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�FDQ�EH�REWDLQHG�YLD�5LJKWV/LQN��D�VHUYLFH�RI�WKH�&RS\ULJKW�&OHDUDQFH�&HQWHU��QRW�WKH�(GLWRULDO�2IILFH�&LUFXODWLRQ
�5HTXHVWV�IRU�SHUPLVVLRQV�WR�UHSURGXFH�ILJXUHV��WDEOHV��RU�SRUWLRQV�RI�DUWLFOHV�RULJLQDOO\�SXEOLVKHG�LQ3HUPLVVLRQV�



�

6833/(0(17$/�0$7(5,$/

,PSDFW�RI�OLSLG�PHDVXUHPHQWV�LQ�\RXWK�LQ�DGGLWLRQ�WR�FRQYHQWLRQDO�FOLQLF�EDVHG�

ULVN�IDFWRUV�RQ�SUHGLFWLQJ�SUHFOLQLFDO�DWKHURVFOHURVLV�LQ�DGXOWKRRG� 7KH�
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0HWKRGV

6PRNLQJ�TXHVWLRQQDLUHV

,Q�%+6�VXEMHFWV�ZHUH�DVNHG DW�EDVHOLQH��DJHV���WR���\��DQG�IROORZ�XS DERXW�VPRNLQJ�

SDUWLFLSDQWV�ZHUH�FDWHJRUL]HG�DV���� FXUUHQWO\�VPRNHV�DW�OHDVW RQH�FLJDUHWWH�D�ZHHN�����ZHHN���

�� FXUUHQWO\�H[SHULPHQWLQJ�ZLWK�FLJDUHWWHV��IHZHU�WKDQ�RQH�FLJDUHWWH�SHU�ZHHN������ZHHN�����

XVHG�WR�VPRNH�DW�OHDVW�RQH�FLJDUHWWH�D�ZHHN�EXW�QR�ORQJHU�VPRNHV�FLJDUHWWHV��IRUPHU���� DW�RQH�

WLPH�ZDV�H[SHULPHQWLQJ�����ZHHN��ZLWK�FLJDUHWWHV�EXW�TXLW�VPRNLQJ��IRUPHU�H[SHULPHQWHU����

QHYHU�H[SHULPHQWHG�ZLWK�FLJDUHWWHV��QHYHU���,Q�<)6�DW�EDVHOLQH��WKRVH�DJHG����\HDUV�RU�ROGHU��

DQG�IROORZ�XS��SDUWLFLSDQWV�ZHUH�FDWHJRUL]HG�����RQFH SHU�GD\�RU�PRUH�RIWHQ�����GD\����� DW�

OHDVW�RQFH�SHU�ZHHN��EXW�QRW�GDLO\�����ZHHN������OHVV�WKDQ RQFH�SHU�ZHHN�����ZHHN�����

VWRSSHG�VPRNLQJ�RU GR�QRW�VPRNH�DW�SUHVHQW��IRUPHU����� QHYHU�VPRNHG��QHYHU���,Q�&'$+�DW�

EDVHOLQH��SDUWLFLSDQWV�DJHG���\HDUV�DQG�ROGHU�ZHUH�DVNHG�D�VHULHV�RI�TXHVWLRQV�RQ�VPRNLQJ�

EHKDYLRU�WKDW�LQFOXGHG�WKH�IROORZLQJ�TXHVWLRQ��µ+RZ�ORQJ�KDYH�\RX�EHHQ�VPRNLQJ�UHJXODUO\"�

�UHJXODUO\�PHDQV���RU�PRUH�WLPHV�D�ZHHN�¶�DQG�FDWHJRUL]HG�DV�IROORZV����µ,�GRQ¶W�VPRNH¶�����

µMXVW�VWDUWHG¶���� µ��WR���PRQWKV¶�����µ��PRQWKV�WR���\HDU¶�����µ��WR���\HDUV¶����µ��WR���\HDUV¶��

��µPRUH�WKDQ���\HDUV¶��,Q�,6��VXEMHFWV�FDWHJRUL]HG�ZKHWKHU�VXEMHFW�ZDV����6PRNLQJ�UHJXODUO\��

�� 1RW�VPRNLQJ�UHJXODUO\��7KHVH�UHVSRQVHV�ZHUH�FROODSVHG�LQWR�D�ELQRPLDO�FDWHJRULFDO

YDULDEOH�LQGLFDWLQJ�����UHJXODU�VPRNLQJ�RU�DW�OHDVW�RQFH�SHU�ZHHN�����ZHHN���L�H��WKRVH�WKDW�

LQGLFDWHG�DQ\�RI�RSWLRQV�������� 1R�VPRNLQJ�RU�OHVV�WKDQ RQFH�SHU�ZHHN�����ZHHN���L�H��WKRVH�

WKDW�LQGLFDWHG�µ,�GRQ¶W�VPRNH¶�

3K\VLFDO�DFWLYLW\�TXHVWLRQQDLUHV

7KH�SDUWLFLSDQWV�ZHUH�DVNHG�WR�UHSRUW�WKHLU�KDELWXDO�OHLVXUH�WLPH�SK\VLFDO�DFWLYLW\�LQWHQVLW\��

IUHTXHQF\��DQG�GXUDWLRQ���$�PHWDEROLF�HTXLYDOHQW��0(7��LQGH[�IRU�OHLVXUH�WLPH�SK\VLFDO�

DFWLYLW\��ODWHU�FDOOHG�³0(7�LQGH[´��ZDV�FDOFXODWHG�IURP�WKH�SURGXFW�RI�

LQWHQVLW\îIUHTXHQF\îGXUDWLRQ��0(7�K�ZN���7KH�FRHIILFLHQWV�IRU�WKH�LQWHQVLW\�RI�SK\VLFDO�
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DFWLYLW\�ZHUH�HVWLPDWHG�IURP�WKH�H[LVWLQJ�WDEOHV��2QH�0(7�LV�WKH�FRQVXPSWLRQ�RI���NFDO�RI�D�

SHUVRQ�SHU�ZHLJKW�NLORJUDP�SHU�KRXU�LQ�UHVW��7KH�0(7�LQGH[�UDQJHG�EHWZHHQ���DQG����0(7�

K�ZN�LQ������

,QVXOLQ�VDPSOHV

$GGLWLRQDO�DQDO\VHV�ZHUH�PDGH�XVLQJ�LQVXOLQ�DV�D PDUNHU�RI�LQVXOLQ�UHVLVWDQFH�LQ�FKLOGKRRG��

,QVXOLQ GDWD�ZDV�DYDLODEOH�IRU ������SDUWLFLSDQWV�IURP�<)6��%+6�DQG�,6�FRKRUWV��,Q�<)6�

VHUXP�LQVXOLQ�FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�E\�PLFURSDUWLFOH�HQ]\PH�LPPXQRDVVD\�NLW��&9�

�������$EERWW�/DERUDWRULHV��'LDJQRVWLF 'LYLVLRQ��'DLQDERW���,Q�%+6��D�FRPPHUFLDO�

UDGLRLPPXQRDVVD\�NLW�ZDV�XVHG�WR�PHDVXUH�SODVPD�LQVXOLQ�OHYHOV��3KDGHEDV��3KDUPDFLD�

'LDJQRVWLFV��3LVFDWDZD\��1-���,Q�,6�WKH�LQVXOLQ�VDPSOHV�ZHUH�GHWHUPLQHG�ZLWK�D�

UDGLRLPPXQRDVVD\�NLW��(TXDWH�5,$��%LQD[�&RUS��3RUWODQG��0(��86$��
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1RQ�ODERUDWRU\� YV�/DERUDWRU\��L�H��1RQ�ODERUDWRU\�ZLWK�DGGLWLRQDO�OLSLG�

PHDVXUHPHQWV��EDVHG�ULVN�DVVHVVPHQW�LQ�SUHGLFWLQJ�KLJK�F,07�LQ�DGXOWKRRG

6XSSOHPHQWDO�WDEOH�� VKRZV�WKH�UHVXOWV�IRU�D�XQLYDULDEOH�PRGHO�DVVHVVLQJ�ULVN�UDWLRV�IRU�KLJK�

F,07�����WK SHUFHQWLOH��LQ�DGXOWKRRG�DFFRUGLQJ�WR LQGLYLGXDO ULVN�IDFWRUV�PHDVXUHG�EHWZHHQ�

���WR����\HDUV�RI�DJH��$JH��VH[��V\VWROLF�EORRG�SUHVVXUH��%0,��VPRNLQJ��/'/� DQG�+'/�

FKROHVWHURO�LQ�DGROHVFHQFH�ZHUH�DVVRFLDWHG�ZLWK�KLJK�DGXOW�F,07 �3�DOZD\V����������EXW�QRW�

WULJO\FHULGHV �3 ������ 0XOWLYDULDEOH�DQDO\VHV��6XSSOHPHQWDO�WDEOH��� DVVHVVLQJ�\RXWK�QRQ�

ODERUDWRU\�EDVHG�ULVN�IDFWRUV�DQG�DGXOW�KLJK�F,07�VKRZHG�VLJQLILFDQW�DVVRFLDWLRQV�IRU�

DGROHVFHQW�VH[��V\VWROLF�EORRG�SUHVVXUH�DQG�%0,��EXW�QRW�VPRNLQJ��:KHQ�OLSLGV�ZHUH�

LQWURGXFHG�LQWR�WKH�PRGHO��WKH�DVVRFLDWLRQ�ZDV�VLJQLILFDQW�IRU�VH[��V\VWROLF�EORRG�SUHVVXUH��

%0,��/'/� DQG�+'/�FKROHVWHURO��$JH��VPRNLQJ�DQG�WULJO\FHULGHV�ZHUH�QRW�LQGHSHQGHQW

SUHGLFWRUV�RI�KLJK�F,07�LQ�WKH ILQDO PRGHO LQFOXGLQJ�DOO�OLSLG�PHDVXUHPHQWV�

6XSSOHPHQWDO�ILJXUH�� VKRZV�WKH�UHVXOWV�IRU�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF��52&��FXUYHV�

IRU�QRQ�ODERUDWRU\�EDVHG��DJH��VH[��V\VWROLF�EORRG�SUHVVXUH��%0,��VPRNLQJ��DQG�OLSLG�EDVHG�

�QRQ�ODERUDWRU\�SOXV�OLSLGV��FDUGLRYDVFXODU�ULVN�IDFWRUV�LQ�DGROHVFHQFH�IRU�SUHGLFWLRQ�RI�DGXOW�

F,07����WK SHUFHQWLOH��7KH�&�VWDWLVWLF������&,��IRU�WKH�QRQ�ODERUDWRU\�PHDVXUHPHQWV�ZDV�

VLJQLILFDQWO\�ORZHU���������������������FRPSDUHG�ZLWK�WKH�PRGHO�WKDW�LQFOXGHG�WKH�ODERUDWRU\�

PHDVXUHPHQWV���������������������

:KHQ�VWXG\�FRKRUWV�ZHUH�DQDO\]HG�VHSDUDWHO\��QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PRGHOV�

ZHUH REVHUYHG��IRU�<)6�WKH�QRQ�ODERUDWRU\�EDVHG�$8&�ZDV���������������������DQG�OLSLG

EDVHG�$8&����������������������3�IRU�GLIIHUHQFH������ )RU�&'$+�WKH�QRQ�ODERUDWRU\�EDVHG�
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$8&�ZDV���������������������DQG�OLSLG EDVHG�$8&����������������������3�IRU�GLIIHUHQFH�

������)RU�%+6�WKH�QRQ�ODERUDWRU\�EDVHG�$8&�ZDV���������������������DQG�OLSLG EDVHG�$8&�

���������������������3�IRU�GLIIHUHQFH�������)RU�,6�WKH�QRQ�ODERUDWRU\�EDVHG�$8&�������

��������������DQG�OLSLG EDVHG�$8&����������������������3�IRU�GLIIHUHQFH������

6XSSOHPHQWDO�WDEOH�� SURYLGHV�GDWD�WKDW�FRPSDUHV�WKH�XWLOLW\�RI�OLSLG�EDVHG�ULVN�DVVHVVPHQW�

ZLWK�QRQ�ODERUDWRU\�ULVN�DVVHVVPHQW�LQ�SUHGLFWLQJ�DGXOW�KLJK�F,07��7KH�GDWD�IRU�WKH�QRQ�

ODERUDWRU\�EDVHG�PRGHO��DJH��VH[��V\VWROLF�EORRG�SUHVVXUH��%0,��VPRNLQJ��DQG�OLSLG�EDVHG�

PRGHO��QRQ�ODERUDWRU\�ULVN�IDFWRUV�SOXV�WULJO\FHULGHV��/'/�DQG�+'/�FKROHVWHURO��LQ�WHUPV�RI�

$8&��,',�DQG�15,�YDOXHV�VKRZHG�VLJQLILFDQWO\�EHWWHU�GLVFULPLQDWLRQ�ZLWK WKH�OLSLG EDVHG�

PRGHO �0RGHO�����0RGHO���VKRZV�WKH�UHVXOWV�ZKHQ�D�FRPSDULVRQ�ZDV�PDGH�EHWZHHQ�QRQ�

ODERUDWRU\�DQG�OLSLG�EDVHG�PRGHOV�ZKHUH %0,�LV�UHPRYHG�DQG�UHSODFHG�ZLWK�OLSLGV�LQ�WKH�

OLSLG�EDVHG�PRGHO��$8&V�ZHUH�VLPLODU�EHWZHHQ�WKH�PRGHOV�SUHGLFWLQJ�KLJK�F,07��3�IRU�

GLIIHUHQFH��������,Q�DGGLWLRQ��QR�VLJQLILFDQWO\�LPSURYHG�,',�RU�15,��������DQG��������3�IRU�

GLIIHUHQFH�DOZD\V�!�������ZDV�REVHUYHG�ZLWK�WKH�OLSLG�EDVHG�PRGHO�RYHU�WKH�QRQ�ODERUDWRU\�

EDVHG�PRGHO��6XSSOHPHQWDO�WDEOH�����*RRGQHVV�RI�ILW�LQGLFDWHG�E\�WKH�+RVPHU�/HPHVKRZ�Ȥ��

ZDV�DFFHSWDEOH�IRU�DOO�PRGHOV�H[DPLQHG� 7KH�,33�UHFODVVLILFDWLRQ�RI�KLJK�F,07�SUREDELOLW\�

EDVHG�RQ�DGGLQJ�OLSLGV�WR�WKH�EDVH�UHJUHVVLRQ�HTXDWLRQ�OHG�WR�DQ�LPSURYHPHQW LQ�SUHGLFWLRQ�

�6XSSOHPHQWDO�WDEOH���� &XPXODWLYH�LQFLGHQFH�IRU�KLJK�F,07�ZDV��������LQ�VXEMHFWV�ZKRVH�

ULVN�ZDV�UHFODVVLILHG�GRZQZDUG�E\�DGGLQJ�OLSLGV�YHUVXV���������LQ�VXEMHFWV�ZKRVH�ULVN�ZDV�

UHFODVVLILHG�XSZDUG�ZLWK�D�GLIIHUHQFH�RI���������3 ��������ZKLFK�LV�DGGHG�GLVFULPLQDWLRQ�RI�

�����RI�WKH�DYHUDJH�ULVN�IRU�HYHU\RQH� 7KH 3RLVVRQ�PRGHO�VKRZHG�VLPLODU UHVXOWV EXW D�ORZHU�

UHFODVVLILFDWLRQ�SHUFHQWDJHV FRPSDUHG�WR�WKH�OLQHDU�PRGHO���������LQ�VXEMHFWV�ZKRVH�ULVN�ZDV�

UHFODVVLILHG�GRZQZDUG�YHUVXV��������LQ�VXEMHFWV�ZKRVH�ULVN�ZDV�UHFODVVLILHG�XSZDUG��3�IRU�

GLIIHUHQFH���������
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6833/(0(17$/�7$%/(����8QLYDULDEOH�UHODWLYH�ULVNV�IRU�KLJK�F,07�LQ�DGXOWKRRG�

DFFRUGLQJ�WR�QRQ�ODERUDWRU\�DQG�ODERUDWRU\�ULVN�IDFWRUV�PHDVXUHG�LQ�DGROHVFHQFH

5LVN�IDFWRU 55 ����&, 3�YDOXH

$JH �\HDUV� ���� ��������� ������

6H[��PDOH� ���� ��������� �������

6\VWROLF�EORRG�SUHVVXUH ���� ��������� �������

%RG\�PDVV�LQGH[ ���� ��������� �������

6PRNLQJ �\HV� ���� ��������� ������

/'/�FKROHVWHURO ���� ��������� ������

+'/�FKROHVWHURO ���� ��������� �������

7ULJO\FHULGHV ���� ��������� ����

$EEUHYLDWLRQV��55  ULVN�UDWLR��&,� �FRQILGHQFH�LQWHUYDO��F,07� �FDURWLG�LQWLPD�PHGLD�

WKLFNQHVV�F,07� �FDURWLG�LQWLPD�PHGLD�WKLFNQHVV

KLJK�F,07� �VWXG\�FRKRUW�DQG��\HDU�VSHFLILF����WK SHUFHQWLOH

6WXG\�FRKRUW�DQG�\HDU�VSHFLILF�]�VFRUH
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6833/(0(17$/�7$%/(����0XOWLYDULDEOH�UHODWLYH�ULVNV�IRU�KLJK�F,07�LQ�DGXOWKRRG�

DFFRUGLQJ�WR�QRQ�ODERUDWRU\�DQG�ODERUDWRU\�ULVN�IDFWRUV�PHDVXUHG�LQ�DGROHVFHQFH�

$GROHVFHQW�ULVN�

IDFWRU

55 �����&, 3�YDOXH

1RQ�

ODERUDWRU\

$JH �\HDUV� ���� ��������� ����

6H[��PDOH� ���� ��������� �������

%ORRG�SUHVVXUH ���� ��������� ������

%0, ���� ��������� �������

6PRNLQJ �\HV� ���� ��������� ����

/LSLG

$JH �\HDUV� ���� ��������� ����

6H[��PDOH� ���� ��������� �������

%ORRG�SUHVVXUH ���� ��������� ������

%0, ���� ��������� �������

6PRNLQJ �\HV� ���� ��������� ����

/'/�FKROHVWHURO ���� ��������� �������

+'/�FKROHVWHURO ���� ��������� �����

7ULJO\FHULGHV ���� ��������� �����

$EEUHYLDWLRQV��55� �UHODWLYH�ULVN��&,� �FRQILGHQFH�LQWHUYDO��%0,� �ERG\�PDVV�LQGH[��/'/� �

ORZ�GHQVLW\�OLSRSURWHLQ��+'/� �KLJK�GHQVLW\�OLSRSURWHLQ��F,07� �FDURWLG�LQWLPD�PHGLD�
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WKLFNQHVV��F,07� �FDURWLG�LQWLPD�PHGLD�WKLFNQHVV��KLJK�F,07� �VWXG\�FRKRUW�DQG��\HDU�

VSHFLILF����WK SHUFHQWLOH

6WXG\�VSHFLILF�]�VFRUH
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6833/(0(17$/�7$%/(����0RGHO�SHUIRUPDQFH�DQG�FRPSDULVRQV�RI�\RXWK�QRQ�ODERUDWRU\�ULVN�

IDFWRUV�ZLWK�ODERUDWRU\�ULVN�IDFWRUV�LQ�SUHGLFWLQJ�DGXOW�KLJK�F,07��VWXG\�FRKRUW�DQG��\HDU�VSHFLILF��

+�

/Ȥ�

$8& ����&, 3�YDOXH

IRU�$8&�

GLIIHUHQFH

,', 3�YDOXH

IRU�,',

15, 3�YDOXH

IRU�15,

1RQ�

ODERUDWRU\

���� ����� ������

�����

UHI UHI UHI UHI UHI

/LSLG

�PRGHO���

���� ����� ������

�����

����� ����� ������ ����� �������

/LSLG

�0RGHO���

���� ����� ������

�����

���� ����� ���� ����� ����

/LSLG�

�0RGHO����

� ,QVXOLQ

���� ����� ������

������

����� ����� ������� ����� �������

$EEUHYLDWLRQV��+�/Ȥ�� +RVPHU�/HPHVKRZ�Ȥ��VWDWLVWLFV��$8&  $UHD�XQGHU�WKH�FXUYH��&,  

FRQILGHQFH�LQWHUYDOV��,',  ,QWHJUDWHG�GLVFULPLQDWLRQ�LPSURYHPHQW�PHDVXUHPHQW��15,  1HW�

UHFODVVLILFDWLRQ�LPSURYHPHQW�PHDVXUHPHQW��F,07� �FDURWLG�LQWLPD�PHGLD�WKLFNQHVV�

0RGHO���LQFOXGLQJ�DOO�ULVN�IDFWRUV��DJH��VH[��V\VWROLF�EORRG�SUHVVXUH��%0,��WULJO\FHULGHV��/'/� DQG�

+'/�FKROHVWHURO��

0RGHO���%0,�UHSODFHG�ZLWK�OLSLGV

$QDO\VLV�LQFOXGHG�RQO\�SDUWLFLSDQWV�IURP�<)6��%+6�DQG�,6�VWXGLHV�ZKR�KDG�LQVXOLQ�GDWD�DYDLODEOH

LQ�DGROHVFHQFH��1 �������



��

��

6833/(0(17$/�7$%/( ���,PSURYHPHQW�LQ�3UHGLFWLRQ�3UREDELOLW\�IRU�QRQ�ODERUDWRU\� DQG�OLSLG

PRGHO

5HFODVVLILFDWLRQ�

GRZQ����HYHQWV�

�Q�1�

5HFODVVLILFDWLRQ�

XS����HYHQWV�

�Q�1�

5HODWLYH�

ULVN

3�FDWHJRULFDO�

UHFODVVLILFDWLRQ

3�FRQWLQXRXVO\�

JUDGHG�

5HFODVVLILFDWLRQ

+LJK�F,07 ��������������� ����� ���������� ���� ������ ������

3�EDVHG�RQ���VDPSOH�]�WHVW�IRU�SURSRUWLRQV�FRPSDULQJ�FXPXODWLYH�HYHQWV�UDWHV�IRU�WKRVH�UHFODVVLILHG�

XS�YHUVXV�UHFODVVLILHG�GRZQ

3�IRU�JUDGHG�UHFODVVLILFDWLRQ��3RLVVRQ�UHJUHVVLRQ�RI�RXWFRPH�RQ�UHFODVVLILFDWLRQ�SUREDELOLW\�DGMXVWHG�

IRU�FRQWLQXRXV�EDVH�ULVN�

F,07� �FDURWLG�LQWLPD�PHGLD�WKLFNQHVV



��

��

6833/(0(17$/�),*85(����

5HFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF��52&��FXUYHV�IRU�QRQ�ODERUDWRU\�EDVHG��DJH��VH[��EORRG�SUHVVXUH��

%0,��VPRNLQJ��DQG�ODERUDWRU\�EDVHG��QRQ�ODE�SOXV�OLSLGV��FDUGLRYDVFXODU�ULVN�IDFWRUV�LQ�DGROHVFHQFH�

IRU�SUHGLFWLRQ�RI�DGXOW�FDURWLG�,07����WK SHUFHQWLOH��&�VWDWLVWLF������&,���QRQ�ODERUDWRU\� �������

���������������ODERUDWRU\� ��������������������



��

��

5HIHUHQFHV

�� 5DLWDNDUL�27��3RUNND�.9��7DLPHOD�6��7HODPD�5��5DVDQHQ�/��9LLNDUL�-6��(IIHFWV�RI�SHUVLVWHQW

SK\VLFDO�DFWLYLW\�DQG�LQDFWLYLW\�RQ�FRURQDU\�ULVN�IDFWRUV�LQ�FKLOGUHQ�DQG�\RXQJ�DGXOWV��7KH�

&DUGLRYDVFXODU�5LVN�LQ�<RXQJ�)LQQV�6WXG\��$P�-�(SLGHPLRO���������������������


