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$EVWUDFW� ±� 7KLV� SDSHU� SUHVHQWV� WKH� SURFHVVLQJ� VWDJHV� RI� D�
VDWHOOLWH� LPDJH� SURFHVVHG� LQ� D� JULG� QHWZRUN�ZLWK� WKH� DLP� RI�
ILUH� SUHYHQWLRQ�� 7KH� VWHSV� IROORZHG� E\� D� VDWHOOLWH� LPDJH� LQ�
RUGHU� WR� UHDOL]H� WKH� SURSRVHG� SXUSRVH� DUH�� LPDJH� SUH�
SURFHVVLQJ�� LPDJH�VHJPHQWDWLRQ�� LPDJH�VHJPHQWV�GLVWULEXWLRQ�
LQWR�WKH�JULG�QHWZRUN�� LPDJH�VHJPHQWV�SURFHVVLQJ�DQG�LPDJH�
UHFRPSRVLQJ� YDOLGDWLRQ� DQG� DQDO\VLV�� $OO� SUHVHQWHG� LPDJH�
SURFHVVLQJ� DVSHFWV� ZLOO� EH� LPSOHPHQWHG� LQ� D� 5RPDQLDQ�
UHVHDUFK�SURMHFW�HQWLWOHG�0(',2*5,'��
�
�

���,1752'8&7,21�
�
)LUH�LV�DQ�HYHQW�SDUW�RI�QDWXUDO�KD]DUG��UHVXOWHG�ERWK�DV�D�

QDWXUDO� HYHQW� DV� ZHOO� DV� IURP� KXPDQ� DFWLYLW\�� 7KHUH� DUH�
VRPH� UHPRWHO\� ILUH� VLJQDOV� OLNH�KHDW�� VPRNH�DQG�FKDUULQJ��
7KH� VDWHOOLWHV� DUH� DOVR� PRQLWRULQJ� WKH� VXVFHSWLELOLW\� RI�
YHJHWDWLRQ�WR�ILUH�DW�WKH�ODQGVFDSH�OHYHO��
5HODWHG� WKH� KHDW� ZHUH� GHYHORSHG� VRPH� DOJRULWKPV� OLNH�

HDUOLHU�0DWVRQ�'R]LHU� DOJRULWKP>�@��ZKLFK� HVWLPDWHV� VXE�
SL[HO� DFWLYH� ILUH� �L�H��� FRPEXVWLRQ� ]RQH��� 7KHUH� DUH� VRPH�
SUREOHPV� UHODWHG� ILUH� GHWHUPLQDWLRQ� OLNH� EDFNJURXQG�
VXUIDFH� WHPSHUDWXUH�� XQFHUWDLQW\� DERXW� WKH� HPLVVLYLW\� RI�
GLIIHUHQW�VXUIDFHV��0RUH�UHFHQW�DOJRULWKPV�>�@�� >�@� LQFOXGH�
FRQWH[WXDO� FULWHULD� ZKLFK� HVVHQWLDOO\� SHUIRUP� D� WDVN� RI�
ORFDOO\�DGDSWLYH�WKHUPDO�HGJH�GHWHFWLRQ��
)RU� VPRNH� GHWHFWLRQ� DVVRFLDWHG� ZLWK� DFWLYH� ILUH� ZHUH�

HODERUDWHG�VRPH�RWKHU�DOJRULWKPV�>�@��>�@��
&KDUULQJ� ZDV� DOVR� LQ� UHVHDUFKHUV¶� DWWHQWLRQ� EXW� SRVW�

FKDU�VFDU�VLJQDO�LV�FRQVLGHUHG�PRUH�DFFXUDWH�IRU�DVVHVVPHQW�
RI� DUHD� EXUQHG� >�@�� &XUUHQWO\�� WKHUH� DUH� QR� FRPPXQLW\�
FRQVHQVXV� DOJRULWKPV� IRU� EXUQHG� DUHD� GHWHFWLRQ� DQG�
PDSSLQJ�� 6RPH� RI� WKH� DOJRULWKPV� UHO\� RQ� VWDWLF�
LQWHUSUHWDWLRQ� RI� FRPSRVLWH� LPDJHU\� DQG� RWKHUV� WUDFN�
FKDQJHV�LQ�WLPH�VHULHV�RI�LPDJHU\��%RWK�W\SHV�RI�DOJRULWKP�
XVH�YHJHWDWLRQ�LQGLFHV�DQG�WKHUPDO�GDWD�>�@��>�@��>�@��
9HJHWDWLRQ� VXVFHSWLELOLW\� WR� ILUH� LV� LPSRUWDQW� ERWK� IRU�

(XURSH� DQG� $IULFD�� ,Q� (XURSH� HVVHQWLDO� LQJUHGLHQWV� IRU�
PRQLWRULQJ�DUH�YHJHWDWLRQ�SKHQRORJ\�DQG�ZDWHU�VWUHVV��DQG�
ODQG�VXUIDFH�WHPSHUDWXUH��
)LUH� GHWHFWLRQ� SDUDPHWHUV� UHOHYDQW� IRU� VWXGLHV� DUH��

DOEHGR�UHIOHFWDQFH�� /67� DQG� HPLVVLYLW\�� IUDFWLRQDO� FRYHU�
ZLWK� FORXGV�� VRLO�PRLVWXUH�� FDQRS\� VWUXFWXUH�� ILUH�GXUDWLRQ�

DHURVROV�DQG�IXHO�ORDGLQJ��
)LUH� GHWHFWLRQ� ZDV� UHDOL]HG� E\� XVLQJ� GLIIHUHQW� VDWHOOLWH�

PHWHRURORJLFDO� VHQVRUV�� 7KH� PRVW� XVHG� ORQJ� WLPH�� ORQJ�
GLVWDQFH� VHQVRU� LV� $9+55� �$GYDQFHG� 9HU\� +LJK�
5HVROXWLRQ�� IURP� WKH� ERDUG� RI� 12$$� RUELWDO� SRODU�
VDWHOOLWHV��
,Q� WKH� ILUVW� VHFWLRQ� RI� WKH� DUWLFOH� DUH� SUHVHQWHG�

LQWURGXFWRU\�QRWLRQV�DERXW�ILUH�SUHYHQWLRQ��
7KH�VHFWLRQ���DGGUHVVHV�WKH�EDFNJURXQG�IRU�WKH�VDWHOOLWHV�

XVHG�LQ�LPDJHV�DFTXLULQJ�DQG�WKH�VHQVRUV�WKH\�XVH��
7KH� VDWHOOLWH� LPDJHV� IRUPDWV� DQG� FKDUDFWHULVWLFV� DUH�

GHWDLOHG�LQ�VHFWLRQ�����
6HFWLRQ���FRQWDLQV�WKH�XVHG�ILUH�DOJRULWKPV�WKHRU\��
,Q�VHFWLRQ���DUH�GHVFULEHG�WKH�QHHGHG�LPDJHV�SURFHVVLQJ�

VWHSV�OLNH�SUH�SURFHVVLQJ��VDWHOOLWH�LPDJH�VHJPHQWDWLRQ�DQG�
GLVWULEXWLRQ� LQWR� WKH�JULG�QHWZRUN��GDWD�SURFHVVLQJ� LQ�JULG�
V\VWHP� DQG� VXE�DUHDV� LQIRUPDWLRQ� DQDO\VLV� DQG� JOREDO�
LQWHUSRODWLRQ��YDOLGDWLRQ�DQG�UHVXOWV�DQDO\VLV��
$�FRQWH[WXDO�DOJRULWKP�IRU�ILUH�SUHYHQWLRQ�LQ�5RPDQLD�LV�

SUHVHQWHG�LQ�VHFWLRQ�����
7KH�ODVW�VHFWLRQ�VXPPDULVHV�WKH�FRQFOXVLRQV����
�
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�
7KH� LPDJHV� FDSWXUHG� E\� JHRVWDWLRQDU\� VDWHOOLWHV� DUH�

XVHIXO� LQ� VKRUW� WHUP�PHWHRURORJLFDO� SUHGLFWLRQ� DV� ZHOO� LQ�
FOLPDWH�RU�ODQGVFDSH�RQHV���6DWHOOLWH�GDWD�GHVFULELQJ�FORXGV�
DQG�ODQG�VXUIDFH�FKDUDFWHULVWLFV�DUH�DOVR�LQFUHDVLQJO\�XVHIXO�
LQ� ZHDWKHU� DQG� FOLPDWH� SUHGLFWLRQ�� 7KLV� UHIOHFWV� WKH�
JURZLQJ� UHFRJQLWLRQ� RI� WKH� LPSRUWDQW� UROH� WKDW� WKH� ODQG�
ELRVSKHUH�SOD\V� LQ�GHWHUPLQLQJ�ZHDWKHU� FRQGLWLRQV� DQG� LQ�
WKH�LQWHUDFWLRQV�ZLWK�WKH�DWPRVSKHUH�WKDW�UHVXOW�LQ�VHDVRQDO�
WR� LQWHU�DQQXDO� FOLPDWH� YDULDWLRQV�� $� VLQJOH� JHRVWDWLRQDU\�
VDWHOOLWH� FDQQRW� SURYLGH� JOREDO� LPDJLQJ�� 1RZDGD\V� WKHUH�
DUH� ��� JHRVWDWLRQDU\� VDWHOOLWHV� SODFHG� RQ� �� RSHUDWLRQDO�
VSDUHV�� �� RUELWDO� SODQHV�� ��� GHJUHH� LQFOLQDWLRQV�� ��� KRXU�
RUELWV���
6SDFH�H[SORUDWLRQ�LQVWUXPHQWV�±VHQVRUV��GLIIHU�IURP�RQH�

VDWHOOLWH� WR�DQRWKHU��)RU� LQVWDQFH�*20(���ZDV�GHYHORSHG�
IRU�0(723�����DQG�LV�LQ�WKH�UDQJH�RI�����±�����QP��ZLWK�
D� VSHFWUDO� UHVROXWLRQ� RI� ���� DQG� ����QP�� DQG� D� SL[HO�
UHVROXWLRQ�RI���[���NP�RU���[���NP��$QRWKHU� LQVWUXPHQW�
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LV�+,56���������IRU�12$$�VDWHOOLWHV�DQG�KDV����FKDQQHOV�LQ�
WKH� UDQJH� RI� ���� ±� ����� �P� DQG� �� FKDQQHO� LQ� YLVLEOH�
VSHFWUXP� �9,6��� 7KH� (XURSHDQ� VSDWLDO� PLVVLRQ� 0HWHRVDW�
�06*��LV�HTXLSSHG�ZLWK�WKH�SULQFLSDO�VHQVRU��WKH�6SLQQLQJ�
(QKDQFHG� 9LVLEOH� DQG� ,QIUD5HG� ,PDJHU� �6(9,5,��� 7KH�
VSHFWUDO��UDGLRPHWULF�DQG�VSDWLDO�FKDUDFWHULVWLFV�RI�6(9,5,�
VKRXOG�WKXV�HQDEOH�REVHUYDWLRQV�RI�ODQG�VXUIDFH�SDUDPHWHUV�
DQG� SURFHVVHV�� LQ� DGGLWLRQ� WR� WKRVH� RI� WKH� DWPRVSKHUH��
&RXSOHG� ZLWK� IUHTXHQW� LPDJLQJ�� WKHVH� REVHUYLQJ�
FDSDELOLWLHV� JLYH� DFFHVV� WR� LQIRUPDWLRQ� FXUUHQWO\�
XQDYDLODEOH� IURP� SRODU� RUELWLQJ� VDWHOOLWHV�� *HRVWDWLRQDU\�
VDWHOOLWHV� DOORZ� PHDVXUHPHQWV� DW� PXFK� VKRUWHU� WLPH�
LQWHUYDOV�����PLQXWHV�LQ�WKH�FDVH�RI�06*���
7KH����6(9,5,�FKDQQHOV�DUH�GLVWULEXWHG� WKURXJKRXW� WKH�

VKRUW�DQG�ORQJ�ZDYH�SDUWV�RI�WKH�HOHFWURPDJQHWLF�VSHFWUXP��
7KLV�IHDWXUH�LQ�FRQMXQFWLRQ�ZLWK�WKH�IUHTXHQW�UHSHDW�F\FOH��
SURYLGHV� WKH� EDVLV� IRU� LPSURYHG� DQG� QHZ� SURGXFWV� WR� EH�
XVHG� IRU� DSSOLFDWLRQV� VXFK� DV� 1XPHULFDO� :HDWKHU�
3UHGLFWLRQ� �1:3�� DQG� FOLPDWH� PRQLWRULQJ�� 7KH� LPDJH�
UHSHDW�F\FOH�LV����PLQXWHV�ZLWK�D�VDPSOLQJ�UHVROXWLRQ�DW�WKH�
VXE�VDWHOOLWH�SRLQW��663��RI��[��NP�IRU�DOO�FKDQQHOV�H[FHSW�
WKH�9,6�KLJK�UHVROXWLRQ�EDQG��+59��ZKLFK�KDV�D��[��NP�
QDGLU� UHVROXWLRQ�� 7KH� JURXQG� UHVROXWLRQ� DQG� LPDJLQJ�
IUHTXHQF\� KDYH� LQFUHDVHG�E\� D� IDFWRU� WZR�ZLWK� UHVSHFW� WR�
0HWHRVDW��DQG�WKH�QXPEHU�RI�FKDQQHOV�KDV�EHHQ�PXOWLSOLHG�
E\�IRXU���
6DWHOOLWH�EDVHG�OLJKWQLQJ�GHWHFWLRQ�DQG�ORFDWLRQ�PHWKRGV�

DUH�QRW�RSHUDWLRQDOO\�LPSOHPHQWHG��EXW�D�IHZ�SODWIRUPV�DUH�
LQ�ZRUN�QRZ�VLQFH�WKH�PLGGOH�RI�WKH�����V��7KHVH�LQFOXGH�
WKH�1$6$�GHYHORSPHQW�RI�RSWLFDO� OLJKWQLQJ�VHQVRU�DUUD\V�
�27'��/,6��DQG�WKH�PXOWL�VHQVRU��5)�DQG�RSWLFDO��VDWHOOLWH�
)257(�ODXQFKHG�E\�WKH�/RV�$ODPRV�1DWLRQDO�/DERUDWRU\��
)RU� ILUH� GHWHFWLRQ� ZHUH� XVHG� GLIIHUHQW� PHWHRURORJLFDO�

VDWHOOLWH� VHQVRUV�� 7KH� PRVW� XVHG� RQH� IRU� ODQGVFDSH� ODUJH�
ILUHV� PRQLWRULQJ� LV� $GYDQFHG� 9HU\� +LJK� 5HVROXWLRQ�
�$9+55�� RI� SRODU� RUELWDO�12$$� �1DWLRQDO�2FHDQLF� DQG�
$WPRVSKHULF� $GPLQLVWUDWLRQ�� VDWHOOLWHV� >��@�� >��@�� >��@��
>��@��>��@��
9LVLEOH� VSHFWUDO� EDQGV� FDQ� GHWHFW� ILUH� VPRNH�� 7KH�

WKHUPLF� RQHV� FDQ� GHWHFW� DFWLYH� ILUHV� DV� ZHOO� DV� VR�FDOOHG�
³KRW�DUHDV´���
$OO� VSHFWUDO� FKDQQHOV� SURYLGH� ILUH� LQIRUPDWLRQ�EXW� RQO\�

PXOWL�VSHFWUDO� SURFHVVLQJ� RIIHUV� QHHGHG� LQIRUPDWLRQ� IRU�
HYHQW�UHFRJQLWLRQ��
�
���6$7(//,7(�,0$*(6�&+$5$&7(5,67,&6�$1'�

)250$76�
�
7KHUH� DUH� VHYHUDO� SK\VLFDO� SDUDPHWHUV� ZKLFK� LQIOXHQFH�

WKH� UDGLDQFH�� FORXG� WRS� SUHVVXUH�� FORXG� RSWLFDO� WKLFNQHVV��
FORXG� JHRPHWULFDO� WKLFNQHVV�� WKH� YHUWLFDO� VWUXFWXUH� RI� WKH�
FORXGV�� SRVVLEOH� VWUDWLILFDWLRQ� RI� FORXGV�� WHPSHUDWXUH� ��
SUHVVXUH� SURILOH�� VXUIDFH� DOEHGR� �VSHFWUDO� DQG� WRWDO����
HIIHFWLYH�UDGLXV�RI�WKH�FORXG�SDUWLFOHV�>��@��
7KH�2SHQ073�IRUPDW�LV�D�QHZ�IRUPDW�GHYHORSHG�IRU�WKH�

0(7(26$7�7UDQVLWLRQ�3URJUDPPH��073���,W�UHSUHVHQWV�D�
SURJUHVVLRQ� IURP� WKH� ,%0�FRPSDWLEOH� 
,%0023
� IRUPDW�
XVHG�E\�(62&�GXULQJ�WKH�SUHFHGLQJ�0HWHRVDW�2SHUDWLRQDO�
3URJUDPPH� �023��ZKLFK� UDQ� XQWLO�1RYHPEHU� ������ 7KH�
LPDJH�GDWD�ZLOO�DFWXDOO\�EH�UHSUHVHQWHG�LQ�QXPHULFDO�FRXQWV�
FRGHG�RQ����ELWV��$OO� WKH� LQIRUPDWLRQ� WKDW� LV�QHFHVVDU\� WR�
WUDQVIRUP�WKLV�FRXQW� LQWR�UDGLDQFH�ZLOO�EH�DYDLODEOH� LQ� WKH�
ILOH�KHDGHU�DQG�WUDLOHU��

7KH� SURGXFW� FRQVLVWV� RI� D� YDULDEOH� QXPEHU� RI� ORJLFDO�
UHFRUGV� RI� YDULDEOH� OHQJWK�� 7KLV� VWUXFWXUH� FRQWDLQV� WKUHH�
GLVWLQFW�FRPSRQHQWV�GHWDLOHG�LQ�7DEOH����
��

5HFRUG� 6SHFV� 'LPHQVLRQ��E\WHV��
�� $6&,,�

+HDGHU�� �
������

���������FKDQQHOV�H[FHSW�9,6���� %LQDU\�
+HDGHU� ��������9,6�FRPSRVLWH��

���1� ,PDJH�/LQHV� 1XPEHU� RI� SL[HOV� �� ��� E\WHV� ��
OLQH��WUDLOHU��

7DEOH����6DWHOOLWH�LPDJHV�VWUXFWXUHV�
�
,QLWLDOO\� WKHUH�ZHUH�XVHG�RQO\� W\SHV��� DQG����1� UHFRUGV�

IRUPDW� �8QL[� SODWIRUP� FRPSDWLEOH�� EXW� QHZO\�� LW� ZDV�
LQWURGXFHG� UHFRUG� �� W\SH� IRU� VRPH� RWKHU� SODWIRUPV�
FRPSDWLELOLW\��VHH�7DEOH�����
)RU� IXOO� GLVN� LPDJHU\� �WKH� PRVW� FRPPRQ� IRUPDW��� WKLV�

JLYHV�WKH�IROORZLQJ�VL]HV��
�� ,5��������� �LQIUD�UHG�� ������������E\WHV�
�� :9������ �ZDWHU�YDSRU�� ������������E\WHV��
�� 9,6�1�� YLVLEOH�QRUWK�� �����������E\WHV��
�� 9,6�6��� �YLVLEOH�VRXWK�� �����������E\WHV��
�� 9,6�&RPSRVLWH��� � �����������E\WHV��
7KHVH�GLPHQVLRQV�DUH�QRW�KXJH�IRU�QRZDGD\V�FRPSXWHUV�

FDSDFLWLHV� EXW� WKH\� DUH� FDSWXUHG�RQHV� DW� HDFK����PLQXWHV��
7KLV�LPSOLHV�WKH�QHHG�RI�WKHLU�VHJPHQWDWLRQ�DQG�FRPSXWLQJ�
LQ�D�JULG�QHWZRUN��
$VLGH� 2SHQ073� IRUPDW� �EDVH� IRUPDW�� WKHUH� DUH� VRPH�

RWKHU�XVHG�RQHV�OLNH�OHYHO���E�/$&��+537��OHYHO�����06*�
IRUPDWV��7KH�OHYHO�����LPDJHV�DUH�IRUPDWWHG��GLVVHPLQDWHG�
DQG� DUFKLYHG� LQ� WKH� 8�0$5)� DQG� DUH� VRPH� RI� WKH� PDLQ�
0HWHRVDW� SURGXFWLRQV�� 7KLV� GDWD� OHYHO� FRUUHVSRQGV� WR� WKH�
DFTXLUHG� LPDJH� GDWD�� FRUUHFWHG� IRU� DOO� UDGLRPHWULF� DQG�
JHRPHWULF� HIIHFWV��7KH� LPDJHV� DUH� JHR�ORFDWHG�E\�XVLQJ� D�
VWDQGDUGLVHG� SURMHFWLRQ��ZLWK� FRQVWLWXHQW� SL[HOV� FDOLEUDWHG�
>��@��
7KH� RULJLQDO� +537� DUFKLWHFWXUH� KDV� WKH� KHDGHU� DQG�

VFDQQHG�OLQH�DW�WKH�VDPH�VL]H��PHDQLQJ�������E\WHV��
12$$�/HYHO��E�IRUPDW�FRQVLVWV�LQ�D�VHW�RI�UHFRUGV�ZLWK�

WKH�������E\WHV�VL]H��7KH�KHDGHU�RI�WKH�ILOH�KDV�����E\WHV��
1H[W� UHFRUG� UHSUHVHQWV� WKH� OLQH� KHDGHU� IROORZHG� E\� WKH�
VFDQQHG�OLQH�VDWHOOLWH�LPDJH�GDWD���
/HYHO�����GDWD�LV�GHULYHG�IURP�WKH�/HYHO�����GDWD�WKDW�LV�

DFTXLUHG� E\� WKH� 06*� VDWHOOLWH� DQG� UHFHLYHG� E\�
(80(76$7¶V� JURXQG� VHJPHQW�� (80(76$7� FRUUHFWV� LQ�
UHDO�WLPH�HDFK�UHFHLYHG�OHYHO�����LPDJH�IRU�DOO�UDGLRPHWULF�
DQG� JHRPHWULF� HIIHFWV� DQG� JHR�ORFDWHV� LW� XVLQJ� D�
VWDQGDUGL]HG� SURMHFWLRQ�� 7KH� UHVXOWLQJ� OHYHO� ���� LPDJH�
FRQVLVWV� RI� (DUWK�ORFDWHG�� FDOLEUDWHG� DQG� UDGLDQFH� OLQHDU�
LQIRUPDWLRQ� WKDW� LV� VXLWDEOH� IRU� WKH� GHULYDWLRQ� RI�
PHWHRURORJLFDO� SURGXFWV� DQG� RWKHU� IXUWKHU� PHWHRURORJLFDO�
SURFHVVLQJ��$Q�+586��+LJK�5DWH�8VHU�6WDWLRQ���UHFHLYLQJ�
WKH� KLJK�UDWH� GDWD� GLVVHPLQDWHG� DW� ��0ELW�V�� LV� FDSDEOH� RI�
UHFHLYLQJ�GLVVHPLQDWHG�OHYHO�����GDWD�LQ�QHDU�UHDO�WLPH�DQG�
ZLWK�IXOO�VSDWLDO	WHPSRUDO�UHVROXWLRQ��
7KH�/HYHO�����SL[HO�ELQDU\�UHSUHVHQWDWLRQ�LV����ELW����ELW�

IRU� /586� �� /RZ�5DWH� 8VHU� 6WDWLRQ� �� UHFHLYHG� GDWD����
FRUUHVSRQGLQJ� WR� OLQHDU� DQG� HTXDOLVHG� LPDJH� LQIRUPDWLRQ�
�FRUUHFWHG� IRU� GLIIHUHQFHV� LQ� UHVSRQVH� EHWZHHQ� WKH�
FRQWULEXWLQJ�GHWHFWRUV���)RU�HDFK�VFDQ�RI� WKH�HDUWK�GLVF�E\�
WKH� 06*� VDWHOOLWH�� LPDJH� GDWD� IRU� ��� GLIIHUHQW� VSHFWUDO�
FKDQQHOV�LV�SURGXFHG�LQ�QRPLQDO�RSHUDWLRQV��
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5HFRUG�VWUXFWXUH�GHSHQGV�RQ�LWV�VSHFWUDO� W\SH��2QH�W\SH�
RI� UHFRUG� VWUXFWXUH� LV� GHVLJQHG� WR� KROG� WKH� GDWD� RI� WKH�
QRPLQDO�OLQH�VL]H�RI������SL[HOV��L�H��WKH����W\SHV�RI�YLVLEOH�
�9,6�� �� LQIUD�UHG� �,5�� GDWD��� DQG� WKH� RWKHU� WR� KROG� WKH�
JUHDWHU� OLQH�VL]H� RI� ����� SL[HOV� �L�H�� WKDW� RI� WKH� KLJK�
UHVROXWLRQ� YLVLEOH� �+59�� FKDQQHO��� 7KH� FKDQQHO�RUGHULQJ�
RI� WKH�LPDJH�GDWD�FRQVWLWXWLQJ�RQH�VFDQ�OLQH�LV�DV�IROORZV��
9,6������9,6������1,5������1HDU�,QIUD�5HG���,5������,5�����
�:9��� ,5����� �:9��� ,5������ ,5����� �2]RQH��� ,5������� ,5�
������,5�������&2����+59��
�
�

���$/*25,7+06�)25�),5(�35(9(17,21�
�
0RVW� ILUH� SUHYHQWLRQ� DOJRULWKPV� PLJKW� EH� FODVVLILHG� LQ�

WKUHH�FDWHJRULHV��
��� DOJRULWKPV�ZKLFK� XVH� D� WKUHVKROG� YDOXH� DSSOLHG� WR�

VRPH�SK\VLFDO�SDUDPHWHUV�REWDLQHG�IURP�QXPHULFDO�
GDWD�FDOLEUDWLRQ�UHJLVWHUHG�LQ�VSHFWUDO�FKDQQHO����

��� DOJRULWKPV� ZKLFK� XVH� PDQ\� WKUHVKROG� YDOXHV� IRU�
PDQ\�VSHFWUDO�FKDQQHOV��

��� FRQWH[WXDO� DOJRULWKPV� EDVHG� RQ� SL[HO� FRPSDULVRQ�
EHWZHHQ� WKH� SL[HO� FKDUDFWHUL]HG� DV� EHLQJ� RI� ILUH�
SRWHQWLDO� ZLWK� WKRVH� RQ� LWV� QHLJKERUKRRG� ZLWK�
WKHUPLF�SURSHUWLHV���

,Q� RUGHU� WR� H[WHQG� GHWHFWLRQ� DOJRULWKPV� XWLOLW\� WKDW� XVH�
PDQ\� VSHFWUDO� FKDQQHOV�� ZHUH� SURSRVHG� FRQWH[WXDO�
DOJRULWKPV� >��@�� 7KLV� LPSOLHV� WKH� IROORZLQJ� WZR� HVVHQWLDO�
SURFHGXUHV��
�� LQLWLDO� VHWWLQJ� RI� WKUHVKROG� YDOXHV� IRU� WKH� ILUH� SL[HO�

LGHQWLILFDWLRQ�
�� WKUHVKROG� YDOXHV� DGDSWLQJ� LQ� RUGHU� WR� FKRVH� WKH�

SL[HOV�RI�UHDO�ILUH�XQOHVV�WKRVH�RI�ILUH�SRWHQWLDO�>��@��

7KH�VWHSV�LQFOXGHG�LQ�WKH�ILUVW�SURFHGXUH�DUH�VLPLODU�ZLWK�
WKH� WHFKQLTXHV� RI� WKH� DOJRULWKPV� IRU� PXOWLSOH� VSHFWUDO�
FKDQQHOV���
,Q� WKH� VHFRQG� SURFHGXUH� LV� FRPSXWHG� WKH� DYHUDJH� DQG�
VWDQGDUG� GHYLDWLRQ� RI� WKH� YDULDEOHV� WKDW� GHILQH� WKUHVKROG�
YDOXHV� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� SL[HOV� RI� QR� ILUH�
SRWHQWLDO��IUHH�SL[HOV��VLWXDWHG�QHDU�D�SL[HO�RI�ILUH�SRWHQWLDO��
7KH�SL[HO�ZLQGRZ�VL]H�IRU�ZKLFK�LV�GRQH�WKH�FRPSXWLQJ�LV�
FKRVHQ� LQ� DQ� DG�KRF�PDQQHU�� YDU\LQJ� IURP� �[�� SL[HOV� WR�
��[��� SL[HOV� >��@� XQWLO� WKH� IUHH� SL[HOV� QXPEHU� UHDFKHV� D�
VSHFLILHG� YDOXH� �JHQHUDOO\� ������ $IWHU� WKH� REWDLQLQJ� RI�
WKHVH� VWDWLVWLFV� WKH� WKUHVKROG�YDOXHV�DUH� UHGHILQHG� LQ�RUGHU�
WR� FRQILUP� D� ILUH�� *LJOLR� HW� DO� >��@� SURSRVHG� GLIIHUHQW�
WKUHVKROG�YDOXHV�WR�LGHQWLI\�SRVVLEOH�OLYH�ILUHV�DQG�FRQILUP�
WKH�DFWLYH�UHDO�RQHV��ILJ�������
)RU� UHJLRQV� �VXE�DUHDV�� WKHUH� LV� WKH� DGYDQWDJH� RI�

WKUHVKROG�YDOXHV�VHWWLQJ�UHODWLYH�WR�WKH�VHDVRQDO�YDULDWLRQ�RI�
WKH�LQYHVWLJDWHG�VFHQH�SURSHUWLHV��

�
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�
$V�ZH� DUH� SUHVHQWHG� LQ� WKH� VHFWLRQ� ��� WKH� VDWHOOLWH� ILOHV�

UHFHLYHG� FRQWDLQV� VWDWLVWLFDO� SDUDPHWHUV� DQG� VDWHOOLWH�
LPDJHV��DQG�WKH�VL]H�RI�WKHVH�ILOHV�LV�KXJH���
,Q�RUGHU�WR�REWDLQ��LQ�UHDO�WLPH��PHWHRURORJLFDO�RU�QDWXUDO�

GLVDVWHU� SUHGLFWLRQV� �ILUHV�� VQRZ� IDOOV�� IORRGV�� LV�
UHFRPPHQGHG�GDWD�SURFHVVLQJ�LQ�D�JULG�V\VWHP��
6DWHOOLWH�LPDJHV�DUH�IROORZLQJ�WKH�QH[W�SURFHVVLQJ�VWHSV��
�� SUH�SURFHVVLQJ��SULPDULO\�GDWD�SURFHVVLQJ��
�� VDWHOOLWH�LPDJH�VHJPHQWDWLRQ�DQG�GLVWULEXWLRQ�LQWR�

WKH�JULG�QHWZRUN�
�� GDWD� SURFHVVLQJ� LQ� JULG� V\VWHP� DQG� VXE�DUHDV�

LQIRUPDWLRQ�DQDO\VLV�

)LJ����5RPDQLDQ�DUHDV�ZLWK�ILUH�SRWHQWLDO�LGHQWLILFDWLRQ�RQ�����������E\�XVLQJ�WKH�VDWHOOLWH�
LPDJH�12$$�����������7/���

3L[HO�RI�ILUH�



�

�� JOREDO� LQWHUSRODWLRQ�� YDOLGDWLRQ� DQG� UHVXOWV�
DQDO\VLV��

�
�����6DWHOOLWH�LPDJHV�SUH�SURFHVVLQJ�
�
122$�VDWHOOLWH� LPDJHV��WKH�WHVWHG�RQHV��SUH�SURFHVVLQJ�

ZLWKLQ�ILUH�SUHYHQWLRQ�FRQVLVWV�LQ���
��� GHFRGH� WKH� VDWHOOLWH� QXPHULFDO� GDWD� ILOHV�

12$$�$9+55�
��� VDWHOOLWH�GDWD�TXDOLWDWLYH�YHULILFDWLRQ��
��� FRUUHFWLRQ�RI�JHRPHWULFDO�GLVWRUWLRQ��
��� VDWHOOLWH�LPDJHV�FDOLEUDWLRQ�
�

������� 'HFRGH� WKH� VDWHOOLWH� QXPHULFDO� GDWD� ILOHV�
12$$�$9+55�
�
$Q� LPSRUWDQW� FKDUDFWHULVWLF� RI� WKH� 122$�$9+55�

VHQVRU� LV� LWV� VSDWLDO� UHVROXWLRQ� �a� �� NP��� ,Q� RUGHU� WR� WDNH�
DGYDQWDJH�RI�WKLV�FKDUDFWHULVWLF��LW�FDQ�EH�XVHG�RQO\�WKH�GDWD�
W\SH� UHJLVWHUHG� ZLWK� WKH� $9+55�+537�� OHYHO� �E� /$&�
IRUPDW��/$&�+537���7KH�VSHFWUDO�LQIRUPDWLRQ�LV�VWRUHG�LQ�
D� ��� ELWV� UHVROXWLRQ�� 7KH� GDWD� FRQWDLQV� �� YDOXHV�� RQH� IRU�
HDFK�FKDQQHO��(DFK�FKDQQHO�KDV������SRLQWV�LQ�D�VFDQ�OLQH�
VR��IRU�DOO���FKDQQHOV�WKHUH�DUH�������UHFRUGV���
6RPH� RI� WKHVH� IRUPDW� W\SHV� DUH� HQFRGHG� VRPH� RWKHUV�

GRQ¶W��EXW�WKH\�FDQ�EH�UHJLVWHUHG�RQ����FRQVHFXWLYH�ELWV�RU�
���ELWV��7KLV�GHSHQGV�RQ�WKH�DFTXLVLWLRQ�V\VWHP�DQG�VWRULQJ�
GDWD�SURJUDP���
%\�XVLQJ�/HYHO��E� IRUPDW� �DQG�QRW�+537�� WKHUH� LV� WKH�

DGYDQWDJH� RI� D� TXDOLWDWLYH� FKHFNLQJ� DQG� RI� DQ� H[WUD�
FDOLEUDWLRQ� DQG� ORFDOL]DWLRQ� �ODWLWXGH� DQG� ORQJLWXGH��
LQIRUPDWLRQ�DGGHG��
�

��������6DWHOOLWH�GDWD�TXDOLWDWLYH�YHULILFDWLRQ��
�
6RPHWLPHV� VDWHOOLWH� LPDJHV� ORVH� LQIRUPDWLRQ� GXULQJ�

DFTXLVLWLRQ� D� SDUW� RI� WKHLU� VFDQQHG� OLQHV�� LQ� WKLV� UHJDUG�
EHLQJ� UHFRPPHQGHG� D� YHULILFDWLRQ�� HVSHFLDOO\� IRU� ILUH�
SUHYHQWLRQ�ZKHUH�WKH�FRQVLVWHQW�LQIRUPDWLRQ�LV�DW�WKH�SL[HO�
RU�VXE�SL[HO�OHYHO��
�

������&RUUHFWLRQ�RI��JHRPHWULFDO�GLVWRUWLRQ��
��
*HQHUDOO\�� QXPHULFDO� GDWD� FRQWDLQV� JHRPHWULFDO� HUURUV��

7KHVH�HUURUV�FDQ�EH�FRUUHFWHG�E\�XVLQJ�WZR�PHWKRGV���
�� RUELWDO�SDUDPHWHUV�XSGDWLQJ�
�� E\� WKH� PHDQ� RI� *&3V� �*HRJUDSKLF� &RUUHFWLRQ�

3RLQW��
2UELWDO� SDUDPHWHUV� XSGDWLQJ� LPSOLHV� NQRZLQJ� VDWHOOLWH�

SODWIRUP� FKDUDFWHULVWLFV� DV� ZHOO� DV� VHQVRU¶V� LQWHUQDO�
GLVWRUWLRQV���
7KH� 12$$� LPDJHV� VSDWLDO� FRYHUDJH� LV� KXJH� DQG� WKLV�

EHFDXVH� RI� WKH� V\VWHP�ZKLFK� FRQVLVWV� LQ� D�PLUURU� ZLWK� D�
����� URWDWLRQ�� 7KH� DQJXODU� REVHUYDWLRQV� RI� H[WUHPH� DUHDV�
DUH� YHU\� REOLTXH�� 7KHVH� GLVWRUWLRQV� FDQ� EH� FRUUHFWHG� E\�
XVLQJ�RUELWDO�PRGHOV���
0DQ\�*&3V�VKRXOG�EH�XVHG�LQ�RUGHU�WR�FRUUHFW�DQ�LPDJH���
�

�������6DWHOOLWH�LPDJHV�FDOLEUDWLRQ�
�
2QH� RI� WKH� SUH�SURFHVVLQJ� DFWLYLW\� LV� FDOLEUDWLRQ�� 7KH�

FDOLEUDWLRQ� FRHIILFLHQWV� DUH� GHULYHG� LQ� UHDO�WLPH� EDVHG� RQ�
WKH�EODFN�ERG\�LQIRUPDWLRQ�RI�HDFK�GHWHFWRU��DFFRXQWLQJ�IRU�

WKH�FRQWULEXWLRQ�RI�WKH�IURQW�RSWLFV��7KHUH�DUH�WZR�HOHPHQWV�
WR�WKH�FDOLEUDWLRQ�SURFHVV��WKH�5HODWLYH�&DOLEUDWLRQ�DQG�WKH�
$EVROXWH�&DOLEUDWLRQ��ERWK�SURFHVVHV�DUH�DSSOLHG�WR�WKH�,5�
DQG� :9� FKDQQHOV�� 7KH� UHODWLYH� FDOLEUDWLRQ� SURFHVV� XVHV�
GDWD� IURP� WKH� �� RQ�ERDUG�EODFN�ERGLHV� WR� FRPSHQVDWH� IRU�
VPDOO� FKDQJHV� LQ� DEVROXWH� FDOLEUDWLRQ�� 7KH� RXWSXW� RI� WKH�
SURFHVV� LV� DGMXVWPHQW� IDFWRUV� ),5� �,5� )DFWRU�� DQG� ):9�
�:9� )DFWRU�� ZKLFK� DUH� XVHG� WR� VFDOH� WKH� DEVROXWH�
FDOLEUDWLRQ�FRHIILFLHQWV�,5�DQG�:9��
�

�����6DWHOOLWH�LPDJHV�VHJPHQWDWLRQ�
�
6HJPHQWDWLRQ�LV�LPSRUWDQW�IRU�GDWD�SURFHVVLQJ�LQ�WKH�JULG�

QHWZRUN�� 7KH� VHJPHQWDWLRQ� DQG� WKH� GLVWULEXWLRQ� LQWR� WKH�
JULG� QHWZRUN� SURFHVVHV� FDQ� EH� UHDOL]HG� LQ� RQH� RI� WKH�
IROORZLQJ�PRGHV��
�� DXWRPDWHG��E\�WKH�FRPSXWHU��
�� VXSHUYLVHG��E\�WKH�XVHU��
7KH� VHJPHQWDWLRQ� FDQ� EH� GRQH� DOVR� LQ� RQH� RU� PDQ\�

SURFHVVLQJ�LWHUDWLRQV���
:H�GLVWLQJXLVKHG���FDVHV�IRU�VDWHOOLWH�GDWD�VHJPHQWDWLRQ��
�� VSDWLDO�
�� WHPSRUDO�
�� IHDWXUHV�EDVHG�
6HJPHQWDWLRQ� SURFHVV� H[WUDFWV� D� VHW� RI� VWDWLVWLFDO�

SDUDPHWHUV�FKDUDFWHUL]LQJ�WKH�VFHQHV��L�H��DUHDV�RI�WKH�HDUWK�
VXUIDFH�ZLWK�QHDUO\�KRPRJHQHRXV�UDGLDWLRQ�EHKDYLRXU�DQG�
FORXGV� DW� GLIIHUHQW� KHLJKW� OHYHOV�� IURP� WKH� DYDLODEOH�
VSHFWUDO�GDWD��,5��9,6��:9��RI�DQ�LPDJH��7KLV�LV�GRQH�IRU�
HDFK� VHJPHQW� RI� WKH� SURFHVVLQJ� VXE�DUHD�� 7KH� DSSOLHG�
PHWKRG� LV� FDOOHG� 0XOWL�'LPHQVLRQDO� +LVWRJUDP� $QDO\VLV�
�0'+$����
'HSHQGLQJ� RQ� WKH� VSHFWUDO� GDWD� DYDLODEOH� IRU� D�

VHJPHQWHG� LPDJH�� WKH� IROORZLQJ� IRXU�PRGHV�RI� WKH� LPDJH�
GDWD�SURFHVVLQJ�FDQ�EH�GLVWLQJXLVKHG��
�� VFHQHV�GDWD�H[WUDFWLRQ�IURP�,5�LPDJH�GDWD�RQO\�
�� VFHQHV�GDWD�H[WUDFWLRQ�IURP�,5�DQG�9,6�LPDJH�GDWD�
�� VFHQHV�GDWD�H[WUDFWLRQ�IURP�,5�DQG�:9�LPDJH�GDWD�
�� VFHQHV�GDWD�H[WUDFWLRQ�IURP�,5��9,6�DQG�:9�LPDJH�

GDWD��
%DVHG� RQ� VHJPHQWDWLRQ� FULWHULD� ZH� GLVWLQJXLVKHG� WKH�

IROORZLQJ�LPDJH�VHJPHQWDWLRQ�W\SHV��
�� VSDWLDO� VHJPHQWDWLRQ� OLNH�� DGPLQLVWUDWLYH� XQLWV���

JHRJUDSKLFDO� UHJLRQV�� FRXQWULHV�� GLVWULFWV�� VXE�DUHDV�
�GLVMXQFWLYH�RU�QRQ�GLVMXQFWLYH�UHJLRQV��

�� WHPSRUDO�VHJPHQWDWLRQ�OLNH�WLPH�FRXQWV��LQWHJUDO�VHW�
RI� OD\HUV� RU� RQO\� VRPH� LQWHUHVW� OD\HUV�� EDVHG� RQ�
DSSOLFDWLRQ�W\SH�SLFNHG�IRU�JLYHQ�PRPHQWV�RI�WLPH��

�� IHDWXUHV� EDVHG� VHJPHQWDWLRQ� OLNH� JUDSKLFDO� DVSHFWV�
RULHQWHG� �H�J�� FRORXUV�� VKDSHV� RU� FRQWRXUV� GHWHFWHG�
LQ�DQ�LPDJH���OD\HUV��VSHFWUDO�EDQGV��

�
����� 'DWD� SURFHVVLQJ� LQ� JULG� V\VWHP� DQG� VXE�DUHDV�
LQIRUPDWLRQ�DQDO\VLV�
�
7KH� REWDLQHG� VHJPHQWV� DUH� GLVWULEXWHG� LQ� WKH� JULG�

QHWZRUN���
7KHUH� DUH� IHZ� VWHSV� IROORZHG� E\� DQ� LPDJH� DIWHU� WKLV�

GLVWULEXWLRQ��
�� XVHOHVV� LQIRUPDWLRQ� PDVNLQJ� �FORXGV� PDVNLQJ� DQG�

DWPRVSKHULF�FRUUHFWLRQV��
�� VHPDQWLF�LQIRUPDWLRQ�H[WUDFWLRQ�
�



�

�������8VHOHVV�LQIRUPDWLRQ�PDVNLQJ�
�
���������&ORXG�0DVNLQJ�
�
)RU� ODQG� ELRVSKHUH� DSSOLFDWLRQV�� WKH� SDUW� RI� WKH� VLJQDO�

RULJLQDWLQJ� LQ� WKH� DWPRVSKHUH� UHSUHVHQWV� DQ� XQGHVLUDEOH�
SHUWXUEDWLRQ�� 7KH� PRVW� VLJQLILFDQW� VRXUFH� LV� FORXGV�� DQG�
FORXG� LGHQWLILFDWLRQ� DQG� PDVNLQJ� DUH� WKHUHIRUH� RI� FUXFLDO�
LPSRUWDQFH�WR�REWDLQLQJ�KLJK�TXDOLW\�ODQG�VXUIDFH�SURGXFWV��
2I� VSHFLDO� LQWHUHVW� LV� SDUWLDO� FRQWDPLQDWLRQ� RI� WKH� VLJQDO��
GXH� WR� VPDOO� �VXE�SL[HO�� RU� WUDQVOXFHQW� FORXGV�� ,Q� WKHVH�
FDVHV��WKH�FRQWDPLQDWLRQ�PD\�EH�PRUH�HDVLO\�FRQIXVHG�ZLWK�
WKH� VXUIDFH� VLJQDO� DQG� WKXV� HUURQHRXVO\� LQWHUSUHWHG� DV� D�
GLIIHUHQW� OHYHO� RI� WKH� ODWWHU�� 7KXV�� D� KLJK� TXDOLW\� FORXG�
GHWHFWLRQ� DQG� PDVNLQJ� SURFHGXUH� LV� D� NH\� WR� VXFFHVVIXO�
DSSOLFDWLRQV� WR� ODQG� ELRVSKHUH�� 6XFK� D� SURFHGXUH� VKRXOG�
PDNH� HIIHFWLYH� XVH� RI� DOO� LQIRUPDWLRQ� IURP� WKH� YDULRXV�
VSHFWUDO� EDQGV�� 7KH� FORXG� PDVNLQJ� DOJRULWKPV� VKRXOG� EH�
RSWLPL]HG� WKURXJK� FRPSDULVRQV�ZLWK�PDVNV� GHULYHG� IURP�
RWKHU�VDWHOOLWH�GDWD�DQG�VKRXOG�EH�VXEMHFW�WR�UHJXODU�TXDOLW\�
FRQWURO�SURFHGXUHV���
�

���������$WPRVSKHULF�FRUUHFWLRQV�
�
$WPRVSKHULF� LQIRUPDWLRQ� IRU� WLPHV� FRLQFLGLQJ� ZLWK�

VHQVRU� GDWD� DFTXLVLWLRQ� PXVW� EH� UHDGLO\� DYDLODEOH� RXWVLGH�
WKH�PHWHRURORJLFDO�FRPPXQLW\� WR�HQDEOH� WKH�GHULYDWLRQ�RI�
ELRSK\VLFDO�YDULDEOH�SURGXFWV��2I�SDUWLFXODU�LPSRUWDQFH�DUH�
YHUWLFDO�SURILOHV�RI�DWPRVSKHULF�ZDWHU�FRQWHQW��SUHVVXUH�DQG�
WHPSHUDWXUH��
�
�������6HPDQWLF�LQIRUPDWLRQ�H[WUDFWLRQ�
�
&RQVLVWV�LQ�WKH�IROORZLQJ�SURFHVVLQJ�VWHSV��

�� SUH�SURFHVVLQJ� LQ� YLVLEOH� DQG� QHDU�LQIUDUHG� ���
DQG���FKDQQHOV���

�� SUH�SURFHVVLQJ� RI� VSHFWUDO� LQIRUPDWLRQ�
SURYLGHG�E\�FKDQQHO����PHGLXP�LQIUD�UHG��

�� SUH�SURFHVVLQJ��RI�WKHUPLF�EDQGV�LQ�LQIUDUHG����
DQG���FKDQQHOV��

�
���������3UH�SURFHVVLQJ�LQ�YLVLEOH�DQG�QHDU�LQIUDUHG�
�

,QFOXGHV�WKH�QH[W�VWDJHV��
�� FDOLEUDWLRQ�FRHIILFLHQWV�FDOFXOXV�IRU�WKH�³G´�GD\�

DIWHU�ODXQFK�
�� GLJLWDO�GDWD�FRQYHUVLRQ�LQWR�UDGLDQFH�
�� UDGLDQFH�FRQYHUVLRQ�LQWR�DSSDUHQW�UHIOHFWDQFH��
�

��������� 3UH�SURFHVVLQJ� RI� VSHFWUDO� LQIRUPDWLRQ� SURYLGHG�
E\�FKDQQHO����PHGLXP�LQIUD�UHG��
�
7KH� $9+55� �� FKDQQHO� ������ µP�� LV� D� PL[WXUH� RI�

UHIOHFWHG� VRODU� HQHUJ\� DQG� WKHUPLF� HPLVVLRQ��%HFDXVH� WKH�
VSHFWUDO�EDQG�LV�RYHUODSSHG�VRPHKRZ�RYHU�DEVRUSWLRQ�EDQG�
�VHQVLEOH� DW� ZDWHU� DQG� YHJHWDWLRQ� RQ� WKH� VRLO�� WKH�
GHWHUPLQDWLRQ� RI� UHIOHFWLYH� FRPSRQHQW� RI� WKLV� FKDQQHO� LV�
FRQVLGHUHG�XVHIXO�IRU�VWUHVV�DQDO\VLV�RI� WKH�YHJHWDWLRQ�DQG�
ILUH�DIIHFWHG�VXUIDFHV��
��

�
�
�

���������3UH�SURFHVVLQJ��RI�WKHUPLF�EDQGV�LQ�LQIUDUHG��
�
7KH�SUH�SURFHVVLQJ�FRQVLVWV�RI��

�� 'LJLWDO�QXPHULF�GDWD��'1��FRQYHUVLRQ�LQWR�
UDGLDQFH��/��

�� 5DGLDQFH��/��FRQYHUVLRQ�LQWR�OLJKWLQJ�
WHPSHUDWXUH��7��

�
�����*OREDO�LQWHUSRODWLRQ��YDOLGDWLRQ�DQG�UHVXOWV�DQDO\VLV�
�
$IWHU� VHJPHQWV� SURFHVVLQJ� LQWR� WKH� JULG� QHWZRUN� WKH�

LPDJH� LV� UHFRPSRVHG� DQG� JOREDOO\� DQDO\]HG�� ,PDJH� UH�
FRPSRVLWLRQ� LV�GRQH�E\� LQWHUSRODWLRQ�EDVHG�RQ� WKH�FRQWURO�
SRLQWV��YDOXHV�REWDLQHG�DIWHU�JULG�SURFHVVLQJ��E\�WKH�PHDQ�
RI�XVHG�DOJRULWKPV��%H]LHU��WULDQJXODWLRQ��HWF�����
4XDOLWDWLYH�LPDJH�FKHFNLQJ�LV�YLVXDOO\�SHUIRUPHG�DQG�LV�

XVHIXO�IRU�GDWD�YDOLGDWLRQ�DQG�DV�D�VWHS�IRU�LQWHUSUHWDWLRQ��
%DVHG� RQ� WKLV� UH�FRPSRVHG� LPDJH� DQG� RQ� FULWLFDO�

)LJ����6DWHOOLWH�LPDJHV�SURFHVVLQJ�VWHSV�



�

WKUHVKROG�RI�WKH�VWXGLHG�HYHQW�LV�GHWHUPLQHG�WKH�ODQGVFDSH�
GDQJHU��QDWXUDO�GLVDVWHUV���
$OO�GHWDLOHG�SURFHVVLQJ��VWHSV�DUH�SUHVHQWHG�LQ�ILJXUH����

�
���&217(;78$/�$/*25,7+0�)25�:22'�),5(�

'(7(&7,21�,1�520$1,$��
�

,Q� RUGHU� WR� HVWDEOLVK� DQ� DFWLYH� ILUH� GHWHFWLRQ�
PHWKRGRORJ\�IRU�5RPDQLD�WKHUH�ZHUH�WHVWHG�WKH�IROORZLQJ�
DOJRULWKPV��� ,*%3�',6� >��@�� *,*/,2� >��@� DQG� (6$�
�(XURSHDQ�6SDFH�$JHQF\��>��@���
%HWZHHQ� WKHVH� DOJRULWKPV� LV� UHPDUNHG� ,*%3�� 7KH�

GHWHFWLRQ� WKUHVKROGV� XVHG� LQ� WKLV� DOJRULWKP� DUH� ELJJHU� LQ�
FRPSDULVRQ� ZLWK� WKH� RWKHUV� �DERXW� �.� IRU� OLJKWLQJ�
WHPSHUDWXUHV�IRU�VSHFWUDO�FKDQQHO�����
7KH�PDLQ�VWDJHV�RI�,*%3�PRGHO�IRU�DFWLYH�ILUH�GHWHFWLRQ�

DUH��
�� SRWHQWLDO�ILUH�DUHDV�LVRODWLRQ��
�� KRW�DUHDV�H[FOXVLRQ�
�� RSDTXH�FORXGV�H[FOXVLRQ�
�� WUDQVSDUHQW�FORXGV�H[FOXVLRQ�
�� UHVLGXDO�FORXG�ERUGHUV�H[FOXVLRQ�
�� ZDWHU�PLUURU�HIIHFW�H[FOXVLRQ�
�� VWDWLVWLFV� LQ� WKH� QHLJKERXUKRRG� SL[HOV� RI� ILUH�

SRWHQWLDO���[��WR���[���ZLQGRZ�VL]H������
6WDWLVWLFDO�FDOFXOXV�DUH�UHVXPHG�DW�OLJKWLQJ�WHPSHUDWXUHV�

FRPSDULVRQ� IRU� FKDQQHO� �� �7��� EHWZHHQ� SL[HOV� RI� ILUH�
SRWHQWLDO� DQG� WKH� REWDLQHG� VXP� EHWZHHQ� WKH� OLJKWLQJ�
WHPSHUDWXUHV� DYHUDJH� IRU� WKH� VDPH� FKDQQHO� DQG� WKH�
VWDQGDUG� GHYLDWLRQ� RI� WKHP� FRUUHVSRQGLQJ� WR� WKH� SL[HOV�
ORFDWHG�LQ�WKH�ILUH�SRWHQWLDO�SL[HO�QHLJKERXUKRRG��
7KH�SUHVHQWHG�DOJRULWKP�LV�JRLQJ� WR�EH�SDUDOOHOLVHG�DQG�

DSSOLHG�LQWR�WKH�JULG�QHWZRUN�GXULQJ�WKH�LPSOHPHQWDWLRQ�RI�
0(',2*5,'�SURMHFW��
�

���&21&/86,21�
�
7KLV� SDSHU� SUHVHQWV� WKH� SURFHGXUHV� VDWHOOLWH� LPDJHV�

IROORZ�LQ�DQG�RXW�RI�D�JULG�SURFHVVLQJ� LQ�RUGHU� WR�SUHYHQW�
QDWXUDO�GLVDVWHUV�HVSHFLDOO\�ZRRGV¶�ILUH��
*HQHUDOO\�� ILUH� GLVDVWHUV� SUHYHQWLRQ� DOJRULWKPV� DUH�

YDOLGDWHG� EDVHG� RQ� WKH� QXPEHU� RI� ORFDWHG� DQG� XQ�ORFDWHG�
ILUH� GLVDVWHU�� ,I� RQH� RI� WKH� IROORZLQJ� VWHSV� LVQ¶W� GRQH��
JHRPHWULFDO� GLVWRUWLRQ�� LPDJHV� TXDOLWDWLYH� FKHFNLQJ� RU�
FDOLEUDWLRQ��WKH�SRVVLEOH�HUURUV�QXPEHU�LQFUHDVHV��'HFRGLQJ�
LPDJH�IRUPDWV�LV�DQRWKHU�HVVHQWLDO�SURFHVV�LQ�VDWHOOLWH�GDWD�
UHDGLQJ��
7KH�VSHFLILFDWLRQV�RI� WKH�SUHVHQWHG�VHQVRUV�DSSHDU�YHU\�

DGHTXDWH�WR�VWXG\�WKH�WKHUPDO�VLJQDO�RI�ODUJHU�ILUHV��
7KH� QHZ� GLPHQVLRQ� VDWHOOLWHV� SURYLGH� PHDVXUHPHQWV�

RYHU�(XURSH�DQG�$IULFD�HYHU\����PLQXWHV�LQ�D�EURDG�UDQJH�
RI� WKH� HOHFWURPDJQHWLF� VSHFWUXP�� 7KLV� DOORZV� WKH� GLXUQDO�
F\FOH� WR� EH� SURSHUO\� UHVROYHG� DQG� SURYLGHV� PRUH�
RSSRUWXQLWLHV�IRU�LPDJLQJ�WKH�(DUWK¶V�VXUIDFH�WKURXJK�JDSV�
LQ�WKH�FORXG��WKXV�\LHOGLQJ�PRUH�FRPSOHWH�VXUIDFH�SURGXFWV���
$OO� SUHVHQWHG� LPDJH� SURFHVVLQJ� DVSHFWV� ZLOO� EH�

LPSOHPHQWHG� LQ� D� 5RPDQLDQ� UHVHDUFK� SURMHFW� HQWLWOHG�
0(',2*5,'��
�

���5()(5(1&(6�
�
>�@�0DWVRQ��0��DQG�-��'R]LHU���������,GHQWLILFDWLRQ�RI�

VXEUHVROXWLRQ�KLJKW�WHPSHUDWXUH�VRXUFHV�XVLQJ�D�

WKHUPDO�,5�VHQVRU��3KRWRJUDPPHWULF�(QJLQHHULQJ�DQG�
5HPRWH�6HQVLQJ��

>�@�3ULQV��(�0��DQG�:�3��0HQ]HO���������*HRVWDWLRQDU\�
VDWHOOLWH�GHWHFWLRQ�RI�ELRPDVV�EXUQLQJ�LQ�6RXWK�
$PHULFD��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��

>�@�-XVWLFH��&�2��DQG�3��'RZW\���������,*%3�',6�6DWHOOLWH�
)LUH�'HWHFWLRQ�$OJRULWKP��:RUNVKRS�7HFKQLFDO�
5HSRUW��

>�@�.DXIPDQ��<���&�-��7XFNHU�DQG�,�)XQJ���������5HPRWH�
VHQVLQJ�RI�ELRPDVV�EXUQLQJ�LQ�WKH�WURSLFV��-XUQDO�RI�
*HRSK\VLFDO�5HVHDUFK��

>�@�3ULQWV��(�0���-�0��)HOW]�DQG�:�3��0HQ]HO���������
&KDUDFWHUL]LQJ�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQV�RI�
ELRPDVV�EXUQLQJ�XVLQJ�PXOWL�VSHFWUDO�JHRVWDWLRQDU\�
VDWHOOLWH�GDWD��1LQWK�&RQIHUHQFH�RQ�6DWHOOLWH�
0HWHRURORJ\�DQG�2FHDQRJUDSK\��

>�@�3HUHLUD��-�0�&���(�&KXYHLFR��$��%HDXGRLQ�DQG�1��
'HVERLV���������5HPRWH�VHQVLQJ�RI�EXUQHG�DUHDV��D�
UHYLHZ��$�UHYLHZ�RI�UHPRWH�VHQVLQJ�PHWKRGV�IRU�WKH�
VWXG\�RI�ODUJH�ZLOGODQG�ILUHV��

>�@�(YD��+��DQG�(�)��/DPELQ���������5HPRWH�VHQVLQJ�RI�
ELRPDVV�EXUQLQJ�LQ�WURSLFDO�UHJLRQV��VDPSOLQJ�LVVXHV�
DQG�PXOWL�VHQVRU�DSSURDFK��5HPRWH�VHQVLQJ�RI�
HQYLURQPHQW��

>�@�%DUERVD�3�0���-�0��*UHJRLUH�DQG�-�0�&��3HUHLUD�
��������'HWHFWLRQ�RI�EXUQW�DUHDV�LQ�$IULFD�XVLQJ�D�
PXOWLWHPSRUDO�PXOWLWKUHVKROG�DQDO\VLV�RI�12$$�
$9+55B*$&�GDWD��,Q�(DUWK�6XUIDFH�5HPRWH�
6HQVLQJ��3URFHHGLQJV�RI�63,(���

>�@�3HUHLUD�-�0�&����������$�FRPSDUDWLYH�HYDOXDWLRQ�RI�
122$�$9+55�YHJHWDWLRQ�LQGLFHV�IRU�EXUQHG�VXUIDFH�
GHWHFWLRQ�DQG�PDSSLQJ��,(((�7UDQVDFWLRQ�RQ�
*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ��

>��@�)LVFKHU�-���3UHXVNHU�5���5DWKNH�&���&ORXG�7RS�
3UHVVXUH�IURP�*HR�VWDWLRQDU\�6DWHOOLWH�2EVHUYDWLRQV�
LQ�WKH�2[\JHQ�$�%DQG��(80(76$7�6FLHQWLILF�
3XEOLFDWLRQV��-DQXDU\������

>��@�&LKODU�-���%HOZDUG�$���*RYDHUWV�<���0HWHRVDW�6HFRQG�
*HQHUDWLRQ�2SSRUWXQLWLHV�IRU�/DQG�6XUIDFH�5HVHDUFK�
DQG�$SSOLFDWLRQV���(80(76$7�6FLHQWLILF�
3XEOLFDWLRQV��,661���������;��,6%1�������������
���(80�63�����(GLWHG�E\�(80(76$7�������

>��@�$EHO��3���*XHQWKHU��%���*DOLPRUH��5�1��DQG�&RRSHU��
-�:����������&DOLEUDWLRQ�UHVXOWV�IRU�12$$����
$9+55�FKDQQHOV���DQG���FRQJUXHQW�SDWK�DLUFUDIW�
REVHUYDWLRQV��-RXUQDO�RI�$WPRVSKHULF�DQG�2FHDQLF�
7HFKQRORJ\���������������������

>��@�$ULQR��2���DQG�-�0��0HOOLQRWWH���������7KH������
$IULFD�ILUH�PDS��,QW��-��5HP��6HQV����������������

>��@�$ULQR��2���DQG�-�0��5RVD]���������������DQG������
:RUOG�$765�)LUH�$WODV�XVLQJ�(56���$765���'DWD��
3URFHHGLQJV�RI�WKH�-RLQW�)LUH�6FLHQFH�&RQIHUHQFH��
%RLVH���������-XQH��

>��@�)ODQQLJDQ��0�'���DQG�7�+��9RQGHU�+DDU����������
)RUHVW�ILUH�PRQLWRULQJ�XVLQJ�12$$�VDWHOOLWH�$9+55��
&DQ��-��)RUHVW�5HV��������������

>��@�)ODVVH��6�3���DQG�3��&HFFDWR����������$�FRQWH[WXDO�
DOJRULWKP�IRU�$9+55�ILUH�GHWHFWLRQ��,QW��-�5HP��
6HQV��������������

>��@�*LJOLR��/���-�'��.HQGDOO��DQG�&��2��-XVWLFH���������
(YDOXDWLRQ�RI�JOREDO�ILUH�GHWHFWLRQ�XVLQJ�VLPXODWHG�
$9+55�LQIUDUHG�GDWD��,QW��-��5HP��6HQV�����������
�����



�

>��@�-XVWLFH��&���DQG�-�3��0DOLQJUHDX��HGLWRUV�����������
5HSRUW�RI�WKH�,*%3�',6�ILUH�DOJRULWKP�ZRUNVKRS����
,*%3�',6�ZRUNLQJ�SDSHU�����,VSUD��,WDO\��2FWREHU�
�����

>��@�.DXIPDQ��<�-���'��7DQUH��DQG�'�(��:DUG���������
5HPRWH�VHQVLQJ�RI�ELRPDVV�EXUQLQJ�LQ�WKH�$PD]RQ��
5HP��6HQV��5HY�������������

>��@�.DXIPDQ��<�-���&�-��7XFNHU��,��)XQJ������D���5HPRWH�
VHQVLQJ�RI�ELRPDVV�EXUQLQJ�LQ�WKH�WURSLFV��-�*HRSK\��
5HV�����������������

>��@�.DXIPDQ��<�-��DQG�1DNDMLPD��7����������(IIHFW�RI�
$PD]RQ�VPRNH�RQ�FORXG�PLFURSK\VLFV�DQG�DOEHGR���
DQDO\VLV�IURP�VDWHOOLWH�LPDJHU\��-��$SSO��0HWHRURORJ\��
�����������

>��@�.DXIPDQ��<�-��DQG�+ROEHQ��%�1����������&DOLEUDWLRQ�
RI�WKH�$9+55�YLVLEOH�DQG�QHDU�,5�EDQGV�E\�
DWPRVSKHULF�VFDWWHULQJ��RFHDQ�JOLQW��DQG�GHVHUW�
UHIOHFWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��
����������

>��@�/HH��7�0���DQG�3�0��7DJ����������,PSURYHG�GHWHFWLRQ�
RI�KRWVSRWV�XVLQJ�WKH�$9+55�����XP�FKDQQHO��%XOO��
$PHU��0HWHRUR��6RF���������������

�>��@�/L��=���&LKODU��-���0RUHDX��/���+XDQJ��)���/HH��%�
��������0RQLWRULQJ�ILUH�DFWLYLWLHV�LQ�WKH�ERUHDO�
HFRV\VWHP��-��*HRSK\��5HV�������������������

>��@�0DOLQJUHDX��-�3��DQG�-XVWLFH��&�2����HGLWRUV�����������
7KH�,*%3�',6�6DWHOOLWH�)LUH�'HWHFWLRQ�$OJRULWKP�
:RUNVKRS�7HFKQLFDO�5HSRUW��,*%3�',6�:RUNLQJ�
3DSHU�����1$6$�*6)&��*UHHQEHOW��0DU\ODQG��86$��
)HEUXDU\�

>��@�0DUWLQ��3���&HFFDWR��3���)ODVVH��6���DQG�'RZQH\��
��������)LUH�GHWHFWLRQ�DQG�ILUH�JURZWK�PRQLWRULQJ�
XVLQJ�VDWHOOLWH�GDWD��5HPRWH�6HQVLQJ�RI�/DUJH��
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:LOGILUHV�LQ�WKH�(XURSHDQ�0HGLWHUUDQHDQ�%DVLQ��
&KXYLHFR��(����(G����6SULQJHU�9HUODJ�%HUOLQ��
+HLGHOEHUJ����������������;,,������SS�

>��@�5DR��&�5�1��DQG�&KHQ��-����������3RVW�ODXQFK�
FDOLEUDWLRQ�RI�WKH�YLVLEOH�DQG�QHDU�LQIUDUHG�FKDQQHOV�RI�
WKH�$GYDQFHG�9HU\�+LJK�5HVROXWLRQ�5DGLRPHWHU�RQ�
12$$��������DQG�����VSDFHFUDIW��12$$�7HFKQLFDO�
5HSRUW�1(6',6�����:DVKLQJWRQ��'&�

>��@�5DR��&�5�1��DQG�&KHQ��-����������,QWHU�VDWHOOLWH�
FDOLEUDWLRQ�OLQNDJHV�IRU�WKH�YLVLEOH�DQG�QHDU�LQIUDUHG�
FKDQQHOV�RI�WKH�$GYDQFHG�9HU\�+LJK�5HVROXWLRQ�
5DGLRPHWHU�RQ�12$$��������DQG�����VSDFHFUDIW��
,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ�����������
�����

>��@�5DR��&�5�1��DQG�&KHQ��-����������3RVW�ODXQFK�
FDOLEUDWLRQ�RI�WKH�YLVLEOH�DQG�QHDU�LQIUDUHG�FKDQQHOV�RI�
WKH�$GYDQFHG�9HU\�+LJK�5HVROXWLRQ�5DGLRPHWHU�RQ�
WKH�12$$����VSDFHFUDIW��,QWHUQDWLRQDO�-RXUQDO�RI�
5HPRWH�6HQVLQJ����������������

>��@�3ULQV��(�0���DQG�:�3��0HQ]HO���������7UHQGV�LQ�6RXWK�
$PHULFDQ�ELRPDVVV�EXUQLQJ�GHWHFWHG�ZLWK�WKH�*2(6�
9,665�UDGLRPHWHU�DWPRVSKHULF�VRXQGHU�IURP������WR�
������-��*HRSK\��5HV������������������

>��@�7HLOOHW��3�0��DQG�+ROEHQ��%�1����������7RZDUGV�
RSHUDWLRQDO�UDGLRPHWULF�FDOLEUDWLRQ�RI�12$$�
$9+55�LPDJHU\�LQ�WKH�YLVLEOH�DQG�QHDULQIUDUHG�
FKDQQHOV��&DQDGLDQ�-RXUQDO�RI�5HPRWH�6HQVLQJ�������
���

>��@�0HWHRVDW�6HFRQG�*HQHUDWLRQ�/HYHO�����,PDJH�'DWD�
)RUPDW�'HVFULSWLRQ��'RF��1R����(80��06*��,&'��
�����(GLWHG�E\�(80(76$7��1RYHPEHU������
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