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5� *HOPL� '� 2WWR� 3� 3XW]� '� 9HQQHPDQQ

 6\VWHP ,QWHJUDWLRQ 	 2SHUDWLRQ 'LYLVLRQ� 0DQQHG 6SDFHIOLJKW 3URJUDPPH 'HSDUWPHQW� (6$ � (67(&
 0HFKDQLFDO 6\VWHP 'LYLVLRQ� 0HFKDQLFDO (QJLQHHULQJ 'HSDUWPHQW� (6$ � (67(&
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$URXQG WKH ZRUOG� WKHUH LV UHYLYHG LQWHUHVW LQ WKH

KXPDQ H[SORUDWLRQ RI 0DUV� $ 5HIHUHQFH 0LVVLRQ IRU D

SRWHQWLDO LQWHUQDWLRQDO HQWHUSULVH LQ WKH ���� ± ����

WLPHIUDPH KDV EHHQ JHQHUDWHG E\ 1$6$� DQG (6$ LV

LQYHVWLJDWLQJ D SRVVLEOH (XURSHDQ SDUWLFLSDWLRQ�

$IWHU (6$�LQWHUQDO DVVHVVPHQWV RI SRWHQWLDO (XURSHDQ

UROHV LQ VXFK DQ LQWHUQDWLRQDO FR�RSHUDWLRQ� D QXPEHU RI

NH\ WHFKQRORJ\ DUHDV KDYH EHHQ LGHQWLILHG DV FUXFLDO IRU

VXFK PLVVLRQV DQG DW WKH VDPH WLPH RI VWUDWHJLF

VLJQLILFDQFH IRU (XURSH� $XWRPDWLRQ DQG 5RERWLFV

�$	5� LV RQH RI WKHVH NH\ WHFKQRORJ\ DUHDV�

&RQVHTXHQWO\� WKH ILUVW V\VWHPDWLF VWXGLHV RQ (XURSHDQ

FRQWULEXWLRQV WR KXPDQ 0DUV PLVVLRQV DQG WKH

DVVRFLDWHG $	5 QHHGV DQG RSSRUWXQLWLHV KDYH EHHQ

VWDUWHG� 7KLV SDSHU ZLOO VXPPDULVH WKH VWDWXV RI WKHVH

VWXGLHV DV IDU DV UHOHYDQW IRU $	5 V\VWHPV�
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7KH PLVVLRQ VFHQDULRV� DUFKLWHFWXUHV DQG V\VWHP OHYHO

UHTXLUHPHQWV ZLOO EH SUHVHQWHG ILUVW� )URP WKLV� WKH

UHTXLUHG IXQFWLRQV DQG SHUIRUPDQFH RI $	5 V\VWHPV LQ
WKH GLIIHUHQW SKDVHV RI 0DUV H[SORUDWLRQ ZLOO EH

H[WUDFWHG�

$ SULRUL� $	5 V\VWHPV XQGHU FRQVLGHUDWLRQ ZLOO

LQFOXGH WKH IROORZLQJ FODVVHV�

x DXWRPDWHG LQVWUXPHQW SDFNDJHV IRU LQ�VLWX DQDO\VLV

DQG GRFXPHQWDWLRQ

x DXWRPDWLF PHFKDQLVPV �VXFK DV ERRPV� GHSOR\DEOH

PDVWV RU VKHOWHUV� RQ ODQGHUV� RQ URYHUV RU LQ WKH

ILHOG

x VSHFLDOLVHG DXWRPDWLRQ V\VWHPV IRU �GHHS� GULOOLQJ

DQG VDPSOH GLVWULEXWLRQ

x SHQHWUDWRUV �PROHV� IRU XQGHUJURXQG LQYHVWLJDWLRQV

x PLFUR URYHUV �OHVV WKDQ �� NJ PDVV�� SRVVLEO\ ZLWK

YHU\ VPDOO DUPV � WRROV IRU VFLHQWLILF LQVWUXPHQW

GHSOR\PHQW DQG LQVSHFWLRQ

x XQPDQQHG PLQL URYHUV �DERXW ��� NJ PDVV��

W\SLFDOO\ ZLWK D VPDOO URERW DUP� IRU LQVSHFWLRQ�
UHJLRQDO H[SORUDWLRQ � SURVSHFWLQJ� VFLHQWLILF DQG

OLJKWHU ORJLVWLFV ILHOG WDVNV

x XQPDQQHG ODUJHU URYHUV �XS WR ���� NJ PDVV� ZLWK

H[FKDQJHDEOH WRROV IRU ODUJHU�VFDOH PLQLQJ � LQ�VLWX

UHVRXUFH XWLOLVDWLRQ DQG WKH URXWLQH FLYLO

HQJLQHHULQJ ZRUNV LQ EDVH EXLOGLQJ

x ODUJHU URERW DUPV �JDQWU\ RU F\OLQGULFDO FUDQH

W\SHV� IRU KHDY\ KDXOLQJ� FRQVWUXFWLRQ� HUHFWLRQ RI

VWUXFWXUHV

x PDQQHG SUHVVXULVHG ODUJHU URYHUV ZLWK DWWDFKHG

GH[WURXV DUPV � WRROV IRU ORQJHU�GLVWDQFH FUHZ
WUDQVSRUWDWLRQ DQG VFLHQWLILF ILHOG WULSV LQ VKLUW

VOHHYH HQYLURQPHQW

x IO\LQJ URERWV �DHURERWV� IRU UHJLRQDO WR JOREDO

PRELOLW\�

7KH RXWFRPH RI WKH VWXGLHV ZLOO QRW RQO\ EH WKH

SURSRVHG DUFKLWHFWXUH DQG SUHOLPLQDU\ GHVLJQ RI
FDQGLGDWH HOHPHQWV RI D (XURSHDQ $	5 SDUWLFLSDWLRQ

�DIWHU MXGLFLRXV WUDGHRIIV FRQFHUQLQJ WKH DUHDV ZKHUH

(XURSH FDQ LQGHHG HVWDEOLVK D VWUDWHJLF OHDGHUVKLS

SRVLWLRQ� ZLWK WKHLU GHYHORSPHQW SODQ� EXW DOVR DQ

LQYHQWRU\ RI UHTXLUHG LQQRYDWLYH $	5 WHFKQRORJLHV WR

EH LQMHFWHG LQWR (6$¶V QH[W WHFKQRORJ\ GHYHORSPHQW
SURJUDPPHV�

���� %$&.*5281'

'XULQJ WKH ODVW GHFDGH PDQ\ FRXQWULHV KDYH WDNHQ
LQLWLDWLYHV WR GHILQH VFHQDULRV WR SUHSDUH DQG VXSSRUW

KXPDQ H[SORUDWLRQ RI 0DUV� 3DUWLFXODUO\ 1$6$ KDV

JHQHUDWHG D 5HIHUHQFH 0LVVLRQ IRU D SRWHQWLDO

LQWHUQDWLRQDO HQWHUSULVH WR EH UHDOLVHG LQ WKH ���� ±

���� WLPHIUDPH �)LJ� ���

$V D FRQVHTXHQFH� DQ (6$�LQWHUQDO �*URXSH GH
5pIOH[LRQ� KDV DVVHVVHG WKH 1$6$ 5HIHUHQFH 0LVVLRQ

LQ RUGHU WR SUHSDUH D SRVLWLRQ FRQFHUQLQJ DQ HYHQWXDO



(XURSHDQ LQYROYHPHQW� 2QH RI LWV FRQFOXVLRQV KDV EHHQ
WKDW� EHVLGH D QXPEHU RI FUXFLDO WHFKQRORJLHV RQ ZKLFK

(XURSH FRXOG WDNH D OHDGLQJ SRVLWLRQ LQ WKH 5HIHUHQFH

0LVVLRQ DV FXUUHQWO\ RXWOLQHG E\ 1$6$� VFRSH H[LVWV

IRU SRWHQWLDO (XURSHDQ PLVVLRQV ZKLFK ZRXOG EH VHOI�

FRQWDLQHG� EXW FRQWULEXWLQJ WR WKH LQWHUQDWLRQDO KXPDQ

0DUV H[SORUDWLRQ� 3DUWLFXODUO\� 1$6$ DQG (6$ DJUHH
DERXW WKH QHHG RI DQ H[WHQVLYH SUHSDUDWLRQ DQG D

SKDVHG DSSURDFK� UHDFKLQJ VHTXHQWLDO PLOHVWRQHV RI

DFKLHYHPHQW�

2QH VXFK PLOHVWRQH ZRXOG EH WKH HVWDEOLVKPHQW RI D

SHUPDQHQW URERWLF RXWSRVW RQ 0DUV� ZKLFK FRXOG

EHFRPH D FULWLFDO� HQDEOLQJ OLQN WR KXPDQ H[SORUDWLRQ�
$ FDQGLGDWH IRU WKLV UROH FRXOG EH D URERWLF PLVVLRQ

EDVHG RQ H[LVWLQJ (XURSHDQ WHFKQRORJLHV�

LQIUDVWUXFWXUHV DQG FDSDELOLWLHV� DQG WKHLU UHDOLVWLF

SRWHQWLDO HYROXWLRQ LQ WKH WLPH IUDPH RI LQWHUHVW� 5RERWV

FDQ LQGHHG H[SDQG KXPDQ FDSDELOLWLHV LQ KD]DUGRXV DQG

H[WUHPH HQYLURQPHQWV� DQG FRXOG EH VHQW WR 0DUV LQ
ERWK SLRQHHULQJ DQG VXSSRUWLQJ UROHV�

,Q WKLV FRQWH[W� $XWRPDWLRQ DQG 5RERWLFV �$	5� LV RQH

RI WKH PRVW DWWUDFWLYH DUHDV LQ VSDFH WHFKQRORJ\� ,W

DOORZV IRU H[SHULPHQW KDQGOLQJ� PDWHULDO SURFHVVLQJ�

VDPSOH FROOHFWLRQ DQG VHUYLFLQJ� 2YHU WKH SDVW �� \HDUV
(XURSH KDV EXLOW XS D VXEVWDQWLDO FDSDELOLW\ LQ VSDFH

$	5� QRW RQO\ E\ WKH HDUOLHVW DSSOLFDWLRQ LQ /RZ (DUWK

2UELW �H�J� WKH (XURSHDQ 5RERWLF $UP IRU WKH

,QWHUQDWLRQDO 6SDFH 6WDWLRQ�� EXW DOVR E\ GHYHORSLQJ

V\VWHPV DQG WHFKQRORJLHV IRU SODQHWDU\ H[SORUDWLRQ�

�	� ������
��������
��������

7KH (6$ DVVHVVPHQW LGHQWLILHV DGYDQFHG $	5 DV D NH\
PLVVLRQ�HQDEOLQJ WHFKQRORJ\ DUHD� DQG HVSHFLDOO\

GHFODUHV WKH FRQFHSW RI D �URERWLF FRORQ\� RI SDUWLFXODU

VWUDWHJLF LQWHUHVW LQ (XURSH� 7RS OHYHOV REMHFWLYHV RI

WKLV URERWLF RXWSRVW DUH WKHQ WR SUHSDUH RU VXSSRUW WKH

KXPDQ 0DUV H[SORUDWLRQ� ZKLFK FDQ EH GLYLGHG LQWR �

PDLQ SKDVHV DV VXJJHVWHG LQ WKH 0DUV 5HIHUHQFH
6FHQDULR�

�� ([SORUH�SLRQHHU WKH SODQHW E\ PDQ\ XQPDQQHG

PLVVLRQV �

�� 3UHSDUH WKH DUULYDO RI KXPDQV E\ WHOHRSHUDWLRQV

ERWK IURP (DUWK DQG IURP 0DUV RUELW�

�� 6XSSRUW KXPDQ DFWLYLWLHV RQ 0DUV�

7KH ILUVW SKDVH KDV EHHQ DOUHDG\ VWDUWHG E\ PDQ\ SDVW

PLVVLRQV� 5HFHQWO\ 0DUV *OREDO 6XUYH\RU DOORZHG XV

WR EHWWHU XQGHUVWDQG WKH 0DUV HQYLURQPHQW� DQG DOVR

0DUV &OLPDWH 2UELWHU DQG 0DUV 3RODU /DQGHU ZRXOG

KDYH FRQWULEXWHG WR WKLV HIIRUW� LI RQO\ D EDG IDWH ZRXOG
QRW KDYH SXW WKHP RXW RI WKLV SKDVH� $FWXDO SODQV

HQYLVDJH 0DUV RUELWLQJ VDWHOOLWHV WR SHUIRUP JOREDO

PDSSLQJ DQG ZHDWKHU PRQLWRULQJ� $OVR D QDYLJDWLRQ

VDWHOOLWHV IOHHW PD\ EH GHSOR\HG� IXQFWLRQ RI WKH
VHOHFWHG QDYLJDWLRQ V\VWHP�

2QH RI WKH VXJJHVWHG LGHDV LV WKDW VXFK VDWHOOLWH

LQIUDVWUXFWXUH FRXOG RSHUDWH WRJHWKHU ZLWK D QHWZRUN RI

DXWRPDWLF VWDWLRQV� 7KRVH ZRXOG FRQVWLWXWH D URERWLF

RXWSRVW SURYLGLQJ PXOWL�GLPHQVLRQDO �RUELWDO� DLUERUQH�

VXUIDFH DQG VXE�VXUIDFH� FRYHUDJH FDSDELOLWLHV RYHU
ZLGH DUHDV RI 0DUV� DQG H[SORLWLQJ D UREXVW

LQIUDVWUXFWXUH IRU FRPPXQLFDWLRQ� FRPSXWLQJ� GDWD

VWRUDJH� QDYLJDWLRQ� VXUYHLOODQFH DQG ZHDWKHU

DVVHVVPHQW� )O\LQJ URERWV� DHURVWDWLF EDOORRQV RU

DLUVKLS FRXOG EH XVHG� VRPH RI WKHP SHUKDSV GHSOR\HG

LQ WKH 0DUWLDQ DWPRVSKHUH DIWHU UH�HQWU\� VR WKDW D
ODQGLQJ VLWH ZRXOGQ
W EH QHHGHG� $XWRPDWLF VWDWLRQV

ZRXOG EH XVHG WR SHUIRUP LQ�VLWX PHDVXUHPHQWV� DQG

GDWD UDWHV LQ WKH RUGHU RI 0ELW�V ZRXOG EH DFKLHYHG E\

PHDQV RI D PLQL��PLFURVDWHOOLWH UHOD\ QHWZRUN� *RDO RI

WKLV SKDVH LV WR LPSURYH RXU NQRZOHGJH RI WKH 0DUWLDQ

HQYLURQPHQW� DQG WR VHOHFW WKH EHVW ODQGLQJ VLWH ZKLOH
HQKDQFLQJ RXU GDWDEDVH IRU SUHFLVLRQ JXLGDQFH�

0RELOH URERWLF GHYLFHV ZRXOG LQVWHDG SHUIRUP EHWWHU LQ

WKH VHFRQG SKDVH� GXULQJ ZKLFK WKH\ ZRXOG VXSSRUW WKH

SUHSDUDWLRQ RI WKH ODQGLQJ VLWH IRU KXPDQ DUULYDO� 7KH

1$6$ 5HIHUHQFH 0LVVLRQ HQYLVDJHV PDQ\ KXPDQ
ODQGLQJV LQ WKH VDPH VLWH� 7KH FRQVHTXHQFH LV WKDW UDGLR

EHDFRQV DQG FRPPXQLFDWLRQ UHOD\ VWDWLRQV PXVW EH

XVHG DQG ZHOO SRVLWLRQHG WR DOORZ IXWXUH KXPDQ

ODQGLQJV HDFK QHDU WKH RWKHU� 0RELOLW\ LV WKH NH\ LVVXH

IRU VXFK ZRUN�

)LJXUH �� 1$6$ FRQFHSW RI IXWXUH 0DUV ([SORUDWLRQ

6FHQDULR �&RXUWHV\ RI 1$6$�

7KRVH URERWV ZRXOG KHOS DOVR DIWHU WKH DUULYDO RI WKH
FDUJR DQG SRZHU PRGXOHV IRU WKH PDQQHG PLVVLRQ E\

GHSOR\LQJ DQG FRQQHFWLQJ WKHP MXVW WR KDYH D ZHOO

HVWDEOLVKHG LQIUDVWUXFWXUH UHDG\ WR KRVW KXPDQV� ,Q WKLV

SKDVH WKH\ ZRXOG EH UHPRWHO\ FRQWUROOHG IURP (DUWK�

7KHQ� ZKHQ DVWURQDXWV DUH LQ /RZ 0DUV 2UELW� URERWV



FRXOG EH DOVR FRQWUROOHG IURP WKH RUELWHU� WDNLQJ VR
DGYDQWDJH IURP WKH DEVHQFH RI D ORQJ WLPH GHOD\�

,Q WKH WKLUG SKDVH� ZKHQ KXPDQV DUH ODQGHG RQ 0DUV�

PRELOH URERWV FRXOG KHOS WKHP GXULQJ WKHLU H[SORUDWLRQ

DQG LQYHVWLJDWLRQ E\ SRVLWLRQLQJ VFLHQWLILF SD\ORDGV RU

E\ VXEVWLWXWLQJ PHQ LQ KD]DUGRXV DFWLYLWLHV�
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&RQVLGHULQJ WKH DERYH�GHVFULEHG VFHQDULR� D VHW RI
UHTXLUHPHQWV FDQ EH SURGXFHG WDNLQJ LQWR DFFRXQW

VRPH DVSHFW OLNH�

x 5RERWLF IXQFWLRQV �PLVVLRQV� WDVNV� DFWLRQV� GXULQJ

WKH GLIIHUHQW SKDVHV RI WKH VFHQDULR�

x HQYLURQPHQWDO FRQVWUDLQWV GXULQJ WKH PLVVLRQ�

x LQWHUIDFH FRQVWUDLQWV ZLWK RWKHU HOHPHQWV RI WKH

VSDFHFUDIW RU RI WKH ODXQFKHU� DQG FRQVWUDLQWV JLYHQ

E\ WKHLU OLPLWDWLRQ�

x UHVRXUFHV DYDLODELOLW\ �PDVV� FRPPXQLFDWLRQ�

SRZHU��

x OLIHWLPH� VDIHW\� UHOLDELOLW\�

2I WKRVH FRQVWUDLQWV� WKH PRVW VWULQJHQW DUH WKH RQHV

FRPLQJ IURP 0DUWLDQ HQYLURQPHQW IHDWXUHV� 0DUV LV D

KDUVK HQYLURQPHQW IRU PDQ\ DVSHFWV� DPRQJ ZKLFK

VWRUP FDQ EH FRQVLGHUHG DV WKH JUHDWHVW� 6WRUPV RI

IDLUO\ ORQJ GXUDWLRQ FDQ GUDVWLFDOO\ UHGXFH WKH FRUUHFW

IXQFWLRQDO SHUIRUPDQFH DQG OLIHWLPH RI PHFKDQLVP
V
EHDULQJV DQG JHDUV�

2WKHU 0DUV IHDWXUHV FDQ LQVWHDG EH SURILWDEO\ KDQGOHG�

7KHUPDO FRQWURO IRU H[DPSOH FDQ EH HDVLO\ PDGH E\

FRPELQLQJ SURYHQ VSDFH WHFKQRORJLHV ZLWK ORZ DLU

WHPSHUDWXUH DQG KHDW FRQYHFWLRQ� %\ WKLV ZD\ ZH FDQ
SURSHUO\ XVH 0DUWLDQ DWPRVSKHUH DV DQ LQ�VLWX UHVRXUFH�

7KH FRQVHTXHQFH RI WKLV LV WKDW FRROLQJ SUREOHPV DUH

QRW GHVLJQ GULYHUV�

2WKHU UHTXLUHPHQWV FDPH IURP WKH DFWLYLW\ VFLHQWLVWV

ZDQW WR GR ERWK EHIRUH DQG DIWHU KXPDQ DUULYDO�

&ROOHFWLRQ RI VDPSOHV IURP GLIIHUHQW ORFDWLRQV DQG LQ�
VLWX DQDO\VLV UHTXLUH PRELOH URERWV DQG DXWRPDWLF

SURFHGXUHV� )XUWKHUPRUH� VXUIDFH VDPSOLQJ FDQ EH

HDVLO\ SHUIRUPHG E\ VFRRSLQJ GHYLFHV ZLWK ORZ SRZHU

UHTXLUHPHQWV� ZKLOH VXEVXUIDFH VDPSOLQJ QHHGV PRUH

UHVRXUFHV DQG VROXWLRQV FDQ EH YHU\ GLIIHUHQW

GHSHQGLQJ RQ VDPSOH VL]H�

0RELOLW\ LV UHTXLUHG QRW RQO\ WR H[SORUH WKH SODQHWDU\

VXUIDFH� EXW DOVR VLPSO\ WR DYRLG WKDW VDPSOHV FRXOG EH

REVHUYHG E\ XVLQJ D YLGHR V\VWHP� EXW FRXOG QRW EH

UHDFKHG WR EH FROOHFWHG DQG DQDO\VHG �OLNH ZKDW

KDSSHQHG GXULQJ WKH 9LNLQJ ODQGHU PLVVLRQ�� 7KXV

URYHUV EHFRPH NH\ WHFKQRORJLHV IRU PDQ\ DFWLYLWLHV
OLNH IRU H[DPSOH UHVHDUFK RQ FKHPLFDO DQG

PLQHUDORJLFDO FRPSRVLWLRQ RI URFNV DQG VRLO� UHVHDUFK

RQ WKH YHUWLFDO VWUXFWXUH DQG FRPSRVLWLRQ RI WKH SODQHW
VXEVXUIDFH� VHDUFK IRU WUDFHV RI OLIH �DOVR DV H[WLQFW OLIH�

LQ WKH VXEVXUIDFH PDWHULDO� DQG VHDUFK IRU VXEVXUIDFH

SUHVHQFH RI ZDWHU DV D IDFWRU IRU SODQHW IRUPDWLRQ�

HURVLRQ� DQG OLIH� +RZHYHU ZH FDQ JHQHUDOO\ GLVWLQJXLVK

DPRQJ�

x VPDOO URYHUV IRU ORFDO VFLHQFH LQYHVWLJDWLRQV�

x PHGLXP�VL]H URYHUV IRU UHJLRQDO H[SORUDWLRQ DQG

LQIUDVWUXFWXUH GHSOR\PHQW�

x ODUJH URYHUV IRU ORQJ�GLVWDQFH H[SORUDWLRQ

�VFRXWLQJ IRU VDIH ORFDWLRQV�� KHDYLHU VDIH

FRQVWUXFWLRQ� FUHZ WUDQVSRUW� HWF�

7R WKRVH UHTXLUHPHQWV� W\SLFDO RI DQ XQPDQQHG
PLVVLRQ� RWKHUV PXVW DGGHG GXH WR WKH SUHVHQFH �RU

SUHSDUDWLRQ RI WKH SUHVHQFH� RI KXPDQV� 7KH\ DUH�

x FRQVWUXFWLRQ RI IDFLOLWLHV IRU WKH FUHZ DQG IRU FUHZ

VXSSRUW� DQG IDFLOLWLHV PDLQWHQDQFH�

x VXSSRUW LQ KXPDQ H[SORUDWLRQ WDVNV ZKLFK ZRXOG
EH WRR ULVN\� WRR FRPSOH[� RU WRR WLPH�FRQVXPLQJ�

x H[SORUDWLRQ XQGHU FUHZ VXSHUYLVLRQ�

$OVR RWKHU URERWLF GHYLFHV FDQ EH XVHIXO IRU WKH

PLVVLRQ� OLNH D URERWLF DUP WR PRYH ORDG RQ WKH VXUIDFH

DQG IRU VXSSRUW DFWLYLWLHV�

)XUWKHUPRUH� GXH WR WKH GHHS VSDFH UHPRWHQHVV RI WKH
SODQHW VXFK DV 0DUV� ZLWK VLJQLILFDQW VLJQDO GHOD\ LQ WKH

RUGHU RI WHQV RI PLQXWHV GXULQJ FRPPXQLFDWLRQV ZLWK

(DUWK� WKH SHUIRUPDQFH RI DOO URERWLFV RSHUDWLRQV PD\

RQO\ FRQWHPSODWH OLPLWHG� QRW UHDO�WLPH� JURXQG

FRPPDQGV� 7KLV LQFUHDVHV WKH UHTXLUHG JUDGH RI
DXWRQRP\� DQG OHDGV HQJLQHHUV WR FRQVLGHU DXWRQRPRXV

URYHUV DV PRUH SURPLVLQJ WKDQ RWKHUV�

7KRVH FRQVWUDLQWV LQIOXHQFH WKH HQWLUH VHW�XS RI WKH

PLVVLRQ� DQG FDQ GULYH GHFLVLRQV QRW RQO\ DERXW URERWLF

GHYLFHV WKHPVHOYHV� EXW DOVR RQ SRZHU JHQHUDWLRQ�

WHOHFRPPXQLFDWLRQV� 'DWD +DQGOLQJ DQG &RQWURO�
VWUXFWXUH GHVLJQ� HWF« DV V\VWHPV VHUYLFLQJ WKH URERWLF

RQH� 7KXV GHVLJQ RI URYHUV DQG DXWRPDWLF GHYLFHV KDV D

NH\ UROH LQ WKH HQWLUH PLVVLRQ DQDO\VLV DQG GHVLJQ� DQG

PXVW EH FRQVLGHUHG VLQFH HDUO\ SKDVHV�

�	� �����
����������������
��

7R H[SORLW DOO IXQFWLRQV UHTXLUHG E\ D SODQHWDU\

H[SORUDWLRQ PDQ\ WHFKQRORJLHV DUH UHTXLUHG� HDFK
GHDOLQJ ZLWK D SRVVLEOH ILHOG RI XVH RI DGYDQFHG

$XWRPDWLRQ DQG 5RERWLFV�

���� $8720$7(' ,167580(17 3$&.$*(6

0DQ\ LQVWUXPHQWV DUH UHTXLUHG IRU D SURSHU VFLHQWLILF

DQG WHFKQLFDO DQDO\VLV RI D SODQHWDU\ VXUIDFH� (XURSH�

8QLWHG 6WDWHV DQG 5XVVLD XVHG DOUHDG\ VRPH RI WKHP RQ



0DUV LQ WKH SDVW PLVVLRQV� +RZHYHU� LQYHVWLJDWLRQV
PDGH DUH QRW HQRXJK IRU D SURSHU XQGHUVWDQGLQJ RI WKH

0DUWLDQ HQYLURQPHQW WR EH DEOH WR SODQ D PDQQHG

PLVVLRQ� 7KXV LV WKHUHIRUH HVVHQWLDO WR GHYHORS

LQVWUXPHQW SDFNDJHV WKDW ZRXOG DGGUHVV PDQ\ RI WKH

VFLHQWLILF DQG HQJLQHHULQJ LVVXHV WKDW ZH KDYHQ
W

DOUHDG\ FODULILHG� 7KH\ FRXOG EH ERWK XVHG RQ 0DUV
VXUIDFH E\ D ODQGHU RU LQ 0DUV RUELW RQ DQ RUELWHU� )RU

WKH ILUVW FDVH VRPH SRVVLELOLWLHV DUH UDGLR DQG UDGDU

V\VWHPV IRU DWPRVSKHULF DQDO\VLV� ZLQG VHQVRUV�

VHLVPRPHWHUV� DQG ELRORJLFDO H[SHULPHQW IRU VHDUFK IRU

OLIH� HYHQ LI VRPHRQH EHOLHYHV WKDW WKH ODVW VKRXOG EH

GHOD\HG WR WKH KXPDQ H[SORUDWLRQ SKDVH� ,Q RUELW
VSHFWURPHWHUV� UDGDUV� PDJQHWRPHWHUV DQG SKRWRPHWHUV

FDQ EH HQYLVDJHG� +RZHYHU WKHUH LV QRW D FOHDU GLYLVLRQ

EHWZHHQ V\VWHPV WR EH XVHG RQ JURXQG DQG V\VWHPV WR

EH XVHG LQ RUELW� 7KHLU XVH VKDOO GHSHQG RQ WKH VSHFLILF

JRDO DVVLJQHG�

���� $8720$7,&0(&+$1,606

7KLV FDWHJRU\ LQFOXGHV ERRPV� VKHOWHUV� GHSOR\DEOH

PDVWV� DQG PRUH JHQHUDOO\ DOO PHFKDQLVPV XVHG RQ

ODQGHUV� RQ URYHUV RU LQ WKH ILHOG WR PRYH DQG�RU
SRVLWLRQ VFLHQWLILF LQVWUXPHQWV� VDPSOHV� RU DOVR RWKHU

GHYLFHV�

'HVLJQ RI D ERRP LV D FRPSURPLVH EHWZHHQ PDQ\

UHTXLUHPHQWV RQ GHSOR\PHQW� VWLIIQHVV� PDVV� DQG

VWUHQJWK� $OVR WKH UHTXLUHPHQW RI WKH REMHFW WKDW WKH

ERRP LV VHUYLFLQJ PXVW EH WDNHQ LQWR DFFRXQW�

���� 52%27$50 6<67(06

5RERW $UP 6\VWHP LV RQH RI WKH PRVW IOH[LEOH

DXWRPDWLF PHFKDQLVPV� 7KH URERW DUP LV WKH NH\ EXW
QRW WKH H[FOXVLYH HOHPHQW RI WKH V\VWHP� EHFDXVH LW FDQ

RSHUDWH RQO\ DV D VXEV\VWHP �V�V� HPEHGGHG LQWR D

VFKHPH ZKLFK HQYLVDJHV DOVR RWKHU VXEV\VWHPV �OLNH D

SD\ORDG LQWHUIDFH V�V� DQ RQ�ERDUG FRQWURO V�V� D JURXQG

FRQWURO V�V� DQG D JURXQG VXSSRUW HTXLSPHQW��

2SHUDWLRQV PDGH E\ D URERW DUP V\VWHP PXVW EH ZHOO
VWXGLHG DQG SODQQHG FRQFHUQLQJ WKH OHYHO RI DXWRPDWLRQ

DQG DXWRQRP\ WKDW LV UHTXLUHG� $Q\ VHULRXV VSDFH

URERWLF SURIHVVLRQDO VKRXOG ILUVW RI DOO DQVZHU WR NH\

TXHVWLRQV OLNH KRZ PXFK WKH RSHUDWLRQ FRQWURO PXVW EH

GHOHJDWH WR WKH RQ�ERDUG FRQWURO V\VWHP LQVWHDG RI
XVLQJ D WHOH�RSHUDWLRQ PRGH� (YHQ WKH VHW RI VLPSOH

RSHUDWLRQV WR DFKLHYH WKH ILQDO JRDO PXVW EH DVVHVVHG�

EHFDXVH LW FDQ EH SRVVLEOH WKDW WKH EHVW VWUDWHJ\ ZRXOG

UHTXLUH WR XVH QRW D VLQJOH SRZHUIXO GHYLFH� EXW WZR

VPDOOHU DQG VLPSOHU GHYLFHV SURSHUO\ FR�RUGLQDWHG�

3DVW H[SHULHQFHV RQ 5RERW $UP 6\VWHPV ZHUH JDLQHG
GXULQJ GHVLJQ� GHYHORSPHQW� DQG XVH RI PDQ\ V\VWHPV�

VRPH RI WKHP VLPSO\ WHVWHG LQ VLPXODWLRQ PRGH� RWKHU

LQVWHDG XVHG LQ WKH UHDOLW\ RI WKH VSDFH HQYLURQPHQW�

OLNH WKH &DQDGLDQ 5HPRWH 0DQLSXODWRU 6\VWHP RQ

ERDUG RI WKH 86 6SDFH 6KXWWOH� (XURSHDQV DUH PDNLQJ D

JUHDW HIIRUW LQ WKLV ILHOG� QRW RQO\ EHFDXVH WKH\ DUH
GHYHORSLQJ WKH (XURSHDQ 5RERWLF $UP IRU WKH

,QWHUQDWLRQDO 6SDFH 6WDWLRQ� EXW DOVR EHFDXVH WKH IXWXUH

HXURSHDQ PLVVLRQ WR 0DUV� 0DUV ([SUHVV� ZLOO EULQJ WR

WKH UHG SODQHG D ODQGHU ZKLFK XVHV D VPDOO URERW DUP WR

SRVLWLRQ D SDFNDJH RI WRROV DQG VFLHQWLILF LQVWUXPHQWV

RQ WKH PDUWLDQ VXUIDFH �)LJ� ���

,PSRUWDQW DUH DOVR VHQVRU DQG DFWXDWRUV� ZKRVH

WHFKQRORJ\ KDV PDGH PDQ\ SURJUHVVHV LQ WKH ODVW \HDUV�

HVSHFLDOO\ RQ WKH LQWHJUDWLRQ EHWZHHQ HOHFWURQLF DQG

PHFKDQLFDO VWUXFWXUH�

)LJXUH �� %HDJOH � ODQGHU SODQQHG IRU WKH (6$ 0DUV

([SUHVV 0LVVLRQ �&RXUWHV\ RI (6$�

���� 63(&,$/,6('$8720$7,21 6<67(06 )25

'5,//,1*$1' 6$03/(',675,%87,21

'ULOOLQJ DQG VDPSOLQJ GHYLFH WHFKQRORJ\ ZDV LPSURYHG

LQ WKH SDVW \HDUV� DQG QRZ DOVR QHZ WHFKQRORJLHV HQWHU

LQ WKH JURXS RI RQHV XVHG IRU WKLV SXUSRVH� &RQQHFWHG

ZLWK VDPSOH GLVWULEXWLRQ DUH DOVR VDPSOH SUHSDUDWLRQ

DQG KDQGOLQJ� 6RPH LQVWUXPHQWV LQGHHG UHTXLUH WKH
VDPSOH WR KDYH FHUWDLQ IHDWXUHV �H�J� D IODW VXUIDFH� WR

EH SURSHUO\ DQDO\VHG� +DQGOLQJ WHFKQLTXHV FDQ XVH

URERWLF DUPV RU FDURXVHO GHYLFHV� WKH ODVW SDUWLFXODUO\

XVHIXO ZKHQ WKH VDPH VDPSOH PXVW EH DQDO\VHG E\

GLIIHUHQW LQVWUXPHQWV� +RZHYHU LQ WKLV FDVH DOVR
FRQWDPLQDWLRQ LVVXHV PXVW EH WDNHQ LQWR DFFRXQW�

EHFDXVH LW FRXOG KDSSHQ WKDW UHPRYLQJ RI UHVLGXDO

EDFNJURXQG HIIHFWV RI DQ H[SHULPHQW DUH UHTXLUHG WR

SURSHU FRQGXFW WKH QH[W RQH�

,Q WKH ODVW \HDUV PDQ\ SURWRW\SHV RI GULOOLQJ GHYLFHV

KDYH EHHQ GHYHORSHG LQ (XURSH� $ JUHDW H[SHULHQFH
ZDV DFTXLUHG ZLWKLQ GHYHORSLQJ WKH GULOOLQJ DQG VDPSOH

GLVWULEXWLRQ V\VWHP IRU WKH (6$ 5RVHWWD PLVVLRQ�

6WXGLHV DUH IXUWKHUPRUH FRQWLQXLQJ RQ QHZ VROXWLRQV

DOVR IRU 0DUV PLVVLRQV� 3DUWLFXODUO\ LQWHUHVWLQJ LW LV RQH

RI WKH UHFHQW VWXGLHV PDGH E\ WKH (XURSHDQ 6SDFH

$JHQF\ RQ D URERWLF GHHS GULOOHU PRXQWHG RQ D VPDOO
URYHU� $ EULHI LQWURGXFWLRQ RQ LW FDQ EH IRXQG RQ 5HI�

>��@�



���� 3(1(75$7256

$ QHZ ZD\ WR H[SORUH WKH VXEVXUIDFH ZRUOG KDV EHHQ

UHFHQWO\ RSHQHG E\ WKH XVH RI SHQHWUDWRUV �PROHV��

7KH\ FDQ EH XVHG LQ WZR ZD\V� DV UHWULHYDEOH RU QR�

UHWULHYDEOH GHYLFHV� ,Q WKH ILUVW W\SH RI XVH WKHLU NH\
PHFKDQLVP LV D SHQHWURPHWHU RI F\OLQGULFDO VKDSH� ,W

FUDZOV DORQJ WKH VXUIDFH E\ DQ LQWHUQDO KDPPHULQJ

PHFKDQLVP� GLYHV EHQHDWK DQ RYHUKDQJLQJ URFN� DQG

SHQHWUDWHV WKH UHJROLWK XS WR ���P� 2Q LWV IURQW HQG LW

FDUULHV DQ DFWXDWHG WRRO IRU FROOHFWLQJ D VRLO VDPSOH WR
EULQJ ZLWKLQ WKH PROH ZKHQ WKLV LV UHWULHYHG E\ ZLULQJ

LWV SRZHU DQG VLJQDO FDEOH�

,Q WKH QRQ�UHWULHYDEOH YHUVLRQ D PROH EULQJV DOO

UHTXLUHG LQVWUXPHQWV ZLWKLQ LWV ERG\� 7KH DGYDQWDJH RI

WKLV VROXWLRQ LV WKDW QR UHWXUQ SDWK LV HQYLVDJHG� DQG WKH

PROH FDQ SHQHWUDWH WKH VXUIDFH XS WR KXQGUHGV RI
PHWHUV�

+RZHYHU� ZKLFKHYHU LV WKH VROXWLRQ FKRVHQ� WKH

DGYDQWDJH RI D SHQHWUDWRU� FRPSDUHG ZLWK WKH FODVVLFDO

GULOOLQJ VROXWLRQ� LV WKDW LW GRHVQ
W QHHG DQ\ H[WHUQDO

PRXQWLQJ VXSSRUW DQG FDQ PRYH LQGHSHQGHQWO\ LQ WKH

VRLO� )RU WKLV SDUWLFXODU IHDWXUH� PROHV DUH YHU\ XVHIXO
IRU SODQHWDU\ UHVHDUFK� LQ SDUWLFXODU IRU DXWRPDWHG

ODQGHU PLVVLRQV�

2Q WKH RWKHU KDQG VRPH ULVNV PXVW EH WDNHQ LQWR

DFFRXQW DV FRXQWHUSDUW IRU WKLV LQGHSHQGHQFH� )LUVW RI

DOO LW LV SRVVLEOH WKDW� IRU VRPH UHDVRQV� WKH WHWKHU FRXOG

QR PRUH EH GHSOR\HG� RU PRUH JHQHUDOO\ WKH SHQHWUDWRU
FDQQRW PRUH SURFHHG LQ LWV H[SORUDWLRQ� )RU SHQHWUDWRUV

ZKRVH JRDO LV VLPSO\ WR FROOHFW VDPSOHV DQG EULQJ WKHP

EDFN WR WKH VFLHQWLILF HTXLSPHQW RQ WKH ODQGHU� D

FROODSVH RI WKH GULOO KROH FRXOG OHDG WKH PLVVLRQ WR D

IDLOXUH� $OVR WKH PHFKDQLFDO FRPSOH[LW\ RI WKH
HTXLSPHQW LV D JUHDW FKDOOHQJH IRU GHVLJQHUV�

���� 810$11('0,&52 $1'0,1, 529(56

'XULQJ 0DUV H[SORUDWLRQ� LQYHVWLJDWLRQV FDQQRW EH

OLPLWHG WR D VLQJOH VLWH� EXW D FHUWDLQ JUDGH RI PRELOLW\
LV UHTXLUHG� 7KXV URYHUV EHFRPH D NH\ SDUW RI WKH IXWXUH

SODQHWDU\ PLVVLRQV� *HQHUDOO\ WKH\ DUH GLYLGHG LQWR �

FDWHJRULHV�

�� 0LFUR URYHUV� OHVV WKDQ �� NJ PDVV� JHQHUDOO\

ZLWKRXW DUPV RU ZLWK D VPDOO DUPV�

�� 0LQL URYHUV� OHVV WKDQ ��� NJ PDVV� W\SLFDOO\ ZLWK

D VPDOO RU PHGLXP VL]HG URERW DUP� XVHG QRW RQO\

IRU LQVSHFWLRQ DQG UHJLRQDO H[SORUDWLRQ� EXW DOVR

IRU OLJKW ORJLVWLF WDVNV�

�� /DUJH URYHUV� XS WR ���� NJ PDVV� XVHG IRU PDQ\

KDUG DFWLYLWLHV OLNH PLQLQJ� LQ�VLWX UHVRXUFH
XWLOLVDWLRQ� DQG FLYLO HQJLQHHULQJ WDVNV LQ WKH EDVH�

*HQHUDOO\ WKH\ FDQ DOVR KRVW ODUJH URERWLF DUPV�

7KH PDLQ FODVVLFDO JRDO RI PLFUR DQG PLQL URYHUV LV

SRVLWLRQLQJ VFLHQWLILF LQVWUXPHQWV LQ WKH ILHOG RU

FROOHFWLQJ VDPSOHV LQ GLIIHUHQW DUHDV WR DQDO\VH WKHP�

$QDO\VLV FDQ EH GRQH E\ LQVWUXPHQWV FDUULHG RQ WKH
URYHU RU E\ LQVWUXPHQWV RQ WKH ODQGHU� ,Q WKH ILUVW FDVH D

VRUW RI LQ�VLWX DQDO\VLV LV PDGH� ZKLOH LQ WKH VHFRQG RQH

WKH URYHU PXVW UHWXUQ WR WKH EDVH RQFH FRQFOXGHG LWV

PLVVLRQ� ,Q WKH PRVW VRSKLVWLFDWHG FDVH VDPSOHV DUH

UHWXUQHG WR (DUWK IRU D FRPSOHWH LQ�GHSWK DQDO\VLV�

+RZHYHU� IRU VDPSOH VHOHFWLRQ� WKH URYHU PXVW DOZD\V
FDUU\ D PLQLPXP RI EDVLF LQVWUXPHQWV�

0LFUR DQG PLQL URYHUV FRXOG EH XVHG DOVR WR WUDQVSRUW

DQG SURSHUO\ OHDYH RQ WKH VXUIDFH LQVWUXPHQWV WKDW

UHTXLUH D FHUWDLQ GLVSRVLWLRQ WR ZRUN� OLNH IRU H[DPSOH

VPDOO VWDWLRQV IRU JHRFKHPLVWU\ DQG JHRSK\VLFDO

PHDVXUHPHQWV� ,Q WKLV FDVH WKH URYHU ZRXOG EH XVHG DV
D PHDQ WR WUDQVSRUW WKRVH LWHPV IDU DZD\ IURP WKH

ODQGLQJ VLWH� 0RUH UDUHO\ WKH\ FDQ DOVR EH XVHG IRU

RWKHU XVHV OLNH WUDQVSRUWLQJ HTXLSPHQW RU DVVHPEOLQJ

DQWHQQDV� +RZHYHU� VXFK XVHV HQYLVDJH D VPDOO URERWLF

DUP RQ WKH URYHU�

&RQFHUQLQJ V\VWHP GHVLJQ� DV IRU (DUWK DSSOLFDWLRQ�
DOVR LQ SODQHWDU\ H[SORUDWLRQ WKH PRVW FRPPRQ

ORFRPRWLRQ VROXWLRQV DUH ZKHHOV� PHFKDQLFDO OHJV�

WUDFNV RU D FRPELQDWLRQ RI WKHP� *HQHUDOO\ WKH\ DUH

VHOHFWHG GHSHQGLQJ RQ WKH W\SH RI WHUUDLQ RQ ZKLFK WKH

URYHU LV UHTXLUHG WR RSHUDWH� )RU VPDOO YHKLFOHV WKH
VLPSOHVW VROXWLRQ LV D ULJLG ERG\ ZLWK WZR RU WKUHH

FRXSOHV RI ZKHHOV� 7KLV PXVW QRW OHDG WR WKLQN WKDW VXFK

URYHUV DUH YHU\ HDV\ WR GHVLJQ� EHFDXVH WKH FRPSOH[LW\

DQG XQFHUWDLQW\ RI WKH SODQHWDU\ ODQGVFDSH FRPSHOV

HQJLQHHUV WR FRQVLGHU VHYHUDO GLIIHUHQW VROXWLRQV DPRQJ

ZKLFK WR WUDGH RII�

&RQFHUQLQJ WKH PRELOLW\ RI WKH URYHU WDVNV WR EH

FRQVLGHUHG LQ V\VWHP GHVLJQ DUH�

x 3DWK ILQGLQJ� REVWDFOHV FRXOG EH DYRLGHG E\ XVLQJ

VFDQQLQJ DQG REVWDFOH�GHWHFWLRQ GHYLFHV�

8QIRUWXQDWHO\ VXFK DQ RSHUDWLRQ UHTXLUHV D ODUJH

FRPSXWLQJ FDSDELOLW\� DQG LV JHQHUDOO\ VXEVWLWXWHG
E\ WKH H[HFXWLRQ RI D IL[HG VHTXHQFH RI SUHSODQQHG

PDQRHXYUHV�

x 5RXWH SODQQLQJ� WKLV LV WKH HYROXWLRQ RI SDWK

ILQGLQJ� DQG UHIHUV WR WKH FDSDELOLW\ RI WKH URYHU WR

ILQG WKH SDWK IURP RQH SRLQW WR DQRWKHU RQH� 2Q WKH
RWKHU KDQG WKLV UHTXLUHV D PRUH DGYDQFHG VHQVLQJ

FDSDELOLW\� PDNLQJ WKH V\VWHP PRUH FRPSOH[�

x $XWRQRPRXV QDYLJDWLRQ� WKLV LV WKH UHDVRQLQJ

DVSHFW RI D JOREDO URXWH SODQQLQJ� $ GLJLWDO

UHSUHVHQWDWLRQ RI WKH ODQGVFDSH PXVW EH VWRZHG LQ

WKH URYHU FRPSXWHU� WRJHWKHU ZLWK D JRRG DQG
HIILFLHQW VHQVRUV V\VWHP WR DFTXLUH WKH UHDO ZRUOG

GDWD DQG FRPSDUH WKHP ZLWK WKH PRGHO�

8QIRUWXQDWHO\ WKRVH WDVNV� W\SLFDO RI $XWRPDWLRQ DQG

5RERWLFV� DUH QRW WKH RQO\ RQH VSDFH URERWLFV PXVW GHDO

ZLWK� )XUWKHUPRUH RWKHU LVVXHV OLNH SRZHU FRQWURO�

VWUXFWXUDO GHVLJQ� FRPPXQLFDWLRQ� WUDFNLQJ� RU GDWD
KDQGOLQJ JHQHUDOO\ GULYH WKH GHVLJQ RI D URYHU�

'HVLJQHUV DUH WKXV FRQVWUDLQHG WR VROXWLRQV WKDW KDYH



SRRU UHTXLUHPHQWV RQ PDVV� SRZHU� DQG ELW UDWH�
1RZDGD\V JUHDW KHOS LV FRPLQJ IURP WKH

PLQLDWXULVDWLRQ DQG LQWHJUDWLRQ SURFHVV ZKLFK LV

LQYROYLQJ HOHFWULFDO DQG PHFKDQLFDO HTXLSPHQW� E\

ZKLFK LV QRZ SRVVLEOH WR IRUHVHHQ OLJKWHU EXW PRUH

FDSDEOH URYHUV WKDQ \HDUV DJR�

���� /$5*( 529(56

7KH PDLQ SXUSRVH IRU XVH RI ODUJH XQPDQQHG URYHUV LV

FLYLO HQJLQHHULQJ WR SUHSDUH WKH RXWSRVW IRU KXPDQ

DUULYDO� ,QGHHG� HYHQ LI LQVSHFWLRQ RQ D UHJLRQDO EDVLV
FDQ EH HQYLVDJHG GXULQJ WKH ILUVW WZR SKDVHV RI WKH

PLVVLRQ �WKH XQPDQQHG RQHV�� WKLV ZRXOG EH GRQH E\

PLFUR DQG PLQL URYHUV� +RZHYHU WKH XVH RI ODUJH

XQPDQQHG URYHUV LV QRW ZLGHO\ SODQQHG� DQG VRPHRQH

HYHQ WKRXJKW WKDW WKH\ FRXOG EH DYRLGHG�

,QVWHDG ODUJH PDQQHG URYHUV DUH SUHVHQW LQ HYHU\
PLVVLRQ SODQ PDGH HLWKHU E\ $PHULFDQV RU (XURSHDQV�

1XPHURXV FRQFHSWV ZHUH GHYHORSHG LQ WKH SDVW�

HVSHFLDOO\ IRU OXQDU H[SORUDWLRQ� 7KH\ ZRXOG EH XVHG WR

H[SDQG WKH UDGLXV RI H[SORUDWLRQ� WR KHOS LQ

FRQVWUXFWLQJ WKH KXPDQ RXWSRVW� WR GHOLYHU FUHZ

EHWZHHQ GLIIHUHQW LQVWDOODWLRQV� DQG WR LQFUHDVH WKH FUHZ
VDIHW\� 7KH RQO\ PDQQHG SODQHWDU\ URYHU HYHQ XVHG ZDV

WKH $SROOR /XQDU 5RYLQJ 9HKLFOH GXULQJ $SROOR ���

��� DQG �� PLVVLRQV�

1RZDGD\V PDQ\ VROXWLRQV DQG FRQILJXUDWLRQV DUH

SURSRVHG� JHQHUDOO\ JURXSHG LQWR WKUHH FDWHJRULHV�

�� /LJKW 5HFRQQDLVVDQFH 5RYHUV� WKH\ DUH VLPLODU WR

WKH $SROOR 5RYHU� DQG VKRXOG EH XVHG WR PRYH

DURXQG WKH EDVH ZLWKLQ D UDQJH RI VHYHUDO NP�

7KHLU ZRXOG EH XVHG IRU VDPSOH FROOHFWLRQ�

VFLHQWLILF LQVWUXPHQW SRVLWLRQLQJ� DQG ZRXOG WUDYHO

RQO\ LQ GD\OLJKW�

�� +HDY\ &RQVWUXFWLRQ 5RYHUV� WKHVH DUH

XQSUHVVXULVHG YHKLFOHV XVHG WR PRYH KHDY\

SD\ORDGV� HVSHFLDOO\ LQ VXSSRUWLQJ WKH FRQVWUXFWLRQ

RI WKH KXPDQ EDVH� ,Q WKH PRVW FRPSOHWH

FRQILJXUDWLRQ WKH\ FDQ DOVR KDYH D URERWLF DUP

XVHG IRU ORDGLQJ� XQORDGLQJ� DQG PRYLQJ PDVVHV�
$ FXQQLQJ VROXWLRQ ZRXOG EH WR PDNH WKHVH URYHUV

DOVR UHPRWHO\ FRQWUROODEOH� VR WKDW WKH\ FRXOG EH

XVHG QRW RQO\ E\ DVWURQDXWV GXULQJ H[WUD�YHKLFXODU

DFWLYLW\� EXW DOVR ZLWKRXW OHDYLQJ WKH SUHVVXULVHG

HQYLURQPHQW RU HYHQ IURP (DUWK�

�� 0RELOH /DERUDWRU\ 5RYHUV� WKHVH URYHUV ZRXOG EH

XVHG WR H[SDQG H[SORUDWLRQ EH\RQG WKH OLPLW

LPSRVHG E\ WKH UHTXLUHPHQW WR UHWXUQ DW WKH EDVH

GXULQJ QLJKW�WLPH� +RVWLQJ DVWURQDXWV LQ D

SUHVVXULVHG VKLW�VOHHYH HQYLURQPHQW� WKH\ ZRXOG

DOORZ UHDFK SODFHV XS WR ��� NP IURP WKH EDVH DQG

WR FRQGXFW LQ�VLWX VFLHQWLILF DWWHQGHG DFWLYLWLHV
GXULQJ H[FXUVLRQV WKDW FDQ WDNH XS WR �� GD\V� :H

FRXOG HYHQ DIILUP WKDW WKH\ DUH RQH RI WKH NH\ SDUWV

IRU H[SORLWLQJ WKH IOH[LELOLW\ FRQFHSW WKDW LV DW WKH

EDVH RI WKH SODQHWDU\ PDQQHG H[SORUDWLRQ LQ VSLWH
RI D VLPSOH XQPDQQHG RQH�

$ ZHOO�HVWDEOLVKHG GHVLJQ SKDVH VKRXOG FUHDWH D

V\QHUJ\ EHWZHHQ WKH WKUHH FDWHJRULHV RI URYHUV� )RU

H[DPSOH D PRGXODU GHVLJQ FRXOG OHDG WR SURGXFH QRW

RQO\ VSHFLILF VHJPHQWV �OLNH FDELQV IRU WKH WKLUG W\SH RI

URYHUV�� EXW DOVR FRPPRQ SDUWV ZKLFK FRXOG EH XVHG RQ
DOO URYHUV� 7KLV ZRXOG EH DOVR DQ LVVXH IRU VDIHW\

DJDLQVW PHFKDQLFDO IDLOXUHV� EHFDXVH LQ FDVH RI

HPHUJHQF\ D EURNHQ SLHFH FRXOG EH VXEVWLWXWHG ZLWK

RQH WDNHQ IURP DQRWKHU URYHU�

)LJXUH �� 0$17$ IUHH�IO\HU EUHDGERDUG PRGHO
�&RXUWHV\ RI '$6$�

���� )/<,1* 52%276

6LQFH QRZ RQO\ VDWHOOLWHV� ODQGHUV� DQG URYHUV KDYH
FRQGXFWHG 0DUV H[SORUDWLRQ� 7KLV DUFKLWHFWXUH KDV KDG

WKH JUHDW GLVDGYDQWDJH WR JLYH GHWDLOHG LQIRUPDWLRQ

RQO\ ZLWKLQ D PD[LPXP RI ��P DURXQG WKH ODQGLQJ

VLWH� RU JOREDO EXW XQGHWDLOHG LQIRUPDWLRQ E\ VDWHOOLWH

REVHUYDWLRQV� 1RZ� DV DERYH GHVFULEHG� URYHU

FDSDELOLWLHV DUH SODQQHG WR EH H[SDQGHG� VR WR H[SORUH D
ZLGHU DUHD� %XW WKH EHVW ZD\ WR H[WHQG 0DUV

H[SORUDWLRQ RQ D UHJLRQDO EDVLV LV WR XVH IO\LQJ URERWV�

$LUVKLSV� EDOORRQV� IL[HG�ZLQJ DLUFUDIW� KHOLFRSWHUV DQG

DXWRJ\URV ZHUH VWXGLHG IRU WKLV UROH� EXW RQO\ EDOORRQV�

IL[HG�ZLQJ DLUFUDIW DQG DXWRJ\URV ZHUH IRXQG YHU\
LQWHUHVWLQJ� 3DUWLFXODUO\ 1$6$ VXJJHVWV WR XVH D IL[HG�

ZLQJ DLUFUDIW� (6$ PDGH D GHWDLOHG VWXG\ RQ WKH

0$17$ DXWRJ\UR �)LJ� ��� ZKLOH DHURVWDWLFV EDOORRQV

ZHUH SURSRVHG IURP ERWK RI WKHP DV FRPSOHPHQW WR

0DUV H[SORUDWLRQ�

$XWRPDWLRQ DQG 5RERWLFV GLVFLSOLQHV KDYH D JUHDW UROH
LQ WKLV ILHOG� SDUWLFXODUO\ EHFDXVH PLFUR V\VWHP

WHFKQRORJLHV DUH UHTXLUHG WR EXLOG ORZ PDVV YHKLFOHV�

2EYLRXVO\ WKH 0DUV HQYLURQPHQW GHHSO\ LQIOXHQFHV

GHVLJQ RI VXFK V\VWHPV� SDUWLFXODUO\ LI ZH FRQVLGHU WKDW

0DUV DWPRVSKHUH LV QRW�FRPEXVWLEOH ���� FDUERQ

GLR[LGH�� WKDW DWPRVSKHULF GHQVLW\ LV ORZ ������ RI
(DUWK�� DQG WKDW KXJH GXVW VWRUP FDQ RFFXU� $V

FRQVHTXHQFHV� IRU H[DPSOH� D VPDOO DHURSODQH ZRXOG



UHTXLUH ODUJH ZLQJVSDQ DQG HOHFWUR�PRWRU RU K\GUD]LQH
WXUELQH�

)O\LQJ URERWV ZRXOG EH XVHG ERWK GXULQJ XQPDQQHG

DQG PDQQHG SKDVHV� DQG GXULQJ PDQQHG RSHUDWLRQ WKH\

FRXOG RSHUDWH QRW RQO\ DXWRQRPRXVO\� EXW DOVR

UHPRWHO\ FRQWUROOHG� 7KHLU SXUSRVH ZRXOG EH VXUIDFH

UHFRQQDLVVDQFH� DWPRVSKHULF PHDVXUHPHQWV� DQG
,5�YLVLEOH YLGHR LPDJLQJ� ,I KLJK ODQGLQJ FDSDELOLW\

ZRXOG EH SURYLGHG� WKH\ FRXOG EH DOVR XVHG WR ODQG LQ

UHPRWH DUHDV� FROOHFW VDPSOHV� DQG UHWXUQ WR WKH EDVH�
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6XFK PLVVLRQ DUFKLWHFWXUH DV GHVFULEHG DERYH UHTXLUHV

GHYHORSLQJ DQG LPSURYLQJ LQQRYDWLYH DXWRPDWLRQ DQG

URERWLFV WHFKQRORJLHV� (XURSHDQ HIIRUW LQ WKLV VHQVH DUH
FR�RUGLQDWHG E\ (6$� E\ ZKLFK WKH ILUVW V\VWHPDWLF

VWXGLHV RQ (XURSHDQ FRQWULEXWLRQV WR KXPDQ 0DUV

PLVVLRQ DQG WKH DVVRFLDWHG $	5 QHHGV DQG

RSSRUWXQLWLHV ZHUH VWDUWHG� 7KHVH VWXGLHV �VWLOO LQ

SURJUHVV� ZLOO UHYLHZ WKH HQWLUH PLVVLRQ DUFKLWHFWXUH�
WU\LQJ WR LGHQWLI\ DUHDV ZKHUH (XURSH FDQ HVWDEOLVK D

VWUDWHJLF OHDGHUVKLS SRVLWLRQ� DQG SURGXFLQJ D

SUHOLPLQDU\ GHVLJQ RI FDQGLGDWH HOHPHQWV RI DQ

(XURSHDQ SDUWLFLSDWLRQ�

+RZHYHU� LW LV DOUHDG\ SRVVLEOH WR LGHQWLI\ VRPH

WHFKQRORJLHV WKDW DUH RI PDLQ LQWHUHVW IRU (XURSH DQG
PRUH JHQHUDOO\ IRU GHYHORSLQJ D 0DUV PLVVLRQ� 7KH\

DUH�

x 0LFUR VHQVRUV DQG DFWXDWRUV� DQG PRUH JHQHUDOO\

PLFURPHFKDQLFDO GHYLFHV�

x +DUVK HQYLURQPHQW GHYLFHV DQG HOHFWURQLFV�

HVSHFLDOO\ IRU ORZ WHPSHUDWXUH� ORRNLQJ DOVR IRU
WKHUPDO FRQWURO V\VWHPV ZLWK KLJK PDVV HIILFLHQF\�

x ,QQRYDWLYH DFWXDWRU HOHPHQWV �SLH]R� VKDSH

PHPRU\ DOOR\V� «� ZLWK KLJK UHOLDELOLW\ LQ KDUVK

HQYLURQPHQW�

x 9LVLRQ�EDVHG FRQWURO V\VWHPV� WR EH XVHG E\
DXWRQRPRXV QDYLJDWLRQ DQG FRQWURO RU E\

WHOHURERWLFV ZLWK UHPRWH FRQWURO�

x 'ULOOLQJ DQG VDPSOLQJ GHYLFHV� DQG PRUH JHQHUDOO\

SURPRWLQJ UHVHDUFK DQG GHYHORSPHQW RQ VPDOO

�PLQLDWXULVHG VFLHQWLILF LQVWUXPHQWV� FDPHUDV� «��

x ,QQRYDWLYH SRZHU V\VWHPV� ZKLFK LQFOXGH XOWUD
ORZ�WHPSHUDWXUH OLWKLXP EDWWHU\ DQG LPSURYHG

KLJK�HIILFLHQF\ VRODU FHOOV�

7RJHWKHU WKHVH WHFKQRORJLHV W\SLFDO RI DXWRPDWLF

V\VWHPV� DOVR &ORVHG /LIH 6XSSRUW 6\VWHPV PXVW EH

FRQVLGHUHG WR VXVWDLQ FUHZ ZKHQ PDQQHG SKDVH KDV
VWDUWHG�

�	� ����������

�� +RIIPDQ 6� -� 	 .DSODQ '� ,�� �+XPDQ
([SORUDWLRQ RI 0DUV� 7KH 5HIHUHQFH 0LVVLRQV RI

WKH 1$6$ 0DUV ([SORUDWLRQ 6WXG\ 7HDP�� 1$6$

'RF� Q� 63 ����� 1$6$�-6&� +XVWRQ� 7H[DV

�86$�� -XO\ ����

�� +RIIPDQ 6� -� 	 .DSODQ '� ,�� �$GGHQGXP WR

+XPDQ ([SORUDWLRQ RI 0DUV� 7KH 5HIHUHQFH
0LVVLRQV RI WKH 1$6$ 0DUV ([SORUDWLRQ 6WXG\

7HDP�� 1$6$�-6&� +XVWRQ� 7H[DV �86$�� -XQH

����

�� �(6$ DQG WKH 0DUV ,QLWLDWLYH� )LQDO 5HSRUW RI WKH

,QWHUGLUHFWRUDWH *URXSH GH 5pIOH[LRQ�� (6$ 'RF�

Q� '�060�������� �� 6HSWHPEHU ����

�� 6HEROGW :� 	 5HLFKHUW 0�� �6\VWHP &RQFHSWV�

$UFKLWHFWXUHV DQG 7HFKQRORJLHV IRU 6SDFH

([SORUDWLRQ DQG 8WLOLVDWLRQ �6(	8 6WXG\�� (6$

'RF� Q� ���������1/�-*�6&�� (6$� -XO\ ����

�� �6SDFH ([SORUDWLRQ DQG 5HVRXUFHV ([SORLWDWLRQ

�([SOR6SDFH� :RUNVKRS�� (6$ 'RF� Q� :33�����
(6$� ����� 2FWREHU ����

�� �(XURSHDQ 0LVVLRQ $UFKLWHFWXUHV DQG

7HFKQRORJLHV LQ WKH 0DUV ([SORUDWLRQ 6FHQDULR �

6WDWHPHQW RI :RUN�� (6$ 'RF� Q� ,07�

76������01�PQ� LVVXH �� UHYLVLRQ �� (6$�
)HEUXDU\ ����

�� �$XWRPDWLRQ DQG 5RERWLFV IRU +XPDQ 0DUV

([SORUDWLRQ �$520$� � 6WDWHPHQW RI :RUN��

(6$ 'RF� Q� 726�00$��������� LVVXH ����(6$�

�� 2FWREHU ����

�� �0$17$� 0DUV QDQR�PLFUR�WHFKQRORJ\ DLUFUDIW��
SUHVHQWDWLRQ E\ 'DLPOHU&KU\VOHU $HURVSDFH $* �

6SDFH ,QIUDVWUXFWXUH� 7HFKQRORJ\ :RUNVKRS� (6$

(67(&� 1RRUGZLMN �7KH 1HWKHUODQGV�� �� 0D\

����

�� 3XW] 3�� �6SDFH 5RERWLFV�� FKDSWHU DW SDJHV ����

��� RI (KUHQIUHXQG 3� HW DO �HGV�� �/DERUDWRU\
$VWURSK\VLFV DQG 6SDFH 5HVHDUFK�� .OXZHU

$FDGHPLF 3XEOLVKHUV� 7KH 1HWKHUODQGV� ����

��� 1RYDUD 0�� 3XW] 3� 0DUHFKDO /� /RVLWR 6��

�5RERWLFV IRU OXQDU VXUIDFH H[SORUDWLRQ�� SDSHU

LQVLGH �5RERWLFV DQG $XWRQRPRXV 6\VWHPV�� ,VVXH
�� SDJJ� ������ (OVHYLHU 6FLHQFH� 7KH

1HWKHUODQGV� ����

��� &KLFDUUR $�� 6FRRQ *�� 3XW] 3�� �6FLHQWLILF

DSSOLFDWLRQV RI URERWLF V\VWHPV RQ SODQHWDU\

PLVVLRQV�� SDSHU LQVLGH �5RERWLFV DQG

$XWRQRPRXV 6\VWHPV�� ,VVXH �� SDJJ� ������
(OVHYLHU 6FLHQFH� 7KH 1HWKHUODQGV� ����

��� 3XW] 3�� 'LGRW )�� 9DQ :LQQHQGDHO 0�� 9LVHQWLQ

*�� �5HFHQW (6$ $FWLYLWLHV LQ 6SDFH 5RERWLFV��

SDSHU SUHVHQWHG DW WKH ��VW
,QWHUQDWLRQDO



6\QSRVLXP RQ 5RERWLFV � ,65 ����� 0RQWUHDO
�&DQDGD�� ����� 0D\ ����

��� 6XRPHOD -�� 9LVHQWLQ *�� <OLNRUSL 7�� =HOLNPDQ 0��

�$ 5RERWLF 'HHS 'ULOOHU IRU 0DUV ([SORUDWLRQ��

SDSHU SUHVHQWHG DW WKH ,)$& &RQIHUHQFH RQ

0HFKDWURQLF 6\VWHPV� 'DUPVWDGW �*HUPDQ\�� ���

�� 6HSWHPEHU ����

��� %HUWUDQG 5�� 9DQ :LQQHQGDHO 0�� �0HFKDWURQLF

$VSHFWV RI WKH 1DQRNKRG 0LFUR�5RYHU IRU WKH

3ODQHWDU\ 6XUIDFH ([SORUDWLRQ�� SDSHU SUHVHQWHG DW

WKH ,)$& &RQIHUHQFH RQ 0HFKDWURQLF 6\VWHPV�

'DUPVWDGW �*HUPDQ\�� ����� 6HSWHPEHU ����


