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7LWOH� $�FRPSUHVVHG�DLU�FRVW�VDYLQJV�LGHQWLILFDWLRQ�PRGHO�IRU�GHHS�OHYHO�PLQHV

$XWKRU� &KULVWLDDQ�-RKDQQHV�2RVWKXL]HQ

6XSHUYLVRU� 'U�-RKDQQ YDQ�5HQVEXUJ

'HJUHH� 0DVWHU�RI�(QJLQHHULQJ��(OHFWULF�DQG�(OHFWURQLF�

.H\ZRUGV� &RPSUHVVHG�DLU�QHWZRUN�� HVWLPDWLRQ�PRGHO�� FRVW�VDYLQJ�PRGHO�� LGHQWLILFDWLRQ

PRGHO� FRPSUHVVRU� SRZHU� FRQVXPSWLRQ�� FRPSUHVVRU� SRZHU� VDYLQJV��

FRPSUHVVHG�DLU�EHQFKPDUNLQJ�

(VNRP KDV UHTXHVWHG D�����HOHFWULFLW\�WDULII�LQFUHDVH�RYHU�WKH�QH[W�WKUHH�\HDUV� ZKLFK�ZLOO�SXW�

DQ� LQFUHDVHG� EXUGHQ� RQ� WKH� 6RXWK� $IULFDQ� PLQLQJ� VHFWRU� 7KH� FRVW� RI� HOHFWULFLW\� GLUHFWO\�

LQIOXHQFHV� WKH� SURILWDELOLW\� RI� WKH� PLQLQJ� LQGXVWU\� (QHUJ\� HIILFLHQF\� DQG� HQHUJ\� VDYLQJV�

LQLWLDWLYHV� DUH� EHFRPLQJ� FUXFLDO� DV� PDQ\� PLQHV� DUH� LPSOHPHQWLQJ VWUDWHJLHV� WR� FRPEDW�

LQFUHDVLQJ�HOHFWULFLW\�FRVWV�

&RPSUHVVHG�DLU�V\VWHPV�DUH�RQH�RI�WKH�WRS�HQHUJ\�GHPDQG V\VWHPV�XVHG�E\�GHHS�OHYHO�PLQHV��

7KHVH�V\VWHPV�DUH�DOVR�RI�WKH�PRVW LQHIILFLHQW�V\VWHPV� 7KHUHIRUH�GHHS�OHYHO�PLQHV�DUH�GULYLQJ�

DZDUHQHVV� WR� RSWLPLVH� FRPSUHVVHG� DLU� V\VWHPV E\� LPSOHPHQWLQJ HQHUJ\�VDYLQJV LQLWLDWLYHV��

ZKLFK� UHTXLUH� ULJRURXV� SODQQLQJ� WR� ODXQFK DQG LPSOHPHQW�� 'HWHUPLQLQJ� WKH� VFRSH� IRU�

LPSURYHPHQW� RQ� FRPSUHVVHG� DLU� V\VWHPV� LV DOVR� D� FRPSOH[� DQG� D� WLPH�FRQVXPLQJ SURFHVV�

ZKLFK�UHTXLUHV�PXOWLSOH�SHUVRQQHO��FDSLWDO DQG�VSHFLDOLVHG�HTXLSPHQW�

7KLV�VWXG\�DLPV WR�GHYHORS�D�FRVW�VDYLQJ LGHQWLILFDWLRQ�PRGHO�ZKLFK�ZLOO�DFFXUDWHO\�SUHGLFW�WKH�

FRVW�VDYLQJV�SRWHQWLDO�RI�D�FRPSUHVVHG�DLU�V\VWHP�RQ�D�GHHS�OHYHO�PLQH��5HVHDUFK�UHJDUGLQJ�

FRPSUHVVHG�DLU�RSWLPLVDWLRQ��PDQDJHPHQW�DQG�GHPDQG�SUHGLFWLRQV�ZHUH�FRQGXFWHG�WR�HVWDEOLVK�

D� OLVW� RI� PHWKRGV� DQG� WRROV� WR� EH� XVHG�� 1R� SUHGLFWLRQ� PHWKRGV� ZHUH� IRXQG ZKLFK� FRXOG�

DFFXUDWHO\� SUHGLFW� WKH� SRZHU� SURILOH� RI� D� FRPSUHVVHG� DLU� V\VWHP� XVLQJ�PLQLPDO� LQSXW� GDWD��

0XOWLSOH�PRGHOV�ZHUH�FRQVWUXFWHG�WR�SURYLGH�D�SRVVLEOH�VROXWLRQ WR�WKH�SUREOHP XVLQJ�WKH�WRROV�

IRXQG�LQ�UHVHDUFK�
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6RXWK�$IULFD��7KH�GDWD�ZDV�XVHG� WR� HYDOXDWH� WKH� UHODWLRQVKLSV�EHWZHHQ�SDUDPHWHUV�XVHG�E\�
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PRGHO��
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WKH�LPSDFW�RI�WKH�LPSOHPHQWHG�LQLWLDWLYHV��7KH HVWLPDWLRQ�PRGHO�XVHG�RQO\�WKH�FRPSUHVVHG�DLU�

SRZHU�EDVHOLQH�DV�LQSXW�DQG�SURGXFHG RSWLPLVHG�SURILOH HVWLPDWLRQV�ZKLFK�ZHUH�����DQG�����

DFFXUDWH UHVSHFWLYHO\�� FRPSDUHG� WR� WKH� DFWXDO�PHDVXUHPHQWV DIWHU� RSWLPLVDWLRQ�� 'XH� WR� WKH�

G\QDPLF�QDWXUH�RI� WKH�PLQLQJ�HQYLURQPHQW� VRPH�RI� WKH�GDLO\�HVWLPDWHG� UHVXOWV�ZHUH�����

DFFXUDWH��7KHVH�DFFXUDWH�HVWLPDWLRQV�SURYHG�WKDW�WKH�GHYHORSHG�PRGHO�LV�FDSDEOH�RI�DLGLQJ�LQ�

WKH�PDQDJHPHQW�RI�FRPSUHVVHG�DLU�SURMHFWV�E\�HVWLPDWLQJ�WKH�VDYLQJV�WKDW�FDQ�EH�DFKLHYHG��
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GHWHUPLQH�IHDVLELOLW\�RI�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�LQLWLDWLYHV�E\����ZHHNV��XVLQJ�RQO\�WZR�

HQJLQHHULQJ�SHUVRQQHO�LQVWHDG�RI�HLJKW�� $�SRWHQWLDO�RI�5������0LOOLRQ�FRXOG�DOVR�KDYH�EHHQ�

VDYHG� UHJDUGLQJ� SHUVRQQHO� FRVWV� LI WKH� FRPSUHVVHG� DLU� HQHUJ\� VDYLQJV� LQLWLDWLYHV� ZHUH� QRW�

SURYHQ�IHDVLEOH�

7KH� VWXG\� DLP� DQG� VWXG\� REMHFWLYHV� ZHUH� VXFFHVVIXOO\� PHW ZKLOH� UHGXFLQJ� WKH� UHVRXUFHV�

UHTXLUHG�E\�D�GHHS�PLQH WR�LGHQWLI\�WKH�SRVVLEOH�FRVW�VDYLQJV�RI�D�FRPSUHVVHG�DLU�V\VWHP��
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WKLV�GLVVHUWDWLRQ��ZHUH WKURXJK�WKH�JUDFH��ORYH�DQG�VDFULILFH�RI�-HVXV�&KULVW��WKH�1DPH�DERYH�DOO�

QDPHV��:KLOH�WKLV�WKHVLV�LV�D�UHSUHVHQWDWLRQ�RI�P\ MRXUQH\�WRZDUGV�WKH�JRDO�RI�D�0DVWHU¶V�LQ�

(QJLQHHULQJ��, IHHO�FRQYLFWHG WR�VWDWH�WKDW�WKH�PXFK�JUHDWHU JRDO�ZDV�WR�EULQJ�JORU\�WR�WKH�6RQ�

RI�*RG�

, ZRXOG�DOVR�OLNH�WR�WKDQN�WKH�IROORZLQJ�SHRSOH�

x 3URI��(��+��0DWKHZV�DQG�3URI��0��.OHLQJHOG��ZKR�HQDEOHG�PH WR�JURZ�LQ�P\ SXUVXLW RI�

HQJLQHHULQJ�H[FHOOHQFH�

x 'U�-RKDQQ YDQ�5HQVEXUJ� ZKR�DVVLVWHG�PH LQ DOO�WKH�VWHSV�QHFHVVDU\�IRU FRPSLOLQJ�WKLV�

GRFXPHQW��

x 'U�&KDUO�&LOOLHUV�DQG�'U�:LOOHP�6FKRHPDQ� IRU�WKHLU�FRQWLQXHG�VXSSRUW DQG�JXLGDQFH��
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PRWLYDWHG�WR�FRPSOHWH�WKLV�VWXG\�
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/WG� IRU�WKH�RSSRUWXQLW\�DQG�DVVLVWDQFH�WR�FRPSOHWH�WKLV�VWXG\�
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$%%5(9,$7,216

(VNRP (OHFWULFLW\�6XSSO\�&RPPLVVLRQ

'&&� '\QDPLF�&RPSUHVVRU�&RQWUROOHU

'&6 '\QDPLF�&RPSUHVVRUV�6HOHFWRU

'60 'HPDQG�6LGH�0DQDJHPHQW

'R( 6RXWK�$IULFD¶V�'HSDUWPHQW�RI�(QHUJ\

(6&R� (QHUJ\�6HUYLFH�&RPSDQ\

*'3 *URVV�'RPHVWLF�3URGXFW

0	9 0HDVXUHPHQW�DQG�9HULILFDWLRQ

32' 3RLQW�RI�'HOLYHU\

6&$'$ 6XSHUYLVRU\�&RQWURO�DQG�'DWD�$FTXLVLWLRQ

728 7LPH�RI�8VH

,67 ,QWHJUDWRUV�RI�6\VWHPV�7HFKQRORJ\

(55 (QHUJ\�5HGXFWLRQ�5DWLR

&2/6 &RUUHFWHG�2UGLQDU\�/HDVW�6TXDUH

6)$ 6WRFKDVWLF�)URQWLHU�$QDO\VLV
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/LVW�RI�HTXDWLRQV YLLL

/,67�2)�(48$7,216

(TXDWLRQ���±7KHRUHWLFDO�UHTXLUHG�WKH�HOHFWULFDO�HQHUJ\�RI�D�FRPSUHVVRU ���������������������������������������������� ��

(TXDWLRQ���� 7KHRUHWLFDO�UHTXLUHG�PHFKDQLFDO�HQHUJ\�RI�D�FRPSUHVVRU������������������������������������������������ ��

(TXDWLRQ���� 'DUF\�:HLVEDFK�SUHVVXUH�ORVV�LQ�FRPSUHVVHG�DLU�GLVWULEXWLRQ ����������������������������������������� ��

(TXDWLRQ���� 5H\QROGV�QXPEHU�FDOFXODWLRQ ������������������������������������������������������������������������������������������� ��

(TXDWLRQ���� &ROHEURRN�� :KLWH�IULFWLRQ�IDFWRU������������������������������������������������������������������������������������� ��

(TXDWLRQ���� %HVW�SUDFWLFH�FRPSUHVVHG�DLU�EHQFKPDUNLQJ�PRGHO��:LQWHU�������������������������������������������� ��

(TXDWLRQ���� %HVW�SUDFWLFH�FRPSUHVVHG�DLU�EHQFKPDUNLQJ�PRGHO��6XPPHU� ���������������������������������������� ��

(TXDWLRQ���±(QHUJ\�5HGXFWLRQ�5DWLR���������������������������������������������������������������������������������������������������� ��

(TXDWLRQ���� 5HJUHVVLRQ�HTXDWLRQ�IRU�SRVW�LPSOHPHQWDWLRQ�(55��������������������������������������������������������� ��

(TXDWLRQ����� 7HVW�GDWD�EUHDNGRZQ�HTXDWLRQ���������������������������������������������������������������������������������������� ��

(TXDWLRQ����� 0RGHO�LQSXW �������������������������������������������������������������������������������������������������������������������� ��

(TXDWLRQ����� ,QSXW�WR�SUH�(55�WUDQVIRUPDWLRQ��$GDSWHG�IURP�(TXDWLRQ��� ��������������������������������������� ��

(TXDWLRQ����� 3RVW�,PSOHPHQWDWLRQ�9HFWRU������������������������������������������������������������������������������������������� ��

(TXDWLRQ����� 2XWSXW�YHFWRU������������������������������������������������������������������������������������������������������������������ ��

(TXDWLRQ����� )LQDO�PRGHO�H[SUHVVLRQ��������������������������������������������������������������������������������������������������� ��

(TXDWLRQ����� %DVH�SURFHVV�HQHUJ\�FRQVXPSWLRQ�YHFWRU��������������������������������������������������������������������� ���

(TXDWLRQ����� %DVH�SURFHVV�HQHUJ\�FRQVXPSWLRQ�������������������������������������������������������������������������������� ���

(TXDWLRQ����� 7RWDO�HQHUJ\�FRQVXPSWLRQ�������������������������������������������������������������������������������������������� ���

(TXDWLRQ����� %ULHU�VFRUH �������������������������������������������������������������������������������������������������������������������� ���

(TXDWLRQ����� &RUUHODWLRQ�FRHIILFLHQW�������������������������������������������������������������������������������������������������� ���

(TXDWLRQ����� 5HJUHVVLRQ�OLQH�HTXDWLRQV��������������������������������������������������������������������������������������������� ���

(TXDWLRQ����� 5HVLGXDO�VXP�RI�VTXDUHV��DGDSWHG�IURP�>��@�>��@� ������������������������������������������������������� ���

(TXDWLRQ����� )�6WDWLVWLF���������������������������������������������������������������������������������������������������������������������� ���

(TXDWLRQ����� &RHIILFLHQW�RI�GHWHUPLQDWLRQ ���������������������������������������������������������������������������������������� ���

(TXDWLRQ����� ��PRQWK�EDVHOLQH�PHDQ�H[SUHVVLRQ������������������������������������������������������������������������������� ���

(TXDWLRQ����� ��PRQWK�PHDVXUHG�SHUIRUPDQFH�PHDQ�H[SUHVVLRQ ������������������������������������������������������� ���

(TXDWLRQ����� 6WDWLVWLFDO�H[SUHVVLRQ�IRU�EDVHOLQH�DQG�SHUIRUPDQFHV�DVVHVVHG�PHDQ�SURILOHV�������������� ���

(TXDWLRQ����� 3RO\QRPLDO�H[SUHVVLRQ�RI��3%��(TXDWLRQ������������������������������������������������������������������ ���

(TXDWLRQ����� 3RO\QRPLDO�H[SUHVVLRQ�RI��30��(TXDWLRQ���� ������������������������������������������������������������� ���

(TXDWLRQ����� (55�3UH�,PSOHPHQWDWLRQ�3URILOH ��������������������������������������������������������������������������������� ���

(TXDWLRQ����� (55�3RVW�,PSOHPHQWDWLRQ�3URILOH�������������������������������������������������������������������������������� ���

(TXDWLRQ����� (55�'DWD�VHW ���������������������������������������������������������������������������������������������������������������� ���
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(TXDWLRQ����� $GMXVWHG�PHWKRG����SRVW�LPSOHPHQWDWLRQ�YHFWRU �������������������������������������������������������� ���

(TXDWLRQ����� $GMXVWHG�PHWKRG����SRVW�LPSOHPHQWDWLRQ�YHFWRU �������������������������������������������������������� ���
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)LJXUH���� (VNRP�SRZHU�WDULII�LQFUHDVH��������������������������������������������������������������������������������������������������� �

)LJXUH���� ,QIODWLRQ�YV�HOHFWULFLW\�LQFUHDVH ���������������������������������������������������������������������������������������������� �

)LJXUH���� %UHDNGRZQ�RI�WRWDO�RSHUDWLQJ�FRVWV�RI�PLQLQJ�LQ�������DGDSWHG�IURP�>�@����������������������������� �

)LJXUH���� (QHUJ\�EUHDNGRZQ�IRU�PLQLQJ�VHUYLFHV��DGDSWHG�IURP�>�@� ��������������������������������������������������� �

)LJXUH���� 7\SLFDO�VXUIDFH�FRPSUHVVHG�DLU�OD\RXW ����������������������������������������������������������������������������������� �

)LJXUH���� 7\SLFDO�XQGHUJURXQG�FRPSUHVVHG�DLU�OD\RXW �������������������������������������������������������������������������� �

)LJXUH���� $QQXDO�6DODU\������������������������������������������������������������������������������������������������������������������������� �

)LJXUH���� &RPSUHVVHG�DLU�LQYHVWLJDWLRQ�WLPH�GLVWULEXWLRQ�>$SSHQGL[�$@��������������������������������������������� ��

)LJXUH���� &KDSWHU���OLWHUDWXUH�UHYLHZ�SURFHVV �������������������������������������������������������������������������������������� ��

)LJXUH����� 6LPSOLILHG�FRPSUHVVHG�DLU�QHWZRUN�FDWHJRULHV������������������������������������������������������������������� ��

)LJXUH����� 7\SLFDO�FRPSUHVVRU�W\SHV��$GDSWHG�IURP�>��@� ����������������������������������������������������������������� ��

)LJXUH����� &HQWULIXJDO�FRPSUHVVRU�VLPSOLILHG�RSHUDWLRQ�GLDJUDP������������������������������������������������������� ��

)LJXUH����� 6WDQGDUG�JDOYDQLVHG�FRPSUHVVHG�DLU�GLVWULEXWLRQ�SLSHV������������������������������������������������������ ��

)LJXUH����� 8QGHUJURXQG�FRPSUHVVHG�DLU�XVHUV��$GDSWHG�IURP�>��@���������������������������������������������������� ��

)LJXUH����� 'DLO\�VXPPDULVHG�PLQLQJ�VFKHGXOH��$GDSWHG�IURP�>��@� �������������������������������������������������� ��

)LJXUH����� /HYHO�IORZ�GXULQJ�ULQJ�IHHG ����������������������������������������������������������������������������������������������� ��

)LJXUH����� 3UHOLPLQDU\�DXGLW�PHWKRGRORJ\��DGDSWHG�IURP�>��@����������������������������������������������������������� ��

)LJXUH����� &RPSUHVVHG�DLU�LQYHVWLJDWLRQ�SURFHGXUH��DGDSWHG�IURP�>��@��������������������������������������������� ��

)LJXUH����� 7\SLFDO�SRZHU�EDVHOLQH�IRU�GHHS�OHYHO�PLQHV��������������������������������������������������������������������� ��

)LJXUH����� 3UH�(55�YV�SRVW�(55�SRZHU�SURILOHV �������������������������������������������������������������������������������� ��

)LJXUH����± 3UH�YV�SRVW� (55�GDWDVHWV�������������������������������������������������������������������������������������������������� ��

)LJXUH����� (55�FDWHJRULHV��$GDSWHG�IURP�>��@� ��������������������������������������������������������������������������������� ��

)LJXUH����� 'HFRPSRVLWLRQ�RI�PDFKLQH�SURFHVVHV�DQG�HQHUJ\�FRQVXPSWLRQ��$GDSWHG�IURP�>��@�������� ��

)LJXUH����� 0HWKRGRORJ\�IORZ�������������������������������������������������������������������������������������������������������������� ��

)LJXUH����� )XQFWLRQDO�GLDJUDP�RI�WKH�PRGHO�FRQVWUXFWLRQ������������������������������������������������������������������� ��

)LJXUH����� 'LIIHUHQFH�EHWZHHQ�ZHHNGD\�DQG�ZHHNHQG�SURILOHV ���������������������������������������������������������� ��

)LJXUH����� 0	9�UHSRUW�ZHHNGD\�SHULRGV�������������������������������������������������������������������������������������������� ��

)LJXUH����� ,QIOHFWLRQ�SRLQWV ����������������������������������������������������������������������������������������������������������������� ��

)LJXUH����± 6FRSH�EDQGZLGWK���������������������������������������������������������������������������������������������������������������� ��

)LJXUH����� 0D[LPXP�SRZHU�FRUUHODWLRQ���������������������������������������������������������������������������������������������� ��

)LJXUH����� ([DPSOH�FRPSUHVVHG�DLU�V\VWHP�LQYHVWLJDWLRQ�GDWD ����������������������������������������������������������� ��

)LJXUH����� 5HIHUHQFH�DQG�YDULDEOH�SRZHU�LGHQWLILFDWLRQ���������������������������������������������������������������������� ��
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)LJXUH����� %DQGZLGWK�RI�(55�SDUDPHWHUV�IRU�V\VWHPV�VRUWHG�E\�SUH�(55����������������������������������������� ��

)LJXUH����� 0D[LPXP�SRZHU�YV�]RQH�(55�SDUDPHWHUV������������������������������������������������������������������������ ��

)LJXUH����� 3RZHU�SDUDPHWHU�YV�GLIIHUHQFH�LQ�(55 ������������������������������������������������������������������������������ ��

)LJXUH����� ([DPSOH�=RQH�SUH�LPSOHPHQWDWLRQ�(55�YV�SRVW�LPSOHPHQWDWLRQ�(55���������������������������� ��

)LJXUH����� &RPSDULVRQ�RI�]RQH�FRUUHODWLRQ�FRHIILFLHQWV���������������������������������������������������������������������� ��

)LJXUH����� (VWLPDWLRQ�PRGHO�IORZ ������������������������������������������������������������������������������������������������������� ��

)LJXUH����� %DVH�HVWLPDWLRQ�RXWOLHU�LGHQWLILFDWLRQ DQG�DGMXVWPHQW������������������������������������������������������ ��

)LJXUH����± %DVH�HVWLPDWLRQ�PRGHO�DGMXVWPHQW��� ������������������������������������������������������������������������������� ��

)LJXUH����� *XLGDQFH�SDUDPHWHUV ���������������������������������������������������������������������������������������������������������� ��

)LJXUH ���� ,QGHSHQGHQW�YDULDEOH�VFRSH ������������������������������������������������������������������������������������������������ ��

)LJXUH����� (55�FDOFXODWLRQ�YHULILFDWLRQ ���������������������������������������������������������������������������������������������� ��

)LJXUH����� 'DWD�DYHUDJH�YV�(55�PHWKRG��������������������������������������������������������������������������������������������� ��

)LJXUH����� =HUR�RSWLPLVDWLRQ�UHIHUHQFH�SUHGLFWLRQ ������������������������������������������������������������������������������ ��

)LJXUH����� &DVH�VWXG\�LQYHVWLJDWLRQ�PHWKRGRORJ\������������������������������������������������������������������������������� ��

)LJXUH����� 6WXG\�FDVH����VXUIDFH�OD\RXW ���������������������������������������������������������������������������������������������� ��

)LJXUH����� 6KDIW����	����EDVLF�XQGHUJURXQG�OD\RXW���������������������������������������������������������������������������� ��

)LJXUH����� 8QGHUJURXQG�OD\RXW�RI�VHFRQGDU\�SURGXFWLRQ�VKDIW��� ������������������������������������������������������ ��

)LJXUH����� &DVH����FRPSUHVVHG�DLU�SRZHU�EDVHOLQH ����������������������������������������������������������������������������� ��

)LJXUH����� 7\SLFDO�VLPXODWLRQ�FRQILJXUDWLRQ�IRU�D�FRPSUHVVRU ����������������������������������������������������������� ��

)LJXUH����± &DVH�VWXG\����FRPSUHVVRU�SRZHU�VLPXODWLRQ�UHVXOWV ��������������������������������������������������������� ��

)LJXUH����� &DVH ���SHUIRUPDQFH�PHDVXUHPHQW�UHVXOWV�YV�PRGHO�HVWLPDWLRQ ��������������������������������������� ��

)LJXUH����± &DVH�VWXG\����PD[LPXP�LPSDFW���������������������������������������������������������������������������������������� ��

)LJXUH����� &DVH�VWXG\����FRPSUHVVHG�DLU�ULQJ�VXUIDFH�OD\RXW ������������������������������������������������������������� ��

)LJXUH����� 6KDIW����XQGHUJURXQG�FRPSUHVVHG�DLU�OD\RXW ��������������������������������������������������������������������� ��

)LJXUH����� &DVH����FRPSUHVVHG�DLU�SRZHU�EDVHOLQH ����������������������������������������������������������������������������� ��

)LJXUH����� &DVH����VLPXODWLRQ�VQLSSHW�ZLWK�SDUDPHWHUV ���������������������������������������������������������������������� ��

)LJXUH����� &DVH�VWXG\����EDVHOLQH�VLPXODWLRQ�UHVXOWV �������������������������������������������������������������������������� ��

)LJXUH����� &DVH�VWXG\����SHUIRUPDQFH�PHDVXUHPHQW�UHVXOWV�YV�PRGHO�HVWLPDWLRQ������������������������������ ��

)LJXUH����� &DVH�VWXG\����GURS�WHVW�FRPSDULVRQ�UHVXOWV������������������������������������������������������������������������ ��

)LJXUH����� 6XUYH\�5HVXOWV�� 'HJUHHV ������������������������������������������������������������������������������������������������� ���

)LJXUH����� 6XUYH\�5HVXOWV�� 35�(QJ�5HJLVWUDWLRQ������������������������������������������������������������������������������ ���

)LJXUH����� 6XUYH\�5HVXOWV�� 1XPEHU�RI�\HDUV�ZRUNLQJ�IRU�(6&R ����������������������������������������������������� ���

)LJXUH����� 6XUYH\�5HVXOWV�� 1XPEHU�RI�FRPSUHVVHG�DLU�V\VWHPV�LQYHVWLJDWHG ���������������������������������� ���

)LJXUH����� 5HJUHVVLRQ�H[DPSOHV �������������������������������������������������������������������������������������������������������� ���

)LJXUH����� 2UGLQDU\�/HDVW�6TXDUH�5HJUHVVLRQ����������������������������������������������������������������������������������� ���
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/LVW�RI�ILJXUHV [LL

)LJXUH����� &RUUHFWHG�RUGLQDU\�OHDVW�VTXDUH�LPSOHPHQWDWLRQ�������������������������������������������������������������� ���

)LJXUH����� 6)$�$SSOLFDWLRQ��������������������������������������������������������������������������������������������������������������� ���

)LJXUH����� '($�DSSOLFDWLRQ�H[DPSOH��$GDSWHG�IURP�>��@���������������������������������������������������������������� ���

)LJXUH����� 7\SLFDO�0	9�LQYHVWLJDWLRQ�VXPPDU\������������������������������������������������������������������������������ ���

)LJXUH����� $YHUDJH�EDVHOLQH�SRSXODWLRQ�VDPSOH�������������������������������������������������������������������������������� ���

)LJXUH����� $YHUDJH�PHDVXUHG�SRSXODWLRQ�VDPSOH������������������������������������������������������������������������������ ���

)LJXUH����� $YHUDJH�SRZHU�EDVHOLQH�DQG�SHUIRUPDQFH�DVVHVVHG�SRZHU�SURILOHV��������������������������������� ���

)LJXUH����� ,QIOHFWLRQ�SRLQWV�IRU�DYHUDJH�EDVHOLQH�SRZHU�SURILOH�������������������������������������������������������� ���

)LJXUH����� ,QIOHFWLRQ�SRLQWV�IRU�DYHUDJH�SHUIRUPDQFH�DVVHVVHG�PHDVXUHG�SRZHU�SURILOH ������������������ ���

)LJXUH����� )LJXUH����DGGLWLRQDO�GDWD�������������������������������������������������������������������������������������������������� ���

)LJXUH����� $YHUDJH�SRZHU�FRUUHODWLRQ ����������������������������������������������������������������������������������������������� ���

)LJXUH����� 0LQLPXP�SRZHU�FDOFXODWLRQV������������������������������������������������������������������������������������������� ���

)LJXUH����� &ROOHFWLRQ�RI�(55�EDQGZLGWK�GDWD�IRU�DOO�]RQHV �������������������������������������������������������������� ���

)LJXUH����� (55�YV�SRZHU�FRUUHODWLRQV�� 0D[��0LQ��DQG�$YHUDJH ����������������������������������������������������� ���

)LJXUH����� &ROOHFWLRQ�RI�(55�GLIIHUHQFH�YV�SRZHU�UHODWLRQV�SDUDPHWHUV ������������������������������������������ ���

)LJXUH����� &ROOHFWLRQ�RI�SUH�LPSOHPHQWDWLRQ�YV�SRVW�LPSOHPHQWDWLRQ�FRUUHODWLRQV �������������������������� ���

)LJXUH����� )UHTXHQF\�GLVWULEXWLRQ�DQDO\VLV���������������������������������������������������������������������������������������� ���

)LJXUH����� )LOWHUHG�IUHTXHQF\�GLVWULEXWLRQ ����������������������������������������������������������������������������������������� ���

)LJXUH����� &ROOHFWLRQ�RI�DGMXVWHG�PRGHOV����UHJUHVVLRQ�DQDO\VLV������������������������������������������������������ ���

)LJXUH����� &ROOHFWLRQ�RI�DGMXVWHG�PRGHOV����UHJUHVVLRQ�DQDO\VLV������������������������������������������������������ ���

)LJXUH����� &ROOHFWLRQ�RI�JXLGDQFH�UHJUHVVLRQV����������������������������������������������������������������������������������� ���

)LJXUH����� &DVH�VWXG\����EDVHOLQH�GDWD�GHWHUPLQHG�E\�(6&R ����������������������������������������������������������� ���

)LJXUH����� &DVH�VWXG\����FRPSUHVVHG�DLU�VLPXODWLRQ������������������������������������������������������������������������� ���

)LJXUH����� &DVH�VWXG\����FRPSUHVVHG�DLU�VLPXODWLRQ�OD\RXW�������������������������������������������������������������� ���
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/,67�2)�7$%/(6

7DEOH�� � 0RVW�FRPPRQ�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�LQLWLDWLYHV ������������������������������������������������������� �

7DEOH���� 6XPPDU\�RI�(6&2�VXUYH\�UHVXOWV�>$SSHQGL[�$@�������������������������������������������������������������������� �

7DEOH���� 8QGHUJURXQG�FRPSUHVVHG�DLU�FRQVXPHUV��$GDSWHG�IURP�>�@� ����������������������������������������������� ��

7DEOH���� &LOOLHUV
�UHJUHVVLRQ�PHWKRGV�VXPPDU\�>��@±>��@������������������������������������������������������������������� ��

7DEOH���� 6XPPDU\�RI�FRQWULEXWLRQV�E\�SUHYLRXV�VWXGLHV ��������������������������������������������������������������������� ��

7DEOH���� /,1(67�SDUDPHWHU�DUUD\��$GDSWHG�IURP�>��@����������������������������������������������������������������������� ��

7DEOH���� 6DPSOH�6SDFH�'LIIHUHQWLDWLRQ������������������������������������������������������������������������������������������������ ��

7DEOH���� $SSHQGL[�)�VXPPDU\�UHJDUGLQJ�WKH�HYDOXDWLRQ�RI�PHDQ�SURILOHV ����������������������������������������� ��

7DEOH���� 6XPPDU\�RI�VFKHGXOLQJ�DSSURDFKHV �������������������������������������������������������������������������������������� ��

7DEOH����� $SSHQGL[�*�VXPPDU\�RI�PD[��DYHUDJH�DQG�PLQ�SRZHU�UHJUHVVLRQ������������������������������������� ��

7DEOH����� $YHUDJH�SRZHU�IRU���]RQHV�LQ����KRXU�SURILOH��������������������������������������������������������������������� ��

7DEOH ���� 3UH� DQG�SRVW�LPSOHPHQWDWLRQ�(55�GDWD�UHVXOWV ������������������������������������������������������������������ ��

7DEOH����� (55�6RUWHG�EDQGZLGWK�UHVXOWV��������������������������������������������������������������������������������������������� ��

7DEOH����� 3RZHU�SDUDPHWHU�YV�(55�FRUUHODWLRQ�VXPPDU\������������������������������������������������������������������� ��

7DEOH����� 3RZHU�SDUDPHWHUV�YV�(55�GLIIHUHQFH�VXPPDU\ ������������������������������������������������������������������ ��

7DEOH����� 0RGHO�HYDOXDWLRQ�VXPPDU\ ������������������������������������������������������������������������������������������������� ��

7DEOH����� &DVH�VWXG\����VXUIDFH�VXPPDU\ ������������������������������������������������������������������������������������������ ��

7DEOH����± &DVH�VWXG\����LPSOHPHQWHG�HQHUJ\�VDYLQJV�LQLWLDWLYHV�VXPPDU\��������������������������������������� ��

7DEOH����± &DVH�VWXG\����FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�ZRUN�EUHDNGRZQ�������������������������������������������� ��

7DEOH����± &DVH�VWXG\����VXUIDFH�VXPPDU\������������������������������������������������������������������������������������������ ��

7DEOH����� &DVH�VWXG\����LPSOHPHQWHG�HQHUJ\�VDYLQJV�LQLWLDWLYHV�VXPPDU\���������������������������������������� ��

7DEOH����� &DVH����&RPSUHVVHG�DLU�LQYHVWLJDWLRQ�ZRUN�EUHDNGRZQ����������������������������������������������������� ��

7DEOH����� (6&R�� UHVRXUFH�FRPSDUULVRQ ���������������������������������������������������������������������������������������������� ��

7DEOH����� %DVHOLQH�LQIOHFWLRQ�SRLQW�VXPPDU\ ������������������������������������������������������������������������������������ ���

7DEOH����� 3HUIRUPDQFH�DVVHVVHG�PHDVXUHG�LQIOHFWLRQ�SRLQW�VXPPDU\����������������������������������������������� ���

7DEOH����� (55�SDUDPHWHUV�IRU����FRPSUHVVHG�DLU ����������������������������������������������������������������������������� ���

7DEOH����� 5HJUHVVLRQ�OLQHV�DQG�FRUUHODWLRQ�FRHIILFLHQWV�RI�DOO�]RQHV������������������������������������������������� ���

7DEOH����� *XLGDQFH�UHJUHVVLRQ�GDWD�WDEOHV ���������������������������������������������������������������������������������������� ���

7DEOH����� &DVH�6WXG\����EDVHOLQH�DV�GHWHUPLQHG�E\�(6&R ��������������������������������������������������������������� ���



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�&KDOOHQJHV�LQ�WKH�PLQLQJ�LQGXVWU\�LQ�6RXWK�$IULFD �

&+$37(5��� ,1752'8&7,21�	�

%$&.*5281'

��� &KDOOHQJHV�LQ WKH PLQLQJ�LQGXVWU\�LQ�6RXWK�$IULFD

7KH�6RXWK�$IULFDQ�PLQLQJ�LQGXVWU\ LV�RQH�RI�WKH�ODUJHVW LPSRUW�PLQHUDO�SURGXFHUV�RI WKH�JOREDO�

PDUNHW>�@�� >�@�� 8QGHUQHDWK� WKH� VXUIDFH�� 6RXWK� $IULFD� KDV� WKH� ZRUOG¶V ODUJHVW� UHVHUYHV� RI�

SODWLQXP��PDQJDQHVH��FKURPH�DQG�JROG >�@��

$OWKRXJK 6RXWK�$IULFD�KDV�YDVW PLQHUDO�ZHDOWK��VHYHUDO�VRFLR�HFRQRPLF�FKDOOHQJHV�KDYH�SXW�

WKH�6RXWK�$IULFDQ�PLQLQJ�LQGXVWU\�XQGHU�VHYHUH�SUHVVXUH�>�@� 7KH PRVW�VLJQLILFDQW FRQWULEXWRUV�

DUH�WKH�LQFUHDVH�LQ�ODERXU�DQG�HOHFWULFLW\�FRVWV>�@� )LJXUH���LQGLFDWHV�WKDW�WKH�SULFH�RI�HOHFWULFLW\�

SHU�N:K�IRU�WKH�PLQLQJ�LQGXVWU\�KDV�LQFUHDVHG�E\������RYHU�WKH�ODVW��� \HDUV >�@�

)LJXUH�� � (VNRP�SRZHU�WDULII�LQFUHDVH

0LQLQJ�RSHUDWLRQV�LQ�6RXWK�$IULFD�FRQVXPH�������RI�WKH�QDWLRQDO�HQHUJ\�VXSSO\� ZLWK D�XVDJH

RI��������*:K�IRU�WKH ��������� ILQDQFLDO�\HDU�>�@��'XH�WR�WKLV�VLJQLILFDQW�WDULII LQFUHDVH��LW�LV�

EHQHILFLDO IRU�PLQHV�WR�GHYHORS�HQHUJ\�HIILFLHQF\�VWUDWHJLHV >�@�

)LJXUH� � FRPSDUHV� WKH� DQQXDO� HOHFWULFLW\� WDULII LQFUHDVH�ZLWK� WKH� DQQXDO� LQIODWLRQ� UDWH�� 7KH�

HOHFWULFLW\ WDULII�LQFUHDVH SHUFHQWDJH LV�PXFK�JUHDWHU WKDQ�WKH�LQIODWLRQ�UDWH�SHUFHQWDJH IRU�HDFK�

\HDU�IURP������XS�XQWLO����� >�@ ��
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$YHUDJH�HOHFWULFLW\�WDUULI�IRU�WKH�PLQLQJ�LQGXVWU\
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�(QHUJ\�XVDJH�RI�PLQHV�LQ�6RXWK�$IULFD �

)LJXUH�� � ,QIODWLRQ�YV�HOHFWULFLW\�LQFUHDVH

��� (QHUJ\�XVDJH�RI�PLQHV�LQ�6RXWK�$IULFD

7KH� FRVW� RI� HQHUJ\� DV� ZHOO� DV WKH� RSHUDWLRQDO� HIILFLHQF\� RI� PLQLQJ� V\VWHPV� WKUHDWHQ� WKH�

ILQDQFLDO�IHDVLELOLW\�RI�WKH�PLQLQJ�LQGXVWU\�LQ�6RXWK�$IULFD��8WLOLW\�FRVWV�VXFK�DV HOHFWULFLW\�DUH

RQH�RI�WKH�IDVWHVW�JURZLQJ�H[SHQGLWXUHV�LQFUHDVLQJ SURGXFWLRQ�FRVWV�RI�GHHS�OHYHO PLQHV DQG�

FRQWULEXWH WR����RI�WRWDO�H[SHQGLWXUH�>�@� )LJXUH�� GLVSOD\V�WKH�H[SHQGLWXUH�EUHDNGRZQ�RI�PLQHV�

LQ�6RXWK�$IULFD�

)LJXUH�� � %UHDNGRZQ�RI�WRWDO�RSHUDWLQJ�FRVWV�RI�PLQLQJ�LQ�������DGDSWHG�IURP�>�@�

&RPSUHVVHG�DLU�V\VWHPV�LQ�6RXWK�$IULFD�DQG�PRVW�(XURSHDQ�FRXQWULHV�FRQWULEXWH�DQ�DYHUDJH�RI�

����RI� WKH� WRWDO PLQLQJ HQHUJ\� FRQVXPSWLRQ >�@�� >�@��7KH� HQHUJ\�EUHDNGRZQ� RI� WKH�6RXWK�

$IULFDQ�PLQLQJ�VHFWRU� DFFRUGLQJ�WR�(VNRP� VKRZV WKDW�FRPSUHVVHG�DLU�V\VWHPV�FRQWULEXWH�����

RI�PLQLQJ�HQHUJ\�H[SHQVHV�>�@�
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3HUFHQWDJH�(OHFWULFLW\�,QFUHDVH ,QIODWLRQ�5DWH�3HUFHQWDJH
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(PSOR\PHQW�EHQHILWV�DQG�FRQWUDFWRUV

&RQVXPDEOHV�DQG�PLQLQJ�VXSSOLHV

8WLOLWLHV

7UDQVSRUWDWLRQ�FRVWV

5R\DOWLHV

([SORUDWLRQ

2WKHU
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�&RPPRQ�FRPSUHVVHG�DLU�SUDFWLFHV�RQ�6RXWK�$IULFDQ�PLQHV �

)LJXUH�� � (QHUJ\�EUHDNGRZQ�IRU�PLQLQJ�VHUYLFHV��DGDSWHG�IURP�>�@�

&RPSUHVVHG�DLU�LV�XVHG�JOREDOO\�LQ�PLQLQJ�GXH�WR�LWV�HDVH�RI�XVH DQG UHODWLYH�VDIHW\��EXW�WKLV�

FRPHV�DW�WKH FRVW�RI LQFUHDVHG�HQHUJ\�ORVVHV FRPSDUHG�WR�HOHFWULFLW\�GLVWULEXWLRQ��2QO\��������

RI�WKH�HQHUJ\�XVHG�WR�FUHDWH�FRPSUHVVHG�DLU�UHDFKHV�WKH�FRQVXPHU�>�@��>��@�>��@� 1RW�RQO\�DUH�

FRPSUHVVHG� DLU V\VWHPV PDMRU� HQHUJ\� FRQVXPHUV� EXW WKHVH� V\VWHPV� DUH XVXDOO\ DOVR�

LQHIILFLHQWO\�RSHUDWHG >��@� >��@�>��@��7KHUHIRUH� HQHUJ\�HIILFLHQF\�DQG�FRVW�VDYLQJ�LQLWLDWLYHV�

UHTXLUH� WKH� DWWHQWLRQ� RI� WKH� PLQLQJ� LQGXVWU\ E\� LPSOHPHQWLQJ� DQG� HQGRUVLQJ� RSHUDWLRQDO�

RSWLPLVDWLRQ�HIIRUWV��

��� &RPPRQ FRPSUHVVHG�DLU�SUDFWLFHV RQ 6RXWK�$IULFDQ�PLQHV

����� %ULHI�+LVWRU\

'XULQJ� WKH� ILUVW� GHFDGH� RI� WKH� ��WK FHQWXU\�� PLQLQJ� PDFKLQHU\� ZDV� LQWURGXFHG WR� WKH�

:LWZDWHUVUDQG�JROG�PLQLQJ�SURMHFW��ZKLFK�UHTXLUHG�D�YDVW�DPRXQW�RI�HQHUJ\��$V�D�UHVXOW��RQH�

RI�WKH�HDUOLHVW�PLQLQJ�FRPSUHVVHG�DLU�QHWZRUNV�LQ�6RXWK�$IULFD�ZDV�GHYHORSHG E\�WKH�9LFWRULD�

)DOOV�DQG�7UDQVYDDO�3RZHU�&RPSDQ\�/LPLWHG��9)73&���GXULQJ���������� >��@�

$W�SUHVHQW� PLQHV�LQ�6RXWK�$IULFD�XVH FRPSUHVVHG�DLU�RQ�VXFK�D�ODUJH�VFDOH�WKDW�LW�LV�UHJDUGHG

DV�RQH�RI�WKH�WRS�IRXU�PLQLQJ�XWLOLWLHV�>��@��7KH�XVH�RI�FRPSUHVVHG�DLU�DV�WKH�HQHUJ\�VXSSO\ WR�

SQHXPDWLF�WRROV�KDV LQFUHDVHG�WKH�DELOLW\�RI�PLQHUV�WR�H[WUDFW��SURFHVV�DQG�UHILQH�RUH�>��@�
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0DWHULDOV�+DQGOLQJ

3URFHVVLQJ

&RPSUHVVHG�$LU
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/LJKWLQJ
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�&RPPRQ�FRPSUHVVHG�DLU�SUDFWLFHV�RQ�6RXWK�$IULFDQ�PLQHV �

����� *HQHUDO�PLQLQJ�FRPSUHVVHG�DLU�V\VWHPV

$�PLQLQJ�FRPSUHVVHG�DLU�ULQJ�FRQVLVWV�RI�WKUHH�RSHUDWLRQDO�VHFWLRQV�>�@��>��@�

�� &RPSUHVVHG�DLU�VXSSO\�± FRPSUHVVHG�DLU�JHQHUDWHG�E\�LQGXVWULDO�FRPSUHVVRUV

�� &RPSUHVVHG�DLU�SLSH�QHWZRUNV�± SLSLQJ�XVHG�WR�WUDQVSRUW�FRPSUHVVHG�DLU�WR�VXUIDFH�DQG�

XQGHUJURXQG�HQG�XVHUV�

�� &RPSUHVVHG�DLU�FRQVXPHUV�± PLQLQJ�HTXLSPHQW�ZKLFK�XVHV�FRPSUHVVHG�DLU�

&RPSUHVVHG�DLU�LV�PRVWO\�JHQHUDWHG�XVLQJ�VWDWLFDOO\ PRXQWHG VXUIDFH�FRPSUHVVRUV��ZKLOH�SLSHV�

WUDQVSRUW�FRPSUHVVHG�DLU�WR�XQGHUJURXQG�FRQVXPHUV��6WDWLRQLQJ�VWDWLF�FRPSUHVVRUV�RQ�D�VXUIDFH�

VHSDUDWHV�LW�IURP�WKH�HOHPHQWV�XQGHUJURXQG�ZKLFK�FRXOG�FDXVH�GDPDJH�WR�WKH�FRPSRQHQWV�RI�

WKH�FRPSUHVVRU�DQG WKH�PRWRU�GULYLQJ�LW��(QRXJK�FOHDQ�DQG�FROG DLU�IRU FRROLQJ WKH�FRPSUHVVRUV

GRZQ� LV DYDLODEOH� RQ WKH VXUIDFH DV� RSSRVHG� WR� XQGHUJURXQG��ZKLFK DYRLGV� GDPDJH� WR� WKH�

FRPSUHVVRUV DQG�VLPSOLILHV�PDLQWHQDQFH�SURFHGXUHV�>��@�

&RPSUHVVHG�DLU�SLSHV�YDU\�LQ�VL]H EHWZHHQ����PP DQG����PP�LQ�GLDPHWHU� DQG�DUH�FRQQHFWHG�

LQ�VHJPHQWV WR UHDFK�WKH�SRLQW RI�GHOLYHU\��32'� >�@�� 3LSHOLQHV�FDQ�VSDQ�RYHU�PDQ\ NLORPHWUHV�

ZLWK�VRPH�UHDFKLQJ����NP�>��@� $W�WKH�HQG RI�WKH�SLSHOLQHV��PXOWLSOH�SQHXPDWLF�PDFKLQHV�DUH�

FRQQHFWHG WR�WKH�SLSH�VHJPHQWV��

7KH�PRVW�FRPPRQ�FRPSUHVVHG�DLU�FRQVXPHU�HTXLSPHQW� ORFDWHG DW PLQLQJ�VKDIWV DUH ORDGLQJ�

ER[HV�� 7UDYLV� FDUV�� EXWWHUIO\� YDOYHV�� GULOOV�� GHZDWHULQJ� SXPSV� DQG� SHQGXODV >��@� /DUJHU�

SURFHVVLQJ� XQLWV� OLNH� SURFHVVLQJ� SODQWV DQG�PLQLQJ�ZRUNVKRSV DOVR� UHTXLUH� FRPSUHVVHG� DLU��

7KHVH�FRQVXPHUV�DUH�VXSSOLHG ZLWK�FRPSUHVVHG�DLU�YLD�VXUIDFH�SLSHOLQHV�>�@��

)LJXUH� � GLVSOD\V� D� W\SLFDO� FRPSUHVVHG� DLU� QHWZRUN� VHHQ� IURP� WKH� VXUIDFH� 7KH� GLVWDQFH� LV�

GLVSOD\HG�LQ�PHWHUV�WR�LQGLFDWH�WKH�VSDQ�RI�WKH�FRPSUHVVHG�DLU�V\VWHP� DQG�WKH SLSH�GLDPHWHU�LV�

GLVSOD\HG LQ�1%��QRPLQDO�ERUH�� ZKLFK� LV� WKH�HTXLYDOHQW�RI�6RXWK�$IULFDQ�PLOOLPHWUHV��7KH�

SULPDU\ FRQVXPHUV� VXFK� DV� WKH� VKDIWV� DQG� FRQFHQWUDWRUV� DUH� LQGLFDWHG� ZKLOH� WKH� VXSSO\�

FRPSUHVVRUV�DUH�ORFDWHG LQ UHVSHFWLYH�FRPSUHVVRU�KRXVHV��
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&KDSWHU�� _�,QWURGXFWLRQ�	 EDFNJURXQG _�&RPPRQ�FRPSUHVVHG�DLU�SUDFWLFHV�RQ�6RXWK�$IULFDQ�PLQHV �

)LJXUH�� GLVSOD\V�D�W\SLFDO�XQGHUJURXQG�FRPSUHVVHG�DLU�QHWZRUN��7KH�VXSSO\�FRPSUHVVRUV�DUH�

VLWXDWHG�RQ�WKH�VXUIDFH� ZKLOH�WKH�PDLQ�FRPSUHVVHG�DLU�SLSH�GHVFHQGV�WR�EHORZ�VXUIDFH�OHYHO��

2QFH�XQGHUJURXQG��WKH�PDLQ�SLSH�VSOLWV�LQWR�PXOWLSOH�EUDQFKHV�RI�SLSLQJ� ZKLFK�KDYH�D�VPDOOHU�

GLDPHWHU�WKDQ�WKH�PDLQ�SLSH��7KH�VPDOOHU�EUDQFKHV�RI�SLSLQJ�IHHG�FRPSUHVVHG�DLU�WR�WKH�PXOWLSOH�

ZRUNLQJ�VWDWLRQV�DQG�HTXLSPHQW�ZKHUH�FRPSUHVVHG�DLU�HQG�XVHUV�XVH�SQHXPDWLF�HTXLSPHQW�IRU�

PLQLQJ�RSHUDWLRQV���

)LJXUH�� � 7\SLFDO�VXUIDFH�FRPSUHVVHG�DLU�OD\RXW
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�&RPPRQ�FRPSUHVVHG�DLU�SUDFWLFHV�RQ�6RXWK�$IULFDQ�PLQHV �

)LJXUH�� � 7\SLFDO�XQGHUJURXQG�FRPSUHVVHG�DLU�OD\RXW

����� &RPSUHVVHG�DLU�RSWLPLVDWLRQ�PHWKRGV

7DEOH�� VXPPDULVHV�WKH�PRVW�FRPPRQ�FRPSUHVVHG�DLU�VDYLQJ�LQLWLDWLYHV�XVHG�E\�(6&R¶V�LQ�WKH�

PLQLQJ� LQGXVWU\ �UHIHUHQFHV� VXSSOLHG� LQ 7DEOH� ��� 7KH� LQLWLDWLYHV� LQ� 7DEOH� � DUH� FUXFLDO� LQ�

XQGHUVWDQGLQJ�WKH�VFRSH�RI�WKLV�VWXG\�

7KH� WDEOH� JLYHV� D� EULHI� GHVFULSWLRQ� RI� WKH� LQLWLDWLYHV DQG GLVSOD\V WKH� FRPSOH[LW\� RI� WKH�

LQLWLDWLYHV�DFFRUGLQJ�WR�D�6RXWK�$IULFDQ�(QHUJ\�6DYLQJV�&RPSDQ\��(6&R� VXUYH\ VXPPDULVHG

LQ�$SSHQGL[�$�

$�VXUYH\�ZDV�GUDIWHG�DQG�GLVWULEXWHG�DW�D�FRPSDQ\�ZKLFK�ERDVWV�ZLWK�PRUH�WKDQ����\HDUV�RI�

H[SHULHQFH� LQ�HQHUJ\�RSWLPLVDWLRQ��PRUH� WKDQ�����FRQVXOWLQJ�HQJLQHHUV��DQG�D�FOLHQWHOH� WKDW�

LQFOXGHV�PRVW�RI�WKH�6RXWK $IULFDQ�JROG�DQG�SODWLQXP�PLQLQJ�LQGXVWU\�

$Q�H[DPSOH�VXUYH\�LV�SURYLGHG LQ�$SSHQGL[�$��7KH�RQOLQH�SODWIRUP�*RRJOH�)RUPV�ZDV�XVHG�

WR�FRQVWUXFW�DQG�GLVWULEXWH�WKH�VXUYH\�
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�&RPPRQ�FRPSUHVVHG�DLU�SUDFWLFHV�RQ�6RXWK�$IULFDQ�PLQHV �

7KH�VXUYH\�ZDV�FDWHJRUL]HG�LQWR�WKUHH�VHFWLRQV��7KHVH�WKUHH�VHFWLRQV�DFFXPXODWH�LQIRUPDWLRQ�

WR�DQVZHU�WKH�TXHVWLRQV �

x :KR�XVXDOO\�LPSOHPHQWV�RSWLPLVDWLRQ�LQLWLDWLYHV"

x +RZ�GR�WKH\�LPSOHPHQW�WKH�RSWLPLVDWLRQ�LQLWLDWLYHV"�

x :KDW�UHVRXUFHV�GR�WKH\�XVH"

7KH�TXDOLILFDWLRQ�DQG�H[SHULHQFH�RI�WKH�LQGLYLGXDOV�GRLQJ�FRPSUHVVHG�DLU�LQYHVWLJDWLRQV�JUHDWO\�

LQIOXHQFHV� WKH� FRVW� RI� WKHVH� LQYHVWLJDWLRQV�� $FFRUGLQJ� WR� 3D\6FDOH�FRP� DQ� DZDUG� ZLQQLQJ�

LQWHUQDWLRQDO� DFFODLPHG� ELJ�GDWD� DQDO\VLV� FRPSDQ\�� WKH� VDODU\� IRU� DQ� HQWU\�OHYHO�

PHFKDQLFDO�SURMHFW� HQJLQHHU� LV� VHW� DW� 5� ��� ������� SHU� DQQXP�� 7KLV� LQFUHDVHV� E\� ���� IRU�

LQWHUPHGLDWH�HQJLQHHUV�������IRU�VHQLRU�HQJLQHHUV�DQG������IRU�HQJLQHHUV�PRUH�WKDQ����\HDUV�

RI�H[SHULHQFH >��@ ���

)LJXUH�� � $QQXDO�6DODU\

6HFWLRQ� �� RI� WKH� VXUYH\� FRQWDLQV� TXHVWLRQV� UHJDUGLQJ� WKH� UHVRXUFHV� XVHG� GXULQJ� SURMHFWV�

FRQGXFWHG�E\�WKH�FDQGLGDWH�LQ�TXHVWLRQ��7KLV�VHFWLRQV�LV�EDVHG�RQ�WKH�PHWKRGRORJ\�VXJJHVWHG�

E\�-RXEHUW >��@ ��7KH�WKLUG�VHFWLRQ�LV�HQTXLULQJ�DERXW�WKH�XVDJH�RI�WKH�PRVW�FRPPRQ�FRPSUHVVHG�

DLU�RSWLPLVDWLRQ�LQLWLDWLYHV�DV�SUHVHQWHG�LQ�7DEOH���

7KH�SXUSRVH�RI�WKHVH�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�LQLWLDWLYHV�LV�WR�LQFUHDVH�WKH�HIILFLHQF\�RI�

FRPSUHVVHG� DLU� JHQHUDWLRQ�� GLVWULEXWLRQ� DQG� LPSOHPHQWDWLRQ�� %\� LPSOHPHQWLQJ� WKHVH�

RSWLPLVDWLRQ�LQLWLDWLYHV�HQHUJ\�FRQVXPSWLRQ�RI�FRPSUHVVRUV�FDQ�EH�UHGXFHG��7KLV HQVXUHV�WKDW�

HOHFWULFDO�DQG�FRPSUHVVHG�DLU�HQHUJ\�DUH�QRW�ZDVWHG ZKLOH�VXSSO\LQJ�HTXLSPHQW�XQGHUJURXQG�

ZLWK�WKH�QHFHVVDU\�HQHUJ\��
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&KDSWHU � _�,QWURGXFWLRQ�	�EDFNJURXQG _�&RPPRQ�FRPSUHVVHG�DLU�SUDFWLFHV�RQ�6RXWK�$IULFDQ�PLQHV �

7DEOH�� � 0RVW�FRPPRQ�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�LQLWLDWLYHV

5HI ,QLWLDWLYHV 'HVFULSWLRQ &RPSOH[LW\

>��@

6WDWLF�&RPSUHVVRU�
6FKHGXOHV

&UHDWH�XSGDWH�VWDWLF�FRPSUHVVRU�
UXQQLQJ�VFKHGXOHV�WR�HQVXUH�WKH�PRVW�
HIILFLHQW�FRPSUHVVRUV�DUH�RSHUDWLQJ�DW�
VSHFLILF�WLPHV�

�

>��@±
>��@�
>��@

'\QDPLF�&RPSUHVVRU�
6HOHFWLRQ

,QVWDOO�FRQWURO�VRIWZDUH�ZKLFK�
DXWRPDWLFDOO\�XVHV�WKH�PRVW�HIILFLHQW�
FRPSUHVVRUV�DW�DQ\�JLYHQ�WLPH�WR�
VXSSO\�FRPSUHVVHG�DLU�

�

>��@
0DQXDO�&RPSUHVVRU�
6HOHFWLRQ

'HVLJQDWHG�FRPSUHVVRU�RSHUDWRU�
FRQWUROV�FRPSUHVVRU�SUHVVXUH�VHWSRLQWV�
DQG�UXQQLQJ�VWDWXVHV�

�

>��@
0DVWHU�SUHVVXUH�VHWSRLQW�
UHGXFWLRQ

$YHUDJH�SUHVVXUH�SURILOH�LV�XVHG�WR�
FRQWURO�WKH�WRWDO�SUHVVXUH�RI�
FRPSUHVVHG�DLU�ULQJ�

�

>��@��
>��@�
>��@

/HDN�5HGXFWLRQ�� 5HSDLUV�RI�GDPDJHG�FRPSUHVVHG�DLU�
SLSLQJ� �

>��@��
>��@

3LSH�5H�FRQILJXUDWLRQ�� 5HFRQILJXUH FRPSUHVVHG�DLU�SLSH�
VHJPHQWV�WR�HQVXUH�OHVV�OLQH�ORVVHV��

�

>��@
6XUIDFH�YDOYH�FRQWURO &RQWURO�WKH�SUHVVXUH�VHWSRLQW�IRU�HDFK�

VXUIDFH�SRLQW�RI�GHOLYHU\��32'���VKDIW�
�

>��@
3HDN�&OLS�,QLWLDWLYHV�� 'HFUHDVH�SUHVVXUH�VHWSRLQWV�RI�

FRPSUHVVHG�DLU�FRQWURO�YDOYHV�GXULQJ�
(6.20�SHDN�SHULRGV�

�

>��@
6WRSH�LVRODWLRQ�YDOYHV 7KH�FORVLQJ RI�PDQXDO�FRPSUHVVHG�DLU�

YDOYHV�ZKLFK�FRQQHFWV�WKH�VWRSHV�WR�WKH�
PDLQ�OHYHO�SLSHOLQHV��

�

>��@
5LQJ�IHHG�FOHDUDQFH &ORVH�ULQJ�IHHGV�WKDW�E\SDVV�SODQQHG�

FRPSUHVVHG�DLU�UHWLFXODWLRQ�SODQV�
�

>��@
&ORVH�LQDFWLYH�VHFWLRQV &ORVH�YDOYHV�ZKLFK�OHDG�WR�LQDFWLYH�

PLQLQJ�VHFWLRQV�
�

>��@

,VRODWH�FRPSUHVVHG�DLU�
FRPSRQHQWV

,QVWDOO�GHGLFDWHG�FRPSUHVVRUV�
XQGHUJURXQG�WR�LVRODWH�FRPSUHVVHG�DLU�
FRQVXPHUV IURP�WKH�PDLQ�FRPSUHVVHG�
DLU�VXSSO\�SLSHOLQH��

�
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�5HVRXUFHV�UHTXLUHG�IRU�FRPSUHVVHG�DLU�LQYHVWLJDWLRQV �

��� 5HVRXUFHV�UHTXLUHG IRU FRPSUHVVHG�DLU�LQYHVWLJDWLRQV

%HIRUH�D�FRPSUHVVHG�DLU�V\VWHP�FDQ�EH�RSWLPLVHG��D�FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�QHHGV�WR�EH�

FRQGXFWHG��'XH WR WKH�PXOWLSOH�FRPSRQHQWV�DQG�YDULDEOHV�SUHVHQW�LQ�D FRPSUHVVHG�DLU�QHWZRUN��

LQYHVWLJDWLRQV DUH UHVRXUFH�LQWHQVLYH���7KLV�VHFWLRQ�ZLOO�IRFXV�RQ�ZKDW�UHVRXUFHV�DUH�W\SLFDOO\�

UHTXLUHG GXULQJ�FRPSUHVVHG�DLU�LQYHVWLJDWLRQV�

����� 5HVRXUFH�6XUYH\�UHVXOWV

$�VXPPDU\�RI�WKH�VXUYH\ LQ�$SSHQGL[�$ LV�VKRZQ LQ 7DEOH�����7KH�VXUYH\�LQFOXGHG�D�PLQLPXP�

DQG�PD[LPXP�WDEOH� WR�GLVSOD\�EDQGZLGWK RI�GDWD��(OHYHQ�HQJLQHHUV WRRN�SDUW� LQ� WKH�VXUYH\

UDQJLQJ�IURP���± ����\HDUV�RI�H[SHULHQFH��&ROOHFWLYHO\ WKH�VXUYH\�JURXS�KDV PRUH�WKDQ ���\HDUV�

RI�H[SHULHQFH�LQ�FRPSUHVVHG�DLU�V\VWHPV�ZKLOH�PRUH�WKDQ�����FRPSUHVVHG�DLU�LQYHVWLJDWLRQV�

KDYH�EHHQ�FRQGXFWHG�

7DEOH�� � 6XPPDU\�RI�(6&2�VXUYH\�UHVXOWV >$SSHQGL[�$@

(6&2�$FWLRQ�,WHP

5HTXLUHG�

WLPH�

>:HHNV@

5HTXLUHG�

UHVRXUFHV

1XPEHU�

RI�

SHUVRQQHO

&RPSOH[LW\

>��� ��@

3URMHFW�

FHUWDLQW\�����

>�����@

&RQWDFW�FOLHQW Ϯ�Ͳ ϯ 6HQLRU�(QJLQHHUV Ϯ�Ͳ Ϯ ϯ�Ͳ ϰ Ϯ

2EWDLQ�SHUPLVVLRQ�WR�

LQYHVWLJDWH
ϭ�Ͳ ϰ 6HQLRU�(QJLQHHUV Ϯ�Ͳ Ϯ ϯ�Ͳ ϱ ϯ

2EWDLQ�GDWD Ϯ�Ͳ ϳ -XQLRU�(QJLQHHUV Ϯ�Ͳ ϯ ϰ�Ͳ ϲ ϰ

&RPSUHVVHG�DLU�DXGLWV ϱ�Ͳ ϭϱ
0XOWLSOH�

(QJLQHHUV
ϰ�Ͳ ϲ ϱ�Ͳ ϳ ϲ

6LPXODWH ϲ�Ͳ ϵ
0XOWLSOH�

(QJLQHHUV
Ϯ�Ͳ Ϯ ϳ�Ͳ ϴ ϳ

'HWHUPLQH�)HDVLELOLW\ Ϯ�Ͳ ϯ 3URMHFW�(QJLQHHUV Ϯ�Ͳ ϯ ϱ�Ͳ ϳ ϴ

&RPSLOH�)LQGLQJV�5HSRUW Ϯ�Ͳ ϯ 3URMHFW�(QJLQHHUV Ϯ�Ͳ Ϯ ϰ�Ͳ ϱ ϴ

&RPSLOH�3URMHFW�3URSRVDO Ϯ�Ͳ ϯ 3URMHFW�(QJLQHHUV Ϯ�Ͳ Ϯ ϱ�Ͳ ϲ ϴ

&OLHQW�6LJQ�2II�RQ�3URMHFW�

3URSRVDO
Ϯ�Ͳ ϰ 6HQLRU�(QJLQHHUV ϭ�Ͳ Ϯ ϱ�Ͳ ϳ ϭϬ

7RWDO �����

0XOWLSOH�6HQLRU�

DQG�-XQLRU�

3HUVRQQHO

��� ��� ����
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�3UREOHP�VWDWHPHQW ��

)URP�WKH������ ZHHNV�WKDW�D�W\SLFDO�DLU�LQYHVWLJDWLRQ�WDNHV�WR�EH�FRPSOHWHG� DV�LQGLFDWHG�E\�

7DEOH��� ������ZHHNV�DUH VSHQW RQ�VLPXODWLRQV�DQG FRPSUHVVHG DLU�DXGLWV� 7KLV LV�PRUH�WKDQ�

KDOI�RI�WKH�WLPH�VSHQW�RQ�WKH�HQWLUH�SURMHFW�LQYHVWLJDWLRQ� 7KHVH DXGLWV�DQG VLPXODWLRQV�LQFUHDVH

WKH�SURMHFW�FHUWDLQW\�IURP�D�� WR�D�� RXW�RI����

'DWD� DFTXLVLWLRQ�� DXGLWV� DQG� VLPXODWLRQV� DUH� D� FUXFLDO� SDUW� RI� LPSOHPHQWLQJ� FRPSUHVVHG� DLU�

VDYLQJ LQLWLDWLYHV� EXW� DOVR� DLG� LQ� XQGHUVWDQGLQJ�ZKDW� LPSDFW� WKHVH� LQLWLDWLYHV�ZLOO� KDYH� RQ

FRPSUHVVHG�DLU�V\VWHPV�

)LJXUH� � GLVSOD\V� WKH� W\SLFDO� WLPH� EUHDNGRZQ� IRU� WKH� FRPSUHVVHG� DLU� LQYHVWLJDWLRQV� ,I� WKH�

LQIRUPDWLRQ�JDWKHUHG IURP�WKH�FRPSUHVVHG�DLU�DXGLWV�DQG�VLPXODWLRQV�FDQ�EH�GHWHUPLQHG DW WKH�

EHJLQQLQJ�RI�WKH SURFHVV��VLJQLILFDQW�WLPH�FDQ�EH�VDYHG��7KLV FDQ�OHDG�WR�EHWWHU�PDQDJHPHQW�RI�

WKH�FRPSUHVVHG�DLU�RSWLPLVDWLRQ�LQLWLDWLYHV��

)LJXUH�� � &RPSUHVVHG�DLU�LQYHVWLJDWLRQ�WLPH�GLVWULEXWLRQ�>$SSHQGL[�$@

��� 3UREOHP�VWDWHPHQW

(VNRP¶V�WDULIIV�KDYH�LQFUHDVHG�E\ �����RYHU�WKH�ODVW����\HDUV��7KLV SXWV D�ORW�RI�SUHVVXUH�RQ

LQGXVWULHV�WR�UHGXFH�WKHLU�HQHUJ\�FRQVXPSWLRQ�LQ�RUGHU�WR�VDYH�FRVWV� &RPSUHVVHG�DLU�QHWZRUNV�

KDYH� EHHQ� LGHQWLILHG DV� D� VLJQLILFDQW HQHUJ\� FRQVXPHU� LQ� WKH�PLQLQJ� VHFWRU�� 7KHUHIRUH�� WKH�

HQHUJ\� FRQVXPSWLRQ� RI� PLQLQJ� RSHUDWLRQV� FDQ� SRVVLEO\� EH� UHGXFHG E\� RSWLPLVLQJ� WKHLU�

FRPSUHVVHG�DLU�QHWZRUNV >��@>��@� 1XPHURXV�VWXGLHV�KDYH�EHHQ�GRQH�UHJDUGLQJ�VWUDWHJLHV�WR�

LPSURYH� FRPSUHVVHG� DLU� V\VWHPV� +RZHYHU� WKH� LGHQWLILFDWLRQ� DQG� LPSOHPHQWDWLRQ� RI� WKHVH�

VWUDWHJLHV�WDNH�D�VLJQLILFDQW�DPRXQW�RI�WLPH�DQG�HQJLQHHULQJ�UHVRXUFHV�

� �

�

���

�

�

� �
7LPH�>:HHNV@

&RQWDFW�FOLHQW

2EWDLQ�SHUPLVVLRQ�WR�LQYHVWLJDWH

2EWDLQ�GDWD

&RPSUHVVHG�DLU�DXGLWV

6LPXODWH

'HWHUPLQH�IHDVLELOLW\

&RPSLOH�ILQGLQJV�5HSRUW

&RPSLOH�SURMHFW�SURSRVDO

&OLHQW�VLJQ�RII�RQ�SURMHFW�SURSRVDO
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�1HHG�IRU�VWXG\ ��

��� 1HHG�IRU�VWXG\

$� QHHG� H[LVWV� WR� UHGXFH� UHVRXUFHV� XVHG� WR� LGHQWLI\� IHDVLEOH� HQHUJ\� VDYLQJV� LQLWLDWLYHV� RQ�

FRPSUHVVHG�DLU�V\VWHPV�

7KLUG�SDUW\ LQYHVWLJDWRUV��IRFXVVLQJ�RQ�HQHUJ\�VDYLQJ�LQLWLDWLYHV KDYH�WKH�JUHDWHVW�QHHG�IRU�WKLV

VWXG\��$Q� HIIHFWLYH�PHWKRG�RI� DVVHVVLQJ� IHDVLEOLW\�RI� HQHUJ\�VDYLQJV� LQLWLDWLYHV�ZLWKRXW� WKH�

QHHG�RI�GHWDLOHG�LQYHVWLJDWLRQ�ZRXOG�SRVVLEO\�VDYH�WLPH��IDVW�WUDFNLQJ�IHDVLEOH�LQLWLDWLYHV��7KH�

LQFUHDVHG�LQFHQWLYH�WR�RSWLPLVH HQHUJ\�FRQVXPHUV� DQG�WKH�YDVW�DPRXQW�RI�WLPH�WKDW�LW�WDNHV�WR�

GR�WKH�UHOHYDQW�LQYHVWLJDWLRQV� DUH�WKH�PRVW�VLJQLILFDQW FRQWULEXWRUV�WR�WKH�LGHQWLILHG�QHHG��

��� 6WXG\�DLP�DQG�REMHFWLYHV

7KH� SULPDU\� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� LQYHVWLJDWH� WKH� IHDVLELOLW\� RI� D� FRVW�VDYLQJ

LGHQWLILFDWLRQ�PRGHO�WR�GHWHUPLQH�WKH�FRVW�VDYLQJ SRWHQWLDO RI�D�PLQH¶V�FRPSUHVVHG�DLU�V\VWHP

EHIRUH� DQ\� LQLWLDWLYHV�KDYH�EHHQ� LPSOHPHQWHG��7KLV ZLOO�EH�GRQH E\�GHYHORSLQJ D PRGHO� WR�

GHWHUPLQH� WKH� FRVW�VDYLQJ SRVVLELOLW\� RI� GHHS�OHYHO� JROG� DQG� SODWLQXP PLQHV�� 7KH� SULPDU\�

REMHFWLYH�ZLOO�EH�PHW E\�DFKLHYLQJ�WKH�IROORZLQJ�REMHFWLYHV�

�� &RPSOHWH UHVHDUFK�RQ FRPSUHVVHG�DLU�SRZHU�SURILOHV��RSHUDWLQJ�VFKHGXOHV�DQG�FRPSUHVVHG�

DLU�PDQDJHPHQW�WHFKQLTXHV��

�� 'HYHORSLQJ�D�FRVW�VDYLQJ LGHQWLILFDWLRQ�PRGHO�ZKLFK�DLPV�WR�

x 'HFUHDVH�WKH�WLPH�UHTXLUHG�WR�REWDLQ�WKH�HQHUJ\�VDYLQJ�SRWHQWLDO�RI�D�FRPSUHVVHG�

DLU�V\VWHP�DW�D�GHHS�OHYHO�PLQH

x $FKLHYH�DFFXUDWH�SUHGLFWLRQV�FRPSDUHG WR�FDOLEUDWHG�VLPXODWLRQV

x 'HFUHDVH� WKH� UHVRXUFHV� UHTXLUHG WR� GHWHUPLQH WKH� HQHUJ\� VDYLQJ� SRWHQWLDO� RI� D�

FRPSUHVVHG�DLU�V\VWHP�DW�D�GHHS�OHYHO�PLQH

x 3URYLGH DQ�DFFHSWDEOH�OHYHO�RI�FHUWDLQW\�WR�HQVXUH HQHUJ\�VDYLQJV�FDQ�EH�UHDOLVHG

x 3URYLGH�D�EHQFKPDUN�IRU�PLQHV�WR�GHWHUPLQH�WKH�HIILFLHQF\�RI�WKHLU�FRPSUHVVHG�

DLU�V\VWHPV

�� 9HULI\�WKH�FRVW�VDYLQJ LGHQWLILFDWLRQ�PRGHO�E\�DSSO\LQJ�LW�WR�DFWXDO�FDVH�VWXGLHV�
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&KDSWHU�� _�,QWURGXFWLRQ�	�EDFNJURXQG _�6WXG\�RYHUYLHZ ��

��� 6WXG\�RYHUYLHZ

&KDSWHU���SURYLGHV�D�EULHI�EDFNJURXQG�RQ WKH�FXUUHQW�FKDOOHQJHV�WKDW WKH QDWLRQDO�PLQLQJ�VHFWRU�

LV� IDFLQJ��0LQLQJ�FRPSUHVVHG�DLU�QHWZRUNV� DQG WKH� OLPLWDWLRQV�RI�SUHYLRXV� VWXGLHV�DUH DOVR

EULHIO\� GLVFXVVHG�� )LQDOO\� WKH� SUREOHP� VWDWHPHQW� DQG� GHOLYHUDEOHV� DUH� IRUPXODWHG DQG�

GLVFXVVHG�

&KDSWHU� �� LQYHVWLJDWHV� WKH� SUHYLRXV� UHVHDUFK� FRQGXFWHG� RQ FRPSUHVVHG� DLU� EHQFKPDUNLQJ��

FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�SURFHGXUHV��SUHGLFWLRQ�WRROV�DQG�VWDWLVWLFDO�PHWKRGV�RI�GHYHORSLQJ�

D�SUHGLFWLRQ�PRGHO��

&KDSWHU� �� GHYHORSV� D� SURSRVHG� FRVW�VDYLQJ LGHQWLILFDWLRQ� PRGHO� E\� LPSOHPHQWLQJ� WKH�

QHFHVVDU\�WHFKQLTXHV�DQG�OHVVRQV�OHDUQHG�IURP�WKH�OLWHUDWXUH�VWXG\�LQ�FKDSWHU��� 7KH�SURSRVHG�

PRGHO�ZLOO�WDNH�LQSXWV�VXFK�DV�WKH H[LVWLQJ�FRPSUHVVHG�DLU�SRZHU�EDVHOLQHV RI�D JLYHQ�PLQLQJ�

EXVLQHVV�XQLW��VKDIW��DQG SURGXFH D�SRWHQWLDO�FRPSUHVVHG�DLU�SRZHU�SURILOH��7KLV�QHZ�SRZHU�

SURILOH FDQ EH�DFKLHYHG DIWHU� VXFFHVVIXO� LPSOHPHQWDWLRQ�RI WKH�PRVW FRPSUHVVHG DLU�HQHUJ\�

VDYLQJ�LQLWLDWLYHV��

&KDSWHU���GLVSOD\V�WKH�UHVXOWV�RI DSSO\LQJ�WKH�FRVW�VDYLQJ LGHQWLILFDWLRQ�PRGHO�WR WZR GLIIHUHQW�

SODWLQXP�EXVLQHVV�XQLWV��7KH�UHVXOWV�RI�WKH�FRVW VDYLQJV�LGHQWLILFDWLRQ�PRGHO�DUH�YDOLGDWHG E\�

DFWXDO�UHFRUGHG�UHVXOWV�DQG�FDOLEUDWHG�VLPXODWLRQV��

&KDSWHU�� FRQFOXGHV� WKH� VWXG\�E\� VXPPDULVLQJ� WKH�PHWKRG�XVHG� WR�SUHGLFW� WKH� FRVW VDYLQJ

SRWHQWLDO�RI�FRPSUHVVHG�DLU�RSWLPLVDWLRQ�LQLWLDWLYHV��DQG�WKH�DFFXUDF\ WKHUHRI� 7KLV�FKDSWHU�DOVR�

VWDWHV�KRZ�WKH�REMHFWLYHV�RI�WKH�VWXG\�ZHUH�PHW� )XWXUH�UHFRPPHQGDWLRQV�IRU�IXUWKHU�VWXGLHV�

DUH�VWDWHG��DV�ZHOO�DV�VRPH�HUURUV�WKDW�VKRXOG�EH DYRLGHG�
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�3UHDPEOH ��

&+$37(5��� /,7(5$785(�5(9,(:�2)�

&2035(66('�$,5�(67,0$7,21�0(7+2'6

��� 3UHDPEOH

&KDSWHU� �� LV� GLYLGHG LQWR� IRXU PDMRU� VHFWLRQV�� 7KH� ILUVW� VHFWLRQ� GLVSOD\V� WKH� FRPSOH[LW\� RI�

FRPSUHVVHG�DLU�V\VWHPV��7KH�VHFRQG�VHFWLRQ�GHVFULEHV�WKH�FRQWULEXWLRQ�RI�SUHYLRXV�UHVHDUFKHUV�

LQ�SUHGLFWLQJ�HQHUJ\�VDYLQJV�RQ�FRPSUHVVHG�DLU�V\VWHPV��7KH�WKLUG�VHFWLRQ�GHVFULEHV�WKH�VSHFLILF�

PHWKRGV�DQG�WRROV�WKDW�SUHYLRXV�UHVHDUFKHUV�KDYH�LPSOHPHQWHG�WR�HVWLPDWH�HQHUJ\�VDYLQJV�RQ�

FRPSUHVVHG� DLU� QHWZRUNV�� 7KH� ILQDO� VHFWLRQ� GHVFULEHV� WKH� 0	9� �0HDVXUHPHQW� DQG�

9HULILFDWLRQ��SURFHVV�DQG�KRZ�LW�FDQ�EH�XVHG LQ�IXWXUH�VWXGLHV�

)LJXUH�� � &KDSWHU���OLWHUDWXUH�UHYLHZ�SURFHVV

����
&RPSOH[LW\�RI�
FRPSUHVVHG�
DLU�DXGLWV

����3UHYLRXV�
VLPSOLFDWLRQ�
DWWHPSV

����
0HDVXUHPHQW�

DQG�
YHULILFDWLRQ�RI�

GDWD
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

$�VLPSOLILHG�FRPSUHVVHG�DLU�QHWZRUN�LV�VKRZQ LQ�)LJXUH��� DV�DQ�LQWURGXFWLRQ�WR�WKH�ILUVW�VHFWLRQ�

RI�WKLV�FKDSWHU� ,W�ZLOO�DLG�LQ�LQWHUSUHWLQJ�RWKHU�ILJXUHV�ODWHU�LQ�WKH�GRFXPHQW�� &RPSUHVVHG�DLU�

QHWZRUNV�FRQVLVW RI�PXOWLSOH�FRPSRQHQWV�DQG�VHFWRUV�WKDW�FDQ�EH�GLYLGHG LQWR�VXE�FDWHJRULHV�

VXFK� DV� VXSSO\�� GLVWULEXWLRQ� DQG� FRQVXPHUV� �GHPDQG�>��@�� >��@�� 7KH� VXSSO\� LV� WKH� SULPDU\�

UHIHUHQFH�SRLQW�RI�DQ\�FRPSUHVVHG�DLU�V\VWHP��7KHUHIRUH� WKH�FRPSUHVVRUV�DUH�LQYHVWLJDWHG ILUVW��

� /HYHO

� /HYHO

� /HYHO

� /HYHO

� /HYHO

� /HYHO

� /HYHO

%RWWRP OHYHO

���PP

���PP

���PP

���PP

���PP

���PP

���PP

���PP

�� 6XSSO\

�� 'LVWULEXWLRQ

�� &RQVXPHUV

&RPSUHVVRU +RXVH

)LJXUH��� � 6LPSOLILHG�FRPSUHVVHG�DLU�QHWZRUN�FDWHJRULHV

��� 7KH�FRPSOH[LW\ RI�FRPSUHVVHG�DLU�DXGLWV�

����� &RPSUHVVHG�DLU�VXSSO\�YDULDEOHV

7KH�DLP�RI�FRPSUHVVHG�DLU�LQYHVWLJDWLRQV�LW�WR�GHWHUPLQH�ZKHUH�WKH�JHQHUDWHG�FRPSUHVVHG�DLU�

LV�GLVWULEXWHG WR��KRZ�HIIHFWLYHO\ LW�LV�GLVWULEXWHG��ZKDW�LPSDFW�LW�KDV�RQ�WKH�PLQLQJ�SURFHVV��HWF��

$�GHWDLOHG�FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�KHOSV WR�HVWDEOLVK�WKH�FRVW�RI�FRPSUHVVHG�DLU�DW�WKH�HQG�

DW� XVHU�OHYHO�� 7KH� FRVW� RI� FRPSUHVVHG� DLU LV� GHWHUPLQHG� E\� WKH� DPRXQW� RI� SRZHU WKDW� D�

FRPSUHVVRU�FRQVXPHV�WR�JHQHUDWH�WKH�QHFHVVDU\ YROXPH�DQG�SUHVVXUH�RI FRPSUHVVHG�DLU��

%UHGHQGNDPS� >��@�� -RQNHU >��@ DQG�9DQ�+HHUGHQ� >��@�� >��@ FRQGXFWHG�FRPSUHVVHG�DLU�DQG�

FRPSUHVVRU�DQDO\VLV�VWXGLHV�RQ�PXOWLSOH�PLQHV�DQG�FRPSUHVVHG�DLU�QHWZRUNV��ZKLFK�VXJJHVWHG

WKDW� WKHUH� DUH�PXOWLSOH� FRPSUHVVRU� W\SHV� WKDW FRQVLVW RI� WZR�PDLQ� JURXSV�� FRQWLQXRXV DQG�

LQWHUPLWWHQW� IORZ� FRPSUHVVRUV� >��@�� >��@�>��@��'XH� WR� WKH� FRPSUHVVHG� DLU� FRQILJXUDWLRQV� RI�

GHHS�OHYHO� PLQHV�� PRVW� JROG� DQG� SODWLQXP� PLQHV� XVH� FHQWULIXJDO� FRPSUHVVRUV�� )LJXUH� ��

GLVSOD\V�WKH�FDWHJRULVDWLRQ RI�FRPSUHVVRU�W\SHV��

/(*(1'

&RPSUHVVRU

3UHVVXUH WUDQVPLWWHU

'LDPHWHU LQ PP

0DQXDO 9DOYH

1%
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

7KLV�EUHDNGRZQ�VKRZV�WKH�GLYHUVLW\�RI�FRPSUHVVRUV��DV ZHOO�DV WKH�GLYHUVH�VHW�RI�WHFKQLTXHV�

UHTXLUHG�WR�FKDUDFWHULVH�FRPSUHVVRUV�RQ�FRPSUHVVHG�DLU�QHWZRUNV��

/ŶƚĞƌŵŝƚƚĞŶĚ ĨůŽǁ �ŽŶƚŝŶƵŽƵƐ &ůŽǁ

WŽƐŝƚŝǀĞ
ĚŝƐƉůĂĐĞŵĞŶƚ

WĞĐŝƉƌŽĐĂƚŝŶŐ �ǇŶĂŵŝĐ �ũĞĐƚŽƌ

^ůŝĚŝŶŐ sĂŶĞ >ŝƋƵŝĚ WŝƐƚŝŽŶ ^ƚƌĂŝŐŚƚ >ŽďĞ ,ĞůŝĐĂů >ŽďĞ �ĞŶƚƌŝĨƵŐĂů �ǆŝĂů &ůŽǁ DŝǆĞĚ &ůŽǁ

�ŽŵƉƌĞƐƐŽƌ dǇƉĞƐ

ZŽƚĂƌǇ

)LJXUH��� � 7\SLFDO�FRPSUHVVRU�W\SHV �$GDSWHG�IURP�>��@�

)LJXUH� �� VKRZV� WKH� VLPSOLILHG� IXQFWLRQLQJ RI D� W\SLFDO FHQWULIXJDO� FRPSUHVVRU�� 7KH�

DWPRVSKHULF�DLU�LV�VXFNHG�LQ�DW�WKH�LQOHW�SLSH��FRQWUROOHG�E\�WKH�JXLGH�YDQH��7KH�LPSHOOHU�RI�WKH�

FRPSUHVVRU� WKHQ� IRUFHV� WKH� DYDLODEOH� DLU� LQWR� WKH�QH[W� VWDJH�V�� FRQWDLQHG� LQ� WKH� FRPSUHVVRU�

KRXVLQJ��7KH�LQFUHDVHG�FRPSUHVVHG�DLU�LV�GLVFKDUJHG WKURXJK�WKH�GLVFKDUJH�SLSH >��@��7KH�LQOHW�

JXLGH�YDQH�DQJOH�LV�DOVR�DQ�DFWLYH�SDUDPHWHU�LQ�WKH�SHUIRUPDQFH�RI�FHQWULIXJDO�FRPSUHVVRUV>��@�

)LJXUH��� � &HQWULIXJDO�FRPSUHVVRU�VLPSOLILHG�RSHUDWLRQ�GLDJUDP�

� 0��%DLUZD��µ&HQWULIXJDO�&RPSUHVVRU��3ULQFLSOH��&RQVWUXFWLRQ��:RUNLQJ��7\SHV��$GYDQWDJHV��'LVDGYDQWDJHV�ZLWK�LWV�$SSOLFDWLRQ¶��������
$YDLODEOH��KWWS���ZZZ�PHFK�VWXG\�FRP���������FHQWULIXJDO�FRPSUHVVRU�KWPO��>$FFHVVHG�����2FW�����@�
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

%UHGHQNDPS>��@ FRQGXFWHG�D�VWXG\�UHJDUGLQJ� WKH�UHFRQILJXUDWLRQ�RI�FRPSUHVVRUV� LQ�PLQLQJ�

FRPSUHVVHG� DLU� V\VWHPV� ZKLOH� -RQNHU� >��@ FRQGXFWHG� D� VWXG\� UHJDUGLQJ� KRZ� WR� FRQWURO�

FRPSUHVVRUV�HIILFLHQWO\�GXULQJ�G\QDPLF�GHPDQG�FRQGLWLRQV��%UHGHQNDPS�DQG�-RQNHU GHVFULEHG�

WKH�G\QDPLF�YDULDEOHV�WKDW�LQIOXHQFH WKH�SRZHU�FRQVXPSWLRQ�RI D�FRPSUHVVRU��7KHVH�YDULDEOHV�

DUH�GLVSOD\HG LQ�(TXDWLRQ�� DQG�(TXDWLRQ��� ZKLFK�DUH� ODWHU�XVHG LQ� WKH�FRQVWUXFWLRQ�RI� WKH�

VLPXODWLRQV�ZKLFK�YHULI\�WKH�UHVXOWV�LQ�FKDSWHU����

(TXDWLRQ� �� DQG� �� VKRZ� WKH� GLIIHUHQW� YDULDEOHV� WKDW� LQIOXHQFH� WKH� SHUIRUPDQFH� DELOLW\� RI�

FRPSUHVVRUV��%UHGHQNDPS�QRWHG� LQ� KLV� VWXG\� WKDW�PXOWLSOH� FRPSUHVVRUV� DUH� SXW� LQ� SODFH� WR�

VXSSO\�FRPSUHVVHG�DLU�ULQJV��-RQNHU�GHVFULEHG�KRZ�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�LQGHSHQGHQW�

DQG�GHSHQGHQW�YDULDEOHV�LQ�D�FRPSUHVVHG�DLU�ULQJ�EHFRPH�PRUH�FRPSOLFDWHG ZLWK WKH�DGGLWLRQ

RI�PXOWLSOH�FRPSUHVVRUV�ZLWK�YDULRXV FKDUDFWHULVWLFV��

(TXDWLRQ�� ±7KHRUHWLFDO�UHTXLUHG�WKH�HOHFWULFDO HQHUJ\�RI�D�FRPSUHVVRU

3&RPS  �Pሶ DLU:FRPS

3FRPS  ��5HTXLUHG�HOHFWULFDO�SRZHU ሾN:ሿ��>N-�V@

Pሶ  ��0DVV�IORZ >NJ�V@

:FRPS  ��&RPSUHVVRU�PHFKDQLFDO�HQHUJ\ >N-�NJ@

(TXDWLRQ�� � 7KHRUHWLFDO�UHTXLUHG�PHFKDQLFDO�HQHUJ\�RI�D�FRPSUHVVRU

:FRPS 

Q57LQ ൭൬
SRXW
SLQ

൰

Q��
Q
��൱

ȘFRPS�Q���

:FRPS  �&RPSUHVVRU�PHFKDQLFDO�HQHUJ\ >N-�NJ@

5  �*DV�FRQVWDQW�IRU�DLU�WDNHQ�DV����������� >-�NJ�.@

7LQ  �,QOHW�DLU�WHPSHUDWXUH >.@

SRXW  �&RPSUHVVRU�GLVFKDUJH�SUHVVXUH������ >N3D@

SLQ  �$WPRVSKHULF�LQOHW�SUHVVXUH��� >N3D@

Q  �3RO\WURSLF�FRQVWDQW�IRU�LVHQWURSLF�FRPSUHVVLRQ�WDNHQ�DV���� >�@

ȘFRPS  �&RPSUHVVRU�HIILFLHQF\ >�@
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

+H\QV� >��@ GLVFXVVHG� WKH� FRPSUHVVHG� DLU� ULQJ�IHHG� V\VWHP�� LQGLFDWLQJ� WKDW� PXOWLSOH�

FRPSUHVVRUV�FDQ�EH�FRQQHFWHG� WR� D�FHQWUDOLVHG FRPSUHVVHG�DLU�SLSLQJ�QHWZRUN� DV�VKRZQ�LQ�

)LJXUH�� DW�VHFWLRQ��������&HQWUDOLVLQJ�FRPSUHVVRUV LQFUHDVHV�WKH�FRPSOH[LW\�RI�GHWHUPLQLQJ�

RSHUDWLRQDO�LQHIILFLHQFLHV�ZLWKLQ�WKH�ULQJ� DV�ZHOO�DV�LQGLYLGXDO�FRPSUHVVRUV��

,W�LV�HYLGHQW�WKDW�RQ�WKH�VXSSO\�VLGH�RI�D�FRPSUHVVHG�DLU�QHWZRUN��WKH�LQYHVWLJDWLRQ�RI�DOO WKHVH�

YDULDEOHV�FDQ�EHFRPH�D�FRPSOH[�DQG�WLPH�FRQVXPLQJ SURFHVV��HVSHFLDOO\�LI�WKH�LQIUDVWUXFWXUH

LV�RXWGDWHG RU�QRW�LQVWDOOHG�

����� &RPSUHVVHG�DLU�GLVWULEXWLRQ�QHWZRUN�SDUDPHWHUV

0XOWLSOH�IDFWRUV�FRQWULEXWH�WR�WKH�FKDUDFWHULVWLFV RI�FRPSUHVVHG�DLU�IORZ�WKURXJKRXW GLVWULEXWLRQ�

SLSLQJ��7KH�DJH�DQG�FRQGLWLRQ�RI�SLSLQJ��DV�ZHOO�DV�WKH�UHODWLYH�PRLVWXUH�LQ�WKH�FRPSUHVVHG�DLU�

V\VWHPV�� SLSH� IULFWLRQ� DQG� WXUEXOHQFH� FDQ� OHDG� WR� LQFUHDVHG� FRPSUHVVHG� DLU� GLVWULEXWLRQ�

LQHIILFDFLHV� >��@�� >��@�� >��@�� 7KH� GHJUDGDWLRQ� RI� D� SLSH� �GXH� WR� WLPH DQG� PXOWLSOH� RWKHU�

FRQGLWLRQV� FDQ� OHDG� WR� DQ� LQFUHDVHG SUHVVXUH� GURS� GXH� WR� D� FKDQJH� LQ� WKH� SLSH IULFWLRQ

FRHIILFLHQW��)LJXUH��� GLVSOD\V WKH�VWDQGDUG�FRPSUHVVHG�DLU�GLVWULEXWLRQ�SLSHV� DV�ZHOO�DV�DQ�

LQVSHFWLRQ�RI�WKH�SLSH�ZDOO��

)LJXUH��� � 6WDQGDUG�JDOYDQLVHG FRPSUHVVHG�DLU�GLVWULEXWLRQ�SLSHV�

� &�-�2RVWKXL]HQ��3HUVRQDO�SKRWRJUDSK��³&RPSUHVVHG�DLU�SLSHV´��0DULNDQD�������
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

7KH� SUHVVXUH� GURS RI� D� FRPSUHVVHG� DLU� GLVWULEXWLRQ� SLSH� FDQ� EH� GHWHUPLQHG E\� WKH�'DUF\�

:HLVEDFK� HTXDWLRQ >��@�� >��@�� >��@� (TXDWLRQ� �� (TXDWLRQ� � DQG� (TXDWLRQ� � LOOXVWUDWH WKH�

SDUDPHWHUV�XVHG�WR�GHWHUPLQH�FRPSUHVVHG�DLU�ORVVHV�RYHU�GLVWULEXWLRQ�OLQHV��

7KH VLPXODWLRQ�VRIWZDUH�ZLOO�XVH�WKH�HTXDWLRQV LQ�&KDSWHU���DQG�DLG�LQ VKRZLQJ�WKH�FRPSOH[LW\�

RI�FRPSUHVVHG�DLU�GLVWULEXWLRQ�LQYHVWLJDWLRQV�

(TXDWLRQ�� � 'DUF\�:HLVEDFK�SUHVVXUH�ORVV�LQ�FRPSUHVVHG�DLU�GLVWULEXWLRQ

ǻ3� �
Iȡ/4�

�����'�

¨3  3UHVVXUH�ORVV� >N3D@

I  �)ULFWLRQ�IDFWRU����� >�@

ȡ  �'HQVLW\�RI�FRPSUHVVHG�DLU� >NJ�P�@

/  3LSH�/HQJWK�������������� >P@

4  �9ROXPH�IORZ�UDWH���� >P��V@

'  �,QVLGH�GLDPHWHU�RI�SLSH������ >P@

7R�GHWHUPLQH�WKH�IULFWLRQ��WKH IORZ�FKDUDFWHULVWLF IDFWRUV RI�WKH�FRPSUHVVHG�DLU�PXVW�DOVR�EH�

FRQVLGHUHG��,Q�������-RXEHUW�HW�DO� >��@ VWDWHG WKDW�DLUIORZ�FRXOG EH�DVVXPHG DV�WXUEXOHQW�GXH�WR�

KLJK�IORZ�DQG�DLUVSHHGV��9DQ�+HHUGHQ�>��@ DQG�%UHGHQNDPS�>�@ XVHG�WKH�5H\QROGV�QXPEHU�WR�

GHWHUPLQH WKH�IULFWLRQ�IDFWRU�RI�WXUEXOHQW FRPSUHVVHG�DLU�IORZV��

(TXDWLRQ�� � 5H\QROGV�QXPEHU�FDOFXODWLRQ

5H� �
ȡY'

ȝ

5H  5H\QROGV�QXPEHU�� >�@

ȡ  �'HQVLW\�RI�FRPSUHVVHG�DLU� >NJ�P�@

Y  �$LUIORZ�YHORFLW\����� >P�V@

'  �,QVLGH�GLDPHWHU�RI�SLSH������ >P@

ȝ  �'\QDPLF�YLVFRVLW\�RI�DLU������ >NJ�PÂV@
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

2QFH WKH�5H\QROGV�QXPEHU�KDV�EHHQ GHWHUPLQHG� WKH�&ROHEURRN�:KLWH�IULFWLRQ�IDFWRU�FDQ�EH�

GHWHUPLQHG�

(TXDWLRQ�� � &ROHEURRN�� :KLWH�IULFWLRQ�IDFWRU

��

I
 ���ORJ�� ൬

H

���'
�
����

5HξI
൰

I  �)ULFWLRQ�IDFWRU����� >�@

5H  �5H\QROGV�QXPEHU�� >�@

H�  �3LSH�URXJKQHVV���������� >P@

'  �,QVLGH�GLDPHWHU�RI�SLSH������ >P@

'LVWULEXWLRQ� ORVVHV� DOVR� LQFOXGH� FRPSUHVVHG� DLU� OHDNV� DORQJ� WKH� GLVWULEXWLRQ� SLSLQJ��

%UHGHQNDPS¶V� WKHVLV�VWDWHV� WKDW�GHHS�OHYHO�JROG�PLQH�GLVWULEXWLRQ�QHWZRUNV�FDQ�VSDQ����NP�

>��@��>��@��7KLV LQFUHDVHV�WKH�WLPH�DQG�HIIRUW�WKDW�PLQLQJ�SHUVRQQHO DQG�(6&2¶V�QHHG�WR�VSHQG

DXGLWLQJ FRPSUHVVHG DLU�GLVWULEXWLRQ�OLQHV�HIIHFWLYHO\�

%UHGHQNDPS�DOVR� VWDWHV� WKDW�ZDWHU� DQG�FRPSUHVVHG�DLU� OHDNV� FDQ� DFFRXQW IRU�XS� WR ����RI�

FRPSUHVVHG� DLU� XVDJH� >��@�� >�@�� 7KH�8�6�'HSDUWPHQW RI� (QHUJ\¶V DGYDQFHG PDQXIDFWXULQJ�

RIILFH�VWDWHG�WKDW����± ����RI�FRPSUHVVHG�DLU�ORVVHV�FRXOG EH�D�UHVXOW�RI DLU�OHDNV�LQ�GLVWULEXWLRQ�

OLQHV >��@��

/RFDWLQJ�FRPSUHVVHG�DLU�OHDNV�DQG TXDQWLI\LQJ�WKH�HIIHFW�RI�FRPSUHVVHG�DLU�OHDNV�LV�D�UHVRXUFH�

LQWHQVLYH WDVN��6RPH�PLQH FRPSUHVVHG�DLU�V\VWHPV�ODFN�VXLWDEOH FRPSUHVVHG�DLU�PHDVXUHPHQW

LQIUDVWUXFWXUH� DQG� DFFXUDWH� HTXLSPHQW� ZKLFK� PDNHV� LW� GLIILFXOW� IRU� HYHQ� NQRZQ� OHDN�

TXDQWLILFDWLRQ� PHWKRGV�� $� ODFN� RI� PHDVXULQJ� SRLQWV� FRQWULEXWHV WR WKH� LQHIILFLHQF\� RI�

TXDQWLI\LQJ�WKH�FRPSUHVVHG�DLU�OHDNV�

'XH�WR�WKH�WHGLRXV�WDVN�RI�FRPSUHVVHG�DLU�OHDN�LGHQWLILFDWLRQ� QHZ�PHWKRGV�WR�LGHQWLI\�OHDNV�DUH�

FRQWLQXDOO\ EHLQJ�GHYHORSHG�>��@��7KHVH�PHWKRGV�DUH�QRW�HUURU�SURRI� DV�HYHQ�XOWUDVRQLF�OHDN�

TXDQWLILFDWLRQ�SURYHV�SUREOHPDWLF�RQ�VWHHO�SLSHV�GXH�WR�WKH�QRLVH�OHYHOV�FDXVHG�E\�WKH�VKDSH�RI�

WKH�RULILFHV >��@��7KH�UHVXOW�LV�WKDW�FRPSUHVVHG�DLU�OLQH�ORVVHV�DUH�WHGLRXV�WR�ORFDWH DQG�GLIILFXOW�

WR�TXDQWLI\� HYHQ�ZLWK�PRGHUQ�WHFKQRORJLHV��
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

����� 'HPDQG�VLGH YDULDEOHV

7KH�GHPDQG�VLGH�RI�WKH�FRPSUHVVHG�DLU�QHWZRUN�FRQVLVWV�PDLQO\�RI�XQGHUJURXQG�OHYHOV�ZKHUH

PLQLQJ� DFWLYLWLHV� DUH� WDNLQJ� SODFH�� )LJXUH� �� DQG 7DEOH� � PHQWLRQ� WKH� W\SLFDO� XQGHUJURXQG�

FRPSUHVVHG� DLU� XVHUV� LQ� D� VLPSOLILHG� VFKHPDWLF >�@�� >��@�� >��@�� >��@�� >��@�� 7KH� YDULHW\� RI�

HTXLSPHQW�� FRPSRQHQWV DQG�SLSLQJ�FRQILJXUDWLRQV WKDW� DUH� IRXQG�XQGHUJURXQG�GUDPDWLFDOO\�

LQFUHDVH�WKH�FRPSOH[LW\�RI�WKH�FRPSUHVVHG�DXGLWV��7KH�DXGLWV RI�WKH�FRPSUHVVHG�DLU�GLVWULEXWLRQ�

OLQHV�XQGHUJURXQG�DUH� FRQGXFWHG� VLPLODUO\ WR RQ� VXUIDFH�� VWDWHG� LQ� VHFWLRQ��������7KHUHIRUH�

VLPLODU�FKDOOHQJHV�DUH�DOVR�IDFHG��)LJXUH��� VKRZV�DQ XQGHUJURXQG�FRPSUHVVHG�DLU�FRQVXPHU�

DQG�ZKHUH�LW�LV�W\SLFDOO\�ORFDWHG LQ�WKH�PLQLQJ�OHYHO�

&RPSUHVVRU +RXVH

5HIXJH %D\

/RDGLQJ ER[

5RFN 'ULOO

+RSSHU

/RDGHU

/RDGLQJ
%R[

6NLSV

'HPDQG
6LGH

5LQJ
)HHG

)LJXUH��� � 8QGHUJURXQG�FRPSUHVVHG�DLU�XVHUV��$GDSWHG�IURP�>��@�

7DEOH�� VXPPDULVHV�WKH�IXQFWLRQ�RI�WKH�FRPSUHVVHG�DLU�XVHUV�LQ�)LJXUH��� DQG�GHVFULEHV�WKH�

W\SLFDO�SHULRGV�WKDW�WKH�FRQVXPHUV�DUH�DFWLYH�DQG�ZKDW�WKH�QRUPDO�FRPSUHVVHG�DLU�RSHUDWLQJ�

UHTXLUHPHQWV� DUH�� 7KHVH� SDUDPHWHUV� DUH� HVVHQWLDO� IRU XQGHUVWDQGLQJ FRPSUHVVHG� DLU� HQHUJ\�

VDYLQJ LQLWLDWLYHV�� ,QIUDVWUXFWXUH� UHVWULFWLRQV� DQG� VFKHGXOHV� DUH� NH\� IDFWRUV� XVHG� WR� RSWLPLVH�

FRPSUHVVHG�DLU�V\VWHPV��EXW�FDQ�DOVR�DFW�DV�OLPLWDWLRQV�>��@��>��@�
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�7KH�FRPSOH[LW\�RI�FRPSUHVVHG�
DLU�DXGLWV

��

7DEOH�� � 8QGHUJURXQG�FRPSUHVVHG DLU�FRQVXPHUV��$GDSWHG�IURP�>�@�

,WHP 0LQLQJ�$SSOLFDWLRQ
1RUPDOL]HG�
2SHUDWLQJ�
+RXUV

)ORZ�
5HTXLUHPHQW�

>P��V@

3UHVVXUH�
5HTXLUHPHQW�

>N3D@

5RFN�%UHDNHUV
5HGXFHV WKH�VL]H�RI�
URFN�VHJPHQWV

����������� ���� ���

5RFN�'ULOOV
3URGXFHV�EODVWLQJ�
KROHV�IRU�H[SORVLYHV

����������� ��������� �������

'LDPRQG�
'ULOOV

'HYHORSPHQW�RQ�DFWLYH�
OHYHOV

����������� ���� ���

3QHXPDWLF
F\OLQGHUV

2SHQV�GRRUV�DQG�
FKXWHV�WKURXJKRXW WKH�
PLQH

����������� ����������� �������

/RDGLQJ�%R[HV
7UDQVIHU�DFFXPXODWHG
RUH�WR�VNLSV

����������� ����������� �������

0HFKDQLFDO�
/RDGHUV

7UDQVSRUW�RUH�WR�
ORDGLQJ�ER[HV

����������� �������� �������

:DWHU�
$JLWDWRUV

$JLWDWLRQ�RI�ZDWHU�
GDPV

����������� ���� ���

9HQWXUL�
%ORZHUV

$LGV�LQ�FRROLQJ�DFWLYH�
DUHDV

����������� ����������� �������

2SHQ�HQGHG�
3LSHV

&OHDQLQJ�DFWLYH�DUHDV���
ZDVWHG DLU

����������� ������� �������

9DOYH�&RQWURO�
$FWXDWRUV

2SHQV�DQG�FORVHV�
YDOYHV

����������� 1HJOLJLEOH �������

7R� EHWWHU� XQGHUVWDQG� KRZ� WKH� VFKHGXOHV RI� GLIIHUHQW� FRQVXPHUV� LPSDFW� WKH� FRPSUHVVHG� DLU�

VXSSO\� +H\QV�>��@ KDV VXPPDULVHG�WKH�GDLO\�RSHUDWLRQV�VFKHGXOH�LQWR�ILYH�GLVWLQFW�SHULRGV� DV

VKRZQ�LQ )LJXUH���� $OWKRXJK�D�PLQLQJ�VFKHGXOH�FDQ�EH GHWHUPLQHG E\�WKH�YHQWLODWLRQ�RIILFHU�

RQ� WKH� VSHFLILF� VKDIW�� PXOWLSOH� IDFWRUV� FDXVH� GLIIHUHQW� OHYHOV� RI� PLQH WR� GHYLDWH� IURP� WKH�

SURSRVHG�VFKHGXOH��

)LJXUH��� GLVSOD\V�WKH�W\SLFDO�IORZ�GHPDQG�SURILOH�RI�D�FRPSUHVVHG�DLU�V\VWHP��7KH�WLPHOLQH�LV�

EURNHQ LQWR ILYH�SHULRGV� ZKLFK�LQGLFDWH�ZKDW�WKH�PDMRU�PLQLQJ�DFWLYLWLHV�DUH�GXULQJ�WKDW�SHULRG��

'ULOOLQJ�VKLIW�LV�WKH�SHULRG�ZKHUH�WKH�PRVW�FRPSUHVVHG�DLU�LV�FRQVXPHG GXH�WR�PDQ\�FRPSUHVVHG�

DLU�GULOOV�WKDW�DUH�RSHUDWHG�WKURXJKRXW�WKH�PLQH�DW�WKH�VDPH�WLPH�>��@�>��@��>��@��
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��

)LJXUH��� � 'DLO\�VXPPDULVHG�PLQLQJ�VFKHGXOH �$GDSWHG�IURP�>��@�

6SHFLILF� OHYHOV� PD\� KDYH� GLIIHUHQW� SURILOHV� RWKHU� WKDQ� WKH� SURILOH� LQ� )LJXUH� ��� 'LIIHUHQW�

VFKHGXOHV� FRPELQHG� ZLWK� PXOWLSOH� ULQJ IHHGV� FDXVH� PLFUR�DQRPDOLHV� GXULQJ� OHYHO�VSHFLILF�

FRPSUHVVHG� DLU� DXGLWV�� 7KHVH� ULQJ� IHHGV� DUH� FRPSUHVVHG� DLU� FRQQHFWLRQV� WKDW� OLQN�PXOWLSOH�

OHYHOV�� XVXDOO\� GRZQVWUHDP� RI� WKH� OHYHO�VSHFLILF� IORZ� DQG� SUHVVXUH� LQVWUXPHQWDWLRQ� DQG�

SURGXFHV�IORZ�PHDVXUHPHQWV VKRZQ�LQ�)LJXUH�����$�QRQ�W\SLFDO�SURILOH�LV�GLVSOD\HG LQ�EOXH��

6XFK� RFFXUUHQFHV� LQFUHDVH� WKH� HIIRUW� DQG� VNLOO� OHYHO� UHTXLUHG� WR� FRPSOHWH� FRPSUHVVHG� DLU�

LQYHVWLJDWLRQV��

)LJXUH��� � /HYHO�IORZ�GXULQJ�ULQJ�IHHG

7KH� GLVFXVVLRQ� RQ� WKH� FRPSOH[LW\� RI� FRPSUHVVHG� DLU� DXGLWV� XQGHUJURXQG� FRQFOXGHV� WKH�

OLWHUDWXUH�UHYLHZ�UHJDUGLQJ�FRPSUHVVHG�DLU�QHWZRUNV��DXGLWV�DQG�WKH�YDULDEOHV�XVHG�WR�FDOFXODWH

FRPSUHVVHG� DLU� FRQVXPSWLRQ�� 7KH� QH[W� VHFWLRQ�ZLOO� GLVFXVV� KRZ�SUHYLRXV� UHVHDUFKHUV� KDYH�

DWWHPSWHG�WR�GHFUHDVH�WKH�WLPH�UHTXLUHG�IRU�DLU�DXGLWV�WR�EH�FRPSOHWHG� EXW�DOVR�WR�HVWLPDWH�DQG�

SUHGLFW�HQHUJ\�FRQVXPSWLRQ�RI�PLQLQJ�XWLOLWLHV��

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

)
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Z
�>
P
��
K
@

7LPH

�

����

����

����

����

����

����

����

����

)
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Z
�>
P
��
K
@

7LPH

/HYHO�IORZ�ZLWK�5LQJ�)HHG 1RUPDO
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�3UHYLRXV�VLPSOLILFDWLRQ�DWWHPSWV ��

��� 3UHYLRXV�VLPSOLILFDWLRQ�DWWHPSWV

����� 3UHDPEOH

'XH� WR� WKH� FRPSOH[LW\� RI� FRPSUHVVHG� DLU� V\VWHPV� DQG� WKH G\QDPLF� GHVLJQ� RI� GLIIHUHQW�

FRPSUHVVHG�DLU�ULQJV�DV�GLVFXVVHG�LQ�VHFWLRQ����� PXOWLSOH�PHWKRGV�IRU IDVW�WUDFNLQJ�DXGLWV DQG

SUHGLFWLQJ�DQG�FDOFXODWLQJ�FRPSUHVVHG�DLU�VDYLQJV�KDYH�EHHQ�GHYHORSHG��7KLV�VHFWLRQ�LV�GLYLGHG

LQWR IRXU�FDWHJRULHV�RI�SUHYLRXV�VWXGLHV�ZKLFK�SUHVHQW�WKH�VXFFHVVHV DQG�IDLOXUHV�WR�YHULI\ WKH�

QHHG�IRU HVWLPDWLQJ�WKH�VFRSH�RI�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJ LQLWLDWLYHV��

����� 6WXGLHV�RQ�RSWLPLVDWLRQ�RI�FRPSUHVVHG�DLU�DXGLWLQJ�SURFHVVHV

(QHUJ\�$XGLWV�� $EGHOD]L]�������>��@

$EGHOD]L]� GHYHORSHG� D� PHWKRGRORJ\� IRU� D� W\SLFDO� DLU� DXGLW� XVHG� WR� FUHDWH� D� PRGHO RI� D�

FRPSUHVVHG� DLU� V\VWHP�� � $EGHOD]L]� VWDWHV� WKDW� WKHUH� DUH� WKUHH� W\SHV� RI� HQHUJ\� DXGLWV� ±

SUHOLPLQDU\��JHQHUDO�DQG�GHWDLOHG���7KH�JHQHUDO�DXGLW�H[SDQGV�IURP�WKH�SUHOLPLQDU\�DXGLW�DQG�

WDNHV�KLVWRULF GDWD� LQWR� DFFRXQW��7KH�GHWDLOHG�DXGLW� IXUWKHU� H[SDQGV�RQ� WKH�JHQHUDO�DXGLW�E\�

GHYHORSLQJ�D�PRGHO�IRU�HQHUJ\�FKDUDFWHULVWLFV�ZKLFK�LV�FDOLEUDWHG ZLWK�DFWXDO�XWLOLW\�GDWD�

(VWDEOLVK 7HDP

6HW JRDOV DQ
REMHFWYLHV

*DWKHU KLVWRULF
GDWDEDVH

3HUIRUP HQHUJ\ DXGLW

5HSRUW ILQGLQJV

3ULRULWLVH DQG
LPSOHPHQW

0HDVXUH DQG YHULI\
SHUIRUPDQFH

0DLQWDLQ PHDVXUHV

)LJXUH��� � 3UHOLPLQDU\�DXGLW�PHWKRGRORJ\��DGDSWHG�IURP�>��@�
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(6&R�&RPSUHVVHG�$LU�,QYHVWLJDWLRQ�0HWKRGRORJ\��� -RXEHUW������ >��@

-RXEHUW�GHYHORSHG�DQ�LPSURYHG�PHWKRGRORJ\�WR�GHWHUPLQH�WKH�FRPSUHVVHG�DLU�VDYLQJV�

RSSRUWXQLW\�IRU�D�VSHFLILF�FRPSUHVVHG�DLU�V\VWHP�

(6&R FRQWUDFW
FOLHQW

&OLHQW PHHWLQJ
WR REWDLQ
SHUPLVVLRQ

$SSURYHG
$VVHV

2EMHFWLRQV
$OWHUQDWLYH
DSSURDFK"

$UUDQJH VLWH
YLVLW ± 2EWDLQ

GDWD

'R 6LPXODWLRQV

,V SURMHFW
IHDVLEOH"

0RUH GDWD
UHTXLUHG"

&RPSLOH
ILQGLQJV UHSRUW

&RPSLOH SURMHFW
SURSRVDO

&OLHQW VLJQ RII
RQ SURMHFW
SURSRVDO

1HZ SURMHFW
SURSRVDO UHDG\
IRU VXEPLVVLRQ

7HUPLQDWH
LQYHVWLJDWLRQ

1R

<HV

<HV

1R

<HV

1R

1R

<HV

)LJXUH��� � &RPSUHVVHG�DLU�LQYHVWLJDWLRQ�SURFHGXUH��DGDSWHG�IURP�>��@�

)LJXUH ���LQGLFDWHV�WKDW�WKHUH�DUH�PXOWLSOH�FRPSOH[�IXQFWLRQV�WKDW�QHHG WR�EH�FRPSOHWHG EHIRUH�

WKH�IHDVLELOLW\�RI�D�FRPSUHVVHG�DLU�RSWLPLVDWLRQ�SURMHFW�FDQ�EH�GHWHUPLQHG��7KH�RSWLPLVDWLRQ�RI�

WKH�FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�SURWRFRO�UHGXFHV�WKH�WLPH�H[SHQGLWXUH�RI�FRPSUHVVHG�DLU�DXGLWV�

EXW� GRHV� QRW� DGGUHVV� WKH� LVVXH� RI� PLQHV�V\VWHPV ZKLFK� PD\ ODFN� LQIUDVWUXFWXUH RU� GDWD��

$GGLWLRQDO�VWXGLHV�QHHG�WR�EH�FRQVXOWHG��
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�3UHYLRXV�VLPSOLILFDWLRQ�DWWHPSWV ��

����� 6WXGLHV�RQ�HQHUJ\�SUHGLFWLRQ�DQG�VFRSH�LGHQWLILFDWLRQ

5XOH�RI�7KXPE�� 0DUDLV�������>��@

0DUDLV�GHYHORSHG�D�VLPSOLILHG�HVWLPDWLRQ�PRGHO ZKLFK�SUHGLFWV�WKH�FKDQJH LQ�SRZHU�XVHG�WR�

JHQHUDWH�FRPSUHVVHG�DLU�IORZ�E\�ORRNLQJ�DW�WKH�FKDQJH�LQ�DEVROXWH�SUHVVXUH�RI�WKH�FRPSUHVVHG�

DLU�V\VWHP���7KH�PRGHO�VXJJHVWV�WKDW�IRU�HYHU\�;��FKDQJH�LQ�DEVROXWH�V\VWHP�SUHVVXUH��WKHUH�

ZLOO�EH�D����;��± ���;��FKDQJH�LQ�FRPSUHVVRU�SRZHU�FRQVXPSWLRQ��

7KLV�PRGHO�ZDV�GHULYHG E\�XVLQJ�WKHRUHWLFDO�FDOFXODWLRQV� DV�ZHOO�DV�SUDFWLFDO PHDVXUHPHQWV�

XVHG� DIWHU� RSWLPLVDWLRQ�PHWKRGV� KDYH� EHHQ� LPSOHPHQWHG��$OWKRXJK� WKH�PRGHO� SUHGLFWV� WKH�

FKDQJH�LQ�SRZHU�FRQVXPHG��D�SUHGLFWHG�FKDQJH�LQ�SUHVVXUH�LV�UHTXLUHG�

$�PRGHO�LV�UHTXLUHG ZKLFK�ZLOO�HVWLPDWH�WKH�SRZHU�GHFUHDVH�ZLWKRXW�WKH�QHHG�WR�ILUVW�FRQGXFW

DQ� LQYHVWLJDWLRQ�� 7KH� UXOH� RI� WKXPE� VXJJHVWHG� E\� 0DULDV� UHTXLUHV� DQ� HVWLPDWHG� SUHVVXUH�

GHFUHDVH� ZKLFK�ZLOO�RQO\�EH�REWDLQHG DIWHU�D�FRPSOHWH�FRPSUHVVHG�DLU�LQYHVWLJDWLRQ��

$UWLILFLDO�1HXUDO�1HWZRUNV��� &R[�������>��@

,Q�������&R[�GHYHORSHG�DQ�DUWLILFLDO�QHXUDO QHWZRUN�WR�KHOS�SUHGLFW�WKH�HOHFWULFLW\�FRQVXPSWLRQ�

RI�GHHS�OHYHO�PLQHV�EDVHG�RQ�PRQWKO\�HOHFWULFLW\�GDWD�H[WUDFWHG�IURP�(6.20�ELOOV��7KH�QHXUDO�

QHWZRUN�XVHG�����PRQWKO\��GDWD�SRLQWV�WR�FDOLEUDWH�WKH�SUHGLFWLRQ�DOJRULWKP��0RQWKO\�UHVXOWV�

ZHUH�SURGXFHG ZKLFK�ZHUH�ZLWKLQ�D�����HUURU�UDQJH��

+LVWRULFDO GDWD�IRUPV�D�FUXFLDO�SDUW�RI�WKH�VLWH�VSHFLILF�PRGHO� ZKLFK�PLJKW�SRVH�D�SUREOHP�IRU�

PLQHV�ZLWK�LQVXIILFLHQW�LQVWUXPHQWDWLRQ�RU�GDWD�VWRUDJH�V\VWHPV��7KH�SUHGLFWLRQ�PRGHO�LV�DOVR�

OLPLWHG� WR� WKH� RYHUDOO� HOHFWULFLW\� H[SHQGLWXUH DQG ZDV� QRW� WHVWHG RQ� VXEV\VWHPV� VXFK� DV�

FRPSUHVVHG� DLU�� 7KH� FRPSOH[LW\� RI� VXE�V\VWHPV� VXFK� DV� FRPSUHVVHG� DLU� ZDV� GLVFXVVHG LQ�

VHFWLRQ�����

%HQFKPDUNLQJ��� &LOOLHUV�������>��@

,Q�������&LOOLHUV�GHYHORSHG�D�PDWKHPDWLFDO�EHQFKPDUNLQJ�PRGHO�IRU�GHWHUPLQLQJ�WKH�HIILFLHQF\�

RI�ODUJH HQHUJ\�XVDJH�V\VWHPV�RQ�GHHS�OHYHO�PLQHV��2QH�RI�WKH�FRQWULEXWLRQV�LQ�WKH�3K'�WKHVLV�

ZDV�D�EHVW�SUDFWLFH�EHQFKPDUNLQJ�PHWKRG�IRU�FRPSUHVVHG�DLU�V\VWHPV��7KH�HIILFLHQF\�RI�WKH�

FRPSUHVVHG�DLU�V\VWHP�UHTXLUHG�WKH�GHSWK RI�D�VSHFLILF�PLQLQJ�VKDIW�DQG�WKH�WRQQHV�RI�RUH�PLQHG�

E\�WKDW�VKDIW��
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(TXDWLRQ�� � %HVW�SUDFWLFH�FRPSUHVVHG�DLU�EHQFKPDUNLQJ�PRGHO��:LQWHU�

(ESFRPS
 ��������������ሺ=ሻ������ሺ7ሻ

(TXDWLRQ�� � %HVW�SUDFWLFH�FRPSUHVVHG�DLU�EHQFKPDUNLQJ�PRGHO��6XPPHU�

(ESFRPS
 ������������ሺ=ሻ������ሺ7ሻ

(ESFRPS
 �%HVW�SUDFWLFH�EHQFKPDUN�IRU�FRPSUHVVHG�DLU�����HQHUJ\�

GIFRQVXPSWLRQ
>0:K@

=�  �0LQH�'HSWK >P@

7  �.LOR�WRQQHV�RI�RUH�PLQHG >N7@

,Q�WKH�GHYHORSPHQW�RI�EHQFKPDUNLQJ�WHFKQLTXHV� &LOOLHUV�XVHG PXOWLSOH�VWDWLVWLFDO�PHWKRGV�WR�

HTXDWH�EHQFKPDUN�SDUDPHWHUV� ZKLFK�DUH�VXPPDULVHG LQ�7DEOH��

7DEOH�� � &LOOLHUV
�UHJUHVVLRQ�PHWKRGV�VXPPDU\ >��@±>��@

6WDWLVWLFDO�5HJUHVVLRQ�0HWKRG $SSHQGL[�5HIHUHQFH 3XUSRVH

6WDQGDUG�UHJUHVVLRQ�PRGHOV �5��
&��

'HWHUPLQH�EHVW�ILW UHJUHVVLRQ�RI�
DQ\�RUGHU�SRO\QRPLDOV

2UGLQDU\�OHDVW�VTXDUH�UHJUHVVLRQ�
�2/6�

&��
'HWHUPLQH�EHVW�ILW�OLQHDU�
UHJUHVVLRQ�OLQH��

&RUUHFWHG�RUGLQDU\� OHDVW� VTXDUH�
�&2/6�

&��
'HWHUPLQH�PLQLPXP�DQG�
PD[LPXP�UHJUHVVLRQ�ERXQGDULHV�

6WRFKDVWLF� IURQWLHU� DQDO\VLV�
�6)$�

&��
'HWHUPLQH PRVW�SUREDEOH�
RFFXUUHQFH�RI�UDQGRP�GDWD

'DWD� HQYHORSPHQW� DQDO\VLV�
�'($�

&��
'\QDPLF�UHJUHVVLRQ�OLQH�
FRQVWUXFWHG�IRU�VSHFLDO�SXUSRVHV�

8VLQJ�&LOOLHUV¶PRGHO��WKH�VFRSH�IRU�FRPSUHVVHG�DLU�RSWLPLVDWLRQ�FDQ�EH�GHWHUPLQHG�E\�ORRNLQJ�

DW�WKH�PLQLQJ�RXWSXW�YDULDEOHV��7KH�UHVWULFWLRQ�ZLWK�WKLV�PRGHO�LV�WKDW�LW�RQO\�EHQFKPDUNV�WKH�

WRWDO� SRZHU� FRQVXPSWLRQ� RI� FRPSUHVVHG� DLU� V\VWHPV� RYHU� D� SHULRG �GD\��PRQWK�� \HDU��� DQG�

GRHVQ¶W�SURYLGH�DQ KRXUO\ SRZHU�SURILOH�EHQFKPDUN��

$Q� KRXUO\� SRZHU� SURILOH� LV� FRQVLGHUHG HVVHQWLDO IRU� (6&R¶V� DQG� HQHUJ\� VDYLQJ� LQLWLDWLYHV�

EHFDXVH LW�DOORZV�IRU�RSWLPLVDWLRQ�RI�V\VWHPV�GXULQJ�VSHFLILF�WLPHV�
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7KLV� VHFWLRQ� ������ DWWHPSWV� WR� DGGUHVV� WKH� QHHG� IRU� DQ� HVWLPDWLRQ�PRGHO� ZLWK� D� YDULHW\� RI�

LQQRYDWLYH� FDOFXODWLRQV� DQG� EHQFKPDUNLQJ� EXW� WKHVH� PHWKRGV� UHTXLUH� KLJK�OHYHO GDWD� DQG�

SURGXFH� KLJK�OHYHO� UHVXOWV� VXFK� DV�PRQWKO\� RU� \HDUO\� HVWLPDWLRQ�� /RZ�OHYHO� RU� GDLO\�KRXUO\

HVWLPDWLRQV�DUH�UHTXLUHG�WR�UHDOLVH�WKH�IXOO�SRWHQWLDO�RI�HQHUJ\�VDYLQJ�LQLWLDWLYHV��

����� $�VSHFLILF VWXG\�RQ����KRXU�SURILOHV

7KLV�VHFWLRQ�GLVFXVVHV�WKH�UHVXOWV�IURP�D�VWXG\�WKDW�DWWHPSWHG�WR�HVWLPDWH�WKH�SHUIRUPDQFH�RI�D�

SDUWLFXODU SHULRG�ZLWKLQ�D����KRXU�GD\��7KLV�VWXG\� IRFXVHV RQ�D�XQLTXH�VWDWLVWLFDO�PHWKRG�WR�

SRWHQWLDOO\�SUHGLFW�WKH�HIIHFW�RI�FRPSUHVVHG�DLU�VDYLQJ�LQLWLDWLYHV RQ�WKH�HQHUJ\�FRQVXPSWLRQ�

SURILOH�RI�FRPSUHVVRUV��

$�SUDFWLFDO WRRO�IRU�TXDQWLI\LQJ�SRWHQWLDO�HQHUJ\�VDYLQJV��� 9HUPHXOHQ�������>��@

9HUPHXOHQ�GHYHORSHG�PXOWLSOH�WRROV WR�GHWHUPLQH�WKH�H[SHFWHG�SRZHU�VDYLQJV�RQ�FRPSUHVVHG�

DLU� V\VWHPV� GXULQJ� D� VSHFLILF� SHULRG�� 7KHVH� WRROV� DUH� EDVHG RQ� WKH� FRQFHSW� RI� WKH� (QHUJ\�

5HGXFWLRQ�5DWLR� �(55���7KH�(QHUJ\�5HGXFWLRQ�5DWLR� LV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� SHDN�

SRZHU�XVDJH�UHFRUGHG�E\�WKH�FRPSUHVVHG�DLU�V\VWHP��UHG��DQG�WKH�SRZHU�XVDJH�RI�WKH�V\VWHP�

DW�DQ\�RWKHU�JLYHQ�WLPH��JUHHQ���DV�VHHQ LQ (TXDWLRQ����

(TXDWLRQ�� ±(QHUJ\�5HGXFWLRQ�5DWLR�

(55L  ��� ��3QR�3HDNL � 33HDN �

(55L  �LWK (QHUJ\�UHGXFWLRQ�UDWLR�RI�D����KRXU�SURILOH >�@

3SHDN  �0D[LPXP���UHIHUHQFH�SHULRG�LQ�D����KRXU�SURILOH >N:@

3QRQ�SHDNL  �LWK QRQ�SHDN�SRZHU�LQ�D����KRXU�SURILOH >N:@

L�����  �$LUIORZ�YHORFLW\����� >�@

)LJXUH��� VKRZV�DQ�H[DPSOH�RI�D�PLQH¶V�FRPSUHVVHG�DLU SRZHU�FRQVXPSWLRQ�SURILOH EHIRUH�

HQHUJ\�VDYLQJ�LQLWLDWLYHV�KDYH�EHHQ�LPSOHPHQWHG��,W�DOVR�VKRZV�ZKDW�SDUDPHWHUV�DUH�XVHG LQ�

(TXDWLRQ���
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)LJXUH��� � 7\SLFDO�SRZHU�EDVHOLQH�IRU�GHHS�OHYHO�PLQHV

)LJXUH��� GLVSOD\V�WKH�(55�RI�WKH�H[DPSOH�PLQH¶V�FRPSUHVVHG�DLU�V\VWHP¶V�SRZHU�SURILOH�DIWHU�

HQHUJ\�VDYLQJ LQLWLDWLYHV�KDYH�EHHQ�LPSOHPHQWHG��

)LJXUH��� � 3UH�(55�YV�SRVW�(55 SRZHU�SURILOHV

9HUPHXOHQ�GLVFRYHUHG�WKDW�D�OLQHDU�UHODWLRQVKLS H[LVWV�EHWZHHQ�WKH�(55�RI�PLQHV�EHIRUH DQG�

DIWHU HQHUJ\�VDYLQJ�LQLWLDWLYHV�ZHUH�LPSOHPHQWHG�

8VLQJ�WKLV�UHODWLRQ��9HUPHXOHQ�FRQVWUXFWHG�D�SUHGLFWLRQ�PRGHO�ZKLFK�SUHGLFWHG�WKH�SRWHQWLDO�

VXFFHVV�RI�HQHUJ\�VDYLQJ�LQLWLDWLYHV�GXULQJ�WKH�������������EODVWLQJ�SHULRG��
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7LPH

3UH�,PSOLPHQWDWLRQ�3RZHU�3URILOH 3RVW�,PSOLPHQWDWLRQ�3RZHU�3URILOH

3HDN�SRZHU

1RQ�� SHDN�SRZHU

3HDN�SRZHU

1RQ�� SHDN�SRZHU
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)LJXUH��� ± 3UH�YV�SRVW� (55�GDWDVHWV

$IWHU�GHWHUPLQLQJ�WKH�UHODWLRQ�EHWZHHQ�WKH�SUH�LPSOHPHQWDWLRQ�(55�DQG�SRVW�LPSOHPHQWDWLRQ�

(55��9HUPHXOHQ�FDWHJRULVHG�WKH�UHODWLRQDO�GDWDVHW WR LQGLFDWH�ZKLFK�(55�UHODWLRQV�\LHOGHG�WKH�

PRVW�SURPLVH�JDLQ IURP�HQHUJ\�VDYLQJ LQLWLDWLYHV��9HUPHXOHQ�IRXQG�WKDW�PLQHV�ZLWK�D�ORZHU�

SUH�LPSOHPHQWDWLRQ�(55�KDG�D�EURDGHU VFRSH�IRU�HQHUJ\�VDYLQJ�LQLWLDWLYHV�WKDQ�PLQHV�ZLWK�D�

KLJKHU� SUH�LPSOHPHQWDWLRQ� (55� UHODWLRQVKLS�� )LJXUH� �� GLVSOD\V� WKH� SUH� DQG� SRVW�

LPSOHPHQWDWLRQ� (55� UHODWLRQV DUUDQJHG IURP� ORZ� SUH�(55� WR� KLJK� SUH�(55� YDOXH�� 7KLV

LQGLFDWHV D GHFUHDVH LQ�WKH�LPSDFW RI�HQHUJ\�VDYLQJ�LQLWLDWLYHV�

)LJXUH��� � (55�FDWHJRULHV �$GDSWHG�IURP�>��@�
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3UH�,PSOHPHQWDWLRQ�(55�>�@

3UH�YV�3RVW�(55�5HODWLRQ /LQHDU��3UH�YV�3RVW�(55�5HODWLRQ�
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8VLQJ� WKH� (55� DV� D� EHQFKPDUNLQJ� PHWKRG� DOORZV� IRU� EHQFKPDUNLQJ� DQG� VWDWLVWLFDO�

LQYHVWLJDWLRQ�WR�EH�GRQH�EDVHG�RQ�WKH�FXPXODWLYH�FKDUDFWHULVWLFV�RI�D�FRPSUHVVHG�DLU�V\VWHP��

UDWKHU�WKDQ�VSHFLILF�YDULDEOHV��9HUPHXOHQ�SUHGLFWHG�WKH�LPSDFW�RI�HQHUJ\�VDYLQJ LQLWLDWLYHV�RQ�

D�FRPSUHVVHG�DLU�V\VWHP�IRU�WKH�SHULRG�������WR�������XVLQJ�WKLV�SUHGLFWLRQ�PRGHO� EDVHG�RQ�

WKH�((5�UHODWLRQVKLS�RI�D�FRPSUHVVHG�DLU�V\VWHP��

(TXDWLRQ�� � 5HJUHVVLRQ�HTXDWLRQ�IRU�SRVW�LPSOHPHQWDWLRQ (55

3UHGLFWHG�(55�DIWHU�VDYLQJV�SURMHFW  �������Â %DVHOLQH�(55 ��������

7KH� UHJUHVVLRQ� HTXDWLRQ� \LHOGHG� D� FRHIILFLHQW� RI� GHWHUPLQDWLRQ� �5A��� RI� ������ 9HUPHXOHQ�

YDOLGDWHG�KLV�PRGHO�XVLQJ�

�� 6LPXODWLRQV� RI� FRPSUHVVHG� DLU� V\VWHPV� EHIRUH� DQG� DIWHU� HQHUJ\� LQLWLDWLYHV� ZHUH�

LPSOHPHQWHG�

�� 1RYHO�EHQFKPDUNLQJ�WHFKQLTXHV�

7KH�OLPLWDWLRQ�RI�WKLV�VWXG\�LV�WKDW�LW�RQO\�IRFXVHG�RQ�D�VLQJOH SHULRG�DQG�QRW�D����KRXU�SURILOH�

7KH�FRUUHODWLRQ�DQG�UHODWLRQV�RI�(55�ZHUH�RQO\�LQYHVWLJDWHG IRU�WKH�SHDN SHULRG�������������

DQG�EODVWLQJ�SHULRG�������± �������)XUWKHU�LQYHVWLJDWLRQ�LQWR�WKLV�PHWKRG�LV�UHTXLUHG��

7DEOH�� VXPPDULVHV�WKH�FRQWULEXWLRQV�PDGH�E\�WKH�VWXGLHV�GLVFXVVHG�LQ�VHFWLRQV�������± ��������

7KH�OLPLWDWLRQV�RI�WKH�VWXGLHV�ZHUH�PHQWLRQHG�DQG�LQGLFDWHG ZK\�WKH�VSHFLILF�LQGLYLGXDO�VWXG\�

DORQH�ZRXOG QRW�VROYH�WKH�SUREOHP�VWDWHPHQW��7KH�FRQWULEXWLRQV�WKDW�HDFK�VWXG\�SUHVHQW�FDQ�EH�

XVHG� WRJHWKHU� RU LQ� D� GLIIHUHQW� FRQWH[W�� 7KH� PRVW� SURPLQHQW� FRQWULEXWRUV� DUH� &LOOLHUV� DQG�

9HUPHXOHQ��
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7DEOH�� � 6XPPDU\�RI�FRQWULEXWLRQV�E\�SUHYLRXV�VWXGLHV

6WXG\�

&RQWULEXWRU
6KRUWFRPLQJ &RQWULEXWLRQ

$EGHOD]L]���
>��@

5HTXLUHV�LQWHQVLYH�ODERXU
2SWLPLVDWLRQ�RI�WKH�FRPSUHVVHG�DLU�DXGLW�
SURFHVV

-RXEHUW������
>��@

5HTXLUHV�PLQLQJ�
LQIUDVWUXFWXUH

)XUWKHU�RSWLPLVDWLRQ�RI�WKH�SURFHVV�WR�
LGHQWLI\��LPSOHPHQW�DQG�UHSRUW�RQ�
FRPSUHVVHG�DLU�LQLWLDWLYHV

0DUDLV�������
>��@

5HTXLUHV�YDULDEOHV�ZKLFK�
DUH�QRW�DOZD\V�NQRZQ�

6WDWLVWLFDOO\�GHWHUPLQHG�UXOH�RI�WKXPE�
ZKLFK�VLPSOLILHV�WKH�SURFHVV�RI�
GHWHUPLQLQJ�WKH�LPSDFW�RI�SUHVVXUH�FKDQJH�
RQ�D�V\VWHP�

&R[������������
>��@

5HTXLUHV�LQ�PRQWKO\ GDWD�±
SHULRG�WRR�ORQJ��

1HXUDO�QHWZRUN�PRGHO�ZKLFK�SUHGLFWV�WKH�
SRZHU�XVDJH�RI�D�PLQH ZLWK�OLPLWHG�LQSXWV

&LOOLHUV������>��@
'RHV�QRW�SURYLGH�D����KRXU�
SURILOH�
SUHGLFWLRQ�HYDOXDWLRQ�

7KH�XVH�RI�UHJUHVVLRQ�VWDWLVWLFV�WR�FUHDWH�D�
EHQFKPDUNLQJ�PRGHO��EDQGZLGWK��IRU�
FRPSUHVVHG�DLU�V\VWHPV

9HUPHXOHQ�
>��@

'RHV�QRW�SURYLGH�D����KRXU�
SURILOH�
SUHGLFWLRQ�HYDOXDWLRQ�

7KH�XVH�RI�WKH�(55�SDUDPHWHU�WR�HVWLPDWH�
WKH�IXWXUH�SRWHQWLDO�FRPSUHVVHG�DLU�
VDYLQJV�IRU�D�VSHFLILF�WLPH�]RQH

����� 6WDWLVWLFDO�GDWD�DQDO\VLV�WHFKQLTXHV

7KH� XVH� RI� EHQFKPDUNLQJ� DQG� VWDWLVWLFDO� DQDO\VLV� WHFKQLTXHV� GHSHQG� RQ� WKH� W\SH�� VL]H� DQG�

IUHTXHQF\�RI�GDWD�VHWV�WKDW�ZLOO�EH�LQYHVWLJDWHG�>��@��>��@��,W�LV��WKHUHIRUH� QHFHVVDU\ WR�FRQVLGHU�

PXOWLSOH�VWDWLVWLFDO�PHWKRGV�IRU�EHQFKPDUNLQJ�DQG�DQDO\VLQJ�LQIRUPDWLRQ�>��@��

7KHVH�GLIIHUHQW�PHWKRGV�FDQ�EH�XVHG�WR�FRQVWUXFW�GLIIHUHQW�PRGHOV�ZKLFK�FDQ�EH�DVVHVVHG�XVLQJ�

WKH�FULWHULD�WKDW�%RWHV�>��@ SURVHG��;LH�HW�DO�� >��@ SXEOLVKHG�DQ�DUWLFOH�UHJDUGLQJ�WKH�DVVHVVPHQW�

RI�HQHUJ\�GHPDQG�RI�PDFKLQLQJ�V\VWHPV�LQ������

,W�ZDV� VWDWHG WKDW� WKH�PDFKLQH�SURFHVV�DQG�HQHUJ\�FRQVXPSWLRQ� FRXOG EH�GLVVHFWHG XVLQJ�D�

EUHDNGRZQ�VWUXFWXUH� DV�LQGLFDWHG�E\ )LJXUH�����2Q�WKH�OHIW�RI�)LJXUH���� WKH�EUHDNGRZQ�RI�D�

W\SLFDO�PDFKLQH�SURFHVV�LV�GLVSOD\HG��2Q�WKH�ULJKW�HQG�RI�)LJXUH���� WKH�EUHDNGRZQ�RI�HQHUJ\�

FRQVXPSWLRQ�IURP�WKH�WRWDO�YDOXH�WR�WKH�EDVH�YDOXH�LV�LQGLFDWHG��
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&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _�0HDVXUHPHQW�DQG�YHULILFDWLRQ�RI�
GDWD

��

7KLV�YLVXDO�EUHDNGRZQ�DSSOLHV�QRW�RQO\�WR� WKH�DFWXDO�FRQVXPSWLRQ�RI�HQHUJ\ EXW�DOVR�WR� WKH�

EHQFKPDUNLQJ� RI� HQHUJ\� >��@�� 7KHUHIRUH�� ERWK� WKH� UHDO� WRWDO� HQHUJ\� FRQVXPSWLRQ� DQG� WRWDO�

EHQFKPDUNHG�HQHUJ\� FRQVXPSWLRQ�RI� D� V\VWHP�FDQ� EH�GHULYHG E\�XVLQJ� HTXDWLRQV� ����� LQ�

$SSHQGL[�%�

%\�XVLQJ�WKH�PHWKRG�LQGLFDWHG�E\�)LJXUH�����DQ\�PDFKLQH��HQHUJ\�FRQVXPLQJ��SURFHVV�FDQ�EH�

WUDQVSRVHG WR�D�PDWKHPDWLFDO�PRGHO�IRU�HYDOXDWLRQ��7KHUHIRUH��LW�ZLOO�DOVR�EH�VXLWDEOH�WR�DSSO\�

WR PLQH FRPSUHVVHG�DLU�V\VWHPV��ZKLFK�KDYH�EDVH�HQHUJ\�FRQVXPHUV��HQG�XVHUV��DQG�PDFKLQH�

SODQWV��FRPSUHVVRUV���

0DFKLQLQJ
3URFHVV

0DFKLQLQJ SODQW � 0DFKLQLQJ SODQW � ���

� � �� Q � � �� Q � � �� Q � � �� Q � � �� Q

0DFKLQLQJ SODQW Q

«�� «� «� «� «�

� ��� Q � ��� Q � ��� Q � ��� Q � ��� Q

7RWDO (QHUJ\
&RQVXPSWLRQ

(QHUJ\
FRQVXPSWLRQ RI

SODQWV

(QHUJ\
FRQVXPSWLRQ RI
PDFKLQH WRROV

���

(QHUJ\
FRQVXPSWLRQ RI
EDVLV SURFHVV

)LJXUH��� � 'HFRPSRVLWLRQ�RI�PDFKLQH�SURFHVVHV�DQG�HQHUJ\�FRQVXPSWLRQ �$GDSWHG�IURP�>��@�

7KLV�VWXG\�FRQFOXGHV�WKLV�VHFWLRQ�RI�WKH�OLWHUDWXUH�UHYLHZ�E\�VWDWLQJ�WKDW�D�VWDWLVWLFDO�DSSURDFK�

WR�WKH�GHWDLOHG�ZRUNLQJ�RI�HQHUJ\�FRQVXPLQJ�V\VWHPV�FDQ�EH�XVHIXO�LI�PDWKHPDWLFDO�PRGHOOLQJ�

PHWKRGV�FDQ�EH�XVHG�WR�DQDO\VH�DQG�SUHGLFW�VSHFLILF�RXWSXWV��

��� 0HDVXUHPHQW�DQG�YHULILFDWLRQ RI�GDWD

7KH�GDWD�WKDW�LV�XVHG LQ�VWXGLHV�SOD\ D�YLWDO�UROH�LQ�WKH�UHVXOWV�WKDW�VWXGLHV�SURGXFH��7KHUHIRUH�

WKH�QH[W�VHFWLRQ�H[SODLQV�WKH�YDOLGLW\�RI�0	9��0HDVXUHPHQW�DQG�9HULILFDWLRQ��UHVXOWV�DV�WUXVWHG�

GDWD�VHWV��
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GDWD

��

����� 3XUSRVH�RI�0	9

0HHN� >��@ GHVFULEHV� WKH�0	9� SURFHVV� DV� XWLOLVLQJ� PHDVXUHPHQWV� WR� GHWHUPLQH� WKH� DFWXDO�

VDYLQJV�DFKLHYHG�LQ�D�VLQJOH�HQHUJ\�FRQVXPLQJ�V\VWHP��E\�DQ HQHUJ\�PDQDJHPHQW�SURJUDP��

7KLV GHILQLWLRQ�LV�VXSSRUWHG E\�WKH�,QWHUQDWLRQDO�3HUIRUPDQFH 0HDVXUHPHQW�DQG�9HULILFDWLRQ�

3URWRFRO RI������ ZKLFK�ZDV�UHYLVHG LQW������>��@� 7KH�0	9�SURFHVV�SOD\V�D�FUXFLDO�UROH�LQ

HQHUJ\� VHUYLFH� FRPSDQLHV� �(6&R¶V� RSHUDWLQJ� SURFHGXUHV� DV� LW� YDOLGDWHV� WKH� SHUIRUPDQFH�

LQGLFDWRUV�WKDW�(6&R¶V�SURYLGH�WR�FOLHQWV>��@� 7KH�0	9�SURFHVV�RI�YDOLGDWLQJ�PHDVXUHPHQWV�

LV FRQGXFWHG�E\�WKLUG�SDUW\�DVVLJQHG�0	9�WHDPV�ZKLFK�FRQGXFW�LQGHSHQGHQW�PHDVXUHPHQWV��

DXGLWV�DQG�LQYHVWLJDWLRQV�>��@�>��@��7KH�ZRUN�FRQGXFWHG�E\�WKH�0	9�WHDPV�DUH�JRYHUQHG E\�

WKH�6RXWK�$IULFDQ�1DWLRQDO�6WDQGDUG��6$16��������GRFXPHQW�>��@��>��@��>��@��>��@��7KH�0	9�

WHDPV�RYHUVHH�WKH�(6&R¶V ,'0 SURMHFW�SKDVHV�OLVWHG�EHORZ�>��@�

�� ,QYHVWLJDWLRQV�

�� 3URSRVDO�DSSURYDO�

�� ,PSOHPHQWDWLRQ�

�� 3HUIRUPDQFH�DVVHVVPHQW

7KH LQGHSHQGHQW�0	9�WHDPV�DXGLW�WKH�SHUIRUPDQFH�DVVHVVPHQW�SKDVH IRU�WKUHH PRQWKV��7KHVH�

DXGLWV�DUH�QHFHVVDU\�EHFDXVH RI (6&R¶V�QHHG�WR�GHOLYHU�DW�OHDVW�����RI�WKH�SURSRVHG�VDYLQJV�

>��@�� 7KHUHIRUH� LW� FDQ� EH� FRQFOXGHG WKDW� WKH� WKUHH�PRQWK�� HQHUJ\�VDYLQJ� SHUIRUPDQFH�

EDVHOLQHV� DQG�DFWXDO�SURILOHV�ZKLFK�ZHUH YDOLGDWHG�E\�WKLUG�SDUW\ DXGLWRUV� FDQ�EH�YLHZHG DV�

YDOLG�DQG�DFFXUDWH��

����� 6WDWLVWLFDO�WRROV�XVHG�E\�0	9�WHDPV

%RR\VHQ� >��@ DQG�%RWHV� >��@ OLVWHG� WKH�PRVW� FRPPRQO\ XVHG�VWDWLVWLFDO�SDUDPHWHUV�XVHG�E\�

(6&R¶V�DQG�E\�0	9�WHDPV�LQ�6RXWK�$IULFD�

�� 7KH�FRHIILFLHQW RI�GHWHUPLQDWLRQ��5���

�� 5RRW�PHDQ�VTXDUHG�HUURU��506(�

�� 6WDQGDUG�(UURU

�� )�VWDWLVWLF
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GDWD

��

�� 7�VWDWLVWLF

�� $YHUDJH�(UURU

�� 0HDQ�ELDV�HUURU

�� 'HJUHHV�RI�IUHHGRP��GI�

7KH�VWDWLVWLFDO�SDUDPHWHUV�PHQWLRQHG�FDQ�EH�UHDGLO\ GHWHUPLQHG�E\�VRIWZDUH�SDFNDJHV�VXFK�DV�

0LFURVRIW�([FHO� DQG�WKH VWDWLVWLFDO�IRUPXODV�DUH�OLVWHG�LQ�$SSHQGL[�'�>��@� 7DEOH�� VKRZV�WKH�

VXPPDU\� RI� VWDWLVWLFDO� SDUDPHWHUV� FDOFXODWHG� E\� WKH�0LFURVRIW� ([FHO� /LQHVW� IXQFWLRQ�� 7KH�

VWDWLVWLFDO�IRUPXODV�DUH�JLYHQ LQ�$SSHQGL[�'�

7DEOH�� � /,1(67�SDUDPHWHU�DUUD\��$GDSWHG�IURP�>��@�

$ % & ' ( )

� PQ PQ�� ����� P� P� E

� VHQ VHQ�� ����� VH� VH� VHE

� 5� VH\

� ) GI

� VVUHJ VVUHVLG

7KH� FRHIILFLHQW� RI� GHWHUPLQDWLRQ� �5��� GHWHUPLQHV� WKH� VWUHQJWK� RI� WKH� UHODWLRQVKLS� EHWZHHQ�

YDULDEOHV�DQG�UDQJHV�IURP���± ���ZKHUH���LV�QR�FRUUHODWLRQ�DQG�� D�OLQHDU�UHODWLRQVKLS EHWZHHQ�

YDULDEOHV>��@��>��@�>��@��7KH�5� YDOXH�VKRXOG�EH�KLJKHU�WKDQ������LQ�RUGHU�WR�EH�FRQVLGHUHG DV�

YDOXDEOH� DFFRUGLQJ�WR�%RWHV�>��@��

506(�LV�WKH�HUURU�EHWZHHQ�WKH�SUHGLFWHG�YDOXH�DQG�WKH�DFWXDO�YDOXH� DQG�VKRXOG�W\SLFDOO\�EH�

EHORZ����>��@�

7KH�VWDQGDUG�HUURU��VH��UHSUHVHQWV�WKH�VWDQGDUG�GHYLDWLRQ�RI�D�VDPSOLQJ�GLVWULEXWLRQ>��@��7KLV�

SDUDPHWHU�LV�XVHG�WR�GHWHUPLQH�WKH�HUURU�RI�WKH�\�HVWLPDWH�IRXQG�DV�D�UHVXOW�RI�WKH�UHJUHVVLRQ�

PRGHO�RI�FKRLFH��

7KH�)�VWDWLVWLF�LV�XVHG LQ�FRQMXQFWLRQ�ZLWK�WKH�GHJUHHV�RI�IUHHGRP�WR�WHVW�WKH�VLJQLILFDQFH�RI�D�

UHJUHVVLRQ�PRGHO��DOVR�DLGLQJ�LQ�WKH�GHFLVLRQ�PDNLQJ SURFHVV�RI�DFFHSWLQJ�RU�UHMHFWLQJ�D�QXOO�

K\SRWKHVLV�>��@��>��@�



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

&KDSWHU�� _�/LWHUDWXUH�UHYLHZ�RI�FRPSUHVVHG�DLU�HVWLPDWLRQ�PHWKRGV _� ��

7KH�UHVLGXDO�VXP�RI�VTXDUHV�LV�D�PHDVXUH�RI�WKH�GLVFUHSDQFLHV�EHWZHHQ�WKH�HVWLPDWHG�YDOXHV�

GHWHUPLQHG�E\�WKH�UHJUHVVLRQ�PRGHO�DQG�WKH�UHDO�\�YDOXHV>��@��>��@��

��� 6XPPDU\

&KDSWHU���VXPPDULVHV�WKH�IXQGDPHQWDOV�WKDW�ZLOO�EH�UHTXLUHG�WR�FRQVWUXFW�D�FRPSUHVVHG�DLU�FRVW�

VDYLQJV�LGHQWLILFDWLRQ�PRGHO IRU�GHHS�OHYHO�PLQHV��)LUVWO\� WKH�YDVW�QXPEHU RI�YDULDEOHV�UHTXLUHG�

IRU� DFFXUDWH� FRPSUHVVHG� DLU� QHWZRUN� DXGLWLQJ� DQG� HQHUJ\�VDYLQJ� VFRSH� LGHQWLILFDWLRQ ZDV�

GHVFULEHG��6HFWLRQ�������,W�DOVR�LQGLFDWHG�WKDW�WKH�FRPSOH[LW\�OHYHO�RI�WKHVH�DXGLWV�YDULHV GXH�WR�

PXOWLSOH�IDFWRUV�VSHFLILF�WR�HDFK�PLQH�

6HFRQGO\��SUHYLRXV�VWXGLHV�ZKLFK�ZHUH�FRQGXFWHG ZHUH FDWHJRULVHG LQ�IRXU�VHJPHQWV �6HFWLRQ�

������:KLOH�DOO�VWXGLHV�ODFNHG�D�FOHDU�UHVROXWLRQ IRU�WKH�SUREOHP�VWDWHPHQW��9HUPHXOHQ
V VWXG\�

>��@ SURGXFHG�D�YDOXDEOH�WRRO�NQRZQ�DV�WKH�(55��(QHUJ\�UHGXFWLRQ�UDWLRQ���7KLV�WRRO�FDQ DLG�

LQ�WKH�GHYHORSPHQW�RI�DQ�HQHUJ\�VDYLQJ HVWLPDWLRQ�PRGHO�

7KH� WKLUG� DQG� ILQDO� VHFWLRQ� GHVFULEHG� WKH� IXQFWLRQ� RI� 0	9� WHDPV� DQG� KRZ� WKH� 0	9�

SHUIRUPDQFH�DVVHVVPHQW�UHSRUWV�DUH�DXGLWHG�DQG�YDOLGDWHG�E\�WKLUG�SDUW\ FRPSDQLHV� LQFUHDVLQJ�

WKH�YDOLGLW\�RI�WKH�SHUIRUPDQFH�GDWD�VHWV �6HFWLRQ�������
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�3UHDPEOH ��

&+$37(5��� '(9(/230(17�2) 32:(5�

(67,0$7,21�02'(/

��� 3UHDPEOH

7KH�IRFXV�RI�FKDSWHU�WKUHH ZLOO�EH�RQ�GHYHORSLQJ D�PRGHO�ZKLFK�ZLOO�EH�DEOH�WR HVWLPDWH�WKH�

SRWHQWLDO�FRVW�VDYLQJ�RQ�FRPSUHVVHG�DLU�V\VWHPV�ORFDWHG�LQ GHHS�OHYHO�PLQHV��7KH�PRGHO�ZLOO�

EH�GHYHORSHG�WR�DGKHUH�WR�WKH�REMHFWLYHV�VWDWHG�LQ�VHFWLRQ������7KH�H[SHFWHG�UHVXOW�RI�WKH�PRGHO�

LV� DQ� RXWSXW� WKDW� FORVHO\� UHVHPEOHV� WKH� RXWSXW� RI� DGYDQFHG� DQG� FRPSOH[� HQJLQHHULQJ� DQG�

PDWKHPDWLFDO�HTXDWLRQV��ZKLFK�DUH�REWDLQHG�XVLQJ�VWDWLVWLFDO�DQDO\VLV� 3DUWLFXODU�DWWHQWLRQ�ZLOO�

EH�JLYHQ�WR�9HUPHXOHQ
V�HVWLPDWLRQ�WRRO��&KDSWHU�WKUHH�ZLOO�SURJUHVV�WKURXJK PXOWLSOH�VWDJHV�

IURP�GDWD�DFTXLVLWLRQ�WR�WKH�HYDOXDWLRQ DQG�FRPSDULVRQ RI�PXOWLSOH�PRGHOV��)LJXUH��� LQGLFDWHV�

WKH�IORZ�RI�WKH�ILYH�VWDJHV�RI�WKLV�FKDSWHU�

6WDJH���RI�WKLV�FKDSWHU�ZLOO GLIIHUHQWLDWH�EHWZHHQ�ZKDW�GDWD�VHWV�DQG�VXEVHWV DUH UHTXLUHG WR�

FRQVWUXFW�D�VWDWLVWLFDO�PRGHO� 6WDJH���ZLOO�HYDOXDWH�WKH�SDUDPHWHUV�LGHQWLILHG�LQ�VHFWLRQ�����DQG�

�����6WDJH���ZLOO�GHWHUPLQH� WKH�UHODWLRQVKLS EHWZHHQ� WKH�QHFHVVDU\�SDUDPHWHUV��6WDJH�� ZLOO�

FRQVWUXFW�D�PDWKHPDWLFDO HVWLPDWLRQ�PRGHO�E\�FRPELQLQJ WKH�VXEVHWV�RI�GDWD�WR�IRUP�D����KRXU

SURILOH GDWD� SURFHVVLQJ�PRGHO�� 6WDJH� ��ZLOO� DLP� WR� HYDOXDWH� WKH� EDVH�PRGHO� DQG� DSSO\� WKH�

QHFHVVDU\ VWDWLVWLFDO ILOWHUV�WR�HQVXUH�WKH�DFFXUDF\�RI�WKH�PRGHO�

/ĚĞŶƚŝĨŝǇ�ŽĨ��
ƐŽƵƌĐĞ�ĚĂƚĂ

/ĚĞŶƚŝĨŝǇ�
ǀĂƌŝĂďůĞƐ

�ĞǀĞůŽƉ�Ă�ďĂƐĞ�ƉŽǁĞƌ�
ĞƐƚŝŵĂƚŝŽŶ�ŵŽĚĞů

�ĞǀĞůŽƉ�ĂĚũƵƐƚĞĚ�
ŵŽĚĞůƐ

�ǀĂůƵĂƚĞ
ĞƐƚŝŵĂƚŝŽŶ
ŵŽĚĞůƐ

)LJXUH��� � 0HWKRGRORJ\�IORZ
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7KH�SULPDU\�K\SRWKHVLV�LV�WKDW�FRPSUHVVHG�DLU�GHPDQG�YDULHV�WKURXJK�D����KRXU�SURILOH�RQ�D�

QRUPDO�GHHS�OHYHO�PLQH��7KHUHIRUH�WKH�JUHDWHU�WKH�GHPDQG�RI�PLQLQJ�SHUVRQQHO�DQG�HTXLSPHQW��

WKH�JUHDWHU�WKH�SRZHU�FRQVXPSWLRQ�RI�WKH�PRWRUV�>��@��>��@��>��@� >��@�>��@��,W�LV�H[SHFWHG�WKDW�

WKH� UHVXOWV� SURGXFHG� E\� WKH� HVWLPDWLRQ�PRGHO� ZLOO� DOVR� DGKHUH� WR� WKLV� UHODWLRQ� EHWZHHQ� DLU�

GHPDQG�DQG�SRZHU�FRQVXPSWLRQ��SURYLQJ�WKH�K\SRWKHVLV�LV�WUXH�IRU�DOO�FDVHV��

(TXDWLRQ�� � (TXDWLRQ�� FRQYH\V�WKHRUHWLFDOO\�KRZ�WKH�DLU�GHPDQG�RI�D�V\VWHP�FRQWULEXWHV�WR�

WKH� SRZHU� UHTXLUHG� E\� WKH� FRPSUHVVRU�PRWRUV�� $� NH\� SDUDPHWHU� LQ� WKH� GHYHORSPHQW� RI� DQ�

HVWLPDWLRQ�PRGHO�LV�WKXV�WKH�UHODWLRQ�EHWZHHQ�ZKHQ�FRQVXPSWLRQ�LV�KLJK�DQG�ZKHQ�FRQVXPSWLRQ�

LV�ORZ��7LPH�DV�D�SDUDPHWHU�LV�WKXV�RI�LPSRUWDQFH��

7KH� VHFRQGDU\� K\SRWKHVLV� LV� WKDW� WKH� YDU\LQJ� FRPSUHVVHG� DLU� GHPDQG��ZKLFK� LV� OLQNHG� WR� D�

VSHFLILF�WLPH��LV�DOVR�OLQNHG�WR�WKH�PLQLQJ�DFWLYLW\�RFFXUULQJ�DW�WKDW�JLYHQ�SHULRG��,QYHVWLJDWLRQ�

LQWR�PLQLQJ�DFWLYLWLHV�GLVSOD\HG�LQ�7DEOH�� GLFWDWHV�WKDW�D�NH\�YDULDEOH�LQ�WKH�HVWLPDWLRQ�RI�D�

PRGHO�VKRXOG�EH�ZKLFK�DFWLYLWLHV�DUH�DFWLYH�GXULQJ�VSHFLILF�SHULRGV��

7KH�WKLUG�K\SRWKHVLV�LV�WKDW�PRUH�HIILFLHQW�PLQHV�KDYH�ODUJHU�SRZHU�FRQVXPSWLRQ�GLIIHUHQFHV�

EHWZHHQ�WKH�SHDN�PLQLQJ�DFWLYLWLHV�DQG�QRQ�SHDN�PLQLQJ�DFWLYLWLHV�>��@��>��@��

7KH�IRXUWK�K\SRWKHVLV�LV�E\�NQRZLQJ�WKH�SHDN�SRZHU�FRQVXPSWLRQ��D�SUHGLFWLRQ�RI�D�QRQ�SHDN�

SRZHU FRQVXPSWLRQ�SHULRG�FDQ�EH�PDGH�LI�WKH�FRPSUHVVHG�DLU�VXSSO\���SRZHU�FRQVXPSWLRQ��LV�

VFDOHG�WR�PHHW�WKH��ORZHU��GHPDQG�>��@�

7KH�ILIWK�K\SRWKHVLV�LV�WKDW�DQ�DFFXUDWH�HVWLPDWHG�SRZHU�FRQVXPSWLRQ�GHFUHDVH�FDQ�EH�PDGH�LI�

WHVWHG�FRPSUHVVHG�DLU�VDYLQJV�LQLWLDWLYHV�DUH�LPSOHPHQWHG��

7KHVH� ILYH� K\SRWKHVHV� DUH� SURYHQ� LQ� WKH� OLWHUDWXUH� VWXG\� DQG� ZLOO� EH� FRQVXOWHG� LQ� WKH�

GHYHORSPHQW�RI�WKH�FRVW�VDYLQJV�LGHQWLILFDWLRQ�PRGHO��

)LJXUH��� GLVSOD\V�WKH�IORZ�RI�WKH�GHYHORSPHQW�RI�WKH�HVWLPDWLRQ�PRGHO��7KH�VHFWLRQV�FRQWDLQHG�

ZLWKLQ�&KDSWHU���DUH�DOVR�LQGLFDWHG��(YDOXDWLRQV�ZHUH�GRQH�RQ�D�FRQWLQXRXV�EDVLV�WR�HQVXUH�WKDW�

HUURUV�ZHUH�HOLPLQDWHG EHIRUH�FRQWLQXLQJ�WKH�GHYHORSPHQW�RI�WKH�HVWLPDWLRQ�PRGHO��
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^ĞĐƚŝŽŶ ϯ͘Ϯ /ĚĞŶƚŝĨǇ ƐŽƵƌĐĞ ĚĂƚĂ

^ĞĐƚŝŽŶ ϯ͘ϯ /ĚĞŶƚŝĨǇ ǀĂƌŝĂďůĞƐ

^ĞĐƚŝŽŶ ϯ͘ϰ �ĞǀĞůŽƉ ďĂƐĞ ŵŽĚĞů

^ĞĐƚŝŽŶ ϯ͘ϱ �ĞǀĞůŽƉ ĂĚũƵƐƚĞĚ ŵŽĚĞůƐ

^ĞĐƚŝŽŶ ϯ͘ϲ

6WDUW

(YDOXDWH
GDWD VHWV

&DSWXUH
'DWD

)LQG QHZ VWXG\ SHULRGV�
LQWHUYDOV

)LOWHU �
&DWHJRUL]H

'HWHUPLQH
SDUDPHWHUV IRU
HYDOXDWLRQ

,QVXIILFLHQW

6XIILFLHQW

(YDOXDWH
SHULRGV

+LJK�UHVROXWLRQ

/RZ�UHVROXWLRQ

&KRRVH QHZ
SDUDPHWHU

SDLUV

)LQG FRUUHODWLRQ
EHWZHHQ SDUDPHWHUV

,QVXIILFLHQW
FRUUHODWLRQ

6RUW�DUUDQJH
SDUDPHWHU

SDLUV

%HVW UHODWLRQ

7HVW EHVW
UHODWLRQDO

SDUDPHWHUV IRU
DOO SHULRGV

)LOWHU RXW
]RQH

,QVXIILFLHQW
UHODWLRQ

6XIILFLHQW FRUUHODWLRQ

(YDOXDWH
UHJUHVVLRQV
IRU RXWOLHUV

$GMXVW
UHJUHVVLRQV

2XWOLHU
VHJPHQWV

&RQVWUXFW PRGHO
XVLQJ UHJUHVVLRQ
SRO\QRPLDOV

9DOLGDWH
DGMXVWHG
PRGHO

(QG

)LJXUH��� � )XQFWLRQDO�GLDJUDP�RI�WKH�PRGHO FRQVWUXFWLRQ
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�VRXUFH�GDWD ��

��� ,GHQWLILFDWLRQ�RI�VRXUFH�GDWD

7KH�REMHFWLYH�VWDWHG�LQ�VHFWLRQ�����LV WR�GHYHORS D VWDWLVWLFDO�PRGHO�WKDW�LV�UREXVW HQRXJK�WR�EH�

LPSOHPHQWHG�RQ�DQ\�FRPSUHVVHG�DLU�V\VWHP�RQ�GHHS�OHYHO�PLQHV��\HW�DFFXUDWH�HQRXJK�WR�HQVXUH�

FUHGLELOLW\��7KH�XVH�RI�GDWD VHWV�WKDW�DUH�0	9�YHULILHG��OLNH EDVHOLQHV�DQG�UHVXOWV� HQVXUH WKH�

FUHGLELOLW\�RI�WKH�GDWD�VHWV��

,W�LV�RI�XWPRVW�LPSRUWDQFH�WR�HQVXUH�WKDW�WKH�IRXQGDWLRQ�RI�D�VWDWLVWLFDO�LQYHVWLJDWLRQ�LV�FUHGLEOH��

DV�VWDUWLQJ�IURP�DQ�LQFRUUHFW SUHPLVH�OHDGV�WR�DQ�XQVXUH�FRQFOXVLRQ��

����� 3URFHVVLQJ�0	9�GDWD�WDEOHV DV�VDPSOH�VSDFH

7KH�SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�GHVFULEH�KRZ�WKH�0	9�GDWD�FDQ�EH�RUJDQLVHG�WR�EH�XVHG LQ�

PDWKHPDWLFDO DQG�VWDWLVWLFDO�DQDO\VLV��)LJXUH��� LQ�$SSHQGL[�(�GLVSOD\V DQ�H[FHUSW�H[DPSOH

0	9�SHUIRUPDQFH�DVVHVVPHQW�UHSRUW�GUDIWHG�DIWHU�D�FRPSUHVVHG�DLU�SURMHFW�ZDV�LPSOHPHQWHG��

7KH�VWUXFWXUH�RI�WKH�H[FHUSW�LV�DV�IROORZV�

7KUHH�EDVHOLQHV DQG�PHDVXUHG�SURILOHV DUH�GUDIWHG IRU�WKH�UHVSHFWLYH�PRQWKV�RI�WKH�SHUIRUPDQFH�

DVVHVVPHQW�SHULRG��HDFK�FRQWDLQLQJ�D� VXPPDULVHG ���KRXU�SHUIRUPDQFH� WDEOH��(DFK� WDEOH� LV�

GLYLGHG LQWR�WKUHH�VHFWLRQV

x :HHNO\ �%DVHOLQH�YV�$FWXDO�

x 6DWXUGD\ �%DVHOLQH�YV�$FWXDO�

x 6XQGD\��%DVHOLQH�YV�$FWXDO�

7KH�VHSDUDWLRQ RI�WKLV�GDWD�LV�GXH�WR�WKH�(6.20�WDULII�VWUXFWXUH�WKDW�GLIIHUV�IRU�ZHHNGD\V�DQG�

ZHHNHQG�GD\V��7KH�EDVHOLQH�SRZHU�XVDJH�LV�GHWHUPLQHG�E\�WKH�(6&R¶V DQG�0	9�WHDPV��7KH�

WKLUG�SDUW\ 0	9�WHDP�WKHQ PHDVXUHV�DQG�DXGLWV�WKH�DFWXDO�SRZHU�FRQVXPSWLRQ�DQG�SURGXFHV�

D�PRQWKO\ DYHUDJH����KRXU�SURILOH��7KH� WRWDO�SRSXODWLRQ�SURSRUWLRQ RI�0	9 UHVXOWV�� LQ� WKLV�

FDVH� YDULRXV PLQLQJ�VKDIWV DQG�PXOWLSOH�SRZHU�SURILOHV��LV�QRWHG�DV�3� (TXDWLRQ��� GLVSOD\V�WKH�

EUHDNGRZQ�RI�GDWD�WKDW�ZLOO�EH�XVHG DV�D�FDVH�VWXG\��

(TXDWLRQ��� � 7HVW�GDWD�EUHDNGRZQ�HTXDWLRQ

3� � 3�� 3���«� 3Q �������3L S��S��S� � SN � [� W �\� W �[� W �\� W �[� W �\� W

3��  �7RWDO�SRSXODWLRQ�SURSRUWLRQ >N:@

3��Q��  �3RSXODWLRQ�SURSRUWLRQ�IRU�HDFK�PLQH >N:@

S��N  �0RQWKO\�SHUIRUPDQFH�DVVHVVPHQW�GDWD >N:@



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�VRXUFH�GDWD ��

[���  �%DVHOLQH�YHFWRU�IRU�ZHHNGD\V��6DW����� ܽ݊݀ 6XQGD\
DV�

��D IXQFWLRQ�RI�W
>N:@

\���  �0HDVXUHG�3RZHU�YHFWRU�IRU�ZHHNGD\V��6DWXUGD\ DQG 6XQGD\�

��DV D�IXQFWLRQ�RI�W
>N:@

W  ����KRXU�GDLO\ SURILOH�FRQWDLQLQJ����KDOI�KRXU�VHJPHQWV�

��DV LQGHSHQ���� YDULDEOHV
>�@

N  ��� ��1XPEHU�RI�PRQWKV�LQ�SHUIRUPDQFH�DVVHVVPHQW�SHULRG >�@

Q  �1XPEHU�RI�PLQHV�LQ���� VWXG\ �QXPEHU�RI�SRSXODWLRQ�HOHPHQWVሻ >�@

,GHDOO\� WKH�SRSXODWLRQ�VL]H�Q ZRXOG�EH�WKH�QXPEHU�RI�DOO�GHHS�OHYHO�FRPSUHVVHG�DLU�V\VWHPV�LQ�

6RXWK $IULFD� 5HDOLVWLFDOO\� DFFHVV�WR�DOO�PLQHV¶�0	9�UHSRUWV FRXOG�QRW�EH�DFKLHYHG� 6RPH�RI�

WKH�UHSRUWV�KDG�LQFRPSOHWH�GDWD�RU�UHIHUHQFHV� DQG WKHUHIRUH�WKH�PRVW�FRPSOHWH ��0	9�DXGLWHG�

FRPSUHVVHG� DLU� SURMHFW� UHSRUWV� ZHUH� LQFOXGHG LQ� WKH� WRWDO� SRSXODWLRQ�� 7KH� 0	9� WHDP�

GLIIHUHQWLDWHV EHWZHHQ�ZHHNGD\V�DQG�QRQ�ZHHNGD\V�GXH�WR�WKH�GLIIHUHQFH�LQ�PLQLQJ�RSHUDWLRQV�

GXULQJ�WKHVH�GD\V��1RQ�ZHHNGD\V�DUH�W\SLFDOO\�XVHG IRU�PDLQWHQDQFH�UHODWHG�RSHUDWLRQV��7KLV

FDXVHV� WKH�QRQ�ZHHNGD\�SURILOHV� WR� IOXFWXDWH�PRUH� WKDQ� WKH�ZHHNGD\�SURILOHV� DV�)LJXUH���

LQGLFDWHV��2QO\ WKH�ZHHNGD\V ZLOO�EH�LQFOXGHG LQ WKH�VWDWLVWLFDO�VFRSH GXH�WR�OLPLWHG�LQIRUPDWLRQ�

UHJDUGLQJ�ZHHNHQG�RSHUDWLRQV�RI�WKH�VDPSOHG�PLQHV��
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%DVHOLQH�SRZHU�SURILOHV

3$B�B%DVHOLQH�:HHNGD\
3$B�B%DVHOLQH�:HHNGD\
3$B�B%DVHOLQH�:HHNGD\
3$B�B%DVHOLQH�6DWXUGD\
3$B�B%DVHOLQH�6DWXUGD\
3$B�B%DVHOLQH�6DWXUGD\
3$B�B%DVHOLQH�6XQGD\
3$B�B%DVHOLQH�6XQGD\
3$B�B%DVHOLQH�6XQGD\
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7LPH

0HDVXUHG�SRZHU�SURILOHV

3$B�B$FWXDO�:HHNGD\
3$B�B$FWXDO�:HHNGD\
3$B�B$FWXDO�:HHNGD\
3$B�B$FWXDO�6DWXUGD\
3$B�B$FWXDO�6DWXUGD\
3$B�B$FWXDO�6DWXUGD\
3$B�B$FWXDO�6XQGD\
3$B�B$FWXDO�6XQGD\
3$B�B$FWXDO�6XQGD\

)LJXUH��� � 'LIIHUHQFH�EHWZHHQ�ZHHNGD\�DQG�ZHHNHQG�SURILOHV
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�VRXUFH�GDWD ��

7KH�ILOWHULQJ�RI�WKH�ZHHNHQG�GD\V�IURP�WKH�0	9�GDWD�VHWV�WUDQVIRUPV�(TXDWLRQ��� LQWR�WKH�

HTXDWLRQV�VXPPDULVHG�LQ�7DEOH����7DEOH�� VSOLWV� WKH�EDVHOLQH�DQG PHDVXUHG�UHVXOWV� DV� WKHVH�

GDWD�VHWV�ZLOO�EH�SURFHVVHG LQGHSHQGHQWO\��

7DEOH�� � 6DPSOH�6SDFH�'LIIHUHQWLDWLRQ

%DVHOLQH�6DPSOH�6SDFH 0HDVXUHG�6DPSOH�6SDFH 7RWDO�3RSXODWLRQ�3URSRUWLRQ

3 3%��3%���«��3%��

3%L �൛S%��S%��S%�ൟ

S%N ^[�ሺWሻ`

3 30��30���«� 30��

30L ൛S0��S0��S0�ൟ

S0N ^\�ሺWሻ`

3 3��3���«� 3��

3L ൛S��S��S�ൟ

SN ^[�ሺWሻ�\�ሺWሻ`

����� ,QYHVWLJDWLQJ�PLQLQJ�VFKHGXOHV

$IWHU�ILOWHULQJ�WKH�GD\V�RI�WKH�ZHHN�WR�EH�LQFOXGHG�LQ�WKH�SRSXODWLRQ��DWWHQWLRQ�DOVR�QHHGV�WR�EH�

JLYHQ�WR�KRZ�HDFK�ZHHNGD\�ZLOO�EH�GHFRQVWUXFWHG�DQG�PRGHOOHG��$����KRXU�PLQLQJ�ZHHNGD\�

FDQ�EH�GHFRQVWUXFWHG LQWR�PXOWLSOH�SHULRGV�ZKHUH�VSHFLILF RSHUDWLRQV�DUH�FRPSOHWHG� DV�VWDWHG�

LQ�VHFWLRQ������<HW� GLIIHUHQW�PLQHV�DQG�WKLUG�SDUW\ LQYHVWLJDWRUV�XVH�GLIIHUHQW�GHFRQVWUXFWLRQV

RI�D����KRXU�GDLO\�SURILOH��7KLV�VHFWLRQ�ZLOO�VXPPDULVH WKH�GLIIHUHQW�ZD\V�WKDW� LQYHVWLJDWRUV�

GHFRQVWUXFW� DQG� FDWHJRULVH� D� ���KRXU� SURILOH�� 7KH� ILUVW� EHLQJ� WKH� VFKHGXOHV� WKDW� UHJXODWRU\�

ERGLHV� XVH�� WKH VHFRQG� QRUPDO PLQLQJ� VFKHGXOHV� DQG� WKH� WKLUG WKH� QXPHULFDO LQYHVWLJDWLRQ

UHVXOW��

5HJXODWRU\�ERGLHV

7KH�0	9�UHSRUWV�DSSURYHG�E\�(VNRP�GHFRQVWUXFWV�WKH����KRXU�ZHHNGD\�SURILOH�LQ���VHJPHQWV�

DV�LQGLFDWHG�E\�WKH�0	9�H[FHUSW�LQ )LJXUH�����7KH�UHG�EORFN�LQGLFDWHV�WKH�(VNRP�SHULRGV�

�� 0RUQLQJ�2II�SHDN

�� 0RUQLQJ�6WDQGDUG

�� 0RUQLQJ�3HDN

�� 0LGGD\�6WDQGDUG

�� (YHQLQJ�3HDN

�� (YHQLQJ�6WDQGDUG�

�� (YHQLQJ 2II�SHDN

���3HUIRUPDQFH�DVVHVVPHQW��0DUFK�����

7DEOH�� $FWXDO�YV��&RQWUDFWHG�:HHNGD\�,PSDFW 0DU���

:HHNGD\��0:�

0RUQLQJ�
2II�SHDN

0RUQLQJ�
6WDQGDUG

0RUQLQJ�
3HDN

0LGGD\�
6WDQGDUG

(YHQLQJ�
3HDN

(YHQLQJ�
6WDQGDUG

(YHQLQJ�
2II�SHDN

%DVHOLQH�
'HPDQG ���� ���� ����� ����� ����� ����� ����
$FWXDO�'HPDQG ����� ����� ����� ����� ����� ����� �����

$FWXDO�,PSDFW ����� ����� ����� ����� ����� ����� �����

&RQWUDFWXDO�
,PSDFW ��� ��� ��� ��� ��� ��� ���

2YHU��8QGHU�
SHUIRUPDQFH ������� ������� ������� ������� ������� ������� �������

)LJXUH��� � 0	9�UHSRUW�ZHHNGD\�SHULRGV
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�VRXUFH�GDWD ��

0LQLQJ�2SHUDWLRQV

+H\QV� >��@ GHWHUPLQHG� D� WLPH�YDULDQW RSHUDWLRQDO� GHFRQVWUXFWLRQ� DFFRUGLQJ� WR� WKH� PLQH
V�

DFWLYLWLHV LQ�VHFWLRQ��������+H\QV�FRQFOXGHG�WKDW�WKH�PLQH�KDV�ILYH�GLVWLQFW�SHULRGV�RI�RSHUDWLRQ�

LQ�D����KRXU�SURILOH� DV�LQGLFDWHG�E\�)LJXUH�����

0DWKHPDWLFDO�LQYHVWLJDWLRQV

7KH�PDWKHPDWLFDO�DQDO\VLV�RI�WKH�GDWD�VKRZV�WKDW�D�W\SLFDO�DYHUDJH SRZHU�SURILOH�FDQ�EH�GLYLGHG

LQWR�PDQ\�GLVWLQFW�SHULRGV�]RQHV��7KH�LQIOHFWLRQ SRLQWV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�]RQHV��$Q�

LQIOHFWLRQ SRLQW�LV�D�SRLQW�RI�D�FXUYH�DW�ZKLFK�D�FKDQJH�LQ�WKH�GLUHFWLRQ�RI�FXUYDWXUH�RFFXUV� 7KH�

UHG�FXUYH�LQ�)LJXUH��� LV�WKH�DYHUDJH�SRZHU�SURILOH� ZKLOH�WKH�SXUSOH�FXUYH �'�� LV�WKH�VL[WK

GLIIHUHQWLDO�RI�WKH�DYHUDJH SRZHU�SURILOH FXUYH� 7KH�LQIOHFWLRQ SRLQWV�DUH�URXQGHG WR�SHULRGV�

ZKHUH�WKH�GLIIHUHQWLDO�FXUYH�LQWHUVHFWV�WKH�VHFRQGDU\ \�D[LV�DW�� �JUHHQ�DUURZV���7KH�VHFRQGDU\�

D[LV�LV�WR�WKH�ULJKW�RI�)LJXUH����

)LJXUH��� � ,QIOHFWLRQ�SRLQWV

$SSHQGL[�)�GHVFULEHV�KRZ�WKH�0	9�GDWD�LV�DYHUDJHG��SURFHVVHG�DQG�XVHG�WR�UHFRQVWUXFW WKH�

GDWD�LQWR�GLVWLQFW�WLPH�]RQHV��$�VXPPDU\�RI�$SSHQGL[�)�LV�VKRZQ LQ�7DEOH���

7DEOH�� � $SSHQGL[�)�VXPPDU\�UHJDUGLQJ�WKH�HYDOXDWLRQ RI�PHDQ�SURILOHV

$SSHQGL[�5HIHUHQFH 3XUSRVH

)�� &RQVWUXFWLRQ�RI�PHDQ�SURILOHV

)��
7UDQVIRUPDWLRQ� RI� VWDWLVWLFDO� SURILOHV� WR� SRO\QRPLDOV�
HTXDWLRQV

)�� 'HULYDWLRQ�RI LQIOHFWLRQ SRLQWV�IURP�SRO\QRPLDOV
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�VRXUFH�GDWD ��

6XPPDU\

7DEOH�� VXPPDULVHV� WKH� GLIIHUHQW� VFKHGXOLQJ�PHWKRGV�XVHG�E\� WKH�PLQHV��(6.20�DQG� WKH�

PDWKHPDWLFDO HYDOXDWLRQ��7KH�(6.20�VFKHGXOHV�GR�QRW�FRUUHODWH�ZLWK WKH�PLQLQJ�RSHUDWLRQV

DQG�SURYLGH�LQDGHTXDWH SHULRGV�WR�GLIIHUHQWLDWH�WKH�RSHUDWLRQV�RQ�WKH�PLQH�DQG�WKH�LQIOXHQFH�

WKHVH�RSHUDWLRQV�KDYH�RQ�WKH�SRZHU�FRQVXPSWLRQ�

+H\QV¶� >��@ W\SLFDO�PLQLQJ� VFKHGXOH� DOVR� SURGXFHV� D� ORZ�UHVROXWLRQ DSSURDFK� WR JURXS� WKH�

FKDQJH�LQ�SRZHU�SURILOH� LQWR�GLVWULFW�SHULRGV���7KH�PDWKHPDWLFDO�GHULYDWH�RVFLOODWLQJ�SHULRGV�

FRUUHODWH�ZLWK�+H\QV¶�JURXSLQJ ZKLOH�SURYLGLQJ�D�KLJKHU�UHVROXWLRQ�GLIIHUHQWLDWLRQ�RI�WKH�SRZHU�

SURILOH�

7DEOH�� � 6XPPDU\ RI�VFKHGXOLQJ�DSSURDFKHV

6
FK
HG
X
OH
�7
LP

HV

=RQHV =� =� =� =� =� =� =� =� =�

(6.20�/RZ�

'HPDQG�

3HULRG

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

(6.20�+LJK�

'HPDQG�

3HULRG

����� ����� ����� ����� ����� �����

+H\QV�

%UHDNGRZQ
����� ����� ����� ����� �����

%DVHOLQH�

,QIOHFWLRQ
����� ����� ����� ����� ����� ����� ����� ����� �����

3$�0HDVXUHG�

,QIOHFWLRQ
����� ����� ����� ����� ����� ����� ����� ����� �����

����� 6HFWLRQ�6XPPDU\

7KLV�ILUVW�VWDWLVWLFDO�HYDOXDWLRQ�FRUUHODWHV�ZLWK�WKH�ILUVW�K\SRWKHVLV�VWDWHG�LQ�VHFWLRQ�������7KH�

EDVHOLQHV�DQG�SHUIRUPDQFH�DVVHVVHG�PHDVXUHG�SURILOHV�ZHUH�GLYLGHG LQWR � WLPH SHULRGV��]RQHV��

7KLV�GHFLVLRQ�ZDV�PDGH�EDVHG�RQ�WKH�VFKHGXOLQJ�RI�PLQHV�SURYLGHG�LQ�WKH�OLWHUDWXUH� DV�ZHOO�DV�

D�PDWKHPDWLFDO�GHULYDWLRQ�ZKLFK�LQGLFDWHG�WKH�PRVW�VXLWDEOH�GLVWLQFW�SHULRGV��

7KH�WRWDO�DYDLODEOH�GDWD�VHW�IRU�WKH�LQYHVWLJDWLRQ�FRQVLVWHG�RI��� 0	9�UHSRUWV �FRQVLVWLQJ RI����

FROXPQV� VLJQHG�E\�(6.20��WKH�LQYROYHG�(6&R UHVSRQVLEOH�IRU�WKH�LPSOHPHQWDWLRQ�RI�HQHUJ\�

VDYLQJ�LQLWLDWLYHV� DQG�WKH�WKLUG�SDUW\�0	9�WHDPV��
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _� ��

7KHVH� UHSRUWV� ZHUH� ILOWHUHG� E\� H[FOXGLQJ� WKH� ZHHNHQG� SHULRGV� DV� WRR PXFK� RSHUDWLRQDO�

YDULDWLRQ� H[LVWHG� WR� GHULYH� SURSHU UHODWLRQV�� 7KH� EDVHOLQH� DQG� PHDVXUHG� SHUIRUPDQFH�

DVVHVVPHQW� SURILOH� ZHUH VHSDUDWHG� DQG� UHJDUGHG� DV� PXWXDOO\� H[FOXVLYH� WR� HQVXUH� WKDW� QR�

UHODWLRQDO�ELDV�RFFXUUHG�GXULQJ�FDOFXODWLRQV��

��� ,GHQWLILFDWLRQ RI�YDULDEOHV

7KLV� VHFWLRQ IRFXVHV� RQ� ILQGLQJ� WKH� EHVW� YDULDEOHV WR� LQFOXGH� LQ WKH� FRQVWUXFWLRQ� RI� D�

PDWKHPDWLFDO�PRGHO�ZKLFK�ZLOO�EHVW�SUHGLFW�WKH�HIIHFW�WKDW�HQHUJ\�VDYLQJ LQLWLDWLYHV�ZLOO�KDYH�

RQ�WKH�SRZHU�EDVHOLQHV�RI�FRPSUHVVHG�DLU�V\VWHPV��+\SRWKHVLV�WZR�FDQ�RQO\�EH�GHWHUPLQHG�E\�

PHDQV�RI�SRZHU�FRQVXPSWLRQ�± DV�PLQLQJ�DFWLYLWLHV�DUH�QRW�DOZD\V�ZHOO�GRFXPHQWHG��7KHUHIRUH�

E\�FRPSDULQJ�FRQVXPHG�SRZHU�SDUDPHWHUV��LQGLUHFWO\�WKH�FRPSUHVVHG�DLU�FRQVXPHU�PLQLQJ�

DFWLYLWLHV�SDUDPHWHUV�DUH�EHLQJ�FRPSDUHG�

7KH�DYDLODEOH�SDUDPHWHUV�IURP�WKH�0	9�UHSRUWV�DUH�

�� %DVHOLQH�SRZHU�SHU�KDOI�KRXU

�� 3HUIRUPDQFH�DVVHVVPHQW�PHDVXUHG�SRZHU�SHU�KDOI�KRXU

7KH�FDOFXODWHG�SDUDPHWHUV�IURP�WKH�OLWHUDWXUH IRU�WKH�EDVHOLQH�DQG PHDVXUHG�SRZHU�DUH�

�� 0HDQ�SRZHU

�� 0D[LPXP�SRZHU

�� 0LQLPXP�SRZHU

�� ���KRXU�SURILOH

�� (QHUJ\�UHGXFWLRQ�UDWLR��(55�

7KH�LGHQWLILFDWLRQ�RI�SDUDPHWHUV�ZKLFK�ZLOO�DLG�LQ�WKH�GHYHORSPHQW�RI�D�PRGHO�ZKLFK�ZLOO�EH�

DEOH�WR�HVWLPDWH�HQHUJ\�VDYLQJV� LV QRW�DOZD\V�REYLRXV��7KHUHIRUH� UHODWLRQVKLSV�EHWZHHQ�WKH�

PHQWLRQHG� SDUDPHWHUV� PXVW� EH� LQYHVWLJDWHG� WR� FKRRVH� WKH� PRVW� VXLWDEOH� SDUDPHWHUV� IRU� D�

VWDWLVWLFDO�HVWLPDWLRQ�PRGHO��
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

7KH�SDUDPHWHUV�DQG�YDULDEOHV�IRU� WKH�UHODWLRQVKLSV�VKRZQ�LQ� VHFWLRQ������ LQFOXGH�WKH�HQWLUH�

SRSXODWLRQ�RI����FRPSUHVVHG�DLU�V\VWHPV��6HFWLRQ�����FRQFOXGHG�WKDW�QLQH GLVWLQFW�SHULRGV�H[LVW�

LQ�D����KRXU�FRPSUHVVHG�DLU�SURILOH��7KHUHIRUH��WKHVH�VDPH�SHULRGV�ZLOO�EH�XVHG�WR�HYDOXDWH�WKH�

VDPH�SDUDPHWHUV�LQ���SHULRGV�]RQHV WKDW�RFFXU�LQ�D ���KRXU�SURILOH��

����� &RPPRQ�VWDWLVWLFDO�SDUDPHWHUV

7KH�PRVW� FRPPRQO\ XVHG� VWDWLVWLFDO� SDUDPHWHUV� DUH� WKH� PD[LPXP�� PLQLPXP� DQG� DYHUDJH�

SDUDPHWHUV��7KH�VDPSOH�GDWD�GLVFXVVHG�LQ�VHFWLRQ�����ZDV�GLYLGHG LQWR�WKH�EDVHOLQH�VDPSOH�DQG�

SHUIRUPDQFH�PHDVXUHG�VDPSOH��7KLV ZDV�GRQH�WR�HQVXUH�WKDW�WKH�FKDQJH�LQ�SHUIRUPDQFH�FDQ�

DOZD\V�EH�FRUUHODWHG WR�WKH�EDVHOLQH�DV�DQ�LQGHSHQGHQW�YDULDEOH��

7KH�SRZHU�SURILOHV�LQ�)LJXUH��� DUH�VRUWHG IURP�WKH�VPDOOHVW�WR�WKH�ODUJHVW PD[LPXP�SRZHU�RI�

WKH�VDPSOHG�SRZHU�SURILOHV��7KH�VRUWLQJ�RI�GDWD�SURYLGHV�VWUXFWXUH�WR�WKH�GDWD�SDWWHUQV�WR�HQVXUH�

FRUUHODWLRQV� DUH� YLVLEOH� LQ� JUDSKLFDO� GLDJUDPV�� )LJXUH� �� LQGLFDWHV� WKH� VFRSH� RI� WKH� SRZHU�

SURILOHV�ZLWKLQ WKH�LQYHVWLJDWHG��� FRPSUHVVHG�DLU�V\VWHPV��

)LJXUH��� ± 6FRSH�EDQGZLGWK

7KH FRUUHODWLRQ�EHWZHHQ�WKH�SDUDPHWHUV�RI�WKH�EDVHOLQH�VDPSOH�DQG�WKH�SHUIRUPDQFH�PHDVXUHG�

VDPSOH�� WKH� PD[LPXP�� PLQLPXP� DQG� DYHUDJH� SDUDPHWHUV� ZLOO� EH� FRPSDUHG LQGLYLGXDOO\��

)LJXUH��� FRPSDUHV�WKH�EDVHOLQH¶V�PD[LPXP�SRZHU�GDWD�SRLQWV ZLWK�WKH�SHUIRUPDQFH�PHDVXUHG�

VDPSOH�VSDFH¶V PD[LPXP�SRZHU�GDWD�SRLQWV��

7KH� FDOFXODWHG� FRHIILFLHQW� RI� FRUUHODWLRQ� �5��� LQGLFDWHV� WKDW� WKHUH� H[LVWV D� VWURQJ� OLQHDU�

FRUUHODWLRQ�EHWZHHQ�WKH�WZR�GDWD�VHWV� 5� LV�FDOFXODWHG�XVLQJ�(TXDWLRQ��� LQ�$SSHQGL[�'� 5�

�IRU�WKH�PD[LPXP�SRZHU�GDWD� LV�FDOFXODWHG�DW�������FDOFXODWHG�XVLQJ 0LFURVRIW�([FHO��������
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1XPEHU�RI�6\VWHPV

%DVHOLQH�DYHUDJH�RZHU %DVHOLQH�PLQ�SRZHU 0HDVXUHG�PD[�SRZHU

0HDVXUHG�DYHUDJH�SRZHU %DVHOLQH�PD[�SRZHU 0HDVXUHG�PLQ�SRZHU



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

7KH�FRUUHODWLRQ EHWZHHQ�WKH�PD[LPXP�EDVHOLQH�SURILOHV�DQG�WKH�PD[LPXP PHDVXUHG�SURILOHV

LV�GLVSOD\HG LQ�)LJXUH����

)LJXUH��� � 0D[LPXP�SRZHU�FRUUHODWLRQ

$SSHQGL[�*�FRQWDLQV�ILJXUHV�OLNH )LJXUH��� EXW�XVLQJ�WKH�DYHUDJH�DQG�PLQLPXP�SRZHU�SURILOH�

GDWD��7KH�UHVXOWV�DUH�VXPPDULVHG LQ�7DEOH�����7KH�UHVXOWV�LQ�7DEOH��� VKRZ�WKDW�DV�WKH�EDVHOLQH�

SRZHU� SURILOH� LQFUHDVHV�� VR� WKH�PHDVXUHG� SRZHU� SURILOH� DOVR� LQFUHDVHV�� 7KHUHIRUH� D� VWURQJ�

FRUUHODWLRQ�IRU�WKH�DYHUDJH�DQG�PLQLPXP�SRZHU�YDOXHV DUH�DOVR�SUHVHQW��

7DEOH��� � $SSHQGL[�*�VXPPDU\�RI�PD[��DYHUDJH�DQG�PLQ�SRZHU�UHJUHVVLRQ

$SSHQGL[�*�5HIHUHQFH &RUUHODWLRQ�&RHIILFLHQW��5��

)LJXUH��� �����
)LJXUH��� �����
)LJXUH��� �����

����� 8QFRPPRQ�VWDWLVWLFDO�SDUDPHWHUV

7KH�(QHUJ\�5HGXFWLRQ�5DWLR��(55��ZDV�GHYHORSHG�E\�9HUPHXOHQ�>��@ DQG�LV�DQ�XQFRPPRQ

SDUDPHWHU� ZKLFK� VKRZHG� SURPLVH IRU� D� VSHFLILF� SHULRG� LQ� D� ���KRXU� SURILOH�� 6HFWLRQ� ����

LGHQWLILHG�WKDW�WKHUH�H[LVW�QLQH SHULRGV�ZKLFK�FDQ�EH�EHVW�GLYLGHG LQWR�D����KRXU�SURILOH��

7KHUHIRUH��WKH�(55�ZLOO�EH�DSSOLHG IRU�WKHVH�QLQH SHULRGV��:KLOH�GHWHUPLQLQJ�WKH�(55�RI�WKH�

VSHFLILF�SHULRGV��WKH�RWKHU�SDUDPHWHUV�ZLOO�DOVR�EH�FRPSDUHG�WR�WKH�(55�WR�LQYHVWLJDWH�LI�DQ\�

UHOHYDQW� FRUUHODWLRQV� DUH� HYLGHQW�� 7KH� (55� SDUDPHWHU FRPSDUHV� WKH� FRPSUHVVHG DLU� SRZHU�

FRQVXPSWLRQ�RI�D�V\VWHP�WR�D�VWDWLF�SRLQW��XVXDOO\�WKH�PD[LPXP�SRZHU�SRLQW��XQLTXH�WR�WKH�
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%DVHOLQH�SRZHU�>0:@

0D[�SRZHU�FRUUHODWLRQ

0D[�SRZHU�FRUHODWLRQ /LQHDU��0D[�SRZHU�FRUHODWLRQ�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

V\VWHP�XQGHU�LQYHVWLJDWLRQ��7KLV�SDUDPHWHU�FDQ�EH�XVHG�WR�DVVHVV�LI�WKHUH�H[LVWV D�QRWLFHDEOH�

FRUUHODWLRQ EHWZHHQ�FRPSUHVVHG�DLU�V\VWHPV�DQG�KRZ�WKH\�UHDFW�WR�HQHUJ\�HIILFLHQF\�LQLWLDWLYHV��

$�FRPSOHWH�UHVXOW�VHW�ZLOO�EH�GLVSOD\HG IRU�RQH�RI�WKH�SHULRGV�DV�DQ�H[DPSOH��$Q�H[DPSOH�RI�D�

FRPSUHVVHG�DLU�SRZHU�GDWDVHW ZLOO�EH�XVHG�WR�LOOXVWUDWH�WKH�GHYHORSPHQW�RI�WKH�(55�SDUDPHWHU��

'HWHUPLQLQJ�WKH�(55�SDUDPHWHU IRU�D�VLQJOH�FRPSUHVVHG�DLU�V\VWHP LV�EURNHQ�GRZQ�LQ�WKH�

IROORZLQJ�VWHSV��([DPSOHV�RI�HDFK�VWHS�LV�JLYHQ LQ�FKURQRORJLFDO�RUGHU��

�� $FTXLUH�EDVHOLQH�DQG�SHUIRUPDQFH�DVVHVVHG GDWD �7DEOH���

�� 'HWHUPLQH�WKH�UHIHUHQFH�SRZHU�DQG�YDULDEOH�SRZHU

�� $YHUDJH�WKH�SRZHU�LQ�LGHQWLILHG�SHULRGV

�� 8VH�(TXDWLRQ�� WR�GHWHUPLQH�(55�IRU�HDFK�WLPH�]RQH��SHULRG� EHIRUH�DQG�DIWHU�HQHUJ\�

LQLWLDWLYHV�ZHUH�FRQGXFWHG��XVLQJ�WKH�GDWD�REWDLQHG�IURP�VWHS���

�� 7DEXODWH�UHVXOWV

)LYH�VWHS�(55�GHYHORSPHQW

�� )LJXUH� �� GLVSOD\V WKH� ILUVW� VWHS E\� GLVSOD\LQJ� WKH� ���KRXU� SURILOH� RI� WKH� EDVHOLQH� DQG�

SHUIRUPDQFH�DVVHVVHG GDWD�VHWV��7KH�HTXDWLRQ�XVHG�WR�FDOFXODWH�WKH�LQSXW�SURILOHV�RI�)LJXUH�

�� FDQ� EH� IRXQG LQ�$SSHQGL[�)��� (TXDWLRQ� �� DQG�(TXDWLRQ� ��� 7KHVH� HTXDWLRQV� RQO\�

DYHUDJH�WKH���PRQWK�0	9�GDWD�IRU�WKH�EDVHOLQH�DQG�WKH�PHDVXUHG�UHVXOWV��7KHUHIRUH� )LJXUH�

�� GLVSOD\V�WKH���PRQWK�DYHUDJH�0	9�GDWD�

)LJXUH��� � ([DPSOH�FRPSUHVVHG�DLU�V\VWHP�LQYHVWLJDWLRQ�GDWD

�� )LJXUH� �� GLVSOD\V� WKH� VHFRQG� VWHS E\� LGHQWLI\LQJ� WKH� UHIHUHQFH� SRZHU�PDJQLWXGH� �UHG

DUURZ� DQG� YDULDEOH� SRZHU� YDULDEOHV� �JUHHQ DUURZ�� 7KH� \HOORZ� OLQHV� GLVSOD\� WKH� DUHDV�

ZKHUH SRZHU� LV� DYHUDJHG� WR� D� VLQJOH� YDOXH� DV� VKRZQ� LQ VWHS� ��� 7KH� SRZHU� YDOXHV� DUH�

DYHUDJHG�IRU�WKH�EDVHOLQH��EOXH��DQG�PHDVXUHG��UHG��SURILOHV��
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$YHUDJH�EDVHOLQH $YHUDJH�3$
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

)LJXUH��� � 5HIHUHQFH�DQG�YDULDEOH SRZHU�LGHQWLILFDWLRQ

�� 6WHS�WKUHH LV�VKRZQ�E\�7DEOH���� ZKLFK�VXPPDULVHV WKH�DYHUDJH�SRZHU�IRU�WKH�GLIIHUHQW�

WLPH�SHULRGV�VKRZQ�LQ )LJXUH���� 7KH�YDULDEOH�WLPH�]RQHV�DUH�PDUNHG LQ�FRORXU� ZKLOH�WKH�

UHIHUHQFH�SRZHU�LV�OHIW ZLWKRXW�FRORXU�

7DEOH��� � $YHUDJH�SRZHU�IRU���]RQHV�LQ����KRXU�SURILOH

%DVHOLQH�$YHUDJH�3RZHU�>0:@
'ULOOLQJ�SHDN =� =� =� =� =� =� =� =� =�

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

$YHUDJH�3HUIRUPDQFH�$VVHVVHG 3RZHU�>0:@
'ULOOLQJ�SHDN =� =� =� =� =� =� =� =� =�

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

�� 7KH�IRXUWK�VWHS LV�WR�FDOFXODWH�WKH�(55�RI�HDFK�]RQH XVLQJ�WKH�SHDN DQG QRQ�SHDN�GDWD�

IURP WKH�EDVHOLQH�GDWDVHW��1LQH�LWHUDWLRQV�RI�(TXDWLRQ���ZLOO�EH�UHTXLUHG IRU�D�WRWDO�SURILOH��

�� 7KH�ILIWK VWHS LV�WR�WDEXODWH�WKHVH�UHVXOWV�WR�EH�XVHG DV�YDULDEOHV LQ�D�QHZ�(55�GDWD�VHW�

$SSHQGL[�+�FRQWDLQV�WKH�IXOO�PDWKHPDWLFDO�H[SUHVVLRQV�IRU�WKH�UHVXOWV�ZKLFK�DUH�VKRZQ LQ�

7DEOH����

7DEOH��� � 3UH� DQG�SRVW�LPSOHPHQWDWLRQ�(55�GDWD�UHVXOWV

3UH�LPSOHPHQWDWLRQ�(55
'ULOOLQJ�SHDN =� =� =� =� =� =� =� =� =�

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

3RVW�LPSOHPHQWDWLRQ�(55
'ULOOLQJ�SHDN =� =� =� =� =� =� =� =� =�

����� ����� ����� ����� ����� ����� ����� ����� ����� �����
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$YHUDJH�EDVHOLQH $YHUDJH�3$
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

7KH�WRWDO�UHVXOWV�IRU���]RQHV�IRU�DOO����FRPSUHVVHG�DLU�V\VWHPV�PLQHV�DUH�WDEXODWHG LQ�7DEOH���

RI�$SSHQGL[�,����7KLV�WDEOH�LV�WKH�UHVXOW�RI�XVLQJ�WKH�ILYH�SRLQW�PHWKRG�GLVFXVVHG�LQ�WKLV�VHFWLRQ��

7DEOH��� LQ�$SSHQGL[�,���VKRZV�WKH�VWDWLVWLFDO H[SUHVVLRQ�IRU�WKH�GDWD�

����� &RPSDULVRQ�RI�GDWD�UHODWLRQVKLSV

7KH�GLIIHUHQW�SDUDPHWHUV�DQG�FRUUHODWLRQV LGHQWLILHG�LQ��VHFWLRQ������QHHG�WR�EH�FRPSDUHG�WR�

HQVXUH� WKDW� WKH� EHVW� VWDWLVWLFDO� SDUDPHWHUV� DUH� XVHG IRU� WKH� SURSRVHG� PRGHO� 7KLV� VHFWLRQ�

FRPSDUHV�WKH�LGHQWLILHG�SDUDPHWHUV�DQG�LV�GLYLGHG LQWR IRXU�VXE�VHFWLRQV��7KHVH�VHFWLRQV�ZLOO�

LQGLFDWH�ZKLFK�UHODWLRQV�DUH�DFFHSWDEOH�DQG�ZKLFK DUH�QRW�

7KH UHODWLRQVKLSV�EHWZHHQ�WKH�(55�SDUDPHWHUV�DUH�GHWHUPLQHG�LQGLYLGXDOO\�IRU�HDFK�SHULRG��$Q�

H[DPSOH� JUDSKLFDO� H[SUHVVLRQ� RI� HDFK� UHODWLRQVKLS ZLOO� EH� GLVSOD\HG� IROORZHG� E\� D WDEOH�

VXPPDULVLQJ WKH� UHVXOWV� IRU� WKH� QLQH� GLVWLQFW� SHULRGV�� 7KH� WRWDO UHVXOWV� FDQ� EH� IRXQG LQ� WKH�

DVVLJQHG�DSSHQGLFHV��

3UH�LPSOHPHQWDWLRQ�6RUWHG�5HODWLRQV

)LJXUH��� GLVSOD\V WKH�SUH�LPSOHPHQWDWLRQ�(55 SDUDPHWHU�IRU�DOO�WKH�V\VWHPV�LQ�WKH�RULJLQDO�

SRSXODWLRQ�SURSRUWLRQ��,QFOXGHG LQ )LJXUH��� DUH WKH�PLQLPXP�SRVLWLYH LQFUHDVH�LQ�WKH�SRVW�

LPSOHPHQWDWLRQ (55�� WKH� DYHUDJH� LQFUHDVH� LQ� SRVW�LPSOHPHQWDWLRQ (55�DQG� WKH�PD[LPXP�

LQFUHDVH�LQ�SRVW�LPSOHPHQWDWLRQ�(55� ZKLFK�LV�DGGHG WR�WKH�SUH�LPSOHPHQWDWLRQ�(55���WKLV�LV�

WR� FUHDWH� D� EDQGZLGWK� RI� RSHUDWLRQ� IRU� DOO� WKH� V\VWHPV��� 7KH� OLJKW� EOXH� OLQH� LV� WKH� DFWXDO�

SHUIRUPDQFH��SRVW�LPSOHPHQWDWLRQ�(55��SDUDPHWHU��GLVSOD\HG�LQ UHODWLRQVKLS WR�WKH�EDQGZLGWK�

RI�WKH�V\VWHP��
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&RPSUHVVHG�DLU�V\VWHPV

3UH�LPSOHPHQWDWLRQ�(55 /RZHU�OLPLW 8SSHU�OLPLW

$YHUDJH�OLPLW 3RVW�LPSOHPHQWDWLRQ�(55

)LJXUH��� � %DQGZLGWK�RI�(55�SDUDPHWHUV�IRU�V\VWHPV�VRUWHG�E\�SUH�(55
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

7KH� UHVXOWV� IRU� WKH� QLQH� GLIIHUHQW� ]RQHV� DUH� GLVSOD\HG� LQ� $SSHQGL[� -�� 7KH� DYHUDJH� SUH�

LPSOHPHQWDWLRQ�(55�RI�WKH�HQWLUH�=RQH���SRSXODWLRQ�SURSRUWLRQ�LV������� �VKRZQ�ZKHUH�WKH�

UHG EORFN�DQG�JUHHQ�EORFN�PHHW���6\VWHPV�ZLWK�D�SUH�LPSOHPHQWDWLRQ�(55�ZKLFK�LV�ORZHU WKDQ�

������ VKRZ�DQ�DERYH�DYHUDJH�SRVW�LPSOHPHQWDWLRQ�(55��

6\VWHPV ZLWK�D�SUH�LPSOHPHQWDWLRQ�(55�ZKLFK�LV�KLJKHU�WKDQ�WKH�DYHUDJH�KDV�D�ORZHU�SRVW�

LPSOHPHQWDWLRQ��7KLV LV� LQ�DJUHHPHQW�ZLWK� WKH� ILQGLQJV�RI�9HUPHXOHQ� >��@���� V\VWHPV�KDG�

EHORZ�DYHUDJH�SUH�LPSOHPHQWDWLRQ�(55�YDOXHV �VKRZQ�E\� WKH�UHG�EORFN���7KH�DYHUDJH�SUH�

LPSOHPHQWDWLRQ�(55�IRU�DOO�]RQHV�ZHUH�GHWHUPLQHG�DQG�GLVSOD\HG�LQ�$SSHQGL[�-��7KH�UHVXOWV�

RI�$SSHQGL[�-�DUH VXPPDULVHG LQ�7DEOH���� 7KH�WDEOH�VKRZV�WKDW�WKH�ORZHU��UG RI�WKH�VDPSOH�

SURGXFHV�KLJKHU�SRVW�LPSOHPHQWDWLRQ�(55�YDOXHV��7KXV� LQGLFDWLQJ� WKDW�SURILOHV�ZLWK�D� ORZ�

SUH�LPSOHPHQWDWLRQ� (55� KDYH� KLJKHU� SRWHQWLDO� VDYLQJV� WKDQ� WKRVH� ZLWK� KLJKHU� SUH�

LPSOHPHQWDWLRQ�(55� 7KH�(55�UHODWLRQVKLS�WKXV�DJUHHV�ZLWK�K\SRWKHVLV�WKUHH�DQG�IRXU�

7DEOH��� � (55�6RUWHG�EDQGZLGWK�UHVXOWV

=RQHV $YHUDJH�SUH�
LPSOHPHQWDWLRQ�(55

$YHUDJH�GLIIHUHQFH 1U�RI�XQGHU�DYHUDJH�SUH�
LPSOHPHQWDWLRQ�(55�

YDOXHV

7XUQLQJ�
SRLQW

=� ����� ����� �� ��
=� ����� ����� �� ��
=� ����� ����� �� ��
=� ���� ����� �� �
=� ���� ����� �� ��
=� ����� ����� �� ��
=� ����� ����� �� ��
=� ����� ����� �� ��
=� ����� ����� �� ��

3RZHU�FRQVXPSWLRQ�YV�(55

7KH�UHODWLRQVKLS�EHWZHHQ�WKH�PD[LPXP��DYHUDJH�DQG�PLQLPXP�SRZHU�KDV EHHQ�GLVFXVVHG LQ�

VHFWLRQ� ����� 6WURQJ� OLQHDU UHODWLRQVKLSV� ZHUH� IRXQG EHWZHHQ WKHVH� SDUDPHWHUV�� \HW� WKH�

SDUDPHWHUV�DUH�FRQILQHG WR�GDLO\�YDOXHV�DQG�GR QRW�KDYH�UHODWLRQVKLSV�RQ�D�KDOI�KRXU�EDVLV��7KH�

FRPSDULVRQ�RI�PD[LPXP��DYHUDJH�DQG�PLQLPXP�YDOXHV�WR�WKH�(55¶V SDUDPHWHU�FDQ�LGHQWLI\�

SRZHU�UHODWLRQV�ZLWKLQ�WKH����KRXU�SURILOH��$Q LQFUHDVHG GDWD�UHVROXWLRQ�ZLOO�EH�WKH�UHVXOW��

)LJXUH��� GLVSOD\V WKH�PD[LPXP�SRZHU�FRUUHODWLRQV�WR�WKH�SUH� DQG�SRVW�LPSOHPHQWDWLRQ�(55

SDUDPHWHUV��/LQHDU�UHJUHVVLRQV�KDYH�EHHQ�DGGHG�WR�HYDOXDWH�WKH�UHODWLRQVKLSV��$Q�H[DPSOH�]RQH�

KDV�EHHQ�FKRVHQ�WR�GLVSOD\�WKH�GDWD�JUDSKLFDOO\��7KH�FRUUHODWLRQ�FRHIILFLHQW��5���IRU�WKH�RWKHU�

]RQHV�ZLOO�EH�WDEXODWHG DV�D VXPPDU\�RI�WKH�WRWDO�UHVXOWV��*UDSKLFDO�H[DPSOHV UHODWHG�WR�7DEOH�

�� FDQ EH�IRXQG LQ�$SSHQGL[�.�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

)LJXUH��� � 0D[LPXP�SRZHU�YV�]RQH�(55�SDUDPHWHUV

7KH�VXPPDU\�RI�FRUUHODWLRQV�RI�WKH�SRZHU�SDUDPHWHUV��PD[LPXP��DYHUDJH�DQG�PLQLPXP��DQG�

WKH� (55� SDUDPHWHUV� �SUH�LPSOHPHQWDWLRQ� DQG� SRVW�LPSOHPHQWDWLRQ�� LV� VXPPDULVHG LQ

7DEOH�����7KH�PD[LPXP�FRUUHODWLRQ�FRHIILFLHQW��5���LV������� DQG WKH�DYHUDJH�LV���������

7KLV LV�FOHDU�HYLGHQFH�WKDW�WKH�PD[LPXP��DYHUDJH�DQG�PLQLPXP�SRZHU�GR QRW KDYH�D�KLJK�

UHVROXWLRQ FRUUHODWLRQ�ZLWK�WKH����KRXU�SURILOH�RI�D�FRPSUHVVHG�DLU�V\VWHP� 7DEOH��� GLVSOD\V�

WKH�LQVXIILFLHQW�FRUUHODWLRQ�VWUHQJWK�EHWZHHQ�WKH�PD[LPXP��PLQLPXP DQG�DYHUDJH�SDUDPHWHUV��

7KHUHIRUH� RWKHU�UHODWLRQVKLSV�PXVW�EH�FRQVLGHUHG��

7DEOH��� � 3RZHU�SDUDPHWHU�YV�(55�FRUUHODWLRQ�VXPPDU\

3RZHU�SDUDPHWHU�YV�(55�FRUUHODWLRQ�FRHIILFLHQW��5��

=RQHV 0D[LPXP�
3UH

0D[LPXP�3RVW
$YHUDJH�
3UH

$YHUDJH�3RVW
0LQLPXP�
3UH

0LQLPXP�
3RVW

=� ������ ������ ������ ������ ������ ������
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=� ������ ������ ������ ������ ���� ������

0D[LPXP ������

$YHUDJH ��������
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0D[LPXP�3RZHU�8VDJH�>N:@

([DPSOH�]RQH�(55�YV�SRZHU�FRUUHODWLRQ

3UH�LPSOHPHQWDWLRQ�(55 3RVW�LPSOLPHQWDWLRQ�(55

/LQHDU��3UH�LPSOHPHQWDWLRQ�(55� /LQHDU��3RVW�LPSOLPHQWDWLRQ�(55�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

3RZHU�FRQVXPSWLRQ�GLIIHUHQFH�LQ�3UH��DQG�SRVW�LPSOHPHQWDWLRQ�(55

7KH�SRZHU�SDUDPHWHUV�ZHUH�FRPSDUHG WR�WKH�(55�SDUDPHWHUV�SURGXFLQJ�QR�GLVWLQFW�FRUUHODWLRQ��

7KH�SRZHU�SDUDPHWHUV��PD[LPXP��DYHUDJH�DQG�PLQLPXP��DUH�FRPSDUHG WR�WKH�GLIIHUHQFH�LQ�

SUH�LPSOHPHQWDWLRQ�DQG�SRVW�LPSOHPHQWDWLRQ�(55 LQ )LJXUH���� /LQHDU�UHJUHVVLRQV�KDYH�EHHQ�

DGGHG�WR�HYDOXDWH�WKH�UHODWLRQVKLSV��

$Q�H[DPSOH�]RQH�KDV�EHHQ�FKRVHQ�WR�GLVSOD\�WKH�GDWD�JUDSKLFDOO\��7KH�FRUUHODWLRQ�FRHIILFLHQW�

�5���IRU�WKH�RWKHU�]RQHV�ZLOO EH�WDEXODWHG DV�D�VXPPDU\�RI�WKH�WRWDO�UHVXOWV��&RPSOHWH�JUDSKLFDO�

LOOXVWUDWLRQV�DUH�VKRZQ LQ�$SSHQGL[�/

)LJXUH��� � 3RZHU�SDUDPHWHU�YV�GLIIHUHQFH�LQ�(55

1R� VLJQLILFDQW� FRUUHODWLRQV� DUH� YLVLEOH� DV� VXPPDULVHG� LQ� 7DEOH� ���� 7KH� EHVW FRUUHODWLRQ�

FRHIILFLHQW�ZDV�������� ZKLOH�WKH�DYHUDJH�FRUUHODWLRQ�FRHIILFLHQW�LV�����������7KH�HYLGHQFH�LQ

7DEOH��� DQG�7DEOH��� LQGLFDWH�WKDW�D�FRUUHODWLRQ EHWZHHQ�WKH�SRZHU�SDUDPHWHUV�DQG�WKH�(55�

RI�D�FRPSUHVVHG�DLU�V\VWHP GRHV�QRW�H[LVW�
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3RZHU�8VDJH�>0:@

([DPSOH�]RQH�(55�GLIIHUHQFH�YV�SRZHU�FRUUHODWLRQ

0D[LPXP�SRZHU�YV�GLIIHUHQFH $YHUDJH�SRZHU�YV�(55�GLIIHUHQFH

0LQXPXP�SRZHU�YV�(55�GLIIHUHQFH /LQHDU��0D[LPXP�SRZHU�YV�GLIIHUHQFH�

/LQHDU��$YHUDJH�SRZHU�YV�(55�GLIIHUHQFH� /LQHDU��0LQXPXP�SRZHU�YV�(55�GLIIHUHQFH�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

7DEOH��� � 3RZHU�SDUDPHWHUV�YV�(55�GLIIHUHQFH�VXPPDU\

3RZHU�3DUDPHWHU�YV�(55�'LIIHUHQFH�&RUUHODWLRQ�&RHIILFLHQW �5A��

=RQHV 0D[LPXP�
3RZHU

$YHUDJH�3RZHU 0LQLPXP�3RZHU

=� ������ ������ �������

=� ������ ������ ������

=� ������ ������ ������
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=� ������ ����� ������

=� ������ ������ ������

=� ������ ������ ������

0D[LPXP ������

$YHUDJH ��������

3UH�LPSOHPHQWDWLRQ�(55�YV�3RVW�LPSOHPHQWDWLRQ�(55

7KH�QRYHO�FRUUHODWLRQ�WKDW�9HUPHXOHQ�>��@ XVHG�ZDV�EDVHG RQ�GHWHUPLQLQJ�WKH�FRUUHODWLRQ�WKDW�

WKH�SUH�LPSOHPHQWDWLRQ�(55�KDG�ZLWK�WKH�SRVW�LPSOHPHQWDWLRQ�(55��7KLV�FRUUHODWLRQ�ZDV�DOVR�

LQYHVWLJDWHG IRU�WKH�V\VWHPV�LQ�WKH�RULJLQDO�SRSXODWLRQ�SURSRUWLRQ��$Q�H[DPSOH�]RQH�KDV�EHHQ�

FKRVHQ�WR�GLVSOD\�WKH�GDWD�JUDSKLFDOO\��7KH�FRUUHODWLRQ�FRHIILFLHQW��5���IRU�WKH�RWKHU�]RQHV�ZLOO�

EH�WDEXODWHG DV�D�VXPPDU\�RI�WKH�WRWDO�UHVXOWV��&RPSOHWH�JUDSKLFDO�LOOXVWUDWLRQV�DUH�VKRZQ�LQ�

$SSHQGL[ ,�

)LJXUH��� GLVSOD\V�D�VFDWWHU�SORW�GLDJUDP�SUHVHQWLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�SUH� DQG�SRVW�

LPSOHPHQWDWLRQ�(55�SDUDPHWHUV��7KH�[�D[LV� UHSUHVHQWV� WKH�SUH�LPSOHPHQWDWLRQ�(55� ZKLOH�

WKH�SULPDU\�\�D[LV�UHSUHVHQWV�WKH�SRVW�LPSOHPHQWDWLRQ�RI�WKH�VSHFLILF�]RQH�XQGHU�LQYHVWLJDWLRQ��

7KH�OLQHDU�UHJUHVVLRQ�OLQH�DQG�WKH FRUUHODWLRQ FRHIILFLHQW�DUH FDOFXODWHG�XVLQJ�0LFURVRIW�([FHO�

�������EXLOW�LQ /,1(67�IXQFWLRQ��

7KH� VHFRQGDU\� \�D[LV� GLVSOD\V� WKH� QXPEHU� RI� GDWD� SRLQWV� WKDW� DUH� IRXQG ZLWKLQ� D� ���(55�

LQWHUYDO��7KH�VHFRQGDU\�\�D[LV�GLVSOD\V�WKH�IUHTXHQF\�GLVWULEXWLRQ�RI�WKH�(55�SDUDPHWHUV�

7KH�FRUUHODWLRQ�FRHIILFLHQW GLVSOD\V WKH�VWUHQJWK�RI�WKH�OLQHDU�UHODWLRQVKLS� ZKLOH�WKH�IUHTXHQF\�

GLVWULEXWLRQ� GLVSOD\V� KRZ� WKH� GDWD� LV� GLVWULEXWHG RYHU� WKH� HQWLUH� SUH�LPSOHPHQWDWLRQ� (55�

LQWHUYDO�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�,GHQWLILFDWLRQ�RI�YDULDEOHV ��

)LJXUH��� � ([DPSOH�=RQH�SUH�LPSOHPHQWDWLRQ�(55�YV�SRVW�LPSOHPHQWDWLRQ�(55

)LJXUH� �� GLVSOD\V� WKH� (55� FRUUHODWLRQ� FRHIILFLHQW� IRU� HDFK� ]RQH�� =RQH� ��� �� DQG� � FDQ� EH�

FRQVLGHUHG DV� KDYLQJ� LQVXIILFLHQW� FRUUHODWLRQV� DFFRUGLQJ� WR�%RWHV� >��@��=RQH� ��� �� DQG��� LV�

ZLWKLQ�WKH�SHDN�GULOOLQJ�VKLIW�VFKHGXOHV�RI�GHHS�OHYHO PLQHV��7KH�SULPDU\�IRFXV�RI�WKH�GULOOLQJ�

VKLIW�LV�SURGXFWLRQ� DQG WKHUHIRUH�QRW�DOO�PLQHV�DOORZ�IRU�HQHUJ\�RSWLPLVDWLRQ WR�EH�LPSOHPHQWHG

GXULQJ�WKLV�WLPH� $SSHQGL[�1���VXPPDULVHV�WKH�OLQHDU�UHJUHVVLRQ�UHVXOWV�IRU�DOO�]RQHV� ZKLOH�

$SSHQGL[�1��� VXPPDULVHV� WKH� HIIHFW� WKDW� QRW� FRQVLGHULQJ� ]RQH� ��� � DQG � KDV� RQ� WKH� GDWD�

GLVWULEXWLRQ��

)LJXUH��� � &RPSDULVRQ RI�]RQH�FRUUHODWLRQ�FRHIILFLHQWV
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([DPSOH�]RQH�SUH�DQG�SRVW�(55�FRUUHODWLRQ

3UH�YV�SRVW�(55�FRUUHODWLRQ )UHTXHQF\�LQWHUYDO /LQHDU��3UH�YV�SRVW�(55�FRUUHODWLRQ�

�

��

��

��

��

��

��

��

��

��

���

=RQH

&
RU
UH
OD
WL
RQ
�F
RH
II
LF
LH
Q
W�
�5

� �
�>
�
@

=� =� =� =� =� =� =� =� =�



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�'HYHORSPHQW�RI�D�EDVH�SRZHU�HVWLPDWLRQ�PRGHO ��

����� 6HFWLRQ�6XPPDU\

7KLV�VHFWLRQ�LQYHVWLJDWHG�ZKLFK�SDUDPHWHUV�DQG�UHODWLRQV�ZHUH�PRVW�VXLWHG�WR�FRQVWUXFW�D����

KRXU�HVWLPDWLRQ�PRGHO��7KH�SRZHU�FRQVXPSWLRQ�SDUDPHWHUV�VKRZHG�QR�VLJQLILFDQW�FRUUHODWLRQV��

7KH�FRUUHODWLRQ�FRHIILFLHQW�GHVFULELQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SUH�LPSOHPHQWDWLRQ�(55�

DQG�SRVW�LPSOHPHQWDWLRQ�(55�VKRZHG�VLJQLILFDQW�FRUUHODWLRQV� DFFRUGLQJ�WR�%RWHV�>��@�

��� 'HYHORSPHQW�RI D EDVH�SRZHU�HVWLPDWLRQ�PRGHO

7KH�HVWLPDWLRQ�PRGHO�ZLOO�IRFXV�PDLQO\�RQ�WKH�(55�LPSOHPHQWDWLRQ�PHWKRG� GXH�WR�WKH�KLJK�

FRUUHODWLRQ�EHWZHHQ�WKH��� V\VWHPV�ZKLFK�ZHUH XVHG LQ�WKH�LQLWLDO VWDWLVWLFDO�LQYHVWLJDWLRQ��7KH�

SXUSRVH�RI�WKH�HVWLPDWLRQ�PRGHO LV� WR�HVWLPDWH�WKH�PRVW�SUREDEOH�HQHUJ\�VDYLQJ�LPSDFW� WKDW�

HQHUJ\�VDYLQJ�LQLWLDWLYHV�ZLOO�SURGXFH��7KHUHIRUH� WKH�LQSXW�RI�WKH�SURSRVHG�PRGHO�ZLOO�FRQVLVW�

RI�PDLQO\�WZR�LQSXWV�

�� ���KRXU�EDVHOLQH�SURILOH

�� 7LPH�DQG�GXUDWLRQ�RI�GULOOLQJ�VKLIWV��

7KH�RXWSXW�RI�WKH�HVWLPDWLRQ�PRGHO�LV�D����KRXU�DGMXVWHG�SURILOH�ZKLFK�FRQVLVWV�RI����GLVWLQFWO\�

FDOFXODWHG�GDWD�SRLQWV��

����� ,QSXW�4XDQWLILFDWLRQ

$����KRXU�KRXU�SURILOH�ZLWK����GLVWLQFW�GDWD�HOHPHQWV�PXVW�EH�SURYLGHG RU�WUDQVODWHG�LQWR�DQ�

LQSXW�GDWD�DUUD\��

(TXDWLRQ��� � 0RGHO�LQSXW

3RZHU�%DVHOLQH� [� � [��[���[�«�[��

3RZHU�%DVHOLQH��  �9HFWRU�RI�SRZHU�HOHPHQWV >N:@

[  �9HFWRU�RI�SRZHU�HOHPHQWV��� >N:@



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6
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����� &DOFXODWLRQ�RI�3DUDPHWHUV

7KH�HTXDWLRQ�WR�WUDQVIRUP�WKH�LQSXW�YHFWRU�WR�D�SUH�LPSOHPHQWDWLRQ�(55�YHFWRU�LV�JLYHQ EHORZ�

(TXDWLRQ��� � ,QSXW�WR�SUH�(55�WUDQVIRUPDWLRQ �$GDSWHG�IURP�(TXDWLRQ���

(55SUH  �\  �$[���E

(55SUH  \  ൬
��

30D[�UHI
൰ [��

(55SUH
 �3UH�LPSOHPHQWDWLRQ�9HFWRU������� >�@

[  �9HFWRU�RI�EDVHOLQH�SRZHU�HOHPHQWV��� >N:@

$  ��������� >Nܹିଵ@

E  �&RQVWDQWV�YHFWRU�� >�@

30D[�UHI  �0D[LPXP�SHDN�GULOOLQJ�VKLIW�SRZHU�������� >N:@

����� 7UDQVIRUPDWLRQ�RI�FDOFXODWHG�SDUDPHWHUV

7KH�HTXDWLRQ�WR�WUDQVIRUP�WKH�SUH�LPSOHPHQWDWLRQ�(55 YHFWRU�WR�D�SRVW�LPSOHPHQWDWLRQ�(55�

YHFWRU�LV�JLYHQ EHORZ� 7KH�(55�YHFWRUV�ZHUH�GHWHUPLQHG�E\�WKH�(55�UHJUHVVLRQ�PRGHOV�

(TXDWLRQ��� � 3RVW�,PSOHPHQWDWLRQ�9HFWRU

(55SRVW  �\  �& Â�(55SUH ��G

(55SRVW  \  
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(55  3RVW�LPSOHPHQWDWLRQ�YHFWRU������� >�@

[  �9HFWRU�RI�SUH�LPSOHPHQWDWLRQ�(55��� >Ǧ@

&  
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G  �&RQVWDQWV�YHFWRU >�@
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�'HYHORSPHQW�RI�DGMXVWHG�HVWLPDWLRQ�PRGHOV ��

����� 7UDQVIRUPDWLRQ�WR�RXWSXW YHFWRU

(TXDWLRQ��� GLVSOD\V�WKH WUDQVIRUPDWLRQ RI�WKH�SRVW�LPSOHPHQWDWLRQ�(55�YHFWRU�WR�DQ XVDEOH

���KRXU�HVWLPDWHG�SRZHU�SURILOH�

(TXDWLRQ��� � 2XWSXW�YHFWRU

[RXWSXW  ൫30D[�UHI � 30D[�UHI Â�(55SRVW൯

[RXWSXW  �3RZHU�HVWLPDWLRQ�YHFWRU���� >N:@

30D[�UHI  �0D[LPXP�SHDN�GULOOLQJ�VKLIW�SRZHU�� >N:@

(55SRVW  3RVW�LPSOHPHQWDWLRQ�YHFWRU�������� >�@

����� 6HFWLRQ�6XPPDU\

7KLV�VHFWLRQ�GLVSOD\HG�KRZ�WKH�VWDWLVWLFDO�SDUDPHWHUV�ZKLFK�ZHUH�GHWHUPLQHG LQ�VHFWLRQV ����±

����ZHUH�XVHG�WR�FRQVWUXFW�D�EDVH�PRGHO�IRU�HVWLPDWLQJ� WKH FRVW�VDYLQJV�RI�D� W\SLFDO PLQLQJ�

FRPSUHVVHG�DLU�V\VWHP��)LJXUH��� VXPPDULVHV�WKH�PDWKHPDWLFDO�SURFHVV�RI�GHWHUPLQLQJ�D�SRZHU�

HVWLPDWLRQ�SURILOH�XVLQJ�D�EDVHOLQH�SRZHU�SURILOH�DV�LQSXW�

)LJXUH��� � (VWLPDWLRQ�PRGHO�IORZ

��� 'HYHORSPHQW�RI�DGMXVWHG�HVWLPDWLRQ�PRGHOV

$IWHU� IXUWKHU� LQVSHFWLRQ� RI� WKH� EDVH� PRGHO�� FHUWDLQ� RXWOLHUV �ZKLFK� ZLOO� EH� GLVFXVVHG LQ�

)LJXUH��� DQG�)LJXUH���� ZHUH� LGHQWLILHG ZKLFK� LQIOXHQFHG� WKH�EDVH� HVWLPDWLRQ�PRGHO�7ZR

DOWHUQDWLYH�PRGHOV�ZHUH�GHYHORSHG WR�PLWLJDWH�WKH�LQIOXHQFH�RI�WKHVH�RXWOLHUV�RQ�WKH�PRGHO�

(UURU�,GHQWLILFDWLRQ

)LJXUH� �� VKRZV� WKH� OLQHDU� UHJUHVVLRQ �EOXH� IRU� WKH� EDVH�PRGHO� FRPSDUHG WR� DQ� DYHUDJHG�

LQWHUYDO�JURXSLQJ�RI�WKH�VDPH�GDWD�VHWV �UHG���7KH�ORZHVW�SHUFHQWLOH�SUH�LPSOHPHQWDWLRQ�(55�

GRHV� QRW� FRUUHODWH� ZLWK� SK\VLFDO� HYHQWV�� 6HFWLRQ� ������ VKRZHG� WKDW� WKH� ORZHVW� SUH�

LPSOHPHQWDWLRQ� (55� VHJPHQWV� KDYH� WKH� KLJKHVW� SRWHQWLDO� IRU� DQ� (55� LQFUHDVH� DIWHU�

LPSOHPHQWDWLRQ�RI�HQHUJ\�VDYLQJ�LQLWLDWLYHV��

3RZHU�EDVHOLQH�
YHFWRU

3UH�
LPSOHPHQWDWLRQ�
(55�YHFWRU

3RVW�
LPSOHPHQWDWLRQ
(55�9HFWRU

(VWLPDWHG�SRZHU�
YHFWRU
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�'HYHORSPHQW�RI�DGMXVWHG�HVWLPDWLRQ�PRGHOV ��

3RVVLEOH�6ROXWLRQ 0RGHO ����*UHHQ�

7KH�EOXH�GRWV LQGLFDWH� WKH�QRUPDO SUH�LPSOHPHQWDWLRQ�DQG�SRVW�LPSOHPHQWDWLRQ�FRUUHODWLRQ��

7KH�UHJUHVVLRQ�LV�VKRZQ�E\�D�GRWWHG�EOXH�OLQH��$W�WKH�]HUR�SUH�LPSOHPHQWDWLRQ�(55�PDUN��WKH�

SRVW�LPSOHPHQWDWLRQ�(55�LV�RQO\������7KH�UHG�OLQH�LQGLFDWHV�WKH�JURXSLQJ�GDWD�PHWKRG�ZKLFK�

LQGLFDWHV�WKDW�DW�]HUR�SUH�LPSOHPHQWDWLRQ�(55��PRVW�RI�WKH�GDWD�LV�YHU\�ORZ��SXOOLQJ�GRZQ�WKH�

UHJUHVVLRQ� OLQH� �GRWWHG�EOXH OLQH�� 7KLV VXJJHVWV� WKDW�GDWD� VHWV� FRQWDLQHG GDWD�ZKHUH� HQHUJ\�

HIILFLHQF\ SURMHFWV�ZHUH�QRW�WKH�IRFXV�RI�WKH�(6&R��7KH�JUHHQ�OLQH�LV�XVHG�WR�PLWLJDWH�WKLV�HUURU

E\�LPSOHPHQWLQJ WKH�VWDWHPHQW�RI�9HUPHXOHQ�WKDW�]HUR�OHYHOV�RI�SUH�LPSOHPHQWDWLRQ�(55�KDYH�

WKH�KLJKHVW SRWHQWLDO�IRU�LQFUHDVH��

)LJXUH��� � %DVH�HVWLPDWLRQ�RXWOLHU�LGHQWLILFDWLRQ DQG�DGMXVWPHQW���

7KH RXWOLHUV�KDYH�EHHQ�DYHUDJHG� WR�SURGXFH�D�PRUH� OLQHDU�H[SHFWDEOH� IXQFWLRQ��JUHHQ���7KH�

GLVSOD\HG�UHJUHVVLRQ�LV�DQ�H[DPSOH�RI�WKH�DGMXVWPHQW�WR�WKH�RULJLQDO�(55�UHJUHVVLRQ��$GMXVWHG�

PRGHO����UHJUHVVLRQV�IRU�DOO�]RQHV�DUH�LQFOXGHG LQ�$SSHQGL[�2�

(UURU�,GHQWLILFDWLRQ

)LJXUH� �� GLVSOD\V� WKH� GLIIHUHQFH� EHWZHHQ� WKH� SUH�LPSOHPHQWDWLRQ� (55� DQG� WKH� SRVW�

LPSOHPHQWDWLRQ�(55��EOXH���7KH�RXWOLHU�GDWD�GUDPDWLFDOO\�GHFUHDVHV�WKH�UHJUHVVLRQ OLQH�IRUPXOD�

SUHGLFWLQJ�WKH�HIIHFW�RI�HQHUJ\�VDYLQJ�LQLWLDWLYHV�RQ�PLQHV�ZLWK�]HUR�RSWLPLVHG SURILOHV��7KLV

DJDLQ�GRHV�QRW�FRUUHODWH�ZLWK�LQGXVWU\�UHVXOWV�
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3UH�LPSOLPHQWDWLRQ�(55�>�@

%DVH�(55�FRUUHODWLRQ ,QWHUYDO�(55�FRUUHODWLRQ

$GMXVWHG�,QWHUYDO�(55�FRUUHODWLRQ /LQHDU��%DVH�(55�FRUUHODWLRQ�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�'HYHORSPHQW�RI�DGMXVWHG�HVWLPDWLRQ�PRGHOV ��

3RVVLEOH�6ROXWLRQ 0RGHO ����*UHHQ�

7KH RXWOLHU� GDWD� KDV EHHQ� DYHUDJHG� WR� SUHVHQW� D� SURSRVHG� UHJUHVVLRQ� PRGHO� �JUHHQ��� 7KH�

IUHTXHQF\�GLVWULEXWLRQ�IRU�WKH�GDWD�HOHPHQWV�LV SUHVHQWHG�DW�WKH�ERWWRP�DQG�RQ�WKH�VHFRQGDU\�

D[LV��SXUSOH�� 7KH�DGMXVWPHQW�FXUYHV�IRU�DOO�]RQHV�DUH�VKRZQ LQ�$SSHQGL[�3�

)LJXUH��� ± %DVH�HVWLPDWLRQ�PRGHO�DGMXVWPHQW���

7KH�WZR�DGMXVWHG�UHJUHVVLRQV�DUH�VKRZQ LQ�)LJXUH��� DQG )LJXUH��� FDQ�EH�XVHG�LQVWHDG�RI�WKH�

RUGLQDU\ OLQHDU� UHJUHVVLRQV�� %\� XVLQJ� WKH� PHWKRG� VKRZQ� LQ� VHFWLRQ� ���� �EDVH� PRGHO�

GHYHORSPHQW�� WKH� DOWHUQDWLYH� UHJUHVVLRQV� FDQ� EH� XVHG� WR� FRQVWUXFW� WZR� DGMXVWHG� HVWLPDWLRQ�

PRGHOV� $V�D�UHVXOW�RI�WKLV��JXLGDQFH�UHJUHVVLRQ�FDQ�DOVR�EH�XVHG�WR�KHOS�SUHGLFW�ZKDW�SRVW�

LPSOHPHQWDWLRQ�(55�YDOXHV�IXWXUH�V\VWHPV�FDQ�KDYH��

8VLQJ�JXLGDQFH�SDUDPHWHUV�WR�FUHDWH�(55�EDQGZLGWK

5HJUHVVLRQ�PRGHOV�DUH�WRROV�XVHG�IRU�KLVWRULFDO DQDO\VLV��DQG�WKXV�KDYH VKRUWFRPLQJV ZKHQ�LW�

FRPHV�WR�SUHGLFWLQJ�IXWXUH�YDOXHV��$GGLWLRQDO�JXLGDQFH�LV�UHTXLUHG�IRU WKH�XVHU�RI�WKLV�PRGHO�WR

PDNH�GHFLVLRQV�UHJDUGLQJ�WKH�SUREDELOLW\�RI�DQ�HYHQW�RFFXUULQJ��7KHUHIRUH� WKH�6)$��6WRFKDVWLF�

)RUWLHU�$QDO\VLV��DQG�&2/6��&RUUHFWHG�2UGLQDU\�/HDVW�6TXDUH��PRGHOV�KDYH�EHHQ�FDOFXODWHG�

WR�LQGLFDWH�ZKHUH�WKH�PRVW�SUREDEOH�UHVXOWV�ZLOO�EH�ORFDWHG� 7KHVH�PHWKRGV�KDYH�EHHQ�GLVFXVVHG

LQ�$SSHQGL[�&������
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3UH�LPSOHPHQWDWLRQ�(55�>�@

'HOWD�(55 $GMXVWHG )UHTXHQF\�GLVWULEXWLRQ

3RO\���'HOWD�(55� 3RO\���$GMXVWHG�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�'HYHORSPHQW�RI�DGMXVWHG�HVWLPDWLRQ�PRGHOV ��

)LJXUH��� GLVSOD\V�WKH�JXLGDQFH�UHJUHVVLRQ�PRGHOV�ZKLFK�GLVSOD\�ZKHUH�WKH�GHQVHVW RSHUDWLQJ�

EDQG�RI GDWD�LV�ORFDWHG��0RUH�WKDQ�����RI�WKH�GDWD�LV�ORFDWHG EHWZHHQ�WKH�XSSHU�6)$��SXUSOH��

DQG�ORZHU�6)$��JUHHQ���

)LJXUH� �� LV� DQ� H[DPSOH� GLDJUDP� DQG DOO� WKH� ]RQHV¶ JXLGDQFH� SDUDPHWHUV� FDQ� EH� IRXQG LQ

$SSHQGL[�4��� $V�WKH�SDUDPHWHUV�FDQ�EH�XVHG�WR�FRQVWUXFW�D�EDQGZLGWK�RI�GDWD�SUREDELOLW\�IRU�

OLQHDU� UHJUHVVLRQ�� WKH� VDPH�EDQGZLGWK� FDQ� EH� WUDQVODWHG LQWR� WKH�(55�GRPDLQ�E\�XVLQJ� WKH�

OLQHDU�UHJUHVVLRQ�LQ�)LJXUH��� DQG�XVLQJ�HTXDWLRQV�LQ�VHFWLRQ������7KH�FDOFXODWLRQ�UHVXOWV�IRU�WKH�

WZR�DGMXVWHG�PRGHOV�FDQ�EH�IRXQG LQ�$SSHQGL[�4��

)LJXUH��� � *XLGDQFH�SDUDPHWHUV

7KLV VHFWLRQ�VXPPDULVHV�WKH�FKDQJHV�PDGH�WR�WKH�EDVH�PRGHO�ZLWK�DOO�FDOFXODWLRQV�DQG�ILOWHULQJ�

SURFHVVHV�DGGHG� LQ�$SSHQGL[�2� � 4��7KH�VDPH�PHWKRGV�DQG�FDOFXODWLRQV� WKDW�ZHUH�XVHG� LQ�

VHFWLRQ�����WR�FDOFXODWH�WKH�EDVH�PRGHO�ZHUH XVHG�WR�FDOFXODWH�WKH�DGMXVWHG�PRGHOV��:LWK�DOO�WKH�

PRGHOV� VXFFHVVIXOO\� FRQVWUXFWHG�� WKH� QH[W� VHFWLRQ� ZLOO� HYDOXDWH� ZKLFK� PRGHO� LV� WKH� PRVW�

VXLWDEOH�IRU�WKH�SUDFWLFDO�DSSOLFDWLRQ�
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3UH�LPSOHPHQWDWLRQ�(55�>�@

3RVW�,PSOLPHQWDWLRQ�(55 6)$ 6)$�8SSHU

&2/6�8SSHU�/LPLW &2/6�/RZHU�/LPLW 5HJUHVVLRQ

/LQHDU��6)$� /LQHDU��6)$�8SSHU� /LQHDU��&2/6�8SSHU�/LPLW�

/LQHDU��&2/6�/RZHU�/LPLW�
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�(YDOXDWLRQ�DQG�YHULILFDWLRQ�RI�HVWLPDWLRQ�
PRGHOV

��

��� (YDOXDWLRQ�DQG�YHULILFDWLRQ RI�HVWLPDWLRQ�PRGHOV

7KH� SURSRVHG�PRGHOV� ZLOO� EH� HYDOXDWHG DJDLQVW� WKH� ILQGLQJV� RI� 9HUPHXOHQ� DQG� &LOOLHUV� WR�

GHWHUPLQH�LI�LW�LV�D�YDOLG�PRGHO� 7KH�WKUHH�SURSRVHG�PRGHOV��RQH EDVH�PRGHO�DQG�WZR DGMXVWHG�

PRGHOV�� ZLOO� DOVR� EH� HYDOXDWHG� WR� GHWHUPLQH� ZKLFK� PRGHO� LV� EHVW� VXLWHG� IRU� WKH� SUDFWLFDO�

DSSOLFDWLRQ��

7KH�ILUVW�VWHS�LQ�WKH�YHULILFDWLRQ�SURFHVV�LV WR�GHWHUPLQH�WKH�VFRSH�RI�WKH�VWDWLVWLFDO�VDPSOH�VSDFH�

WR�HQVXUH�WKDW�WKH�PRGHO�LV�QRW�LPSOHPHQWHG RXWVLGH�RI�WKH�LQWHQGHG�HQYLURQPHQWV��

$V�DOO� WKUHH�HVWLPDWLRQ�PRGHOV� DUH�EDVHG RQ� WKH�(55�UHODWLRQVKLSV�� WKH�SUH�LPSOHPHQWDWLRQ�

(55� SDUDPHWHU� LV� WKXV� XVHG DV� WKH� LQGHSHQGHQW� YDULDEOH� LQ� PRVW� FDVHV�� 7KH� VFRSH� RI� WKH�

SUHGLFWLYH�RXWFRPHV�WKHQ�UHOLHV�RQ�WKH�VFRSH�RI�WKH�SUH�LPSOHPHQWDWLRQ�(55�

)LJXUH��� GLVSOD\V� WKH�VFRSH�IRU� WKH�GHSHQGHQW�YDULDEOH� IRU�DOO�]RQHV��7KH�PD[LPXP�VFRSH�

SHUPLWWHG� LV� VHW DW� ���� SUH�LPSOHPHQWDWLRQ� (55� 7KH� JUHHQ� OLQH� LQGLFDWHV� WKH� ����PDUN�

ZKHUHDV�WKH�UHG�OLQH�LQGLFDWHV�WKDW�D�����(55�FDQ�EH�XVHG LQ�WKH�DIWHUQRRQ�SHULRGV� =RQHV ���

KDYH VKRZQ� OLWWOH� RU� QR� FRUUHODWLRQ� DV� GLVFXVVHG LQ� VHFWLRQ� ����� 7KHUHIRUH� WKHVH� ]RQHV¶�

PD[LPXP�SUH�LPSOHPHQWDWLRQ�(55�ZLOO�EH�LJQRUHG�

)LJXUH��� � ,QGHSHQGHQW�YDULDEOH�VFRSH
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�(YDOXDWLRQ�DQG�YHULILFDWLRQ�RI�HVWLPDWLRQ�
PRGHOV

��

6RPH�PLQHV�DUH�UHOXFWDQW WR�LPSOHPHQW�HQHUJ\�VDYLQJ�LQLWLDWLYHV�GXULQJ�SHDN�GULOOLQJ�VKLIWV��

7KHUHIRUH��WKH�VFRSH�RI�WKH�SUHGLFWLRQ�PRGHO�OLHV�RXWVLGH�RI�WKH�GULOOLQJ�VKLIW��7KH�GULOOLQJ�VKLIW�

IRU PRVW� PLQHV� LV ORFDWHG EHWZHHQ ]RQH� ����� � 7KHVH� DUH DOVR� WKH� ]RQHV� ZLWK� WKH� ORZHVW�

FRUUHODWLRQ�LQ�(55�GDWD��

����� 9HULILFDWLRQ RI�(55�SDUDPHWHUV

9HUPHXOHQ�>��@ XVHG�WKH�(55�FRPSDULVRQ�PHFKDQLVP�WR�FUHDWH�D�QRYHO�PHWKRGRORJ\�IRU�WKH�

LGHQWLILFDWLRQ�RI�HQHUJ\�VDYLQJ�RSSRUWXQLWLHV��+LV�VWXG\�RQO\�IRFXVHG RQ�WKH�SHDN�EODVWLQJ�VKLIW�

±ZKLFK�LQ�WKLV�FDVH�LV�D�VLPLODU�SHULRG�WR�=RQH��� 7KH�UHDVRQ�IRU�WKLV�LV�WKH�(VNRP�'60�SURMHFWV�

PDLQO\�IRFXVHG�RQ�WKH�(VNRP�HYHQLQJ�SHDN�SHULRG� )LJXUH��� GLVSOD\V�WKH�VLPLODULWLHV�LQ�WKH�

UHVXOWV�REWDLQHG�IURP�9HUPHXOHQ�DQG�WKH�GDWD�VHW�GHILQHG�LQ������

7KH�LQLWLDO�FRQVWDQW�RI�9HUPHXOHQ¶V�VWXG\�LV�ORZHU��DFFRXQWLQJ�IRU�WKH�GLIIHUHQFH�LQ�JUDGLHQW��

7KH�PD[LPXP�GLIIHUHQFH�EHWZHHQ WKH�WZR�UHJUHVVLRQV�LV ������ 7KLV LQGLFDWHV�WKDW�DOWKRXJK�

GLIIHUHQW�GDWD�VHWV�ZHUH�XVHG��WKH�FRUUHODWLRQ�LV�YHU\�VLPLODU��7KLV YHULILHV�WKH�VWURQJ�FRUUHODWLRQ

WKDW�WKH�(55�SDUDPHWHUV�KDYH�LQ�FRPSUHVVHG�DLU�V\VWHPV�RI�GHHS�OHYHO�PLQHV��
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3UH�LPSOHPHQWDWLRQ�(55�>�@

9HUPHXHOHQ�5HJUHVVLRQ =��5HJUHVVLRQ

/LQHDU��9HUPHXHOHQ�5HJUHVVLRQ� /LQHDU��=��5HJUHVVLRQ�

)LJXUH��� � (55�FDOFXODWLRQ�YHULILFDWLRQ
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�(YDOXDWLRQ�DQG�YHULILFDWLRQ�RI�HVWLPDWLRQ�
PRGHOV

��

����� 9HULILFDWLRQ RI�(55�PHWKRG�DV�RSSRVHG�WR�WUDGLWLRQDO�DYHUDJLQJ

7KH�(55�FRUUHODWLRQ�PHWKRG�LV�LQGHSHQGHQW�IURP WKH�QRUPDO�DYHUDJLQJ�RI�GDWD�PHWKRG��7KH�

PDLQ� GLIIHUHQFH� LV� WKDW� WKH� DYHUDJHG� GDWD� RQO\� VKRZV� WKH� DYHUDJH� EDVHOLQH� YV� DYHUDJH�

SHUIRUPDQFH�DVVHVVHG�PHDVXUHPHQW��ZKLOH�WKH�(55�JLYHV�D�UHODWLRQ�IRU�D�UDQJH�RI�EDVHOLQHV�YV�

D�UDQJH�RI�PHDVXUHPHQWV�

7KH�DYHUDJH FDQ�VWLOO�EH�XVHG�WR�LQFUHDVH�FRQILGHQFH�LQ�WKH�SHUIRUPDQFH�RI�WKH�(55�PHWKRG��

)LJXUH��� VKRZV�WKH�DYHUDJH�EDVHOLQH��EOXH��YV�WKH�DYHUDJH�SHUIRUPDQFH�DVVHVVHG�UHVXOWV �UHG���

7KH� WKUHH�(55�PHWKRGV�DUH� WKHQ�DOVR�SORWWHG� WR�GLVSOD\� WKH� VLPLODULWLHV�� ������� WR������� LV�

H[FOXGHG� GXH WR LQVXIILFLHQW (55� FRUUHODWLRQV� GXULQJ� WKH�PHQWLRQHG� SHULRG�� 7KH� DGMXVWHG�

PHWKRGV�ZHUH �� PRUH�DFFXUDWH�RYHU�D����KRXU�SHULRG�WKDQ�WKH�EDVH (55�PRGHO GLVFXVVHG�LQ�

VHFWLRQ� ����� 7KH� WRWDO� GLIIHUHQFH� EHWZHHQ� WKH� DGMXVWHG�PRGHO� DQG� WKH� VWDWLVWLFDO� DYHUDJH� LV�

������

)LJXUH��� � 'DWD�DYHUDJH�YV�(55�PHWKRG

����� 9HULILFDWLRQ RI�(55�PHWKRG�]HUR�SHUFHQW RSWLPLVDWLRQ

,I�D�FRPSUHVVHG�DLU�V\VWHP�KDV�QR�LPSOHPHQWHG�RSWLPLVDWLRQ�VWUDWHJLHV� DQG�DOO�FRPSUHVVRUV�

DUH� UXQQLQJ� RQ� IXOO� ORDG� WKH� ���KRXU� SURILOH� ZLOO� EH� D� VWUDLJKW� �FRQVWDQW�� OLQH� 7KH� SRZHU�

EDVHOLQH�IRU�D�FRPSUHVVHG�DLU�V\VWHP�FRQVWDQWO\�XQGHU�IXOO�ORDG�ZLOO�FRQVXPH�WKH�PD[LPXP�
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3RZHU�EDVHOLQH $YHUDJHG�PHDVXUHG�SRZHU %DVH�PRGHO�SUHGLFWLRQ

$GMXVWHG�PRGHO����SUHGLFWLRQ $GMXVWHG�PRGHO����SUHGLFWLRQ
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�(YDOXDWLRQ�DQG�YHULILFDWLRQ�RI�HVWLPDWLRQ�
PRGHOV

��

UDWHG�SRZHU�LQGLFDWHG�E\�WKH�PRWRUV��GLVUHJDUGLQJ�PLQRU�IOXFWXDWLRQV���7KLV�FDVH�ZLOO�DFW�DV�D�

ZRUVH�FDVH �XQ�RSWLPL]HG��FRPSUHVVHG�DLU�QHWZRUN�� 7KH�SUHGLFWLRQ�FDSDELOLW\�RI�WKH�PRGHOV�

PXVW�EH�WHVWHG�DJDLQVW�WKLV�VFHQDULR�WR�HQVXUH�DSSOLFDELOLW\��

)LJXUH��� VKRZV�WKH�SUHGLFWLRQ�RI�WKH�(55�PRGHOV�FRQFHUQLQJ D�VLQJOH�UHIHUHQFH�SRZHU��SHDN�

SRZHU�� ZKLFK�LV�FDOFXODWHG E\�DYHUDJLQJ�WKH�SRZHU�YDOXHV�RI�WKH�GULOOLQJ�VKLIW��7KH�6WRFKDVWLF�

)URQWLHU�$QDO\VLV��6)$��DQG�&RUUHFWHG�2UGLQDU\�/HDVW�6TXDUH��&2/6��PHWKRGV KDYH DOVR�EHHQ�

LQFOXGHG�WR�VKRZ�ZLWKLQ�ZKLFK�TXDUWLOH�WKH�SURILOH�LV�SHUIRUPLQJ��

7KH� RULJLQDO� (55� PRGHO� LV� WKH� PRVW� XQGHUSHUIRUPLQJ� PRGHO� ZKLFK� HVWLPDWHV� D� ORZHU�

RSWLPLVDWLRQ�RSSRUWXQLW\�WKDQ�WKH�DYHUDJH�RU�DGMXVWHG�PRGHOV��7KLV LV�GXH�WR�WKH�LUUHJXODULW\�

ZKHUH�WKH�SRVW�LPSOHPHQWDWLRQ�(55�LV� ORZ�DW� ORZ�SHUFHQWDJHV�RI�SUH�LPSOHPHQWDWLRQ�(55�

ZKLFK�ZDV�GLVFXVVHG LQ�VHFWLRQ������7KH�DGMXVWHG�PRGHOV�FRUUHODWH�ZLWK�WKH�DYHUDJH�YDOXH�IRU�

]RQHV������ZKLOH�WKH�PLQLPXP�ERXQGDU\��&2/6��RI�WKH�SUHGLFWLRQ�PRGHOV�FRUUHODWH�ZLWK�WKH�

DYHUDJH�YDOXH�IRU�]RQHV������)LJXUH��� VKRZV�WKDW�WKH�DGMXVWHG�PHWKRG�LV�ZLWKLQ�������RI�WKH�

DYHUDJH�YDOXH��WKH�6)$�PHWKRG�VKRZV�D����GLIIHUHQFH�DQG WKH�&2/6�PHWKRG�VKRZV�D�������

GLIIHUHQFH��7KH�KLJKHVW¶V�SUREDELOLW\�RFFXUV�EHWZHHQ�WKH�DGMXVWHG�PHWKRG�DQG�WKH�6)$�PHWKRG��

ZLWK�DQ�DYHUDJH�RI�����DFFXUDF\��

)LJXUH��� � =HUR�RSWLPLVDWLRQ�UHIHUHQFH�SUHGLFWLRQ

��

��

��

��

��

��

��

3
RZ

HU
�>
0
:
@

7LPH

3RZHU�EDVHOLQH $YHUDJHG�PHDVXUHG�SRZHU %DVH�PRGHO�SUHGLFWLRQ

$GMXVWHG�PRGHO����SUHGLFWLRQ $GMXVWHG�PRGHO����SUHGLFWLRQ 6)$�8SSHU

&2/6�8SSHU
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&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�6XPPDU\ ��

3UHGLFWLRQ�PRGHO�� �SXUSOH� KDV�VKRZQ WKH�EHVW�RYHUDOO�SHUIRUPDQFH�ZLWK�UHJDUG�WR VWDWLVWLFDO�

GHULYDWLRQ�LQ�FRPSDULVRQ�ZLWK�SUHYLRXV�PRGHOV��WKH DYHUDJH�SURILOH�DQG�WKH�]HUR���HVWLPDWLRQ�

WHVW��7KHUHIRUH� WKLV�PRGHO�ZLOO�EH�XVHG� WR�HVWLPDWH� WKH�FRVW� VDYLQJV�SRWHQWLDO�RI�GHHS�OHYHO�

PLQHV�LQ�6RXWK�$IULFD��

7DEOH��� VKRZV�WKH�VXPPDU\�RI�WKH�YHULILFDWLRQ�WHVWV�GRQH�LQ�WKLV�VHFWLRQ��$GMXVWHG�PRGHO����

KDV� WKH�EHVW� UHVXOWV� LQ� WKUHH�RXW�RI� WKH� IRXU�FDWHJRULHV� LQGLFDWHG� LQ�JUHHQ��7KH�JUHHQ�EORFNV�

GLVSOD\� WKH� EHVW� SHUIRUPDQFH� DQG WKH� UHG� EORFNV� GLVSOD\� XQDYDLODEOH� GDWD RU� WKH� ORZHVW�

SHUIRUPDQFH��

7DEOH��� � 0RGHO�HYDOXDWLRQ�VXPPDU\

9HULILFDWLRQ�7HVW 9HUPHXOHQ %DVH PRGHO�

�DGDSWHG�IURP�

9HUPHXOHQ�

$GMXVWHG�PRGHO��� $GMXVWHG�PRGHO���

0D[LPXP�(55�
5DQJH ������ ������ ������ ������

3RVW�
LPSOHPHQWDWLRQ�
(55�2IIVHW

������ ����� ����� �����

&RPSDULVRQ�WR�
VWDWLVWLFDO�DYHUDJH�
�GLIIHUHQFH�����LV�
EHVW�

����� ����� �����

&RPSDULVRQ�WR�
VWDWLVWLFDO�DYHUDJH�
IURP�D�]HUR�
RSWLPL]HG�SURILOH
������LV�EHVW�

������ ������ ������

��� 6XPPDU\

7KLV�FKDSWHU�GHVFULEHG�KRZ�VWDWLVWLFDO�SDUDPHWHUV�ZHUH�XVHG�WR�FRQVWUXFW�DQ�HVWLPDWLRQ�PRGHO�

ZKLFK�FDQ�DLG�LQ�WKH�HVWLPDWLRQ�RI�HQHUJ\�VDYLQJV�RQ�GHHS�OHYHO�PLQH�FRPSUHVVHG�DLU�V\VWHPV��

6HFWLRQ� ���� GHVFULEHG� KRZ 0	9 GDWD IRU� ��� FRPSUHVVHG� DLU� V\VWHPV FRXOG EH� FROOHFWHG��

DQDO\VHG�DQG�DUUDQJHG�LQ�RUGHU�WR�EH�XVHG IRU�IXWXUH�VWXGLHV� 7KH�ILUVW�K\SRWKHVLV�ZDV�WHVWHG�

DQG� LV� LQ� DJUHHPHQW� ZLWK� WKH� HVWLPDWLRQ� PRGHO� 6HFWLRQ� ���� SURYLGHG PXOWLSOH� UHODWLRQDO�

SDUDPHWHUV� ZKLFK� FRQFOXGHG� WKDW� WKH�(55�SDUDPHWHUV� VKRZHG� WKH�PRVW� SURPLVH��7KH� ILUVW�

SULPDU\�REMHFWLYH�ZDV�DFKLHYHG�E\�VXFFHVVIXOO\�FRQGXFWLQJ�D�VWXG\�RQ�WKH�SRZHU�SURILOHV�RI�

FRPSUHVVHG� DLU� V\VWHPV� RQ� GHHS�OHYHO� PLQHV�� &RUUHODWLRQV GR H[LVW ZKLFK� FDQ� EH� XVHG� WR�



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

&KDSWHU�� _�'HYHORSPHQW�RI�SRZHU�HVWLPDWLRQ�PRGHO _�6XPPDU\ ��

HVWLPDWH�WKH�SHUIRUPDQFH�RI�RWKHU�FRPSUHVVHG�DLU�V\VWHPV�� 7KH�VHFRQG�K\SRWKHVLV�ZDV�WHVWHG�

DQG�IRXQG�LQ�DJUHHPHQW�ZLWK�WKH�PHWKRGV�XVHG�WR�GHWHUPLQH�WKH�SDUDPHWHUV�

6HFWLRQ�����WHVWHG�WKH�SDUDPHWHUV�LQ�VHFWLRQ�����WR�GHWHUPLQH�WKH�PRVW�VXLWDEOH�SDUDPHWHUV�IRU�D�

EDVH�PRGHO��7KH�(55�SDUDPHWHUV�ZHUH�XVHG IRU�� LQGLYLGXDO�]RQHV��7KH�XQLTXH�UHJUHVVLRQ�OLQHV�

IRU� HDFK ]RQH�ZDV� XVHG� WR� FRQVWUXFW� WKH� EDVH� HVWLPDWLRQ�PRGHO�� 7KLV�PRGHO� XVHG ���KRXU�

FRPSUHVVHG�DLU�EDVHOLQH�LQIRUPDWLRQ�DQG SURGXFHG�D����KRXU SURILOH HVWLPDWLRQ�FXUYH�XVLQJ�WKH�

UHJUHVVLRQ�PRGHOV�RI�DOO�� ]RQHV� 7KH�WKLUG�DQG�IRXUWK�K\SRWKHVHV�ZHUH�WHVWHG�DQG�IRXQGHG�WR�

EH�WUXH�IRU�WKH�(55�UHODWLRQVKLSV�ZKLFK�DUH�FDOFXODWHG�

6HFWLRQ�����HYDOXDWHG�WKH�EDVH�PRGHO�DQG�LGHQWLILHG�VRPH GDWD�VKRUWFRPLQJV��7KLV ZDV�EHFDXVH

WKH�GDWD�DW�DURXQG�]HUR�SUH�LPSOHPHQWDWLRQ�(55�ZDV QRW�SK\VLFDOO\�SRVVLEOH��7R�PLWLJDWH�WKLV�

HUURU��WZR�DGMXVWHG�PRGHOV�ZHUH�FUHDWHG��EDVHG�RQ�WKH�EDVH�PRGHO�RI�VHFWLRQ����

6HFWLRQ�����HYDOXDWHG�DOO�PRGHOV�DJDLQVW�SUHYLRXV�UHVHDUFK�DQG�QRUPDO�DYHUDJLQJ�PHWKRGV�� 7KH�

ILIWK�K\SRWKHVLV�ZDV�WHVWHG��DQG�WKH�HVWLPDWLRQ�PRGHO�DJUHHG�ZLWK�WKH�OLWHUDWXUH�ILQGLQJV��7KH�

FRUUHODWLRQ�EHWZHHQ�NQRZQ�HQHUJ\�VDYLQJV�LQLWLDWLYHV�DQG�WKH�(55�SDUDPHWHUV�DUH�HYLGHQW�LQ�

OLWHUDWXUH�DV�ZHOO�LQ�WKH�VWDWLVWLFDO�DQDO\VLV��7KH�VHFRQG�REMHFWLYH�ZDV�DFKLHYHG E\�GHYHORSLQJ�

D�PRGHO�ZKLFK�FDQ HVWLPDWH�WKH�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJ�SRWHQWLDO�RI�D�FRPSUHVVHG�DLU�

V\VWHP� RQ� D� GHHS�OHYHO�PLQH�� 7KH� ILQDO�PRGHO� FDQ� EH� H[SUHVVHG E\� (TXDWLRQ� ���� 7KH� IXOO�

H[SUHVVLRQ� LV� VKRZQ LQ� $SSHQGL[� 4����

(TXDWLRQ����

(TXDWLRQ��� � )LQDO�PRGHO�H[SUHVVLRQ

(55SRVW  �\� &Â(55SUH
�
� 'Â(55SUH �

(55SRVW  3RVW�LPSOHPHQWDWLRQ��(55�YHFWRU�������� >�@

(55SUH  3UH�LPSOHPHQWDWLRQ��(55�YHFWRU�������� >�@

&  ������ ����� �UDGLHQW�YHFWRU�������� >�@

'  �)LUVW�RUGHU�JUDGLHQW�YHFWRU�������� >�@

H  �&RQVWDQWV�YHFWRU >�@
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�3UHDPEOH ��

&+$37(5��� ,03/(0(17$7,21�	�

9$/,'$7,21

��� 3UHDPEOH

,Q�WKLV�FKDSWHU� WKH�DGMXVWHG�PRGHO�GHYHORSHG�LQ�&KDSWHU���� ZLOO�EH�DSSOLHG WR�UHDO�OLIH FDVH�

VWXGLHV��&KDSWHU���KDV�IRXU PDLQ�VHFWLRQV��7KH�ILUVW�DQG�VHFRQG�VHFWLRQV GLVSOD\�WKH�UHVXOWV�RI�

WKH�DFWXDO�HQHUJ\�VDYLQJV�DFKLHYHG�YV�WKH�HVWLPDWHG�HQHUJ\�VDYLQJV�IRU�WZR�FDVH�VWXGLHV��7KH�

WKLUG�VHFWLRQ�OLVWV�WKH�LUUHJXODULWLHV�DQG�VKRUWFRPLQJV IRXQG�LQ�WKH�FDVH�VWXGLHV��7KH�ODVW�VHFWLRQ�

FRQFOXGHV�ZKDW�WKH�RYHUDOO�UHVXOWV�ZHUH��

7ZR�FDVH�VWXGLHV�ZHUH�FKRVHQ ZKLFK�GLIIHUHG� LQ� LQLWLDO�PD[LPXP�SRZHU�XVDJH� WRWDO VKDIWV�

FRQQHFW� WR� WKH� ULQJ�� FRPSUHVVRU� FRPELQDWLRQV�� JHRJUDSKLFDO� ORFDWLRQ� DQG� GLIIHUHQW PLQLQJ

VFKHGXOHV��7KLV�DLGV�LQ�GHWHUPLQLQJ�KRZ�UREXVW�WKH�HVWLPDWLRQ�PRGHO�LV�IRU�PLQHV�ZKLFK�KDYH�

PDQ\�RSHUDWLRQDO�GLIIHUHQFHV��

7KLV� FKDSWHU� ZLOO� IRFXV� RQ� WKH� UHVXOWV� REWDLQHG� IURP� WKH� LPSOHPHQWDWLRQ� RI� HQHUJ\�VDYLQJ�

LQLWLDWLYHV� DV�ZHOO�DV FRPSOHWH�FRPSUHVVHG�DLU�VLPXODWLRQV�FRQVWUXFWHG�WR GHWHUPLQH WKH�HIIHFW�

RI�HQHUJ\�VDYLQJ�LQLWLDWLYHV��7KLV�FKDSWHU�DLPV WR�LQGLFDWH�WKDW�WKH�UHDO�ZRUOG UHVXOWV�REWDLQHG�

FRUUHODWH�ZLWK�WKH�HVWLPDWLRQ�PRGHO��7KH�PHWKRGRORJ\�XVHG�LQ�HDFK�FDVH�VWXG\�WR�DFKLHYH�WKH�

UHVXOWV�LV�GLVSOD\HG LQ )LJXUH����

�ĂĐŬŐƌŽƵŶĚ�
ŝŶĨŽƌŵĂƚŝŽŶ

/ĚĞŶƚŝĨǇ�ŽƉƉƵƌƚƵŶŝƚŝĞƐ

/ŵƉůĞŵĞŶƚ�ĞŶĞƌŐǇ�ƐĂǀŝŶŐƐ�
ŝŶŝƚŝĂƚŝǀĞƐ

�ŽŵƉĂƌŝǀĞ�
ƌĞƐƵƚůƐ�ĂŶĚ�
ǀĞƌŝĨŝĐĂƚŝŽŶ

)LJXUH��� � &DVH�VWXG\�LQYHVWLJDWLRQ�PHWKRGRORJ\
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

��� &DVH�VWXG\���

����� %DFNJURXQG�LQIRUPDWLRQ

7KH�ILUVW�FDVH�VWXG\�LV�D�SODWLQXP�PLQLQJ�JURXS�QHDU�5XVWHQEXUJ��6RXWK�$IULFD��0RVW�PLQLQJ�

JURXSV�KDYH�PXOWLSOH�PLQHV�VKDIWV�ZKLFK�DUH�FRQQHFWHG WR�DQ LQWHUFRQQHFWHG�FRPSUHVVHG�DLU�

ULQJ��7KH�FRPSUHVVHG�DLU�ULQJ�LV�D�FORVHG�ORRS�SLSLQJ�V\VWHP�WKDW�FRQQHFWV�DOO�WKH�PLQHV�VKDIWV��

2UGLQDU\ FRPSUHVVRU� KRXVHV� VXSSO\� WKH� HQWLUH� ULQJ� ZLWK� FRPSUHVVHG� DLU�� ZKLOH� WKH� DLU� LV�

GLVWULEXWHG WR�WKH�VKDIWV�DFFRUGLQJ�WR�WKH�GHPDQG�RQ�HDFK�VKDIW��)LJXUH��� GLVSOD\V�WKH�VXUIDFH�

OD\RXW�RI�WKH�FRPSUHVVHG�DLU�ULQJ�ZLWK�DOO�VKDIWV�LQWHUFRQQHFWHG��$OO�VXSSOLHUV�DQG�FRQVXPHUV�

KDYH�EHHQ�LQGLFDWHG ZLWK�IXQFWLRQ�EORFNV��

/(*(1'

6XUIDFH 3/&

$XWRPDWLF DFWXDWHG
YDOYHV

&RPSUHVVRU

$LU 6WDWLRQ �,QF� IORZ
PHWHU DQG SUHVVXUH
WUDQVPLWWHU�

5DGLR FRPPXQLFDWLRQ

,QVWUXPHQWDWLRQ FDEOH

&RPSUHVVHG DLU SLSH

,QVWDOOHG

7R EH UH�FRPPLVVLRQHG
,QVWDOOHG� QRW RSHUDWLRQDO

3 3RZHU PHWHU

'HPDJ
9. ��B�
���0:

'HPDJ
9. ��
���0:

3 3
���P���1%

'HPDJ
9. ��B�
���0:

3

&RPSUHVVRU +RXVH ��

7RWDO 'LVWDQFH RI
3LSOLQH

�� ���P

6KDIW ��

&RQFHQWUDWRU
��

6KDIW ��

&RQFHQWUDWRU
��

'HPDJ
9. ��B�
���0:

'HPDJ
9. ��B�
���0:

3 3

'HPDJ
9. ��B�
���0:

3

'HPDJ
9. ��B�
���0:

3

'HPDJ
9. ��B�
���0:

3

6KDIW ��

6KDIW �� 6KDIW ��

���P

���1%

���1%
���P

���1%

����P

����P���1%

���1%

���P

���1%

���P

���1%

���1% ���P

����P

���1%

&RPSUHVVRU +RXVH ��

'HPDJ
9. ��B�
���0:

3

���P

3UHVVXUH WUDQVPLWWHU

0DVV IORZ PHWHU

$LU 6WDWLRQ6KDIW ��

)7 ��

���1%

)7 ��

)7 ��

)7 ��

���1%

���1%

���P

���P

)7 ��

)7 ��

)7 ��

)7 ��

)7 ��

0HWHU ,' 3LSH 6L]H �1%�
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP

)LJXUH��� � 6WXG\�FDVH����VXUIDFH�OD\RXW

7KH�FRPSUHVVHG�DLU�ULQJ�FDQ�EH�FDWHJRULVHG LQWR�WKUHH�IXQFWLRQ�EORFNV�

x 6XSSO\�

x 'LVWULEXWLRQ�

x 'HPDQG�XQLWV�



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

$�VXPPDU\�RI�WKH�FDWHJRULVHG�LQIUDVWUXFWXUH�LV�JLYHQ EHORZ��

7DEOH��� � &DVH�VWXG\����VXUIDFH�VXPPDU\

6XSSO\ 'LVWULEXWLRQ 'HPDQG

9.���� ����0:

�����NP�RI�JDOYDQLVHG�
SLSLQJ

6KDIW��� � &DUH�DQG�0DLQWHQDQFH
9.���� ����0: 6KDIW����± 3ULPDU\�6KDIW
9.���� ����0: 6KDIW����± /LQNHG�WR�6KDIW���
9.���� ����0: 6KDIW����± &DUH�DQG�0DLQWHQDQFH
9.���� ����0: 6KDIW����± 6HFRQGDU\�6KDIW
9.���± ����0: 6KDIW����± &DUH�DQG�0DLQWHQDQFH
9.���� ����0:
9.���� ����0:
9.���� ����0:

�����0: ����NP ��3URGXFWLRQ�6KDIWV

)LJXUH��� GLVSOD\V�WKH�SULPDU\�SURGXFWLRQ�VKDIW�FRQQHFWHG�WR�WKH�FRPSUHVVHG�DLU�ULQJ�RI�FDVH�

VWXG\�������OHYHOV�DUH�FRQQHFWHG�WR�WKH�YHUWLFDO�VKDIW��ZKLOH�HLJKW OHYHOV�DUH�SDUW�RI�WKH�GHFOLQH

VKDIW�

&RPSUHVVRU +RXVH ��

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

3
URG

X
FWLRQ

3URGXFWLRQ

3URGXFWLRQ

3URGXFWLRQ

3URGXFWLRQ

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

���PP

���PP

���PP

6KDIW ��

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

3URGXFWLRQ

3URGXFWLRQ

3URGXFWLRQ

3URGXFWLRQ

0DQXDO
5LQJ )HHG
9DOYH

���PP

���PP

���PP

5LQJ )HHG 5HWXUQ 3LSH
��/

���PP

���PP

���PP

���PP

���PP

���PP

���PP

���PP

���PP

���PP

���PP

���PP

0DLQ /LQH

'HGLFDWHG
0HUHQVN\

/LQH

/RDGLQJ ER[

/(*(1'

6KDIW 	 :LQGHU

&RQWURO 9DOYH

0DQXDO 9DOYH

6KDIW ��

$OWHUQDWLYH
���PP

&RPSUHVVRU

&RPSUHVVHG DLU
SLSH

)LJXUH��� � 6KDIW����	����EDVLF�XQGHUJURXQG�OD\RXW
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

)LJXUH��� GLVSOD\V�WKH�VHFRQGDU\�SURGXFWLRQ�VKDIW�FRQQHFWHG�WR�WKH�FRPSUHVVHG�DLU�ULQJ�RI�FDVH�

VWXG\����

(LJKW OHYHOV� DUH� FRQQHFWHG WR� WKH� GHFOLQH� VKDIW�� 7KH� KLJKHVW� SURGXFWLRQ� OHYHO� LV� OHYHO� ���

7KHUHIRUH� D�GHGLFDWHG�FRPSUHVVHG�DLU�SLSHOLQH� LV�FRQQHFWHG IURP WKH�VXUIDFH�RI�VKDIW��� WR

VKDIW���¶V OHYHO���

� /HYHO

6KDIW ��6KDIW ��6KDIW ��

� /HYHO

� /HYHO

� /HYHO

� /HYHO

� /HYHO

�� /HYHO

�� /HYHO

/(*(1'

6KDIW 	 :LQGHU

6KDIW � 0DLQ &$
/LQH

6KDIW � 0DLQ &$
/LQH

6KDIW � 0DLQ &$ /LQH

0DLQ &$ OLQH IURP
6KDIW ��

0DQXDO 9DOYH

)LJXUH��� � 8QGHUJURXQG OD\RXW�RI VHFRQGDU\�SURGXFWLRQ�VKDIW���

����� ,GHQWLILHG�2SSRUWXQLWLHV�

7KH�ILUVW�VWHS�LQ�WKH�LGHQWLILFDWLRQ�RI�HQHUJ\�VDYLQJV�RQ�WKH�FRPSUHVVHG�DLU�V\VWHP�RI�FDVH����

ZDV�WR�GHWHUPLQH�D�EDVHOLQH�IRU�ZHHNO\�HQHUJ\�FRQVXPSWLRQ� ,67�SRZHU�ORJJHUV�ZHUH�XVHG�WR�

FDSWXUH�GDWD�DW� WKH� LQFRPHU�SURYLGLQJ� WKH�SRZHU� WR WKH�FRPSUHVVRU� )LJXUH��� LQGLFDWHV� WKH�

SRZHU�EDVHOLQH �EOXH� FRQVWUXFWHG�XVLQJ�WKH�SUHYLRXV�ILQDQFLDO�\HDU �6HSW������± 6HSW������

YDOXHV�RI�FDVH���� 7KH�PRQWKV�RI�'HFHPEHU�DQG�-DQXDU\�ZHUH�H[FOXGHG�LQ�WKH�FRQVWUXFWLRQ�RI�

WKH�EDVHOLQH�DV�WKHVH�PRQWKV�KDYH�LUUHJXODU�ZRUNGD\�SDWWHUQV� 7KH�EDVHOLQH�UHSRUW�LV�DWWDFKHG

LQ�$SSHQGL[�5�

7KH GDUN�EOXH� DQG�GDUN�JUHHQ� OLQHV� LQ� )LJXUH��� LQGLFDWH� WKH�PRVW�SUREDEOH�EDQGZLGWK�RI�

SRWHQWLDO� HQHUJ\� VDYLQJV� DFFRUGLQJ� WR� WKH� SURSRVHG� HVWLPDWLRQ� PRGHO�� 7KH� OLJKW� EOXH OLQH�

LQGLFDWHV� WKH� HVWLPDWHG� RSWLPLVHG HQHUJ\� SURILOH� DIWHU� WKH� PRVW� FRPPRQ� HQHUJ\�VDYLQJV�

LQLWLDWLYH� KDYH� EHHQ� LPSOHPHQWHG��7KH� OLJKW� JUHHQ� LV� EDVHG RQ� WKH� UHJUHVVLRQV� GLVFXVVHG� LQ�

FKDSWHU�����
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

)LJXUH��� LQGLFDWHV�WKDW�DQ��������HQHUJ\�VDYLQJ�RSSRUWXQLW\�H[LVWV�RYHU�D����KRXU�SHULRG�

ZKLFK�DPRXQWV�WR�D�������0:K�RI�HQHUJ\�VDYLQJ��7KH�HVWLPDWHG�VDYLQJV�WKXV�DPRXQW�WR�5������

0LOOLRQ�SHU�DQQXP��7KH�XSSHU�6)$ SUHGLFWLRQ�DQG�ORZHU�6)$�SUHGLFWLRQ�JHQHUDWHG�D�VDYLQJV�

HVWLPDWLRQ�EDQGZLGWK�RI�������0:K�WR�������0:K��7KLV UHVXOWV� LQ�DQ�DQQXDO FRVW�VDYLQJV�

EDQGZLGWK�RI�5�����0LOOLRQ�WR�5������0LOOLRQ��

)LJXUH��� � &DVH����FRPSUHVVHG�DLU�SRZHU�EDVHOLQH

����� ,PSOHPHQWDWLRQ�RI�HQHUJ\�VDYLQJV�LQLWLDWLYHV

$IWHU�GHWHUPLQLQJ�WKH HVWLPDWHG VFRSH�WKDW�H[LVWHG�RQ�WKH�FRPSUHVVHG�DLU�QHWZRUN��D�FRPSOHWH�

FRPSUHVVHG�DLU�DXGLW�RI�WKH�FRPSUHVVHG�DLU�V\VWHP�ZDV�FRQGXFWHG��7KH�FRPSUHVVHG�DLU�DXGLW�

LQFOXGHG�

�� &KDUDFWHULVDWLRQ RI�FRPSUHVVRUV�

�� ,QVSHFWLRQ�RI�GLVWULEXWLRQ�SLSHV�WKDW�FRQQHFWHG�DOO�ILYH�VKDIWV

�� 6WRFN�WDNLQJ RI FRQWURO LQVWUXPHQWDWLRQ RQ�WKH�VXUIDFH�DQG�XQGHUJURXQG

�� ,QGLYLGXDO�OHYHO LQVSHFWLRQV�RI�DOO�DFWLYH�VKDIWV

�� ,QVSHFWLRQ�RI�XQGHUJURXQG�GLVWULEXWLRQ SLSHV�RQ�VKDIW����DQG���

�� 0HDVXULQJ�RI�FRPSUHVVHG�DLU�IORZ�DQG�SUHVVXUH�IRU�DOO�OHYHOV�DQG�SLSH�EUDQFKHV

�� &RQVWUXFWLRQ�RI�D�FRPSUHVVHG�DLU�VLPXODWLRQ�XVLQJ�WKH�QHFHVVDU\�SDUDPHWHUV�

3URFHVV�7RROER[70��37%��LV�D�SRZHUIXO�VLPXODWLRQ�SDFNDJH�IRU�WKHUPDO�K\GUDXOLF V\VWHPV��,W�

FDQ�EH�XVHG� WR�VLPXODWH� WKH�FRPSUHVVHG�DLU��FRROLQJ�DQG�GHZDWHULQJ�V\VWHPV� >��@�>��@�>��@��

>��@��7KH�VLPXODWLRQ�SDFNDJH�FRQVLGHUV�DOO�WKH�FRPSOH[ SDUDPHWHUV�DQG�HTXDWLRQV�IURP�VHFWLRQ�

����WR�FDOFXODWH�WKH�SRZHU�FRQVXPHG�E\�WKH�FRPSUHVVRUV��%\�FRPSDULQJ�WKH�HVWLPDWLRQ�UHVXOWV�

ZLWK�WKH�VLPXODWLRQ�UHVXOWV��WKH�UHODWLRQVKLS�EHWZHHQ�IXQGDPHQWDO�HQJLQHHULQJ�FDOFXODWLRQV�DQG�

VWDWLVWLFDO�DQDO\VLV�FDQ�EH�GHWHUPLQHG��
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&DVH����SRZHU�EDVHOLQH (VWLPDWHG�PRGHO�SUHGLFWLRQ 6)$�/RZHU 6)$�8SSHU
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

)LJXUH��� GLVSOD\V� WKH� WKHUPRG\QDPLF� DQG�SRZHU�SDUDPHWHUV�XVHG� LQ� WKH� VLPXODWLRQV� 7KH�

FRPSOHWH�VLPXODWLRQ�OD\RXW�FDQ�EH�IRXQG LQ�$SSHQGL[�6�

)LJXUH��� � 7\SLFDO�VLPXODWLRQ�FRQILJXUDWLRQ�IRU�D�FRPSUHVVRU

7KH�VLPXODWLRQ�FDQ�EH�FRQVWUXFWHG EHFDXVH�RI�WKH�LQVWUXPHQWDWLRQ�LQVWDOOHG�RQ�WKH�FRPSUHVVHG�

DLU�ULQJ��7KH�FRPSUHVVHG�DLU�PHDVXULQJ�LQVWUXPHQWDWLRQ�FRQVLVWV�RI�SRZHU�ORJJHUV�FRQQHFWHG�WR�

WKH� FRPSUHVVRU� PRWRUV�� IORZ� DQG� SUHVVXUH� ORJJHUV� FRQQHFWHG� DW� VSHFLILF� QRGHV� DQG� YDOYH�

SRVLWLRQHUV�LQVWDOOHG�ZLWK�WKH�FRPSUHVVHG�DLU�FRQWURO�YDOYHV��7KH�FRPSUHVVHG�DLU�VLPXODWLRQ�IRU�

FDVH����ZDV�FRQVWUXFWHG�XVLQJ�WKH�PHDVXUHPHQW�GDWD�SURYLGHG�E\�WKH�,QIRUPDWLRQ 0DQDJHPHQW

6\VWHP� �6&$'$�� RI� FDVH� VWXG\� ��� )LJXUH� �� VKRZV� WKH� VLPXODWLRQ� UHVXOWV� YV� WKH� DFWXDO�

PHDVXUHG�SRZHU�IURP�WKH�PRWRU�RI�WKH�FRPSUHVVRUV��7KH�DYHUDJH�SRVLWLYH�GLIIHUHQFH�LQ�SRZHU�

LV������� DQG WKH�DYHUDJH�QHJDWLYH�GLIIHUHQFH�LV��������7KHUHIRUH� WKH�GLIIHUHQFH�EDQGZLGWK�LV�

VPDOOHU�WKDQ���� 'XH�WR�WKH�DFFXUDF\�RI�WKH�VLPXODWLRQ�UHVXOWV��WKH�VLPXODWLRQV�ZHUH�XVHG�WR�

GHWHUPLQH� WKH� LPSDFW� RI� VSHFLILF� HQHUJ\�VDYLQJ� LQLWLDWLYHV� RQ� WKH� V\VWHP�� UHJDUGLQJ� SRZHU�

FRQVXPSWLRQ��IORZ�DQG�SUHVVXUH�

)LJXUH��� ± &DVH VWXG\ ���FRPSUHVVRU�SRZHU�VLPXODWLRQ�UHVXOWV
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

'XULQJ�WKH�FRPSUHVVHG�DLU� LQYHVWLJDWLRQ�SURFHVV DQG�DIWHU�WKH�VLPXODWLRQV�ZHUH�FRQVWUXFWHG�

VSHFLILF SURMHFWV�ZHUH�LGHQWLILHG��VLPXODWHG DQG�LPSOHPHQWHG��7KHVH�SURMHFWV�ZHUH�DOO�DFFRUGLQJ�

WR�WKH�PRVW�FRPPRQ�FRPSUHVVHG�DLU�LQLWLDWLYHV GLVFXVVHG�LQ�VHFWLRQ�����

7DEOH��� VKRZV�D� VXPPDU\�RI� WKH�HQHUJ\�VDYLQJ� LQLWLDWLYHV� WKDW�ZHUH� LPSOHPHQWHG RQ�FDVH�

VWXG\�����7KH�VSHFLILF�DUHD�ZKHUH�DQ LQLWLDWLYH�ZDV� LPSOHPHQWHG LV�VKRZQ LQ�JUHHQ��DQG�DQ�

LQLWLDWLYH�ZDV�QRW�LPSOHPHQWHG GXH�WR�WKH�VFRSH RU RWKHU ORJLVWLFDO UHDVRQ��JLYHQ LQ�UHG��

7DEOH��� ± &DVH VWXG\ ���LPSOHPHQWHG�HQHUJ\�VDYLQJV�LQLWLDWLYHV�VXPPDU\

(QHUJ\�6DYLQJ�
,QLWLDWLYH

5HIHUHQFH &RPSUHVVRUV 6KDIW�
��

6KDIW�
��

6KDIW�
��

6KDIW�
��

6KDIW�
��

6KDIW�
��

&RPSUHVVRU�VHWSRLQW�
FRQWURO��UHGXFWLRQ�

>��@ ; ; ;

&RPSUHVVHG�DLU�SLSH�
OHDN�LGHQWLILFDWLRQ�
DQG�UHSDLU

>��@ ; ; ; ; ; ; ;

6XUIDFH�PDLQ�
FRQWURO�YDOYH�
VFKHGXOLQJ

>��@ ; ; ; ; ; ; ;

8QGHUJURXQG�
FRPSUHVVHG�DLU�
YDOYH�LQVWDOODWLRQ�
DQG�VFKHGXOLQJ

>��@ ; ; ;

7HPSRUDU\�FORVXUH�
RI�LQDFWLYH�PLQLQJ�
OHYHOV�DQG�VXE�OHYHOV

>��@ ; ; ; ; ; ;

2SWLPLVDWLRQ RI�
FRPSUHVVHG�DLU�SLSH�
FRQILJXUDWLRQV�DQG�
SLSH�VL]LQJ�

>��@ ; ; ;

$Q LQYHVWLJDWLRQ�ZRUN� EUHDNGRZQ� DQDO\VLV� IRU� FDVH VWXG\ ��� LV� JLYHQ LQ 7DEOH� ���� 3URMHFW�

FHUWDLQW\��SURMHFW�FRPSOH[LW\�DQG�WKH�UHVRXUFHV�XVHG�DUH�WKH�PRVW�FULWLFDO YDULDEOHV��
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

7DEOH��� VKRZV�WKH�WRWDO�LPSOHPHQWDWLRQ�WLPH�IRU�HDFK�VXEVHFWLRQ��\HW�WKH�WRWDO�DPRXQW�RI�WLPH�

LV�QRW�HTXDO�WR�WKH�WRWDO�DPRXQW�RI�WLPH�RI�WKH�SURMHFW�GXH�WR�VSHFLILF WDVNV�WKDW�FRLQFLGHG� $�

WRWDO�RI����ZHHNV��VXP RI�WKH�UHG�QXPEHUV��VSHQW REWDLQLQJ�GDWD��GRLQJ�DXGLWV�DQG�VLPXODWLQJ�

WKH�HIIHFW�RI�HQHUJ\�VDYLQJV�LQLWLDWLYHV�

7DEOH��� ± &DVH VWXG\ ���FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�ZRUN�EUHDNGRZQ

(6&2�$FWLRQ�,WHP
5HTXLUHG�
7LPH

5HTXLUHG�5HVRXUFHV
1XPEHU�
RI�
3HUVRQQHO

&RPSOH[LW\�
>��� ��@

3URMHFW�
&HUWDLQW\�����
>�����@

&RQWDFW�FOLHQW ��:HHN
6HQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

2EWDLQ�SHUPLVVLRQ�WR�
LQYHVWLJDWH

��:HHNV
0XOWLSOH�(QJLQHHULQJ�
3HUVRQQHO

� � �

$FFHVV�REMHFWLRQV ��:HHN
6HQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

3URSRVH�DOWHUQDWLYH�
VROXWLRQV

��:HHN
6HQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

$UUDQJH�VLWH�YLVLWV ��:HHN -XQLRU�(QJLQHHU� � � �

2EWDLQ�OD\RXWV ��:HHNV -XQLRU�(QJLQHHU � � �

2EWDLQ�GDWD ���:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

&RPSUHVVRU�GDWD ��:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

9DOYH�GDWD ��:HHN
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

0LQLQJ�OHYHO�FRPSUHVVHG�
DLU�GDWD

��:HHN
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

&RPSUHVVHG�DLU�DXGLWV ���:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

/HYHO�LQYHVWLJDWLRQV ���:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

6XUIDFH�LQYHVWLJDWLRQV �
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

6LPXODWH ��:HHNV
0XOWLSOH�(QJLQHHULQJ�
3HUVRQQHO

� � �

)RUPXODWH�D�EDVHOLQH�
VLPXODWLRQ�PRGHO

��:HHNV
6HQLRU� 6LPXODWLRQ�
3HUVRQQHO�

� � �

9DOLGDWH�WKH�EDVHOLQH�
VLPXODWLRQ�PRGHO

��:HHN
6LPXODWLRQ� 3HUVRQQHO��
3URMHFW�(QJLQHHU

� � �

,PSOHPHQW�VLPXODWLRQ�
VFHQDULRV

��:HHN
6LPXODWLRQ� 3HUVRQQHO�
	�3URMHFW�(QJLQHHU

� � �

$QQDOLVH�VLPXODWLRQ�
VFHQDULR�UHVXOWV

��:HHN
6LPXODWLRQ� 3HUVRQQHO�
	�3URMHFW�(QJLQHHU

� � �

9HULI\�VLPXODWLRQ�
VFHQDULR�UHVXOWV

��:HHN
6LPXODWLRQ�DQG�3URMHFW�
(QJLQHHUV

� � �

6XPPDU\
���:HHNV

0XOWLSOH�(QJLQHHULQJ�
3HUVRQQHO

� � �
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

����� &RPSDUDWLYH�UHVXOWV�DQG�YDOLGDWLRQ

7KH�ZHHNGD\�SURILOHV�RI�WKH WKUHH�PRQWKV�ZHUH�WDNHQ DQG DYHUDJHG WR�GHWHUPLQH�WKH�HIIHFW�WKDW�

WKH�HQHUJ\�VDYLQJ�LQLWLDWLYHV�KDG�RQ�WKH�SRZHU�FRQVXPSWLRQ�RI�WKH�FRPSUHVVRUV¶ PRWRUV��

)LJXUH��� VKRZV�WKDW�WKH�SHDN�GULOOLQJ�VKLIW�RI�FDVH VWXG\ ���LV�IURP�������WR��������'XH�WR�

SURGXFWLRQ�WDUJHWV��WKH�PLQH�RQO\�DOORZHG�IRU�SURMHFWV�WKDW�GLG�QRW�DIIHFW WKH�SHDN�GULOOLQJ�VKLIW��

'XULQJ� WKH� HDUO\� PRUQLQJ� SHULRG� IURP� ����� ± ������ WKH� DYHUDJH� GLIIHUHQFH� EHWZHHQ� WKH�

HVWLPDWHG�YDOXH�DQG� WKH�DFWXDO�SHUIRUPDQFH�UHVXOW� LV������� 'XULQJ� WKH�HYHQLQJ�SHULRG� WKH�

DYHUDJH� GLIIHUHQFH� EHWZHHQ� WKH� HVWLPDWLRQ� PRGHO� DQG� SHUIRUPDQFH� UHVXOWV� LV ������� 7KH�

GLIIHUHQFH� EHWZHHQ� WKH� 6)$� ERXQGDU\� DQG� WKH� SHUIRUPDQFH� UHVXOWV� DUH� ������� 7KH� WRWDO�

HVWLPDWHG�GDLO\�SURILOH�HQHUJ\�VDYLQJV�ZDV������0:K� DQG WKH�WRWDO�DFWXDO�HQHUJ\�VDYLQJV�ZDV�

����� 0:K��7KXV�DQ ������� DFFXUDF\�ZDV�DFKLHYHG�E\�WKH�HVWLPDWLRQ�PRGHO��

7KH� SUHGLFWLRQ� ZDV� ������� DFFXUDWH� DQG LW� WRRN� RQO\� D� IHZ� PLQXWHV� WR� LPSOHPHQW�� 7KLV

VLJQLILFDQWO\�UHGXFHV�WKH�DPRXQW�RI�WLPH�WR�DFKLHYH�WKH�SURMHFW�FHUWDLQW\� DV�GLVFXVVHG�LQ�7DEOH�

��� $�MXQLRU�HQJLQHHU�DFTXLUHG�WKH�EDVHOLQH�GDWD�DQG�LPSOHPHQWHG�WKH�HVWLPDWLRQ�PRGHO��7KLV

VKRZV�WKDW�RQO\�D�EDVLF�XQGHUVWDQGLQJ�RI�WKH�V\VWHP�LV�UHTXLUHG��7KLV�PRGHO�DOVR�SURYLGHG�D�

SUDFWLFDO�ZD\�RI�EHQFKPDUNLQJ� WKH�SRZHU�SURILOH�RI�D�FRPSUHVVHG�DLU�QHWZRUN��7KH�PLQLQJ�

JURXS�FDQ�LPSOHPHQW�WKH�VDPH�PRGHO�WR�GHWHUPLQH�LI�WKH�VDYLQJ SRWHQWLDO�H[LVWV�RQ�RWKHU�VKDIWV��

)LJXUH��� � &DVH����SHUIRUPDQFH�PHDVXUHPHQW�UHVXOWV�YV�PRGHO�HVWLPDWLRQ
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&DVH�VWXG\����SRZHU�EDVHOLQH &DVH�VWXG\����DFWXDO�SRZHU (VWLPDWHG�PRGHO�SUHGLFWLRQ

6)$�/RZHU 6)$�8SSHU 6LPXODWLRQ�5HVXOWV
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

7KH�GD\�WR�GD\�UHVXOWV�GLIIHU VOLJKWO\��)LJXUH��� LQGLFDWHV�WKH�SURILOH�RI�D�GD\�ZKHQ�WKH�HQHUJ\�

VDYLQJ�LQLWLDWLYHV�KDG�WKH�PRVW�VLJQLILFDQW LPSDFW��7KH�HVWLPDWHG�HQHUJ\�VDYLQJV�ZDV�VHW DW������

0:K� DQG WKH� HQHUJ\� VDYLQJV� DFKLHYHG�ZDV�����0:K��7KHUHIRUH� �����RI� WKH� HVWLPDWHG�

HQHUJ\�VDYLQJ�SRWHQWLDO�ZDV�DFKLHYHG��

)LJXUH��� ± &DVH VWXG\ ���PD[LPXP�LPSDFW

��� &DVH VWXG\���

����� /D\RXW�DQG�GHVFULSWLRQ�RI�FRPSUHVVHG�DLU�QHWZRUN

7KH�VHFRQG�FDVH�VWXG\�LV�DOVR�D�SODWLQXP�PLQLQJ�JURXS��EXVLQHVV�XQLW��QHDU�5XVWHQEXUJ��6RXWK�

$IULFD��7KH�FRQILJXUDWLRQ�RI�WKLV�EXVLQHVV�XQLW�FORVHO\�UHVHPEOHV�WKH�SUHYLRXV�FDVH�VWXG\�ZKHUH�

PRUH� WKDQ� RQH� RSHUDWLRQDO� XQLW� LV� FRQQHFWHG WR� D� FRPSUHVVRU KRXVH�ZKLFK� VXSSOLHV� DOO� WKH�

FRPSUHVVHG�DLU��

)LJXUH��� GLVSOD\V�WKH�VXUIDFH�OD\RXW�RI�WKH�FRPSUHVVHG�DLU�ULQJ�SUHVHQW�LQ�FDVH�VWXG\�����7KH�

OHJHQG�WR�WKH�ULJKW�H[SODLQV�WKH�XVH�RI�VSHFLILF VFKHPDWLF�LFRQV��7KH�VHJPHQW�KLJKOLJKWHG�LQ�UHG�

LV� LQIUDVWUXFWXUH� VWLOO� SUHVHQW� EXW� QRW� FRQQHFWHG� WR� WKH� FHQWUDO FRPSUHVVHG� DLU� ULQJ�� 7KHVH�

RSHUDWLRQDO�XQLWV�DUH�DOVR�QRW�PDQDJHG�E\�WKH�PLQLQJ�JURXS�EXW�DUH VXE�FRQWUDFWHG��
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&DVH�VWXG\����SRZHU�EDVHOLQH &DVH�VWXG\����DFWXDO�SRZHU (VWLPDWHG�PRGHO�SUHGLFWLRQ

6)$�/RZHU 6)$�8SSHU 6LPXODWLRQ�5HVXOWV
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

����P

���1%

&RQFHQWUDWRU
��

6KDIW ��

/(*(1'
6XUIDFH 3/&

$XWRPDWLF DFWXDWHG
YDOYHV

&RPSUHVVRU

$LU 6WDWLRQ �,QF� IORZ
PHWHU DQG SUHVVXUH
WUDQVPLWWHU�

3HUPDQHQWO\ FORVHG

,QVWUXPHQWDWLRQ FDEOH

&RPSUHVVHG DLU SLSH

,QVWDOOHG

7R EH UH�FRPPLVVLRQHG
,QVWDOOHG� QRW RSHUDWLRQDO

3 3RZHU PHWHU

7RWDO 'LVWDQFH RI
3LSOLQH

� ���P

3UHVVXUH WUDQVPLWWHU

0DVV IORZ PHWHU

$LU 6WDWLRQ

&RPSUHVVRU +RXVH ��

'HPDJ
9. ���
���0:

&HQWDF
5; ��B�
���0:

&HQWDF
5; ��B�
���0:

3 3 3

'HPDJ
9. ��
���0:

3

'HPDJ
9. ��
���0:

3

6PHOWHU ��

6KDIW ��

&RQFHQWUDWRU ��

6KDIW ��

&HQWDF
5; ��B�
���0:

3

���1%

����P

���1%

���P

'HPDJ
9. ��
���0:

3

&RPSUHVVRU +RXVH ��

����P

���1%

���1% ���1%

0HWHU ,' 3LSH 6L]H �1%�
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP
)7�� ���PP

)7 ��

)7 ��

)7 ��

)7 ��

)7 ��

)7 ��

)7 ��

)LJXUH��� � &DVH�VWXG\����FRPSUHVVHG�DLU�ULQJ�VXUIDFH�OD\RXW

7KH�FRPSUHVVHG�DLU�ULQJ�FDQ�DOVR�EH�FDWHJRULVHG LQWR�WKUHH�IXQFWLRQ�EORFNV�� VXSSO\��GLVWULEXWLRQ�

DQG�GHPDQG�XQLWV��$�VXPPDU\�RI�WKH�FDWHJRULVHG�LQIUDVWUXFWXUH�LV�JLYHQ LQ 7DEOH����� 7KH�9.���

FRPSUHVVRU�LV�LQVWDOOHG�EXW�QRW�LQ�ZRUNLQJ FRQGLWLRQ�DQG�LV�GLVSOD\HG LQ�UHG��

7DEOH��� ± &DVH�VWXG\����VXUIDFH�VXPPDU\

6XSSO\ 'LVWULEXWLRQ 'HPDQG

9.��� ± ��� 0:

��� NP�RI�JDOYDQLVHG�
SLSLQJ

6KDIW����� 3ULPDU\�6KDIW
9.���± ��� 0: 6KDIW����± &RQWUDFWRUV�6KDIW
9.�� ± ��� 0:
&HQWDFB�� ��� 0:
&HQWDFB�� ����0:
&HQWDFB�� ����0:
9.���± ����0:

�����0: ����NP ��3URGXFWLRQ�6KDIWV
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

)LJXUH��� GLVSOD\V WKH�XQGHUJURXQG�FRPSUHVVHG�DLU�QHWZRUN�RI�VKDIW����LQ�VWXG\�FDVH����7KH�

VKDIW�LV�GLYLGHG LQWR�WZR�SDUWV��D�YHUWLFDO�VKDIW�DQG�GHFOLQH�VKDIW�VKRZQ�DW�WKH�ERWWRP�ULJKW� 7KH�

FRQILJXUDWLRQ�RI� WKH�FRPSUHVVHG�DLU� SLSHV DQG� WKH�GLIIHUHQW�FRPSUHVVHG�DLU� UHTXLUHPHQWV�RI�

HDFK� PLQLQJ� OHYHO� FRQWULEXWHV� WR� WKH� RYHUDOO� FRPSUHVVHG� DLU� GHPDQG� DQG� UHODWLQJ� SRZHU�

FRQVXPSWLRQ�RI�WKH�FRPSUHVVRUV¶�PRWRUV��

,��

�� /HYHO

6KDIW ��

,QVWDOOHG

1RW RSHUDWLRQDO

3URSRVHG

,�� �� /HYHO

�� /HYHO,��

,�� �� /HYHO

�� /HYHO,��

,�� �� /HYHO

�� /HYHO
,��

�� /HYHO,��

�� /HYHO
,��

�� /HYHO
,��

�� /HYHO
,��

,�� �� /HYHO

�� /HYHO,��

,�� �� /HYHO

/RDGLQJ
%R[

3/&

3UHVVXUH
VXVWDLQLQJ YDOYH

0DQXDO 9DOYH

)ORZ DQG 3UHVVXUH
WUDQVPLWWHUV

/HYHO ,�2 FDUG

&RPSUHVVRU

/(*(1'

,��

3LSH FRQQHFWLRQV

&RPS� +RXVH

%\SDVV

���PP

��� NP WR GHFOLQH

6
K
DI
W

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

�� /HYHO

���PP

'HFOLQH

���P

:

(

:

(

:

(

:
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:
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:

(

:
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)LJXUH��� � 6KDIW����XQGHUJURXQG�FRPSUHVVHG�DLU�OD\RXW

����� ,GHQWLILHG�2SSRUWXQLWLHV�

7KH�ILUVW�VWHS�LQ�WKH�LGHQWLILFDWLRQ�RI�HQHUJ\�VDYLQJV�RQ�WKH�FRPSUHVVHG�DLU�V\VWHP�RI�FDVH����

ZDV� WR� GHWHUPLQH� D� EDVHOLQH� IRU� ZHHNO\� HQHUJ\� FRQVXPSWLRQ�� ,67� �,QWHJUDWRUV� RI� 6\VWHPV�

7HFKQRORJ\��SRZHU�ORJJHUV�ZHUH�XVHG�WR�FDSWXUH�GDWD�DW�WKH�LQFRPHU�SURYLGLQJ�WKH�FRPSUHVVRU�

PRWRUV� ZLWK� HOHFWULFDO� SRZHU�� )LJXUH� �� GLVSOD\V� WKH� SRZHU� EDVHOLQH� IRU� FDVH� ��� �UHG�

FRQVWUXFWHG�XVLQJ�WKH�YDOXHV�IURP�WKH�SUHYLRXV�ILQDQFLDO�\HDU��6HSW������± 6HSW��������7KH�

PRQWKV�RI�'HFHPEHU�DQG�-DQXDU\�ZHUH�H[FOXGHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�EDVHOLQH�DV�WKHVH�

PRQWKV�KDYH�LUUHJXODU�ZRUNGD\�SDWWHUQV�
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

7KH�XSSHU�DQG�ORZHU�6)$��6WRFKDVWLF�)URQWLHU�$QDO\VLV��FXUYHV�DUH�WKH�ERXQGDU\�OLQHV�ZKLFK�

LQGLFDWH� WKH� PRVW� OLNHO\� DUHD� ZKHUH� UHVXOWV� ZLOO� RFFXU�� 7KH� HVWLPDWHG� SUHGLFWLRQ� PRGHO� LV�

LQGLFDWHG LQ�OLJKW�EOXH��

7KH�EDVHOLQH�UHSRUW�LV�DWWDFKHG LQ�$SSHQGL[�7��)LJXUH��� LQGLFDWHV�WKDW�DQ ������HQHUJ\�VDYLQJ�

RSSRUWXQLW\�H[LVWV�RYHU�D����KRXU�SHULRG� ZKLFK�DPRXQWV�WR�������0:K�HQHUJ\�VDYLQJ��7KLV

DPRXQWV�WR�DQ 5 ����0LOOLRQ�FRVWV�VDYLQJ�RSSRUWXQLW\�SHU�DQQXP��

7KH�XSSHU�6)$ SUHGLFWLRQ�DQG�ORZHU�6)$�SUHGLFWLRQ�JHQHUDWHG�D�VDYLQJV�HVWLPDWLRQ�EDQGZLGWK�

RI����� 0:K�WR����� 0:K��7KLV UHVXOWV�LQ�DQ�DQQXDO FRVW�VDYLQJV�EDQGZLGWK�RI�5 �����0LOOLRQ�

WR�5 ���� 0LOOLRQ�

)LJXUH��� � &DVH����FRPSUHVVHG�DLU�SRZHU�EDVHOLQH

����� ,PSOHPHQWDWLRQ�RI�HQHUJ\�VDYLQJV�LQLWLDWLYHV

$IWHU�GHWHUPLQLQJ�WKH�HVWLPDWHG�VFRSH�WKDW�H[LVWHG�RQ�WKH�FRPSUHVVHG�DLU�QHWZRUN� D�FRPSOHWH�

FRPSUHVVHG�DLU�DXGLW�RI�WKH�FRPSUHVVHG�DLU�V\VWHP�ZDV�FRQGXFWHG��7KH�FRPSUHVVHG�DLU�DXGLW�

LQFOXGHG�

�� &KDUDFWHULVDWLRQ RI�FRPSUHVVRUV�DW�FRPSUHVVRU�KRXVH����

�� ,QVSHFWLRQ�RI�GLVWULEXWLRQ�SLSHV�WKDW�FRQQHFWHG�VKDIW����DQG�VKDIW���

�� 6WRFNWDNLQJ RI�FRQWURO�LQVWUXPHQWDWLRQ�RQ�VXUIDFH�DQG�XQGHUJURXQG

�� ,QGLYLGXDO�OHYHO LQVSHFWLRQV�DW�VKDIW���

�� ,QVSHFWLRQ�RI�XQGHUJURXQG�GLVWULEXWLRQ�SLSHV�RQ�VKDIW���

�� 7KH�PHDVXULQJ�RI�FRPSUHVVHG�DLU�IORZ�DQG�SUHVVXUH�IRU�DOO�OHYHOV�DQG�SLSH�EUDQFKHV

�� &RQVWUXFWLRQ�RI�D�FRPSUHVVHG�DLU�VLPXODWLRQ�XVLQJ�WKH�QHFHVVDU\�SDUDPHWHUV

�
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&DVH����SRZHU�EDVHOLQH (VWLPDWHG�PRGHO�SUHGLFWLRQ 6)$�/RZHU 6)$�8SSHU
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

3URFHVV�7RROER[70��37%��ZDV�XVHG�WR�GHYHORS�D�FRPSOHWH�FRPSUHVVHG�DLU�VLPXODWLRQ�RI�WKH�

FRPSUHVVHG�DLU�QHWZRUN�ZLWKLQ�WKH�OLPLWV�RI�WKH�SDUDPHWHUV�PDGH�DYDLODEOH�E\�WKH�PLQLQJ�JURXS��

)LJXUH��� GLVSOD\V�D�SLHFH RI�WKH�VLPXODWLRQ�FRQVWUXFWHG�IRU�FDVH�VWXG\�����7KH�WKHUPDO�DQG�

FRPSUHVVHG�DLU�SDUDPHWHUV�XVHG�LQ�WKH�VLPXODWLRQ�DUH�DOVR�YLVLEOH��7KH�IXOO�VLPXODWLRQ�OD\RXW�LV�

DWWDFKHG LQ�$SSHQGL[�8� %\�FRPSDULQJ�WKH�HVWLPDWLRQ�UHVXOWV�ZLWK�WKH�VLPXODWLRQ�UHVXOWV��WKH�

UHODWLRQVKLS� EHWZHHQ� IXQGDPHQWDO� HQJLQHHULQJ� FDOFXODWLRQV� DQG� VWDWLVWLFDO� DQDO\VLV� ZDV�

GHWHUPLQHG�

)LJXUH��� � &DVH����VLPXODWLRQ�VQLSSHW�ZLWK�SDUDPHWHUV

7KH� FRPSUHVVHG� DLU�PHDVXULQJ� LQVWUXPHQWDWLRQ� FRQVLVWV� RI� SRZHU� ORJJHUV� FRQQHFWHG� WR� WKH�

FRPSUHVVRU� PRWRUV�� IORZ� DQG� SUHVVXUH� ORJJHUV� FRQQHFWHG� DW� VSHFLILF� QRGHV� DQG� YDOYH�

SRVLWLRQHUV�LQVWDOOHG�ZLWK�WKH�FRPSUHVVHG�DLU�FRQWURO�YDOYHV��7KH�FRPSUHVVHG�DLU�VLPXODWLRQ�IRU�

FDVH����ZDV�FRQVWUXFWHG�XVLQJ�WKH�PHDVXUHPHQW�GDWD�SURYLGHG�E\�WKH�,QIRUPDWLRQ�0DQDJHPHQW�

6\VWHP��6&$'$���

)LJXUH��� DQG�)LJXUH��� VKRZ� WKH�VLPXODWLRQ� UHVXOWV�YV� WKH�DFWXDO�EDVHOLQH SRZHU� IURP� WKH�

PRWRU�RI�WKH�FRPSUHVVRUV��7KH�DYHUDJH�SRVLWLYH�GLIIHUHQFH�LQ�SRZHU�LV�������DQG WKH�DYHUDJH�

QHJDWLYH�GLIIHUHQFH�LV����� ���7KHUHIRUH��WKH�GLIIHUHQFH�EDQGZLGWK�LV�VPDOOHU�WKDQ�����

'XH�WR�WKH�DFFXUDF\�RI�WKH�VLPXODWLRQ�UHVXOWV��WKH�VLPXODWLRQV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�LPSDFW�

RI�VSHFLILF�HQHUJ\�VDYLQJ�LQLWLDWLYHV�RQ�WKH�V\VWHP��UHJDUGLQJ�SRZHU�FRQVXPSWLRQ��IORZ�DQG�

SUHVVXUH���7KH�VLPXODWLRQV�ZLOO�EH�XVHG�WR�YDOLGDWH�HVWLPDWHG�SURILOH�SURYLGHG�E\�WKH�SURSRVHG�

VWDWLVWLFDO� PRGHO�� $V� WKH� VLPXODWLRQV� DUH� EDVHG� RQ� IXQGDPHQWDO� WKHUPRG\QDPLF� DQG� IOXLG�

FDOFXODWLRQV�� LW� ZLOO� YDOLGDWH� LI� WKH� VWDWLVWLFDO� DSSURDFK� DGKHUHV� WR� WKH� YDULDEOHV� LQIOXHQFLQJ�

SRZHU�FRQVXPSWLRQ��
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

)LJXUH��� � &DVH�VWXG\����EDVHOLQH�VLPXODWLRQ�UHVXOWV

'XULQJ�WKH�FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�SURFHVV� DQG�DIWHU�WKH�VLPXODWLRQV�ZHUH�FRQVWUXFWHG��

VSHFLILF SURMHFWV�ZHUH� LGHQWLILHG DQG� LPSOHPHQWHG��7KHVH�SURMHFWV�ZHUH�DOO�DFFRUGLQJ� WR� WKH�

PRVW�FRPPRQ�FRPSUHVVHG�DLU�LQLWLDWLYHV�GLVFXVVHG�LQ�VHFWLRQ������7DEOH��� VKRZV�D�VXPPDU\�

RI� WKH� HQHUJ\�VDYLQJ� LQLWLDWLYHV� WKDW�ZHUH� LPSOHPHQWHG LQ FDVH� VWXG\� ���� 7KH� VSHFLILF� DUHD�

ZKHUH�DQ�LQLWLDWLYH�ZDV�LPSOHPHQWHG� RU�ZKLFK�ZDV�DIIHFWHG� LV�VKRZQ LQ�JUHHQ� WKH FRORXU�UHG�

LV� DVVLJQHG WR�ZKHUH�DQ LQLWLDWLYH�ZDV�QRW� LPSOHPHQWHG GXH� WR� WKH�VFRSH RU�RWKHU� ORJLVWLFDO

UHDVRQ�

7DEOH��� � &DVH�VWXG\����LPSOHPHQWHG�HQHUJ\�VDYLQJV�LQLWLDWLYHV�VXPPDU\

(QHUJ\�6DYLQJ�,QLWLDWLYH 5HIHUHQFH &RPSUHVVRUV 6KDIW��� 6KDIW���

&RPSUHVVRU�VHWSRLQW�FRQWURO�
�UHGXFWLRQ�

>��@ ; ; ;

&RPSUHVVHG�DLU�SLSH�OHDN�
LGHQWLILFDWLRQ�DQG�UHSDLU

>��@��>��@ ; ; ;

6XUIDFH�PDLQ�FRQWURO�YDOYH�
VFKHGXOLQJ

>��@ ; ; ;

8QGHUJURXQG�FRPSUHVVHG�DLU�YDOYH�
LQVWDOODWLRQ�DQG�VFKHGXOLQJ

>��@

7HPSRUDU\�FORVXUH�RI�LQDFWLYH�
PLQLQJ�OHYHOV�DQG�VXE�OHYHOV

>��@ ;

2SWLPLVDWLRQ RI�FRPSUHVVHG�DLU�
SLSH�FRQILJXUDWLRQV�DQG�SLSH�
VL]LQJ�

>��@��>��@

������
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'LIIHUHQFH $FWXDO�EDVHOLQH 6LPXODWHG�EDVHOLQH
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

$Q� LQYHVWLJDWLRQ�ZRUN� EUHDNGRZQ� DQDO\VLV� IRU� FDVH VWXG\ ��� LV� JLYHQ LQ 7DEOH� ���� 3URMHFW�

FHUWDLQW\��SURMHFW�FRPSOH[LW\�DQG�WKH�UHVRXUFHV�XVHG�DUH�WKH�PRVW�FULWLFDO YDULDEOHV��7DEOH���

VKRZV�WKH�WRWDO�LPSOHPHQWDWLRQ�WLPH�IRU�HDFK�VXEVHFWLRQ��\HW�WKH�WRWDO�DPRXQW�RI�WLPH�LV�QRW�

HTXDO�WR�WKH�WRWDO�DPRXQW�RI�WLPH�RI�WKH�SURMHFW� GXH�WR�VSHFLILF WDVNV�WKDW�FRLQFLGHG� $�WRWDO�RI�

���ZHHNV��VXP RI�WKH�UHG QXPEHUV��VSHQW REWDLQLQJ�GDWD��GRLQJ�DXGLWV�DQG�VLPXODWLQJ�WKH�HIIHFW�

RI�HQHUJ\�VDYLQJV�LQLWLDWLYHV��

7DEOH��� � &DVH����&RPSUHVVHG�DLU�LQYHVWLJDWLRQ�ZRUN�EUHDNGRZQ

(6&2�$FWLRQ�,WHP
5HTXLUHG�
7LPH

5HTXLUHG�5HVRXUFHV 1XPEHU�
RI�

3HUVRQQHO

&RPSOH[LW\�

>��� ��@

3URMHFW�
&HUWDLQW\�����
>�����@

&RQWDFW�FOLHQW ��:HHN
6HQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

2EWDLQ�SHUPLVVLRQ�WR�
LQYHVWLJDWH

��:HHNV
0XOWLSOH�(QJLQHHULQJ�
3HUVRQQHO

� � �

$FFHVV�REMHFWLRQV ��:HHN
6HQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

3URSRVH�DOWHUQDWLYH�
VROXWLRQV

��:HHN
6HQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

$UUDQJH�VLWH�YLVLWV ��:HHN -XQLRU�(QJLQHHU� � � �

2EWDLQ�OD\RXWV ��:HHNV -XQLRU�(QJLQHHU � � �

2EWDLQ�GDWD ��:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

&RPSUHVVRU�GDWD ��:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

9DOYH�GDWD ��:HHN
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

0LQLQJ�OHYHO�FRPSUHVVHG�
DLU�GDWD

��:HHN
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

&RPSUHVVHG�DLU�DXGLWV ���:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO

� � �

/HYHO�LQYHVWLJDWLRQV ��:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

6XUIDFH�LQYHVWLJDWLRQV ��:HHNV
-XQLRU� (QJLQHHULQJ�
3HUVRQQHO�

� � �

6LPXODWH ��:HHNV
0XOWLSOH�(QJLQHHULQJ�
3HUVRQQHO

� � �

)RUPXODWH�D�EDVHOLQH�
VLPXODWLRQ�PRGHO

��:HHNV
6HQLRU� 6LPXODWLRQ�
3HUVRQQHO�

� � �

9DOLGDWH�WKH�EDVHOLQH�
VLPXODWLRQ�PRGHO

��:HHN
6LPXODWLRQ� 3HUVRQQHO��
3URMHFW�(QJLQHHU

� � �

,PSOHPHQW�VLPXODWLRQ�
VFHQDULRV

��:HHN
6LPXODWLRQ� 3HUVRQQHO�
	�3URMHFW�(QJLQHHU

� � �

$QQDOLVH�VLPXODWLRQ�
VFHQDULR�UHVXOWV

��:HHN
6LPXODWLRQ� 3HUVRQQHO�
	�3URMHFW�(QJLQHHU

� � �

9HULI\�VLPXODWLRQ�
VFHQDULR�UHVXOWV

��:HHN
6LPXODWLRQ�DQG�3URMHFW�
(QJLQHHUV

� � �

6XPPDU\ ���:HHNV
0XOWLSOH�(QJLQHHULQJ�
3HUVRQQHO

� � �
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

����� &RPSDUDWLYH�UHVXOWV�DQG�YDOLGDWLRQ

7KH�ZHHNGD\�SURILOHV�RI�WKUHH�PRQWKV�ZHUH�WDNHQ DQG DYHUDJHG WR�GHWHUPLQH�WKH�HIIHFW�WKDW�WKH�

HQHUJ\�VDYLQJ� LQLWLDWLYHV� KDG� RQ� WKH� SRZHU� FRQVXPSWLRQ� RI� WKH� FRPSUHVVRUV¶� PRWRUV��

)LJXUH��� VKRZV�WKDW�WKH�SHDN�GULOOLQJ�VKLIW�RI�FDVH VWXG\ ���LV�IURP�������WR��������

'XH�WR�SURGXFWLRQ�WDUJHWV��WKH�PLQH�RQO\�DOORZHG�IRU�SURMHFWV�WKDW�GLG�QRW�DIIHFW�WKH�SHDN�GULOOLQJ�

VKLIW� 'XULQJ�WKH�HDUO\�PRUQLQJ�SHULRG�IURP������± ������ WKH�DYHUDJH�GLIIHUHQFH�EHWZHHQ�WKH�

HVWLPDWHG�YDOXH��OLJKW�EOXH��DQG�WKH�DFWXDO�SHUIRUPDQFH �RUDQJH� UHVXOW�ZDV �������

'XULQJ� WKH� HYHQLQJ� SHULRG� WKH� DYHUDJH� GLIIHUHQFH� EHWZHHQ� WKH� HVWLPDWLRQ� PRGHO� DQG�

SHUIRUPDQFH� UHVXOWV� DUH� �������� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� 6)$� ERXQGDU\� DQG� WKH�

SHUIRUPDQFH� UHVXOWV�ZHUH �������7KH�6)$�ERXQGDU\�SUHGLFWHG�D�PLQLPXP�RI�������0:K�

HQHUJ\�VDYLQJ�SRWHQWLDO��7KH�DFWXDO�VDYLQJV�H[FHHGHG�WKH�6)$�SUHGLFWHG�PLQLPXP�E\�������

0:K��

)LJXUH��� � &DVH�VWXG\����SHUIRUPDQFH�PHDVXUHPHQW�UHVXOWV�YV�PRGHO�HVWLPDWLRQ

7KH� WRWDO�HVWLPDWHG�GDLO\�SURILOH�HQHUJ\�VDYLQJV�ZDV����� 0:K�DQG WKH�WRWDO�DFWXDO�HQHUJ\�

VDYLQJV�ZDV������ 0:K��7KXV� D������� DFFXUDF\�ZDV�DFKLHYHG E\�WKH�HVWLPDWLRQ�PRGHO�

&RQVWUDLQWV�OLPLWLQJ�WKH�HQHUJ\�HIILFLHQF\�LQLWLDWLYHV�ZHUH�LGHQWLILHG� DQG�D�WHVW�ZDV�FRQGXFWHG�

WR�GHWHUPLQH�WKH�VDYLQJV�LI�WKH�FRQVWUDLQWV�KDYH�EHHQ�PLWLJDWHG���7KH�UHVXOWV�LQGLFDWHG�WKDW WKH�

PRGHO�HVWLPDWLRQ�ZDV ��� DFFXUDWH� SUHGLFWLQJ�D�������0:K�VDYLQJ�
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&DVH�VWXG\����SRZHU�EDVHOLQH &DVH�VWXG\�����DFWXDO�SRZHU (VWLPDWHG�PRGHO�SUHGLFWLRQ

6)$�/RZHU 6)$�8SSHU 6LPXODWLRQ�5HVXOWV
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&DVH�VWXG\��� ��

7ZR�VLJQLILFDQW FRQVWUDLQWV OLPLWHG WKH�HQHUJ\�VDYLQJV�SRWHQWLDO�RI�WKH�FRPSUHVVHG�DLU�V\VWHP�

RI�FDVH VWXG\ ����7KH�ILUVW�ZDV�D�FRPSUHVVHG�DLU�FRQILJXUDWLRQ�UHVWULFWLRQ�ZKLFK�RQO\�DOORZHG�

IRU� WKH�9.���� �����0:�� FRPSUHVVRU� WR� EH� XVHG GXULQJ� RII�SHDN� SHULRGV�� 7KH� FRPSUHVVRU�

SRZHU�XVDJH�FRXOG�QRW�EH�GHFUHDVHG IXUWKHU�WKDQ�����0: XVLQJ�WKH�JXLGH�YDQH�FRQWUROOHU� DV�

WKH�ULVN�IRU�D�VXUJH�FRQGLWLRQ�LQFUHDVHG��

7KH�VHFRQG�FRQVWUDLQW�ZDV�WKH�DFWXDWLQJ�FRQWURO�YDOYH�ZKLFK�FRQWUROOHG�WKH�RSHQLQJ�DQG�FORVLQJ�

RI�WKH�VNLS�GRRUV RQ�VKDIW�����7KH�YDOYH�LV�UHVWULFWLQJ�H[KDXVW�IORZ�IURP�WKH�DFWXDWRU��FUHDWLQJ�

D�EDFN�SUHVVXUH� 7KH�RSHQLQJ�IRUFH�RI�WKH�DFWXDWLQJ�DUP�LV�UHGXFHG�UHVXOWLQJ�LQ�DQ�LQHIIHFWLYH

RSHUDWLRQ�RI�WKH�VNLSV� 7KLV HUURU UHVXOWHG�LQ�D�KLJKHU�SUHVVXUH GHPDQG�GXULQJ�QRQ�SHDN�GULOOLQJ�

VKLIW��OHDGLQJ�WR�KLJKHU�SRZHU�FRQVXPSWLRQ�E\�WKH�FRPSUHVVRU�PRWRUV��&DVH�VWXG\����DQG����

KDYH� GLIIHUHQW� ORDGLQJ� ER[� DQG� VNLS� GRRU� PHFKDQLVPV� $� EXVLQHVV FDVH ZDV� VXEPLWWHG� WR�

PLWLJDWH�WKH�HUURU EXW KDV�QRW�\HW�EHHQ�HQIRUFHG��

$�SUHVVXUH�UHGXFWLRQ�WHVW�ZDV�FRQGXFWHG ZKLFK�GHFUHDVHG�WKH�RSHUDWLQJ�SUHVVXUH�XQWLO�QRUPDO�

RSHUDWLRQV�ZHUH�QHJDWLYHO\�DIIHFWHG�E\�WKH�SUHVVXUH�GHFUHDVH� )LJXUH��� GLVSOD\V�WKH�DYHUDJH�

SHUIRUPDQFH� �UHG�� ZLWK� D� FRPSDULVRQ WR� WKH� SUHVVXUH� UHGXFWLRQ� WHVW� SURILOH� �\HOORZ��� $�

VLJQLILFDQW�GHFUHDVH�LQ�SRZHU�LV�VKRZQ LQ�WKH�HYHQLQJ�SHULRG�IURP�������± �������7KLV LQGLFDWHV�

WKDW�IXUWKHU�VFRSH�IRU�HQHUJ\�VDYLQJV�H[LVWV�RQFH�WKH�DFWXDWLQJ�FRQWURO�DUPV�DUH�UHSODFHG��7KH�

HQHUJ\�VDYLQJV�HVWLPDWLRQ�LQFUHDVHG�IURP�����WR�����RI�WKH�DFWXDO�HQHUJ\�VDYHG�GXULQJ�WKH�

GURS�WHVW��7KLV�LQFUHDVH�ZDV�IURP�������0:K�WR�������0:K��

)LJXUH��� � &DVH�VWXG\����GURS�WHVW�FRPSDULVRQ�UHVXOWV
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3UHVVXUH�SHGXFLRQ�SRZHU�SURILOH (VWLPDWHG�PRGHO�SUHGLFWLRQ

$YHUDJH�PHDVXUHG�SHUIRUPDQFH�UHVXOWV 6LPXODWLRQ�5HVXOWV
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�5HVRXUFH�FRPSDULVRQ ��

��� 5HVRXUFH�FRPSDULVRQ

7DEOH��� � (6&R�� UHVRXUFH�FRPSDUULVRQ

1RUPDO�0HWKRGRORJ\ 6WDWLVWLFDO�0HWKRG

$FWLRQ 7LPH 5HVRXUFHV 7LPH 5HVRXUFHV

&RQWDFW�FOLHQW �

��(
QJLQHHUV

�

��(
QJLQHHUV

2EWDLQ�SHUPLVVLRQ�WR�
LQYHVWLJDWH

�� �

2EWDLQ�GDWD �� �

&RPSUHVVHG�DLU�DXGLWV �� �

6LPXODWH �� �

'HWHUPLQH�)HDVLELOLW\
���:HHNV ��:HHNV

7KH� GHFUHDVH� LQ� WLPH� VSHQW� WR� GHWHUPLQH� WKH� IHDVLELOLW\� RI� FRPSUHVVHG� DLU� HQHUJ\� VDYLQJV�

LQLWLDWLYHV�DOVR�KDG�PXOWLSOH�LQGLUHFW�HIIHFWV��

�� ,W� HQVXUHV� WKDW� DQ�(6&R� FDQ� GHWHUPLQH� WKH� VFRSH� RI� FRPSUHVVHG� DLU� SURMHFWV�

EHIRUH�FRQWUDFWV�FDQ�EH�QHJRWLDWHG�ZLWK�WKH FOLHQW�PLQHV��

�� ,W�GHFUHDVHV�WKH�WLPH�WKDW�PLQLQJ�FOLHQWV�QHHG�WR�ZDLW�WR�VHH�WKH�SRWHQWLDO�LPSDFW�

WKDW�DQ�(6&R FDQ�KDYH������ZHHNV�LQ�WKLV�FDVH�DV�LQYHVWLJDWLRQ�ZHUH�FRQGXFWHG�

VLPXOWDQHRXVO\��

�� ,W�HQVXUHV�WKDW�PLQHV�FDQ�VXEPLW�EXGJHWV�IRU�QHFHVVDU\�LQIUDVWUXFWXUH�ZKLFK�ZLOO�

EH� UHTXLUHG��$V�EXVLQHVV�XQLWV�DQG�GHSDUWPHQWV� DUH�FROODERUDWLQJ�RQ�D� VLQJOH�

FRPSUHVVHG�DLU�ULQJ��EXGJHWV�QHHG�WR�EH�SURSRVHG�E\�DQG�DSSURYHG�EHIRUHKDQG��

VRPHWLPHV�EHLQJ�D� \HDU� LQ�DGYDQFHG�� �7KLV�HQVXUHV WKDW�FDSLWDO� FDQ�EH�PDGH�

DYDLODEOH� DW� WKH� DSSRLQWHG� WLPH� ± UHGXFLQJ� WKH� LPSOHPHQWDWLRQ� WLPH� RI� WKH�

LQLWLDWLYHV���,Q�WKLV�FDVH�WKH�(6&R�QHHGHG�WR ZDLW����PRQWKV�WR�VXEPLW�D�EXGJHW�

SURSRVDO��

,I HQHUJ\�VDYLQJ�LQLWLDWLYHV�ZHUH�QRW�IHDVLELOLW\��WKH�WLPH�VSHQW�RQ�WKHVH�QRQ�IHDVLEOH�SURMHFWV�

FRXOG� EH� VSHQW� HOVHZKHUH� ± VDYLQJ� WKH� SHUVRQQHO� FRVW� RI� �� HQJLQHHUV� IRU� ��� ZHHNV��

,PSOHPHQWDWLRQ�RI�SURMHFWV�RQ�ORFDWLRQV�ZHUH�WKH�IHDVLELOLW\�RI�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�/LPLWDWLRQV�DQG�FRQVWUDLQWV ��

LQLWLDWLYHV�ZHUH�GHWHUPLQHG�FDQ�EH�IDVW�WUDFNHG���$FFRUGLQJ�WR�3D\6FDOH�FRP�>��@ WKH�SHUVRQQHO�

FRVW�ZKLFK�FRXOG�KDYH�EHHQ�VDYHG�LQ�WKLV�FDVH LV�DYHUDJHG�DW� 5 �����0LOOLRQ��ZKLOH�FRVW�IRU�

XVLQJ� WKH� VWDWLVWLFDO� PHWKRG� RQO\� DPRXQWHG� WR� 5����������

7KLV�ZRXOG�KDYH�VDYHG�5������0LOOLRQ�LQ�SHUVRQQHO FRVWV��

��� /LPLWDWLRQV�DQG�FRQVWUDLQWV

'XULQJ�WKH�LGHQWLILFDWLRQ�RI�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�SRWHQWLDO�DQG�WKH�LPSOHPHQWDWLRQ�RI�

FRPSUHVVHG� DLU� HQHUJ\�VDYLQJ� LQLWLDWLYHV� WZR� VLJQLILFDQW FRQVWUDLQWV�ZHUH� LGHQWLILHG�� 7KHVH�

LQFOXGH�FDSLWDO�DQG�FRQWURO�FRQVWUDLQWV��(DFK�RI�WKHVH�FRQVWUDLQWV�LV�GLVFXVVHG LQ�WKH�IROORZLQJ�

VHFWLRQV��

&DSLWDO�H[SHQGLWXUH

6RPH� RI� WKH� SURMHFWV� UHTXLUHG� FDSLWDO� WR� HLWKHU� XSJUDGH� RU� LQVWDOO� QHZ� LQIUDVWUXFWXUH�� 7KLV�

SURFHVV�LV�VXEMHFW�WR�PXOWLSOH�UROH�SOD\HUV ZKR�QHHG WR�DSSURYH�WKH�UHOHDVH�RI�FDSLWDO�IURP�WKH�

FOLHQW� PLQH�� %HFDXVH� RI� EXGJHWLQJ� DQG� WLPH� FRQVWUDLQWV�� LQGLYLGXDO SURMHFWV� FRXOG� QRW� EH�

LPSOHPHQWHG�� )RU� FDVH� VWXG\���� D� SLSH�UHSODFHPHQW� SURMHFW�ZDV� GHOD\HG��7KLV� SURMHFW� FDQ�

IXUWKHU� UHGXFH� HQHUJ\ FRQVXPSWLRQ� LQ� WKH� HYHQLQJ� SHULRG��)RU� FDVH� VWXG\����� WKH� DFWXDWLQJ�

YDOYHV�FRQILJXUDWLRQ�QHHGV�WR�EH�UHSODFHG��DOVR�LQFUHDVLQJ�WKH�VFRSH�IRU�HQHUJ\�VDYLQJV�

&RQWURO�RI�FRPSUHVVHG�DLU�QHWZRUN

,UUHJXODU�FRQWURO�RI�FRPSUHVVHG�DLU�QHWZRUN�FDXVHG�LQFRQVLVWHQW�UHVXOWV��0XOWLSOH�RSHUDWRUV�DQG�

PXOWLSOH� SHUVRQDO� PDQDJLQJ� FRPSUHVVHG� DLU� V\VWHPV� GR� QRW� DOZD\V� DGKHUH� WR� VXJJHVWHG�

RSHUDWLQJ�SURFHGXUHV�RU�VFKHGXOHV��

7KHUHIRUH�� WKH�SHUIRUPDQFH�RI� WKH�FRPSUHVVHG�DLU�QHWZRUN�GRHV�QRW�DOZD\V�VWD\�FRQVLVWHQW��

,QWULFDWH� V\VWHPV� OLNH� FRPSUHVVHG� DLU� QHWZRUNV� UHTXLUH� VNLOOHG� DQG� GLVFLSOLQHG�

SHUVRQQHO�PDQDJHUV��
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _� ��

��� &RQFOXVLRQ

7KH�PRVW�FRPPRQ�HQHUJ\�VDYLQJ�LQLWLDWLYHV�RQ�FRPSUHVVHG�DLU�V\VWHPV�ZHUH�LPSOHPHQWHG LQ

WZR� GLIIHUHQW� FDVH� VWXGLHV� ZKLFK� YDULHG� LQ� SRZHU� FRQVXPSWLRQ�� WRSRORJ\� DQG� RSHUDWLQJ�

VFKHGXOHV�� ,Q� ERWK� FDVHV� DQ HVWLPDWLRQ�PRGHO�ZDV� XVHG� WR� HVWLPDWH� WKH� DFKLHYDEOH� HQHUJ\�

VDYLQJV�LI�WKH�PRVW�FRPPRQ�HQHUJ\�VDYLQJ�LQLWLDWLYHV�ZHUH�WR�EH�LPSOHPHQWHG�� 7KH�HVWLPDWHG�

UHVXOWV�ZHUH�����DQG������DFFXUDWH�� UHVSHFWLYHO\� $OVR� WKH� WLPH� LW� WRRN� WR�REWDLQ�GDWD��GR�

FRPSUHVVHG�DLU� DXGLWV�DQG�VLPXODWH� WKH�HIIHFWV�RI�HQHUJ\�VDYLQJV� LQLWLDWLYHV� WRRN� ���DQG����

ZHHNV�UHVSHFWLYHO\��%\�XVLQJ�WKH�FRVW�VDYLQJV�HVWLPDWLRQ�PRGHO��WKH�DFWLRQ�WR�LPSOHPHQW�WKH�

HQHUJ\�VDYLQJV�LQLWLDWLYHV�FRXOG�EH�DSSURYHG PRUH�WKDQ�KDOI�D�\HDU�HDUOLHU��

7R�REWDLQ� WKH�HVWLPDWHG� UHVXOWV� D� W\SLFDO�PRQWKO\� DYHUDJHG����KRXU�SURILOH�ZDV XVHG DV�DQ�

LQSXW�SDUDPHWHU��7\SLFDOO\ FRPSUHVVHG�DLU�VLPXODWLRQV� DQG�RWKHU�SUHGLFWLRQ�PHWKRGV� UHTXLUH�

PXOWLSOH�FRPSOH[�SDUDPHWHUV DV� LQSXWV��7KH� LQYHVWLJDWHG� HVWLPDWLRQ� UHVXOWV�FDQ�EH�REWDLQHG

ZLWKLQ�D�GD\��ZKHUH�DV�FRQGXFWLQJ�VRSKLVWLFDWHG�FRPSUHVVHG�DLU�LQYHVWLJDWLRQV�FDQ�WDNH�VHYHUDO�

PRQWKV� DV�VKRZQ�LQ�HDFK�FDVH�VWXG\��

7DEOH��� DQG�7DEOH��� VXPPDULVH�WKH�UHVRXUFHV�WKDW�D�W\SLFDO�(6&R�VSHQW�RQ�GHWHUPLQLQJ�WKH�

IHDVLELOLW\�RI�D�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�LQLWLDWLYHV�RQ�WZR�FRPSUHVVHG�DLU�ULQJV��$OWKRXJK�

WKH�WZR�FRPSUHVVHG�DLU�ULQJV�KDG�GLIIHUHQW�OHYHOV�RI�FRPSUHVVHG�DLU�RSWLPLVDWLRQ�LQIUDVWUXFWXUH��

DGYDQFHG�FRPSUHVVHG�DLU�DXGLWV�DQG�VLPXODWLRQV�ZDV�UHTXLUHG�WR�GHWHUPLQH�IHDVLELOLW\�RI�VDLG�

LQLWLDWLYHV��7DEOH��� VXPPDULVHV�WKH�WLPH�DQG�KXPDQ�UHVRXUFHV�LW�WRRN�DQ�(6&R�WR�SUHVHQW�D�

IHDVLELOLW\�VWXG\�XVLQJ�WKH�QRUPDO�HQJLQHHULQJ�SURFHVV�DV�VWDWHG�E\�-RXEHUW�>��@��DV�ZHOO�DV�WKH�

VWDWLVWLFDO�PHWKRG�VXJJHVWHG�E\�WKLV�VWXG\���7DEOH��� GLVSOD\V�WKH�GHFUHDVH�RI����ZHHNV�WR�ILYH�

ZHHNV�DQG�WKH�GHFUHDVH�RI�SHUVRQQHO�IURP�HLJKW�HQJLQHHUV�WR�WZR��$�SRWHQWLDO�RI�5������0LOOLRQ�

FRXOG�DOVR�KDYH�EHHQ�VDYHG�LQ�WKH�HYHQW�WKDW�WKH�FRPSUHVVHG�DLU�HQHUJ\�VDYLQJV�LQLWLDWLYHV�ZHUH�

QRW�SURYHQ�IHDVLEOH��

7KH�GHYHORSHG�FRVW�VDYLQJ HVWLPDWLRQ�PRGHO�SURYLGHG�WKH�IROORZLQJ�UHVXOWV�

x 7KH� WLPH� UHTXLUHG� WR� HVWLPDWH� WKH� VDYLQJ� SRWHQWLDO� RI� WKH� FRPSUHVVHG� DLU� V\VWHPV�

DFFXUDWHO\ ZDV�VLJQLILFDQWO\�UHGXFHG�

x $FFXUDWH�SUHGLFWLRQV�ZHUH�REWDLQHG��ZKLFK�FRUUHODWHG�ZLWK�UHDO�ZRUOG�UHVXOWV��

x 7KH�UHVRXUFH�UHTXLUHG�WR�DSSO\�WKH�PRGHO�ZDV�RQO\�RQH�MXQLRU�HQJLQHHU��
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&KDSWHU�� _�,PSOHPHQWDWLRQ�	�YDOLGDWLRQ _�&RQFOXVLRQ ��

x 7KH�UHVXOWV�REWDLQHG�E\�LPSOHPHQWLQJ�FRPSUHVVHG�DLU�LQLWLDWLYHV�ZHUH�DFFHSWDEOH�WR�WKH�

PLQLQJ�JURXS��7KXV� WKH�SURMHFW�FHUWDLQW\�DV�SUHGLFWHG�E\�WKH�HVWLPDWLRQ�PRGHO�LV�DOVR�

UHJDUGHG DV�DFFHSWDEOH��7KH�VXUYH\�PHQWLRQHG�LQ�&KDSWHU���VKRZHG�WKDW�DQ�DYHUDJH�RI�

��RXW�RI����SURMHFW�FHUWDLQW\�ZDV�REWDLQHG DIWHU�VLPXODWLRQV�KDYH�EHHQ�FRQVWUXFWHG��7KH�

SURMHFW�FHUWDLQW\�SUHVHQWHG�E\�WKH�HVWLPDWLRQ�PRGHO�LV�����DQG������UHVSHFWLYHO\���

x 7KLV�PRGHO�SURYLGHG�D�PLQLQJ�JURXS�ZLWK�D�YDOXDEOH�EHQFKPDUNLQJ�PHWKRG�WR�HYDOXDWH�

WKH� HQHUJ\�VDYLQJ SRWHQWLDO� RI� PXOWLSOH� PLQHV� LQ� WKH� JURXS�� � 7KLV DOVR� HQVXUHV� WKH�

UREXVWQHVV�RI�WKH�HVWLPDWLRQ�PRGHO��
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&KDSWHU�� _�&RQFOXVLRQ�	�UHFRPPHQGDWLRQV _�&RQFOXVLRQ ��

&+$37(5��� &21&/86,21�	�

5(&200(1'$7,216

��� &RQFOXVLRQ

7KH�SDVW�GHFDGH�KDV�ZLWQHVVHG�D�6RXWK $IULFDQ�HOHFWULFLW\�WDULII LQFUHDVH�RI������ ZLWK�D�IXUWKHU�

����DQQXDO�LQFUHDVH�VXEPLWWHG�WR�WKH�1DWLRQDO�(QHUJ\�5HJXODWRU�RI�6RXWK�$IULFD�IRU�DSSURYDO��

7KLV�GUDPDWLF�LQFUHDVH�LQ�HOHFWULFLW\�FRVW�KDV PDGH�LW�FUXFLDO�IRU�LQGXVWULHV�WR�UHWKLQN�KRZ�WKH\�

LPSOHPHQW�DQG�PDQDJH�WKHLU�LQIUDVWUXFWXUH��

7KLV�VWXG\�DLPHG WR�LQYHVWLJDWH�WKH�IHDVLELOLW\�RI�D�FRVW�VDYLQJ�LGHQWLILFDWLRQ�PRGHO�ZKLFK�DLPV�

WR� GHWHUPLQH� WKH� FRVW�VDYLQJ� SRWHQWLDO� RI� D� PLQH¶V� FRPSUHVVHG� DLU� V\VWHP�� 7KUHH� VWXG\�

REMHFWLYHV�ZHUH�LGHQWLILHG ZKLFK�ZRXOG HQVXUH�WKDW�WKH�VWXG\�DLP ZDV PHW�

7KH� ILUVW� REMHFWLYH� ZDV� WR� FRPSOHWH� UHVHDUFK� RQ� FRPSUHVVHG� DLU� SRZHU� SURILOHV�� RSHUDWLQJ�

VFKHGXOHV�DQG�FRPSUHVVHG�DLU�PDQDJHPHQW� WHFKQLTXHV��7KH� WRROV�SUHYLRXV� UHVHDUFKHUV KDYH�

XVHG�WR�HVWLPDWH�WKH�FRVW�VDYLQJ�SRWHQWLDO�RI�FRPSUHVVHG�DLU�V\VWHPV�ZHUH�DOVR�LQYHVWLJDWHG DQG�

HYDOXDWHG��:LWKLQ�WKH�OLWHUDWXUH�VWXG\��D�QHZ�SDUDPHWHU�³(QHUJ\�5HGXFWLRQ�5DWLR´��(55��ZDV�

LGHQWLILHG�WR�KROG�WKH�PRVW�VLJQLILFDQW SURPLVH�IRU�DFFXUDWH HVWLPDWLRQV��7KXV� WKH�ILUVW�REMHFWLYH�

ZDV�VXFFHVVIXOO\�PHW��

7KH�VHFRQG�REMHFWLYH�ZDV�PHW E\�GHYHORSLQJ�D�FRVW�VDYLQJ LGHQWLILFDWLRQ�PRGHO�LQ�FKDSWHU�����

± ����ZKLFK�

x 'HFUHDVHG�WKH�WLPH�WR�PDNH�DQ�DFFXUDWH�SRWHQWLDO�FRVW�VDYLQJ HVWLPDWLRQ�IRU�FRPSUHVVHG�

DLU�V\VWHPV�

x 3URYLGHG�DFFXUDWH HVWLPDWLRQV�FRPSDUHG�WR�GHWDLOHG�VLPXODWLRQV�

x 8VHG�IHZHU UHVRXUFHV� �SHUVRQQHO��HTXLSPHQW�DQG� WLPH�� WR�REWDLQ� WKH�HVWLPDWLRQ� WKDQ�

SUHYLRXV�PHWKRGV�

x 3URYLGHG� DQ� DFFHSWDEOH� OHYHO� RI� FHUWDLQW\� WKDW� WKH� PRVW� FRPPRQ� FRPSUHVVHG� DLU�

LQLWLDWLYHV�ZLOO�SURGXFH�WKH�HVWLPDWHG�UHVXOWV��

x 3URYLGHG�D�G\QDPLF�EHQFKPDUNLQJ�PHWKRG�IRU�D����KRXU�FRPSUHVVHG�DLU�SRZHU�SURILOH�
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&KDSWHU�� _�&RQFOXVLRQ�	�UHFRPPHQGDWLRQV _�&RQFOXVLRQ ��

7KH�WKLUG�REMHFWLYH�ZDV�WR�YDOLGDWH�WKH�FRVW�VDYLQJ LGHQWLILFDWLRQ PRGHO�E\�LPSOHPHQWLQJ�LW�RQ�

PXOWLSOH� FDVH� VWXGLHV� WR� WHVW� LWV� UREXVWQHVV�� &KDSWHU� �� LPSOHPHQWHG� WKH� FRVW� VDYLQJV�

LGHQWLILFDWLRQ�PRGHO�LQ WZR�FDVH�VWXGLHV��7KH�HVWLPDWHG�VDYLQJV�IRU�FDVH�VWXG\����ZDV�5����

0LOOLRQ� ZKLOH�WKH�DFWXDO�VDYLQJV�ZHUH�5���� 0LOOLRQ��7KH�HVWLPDWHG�VDYLQJV�IRU�FDVH�VWXG\����

ZHUH 5�����0LOOLRQ��DQG WKH�DFWXDO�VDYLQJV�ZHUH 5����0LOOLRQ��7KLV LV�EDVHG RQ�WKH�WKUHH�PRQWK

DYHUDJH�SURILOHV�RI� WKH�WZR�FDVH�VWXGLHV��%RWK�PLQHV¶ FRPSUHVVHG�DLU�V\VWHPV�VWLOO�KDYH�RQ�

JRLQJ�SURMHFWV� ZKLFK�LQGLFDWH�WKDW�WKHUH�LV VWLOO�VFRSH�WR�LQFUHDVH�WKH�DFWXDO VDYLQJV�

7KH�VWXG\�REMHFWLYHV�ZHUH�DGGUHVVHG E\�LQYHVWLJDWLQJ�WRROV SUHYLRXVO\�XVHG�E\�UHVHDUFKHUV�LQ�

WKH�VDPH�ILHOG DQG�XVLQJ�WKHVH�WRROV�WR�FRQVWUXFW�D�FXVWRPLVHG�VROXWLRQ� &KDSWHU���GHWHUPLQHG�

WKH�FRPSOH[LW\�RI�WKH�IDFWRUV�LQIOXHQFLQJ�FRPSUHVVHG�DLU�SRZHU�SURILOHV��&KDSWHU�����SURYLGHG�

D� VWDWLVWLFDO� LQYHVWLJDWLRQ�ZKLFK GHWHUPLQHG�ZKHWKHU D�FRUUHODWLRQ�H[LVWV�EHWZHHQ� WKH�SRZHU�

SURILOHV�RI�FRPSUHVVHG�DLU�V\VWHPV��7KH�DFWXDO FRPSUHVVHG�DLU�SRZHU�SURILOHV�RI����PLQHV�ZHUH�

XVHG�WR�LQYHVWLJDWH�SRVVLEOH�UHODWLRQVKLSV��7KH�LQIRUPDWLRQ�XVHG�ZDV�YHULILHG E\�0	9�WHDPV�

DQG�WKH�UHVXOWV�YHULILHG�E\�(VNRP��

&KDSWHU ���� LQGLFDWHG WKDW� WKH� ODUJHU� WKH� V\VWHP�� WKH� KLJKHU WKH� VFRSH� IRU� HQHUJ\� VDYLQJ

RSSRUWXQLWLHV�� +RZHYHU� LW� FRXOG� QRW� EH� XVHG� WR� VKRZ� SUHFLVHO\ KRZ�PXFK� FDQ� EH� VDYHG��

0D[LPXP� DYHUDJH�DQG�PLQLPXP�YDOXHV�VXPPDULVLQJ�WKH����KRXU�SURILOHV�ZHUH�XVHG� EXW QR�

VLJQLILFDQW�FRUUHODWLRQ�FRXOG�EH�GHWHUPLQHG��7KH�(QHUJ\�5HGXFWLRQ�5DWLR��(55� SDUDPHWHUV�

ZHUH�LGHQWLILHG�DV�WKH�EHVW�VWDWLVWLFDO�SDUDPHWHU�WR�EH�XVHG LQ�WKH�GHYHORSPHQW�RI�D�FRVW�VDYLQJ

LGHQWLILFDWLRQ�PRGHO��

,Q� &KDSWHU� ���� WKH� GDWD� IRU� ��� PLQHV� ZDV XVHG� WR� FUHDWH� D� UHJUHVVLRQ� IRUPXOD� ZLWK� JRRG

UHJUHVVLRQ� FRHIILFLHQWV� UDQJLQJ� EHWZHHQ� ���� DQG� ���� RYHU� QLQH� SHULRGV�� 7RJHWKHU� WKHVH�

SHULRGV� IRUPHG� D� ���KRXU� UHJUHVVLRQ�PRGHO�ZKLFK� FRXOG� HVWLPDWH� WKH� HQHUJ\�VDYLQJ� VFRSH�

SUHVHQW�RQ�D�GHHS�OHYHO�PLQH��

7KH�SULPDU\�REMHFWLYH�RI�PLQHV�LV WR�H[WUDFW�RUH��DQG�WKHUHIRUH�PLQHV�DUH�OHVV�SURQH�WR�DOORZ�

IRU�HQHUJ\�VDYLQJ�LQLWLDWLYHV�WR�EH�FRQGXFWHG�GXULQJ�SHDN�GULOOLQJ�VKLIWV��7KH�GDWD�IRU�WKLV�SHULRG�

ZDV� YHU\� GLVWRUWHG�� DQG QR� VLJQLILFDQW FRUUHODWLRQ� �5� �� ����� ZDV� IRXQG�� 7KHUHIRUH�� WKH�

HVWLPDWLRQ�PRGHO�ZDV� UHVWULFWHG� WR�QRQ�SHDN�GULOOLQJ� VKLIWV� IURP�������± ������ DQG�������

������
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&KDSWHU�� _�&RQFOXVLRQ�	�UHFRPPHQGDWLRQV _�&RQFOXVLRQ ��

,Q�&KDSWHU�����WKH�HVWLPDWLRQ�PRGHO�ZDV�UHILQHG ZKHQ�RXWOLHUV�LQ�WKH�UHJUHVVLRQ�PRGHO ZHUH

LGHQWLILHG��7KLV OHG�WR�DQ�DGMXVWPHQW�RI�WKH�EDVH SRZHU�HVWLPDWLRQ PRGHO��3UHYLRXV�UHVHDUFKHUV¶�

UHVXOWV�YDOLGDWHG�WKH�UHILQHG�PRGHO� DQG WKH�G\QDPLF�(55�RSHUDWLQJ�UDQJH�RI�WKH�PRGHO�ZDV�

DOVR�YHULILHG��7KH�PRGHO�LV�WKXV�VXLWDEOH�IRU�DQ\�FRPSUHVVHG�DLU�V\VWHP�RQ�D�GHHS�OHYHO�PLQH�

ZKLFK�KDV�D�EDVHOLQH�(55�ORZHU�WKDQ�����LQ�WKH�PRUQLQJ�DQG�ORZHU�WKDQ�����LQ�WKH�HYHQLQJV��

7KH�PRGHO�ZDV�FRQVWUXFWHG IRU�QLQH GLIIHUHQW�SHULRGV�DQG� WKHUHIRUH� LQGLYLGXDO�SHULRGV�FDQ�EH�

XVHG�WR�GHWHUPLQH�WKH�SRWHQWLDO�HQHUJ\�VDYLQJV�IRU�D�V\VWHP�GXULQJ�D�VSHFLILF�WLPH��

,Q�&KDSWHU��� WKH� LPSOHPHQWDWLRQ�RI� WKH� HQHUJ\�VDYLQJ� LQLWLDWLYHV�ZDV FRQGXFWHG E\�PLQLQJ�

SHUVRQQHO DQG�D�WKLUG�SDUW\�(6&R��7KH�PRGHO�ZDV�XVHG�E\�WKH�(6&R�WR�GHWHUPLQH�WKH�VFRSH�RI�

WKH�HQHUJ\�VDYLQJV RQ�WKH�FRPSUHVVHG�DLU�V\VWHPV��7KH�QRUPDO�FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�

SURFHVV� ZDV� IROORZHG DV� D� UHIHUHQFH� SURFHGXUH�� 7KH� LPSOHPHQWDWLRQ� RI� WKH�PRVW� FRPPRQ�

FRPSUHVVHG� DLU� HQHUJ\� VDYLQJV� LQLWLDWLYHV� UHVXOWHG� LQ� FRVW� VDYLQJV� EHLQJ� DFKLHYHG��$� MXQLRU�

HQJLQHHU�JDWKHUHG�WKH�EDVHOLQH�GDWD�DQG�XVHG�WKH�PRGHO��ZKLFK�SURYLGHG�DFFHSWDEOH�UHVXOWV�LQ�

FRPSDULVRQ�WR�WKH�W\SLFDO FRPSUHVVHG�DLU�LQYHVWLJDWLRQ�RXWSXWV��

7KH�FRVW�VDYLQJV�HVWLPDWLRQ�PRGHO�SURYHG ����DQG�����DFFXUDWH�LQ�SUHGLFWLQJ�WKH�FRVW�VDYLQJ�

SRWHQWLDO�RI�WZR�FDVH�VWXGLHV��7KH�FRVW�HVWLPDWLRQ�PRGHO�ZDV�LPSOHPHQWHG E\�D�MXQLRU�HQJLQHHU�

DQG�RQO\�UHTXLUHG�WKH�SRZHU�EDVHOLQH�DV LQSXW�IRU�WKH�HQWLUH�FDVH�VWXG\��6LJQLILFDQW�WLPH�FRXOG�

KDYH� EHHQ VDYHG� DQG� HQJLQHHULQJ� UHVRXUFHV� VSDUHG� E\� LPSOHPHQWLQJ� WKH� FRVW� VDYLQJV�

LGHQWLILFDWLRQ PRGHO� LQ� ERWK� FDVH� VWXGLHV�� 7KLV� VXFFHVVIXOO\� YDOLGDWHG WKH� FRVW� VDYLQJV�

LGHQWLILFDWLRQ PRGHO�

6HFWLRQ���� VXPPDULVHV�WKH�WLPH�DQG�KXPDQ�UHVRXUFHV�LW�WRRN�DQ�(6&R WR�SUHVHQW�D�IHDVLELOLW\�

VWXG\�XVLQJ�WKH�QRUPDO�HQJLQHHULQJ�SURFHVV�DV�VWDWHG�E\�-RXEHUW�>��@��DV�ZHOO�DV�WKH�VWDWLVWLFDO�

PHWKRG�VXJJHVWHG�E\�WKLV�VWXG\���6HFWLRQ���� GLVSOD\V�WKH�GHFUHDVH�RI����ZHHNV�WR�ILYH�ZHHNV�

DQG�WKH�GHFUHDVH�RI�SHUVRQQHO�IURP�HLJKW�HQJLQHHUV�WR�WZR��$�SRWHQWLDO�RI�5������0LOOLRQ�FRXOG�

DOVR�KDYH�EHHQ�VDYHG UHJDUGLQJ�SHUVRQQHO�FRVWV LQ� WKH�HYHQW� WKDW� WKH�FRPSUHVVHG�DLU�HQHUJ\�

VDYLQJV�LQLWLDWLYHV ZHUH�QRW�SURYHQ�IHDVLEOH�

$V�D�UHVXOW��DOO�REMHFWLYHV�ZHUH�PHW DQG�WKH�SULPDU\�REMHFWLYH�WR�FRQVWUXFW�D�FRPSUHVVHG�DLU�

FRVW VDYLQJV�LGHQWLILFDWLRQ�PRGHO ZDV VXFFHVVIXOO\�DFKLHYHG�
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&KDSWHU�� _�&RQFOXVLRQ�	�UHFRPPHQGDWLRQV _�6KRUWFRPLQJV�DQG�UHFRPPHQGDWLRQV ��

��� 6KRUWFRPLQJV�DQG�UHFRPPHQGDWLRQV

,W�ZDV�IRXQG WKDW�WKH�FRQVWUXFWHG�PRGHO�VDWLVILHG�WKH�VWXG\�REMHFWLYH��1HYHUWKHOHVV��NH\�DUHDV�

ZKHUH�OLPLWDWLRQV�ZHUH�LGHQWLILHG RU�ZKHUH�LPSURYHPHQWV�FDQ�EH�PDGH QHHG�WR�EH�PHQWLRQHG��

7KLV� ZLOO� HQVXUH� WKDW� HQHUJ\�VDYLQJ� LGHQWLILFDWLRQ� SURFHVVHV� FDQ� FRQWLQXH� WR� EHFRPH PRUH�

DFFXUDWH��XVHIXO DQG�UREXVW��

)LUVWO\��WKHUH�DUH�PRUH�WKDQ����GHHS�OHYHO�PLQHV�LQ�6RXWK�$IULFD�ZKLFK�XVH�FRPSUHVVHG�DLU�IRU�

WKH�PLQLQJ�RSHUDWLRQV��,W�LV�LPSRVVLEOH�WR�FROOHFW�UHOLDEOH�GDWD�IURP�DOO�PLQHV�GXH�WR�SULYDF\�

FRQVWUDLQWV��OLPLWHG�LQIUDVWUXFWXUH�DQG�WKH�DFFHVVLELOLW\�RI�GDWD��7KHUHIRUH� WKH�PRUH�GDWD�VHWV�

WKDW�FDQ�EH�DFTXLUHG��WKH�JUHDWHU WKH�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FRPSUHVVHG�

DLU�SRZHU�SURILOHV�ZLOO�EH��,W�LV�SURSRVHG�WR�FRQWLQXDOO\�DGG�GDWD�DQG�GDWD�VHWV�WR�WKH�VWDWLVWLFDO�

PRGHO� WR�H[SDQG� WKH�QXPEHU�RI�FDVHV�XVHG� LQ� WKH�PRGHO�JHQHUDWLRQ��$�JUHDWHU�GDWD�VHW�ZLOO�

DOORZ�IRU�EHWWHU�DQG�PRUH�UHDOLVWLF�VWDWLVWLFDO�FDOFXODWLRQV�

6HFRQGO\��LW�LV�UHFRPPHQGHG WR VHSDUDWH WKH�VXPPHU�DQG�ZLQWHU�PRQWK�VDPSOHV��7KLV LV�GXH�WR�

WKH� WKHUPRG\QDPLF HIIHFWV� WKDW� WKH� WHPSHUDWXUH� GLIIHUHQFHV� KDYH RQ� FRPSUHVVHG� DLU RYHU�

VSHFLILF�VHDVRQV�RI�WKH�\HDU��$�PRUH�H[WHQVLYH YDULHW\�RI�GDWD�VHWV�DUH�UHTXLUHG�WR�GR�WKLV��7KXV�

WKH�ILUVW�UHFRPPHQGDWLRQ�VKRXOG�EH�SULRULWLVHG��

7KLUGO\�� HQHUJ\�VDYLQJ� LQLWLDWLYHV DUH EHFRPLQJ PRUH� IHDVLEOH DQG WKHUHIRUH WKH�

LQVWUXPHQWDWLRQ�RI PLQHV�ZLOO�EH�XSJUDGHG�WR�HQVXUH�WKH�VXVWDLQDELOLW\�RI�WKHVH�LQLWLDWLYHV� $V�D�

UHVXOW�� PRUH� PLQHV� DUH� LQVWDOOLQJ� EHWWHU� PRQLWRULQJ� HTXLSPHQW�� $V� WKH� UHVROXWLRQ� RI� GDWD�

EHFRPHV� KLJKHU�� PRUH� LQ�GHSWK VWXGLHV� FDQ� EH� FRQGXFWHG� 8VLQJ� ZHOO�LQVWUXPHQWHG�

PLQHV�FRPSUHVVHG�DLU�V\VWHPV�WR�FRQGXFW�VWXGLHV�LV DGYLVHG� DV�WKLV�OLPLWV�WKH�VFRSH�IRU�HUURU��

)RXUWKO\��XVLQJ�PLQHV�ZLWK�WKH�VDPH�RSHUDWLQJ�VFKHGXOH�ZLOO�SUHVHQW�EHWWHU�UHVXOWV��'XH�WR�WKH�

QDWXUH�RI�PLQHV��ODERXU�ODZV�DQG�XQLRQV��WKHVH�VFKHGXOHV�DUH�QRW�DOZD\V�VWULFWO\�IROORZHG��QRU�

DUH�WKH�VFKHGXOHV�OLNH RWKHU�PLQHV��:LWK�WKH�GHYHORSPHQW�RI�FHQWUDOLVHG�EODVWLQJ�SUDFWLFH��PLQHV�

DUH�EHFRPLQJ�PRUH�VWUXFWXUHG�DQG�VWULFWHU�ZLWK�WKHLU�VFKHGXOHV� ZKLFK�ZLOO�SURYH�DGYDQWDJHRXV�

IRU�IXWXUH�VWXGLHV��

)LIWKO\�� WKH�GHVLJQHG�PRGHO�ZDV�EXLOW�XVLQJ� WKH�GDWD�RI�RWKHU�PLQHV�ZKLFK�KDG�XQLTXH� WLPH�

VFKHGXOHV��7KH�RSHUDWLRQDO�VFKHGXOHV�RI�D�PLQH�VKRXOG�EH�FRQVXOWHG�EHIRUH�LPSOHPHQWLQJ�WKLV�

PRGHO�RQ�WKHLU�GDWD��0LQRU�GHYLDWLRQV����KRXU�VKLIWV��DUH�DFFHSWDEOH�EXW�LI�WKH�RUGHU�RI�PLQLQJ�
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&KDSWHU�� _�&RQFOXVLRQ�	�UHFRPPHQGDWLRQV _�6KRUWFRPLQJV�DQG�UHFRPPHQGDWLRQV ��

VKLIWV� LV� GLIIHUHQW� WR� WKRVH� XVHG� LQ� WKH� PRGHO� ± WKH� UHVXOWV� ZLOO� QRW� EH� DFFXUDWH��

+RZHYHU�± EHFDXVH�WKH�VKLIWV�KDYH�EHHQ�EURNHQ�GRZQ�LQWR�EORFNV�± DQ�LQYHVWLJDWRU�FDQ�VWLOO�XVH�

WKH�VSHFLILF�IXQFWLRQ�SURGXFHG�E\�WKH�HVWLPDWLRQ�PRGHO�IRU�WKDW�VKLIW��

6L[WKO\��PDMRU�XSJUDGHV��ODUJH�VHFWLRQ�FORVXUHV�DQG�LUUHJXODU�LQIUDVWUXFWXUH�FROODSVHV�KDYH�QRW�

EHHQ�FRQVLGHUHG��7KH�SURSRVHG�PRGHO�ZLOO�EH�PRVW�DFFXUDWH�IRU�PLQHV�ZKLFK�GR�QRW�SODQ�PDMRU�

LQIUDVWUXFWXUH� FKDQJHV� LQ� WKH� SUHFHGLQJ� �� \HDUV�� � 7KLV� LV� GXH� WR� WKH� SD\EDFN� SHULRG� RI� WKH�

RSWLPLVDWLRQ�PHWKRGV�XVXDOO\�EHLQJ�OHVV�WKDQ���\HDUV��

/DVWO\��WKH VWXG\�RQO\�IRFXVVHV�RQ�GHWHUPLQLQJ�IHDVLELOLW\�RI�VDYLQJ�RSSRUWXQLWLHV�DQG�LV�GRHV�

JLYH�JXLGDQFH�UHJDUGLQJ�ZKLFK�SURFHGXUH�WR�IROORZ�WR�REWDLQ�WKHVH�UHVXOWV��$�OLVW�RI�FRPPRQ�

FRPSUHVVHG�DLU�RSWLPLVDWLRQ�PHWKRGV�KDV�EHHQ�PHQWLRQHG�DQG�UHVHDUFK�H[SODLQLQJ�KRZ�WKHVH�

SURMHFWV�ZHUH�LPSOHPHQWHG�FDQ�EH�IRXQG�LQ�UHIHUHQFHV�>�����@�

7KH UHFRPPHQGDWLRQV OLVWHG� ZLOO� SRVLWLYHO\� FRQWULEXWH� WR� IXWXUH� VWXGLHV� LQ� WKLV� DUHD� RI�

LQYHVWLJDWLRQ�� 2QH� RI� WKH� PRVW� VLJQLILFDQW FKDOOHQJHV LV� WR� HQVXUH� WKDW� HQHUJ\� VDYLQJV� DQG�

SURGXFWLRQ�LQFUHDVHV�FR�H[LVW��%\�PDNLQJ�PLQHV�DZDUH�RI�RSWLPLVLQJ�V\VWHPV��HQHUJ\�VDYLQJV�

DQG�SURGXFWLRQ�LQFUHDVHV�FDQ�EH�WKH�IXWXUH�IRU�PLQHV�LQ�6RXWK�$IULFD�
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%,%/,2*5$3+<

>�@ 1��6LQJK��³:HDWKHULQJ�WKH�µSHUIHFW�VWRUP¶�IDFLQJ�WKH�PLQLQJ�VHFWRU�´�-RXUQDO�RI�WKH�6RXWKHUQ�

$IULFDQ�,QVWLWXWH�RI�0LQLQJ�DQG�0HWDOOXUJ\��YRO�������SS�����±����������

>�@ $��/DQH��-��*X]HN��DQG�:��YDQ�$QWZHUSHQ��³7RXJK�FKRLFHV�IDFLQJ�WKH�6RXWK�$IULFDQ�PLQLQJ�

LQGXVWU\�´�-RXUQDO�RI�WKH�6RXWKHUQ�$IULFDQ�,QVWLWXWH�RI�0LQLQJ�DQG�0HWDOOXUJ\��YRO�������SS�����±

����������

>�@ 0��0RWLDQJ�DQG�5��1HPEDKH��³(QHUJ\�SULFH�UHSRUW������´�'HSDUWPHQW�RI�(QHUJ\�6RXWK�$IULFD��

3UHWRULD��SS����±���������

>�@ (VNRP�+ROGLQJV�62&�/WG��³,QWHJUDWHG�$QQXDO�)LQDQFLDO�5HSRUW����0DUFK������´�HGLWLRQ����

0DUFK��(VNRP�+ROGLQJV�62&�/WG��-RKDQQHVEXUJ��6RXWK�$IULFD��SS���±����������

>�@ ³7UDGLQJHFRQRPLFV�´� >2QOLQH@��$YDLODEOH�� KWWSV���WUDGLQJHFRQRPLFV�FRP�� >$FFHVVHG�� ���0DU�

����@�

>�@ 3ULFHZDWHUKRXVH&RRSHUV��³+LJKOLJKWLQJ�WUHQGV�LQ�WKH�6RXWK�$IULFDQ�PLQLQJ�LQGXVWU\�´�6$�0LQH��

HGLWLRQ����S�����������

>�@ -��,��*��%UHGHQNDPS��³5HFRQILJXULQJ�PLQLQJ�FRPSUHVVHG�DLU�QHWZRUNV�IRU�FRVW�VDYLQJV�´�0�(QJ�

'LVVHUWDWLRQ�� &HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK�:HVW�

8QLYHUVLW\��3UHWRULD�������

>�@ 6��0RXVDYL��.��6DPL��DQG�%��.RUQIHOG��³(QHUJ\�(IILFLHQF\�RI�&RPSUHVVHG�$LU�6\VWHPV�´� LQ�

&RQIHUHQFH�RQ�/LIH�&\FOH�(QJLQHHULQJ�(QHUJ\��YRO������SS�����±����������

>�@ (VNRP� +ROGLQJV� 62&� /WG�� ³7KH� (QHUJ\� (IILFLHQF\� VHULHV�´� (VNRP� +ROGLQJV� 62&� /WG��

-RKDQQHVEXUJ��6RXWK�$IULFD��S����������

>��@ 5�� 6DLGXU��1��5DKLP�� DQG�0��+DVDQX]]DPDQ�� ³$� UHYLHZ� RQ� FRPSUHVVHG�DLU� HQHUJ\� XVH� DQG�

HQHUJ\�VDYLQJV�´�5HQHZDEOH�DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV��YRO������HGLWLRQ����SS������±������

0D\������

>��@ )��%HQHGHWWL��0LULDP��%RQID��³([SORUDWLYH�VWXG\�RQ�&RPSUHVVHG�$LU�6\VWHPV¶�HQHUJ\�HIILFLHQF\�

LQ�SURGXFWLRQ�DQG�XVH��)LUVW�VWHSV�WRZDUGV�WKH�FUHDWLRQ�RI�D�EHQFKPDUNLQJ�V\VWHP�IRU�ODUJH�DQG�

HQHUJ\�LQWHQVLYH�LQGXVWULDO�ILUPV�´�$SSOLHG�(QHUJ\��YRO�������SS�����±����������

>��@ )��'R\OH�DQG�-��&RVJURYH��³$Q�DSSURDFK�WR�RSWLPLVLQJ�FRPSUHVVHG�DLU�V\VWHPV�LQ�SURGXFWLRQ�

RSHUDWLRQV�´�,QWHUQDWLRQDO�-RXUQDO�RI�$PELHQW�(QHUJ\��YRO������HGLWLRQ����SS�����±����������
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>��@ 5��&KULVWLH��³(OHFWULFLW\��,QGXVWU\�DQG�&ODVV�LQ�6RXWK�$IULFD�´ �VW�HG��1HZ�<RUN��86$��6WDWH�

8QLYHUVLW\�RI�1HZ�<RUN�3UHVV�������

>��@ 'DUOLQJ� 3HWHU�� ³60(� 0LQLQJ� (QJLQHHULQJ� +DQGERRN� ��UG� (GLWLRQ��´� 6RFLHW\� IRU� 0LQLQJ��

0HWDOOXUJ\��DQG�([SORUDWLRQ��60(���SS�����±����������

>��@ +�� -RXEHUW�� -�� YDQ�5HQVEXUJ�� DQG�5��3HO]HU�� ³(QHUJ\� HIILFLHQF\�RSSRUWXQLWLHV� UHVXOWLQJ� IURP�

VSOLWWLQJ�D�FRPSUHVVHG�DLU�ULQJ�´������3URFHHGLQJV�RI�WKH��WK�&RQIHUHQFH�RQ�WKH�,QGXVWULDO�DQG�

&RPPHUFLDO�8VH�RI�(QHUJ\��,&8(���SS����±���������

>��@ $��-��0��9DQ�7RQGHU��³$XWRPDWLRQ�RI�FRPSUHVVRU�QHWZRUNV�WKURXJK�D�G\QDPLF�FRQWURO�V\VWHP�´�

3K�'� 7KHVLV�� &HQWUH� IRU� 5HVHDUFK� DQG &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK� :HVW�

8QLYHUVLW\��3UHWRULD�������

>��@ 3D\VFDOH�� ³0HFKDQLFDO� (QJLQHHU� 6DODU\�´� >2QOLQH@�� $YDLODEOH��

KWWSV���ZZZ�SD\VFDOH�FRP�UHVHDUFK�=$�-RE 0HFKDQLFDOB(QJLQHHU�6DODU\��� >$FFHVVHG�� ���

0DU�����@�

>��@ +��3��5��-RXEHUW��³,PSURYHG�ULVN�PDQDJHPHQW�SURFHVVHV�IRU�6RXWK�$IULFDQ�LQGXVWULDO�(6&RV�´�

3K�'� 7KHVLV�� &HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK�:HVW�

8QLYHUVLW\��3UHWRULD�������

>��@ &��-��5��.ULHO��-��+��0DUDLV��DQG�0��.OHLQJHOG��³0RGHUQLVLQJ�XQGHUJURXQG�FRPSUHVVHG�DLU�'60�

SURMHFWV�WR�UHGXFH�RSHUDWLQJ�FRVWV�´�LQ������3URFHHGLQJ�RI�WKH���WK�&RQIHUHQFH�RQ�WKH�,QGXVWULDO�

DQG�&RPPHUFLDO�8VH�RI�(QHUJ\���,&8(��������

>��@ *�� '�� %ROW�� -�� 9HQWHU�� DQG� -�� )�� 9DQ� 5HQVEXUJ�� ³'\QDPLF� FRPSUHVVRU� VHOHFWLRQ�´� LQ� �����

3URFHHGLQJV�RI�WKH��WK�&RQIHUHQFH�RQ�WKH�,QGXVWULDO�DQG�&RPPHUFLDO�8VH�RI�(QHUJ\���,&8(���

SS����±���������

>��@ -�� -RQNHU�� ³$XWRPDWHG� PLQH� FRPSUHVVHG� DLU� FRQWURO� IRU� VXVWDLQDEOH� VDYLQJV�´� 0�(QJ�

'LVVHUWDWLRQ�� &HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK� :HVW�

8QLYHUVLW\��3UHWRULD�������

>��@ 0��+��3��9DQ�1LHNHUN��6��:��9DQ�+HHUGHQ��DQG�-��)��9DQ�5HQVEXUJ��³7KH�LPSOHPHQWDWLRQ�RI�D�

'\QDPLF�DLU�&RPSUHVVRU�6HOHFWRU�V\VWHP�LQ�PLQHV�´�LQ������3URFHHGLQJV�RI�WKH���WK�&RQIHUHQFH�

RQ�WKH�,QGXVWULDO�DQG�&RPPHUFLDO�8VH�RI�(QHUJ\���,&8(���SS�����±����������

>��@ -��9HQWHU��³'HYHORSPHQW�RI�D�G\QDPLF�FHQWULIXJDO�FRPSUHVVRU�VHOHFWRU�IRU�ODUJH�FRPSUHVVHG�DLU�

QHWZRUNV� LQ� WKH�PLQLQJ� LQGXVWU\�´�0�(QJ�'LVVHUWDWLRQ�� &HQWUH� IRU� 5HVHDUFK� DQG�&RQWLQXLQJ�

(QJLQHHULQJ�'HYHORSPHQW��1RUWK� :HVW�8QLYHUVLW\��3UHWRULD�������
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>��@ 5��$��6WDQOH\�DQG�:��5��%RKDQQDQ��³'\QDPLF�6LPXODWLRQ�RI�&HQWULIXJDO�&RPSUHVVRU�6\VWHPV�´�

�����3URFHHGLQJV�RI�WKH�VL[WK�7XUERPDFKLQHU\�6\PSRVLXP��SS�����±����������

>��@ 6�� 6DSPD]�� ³6HOHFWLRQ� RI� &RPSUHVVRUV� IRU� 3HWURFKHPLFDO� ,QGXVWU\� LQ� 7HUPV� RI� 5HOLDELOLW\��

(QHUJ\� &RQVXPSWLRQ� DQG� 0DLQWHQDQFH� &RVWV� ([DPLQLQJ� 'LIIHUHQW� 6FHQDULRV��´� (QHUJ\�

([SORUDWLRQ�	�([SORLWDWLRQ��YRO������HGLWLRQ����SS����±���������

>��@ +��)HQJ\RX��%��:HLQLQJ��=��%LQJ�� DQG�7��<DQJ�� ³5HVHDUFK� RI� DQ� XQDWWHQGHG� LQWHOOLJHQWL]HG�

FRQWURO�V\VWHP�RI�DLU�FRPSUHVVRU�IRU�VXSSO\LQJ�FRQVWDQW�SUHVVXUH�DLU�´�������QG�,QWHUQDWLRQDO�

&RQIHUHQFH�RQ�,QWHOOLJHQW�&RPSXWLQJ�7HFKQRORJ\�DQG�$XWRPDWLRQ��,&,&7$�������SS�����±�����

�����

>��@ 6��3��'XGLü��,��0��,JQMDWRYLü��'��'��âHãOLMD��9��$��%ODJRMHYLü��DQG�0��0��6WRMLOMNRYLü��³/HDNDJH�

TXDQWLILFDWLRQ�RI�FRPSUHVVHG�DLU�RQ�SLSHV�XVLQJ�WKHUPRYLVLRQ�´�7KHUPDO�6FLHQFH��YRO������SS��

���±����������

>��@ $�� -��0��YDQ�7RQGHU��³6XVWDLQLQJ�FRPSUHVVHG� DLU�'60�SURMHFW� VDYLQJV�XVLQJ�DQ� DLU� OHDNDJH�

PDQDJHPHQW� V\VWHP�´�0�(QJ�'LVVHUWDWLRQ��&HQWUH� IRU�5HVHDUFK�DQG�&RQWLQXLQJ�(QJLQHHULQJ�

'HYHORSPHQW��1RUWK� :HVW�8QLYHUVLW\��3UHWRULD�������

>��@ .�� 7DKHUL� DQG� 5�� *DGRZ�� ³,QGXVWULDO� FRPSUHVVHG� DLU� V\VWHP� DQDO\VLV�� ([HUJ\� DQG�

WKHUPRHFRQRPLF�DQDO\VLV�´�&,53�-RXUQDO�RI�0DQXIDFWXULQJ�6FLHQFH�DQG�7HFKQRORJ\��YRO������

SS����±���������

>��@ -�� ,�� *�� %UHGHQNDPS�� /�� )�� 9DQ� 'HU� =HH�� DQG� -�� )�� 9DQ� 5HQVEXUJ�� ³5HFRQILJXULQJ� PLQLQJ�

FRPSUHVVHG� DLU� QHWZRUNV� IRU� FRVW� VDYLQJV�´� LQ� ����� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ� WKH�

,QGXVWULDO�DQG�&RPPHUFLDO�8VH�RI�(QHUJ\���,&8(��������

>��@ *�� 3��+H\QV�� ³&KDOOHQJHV� IDFHG� GXULQJ� LPSOHPHQWDWLRQ� RI� D� FRPSUHVVHG� DLU� HQHUJ\� VDYLQJV�

SURMHFW�RQ�D�JROG�PLQH�´�0�(QJ�'LVVHUWDWLRQ��&HQWUH�IRU�5HVHDUFK�DQG &RQWLQXLQJ�(QJLQHHULQJ�

'HYHORSPHQW��1RUWK� :HVW�8QLYHUVLW\��3UHWRULD�������

>��@ %�� 3DVFRH�� +�� -�� *URHQHZDOG�� DQG�0��.OHLQJHOG�� ³,PSURYLQJ� PLQH� FRPSUHVVHG� DLU� QHWZRUN�

HIILFLHQF\�WKURXJK�GHPDQG�DQG�VXSSO\�FRQWURO�´�LQ������3URFHHGLQJV�RI�WKH���WK�&RQIHUHQFH�RQ�

WKH�,QGXVWULDO�DQG�&RPPHUFLDO�8VH�RI�(QHUJ\���,&8(��������

>��@ /��)�� YDQ� GHU�=HH�� ³0RGHOOLQJ� RI� HOHFWULFLW\� FRVW� ULVNV� DQG� RSSRUWXQLWLHV� LQ� WKH�JROG�PLQLQJ�

LQGXVWU\�´�3K�'�7KHVLV��&HQWUH�IRU�5HVHDUFK�DQG�&RQWLQXLQJ�(QJLQHHULQJ�'HYHORSPHQW��1RUWK�

:HVW�8QLYHUVLW\��3UHWRULD�������

>��@ 6�� -��)RXFKp�� ³,PSURYLQJ� HIILFLHQF\�RI� D�PLQH� FRPSUHVVHG� DLU� V\VWHP�´�0�(QJ�'LVVHUWDWLRQ��
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&HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK�:HVW� 8QLYHUVLW\��

3UHWRULD�������

>��@ +��3��5��-RXEHUW��*��%ROW��DQG�-��)��9DQ�5HQVEXUJ��³(QHUJ\�VDYLQJV�RQ�PLQLQJ�FRPSUHVVHG�DLU�

QHWZRUNV� WKURXJK� GHGLFDWHG� SURFHVV� SODQW� FRPSUHVVRUV�´� LQ� ����� 3URFHHGLQJV� RI� WKH� �WK�

&RQIHUHQFH�RQ�WKH�,QGXVWULDO�DQG�&RPPHUFLDO�8VH�RI�(QHUJ\���,&8(���SS����±����������

>��@ -��+��0DUDLV��³$Q�LQWHJUDWHG�DSSURDFK�WR�RSWLPLVH�HQHUJ\�FRQVXPSWLRQ�RI�PLQH�FRPSUHVVHG�DLU�

V\VWHPV�´�3K�'�7KHVLV��&HQWUH�IRU�5HVHDUFK�DQG�&RQWLQXLQJ�(QJLQHHULQJ�'HYHORSPHQW��1RUWK�

:HVW�8QLYHUVLW\��3UHWRULD�������

>��@ 6��:��YDQ�+HHUGHQ��³$�G\QDPLF�RSWLPDO�FRQWURO�V\VWHP�IRU�FRPSOH[�FRPSUHVVHG�DLU�QHWZRUNV�´�

3K�'� 7KHVLV�� &HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK� :HVW�

8QLYHUVLW\��3UHWRULD�������

>��@ 3��&��+DQORQ��&RPSUHVVRU�KDQGERRN��1HZ�<RUN��86$��0F*UDZ�+LOO�������

>��@ '��+��5RELVRQ�DQG�3��-��%HDW\��³&RPSUHVVRU�W\SHV��FODVVLILFDWLRQV��DQG�DSSOLFDWLRQV�´�LQ���VW�

7XUERPDFKLQHU\�6\PSRVLXP��SS�����±����������

>��@ /��%��9LJGDO�DQG�/��(��%DNNHQ��³9DULDEOH�,QOHW�*XLGH�9DQH�(IIHFW�RQ�&HQWULIXJDO�&RPSUHVVRU�

3HUIRUPDQFH� LQ� :HW� *DV� )ORZ�´� LQ� $60(� 7XUER� ([SR� ������ 7XUERPDFKLQHU\� 7HFKQLFDO�

&RQIHUHQFH�DQG�([SRVLWLRQ��SS����±���������

>��@ &�� &LOOLHUV�� ³%HQFKPDUNLQJ� HOHFWULFLW\� XVH� RI� GHHS�OHYHO� PLQHV�´� 3K�'� 7KHVLV�� &HQWUH� IRU�

5HVHDUFK�DQG�&RQWLQXLQJ�(QJLQHHULQJ�'HYHORSPHQW��1RUWK� :HVW�8QLYHUVLW\��3UHWRULD�������

>��@ 5�� 6DLGXU�� ³$� UHYLHZ� RQ� HOHFWULFDO�PRWRUV� HQHUJ\� XVH� DQG� HQHUJ\� VDYLQJV�´� 5HQHZDEOH� DQG�

6XVWDLQDEOH�(QHUJ\�5HYLHZV��YRO������HGLWLRQ����SS�����±�����$SU�������

>��@ -��,��*��%UHGHQNDPS��³$Q�LQWHJUDWHG�HQHUJ\�PDQDJHPHQW�VWUDWHJ\�IRU�WKH GHHS�OHYHO�JROG�PLQLQJ�

LQGXVWU\�´�3K�'�7KHVLV��&HQWUH�IRU�5HVHDUFK�DQG�&RQWLQXLQJ�(QJLQHHULQJ�'HYHORSPHQW��1RUWK�

:HVW�8QLYHUVLW\��3UHWRULD�������

>��@ /DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\� DQG�&��%HUNHOH\�� ,PSURYLQJ�FRPSUHVVHG�DLU� V\VWHP�

SHUIRUPDQFH��$�VRXUFHERRN�IRU�LQGXVWU\��7KLUG��%HUNOH\��8�6�'HSDUWPHQW�RI�(QHUJ\�������

>��@ '��6HVOLMD��,��0LOHQNRYLF��6��'XGLF��DQG�-��6XOF��³,PSURYLQJ�HQHUJ\�HIILFLHQF\�LQ�FRPSUHVVHG�DLU�

V\VWHPV�� SUDFWLFDO�H[SHULHQFHV�´�7KHUPDO�6FLHQFH��YRO������SS�����±����������

>��@ )��:��6FKURHGHU��³(QHUJ\�(IILFLHQF\�2SSRUWXQLWLHV�LQ�0LQH�&RPSUHVVHG�$LU�6\VWHPV�´�0�(QJ�

'LVVHUWDWLRQ�� &HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK� :HVW�
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8QLYHUVLW\��3UHWRULD�������

>��@ (��$��$EGHOD]L]��5��6DLGXU��DQG�6��0HNKLOHI��³$ UHYLHZ�RQ�HQHUJ\�VDYLQJ�VWUDWHJLHV�LQ�LQGXVWULDO�

VHFWRU�´�5HQHZDEOH�DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV��YRO������SS�����±����������

>��@ 6�� &R[�� ³3UHGLFWLQJ� HOHFWULFLW\� FRQVXPSWLRQ� DQG� FRVW� LQ� 6RXWK� $IULFDQ� PLQHV�´� 0�(QJ�

'LVVHUWDWLRQ�� &HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ� 'HYHORSPHQW�� 1RUWK�:HVW�

8QLYHUVLW\��3UHWRULD�������

>��@ '��6��0RRUH��*��3��0F&DEOH��DQG�%��$��&UDLJ��,QWURGXFWLRQ�WR�WKH�SUDFWLFH�RI�VWDWLVWLFV���WK�HG��

1HZ�<RUN��1<��:�+�)UHHPDQ�DQG�&RPSDQ\�������

>��@ :�� %RR\VHQ�� /�� $�� %RWHV�� DQG�:�� +DPHU�� ³$� SUDFWLFDO� PHWKRGRORJ\� IRU� WKH� V\VWHPDWLF�

LGHQWLILFDWLRQ� RI� RXWOLHUV�´� LQ� ����� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� WKH� ��WK� ,QGXVWULDO� DQG�

&RPPHUFLDO�8VH�RI�(QHUJ\��,&8(���SS���±��������

>��@ *��6KXWWOHZRUWK�� ³%HQFKPDUNLQJ� RI� HOHFWULFLW\� QHWZRUNV�� 3UDFWLFDO� SUREOHPV�ZLWK� LWV� XVH� IRU�

UHJXODWLRQ�´�8WLOLWLHV�3ROLF\��YRO������SS�����±����������

>��@ $�� %�� +DQH\� DQG�0�� *�� 3ROOLWW�� ³,QWHUQDWLRQDO� EHQFKPDUNLQJ� RI� HOHFWULFLW\� WUDQVPLVVLRQ� E\�

UHJXODWRUV��$�FRQWUDVW�EHWZHHQ�WKHRU\�DQG�SUDFWLFH"�´�(QHUJ\�3ROLF\��YRO������SS�����±����������

>��@ -��9HUPHXOHQ��³6LPSOLILHG�KLJK�� OHYHO�LQYHVWLJDWLRQ�PHWKRGRORJ\�IRU�HQHUJ\�VDYLQJ�LQLWLDWLYHV�

RQ�GHHS�� OHYHO�PLQH�FRPSUHVVHG�DLU�V\VWHPV�´�3K�'�7KHVLV��&HQWUH�IRU�5HVHDUFK�DQG�&RQWLQXLQJ�

(QJLQHHULQJ�'HYHORSPHQW��1RUWK�:HVW 8QLYHUVLW\��3UHWRULD�������

>��@ /��$��%RWHV��³2EMHFWLYH�HYDOXDWLRQ�RI�LQGXVWULDO�HQHUJ\�HIILFLHQF\�PRGHOV�IRU�WKH�56$�6HFWLRQ�

��/� WD[� LQFHQWLYH�´� 0�(QJ� 'LVVHUWDWLRQ�� &HQWUH� IRU� 5HVHDUFK� DQG� &RQWLQXLQJ� (QJLQHHULQJ�

'HYHORSPHQW��1RUWK�:HVW�8QLYHUVLW\��3UHWRULD�������

>��@ :��&DL��)��/LX��-��;LH��3��/LX��DQG�-��7XR��³$�WRRO�IRU�DVVHVVLQJ�WKH�HQHUJ\�GHPDQG�DQG�HIILFLHQF\�

RI�PDFKLQLQJ�V\VWHPV��(QHUJ\�EHQFKPDUNLQJ�´�(QHUJ\��YRO�������SS�����±����������

>��@ $��/��0HHN��³$�V\VWHPV�HQJLQHHULQJ�DSSURDFK� WR� LPSURYH� WKH�PHDVXUHPHQW�DQG�YHULILFDWLRQ�

SURFHVV�RI�HQHUJ\�VHUYLFHV�FRPSDQLHV�´�0�(QJ�'LVVHUWDWLRQ��&HQWUH�IRU�5HVHDUFK�DQG�&RQWLQXLQJ�

(QJLQHHULQJ�'HYHORSPHQW��1RUWK�:HVW�8QLYHUVLW\��3UHWRULD�������

>��@ (IILFLHQF\�9DOXDWLRQ�2UJDQL]DWLRQ��³,QWHUQDWLRQDO�3HUIRUPDQFH�0HDVXUHPHQW�DQG�9HULILFDWLRQ�

3URWRFRO�´�8�6�'HSDUWPHQW�RI�(QHUJ\��SS���±���������

>��@ ,QWHUQDWLRQDO�3HUIRUPDQFH�0HDVXUHPHQW�DQG�9HULILFDWLRQ�3URWRFRO��³6$16������ௗ�������6RXWK�

$IULFDQ�QDWLRQDO�VWDQGDUG�IRU�PHDVXUHPHQW�DQG�YHULILFDWLRQ�RI�HQHUJ\�VDYLQJV�´�3UHWRULD�������
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>��@ %��9�/LHQJPH��$�JXLGH�WR�PLFURVRIW�H[FHO������IRU�VFLHQWLVWV�DQG�HQJLQHHUV���VW�HG��/RQGRQ��

$FDGHPLF�3UHVV�������

>��@ '�� 6�� :LONV�� ³6DPSOLQJ� GLVWULEXWLRQV� RI� WKH� %ULHU� VFRUH� DQG� %ULHU� VNLOO� VFRUH� XQGHU� VHULDO�

GHSHQGHQFH�´�4XDUWHUO\�-RXUQDO�RI�WKH�5R\DO�0HWHRURORJLFDO�6RFLHW\��YRO�������SS������±������

�����

>��@ 6�� &�� .XPEKDNDU� DQG� &�� D�� .�� /RYHOO�� 6WRFKDVWLF� IURQWLHU� DQDO\VLV�� �VW� HG�� &DPEULGJH��

&DPEULGJH�8QLYHUVLW\�3UHVV�������
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$33(1',;�$��(6&2�6859(<

$���6XUYH\ ([DPSOH
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$SSHQGL[�$��(6&2�VXUYH\ _ ���
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$SSHQGL[�$��(6&2�VXUYH\ _ ���
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$SSHQGL[�$��(6&2�VXUYH\ _ ���
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$�� 6XUYH\�5HVXOWV

)LJXUH��� � 6XUYH\�5HVXOWV�� 'HJUHHV

)LJXUH��� � 6XUYH\�5HVXOWV�� 35�(QJ�5HJLVWUDWLRQ

)LJXUH��� � 6XUYH\�5HVXOWV�� 1XPEHU�RI�\HDUV�ZRUNLQJ�IRU�(6&R
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$SSHQGL[�$��(6&2�VXUYH\ _ ���

)LJXUH��� � 6XUYH\�5HVXOWV�� 1XPEHU�RI�FRPSUHVVHG�DLU�V\VWHPV�LQYHVWLJDWHG
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$33(1',;�%��0$7+(0$7,&$/�(;35(66,21�

2)�0,1,1*�352&(66(6

(TXDWLRQ��� � %DVH�SURFHVV�HQHUJ\�FRQVXPSWLRQ�YHFWRU

\ ) [

\�E� )Eሺ[Eሻ

[  �ሺ[��[��«�� [Pሻ  �YHFWRUV�ZKLFK�LQIOXHQFH�HQHUJ\�FRQVXPSWLRQ

[ �E�
 � [�

�E��[�
�E��«���[P

�E�  �YHFWRUV�ZKLFK�LQIOXHQFH�HQHUJ\�FRQVXPSWLRQ��

�EHQFKPDUNHG�

\  �YHFWRUV�WKDW�UHSUHVHQW�WKH�HQHUJ\�FRQVXPSWLRQ�RI�WKH�EDVH�SURFHVV����

\�E�
 �YHFWRUV�WKDW�UHSUHVHQW�WKH�HQHUJ\�FRQVXPSWLRQ�RI�WKH�EDVH�SURFHVV�

�EHQFKPDUNHG���������

(TXDWLRQ��� � %DVH�SURFHVV�HQHUJ\�FRQVXPSWLRQ

( . \

(�E� .�E�ሺ\�E�ሻ

(  �(QHUJ\�FRQVXPSWLRQ�IRU�EDVH�SURFHVV

(�E�  �(QHUJ\�FRQVXPSWLRQ��IRU�EDVH SURFHVV��EHQFKPDUNHG�

\  ��HFWRUV�WKDW�UHSUHVHQW�WKH�HQHUJ\�FRQVXPSWLRQ�RI�WKH�EDVH�SURFHVV����

\�E�  ��HFWRUV�WKDW�UHSUHVHQW�WKH�HQHUJ\�FRQVXPSWLRQ�RI�WKH�EDVH�SURFHVV��EHQFKPDUNHG���������

.  �)XQFWLRQ�RI�FDOFXODWHG�HQHUJ\�FRQVXPSWLRQ����
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�6)$�� PHWKRG� KDV� EHHQ� GHYHORSHG� >��@�� >��@�� 7KH� 6)$� PHWKRG� ORZHUV� RU� LQFUHDVHV� WKH�

UHJUHVVLRQ� OLQH� WRZDUGV� WKH� XSSHU� RU� ORZHU� TXDUWLOH� RI� GDWD� JURXSLQJV�� 7KHUHIRUH�� LW� LV� DQ�

HVWLPDWLRQ�PHWKRG� DV�LW�LV�WRR�FRPSOH[ WR�DFFXUDWHO\�GLIIHUHQWLDWH�WKH�HUURU�GDWD�VHWV�IURP�WKH�

QRQ�HUURU�GDWD�VHWV��

7KH�HVWLPDWLRQ�QDWXUH�RI�WKLV�PHWKRG�KDV�FDXVHG�UHJXODWRU\�ERGLHV�WR�LJQRUH�LWV�DSSOLFDWLRQ�LQ�
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LQIOXHQFH� WKH� GDWD� VHWV�� EXW� UDWKHU HPSOR\V� OLQHDU� SURJUDPPLQJ� WR� G\QDPLFDOO\ ³HQYHORS´�

�VXUURXQG��WKH�JLYHQ�GDWD�VWUXFWXUH�>��@���

�

��

��

��

��

��

��

��

��

��� � �� �� �� �� ��

\�
G
DW
DV
HW

[�GDWDVHW

'DWD 5HJUHVVLRQ 6)$�/RZHU

6)$�8SSHU &2/6�8SSHU�/LPLW &2/6�/RZHU�/LPLW

/LQHDU��5HJUHVVLRQ� /LQHDU��6)$�/RZHU� /LQHDU��6)$�8SSHU�

/LQHDU��&2/6�8SSHU�/LPLW� /LQHDU��&2/6�/RZHU�/LPLW�



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

$SSHQGL[�F��VWDWLVWLFDO�WHFKQLTXHV�XVHG�E\�SUHYLRXV�UHVHDUFKHUV _ ���

7KLV�PHWKRG� FDQ� EH� XVHG� WR� FRQVWUXFW� G\QDPLF PD[LPXP�RU�PLQLPXP��7KH�'XWFK� HQHUJ\�

UHJXODWRU�KDV�HPSOR\HG�WKLV�PHWKRG�EXW�KDV�QRW�EHHQ�ZLGHO\�XVHG E\�RWKHU�(XURSHDQ�FRXQWULHV��

)LJXUH��� GLVSOD\V�WKH�DSSOLHG '($�PHWKRG�WR�D�GDWD�VHW��

)LJXUH��� � '($�DSSOLFDWLRQ�H[DPSOH��$GDSWHG�IURP�>��@�

�

��

��

��

��

��

��

��

��

��

� �� �� �� �� �� �� ��

\�
G
DW
D�
VH
W

[�GDWD�VHW

'($�OLQHDU�HQYHORSH



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

$SSHQGL[�'��&RPPRQ�VWDWLVWLFDO�SDUDPHWHUV�XVHG�E\�0	9�WHDPV _ ���

$33(1',;�'��&20021�67$7,67,&$/

3$5$0(7(56�86('�%<�0	9 7($06

(TXDWLRQ��� � 5HVLGXDO�VXP�RI�VTXDUHV��DGDSWHG�IURP�>��@�>��@�

665HVLG ෍ �UL

Q

L �

�� ෍ �\L�\ത

Q

L �

��

665HVLG  5HVLGXDO�VXP�RI�VTXDUHV�

\L  �$FWXDO�\�GDWD�YDOXH���

\ഥ  �3UHGLFWHG�\�YDOXH�GXH�WR�D�UHJUHVVLRQ�PRGHO�

UL  �LWK FRUUHODWLRQ�SDUDPHWHU  �\L�\ത�

(TXDWLRQ��� � )�6WDWLVWLF

)  
06UHJ
06(

:KHUH�06UHJ  �66UHJ�

06( FDQ�EH�GHULYHG�XVLQJ�

06(  �
66(
GI(

 �
6\\ � ȕ�6[\

1��

6[\  ෍ �[M

1

M �

�[ധ��\M�\ധ�

6\\ ௬ߪ� 
��1���

[ധǡ \ധ  �$YHUDJHV�RI�[�DQG�\�UHVSHFWLYHO\

ı�\  �6DPSOH�VLJPD�RI�\�YDOXHV��

665HJ  ෍ �\
�\
ഥ�
�



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

$SSHQGL[�'��&RPPRQ�VWDWLVWLFDO�SDUDPHWHUV�XVHG�E\�0	9�WHDPV _ ���

(TXDWLRQ��� � &RHIILFLHQW�RI�GHWHUPLQDWLRQ

5�  
66UHJ
667RWDO

 ����
66(
667RWDO

5�  �&RHIILFLHQW�RI�GHWHUPLQDWLRQ

667RWDO  ෍ �\�\ത��

665HJ  ෍ �\
�\
ഥ�
�

66(  ෍ �\�\
��



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

$SSHQGL[�(��0	9�UHSRUW�GDWD _ ���

$33(1',;�(��0	9�5(3257�'$7$

)LJXUH��� � 7\SLFDO�0	9�LQYHVWLJDWLRQ�VXPPDU\



$�&2035(66('�$,5�&267�6$9,1*6�,'(17,),&$7,21�02'(/�)25�'((3�/(9(/�0,1(6

$SSHQGL[�)��0DWKHPDWLFDO�DQDO\VLV�RI�DYHUDJH����KRXU�SURILOH _ ���

$33(1',;�)��0$7+(0$7,&$/�$1$/<6,6 2)�

$9(5$*(����+285 352),/(

)���&RQVWUXFWLQJ�PHDQ�SURILOHV
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)LJXUH��� VKRZV�WKH�DYHUDJH�RI����SRZHU�SURILOHV�ZKHUH�WKH�SHUIRUPDQFH�RI�WKHVH V\VWHPV�ZHUH

PHDVXUHG�DIWHU�WKH�LPSOHPHQWDWLRQ�RI�FRPSUHVVHG�DLU�LQLWLDWLYHV�

)LJXUH��� � $YHUDJH�PHDVXUHG�SRSXODWLRQ�VDPSOH

(TXDWLRQ��� LV�EDVHG�RQ�WKH�HTXDWLRQ�VXPPDU\�RI�7DEOH�� DQG�LV�WKH�DQDO\WLFDO H[SUHVVLRQ�RI�

HDFK�SURILOH�LQ�)LJXUH����

(TXDWLRQ��� � ��PRQWK�PHDVXUHG�SHUIRUPDQFH�PHDQ�H[SUHVVLRQ
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[�  �������� YHFWRU�IRU�ZHHNGD\V�DV�D�IXQFWLRQ�RI�W

W�  ���KRXU�GLDO\ SURILOH�FRQWDLQLQJ����KDOI�KRXU�VHJPHQWV�DV�LQGHSHQGHQW�YDULDEOHV

ȝS  ��HDQ�RI�PRQWKO\�SHUIRUPDQFH�DVVHVVPHQW

S
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)LJXUH��� GLVSOD\V�WKH�DYHUDJH��PHDQ��RI�WKH��� EDVHOLQH DQG��� SHUIRUPDQFHV�DVVHG

PHDVXUHPHQWV�H[SUHVVHG�LQ�)LJXUH��� DQG�)LJXUH��� DQG�(TXDWLRQ��� DQG�(TXDWLRQ����

)LJXUH��� � $YHUDJH�SRZHU�EDVHOLQH�DQG�SHUIRUPDQFH�DVVHVVHG�SRZHU�SURILOHV

(TXDWLRQ��� LV�WKH�PDWKHPDWLFDO H[SUHVVLRQ�RI�HDFK�SURILOH�LQ )LJXUH�����7KH�SRSXODWLRQ�PHDQ�

RI�WKH�EDVHOLQHV�DUH�GHQRWHG�DW��3%��ZKLOH�WKH�SRSXODWLRQ�PHDQ�RI�WKH�SHUIRUPDQFH�DVVHVVHG

PHDVXUHPHQWV�DUH�GHQRWHG E\��30� (TXDWLRQ��� DQG�(TXDWLRQ��� DUH�H[SODLQHG DERYH� DQG

WKHUHIRUH�WKH�RQO\�DGGLWLRQDO�SDUDPHWHU�LQ�WKH�PHDQ�RI�WKH�PHDQ�YDOXHV�DUH�1��1�LV�WKH�WRWDO�

QXPEHU�RI�PLQHV�LQ�WKH�SRSXODWLRQ�SURSRUWLRQ��

(TXDWLRQ��� � 6WDWLVWLFDO�H[SUHVVLRQ�IRU�EDVHOLQH�DQG�SHUIRUPDQFHV�DVVHVVHG�PHDQ�SURILOHV
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)�� 3RO\QRPLDO�H[SUHVVLRQ�RI�VWDWLVWLFDO�DYHUDJHV

7KH�DYHUDJHG�SRSXODWLRQ�EDVHOLQH�FDQ�EH�DSSUR[LPDWHG�E\�(TXDWLRQ�����[ LV�WKH�UHVSHFWLYH KDOI�

KRXU�RI�WKH�GD\�H[SUHVVHG�DV�D�QXPEHU��UDQJLQJ�IURP�������

(TXDWLRQ��� � 3RO\QRPLDO�H[SUHVVLRQ�RI��3%��(TXDWLRQ����

ȝ3% �Iሺ[%ሻ  �൫����î��
���൯[���൫����î�����൯[�� �൫�����î�����൯[���൫����î����൯[��

� �����î���� [��� ���î���� [�� �����î���� [�

� �����î���� [�� ����� [�� ���� [�� �����î [�

� ������î [�� ������ [�� ������� [����������

[�  �3HULRG�LQWHUYDO������ ���IRU�HDFK�KDOI�KRXU�LQ�D�GD\�

Iሺ[%ሻ  �3RO\QRPLDO�WUDQVIRUP�RI�[

7KH�DYHUDJHG�SRSXODWLRQ�EDVHOLQH�FDQ�EH�DSSUR[LPDWHG�E\�(TXDWLRQ�����[ LV�WKH�UHVSHFWLYH KDOI�

KRXU�RI�WKH�GD\�H[SUHVVHG�DV�D�QXPEHU��UDQJLQJ�IURP�������

(TXDWLRQ��� � 3RO\QRPLDO�H[SUHVVLRQ�RI��30��(TXDWLRQ����

ȝ30 Iሺ[0ሻ  �൫�����î��
���൯[���൫���î�����൯[�� �൫�����î�����൯[���൫����î����൯[��

� �����î���� [��� ���î���� [�� �����î���� [�

� ���î���� [�� ����� [�� ����� [�� ������î [�

� ������î [�� ������� [�� ������ [���������

[�  �3HULRG�LQWHUYDO������ ���IRU�HDFK�KDOI�KRXU�LQ�D�GD\�

Iሺ[�ሻ  �3RO\QRPLDO�WUDQVIRUP�RI�[

%\� H[WUDSRODWLQJ� WKH� PHDQ� EDVHOLQH� IXQFWLRQ� XVLQJ� WKH� /,1(67� WRRO� LQ� H[FHO�� FDOFXOXV�

SULQFLSOHV�FDQ�EH�XVHG�WR�HYDOXDWH�WKH�PHDQ�EDVHOLQH�IXQFWLRQ�H[SUHVVHG�LQ�(TXDWLRQ�����
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)���'HWHUPLQH�LQIOHFWLRQ SRLQWV�LQ�DYHUDJHG�SURILOHV

%\�XVLQJ� WKH�KLJKHU�RUGHU�GHULYDWHV�RI� WKH�PHDQ�IXQFWLRQ�I�[�� LQ�(TXDWLRQ����� WKH� ORFDOLVHG�

PLQLPD��PD[LPD�DQG�LQIOH[LRQ SRLQWV�FDQ�EH�GHWHUPLQHG��7KH�LQIOH[LRQ SRLQW�FDQ�EH�XVHG�WR�

GHWHUPLQH�ZKHUH�WKH�IXQFWLRQ�FKDQJHV�FRXUVH���7R�GHWHUPLQH�WKH�ORFDOLVHG�PLQLPD�DQG�PD[LPD�

WKH�QWK RUGHU��XQHYHQ�LQWHJHUV�������«�Q��GHULYDWHV DUH LQWHUVHFWLQJ�WKH�\�D�D[LV�DW�[� ���FDQ�EH�

XVHG��

7R�GHWHUPLQH�WKH�LQIOH[LRQ SRLQWV�RI�WKH�IXQFWLRQ�I�[��WKH�QWK RUGHU��HYHQ�LQWHJHUV�������«�Q��

GHULYDWHV�LQWHUVHFWLQJ�WKH�\�D�D[LV�DW�[� ���FDQ�EH�XVHG��%HFDXVH�WKH�SXUSRVH�RI�HYDOXDWLQJ�WKH�

IXQFWLRQ� LV� WR� GHWHUPLQH� WKH� SHULRGV� ZKHUH� WKH� IXQFWLRQV� GLUHFWLRQ� FKDQJHV�� WKH� GHULYDWHV�

SURYLGLQJ�WKH�LQIOH[LRQ SRLQWV�ZLOO�EH�LQYHVWLJDWHG��

7KHVH�GHULYDWHV�DUH�SORWWHG�LQ�)LJXUH��� WR�LQGLFDWH�ZKHUH�WKH�LQIOH[LRQ SRLQWV�RVFLOODWH� 7KH�

LQIOH[LRQ SRLQWV�DUH�LQGLFDWHG LQ�EOXH��7KH�GLIIHUHQWLDWHG�FXUYHV�DUH�JLYHQ E\�WKH�V\PERO�³'´�

IROORZHG�E\�WKH�RUGHU�QXPEHU�

)LJXUH��� � ,QIOHFWLRQ�SRLQWV�IRU�DYHUDJH�EDVHOLQH�SRZHU�SURILOH

7DEOH��� GLVSOD\V�WKH�LQIOH[LRQ SRLQWV�RI�WKH�DYHUDJHG�EDVHOLQH�SRZHU�SURILOHV�IRU����PLQHV�

7DEOH��� � %DVHOLQH�LQIOHFWLRQ�SRLQW�VXPPDU\

,QIOHFWLRQ�3RLQWV ����� ����� ����� ����� ����� ����� ����� �����
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)LJXUH��� � ,QIOHFWLRQ�SRLQWV�IRU�DYHUDJH�SHUIRUPDQFH�DVVHVVHG�PHDVXUHG�SRZHU�SURILOH

7DEOH��� GLVSOD\V�WKH�LQIOHFWLRQ SRLQWV�RI�WKH�DYHUDJHG�SHUIRUPDQFH�DVVHVVHG�SRZHU�SURILOHV�

IRU����PLQHV�

7DEOH��� � 3HUIRUPDQFH�DVVHVVHG�PHDVXUHG�LQIOHFWLRQ�SRLQW�VXPPDU\

,QIOHFWLRQ�3RLQWV ����� ����� ����� ����� ����� ����� ����� �����
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$33(1',;�*��0$;� 0,1�$1'�$9(5$*(

352),/(6

)LJXUH� �� FRPSDUHV� WKH� EDVHOLQHV� VDPSOH� VSDFH¶V� DYHUDJH� SRZHU� GDWD� SRLQWV� ZLWK� WKH�

SHUIRUPDQFH�PHDVXUHG�VDPSOH�VSDFH¶V�DYHUDJH�SRZHU�GDWD�SRLQWV��5A��IRU�WKH�DYHUDJH�SRZHU�

GDWD�LV�FDOFXODWHG�DW��������DV�FDOFXODWHG�E\�0LFURVRIW�([FHO���������$�VWURQJ�OLQHDU�FRUUHODWLRQ�

DOVR�H[LVWV�IRU�WKLV�SDUDPHWHU�

)LJXUH��� � )LJXUH����DGGLWLRQDO�GDWD

)LJXUH��� � $YHUDJH�SRZHU�FRUUHODWLRQ

)LJXUH� �� FRPSDUHV� WKH� EDVHOLQHV� VDPSOH� VSDFH¶V� PLQLPXP� SRZHU� GDWD� SRLQWV� ZLWK� WKH�

SHUIRUPDQFH�PHDVXUHG�VDPSOH�VSDFH¶V�PLQLPXP�SRZHU�GDWD�SRLQWV��
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5A��IRU�WKH�DYHUDJH�SRZHU�GDWD�LV�FDOFXODWHG�DW��������DV�FDOFXODWHG�E\�0LFURVRIW�([FHO���������

$�VWURQJ�OLQHDU�FRUUHODWLRQ�DOVR�H[LVWV�IRU�WKLV�SDUDPHWHU�

)LJXUH��� � 0LQLPXP�SRZHU�FDOFXODWLRQV
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$33(1',;�+��0$7+(0$7,&$/�(;35(66,21�

2)�7$%8/$7('�'$7$

(TXDWLRQ��� DQG�(TXDWLRQ��� DUH�PDWKHPDWLFDO H[SUHVVLRQV XVHG�WR�LQGLFDWH�KRZ�WKH�UHVXOWV�

ZHUH�FDOFXODWHG LQ�7DEOH����

33HDNB%  �3HDN�EDVHOLQH�SRZHU�GXULQJ�GULOOLQJ�VKLIW

3QR�3HDN=LB%  �%DVHOLQH�SRZHU�IRU�HDFK�]RQH

3QR�3HDN=LB3$  �3HUIRUPDQFH�DVVHVVHG�SRZHU�IRU�HDFK�]RQH

W�  ����KRXU�GLDO\ SURILOH�FRQWDLQLQJ����KDOI�KRXU�VHJPHQWV�

(TXDWLRQ��� � (55�3UH�,PSOHPHQWDWLRQ�3URILOH

(55�W�3UHB3URILOH 
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$33(1',;�,��727$/�(55 &$/&8/$7,21�5(68/7�)25����6<67(06

,���7DEXODWHG�5HVXOWV

7DEOH��� � (55�SDUDPHWHUV�IRU����FRPSUHVVHG�DLU

0D[LPXP�SRZHU�XVDJH�
N:

3UH�LPSOHPHQWDWLRQ�(55 3RVW�LPSOHPHQWDWLRQ�(55

6\VWHP�
1U
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