
��

,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ9RO�����1R�����6XPPHU���������,$&K(

$�'HWDLOHG�,QYHVWLJDWLRQ�RI�3DUWLFXODWH�'LVSHUVLRQIURP�.HUPDQ�&HPHQW�3ODQW
$� 0RKHEEL
 DQG�6� %DURXWLDQ'HSDUWPHQW�RI�&KHPLFDO�(QJLQHHULQJ��6KDKLG�%DKRQDU�8QLYHUVLW\�RI�.HUPDQ��.HUPDQ��,UDQ�

$EVWUDFW7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�SDUWLFXODWH�GLVSHUVLRQ�IURP�.HUPDQ�&HPHQW�3ODQW��7KH�XSZLQG�± GRZQZLQG�PHWKRG�ZDV�XVHG�WR�PHDVXUH�SDUWLFOH�FRQFHQWUDWLRQ�DQG�D� FDVFDGH� LPSDFWRU� ZDV� DSSOLHG� WR� GHWHUPLQH� SDUWLFOH� VL]H� GLVWULEXWLRQ�� $Q� (XOHULDQ�PRGHO�� *DXVVLDQ� SOXPH� PRGHO� DQG� DQ� DUWLILFLDO� QHXUDO� QHWZRUN� KDYH� EHHQ� XVHG� WR�FRPSXWH� DQG� SUHGLFW� FRQFHQWUDWLRQ� RI� 30�� IURP� .HUPDQ� &HPHQW� 3ODQW�� (XOHULDQ�PRGHO� LQFRUSRUDWHV� VRXUFH� UHODWHG� IDFWRUV��PHWHRURORJLFDO� IDFWRUV�� VXUIDFH URXJKQHVV�DQG�SDUWLFOH�VHWWOLQJ� WR�HVWLPDWH�SROOXWDQW�FRQFHQWUDWLRQ� IURP�FRQWLQXRXV�VRXUFHV��7KH�PHDVXUHG� GDWD� KDYH� EHHQ� XVHG� WR� FUHDWH� DQ� DUWLILFLDO� QHXUDO� QHWZRUN� IRU� SUHGLFWLQJ�VXVSHQGHG� SDUWLFOH� FRQFHQWUDWLRQ� IURP� .HUPDQ� &HPHQW� 3ODQW�� 7KH� GDWD� LQFOXGHV�SDUWLFOH� FRQFHQWUDWLRQ�� GLVWDQFH� IURP� VRXUFH�� PL[LQJ� KHLJKW�� ODWHUDO� DQG� YHUWLFDO�GLVSHUVLRQ�SDUDPHWHUV�DQG����PHWHUV�ZLQG�VSHHG��7KH�SHUIRUPDQFH�RI�WKHVH�PRGHOV�KDV�EHHQ� FRPSDUHG� ZLWK� WKH� PHDVXUHG� GDWD�� 7KH� $$3'� �$YHUDJH� $EVROXWH� 3HUFHQW�'HYLDWLRQ��SDUDPHWHU�IRU�WKH�UHVXOWV�RI�WKH�(XOHULDQ�PRGHO��*DXVVLDQ�PRGHO�DQG�$11V�ZDV����������������DQG�������UHVSHFWLYHO\�
.H\ZRUGV� $LU� 3ROOXWLRQ� 3DUWLFXODWH� 'LVSHUVLRQ� *DXVVLDQ� 3OXPH� 0RGHO� $UWLILFLDO�1HXUDO�1HWZRUNV��$11V�
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,QWURGXFWLRQ7KH�GHWHULRUDWLRQ�RI�DLU�TXDOLW\�LQ�XUEDQ�DUHDV�PD\� EH� DWWULEXWHG� WR� UDSLG� LQGXVWULDOL]DWLRQ��7KH� DPELHQW� DLU� TXDOLW\� KDV� GHWHULRUDWHG� WR�VXFK� DQ� H[WHQW� WKDW� LW� DGYHUVHO\� DIIHFWV� WKH�KHDOWK�DQG�ZHOIDUH�RI�KXPDQ�EHLQJV�>����@�.HUPDQ�� D�PHWURSROLWDQ�FLW\� LQ� WKH�VRXWKHDVW�RI� ,UDQ� LV� DIIHFWHG� E\� LQFUHDVLQJ� WKH� DLU�SROOXWLRQ� OHYHO� DV� D� UHVXOW� RI� FRQFHQWUDWHG�LQGXVWULDO�DFWLYLWLHV�DQG�XUEDQL]DWLRQ��2QH�RI�WKHVH� LQGXVWULHV� WKDW� KDV� D� SDUWLFXODUO\� KLJK�UDQN� RQ� WKH� OLVW� RI� SROOXWDQWV� LV� .HUPDQ�

&HPHQW� 3ODQW��7KH�.HUPDQ�&HPHQW�3ODQW� LV�ORFDWHG� DSSUR[LPDWHO\� ��� NLORPHWHUV�� VRXWK�ZHVW� RI� .HUPDQ�� 3RUWODQG� FHPHQW� GXVW� LV� D�JUD\� SRZGHU� ZLWK� DQ� DHURG\QDPLF� GLDPHWHU�UDQJLQJ� IURP� ����� WR� ��� �P�� 7KLV� VL]H� LV�ZLWKLQ� WKH� UDQJH� RI� VL]HV� RI� UHVSLUDEOH�SDUWLFOHV�� 7KHUHIRUH�� H[SRVXUH� RI� 3RUWODQG�FHPHQW GXVW� KDV� EHHQ� ORQJ� DVVRFLDWHG� ZLWK�UHVSLUDWRU\�V\PSWRPV�>�@�6RPH� DWWHPSWV� KDYH� EHHQ� FDUULHG� RXW� WR�LQYHVWLJDWH� SDUWLFXODWH� GLVSHUVLRQ�� DV� DQ�LQVWDQFH�� ZHHNO\� DYHUDJH� VXVSHQGHG� SDUWL�
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FXODWH� PDWWHU� FRQFHQWUDWLRQV� ZHUH� PHDVXUHG�LQ� IRXU� ORFDWLRQV� LQ� 6KLUD]�� ,UDQ� >�@� 7KH�UHVXOWV� RI� WKDW� VWXG\� VKRZ� WKDW� LQGXVWULDO�SROOXWLRQ�� HVSHFLDOO\� SDUWLFXODWH� PDWWHU� IURP�DQ� ROG� FHPHQW� SODQW� ORFDWHG� VRXWKZHVW� RI�6KLUD]�� LV� H[FHHGLQJ� LQWHUQDWLRQDO� JXLGHOLQHV�LQ�VRPH�VHDVRQV� $OVR��LQ�WZR�ORFDOLWLHV�RI�WKH�%DOWLF� FRVWDO� PDFUR�UHJLRQ� LQ� GLIIHUHQW�VHDVRQV� DQG� ZHDWKHU FRQGLWLRQV D� FDVFDGH�LPSDFWRU� ZDV� XVHG� IRU� VHSDUDWLRQ� RI� VROLG�XUEDQ� DHURVROV� >�@�� 7HQ� UDQJHV� RI� DHURG\�QDPLF�GLDPHWHUV�EHWZHHQ�������DQG�������P�ZHUH�XVHG��)XUWKHUPRUH��WR�LGHQWLI\�WKH�RULJLQ�RI�30�� LQ�WKH� DWPRVSKHUH� RI� 6KDQJKDL�� VLQJOH� 30��SDUWLFOHV� IURP� WZR� HQYLURQPHQWDO� PRQLWRU�ORFDWLRQV� DQG� VL[� SROOXWLRQ� HPLWWHU� VRXUFHV�ZHUH� PHDVXUHG� E\� VFDQQLQJ� QXFOHDU� PLF�URVFRSH� WHFKQLTXHV�� 7KH� UHVXOWV� RI� WKLV�LQYHVWLJDWLRQ�VKRZ�WKDW�PRVW�RI�WKH�PHDVXUHG�30�� SDUWLFOHV� DUH� GHULYHG� IURP� EXLOGLQJ�FRQVWUXFWLRQ� VLWHV�� FHPHQW� IDFWRULHV�� YHKLFOHV�H[KDXVW�� FRDO� ERLOHUV� DQG� VWHHO� PLOOV� >�@� ,Q�DQRWKHU� VWXG\�� DWPRVSKHULF� SDUWLFOH� PDVV�FRQFHQWUDWLRQV� ZHUH� PHDVXUHG� DW� D� VLWH�DGMDFHQW� WR� /DNH� +DUWZHOO�� *$�� GXULQJ� VL[�GU\� VDPSOLQJ HYHQWV� LQ� )HEUXDU\±0DUFK�����>�@�� 3DUWLFXODWH PDWWHU�ZDV� FROOHFWHG� RQ�D� GHSRVLWLRQ� SODWH� PRXQWHG� RQWR� D� VSHFLDOO\�GHVLJQHG� ZLQG� YDQH� DQG� ZDV� VXEVHTXHQWO\�DQDO\]HG� WR� GHWHUPLQH� WKH� SDUWLFOH� VL]H�GLVWULEXWLRQ�)RU� PRGHOLQJ� SROOXWDQW� GLVSHUVLRQ�� DV� DQ�LQVWDQFH��2OFHVH�DQG�7RVHOOL� >�@�GHYHORSHG�D�PRGHO� IRU� UHDFWLYH� HPLVVLRQV� IURP� LQGXVWULDO�VWDFNV�� 7KHLU� PRGHO� ZDV� EDVHG� RQ� WKH�/DJUDQJLDQ� DSSURDFK� WR� WKH� WXUEXOHQW� GLI�IXVLRQ� DQG� HVWLPDWHG� VKRUW±WHUP� FRQFHQWUD�WLRQ� RI� SULPDU\� DQG� VHFRQGDU\� SROOXWDQWV�UHVXOWLQJ� IURP� SRLQW� VRXUFH� HPLVVLRQV��0RUHLUD� HW� DO�>�@� SUHVHQWHG� DQ� DQDO\WLFDO�VROXWLRQ� IRU� WKH� QRQVWDWLRQDU\� WZR� GLP�HQVLRQDO� DGYHFWLRQ±GLIIXVLRQ� HTXDWLRQ� WR�VLPXODWH� WKH� SROOXWDQW� GLVSHUVLRQ� LQ� WKH�SODQHWDU\�ERXQGDU\�OD\HU��,Q�WKHLU�PHWKRG�WKH�DGYHFWLRQ±GLIIXVLRQ� HTXDWLRQ� ZDV� VROYHG� E\�WKH� DSSOLFDWLRQ� RI� WKH� /DSODFH� WUDQVIRUP�WHFKQLTXH��

,Q� WKLV� VWXG\�� D� GHWDLOHG� LQYHVWLJDWLRQ� RI�SDUWLFOHV� GLVSHUVLRQ� IURP� .HUPDQ� &HPHQW�3ODQW� LQFOXGLQJ�PHDVXULQJ�DQG�PRGHOLQJ�KDVEHHQ� GRQH�� 0HDVXUHG� GDWD� RI� 30�� FRQ�FHQWUDWLRQ� KDYH� EHHQ FRPSDUHG� ZLWK� WKH�SHUIRUPDQFH�RI�D� WKUHH�GLPHQVLRQDO�(XOHULDQ�PRGHO�� *DXVVLDQ� SOXPH�PRGHO� DQG� DUWLILFLDO�QHXUDO�QHWZRUNV��$11V��
0HDVXUHPHQWV3DUWLFOHV�&RQFHQWUDWLRQ7R�PHDVXUH�30�� IURP�IXJLWLYH�GXVW�VRXUFHV��XSZLQG�GRZQZLQG�PHWKRG�ZDV�XVHG�>��@��,Q�WKLV� PHWKRG�� DPELHQW� 30�� FRQFHQWUDWLRQV�DUH� PHDVXUHG� XSZLQG� DQG� GRZQZLQG� RI� D�GXVW� VRXUFH��7KH�GLIIHUHQFH�EHWZHHQ� WKH� WZR�FRQFHQWUDWLRQV� LV� FRQVLGHUHG� WR� EH� WKH� 30���FRQFHQWUDWLRQ� GXH� WR� WKH� IXJLWLYH� HPLVVLRQ�VRXUFH�7R PHDVXUH SDUWLFOH� FRQFHQWUDWLRQ� ZH� KDYH�XVHG�WKH�*UDYLPHWULF�PHWKRG��,Q�WKLV�PHWKRG��D KLJK� YROXPH� SXPS� LV� VLWXDWHG� LQ� DQ�DSSURSULDWH� ORFDWLRQ� SUHIHUDEO\� D� OLWWOH� ELW�KLJKHU�IURP�JURXQG�OHYHO����P���7KH�IORZ�UDWH�RI WKH SXPS�ZRXOG� EH� DGMXVWHG�� FRQVLGHULQJ�WKH�ORFDWLRQ�RI�WKH�SROOXWDQWV�GLVSHUVLRQ�LQ�WKH�HQYLURQPHQW��$�ILEHU�JODVV� ILOWHU� LV�SODFHG�LQ�WKH� ILOWHU� KROGHU� DQG� VDPSOLQJ� LV� GRQH� DW�VSHFLILF� WLPH� LQWHUYDOV�� %HIRUH� XVLQJ�� WKH�ILOWHUV DUH� NHSW� IRU� ��� KRXUV� LQ� VLOLFD� JHO�GHVLFFDWRUV� WR� LQVXUH� HTXLOLEULXP� WR� WKH�WHPSHUDWXUH� DQG� UHODWLYH� KXPLGLW\� KHOG� DW�FRQVWDQW� YDOXHV�� 7KHUHDIWHU�� WKH� ILOWHUV� DUH�ZHLJKHG XVLQJ� DQ� H[DFW� VFDOH�� $IWHU�VDPSOLQJ��WKH�PRLVWXUH�RI�ILOWHUV�DUH�DEVRUEHG�DJDLQ�� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� ILOWHUV
�ZHLJKWV� DUH� PHDVXUHG� DQG� DOVR� WKH� DPRXQWV�RI� SDUWLFOHV� SHU� YROXPH� XQLW DUH� PHDVXUHG��7KH� XVHG� SXPS� PRGHO� LV� +9�7�� )	-�VSHFLDOW\� SURGXFWV�� 86$� DQG� WKH� GHILQHG�VWDQGDUG�IRU�H[LVWLQJ�SDUWLFOHV�LQ�WKH�ZRUNLQJ�HQYLURQPHQW�LV�EDVHG�RQ�:+2������PJ�P��
3DUWLFOH�6L]H�'LVWULEXWLRQ7R� PHDVXUH 30� GXULQJ� WKH� H[WUDFWLYHSURFHVV�� LW� LV� LPSRUWDQW WR� VDPSOH� WKH� JDVLVRNLQHWLFDOO\�VR�WKDW�D�UHSUHVHQWDWLYH�VDPSOH�
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RI� 30� HQWHUV� WKH� VDPSOLQJ� GHYLFH�� 7KH�SDUDPHWHU�WKDW�PXVW�EH�FRQWUROOHG�WR�HVWDEOLVK�LVRNLQHWLFV� LV� WKH� JDV� YHORFLW\� ZLWKLQ� WKH�VDPSOH� SUREH�� ZKLFK� PXVW� EH� HTXDO� WR� WKH�DFWXDO�JDV�YHORFLW\�DW�WKH�VDPSOH�SRLQW�LQ�WKH�VRXUFH�H[KDXVW�GXFW�&DVFDGH� LPSDFWRUV� JHQHUDOO\� FDQ� GHWHUPLQH�SDUWLFOH�VL]H�EHWZHHQ�����WR�����P�>��@��ZLWK�ORZ� SUHVVXUH� LPSDFWRUV� FRPPHUFLDOO\�DYDLODEOH�WKDW�PHDVXUH�SDUWLFOHV�EHWZHHQ������DQG� ��� �P� >�����@�� 7KH�PDMRU� OLPLWDWLRQ� RI�FDVFDGH�LPSDFWRUV�LV�WKDW�RQO\�D�VPDOO�DPRXQW�RI� 30� �XVXDOO\� OHVV� WKDQ� ��� PJ�� FDQ� EH�FROOHFWHG� RQ� HDFK� VWDJH�� WKHUHIRUH�� WKH� JDV�VDPSOLQJ� YROXPH�WLPH� PXVW� EH� DGMXVWHG� WR�DFFRPPRGDWH�IRU�WKLV�XSSHU�OLPLW��%HFDXVH�RI�SDUWLFOH� ERXQFH� DQG� UHHQWUDLQPHQW� DQG�EHFDXVH� RI� IUDFWXULQJ� ODUJHU� SDUWLFOHV� GXULQJ�LPSDFWLRQ�� FDVFDGH� LPSDFWRUV� PD\� DOVR� EH��VXEMHFW�WR�ELDVHV�WRZDUGV�VPDOO�SDUWLFOHV�,Q�WKLV�PHWKRG��E\�XVLQJ�D�SXPS��SDUWLFOHV�DUH�SDVVHG� LQWR� �� VWDLQOHVV� VWHHO� ILOWHUV� ZLWK�GLIIHUHQW� PHVK� �FDVFDGH� LPSDFWRU�� $QGHUVHQ�VDPSOHU�PRGHO�$1�����WKHQ�WKH�SDUWLFOHV�DUH�GHSRVLWHG� RQ� ILEHU� JODVV� ILOWHUV�� 7KH� XVHG�SXPS� IORZ� UDWH� LV� �� &)0� �DFFRUGLQJ� WR� D�SUHYLRXV�FRQGXFWHG�PHWKRG��7KH� PHWKRG� RI� VFDOLQJ� SDUWLFOHV� LV�JUDYLPHWULFDO��LQ�WKH�ZD\�WKDW�ILOWHUV�DUH�GULHG�ILUVWO\� DQG� WKHQ� ZHLJKHG DQG� WKHUHDIWHU� DUH�SODFHG�LQ�$QGHUVRQ�6DPSOHU�FRQWDLQHUV��$IWHU�VDPSOLQJ��WKH�GLIIHUHQFHV�LQ�ZHLJKWV�IRU HDFK�ILOWHU� DUH� FDOFXODWHG� E\� XVLQJ� WKH� (3$�VWDQGDUG� DQG� IRU� WKH� VWDFN� DQG� WKH� VHOHFWHG�DUHD�WKH�FRUUHFWLQJ�IDFWRU�RI�DLU�GHQVLW\�LV�DOVR�DSSOLHG��,Q� WKH� VWDFNV� WKH� PHDVXUHPHQWV� DUH� GRQH�EDVHG� RQ� WKH� ,62������ VWDQGDUG� DQG�LVRNLQHWLF� VDPSOLQJ�� :LWK� UHJDUG� WR� WKH�OHQJWK�RI� WKH�SUREH��VDPSOLQJ�KDV�EHHQ�GRQH�LQ� GLIIHUHQW� SDUWV� RI� WKH� VWDFN�� LQ� RUGHU� WR�REWDLQ� DQ� DSSURSULDWH� DYHUDJH� IURP�SDUWLFOHV�FRQFHQWUDWLRQ�LQ�JDV�IORZ�
5DZ�PDWHULDOV�DQG�VWDFN¶V�GXVW�DQDO\VLV,Q� RUGHU� WR� REWDLQ� FRPSRQHQWV� RI� .HUPDQ�FHPHQW�VWDFN¶V�GXVW�DQG�FRPSDUH�LW�ZLWK�UDZ�

PDWHULDOV�� VRPH� VDPSOHV� RI� WKH� VWDFN¶V� GXVW�DQG� UDZ� PDWHULDOV� KDYH� EHHQ� WDNHQ� DQG�DQDO\]HG��7DEOH���VKRZV�WKHVH�DQDO\VLV��LW�FDQ�EH�VHHQ�WKHUH�LV�VLPLODULW\�EHWZHHQ�WKHVH�WZR�DQDO\VLV�� LQ� ERWK� RI� WKHP� WKH� PDLQ�FRPSRQHQWV� DUH� &D2�� 6L2� DQG� $O�2� EXW�DPRXQW� RI� WKHVH� FRPSRQHQW� LQ� WKH� UDZ�PDWHULDOV� DUH� KLJKHU� WKDQ� GXVW��2Q� WKH� RWKHU�KDQG�� WKH� DPRXQW� RI� 0J2�� 1�2�� 62��� .�2�DQG�)H�2� LQ�WKH�VWDFN�GXVW�DUH�FRQVLGHUDEOH�
7DEOH��� 5DZ�PDWHULDOV�DQG�VWDFN�GXVW�DQDO\VLV5DZ�PDWHULDOV'XVW&RPSRQHQW ����������6L2� ���������$O�2� ����������)H�2� �����������&D2 �������0J2 �����������62 �������2�1 ���������.�2
0DWKHPDWLFDO�PRGHO��(XOHULDQ�PRGHO�,Q� WKLV� VWXG\� ZH� KDYH� GHYHORSHG� D�PDWKHPDWLFDO� PRGHO� EDVHG� RQ� (XOHULDQ�PHWKRG� WR SUHGLFW� SDUWLFOH� FRQFHQWUDWLRQ�� ,Q�(XOHULDQ� PHWKRG�� WKH� FRQWLQXLW\� HTXDWLRQ� RI�SDUWLFOHV� LV� VROYHG� WR� REWDLQ� SDUWLFOH�FRQFHQWUDWLRQ� GLVWULEXWLRQ FRQVLGHULQJ� WKH�HIIHFW� RI� JDV� WXUEXOHQFH� LV� FRQVLGHUHG�� 7KH�DGYDQWDJHV� RI� WKLV� DSSURDFK� DUH� ORZ� &38�WLPH� DQG� GLUHFW� FRQVLGHUDWLRQ� RI� JDV�WXUEXOHQFH��,Q�WKLV�PRGHO�WKH�SDUWLFOH�YHORFLW\�LV�HTXDO� WR� WKH�JDV�YHORFLW\��7KLV�DVVXPSWLRQ�LV� YDOLG�ZKHQ� WKH� VL]H� RI� SDUWLFOH� LV� ILQH�� ,Q�WKH�SUHVHQW�ZRUN� WKH�DYHUDJH�VL]H�RI�SDUWLFOH�LV �� �P�� VR�� WKDW� ZH� FDQ� DSSO\� (XOHULDQ�PHWKRG�(VWDEOLVKLQJ� WKH� FRQWLQXLW\� HTXDWLRQ� LV� WKH�LQLWLDO� SRLQW� RI� PDWKHPDWLFDO� DQDO\VLV� RI�DWPRVSKHULF� GLVWULEXWLRQ��)RU� D�SRLQW� VRXUFH��ZKLFK� GLVSHUVH� SDUWLFOHV� FRQWLQXRXVO\�� D� �'�
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PRGHO� LV� XVHG� DQG� D� SDUWLDO� GLIIHUHQWLDO�HTXDWLRQ�LV�SUHVHQWHG�E\�XVLQJ�)LFN
V�ODZ�3ROOXWDQWV�FKHPLFDO�UHDFWLRQ�LV�LJQRUHG�LQ�WKLV�DQDO\VLV� EXW� WKHLU� VHWWOLQJ� RQ� WKH� HDUWK� LV�FRQVLGHUHG�� 3ROOXWDQWV� PRYH� KRUL]RQWDOO\� LQ�ZLQG�GLUHFWLRQ�DQG�GLIIXVH�LQWR�DWPRVSKHUH�LQ�\ DQG� ] GLUHFWLRQ�� ,QFUHDVLQJ� WKH� DOWLWXGH��GLIIXVLYLW\� DQG� ZLQG� SURILOH� FKDQJH� DQG� DUH�IXQFWLRQV RI� LQSXW� SXUH� KHDW� IOX[� LQWR�DWPRVSKHUH�DQG�UHJLRQDO�VXUIDFH�URXJKQHVV��,Q�WKLV�VWXG\��FRQWLQXLW\�HTXDWLRQ�IRU�SDUWLFOHV�EDVHG�RQ�WKH�FRQYHQWLRQDO�GLIIXVLRQ�HTXDWLRQ�FDQ�EH�UHSUHVHQWHG�DV�
� ¹̧·©̈§ wwww�¸̧¹·¨̈©§ wwww�ww ]&.]\&.\[&X ]\ ���

:KHUH� [� D[LV� LV� RQ� ZLQG� GLUHFWLRQ�� \ LV�YHUWLFDO� WR�ZLQG�GLUHFWLRQ� LQ�KRUL]RQWDO�SODWH�DQG�] LV�YHUWLFDO�D[LV��$OVR��X LV�ZLQG�VSHHG�LQ�[�GLUHFWLRQ��&�LV�SDUWLFOHV�FRQFHQWUDWLRQ�LQ�WKH�DPELHQW�� .\� LV� WKH� HGG\� GLIIXVLYLW\� LQ� \�GLUHFWLRQ�DQG�.] LV WKH�HGG\�GLIIXVLYLW\� LQ� �]�GLUHFWLRQ�,Q� WKLV� ZRUN�� GLIIXVLRQ� LQ� [�GLUHFWLRQ� �ZLQG�GLUHFWLRQ�� LV� LJQRUHG�� %RXQGDU\� FRQGLWLRQV�LQFOXGH�D� 3DUWLFOHV� DUH� GLVSHUVHG� IURP� SRLQW�VRXUFH� DQG� IRU� SRLQW� VRXUFH�� WKH� WHUP��4� DV� D�SROOXWLRQ� VRXUFH� LV�DGGHG� LQ�WKH�ULJKW�KDQG�VLGH�RI�WKH�HTXDWLRQ�����E� 3DUWLFOHV� VHWWOH� RQ� WKH� JURXQG� ZLWK�WHUPLQDO�YHORFLW\�
PU��9 �

W JG SS ���
F� 3DUWLFOHV�GLIIXVLRQ�LQ�YHUWLFDO�GLUHFWLRQ��]��LV�LJQRUHG�DIWHU�PL[LQJ�KHLJKW�G� 3DUWLFOHV� SHQHWUDWLRQ� LQ� KRUL]RQWDO�GLUHFWLRQ� �\�� LV� LJQRUHG� DIWHU D FHUWDLQ�GLVWDQFH� ZKLFK� LV FRPSXWHG� GXH� WR�GLIIHUHQW� FRQGLWLRQV� RI� DWPRVSKHULF�VWDELOLW\�

,Q� FRPSXWLQJ� HTXDWLRQ� ���� IRU� SUHGLFWLQJ�SDUWLFOH� FRQFHQWUDWLRQ�� RQH� PXVW� REWDLQ�H[SUHVVLRQV� IRU� ZLQG VSHHG� DQG� ZLQG� HGG\�GLIIXVLYLW\� >��@�� 7KHVH� YDULDEOHV� DUH� UHFR�JQL]HG�DV�D�IXQFWLRQ�RI�YHUWLFDO�GLVWDQFH�IURP�WKH� JURXQG� DQG� VXUIDFH� URXJKQHVV�� (GG\�GLIIXVLYLWLHV� DQG� ZLQG� VSHHG� DUH� UHODWHG� WR�DWPRVSKHUH� VWDELOLW\�� ,Q� WKLV� VWXG\�� WKH�ERXQGDU\� OD\HU� LV� GLYLGHG� LQWR� WZR� SDUWV��VXUIDFH�OD\HU�ZKLFK�LV�XS�WR�DERXW�����PHWHUV�DERYH�WKH�HDUWK�DQG�SODQHWDU\�ERXQGDU\�OD\HU�ZKLFK�FDQ�FRQWLQXH� WR������PHWHUV�RU�PRUH��,Q� VXUIDFH� OD\HU�� ZLQG� SURILOH� LV� FRQVLGHUHG�ORJDULWKPLF� �GXH� WR� WKH� H[LVWHQFH� RI� VXUIDFH�URXJKQHVV� SDUDPHWHUV�� DQG� IRU� SODQHWDU\�ERXQGDU\� OD\HU�� DQ� H[SRQHQWLDO� SURILOH� LV�FRQVLGHUHG�� )XUWKHU� GHWDLOV� RI� HYDOXDWLQJ�WKHVH� SDUDPHWHUV� DUH� JLYHQ� HOVHZKHUH��0RKHEEL�DQG�%DURXWLDQ�>��@�7KH� ILQLWH� YROXPH�PHWKRG� LQFRUSRUDWHG�ZLWK�WKH� SRZHU�ODZ� VFKHPH� DQG� VWUHWFKHG JULG� LQ�[�GLUHFWLRQ� >��@�ZDV� HPSOR\HG� WR� REWDLQ� WKH�QXPHULFDO� VROXWLRQ� RI� HTXDWLRQ� ���� $F�FRUGLQJ� WR� WKH� DWPRVSKHULF� VWDELOLW\�� WKH�SDUWLFOHV� GLIIXVLRQ� GRPDLQ� LQ� \�GLUHFWLRQ� LV�JDLQHG� DW� DERXW� ����� PHWHUV�� )RU� DOO�SUHVHQWHG� UHVXOWV�� WKH� KHLJKW� RI�PL[LQJ� OD\HU�ZDV� ���� P� DQG� WKH� KHLJKW� RI� VXUIDFH� OD\HU�ZDV� ���P��6R��ZLWK�û\ ���P� DQG�û] ���P�WKHUH� DUH� ���� DQG� ��� HOHPHQWV� LQ� \� DQG ]�GLUHFWLRQV� UHVSHFWLYHO\�� ,Q� JHQHUDO�� LQ� HDFK�VHFWLRQ� ZH� ZRXOG� KDYH� ��î���� FHOOV� �L�H������� FHOOV��� 7KH� GRPDLQ� RI� SDUWLFOHV�GLVSHUVLRQ� LQ�[�GLUHFWLRQ� LV� ������PHWHUV�� ,Q�RUGHU� WR� UHGXFH� WKH� WLPH� RI� FDOFXODWLRQV�� WKH�VL]HV�RI�û[�ZRXOG�EH�GLYHUVH��PHDQLQJ�WKDW�DWFORVH� SRLQWV� WR� WKH� VRXUFH� ZKLFK� ZH� KDYH�UDSLG� FKDQJHV� RI� FRQFHQWUDWLRQ�� WKH� VL]HV� RI�û[�ZRXOG�EH�ORZHU�DQG�RQ�WKH�GLVWDQW�SRLQWV�WKH\�ZRXOG�EH�KLJKHU�,QVWHDG� RI� VROYLQJ� WKH� HTXDWLRQ� ���� GLUHFWO\��DPELHQW� DWPRVSKHUH� LV� GLYLGHG� LQWR� VPDOO�HOHPHQWV� DQG� PDVV� FRQVHUYDWLRQ� HTXDWLRQ� LV�ZULWWHQ�IRU�HDFK�HOHPHQW��,Q�RUGHU�WR�VROYH�WKH�HTXDWLRQV� FRQFXUUHQWO\�� D� FRPSXWHU� SURJUDP�KDV� EHHQ� ZULWWHQ� LQ� 0$7/$%� VRIWZDUH�HQYLURQPHQW�� )LUVW�� WKH� SURJUDP� UHFHLYHV�
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YDULDEOH� LQSXWV� IURP� WKH� XVHU� �WKH� LQYDULDEOH�LQSXWV� KDYH� EHHQ� GHILQHG� LQ� WKH� SURJUDP���7KH� YDULDEOH� LQSXWV� DUH�� PHWHRURORJLFDO�SDUDPHWHUV� �URXJKQHVV�� ZLQG� VSHHG�� VXUIDFH�OD\HU� KHLJKW�� PL[LQJ� KHLJKW�� UHJLRQDO� JHR�JUDSKLFDO�ZLGWK��DWPRVSKHULF� VWDELOLW\�FRQGL�WLRQV�� DQG� DPELHQW� WHPSHUDWXUH��� SDUDPHWHUV�UHODWHG� WR� WKH� VRXUFH� �SDUWLFOHV� GHQVLW\��SDUWLFOHV� GLDPHWHU�� VWDFN� KHLJKW�� VWDFN� GLD�PHWHU�� VWDFN� JDV� IORZ� UDWH�� VWDFN� JDV�WHPSHUDWXUH�� HPLVVLRQ� UDWH�� DQG� VL]H� RI� û\�DQG û]� ZKLFK� WKH� XVHU� VKRXOG� GHILQH� WKHP�DIWHU� FDOOLQJ� WKH� SURJUDP�� 6XEVHTXHQWO\�� WKH�SURJUDP�FDOFXODWHV�WKH�GLVSHUVLRQ�FRHIILFLHQWVDQG� ZLQG� VSHHG� SURILOHV� DQG� DIWHU� WKDW�FRQFHQWUDWLRQ�ZRXOG�EH�FDOFXODWHG�

*DXVVLDQ�SOXPH�PRGHO,Q� WKLV� VWXG\� D� *DXVVLDQ� SOXPH� PRGHO� WKDW�LQFRUSRUDWHV� VRXUFH� UHODWHG� IDFWRUV� DQG�PHWHRURORJLFDO� IDFWRUV� KDV� EHHQ� XVHG� WR�HVWLPDWH� SROOXWDQW� FRQFHQWUDWLRQ� IURP� FRQ�WLQXRXV� VRXUFHV�� ,W� LV� DVVXPHG� WKDW� WKH�SROOXWDQW� GRHV� QRW� XQGHUJR� DQ\� FKHPLFDO�UHDFWLRQV�� DQG� WKDW� QR� RWKHU� UHPRYDO�SURFHVVHV�� VXFK�DV�ZHW�RU�GU\�GHSRVLWLRQ��DFW�RQ� WKH� SOXPH� GXULQJ� LWV� WUDQVSRUWDWLRQ� IURP�WKH� VRXUFH�� 7KH� EDVLF� HTXDWLRQ� IRU� GHWHU�PLQLQJ�JURXQG�OHYHO�FRQFHQWUDWLRQV�XQGHU�WKH�SOXPH� FHQWHUOLQH� IURP� *DXVVLDQ� PRGHO�HTXDWLRQV�LV�>��@�

� �� � � �� � ¿¾½®̄­ �»¼º«¬ª V���»¼º«¬ª V��VVS $K]���H[SK]���H[SX� 4; ��]HU��]HU]\V ���
� �� � � �� �� �� � � �� �¦  »»»¼

º
«««¬
ª

V����V����
V����V��� N �1 �]LHU�]LHU

�]LHU�]LHU
1]�K]���H[S1]�K]���H[S

1]�K]���H[S1]�K]���H[S$ ���
7KLV� HTXDWLRQ� LV� XVHG� WR� PRGHO� WKH� SOXPH�LPSDFWV� IURP� SRLQW� VRXUFH�ZLWK� D� QXPHULFDO�LQWHJUDWLRQ�DOJRULWKP��7KH� PHWHRURORJLFDO� GDWD� UHTXLUHG� IRU� WKLV�PRGHOLQJ� HIIRUW� ZHUH� REWDLQHG� IURP� VXUIDFH�ZHDWKHU� REVHUYDWRU\� VWDWLRQV� ORFDWHG� DW�.HUPDQ
V� DLUSRUW�� FORVH� WR� WKH� FHPHQW� SODQW��7XUQHU
V� VWDELOLW\� FODVVLILFDWLRQ� PHWKRG� ZDV�XVHG�WR�GHWHUPLQH�DWPRVSKHULF�VWDELOLW\�>��@�
1HXUDO�QHWZRUNV$UWLILFLDO� 1HXUDO� QHWZRUNV� �$11V�� DUH�FRPSXWLQJ� V\VWHPV� ZKLFK� FDQ� EH� WUDLQHG� WR�OHDUQ�D�FRPSOH[�UHODWLRQVKLS�EHWZHHQ�WZR�RU�PDQ\� YDULDEOHV� RU� GDWD� VHWV�� %DVLFDOO\�� WKH\�DUH�SDUDOOHO� FRPSXWLQJ�V\VWHPV�FRPSRVHG�RI�LQWHUFRQQHFWLQJ�VLPSOH�SURFHVVLQJ�QRGHV�7KH� SUHVHQW� ZRUN�� DSSOLHG� WKH� IHHG� IRUZDUG�EDFN� SURSDJDWLRQ� QHWZRUN� ZLWK� WKUHH� OD\HUV�>��@��7KH�LQSXW��KLGGHQ�DQG�RXWSXW�OD\HUV�KDG�

������DQG���QHXURQV��UHVSHFWLYHO\��(DFK�OD\HU�RI�WKLV�QHWZRUN�KDV�LWV�RZQ�ZHLJKW�PDWUL[��LWV�RZQ� ELDV� YHFWRU�� D� QHW� LQSXW� YHFWRU� DQG� DQ�RXWSXW�YHFWRU�,Q� RUGHU� WR� WUDLQ� DQG� YDOLGDWH� WKH� QHXUDO�QHWZRUN�� VHYHUDO� PHDVXUHG� GDWD� RI� 30���FRQFHQWUDWLRQ� KDYH� EHHQ� XVHG�� 7R� LPSURYH�WKH� OHDUQLQJ� SURFHVV� PL[LQJ� KHLJKW�� ODWHUDO�DQG� YHUWLFDO� GLVSHUVLRQ� SDUDPHWHUV� DQG� ���PHWHUV� ZLQG� VSHHG� KDYH� EHHQ� XVHG�� 7KHVH�PHWHRURORJLFDO� SDUDPHWHUV� DUH� UHODWHG� WR�DWPRVSKHULF�FRQGLWLRQV��,QSXW� YHFWRUV� LQFOXGH� GLVWDQFH� IURP� VRXUFH��PL[LQJ�KHLJKW�� ODWHUDO�DQG�YHUWLFDO�GLVSHUVLRQ�SDUDPHWHUV� DQG����PHWHUV�ZLQG� VSHHG��$OVR��WDUJHW� YHFWRU� LQFOXGHV� SDUWLFOHV� FRQFHQWUD�WLRQV�� 7KH� LQSXW� YHFWRUV� KDYH� EHHQ� QRU�PDOL]HG� UDQGRPO\� JHQHUDWHG� YDOXHV� UDQJLQJ�IURP� ��� WR� ��� ���� RI� WKHVH� GDWD� KDYH� EHHQ�XVHG�WR�WUDLQ�WKH�QHWZRUN�DQG�����KDYH�EHHQ�
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&RQ
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LRQ

�
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A��

0HDVXUPHQWV$11V0DWKHPDWLFDO�PRGHO*DXVVLDQ�SOXPH�PRGHO

XVHG� IRU� VLPXODWLRQ�� 7KH� RSWLPL]HG� QXPEHU�RI� KLGGHQ� QHXURQV� KDV� EHHQ� GHWHUPLQHG�GXULQJ�WKH�OHDUQLQJ�DQG�WUDLQLQJ�SURFHVVHV�E\�WULDO� DQG� HUURU� WHVWV� $IWHU� WUDLQLQJ� RI� WKH�WKUHH�OD\HU�� IHHG� IRUZDUG�� EDFN� SURSDJDWLRQ�QHWZRUN�� WKH� 30�� FRQFHQWUDWLRQ� FDQ� EH�IRXQG� IURP� WKH� VLPXODWLRQ� RI� WKLV� QHWZRUN�GXH� WR� WKH� VXLWDEOH� LQSXWV�� ,Q� WKH� ODVW� VWHS��DIWHU� FRQILGHQFH� DERXW� WKH� UHVXOWV� RI� WKH�QHWZRUN�� 30�� FRQFHQWUDWLRQ� LQ� DQRWKHU�GLVWDQFHV�KDYH�EHHQ�SUHGLFWHG�
5HVXOWV�DQG�'LVFXVVLRQ7KH� GRZQZLQG� SDUWLFOH� FRQFHQWUDWLRQV� KDYH�EHHQ�PHDVXUHG�DW�GLIIHUHQW�GLVWDQFHV�IURP�WKH�VWDFN� RQ� D� FORVH� OD\HU� WR� WKH� JURXQG� VXUIDFH�DQG� WKH� UHVXOWV� DUH� VKRZQ� LQ�)LJ�� ���$V� LW� LV�VHHQ� LQ� WKLV� ILJXUH�� WKH� SRLQW� RI� PD[LPXP�FRQFHQWUDWLRQ� LV� DSSUR[LPDWHO\� ���� P�GRZQZLQG�� $OVR� LQ� )LJ�� �� WKH� PHDVXUHG�FRQFHQWUDWLRQV� DUH� FRPSDUHG� ZLWK� WKRVH�SUHGLFWHG� E\� WKH� (XOHULDQ� PRGHO�� *DXVVLDQ�SOXPH�PRGHO�DQG�$11V�� ,W� FDQ�EH� VHHQ� WKDW�WKHUH�LV�D�JRRG�DJUHHPHQW�EHWZHHQ�WKH�UHVXOWV�

RI�WKHVH�PRGHOV�DQG�WKH�PHDVXUHG�GDWD��)LJ���DOVR� VKRZV� WKDW� IRU� GLVWDQFHV� FORVH� WR� WKH�VRXUFH�� WKH� FRQFHQWUDWLRQ� RI� SROOXWDQWV� LV�ORZHU� DQG� IURP� WKLV� SRLQW� RQ� WR� ���� PHWHU�IURP� WKH� VRXUFH�� WKH� SDUWLFOHV� FRQFHQWUDWLRQ�UDSLGO\� LQFUHDVHV�� 7KHQ� WKH� SROOXWDQWV�FRQFHQWUDWLRQ� LV� DW� ILUVW� DW� D� KLJK� UDWH� DQG�WKHUHDIWHU�GHFUHDVHV� WR�D�VORZ�UDWH��$OVR�� WKH�$$3'��$YHUDJH�$EVROXWH�3HUFHQW�'HYLDWLRQ��SDUDPHWHU� IRU� WKH� UHVXOWV� RI� (XOHULDQ�PRGHO��*DXVVLDQ� PRGHO� DQG� $11V� LV� ���������������DQG�������UHVSHFWLYHO\�DFFRUGLQJ� WR�WKH�H[SUHVVLRQ�
���& &&1�$$3' 1�L LH[S FDOH[S u¸̧¹·¨̈©§ � ¦  ���

)LJXUHV� �� DQG� �� VKRZ� WKH� SDUWLFOH� VL]H�GLVWULEXWLRQ� LQ� WKH� VWDFN� IRU� WZR� VDPSOLQJV��7KHVH� ILJXUHV� LQGLFDWH� WKDW� WKH�SDUWLFOHV�ZLWK���������P�GLDPHWHUV�KDYH�PD[LPXP�ZHLJKW�SHUFHQW�DQG�FRQFHQWUDWLRQ�LQ�WKH�VWDFN�

)LJXUH��� &RPSDULVRQ�RI�PHDVXUHG�FRQFHQWUDWLRQ�ZLWK�WKRVH�SUHGLFWHG�E\�WKH�PDWKHPDWLFDO�PRGHO�(XOHULDQ�PRGHO���*DXVVLDQ�3OXPH�PRGHO�DQG�$11V�
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)LJXUHV� �� DQG� �� LOOXVWUDWH� SDUWLFOH� VL]H�GLVWULEXWLRQ� YHUVXV� ZHLJKW� SHUFHQW� DQG�FRQFHQWUDWLRQ�LQ�WKH�SODQW�DPELHQW�DLU�IRU�WKH�GRZQZLQG�DQG�XSZLQG�RI�WKH�VRXUFH�

)LJXUH� �� 3DUWLFOH� VL]H� GLVWULEXWLRQ� YHUVXV� ZHLJKW�SHUFHQW�LQ�WKH�VWDFN�
)LJXUH �� FRPSDUHV� WKH� SDUWLFOH� VL]H� GLV�WULEXWLRQ� YHUVXV� ZHLJKW� SHUFHQW� DQG� FRQ�FHQWUDWLRQ�LQ�WKH�SODQW�DPELHQW�DLU��,W�FDQ�EH�VHHQ� FOHDUO\� WKDW� WKH SDUWLFOH� FRQFHQW�UDWLRQ�ZLWK�D VL]H� UDQJH�RI��������P�DQG�OHVV�WKDQ����� �P� LQ� WKH� GRZQZLQG� RI� WKH� VRXUFH� LV�PRUH�WKDQ�WKH�XSZLQG�7KUHH� GLPHQVLRQDO� YLHZV� RI� WKH� FRQ�FHQWUDWLRQ�SURILOH�LQ�WKH�JURXQG�VXUIDFH�OD\HU�WKDW� ZHUH SUHGLFWHG� E\� WKH� (XOHULDQ PRGHO�KDYH� EHHQ� VKRZQ� LQ� )LJ�� ��� $V� WKH� ILJXUHV�VKRZ WKH� PD[LPXP� FRQFHQWUDWLRQ� LV� LQ� WKH�GLUHFWLRQ� RI� HPLVVLRQ� IURP� WKH� VWDFN� DW�\ ������ $OVR� WKH� H[WHQW� RI� SROOXWDQW�GLVSHUVLRQ� LQ�\�GLUHFWLRQ� LQFUHDVHV�DV� LW�JHWV�IDUWKHU IURP�WKH�VRXUFH�

)LJXUH� �� 3DUWLFOH� VL]H� GLVWULEXWLRQ� YHUVXV� SDUWLFOHV�FRQFHQWUDWLRQ�LQ�WKH�VWDFN�

)LJXUH� �� 3DUWLFOH� VL]H� GLVWULEXWLRQ� YHUVXV� ZHLJKW�SHUFHQW� LQ� WKH� SODQW� DPELHQW� DLU� �8SZLQG� DQG�GRZQZLQG�RI�WKH�VRXUFH��
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PJ �P�

��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� �����3DUWLFOH�6L]H�� �P�

'RZQZLQG�RI�WKH�VRXUFH8SZLQG�RI�WKH�6RXUFH

)LJXUH� �� 3DUWLFOH� VL]H� GLVWULEXWLRQ� YHUVXV� SDUWLFOHV�FRQFHQWUDWLRQ� LQ� WKH� SODQW� DPELHQW� DLU� �8SZLQG� DQG�GRZQZLQG�RI�WKH�VRXUFH��
&RQFOXVLRQV,Q�WKH�SUHVHQW�VWXG\��D�GHWDLOHG�H[SHULPHQWDO�DQG�WKHRUHWLFDO�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�WR� ILQG� RXW� WKH� SDWWHUQ� RI� SDUWLFXODWH�GLVSHUVLRQ� IURP�.HUPDQ�&HPHQW�3ODQW��7KH�PHDVXUHPHQW� UHVXOW RI� WKLV�ZRUN�VKRZV� WKDW�WKH�30�� FRQFHQWUDWLRQ�LQ�WKH�DPELHQW�DLU�DW�GLVWDQFHV�RI�����± �����P�IURP�WKH�VWDFNV�LV�KLJKHU� WKDQ� WKH� :+2� JXLGHOLQHV� RI� DQ�DQQXDO� DYHUDJH� RI� ���� �J�P�� 3DUWLFOH� VL]H�GLVWULEXWLRQ�IURP�D�FHPHQW�SODQW�VWDFN�KDV�D�ZLGH� UDQJH�� ,W� LQFOXGHV� 30���� 30����� 30���DQG� XOWUD� ILQH� SDUWLFOHV�� 7KHVH� SDUWLFOH� VL]H�UDQJHV� KDYH� VKRZQ� WR� D� VLJQLILFDQW�FRQWULEXWLRQ WR�UHVSLUDWRU\�SUREOHPV��)LQDOO\��JRRG�DJUHHPHQW�EHWZHHQ�PHDVXUHG�GDWD�DQG�(XOHULDQ PRGHO��*DXVVLDQ�SOXPH�PRGHO�DQG�$11V� VKRZ� WKDW� WKHVH� PRGHOV� FDQ� EH� DSRZHUIXO� PRGHO� IRU� SUHGLFWLQJ� SDUWLFOH�FRQFHQWUDWLRQ�IRU�WKH�GRZQZLQG�RI�D�VRXUFH��,Q� GLVWDQFHV�� ���� � ����� PHWHUV� IURP� WKH�

VRXUFH�� XVLQJ� WKH�*DXVVLDQ� SOXPH�PRGHO�RU�$11V� LV�PRUH�DFFXUDWH��)RU� WKH� UHJLRQV� IDU�IURP� �����PHWHU� HLWKHU� WKH� (XOHULDQ PRGHO�RU�$11V�LV�UHFRPPHQGHG�

)LJXUH� �� &RPSDULVRQ� RI� SDUWLFOH� VL]H� GLVWULEXWLRQ�YHUVXV� SDUWLFOHV� FRQFHQWUDWLRQ� DQG�ZHLJKW� SHUFHQW� LQ�WKH�SODQW�DPELHQW�DLU�
1RPHQFODWXUH& &RQFHQWUDWLRQ��PJU�P��GS SDUWLFOHV�GLDPHWHU��P�J JUDYLW\�DFFHOHUDWLRQ��P�V��KH SOXPH�FHQWHUOLQH�KHLJKW��P�N VXPPDWLRQ� OLPLW� IRU� PXOWLSOH� UHIOHF�WLRQV�RI�SOXPH��GLPHQVLRQOHVV��N\ HGG\�GLIIXVLYLW\�LQ�\�GLUHFWLRQ��P��V�N] HGG\�GLIIXVLYLW\�LQ�]�GLUHFWLRQ��P��V�4 HPLVVLRQ�UDWH��JU�V�X ZLQG�VSHHG�LQ�[�GLUHFWLRQ��P�V�XV VWDFN�KHLJKW�ZLQG�VSHHG��P�V��YW SDUWLFOHV�WHUPLQDO�YHORFLW\��P�V�; FRQFHQWUDWLRQ��P JU�P��
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)LJXUH� �� 7KUHH� GLPHQVLRQDO� YLHZV� RI� WKH� FRQFHQWUDWLRQ� SURILOH� LQ� WKH� JURXQG� VXUIDFH� OD\HU� SUHGLFWHG� E\� WKH�PDWKHPDWLFDO�PRGHO �(XOHULDQ�PRGHO��

û [ HOHPHQW�VL]H�LQ�[�GLUHFWLRQ��P�û \ HOHPHQW�VL]H�LQ�\�GLUHFWLRQ��P�]L PL[LQJ�KHLJKW��P�]U UHFHSWRU�KHLJKW�DERYH�JURXQG��P�û ]� HOHPHQW�VL]H�LQ�]�GLUHFWLRQ��P�
*UHHN�OHWWHUV! GHQVLW\��NJ�P��!S SDUWLFOHV�GHQVLW\��NJ�P��� YLVFRVLW\��NJ�P�V�1\ ODWHUDO�GLVSHUVLRQ�SDUDPHWHU��P�1] YHUWLFDO�GLVSHUVLRQ�SDUDPHWHU��P�
5HIHUHQFHV�� .ULVKQD�� 7�9�%�3�6�� 5DPD�� 5HGG\� 0�� .���

5HGG\� 5�� &��� 6LQJK� 5�� 1��� ³,PSDFW� RI� DQ�LQGXVWULDO� FRPSOH[� RQ� WKH� DPELHQW� DLU�TXDOLW\�� &DVH� VWXG\� XVLQJ� D� GLVSHUVLRQ�PRGHO´�� $WPRVSKHULF� (QYLURQPHQW�� ����������������� 6FKXKPDFKHU� 0DUWD�� 'RPLQJR� -RVH� /�� DQG�*DUUHWD� -RVHSD�� ³3ROOXWDQWV� HPLWWHG� E\� D�FHPHQW�SODQW��KHDOWK� ULVNV�IRU�WKH�SRSXODWLRQ�OLYLQJ� LQ� WKH� QHLJKERUKRRG´�� (QYLURQPHQWDO�5HVHDUFK������������������ :+2�81(3��³8UEDQ�$LU�3ROOXWLRQ LQ�0HJD�&LWLHV� RI� WKH� :RUOG´�� 2[IRUG�� 8.�� %ODFN�:HOO����������� +DGDG� .��� 0HKGL]DGHK� 6��� 6RKUDESRXU� 0���³,PSDFW� RI� 'LIIHUHQW� 3ROOXWDQW� 6RXUFHV� RQ�6KLUD]� $LU� 3ROOXWLRQ� 8VLQJ� 630� (OHPHQWDO�
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$QDO\VLV´�� (QYLURQPHQW� ,QWHUQDWLRQDO�� ��������������� -DZRUVVNL� 5��� :UREOHZVNL� 7�� DQG� +RIIPDQ�(��� ³/DVHU� DEODWLRQ� VWXGLHV� RI� VROLG� DHURVROV�RQ� WKH� %DOWLF� FRDVW´�� 2&($12/2*,$�� ��������������� ;�� /L�� -�� =KX�� 3�� *XR�� -��:DQJ�� =��4LX�� 5��/8��+��4LX��0��/L��'��-LDQJ��<��/L��*��=KDQJ��³3UHOLPLQDU\� VWXGLHV� RQ� WKH� VRXUFH� RI� 30��DHURVRO SDUWLFOHV� LQ� WKH� DWPRVSKHUH� RI�6KDQJKDL� &LW\� E\� DQDO\]LQJ� VLQJOH� DHURVRO�SDUWLFOHV´��1XFOHDU� ,QVWUXPHQWV� DQG�PHWKRGV�LQ�3K\VLFV�5HVHDUFK�%������������������ 0LFKDHO� 5�� *RIRUWK� DQG� &KULVWRV� 6��&KULVWRIRURX�� ³3DUWLFOH� VL]H� GLVWULEXWLRQ� DQG�DWPRVSKHULF�PHWDOV�PHDVXUHPHQWV� LQ� D� UXUDO�DUHD� LQ� WKH�6RXWK�(DVWHUQ�86$´� 6FLHQFH�RI�7KH�7RWDO�(QYLURQPHQW ������������������������ 2OFHVH�� /�� (�� DQG� 7RVHOOL�� %�� /���³'HYHORSPHQW� RI� D� PRGHO� IRU� UHDFWLYH�HPLVVLRQV� IURP� LQGXVWULDOV� VWDFNV´��(QYLURQ�PHQWDO� 0RGHOLQJ� DQG� 6RIWZDUH� ���� ������������� 0RUHLUD�� '�� 0��� 9LOKHQD�� 0�� 7��� %XVNH�� '��DQG� 7LUDEDVVL�� 7��� ³7KH� *,/77� VROXWLRQ� RI�WKH� DGYHFWLRQ� ± GLIIXVLRQ� HTXDWLRQ� IRU� DQ�LQKRPRJHQHRXV� DQG� QRQVWDWLRQDU\� 3%/´��$WPRVSKHULF�(QYLURQPHQW�������������������� ³7HFKQLFDO�0DQXDO� IRU� WKH�0HDVXUHPHQW� RI�)XJLWLYH� (PLVVLRQV�� 8SZLQG�'RZQZLQG�6DPSOLQJ� 0HWKRG� IRU� ,QGXVWULDO� (PLVVLRQV��(3$�������������D�´�� 8�6�� (QYLURQPHQWDO�3URWHFWLRQ� $JHQF\�� 5HVHDUFK� 7ULDQJOH� 3DUN��1RUWK�&DUROLQD������������ 6KHQGULNDU�$��'��DQG�(QVRU�'��6���³6DPSOLQJ�DQG� 0HDVXUHPHQW� RI� 7UDFH� (OHPHQW�(PLVVLRQV�IURP�3DUWLFXODWH�&RQWURO�'HYLFHV��7R[LF�0HWDOV�LQ�WKH�$WPRVSKHUH��-�2��1ULDJX�DQG� &�,�� 'DYLGVRQ�� (GV�´� -RKQ� :LOH\� DQG�6RQV��1HZ�<RUN��1HZ�<RUN������������ 3LODW� 0�� -��� 5DHPKLOG� *�� $��� 3RZHOO� (�� %���)LRUHWWH� *�� 0��� DQG� 0H\HU� '�� )���³'HYHORSPHQW� RI� &DVFDGH� ,PSDFWRU� 6\VWHP�IRU� 6DPSOLQJ� ����� WR� ���PLFURQ� 'LDPHWHU�3DUWLFOHV��)3������9ROXPH���´��8QLYHUVLW\�RI�6HDWWOH��6HDWWOH�:DVKLQJWRQ���������

��� 1HOVRQ�3��$���0XPPH\�'��6���DQG�6QRZGHQ�:��'���³8OWUD�)LQH�&DVFDGH�,PSDFWRU�3DUWLFOH�6L]H� 'DWD� 5HODWLRQVKLSV� WR� 2SDFLW\�� &DVH�+LVWRULHV� LQ� 3URFHHGLQJV�� $GYDQFHV� LQ�3DUWLFOH� 6DPSOLQJ� DQG� 0HDVXUHPHQW� �(3$��������������� 17,6� 3%����������´�� 'D\�WRQD�%HDFK��)ORULGD������������ 3DWDQNDU�9��6���³1XPHULFDO�+HDW�WUDQVIHU�DQG�IOXLG� IORZ´�� 0F*UDZ� +LOO�� 1HZ� <RUN������������ 0HKGL]DGHK� )��� +DQDGL� 6��5LDIL�� ³0RGHOLQJ�3RLQW�6RXUFH�3OXPH�DW�KLJK�$OWLWXGHV�8VLQJ�D�0RGLILHG� *DXVVLDQ� 3OXPH� 0RGHO´�� $WPRV�SKHULF�(QYLURQPHQW�������������������� :DUN� .���:DUQHU� &�� )��� 'DYLV�:�� 7��� ³$LU�3ROOXWLRQ� DQG� LWV� 2ULJLQ� DQG� &RQWURO´��$GGYHLVRQ�:HVOH\�/RQJPDQ�,QF������������ %DURXWLDQ� 6��� ³0HDVXULQJ� DQG� 0RGHOLQJ� RI�3DWLFXODWH� 'LVSHUVLRQ� IURP�.HUPDQ� &HPHQW�3ODQW´�� 0�6F�� 7KHVLV�� 6KDKLG� %DKRQDU�8QLYHUVLW\�RI�.HUPDQ��.HUPDQ������������ 0RKHEEL� $�� DQG� %DURXWLDQ� 6��� ³1XPHULFDO�0RGHOLQJ� RI� 3DUWLFXODWH� 0DWWHU� 'LVSHUVLRQ�IURP�.HUPDQ�&HPHQW� 3ODQW�� ,UDQ´�� (QYLURQ��0RQLW�� $VVHVV��� LQ� SUHVV�� '2,�� ��������V�����������������������


