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(UZLQ 0DUWL ZDV ERUQ RQ 'HFHPEHU ��� ���� LQ %DVHO� 6ZLW]HUODQG�

,Q ���� KH HQUROOHG DW WKH 8QLYHUVLW\ RI %DVHO WR VWXG\ SK\VLFV� FKHPLVWU\ DQG PDWKHPDW�
LFV� $ GLVFXVVLRQ LQ ���� ZLWK 3URIHVVRU :HUQHU .XKQ� WKHQ KHDG RI WKH ,QVWLWXWH IRU 3K\VL�
FDO &KHPLVWU\ ZDV DOUHDG\ GHFLVLYH IRU (UZLQ 0DUWL WR VHOHFW 3K\VLFDO &KHPLVWU\ DV KLV
PDLQ VWXG\ GLUHFWLRQ�:HUQHU .XKQ ZDV DQ H[FHOOHQW UHVHDUFKHU� ZLWK D FRPELQDWLRQ RI H[�
WUDRUGLQDU\ LQWHOOLJHQFH DQG RXWVWDQGLQJ FUHDWLYLW\� :HUQHU .XKQ DSSOLHG PROHFXODU DQG
WKHUPRG\QDPLF SULQFLSOHV WR WHFKQLFDO DQG ELRSK\VLFDO SURMHFWV VXFK DV GLVWLOODWLRQ PHWK�
RGV� H�J� WR JDLQ '�

��2 IURP QDWXUDO ZDWHU� VWXG\ RI WKH SURSHUWLHV RI VXEVWDQFHV DQG PD�
WHULDOV� DQG HVSHFLDOO\ WKH IRUP DQG WKH VKDSH RI SRO\PHUV DQG ELRSRO\PHUV DV GLVSHUVHG
V\VWHPV� WUDQVSRUW DQG GLIIXVLRQ WKURXJK PHPEUDQHV DQG LQ VROLGV� WKH GHYHORSPHQW DQG
GHVFULSWLRQ RI PRGHOV IRU DUWLILFLDO NLGQH\V� DUWLILFLDO PXVFOHV DQG WKH IXQFWLRQ RI WKH VZLP
EODGGHU RI ILVK�
,Q ����� WKH WKHVLV RI (UZLQ 0DUWL DERXW WKH PXOWLSOLFDWLRQ RI D VLQJOH FRQFHQWUDWLRQ HIIHFW
LQ D FRXQWHUFXUUHQW V\VWHP DV PRGHO IRU WKH JDV FRQFHQWUDWLRQV �&2�� 1�� 2� ���� LQ WKH
VZLP EODGGHU RI ILVK� DV ZHOO DV WKH VDOW DQG WKH XUHD FRQFHQWUDWLRQV LQ WKH ORRS RI +HQOH
RI WKH NLGQH\� ZDV DFFHSWHG�
,Q ���� (UZLQ 0DUWL PRYHG� DIWHU D SHULRG RI � \HDUV IRU WKH WKHVLV DQG D SRVWGRFWRUDO SR�
VLWLRQ LQ %DVHO� WR D VHFRQG SRVWGRFWRUDO SRVLWLRQ LQ %HUNHOH\� 8QLYHUVLW\ RI &DOLIRUQLD� 3UR�
IHVVRU +DUROG 6� -RKQVWRQ� KHDG RI 3K\VLFDO &KHPLVWU\� ZDV WKH OHDGLQJ VFLHQWLVW LQ XQL�
PROHFXODU JDV SKDVH NLQHWLFV� ZKLFK KH DSSOLHG WR VPRJ DQG R]RQH FKHPLVWU\� 3URI�
-RKQVWRQ¶V JURXS LQ %HUNHOH\ ZHUH KRQRUHG LQ ���� E\ WKH DZDUG RI WKH 1REHO 3UL]H WR
IRUPHU VWXGHQWV 3URI� 3� &UXW]HQ� 3URI� 0� -� 0ROLQD DQG 3URI� )� 6� 5RZODQG IRU WKHLU ZRUN
RQ R]RQH�
(UZLQ 0DUWL PDUULHG $OLFH 6WLHJHU LQ ����� 'RPLQLN� ERUQ LQ ����� WRGD\ D PHGLFDO GRFWRU�
DQG %DUEDUD� ERUQ LQ ����� D FKLOGUHQ¶V QXUVH� ZHUH ZLWK WKH SDUHQWV LQ %HUNHOH\� )ORULDQ�
WRGD\ D ILQDQFLDO PDQDJHU� ZDV ERUQ LQ ����� 7KH GDXJKWHU %DUEDUD DQG 3LHUUH 6LHJULVW
KDYH WZR FKLOGUHQ� $QQD DQG 'DYLG�
(UZLQ 0DUWL GHFLGHG ZLWK KLV IDPLO\ WR JR EDFN WR 6ZLW]HUODQG DQG LQ ���� KH DFFHSWHG D
SRVLWLRQ LQ WKH &HQWUDO 5HVHDUFK 'HSDUWPHQW RI WKH -� 5� *HLJ\ $* LQ %DVHO� +H GLG QRW
FKDQJH KLV SRVLWLRQ DV D SK\VLFRFKHPLVW� QRW HYHQ DV D FRQVHTXHQFH RI WKH WZR PHUJHUV�
LQWR &LED�*HLJ\ /WG� DQG LQWR 1RYDUWLV /WG�:KDW FRXOG EH UHJDUGHG DV D IDLUO\ VWUDLJKW�IRU�
ZDUG SRVLWLRQ� GHYHORSHG XQGHU KLV DFWLYLW\ LQWR D KLJKO\ FRPSOH[ SURMHFW PDQDJHPHQW LQ
WKH DUHDV RI UHVHDUFK� GHYHORSPHQW� DQG SURGXFWLRQ RI DFWLYH VXEVWDQFHV� +H ZDV DOZD\V
LQYROYHG LQ ODERUDWRU\ ZRUN DQG ZDV OHDGHU RI D ODUJH QXPEHU RI SURMHFWV� 7KH VHFWRUV RI
WKH FKHPLFDOV SURGXFHG DW WKH &LED�*HLJ\ /WG� ZHUH H[WUHPHO\ EURDG� UDQJLQJ IURP SKDU�
PDFHXWLFDO DQG DJURFKHPLFDO VXEVWDQFHV WR DGGLWLYHV� SRO\PHUV� SLJPHQWV� G\HVWXIIV DQG
FKHPLFDOV� $V DQ H[DPSOH� D ILQH FU\VWDOOLQH SRZGHU SURGXFHG LQ D *HLJ\ IDFWRU\ WXUQHG
LQWR KHDY\ OXPSV GXULQJ SURGXFWLRQ DQG XQGHU WKH VWRUDJH FRQGLWLRQV� (UZLQ 0DUWL ZURWH
WR WKH KHDG RI SURGXFWLRQ RQH \HDU EHIRUH WKH SUREOHPV RI OXPSLQJ VWDUWHG� WKDW WKH VXE�
VWDQFH ZRXOG FUHDWH GLIILFXOWLHV LQ WKH EDOO PLOO JULQGHU� 7KH LQYHVWLJDWLRQV KH VWDUWHG LQ
���� IRU WKH SXULW\ GHWHUPLQDWLRQ E\ '6&� DQG RI WKH LQWHUUHODWLRQ RI HXWHFWLF SXULW\ DQG
SKDVH GLDJUDPV IRU RUJDQLF PXOWLFRPSRQHQW V\VWHPV� ZHUH WKH VFLHQWLILF EDVH WR WKH QHF�
HVVDU\ DFWLRQV ZKLFK KDG WR EH WDNHQ WR VROYH WKLV VSHFLILF SUREOHP RI SK\VLFDO LQVWDELOLW\�
'U� (UQVW .HOOHU� KHDG RI WKH &HQWUDO 5HVHDUFK 'HSDUWPHQW� ZDV H[WUHPHO\ SOHDVHG ZLWK
WKH PHDVXUHV WDNHQ IRU WKLV SURGXFWLRQ XQLW DQG SURPRWHG (UZLQ 0DUWL WR WKH SRVLWLRQ RI D
VHQLRU FKHPLVW�
,Q ����� (UZLQ 0DUWL PDGH D SURSRVDO FRQFHUQLQJ WKH GHVWUXFWLRQ RI GLR[LQ�FRQWDLQLQJ
ZDVWH IURP 6HYHVR� +H EHFDPH SURMHFW OHDGHU RI WKH WHDP µ7KHUPRNLQHWLFV DQG )OXH *DV
$QDO\VLV¶ ZLWKLQ WKH JRYHUQPHQWDO &RPPLVVLRQ RI ([SHUWV� 7KH FRPSOH[LW\ RI WKH SURMHFW
GHPDQGHG NQRZOHGJH LQ DUHDV VXFK DV XQLPROHFXODU JDV SKDVH NLQHWLFV DQG WHVWLQJ RI DQ
LQGXVWULDO ZDVWH LQFLQHUDWRU DW WHPSHUDWXUHV PXFK KLJKHU WKDQ �����&� 7KH GHYHORSPHQW
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RI D IDVW DQDO\VLV RI WKH VWDFN JDVHV IRU GLR[LQV� LQYROYLQJ WKH VDPSOLQJ� H[WUDFWLRQ RI WKH
DGVRUSWLRQ ILOWHU �� PJ RI DFWLYH FDUERQ�� WKH LQWURGXFWLRQ RI LVRWRSHV IRU WKH FDOLEUDWLRQ
DQG ILQDOO\ *&�06 PHDVXUHPHQWV RQ D GHWHFWLRQ OLPLW LQ WKH SJ UDQJH IRU ��������
7&''�P

�
IOXH JDV� ZDV D FULWLFDO VWHS RI WKH SURMHFW� 7KH VHFRQG PDLQ DFKLHYHPHQW LQ WKLV

SURMHFW ZDV WKH LQWURGXFWLRQ RI ������ WULFKORURGLEHQ]RIXUDQ IRU WHVW EXUQLQJ LQ WKH URWDU\
NLOQ DV UHIHUHQFH VXEVWDQFH� ,Q WKH ODERUDWRU\ LW ZDV SRVVLEOH WR PHDVXUH WKH GHFRPSRVLWLRQ
IRU WKH UHIHUHQFH VXEVWDQFH DV ZHOO DV IRU ��������7&'' LQ VPDOO VDPSOH VL]HV DQG WUDQVIHU
WKHVH ILQGLQJV IURP WKH ODERUDWRU\ WRJHWKHU ZLWK WKH UHVXOWV IURP WHVW LQFLQHUDWLRQ DV DQ HVWL�
PDWLRQ RI WKH GHVWUXFWLRQ HIILFLHQF\ RI ��������7&'' LQ WKH URWDU\ NLOQ�
7KH VROLG VWDWH FKDUDFWHUL]DWLRQ RI FU\VWDOOLQH DQG DPRUSKRXV VXEVWDQFHV DQG WKH LQYHV�
WLJDWLRQV RI WKH FRUQ VL]H VWDELOLW\ RI FU\VWDOOLQH SRZGHU EHGV KDV EHHQ RQH RI KLV UHVHDUFK
DFWLYLWLHV IRU PRUH WKDQ �� \HDUV� 7KH GHYHORSPHQW RI DQ LQ�SURFHVV FRQWURO PHWKRG IRU
WKH FOHDUDQFH RI SURGXFWLRQ EDWFKHV� ZLWK UHVSHFW WR D GHPDQGHG VWDEOH FU\VWDO PRGLILFD�
WLRQ LQ DQ LQGXVWULDO SURFHVV UXQQLQJ GD\ DQG QLJKW� LV DQ H[DPSOH LQ WKH TXDOLW\ FRQWURO
DUHD� 7KH GHYHORSPHQW RI VHYHUDO YDSRU DQG SDUWLDO SUHVVXUH PHWKRGV IRU D EURDG DSSOL�
FDWLRQ WR VXEVWDQFH FKDUDFWHUL]DWLRQ� PDLQO\ IRU WKH HVWLPDWLRQ RI WKH WR[LFRORJLFDO DFWLRQV
RI FKHPLFDO FRPSRXQGV RYHU WKH JDV SKDVH� DV ZHOO DV IRU WKH GHVLJQ RI SK\VLFDO SURF�
HVVHV� PDGH KLV ODERUDWRU\ DQ H[FHSWLRQDO RQH� $QRWKHU DUHD RI LQWHUHVW ZDV WKH GHYHORS�
PHQW RI GLIIHUHQW SURFHGXUHV LQ WKH DSSOLFDWLRQ RI KLJK VHQVLWLYLW\ LVRWKHUPDO FDORULPHWU\
LQ WKH VWXG\ RI WKH FKHPLFDO DQG SK\VLFDO VWDELOLW\ RI GUXJ VXEVWDQFHV DQG GUXJ SURGXFWV
DV ZHOO DV IRU DJURFKHPLFDO IRUPXODWLRQV� 7KH LQWURGXFWLRQ RI NLQHWLF SURFHGXUHV E\ PHDQV
RI VFDQQLQJ DQG LVRWKHUPDO '6& DQG WKHUPREDODQFH PHDVXUHPHQWV DQG WKH HYDOXDWLRQ
RI WKH JHQHUDWHG GDWD� IRU WKH GHWHUPLQDWLRQ RI WKH SK\VLFDO DQG FKHPLFDO VWDELOLW\ RI DF�
WLYH VXEVWDQFHV DOVR LQ IRUP RI K\GUDWHV DQG VROYDWHV ZLWKLQ WKH GLIIHUHQW SKDVHV LQ WKH UH�
VHDUFK DQG GHYHORSPHQW� UHTXLUHG VSHFLDO DWWHQWLRQ�
(UZLQ 0DUWL VWDUWHG LQ WKH 3K\VLFV 'HSDUWPHQW RQ 0D\ �� ����� 7KH VLQJOH FRZRUNHU� WKH
ODWH 2VNDU +HLEHU� LQWURGXFHG (UZLQ 0DUWL WR WKH ODERUDWRU\ ZRUN� 2QH LPSRUWDQW LQVWUX�
PHQW� D '6&� ZDV DYDLODEOH LQ WKLV ODERUDWRU\� 7KLV LQVWUXPHQW RSHQHG PDQ\ DFWLYLWLHV IRU
RXU JURXS ZLWKLQ WKH DUHDV RI WKHUPDO DQDO\VLV� 7KH LQVWUXPHQW ZDV KDQGHG RYHU ZLWK D
UHSRUW DQG WKH VWDWHPHQW WKDW TXDQWLWDWLYH PHDVXUHPHQWV FRXOG QRW EH DFKLHYHG� KRZ�
HYHU� LPSRUWDQW TXDOLWDWLYH VWXGLHV DERXW WKH SRO\PRUSKLVP RI FKHPLFDO VXEVWDQFHV
VKRXOG EH SRVVLEOH� 7KLV ZDV FHUWDLQO\ D FKDOOHQJH IRU WKH QHZFRPHU� 7KH SURFHGXUHV
QHFHVVDU\ IRU D TXDQWLWDWLYH SXULW\ GHWHUPLQDWLRQ KDG EHHQ HODERUDWHG FDUHIXOO\� 7KH GH�
YHORSPHQW RI D FDOFXODWLRQ DQG OLQHDUL]DWLRQ SURFHGXUH IRU PHOWLQJ FXUYHV DOORZHG WKH GH�
WHUPLQDWLRQ RI WKH DEVROXWH HXWHFWLF SXULW\ HYHQ IRU YHU\ FRDUVH FU\VWDOV DQG DOVR IRU KHDY�
LO\ GLVWRUWHG PHOWLQJ FXUYHV� 7KH UHVXOWV RI WKHVH LQYHVWLJDWLRQV ZHUH SUHVHQWHG LQ 'DYRV
LQ ���� DW WKH �

UG
,&7$ DQG HYRNHG LQWHUHVWLQJ GLVFXVVLRQV DPRQJ WKH H[SHUWV� 7KH �

UG

,&7$ ZDV WKH EHJLQQLQJ RI PDQ\ DFWLYLWLHV DW FRQIHUHQFHV DQG LQ VRFLHWLHV IRU DOO WKH PHP�
EHUV RI 0DUWL¶V JURXS�
,Q ���� WKH VWXG\ RI SRO\PRUSKV DQG WKH GHWHUPLQDWLRQ RI VWDELOLW\ UHJLRQV RQ D TXDQWLWD�

WLYH WKHUPRG\QDPLF EDVH KDG EHHQ XQGHUWDNHQ� 7KH *LEEV IUHH HQHUJ\ IXQFWLRQV ZHUH

FDOFXODWHG XVLQJ D VHW RI WKHUPRG\QDPLF GDWD� QDPHO\ WKH PHOWLQJ WHPSHUDWXUHV DQG WKH

HQWKDOSLHV RI IXVLRQ� ,PSRUWDQW ZHUH WKH PHDVXUHPHQW RI WKH PRODU KHDW FDSDFLWLHV IRU WKH

SRO\PRUSKV XQGHU LQYHVWLJDWLRQ DV ZHOO DV IRU WKH PROWHQ SKDVH FRPPRQ WR DOO RI WKH SR�

O\PRUSKV RI D VXEVWDQFH DQG WKHUHIRUH VHOHFWHG LQ RXU ODERUDWRU\ DV DQ LGHDO UHIHUHQFH

VWDWH� (UZLQ 0DUWL¶V DSSURDFK ZDV GLIIHUHQW IURP WKDW RI RWKHU UHVHDUFK JURXSV� QDPHO\ WR

HODERUDWH DEVROXWH VWDELOLW\ UHJLRQV E\ D FDOFXODWLRQ RI WKH WKHUPRG\QDPLF WUDQVIRUPDWLRQ

WHPSHUDWXUH DQG DIWHUZDUGV WR YHULI\ WKH VWDELOLW\ UHJLRQV E\ PHDQV RI VHOHFWHG NLQHWLF LQ�

YHVWLJDWLRQV RU E\ DGGLWLRQDO SK\VLFRFKHPLFDO PHDVXUHPHQWV VXFK DV VROXELOLW\� ;�UD\ GLI�

IUDFWLRQ DQG YDSRU SUHVVXUH�
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7RGD\ WKH ILHOG RI WKHUPDO DQDO\VLV KDV EURDGHQHG H[WHQVLYHO\ ZLWK PHWKRGV VXFK DV WLWUD�
WLRQ FDORULPHWU\ IRU ELQGLQJ VWXGLHV� VFDQQLQJ PLFURFDORULPHWU\ DQG WHPSHUDWXUH VFDQQHG
89 DEVRUEDQFH IRU GHQDWXUDWLRQ DQG VWDELOLW\ VWXGLHV RI ELRPROHFXOHV� +\SKHQDWHG LQVWUX�
PHQWV VXFK DV 7*�06� '6&�*&�06� 7*�)7,5� 5DPDQ DQG )7,5 PLFURVFRS\ ZLWK D KRW�
VWDJH SODWIRUP� SRZGHU ;�UD\ GLIIUDFWLRQ FRPELQHG ZLWK D KHDWLQJ GHYLFH� HQDEOH WKH FRP�
ELQDWLRQ RI WKHUPRG\QDPLF LQIRUPDWLRQ ZLWK VSHFWURVFRSLF PROHFXODU FKDUDFWHUL]DWLRQ�
7KHUPRG\QDPLFV� FDORULPHWU\� WKHUPDO DQDO\VLV� NLQHWLF PHFKDQLVPV� UHDFWLYLW\� VSHF�
WURVFRS\� HOHFWURQ PLFURVFRS\� PLFUR�VHQVRU WHFKQRORJ\ DQG RWKHUV DUH LQWHJUDWHG LQ DQ
DSSURSULDWH ZD\ E\ WKH WHUP $SSOLHG 3K\VLFDO &KHPLVWU\ �
2Q KLV ILUVW GD\ DW -� 5� *HLJ\ $* D OHWWHU ZDV RQ WKH GHVN RI (UZLQ 0DUWL IURP WKH KHDG RI
WKH SKDUPD GLYLVLRQ ZLWK WKH UHTXHVW WR JLYH VXSSRUW LQ FRQQHFWLRQ ZLWK D SDWHQW FRQIOLFW�
$ FOHDU VFLHQWLILF EDVLV LV WKH EHVW ZD\ WR GHDO ZLWK VXFK SUREOHPV� ,W FRXOG EH UHYHDOHG E\
DQ LQWHUHVWLQJ SK\VLFRFKHPLFDO VWXG\ WKDW *HLJ\ ZDV RXWVLGH WKH FODLPV RI WKH SODLQWLII�
7KLV ILUVW FRQWDFW ZLWK WKH SDWHQW ZRUOG RSHQHG QHZ DVSHFWV� $ QXPEHU RI QHZ FKHPLFDO
HQWLWLHV ZHUH IRXQG RYHU WKH \HDUV DQG LQ PRVW RI WKH FDVHV WKH UHVHDUFK ZRUN DQG WKH
SRVVLELOLW\ RI SDWHQWLQJ ZHUH SURSRVHG E\ (UZLQ 0DUWL�
7KH VFLHQWLILF VRFLHWLHV LQ ZKLFK KH DQG KLV FRZRUNHUV DUH LQWHJUDWHG� DUH WKH EDVLV RI D
ZRUOGZLGH QHWZRUN FRYHULQJ WKH VXEMHFW RI $SSOLHG 3K\VLFDO &KHPLVWU\� 6XFK D VLWXDWLRQ
LV GHFLVLYH LQ DQ LQGXVWULDO UHVHDUFK SRVLWLRQ ZLWK WKH JUHDW YDULHW\ RI FKHPLFDO DQG SK\VL�
FDO SURMHFWV DQG SUREOHPV WR EH LQYHVWLJDWHG DQG WR EH VROYHG�
,Q ���� (UZLQ 0DUWL UHFHLYHG D OHWWHU IURP 3URIHVVRU +� /HKPDQQ� WKH ILUVW SUHVLGHQW RI
*()7$ �*HVHOOVFKDIW I�U 7KHUPLVFKH $QDO\VH� *HUPDQ\� ZLWK WKH LQYLWDWLRQ WR MRLQ WKLV VR�
FLHW\ DV D PHPEHU WRJHWKHU ZLWK RWKHU 6ZLVV VFLHQWLVWV� +H ZURWH EDFN WKDW WKH 6ZLVV FRO�
OHJXHV� HVSHFLDOO\ 3URIHVVRU 2VZDOG� ZHUH LQ IDYRU RI D 6ZLVV VRFLHW\� GXH WR WKH PXOWLODQ�
JXDJH VLWXDWLRQ LQ 6ZLW]HUODQG� 7KH 6ZLVV 6RFLHW\ IRU 7KHUPDO $QDO\VLV DQG &DORULPHWU\
�67.� ZDV IRXQGHG LQ ����� ZLWK 3URIHVVRU 2VZDOG DV WKH ILUVW SUHVLGHQW� (UZLQ 0DUWL IRO�
ORZHG KLP LQ ���� DQG KH LV LQ WKLV SRVLWLRQ WR WKLV GD\�
,Q ����� D QHZ VRFLHW\ ZDV IRXQGHG ZLWKLQ D QXFOHXV RI VFLHQWLILF FROOHDJXHV RI WKH SUHVL�

GHQW RI WKH 67.� WKH (XURSHDQ 6RFLHW\ IRU $SSOLHG 3K\VLFDO &KHPLVWU\� ZLWK WKH ORJR HXUR�

VWDU�VFLHQFH� 7KH ERDUG RI WKLV VRFLHW\ RUJDQL]HV FRQIHUHQFHV ZLWK DQ HPSKDVLV RQ VSH�

FLILF VXEMHFWV� VLPLODU WR WKH *RUGRQ 5HVHDUFK &RQIHUHQFHV� IROORZLQJ WKH LGHDV RI WKH ODWH

'U� 3DXO 5K\QHU� WKH ORQJ�WLPH SUHVLGHQW RI WKH µ6FKZHL]HULVFKH &KHPLNHU 9HUEDQG¶ DQG

IRUPHU KHDG RI WKH &HQWUDO 5HVHDUFK RI WKH &LED�*HLJ\ $*� 7KH KDELW RI OLIH�ORQJ OHDUQLQJ

LV D FKDOOHQJH IRU WKH DFWLYLWLHV ZLWKLQ WKHVH VFLHQWLILF VRFLHWLHV�

7KH WZR VRFLHWLHV� WKH 67. DQG HXURVWDU�VFLHQFH� ZLOO FRQYHQH WRJHWKHU LQ WKH 3KDU�

PD]HQWUXP LQ %DVHO LQ WKH ODVW ZHHN LQ 6HSWHPEHU ����� 7KH 6ZLVV 6RFLHW\ ZLOO FHOHEUDWH

LWV ��
WK
DQQLYHUVDU\� DQG WKH ERDUG RI HXURVWDU�VFLHQFH ZLOO RUJDQL]H WKH 3KDQG7$ �� $OO

WKHVH DFWLYLWLHV RI (UZLQ 0DUWL LQ WKH FKHPLFDO LQGXVWU\ DV ZHOO DV LQ WKH IXQFWLRQ DV SUHVL�

GHQW LQ WKHVH WZR VFLHQWLILF VRFLHWLHV� FRXOG RQO\ EH DFKLHYHG ZLWK WKH VXSSRUW IURP WKH

WKUHH FKHPLFDO FRPSDQLHV� *HLJ\� &LED�*HLJ\ DQG 1RYDUWLV� $OVR WKH YDOXDEOH VXSSRUW

IURP PDQ\ LQVWUXPHQWDO PDQXIDFWXUHUV KDV WR EH PHQWLRQHG� $QRWKHU LPSRUWDQW IDFWRU

ZDV WKH IULHQGO\ VXSSRUW RI GLIIHUHQW JURXSV RI FRZRUNHUV DQG FROOHDJXHV IURP LQGXVWULHV

DQG XQLYHUVLWLHV� 7KH JHQHURVLW\ RI KLV IDPLO\� HVSHFLDOO\ RI KLV ZLIH� $OLFH� ZDV D SUHUHT�

XLVLWH IRU DOO WKHVH VFLHQWLILF DFWLYLWLHV�

7KH VFLHQWLILF VLWXDWLRQ DW XQLYHUVLWLHV DQG LQVWLWXWHV� DQG DOVR LQ WKH FKHPLFDO DQG SKDU�
PDFHXWLFDO LQGXVWULHV KDV FKDQJHG GUDVWLFDOO\ VLQFH ����� KRZHYHU� IXUWKHU FKDQJHV FDQ
EH IRUHVHHQ IRU WKH QHDU IXWXUH� 7KH TXHVWLRQ LV ZKR ZLOO WDNH RYHU WKH ZRUN RI (UZLQ 0DUWL
IRU WKH QH[W JHQHUDWLRQ" 7LPH ZLOO VROYH WKLV RSHQ TXHVWLRQ�
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