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UHFRJQLWLRQ� LV� GHVFULEHG�� EDVHG� RQ� WKH� XVH� RI� JHQHUDO
SXUSRVH� IHHGIRUZDUG� QHXUDO� QHWZRUNV� DQG� EDVLF� LPDJH
SURFHVVLQJ� DOJRULWKPV��7KH� QHXUDO� QHWZRUN� UHSODFHV� WKH
HQWLUH� SDWWHUQ� PDWFKLQJ� PRGXOH� HQFRXQWHUHG� LQ� VLPLODU
V\VWHPV�� 7KH� DOJRULWKP� DFWXDOO\� GRHV� QRW� PDNH� XVH� RI
ODUJH� GDWDEDVHV�� DQG� H[SHULPHQWV� ZHUH� FRQGXFWHG� E\
WUDLQLQJ�WKH�QHXUDO�FODVVLILHU�RQ�D�SXUHO\�DUWLILFLDO�WUDLQLQJ
VHW�� 1HYHUWKHOHVV�� ILQDO� UHVXOWV� DUH� VLPLODU� WR� WKRVH� RI
PRUH� FRPSOLFDWHG� DSSURDFKHV�� DQG� FRXOG� EH� IXUWKHU
LPSURYHG� E\� RQ� OLQH� OHDUQLQJ�� 7KH� XVH� RI� QHXUDO
QHWZRUNV��FRXSOHG�ZLWK�WKH�IDVW�%5/6�WUDLQLQJ�DOJRULWKP�
FDQ�VXEVWDQWLDOO\�HQKDQFH�WKH�JOREDO�UHFRJQLWLRQ�VSHHG�
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&DU� OLFHQVH� UHFRJQLWLRQ� LV� LPSRUWDQW� LQ� VHYHUDO� ILHOGV� RI
DSSOLFDWLRQ�
�� WUDIILF�FRQWURO�LQ�UHVWULFWHG�DUHDV�
�� DXWRPDWLF�SD\PHQW�RI��WROOV�RQ�KLJKZD\V�RU�EULGJHV�
�� JHQHUDO� VHFXULW\� V\VWHPV�ZKHUHYHU� WKHUH� LV� WKH�QHHG

RI�LGHQWLI\LQJ�YHKLFOHV�
6RPH� DSSURDFKHV� H[LVW� DQG� KDYH� EHHQ� GHVFULEHG� LQ
OLWHUDWXUH�� 7KH\� DUH� PDLQO\� EDVHG� RQ� SDWWHUQ� PDWFKLQJ
DQG� QRUPDOL]HG� FRUUHODWLRQ� ZLWK� D� ODUJH� GDWDEDVH� RI
VWRUHG�WHPSODWHV�
,Q� WKLV� SDSHU�ZH� GHVFULEH� DQ� H[SHULPHQWDO� V\VWHP� IRU

WKH� UHFRJQLWLRQ� RI� ,WDOLDQ�VW\OH� FDU� OLFHQVH� SODWHV�� 7KH
V\VWHP� LV� EDVHG� RQ� WKH� XVH� RI� D� IHHGIRUZDUG� QHXUDO
QHWZRUN� �)11�� WUDLQHG� ZLWK� WKH� %ORFN� 5HFXUVLYH� /6
DOJRULWKP� �%5/6��� GHVFULEHG� LQ� >�@�� 7KLV� OHDUQLQJ
DSSURDFK� KDV� EHHQ� VKRZQ� WR� JXDUDQWHH� KLJK� UDWHV� RI
FRQYHUJHQFH�DQG�SURSHUWLHV�RI�VWDELOLW\�DQG�UREXVWQHVV�RI
WKH�VROXWLRQ��7KH�GDWD�DW�KDQG�FRQVLVW�RI�GLJLWL]HG�LPDJHV
RI� FDUV�� DFTXLUHG� E\� D� KLJK�UHVROXWLRQ� ��� PP� SKRWR
FDPHUD� DQG� FROOHFWHG� LQ� D� 3KRWR� &'�� 7KH� SURFHVVHG
LPDJHV� �VHH� )LJ���� DUH� ���� E\� ���� SL[HO� ZLGH�� 7KH
GLVWDQFH� DQG� WKH� DQJOH� RI� YLHZ� VLPXODWH� D� FDU� SDVVLQJ
WKURXJK�D�WROO�JDWH�

7KH�UHFRJQLWLRQ�SURFHVV�VWDUWV�ZLWK�WKH�VHDUFK�DQG�WKH
H[WUDFWLRQ�RI�WKH�SRUWLRQ�RI�WKH�RULJLQDO�LPDJH�FRQWDLQLQJ
WKH� FDU� SODWH�� 7KH� FKDUDFWHUV� FRQWDLQHG� LQ� WKH� SODWH� DUH
ORFDOL]HG�E\�D� UREXVW�SURFHVVLQJ� XVLQJ� D� QRQ�WUDGLWLRQDO
')7�� DQG� VXEVHTXHQWO\� LVRODWHG� DQG� FODVVLILHG� E\� WKH
QHXUDO� QHWZRUN�� 7KH� VFRUHV� DUH� YDOLGDWHG� E\� D� SRVW�
SURFHVVRU�ZKLFK�WDNHV�LQWR�DFFRXQW�WKH�V\QWD[�RI�,WDOLDQ�
VW\OH�SODWHV�
7KH�QHXUDO�QHWZRUN�LV�WUDLQHG�RII�OLQH�RQ�D�VHW�RI�HUURU�

IUHH� V\QWKHWLF� FKDUDFWHUV�� ZKHUH� FRPSHWLQJ� DSSURDFKHV
QHHG� D� ODUJH� GDWDEDVH� RI� UHDO�ZRUOG� LPDJHV� WR� H[WUDFW
IHDWXUHV�� 7KH� IDVW� WUDLQLQJ� FRQYHUJHQFH� DQG� WKH� VXUIDFH
HUURU�PRGHO�DGRSWHG�LQ�WKH�%5/6�DSSURDFK�DOORZ�WR�ILQG
UHOLDEO\� D� ORFDO� PLQLPXP� LQ� WKH� PHDQ� VTXDUHG� HUURU
�06(��FRVW�IXQFWLRQ�ZLWK�D�KLJK�JUDGH�RI�JHQHUDOL]DWLRQ
FDSDELOLW\��7KH�RYHUDOO�UHFRJQLWLRQ�UDWH�RI�WKH�V\VWHP�KDV
EHHQ� � WKH� ���� RQ� D� YDOLGDWLRQ� VHW� RI� ILIW\� UHDO�ZRUOG
LPDJHV�� ZLWK� ��� RI� UHMHFWLRQ� UDWH� DQG� RQH� ����� IDOVH
UHFRJQLWLRQ�� 7KH� SHUFHQWDJH� RI� FRUUHFWO\� UHFRJQL]HG
FKDUDFWHUV� KDV� UHDFKHG� WKH� ������� 0RVW� UHMHFWLRQV
KDSSHQHG�ZLWK� ROG� DQG� GXVW\� SODWHV�� DOPRVW� XQUHDGDEOH
DOVR�E\�KXPDQ�H\HV�
:LWK� UHVSHFW� WR� D� UHFHQWO\� SXEOLVKHG� ZRUN� >�@�� RXU

DSSURDFK�LV�DEOH�WR�UHGXFH�WKH�FRPSOH[LW\�RI�WKH�OHDUQLQJ
SKDVH� �QR� IHDWXUH� H[WUDFWLRQ� DQG� SDWWHUQ� PDWFKLQJ
UHTXLUHG��DQG�RI�WKH�FKDUDFWHU�UHFRJQLWLRQ��VSHHGHG�XS�E\
WKH�SDUDOOHO� DUFKLWHFWXUH�RI� WKH�)11��7KH� DOJRULWKP�KDV
EHHQ�WHVWHG�RQ�D�3HQWLXP�3UR�3&�����0+]�ZLWK�0DWODE�
7KH�QH[W�VWHS�ZLOO�EH�WR�ZULWH�KDQG�RSWLPL]HG�URXWLQHV�LQ
D� KLJK�OHYHO� ODQJXDJH� VXFK� DV� &��� WR� HQKDQFH� WKH
SURFHVVLQJ�VSHHG�
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7KH� DOJRULWKP� LV� LPSOHPHQWHG� DV� D� FDVFDGH� RI� EXLOGLQJ
EORFNV��(DFK�RI�WKHP�UHDOL]HV�D�VSHFLDOL]HG�WDVN��LV�IHG�E\
WKH� RXWSXW� RI� WKH� SUHYLRXV� VWDJH�� DQG� PDNHV� XVH� RI
UHODWLYHO\�VWDQGDUG�VLJQDO�SURFHVVLQJ�WRROV�



����,PDJH�SUHSURFHVVLQJ

7KH� GLJLWL]HG� LPDJH� �)LJ�� ��� LV� SUHSURFHVVHG� E\� WRQH
HTXDOL]DWLRQ� DQG� FRQWUDVW� UHGXFWLRQ�� 7KLV� WHFKQLTXH� KDV
EHHQ� SUHIHUUHG� WR� RWKHU� DOWHUQDWLYHV�� VXFK� DV� HGJH
HQKDQFHPHQW��IRU� WKH�EHWWHU�UREXVWQHVV�DQG�VXLWDELOLW\� WR
WKH�QH[W�SURFHVVLQJ�VWDJH�

����3ODWH�ORFDWLRQ�GHWHFWLRQ�DQG�H[WUDFWLRQ

(PSLULFDO� HYLGHQFH� VXJJHVWV� WKDW� GLPHQVLRQV� RI� WKH� FDU
DQG�WKH�SODWH�LQ�WKH�LPDJH�DFTXLUHG�E\�D�W\SLFDO�WROO�JDWH
FDPHUD�VKRXOG�QRW�YDU\�PRUH�WKDQ�DERXW������7KLV�IDFW
HQDEOHV� IRU� D� IDVW� ORFDOL]DWLRQ� WHFKQLTXH� DYRLGLQJ� DQ
H[SHQVLYH�VHDUFK�RYHU�ODUJH�DUHDV��7KH�FKDUDFWHU�VSDFLQJ
SURGXFHV� QHDW� VSDWLDO� KDUPRQLFV� LQ� WKH� KRUL]RQDO
GLUHFWLRQ�� 7KH\� FDQ� EH� UHYHDOHG� E\� D� VSDWLDO� IUHTXHQF\
GRPDLQ� SURFHVVLQJ� ZKLFK� VXPV� RXW� WKH� HQHUJ\
FRQWULEXWLRQV�IURP�DOO�XVHIXO�KDUPRQLFV�
7KH�KRUL]RQWDO�VWULSH�RI�WKH�LPDJH�FRQWDLQLQJ�WKH�SODWH

LV� IRXQG� E\� VHDUFKLQJ� IRU� WKH� PD[LPXP� RI� WKH� HQHUJ\
IURP�WKH�H[SHFWHG�KDUPRQLFV�
7KH� KDUPRQLF� GHFRPSRVLWLRQ� LV� DFFRPSOLVKHG� E\� D

URZ�ZLVH�')7�� IROORZHG�E\�D� V\QFKURQL]HG� DYHUDJH� � LQ
WKH�VSDWLDO�IUHTXHQF\�GRPDLQ��DV�VKRZQ�LQ�)LJ����
)RU� H[DPSOH�� D� VLQJOH� DYHUDJH� ZLOO� LQYROYH� WKH

SHULRGRJUDP�HVWLPDWHV�^�3�N���N ������«1���`�REWDLQHG
IURP�WKH�')7�^�;�N���N ������«1�`�DW�ELQV����������HWF«
7KH� IROORZLQJ� HVWLPDWRU�4�S�� RI� WKH� KDUPRQLF� VWDQGDUG
GHYLDWLRQ�LV�HPSOR\HG�
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ZKHUH�WKH�IXQFWLRQ�DEV�]��LQGLFDWHV�WKH�PRGXOXV�RI�WKH
FRPSOH[� DUJXPHQW�� 7KLV� SDUWLFXODU� HVWLPDWRU� KDV� EHHQ
FKRVHQ�DOVR�IRU�WKH�VLPSOLFLW\�RI�LPSOHPHQWDWLRQ�LQ�PRVW
'63�SURFHVVRUV�DQG�9/6,�GHGLFDWHG�FKLSV�
7KH�KRUL]RQWDO�ORFDWLRQ�RI�WKH�SODWH�LV�IRXQG�URXJKO\�LQ

WKH�VDPH�ZD\��E\�XVLQJ�D�VPDOO�FROXPQ�ZLVH�')7�RQ�WKH
FDQGLGDWH�V��VWULSH�V��IRXQG�LQ�WKH�SUHYLRXV�VWHS��)LJV���
DQG����

����&KDUDFWHU�ORFDOL]DWLRQ�DQG�VHJPHQWDWLRQ�

$IWHU� WKH� SODWH� KDV� EHHQ� ORFDWHG�� WKH� UHODWLYH� LPDJH
SRUWLRQ� LV� TXDQWL]HG� WR� ELQDU\� YDOXHV� DFFRUGLQJ� WR� DQ
DGDSWLYH� WKUHVKROG� HVWDEOLVKHG� GLUHFWO\� WKURXJK� D� WZR�
FODVV� FOXVWHULQJ� RI� WRQHV�� 7KH� FKDUDFWHUV� DUH� VHJPHQWHG
E\� ILQGLQJ� ZKLWH� DUHDV� EHWZHHQ� FROXPQV� ZLWK� KLJKHU
GHQVLW\�RI�EODFN�SL[HOV��)LJV����DQG����
,VRODWHG� EODFN� SL[HOV� DUH� ZLSHG� RXW� DQG� WKH� FKDUDFWHU

VL]H�LV�UHVL]HG�WR�WKH�VWDQGDUG�PHDVXUH�RI�����E\����SL[HOV
ZLWK�D�IDFWRU���GHFLPDWLRQ��)LJ�����
5HPRYLQJ�RI�LVRODWHG�SL[HOV�KDV�EHHQ�IRXQG�WR�LPSURYH

WKH�UHVLVWDQFH�RI�WKH�FKDUDFWHU�UHFRJQL]HU�ZLWK�UHVSHFW�WR
DUWLIDFWV�SURGXFHG�E\�WKH�SKRWRJUDSKLF�ILOP�

����5HFRJQLWLRQ�E\�WKH�)11

7KH� )11� KDV� EHHQ� WUDLQHG� ZLWK� D� V\QWKHWLF� (QJOLVK
FKDUDFWHU� VHW� E\� WKH� %5/6� DOJRULWKP� >�@�� )RU� HDFK
FKDUDFWHU�� VHYHUDO� UHSOLFDV�� VKLIWHG� E\� RQH� SL[HO� LQ� HDFK
GLUHFWLRQ� KDYH� EHHQ� SUHVHQWHG� WR� WKH� )11�� LQ� RUGHU� WR
HQKDQFH�WKH�JHQHUDOL]DWLRQ�FDSDELOLW\�>�@�
7KH�IDVW�FRQYHUJHQFH�RI�WKH�DOJRULWKP��FRPELQHG�ZLWK

WKH�ORZ�PLVDGMXVWPHQW�QRLVH�ZLWK�UHVSHFW�WR�WKH�FODVVLFDO
EDFNSURSDJDWLRQ�� KDV� GULYHQ� WKH� ZRUNLQJ� SRLQW� RI� WKH
QHWZRUN� WRZDUG� D� ZHOO�EHKDYHG� PLQLPXP�� ,Q� IDFW�� WKH
%5/6�DOJRULWKP�LV�DEOH�WR�ILQG�DQ�H[WUHPXP�VXUURXQGHG
E\� D� QHDUO\� TXDGUDWLF� K\SHUVXUIDFH�� W\SLFDO� RI� QHDU
0D[LPXP�/LNHOLKRRG�>�@��H�J��JRRG��HVWLPDWRU�RI�QHXURQ
ZHLJKWV�
7KH� )11� XVHG� ZDV� WZR�OD\HUHG� ZLWK� ��� LQSXW�� ��

KLGGHQ�DQG����RXWSXW�QHXURQV��DFWLQJ�DV�D�GHPXOWLSOH[HU
RI�WKH����SRVVLEOH�FKDUDFWHUV�

����3ODWH�YDOLGDWLRQ

7KH�SODWH�QXPEHU� LV�UHFRQVWUXFWHG�IURP�WKH�VHTXHQFH�RI
UHFRJQL]HG� FKDUDFWHUV�� *URVV� HUURUV� DUH� OLPLWHG� E\
FRPSDULVRQ�ZLWK� D� GDWDEDVH� RI� DFFHSWDEOH� VHTXHQFHV� RI
FKDUDFWHUV��W\SLFDO�RI�WKH�,WDOLDQ�SODWH�QXPEHULQJ�VFKHPH�
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7KH�SUHVHQWHG�DSSOLFDWLRQ�LV�DQ�H[DPSOH�RI�WKH�FDSDELOLW\
RI�QHXUDO�QHWZRUNV�WR�SHUIRUP�FRPSOH[�VLJQDO�SURFHVVLQJ
DQG�FODVVLILFDWLRQ� WDVNV�ZLWK�UHDO�ZRUOG�GDWD�� ,W� LV�ZRUWK
WR�SRLQW�RXW�WKDW�WKLV�SHUIRUPDQFH�KDV�EHHQ�DFKLHYHG�ZLWK
D� WUDLQLQJ�VHW� IRUPHG�E\�DUWLILFLDOO\�JHQHUDWHG�H[DPSOHV�
7KH� )11� UHSODFHV� DOO� DOLJQPHQW�� ILOWHULQJ�� WHPSODWH
FRUUHODWLRQ�DQG�ZLQQHU�VHOHFWLRQ�SURFHGXUHV�UHTXLUHG�E\
WUDGLWLRQDO� SURFHVVLQJ� ZLWK� D� SDUDOOHO� DUFKLWHFWXUH
UHDOL]DEOH�ZLWK�'63�9/6,�FLUFXLWV��ZLWK�WKH�FDSDELOLW\�RI
D�YHU\�KLJK�VSHHG�RI�UHFRJQLWLRQ�DW�ORZ�FRVWV�
7KH� %5/6� DOJRULWKP� RQFH� PRUH� GHPRQVWUDWHG� LWV

LQWULQVLF� UHVLVWDQFH� WR� WKH�SUHVHQFH�RI� LOO�VKDSHG� UHJLRQV
RI�WKH�HUURU�VXUIDFH��QRQ�FRQYH[��QHDUO\�IODW��DQG�RI�ORFDO
PLQLPD�WKDW�GR�QRW�KDYH�WKH�EDVLF�UHTXLUHPHQWV�IRU�EHLQJ
ORFDOO\� JRRG� HVWLPDWRUV� RI� QHXURQ� SDUDPHWHUV�� 7KH� IDVW
�VXSHUOLQHDU�� FRQYHUJHQFH� VSHHG� ZDV� QRW� D� SUHUHTXLVLWH
IRU� WKH� SDUWLFXODU� DSSOLFDWLRQ�� VLQFH� WKH� WUDLQLQJ� FDQ� EH
GRQH� RII�OLQH�� $Q\ZD\�� WKH� %5/6� UHGXFHG� JUHDWO\� WKH
VHWXS� WLPHV� IRU� H[SHULPHQWV� DQG� LV� VXLWDEOH� IRU� RQ�OLQH
DGDSWLYH� WUDLQLQJ�ZKHQ� QHHGHG� WR� FRPSHQVDWH� IRU�PLVV�
PRGHOOLQJ�
7KH� VHDUFK� IRU� W\SLFDO� VSDWLDO� KDUPRQLFV� JHQHUDWHG� E\

WKH�QHDUO\�UHJXODU�FKDUDFWHU�VSDFLQJ�RQ�WKH�SODWH�LV�DOVR�D
GLVWLQFWLYH�IHDWXUH�RI�WKH�SURSRVHG�SURFHGXUH��UHPDUNDEOH
IRU� WKH� RYHUDOO� UREXVWQHVV� DQG� QHDU� RSWLPDOLW\� RI� WKH
GHWHFWLRQ��7KH�'&7�FRXOG�EH�FRQVLGHUHG�DV�D�VXEVWLWXWH
IRU� WKH� ')7� ZLWK� SRVVLEOH� UHGXFWLRQ� LQ� FRPSXWDWLRQDO
FRVWV�
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7KLV�ZRUN�ZDV�VXSSRUWHG� LQ�SDUW�E\� WKH�,WDOLDQ�0LQLVWU\
RI�6FLHQWLILF�DQG�7HFKQRORJLFDO�5HVHDUFK��0�8�5�6�7���
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>�@��5�3DULVL��(�'��'L�&ODXGLR��*��2UODQGL�DQG�%�'��5DR�
³$� JHQHUDOL]HG� OHDUQLQJ� SDUDGLJP� H[SORLWLQJ� WKH
VWUXFWXUH� RI� IHHGIRUZDUG� QHXUDO� QHWZRUNV�´� ,(((
7UDQV�� RQ� 1HXUDO� 1HWZRUNV�� YRO���� QR���� 1RYHPEHU
�����

>�@��3��&RPHOOL��3��)HUUDJLQD��0��1RWWXUQR�*UDQLHUL�� DQG
)�� 6WDELOH�� ³2SWLFDO� UHFRJQLWLRQ� RI� PRWRU� YHKLFOH
OLFHQVH� SODWHV�´� ,(((� 7UDQV�� 2Q� 9HKLFXODU
7HFKQRORJ\�� 9RO�� ���� 1R�� ��� 1RYHPEHU� ������ SS�
��������

>�@��6�+D\NLQ�� 1HXUDO� 1HWZRUNV�$� &RPSUHKHQVLYH
)RXQGDWLRQ��,(((�3UHVV�������

>�@��$�� 3DSRXOLV�� 3UREDELOLW\� 5DQGRP� 9DULDEOHV� DQG
6WRFKDVWLF� 3URFHVVHV��0F�*UDZ�+LOO�� 1HZ�<RUN�� �UG

(GLWLRQ�������



)LJ�����2ULJLQDO�LPDJH�

)LJ�� ��� ,PDJH� RI� )LJ�� �� DIWHU� SUHSURFHVVLQJ� DQG
KRUL]RQWDO�')7�

)LJ�����9HUWLFDO�')7�

)LJ�����([WUDFWHG�SODWH�

)LJ�����&KDUDFWHU�ORFDOL]DWLRQ�

)LJ�����&KDUDFWHU�VHJPHQWDWLRQ�

)LJ�����&KDUDFWHU�
%
�H[WUDFWHG�DQG�GLJLWL]HG�


