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6XPPDU\ DQG�IXWXUH�ZRUN

7KLV�WKHVLV�GHVFULEHV�WKH�ODUJH�DUHD�RUGHULQJ�RI�SRO\PHU�DQG�LW¶V FRPSRVLWH�DW�DLU�ZDWHU�

LQWHUIDFH�DLGHG�E\�PROHFXODU�OHYHO�RUGHULQJ�WHFKQLTXH� /DQJPXLU��/%�/6��WHFKQLTXH��7KLV�

WHFKQLTXH�ZDV�HPSOR\HG IRU�DVVHPEO\�RI�QRQ�DON\O�FKDLQ�FRQWDLQLQJ��XQVXEVWLWXWHG��3,Q�

DQG�LWV�GHULYDWLYH���$3,Q�ZLWKRXW�DGGLWLRQ�RI�DQ\�VXUIDFWDQW��/DQJPXLU�WHFKQLTXH�HQDEOHV�

WKH� VWXG\� RI� LQWHUDFWLRQV� EHWZHHQ� WKH� PROHFXOHV� XVLQJ� WKH� /DQJPXLU� 3UHVVXUH�$UHD�

LVRWKHUP�RYHU�ZDWHU�VXUIDFH��,Q�DGGLWLRQ� 3,Q�FRPSRVLWHV�ZLWK�FRQGXFWLQJ�QDQRPDWHULDOV�

VXFK�DV�0R6� QDQRVKHHWV DQG�$J13V ZHUH�DOVR�DVVHPEOHG�DW�DLU�ZDWHU�LQWHUIDFH��,Q�WKLV�

ZRUN�� /DQJPXLU� WHFKQLTXH� ZDV� IXUWKHU� VWDQGDUGL]HG� DQG� H[SORUHG� IRU� WKHLU� XQLIRUP�

GLVWULEXWLRQ�LQ�SRO\PHU�PDWUL[�DQG�WKHLU WKLQ�ILOP�SUHSDUDWLRQV�RYHU�DSSURSULDWH VXEVWUDWH�

IRU�YDULRXV�FKDUDFWHUL]DWLRQV DQG�GHYLFH�DSSOLFDWLRQ�DV�6FKRWWN\�GLRGH��3ULRU�WR�DVVHPEO\�

YLD� LQWHUIDFLDO�/DQJPXLU� WHFKQLTXH��SRO\PHU� DQG� LWV� FRPSRVLWHV�ZHUH� V\QWKHVL]HG DQG�

DVVHPEOHG� YLD� FKHPLFDO� URXWH�� HOHFWURFKHPLFDO� URXWH� DQG� DW� OLTXLG�OLTXLG� LQWHUIDFH��

/LTXLG�OLTXLG�LQWHUIDFH�WHFKQLTXH�LV�KDYLQJ�SRWHQWLDO�QRW�RQO\�IRU�RUGHULQJ EXW�D�FRQWUROOHG�

PRUSKRORJ\�ZDV DFKLHYHG� DW� WKH� LQWHUIDFH HLWKHU� GXULQJ� SRO\PHUL]DWLRQ� DQG E\� XVLQJ�

VXUIDFWDQW�IRU�VL]H�VRUWLQJ�RI�QDQRPDWHULDOV�GHYHORSHG�LQ�RQH�SKDVH WR�DQRWKHU�SKDVH��7KLV�

DSSURDFK�ZDV�XWLOL]HG�IRU���$3,Q�V\QWKHVLV�WR�REWDLQ�PRUSKRORJ\�FRQWUROOHG�EXON�\LHOG�

DQG�XQLIRUP�VL]H�VRUWLQJ�RI�$J13V� 7KH�XVH�RI�DLU�ZDWHU�LQWHUIDFH�LQ�/DQJPXLU�PHWKRG�

IRU�XQLIRUP�GLVWULEXWLRQ�DQG�DVVHPEO\�RI�QDQRPDWHULDOV LQ�3,Q�PDWUL[�IRUPLQJ�QDQRK\EULG�

DQG� DQQHDOLQJ� RXW� WKH� WUDSV� E\� YHU\� VORZ� FRPSUHVVLRQ� RI� WKH� ILOP� KDV� SURYHG� WR� EH�

H[SHGLHQW� LQ� WKUHH� ZD\V�� )LUVW�� SRVVHVVLRQ� RI� VHOI�RUJDQL]DWLRQ� SURSHUW\� RI� WKH�

QDQRPDWHULDOV XVHG� KHUH DFWHG DV� D� WHPSODWH� IRU� SUHRUJDQL]DWLRQ� RI� SRO\PHUV SULRU� WR�

IDEULFDWLRQ�� IDFLOLWDWLQJ� WKHLU� RUGHULQJ� YLD� /DQJPXLU�� 6HFRQG�� 0R6� DQG� $J13V ERWK

FRQWULEXWHG LQ�FKDUJH�WUDQVSRUW�SURSHUW\�HQKDQFHPHQW�RI�WKH�QDQRK\EULG�/DQJPXLU ILOPV�
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IRUPHG��7KLUG�� VXFFHVVLYH� VORZ�FRPSUHVVLRQ�RI� WKH�/DQJPXLU� OD\HU� HQDEOHG VXIILFLHQW�

WLPH�IRU�UHOD[DWLRQ�DQG�ILOLQJ�XS�WKH�VSDFHV��WUDSV��RI�WKH�QDQRK\EULG�DQG�WKXV�UHVXOWLQJ�

LQ� LWV� LQFUHDVHG� RUGHULQJ� DQG� FU\VWDOOLQLW\ �ʌ�ʌ� VWDFNLQJ� DQG� WKH� LQWHUOD\HU� VWDFNLQJ� RI�

EDFNERQHV��� (QKDQFHPHQW� LQ� LQFUHDVHG� FRQMXJDWLRQ� OHQJWK� DQG� RUGHULQJ� RI� /DQJPXLU�

ILOPV�KDV�EHHQ�FRQILUPHG�E\�89�YLV�DQG�5DPDQ�VSHFWURVFRS\� /DUJH�DUHD�XQLIRUPLW\�DQG�

VWUXFWXUDO� VWXG\�ZHUH� DVVXUHG� YLD�6(0��$)0� WRSRJUDSK\�� SKDVH� LPDJLQJ�.3)0� DQG�

7(0� �DQG� 6$('� SDWWHUQ��� 7KH� FKDUJH� WUDQVSRUW� SURSHUWLHV KDYH EHHQ� H[SORUHG� LQ�

VDQGZLFKHG�FRQILJXUDWLRQ�RI�GHYLFH�$O�/DQJPXLU�ILOP�,72 6FKRWWN\�GLRGH� &KDSWHU�ZLVH�

VXPPDU\�RI�WKLV�ZRUN�LV�DV�IROORZV�

&KDSWHU�� GHDOV�ZLWK WKH�,QWURGXFWLRQ�DQG�OLWHUDWXUH�VXUYH\ DERXW�WKH VLJQLILFDQFH�

RI�RUGHULQJ�RI�&3V�DW�DOO�OHYHOV�RI�KLHUDUFK\� 9DULRXV�RUGHULQJ�WHFKQLTXHV�HPSOR\HG�DW�

WZR�LPSRUWDQW�OHYHOV�L�H��DW�V\QWKHVLV�OHYHO�DQG�SRVW�V\QWKHVLV�OHYHO�YHU\�PXFK�LQIOXHQFH�

WKH�SHUIRUPDQFH RI�WKH�ODUJH�DUHD�EDVHG�HOHFWURQLF�GHYLFHV KDV�EHHQ�GLVFXVVHG�KHUH���7KH�

FKDSWHU� DOVR� GHVFULEHV DQ� RXWOLQH� RQ� LQWHUIDFLDO� VWUDWHJLHV� �/�/�� *�/� YL]�� /DQJPXLU�

WHFKQLTXH��IRU�SRO\PHU�RUGHULQJ�DW�PROHFXODU�OHYHO��,QWHUIDFLDO�DVVHPEO\�LV�WKH�VLPSOHVW��

PRVW� VWUDLJKW� IRUZDUG� DQG� SUDJPDWLF�� 7KLV FKDSWHU� IXUWKHU� GHWDLOV� DERXW� WKH� SUHYLRXV�

ZRUNV�DQG�DGYDQFHV� LQ� WKH�/DQJPXLU� WHFKQLTXH�DQG� LWV�YDULRXV�SDUDPHWHUV� IRU� IXUWKHU�

VWDQGDUGL]DWLRQ�RI�WKLV�WHFKQLTXH��7KRURXJK�OLWHUDWXUH�KDV�EHHQ�VHDUFKHG�RQ�3,Q IDPLO\�

DQG� LWV� FRPSRVLWHV� IRU� LWV� ORVW� VLJQLILFDQFH� LQ� ODUJH� DUHD� GHYLFH� IDEULFDWLRQ� GXH� WR� LWV�

UHODWHG�VROXWLRQ�SURFHVVDELOLW\�LVVXHV DQG�RWKHUV���$Q�DWWHPSW�KDV�EHHQ�GRQH WR�PDNH�DQ�

XS±WR±GDWH�VXUYH\�RI�WKH�OLWHUDWXUH�UHODWHG�WR�&3V�DQG�LWV�RUGHULQJ�YLD�VROXWLRQ�SURFHVVDEOH�

/DQJPXLU�WHFKQLTXH�

&KDSWHU�� GHDOV�ZLWK�WKH�H[SHULPHQW�SURFHGXUHV�GRQH�IRU�WKLV�WKHVLV�DQG�GHWDLOV�RI�WKH�
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YDULRXV�FKDUDFWHUL]DWLRQ�WHFKQLTXHV�XWLOL]HG�LQ�WKLV�ZRUN�

&KDSWHU�� GHDOV�ZLWK�WKH�DLU�OLTXLG�LQWHUIDFH�DVVLVWHG�DVVHPEO\�RI�3,Q�YLD�/%�V\VWHP��:H�

KDYH� VXFFHVVIXOO\� IDEULFDWHG� 3,Q� ILOPV� RYHU� YDULRXV� VXEVWUDWHV� H[SORULQJ� LWV� VHOI�

RUJDQL]LQJ� SURSHUW\� LQ� RUGHU� WR� REWDLQ� LWV� RUGHUHG�� XQLIRUP� DQG� FRPSDFW� ILOP�� :H�

UHDVRQDEO\�MXVWLILHG�WKH�LVRWKHUP�REWDLQHG�IRU�3,Q�YLD�$)0�DQG�6(0�FKDUDFWHUL]DWLRQ�

DQG YDOLGDWHG����P1�P�63�DV� WKH�RSWLPXP�SRLQW� IRU�GHSRVLWLRQ�RI�XQLIRUP�/%�ILOPV��

7KXV��RXU�VWXG\�SUHVHQWV� LQWHUDFWLRQ�SURSHUW\�RI�XQVXEVWLWXWHG�3,Q�RYHU�ZDWHU� VXUIDFH��

DWWDLQPHQW�RI�VWDEOH�DQG�ODUJH�DUHD�WKLQ�ILOPV�DQG�OD\HU�GHSHQGHQW�FKDUJH�WUDQVSRUW�ZLWK�

LPSURYHPHQW�LQ�GHYLFH�SHUIRUPDQFH�

&KDSWHU� � GHVFULEHV� OLTXLG�OLTXLG� LQWHUIDFH� PRUSKRORJ\� FRQWUROOHG� DQG� ELSKDVLF

V\QWKHVLV� RI� ��$3,Q� DQG� LWV� /DQJPXLU� DVVLVWHG� DVVHPEO\� DW� DLU�ZDWHU� LQWHUIDFH�� 7KLV�

WHPSODWH�IUHH� WHFKQLTXH� SURYLGHG� DPSOH� RI� WLPH� ZLWKRXW� GLVWXUEDQFH� IRU� SRO\PHU� WR�

DFTXLUH�LWV�QRQ�XQLIRUP�JOREXODU�PRUSKRORJ\�DQG�SRURXV�VWUXFWXUH��PRQLWRUHG�YLD�6(0���

1R�H[WHUQDO�SKDVH�WUDQVIHU�DJHQWV�LQ�FDVH�RI�SRO\PHUL]DWLRQ�DQG�QR�H[WUD�LRQ�LPSXULWLHV�

ZLWK� ILQLWH� VLGH� UHDFWLRQV� �DQG�E\�SURGXFWV���)XUWKHU��ZH�KDYH� VXFFHVVIXOO\� REWDLQHG�D�

ODUJH�DUHD��RUGHUHG��FRPSDFW�ILOP�RI���$3,Q�YLD�/6�PHWKRG�YDOLGDWHG�WKURXJK�6(0�DQG�

$)0��&KDUJH�WUDQVSRUW�SURSHUW\�LQYHVWLJDWLRQ�UHYHDOV�LWV�VFRSH�IRU�DSSOLFDWLRQ�LQ�IXUWKHU�

ODUJH�DUHD�EDVHG�IOH[LEOH�HOHFWURQLF�GHYLFHV�

&KDSWHU�� H[SORUHV�DLU�OLTXLG�LQWHUIDFH�IRU�KRPRJHQRXV�GLVSHUVLRQ�RI�0R6� QDQRVKHHWV�

LQ�3,Q PDWUL[�DVVLVWHG�E\�/DQJPXLU�7HFKQLTXH��1RQ�FRYDOHQW�LQWHUDFWLRQV EHWZHHQ�0R6�

QDQRVKHHW�DQG�QLWURJHQ�DWRP�RI�WKH�LQGROH�XQLW�ZDV�WKH�GULYLQJ�IRUFH�RI�H[IROLDWLRQ�LQ�

DTXHRXV PHGLXP�DQG�DVVHPEO\�DW�WKH�DLU�ZDWHU�LQWHUIDFH��7KHVH�SUHDVVHPEOHG�VWUXFWXUHV�

ZHUH�WDLORUHG�XVLQJ�WKH�/DQJPXLU�WHFKQLTXH�IRU�ODUJH�DUHD�XQLIRUP�GLVWULEXWLRQ RI�0R6�

QDQRVKHHWV�� 7KLV� ZDV� YDOLGDWHG� E\� 7(0� DQG� $)0� UHVXOWV��0R6� QDQRVKHHWV� IRUPHG�
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ODUJHU�LQWHUIDFH�ZLWK�KLJKHU�VXUIDFH�WR�PDVV�UDWLR�RQ�WKH�3,Q�PDWUL[�LQ�D�/DQJPXLU�WURXJK�

OHDGLQJ�WR�VWDEOH�DQG�XQLIRUP�ILOP��)XUWKHUPRUH��WKLV�VLPSOH�DSSURDFK�IRU�KRPRJHQHRXV�

GLVWULEXWLRQ�RI�XQLIRUPO\�VL]HG�0R6� QDQRVKHHWV�LQ�WKH�3,Q�PDWUL[�H[KLELWHG�VLJQLILFDQW�

HQKDQFHPHQW� LQ� HOHFWULFDO� SURSHUWLHV� RI� WKH� SRO\PHU�� :H� KRSH� WKDW� WKLV� ZRUN� ZLOO�

HQFRXUDJH�WKH�XVDJH�RI�WKH�/DQJPXLU�WHFKQLTXH�IRU�REWDLQLQJ�KRPRJHQHRXVO\�GLVSHUVHG�

QDQRPDWHULDOV�LQ�RWKHU�SRO\PHU�PDWULFHV�WRR�

&KDSWHU�� GHWDLOV�DERXW� WKH�XWLOL]DWLRQ�RI�OLTXLG�OLTXLG�LQWHUIDFH�IRU�REWDLQLQJ�XQLIRUP�

VL]H� $J13V� DQG WKHLU� XQLIRUP� GHFRUDWLRQ� LQ� 3,Q PDWUL[� DW� DLU�ZDWHU� LQWHUIDFH YLD�

/DQJPXLU�WHFKQLTXH���7KLV�OLTXLG�OLTXLG�LQWHUIDFH�DSSURDFK�LV D�IDFLOH��ORZ�FRVW�DQG�TXLFN�

PHWKRG� IRU� DWWDLQLQJ� VROXWLRQ�SURFHVVHG�$J13V LQ� RUJDQLF� SKDVH� WULJJHUHG� E\�''$%�

VHUYLQJ�DV�37$�DQG�VWDELOL]HU�ERWK�WKXV�HUDGLFDWLQJ�WKH�XVH�RI�WZR�VHSDUDWH�UHDJHQWV��:H�

KRSH��WKLV�TXLFN�DQG�UREXVW�DSSURDFK�WRZDUGV�REWDLQLQJ�D�VL]H�VRUWHG�DVVHPEO\�RI�13V�

PD\�FRQWHQW�WKH�ODERUDWRU\�SURWRW\SLQJ�GHVLUH�DQG�LWV�SRWHQWLDO�WRZDUGV�ELR�VHQVLQJ�DQG�

HOHFWURQLFV� DSSOLFDWLRQ�� )XUWKHU�� WKHVH�13V� IDFLOLWDWHG� WKH RUGHULQJ� RI� 3,Q� DW� DLU�ZDWHU�

LQWHUIDFH�� 1RQ�FRYDOHQW� LQWHUDFWLRQ� EHWZHHQ� WKHP� ZDV� WKH� GULYLQJ� IRUFH� IRU� XQLIRUP�

GLVWULEXWLRQ� DQG� DVVHPEO\�� )XUWKHUPRUH�� WKLV� VLPSOH� DSSURDFK� IRU� KRPRJHQHRXV�

GLVWULEXWLRQ�RI�XQLIRUPO\�VL]HG�$J13� LQ� WKH�3,Q�PDWUL[�FDQ�EH�H[SORUHG� IRU�HOHFWULFDO�

SURSHUWLHV�RI�WKH�SRO\PHU�

)XWXUH�ZRUN

x 7KH�LVVXHV UHODWHG�ZLWK &3V� DUH�WKHLU�ORZ�VWDELOLW\�DQG�PRELOLW\�DV�FRPSDUHG�WR�

WKHLU�LQRUJDQLF FRXQWHUSDUWV��,Q�WKLV�ZRUN��LW�KDV�EHHQ�MXVWLILHG��DOVR�LQ�OLWHUDWXUH��

WKDW�SURSHU�RULHQWDWLRQ�DQG�RUGHULQJ�RI�SRO\PHUV�DW�V\QWKHVLV�DQG�SRVW�V\QWKHVLV�

OHYHO� FDXVH HQKDQFHPHQW� LQ� FKDUJH� WUDQVSRUW� SURSHUW\ DV� ZHOO� DV� VWDELOLW\� RI�

SRO\PHU� WKLQ� ILOP� EDVHG� GHYLFHV�� 7KH� /DQJPXLU WHFKQLTXH� KDV� EHHQ� H[SORUHG�
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H[WHQVLYHO\�DQG SUHVHQWHG�KHUH�DV�D�PRGHO�WHFKQLTXH WR REWDLQ�RUGHUHG��RULHQWHG�

DQG�WKLQ�ILOPV�IRU�IDEULFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�KLJK SHUIRUPDQFH�GHYLFHV��

7KHUHIRUH��WKHVH�PD\�EH�H[SORUHG�IRU�RWKHU�GHYLFHV VXFK�DV�)(7V LQ�IXWXUH�

x 7KLV�WKHVLV�HPSOR\V RQO\�ZDWHU�VXESKDVH IRU�IORDWLQJ�ILOP�IRUPDWLRQ�RI�SRO\PHU�

DQG�WKHLU�FRPSRVLWHV�IRUPHG�DW�DLU�ZDWHU�LQWHUIDFH DQG�LWV�LVRWKHUP�LQYHVWLJDWLRQ�

6R��LW�DOVR�XUJHV�WR�H[SORUH�ILOP�IRUPDWLRQ�EHKDYLRXU�RI�WKHVH�PDWHULDOV�RYHU�RWKHU�

OLTXLG�VXUIDFHV LQ�IXWXUH�XVLQJ�WKLV�/DQJPXLU�WHFKQLTXH�ZKLFK�PD\�SURYLGH�VRPH�

LQWHUHVWLQJ�REVHUYDWLRQV�

x 7KH�SUHSDUHG�/DQJPXLU� ILOPV�KDYLQJ�SRWHQWLDOO\�KLJK�VXUIDFH�DUHDV�DQG�KLJKO\�

RUGHUHG�� �RIIHUHG�D� UHPDUNDEOH�RSSRUWXQLW\�IRU�QDQRFRPSRVLWH�WR�VHOI�DVVHPEOH�

DQG GLVSHUVH� WKHPVHOYHV� DW� WKH� DLU�ZDWHU� LQWHUIDFH�� 6R�� LQRUGHU� WR� DFKLHYH�

FRPPHUFLDO� VXFFHVV�� LW� LV� LPSRUWDQW� WR� IXUWKHU� UHVHDUFK� RQ� YDULRXV� FRQGXFWLQJ�

ILOOHUV�IRU�RWKHU�GHYLFHV�DSSOLFDWLRQV�DQG�VXFK�DV�)(7��VRODU�FHOOV��HWF��ZKLFK�PD\�

KDYH�IXWXUH�VFRSH�RI�WKH�SUHVHQWHG�VFKHPH�LQ�WKLV�WKHVLV��


