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6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ�0H[LFR�86$

'�5��:HOFK
0LVVLRQ�5HVHDUFK�&RUSRUDWLRQ��$OEXTXHUTXH��1HZ�0H[LFR�86$

$EVWUDFW

:H�SUHVHQW�WKH�GHVLJQ��DQDO\VLV��DQG�ILUVW�UHVXOWV�RI�WKH�KLJK
EULJKWQHVV� HOHFWURQ� EHDP� H[SHULPHQWV� FXUUHQWO\� XQGHU
LQYHVWLJDWLRQ� DW�6DQGLD�1DWLRQDO� /DERUDWRULHV�� 7KH� DQWLFLSDWHG
EHDP� SDUDPHWHUV� DUH� WKH� IROORZLQJ�� HQHUJ\� ��� 0H9�� FXUUHQW
��¤��� N$�� UPV� UDGLXV� ���� PP�� DQG� SXOVH� GXUDWLRQ� ��� QV
):+0�� 7KH� DFFHOHUDWRU� LV� 6$%5(� >�@�� D� SXOVHG� /,9$
PRGLILHG� WR� KLJKHU� LPSHGDQFH�� DQG� WKH� HOHFWURQ� VRXUFH� LV� D
PDJQHWLFDOO\� LPPHUVHG� IRLOOHVV� HOHFWURQ� GLRGH� >�@�� 7ZHQW\� WR
WKLUW\� 7HVOD� VROHQRLGDO� PDJQHWV� DUH� UHTXLUHG� WR� LQVXODWH� WKH
GLRGH�DQG�FRQWDLQ�WKH�EHDP�WR�LWV�H[WUHPHO\�VPDOO�VL]HG����PP�
HQYHORSH�� 7KHVH� H[SHULPHQWV� DUH� GHVLJQHG� WR� SXVK� WKH
WHFKQRORJ\�WR�SURGXFH�WKH�KLJKHVW�SRVVLEOH�HOHFWURQ�FXUUHQW�LQ�D
VXEPLOOLPHWHU�UDGLXV�EHDP��'HVLJQ��QXPHULFDO�VLPXODWLRQV��DQG
ILUVW�H[SHULPHQWDO�UHVXOWV�DUH�SUHVHQWHG�

,QWURGXFWLRQ

7KH�SDUWLFOH�EHDP�ZKLFK�GULIWV�WKURXJK�WKH�PXOWLSOH�FDYLWLHV
RI� FRQYHQWLRQDO� LQGXFWLRQ� OLQDFV� LV� UHSODFHG� LQ� D� /,9$� E\� D
PHWDO� FRQGXFWRU� ZKLFK� H[WHQGV� DORQJ� WKH� HQWLUH� OHQJWK� RI� WKH
GHYLFH� DQG� HIIHFWXDWHV� WKH� DGGLWLRQ� RI� WKH� DFFHOHUDWRU� FDYLW\
YROWDJHV�� 7KH� SUHVHQW� H[SHULPHQWV� ZHUH� PRWLYDWHG� E\� WKH
VXFFHVV� RI� FRQYHUWLQJ� 5$'/$&� ,,� LQWR� D� OLQHDU� LQGXFWLYH
YROWDJH� DGGHU� ILWWHG� ZLWK� D� PDJQHWLFDOO\� LPPHUVHG� IRLOOHVV
GLRGH� �5$'/$&�60,/(� >�@��� $QQXODU� EHDPV� RI� ��¤���� N$�
��FP� UDGLXV� ZHUH� SURGXFHG� ZLWK� YHU\� VKDUSO\� GHILQHG� ��PP
WKLFN�DQQXOXV�DQG�ORZ�WUDQVYHUVH�YHORFLWLHV��β⊥ �c�������

7KH� 6$%5(� DFFHOHUDWRU� LV� DOVR� D� /,9$�� ,W� KDV� ��
LQGXFWLYHO\�LQVXODWHG�FDYLWLHV�HDFK�UDWHG�WR�PD[LPXP�YROWDJH�RI
����09��7KLV�H[SHULPHQW�RSHUDWHG�6$%5(�DW�a����09�ZLWK�D
UHGXFHG�FXUUHQW�RI�����N$�

7KH�PDMRU�PRGLILFDWLRQ�RI� WKH� SXOVH� IRUPLQJ� QHWZRUN�ZDV
WKH� UHGXFWLRQ� RI� WKH� WRWDO� QXPEHU� RI� SXOVH� IRUPLQJ� DQG
WUDQVPLVVLRQV� OLQHV�E\�KDOI� �IURP���� WR������7KXV�� HDFK�FDYLW\
ZDV�IHG�E\�D�VLQJOH�SXOVH�IRUPLQJ�OLQH��GRXEOLQJ�WKH�DFFHOHUDWRU
LPSHGDQFH�� 7R� PDLQWDLQ� DQ� DGGLWLRQDO� FDSDELOLW\� RI� IXUWKHU
LQFUHDVLQJ� WKH� YROWDJH�� D� QHZ�� VPDOOHU� GLDPHWHU� PDJQHWLFDOO\
LQVXODWHG� WUDQVPLVVLRQ� OLQH� �0,7/�� >�@� FDWKRGH� HOHFWURGH� ZDV
GHVLJQHG� DQG� FRQVWUXFWHG� ZKRVH� ����RKP� LPSHGDQFH� LV� ���
KLJKHU�WKDQ�WKH�VXP�RI�WKH�LPSHGDQFH�RI�WKH�FDYLWLHV�

6$%5(�+LJK�,PSHGDQFH�0,7/�DQG�'LRGH

7KH� FDWKRGH� HOHFWURGH� JHRPHWU\� LV� VKRZQ� LQ� )LJ�� ��� 7KH
WDSHUHG�VHFWLRQV�IDFH�WKH�FDYLW\�JDSV�DQG�SURYLGH�DQ�LPSHGDQFH
LQFUHDVH�ZKLFK�IROORZV�WKH�YROWDJH�D[LDO�JUDGLHQW��7KH�FRQVWDQW

UDGLXV� VHJPHQWV� FRUUHVSRQG� WR� 0,7/� VHFWLRQV� ZLWKRXW� D[LDO
HOHFWULF�ILHOG��7KLV�GHVLJQ�DVVXUHV�FRQVWDQW�FXUUHQW�IORZ�RYHU�WKH
HQWLUH� OHQJWK�RI�6$%5(��7KH� FDWKRGH� HOHFWURGH� LV� ����P� ORQJ
DQG�LQFOXGHV�WKH�YROWDJH�DGGHU����P�ORQJ��DQG�D�FRQVWDQW�UDGLXV
�����FP��H[WHQVLRQ�����P�LQ�OHQJWK�

)LJ�����/LQH�GUDZLQJ�RI�WKH�QHZ�KLJK�LPSHGDQFH�FDWKRGH�HOHFWURGH�

7KH�PDJQHWLFDOO\�LPPHUVHG�IRLOOHVV�GLRGH� LV�VLPLODU� WR� WKDW
RI� 5$'/$&� ,,�60,/(�� +RZHYHU�� 6$%5(� GLRGH� LPSHGDQFH
DQG�VROHQRLGDO�PDJQHWLF�ILHOG�DUH�PXFK�KLJKHU��DQG�WKH�FDWKRGH
LV� D� QHHGOH� RQ� D[LV� �)LJV�� �¤���� XQOLNH� WKH� DQQXODU� GLRGH� LQ
5$'/$&�,,��7R�JHQHUDWH�EHDPV�RI�PLOOLPHWHU�VL]HV��WKH�GLRGH
PXVW�EH� LPPHUVHG� LQ� VROHQRLGDO� ILHOGV�RI���¤���7HVOD� >�����@�
)LJXUH� �� VKRZV� D� VFKHPDWLF� GLDJUDP� RI� WKH� GLRGH� GHVLJQ�
LQFOXGLQJ�WKH�VROHQRLGDO�PDJQHW��7KH�VKDSH�RI�WKH�IULQJH�ILHOG�LV
WDLORUHG� E\� D� ��FP� WKLFN� DOXPLQXP� F\OLQGHU� RI� ���FP� LQQHU
UDGLXV�FRD[LDOO\�HQFORVLQJ�WKH�HQWLUH�GLRGH�DVVHPEO\�

6LPXODWLRQ�5HVXOWV

7KH� 0,7/� YROWDJH� DGGHU� �)LJ�� ��� DQG� WKH� IRLOOHVV� GLRGH
�)LJ�� ���ZHUH� GHVLJQHG�ZLWK� D� ODUJH� QXPEHU� RI� SDUWLFOH�LQ�FHOO
VLPXODWLRQV�� )LJXUH� �� VKRZV� DQ� HOHFWURQ� PDS� RI� WKH� 0,7/
YROWDJH�DGGHU�DW����QV�IROORZLQJ�WKH�DUULYDO�RI�WKH�YROWDJH�SXOVH
DW�WKH�ILUVW�FDYLW\��W� �����7KH�OLQH�LV�PDJQHWLFDOO\�LQVXODWHG�ZLWK
WKH� VHOI�ILHOG� �%T�� RI� WKH� FXUUHQW� IORZLQJ� DORQJ� WKH� YROWDJH
DGGHU�

)LJ�����6FKHPDWLF�GLDJUDP�RI�GLRGH�GHVLJQ�DQG�WUDQVLWLRQ�UHJLRQ�

)LJXUH���LV�D�VLPXODWLRQ�RI� WKH�WUDQVLWLRQ�UHJLRQ�� ,Q� WKLV� UHJLRQ
DOO� WKH�VKHDWK�HOHFWURQV�DUH�ORVW� WR�WKH�DQRGH��7KH�ORVVHV�RFFXU
DW� WKH� SRLQW� ZKHUH� WKH� VHOI� ILHOG� %T� EHFRPHV� HTXDO� WR� WKH
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)LJ��� (OHFWURQ� PDS� IRU� WKH� KLJK�LPSHGDQFH� FDWKRGH� HOHFWURGH

REWDLQHG�ZLWK�D�3,&�FRGH�DW����QV�IROORZLQJ�WKH�DUULYDO�RI�WKH

YROWDJH�SXOVH�DW�WKH�ILUVW�FDYLW\��W� ����

)LJ��� 3,&� VLPXODWLRQ� RI� WKH� WUDQVLWLRQ� UHJLRQ�� 7KH� ORVVHV� QHDU� WKH

FRQLFDOO\� WDSHUHG� VHFWLRQ� DUH� GXH� WR� WKH� WUDQVLWLRQ� IURP� %�

LQVXODWLRQ��OHIW�VLGH��WR�%=�LQVXODWLRQ�LQ�WKH�LPPHUVHG�GLRGH���

��=������FP����VHH�)LJ����

%=�FRPSRQHQW�RI� WKH�DSSOLHG�ILHOG��7KH�VLPXODWLRQ
V�UHVROXWLRQ
LV� QRW� ILQH� HQRXJK� WR� JLYH� WKH� SUHFLVH� EHDP� SDUDPHWHUV�� 7KH
)LJ����VLPXODWLRQ�ZDV�GRQH�ZLWK�WKH�DERYH�FRQFHUQ�LQ�PLQG��VR
RQO\�WKH�LPPHUVHG�GLRGH�ZDV�LQFOXGHG��$�EHDP�RI����N$�ZLWK
�����PP�UPV�UDGLXV�LV�SURGXFHG��7KLV�VLPXODWLRQ�UHSUHVHQWV�DQ
LGHDO� VLWXDWLRQ� DVVXPLQJ� QR� FDWKRGH� SODVPD� UDGLDO� H[SDQVLRQ�
SHUIHFW� F\OLQGULFDO� V\PPHWU\� ZLWKRXW� LQVWDELOLWLHV�� DQG
QHJOLJLEOH�EHDP�SHUWXUEDWLRQ�GXH�WR�SRVVLEOH�EHDP�VWRS�SODVPD
EORZ� RIIV�� 7KH� FDWKRGH� SODVPD� H[SDQVLRQ� SUREOHP� KDV� EHHQ
VLPXODWHG�ZLWK� ,3523�>�@��7KH�UHVXOW� LV� WKDW� WKH�HIIHFWLYH� VL]H
RI�WKH�FDWKRGH�WLS�PD\�LQFUHDVH�E\�XS�WR�����

3UHOLPLQDU\� WKHRUHWLFDO� DQDO\VLV� DQG� QXPHULFDO� VLPXODWLRQV
ZLWK�,925<�VXJJHVW�WZR�VWUHDP�LRQ�KRVH�LQVWDELOLWLHV�EHWZHHQ
WKH� SULPDU\� HOHFWURQ� EHDP� DQG� WKH� LRQV� H[WUDFWHG� DQG
DFFHOHUDWHG�IURP�WKH�WDUJHW�>�@��7KLV�LQVWDELOLW\�FDXVHV�WKH�EHDP
WR� RVFLOODWH� DQG� DSSHDU� ODUJHU�� /DWHU� LQ� WKH� SXOVH�� WKH� EHDP
EUHDNV�XS� WR�D�QXPEHU�RI� ILODPHQWV�ZKLFK�PRYH�DSDUW�� IXUWKHU

)LJ��� +LJK�UHVROXWLRQ� GLRGH� VLPXODWLRQ� FDOFXODWLQJ� WKH� EHDP

SDUDPHWHUV��2QO\�WKH�UHJLRQ�IURP�=� ���WR�=� ����FP�LQ�)LJ� ��

LV�VLPXODWHG�

LQFUHDVLQJ� WKH� HOHFWURQ� EHDP� VL]H�� $FFRUGLQJ� WR� ,925<�� WKH
DSSDUHQW� EHDP� VSRW� VL]H� GHFUHDVHV� LQYHUVHO\� ZLWK� WKH� GLRGH
PDJQHWLF� ILHOG�� $� ���7� RU� KLJKHU� ILHOG� VKRXOG� FRQWURO� WKHVH
LQVWDELOLWLHV�LQ�WKH�OLQHDU�UHJLPH�DQG�DOORZ������WR���PP�UDGLXV
EHDPV�� ([SHULPHQWDO� UHVXOWV� DSSHDU� WR� DJUHH� ZLWK� WKH� DERYH
SUHGLFWLRQV�

([SHULPHQWDO�5HVXOWV

:H�H[SHULHQFHG�WZR�PDMRU�GLIILFXOWLHV��D�VHYHUH�GHFUHDVH�LQ
WKH�GLRGH� LPSHGDQFH�QHDU� WKH�SHDN�RI� WKH�YROWDJH�SXOVH� DQG� D
ODUJHU� WKDQ� SUHGLFWHG� EHDP� VL]H�� :H� GLVFRYHUHG� WKDW� WKH
LPSHGDQFH�GHFD\�ZDV�GXH�WR�D�����N9�SUHSXOVH�����QV�EHIRUH
WKH� PDLQ� SXOVH�� $� SUHSXOVH� VXSSUHVVLRQ� VZLWFK� VROYHG� WKH
SUREOHP�� D� ��FP� ORQJ� SODVWLF� SUHFHGLQJ� WKH� WUDQVLWLRQ� UHJLRQ
DGHTXDWHO\� LVRODWHG� WKH�FDWKRGH�QHHGOH� IURP� WKH�SUHSXOVH��7KH
PDLQ� SXOVH� ZDV� DEOH� WR� IODVK� WKH� SODVWLF� VXUIDFH�� SURSDJDWH
GRZQVWUHDP� DQG� LJQLWH� WKH� FDWKRGH� WLS�� )RU� WKH� VZLWFK� WR� EH
HIIHFWLYH��WKH�GLRGH�FKDPEHU�SUHVVXUH�PXVW�EH�EHORZ���¤��WRUU�

7KH�EHDP�FURVV�VHFWLRQ�ZDV�PHDVXUHG�GHVWUXFWLYHO\�ZLWK�DQ
[�UD\� IUDPLQJ� FDPHUD�� 7KH� EHDP� VSRW� RQ� D� WDQWDOXP� [�UD\
FRQYHUWRU�ZDV�LPDJHG�WKURXJK�HLJKW�OLQHV�RI�VLJKW�RQWR�GLVFUHWH
VHDOHG�PLFURFKDQQHO�SODWH�GHWHFWRUV�ZKLFK�ZHUH�SXOVH�ELDVHG�WR
SURYLGH� VHTXHQWLDO� ��QV� IUDPHV� VSDQQLQJ� WKH� 6$%5(� SRZHU
SXOVH�� ,Q� DGGLWLRQ�� WZR� OLQHV� RI� VLJKW� DUH� VWDWLFDOO\� ELDVHG� WR
SURYLGH� WLPH�LQWHJUDWHG� EHDP� VL]H� PHDVXUHPHQWV�� )LJXUH� �
VKRZV�RQH�WLPH�LQWHJUDWHG�LPDJH�DQG�WKH�ILOP�VSHFXODU�GHQVLW\
SURILOHV� DORQJ� WZR� GLUHFWLRQV�� ,W� LV� REYLRXV� WKDW� WKHUH� LV� DQ
LQWHQVH� FHQWHU� FRUH� VXUURXQGHG� E\� D� WHQXRXV� DQG� DV\PPHWULF
KDOR��,Q�WKLV�SDUWLFXODU�VKRW��WKH�FDWKRGH�QHHGOH�ZDV�PLVDOLJQHG
UHODWLYH� WR� WKH� PDJQHWLF� ILHOG� D[LV�� ZLWK� WKH� WLS� GLVSODFHG
DSSUR[LPDWHO\� ��PP�� 7KH� ):+0�RI� WKH� [�UD\� VSRW� VL]H� LV� �
PP�� :H� DUH� LQ� WKH� SURFHVV� RI� DQDO\]LQJ� WKH� GDWD� DQG
LPSOHPHQWLQJ� D� QXPEHU� RI� FRUUHFWLRQV� WR� WKH� SKRWRJUDSK�
QDPHO\�� WKH� ILOP� DQG� PLFURFKDQQHO� UHVSRQVH� DQG� DSHUWXUH
PRGXODWLRQ� UHVSRQVH� ZKLFK� LV� FDOFXODWHG� ZLWK� PRQWH� FDUOR
UDGLDWLRQ� WUDQVSRUW� FRGHV�� ,Q� DGGLWLRQ�� WR� HVWLPDWH� WKH� HOHFWURQ
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)LJ��� 7LPH�LQWHJUDWHG� [�UD\� LPDJH� RI� WKH� EHDP� RQ� D� WDQWDOXP

FRQYHUWRU�� 7KH� ILOP� VSHFXODU� GHQVLW\� SURILOHV� DORQJ� WZR

GLUHFWLRQV�DUH�DOVR�VKRZQ�

EHDP�VL]H�IURP�WKH�[�UD\�VSRW�VL]H��D�FRUUHFWLRQ�PXVW�EH�PDGH
IRU�HOHFWURQ�VFDWWHULQJ�LQ�WKH�WDUJHW�PDWHULDO�>�@�

7KH�,925<�VLPXODWLRQV�VXJJHVW�D�a���PP�EHDP�VSRW� VL]H
IRU�D����7HVOD�FRQILQLQJ�PDJQHWLF� ILHOG��7KH� UHVXOWV� DSSHDU� WR
DJUHH� ZLWK� WKH� VLPXODWLRQ� SUHGLFWLRQV�� ,Q� DGGLWLRQ�� D� FXUVRU\
DQDO\VLV� RI� D� QXPEHU� RI� VKRWV� ZLWK� GLIIHUHQW� PDJQHWLF� ILHOG
VXJJHVWV� D� EHDP� VL]H� GHFUHDVH� DV� WKH�PDJQHWLF� ILHOG� LQWHQVLW\
LQFUHDVHV�

7KH� KDOR� SUREOHP� PD\� EH� XQUHODWHG� WR� WKH� LRQ�KRVH
LQVWDELOLW\�� ,Q� WKH� KLJKHU� %]� VKRWV� �Ö� ��� 7��� ZH� FDQ� FOHDUO\
GLVWLQJXLVK� WKH� KDOR� IURP� WKH� PDLQ� EHDP�� ,Q� DGGLWLRQ�� WKH
UHODWLYH� ORFDWLRQ� RI� FRUH� DQG� KDOR� UHPDLQV� XQFKDQJHG� IURP
IUDPH� WR� IUDPH� LQ� FRQWUDVW� ZLWK� REVHUYDWLRQ� LQ� WKH� ORZHU� %]

VKRWV�
7KH� EHDP� WHPSHUDWXUH� ZDV� HYDOXDWHG� E\� FRPSDULQJ� WKH

WKHUPROXPLQHVFHQW� GRVLPHWHU� �7/'�� REWDLQHG� SRODU� GLDJUDPV
ZLWK�QXPHULFDO�VLPXODWLRQ�SUHGLFWLRQV��7KH�EHDP�WHPSHUDWXUH�LV
LQ�WKH�UDQJH�������β⊥ �Õ������KLJKHU�WKDQ�SUHGLFWHG�ZLWKRXW�LRQV
�)LJ�� ��� EXW� LQ� H[FHOOHQW� DJUHHPHQW� ZLWK� VLPXODWLRQV� ZKLFK
LQFOXGH�SURWRQ�HPLVVLRQ�IURP�WKH�DQRGH�WDUJHW�

6XPPDU\

:H�KDYH�GHVLJQHG��FRQVWUXFWHG�DQG�H[SHULPHQWDOO\�WHVWHG�DQ
LPPHUVHG� GLRGH� DQG� D� KLJK� LPSHGDQFH� YROWDJH� DGGHU� IRU
6$%5(�ZKLFK� VKRXOG�JHQHUDWH� D� YHU\� LQWHQVH� KLJK� EULJKWQHVV
HOHFWURQ� EHDP� RI� PLOOLPHWHU� VL]H�� ,Q� RXU� ILUVW� H[SHULPHQWDO
YDOLGDWLRQ� RI� WKH� GHVLJQ�� KDOR� DQG� LRQ� KRVH� LQVWDELOLWLHV� KDYH
LPSRVHG�D�ORZHU�OLPLW�RI���PP�UDGLXV�WR�WKH�EHDP��$Q�LQFUHDVH
RI�WKH�%]�WR�a����7�PLQLPL]HG�WKH�LRQ�KRVH�HIIHFW�DQG�UHGXFHG
WKH�EHDP�UDGLXV�WR���PP�

$FNQRZOHGJPHQWV

:H� WKDQN� +�&�� ,YHV� DQG� 7�� :DJRQHU� IRU� PRGLI\LQJ� DQG
VHWWLQJ�XS�WKH�IDVW�IUDPLQJ�[�UD\�SLQKROH�FDPHUD�DQG�GHVLJQLQJ
DQG�ILHOGLQJ�WKH�GLRGH�GLDJQRVWLFV��3�-��3DQNXFK�DQG�.��/DZ�IRU
GHVLJQLQJ� WKH� ����P� 0,7/� FDWKRGH� HOHFWURGH�� 5�� :DYULN� IRU
GHVLJQLQJ�WKH�PDJQHWLFDOO\�LPPHUVHG�IRLOOHVV�GLRGH�DQG�PDJQHW
VXSSRUW�VWUXFWXUH��5�6��&RDWV�IRU�FDOFXODWLQJ�WKH�PDJQHWLF�ILHOG
SURILOH�� .�� 6KLPS� DQG� -�� 3XLVVDQW� IRU� EXLOGLQJ� WKH� FRLOV�
5�/��:HVWIDOO� DQG� WKH� 6$%5(� FUHZ� IRU� WHFKQLFDO� VXSSRUW�
'XVW\� (UYHQ� IRU� KLV� PRWLYDWLRQ� DQG� SURPSWQHVV� LQ� SURYLGLQJ
PDFKLQH�VKRS�VXSSRUW��0��&XQHR�DQG�:��)RZOHU�IRU�SURYLGLQJ
GHVLJQ� DQG� WHFKQLFDO� VXSSRUW� IRU� WKH� 5)� WDUJHW� FOHDQLQJ�
'��1LHOVHQ� DQG� -�� $UPLMR� IRU� UHIXUELVKLQJ� WKH� GLRGH� FKDPEHU
DQG� WDUJHW� IROORZLQJ� HDFK� VKRW�� DQG� $�:�� 6KDUSH� IRU� KLV
WHFKQLFDO�DQG�PDQDJHPHQW�VXSSRUW�RI� WKH�6$%5(�IDFLOLW\��:H
ZRXOG� OLNH� WR� H[WHQG� VSHFLDO� WKDQNV� WR� '�/�� &RRN� IRU� KLV
FRQWLQXRXV�HQFRXUDJHPHQW�DQG�YLJRURXV�VXSSRUW�

7KLV�ZRUN�LV�VXSSRUWHG�E\�WKH�8�6��'2(�XQGHU�FRQWUDFW�1R�
'(�$&�����$/������

5HIHUHQFHV

>�@ -�� &RUOH\�� -�$�� $OH[DQGHU�� 3�-�� 3DQNXFK�� &�(�� +HDWK�
'�/��-RKQVRQ��-�-��5DPLUH]��DQG�*�-��'HQLVRQ���6$%5(��D����09
/LQHDU�,QGXFWLRQ�$FFHOHUDWRU���3URF���WK�,QW��,(((�3XOVHG�3RZHU
&RQI���6DQ�'LHJR��&$��S�������������

>�@ /�0��)ULHGPDQ�DQG�0��8U\���3URGXFWLRQ�DQG�)RFXVLQJ�RI�D�+LJK
3RZHU�5HODWLYLVWLF�$QQXODU�(OHFWURQ�%HDP���5HY��6FL��,QVWUXP�����
������������

>�@ 0�*�� 0D]DUDNLV�� -�:�� 3RXNH\�� 6�/�� 6KRSH�� &�$�� )URVW�
%�1��7XUPDQ��-�-��5DPLUH]��DQG�.�5��3UHVWZLFK���60,/(��$�6HOI
0DJQHWLFDOO\� ,QVXODWHG�7UDQVPLVVLRQ�/LQH�$GGHU� IRU� WKH� ��6WDJH
5$'/$&� ,,� $FFHOHUDWRU��� 3URF�� �WK� ,QW�� ,(((� 3XOVHG� 3RZHU
&RQI���6DQ�'LHJR��&$��S������������

>�@ -�0�� &UHHGRQ�� �0DJQHWLF� &XWRII� LQ� +LJK�&XUUHQW� 'LRGHV��
-��$SSO��3K\V����������������������

>�@ -�:�� 3RXNH\�� 0�*�� 0D]DUDNLV�� &�$�� )URVW�� DQG� -�-�� 5DPLUH]�
�3URGXFWLRQ� RI� 7LJKWO\� )RFXVHG� H�%HDPV� ZLWK� +LJK�&XUUHQW
$FFHOHUDWRUV��� 3URF�� ,(((� 3DUWLFOH� $FFHOHUDWRU� &RQI��� 6DQ

)UDQFLVFR��&$��S��������������
>�@ 0�*�� 0D]DUDNLV�� -�:�� 3RXNH\�� &�$�� )URVW�� '�/�� -RKQVRQ�

6�/��6KRSH�� -�$�� +DOEOHLE�� .�5�� 3UHVWZLFK�� %�1�� 7XUPDQ�� DQG� ,�
6PLWK�� �$� 1HZ� /LQHDU� ,QGXFWLRQ� 9ROWDJH� $GGHU� $SSURDFK� WR
5DGLRJUDSK\���3URF��,(((�,QW��&RQI��RQ�3ODVPD�6FLHQFH��7DPSD�
)/��S�������������

>�@ 0�*�� 0D]DUDNLV�� -�:�� 3RXNH\�� '�� 5RYDQJ�� 6�� &RUGRYD�
3��3DQNXFK�� 5��:DYULN�� '�/�� 6PLWK�� -�(�� 0DHQFKHQ�� /��%HQQHWW�
.��6KLPS��DQG�.��/DZ���+LJK�9ROWDJH��+LJK�%ULJKWQHVV�(OHFWURQ
$FFHOHUDWRU� ZLWK� 0,7/� 9ROWDJH� $GGHU� &RXSOHG� WR� )RLOOHVV
'LRGH��� LQ�6SDFH�&KDUJH�'RPLQDWHG�%HDPV�DQG�$SSOLFDWLRQV�RI
+LJK� %ULJKWQHVV� %HDPV�� HGLWHG� E\� 6�<��/HH�� �$,3�� 1HZ� <RUN�
�������S������

>�@ '�5��:HOFK��0�$�� 0RVWURP�� DQG� 5�(�� &ODUN�� 0LVVLRQ� 5HVHDUFK
&RUSRUDWLRQ� LQWHUQDO� UHSRUW� 05&�$%4�5������ �������
05&�$%4�5�������������

>�@ -�$�� +DOEOHLE�� LQ� 0RQWH� &DUOR� 7UDQVSRUW� RI� (OHFWURQV� DQG

3KRWRQV�� HGLWHG� E\� 7�0�� -HQNLQV�� :�5�� 1HOVRQ�� DQG� $�� 5LQGL
�3OHQXP��1HZ�<RUN���������S������
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