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7KLV SDSHU LV GHGLFDWHG WR 3URIHVVRU 5RPDQ 0RGLF RQ WKH RFFDVLRQ RI KLV ��
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$EVWUDFW��
0HWKRGV XVHG LQ WKH DQDO\VLV RI DQ LQGXVWULDO FU\VWDOOL]DWLRQ SURFHVV DUH SUHVHQWHG LQ WKLV

DUWLFOH� 7KH\ DUH LPSOHPHQWHG LQ WKH GHYHORSPHQW RI D SRSXODWLRQ EDODQFH EDVHG PRGHO IRU

WKH VRGLXP SHUERUDWH SUHFLSLWDWLRQ� 7KH SUHFLSLWDWLRQ NLQHWLFV VXFK DV QXFOHDWLRQ� JURZWK

DQG DJJORPHUDWLRQ DUH HVWLPDWHG XVLQJ D QRYHO HVWLPDWLRQ SURFHGXUH� ZKLFK HQDEOHV WKH

GHWHUPLQDWLRQ RI FU\VWDOOL]DWLRQ NLQHWLFV IURP WKH H[SHULPHQWDO FU\VWDO VL]H GLVWULEXWLRQV�

7KH YDOXHV REWDLQHG IRU WKH FU\VWDO JURZWK UDWH DJUHH ZHOO ZLWK WKH YDOXHV GHWHUPLQHG E\

RWKHU DXWKRUV�

,QWURGXFWLRQ��

7KH�DLP�RI� WKLV� DUWLFOH� LV� WR� LOOXVWUDWH� VRPH�RI� WKH� LPSRUWDQW� VWHSV� LQYROYHG� LQ� WKH�

DQDO\VLV�RI�DQ�LQGXVWULDO�FU\VWDOOL]DWLRQ�SURFHVV���2XU�GLVFXVVLRQ��ZKLFK�LV�IRFXVHG�RQ�WKH�

VRGLXP�SHUERUDWH� V\VWHP�� LQFOXGHV� WRSLFV� VXFK� DV� FU\VWDOOLVDWLRQ�PRGHOOLQJ�� VLPXODWLRQ�

DQG�NLQHWLF�SDUDPHWHU�HVWLPDWLRQ���,Q�DGGLWLRQ�WR�WKLV��ZH�DOVR�DWWHPSW�WR�VXPPDUL]H�RXU�

UHVXOWV�RQ�WKH�SUHFLSLWDWLRQ�RI�VRGLXP�SHUERUDWH������

&U\VWDOOL]DWLRQ� IURP� VROXWLRQ� LV� FRQVLGHUHG� WR� EH� RQH� RI� WKH� ROGHVW� VHSDUDWLRQ�

WHFKQLTXHV�� ZKHUH� D� VROLG� SKDVH� LV� FUHDWHG� IURP� D� OLTXLG�� � 7KH� PDLQ� DGYDQWDJH� RI�

FU\VWDOOL]DWLRQ�LV�WKDW�LW�FDQ�SURGXFH�KLJK�SXULW\�VXEVWDQFHV�DW�ORZ�HQHUJ\�FRQVXPSWLRQ���

7KH� DSSOLFDWLRQ� RI� WKLV� WHFKQLTXH� LQ� WKH� FKHPLFDO� LQGXVWU\� UDQJHV� IURP� WKH� EXON�

SURGXFWLRQ�RI�EDVLF�PDWHULDOV��VXFK�DV�IHUWLOL]HUV�DQG�VXJDU��WR�WKH�SURGXFWLRQ�RI�VSHFLDOW\�

FKHPLFDOV�DQG�SKDUPDFHXWLFDOV����

7R�LQGXFH�DQG�PDLQWDLQ�FU\VWDOOL]DWLRQ�IURP�VROXWLRQ�D�GULYLQJ�IRUFH�LV�UHTXLUHG���,W�

LV�XVXDOO\�UHIHUHG�WR�DV�VXSHUVDWXUDWLRQ�RI�WKH�V\VWHP���'LIIHUHQW�H[SUHVVLRQV�DUH�JHQHUDOO\�

XVHG�WR�GHILQH�WKH�VXSHUVDWXUDWLRQ���&RPPRQO\��DQ�H[SUHVVLRQ�LQ�WKH�IRUP�RI�D��
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FRQFHQWUDWLRQ�GLIIHUHQFH�LV�XVHG�
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ZKHUH�F� LV� WKH� VROXWH�FRQFHQWUDWLRQ�DQG�F

� LV� WKH�HTXLOLEULXP�FRQFHQWUDWLRQ�� �7KH�RWKHU�

IUHTXHQWO\�XVHG�H[SUHVVLRQV�DUH�WKH�VR�FDOOHG�VXSHUVDWXUDWLRQ�UDWLR�
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,Q� WKH� FDVH� RI� WKH� V\VWHPV� RI� KLJKO\� VROXEOH� VXEVWDQFHV�� WKH� VXSHUVDWXUDWLRQ� FDQ� EH�

FUHDWHG� E\� HYDSRUDWLRQ�RU� FRROLQJ�� �:KHQ� WKH� VXEVWDQFHV� DUH�RQO\� VOLJKWO\� VROXEOH�� WKH�

VXSHUVDWXUDWLRQ�LV�XVXDOO\�FUHDWHG�E\�PL[LQJ�WKH�UHDFWDQWV���7KLV�W\SH�RI�FU\VWDOOL]DWLRQ�LV�

DOVR� FDOOHG� UHDFWLYH� FU\VWDOOL]DWLRQ� RU� SUHFLSLWDWLRQ�� � 8VLQJ� WKLV� RSHUDWLRQ�� VRGLXP�

SHUERUDWH� WHWUDK\GUDWH� LV� SURGXFHG� E\� WKH� UHDFWLRQ� EHWZHHQ� VRGLXP� PHWDERUDWH� DQG�

K\GURJHQ�SHUR[LGH�LQ�DQ�DTXHRXV�VROXWLRQ���7KH�SURFHVV�KDV�JUHDW�LQGXVWULDO�LPSRUWDQFH�

DQG� ZDV� VWXGLHG� E\� D� QXPEHU� RI� UHVHDUFKHUV�� � 7KH� VROXELOLW\� LQ� WKLV� V\VWHP� KDV� EHHQ�

VWXGLHG�IRU�H[DPSOH�LQ�WKH�ZRUN�RI�<�NVHO�HW�DO��
�
�/LYN�HW�DO�

�
�DQG�&KLDQHVH�HW�DO�

�
��7KH�

TXDOLW\�RI�WKH�VROLG�SURGXFW��KRZHYHU��LV�PDLQO\�GHWHUPLQHG�E\�WKH�UHODWLYH�PDJQLWXGHV�RI�

WKH� JURZWK�� QXFOHDWLRQ� DQG� DJJORPHUDWLRQ� NLQHWLFV�� � 7KH� JURZWK� RI� FU\VWDOV� KDV� EHHQ�

VWXGLHG� E\� 6|KQHO� HW� DO��
�
� &KLDQHVH� HW� DO�

���
� DQG�/LYN� HW� DO�

�
� �'XJXD� DQG� 6LPRQ�

�
� DQG�

&KLDQHVH� HW� DO�
�
� ZHUH� WKH� ILUVW� WR� H[SORUH� WKH� QXFOHDWLRQ� UDWH� LQ� WKLV� V\VWHP�� � ,Q� ERWK�

VWXGLHV��KRZHYHU�� WKH�QXFOHDWLRQ� UDWH�ZDV�GHWHUPLQHG� LQGLUHFWO\�� � ,Q� WKH�ZRUN�RI�'DYLG�

DQG� %RVVRXWURW�
�
� WKH� DJJORPHUDWLRQ� SURFHVV� ZDV� DOVR� LQWURGXFHG� LQWR� WKH� VRGLXP�

SHUERUDWH�SUHFLSLWDWLRQ�PRGHO�������

0RGHO�GHYHORSPHQW�

,Q� WKH�PRGHOOLQJ�RI� DQ� LQGXVWULDO� FU\VWDOOL]DWLRQ�SURFHVV�� D� GHVFULSWLRQ�RI� WKH� VROLG�

SKDVH� LV� XVXDOO\� RI� SULPH� LPSRUWDQFH�� � 'XH� WR� WKH� LQWHUDFWLRQV� SUHVHQW� LQ� WKH�

FU\VWDOOL]DWLRQ� SURFHVV�
��
� WKH� LQIRUPDWLRQ� RQ� WKH� VROLG�SKDVH� LV� QHHGHG� DOVR� LQ� WKH� FDVH�

ZKHQ�RQO\�WKH�\LHOG�RI�D�FU\VWDOOL]DWLRQ�SURFHVV�LV�RI�LQWHUHVW���7KH�VROLG�SKDVH�FRQVLVWV�RI�
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D�SRSXODWLRQ�RI�FU\VWDOV��ZKLFK�W\SLFDOO\�GLIIHU�LQ�VL]H��VKDSH�DQG�SXULW\���$�PDWKHPDWLFDO�

WRRO��ZKLFK�GHVFULEHV�WKH�WUDQVLHQW�RI�WKH�GLVWULEXWLRQ�RI�D�FU\VWDO�SRSXODWLRQ�LV�NQRZQ�DV�

SRSXODWLRQ�EDODQFH�HTXDWLRQ��3%(�����,WV�XVH�LQ�WKH�PRGHOOLQJ�RI�FU\VWDOOL]DWLRQ�SURFHVVHV�

KDV�EHHQ�IRUPDOL]HG�E\�WKH�ZRUN�RI�5DQGROSK�DQG�/DUVRQ�
��
� �,Q�SULQFLSOH��D�SRSXODWLRQ�

EDODQFH� GHVFULEHV� KRZ� WKH� FU\VWDO� QXPEHU� GLVWULEXWLRQ� FKDQJHV� GXH� WR� FKDQJHV� LQ� WKH�

JLYHQ�FRRUGLQDWHV�DQG�DQ\�FU\VWDO�IRUPDWLRQ�DQG�UHPRYDO�PHFKDQLVPV���7KH�JHQHUDO�3%(�

IRU�DQ�LGHDOO\�VWLUUHG�UHDFWRU�LV�JLYHQ�DV
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ZKHUH�Q� LV� WKH�SRSXODWLRQ�GHQVLW\� IXQFWLRQ��QN� LV� WKH�SRSXODWLRQ�GHQVLW\�IXQFWLRQ�RI� WKH�

NWK� VWUHDP�� ]� LV� WKH� VHW� RI� LQWHUQDO� FRRUGLQDWHV��%� DQG�'� DUH� WKH� GHQVLW\� IXQFWLRQV� RI�

IRUPDWLRQ�DQG�UHPRYDO�RI�FU\VWDOV��)N�LV�WKH�YROXPHWULF�IORZ�UDWH�RI�WKH�NWK�VWUHDP��DQG��

9�LV�WKH�VOXUU\�YROXPH���7KH�VHW��]��FDQ�LQFOXGH�FRRUGLQDWHV�VXFK�DV�VL]H��SXULW\�DQG�VKDSH���

+RZHYHU�� KHUH� ZH� UHVWULFW� RXU� GLVFXVVLRQ� RQO\� WR� WKH� PRGHOOLQJ� RI� WKH� FU\VWDO� VL]H�

GLVWULEXWLRQ��&6'���

7KH� GHYHORSPHQW� RI� WKH� FU\VWDO� VL]H� GLVWULEXWLRQ� GHSHQGV� RQ� YDULRXV� NLQHWLF�

SURFHVVHV� VXFK� DV� QXFOHDWLRQ�� FU\VWDO� JURZWK� DQG� DJJORPHUDWLRQ�� 7KH\� FDQ� EH�

LQFRUSRUDWHG�LQWR�(T���UHVXOWLQJ�LQ����������
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ZKHUH�Q�LV�WKH�QXPEHU�GHQVLW\�IXQFWLRQ�GHILQHG�DV���9
�
G1�G/��*�LV�OLQHDU�FU\VWDO�JURZWK�

UDWH��/� LV� WKH�FKDUDFWHULVWLF�VL]H�RI�FU\VWDOV��/�� LV� WKH�VL]H�RI�QXFOHXV��%
R
�QXFOHDWLRQ�UDWH�

DQG�G�/�/���WKH�'LUDF�GHOWD�IXQFWLRQ��DQG�%D�DQG�'D�DUH�WKH�ELUWK�DQG�GHDWK�UDWHV�GXH�WR�

DJJORPHUDWLRQ��

7KH� VROXWLRQ� RI� WKH� DERYH� 3%(� LV� VLPSOLILHG� ZLWK� WKH� LQWURGXFWLRQ� RI� GLVFUHWL]HG�

SRSXODWLRQ�EDODQFH�
�����

�ZKLFK�IRU�WKH�LWK�VL]H�LQWHUYDO�FDQ�EH�ZULWWHQ��DV��
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ZKHUH�1L�LV�WKH�QXPEHU�RI�FU\VWDOV�SHU�VOXUU\�YROXPH�LQ�WKH�LWK�VL]H�LQWHUYDO��Q�/L��LV�WKH�

QXPEHU�GHQVLW\�DW�WKH�ERUGHU�RI�WKH�LWK�VL]H�LQWHUYDO��/L�LV�WKH�FU\VWDO�VL]H�DW�WKH�ERUGHU�RI��

WKH�LWK�VL]H�LQWHUYDO��%X�L�LV�WKH�VRXUFH�UDWH��ZKLFK�LV�QRQ]HUR�RQO\�IRU�L ���5D�L
�LV�WKH�QHW�

IRUPDWLRQ� RI� FU\VWDOV� LQ� WKH� LWK� VL]H� LQWHUYDO� GXH� WR� DJJORPHUDWLRQ�� DQG�P� LV� WKH� WRWDO�

QXPEHU�RI�VL]H� LQWHUYDOV�� �)RU� WKH�FRPSOHWH�GHVFULSWLRQ�RI�DQ�LVRWKHUPDO�FU\VWDOOL]DWLRQ�

SURFHVV� D� PDVV� EDODQFH� LV� DOVR� UHTXLUHG�� � 7KH� PDVV� EDODQFH� RI� WKH� VRGLXP� SHUERUDWH�

�1D3%��LQ�VROXWLRQ�FDQ�EH�ZULWWHQ�DV�
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ZKHUH�WKH�VHFRQG�DQG�WKLUG�WHUP�RQ�WKH�ULJKW�KDQG�VLGH�RI� WKH�HTXDWLRQ�DFFRXQW�IRU�WKH�

PDVV�WUDQVIHU�WR�WKH�VROLG�SKDVH�YLD�IRUPDWLRQ�DQG�JURZWK�RI�FU\VWDOV��,Q�WKLV�FDVH��+�2��

LV�WKH�OLPLWLQJ�FRPSRQHQW�LQ�VROXWLRQ���$FFRUGLQJO\��WKH�VROLG�SKDVH�PDVV�EDODQFH�LV�
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,Q� (TV�� �� DQG� ��� F� LV� WKH� FRQFHQWUDWLRQ� RI� 1D3%� LQ� VROXWLRQ�� F + 2
� �
� DQG� F1D3%� DUH� WKH�

FRQFHQWUDWLRQV�RI�+�2��DQG�1D3%�LQ�WKH�IHHG�VWUHDPV��) + 2
� �
�LV�WKH�YROXPHWULF�IORZ�UDWH�

RI�+�2���NY� LV� WKH�YROXPH�VKDSH�IDFWRU��9� LV� WKH� WRWDO�YROXPH��0� LV� WKH�IUDFWLRQ�RI�VROLG�

IUHH�YROXPH��01D3%�LQ�0 + 2
� �
�DUH�WKH�PROHFXODU�ZHLJKWV�RI�1D3%�LQ�+�2���PV�DQG�!V�DUH�

WKH�PDVV�DQG�GHQVLW\�RI�VROLG�SKDVH��DQG�5Q�LV�WKH�PDVV�UDWH�RI�QXFOHDWLRQ���

7KH�IROORZLQJ�NLQHWLF�H[SUHVVLRQV�ZHUH�XVHG�WR�PRGHO�WKH�VRGLXP�SHUERUDWH�V\VWHP��
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ZKHUH�NJ� DQG�J� DUH� WKH�JURZWK� UDWH� FRHIILFLHQW� DQG�JURZWK� UDWH�RUGHU��NV� LV� WKH� VXUIDFH�

VKDSH� IDFWRU� DQG� �U� LV� WKH� HIIHFWLYHQHVV� IDFWRU�
��
� � 7R� EH� DEOH� WR� LQFRUSRUDWH� WKH�

HIIHFWLYHQHVV� IDFWRU�� RQH� PXVW� NQRZ� WKH� YDOXH� RI� WKH� PDVV� WUDQVIHU� FRHIILFLHQW�� � 7KH�

YDOXHV��ZKLFK�ZHUH�GHWHUPLQHG�E\�&KLDQHVH�DQG�FRZRUNHUV
�
�ZHUH�WDNHQ�LQWR�DFFRXQW�LQ�

WKLV�ZRUN����
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ZKHUH� EL�M� LV� WKH� DJJORPHUDWLRQ� NHUQHO�� D� IXQFWLRQ� RI� WKH� SDUDPHWHU� ND� DQG� V\VWHP�

VXSHUVDWXUDWLRQ���+HUH��ZH�DVVXPH�WKDW�WKH�DJJORPHUDWLRQ�NHUQHO�LV�HTXDO�WR�WKH�SURGXFW�

RI�ERWK��

7KH� SRSXODWLRQ� EDODQFH� EDVHG�PRGHO� FDQ� EH� XVHG� LQ� WZR� GLIIHUHQW�ZD\V�� WR� VROYH�

IRUZDUG�RU�LQYHUVH�SUREOHPV���:KLOH�WKH�ILUVW�DSSURDFK�FDQ�EH�XVHG�WR�SUHGLFW�WKH�SURFHVV�

EHKDYLRXU�DW�GLIIHUHQW�FRQGLWLRQV��WKH�VHFRQG�RQH�LV�VROYHG�WR�HVWLPDWH�XQNQRZQ�NLQHWLFV����

�

0RGHO�LGHQWLILFDWLRQ�

7KH� HVWLPDWLRQ� RI� WKH� NLQHWLF� SDUDPHWHUV� IURP� JLYHQ� H[SHULPHQWDO� FU\VWDO� VL]H�

GLVWULEXWLRQV�UHTXLUHV�WKH�VROXWLRQ�RI�WKH�LQYHUVH�SUREOHP���$V�GLVFXVVHG�LQ�WKH�ZRUN�RI�

/LYN� HW� DO�
��
� WKH� FU\VWDOOLVDWLRQ� NLQHWLFV� FDQ� EH� LGHQWLILHG� XVLQJ� WZR� DSSURDFKHV��

GLIIHUHQWLDO�DQG�LQWHJUDO���,Q�WKH�GLIIHUHQWLDO�DSSURDFK��WKH�PRGHO�HTXDWLRQV�RQO\�QHHG�WR�

EH� HYDOXDWHG� DW� GLIIHUHQW� WLPH� LQVWDQWV�� ZKLOH� WKH� LQWHJUDO� DSSURDFK� UHTXLUHV� WKH�

LQWHJUDWLRQ� RI� WKH�PRGHO� HTXDWLRQV�� � ,Q� WKLV�ZRUN�� D� K\EULG� DSSURDFK��ZKLFK� FRPELQHV�

ERWK�PHWKRGV�� LV� DSSOLHG�
��
� � ,Q� WKLV�ZD\�ZH� FDQ�PDNH� XVH� RI� RXU� H[SHULPHQWDO�&6'V��
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ZKLFK�ZHUH�REWDLQHG�E\�VLHYLQJ���0RUH�GHWDLOV�RQ�WKH�H[SHULPHQWDO�SURFHGXUH�DUH�JLYHQ�

LQ�WKH�ZRUN�RI�3RKDU�DQG�/LYN
��
�DQG�/LYN�HW�DO�

�
��7KH�K\EULG�DSSURDFK�FDQ�EH�LOOXVWUDWHG�

E\�WKH�IROORZLQJ�PDLQ�VWHSV��

x� HVWLPDWLRQ�RI�WKH�JURZWK�UDWH�SDUDPHWHUV�XVLQJ�WKH�GLIIHUHQWLDO�PHWKRG�

x� HVWLPDWLRQ� RI� WKH� QXFOHDWLRQ� DQG� DJJORPHUDWLRQ� SDUDPHWHUV� XVLQJ� QRQOLQHDU�

RSWLPL]DWLRQ�WRJHWKHU�ZLWK�WKH�YDOXHV�RI�WKH�JURZWK�UDWH�SDUDPHWHUV�

x� LWHUDWH� WKH� ILUVW� WZR� VWHSV� XQWLO� D� VDWLVIDFWRU\� DJUHHPHQW� EHWZHHQ� WKH� SUHGLFWLRQ�

DQG�H[SHULPHQW�LV�DFKLHYHG��

7KH�K\EULG�DSSURDFK�HQDEOHV�D�UDSLG�GHWHUPLQDWLRQ�RI�WKH�JURZWK�SDUDPHWHUV�E\�WKH�

GLIIHUHQWLDO�PHWKRG� LQ� WKH� ILUVW� VWHS�� UHVXOWLQJ� LQ� D� VPDOOHU� GLPHQVLRQDO� SUREOHP� LQ� WKH�

VHFRQG�VWHS��7KH�QXFOHDWLRQ�DQG�DJJORPHUDWLRQ�SDUDPHWHUV�DUH�HVWLPDWHG� LQ� WKH�VHFRQG�

VWHS�XVLQJ�QRQOLQHDU�RSWLPL]DWLRQ�
��
��7KH�QRQOLQHDU�RSWLPL]DWLRQ�SUREOHP�FDQ�EH�ZULWWHQ�

LQ�VKRUW�DV
��
�

�

PLQ���)�\H[S�W���\�W�T���� � � � � �

� � �T�

� ���VXEMHFW�WR�&U\VWDOOL]DWLRQ�0RGHO

�������������

,Q� WKH� RSWLPL]DWLRQ� SURFHGXUH�� WKH� YDOXH� RI� WKH� SDUDPHWHU� VHW� T��ZKLFK�PLQLPL]HV� WKH�

REMHFWLYH� IXQFWLRQ�)�� LV� HVWLPDWHG�� � 7KH� VHW� RI� SURFHVV� YDULDEOHV�� \�� FDQ� FRQWDLQ� DQ\�
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