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$EVWUDFW�

6SHFLDOW\� RSWLFDO� ILEHU� IRU� VSHFLILF� DSSOLFDWLRQV� KDYH�
EHFRPH�D�QHZ�SDUDGLJP�LQ�JXLGHG�ZDYH�SKRWRQLFV��,Q�WKLV�
LQYLWHG� SUHVHQWDWLRQ�� ZH� ZRXOG� UHYLHZ� VRPH� RI� RXU�
DSSOLFDWLRQ�VSHFLILF� VSHFLDOW\� ILEHU� GHVLJQV� IRU� SDUDEROLF�
SXOVH�JHQHUDWLRQ�WR�RYHUFRPH�QRQOLQHDU�GHWULPHQWV��DQG�DOO�
ILEHU�OLJKW�VRXUFHV�IRU�PLG�,5�DQG�7+]�SKRWRQLFV���

���,QWURGXFWLRQ�

2SWLFDO� ILEHU� FRPPXQLFDWLRQ� KDV� VHHQ� SKHQRPHQDO�
SURJUHVV�LQ�ODVW�WZR�GHFDGHV�ZLWK�7E�V�WUDQVPLVVLRQ�DOUHDG\�
GHPRQVWUDWHG�� 7R� OHYHUDJH� RQ� WKLV� UHPDUNDEOH� SURJUHVV�
PRUH� UHFHQWO\� UHVHDUFK� RQ� DSSOLFDWLRQ�VSHFLILF� VSHFLDOW\�
ILEHUV�KDYH�HPHUJHG�DV�D�QHZ�SDUDGLJP�LQ�ILEHU�GHVLJQV���,Q�
UHFHQW�\HDUV�ZH�KDYH�UHSRUWHG�VHYHUDO� QHZ�UHVXOWV� LQ� WKLV�
HPHUJLQJ�DUHD�RI�JXLGHG�ZDYH�SKRWRQLFV��,Q�WKLV�SDSHU�ZH�
VKDOO�UHYLHZ�IHZ�RI�RXU�UHODWLYHO\�UHFHQW�UHVXOWV���

3DUDEROLF�SXOVHV��33��DUH�NQRZQ�WR�EH�VSHFLDO�SXOVH�VKDSHV�
DPHQDEOH� WR� EUHDNLQJ�IUHH� SURSDJDWLRQ� E\� FRXQWHULQJ�
GHWULPHQWDO� VWURQJ� QRQOLQHDU� HIIHFWV� LQ� JXLGHG� ZDYH�
SURSDJDWLRQ�� 7KHVH� ILQG� PDQ\� LQWHUHVWLQJ� DSSOLFDWLRQV�
LQFOXGLQJ�KLJK�SRZHU�GHOLYHU\��ELR�PHGLFDO� LPDJLQJ��HWF��
>�@���)RU�PLG�,5�ILEHU�RSWLFV��VLQFH�WKH�FRPSDWLEOH�JODVVHV�
VXFK� DV� FKDOFRJHQLGHV� DUH� KLJKO\� QRQOLQHDU�� KLJK� SRZHU�
ODVHU�SURSDJDWLRQ�YLD�33� LV�DQ�DWWUDFWLYH� URXWH� WR�DFKLHYH�
VWDEOH� SXOVH� SURSDJDWLRQ� WKURXJK� VXFK� QRQOLQHDU� JODVV�
ILEHUV�LQ�WKH�PLG�,5��:H�GHPRQVWUDWH�WKURXJK�DSSURSULDWH�
%UDJJ� NLQG� RI� PLFURVWUXFWXUHG� ILEHU� GHVLJQ� IRU� LQGXFLQJ�
UDSLGO\�YDU\LQJ�EXW�FORVH�WR�]HUR�DYHUDJH�GLVSHUVLRQ�ZLWK�
SURSDJDWLRQ� WKURXJK� YDULDWLRQ� LQ� ILEHU� GLPHQVLRQ� DORQJ�
ZLWK� FRQVHTXHQWLDO� PRGXODWHG� QRQOLQHDULW\�� RQH� FDQ�
DFKLHYH� VWDEOH� SXOVH� SURSDJDWLRQ� LQ� LW�� $GGLWLRQDOO\� WR�
PLWLJDWH� WKH� HIIHFW� RI� WKLUG� RUGHU� GLVSHUVLRQ� �72'��� ZH�
LQFRUSRUDWH�WUDQVYHUVH�FKLUSLQJ�LQ�WKH�ILEHU�FODGGLQJ����

,Q�UHFHQW�\HDUV�PLG�,5�ZDYHOHQJWK�UHJLPH����a����PP��KDV�
DWWUDFWHG�D� ORW�RI�UHVHDUFK�LQ�SKRWRQLFV��6RPH�SRUWLRQV�RI�
WKLV�ZDYHOHQJWK�UHJLPH�LV�DOVR�NQRZQ�DV�³PROHFXODU�ILQJHU�
SULQW´�UHJLPH�EHFDXVH�RI�DEVRUSWLRQ�H[KLELWHG�E\�PROHFXOHV�
OLNH�2���+�2��&2��&2���12��1�2��2+��&+���+&/��HWF��ZLWK�
ZHOO�UHVROYDEOH�WUDQVLWLRQV���7KLV�ZDYHOHQJWK�UHJLPH�LV�DOVR�
RI�LQWHUHVW�LQ�WKH�GHIHQVH�VHFWRU�IRU�KLJK�SRZHU�GHOLYHU\�LQ�
DSSOLFDWLRQV� OLNH� KHDW� VLQNLQJ� PLVVLOHV� DQG� FRXQWHU�

PHDVXUHV��DQG�WKHUPDO�LPDJLQJ�LQ�ORZ�SRZHU QLJKW�YLVLRQ��
QRQ�GHVWUXFWLYH�VRIW�WLVVXH�DEODWLRQ�LQ�PHGLFDO�GLDJQRVWLFV��
PROHFXODU� DEVRUSWLRQ� VSHFWURVFRS\� IRU� PRQLWRULQJ�
FRPEXVWLRQ�IORZ�DQG�JDV�G\QDPLFV��HWF�

���6SHFLDOW\�)LEHU�GHVLJQV�DQG�5HVXOWV�

2XU� DSSOLFDWLRQ�VSHFLILF� ILEUH� GHVLJQV� KDYH� HYROYHG� RQ
PLFURVWUXFWXUHG�RSWLFDO� ILEUHV� �02)��SODWIRUP�LQ�YDULRXV�
IRUPV� FRQILJXUDEOH� DURXQG� VXLWDEOH�PDWHULDOV� KDYLQJ� ORZ�
WUDQVPLVVLRQ�ORVV�LQ�D�GHVLUHG�ZDYHOHQJWK�ZLQGRZ�V���.H\�
WDUJHWV� WKDW� XQGHUSLQ� WKHVH� GHVLJQV� LQYROYHG� LQYHQWLQJ�
02)�JHRPHWULHV��ZKLFK�FRXOG�EH�WDLORUHG�IRU�GLVSHUVLRQ�DV�
ZHOO�DV�QRQOLQHDULW\�PDQDJHPHQW����

7RZDUGV�3XOVH�VKDSLQJ��

)RU�33�JHQHUDWLRQ��LWV�SURSDJDWLRQ�G\QDPLFV�LV�VWXGLHG�E\�
VROYLQJ� QRQOLQHDU� 6FKURGLQJHU� HTXDWLRQ� �1/6(�� XQGHU�
VORZO\� YDU\LQJ� SXOVH� �RI� DPSOLWXGH� $�� HQYHORSH�
DSSUR[LPDWLRQ�LQ�D�%UDJJ�NLQG�RI��'�02)��

݅
డ

డ௭
െ

ఉమ

ଶ
ሻݖሺܦ

డమ

డ்మ
െ ݅

ఉయ



డయ

డ்య
 ݅

ఈ

ଶ
ܣ  ܣȁଶܣሻȁݖሺߛ ൌ Ͳ��ሺͳሻ

ZKHUH�ȕ��DQG�ȕ��DUH�UHVSHFWLYHO\�WKH�VHFRQG�DQG�WKLUG�RUGHU�
GLVSHUVLRQ�FRHIILFLHQWV��ȕ��!�����'�]��LV�WKH�ORQJLWXGLQDOO\�
YDU\LQJ�WHPSRUDO�GLVSHUVLRQ�SURILOH�ZKHUH�'���� ����Ȗ�]��LV�
WKH�ORQJLWXGLQDOO\�YDU\LQJ�QRQOLQHDU�SDUDPHWHU�DQG�Į�LV�WKH�
ORVV� FRHIILFLHQW�� :H� VROYHG� WKH� 1/6(� E\� WKH� VSOLW�VWHS�
)RXULHU� PHWKRG� �66)0�� DQG� E\� WDUJHWLQJ� D� GLVSHUVLRQ�
SURILOH� WKDW� RVFLOODWHV� ZLWK� SURSDJDWLRQ� DORQJ� ]� DERXW� DQ�
DYHUDJH�WKDW�LV�FORVH�WR�]HUR�PLPLFNLQJ�D�ULSSOH���(DUOLHU�ZH�
KDG� VKRZQ� WKDW� E\� LQWURGXFLQJ� D� WUDQVYHUVH� FKLUS��
GHWULPHQWDO�HIIHFW�RI�WKLUG�RUGHU�GLVSHUVLRQ��72'��FRXOG�EH�
HOLPLQDWHG�LQ�VXFK�ILEHU�GHVLJQV�>�@��7DUJHWHG�ILEHU�GHVLJQ�
ZDV�UHDOL]HG�E\�FRQVLGHULQJ�D�%UDJJ�ILEHU�ZLWK�DQ�DSHULRGLF�
FODGGLQJ�DQG�WUDQVYHUVH�FKLUS��&URVV�VHFWLRQDO�YLHZ�RI�WKH�
FKLUSHG�FODG�%UDJJ�ILEHU�LV�VKRZQ�LQ�)LJ�����D��DQG��E���7ZR�
FKDOFRJHQLGH� JODVVHV� ZHUH� FKRVHQ� WR� IRUP� WKH�
PLFURVWUXFWXUHG�ILEHU���*H$V6H�DV�WKH�ORZ�LQGH[�FRUH�DQG�
ELOD\HUV� RI� $V6H�*H$V6H� DV� WKH� FODGGLQJV�� 'HVLJQHG� 33�
VKDSHU�LV�PDGH�XS�RI�FRQFDWHQDWLRQ�RI�WZR�ILEHUV�±�)��DQG�
)���RI�ZKLFK�)��ZRXOG�IRUP�WKH�33�DQG�)��VSOLFHG�ZLWK�LW�
ZRXOG�HQVXUH�LWV�VWDEOH�SURSDJDWLRQ��&ODGGLQJ�RI�ERWK�)��
DQG�)��FRQVLVWV� RI���ELOD\HUV��ZKLFK� DUH� OLQHDUO\� FKLUSHG�
IURP�WKH�OD\HU��ZKLFK�LV�QH[W�WR�WKH�FRUH�WLOO�WKH�RXWHUPRVW��



)LJXUH� �� �D�� 6FKHPDWLF� RI� WKH� FKLUSHG� FODG� %UDJJ� ILEHU�
FURVV�VHFWLRQ�� �E�� UHIUDFWLYH� LQGH[� SURILOH� RI� WKH� %UDJJ�
ILEHU�� �F�� GLVSHUVLRQ� SURILOH� RI� WKH� GHVLJQHG� ILEHU� ±� LQVHW�
VKRZV�]HUR�GLVSHUVLRQ�FURVVLQJ�RI�)��� �G�� LQSXW� WHPSRUDO�
SXOVH�SRZHU�SURILOH��GDVKHG�FXUYH��DORQJ�ZLWK�HYROXWLRQ�RI�
RXWSXW�SXOVH�SRZHU�SURILOHV�DW�GLIIHUHQW� ILEHU� OHQJWKV�� �H��
FRUUHVSRQGLQJ�VSHFWUDO�HYROXWLRQ�DW�GLIIHUHQW�ILEHU�OHQJWKV��

OD\HU��VHH�)LJ����E�����,QSXW�LV�WDNHQ�DV�D�*DXVVLDQ�SXOVH�RI�
SHDN� SRZHU� ���� :� DQG� ):+0� ���� SV�� )RUPDWLRQ� RI�
SDUDEROLF�SXOVH�LV�VKRZQ�LQ�)LJ�����G���$�FORVH�LQYHVWLJDWLRQ�
RI�SXOVH�SURSDJDWLRQ�UHYHDOV�WKDW�33V�DUH�IRUPHG�DIWHU�DERXW�
����P RI�WKH�WRWDO�ILEHU�OHQJWK�ZLWK�D�PLVILW�SDUDPHWHU�0� �
������DQG�SURSDJDWHV�VHOI�VLPLODUO\��$W� WKH�HQG�RI���P��D�
33�ZLWK�):+0�a���SV�LV�REWDLQHG�DV�WKH�RXWSXW���$���G%�
VSHFWUDO�EURDGHQLQJ�RI�a����QP�FDQ�EH�VHHQ�IURP�)LJ����H���
'HWDLOV�RI�RXU�ZRUN�LQ�WKLV�GLUHFWLRQ�FDQ�EH�IRXQG�LQ�>�@���

7RZDUGV�0LG�,5�OLJKW�*HQHUDWLRQ�

2Q� WKH� PLG�,5� SKRWRQLFV� IURQW�� VHYHUDO� VSHFLDOW\� ILEHU�
GHVLJQV� ZHUH� UHSRUWHG� E\� XV� IRU� DSSOLFDWLRQV� DV� DOO�ILEHU�
VRXUFHV� DW� GLIIHUHQW� ZDYHOHQJWK� UHJLPH� RI� PLG�,5�� .H\�
WDUJHWV� WKDW� XQGHUSLQ� WKHVH� GHVLJQV� LQYROYHG� LQYHQWLQJ�
02)� JHRPHWULHV�� ZKLFK� ZRXOG� \LHOG� ]HUR� GLVSHUVLRQ�
ZDYHOHQJWKV��O='��LQ�WKH�QHLJKERXUKRRG�RI�FRPPHUFLDOO\�
DYDLODEOH�KLJK�SRZHU�SXPS�ODVHU�VRXUFHV���2QH�VXFK�W\SLFDO�
02)�GHVLJQ�LV�GHSLFWHG�LQ�)LJ�����D��KDYLQJ�FKDOFRJHQLGH�
PDWHULDO�$V�6��DV�WKH�KRVW�LQ�ZKLFK�DLU�KROHV�DUH�HPEHGGHG�
LQ�WKH�FODGGLQJ�>�@���'HVLJQ�RSWLPL]DWLRQ�OHG�WR�GLDPHWHU�RI�
WKH�KROHV�LQ� WKH�VHFRQG�ULQJ�WR�EH�GLIIHUHQW� IURP�WKH�UHVW��
)LJXUH��� �E��GHSLFWV� GLVSHUVLRQ� VSHFWUXP�RI� WKH�GHVLJQHG�

02)��ZKLFK�\LHOGHG�D�O='�FORVH�WR�WKDW�RI�7P�GRSHG�ILEUH�
ODVHUV��$PSOLILFDWLRQ�IDFWRU��$)V��L�H��JDLQ�VLJQDWXUH�DW�WKH�
VLJQDO� ZDYHOHQJWK� UHJLRQ� LV� SORWWHG� LQ� )LJ�� �� �F�� WR�
GHPRQVWUDWH� QDUURZ� EDQGZLGWK� �%:�� RI� WKH� JHQHUDWHG�
VLJQDO�IRU�D�SXPS�SRZHU�RI��:��&RUUHVSRQGLQJ�UHVXOWV�IRU�
D�EURDGEDQG�DOO�ILEUH�PLG�,5�VRXUFH�LV�VKRZQ�LQ�)LJ�����G��
IRU�ZKLFK�WKH�KROH\�FODGGLQJ�RI�WKH�GHVLJQHG�02)�RI�WKH�
DERYH� W\SH� LV� ILOOHG� ZLWK� ERURVLOLFDWH� URGV� �WKHUPDOO\�
FRPSDWLEOH�� WR� UHGXFH� WKH� ILEHU¶V� HIIHFWLYH� QXPHULFDO�
DSHUWXUH��7KLV�GHPRQVWUDWHV�H[DPSOH�RI�D�EURDG�EDQG�DOO�
ILEHU� PLG�,5� VRXUFH� RI� %:� a� ��� QP� VSDQQLQJ� 0:,5�
ZDYHOHQJWK�UDQJH�IURP�����a�����PP�DFKLHYHG�ZLWK�D�SXPS�
SRZHU� RI� �:� IURP� DQ� (U�GRSHG� =%/$1� ILEUH� ODVHU�
HPLWWLQJ�DW�a�����PP�>�@��,Q�ERWK�WKH�FDVHV�UHTXLUHG�ILEUH�

OHQJWK� LV� DERXW� D�PHWHU�
RU�OHVV����

)LJXUH����D��6FKHPDWLF�FURVV�VHFWLRQ�RI� WKH�FKDOFRJHQLGH�
PDWHULDO�EDVHG�02)���E��LWV�GLVSHUVLRQ�VSHFWUXP���F��*DLQ�
VSHFWUXP� RI� D� QDUURZ� EDQG� DOO�ILEHU� PLG�,5� VRXUFH�� �G��
FRUUHVSRQGLQJ� JDLQ� VSHFWUXP� RI� D� EURDG� EDQG� PLG�,5�
VRXUFH��

7RZDUGV� 3XOVH�SUHVHUYLQJ� :LGH� &RQWLQXXP�
*HQHUDWLRQ�

$� GLVSHUVLRQ� RVFLOODWLQJ�%UDJJ� ILEHU� DW� ���� ȝP� KDV� EHHQ�
GHVLJQHG� IRU� WKH� UHDOL]DWLRQ� RI� SXOVH� UHVKDSLQJ� DQG�ZLGH�
FRQWLQXXP� >��� �@�� )RU� WKLV�� ZH� KDYH� FKRVHQ� WZR�
FKDOFRJHQLGH�JODVVHV�±�*H$V6H� �5�,�� �������#�����ȝP��
DQG� $V6H� �5�,��  ������� #� ���� ȝP��� 7KHVH� JODVVHV� DUH�
PHFKDQLFDOO\� DQG� WKHUPDOO\� FRPSDWLEOH�� )RU� WKLV� GHVLJQ��
ZH�KDYH�FRQVLGHUHG���EL�OD\HUV�FRPSRVHG�RI�$V6H�*H$V6H
WKDW�VXUURXQG�WKH�*H$V6H�PDGH�FRUH��3XOVH�VKDSLQJ�DQG�WKH�
VWDEOH�SURSDJDWLRQ�KDYH�EHHQ�DFKLHYHG�E\�WZR�WDLORU�PDGH�
ILEHUV��7KH�ILUVW�SDUW�RI�WKH�ILEHU��WHUPHG�DV�)���KDV�LWV�LQSXW�
FURVV�VHFWLRQ�DV�IROORZV��FRUH�UDGLXV� �����ȝP��WKLFNQHVV�RI�
ILUVW�OD\HU��G��� �������ȝP��DQG�WKLFNQHVV�RI�VHFRQG�OD\HU�
�G��� ������ȝP��UHVSHFWLYHO\�� IXUWKHU��)�� LV�GRZQ�WDSHUHG�
ZLWK�WDSHU�UDWLR������RYHU�QH[W���P�OHQJWK�RI�WKH�ILEHU��7KH�
VROH� SXUSRVH� RI� )�� GHVLJQ� LV� IRU� SXOVH� UHVKDSLQJ�� 7KH�
VHFRQG�SDUW�RI�WKH�ILEHU��QDPHO\�)���LV�VWULFWO\�GHVLJQHG�IRU�
VWDEOH�SXOVH�SURSDJDWLRQ�ZKLFK�LV�EDVHG�RQ�WKH�GLVSHUVLRQ�
RVFLOODWLQJ�VFKHPH�ZLWK�DQ�DYHUDJH�GLVSHUVLRQ�FORVH�WR�]HUR��
6WDUWLQJ�IURP�WKH�HQG�FURVV�VHFWLRQDO�SDUDPHWHUV�RI�)���D�



PHWHU�ORQJ�GRZQ�WDSHUHG�ILEHU��WDSHU�UDWLR� �������KDV�EHHQ�
GHVLJQHG�LQ�D�ZD\�ZKHUH�WKH�GLVSHUVLRQ�SURILOH�VWDUWV�IURP�
LQLWLDO� QRUPDO� UHJLPH�� FURVVHV� WKH� ]HUR� DQG� UHDFKHV�
DQRPDORXV� UHJLPH� ZLWK� WKH� DYHUDJH� YDOXH� DURXQG� ]HUR��
)XUWKHU�� DQRWKHU� LGHQWLFDO� ILEHU� LV� MRLQHG� WR� LW� VR� WKDW� WKH�
LGHQWLFDO� FURVV�VHFWLRQV� DUH� VSOLFHG� WRJHWKHU� DQG� VXFK�
FRQWLQXRXV� VSOLFLQJ� UHVXOWV� LQ� D� GLVSHUVLRQ� RVFLOODWLQJ�
SURILOH�� 7KH� FXVWRP� GHVLJQHG� %UDJJ� ILEHU� VHUYHV� WKH�
SXUSRVH�RI�SXOVH� VKDSLQJ�DQG�VWDEOH�GHOLYHU\�RYHU� ORQJHU�
GLVWDQFH�FRPSDUHG�WR�DQ\�RI�LWV�FRXQWHUSDUW�ILEHUV�ZLWK�DOO�
SRVVLEOH�GLVSHUVLRQ�SURILOHV��

$W� WKH�LQSXW�HQG�RI� WKH�ILEHU��ZH�KDYH�IHG�D�*DXVVLDQ�
SXOVH�RI�SHDN�SRZHU� �����:�DQG�):+0� �����SV��$IWHU�
SURSDJDWLQJ� �� P� RI� WKH� LQLWLDO� ILEHU� OHQJWK�� WKH� LQSXW�
*DXVVLDQ�SXOVH�KDV�EHHQ�FRQYHUWHG�LQWR�D�SDUDEROLF�SXOVH�
ZLWK�LWV�FKDUDFWHULVWLF�OLQHDU�FKLUS�ZLWKLQ�WKH�SXOVH�GXUDWLRQ��
,Q�WKLV�VSHFLDOW\�ILEHU�ZH�KDYH�DFKLHYHG�VLJQLILFDQW�VSHFWUDO�
EURDGHQLQJ�ZKHQ�WKH�SXOVH�VKDSH�KDV�EHHQ�SUHVHUYHG��7KH�
FRQWLQXXP�LV�KRZHYHU�OLPLWHG�LQ�WHUPV�RI�ZLGWK��$�VDPSOH�
UHVXOW�WR�GHPRQVWUDWH�WKH�VSHFWUDO�EURDGHQLQJ�WKURXJK�VXFK�
VSHFLDOW\�ILEHU�LV�VKRZQ�LQ�)LJ�����

)LJXUH� �� &RQWLQXXP� JHQHUDWLRQ� �� VSHFWUDO� ZLGWK� RI� WKH�
LQSXW�DQG�RXWSXW�SXOVHV�IURP�'2)�DQG�'')�DW�YDULRXV�ILEHU�
OHQJWKV���

7RZDUGV�$OO�ILEHU�7+]�VRXUFH�

2XU� ZRUN� RQ� VSHFLDOW\� ILEHUV� IRU� DSSOLFDWLRQV� LQ� 7+]�
GRPDLQ�LQYROYHG�H[SORLWDWLRQ�RI�ZDYHOHQJWK�WUDQVODWLRQ�LQ�
SODVWLF±EDVHG�WDLORUHG�ILEHU�GHVLJQV�IRU�JHQHUDWLRQ�RI�7+]�
ZDYHV��7HUDKHUW]��7+]��ZDYHV�RU�7�UD\V��UDQJLQJ�IURP�����
a����7+]����PP�a����ȝP���ILOO�WKH�JDS�EHWZHHQ�PLFURZDYHV�
DQG� RSWLFDO� ZDYHV� >�@�� 7+]� ZDYHV� ILQG� H[WHQVLYH�
DSSOLFDWLRQV�LQ�PHGLFDO�WUHDWPHQW��VSHFWURVFRS\��LPDJLQJ��
VHQVLQJ�� VHFXULW\�� GHIHQVH�� DQG� DVWURQRP\�� /DVW� ��� WR� ���
\HDUV� KDV� VHHQ� D� VLJQLILFDQW� VXUJH� LQ� UHVHDUFK� RQ� 7+]�
JHQHUDWLRQ� DQG� LWV� WUDQVPLVVLRQ� YLD� ZDYH�JXLGLQJ��
(OHFWURQLF�EDVHG�7+]�JHQHUDWLRQ�LV�OLPLWHG�E\�KLJK�PHWDOOLF�
ORVVHV�DQG�ODFN�RI�HIILFLHQW�HOHFWUR�RSWLF�GHYLFHV��ZKHUHDV�
RSWLFV�EDVHG�7+]�JHQHUDWLRQ� LV� OLPLWHG�E\� WKH�DEVHQFH�RI�
VXLWDEOH�KRVW�GRSLQJ�PDWHULDOV� IRU� ODVLQJ�DQG�ORZ�RYHUODS�
EHWZHHQ� RSWLFDO� DQG� 7+]� ZDYHV� IRU� 1/� IUHTXHQF\�
FRQYHUVLRQ��,Q�>�@�ZH�UHSRUWHG�DQ�DOO�ILEHU�WHUDKHUW]��7+]��
UDGLDWLRQ�VRXUFH�E\�H[SORLWLQJ�QRQOLQHDU�SDUDPHWULF�SURFHVV�
LQ� D� VSHFLDOW\� PLFURVWUXFWXUHG�FRUH� GRXEOH�FODG� SODVWLF�
ILEHU��0&�'&3)���7KH�UHTXLUHG�SKDVH�PDWFKLQJ�FRQGLWLRQ�
LV�VDWLVILHG�WKURXJK�VXLWDEOH�WDLORULQJ�RI�WKH�ILEHU�GLVSHUVLRQ�
DQG� QRQOLQHDU� SURSHUWLHV� RI� WKH� GHVLJQHG� ILEHU� ZKHQ�

SXPSHG� DW� KLJK�SRZHU� IURP� D� &2�� ODVHU� FRQFRPLWDQWO\�
ZLWK� D� &2� ODVHU� RI�PXFK� ORZHU� SRZHU� DFWLQJ� DV� D� VHHG���
)LEHU� GHVLJQ� LV� VKRZQ� LQ� )LJ�� �� ZLWK� FRUUHVSRQGLQJ�
H[SODQDWLRQV�LQ�WKH�ILJXUH�FDSWLRQ���

)LJXUH�����D��(IIHFWLYH�FURVV�VHFWLRQ�RI�WKH�GHVLJQHG�ILEHU�
IRU� RSWLFDO� ZDYHV�� 7KH� FRUH� LV� IRUPHG� E\� KH[DJRQDOO\�
DUUDQJHG���ULQJV�RI�KLJK�LQGH[�URGV�RI�UDGLXV�RI���ȝP��ZKLWH�
FLUFOHV�� DQG� RI� SLWFK�  � ��� ȝP� LQ� D� XQLIRUP� ORZHU� LQGH[�
EDFNJURXQG�RI�PXFK�ZLGHU�FURVV�VHFWLRQ��GDUN�EOXH�FRORU���
ZKLFK�HIIHFWLYHO\�IRUPV�WKH�FODGGLQJ���E��(IIHFWLYH�FURVV�
VHFWLRQ�IRU�WKH�7+]�ZDYH��ZKHUH�FRUH�RI�UDGLXV�5��LV�IRUPHG�
E\�DQ�DYHUDJH�LQGH[��QDY��OLJKW�SXUSOH�FRORU��ZLWK�XQLIRUP�
FODGGLQJ� ��QG� FODG�� VKRZQ� LQ� OLJKW� EOXH� FRORU��� �F�� 7KH�
FRPELQHG�FURVV�VHFWLRQ�RI�WKH�SURSRVHG�0&�'&3)�>�@���

)LJXUH� �� 2XWSXW� VSHFWUXP� RI� WKH� JHQHUDWHG� 7+]� ZDYH�
KDYLQJ���G%�SKDVH�PDWFKLQJ�EDQG�ZLGWK�RI������*+]��§�
���QP���

���&RQFOXVLRQ

,Q� WKLV� SDSHU�� ZH� UHYLHZHG� VRPH� RI� RXU� UHFHQW� VSHFLDOW\�
ILEHU�GHVLJQV�IRU�DSSOLFDWLRQV�LQ�PLG�,5�DQG�7+]�SKRWRQLFV���
6DPSOH� UHVXOWV� IRU� SDUDEROLF� SXOVH� DQG� FRQWLQXXP�
JHQHUDWLRQ��DOO�ILEHU�QDUURZ�EDQG�DQG�EURDG�EDQG�PLG�,5�
VRXUFHV��DQG�DOO�ILEHU�7+]�VRXUFHV�DUH�SUHVHQWHG���

���5HIHUHQFHV�

���$��%DUK��6��*KRVK��5��.�9DUVKQH\��DQG�%��3��3DO�� ³$�
WDSHUHG�FKDOFRJHQLGH�PLFURVWUXFWXUHG�RSWLFDO�ILEHU�IRU�PLG�
,5� SDUDEROLF� SXOVH� JHQHUDWLRQ�� 'HVLJQ� DQG� 3HUIRUPDQFH�
6WXG\´�� ,(((�-��6SHFLDO�7RS��4XDQW��(OHFWURQ������������
���������

���6��*KRVK��5��.��9DUVKQH\��%��3��3DO��DQG�*��0RQQRP��
³$� %UDJJ�OLNH� FKLUSHG� FODG� DOO�VROLG� PLFURVWUXFWXUHG�



RSWLFDO� ILEHU� ZLWK� XOWUD�ZLGH� EDQGZLGWK� IRU� VKRUW� SXOVH�
GHOLYHU\� DQG�SXOVH� UHVKDSLQJ�´�2SW��4XDQW��(OHFWURQ� ����
���������

���3��%LVZDV��%��3��3DO��$��%LVZDV��DQG�6��*KRVK��³7RZDUGV�
VHOI�VLPLODU� SURSDJDWLRQ� RI� RSWLFDO� SXOVHV� LQ� D� GLVSHUVLRQ�
WDLORUHG��QRQOLQHDU�DQG�VHJPHQWHG�%UDJJ�ILEHU�DW�����PP´��
,(((�3KRWRQ��-� �������������������

���$��%DUK��6��*KRVK��*��3��$JUDZDO��5��.��9DUVKQH\��,��'��
$JJDUZDO�� DQG�%��3��3DO�� ³'HVLJQ�RI�DQ�HIILFLHQW�PLG�,5�
OLJKW�VRXUFH�XVLQJ�FKDOFRJHQLGH�KROH\�ILEHUV��D�QXPHULFDO�
VWXG\´��-��237���,23���������������������

���$��%DUK��6��*KRVK��5��.��9DUVKQH\��DQG�%��3��3DO��������
³$Q� HIILFLHQW� EURDG�EDQG� PLG�ZDYH� ,5� ILEHU� RSWLF� OLJKW�
VRXUFH��'HVLJQ�DQG�SHUIRUPDQFH�VLPXODWLRQ´��2SW��([S������
������������

��� <�� /LX�� +�� 7X�� DQG� 6�� $�� %RSSDUW�� ³:DYH�EUHDNLQJ�
H[WHQGHG� ILEHU� VXSHUFRQWLQXXP� JHQHUDWLRQ� IRU� KLJK�
FRPSUHVVLRQ� UDWLR� WUDQVIRUP�OLPLWHG� SXOVH� FRPSUHVVLRQ�´�
2SW��/HWW������������������

����.��1DJDVDND��7��+��7XDQ��7��&KHQJ��0��0DWVXPRWR��+��
7H]XND�� 7�� 6X]XNL�� DQG� <�� 2KLVKL�� ³6XSHUFRQWLQXXP�
JHQHUDWLRQ� LQ� WKH� QRUPDO� GLVSHUVLRQ� UHJLPH� XVLQJ�
FKDOFRJHQLGH�GRXEOH�FODG�ILEHU�´�$SS��3K\V��([S� ����������
��������

>�@�;��&��=KDQJ��³7HUDKHUW]�ZDYH� LPDJLQJ��KRUL]RQV�DQG�
KXUGOHV�´�3K\V��LQ�0HGLFLQH�DQG�%LRORJ\�����������������

>�@� $�� %DUK�� 5�� .�� 9DUVKQH\�� *�� 3�� $JUDZDO�� %��0�� $��
5DKPDQ�� DQG� %�� 3�� 3DO�� ³3ODVWLF� ILEHU� GHVLJQ� IRU� 7+]�
JHQHUDWLRQ�WKURXJK�ZDYHOHQJWK�WUDQVODWLRQ´��2SW��/HWWV������
�������������


