WR RVFLOODWLQJ SDUWLFOHV� ,Q WKH ILQDO SDUW RI KLV GLVFXVVLRQ� 6DFNXU VKRZHG WKDW FRPELQ�
LQJ 3ODQFN¶V HQWURS\ RI UDGLDWLRQ DQG (LQVWHLQ¶V WKHRU\ RI VROLG ERGLHV� RQH FDQ DVFULEH DQ
HQWURS\ WR DQ (LQVWHLQLDQ VROLG DQG GHYHORS WKH FRQFHSW RI DQ ³LGHDO VROLG ERG\�´ DQDORJRXV
WR WKH LGHDO JDV� ,Q HIIHFW� D ODUJH SDUW RI WKLV VHFWLRQ ZDV WDNHQ IURP 6DFNXU¶V ILUVW UHVHDUFK
SDSHU RQ WKH TXDQWXP WKHRU\ RI PDWWHU �6DFNXU ����E��

,Q WKH ODVW SDUW RI WKH ERRN� 6DFNXU LQVLVWHG RQ WKH LPSRUWDQFH RI HQWURS\ WR WKH LVVXH
RI FKHPLFDO HTXLOLEULXP� $V PHQWLRQHG DERYH� DOWKRXJK WKHUH ZDV D FOHDU DQDORJ\ EHWZHHQ
WKHUPDO DQG FKHPLFDO HTXLOLEULXP� HQWURS\ KDG QHYHU HQMR\HG PXFK VXFFHVV LQ WKH FRP�
PXQLW\ RI SK\VLFDO FKHPLVWV� $ WHOOLQJ H[DPSOH LV 1HUQVW¶V 7KHRUHWLVFKH &KHPLH �������
7KH WH[WERRN ZHQW WKURXJK PDQ\ HGLWLRQV DQG IURP WKH EHJLQQLQJ ������ ZDV FRQVLGHUHG
WKH PDLQ WUDQVPLWWHU RI WKH PRVW DGYDQFHG PHWKRGV LQ SK\VLFDO FKHPLVWU\ �(JJHUW ������
+RZHYHU� 1HUQVW IDPRXVO\ KDWHG WKH FRQFHSW RI HQWURS\� DQG KH KDUGO\ PHQWLRQHG LW LQ WKH
DOPRVW ����SDJH YROXPH� (QWURS\ ZDV QRW SDUW RI WKH VWDQGDUG WKHRUHWLFDO DUVHQDO RI D SK\V�
LFDO FKHPLVW DW WKH WLPH�

)URP WKLV SHUVSHFWLYH� 6DFNXU¶V VWUHVV RQ WKH LQWHUUHODWLRQV EHWZHHQ FKHPLFDO� WKHUPDO�
DQG UDGLDWLRQ HTXLOLEULXP LV XQSUHFHGHQWHG� 7R EH VXUH� 6DFNXU¶V ERRN ZDV QRW WKH RQO\ RQH
WR PDNH ZLGH XVH RI VWDWLVWLFDO HQWURS\� 'XULQJ WKH VDPH SHULRG -DPHV 5LGGLFN 3DUWLQJ�
WRQ� ZKR DOVR PDGH D QDPH IRU KLPVHOI DV D KLVWRULDQ RI FKHPLVWU\� ZURWH D WH[WERRN WKDW
FRQWDLQHG D ORQJ DFFRXQW RI %ROW]PDQQ¶V DSSURDFK WR HQWURS\ �3DUWLQJWRQ ������ ,Q LWV SUH�
FLVLRQ DQG H[WHQVLYHQHVV� 3DUWLQJWRQ¶V DFFRXQW LV VXSHULRU HYHQ WR 6DFNXU¶V� +RZHYHU� ZKLOH
3DUWLQJWRQ¶V LV D IDLUO\ FRPSOHWH EXW UDWKHU GU\ UHSRUW� 6DFNXU VWURYH WR VKRZ WKH UHOHYDQFH
RI WKHVH DEVWUDFW SURFHGXUHV WR SUDFWLFDO SK\VLFDO FKHPLVWU\� 7KH SHGDJRJLFDO VWURQJSRLQW
RI KLV WUHDWPHQW ZDV QRW FRQILQHG WR PDNLQJ WKH WKHRUHWLFDO LQWHUUHODWLRQV EHWZHHQ NLQHWLF
WKHRU\� SK\VLFDO FKHPLVWU\� DQG TXDQWXP WKHRU\ DSSDUHQW� LW ZHQW VR IDU DV GLVSOD\LQJ KRZ
WKHVH LQWHUUHODWLRQV FRXOG EH WXUQHG LQWR ZRUNDEOH WRROV IRU WKH SK\VLFDO FKHPLVW LQ WKH ODE�

6DFNXU GLVFXVVHG WKH WRSLF RI FKHPLFDO HTXLOLEULXP LQ FKDSWHUV � DQG ��� $ FKHPLFDO
UHDFWLRQ LV LQ HTXLOLEULXP ZKHQ WKH WUDQVIRUPDWLRQ RI WKH UHDJHQWV LQWR WKH SURGXFWV DQG WKH
UHYHUVH RFFXU DW WKH VDPH UDWHV� 7KH IXQGDPHQWDO HTXDWLRQV RI FKHPLFDO HTXLOLEULXP KDG
EHHQ HVWDEOLVKHG E\ -DFREXV +� 9DQ¶W +RII RQ WKH EDVLV RI JHQHUDO WKHUPRG\QDPLFV �9DQ
W
+RII ������ +RZHYHU� KLV VROXWLRQ ZDV VWLOO LQFRPSOHWH� LQ WKDW WKH WKHUPRG\QDPLF HTXDWLRQV
FRXOG EH VROYHG RQO\ XS WR DQ LQWHJUDWLRQ FRQVWDQW� 7KLV PHDQW WKDW� WR DSSO\ WKHVH HTXDWLRQV
WR SUDFWLFDO SUREOHPV� RQH KDG WR NQRZ WKH HPSLULFDO YDOXHV RI WKH TXDQWLWLHV LQYROYHG DW RQH
WHPSHUDWXUH LQ RUGHU WR FDOFXODWH WKH FRUUHVSRQGLQJ YDOXHV DW DQRWKHU WHPSHUDWXUH� +RSH IRU
WKH JHQHUDO VROXWLRQ RI WKH SUREOHP RI FKHPLFDO HTXLOLEULXP OD\ LQ WKH QXPHULFDO FRUUHODWLRQ
EHWZHHQ WKH YDULRXV LQWHJUDWLRQ FRQVWDQWV� ,Q SDUWLFXODU� WKH HTXLOLEULXP FRQVWDQW ZDV UHODWHG

�7KH SKUDVH ³%ROW]PDQQ SULQFLSOH´ XVXDOO\ PHDQV WKH SURSRUWLRQDOLW\ EHWZHHQ WKH HQWURS\ RI D VWDWH DQG WKH
SUREDELOLW\ RI WKDW VWDWH� %ROW]PDQQ H[SUHVVHV WKLV HTXDWLRQ IRU D YHU\ VSHFLILF FDVH� ,W ZDV 3ODQFN ZKR� LQ DERXW
����� JHQHUDOL]HG LW WR WKH PRGHUQ IRUP�
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WR WKH FKHPLFDO FRQVWDQW DQG WR WKH LQWHJUDWLRQ FRQVWDQW RI WKH WKHUPRG\QDPLF HQWURS\��
7KHVH QXPHULFDO UHODWLRQV ZHUH QHYHU PHQWLRQHG LQ SK\VLFDO FKHPLVWU\ WH[WERRNV EHFDXVH
WKH HQWURS\ FRQVWDQW ZDV XQLPSRUWDQW LQ WKHUPRG\QDPLFV� 7R WKH FRQWUDU\� 6DFNXU SHUFHLYHG
LQ WKHVH UHODWLRQV D ZD\ WR LOOXPLQDWH WKH LVVXH RI FKHPLFDO HTXLOLEULXP�

.QRZLQJ WKH YDOXHV RI WKH HQWURS\ FRQVWDQWV >«@� DQG DOVR WKH VSHFLILF KHDWV DQG
WKHLU WHPSHUDWXUH FRHIILFLHQWV >«@ IRU DOO JDVHV� ZH VKRXOG EH DEOH WR FDOFXODWH
WKH HTXLOLEULXP FRQVWDQW >«@ IURP WKH KHDW RI WKH UHDFWLRQ IRU DOO JDV UHDFWLRQV
DW DOO WHPSHUDWXUHV� >«@ 7KH WZR ODZV RI WKHUPRG\QDPLFV DORQH� KRZHYHU� GR
QRW HQDEOH XV WR H[SUHVV WKH HQWURS\ FRQVWDQWV >«@ LQ WHUPV RI WKH H[SHULPHQWDO
GDWD� 7KLV KDV RQO\ UHFHQWO\ EHHQ PDGH SRVVLEOH E\ WKH GLVFRYHU\ RI 1HUQVW¶V
KHDW WKHRUHP� �6DFNXU ����D� ����

,Q WKH ODVW FKDSWHU RI WKH ERRN� 6DFNXU FRQQHFWHG WKLV GLVFXVVLRQ RI FKHPLFDO HTXLOLE�
ULXP ZLWK 1HUQVW¶V KHDW WKHRUHP DQG WKH HQWURS\ FRQFHSW� 6DFNXU H[SODLQHG WKDW WKHUPRG\�
QDPLFV DOORZV IRU WKH FDOFXODWLRQ RI WKH VWDWH RI D V\VWHP DW RQH WHPSHUDWXUH LI WKH VWDWH DW
DQRWKHU WHPSHUDWXUH KDV EHHQ GHWHUPLQHG� :LWK VXFK D OLPLWDWLRQ� WKH SUREOHP RI FKHPLFDO
HTXLOLEULXP FDQQRW EH VROYHG RQFH DQG IRU DOO EHFDXVH ³RQ WKH EDVLV RI WKH WZR SULQFLSOHV
>RI WKHUPRG\QDPLFV@ LW LV LPSRVVLEOH WR FDOFXODWH WKH DIILQLW\ RU WKH FKHPLFDO HTXLOLEULXP
IURP >«@ WKHUPDO TXDQWLWLHV RQO\� LW LV DOZD\V QHFHVVDU\ WR NQRZ WKH YDOXH RI DIILQLW\ DW D
FHUWDLQ WHPSHUDWXUH´ �6DFNXU ����D� ����� 1HUQVW¶V KHDW WKHRUHP ILOOV WKLV JDS XVLQJ D VSH�
FLILF K\SRWKHVLV DERXW WKH EHKDYLRU RI DIILQLW\ DQG LQWHUQDO HQHUJ\ QHDU DEVROXWH ]HUR� ,Q
���� 1HUQVW KDG VXSSRVHG WKDW DIILQLW\ DQG LQWHUQDO HQHUJ\ WHQG WR WKH VDPH YDOXH DV WKH
WHPSHUDWXUH GHFUHDVHV �1HUQVW ������ 7KLV DOORZV IRU WKH GHWHUPLQDWLRQ RI WKH LQWHJUDWLRQ
FRQVWDQW RI WKH VR�FDOOHG *LEEV�+HOPKROW] HTXDWLRQ DQG WKH FDOFXODWLRQ RI WKH DIILQLW\ IRU
HDFK WHPSHUDWXUH�

9HU\ VRRQ LW ZDV XQGHUVWRRG WKDW WKHUH LV D VWURQJ FRQQHFWLRQ EHWZHHQ 1HUQVW¶V KHDW
WKHRUHP DQG WKH TXDQWXP K\SRWKHVLV� $V ZH KDYH VHHQ DERYH� (LQVWHLQ¶V WKHRU\ RI VSHFLILF
KHDWV LQ VROLGV ILW VXUSULVLQJO\ ZHOO ZLWK WKH WKHRUHP� 6DFNXU UHWXUQHG WR WKHVH FRQQHFWLRQV
LQ WKH ODVW VHFWLRQ RI KLV ERRN� ,Q DGGLWLRQ� KH SRLQWHG RXW WKH LPSRUWDQFH RI WKH %ROW]PDQQ
SULQFLSOH� DV D OLQN EHWZHHQ ROG WKHUPRG\QDPLFV DQG QHZ GHYHORSPHQWV� %ROW]PDQQ¶V LGHD
RI WUDFLQJ WKH FDOFXODWLRQ RI HQWURS\ EDFN WR WKH FDOFXODWLRQ RI WKH QXPEHU RI ZD\V RI DU�
UDQJLQJ PROHFXOHV LQWR VXLWDEOH HQHUJ\ FHOOV SURYLGHG D UHSUHVHQWDWLRQ RI WKH EHKDYLRU RI
VXEVWDQFHV DW YHU\ ORZ WHPSHUDWXUHV ZLWKRXW LQWURGXFLQJ NLQHWLF K\SRWKHVHV� 8OWLPDWHO\� LW
VXJJHVWHG D SRVVLEOH VWUDWHJ\ WR GHULYH 1HUQVW¶V KHDW WKHRUHP�

7KLV GHULYDWLRQ PXVW REYLRXVO\ FRPH RXW RI WKH IHDWXUHV WKDW ZH DVFULEH WR WKH
DEVROXWH ]HUR RI WHPSHUDWXUH� ,I ZH QRZ SXW DVLGH WKH NLQHWLF WKHRU\ RI KHDW�
WKHQ ZH FDQ FKDUDFWHUL]H WKH DEVROXWH ]HUR DV WKDW VWDWH LQ ZKLFK D ERG\ KDV QR
KHDW HQHUJ\ ZKDWHYHU� �6DFNXU ����D� ����

$FFRUGLQJ WR WKH %ROW]PDQQ SULQFLSOH� WKLV VWDWHPHQW PHDQV WKDW WKHUH LV RQO\ RQH SRV�
VLEOH DOORFDWLRQ RI WKH PROHFXOHV DQG WKH HQWURS\ LV ]HUR� ,W LV H[DFWO\ WKLV LQVLJKW WKDW 6DFNXU
ZRXOG XVH LQ KLV DWWHPSW WR GHULYH 1HUQVW¶V KHDW WKHRUHP �6DFNXU ����E�� 0RUH LPSRUWDQWO\�
�7KH HTXLOLEULXP FRQVWDQW LV WKH UDWLR EHWZHHQ WKH UDWHV RI WKH WZR RSSRVLWH GLUHFWLRQV RI D FKHPLFDO UHDFWLRQ DQG
IL[HV WKH HTXLOLEULXP FRQFHQWUDWLRQV RI WKH UHDFWDQWV� 7KH FKHPLFDO FRQVWDQW ZDV LQWURGXFHG E\ 1HUQVW� DQG LW LV
IRUPDOO\ WKH LQWHJUDWLRQ FRQVWDQW RI WKH &ODXVLXV�&ODSH\URQ HTXDWLRQ�
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WKH ODVW FKDSWHU RI WKH ERRN DOVR DQWLFLSDWHV 6DFNXU¶V FUXFLDO ZRUN RQ WKH FKHPLFDO FRQ�
VWDQW� 7KH %ROW]PDQQ SULQFLSOH DQG WKH TXDQWXP WKHRU\ FDQ� WRJHWKHU� SURYLGH D WKHRUHWLFDO
H[SUHVVLRQ RI WKH HQWURS\ FRQVWDQW DQG� DV D UHVXOW� D VROXWLRQ WR WKH SUREOHP RI FKHPLFDO
HTXLOLEULXP� +RZ DOO WKLV FDQ EH DFWXDOO\ GRQH� 6DFNXU ZRXOG LQYHVWLJDWH LQ KLV UHVHDUFK
SDSHUV �6DFNXU ����F� ����E� ����F�� ,Q WKH ODVW FKDSWHU� KH FRQILQHG KLPVHOI WR RXWOLQLQJ
WKH SUREOHP DQG WKH WRROV IRU LWV VROXWLRQ�

7KXV� 6DFNXU ZDV EULQJLQJ WKH WHQVLRQV RI DGYDQFHG UHVHDUFK LQ SK\VLFDO FKHPLVWU\
LQWR WKH FODVVURRP DQG GLUHFWO\ WR KLV VWXGHQWV� 7KH IRUHPRVW SUREOHP ZDV WKH DSSOLFDWLRQ
RI TXDQWXP SK\VLFV WR JDV UHDFWLRQV DQG FKHPLFDO HTXLOLEULXP� D SUREOHP WKDW LQYROYHG D
FRPSOH[ FRQFHSWXDO FOXVWHU RI FODVVLFDO WKHUPRG\QDPLFV� 1HUQVW¶V KHDW WKHRUHP� DQG WKH QHZ
TXDQWXP K\SRWKHVLV� ,W ZDV SUHFLVHO\ WKLV VWDWH RI LQWHOOHFWXDO WXUPRLO WKDW 6DFNXU ZDQWHG WR
FRQYH\�

��� $ 3HGDJRJ\ IRU 4XDQWXP 3K\VLFV

6DFNXU¶V ERRN FHUWDLQO\ KDV D VSHFLDO SRVLWLRQ LQ WKH FRQWH[W RI WH[WERRNV RQ WKHUPRG\QDP�
LFV DQG SK\VLFDO FKHPLVWU\ SXEOLVKHG FLUFD ����� $V RXU FXUVRU\ VXUYH\ RI RWKHU LPSRUWDQW
WH[WERRNV KDV VKRZQ� FXWWLQJ�HGJH UHVHDUFK� DQG HVSHFLDOO\ TXDQWXP SK\VLFV� GLG QRW HDVLO\
ILQG D SODFH LQ WKH WUDLQLQJ RI VWXGHQWV� 2QH PLJKW VXJJHVW WKDW WKLV ZDV GXH WR WKH ORZ OHYHO
RI IRUPDO VRSKLVWLFDWLRQ LQ SK\VLFDO FKHPLVWU\ ERRNV� SHUKDSV 6DFNXU ZDV SURSRVLQJ IRU�
PDO PHWKRGV DQG SURFHGXUHV WKDW ZHUH WRR GLIILFXOW IRU RWKHU DXWKRUV� 7KLV H[SODQDWLRQ RQO\
FDSWXUHV D SRUWLRQ RI WKH WUXWK� ,W LV JHQHUDOO\ FRUUHFW WKDW TXDQWXP SK\VLFV ZDV QRW D VXE�
MHFW LQ ERRNV WKDW GHSOR\HG YHU\ OLWWOH PDWKHPDWLFV LQ WKHLU DSSURDFK WR SK\VLFDO FKHPLVWU\�
$QG LW LV DOVR WUXH WKDW PDQ\ DXWKRUV HVFKHZHG KLJK PDWKHPDWLFV EHFDXVH LW ZDV FRQVLGHUHG
XQQHFHVVDU\� ,Q KLV WH[WERRN� 6� /DZUHQFH %LJHORZ HIILFDFLRXVO\ VXPPDUL]HG WKLV DWWLWXGH�

$Q XQIRUWXQDWH LPSUHVVLRQ KDV JRW DEURDG WKDW PXFK PDWKHPDWLFV LV QHHGHG
IRU D FRPSUHKHQVLRQ RI SK\VLFDO FKHPLVWU\� XQIRUWXQDWH� DV LW GHWHUV PDQ\ ZKR
ZDQW LW� DQG ZRXOG SURILW E\ LW� IURP HOHFWLQJ WKH VXEMHFW� 1R DWWHPSW KDV EHHQ
PDGH WR DYRLG WKH XVH RI PDWKHPDWLFV� EXW D SHUXVDO IRU WKLV ERRN ZLOO VKRZ WKDW
RUGLQDU\ DULWKPHWLF DQG HOHPHQWDU\ DOJHEUD DUH VXIILFLHQW� H[FHSW LQ ILYH RU VL[
GHPRQVWUDWLRQV� 2QH XQIDPLOLDU ZLWK WKH FDOFXOXV PXVW WDNH LW RQ IDLWK WKDW VWHSV
LQ WKH GHULYDWLRQV RI KDOI D GR]HQ IRUPXODH DUH FRUUHFW� DQG WKDW LV DOO� �%LJHORZ
����� LLL�

8QVXUSULVLQJO\� %LJHORZ RUJDQL]HG SK\VLFDO FKHPLVWU\ DFFRUGLQJ WR WKH NLQHWLF VFKHPH�
ZLWKRXW PHQWLRQLQJ TXDQWXP WKHRU\� %XW WKH OHYHO RI WKH PDWKHPDWLFV LQYROYHG LV QRW D
GHFLVLYH GLVFULPLQDQW� :DVKEXUQ¶V GLGDFWLFDO SHUVSHFWLYHZDV� LQ WKLV UHVSHFW� DOPRVW OLWHUDOO\
WKH UHYHUVH RI %LJHORZ¶V SRVLWLRQ�

7KH DXWKRU LV DZDUH WKDW LQ PDQ\ HOHPHQWDU\ WH[WERRNV RI 3K\VLFDO &KHPLVWU\
LW LV FXVWRPDU\ WR DYRLG WKH XVH RI WKH FDOFXOXV DV IDU DV SRVVLEOH� IUHTXHQWO\
HYHQ ZLWK WKH VDFULILFH RI DFFXUDF\ DQG DW WKH ULVN RI FRQYH\LQJ HUURQHRXV LP�
SUHVVLRQV FRQFHUQLQJ VRPH RI WKH PRVW IXQGDPHQWDO UHODWLRQVKLSV� DQG LQ WKRVH
FDVHV ZKHUH WKH XVH RI WKH FDOFXOXV VHHPV WR EH XQDYRLGDEOH VRPH DXWKRUV KDYH
IHOW LW LQFXPEHQW XSRQ WKHPVHOYHV WR DVVXPH D VRPHZKDW DSRORJHWLF DWWLWXGH DQG
WR H[SODLQ WKDW WKH VWXGHQW PXVW WDNH RQ IDLWK ³WKHVH IHZ GHULYDWLRQV´ EXW WKDW KH
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VKRXOG QRW DOORZ WKLV IDFW WR ZRUU\ KLP� VLQFH ZLWK WKH DLG RI WKH DFFRPSDQ\LQJ
H[SODQDWLRQV DQG LOOXVWUDWLRQV KH ZLOO VWLOO EH DEOH WR XQGHUVWDQG WKH UHODWLRQVKLSV
DQG WR DSSO\ WKHP� HYHQ WKRXJK KH LV QRW LQ D SRVLWLRQ WR DSSUHFLDWH FOHDUO\ ZKDW
LV LQYROYHG LQ WKHLU GHULYDWLRQ� :LWK WKLV GLOHWWDQW DWWLWXGH WKH ZULWHU ILQGV KLP�
VHOI HQWLUHO\ RXW RI V\PSDWK\� �:DVKEXUQ ����� Y�

<HW� ZH KDYH VHHQ WKDW :DVKEXUQ GLG QRW DEDQGRQ WKH NLQHWLF VFKHPH� 6LPLODUO\� /HZLV¶V
ERRN ZDV HYHQ PRUH DGYDQFHG WKDQ :DVKEXUQ¶V� WKRXJK LW FDUHIXOO\ VHSDUDWHG FODVVLFDO DQG
TXDQWXP SK\VLFV�

$QRWKHU H[SODQDWLRQ RI WKH H[FHSWLRQDOLW\ RI 6DFNXU¶V ERRN PLJKW EH EDVHG RQ ORFDO
FRQVLGHUDWLRQV� $IWHU DOO� 6DFNXU ZDV ZRUNLQJ LQ *HUPDQ\� WKH KRPHODQG RI TXDQWXP WKHRU\�
)XUWKHUPRUH� KH ZDV HGXFDWHG LQ %UHVODX� RQH RI WKH FHQWHUV RI *HUPDQ SK\VLFV� DQG KH ZDV
LQ FRQWDFW ZLWK 3ODQFN DQG 1HUQVW� ,W ZDV RQO\ QDWXUDO WR DEVRUE� VR WR VD\� WKH TXDQWXP
WKHRU\ IURP WKLV HQYLURQPHQW DQG WR LPEXH KLV SHGDJRJLFDO DFWLYLW\ ZLWK LW� +RZHYHU� WKLV
ORFDO DUJXPHQW ORRVHV PXFK RI LWV VWUHQJWK LI ZH FRPSDUH WKH FDVH RI 6DFNXU ZLWK WKDW RI
RWKHU *HUPDQ WH[WERRNV XVHG E\ SK\VLFDO FKHPLVWV DW DERXW WKH VDPH WLPH�

)RU LQVWDQFH� QRERG\ FRXOG GRXEW 3ODQFN¶V HQJDJHPHQW ERWK LQ TXDQWXP WKHRU\ DQG LQ
WKHUPRG\QDPLFV� $W WKH HQG RI WKH QLQHWHHQWK FHQWXU\� 3ODQFN ZURWH LPSRUWDQW SDSHUV RQ WKH
SK\VLFDO FKHPLVWU\ RI GLOXWH VROXWLRQV� DQG DW WKH EHJLQQLQJ RI WKH WZHQWLHWK� KH LQLWLDWHG WKH
ZKROH TXDQWXP EXVLQHVV� +RZHYHU� KLV FHOHEUDWHG ERRN RQ WKHUPRG\QDPLFV �3ODQFN �����
GRHV QRW JLYH WKH VWXGHQW WKH IHHOLQJ WKDW TXDQWXP WKHRU\ KDV DQ\WKLQJ WR GR ZLWK SK\VLFDO
FKHPLVWU\� 3ODQFN¶V ERRN LV RUJDQL]HG DURXQG WKH WZR SULQFLSOHV RI WKHUPRG\QDPLFV DQG
WKHLU DSSOLFDWLRQ WR FKHPLFDO SUREOHPV� ,Q WKLV VHWXS� JDVHV KDYH D SULYLOHJHG UROH RQ WKH
JURXQGV RI YDQ¶W +RII¶V IDPRXV DQDORJ\ EHWZHHQ WKH LGHDO JDV DQG GLOXWH VROXWLRQV� 2QO\ LQ
WKH WKLUG HGLWLRQ� SXEOLVKHG LQ ����� GLG 3ODQFN DGG D FKDSWHU RQ 1HUQVW¶V KHDW WKHRUHP� DQG
RQO\ LQ WKH ILIWK� LQ ����� GLG KH UHIHU EULHIO\ WR 'HE\H¶V WKHRU\ RI WKH VSHFLILF KHDW RI VROLGV�

7KH VLWXDWLRQ LPSURYHV VOLJKWO\ ORRNLQJ DW 1HUQVW¶V 7KHRUHWLVFKH &KHPLH� WKH ILUVW DQG
PRVW UHVSHFWHG WH[WERRN RQ SK\VLFDO FKHPLVWU\� 7KH VL[WK HGLWLRQ� SXEOLVKHG LQ ����� FRQ�
WDLQV D VXPPDU\ LQ D IHZ OLQHV RI (LQVWHLQ¶V WKHRU\ RI VSHFLILF KHDW� ZLWKRXW DQ\ VSHFLDO
HPSKDVLV RQ WKH TXDQWXP �1HUQVW ����� ����� 2QH KDV WR ZDLW XQWLO WKH VHYHQWK HGLWLRQ� LQ
����� WR ILQG DQ DXWRQRPRXV FKDSWHU HQWLWOHG ³0ROHFXODU 7KHRU\ RI WKH 6ROLG 6WDWH RI $J�
JUHJDWLRQ�´ 7KH FKDSWHU LV ODUJHO\ WKH VXPPDU\ RI WZR UHVHDUFK SDSHUV 1HUQVW SXEOLVKHG LQ
���� �1HUQVW ����D� ����E�� +RZHYHU� WKH UHVXOWV DUH EDVLFDOO\ WKH VDPH DV WKRVH SUHVHQWHG
LQ 6DFNXU¶V ERRN� DQG WKH OHYHO RI IRUPDO HODERUDWLRQ RI WKH DUJXPHQWV LV HYHQ ORZHU� 7KXV�
HYHQ LI GHHSO\ LQWHUHVWHG LQ WKH DSSOLFDWLRQ RI WKH TXDQWXP WR WKH WKHRU\ RI PDWWHU DQG WR
FKHPLVWU\� WZR VXFK VFLHQWLILF OHDGHUV DV 3ODQFN DQG 1HUQVW ZHUH UHOXFWDQW WR FKDQJH WKH
RUJDQL]DWLRQ RI WKHLU WH[WERRNV EHFDXVH RI WKH QHZ DSSURDFK�

$OEHLW VSHFLDO� WKH SRVLWLRQ RI 6DFNXU¶V ERRN ZDV QRW XQLTXH� ,Q ����� OHVV WKDQ RQH
\HDU DIWHU 6DFNXU� .DUO -HOOLQHN SXEOLVKHG DQ LPSUHVVLYH ERRN �PRUH WKDQ ��� SDJHV� ZKLFK
LV� WR WKH EHVW RI P\ NQRZOHGJH� WKH ILUVW WH[WERRN LQ SK\VLFDO FKHPLVWU\ WR UHO\ H[SOLFLWO\ DQG
FRQVLVWHQWO\ RQ TXDQWXP WKHRU\ �-HOOLQHN ������ -HOOLQHN¶V ERRN LV GLYLGHG LQWR WZR SDUWV�
VWDWLFV DQG NLQHWLFV RI JDVHRXV UHDFWLRQV� +RZHYHU� WKH JDVHRXV VWDWH LV E\ QR PHDQV WKH
RQO\ VXEMHFW RI WKH ERRN� 7KHUH LV D YHU\ ORQJ FKDSWHU RQ UDGLDWLRQ WKHRU\þD WRSLF ³WKDW
LV EHFRPLQJ PRUH DQG PRUH LPSRUWDQW IRU SK\VLFDO FKHPLVWU\´ �-HOOLQHN ����� ����þDQG
HTXDOO\ ORQJ VHFWLRQV RQ WKH VWDWLVWLFDO FRQFHSW RI HQWURS\ DQG RQ 1HUQVW¶V KHDW WKHRUHP�
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7KH FKDSWHU RQ VSHFLILF KHDWV� ZKLFK LV FRPSOHWHO\ GHYRWHG WR WKH TXDQWXP YHUVLRQ RI
WKH SUREOHP� LV SDUWLFXODUO\ LQWHUHVWLQJ� /LNH 6DFNXU� -HOOLQHN EHJDQ ZLWK WKH WKHRU\ RI VROLGV
ZKLFK KH DQDO\]HG ERWK WKHRUHWLFDOO\ DQG H[SHULPHQWDOO\� 7KHQ� KH FRQWLQXHG ZLWK WKH VSH�
FLILF KHDWV LQ JDVHV DQG PHQWLRQHG VRPH UHFHQW SDSHUV RQ WKH TXDQWL]DWLRQ RI WKH URWDWLRQ RI
GLDWRPLF PROHFXOHV� -HOOLQHN¶V WUHDWPHQW RI VSHFLILF KHDW LV H[DFWO\ ZKDW D TXDQWXP DFFRXQW
RI WKH WRSLF VKRXOG EH� VROLG VWDWH LV WKH FHQWUDO SDUDGLJP� ,QWHUHVWLQJO\� 6DFNXU DOVR FRQ�
WULEXWHG WR WKLV WH[WERRN� ,Q WKH SUHIDFH� -HOOLQHN WKDQNHG KLP IRU D UHYLVLRQ RI WKH PDQXVFULSW
EHIRUH LWV SXEOLFDWLRQ�

7KXV� WU\LQJ WR UHSUHVHQW 6DFNXU¶V RU -HOOLQHN¶V ERRNV DV WKH UHVXOW RI DQ LGLRV\QFUDWLF
OHDQLQJ WRZDUG DEVWUDFW FRQFHSWV RU DV ORFDO SKHQRPHQD LV PLVVLQJ DQ LPSRUWDQW KLVWRULR�
JUDSKLFDO SRLQW� LW ZDV DURXQG ���� WKDW WKH QHFHVVLW\ JUDGXDOO\ HPHUJHG WR IRUPXODWH D GL�
GDFWLF SODWIRUP IRU TXDQWXP SK\VLFV E\ UHRUJDQL]LQJ WKH FODVVLFDO SHGDJRJ\� 7KLV SURFHVV�
ZKLFK ZDV HYHQWXDOO\ WDNHQ XS E\ ILUVW�UDQN SK\VLFLVWV OLNH $UQROG 6RPPHUIHOG DQG )ULW]
5HLFKH �VHH WKH DUWLFOHV E\ 0LFKDHO (FNHUW DQG &OD\WRQ *HDUKDUW LQ WKLV ERRN�� ZDV LQLWLDWHG
E\ OHVVHU DFWRUV ZKR JUDVSHG WKH LPSRUWDQFH RI WKH QHZ UHVHDUFK DQG WULHG WR LPSOHPHQW WKLV
UHVHDUFK LQ WKHLU WHDFKLQJ DFWLYLWLHV�

��� &RQFOXVLRQ

2QH PLJKW EH WHPSWHG WR UHDG LQWR WKH VWRU\ RI 6DFNXU¶V WH[WERRN D IXQGDPHQWDO FRQWUDVW
EHWZHHQ LQQRYDWLYH DQG FRQVHUYDWLYH SHGDJRJ\� %XW DJDLQ� , WKLQN WKDW WKLV UHDGLQJ ZRXOG
FRQFHDO D PRUH LQWULJXLQJ SRLQW� 7KH WZR OHVVRQV , VSHOO RXW LQ WKH SUHYLRXV VHFWLRQV SRLQW
PRUH GHFLVLYHO\ WR WKH LQWHUDFWLRQV EHWZHHQ UHVHDUFK DQG SHGDJRJ\ DV D PDQLIHVWDWLRQ RI WKH
PRUH JHQHUDO G\QDPLFV RI NQRZOHGJH� , KDYH XVHG D .XKQLDQ WHUPLQRORJ\ WR LOOXVWUDWH RQH
LPSRUWDQW QRYHOW\ LQ 6DFNXU¶V ERRN� JDV FKDQJHG LWV VWDWXV IURP SDUDGLJP WR SX]]OH� ZKLOH
WKH VROLG XQGHUZHQW WKH RSSRVLWH FKDQJH� 7KRXJK� LW LV LPSRUWDQW WR VWUHVV WKDW WKLV ZDV QRW D
*HVWDOW VZLWFK� 2Q WKH FRQWUDU\� LW JUHZ RXW RI WKH VWHDG\ HIIRUW RI QHJRWLDWLQJ WKH FRQFHSWXDO
VSDFH RI WKH QHZ TXDQWXP WKHRU\ ZLWKLQ FODVVLFDO SK\VLFV�

7KXV� WKH FRQVWUXFWLRQ RI D QHZ SODWIRUP IRU WKH GLGDFWLFV RI TXDQWXP SK\VLFV WKDW
6DFNXU DWWHPSWHG LQ KLV ERRN GLG QRW RFFXU LQ D FRQFHSWXDO YDFXXP� LW ZDV GHYHORSHG DV D
UHRUJDQL]DWLRQ RI WKH HVWDEOLVKHG SODWIRUP LGHDWHG RYHU WLPH IRU FODVVLFDO SK\VLFV� 7KH GH�
WHUPLQLQJ LQVLJKWV IRU WKLV UHRUJDQL]DWLRQ FDPH IURP UHVHDUFK LQ WKDW ILHOG� 7KH SODWIRUP ZDV
XOWLPDWHO\ FRQFHLYHG DV D WUDQVODWLRQ RI QHZ UHVHDUFK SULRULWLHV LQWR QHZ SHGDJRJLFDO SULRU�
LWLHV� WKHVH SULRULWLHV PRGLILHG WKH FULWHULD IRU WKH VHOHFWLRQ DQG GLVSRVLWLRQ RI WKH PDWHULDO�
DV WKH H[DPSOH RI VSHFLILF KHDW LOOXVWUDWHV� 7KHVH FRQWH[WXDO DVSHFWV DQG LWV IRUWXQDWH WHP�
SRUDO SRVLWLRQLQJ PDNH 6DFNXU¶V ERRN QRW MXVW WKH UHFHSWDFOH RI D GHDG GRFWULQH� EXW UDWKHU
D KLVWRULRJUDSKLFDO WRRO IRU XQGHUVWDQGLQJ WKH WUDQVIRUPDWLRQV EURXJKW DERXW E\ TXDQWXP
WKHRU\�
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66 ���� 0HVVXQJ FKHPLVFKHU $IILQLWlWHQ� �
5DGLRDNWLYLWlW PLW ([SHULPHQWHQ� �

:6 ������� (LQI�KUXQJ LQ GLH PDWKHPDWLVFKH %HKDQGOXQJ GHU &KHPLH� �
/HNW�UH NODVVLVFKHU $UEHLWHQ GHU SK\VLNDOLVFKHQ &KHPLH� � J

66 ���� 7KHUPRFKHPLH XQG 7KHUPRG\QDPLN� �
5DGLRDNWLYLWlW PLW ([SHULPHQWHQ� �
3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP �$EHJJ¶V FRXUVH�� �

:6 ������� 3K\VLNDOLVFKH &KHPLH WHFKQLVFKHU 3UR]HVVH� ��
3K\VLNDOLVFK�FKHPLVFKH 5HFKHQ�EXQJHQ �ZLWK $EHJJ�� � J
3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP �$EHJJ¶V FRXUVH�� �

66 ���� 3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP �$EHJJ¶V FRXUVH�� �
$XVJHZlKOWH .DSLWHO GHU WHFKQLVFKHQ (OHNWURFKHPLH� �
(LQI�KUXQJ LQ GLH PDWKHPDWLVFKH %HKDQGOXQJ GHU &KHPLH� �

:6 ������� 3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP �$EHJJ¶V FRXUVH�� �
5DGLRDNWLYLWlW� �
$XVJHZlKOWH .DSLWHO GHU WHFKQLVFKHQ (OHNWURFKHPLH� �

66 ���� 3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP �$EHJJ¶V FRXUVH�� �
hEXQJHQ ]XU 7KHUPRG\QDPLN �$EHJJ¶V FRXUVH�� � J
7KHUPRFKHPLH XQG 7KHUPRG\QDPLN� �
'LH SK\VLNDOLVFKHQ XQG FKHPLVFKHQ (LJHQVFKDIWHQ GHU 0HWDOOH XQG
$PDOJDPH� �

:6 ������� 3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP �$EHJJ¶V FRXUVH�� �
$QRUJDQLVFK�FKHPLVFKH 7HFKQRORJLH� �

66 ���� 5DGLRDNWLYLWlW PLW ([SHULPHQWHQ� �
.LQHWLVFKH 7KHRULH GHU *DVH XQG )O�VVLJNHLWHQ� �
3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP� �

:6 ������� 5DGLRDNWLYLWlW PLW ([SHULPHQWHQ� �
$XVJHZlKOWH .DSLWHO GHU 7KHUPRFKHPLH XQG (OHNWURFKHPLH� �
3K\VLNDOLVFK�FKHPLVFKHV .ROORTXLXP �ZLWK 0H\HU�� � J
3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP� �

66 ���� 3K\VLNDOLVFK�FKHPLVFKHV .ROORTXLXP �ZLWK 0H\HU�� � J
'LH %H]LHKXQJ ]ZLVFKHQ FKHPLVFKHU .RQVWLWXWLRQ XQG
SK\VLNDOLVFKHU (LJHQVFKDIWHQ� �
(LQI�KUXQJ LQ GLH &KHPLH� �
3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP� �

:6 ������� 3K\VLNDOLVFK�FKHPLVFKHV .ROORTXLXP �ZLWK 0H\HU�� � J
3K\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP� �
3K\VLNDOLVFKH &KHPLH ,,� (OHNWURFKHPLH� 7KHUPRFKHPLH�
3KRWRFKHPLH� �

66 ���� &KHPLVFKH 5HIHUDWH I�U 9RUJHVFKULWWHQHUH �%LOW]¶V FRXUVH� ZLWK YRQ
%UDXQ� 0H\HU� ELZHHNO\� � J
.LQHWLVFKH XQG WKHUPRG\QDPLVFKH 7KHRULH GHU *DVH XQG
)O�VVLJNHLWHQ� �
(LQI�KUXQJ LQ GLH &KHPLH I�U =DKQlU]WH� �
.OHLQHV SK\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP� �
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:6 ������� &KHPLVFKH 5HIHUDWH I�U 9RUJHVFKULWWHQHUH �%LOW]¶V FRXUVH� ZLWK YRQ
%UDXQ� 0H\HU� .RHQLJ DQG $UQGW�� ELZHHNO\� � J
3K\VLNDOLVFK�FKHPLVFKHV .ROORTXLXP �ZLWK 0H\HU�� � J
(LQI�KUXQJ LQ GLH &KHPLH� �
3K\VLNDOLVFKH &KHPLH ,,� (OHNWURFKHPLH XQG 3KRWRFKHPLH� �
.OHLQHV SK\VLNDOLVFK�FKHPLVFKHV 3UDNWLNXP� �

66 ���� &KHPLVFKH 5HIHUDWH I�U 9RUJHVFKULWWHQHUH �%LOW]¶V FRXUVH� ZLWK YRQ
%UDXQ� 0H\HU� .RHQLJ DQG $UQGW�� ELZHHNO\� � J
5DGLRDNWLYLWlW PLW ([SHULPHQWHQ� �
%HVWLPPXQJ YRQ 0ROHNXODUJHZLFKW XQG .RQVWLWXWLRQ QDFK
SK\VLNDOLVFK�FKHPLVFKHQ 0HWKRGHQ� �
3UDNWLVFKH hEXQJHQ� �

:6 ������� &KHPLVFKH 5HIHUDWH I�U 9RUJHVFKULWWHQHUH �%LOW]¶V FRXUVH� ZLWK YRQ
%UDXQ� 0H\HU� .RHQLJ DQG $UQGW�� ELZHHNO\� � J
(LQI�KUXQJ LQ GLH &KHPLH I�U =DKQlU]WH� �
5DGLRDNWLYLWlW PLW ([SHULPHQWHQ� �
%HVWLPPXQJ YRQ 0ROHNXODUJHZLFKW XQG .RQVWLWXWLRQ QDFK
SK\VLNDOLVFK�FKHPLVFKHQ 0HWKRGHQ� �
3UDNWLVFKH hEXQJHQ� �
3K\VLNDOLVFK�FKHPLVFKHV .ROORTXLXP �ZLWK 0H\HU�� � J

7DEOH ���� 6DFNXU¶V FRXUVHV DW WKH 8QLYHUVLW\ RI %UHVODX �WKH QXPEHUV DUH WKH ZHHNO\ KRXUV�
³J´ PHDQV WKDW WKH OHFWXUH ZDV JUDWLV� IUHH RI FKDUJH��

$EEUHYLDWLRQV DQG $UFKLYHV

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

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

5HIHUHQFHV

$QRQ\PRXV ������� 5HYLHZ RI WKH 6HFRQG (GLWLRQ RI ³$ 6\VWHP RI 3K\VLFDO &KHPLVWU\´�
1DWXUH ���������� ���±����

$XHUEDFK� )HOL[ ������� 2WWR 6DFNXU � 1HNURORJH� -DKUHVEHULFKW GHU 6FKOHVLVFKHQ *HVHOO�
VFKDIW I�U 9DWHUOlQGLVFKH .XOWXU �� ��±���

%DGLQR� 0DVVLPLOLDQR ������� 'DV 9HUIROJHQ HLQHU ,GHH� 3ODQFNV 7KHRULH LGHDOHU *DVH� ,Q�
0D[ 3ODQFN XQG GLH PRGHUQH 3K\VLN� (G� 'LHWHU +RIIPDQQ� %HUOLQ� 6SULQJHU� ���±����

%DUWHO� +DQV�*HRUJ DQG 5XGROI 3� +XHEHQHU �������:DOWKHU 1HUQVW 3LRQHHU RI 3K\VLFV DQG
RI &KHPLVWU\� 6LQJDSRUH� :RUOG 6FLHQWLILF�

%LJHORZ� 6DPXHO /� ������� 7KHRUHWLFDO DQG 3K\VLFDO &KHPLVWU\� 1HZ <RUN� &HQWXU\�
%ROW]PDQQ� /XGZLJ ������� 9RUOHVXQJHQ �EHU *DVWKHRULH� /HLS]LJ� -RKDQQ $PEURVLXV

%DUWK�
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%RQKRHIIHU� .DUO�)ULHGULFK ������� )ULW] +DEHUV ZLVVHQVFKDIWOLFKHV :HUN� =HLWVFKULIW I�U
(OHNWURFKHPLH ��� �±��

%RUQ� 0D[ DQG 7KHRGRUH YRQ .iUPiQ ������� hEHU 6FKZLQJXQJHQ LQ 5DXPJLWWHUQ� 3K\VL�
NDOLVFKH =HLWVFKULIW ������ ���±����

&DVWDJQHWWL� *LXVHSSH DQG +XEHUW *RHQQHU ������� (LQVWHLQ DQG WKH .DLVHU :LOKHOP ,QVWLWXWH
IRU 3K\VLFV ������������ ,QVWLWXWLRQDO $LPV DQG 6FLHQWLILF 5HVXOWV� %HUOLQ�0D[�3ODQFN�
,QVWLWXW I�U :LVVHQVFKDIWVJHVFKLFKWH� 3UHSULQW ����

&RHKQ� $OIUHG ������� 5HYLHZ RI 6DFNXU¶V /HKUEXFK� 'LH 1DWXUZLVVHQVFKDIWHQ ��� ����±
�����

'HE\H� 3HWHU ������� =XU 7KHRULH GHU VSH]LILVFKHQ:lUPH� $QQDOHQ GHU 3K\VLN ��� ���±����
'RQQDQ� )UHGHULFN *� ������� 5HYLHZ RI ³$ 6\VWHP RI 3K\VLFDO &KHPLVWU\´� 1DWXUH

��������� ��±���
(JJHUW� -RKQ ������� :DOWKHU 1HUQVWV /HKUEXFK� 'LH 1DWXUZLVVHQVFKDIWHQ ��� ���±����
(XFNHQ� $UQROG ������� 'LH (QWZLFNOXQJ GHU 4XDQWHQWKHRULH YRP +HUEVW ���� ELV 6RPPHU

����� ,Q� 'LH 7KHRULH GHU 6WUDKOXQJ XQG GHU 4XDQWHQ� 9HUKDQGOXQJHQ DXI HLQHU YRQ (�
6ROYD\ HLQEHUXIHQHQ =XVDPPHQNXQIW ���� 2NWREHU ELV �� 1RYHPEHU ������ (G� $UQROG
(XFNHQ� %HUOLQ� 9HUODJ &KHPLH� ���±����

*HDUKDUW� &OD\WRQ $� ������� 6SHFLILF +HDWV DQG WKH (TXLSDUWLWLRQ /DZ LQ ,QWURGXFWRU\ 7H[W�
ERRNV� $PHULFDQ -RXUQDO RI 3K\VLFV ������ ���±�����

þ ������� ³$VWRQLVKLQJ 6XFFHVVHV´ DQG ³%LWWHU 'LVDSSRLQWPHQW´� 7KH 6SHFLILF +HDW RI
+\GURJHQ LQ 4XDQWXP 7KHRU\� $UFKLYH IRU +LVWRU\ RI ([DFW 6FLHQFHV ������ ���±����

+DEHU� )ULW] ������� 7KHUPRG\QDPLN WHFKQLVFKHU *DVUHDNWLRQHQ� 0�QFKHQ� 2OGHQERXUJ�
+HUW]� :DOWHU ������� 2WWR 6DFNXU� 3K\VLNDOLVFKH =HLWVFKULIW ������ ���±����
+LHEHUW� (GZLQ 1� ������� 'HYHORSPHQWV LQ 3K\VLFDO &KHPLVWU\ DW WKH 7XUQ RI WKH &HQWXU\�

,Q� 6FLHQFH 7HFKQRORJ\ DQG 6RFLHW\ LQ WKH 7LPH RI $OIUHG 1REHO� (G� &� *XVWDY %HUQKDUG�
(OLVDEHWK &UDZIRUG� DQG 3HU 6|UERP� 2[IRUG� 3HUJDPRQ� ��±����

þ ������� :DOWKHU 1HUQVW DQG WKH $SSOLFDWLRQ RI 3K\VLFV WR &KHPLVWU\� ,Q� 6SULQJV RI
6FLHQWLILF &UHDWLYLW\� (G� 5XWKHUIRUG $ULV� +� 7HG 'DYLV� DQG 5RJHU +� 6WXZHU� 0LQ�
QHDSROLV� 8QLYHUVLW\ RI 0LQQHVRWD 3UHVV� ���±����

+ROO� )UDQN ������� 3URGXNWLRQ XQG 'LVWULEXWLRQ ZLVVHQVFKDIWOLFKHU /LWHUDWXU� 'HU 3K\VLNHU
0D[ %RUQ XQG VHLQ 9HUOHJHU )HUGLQDQG 6SULQJHU ����±����� )UDQNIXUW DP0DLQ� %XFK�
KlQGOHU 9HUHLQLJXQJ�

-HOOLQHN� .DUO ������� 3K\VLNDOLVFKH &KHPLH GHU KRPRJHQHQ XQG KHWHURJHQHQ *DVUHDNWLR�
QHQ� XQWHU EHVRQGHUHU %HU�FNVLFKWLJXQJ GHU 6WUDKOXQJV� XQG 4XDQWHQOHKUH VRZLH GHV
1HUQVWVFKHQ 7KHRUHPV� /HLS]LJ� 6� +LU]HO�

-RQHV� +DUU\ &� ������� 7KH (OHPHQWV RI 3K\VLFDO &KHPLVWU\� �WK HG� 1HZ <RUN� 0DF0LOODQ
DQG &R�

.LSQLV� $OH[DQGHU ������� 6DFNXU� 2WWR� ,Q� 1HXH 'HXWVFKH %LRJUDSKLH� ��� %HUOLQ� 'XQNHU
XQG +XPEORW� ����

.LUVWHQ� &KULVWD DQG +DQV�-�UJHQ 7UHGHU� HGV� ������� $OEHUW (LQVWHLQ LQ %HUOLQ ����������
%HUOLQ� $NDGHPLH�9HUODJ�

.OHLQ� )HOL[ ������� 0DWKHPDWLN XQG 1DWXUZLVVHQVFKDIW� ,Q� 8QLYHUVLWlW XQG 6FKXOH� (G�
$ORLV %UDQGO� $GROI +DUQDFN� )HOL[ .OHLQ� DQG 3DXO :HQGODQG� /HLS]LJ� %�*� 7HXEQHU�
�±��

.RUPRV %DUNDQ� 'LDQD ������� :DOWKHU 1HUQVW DQG WKH 7UDQVLWLRQ WR 0RGHUQ 3K\VLFDO 6FL�
HQFH� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�
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.UDJK� +HOJH DQG 6WHYHQ -� :HLQLQJHU ������� 6RRQHU 6LOHQFH WKDQ &RQIXVLRQ� 7KH 7RUWXRXV
(QWU\ RI (QWURS\ LQWR &KHPLVWU\� +LVWRULFDO 6WXGLHV LQ WKH 3K\VLFDO 6FLHQFH ������ ��±
����

.U�JHU� )ULHGULFK ������� 5HYLHZ RI 6DFNXU¶V /HKUEXFK� 3K\VLNDOLVFKH =HLWVFKULIW ��� ���±
����

/DLGOHU� .HLWK -� ������� &KHPLFDO .LQHWLFV DQG WKH 2ULJLQV RI 3K\VLFDO &KHPLVWU\� $UFKLYH
IRU +LVWRU\ RI ([DFW 6FLHQFHV ��� ��±���

/HZLV� *LOEHUW 1� DQG (OOLRW 4� $GDPV ������� 7KH 'LVWULEXWLRQ RI 7KHUPDO (QHUJ\�3K\VLFDO
5HYLHZ �� ���±����

/HZLV� :LOOLDP &� ������� $ 6\VWHP RI 3K\VLFDO &KHPLVWU\� �UG HG� /RQGRQ� /RQJPDQV
*UHHQ DQG &RPSDQ\�

/LQGHPDQQ� )UHGHULFN $� ������� hEHU GLH %HUHFKQXQJ PROHNXODUHU (LJHQIUHTXHQ]HQ� 3K\�
VLNDOLVFKH =HLWVFKULIW ������� ���±����

0DFGRXJDOO� )UDQN +� ������� 7KHUPRG\QDPLFV DQG &KHPLVWU\� 1HZ <RUN� :LOH\�
0DUDJH� 3LHUUH DQG *UHJRLUH :DOOHERUQ� HGV� ������� 7KH 6ROYD\ &RXQFLOV DQG WKH %LUWK RI

0RGHUQ 3K\VLFV� %DVHO� %LUNKlXVHU�
0HKUD� -DJGLVK ������� 7KH 6ROYD\ &RQIHUHQFHV RQ 3K\VLFV� $VSHFWV RI WKH 'HYHORSPHQW RI

3K\VLFV VLQFH ����� 'RUGUHFKW� 5HLGHO�
0HZHV� 5XGROI ������� 7KHRULH XQG 3UD[LV GHU *UR�JDVLQGXVWULH� /HLS]LJ� 'HJHQHU�
0LH� *XVWDY ������� =XU NLQHWLVFKHQ 7KHRULH GHU HLQDWRPLJHQ .|USHU� $QQDOHQ GHU 3K\VLN

��� ���±����
1HUQVW� :DOWKHU ������� hEHU GLH %HUHFKQXQJ FKHPLVFKHU *OHLFKJHZLFKWH DXV WKHUPLVFKHQ

0HVVXQJHQ� 1DFKULFKWHQ YRQ GHU *HVHOOVFKDIW GHU :LVVHQVFKDIWHQ ]X *|WWLQJHQ�
0DWKHPDWLVFK�3K\VLNDOLVFKH .ODVVH �� �±���

þ ������� 7KHRUHWLVFKH &KHPLH YRP 6WDQGSXQNWH GHU $YRJDGURVFKHQ 5HJHO XQG GHU 7KHU�
PRG\QDPLN� �WK HG� 6WXWWJDUW� (QNH�

þ �����D�� =XU 7KHRULH GHU VSH]LILVFKHQ :lUPH XQG �EHU GLH $QZHQGXQJ GHU /HKUH YRQ
GHQ (QHUJLHTXDQWHQ DXI SK\VLNDOLVFK�FKHPLVFKH )UDJHQ �EHUKDXSW� =HLWVFKULIW I�U (OHN�
WURFKHPLH ��� ���±����

þ �����E�� 'HU (QHUJLHLQKDOW IHVWHU 6WRIIH� $QQDOHQ GHU 3K\VLN ��� ���±����
þ ������� 7KHRUHWLVFKH &KHPLH YRP 6WDQGSXQNWH GHU $YRJDGURVFKHQ 5HJHO XQG GHU 7KHU�

PRG\QDPLN� �WK HG� 6WXWWJDUW� (QNH�
3DUWLQJWRQ� -DPHV 5� ������� $ 7H[WERRN RI 7KHUPRG\QDPLFV� /RQGRQ� &RQVWDEOH�
3HUNLQV� +HQU\ $� ������� $Q ,QWURGXFWLRQ WR *HQHUDO 7KHUPRG\QDPLFV� $Q (OHPHQWDU\

7UHDWLVH RQ WKH )XQGDPHQWDO 3ULQFLSOHV DQG 7KHLU 6LPSOHU $SSOLFDWLRQV� 1HZ <RUN�
:LOH\�

3LFN� +DQV ������� 2WWR 6DFNXU� &KHPLNHU =HLWXQJ ������ ���
3ODQFN� 0D[ ������� 9RUOHVXQJHQ �EHU GLH 7KHRULH GHU :lUPHVWUDKOXQJ� �VW HG� /HLS]LJ�

-RKDQQ $PEURVLXV %DUWK� �QG HGLWLRQ� �����
þ ������� 9RUOHVXQJHQ �EHU 7KHUPRG\QDPLN� �WK HG� /HLS]LJ� 9HLW�
þ ������� 'LH JHJHQZlUWLJH %HGHXWXQJ GHU 4XDQWHQK\SRWKHVH I�U GLH NLQHWLVFKH *DV�

WKHRULH� ,Q� 9RUWUlJH �EHU GLH NLQHWLVFKH 7KHRULH GHU 0DWHULH XQG GHU (OHNWUL]LWlW� (G�
'DYLG +LOEHUW� *|WWLQJHQ� %�*� 7HXEQHU�

5HLFKH� )ULW] ������� 'LH 4XDQWHQWKHRULH� %HUOLQ� -XOLXV 6SULQJHU�
6DFNXU� 2WWR �����D�� (LQI�KUXQJ LQ GLH &KHPLH� %HUOLQ� -XOLXV 6SULQJHU�
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þ �����E�� =XU NLQHWLVFKHQ %HJU�QGXQJ GHV 1HUQVWVFKHQ :lUPHWKHRUHPV� $QQDOHQ GHU
3K\VLN ��� ���±����

þ �����F�� 'LH $QZHQGXQJ GHU NLQHWLVFKHQ 7KHRULH GHU *DVH DXI FKHPLVFKH 3UREOHPH�
$QQDOHQ GHU 3K\VLN ��� ���±����

þ �����D�� /HKUEXFK GHU 7KHUPRFKHPLH XQG 7KHUPRG\QDPLN� %HUOLQ� -XOLXV 6SULQJHU�
þ �����E�� 'LH %HGHXWXQJ GHV HOHPHQWDUHQ :LUNXQJVTXDQWXPV I�U GLH *DVWKHRULH XQG

GLH %HUHFKQXQJ GHU FKHPLVFKHQ .RQVWDQWHQ� ,Q�1HUQVW )HVWVFKULIW� +DOOH� .QDSS� ���±
����

þ �����F�� 'LH XQLYHUVHOOH %HGHXWXQJ GHV VRJHQDQQWHQ HOHPHQWDUHQ :LUNXQJVTXDQWXPV�
$QQDOHQ GHU 3K\VLN ��� ��±���

þ ������� $ 7H[WERRN RI 7KHUPR�FKHPLVWU\ DQG 7KHUPRG\QDPLFV� /RQGRQ� 0DF0LOODQ
DQG &R�

6HQWHU� *HRUJH ������� 2XWOLQHV RI 3K\VLFDO &KHPLVWU\� �UG HG� /RQGRQ� 0HWKXHQ�
+DEHU� )ULW] ������� )RUHZRUG� ,Q�2WWR 6DFNXU¶V /HKUEXFK GHU 7KHUPRFKHPLH XQG 7KHUPR�

G\QDPLN� (G� &ODUD YRQ 6LPVRQ� %HUOLQ� -XOLXV 6SULQJHU�
9DQ¶W +RII� -DFREXV +� ������� eWXGHV GH G\QDPLTXH FKLPLTXH� $PVWHUGDP� 0XOOHU�
:DVKEXUQ� (GZDUG :� ������� $Q ,QWURGXFWLRQ WR WKH 3ULQFLSOHV RI 3K\VLFDO &KHPLVWU\ IURP

WKH 6WDQGSRLQW RI 0RGHUQ $WRPLVWLFV DQG 7KHUPRG\QDPLFV� $ &RXUVH RI ,QVWUXFWLRQ IRU
6WXGHQWV ,QWHQGLQJ WR (QWHU 3K\VLFV RU &KHPLVWU\ DV D 3URIHVVLRQ� 1HZ<RUN�0F*UDZ�
+LOO�

:HEHU� +HLQULFK )� ������� 'LH VSHFLILVFKHQ :lUPHQ GHU (OHPHQWH .RKOHQVWRII� %RU XQG
6LOLFLXP� $QQDOHQ GHU 3K\VLN ���� ���±����

:HLQLQJHU� 6WHYHQ -� ������� 7KH &XULRXV ,QFLGHQW RI WKH 'RJ LQ WKH 1LJKW�7LPH RU :KDW
/HVVRQV /XUN LQ 2OG 7H[WERRNV� 7KH &KHPLFDO (GXFDWRU ����� �±���

:HLQVWHLQ� %UXQR �����±������ 7KHUPRG\QDPLN XQG .LQHWLN GHU .|USHU� %UDXQVFKZHLJ�
)ULHGULFK 9LHZHJ XQG 6RKQ�


