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+RUL]RQWDO�&RVPLF�5D\�0XRQ�(QHUJ\�6SHFWUXP
0HDVXUHPHQWV�E\�0HDQV�RI�WKH�3DLU�0HWHU�7HFKQLTXH

5�3�.RNRXOLQ���9�%�$QLNHHY���6�9�%HOLNRY���*�&RQIRUWR���$�*�'HQLVRY���6�3�'HQLVRY��
1�1�)HG\DNLQ���*�*HQQDUR���6�1�*XU]KLHY���7�0�.LULQD���9�,�.RFKHWNRY���9�0�.RUDEOHY��
0�/DQIUDQFKL���9�9�/LSDHY���$�0DUFKLRQQL���)�0DUWHOOL���$�$�3HWUXNKLQ���$�0�5\ELQ��

)�6HUJLDPSLHWUL���*�6SDQGUH���$�1�6\WLQ���(�(�<DQVRQ�

��0RVFRZ�(QJLQHHULQJ�3K\VLFV�,QVWLWXWH��0RVFRZ���������5XVVLD
��,QVWLWXWH�IRU�+LJK�(QHUJ\�3K\VLFV��3URWYLQR���������5XVVLD

��,1)1���6H]LRQH�GL�3LVD��������3LVD��,WDO\
��,1)1���6H]LRQH�GL�)LUHQ]H��������)LUHQ]H��,WDO\

��,1)1���6H]LRQH�GL�)LUHQ]H�H�8QLYHUVLWD�GL�8UELQR��,WDO\

$EVWUDFW

%LJ�OLTXLG�DUJRQ�VSHFWURPHWHU�%$56����P�GLDPHWHU�����P�LQVWUXPHQWHG�OHQJWK������WRQ�WDUJHW�PDVV��RSHUDWHG
DV� D� SDLU�PHWHU� LV� XVHG� IRU� FRVPLF� UD\� PXRQ� VSHFWUXP�PHDVXUHPHQWV�� 7KH� ILQH� VWUXFWXUH� RI� WKH� GHWHFWRU
HQVXUHV�WKH�UHFRQVWUXFWLRQ�RI�VPDOO�FDVFDGH�VKRZHUV�JHQHUDWHG�E\�KLJK�HQHUJ\�PXRQV�YLD�GLUHFW�HOHFWURQ�SDLU
SURGXFWLRQ� SURFHVV�� 'LVWULEXWLRQV� RI� YDULRXV� FKDUDFWHULVWLFV� RI� PXOWLSOH� LQWHUDFWLRQ� HYHQWV� DUH� VHQVLWLYH� WR
PXRQ�VSHFWUXP�VKDSH��DQG�DOORZ�WR�HVWLPDWH�WKH�SDUDPHWHUV�RI�WKH�VSHFWUXP�PRGHO��3UHOLPLQDU\�UHVXOWV�RI�WKH
DQDO\VLV�RI�WKH�GDWD�REWDLQHG�GXULQJ������KU�RSHUDWLRQ�WLPH������WKRXVDQG�PXRQV��DUH�SUHVHQWHG�

� ,QWURGXFWLRQ�
0XRQ� HQHUJ\� VSHFWUXP� FDUULHV� LQIRUPDWLRQ� DERXW� SULPDU\� FRVPLF� UD\� VSHFWUXP� DQG� PXRQ� SURGXFWLRQ

PHFKDQLVPV�� ([SHULPHQWDO� GDWD� RQ� PXRQ� VSHFWUXP� LQ� 7H9� HQHUJ\� UDQJH� DUH� QRW� FRQFOXVLYH� DQG� RIWHQ
FRQWURYHUVLDO�� 7KH� UHDVRQ� LV� WKDW� WKH�PRVW� RI� HQHUJ\� VSHFWUXP�PHDVXUHPHQW� WHFKQLTXHV� VXEMHFW� WR� VHULRXV
H[SHULPHQWDO�XQFHUWDLQWLHV�DQG�OLPLWDWLRQV�DW�KLJK�PXRQ�HQHUJLHV�

$OHNVHHY� DQG� =DWVHSLQ� ������� VXJJHVWHG� D� QHZ� PHWKRG� RI� PXRQ� VSHFWURPHWU\� EDVHG� RQ� WKH� HQHUJ\
GHSHQGHQFH�RI�WKH�FURVV�VHFWLRQ�RI�GLUHFW�HOHFWURQ�SDLU�SURGXFWLRQ�E\�PXRQV��,Q�SDVVLQJ�WKURXJK�D�WKLFN�OD\HU
RI� PDWWHU�� KLJK�HQHUJ\� PXRQ� SURGXFHV� VHFRQGDU\� HOHFWURPDJQHWLF� FDVFDGHV�� PDLQO\� GXH� WR� HOHFWURQ� SDLU
SURGXFWLRQ� SURFHVV��0HDVXUHPHQWV� RI� WKH� QXPEHU� DQG� HQHUJLHV� RI� WKHVH� FDVFDGHV� DOORZ� WR� HVWLPDWH� PXRQ
HQHUJ\��7KH�WKHRU\�RI�WKH�PHWKRG��ZKLFK�LV�QRZ�FDOOHG�WKH�SDLU�PHWHU�WHFKQLTXH��ZDV�HODERUDWHG�E\�.RNRXOLQ
DQG� 3HWUXNKLQ� ������� ������� 7KH� PRVW� LPSRUWDQW� DGYDQWDJH� RI� WKH� SDLU� PHWHU� LV� WKDW� WKH� PHDVXUHPHQW
DFFXUDF\�LV�QRW�GHWHULRUDWHG�ZLWK�WKH�LQFUHDVH�RI�PXRQ�HQHUJ\�

$SSOLFDWLRQ�RI� WKH�SDLU�PHWHU� WHFKQLTXH� LPSOLHV�D�ELJ� WKLFNQHVV�RI� WKH�GHWHFWRU� �ã����� UDG�� OHQJWK��� DQG
VHQVLWLYLW\� RI� WKH� VHWXS� WR� ORZ� HQHUJ\�PXRQ� LQWHUDFWLRQV� �RI� WKH� RUGHU� RI� ����� RI�PXRQ� HQHUJ\��� 5HFHQWO\�
H[SHULPHQWV�RQ�PXRQ�VSHFWUXP�PHDVXUHPHQWV�E\�PHDQV�RI�WKH�VSHFWURPHWHU�%$56�XVHG�DV�D�SDLU�PHWHU�ZHUH
VWDUWHG�LQ�,+(3��3URWYLQR��%HOLNRY�H�D����������DQG�ORQJ�WHUP�FRVPLF�UD\�H[SRVLWLRQV�KDYH�EHHQ�FRQGXFWHG�
7KH� VL]H� DQG� WKH� VWUXFWXUH� RI� WKH� GHWHFWRU� DUH� DGHTXDWH� WR� SDLU�PHWHU� WHFKQLTXH� UHDOLVDWLRQ�� ,Q� WKH� SUHVHQW
SDSHU�� SUHOLPLQDU\� UHVXOWV� RI� WKH� DQDO\VLV� RI� WKH� SDUW� RI� FROOHFWHG� GDWD� �'HFHPEHU� ����� �� -XO\� ������ DUH
GHVFULEHG�

� ([SHULPHQWDO�
%LJ�OLTXLG�DUJRQ�VSHFWURPHWHU�%$56��6HUJLDPSLHWUL��������KDV����P� LQVWUXPHQWHG� OHQJWK� ����� U�O���DQG

��P�GLDPHWHU��DQG�FRQWDLQV�����OD\HUV�RI�EL�JDS�LRQL]DWLRQ�FKDPEHUV��HDFK�VHJPHQWHG�LQWR����FHOOV�DFURVV�WKH



FDORULPHWHU��� DQG� ��� VFLQWLOODWLRQ� WULJJHU� SODQHV� ZLWK
DUHD� ���� P��� 7\SLFDO� VLJQDO�WR�QRLVH� UDWLR� IRU
UHODWLYLVWLF�PXRQ�GHWHFWLRQ�LQ�LRQL]DWLRQ�FKDPEHU�FHOOV
LV�DERXW���

)RU� WKH� VHOHFWLRQ� RI� KRUL]RQWDO� PXRQV�� ��IROG
FRLQFLGHQFHV� EHWZHHQ� WKUHH� JURXSV� RI� VFLQWLOODWLRQ
SODQHV����������������������������DQG����������������ZHUH
XVHG��,Q�DOO��DERXW�����PLOOLRQ�KRUL]RQWDO�PXRQV�KDYH
EHHQ� GHWHFWHG� GXULQJ� ����� KU� QHW� RSHUDWLRQ� WLPH�� ,Q
WKH� IXUWKHU� SK\VLFDO� DQDO\VLV�� PXRQ� WUDFNV� FURVVLQJ
�UG� DQG� ��WK� WULJJHU� SODQHV� �DERXW� ���� WKRXVDQG
HYHQWV��KDYH�EHHQ�XVHG��)RU� VXFK�HYHQWV��JHRPHWULFDO
IDFWRU�RI�WKH�VHWXS�LV�DERXW������P��VU��DYHUDJH�WULJJHU
HIILFLHQF\� LV�FORVH� WR������DQG�PXRQ� WUDFN� OHQJWK� LQ
WKH�FDORULPHWHU�ILGXFLDO�YROXPH�H[FHHGV����U�O�

&DVFDGHV� IURP� LQGLYLGXDO� LQWHUDFWLRQV� RI� PXRQV
ZHUH�IRXQG�RQ�WKH�EDVLV�RI�WKH�DQDO\VLV�RI�ORQJLWXGLQDO
SURILOH� RI� LRQLVDWLRQ� PHDVXUHG� ZLWKLQ� �� ��� FP� URDG
DORQJ�WKH�PXRQ�WUDFN��7ZR�FDVFDGHV�ZHUH�FRQVLGHUHG
VHSDUDWHG� ZKHQ� WKH� PLQLPXP� LQ� D� VPRRWKHG
ORQJLWXGLQDO�SURILOH�EHWZHHQ�WKHP�ZDV�WZLFH�OHVV�WKDQ
HDFK�RI�WKH�FRUUHVSRQGLQJ�PD[LPXPV��&DVFDGH�HQHUJ\
ZDV� HVWLPDWHG� DV� WKH� DUHD� XQGHU� WKH� WUDQVLWLRQ� FXUYH
�PLQXV�DYHUDJH�PXRQ�FRQWULEXWLRQ�ZLWKLQ�WKH�FDVFDGH
ERXQGDULHV��� $EVROXWH� HQHUJ\� FDOLEUDWLRQ� RI� WKH
FDORULPHWHU� LV� EDVHG� RQ� WKH� SRVLWLRQ� RI� VLQJOH� PXRQ

SHDN��SUREDEOH�LRQLVDWLRQ���([DPSOHV�RI�GHWHFWHG�KLJK�HQHUJ\�PXRQV�DUH�JLYHQ�LQ�)LJ���

� 6LPXODWLRQ�

7KH�GHWHFWRU�UHVSRQVH�ZDV�FDOFXODWHG�IRU�D�WULDO�VSHFWUXP�1��(�q��RI�PXRQV�SURGXFHG�LQ�p��.�GHFD\V�LQ
WKH�DWPRVSKHUH��9RONRYD���������3RZHU�LQGH[�RI� LQWHJUDO�SDUHQW�SDUWLFOH�JHQHUDWLRQ�VSHFWUXP�ZDV� WDNHQ�DV
gp� �g.� �g� �������.�p���UDWLR�LV�IL[HG�DW������

)RU� PXRQV� VDPSOHG� LQ� DFFRUGDQFH� ZLWK� WKH� WULDO� VSHFWUXP� DQG� WULJJHU� DFFHSWDQFH�� %$56� UHVSRQVH� LV
VLPXODWHG�RQ�WKH�EDVLV�RI�*($17�������&(51���������+RZHYHU�� WKH�WUHDWPHQW�RI�HOHFWURQ�SDLU�SURGXFWLRQ
DQG�SKRWRQXFOHDU�PXRQ�LQWHUDFWLRQ��VHULRXVO\�GLVWRUWHG�LQ�WKH�RULJLQDO�YHUVLRQ�RI�*($17��KDV�EHHQ�FRUUHFWHG�
$QRWKHU� PRGLILFDWLRQ� RI� WKH� FRGH� LQFOXGHG� H[WHQVLRQ� RI� PXRQ� HQHUJ\� UDQJH� IURP� ��� WR� ���� 7H9�� %DVLF
H[SHULPHQWDO�GLVWRUWLRQV��HOHFWURQLF�QRLVH��LQWHU�FKDQQHO�FURVV�WDON��GHWHFWLRQ�WKUHVKROG��HOHFWURQLFV�VDWXUDWLRQ
DW�KLJK�VLJQDOV��DUH�LQWURGXFHG�LQWR�FDOFXODWHG�HQHUJ\�GHSRVLWLRQV�LQ�FDORULPHWHU�FHOOV��WKH�SDUDPHWHUV�RI�WKHVH
GLVWRUWLRQV�EHLQJ�PHDVXUHG�H[SHULPHQWDOO\��$IWHU�WKDW��VLPXODWHG�HYHQWV�DUH�SURFHVVHG�ZLWK�WKH�VDPH�FRPSXWHU
URXWLQHV�DV�UHDO�RQHV�

7R�FRQVWUXFW�H[SHFWHG�GLVWULEXWLRQV�RI�HYHQW�FKDUDFWHULVWLFV�IRU�VRPH�PXRQ�VSHFWUXP�1�(�q��GLIIHUHQW�IURP
WKH�WULDO�RQH��WKH�ZHLJKW�HTXDO�WR�WKH�UDWLR�RI�WKH�VSHFWUD�LV�DWWULEXWHG�WR�HDFK�RI�WKH�HYHQWV��,Q�D�VLPLODU�ZD\
�E\�PHDQV� RI� WKH�ZHLJKWV�� WKH� FRUUHFWLRQV� IRU�PXRQ� DEVRUSWLRQ� LQ� VXUURXQGLQJ� PDWHULDO� DQG� WULJJHU� SODQH
HIILFLHQFLHV�KDYH�EHHQ�LQWURGXFHG��7RWDO�0RQWH�&DUOR�VWDWLVWLFV�XVHG�LQ�WKH�SUHVHQW�DQDO\VLV�LV�DERXW�����WLPHV
JUHDWHU�WKDQ�H[SHULPHQWDO�RQH�
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)LJXUH� ��� +LJK� HQHUJ\� PXRQ� HYHQWV� GHWHFWHG� LQ
%$56�� 6PRRWKHG� ORQJLWXGLQDO� SURILOHV� DUH� JLYHQ� LQ
XQLWV�RI�PLQLPXP�LRQLVLQJ�SDUWLFOHV��P�L�S���



� 'DWD�UHGXFWLRQ�
'LVWULEXWLRQV�RI�YDULRXV�FKDUDFWHULVWLFV�RI�PXOWLSOH�LQWHUDFWLRQ�PXRQ�HYHQWV�DUH�VHQVLWLYH�WR�PXRQ�HQHUJ\

VSHFWUXP� VKDSH� DQG� DOORZ� WR� HYDOXDWH� WKH� VSHFWUXP� SDUDPHWHUV�� 7KUHH� GLIIHUHQW� PRGLILFDWLRQV� RI� WKH� SDLU
PHWHU� WHFKQLTXH� �FRQVLGHUHG� IRU� LGLDOLVHG� SDLU�PHWHU�PRGHO� E\�.RNRXOLQ� DQG� 3HWUXNKLQ�� ����� DQG� DSSOLHG
UHFHQWO\�E\�&DVWDJQROL�H�D���������KDYH�EHHQ�XVHG�LQ�WKH�SUHVHQW�ZRUN�

,Q� WKH� ILUVW� PRGH�� GLVWULEXWLRQ� RI� WKH� HYHQWV� LQ� WKH� QXPEHU�0� RI� UHFRQVWUXFWHG� FDVFDGHV� ZLWK� HQHUJ\
WUDQVIHUV�PRUH�WKDQ�D�IL[HG�WKUHVKROG�e�� ���*H9�LV�FRQVLGHUHG��)LJ�����7KH�VHFRQG�YHUVLRQ�RI�GDWD�UHGXFWLRQ
LV�EDVHG�RQ� WKH�XVH�RI� UDQN�VWDWLVWLFV� RI� FDVFDGH� HQHUJLHV�� ,Q� HYHU\� HYHQW�� WKHVH� HQHUJLHV� DUH� DUUDQJHG� LQ� D
GHFUHDVLQJ�RUGHU��en������en���WKXV��e��FRUUHVSRQGV�WR�WKH�IRUWK�YDOXH�RI�FDVFDGH�VKRZHU�HQHUJ\��LQ�WKRVH�HYHQWV
ZKHUH� LW� LV� IRXQG��� &DVFDGH� VKRZHU� HQHUJ\� UDQN� VWDWLVWLFV� ZLWK� VXIILFLHQWO\� KLJK� UDQN� �n� ã� �� IRU� %$56
WKLFNQHVV��DUH�QHDUO\�SURSRUWLRQDO�WR�PXRQ�HQHUJLHV��)RU�WKH�HYHQWV�SORWWHG�LQ�)LJ����e��!���*H9��FRPSDULVRQ
ZLWK� 0&� VLPXODWLRQ� VKRZV� WKDW� WKLV� FRUUHVSRQGV� WR� ORJ�DYHUDJH� PXRQ� HQHUJLHV� JUHDWHU� WKDQ� �� 7H9�
([SHULPHQWDO�DQG�FDOFXODWHG�LQWHJUDO�VSHFWUD�RI�UDQN�VWDWLVWLFV�RI�UHFRQVWUXFWHG�FDVFDGH�HQHUJLHV�DUH�SUHVHQWHG
LQ�)LJ����,Q�WKLV�DQDO\VLV��WKH�VSHFWUXP�RI�e���WRJHWKHU�ZLWK�VWDWLVWLFDOO\�LQGHSHQGHQW�QXPEHUV�RI�HYHQWV�ZLWK
0������LV�XVHG�IRU�HYDOXDWLRQ�RI�PXRQ�VSHFWUXP�PRGHO�SDUDPHWHU�g�

,Q�ERWK�YHUVLRQV�FRQVLGHUHG�DERYH��HYHU\�HYHQW�LV�GHVFULEHG�E\�D�VLQJOH�SDUDPHWHU��QXPEHU�RI�LQWHUDFWLRQV
0� RU� UDQN� VWDWLVWLFV� YDOXH� e���� ,Q� WKH�PRVW� LQIRUPDWLYH�PRGH� RI� WKH� SDLU�PHWHU� WHFKQLTXH�� DOO� WKH� HQHUJLHV
WUDQVIHUUHG�LQ�LQGLYLGXDO�LQWHUDFWLRQV�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW��,Q�WKH�WKLUG�PRGH�RI�GDWD�UHGXFWLRQ��ZH
FKDUDFWHUL]H�WKH�HYHQW�E\�D�VHW�^en`�RI�ILUVW�ILYH�UDQN�VWDWLVWLFV��DQG�DQDO\VH�WKH�HYHQW�GLVWULEXWLRQ�LQ��'�VSDFH
RI� UDQN� VWDWLVWLFV� YHFWRUV�� ,Q� HDFK� RI� WKH� GLPHQVLRQV�� �� HQHUJ\� ELQV� KDYH� EHHQ� VHOHFWHG�� WKH� ERXQGDULHV
FRUUHVSRQGLQJ��������������� ��� DQG� ���*H9�� ,Q� DOO�� WDNLQJ� LQWR� DFFRXQW� WKH� UDQN� FRQGLWLRQ� �en�ã�en����� ���
LQGHSHQGHQW�FODVVHV�RI�WKH�HYHQWV�KDYH�EHHQ�IRUPHG�
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5DQN�VWDWLVWLFV�e n���*H9

)LJXUH���� ,QWHJUDO�GLVWULEXWLRQ� RI� WKH� HYHQWV� LQ� WKH
QXPEHU� RI� UHFRQVWUXFWHG� FDVFDGHV� ZLWK� HQHUJLHV
e�!���*H9��&XUYHV��FDOFXODWLRQV�IRU�GLIIHUHQW�g�

)LJXUH����,QWHJUDO�VSHFWUD�RI�FDVFDGH�HQHUJ\�UDQN
VWDWLVWLFV�� &XUYHV�� VLPXODWLRQ� UHVXOWV� �g�  � �����
QRUPDOLVHG�WR�WKH�WRWDO�QXPEHU�RI�PXRQV�



� 3DUHQW�PHVRQ�VSHFWUXP�
5HVXOWV�RI�WKH�HYDOXDWLRQ�RI�LQWHJUDO�SDUHQW�PHVRQ��p��.��VSHFWUXP�LQGH[�g�IRU�GLIIHUHQW�PHWKRGV�RI�GDWD

UHGXFWLRQ�DUH�SUHVHQWHG� LQ�7DEOH����$QDO\VLV�RI� WKH�HYHQWV�ZLWK�D� GLIIHUHQW�PLQLPDO� LQWHUDFWLRQ�PXOWLSOLFLW\
0PLQ�DOORZV�WR�VHOHFW�GDWD� VDPSOHV�ZLWK�GLIIHUHQW� ORJ�DYHUDJH�PXRQ�HQHUJLHV� �VHFRQG�FROXPQ� LQ�7DEOH��DQG
WKXV�WR�IROORZ�HQHUJ\�GHSHQGHQFH�RI�WKH�VSHFWUXP�VORSH��(UURUV�TXRWHG�LQ�WKH�7DEOH�DUH�SXUHO\�VWDWLVWLFDO�DQG
DUH�GHWHUPLQHG�E\�H[SHULPHQWDO�QXPEHU�RI�HYHQWV��6\VWHPDWLF�HUURUV��UHODWHG�PDLQO\�ZLWK�WKH�XQFHUWDLQWLHV�LQ
PXRQ�DEVRUSWLRQ� LQ� WKH� VXUURXQGLQJ�PDWWHU��SUHYDLO�DW� ORZ�PXRQ�HQHUJLHV��(UURUV�FDXVHG�E\�D� OLPLWHG�0&
VWDWLVWLFV�DPRXQW�WR�DERXW�����RI�H[SHULPHQWDO�RQHV�DQG�VKRXOG�EH�DGGHG�TXDGUDWLFDOO\�

7DEOH�����([SHULPHQWDO�HVWLPDWHV�RI�SDUHQW�PHVRQ�LQWHJUDO�VSHFWUXP�LQGH[�

0PLQ �OJ�(��*H9! 1R��HYHQWV 0XOWLSOLFLW\ e��VSHFWUXP en���YHFWRU

� ���� ������ ������������ ������������ ������������

� ���� ������ ������������ ������������ ������������

� ���� ����� ������������ ������������ ������������

� ���� ���� ������������ ������������ ������������

� ���� ��� ������������ ������������ ������������

(VWLPDWHV� REWDLQHG�ZLWK� WKUHH�PRGHV� RI� GDWD� UHGXFWLRQ� DJUHH�ZHOO� ZLWK� HDFK� RWKHU�� &RPSDULVRQ� RI� WKH
VWDWLVWLFDO�HUURUV�JLYHQ�LQ�WKH�7DEOH�VKRZV�WKDW�WKH�PRGLILFDWLRQ�EDVHG�RQ�PXOWL�SDUDPHWHU�GHVFULSWLRQ�RI�WKH
HYHQWV��en�YHFWRUV��LV�WKH�PRVW�VHQVLWLYH�WR�PXRQ�HQHUJ\�VSHFWUXP�VKDSH�DQG�DOORZV�WR�DSSUHFLDEO\�GHFUHDVH
WKH�XQFHUWDLQW\�DW�KLJK�HQHUJLHV�

� &RQFOXVLRQ�
3UHOLPLQDU\�UHVXOWV�RI�D�ILUVW�KLJK�VWDWLVWLFV�DSSOLFDWLRQ�RI�WKH�SDLU�PHWHU�WHFKQLTXH�IRU�FRVPLF�UD\�PXRQ

VSHFWUXP�PHDVXUHPHQWV�DUH�SUHVHQWHG��&RPSDULVRQ�RI�H[SHULPHQWDO�GDWD�ZLWK�0&� VLPXODWLRQ� FRQILUPV� WKH
DGHTXDF\� RI� WKH� GHVFULSWLRQ� RI� WKH� GHWHFWRU� UHVSRQVH�� 'LVWULEXWLRQV� RI� YDULRXV� FKDUDFWHULVWLFV� RI� PXOWLSOH
LQWHUDFWLRQ�HYHQWV�DUH�VHQVLWLYH�WR�PXRQ�VSHFWUXP�VKDSH�DQG�DOORZ� WR�HVWLPDWH� VSHFWUXP�PRGHO�SDUDPHWHUV�
7KH�IXUWKHU�DQDO\VLV�RI�H[SHULPHQWDO�GDWD��LQFUHDVH�RI�0&�VWDWLVWLFV�DQG�FRQVLGHUDWLRQ�RI�SRVVLEOH�VRXUFHV�RI
V\VWHPDWLF�XQFHUWDLQWLHV�DUH�LQ�SURJUHVV��7KH�XVH�RI�DOO�DFFXPXODWHG�H[SHULPHQWDO�PDWHULDO��PRUH�WKDQ���\HDU
H[SRVLWLRQ��ZLOO� DOORZ� WR� REWDLQ� LQIRUPDWLRQ� RQ�PXRQ� VSHFWUXP� LQ� 7H9� HQHUJ\� UDQJH� E\� PHDQV� RI� D� QHZ
LQGHSHQGHQW� WHFKQLTXH� ZKLFK� LV� IUHH� RI� WKH� GLVWRUWLQJ� LQIOXHQFH� RI� XSSHU� OLPLWDWLRQV� RQ� PHDVXUHG� PXRQ
HQHUJLHV�

7KH�ZRUN� LV� VXSSRUWHG� LQ� SDUW� E\�5)%5� �JUDQWV� QR�� ������������� ������������� DQG�5XVVLDQ� )HGHUDO
3URJUDP�³,QWHJUDWVL\D´��SURMHFW�QR�$������

5HIHUHQFHV

$OHNVHHY��,�6���DQG�=DWVHSLQ��*�7���������3URF��,QWHUQ��&RQI��RQ�&RVPLF�5D\V��0RVFRZ���������
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