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6L[ JUHDW SLRQHHUV RI ZLUHOHVV

�� 0LFKDHO )DUDGD\
�����������

0LFKDHO )DUDGD\·V ZRUN ZDV IXQGDPHQWDO WR WKH
GHYHORSPHQW RI HOHFWURPDJQHWLF ILHOG WKHRU\� DQG
WR WKH H[SORLWDWLRQ RI HOHFWURPDJQHWLF ZDYHV�
:LWKRXW )DUDGD\� WKH DFKLHYHPHQWV RI 0D[ZHOO�
+HUW]� /RGJH� 3RSRY� 0DUFRQL DQG RWKHUV ZRXOG
QHYHU KDYH WDNHQ SODFH� DQG WKH LQWURGXFWLRQ RI
UDGLR EURDGFDVWLQJ ZRXOG KDYH EHHQ GHOD\HG E\
PDQ\ \HDUV�

$V VWUHVVHG HOVHZKHUH LQ WKLV LVVXH�
QR RQH SHUVRQ ZDV UHVSRQVLEOH IRU
´LQYHQWLQJµ ZLUHOHVV� ,W LV EURDGO\
DJUHHG WKDW WKH ZRUNV RI )DUDGD\�
0D[ZHOO DQG +HUW] ZKHUH YLWDO LQ
OD\LQJ WKH IRXQGDWLRQV IRU *XJOLHOPR
0DUFRQL� ZKR ZDV WKH ILUVW WR H[SORLW
WKH SUDFWLFDO DSSOLFDWLRQV RI
HOHFWURPDJQHWLF ZDYHV�

7R FRPSOHPHQW WKH SRUWUDLWV JLYHQ
KHUH RI WKHVH IRXU JUHDW SLRQHHUV�
WKH H[SHULPHQWDO ZRUNV RI /RGJH
DQG 3RSRY DUH DOVR UHYLHZHG�
6RPH DXWKRULWLHV IHHO WKDW /RGJH·V
LPSRUWDQW FRQWULEXWLRQ WR WKH KLVWRU\
RI ZLUHOHVV KDV EHHQ VDGO\
QHJOHFWHG RYHU WKH \HDUV ZKLOH� LQ
5XVVLD� 3RSRY LV UHJDUGHG DV WKH
LQYHQWRU RI UDGLR FRPPXQLFDWLRQ�

7R FRPSOHWH WKLV UHYLHZ� D EULHI
FKURQRORJ\ RI LPSRUWDQW HYHQWV LQ
WKH KLVWRU\ RI ZLUHOHVV LV JLYHQ� IURP
WKH GLVFRYHU\ RI VWDWLF HOHFWULFDO
FKDUJHV DURXQG ��� %�&� WR WKH
(XURSHDQ DQG ,QWHUQDWLRQDO
DGRSWLRQ RI D VLQJOH VWDQGDUG IRU
WRPRUURZ·V ZLUHOHVV V\VWHP �� 'LJLWDO
$XGLR %URDGFDVWLQJ �'$%��
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)DUDGD\ ZDV QRW D WUDLQHG VFLHQWLVW� KH KDG QR
XQLYHUVLW\ HGXFDWLRQ DQG QR NQRZOHGJH RIPDWKH�
PDWLFV DW DOO� 0DQ\ RI KLV FRQWHPSRUDULHV
UHJDUGHG KLP DV DQ XQUHOLDEOH KHUHWLF ZKRVH
YLHZV FRXOG QRW EH WUXVWHG� :LWK KLQGVLJKW� KRZ�
HYHU� )DUDGD\ LV QRZ VHHQ DV RQH RI WKH PRVW
EULOOLDQW VFLHQWLVWV RI WKH QLQHWHHQWK FHQWXU\� +H
ZDV D GDULQJ WKHRULVW ZKR ZDV DOZD\V SUHSDUHG WR
GLVDJUHH ZLWK WKH FRQYHQWLRQDO LGHDV RI WKH GD\�

)DUDGD\ ZDV ERUQ LQ 6XUUH\� (QJODQG� WKH VRQ RI
D <RUNVKLUH EODFNVPLWK� $W WKH DJH RI IRXUWHHQ� KH
ZDV DSSUHQWLFHG WR D ERRNVHOOHU DQG ERRNELQGHU
LQ1RUWK /RQGRQ� LQZKRVH VKRS KH UHDGZLWK NHHQ
LQWHUHVW DQ\ ERRNV RQ VFLHQFH ZKLFK FDPH LQWR KLV
KDQGV� +DYLQJ KHDUG +XPSKU\ 'DY\ OHFWXUH DW
WKH 5R\DO ,QVWLWXWLRQ� )DUDGD\ DSSOLHG WR KLP IRU
HPSOR\PHQW DQG� LQ ���� DW WKH DJH RI ��� KH ZDV
DSSRLQWHG DV DQ DVVLVWDQW WR KHOS 'DY\ ZLWK ERWK
OHFWXUH H[SHULPHQWV DQG UHVHDUFK� 7KH \RXQJ
)DUDGD\ DFFRPSDQLHG 'DY\ RQ D WRXU RI (XURSH
ZKLFK JUHDWO\ H[SDQGHG KLV YLHZ RI VFLHQFH� SDU�
WLFXODUO\ LQ WKH ILHOGV RI FKHPLVWU\ DQG HOHFWUR�
FKHPLVWU\� (XURSH EHFDPH )DUDGD\·V XQLYHUVLW\
ZLWK 'DY\� DQG WKH PDQ\ RWKHU LOOXVWULRXV PHQ
WKH\ PHW� DFWLQJ DV KLV SURIHVVRUV�

,Q ����� D 'DQLVK VFLHQWLVW +DQV &KULVWLDQ
2HUVWHG KDG GLVFRYHUHG WKDW WKH SDVVDJH RI DQ
HOHFWULF FXUUHQW WKURXJK D ZLUH FRXOG GHIOHFW D
PDJQHWLF QHHGOH VXVSHQGHG QHDUE\� +H KDG
REVHUYHG WKDW WKH ´HOHFWULFDO FRQIOLFWµ ZDV QRW
FRQILQHG WR WKH FRQGXFWRU EXW ZDV GLVSHUVHG TXLWH
ZLGHO\ LQ WKH VXUURXQGLQJ VSDFH� DQG WKH IRUFHV RI
WKLV FRQIOLFW DFWHG LQ FLUFOHV DURXQG WKH ZLUH� 7KH
DQQRXQFHPHQW RI WKLV GLVFRYHU\ FDXVHG D VHQVD�
WLRQ WKURXJKRXW WKH VFLHQWLILF ZRUOG� SDUWLFXODUO\
DV LW VKDWWHUHG1HZWRQLDQ WKHRULHV WKDW IRUFHVRQO\
DFW DORQJ VWUDLJKW OLQHV EHWZHHQ WZR SRLQWV�

)DUDGD\ UHDGLO\ JUDVSHG WKDW WKH PDJQHWLF IRUFH
DURXQG WKH ZLUH ZDV FLUFXODU� KDG KH EHHQ PDWKH�
PDWLFDOO\ WUDLQHG� KH PLJKW KDYH EHHQ GLVWXUEHG
E\ WKLV UHDOL]DWLRQ EXW� XQLQKLELWHG DV KH ZDV E\
WUDGLWLRQDO EHOLHIV DQG 1HZWRQLDQ SKLORVRSK\� KH
VDZ QRWKLQJ YHU\ UHPDUNDEOH LQ D IRUFH ZKLFK
DSSHDUHG WR DFW DORQJ D FXUYHG SDWK� 7KXV� LQ
����� KH ZHQW RQ WR PDNH WKH ILUVW RI KLV JUHDW
HOHFWULFDO GLVFRYHULHV �� HOHFWURPDJQHWLF URWDWLRQ�
7KH FRQYHUVLRQ RI HOHFWULFLW\ LQWR PHFKDQLFDO
ZRUN EURXJKW KLP ZLGHVSUHDG IDPH EXW� DODV
�IURP WKH SRLQW RI YLHZ RI UDGLR KLVWRU\�� WKH QH[W
WHQ \HDUV RI KLV OLIH ZHUH VSHQW RQ VWXGLHV RI D
PHWDOOXUJLFDO� FKHPLFDO DQG RSWLFDO QDWXUH�

,Q ����� )DUDGD\ ZDV HOHFWHG WR WKH 5R\DO 6RFLHW\
�KLV HOHFWLRQ KDG HDUOLHU EHHQ RSSRVHGE\'DY\�ZKR
KDG EHFRPH MHDORXV RI )DUDGD\·V VXFFHVV LQ WKH

7KH (WKHU YHUVXV $FWLRQ DW D 'LVWDQFH

)URP WKH VL[WHHQWK FHQWXU\ RQZDUGV� DUJXPHQWV
KDG EHHQ UDJLQJ RYHU KRZ WKH SKHQRPHQDV RI
JUDYLWDWLRQ� OLJKW DQG KHDW ZHUH SK\VLFDOO\
WUDQVPLWWHG WKURXJK HPSW\ VSDFH� ,Q WKH HDUO\
VHYHQWHHQWK FHQWXU\� LW LV EURDGO\ WUXH WR VD\ WKDW
WKH WKHRULHV RI 5HQp 'HVFDUWHV ������������ ZHUH
ZLGHO\ DFFHSWHG�

'HVFDUWHV DQG KLV IROORZHUV �ZKR ZHUH NQRZQ DV
&DUWHVLDQV� EHOLHYHG WKDW ERGLHV FDQ RQO\ DFW XSRQ
HDFK RWKHU E\ GLUHFW SUHVVXUH RU LPSDFW� 7KH\
DVVXPHG WKDW VSDFH ZDV ILOOHG ZLWK D PHGLXP FDOOHG
WKH HWKHU ZKLFK� DOWKRXJK LPSHUFHSWLEOH WR KXPDQ
VHQVHV� ZDV QHYHUWKHOHVV FDSDEOH RI WUDQVPLWWLQJ
IRUFHV� VXFK DV KHDW DQG OLJKW� DQG H[HUWLQJ HIIHFWV
XSRQ PDWHULDO ERGLHV WKDW ZHUH LPPHUVHG LQ LW� 7KH
HWKHU ZDV WKRXJKW WR FRQVLVW RI SDUWLFOHV ZKLFK ZHUH
FRQWLQXRXVO\ LQ PRWLRQ� ZKLFK HQDEOHG LW WR SHUIRUP
LWV P\VWHULRXV IXQFWLRQV�

7KHVH WKHRULHV ZHUH JUDGXDOO\ RYHUWXUQHG E\ WKH
ZRUN RI ,VDDF 1HZWRQ ������������� ZKRVH WKHRU\
RI XQLYHUVDO JUDYLWDWLRQ ZDV SXEOLVKHG LQ �����
1HZWRQ SURSRVHG WKDW DOO ERGLHV DWWUDFW RQH DQRWKHU
ZLWK D IRUFH ZKLFK LV SURSRUWLRQDO WR WKH SURGXFW RI
WKHLU PDVVHV DQG LQYHUVHO\ SURSRUWLRQDO WR WKH
VTXDUH RI WKH GLVWDQFH EHWZHHQ WKHP� $OWKRXJK KH
GLG QRW VHHP WR UHDOL]H LW� 1HZWRQ ZDV LQ IDFW
UHMHFWLQJ WKH &DUWHVLDQ FRQFHSW RI DQ HWKHU LQ IDYRXU
RI DFFHSWLQJ WKH WKHRU\ RI DFWLRQ DW D GLVWDQFH�

,QLWLDOO\� 1HZWRQ·V ODZV RI JUDYLWDWLRQ ZHUH QRW
DFFHSWHG E\ PDQ\� DV WKH\ VHHPHG WR YLRODWH WKH
DFFHSWHG SKLORVRSKLFDO SULQFLSOH RI WKH WLPH �� ´WKDW
PDWWHU FDQQRW DFW ZKHUH LW LV QRWµ� 3KLORVRSKHUV RQ
WKH &RQWLQHQW RI (XURSH ZHUH SDUWLFXODUO\ VORZ WR
DGRSW WKLV SULQFLSOH DQG LW ZDV QRW XQWLO WKH HQG RI
WKH HLJKWHHQWK FHQWXU\ WKDW 1HZWRQ·V LGHDV KDG
FRPH WR EH DFFHSWHG� %\ WKHQ� WKH LGHD RI DFWLRQ DW
D GLVWDQFH KDG EHFRPH VR ILUPO\ HVWDEOLVKHG WKDW
WKH PHUH LGHD RI JUDYLWDWLRQDO� HOHFWULFDO RU PDJQHWLF
IRUFHV UHTXLULQJ D PHGLXP VXFK DV WKH HWKHU IRU
WKHLU SURSDJDWLRQ VHHPHG DOPRVW DV DEVXUG DV
DFWLRQ DW D GLVWDQFH KDG VHHPHG D FHQWXU\ HDUOLHU�

+RZHYHU� ZKHQ 0LFKDHO )DUDGD\ DUULYHG RQ WKH
VFHQH LQ WKH HDUO\ QLQHWHHQWK FHQWXU\� KH ZDV
DOPRVW DORQH LQ UHMHFWLQJ WKH LGHDV RI DFWLRQ DW D
GLVWDQFH� $OWKRXJK )DUDGD\ PD\ QRW KDYH
XQGHUVWRRG KRZ IRUFHV FRXOG EH WUDQVPLWWHG
WKURXJK D PHGLXP DQG� LQGHHG� ZKDW VXFK D
PHGLXP PLJKW FRQVLVW RI� KH ZDV ILUPO\ FRQYLQFHG
WKDW PDJQHWLF DQG HOHFWULF IRUFHV GLG DFW LQ VRPH
IRUP RI D PHGLXP �� D YLHZ KHOG VRPH \HDUV ODWHU E\
-DPHV &OHUN 0D[ZHOO ZKR EURXJKW DERXW WKH ILQDO
UHMHFWLRQ RI DFWLRQ DW D GLVWDQFH�
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OLTXLILFDWLRQ RI FKORULQH�� ,Q ����� )DUDGD\ ZDV
HOHFWHG WR WKH SRVW RI GLUHFWRU RI WKH ODERUDWRU\ DW
WKH 5R\DO ,QVWLWXWLRQ DQG� LQ ����� KH EHJDQ WR
JLYH IRUPDO OHFWXUHV WR PHPEHUV RI WKH ,QVWLWXWLRQ
HYHU\ )ULGD\� WKH VSLULW RI ZKLFK KDV FRQWLQXHG
HYHU VLQFH� )DUDGD\ DOVR LQLWLDWHG WKH DQQXDO
&KULVWPDV OHFWXUHV WR \RXQJ SHRSOH� DQG SUHV�
HQWHG QLQHWHHQ RI WKHP KLPVHOI� $V DQ LQVSLULQJ
OHFWXUHU� )DUDGD\ ZDV VXSUHPH DQG WKHUH DUH PDQ\
FRQWHPSRUDU\ DFFRXQWV RI WKH LQWHUHVW DQG HQWKX�
VLDVP ZKLFK KLV GLVFRXUVHV DURXVHG�

7KH VHFRQG JUHDW SHULRG RI )DUDGD\·V HOHFWUR�
PDJQHWLF VWXGLHV EHJDQ LQ ����� $ERXW WKLV WLPH�
)DUDGD\ DQG RWKHUV KDG DUJXHG WKDW PDJQHWLVP
FRXOG JLYH ULVH WR HOHFWULFLW\� MXVW DV HOHFWULFLW\ KDG
DOUHDG\ EHHQ VKRZQ WR KDYH D PDJQHWLF HIIHFW�
+RZHYHU� LW ZDV )DUDGD\ ZKR VKRZHG ZK\ WKH
HDUOLHU H[SHULPHQWV WR SURGXFH HOHFWULFLW\ IURP
PDJQHWLVP KDG IDLOHG� WKH YLWDO IDFWRU RI D FKDQJH
LQ WKH PDJQHWLF ILHOG KDG EHHQ RYHUORRNHG�
)DUDGD\ GHPRQVWUDWHG KRZ D FKDQJH LQ PDJQH�
WLVP FRXOG EH XVHG WR JHQHUDWH HOHFWULFLW\ DQG WKHQ
ZHQW RQ WR HVWDEOLVK WKH IXQGDPHQWDO ODZV RI
HOHFWURPDJQHWLF LQGXFWLRQ�

'XULQJ WKH FRXUVH RI KLV H[SHULPHQWV� )DUDGD\
KDG REVHUYHG WKDW DQ DSSUHFLDEOH HOHPHQW RI WLPH
ZDV UHTXLUHG LQ RUGHU WR WUDQVPLW D PDJQHWLF
IRUFH� 6LPLODUO\� KH VXUPLVHG WKDW FKDUJHV GXH WR
VWDWLF HOHFWULFLW\ ZRXOG DOVR UHTXLUH WLPH WR WUDQV�
PLW� 3XUVXLQJ WKHVH LGHDV IXUWKHU� KH VSHFXODWHG
WKDW HOHFWULF DQGPDJQHWLF IRUFHVZHUH SURSDJDWHG
E\ VRPH IRUP RI ZDYH PRWLRQ� UDWKHU OLNH ´WKH
YLEUDWLRQV XSRQ WKH VXUIDFH RI GLVWXUEHG ZDWHUµ�

)DUDGD\·V KHDOWK EHJDQ WR GHWHULRUDWH DURXQG
���� DQG KHZDVXQDEOH WR XQGHUWDNH VHULRXVZRUN
IRU D QXPEHU RI \HDUV� LW ZDV DV LI KH KDG EXUQW
KLPVHOI RXW� +RZHYHU� KLV KHDOWK EHJDQ WR UHWXUQ
JUDGXDOO\ DQG KH UHVXPHG GXWLHV DW WKH 5R\DO
,QVWLWXWLRQ LQ ����� +H UHWLUHG IURP WKH LQVWLWXWLRQ
LQ ���� DQG UHWDLQHG D OLYHO\ LQWHUHVW LQ VFLHQFH
XQWLO KLV GHDWK LQ �����

)DUDGD\ ZDV SRVVLEO\ WKH JUHDWHVW H[SHULPHQWDO
JHQLXV WKH ZRUOG KDV NQRZQ� LQ DGGLWLRQ WR KLV
RWKHU VNLOOV� KH KDG WKH DELOLW\ WR GHVFULEH KLV LGHDV
LQ FOHDU DQG VLPSOH ODQJXDJH� 6RPHWKLQJ LQFHV�
VDQWO\ SURPSWHG KLP WKDW FHUWDLQ IXQGDPHQWDO
UHODWLRQV ZHUH ZDLWLQJ WR EH IRXQG DQG KH ZDV QRW
GLVPD\HG E\ QXPHURXV IUXLWOHVV H[SHULPHQWV� KH
SHUVLVWHG XQWLO EDVLF GLVFRYHULHV ZHUH ILQDOO\
HVWDEOLVKHG� ,Q WKH ILHOG RI WKHRUHWLFDO SK\VLFV�
)DUDGD\·V FRQFHSWLRQ RI ´OLQHV RI HOHFWULF DQG
PDJQHWLF IRUFHµ ZDV WR OHDG -DPHV &OHUN
0D[ZHOO WR SURYH EH\RQG DQ\ GRXEW WKH H[LVWHQFH
RI HOHFWURPDJQHWLF ZDYHV�

�� -DPHV &OHUN 0D[ZHOO
�����������

7R WKH ZRUOG RI WKH ����V DQG ��V� -DPHV &OHUN
0D[ZHOO ZDV DOPRVW XQNQRZQ RXWVLGH D QDUURZ
DFDGHPLF DQG VFLHQWLILF FLUFOH� 7RGD\� KRZHYHU�
KLV QDPH LV UHVSHFWHG HYHU\ZKHUH DQG KLV ZRUN LV
UHJDUGHG DV WKH YHU\ IRXQGDWLRQ RI HOHFWUR�
PDJQHWLF WKHRU\� ,Q SDUWLFXODU� KH ZDV UHVSRQVLEOH
IRU WUDQVODWLQJ 0LFKDHO )DUDGD\·V LGHDV RQ HOHF�
WULF DQG PDJQHWLF SKHQRPHQD LQWR PDWKHPDWLFDO
QRWDWLRQ� DQG IRU OLQNLQJ WKH SKHQRPHQD RI OLJKW
ZLWK WKRVH RI HOHFWURPDJQHWLF ZDYHV�

0D[ZHOO ZDV ERUQ LQ (GLQEXUJK� 6FRWODQG� DQG
DWWHQGHG (GLQEXUJK $FDGHP\� WKH 8QLYHUVLW\ RI
(GLQEXUJK DQG 7ULQLW\ &ROOHJH� &DPEULGJH� IURP
ZKHUH KH HPHUJHG LQ ���� ZLWK KLJK KRQRXUV LQ
SK\VLFV� +LV LQWHUHVW LQ HOHFWURPDJQHWLF WKHRU\
ZDV DOPRVW FHUWDLQO\ LQVSLUHG LQLWLDOO\ E\ DQRWKHU
\RXQJ &DPEULGJH VWXGHQW� :LOOLDP 7KRPVRQ
�ODWHU /RUG .HOYLQ� ZKR� LQ ������� KDG PDGH D
PDWKHPDWLFDO LQYHVWLJDWLRQ LQWR WKH VLPLODULWLHV
EHWZHHQ HOHFWURPDJQHWLF SKHQRPHQD DQG HODVWLF�
LW\� +RZHYHU� LW ZDV PDLQO\ WKH H[SHULPHQWV DQG
LGHDV RI 0LFKDHO )DUDGD\ WKDW H[FLWHG WKH \RXQJ
0D[ZHOO�

,Q ����� DW WKH DJH RI WZHQW\�IRXU� 0D[ZHOO
SXEOLVKHG KLV ILUVW PDMRU FRQWULEXWLRQ WR WKH VXE�
MHFW RI HOHFWULFLW\� 2Q )DUDGD\·V /LQHV RI )RUFH�
,Q WKLV SDSHU� 0D[ZHOO WUDQVODWHG )DUDGD\·V LGHDV
LQWR PDWKHPDWLFDO QRWDWLRQ DQG ZDV DEOH WR VKRZ
WKDW WKH\ OHG WR WKH VDPH QXPHULFDO VROXWLRQV DV
WKRVH RI WKH ULYDO WKHRU\ RI ´DFWLRQ DW D GLVWDQFHµ�
7KHUH ZDV QRWKLQJ IXQGDPHQWDOO\ QHZ LQ WKLV ILUVW
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SDSHU IURP 0D[ZHOO EXW� E\ H[SUHVVLQJ DQG
DQDO\VLQJ )DUDGD\·V WKHRULHV LQ D ODQJXDJH ZKLFK
ZDV LQWHOOLJLEOH WR PDWKHPDWLFLDQV� LW PDGH WKHP
DFFHVVLEOH WR DQG DFFHSWHG E\ DPXFK ZLGHU UDQJH
RI OHDUQHG UHDGHUV� 3ULRU WR WKH SXEOLFDWLRQ RI
0D[ZHOO·V ILUVW SDSHU� PDWKHPDWLFLDQV KDG EHHQ
FRQWHPSWXRXV RI )DUDGD\� UHJDUGLQJ KLP DV DQ
XQWXWRUHG KHUHWLF�

7ZR \HDUV DIWHU JUDGXDWLQJ IURP 7ULQLW\ &ROOHJH�
0D[ZHOO WRRN WKH FKDLU RI QDWXUDO SKLORVRSK\ LQ
0DULVFKDO &ROOHJH� $EHUGHHQ� 6FRWODQG� ,Q �����
KH LQWHUUXSWHG KLV HOHFWULFDO VWXGLHV WR SXEOLVK D
EULOOLDQW SDSHU ZKLFK H[SODLQHG WKH PRWLRQ DQG
SHUPDQHQFH RI 6DWXUQ·V ULQJV� WKLV HVVD\ ZRQ WKH
$GDPV SUL]H RI WKH 8QLYHUVLW\ RI &DPEULGJH DQG
HVWDEOLVKHG 0D[ZHOO DV D OHDGHU DPRQJ PDWKH�
PDWLFDO SK\VLFLVWV� 6KRUWO\ DIWHU� KH PRYHG WR
/RQGRQ WR EHFRPH SURIHVVRU RI SK\VLFV DQG
DVWURQRP\ DW .LQJV &ROOHJH�

%\ DERXW ����� 0D[ZHOO KDG EHFRPH LPSUHVVHG
ZLWK WKH VLPLODULWLHV EHWZHHQ OLJKW DQG HOHFWUR�
PDJQHWLVP� +RZHYHU� LW ZDV QRW SRVVLEOH IRU KLP
WR FRQILUP WKDW OLJKW LWVHOI ZDV RI DQ HOHFWUR�
PDJQHWLF QDWXUH� ZLWKRXW ILUVW LQYHVWLJDWLQJ LQ
GHWDLO WKH FKDUDFWHULVWLFV DQG SURSHUWLHV RI WKH
PHGLXP �� WKH HWKHU �� ZKLFK ZDV VXSSRVHG WR
WUDQVPLW OLJKW�

,Q ������� 0D[ZHOO SXEOLVKHG D VHULHV RI SDSHUV
LQ WKH 3KLORVRSKLFDO 0DJD]LQH WLWOHG2Q 3K\VLFDO
/LQHV RI )RUFH� LQ ZKLFK KH SURSRVHG D K\SR�
WKHWLFDO PHGLXP WKDW SURYLGHG D PHFKDQLFDO H[�
SODQDWLRQ RI WKH LQWHUUHODWLRQV DQG HIIHFWV RI PDJ�
QHWLVP DQG HOHFWULFLW\� $OWKRXJK KH GLG QRW IRU
RQH PRPHQW VXSSRVH WKDW KLV V\VWHP RI YRUWLFHV
DQG SDUWLFOHV UHSUHVHQWHG WKH UHDO VWDWH RI DIIDLUV�
0D[ZHOO YHQWXUHG WR VXJJHVW WKDW LW ZRXOG KHOS
UDWKHU WKDQ KLQGHU DQ\RQH ZKR ZDV VHDUFKLQJ IRU
D WUXH LQWHUSUHWDWLRQ RI WKH SKHQRPHQD�

,Q WKH ODVW RI KLV VHULHV RI SDSHUV LQ WKH 3KLOR�
VRSKLFDO 0DJD]LQH� 0D[ZHOO VKRZHG WKDW LW ZDV
QHFHVVDU\ WR VXSSRVH WKDW WKH VXEVWDQFH RI KLV
YRUWLFHV SRVVHVVHG WKH TXDOLW\ RI HODVWLFLW\� 'H�
YHORSLQJ WKH WKHRU\ VWLOO IXUWKHU� KH VKRZHG WKDW
WKH YHORFLW\ RI SURSDJDWLRQ RI WUDQVYHUVH YLEUD�
WLRQV WKURXJK VXFK DQ HODVWLF PHGLXP ZRXOG EH
��� ��� PLOHV SHU VHFRQG� 0D[ZHOO DUULYHG DW DQ
HSRFKDO FRQFOXVLRQ� WKH YHORFLW\ RI DQ HOHFWULF
FXUUHQW WKURXJK D ZLUH LV DERXW WKH VDPH DV WKH
YHORFLW\ RI OLJKW LQ HPSW\ VSDFH �ZKLFK KDG EHHQ
FDOFXODWHG E\ WKH )UHQFK SK\VLFLVW� )L]HDX� WR EH
��� ��� PLOHV SHU VHFRQG�� 'HYHORSLQJ KLV LGHDV
IXUWKHU� 0D[ZHOO EROGO\ DVVHUWHG WKDW ´OLJKW FRQ�
VLVWV RI WKH VDPH WUDQVYHUVH XQGXODWLRQV RI WKH
VDPH PHGLXP ZKLFK LV WKH FDXVH RI HOHFWULF DQG

&KURQRORJ\

��� %�&�� 7KH *UHHN SKLORVRSKHU 7KDOHV RI 0LOHWXV REVHUYHG
WKDW DPEHU DWWUDFWHG VPDOO SDUWLFOHV ZKHQ UXEEHG ZLWK D
SLHFH RI FORWK�

����� :LOOLDP *LOEHUW� WKH SK\VLFLDQ WR 4XHHQ (OL]DEHWK , RI
(QJODQG� REVHUYHG WKDW HOHFWURVWDWLF IRUFHV DUH GLIIHUHQW IURP
PDJQHWLF IRUFHV�

����� 7KH (QJOLVK PDWKHPDWLFLDQ DQG SKLORVRSKHU 6LU ,VDDF
1HZWRQ SXEOLVKHG KLV ´7KHRU\ RI 8QLYHUVDO *UDYLWDWLRQµ�

����� 7KH /H\GHQ -DU� DQ HDUO\ W\SH RI FDSDFLWRU� ZDV
LQYHQWHG�

����� 7KH 6ZLVV PDWKHPDWLFLDQ /HRQKDUG (XOHU VXJJHVWHG
WKDW DOO HOHFWULFDO� OLJKW DQG JUDYLWDWLRQDO SKHQRPHQD ZHUH
GHUDQJHPHQWV LQ WKH HWKHU ZKLFK ZHUH SURSDJDWHG DW WKH
VDPH YHORFLW\�

����� 7KH ,WDOLDQ� $OHVVDQGUR 9ROWD LQYHQWHG WKH
´HOHFWURSKRUXVµ� D GHYLFH ZKLFK HQDEOHG VWDWLF HOHFWULFLW\ WR
EH FDUULHG�

����� 7KH )UHQFK SK\VLVLVW &KDUOHV $XJXVWLQ GH &RXORPE
PDGH D VHULHV RI H[SHULPHQWDO WHVWV RQ IRUFHV EHWZHHQ VPDOO
FKDUJHG ERGLHV� ZKLFK UHVXOWHG LQ &RXORPE·V LQYHUVH�VTXDUH
ODZ RI HOHFWURVWDWLFV�

����� 9ROWD SURGXFHG WKH ZRUOG·V ILUVW EDWWHU\�

����� 7KH 'DQLVK VFLHQWLVW +DQV &KULVWLDQ 2HUVWHG
GLVFRYHUHG WKDW WKH SDVVDJH RI DQ HOHFWULF FXUUHQW WKURXJK D
ZLUH FRXOG GHIOHFW D PDJQHWLF QHHGOH� DQG WKDW WKH IRUFHV RI
FRQIOLFW DFWHG LQ FLUFOHV DURXQG WKH ZLUH�

����� 7KH )UHQFK PDWKHPDWLFLDQ 3URI� $QGUp 0DULH $PSqUH
UHSHDWHG 2HUVWHG·V H[SHULPHQWV DQG ZHQW RQ WR HVWDEOLVK DOO
WKH HOHPHQWDU\ ODZV RI ´HOHFWURG\QDPLFVµ�

����� 7KH (QJOLVK H[SHULPHQWDO JHQLXV 0LFKDHO )DUDGD\
GLVFRYHUHG KRZ WR SURGXFH HOHFWULFLW\ IURP PDJQHWLVP�

����� )DUDGD\ SURSRVHG WKDW PDJQHWLF DFWLRQ DQG HOHFWULF
LQGXFWLRQ DUH SURJUHVVLYH DQG UHTXLUH WLPH IRU WKHLU
WUDQVPLVVLRQ� KH OLNHQHG WKHP WR YLEUDWLRQV RQ WKH VXUIDFH RI
GLVWXUEHG ZDWHU�

����� 7KH $PHULFDQ VFLHQWLVW 6DPXHO )�%� 0RUVH GHYHORSHG
KLV ILUVW ZRUNLQJ HOHFWULF WHOHJUDSK�

����� 0RUVH GHYHORSHG KLV DOSKDEHWLF FRGH RI GRWV DQG
GDVKHV�

����� 7KH 86 SK\VLFLVW -RVHSK +HQU\ GLVFRYHUHG WKH
RVFLOODWRU\ QDWXUH RI D VXGGHQ HOHFWULFDO GLVFKDUJH�
����� 7KH ,ULVKPDQ� :LOOLDP 7KRPVRQ �ODWHU /RUG .HOYLQ�
PDGH D PDWKHPDWLFDO LQYHVWLJDWLRQ LQWR WKH VLPLODULWLHV
EHWZHHQ HOHFWURPDJQHWLF SKHQRPHQD DQG HODVWLFLW\�
����� 7KH FRKHUHQFH RI GXVW SDUWLFOHV LQ DLU� ZKHQ HOHFWULILHG�
ZDV GLVFRYHUHG E\ 3LHUUH *XLWDUG RI )UDQFH�
� � � /RUG .HOYLQ GHILQHG WKH UHODWLRQVKLS EHWZHHQ WKH
UHVLVWDQFH� LQGXFWDQFH DQG FDSDFLWDQFH RI DQ RVFLOODWRU\
FLUFXLW�
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PDJQHWLF SKHQRPHQDµ� :KDW PDNHV KLV DFKLHYH�
PHQW DOO WKH PRUH UHPDUNDEOH� KRZHYHU� LV WKH
K\SRWKHWLFDO PHGLXP RI URWDWLQJ YRUWLFHV DQG
SDUWLFOHV ZKLFK KH XVHG WR GHYHORS KLV LGHDV�

,Q 'HFHPEHU ����� 0D[ZHOO UHDG D SDSHU WR WKH
5R\DO 6RFLHW\ WLWOHG $ '\QDPLFDO 7KHRU\ RI WKH
(OHFWUR�PDJQHWLF )LHOG �� ZLGHO\ UHJDUGHG LQ ODWHU
\HDUV DV KLV JUHDWHVW FRQWULEXWLRQ WR HOHFWULFDO
VFLHQFH� 7KH PDLQ SXUSRVH RI WKLV SDSHU ZDV WR
LQYHVWLJDWH WKH FKDUDFWHULVWLFV RI WKH PHGLXP
ZKLFK VXUURXQGVHOHFWULF DQGPDJQHWLF ERGLHV DQG
WR LGHQWLI\ WKLV PHGLXP� LI SRVVLEOH� ZLWK WKDW
WKURXJK ZKLFK WKH SURSDJDWLRQ RI OLJKW ZDV
DVVXPHG WR WDNH SODFH� ,Q WKLV SDSHU� 0D[ZHOO
PDGH D YHU\ WKRURXJK LQYHVWLJDWLRQ RI WKH ILHOGV
ZKLFK VXUURXQG HOHFWULILHG DQG PDJQHWLF ERGLHV
GXULQJ ZKLFK KH GHYHORSHG KLV IDPRXV ´JHQHUDO
HTXDWLRQV RI WKH HOHFWURPDJQHWLF ILHOGµ� WZHQW\ RI
WKHP LQ DOO� LQYROYLQJ QR OHVV WKDQ WZHQW\
YDULDEOHV�

(DUOLHU WKHRULHV KDG DVVXPHG WKDW HQHUJ\ UHVLGHV
LQ WKH IRUP RI SRWHQWLDO HQHUJ\ LQ HOHFWULILHG
ERGLHV� FRQGXFWLQJ FLUFXLWV DQG PDJQHWV� ,Q WKH
5R\DO 6RFLHW\ SDSHU� 0D[ZHOO VKRZHG WKDW
HQHUJ\ LV VWRUHG LQ WKH HOHFWURPDJQHWLF ILHOG �� WKH
VSDFH ZKLFK VXUURXQGV HOHFWULILHG RU PDJQHWLF
ERGLHV� +H DOVR ZHQW RQ WR VKRZ WKDW OLJKW LV DQ
HOHFWURPDJQHWLF GLVWXUEDQFH ZKLFK LV SURSDJDWHG
WKURXJK WKH ILHOG DFFRUGLQJ WR HOHFWURPDJQHWLF
ODZV�

0D[ZHOO·V WKHRULHV ZHUH VR FRPSOH[ WKDW WKH\ ZHUH
EH\RQG WKH FRPSUHKHQVLRQ RI PRVW SK\VLFLVWV DQG
HQJLQHHUV RI WKH WLPH� 7KRVH ZKR GLG XQGHUVWDQG
WKH HTXDWLRQV IHOW WKDW� DPRQJRWKHU WKLQJV�0D[ZHOO
JDYH QR H[SODQDWLRQ RI UHIOHFWLRQ DQG UHIUDFWLRQ DQG
WKH GRXEWHUV IRXQG LW KDUG WR DFFHSW KLV LGHD RI
GLVSODFHPHQW FXUUHQWV LQ IUHH VSDFH�

,Q ����� 0D[ZHOO UHWLUHG WR WKH IDPLO\ HVWDWH LQ
6FRWODQG� +RZHYHU� KLV UHSXWDWLRQ LQWUXGHG XSRQ
WKH VHFOXVLRQ KH GHVLUHG� DQG KH UHOXFWDQWO\
DFFHSWHG WKH QHZO\�IRXQGHG FKDLU LQ H[SHUL�
PHQWDO SK\VLFV DW &DPEULGJH 8QLYHUVLW\ LQ �����
8QGHU KLV GLUHFW VXSHUYLVLRQ� WKH IDPRXV &DYHQ�
GLVK /DERUDWRU\ ZDV HVWDEOLVKHG DQG EHFDPH RQH
RI WKH PDMRU VFLHQWLILF ZRUNVKRSV RI WKH ZRUOG�

0D[ZHOO GLHG LQ ���� DW WKH HDUO\ DJH RI IRUW\�
HLJKW� WHQ \HDUV WRR HDUO\ WR ZLWQHVV WKH EULOOLDQW
FRQILUPDWLRQ RI KLV HOHFWURPDJQHWLF WKHRULHV DW
WKH KDQGV RI +HLQULFK +HUW]�

:KHUHDV 0LFKDHO )DUDGD\ ZDV WKH JUHDW H[SHUL�
PHQWHU� -DPHV &OHUN 0D[ZHOO ZDV RIWHQ WKRXJKW
RI DV WKH SHUIHFW ´SHQFLO DQG SDSHUµ WKHRUHWLFLDQ�

,Q UHDOLW\�0D[ZHOO FRPELQHG D SURIRXQG SK\VL�
FDO LQWXLWLRQ �� DQ H[TXLVLWH IHHOLQJ IRU WKH
UHODWLRQVKLS EHWZHHQ REMHFWV �� ZLWK D IRUPLGDEOH
PDWKHPDWLFDO FDSDFLW\ WR HVWDEOLVK RUGHUO\ FRQ�
QHFWLRQV DPRQJ GLYHUVH SKHQRPHQD� 7KLV EOHQG�
LQJ RI WKH FRQFUHWH DQG WKH DEVWUDFW ZDV WKH FKLHI
FKDUDFWHULVWLF RI DOO KLV LPSRUWDQW VWXGLHV�

�� +HLQULFK +HUW]
�����������

:KLOH LW ZDV -DPHV &OHUN 0D[ZHOO ZKR GHYHO�
RSHG WKH WKHRU\ RI HOHFWURPDJQHWLF ZDYHV� LW ZDV
+HLQULFK +HUW] ZKR ILUVW GHPRQVWUDWHG WKH UHDOLW\
RI HOHFWURPDJQHWLF ZDYHV� YLD KLV H[SHULPHQWV LQ
WKH SURGXFWLRQ DQG UHFHSWLRQ RI UDGLR ZDYHV�

+HUW] ZDV ERUQ LQ +DPEXUJ� *HUPDQ\� WKH VRQ RI
D SURPLQHQW ODZ\HU� 'XULQJ KLV VFKRRO GD\V� KH
SURYHG WR KDYH D SKHQRPHQDO PHPRU\ DQG DQ
LQVDWLDEOH DSSHWLWH IRU OHDUQLQJ� 1RW RQO\ ZDV KLV
DSWLWXGH IRU PDWKHPDWLFV H[FHSWLRQDO� KH EDO�
DQFHG WKLV ZLWK D GHWHUPLQDWLRQ WR H[FHO DW *UHHN
DQG /DWLQ� +H DOVR VKRZHG H[FHSWLRQDO DELOLW\
ZLWK KLV KDQGV� EHLQJ DGHSW DW XVLQJ WRROV RI DOO
NLQGV� $V KLV VFKRRO HGXFDWLRQ GUHZ WR D FORVH� KH
ZDV WKXV LQ D TXDQGU\ RYHU ZKHWKHU KH VKRXOG
SXUVXH D FDUHHU LQ PDWKHPDWLFV� WKH FODVVLFV RU
PHFKDQLFDO HQJLQHHULQJ� (YHQWXDOO\� KH UHVROYHG
WR WDNH D GHJUHH FRXUVH LQ FLYLO HQJLQHHULQJ �� DW
WKH &ROOHJH RI 7HFKQRORJ\ LQ 0XQLFK �� DV VXFK D
FRXUVH PLJKW SURYLGH D VKRUWHU URDG WRZDUGV
ILQDQFLDO LQGHSHQGHQFH IURP KLV SDUHQWV� WKDQ
ZRXOG D FDUHHU LQ QDWXUDO VFLHQFHV�

+RZHYHU� +HUW] ZDV QRW UHDOO\ LQWHUHVWHG LQ FLYLO
HQJLQHHULQJ DQG� GXULQJ KLV VHFRQG PRQWKV DW WKH
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0XQLFK FROOHJH� KH ZURWH WR KLV IDWKHU WR VHHN SHU�
PLVVLRQ WR VZLWFK IURP HQJLQHHULQJ WR QDWXUDO
VFLHQFHV� ´,W LV D VKDPHIXO FRQIHVVLRQ IRU PH WR
PDNH� EXW RXW LW PXVW FRPH� , VKRXOG OLNH WR FKDQJH
KRUVHV QRZ� DW WKH ODVW PRPHQW� DQG VZLWFK WR WKH
QDWXUDO VFLHQFHV� ,Q WKLV VHPHVWHU , DUULYH DW WKH
FURVVURDGV ZKHUH , PXVW HLWKHU GHYRWH P\VHOI WR
VFLHQFH FRPSOHWHO\ RU WDNH OHDYH RI VFLHQFH IRU
JRRG DQG JLYH XS DOO VXSHUIOXRXV GDOO\LQJZLWK WKH
VXEMHFW LI , DP QRW WR QHJOHFW P\ SURSHU VWXGLHV
DQG EHFRPH PHUHO\ D PHGLRFUH HQJLQHHU�µ +LV
IDWKHU·V OHWWHU RI UHSO\ KDV QRW VXUYLYHG EXW LW LV
HYLGHQW IURP +HLQULFK·V QH[W OHWWHU KRPH WKDW
KLV IDWKHU JDYH KLP WKH DSSURYDO KH VR HDUQHVWO\
VRXJKW� )URP WKHQ RQ� +HUW] ´EXUQHG ZLWK
LPSDWLHQFHµ WR UHDFK WKH IURQWLHU RI ZKDW ZDV
DOUHDG\ NQRZQ DQG JR RQ WR H[SORUH LQWR XQ�
NQRZQ WHUULWRU\�

+HUW] VSHQW RQO\ D \HDU DW 0XQLFK EXW WKDW SHULRG
VDZKLV ILQDO FRQYHUVLRQ IURP D PDQ RI SUDFWLFH WR
D PDQ RI OHDUQLQJ� ,Q WKH DXWXPQ RI ����� KH
WUDQVIHUUHG WR WKH 8QLYHUVLW\ RI %HUOLQ ZKHUH KH
TXLFNO\ DWWUDFWHG WKH DWWHQWLRQ RI WKH FHOHEUDWHG
3URIHVVRU +DUPDQQ YRQ +HOPKROW]�

6KRUWO\ DIWHU DUULYLQJ DW %HUOLQ� +HUW] SXEOLVKHG D
SDSHU WLWOHG ([SHULPHQWV WR GHWHUPLQH WKH 8SSHU
/LPLW IRU WKH .LQHWLF (QHUJ\ RI DQ (OHFWULF &XU�
UHQW ZKLFK ZRQ KLP D SUL]H� DQG PXFK SUDLVH�
IURP WKH 3KLORVRSKLFDO )DFXOW\ RI WKH XQLYHUVLW\�
+HOPKROW] ZDV VR LPSUHVVHG E\ WKH ZRUN RI+HUW]
WKDW� LQ 6HSWHPEHU ����� KH RIIHUHG WKH \RXQJ
VWXGHQW D SRVW DV DVVLVWDQW SURIHVVRU DW WKH 3K\VLFV
,QVWLWXWH RI %HUOLQ� 2I FRXUVH� +HUW] ZDV WKULOOHG
ZLWK WKLV RSSRUWXQLW\ WR EHFRPH D SHUVRQDO DVVLV�
WDQW WR WKH PDQ ZKRP KH VR JUHDWO\ DGPLUHG�

2QH RI WKH ILUVW MREV JLYHQ WR +HUW] ZDV WR ILQG D
ORQJ RYHUGXH SURRI RI 0D[ZHOO·V WKHRU\ WKDW
HOHFWURPDJQHWLF IRUFHV ZHUH SURSDJDWHG WKURXJK
VSDFH ZLWK WKH VDPH YHORFLW\ DV WKDW RI OLJKW DQG
WKDW� LQ IDFW� OLJKW LWVHOI ZDV DQ HOHFWURPDJQHWLF
SKHQRPHQRQ� ,W ZDV D WDVN LGHDOO\ VXLWHG WR+HUW]
EXW� DIWHU JLYLQJ WKH SUREOHP ORQJ DQG FDUHIXO
FRQVLGHUDWLRQ� KH ZDV IRUFHG WR FRQFOXGH WKDW LW
ZRXOG QRW EH SUDFWLFDEOH WR UHDFK D VDWLVIDFWRU\
FRQFOXVLRQ� JLYHQ WKH IDFLOLWLHV WKDW ZHUH WKHQ
DYDLODEOH�

%\ ���� �� VRPH WZR \HDUV DIWHU 0D[ZHOO·V GHDWK
�� +HUW] KDG EHFRPH IXOO\ FRQYHUVDQW ZLWK 0D[�
ZHOO·V WKHRULHV +RZHYHU� WXJJLQJ KLP LQ WKH
RSSRVLWH GLUHFWLRQ� ZHUH SHHU JURXS SUHVVXUHV WR
DFFHSW WKH FRQWLQHQWDO DSSURDFK WR HOHFWULFDO
SKHQRPHQD� ZKLFK ZDV EDVHG RQ WKH HLJKWHHQWK
FHQWXU\ WKHRULHV RI DFWLRQ DW D GLVWDQFH�

����� )DUDGD\ ZKROHKHDUWHGO\ GHFODUHG KLV EHOLHI LQ WKH
H[LVWHQFH RI OLQHV RI HOHFWULF DQG PDJQHWLF IRUFH� UDWKHU WKDQ
WKH H[LVWHQFH RI DQ HWKHU�
����� 7KH 6FRWVPDQ -DPHV &OHUN 0D[ZHOO SXEOLVKHG KLV ILUVW
LPSRUWDQW SDSHU ´2Q )DUDGD\·V /LQHV RI )RUFHµ�
����� 0D[ZHOO WUDQVODWHG )DUDGD\·V LGHDV RQ OLQHV RI IRUFH
LQWR PDWKHPDWLFDO WHUPV� DQG SRVWXODWHG WKH H[LVWHQFH RI
HOHFWURPDJQHWLF ZDYHV�
� � � 3URI� +DUPDQQ YRQ +HOPKROW] RI %HUOLQ 8QLYHUVLW\ FDUULHG
RXW DQ LPSRUWDQW VWXG\ RQ WKH UHVRQDQFH RI VRXQG�
����� 0D[ZHOO SXEOLVKHG KLV SDSHU ´$ '\QDPLFDO 7KHRU\ RI
WKH (OHFWUR�PDJQHWLF )LHOGµ� ZKLFK LV ZLGHO\ UHJDUGHG DV KLV
JUHDWHVW FRQWULEXWLRQ WR HOHFWULFDO VFLHQFH�
����� 7KH ILUVW WUDQVDWODQWLF FDEOH ZDV VXFFHVVIXOO\ ODLG E\
WKH %ULWLVK VKLS *UHDW (DVWHUQ� VXSHUYLVHG E\ /RUG .HOYLQ�
����� 7KH $PHULFDQ 0DKORQ /RRPLV XVHG HOHYDWHG DHULDOV WR
GHWHFW WKXQGHUVWRUPV�
����� 7KH 86 WHOHJUDSK HQJLQHHU $OH[DQGHU *UDKDP %HOO
LQWURGXFHG WKH WHOHSKRQH� ZKLFK ZDV WKH ILUVW�HYHU GHYLFH WR
FRQYHUW VRXQG ZDYHV LQWR DQ HOHFWULF DQDORJXH�
����� 7KH %ULWLVK SK\VLFLVW� -RKQ :LOOLDP 6WUXWW 5D\OHLJK
�ODWHU /RUG 5D\OHLJK� SXEOLVKHG ´7UHDWLVH RQ 6RXQGµ ZKLFK LV
VWLOO UHJDUGHG DV D FODVVLF ZRUN LQ WKH ILHOG RI DFRXVWLFV�
����� 7KH $QJOR�$PHULFDQ 'DYLG (GZDUG +XJKHV
GLVFRYHUHG WKH SUHVHQFH RI ´H[WUD FXUUHQWVµ �L�H� RVFLOODWRU\
+) WUDQVLHQWV� ZKHQ WKH FXUUHQW LQ DQ LQGXFWLYH FLUFXLW ZDV
VXGGHQO\ LQWHUUXSWHG� WKH VLJQDOV IURP KLV VSDUN WUDQVPLWWHU
ZHUH UHFHLYHG RYHU D UDQJH RI DERXW ��� P�
� � � 7KH $PHULFDQ 7KRPDV $OYD (GLVRQ LQYHQWHG WKH
LQFDQGHVFHQW ODPS� DQG KH XVHG D EDWWHU\ IRU WKH ILUVW WLPH LQ
D WHOHSKRQH WUDQVPLWWHU�
����� +XJKHV GHPRQVWUDWHG WKH WUDQVPLVVLRQ DQG UHFHSWLRQ
RI ´H[WUD FXUUHQWVµ RYHU VHYHUDO KXQGUHG PHWUHV WR D QXPEHU
RI GLVWLQJXLVKHG VFLHQWLVWV� EXW WKH SXQGLWV GLG QRW EHOLHYH WKH
HIIHFW ZDV SURGXFHG E\ ´DHULDO HOHFWULF ZDYHVµ UDWKHU WKDQ E\
LQGXFWLRQ HIIHFWV�
����� (GLVRQ REVHUYHG WKDW HOHFWURQV DUH HPLWWHG IURP D
KHDWHG VXUIDFH� H�J� WKH ILODPHQW RI DQ HOHFWULF ODPS�
����� 7KH ,WDOLDQ &� 2QHVWL QRWHG WKDW ZKHQ ORRVH EUDVV DQG
FRSSHU ILOLQJV DUH HOHFWURVWDWLFDOO\ FKDUJHG� WKH\ FRKHUH DQG
WKHUH LV D UHVXOWDQW GHFUHDVH LQ WKH UHVLVWDQFH WR WKH IORZ RI D
FXUUHQW�
����� 7KH *HUPDQ VFLHQWLVW +HLQULFK +HUW] GLVFRYHUHG WKDW
KLJK�IUHTXHQF\ RVFLOODWLRQV FRXOG EH JHQHUDWHG DQG GHWHFWHG
E\ PHDQV RI VLPSOH UHVRQDQFH EHWZHHQ WZR XQFRQQHFWHG
FRLOV� +H DOVR GHYHORSHG WKH ´+HUW] 'LSROHµ ZKLFK KH ZRXOG
XVH LQ VXEVHTXHQW H[SHULPHQWV IRU ERWK WUDQVPLVVLRQ DQG
UHFHSWLRQ SXUSRVHV�
����� +HUW] ZDV WKH ILUVW WR SURYH FRQFOXVLYHO\ WKDW
KLJK�IUHTXHQF\ RVFLOODWLRQV FRXOG EH GHWHFWHG RYHU D GLVWDQFH
RI D IHZ PHWUHV� )RU D ZKLOH WKHVH +) RVFLOODWLRQV �L�H�
HOHFWURPDJQHWLF ZDYHV� ZHUH NQRZQ DV ´+HUW]LDQ ZDYHVµ�
����� 7KH (QJOLVK SK\VLFLVW 2OLYHU /RGJH �ODWHU 6LU 2OLYHU
/RGJH� GHPRQVWUDWHG WKH LPSRUWDQFH RI ´UHVRQDQFHµ ZKHUH
RVFLOODWRU\ FXUUHQWV ZHUH FRQFHUQHG�
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%\ ����� +HUW] KDG EHHQ DVVLVWDQW WR 3URIHVVRU
+HOPKROW] IRU WKUHH \HDUV DQG LW ZDV WLPH WRPRYH
RQ �� WKLV WLPH WR WKH 8QLYHUVLW\ RI .HLO� $OWKRXJK
D VPDOO XQLYHUVLW\ ZLWK LQDGHTXDWH ODERUDWRULHV
ZKHQ FRPSDUHG ZLWK WKH 8QLYHUVLW\ RI %HUOLQ�
.HLO 8QLYHUVLW\ RIIHUHG +HUW] WKH RSSRUWXQLW\ WR
GR VRPH WHDFKLQJ DQG OHFWXULQJ� \HW OHDYLQJ KLP
DPSOH WLPH IRU FRQWHPSODWLYH VWXG\ DQG WR
GHYHORS KLV WKHRULHV�

$Q LPSRUWDQW SURGXFW RI WKH ´.HLO SHULRGµ ZDV
WKH SXEOLFDWLRQ LQ ���� RI D SDSHU WLWOHG 2Q WKH
5HODWLRQV EHWZHHQ 0D[ZHOO·V )XQGDPHQWDO
(OHFWURPDJQHWLF (TXDWLRQV DQG WKH )XQGDPHQ�
WDO (TXDWLRQV RI WKH 2SSRVLQJ (OHFWURPDJQHW�
LFV� ,Q WKLV SDSHU� +HUW] VXEMHFWHG WKH 0D[ZHOO
WKHRU\ DQG WKRVH RI WKH ´RSSRVLQJ HOHFWUR�
PDJQHWLFVµ WR ULJRURXV PDWKHPDWLFDO DQDO\VLV�
:KLOH KH ZDV XQDEOH WR UHDFK D ILQDO GHFLVLRQ RQ
WKH UHODWLYH PHULWV� KH FRQFOXGHG E\ VWDWLQJ� ´,
WKLQN ZH PD\ LQIHU ZLWKRXW HUURU WKDW LI WKH
FKRLFH UHVWV RQO\ EHWZHHQ WKH XVXDO V\VWHP RI
HOHFWURPDJQHWLFV DQG 0D[ZHOO·V� WKH ODWWHU LV
FHUWDLQO\ WR EH SUHIHUUHGµ�

$IWHU OHVV WKDQ WZR \HDUV DW .HLO� +HUW] DFFHSWHG
D SURIHVVRUVKLS LQ ���� DW WKH 7HFKQLFDO +LJK
6FKRRO LQ.DUOVUXKH� KH ZDV SDUWLFXODUO\ DWWUDFWHG
E\ WKH ODERUDWRULHV DQG IDFLOLWLHV WKH\ FRXOG SUR�
YLGH IRU WKH UHVHDUFK SURJUDPPH KH ZLVKHG WR
SXUVXH�

:KLOH H[SHULPHQWLQJ LQ ���� ZLWK DQ ROG SDLU RI
´.QRFNHQKDXHU 6SLUDOVµ �� VKRUW IDW FRLOV RI ZLUH
HPEHGGHG LQ VSLUDO WUDFNV FXW LQWR WKH VXUIDFH RI
ZRRGHQ GLVFV �� +HUW] REVHUYHG D VPDOO VSDUN
SDVVLQJ EHWZHHQ WKH WHUPLQDOV RI RQH RI WKH FRLOV�
ZKHQHYHU D /H\GRQ MDU ZDV GLVFKDUJHG WKURXJK
WKH RWKHU� ,W PD\ KDYH EHHQ WLQ\ EXW WKDW VSDUN VHW
DOLJKW WKH WUDLQ RI UHVHDUFK ZKLFK� GXULQJ WKH QH[W
IRXU \HDUV� ZDV WR HVWDEOLVK +HUW] DPRQJ WKH OHDG�
LQJ VFLHQWLVWV RI WKH QLQHWHHQWK FHQWXU\� +H KDG
TXLFNO\ UHDOL]HG WKDW WKH SKHQRPHQRQ FRXOG RQO\
EH GXH WR WKH RFFXUUHQFH RI RVFLOODWRU\ FXUUHQWV LQ
WKH VSLUDO FRLOV� EXW KH IXUWKHU UHDOL]HG �� DQG WKLV
ZDV WKH WUXO\ VLJQLILFDQW VWHS �� WKDW WKH SHULRG RI
WKH RVFLOODWLRQV ZHUH DURXQG D KXQGUHG�PLOOLRQWK
RI D VHFRQG �HVWLPDWHG� EXW ZLWK WKH DLG RI MXVW D
OLWWOH WKHRU\���

%\ WKH HQG RI ����� +HUW] KDG DEDQGRQHG WKH XVH
RI .QRFNHQKDXHU 6SLUDOV LQ KLV WUDQVPLWWHU�
,QVWHDG KH XVHG DQ RSHQ�ZLUH OLQHDU IRUP RI LQ�
GXFWDQFH �� ZKDW ZH QRZ FDOO D ´+HUW] GLSROHµ�
8VLQJ WKHVH GHYLFHV� KH GLVFRYHUHG WKDW WKH\
FRXOG DOVR EH XVHG WR ´UHFHLYHµ WKH WUDQVPLWWHG
YLEUDWLRQV DW VRPH GLVWDQFH DZD\ �D IHZPHWUHV LQ
WKRVH GD\V�� 1RZ DUPHG ZLWK ERWK D JHQHUDWRU

DQG D GHWHFWRU RI RVFLOODWLRQV� +HUW] VSHQW WKH
ZLQWHU RI ������ LQYHVWLJDWLQJ WKH SURSHUWLHV RI
HOHFWULFDO RVFLOODWLRQV� )XUWKHUPRQWKVZHUH VSHQW
LQYHVWLJDWLQJ ZKDW ZH ZRXOG QRZ GHVFULEH DV WKH
HOHFWURPDJQHWLF ILHOG LQ WKH YLFLQLW\ RI D GLSROH�

2WKHU H[SHULPHQWV FRQGXFWHG E\ +HUW] HQDEOHG
KLP WR VKRZ WKDW HOHFWURPDJQHWLF ZDYHV �� LQ WKH
WUDQVYHUVH QDWXUH RI WKHLU YLEUDWLRQV DQG WKHLU
VXVFHSWLELOLW\ WR UHIOHFWLRQ� UHIUDFWLRQ DQG SRODU�
L]DWLRQ �� DUH LQ FRPSOHWH FRUUHVSRQGHQFH ZLWK WKH
ZDYHV RI OLJKW DQG KHDW� WKLV HVWDEOLVKHG EH\RQG
GRXEW WKH HOHFWURPDJQHWLF QDWXUH RI OLJKW�

,Q ����� +HUW] ZDV DSSRLQWHG SURIHVVRU RI SK\VLFV
LQ WKH 8QLYHUVLW\ RI %RQQ� ZKHUH KH FRQWLQXHG KLV
UHVHDUFKHV RQ WKH GLVFKDUJH RI HOHFWULFLW\ LQ
UDUHILHG JDVHV �� RQO\ MXVW PLVVLQJ WKH GLVFRYHU\ RI
;�UD\V ZKLFK ZHUH GHVFULEHG E\ :�&� 5|QWJHQ D
IHZ \HDUV ODWHU� +RZHYHU WKLV ZDV WR EH +HUW]·V
ODVW ZRUN� DV D ORQJ LOOQHVV WRRN D KROG RI KLP� ,Q
����� KH GLHG LQ %RQQ DW WKH WUDJLFDOO\ HDUO\ DJH
RI WKLUW\�VL[�

,Q UHYLHZLQJ KLV VXFFHVVLYH DFKLHYHPHQWV� LW
VKRXOG EH ERUQH LQ PLQG WKDW +HUW] QHYHU RQFH
HQYLVDJHG WKDW WKH QHZ UDQJH RI HOHFWURPDJQHWLF
IUHTXHQFLHV ZKLFK KH KDG GLVFRYHUHG ZRXOG KDYH
HYHQ WKH VPDOOHVW DSSOLFDWLRQ DV D PHDQV RI FRP�
PXQLFDWLRQ� 6R LI KH KDG QR WKRXJKWV RI UDGLR
FRPPXQLFDWLRQ�ZKDW H[DFWO\ZHUH KLV DLPV" 7KH
DQVZHU PD\ OLH LQ WKH IDFW WKDW +HUW] ZDV D SXUH
SK\VLFLVW� ZLWK D SDVVLRQDWH GHVLUH WR ZRUN
WRZDUGV WKH LQFUHDVH RI KXPDQ NQRZOHGJH �� LQ KLV
RZQ ZRUGV ´WR H[SDQG WKH IURQWLHUV RI VFLHQFHµ�
+H ZDV DQ DFDGHPLF� SXUH DQG VLPSOH� ZLWK OLWWOH
RU QR LQWHUHVW LQ DQ\ FRPPHUFLDO DVSHFWV RI KLV
GLFRYHULHV �� WKHVH DVSHFWV ZRXOG EH OHIW WR ODWHU
SLRQHHUV OLNH 3RSRY DQG 0DUFRQL�

�� 6LU 2OLYHU /RGJH
����� � �����

7KH JUHDW FRQWULEXWLRQ PDGH E\ 6LU 2OLYHU /RGJH
WR WKH GHYHORSPHQW RI ZLUHOHVV WHOHJUDSK\ KDV
EHHQ ODUJHO\ IRUJRWWHQ� +LV ZRUN KHOG OLWWOH RI
LQWHUHVW WR WKH OD\ SUHVV� FRPSDUHG ZLWK WKDW RI
0DUFRQL LQ ODWHU \HDUV� \HW LW ZDV /RGJH ZKR SUR�
YLGHG D QXPEHU RI WKH HVVHQWLDO HOHPHQWV ZKLFK
PDGH LW SRVVLEOH IRU 0DUFRQL WR GHYHORS D SUDFWL�
FDO V\VWHP RI ZLUHOHVV FRPPXQLFDWLRQ�

2OLYHU /RGJH ZDV ERUQ QHDU 6WRNH�RQ�7UHQW�
(QJODQG� LQ -XQH ����� 7KH VRQ RI D PHUFKDQW
ZKR VXSSOLHG ORFDO SRWWHU\ ILUPV ZLWK WKHLU UDZ
PDWHULDOV� WKH \RXQJ /RGJH UHOXFWDQWO\ MRLQHG
KLV IDWKHU·V EXVLQHVV RQ OHDYLQJ VFKRRO� +RZ�
HYHU� KLV UHDO LQWHUHVWV OD\ LQ VFLHQFH� GXULQJ DQ
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HDUOLHU YLVLW WR DQ DXQW LQ /RQGRQ� KH KDG
DWWHQGHG VHYHUDO SRSXODU OHFWXUHV RQ FKHPLVWU\�
JHRORJ\ DQG KHDW�

7KXV� ZKHQ D VHULHV RI HGXFDWLRQDO FRXUVHV RQ
VFLHQFH �� LQVWLWXWHG E\ WKH ROG ´6FLHQFH DQG $UW
'HSDUWPHQWµ RI 6RXWK .HQVLQJWRQ� /RQGRQ ��
EHJDQ LQ D WRZQ QHDU KLVKRPH� WKH VL[WHHQ�\HDU�
ROG /RGJH VLJQHG XS DQG� VKRUWO\ DIWHU� RIIHUHG
KLV VHUYLFHV WR WKH OHFWXUHU DV DQ XQSDLG EXW
HQWKXVLDVWLF DVVLVWDQW� ,Q WKH HQVXLQJ H[DPLQ�
DWLRQV� /RGJH FDPH ILUVW LQ HDFK RI WKH HLJKW
VFLHQFH VXEMHFWV FRYHUHGRQ WKH FRXUVH� %\QRZ�
KH KDG GHYHORSHG D EURDG NQRZOHGJH RI EDVLF
SK\VLFV DQG KH ZHQW WR /RQGRQ WR HQURO IRU
IXUWKHU FRXUVHV DW WKH 6FLHQFH DQG $UW 'HSDUW�
PHQW LQ 6RXWK .HQVLQJWRQ�

:KLOH VWXG\LQJ ELRORJ\� SK\VLFV DQG FKHPLVWU\
DW 6RXWK .HQVLQJWRQ� /RGJH DWWHQGHG DGGLWLRQ�
DO HYHQLQJ FODVVHV LQ PDWKHPDWLFV DQG SK\VLFV�
+H WKHQ HQUROOHG DW 8QLYHUVLW\ &ROOHJH RI
/RQGRQ IRU WKH ������ VHVVLRQ DQG KDG WKH JRRG
IRUWXQH WR KHDU -DPHV &OHUN 0D[ZHOO VSHDN WR
WKH %ULWLVK $VVRFLDWLRQ LQ ����� /RGJH·V GHHS
LQWHUHVW LQ 0D[ZHOO·V WKHRULHV ZHUH YHU\ PXFK
VWLPXODWHG E\ WKLV OHFWXUH DQG� E\ WKH WLPH KH
UHFHLYHG KLV VFLHQFH GHJUHH LQ ����� /RGJH ZDV
IXOO\ FRQYHUVDQW ZLWK WKHP� /RGJH UHFHLYHG D
GRFWRUDWH DW 8QLYHUVLW\ &ROOHJH LQ ���� DQG
WKHQ MRLQHG WKH VWDII RI WKH 3K\VLFV 'HSDUWPHQW
DV DQ DVVLVWDQW DQG GHPRQVWUDWRU�

,Q ����� /RGJH ZDV DSSRLQWHG 3URIHVVRU RI
([SHULPHQWDO 3K\VLFV DW WKH QHZO\�IRUPHG8QL�
YHUVLW\ &ROOHJH RI /LYHUSRRO� :KLOH ZDLWLQJ WR
WDNH XS WKLV DSSRLQWPHQW� KH PDGH D WRXU RI
(XURSH� PDLQO\ WR HVWDEOLVK FRQWDFW ZLWK RWKHU
OHDGLQJ VFLHQWLVWV RI WKH SHULRG� :KLOH LQ
%HUOLQ� /RGJH FDOOHG �� ZLWKRXW DQ DSSRLQWPHQW
�� RQ WKH JUHDW 3URIHVVRU+HOPKROW]� 7KH 3URIHV�
VRU ZDV MXVW OHDYLQJ WR JR RXW DQG KDQGHG /RGJH
RYHU WR KLV \RXQJ DVVLVWDQW �� 'U� +HLQULFK+HUW]�
)URP WKDW GD\ RQ� /RGJH DQG +HUW] PDLQWDLQHG
D FORVH IULHQGVKLS XQWLO +HUW]·V XQWLPHO\ GHDWK
LQ �����

%DFN LQ /LYHUSRRO� LW ZDV VRPH WLPH EHIRUH /RGJH
ZDV DEOH WR GHYRWH PXFK WLPH WR 0D[ZHOO·V
WKHRULHV� +RZHYHU� LQ SUHSDUDWLRQ IRU WZR LPSRU�
WDQW OHFWXUHV WR WKH 6RFLHW\ RI $UWV LQ ����� KH
FDUULHG RXW VRPH LPSRUWDQW H[SHULPHQWV RQ WKH
GLVFKDUJH RI /H\GHQ MDUV ZKLFK VKRZHG EH\RQG
GRXEW WKDW OLJKWQLQJ GLVFKDUJHV DUH RVFLOODWRU\ LQ
QDWXUH� 'XULQJ WKH FRXUVH RI WKHVH H[SHULPHQWV�
/RGJH VKRZHG WKH QHHG IRU UHVRQDQFH EHWZHHQ
RVFLOODWRU\ FLUFXLWV LI DQ DGHTXDWH WUDQVIHU RI
HQHUJ\ZDV WR WDNH SODFH EHWZHHQ WKHP� RQH RI KLV

H[SHULPHQWV LOOXVWUDWHG WKH ´UHFRLO NLFNµ WKDW
RFFXUV ZKHQ DQ RVFLOODWRU\ GLVFKDUJH WDNHV SODFH
LQ D UHVRQDQW FLUFXLW�

+RZHYHU� DOWKRXJK /RGJH FRXOG E\ QRZ GHPRQ�
VWUDWH WKH SK\VLFDO H[LVWHQFH RI HOHFWULF ZDYHV
DORQJ ZLUHV DQG FRXOG PHDVXUH WKHLU ZDYHOHQJWK�
KH VWLOO KDG QR PHDQV RI GHWHFWLQJ WKHLU SUHVHQFH
LQ VSDFH� 7KH KRQRXU RI EHLQJ ILUVW WR GR WKLV JRHV
WR +HUW] ZKR� DW WKH HQG RI ����� KDG GLVFRYHUHG
WKDW KLV ´GLSROHµ VSDUN WUDQVPLWWHU FRXOG DOVR EH
XVHG WR GHWHFW WKH WUDQVPLWWHG YLEUDWLRQV DFURVV
WKH URRP�

7KH QHZV RI +HUW]·V GLVFRYHULHV ZHUH ZDUPO\
ZHOFRPHG E\ /RGJH EXW� MXVW OLNH +HUW]� KH VDZ
QR SUDFWLFDO DSSOLFDWLRQ IRU WKHVH WUDQVPLWWHG
YLEUDWLRQV �NQRZQ E\ QRZ DV ´+HUW]LDQµ ZDYHV
EXW ODWHU JLYHQ WKH QDPH HOHFWURPDJQHWLF ZDYHV��
1HYHUWKHOHVV� LQ ����� /RGJH PDGH VRPH LP�
SRUWDQW REVHUYDWLRQV RQ WKH FRKHVLRQ EHWZHHQ
PHWDOOLF VXUIDFHV ZKHQ VXEMHFWHG WR D QHDUE\
HOHFWULF GLVFKDUJH� WKHVH REVHUYDWLRQV OHG WR KLV
GHYHORSPHQW D \HDU RU WZR ODWHU RI WKH FRKHUHU
ZKLFK� LQ KLV RZQ ZRUGV� ´LV WKH PRVW DVWRQLVK�
LQJO\ VHQVLWLYH GHWHFWRU RI +HUW]LDQ ZDYHVµ�

,Q ����� /RGJH·V DWWHQWLRQ ZDV GLUHFWHG WR WKH
ZRUN RI (GRXDUG %UDQO\ LQ 3DULV ZKR KDG IRXQG
WKDW WKH UHVLVWDQFH RI PHWDOOLF GXVW RU ILOLQJV WR
WKH SDVVDJH RI DQ HOHFWULF FXUUHQW ZDV JUHDWO\
ORZHUHG LI D VPDOO HOHFWULF GLVFKDUJH RFFXUHG LQ
WKH YLFLQLW\� �,W LV GRXEWIXO LI %UDQOH\ UHFRJ�
QL]HG DW WKH WLPH WKDW WKH HIIHFW ZDV GXH WR
HOHFWURPDJQHWLF UDGLDWLRQ EXW KLV REVHUYDWLRQV
ZHUH WKRURXJK DQG FRQFOXVLYH�� /RGJH DW RQFH
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SURFHHGHG WR H[SHULPHQW ZLWK D WXEH RIPHWDOOLF
ILOLQJV DQG IRXQG LW WR EH LPPHDVXUDEO\ VXSHULRU
DV D GHWHFWRU ZKHQ FRPSDUHG ZLWK WKH FRKHULQJ
NQREV DQG GHOLFDWHO\�EDODQFHG VSULQJ FRQWDFWV
ZKLFK KH KDG EHHQ XVLQJ�

/RGJH ZDV LQYLWHG WR GHOLYHU D PHPRULDO OHFWXUH
RQ ´7KH :RUN RI +HUW]µ DW WKH 5R\DO ,QVWLWXWLRQ�
D IHZ PRQWKV DIWHU +HUW]·V GHDWK RQ � -DQXDU\
����� 7KLV OHFWXUH GLVVHPLQDWHG DQ XQGHU�
VWDQGLQJ RI WKH SURSHUWLHV RI +HUW]LDQ ZDYHV ZHOO
EH\RQG WKH VPDOO FLUFOH RI PDWKHPDWLFDO SK\VL�
FLVWV WR ZKRP WKH VXEMHFW KDG SUHYLRXVO\
DSSHDOHG� WKH OHFWXUH ZDV UHSULQWHG LQ VHULDO IRUP
LQ WKH ZHHNO\ MRXUQDO 7KH (OHFWULFLDQ� 7KH WLWOH
RI WKH OHFWXUH ZDV DFWXDOO\ D PLVQRPHU DV /RGJH
GHDOW PRUH ZLWK KLV RZQ ZRUN �LQ SDUWLFXODU� KRZ
KH KDG GHYHORSHG WKH FRKHUHU� DQG WKDW RI RWKHUV
ZKR KDG IROORZHG +HUW]� WKDQ ZLWK WKH ZRUN RI
+HUW] KLPVHOI� 7KH OHFWXUH SURYLGHG JUHDW VWLPX�
ODWLRQ IRU 'U� $OH[DQGHU 0XLUKHDG� DQ HPLQHQW
WHOHJUDSK HQJLQHHU� DQG OHG WR FORVH FROODERUDWLRQ
EHWZHHQ /RGJH DQG 0XLUKHDG ZKLFK ZDV WR ODVW
IRU DOPRVW WZHQW\ \HDUV�

$ IHZ PRQWKV ODWHU� LQ $XJXVW ����� /RGJH ZDV
DVNHG WR UHSHDW KLV OHFWXUH DW D PHHWLQJ LQ 2[IRUG
RI WKH %ULWLVK$VVRFLDWLRQ IRU WKH $GYDQFHPHQW RI
6FLHQFH� %\ QRZ� 0XLUKHDG KDG VXSSOLHG KLP
ZLWK D UDQJH RI WHOHJUDSKLF HTXLSPHQW LQFOXGLQJ
D .HOYLQ PDULQH JDOYDQRPHWHU DQG D0RUVH LQNHU�
$W WKH OHFWXUH� /RGJH DUJXDEO\ EHFDPH WKH ILUVW
SHUVRQ LQ WKH ZRUOG WR GHPRQVWUDWH ZLUHOHVV WHOHJ�
UDSK\ ZKHQ KH WUDQVPLWWHG 0RUVH�FRGHG OHWWHUV
RYHU D GLVWDQFH RI DERXW �� P� DQG WKURXJK VHYHUDO
EULFN ZDOOV� WR D VLPSOH 0RUVH UHFHLYHU EDVHG RQ
KLV LPSURYHG FRKHUHU� 7KLV DFKLHYHPHQW ZDV
ZLGHO\ UHSRUWHG EXW� DW WKH WLPH� QRERG\ IRUHVDZ
DQ\ FRPPHUFLDO DSSOLFDWLRQV IRU D V\VWHP RI
´WHOHJUDSK\ ZLWKRXW ZLUHVµ� 7KLV KDG WR DZDLW WKH
VXEVHTXHQW DUULYDO RI 0DUFRQL LQ (QJODQG� GXULQJ
)HEUXDU\ ����� �0DUFRQL DQG /RGJH YLUWXDOO\
LJQRUHG WKH H[LVWHQFH RI RQH DQRWKHU DQG LW LV
LQWHUHVWLQJ WR VSHFXODWH RQ KRZ WKH GHYHORSPHQW
RI ZLUHOHVV FRPPXQLFDWLRQ PLJKW KDYH SUR�
FHHGHG� KDG WKH\ DJUHHG WR FROODERUDWH��

%\ KLV IDLOXUH LQLWLDOO\ WR IROORZ XS WKH SUDFWLFDO
SRVVLELOLWLHV RI KLV RZQ UHVHDUFKHV� /RGJH ORVW WKH
RSSRUWXQLW\ WR DFTXLUH SRSXODU DFFODLP DV WKH
´LQYHQWRUµ RI ZLUHOHVV WHOHJUDSK\ EXW KLV LQIOX�
HQFH RQ LWV HDUO\ GHYHORSPHQW ZDV SURIRXQG�
:LWK KLV GHHS XQGHUVWDQGLQJ RI WKH SKHQRPHQRQ
RI HOHFWULFDO UHVRQDQFH� KH ZDV WKH ILUVW WR
HPSKDVL]H WKH LPSRUWDQFH RI WXQLQJ� ,Q 0D\
���� �� VRPH WZRPRQWKV EHIRUH WKH SXEOLFDWLRQ RI
0DUFRQL·V RULJLQDO SDWHQW �� /RGJH DSSOLHG IRU D
SDWHQW ZKLFK JDYH KLP SULRULW\ LQ WKH H[SORLWDWLRQ

RI VHOHFWLYH WXQLQJ E\PHDQV RI DGGHG LQGXFWDQFH�
7KLVSDWHQW ZDV WR EHFRPH RQH RI WKHPRVW IDPRXV
DQG IXQGDPHQWDO LQ WKH ZKROH KLVWRU\ RI UDGLR
FRPPXQLFDWLRQV�

$V WKH FHQWXU\ GUHZ WR D FORVH� /RGJH ZDV VWLOO
SUH�RFFXSLHG ZLWK KLV DFDGHPLF VWXGLHV DW /LY�
HUSRRO DQG� IURP ���� RQZDUGV� DW WKH QHZ8QL�
YHUVLW\ RI %LUPLQJKDP ZKHUH KH ZDV DSSRLQWHG
WKH 3ULQFLSDO� 1HYHUWKHOHVV� LQ DVVRFLDWLRQZLWK
0XLUKHDG� KH IRXQG WLPH WR GHYHORS D ZHOO�
HQJLQHHUHG DQG SUDFWLFDO V\VWHP RI ZLUHOHVV
WHOHJUDSK\ LQ ���� ZKLFK� IRU D WLPH� ULYDOOHG
WKDW RI WKH 0DUFRQL &RPSDQ\� +RZHYHU� D
ZLGHVSUHDG DGRSWLRQ RI WKH V\VWHP ZDV
WKZDUWHG� SDUWO\ E\ WKH YLUWXDO PRQRSRSO\
ZKLFK KDG EHHQ FUHDWHG EHWZHHQ WKH 0DUFRQL
&RPSDQ\ DQG /OR\GV �WKH FRPSDQ\ ZKLFK UDQ
WKH VLJQDOOLQJ V\VWHP DURXQG WKH %ULWLVK FRDVW�
OLQH LQ WKRVH GD\V� DQG SDUWO\ EHFDXVH WKH 3RVW�
PDVWHU *HQHUDO KDG UHIXVHG WR LVVXH OLFHQFHV WR
FRPSHWLQJ VWDWLRQV�

,Q�����/RGJH UHFHLYHGD WLPHH[WHQVLRQ WRWKH
PDVWHU SDWHQW RI ����� ZKLFK KDG JLYHQ KLP
FRQWLQXLQJSULRULW\LQH[SORLWLQJWKHSULQFLSOHV
RI UHVRQDQFH DQG VHOHFWLYH WXQLQJ� 7KLV ZDV D
VHULRXV HPEDUUDVVPHQW WR WKH 0DUFRQL &RP�
SDQ\ ZKR RSHQHG QHJRWLDWLRQVZLWK /RGJH IRU
WKH SXUFKDVH RI WKH SDWHQW� $Q DJUHHPHQW ZDV
UHDFKHG LQ 2FWREHU ���� ZKHUHE\ WKH /RGJH�
0XLUKHDG 6\QGLFDWH GLVSRVHG RI DOO WKHLU SDW�
HQWV DQG UR\DOWLHV WR WKH0DUFRQL &RPSDQ\� LQ
H[FKDQJH IRU D YHU\ ODUJH VXP RI PRQH\� 7KH
DJUHHPHQW DOVR SURYLGHG IRU WKH ZLQGLQJ XS RI
WKH6\QGLFDWHDQGIRUWKHDSSRLQWPHQWRI/RGJH
DV6FLHQWLILF$GYLVRU WR WKH0DUFRQL&RPSDQ\
IRU DQ LQLWLDO WHUP RI VHYHQ \HDUV�

6LU 2OLYHU /RGJH �KH KDG EHHQ NQLJKWHG LQ �����
UHWLUHG IURP WKH 8QLYHUVLW\ RI %LUPLQJKDP LQ
���� DQG GLHG LQ ���� DW WKH ULSH ROG DJH RI ���

�� $OHNVDQGU 6WHSDQRYLFK
3RSRY
����� � �����

$OHNVDQGU 6WHSDQRYLFK 3RSRY ZDV ERUQ LQ ����
LQ 7RXULQVNLL 5RXGQLN LQ WKH 8UDOV� 5XVVLD� ZKHUH
KLV IDWKHU ZDV D SULHVW� ,Q ����� KH ZHQW WR VWXG\
SK\VLFV DQG PDWKHPDWLFV DW 6W� 3HWHUVEXUJ
8QLYHUVLW\�ZKHUH KHZDV DZDUGHG D KLJKHU GHJUHH
XSRQ FRPSOHWLRQ RI KLV GLVVHUWDWLRQ� ,Q ����� KH
VWDUWHG WR WHDFK DW WKH .URQVWDGW 7RUSHGR 6FKRRO�
RQH RI WKH PRVW SUHVWLJLRXV QDYDO WHDFKLQJ
HVWDEOLVKPHQWV LQ 5XVVLD� ,W ZDV KHUH WKDW KH ILUVW
JUDVSHG WKH 5XVVLDQ QDY\·V DFXWH QHHG IRU ZLUH�
OHVV FRPPXQLFDWLRQ� 7KH H[FHOOHQW HTXLSPHQW RI
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WKH SK\VLFV ODERUDWRU\ HQDEOHG 3RSRY WR FRQGXFW
PDQ\ YDOXDEOH H[SHULPHQWV�

$W WKH EHJLQQLQJ RI ����� 3RSRY UH�UDQ WKH
H[SHULPHQWV RI +HLQULFK +HUW] DQG 2OLYHU /RGJH
DQG UHILQHG WKH %UDQO\�/RGJH FRKHUHU� +H LQWUR�
GXFHG WKH VROHQRLG WDSSHU� WR HQVXUH UHOLDEOH IXQF�
WLRQLQJ RI WKH FRKHUHU E\ HQKDQFLQJ LWV VHQVLWLYLW\
DQG SRWHQWLDO� $0RUVH UHFRUGLQJGHYLFH ZDV WKHQ
DGGHG DQG 3RSRY LQFUHDVHG WKH VHQVLWLYLW\ RI WKH
V\VWHP E\ FRQQHFWLQJ LW WR D OLJKWQLQJ FRQGXFWRU�
ZKLFK DFWHG DV WKH DQWHQQD� 7KH UHVXOW ZDV WKH
ZLUHOHVV WHOHJUDSK\ UHFHLYHU� D YHU\ UHOLDEOH DQG
VWDEOH SLHFH RI HTXLSPHQW� 3RSRY XVHG LW WR GHP�
RQVWUDWH WKDW LW ZDV SRVVLEOH WR WUDQVPLW VKRUW� FRQ�
WLQXRXV VLJQDOV �XVLQJ D +HUW] RVFLOODWRU DV WKH
WUDQVPLWWHU � RYHU D GLVWDQFH RI XS WR �� PHWUHV�

3RSRY SXEOLFO\ SUHVHQWHG WKH UHVXOWV RI KLV ZRUN
LQ WKH VSULQJ RI ���� DW D PHHWLQJ RI WKH SK\VLFV
VHFWLRQ RI WKH 5XVVLDQ 3K\VLFDO DQG &KHPLFDO
6RFLHW\ �53&6� DQG DQ DFFRXQW RI WKLV PHHWLQJ
ZDV VXEVHTXHQWO\ SXEOLVKHG LQ WKH $XJXVW ����
LVVXH RI WKH 53&6 -RXUQDO� ,Q -DQXDU\ WKH IROORZ�
LQJ \HDU� WKLV VDPH MRXUQDO FDUULHG D GHWDLOHG
DUWLFOH E\ 3RSRY WRJHWKHU ZLWK D GLDJUDP RI WKH
ZLUHOHVV DSSDUDWXV� 'XULQJ WKH ILUVW VL[ PRQWKV RI
����� 3RSRY·V H[SHULPHQWV DQG DSSDUDWXV ZHUH
GHVFULEHG LQ D WRWDO RI �� SXEOLFDWLRQV�

3RSRY ZHQW RQ WR SHUIHFW KLV GHYLFH IRUZLUHOHVV
FRPPXQLFDWLRQV� HQKDQFLQJ WKH VHQVLWLYLW\ RI
WKH DSSDUDWXV DQG LQFUHDVLQJ WKH GLVWDQFH RYHU
ZKLFK WKH VLJQDOV FRXOG EH FDUULHG� ,Q ����� KH

����� 7KH )UHQFK SK\VLFLVW (GRXDUG %UDQO\ SXEOLVKHG KLV
GLVFRYHU\ WKDW WKH UHVLVWDQFH EHWZHHQ ORRVH LURQ ILOLQJV LQ D
JODVV WXEH GHFUHDVHV ZKHQ H[SRVHG WR UDGLDWHG HOHFWULF
ZDYHV� ZKLFK LV WKH SULQFLSOH XSRQ ZKLFK WKH ´FRKHUHUµ ZRUNV�
����� 7KH &URDWLDQ�86 HOHFWULFLDQ 1LNROD 7HVOD SXEOLFLVHG KLV
GLVFRYHULHV DQG DSSOLFDWLRQV LQ WKH ILHOG RI KLJK�IUHTXHQF\
DOWHUQDWLQJ FXUUHQWV� LQFOXGLQJ KLV +) UHVRQDQW WUDQVIRUPHU
ZKLFK EHFDPH NQRZQ DV WKH ´7HVOD FRLOµ�
����� /RGJH WUDQVPLWWHG +HUW]LDQ ZDYHV RYHU D GLVWDQFH RI
DERXW �� P� KLV UHFHLYHU FRQVLVWHG RI D WXQHG FLUFXLW DQG D
%UDQOH\ FRKHUHU� 6XEVHTXHQW LPSURYHPHQWV WR WKH FRKHUHU
H[WHQGHG WKH UDQJH WR DERXW ��� P�
����� 7KH ,WDOLDQ HQWUHSUHQHXU *XJOLHOPR 0DUFRQL
WUDQVPLWWHG +HUW]LDQ ZDYHV RYHU D UDQJH RI DURXQG ��� NP
XVLQJ DQ HOHYDWHG DHULDO DQG DQ HDUWK FRQQHFWLRQ�
� � � 7KH 5XVVLDQ SK\VLFLVW $OHNVDQGU 6WHSDQRYLFK 3RSRY
GHPRQVWUDWHG WKH UHFHSWLRQ RI VKRUW FRQWLQXRXV VLJQDOV RYHU
DERXW �� P� XVLQJ D UHILQHG YHUVLRQ RI WKH %UDQOH\�/RGJH
FRKHUHU DQG D OLJKWQLQJ FRQGXFWRU ZKLFK DFWHG DV DQ DHULDO�
����� 0DUFRQL PRYHG IURP ,WDO\ WR (QJODQG� KH WRRN RXW WKH
ZRUOG·V ILUVW SDWHQW LQ ZLUHOHVV WHOHJUDSK\ DQG KH
GHPRQVWUDWHG KLV UDGLR�VLJQDOOLQJ V\VWHP WR WKH %ULWLVK :DU
2IILFH� 7KH $GPLUDOW\ DQG WKH *HQHUDO 3RVW 2IILFH RQ
6DOLVEXU\ 3ODLQ� 6RXWKHUQ (QJODQG�
� � � 3RSRY VHQW +HUW]LDQ ZDYHV LQWR D UHFHLYHU RYHU D UDQJH
RI DERXW ��� P�
����� 0DUFRQL RIILFLDOO\ GHPRQVWUDWHG KLV VLJQDOOLQJ V\VWHP WR
WKH %ULWLVK 3RVW 2IILFH RYHU D �� NP VWUHWFK RI ZDWHU DW
/DYHUQRFN 3RLQW� QHDU &DUGLII �:DOHV�� DQG KH HVWDEOLVKHG
7KH :LUHOHVV 7HOHJUDSK DQG 6LJQDO &RPSDQ\ /LPLWHG ZKLFK
ODWHU EHFDPH WKH 0DUFRQL &RPSDQ\�
� � � 7KH *HUPDQ VFLHQWLVW 3URI� $GROI 6ODE\ VXFFHHGHG LQ
VHQGLQJ WHOHJUDPV RYHU D GLVWDQFH RI DERXW �� NP LQ WKH
%HUOLQ DUHD�
� � � /RGJH SDWHQWHG KLV WXQHG FLUFXLW� IROORZLQJ HDUOLHU
H[SHULPHQWV ZLWK ´V\QWRQLF MDUVµ�
����� 0DUFRQL GHYLVHG WXQHG FLUFXLWV DW WKH WUDQVPLWWHU DQG
UHFHLYHU� EDVHG RQ D SUDFWLFDO DSSOLFDWLRQ RI 6LU 2OLYHU
/RGJH·V WXQHG�FLUFXLW SULQFLSOH�
����� 0DUFRQL VHQW WKH ZRUOG·V ILUVW LQWHUQDWLRQDO ZLUHOHVV
PHVVDJH DFURVV WKH (QJOLVK &KDQQHO WR )UDQFH� RYHU D
GLVWDQFH RI DERXW �� NP�
� � � 3RSRY DSSOLHG IRU D SDWHQW LQ 5XVVLD IRU KLV UDGLR
UHFHLYHU�
����� 0DUFRQL EULGJHG WKH $WODQWLF 2FHDQ EHWZHHQ 3ROGKX LQ
&RUQZDOO� (QJODQG� DQG 6W -RKQ·V LQ 1HZIRXQGODQG� &DQDGD�
XVLQJ 0RUVH WUDQVPLVVLRQV RQ D ZDYHOHQJWK RI SHUKDSV
���� P�
����� 7KH 'DQLVK HOHFWULFDO HQJLQHHU 9DOGHPDU 3RXOVHQ
GHYHORSHG WKH 3RXOVHQ DUF JHQHUDWRU� ZKLFK HQDEOHG
KLJK�SRZHU QDUURZ�EDQG WUDQVPLWWHUV WR EH FRQVWUXFWHG
EHIRUH WKH GLVFRYHU\ DQG VXEVHTXHQW H[SORLWDWLRQ RI WKH
WKHUPLRQLF YDOYH�
� � � $UWKXU (GZLQ .HQQHOO\ �86$� DQG 2OLYHU +HDYLVLGH
�*UHDW %ULWDLQ� LQGHSHQGHQWO\ VXJJHVWHG WKH H[LVWHQFH RI WKH
´LRQRVSKHUHµ�
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GHYHORSHG D ZLUHOHVV UHFHLYHU EDVHG RQ WKH
GHWHFWRU HIIHFW GLVFRYHUHG E\ KLV DVVLVWDQWV�
3�+� 5LENLQ DQG '�6� 7UR\WVN� ZKLFK KH ODWHU
SDWHQWHG LQ 5XVVLD� (QJODQG DQG )UDQFH� 6KRUW�
O\ WKHUHDIWHU� WKH SURGXFWLRQ RI ZLUHOHVV WHOH�
JUDSK\ DSSDUDWXV LQ )UDQFH VWDUWHG XS XQGHU WKH
QDPH 3RSRY�'XFUHWHW� 7KLV ZLUHOHVV DSSDUDWXV
ZDV DZDUGHG D JROG PHGDO DQG GLSORPD DW WKH
:RUOG ([KLELWLRQ LQ 3DULV LQ �����

,Q ����� 3RSRY ZDV DSSRLQWHG 3URIHVVRU RI
3K\VLFV DW WKH 6W� 3HWHUVEXUJ (OHFWURWHFKQLFDO
,QVWLWXWH� ZKHUH KH VHW XS D ZLUHOHVV WHOHJUDSK\
UHVHDUFK ODERUDWRU\ DQG JDYH D FRXUVH RQ WKH
VXEMHFW� ,Q ����� KH EHFDPH WKH ILUVW HOHFWHG
GLUHFWRU RI WKLV LQVWLWXWH EXW GLHG RQ � -DQXDU\
����� DW WKH UHODWLYHO\ \RXQJ DJH RI ���

3RSRY DFKLHYHG PXFK GXULQJ WKH WHQ VKRUW \HDUV
ZKHQKHZDV LQYROYHG LQ WKH GHYHORSPHQW RI UDGLR
WHFKQRORJ\ LQ 5XVVLD� +H GHYLVHG DQG FRQWLQXDOO\
UHILQHG WKH DSSDUDWXV XVHG IRU UDGLR FRPPXQLFD�
WLRQV� KH RUJDQL]HG WKH WUDLQLQJ RI H[SHUWV LQ WKLV
ILHOG� DQG LQLWLDWHG WKH VHWWLQJ XS RI WKH ILUVW ZLUH�
OHVV WHOHJUDSK\ WUDQVPLWWHUV LQ 5XVVLD�

,Q ���� DQG ����� 3RSRY KHDGHG WKH ILUVW KLJKHU
LQVWLWXWH WR VSHFLDOL]H LQ HOHFWULFDO FRPPXQLFD�
WLRQV� WRJHWKHU ZLWK KLV SRVW�JUDGXDWH DVVLVWDQW�
6�<� /LIFKLWV� +H FRQGXFWHG H[SHULPHQWV LQ
WUDQVPLWWLQJ WKH KXPDQ YRLFH YLD UDGLR� UHSUH�
VHQWHG KLV FRXQWU\ DW LQWHUQDWLRQDO H[KLELWLRQV
DQG FRQIHUHQFHV� DQG ZDV SHUVRQDOO\ LQYROYHG
LQ ODXQFKLQJ WKH SURGXFWLRQ RI 3RSRY V\VWHP
HTXLSPHQW DW WKUHH VLWHV� WKH (� 'XFUHWHW IDFWRU\
LQ 3DULV� WKH UDGLR ZRUNVKRS LQ .URQVWDGW DQG
WKH 6LHPHQV DQG +DOVNH IDFWRU\ ZKLFK RSHQHG
GXULQJ ���� LQ 6W� 3HWHUVEXUJ�

2YHU WKH SDVW ���\HDUV� 5XVVLD KDV UHYHUHG3RSRY
DV WKH LQYHQWRU RI UDGLR FRPPXQLFDWLRQV DQG
PRQXPHQWV KDYH EHHQ HUHFWHG WR KLP LQ VHYHUDO
5XVVLDQ WRZQV� $ JROG PHGDO DQG SUL]H KDYH
EHHQ LQVWLWXWHG LQ KLVKRQRXU DQG DUH DZDUGHGE\
WKH 5XVVLDQ $FDGHP\ RI 6FLHQFH WR 5XVVLDQV
DQG IRUHLJQHUV IRU WKHLU RXWVWDQGLQJ ZRUN LQ WKH
ILHOG RI UDGLR HOHFWURQLFV�

7KH 5XVVLDQ JRYHUQPHQW KDV GHFUHHG ���� DV
PDUNLQJ WKH FHQWHQDU\ RI WKH LQYHQWLRQ RI UDGLR�

�� *XJOLHOPR 0DUFRQL
����� � �����

*XJOLHOPR0DUFRQL ZDV ERUQ LQ $SULO ����� WKH
VRQ RI DQ ,WDOLDQ FRXQWU\ JHQWOHPDQ ZKR KDG
PDUULHG DQ ,ULVK ZRPDQ� (GXFDWHG LQ %RORJQD

DQG ODWHU LQ )ORUHQFH� 0DUFRQL ZHQW RQ WR WKH
WHFKQLFDO VFKRRO LQ /HJKRUQ ZKHUH KH VWXGLHG
SK\VLFV XQGHU 9LQFHQ]R 5RVD DQG KDG HYHU\
RSSRUWXQLW\ WR LQYHVWLJDWH+HUW]LDQ �L�H� HOHFWUR�
PDJQHWLF� ZDYHV�

,Q ����� 0DUFRQL EHJDQ WR H[SHULPHQW ZLWK UDGLR
WUDQVPLVVLRQ DW KLV IDWKHU·V HVWDWH QHDU %RORJQD
DQG E\ WKH VXPPHU RI ����� KH KDG VXFFHHGHG LQ
WUDQVPLWWLQJ VLJQDOV RYHU D GLVWDQFH RI D IHZ
PHWUHV� )RU WKHVH HDUO\ H[SHULPHQWV� KLV WUDQV�
PLWWHU FRQVLVWHG RI D EDWWHU\ LQ VHULHVZLWK D0RUVH
NH\� FRQQHFWHG WR WKH SULPDU\ RI DQ LQGXFWDQFH
FRLO� 7KH VHFRQGDU\ RI WKLV FRLO ZDV FRQQHFWHG WR
WZRPHWDO SODWHV� VHSDUDWHG E\ D VSDUN JDS� $W WKH
UHFHLYLQJ HQG ZDV D VLPSOH FRKHUHU� 0DUFRQL
ZHQW RQ WKHQ WR LPSURYH WKH SULPLWLYH FRKHUHU DQG
EHJDQ WR H[SHULPHQW ZLWK D UDLVHG DHULDO DQG D
JURXQG FRQQHFWLRQ� DW ERWK WKH VHQGLQJ DQG
UHFHLYLQJ HQGV� WR LQFUHDVH WKH UDQJH RI KLV VLJ�
QDOOLQJ V\VWHP� +H DOVR H[SHULPHQWHG ZLWK
UHIOHFWRUV DURXQG WKH DHULDO WR FRQFHQWUDWH WKH
UDGLDWHG HOHFWULFDO HQHUJ\ LQWR D EHDP LQVWHDG RI
VSUHDGLQJ LW LQ DOO GLUHFWLRQV� %\ $XJXVW �����
0DUFRQL KDG DFKLHYHG WUDQVPLVVLRQ�UHFHSWLRQ
RYHU D GLVWDQFH RI ��� NP�

$V0DUFRQL UHFHLYHG YHU\ OLWWOH HQFRXUDJHPHQW WR
FRQWLQXH ZLWK KLV H[SHULPHQWV LQ ,WDO\� KH PRYHG
ZLWK KLV ,ULVKPRWKHU WR (QJODQG LQ )HEUXDU\ ����
DQG ORVW QR WLPH LQ DSSO\LQJ IRU KLV ILUVW SDWHQW WR
SURWHFW KLV LQYHQWLRQ� ,W ZDV ILOHG DV 1R� ���� DW
WKH %ULWLVK 3DWHQW 2IILFH RQ �0DUFK ���� DQGKDG
WKH WLWOH ,PSURYHPHQWV LQ 7HOHJUDSK\ DQG LQ
DSSDUDWXV WKHUHIRU� +RZHYHU� 0DUFRQL VXEVH�
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TXHQWO\ FKRVH WR DEDQGRQ WKLV DSSOLFDWLRQ DQG�
ZLWK WKH KHOS RI DQ HPLQHQW SDWHQW DJHQW RI WKH
WLPH� PDGH D VHFRQG DSSOLFDWLRQ ZKLFK ZDV ILOHG
DV1R� �� ��� DW WKH 3DWHQW 2IILFH RQ � -XQH �����
LW ZDV WKH ILUVW SDWHQW UHODWLQJ WR ZLUHOHVV WHOH�
JUDSK\ HYHU JUDQWHG�

6KRUWO\ DIWHU KLV DUULYDO LQ (QJODQG� 0DUFRQL PHW
$�$� &DPSEHOO 6ZLQWRQ� D ZHOO�NQRZQ HOHFWULFDO
HQJLQHHU� ZKR LQWURGXFHG KLP WR :LOOLDP 3UHHFH�
&KLHI RI WKH (QJLQHHULQJ 'HSDUWPHQW RI WKH
*HQHUDO 3RVW 2IILFH� 3UHHFH VZLIWO\ DUUDQJHG IRU
0DUFRQL WR GHPRQVWUDWH KLV ZLUHOHVV WHOHJUDSK\
V\VWHP LQ FHQWUDO /RQGRQ DQG� DIWHU WKLV LQLWLDO
VXFFHVV� D VHULHV RI WHVWV WRRN SODFH RQ 6DOLVEXU\
3ODLQ LQ VRXWKHUQ (QJODQG �RYHU D GLVWDQFH RI
DERXW � NP�� 7KH IROORZLQJ \HDU ������� 3UHHFH
DVVLVWHG 0DUFRQL ZLWK DQRWKHU LPSRUWDQW GHPRQ�
VWUDWLRQ RI KLV V\VWHP WR 3RVW 2IILFH RIILFLDOV DW
/DYHUQRFN 3RLQW QHDU &DUGLII� :DOHV� RYHU D GLV�
WDQFH RI QHDUO\ �� NP� 6LJQRU 0DUFRQL ZDV MXVW
�� \HDUV RI DJH�

,Q -XO\ ����� ZLWK WKH KHOS RI KLV (QJOLVK FRXVLQ�
0DUFRQL VHW XS WKH:LUHOHVV 7HOHJUDSK DQG 6LJQDO
&RPSDQ\ /LPLWHG �ZKLFK ZDV UHQDPHG WKH
0DUFRQL &RPSDQ\ LQ ������

%\QRZ� WKH,WDOLDQJRYHUQPHQWZDVEHJLQQLQJWR
VKRZLQWHUHVW LQWKH\RXQJ0DUFRQLDQGKHZDVLQ�
YLWHG WR UHWXUQ WR ,WDO\ WR GHPRQVWUDWH KLV HTXLS�
PHQW WRWKH ,WDOLDQQDY\� +H UHWXUQHGWRKLVQDWLYH
ODQG LQ WULXPSK� ZDV SUHVHQWHG WR WKH .LQJ DQG
4XHHQ RI ,WDO\� DQG IRU RQFH KLV IDWKHU JORZHG
ZLWK SULGH DW KLV VRQ·V DFKLHYHPHQWV� 7KH ILUVW
PHVVDJH0DUFRQL WUDQVPLWWHGWRGHPRQVWUDWHKLV
V\VWHPZDV9LYD O·,WDOLD� DQGKHZHQW RQ WR VKRZ
KRZZLUHOHVVWUDQVPLVVLRQVFRXOGEHXVHGWRFRP�
PXQLFDWHZLWKVKLSVDW VHD �� HYHQZHOO EH\RQGWKH
KRUL]RQ� 0DUFRQL·V DFKLHYHPHQWV ZHUH SXEOL�
FLVHGZLGHO\LQWKH,WDOLDQSUHVVDQGHYHQWKH(QJ�
OLVK QHZVSDSHUV IROORZHG KLVSURJUHVVZLWK FRQ�
VLGHUDEOH LQWHUHVW�

:KHQ 0DUFRQL UHWXUQHG WR (QJODQG DIWHU WKHVH
,WDOLDQ GHPRQVWUDWLRQV� KH KDG EHFRPH HYHQ
PRUH IDPRXV� +RZHYHU� KH GLG QRW OHW WKLV IDPH
JR WR KLV KHDG DQG RQH RI KLV ILUVW JRDOV ZDV WR
EH DEOH WR FRPPXQLFDWH LQWHUQDWLRQDOO\ E\
PHDQV RI ZLUHOHVV WHOHJUDSK\� 7KXV� LQ WKH
VSULQJ RI ����� 0DUFRQL DUUDQJHG WKH ILUVW
LQWHUQDWLRQDO UDGLR WUDQVPLVVLRQ� ZKLFK WRRN
SODFH RYHU D GLVWDQFH RI DERXW �� NP EHWZHHQ
WKH VRXWKHUQ FRDVW RI %ULWDLQ DQG WKH QRUWKHUQ
FRDVW RI )UDQFH� ,Q -XO\ WKDW \HDU� WKUHH %ULWLVK
ZDUVKLSV ZHUH HTXLSSHG ZLWK 0DUFRQL ZLUHOHVV
DSSDUDWXV IRU WKH VXPPHU PDQRHXYUHV DQG

����� 7KH &DQDGLDQ SK\VLFLVW 3URI� 5�+� )HVVHQGHQ
VXFFHVVIXOO\ WUDQVPLWWHG VSHHFK RYHU D GLVWDQFH RI DERXW ��
NP� XVLQJ D PRGXODWHG DUF�
� � � 7KH 7HOHIXQNHQ FRPSDQ\ ZDV FUHDWHG LQ *HUPDQ\ IURP
DQ DPDOJDPDWLRQ RI LQWHUHVWV DQG EHFDPH WKH JUHDWHVW ULYDO
WR WKH 0DUFRQL &RPSDQ\ LQ WKH (XURSH RI WKDW WLPH�
� � � 7KH ,QWHUQDWLRQDO 5DGLRWHOHJUDSK 8QLRQ �WKH IRUHUXQQHU RI
WKH ,78� KHOG LWV ILUVW SUHOLPLQDU\ 5DGLR &RQIHUHQFH LQ %HUOLQ�
����� 7KH (QJOLVKPDQ 6LU -RKQ $PEURVH )OHPLQJ LQYHQWHG
WKH WKHUPLRQLF GLRGH� ZKLFK ZDV WR KDYH D YHU\ SURIRXQG
LQIOXHQFH RQ ODWHU GHYHORSPHQWV LQ ZLUHOHVV FRPPXQLFDWLRQ�
����� 7KH ILUVW IUHTXHQF\ PRGXODWLRQ �)0� SDWHQW ZDV
LVVXHG�
����� 7KH $PHULFDQ /HH GH )RUHVW DGGHG D WKLUG HOHFWURGH WR
)OHPLQJ·V GLRGH WR SURGXFH WKH ´DXGLRQµ �L�H� WKH WULRGH�� WKLV
GHYLFH WRRN VRRQ RYHU IURP WKH DOWHUQDWRU� LQ WKH JHQHUDWLRQ
RI KLJK�IUHTXHQF\ RVFLOODWLRQV�
� � � 7KH ILUVW 5DGLR 5HJXODWLRQV ZHUH GUDZQ XS DW WKH ,78·V
%HUOLQ &RQIHUHQFH� DW ZKLFK WKH *HUPDQ (UQVW 5XKPHU
GHPRQVWUDWHG UDGLRWHOHSKRQ\ RYHU D GLVWDQFH RI �� P�
� � � 3URI� )HVVHQGHQ EURDGFDVW JUDPRSKRQH UHFRUGV WR VKLSV
�� NP DZD\� DUJXDEO\ WKH ILUVW ZLUHOHVV EURDGFDVW�
����� 6RXQG WUDQVPLVVLRQV EHJDQ IURP WKH 3DODLV GH -XVWLFH
LQ %UXVVHOV� %HOJLXP� XVLQJ D PRGXODWHG DUF RQ D ZDYHOHQJWK
RI ���� PHWUHV�
� � � 3URI� 6ODE\ DQG &RXQW $UFR WUDQVPLWWHG D &DUXVR UHFRUG
E\ UDGLR IURP %HUOLQ�
����� 7KH ILUVW UHJXODU EURDGFDVWV RI WLPH VLJQDOV EHJDQ IURP
WKH (LIIHO 7RZHU LQ 3DULV� )UDQFH�
����� /HH GH )RUHVW WUDQVPLWWHG D OLYH &DUXVR SHUIRUPDQFH
WR ILIW\ DPDWHXUV LQ 1HZ <RUN� 86$�
����� /HH GH )RUHVW H[SORLWHG KLV WULRGH YDOYH DV DQ
DPSOLILHU� D PRVW LPSRUWDQW EUHDNWKURXJK LQ WKH KLVWRU\ RI
ZLUHOHVV FRPPXQLFDWLRQ�
� � � :LUHOHVV FRPPXQLFDWLRQ VDYHG PDQ\ OLYHV ZKHQ WKH
RFHDQ OLQHU 7LWDQLF VWUXFN DQ LFHEHUJ DQG VDQN�
����� 3URI� 0HLVVQHU ZDV WKH ILUVW WR GHVFULEH DQ HIILFLHQW
WULRGH�YDOYH JHQHUDWRU� ZKHQ KH H[SHULPHQWHG ZLWK
UDGLRWHOHSKRQ\ EHWZHHQ %HUOLQ DQG 1DXHQ LQ *HUPDQ\�
� � � &DSW� 5RXQG LQWURGXFHG SRVLWLYH IHHGEDFN �´UHDFWLRQµ� LQ
UHFHLYHUV WR LQFUHDVH WKH DPSOLILFDWLRQ�
����� $PDWHXUV EHJDQ 6DWXUGD\ DIWHUQRRQ WUDQVPLVVLRQV RI
PXVLF IURP WKH 5R\DO &DVWOH DW /DHNHQ� %HOJLXP� ZKLFK KDYH
D VWURQJ FODLP WR EHLQJ WKH ILUVW UHJXODU ZLUHOHVV EURDGFDVWV�
� � � 0DUFRQL H[SHULPHQWHG ZLWK YDOYH WUDQVPLWWHUV IRU WKH
%ULWLVK QDY\�
����� 7KH ILUVW LQWHUQDWLRQDO WUDQVDWODQWLF EURDGFDVW WRRN
SODFH� IURP $UOLQJWRQ LQ 9LUJLQLD� 86$� WR 3DULV� )UDQFH� XVLQJ
D � N: WUDQVPLWWHU ZLWK RYHU WKUHH KXQGUHG YDOYHV RSHUDWLQJ
LQ SDUDOOHO�
����� $UPVWURQJ GHYHORSHG WKH VXSHUKHWHURG\QH SULQFLSOH
IRU UDGLR UHFHLYHUV�
����� 5HJXODU VRXQG EURDGFDVWLQJ EHJDQ LQ +ROODQG IURP
VWDWLRQ 3&**� WKHVH EURDGFDVWV ZHUH ZLGHO\ NQRZQ DV WKH
´+DJXH &RQFHUWVµ�
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UHJXODUO\ FRPPXQLFDWHG ZLWK RQH DQRWKHU RYHU
GLVWDQFHV RI QHDUO\ ��� NP�

%\QRZ�0DUFRQLGUHDPWRIVSDQQLQJWKH$WODQWLF
2FHDQ� 'XH WR WKH FXUYDWXUH RI WKH HDUWK� WKHUH
ZRXOG EH D PRXQWDLQ RI ZDWHU ��� NP KLJK
EHWZHHQWKHSURSRVHGVHQGLQJDQGUHFHLYLQJVLWHV
EXW�QHYHUWKHOHVV�0DUFRQLPDQDJHG WRSHUVXDGH
KLVIHOORZGLUHFWRUV WRDJUHH WR WKHEXLOGLQJRI WKH
QHFHVVDU\WUDQVPLVVLRQDQGUHFHSWLRQVLWHV�7KXV�
RQ �� 'HFHPEHU ����� 0DUFRQL VXFFHHGHG LQ
WUDQVPLWWLQJ WKH SUH�DUUDQJHG 0RUVH OHWWHU ´6µ
�GRW��GRW��GRW� IURP D VLWH DW 3ROGKX LQ&RUQZDOO�
(QJODQG�WRWKHUHFHLYLQJVLWHDW6W�-RKQ·VLQ1HZ�
IRXQGODQG�&DQDGD�7KLVH[SHULPHQWOHG0DUFRQL
LQ ���� WR LQWURGXFH D FRPPHUFLDO WUDQVDWODQWLF
PHVVDJH VHUYLFH LQ FRPSHWLWLRQ ZLWK WKH WHOH�
JUDSK �ZKLFK UHOLHG RQ WUDQVDWODQWLF VXEPDULQH
FDEOHV��

'XULQJ D YR\DJH RQ D OLQHU LQ �����0DUFRQLZDV
DEOH WR UHFHLYH PHVVDJHV RYHU D PD[LPXP
GLVWDQFH RI DURXQG ���� NP E\ GD\� EXW
���� NP E\ QLJKW �� KH KDG ZLWQHVVHG WKH SKH�
QRPHQRQ WKDW VRPH UDGLR ZDYHV FDQ WUDYHO
JUHDWHU GLVWDQFHV YLD UHIOHFWLRQ IURP WKH XSSHU
UHJLRQV RI WKH DWPRVSKHUH� ,Q ����� DVVLVWHG E\
&DSW� +�-� 5RXQG� KH ZDV DEOH WR UHFHLYH
PHVVDJHV IURP &OLIGHQ� ,UHODQG� VRPH ���� NP
DZD\ LQ%XHQRV$LUHV� $UJHQWLQD� XVLQJ D ZDYH�
OHQJWK RI ���� P�

:KHQ WKH OLQHU 7LWDQLF VWUXFN DQ LFHEHUJ DQG VDQN
LQ ����� ZLUHOHVV FRPPXQLFDWLRQ VDYHG PDQ\
OLYHV� 7KLV PXVW KDYH JUDWLILHG 0DUFRQL ZKRVH
SULPDU\ DLP LQ FRPPXQLFDWLRQ ZLWKRXW ZLUHV KDG
EHHQ WR EUHDN WKH LVRODWLRQ RI WKRVH DW VHD�

:KHQ ,WDO\ MRLQHG WKH )LUVW :RUOG :DU ����� ��
����� RQ WKH $OOLHG VLGH� 0DUFRQL MRLQHG WKH
,WDOLDQ IRUFHV DV DQ DGYLVRU RQ UDGLR FRPPX�
QLFDWLRQV DQG DOVR VHUYHG DV D GLSORPDW� 2QH
FRPPXQLFDWLRQV SURMHFW WKDW KH ZRUNHG RQ ZDV

D VKRUW�UDQJH VKLS�WR�VKLS FRPPXQLFDWLRQ V\V�
WHPZKLFK XVHG VKRUWZDYHV� 7KLV ZDUWLPH SURM�
HFW HYHQWXDOO\ OHG WR WKH HVWDEOLVKPHQW LQ WKH
PLG�����V RI D ZRUOGZLGH FRPPXQLFDWLRQ V\V�
WHP FDOOHG WKH %HDP 6\VWHP ZKLFK WUDQVPLWWHG
PHVVDJHV XVLQJ 0RUVH FRGH�

,Q ����� WKH 0DUFRQL &RPSDQ\ RSHQHG D
� ��� N: H[SHULPHQWDO WUDQVPLWWHU LQ &KHOPV�
IRUG� QHDU /RQGRQ� ZLWK ZKLFK WHOHSKRQ\ UDQJH
WHVWV ZHUH FDUULHG RXW �LW ZDV UHSODFHG LQ ����
E\ D �� N: LQVWDOODWLRQ�� $OWKRXJK HQWHUWDLQ�
PHQW ZDV QRW WKH SULPDU\ FRQVLGHUDWLRQ� PXVLF
ZDV RFFDVLRQDOO\ WUDQVPLWWHG �� DV D YDULDQW WR
UHDGLQJ VXFK LWHPV DV UDLOZD\ WLPHWDEOHV �� DQG
ZDV JUHHWHG HQWKXVLDVWLFDOO\ E\ ZLUHOHVV DPD�
WHXUV� 7KH IDPRXV UHFLWDO RI VRQJV E\ 'DPH
1HOOLH 0HOED IURP WKH &KHOPVIRUG WUDQVPLWWHU
RQ �� -XQH ���� ZDV WKH ILUVW DGYHUWLVHG SUR�
JUDPPH WR EH EURDGFDVW LQ WKH 8.�

2WKHU EURDGFDVWV ZHUH DOVR PDGH E\ 0DUFRQL
IURP &KHOPVIRUG EXW KDG WR EH FORVHG GRZQ
HYHQWXDOO\� GXH WR PDQ\ FRPSODLQWV RI LQWHU�
IHUHQFH WR DLUFUDIW DQG RWKHU FRPPXQLFDWLRQV�
+RZHYHU� XQGHU SUHVVXUH IURP DPDWHXU ZLUHOHVV
HQWKXVLDVWV� WKH 3RVWPDVWHU *HQHUDO JUDQWHG WKH
0DUFRQL &RPSDQ\ D OLFHQFH WR PDNH UHJXODU
WKRXJK YHU\ UHVWULFWHG EURDGFDVWV IURP D QHZ
WUDQVPLWWHU QHDU &KHOPVIRUG� ZKRVH FDOO�VLJQZDV
�07� $ OLFHQFH ZDV DOVR JUDQWHG VRRQ DIWHU IRU D
VHFRQG VWDWLRQ �/2 ZKLFK RSHQHG LQ /RQGRQ LQ
0D\ ����� (QWKXVLDVP IRU ´OLVWHQLQJ�LQµ WR WKH
ZLUHOHVVZDVJURZLQJ UDSLGO\� 7R DYRLG D IUHH�IRU�
DOO EURDGFDVWLQJ FKDRV� WKH 3RVWPDVWHU *HQHUDO
WKDW \HDU DVNHG WKH 0DUFRQL &RPSDQ\ DQG ILYH
RWKHU ODUJH %ULWLVK FRPSDQLHV WR SXW XS WKH FDSLWDO
WR IRUP WKH %ULWLVK %URDGFDVWLQJ &RPSDQ\ ��
ZKLFK ZDV VXSHUVHGHG E\ WKH %ULWLVK %URDGFDVW�
LQJ &RUSRUDWLRQ �%%&� LQ �����

6R RYHUZKHOPLQJ ZDV WKH LQWHUHVW DURXVHG E\
EURDGFDVWLQJ WKDW ZLGHU DQG ZLGHU FRYHUDJH ZDV
QHHGHG� 7KHUHIRUH� LQ ����� WKH �;; KLJK�SRZHU
ORQJZDYH VWDWLRQ ZDV LQDXJXUDWHG DW 'DYHQWU\ RQ
EHKDOI RI WKH %%&�

0DUFRQL·V LQWHUHVW LQ VKRUWZDYH WUDQVPLVVLRQV
FRQWLQXHG WKURXJKRXW WKH ����V DQGEH\RQG� $W
ILUVW� KH KDG WKRXJKW WKDW VKRUWZDYH VLJQDOV
FRXOG RQO\ WUDYHO RYHU VKRUW GLVWDQFHV EXW KH
VRRQ EHJDQ WR UHFHLYH UHSRUWV RI 6: UHFHSWLRQ
RYHU PXFK JUHDWHU GLVWDQFHV� ,Q ����� XVLQJ D
WUDQVPLWWHU RI RQO\ � N: SRZHU DW WKH 3ROGKX
VKRUWZDYH VWDWLRQ� 0DUFRQL ZDV DEOH WR UHFHLYH
FOHDU VLJQDOV RQ KLV VWHDP \DFKW (OHWWUD RYHU D
GLVWDQFH RI ���� NP� 7KH VLJQDOV ZHUH PXFK
ORXGHU DQG FOHDUHU WKDQ WKRVH VHQW RXW IURP
&DHUQDUYRQ� :DOHV� RQ D ZDYHOHQJWK VHYHUDO

����� /RQJ�ZDYH EURDGFDVWLQJ EHJDQ IURP WKH (LIIHO 7RZHU LQ
3DULV� )UDQFH� DQG IURP .|QLJVZXVWHUKDXVHQ LQ *HUPDQ\�
� � � $Q HQWHUWDLQPHQW EURDGFDVW VWDWLRQ �.'.$� ZDV
LQDXJXUDWHG LQ 3LWWVEXUJK� 86$�
� � � 'DPH 1HOOLH 0HOED JDYH DQ KLVWRULF �� PLQ EURDGFDVW IURP
&KHOPVIRUG� QHDU /RQGRQ�
����� 6RXQG EURDGFDVWLQJ EHJDQ RQ D UHJXODU EDVLV LQ )UDQFH�
����� 6RXQG EURDGFDVWLQJ EHJDQ RQ D UHJXODU EDVLV LQ *UHDW
%ULWDLQ DQG 5XVVLD�
����� 6RXQG EURDGFDVWLQJ EHJDQ RQ D UHJXODU EDVLV LQ
%HOJLXP� *HUPDQ\ DQG WKH IRUPHU &]HFKRVORYDN 6RFLDOLVW
5HSXEOLF�
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KXQGUHG WLPHV DV JUHDW� DQG ZLWK ��� WLPHV WKH
WUDQVPLWWHU SRZHU� 7KXV EHJDQ WKH GHYHORS�
PHQW RI VKRUWZDYH ZLUHOHVV FRPPXQLFDWLRQ
ZKLFK� LQ FRQMXQFWLRQ ZLWK WKH EHDP DHULDO
V\VWHP PHQWLRQHG DERYH� HQDEOHG 0DUFRQL WR
REWDLQ D FRQWUDFW IURP WKH %ULWLVK 3RVW RIILFH WR
HVWDEOLVK VXFK D V\VWHP EHWZHHQ %ULWDLQ DQG WKH
FRXQWULHV RI LWV &RPPRQZHDOWK�

5XQQLQJ SDUDOOHO WR 0DUFRQL·V VKRUWZDYH FRP�
PXQLFDWLRQ DFWLYLWLHV ZHUH VKRUWZDYH EURDG�
FDVWLQJ DFWLYLWLHV� 7KH DSSHWLWH IRU WKH QHZ
PHGLXP ZDV LQVDWLDEOH DQG� LQ ����� WKH %%&
FRPPLVVLRQHG 0DUFRQL WR EXLOG DQ H[SHULPHQ�
WDO VKRUWZDYH WUDQVPLWWHU DW &KHOPVIRUG� ZKHUH
LW RSHUDWHG XQGHU WKH FDOO�VLJQ *�6:� 7KLV OHG
WR WKH LQDXJXUDWLRQ LQ ���� RI WKH %%&·V(PSLUH
6HUYLFH RQ VKRUWZDYHV�

$URXQG WKLV WLPH� 0DUFRQL·V UHVHDUFK LQWHUHVWV
ZHUH WXUQLQJ WRZDUGV HYHQ VKRUWHU ZDYHOHQJWKVRI
DURXQG KDOI D PHWUH� ZKLFK HQDEOHG KLP WR GHSOR\
D SDUDEROLF UHIOHFWRU RI PRGHUDWH VL]H WR SURYLGH
JUHDWHU UDGLDWHG SRZHU LQ WKH GHVLUHG GLUHFWLRQ� ,Q
����� KH LQVWDOOHG WKH ILUVW�HYHU PLFURZDYH WHOH�
SKRQH OLQN� ZKLFK FRQQHFWHG 9DWLFDQ &LW\ ZLWK
WKH 3RSH·V VXPPHU UHVLGHQFH�

6SHQGLQJ PRUH DQG PRUH WLPH QRZ LQ ,WDO\�
0DUFRQL GHYHORSHG D QDYLJDWLRQ V\VWHP IRU
VKLSV� EDVHG RQ WKH XVH RI PLFURZDYH VLJQDOV�
,Q ����� KH VWDJHG D GUDPDWLF GHPRQVWUDWLRQ
ZKLFK ZDV WR EH KLV ODVW PDMRU SXEOLF HYHQW� +H
DUUDQJHG IRU KLV \DFKW (OHWWUD �ZLWK DOO LWV
ZLQGRZV EODFNHG RXW� WR VWHDP LQWR WKH ,WDOLDQ
KDUERXU RI 6HVWUL /DYDQWH DW QRUPDO VSHHG�
JXLGHG RQO\ E\ WKH PLFURZDYH EHDFRQ KH KDG
LQVWDOOHG RQ WKH FOLIIV RYHUORRNLQJ WKH KDUERXU�
'XULQJ VRPH RI WKHVH WHVWV� 0DUFRQL REVHUYHG
WKDW LI DQ REMHFW VXFK DV D FDU RU DQRWKHU VKLS
SDVVHG WKURXJK WKH EHDP� D KLVVLQJ QRLVH ZDV
KHDUG WKURXJK WKH UHFHLYHU� 7KLV REVHUYDWLRQ
OHG WR WKH VXEVHTXHQW GHYHORSPHQW RI UDGDU�

,Q WKH ODWH ����V� 0DUFRQL KDG GHYHORSHG
DQJLQDDQG�DOWKRXJKWKLVVORZHGKLPGRZQFRQ�
VLGHUDEO\�KHVWLOOLQVLVWHGRQHQMR\LQJKLVIDPH�
,Q ������� KH XQGHUWRRN D WULXPSKDQW ZRUOG
WRXUZKLFKLQYROYHGKLPLQDWWHQGLQJ´0DUFRQL
'D\µ DW WKH &KLFDJR ([SRVLWLRQ LQ WKH 8QLWHG
6WDWHV� +HZDVHQWHUWDLQHGE\3UHVLGHQW5RRVH�
YHOW DW WKH :KLWH +RXVH DQG VWD\HG ZLWK WKH
+ROO\ZRRG ILOP VWDU� 0DU\ 3LFNIRUG� +H ZDV
DOVR UHFHLYHG E\ WKH (PSHURU LQ -DSDQ� EHIRUH
UHWXUQLQJ WR ,WDO\ YLD &KLQD DQG ,QGLD �� KDUGO\
D UHVWIXO MRXUQH\� +H VXIIHUHG WZR VHYHUHKHDUW
DWWDFNV LQ ODWH ���� IURP ZKLFK KH UHFRYHUHG�

����� 6RXQG EURDGFDVWLQJ EHJDQ RQ D UHJXODU EDVLV LQ
$XVWULD� )LQODQG DQG ,WDO\�
� � � 3URIHVVRU (�9� $SSOHWRQ �ODWHU 6LU (GZDUG $SSOHWRQ�
GHPRQVWUDWHG WKH H[LVWHQFH RI WKH ´LRQRVKHUHµ�
� � � 0DUFRQL DQG )UDQNOLQ ZHUH WKH ILUVW WR H[SORLW ´VN\ZDYH
SURSDJDWLRQµ YLD WKH LRQRVSKHUH� ZKHQ VHQGLQJ VKRUWZDYH
VLJQDOV RYHU D GLVWDQFH RI ���� NP�
����� 6RXQG EURDGFDVWLQJ EHJDQ RQ D UHJXODU EDVLV LQ
'HQPDUN� +XQJDU\� 1RUZD\� 3RUWXJDO DQG 6ZHGHQ�
� � � 7KH ,QWHUQDWLRQDO %URDGFDVWLQJ 8QLRQ �,%8� ZDV FUHDWHG
E\ (XURSHDQ EURDGFDVWHUV LQ *HQHYD�
����� 6RXQG EURDGFDVWLQJ EHJDQ RQ D UHJXODU EDVLV LQ
3RODQG� 6ZLW]HUODQG DQG LQ WKH IRUPHU )HGHUDO 5HSXEOLF RI
<XJRVODYLD�
� � � 5HJXODU RYHUVHDV VKRUWZDYH EURDGFDVWV EHJDQ LQ (XURSH
IURP (LQGKRYHQ� +ROODQG�
����� 7KH FRPPHUFLDO VWDWLRQ 5DGLR /X[HPERXUJ EHJDQ WR
EURDGFDVW WUDQVQDWLRQDOO\ WR (XURSH�
����� $UPVWURQJ JDYH KLV ILUVW SXEOLF GHPRQVWUDWLRQ RI WKH
IUHTXHQF\ PRGXODWLRQ �)0� V\VWHP�
����� 7KH 2UJDQLVDWLRQ ,QWHUQDWLRQDOH GH 5DGLRGLIIXVLRQ
�2,5� ZDV IRUPHG LQ %UXVVHOV� ZKLFK OHIW WKH IXWXUH RI WKH ,%8
�LQ *HQHYD� ORRNLQJ GHFLGHGO\ VKDN\�
����� 7KH ,78 &RQIHUHQFH DW $WODQWLF &LW\� 86$� DVVLJQHG
9+) %DQG ,, WR VRXQG UDGLR EURDGFDVWLQJ� DQG FUHDWHG WKH
,QWHUQDWLRQDO )UHTXHQF\ 5HJLVWUDWLRQ %RDUG �,)5%��
����� 7KH $PHULFDQV :� 6KRFNOH\� -� %DUGHHQ DQG :�+�
%UDWWDLQ LQYHQWHG WKH WUDQVLVWRU�
����� (OHYHQ UDGLR RUJDQL]DWLRQV DQQRXQFHG WKHLU UHVLJQDWLRQ
IURP WKH 2,5� ZKLFK UHORFDWHG WR 3UDJXH�
����� 7KH (XURSHDQ %URDGFDVWLQJ 8QLRQ �(%8� ZDV IRUPHG
IURP PHPEHUV RI WKH ROG ,%8 DQG UDGLR RUJDQL]DWLRQV ZKR
KDG UHVLJQHG IURP WKH 2,5�
����� 7KH ILUVW�HYHU WUDQVLVWRU UDGLR ZDV ODXQFKHG LQ WKH
86$�
����� 7KH ILUVW DUWLILFLDO HDUWK VDWHOOLWH 6SXWQLN � ZDV
ODXQFKHG E\ WKH 8665 DQG VHQW EDFN ZLUHOHVV VLJQDOV IURP
RXWHU VSDFH�
����� 7KH ILUVW LQWHJUDWHG FLUFXLW �,&� ZDV FRPSOHWHG E\ WKH
$PHULFDQ -�6� .LOE\�
����� 7KH &&,5 UHFRPPHQGHG WKH =HQLWK�*( SLORW�WRQH
V\VWHP IRU VWHUHRSKRQLF EURDGFDVWLQJ RQ WKH 9+)�)0 EDQG�
����� )LHOG WULDOV RI WKH 5DGLR 'DWD 6\VWHP �5'6� ZHUH
FRQGXFWHG LQ %HUQH� 6ZLW]HUODQG� SURYLQJ WKDW WKH V\VWHP
ZRXOG EH YLDEOH�
����� 7KH (%8 SXEOLVKHG LWV 5'6 VSHFLILFDWLRQ�
����� 7KH (XUHND ��� 'LJLWDO $XGLR %URDGFDVWLQJ �'$%�
SURMHFW ZDV HVWDEOLVKHG�
����� &(1(/(& DGRSWHG 5'6 DV D (XURSHDQ 6WDQGDUG�
����� 7KH (76, (XURSHDQ '$% 6WDQGDUG ZDV HVWDEOLVKHG�
EDVHG RQ WKH (XUHND ��� V\VWHP�
� � � $JUHHPHQW ZDV UHDFKHG E\ WKH ,78 RQ D VLQJOH
ZRUOGZLGH VWDQGDUG IRU 'LJLWDO 6RXQG %URDGFDVWLQJ� EDVHG RQ
WKH (XUHND ��� V\VWHP�
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0DUFRQL KDG DOUHDG\ EHFRPH D 6HQDWRU DQG KDG
MRLQHG 0XVVROLQL·V )DVFLVW SDUW\ DV ORQJ DJR DV
����� 0XVVROLQL KDG KHDSHGKRQRXUV RQ0DUFRQL�
LQFOXGLQJ WKH WLWOH RI0DUFKHVH �0DUTXLV�� 7KXV�
ZKHQ ,WDO\ LQYDGHG $E\VVLQLD LQ ����� 0XVVROLQL
DVNHG 0DUFRQL WR GHIHQG WKLV DFWLRQ E\ YLVLWLQJ
WKRVH FRXQWULHV WKDW GLVDSSURYHG� 3ULYDWHO\�
0DUFRQL KDG FRPH WR KDYH GRXEWV DERXW WKH )DV�
FLVW UpJLPH DQG KH IHOW WKDW WKH ,WDOLDQ GLFWDWRU
ZRXOG OLVWHQ RQO\ WR ZKDW KH ZDQWHG WR KHDU� %XW�
DV D WUXH ,WDOLDQ SDWULRW� 0DUFRQL LQVLVWHG RQ FDUU\�
LQJ RXW WKH H[KDXVWLQJ WUDYHO WKDW 0XVVROLQL ZDV
QRZ DVNLQJ RI KLP�

,Q WKH IROORZLQJ HLJKWHHQ PRQWKV� 0DUFRQL JUHZ
VWHDGLO\ PRUH IHHEOH DQG GLHG RQ �� -XO\ ����� ,Q
D ILWWLQJ WULEXWH WR KLV DFKLHYHPHQWV� ZLUHOHVV
VWDWLRQV WKURXJKRXW WKH ZRUOG REVHUYHG D WZR�
PLQXWH VLOHQFH� 7KH DLUZDYHV� MXVW IRU D EULHI
PRPHQW� ZHUH DV VLOHQW DV WKH\ KDG EHHQ EHIRUH
0DUFRQL KDG FRQTXHUHG WKHP� +H ZDV DFFRUGHG D

VWDWH IXQHUDO E\ WKH ,WDOLDQ JRYHUQPHQW DQG� DW KLV
RZQZLVK� ZDV EXULHG DW KLV QDWLYH WRZQ RI%RORJQD�

$FNQRZOHGJHPHQWV

7KHPDWHULDO IRU WKLV DUWLFOH KDVEHHQ GHULYHG IURP
D QXPEHU RI SXEOLVKHG VRXUFHV� LQ SDUWLFXODU� 7KH
(DUO\ +LVWRU\ RI 5DGLR E\ *�5�0� *DUUDWW� ZKLFK
LV UHYLHZHG RQ SDJH ���(QF\FORS GLD%ULWDQQLFD
����� HGLWLRQ� DQG %%& (QJLQHHULQJ ����������
E\ (� 3DZOH\� $OH[DQGHU 1DJDSHWLDQ RI 5DGLR�
WHOHYLGHQLH 2VWDQNLQR� 5XVVLD� SURYLGHG WKH WH[W
RQ $OHNVDQGU 3RSRY�

7KH SRUWUDLW ´GUDZLQJVµ ZKLFK DFFRPSDQ\ WKH
DUWLFOH DUH WKH FRS\ULJKW RI WKH ,QWHUQDWLRQDO 7HOH�
FRPPXQLFDWLRQ8QLRQ�*HQHYD� 6WDUWLQJ LQ �����
WKH ,78 FRPPLVVLRQHG D VHULHV RI SRUWUDLW
HWFKLQJV WR KRQRXU GLVWLQJXLVKHG ´SLRQHHUVµ LQ
WKH ZRUOG RI WHOHFRPPXQLFDWLRQV� %\ ����� WKHUH
ZHUH �� HWFKLQJV LQ WKLV LPSRUWDQW VHULHV�

7KH QHZVURRP RI ,�1�5�� %UXVVHOV� LQ �����


