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�5HFHLYHG��� $XJXVW�������DFFHSWHG��� -DQXDU\������

$EVWUDFW
7ZR� FRQWLQXRXV�ZDYH� �FZ�� VLQJOH� PRGH� GLRGH�ODVHUV� �7RVKLED� 72/'� ���� DQG�6KDUS�/7���0'2��DUH�DSSOLHG�DV
SXPS� DQG�VLJQDO�VRXUFHV�WR�REWDLQ�GLIIHUHQFH�IUHTXHQF\�JHQHUDWLRQ��')*��LQ�WKH�PLG�LQIUDUHG��0,5��UHJLRQ�E\�XVLQJ�DQ
$J*D6� FU\VWDO� ZLWK� D� OHQJWK� RI� �� PP�IRU�����W\SH�,�SKDVH�PDWFKLQJ��7XQHDEOH�0,5�ODVHU�UDGLDWLRQ�DURXQG�� �P�LV
REWDLQHG� ZLWK� DQ�RXWSXW�SRZHU�LQ�WKH�RUGHU�RI�KXQGUHG�Q:�ZKLOH�WKH�GLRGH�ODVHUV�DUH�RSHUDWHG�DW��� DQG��� P:�DURXQG
WKHLU� FHQWUH� ZDYHOHQJWKV� ��� DQG� ��� QP�� UHVSHFWLYHO\�� 7R� GHPRQVWUDWH� WKH� DSSOLFDELOLW\� RI� WKLV�0,5�')*�ODVHU
VSHFWURPHWHU� ZH� UHFRUGHG� WKH� DEVRUSWLRQ� VSHFWUXP�RI�&2�IRU�WKH�3�����URWDWLRQDO�OLQH�DW������� FP�� LQ�D��� FP�ORQJ
FHOO� DQG� LQ� WKH� IODPH� RI�D�0F.HQQD�EXUQHU�LQ�RUGHU�WR�HVWLPDWH�WKH�VHOI�EURDGHQLQJ�FRHIILFLHQW�RI�&2��WKH�FROOLVLRQDO�
EURDGHQLQJ�RI�&2�ZLWK�&2���DQG WKH�&2�FRQFHQWUDWLRQ�GLVWULEXWLRQ�LQ�WKH�IODPH�
.H\ZRUGV��ODVHU��GLIIHUHQFH�IUHTXHQF\��&2�GHWHFWLRQ��VSHFWURPHWHU

�
�� ,QWURGXFWLRQ
0,5� KLJK�UHVROXWLRQ� VSHFWURVFRS\� RI�PROHFXODU�VSHFLHV
LQ� WKH� VSHFWUDO� UDQJH�� WR��� �P�LV�RI�SDUWLFXODU�LQWHUHVW
IRU� IXQGDPHQWDO� SK\VLFV� DV� ZHOO� DV� HQYLURQPHQWDO
GLDJQRVLV�� VLQFH� PRVW� RI� WKH� PROHFXOHV� DQG�PROHFXODU
LRQV� DUH� GHWHFWDEOH�LQ�WKLV�UHJLRQ�>�@��7KHVH�DSSOLFDWLRQV
UHTXLUH� FZ KLJK�VSHFWUDO�SXULW\� ODVHU� VRXUFHV�� 'LUHFW
ODVHU� VSHFWURVFRS\�LQ�WKH�0,5�UDQJH�LV�PDLQO\�OLPLWHG�E\
WKH� DYDLODELOLW\� RI� QDUURZ� EDQGZLGWK� WXQHDEOH� ODVHU
VRXUFHV� >�@�� )RU� ZDYHOHQJWKV� EH\RQG� a� � �P� W\SLFDO
WXQHDEOH� ODVHU� VRXUFHV� DUH� 232� ODVHUV�� FRORXU�FHQWUH
ODVHUV�� DQG� OHDG� VDOW� GLRGH�ODVHUV�� &RORXU�FHQWUH� ODVHUV
RSHUDWH� H[WUHPHO\� ZHOO� ZLWK� VLQJOH IUHTXHQF\� SRZHU
OHYHOV� RI� XS�WR���� P:�EXW�RQO\�OLPLWHG�IURP���� WR����
�P� DW� OLTXLG�QLWURJHQ� WHPSHUDWXUH�� 'LRGH�DQG�OHDG�VDOW
GLRGH�ODVHUV� KDYH� D�ZLGHU�FRYHULQJ�UDQJH�EXW�ZLWK�VPDOO
WXQLQJ� UDQJH� �a� ��� FP���� DQG� DOVR� ORZ� WHPSHUDWXUH
UHTXLUHPHQWV�>�@��7KH ���� �P�UDQJH�LV�KRZHYHU�FRYHUHG
E\� &2� ODVHUV�ZLWK�D�OLPLWHG�FRQWLQXRXV�WXQHDELOLW\��7KH
JDLQ� FXUYH� RI� D� VLQJOH�PRGH� ORZ�SUHVVXUH�&2� ODVHU�RI
����P� GLVFKDUJH� OHQJWK� LV� W\SLFDOO\� ��� 0+]�SHU�OLQH�
%XW� LW�LV�PRUH�OLPLWLQJ�WKDQ�WKH�QDUURZ�WXQHDELOLW\��ZKLFK
LV� HQRXJK� IRU� 'RSSOHU�IUHH� VSHFWURVFRS\�� 7KH� PDMRU

GUDZEDFN� RI� &2� ODVHU VSHFWURVFRS\� OLHV� LQ�DFFLGHQWDO
FRLQFLGHQFHV� EHWZHHQ� ODVHU� OLQHV� DQG� WKH� DEVRUELQJ
VSHFLHV� RI� DQDO\WLFDO� LQWHUHVW�� DV�WKH�W\SLFDO�OLQH�WR�OLQH
VHSDUDWLRQ� LV� �� *+]� >�@�� 7KHVH� OLPLWDWLRQV�UHVXOW�LQ�D
UHVWULFWLRQ� RI� 0,5�DEVRUSWLRQ�VSHFWURVFRS\�IRU�SUDFWLFDO
DSSOLFDWLRQ�� H�J��� LQ� WKH� WUDFH�DQDO\VLV�RI�HQYLURQPHQWDO
SROOXWDQWV�� 7KHUHIRUH�� WKHUH� LV�VWLOO�VRPHWKLQJ�ODFNLQJ�LQ
VLPSOH�� FRPSDFW��SRUWDEOH��DQG�UXJJHG�0,5�ODVHU�VRXUFHV
>�@�� 0RVW� UHFHQWO\�� TXDQWXP� FDVFDGH�ODVHUV�>�@�DUH�DOVR
GLVFXVVHG� DV� QRYHO� OLJKW�VRXUFHV�IRU�VSHFWURVFRSLF�WUDFH
JDV� GHWHFWLRQ� LQ� WKH� 0,5� >�@�� ,Q�WKLV�SDSHU�GLIIHUHQFH�
IUHTXHQF\� JHQHUDWLRQ� RI� WZR� VLQJOH� PRGH�GLRGH�ODVHUV
ZLWK� �� DQG� �� P:�DQG�D��� PP�ORQJ�$J*D6� FU\VWDO
ZLWK� D� FXW�IRU�W\SH�,�QRQFULWLFDO�SKDVH�PDWFKLQJ�DW�URRP
WHPSHUDWXUH� DUH� DSSOLHG� WR�JHW�D�YHU\�HIILFLHQW��FRPSDFW
DQG� WXQHDEOH� DOO� VROLG� VWDWH� ODVHU� V\VWHP� IRU� WKH�0,5
VSHFWUDO� UHJLRQ� >�@�� 7KLV� 0,5�GLRGH�ODVHU�')*�V\VWHP
RIIHUV� D� ORW� RI� LQWHUHVWLQJ DSSOLFDWLRQV� LQ� WKH
VSHFWURVFRSLF� GHWHFWLRQ� IRU� HQYLURQPHQWDO� SROOXWDQWV�
2QH� H[DPSOH� LV�JLYHQ�LQ�WKH�SUHVHQW�SDSHU��LQ�ZKLFK�WKH
DEVRUSWLRQ� VSHFWUD� RI�FDUERQ�PRQR[LGH�LQ�WKH�IODPH�RI�D
0F.HQQD�EXUQHU�DUH�PHDVXUHG�DQG�WKH�&2�FRQFHQWUDWLRQ
LQ�WKH�IODPH�LV GHWHUPLQHG�
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�� 0,5�GLRGH�ODVHU�')*�V\VWHP
7KH� VFKHPDWLF� GLDJUDP� RI� WKH� 0,5� GLRGH�ODVHU� ')*
V\VWHP�LV�VKRZQ�LQ�ILJXUH���

)LJXUH����([SHULPHQWDO�VHW�XS�RI�WKH�0,5�')*�ODVHU�VSHFWURPHWHU�

7KH� VLJQDO�DQG�SXPS�EHDPV�DUH�JHQHUDWHG�E\�WZR�FZ
VLQJOH� PRGH� GLRGH�ODVHUV� �7RVKLED� 72/'� ���� DQG
6KDUS� /7���0'2��FHQWUHG�DW�ZDYHOHQJWKV���� DQG����
QP�� UHVSHFWLYHO\��%\�DFFXUDWH�VHWWLQJ�RI�WHPSHUDWXUH�DQG
FXUUHQW�WKH�WXQLQJ�UDQJHV�RI�WKH�WZR�GLRGH�ODVHUV�DUH�����
��� QP� DQG� ������� QP�� 'XULQJ� D� VLQJOH� IUHTXHQF\
RSHUDWLRQ� WKH�RSWLPXP�RXWSXW�SRZHUV�DUH�3V �� P:�DQG
3S �� P:�� UHVSHFWLYHO\�� 6LQJOH� PRGH� RSHUDWLRQ� LV
REWDLQHG� IRU� VSHFLILF� WHPSHUDWXUH� UDQJHV� ZKLFK� DUH
GLIIHUHQW� IRU� HDFK� GLRGH�ODVHU�� 8QIRUWXQDWHO\��WKH�PRGH
MXPS� EHKDYLRXU� RI� WKH� ODVHUV� DIIHFWV� DQG� OLPLWV� WKH
FRQWLQXRXV� WXQHDELOLW\� RI� WKH� 0,5� ')*� ZDYHOHQJWKV�
)RU� ���� W\SH� ,� SKDVH�PDWFKLQJ� LQ� WKH� $J*D6� FU\VWDO
')*� ODVHU� UDGLDWLRQ� LV� FHQWUHG� DW� ��� �P� DQG� LW� LV
WXQHDEOH� IURP� ��� WR����� �P�E\�WXQLQJ�WKH�WHPSHUDWXUH
RI�WKH�FU\VWDO�IURP�����&��WR����&�

&ROOLPDWLRQ� RSWLFV� �6.�������6FKlIWHU�	�.LUFKKRII�
DQG� DQDPRUSKLF� RSWLFV� ��$1���$����� 6FKlIWHU� 	
.LUFKKRII�� DUH� DSSOLHG� WR� WUDQVIRUP�WKH�HOOLSWLFDO�EHDP
SURILOHV� RI� WKH� GLRGH�ODVHUV� LQWR� QHDUO\�*DXVVLDQ�EHDP
VKDSHV�

$IWHU� SRODULVDWLRQ�DGMXVWPHQW�RI�WKH�WZR�GLRGH�ODVHUV
LQ WKHLU� KRXVLQJ� DQG� VSDWLDOO\� RYHUODSSLQJ� E\� D
SRODULVDWLRQ� EHDP� VSOLWWHU� FXEH� ERWK� ODVHUV�DUH�IRFXVHG
LQWR� WKH� QRQ�OLQHDU� FU\VWDO� E\� D� FRQYH[� OHQV� �I� ����
PP��� %HKLQG� WKH�FU\VWDO�WKH�0,5�')*�ODVHU�UDGLDWLRQ�LV
FROOLPDWHG� E\� D� &D)� OHQV�DQG�GHWHFWHG�E\�D�'RUR7(.
3',��,(�� GHWHFWRU� ZLWK� D�YROWDJH�UHVSRQVLYLW\�RI�����
9�:�� $� JHUPDQLXP� SODWH� �G�  � � PP�� LQ�IURQW�RI�WKH
GHWHFWRU� LV� XVHG� DV�D�FXW�RII�ILOWHU�IRU�ZDYHOHQJWKV�� ���
�P�� 7KH� RXWSXW� VLJQDO� RI� WKH� ,5�GHWHFWRU� LV� GLUHFWO\
UHFRUGHG� E\� D� ORFN�LQ�DPSOLILHU�ZKLOH�RQH�RI�WKH�GLRGH�
ODVHU�EHDPV�LV�FKRSSHG�

7KH� LQWHQVLW\�RI�WKH�')*�UDGLDWLRQ�GHSHQGV�KLJKO\�RQ
WKH� SKDVH�PLVPDWFK� YDOXH� ûN� DQG� LV� JLYHQ� E\� WKH
IROORZLQJ�UHODWLRQ�>�@��
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ZKHUH�O�LV�WKH�FU\VWDO�OHQJWK�
)LJXUH� � VKRZV�WKH�GHSHQGHQF\�RI�WKH�')*�LQWHQVLW\

RQ� WKH� WHPSHUDWXUH� RI� WKH� FU\VWDO�� $�VOLJKW�DV\PPHWU\
REVHUYHG� LQ�WKH�ILJXUH�LV�GXH�WR�WKH�GLIIHUHQW�WHPSHUDWXUH
JUDGLHQWV�DW�ERWK�HQGV�RI�WKH FU\VWDO�
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YDULDWLRQ�RI�WKH�WHPSHUDWXUH�RI�WKH�FU\VWDO���&�

)LJXUH� �� 'HSHQGHQFH� RI� WKH� ')*�LQWHQVLW\�RQ�WKH�YDULDWLRQ�RI�WKH
FU\VWDO�WHPSHUDWXUH�

�� 6SHFWURVFRSLF�UHVXOWV
7KH� SHUIRUPDQFH� RI� WKH� GHVFULEHG� GLRGH�ODVHU� ')*
VSHFWURPHWHU� LV� VKRZQ� DV� VLQJOH� URWDWLRQDO� OLQHV�RI�WKH
FDUERQ� PRQR[LGH� �&2�� PROHFXOHV� DUH� SUREHG� E\
DEVRUSWLRQ� VSHFWURVFRS\��0,5�')*�ODVHU�UDGLDWLRQ�VFDQV
DUH� REWDLQHG� E\� IL[LQJ� WKH� SXPS� ZDYHOHQJWK� DW
�S ������ QP� DQG� VFDQQLQJ� WKH� VLJQDO� GLRGH�ODVHU
DURXQG�WKH�FHQWUH�ZDYHOHQJWK��V ������ QP�E\�DSSO\LQJ
D�YROWDJH�UDPS�RI�û8� �� 9�

)LJXUH� � VKRZV� WKH� VSHFWUDO� OLQH� VKDSH� RI� WKH�&2
3����� URWDWLRQDO� OLQH�DW������� FP�� IRU�D�&2�SUHVVXUH�RI
S ��� PEDU�PHDVXUHG�LQ�WKH�DEVRUSWLRQ�FHOO��/� ��� FP��
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��� )LW�WR�WKH�H[SHULPHQWDO�GDWD
([SHULPHQWDO�GDWD
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\

:DYHQXPEHU��FP���

)LJXUH� �� $EVRUSWLRQ� VSHFWUD� RI� WKH� 3����� URWDWLRQDO�OLQH�RI�&2�DW
������ FP�� IRU�S&2  � ��� PEDU��LQ�D��� FP�DEVRUSWLRQ�FHOO
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3KDVH�PDWFKLQJ� LV�REWDLQHG�E\�DGMXVWLQJ�WKH�WHPSHUDWXUH
RI�WKH�FU\VWDO�DW����� ������&�

7KH� DEVRUSWLRQ� RI� WKH� &2� 3����� URWDWLRQDO� OLQH� LV
UHFRUGHG� IRU� GLIIHUHQW� SUHVVXUHV� LQ� WKH�DEVRUSWLRQ�FHOO�
7KH� DEVRUSWLRQ� RI� OLJKW� ZLWK� IUHTXHQF\�� DQG�LQWHQVLW\
,����� LQ� DQ� DEVRUELQJ� PHGLXP� ZLWK� DQ� DEVRUSWLRQ
FRHIILFLHQW�. LV�JLYHQ�E\�WKH�/DPEHUW�%HHU�ODZ�
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�� ³ D� Q
Q

ZKHUH� ,���� LV� WKH� WUDQVPLWWHG� LQWHQVLW\�� GO� LV� WKH
LQILQLWHVLPDO� SDWKOHQJWK� RI� WKH� DEVRUSWLRQ� DQG�/�LV�WKH
SDWK� OHQJWK� RI� DEVRUSWLRQ�� 7R� UHODWH� WKLV� HTXDWLRQ� WR
TXDQWLWDWLYH� YDOXHV�� WKH�DEVRUSWLRQ�FRHIILFLHQW�LV�ZULWWHQ
DV�
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Q
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ZKHUH� 6� >FP�� DWP��@� LV� WKH� LQWHQVLW\� RI�WKH�OLQH�DW�WKH
IUHTXHQF\� �� >FP��@��I�� ������LV�D�IXQFWLRQ�WKDW�GHVFULEHV
WKH� OLQH� VKDSH�ZLWK�UHVSHFW�WR�IUHTXHQF\��S&2>DWP@�LV�WKH
SDUWLDO� SUHVVXUH� RI� &2�LQ�WKH�DEVRUSWLRQ�FHOO��DQG�,����LV
WKH� WUDQVPLWWHG� LQWHQVLW\�� )LWWLQJ� D� 9RLJW�SURILOH�WR�WKH
H[SHULPHQWDO� GDWD�JLYHV�YDOXHV�IRU�WKH�/RUHQW]LDQ�ZLGWKV
RI�WKH�&2�DEVRUSWLRQ�OLQH�DW GLIIHUHQW�SUHVVXUHV��7KH�VHOI�
EURDGHQLQJ� FRHIILFLHQW��FR�FR  ������� FP���DWP�IRU�URRP
WHPSHUDWXUH� FDQ� EH� GHULYHG�E\�SORWWLQJ�WKHVH�ZLGWKV�IRU
GLIIHUHQW�SUHVVXUHV�DV�VKRZQ�LQ�ILJXUH���
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/LQHDU�ILW�WR�WKH�H[SHULPHQWDO�GDWD
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)LJXUH� �� 6HOI�EURDGHQLQJ� FRHIILFLHQW� PHDVXUHPHQW� RI� &2� IRU�WKH
3�����OLQH�

7KH� PHDVXUHG� YDOXH� IRU� �FR�FR� LQ� WKLV� H[SHULPHQW� LV
FRPSDUHG� ZLWK� WKH� FRUUHVSRQGLQJ� YDOXH� JLYHQ� E\��WKH
+LWUDQ� �� GDWDEDVH� >�@�� 7KLV� YDOXH� IRU� �FR�FR LV�������
FP��DWP���� ZKLFK� LV� LQ� YHU\� JRRG� DJUHHPHQW� ZLWK�RXU
PHDVXUHG� RQH�� 7KH� VDPH� GDWD� DQDO\VLV� LV� GRQH� WR
PHDVXUH� WKH�FROOLVLRQDO�EURDGHQLQJ�FRHIILFLHQW�RI�&2�E\
PL[LQJ� ZLWK� GLIIHUHQW� &2� SUHVVXUHV� DQG� D� IL[HG� &2
SUHVVXUH�� $V� VKRZQ� LQ� )LJXUH� ��� WKH� FRHIILFLHQW� IRU
FROOLVLRQDO�EURDGHQLQJ� RI� &2� ZLWK�&2� LV��FR�FR� �����
FP��DWP���

�� 'HWHFWLRQ� RI� &2 3����� LQ� D� PHWKDQH�DLU� IODPH
DQG�FRQFHQWUDWLRQ�PHDVXUHPHQWV

,Q� RUGHU� WR� GHWHFW� &2� LQ� WKH� IODPH� RI� D� PHWKDQH�DLU
PL[WXUH� WKH�IODW�IODPH�0F.HQQD�EXUQHU�>��@�LV�XVHG�ZLWK
D� IORZ� UDWH� RI� ��� O�PLQ� PHWKDQH�� 0,5� ')*� ODVHU
UDGLDWLRQ LV� WUDQVPLWWHG� WKURXJK�WKH�IODPH�� DQG��� PP
DERYH WKH VXUIDFH� RI� WKH� EXUQHU�� 7KH� VDPH� GHWHFWLRQ
PHWKRG� DV� GHVFULEHG� EHIRUH� LV�DSSOLHG�WR�GHWHFW�WKH�&2
DEVRUSWLRQ� SURILOH� LQ� WKH� PHWKDQH�DLU� IODPH� ZLWKRXW
GRSLQJ�DQ\�&2�WR�WKH�IODPH�
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3UHVVXUH��DWP�

)LJXUH� �� &ROOLVLRQ�EURDGHQLQJ�FRHIILFLHQW�PHDVXUHP HQW�RI�&2�ZLWK
&2� IRU�WKH��3�����OLQH�

$Q�H[DPSOH�RI�D�PHDVXUHG�DEVRUSWLRQ�OLQH�LQ�WKH�IODPH�LV
VKRZQ�LQ�ILJXUH���
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)LJXUH� �� &2�DEVRUSWLRQ�OLQH�GHWHFWHG�� PP�DERYH�WKH�VXUIDFH�RI�WKH
IODW� IODPH� 0F.HQQD� EXUQHU� LQ� D� PHWKDQH�DLU� IODPH� ZLWK� ��� O�PLQ
PHWKDQH�IORZ�

7KH� /RUHQW]LDQ� ZLGWKV� DUH� HVWLPDWHG� E\� DQDO\VLQJ�WKH
PHDVXUHG� &2� DEVRUSWLRQ� SURILOHV� �9RLJW�SURILOH��LQ�WKH
IODPH� WR� HVWLPDWH� UHODWLYH� FRQFHQWUDWLRQV�RI�&2��7KHVH
PHDVXUHPHQWV� DUH�GRQH�IRU�GLIIHUHQW�SURILOHV�WKURXJK�WKH
IODPH� ZLWK� UHVSHFW� WR� WKH� FHQWUH� OLQH�� 7KH� UHVXOWV�DUH
VKRZQ� LQ� ILJXUH� ��� 7KH� V\PPHWU\� RI� WKH� IODPH� LV
GLVWXUEHG� E\� H[WHUQDO� DLUIORZ� WR�LQGXFH�LQKRPRJHQLWLHV
RI� WKH�&2�FRQFHQWUDWLRQ��UHIHU�WR�SRVLWLRQV�������DQG�� LQ
ILJXUH����
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'LIIHUHQW�SRVLWLRQV�RQ�VXUIDFH�RI�WKH�EXUQHU

)LJXUH��� &2�FRQFHQWUDWLRQ�DW�GLIIHUHQW�SRVLWLRQV�LQ WKH�IODPH�

�� &RQFOXVLRQ
,Q� WKLV� SDSHU� D� QDUURZ� EDQGZLGWK� 0,5� GLIIHUHQFH�
IUHTXHQF\� UDGLDWLRQ�� WXQHDEOH� IURP� ��� WR� ��� �P� LV
JHQHUDWHG�� 7KH� 0,5� OLJKW� LV� DSSOLHG� WR� GHWHFW�&2�IRU
3�����URWDWLRQDO�OLQH�DW������� FP�� LQ�D��� FP�DEVRUSWLRQ
FHOO� DV�ZHOO�DV�LQ�D�0F.HQQD�IODW�IODPH�EXUQHU��7KH�VHOI�
EURDGHQLQJ� FRHIILFLHQW� RI� &2� LV� PHDVXUHG� DQG� LW� LV
FRPSDUHG� ZLWK� WKH�+LWUDQ��� GDWDEDVH��7KLV�FRPSDULVRQ
VKRZV� D� JRRG�DJUHHPHQW�EHWZHHQ�RXU�PHDVXUHPHQW�DQG
WKH� UHSRUWHG�YDOXH�E\�WKH�+LWUDQ��� GDWDEDVH��&2�WUDFLQJ
LQ� WKH� IODPH�VKRZV�WKH�H[FHOOHQW�DELOLW\�RI�WKH�JHQHUDWHG
0,5� DEVRUSWLRQ� VSHFWURPHWHU� WR� GHWHUPLQH� WKH
GLVWULEXWLRQ� RI� WKH� &2� LQ� WKH� IODPH� HYHQ� DW� ORZ
FRQFHQWUDWLRQV�
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�� :� 6FKDGH��7�%ODQNH��8�:LOOHU�DQG�&�5HPSHO��$SSO�
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+XWFKLQVRQ�DQG�$�<�&KR��6FLHQFH ��� �����������
�� 6� '� :HKH�� '� 0� 6RQQHQIURK�� 0�� *�� $OOHQ�� � &

*PDFKO� DQG� )� &DSDVVR�� LQ� 26$���7UHQG�LQ�RSWLFV

DQG� SKRWRQLFV� �7236���� 2SWLFDO�6RF��2I�$PHULFD�
:DVKLQJWRQ�'&��������)&����

�� 8� :LOOHU�� 7� %ODQNH� DQG�:�6FKDGH��$SSO��2SW������
�� �����������������

�� 9� *� 'LPLWULHY�� *� *� *XU]DG\DQ� DQG� '� 1
1LNRJRV\DQ�� +DQGERRN� RI� QRQOLQHDU� RSWLFDO
FU\VWDOV��6SULQJHU��������

�� /� 6� 5RWKPDQQ�� &� 3� 5LQVODQG��$�*ROGPDQ��HW�DO���
7KH� +,75$1�PROHFXODU�VSHFWURVFRSLF�GDWDEDVH�DQG
+$:.6� �+,75$1DWPRVSKHULF�ZRUNVWDWLRQ�������
HGLWLRQ�� ,Q��-��4XDXW��6SHFWURVF��5DGLDW��7UDQVIHU ��
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