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:H�KDYH� LQYHVWLJDWHG� WKH�SHUIRUPDQFH�RI� VHSDUDWH� DEVRUSWLRQ�PXOWLSOLFDWLRQ� ,Q*D$V� ,Q3�DYDODQFKH�SKRWRGLRGHV�DV� VLQJOH

SKRWRQ� GHWHFWRUV� IRU� WKH� ������P�ZDYHOHQJWK��:H� KDYH� RSWLPL]HG� WKH� DFWLYH� TXHQFKLQJ� DQG� JDWLQJ� FLUFXLW�� WDLORUHG� IRU

RSHUDWLRQ� RI� WKHVH� GLRGHV� DW� WKH� WHPSHUDWXUHV� LQ� WKH� UDQJH� IURP� WKH� URRP� WR� WKH� ±��� �&HOVLXV� DFKLHYDEOH� E\�PHDQV� RI� D

WKHUPRHOHFWULFDO�FRROLQJ��7KH�FDUHIXO�WXQLQJ�RI�GLRGHV�RSHUDWLQJ�FRQGLWLRQV�UHVXOWHG�LQ�D�VLJQLILFDQW�UHGXFWLRQ�RI�WKH�DIWHU�

SXOVLQJ�HIIHFWV��WKXV�SHUPLWWLQJ�WR�RSHUDWH�WKH�GHWHFWRUV�ZLWK�WKH�UHSHWLWLRQ�UDWHV�UHDFKLQJ���0+]��ZKLOH�PDLQWDLQLQJ�WKH�GDUN

FRXQW� UDWHV� RI� WKH� RUGHU� RI� ���� N+]�� 7KH� QRLVH� HTXLYDOHQW� SRZHU� RI� �u������:�+]���� DQG� WKH� WLPLQJ� UHVROXWLRQ� RI� ���
QDQRVHFRQGV�KDYH�EHHQ�REWDLQHG�DW�������P�ZDYHOHQJWK�

.H\ZRUGV�
�

LQIUDUHG�VLQJOH�SKRWRQ�GHWHFWRU��,Q*D$V�DYDODQFKH�SKRWRGLRGH��DFWLYH�TXHQFKLQJ
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2SHUDWLRQ� RI� FRPPHUFLDOO\� DYDLODEOH� ,Q*D$V�,Q3� DYDODQFKH� SKRWRGLRGHV� DV� SKRWRQ� FRXQWHUV� DW� KLJK� WHPSHUDWXUHV� DW� WKH

������P�ZDYHOHQJWK�LV�RI�VSHFLDO�DWWHQWLRQ�IRU�QXPHURXV�DSSOLFDWLRQV� LQFOXGLQJ� WLPH�UHVROYHG�VSHFWURVFRS\�� ODVHU� LQGXFHG

IOXRUHVFHQFH��RSWLFDO�WLPH�GRPDLQ�UHIOHFWRPHWU\��TXDQWXP�FU\SWRJUDSK\��H\H�VDIH�ODVHU�UDQJLQJ�DQG�LPDJLQJ�DQG�RWKHUV��7KH

�����P�ZDYHOHQJWK� UHJLRQ� LV� RI� VSHFLDO� LQWHUHVW� IRU� WZR� UHDVRQV�� ������P� FRUUHVSRQGV� WR� WKH� WKLUG� WHOHFRP� ZLQGRZ� IRU

RSWLFDO� FRPPXQLFDWLRQ� DQG� TXDQWXP� FU\SWRJUDSK\� DQG� ������P� LV� WKH� VR�FDOOHG� H\H� VDIH� ODVHU� UDQJLQJ� ZDYHOHQJWK ��� $W

SUHVHQW��WKH�PRVW�SURPLVLQJ�WHFKQLTXH�WR�GHWHFW�VLQJOH�SKRWRQV�E\�XVH�RI�D�VROLG�VWDWH�GHWHFWRU�LV�DQ�DYDODQFKH�SKRWRGLRGH

�$3'�� RSHUDWHG� LQ� WKH�*HLJHU�PRGH�� ,Q� WKLV� RSHUDWLQJ�PRGH� WKH� GLRGH� LV� SXOVH� ELDVHG� DERYH� LWV� EUHDNGRZQ� YROWDJH�� QR

FXUUHQW�LV�IORZLQJ�XQWLO�DQ�DYDODQFKH�LV�WULJJHUHG�E\�DQ�LQFRPLQJ�SKRWRQ�RU�D�WKHUPDOO\�JHQHUDWHG�FDUULHU��7KH�FXUUHQW�SXOVH

ULVH� WLPH�PDUNV� WKH� SKRWRQ¶V� DUULYDO� WLPH��$Q� H[WHUQDO� HOHFWULFDO� FLUFXLW�� HLWKHU� SDVVLYH� RU� DFWLYH��� LV� XVHG� WR� TXHQFK� WKH

DYDODQFKH�DQG�WR�UH�DSSO\�WKH�ELDV�WR�WKH�GLRGH�

2XU� SUHYLRXV� UHVHDUFK� DQG� GHYHORSPHQW� LQ� WKH� ILHOG� RI� VLQJOH� SKRWRQ� DYDODQFKH� GLRGHV� UHVXOWHG� LQ� D� ODUJH� DSHUWXUH

VLOLFRQ�$3'�EDVHG�GHWHFWRU�SDFNDJH�ZLWK�DQG�DFWLYH�TXHQFKLQJ�FLUFXLW�ZHOO�DGRSWHG�IRU�DSSOLFDWLRQV�OLVWHG�DERYH ���5HFHQW

GHYHORSPHQWV�UHVXOWHG�LQ�DQ�FXVWRP�GHVLJQHG�$3'�KDYLQJ�D�GLDPHWHU�RI�����PLOOLPHWHUV�LQ�GLDPHWHU��D�WLPLQJ�UHVROXWLRQ�RI

���SLFRVHFRQGV�):+0�DQG� D� GDUN� FRXQW� UDWH� EHORZ����N+]��7KH�$3'� FKLS� LV� FRROHG� E\� D� WKUHH� VWDJH� WKHUPRHOHFWULFDO

FRROHU�DQG�HQFORVHG�LQ�D�PLQLDWXUH�HYDFXDWHG�SDFNDJH��7KH�TXDQWXP�HIILFLHQF\�FRUUHVSRQGV�WR�WKH�VLOLFRQ��LW�GURSV�IRU�WKH

ZDYHOHQJWK� ORQJHU� WKDQ� �����P�� IRU� �����P�ZDYHOHQJWK� UHJLRQ� WKH� VLOLFRQ�$3'� LV� XQXVDEOH�� 6HYHUDO� DWWHPSWV� KDYH� EHHQ

PDGH�WR�IDEULFDWH�WKH�$3'V�VXLWDEOH�IRU�SKRWRQ�FRXQWLQJ�LQ�WKH�QHDU�LQIUDUHG�RQ�WKH�EDVLV�RI�WKH� *H6L�PRQR�FU\VWDO�LQ�RXU

ODE��KRZHYHU��WKH�GHYHORSPHQW�LV�VWLOO�FRQWLQXLQJ�

2QH�RI�WKH�FDQGLGDWHV�IRU�GHWHFWLRQ�LQ�WKH������P�UHJLRQ�LV�WKH�JHUPDQLXP�$3'��:H�KDYH�GHYHORSHG�WKH�ODUJH�DSHUWXUH

JHUPDQLXP�GHWHFWRU�SDFNDJH��IRU�SLFRVHFRQG�SKRWRQ�FRXQWLQJ�LQ�WKH�ZDYHOHQJWK�UDQJH�����WR���� ��P��7KLV�SDFNDJH�KDV�EHHQ

XVHG�DV�DQ�HFKR�VLJQDO�GHWHFWRU�LQ�WKH�VDWHOOLWH�ODVHU�UDQJLQJ�V\VWHP�RSHUDWLQJ�DW�VR�FDOOHG�H\H�VDIH�ZDYHOHQJWK����� ��P�LQ

WKH�&RPPXQLFDWLRQ�5HVHDUFK�/DEV���7RN\R�� -DSDQ���$OWKRXJK� WKLV� GHWHFWRU�SDFNDJH� LV� SHUIRUPLQJ�ZHOO� IRU� VDWHOOLWH� ODVHU

UDQJLQJ�SXUSRVHV��LWV�XVH�LQ�RWKHU�DSSOLFDWLRQ�LV�OLPLWHG��WKH�FU\RJHQLF�HQYLURQPHQW�LV�QHHGHG�DQG�WKH�GDUN�FRXQW�LV�RI�WKH

RUGHU�RI���0+]�

7KH� VHSDUDWH� DEVRUSWLRQ� PXOWLSOLFDWLRQ� �6$0�� DYDODQFKH� SKRWRGLRGHV� ,Q*D$V� ,Q3� DUH� DQRWKHU� FDQGLGDWHV� WR� VHQVH

VLQJOH�SKRWRQV��7KH�XVH�RI�WKH�,Q*D$V�,Q3�DYDODQFKH�SKRWRGLRGHV�IRU�SKRWRQ�FRXQWLQJ�LQ�WKH�QHDU�LQIUDUHG�KDV�EHHQ�UHSRUWHG

E\�VHYHUDO�DXWKRUV�DOUHDG\�������7KHVH�GLRGHV�KDYH�EHHQ�IRXQG�WR�EH�WKH�EHVW�NQRZQ�FDQGLGDWHV�RQ�SKRWRQ�FRXQWLQJ�VHQVRUV

IURP� WKH�SRLQW�RI�YLHZ�RI�TXDQWXP�HIILFLHQF\�DW�������P��7KH\�KDYH�EHHQ� WHVWHG�DW�EURDG� UDQJH�RI� WHPSHUDWXUHV� UDQJLQJ

IURP�WKH�URRP�GRZQ�WR�WKH����.��WKH�GHWHFWLRQ�HIILFLHQF\�RI�VLQJOH�SKRWRQ�RI�VHYHUDO�SHUFHQWV� DQG�WKH�WLPH�UHVSRQVH�IURP

PLFURVHFRQGV� GRZQ� WR� ���� SLFRVHFRQGV� KDV� EHHQ� UHSRUWHG ��� $OO� WKH� UHSRUWHG� UHVXOWV� KDYH� EHHQ� REWDLQHG� XVLQJ� WKH

FRPPHUFLDOO\� DYDLODEOH� VHSDUDWH� DEVRUSWLRQ�PXOWLSOLFDWLRQ� �6$0�� DYDODQFKH� SKRWRGLRGHV� ,Q*D$V� ,Q3� FKLSV�� ZKLFK� KDYH

EHHQ�GHVLJQHG��RSWLPL]HG�DQG�PDQXIDFWXUHG�IRU�DQRWKHU�DSSOLFDWLRQ�GLIIHUHQW�IURP�WKH�SKRWRQ�FRXQWLQJ�LQ�WKH�*HLJHU�PRGH�



,Q� DOO� WKH�SXEOLFDWLRQV� FRQFOXVLRQV� WKH� DXWKRUV� VWDWHG�� WKDW� EHWWHU� UHVXOWV� DUH� H[SHFWHG�� RQFH� VXFK�GLRGH� VWUXFWXUHV�ZLOO� EH

GHVLJQHG�DQG� WDLORUHG�VSHFLILFDOO\� IRU� WKH�SKRWRQ�FRXQWLQJ�� OLNH� WKH� VLOLFRQ�DQG�JHUPDQLXP�GHWHFWLRQ�FKLSV��+RZHYHU�� WKH

RSHUDWLRQDO�VWUXFWXUHV�RI�6$0�DYDODQFKH�SKRWRGLRGHV�,Q*D$V� ,Q3�VSHFLILFDOO\�WDLORUHG�IRU�SKRWRQ�FRXQWLQJ�KDYH�QRW�EHHQ

PDQXIDFWXUHG�� \HW�� 7KH� ,Q*D$V� PDQXIDFWXULQJ� WHFKQRORJ\� FRPSOH[LW\� DQG� FRVW� LV�� SUREDEO\�� OLPLWLQJ� WKH� GHYHORSPHQW

SURFHVV�RI� VXFK� D� VWUXFWXUH��$GGLWLRQDOO\��PRVW� RI� WKH� UHSRUWHG� H[SHULPHQWV�ZLWK� WKHVH�GLRGHV�KDYH�EHHQ� FDUULHG�RXW� LQ� D

FU\RJHQLF� HQYLURQPHQW� DW� WHPSHUDWXUHV� ���.� WR� ����.� LQ� RUGHU� WR� DFKLHYH� DFFHSWDEOH� GDUN� FRXQW� UDWH� DQG� GHWHFWLRQ

VHQVLWLYLW\�� $OWKRXJK� WKH� FRPSDFW� FORVHG� F\FOH� FU\R�FRROHUV� DUH� FXUUHQWO\� DYDLODEOH�� WKHLU� VL]H�� FRQVXPSWLRQ�� OLIHWLPH�

FRPSOH[LW\�DQG�FRVW�DUH�QRW�VXLWDEOH�IRU�PRVW�RI�DSSOLFDWLRQV��WKH�WHOHFRPPXQLFDWLRQ�DV�WKH�SULQFLSDO�RQH�

&RQVLGHULQJ� WKH� DFKLHYHPHQWV� OLVWHG� DERYH� RQ� RQH� KDQG� DQG� WKH� IRUHVHHQ� DSSOLFDWLRQV� RQ� WKH� RWKHU� KDQG�� ZH� KDYH

IRFXVVHG�RXU� DWWHQWLRQ� WR� RSWLPL]DWLRQ� RI� WKH� 6$0� ,Q*D$V�,Q3� GLRGHV� RSHUDWLQJ� FRQGLWLRQV� LQ� DQ� DWWHPSW� WR� FRQVWUXFW� D

FRPSDFW�� DOO� VROLG� VWDWH�SKRWRQ�FRXQWHU�RSHUDWLQJ� LQ� WKH�������P�UHJLRQ�ZLWK� IROORZLQJ�SDUDPHWHUV��EDVHG�RQ�FRPPHUFLDO

FKLSV�� KLJK� SKRWRQ� GHWHFWLRQ� SUREDELOLW\� DW� ������P�� KLJK� WLPLQJ� UHVROXWLRQ�� KLJK� RSHUDWLRQDO� UHSHWLWLRQ� UDWH�� VLPSOH

WKHUPRHOHFWULFDO�FRROLQJ��FRPSDFW�DQG�UXJJHG�GHVLJQ��UHOLDEOH�RSHUDWLRQ
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7KH�VROLG�VWDWH�SKRWRQ�FRXQWHU�LV�EDVHG�RQ�DQ�DYDODQFKH�SKRWRGLRGH�RSHUDWHG�LQ�WKH�*HLJHU�PRGH��,Q�WKLV�RSHUDWLQJ�PRGH�WKH

GLRGH�LV�SXOVH�ELDVHG�DERYH�LWV�EUHDNGRZQ�YROWDJH�VKRUW�WLPH�EHIRUH�WKH�H[SHFWHG�DUULYDO�RI�SKRWRQ�RI�LQWHUHVW��1R�FXUUHQW�LV

IORZLQJ� XQWLO� DQ� DYDODQFKH� LV� WULJJHUHG� E\� DQ� LQFRPLQJ� SKRWRQ� RU� D

WKHUPDOO\� JHQHUDWHG� FDUULHU�� 7KH� FXUUHQW� SXOVH� ULVH� WLPH� PDUNV� WKH

SKRWRQ¶V� DUULYDO� WLPH�� $Q� H[WHUQDO� HOHFWULFDO� FLUFXLW�� HLWKHU� SDVVLYH� RU

DFWLYH�� LV� XVHG� WR� TXHQFK� WKH� DYDODQFKH� DQG� WR� FRQWURO� WKH� GLRGH� ELDV

FRQWURO�DQG�JDWLQJ�

7ZR�W\SHV�RI�FRPPHUFLDOO\�DYDLODEOH�GLRGHV�KDYH�EHHQ�XVHG�)XMLWVX

)3'�:�.6�GLRGHV�� KDYLQJ�����P�GLDPHWHU� DFWLYH� DUHD� DQG� WKH�(*	*

GLRGHV� &�����(� KDYLQJ� WKH� DFWLYH� DUHD� GLDPHWHU� ���PLFURPHWHUV�� 7KH

DPSOLWXGH� RI� WKH� GLRGH� RXWSXW� SXOVH� DV� D� IXQFWLRQ� RI� WKH� YROWDJH� DERYH

EUHDN� LV� SORWWHG� RQ� )LJXUH� ��� WKH� GHSHQGHQFH� RI� D� EUHDN� YROWDJH� RQ� WKH

WHPSHUDWXUH� LV� SORWWHG� RQ� )LJXUH� ��� 7KHVH� YDOXHV� KDYH� EHHQ� PHDVXUHG

RSHUDWLQJ�WKH�GLRGHV�LQ�DQ�*HLJHU�VFKHPH��LQ�VHULHV�ZLWK�WKH���0HJD2KP

UHVLVWRU�EORFNHG�E\�FDSDFLWRU���� SLFR)DUDGV��WKH�RXWSXW�SXOVHV�KDYH�EHHQ

UHFRUGHG�RQ�D�GLJLWL]LQJ�VFRSH�ZLWK�����0+]�EDQGZLGWK�

7KH� PDLQ� SDUDPHWHUV� RI� WKH� SKRWRQ� FRXQWLQJ� GHWHFWRU� DUH� WKH

GHWHFWLRQ�HIILFLHQF\��WLPLQJ�UHVROXWLRQ��GDUN�FRXQW�UDWH�DQG�WKH�PD[LPXP

DFKLHYDEOH�GHWHFWLRQ� UHSHWLWLRQ� UDWH��7KH�PDLQ� SDUDPHWHUV� RI� WKH� SKRWRQ

FRXQWLQJ�GHWHFWRU�GHSHQG��DVLGH�RI� WKH�FRQVWUXFWLRQ�RI� WKH�GLRGH�VWUXFWXUH� LWVHOI��RQ� WKH�RSHUDWLQJ�FRQGLWLRQV�RI� WKH�$3'�
RSHUDWLQJ� WHPSHUDWXUH� ±� WKH� QXPEHU� RI� WKHUPDOO\� JHQHUDWHG� FDUULHUV� LQVLGH� WKH� VHPLFRQGXFWRUV� LV� GHFUHDVLQJ� ZLWK

WHPSHUDWXUH��7KXV��GHFUHDVLQJ�WKH�WHPSHUDWXUH�ZLOO�UHVXOW�LQ�D�GHFUHDVH�RI

D�GDUN�FRXQW�UDWH�RI�WKH�GHWHFWRU��7KH�GHFUHDVH�RI�D�GDUN�FRXQW�UDWH�LV�RQH

RI� WKH� PDLQ� UHDVRQV� IRU� WKH� GHWHFWRUV� FRROLQJ�� $GGLWLRQDOO\�� WKH

WHPSHUDWXUH�LQIOXHQFHV�WKH�EUHDN�YROWDJH�RI�WKH�GLRGH��'XH�WR�WKH�FRPSOH[

VWUXFWXUH�RI� WKH� VHSDUDWH� DEVRUSWLRQ�PXOWLSOLFDWLRQ� DYDODQFKH�SKRWRGLRGH

,Q*D$V�,Q3� WKH� WHPSHUDWXUH� DOVR� VLJQLILFDQWO\� LQIOXHQFHV� WKH� GHWHFWLRQ

HIILFLHQF\�DQG�WLPLQJ�UHVROXWLRQ�DW�������P�ZDYHOHQJWK��
GLRGH� ELDV� ±� WKH� YROWDJH�� IRU�ZKLFK� WKH�$3'� LV� ELDVHG� DERYH� LWV� EUHDN

YROWDJH�� LV� LQIOXHQFLQJ� DOO� WKH� PDLQ� GHWHFWRU� SDUDPHWHUV�� GHWHFWLRQ

VHQVLWLYLW\�� WLPLQJ� UHVROXWLRQ� DQG�GDUN� FRXQW� UDWH�� ,Q� JHQHUDO�� LQFUHDVLQJ

WKH� ELDV� DERYH� WKH� EUHDN�� WKH� SKRWRQ� FRXQWLQJ� GHWHFWLRQ� VHQVLWLYLW\�ZLOO

LQFUHDVH�DQG�ZLOO� EH� VDWXUDWHG� DW� FHUWDLQ�YROWDJH�� ,QFUHDVLQJ� WKH�ELDV� WKH

WLPLQJ� UHVROXWLRQ� RI� WKH� GHWHFWRU� ZLOO� LPSURYH� DQG� ZLOO� EH� VDWXUDWHG� DW

VRPH�OHYHO��,QFUHDVLQJ�WKH�ELDV�DERYH�EUHDN��WKH�GDUN�FRXQW�UDWH�RI�WKH�GHWHFWRU�ZLOO�LQFUHDVH�
RSHUDWLRQ� UHSHWLWLRQ� UDWH� ±� WKH� UDWH�� ZLWK�ZKLFK� WKH� GHWHFWRU�� RSHUDWHG� LQ� WKH� JDWHG�PRGH�� LV� UHSHDWHGO\� DFWLYDWHG�� 7KH

GHWHFWLRQ�UDWH�LV�OLPLWHG�E\�WKH�DIWHU�SXOVLQJ�HIIHFWV ��±�WKH�OLIHWLPH�RI�FDUULHUV�SHUVLVWLQJ�LQ�WKH�GHWHFWLRQ�VWUXFWXUH�DIWHU�WKH

SUHYLRXV� EUHDNGRZQ� HYHQW�� ,Q� JHQHUDO�� WKH� DIWHUSXOVLQJ� HIIHFWV� DUH� OHVV� VLJQLILFDQW� DW� KLJKHU� WHPSHUDWXUHV�� +RZHYHU�

VLPXOWDQHRXVO\��WKH�DIWHUSXOVLQJ�SUREDELOLW\�LV�LQFUHDVLQJ�ZLWK�GDUN�FRXQW�UDWH��ZKLFK�LQFUHDVHV�ZLWK�WHPSHUDWXUH�

)LJXUH����%UHDN�YROWDJH�RI� WKH�(*	*�DQG

)XMLWVX�GLRGHV�YHUVXV�WHPSHUDWXUH�

)LJXUH����2XWSXW�SXOVH�DPSOLWXGH�(*	*�DQG

)XMLWVX� GLRGHV� YHUVXV� YROWDJH� DERYH� EUHDN�

GLRGHV� KDYH� EHHQ� RSHUDWHG� LQ� D� SDVVLYH

TXHQFKLQJ�PRGH�DW�����.�DQG�����.��SXOVHV

UHFRUGHG�RQ� D� GLJLWL]LQJ� VFRSH�ZLWK� WKH� DQD�

ORJ�EDQGZLGWK�����0+]�
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TXHQFKLQJ� DQG� JDWLQJ� FLUFXLW� ±� LWV� FRQVWUXFWLRQ� GHWHUPLQHV� WKH� SURFHVV� RI� GLRGH� RSHUDWLRQ� DV� WKH� SKRWRQ� FRXQWHU�� 7KH

FLUFXLW� LPSHGDQFH� LQIOXHQFHV� WKH� DYDODQFKH� FXUUHQW� EXLOGXS�� WKH� FLUFXLW� LQWHUQDO� GHOD\V� GHWHUPLQH� WKH� WLPH�� IRU�ZKLFK� WKH

DYDODQFKH�LV�EXLOGLQJ�XS�EHIRUH�EHLQJ�TXHQFKHG��7KH�WRWDO�DYDODQFKH�FKDUJH��WKH�QXPEHU�RI�JHQHUDWHG�FDUULHUV��LV�LQIOXHQFLQJ

WKH�DIWHUSXOVLQJ�

2Q� WKH� EDVLV� RI� WKH� SUHYLRXV� GHVFULSWLRQ� RQH� FDQ� FRQFOXGH�� WKDW� WKH� RSHUDWLQJ� FRQGLWLRQV� VHWWLQJV� DQG� D� GHVLJQ� DQG

FRQVWUXFWLRQ�RI�WKH�TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW�UHSUHVHQWV�D�FRPSOH[�WDVN��7KH�UHVXOWLQJ�VROXWLRQ�LV�DOZD\V�D�FRPSURPLVH

WDLORUHG�WR�WKH�VSHFLILHG�DSSOLFDWLRQ��7KH�SKRWRQ�FRXQWHU�WLPH�UHVROXWLRQ��GHWHFWLRQ�HIILFLHQF\��GDUN�FRXQW�UDWH�DQG�PD[LPXP

GHWHFWLRQ�UDWH�DUH�VXEMHFWHG�WR�D�GHOLFDWH�WUDGH�RII�
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7KH�EORFN�VFKHPH�RI�DQ�DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW�LV�RQ�)LJXUH����7KH�ULVH�RI�WKH�FXUUHQW�IORZLQJ�DFURVV�WKH�GLRGH

LV� VHQVHG� E\� WKH� IDVW� FRPSDUDWRU�� LWV� RXWSXW� FRQWUROV� WKH�$3'� ELDVLQJ� DQG� JHQHUDWLRQ� RI� WKH� XQLIRUP� RXWSXW� VLJQDO�� 7KH

GHWHFWRU� LV�HQDEOHG�E\�WKH�H[WHUQDO�JDWH�VLJQDO�� 7KH�DFWLYH�TXHQFKLQJ�FLUFXLW�KDV�EHHQ�GHYHORSHG�E\�6�&RYD ��IRU�6L�$3'V

RSHUDWHG�DV�SKRWRQ�FRXQWHUV�DQG�PRGLILHG�IRU�YDULRXV�DSSOLFDWLRQV�ODWHU

RQ���7KH�VLPLODU�VFKHPH�RI� WKH�DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW� LV

DOVR� VXLWDEOH� IRU� RSHUDWLRQ� RI� WKH� SKRWRQ� FRXQWHU� EDVHG� RQ� WKH

JHUPDQLXP� DYDODQFKH� SKRWRGLRGH� DQG� RSHUDWHG� LQ� D� FU\RJHQLF

HQYLURQPHQW���5HFHQWO\��VXFK�D�FLUFXLW�KDV�EHHQ�XVHG�LQ�RXU�ODERUDWRU\

WR� DFWLYH� TXHQFK� DQG� WR� JDWH� WKH� SKRWRGLRGH� VWUXFWXUHV� IDEULFDWHG� RQ

WKH�EDVLV�RI�*D$V��*D3�DQG�*D$V3��DV�ZHOO��+RZHYHU��VWDQGDUG�DFWLYH

TXHQFKLQJ� DQG� JDWLQJ� VFKHPHV� DUH� IDU� IURP� RSWLPXP� WR� RSHUDWH� WKH

6$0�,Q*D$V�,Q3�SKRWRGLRGHV�DV�SKRWRQ�FRXQWHUV��7KHUH�DUH�WZR�PDLQ

UHDVRQV�� WKH� GLIIHUHQWLDO� VHULDO� UHVLVWDQFH� RI� WKH� ,Q*D$V�,Q3� GLRGH

DERYH�LWV�EUHDN�LV�VHYHUDO�WLPHV�KLJKHU�LQ�FRPSDULVRQ�WR�WKH�VLOLFRQ�DQG

JHUPDQLXP� GLRGHV�� 7KXV�� WKH� DYDODQFKH� VHQVLQJ� FRPSDUDWRU�PXVW� EH

FDSDEOH�WR�UHVSRQG�WR�SXOVHV��$GGLWLRQDOO\��GXH�WR�WKH�VWURQJ�LQIOXHQFH�RI�WKH�DIWHUSXOVLQJ��LW�LV�GHVLUDEOH�� WR�NHHS�WKH�WRWDO

FKDUJH� IORZLQJ� DFURVV� WKH� VWUXFWXUH� DIWHU� D�EUHDN�PLQLPDO�� LW�PHDQV�� WR� ORZHU� WKH� GLRGH�ELDV� EHORZ� WKH� EUHDN� DV� VRRQ� DV

SRVVLEOH�� 7KHVH� WZR� UHTXLUHPHQWV� DUH� LQ� GLUHFW� FRQWUDGLFWLRQ� ±� PRUH� VHQVLWLYH� �KLJKHU� JDLQ�� FRPSDUDWRUV� KDYH� KLJKHU

SURSDJDWLRQ�GHOD\V�DQG�YLFH�YHUVD�

:H�KDYH�GHYHORSHG�D�QHZ�DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW�GHVLJQHG� VSHFLILFDOO\� IRU� WKH�6$0�,Q*D$V� ,Q3�GLRGH

VWUXFWXUHV��7KH�FLUFXLW�KDV�EHHQ�RSWLPL]HG�IURP�WKH�SRLQW�RI�YLHZ�RI�DYDODQFKH�FXUUHQW�VHQVLWLYLW\�DQG�D�WRWDO�FKDUJH�IORZLQJ

WKURXJK�WKH�GLRGH�DIWHU�WKH�EUHDN��$GGLWLRQDOO\��WKH�FLUFXLW�DOORZV� WR�DGMXVW�WKH�VOHZ�DW�ZKLFK�WKH�GLRGH�LV�ELDVHG�DERYH�WKH

EUHDN�WR�PLQLPL]H�WKH�WUDQVLHQW�HIIHFWV�RQ�WKH�EHJLQQLQJ�RI�WKH�JDWH�RQ�VZLWFKLQJ�

��
�

(;3(5,0(17$/�6(783

7KH�DFWLYH�TXHQFKLQJ� DQG�JDWLQJ� FLUFXLW�KDV�EHHQ�XVHG� WR�RSHUDWH� WKH�6$0�,Q*D$V� ,Q3�GLRGHV�DV�SKRWRQ� FRXQWHUV��7ZR

W\SHV�RI�FRPPHUFLDOO\�DYDLODEOH�GLRGHV�KDYH�EHHQ�XVHG�)XMLWVX�)3'�:�.6�GLRGHV��KDYLQJ��� ��P�GLDPHWHU�DFWLYH�DUHD�DQG

WKH� (*	*� GLRGHV� &�����(�� %RWK� ILEHU� SLJWDLOHG� ��� VDPSOHV�� DQG

XQSDFNHG� ��� VDPSOHV��FKLSV�RI� WKH�)XMLWVX�KDYH�EHHQ� WHVWHG� WRJHWKHU

ZLWK� WKH�XQSDFNHG�(*	*�GLRGHV� ��� VDPSOHV���7KH�PHDVXUHG� UHVXOWV

ZHUH�TXLWH�FORVH�IRU�WKH�VDPH�GLRGH�W\SH��7KH�FKLSV�KDYH�EHHQ�FRROHG

DQG� WHPSHUDWXUH� VWDELOL]HG� LQ� WKH� WHPSHUDWXUH� UDQJH� ±���� WR� ����

&HQWLJUDGH��7KH�DUUDQJHPHQW�RI�WKH�WHVW�VHWXS�LV�SORWWHG�RQ�)LJXUH���

7KH� VWDQGDUG� VFKHPH� RI� WKH� WLPH� FRUUHODWHG� SKRWRQ� FRXQWLQJ

H[SHULPHQW�KDV�EHHQ�XVHG��7KH� ODVHU�GLRGH�RSHUDWLQJ�DW�������P�KDV

EHHQ�GULYHQ�E\� WKH�FXUUHQW�SXOVHV� IURP� WKH�GULYHU�JHQHUDWLQJ�RSWLFDO

SXOVHV�����RU�����SLFRVHFRQGV�ORQJ�ZLWK�WKH�RSWLFDO�SHDN�SRZHU�RI���

PLOOL:DWWV��7KH�����SLFRVHFRQGV�SXOVHV�KDYH�EHHQ�XVHG�IRU�VHQVLWLYLW\

WHVWV�� WKH�����SLFRVHFRQG�SXOVHV� KDYH�EHHQ�XVHG� IRU�XOWLPDWH� WLPLQJ

UHVROXWLRQ� WHVWV�� 7KH� VLJQDO� KDV� EHHQ� DWWHQXDWHG� XVLQJ� WKH� QHXWUDO

GHQVLW\� ILOWHU� 1'�� 7KH� $3'� GLRGH� XQGHU� WHVW� KDV� EHHQ� SODFHG� LQ� D

FRROLQJ� FKDPEHU�� WKH� ZDWHU� FRQGHQVDWLRQ� KDV� EHHQ� DYRLGHG� E\� GU\

DWPRVSKHUH� VXUURXQGLQJ� WKH�GLRGH��7KH� DFWLYH�TXHQFKLQJ� DQG�JDWLQJ

)LJXUH����%ORFN�VFKHPH�RI�DQ�DFWLYH�TXHQFKLQJ

DQG�JDWLQJ�FLUFXLW�

)LJXUH����([SHULPHQWDO�VHWXS�IRU�,Q*D$V�,Q3

GLRGHV�WHVWV�
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FLUFXLW� JHQHUDWHG� WKH�1,0� WLPLQJ� SXOVHV�� 7KH� WLPH� WR� DPSOLWXGH� FRQYHUWHU� �7$&��PDQXIDFWXUHG� E\�(*	*�SURYLGHG� WKH

XOWLPDWH�WLPLQJ�UHVROXWLRQ�RI����SLFRVHFRQGV��7KH�GDWD�IURP�WKH�7$&�KDYH�EHHQ�SURFHVVHG�LQ�WKH�PXOWLFKDQQHO�DQDO\]HU�FDUG

LQ�D�SHUVRQDO�FRPSXWHU��7KH�JDWH�VLJQDO�KDV�EHHQ�JHQHUDWHG�DQG�WKH� UHSHWLWLRQ�UDWH�RI�WKH�H[SHULPHQW�KDV�EHHQ�FRQWUROOHG�E\

WKH�SXOVH�JHQHUDWRU�

��
�

'(7(&725�3(5)250$1&(�5(68/76�$1'�',6&866,21

7KH�H[DPSOH�RI�WKH�RXWSXW�GDWD�LV�RQ�)LJXUH����,W�UHSUHVHQWV�D� WLPH�FRUUHODWHG�SKRWRQ�FRXQWLQJ�KLVWRJUDP��7KH�(*	*�6$0

,Q*D$V�,Q3� GLRGH� ZDV� RSHUDWHG� ����9� DERYH� EUHDN�� WKH� GLRGH� ZDV� NHSW� DW� WKH� WHPSHUDWXUH� ±��� �&HQWLJUDGH�� WKH� WLPLQJ

UHVROXWLRQ�ZDV� ���� SLFRVHFRQGV� SHU� FKDQQHO�� 7KH� H[SHULPHQW� KDV� EHHQ

FRPSOHWHG� DW� WKH� UHSHWLWLRQ� UDWH� RI� ���N+]�� &RQVLGHULQJ� WKH� SKRWRQ

FRXQWLQJ� VWDWLVWLFV�� WKH�GDUN� FRXQW� UDWH�KDV� EHHQ� FRPSXWHG� �����N+]� LQ

WKLV� FDVH��� WKH� WLPLQJ� UHVROXWLRQ� RI�����QDQRVHFRQGV� KDV� EHHQ� REWDLQHG�

$V� WKH� ODVHU� GLRGH� RXWSXW� SXOVH� OHQJWK� DQG� WKH� WLPLQJ� HOHFWURQLFV

UHVROXWLRQ� DUH� PXFK� VKRUWHU�� WKLV� YDOXH� FRUUHVSRQGV� WR� WKH� WLPLQJ

UHVROXWLRQ�RI�WKH�SKRWRQ�FRXQWLQJ�GHWHFWRU�LWVHOI�

7KH� SKRWRQ� FRXQWLQJ� VHQVLWLYLW\� KDV� EHHQ� HVWLPDWHG� IURP� WKH

FRUUHFWHG�XVHIXO�VLJQDO�GHWHFWLRQ�UDWH��7KH�SKRWRQ�GHWHFWLRQ�SUREDELOLW\�LQ

DEVROXWH�ILJXUHV�KDV�EHHQ�FRPSXWHG�IURP�WKH�H[SHULPHQW�HQHUJ\�EDODQFH�

WKH� ODVHU� RXWSXW� SRZHU� ZDV� ���P:�� WKH� ODVHU� SXOVH� OHQJWK

����SLFRVHFRQGV��WKH�WRWDO�HQHUJ\�JHQHUDWHG�DW�������P�LV��u������-RXOHV

SHU�SXOVH��7DNLQJ�LQWR�DFFRXQW�WKH�H[SHULPHQW�JHRPHWU\��GLVWDQFH�RI�WKH

SKRWRQ�FRXQWHU�IURP�WKH�ODVHU�GLRGH������PP���DFWLYH�DUH�RI�WKH�GHWHFWRU�

WKH� UDGLDWLRQ� SDWWHUQ� RI� WKH� VLQJOH� PRGH� ODVHU� GLRGH� DQG� WKH� QHXWUDO

GHQVLW\� ILOWHU� LQYROYHG� �WUDQVPLVVLRQ� ������� WKH� DYHUDJH� QXPEHU� RI

SKRWRQV�SHU�ODVHU�VKRW�KLWWLQJ�WKH�GHWHFWRU�DFWLYH�DUHD�PD\�EH�FRPSXWHG�

7KH�UHVXOWLQJ�DYHUDJH�SKRWRQ�IOX[�GHQVLW\�ZDV�RQH�SKRWRQ�DQG�����SKRWRQ

SHU� ODVHU� VKRW� IRU� WKH� GHWHFWRU� DFWLYH� DUHD� GLDPHWHU� ��� DQG� ��

PLFURPHWHUV�� UHVSHFWLYHO\�� ,Q� WKH� RSWLPL]HG� FRQILJXUDWLRQ� �VHH� ODWHU��

�����&HQWLJUDGH������9�DERYH�WKH�EUHDN��XVLQJ�WKH�(*	*�GLRGH��WKH�SKRWRQ�GHWHFWLRQ�SUREDELOLW\�UHDFKHG��� ����&RQVLGHULQJ

WKH�HVWLPDWHG�SKRWRQ�IOX[�RQ�WKH�GLRGH�DSHUWXUH��WKH�TXDQWXP�HIILFLHQF\�RI��� ���KDV�EHHQ�FDOFXODWHG�IRU�(*	*�GLRGH��)RU
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)LJXUH� ��� 'DUN� FRXQW� DQG� UHODWLYH� VHQVLWLYLW\� DV� D

IXQFWLRQ�RI� WHPSHUDWXUH������9�DERYH�EUHDN��(*	*

GLRGH��WRS��DQG�)XMLWVX�GLRGH��ERWWRP��
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)LJXUH����([DPSOH�RI�WKH�H[SHULPHQWDO�GDWD�

WKH� (*	*� GLRGH� ����9� DERYH� EUHDN�� ±���

&HQWLJUDGH��KRUL]RQWDO�VFDOH�����SLFRVHFRQGV

SHU� FKDQQHO�� UHSHWLWLRQ� UDWH� RI� ��� N+]�� 7KH

WLPLQJ�UHVROXWLRQ�):+0� �����QDQRVHFRQGV�

FRQVLGHULQJ�WKH�SKRWRQ�FRXQWLQJ�VWDWLVWLFV��WKH

GDUN� FRXQW� UDWH� RI� ���� N+]� KDV� EHHQ

FRPSXWHG�

)LJXUH����6LJQDO�WR�QRLVH�UDWLR�DQG�WLPLQJ�UHVROXWLRQ

DV�D�IXQFWLRQ�RI� WHPSHUDWXUH������9�DERYH�WKH�EUHDN

(*	*�GLRGH��WRS��DQG�)XMLWVX�GLRGH��ERWWRP��
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)XMLWVX� GLRGHV� RSHUDWHG� ���� 9ROWV� DERYH� EUHDN� DW� ±���� &HQWLJUDGH� WKH� GHWHFWLRQ� SUREDELOLW\� ZDV� ��� ���� FRQVLGHULQJ� WKH

HVWLPDWHG�SKRWRQ�IOX[�RQ�WKH�GLRGH�DSHUWXUH�����SKRWRQ�SHU�ODVHU�ILUH��WKH�TXDQWXP�HIILFLHQF\�RI��� ���KDV�EHHQ�FDOFXODWHG�IRU

)XMLWVX�GLRGH�

7KH�GHSHQGHQFH�RI�WKH�GDUN�FRXQW�UDWH�DQG�WKH�UHODWLYH�VHQVLWLYLW\�RQ�RSHUDWLQJ�WHPSHUDWXUH�LV�SORWWHG�RQ�)LJXUH����7KH

GLRGHV�KDYH�EHHQ�RSHUDWHG�����9ROWV� DERYH� WKHLU� EUHDN�YROWDJH��7KH�GDUN� FRXQW� UDWH�RI� ERWK� WKH� GLRGHV� LV�PRQRWRQLFDOO\

GHFUHDVLQJ�ZLWK� WKH� IDFWRU�RI��� WLPHV�HDFK����.��7KH�UHODWLYH�VHQVLWLYLW\�RI� WKH�)XMLWVX�GLRGH� LV�PRQRWRQLFDOO\� LQFUHDVLQJ

ZLWK�WKH�GHFUHDVH�RI�GLRGH�WHPSHUDWXUH��$ERYH�WKH�]HUR�GHJUHHV�&HQWLJUDGH��WKH�VHQVLWLYLW\�RI�WKH�)XMLWVX�GLRGH�ZDV�WRR�ORZ

WR�EH�PHDVXUHG�LQ�D�JLYHQ�VHWXS��7KH�VHQVLWLYLW\�RI�WKH�(*	*�GLRGH�LV�H[KLELWLQJ�PRUH�FRPSOH[�WHPSHUDWXUH�GHSHQGHQFH��,W

LV�LQFUHDVLQJ�ZLWK�GHFUHDVLQJ�WHPSHUDWXUH��WKH�VORSH�LV�VLJQLILFDQWO\�LQFUHDVHG�EHOORZ����&HQWLJUDGH��,W�LV�ZRUWK�WR�PHQWLRQ

KHUH��WKDW�WKH�GDUN�FRXQW�UDWH�RI�WKH�(*	*�GLRGH�LV�PRUH�WKDQ�RQH�RUGHU�ORZHU�LQ�FRPSDULVRQ�WR�WKH�)XMLWVX�GLRGH��WKH�GDUN

FRXQW�UDWH�RI�WKH�(*	*�DW�±����&HQWLJUDGH�LV�DV�ORZ�DV�����N+]�

7KH�GHSHQGHQFH�RI�WKH�SKRWRQ�FRXQWLQJ�GHWHFWRU�WLPLQJ�UHVROXWLRQ�DQG�VLJQDO�WR�QRLVH�UDWLR�RQ�WHPSHUDWXUH�LV�SORWWHG�RQ

)LJXUH� ��� 7KH� (*	*� GLRGH� 615� UDWLR� LV� H[KLELWLQJ� FHUWDLQ� EUHDN� RI� WKH� FKDUDFWHULVWLFV� DW� ��� &HQWLJUDGH�� 7KH� WLPLQJ

UHVROXWLRQ� LV� SUDFWLFDOO\� FRQVWDQW� ZLWKLQ� WKH� HQWLUH� WHPSHUDWXUH

UDQJH� ZLWK� WKH� VWHHS� LQFUHDVH� IRU� WHPSHUDWXUHV� EHOORZ� ����

&HQWLJUDGH�� $W� WKHVH� WHPSHUDWXUHV�� DQ� DGGLWLRQDO� PHFKDQLVP� LV

WDNLQJ� SODFH� LQ� WKH� ,Q*D$V�,Q3� VWUXFWXUH� FDXVLQJ� WKH� VSOLW� RI� WKH

GHWHFWLRQ� GHOD\� ZLWKLQ� WZR� YDOXHV�� 2EYLRXVO\�� FRQVWUXFWLQJ� WKH

SKRWRQ� FRXQWLQJ�GHWHFWRU�� WKH� ORZHVW� SRVVLEOH� GDUN� FRXQW�ZLWK� WKH

DFFHSWDEOH� WLPLQJ� UHVROXWLRQ� LV� GHVLUHG�� 7KDW� LV� ZK\�� WKH

WHPSHUDWXUH� FORVH� WR� ±����&HQWLJUDGH� LV� RI� D� VSHFLDO� LQWHUHVW�� ,Q

FRQWUDVW�WKH�)XMLWVX�GLRGH�LV�QRW�H[KLELWLQJ�DQ\�RI�WKHVH�HIIHFWV��WKH

WLPH� UHVROXWLRQ� UHPDLQV� PRUH� RU� OHVV� FRQVWDQW� RYHU� WKH� HQWLUH

WHPSHUDWXUH�UDQJH�

2Q�)LJXUH���WKHUH�LV�D�SORW�RI�WKH�VLJQDO�WR�QRLVH�UDWLR�DQG�WKH

WLPLQJ�UHVROXWLRQ�DV�D�IXQFWLRQ�RI�WKH�ELDV�DERYH�WKH�EUHDN�DW�D�IL[HG

WHPSHUDWXUH��)RU�(*	*�GLRGH��WKH�615�UHPDLQV�UHODWLYHO\�KLJK�IRU

ELDVHV� ���� WR� ���� 9ROWV� DERYH� EUHDN� DQG� GURSV� VLJQLILFDQWO\� IRU

ELDVHV�����9ROWV�DQG�PRUH�DERYH�WKH�EUHDN��7KH�WLPLQJ�UHVROXWLRQ�LV

VLJQLILFDQWO\� LQFUHDVHG� IRU� ELDVHV� KLJKHU� WKDQ� ����9ROWV� DERYH� WKH

EUHDN��,W�PHDQV��WKDW�WKHUH�H[LVWV�D�FOHDUO\�GHILQHG�RSWLPXP�ELDVLQJ

RI� WKH� GLRGH� IRU� WKH� JLYHQ� WHPSHUDWXUH�� )RU� ����� &HQWLJUDGH� WKH

RSWLPXP� ELDV� LV� ����� 9ROWV� DERYH� WKH� EUHDN� ZLWK� WKH� WROHUDQFH

����9ROW� RQO\�� &RQVLGHULQJ� WKH� EUHDN� YROWDJH� WHPSHUDWXUH

GHSHQGHQFH�RI�WKH�GLRGH�DERXW������9ROW�SHU�GHJUHH�&HQWLJUDGH�RQH

FDQ�FRQFOXGH��WKDW�WKH�GLRGH�FKLS�WHPSHUDWXUH�KDV�WR�EH�VWDELOL]HG�ZLWK�WKH�DFFXUDF\�DW�OHDVW����� �&HQWLJUDGH�

7KH�)XMLWVX�GLRGH�WHPSRUDO�UHVROXWLRQ�DQG�615�LV�RQ�)LJ����EHORZ��1R�VLJQLILFDQW�RSWLPXP�PD\�EH�REVHUYHG��,W�LV�ZRUWK�WR

PHQWLRQ�WKDW�WKH�WLPLQJ�UHVROXWLRQ�RI�WKH�)XMLWVX�GLRGH�ZLOO�EH�JUHDWO\�LPSURYHG�IRU�KLJKHU�ELDVHV�DERYH�WKH�EUHDN��+RZHYHU�

WKH� XQUHDOLVWLF� GDUN� FRXQW� UDWHV� GDUN� FRXQW� UDWHV� DSSHDU� DW� WKHVH

WHPSHUDWXUHV�� ,Q� JHQHUDO�� WKH� )XMLWVX� GLRGHV� H[KLELW� KLJKHU� WLPLQJ

UHVROXWLRQ� DQG�PXFK� KLJKHU� GDUN� FRXQW� UDWH� LQ� FRPSDULVRQ� WR� WKH

(*	*�GLRGHV�LQ�WKH�REVHUYHG�WHPSHUDWXUH�UDQJH�

)RU� QXPHURXV� DSSOLFDWLRQV� OLNH� WLPH� UHVROYHG� VSHFWURVFRS\�

ILEHU�RSWLFV�GLDJQRVWLFV��TXDQWXP�FU\SWRJUDSK\�DQG�RWKHUV��WKH�KLJK

UHSHWLWLRQ�UDWH�RI�WKH�SKRWRQ�FRXQWLQJ�LV�UHTXHVWHG��7KH�RSHUDWLRQ�RI

WKH�DFWLYH�TXHQFKHG�DQG�JDWHG�$3'V�DW�KLJK�JDWH�UHSHWLWLRQ�UDWHV�LV

OLPLWHG� E\� WKH� DIWHUSXOVLQJ� HIIHFWV� ±� WKH� GDUN� FRXQW� UDWH� LV

LQFUHDVLQJ� ZLWK� WKH� UHSHWLWLRQ� UDWH� RI� WKH� JDWLQJ� RI� WKH� SKRWRQ

FRXQWLQJ�GHWHFWRU��2Q�)LJXUH���WKHUH�LV�D�SORW�RI�WKH�GDUN�FRXQW�UDWH

RI�WKH�GHWHFWRU�IRU�WKH�JDWH�UDWHV���N+]�WR���0+]��7KH�LQFUHDVH�RI

WKH�GDUN�FRXQW�ZLWK� WKH�JDWH� IUHTXHQF\� LV� QHJOLJLEOH� IRU� WKH� URRP

WHPSHUDWXUH� DQG� LV� VPDOO� IRU� ±���� &HQWLJUDGH� WKXV� PDNLQJ� WKLV

FRQILJXUDWLRQ� RI� D� GHWHFWRU� DWWUDFWLYH� IRU� KLJK� UHSHWLWLRQ� UDWH

V\VWHPV�� 7KLV� UHVXOW� LV� LQ� FRQWUDVW� WR� WKH� UHVXOWV� UHSRUWHG� HDUOLHU ��� WKH� UHODWLYHO\� KLJK� RSHUDWLRQDO� WHPSHUDWXUH� DQG� D� QHZ

GHVLJQ�RI�DQ�DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW�DUH�UHVSRQVLEOH�IRU�WKLV�LPSURYHPHQW��7KH�PHDVXUHPHQW�RI�WKH�GDUN�FRXQW

)LJXUH����6LJQDO�WR�QRLVH�UDWLR�DQG�WLPLQJ�UHVROXWLRQ

DV�D�IXQFWLRQ�RI�YROWDJH�DERYH�EUHDN��(*	*�GLRGH

DW�±����&��XS��DQG�)XMLWVX�GLRGH�DW�±����&��ERWWRP��

)LJXUH����7KH�GDUN�FRXQW�UDWH�YHUVXV�JDWH�UHSHWLWLRQ

UDWH� IRU� WKH�RSWLPXP�GHWHFWRU� FRQILJXUDWLRQ��(*	*

GLRGH�ELDVHG�����9ROWV�DERYH�EUHDN��±����&HQWLJUDGH�
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UDWH�LQFUHDVH�IRU�KLJK�JDWLQJ�UHSHWLWLRQ�UDWHV�KDV�EHHQ�OLPLWHG�E\�WKH�H[SHULPHQWDO�VHWXS�HPSOR\HG��7KH�PHDVXUHPHQW�FKDLQ

FRQVLVWLQJ�RI�7$&�DQG�0XOWLFKDQQHO�$QDO\]HU� OLPLWHG�WKH�PD[LPXP�UHSHWLWLRQ�UDWH� WR�YDOXHV�EHOORZ�� �0+]��(YHQ�KLJKHU

PD[LPXP�UHSHWLWLRQ�UDWHV�DUH�H[SHFWHG�WR�EH�DFKLHYDEOH�XVLQJ�WKH�H[LVWLQJ�DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW�LQ�FRQQHFWLRQ

ZLWK�WKH�(*	*�GLRGH�RSHUDWHG�DW�WHPSHUDWXUHV�±����WR������&HQWLJUDGH�
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&21&/86,21

:H�KDYH� LQYHVWLJDWHG� LQ� GHWDLO� WKH� SDUDPHWHUV� RI� WKH�(*	*� DQG� )XMLWVX� ,Q*D$V� ,Q3� DYDODQFKH� SKRWRGLRGHV� RSHUDWHG� LQ

DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�PRGH�DV�SKRWRQ�FRXQWHUV�LQ�WKH�WHPSHUDWXUH�UDQJH�±����WR����� �&HQWLJUDGH��:H�KDYH�RSWLPL]HG

WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI� WKH�DFWLYH�TXHQFKLQJ�DQG�JDWLQJ�FLUFXLW� IRU�RSHUDWLRQ�ZLWK� WKHVH�GLRGHV��)URP�WKH�SRLQW�RI

YLHZ�RI�WKH�GDUN�FRXQW�UDWH�DQG�DIWHUSXOVLQJ��WKH�(*	*�GLRGH�KDV�EHHQ�IRXQG�WR�EH�D�EHWWHU�FDQGLGDWH��:H�KDYH�IRXQG�WKH

RSWLPXP�RSHUDWLQJ�FRQGLWLRQV�RI�WKH�GLRGHV��$V�D�UHVXOW��ZH�GLG�FRQVWUXFW�D�FRPSDFW�DOO�VROLG�VWDWH�SKRWRQ�FRXQWLQJ�GHWHFWRU

EDVHG� RQ� WKH� (*	*� ,Q*D$V�,Q3� DYDODQFKH� SKRWRGLRGH� &�����(� H[KLELWLQJ� WKH� 1RLVH� (TXLYDOHQW� 3RZHU� �1(3�� RI

�u������:�+]����DQG�D�WLPLQJ�UHVROXWLRQ�RI�����QDQRVHFRQGV��7KH�GDUN�FRXQW�UDWH�LV�LQFUHDVLQJ�OHVV�WKDQ�WZLFH�IRU�WKH�JDWH�RQ
UHSHWLWLRQ� UDWHV� UHDFKLQJ� �� 0+]�� 7KH� GHWHFWLRQ� FKLS� ZDV� FRROHG� GRZQ� WR� ±��� �&HQWLJUDGH�� 7KLV� WHPSHUDWXUH� LV� HDVLO\

DFKLHYDEOH� E\� FRPPHUFLDO� WKHUPRHOHFWULFDO� FRROHUV�� 7KH� H[DFW� WHPSHUDWXUH� KDV� WR� EH� PDLQWDLQHG� ZLWKLQ� ���� GHJUHH

&HQWLJUDGH�OLPLWV��6XE�QDQRVHFRQG�WLPLQJ�UHVROXWLRQ�LV�DFKLHYDEOH�XVLQJ�WKH�)XMLWVX�GLRGHV�ZKHQ�ELDVLQJ�WKH�FKLSV�VHYHUDO

9ROWV�DERYH�WKH�EUHDN�YROWDJH�DW�WHPSHUDWXUHV�EHOORZ�±��� �&HQWLJUDGH��KRZHYHU��WKH�GDUN�FRXQW�UDWH�H[FHHGV�VHYHUDO�0+]

DQG�WKH�1(3�LQFUHDVHV�DERYH��u������:�+]����LQ�WKLV�VHWXS�
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7KLV�UHVHDUFK�KDV�EHHQ�SHUIRUPHG�DW�WKH�ODEV�RI�WKH�&]HFK�7HFKQLFDO�8QLYHUVLW\�LQ�3UDJXH�XQGHU�WKH�SDUWLDO�VXSSRUW�RI�WKH

*UDQW� $JHQF\� RI� &]HFK� 5HSXEOLF� ��������������� 7KH� DXWKRUV� DUH� JUDWHIXO� WR� 0HODWURQLN� 1DFKULFKWHQWHFKQLN� *PE+�

*HUPDQ\��IRU�SURYLGLQJ�)XMLWVX�FKLSV�
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5()(5(1&(6

��� $�/DFDLWD��)�=DSSD��6�&RYD�DQG�3�/RYDWL��³6LQJOH�SKRWRQ�GHWHFWLRQ�EH\RQG����P��SHUIRUPDQFH�RI�FRPPHUFLDOO\

DYDLODEOH�,Q*D$V�,Q3�GHWHFWRUV´��$SSO�2SW���9RO������1R����SS������������-XQH�������

��� *�5LERUG\��-�'��*DXWLHU��+�=ELQGHQ�DQG�1�*LVLQ��³3HUIRUPDQFH�RI�,Q*D$V�,Q3�SKRWRGLRGHV�DV�JDWHG�PRGH�SKRWRQ

FRXQWHUV´��$SS�2SW��9RO����1R�����SS������������$SULO��������

��� ,�3URFKD]ND��.�+DPDO��%�*UHHQH�DQG�+�.XQLPRUL��³/DUJH�DSHUWXUH�JHUPDQLXP�GHWHFWRU�SDFNDJH�IRU�SLFRVHFRQG�SKRWRQ

FRXQWLQJ�LQ�WKH����������P�UDQJH´��2SW�/HWWHUV��9RO�����1R�����SS������������6HSW�������

��� ,�3URFKD]ND��.�+DPDO��%�6RSNR�DQG�,�0DFKD��³1RYHO�FRQWULEXWLRQ�LQ�EUDQFK�RI�XOWUD�IDVW�FRQGHQVHG�PDWWHU

VSHFWURVFRSLF�SKRWRQ�FRXQWLQJ�V\VWHP´��(OVHYLHU�3XEOLVKLQJ��0LFURHOHFWURQLF�(QJLQHHULQJ������������SS��������

��� +�.XQLPRUL��%�*UHHQH��.�+DPDO�DQG�,�3URFKD]ND��³&HQWLPHWHU�SUHFLVLRQ�H\H�VDIH�VDWHOOLWH�ODVHU�UDQJLQJ�XVLQJ�D�5DPDQ

VKLIWHG�1G�<$*�ODVHU�DQG�JHUPDQLXP�SKRWRQ�FRXQWHU´��-�2SW��$��3XUH�$SS�2SW��9RO����������SS����

��� 6�&RYD��,(((�-�4XDQWXP�(OHFWURQ��4(��������������SS����


