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7KH VWXGLR
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%� 0DUNV �0HPEHU $(6�

,Q WKH HPEU\RQLF GD\V RI VRXQG
EURDGFDVWLQJ� WKH PLFURSKRQH DQG WKH
WUDQVPLWWHU ZHUH ORFDWHG LQ WKH VDPH
URRP� ,W ZDV QRW ORQJ KRZHYHU EHIRUH
WKH UDGLR VWXGLR GHYHORSHG DV D
VHSDUDWH HQWLW\ WR WKH WUDQVPLWWHU�

2YHU WKH GHFDGHV� WUHPHQGRXV
GHYHORSPHQWV WRRN SODFH LQ WKH VWXGLR
EXW� DV WKH ILUVW FHQWXU\ RI ZLUHOHVV
GUDZV WR D FORVH� WKH WUHQG QRZ �� DW
OHDVW ZLWK ORFDO�DUHD UDGLR VWDWLRQV �� LV
WR FRPELQH WKH VWXGLR RQFH PRUH ZLWK
WKH WUDQVPLWWHU VLWH� LQ D VSDFH QR
ODUJHU WKDQ PRVW OLYLQJ URRPV�

,Q WKLV EULHI UHYLHZ� WKH DXWKRUV KDYH
DWWHPSWHG WR FRYHU MXVW VRPH RI WKH
NH\ WHFKQLFDO GHYHORSPHQWV ZKLFK
KDYH WDNHQ SODFH LQ WKH UDGLR VWXGLR
RYHU WKH \HDUV� 7KH WRSLFV FRQVLGHUHG
LQFOXGH WKH PLFURSKRQH� VRXQG PL[HUV�
UHFRUGLQJ DQG SOD\EDFN GHYLFHV�
VWHUHR SURJUDPPLQJ DQG VWXGLR
DFRXVWLFV�

�� ([SHULPHQWDO EHJLQQLQJV

'XULQJ WKH ODWWHU SDUW RI WKH ��WK FHQWXU\� YDULRXV
WHFKQLFDO GLVFRYHULHV HQDEOHG 0RUVH�FRGH PHV�
VDJHV WR EH VHQW ZLWKRXW ZLUHV� 7KH LQYHQWLRQ RI
WKH WHOHSKRQH SURYLGHG WKH PLFURSKRQH DQG WKH
HDUSLHFH� EXW ZLUHV ZHUH VWLOO QHHGHG WR MRLQ WKHP

WRJHWKHU� 7KH LQYHQWLRQ RI WKH VSDUN WUDQVPLWWHU
VXEVHTXHQWO\ DOORZHG VSHHFK WR EH WUDQVPLWWHG
ZLWKRXW ZLUHV DQG WKH LQYHQWLRQ RI WKH WKHUPLRQLF
WULRGH YDOYH HQDEOHG PRUH VRSKLVWLFDWHG PRGXOD�
WLRQ WHFKQLTXHV WR EH GHYHORSHG� 7KXV� E\ �����
WKH WHOHSKRQH PLFURSKRQH FRXOG EH FRQQHFWHG WR D
WUDQVPLWWHU VR WKDW LWPRGXODWHGD FRQWLQXRXV UDGLR�
IUHTXHQF\ FDUULHU�

7KH LQWHUYHQWLRQ RI WKH ILUVW ZRUOG ZDU GHOD\HG WKH
XVH RI WKLV WUDQVPLVVLRQ WHFKQRORJ\� H[FHSW IRU
SRLQW�WR�SRLQW VSHHFK FRPPXQLFDWLRQ� ,W GLG�
KRZHYHU� EULQJ DERXW UDSLG GHYHORSPHQWV LQ WKH
WHFKQRORJ\ ZKLFK ZHUH QHFHVVDU\ WR PDNH EURDG�
FDVWLQJ D YLDEOH SURSRVLWLRQ�

$WWHPSWV WR KDYH PRUH WKDQ RQH SHUIRUPHU UH�
TXLUHG WKH PLFURSKRQH WR EH PRYHG IXUWKHU DZD\�
,Q RUGHU WR PDNH XS IRU WKH UHVXOWDQW ORVV RI VRXQG
OHYHO� LPSURYHPHQWV WR WKH GLUHFWLRQDO FKDUDFWHULV�
WLFV RI PLFURSKRQHV ZHUH LQWURGXFHG�

,W ZDV VRRQ DSSDUHQW WKDW WKH W\SH RI URRP LQZKLFK
WKHPLFURSKRQHZDV ORFDWHG KDGDQ HIIHFW RQ WKH UH�
FHLYHG VLJQDO� VR DFRXVWLFV KDG WR EH FRQVLGHUHG�
8VLQJ WKH VDPH URRP DV WKH WUDQVPLWWHU FDXVHG
SUREOHPV RI XQZDQWHG QRLVHV �� QRW RQO\ IURP WKH
HTXLSPHQW� EXW IURP WKH HQJLQHHUV DVZHOO� +HQFH�
D VHSDUDWH URRPFDPH WR EHXVHGE\ WKH SHUIRUPHUV�

,QHYLWDEO\� LW EHFDPH QHFHVVDU\ WR LQFUHDVH WKH GLV�
WDQFH EHWZHHQ WKH SHUIRUPHUV DQG WKH WUDQVPLWWHU�
DQG WR XVH PRUH WKDQ RQH PLFURSKRQH LQ WKH URRP
VR WKDW PRUH FRPSOH[ SURJUDPPHV FRXOG EH RULJL�
QDWHG� $W WKLV SRLQW� WKH IOHGJOLQJ EURDGFDVWLQJ LQ�
GXVWU\ KDG VHSDUDWHG WKH SURJUDPPH RULJLQDWLRQ
SURFHVV IURP WKH WUDQVPLVVLRQ SURFHVV�
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2ULJLQDO ODQJXDJH� (QJOLVK
0DQXVFULSW UHFHLYHG ��������



���

� (%8 7HFKQLFDO 5HYLHZ 6SULQJ ����
%RWWRP 	 0DUNV

�� (DUO\ VWXGLR GHVLJQV

���� 3URJUDPPH PL[LQJ

,Q WKHVH HDUO\ VWXGLRV� YDOYH DPSOLILHUV ZHUH XVHG
WR UDLVH WKH OHYHO RI WKH PLFURSKRQH VLJQDO WR WKDW
QHHGHG IRU WKH WUDQVPLWWHU� 7KH DPSOLILHUV ZHUH
ORFDWHG ZLWK WKH HQJLQHHUV DQG WKH WUDQVPLWWHU� DQ\
FRQWURO HTXLSPHQW LQ WKH VWXGLR ZDV SDVVLYH� $W
ILUVW� VLPSOH FKDQJHRYHU VZLWFKHV DQG� ODWHU�
VZLWFKHG UHVLVWRUV DOORZHG PRUH VXEWOH WUDQVIHU
EHWZHHQ PLFURSKRQHV� +RZHYHU� FRQWURO RI WKH
VRXQG OHYHO ZDV VWLOO ZLWK WKH HQJLQHHUV LQ WKH
WUDQVPLWWHU URRP� :KHQ WKH WUDQVPLWWHU KDG WR EH
ORFDWHG UHPRWHO\ IURP WKH VWXGLR� WKHQ LW ZDV QHF�
HVVDU\ WR FRQWURO WKH OHYHO DW WKH VWXGLR� EHIRUH WKH
VLJQDO ZDV VHQW GRZQ WKH ZLUHV WR WKH WUDQVPLWWHU�
7KH WHUP FRQWURO URRP KDG DUULYHG� +HUH� WKH
HQJLQHHUV DGMXVWHG WKH JDLQ RI WKH V\VWHP WR PDLQ�
WDLQ D UHJXODWHG VRXUFH RI DXGLR WR VHQG WR WKHLU
FROOHDJXHV ZKR RSHUDWHG WKH WUDQVPLWWHU�

(YHU VLQFH WKH HDUO\ H[SHULPHQWV� JUDPRSKRQH
UHFRUGV KDG EHHQ XVHG DV D VLQJOH VRXUFH RI DXGLR�
+RZHYHU� E\ WKLV WLPH� WKH\ ZHUH EHLQJ XVHG LQ
´SURJUDPPHVµ� VR LW ZDV GHVLUDEOH WR EH DEOH WR
PL[ WKHP ZLWK WKH PLFURSKRQH VLJQDOV� )RU D
PRUH FRPSOH[SURJUDPPH� WKHUHZDV DOVR WKH QHHG
WR DGMXVW WKH UHODWLYH OHYHO RI VRXQGV IURP VHYHUDO
PLFURSKRQHV� 7KLV ZDV DFKLHYHG E\ XVLQJ D PL[�
LQJ SDQHO LQ D FRQWURO FXELFOH QH[W WR WKH VWXGLR
�)LJ� ��� 2QFH D V\VWHP KDG EHHQ GHYHORSHG WR

VHQG DQ LQGLFDWLRQ RI VWXGLR VRXQG OHYHOV EDFN WR
WKH FXELFOH� WKHQ WKH FRQWURO RI ERWK WKH OHYHO DQG
WKH EDODQFH ZDV LQ RQH SDLU RI KDQGV �� PD\EH QRW
HYHQ WKRVH RI DQ HQJLQHHU� (DUO\PHWKRGV RIPRQL�
WRULQJ WKH VRXQG OHYHO VHQW IURP WKH VWXGLR WR WKH
WUDQVPLWWHU LQFOXGHG WKH XVH RI YDOYH YROWPHWHUV WR
GHWHUPLQH SHDNV DQG� ODWHU� YDULRXV W\SHV RI SHDN�
RU YROXPH�PHDVXULQJ LQVWUXPHQWV�

7KH DPSOLILHUV� DQG FRQWURO RI WKH RYHUDOO VRXQG
OHYHO� UHPDLQHG LQ WKH FRQWURO URRP�

���� $FRXVWLF GDPSLQJ

7KH HDUO\ VWXGLRV ZHUH URRPV ZKLFK KDG EHHQ
DGDSWHG IRU EURDGFDVWLQJ E\ UHGXFLQJ WKH HIIHFWV RI
H[WHUQDO QRLVHV� DQG E\ SURYLGLQJ KHDY\ DFRXVWLF
GDPSLQJ� 7KLV ZDV XVXDOO\ DFKLHYHG E\ KDQJLQJ
FXUWDLQV DQG IHOW RQ WKH ZDOOV� DQG E\ WKH XVH RI
WKLFN FDUSHWV� 7KLV GDPSLQJ ZDV LQWHQGHG WR
UHGXFH� IRU WKH EHQHILW RI OLVWHQHUV� WKH FKDQJHV RI
DFRXVWLF VRXQG IURP SHUIRUPHUV ORFDWHG DW GLIIHU�
HQW GLVWDQFHV IURP WKH PLFURSKRQH� LW DWWHPSWHG WR
SURYLGH DQ DQWL�HFKRLF FKDPEHU� 2I FRXUVH WKH
GDPSLQJ KDG JUHDWHU HIIHFW DW KLJKHU IUHTXHQFLHV�
VR WKH VRXQGZDV ODFNLQJ LQ KLJK IUHTXHQFLHV� ERWK
IRU WKH SHUIRUPHUV DQG WKH UDGLR DXGLHQFH�

���� 0LFURSKRQHV

7KH HDUO\ PLFURSKRQHV ZHUH FDUERQ�JUDQXOH
W\SHV� GHYHORSHG IURP WHOHSKRQH GHVLJQV� 7KH\
ZHUH LQKHUHQWO\ QRLV\� KDG SRRU KLJK�IUHTXHQF\
SHUIRUPDQFH DQG UHTXLUHG WKH SHUIRUPHU WR EH
FORVH WR DFKLHYH WKH UHTXLUHG RXWSXW OHYHO� $
GHYHORSPHQW E\ WKH :HVWHUQ (OHFWULF &RPSDQ\
JDYH LPSURYHG RXWSXW OHYHOV ZLWK OHVV QRLVH� ,W
FRPSULVHG D GRXEOH FDUERQ�JUDQXOH EXWWRQ PLFUR�
SKRQH� LQ ZKLFK WKH WZR HOHPHQWV ZHUH VHSDUDWHG
E\ D VWUHWFKHG VWHHO GLDSKUDJP�

$QRWKHU W\SH RIPLFURSKRQHZKLFKZDV GHYHORSHG
ZDV WKH SKRWRSKRQ LQ ZKLFK D PRGXODWHG OLJKW
EHDP ZDV GHWHFWHG E\ D VHOHQLXP FHOO� 7KLV W\SH
RI PLFURSKRQH GLG QRW VXIIHU IURP WKH LQKHUHQW
QRLVH RI WKH FDUERQ�JUDQXOH W\SHV�

6RRQ D QHZGHVLJQZDV LQWURGXFHG �� WKH FRQGHQVHU
PLFURSKRQH �� ZKLFK PDGH XVH RI WKH YDULDWLRQ RI
FDSDFLWDQFH RI WKH GLDSKUDJP DQG WKH PHWDO FDVH�
+RZHYHU� ZLWK WKLV GHVLJQ� D QHZ SUREOHP
RFFXUUHG� DV WKH KXPLGLW\ LQ WKH VWXGLR URVH GXULQJ
D SHUIRUPDQFH� GDPSQHVV GHYHORSHG EHWZHHQ WKH
HOHFWURGHV DQG FDXVHG D QRLVH WKDW EHFDPH LQFUHDV�
LQJO\ ORXGHU� 2SHUDWLRQDOO\� WKH VROXWLRQ ZDV WR
NHHS LW LQ D GU\ DWPRVSKHUH SULRU WR XVH DQG� LI LW
VWDUWHG WR PDNH D QRLVH� WR UHYHUW WR D FDUERQ�
JUDQXOH UHVHUYH PLFURSKRQH�
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0HDQZKLOH� &DSW� +�-� 5RXQG RI WKH 0DUFRQL
&RPSDQ\ KDG GHYHORSHG D PRYLQJ�FRLO PLFUR�
SKRQH� LQ ZKLFK D FRLO PRYHG LQ D PDJQHWLF ILHOG
SURYLGHG E\ DQ HOHFWURPDJQHW �ZKLFK WRRN D FXU�
UHQW RI � DPSV IURP WKH ��YROW EDWWHULHV UHTXLUHG WR
SRZHU LW�� 7KH FRLO ZDV PDGH RI DOXPLQLXP ZLUH
DQG ZDV DWWDFKHG WR WKH GLDSKUDJP E\ PHDQV RI
JUHDVHG SDGV� ZKLFK QHHGHG WR EH UHSODFHG EHIRUH
WKH\ VRIWHQHG LQ D KRW VWXGLR DWPRVSKHUH�

$ YDULDQW RQ WKH FDUERQ�JUDQXOH W\SH ZDV DOVR
GHYHORSHG E\ WKH 0DUFRQL &RPSDQ\� EDVHG RQ D
V\VWHP LQYHQWHG E\ *HRUJ 1HXPDQQ �ZKR ODWHU
IRUPHG KLV RZQ PLFURSKRQH PDQXIDFWXULQJ
FRPSDQ\�ZKLOH HPSOR\HGE\ WKH5HLV] FRPSDQ\ LQ
*HUPDQ\� ,W XVHG D GLDSKUDJP �� LQLWLDOO\ PDGH RI
UXEEHU� WKHQ RI PLFD DQG ILQDOO\ RI ULFH SDSHU ��
VXVSHQGHG RYHU D FDYLW\ ILOOHG ZLWK FDUERQ JUDQXOHV
LQ DQ RFWDJRQDO�VKDSHG SLHFH RI PDUEOH �)LJ� ���
+RZHYHU� WKLV GHVLJQ DOVR KDG LWV SUREOHPV� DV WKH
JUDQXOHV SDFNHG GRZQ LQ WKH FDYLW\� WKH RXWSXW
GHFUHDVHG DQG WKH QRLVH LQFUHDVHG�

$OO WKHVH PLFURSKRQHV QHHGHG DPSOLILHUV RI VRPH
NLQG� 7KHVH ZHUH LQHYLWDEO\ ODUJH� ZLWK EXON\
WUDQVIRUPHUV DQG FDSDFLWRUV� WKH HOHFWURO\WLF
FDSDFLWRU ZDV QRW DYDLODEOH \HW� $UUDQJHPHQWV
ZHUH PDGH WR JLYH VRPH DGMXVWPHQWV WR WKH IUH�
TXHQF\ UHVSRQVH RI WKH DPSOLILHU� E\ DOWHULQJ WKH
YDOXH RI ELDV UHVLVWRUV� 7KH PDLQ SUREOHPV ZHUH
KRZ WR PLQLPLVH QRLVH DQG PLFURSKRQ\ LQ WKH
DPSOLILHU� 'LUHFW FXUUHQW IURP DFFXPXODWRUV ZDV
XVHG WR SRZHU WKHP� DQG YDOYHV ZHUH FDUHIXOO\
VHOHFWHG IRU EHVW SHUIRUPDQFH DQGZHUH LQVWDOOHG LQ
UHVLOLHQW PRXQWV�

7KH ULEERQPLFURSKRQHZDV GHYHORSHG E\5&$ LQ
����� ,W XVHG DFRXVWLF ILOWHUV WR FRUUHFW WKH
IUHTXHQF\ UHVSRQVH DQG� DOWKRXJK LW SHUIRUPHG
ZHOO� LW UHTXLUHG D ORFDO DPSOLILHU DQG ZDV H[SHQ�
VLYH� %\ ����� WKH %%& KDG GHYHORSHG D ULEERQ
PLFURSKRQH ZKLFK XVHG DFRXVWLFDOO\�GHVLJQHG
SROH SLHFHV DQG D PDJQHW PDGH RI FREDOW VWHHO�
WKHVH ULEERQ PLFURSKRQHV KDG ILJXUH�RI�HLJKW
GLUHFWLRQDO FKDUDFWHULVWLFV� 7KH XVH RI DQ LPSHG�
DQFH WUDQVIRUPHU� EHIRUH WKH H[LVWLQJ DPSOLILHUV�
UHPRYHG WKH QHHG IRU D ORFDO DPSOLILHU� (0,
SURGXFHG DPRYLQJ�FRLO PLFURSKRQH LQ �����ZLWK
D YHU\ ZLGH SRODU UHVSRQVH� ZKLFK XVHG D ILOWHU LQ
WKH DPSOLILHU WR FRUUHFW LWV PHFKDQLFDO UHVRQDQFH�

���� 5HFRUGLQJ WHFKQLTXHV

$SDUW IURP WKH XVH RI FRPPHUFLDO JUDPRSKRQH
UHFRUGV DV VRXUFHV RI DXGLR� DOO RWKHU EURDGFDVWLQJ
ZDV OLYH �� GLUHFW IURP D PLFURSKRQH VRPHZKHUH�
1HZ WHFKQRORJ\�ZKLFKDOORZHGPRGHUDWH �TXDOLW\
DXGLR VLJQDOV WR WUDYHO ORQJ GLVWDQFHV� HQDEOHG WKH

VDPH SURJUDPPH WR EH EURDGFDVW VLPXOWDQHRXVO\
IURP VHYHUDO WUDQVPLWWHUV�

:KDW WKH SURGXFHUV QHHGHG QRZ ZDV WKH DELOLW\ WR
UHFRUG D FRQWUROOHG DXGLR VLJQDO RQWR VRPH
PHGLXP ZKHUH LW FRXOG EH VWRUHG XQWLO QHHGHG IRU
EURDGFDVWLQJ� 6XFK D IDFLOLW\ ZRXOG DOORZ SUR�
JUDPPHV WR EH SURGXFHG EHIRUH WKH WUDQVPLVVLRQ
WLPH� DQG WKH\ FRXOG EH UHSHDWHG ZLWKRXW WKH SHU�
IRUPHUV KDYLQJ WR DWWHQG DJDLQ DW WKH VWXGLRV� ,Q
FRXQWULHV ZKHUH WKHUH ZDV PRUH WKDQ RQH WLPH
]RQH� LW ZRXOG HQDEOH EURDGFDVWHUV WR WUDQVPLW
SURJUDPPHV DW D VXLWDEOH WLPH LQ DOO ]RQHV� $OVR�
LW ZRXOG DOORZ SURJUDPPHV WR EH SURGXFHG DW
VLWHV WKDW ZHUH QRW \HW DEOH WR EH OLQNHG E\ DXGLR
FLUFXLWV� /DVWO\� LW ZRXOG EH SRVVLEOH WR UHFRUG
SURJUDPPHV RI KLVWRULF VLJQLILFDQFH DQG LQWHU�
HVW� IRU XVH LQ WKH IXWXUH�

������ :D[ UHFRUGLQJV

,Q WKH HDUO\ SURGXFWLRQ RI JUDPRSKRQH UHFRUGV�
UHFRUGLQJV ZHUH PDGH GLUHFWO\ RQWR ZD[ EODQNV�
ZKLFK ZHUH WKHQ XVHG LQ D FRPSOH[ SURFHVV WR
VWDPS RXW WKH ILQLVKHG UHFRUG IRU VDOH WR WKH SXEOLF�
7KH GHYHORSPHQW RI YDOYH DXGLR DPSOLILHUV PDGH
SRVVLEOH WKH LQWURGXFWLRQ RI HOHFWULFDO UHFRUGLQJ
RQWR WKH ZD[� ZKLFK SURYLGHG EHWWHU TXDOLW\ DQG
JUHDWHU OHYHO FRQWURO WKDQ WKH SUHYLRXV GLUHFW DXGLR
UHFRUGLQJV�

:D[ UHFRUGLQJV ZHUH DOVR XVHG E\ EURDGFDVWHUV� LQ
FRRSHUDWLRQ ZLWK UHFRUG FRPSDQLHV� EXW LW ZDV DQ
H[SHQVLYH SURFHVV LI RQO\ RQH FRS\ ZDV QHHGHG�
)XUWKHUPRUH� WKH SURFHVV LQWURGXFHG DQ XQDFFHSW�
DEOH GHOD\ �� RYHU �� KRXUV �� EHIRUH WKH UHFRUGLQJ
ZDV DYDLODEOH WR UHSOD\� 7KHUH ZDV WKXV D QHHG IRU

)LJXUH �
$ 0DUFRQL�5HLV]

WUDQVYHUVH�FXUUHQW
FDUERQ PLFURSKRQH
IURP WKH ODWH ����V�
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D TXLFNHU DQG FKHDSHU PHWKRG ZKLFK DOORZHG UH�
FRUGHG SURJUDPPHV WR EH UHSOD\HG LPPHGLDWHO\�

������ (DUO\ PDJQHWLF UHFRUGLQJV

$V HDUO\ DV ����� 9DOGHPDU 3RXOVHQ KDG GHPRQ�
VWUDWHG KLV 7HOHJUDSKRQH DW WKH 3DULV 8QLYHUVDO ([�
KLELWLRQ� LW UHFRUGHG WHOHJUDSK\ VLJQDOV LQPDJQHWLF
IRUP RQ D VWHHO ZLUH� %\ ����� DQ RIILFH GLFWDWLQJ
PDFKLQH ZKLFK XVHG VLPLODU SULQFLSOHV ZDV LQ�
YHQWHG E\ 6WLOOH DQG PDQXIDFWXUHG E\ WKH 9R[
*UDPRSKRQH &RPSDQ\�

,Q ������� /RXLV %ODWWQHU �� D *HUPDQ ZKR KDG
VHWWOHG LQ*UHDW %ULWDLQ DQG KDG IRUPHG D FRPSDQ\
DW (OVWUHH� QHDU /RQGRQ �� SURGXFHG D UHFRUGLQJ
PDFKLQH LQ FRRSHUDWLRQ ZLWK 6WLOOH� 7KH %ODWWQHU�
6WLOOH PDFKLQH XVHG VWHHO WDSH ZKLFK ZDV � PP
ZLGH� ���� PP WKLFN DQG XS WR ���� PHWUHV ORQJ�
DQG ZKLFK PRYHG DW ��� PHWUHV SHU VHFRQG� ,W
FRXOG UHFRUG IRU �� PLQXWHV RQ D UHHO ZKLFK
ZHLJKHG ��� NJ� %\ ODWH ����� D YHUVLRQ ZKLFK

XVHG WDSH �PPZLGHZDV LQ XVH� GHYHORSHG E\9RQ
+HLVLQJ RI WKH (QJOLVK %ODWWQHUSKRQH &RPSDQ\�

,Q ����� WKH (QJOLVK %ODWWQHUSKRQH &RPSDQ\ ZDV
SXUFKDVHG E\ WKH 0DUFRQL &RPSDQ\ ZKR� E\
����� KDG GHYHORSHG WKH 0DUFRQL�6WLOOH PDFKLQH
�)LJ� �� ZKLFK KDG VXSHULRU SHUIRUPDQFH� D IUH�
TXHQF\ UHVSRQVH ZLWKLQ á� G% EHWZHHQ ��� DQG
����+]� DQG D VLJQDO�WR�QRLVH UDWLR RI �� G%� 7KH
VWHHO WDSH ZDV PDGH LQ 6ZHGHQ DQG ZDV � PP
ZLGH� ���� PP WKLFN DQG FDPH LQ UHHOV FRQWDLQLQJ
WKUHH ���� PHWUH OHQJWKV ZHOGHG WRJHWKHU� 7KLV
JDYH �� PLQXWHV RI UHFRUGLQJ WLPH�

������ �� USP GLVF UHFRUGLQJV

0HDQZKLOH� WKH JUDPRSKRQH LQGXVWU\ ZDV GHYHO�
RSLQJ LPSURYHPHQWV� $ VRIW�ZD[ V\VWHP� ZLWK D
IDVW SUHVVLQJ SURFHVV� ZDV LQWURGXFHG E\ WKH
%ULWLVK+RPRSKRQH&RPSDQ\� 7KH:HVWHUQ (OHF�
WULF FRPSDQ\ H[SHULPHQWHG ZLWK ´KLOO�DQG�GDOHµ
GLVF FXWWLQJ� LQVWHDG RI WKH ODWHUDO PHWKRG XVHG IRU
FRPPHUFLDO UHFRUGV� 7KH KLOO�DQG�GDOH V\VWHP
RIIHUHG PRUH JURRYHV�SHU�LQFK EXW QHHGHG D OLJKW�
ZHLJKW SLFNXS DUP� ,Q ����� WKH LGHD RI XVLQJ D
ODFTXHU FRDWLQJ RQ D VROLG EDVH ZDV LQWURGXFHG�
7KLV DOORZHG D VW\OXV WR FXW WKH JURRYHV RQ WKH GLVF�
ZKLFKZDV VWURQJ HQRXJK WR VWDQG WKH HIIHFWV RI WKH
UHSOD\ VW\OXV �� WKH GLUHFW�FXW GLVF KDG DUULYHG�

,PSURYHPHQWV WR WKH ODFTXHUV DQG WKH PHFKDQLFV
RI WKH GULYHPHFKDQLVPV HQDEOHG D UHOLDEOH V\VWHP
WR EH GHYHORSHG IRU EURDGFDVW XVH� 'LVFV RI ���
PP GLDPHWHU RIIHUHG D SOD\LQJ WLPH RI ��� PLQ�
XWHV� ��� PP GLVFV RIIHUHG D SOD\LQJ WLPH RI �
PLQXWHV�

7KHRQO\ZD\ WR HGLWPDWHULDOZDV WRXVH WZRFRSLHV
RI WKH GLVF DQG WR VZLWFK EHWZHHQ WKHP DW WKH
UHTXLUHG SRLQW� MXPS HGLWLQJ RQ D VLQJOH GLVF ZDV D
VSHFLDOLVW DUW IRUP� 7R UHFRUG ORQJHU SURJUDPPHV�
LW ZDV QHFHVVDU\ WR XVH VHYHUDO GLVFV� DQ RYHUODS
EHLQJ UHFRUGHG WR DOORZ WKH SOD\EDFN WR DSSHDU
FRQWLQXRXV� 7R SUHYHQW GLIIHUHQFHV LQ TXDOLW\
ZKHQ FKDQJLQJ EHWZHHQ WKH LQVLGH RI WKH ILUVW GLVF
DQG WKH RXWVLGH RI WKH VHFRQG GLVF �GXH WR WKH
FKDQJH LQ UHODWLYH VW\OXV VSHHG�� DOWHUQDWH GLVFV
ZHUH UHFRUGHG IURP WKH FHQWUH WR WKH RXWVLGH�

������ 6RXQG�RQ�ILOP UHFRUGLQJV

$QRWKHU PHWKRG RI PDNLQJ D VRXQG UHFRUGLQJ ZDV
WR XVH SKRWRJUDSKLF ILOP� 7KH FLQHPD LQGXVWU\ KDG
E\ QRZGHYHORSHG ILOP V\VWHPV DIWHU WKH LQLWLDO XVH
RI V\QFKURQL]HG JUDPRSKRQH GLVFV WR JLYH VRXQG
WR WKH SLFWXUHV� 7KH QHZ FLQHPD PHWKRGV
HPSOR\HG HLWKHU YDULDEOH GHQVLW\ RU YDULDEOHZLGWK
RI D ORQJLWXGLQDO VWULSH RQ WKH ILOP WR SURYLGH WKH
VRXQGPRGXODWLRQ� WKH YDULDEOH�ZLGWKPHWKRGZDV&RXUWHV\ RI 6ZHGLVK 5DGLR

)LJXUH �
$ 0DUFRQL�6WLOOH WDSH
UHFRUGHU IURP WKH
PLG�����V�
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XVHG LQ VRXQG�RQO\ PDFKLQHV� $OWKRXJK JRRG
TXDOLW\ ZDV DFKLHYHG� WKH GLVDGYDQWDJHV RI ILOP
UHFRUGLQJZHUH WKH GHOD\ EHIRUH EHLQJ DEOH WR HYHQ
FKHFN WKH UHFRUGLQJ� DQG WKH JUHDWHU FRVWV ZKHQ
FRPSDUHG ZLWK GLVF RU VWHHO�WDSH UHFRUGLQJV�

$ VROXWLRQ� ZKLFK FDPH IURP HDUOLHU ZRUN� XVHG
ILOP FRYHUHG ZLWK D FRDWLQJ WKDW ZDV UHPRYHG
SK\VLFDOO\ E\ WKH XVH RI YDULDEOH�ZLGWK PRGXOD�
WLRQ� ,W GLG QRW UHTXLUHG DQ\ SURFHVVLQJ� 7KLV
3KLOLSV�0LOOHU V\VWHP� GHYHORSHG LQ ����� FRXOG
UHFRUG �� PLQXWHV RQ D UHHO RI ILOP DQG LW FRXOG EH
HGLWHG E\ FXWWLQJ DQG VSOLFLQJ� 9DULRXV FKDQJHV
ZHUH VXEVHTXHQWO\ PDGH WR UHGXFH WKH FRVW RI WKH
V\VWHP�

�� WKH VSHHG ZDV UHGXFHG WR ��� PP SHU VHFRQG
IURP ��� PP�

�� WKH ZLGWK ZDV UHGXFHG WR ��� PP IURP
���� PP�

�� WZR WUDFNV ZHUH FXW RQ VHSDUDWH SDVVHV RI WKH
ILOP�

,Q VHUYLFH� LW DFKLHYHG JRRG SHUIRUPDQFH� D IUH�
TXHQF\ UHVSRQVH ZLWKLQ á��� G% IURP �� WR

���� +]�á� G% IURP�� WR���� +]� GLVWRUWLRQRI
��� � DW ���� +]� ��� � DW ���� +]� DQG D VLJQDO�
WR�QRLVH UDWLR RI �� G%� 7KH TXDOLW\ RI WKH ILOP
FRDWLQJ ZDV YLWDO WR PDLQWDLQLQJ WKLV SHUIRUPDQFH�
WKH FRVW SHU KRXU ZDV RQO\ MXVWLILHG IRU PXVLF
UHFRUGLQJV�

�� ,PSURYHG VWXGLR GHVLJQV

:KLOH WKHVH WHFKQLFDO GHYHORSPHQWV ZHUH JRLQJ
RQ� H[SDQVLRQRI WKH LQGXVWU\ LQ WKH ����V OHG WR WKH
SODQQLQJ RI SXUSRVH�EXLOW VWXGLRV DQG EURDG�
FDVWLQJ FHQWUHV� 1HZ GHVLJQ VWDQGDUGV IRU WKH
GLIIHUHQW W\SHV RI VWXGLR ZHUH GHYHORSHG�

���� $FRXVWLFV DQG VRXQG LVRODWLRQ

)LUVWO\� WKH DFRXVWLF UHTXLUHPHQWV RI WKH QHZVWXGLR
FHQWUHV QHHGHG WR EH GHILQHG� ,W ZDV UHFRJQLVHG
WKDW WKHUH ZDV D QHHG WR FRQYH\ D GLIIHUHQW VRXQG
TXDOLW\ WR WKH OLVWHQHU IRU GLIIHUHQW SURJUDPPH
W\SHV� ZKLFK PHDQW WKDW GLIIHUHQW DFRXVWLF
SURSHUWLHV ZHUH QHHGHG IRU GLIIHUHQW XVHV RI WKH
VWXGLRV� &RQVHTXHQWO\� WKH UHYHUEHUDWLRQ WLPHV
QHHGHG IRU VWXGLRV WR EH XVHG IRU WDONV� GUDPD� OLJKW

)LJXUH �
$ UDGLR VWXGLR LQ

%XGDSHVW� +XQJDU\�
GXULQJ WKH ����V�
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PXVLF DQG FODVVLFDO PXVLF ZHUH IRXQG E\ GHWDLOHG
UHVHDUFK DQG H[SHULPHQWV�

,W ZDV DOVR UHDOLVHG WKDW WKHVH QHZ SXUSRVH�EXLOW
VWXGLRV VKRXOG EH GHVLJQHG ZLWK EHWWHU VRXQG
LVRODWLRQ EHWZHHQ WKHP DQG RWKHU SDUWV RI WKH
EXLOGLQJ� 6WXGLRV QHHGHG WR EH YHQWLODWHG� IRU WKH
FRPIRUW RI WKH DUWLVWV� EXW WKLV VKRXOG QRW VSRLO WKH
VRXQG LVRODWLRQ IURP DGMDFHQW URRPV� QRU
LQWURGXFH DQ\ QRLVHV RI LWV RZQ� 7KH PHFKDQLFDO
HQJLQHHUV DQG WKH DFRXVWLF DUFKLWHFWV KDG WR ZRUN
WRJHWKHU WR LQYHQW PHWKRGV RI DWWHQXDWLQJ WKH
WUDQVIHU RI VRXQG DORQJ YHQWLODWLRQ GXFWV� ZKLOH
PDLQWDLQLQJ WKH IORZ RI YHQWLODWLRQ DLU� ,Q WKH FDVH
RI FRPSOH[SURJUDPPHV� LWZDVQHFHVVDU\ IRU WKHUH
WR EH YLVXDO FRPPXQLFDWLRQ EHWZHHQ WKH VWXGLR
DQG LWV FRQWURO FXELFOH� &RQVWUXFWLRQ PHWKRGV
WKHUHIRUH KDG WR EH GHYHORSHG WR DFKLHYH WKLV�
ZLWKRXW GHJUDGLQJ HLWKHU WKH VRXQG LVRODWLRQ RU
WKH DFRXVWLF SURSHUWLHV RI WKH URRPV�

���� &RQWLQXLW\ VWXGLRV

7KH ZD\ LQ ZKLFK WKH YDULRXV HOHPHQWV ZHUH SXW
WRJHWKHU� WR SURGXFH D FRQWLQXRXV WUDQVPLVVLRQ RI
SURJUDPPHV� YDULHG LQ GLIIHUHQW FRXQWULHV�

7KH XVH RI DQ DQQRXQFHU WR OLQN LWHPV WRJHWKHU
ZDV DQ HDUO\ WHFKQLTXH� ,Q VRPH FRXQWULHV� WKHVH
DQQRXQFHPHQWV RULJLQDWHG IURP WKH SURGXFWLRQ
VWXGLR WKDW ZDV RQ�DLU� )ROORZLQJ VXFK DQ
DQQRXQFHPHQW� DQ HQJLQHHU LQ WKH FHQWUDO FRQWURO
URRP ZRXOG FKDQJH RYHU WKH WUDQVPLWWHU IHHG WR
WKH QH[W SURGXFWLRQ VWXGLR�

,Q RWKHU FRXQWULHV� EURDGFDVWHUV XVHG WKH VDPH
VWXGLR FRQWLQXRXVO\� 7KH SHUIRUPHUV ZRXOG UH�
KHDUVH HOVHZKHUH DQG WKHQ PRYH WR WKH WUDQV�
PLVVLRQ VWXGLR ZKHQ WKHLU WXUQ FDPH WR EH RQ�DLU�
6RPHXQIRUWXQDWH HUURUV� DQG WKH SURGXFWLRQQHHGV
RI ZDUWLPH EURDGFDVWLQJ� IRUFHG EURDGFDVWHUV WR
WDNHPRUHGLUHFW FRQWURO RI WKH SURJUDPPHFRQWHQW�

7KLV OHG WR WKH DGRSWLRQ RI WKH GHGLFDWHG FRQWLQXLW\
VWXGLR� ZLWK D GXW\ DQQRXQFHU LQ WKH VWXGLR DQG D
EDODQFH HQJLQHHU LQ WKH FRQWURO FXELFOH� 7KH DLP
RI WKLV WHFKQLTXH ZDV WR KDYH D IRFDO SRLQW IRU WKH
PDQDJHPHQWRI WKHSURJUDPPHRXWSXW� IRU ERWK WKH
SURGXFWLRQ DQG WKH HQJLQHHULQJ IXQFWLRQV� (DFK
LWHP WR EH EURDGFDVW FRXOG EH OLQNHG LQWR D
FRQWLQXRXV SURJUDPPH� DQ\ XQGHU�UXQQLQJ EHLQJ
ILOOHG E\ WKH DQQRXQFHU� 6KRXOG DQ LQWHUUXSWLRQ
RFFXU IRU DQ\ UHDVRQ� WKH DQQRXQFHU ZDV LQVWDQWO\
DYDLODEOH WR VSHDN WR WKH OLVWHQHUV ZKLOH WKH
HQJLQHHU UHVROYHG WKH SUREOHP� $V HYHU\ WUDQV�
PLWWHG SURJUDPPH SDVVHG WKURXJK WKH FRQWLQXLW\
VXLWH� LW ZDV LPSRUWDQW WR HQVXUH WKDW WKH HTXLSPHQW
ZDV YHU\ UHOLDEOH� LQVWDQWO\�DYDLODEOH VWDQGE\
DUUDQJHPHQWV ZHUH RQ KDQG WR FRSH ZLWK SUHGLFW�
DEOH IDLOXUHV� VXFK DV D ´EORZQµ YDOYH�

�� 7KH PDJQHWRSKRQ

'XULQJ WKH \HDUV RI FRQIOLFW LQ (XURSH� GHYHORS�
PHQWV RFFXUUHG LQ PRVW ILHOGV RI HOHFWURQLFV� DQG
EURDGFDVWLQJ ZDV QR H[FHSWLRQ� 7KH PDMRU GHYHO�
RSPHQW LQ UDGLR ZDV WKH SURJUHVV PDGH LQ WKH ILHOG
RI UHFRUGLQJ� 3DSHU WDSH� LPSUHJQDWHG ZLWK LURQ
GXVW� KDG EHHQ XVHG VLQFH ���� LQ D *HUPDQ
GLFWDWLQJ PDFKLQH� 7KH SDSHU WDSH ZDV ODWHU UH�
SODFHG E\ D FHOOXORVH DFHWDWH ILOP� ��� PP ZLGH�
ZKLFK ZDV FRDWHG ZLWK D OD\HU RI IHUULF R[LGH� ����
�� ���� PP WKLFN� $OWKRXJK WKH TXDOLW\ ZDV QRW
DGHTXDWH IRU EURDGFDVWLQJ� WKH *HUPDQ VWDWH
EURDGFDVWHU �� 5HLFK 5XQGIXQN *HVHOOVFKDIW
�55*� �� WRRN D JUHDW LQWHUHVW LQ WKLV GHYHORSPHQW�

7KH EUHDNWKURXJK FDPH LQ ���� ZKHQ 'U
%UDXQP�KO DQG 'U:DOWHU:HEHU RI WKH 55* XVHG
WKH LGHD RI+) ELDV GXULQJ UHFRUGLQJ� WR PRYH WKH
ZDQWHG VLJQDO LQWR WKH OLQHDU SDUW RI WKH WUDQVIHU
FXUYH �XQWLO WKHQ� GLUHFW�FXUUHQW ELDV KDG EHHQXVHG
LQ ERWK ZLUH DQG WDSH UHFRUGHUV�� :KHQ D ��� N+]
ELDV VLJQDO ZDV XVHG DW D OHYHO ODUJHU WKDQ WKH DXGLR
VLJQDO� WKH UHPQDQW PDJQHWLVP �� DIWHU VHYHUDO

&RXUWHV\ RI 6ZHGLVK 5DGLR

)LJXUH �
'LVF FXWWHUV DV XVHG
LQ EURDGFDVWLQJ
GXULQJ WKH PLG�����V�
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F\FOHV RI WKH+)ELDV �� ZDV IRXQG WR EHSURSRUWLRQ�
DO WR WKH DXGLR VLJQDO RYHU D ZLGH UDQJH RI DPSOL�
WXGHV� 7KH XVH RI +) ELDV H[WHQGHG WKH IUHTXHQF\
UDQJH� UHGXFHG WKH QRQ�OLQHDU GLVWRUWLRQ DQG UH�
PRYHG PRVW RI WKH EDFNJURXQG QRLVH ZKLFK ZDV
LQKHUHQW LQ HDUOLHU WDSH V\VWHPV� 7KH55*ZHQW RQ
WR GHYHORS D UDQJH RI PDFKLQHV FDOOHG PDJQHWR�
SKRQV ZKLFK XVHG +) ELDV�

,Q WKH FRXUVH RI WKH ZDU� QHZ PDJQHWLF WDSHV ZHUH
SURGXFHGZKLFK XVHG SRO\YLQ\O FKORULGH DQGPDJ�
QHWLWH LQ D KRPRJHQHRXV FRPELQDWLRQ� 7KLV IRU�
PXODWLRQ ZDV VXFFHHGHG E\ D SRO\YLQ\O FKORULGH
WDSH� FRDWHG LQ D PDJQHWLF OD\HU� ,Q FRQWUDVW WR WKH
VWHHO WDSHV XVHG LQ WKH%ODWWQHUSKRQH DQG0DUFRQL�
6WLOOH V\VWHPV� WKH PDJQHWRSKRQ WDSHV ZHUH WKLQ�
OLJKW� HDVLO\ FXW DQG UHMRLQHG� DQG FKHDS WR PDNH�

$IWHU WKH ZDU� WKH PDJQHWRSKRQ ZDV ZLGHO\ GHP�
RQVWUDWHG RXWVLGH *HUPDQ\� ,W ZDV FODLPHG WKDW
RQH YHUVLRQ �W\SH .�� KDG D IUHTXHQF\ UHSRQVH
ZLWKLQ á� G% IURP �� WR �� ��� +]� D VLJQDO�WR�
QRLVH UDWLR RI �� G%DQG D WRWDO KDUPRQLF GLVWRUWLRQ
RI � � DW � N+]� 7KH PDJQHWRSKRQ ZDV VHHQ WR
RIIHU JUHDW SRWHQWLDO DQG VHYHUDO FRXQWULHV ZHQW RQ
WR GHYHORS WKHLU RZQ YHUVLRQV RI ZKDW FDPH WR EH
NQRZQ VLPSO\ DV WDSH UHFRUGHUV�

�� 3RUWDEOH WDSH UHFRUGHUV

)ROORZLQJ WKH LQWURGXFWLRQ RI PDJQHWLF�WDSH
UHFRUGLQJ V\VWHPV LQ UDGLR VWXGLRV� LW ZDV QRW ORQJ
EHIRUHRSHUDWLRQDO VWDIIZDQWHGD VLPLODU FDSDELOLW\
IRU RXWVLGH EURDGFDVW XVH� 7KH ILUVW SRUWDEOH WDSH
UHFRUGHUV �� IRU H[DPSOH WKH (0,0LGJHW UHFRUGHU�
ZHLJKLQJ RQO\ DERXW � NJ �� ZHUH LQWURGXFHG LQ WKH
HDUO\ ����V� 7KH\ LPPHGLDWHO\ VDZ VHUYLFH DOO
DURXQG WKH ZRUOG� GHVSLWH WKH IDFW WKDW WKH VPDOO
WDSH VSRROV SHUPLWWHG RQO\ YHU\ VKRUW UHFRUGLQJ
WLPHV� DW �� FP�V�

2I FRXUVH WKHVH HDUO\ WDSH UHFRUGHUV ZHUH ORRNHG
DIWHU E\ HQJLQHHUV ZKR FRXOG NHHS WKHP ZHOO
DGMXVWHG� ,Q SDUWLFXODU� WKH PHFKDQLFDO GHPDQGV
ZHUH JUHDW WR DFKLHYH FRUUHFW D]LPXWK RI WKH WDSH�
WR�KHDG FRQWDFW� $OVR� WKH WDSH IRUPXODWLRQV ZHUH
VWLOO UDWKHU YDULDEOH DQG WKH ELDV RIWHQ QHHGHG
DGMXVWPHQW WR REWDLQ WKH JHQHUDOO\�TXRWHG WRWDO
KDUPRQLF GLVWRUWLRQ SHUIRUPDQFH RI OHVV WKDQ ��
DW IXOO RXWSXW� 7R VDWLVI\ WKH GHVLUH RI QHZV
UHSRUWHUV WR UHFRUG DFWXDOLW\ DW WKH VFHQH RI DQ
HYHQW� LWZDV QHFHVVDU\ WRZDLW XQWLO WKH HDUO\ ����V
ZKHQ HFRQRPLFDOO\�SULFHGSRUWDEOH WDSH UHFRUGHUV
ZHUH LQWURGXFHG� 7KH EHVW�NQRZQ H[DPSOH LV
SUREDEO\ WKH *HUPDQ�PDQXIDFWXUHG 8KHU �����
ZKLFK ZDV XVHG LQ ODUJH QXPEHUV E\ PDQ\ EURDG�
FDVWHUV�

,W ZDV DOVR DURXQG WKLV WLPH WKDW WKH 6ZLVV�PDGH
1DJUD SRUWDEOH UHFRUGHU ZDV LQWURGXFHG� LW RIIHUHG
H[FHSWLRQDO SHUIRUPDQFH IRU LWV GD\� ,QWHUHVWLQJO\�
WKH 1DJUD ZDV XVHG ZLGHO\ E\ EURDGFDVWHUV EXW LQ
VRPHZKDW GLIIHULQJ UROHV� LW ZDV XVHG E\ 2% HQJL�
QHHUV ZKHUH KLJK�TXDOLW\ UHFRUGLQJV ZHUH QHHGHG�
DV LW DOORZHGDGMXVWPHQWV WR EHPDGH �WR WKH ELDV IRU
H[DPSOH� WR RSWLPLVH WKH SHUIRUPDQFH� LW ZDV DOVR
ZLGHO\ XVHG E\ ILHOG UHSRUWHUV ZKR MXVW ZDQWHG D
PDFKLQH WKDW ZRXOG UHFRUG DW WKH SUHVV RI D EXWWRQ�
DOWKRXJK WKH DOLJQPHQW ZRXOG KDYH EHHQ GRQH
EHIRUHKDQG�

�� 0LFURSKRQH LPSURYHPHQWV

0RYLQJ�FRLO DQG ULEERQPLFURSKRQHV FRQWLQXHG WR
EH WKH PDLQVWD\ RI EURDGFDVWLQJ WKURXJKRXW WKH
SRVW�ZDUSHULRG� 7KH%%&�0DUFRQL ULEERQPLFUR�
SKRQH� IRU H[DPSOH� ZHQW WKURXJK VHYHUDO PRGL�
ILFDWLRQV IURP W\SH $ WR $;� WR $;% DQG ILQDOO\
EHFDPH WKH ZHOO�NQRZQ $;%7� ,W JDYH H[FHOOHQW
UHVXOWV EXW ZDV UDWKHU EXON\� 0RXQWHG RQ D YHU\
KHDY\ GHVN�WRS EDVH� DQG ZLWK D KHLJKW RI DERXW
��� PP� WKH $;%7 PLFURSKRQH FHUWDLQO\ LQ�
WUXGHG XSRQ DQ\ DFURVV�WKH�WDEOH FRQYHUVDWLRQV LQ
WKH VWXGLR�

$ %%&�GHVLJQHG ULEERQ PLFURSKRQH ZDV
LQWURGXFHG LQ ����� $ERXW RQH�WKLUG RI WKH VL]H RI
WKH $;%7� LW ZDV PDQXIDFWXUHG DV WKH 67& ����
DQG EHFDPH NQRZQ DV WKH 3*6� ,W TXLFNO\ EHFDPH
WKH PRVW FRPPRQ VWXGLR PLFURSKRQH DW WKH %%&�
ULJKW WKURXJK WR WKH ����V�

$OWKRXJK FDSDFLWRU PLFURSKRQHV �WKHQ NQRZQ DV
FRQGHQVHU PLFURSKRQHV� KDG EHHQ XVHG H[SHUL�
PHQWDOO\ LQ WKH ����V� WKHLU SHUIRUPDQFH ZDV

&RXUWHV\ RI &]HFK 5DGLR

)LJXUH �
$ SRUWDEOH WDSH
UHFRUGHU RI WKH

����V� WKH $(*
0DJQHWRSKRQ .��
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XQVDWLVIDFWRU\� 7KH $.* &��� GHYHORSHG LQ WKH
HDUO\����V�ZDV LQWURGXFHG IRUGUDPDSURGXFWLRQV
ZKHUH WKH SRVVLELOLW\ RI D YDULDEOH UHVSRQVH SDWWHUQ
ZDV DWWUDFWLYH� )XUWKHU GHYHORSPHQWV WR PLFUR�
SKRQHV FRQWLQXHG EXW� DVPRVW GHVLJQV DOUHDG\ KDG
H[FHOOHQW IUHTXHQF\ UHVSRQVHV �YLUWXDOO\ IODW IURP
DERXW �� +] WR �� N+]�� WKHUH ZDV OLWWOH LPSHWXV WR
EHWWHU WKHLU SHUIRUPDQFH� H[FHSW LQ WHUPV RI VLJQDO�
WR�QRLVH UDWLR�

�� 7KH VWDUW RI 9+)�)0
EURDGFDVWLQJ

7KH ����� USP ORQJ�SOD\LQJ �/3� UHFRUG DSSHDUHG
RQ WKH GRPHVWLF PDUNHW LQ ����� ,WV WHFKQLFDO
SHUIRUPDQFH VKRZHG WKH OLVWHQHU ZKDW FRXOG EH
DFKLHYHG LQ D SXUSRVH�EXLOW UHFRUGLQJ VWXGLR DQG
ZKDW ZDV UHTXLUHG LQ WKH KRPH WR UHSURGXFH DXGLR
ZLWK D YHU\ DFFHSWDEOH SHUIRUPDQFH� &OHDUO\�
EURDGFDVWLQJ ZRXOG KDYH WR FDWFK XS�

,Q (XURSH� WKH ODFN RI DGHTXDWH /) DQG 0)
IUHTXHQF\ DVVLJQPHQWV� DQG WKH QRWRULRXV ´DIWHU
GDUNµ UHFHSWLRQ HIIHFWV� PRWLYDWHG WKH PRYH WR
9+)�)0 VRXQG EURDGFDVWLQJ� 0RQR )0 VHUYLFHV

EHJDQ LQ (XURSH LQ WKH PLG�����V DQG WKLV JUHDWO\
LPSURYHG WKH TXDOLW\ RI WKH UHFHLYHG VLJQDO� SDUWLF�
XODUO\ LQ WHUPV RI EDQGZLGWK DQG VLJQDO�WR�QRLVH
UDWLR�

3URJUDPPH�PDNHUV QRZ KDG WKH RSSRUWXQLW\ WR
LPSURYH WKH WHFKQLFDO TXDOLW\ RI WKHLU SURGXFWLRQV�
EXW WKHUH ZRXOG EH D QHHG IRU QHZ EXLOGLQJV WR
KRXVH WKH LPSURYHG VWXGLRV DQG RSHUDWLRQDO DUHDV�
7KXV� IURP WKH PLG�����V RQZDUGV� (XURSHDQ
EURDGFDVWHUV LQYHVWHG FRQVLGHUDEOH IXQGV LQ WKH
FRQVWUXFWLRQ RI QHZ VRXQG EURDGFDVWLQJ FHQWUHV�

���� )XUWKHU DFRXVWLF
LPSURYHPHQWV

7KHVH QHZ EURDGFDVWLQJ FHQWUHV ZHUH GHVLJQHG�
ZLWK IHZ H[FHSWLRQV� WR KRXVH WKH ILUVW SXUSRVH�
EXLOW VWXGLRV ZKLFK WRRN SURSHU DFFRXQW RI VRXQG
LVRODWLRQ� DQGZKLFK SURGXFHG UHYHUEHUDWLRQ WLPHV
WKDW SHUPLWWHG JRRG DUWLVWLF SHUIRUPDQFHV DV ZHOO
DV JRRG EURDGFDVW VLJQDOV� 7KH ´ER[ZLWKLQ D ER[µ
FRQVWUXFWLRQ WHFKQLTXH ZDV IUHTXHQWO\ XVHG WR
SURYLGH DGHTXDWH VRXQG LVRODWLRQ WR WKH RXWVLGH�
DQG EHWZHHQ VWXGLRV ZLWKLQ D EXLOGLQJ�

8OWLPDWHO\� KLJK�PDVV ZDOOV DUH WKH NH\ WR JRRG
LVRODWLRQ� 7KXV� PDQ\ RI WKHVH QHZ VWXGLR FHQWUHV
ZHUH EXLOW LQ UHLQIRUFHG�FRQFUHWH� ZLWK UHODWLYHO\
WKLFN ZDOOV RI XS WR ��� P LQ SODFHV� +RZHYHU�
ODUJH FRQFUHWH ER[HV QHHG H[WHQVLYH DFRXVWLF WUHDW�
PHQW� DQG FDUHIXO LOOXPLQDWLRQ� WR SHUPLW DUWLVWV WR
ZRUN LQ DQ DFFHSWDEOH HQYLURQPHQW� +HQFH�
PRGXODU DEVRUEHUV �� ZLWK GLIIHULQJ FKDUDFWHULVWLFV�
EXW RI WKH VDPH VL]H �� ZHUH GHYHORSHG E\ VHYHUDO
RUJDQL]DWLRQV� 7KH\ ZHUH DQ H[FHOOHQW ZD\ WR
SURYLGH WKH FRUUHFW DFRXVWLF WUHDWPHQW IRU WKH ZDOO
DQG FHLOLQJ VXUIDFHV� DQG WKH\SHUPLWWHG UHODWLYHO\�
HDV\ ILQH WXQLQJ RI WKH DFRXVWLFV GXULQJ WKH
FRQVWUXFWLRQ SKDVH�

���� &XVWRP�GHVLJQHG VWXGLR
HTXLSPHQW

7KH EXLOGLQJ RI QHZ VWXGLR FHQWUHV LQ WKH ����V
SURYLGHG WKH RSSRUWXQLW\ WR LQVWDOO FXVWRP�
GHVLJQHG HTXLSPHQW� (YHQWXDOO\� WKLV HTXLSPHQW
EHFDPH VHOI�FRQWDLQHG LQ WKH VWXGLR FRQWURO URRP�
FRQQHFWLRQV WR WKH YDULRXV LQSXWV DQG WKH RXWSXW
ZHUH PDGH LQ D VHSDUDWH PDVWHU FRQWURO URRP�

$W WKLV WLPH� HTXLSPHQW UHOLDELOLW\ ZDV VWLOO DQ
LPSRUWDQW LVVXH� 6RPH GHVLJQV XVHG SOXJ�LQ
DPSOLILHUV DQG IDGHUV� LQ WKH EHOLHI WKDW WKH\ ZRXOG
EH TXLFN WR UHSODFH LI D IDXOW GHYHORSHG GXULQJ D
SURGXFWLRQ� :LWK VR PDQ\ FRQWDFWV WKDW FRXOG
EHFRPH ´GLUW\µ� IDXOWV GLG RFFXU UDWKHU WRR RIWHQ
DQG WKLV JHQHUDWLRQ RI VWXGLR HTXLSPHQW KDG WR EH
UHSODFHG DIWHU D UHODWLYHO\ VKRUW WLPH�

)LJXUH �
$ %%&�0DUFRQL
7\SH $;%7 ULEERQ
PLFURSKRQH IURP
�����
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&RXUWHV\ RI 5DGLR )UDQFH

%\ WKH HDUO\ ����V� PDQ\ EURDGFDVWHUV ZHUH LQ D
SRVLWLRQ WR VSHFLI\ PXFK PRUH FRPSOH[ VWXGLR
PL[HUV ZKLFK UHTXLUHG QRW RQO\ VXEVWDQWLDO QXP�
EHUV RI PLFURSKRQH FKDQQHOV� EXW DOVR QXPHURXV
LQSXWV IRU H[WHUQDO VRXUFHV�

7KLV OHG WR WKH QHHG IRU D ODUJH FRQWURO URRP WR
URXWH VXFK FRQQHFWLRQV WR WKH DSSURSULDWH VWXGLR�
MXVW IRU WKH GXUDWLRQ RI D SDUWLFXODU EURDGFDVW� 7KH
ODVW VWXGLR GHVNV WR XVH WKHUPLRQLF YDOYHDPSOLILHUV
ZHUH LQVWDOOHG LQ ODUJH QXPEHUV GXULQJ WKLV SHULRG�
7KHVH GHVLJQV XVHG VWDQGDUGLVHG SOXJ�LQ DPSOL�
ILHUV� PRXQWHGPRUH VDWLVIDFWRULO\ WKDQ LQ SUHYLRXV
YHUVLRQV� 3HUPDQHQWO\�ZLUHG IDGHUV ZHUH XVHG LQ
DUHDV ZKHUH ORZ�OHYHO VLJQDOV ZHUH SUHVHQW� ZKLFK
UHVXOWHG LQPXFK�LPSURYHG UHOLDELOLW\� 7KH GHVLJQ
DOORZHG IRU FKDQQHO PL[LQJ RI WKH PLFURSKRQHV
XVHG IRUPXVLF DQGGUDPD DSSOLFDWLRQV� RU IRU QHZV
DSSOLFDWLRQV ZKHUH WKH HPSKDVLV ZDV PXFK PRUH
RQ RXWVLGH VRXUFHV DQG WKH QHHG WR SURYLGH FOHDQ
IHHGV WR WKH GLVWDQW FRQWULEXWRUV�

�� 7KH VWDUW RI VWHUHR
EURDGFDVWLQJ

:KHQ VWHUHR WUDQVPLVVLRQV EHFDPH SRVVLEOH LQ
WKH HDUO\ ����V� UDGLR SURJUDPPH RULJLQDWLRQ

UHTXLUHG D FRPSOHWHO\ QHZ VHW RI WHFKQLTXHV DQG
HTXLSPHQW �� ULJKW WKURXJK WKH EURDGFDVW FKDLQ
IURP WKH PLFURSKRQHV WR WKH WUDQVPLWWHUV� 7KH
QHFHVVDU\ GHYHORSPHQWV ZHUH TXLWH JUDGXDO� LQ
YLHZ RI WKH KLJK FRVWV LQYROYHG�

7KH RULJLQDO VWHUHR SURGXFWLRQV ZHUH PRVWO\
PXVLF 2%V� ZKHUH LW ZDV IHOW WKDW WKH PD[LPXP
DGYDQWDJH ZRXOG EH JLYHQ WR WKH OLVWHQHU� 7KHVH
2%VXVHG WUDQVSRUWDEOHYDOYHPL[LQJGHVNV�ZLWK
PHFKDQLFDOO\�JDQJHG TXDGUDQW IDGHUV� ZKLFK
SURYLGHG MXVW WKUHH VWHUHRPLF�OLQH FKDQQHOV� RQH
VWHUHR HFKR FKDQQHO DQG D QXPEHU RI SDQ�SRWWHG
PRQR FKDQQHOV�

+RZHYHU� ZLWK WKH HIIHFWLYH GRXEOLQJ RI DPSOL�
ILHUV DQG RWKHU HOHFWURQLF HOHPHQWV LQ WKH EURDG�
FDVW FKDLQ� LW ZDV KXJHO\ DGYDQWDJHRXV WR XVH
WUDQVLVWRULVHG GHVLJQV ZLWK WKHLU UHGXFHG SRZHU
DQG VL]H UHTXLUHPHQWV� :LWK IHZ H[FHSWLRQV� WKH
HDUOLHVW WUDQVLVWRULVHG PL[HUV ZHUH QRLV\ E\
WRGD\·V VWDQGDUGV� DQG VWLOO WHQGHG WR EHGHVLJQHG
E\ EURDGFDVWHUV� :KLOVW WKH\ RIIHUHG PDQ\ QHZ
IDFLOLWLHV� VXFK DV UHVSRQVH VHOHFWLRQ DPSOLILHUV
ZKLFK JUHDWO\ KHOSHG QHZV SURGXFWLRQV� WKH\
ZHUH TXLFNO\ GHHPHG LQDGHTXDWH IRU VWHUHR
PXVLF DQG GUDPD SURGXFWLRQV�

)LJXUH �
$ VWXGLR GHVN RI WKH

����V� ZLWK
OLQHDU�WUDFN IDGHUV�
7KH EDVV VSHDNHU
XQLWV ZHUH IRUPHG

ZLWKLQ FRQFUHWH WXEHV
WR HOLPLQDWH WKH

UHVRQDQFHV ZKLFK DUH
FRPPRQ LQ ZRRGHQ

HQFORVXUHV�
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���� &RPPHUFLDOO\�GHVLJQHG
HTXLSPHQW

7KH GRPHVWLF PDUNHW IRU /3 UHFRUGV DQG� LQ �����
WKH LQWURGXFWLRQ RI WKH FRPSDFW FDVVHWWH KDG
JUHDWO\ H[SDQGHG WKH QHHG IRU KLJK�TXDOLW\ VWHUHR
SURGXFWLRQ RI SUH�UHFRUGHG PXVLF� 0DQ\ UHFRUG
FRPSDQLHV DURXQG WKH ZRUOG ZHUH EXLOGLQJ YHU\
KLJK�TXDOLW\ VWXGLRV� DQG LQVWDOOLQJ H[WUHPHO\ DG�
YDQFHG VWHUHR PL[HUV DQG VWHUHR WDSH UHFRUGHUV�
7KHLU FRPPHUFLDO RXWORRN� DQG VXFFHVVIXO VHOOLQJ
WHFKQLTXHV� DOORZHG WKHP WR FRQVLGHU DPXFKPRUH
IUHTXHQW UHSODFHPHQW RI HTXLSPHQW WKDQ EURDG�
FDVWHUV� DQG WKLV OHG WR D ZLGHU FKRLFH RI VXSSOLHUV
QRZ RIIHULQJ HTXLSPHQW WR WKH EURDGFDVWHUV�

���� 0XOWL�WUDFN UHFRUGLQJ

7KH XVH RI PXOWL�WUDFN UHFRUGLQJ ZDV RQO\ D VKRUW
VWHS DZD\� )LUVWO\� ��WUDFN WDSH UHFRUGHUV ZKLFK
XVHG �����PP WDSH ZHUH LQWURGXFHG LQ WKH
PLG�����V� 7KH SDFH RI GHYHORSPHQWV LQ WDSH
IRUPXODWLRQ DQG UHFRUGHU WHFKQRORJ\ ZDV YHU\
UDSLG DQG� E\ WKH PLG�����V� ���WUDFN PDFKLQHV
ZKLFK XVHG �����PP WDSH KDG EHFDPH FRPPRQ LQ
EURDGFDVW VRXQG VWXGLRV�

:KHUHDV WKH WUDFN�ZLGWK RQ D ����V WDSH UHFRUGHU
ZDV DURXQG � PP� LW KDG QDUURZHG WR XQGHU � PP

RQ WKLV QHZ JHQHUDWLRQ RI ���WUDFN PDFKLQHV� ,Q
UHWURVSHFW� LW LV LQWHUHVWLQJ WR QRWH WKDW PXOWL�WUDFN
UHFRUGLQJ RQO\ EHFDPH D SRVVLELOLW\ DV D UHVXOW RI
WKH GHYHORSPHQW RI QRLVH�UHGXFWLRQ WHFKQLTXHV�
VXFK DV 'ROE\ $�

�� 7HOHSKRQHV LQ SURJUDPPHV

%URDGFDVWHUV KDYH XVHG WHOHSKRQHV VLQFH WKH HDU�
OLHVW GD\V WR FRPPXQLFDWH EHWZHHQ VWXGLRV DQG
RWKHU SDUWV RI WKH SURJUDPPH RULJLQDWLRQ FKDLQ�
EXW WKH WHFKQLFDO DQG UHJXODWRU\ FOLPDWH KDG RQO\
DOORZHGRQH�ZD\ UHSRUWV WREHXVHGDVSURJUDPPH
VRXUFHV� 8VXDOO\� WKHVH UHSRUWVZHUHSUH�UHFRUGHG
WR DOORZ WLPH IRU HGLWLQJ EHIRUH WUDQVPLVVLRQ�

$V D VRXUFH IRU OLYH EURDGFDVWLQJ� WKH WHOHSKRQH
UHTXLUHV D ��ZLUH�WR���ZLUH LQWHUIDFH VR WKDW WKH
PL[HU FDQ VHSDUDWH WKH VHQG DQG UHFHLYH VLJQDOV�
(VVHQWLDOO\ WKLV LV WKH IXQFWLRQ RI WKH VR�FDOOHG
7HOHSKRQH %DODQFH 8QLW �7%8� ZKLFK ZDV GHYHO�
RSHG LQ WKH HDUO\ ����V� $V WKH IDU�HQG WHOHSKRQH
LQVWUXPHQW XVXDOO\ KDV D UHODWLYHO\ SRRU SHUIRU�
PDQFH� LW LV WKH MRE RI WKH 7%8 WR DFKLHYH DV PXFK
VHSDUDWLRQ DV SRVVLEOH DQG WKLV FDQ EH UHDOLVHGZLWK
DSSURSULDWH HOHFWURQLFV� LQFOXGLQJ ILOWHUV� 2QFH
WKLV GHYHORSPHQW ZDV DYDLODEOH� LW TXLFNO\ EHFDPH
D FRPPRQ PDWWHU WR XVH OLVWHQHUV DV SDUW RI WKH

)LJXUH �
$ FRPPHUFLDOO\�
GHVLJQHG VWXGLR
FRQWURO URRP IURP WKH
PLG�����V� ZLWK
PXOWL�WUDFN UHFRUGLQJ
IDFLOLWLHV�
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SURJUDPPH �� LQ VR�FDOOHG SKRQH�LQ SURJUDPPHV
ZKLFK DUH VWLOO XVHG ZLGHO\ WRGD\�

��� 'RPHVWLF HTXLSPHQW IRU
EURDGFDVWLQJ

)URP WKH ����V RQZDUGV� VWXGLR WHFKQLTXHV PDGH
LQFUHDVLQJ XVH RI HTXLSPHQW GHULYHG IURP WKH
GRPHVWLF DXGLR PDUNHW� 9DULRXV LPSURYHPHQWV LQ
WKH SHUIRUPDQFH RI GRPHVWLF UHFRUG SOD\HUV� WDSH
UHFRUGHUV� FDVVHWWH UHFRUGHUV� KL�IL DPSOLILHUV�
ORXGVSHDNHUV DQG &' SOD\HUV IRXQG IDYRXU ZLWK
EURDGFDVWHUV ZKR ZHUH FRQWLQXDOO\ ORRNLQJ IRU
FKHDSHU DQG VPDOOHU DXGLR HTXLSPHQW�

3UH�UHFRUGHGPDWHULDO ZDV EHFRPLQJ WKHPDLQVWD\
RI PDQ\ UDGLR VWDWLRQV DQG� RIWHQ� WKH ZRZ�DQG�
IOXWWHU SHUIRUPDQFH RI JUDPRSKRQH SOD\HUV ZRXOG
EH FRQVLGHUHG EHORZ EURDGFDVW TXDOLW\� 6LPLODUO\�
WDSH PDFKLQHV �� DQG HYHQ PRUH VR� 1$% WDSH
FDUWULGJH PDFKLQHV �� DOVR VXIIHUHG IURP WKH QHHG
WR PDLQWDLQ WKHLU PHFKDQLFDO DOLJQPHQW FRQWLQX�
RXVO\� +XJH DPRXQWV RI HQJLQHHULQJ HIIRUW ZHUH
HPSOR\HG WR NHHS WKHVH UHSURGXFHUV XS WR DFFHSW�
DEOH VWDQGDUGV RI TXDOLW\� *LYHQ WKLV KLJK OHYHO RI
PDLQWHQDQFH HIIRUW� LW LV VRPHZKDW VXUSULVLQJ WKDW
D GRPHVWLF UHFRUG WXUQWDEOH �� ZLWK VXSHUEPHFKDQ�
LFDO SHUIRUPDQFH DQG QHHGLQJ OLWWOH RU QR DGMXVW�
PHQW �� EHFDPH DYDLODEOH IURP WKH 7HFKQLFV FRP�
SDQ\ DQGZDV TXLFNO\ GHYHORSHG DQG LQFRUSRUDWHG
LQWR PDQ\ SURIHVVLRQDO GLVF UHSURGXFHUV�

$V VRRQ DV &RPSDFW 'LVFV ZHUH LQWURGXFHG LQWR
WKH GRPHVWLF PDUNHW� LW ZDV LPSRUWDQW WR SURYLGH
VXLWDEOH &' SOD\HUV IRU EURDGFDVWLQJ SXUSRVHV�
7KH 3KLOLSV FRPSDQ\ UHFRJQLVHG WKH QHHG IRU D
SURIHVVLRQDO SOD\HU ZKLFK WKH\ RIIHUHG DW WKH
ODXQFK RI &'V� 7KHVH SOD\HUV XVHG HVVHQWLDOO\ WKH
VDPH VLJQDO SURFHVVLQJ FKDLQ DV WKH GRPHVWLF
SURGXFW� EXW DOORZHG WUDFN DFFHVV DQG FXHLQJ �� VR
YLWDO WR WKH VPRRWK SUHVHQWDWLRQ RI D &'�EDVHG
UDGLR SURJUDPPH� 2WKHU PDQXIDFWXUHUV VRRQ
IROORZHG DQG LW ZDV QRZ FRPPRQSODFH IRU EURDG�
FDVWHUV WR ZRUN ZLWK D FRPPHUFLDO FRPSDQ\ WR
GHYHORS HTXLSPHQW VXLWDEOH IRU EURDGFDVW SUR�
JUDPPH RULJLQDWLRQ� 3HUKDSV RQH RI WKH PRVW UH�
PDUNDEOH H[DPSOHV IROORZV�

1HZV DQG ILHOG UHSRUWHUV DOZD\V ZLVK WKDW WKH
HTXLSPHQW WKH\ KDYH WR FDUU\ LV DV VPDOO DQG OLJKW�
ZHLJKW DV SRVVLEOH� WR HDVH WKHLU WUDYHO DUUDQJH�
PHQWV� 6RPH LQWUHSLG ILHOG UHSRUWHUV VWDUWHG WR XVH
GRPHVWLF FDVVHWWH UHFRUGHUV LQ WKLV UROH DV D VXEVWL�
WXWH IRU WKH UDWKHU KHDY\ SRUWDEOH RSHQ�UHHO
PDFKLQHV RI WKH GD\� +RZHYHU� WKH\ VRRQ IRXQG
WKDW WKH VLJQDO�WR�QRLVHSHUIRUPDQFHRI WKH FDVVHWWH
UHFRUGHU ZDV YHU\ SRRU DQG WKH ZRZ�DQG�IOXWWHU
ZDV QRW PXFK EHWWHU� 1HYHUWKHOHVV� WKH IDFLOLW\ WR
PDNH XQREWUXVLYH UHFRUGLQJV RQ OLJKW�ZHLJKW
HTXLSPHQW FRXOG EH EDODQFHG DJDLQVW WKH IROORZ�
XS VWXGLR WLPH QHHGHG WR HQKDQFH WKH UHFRUGLQJV
IRU WUDQVPLVVLRQ� &OHDUO\ WKLV PHVVDJH ZDV XQGHU�
VWRRG E\ WKH 6RQ\ FRPSDQ\ ZKR LQWURGXFHG WKH
3UR�:DONPDQ FDVVHWWH UHFRUGHU LQ WKH HDUO\ ����V�
$ERXW RQH�VL[WK RI WKH VL]H RI LWV SUHGHFHVVRU �WKH
8KHU ����SRUWDEOH RSHQ�UHHO UHFRUGHU� DQGPXFK

-HII %RWWRP EHJDQ KLV FDUHHU DW WKH %%& DV D VRXQG WHFKQLFDO RSHUDWRU DW %URDGFDVWLQJ +RXVH� /RQGRQ� LQ
����� $IWHU ZRUNLQJ LQ WKH FHQWUDO FRQWURO URRP DQG WKH QHWZRUN FRQWLQXLW\ VWXGLRV� KLV RSHUDWLRQDO DQG
LQVWDOODWLRQ H[SHULHQFHV ZHUH EURDGHQHG E\ WKH LQWURGXFWLRQ RI %%& 5DGLR 2QH LQ �����

,Q ����� 0U %RWWRP MRLQHG WKH LQVWDOODWLRQ GHSDUWPHQW� ZKLFK LQYROYHG ZRUNLQJ WKURXJKRXW WKH 8.� +H
EHFDPH UHVSRQVLEOH� LQ ����� IRU WKH UH�HTXLSPHQW RI WKH /RQGRQ FHQWUDO FRQWURO URRP DQG� VXEVHTXHQWO\�
EHFDPH 3URMHFW 0DQDJHU RI WKH WRWDO EXLOGLQJ UHIXUELVKPHQW DQG H[WHQVLRQ RI %URDGFDVWLQJ +RXVH� /RQGRQ�

-HII %RWWRP QRZ ZRUNV DV D IUHHODQFH SURMHFW PDQDJHU DQG EURDGFDVW HQJLQHHU� LQ WKH ILHOG RI VWXGLR DQG
QHWZRUN HQJLQHHULQJ� +H LV D 0HPEHU RI WKH $XGLR (QJLQHHULQJ 6RFLHW\�

%HY 0DUNV MRLQHG WKH %%& GLUHFWO\ IURP VFKRRO� +H WUDLQHG DV D EURDGFDVW FRPPXQLFDWLRQV HQJLQHHU DW WKH
%%& (QJLQHHULQJ 7UDLQLQJ 6FKRRO DQG TXDOLILHG LQ ����� +H KHOG DSSRLQWPHQWV LQ ERWK %%& 5DGLR DQG
7HOHYLVLRQ GXULQJ D VSDQ RI RYHU �� \HDUV� KLV SURMHFWV LQFOXGHG WKH H[SHULPHQWDO EURDGFDVWLQJ RI 3DUOLDPHQW�
DQG GLJLWDO DXGLR WUDQVPLVVLRQ� +H ZDV WKH %%&·V 3URMHFW 0DQDJHU� 5'6� GXULQJ LWV IRUPDWLYH \HDUV�

0U 0DUNV ZDV D PHPEHU RI VHYHUDO (%8 JURXSV FRQFHUQHG ZLWK 5'6� DQG KDV SXEOLVKHG PDQ\ DUWLFOHV RQ
WKH VXEMHFW RYHU WKH ODVW �� \HDUV�

%HY0DUNV QRZ ZRUNV DV D IUHHODQFH EURDGFDVW HQJLQHHU� VSHFLDOLVLQJ LQ EURDGFDVW GDWD V\VWHPV DQG DGYLVLQJ
RQ WUDLQLQJ� LQVWDOODWLRQ DQG VWDQGDUGL]DWLRQ� +H LV FR�HGLWRU RI WKH (%8�5'6 )RUXP 1HZVOHWWHU DQG LV D
0HPEHU RI WKH $XGLR (QJLQHHULQJ 6RFLHW\�
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OLJKWHU� WKLV VWHUHR UHFRUGHU ZDV WHFKQLFDOO\ YHU\
JRRG DQG EHFDPH DQ LPPHGLDWH VXFFHVV� :KLOVW
QRW WKH ILUVW HTXLSPHQW WR XVH LQWHJUDWHG FLUFXLWV
LQ EURDGFDVWLQJ� WKH LQFOXVLRQ RI 'ROE\ % QRLVH
UHGXFWLRQ RQ D VLQJOH FKLS PDGH LWV KLJK SHUIRU�
PDQFH SRVVLEOH�

��� 3URJUDPPH RULJLQDWLRQ
UHWXUQV KRPH

9HU\ ORZ�FRVW EURDGFDVWLQJ KDV QRZ EHFRPH D
UHDOLW\ GXH WR WKH DYDLODELOLW\ RI FRPPHUFLDO VWXGLR
HTXLSPHQW ZKLFK XVHV DXGLR ,&V ZLWK DFFHSWDEOH
VLJQDO�WR�QRLVH SHUIRUPDQFH� DQG WKHGHYHORSPHQW
RI ORZ�SRZHU VROLG�VWDWH WUDQVPLWWHUV� 7KHVH DG�
YDQFHV� FRPELQHG ZLWK D OLJKWHU UHJXODWRU\ WRXFK�
KDYH HQDEOHGPDQ\ VPDOOHU UDGLR VWDWLRQV WR WDNH WR
WKH DLU� 8S WR WKH PLG�����V� WKHVH VWDWLRQV WHQGHG
WR IROORZ HVWDEOLVKHG SDWWHUQV RI XVLQJ D VWXGLR
ZKLFK ZDV TXLWH VHSDUDWH IURP WKH WUDQVPLWWHU VLWH�
0RUH UHFHQWO\� UDGLR EURDGFDVWLQJ KDV DOPRVW
WXUQHG IXOO FLUFOH�ZLWK DOO WKH WHFKQRORJ\FRQWDLQHG
LQ D VLQJOH URRP� 7RGD\� H[FHOOHQW TXDOLW\ SHUIRU�
PDQFH FDQ EH REWDLQHG IURP D VPDOO ORFDO�DUHD
UDGLR VWDWLRQ� SRZHUHG E\ D QRUPDO GRPHVWLF
HOHFWULFLW\ VXSSO\�

0HDQZKLOH� WKH GHYHORSPHQW RI ,QWHJUDWHG6HUYLFHV
'LJLWDO 1HWZRUN �,6'1� WHFKQRORJ\ KDV DOORZHG
IXOO�TXDOLW\ LQWHUFRQQHFWLRQ EHWZHHQ SURJUDPPH
VRXUFHV DQG PDLQ EURDGFDVW VWXGLRV� :KLOVW WKLV
WHFKQRORJ\ RULJLQDOO\ IRXQG D XVH DW 2%V� LW LV QRZ
UHJXODUO\ XVHG E\ UDGLR SUHVHQWHUV ZKR� XVLQJ D
FORVH�PLF WHFKQLTXH DQG D VPDOO PL[HU� FDQ SUHVHQW
D UDGLR SURJUDPPH �� LQWHUVSHUVHG ZLWK &'PXVLF ��
OLYH IURP WKH OLYLQJ URRP RI WKHLU KRXVH�

,W ZRXOG EH LQWHUHVWLQJ WR KDYH DQ LQVLJKW LQWR
SURJUDPPH RULJLQDWLRQ LQ \HDUV WR FRPH� 7KH SUR�
SRQHQWV RI '$% DUH DOUHDG\ WKLQNLQJ DERXW XVLQJ
WKH GDWD FDSDFLW\ WR SURYLGH QRW RQO\ D KLJK�TXDOLW\
DXGLR VHUYLFH� EXW DOVR WR GRZQORDGSLFWXUHV� ,Q WKH
\HDUV DKHDG�ZLOO WKH GLIIHUHQFH EHWZHHQ WHOHYLVLRQ
DQG UDGLR VWXGLRV UHDOO\ EH VR REYLRXV"

%LEOLRJUDSK\

>�@ 3DZOH\� (�� %%& (QJLQHHULQJ� ����������
%%& 3XEOLFDWLRQV� �����

>�@ %%& 5HFRUGLQJ 7UDLQLQJ 0DQXDO
%%&(QJLQHHULQJ7UDLQLQJ'HSDUWPHQW� �����

>�@ %%& (QJLQHHULQJ 7UDLQLQJ 0DQXDO
%%&(QJLQHHULQJ7UDLQLQJ'HSDUWPHQW� �����

*XJOLHOPR 0DUFRQL
EURDGFDVWLQJ IURP
WKH /RQGRQ VWDWLRQ
�/2 LQ �����
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7KH PXVLF VWXGLR RI 5DGLR &DGL]� 6SDLQ� LQ �����

$ 5DGLR 2% YHKLFOH LQ 3RUWXJDO �������
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)URQW YLHZ �WRS� DQG UHDU YLHZ RI WKH /DQJHQEHUJ +) WUDQVPLWWLQJ VWDWLRQ QHDU 'RUWPXQG�
*HUPDQ\� GXULQJ WKH ODWH ����V�


