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$ PRQWKO\�LQGLFDWRU�RI�SULYDWH�IL[HG�FDSLWDO�

IRUPDWLRQ��D�PRGHO�EDVHG�DSSURDFK�

�

)ORULV�YDQ�5XWK�

�

6XPPDU\�� +DYLQJ� WR� SURGXFH� DFFXUDWH� KLJK�IUHTXHQF\� HFRQRPLF� VWDWLVWLFV�

ZLWK� OLPLWHG� GDWD� DYDLODEOH� LV� D� FRPPRQ�SUREOHP� IRU� VWDWLVWLFDO� LQVWLWXWLRQV��
7KLV� VWXG\� VKRZV� KRZ� VWDWH� VSDFH� EDVHG� DSSURDFKHV� WR� KLJK�IUHTXHQF\�

LQWHUSRODWLRQ�FDQ�SURYLGH�D�VROXWLRQ�� ,W� LV�GHVFULEHG�KRZ�D�PRQWKO\� LQGH[�RI�

WKH� GHYHORSPHQW� RI� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� FDQ� EH� FRPSXWHG�� XVLQJ�

PRQWKO\� GDWD� RQ� SURGXFWLRQ� DQG� LPSRUWV� RI� FDSLWDO� JRRGV�� 7ZR� GLIIHUHQW�
PHWKRGV� DUH� WHVWHG�� DQ� LQWHUSRODWLRQ� IRUPXODWLRQ� DQG� D� FXPXODWLYH�

IRUPXODWLRQ�� %RWK� DSSURDFKHV� SURGXFH� JRRG� PRQWKO\� LQGLFDWRUV�� EXW� WKH�

LQWHUSRODWLRQ�DSSURDFK�LV�WR�EH�SUHIHUUHG��$Q�DGGLWLRQDO�DGYDQWDJH�LV�WKDW�WKLV�

DSSURDFK� FDQ� EH� HDVLO\� DXWRPDWHG�� UHVXOWLQJ� LQ� D� YHU\� IDVW� DQG� HIILFLHQW�
SURGXFWLRQ�SURFHVV��

.H\ZRUGV��6WDWH�6SDFH�PRGHOV��.DOPDQ�ILOWHU��WHPSRUDO�GLVDJJUHJDWLRQ��KLJK�

IUHTXHQF\� LQWHUSRODWLRQ�� EHQFKPDUNLQJ�� EXVLQHVV� F\FOH� LQGLFDWRUV�� IL[HG�

FDSLWDO�IRUPDWLRQ��TXDUWHUO\�1DWLRQDO�$FFRXQWV�

�



�

��� ,QWURGXFWLRQ�

�

7KLV�VWXG\�GHVFULEHV�WZR�PHWKRGV�IRU�SURGXFLQJ�D�PRQWKO\�LQGLFDWRU��D�QHZ�VWDWLVWLF��
XVLQJ�HFRQRPHWULF�PHWKRGV�DQG�EDVHG�RQ�H[LVWLQJ�PRQWKO\�GDWD�VRXUFHV��7KH�UHVXOWV�
LQ�WKLV�VWXG\�DUH�LQWHUHVWLQJ�IRU�WZR�UHDVRQV��)LUVWO\��WKH�QHZ�VWDWLVWLF�FRQFHUQHG�LV�D�
PRQWKO\� LQGLFDWRU� IRU� WKH� GHYHORSPHQW� RI� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ�� D� YHU\�
XVHIXO� DGGLWLRQ� WR� WKH� UDQJH�RI� VKRUW�WHUP�HFRQRPLF� VWDWLVWLFV�DOUHDG\�SURGXFHG�E\�
6WDWLVWLFV�1HWKHUODQGV��%XW�DOVR�EHFDXVH�LW� LV�VKRZQ�KRZ�HFRQRPHWULF�PHWKRGV�FDQ�
EH�XVHG�WR�SURGXFH�QHZ�VWDWLVWLFV�HIILFLHQWO\��XVLQJ�H[LVWLQJ�GDWD�PRUH�IXOO\��DQG�WKXV�
UHGXFLQJ�WKH�QHHG�IRU��QHZ��VXUYH\V��$V�PRUH�DQG�PRUH�RIILFLDO�DQG�SULYDWH�VHFWRU�
GDWD�VRXUFHV�EHFRPH�DYDLODEOH��WKH�QHHG�IRU�DQG�XWLOLW\�RI�WHFKQLTXHV�OLNH�WKHVH�FDQ�
RQO\� LQFUHDVH�� $Q� HQKDQFLQJ� IDFWRU� LV� WKH� HYHU� LQFUHDVLQJ� GHVLUH� IRU� IDVWHU�
LQIRUPDWLRQ��ZKLFK�PHDQV�QRW�RQO\�WKH�TXLFN�SXEOLFDWLRQ�RI�VWDWLVWLFV��EXW�SUHIHUDEO\�
DW�D�KLJK�IUHTXHQF\�DV�ZHOO��$W�WKH�VDPH�WLPH�KRZHYHU��WKHUH�LV�SUHVVXUH�RQ�VWDWLVWLFDO�
DJHQFLHV�WR�UHGXFH�WKH�DGPLQLVWUDWLYH�EXUGHQ�RQ�WKH�SULYDWH�VHFWRU���

(FRQRPHWULF� WHFKQLTXHV� FDQ� EH� RI� JUHDW� XVH� KHUH� IRU� VHYHUDO� UHDVRQV�� 3URGXFWLRQ�
SURFHVVHV� EDVHG�RQ� WKHVH� WHFKQLTXHV�DUH� UHDGLO\� DXWRPDWHG�� DQG� WKHUHIRUH� IDVW� DQG�
HIILFLHQW�� $OVR�� E\� WKHLU� YHU\� QDWXUH� HFRQRPHWULF� WHFKQLTXHV� FDQ�� ZKHQ� FRUUHFWO\�
DSSOLHG�� PDNH� WKH� PRVW� RI� LPSHUIHFW� VRXUFH� GDWD� RU� RSWLPL]H� H[LVWLQJ� HVWLPDWLRQ�
SURFHVVHV��7KH� LQWHUHVW� LQ� DQG� XVH� RI� HFRQRPHWULF� WHFKQLTXHV� LQ� WKH� SURGXFWLRQ� RI�
KLJK�IUHTXHQF\� 1DWLRQDO� $FFRXQWV� VWDWLVWLFV� KDV� EHHQ� LQFUHDVLQJ� >� /LX� DQG� +DOO�
��������4XLOLV���������3URLHWWL�DQG�0RDXUR�������@��7KLV�VWXG\�FRQFHUQV�LWVHOI�ZLWK�
WKH� XVHIXOQHVV� RI� VWDWH� VSDFH� EDVHG�PHWKRGV� IRU� WKH� SURGXFWLRQ� RI� KLJK�IUHTXHQF\�
VWDWLVWLFV��7KH�VWDWH�VSDFH�IUDPHZRUN� LV�D�YHU\�YHUVDWLOH�PHWKRG�IRU�GHVFULELQJ�DQG�
HVWLPDWLQJ� WKH� G\QDPLFV� RI� HFRQRPLF� DQG� RWKHU� YDULDEOHV�� ,W� PDNHV� LW� SRVVLEOH� WR�
HVWLPDWH�GLYHUVH�DQG�RWKHUZLVH�GLIILFXOW�WR�HYDOXDWH�PRGHOV��7KH�DSSOLFDWLRQ�RI�VWDWH�
VSDFH�EDVHG�PHWKRGV�LQ�VWDWLVWLFV�SURGXFWLRQ�LV�LQFUHDVLQJ�� ,W� LV�XVHG�IRU�HVWLPDWLQJ�
XQREVHUYHG�PRQWKO\�UHJLRQDO�SURGXFWLRQ�LQGLFDWRUV�XVLQJ�REVHUYHG�UHJLRQDO�DQQXDO�
LQGLFDWRUV� DQG� UHODWHG� PRQWKO\� LQGLFDWRUV� >&ODU� HW� DO�� ������� DQG� ,VUDHOHYLFK� DQG�
.XWWQHU� ������@�� IRU� UHSDLULQJ� EUHDNV� LQ� WLPH� VHULHV� >9DQ� GH� %UDNHO� DQG� 5RHOV�
������@�� LPSURYLQJ� WKH� TXDOLW\� RI� H[LVWLQJ� VWDWLVWLFV� >9DQ� GH� %UDNHO� DQG� .ULHJ�
������@�DQG�EDFNFDVWLQJ�DQG�UHSDUDWLRQ�RI�KLVWRULFDO�WLPH�VHULHV��

2QH�RI�WKH�VWUHQJWKV�RI�WKH�VWDWH�VSDFH�DSSURDFK�LV�WKH�DELOLW\�WR�H[WUDFW�XQREVHUYHG�
SURFHVVHV�RU�YDULDEOHV��OLNH�SURGXFLQJ�D�QHZ�PRQWKO\�VWDWLVWLF��7KLV�VWXG\�LV�SDUW�RI�
VHULHV�RI�VWXGLHV�>9DQ�5XWK������D�E�@�LQWR�WKH�DSSOLFDWLRQ�RI�VWDWH�VSDFH�PHWKRGV�IRU�
WKH� SURGXFWLRQ� RI� KLJK�IUHTXHQF\� VWDWLVWLFV�� PRUH� VSHFLILF� D� PRQWKO\� LQGLFDWRU� RI�
IL[HG�FDSLWDO�IRUPDWLRQ��2QH�RI�WKH�HDUOLHU�VWXGLHV�>9DQ�5XWK�����E@�VKRZHG�WKDW�LW�
LV� SRVVLEOH� WR� XVH� VWDWH� VSDFH�PRGHOV� WR� H[WUDFW� D� FUHGLEOH�PRQWKO\� LQGLFDWRU� IURP�



�

UHOHYDQW� PRQWKO\� LQGLFDWRUV�� 7KH� TXHVWLRQ� ZDV� ZKHWKHU� LW� LV� SRVVLEOH� ZLWK� WKHVH�
WHFKQLTXHV� WR� FRQVWUXFW� PRQWKO\� RU� TXDUWHUO\� VWDWLVWLFV� ZLWKRXW� XVLQJ� D� IRUPDO�
VWDWLVWLFDO� IUDPHZRUN�� DQG� ZKHWKHU� WKLV� FDQ� EH� GRQH� ZLWK� DFFHSWDEOH� DFFXUDF\�� ,W�
VKRZHG�WKDW�LW�LV�SRVVLEOH�WR�GHULYH�D�FUHGLEOH�QHZ�VWDWLVWLF�IURP�H[LVWLQJ�GDWD�VRXUFHV�
QRW� VSHFLILFDOO\� WDLORUHG� WR� SURGXFLQJ� WKH� GHVLUHG� VWDWLVWLF�� ,W� XVHG� DQ� LQWHUSRODWLRQ�
DSSURDFK��ZKHUH�WKH�GHVLUHG�KLJK�IUHTXHQF\�LQGLFDWRUV�DUH�GHILQHG�DV�PLVVLQJ�YDOXHV�
EHWZHHQ� WKH� REVHUYHG� �TXDUWHUO\�� UHDOLVDWLRQV�� 7KHUHIRUH�� WKH� KLJK� IUHTXHQF\�
LQGLFDWRU�LV�XQREVHUYHG��EXW�DVVXPHG�WR�H[LVW��,Q�WKLV�FDVH��WKH�REVHUYHG�YDULDEOH�LV�
WKH� TXDUWHUO\� JURZWK� UDWH� RI� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� DQG� WKH� XQREVHUYHG�
YDULDEOHV�DUH�WKH�FRUUHVSRQGLQJ�PRQWKO\�JURZWK�UDWHV��4XLWH�D�QXPEHU�RI�WHFKQLTXHV�
KDYH�EHHQ�GHYHORSHG�IRU�KLJK�IUHTXHQF\�LQWHUSRODWLRQ�>'L�)RQ]R�������@��$�QXPEHU�
RI� (XURSHDQ� VWDWLVWLFDO� LQVWLWXWHV� XVH� RQH� IRUP� RU� DQRWKHU� RI� WKHVH� WHFKQLTXHV� WR�
HVWLPDWH�FHUWDLQ�TXDUWHUO\�FRPSRQHQWV�RI�*'3�XVLQJ�DQQXDO�GDWD�DQG�D�IRUP�RI�VWDWH�
VSDFH�PRGHOOLQJ� >'L�)RQ]R� ��������3URLHWWL� ������� �����@��7KLV� FDQ�EH� D� SUDFWLFDO�
DQG� HIILFLHQW� PHWKRG� IRU� SURGXFLQJ� VWDWLVWLFV� IRU� ZKLFK� LW� ZRXOG� EH� WRR� FRVWO\� RU�
GLIILFXOW�WR�REWDLQ�VRXUFH�GDWD�DW�WKH�UHOHYDQW��PRQWKO\��TXDUWHUO\��IUHTXHQF\��7KHVH�
WHFKQLTXHV� ZHUH� LQLWLDOO\� GHYHORSHG� IRU� WKH� UHWURVSHFWLYH� GHFRQVWUXFWLRQ� RI� ORZ�
IUHTXHQF\�VWDWLVWLFV�LQWR�KLJKHU�IUHTXHQF\�RQHV��7R�XVH�WKHVH�WHFKQLTXHV�LQ�WKH�DFWXDO�
SURGXFWLRQ�RI�D�KLJK�IUHTXHQF\�VWDWLVWLF�LV�GLIILFXOW��DV�RQH�LV�FRQWLQXDOO\�PLVVLQJ�WKH�
ODVW�ORZ�IUHTXHQF\�REVHUYDWLRQ��8VLQJ�VWDWH�VSDFH�EDVHG�PRGHOV�FDQ�FRPSHQVDWH�IRU�
WKLV�DV�WKHVH�ZHUH�FRQVWUXFWHG�IRU�PDNLQJ�RSWLPDO�SUHGLFWLRQV��7KLV�VWXG\�SUHVHQWV�DQ�
XSGDWH� RI� WKH� LQWHUSRODWLRQ� DSSURDFK� IRU� HVWLPDWLQJ� WKH� PRQWKO\� LQGLFDWRU�� DQG�
FRPSDUHV�LW�WR�WKH�RXWFRPHV�RI�DQRWKHU�YDULDQW��D�FXPXODWLYH�VWDWH�VSDFH�IRUPXODWLRQ��

)L[HG� FDSLWDO� IRUPDWLRQ� LV� RQH� RI� WKH� NH\� PDFUR�HFRQRPLF� LQGLFDWRUV�� DV� FDSLWDO�
H[SHQGLWXUH�SOD\V�D�FHQWUDO�UROH�LQ�EXVLQHVV�F\FOH�G\QDPLFV��DQG�WKH�UDWH�RI�FDSLWDO�
IRUPDWLRQ�LV�D�NH\�GHWHUPLQDQW�RI�VWUXFWXUDO�HFRQRPLF�JURZWK��7KHUHIRUH��VWDWLVWLFV�
RQ� FDSLWDO� IRUPDWLRQ� DUH� QRW� RQO\� RI� LQWHUHVW� IRU� ILQDQFLDO� PDUNHWV� EXW� IRU� SROLF\�
PDNHUV��DV�ZHOO��7KLV�VWXG\�IRFXVHV�RQ�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ��DV�WKLV�KDV�WKH�
FORVHVW�OLQN�ZLWK�FXUUHQW�HFRQRPLF�FRQGLWLRQV��7UDGLWLRQDOO\��WKH�KLJKHVW�IUHTXHQF\�DW�
ZKLFK� 6WDWLVWLFV�1HWKHUODQGV� SXEOLVKHV� GDWD� RQ� FDSLWDO� IRUPDWLRQ� LV� TXDUWHUO\�� ,W� LV�
SDUW�RI�WKH�TXDUWHUO\�1DWLRQDO�$FFRXQWV��RI�ZKLFK�WKH�PHWKRGRORJ\�LV�EDVHG�RQ�WKH�
DQQXDO�V\VWHP�RI�1DWLRQDO�$FFRXQWV��7KHUH�LV�QR�LQGHSHQGHQW�VXUYH\�RQ�IL[HG�FDSLWDO�
IRUPDWLRQ�� ,W� LV� D� FRPSRVLWH� VWDWLVWLF�� ZKRVH� GHYHORSPHQW� LV� GHULYHG� IURP� RWKHU�
TXDQWLWLHV� LQ�D�V\VWHP�RI�VXSSO\�DQG�XVH� WDEOHV��5HSOLFDWLQJ�WKLV�PHWKRGRORJ\�RQ�D�
PRQWKO\�EDVLV�PLJKW�EH�GLIILFXOW�DQG�WLPH�FRQVXPLQJ��LI�SRVVLEOH�DW�DOO��,Q�WKLV�VWXG\�
RQH�RI�WKH�DOWHUQDWLYHV�LV�HYDOXDWHG��XVLQJ�HFRQRPHWULF�WHFKQLTXHV�WR�SURGXFH�KLJK�
IUHTXHQF\�GDWD�IURP�UHODWHG�LQGLFDWRUV���

8VLQJ� WKH� HFRQRPHWULF� WHFKQLTXHV� GHVFULEHG�� WKH� XQREVHUYHG� JURZWK� UDWHV� DUH�
HVWLPDWHG� E\� XVLQJ� VHOHFWHG� UHODWHG� PRQWKO\� LQGLFDWRUV�� 7KHVH� DUH� PDLQO\�
FRPSRQHQWV� RI� LQGXVWULDO� SURGXFWLRQ� DQG� LPSRUWV�� ZKLFK� DUH� WKH� PDLQ� VRXUFHV� RI�
IL[HG� FDSLWDO�� 7KH� ORZHU� IUHTXHQF\� �TXDUWHUO\�� VWDWLVWLF� LV� XVHG� DV� UHIHUHQFH�� DQG�
UHODWHG� PRQWKO\� LQGLFDWRUV� DUH� XVHG� WR� FRQVWUXFW� D�PRQWKO\� HVWLPDWH� RI� WKH� WDUJHW�
LQGLFDWRU��7KLV�LV�EDVLFDOO\�DQ�LQGLFDWRU�DSSURDFK��7KLV�PHDQV�WKDW�LW�LV�QRW�DWWHPSWHG�
WR�PHDVXUH� WKH� OHYHO� RI� FDSLWDO� IRUPDWLRQ�GLUHFWO\�� ,QVWHDG�� LQGLFDWRUV� IRU� WKH�PRVW�
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LPSRUWDQW� FRPSRQHQWV� RI� IL[HG� FDSLWDO� IRUPDWLRQ� DUH� VRXJKW�� DQG� IURP� WKHLU�
GHYHORSPHQW� WKH� GHYHORSPHQW� RI� WKH� WDUJHW� YDULDEOH�� IL[HG� FDSLWDO� IRUPDWLRQ�� LV�
GHULYHG�� 7KXV�� PRQWKO\� IL[HG� FDSLWDO� IRUPDWLRQ� LV� D� NLQG� RI� ODWHQW� YDULDEOH�� QRW�
GLUHFWO\�REVHUYHG��EXW�LWV�GHYHORSPHQW�FDQ�EH�GHULYHG�IURP�WKH�EHKDYLRXU�RI�UHODWHG�
TXDQWLWLHV���
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��� 6RPH�KLVWRU\�

�

$Q�HDUOLHU�YHUVLRQ�RI�WKH�LQWHUSRODWLRQ�PHWKRG��EDVHG�RQ�WKH�UHVXOWV�IRUP�WKH�VWXG\�
>9DQ�5XWK� ����E@��ZDV� WHVWHG� RYHU� D� WULDO� SHULRG� RI� VL[� TXDUWHUV� IURP�����4�� WR�
����4���'XULQJ�WKLV�SHULRG��HDFK�PRQWK�DQ�HVWLPDWH�RI�WKH�PRQWKO\�LQGLFDWRU�RI�WKH�
GHYHORSPHQW�RI�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ�ZDV�FRPSXWHG��EDVHG�RQ�WKH�GDWD�WKDW�
FDPH� DYDLODEOH� WKDW� PRQWK�� 7KH� PRQWKO\� LQGLFDWRUV� XVHG� ZHUH� WKH� SURGXFWLRQ� RI�
EXLOGLQJ�PDWHULDOV�DQG�WKH�LPSRUWV�RI�,7�HTXLSPHQW��7KH�UHVXOWV�DUH�VKRZQ�LQ�JUDSK�
����FRPSDUHG�ZLWK�WKH�4XDUWHUO\�1DWLRQDO�$FFRXQWV�)ODVK�HVWLPDWH�RI�SULYDWH�IL[HG�
FDSLWDO�IRUPDWLRQ��ZKLFK�LV�WKH�TXDUWHUO\�UHIHUHQFH�YDULDEOH��7KH�)ODVK�HVWLPDWH�LV�WKH�
ILUVW�� SUHOLPLQDU\� HVWLPDWH� SURGXFH� E\� WKH� 4XDUWHUO\� 1DWLRQDO� $FFRXQWV�� DQG� WKH�
PRQWKO\�LQGLFDWRU�LV�D�SUHFXUVRU�WR�WKLV�)ODVK�HVWLPDWH���

�

*UDSK������4XDUWHUO\�1DWLRQDO�$FFRXQWV�)ODVK�HVWLPDWH�IRU�\R\�JURZWK�UDWH�RI�WRWDO�SULYDWH�

IL[HG�FDSLWDO�IRUPDWLRQ��FRPSDUHG�WR�TXDUWHUO\�DYHUDJH�ILUVW�HVWLPDWHV�H[SHULPHQWDO�PRQWKO\�

LQGLFDWRU��

�

�

�

�

�

��

��

����4� ����4� ����4� ����4� ����4� ����4�

0RQWKO\�LQGLFDWRU�ILUVW�HVWLPDWH 41$�IODVK�HVWLPDWH
�

�

7KH� PDWFK� EHWZHHQ� WKH� PRQWKO\� HVWLPDWH� DQG� WKH� FRUUHVSRQGLQJ� TXDUWHUO\� IODVK�
HVWLPDWH�LV�VXUSULVLQJO\�JRRG��ZLWK�DQ�DYHUDJH�PHDQ�DEVROXWH�HUURU�RI�RQO\��������
SRLQWV�� 7KLV� LV� FRPSDUDEOH� WR� WKH� UPVH� IRXQG� LQ� WKH� RXW� RI� VDPSOH� H[HUFLVHV�
SHUIRUPHG� LQ� WKH� GHYHORSPHQW� VWDJH�� 2I� FRXUVH� WKH� )ODVK� HVWLPDWH� LV� RQO\�
SUHOLPLQDU\� DQG� VXEMHFW� WR� VXEVWDQWLDO� UHYLVLRQV� DV� PRUH� DQG� PRUH� DFFXUDWH� GDWD�
EHFRPH�DYDLODEOH��%XW�DV�JUDSK�����VKRZV��WKH�PRQWKO\�HVWLPDWLRQ�PHWKRG�LV�DEOH�WR�
DGDSW�DQG�SURGXFH�DFFXUDWH�UHYLVHG�HVWLPDWHV�DV�WKH�41$�UHDOLVDWLRQV�DUH�UHYLVHG��
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*UDSK������4XDUWHUO\�1DWLRQDO�$FFRXQWV�HVWLPDWHV�IRU�\R\�JURZWK�UDWH�RI�WRWDO�SULYDWH�IL[HG�

FDSLWDO�IRUPDWLRQ��ERWK�IODVK�HVWLPDWH�DQG�UHYLVHG��FRPSDUHG�WR�TXDUWHUO\�DYHUDJHV�RI��ILUVW�

DQG�UHYLVHG�HVWLPDWHV�H[SHULPHQWDO�PRQWKO\�LQGLFDWRU��

�

�

�

�
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����4� ����4� ����4� ����4� ����4�
0RQWKO\�LQGLFDWRU�UHYLVHG 41$�HVWLPDWH�UHYLVHG
0RQWKO\�LQGLFDWRU�ILUVW�HVWLPDWH 41$�IODVK�HVWLPDWH

�

�

7KHVH�DFWXDO�SURGXFWLRQ�UHVXOWV�VKRZ�WKDW�SURGXFLQJ�VWDWLVWLFV�XVLQJ�WKLV�PRGHO�EDVHG�
DSSURDFK� LV� DEVROXWHO\� YLDEOH�� 5HVXOWV� ZHUH� RXWVWDQGLQJ� DQG� EHFDXVH� WKH�
FRPSXWDWLRQV� ZHUH� DXWRPDWHG�� SURGXFWLRQ� WLPH� ZDV� QHJOLJLEOH�� 7KHQ� D� VHULRXV�
SUREOHP� DURVH�� $Q� LPSRUWDQW� LQSXW� WR� WKH� FRPSXWDWLRQV� ZHUH� GDWD� RQ� LPSRUWV� RI�
FDSLWDO� JRRGV� DW� WKH� ��GLJLW� OHYHO�� L�H�� EURNHQ� GRZQ� LQWR� FDWHJRULHV� OLNH� HOHFWULFDO�
HTXLSPHQW��,7�KDUGZDUH��WUDQVSRUW�HTXLSPHQW�HWF��,W�WXUQHG�RXW�WKDW�WKH�FRPSRVLWLRQ�
RI�WKHVH�ORZHU�OHYHO�LPSRUW�DJJUHJDWHV�LV�XQVWDEOH�IURP�RQH�\HDU�WR�WKH�QH[W��0RVWO\�
WKH� FKDQJHV� DUH� VPDOO�� EXW� VRPHWLPHV� WKH\� ZHUH� VLJQLILFDQW�� 7KLV� PHDQV� WKDW� WKH�
\HDU�RQ�\HDU�JURZWK�UDWHV�DUH�GLVWRUWHG��UHVXOWLQJ�LQ�LQDFFXUDWH�HVWLPDWHV��7KH�PRVW�
SUDFWLFDO� VROXWLRQ�WR� WKLV�SUREOHP�ZDV�XVLQJ�KLJKHU� OHYHO� LPSRUW�DJJUHJDWHV��ZKLFK�
DUH� OHVV� SUHFLVH� EXW� RI� VWDEOH� FRPSRVLWLRQ��7KLV� VSXUUHG� WKH� UHVHDUFK�RI�ZKLFK� WKH�
UHVXOWV�DUH�UHSRUWHG�LQ�WKLV�SDSHU���

7KH�QHZ�FRPSXWDWLRQ�PRGXOH�LV�DJDLQ�EDVHG�RQ�WKH�LQWHUSRODWLRQ�DSSURDFK�GHVFULEHG�
ODWHU�LQ�WKLV�SDSHU��,W�QRZ�XVHV�LPSRUW�GDWD�RQ�VLQJOH�GLJLW�DJJUHJDWLRQ�OHYHO��LQ�WKLV�
FDVH� WKH� LPSRUWV� RI�PDFKLQHU\� DQG� WUDQVSRUW� HTXLSHPWQ��ZLWK� WKH� RWKHU� LQGLFDWRUV�
PRVWO\�XQFKDQJHG��7HVW�SURGXFWLRQ�ZDV�UHVXPHG�LQ�WKH�ODVW�TXDUWHU�RI�������ZKLFK�
PHDQV�WKDW�E\�QRZ�WKUHH�TXDUWHUV�RI�DFWXDO�SURGXFWLRQ�UHVXOWV�DUH�DYDLODEOH��,Q�JUDSK�
�����WKH�RXWFRPHV�DUH�FRPSDUHG�WR�WKH�41$�IODVK�HVWLPDWHV��:KHQ�FRPSDULQJ�JUDSK�
�����DQG������LW�EHFRPHV�FOHDU�WKDW�WKH�QHZ�V\VWHP�LV�QRW�DV�DFFXUDWH�DV�WKH�ROG�RQH��
7KH�PRQWKO\�HVWLPDWHV�DUH�VWLOO�D�UHOLDEOH�SUHFXUVRU�RI�WKH�41$�IODVK�HVWLPDWHV��EXW�
GR� QRW� WUDFN� WKHP� DV� FORVHO\� DV� EHIRUH�� 7KLV� LV� SUREDEO\� QRW� RQO\� GXH� WR� WKH� OHVV�
DFFXUDWH� LPSRUW� LQGLFDWRUV��EXW� DOVR� WR� WKH� VKRUWHU� WLPH� VHULHV�QRZ�DYDLODEOH� �IURP�
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�����4�� LQVWHDG�RI������4����7KH�PHDQ�DYHUDJH�GHYLDWLRQ� LV�QRZ�����SHUFHQWDJH�
SRLQWV��ZKLFK�LV�DFFHSWDEOH�IRU�D�UDSLG�LQGLFDWRU��

�

*UDSK������4XDUWHUO\�1DWLRQDO�$FFRXQWV�)ODVK�HVWLPDWH�IRU�\R\�JURZWK�UDWH�RI�WRWDO�SULYDWH�

IL[HG� FDSLWDO� IRUPDWLRQ�� FRPSDUHG� WR� TXDUWHUO\� DYHUDJH� ILUVW� HVWLPDWHV� QHZ� YHUVLRQ�

H[SHULPHQWDO�PRQWKO\�LQGLFDWRU��
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41$�IODVK�HVWLPDWH 0RQWKO\�LQGLFDWRU�ILUVW�HVWLPDWH
�
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���� 7KH�VWDWH�VSDFH�IUDPHZRUN�

7KH�VWDWH�VSDFH�IUDPHZRUN�LV�D�PHWKRG�IRU�UHIRUPXODWLQJ�WKH�G\QDPLFV�RI�HFRQRPLF�
DQG� VWDWLVWLFDO�PRGHOV� LQ� D� IRUP�ZKLFK�DOORZV� IRU� DQDO\VHV� WR�EH�SHUIRUPHG�ZKLFK�
ZRXOG� RWKHUZLVH� EH� YHU\� GLIILFXOW��8VHG� LQ� FRPELQDWLRQ�ZLWK� WKH�.DOPDQ� ILOWHU�� LW�
RIIHUV�FRPSXWDWLRQDO�HIILFLHQF\�DQG�SRZHU��,W�LV�PDLQO\�XVHG�LQ�VHDVRQDO�DGMXVWPHQW��
VWDWLVWLFDO� DQDO\VLV� >%LNNHU� HW� DO�� ������@�� EXVLQHVV� F\FOH� UHVHDUFK� >&DUYDOKR� DQG�
+DUYH\� ��������6WRFN�DQG�:DWVRQ� ��������9DOOH�H�$]HYHGR�DQG�.RRSPDQ���������
9DQ�5XWK�HW�DO��������@�DQG�WHPSRUDO�GLVDJJUHJDWLRQ�RI�VWDWLVWLFV�>&ODU�HW�DO����������
'L�)RQ]R���������������3URLHWWL���������������%XLWHQ�HW�DO��������@��

�

7KH�PHWKRGV�XVHG�IRU�WHPSRUDO�GLVDJJUHJDWLRQ�GHVFULEHG�LQ� WKH� OLWHUDWXUH�JHQHUDOO\�
XVH� WZR� FRPSRQHQWV� WR� HVWLPDWH� WKH� WDUJHW� YDULDEOH�� VRPH� IRUP� RI� DXWRUHJUHVVLYH�
SURFHVV� DQG� D� SURFHVV� LQWURGXFLQJ� H[RJHQRXV�� VR�FDOOHG� UHODWHG� LQGLFDWRUV�� %RWK�
W\SHV�RI�FRPSRQHQWV�DUH�HDVLO\�LQFRUSRUDWHG�LQ�WKH�VWDWH�VSDFH�DSSURDFK��%DVLFDOO\��
LQ� WKH� VWDWH� VSDFH� IUDPHZRUN� WKHUH�DUH� WZR� W\SHV�RI�YDULDEOHV��REVHUYHG� LQGLFDWRUV�
ZKLFK�DUH�OLQNHG�WR�WKH�VHFRQG�W\SH��WKH�XQREVHUYHG�VWDWH�YDULDEOHV�ZKLFK�GHWHUPLQH�
PRVW�RI�WKH�G\QDPLFV�RI�WKH�V\VWHP��,Q�LWV�PRVW�EDVLF�IRUP�D�VWDWH�VSDFH�PRGHO�FDQ�
EH�GHVFULEHG�E\�WKH�IROORZLQJ�HTXDWLRQV�>+DUYH\�������@��
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7KH�ILUVW�HTXDWLRQ�LV�WKH�VR�FDOOHG�VLJQDO�RU�PHDVXUHPHQW�HTXDWLRQ��ZKLFK�GHVFULEHV�
KRZ�WKH�GLUHFWO\�REVHUYHG�YDULDEOHV�\W�DUH�UHODWHG�WR�WKH�XQREVHUYHG�YDULDEOHV� W��WKH�
VR�FDOOHG�VWDWH�YDULDEOHV��%\�HODERUDWLQJ�RQ�WKLV�EDVLF�VWUXFWXUH��YLUWXDOO\�DOO�W\SHV�RI�
G\QDPLFV� FDQ� EH� PRGHOOHG�� 7KH� VWDWH� YHFWRUV� W� FDQ� EH� ERWK� VFDODU�� DQG� YHFWRU�
YDOXHG��7KH�G\QDPLFV�RI�WKH�VWDWH�YHFWRU�DUH�GHVFULEHG�E\�WKH�VHFRQG�HTXDWLRQ��WKH�
WUDQVLWLRQ�HTXDWLRQ��$SDUW�IURP�DXWRUHJUHVVLYH�FRPSRQHQWV��VWDWH�VSDFH�PRGHOV�FDQ�
DOVR� LQFRUSRUDWH� LQIRUPDWLRQ� IURP� H[RJHQRXV� YDULDEOHV�� RU� UHODWHG� LQGLFDWRUV��
%DVLFDOO\�� WKHVH� FDQ� EH� HQWHUHG� LQ� WZR� ZD\V�� D� VWUDLJKWIRUZDUG� DSSURDFK� LV� WR�
LQWURGXFH�DQ�DGGLWLRQDO�WHUP�LQ�WKH�PHDVXUHPHQW�HTXDWLRQ��

�
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:KHUH�[W�LV�D�YHFWRU�RI�H[RJHQRXV�YDULDEOHV��FRQWDLQLQJ�WKH�UHOHYDQW�YDOXHV�DW�W��DQG�
*W�LV�D�PDWUL[�RI��XVXDOO\�IL[HG��FRHIILFLHQWV��7KH�RWKHU�PHWKRG�LV�WR�LQFRUSRUDWH�WKH�
H[RJHQRXV�LQGLFDWRUV�LQ�WKH�VWDWH�HTXDWLRQ��
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,Q�WKH�EDVLF�HTXDWLRQ������=W�DQG�6W��DUH�FRQVWDQW�FRHIILFLHQW�YHFWRUV�DQG�7W��DQG�5W�DUH�
FRQVWDQW� FRHIILFLHQW� PDWULFHV�� 7KH� GLVWXUEDQFHV� W� DQG� W� KDYH� PHDQ� ]HUR� DQG�
FRYDULDQFH�PDWUL[�+W�DQG�4W�UHVSHFWLYHO\��DQG�DUH�VHULDOO\�XQFRUUHODWHG��7KH�V\VWHP�
SDUDPHWHUV��RU�K\SHUSDUDPHWHUV��=W��6W��7W��5W��+W�DQG�4W�DUH�XQNQRZQ�DQG�QHHG�WR�EH�
GHWHUPLQHG��)RU�WKLV��D�SRZHUIXO�WHFKQLTXH�NQRZQ�DV�WKH�.DOPDQ�)LOWHU�LV�XVHG��7KLV�
WHFKQLTXH� JUHDWO\� VLPSOLILHV� HVWLPDWLQJ� WKHVH� PRGHOV� DQG� IDFLOLWDWHV� WKH�
GHWHUPLQDWLRQ� RI� WKH� XQREVHUYHG� VWDWH� YHFWRUV�� $� VKRUW� GLVFXVVLRQ� RI� WKH� .DOPDQ�
)LOWHU�FDQ�EH� IRXQG� LQ�$SSHQGL[� ,��7KH�IRUFH�RI� WKH�VWDWH�VSDFH�DSSURDFK�OLHV�KHUH�
ERWK�LQ�WKH�DELOLW\�WR�HVWLPDWH�WKH�XQREVHUYHG�PRQWKO\�YDOXHV�DQG�WR�SURGXFH�RSWLPDO�
HVWLPDWHV�IRU�WKH�SHULRGV�DW�WKH�HQG�RI�WKH�VDPSOH�ZKHUH�WKH�TXDUWHUO\�UHDOLVDWLRQ�LV�
QRW�\HW�DYDLODEOH���

�

���� 7KH�LQWHUSRODWLRQ�PHWKRG�LQ�VWDWH�VSDFH�IRUP�

�

7KH�ILUVW�PHWKRG�FRQVLGHUHG�LQ�WKLV�VWXG\��DQG�WKH�RQH�LPSOHPHQWHG�LQ�SURGXFLQJ�WKH�
PRQWKO\�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ�LQGLFDWRU��LV�D�WUXH�LQWHUSRODWLRQ�DSSURDFK�IRU�
SURGXFLQJ�KLJK�IUHTXHQF\�VWDWLVWLFV��,Q�WKH�DSSURDFK�XVHG�KHUH��WKH�VLJQDO�YDULDEOH�\W�
WKHQ� LV� IRUPHG�E\� DOWHUQDWLQJ�REVHUYHG�TXDUWHUO\� UHDOLVDWLRQV� RI� WKH� WDUJHW� YDULDEOH�
ZLWK�XQREVHUYHG�PRQWKO\�YDOXHV���
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� :KHUH���,4�P�
W� �WKH��XQREVHUYHG��YDOXH�RI�,�LQ�WKH�ILUVW�PRQWK�RI�TXDUWHU�W�

� � �,4W� �WKH��TXDUWHUO\��UHDOLVDWLRQ�RI�,�LQ�TXDUWHU�W�
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7KH�XQREVHUYHG�PRQWKO\�YDOXHV�DUH�WUHDWHG�DV�PLVVLQJ�YDOXHV��ZKLFK�FDQ�EH�IRXQG�
E\� XVLQJ� UHODWHG� LQGLFDWRUV� DQG� WKH� VWDWH� VSDFH� IRUPXODWLRQ� WR� LQWHUSRODWH� WKH�
REVHUYHG� TXDUWHUO\� UHDOLVDWLRQV�� )RU� YDULDEOHV� LQ� WKH� IRUP� RI� \HDU�RQ�\HDU� JURZWK�
UDWHV�� WKH� VWDQGDUG� IRUP� LQ� WKLV� VWXG\�� WKLV� VHW�XS�ZRUNV� E\� DVVXPLQJ� WKDW� WKH� ORZ�
IUHTXHQF\� �TXDUWHUO\�� UHDOLVDWLRQV� DUH� WKH� DYHUDJH� RI� WKH� PRQWKO\� YDOXHV�� DQG�
WKHUHIRUH� OLH� LQ�EHWZHHQ� WKHP��ERWK� LQ� WLPH�DQG� LQ�YDOXH��7KLV�GDWD� VWUXFWXUH� LV�RI�
FRXUVH� DQ� DSSUR[LPDWLRQ�� EXW� DV� ZLOO� EH� VKRZQ� DQ� HIIHFWLYH� RQH�� 7KH� TXDUWHUO\�
UHDOLVDWLRQV� DUH� LQWHUSRODWHG�� ZLWK� WKH� UHODWHG� PRQWKO\� LQGLFDWRUV� VXSSO\LQJ�
LQIRUPDWLRQ�RQ�WKH�PRQWKO\�SDWWHUQ��

�

,Q� DQ�HDUOLHU� VWXG\� >9DQ�5XWK� �����E�@��GLIIHUHQW� IRUPXODWLRQV�RI� WKH� LQWHUSRODWLRQ�
PRGHO� ZHUH� WHVWHG�� EDVHG� RQ� VWDWH� VSDFH� IRUPV� RI� VRPH� RI� WKH� PRVW� SRSXODU�
EHQFKPDUNLQJ�PRGHOV��7KH�ILUVW�PHWKRG�GHVFULEHG�LQ�WKH�SUHVHQW�VWXG\�LV�DQ�XSGDWH�
RI�WKH�PRVW�VXFFHVVIXO�PRGHO�UHVXOWLQJ�IURP�WKDW�HDUOLHU�VWXG\��7KH�IRUPXODWLRQ�XVHG�
LV�EDVHG�RQ�WKH�ORFDO�OLQHDU�WUHQG�PRGHO�>+DUYH\�������@���
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:KHUH�\W�LV�WKH�REVHUYHG�YDULDEOH�DQG� W�LV�WKH�VR�FDOOHG�OHYHO�FRPSRQHQW�DQG� W�WKH�
VORSH�FRPSRQHQW��7KHVH�ODVW�WZR�IRUP�WKH�VWDWH�YDULDEOH��DQG�WKH�ODVW�WZR�HTXDWLRQV�
DUH�WKH�VWDWH�WUDQVLWLRQ�HTXDWLRQV��7KLV�YHU\�IOH[LEOH�PRGHO�LV�DEOH��E\�FKDQJLQJ�WKH�
SURSHUWLHV�RI�WKH�GLVWXUEDQFHV� W�� W�DQG� W��WR�FDSWXUH�WKH�G\QDPLFV�RI�PDQ\�GLIIHUHQW�
WLPH� VHULHV�� 7KLV� LV� RQH� H[DPSOH� RI� KRZ� VWDWH� VSDFH� PRGHOV� FDQ� LQFRUSRUDWH�
DXWRUHJUHVVLYH�FRPSRQHQWV��,Q�WKH�PRGHO�IRUPXODWLRQ�XVHG�KHUH�IRU�WKH�LQWHUSRODWLRQ��
WKH�H[RJHQRXV�PRQWKO\�LQGLFDWRUV�;W�DUH�LQWURGXFHG�LQ�WKH�REVHUYDWLRQ�HTXDWLRQ���
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7KLV�DOORZV�IRU�GLIIHUHQW�G\QDPLF�IRUPXODWLRQV�E\�VHWWLQJ�HLWKHU� W�� W��RU� W�WR�]HUR��
+HUH� W��ZDV�VHW� WR�]HUR�E\�GHIDXOW��PHDQLQJ� WKDW�DOO� WKH�GLVWXUEDQFHV�HQWHU�YLD� WKH�
VWDWH�HTXDWLRQ��

�

�
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���� 7KH�FXPXODWLYH�PHWKRG�LQ�VWDWH�VSDFH�IRUP�

�

7KH� RWKHU� PRGHO� IRUPXODWLRQ� WHVWHG� KHUH� LV� D� PRUH� SXUH� IRUP� RI� WHPSRUDO�
GLVDJJUHJDWLRQ��,W� LV�EDVHG�RQ�WKH�DSSURDFK�VXJJHVWHG�E\�+DUYH\�>+DUYH\�����@�DV�
GHVFULEHG� E\� 3URLHWWL� >3URLHWWL� ����@�� ,Q� WKLV� VWXG\�� LW� LV� WHUPHG� WKH� FXPXODWLYH�
DSSURDFK��DV�WKH�ORZ�IUHTXHQF\�UHIHUHQFH�YDULDEOH�LV�VHHQ�DV�WKH�DFFXPXODWLRQ�RI�WKH�
PRQWKO\�LQGLFDWRU�WR�EH�HVWLPDWH��,Q�WKLV�VSHFLILF�FDVH��FRQFHUQLQJ�JURZWK�UDWHV��WKH�
TXDUWHUO\�UHDOLVDWLRQ�LV�GHILQHG�DV�WKH�DYHUDJH�RI�WKUHH�PRQWKO\�REVHUYDWLRQV��
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7KH�GDWDVHW�LV�VWUXFWXUHG�ZLWK�D�PRQWKO\�IUHTXHQF\��ZKLFK�PHDQV�WKDW�WKH�TXDUWHUO\�
UHDOLVDWLRQ�RI�WKH�\HDU�RQ�\HDU�JURZWK�UDWH�,4W�KDV�DQ�REVHUYDWLRQ�LQ�WKH�ILQDO�PRQWK�W�
RI�D�TXDUWHU��DQG�PLVVLQJ�YDOXHV�LQ�WKH�SUHFHGLQJ�WZR�PRQWKV�RI�WKH�TXDUWHU��,P�

W���LV�
WKH�PRQWKO\�UHDOLVDWLRQ�WR�EH�HVWLPDWHG�IRU� WKH�ILUVW�PRQWK�RI� WKH�TXDUWHU��ZKLFK�LV�
VLWXDWHG� DW� W��� PRQWKV�� 7R� LPSOHPHQW� WKLV� LQ� DQ� HVWLPDWLRQ� SURFHGXUH�� DQ�
REVHUYDWLRQDO�FRQVWUDLQW�LV�QHFHVVDU\��+HUH��LV�KDV�WKH�IRUP��
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�

7KH� DFWXDO� PRGHO� SHUIRUPV� WKH� LQWHUSRODWLRQ� E\� FRPELQLQJ� DQ� DXWRUHJUHVVLYH�
HOHPHQW� ZLWK� WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ� UHODWHG� PRQWKO\� LQGLFDWRUV�� 7KH� VWDWH�
VSDFH�IRUP�RI�WKLV�IRUPXODWLRQ�LV��
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:KHUH� WKH� ILUVW�HTXDWLRQ� ���� LV� WKH�PHDVXUHPHQW�HTXDWLRQ�� UHODWLQJ� WR� WKH�REVHUYHG�
TXDUWHUO\�UHDOLVDWLRQV��7KH�VHFRQG�HTXDWLRQ������LV�WKH�VWDWH�HTXDWLRQ�GHVFULELQJ�WKH�
HYROXWLRQ� RI� WKH� VWDWH� YHFWRU� W�� ZKLFK� FRQWDLQV� WKH� PRQWKO\� LQGLFDWRU� WR� EH�
HVWLPDWHG�� ,W� ZDV� FKRVHQ� WR� OLPLW� WKH� DXWRUHJUHVVLYH� HOHPHQW� WR� DQ� $5����
IRUPXODWLRQ�� FDSWXUHG� E\� WKH� ILUVW� HOHPHQW� F� RI� WKH� WUDQVLWLRQ� PDWUL[� 7�� 7KH�
H[RJHQRXV� UHODWHG� LQGLFDWRUV� [L

W� DUH� HQWHUHG� YLD� WKH� YHFWRU� ;W�� ZLWK� WKH� PDWUL[� *�
FRQWDLQLQJ�WKH�UHVSHFWLYH�FRHIILFLHQWV��7KH�VHW�XS�RI�PDWUL[�*�DVVXUHV�WKDW�WKH�;W�DUH�
RQO\�UHODWHG�WR�WKH�ILUVW�HOHPHQW�,PW�RI� W��
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7KLV� VWXG\� SUHVHQWV� WZR� PHWKRGV� IRU� FRPSXWLQJ� D� PRQWKO\� LQGLFDWRU� RI� WKH�
GHYHORSPHQW�RI�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ��WKH�WDUJHW�YDULDEOH��)L[HG�FDSLWDO�LV�
GHILQHG� DV� FRQVLVWLQJ� RI� ERWK� WDQJLEOH� DQG� LQWDQJLEOH� DVVHWV�ZKLFK� DUH� XVHG� LQ� WKH�
SURGXFWLRQ�SURFHVV��DQG� ODVW� IRU�PRUH� WKDQ�D�\HDU��7KH�SULYDWH�VHFWRU� LV�GHILQHG�DV�
FRQWDLQLQJ�SULYDWH�HQWHUSULVHV��QRQ�SURILW�DQG�QRW�IRU�SURILW�RUJDQLVDWLRQV�DQG�PDUNHW�
HQWHUSULVHV�UXQ�E\�WKH�VWDWH��)XUWKHUPRUH��WKH�GHVLUHG�TXDQWLW\�LV�WKH�UHDO��RU�YROXPH�
GHYHORSPHQW�RI�IL[HG�FDSLWDO�IRUPDWLRQ�� L�H��FRUUHFWHG�IRU�SULFH�FKDQJHV��)RU�VKRUW�
WHUP� VWDWLVWLFV�� WKH� LQWHUHVW� OLHV�PDLQO\� LQ� WKH� GHYHORSPHQW� RI� WKH� YDULDEOH�� L�H�� WKH�
JURZWK� UDWH��$FWXDO� OHYHOV� DUH� OHVV� UHOHYDQW� IRU� EXVLQHVV� F\FOH� DQDO\VLV�� DQG� RIWHQ�
GLIILFXOW� WR� PHDVXUH� RQ� D�PRQWKO\� EDVLV� ZLWK� DFFHSWDEOH� DFFXUDF\�� 7KHUHIRUH�� WKH�
YDULDEOH� RI� LQWHUHVW� LV� WKH�PRQWKO\� UHODWLYH� \HDU�RQ�\HDU� FKDQJH� LQ� WKH� YROXPH� RI�
SULYDWH� IL[HG�FDSLWDO� IRUPDWLRQ��$OO�RWKHU�YDULDEOHV� LQ� WKLV� VWXG\�DUH� LQ� WKH�IRUP�RI�
UHODWLYH�\HDU�RQ�\HDU�JURZWK�UDWHV�DV�ZHOO��$�ZHOFRPH�VLGH�HIIHFW� LV� WKDW�WKLV�GHDOV�
ZLWK�LVVXHV�RI�VWDWLRQDULW\�DQG�VFDOH�DV�ZHOO��

$V� PHQWLRQHG� LQ� WKH� LQWURGXFWLRQ�� IL[HG� FDSLWDO� IRUPDWLRQ� PDLQO\� WDNHV� SODFH� YLD�
LQYHVWPHQW� LQ� FRQVWUXFWLRQ�� WUDQVSRUW� HTXLSPHQW��PDFKLQHU\�� HOHFWURQLF� HTXLSPHQW��
DQG� YLD� LQYHVWPHQWV� LQ� LQWDQJLEOH� IL[HG� FDSLWDO�� 7DQJLEOH� IL[HG� FDSLWDO� KDV� WR� EH�
HLWKHU� SURGXFHG� RU� LPSRUWHG� LQ� WKH� IRUP� RI� JRRGV��%RWK� LQGXVWULDO� SURGXFWLRQ� DQG�
LPSRUWV� DUH�ZHOO�FRYHUHG� E\� GHWDLOHG�PRQWKO\� VWDWLVWLFV��0RVW� JRRGV� FDWHJRULHV� LQ�
WDEOH�����FDQ�EH�OLQNHG�WR�VSHFLILF�LQGXVWULHV��IRU�ZKLFK�PRQWKO\�SURGXFWLRQ�LQGLFHV�
DUH�DYDLODEOH��&RQVWUXFWLRQ�FDQ�EH�UHSUHVHQWHG�E\�HLWKHU�XVLQJ�WKH�SURGXFWLRQ�LQGH[�
IRU� WKH� FRQVWUXFWLRQ� PDWHULDOV� LQGXVWU\� RU� E\� XVLQJ� GDWD� RQ� WKH� EXLOGLQJ� LQGXVWU\�
LWVHOI���

7KH� SURGXFWLRQ� LQGLFHV� DUH� DYDLODEOH� LQ� WKH� IRUP� RI� YROXPH� LQGLFHV�� DV� GHVLUHG��
8QIRUWXQDWHO\�� WKLV� LV�QRW�VR� IRU� WKH�GDWD�RQ�LPSRUWV�� ,W�ZDV�QHFHVVDU\� WR�FRQVWUXFW�
YROXPH� TXDQWLWLHV� E\� GHIODWLQJ� WKH� GDWD� ZLWK� DSSURSULDWH� LQGLFDWRUV� RI� SULFH�
GHYHORSPHQW��)RU�WKLV��SURGXFHU�SULFH�LQGLFHV��VXSSO\��ZHUH�XVHG��PDWFKHG�DV�JRRG�
DV�SRVVLEOH�ZLWK�WKH�LPSRUW�FDWHJRULHV��7KH�GDWDVHW�XVHG�FRQVLVWHG�RI�GDWD�IURP�WKH�
SHULRG� �����0�������0��� 7KH� SHULRG� ����0������0��ZDV� XVHG� IRU� TXDVL� UHDO�
WLPH�VLPXODWLRQ�H[HUFLVHV��
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�

�
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�

7DEOH������&RPSRVLWLRQ�RI�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ�DFFRUGLQJ�WR�VRXUFH�LQGXVWU\�DQG�

SRVVLEOH�LQGXVWULDO�SURGXFWLRQ�DQG�LPSRUW�LQGLFDWRUV��

6RXUFH�

FODVVLILFDWLRQ�

�XVH� IURP� VXSSO\�

XVH�WDEOHV��

3HUFHQWDJH� RI�

WRWDO� SULYDWH�

IL[HG� FDSLWDO�

IRUPDWLRQ�

,QGXVWULDO�

3URGXFWLRQ�

LQGLFHV�

,PSRUW�FDWHJRULHV�

PHWDO�SURGXFWV� ������ 0DQXIDFWXULQJ�

RI�PDFKLQHU\�

DQG�HTXLSPHQW�

�,3��������

YDULRXV�

+HDY\�PDFKLQHU\� ������ 0DQXIDFWXULQJ�

RI�PDFKLQHU\�
DQG�HTXLSPHQW�

�,3��������

*HQHUDWRUV�DQG�PRWRUV��0������

�VSHFLDOL]HG�PDFKLQHU\��0�����

0HWDO�ZRUNLQJ�HTXLSPHQW�

�0�����

��RWKHU�KHDY\�PDFKLQHU\�

�0����

2IILFH�HTXLSPHQW� ������ 0DQXIDFWXULQJ�
RI�(OHFWULFDO�

HTXLSPHQW��,3�

�������

2IILFH�HTXLSPHQW��0������

SURIHVVLRQDO�HTXLSPHQW��0����

0HGLFDO�� WHOHFRP�
DQG�RWKHU�HOHFWURQLF�

HTXLSPHQW�

������ 0DQXIDFWXULQJ�
RI�(OHFWULFDO�

HTXLSPHQW��,3�

�������

&RPPXQLFDWLRQ�HTXLSPHQW�
�0������

HOHFWULFDO�HTXLSPHQW��������

SURIHVVLRQDO�HTXLSPHQW������

7UDQVSRUW�

HTXLSPHQW�

������� 0DQXIDFWXULQJ�

RI�WUDQVSRUW�
HTXLSPHQW��,3�

�������

7UDQVSRUW�HTXLSPHQW��0����

0����

2WKHU�LQGXVWULHV� ������ YDULRXV� YDULRXV�

&RQVWUXFWLRQ� ������� 0DQXIDFWXULQJ�
RI�EXLOGLQJ�

PDWHULDOV��,3�

��������

7XUQRYHU�

&RQVWUXFWLRQ�
LQGXVWU\�

��

3URSHUW\�VHUYLFHV� ������ �� ��

&RPPHUFLDO�

VHUYLFHV�

������� �� ��

�
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6HYHUDO�RWKHU�GDWD�UHODWHG� LVVXHV�KDYH�WR�EH�IDFHG��$�YHU\� LPSRUWDQW�RQH�LV� WKDW�DV�
PHQWLRQHG�HDULHU��LW�ZDV�IRXQG�WKDW�WKH�FRPSRVLWLRQ�RI�WKH���GLJLW�LPSRUW�DJJUHJDWHV�
ZDV�QRW�VWDEOH�IURP�\HDU�WR�\HDU��&KDQJHV�FRXOG�EH�VPDOO�RU�ODUJH��,W�ZDV�WKHUHIRUH�
QHFHVVDU\� WR� UHVRUW� WR� OHVV�SUHFLVH��EXW�KLJKHU�RUGHU�VLQJOH�GLJLW� LPSRUW�DJJUHJDWHV��
7KHVH�DUH�LPSRUWV�RI�PDFKLQHV�DQG�WUDQVSRUW�HTXLSPHQW��0���DQG�LPSRUWV�RI�RWKHU�
PDQXIDFWXUHG� JRRGV� �0���� $V� PRVW� FKDQJHV� FRQVWLWXWH� VKLIWV� EHWZHHQ� ��GLJLW�
DJJUHJDWHV� LQVLGH� D� VLQJOH� RQH�GLJLW� DJJUHJDWH�� WKLV�ZRXOG� HOLPLQDWH� WKLV� SUREOHP��
$QRWKHU�SUREOHP�UHODWHG�WR�WUDGH�GDWD�LV�WKDW�D�VLJQLILFDQW�SDUW�RI�'XWFK�LPSRUWV�DQG�
RI�LQGXVWULDO�SURGXFWLRQ�LV�PHDQW�IRU�H[SRUWV��)DU�IURP�DOO�RI�LW�ZLOO�HQG�XS�DV�IL[HG�
FDSLWDO� LQ� WKH�1HWKHUODQGV��6LPSO\�XVLQJ�GDWD�RQ� LPSRUWV�DQG�LQGXVWULDO�SURGXFWLRQ�
WKXV�LQWURGXFHV�D�GLVWRUWLRQ��$QG�VLPSO\�VXEWUDFWLQJ�H[SRUWV�IURP�LPSRUWV�LV�QRW�DQ�
RSWLRQ� HLWKHU�� )URP� ����� RQZDUGV�� PRQWKO\� GDWD� RQ� UH�H[SRUWV� DUH� DYDLODEOH��
DOORZLQJ�WKH�LPSRUW�GDWD�WR�EH�FRUUHFWHG�IRU�FDSLWDO�JRRGV�QRW�GHVWLQHG�IRU�ILQDO�XVH�
LQ�7KH�1HWKHUODQGV��7KLV�WDNHV�WZR�\HDUV�IURP�WKH�DOUHDG\�VRPHZKDW�OLPLWHG�VDPSOH�
DYDLODEOH��7KHUHIRUH��ERWK�FRUUHFWHG�DQG�XQFRUUHFWHG�LPSRUW�LQGLFDWRUV�ZHUH�WHVWHG��,W�
ZDV� IRXQG� WKDW� WKH� LPSURYHPHQW� LQ� DFFXUDF\� JDLQHG� E\� WKH� UH�H[SRUWV� FRUUHFWLRQ�
RXWZHLJKHG� WKH� GDWD� ORVV�� 7KHUHIRUH�� WKH� PRQWKO\� LQGLFDWRUV� RI� IL[HG� FDSLWDO�
IRUPDWLRQ�ZLOO�EH�SURGXFHG�XVLQJ�WKH�FRUUHFWHG�LPSRUW�GDWD���

,W� PLJKW� VHHP� WKDW� LW� ZRXOG� VWLOO� EH� QHFHVVDU\� WR� ILQG� D� FRUUHFWLRQ� IRU� H[SRUWHG�
LQGXVWULDO� SURGXFWLRQ�� 7KH� FRPELQDWLRQ� RI� WKH� LQGLFDWRU� DSSURDFK� DQG� VWDWH� VSDFH�
PRGHOV�PHDQV� WKDW� WKLV� LV� QRW� D�PDMRU� SUREOHP�� ,PSRUWV� DQG� LQGXVWULDO� SURGXFWLRQ�
GHYHORSPHQW� DUH� QRW� H[SHFWHG� WR� OHDG� GLUHFWO\� WR� IL[HG� FDSLWDO� IRUPDWLRQ�
GHYHORSPHQW�� ,QVWHDG�� WKH\�DUH� LQGLFDWRUV� IURP�ZKLFK� WKLV�GHYHORSPHQW� LV�GHULYHG��
7KH�HVWLPDWLRQ�SURFHGXUH�ZLOO�EH�FDOLEUDWHG�RQ�GHULYLQJ�WKH�IL[HG�FDSLWDO�IRUPDWLRQ�
GDWD� IURP� LPSHUIHFW� LQGLFDWRUV�� DQG� WKXV� DW� OHDVW� SDUWO\� FRUUHFW� IRU� WKH� GLVWRUWLRQV�
LQWURGXFHG�� 7KH� DSSURDFK� XVHG� LQ� WKLV� VWXG\� KDV� WKH� DGYDQWDJHV� RI� VSHHG� DQG�
VLPSOLFLW\��DQG�FDQ�PDNH�WKH�PRVW�RI�LPSHUIHFW�VRXUFH�VWDWLVWLFV��7KLV�ODVW�DGYDQWDJH�
RI�XVLQJ�D�VWDWH�VSDFH�DSSURDFK�LV�LPSRUWDQW�IRU�DQRWKHU�UHDVRQ�DV�ZHOO��)RU�VHYHUDO�
FRPSRQHQWV�RI� IL[HG�FDSLWDO� IRUPDWLRQ�QR�GLUHFW�RU� LPSHUIHFW�PRQWKO\�GDWD�RI�DQ\�
VRUW�LV�DYDLODEOH��IRUHPRVW�FRQFHUQLQJ�LQWDQJLEOH�FDSLWDO�IRUPDWLRQ��7KLV�ODFN�RI�GDWD�
ZLOO�EH�SDUWLDOO\�FRPSHQVDWHG�E\�WKH�VWDWH�VSDFH�PRGHOV���

�

�
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��� 5HVXOWV�

�

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�ILQG�D�ZD\�WR�SURGXFH�D�FUHGLEOH�PRQWKO\�LQGLFDWRU�RI�
IL[HG� FDSLWDO� IRUPDWLRQ�� 7KH� UHOHYDQW� UHVXOWV� DUH� WKHUHIRUH� WKH� PRQWKO\� VHULHV�
SURGXFHG�DQG�KRZ�ZHOO� WKHVH�GHVFULEH� WKH�GHYHORSPHQW�RI�IL[HG�FDSLWDO�IRUPDWLRQ��
7KH�GHULYHG�PRQWKO\�LQGLFDWRUV�ZHUH�VFRUHG�RQ�WZR�FRXQWV��)LUVWO\�WKH�FUHGLELOLW\�RI�
WKH� GHYHORSPHQW� RI� WKH� PRQWKO\� VHULHV� LWVHOI�� L�H�� LWV� YRODWLOLW\� DQG� WKH� PRQWKO\�
LQGLFDWRUV�RQ�ZKLFK�LW�LV�EDVHG��$�PRQWKO\�LQGLFDWRU�FDQ�EH�HLWKHU�WRR�YRODWLOH�RU�WRR�
VPRRWK�� WKLV� ZLOO� EH� HODERUDWHG� ODWHU�� )XUWKHUPRUH�� D� PRGHO� IRUPXODWLRQ� ZKLFK� LV�
EDVHG�RQ�PRQWKO\�LQGLFDWRUV�ZLWK�D�VWURQJ�GLUHFW�OLQN�ZLWK�IL[HG�FDSLWDO�IRUPDWLRQ�LV�
PRUH�FUHGLEOH��7KH�VHFRQG�FULWHULRQ�LV� OHVV�TXDOLWDWLYH�� LW� LV� WKH�PDWFK�EHWZHHQ�WKH�
UHDOLVDWLRQV�IURP�WKH�4XDUWHUO\�1DWLRQDO�$FFRXQWV�DQG�WKH�TXDUWHUO\�DYHUDJH�RI�WKH�
HVWLPDWHG�PRQWKO\�JURZWK�UDWHV��
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$V�PHQWLRQHG� HDUOLHU�� WKH� WDUJHW� IL[HG� FDSLWDO� IRUPDWLRQ� JURZWK� UDWHV� DUH� KHUH� WKH�
VLJQDO�YDULDEOHV�\W� ��7KH�XQREVHUYHG�PRQWKO\�DQG�TXDUWHUO\�UHDOLVDWLRQV�DUH�GHILQHG�
DV�UHODWLYH�\HDU�RQ�\HDU�FKDQJHV��7KH�UHODWHG�PRQWKO\� LQGLFDWRUV�DUH�HQWHUHG�LQ� WKH�
VDPH�IRUP��7KLV�RYHUFRPHV�SRVVLEOH�VWDWLRQDU\�SUREOHPV��DQG�VLPSOLILHV�WKH�PRGHO�
DV�DJJUHJDWLRQ�RI�PRQWKO\�IORZV�LV�QRW�UHTXLUHG��$OVR��LW�GLUHFWO\�OHDGV�WR�WKH�YDULDEOH�
RI�LQWHUHVW��PRQWKO\�JURZWK�UDWHV�IRU�IL[HG�FDSLWDO�IRUPDWLRQ��

2QO\�WKH�RXWFRPHV�IRU�WKH�PRVW�VXFFHVVIXO�PRGHOV�DUH�UHSRUWHG�KHUH��,Q�WKH�VWXGLHV�
>9DQ�5XWK������D������E�@� WKH�SHUIRUPDQFH�RI�RWKHU� W\SHV�RI� IRUPXODWLRQV�FDQ�EH�
IRXQG��$V�WKH�DLP�LV�WR�SURGXFH�D�PRQWKO\�HVWLPDWH�LQ�DFWXDO�SUDFWLFH��D�W\SH�RI�UHDO�
WLPH� VLPXODWLRQ� LV� QHFHVVDU\� WR� DVVHVV� WKH� SHUIRUPDQFH� RI� WKH� GLIIHUHQW� PHWKRGV��
6WDWH�VSDFH�PHWKRGV�WHQG�WR�SURGXFH�H[FHOOHQW�LQ�VDPSOH�ILWV��ZKLFK�XVXDOO\�FDQQRW�
EH� UHSURGXFHG� LQ� UHDO�WLPH�� 7KHUHIRUH�� D� TXDVL�UHDO� WLPH� H[HUFLVH� ZDV� SHUIRUPHG��
ZKHUH�PRQWKO\� HVWLPDWHV�ZHUH� SURGXFHG� IRU� D� FHUWDLQ� WLPH� VSDQ�E\� HVWLPDWLQJ� WKH�
PRGHO��H[WUDFWLQJ�WKH�PRQWKO\�HVWLPDWH��OHQJWKHQLQJ�WKH�GDWD�VHW�ZLWK�RQH�PRQWK�DQG�
UHSHDWLQJ�WKH�H[HUFLVH��7KLV�VLPXODWHV� WKH�DFWXDO�SURGXFWLRQ�RI�D�PRQWKO\� LQGLFDWRU�
�LJQRULQJ� GDWD� YLQWDJH� LVVXHV��� 7KHVH� VLPXODWLRQ� UHVXOWV� DUH� WHUPHG� IRUHFDVWV�� DQG�
ZHUH�DQ�LPSRUWDQW�VHOHFWLRQ�FULWHULRQ��



� � ���

7KH�UHVXOWV�IRU�WZR�YDULDQWV�RI�IL[HG�FDSLWDO�IRUPDWLRQ�DUH�VKRZQ��WRWDO�SULYDWH�IL[HG�
FDSLWDO� IRUPDWLRQ�DQG� WRWDO�SULYDWH� IL[HG�FDSLWDO� IRUPDWLRQ�H[FOXGLQJ� LQYHVWPHQW� LQ�
LQWDQJLEOH�DVVHWV��7KH�ILUVW�DJJUHJDWH�LV�WKH�KHDGOLQH�QXPEHU�DV�UHSRUWHG�E\�41$��WKH�
VHFRQG� DJJUHJDWH� LV� WKH� RQH� IRU� ZKLFK� 6WDWLVWLFV� 1HWKHUODQGV� SODQV� WR� SXEOLVK� D�
PRQWKO\� LQGLFDWRU�� )LUVW� WKH� PRQWKO\� LQGLFDWRUV� GHULYHG� XVLQJ� WKH� LQWHUSRODWLRQ�
PHWKRG�ZLOO�EH�SUHVHQWHG��DQG�WKHQ�WKH�RQHV�UHVXOWLQJ�IURP�WKH�FXPXODWLYH�DSSURDFK��
,Q�WKH�ILQDO�SDUW�RI�WKLV�VHFWLRQ�WKHVH�WZR�VHWV�RI�RXWFRPHV�ZLOO�EH�FRPSDUHG�WR�HDFK�
RWKHU�DQG�WR�WKH�UHDOLVDWLRQV�IURP�WKH�41$���

�

�

���� 5HVXOWV�LQWHUSRODWLRQ�PHWKRG�

�

$V� DOVR� GHVFULEHG� LQ� WKH� HDUOLHU� VWXG\� >9DQ� 5XWK� ����E@�� GLIIHUHQW� W\SHV� DQG�
FRPELQDWLRQV�RI�UHODWHG�LQGLFDWRUV�ZHUH�WHVWHG��2QO\�WKH�ILQDO�VHOHFWHG�RQHV�ZLOO�EH�
UHSRUWHG� KHUH��8QOLNH� LQ� WKH� HDUOLHU� VWXGLHV�� LW�ZDV� IRXQG� WKDW� IRU� WKLV� WLPH� SHULRG�
LQGLUHFW�LQGLFDWRUV��OLNH�FDSDFLW\�XWLOL]DWLRQ�RU�LQWHUHVW�UDWHV��DGGHG�OLWWOH�RU�QRWKLQJ�WR�
IRUPXODWLRQV� FRQVLVWLQJ� RI�PDWHULDOO\� UHODWHG� LQGLFDWRUV��7KH� VHOHFWHG� LQWHUSRODWLRQ�
PRGHO�IRU�WRWDO�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ�ZDV��

�

,4�P
W� � W������������3,

EXLOGLQJ
W�������3,

HOHF
W������0

PW
W������0

RWKHU
W�

� W� � W����� W��� W��

� W� � W����� W�

�

3,EXLOGLQJW� �\R\�YROXPH�JURZWK�RI�EXLOGLQJ�PDWHULDOV�LQGXVWU\�

3,HOHFW� �\R\�YROXPH�JURZWK�RI�HOHFWULFDO�HTXLSPHQW�LQGXVWU\�

0PW
W� �\R\�YROXPH�JURZWK�LPSRUWV�RI�PDFKLQHU\�DQG�WUDQVSRUW�HTXLSPHQW�

0RWKHU
W� �\R\�YROXPH�JURZWK�LPSRUWV�RI�RWKHU�PDQXIDFWXUHG�JRRGV�

�

/RJ�OLNHOLKRRG� ��������

�§���� � ���������

506(�LQ�VDPSOH� �������SRLQW�

506(�IRUHFDVW� �������SRLQW�

6WDQGDUGLVHG� SUHGLFWLRQ� UHVLGXDOV� �SUREDELOLWLHV� LQ� SDUHQWKHVHV��� -DUTXHB%HUD�  �

��������������4�VWDW���ODJV� �������������

�

�
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�

7KH�LQGLFDWRUV�XVHG�WR�GHULYH�WKH�PRQWKO\�YDOXHV�RI�IL[HG�FDSLWDO�IRUPDWLRQ�UHSUHVHQW�
WKH�PRVW�LPSRUWDQW�FRPSRQHQWV�RI�IL[HG�FDSLWDO��ERWK�ORFDOO\�SURGXFHG�DQG�LPSRUWHG��
,QYHVWPHQW�LQ�EXLOGLQJV��SURGXFWLRQ�RI�HOHFWULFDO�HTXLSPHQW�DQG�LPSRUWV�RI�DOO�W\SHV�
RI�PDFKLQHU\�DQG�WUDQVSRUW�HTXLSPHQW��7KH�DGYDQWDJHV�RI�WKLV�PRGHO�EDVHG�DSSURDFK�
DOVR�EHFRPH�DSSDUHQW��LQGXVWULDO�SURGXFWLRQ�LV�UHSUHVHQWHG�E\�DQ�LQGH[��QRW�FRUUHFWHG�
IRU� H[SRUWV��ZKLOVW� LPSRUWV� DUH�PHDVXUHG� DV� D� YDOXH� TXDQWLW\�� WKRXJK� GHIODWHG��%\�
IRUPXODWLQJ� WKH� PRGHO� LQ� JURZWK� UDWHV� DQG� DSSO\LQJ� D� EHQFKPDUNLQJ�VWDWH� VSDFH�
IUDPHZRUN�� DQ� RSWLPDO� HVWLPDWH� FDQ� EH� GHULYHG� IURP� WKHVH� RWKHUZLVH� GLIILFXOW� WR�
FRPELQH� VRXUFH� GDWD�� 7KH� UHVXOWLQJ� PRQWKO\� LQGLFDWRU� H[KLELWV� D� FUHGLEOH�
GHYHORSPHQW�� JLYHQ� WKH� GHYHORSPHQW� RI� WKH� TXDUWHUO\� HVWLPDWH� DQG� WKH� REVHUYHG�
PRQWKO\�YRODWLOLW\��$�PRQWKO\�VKRUW�WHUP�HFRQRPLF�LQGLFDWRU�FDQ�EH�H[SHFWHG�WR�EH�
PRUH� YRODWLOH� WKDQ� D� TXDUWHUO\� RQH�� 5HVLGXDO� GLDJQRVWLFV� DUH� LQ� RUGHU� DV� ZHOO��
8QIRUWXQDWHO\� WKH� RXW�RI�VDPSOH� HVWLPDWHV� DUH� QRW� DV� DFFXUDWH� DV� WKH� LQ� VDPSOH�
UHVXOWV��VHH�JUDSK������

�

*UDSK� ����� 7RWDO� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� �YROXPH�� \HDU� RQ� \HDU� JURZWK� UDWH��

4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� PRQWKO\� HVWLPDWHV� UHVXOWLQJ� IURP�

LQWHUSRODWLRQ�PHWKRG��)RUHFDVW� IURP�TXDVL�UHDO� WLPH� UROOLQJ� UHJUHVVLRQ� H[HUFLVH�� LQ�VDPSOH�

UHVXOWV�DUH�VPRRWKHG�HVWLPDWHV��
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14$�UHDOLVDWLRQV 0RQWKO\�LQGLFDWRU )RUHFDVW
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�

�
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$Q�DGGLWLRQDO�PRGHO�ZDV�FRQVWUXFWHG�IRU�SULYDWH�IL[HG�FDSLWDO� IRUPDWLRQ�H[FOXGLQJ�
LQYHVWPHQW� LQ�LQWDQJLEOH�IL[HG�DVVHWV��7KLV� LV�D�KLJKO\�YRODWLOH��GLIILFXOW� WR�PHDVXUH�
TXDQWLW\�� DQG� WKHUHIRUH� WKH� H[SHFWDWLRQ� LV� WKDW� H[FOXGLQJ� WKLV� DJJUHJDWH�ZLOO�PDNH�
HVWLPDWLRQ� HDVLHU� DQG� PRUH� DFFXUDWH�� 7KH� RSWLPDO� LQGLFDWRU� VHW� GLIIHUV� VRPHZKDW�
IURP�WKH�RQH�XVHG�WR�HVWLPDWH�WRWDO�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ��

�

,4�P
W� � W������������&RQVWUXFWLRQW������3,

HOHF
W�����0

PW
W�

� W� � W����� W��

� �

&RQVWUXFWLRQW� �\R\�WXUQRYHU�JURZWK�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\�

3,HOHFW� �\R\�YROXPH�JURZWK�RI�HOHFWULFDO�HTXLSPHQW�LQGXVWU\�

0PW
W� �\R\�YROXPH�JURZWK�LPSRUWV�RI�PDFKLQHU\�DQG�WUDQVSRUW�HTXLSPHQW�

�

/RJ�OLNHOLKRRG� �������

� ��������

506(�LQ�VDPSOH� �������SRLQW�

506(�IRUHFDVW� �������SRLQW�

6WDQGDUGLVHG� SUHGLFWLRQ� UHVLGXDOV� �SUREDELOLWLHV� LQ� SDUHQWKHVHV��� -DUTXHB%HUD�  �
��������������4�VWDW���ODJV� �������������

�

�

7KH� PDLQ� GLIIHUHQFH� LV� WKDW� LQVWHDG� RI� WKH� SURGXFWLRQ� RI� EXLOGLQJ� PDWHULDOV�� QRZ�
WXUQRYHU�JURZWK�LQ� WKH�FRQVWUXFWLRQ�LQGXVWU\� LWVHOI� LV�IRXQG�WR�EH�PRVW�UHOHYDQW�IRU�
HVWLPDWLQJ� WKH� FRQVWUXFWLRQ� FRPSRQHQW� RI� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ�� $V�
H[SHFWHG��RPLWWLQJ�LQWDQJLEOH�IL[HG�DVVHWV�PHDQV�WKDW�WKH�DGMXVWHG�PRQWKO\�DJJUHJDWH�
FDQ�EH�PHDVXUHG�PRUH�DFFXUDWHO\��6HH�JUDSK�����IRU�WKH�HVWLPDWHG�PRQWKO\�LQGLFDWRU�
DQG�WKH�RXW�RI�VDPSOH�IRUHFDVW��

�

�

�

�

�

�

�

�

�
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�

*UDSK� ���� �� 3ULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� H[FO�� LQWDQJLEOH� DVVHWV� �YROXPH�� \HDU� RQ� \HDU�

JURZWK� UDWH�� 4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� PRQWKO\� HVWLPDWHV�

UHVXOWLQJ� IURP� LQWHUSRODWLRQ� PHWKRG�� )RUHFDVW� IURP� TXDVL�UHDO� WLPH� UROOLQJ� UHJUHVVLRQ�

H[HUFLVH��LQ�VDPSOH�UHVXOWV�DUH�VPRRWKHG�HVWLPDWHV��

����

�����

�

����

���

����

����0�� ����0�� ����0�� ����0�� ����0�� ����0��

41$�UHDOLVDWLRQV 0RQWKO\�LQGLFDWRU )RUHFDVW
�

�

�

�

���� 5HVXOWV�FXPXODWLYH�DSSURDFK�

�

7KH� LQWHUSRODWLRQ� DSSURDFK� UHSRUWHG� LQ� WKH� SUHYLRXV� VHFWLRQ� ZDV� DEOH� WR� SURGXFH�
FUHGLEOH�DQG�UHOLDEOH�PRQWKO\�LQGLFDWRUV��+RZHYHU��LW�LV�EDVHG�RQ�DQ�DSSUR[LPDWLRQ�
VR�LW�PLJKW�EH�SUHIHUDEOH�WR�VZLWFK�WR�D�FXPXODWLYH�DSSURDFK��7KH�UHVXOWV�RI�WHVWLQJ�
WKLV�DUH�UHSRUWHG�KHUH��7R�IDFLOLWDWH�WKH�FRPSDULVRQ��WKH�VDPH�H[RJHQRXV�LQGLFDWRUV�
DUH�XVHG�LQ�WKH�FXPXODWLYH�PRGHOV�DV�LQ�WKH�LQWHUSRODWLRQ�RQHV��2WKHU�FRPSRVLWLRQV�
ZHUH�WHVWHG�DV�ZHOO��EXW�GLG�QRW�SHUIRUP�PDWHULDOO\�EHWWHU��7KH�HVWLPDWHG�HTXDWLRQ�RI�
WKH� FXPXODWLYH� IRUPXODWLRQ� IRU� WKH�PRQWKO\� LQGLFDWRU� RI� WKH� GHYHORSPHQW� RI� WRWDO�
SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ�LV��

�

�

�

�
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�

,PW�  � ����,
P
W��� ������� �� �����3,

EXLOGLQJ
W� �� ������ 3,

HOHF
W� �� �����0

PW
W� ��

�����0RWKHU
W�� W�

�

3,EXLOGLQJW� �\R\�YROXPH�JURZWK�RI�EXLOGLQJ�PDWHULDOV�LQGXVWU\�

3,HOHFW� �\R\�YROXPH�JURZWK�RI�HOHFWULFDO�HTXLSPHQW�LQGXVWU\�

0PW
W� �\R\�YROXPH�JURZWK�LPSRUWV�RI�PDFKLQHU\�DQG�WUDQVSRUW�HTXLSPHQW�

0RWKHU
W� �\R\�YROXPH�JURZWK�LPSRUWV�RI�RWKHU�PDQXIDFWXUHG�JRRGV�

�

/RJ�OLNHOLKRRG� �������

� ��������

506(�LQ�VDPSOH�§�����SRLQW��VPRRWKHG��

506(�IRUHFDVW� �������SRLQW�

6WDQGDUGLVHG� SUHGLFWLRQ� UHVLGXDOV� �SUREDELOLWLHV� LQ� SDUHQWKHVHV��� -DUTXHB%HUD�  �

��������������4�VWDW���ODJV� �������������

�

�

7KH�LQ�VDPSOH�ILW�LV�SHUIHFW��EXW�WKLV�LV�RIWHQ�WKH�FDVH�IRU�VPRRWKHG�HVWLPDWHV�RI�VWDWH�
VSDFH� PRGHOV�� 7KHUHIRUH�� WKH� RXW�RI�VDPSOH� IRUHFDVW� UHVXOWV� EHFRPH� HYHQ� PRUH�
LPSRUWDQW�� 7KHVH� DUH� OHVV� DFFXUDWH� WKDQ� WKRVH� RI� WKH� LQWHUSRODWLRQ� DSSURDFK�� 7KH�
FRPSXWHG�PRQWKO\�LQGLFDWRU�GHYHORSV�PRUH�VPRRWKO\�WKDQ�LQ�WKH�LQWHUSRODWLRQ�FDVH�
�JUDSK�������ZKLFK� LV�QRW�QHFHVVDULO\� GHVLUDEOH��7KHVH� WZR�SRLQWV�ZLOO� EH� H[SORUHG�
IXUWKHU�LQ�WKH�QH[W�VHFWLRQ��ZKHUH�WKH�RXWFRPHV�RI�WKH�FXPXODWLYH�DQG�LQWHUSRODWLRQ�
DSSURDFK�DUH�FRPSDUHG�LQ�JUHDWHU�GHWDLO��

�

�

�

�

�

�

�

�

�

�

�
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*UDSK� ����� 7RWDO� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� �YROXPH�� \HDU� RQ� \HDU� JURZWK� UDWH��

4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� PRQWKO\� HVWLPDWHV� UHVXOWLQJ� IURP�

FXPXODWLYH� PHWKRG�� )RUHFDVW� IURP� TXDVL�UHDO� WLPH� UROOLQJ� UHJUHVVLRQ� H[HUFLVH�� LQ�VDPSOH�

UHVXOWV�DUH�VPRRWKHG�HVWLPDWHV��

����

�����

�

����

���

����

���

����0�� ����0�� ����0�� ����0�� ����0�� ����0��

41$�5HDOLVDWLRQV 0RQWKO\�LQGLFDWRU )RUHFDVW
�

�

7KH� VDPH� FRQFOXVLRQV� KROG� IRU� WKH� HVWLPDWHG� FXPXODWLYH� PRGHO� IRU� SULYDWH� IL[HG�
FDSLWDO�IRUPDWLRQ�H[FOXGLQJ�LQWDQJLEOH�IL[HG�DVVHWV��

�

,PW� �����,
P
W�������������&RQVWUXFWLRQW���������3,

HOHF
W�������0

PW
W��� W�

�

&RQVWUXFWLRQW� �\R\�WXUQRYHU�JURZWK�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\�

3,HOHFW� �\R\�YROXPH�JURZWK�RI�HOHFWULFDO�HTXLSPHQW�LQGXVWU\�

0PW
W� �\R\�YROXPH�JURZWK�LPSRUWV�RI�PDFKLQHU\�DQG�WUDQVSRUW�HTXLSPHQW�

�

/RJ�OLNHOLKRRG� �������

� ��������

506(�LQ�VDPSOH�§�����SRLQW��VPRRWKHG��

506(�IRUHFDVW� �������SRLQW�

6WDQGDUGLVHG� SUHGLFWLRQ� UHVLGXDOV� �SUREDELOLWLHV� LQ� SDUHQWKHVHV��� -DUTXHB%HUD�  �

��������������4�VWDW���ODJV� �������������

�



� � ���

7KH� LQ�VDPSOH� HVWLPDWH� RI� WKH�PRQWKO\� GHYHORSPHQW� RI� WKLV� LQYHVWPHQW� DJJUHJDWH�
DOVR�GHYHORSV�SOHDVDQWO\�VPRRWK�� LQ� LWVHOI�D�ZHOFRPH�SURSHUW\� IRU�D�EXVLQHVV�F\FOH�
LQGLFDWRU��6HH�JUDSK�EHORZ��

�

*UDSK� ���� �� 3ULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� H[�� LQWDQJLEOH� DVVHWV� �YROXPH�� \HDU� RQ� \HDU�

JURZWK� UDWH�� 4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� PRQWKO\� HVWLPDWHV�

UHVXOWLQJ�IURP�FXPXODWLYH�PHWKRG��)RUHFDVW�IURP�TXDVL�UHDO�WLPH�UROOLQJ�UHJUHVVLRQ�H[HUFLVH��

LQ�VDPSOH�UHVXOWV�DUH�VPRRWKHG�HVWLPDWHV��

�

����

�����

�

����

���

����

����0�� ����0�� ����0�� ����0�� ����0�� ����0��

41$�5HDOLVDWLRQV 0RQWKO\�LQGLFDWRU )RUHFDVW
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�

�

���� &RPSDULVRQ�

�

7KH�TXHVWLRQ�ZKLFK�DSSURDFK�LV�WR�EH�SUHIHUUHG�LV�D�GLIILFXOW�RQH��7KH�LQ�VDPSOH�ILW�
RI� WKH� FXPXODWLYH� DSSURDFK� LV� SHUIHFW�� EXW� WKLV� LV� VRPHZKDW� RI� DQ� DUWHIDFW� RI� WKH�
VPRRWKHG�VWDWH�VSDFH�HVWLPDWHV��$V�ILJXUH�����VKRZV��WKH�TXDUWHUO\�DYHUDJHV�RI� WKH�
PRQWKO\� LQWHUSRODWLRQ�DSSURDFK�HVWLPDWHV�DUH�TXLWH�FORVH� WR� WKH�4XDUWHUO\�1DWLRQDO�
$FFRXQWV�UHDOLVDWLRQV��

�

�

*UDSK� ����� 7RWDO� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� �YROXPH�� \HDU� RQ� \HDU� JURZWK� UDWH��

4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� TXDUWHUO\� DYHUDJHV� RI� PRQWKO\�

HVWLPDWHV�UHVXOWLQJ�IURP�FXPXODWLYH�DQG�LQWHUSRODWLRQ�PHWKRG��$OO�PRQWKO\�LQGLFDWRU�YDOXHV�

DUH�VPRRWKHG�HVWLPDWHV��

�

����

�����

�

����

���

����

����4� ����4� ����4� ����4� ����4� ����4�
41$�HVWLPDWHV 0RQWKO\�LQGLFDWRU�LQWHUSRODWLRQ
0RQWKO\�LQGLFDWRU�FXPXODWLYH
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�

�

�

�
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$OVR�� WKH�UHDO�WLPH�VLPXODWLRQ�UHVXOWV�IURP�WKH� LQWHUSRODWLRQ�DSSURDFK�DUH�FORVHU� WR�
WKH�41$�HVWLPDWHV�WKDQ�WKH�FXPXODWLYH�HVWLPDWHV��E\�DERXW�D�SHUFHQWDJH�SRLQW��VHH�
JUDSK������7KLV�TXLWH�DQ�LPSRUWDQW�FULWHULRQ�IRU�FKRRVLQJ�D�WHFKQLTXH�ZKLFK�LV�PHDQW�
WR�EH�XVHG�LQ�SUDFWLFH��SURGXFLQJ�PRQWKO\�HVWLPDWHV��

�

�

*UDSK� ����� 7RWDO� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� �YROXPH�� \HDU� RQ� \HDU� JURZWK� UDWH��

4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� TXDUWHUO\� DYHUDJHV� RI� PRQWKO\�

IRUHFDVW�IURP�TXDVL�UHDO�WLPH�UROOLQJ�UHJUHVVLRQ�H[HUFLVH��ERWK�FXPXODWLYH�DQG�LQWHUSRODWLRQ�

PHWKRG��

�����

�����

�

����

����

����

����

���

����

����

����4� ����4� ����4� ����4� ����4� ����4� ����4� ����4�

41$�UHDOLVDWLRQV )RUHFDVW�LQWHUSRODWLRQ )RUHFDVW�FXPXODWLYH �

�

$V�REVHUYHG�HDUOLHU�� WKH�FXPXODWLYH�PRQWKO\� LQGLFDWRU�GRHV�HYROYH�PRUH� VPRRWKO\�
WKDQ�WKH�LQWHUSRODWLRQ�YDULDQW��VHH�JUDSK�������

�

�

�

�

�

�

�

�

�
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�

*UDSK������7RWDO�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ��YROXPH��\HDU�RQ�\HDU�JURZWK�UDWH��PRQWKO\�

LQGLFDWRU� FRPSXWHG� YLD� WKH� FXPXODWLYH� DSSURDFK� FRPSDUHG� WR� WKH� PRQWKO\� LQGLFDWRU�

FRPSXWHG�E\�WKH�LQWHUSRODWLRQ�DSSURDFK��%RWK�LQ�VDPSOH��VPRRWKHG�HVWLPDWHV��

�����

����

�����

�

����

���

����

���

����0�� ����0�� ����0�� ����0�� ����0�� ����0��

0RQWKO\�LQGLFDWRU�LQWHUSRODWLRQ 0RQWKO\�LQGLFDWRU�FXPXODWLYH
�

�

7KH�GLIIHUHQFH�LQ�G\QDPLFV�LV�PRVWO\�UHOHYDQW�RQ�D�PRQWK�WR�PRQWK�EDVLV��WKH�ORQJHU�
WHUP�HYROXWLRQ�LV�TXLWH�FRPSDUDEOH��DV�LV�UHIOHFWHG�LQ�WKH�VLPLODULW\�RI�WKH�TXDUWHUO\�
DYHUDJHV�� ,Q� LWVHOI�� VPRRWKQHVV� LV� D� GHVLUDEOH� SURSHUW\� LQ� D� VKRUW�WHUP� HFRQRPLF�
LQGLFWRU��DV�LW�IDFLOLWDWHV�LGHQWLI\LQJ�WUHQGV�DQG�WXUQLQJ�SRLQWV��,W�ZLOO�EH�DUJXHG�WKDW�
KHUH� WKLV� LV� QRW� WKH� FDVH��7KH� UHOHYDQW�PHDVXUH� RI� YRODWLOLW\� KHUH� LV� WKH�PRQWK�RQ�
PRQWK� FKDQJH� LQ� WKH� FRPSXWHG� DQG� REVHUYHG� JURZWK� UDWHV�� DV� WKLV� UHIOHFWV� WKH�
³QRLVLQHVV´�RI�WKH�VHULHV��,Q�WDEOH�����WKH�DYHUDJH�DEVROXWH�PRQWK�RQ�PRQWK�FKDQJHV�
LQ�WKH�FRPSXWHG�PRQWKO\�LQGLFDWRUV�RI�IL[HG�FDSLWDO�IRUPDWLRQ��H[FOXGLQJ�LQWDQJLEOH�
DVVHWV��DQG�WKRVH�RI�WKH�PRQWKO\�LQGLFDWRUV�XVHG�DV�LQSXWV�DUH�VKRZQ��

�

�

�

�

�

�

�

�
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�

7DEOH������$YHUDJH�DEVROXWH�PRQWK�RQ�PRQWK�FKDQJHV�LQ� � � �����

WKH�JURZWK�UDWHV�RI�PRQWKO\�LQGLFDWRUV��FXPXODWLYH�DQG� � �

LQWHUSRODWLRQ��RI�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ��H[���� � �����

,QWDQJLEOH��DQG�PRQWKO\�LQSXW�LQGLFDWRUV��

� $YHUDJH� DEVROXWH�

PRQWK�RQ�PRQWK�FKDQJH�

,PFXPXODWLYH� ������

,PLQWHUSRODWLRQ� ������

3,EXLOGLQJ� ������

3,HOHFWULF� ������

0P� ������

0RWKHU� ������

&RQVWUXFWLRQ� ������

�

�

)URP�WKHVH�GDWD��LW�VHHPV�WKDW�LI�DQ\WKLQJ�ERWK�LQGLFDWRUV�RI�IL[HG�FDSLWDO�IRUPDWLRQ�
DUH� WRR� VPRRWK�� 7KH� ³YRODWLOLW\´� RI� DOO� WKH� LQSXW� LQGLFDWRUV� LV� KLJKHU�� VRPHWLPHV�
PXFK� KLJKHU�� $QG� DV� WKHVH� PRQWKO\� LQSXW� VHULHV� DUH� VXSSRVHG� WR� VXSSO\� WKH�
LQIRUPDWLRQ� RQ� WKH� PRQWKO\� GHYHORSPHQW� SDWWHUQ�� WKH� YRODWLOLW\� RI� WKH� FRPSXWHG�
IL[HG� FDSLWDO� IRUPDWLRQ� LQGLFDWRUV� VKRXOG� UHIOHFW� WKDW�RI� WKH� RI� WKH�PRQWKO\� VRXUFH�
GDWD�� 2Q� WKLV� JURXQG� LW� LV� FRQFOXGHG� WKDW� WKH� LQWHUSRODWLRQ� DSSURDFK� LV� WR� EH�
SUHIHUUHG��DV�LW�VHHPV�WR�\LHOG�RXWFRPHV�ZKLFK�UHIOHFW�PRQWKO\�GHYHORSPHQWV�PRUH�
UHDOLVWLFDOO\��

�

�

�

�

�

�

�

�

�

�

�

�
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�

7KH�VDPH�FRQFOXVLRQV�KROG�IRU�WKH�FRPSXWHG�PRQWKO\�LQGLFDWRUV�IRU�WKH�JURZWK�UDWH�
RI�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ�H[FOXGLQJ�LQWDQJLEOH�IL[HG�DVVHWV��2Q�D�TXDUWHUO\�
EDVLV�WKH�ILW�ZLWK�41$�UHDOLVDWLRQV�LV�JRRG��ERWK�LQ�VDPSOH��JUDSK������DQG�RXW�RI�
VDPSOH��JUDSK�������

�

*UDSK� ����� 3ULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� H[�� LQWDQJLEOH� DVVHWV� �YROXPH�� \HDU� RQ� \HDU�

JURZWK� UDWH��4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� TXDUWHUO\� DYHUDJHV� RI�

PRQWKO\�HVWLPDWHV�UHVXOWLQJ�IURP�FXPXODWLYH�DQG�LQWHUSRODWLRQ�PHWKRG���
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����4� ����4� ����4� ����4� ����4� ����4�

41$�HVWLPDWHV 0RQWKO\�LQGLFDWRU�LQWHUSRODWLRQ
0RQWKO\�LQGLFDWRU�FXPXODWLYH �

�
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�

*UDSK� ����� 3ULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ� H[�� LQWDQJLEOH� DVVHWV� �YROXPH�� \HDU� RQ� \HDU�

JURZWK� UDWH��4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� TXDUWHUO\� DYHUDJHV� RI�

PRQWKO\� IRUHFDVW� IURP� TXDVL�UHDO� WLPH� UROOLQJ� UHJUHVVLRQ� H[HUFLVH�� ERWK� FXPXODWLYH� DQG�

LQWHUSRODWLRQ�PHWKRG��
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����4� ����4� ����4� ����4� ����4� ����4� ����4� ����4�

41$�UHDOLVDWLRQV )RUHFDVW�LQWHUSRODWLRQ )RUHFDVW�FXPXODWLYH

�
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�

�

���� ,QGLFDWRUV�IRU�VXE�DJJUHJDWHV�

�

)L[HG�SULYDWH�FDSLWDO�IRUPDWLRQ�LV�D�UDWKHU�EURDG�FRQFHSW��UDQJLQJ�IURP�WKH�EXLOGLQJ�
RI�KRXVHV�DQG�RIILFHV�YLD�ORUULHV�WR�VRIWZDUH��,W�LV�WKHUHIRUH�SRWHQWLDOO\�XVHIXO�WR�KDYH�
VKRUW�WHUP� LQIRUPDWLRQ� RQ� WKH� GHYHORSPHQW� RI�PRUH� KRPRJHQRXV� DJJUHJDWHV�� 7KH�
PRVW�LPSRUWDQW�GLVWLQFWLRQ�LV�EHWZHHQ�UHDO�HVWDWH�FRQVWUXFWLRQ�DQG�RWKHU�IL[HG�FDSLWDO�
IRUPDWLRQ��7KLV�ODVW�JURXS�LV�PRVW�UHOHYDQW�IRU� WKH�GHYHORSPHQWV� LQ� WKH�SURGXFWLRQ�
FDSDFLW\��DQG�LV�WKHUHIRUH�WHUPHG�SURGXFWLRQ�UHODWHG�LQYHVWPHQW��$�PRQWKO\�LQGLFDWRU�
ZDV� GHYHORSHG� IRU� WKLV� DJJUHJDWH�� WRJHWKHU� ZLWK� WKUHH� DGGLWLRQDO� LQGLFDWRUV� IRU�
LQYHVWPHQW� LQ� PDFKLQHU\�� WUDQVSRUW� HTXLSPHQW� DQG� ,7�KDUGZDUH�� 7KH� PRQWKO\�
LQGLFDWRUV� IRU� WKHVH� ODVW� WKUHH� ORZ�OHYHO� DJJUHJDWHV� SURYHG� WR� EH� UDWKHU� XQUHOLDEOH��
7KLV�LV�FDXVHG�ERWK�E\�WKH�LQKHUHQW�YRODWLOLW\�RI�WKHVH�DJJUHJDWHV�DQG�WKH�IDFW�WKDW�WKH�
LPSRUW�GDWD�DW�WKH�VLQJOH�GLJLW�OHYHO�DUH�MXVW�WR�DJJUHJDWHG�WR�EH�XVHIXO�LQGLFDWRUV�IRU�
WKHVH�PRUH�VSHFLILF�DJJUHJDWHV��7KH�UHVXOWV�IRU�WKH�SURGXFWLRQ�UHODWHG�LQYHVWPHQW�DUH�
VKRZQ� LQ� JUDSKV� ����� DQG� ������ 5HDO�WLPH� VLPXODWLRQV� JLYH� DQ� UPVH� RI� ����
SHUFHQWDJH�SRLQWV�� EXW� LQ� SUDFWLFH� WKH� LQGLFDWRU� VHHPV� WR� EH� VRPHZKDW� PRUH�
XQUHOLDEOH� WKDQ� WKLV��2QH� LVVXH� LV� WKDW� WKH�41$�VHULHV� LWVHOI� LV�PRUH� XQSUHGLFWDEOH�
WKDQ�WKH�41$�VHULHV�IRU�WRWDO�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ��

�

*UDSK� ������ ,QYHVWPHQW� LQ� SURGXFWLRQ� UHODWHG� IL[HG� DVVHWV� � �YROXPH�� \HDU� RQ� \HDU� JURZWK�

UDWH�� 4XDUWHUO\� 1DWLRQDO� $FFRXQWV� UHDOLVDWLRQV� FRPSDUHG� WR� PRQWKO\� HVWLPDWHV� UHVXOWLQJ�

IURP�LQWHUSRODWLRQ�PHWKRG��
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�����
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����0�� ����0�� ����0�� ����0�� ����0�� ����0��

41$�UHDOLVDWLRQV 0RQWKO\�LQGLFDWRU
�

�
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�

*UDSK� ������ ,QYHVWPHQW� LQ� SURGXFWLRQ� UHODWHG� IL[HG� DVVHWV� � �YROXPH�� \HDU� RQ� \HDU� JURZWK�

UDWH��4XDUWHUO\�1DWLRQDO�$FFRXQWV�UHDOLVDWLRQV�FRPSDUHG� WR�TXDUWHUO\�DYHUDJHV�RI�PRQWKO\�

HVWLPDWHV�UHVXOWLQJ�IURP�LQWHUSRODWLRQ�PHWKRG���
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��� 'LVFXVVLRQ�DQG�FRQFOXVLRQV�

�

6KRUW�WHUP�LQIRUPDWLRQ�RQ�HFRQRPLF�GHYHORSPHQWV�LV�LQ�HYHU�PRUH�GHPDQG��$W�WKH�
VDPH� WLPH�� VWDWLVWLFDO� DJHQFLHV� VXIIHU� IURP� FRQVWUDLQWV� GXH� WR� EXGJHWDU\�
FRQVLGHUDWLRQV� DQG� FRPSODLQWV� IURP� UHVSRQGHQWV� UHJDUGLQJ� DGPLQLVWUDWLYH� EXUGHQV��
8QGHU� WKHVH�FLUFXPVWDQFHV��HFRQRPHWULF� WHFKQLTXHV�FDQ�EH�RI�JUHDW�KHOS��HLWKHU�E\�
FRVWOHVV� LPSURYLQJ� WKH� TXDOLW\� RI� H[LVWLQJ� VWDWLVWLFV�� RU� E\� SURGXFLQJ� HQWLUHO\� QHZ�
VWDWLVWLFV�� %RWK� XVHV� DUH� EDVHG� RQ� PD[LPL]LQJ� WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ� GDWD�
DOUHDG\�DYDLODEOH��E\�H[SORLWLQJ�FRKHUHQF\�DQG�FURVV�UHODWLRQV��7KLV�VWXG\�FRQFHUQV�
LWVHOI�ZLWK�WKH�VHFRQG�DSSOLFDWLRQ��XVLQJ�H[LVWLQJ�GDWD�DQG�PRGHO�EDVHG�WHFKQLTXHV�WR�
SURGXFH�D�QHZ�VWDWLVWLFDO�SURGXFW��,W�GHVFULEHV�WKH�PHWKRGRORJ\�XVHG�WR�SURGXFH�WKH�
6WDWLVWLFV� 1HWKHUODQGV� PRQWKO\� LQGLFDWRU� RI� WKH� YROXPH� JURZWK� RI� SULYDWH� IL[HG�
FDSLWDO�IRUPDWLRQ��H[FOXGLQJ�LQWDQJLEOH�IL[HG�DVVHWV���

7KLV� VWXG\� VKRZV� KRZ� LW� LV� SRVVLEOH� WR� SURGXFH� D� PRQWKO\� LQGLFDWRU� RI� WKH�
GHYHORSPHQW�RI�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ��D�NH\�EXVLQHVV�F\FOH�VWDWLVWLF��XVLQJ�
UHODWHG� PRQWKO\� LQGLFDWRUV� DQG� KLJK�IUHTXHQF\� LQWHUSRODWLRQ� WHFKQLTXHV�� 7KH�
IXQGDPHQWDO� LGHD� LV� WR� ILQG� D�ZD\� WR� ³LQWHUSRODWH´� EHWZHHQ� WKH� H[LVWLQJ�4XDUWHUO\�
1DWLRQDO�$FFRXQWV�HVWLPDWHV��7KHVH�VHUYH�DV�UHIHUHQFH�DQG�DV�VWUXFWXUDO�EDFNERQH�RI�
WKH� HVWLPDWLRQ� V\VWHP�� 2QO\� IRU� WKH� PHWKRG� WR� EH� XVHIXO� LQ� SUDFWLFH�� L�H�� IRU�
SURGXFLQJ� D�PRQWKO\� VWDWLVWLF�� LW�PXVW� EH� DEOH� QRW� RQO\� WR� LQWHUSRODWH� EHWZHHQ� WKH�
TXDUWHUO\� UHDOLVDWLRQV�� EXW� DOVR� H[WUDSRODWH� IRU� WKH� PRQWKV� LQ� WKH� FXUUHQW� TXDUWHU��
%HFDXVH�RI�WKLV��LW�ZDV�FKRVHQ�WR�XVH�D�VWDWH�VSDFH�EDVHG�DSSURDFK��ZKLFK�LV�QRW�RQO\�
D�SRZHUIXO�HVWLPDWLRQ�WHFKQLTXH�LQ� LWVHOI��EXW�DOVR�XQLTXHO\�VXLWHG� WR�H[WUDSRODWLRQ��
7KH� UHVXOWLQJ� PRGHOV� ZHUH� ULJRURXVO\� WHVWHG�� QRW� RQO\� E\� SHUIRUPLQJ� UHDO�WLPH�
VLPXODWLRQV� LQ� WKH� GHYHORSPHQW� SKDVH�� EXW� DOVR� LQ� WZR� VHSDUDWH� SHULRGV� RI� DFWXDO�
PRQWKO\� WULDO�SURGXFWLRQ��)RU�SULYDWH� IL[HG�FDSLWDO� IRUPDWLRQ�� WKH�VWDUWLQJ�SRLQW� IRU�
SURGXFLQJ� D� PRQWKO\� LQGLFDWRU� LV� DFWXDOO\� TXLWH� JRRG�� DV� VRPH� H[FHOOHQW� PRQWKO\�
LQGLFDWRUV�DUH�DYDLODEOH��7KHVH�DUH�LQGLFDWRUV�RI�WKH�SURGXFWLRQ�DQG�LPSRUWV�RI�FDSLWDO�
JRRGV�� WKH�PDLQ� FRPSRQHQWV� RI� IL[HG� FDSLWDO� IRUPDWLRQ�� 6R� WKHUH� LV� TXLWH� D� ORW� RI�
LQIRUPDWLRQ�RQ�D�PRQWKO\�EDVLV�RQ�WKH�VXSSO\�RI�IL[HG�FDSLWDO�IRUPDWLRQ��&RPELQHG�
ZLWK�DSSURSULDWH�PRGHOOLQJ�WHFKQLTXHV��WKLV�FDQ�EH�H[SORLWHG�WR�SURGXFH�WKH�GHVLUHG�
PRQWKO\�LQGLFDWRU�RI�WKH�YROXPH�JURZWK�RI�SULYDWH�IL[HG�FDSLWDO�IRUPDWLRQ���

7ZR� GLIIHUHQW� HVWLPDWLRQ� DSSURDFKHV� ZHUH� WHVWHG�� ERWK� VHW� LQ� D� VWDWH� VSDFH�
IRUPXODWLRQ��7KH�ILUVW�LV�WHUPHG�WKH�LQWHUSRODWLRQ�DSSURDFK��ZKHUH�WKH�DSSUR[LPDWLRQ�
LV�XVHG�WKDW�WKH�TXDUWHUO\�UHDOLVDWLRQV�OLH�EHWZHHQ�WKH�PRQWKO\�RQHV��ZKLFK�DUH�WR�EH�
HVWLPDWHG��8VLQJ� WKH�PRQWKO\� LQGLFDWRUV�� WKH�PLVVLQJ�PRQWKO\� GDWD� DUH� ³ILOOHG� LQ´��
7KH�VHFRQG�DSSURDFK�LV�D�FXPXODWLYH�RQH��LQ�ZKLFK�WKH�PRQWKO\�HVWLPDWHV�DUH�OLQNHG�
WR�WKH�TXDUWHUO\�UHDOLVDWLRQV�E\�UHTXLULQJ�WKDW�WKH�DYHUDJH�RI�WKUHH�PRQWKO\�HVWLPDWHV�
LV�HTXDO�WR�WKH�UHDOLVDWLRQ�RI�WKH�FRUUHVSRQGLQJ�TXDUWHU��%RWK�DSSURDFKHV�ZHUH�WHVWHG�
XVLQJ� WKH� VDPH� VHOHFWLRQ� RI� PRQWKO\� LQGLFDWRUV�� L�H�� LQGLFDWRUV� RI� LPSRUWV� DQG�
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LQGXVWULDO� SURGXFWLRQ�� DSSURSULDWHO\� WUDQVIRUPHG�� %RWK� DSSURDFKHV� ZHUH� DEOH� WR�
VXFFHVVIXOO\� SURGXFH� PRQWKO\� LQGLFDWRUV�� ERWK� LQ�VDPSOH� DQG� LQ� SURGXFWLRQ�
VLPXODWLQJ� RXW�RI�VDPSOH� H[HUFLVHV�� 7KH� GHULYHG�PRQWKO\� LQGLFDWRUV� ORRN� FUHGLEOH��
ZLWK� H[FHOOHQW� LQ�VDPSOH� ILWV�� WKH� URRW� PHDQ� VTXDUH� HUURUV� EHLQJ� ORZHU� WKDQ� RQH�
SHUFHQWDJH� SRLQW�� $V� H[SHFWHG�� WKH� RXW�RI�VDPSOH� UPVH¶V� ZHUH� VRPHZKDW� KLJKHU��
DURXQG������SRLQWV� IRU� WKH� LQWHUSRODWLRQ�DSSURDFK�DQG�DURXQG������SRLQWV� IRU� WKH�
FXPXODWLYH�DSSURDFK��%XW�WKHVH�DUH�TXLWH�DFFHSWDEOH�IRU�D�UDSLG�PRQWKO\�HFRQRPLF�
LQGLFDWRU��7KH�FXPXODWLYH�DSSURDFK�PRQWKO\�LQGLFDWRU�GLG�HYROYH�PRUH�VPRRWKO\�RQ�
D�PRQWKO\�EDVLV�WKDQ�WKH�LQWHUSRODWLRQ�DSSURDFK�LQGLFDWRU��DQG�LW�ZDV�DUJXHG�WKDW�WKH�
LQWHUSRODWLRQ�DSSURDFK�JDYH�D�PRUH� UHDOLVWLF�SLFWXUH�RI�PRQWKO\�GHYHORSPHQWV��2Q�
WKHVH� WZR� FULWHULD� WKH� LQWHUSRODWLRQ� DSSURDFK� VHHPV� WR� EH� SUHIHUDEOH� WR� WKH�
FXPXODWLYH�DSSURDFK���

7KHUH� KDYH� DOUHDG\� EHHQ� WZR� SHULRGV� RI� VXFFHVVIXO� DFWXDO� WULDO� SURGXFWLRQ� RQ� D�
PRQWKO\�EDVLV��\LHOGLQJ�DFWXDO�UHDO�WLPH�UHVXOWV��7KH�ILUVW�SHULRG�RI�VL[�TXDUWHUV�XVHG�
D�PRGHO�IRUPXODWLRQ�EDVHG�RQ�HDUOLHU�UHVHDUFK�DQG�\LHOGHG�H[FHOOHQW�UHVXOWV��ZLWK�RQ�
DYHUDJH� OHVV� WKDQ� �����SRLQWV� EHWZHHQ� WKH� ILUVW� PRQWKO\� HVWLPDWHV� DQG� WKH� 41$�
IODVK� HVWLPDWH�� 8VLQJ� WKH� PRGHOV� GHVFULEHG� LQ� WKLV� VWXG\�� PRQWKO\� WULDO� HVWLPDWHV�
ZHUH� SURGXFHG� GXULQJ� D� SHULRG� RI� WKUHH� TXDUWHUV�� ZLWK� DQ� DYHUDJH� GHYLDWLRQ� IURP�
41$�IODVK�RI������SRLQWV��7KH�PRGHOV�XVHG� LQ� WKH� ILUVW�SHULRG�RI� WULDO�SURGXFWLRQ�
PDGH�XVH�RI�PRUH�GHWDLOHG�DQG�WKHUHIRUH�PRUH�SUHFLVH�LPSRUW�GDWD��WKDQ�WKRVH�XVHG�LQ�
WKH� VHFRQG� WULDO�� 7KH� LQWHUSRODWLRQ� PHWKRG� XVHG� LQ� WKH� VHFRQG� WULDO� SHULRG� DQG�
GHVFULEHG� LQ� WKLV� VWXG\� LV� DOVR� WKH� PHWKRG� FKRVHQ� IRU� SURGXFLQJ� 6WDWLVWLFV�
1HWKHUODQGV� PRQWKO\� LQGLFDWRU� RI� SULYDWH� IL[HG� FDSLWDO� IRUPDWLRQ�� ,W� ZDV�
XQIRUWXQDWHO\� LPSRVVLEOH� WR� NHHS�RQ�XVLQJ� WKH�PRUH� GHWDLOHG� LPSRUW� GDWD�� DV� WKHUH�
ZHUH�LVVXHV�ZLWK�WKH�FRPSRVLWLRQ�RI�WKH�UHTXLUHG�LPSRUW�DJJUHJDWHV��7KLV�GRHV�VKRZ�
WKDW� WKH� DFFXUDF\� RI� WKHVH�PHWKRGV� GHSHQGV� IRU� D� ODUJH� SDUW� RQ� WKH� DYDLODELOLW\� RI�
JRRG�� UHOHYDQW�PRQWKO\� VRXUFH� GDWD�� 7KH�PHWKRG� GHVFULEHG� KHUH� LV� QRW� RQO\� TXLWH�
VXFFHVVIXO�� DOO� WKLQJV� WDNHQ� LQWR� FRQVLGHUDWLRQ�� EXW� DOVR� YHU\� HIILFLHQW�� 7KH�
PHDVXUHPHQW� LV� FRPSOHWHO\� EDVHG� RQ� H[LVWLQJ� GDWD�� DQG� EHFDXVH� HFRQRPHWULF�
PHWKRGV� OHQG� WKHPVHOYHV� YHU\� ZHOO� WR� DXWRPDWLRQ�� WKH� SURGXFWLRQ� SURFHVV� LV� DOVR�
YHU\�IDVW�DQG�FKHDS��
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/LWHUDWXUH�

�

%LNNHU�� 5��� +LMPDQ�� 5��� .HH�� 3�� DQG� /HHXZHQ�� *��� �������� ³/DERXU� IRUFH� VXUYH\� GDWD� RQ�
XQHPSOR\PHQW��,GHQWLI\LQJ�RXWOLHUV´��6WDWLVWLFV�1HWKHUODQGV�GLVFXVVLRQ�SDSHU�������

9DQ� GH� %UDNHO�� -� DQG� .ULHJ�� 6�� ������� ³6WUXFWXUHG� WLPH� VHULHV� PRGHOOLQJ� RI� WKH� PRQWKO\�

XQHPSOR\PHQW�UDWH�LQ�D�URWDWLQJ�SDQHO´�6WDWLVWLFV�1HWKHUODQGV�GLVFXVVLRQ�SDSHU�������

9DQ� GH� %UDNHO�� -�� DQG� 5RHOV�� -�� ������� ³,QWHUYHQWLRQ� DQDO\VLV� ZLWK� VWDWH�VSDFH� PRGHOV� WR�

HVWLPDWH� GLVFRQWLQXLWLHV� GXH� WR� D� VXUYH\� UHGLVJQ´� 6WDWLVWLFV� 1HWKHUODQGV� GLVFXVVLRQ�
SDSHU�������

&DUYDOKR�� 9�0�� DQG� +DUYH\�� $�&��� ������� ³&RQYHUJHQFH� DQG� F\FOHV� LQ� WKH� (XUR�]RQH´�

(XURVWDW�ZRUNLQJ�SDSHU��WKHPH���JHQHUDO�VWDWLVWLFV��

&ODU�� 0��� 5DPRV�� 5��� 6XULQDFK�� -�� ������� ³$� ODWHQW� YDULDEOH� PRGHO� WR� PHDVXUH� UHJLRQDO�

PDQXIDFWXULQJ� SURGXFWLRQ� LQ� 6SDLQ´� :RUNVKRS� RQ� 5HJLRQDO� (FRQRPLF� ,QGLFDWRUV��
8QLYHUVLW\�RI�0LQKR��

'L�)RQ]R��7���������³&RQVWUDLQHG�UHWURSRODWLRQ�RI�KLJK�IUHTXHQF\�GDWD�XVLQJ�UHODWHG�VHULHV��

$� VLPSOH� G\QDPLF� PRGHO� DSSURDFK´� (XURVWDW� ZRUNLQJ� SDSHU�� WKHPH� �� JHQHUDO�

VWDWLVWLFV�

'L�)RQ]R��7���������³7HPSRUDO�GLVDJJUHJDWLRQ�RI�HFRQRPLF�WLPH�VHULHV��WRZDUGV�D�G\QDPLF�

H[WHQVLRQ´�(XURVWDW�ZRUNLQJ�SDSHU��WKHPH���JHQHUDO�VWDWLVWLFV�

+DUYH\��$�&��� �������� ³)RUHFDVWLQJ�6WUXFWXUDO�7LPH�6HULHV�0RGHOV� DQG� WKH�.DOPDQ�)LOWHU´�

&DPEULGJH�8QLYHUVLW\�SUHVV��&DPEULGJH�

+DUYH\��$�&���.RRSPDQ��6�-����������³6LJQDO�H[WUDFWLRQ�DQG�WKH�IRUPXODWLRQ�RI�XQREVHUYHG�
FRPSRQHQWV�PRGHOV´��(FRQRPHWULFV�-RXUQDO������±�����

,VUDHOHYLFK�� 3��� DQG� .XWWQHU�� .�������� ³$� PL[HG� IUHTXHQF\� PRGHO� RI� UHJLRQDO� RXWSXW´��

-RXUQDO�RI�5HJLRQDO�VWXGLHV������S��������

/LX��+�DQG�+DOO��6�*���������³&UHDWLQJ�KLJK�IUHTXHQF\�1DWLRQDO�$FFRXQWV�ZLWK�VWDWH�VSDFH�
PRGHOOLQJ��D�0RQWH�&DUOR�H[SHULPHQW´�-RXUQDO�RI�IRUHFDVWLQJ�YRO������������������

3URLHWWL��7��� ������� ³7HPSRUDO�GLVDJJUHJDWLRQ�E\� VWDWH� VSDFH�PHWKRGV��'\QDPLF� UHJUHVVLRQ�

PHWKRGV�UHYLVLWHG´�(XURVWDW�ZRUNLQJ�SDSHU�

3URLHWWL�� 7� DQG� 0RDXUR�� )� �������� ³7HPSRUDO� GLVDJJUHJDWLRQ� DQG� VHDVRQDO� DGMXVWPHQW´�

(XURVWDW�ZRUNLQJ�SDSHU�

4XLOLV��(�0����������³%HQFKPDUNLQJ�WHFKQLTXHV�LQ�WKH�6SDQLVK�TXDUWHUO\�1DWLRQDO�$FFRXQWV´�

(XURVWDW�ZRUNLQJ�SDSHU��

6WRFN�� -�+��� DQG�:DWVRQ��0�:�� �������� ³$� SUREDELOLW\� PRGHO� RI� WKH� FRLQFLGHQW� HFRQRPLF�

LQGLFDWRUV´� LQ� ³/HDGLQJ� (FRQRPLF� ,QGLFDWRUV´�� /DKLUL�� .�� DQG� 0RRUH�� *�� �HGV����
&DPEULGJH�8QLYHUVLW\�3UHVV��1HZ�<RUN��

9DOOH�H�$]HYHGR��-��DQG�.RRSPDQ��6���������³7UDFNLQJ�WKH�EXVLQHVV�F\FOH�RI�WKH�(XUR�DUHD��

$�PXOWLYDULDWH�PRGHO�EDVHG�EDQG�SDVV�ILOWHU´�(XURVWDW�ZRUNLQJ�SDSHU��WKHPH���JHQHUDO�

VWDWLVWLFV�
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9DQ�5XWK��)���6FKRXWHQ��%���:HNNHU��5����������³7KH�6WDWLVWLFV�1HWKHUODQGV¶�%XVLQHVV�&\FOH�

7UDFHU��0HWKRGRORJLFDO�DVSHFWV��FRQFHSW��F\FOH�FRPSXWDWLRQ�DQG�LQGLFDWRU�VHOHFWLRQ�´�

6WDWLVWLFV�1HWKHUODQGV�UHSRUW������0,&�����

9DQ�5XWK��)�������D���³$�ODWHQW�YDULDEOH�DSSURDFK�WR�FRQVWUXFWLQJ�PRQWKO\�LQGLFDWRUV��IL[HG�

� FDSLWDO�IRUPDWLRQ´��6WDWLVWLFV�1HWKHUODQGV�'LVFXVVLRQ�SDSHU�������

9DQ�5XWK��)�������E���³&RQVWUXFWLQJ�D�PRQWKO\�LQGLFDWRU�RI�IL[HG�FDSLWDO�IRUPDWLRQ�YLD�KLJK�

� IUHTXHQF\� LQWHUSRODWLRQ�� 7KH� VWDWH� VSDFH� DSSURDFK´�� 6WDWLVWLFV� 1HWKHUODQGV�

� 'LVFXVVLRQ�SDSHU�������

�
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$SSHQGL[�$��7KH�.DOPDQ�)LOWHU�

�

,Q� RUGHU� WR� HVWLPDWH� WKH� K\SHUSDUDPHWHUV� DQG� ODWHQW� YDULDEOHV� RI� WKH� VWDWH� VSDFH�
PRGHO� GHVFULEHG� LQ� VHFWLRQ�;�� LW� LV� QHFHVVDU\� WR�XVH� WKH�.DOPDQ�)LOWHU��7KLV� LV� DQ�
LWHUDWLYH� SURFHGXUH� EDVHG� RQ� SUHGLFWLRQ� DQG� HIILFLHQW� LQFRUSRUDWLRQ� RI� QHZ�
LQIRUPDWLRQ��7KLV�FRQVWUXFWLRQ�UHVXOWV�LQ�DQ�HDV\�ZD\�WR�HYDOXDWH�WKH�ORJ�OLNHOLKRRG�
LQ�HDFK�VWHS���

)RU�SXUSRVHV�RI�FRQYHQLHQFH��,�ZLOO�ILUVW�UHVWDWH�WKH�EDVLF�VWDWH�VSDFH�PRGHO��ZKLFK�LV�
GHVFULEHG�E\�WKH�IROORZLQJ�WZR�HTXDWLRQV�>+DUYH\@��

�

� �
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WWWWW
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7KH�ILUVW�HTXDWLRQ�LV� WKH�VLJQDO�RU�PHDVXUHPHQW�HTXDWLRQ��ZKLFK�GHVFULEHV�KRZ�WKH�
REVHUYHG� YDULDEOHV� \W� DUH� UHODWHG� WR� WKH� VWDWH� YDULDEOHV� W�� =W� DQG� 6W�� DUH� FRQVWDQW�
FRHIILFLHQW�YHFWRUV�DQG�7W��DQG�5W�DUH�FRQVWDQW�FRHIILFLHQW�PDWULFHV��7KH�GLVWXUEDQFHV�

W� DQG� W� KDYH� PHDQ� ]HUR� DQG� FRYDULDQFH� PDWUL[� +W� DQG� 4W� UHVSHFWLYHO\�� DQG� DUH�
VHULDOO\�XQFRUUHODWHG��7KH�V\VWHP�SDUDPHWHUV��RU�K\SHUSDUDPHWHUV��=W��6W��7W��5W��+W�
DQG�4W�DUH�XQNQRZQ�DQG�QHHG�WR�EH�GHWHUPLQHG�

7KLV� LV� ZHUH� WKH� .DOPDQ� ILOWHU� FRPHV� LQ�� ,W� LV� LQ� HVVHQFH� D� WZR� VWHS� SURFHGXUH��
FRQVLVWLQJ� RI� D� SUHGLFWLRQ� VWHS� IROORZHG� E\� DQ� XSGDWLQJ� VWHS�� ,Q� WKH� ILUVW� VWHS� DQ�
RSWLPDO� SUHGLFWLRQ��JLYHQ� DOO� DYDLODEOH� LQIRUPDWLRQ� DW� WKDW� WLPH�� RI� WKH� VLJQDO� DQG�
VWDWH�YDULDEOHV�LQ�WKH�QH[W�SHULRG�LV�JHQHUDWHG��7KLV�\LHOGV�WKH�SUHGLFWLRQ�DW�W���RI� W��

�

� � ��� −− ∗= WWWW 7D α � � � � � �$���

:LWK�HUURU��

� � ( ) WWWWWWW 5D7D ηαα −−∗=− −−− ���� � � � �$���

:KLFK�JLYHV�IRU�WKH�FRYDULDQFH�PDWUL[�RI�WKH�HVWLPDWLRQ�HUURU��

�

� � ( )( )[ ] ������� ��� −−−− =+=−− WWWWWWWWW 3545773DD( αα � �$���

�

7KH�PDWUL[�3W���LV�LPSRUWDQW�DV�LW�LV�WKH�FRYDULDQFH�PDWUL[�RI�WKH�RSWLPDO�HVWLPDWH�RI�

W��� DQG� SOD\V� D� FUXFLDO� UROH� LQ� WKH� FRPSXWDWLRQV�� 3W�W��� LV� WKHUHIRUH� WKH� FRYDULDQFH�
PDWUL[�RI�WKH�H[SHFWHG�HUURU�LQ�WKH�HVWLPDWH�DW�W���RI� W��*LYHQ�WKH�RSWLPDO�SUHGLFWLRQ�
DW�W���RI� W��WKH�RSWLPDO�SUHGLFWLRQ�RI�\W�DW�W���LV��
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−− = WWWWW D=\ � � � � � �$���

ZLWK�SUHGLFWLRQ�HUURU��

� � ( ) WWWWWWWWW D=\\ ξαν +−′=−= −− ����
a � � � �$���

ZKLFK�KDV�YDULDQFH��

� � ( ) WWWWWWW )+=3= =+= − 
YDU ��ν � � � �$���

7KH� SUHGLFWLRQ� HUURU� W� DQG� LWV� YDULDQFH� )W� DUH� FUXFLDO� IDFWRUV� LQ� WKH�.DOPDQ� ILOWHU�
SURFHGXUH��7KH�SUHGLFWLRQ�HUURUV�DUH�XVHG�WR�HYDOXDWH�WKH�ORJ�OLNHOLKRRG�RI�WKH�PRGHO��
ZKLFK�DOORZV�WKH�PRGHO�WR�EH�HVWLPDWHG��7KH�SUHGLFWLRQ�HUURUV�DQG�YDULDQFH�DUH�DOVR�
QHHGHG�LQ�WKH�QH[W�VWHS�RI�WKH�SURFHGXUH��WKH�XSGDWLQJ��,Q�WKLV�VWHS��WKH�REVHUYDWLRQ�DW�
W�\W��RU�SRVVLEO\�RWKHU�QHZ�LQIRUPDWLRQ��LV�XVHG�WR�XSGDWH�WKH�SUHGLFWLRQ�DW�W���DQG�WKXV�
UHILQH�WKH�HVWLPDWH�RI� W��$Q�DXJPHQWHG�PRGHO�FDQ�EH�IRUPXODWHG��
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7KLV� SURFHVV� DOORZV� WKH� HIILFLHQW� LQFRUSRUDWLRQ� RI� QHZ� LQIRUPDWLRQ� DQG� RSWLPDO�
HVWLPDWLRQ�RI�WKH�VWDWH�YHFWRUV�DQG�WKH�SDUDPHWHUV�RI�WKH�VWDWH�VSDFH�PRGHO��&DVWLQJ�D�
V\VWHP� LQ� WKH� VWDWH� VSDFH� IRUP� DQG� XVLQJ� WKH�.DOPDQ� )LOWHU� PDNHV� LW� SRVVLEOH� WR�
HYDOXDWH� WKH� OLNHOLKRRG� UHODWLYHO\� HDVLO\� YLD� WKH� SUHGLFWLRQ� HUURUV�� 7KH� RSWLPDO�
HVWLPDWHV�RI� WKH��K\SHU�SDUDPHWHUV�DUH�WKHQ�REWDLQHG�E\�PD[LPL]LQJ�WKH� OLNHOLKRRG�
LQ� DQ� LWHUDWLYH� ORRS��$IWHU� REWDLQLQJ� LQLWLDO� YDOXHV�� WKH�PRGHO� FDQ� EH� HVWLPDWHG��$�
ILQDO�RSWLRQ�RI�WKH�.DOPDQ�ILOWHU�LV�WR�REWDLQ�VR�FDOOHG�VPRRWKHG�HVWLPDWHV��7KHVH�DUH�
D� IXUWKHU� UHILQHPHQW�RI� WKH� ILOWHUHG�HVWLPDWHV��ZKLFK�DUH�REWDLQHG�E\�DGGLQJ� WR� WKH�
RQH� VWHS� DKHDG� SUHGLFWLRQV� WKH� LQIRUPDWLRQ� RI� SHULRG� W�� 6PRRWKLQJ� JRHV� RQH� VWHS�
IXUWKHU�� XVLQJ� DOO� LQIRUPDWLRQ� LQ� WKH� VDPSOH� WR� REWDLQ� RSWLPDO� HVWLPDWHV� DW� HYHU\�
SHULRG��7KLV�PHDQV�WKDW�IRU�WKH�HVWLPDWHV�RI�WKH�VWDWH�YHFWRUV�DW�SHULRG�W�LQ�WKH�PLGGOH�
RI�WKH�VDPSOH��DOO�GDWD�IURP�EHIRUH�DQG�DIWHU�SHULRG�W�DUH�XVHG��7KLV�DOORZV�IRU�YHU\�
JRRG�VWDWH�YHFWRU�HVWLPDWHV��EXW� LV�RI�FRXUVH� OHVV�UHOHYDQW� IRU� WKH�HYDOXDWLRQ�RI� WKH�
UHDO�WLPH�SURSHUWLHV�RI�WKH�PRGHOV��
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