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PD[ HTDG / HT

1 &1 N & � ���
ZKHUH�1DG LV� WKH�DGVRUEHG�TXDQWLW\��XVXDOO\� H[SUHVVHG� LQ�PROH�J��1PD[ LV� WKH�PD[LPXP�DGVRUSWLRQ�FDSDFLW\�RU�PRQROD\HU�FDSDFLW\��N/ LV�D�FRQVWDQW�FRQQHFWHG�ZLWK�WKH�DGVRUSWLRQ�HQHUJ\�� DQG�&HT LV� WKH� FRQFHQWUDWLRQ� RI� WKH� VROXWLRQ� LQ� HTXLOLEULXP�ZLWK� WKH� VROLG�� 7KH�WZR�VLWH�HTXDWLRQ�KDV�WKH�IROORZLQJ�IRUP�

PD[� HT PD[� HTDG /�� HT /�� HT
1 & 1 &1 N & N & �� � ���

ZKHUH�WKH�SDUDPHWHUV�KDYH�WKH�VDPH�PHDQLQJ�WKDQ�LQ�HTXDWLRQ���EXW�UHIHUUHG�WR�GLIIHUHQW�VLWHV��)LQDOO\��WKH�WKLUG�YHUVLRQ�RI�/DQJPXLU�HTXDWLRQ�FRQWDLQV�D�RQH�VLWH�WHUP�SOXV�D�QRQ�VSHFLILF�RQH�DQG�LWV�IRUP�LV�JLYHQ�E\�
PD[ HTDG V HT/ HT

1 &1 1 &N & �� ���



(VSyVLWR��$��HW�DO�� 7KH� QH[W� DGVRUSWLRQ� LVRWKHUP� WHVWHG� LV� %UXQDXHU�� (PPHWW� DQG� 7HOOHU� HTXDWLRQ��%(7���7KLV�HTXDWLRQ�LV�DQ�H[WHQVLRQ�RI�/DQJPXLU�PRQROD\HU�LVRWKHUP�WR�WKH�FDVH�ZKHUH�D�PXOWLOD\HU�RI�WKH�DGVRUEDWH�LV�IRUPHG��7KLV�HTXDWLRQ�LV�FXUUHQWO\�HPSOR\HG�WR�GHWHUPLQH�WKH� VSHFLILF� VXUIDFH� DUHD� RI� SRZGHUV� XVLQJ� QLWURJHQ� DV� VWDQGDUG� DGVRUEDWH�� 7KH�PRGHO�XQGHUQHDWK�WKH�HTXDWLRQ�KDV�EHHQ�FULWLFL]HG�DQG�LWV�GUDZEDFNV�DQG�IDLOXUHV�DUH�YHU\�ZHOO�NQRZQ�>��@�� WKXV� WKLV�SRLQW�ZLOO�QRW�EH�GLVFXVVHG�KHUH��7KH�PDWKHPDWLFDO� IRUP�RI�%(7�HTXDWLRQ��LQ�LWV�OLQHDU�IRUP��LV�JLYHQ�E\�� �DG P P
[ & � �[1 � [ 1 & 1 &� �� ���

ZKHUH�[� �1DG�1R��1DG LV�WKH�DGVRUEHG�DPRXQW�DQG�1R LV�UHODWHG�WR�WKH�UHIHUHQFH�VWDWH��LW�LV�WKH� YDSRU� SUHVVXUH� IRU� DGVRUSWLRQ� RI� YDSRUV�� DQG� WKH� VDWXUDWLRQ� FRQFHQWUDWLRQ� IRU�DGVRUSWLRQ�IURP�VROXWLRQ��&�LV�D�SDUDPHWHU�UHODWHG�WR�WKH�DGVRUSWLRQ�HQWKDOS\�DQG�WDNHQ�DV�FRQVWDQW�LQ�WKH�RULJLQDO�PRGHO��1P LV�WKH�DGVRUEHG�DPRXQW�QHFHVVDU\�WR�IRUP�D�PRQROD\HU�RQ�WKH�VXUIDFH��2QFH�WKH�PRQROD\HU�FDSDFLW\�LV�NQRZQ�IURP�WKH�LVRWKHUP��LW�LV�SRVVLEOH�WR�FDOFXODWH� WKH� VXUIDFH�DUHD�RI� WKH� DGVRUEHQW�SURYLGHG� WKDW� WKH�FURVV�VHFWLRQDO�DUHD�RI� WKH�DGVRUEDWH�LV�NQRZQ�5HGOLFK�3HWHUVRQ�LV�D�WKUHH�SDUDPHWHU�HPSLULFDO�HTXDWLRQ�WKDW�LV�ZLGHO\�HPSOR\HG�WR�GHVFULEHG�DGVRUSWLRQ�IURP�VROXWLRQ�RU�IURP�WKH�JDV�SKDVH��7KH�HTXDWLRQ�LV�JLYHQ�E\�
HTDG FHT

D &1 � E & � ���
ZKHUH� D�� E�� DQG� F� DUH� WKH� SDUDPHWHUV� WKDW� PXVW� EH� GHWHUPLQHG� IURP� WKH� DGVRUSWLRQ�LVRWKHUP�� 5HGOLFK�3HWHUVRQ� HTXDWLRQ� LV� HTXDO� WR� /DQJPXLU� LVRWKHUP� IRU� F�  � ��� ,W� LV�JHQHUDOO\� DVVXPHG� WKDW� F� LV� UHODWHG� WR� WKH� KHWHURJHQHLW\� RI� WKH� DGVRUEHQW�� 7KH� QH[W�HPSLULFDO�HTXDWLRQ�ZH�KDYH�WHVWHG�LV�WKH�ZHOO�NQRZQ�)UHXQGOLFK�LVRWKHUP�JLYHQ�E\��� QDG ) HT1 N & ���ZKHUH� N) DQG� Q� DUH� FRQVWDQWV�� WKH� UHVW� RI� WKH� V\PEROV� KDYH� WKHLU� XVXDO� PHDQLQJ�� 7KH�SDUDPHWHU�Q�LV�XVXDOO\�DVVRFLDWHG�ZLWK�WKH�KHWHURJHQHLW\�RI�WKH�VXUIDFH��7KH�ODVW�HPSLULFDO�HTXDWLRQ�DQDO\]HG�LV�7yWK�DGVRUSWLRQ�LVRWKHUP�JLYHQ�E\�

P HTDG �P P7 HT
1 &1 N & ª º�¬ ¼ ���

ZKHUH� 1P�� N7�� DQG� P� DUH� WKH� HTXDWLRQ� SDUDPHWHUV� PHDQLQJ� WKH� PRQROD\HU� FDSDFLW\��WHPSHUDWXUH� GHSHQGHQW� SDUDPHWHU�� DQG� WKH� KHWHURJHQHLW\� SDUDPHWHU� WKDW� LV� WHPSHUDWXUH�LQGHSHQGHQW�UHVSHFWLYHO\�,Q� DOO� FDVHV� WKH� FRUUHVSRQGLQJ� SDUDPHWHUV� KDYH� EHHQ� GHWHUPLQHG� IURP� WKH�DGVRUSWLRQ�LVRWKHUPV�XVLQJ�D�QRQOLQHDU�OHDVW�VTXDUHV�ILWWLQJ�DOJRULWKP��)LJXUH���VKRZV�WKH�H[SHULPHQWDO�LVRWKHUP�RI�SKHQRO�DW�����.��$OO�WKH�HTXDWLRQV�WHVWHG�KDYH�EHHQ�DSSOLHG�WR�WKLV�H[SHULPHQWDO�LVRWKHUP�7KH�%(7�HTXDWLRQ�� LQ� LWV� OLQHDU�IRUP��SURGXFHG�D�VWUDLJKW� OLQH�ZLWK�D�FRUUHODWLRQ�FRHIILFLHQW�EHWWHU�WKDQ������DV�FRXOG�EH�LQIHUUHG�IURP�)LJXUH����7KH�PRQROD\HU�FDSDFLW\�YDOXH�LV�������� PRO�J��&� ������DQG�WKH�VSHFLILF�VXUIDFH�DUHD�REWDLQHG�LV��XVLQJ�������QP� IRU�WKH�FURVV�VHFWLRQDO�DUHD�>��@������P��J��7KLV�YDOXH�LV�LQ�H[FHOOHQW�DJUHHPHQW�ZLWK�WKH�RQH�GHULYHG�IURP�QLWURJHQ�LVRWKHUPV�RQ�WKH�VDPH�FDUERQ�VDPSOH������P��J���7KLV�IDFW�DOVR�DJUHHV�ZLWK�WKH�SUHYLRXV�ILQGLQJ�VKRZLQJ�WKDW�VROYHQW�HIIHFWV�DUH�QRW�LPSRUWDQW�>��@��



6RPH�&KDUDFWHULVWLFV�RI�3KHQRO�$GVRUSWLRQ�RQ�$FWLYDWHG�&DUERQ ��7KLV�LV�VXSSRUWHG�E\�WZR�IDFWV��ILUVW�LV�WKDW�WKH�VLPXODWHG�LVRWKHUPV�IROORZ�WKH�VDPH�WUHQG�RI�WKH�H[SHULPHQWDO�RQHV��QHYHUWKHOHVV�WKH�IRUPHU�KDYH�EHHQ�FDOFXODWHG�IRU�WKH DGVRUSWLRQ�IURP� WKH� JDV� SKDVH�� 7KH� VHFRQG� IDFW� LV� WKH� ODUJH� S.D� YDOXH� RI� SKHQRO� �S.D�  � ����� DW�������.���ZKLFK�LQGLFDWHV�WKDW�WKH�GHJUHH�RI�GLVVRFLDWLRQ�PXVW�EH�QHJOLJLEOH��2EYLRXVO\��WKLV� LV� QRW� WUXH� IRU� DONDOLQH� VROXWLRQV� ZKHUH� SKHQRO� LRQLF� VSHFLHV� PXVW EH� LQ� KLJKHU�FRQFHQWUDWLRQV�� 7KH� %(7� PHWKRG� XVHG� ZLWK� WKH� VLPXODWHG� LVRWKHUP� REWDLQHG� IRU�DGVRUSWLRQ� RQ� WKH� EDVDO� SODQH� RI� JUDSKLWH� DOVR� SURGXFHG� DQ� H[FHOOHQW� OLQHDU� FRUUHODWLRQ�DQG� WKH� REWDLQHG� VXUIDFH� DUHD� GLIIHUHG� E\� OHVV� WKDQ� ���ZLWK� UHVSHFW� WR� WKH� DUHD� RI� WKH�VLPXODWLRQ�ER[��:H�FDQ�FRQFOXGH�WKDW�WKH�%(7�PHWKRG�SURGXFHV�YDOLG�VXUIDFH�DUHDV�IRU�DGVRUSWLRQ� IURP� VROXWLRQ�� DW� OHDVW� ZKHQ� LRQ� DGVRUSWLRQ� LV� QRW� LPSRUWDQW� DQG� VROYHQW�HIIHFWV�DUH�QHJOLJLEOH��,Q�DJUHHPHQW�ZLWK�WKLV��ZH�KDYH�SUHYLRXVO\�IRXQG�WKDW WKH�KHDW�RI�DGVRUSWLRQ�FRXOG�EH�UHSURGXFHG�ZLWK�RXU�VLPXODWLRQV�>��@�
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)LJXUH����3KHQRO�DGVRUSWLRQ�LVRWKHUP�RQ�DFWLYDWHG�FDUERQ�DW�����.�
/DQJPXLU� HTXDWLRQ� IRU� WZR�VLWH� VXUIDFH�� HTXDWLRQ� ��� ILWV� WKH� H[SHULPHQWDO� GDWD�TXLWH� ZHOO� EXW� WKH� PRQROD\HU� FDSDFLW\� GHWHUPLQHG� LV� WRR� ODUJH� ������ ���� PRO�J�� ZLWK�UHVSHFW� WR� WKH�%(7�RQH� ���������� PRO�J���7KH�PRGHO�JLYHV� D�PRQROD\HU� FDSDFLW\� YHU\�FORVH�WR�WKH�%(7�RQH�IRU�RQH�VLWH�RI�WKH�WZR�FRQVLGHUHG��2EYLRXVO\�LW�PDNHV�QRQVHQVH�WR�XVH� D� WZR�VLWH� HTXDWLRQ� WR� HQG� XS� QHJOHFWLQJ� RQH� RI� WKHP��2Q� WKH� FRQWUDU\�� /DQJPXLU�HTXDWLRQ� LQFOXGLQJ� D� QRQ�VSHFLILF� VLWH�� HTXDWLRQ� ��� SURGXFHV� D� UHDVRQDEOH� PRQROD\HU�FDSDFLW\�YDOXH���������� PRO�J��5HGOLFK�3HWHUVRQ� HTXDWLRQ� �HTXDWLRQ� ��� UHSUHVHQWDWLRQ� LV� VKRZQ� LQ� )LJXUH� �� IRU�VHYHUDO�YDOXHV�RI� WKH�KHWHURJHQHLW\� SDUDPHWHU�� F�� LQFOXGLQJ� WKH� H[SHULPHQWDO�DGVRUSWLRQ�LVRWKHUP��7KH�YDOXH�RI�F�REWDLQHG�LQ�RXU�FDVH���������LV�ZLWKLQ�WKH�UDQJH�RI�RWKHU�UHSRUWHG�YDOXHV�IRU�DGVRUSWLRQ�RI�GLIIHUHQW�VSHFLHV�RQ�DFWLYDWHG�FDUERQV��)RU�H[DPSOH��/XFDV�HW�DO�



(VSyVLWR��$��HW�DO��>��@�KDYH�UHSRUWHG�YDOXHV�UDQJLQJ�IURP�������WR�������IRU�WKH�DGVRUSWLRQ�RI�IXUIXUDO�RQ�D�VHULHV�RI�DFWLYDWHG�FDUERQV��7KH�ILWWHG�FXUYH�KDV�DOZD\V�D�KLJK�FRUUHODWLRQ�FRHIILFLHQW�DV�LQ� RXU� FDVH�� 1HYHUWKHOHVV�� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� YDOXH� RI� F� DQG� VXUIDFH�KHWHURJHQHLW\� PXVW� EH� UHFRQVLGHUHG� VLQFH� WKH� VDPH� HTXDWLRQ� HPSOR\HG� ZLWK� WKH� GDWD�REWDLQHG�IURP�WKH�DGVRUSWLRQ�RI�SKHQRO�RQ�WKH�EDVDO�SODQH�RI�JUDSKLWH�SURGXFHG�F� �������ZLWK� D� KLJK� FRUUHODWLRQ� FRHIILFLHQW� DV� FDQ� EH� VHHQ� LQ� )LJXUH� ��� 6LQFH� WKLV� VXUIDFH� LV�SHUIHFWO\�IODW�DQG�KRPRJHQHRXV��WKH�FRQFOXVLRQ�LV�WKDW�F�FDQQRW�EH�WDNHQ�DV�D�PHDVXUH�RI�WKH�VXUIDFH�KHWHURJHQHLW\��)URP�D�FORVHU�H[DPLQDWLRQ�RI�)LJXUH���ZH�FRXOG�FRQFOXGH�WKDW�VLQFH�WKH�LVRWKHUPV�RI�SKHQRO�DQG VLPLODU�VSHFLHV�DUH�PRUH�RU�OHVV�RI�WKH�VDPH�VKDSH�LW�LV�QRW�SRVVLEOH�WR�H[SHFW�F�YDOXHV�OHVV�WKDQ�FD������± ����
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)LJXUH��� %(7�OLQHDU�UHSUHVHQWDWLRQ�RI�WKH�DGVRUSWLRQ�LVRWKHUP�VKRZHG�LQ�)LJXUH���
:LWK�UHVSHFW�WR�)UHXQGOLFK
V�HTXDWLRQ�LW�FDQ�EH�VDLG� WKDW�WKH�H[SHULPHQWDO�GDWD�LV�YHU\�ZHOO�ILWWHG�E\�WKH�HTXDWLRQ�JLYLQJ�D�YDOXH�RI�WKH�SDUDPHWHU�Q� �������)LQDOO\��WKH�ODVW�HPSLULFDO�HTXDWLRQ� WHVWHG� LV�7yWK
V� LVRWKHUP��7KLV�HTXDWLRQ�FDQ�EH�VXFFHVVIXOO\� ILWWHG� WR�WKH�H[SHULPHQWDO�GDWD�EXW�ZH�IRXQG�WKH�VDPH�SUREOHP�DV�ZLWK�5HGOLFK�3HWHUVRQ�HTXDWLRQ��7KH�SDUDPHWHUV�REWDLQHG�IRU�WKH�H[SHULPHQWDO�LVRWKHUP�RQ�WKH�DFWLYDWHG�FDUERQ�DUH��1P  ��������PRO�J����N7  ���������DQG�P� ���������:KLOH�IRU� WKH�VLPXODWHG�LVRWKHUP�RQ�WKH�EDVDO�SODQH�RI�JUDSKLWH��WKH�REWDLQHG�SDUDPHWHUV�DUH��1P  �������PROHFXOHV�c���DQG�P� ��������� ,W�PXVW�EH�SRLQWHG�RXW� WKDW�EHVLGHV� WKH�GLIIHUHQFH� LQ�XQLWV�EHWZHHQ�ERWK�VHWV�RI�SDUDPHWHUV�� QHLWKHU� RI� WKHP� UHSURGXFHV� WKH� H[SHULPHQWDO� YDOXHV� RI� WKH� PRQROD\HU�FDSDFLW\� REWDLQHG� IURP� RWKHU� PHWKRGV�� 7KH� SDUDPHWHU� P�� UHODWHG� WR� WKH� VXUIDFH�KHWHURJHQHLW\��LV�DJDLQ�YHU\�VLPLODU�IRU�ERWK�LVRWKHUPV��WKH�RQH�REWDLQHG�RQ�DQ�DFWLYDWHG�FDUERQ�DQG�WKH�RQH�REWDLQHG�IRU�WKH�EDVDO�SODQH�RI�JUDSKLWH�,W�LV�YHU\�ZHOO�NQRZQ�WKDW�WKH EHVW�FKDUDFWHUL]DWLRQ�RI�WKH�DGVRUSWLRQ�SURSHUWLHV�RI�D� VROLG� VXUIDFH� LV� REWDLQHG� IURP� WKH� DGVRUSWLRQ� HQHUJ\� GLVWULEXWLRQ� IXQFWLRQ�� 7KH�



6RPH�&KDUDFWHULVWLFV�RI�3KHQRO�$GVRUSWLRQ�RQ�$FWLYDWHG�&DUERQ ��GHWHUPLQDWLRQ�RI�WKLV�GLVWULEXWLRQ�LV�REWDLQHG�E\�VROYLQJ�WKH�JHQHUDO�DGVRUSWLRQ�LVRWKHUP�HTXDWLRQ�JLYHQ�E\� � � � � � �PD[
PLQ

8 /DG P 81 S 1 S�8 I 8 G8 T³ ���
ZKHUH�1DG LV� WKH�DPRXQW�DGVRUEHG�DW�SUHVVXUH�S��1P LV� WKH�PRQROD\HU� FDSDFLW\��T/ LV�D�IXQFWLRQ�RI�WKH�SUHVVXUH�DQG�WKH�DGVRUSWLRQ�SRWHQWLDO�RQ�D�SDWFK�FDOOHG�ORFDO�LVRWKHUP��DQG�I�8�� LV� WKH� DGVRUSWLRQ� HQHUJ\� GLVWULEXWLRQ� IXQFWLRQ�� (TXDWLRQ� �� LV� REWDLQHG� ZKHQ� LW� LV�DVVXPHG� WKDW� D�KHWHURJHQHRXV� VXUIDFH� FRXOG�EH� GHFRPSRVHG� LQ� UHJLRQV�� FDOOHG�SDWFKHV��ZKHUH� WKH�DGVRUSWLRQ�SRWHQWLDO� LV�FRQVWDQW�� L�H�� WKH�SDWFKHV�DUH�XQLIRUP�VXUIDFH�SRUWLRQV�ZKHUH� DQ� DGVRUSWLRQ� LVRWKHUP� HTXDWLRQ� LV� VXLWDEOH� WR� GHVFULEH� WKH� DGVRUSWLRQ��8QIRUWXQDWHO\�� WKLV� HTXDWLRQ� LV� D� )UHGKROP� LQWHJUDO� HTXDWLRQ� WKDW� KDV� QR� DQDO\WLFDO�UHVROXWLRQ�EXW�IRU�D�IHZ�FDVHV�ZLWKRXW�LQWHUHVW�IRU�UHDO�FDVHV��$�QXPHULFDO�VROXWLRQ�PXVW�EH�IRXQG WR�VROYH�WKH�HTXDWLRQ�JLYHQ�WKH�H[SHULPHQWDO�LVRWKHUP��$�FRPSOHWH�GHVFULSWLRQ�RI� WKH�SUREOHP�FDQ�EH�IRXQG�HOVHZKHUH�>����@� WKXV�ZH�ZLOO�QRW�H[WHQG� WKH�GLVFXVVLRQ�RI�WKH�GHWDLOV�KHUH�

&HT�&R
��� ��� ��� ���

1 DG>P
RO�J@

�����
�����
�����
�����
����� F ���

F ���
F �����

F ���
F ����

)LJXUH��� 5HGOLFK�3HWHUVRQ�HTXDWLRQ�SORWWHG�IRU�VHYHUDO�F�YDOXHV�LQFOXGLQJ�WKH�H[SHULPHQWDO�LVRWKHUP��7� �����.��
,Q�WKLV�SDSHU�ZH�KDYH�HPSOR\HG�WZR�PHWKRGV�WR�VROYH�HTXDWLRQ���VWDUWLQJ�IURP�WKH�H[SHULPHQWDO� DQG� VLPXODWHG� LVRWKHUPV�� 7KH� ILUVW� LV� WKH� QXPHULFDO� PHWKRG� NQRZQ� DV�FRQVWUDLQHG� UHJXODUL]DWLRQ�PHWKRG�� DQG� WKH� VHFRQG� RQH� LV� D� OHDVW� VTXDUHV�PLQLPL]DWLRQ�SURFHGXUH��%RWK�PHWKRGV�QHHG�WKH�DVVXPSWLRQ�RI�D� ORFDO� LVRWKHUP�DQG�WKH� OHDVW�VTXDUHV�PHWKRG�DOVR�UHTXLUHV�WKH�PDWKHPDWLFDO�IRUP�RI�WKH�HQHUJ\�GLVWULEXWLRQ��,Q�RXU�FDVH�DQG�WR�VLPSOLI\� WKH� FRPSDULVRQ� RI� ERWK� PHWKRGV�� ZH� VHOHFWHG� WKH� %(7� HTXDWLRQ� DV� ORFDO�LVRWKHUP�DQG�D�*DXVVLDQ�IXQFWLRQ�DV�HQHUJ\�GLVWULEXWLRQ��$V�ZDV�SUHYLRXVO\�VDLG��ZH�XVHG�ERWK�PHWKRGV�WR�VROYH�WKH�HTXDWLRQ�IRU�WKH�H[SHULPHQWDO�DQG�WKH�VLPXODWHG�LVRWKHUPV�DQG�FRPSDUHG� WKH� REWDLQHG� VROXWLRQV� ZLWK� WKH� HQHUJ\� PDS� REWDLQHG� IRU� WKH� PRGHO� VXUIDFH�



(VSyVLWR��$��HW�DO��HPSOR\HG�LQ�WKH�VLPXODWLRQV��VHH�)LJXUH�����%HIRUH�GLVFXVVLQJ�WKHVH�UHVXOWV�ZH�SUHVHQW�D�EULHI�GHVFULSWLRQ�RI�KRZ� WKH� HQHUJ\�PDS�RI� WKH�PRGHO� VXUIDFH� LV� REWDLQHG��7KH�PDS� LV�FRQVWUXFWHG�E\�VZHHSLQJ� WKH�PRGHO�VXUIDFH�ZLWK�D�PROHFXOH�RI� WKH�DGVRUEDWH� LQ�D�JLYHQ�RULHQWDWLRQ�ZLWK�UHVSHFW�WR�WKH�VXUIDFH��7KH�HQWLUH�VXUIDFH�LV�GLYLGHG�LQ�D�PHVK�����[�����LQ�RXU� FDVH�� DQG� WKH� DGVRUSWLRQ� HQHUJ\� LV� FDOFXODWHG� DW� HDFK� SRLQW� RI� WKH� PHVK�� WKH�LQWHUDFWLRQ�HQHUJ\�EHWZHHQ�WKH�PROHFXOH�DQG� WKH�VXUIDFH� LV�PLQLPL]HG�DW�HDFK�SRLQW�E\�FKDQJLQJ� WKH� ] FRRUGLQDWH� RI� WKH� PROHFXOH�� ILQDOO\�� WKH� FRUUHVSRQGLQJ� HQHUJ\� DQG� ]FRRUGLQDWH�DUH�VWRUHG��,Q�SUHYLRXV�VWXGLHV�RI�WKH�DGVRUSWLRQ�RI�VLPSOH�JDVHV��1���$U��&2���HWF��� >��@� ZH� IRXQG� WKDW� WKH� HQHUJ\� GLVWULEXWLRQ� REWDLQHG� IURP� WKH� VXUIDFH� PDS� ZDV�UHSURGXFHG�E\�WKH�GLVWULEXWLRQ�REWDLQHG�IURP�WKH�DGVRUSWLRQ�LVRWKHUP��7KH�REWDLQHG�PDS�PXVW�EH�YHU\� FORVH� WR� WKH� WUXH�DGVRUSWLRQ�HQHUJ\�GLVWULEXWLRQ� IXQFWLRQ� VLQFH� LW�GRHV�QRW�LQFOXGH�ODWHUDO�LQWHUDFWLRQV�HIIHFWV�WKDW�FDQ�DOWHU�WKH�GLVWULEXWLRQ�DV�LQ�UHDO�V\VWHPV�
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)LJXUH��� 5HGOLFK�3HWHUVRQ�HTXDWLRQ�SORWWHG�IRU�SKHQRO�DGVRUSWLRQ�RQ�WKH�EDVDO�SODQH�RI�JUDSKLWH��7� �����.��
,Q� WKH� SUHVHQW� FDVH�� SKHQRO� DGVRUSWLRQ�� WKH� VXUIDFH�PDS� SURGXFHV� D� GLVWULEXWLRQ�WKDW� LV�FORVH�WR�D�*DXVVLDQ�IXQFWLRQ�ZLWK�D�PD[LPXP�ORFDWHG�DW�FD�����N-�PRO��)LJXUH���FRPSDUHV� DOO� WKH� GLVWULEXWLRQV� DQG� VHYHUDO� IDFWV� FDQ� EH� VXPPDUL]HG�� )LUVW�� WKH�GLVWULEXWLRQV� REWDLQHG� ZLWK� WKH� UHJXODUL]DWLRQ� SURFHGXUH� DUH� YHU\� GLIIHUHQW� WR� WKH� RQHV�FDOFXODWHG� ZLWK� WKH� OHDVW� VTXDUHV� PHWKRG�� 7KH� VXUIDFH� PDS�� WDNHQ� DV� WKH� FRUUHFW�GLVWULEXWLRQ�� LV� FORVHU� WR� WKH� OHDVW� VTXDUHV� VROXWLRQV� FRQVLGHULQJ� ERWK� WKH� VKDSH� DQG�ORFDWLRQ� RI� WKH� PRVW� SUREDEOH� DGVRUSWLRQ� HQHUJ\�� 7KH� UHJXODUL]DWLRQ� VROXWLRQV� DUH�DV\PPHWULF�DQG�WKH�PD[LPD�ORFDWHG�DW� ORZHU�HQHUJLHV��$Q�LQWHUHVWLQJ�SRLQW� LV� WKDW�ERWK�PHWKRGV� DUH� FRLQFLGHQW� LQ� FRQVLGHULQJ� WKDW� WKH� PRGHO� DQG� UHDO� VROLGV� DUH� VLPLODU�� 7KH�GLIIHUHQW� DUHDV� RI� WKH� SHDNV� DUH� GXH� WR� WKH� GLIIHUHQW� XQLWV� LQ� ZKLFK� DUH� H[SUHVVHG� WKH�LVRWKHUPV�� UHPHPEHU� WKDW� WKH� VLPXODWHG� RQH� LV� REWDLQHG� IRU� YDSRU� DGVRUSWLRQ� DQG� WKH�RWKHU�IRU�DGVRUSWLRQ�IURP�VROXWLRQ�



6RPH�&KDUDFWHULVWLFV�RI�3KHQRO�$GVRUSWLRQ�RQ�$FWLYDWHG�&DUERQ ��7KH�OHDVW�VTXDUHV�PHWKRG�KDV�WKH�DGYDQWDJH�WKDW�LW�XVHV�WKH�PRQROD\HU�FDSDFLW\�DV�D� FULWHULRQ� WR� VHOHFW� WKH� EHVW� VROXWLRQ�� ,Q� RXU� FDVH� WKH� HUURU�� ZLWK� UHVSHFW� WR� WKH� %(7�PHWKRG�� LV� OHVV� WKDQ� ���� IRU� WKH� VLPXODWHG� LVRWKHUP� DQG� OHVV� WKDQ� ���� IRU� WKH� UHDO�V\VWHP�� 7KH� UHJXODUL]DWLRQ� VROXWLRQV� SURGXFHG� PRQROD\HU� FDSDFLWLHV� WKDW� DUH� YHU\�GLIIHUHQW�WR�WKH�%(7�YDOXHV��HUURUV�ODUJHU�WKDQ�������7KH�UHDVRQ�IRU�WKLV�EHKDYLRU�FRXOG�EH�LQ�WKH�PHWKRG�LWVHOI�VLQFH�WKH�PRVW�LPSRUWDQW�SDUDPHWHU��WKH�UHJXODUL]DWLRQ�SDUDPHWHU��LV�QRW�NQRZQ�D�SULRUL��7KLV�PHWKRG��HPSOR\HG�ZLWK�VLPXODWHG�GDWD��L�H� GDWD�JHQHUDWHG�E\�FDOFXODWLQJ� HTXDWLRQ� �� IRU� D� JLYHQ� GLVWULEXWLRQ� DQG� ORFDO� LVRWKHUP��� LV� FDSDEOH� RI�UHSURGXFLQJ�WKH�RULJLQDO�GLVWULEXWLRQ�SURYLGHG�WKDW�WKH�FRUUHFW�UHJXODUL]DWLRQ�SDUDPHWHU�LV�XVHG��RWKHUZLVH�WKH�PHWKRG�IDLOV�WR�UHSURGXFH�WKH�RULJLQDO�GLVWULEXWLRQ�IXQFWLRQ��7KLV�IDFW�FRQVWLWXWHV� D� VHULRXV� OLPLWDWLRQ� IRU� WKLV�PHWKRG� WR� EH� HPSOR\HG� DV� D� XQLTXH� VRXUFH� WR�FKDUDFWHUL]H� WKH� VXUIDFH�� 7KH� OHDVW� VTXDUHV� PHWKRG� KDV� WKH� H[WUD� DGYDQWDJH� RI� EHLQJ�VLPSOHU�IURP�WKH�PDWKHPDWLFDO�SRLQW�RI�YLHZ�WKDQ�WKH�UHJXODUL]DWLRQ�PHWKRG�
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)LJXUH��� $GVRUSWLRQ�HQHUJ\�GLVWULEXWLRQ�IXQFWLRQV�REWDLQHG�ZLWK�WKH�FRQVWUDLQHG�UHJXODUL]DWLRQ�SURFHGXUH�DQG�OHDVW�VTXDUHV�PHWKRG�IRU�WKH�H[SHULPHQWDO�DQG�VLPXODWHG�LVRWKHUPV��/(�VLP��OHDVW�VTXDUHV PHWKRG�RQ�VLPXODWHG�LVRWKHUP��/(�H[S��OHDVW�VTXDUHV�PHWKRG�RQ�H[SHULPHQWDO�LVRWKHUP��5(�VLP��FRQVWUDLQHG�UHJXODUL]DWLRQ�SURFHGXUH�RQ�VLPXODWHG�LVRWKHUP��5(�H[S��FRQVWUDLQHG�UHJXODUL]DWLRQ�SURFHGXUH�RQ�H[SHULPHQWDO�LVRWKHUP��60��GLVWULEXWLRQ�REWDLQHG�IURP�WKH�VXUIDFH�HQHUJ\�PDS�
1RZ��DQDO\]LQJ�WKH�UHVXOWV�REWDLQHG��LW�FRXOG�EH�VDLG�WKDW�RXU�PRGHO�VROLG�H[KLELWV�WKH� PDLQ� FKDUDFWHULVWLFV� RI� WKH� UHDO� DGVRUEHQW� VLQFH� LW� UHSURGXFHV� TXLWH� FORVHO\� WKH�H[SHULPHQWDO� GLVWULEXWLRQ� IXQFWLRQ�� ,Q� SUHYLRXV� VWXGLHV� >��@�ZH� KDYH� GHPRQVWUDWHG� WKDW�WKLV�PHWKRG�ZRUNV�YHU\�QLFHO\� IRU�VLPSOH�JDVHV�DQG�WKH�REWDLQHG�UHVXOWV�UHSURGXFHG�WKH�PRQROD\HU�FDSDFLW\�ZLWK�HUURUV�OHVV�WKDQ���± ���DQG�WKDW�WKH�FDOFXODWHG�GLVWULEXWLRQ�DJUHH�TXLWH�ZHOO�ZLWK�WKH�RQH�GHULYHG�IURP�WKH�HQHUJ\�PDS� 7KH�GLVWULEXWLRQ�REWDLQHG�IURP�WKH�HQHUJ\�PDS�FRXOG�EH�DOWHUHG�LI�WKH�JDV�± VROLG�HQHUJ\�LV�YHU\�VHQVLWLYH�WR�WKH�RULHQWDWLRQ�
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