
Max Planck Research Library for the History and Development
of Knowledge
Studies 2

Michael Eckert:
Sommerfeld’s Atombau und Spektrallinien

In: Massimiliano Badino and Jaume Navarro (eds.): Research and Pedagogy : A History of
Quantum Physics through Its Textbooks
Online version at http://edition-open-access.de/studies/2/

ISBN 9783844258714
First published 2013 by Edition Open Access, Max Planck Institute for the History of Science under
Creative Commons by-nc-sa 3.0 Germany Licence.
http://creativecommons.org/licenses/by-nc-sa/3.0/de/

Printed and distributed by:
Neopubli GmbH, Berlin
http://www.epubli.de/shop/buch/30988

The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbibliografie; detailed
bibliographic data are available in the Internet at http://dnb.d-nb.de



&KDSWHU �
6RPPHUIHOG¶V $WRPEDX XQG 6SHNWUDOOLQLHQ
0LFKDHO (FNHUW

��� ,QWURGXFWLRQ

$ WH[WERRN LV FRPPRQO\ SHUFHLYHG DV D GLGDFWLF WRRO GHGLFDWHG WR DFKLHYLQJ WKH JRDOV RI
FXUULFXOD LQ WHDFKLQJ LQVWLWXWLRQV� 7KLV GHILQLWLRQ PD\ EH UHJDUGHG LQ DQ RSHUDWLRQDO VHQVH�
ZLWK DQ H\H WR WKH DFWXDO XVHV LQ SUDFWLFDO WHDFKLQJ� RU ZLWK D IRFXV RQ WKH DXWKRU¶V LQWHQWLRQV
�%HUWRPHX�6iQFKH]� *DUFLD�%HOPDU� DQG %HQVDXGH�9LQFHQW ����� ����� ,Q QHLWKHU UHJDUG
GLG $UQROG 6RPPHUIHOG¶V $WRPEDX DQG 6SHNWUDOOLQLHQ ������ VWDUW RXW DV D WH[WERRN� ,WV
ILUVW HGLWLRQ ZDV LQWHQGHG WR SRSXODUL]H DWRPLF SK\VLFV IRU QRQ�SURIHVVLRQDOV� ,W ZDV RQO\
LQ WKH FRXUVH RI LWV VXEVHTXHQW HGLWLRQV WKDW LW HYHQWXDOO\ WUDQVIRUPHG LQWR RQH RI WKH PRVW
UHQRZQHG TXDQWXP WH[WERRNV LQ WKH WZHQWLHWK FHQWXU\�

7KH VWRU\ RI $WRPEDX XQG 6SHNWUDOOLQLHQ� WKHUHIRUH� VXJJHVWV D EURDGHU QRWLRQ RI D
WH[WERRN� 5DWKHU WKDQ D VLQJXODU HYHQW WUDQVIRUPLQJ SDVW UHVXOWV RI UHVHDUFK LQWR GLGDFWLF
OHVVRQV� D WH[WERRN PD\ EH D SURFHVVþVXEMHFW WR FKDQJH ZLWKLQ LWV HQYLURQPHQW DV PXFK
DV WKH UHVHDUFK IRU ZKLFK LW LV DFFRXQWLQJ� $WRPEDX XQG 6SHNWUDOOLQLHQ HQWDLOV DQ HYROXWLRQ
RI LQWHQWLRQV� XVHV� DQG SHUFHSWLRQV� ,WV DXWKRU� 6RPPHUIHOG� ZDV RQH RI WKH DUFKLWHFWV RI
PRGHUQ WKHRUHWLFDO SK\VLFV DQG D FKDULVPDWLF WHDFKHU ZKR WUDLQHG QXPHURXV TXDQWXP WKH�
RULVWV �(FNHUW ����� 6HWK ������ +H LQYROYHG KLV WDOHQWHG VWXGHQWV� DPRQJ WKHP SURGLJLHV
OLNH :ROIJDQJ 3DXOL DQG :HUQHU +HLVHQEHUJ� QRW RQO\ LQ DGYDQFHG TXDQWXP SUREOHPV EXW
DOVR LQ WKH ZULWLQJ DQG SURRIUHDGLQJ RI VXEVHTXHQW HGLWLRQV RI $WRPEDX XQG 6SHNWUDOOLQLHQ�
7KXV LW EHFDPH D WRRO IRU WHDFKLQJ DQG UHVHDUFK� 2XWVLGH WKH 0XQLFK 6RPPHUIHOG VFKRRO� LW
ZDV SHUFHLYHG DV DQ DXWKRULWDWLYH LQGLFDWRU RI WKH FXUUHQW NQRZOHGJH RQ DWRPLF SK\VLFV�

7KH ILUVW IRXU HGLWLRQV RI $WRPEDX XQG 6SHNWUDOOLQLHQ �6RPPHUIHOG ����� ����� �����
����� DQG D ZDYH�PHFKDQLFDO VXSSOHPHQWDU\ YROXPH �6RPPHUIHOG ����� PLUURU WKH WUDQV�
IRUPDWLRQ RI TXDQWXP DQG DWRPLF SK\VLFV GXULQJ WKLV FUXFLDO GHFDGH DIWHU WKH )LUVW :RUOG
:DU� ,Q ���� 6RPPHUIHOG SXEOLVKHG WKH ILIWK HGLWLRQ RI ZKDW KH QRZ QDPHG YROXPH � RI
$WRPEDX XQG 6SHNWUDOOLQLHQ� 7KH ZDYH�PHFKDQLFDO VXSSOHPHQW EHFDPH YROXPH �� /LNH WKH
SUH�TXDQWXP�PHFKDQLFDO HGLWLRQV RI YROXPH �� WKH ³ZDYH�PHFKDQLFDO´ SDUW ZRXOG EH VXE�
MHFW WR UHYLVLRQ� DGDSWDWLRQ� DQG H[WHQVLRQ� 6RPPHUIHOG GHGLFDWHG D JRRG GHDO RI KLV HQHUJLHV
GXULQJ WKH ����V WR WKLV HIIRUW� :KHQ KH ILQDOO\ SXEOLVKHG WKH VHFRQG HGLWLRQ RI YROXPH � LQ
����� LWV VL]H KDG PRUH WKDQ GRXEOHG IURP ��� WR ��� SDJHV� ,I ZH LJQRUH WKH PLQRU FKDQJHV
DGGHG LQ VXEVHTXHQW HGLWLRQV� WKH SURFHVV WKDW OD\ EHKLQG $WRPEDX XQG 6SHNWUDOOLQLHQ H[�
WHQGHG RYHU PRUH WKDQ WZR GHFDGHV� 7KH UHVXOWV RI WKLV SURFHVV FRPSULVH D VHULHV RI SUH�
DQG SRVW�TXDQWXP�PHFKDQLFDO HGLWLRQV WKDW VWDQG RXW DV XQLTXH ZLWKLQ WKH SK\VLFV WH[WERRN
OLWHUDWXUH �VHH WDEOH �����



��� �� 6RPPHUIHOG¶V $WRPEDX �0� (FNHUW�

$WRPEDX XQG 6SHNWUDOOLQLHQ
�VW HGLWLRQ ���� ��� SDJHV
�QG HGLWLRQ ���� ��� SDJHV
�UG HGLWLRQ ���� ��� SDJHV
�WK HGLWLRQ ���� ��� SDJHV
$WRPEDX XQG 6SHNWUDOOLQLHQ ,
�WK HGLWLRQ ���� ��� SDJHV
�WK HGLWLRQ ���� ��� SDJHV
$WRPEDX XQG 6SHNWUDOOLQLHQ ,,
:HOOHQPHFKDQLVFKHU (UJlQ]XQJVEDQG ���� ��� SDJHV
�QG HGLWLRQ ���� ��� SDJHV
�UG HGLWLRQ ���� ��� SDJHV

7DEOH ���� 7KH FKURQRORJ\ RI HGLWLRQV RI $WRPEDX XQG 6SHNWUDOOLQLHQ �����±������

'HVSLWH WKLV RQJRLQJ JHVWDWLRQ� $WRPEDX XQG 6SHNWUDOOLQLHQZDV DOUHDG\ SUDLVHG LQ ����
DV ³WKH ELEOH RI WKH PRGHUQ SK\VLFLVW�´� 7KHVH DQG RWKHU DVVHVVPHQWV RI WKH HDUO\ HGLWLRQV
VXJJHVW WKDW LW ZDV QRW WKH ILQDO UHVXOWþWKH WZR±YROXPH HGLWLRQ IURP WKH ����VþEXW WKH
HQWLUH SURFHVV RI LWV GHYHORSPHQW� SDUWLFXODUO\ RQ WKH HYH RI TXDQWXP PHFKDQLFV GXULQJ WKH
HDUO\ ����V� ZKLFKPDGH$WRPEDX XQG 6SHNWUDOOLQLHQ D FODVVLF RIPRGHUQ WH[WERRN OLWHUDWXUH�

7KLV FKDSWHU LV FRQFHUQHG RQO\ ZLWK WKH ILUVW IRXU HGLWLRQV RI $WRPEDX XQG 6SHN�
WUDOOLQLHQ� SXEOLVKHG EHIRUH WKH DGYHQW RI TXDQWXP PHFKDQLFV� 7KH IRFXV LV RQ LWV
FRQFHSWLRQ� ELUWK� JURZWK� DQG UHFHSWLRQ� WKDW LV� WKH HYROXWLRQ WKDW FKDUDFWHUL]HV WKLV
WH[WERRN DV WKH HPERGLPHQW RI D SURFHVV H[WHQGLQJ IURP WKH )LUVW :RUOG :DU XQWLO WKH
HYH RI TXDQWXP PHFKDQLFV� 7KH SRVW�TXDQWXP�PHFKDQLFDO SKDVH FRQFHUQLQJ WKH IXUWKHU
WUDQVIRUPDWLRQ RI WKH IRXUWK LQWR D ILIWK HGLWLRQ ������ DQG WKH DGGLWLRQ RI D ZDYH�PHFKDQLFDO
VXSSOHPHQWDU\ YROXPH �����±����� LV OHIW WR D VHTXHO�

��� 3RSXODU /HFWXUHV

:H KDYH WR ORRN DW 6RPPHUIHOG¶V SHGDJRJ\ WR OD\ RSHQ WKH URRWV RI $WRPEDX XQG 6SHN�
WUDOOLQLHQ� $OWKRXJK WKH ODWHU VXFFHVV RI 6RPPHUIHOG¶V VFKRRO WHQGV WR JORULI\ LWV KDSKD]DUG
EHJLQQLQJV �(FNHUW ����� 6HWK ����� FKDS� ��� WKH OLVW RI KLV HDUO\ GLVFLSOHV EHDUV WHVWLPRQ\
WR IORXULVKLQJ SHGDJRJLFDO DFWLYLW\� �$PRQJ WKHVH QXPEHUHG 3HWHU 'HE\H� 3DXO (SVWHLQ�
3DXO (ZDOG� 0D[ YRQ /DXH� $OIUHG /DQGp DQG :LOKHOP /HQ]� WR OLVW RQO\ WKRVH ZKR ZRXOG
EHFRPH IDPRXV IRU WKHLU DFFRPSOLVKPHQWV LQ DWRPLF SK\VLFV�� 6RPPHUIHOG¶V DGYDQFHG OHF�
WXUHV FRYHUHG� IRU H[DPSOH� TXDQWXP WKHRU\ �VXPPHU ������ WKH =HHPDQ HIIHFW DQG VSHFWUDO
OLQHV �ZLQWHU ��������� UHODWLYLW\ WKHRU\ �VXPPHU ����� DQG TXDQWXP WKHRU\ DJDLQ �ZLQWHU
��������� 'XULQJ WKH VDPH SHULRG� 6RPPHUIHOG¶V PDLQ OHFWXUH FRXUVH GHDOW ZLWK PHFKDQ�
LFV� FRQWLQXXPPHFKDQLFV� HOHFWURG\QDPLFV� RSWLFV� WKHUPRG\QDPLFV� DQG SDUWLDO GLIIHUHQWLDO
HTXDWLRQV IRU PDWKHPDWLFDO SK\VLFVþDOUHDG\ WKH VDPH FDQRQLFDO VHTXHQFH ZKLFK KH ZRXOG
IRUJH LQWR WH[WERRNV WKLUW\ \HDUV ODWHU�

�%RUQ WR 6RPPHUIHOG� ��0D\ ����� '0$� +6 ����±���$���� 8QOHVV RWKHUZLVH LQGLFDWHG� DOO (QJOLVK WUDQVODWLRQV
DUH E\ WKH DXWKRU�



�� 6RPPHUIHOG¶V $WRPEDX �0� (FNHUW� ���

,Q DGGLWLRQ WR WKH OHFWXUHV� VWXGHQWV LQ WKH 0XQLFK ³QXUVHU\ RI WKHRUHWLFDO SK\VLFV�´ DV
6RPPHUIHOG XVHG WR FDOO KLV LQVWLWXWH� ZHUH WUDLQHG IRU IXWXUH FDUHHUV LQ UHVHDUFK DQG WHDFKLQJ
WKURXJK VHPLQDUV DQG FROORTXLD� 7KH VHPLQDU ZDV� DW ILUVW� RQO\ D IRUXPZKHUH VWXGHQWV ZHUH
SUHVHQWHG ZLWK SUREOHPV UHODWHG WR WKH WKHPH RI WKH PDLQ OHFWXUH�� (YHQWXDOO\� WKH VHPLQDU
DFTXLUHG WKH UHVHDUFK RULHQWDWLRQ DERXW ZKLFK 6RPPHUIHOG¶V ODWHU VWXGHQWV UHSRUWHG HQWKX�
VLDVWLFDOO\ LQ WKHLU UHFROOHFWLRQV �L�H�� %HWKH ������ 7KH SHGDJRJLFDO DFWLYLW\ WKDW RIIHUHG
WKH FORVHVW FRQWDFW ZLWK FXUUHQW UHVHDUFK WKHPHV� EHIRUH WKH )LUVW :RUOG :DU� ZDV WKH UHJX�
ODU 0XQLFK :HGQHVGD\ &ROORTXLXP�� +HUH 6RPPHUIHOG¶V DGYDQFHG VWXGHQWV FRXOG SUHVHQW
UHVXOWV IURP WKHLU GRFWRUDO ZRUN DQG GLVFXVV WKHP ZLWK DGYDQFHG VWXGHQWV IURP :LOKHOP
5|QWJHQ¶V LQVWLWXWH� 2FFDVLRQDOO\� WKH 0XQLFK WKHRULVWV LQYLWHG VSHDNHUV IURP RWKHU XQLYHU�
VLWLHV WR SUHVHQW WKHLU PRVW UHFHQW SDSHUV LQ DQ LQIRUPDO HQYLURQPHQW� 2Q �� -XO\ �����
IRU H[DPSOH� 1LHOV %RKU SHUVRQDOO\ LQWURGXFHG WKH 0XQLFK FROORTXLXP DXGLHQFH WR ³%RKU¶V
DWRPLF PRGHO� LQ SDUWLFXODU WKH VSHFWUD RI KHOLXP DQG K\GURJHQ�´�

,Q VXPPHU ����� ZKHQ 6RPPHUIHOG SXEOLVKHG KLV H[WHQVLRQ RI %RKU¶V WKHRU\ LQ WKH
$QQDOHQ GHU 3K\VLN� KH KDG EHHQ ZRUNLQJ IRU DOPRVW WZR \HDUV RQ ZKDW EHFDPH NQRZQ DV
WKH %RKU�6RPPHUIHOG DWRPLF WKHRU\ �(FNHUW DQG 0lUNHU ����� ���±����� 'HVSLWH WKH RXW�
EUHDN RI WKH )LUVW :RUOG :DU� 6RPPHUIHOG FRQGXFWHG KLV UHJXODU PDLQ OHFWXUH FRXUVH IRXU
GD\V D ZHHN LQ WKH PRUQLQJ IRU RQH KRXU� DFFRPSDQLHG E\ D WZR�KRXU VHPLQDU HDFK 7XHVGD\
DIWHUQRRQ� WKH DGYDQFHG OHFWXUHV ZHUH VFKHGXOHG IRU RQH RU WZR KRXUV ZHHNO\� WKH FROOR�
TXLXP WRRN SODFH RQ :HGQHVGD\ HYHQLQJV� RU VRPHWLPHV RQ DQRWKHU GD\ RI WKH ZHHNþEXW
ZLWK IHZ LQWHUUXSWLRQV WKURXJKRXW WKH ZDU� +RZHYHU� WKHUH ZHUH FKDQJHV GXH WR WKH DEVHQFH
RI VWXGHQWV ZKR KDG EHHQ GUDIWHG IRU ZDU VHUYLFH� ,Q SDUWLFXODU� WKH 0XQLFK SURIHVVRUV RI�
IHUHG OHFWXUHV IRU QRQ�SURIHVVLRQDOV� DGGUHVVHG WR FROOHDJXHV IURP RWKHU IDFXOWLHV� ³0RUH
UHFHQW H[SHULPHQWDO DQG WKHRUHWLFDO DGYDQFHV LQ DWRPLVWLFV DQG HOHFWURQLFV �SRSXODU� ZLWKRXW
PDWKHPDWLFDO GHYHORSPHQWV�� 0RQGD\� �±� SP�´ ZDV KRZ 6RPPHUIHOG DQQRXQFHG KLV ILUVW
SRSXODU OHFWXUH LQ WKH ZLQWHU VHPHVWHU �������� +HQFHIRUWK WKH SRSXODU 0RQGD\ HYHQLQJ
OHFWXUHV ³IRU DWWHQGHHV IURP DOO IDFXOWLHV� ZLWKRXW PDWKHPDWLFDO GHGXFWLRQ´ EHFDPH DOPRVW
URXWLQH� ,Q WKH ZLQWHU VHPHVWHU �������� WKH\ ZHUH GHGLFDWHG WR ³DWRPLVWLFV�´ DQG LQ WKH
VXPPHU RI ����� WR ³DWRPLF VWUXFWXUH DQG VSHFWUDO OLQHV�´�

+RZ OLWWOH 6RPPHUIHOG SHUFHLYHG WKHVH SRSXODU OHFWXUHV DV WKH VHHG IRU D WH[WERRN RQ
WKHRUHWLFDO SK\VLFV LV HYLGHQW IURP WKH H[SOLFLW HPSKDVLV RQ ³ZLWKRXW PDWKHPDWLFDO GHGXF�
WLRQ�´ $OWKRXJK KH PXVW KDYH DOUHDG\ WKRXJKW DERXW SXEOLVKLQJ D ERRN GXULQJ WKH FRXUVH RI
WKH ILUVW RI WKHVH SXEOLF OHFWXUH VHULHV� LQ WKH ZLQWHU VHPHVWHU RI �������� KH GLG QRW KDYH
SK\VLFLVWV LQ PLQG DV KLV UHDGHUV� ³7KLV VHPHVWHU , KHOG D SRSXODU OHFWXUH RQ DWRPLF VWUXFWXUH
DQG VSHFWUDO OLQHV�´ KH ZURWH WR 'DYLG +LOEHUW LQ 0DUFK �����

7KH DXGLHQFHZDV DERXW �� SHRSOH� DPRQJ WKHP �� FROOHDJXHV� PDLQO\ FKHPLVWV�
PHGLFDO VFLHQWLVWV� DQG SKLORVRSKHUV� , LQWHQG WR SXEOLVK LW DV D ERRN� , KDG

�6HH WKH LQYHQWRU\ RI OHFWXUHV RI 0XQLFK 8QLYHUVLW\� KWWS���HSXE�XE�XQL�PXHQFKHQ�GH�YLHZ�VXEMHFWV�YOYHU]B���
KWPO� DFFHVVHG �� )HEUXDU\ �����
�,QWHUYLHZ ZLWK (ZDOG E\ *HRUJH (XJHQH 8KOHQEHFN DQG 7KRPDV 6� .XKQ� �� 0DUFK DQG � 0D\ ����� $+43�
KWWS���ZZZ�DLS�RUJ�KLVWRU\�RKLOLVW������KWPO� DFFHVVHG �� )HEUXDU\ ����� $FFRUGLQJ WR DQRWKHU UHFROOHFWLRQ� LWV
IRXQGDWLRQ LV GXH WR 3HWHU 3DXO .RFK� ZKR ZDV D 3ULYDWGR]HQW LQ :LOKHOP 5|QWJHQ¶V LQVWLWXWH DW WKDW WLPH� .RFK WR
6RPPHUIHOG� � $XJXVW ����� 1DFKODVV 6RPPHUIHOG�
�3K\VLNDOLVFKHV 0LWWZRFK�&ROORTXLXP� '0$� ����±����� $OVR LQ $+43� 3±�����
�6HH WKH LQYHQWRU\ RI OHFWXUHV �Q� ��� KWWS���HSXE�XE�XQL�PXHQFKHQ�GH�YLHZ�VXEMHFWV�YOYHU]B���KWPO� DFFHVVHG ��
)HEUXDU\ �����
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VR PXFK IXQ WKDW , ZLOO WU\ WR OHFWXUH RQ UHODWLYLW\ LQ WKH QH[W VHPHVWHU DOVR
SRSXODUO\� L�H�� ZLWKRXW PDWKHPDWLFV� RQO\ FRQFHSWXDOO\ SUHVHQWHG��

6RPPHUIHOG DOVR SUHVHQWHG SRSXODU OHFWXUHV IRU VROGLHUV DW WKH ZHVWHUQ IURQW LQ -DQXDU\
����� 8QIRUWXQDWHO\ QR UHFRUGV DUH SUHVHUYHG IURP WKHVH SUHVHQWDWLRQV� LQ D OHWWHU WR KLV ZLIH�
-RKDQQD �+|SIQHU� 6RPPHUIHOG� KH PHUHO\ UHYHDOHG WKDW KH SUHVHQWHG ³IRXU VSHHFKHV DERXW
SHDFH SK\VLFV�´� 7KUHH PRQWKV ODWHU� KH OHFWXUHG EHIRUH D 5HG &URVV DVVRFLDWLRQ DERXW ³7KH
GHYHORSPHQW RI SK\VLFV LQ *HUPDQ\ VLQFH +HLQULFK +HUW]�´ 'HVSLWH WKH WLWOH KH DOVR PHQ�
WLRQHG WKDW ³WKH \RXQJ 'DQH SK\VLFLVW %RKU´ FRQVLGHUHG WKH DWRP DV ³D SODQHWDU\ V\VWHP LQ
PLQLDWXUH´ ZKRVH FKDUDFWHULVWLFV DUH LQVFULEHG LQ WKHLU VSHFWUD� ³7KH H[SODQDWLRQ RI WKH VSHF�
WUD� WKHUHIRUH� ZLOO EH WKH DFLG WHVW IRU RXU DWRPLF PRGHO´ �6RPPHUIHOG ������ 7KH DXGLHQFH
FRQVLVWHG RI ³DERXW ����� SHRSOH�´ DV KH UHSRUWHG KRPH�� $IWHU WKLV HYHQW� 6RPPHUIHOG WUDY�
HOHG WR %HOJLXP IRU D VHTXHQFH RI SRSXODU OHFWXUHV� ³0\ SUHVHQWDWLRQ WKLV PRUQLQJ ZDV YHU\
QLFH DQG HOLFLWHG WRWDO H[FLWHPHQW ZLWK WKH UDWKHU VPDOO DXGLHQFH�´ KH UHSRUWHG WR KLV ZLIH��
6RPPHUIHOG¶V ]HDO IRU SRSXODUL]DWLRQ ZDV DOVR H[SUHVVHG LQ RWKHU ZD\V� ³, DP SUHSDUHG WR
FRQWULEXWH WR WKH GLVSOD\ RI WKH DWRPLF VWUXFWXUH ZLWK SOHDVXUH�´ KH ZURWH LQ UHVSRQVH WR D
UHTXHVW E\ 2VNDU YRQ0LOOHU� WKH IRXQGHU RI WKH 'HXWVFKHV0XVHXP LQ0XQLFK� ³, ZRXOG OLNH
WR GR WKLV LQ FROODERUDWLRQ ZLWK P\ FROOHDJXH 3URIHVVRU )DMDQV� WKH H[SHUW RQ UDGLRDFWLYLW\ LQ
RXU XQLYHUVLW\�´�� 6RPPHUIHOG DOVR PHQWLRQHG WKH LQWHQGHG UHDGHUVKLS RI KLV ERRN ZKHQ KH
ZURWH WR $OEHUW (LQVWHLQ LQ WKH HDUO\ VXPPHU ����� ³,Q WKH ODVW �� GD\V , DP ZULWLQJ D SRS�
XODU ERRN RQ µ$WRPEDX XQG 6SHNWUDOOLQLHQ�¶ LQ LWV PDLQ SDUW IRU FKHPLVWV� LQ WKH DSSHQGLFHV
DOVR IRU SK\VLFLVWV�´��

7R DGGUHVV DQ DXGLHQFH RI QRQ�SK\VLFLVWV PD\ KDYH EHHQ DQ H[FLWLQJ FKDOOHQJH ZKHQ
UHVWULFWHG WR D IHZ OHFWXUHV� D PXVHXP H[KLELWLRQ� RU D VSHHFK WR VROGLHUV DERXW ³SHDFH
SK\VLFV´þEXW ZKHQ LW FDPH WR ZULWLQJ D ERRN LW DOVR LQYROYHG D VDFULILFH� 6RPPHUIHOG
FRXOG QRW JLYH DV PXFK VSDFH WR KLV RZQ UHFHQW DFKLHYHPHQWV LQ DWRPLF WKHRU\ DV KH PLJKW
KDYH ZLVKHG� KDG KH HQYLVDJHG WKHRUHWLFDO SK\VLFLVWV DV KLV UHDGHUVKLS� 6XFK DGYDQFHG VXE�
MHFWV DV WKH ILQH VWUXFWXUH WKHRU\ ZHUH FXUWDLOHG IRU WKH EHQHILW RI D EURDGHU H[SRVLWLRQ RI
VXEMHFWV OLNH UDGLRDFWLYLW\� ;�UD\V� RU WKH SHULRGLF V\VWHP� +H ZDV ZHOO DZDUH RI WKLV VHOI�
LPSRVHG OLPLWDWLRQ� ³, DP QRZ ZULWLQJ D KDOI�SRSXODU JHQHUDO SUHVHQWDWLRQ RI WKH ILHOG DQG
KDYH UHSUHVVHG P\ RZQ FXULRVLW\�´ KH FRQILGHG LQ 'HFHPEHU ���� WR D FROOHDJXH ZLWK ZKRP
KH RWKHUZLVH H[FKDQJHG KLV PRVW UHFHQW UHVXOWV FRQFHUQLQJ WKH WKHRU\ RI ;�UD\ VSHFWUD���

%XW KH GLG QRW HQWLUHO\ DEVWDLQ IURP SUHVHQWLQJ UHVHDUFK WKDW KDG QRW \HW KDG HQRXJK WLPH
WR EH JHQHUDOO\ DFFHSWHGþDOO WKH PRUH ZKHQ LW RULJLQDWHG IURP KLV RZQ LQVWLWXWH� 2QH UHFHQW
DFFRPSOLVKPHQW LQ ZKLFK KH WRRN SDUWLFXODU SULGH ZDV WKH WKHRUHWLFDO GHULYDWLRQ RI VHOHFWLRQ
UXOHV REWDLQHG ZLWKRXW UHFRXUVH WR DGGLWLRQDO DVVXPSWLRQV E\ $GDOEHUW 5XELQRZLF] MXVW D
IHZ PRQWKV HDUOLHU� %RKU KDG DUULYHG DW WKH VDPH UHVXOW� EXW E\ PHDQV RI WKH FRUUHVSRQGHQFH
SULQFLSOH� ³7KH DWWLWXGH RI 5XELQRZLF] LV PXFK PRUH VDWLVI\LQJ WKDQ %RKU¶V YLHZSRLQW LQ KLV
UHFHQW SDSHU�´ 6RPPHUIHOG ZURWH WR D FROOHDJXH LQ -DQXDU\ ����� ³, ZLOO VRRQ ZULWH FKDSWHU

�6RPPHUIHOG WR +LOEHUW� �� 0DUFK ����� 68%� &RG� 0V� '� +LOEHUW ���$�
�6RPPHUIHOG WR KLV ZLIH� -RKDQQD �+|SIQHU� 6RPPHUIHOG� � -DQXDU\ ����� SULYDWH FROOHFWLRQ� 0XQLFK� $OVR LQ
�(FNHUW DQG 0lUNHU ����� GRF� �����
�6RPPHUIHOG WR KLV ZLIH� �� $SULO ����� SULYDWH FROOHFWLRQ� 0XQLFK�
�6RPPHUIHOG WR KLV ZLIH� �� $SULO ����� SULYDWH FROOHFWLRQ� 0XQLFK�
��9RQ 0LOOHU WR 6RPPHUIHOG� �� -DQXDU\ ����� 6RPPHUIHOG WR YRQ 0LOOHU� �� -DQXDU\ ����� '0$� 9$ �����
��6RPPHUIHOG WR (LQVWHLQ� XQGDWHG >-XQH ����@� $($� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� �����
��6RPPHUIHOG WR 5LFKDUG 6ZLQQH� �� 'HFHPEHU ����� '0$� +6 ����±��
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9, RI P\ ERRN RQ DWRPLF VWUXFWXUH DQG VSHFWUDO OLQHV� ZKHUH , ZLOO UHYLHZ 5XELQRZLF]¶V
LGHDV ZLWK SDUWLFXODU IRQGQHVV�´�� 7R %RKU KH ZURWH D IHZ GD\V ODWHU WKDW KH UHJDUGHG ³\RXU
IRUPDO DQDORJ\ SULQFLSOH EHWZHHQ FODVVLFDO DQG TXDQWXP WKHRU\ LQWHUHVWLQJ DQG IUXLWIXO´ EXW
OHVV VDWLVI\LQJ WKDQ 5XELQRZLF]¶V DSSURDFK� ,Q WKH VDPH EUHDWK� KH DGGHG WKDW KH ZDV QRZ
ZULWLQJ ³D ERRN $WRPEDX XQG 6SHNWUDOOLQLHQ ZKLFK VKRXOG EH DOVR XQGHUVWDQGDEOH IRU QRQ�
SK\VLFLVWV�´�� 6RPPHUIHOG¶V SDFH RI ZULWLQJ ZDV TXLWH UDSLG� 7ZR ZHHNV ODWHU� E\ WKH HQG RI
)HEUXDU\ ����� KH ZURWH WR KLV IRUPHU GLVFLSOH� /DQGp� ZLWK UHJDUG WR WKH LQWHUSUHWDWLRQ RI
DWRPLF VSHFWUD� ³0\ ERRN LV UHDG\ H[FHSW WKH ODVW FKDSWHU�´��

7KH ZULWLQJ RI $WRPEDX XQG 6SHNWUDOOLQLHQ� WKHUHIRUH� ODVWHG OHVV WKDQ D \HDU� IURP HDUO\
VXPPHU ���� WR WKH VSULQJ RI ����� ,I ZH WDNH WKH ILUVW PHQWLRQ RI WKH ERRN DW WKH HQG RI WKH
ZLQWHU VHPHVWHU ������� DV LWV LQFHSWLRQ� ZH PD\ DGG D WZR�\HDU VWUHWFK RI SRSXODU OHFWXUHV
DV D JHVWDWLRQ� 1HLWKHU WKH ZDU QRU WKH HQVXLQJ UHYROXWLRQDU\ WXUPRLO VHHPV WR KDYH KDG DQ
LPSDFW RQ WKH WUDQVIRUPDWLRQ RI WKH SRSXODU� ZDUWLPH OHFWXUHV LQWR D VHPL�SRSXODU WH[WERRN�
6RPPHUIHOG� KRZHYHU� OLNH PRVW RI KLV FROOHDJXHV� ZDV IDU IURP XQWRXFKHG E\ WKHVH HYHQWV�
3ROLWLFDOO\ KHPD\ EH FKDUDFWHUL]HG E\ DQG ODUJH DV QDWLRQDO�OLEHUDO��� +LV OHFWXUHV DW WKH IURQW
LQYROYHG FORVH FRQWDFW ZLWK OHDGLQJ PLOLWDU\ RIILFLDOV DQG FKDXYLQLVWLF FXOWXUDO SURSDJDQGD�
$IWHU KLV WULS WR %HOJLXP LQ -DQXDU\ ����� 6RPPHUIHOG SUDLVHG� LQ D QHZVSDSHU DUWLFOH� WKH
WUDQVIRUPDWLRQ RI *KHQW 8QLYHUVLW\ LQWR D *HUPDQ XQLYHUVLW\ DV ³WKH PRVW HIIHFWLYH DQG
VHPLQDO WUDLW RI *HUPDQ SROLWLFV LQ %HOJLXP ZKLFK WDFNOHG WKH SUREOHP DW LWV URRW� WKH URRW RI
WKH FRPPRQ *HUPDQLF FXOWXUH�´�� $IWHU WKH ZDU� GXULQJ WKH VKRUW�OLYHG 6RYLHW JRYHUQPHQW
LQ 0XQLFK LQ WKH VSULQJ RI ���� �WR ZKLFK WKH SUHVV RIWHQ DWWDFKHG WKH HSLWKHW ³-HZLVK´��
6RPPHUIHOG ZURWH LQ DPRPHQW RI DQJHU DW WKH0XQLFK UHYROXWLRQDU\ XQUHVW WR WKH ULJKW�ZLQJ
:LOKHOP :LHQ �ZKR VXFFHHGHG 5|QWJHQ D IHZ PRQWKV ODWHU DV 6RPPHUIHOG¶V FROOHDJXH LQ
WKH FKDLU IRU H[SHULPHQWDO SK\VLFV� DERXW WKH SXEOLVKHUV KH KDG HQYLVDJHG IRU $WRPEDX XQG
6SHNWUDOOLQLHQ�

,W DSSHDUV DW 9LHZHJ� , KDG DOVR QHJRWLDWHG ZLWK 7HXEQHU DQG 6SULQJHU� 7HXEQHU
ZDV QRW DW DOO DFFRPPRGDWLQJ DQG VHHPV WR EH LQ HFRQRPLF WURXEOHV� 6SULQJHU
ZDV YHU\ WHPSWLQJ� EXW , GLG QRW WUXVW KLV EXVLQHVV SUDFWLFHV DQG DP EHFRPLQJ
PRUH DQG PRUH DQWL�VHPLWLF LQ YLHZ RI WKH -HZLVK�SROLWLFDO PLVFKLHI���

2WKHUZLVH WKH WXUEXOHQW WLPHV GXULQJ ZKLFK WKH ERRN SURMHFW ZDV FDUULHG RXW OHIW QR
WUDFHV� 8S WR WKH ODVW PRPHQW� 6RPPHUIHOG FRQWLQXHG WR DGG UHFHQW UHVXOWV WKDW VHHPHG
SHUWLQHQW WR WKH SURRIV��� ,Q WKH SUHIDFH� GDWHG � 6HSWHPEHU ����� 6RPPHUIHOG HPSKDVL]HG
RQFH PRUH WKDW KLV ERRN ZDV DQ DWWHPSW WR SRSXODUL]H LWV VXEMHFW PDWWHU DQG LWV LQFHSWLRQ
OD\ LQ SRSXODU OHFWXUHV JLYHQ GXULQJ WKH ZDU� 7KDW WKH ODVW WZR RI WKH VL[ FKDSWHUV� ZKHUH KH
UHYLHZHG KLV ILQH�VWUXFWXUH WKHRU\� 5XELQRZLF]¶V VHOHFWLRQ UXOHV DQG WKH OLNH� PLJKW DSSHDU�

��6RPPHUIHOG WR -RVHI YRQ *HLWOHU� �� -DQXDU\ ����� SULYDWH FROOHFWLRQ� :DUVDZ� 3ULQWHG LQ �(FNHUW DQG 0lUNHU
����� GRF� ���
��6RPPHUIHOG WR %RKU� � )HEUXDU\ ����� 1%$� 3ULQWHG LQ �(FNHUW DQG 0lUNHU ����� GRF� ��� )RU D FRPSDULVRQ RI
WKH 6RPPHUIHOG�5XELQRZLF] DQG %RKU DSSURDFK� VHH �6HWK ����� ���±�����
��6RPPHUIHOG WR /DQGp� �� )HEUXDU\ ����� 1DFKODVV /DQGp �� 6RPPHUIHOG�
��$FFRUGLQJ WR D TXHVWLRQQDLUH IURP -XO\ ����� 6RPPHUIHOG ZDV DPHPEHU RI WKH \RXWK RUJDQL]DWLRQ RI WKH1DWLRQDO
/LEHUDO 3DUW\ �1/3� IURP ���� WR ����� DQG IRU D VKRUW SHULRG DIWHU WKH ZDU RI WKH *HUPDQ 'HPRFUDWLF 3DUW\ �''3��
WKH OHIW�ZLQJ VXFFHVVRU RI WKH 1/3ZKLFK GLVVROYHG LQ ����� '0$� 1/ ��� ���� 0DSSH +RFKVFKXODQJHOHJHQKHLWHQ�
��0�QFKHQ�$XJVEXUJHU $EHQG]HLWXQJ� �� )HEUXDU\ �����
��6RPPHUIHOG WR :LHQ� �� 0DUFK ����� '0$� 1/ ��� ����
��6RPPHUIHOG WR /DQGp� � -XO\ ����� 1DFKODVV /DQGp �� 6RPPHUIHOG�
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WR D ³PDWKHPDWLFDOO\ XQWUDLQHG´ UHDGHU� LQFRPSDWLEOH ZLWK WKLV DLP� 6RPPHUIHOG DGPLWWHG�
EXW WKH UHDGHU ³VKRXOG EH FRQYLQFHG WKDW WKH PDMRU GLIILFXOW\ RI WKHVH SDUWV LV LQ WKH QDWXUH
RI WKLQJV DQG GRHV QRW UHVXOW IURP WKH DXWKRU¶V KREE\´ �6RPPHUIHOG ����� SUHIDFH��

��� )LUVW 5HDFWLRQV

%\ WKH HQG RI 2FWREHU ����� WKH ERRN ZDV SULQWHG��� 7KH YHU\ ILUVW UHDFWLRQV VLJQDOHG WKDW
$WRPEDX XQG 6SHNWUDOOLQLHQ ZRXOG EH D VXFFHVV� &DUO 5XQJH� ZKR ZDV QRW RQO\ D QRWHG
PDWKHPDWLFLDQ EXW DOVR DQ DXWKRULW\ RQ VSHFWURVFRS\� FDOOHG LW D ³VSOHQGLIHURXV ERRN´ ZKLFK
ZRXOG VHUYH ³IRU PDQ\ DV DQ H[FHOOHQW LQWURGXFWLRQ LQWR WKH VXEMHFW�´ $V DQ H[SHUW� 5XQJH
SDUWLFXODUO\ OLNHG WKH ILQDO WZR FKDSWHUV� ZKLFK 6RPPHUIHOG KDG GLVFHUQHG WR EH UDWKHU GLI�
ILFXOW� ³,Q WKH ILUVW FKDSWHUV \RX DSSHDU WR VWULNH D PRUH HOHPHQWDU\ WRQH� DV LI \RX KDG
LQWHQGHG RULJLQDOO\ WR ZULWH LQ D PRUH SRSXODU PDQQHU DQG ORVW \RXU ZD\ LQ WKH FRXUVH RI
WKH ZULWLQJ�´�� 3LHWHU =HHPDQ� WKH 'XWFK 1REHO ODXUHDWH� SUDLVHG WKH ³ZRQGHUIXOO\ FOHDU� H[�
KDXVWLYH� EHDXWLIXO SUHVHQWDWLRQ RI WKH VXEMHFW´ DQG 6RPPHUIHOG¶V VNLOO DV D ZULWHU� ³<RXU
ERRN UHDGV OLNH D WKULOOHU�´ +H FRQVLGHUHG LW PRVW IRUWXQDWH WKDW WKLV ERRN ZDV DXWKRUHG E\
VRPHRQH ZKR KDG FRQWULEXWHG VR PXFK RI KLV RZQ UHVHDUFK WR WKH ILHOG� ³7KH YLFWRULHV RI
*HUPDQ VFLHQFH�´ =HHPDQ DOOXGHG WR WKH SROLWLFDO VLWXDWLRQ VR VKRUWO\ DIWHU WKH ZDU� ³ZLOO
ILQDOO\ KDYH WR EH DFNQRZOHGJHG HYHU\ZKHUH�´��

7KLV ZDV QRW WKH RQO\ SROLWLFDO DOOXVLRQ LQ WKH IORRG RI SRVLWLYH� DQG RIWHQ HXSKRULF�
UHDFWLRQV� :DOWHU .DXIPDQQ� IRU H[DPSOH� IUDPHG KLV SUDLVH DV D FRQJUDWXODWLRQþQRW WR
WKH DXWKRU EXW WR WKH UHDGHU RI $WRPEDX XQG 6SHNWUDOOLQLHQ� ³, FRPPHQG *HUPDQ SK\VLFV
DQG DOO SK\VLFLVWV ZKR ZLOO KDYH WR GHDO ZLWK TXDQWXP WKHRU\ DQG WKH OLNH QRZ DQG LQ WKH
IXWXUH WR WKLV RSXV�´�� $GGLQJ WKH DWWULEXWH ³*HUPDQ´ UHIOHFWHG WKH HPELWWHUPHQW WRZDUG
WKH (QWHQWH¶V VFLHQFH SROLF\� ZKLFK� IRU D QXPEHU RI \HDUV� IXUWKHU GHHSHQHG WKH ZDUWLPH
GLYLVLRQ RI WKH LQWHUQDWLRQDO VFLHQWLILF FRPPXQLW\ LQWR KRVWLOH SROLWLFDO FDPSV �6FKURHGHU�
*XGHKXV ������ %H\RQG LWV SHGDJRJLFDO XVH LQ WHDFKLQJ DWRPLF SK\VLFV� 6RPPHUIHOG¶V ERRN
VHUYHG DV LGHRORJLFDO DPPXQLWLRQ IRU WKRVH ZKR FRQVLGHUHG VFLHQFH ³0DFKWHUVDW]´�� �)RU�
PDQ ������ 6RPPHUIHOG¶V UHQRZQ DV D SULPH DXWKRULW\ LQ WKH QDVFHQW GLVFLSOLQH RI DWRPLF
SK\VLFV VKRZQ IRUWK IURP KLV ERRN DQG GHFRUDWHG LW OLNH D JORU\� ³)RUVRRWK� LQ RXU VFLHQFH ZH
GR QRW \HW QRWLFH DQ\ LQGLFDWLRQV RI WKH µGHFOLQH RI WKH :HVW�¶´ RQH DGPLUHU SUDLVHG $WRP�
EDX XQG 6SHNWUDOOLQLHQ SRLQJQDQWO\þDGGLQJ DQRWKHU LGHRORJLFDO XQGHUWRQH E\ DOOXGLQJ WR
2VWZDOG 6SHQJOHU¶V EHVWVHOOHU ZKLFK KDG EHHQ SXEOLVKHG LQ WKH ODVW \HDU RI WKH ZDU���

7KXV WKH SRVWZDU SROLWLFDO�LGHRORJLFDO FOLPDWH FRQWULEXWHG WR WKH WUDQVIRUPDWLRQ RI
6RPPHUIHOG¶V ERRN IURP D PHUH H[SRVLWLRQ RI VFLHQWLILF IDFWV LQWR D FODVVLF RI LWV WLPH� 2I
FRXUVH� WKHUH ZDV DOVR D WUXH QHHG IRU HGXFDWLQJ SK\VLFLVWV RQ WKH UHFHQW GHYHORSPHQWV LQ
DWRPLF SK\VLFV� $ ZKROH JHQHUDWLRQ RI VWXGHQWV ZDV UHWXUQLQJ WR WKH XQLYHUVLWLHV� KXQJU\ IRU
PHQWDO DV PXFK DV SK\VLFDO QRXULVKPHQW� DQG HDJHU WR DEVRUE WKH QHZ VFLHQWLILF NQRZOHGJH

��6RPPHUIHOG WR (SVWHLQ� �� 2FWREHU ����� (SVWHLQ 3DSHUV�
��5XQJH WR 6RPPHUIHOG� �� -DQXDU\ ����� '0$� +6 ����±���$�����
��=HHPDQ WR 6RPPHUIHOG� �� -DQXDU\ ����� '0$� +6 ����±���$����� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF�
����
��.DXIPDQQ WR 6RPPHUIHOG� �� -DQXDU\ ����� '0$� +6 ����±���$�����
��³0DFKWHUVDW]´ OLWHUDOO\ WUDQVODWHG� PHDQV UHSODFHPHQW RI SRZHU�
��%HJJHURZ WR 6RPPHUIHOG� �� )HEUXDU\ ����� '0$� 1/ ��� ����
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DERXW DWRPV WKDW KDG EHHQ GHYHORSLQJ VR TXLFNO\ ZKLOH WKH\ ZHUH LQ WKH WUHQFKHV���
$WRPEDX XQG 6SHNWUDOOLQLHQ RIIHUHG WKLV NQRZOHGJH DW WKH ULJKW WLPH LQ D FRQGHQVHG DQG
HDVLO\ DFFHVVLEOH PDQQHU� :LWKLQ D IHZ ZHHNV� WKH QHHG IRU D VHFRQG HGLWLRQ EHFDPH
DSSDUHQW� ³9LHZHJ LQIRUPV PH WRGD\�´ 6RPPHUIHOG ZURWH WR =HHPDQ E\ WKH HQG RI -DQXDU\
����� ³WKDW KH KDV WR HQYLVDJH D QHZ HGLWLRQ�´�� 0D[ 3ODQFN IRXQG WKLV QHZV ³DPRQJ DOO
WKH QLFH UHYLHZV WKH PRVW LPSUHVVLYH RQH�´��

*LYHQ WKH HXSKRULF UHVSRQVH WKDW 6RPPHUIHOG UHFHLYHG LQ QXPHURXV OHWWHUV� IURP KLV
FROOHDJXHV LW LV KDUGO\ DVWRQLVKLQJ WKDW WKH SXEOLF UHFHSWLRQ RI $WRPEDX XQG 6SHNWUDOOLQLHQ
ZDV HTXDOO\ IDYRUDEOH� 7KH UHYLHZHU LQ WKH 3K\VLNDOLVFKH =HLWVFKULIW UHFRPPHQGHG WKLV
³H[FHOOHQW RSXV´ IRU HYHU\ SK\VLFLVW LQWHUHVWHG LQ DWRPLF SK\VLFV VLPSO\ DV ³LQGLVSHQVDEOH´
�%HUJZLW] ����� ���±����� ,Q WKH 3K\VLNDOLVFKH %HULFKWH� WKH UHYLHZ RUJDQ RI WKH SK\VLFV
FRPPXQLW\� LW ZDV SUHGLFWHG WKDW $WRPEDX XQG 6SHNWUDOOLQLHQ ZRXOG H[HUW ³WKH GHHSHVW HI�
IHFW DV D FRPSHQGLXP� WRRO� DQG JXLGH WR IXUWKHU GHYHORSPHQW´ �.RVVHO ����� ���±�����
$QRWKHU JORZLQJ UHYLHZ DSSHDUHG LQ 6SULQJHU¶V 1DWXUZLVVHQVFKDIWHQ� 7KH ERRN LV

>RI@ VXFK D SHUYDVLYH SRZHU WKDW HYHU\ UHDGHU ZLWK DQ LQWHUHVW LQ VFLHQFH PXVW
IHHO VZHSW DORQJ DQG PDGH D GRFLOH IROORZHU RI WKH DXWKRU LQWR WKH QHZ ZRUOG
ZKLFK ZDV RSHQHG XS WR D ODUJH H[WHQW E\ KLV VFLHQWLILF LQWXLWLRQ DQG WKDW RI KLV
GLVFLSOHV� �)UDQFN ����� ���±����

7KH UHYLHZHU� -DPHV )UDQFN� UHFRPPHQGHG WKH ERRNPRVW ZDUPO\ WR DOO VFLHQWLVWV UHJDUGOHVV
RI WKHLU VSHFLDOW\�

(YHQ WKRXJK PDQ\ ZLOO QRW IROORZ WKH JXLGH XS WR WKH KLJKHVW SHDNV WKHUH DUH
HQRXJK ORRNRXW SRLQWV ZLWKLQ HIIRUWOHVV UHDFK IURPZKLFK WKH VLJKW LV UHZDUGLQJ�
,Q SDUWLFXODU WKH ILUVW IRXU FKDSWHUV� ZKLFK FRYHU PRUH WKDQ KDOI RI WKH ERRN� PD\
FODLP WR EH EURDGO\ XQGHUVWDQGDEOH� 7KHLU UHDGLQJ ZLOO EH SDUWLFXODUO\ XVHIXO IRU
WKH FKHPLVW� �)UDQFN ����� ���±����

)RU WKH SK\VLFLVW� WKH ERRN GHVHUYHG ³WKH JUHDWHVW LQWHUHVW LQ DOO LWV SDUWV�´ QRW WKH OHDVW
EHFDXVH WKH DXWKRU KDG WKH FRXUDJH WR SUHVHQW ³KHUH DQG WKHUH WKHRUHWLFDO DQG H[SHULPHQWDO
PDWHULDO ZKLFK SHUKDSV ZLOO QRW SURYH VXVWDLQDEOH LQ WKH FRXUVH RI IXUWKHU UHVHDUFK�´ ,Q WKLV
PDQQHU KH UHDFKHG ³WR WKH IDUWKHVW RXWSRVWV RI DWRPLF UHVHDUFK´ �)UDQFN ����� ���±�����

7KH SUDLVH ZDV QRW OLPLWHG WR SULYDWH OHWWHUV DQG ERRN UHYLHZV� :KHQ +LOEHUW FRQ�
JUDWXODWHG 6RPPHUIHOG IRU KLV ³PDJQLILFHQW ERRN�´ ZKLFK KH VWXGLHG ³ZLWK GDLO\ LQFUHDVLQJ
SOHDVXUH�´ KH UHYHDOHG WKDW ³RXU IDFXOW\ ZLOO RIIHU \RX D OLWWOH VXUSULVH IRU \RXU ERRN ZKLFK
ZLOO KRSHIXOO\ GHOLJKW \RX�´�� 7KH VXUSULVH DUULYHG D IHZ ZHHNV ODWHU LQ WKH IRUP RI D FKHFN
IRU RYHU ������ *HUPDQ PDUNV IURP WKH 2WWR 9DKOEUXFK )RXQGDWLRQ� D KHULWDJH IXQG DW WKH
GLVSRVDO RI WKH 3KLORVRSKLFDO )DFXOW\ RI *|WWLQJHQ 8QLYHUVLW\ IRU EL�DQQXDOO\ KRQRULQJ ³WKH
DXWKRU RI D ERRN ZULWWHQ LQ *HUPDQ ZKLFK UHSUHVHQWV WKH JUHDWHVW SURJUHVV LQ WKH VFLHQFHV LQ
WKHVH SHULRGV�´��

��7KLV YLHZ LV EDVHG RQ GR]HQV RI OHWWHUV ZULWWHQ GXULQJ WKH ZDU LQ ZKLFK 6RPPHUIHOG¶V VWXGHQWV DVNHG IRU UHSULQWV
DQG RWKHU FRPPXQLFDWLRQV WR OHDUQ DERXW SURJUHVV LQ WKHLU VFLHQWLILF ILHOGV� $ ER[ RI VXFK OHWWHUV LV SUHVHUYHG LQ
'0$� 1/ ��� ����
��6RPPHUIHOG WR =HHPDQ� �� -DQXDU\ ����� 5$1+� =HHPDQ� LQY�QU� ���� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF�
����
��3ODQFN WR 6RPPHUIHOG� �� )HEUXDU\ ����� '0$� +6 ����±���$�����
��+LOEHUW WR 6RPPHUIHOG� �� -DQXDU\ ����� '0$� +6 ����±���$�����
��7KH FKHFN ZDV GDWHG �� 0DUFK ����� 6RPPHUIHOG WKDQNHG RQ �� $SULO ����� 68%� 8$* ,, 3K ��L�



��� �� 6RPPHUIHOG¶V $WRPEDX �0� (FNHUW�

7KH IDYRUDEOH UHFHSWLRQ RI $WRPEDX XQG 6SHNWUDOOLQLHQ ZDV RQO\ RFFDVLRQDOO\ DFFRP�
SDQLHG ZLWK FULWLFDO UHPDUNV� 0D[ %RUQ IRXQG� FRQWUDU\ WR -DPHV )UDQFN LQ 1DWXUZLVVHQ�
VFKDIWHQ� WKDW 6RPPHUIHOG SUHVHQWHG�

>6@RPH WKLQJV LQ VXFK D ZD\ WKDW WKH OD\SHUVRQ PXVW WKLQN WKDW HYHU\WKLQJ LV LQ
RUGHU� EXW WKDW LV RIWHQ QRW WKH FDVH� IRU H[DPSOH WKH PROHFXODU PRGHOV RI +�
HWF�� IXUWKHUPRUH WKH ZKROH WKHRU\ RI ;�UD\ VSHFWUD� /DQGp� DW OHDVW� KDV WROG PH
UHFHQWO\ WKDW HYHU\WKLQJ LV LQ GLVRUGHU KHUH� :RXOGQ¶W LW EH JRRG WR HPSKDVL]H
WKH GRXEWV D OLWWOH PRUH"��

+H DOVR EODPHG 6RPPHUIHOG IRU EHLQJ WRR ORNDOSDWULRWLVFK� IRU H[DPSOH ZKHQ KH JDYH
SUHIHUHQFH WR 5XELQRZLF] UHJDUGLQJ WKH VHOHFWLRQ UXOHV� ³,VQ¶W %RKU¶V IRUPXODWLRQ QLFH WRR"´
%XW KH EHOLWWOHG VXFK FULWLFLVP ZKHQ KH FRQFOXGHG ZLWK D KLQW WR WKH VHFRQG HGLWLRQ� ³'R QRW
FKDQJH WRR PXFK RI \RXU ERRN� LW LV� DV LW LV� ZRQGHUIXO�´ $QRWKHU FULWLFDO UHVSRQVH FDPH
IURP:LOOLDP:LOVRQ� D OHFWXUHU DW .LQJV &ROOHJH LQ /RQGRQ� ZKR KDG HDUOLHU LQGHSHQGHQWO\
IRUPXODWHG WKH VDPH TXDQWL]DWLRQ UXOH DV 6RPPHUIHOG� ³7KLV VKRXOG KDYH EHHQ PHQWLRQHG
LQ \RXU ERRN�´ :LOVRQ FRPSODLQHG��� 6RPPHUIHOG UHVSRQGHG WKDW KH DOUHDG\ KDG DFNQRZO�
HGJHG :LOVRQ¶V SULRULW\ LQ KLV SXEOLFDWLRQ LQ WKH $QQDOHQ GHU 3K\VLN LQ ����� EXW RPLWWHG
LW LQ KLV ERRN EHFDXVH :LOVRQ KDG QRW GUDZQ FRQVHTXHQFHV IRU WKH WKHRU\ RI VSHFWUDO OLQHV�
³WKH WUXH VXEMHFW RI P\ ERRN�´�� %HFDXVH RI ³ODFN RI WLPH�´ DV 6RPPHUIHOG ZURWH LQ 6HSWHP�
EHU ���� LQ WKH SUHIDFH RI WKH VHFRQG HGLWLRQ� KH UHIUDLQHG IURP D WKRURXJK UHYLVLRQ� 7KH
FKDQJHV FRQFHUQHG PDLQO\ WKH PDWKHPDWLFDO DSSHQGLFHV� ³7KHUHIRUH PDQ\ WKLQJV ZHUH OHIW
�WKH PROHFXODU PRGHOV� WKH FDOFXODWLRQ ZLWK FR�SODQDU ULQJV RI WKH ;�UD\ VSHFWUD� ZKLFK DO�
UHDG\ DSSHDUHG TXHVWLRQDEOH WR PH LQ WKH ILUVW HGLWLRQ´ �6RPPHUIHOG ����� SUHIDFH��

��� 7KH 6HFRQG DQG 7KLUG (GLWLRQV

7KH VHFRQG HGLWLRQ ZDV DV VKRUW�OLYHG DV WKH ILUVW� $ IHZ PRQWKV DIWHU LWV DSSHDUDQFH� 6RP�
PHUIHOG ZURWH WR %RKU� ³, DP LQ WKH XQFRPIRUWDEOH VLWXDWLRQ WKDW , DJDLQ KDYH WR ZULWH D
QHZ HGLWLRQ RI P\ ERRN�´�� %RKU KDG WKDQNHG 6RPPHUIHOG RQO\ IRXU PRQWKV HDUOLHU IRU WKH
VHFRQG HGLWLRQ LQ D VLPLODU WRQH WR 3ODQFN� DUJXLQJ WKDW ³LWV IDVW UH�DSSHDUDQFH EHDUV WKH EHVW
ZLWQHVV WR WKH JUHDW LQWHUHVW WKDW \RXU ERRN KDV HOLFLWHG�´�� :LWKLQ WKHVH IRXU PRQWKV� %RKU
DQG 6RPPHUIHOG KDG H[FKDQJHG PRUH OHWWHUV DERXW UHFHQW SURJUHVV LQ DWRPLF SK\VLFV� %RKU
ZDV DW WKDW WLPH GHYHORSLQJ ZKDW ZDV FDOOHG KLV ³VHFRQG DWRPLF WKHRU\�´ D FRQFHSW DERXW
WKH VWUXFWXUH RI WKH HOHFWURQLF VKHOOV RI VXFFHVVLYH HOHPHQWV LQ WKH SHULRGLF V\VWHP� ³<RXU
UHPDUN�´ 6RPPHUIHOG UHVSRQGHG WR D OHWWHU IURP /DQGp LQ0DUFK ����� ³WKDW %RKU KDV VWUXFN
OLNH D ERPE� LV DOVR WUXH IRU 0XQLFK� , UHFHLYHG D FRS\ RI %RKU¶V OHWWHU WR 1DWXUH� :H KDYH
WR UHOHDUQ WKRURXJKO\�´�� %RKU SODQQHG WR YLVLW *|WWLQJHQ WKDW VSULQJ EXW KDG WR FDQFHO KLV
MRXUQH\ EHFDXVH KH IHOO LOO� 6RPPHUIHOG DWWULEXWHG WKH LOOQHVV WR WKH ³PRQVWURXV WKRXJKW FRQ�
FHQWUDWLRQ´ ZKLFK %RKU KDG H[SHQGHG RQ KLV UHFHQW GLVFRYHULHV� ³, ZRXOG KDYH YLVLWHG \RX LQ

��%RUQ WR 6RPPHUIHOG� � 0DUFK ����� '0$� +6 ����±���$����
��:LOVRQ WR 6RPPHUIHOG� � -XO\ ����� '0$� +6 ����±���$�����
��6RPPHUIHOG WR :LOVRQ� �� -XO\ ����� 'UDIW� '0$� +6 ����±���$����� 6RPPHUIHOG DGGHG UHIHUHQFHV WR :LOVRQ
DQG -XQ ,VKLZDUD �DQRWKHU SK\VLFLVW ZKR KDG IRUPXODWHG WKH VDPH TXDQWXP UXOHV� LQ WKH WKLUG HGLWLRQ�
��6RPPHUIHOG WR %RKU� � 0DUFK ����� 1%$� %RKU� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
��%RKU WR 6RPPHUIHOG� � 1RYHPEHU ����� 1%$� %RKU� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
��6RPPHUIHOG WR /DQGp� � 0DUFK ����� 1DFKODVV /DQGp� 6RPPHUIHOG� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
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*|WWLQJHQ DQG DVNHG DERXW \RXU DWRPLF FRQVWUXFWLRQV� 1RZ , KDYH WR ZULWH P\ WKLUG HGLWLRQ
ZLWKRXW NQRZLQJ PRUH GHWDLOV DERXW WKLV GHFLVLYH WXUQ FRQFHUQLQJ WKH HOHFWURQLF RUELWV�´��

$IWHU UHOHDVLQJ WKH VHFRQG HGLWLRQ ZLWK RQO\ PLQRU FKDQJHV� LW ZDV FOHDU WR 6RPPHUIHOG
WKDW KH ZRXOG KDYH WR PDNH D FRQVLGHUDEOH HIIRUW WR DGDSW WKH WKLUG HGLWLRQ WR WKH FXUUHQW VWDWH
RI DWRPLF NQRZOHGJH� %HVLGHV %RKU¶V VHFRQG WKHRU\� WKLV HIIRUW FHQWHUHG DURXQG D QXPEHU
RI RWKHU VSHFLDOWLHV LQ ZKLFK 6RPPHUIHOG VDZ ILW WR VHHN H[SHUW DGYLFH IURP FROOHDJXHV� +H
DVNHG /LVH 0HLWQHU� IRU H[DPSOH� WR XSGDWH KLV SDUDJUDSK RQ QXFOHDU SK\VLFV��� 6RPPHU�
IHOG¶V RZQ UHVHDUFK GXULQJ WKH SDVW \HDU UHVXOWHG LQ FRQVLGHUDEOH FKDQJHV ZLWK UHJDUG WR WKH
WKH VSHFWUD RI DWRPV ZLWK PRUH WKDQ RQH YDOHQFH HOHFWURQ� ,Q ���� 6RPPHUIHOG KDG LQWUR�
GXFHG WKH FRQFHSW RI DQ ³LQQHU TXDQWXP QXPEHU´ WR DFFRXQW IRU FHUWDLQ UHJXODULWLHV RI WKHVH
VSHFWUD� ³<RX DUH EURRGLQJ RYHU WKH IXQGDPHQWDO TXHVWLRQV RI OLJKW TXDQWD�´ 6RPPHUIHOG
ZURWH WR (LQVWHLQ LQ 2FWREHU �����

, GR QRW KDYH WKH SRZHU WR GR WKLV DQG DP FRQWHQW ZLWK WKH GHWDLOV RI WKH TXDQWXP
PDJLF LQ WKH VSHFWUD� +HUH WKHUH DUH WKH µLQQHU TXDQWXP QXPEHUV¶ ZKLFK LQWHUHVW
PH� , KDYH QR LGHD ZKDW WKH\ PHDQ EXW WKH\ XQUDYHO WKH FRPSRVHG WULSOHWV �DQG
GRXEOHWV����

:LWK WKH ³LQQHU TXDQWXP QXPEHUV´ DQG RWKHU DG KRF FRQFHSWV LQWURGXFHG WR H[SODLQ
VSHFWURVFRSLF GDWD� 6RPPHUIHOG¶V DWRPLF WKHRU\ EHFDPH PRUH HPSLULFDO� 7KH QHZ DSSURDFK
VHHPHG SDUWLFXODUO\ DSSURSULDWH LQ DFFRXQWLQJ IRU WKH DQRPDORXV =HHPDQ HIIHFW �)RUPDQ
����� 6HWK ������ ³<RXU HIIHFW SURYHV WR EH PRUH DQG PRUH DQ LPSRUWDQW JXLGH WKURXJK
DWRPLF SK\VLFV�´ 6RPPHUIHOG ZURWH WR =HHPDQ LQ WKH EHJLQQLQJ RI WKH ZLQWHU VHPHVWHU
�������� ,Q WKH SUHFHGLQJ VHPHVWHU� KH KDG GHGLFDWHG KLV VSHFLDO OHFWXUH WR ³0DJQHWR�
DQG (OHFWUR�2SWLFV�´ ZKHUH KH SUHVHQWHG WR KLV DGYDQFHG VWXGHQWV D ³TXDQWXP�WKHRUHWLFDO
UH�LQWHUSUHWDWLRQ´ RI WKH FODVVLFDO PRGHO �FRQFHLYHG E\ :ROGHPDU 9RLJW� RI WKH DQRPDORXV
=HHPDQ HIIHFW� $IWHU WKLV WULDO UXQ� KH WKRXJKW WKDW WKH WLPH KDG FRPH WR SUHVHQW ³LQ WKH QHZ
HGLWLRQ RI P\ ERRN RQ VSHFWUDO OLQHV DOO WKHVH VWUDQJH QXPEHU ODZV ZKLFK /DQGp KDV IRXQG
UHFHQWO\ DQG ZKLFK 3DVFKHQ KDV FRQILUPHG�´ KH ZURWH WR =HHPDQ� ³1RZ D YHU\ WDOHQWHG
GLVFLSOH RI PLQH HYHQ GHGXFHG WKHVH ODZV IURP D PRGHO EDVHG RQ VLPSOH DVVXPSWLRQV�´�� ,Q
D OHWWHU WR (LQVWHLQ� KH UHYHDOHG WKDW WKLV SURGLJ\ VWXGHQW ZDV +HLVHQEHUJ� WKHQ LQ KLV WKLUG
VHPHVWHU� ³, KDYH LQ WKH PHDQWLPH FRQYLQFHG P\VHOI DERXW ZRQGHUIXO QXPEHU�ODZV RI OLQH
FRPELQDWLRQV�´ KH HQWKXVHG DERXW WKHVH UHFHQW UHVXOWV� ³DQG , KDYH SUHVHQWHG WKHP LQ WKH
WKLUG HGLWLRQ RI P\ ERRN�´��

%\ WKDW SRLQW� LQ -DQXDU\ ����� KH KDG ILQLVKHG WKH UHYLVLRQV IRU WKH WKLUG HGLWLRQ� 7KH
H[FLWHPHQW DERXW WKH PRVW UHFHQW DGYDQFHV LV DOVR PDQLIHVWHG LQ KLV SUHIDFH WR WKLV HGLWLRQ�

, DWWDFK SDUWLFXODU LPSRUWDQFH WR WKH LQWURGXFWLRQ RI WKH LQQHU TXDQWXP QXPEHUV
�FKDS� 9,� � ��� DQG WR WKH V\VWHPDWLF DUUDQJHPHQW RI WKH DQRPDORXV =HHPDQ
HIIHFWV �FKDS� 9,� � ��� 7KH UHJXODULWLHV WKDW KHUH REWDLQ WKURXJKRXW DUH SULPDULO\
RI DQ HPSLULFDO QDWXUH� EXW WKHLU LQWHJUDO FKDUDFWHU GHPDQGV IURP WKH RXWVHW WKDW

��6RPPHUIHOG WR %RKU� �� $SULO ����� 1%$� %RKU� 3ULQWHG LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
��6RPPHUIHOG WR 0HLWQHU� �� -XQH ����� 0HLWQHU 3DSHUV�
��6RPPHUIHOG WR (LQVWHLQ� �� 2FWREHU ����� $($�
��6RPPHUIHOG WR =HHPDQ� � 2FWREHU ����� 5$1+� =HHPDQ� LQY� QU� ���� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF�
����
��6RPPHUIHOG WR (LQVWHLQ� �� -DQXDU\ ����� $($� 3ULQWHG LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
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WKH\ EH FORWKHG LQ WKH ODQJXDJH RI TXDQWD� 7KLVPRGH RI H[SODQDWLRQ� MXVW OLNH WKH
UHJXODULWLHV WKHPVHOYHV� LV IXOO\ HVWDEOLVKHG DQG LV XQLTXH� (YHQ DW WKH SUHVHQW
HDUO\ VWDJH LW KDV VKRZQ LWVHOI LQ PDQ\ UHVSHFWV WR EH IUXLWIXO DQG VXJJHVWLYH���

7KXV ³0U� VWXG� :� +HLVHQEHUJ´ DQG RWKHU 6RPPHUIHOG GLVFLSOHV �$GROI .UDW]HU� :ROI�
JDQJ 3DXOL� *UHJRU :HQW]HO� IRXQG WKHLU QDPHV LPPRUWDOL]HG DW D UDWKHU HDUO\ VWDJH LQ WKHLU
FDUHHU� 6RPPHUIHOG DOVR DFNQRZOHGJHG VXFK FRQWULEXWLRQV LQ GRFWRUDO UHSRUWV��� ³, KDYH
GUXGJHG D ORW� SDUWLFXODUO\ ZLWK WKH QHZ HGLWLRQ RI P\ ERRN� DQG DP ULSH IRU D KROLGD\ QRZ�´
KH ZURWH WR (LQVWHLQ DIWHU WKH VXPPHU VHPHVWHU ����� ³, KDYH PDGH IRXU 3K'V �DPRQJ WKHP
3DXOL� DQG RQH 3ULYDWGR]HQW �.UDW]HU��´�� )XUWKHUPRUH� 6RPPHUIHOG SDLG WULEXWH WR WKH UH�
FHQW ZRUN RI $OIUHG /DQGp ZKR KDG WXUQHG IURP D GHYRWHG GLVFLSOH LQWR D ULYDO �)RUPDQ
����� ������ &RPSDUHG WR D VLQJOH UHIHUHQFH LQ WKH VHFRQG HGLWLRQ� /DQGp ILJXUHV DV D NH\
SOD\HU LQ VHYHUDO SDUWV RI WKH WKLUG HGLWLRQ RI $WRPEDX XQG 6SHNWUDOOLQLHQ�

,Q WHUPV RI SHUVRQDOLWLHV� WKH LQGLVSXWDEOH PDLQ FKDUDFWHU RI WKH ERRN ZDV %RKU� 6RP�
PHUIHOG KDG DOUHDG\ SUDLVHG KLV &RSHQKDJHQ FROOHDJXH LQ WKH SUHIDFH WR WKH ILUVW HGLWLRQ�
³)RU DOO WLPHV WKH WKHRU\ RI WKH VSHFWUD ZLOO EHDU %RKU¶V QDPH´ �6RPPHUIHOG ����� SUHIDFH��
+H KDG YLVLWHG %RKU LQ DXWXPQ ���� DQG SULYDWHO\ FRPSDUHG KLP WR (LQVWHLQ��� :LWK KLV
³VHFRQG DWRPLF WKHRU\´ DERXW WKH EXLOG�XS SULQFLSOH RI WKH HQWLUH SHULRGLF V\VWHP� %RKU¶V
IDPH ZDV JURZLQJ IXUWKHU� <HW %RKU ZDV QRW HQWLUHO\ KDSS\ ZLWK 6RPPHUIHOG¶V SUHVHQWDWLRQ
RI KLV LGHDV LQ WKH ILUVW DQG VHFRQG HGLWLRQV RI $WRPEDX XQG 6SHNWUDOOLQLHQ� ,Q SDUWLFXODU�
6RPPHUIHOG UHJDUGHG WKH FRUUHVSRQGHQFH SULQFLSOH DV PHUHO\ XVHIXOþQRW DV IXQGDPHQWDO
WKH ZD\ %RKU GLG� $OWKRXJK WKH WKLUG HGLWLRQ VWLOO OHIW VRPHWKLQJ WR EH GHVLUHG LQ WKLV UHJDUG�
%RKU¶V UHVSRQVH LV WHOOLQJ� $IWHU H[SUHVVLQJ KLV FRQJUDWXODWLRQ DQG DGPLUDWLRQ� %RKU WKDQNHG
6RPPHUIHOG

IRU WKH IULHQGO\ DWWLWXGH ZLWK ZKLFK \RX UHJDUGHG P\ ZRUN DQG WKDW RI P\ FRO�
ODERUDWRUV� 'XULQJ WKH ODVW \HDUV , KDYH RIWHQ IHOW VFLHQWLILFDOO\ YHU\ ORQHO\�
XQGHU WKH LPSUHVVLRQ WKDW P\ WHQGHQFLHV WR GHYHORS WKH SULQFLSOHV RI TXDQWXP
WKHRU\ V\VWHPDWLFDOO\ WR WKH EHVW RI P\ DELOLW\ KDYH EHHQ UHFHLYHG ZLWK YHU\ OLW�
WOH XQGHUVWDQGLQJ� )RU PH WKLV LV QRW D PDWWHU RI D GLGDFWLF WULIOH EXW D VLQFHUH
HIIRUW WR REWDLQ DQ LQQHU FRQQHFWLRQ VXFK WKDW RQH FDQ KRSH WR FUHDWH D YDOLG
IXQGDPHQW IRU IXUWKHU FRQVWUXFWLRQ� , XQGHUVWDQG YHU\ ZHOO KRZ OLWWOH WKLQJV DUH
\HW UHVROYHG� DQG KRZ FOXPV\ , DP ZLWK H[SUHVVLQJ P\ WKRXJKWV LQ DQ HDVLO\
DFFHVVLEOH PDQQHU� $OO WKH PRUH , ZDV SOHDVHG WR VHH D FKDQJH RI \RXU DWWLWXGH
LQ WKH QHZ HGLWLRQ RI \RXU ERRN���

%\ DQG ODUJH� WKH WKLUG HGLWLRQ ZDV SUDLVHG DV D QHZ DFFRPSOLVKPHQWþDQG D JOLPSVH
DW D UDSLGO\�HYROYLQJ VXEMHFW� ³(YHU\ZKHUH RQH EHFRPHV DZDUH DERXW WKH SURJUHVV�´ 3ODQFN
ZURWH WR 6RPPHUIHOG�

��7KH WUDQVODWLRQ LV WDNHQ IURP �6RPPHUIHOG ����� ����� SUHIDFH��
��5HSRUW WR WKH IDFXOW\� � -XO\ ����� 8$0 �2&�,���S��
��6RPPHUIHOG WR (LQVWHLQ� �� $XJXVW ����� $($�
��6RPPHUIHOG WR 0DUJDUHWKH 6RPPHUIHOG �KLV GDXJKWHU�� �� 6HSWHPEHU ����� SULYDWH FROOHFWLRQ� 0XQLFK�
��%RKU WR 6RPPHUIHOG� �� $SULO ����� '0$� +6 ����±���$� ��� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
6HH �6HWK ����� ���±���� IRU DQ H[FHOOHQW GLVFXVVLRQ DERXW %RKU¶V DQG 6RPPHUIHOG¶V GLIIHUHQW SHUFHSWLRQV RI WKH
FRUUHVSRQGHQFH SULQFLSOH�
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>$@QG DW WKH VDPH WLPH WKH V\VWHPDWLF URXQGLQJ RI WKH LGHDV GHYHORSHG E\ \RXU�
VHOI� $GPLWWHGO\ HYHQ QRZ RQH FDQ QRW \HW VSHDN RI DQ DFFRPSOLVKPHQW RI TXDQ�
WXP WKHRU\ DV LQ FODVVLFDO WKHRULHV� (YHQ WKH LPPHQVHO\ SURGXFWLYH FRUUHVSRQ�
GHQFH SULQFLSOH GRHV QRW \HW SURFXUH WKH FRPSOHWH FRQQHFWLRQ WR WKH FODVVLFDO
WKHRU\���

7KH PDWKHPDWLFLDQ +HUPDQQ :H\O DGPLUHG 6RPPHUIHOG IRU KLV DELOLW\ WR RUFKHVWUDWH
VXFK D ZHDOWK RI ³UHFDOFLWUDQW HPSLULFDO IDFWV´ LQWR D ZHOO�RUGHUHG VFKHPH� ³<RX DUH LQ FRQ�
WDFW KHUH DV HOVHZKHUH ZLWK WKH UHDOLW\ WKDW LV DFFHVVLEOH WR RXU VHQVHV DQG VHWV WKH UHJLVWHUV RI
\RXU TXDQWXP RUJDQ� <RXU ERRN LV QRZ P\ SK\VLFDO ELEOH�´�� (YHQ DW WHFKQLFDO XQLYHUVLWLHV
WKH ³ELEOH´ ZDV VWXGLHG� ³:H KDYH QRZ UHVROYHG WR UHDG \RXU ERRN WRJHWKHU LQ WKH SK\VLFV
FROORTXLXP�´ 7KHRGRUH YRQ .iUPiQ LQIRUPHG 6RPPHUIHOG IURP WKH $DFKHQ 7HFKQLFDO 8QL�
YHUVLW\��� $W WKH VDPH WLPH� WKH WKLUG HGLWLRQ ZDV WUDQVODWHG LQWR (QJOLVK DQG )UHQFK� :KLOH
WKHVH ZHUH LQ WKH PDNLQJ� KRZHYHU� SK\VLFLVWV DEURDG XVHG WKH *HUPDQ HGLWLRQ� :LWKLQ
OHVV WKDQ D \HDU� PRUH WKDQ IRXU WKRXVDQG FRSLHV ZHUH VROG��� +RZHYHU� LWV FKDUDFWHU DV D
³ELEOH´ HYRNHG H[SHFWDWLRQV RI LPPRUWDOL]DWLRQ WKDW ZHUH QRW DOZD\V IXOILOOHG WR WKH VDWLV�
IDFWLRQ RI 6RPPHUIHOG¶V FROOHDJXHV� 3DXO (KUHQIHVW� IRU H[DPSOH� ZDV ³UDWKHU GHSUHVVHG�´
DV 6RPPHUIHOG OHDUQHG IURP (LQVWHLQ� ³EHFDXVH \RX GHQLHG KLP DXWKRUVKLS RI WKH DGLDEDWLF
K\SRWKHVLV�´��

��� $WRPEDX XQG 6SHNWUDOOLQLHQ LQ WKH 8QLWHG 6WDWHV ���������

,Q WKH VXPPHU RI ����� 6RPPHUIHOG UHFHLYHG DQ LQYLWDWLRQ IURP WKH 8QLYHUVLW\ RI:LVFRQVLQ
LQ 0DGLVRQ WR OHFWXUH WKHUH DV WKH .DUO 6FKXU] 3URIHVVRU IRU IRXU PRQWKV� IURP 6HSWHPEHU
���� WR -DQXDU\ ������� 7KH LQYLWDWLRQ RI D *HUPDQ VR VKRUWO\ DIWHU WKH ZDU ZDV DQ HYHQW
WKDW DWWUDFWHG JUHDW DWWHQWLRQ DOO RYHU WKH 8QLWHG 6WDWHV� ³*HUPDQ 6FLHQWLVW &RPLQJ�´ WKH
1HZ <RUN 7LPHV UHSRUWHG WKH QHZV RQ � $XJXVW ����� ³7KH .DUO 6FKXU] 0HPRULDO 3URIHV�
VRUVKLS ZDV IRXQGHG LQ ���� DV DQ H[FKDQJH SURIHVVRUVKLS ZLWK WKH *HUPDQ XQLYHUVLWLHV�´
WKH QHZVSDSHU LQIRUPHG LWV UHDGHUV� ³7KH DSSRLQWPHQW RI 3URIHVVRU 6RPPHUIHOG PDUNV LWV
UHVXPSWLRQ DIWHU WKH LQWHUUXSWLRQ FDXVHG E\ WKH ZDU�´ %XW LW ZDV QRW RQO\ WKLV SROLWLFDO FRQ�
WH[WþDOOXGLQJ WR WKH SUR� DQG DQWL�*HUPDQ DWWLWXGHV WDNHQ LQ WKH FRXUVH RI 86 HQWU\ LQWR WKH
*UHDW :DU LQ ����þWKDW PDGH WKH LQYLWDWLRQ DW WKH 8QLYHUVLW\ RI :LVFRQVLQ ZRUWK DQ DUWLFOH
LQ WKH1HZ<RUN 7LPHV� 7KH DGYDQFHV LQ SK\VLFV DFKLHYHG LQ (XURSHZHUH EHLQJZDWFKHGZLWK
JUHDW FXULRVLW\ DQG KDG DOUHDG\ UHVXOWHG LQ LQYLWDWLRQV RI SURIHVVRUV IURP RYHUVHDV WR VHYHUDO
$PHULFDQ XQLYHUVLWLHV� LQFOXGLQJ (LQVWHLQ� 0DULH &XULH� DQG +HQGULN $QWRRQ /RUHQW]� VHH
�6RSND ����� DSSHQGL[ ,,�� ³3URIHVVRU 6RPPHUIHOG LV H[SHFWHG WR JLYH D FRXUVH RQ DWRPLF
VWUXFWXUH� DQG D VHFRQG FRXUVH HLWKHU RQ WKH DQDO\VLV RI ZDYH SURSDJDWLRQ RU LQ WKH JHQHUDO
WKHRU\ RI UHODWLYLW\�´ WKH QHZVSDSHU IXUWKHU UHSRUWHG���

��3ODQFN WR 6RPPHUIHOG� �� $SULO ����� '0$� +6 ����±���$�����
��:H\O WR 6RPPHUIHOG� �� 0D\ ����� '0$� +6 ����±���$����� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
��9RQ .iUPiQ WR 6RPPHUIHOG� �� 0D\ ����� 7KHRGRUH YRQ .iUPiQ 3DSHUV�
��9LHZHJ WR 6RPPHUIHOG� �� -DQXDU\ ����� '0$� 1/ ��� ���� 0DSSH ����
��(LQVWHLQ WR 6RPPHUIHOG� �� 6HSWHPEHU ����� '0$� +6 ����±���$���� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF�
����
��%LUJH WR 6RPPHUIHOG� � -XO\ ����� '0$� 1/ ��� ���� 0DSSH ����
��1HZ <RUN 7LPHV� � $XJXVW �����
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$W WKDW WLPH� LQ DXWXPQ ����� WKHUH ZDV VWLOO QR (QJOLVK WUDQVODWLRQ RI $WRPEDX XQG
6SHNWUDOOLQLHQ DYDLODEOH� 7KRVH DWWHPSWLQJ WR OHDUQ DERXW WKH UHFHQW DGYDQFHV LQ DWRPLF
SK\VLFV XVHG WKH WKLUG *HUPDQ HGLWLRQ� ZKLFK KDG MXVW DSSHDUHG� %XW WKH IDPH RI 6RP�
PHUIHOG¶V ERRN SUHFHGHG WKH (QJOLVK WUDQVODWLRQ� 7KH QHZV RI 6RPPHUIHOG¶V DUULYDO VSUHDG
DPRQJ XQLYHUVLWLHV DQG UHVHDUFK ODERUDWRULHV DOO RYHU WKH 8QLWHG 6WDWHV� UHVXOWLQJ LQ D IORRG
RI LQYLWDWLRQV WR OHFWXUH RQ WKH VXEMHFW RI KLV ERRN� ³, ZLOO EH YHU\ JODG WR YLVLW \RXU H[FHO�
OHQW ODERUDWRULHV DW 6FKHQHFWDG\ DQG WR GHOLYHU WKHUH D IHZ OHFWXUHV DERXW $WRPLF 6WUXFWXUH
RU 6SHFWUDO /LQHV�´ 6RPPHUIHOG UHVSRQGHG� IRU H[DPSOH� WR DQ LQYLWDWLRQ IURP WKH 5HVHDUFK
/DERUDWRU\ RI *HQHUDO (OHFWULF��� +H YLVLEO\ HQMR\HG KLV UROH DV KDUELQJHU RI D QHZ SK\VLFV�
³&UHZ LV D VSHFWURVFRSLVW�´ 6RPPHUIHOG H[SODLQHG LQ D OHWWHU WR KLV ZLIH DERXW DQ LQYLWDWLRQ
WR WKH 1RUWKZHVWHUQ 8QLYHUVLW\ LQ (YDQVWRQ� ³P\ ERRN ZDV RQ KLV GHVN� , ZDV DQ RUDFOH
IRU KLP�´�� $W %HUNHOH\ KLV ERRN ZDV VR PXFK VRXJKW�DIWHU ³WKDW WKH\ FDQQRW NHHS LW�´ DV
KH UHSRUWHG KRPH� ³,W KDV EHHQ VWROHQ IURP WKH LQVWLWXWH¶V OLEUDU\ DQG KDG WR EH SXUFKDVHG
DJDLQ�´��

$OWRJHWKHU� 6RPPHUIHOG OHFWXUHG DW VHYHQWHHQ ORFDWLRQV GXULQJ KLV VL[�PRQWK VRMRXUQ
LQ WKH 8QLWHG 6WDWHV� :KLOH KH ZDV EDVHG LQ 0DGLVRQ IRU KLV PDLQ VWD\� DW WKH 8QLYHUVLW\
RI :LVFRQVLQ IURP 6HSWHPEHU ���� WR -DQXDU\ ����� KH YLVLWHG (YDQVWRQ� 0LOZDXNHH� 0LQ�
QHDSROLV� $QQ $UERU� DQG 8UEDQD� ,Q -DQXDU\� KH WUDYHOHG WR &DOLIRUQLD� ZKHUH 5REHUW $�
0LOOLNDQ DQG ([XP 3� /HZLV LQYLWHG KLP WR OHFWXUH IRU WZR ZHHNV HDFK DW WKH &DOLIRUQLD ,Q�
VWLWXWH RI 7HFKQRORJ\ LQ 3DVDGHQD DQG WKH 8QLYHUVLW\ RI &DOLIRUQLD� %HUNHOH\� UHVSHFWLYHO\�
2Q KLV ZD\ ZHVW� 6RPPHUIHOG LQFOXGHG .DQVDV LQ KLV VFKHGXOH� DQG RQ KLV UHWXUQ 'HQYHU DQG
$PHV IRU DQRWKHU FRXSOH RI OHFWXUHV� ,Q0DUFK ����� 6RPPHUIHOG¶V PDLQ EDVH ZDV DW WKH 1D�
WLRQDO %XUHDX RI 6WDQGDUGV �1%6� LQ :DVKLQJWRQ� '�&�� ZKHUH KH FROODERUDWHG IRU WHQ GD\V
ZLWK WKH VSHFWURVFRS\ GHSDUWPHQW� KHDGHG E\ :LOOLDP )UHGHULFN 0HJJHUV� +H FRQFOXGHG
KLV $PHULFDQ VRMRXUQ ZLWK D FLUFXLW WKURXJK WKH HDVWHUQ VWDWHV� OHFWXULQJ LQ 6FKHQHFWDG\�
&DPEULGJH �0DVVDFKXVHWWV�� ,WKDFD� DQG 1HZ <RUN &LW\���

$OWKRXJK 6RPPHUIHOG ZDV UHJDUGHG E\ VRPH RI KLV $PHULFDQ FROOHDJXHV DV ³DQ RUD�
FOH´ ZLWK UHJDUG WR DWRPLF VWUXFWXUH DQG VSHFWUDO OLQHV� WKH NQRZOHGJH WUDQVIHU DFFRPSDQ\LQJ
6RPPHUIHOG¶V OHFWXUH LQYLWDWLRQV ZRUNHG ERWK ZD\V� 6RPPHUIHOG ZDV SDUWLFXODUO\ LQWHUHVWHG
LQ ³WKH DVWURSK\VLFDO IDLU\ZRUOG RI WKH 0W� :LOVRQ DQG WKH ILUVW�UDWH UHVHDUFK LQVWLWXWLRQ LQ
3DVDGHQD ZKLFK WKH HQHUJ\ RI0U� 0LOOLNDQ KDV FUHDWHG�´ DV KH ZURWH VRPHPRQWKV EHIRUH KLV
YLVLW WR KLV IRUPHU GLVFLSOH (SVWHLQ� ZKRP 0LOOLNDQ KDG FDOOHG WR 3DVDGHQD LQ ���� DV SUR�
IHVVRU IRU WKHRUHWLFDO SK\VLFV��� +LV KLJK H[SHFWDWLRQV ZHUH QRW GLVDSSRLQWHG� ³$SDUW IURP
0LOOLNDQ¶V LQVWLWXWH WKH HQWLUH VWDII IURP0W�:LOVRQ LV DWWHQGLQJ P\ OHFWXUHV� DOO RI WKHP ILUVW�
UDWH SHRSOH�´ 6RPPHUIHOG ZURWH WR KLV ZLIH GXULQJ KLV VRMRXUQ DW 3DVDGHQD� ³7KH\ RIIHU PH
WKHLU HQRUPRXV PDWHULDO PRVW UHDGLO\� LQFOXGLQJ WKDW ZKLFK LV XQSXEOLVKHG�´�� 6RPPHUIHOG¶V
YLVLW DW WKH 1%6� WRR� EURXJKW KLP LQ FORVH FRQWDFW ZLWK D ZHDOWK RI VSHFWURVFRSLF GDWD� ³(Y�
HU\RQH LV HDJHU WR SUHVHQW PH KLV VWXII�´ KH ZURWH KRPH���

��6RPPHUIHOG WR :KLWQH\� �� 2FWREHU ����� '0$� 1/ ��� ���� 0DSSH ����
��6RPPHUIHOG WR KLV ZLIH� �� 1RYHPEHU ����� SULYDWH FROOHFWLRQ� 0XQLFK�
��6RPPHUIHOG WR KLV ZLIH� �� )HEUXDU\ ����� SULYDWH FROOHFWLRQ� 0XQLFK�
��7KLV VXUYH\ LV SULPDULO\ EDVHG RQ OHWWHUV RI LQYLWDWLRQ� SUHVHUYHG LQ 0XQLFK� 1/ ��� DQG 6RPPHUIHOG¶V FRUUH�
VSRQGHQFH ZLWK KLV ZLIH� SULYDWH FROOHFWLRQ� 0XQLFK�
��6RPPHUIHOG WR (SVWHLQ� �� -XO\ ����� &DOWHFK $UFKLYHV� (SVWHLQ ����
��6RPPHUIHOG WR KLV ZLIH� � )HEUXDU\ ����� SULYDWH FROOHFWLRQ� 0XQLFK�
��6RPPHUIHOG WR KLV ZLIH� � 0DUFK ����� SULYDWH FROOHFWLRQ� 0XQLFK�
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7KH HQFRXQWHU ZLWK HPSLULFDO VSHFWURVFRS\ LQ $PHULFD OHIW YLVLEOH WUDFHVþLQ 6RPPHU�
IHOG¶V RZQ UHVHDUFK� LQ KLV SHGDJRJLFDO SUDFWLFH� DQG LQ WKH IRUWKFRPLQJ IRXUWK HGLWLRQ RI
$WRPEDX XQG 6SHNWUDOOLQLHQ� $IWHU KLV UHWXUQ WR 0XQLFK� 6RPPHUIHOG FRQWLQXHG WR GLVFXVV
VSHFWURVFRSLF GHWDLOV ZLWK KLV $PHULFDQ FROOHDJXHV� ³0D\ , DVN \RX WR VHQG PH WKH )H�
VSHFWUXP IURP 0W� :LOVRQ�´ 6RPPHUIHOG ZURWH WR 0HJJHUV LQ VXPPHU ����� $W WKDW WLPH�
KH ZDV IRFXVLQJ KLV UHVHDUFK RQ PXOWLSOHWV� IDPLOLHV RI UHJXODUO\ DUUDQJHG VSHFWUDO OLQHV�
ZKLFK KDG ILUVW EHHQ LGHQWLILHG LQ ���� E\ 0LJXHO &DWDODQ LQ WKH VSHFWUXP RI PDQJDQHVH�
6XFK JURXSV RI OLQHV ZHUH DOVR REVHUYHG ZKHQ DWRPV ZHUH H[SRVHG WR PDJQHWLF ILHOGV �=HH�
PDQ HIIHFW�� 7KLV IHDWXUH FDPH WR EH UHSUHVHQWHG PDWKHPDWLFDOO\ LQ WHUPV RI GLIIHUHQW YHF�
WRULDO UHSUHVHQWDWLRQV RI DQJXODU PRPHQWDþEXW WKH LQWHUSUHWDWLRQ RI VXFK FRQVWUXFWLRQV LQ
WHUPV RI PRGHOV UHPDLQHG GXELRXV� ³$IWHU /DQGp �=HLWVFKULIW I�U 3K\VLN� %G� ��� 6� ����
KDV H[SODLQHG WKHRUHWLFDOO\�HPSLULFDOO\ WKH =HHPDQ HIIHFWV IRU DUELWUDU\ PXOWLSOHWV� ZH KDYH
GLVFRYHUHG VRPH PXOWLSOHWV LQ WKH VSHFWUXP RI WLWDQLXP DQG YDQDGLXP �IURP ZKLFK ZH UH�
FHLYHG WKH =HHPDQ HIIHFWV IURP 3DVDGHQD��´ 6RPPHUIHOG H[SODLQHG WR0HJJHUV� ³7KHUHIRUH�
WKH FRPSDULVRQ ZLWK )H ZRXOG EH YHU\ LQWHUHVWLQJ�´�� %\ ³ZH´ 6RPPHUIHOG PHDQW KLPVHOI
DQG KLV DGYDQFHG VWXGHQW 2WWR /DSRUWH� $ \HDU ODWHU� /DSRUWH ZURWH KLV GLVVHUWDWLRQ RQ WKH
VSHFWUXP RI LURQ� D WDVNZKLFK ³ZDV VWLOO D IHZ \HDUV DJR FRQVLGHUHG KRSHOHVVO\ FRPSOLFDWHG�´
DV 6RPPHUIHOG DUJXHG LQ KLV UHSRUW WR WKH IDFXOW\��� ,Q ����� /DSRUWH VSHQW D RQH�\HDU IHO�
ORZVKLS DV D WKHRUHWLFDO DQDO\VW LQ WKH VSHFWURVFRS\ GHSDUWPHQW DW WKH 1%6� ³ZH QLFNQDPHG
KLP RXU +HUU *HKHLPUDW >3ULY\ &RXQFLOORU@�´ 0HJJHUV PXVHG DW WKH HQG RI /DSRUWH¶V WHUP���

%HVLGHV H[SHULPHQWDO VSHFWURVFRS\� WKH ³PRVW LQWHUHVWLQJ´ VFLHQWLILF QHZV ZKLFK 6RP�
PHUIHOG HQFRXQWHUHG GXULQJ KLV $PHULFDQ VRMRXUQ ZDV ³D ZRUN E\ &RPSWRQ LQ 6W� /RXLV�´
7KLV ZDV WKH PDQQHU LQ ZKLFK KH DOOXGHG� LQ D OHWWHU WR %RKU LQ -DQXDU\ ����� WR WKH GLV�
FRYHU\ RI WKH &RPSWRQ HIIHFW� DERXW ZKLFK KH KDG OHDUQHG VRPHWLPH DIWHU &KULVWPDV �����
+H UHSRUWHG QR GHWDLOV �&RPSWRQ¶V SXEOLFDWLRQ DSSHDUHG LQ WKH 3K\VLFDO 5HYLHZ RQO\ LQ 0D\
����� EXW UHYHDOHG WKDW�

LW ZRXOG KDYH WKH FRQVHTXHQFH WKDW WKH ZDYH WKHRU\ RI ;�UD\V KDV WR EH GHIL�
QLWHO\ DEDQGRQHG� , DP QRW \HW WRWDOO\ FRQYLQFHG ZKHWKHU KH LV ULJKW� DQG , GR
QRW NQRZ ZKHWKHU , VKRXOG DOUHDG\ VSHDN DERXW KLV UHVXOWV� , RQO\ ZRXOG OLNH WR
SRLQW RXW WKDW ZH PD\ H[SHFW HYHQWXDOO\ D YHU\ IXQGDPHQWDO QHZ LQVWUXFWLRQ���

:LWKLQ D IHZ PRQWKV� &RPSWRQ¶V H[SHULPHQWDO UHVXOW ZDV WUDQVIRUPHG LQWR WKH ³&RPSWRQ
HIIHFW�´ UHSURGXFHG LQ RWKHU ODERUDWRULHV DQG LQWHUSUHWHG DV D PDQLIHVWDWLRQ RI WKH SDUWLFOH
QDWXUH RI ;�UD\V �6WXHZHU ������

��� 7KH )RXUWK (GLWLRQ

%RWK WKH &RPSWRQ HIIHFW DQG WKH QHZ UHVXOWV DERXW PXOWLSOHWV HQWHUHG LQ WKH IRXUWK HGLWLRQ RI
$WRPEDX XQG 6SHNWUDOOLQLHQ� 6RPPHUIHOG EHJDQ WKH WHGLRXV HIIRUW RI UHYLVLRQV DQG H[WHQ�
VLRQV DV VRRQ DV KH UHWXUQHG IURP $PHULFD LQ WKH VXPPHU RI ����� ³, DP EXV\ LQ SUHSDULQJ
D QHZ *HUPDQ HGLWLRQ LQ ZKLFK , ZLOO DOVR SURFHVV P\ $PHULFDQ H[SHULHQFHV�´ KH ZURWH WR

��6RPPHUIHOG WR 0HJJHUV� �� -XQH ����� 0HJJHUV 3DSHUV�
��6RPPHUIHOG¶V GRFWRUDO UHSRUW WR WKH )DFXOW\� �� -XO\ ����� 8$0 �2&�,���S��
��0HJJHUV WR 6RPPHUIHOG� � -XO\ ����� '0$� +6 ����±���$����� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� �����
��6RPPHUIHOG WR %RKU� �� -DQXDU\ ����� 1%$� %RKU� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
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WKH 0DGLVRQ SK\VLFLVW� &KDUOHV (OZRRG 0HQGHQKDOO� DW D WLPH ZKHQ WKH (QJOLVK WUDQVODWLRQ
$WRPLF 6WUXFWXUH DQG 6SHFWUDO /LQHV� PDGH IURP WKH WKLUG HGLWLRQ� KDG MXVW DSSHDUHG LQ $PHU�
LFD��� ,Q DQRWKHU OHWWHU WR KLV IRUPHU KRVW DW WKH 8QLYHUVLW\ RI %HUNHOH\� 5D\PRQG 7KD\HU
%LUJH� KH ZDV PRUH H[SOLFLW� %HVLGHV QHZV DERXW PROHFXODU VSHFWUD� WKH IRXUWK HGLWLRQ ZRXOG
FRYHU�

%RKU¶V WKHRU\ RI WKH SHULRGLF V\VWHP� &RPSWRQ¶V GLVFRYHU\� PXFKPRUH RQ LQQHU
TXDQWD� PDJQHWRQV DQG DQRPDORXV =HHPDQ HIIHFWV WKDQ WKH WKLUG HGLWLRQ� 2I
FRXUVH LW ZLOO FRQWDLQ DOO ZH NQRZ XQWLO QRZ DERXW PXOWLSOHWV� , DP JODG WKDW P\
VRMRXUQ LQ :DVKLQJWRQ ERUH JRRG IUXLWV LQ WKLV UHJDUG���

:LWK UHJDUG WR WKH &RPSWRQ HIIHFW� 6RPPHUIHOG FRQIHVVHG WKDW KH KDG FOXQJ ³DV ORQJ DV
SRVVLEOH´ WR WKH YLHZ RI OLJKW SURSDJDWLRQ DV D ZDYH SKHQRPHQRQ EXW WKDW KH ZDV ³LPSHOOHG
WR DGRSW PRUH DQG PRUH WKH SRVLWLRQ RI WKH H[WUHPH OLJKW TXDQWXP WKHRU\�´ 7KHUHIRUH� KH
UDQNHG WKH &RPSWRQ HIIHFW ³DPRQJ WKH IXQGDPHQWDO HPSLULFDO IDFWV´ WR EH UHYLHZHG LQ WKH
ILUVW FKDSWHU� +H SUHVHQWHG WKH &RPSWRQ HIIHFW DV ³WKH PRVW LPSRUWDQW GLVFRYHU\ ZKLFK KDV
EHHQ PDGH LQ WKH SUHVHQW VWDWH RI SK\VLFV´ �6RPPHUIHOG ����� SUHIDFH� YLL±YLLL��

7KH WKHRU\ RI FRPSOH[ VSHFWUD �L�H�� WKH VSHFWUD RI DWRPV ZLWK PRUH WKDQ RQH YDOHQFH
HOHFWURQ� ZDV D SDUWLFXODU KLJKOLJKW RI WKLV HGLWLRQ� ,W IRUFHG 6RPPHUIHOG LUUHYRFDEO\ WR DE�
VWDLQ IURP PRGHO LQWHUSUHWDWLRQV RI VSHFWUDO OLQHV� 7KH GHPLVH RI D YLVXDO LQWHUSUHWDWLRQ LQ
WHUPV RI HOHFWURQLF RUELWV VHHPHG DOUHDG\ XQDYRLGDEOH LQ OLJKW RI WKH VR�FDOOHG GRXEOHW ULGGOH
�)RUPDQ ������ 6RPPHUIHOG¶V ILQH VWUXFWXUH WKHRU\ IURP ���� KDG SHUVXDVLYHO\ VKRZQ WKDW
WKH GRXEOHWV REVHUYHG LQ ;�UD\ VSHFWUD ZHUH FDXVHG E\ D UHODWLYLVWLF HIIHFW� WKH VDPH HIIHFW
ZKLFK FDXVHG WKH ILQH�VWUXFWXUH VSOLW RI K\GURJHQ OLQHV� EXW PDJQLILHG E\ D IDFWRU SURSRU�
WLRQDO WR WKH IRXUWK SRZHU RI WKH QXFOHDU FKDUJH� RQ WKH RWKHU KDQG� WKH RSWLFDO GRXEOHWV�
OLNH WKH \HOORZ VRGLXP OLQHV� ZHUH LQWHUSUHWHG DV D PDJQHWLF HIIHFW� UHVXOWLQJ IURP GLIIHU�
HQW RULHQWDWLRQV RI DQJXODU PRPHQWD� 7KXV� WKH GRXEOHWV RI WKH RSWLFDO DQG ;�UD\ VSHFWUD
ZHUH LQWHUSUHWHG LQ WHUPV RI GLIIHUHQW SK\VLFDO PRGHOV� ,Q $SULO ����� XOWUDYLROHW VSHFWUD
PHDVXUHG LQ 0LOOLNDQ¶V ODERUDWRU\ LQ 3DVDGHQD LQGLFDWHG WKDW ERWK WKH RSWLFDO DQG WKH ;�UD\
GRXEOHWV FRXOG EH H[SODLQHG UHODWLYLVWLFDOO\� $V 6RPPHUIHOG ZURWH WR KLV ULYDO� /DQGp� DERXW
WKLV QHZV� ³7KH UHODWLYLW\ IRUPXOD� IDU IURP EHLQJ REVROHWH RU UHIXWHG� H[WHQGV LWV YDOLG�
LW\ LQWR WKH RSWLFDO UHDOP�´ %XW ZKDW UHDGV OLNH D YLFWRU\ RI 6RPPHUIHOG¶V UHODWLYLVWLF RYHU
/DQGp¶V PDJQHWLF GRXEOHW LQWHUSUHWDWLRQ ZDV QRW PHDQW WR VXJJHVW UHSODFLQJ RQH PRGHO E\
DQRWKHUþEXW UDWKHU WKH GHILQLWLYH DEGLFDWLRQ RI DOO PRGHO�EDVHG H[SODQDWLRQV� ³:H KDYH
UHFHQWO\ OHDUQHG WKDW DULWKPHWLFDO UHJXODULWLHV UHDFK IDUWKHU WKDQ ZRXOG EH H[SHFWHG IURP
PRGHOV�´ 6RPPHUIHOG DUJXHG LQ YLHZ RI WKH PXOWLSOHWV ZKHUH WKHVH UHJXODULWLHV ZHUH PRVW
FRQVSLFXRXV��� 6RPPHUIHOG DOVR SURSDJDWHG WKLV PHVVDJH LQ WKH QHZ HGLWLRQ RI $WRPEDX
XQG 6SHNWUDOOLQLHQ� ³1RZKHUH GRHV WKH DULWKPHWLFDO FKDUDFWHU RI TXDQWXP WKHRU\ FRPH WR
OLJKW LQ D PRUH HOHPHQWDU\ DQG EHDXWLIXO PDQQHU WKDQ LQ WKH FRPSOH[ VWUXFWXUH RI WKH VHULHV
WHUPV�´ KH EHJDQ WKH FKDSWHU RQ LQQHU TXDQWXP QXPEHUV DQG PXOWLSOHWV� DQG IROORZHG LW ZLWK
WKH FDXWLRQDU\ UHPDUN�

8QFHUWDLQ� KRZHYHU� LV WKH LQWHUSUHWDWLRQ LQ WHUPV RI D PRGHO >«@ /LNH ZLWK
WKH ;�UD\ VSHFWUD LW LV DW SUHVHQW DGYLVDEOH WR OHDYH WKH PRGHO LQWHUSUHWDWLRQ

��6RPPHUIHOG WR 0HQGHQKDOO� � 6HSWHPEHU ����� '0$� 1/ ��� ���� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
��6RPPHUIHOG WR %LUJH� �� 2FWREHU ����� %LUJH 3DSHUV� %R[ ���
��6RPPHUIHOG WR /DQGp� �� $SULO ����� /DQGp 3DSHUV� �� 6RPPHUIHOG�
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PRUH RU OHVV RSHQ DQG WR OLPLW RQHVHOI� LQ WKH PDLQ SDUW� WR DVFHUWDLQLQJ WKH IDFWV
TXDQWXP�WKHRUHWLFDOO\� �6RPPHUIHOG ����� ����

$SDUW IURP WKH ZHDOWK RI QHZ HPSLULFDO PDWHULDO� LW ZDV WKLV WXUQ WRZDUG D PRGHO�IUHH
DSSURDFK LQ DWRPLF WKHRU\ WKDW UHQGHUHG WKH IRXUWK HGLWLRQ SHFXOLDU� 3DXOL� DW OHDVW� SHUFHLYHG
WKLV PHVVDJH TXLWH FOHDUO\� DQG KH UHJDUGHG DV ³SDUWLFXODUO\ QLFH´ WKDW 6RPPHUIHOG KDG DE�
VWDLQHG LQ WKH QHZ HGLWLRQ IURP DOO PRGHO�OLNH H[SODQDWLRQV�

7KH PRGHO FRQFHSWLRQV DUH QRZ LQ D IXQGDPHQWDO FULVLV� , JXHVV LW ZLOO ILQDOO\
HQG LQ D IXUWKHU UDGLFDO DFFHQWXDWLRQ RI WKH FRQWUDGLFWLRQ EHWZHHQ FODVVLFDO DQG
TXDQWXP WKHRU\� $V EHFRPHV SDUWLFXODUO\ FOHDU IURP 0LOOLNDQ¶V DQG /DQGp¶V
ILQGLQJV FRQFHUQLQJ WKH UHSUHVHQWDWLRQ RI WKH RSWLFDO DONDOL GRXEOHWV E\ UHOD�
WLYLVWLF IRUPXODH� LW ZLOO KDUGO\ EH SRVVLEOH WR PDLQWDLQ WKH QRWLRQ RI GHILQLWH
GLVWLQFW RUELWV RI HOHFWURQV LQ WKH DWRP� :KHQ ZH VSHDN LQ WHUPV RI PRGHOV ZH
XVH D ODQJXDJH WKDW LV QRW VXIILFLHQWO\ DGHTXDWH WR WKH VLPSOLFLW\ DQG EHDXW\ RI
WKH TXDQWXP ZRUOG� )RU WKLV UHDVRQ , IRXQG LW VR QLFH WKDW \RXU SUHVHQWDWLRQ RI
WKH FRPSOH[ VWUXFWXUH LV HQWLUHO\ IUHH RI DOO PRGHO SUHMXGLFHV���

3DXOL DUJXHG IURP WKH SHUVSHFWLYH RI D WKHRULVW ZKR ZDV SULPDULO\ LQWHUHVWHG LQ WKH IRXQ�
GDWLRQV RI TXDQWXP WKHRU\� EXW H[SHULPHQWDO VSHFWURVFRSLVWV DOVR KDG UHDVRQV WR ZHOFRPH
WKH QHZ HGLWLRQ� $WRPEDX XQG 6SHNWUDOOLQLHQ LV ³WKH ELEOH RI WKH SUDFWLFDO VSHFWURVFRSLVWV�´
)ULHGULFK 3DVFKHQ ZURWH HQWKXVLDVWLFDOO\� ³:KHQ , UHFDOO KRZ , JUDGXDOO\ OHDUQHG DERXW WKH
TXDQWXP FRQFHSWV� LQ WKH HQG LW ZDV DOZD\V \RXU ZRUN IURP ZKLFK , UHFHLYHG FODULW\�´ +H
SUDLVHG 6RPPHUIHOG IRU RIIHULQJ� WKURXJK KLV ERRN� NQRZOHGJH WKDW ³ZH SUDFWLWLRQHUV FRXOG
QHYHU KDYH DSSURSULDWHG EHVLGHV RXU ZRUN� , EHOLHYH LW LV YHU\ VLPLODU ZLWK WKH $PHULFDQV�´��
([XP 3HUFLYDO /HZLV IURP WKH 8QLYHUVLW\ RI &DOLIRUQLD LQ %HUNHOH\ FRQILUPHG WKLV RSLQLRQ�
³7KH $WRPEDX VWLOO UHPDLQV RXU µ%LEOH¶ LQ LWV ILHOG�´ KH ZURWH WR 0XQLFK� ³, VKDOO DOZD\V EH
YHU\ JUDWHIXO WR \RX IRU WKH FRS\ RI WKH ODVW HGLWLRQ ZKLFK \RX VR NLQGO\ VHQW PH�´�� 7KH
UHDFWLRQ IURP WKH 1%6 LQ :DVKLQJWRQ� '�&�� ZDV HTXDOO\ HQWKXVLDVWLF� $OWKRXJK WKH PDWH�
ULDO ³EHFRPHV PRUH FRPSOH[ DQG GHWDLOHG IURP WKH H[SHULPHQWDO VLGH�´ 0HJJHUV UHPDUNHG
LQ UHVSRQVH WR WKH LQFUHDVH LQ VL]H E\ DQRWKHU KXQGUHG SDJHV ³WKH EHDXWLIXO GHYHORSPHQWV LQ
WKH WKHRU\´ PDGH LW HDVLHU WR GLJHVW� ³7KH UHPDUNDEOH UHFHQW SURJUHVV LQ WKH SURGXFWLRQ DQG
LQWHUSUHWDWLRQ RI VSHFWUD LV WUHPHQGRXVO\ VWLPXODWLQJ�´��

2WKHUV UHJDUGHG WKH HYHU�JURZLQJ HPSLULFDO PDWHULDO LQ 6RPPHUIHOG¶V $WRPEDX ZLWK
PL[HG IHHOLQJVþDQG DGGHG D GRVH RI VREHU UHVWUDLQW WR WKH SUDLVH� 7KH UHYLHZHU LQ WKH 3K\�
VLNDOLVFKH =HLWVFKULIW �*HRUJ -RRV�� IRU H[DPSOH� IRXQG LW ³UHJUHWWDEOH� EXW DSSDUHQWO\ XQ�
DYRLGDEOH´ WKDW VLQFH WKH DSSHDUDQFH RI WKH WKLUG HGLWLRQ ³DOO KRSHV LQ PRGHO FDOFXODWLRQV
ZHUH IUXVWUDWHG�´ %XW KH DFNQRZOHGJHG WKDW WKH JDLQ RI ³DULWKPHWLF ODZV LQ WKH FRPSOH[
VWUXFWXUH RI WKH VSHFWUD´ FRPSHQVDWHG WKH DEDQGRQPHQW RI ³DWRPLFPHFKDQLFDO VSHFXODWLRQV´
�-RRV ����� �����

��3DXOL WR 6RPPHUIHOG� � 'HFHPEHU ����� '0$� +6 ����±���$����� $OVR LQ �(FNHUW DQG 0lUNHU ����� GRF� ����
6HH DOVR �6HWK ����� ������
��3DVFKHQ WR 6RPPHUIHOG� �� -DQXDU\ ����� '0$� 1O ��� ����
��(� 3� /HZLV WR 6RPPHUIHOG� �� 2FWREHU ����� '0$� 1/ ��� ����
��0HJJHUV WR 6RPPHUIHOG� �� 'HFHPEHU ����� 0HJJHUV 3DSHUV�
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��� &RQFOXVLRQ

:LWKLQ RQO\ ILYH \HDUV DIWHU WKH DSSHDUDQFH RI LWV ILUVW HGLWLRQ� $WRPEDX XQG 6SHNWUDOOLQLHQ
H[SHULHQFHG PDQLIROG WUDQVIRUPDWLRQV� 7KH VL]H LQFUHDVHG FRQVLGHUDEO\ �IURP ��� WR ���
SDJHV�� 7KH SRSXODU FKDUDFWHU UHFHGHG LQ IDYRU RI D JURZLQJ H[SRVLWLRQ RI H[SHUW NQRZO�
HGJH� $FFRUGLQJ WR WKH UHYLHZ TXRWHG DERYH� LW DVVXPHG ³PRUH DQG PRUH WKH FKDUDFWHU RI
D KDQGERRN�´ DOWKRXJK WKH UHYLHZHU FRQVLGHUHG LW ³VWLOO ZHOO UHDGDEOH IRU WKH VFLHQWLILFDOO\
HGXFDWHG QRQ�SURIHVVLRQDO�´

)RU WKH SURIHVVLRQDO TXDQWXP WKHRULVW� WKH WUDQVIRUPDWLRQV IURP WKH ILUVW WR WKH IRXUWK
HGLWLRQV ZHUH HYHQ PRUH VWULNLQJ� $WRPEDX XQG 6SHNWUDOOLQLHQ SUHVHQWHG DQ HYROYLQJ ERG\
RI NQRZOHGJH DERXW TXDQWD DQG DWRPV� ZKLFK ZDV XVHG DW WKH VDPH WLPH DV DQ LQGLFDWRU RI
WKH IRUHIURQW RI UHVHDUFK IRU WKRVH ZKR FRQWULEXWHG WR WKLV SURFHVV� 1XPHURXV SK\VLFLVWV
UHFDOOHG WKDW WKH\ H[SHULHQFHG WKHLU ILUVW HQFRXQWHU ZLWK TXDQWXP WKHRU\ WKURXJK $WRPEDX
XQG 6SHNWUDOOLQLHQ���

7KH IRXUWK HGLWLRQ� ZKLFK VDZ WKH H[SOLFLW GHPLVH RI ³PRGHO SUHMXGLFHV�´ PD\ EH UH�
JDUGHG DV RSHQLQJ WKH GRRU IRU 3DXOL¶V H[FOXVLRQ SULQFLSOH DQG WKH VSLQ FRQFHSW� )HZ RWKHU
WH[WERRNV GLVSOD\HG WR VXFK DQ H[WHQW WKHLU RZQ FRQWHQW DV VXEMHFW WR FKDQJH�

4XDQWXP PHFKDQLFV GLG QRW HQG WKLV SURFHVV RI WUDQVIRUPDWLRQ� ,Q ����� 6RPPHU�
IHOG SXEOLVKHG WKH :HOOHQPHFKDQLVFKHU (UJlQ]XQJVEDQG ZKLFK ZDV VXEVHTXHQWO\ ODEHOHG
$WRPEDX XQG 6SHNWUDOOLQLHQ ,,� 7KH VWRU\ RI WKLV VHFRQG YROXPH LV EH\RQG WKH VFRSH RI WKLV
FKDSWHU� EXW LW LV ZRUWK PHQWLRQLQJ KHUH WKDW LW DOVR XQGHUZHQW IXQGDPHQWDO WUDQVIRUPDWLRQV�
8QOLNH $WRPEDX XQG 6SHNWUDOOLQLHQ ,� LW ZDV FRQFHLYHG IURP WKH YHU\ EHJLQQLQJ DV D SK\VLFV
WH[WERRN� ZLWKRXW DQ\ DVSLUDWLRQV WR SRSXODULW\ DPRQJ QRQ�SURIHVVLRQDOV� %XW WKLV GLG QRW
SUHYHQW DQ LQFUHDVH LQ VL]H EHWZHHQ WKH ILUVW DQG WKH VHFRQG HGLWLRQ �SXEOLVKHG LQ ����� IURP
��� WR ��� SDJHV� )XUWKHUPRUH� WKH VHFRQG YROXPH VKDUHG ZLWK WKH ILUVW YROXPH WKH IHDWXUH
RI KDYLQJ EHHQ D JURXS HIIRUW� 6RPPHUIHOG H[SOLFLWO\ WKDQNHG KLV GLVFLSOHV .DUO %HFKHUW�
:DOWHU )UDQ]� +HLQULFK :HONHU� $XJXVW :LOKHOP 0DXH� DQG /XGZLJ :DOGPDQQ IRU WKHLU
FROODERUDWLRQ ZLWK SDUWV RI WKH ERRN�

2YHU WKH \HDUV� RWKHU WH[WERRNV EHFDPH DYDLODEOH ZKLFK GHDOW ZLWK RQH RU DQRWKHU VXE�
ILHOG RI TXDQWXP SK\VLFV LQ D PRUH DSSURSULDWH PDQQHU WKDQ WKH ODWHVW DYDLODEOH HGLWLRQ RI
$WRPEDX XQG 6SHNWUDOOLQLHQ� )RU D SK\VLFLVW RI WKH SRVW�TXDQWXP�PHFKDQLFDO HUD� WKH KLVWRU�
LFDO OHJDF\ WUDQVPLWWHG WKURXJK WKH VXEVHTXHQW HGLWLRQV PLJKW DSSHDU PRUH RI D EXUGHQ WKDQ
D YLUWXH� 1RQHWKHOHVV� D JRRG GHDO RI WKLV PDWHULDO ZDV UHJDUGHG DV ZRUWK NQRZLQJ IDU EH�
\RQG WKH LQLWLDO SXEOLFDWLRQ RI D QHZ HGLWLRQ� VR WKDW ODWHU WH[WERRNV UHIHUUHG WR $WRPEDX XQG
6SHNWUDOOLQLHQ DV D EDVLV IURP ZKLFK RQH FRXOG HPEDUN LQ D QHZ GLUHFWLRQ� DQG WR ZKLFK RQH
FRXOG VDIHO\ UHWXUQ ZKHQHYHU D GHWDLO GHPDQGHG FORVHU LQVSHFWLRQ� 7KLV ORQJHYLW\ ZRXOG EH
GLIILFXOW WR XQGHUVWDQG LI $WRPEDX XQG 6SHNWUDOOLQLHQ KDG PHUHO\ EHHQ D GHSRVLWRU\ RI VHWWOHG
NQRZOHGJH IURP WKH SUH�TXDQWXP�PHFKDQLFDO HUD�

��6HH WKH RUDO KLVWRU\ LQWHUYLHZV ZLWK +DQV %HWKH� /HRQ %ULOORXLQ� *UHJRU :HQW]HO DQG RWKHUV LQ $+43� DYDLODEOH
DW KWWS���ZZZ�DLS�RUJ�KLVWRU\�RKLOLVW�� DFFHVVHG �� )HEUXDU\ �����
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$EEUHYLDWLRQV DQG $UFKLYHV

$($ $OEHUW (LQVWHLQ $UFKLYHV� +HEUHZ 8QLYHUVLW\� -HUXVDOHP
$+43 $UFKLYH IRU +LVWRU\ RI 4XDQWXP 3K\VLFV� $PHULFDQ

3KLORVRSKLFDO 6RFLHW\� 3KLODGHOSKLD
$,3�1%/ $PHULFDQ ,QVWLWXWH RI 3K\VLFV� 1LHOV %RKU /LEUDU\�

&ROOHJH 3DUN� 0'
%DQFURIW /LEUDU\ 8QLYHUVLW\ RI &DOLIRUQLD� %HUNHOH\
%LUJH 3DSHUV %DQFURIW /LEUDU\
&DOWHFK &DOWHFK $UFKLYHV� &DOLIRUQLD ,QVWLWXWH RI 7HFKQRORJ\�

3DVDGHQD
&KXUFKLOO $UFKLYHV &HQWUH &KXUFKLOO &ROOHJH� &DPEULGJH
'0$ 'HXWVFKHV 0XVHXP� $UFKLYH� 0XQLFK
(SVWHLQ 3DSHUV &DOWHFK
0HJJHUV 3DSHUV $,3�1%/
0HLWQHU 3DSHUV &KXUFKLOO $UFKLYHV &HQWUH
1DFKODVV /DQGp 6%3.
1DFKODVV 6RPPHUIHOG 8%0
1%$ 1LHOV %RKU $UFKLYH� &RSHQKDJHQ
1%6 1DWLRQDO %XUHDX RI 6WDQGDUGV
1/3 1DWLRQDO /LEHUDO 3DUW\
3ULYDWH FROOHFWLRQ� 0XQLFK 7KH RZQHU RI WKLV FROOHFWLRQ ZDQWV WR UHPDLQ DQRQ\PRXV
3ULYDWH FROOHFWLRQ� :DUVDZ 7KH RZQHU RI WKLV FROOHFWLRQ ZDQWV WR UHPDLQ DQRQ\PRXV
5$1+ 5LMNVDUFKLHI LQ 1RRUG�+ROODQG� +DDUOHP
6%3. 6WDDWVELEOLRWKHN 3UHX�LVFKHU .XOWXUEHVLW]� %HUOLQ
68% 6WDDWV� XQG 8QLYHUVLWlWVELEOLRWKHN� *|WWLQJHQ
7KHRGRUH YRQ .iUPiQ
3DSHUV

&DOWHFK

8$* 8QLYHUVLWlWVDUFKLY� *|WWLQJHQ
8$0 8QLYHUVLWlWVDUFKLY� 0XQLFK
8%0 8QLYHUVLWlWVELEOLRWKHN� 0XQLFK

5HIHUHQFHV
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(FNHUW� 0LFKDHO ������� 'LH $WRPSK\VLNHU� (LQH *HVFKLFKWH GHU WKHRUHWLVFKHQ 3K\VLN DP

%HLVSLHO GHU 6RPPHUIHOGVFKXOH� %UDXQVFKZHLJ� )ULHGULFK 9LHZHJ XQG 6RKQ�
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LHV LQ WKH 3K\VLFDO 6FLHQFHV �� ���±����
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0DQLSXODWLRQ LQ *HUPDQ\ DIWHU :RUOG :DU ,� ,VLV ��� ���±����
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DUEHLW ����±����� (LQ %HLWUDJ ]XP 6WXGLXP NXOWXUHOOHU %H]LHKXQJHQ LQ SROLWLVFKHQ
.ULVHQ]HLWHQ� *HQHYD� 'XPDUHW DQG *ROD\�

6HWK� 6XPDQ ������� &ULVLV DQG WKH &RQVWUXFWLRQ RI 0RGHUQ 7KHRUHWLFDO 3K\VLFV� %ULWLVK
-RXUQDO IRU WKH +LVWRU\ RI 6FLHQFH ��� ��±���

þ ������� &UDIWLQJ WKH 4XDQWXP� $UQROG 6RPPHUIHOG DQG WKH 2OGHU 4XDQWXP 7KHRU\�
6WXGLHV LQ +LVWRU\ DQG 3KLORVRSK\ RI 6FLHQFH ��� ���±����

þ ������� =ZHLGHXWLJNHLW DERXW ³=ZHLGHXWLJNHLW´� 6RPPHUIHOG� 3DXOL� DQG WKH 0HWKRG�
RORJLFDO 2ULJLQV RI 4XDQWXP0HFKDQLFV� 6WXGLHV LQ +LVWRU\ DQG 3KLORVRSK\ RI 0RGHUQ
3K\VLFV ��� ���±����

þ ������� &UDIWLQJ WKH 4XDQWXP� $UQROG 6RPPHUIHOG DQG WKH 3UDFWLFH RI 7KHRU\� ����±
����� &DPEULGJH� 0$� 7KH 0,7 3UHVV�

6RPPHUIHOG� $UQROG ������� 'LH (QWZLFNOXQJ GHU 3K\VLN LQ 'HXWVFKODQG VHLW +HLQ�
ULFK +HUW]� ,Q� $UQROG 6RPPHUIHOG� *HVDPPHOWH 6FKULIWHQ� (G� )ULW] 6DXWHU� ,9�
%UDXQVFKZHLJ� )ULHGULFK 9LHZHJ XQG 6RKQ� ���±����

þ ������� $WRPEDX XQG 6SHNWUDOOLQLHQ� %UDXQVFKZHLJ� )ULHGULFK 9LHZHJ XQG 6RKQ�
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6RSND� .DWKHULQH 5� ������� 4XDQWXP 3K\VLFV LQ $PHULFD� 1HZ <RUN� $PHULFDQ ,QVWLWXWH
RI 3K\VLFV�

6WXHZHU� 5RJHU +� ������� 7KH &RPSWRQ (IIHFW� 7XUQLQJ 3RLQW LQ 3K\VLFV� 1HZ <RUN� 6FL�
HQFH +LVWRU\ 3XEOLFDWLRQV�


