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7KH WUDQVPLWWHU
5�(� )HQQ �*(&�0DUFRQL &RPPXQLFDWLRQV�

7KLV DUWLFOH RXWOLQHV WKH PDMRU
GHYHORSPHQWV ZKLFK KDYH WDNHQ
SODFH LQ VRXQG WUDQVPLWWHU HTXLSPHQW
DQG WHFKQLTXHV �� IURP WKH ILUVW
H[SHULPHQWV EHIRUH WKH LQYHQWLRQ RI
WKH WKHUPLRQLF YDOYH� XS WR WKH
SUHVHQW WLPH�

2YHU WKH \HDUV� KLJK�SRZHU
WUDQVPLWWHUV KDYH GHYHORSHG LQWR
YHU\ VRSKLVWLFDWHG V\VWHPV� 7KHLU
SURJUHVV ZDV LQLWLDOO\ GULYHQ E\ D
WKLUVW IRU HYHU�LQFUHDVLQJ SRZHU DQG
DXGLELOLW\� 7RGD\� OLNH ZLWK PDQ\
RWKHU WKLQJV� WKHLU GHYHORSPHQW LV
GULYHQ E\ WKH TXHVW WR UHGXFH FDSLWDO
DQG RSHUDWLQJ FRVWV�

�� +RZ LW DOO EHJDQ

%HIRUH ZH FDQ DWWHPSW WR FKDUW WKH SURJUHVV RI D
QHZ WHFKQRORJ\� ZH PXVW ILUVW DWWHPSW WR GHILQH D
VWDUWLQJ SRLQW� ,Q WKH FDVH RI VRXQG UDGLR� WKLV LV QR
HDV\ PDWWHU DV WKH SLRQHHULQJ HIIRUWV RI PDQ\
SHRSOH ZHUH QHFHVVDU\ EHIRUH UDGLR WUDQVPLVVLRQ
RU EURDGFDVWLQJ FRXOG EH DWWULEXWHG WR DQ\ RQH
LQGLYLGXDO�

0RVW SHRSOH �� LQ WKH :HVWHUQ KHPLVSKHUH DW OHDVW
�� ZLOO LPPHGLDWHO\ WKLQN RI 0DUFRQL >�@ DOWKRXJK
ZH VKRXOG SHUKDSV DWWULEXWH WKH FRQFHSWLRQ WR
&OHUN 0D[ZHOO� WKH ILUVW TXLFNHQLQJ WR +HUW] DQG

WKH DFWXDO ELUWK WR 0DUFRQL� 7KH +HUW] WUDQVPLWWHU
FRQVLVWHG RI DQ LQGXFWLRQ FRLO FRQQHFWHG WR D SDLU
RI PHWDO SODWHV� DFURVV ZKLFK ZDV FRQQHFWHG D
VSDUN JDS�:KHQ WKH FRLO ZDV VXIILFLHQWO\ FKDUJHG�
WKH VSDUN JDS EURNH GRZQ� UHVXOWLQJ LQ D VXGGHQ
GLVUXSWLRQRI WKH HOHFWULF ILHOGZKLFK LQ WXUQFUHDWHG
DPDJQHWLF IOX[ LQ VSDFH� 7KH UHFHLYHU FRQVLVWHG RI
D EURNHQ PHWDO ULQJ ZLWK D YHU\ VPDOO JDS IRUPHG
E\ WKH RSHQ HQGV� 7KH VLJQDOZDV GHWHFWHG E\ VPDOO
VSDUNV VHHQ WR MXPS WKLV JDS�

7KH UDQJH RI +HUW]·V HTXLSPHQW ZDV QR PRUH WKDQ
D IHZ PHWUHV� :LWK UHILQHPHQWV� WKH SUDFWLFDO

���

$GMXVWPHQW VFUHZ

0HWDO FLUFOHW

0HWDO %DOOV

0HWDO SODWH 0HWDO SODWH

6SDUN JDS

'DPSHG
ZDYHIRUP

$XWRPDWLF
LQWHUUXSWRU

'&
LQSXW

3ULPDU\

6HFRQGDU\

)LJXUH �
&LUFXLW GLDJUDPV RI

WKH +HUW] WUDQVPLWWHU
�WRS� DQG WKH +HUW]
UHFHLYHU �ERWWRP��

2ULJLQDO ODQJXDJH� (QJOLVK�
0DQXVFULSW UHFHLYHG �������



���

�� (%8 7HFKQLFDO 5HYLHZ 6SULQJ ����
)HQQ

OLPLWV VHHPHG WR EH D IHZ KXQGUHG PHWUHV� EXW LW
ZDV QRW XQWLO 0DUFRQL KDG WKH LQVSLUDWLRQ WR FRQ�
QHFW RQH VLGH RI WKH HTXLSPHQW WR JURXQG �HDUWK�
DQG WKH RWKHU VLGH WR DQ DHULDO RI HOHYDWHG ZLUH WKDW
WKH UDQJH ZDV GUDPDWLFDOO\ LQFUHDVHG WR DURXQG
� NP� 7KLV GLVWDQFHZDV JUDGXDOO\ LQFUHDVHG XQWLO�
LQ ����� WKH $WODQWLF 2FHDQ ZDV VSDQQHG IURP
3ROGKX LQ&RUQZDOO� (QJODQG� WR6W� -RKQ·V LQ1HZ�
IRXQGODQG�&DQDGD� 7KH VL]H RI WKH 3ROGKX VWDWLRQ�

LQ FRPSDULVRQ WR HDUOLHU EDWWHU\�SRZHUHG HTXLS�
PHQW� ZDV HQRUPRXV� 3RZHU ZDV VXSSOLHG E\ D
���KRUVH�SRZHU +RUQVE\�$FNUR\G RLO HQJLQH�
GULYLQJ D �� N:0DWKHU DQG 3ODWW DOWHUQDWRU ZKLFK
GHOLYHUHG ���� YROWV DW �� +]�

7KLV ZDV VWHSSHG XS WR �� ��� YROWV WR IHHG WKH
FORVHG RVFLOODWRU\ FLUFXLW LQ ZKLFK D FDSDFLWRU ZDV
GLVFKDUJHG LQWR WKH SULPDU\ RI DQ 5) WUDQVIRUPHU
E\ WKH XVXDO VSDUN JDS� 7KH ZDYHOHQJWK ZDV
WKRXJKW WR EH DERXW ��� P�

6R IDU� DOO WUDQVPLVVLRQV KDG EHHQ WHOHJUDSK\�
$WWHPSWV DW WHOHSKRQ\ KDG FRQVLVWHG RI SXWWLQJ D
´ZDWHU�FRROHG� DVEHVWRV�FRYHUHG PLFURSKRQHµ LQ
VHULHV ZLWK WKH DHULDO RI D FRQWLQXRXV DUF WUDQV�
PLWWHU�

3RVVLEO\ WKH ILUVW UDGLR EURDGFDVW ZDV FRQGXFWHG
E\1DWKDQ%� 6WXEEOHILHOG� D QRZ�IRUJRWWHQ HFFHQ�
WULF LQYHQWRU ZKR GHPRQVWUDWHG D VWUDQJH SKHQR�
PHQRQ LQ ���� �� WKH ZLUHOHVV WUDQVPLVVLRQ RI
VSHHFK DFURVV WKH VPDOO WRZQ VTXDUH RI 0XUUD\�
.HQWXFN\� 8QIRUWXQDWHO\� KHGLHGGHVWLWXWH LQ����
EXW KLV JUDYHVWRQH LQ 0XUUD\ UHFRUGV KLP DV WKH
´)DWKHU RI %URDGFDVWLQJµ�

$OO WKHVH HDUO\ UDGLR WUDQVPLVVLRQV RFFXUUHG ZLWK�
RXW DQ\ VLJQ RI D WKHUPLRQLF YDOYH� OHW DORQH D
WUDQVLVWRU�

,W ZDV LQ ���� WKDW *XLJOLHPR 0DUFRQL DFTXLUHG
WKH VHUYLFHV RI 'U -�$� )OHPLQJ ZKR� LQ �����

$  $OWHUQDWRU
/�� /�  +LJK�LQGXFWDQFH FKRNHV
,�� ,�  (�VKDSHG DGMXVWDEOH LURQ

FRUHV
.  0RUVH NH\

7�  6WHS�XS WUDQVIRUPHU
7�� 7�  2VFLOODWLRQ WUDQVIRUPHU
6�� 6�  $GMXVWDEOH VSDUN JDSV
&�� &�  &DSDFLWRUV
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WXUQHG KLV DWWHQWLRQ WR GHYLVLQJ D QHZ IRUP RI
GHWHFWRU� +H UHFDOOHG KLV HDUOLHU ZRUNZKHQ KH KDG
DGGHG D IRLO LQVLGH D OLJKW EXOE WR WU\ WR PLQLPLVH
WKH GLVFRORULVDWLRQ RQ WKH LQVLGH RI WKH JODVV� %\
FRQQHFWLQJ DQ DOWHUQDWLQJ YROWDJH WR WKH IRLO� KH
IRXQG WKDW FXUUHQW IORZHG LQ RQH GLUHFWLRQ� 7KH
WKHUPLRQLF GLRGH ZDV ERUQ� 7ZR \HDUV ODWHU� WKH
$PHULFDQ LQYHQWRU 'U /HH GH )RUHVW DGGHG D WKLUG
HOHFWURGH FDOOHG WKH JULGLURQ RU FRQWURO JULG WR WKH
GLRGH DQG SDWHQWHG D GHYLFH WKDW KH FODLPHG FRXOG
DPSOLI\ ZHDN VLJQDOV�

7KH 0DUFRQL &R� DQG GH )RUHVW WKHQ EHFDPH
HQWUHQFKHG LQ OHJDO EDWWOHV RYHU WKH SDWHQW ULJKWV RI
WKHLU WZR GHYLFHV� 7KH SURFHHGLQJV ZHUH H[SHQ�
VLYH DQG ODVWHG IRU \HDUV� ,Q IDFW LW ZDV QRW XQWLO
������� WKDW DGYDQFHV LQ YDOYH WHFKQRORJ\ PDGH
WKH WULRGH LQWR D FRPPHUFLDO SURSRVLWLRQ�

$OVR LQ ����� *HQHUDO 'XQZRRGLH RI WKH 86 DUP\
GLVFRYHUHG WKDW D PDWHULDO FDOOHG FDUERUXQGXP
H[KLELWHG D SKHQRPHQRQZKLFKGLGQRW REH\2KPV
/DZ� 7KLV VRRQ JDYH ULVH WR WKH FU\VWDO GHWHFWRU�
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,Q ����� ZLWK WKH GHYHORSPHQW RI ODUJHU YDOYHV E\
+�-�5RXQGRI WKH0DUFRQL&RPSDQ\�PRUHSRZHU�
IXO WUDQVPLWWHUV ZHUH EXLOW LQ &KHOPVIRUG DQG
UDQJH WHVWLQJ FRQVLVWHG RI WKH FRQWLQXDO UHFLWDO RI
UDLOZD\�VWDWLRQ QDPHV� %HFRPLQJ ERUHG ZLWK WKLV�
5RXQG DQG'LWFKDP SUHVVHG LQWR VHUYLFH D QXPEHU
RI &RPSDQ\ HPSOR\HHV ZLWK PXVLFDO WDOHQW� 7ZR
KXQGUHG DQG IRXUWHHQ DSSUHFLDWLYH UHSRUWV ZHUH
UHFHLYHG IURP H[SHULPHQWHUV� WKH JUHDWHVW GLVWDQFH
EHLQJ ���� PLOHV ����� NP��

$ WXUQLQJ SRLQW LQ WKH KLVWRU\ RI %ULWLVK EURDG�
FDVWLQJ ZDV WKH ILUVW EURDGFDVW RI D UHFRJQLVHG

SURIHVVLRQDO DUWLVWH�'DPH1HOOLH0HOED�ZKRJDYH
KHU KLVWRULF ���PLQXWH FRQFHUW IURP WKH &KHOPV�
IRUG ZRUNV RQ �� -XQH ����� :LWKLQ GD\V� HQWKX�
VLDVWLF OHWWHUV SRXUHG LQWR &KHOPVIRUG IURP WKH
IRXU FRUQHUV RI WKH ZRUOG� 'DPH 1HOOLH ZDV SDLG
RQH WKRXVDQG SRXQGV IRU WKH FRQFHUW �E\ WKH
(QJOLVK GDLO\ QHZVSDSHU� WKH 'DLO\ 0DLO��

([SHULPHQWDO EURDGFDVWLQJ WKHQ FRQWLQXHG IURP
:ULWWOH� QHDU &KHOPVIRUG� XVLQJ FDOO�VLJQ �07
(PPD 7RF� EHIRUH WUDQVIHUULQJ WR WKH �/2 WUDQV�
PLWWHU DW WKH 0DUFRQL KHDG RIILFH LQ WKH 6WUDQG�
/RQGRQ� 2Q �� 0D\ ����� D SURSRVDO ZDV SXW WR
VRPH ��� HOLJLEOH PDQXIDFWXUHUV WR IRUP D EURDG�
FDVWLQJ FRQVRUWLXP WR EULQJ EURDGFDVWLQJ XQGHU D
VLQJOH FRQWUROOLQJ FRPSDQ\� 7KH %ULWLVK %URDG�
FDVWLQJ &RPSDQ\ �ODWHU WKH %ULWLVK %URDGFDVWLQJ
&RUSRUDWLRQ� ZDV WKXV IRUPHG ZLWK DQ LQLWLDO FDSL�
WDO RI ���� ����

%\ QRZ WKH SLRQHHULQJ ZRUN EHHQ GRQH� EDVLF
FRPSRQHQWV ZHUH DYDLODEOH DQG WKH WKHRU\ RI
RSHUDWLRQ ZDV XQGHUVWRRG�

�� (DUO\ WHFKQLFDO SURJUHVV

7KH WUHQG IURP WKH����V �� DV LW VHHPV WR KDYHEHHQ
HYHU VLQFH �� ZDV WR LQFUHDVH WKH WUDQVPLWWHU SRZHU�
7KH HIILFLHQF\ RI WKH HTXLSPHQW ZDV QRW RI SDUD�
PRXQW LPSRUWDQFH� H[FHSW WKDW SRRU HIILFLHQF\

)LJXUH �
7KH /RQGRQ
WUDQVPLWWHU �/2
LQ �����

)LJXUH �
$ W\SLFDO PDFKLQH
URRP LQ WKH ����V�
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OLPLWHG WKH DPRXQW RI SRZHU WKDW FRXOG EHREWDLQHG
IURP WKH DYDLODEOH YDOYHV DQG FRPSRQHQWV� DQG
UHTXLUHG WKH UHPRYDO RI ZDVWH KHDW� )RU WKLV
UHDVRQ� YDOYHV ZLWK ZDWHU�FRROHG DQRGHV VRRQ
DSSHDUHG� 7KHLU RSHUDWLRQ LQ WKH +) EDQGV JHQHU�
DOO\ PHDQW WKDW LW ZDV QRW SRVVLEOH WR REWDLQ DV
PXFK SRZHU DW WKH WRS RI WKH EDQG� DV FRXOG EH
REWDLQHG DW WKH ORZHU IUHTXHQFLHV� 7KLV ZDV GXH WR
LQWHUQDO LQGXFWDQFHV� SDUWLFXODUO\ RI WKH FDWKRGH
OHDG� DQG KHDWLQJ RI WKH JODVV�WR�PHWDO VHDOV E\ WKH
KLJKHU 5) FXUUHQWV�

%\ WKH HQG RI WKH ����V� +) WUDQVPLWWHUV ZLWK
FDUULHU SRZHUV RI ��� N: ZHUH DYDLODEOH� 7KH\
XVHG URWDWLQJ PDFKLQHV IRU PDQ\ RI WKHLU VXSSOLHV�
WKH YDOYH ILODPHQWV ZHUH VWLOO PDGH RI SXUH WXQJ�
VWHQ DQG UHTXLUHG PDQ\ KXQGUHGV RI DPSHUHV IRU
KHDWLQJ� ,Q IDFW� ILODPHQW JHQHUDWRUV RI ����
DPSHUHV DW �����YROWVZHUH W\SLFDO� 6RPHRI WKHVH
PDFKLQHV� ZKHQ XVHG ZLWK VHULHV PRGXODWRUV�
RSHUDWHG DW D KLJK YROWDJH DERYH HDUWK DQG ZHUH
PRXQWHG RQ ODUJH LQVXODWRUV� ZLWK LQVXODWHG FRXS�
OLQJV EHWZHHQ WKH G\QDPR DQG WKH GULYLQJ PRWRU�

7KHKLJK�WHQVLRQ ������ N9� VXSSO\ IRU WKHDQRGHV
ZDV DOVR SURYLGHG E\ PXOWL�SROH� ODUJH�GLDPHWHU�
G\QDPRV� 7KHVH KLJK�WHQVLRQ JHQHUDWRUV ZHUH
XOWLPDWHO\ UHSODFHG E\ PXOWL�SKDVH WUDQVIRUPHUV
ZKLFK IHG PHUFXU\ DUF UHFWLILHUV� ,QLWLDOO\ WKHVH
ZHUH VWHHO�WDQN UHFWLILHUV� ZKLFK KDG WR EH FRQWLQX�
DOO\ HYDFXDWHG E\ PHDQV RI D SXPS� 7KH\ FRXOG�
KRZHYHU� EH RSHQHG IRU UHSDLU RU VHUYLFLQJ�

$ W\SLFDO H[DPSOH IRU XVH RQ WKH VKRUW�ZDYH EDQGV
ZDV WKH 0DUFRQL 6:%��� ,W ZDV DEOH WR FKDQJH
IUHTXHQF\ E\PHDQV RI FLUFXLW WUXFNV ZKLFK� HIIHF�
WLYHO\� ZHUH WKH RXWSXW�FLUFXLW YDULDEOH FRPSR�
QHQWV PRXQWHG RQ D ZKHHOHG DVVHPEO\� )RXU RI
WKHVH ZHUH VXSSOLHG DQG FRXOG EH SUH�WXQHG WR WKH
QH[W IUHTXHQF\� D V\VWHP RI PLQLDWXUH UDLOZD\
OLQHV� ZLWK SRLQWV� HQDEOHG WKH DSSURSULDWH WUXFN WR
EH ZKHHOHG LQWR SRVLWLRQ ZKHQ UHTXLUHG� 7KH
´ZDYH FKDQJHµ WLPH ZDV TXRWHG DV OHVV WKDQ HLJKW
PLQXWHV�

7KH WUDQVPLWWHU� DOWKRXJK UDWHG DW ��� N: RXWSXW�
RQO\ JDYH �� N: DW �� 0+]� ZKLFK ZDV LWV WRS
IUHTXHQF\� ,W ZDV RIIHUHG ZLWK WZR DOWHUQDWLYH
W\SHV RI PRGXODWRU�

�� D VHULHV PRGXODWRU ZKLFK RIIHUHG IORDWLQJ
FDUULHU� DQ HQHUJ\ VDYLQJ V\VWHP WKDW UHGXFHG
WKH FDUULHU XQGHU ORZ�PRGXODWLRQ FRQGLWLRQV�

�� D SXVK�SXOO FODVV % PRGXODWRU� ZKLFK ZDV
EHFRPLQJ WKH SUHIHUUHG W\SH�

7KH RYHUDOO HIILFLHQF\ ZDV TXRWHG DV �� � 7KH
YDULDEOH�WXQLQJ FDSDFLWRUV ZHUH DLU�VSDFHG PHWDO

SODWHV ZKLFK ZHUH PHVKHG E\ URWDWLQJ D VKDIW
FDUU\LQJ WKH PRYLQJ SODWHV� ,W ZDV QRW XQWLO DERXW
���� WKDW -R -HQQLQJV SURGXFHG WKH ILUVW YDFXXP
FDSDFLWRUV�

0RGHUQ�GD\ YDFXXP FDSDFLWRUV DUH KLJK�
WHFKQRORJ\GHYLFHV� 7KH\DUH DYDLODEOHZLWKZRUN�
LQJ YROWDJHV LQ H[FHVV RI �� N9� DW �� 0+]� DQG
ZLWK FDSDFLWDQFHV RI VHYHUDO WKRXVDQG SLFRIDUDGV�
WKH\ FDQ FDUU\ 5) FXUUHQWV RI D ���� DPSHUHV�
+LJK�SRZHU YDULDEOH�YDFXXP FDSDFLWRUV� ZKLFK
UHO\ RQ EHOORZV WR PDLQWDLQ WKH YDFXXP VHDO DV WKH
PHVKLQJ F\OLQGHUV DUHPRYHG LQ DQG RXW� XVHZDWHU
FRROLQJ WR UHPRYH WKH KHDW ZKLFK LV GLVVLSDWHG LQ
WKH EHOORZV DV D UHVXOW RI WKHKLJK5)FXUUHQW� 7KHLU
PD[LPXP VSHHG RI WXQLQJ LV OLPLWHG E\ WKH VSHHG
DW ZKLFK ZDWHU FDQ EH DGGHG WR� RU UHPRYHG IURP�
WKH EHOORZV FKDPEHU ZLWKRXW GDPDJLQJ WKH WKLQ
EURQ]H EHOORZV� 7KLV LV W\SLFDOO\ �� VHFRQGV IRU
WKH IXOO WUDYHO�

/DUJHU YDULDEOH FDSDFLWRUV �� PRUH VXLWHG WR /) DQG
0) RSHUDWLRQ �� XVH QLWURJHQ RU� PRUH UHFHQWO\�

)LJXUH �
$ IUHTXHQF\�FKDQJH

WUXFN�
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VXOSKXU KH[DIOXRULGH DW HOHYDWHG SUHVVXUH DV WKH
LQVXODWLQJ JDVHV� 7KHVH FDSDFLWRUV DUH JHQHUDOO\
GH�PRXQWDEOH IRU UHSDLU� %HFDXVH RI WKHLU SK\VLFDO
VL]H� WKHLU LQWHUQDO LQGXFWDQFH JHQHUDOO\ SUHFOXGHV
WKHLU XVH DW +)�

�� ,PSURYHPHQWV LQ YDOYH
WHFKQRORJ\

$V PHQWLRQHG DERYH� WKH HDUO\ YDOYHV XVHG SXUH
WXQJVWHQ ILODPHQWV� 7KHVH KDG WR EH KHDWHG WR
����R. WR SURGXFH DQ HPLVVLRQ RI � P$�: DQG
FRQVXPHG D VLJQLILFDQW SURSRUWLRQ RI WKH WUDQV�
PLWWHU WRWDO LQSXW SRZHU�

$ FRQVLGHUDEOH LPSURYHPHQW ZDV REWDLQHG E\
/DQJPXLU >�@ IURP D ILODPHQW ZKLFK FRQWDLQHG
� � RI WKRULXP R[LGH� (YHQ DW D UHGXFHG WHPSHUD�
WXUH RI ����R.� WKLV GHYLFH FRXOG SURGXFH D
VSHFLILF HPLVVLRQ RI �� �� ��� P$�:�

7KH DGGLWLRQ RI D VHFRQG JULG �� WKH VFUHHQ JULG ��
EURXJKW IXUWKHU DGYDQFHV� $V LWV QDPH VXJJHVWV� LW
VFUHHQHG WKH FRQWURO JULG IURP WKH DQRGH� WR UHGXFH
LQWHUQDO IHHGEDFN DQG WR HDVH SUREOHPV RI QHXWUDO�
L]DWLRQ� ,W DOVR LQFUHDVHG WKH DPSOLILFDWLRQ IDFWRU�
WKXV FRQVLGHUDEO\ UHGXFLQJ WKH GULYLQJ SRZHU
UHTXLUHG� 7KH HDUOLHU JULG VWUXFWXUHV ZHUH IRUPHG
RI D F\OLQGHU RI FURVVLQJ ZLUHV� 7KHVH ZLUHV ZHUH

&RXUWHV\ RI 7KRPVRQ 7XEHV (OHFWURQLTXHV

VSRW ZHOGHG DW HDFK FURVVLQJ SRLQW� VXFK WKDW WKH
ZLUH FDJH KDG PDQ\ LUUHJXODULWLHV ZKHUH WKH ZLUHV
FURVVHG�

/DUJH PRGHUQ WHWURGHV DUH QRZ PDGH ZLWK JULGV
IRUPHG IURP S\URO\WLF JUDSKLWH� 7KH JULGV DUH
PDGH IURP F\OLQGHUV RI JUDSKLWH ZKLFK DUH
´JURZQµ IURP JDV �PHWKDQH�DFHW\OHQH� LQ D
IXUQDFH� 7KH F\OLQGHUV DUH WKHQ PDFKLQHG DQG FXW
DZD\ WR IRUP D JULG VWUXFWXUH� HLWKHU E\ D ODVHU RU
E\ VKRW EODVWLQJ WKURXJK D PDVN�

7KH\ KDYH QXPHURXV DGYDQWDJHV� WKHUH DUH QR
MRLQWV RU RYHUODSSLQJ ZLUHV� WKH\ DUH VWURQJ� DQG
WKH\ DUH OHVV OLNHO\ WR GLVWRUWZKHQKHDWHG� )XUWKHU�
PRUH� WKH\ GR QRW VXIIHU IURP VHFRQGDU\ HPLVVLRQ
DQG PD\ EH RSHUDWHG DW KLJKHU WHPSHUDWXUHV WKDQ
FRQYHQWLRQDO ZLUH JULGV�

&RROLQJ RI WKH DQRGHV LV QRZ DFFRPSOLVKHG LQ
VHYHUDO GLIIHUHQW ZD\V� ,Q VPDOO WUDQVPLWWLQJ DQG
UHFHLYLQJ YDOYHV� WKH DQRGHV PD\ EH FRROHG E\
QDWXUDO FRQYHFWLRQ� E\ UDGLDWLRQ RU E\ IRUFHG DLU
EORZQ RYHU WKH JODVV HQYHORSH� ,Q ODUJHU YDOYHV�
WKH DQRGH LV WKH RXWHU VXUIDFH DQG PD\ EH ILWWHG
ZLWK ILQV WKURXJK ZKLFK DLU LV EORZQ�

2Q ODUJH WUDQVPLWWLQJ YDOYHV� ZDWHU LV XVHG H[FOX�
VLYHO\ DV WKH FRRODQW� ,Q WKH HDUO\ GD\V� WKH ZDWHU
ZDV SXPSHG RYHU WKH RXWHU VXUIDFH RI WKH DQRGH
DQG FDUULHG WKH KHDW DZD\� ZLWK D IDLUO\ ORZ ULVH LQ
WKH ZDWHU WHPSHUDWXUH� 7KLV ZDV ZDVWHIXO� DV ODUJH
ZDWHU IORZV ZHUH UHTXLUHG DQG WKH UHPRYHG KHDW
ZDV RI WRR ORZ D JUDGH IRU IXUWKHU XVH�

$ EHWWHU DUUDQJHPHQW ZDV WR KDYH WKH DQRGH
LPPHUVHG LQ D FRQWDLQHU RI ZDWHU �D ERLOHU� DQG WR
DOORZ WKH ZDWHU WR ERLO� WKH KHDW ZDV UHPRYHG E\
WKH ODWHQW KHDW RI HYDSRUDWLRQ� ���� N:ZLOO HYDS�
RUDWH RQH JDOORQ RI ZDWHU HDFK PLQXWH DW ���R &��
7KH UHVXOWDQW VWHDP ULVHV QDWXUDOO\ WR WKH KHDW
H[FKDQJHU ZKHUH LW LV FRQGHQVHG DQG UHWXUQV E\
JUDYLW\ WR WKH ERLOHU� ZLWK WKH DGGHG DGYDQWDJH WKDW
QR SXPS LV UHTXLUHG�

7RGD\·V VXSHU�SRZHU YDOYHV DOVR XVH ODWHQW�KHDW
FRROLQJ EXW WKH VWHDP LV FRQGHQVHG LQVLGH WKH
DQRGH MDFNHW� 7KH UHVXOWDQW ZDWHU FDQ H[LW DW XS WR
���R & DQG LV XVHIXO IRU KHDWLQJ WKH EXLOGLQJ LI
UHTXLUHG�

:H KDYH WDONHG DERXW WHFKQRORJLFDO SURJUHVV LQ
FRPSRQHQWV DQG ZLOO QRZ LQYHVWLJDWH IXUWKHU
LPSURYHPHQWV LQ WKH WHFKQLTXHV DQG HTXLSPHQW
GHVLJQ� +RZHYHU� EHIRUH ZH SURFHHG� ZH VKRXOG
ORRN DW WKH VLJQDO DQG WKH VSHFWUXP ZKLFK LV
SURGXFHG E\ D EURDGFDVW WUDQVPLWWHU�

)LJXUH �
$ 7KRPVRQ 7+���
WHWURGH�
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�� 6LJQDO FKDUDFWHULVWLFV

'RXEOH VLGHEDQG �'6%� PRGXODWLRQ FRPSULVHV D
FDUULHU� DQG D VSHFWUXP RI VLGH IUHTXHQFLHV ZKLFK
LV FHQWUHG DERXW WKH FDUULHU�

%URDGFDVW WUDQVPLWWHUV DUH QRUPDOO\ VSHFLILHG E\
WKHLU XQPRGXODWHG FDUULHU SRZHU� 7KH FDUULHU LV
WKHQ DPSOLWXGH PRGXODWHG XQWLO� DW D PRGXODWLRQ
LQGH[ RIP  �� WKH FDUULHU LV UHGXFHG WR ]HUR LQ WKH
WURXJK DQG WR WZLFH WKH FDUULHU YROWDJH DW WKH FUHVW
RIPRGXODWLRQ� 7KH506SRZHU IURPD WUDQVPLWWHU
REH\V WKH IDPLOLDU H[SUHVVLRQ�

3506  � � P� � �

ZKHUH� 3506 LV WKH 506 SRZHU� � LV WKH FDUULHU
SRZHU DQG P LV WKH PRGXODWLRQ LQGH[� LQ
WKH UDQJH � �� ��

7KHUHIRUH� DW ��� �PRGXODWLRQ �L�H� ZKHQP  ���
WKH 506 SRZHU LV HTXDO WR ���l FDUULHU SRZHU�
+RZHYHU� WKH SHDN SRZHU DW ���� PRGXODWLRQ LV
�l FDUULHU SRZHU� 7KXV� LQ WKH FDVH RI D IXOO\�
PRGXODWHG ��� N: WUDQVPLWWHU� WKH 506 SRZHU LV
��� N:DQG WKHSHDNSRZHU LV ���� N:�DVVXPLQJ
QR FDUULHU FRPSUHVVLRQ�� 7KH UDGLRIUHTXHQF\
DPSOLILHU KDV WR KDQGOH DOO WKHVH FRQGLWLRQV�

�� &ODVV�% PRGXODWLRQ

$IWHU WKH HDUO\ GD\V RI LQHIILFLHQW OLQHDU�VHULHV
PRGXODWRUV� WKH VWDQGDUG ZD\ RI PRGXODWLQJ D
KLJK�SRZHU WUDQVPLWWHU �XS XQWLO WKH PLG�����V�

ZDV E\PHDQV RI D FODVV�%SXVK�SXOOPRGXODWRU� ,WV
HIILFLHQF\DSSURDFKHG���DWP  ��EXWGHFUHDVHG
TXLWH GUDPDWLFDOO\ DW ORZHU PRGXODWLRQ GHSWKV�
�$YHUDJH PRGXODWLRQ OHYHOV VHOGRP H[FHHG
������ �� HYHQ ZLWK FRPSUHVVHG SURJUDPPH
PRGXODWLRQ��

7KH VLGH�EDQG HQHUJ\ �L�H� WKH PRGXODWLRQ� ZDV
VXSSOLHG E\ D SXVK�SXOO FODVV�% DXGLR DPSOLILHU�
ZKLFK ZDV FRXSOHG WR WKH 5) DPSOLILHU E\ PHDQV
RI D ODUJHPRGXODWLRQ WUDQVIRUPHU� 7KHPRGXODWRU
ZDV UHTXLUHG WR SURGXFH KDOI RI WKH WRWDO '& LQSXW
WR WKH 5) RXWSXW VWDJH� $W KLJK SRZHUV� DQ
DGGLWLRQDO PRGXODWLRQ FKRNH �UHDFWRU� ZDV XVHG�
WR DYRLG KDYLQJ WR SDVV D ODUJH XQEDODQFHG '&
FRPSRQHQW WKURXJK WKH WUDQVIRUPHU VHFRQGDU\
ZLQGLQJ� 7KH WUDQVIRUPHU DQG FKRNH ZHLJKHG
W\SLFDOO\ PRUH WKDQ � WRQQHV HDFK DQG FRXOG
FRQWDLQ VHYHUDO KXQGUHG JDOORQV RI LQVXODWLQJ RLO�
ZLWK LWV DWWHQGDQW ULVN RI ILUH�

�� (IILFLHQF\ LPSURYHPHQWV LQ
FODVV�& DPSOLILHUV

,Q ����� ZKLOH ZRUNLQJ IRU0DUFRQL� 9�-� 7\OHU >�@
SXEOLVKHGDSDSHUGHVFULELQJDPHDQVRI LPSURYLQJ
WKH HIILFLHQF\ RI WKH FODVV�& DPSOLILHU� 7KLV ZDV
DFKLHYHG E\ DGGLQJ KDUPRQLF UHVRQDWRUV LQ WKH
DQRGH DQG WKH JULG FLUFXLWV RI WKH 5) DPSOLILHU
YDOYH�

,Q SUDFWLFH� WKHVH UHVRQDWRUVZHUH WXQHG WR WKH WKLUG
KDUPRQLF IUHTXHQF\ DQG FRQVLVWHG RI SDUDOOHO�
WXQHG FLUFXLWV LQ VHULHV ZLWK WKH YDOYH HOHFWURGHV�
7KH\ SUHVHQWHG KLJK LPSHGDQFHV DW WKH KDUPRQLF

�

��

6XSSO\
ILOWHU 0RGXODWRU

WXEH

0RGXODWRU
WXEH

�

0RGXODWLRQ
WUDQVIRUPHU

0RGXODWLRQ
EORFNLQJ
FDSDFLWRU

0RGXODWLRQ
UHDFWRU

9DFXXP
VZLWFK

5)
DPSOLILHU

$)
LQSXW

)LJXUH ��
&LUFXLW GLDJUDP RI D

FODVV�% SXVK�SXOO
PRGXODWRU�
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IUHTXHQFLHV DQG DOORZHG D WKLUG KDUPRQLF YROWDJH
WR EH GHYHORSHG DW WKH DQRGH� 7KLV KDG WKH HIIHFW
RI DOORZLQJ WKH YDOYH WR RSHUDWH DV DQ DSSUR[LPDWH
VTXDUH�ZDYH VZLWFK� E\ PHDQV RI WKH SXOVH RI JULG
FXUUHQW WKDW UHVXOWHG ZKHQ WKH JULG ZDV GULYHQ
SRVLWLYH� 7KH 7\OHU UHVRQDWRU RIIHUHG RQO\ D
VPDOO UHDFWDQFH DW WKH IXQGDPHQWDO IUHTXHQF\�
ZKLFK ZDV WDNHQ XS E\ WKH WDQN FLUFXLW�

$W /) DQG 0)� DQRGH HIILFLHQFLHV RI ��� ZHUH
DWWDLQDEOH ZLWK WKLV V\VWHP� +RZHYHU� DW +)� WKHUH
ZHUH VHYHUH GLIILFXOWLHV LQ UHDOLVLQJ WKH WKLUG
KDUPRQLF FLUFXLWV IRU XVH DW KLJK SRZHU� 6LQFH WKH
RULJLQDO 7\OHU SDWHQW ODSVHG� WKLV WHFKQLTXH KDV
EHHQ DGRSWHG� DOPRVW XQLYHUVDOO\� E\ RWKHU
PDQXIDFWXUHUV�

�� $OWHUQDWLYH PHDQV RI
JHQHUDWLQJ $0 '6%

6R IDU ZH KDYH RQO\ FRQVLGHUHG WKH VLGH�EDQG
HQHUJ\ WKDW LV VXSSOLHG WR WKH 5) DPSOLILHU E\ D
VHSDUDWH PRGXODWRU ZKLFK YDULHV WKH LQVWDQWDQHRXV
YDOXH RI WKH +7 VXSSO\� $V VWDWHG HDUOLHU� WKH
UHTXLUHPHQW RI DQ $0 WUDQVPLWWHU LV WR EH DEOH WR
YDU\ WKH FDUULHU SRZHU IURP LWV QRPLQDO YDOXH GRZQ
WR ]HUR LQ WKH WURXJK RI PRGXODWLRQ� DQG XS WR IRXU
WLPHV LWV QRPLQDO YDOXH DW WKH FUHVW RI PRGXODWLRQ�

2EYLRXVO\ WKLV KDV WR RFFXU RYHU WKH EDQGZLGWK RI
WKHPRGXODWLQJ IUHTXHQFLHV� ,I ZH FRQVLGHU WKH 5)
DPSOLILHU DV D FRQVWDQW�YROWDJH JHQHUDWRU WKDW KDV
WKH DELOLW\ WR YDU\ G\QDPLFDOO\ WKH ORDG SUHVHQWHG
WR WKH YDOYH�ZH FRXOG YDU\ WKH SRZHU G\QDPLFDOO\�
RU SURGXFHPRGXODWLRQ� ZLWKRXW KDYLQJ WR YDU\ WKH
+7 VXSSO\� $ QRYHO V\VWHP WR DFKLHYH WKLV ZDV
GHYLVHG E\ :�+� 'RKHUW\ >�@ LQ �����

%DVLFDOO\ LW XVHV WZR VLPLODU SRZHU YDOYHV� 7KH
ILUVW SURGXFHV WKH FDUULHU SRZHU DQG WKH QHJDWLYH
PRGXODWLRQ� 7KH VHFRQGYDOYH SURGXFHVSDUW RI WKH
DGGLWLRQDO SRZHU ZKLFK LV UHTXLUHG IRU SRVLWLYH
PRGXODWLRQ DQG� DW WKH VDPH WLPH� LW UHGXFHV WKH
ORDG LPSHGDQFH VHHQ E\ WKH FDUULHU YDOYH VR WKDW LW
DOVR FRQWULEXWHV H[WUD SRZHU DW SRVLWLYH PRGXOD�
WLRQ� ,Q IDFW DW ���� PRGXODWLRQ� ERWK WKH FDUULHU

YDOYH DQG WKH SHDNLQJYDOYH HDFK FRQWULEXWH KDOI RI
WKH WRWDO SRZHU�

7KLV V\VWHP KDV EHHQ SDUWLFXODUO\ VXFFHVVIXO ZKHQ
XVHG ZLWK PRGHUQ KLJK�JDLQ WHWURGHV� 7KH 5)
GULYH LV DSSOLHG WR WKH FRQWURO JULGV DQG WKH DXGLR
VLJQDOV DUH IHG WR WKH VFUHHQ JULGV� 7UDQVPLWWHUV
ZKLFK XVH 'RKHUW\ PRGXODWLRQ KDYH EHHQ EXLOW
VXFFHVVIXOO\ E\ QXPHURXV PDQXIDFWXUHUV� QRWDEO\
&RQWLQHQWDO (OHFWURQLFV LQ WKH 86$ZKR KDYH SUR�
GXFHG /) DQG 0) WUDQVPLWWHUV RI � 0: FDUULHU
SRZHU�

7KH 'RKHUW\ V\VWHP RIIHUV VHYHUDO DGYDQWDJHV� ,W
GRHV QRW UHTXLUH D PRGXODWLRQ WUDQVIRUPHU RU
UHDFWRU� WKH 5) DPSOLILHUV GR QRW KDYH WR WROHUDWH
WKH+7YROWDJH EHLQJ GRXEOHG DW WKH FUHVW RIPRGX�
ODWLRQ DQG� FRQVHTXHQWO\� WKH\ FDQ EH RSHUDWHG DW
KLJKHU PHDQ DQRGH YROWDJHV� 7KLV LPSURYHG
HIILFLHQF\ DQG RXWSXW SRZHU KDV EHHQ DFKLHYHG E\
XVLQJ +7 YROWDJHV LQ WKH UDQJH �� �� �� N9�

7KH 'RKHUW\ SULQFLSDO FDQ DOVR EH XVHG DW +) EXW
LW VXIIHUV IURP GLIILFXOWLHV LQ PDLQWDLQLQJ WKH 5)
SKDVH UHODWLRQVKLSV� SDUWLFXODUO\ DW IUHTXHQFLHV
DERYH �� 0+]�

7KH EDVLF RXWSXW FLUFXLW IRU D 'RKHUW\�PRGXODWHG
DPSOLILHU LV VKRZQ LQ)LJ� ��� 7KH ORDG LVPDWFKHG
WR WKH LPSHGDQFH DW WKH DQRGH RI WKH SHDNLQJYDOYH�
DQG D TXDUWHU�ZDYH QHWZRUN LV FRQQHFWHG EHWZHHQ
WKH YDOYH DQRGHV� 7KH HIIHFW RI WKH QHWZRUN LV WR
WUDQVIRUP LQYHUVHO\ WKH LPSHGDQFHSUHVHQWHGDW WKH
SHDNLQJ�YDOYH DQRGH� 7KH FKDUDFWHULVWLF LPSHG�
DQFH RI WKH QHWZRUN �=R � LV GHVLJQHG WR EH WZLFH
WKH YDOXH RI WKH ORDG �5/ � ZLWK WKH SHDNLQJ YDOYH
ELDVHG RII� 7KH LQSXW LPSHGDQFH RI WKH QHWZRUN
�=� LV JLYHQ E\ =  =R� � 5/ DQG LV WKHUHIRUH IRXU
WLPHV WKDW RI WKH ORDG�

7KH ELDVLQJ RI WKH YDOYHV LV DUUDQJHG VR WKDW� ZLWK
]HUR VLJQDO LQSXW� WKH FDUULHU YDOYH LV MXVW FXW RII
DQG WKH SHDNLQJ YDOYH LV ELDVHG ZHOO EH\RQG WKH
FXW�RII SRLQW� 7KH FDUULHU YDOYH LV GULYHQ WR VDWXUD�
WLRQ E\ DSSOLFDWLRQ RI 5) GULYH WR WKH JULGV�

,QFUHDVHG ELDV� GXH WR JULG FXUUHQW� JLYHV FODVV�&
RSHUDWLRQ� 7KH SHDNLQJ YDOYH� ZLWK LWV H[WUD ELDV�
UHPDLQV FXW RII� 7KH PRGXODWLQJ VLJQDO LV DSSOLHG
WR WKH VFUHHQ JULGV DQG� RQ D SRVLWLYH F\FOH RI
PRGXODWLRQ� WKHSHDNLQJYDOYHFRQGXFWV� DGGLQJ LWV
SRZHU WR WKDW RI WKH FDUULHU YDOYH� $W ��� �PRGX�
ODWLRQ� HDFK YDOYH GHOLYHUV KDOI RI WKH WRWDO SRZHU�

2Q WKH QHJDWLYH F\FOH RIPRGXODWLRQ� WKH YROWDJH
RQ WKH VFUHHQ RI WKH FDUULHU YDOYH LV UHGXFHG�
ZKLFK OLQHDUO\ UHGXFHV WKH RXWSXW SRZHU� DQG WKH
SHDNLQJ YDOYH UHPDLQV LQ WKH FXW�RII FRQGLWLRQ�
0RGXODWLRQ DQG DPSOLILFDWLRQ LV WKHUHIRUH

�I

/RDGI

�I

)LJXUH ��
&LUFXLW GLDJUDP RI WKH
7\OHU 5HVRQDWRU�
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DFKLHYHG E\ D FRPELQDWLRQ RI YDU\LQJ WKH FLUFXLW
LPSHGDQFH DQG WKH ORDG GLVWULEXWLRQ RYHU WKH
PRGXODWLRQ F\FOH� $ TXDUWHU�ZDYH QHWZRUN LV
XVXDOO\ SODFHG LQ WKH SHDNLQJ�YDOYH LQSXW WR
FRPSHQVDWH IRU WKH SKDVH GHOD\ RI WKH DQRGH
TXDUWHU�ZDYH QHWZRUN� ([DOWHG SRVLWLYH PRGX�
ODWLRQ FDQ EH XVHG� LI UHTXLUHG� WR DOORZ PRGX�
ODWLRQ WR ��� � RU PRUH� 7KH SHDNLQJ YDOYH LV
PDWFKHG WR WKH WUDQVPLVVLRQ�OLQH LPSHGDQFH E\
FRQYHQWLRQDO PDWFKLQJ QHWZRUNV�

7KH VHDUFK IRU LPSURYHG RSHUDWLQJ HIILFLHQF\
ZDV DFFHOHUDWHG LQ WKH HDUO\ ����V ZKHQ HQHUJ\
FRVWV HVFDODWHG� 7KH DGYDQWDJHV JDLQHG DW ORZHU
IUHTXHQFLHVE\7\OHUDQG'RKHUW\ZHUHQRWHDVLO\
DSSOLHG WR +)� ZKLFK VWLOO UHOLHG PDLQO\ RQ WKH
FODVV�%PRGXODWRU RI WKDW SHULRG� $ UHSODFHPHQW
ZDV VRXJKW ZKLFK ZRXOG LPSURYH HIILFLHQF\�
SDUWLFXODUO\ DW W\SLFDO SURJUDPPH PRGXODWLRQ
OHYHOV� DQG H[SORUH IXUWKHU VDYLQJV LQ SRZHU
FRQVXPSWLRQ ZLWK FRQWUROOHG FDUULHU RSHUDWLRQ�
7KLV ZDV QRW GLVVLPLODU WR WKH IORDWLQJ�FDUULHU
RSHUDWLRQ RI WKH ����V� ZKLFK KDG XVHG D OLQHDU
VHULHV PRGXODWRU�

$W WKLV WLPH� PDQXIDFWXUHUV LQ WKH 86$� *HU�
PDQ\� WKH 8. DQG RWKHU (XURSHDQ FRXQWULHV
EHJDQ WR GHYHORS 3XOVH :LGWK 0RGXODWLRQ
�3:0� V\VWHPV� ZKLFK XVH WKH PRGXODWRU YDOYH
DV D VZLWFKLQJ GHYLFH UDWKHU WKDQ RSHUDWLQJ LW
RYHU WKH OLQHDU SDUW RI WKH FKDUDFWHULVWLF� 7KHVH
GHYHORSPHQWV HYHQWXDOO\ OHG WR D 3:0 V\VWHP
E\ +DUULV *DWHV� DQG WKH 3DQWHO V\VWHP E\
7HOHIXQNHQ >�@� $ VKXQW V\VWHP NQRZQ DV
3XOVDP >�@ ZDV GHYHORSHG E\ WKH 0DUFRQL &R��
IROORZHG E\ D '&�FRXSOHG V\VWHP NQRZQ DV
$GYDQFHG 3XOVDP� %\ XVLQJ WKHVH V\VWHPV� WKH
PRGXODWRU HIILFLHQF\ ZDV LPSURYHG WR EHWWHU
WKDQ �� �� JLYLQJ RYHUDOO +) WUDQVPLWWHU HIIL�
FLHQFLHV RI EHWZHHQ �� DQG �� ��

�� 6HULHV�3:0 PRGXODWLRQ
V\VWHPV

6HULHV�3:0 V\VWHPV KDYH EHHQ GHVFULEHG LQ VHY�
HUDO SXEOLFDWLRQV� LQFOXGLQJ >�@� DQG RQO\ D EULHI
GHVFULSWLRQ RI WKH YDULRXV V\VWHPV DQG WKHLU FRQ�
WUDVWV ZLOO EH JLYHQ� $OO 3:0 V\VWHPV PXVW EH
GHVLJQHG WR WDNH DFFRXQW RI WKH HIIHFWV RI VWUD\
FDSDFLWDQFH RQ WKH VZLWFKLQJ YDOYH� DV WKLV UHVXOWV
LQ SRZHU ORVV DQG DOVR FDXVHV GLVWRUWLRQ RI WKH
DXGLR VLJQDO LQ VHULHV�3:0 V\VWHPV� 7KXV WKH
VLPSOHVW VHULHV�3:0 V\VWHP� ZLWK WKH VZLWFKLQJ
YDOYH FRQQHFWHG WR WKH KLJK SRWHQWLDO UDLO DQG WKH
ILOWHU LQ VHULHV ZLWK WKH 5) DPSOLILHU� LV XQVXLWDEOH
IRU XVH DW KLJK SRZHUV� 7KH HIIHFWV RI VWUD\ FDSDFL�
WDQFH DUH WRR JUHDW�

2QH ZD\ RI DYRLGLQJ WKLV LV WR KDYH WKH FDWKRGH RI
WKH PRGXODWRU YDOYH DW HDUWK SRWHQWLDO� EXW WKLV
UHTXLUHV WKH ZKROH 5) DPSOLILHU DQG LWV FLUFXLW
FRPSRQHQWV WR EH DW HOHYDWHG SRWHQWLDO� ZKLFK LV
QRW YHU\FRQYHQLHQW� $OVR� WKH VZLWFKLQJYDOYHDQG
LWV DVVRFLDWHG FRPSRQHQWV PXVW EH LQ FORVH SUR[�

+7
'& VXSSO\ 6XSSO\

ILOWHU
FDSDFLWRU

)LOWHU

5) DPSOLILHU

'LRGH

6WRUDJH
LQGXFWRU

6ZLWFKLQJ
WXEH

$)
LQSXW

)LJXUH ��
%DVLF FLUFXLW GLDJUDP

RI D 'RKHUW\�
PRGXODWHG DPSOLILHU�

)LJXUH ��
&LUFXLW GLDJUDP RI D
VHULHV 3:0 V\VWHP�

M � �

M � �

=
=R
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$) PRGXODWLRQ

&DUULHU

&DUULHU
WXEH

3HDNLQJ
WXEH
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LPLW\ WR WKH 5) DPSOLILHU� ZKLFK EHFRPHV PRUH
GLIILFXOW DW KLJK SRZHU GXH WR WKHLU SK\VLFDO VL]H�

���� 7KH 3DQWHO V\VWHP

7KH 7HOHIXQNHQ 3DQWHO V\VWHP KDV WKH 5) DPSOL�
ILHU ZLWK LWV FDWKRGH DW HDUWK SRWHQWLDO� ZKLFK
UHPRYHV DQ\ UHVWULFWLRQ RQ LWV XVH DW KLJK SRZHUV�
,Q WKH EDVLF FLUFXLW VKRZQ LQ )LJ� ��� WKH HIIHFWV RI
VWUD\ FDSDFLWDQFH RQ WKH VZLWFKLQJ YDOYH DUH PLQL�
PLVHG LQ D QRYHO DUUDQJHPHQW ZKLFK ORFDWHV WKH
XQZDQWHG HIIHFWV LQVLGH WKH ILOWHU� 7KH GLRGH LV
QHFHVVDU\ WR UHWXUQ HQHUJ\ WR WKH ILOWHU ZKHQ WKH
VZLWFKLQJ YDOYH LV WXUQHG RII� ,WV FRQQHFWLRQ LV
VWUDLJKWIRUZDUG LQ WKH VLPSOH VHULHV V\VWHP EXW LV
PRUH LQYROYHG LQ WKH 3DQWHO DUUDQJHPHQW�
UHTXLULQJ D WLJKWO\�FRXSOHG ZLQGLQJ RQ WKH VWRUDJH
LQGXFWRU�

:LWK DQ\ IRUP RI VHULHV V\VWHP� WKH WRWDO SRZHU WR
WKH5)DPSOLILHU KDV WR EH SDVVHGE\ WKHPRGXODWRU�
&RQVHTXHQWO\� LWV FRQYHUVLRQ HIILFLHQF\ LV RI SDUD�
PRXQW LPSRUWDQFH WR WKH RYHUDOO HIILFLHQF\ RI WKH
V\VWHP�

���� 7KH 3XOVDP V\VWHP

7KH 3XOVDP V\VWHP >�@� SURGXFHG E\ 7KH0DUFRQL
&R�� XVHV D VRPHZKDW GLIIHUHQW DSSURDFK LQ WKDW LW
VWLOO RQO\ KDQGOHV WKH VLGHEDQG HQHUJ\� LQ PXFK WKH
VDPH DUUDQJHPHQW DV WKH SXVK�SXOO FODVV�% PRGX�
ODWRU� 7KH 5) DPSOLILHU FRXOG EH WKH VDPH DV WKDW
XVHGZLWK WKH FODVV�%PRGXODWRU� ,W UHFHLYHV LWV'&
LQSXW IURP D GHGLFDWHG VXSSO\� YLD D PRGXODWLRQ
UHDFWRU� DQG FDQ EH SRZHUHG LQGHSHQGHQWO\ RI WKH
PRGXODWRU� 7KLV KDV DGYDQWDJHV ZKHQ FRPPLV�
VLRQLQJ RU IDXOW ILQGLQJ� 7KH PRGXODWRU UHTXLUHV D
VHSDUDWH VXSSO\ RI MXVW RYHU WZLFH WKH YROWDJH RI WKH
5) VXSSO\� DOWKRXJK LW LV FRQVLGHUDEO\ VPDOOHU�
KDYLQJ RQO\ WR FRQWULEXWH WKH VLGHEDQG HQHUJ\�

7KH DXGLR LQSXW LV SURFHVVHG WR SURGXFH D SXOVH
WUDLQ ZKLFK LV DSSOLHG WR WKH FRQWURO JULGV RI WKH
VZLWFKLQJ YDOYHV� 7KH SXOVH UHSHWLWLRQ IUHTXHQF\
LV DSSUR[LPDWHO\ WHQ WLPHV WKH UHTXLUHG DXGLR
IUHTXHQF\ DQG� FRQVHTXHQWO\� LV LQ WKH UDQJH
�� N+] WR �� N+]� 7KH VLJQDO PD\ EH DSSOLHG WR
WKH FRQWURO JULG RI WKH ORZHU YDOYH DV� LQ WKLV
DUUDQJHPHQW� WKH FRQWURO JULG RI WKH XSSHU YDOYH LV
DXWRPDWLFDOO\ SXOVHG LQ DQWLSKDVH� 7KH WZR YDOYHV
DUH FRQQHFWHG LQ VHULHV DFURVV WKH +7 VXSSO\� ZLWK
WKHLUPLG�SRLQW IHHGLQJ WKH VWRUDJH LQGXFWRU� ,Q WKH
XQPRGXODWHG FDUULHU FRQGLWLRQ� WKH WZR YDOYHV DUH
GULYHQ LQ DQWLSKDVH E\ SXOVHV ZKLFK DUH RQ IRU
�� � RI WKH GXW\ F\FOH�

%\ WKH DFWLRQ RI WKH VWRUDJH LQGXFWRU� WKLV VHWV WKH
PLG�SRLQW YROWDJH WR KDOI WKH VXSSO\ YROWDJH� 7KLV
LV DSSUR[LPDWHO\ HTXDO WR WKH '& YROWDJH ZKLFK
IHHGV WKH 5) DPSOLILHU� 7KH PLG�SRLQW LV WKHQ
FRQQHFWHG WR WKH 5) DPSOLILHU YLD D '&�EORFNLQJ
FDSDFLWRU� :KHQ PRGXODWLRQ LV DSSOLHG� WKH SXOVH
ZLGWKV YDU\ ZLWK WKH DPSOLWXGH RI WKH DXGLR
IUHTXHQF\ VLJQDO� $W D PRGXODWLRQ LQGH[ RIP  ��
WKH ORZHU YDOYH LV DOPRVW EDFNHG RII IRU D QXPEHU
RI VZLWFKLQJ SXOVHV� DQG WKH XSSHU YDOYH LV DOPRVW
FRQWLQXDOO\ FRQGXFWLQJ� $W WKH WURXJK RI PRGX�
ODWLRQ� WKH YDOYH FRQGLWLRQV DUH UHYHUVHG�

7KH 3XOVDP V\VWHP RIIHUV VHYHUDO DGYDQWDJHV�

�� WKH 5) VWDJH GRHV QRW GHSHQG RQ WKH PRGXODWRU
WR EH SRZHUHG�

�� WKHPRGXODWRU RQO\ KDQGOHV WKH VLGHEDQG SRZHU
VR WKDW LW XVHV FRPSDUDWLYHO\ VPDOO YDOYHV�

�� WKH IDXOW HQHUJ\ GXPSHG LQ WKH 5) YDOYH� XQGHU
IODVK DUF FRQGLWLRQV� LV YHU\ OLPLWHG E\ WKH
PRGXODWLRQ UHDFWRU�

7KH GLVDGYDQWDJHV DUH WKDW WZR VHSDUDWH SRZHU
VXSSOLHV DQGDPRGXODWLRQ UHDFWRUDUH UHTXLUHG� DQG
WKH UDGLRIUHTXHQF\ +7 VXSSO\ YROWDJH FDQQRW EH
YDULHG DV LW FDQ EH ZLWK D VHULHV PRGXODWRU�

+7
'& VXSSO\

6XSSO\
ILOWHU
FDSDFLWRU

6WRUDJH
LQGXFWRU

'LRGH

6ZLWFKLQJ
WXEH

$) LQSXW

)LOWHU

5)
DPSOLILHU

)LJXUH ��
%DVLF FLUFXLW GLDJUDP
RI WKH 3DQWHO VHULHV
3:0 V\VWHP�



���

��(%8 7HFKQLFDO 5HYLHZ 6SULQJ ����
)HQQ

���� 7KH $GYDQFHG 3XOVDP
PRGXODWRU

7KH $GYDQFHG 3XOVDPPRGXODWRU LV D YDULDWLRQ RQ
WKH FODVVLF VHULHVPRGXODWRU� 7KH YDOYH LVPRXQWHG
RQ D ORZ�FDSDFLW\ ER[ ZKLFK KRXVHV WKH SRZHU
)(7V� 7KHVH DUH XVHG WR GULYH WKH FRQWURO JULG DQG
WKH VFUHHQ JULG ZLWK FRQVWDQW FXUUHQW IHHGV� DQG D
WKLUG HOHFWURQLF VZLWFK SURYLGHV WKH 3:0 GULYH WR
WKH FRQWURO JULG� $W WKH FDUULHU� WKH YDOYH LV GULYHQ
ZLWK DPDUN�WR�VSDFH UDWLR RI DSSUR[LPDWHO\ �����
DQG� FRQVHTXHQWO\� WKH '& SRWHQWLDO LV KDOI WKDW RI
WKH +7 VXSSO\ YROWDJH�

:LWK LQFUHDVHGPRGXODWLRQ� WKHRQSHULRGEHFRPHV
ORQJHU DQG WKH RII SHULRG LV VKRUWHU� &RQYHUVHO\� LQ
WKH WURXJK RI PRGXODWLRQ� WKH GXW\ F\FOH EHFRPHV
UHYHUVHG� 7KH FDWKRGHRI WKHYDOYH LV DW KLJKSRWHQ�
WLDO ZLWK UHVSHFW WR JURXQG DQG WKHUHIRUH UHTXLUHV
D KLJKO\�LQVXODWHG ILODPHQW WUDQVIRUPHU� 7KLV LV
FRQVWUXFWHG RQ D VLPLODU SULQFLSOH WR WKH WRURLGDO
WUDQVIRUPHU RQPDVW OLJKWLQJ� WR UHGXFH LWV FDSDFLW\
WR D PLQLPXP� DQG KDV WR SDVV DERXW �� N: RI
ILODPHQW SRZHU�

$ VLPLODU FRQVWUXFWLRQ LV XVHG IRU WKH ELDV DQG
VFUHHQ WUDQVIRUPHU� &RQWURO VLJQDOV DUH IHG WR WKH
YDOYH� DQG PRQLWRULQJ VLJQDOV DUH VHQW EDFN E\
PHDQV RI ILEUH�RSWLF FDEOHV� ZKLFK SURYLGH YHU\
JRRG HOHFWULFDO LVRODWLRQ DQG KLJK QRLVH LPPXQLW\�

7KH VHULHV PRGXODWRU� ZLWK LWV DELOLW\ WR FRQWURO WKH
'& YROWDJH WR WKH 5) DPSOLILHU� RSHQV XS WKH
SRVVLELOLW\ IRU IXUWKHU HQHUJ\�VDYLQJ PRGHV RI
RSHUDWLRQ�

�� (QHUJ\�VDYLQJ PRGXODWLRQ
V\VWHPV

7KHUH DUH WZR VWDQGDUGPRGHV WR VDYH HQHUJ\� ERWK
UHO\LQJ RQ FRQWUROOHG�FDUULHU RSHUDWLRQ�

���� '\QDPLF $PSOLWXGH
0RGXODWLRQ �'$0�

7KLV PHWKRG UHGXFHV WKH FDUULHU SRZHU DW ORZ
PRGXODWLRQ OHYHOV� ,Q WKH FDVH RI D ��� N:
WUDQVPLWWHU� WKH FDUULHU SRZHU DW ]HURPRGXODWLRQ LV
W\SLFDOO\ UHGXFHG WR ��� N:� 8S WR PRGXODWLRQ
OHYHOV RI VD\ �� �� WKH FDUULHU OHYHO LV VWLOO UHGXFHG�
+RZHYHU� IXUWKHU LQFUHDVHV LQ WKHPRGXODWLRQ OHYHO
LQFUHDVH WKH FDUULHU SRZHU XS WR WKH SRLQW ZKHUH� DW
IXOO PRGXODWLRQ� LW LV EDFN WR ��� N:�

'HSHQGLQJ RQ WKH SURJUDPPH PDWHULDO� SRZHU
VDYLQJV RI ��� DUH DFKLHYDEOH ZLWK '$0� 7KH
GUDZEDFN ZLWK WKLV V\VWHP RFFXUV DW WKH IULQJH RI
WKH UHFHSWLRQ DUHD� RU LQ DUHDV RI LQWHUIHUHQFH� $V
WKHFDUULHU LV UHGXFHGXQGHU ORZ�PRGXODWLRQFRQGL�
WLRQV� WKH $*& RI WKH UHFHLYHU LQFUHDVHV LWV JDLQ
DQG UHGXFHV WKH UHFHLYHG VLJQDO�WR�QRLVH UDWLR�
7KLV FDQ EH PRVW DQQR\LQJ WR WKH OLVWHQHU�

�

�

��

(�

'& VXSSO\

(�

'& VXSSO\

(�

6XSSO\
ILOWHU

'LRGHV

$) LQSXW

6ZLWFKLQJ
WXEH

6WRUDJH LQGXFWRU

)LOWHU

6ZLWFKLQJ
WXEH

0RGXODWLRQ
UHDFWRU

9DFXXP
VZLWFK

0RGXODWLRQ
EORFNLQJ
FDSDFLWRU

5)
DPSOLILHU

)LJXUH ��
%DVLF FLUFXLW

GLDJUDP RI WKH
3XOVDP V\VWHP�
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���� $PSOLWXGH 0RGXODWLRQ
&RPSDQGLQJ �$0&�

7KLV V\VWHP� GHYLVHG E\ WKH %%&� LV DOPRVW WKH
UHYHUVHRSHUDWLRQRI'$0� +HUH� XQGHU FRQGLWLRQV
RI ORZ PRGXODWLRQ� WKH FDUULHU SRZHU LV DW D PD[L�
PXPDQG� LQ IDFW�PD\ HYHQ EH HQKDQFHG DERYH WKH
QRUPDO FDUULHU OHYHO� :KHQPRGXODWLRQ LV DSSOLHG�
WKH FDUULHU LV UHGXFHGXQWLO� DW D OHYHO FRUUHVSRQGLQJ
WR ��� � PRGXODWLRQ� LW PD\ EH � G% GRZQ RQ LWV
RULJLQDO OHYHO�

$W WKH UHFHLYHU� WKLV KDV D EHQHILFLDO HIIHFW� $W ORZ
PRGXODWLRQ OHYHOV� WKH ODUJH FDUULHU UHGXFHV WKH
QRLVH DW WKH UHFHLYHU� &RQYHUVHO\� ZKHQ WKH
PRGXODWLRQ LV KLJK DQG WKH FDUULHU LV UHGXFHG� WKH
QRLVH LQ WKH UHFHLYHU ZLOO EH VZDPSHG E\ WKH GH�
PRGXODWHG VLJQDO� (QHUJ\ VDYLQJV RI XS WR �� �
KDYH EHHQ UHSRUWHG ZKHQ XVLQJ WKH $0& V\VWHP�

��� 6LQJOH�VLGHEDQG
EURDGFDVWLQJ

0RGHUQ +) WUDQVPLWWHUV DUH UHTXLUHG WR KDYH WKH
FDSDELOLW\ IRU VLQJOH�VLGHEDQG �66%� RSHUDWLRQ�
7KH FDUULHU VXSSUHVVLRQ PXVW EH DGMXVWDEOH RYHU
WKH OLIH RI WKH WUDQVPLWWHU� DV LQFUHDVLQJO\ PRUH
UHFHLYHUV GHVLJQHG IRU 66% UHFHSWLRQ EHFRPH
DYDLODEOH WR WKH GRPHVWLF DXGLHQFH� ,QLWLDOO\�
RSHUDWLRQ ZLWK RQO\ �G% RI FDUULHU UHGXFWLRQ LV
SURSRVHG� 7KLV ZLOO DOORZ D FRPSDWLEOH VLJQDO WR
EH UHFHLYHG ZLWK D FRQYHQWLRQDO GRXEOH�VLGHEDQG
UHFHLYHU�

$V FKHDSHU 66% UHFHLYHUV EHFRPH FRPPRQSODFH�
WKH FDUULHU OHYHO PD\ EH UHGXFHG IXUWKHU� 7KH
SXUSRVH RI WKLV LV WR UHGXFH WKH RFFXSLHG EDQG�
ZLGWK DQG WR VDYH SRZHU�

7KH FRQYHQWLRQDO ZD\ WR SURGXFH DQ 66% WUDQV�
PLVVLRQ KDV EHHQ WR JHQHUDWH WKH 66% VLJQDO LQ WKH
GULYH FLUFXLW� DQG WR DPSOLI\ LW WR WKH UHTXLUHG
SRZHU OHYHO E\ PHDQV RI OLQHDU SRZHU DPSOLILHUV�
7KHVH� RI FRXUVH� DUH QRW YHU\ HIILFLHQW EXW WKH\ DUH
DFFHSWDEOH DW SRZHUV RI RQO\ D IHZ WHQV RI NLOR�
ZDWWV� DV XVHG LQ FRPPXQLFDWLRQ WUDQVPLWWHUV�

:LWK EURDGFDVW WUDQVPLWWHUV� WKH UHTXLUHG SHDN
HQYHORSH SRZHU PD\ EH LQ H[FHVV RI � 0: DQG�
REYLRXVO\� D PRUH HIILFLHQW VROXWLRQ LV UHTXLUHG�

$PHWKRG RULJLQDOO\ SURSRVHG E\ .DKQ LV LQ ZLGH�
VSUHDG XVH� LW GRHV QRW UHTXLUH WKH KLJK�SRZHU
DPSOLILHU WR EH OLQHDU DQG� FRQVHTXHQWO\� LW FDQ XVH
WKH HIILFLHQW FODVV�& RSHUDWLRQ� ,W DOVR UHTXLUHV D
'&�FRXSOHG PRGXODWRU� L�H� D VHULHV PRGXODWRU�

7KH 66% VLJQDO LV JHQHUDWHG LQ D ORZ�SRZHU GULYH
LQ WKH QRUPDO ZD\� ,W LV WKHQ GHPRGXODWHG WR
UHWULHYH WKH HQYHORSH VLJQDO ZKLFK LV IHG WR WKH
KLJK�SRZHU PRGXODWRU� 7KH 66% VLJQDO LV WKHQ
KDUG OLPLWHG WR UHPRYHDQ\ DPSOLWXGH LQIRUPDWLRQ�
WKH UHPDLQLQJ VLJQDO� ZKLFK FRQWDLQV WKH RULJLQDO
SKDVH PRGXODWLRQ� LV DPSOLILHG DQG XVHG WR GULYH
WKH FODVV�& RXWSXW VWDJH� 7KH DPSOLWXGH VLJQDO DQG
WKH SKDVH�PRGXODWHG VLJQDO WKHQ FRPELQH DW WKH
DQRGH RI WKH RXWSXW VWDJH WR SURGXFH D KLJK�
HIILFLHQF\ 66% VLJQDO�

��� 6ROLG�VWDWH PRGXODWRUV IRU
+) EURDGFDVWLQJ

7KH HIILFLHQF\ RI WKHUPLRQLF�YDOYH PRGXODWRUV
KDG EHHQ LPSURYHG WR WKH SRLQW ZKHUH DQRGH�
FRQYHUVLRQ HIILFLHQFLHV LQ H[FHVV RI �� � ZHUH
FRPPRQSODFH� 7KHUH ZDV� DW WKLV WLPH� OLWWOH URRP
IRU LPSURYHPHQW DV WKH SRZHU GLVVLSDWHG LQ WKH
ILODPHQW DQG WKH JULGV ZDV QRZ YHU\ VLJQLILFDQW�
7KH RQO\ ZD\ IRUZDUG ZDV ZLWK VHPL�FRQGXFWRUV�

����� ,QVXODWHG�JDWH EL�SRODU
WUDQVLVWRUV �,*%7V�

%L�SRODU WUDQVLVWRUV �� FDSDEOH RI VZLWFKLQJ PDQ\
DPSHUHV DW FRPSDUDWLYHO\ KLJK YROWDJHV �� KDG
DOUHDG\ EHHQ GHYHORSHG IRU PRWRU FRQWURO� 7KHVH
GHYLFHVZHUHPDQXIDFWXUHGZLWK WKHGULYHFLUFXLWU\
EXLOW LQWR WKH SDFNDJH� WR SURGXFH LQVXODWHG�JDWH
EL�SRODU WUDQVLVWRUV� 'HYLFHV RI WKLV W\SH DUH QRZ
DYDLODEOH WR VZLWFK VHYHUDO KXQGUHG DPSHUHV DQG
DUH FDSDEOH RI EORFNLQJ ���� YROWV RU PRUH�

,*%7V DUH PXFK PRUH VXLWDEOH WKDQ WK\ULVWRUV IRU
VZLWFKLQJ SXUSRVHV DV WKH\ FDQ EH WXUQHG RII TXLWH
VLPSO\� UDWKHU WKDQKDYLQJ WR EHFRPPXWDWHG RII E\
UHYHUVLQJ WKH FXUUHQW�

����� 7KH 3XOVH 6WHS 0RGXODWRU
V\VWHP

7KH %URZQ %RYHUL &R� LQ 6ZLW]HUODQG KDV SUR�
GXFHG WKH 3XOVH 6WHS0RGXODWRU �360� V\VWHP >�@
ZKLFK� EDVLFDOO\� FRQVLVWV RI D TXDQWLW\ RI ORZHU�
YROWDJH SRZHU VXSSOLHV FRQQHFWHG LQ VHULHV� 7KH
RXWSXW RI HDFKSRZHU VXSSO\ LQFRUSRUDWHV DQ ,*%7
VZLWFK� VKXQWHG E\ D GLRGH� 7KHVH ,*%7V FDQ EH
VZLWFKHG RQ LQGLYLGXDOO\ DQG LQVWDQWDQHRXVO\ WR
SURYLGH WKH RSWLPXP YROWDJH UHTXLUHPHQWV DW DQ\
JLYHQ LQVWDQFH GXULQJ WUDQVPLVVLRQ RI DPRGXODWHG
FDUULHU� 7KH VKXQW GLRGH DOORZV FXUUHQW WR SDVV
WKURXJK WKH PRGXOH LI LWV ,*%7 LV VZLWFKHG RII� VR
WKDW WKH PRGXOH RIIHUV D ORZ LPSHGDQFH ZKHQ LW LV
QRW FRQWULEXWLQJ DQ\ YROWDJH WR WKH VHULHV FKDLQ�
7KH V\VWHP FDQ EH OLNHQHG WR D YHU\ ODUJH '�WR�$
FRQYHUWHU�
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2YHUDOO HIILFLHQFLHV RI �� �� �� �� LQFOXGLQJ WKH
WUDQVIRUPHU ORVV� DUH QRZ FODLPHG IRU WKH 360
V\VWHP DQG LW ZRXOG DSSHDU WKDW WKH KLJK�SRZHU
PRGXODWRU KDV UHDFKHG QHDU SHUIHFWLRQ�

7KH DGGLWLRQDO DGYDQWDJH RI DPXOWL�PRGXOH VROLG�
VWDWHPRGXODWRU LV WKDW LW ZLOO FRQWLQXH WRZRUNZLWK
VHYHUDO IDLOHG PRGXOHV� HLWKHU E\ UHGXFLQJ WKH
FDUULHU SRZHU RU E\ OLPLWLQJ WKH PRGXODWLRQ SHDNV
WR EHORZ ��� � LQ WKH SRVLWLYH GLUHFWLRQ� 7KH
UHPRYDO RI WKHPRGXODWRU YDOYH QRZPDNHV VLQJOH�
YDOYH KLJK�SRZHU +) WUDQVPLWWHUV D UHDOLW\�

��� 6ROLG�VWDWH SRZHU�EORFNV
IRU 0) EURDGFDVWLQJ

$W0)� KLJK�SRZHU WUDQVPLWWHUV DUH QRZ DYDLODEOH
ZKLFK XVH DOO�VROLG�VWDWH GHYLFHV� $ W\SLFDO
H[DPSOH LV WKH +DUULV '; VHULHV >�@� ZKHUH VROLG�
VWDWH SRZHU EORFNV DUH FRPELQHG XS WR WKH WRWDO
RXWSXW SRZHU ZKLFK LV UHTXLUHG� 7KH GLJLWDO $0
V\VWHP XVHV D ���ELW $'&� D GLJLWDO PRGXODWLRQ
HQFRGHU� DQG D SRZHU�PXOWLSO\LQJ '$& ZKLFK
UHFUHDWHV DQ $0 VLJQDO IURP WKH SURFHVVHG GLJLWDO
LQIRUPDWLRQ� $ W\SLFDO DUUDQJHPHQW� XVLQJ D���ELW
$'&� XWLOLVHV WKH �PRVW�VLJQLILFDQW ELWV WR WXUQ RQ
PRGXOHV RI WKH VDPH VL]H� WKH � OHDVW�VLJQLILFDQW
ELWV DUH XVHG WR FRQWURO WKH ELQDU\�ZHLJKWHG
DPSOLILHUV� WKXV JLYLQJ ���ELW UHVROXWLRQ�

7KHUH LV QR WKHRUHWLFDO OLPLW WR WKH SRZHU WKDW
FDQ EH REWDLQHG E\ FRPELQLQJ VXLWDEOH SRZHU
EORFNV �� RQO\ RQH RI HFRQRPLFV� 2EYLRXVO\� WR
GRXEOH WKH SRZHU RI D WUDQVPLWWHU ZKLFK XVHV
PRGXODU FRQVWUXFWLRQ� LW LV QHFHVVDU\ WR GRXEOH
WKH KDUGZDUH �XQOLNH LQ WKH FDVH RI YDOYH WUDQV�
PLWWHUV�� 0RGXODU FRQVWUXFWLRQ GRHV� KRZHYHU�
RIIHU WKH EHQHILWV RI JUDFHIXO IDLOXUH DQG WKH
HOLPLQDWLRQ RI WKH UHSODFHPHQW FRVWV DQG WKH
FDWDVWURSKLF LQFRQYHQLHQFHZKLFKRFFXUVZKHQ
D ODUJH YDOYH IDLOV� +LJK HIILFLHQF\ DQG JRRG
DXGLR SHUIRUPDQFH DUH FODLPHG IRU WKLV VROLG�
VWDWH V\VWHP�

��� +) WUDQVPLWWHU FRQWURO
V\VWHPV

,Q WKH HDUO\ GD\V� WUDQVPLWWHUV ZHUH DGHTXDWHO\
FRQWUROOHG E\ UKHRVWDWV� NQLIH VZLWFKHV DQG D IHZ
UHOD\V� 7RGD\ WKHLU FRQWURO V\VWHPV XVH WKH ODWHVW
PLFUR�SURFHVVRU DQG FRPSXWHU V\VWHPV� 1RW RQO\
KDYH WKH HQHUJ\ FRVWV ULVHQ ZLWK WLPH� EXW DOVR WKH
ODERXU FRVWV� 1RW VR PDQ\ \HDUV DJR� KLJK�SRZHU
+) WUDQVPLWWLQJ VWDWLRQV ZHUH PDQQHG DURXQG WKH

FORFN ZLWK ERWK RSHUDWLRQDO DQG PDLQWHQDQFH
SHUVRQQHO�

7RGD\� +) WUDQVPLWWHUV FKDQJH WKHLU IUHTXHQF\
FRPSOHWHO\ DXWRPDWLFDOO\� ZLWK IUHTXHQF\�IROORZ
DXWR�WXQLQJ V\VWHPV� ,W LV RQO\ QHFHVVDU\ IRU WKH
H[FLWHU IUHTXHQF\ WR EH FKDQJHG� WKH WUDQVPLWWHU
WXQHV DXWRPDWLFDOO\ WR WKH QHZ IUHTXHQF\ DQG
ORDGV LWVHOI WR WKH FRUUHFW FRQGLWLRQV� PDNLQJ GXH
DOORZDQFH IRU WKH DQWHQQD 96:5� (TXLSPHQW LV
UHTXLUHG WR FKDQJH IUHTXHQF\ WHQ RU PRUH WLPHV
GDLO\ DQG DFFRPSOLVKHV HDFK FKDQJH� W\SLFDOO\� LQ
OHVV WKDQ WHQ VHFRQGV�

2Q ODUJH +) WUDQVPLWWLQJ VWDWLRQV� FRPSXWHUV QRZ
RSHUDWH QRW RQO\ WKH WUDQVPLWWHUV EXW WKH FRPSOHWH
V\VWHP� %\ PHDQV RI D PDWUL[ RI IHHGHU VZLWFKHV�
DQ\ WUDQVPLWWHU FDQ EH URXWHG WR DQ\ DQWHQQD�
ZKLFK PD\ ZHOO KDYH WKH DELOLW\ WR EH VOHZHG LQ
D]LPXWK DQG�RU HOHYDWLRQ� 3URJUDPPH PDWHULDO LV
DOVR URXWHG WR WKH DSSURSULDWH WUDQVPLWWHU DORQJ
ZLWK WKH UHTXLUHG�IUHTXHQF\�FKDQJH FRPPDQG�
9LD 9'8 VFUHHQV DQG NH\ERDUGV LQ WKH FRQWURO
URRPV� WKH VWDWXV RI DOO HTXLSPHQW FDQ EH PRQL�
WRUHG� ZLWK SULQWRXWV RI DQ\ LUUHJXODULWLHV� 6RPH
VWDWLRQV DUH DOUHDG\ RSHUDWLQJ FRPSOHWHO\ XQ�
PDQQHG GXULQJ SDUW RI WKH ���KRXU F\FOH�

$W D ODUJH +) VWDWLRQ� LW LV PRVW LPSUHVVLYH WR VHH
WHQ ��� N: WUDQVPLWWHUV FKDQJH IUHTXHQF\ VLPXO�
WDQHRXVO\ �� ZLWKRXW DQ RSHUDWRU LQ VLJKW�

$FNQRZOHGJHPHQWV

7KH DXWKRU ZRXOG OLNH WR WKDQN KLV IULHQGV DQG FRO�
OHDJXHV DW *(&�0DUFRQL IRU WKHLU KHOS DQG IRU
JLYLQJ DFFHVV WR WKH DUFKLYH PDWHULDO�

7KH SKRWRJUDSKV DUH DOO IURP 0DUFRQL DUFKLYHV
ZLWK WKH H[FHSWLRQ RI WKH 7+��� WHWURGH
SKRWRJUDSK �SDJH ��� ZKLFK ZDV NLQGO\ VXSSOLHG
E\ 7KRPVRP 7XEHV (OHFWURQLTXHV�

%RUQ LQ ����� (ZDQ )HQQ ZDV HGXFDWHG DW
1RUWK (DVW (VVH[ 7HFKQLFDO &ROOHJH� (QJODQG�
DQG VHUYHG KLV DSSUHQWLFHVKLS ZLWK WKH
0DUFRQL &RPSDQ\�

+H KDV VSHQW PRVW RI KLV ZRUNLQJ OLIH LQ WKH
WUDQVPLWWHU GHYHORSPHQW JURXS DQG KDV
WUDYHOOHG H[WHQVLYHO\ WKURXJKRXW WKH ZRUOG�
+H ZDV YHU\ LQYROYHG LQ WKH UHFHQW 92$ UH�
HQJLQHHULQJ SURJUDPPH� FRYHULQJ ERWK 0)
DQG +) WUDQVPLWWHUV�

(ZDQ )HQQ QRZ KROGV WKH SRVLWLRQ RI
(QJLQHHULQJ 0DQDJHU� KLJK�SRZHU VRXQG
WUDQVPLWWHUV� LQ *(&�0DUFRQL &RPPXQL�
FDWLRQV /LPLWHG�



���

�� (%8 7HFKQLFDO 5HYLHZ 6SULQJ ����
)HQQ

%LEOLRJUDSK\

>�@ %DNHU� :�-�� $ +LVWRU\ RI WKH 0DUFRQL
&RPSDQ\
0HWKXHQ 	 &R� /WG�� �����

>�@ /DQJPXLU� ,�� 7KH (OHFWURQ (PLVVLRQ IURP
7KRULDWHG 7XQJVWHQ )LODPHQWV
3K\VLFDO 5HYLHZ� ����� 9RO� ��� S� ����

>�@ 7\OHU� 9�-�� $ 1HZ +LJK (IILFLHQF\ +LJK
3RZHU $PSOLILHU
0DUFRQL 5HYLHZ� 9RO� ;;�� 1R����� �����
S� ���

>�@ 'RKHUW\� :�+�� $ 1HZ +LJK (IILFLHQF\
3RZHU $PSOLILHU IRU 0RGXODWHG :DYHV
3URFHHGLQJV RI WKH ,QVWLWXWH RI 5DGLR (QJL�
QHHUV� 9RO� ��� 1R� �� �����

>�@ :\VRFNL� %�� 3'0 �� 7UDQVPLWWHUV
,%& 3URFHHGLQJV������ SS���������

>�@ %RZHUV� '�)�� 3XOVDP �� $ 1HZ $PSOLWXGH
0RGXODWLRQ 6\VWHP
&RPPXQLFDWLRQ DQG%URDGFDVWLQJ� 9RO� ��1R�
�� -XQH �����

>�@ 6FKPLQNH� :�� 3XOVH 6WHS 0RGXODWLRQ
%URZQ %RYHUL 5HYLHZ� 1R� ��� �����

>�@ 6ZDQVRQ� +�� 'LJLWDO $0 7UDQVPLWWHUV
,((( 7UDQVDFWLRQV RQ %URDGFDVWLQJ� 9RO� ���
1R� �� -XQH �����

7UDQVPLWWLQJ DSSDUDWXV LQ XVH DW WKH ���� 2[IRUG�&DPEULGJH %RDW 5DFH LQ (QJODQG�


