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(OHFWURVWDWLF� VROLWDU\� ZDYHV� DUH� URXWLQHO\� REVHUYHG� E\�
WKH�&OXVWHU�:LGHEDQG��:%'��SODVPD�ZDYH�UHFHLYHU�DV�
WKH�&OXVWHU�VSDFHFUDIW�FURVV�ERXQGDU\�OD\HUV�DQG�UHJLRQV�
RI�WXUEXOHQFH���7KHVH�VROLWDU\�ZDYHV�DUH�REVHUYHG�LQ�WKH�
HOHFWULF� ILHOG� ZDYHIRUP� GDWD� DV� LVRODWHG� SXOVHV� RI�
YDULRXV�VKDSHV��EXW�SULPDULO\�LQ�WKH�ELSRODU�DQG�WULSRODU�
IRUPV�� �7KH�DPSOLWXGHV�RI� WKH�VROLWDU\�ZDYHV�DSSHDU� WR�
IROORZ� D� VRPHZKDW� JHQHUDO� WUHQG� RI� LQFUHDVLQJ�
DPSOLWXGH� ZLWK� LQFUHDVLQJ� EDFNJURXQG� PDJQHWLF� ILHOG
VWUHQJWK���7KXV��WKH�ODUJHVW�DPSOLWXGH�VROLWDU\�ZDYHV�DUH�
XVXDOO\� IRXQG� FORVHU� WR� (DUWK� DV� &OXVWHU� FURVVHV�
PDJQHWLF�ILHOG�OLQHV�DW�DERXW���������5(�WKDW�PDS�WR�WKH�
DXURUDO�DFFHOHUDWLRQ� UHJLRQ�DQG� WKH�VPDOOHVW�DPSOLWXGHV�
IDUWKHVW� IURP� (DUWK� LQ� WKH� SODVPDVKHHW��PDJQHWRVKHDWK�
DQG�VRODU�ZLQG�DW���������5(���%RZ�VKRFN�FURVVLQJV�DUH�
SDUWLFXODUO\� LQWHUHVWLQJ� DV� WKHUH� DUH� VLJQLILFDQW�
GLIIHUHQFHV�LQ�WKH�QXPEHU��DPSOLWXGH�DQG�WLPH�GXUDWLRQ�
RI� VROLWDU\� ZDYH� SXOVHV� GHWHFWHG� ZKLFK� SUREDEO\�
LQGLFDWH�D�GHSHQGHQFH�RQ�WKH�XSVWUHDP�HQYLURQPHQW�DQG�
FRQILJXUDWLRQ� RI� WKH� LQWHUSODQHWDU\� PDJQHWLF� ILHOG�
&RQWLQXLQJ� FORVHU� WR� HDUWK� LQWR� WKH� PDJQHWRVKHDWK� ZH�
ILQG� WKDW� RQ� WKH� GD\VLGH�� VROLWDU\� ZDYHV� DUH� DOPRVW
DOZD\V� SUHVHQW� DQG� WKH� FKDUDFWHULVWLFV� RI� WKHP� GR� QRW�
FKDQJH� DSSUHFLDEO\� IURP� WKH� ERZ� VKRFN� WR� WKH�
PDJQHWRSDXVH�� � 7KLV� VXJJHVWV� WKDW� WKH� VROLWDU\� ZDYHV�
REVHUYHG� LQ� WKH� PDJQHWRVKHDWK� DUH� EHLQJ� ORFDOO\�
SURGXFHG� LQ� WKH� PDJQHWRVKHDWK� WKURXJK� RQH� RU� PRUH�
JHQHUDWLRQ�PHFKDQLVPV�� �$V�ZH� H[SORUH� WKH� SURSHUWLHV�
RI�WKHVH�VROLWDU\�ZDYHV�LQ�WKH�YDULRXV�UHJLRQV��DV�ZHOO�DV�
WKH�PHWKRGV�E\�ZKLFK�WKH\�FRXOG�EH�SURGXFHG��ZH�KRSH�
WR� GHWHUPLQH� LI� DQG� KRZ� WKHVH� VROLWDU\� ZDYHV� DUH�
LQYROYHG� LQ� PRUH� IXQGDPHQWDO� PDFURVFDOH� SODVPD�
SURFHVVHV��

�� ,1752'8&7,21�

%URDGEDQG�(OHFWURVWDWLF�1RLVH��%(1��ZDV�ILUVW�UHSRUWHG�
E\� 6FDUI� HW� DO�� >�@� DQG� *XUQHWW� HW� DO�� >�@� XVLQJ� ZDYH�
REVHUYDWLRQV� IURP� WKH� ,03� �� DQG� ,03� �� VSDFHFUDIW��
UHVSHFWLYHO\�� � %(1� ZDV� FKDUDFWHUL]HG� DV� EHLQJ� EXUVW\�
DQG� FRQVLVWLQJ� RI� EURDGEDQG� VSHFWUDO� IHDWXUHV� XVXDOO\�
H[WHQGLQJ� IURP� WKH� ORZHVW� IUHTXHQFLHV�PHDVXUHG� XS� WR�
DV�KLJK�DV�WKH�SODVPD�IUHTXHQF\�ZLWK�WKH�%(1�LQWHQVLW\�
GHFUHDVLQJ� ZLWK� LQFUHDVLQJ� IUHTXHQF\�� � 6XEVHTXHQWO\��
%(1� ZDV� UHSRUWHG� E\� LQYHVWLJDWRUV� WR� EH� SUHVHQW� LQ�
PDQ\�UHJLRQV�RI�(DUWK��H�J���ERZ�VKRFN��PDJQHWRVKHDWK��
PDJQHWRSDXVH� ERXQGDU\� OD\HU�� FXVS�� SODVPDVKHHW�
ERXQGDU\� OD\HU�� DORQJ� DXURUDO� ILHOG� OLQHV� DQG� LQ� WKH�
DXURUDO� DFFHOHUDWLRQ� UHJLRQ�� � 0RVW� RI� WKHVH�
PHDVXUHPHQWV� ZHUH� PDGH� E\� UHFHLYHUV� ZKLFK� XVHG�
RQERDUG� ILOWHULQJ� WHFKQLTXHV� DQG� UHOD\HG� RQO\� WKH�
VSHFWUDO�LQIRUPDWLRQ�WR�WKH�JURXQG��0DQ\�WKHRULHV�ZHUH�
SXW�IRUWK�WR�WU\�WR�H[SODLQ�WKHVH�EURDG�VSHFWUDO�IHDWXUHV��
EXW� QRQH� VXJJHVWHG� WKH\� ZHUH� VLPSO\� WKH� ))7�
UHQGHULQJV� RI� HOHFWURVWDWLF� VROLWDU\�ZDYHV�� �'XULQJ� WKLV�
VDPH� SHULRG� RI� WLPH�� VRPH� REVHUYDWLRQV� RI� VROLWDU\�
ZDYHV�DQG�GRXEOH�OD\HUV�ZHUH�UHSRUWHG�E\�7HPHULQ�HW�DO��
>�@� XVLQJ� 6���� ZDYHIRUP� GDWD�� � +RZHYHU�� WKHVH� GDWD�
ZHUH� QRW� SUHVHQWHG� LQ� VSHFWUDO� IRUP� DQG� QR� OLQN� ZDV
PDGH�EHWZHHQ�WKH�VROLWDU\�ZDYHV�DQG�%(1��

6WDUWLQJ�DURXQG�������VRPH�SXEOLVKHG�WKHRUHWLFDO�ZRUNV�
VWDUWHG� WR� PDNH� D� FRQQHFWLRQ� EHWZHHQ� VROLWDU\� ZDYHV�
DQG� %(1�� � 1LVKLGD� HW� DO�� >�@� SRLQWHG� RXW� WKDW� FHUWDLQ�
NLQGV� RI� SRWHQWLDO� VWUXFWXUHV� FRXOG� H[SODLQ� WKH� EURDG�
IUHTXHQF\� VSHFWUD�� � $� VXEVHTXHQW� WKHRUHWLFDO�
LQYHVWLJDWLRQ� E\� 'XERXOR]� HW� DO�� >�@� VKRZHG� WKDW�
HOHFWURQ� DFRXVWLF� VROLWRQV� SDVVLQJ� E\� D� VDWHOOLWH� ZRXOG�
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JHQHUDWH� VSHFWUD� WKDW� FRXOG� H[SODLQ� WKH� KLJK� IUHTXHQF\�
SDUW�RI�%(1��LQ�DJUHHPHQW�ZLWK�H[SHULPHQWDO�GDWD�IURP�
9LNLQJ�� � 7KH� ILUVW� FRPSHOOLQJ� REVHUYDWLRQDO�
EUHDNWKURXJK�FDPH� LQ������ZKHQ�0DWVXPRWR�HW�DO�� >�@
PDGH�WKH�OLQN�EHWZHHQ�WKH�REVHUYHG�VROLWDU\�ZDYHV�DQG�
%(1�IRU�WKH�GLVWDQW�PDJQHWRWDLO���8VLQJ�*HRWDLO�3ODVPD�
:DYH�,QVWUXPHQW�GDWD�� WKH\�VKRZHG�WKDW�VHYHUDO�PRGHV�
ZHUH� SUHVHQW� LQ� WKH� DF� HOHFWULF� ILHOG� PHDVXUHPHQWV� RI�
%(1�� ZLWK� RQH� RI� WKH� PRVW� VXUSULVLQJ� EHLQJ� WKH�
³(OHFWURVWDWLF�6ROLWDU\�:DYH´��RU�(6:���7KH\�GHVFULEHG�
WKH�(6:�DV�EHLQJ�LQ�WKH�IRUP�RI�D�ELSRODU�SXOVH��L�H���D�
KDOI�VLQXVRLG�OLNH�F\FOH�IROORZHG�E\�D�VLPLODU�KDOI�F\FOH�
KDYLQJ�RSSRVLWH�VLJQ���7KH�(6:V�KDG�WLPH�GXUDWLRQV�RQ�
WKH� RUGHU� RI� ���� PV� DQG� SHDN�WR�SHDN� DPSOLWXGHV� RI� D�
IHZ� WHQWKV� P9�P�� � 7KH\� FRQFOXGHG� WKDW� PRVW� RI� WKH�
%(1� LQ� WKLV� UHJLRQ� LV� QRW� FRQWLQXRXV� EURDGEDQG� QRLVH�
EXW�LV�FRPSRVHG�RI�D�VHULHV�RI�(6:V���$�QRQOLQHDU�%*.�
�%HUQVWHLQ�*UHHQH�.UXVNDO�� >�@� SRWHQWLDO� PRGH� ZDV�
SURSRVHG� E\� 2PXUD� HW� DO�� >�@� DV� WKH� JHQHUDWLRQ�
PHFKDQLVP�RI�WKH�%(1�EDVHG�RQ�FRPSXWHU�VLPXODWLRQV�
7KLV�EUHDNWKURXJK�FDPH�SULPDULO\� WKURXJK� WKH�XVH�RI�D�
ZDYHIRUP�UHFHLYHU�ZLWK�KLJK�WLPH�UHVROXWLRQ�DQG�KDYLQJ�
WKH�ZDYHIRUP�GDWD�DYDLODEOH�LQ�GLJLWDO�IRUP��

0RVW� RI� WKH� (6:V� REVHUYHG� VLQFH� WKHQ� IURP� RWKHU�
PLVVLRQV� VXFK� DV� 32/$5�� )$67�� :,1'�� DQG� QRZ�
&/867(5�KDYH�EHHQ�LQWHUSUHWHG�DV�KROHV�LQ�HOHFWURQ�RU�
LRQ� SKDVH� VSDFH�� L�H��� SRVLWLYH� RU� QHJDWLYH� SRWHQWLDO�
VWUXFWXUHV�� UHVSHFWLYHO\�� LQ� DJUHHPHQW� ZLWK� WKH� *HRWDLO�
FRQFOXVLRQV���)RU�D�UHYLHZ�RI�VRPH�RI�WKHVH�REVHUYDWLRQV�
DQG� VXEVHTXHQW� WKHRUHWLFDO� LQYHVWLJDWLRQV�� VHH� )UDQ]� HW
DO�� >�@�� � 7KH� SRWHQWLDO� VWUXFWXUHV� PRYH� DORQJ� PDJQHWLF�
ILHOG� OLQHV�DQG�JHQHUDOO\�DUH� WKRXJKW� WR�EH�RI� WKH�%*.�
W\SH� DULVLQJ� RXW� RI� EHDP� LQVWDELOLWLHV� VXFK� DV� WKH� WZR�
VWUHDP� LQVWDELOLW\�� � 6RPH� RI� WKH� (6:V� UHSRUWHG� WR� EH�
SUHVHQW� LQ� WKH� DXURUDO� SDUDOOHO� DFFHOHUDWLRQ� UHJLRQ�KDYH�
EHHQ�LQWHUSUHWHG�E\�3RWWHOHWWH�HW�DO��>��@�WR�EH�PRGXODWHG�
HOHFWURQ� DFRXVWLF� VROLWRQV� JURZLQJ� RXW� RI� WKH� HOHFWURQ�
DFRXVWLF�LQVWDELOLW\��

,Q� DGGLWLRQ� WR� WKH� ELSRODU� (6:V�� WKHUH� KDYH� DOVR� EHHQ�
UHSRUWV� RI� WULSRODU� (6:V� �WKUHH� KDOI� VLQXVRLGV�� WZR� RI�
RQH� SRODULW\� DQG� RQH� RI� WKH� RSSRVLWH� SRODULW\��� � 7KH�
WULSRODU� (6:V� ZHUH� ILUVW� UHSRUWHG� E\� 0DQJHQH\� HW� DO��
>��@� IURP� :,1'� REVHUYDWLRQV� DQG� E\� 3LFNHWW� HW� DO��
>�����@� IRU� YDULRXV� UHJLRQV� DURXQG� (DUWK� XVLQJ�
&/867(5� GDWD�� � 7KH� WULSRODU� VWUXFWXUHV� DUH� SRVVLEO\�
ZHDN�GRXEOH�OD\HUV�EDVHG�RQ�WKH�VPDOO��EXW�PHDVXUDEOH�
SRWHQWLDO� FKDQJH� DFURVV� WKH� VWUXFWXUHV� >�����@���
7VXUXWDQL� HW� DO�� >��@� DOVR� UHSRUWHG� REVHUYDWLRQV� IURP�
32/$5�RI�SDLUHG�PRQRSRODU��RQH�KDOI�VLQXVRLG��SXOVHV�
RI� RSSRVLWH� SRODULW\� DQG� RIIVHW� ELSRODU� SXOVHV� DQG�
FRQFOXGHG�WKDW�WKHVH�PD\�EH�HOHFWURQ�KROHV�WKDW�DUH�VSOLW�
DQG�EURDGHQHG��UHVSHFWLYHO\��

6LQFH� WKH� &/867(5�RUELW� WUDYHUVHV� DOPRVW� DOO� UHJLRQV�
RI� (DUWK� ZKHUH� VROLWDU\� ZDYHV� DUH� REVHUYHG�� WKLV�
SURYLGHG� LQYHVWLJDWRUV� XVLQJ� GDWD� IURP� WKH� :LGHEDQG
�:%'�� ZDYHIRUP� UHFHLYHU� >��@�� GXH� WR� LWV� H[WHQVLYH�

DPSOLWXGH� UDQJH� DQG� KLJK� VDPSOLQJ� UDWH�� ZLWK� DQ�
H[FHOOHQW�RSSRUWXQLW\�WR�FDUU\�RXW�VXUYH\V�RI�WKH�(6:V�
IRU�FRPSDULVRQ�E\�UHJLRQ���7KH�UHPDLQGHU�RI�WKLV�SDSHU�
LV�GHYRWHG�WR�GLVFXVVLQJ�WKH�FKDUDFWHULVWLFV�RI�WKH�(6:V�
REVHUYHG�E\�:%'��SUHVHQWLQJ� WKH�(6:�VXUYH\�UHVXOWV�
GLVFXVVLQJ� WKH�(6:�SURSDJDWLRQ�VWXG\�� IROORZHG�E\�DQ�
LQ�GHSWK� ORRN� DW� WKH� (6:V� REVHUYHG� LQ� WKH�
PDJQHWRVKHDWK�� DQG� FRQFOXGLQJ� ZLWK� DQ� LQLWLDO� JOLPSVH�
LQWR�WKH�(6:V�REVHUYHG�DW�WKH�ERZ�VKRFN��

�� %(1�$1'�(6:V�(;$03/(�

)LJ���D�SURYLGHV�DQ�H[DPSOH�RI�WKH�%(1�REVHUYHG�LQ�WKH�
VSHFWURJUDPV�FUHDWHG�E\�SURFHVVLQJ�WKH�:%'�ZDYHIRUP�
GDWD� ZLWK� D� �����SRLQW� )DVW� )RXULHU� 7UDQVIRUP� �))7����
7KH� SORW� FRQWDLQHG� LQ� WKLV� ILJXUH� LV� D� WLPH�IUHTXHQF\�
VSHFWURJUDP� ZLWK� FRORU� LQGLFDWLQJ� HOHFWULF� ILHOG� SRZHU�
VSHFWUDO�GHQVLW\���7KLV�SORW�VKRZV�D�TXDVL�SHUSHQGLFXODU�
ERZ� VKRFN� FURVVLQJ� DW� DERXW� ������ 87� E\� ERWK�
VSDFHFUDIW� �� �XSSHU� SDQHO�� DQG� VSDFHFUDIW� �� �ORZHU�
SDQHO��RQ����0DUFK�������ZLWK�GDWD�REWDLQHG�XSVWUHDP�
RI�WKH�VKRFN�LQ�WKH�IRUHVKRFN�UHJLRQ�SULRU�WR�������DQG�
GRZQVWUHDP� LQ� WKH� PDJQHWRVKHDWK� DIWHU� ������� � 7KH�
ZKLWH�OLQH�SORWWHG�LQ�ERWK�SDQHOV�LV�WKH�SODVPD�IUHTXHQF\�
REWDLQHG�E\�WKH�:KLVSHU�6RXQGHU�� �7KH�HSKHPHULV�GDWD�
VKRZQ�DW�WKH�ERWWRP�RI�WKH�SORW��DSSOLFDEOH�WR�6SDFHFUDIW�
�� RQO\�� JLYHV� UDGLDO� GLVWDQFH� IURP� (DUWK� LQ� 5(��
JHRPDJQHWLF�ODWLWXGH�LQ�GHJUHHV��PDJQHWLF�ORFDO�WLPH�LQ�
KRXUV�DQG�/�VKHOO�YDOXH����

)LJ���� ([DPSOH� RI� �D�� %(1� REVHUYHG� LQ� WKH�
PDJQHWRVKHDWK� DIWHU� ������ 87� DQG� �E�� �� PLOOLVHFRQG�
ZDYHIRUP� VKRZLQJ� D� VHULHV� RI� ELSRODU� SXOVHV� ZKLFK�
SURGXFHV�WKH�EURDG�VSHFWUXP���)URP�3LFNHWW�HW�DO��>��@�
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)LJ�� �E� VKRZV� RQH� �� PV� VDPSOH� RI� WKH� ZDYHIRUP�
EHJLQQLQJ�DW��������������87�XVHG� LQ�FRQVWUXFWLQJ� WKH�
VSHFWURJUDP�� � 6SHFLILFDOO\� SRLQWHG� RXW� LQ� )LJ�� �E� DUH�
VRPH� YHU\� VKRUW� WLPH� GXUDWLRQ� ELSRODU� SXOVHV�� � 1HDUO\�
FRQWLQXRXV�EXUVWV�RI�WKHVH�VKRUW�WLPH�GXUDWLRQ�SXOVHV��RU�
(6:V��DUH�WKH�UHDVRQ�WKDW�WKH�%(1�REVHUYHG�LQ�)LJ���D�
H[WHQGV�WR�VXFK�KLJK�IUHTXHQFLHV��a���N+]���ZHOO�DERYH�
WKH�ORFDO�SODVPD�IUHTXHQF\����2I�VLJQLILFDQFH�LV�WKH�IDFW�
WKDW� WKH� %(1� LV� QRW� REVHUYHG� LQ� WKH� IRUHVKRFN�� EXW� LV�
REVHUYHG�DW�WKH�ERZ�VKRFN�DQG�ZHOO�GRZQVWUHDP�LQ�WKH�
PDJQHWRVKHDWK��

�� (6:�6859(<�2)�7+(�&/867(5�25%,7�

(6:V� DUH� REVHUYHG� LQ� PDQ\� RI� WKH� UHJLRQV� H[SORUHG�
ZLWK� &OXVWHU¶V� RUELW�� � :H� FUHDWHG� DQ� (6:� GHWHFWLRQ�
DOJRULWKP� IRU� DXWRPDWLFDOO\� GHWHFWLQJ� ELSRODU� DQG�
WULSRODU�SXOVHV�DFFRUGLQJ�WR�VRPH�FULWHULD�WKDW�VHW�OLPLWV�
RQ�WKH�UDWLR�RI�WKH�ILHOG�VWUHQJWK�RI�RQH�SHDN�ZLWK�UHJDUG�
WR�WKH�RWKHU�SHDN�V��DQG�RQ�WKH�GHJUHH�WR�ZKLFK�WKH�ILHOG�
VWUHQJWKV� DUH� DERYH� WKH� QRLVH� OHYHO� RI� WKH� LQVWUXPHQW�
�VHH� 3LFNHWW� HW� DO�� >��@� IRU� D� GHVFULSWLRQ� RI� WKH� FULWHULD�
XVHG��� �6RPH�SXOVHV�FDQ�EH�PLVVHG�ZLWK� WKLV�DOJRULWKP�
EXW� IDOVH� SRVLWLYHV�ZLOO� QRW� EH� LQFOXGHG�� �:H� WKHQ� UDQ�
WKLV�GHWHFWLRQ�DOJRULWKP�RQ�:%'�GDWD�LQWHUYDOV�REWDLQHG�
LQ� WKH� YDULRXV� UHJLRQV� LQ� &OXVWHU¶V� RUELW�� � 7KLV� ZDV�
PHDQW� WR� EH� D� VXUYH\� DV� RSSRVHG� WR� D� VWDWLVWLFDO� VWXG\���
$V�VKRZQ�LQ�)LJ�����(6:V�ZHUH�DOPRVW�DOZD\V�GHWHFWHG�
�ZKLWH� VWDUV�� QHDU� WKH� ERZ� VKRFN�� WKURXJKRXW� WKH�
PDJQHWRVKHDWK�� DW� SODVPDVKHHW� FURVVLQJV� DW� ������ 5(��
DQG� DW� DOO� FXVS� DQG�PDJQHWRSDXVH� ERXQGDU\� FURVVLQJV���
7KH� UHG� HOOLSVHV� UHSUHVHQW� W\SLFDO� VXPPHU� �ULJKW�PRVW��
DQG� ZLQWHU� �OHIW� PRVW�� RUELWV�� � (6:V� DUH� DOVR� DOPRVW�
DOZD\V� VHHQ� DW� ���� WR� ���� 5(� DV� WKH� RUELW� FURVVHV� ILHOG�
OLQHV� WKDW� PDS� WR� WKH� DXURUDO� UHJLRQ�� � 7KH\� DUH� RQO\�
RFFDVLRQDOO\� REVHUYHG� LQ� WKH� IUHH� VRODU�ZLQG� DV� VKRZQ�
E\�WKH�JUHHQ�VWDUV�LQ�)LJ�����

)LJ�� ��� � /RFDWLRQV� ZKHUH� (6:V� DUH� REVHUYHG� LQ�
UHSUHVHQWDWLYH� VXPPHU� �ULJKW� HOOLSVH�� DQG� ZLQWHU� �OHIW�
HOOLSVH�� RUELWV�� � :KLWH� VWDUV� UHSUHVHQW� UHJLRQV� ZKHUH�
(6:V� DUH� DOPRVW� DOZD\V� REVHUYHG�� JUHHQ� VWDUV� ZKHUH�
WKH\�DUH�VRPHWLPHV�REVHUYHG��

2QH�RI� WKH�SULPDU\� UHVXOWV�RI� WKLV�VXUYH\�>��@�ZDV� WKDW�
ERWK�WKH�ELSRODU�DQG�WULSRODU�(6:V�VKRZ�D�JHQHUDO�WUHQG�

IRU� WKHLU� DPSOLWXGHV� WR� LQFUHDVH� DV� WKH� EDFNJURXQG� GF�
PDJQHWLF�ILHOG�VWUHQJWK�LQFUHDVHV��VHH�)LJ����IRU�ELSRODU�
SXOVHV���7KH�(6:V�XVHG�LQ�WKLV�VXUYH\�FRYHUHG���RUGHUV�
RI� PDJQLWXGH� LQ� DPSOLWXGH� RYHU� �� RUGHUV� RI� PDJQHWLF
ILHOG�VWUHQJWK���$�VLPLODU�WUHQG�ZDV�IRXQG�IRU�WKH�WULSRODU�
SXOVHV���2QH�SRVVLEOH�FRQFOXVLRQ�RI�WKHVH�UHVXOWV�LV�WKDW�
WKH� JHQHUDO� WUHQG� LV� FRQVLVWHQW� ZLWK� VWDELOLW\�
UHTXLUHPHQWV�RI�WKH�%*.�PRGH�LQ�ILQLWH�PDJQHWLF�ILHOGV�
DV� GHVFULEHG� LQ� &KHQ� HW� DO�� >��@� DOWKRXJK� RWKHU�
SRVVLELOLWLHV� DUH� QRW� UXOHG� RXW�� � $QRWKHU� IROORZ�RQ
FRQFOXVLRQ� WR� EH� GUDZQ� IURP� WKLV� WUHQG� LV� WKDW� WKH�
PDJQHWLF�ILHOG�VWUHQJWK�LQ�WKH�VRODU�ZLQG�LV�SRVVLEO\�WRR�
ORZ�� UHVXOWLQJ� LQ� IHZHU� (6:� GHWHFWLRQV� DQG� WKDW�� LI
SUHVHQW��WKH�(6:V�DUH�DW�RU�EHORZ�WKH�QRLVH�IORRU�RI�WKH�
:%'�UHFHLYHU�DQG�QRW�GHWHFWDEOH���7KH�VDPH�SRVVLELOLW\�
H[LVWV� IRU� WKH� XVXDO� ODFN� RI� (6:� GHWHFWLRQV� LQ� WKH�
IRUHVKRFN��

)LJ�� ��� � 0DJQHWLF� ILHOG� VWUHQJWK� YV�� ELSRODU� (6:�
DPSOLWXGH� FRORU� FRGHG� E\� UHJLRQ� ZLWK� EUDFNHWHG� OLQHV�
UHSUHVHQWLQJ�VWDQGDUG�GHYLDWLRQ�DQG�DVWHULVNV� WKH�PHDQ���
)URP�3LFNHWW�HW�DO��>��@�

)LJ�� ��� �0DJQHWLF� ILHOG� VWUHQJWK� YV�� ELSRODU� (6:� WLPH�
GXUDWLRQ�FRORU�FRGHG�E\�UHJLRQ���)URP�3LFNHWW�HW�DO��>��@�

SODVPD���VKHHW�

�



$QRWKHU� UHVXOW� RI� WKH� (6:� VXUYH\� >��@�ZDV� WKDW� WKHUH�
ZDV�QR�VLPLODU�WUHQG�IRU�(6:�SXOVH�WLPH�GXUDWLRQ�ZLWK�
LQFUHDVLQJ� PDJQHWLF� ILHOG� VWUHQJWK� �VHH� )LJ�� �� IRU� WKH�
ELSRODU� SXOVHV��� � $� VLPLODU� UHVXOW� ZDV� IRXQG� IRU� WKH�
WULSRODU� SXOVHV�� � 7KHVH� UHVXOWV� GLG� SRLQW� WR� WKH�
PDJQHWRVKHDWK� (6:V� DV� KDYLQJ� VLJQLILFDQWO\� VKRUWHU�
WLPH�GXUDWLRQV� WKDQ� WKRVH�RI�(6:V� LQ�DOO�RWKHU� UHJLRQV�
LQFOXGHG�LQ�WKH�VXUYH\���7KH�FRQFOXVLRQ�GUDZQ�IURP�WKLV�
LV�WKDW�WKH�PDJQHWRVKHDWK�(6:V�PLJKW�EH�JHQHUDWHG�RXW�
RI� D� GLIIHUHQW� PHFKDQLVP� WKDQ� IRU� DOO� RI� WKH� RWKHU�
UHJLRQV�� DOWKRXJK� D� GLIIHUHQFH� LQ� SODVPD� SDUDPHWHUV� LQ�
WKH�WXUEXOHQW�PDJQHWRVKHDWK�PLJKW�DOVR�DFFRXQW�IRU� WKH�
VKRUWHU�WLPH�GXUDWLRQ�(6:V���

�� (6:�3523$*$7,21�678'<��

2QH�RI�WKH�SULPDU\�TXHVWLRQV�WKDW�FRQWLQXHV�WR�EH�DVNHG�
ZLWK�UHJDUG�WR�(6:V�REVHUYHG�LQ�VSDFH�LV�KRZ�IDU�WKH\�
FDQ� SURSDJDWH�� � 8S� XQWLO� QRZ�� WKH\� KDYH� RQO\� EHHQ�
REVHUYHG� SURSDJDWLQJ� IURP� RQH� DQWHQQD� WR� DQRWKHU� RQ
DQ\�RQH�VSDFHFUDIW���6LQFH�WKH�GLVWDQFH�IURP�RQH�DQWHQQD�
WR� DQRWKHU�RQ� WKHVH� VLQJOH� VSDFHFUDIW� LV� RI� WKH�RUGHU�RI�
���P� RU� OHVV�� WKHUH� ZDV� QR� ZD\� WR� LQIHU� IURP� WKHVH�
PHDVXUHPHQWV� ZKHWKHU� WKH� (6:V� DUH� FDSDEOH� RI�
SURSDJDWLQJ� RYHU� GLVWDQFHV� DV� ODUJH� DV� NPV�� � &OXVWHU¶V�
PXOWLVSDFHFUDIW� QDWXUH� WKXV� SURYLGHG� D� QDWXUDO�
ODERUDWRU\� IRU� WHVWLQJ� ZKHWKHU� WKLV� LV� SRVVLEOH���
8QIRUWXQDWHO\�� WKHUH� DUH� VHYHUDO� FRPSOLFDWLRQV� LQ�
FDUU\LQJ� RXW� WKLV� VWXG\� WKDW� PDNH� LW� YHU\� GLIILFXOW� WR�
VHDUFK� WKH� GDWD� IRU� WKLV� SXUSRVH�� � )LUVW� LV� WKH� SUREOHP�
DVVRFLDWHG�ZLWK� WKH� IDFW� WKDW� VROLWDU\�ZDYHV� DUH� DOPRVW�
QHYHU� REVHUYHG� DV� RQH� LVRODWHG� (6:�� � (6:V� XVXDOO\�
FRPH� LQ�D�VHULHV�RI�SXOVHV��ZLWK�VRPH�SXOVHV� UHJXODUO\��
EXW�PRVW�LUUHJXODUO\��VSDFHG�LQ�WLPH���7KH�SRVVLELOLW\�RI�
LVRODWLQJ�RQH�ELSRODU�SXOVH�DQG�EHLQJ�FRQILGHQW�WKDW�WKLV�
ZDV�WKH�VDPH�RQH�REVHUYHG�RQ�DQRWKHU�VSDFHFUDIW�LV�YHU\�
ORZ���7KXV��LW�ZDV�GHWHUPLQHG�WKDW�WKH�VHDUFK�QHHGHG�WR�
EH� FRQILQHG� WR� D� VHULHV� RI� (6:� SXOVHV� ZLWK� VLPLODU�
DPSOLWXGHV�DQG�WLPH�GXUDWLRQV���$QRWKHU�FRPSOLFDWLRQ�LV�
WKDW�WKH�VSDFHFUDIW�DUH�VSLQQLQJ���8QOHVV�WKH�DQWHQQDV�RQ�
HDFK�VSDFHFUDIW�DUH�RULHQWHG�VLPLODUO\�ZLWK�UHVSHFW�WR�WKH�
PDJQHWLF� ILHOG�� WKH� (6:� VKDSHV� �UDWLR� RI� SHDN�
DPSOLWXGHV� IRU� H[DPSOH�� FRXOG� ORRN�GLIIHUHQW� IURP�RQH�
VSDFHFUDIW� WR�WKH�QH[W�� �+HUH�ZH�DVVXPH�WKDW�WKH�(6:V�
SURSDJDWH� DORQJ� WKH� PDJQHWLF� ILHOG� EDVHG� RQ� UHVXOWV
IURP� VLQJOH� VSDFHFUDIW� VWXGLHV�� � )LQDOO\�� WKHUH� LV� WKH�
FRPSOLFDWLRQ� WKDW� WKH� WZR� VSDFHFUDIW� QHHG� WR� OLH� DORQJ�
WKH�VDPH�PDJQHWLF�ILHOG�OLQH�RYHU�GLVWDQFHV�QRW�WRR�ODUJH�
�WHQV�RI�NPV���

3LFNHWW� HW�� DO�� >��@� GHWHUPLQHG� WKDW� RQH� RI� WKH� EHVW
UHJLRQV� WR� ORRN� IRU� VXFK� (6:� SURSDJDWLRQ� ZDV� DORQJ�
ILHOG�OLQHV�WKDW�PDS�WR�WKH�DXURUDO�DFFHOHUDWLRQ�UHJLRQ�DW�
��������5(�� �)LJ���� VKRZV� WKH�EHVW� H[DPSOH� IRXQG� WKXV�
IDU�IURP�GDWD�REWDLQHG�RQ���$SULO������DW����������87���
3DQHO�$�VKRZV�D����PV�VDPSOH�RI�ZDYHIRUPV�IURP�6&��
DQG� SDQHO� %� VKRZV� D� VLPLODU� OHQJWK� VDPSOH� IURP� 6&��
VOLJKWO\�HDUOLHU�WKDQ�WKDW�RI�6&����%RWK�VSDFHFUDIW�VKRZ�

WZR� WULSRODU� SXOVHV�� ZLWK� 6&�� VHHLQJ� DQ� DGGLWLRQDO�
ELSRODU�SXOVH�WKDW�LV�QRW�VHHQ�LQ�6&����7KH�ILUVW�WULSRODU�
SXOVH�VKRZQ�LQ�6&���3DQHO����KDV�LWV�SHDNV�FOLSSHG��QRW�
GXH� WR� VDWXUDWLRQ� EXW� UDWKHU� GXH� WR� D� ODFN� RI� GLJLWDO�
UHVROXWLRQ�ZKLFK� LQGLFDWHV� WKDW�VRPH�JDLQ�QHHGHG� WR�EH�
WDNHQ�RXW� RI� WKH� V\VWHP�E\� WKH� DXWRPDWLF� JDLQ� FRQWURO���
)RU� WKLV� H[DPSOH�� WKH� DQWHQQD� DQJOHV� WR� WKH� PDJQHWLF�
ILHOG� ZHUH� YHU\� VLPLODU�� ���� DQG� ���� GHJUHHV��
UHVSHFWLYHO\�� � 3DQHO� &� VKRZV� WKH� UHVXOWV� RI� FRUUHODWLQJ�
WKH� WZR� ZDYHIRUP� VDPSOHV�� FRPLQJ� XS� ZLWK� D�
FRHIILFLHQW� RI� ����� DW� DERXW� ��� ODJV� RI�6&�� IURP�6&����
3DQHO�'�VKRZV�WKH�UHVXOW�RI�VKLIWLQJ�WKH�6&��ZDYHIRUP�
IRUZDUG� E\� ��� ODJV�� � 7KH� UHVXOW� LV� WKDW� ERWK� RI� WKH
WULSRODU�SXOVHV�VHHQ�RQ�ERWK�VSDFHFUDIW�QLFHO\�OLQH�XS�LQ�
IRUP�DQG� WLPH��SURYLGLQJ� FRQILGHQFH� WKDW� WKHVH� DUH� WKH�
VDPH�(6:V�REVHUYHG�RQ�ERWK�VSDFHFUDIW���

)LJ�� ��� � &URVV� VSDFHFUDIW� FRUUHODWLRQ� RI� WULSRODU� (6:�
SXOVHV� VKRZLQJ� SURSDJDWLRQ� RI� WZR� RI� WKH� SXOVHV� IURP�
6&��WR�6&����)URP�3LFNHWW�HW�DO��>��@��

%DVHG�RQ�WKH����NP�VHSDUDWLRQ�DORQJ�%�IRU�WKLV�FDVH�DQG�
���� NP� DFURVV� %�� 3LFNHWW� HW� DO�� >��@� GHWHUPLQHG� WKDW�
WKHVH�WULSRODU�SXOVHV�KDG�D�SURSDJDWLRQ�YHORFLW\�RI������
NP�V� DZD\� IURP� (DUWK�� ZLWK� D� SDUDOOHO� VL]H� RI� ���� NP�
DQG� D� SHUSHQGLFXODU� VL]H� RI� DW� OHDVW� ���� NP�� � 7KH\�
FRQFOXGHG� WKDW� WKH� &OXVWHU� VSDFHFUDIW� DUH� SUREDEO\�
VHSDUDWHG� E\� WRR� JUHDW� D� GLVWDQFH� GXULQJ� PRVW� RI� WKH�
RUELW� RU� WKDW� WKH� (6:V� URXWLQHO\� JURZ�� GDPS� RXW� RU�
WUDQVIHU�WKHLU�HQHUJ\�WR�SDUWLFOHV�RU�ZDYHV��WKXV�PDNLQJ�
LW�XQOLNHO\�WKDW�&OXVWHU�ZLOO�REVHUYH�PDQ\�FDVHV�RI�(6:�
SURSDJDWLRQ�� � +RZHYHU�� WKLV� ZDV� D� SUHOLPLQDU\� VWXG\��

�



SDYLQJ�WKH�ZD\�IRU�PRUH�GHWDLOHG��V\VWHPDWLF�VWXGLHV�RI�
(6:�SURSDJDWLRQ��

�� 0$*1(726+($7+�(6:V�

�6LQFH�WKH�&OXVWHU�:%'�LQVWUXPHQW�KDV�H[WUHPHO\�JRRG
WLPH� UHVROXWLRQ�� �� PLFURVHFRQGV� LQ� WKH� ��� N+]�
EDQGZLGWK� PRGH�� WKLV� PDNHV� D� YHU\� JRRG� PDWFK� IRU�
VWXGLHV�RI�(6:V�LQ� WKH�PDJQHWRVKHDWK�VLQFH� WKH�(6:V�
LQ� WKLV� UHJLRQ� DUH� WKH� VKRUWHVW� REVHUYHG� DQ\ZKHUH� LQ�
&OXVWHU¶V�RUELW�� �,W�ZDV�EHOLHYHG�WKDW�WKH�PDJQHWRVKHDWK�
(6:V�ZHUH� SUREDEO\� JHQHUDWHG� DW� WKH� ERZ� VKRFN� DQG�
SURSDJDWHG� IURP� WKHUH� WKURXJKRXW� WKH� PDJQHWRVKHDWK�
7KXV��3LFNHWW�HW�DO��>��@�FDUULHG�RXW�YDULRXV�VWXGLHV�WKDW�
ZRXOG� VKHG� OLJKW� RQ�ZKHWKHU� WKLV�ZDV� WKH� FDVH�� � 7KH\�
ILUVW� WRRN� VHYHUDO�PDJQHWRVKHDWK� FDVHV� DQG� GHWHUPLQHG�
WKH�FKDUDFWHULVWLFV�RI�WKH�(6:V��SHDN�WR�SHDN�DPSOLWXGH�
DQG�SXOVH�WLPH�GXUDWLRQ��DV�D�IXQFWLRQ�RI�GLVWDQFH�IURP�
WKH�ERZ�VKRFN�GRZQVWUHDP�� �)LJ����SUHVHQWV� WKH�UHVXOWV�
RI�WKDW�VWXG\���7KLV�ILJXUH�VKRZV�WKDW�WKH�FKDUDFWHULVWLFV�
RI� WKH� (6:V� GR� QRW� FKDQJH� IRU� HLWKHU� WKH� ELSRODU� RU
WULSRODU� SXOVHV� DV� WKH� VSDFHFUDIW� JR� GHHSHU� LQWR� WKH�
PDJQHWRVKHDWK�� � 7KLV� UHVXOW� VXJJHVWV� WKDW� WKHUH� DUH�
SUREDEO\�VHYHUDO�ORFDO�VRXUFHV�RI�(6:�JHQHUDWLRQ�LQ�WKH�
PDJQHWRVKHDWK� DV� ZH� ZRXOG� H[SHFW� WKH� (6:�
FKDUDFWHULVWLFV�DV�WKH�VSDFHFUDIW�JHW�IXUWKHU�GRZQVWUHDP�
WR� FKDQJH� GXH� WR� WKH� WXUEXOHQW� QDWXUH� RI� WKH�
PDJQHWRVKHDWK�� �7KH� FKDUDFWHULVWLFV� RI� WKH�(6:V�ZHUH�
DOVR� VWXGLHG� DV� D� IXQFWLRQ� RI� LRQ� YHORFLW\��ZLWK� RQO\� D�
VOLJKW�WHQGHQF\�IRU�WKH�(6:�DPSOLWXGHV�WR�LQFUHDVH�ZLWK�
LRQ� YHORFLW\�� � 7KH� FRQFOXVLRQ� GUDZQ� IURP� WKLV� LV� WKDW�
SUREDEO\� HOHFWURQ� G\QDPLFV� DUH� PRUH� LQYROYHG� LQ� WKH
JHQHUDWLRQ� RI� WKH� PDJQHWRVKHDWK� (6:V� WKDQ� LRQ�
G\QDPLFV���7KH�SUHVHQFH�RU�DEVHQFH�RI�(6:V�EDVHG�RQ
WKH� W\SH� RI� ERZ� VKRFN� �TXDVL�SDUDOOHO� RU� TXDVL�
SHUSHQGLFXODU�� WKDW� PLJKW� FRQWULEXWH� WR� GRZQVWUHDP�
FRQGLWLRQV�ZDV� H[DPLQHG�� �3LFNHWW� HW� DO�� >��@� IRXQG�QR�
FRUUHODWLRQ�EHWZHHQ�WKH�W\SH�RI�ERZ�VKRFN�DQG�SUHVHQFH�
RI� (6:V�� VXJJHVWLQJ� DJDLQ� WKDW� WKH� PDJQHWRVKHDWK�
(6:V�DUH�SUREDEO\�ORFDOO\�JHQHUDWHG����

)LJ�� ��� � &KDUDFWHULVWLFV� RI� (6:V� DV� D� IXQFWLRQ� RI�
GLVWDQFH�IURP�WKH�ERZ�VKRFN���)URP�3LFNHWW�HW�DO��>��@��

)RU�DOPRVW�DOO�FDVHV�LQFOXGHG�LQ�WKLV�VWXG\��3LFNHWW�HW�DO��
>��@�IRXQG�WKDW�FRXQWHUVWUHDPLQJ�HOHFWURQV�ZHUH�SUHVHQW�
IRU� PRVW� RI� WKHP�� VXJJHVWLQJ� WKH� SRVVLELOLW\� WKDW� WKH�
(6:V� ZHUH� JHQHUDWHG� WKURXJK� D� EHDP� LQVWDELOLW\� DQG�
ZRXOG� EH� %*.� PRGH� HOHFWURQ� SKDVH� VSDFH� KROHV���
$QRWKHU� SRVVLEOH� PHFKDQLVP� IRU� WKH� JHQHUDWLRQ� RI�
(6:V� FRXOG� EH� WKH� EHDP� LQVWDELOLWLHV� GULYHQ� E\� ORZ�
IUHTXHQF\�� ZDYH�DFFHOHUDWHG� ELVWUHDPLQJ� HOHFWURQV� DV�
GHVFULEHG� LQ� /DNKLQD� HW� DO�� >�����@�� �:H� DUH� FXUUHQWO\�
H[SORULQJ� WKH� SRVVLELOLW\� LQ� D� IROORZ�RQ� VWXG\� WKDW� WKH�
(6:V� DUH� JHQHUDWHG� WKURXJK� WKH� HOHFWURQ� DFRXVWLF�
LQVWDELOLW\� >�����@� VLQFH� SUHOLPLQDU\� VLPXODWLRQV� VKRZ�
WKDW�QHJDWLYH�SRWHQWLDO�HOHFWURQ�DFRXVWLF�VROLWRQV�FDQ�EH�
JHQHUDWHG� IRU� WKH� RQH� FDVH� XQGHU� VWXG\�� � 3ODVPD�
SDUDPHWHUV� IRU� WKDW� FDVH� ZHUH� REWDLQHG� WKURXJK�
PRGHOLQJ�RI�&OXVWHU¶V�HOHFWULF�DQWHQQDV�E\�%HJKLQ�HW�DO��
>��@� GXULQJ� D� VSHFLDO�PXWXDO� LPSHGDQFH� WHVW� LQYROYLQJ�
WKH�:KLVSHU�DQG�:%'�LQVWUXPHQWV��

�� %2:�6+2&.�(6:V�

)LQDOO\��ZH�KDYH�EHJXQ�WR�ORRN�DW�WKH�FKDUDFWHULVWLFV�RI�
WKH�(6:V�REVHUYHG�DW�WKH�ERZ�VKRFN��VSHFLILFDOO\�LQ�WKH�
VKRFN� WUDQVLWLRQ� UHJLRQ�� � %DOH� HW� DO�� >�����@� KDYH� XVHG�
:,1'� ZDYHIRUP� REVHUYDWLRQV� RI� (6:V� WR� FRQFOXGH�
WKDW�WKH�(6:V�REVHUYHG�DW�(DUWK¶V�ERZ�VKRFN�DUH�VPDOO�
VFDOH�XQLSRODU�FRQYHFWLQJ�SRWHQWLDO�VWUXFWXUHV�FRQVLVWHQW�
ZLWK�VLPXODWLRQV�RI�HOHFWURQ�SKDVH�VSDFH�KROHV�RU�%*.�
WUDSSHG� SDUWLFOH� HTXLOLEULD��0DWVXPRWR� HW� DO�� >��@� KDYH�
XVHG�*HRWDLO�ZDYHIRUP�REVHUYDWLRQV�WR�FKDUDFWHUL]H�WKH�
IRXU� W\SHV� RI� ZDYHIRUPV� REVHUYHG� LQ� WKH� VKRFN�
WUDQVLWLRQ� UHJLRQ�� RQH� RI� ZKLFK� LV� WKH� ELSRODU� SXOVH�
VLPLODU� WR� WKH�%(1�REVHUYHG� LQ� WKH� WDLO�� WKH� UHPDLQGHU�
FRQVLVWLQJ�RI�QRQ�(6:�W\SHV����7KH�PHDVXUHPHQWV�IURP�
ERWK� RI� WKHVH� PLVVLRQV� DUH� WDNHQ� DV� VQDSVKRWV� VR� WKDW�
FRQWLQXRXV� GDWD� DUH� XVXDOO\� QRW� EHLQJ� REWDLQHG� DFURVV�
WKH�HQWLUH�ERZ�VKRFN� WUDQVLWLRQ� UHJLRQ�� �:%'�GDWD��RQ�
WKH� RWKHU� KDQG�� DUH� REWDLQHG� FRQWLQXRXVO\� WKURXJK� WKH�
FURVVLQJ�� ZLWK� QR� GXW\� F\FOLQJ� IRU� WKH� ���� N+]�
EDQGZLGWK�PRGH�DQG�ZLWK�GXW\�F\FOLQJ�����PLOOLVHFRQGV�
RI� GDWD�� ��� PLOOLVHFRQGV� RI� GDWD� JDS�� IRU� WKH� ��� N+]�
EDQGZLGWK� PRGH�� � 3XOVH� GXUDWLRQV� DV� VKRUW� DV� ���
PLFURVHFRQGV� FDQ� EH� PHDVXUHG� ZLWK� WKH� ��� N+]�
EDQGZLGWK�PRGH�DQG�DV�VKRUW�DV����PLFURVHFRQGV�ZLWK
WKH�����N+]�EDQGZLGWK�PRGH���7KXV��UHJDUGOHVV�RI�ZKDW�
PRGH�:%'�LV�LQ��ZH�DUH�DEOH�WR�FKDUDFWHUL]H�WKH�(6:V�
DFURVV� WKH� HQWLUH� WUDQVLWLRQ� UHJLRQ�� DVLGH� IURP� WKH
OLPLWDWLRQ�RI�WKH�SXOVH�WLPH�GXUDWLRQV�GXH�WR�EDQGZLGWK�
FRQVLGHUDWLRQV� DQG� SXOVH� DPSOLWXGHV� WKDW� ZRXOG� IDOO
EHORZ� WKH�:%'� QRLVH� IORRU� RU� JUHDWHU� WKDQ� WKH� XSSHU
DPSOLWXGH�FXW�RII�DV�SUHYLRXVO\�PHQWLRQHG���

)LJ���� LV�DQ�H[DPSOH�RI�D�ERZ�VKRFN�FURVVLQJ�PDGH�E\�
6&��RQ����0D\��������7KLV�ILJXUH�VKRZV�WKH�XVXDO�(6:�
SHDN�WR�SHDN�DPSOLWXGH�LQ�WKH�WRS�SDQHO�DQG�SXOVH�WLPH�
GXUDWLRQ�LQ�WKH�ERWWRP�SDQHO�YV��WLPH��ZLWK�WKH�VROLG�OLQH�
JLYLQJ�WKH�PDJQHWLF�ILHOG�VWUHQJWK�DFFRUGLQJ�WR�WKH�VFDOH�
RQ� WKH� ULJKW�YHUWLFDO� D[LV�� �$�ELSRODU�SXOVH�GHWHFWLRQ� LV�

�



SORWWHG� DV� D� EODFN� GRW� DQG� WULSRODU� SXOVH� DV� D� JUHHQ�
DVWHULVN�ZLWK�WKH�FKDUDFWHULVWLF�VFDOHV�VKRZQ�RQ�WKH�OHIW�
YHUWLFDO� D[LV�� �)RU� WKLV� FURVVLQJ�� QR�(6:V�DUH�GHWHFWHG�
XSVWUHDP�RU�LQ�WKH�IRRW�RI�WKH�VKRFN���6HYHUDO�(6:V�DUH�
GHWHFWHG� RQ� WKH� UDPS�� LQ� WKH� RYHUVKRRW� UHJLRQ� DQG�
FRQWLQXRXVO\�GRZQVWUHDP���7KH�ODUJHVW�DPSOLWXGH�(6:V�
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