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:KHQ�WKH�YHFWRU�Y�LV�UHSHDWHGO\�PXOWLSOLHG�ZLWK�RSHUDWRU�&�DV�LQ�WKH�FDVH�RI�QXPHULFDO�VLPXODWLRQ��WKH
VWDELOLW\�RI��WKH�QXPHULFDO�VFKHPH�GHSHQGV�RQO\�RQ�RSHUDWRU�&�HLJHQYDOXHV�
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7R�HQVXUH�VWDEOH�QXPHULFDO� LWHUDWLRQV� WKH�HLJHQYDOXHV�KDYH� WR�EH�QRW�RQO\�ERXQGHG�EXW�DOVR� WKH�UHDO
SDUW�RI�HDFK�HLJHQYDOXH�KDV�WR�EH�ODUJHU�WKDQ���
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)RU�WKH�HLJHQYDOXHV�FDOFXODWLRQ�WKH�DV\PPHWULF�PDWULFHV�&�ZHUH�ILUVW�EDODQFHG�DQG�WKHQ�WUDQVIRUPHG
LQWR�+HVVHQEHUJ� IRUP��1H[W�� WKH� 45� GHFRPSRVLWLRQ� ZDV� XVHG� WR� REWDLQ� FRPSOH[� HLJHQYDOXHV�� 7KH
PDWKHPDWLFDO�DQG�QXPHULFDO�SURFHGXUHV�DUH�ZHOO�GHVFULEHG�LQ�*ROXE�	�9DQ�/RDQ��������

5(68/76
�����1XPHULFDO�VLPXODWLRQV�RI�VKRFN�SURSDJDWLRQV�ZHUH�SHUIRUPHG�XVLQJ� WKH�FRQYHFWLRQ�HTXDWLRQ�� WKH
%XUJHU�HTXDWLRQ�DQG�WKH�1DYLHU�6WRNHV�HTXDWLRQ��,Q�DOO�FDVHV�WKH�VDPH�QXPHULFDO�JULG�DQG�VLPXODWLRQ
WLPH�LQWHUYDO������V�ZHUH�DSSOLHG��2QO\�WKH�QXPEHU�RI�WLPH�LWHUDWLRQV�DQG�WKH�WLPHVWHS�ZHUH�FKDQJHG
IURP�FDVH�WR�FDVH�WR�VKRZ�WKH�VWDELOLW\�HLJHQYDOXHV�GHSHQGHQFH��7KH�VLPXODWLRQV�DOVR�UHYHDOHG�WKDW�LQ
DOO�FDVHV�HLJHQYDOXHV�VWD\�UHDO�GXULQJ�WLPH�LWHUDWLRQV�
�����)RU� WKH�FRQYHFWLRQ�HTXDWLRQ�QXPHULFDO� VLPXODWLRQV�ZLWK������������� DQG���� WLPH� LWHUDWLRQV�ZHUH
GRQH�� 7KHVH� FRUUHVSRQGV� WR� WLPHVWHSV� RI� � �������V�� �������V�� ������V�� �������V� DQG� WR� WKH�&)/
YDOXHV�RI��������������������������UHVSHFWLYHO\��%HFDXVH�RI�WKH�FODULW\�RQO\�WKH�H[DPSOHV�ZLWK����DQG
���WLPH�LWHUDWLRQV�DUH�SUHVHQWHG�

)LJ����6KRFN�SURSDJDWLRQ�����LWHUDWLRQV�� )LJ����(LJHQYDOXHV�WLPH�GLVWULEXWLRQ�����LWHUDWLRQV��

)LJ����6KRFN�SURSDJDWLRQ�����LWHUDWLRQV�� )LJ����(LJHQYDOXHV�WLPH�GLVWULEXWLRQ�����LWHUDWLRQV��



,W� FDQ� EH� REVHUYHG� RQ� ILJ�� �� DQG� �� WKDW� WKH� LQVWDELOLW\� RI� QXPHULFDO� VFKHPH� LV� LQFUHDVHG� ZKHQ� WKH
QXPEHU� RI� WLPH� LWHUDWLRQV� LV� UHGXFHG� RU� ZKHQ� WKH� WLPHVWHS� LV� HQODUJHG�� 2Q� ILJ�� �� DQG� �� WKH� WLPH
GHYHORSPHQWV�RI�WKH�WUDQVSRUW�PDWUL[�HLJHQYDOXHV�DUH�SUHVHQWHG��%HFDXVH�WKH�DGYHFWLRQ�YHORFLW\�D� LV
FRQVWDQW�� WKH�HLJHQYDOXHV�VWD\V�XQFKDQJHG�GXULQJ� WKH�HQWLUH� WLPH� LQWHJUDWLRQ��7KH� ODUJHVW�HLJHQYDOXH
RQ�WKH�OHIW�LV�RQH�GXH�WR�SUHGHILQHG�YHORFLW\�DW�WKH�LQOHW�ERXQGDU\��$V�WKH�QXPEHU�RI�WLPH�LWHUDWLRQV�LV
UHGXFHG��IURP����WR�����DQG�WKH�WLPHVWHS�LV�LQFUHDVHG��IURP��������V�WR��������V��WKH�Q���HLJHQYDOXHV
DUH�DSSURDFKLQJ�]HUR��ZKLFK�FOHDUO\�LQGLFDWHV�XQVWDEOH�EHKDYLRXU��ILJ�����
�����)RU�WKH�%XUJHU�HTXDWLRQ�QXPHULFDO�VLPXODWLRQV�ZLWK����������DQG���� WLPH�LWHUDWLRQV�ZHUH�FDUULHG
RXW��7KLV�FRUUHVSRQGV�WR�WLPHVWHSV�RI���������V���������V����������V�DQG�WR�WKH�&)/�YDOXHV�RI������
�������������UHVSHFWLYHO\��%HFDXVH�RI�WKH�FODULW\�RQO\�WKH�H[DPSOHV�ZLWK�����DQG����WLPH�LWHUDWLRQV�DUH
SUHVHQWHG�

)LJ����6KRFN�SURSDJDWLRQ������LWHUDWLRQV�� )LJ����(LJHQYDOXHV�WLPH�GLVWULEXWLRQ������LWHUDWLRQV��

)LJ����6KRFN�SURSDJDWLRQ�����LWHUDWLRQV�� )LJ����(LJHQYDOXHV�WLPH�GLVWULEXWLRQ�����LWHUDWLRQV��

�����$JDLQ� WKH� H[DPSOHV� RQ� ILJ�� �� DQG� �� VKRZ� WKH� LQFUHDVHG� LQVWDELOLWLHV� ZKHQ� WKH� QXPEHU� RI� WLPH
LWHUDWLRQV�LV�UHGXFHG�RU�ZKHQ�WKH�WLPHVWHS�LV�HQODUJHG��7KLV�LV�WKH�FDVH�ZKHUH�WKH�&)/�FRQGLWLRQ�IDLOV
WR� SUHGLFW� XQVWDEOH� EHKDYLRXU�� 7KH� &)/� FRQGLWLRQ� LV� ������ ZKHQ� QXPHULFDO� LQWHJUDWLRQ� DOUHDG\
GLYHUJHV��2Q�WKH�RWKHU�KDQG��WKH�WLPH�GHYHORSPHQWV�RI�WKH�WUDQVSRUW�PDWUL[�HLJHQYDOXHV�RQ�WKH�ILJ���
DQG� �� FOHDUO\� VKRZ� ZKHQ� RQH� RI� WKH� HLJHQYDOXHV� LV� DSSURDFKLQJ� ]HUR�� 7KLV� UHVXOWV� LQ� JURZLQJ
LQVWDELOLWLHV�
�����,Q� WKH� FDVH� RI� WKH� 1DYLHU�6WRNHV� HTXDWLRQ� WKH� GHYHORSHG� QXPHULFDO� FRGH� ZDV� ILUVW� YHULILHG� E\
FRPSDULQJ�FDOFXODWHG�DQG�DQDO\WLFDOO\�REWDLQHG�UHVXOWV�RI�SUHVVXUH�VKRFN�SURSDJDWLRQ�LQ�7LVHOM��������



)LJ�����3UHVVXUH�FRPSDULVRQ��W� �������V�� )LJ�����3UHVVXUH�FRPSDULVRQ��W� �������V��

$V�SUHVHQWHG�RQ�ILJ�����DQG�����WKH�QXPHULFDOO\�FDOFXODWHG�UHVXOWV�DUH�FORVH�WR�WKRVH�DOUHDG\�SXEOLVKHG�
ZKLFK� MXVWLILHV� WKH�GHVFULEHG�DSSURDFK� IRU�FRPSUHVVLEOH� IORZ� WUHDWPHQW��7KH�QXPHULFDOO\�FDOFXODWHG
GHQVLW\� DQG� YHORFLW\� ILHOG� GLIIHU� IURP� WKH� DQDO\WLFDOO\� FDOFXODWHG� IRU� DERXW� ��� SHUFHQW� GXH� WR
LVRWKHUPDO�LGHDO�JDV�DSSUR[LPDWLRQ�RI�WKH�ZRUNLQJ�IOXLG�
�����7KH�QXPHULFDO�VLPXODWLRQ�RI�SUHVVXUH�VKRFN�SURSDJDWLRQV�ZHUH�SHUIRUPHG�ZLWK��������������DQG���
WLPH�LWHUDWLRQV��7KHVH�FRUUHVSRQG�WR�WLPHVWHSV�RI���������V���������V���������V����������V�DQG�WR�WKH
&)/�YDOXHV�RI�������������������������UHVSHFWLYHO\��%HFDXVH�RI�WKH�FODULW\�RQO\�WKH�H[DPSOHV�ZLWK����
DQG����WLPH�LWHUDWLRQV�DUH�SUHVHQWHG�

)LJ�����6KRFN�SURSDJDWLRQ������LWHUDWLRQV� )LJ�����(LJHQYDOXHV�WLPH�GLVWULEXWLRQ������LWHUDWLRQV��

)LJ�����6KRFN�SURSDJDWLRQ�����LWHUDWLRQV� )LJ�����(LJHQYDOXHV�WLPH�GLVWULEXWLRQ�����LWHUDWLRQV��

$JDLQ�� WKH� H[DPSOHV� RQ� ILJ�� ��� DQG� ��� VKRZ� WKH� LQFUHDVHG� LQVWDELOLWLHV� ZKHQ� WKH� QXPEHU� RI� WLPH
LWHUDWLRQV� LV� UHGXFHG� RU� ZKHQ� WKH� WLPHVWHS� LV� HQODUJHG�� 7KH� VWDELOLW\� DQDO\VLV� RI� 1DYLHU�6WRNHV



HTXDWLRQ�LV�PRUH�FRPSOLFDWHG�EHFDXVH�RI�WKH�SUHVVXUH�ILHOG�WKDW�IRUFHV�WKH�PDVV�FRQVHUYDWLRQ��,Q�VSLWH
RI�IDFW�WKDW�D�FRPSOHWH�VWDELOLW\�DQDO\VLV�RI�WKH�1DYLHU�6WRNHV�HTXDWLRQ�VKRXOG�DOVR�LQFOXGH�SUHVVXUH�
WKH�LQVWDELOLWLHV�DUH�SULQFLSDOO\�JRYHUQHG�E\�WKH�VL]H�RI�WKH�WUDQVSRUW�PDWUL[�HLJHQYDOXHV��$V�ILJ�����DQG
���VKRZ��WKH�LQVWDELOLWLHV�RFFXU�LPPHGLDWHO\�ZKHQ�RQH�RI�WKH�HLJHQYDOXHV�EHFRPHV�QHJDWLYH�

&21&/86,216
�����7KH�VWDELOLW\�RI� � ILUVW�RUGHU�DFFXUDWH�VFKHPHV� IRU�FRQYHFWLRQ�SUREOHPV�ZHUH�DQDO\VHG� LQ�RUGHU� WR
ILQG� D� VXLWDEOH�QXPHULFDO� DOJRULWKP� IRU� WKH�ROG�6083�FRGH��)RU� WKLV�SXUSRVH�YHORFLW\� VKRFNV�ZHUH
VLPXODWHG�XVLQJ�WKH�FRQYHFWLRQ�HTXDWLRQ�DQG�WKH�%XUJHU�HTXDWLRQ��7KH�FRPSUHVVLEOH�IRUP�RI�1DYLHU�
6WRNHV� HTXDWLRQ� ZDV� DSSOLHG� IRU� SUHVVXUH� VKRFN� WHVWLQJ�� 5HVXOWV� RI� FRGH� YHULILFDWLRQ� MXVWLI\� WKH
VHOHFWHG�QXPHULFDO�DOJRULWKP�
�����)RU� VWDELOLW\� DQDO\VLV� WKH� PDWUL[� PHWKRG� ZDV� PRGLILHG� DQG� WKH� QHZ� VWDELOLW\� FULWHULD� ZHUH
GHYHORSHG�� 7KHVH� FULWHULD� DUH� EDVHG� RQ� FDOFXODWHG� HLJHQYDOXHV� RI� WKH� VR�FDOOHG� WUDQVSRUW� PDWUL[�
5HVXOWV�RI�HLJHQYDOXH�FRPSXWDWLRQV�GXULQJ�VLPXODWLRQV��ZKHQ�WKH�FRQYHFWLRQ�HTXDWLRQ�RU�WKH�%XUJHU
HTXDWLRQ�ZDV�DSSOLHG��SURYH�WKH�DFFXUDF\�RI�WKH�LQWURGXFHG�VWDELOLW\�FULWHULD��7KH�VDPH�FULWHULD�ZHUH
DOVR� DSSOLHG� WR� WKH� 1DYLHU�6WRNHV� HTXDWLRQ� GXULQJ� SUHVVXUH� VKRFN� FDOFXODWLRQ�� $OWKRXJK� WKH
HLJHQYDOXHV�FDOFXODWLRQ�RI�WKH�FRQYHFWLRQ�SDUW�RI�WKH�1DYLHU�6WRNHV�HTXDWLRQ�LV�LQDGHTXDWH�DV�SUHFLVH
VWDELOLW\� FULWHULD�� WKH� VLPXODWLRQV� VKRZHG� WKDW� LQVWDELOLWLHV� DUH� SULQFLSDOO\� JRYHUQHG� E\� WKH� VL]H� RI
HLJHQYDOXHV�
�����,Q�WKH�IXWXUH�WKH�VWDELOLW\�RI�WKH�1DYLHU�6WRNHV�HTXDWLRQ�ZLOO�EH�IXUWKHU�LQYHVWLJDWHG�WR�FODULI\�WKH
VWDELOLW\�FRQGLWLRQV�DQG�HQVXUH�D�VROLG�EDVH�IRU�WLPH�GHSHQGHQW�IORZ�PRGHOOLQJ�

5()(5(1&(6
�����%HOO�� -�� %��� &ROHOOD�� 3��� *OD]�� +�� 0��� ������ ³$� 6HFRQG� 2UGHU� 3URMHFWLRQ� 0HWKRG� IRU� WKH
,QFRPSUHVVLEOH�1DYLHU�6WRNHV�(TXDWLRQ´��-��&RPS��3K\V�������������SS����������
�����)HU]LJHU��-��+���3HUL ��0���������³&RPSXWDWLRQDO�0HWKRG� IRU�)OXLG�'\QDPLFV´��6SULQJHU�9HUODJ�
%HUOLQ��SS����������
�����*ROXE�� *�� +��� 9DQ� /RDQ�� &�� )��� ������ ³0DWUL[� &RPSXWDWLRQV´�� �UG� (GLWLRQ�� -RKQ� +RSNLQV�
%DOWLPRUH��SS����������
�����*UHJRULþ��0��� 3HWHUOLQ��*��� 3HWHOLQ�� 6���0DYNR��%���5DGRYLü��0���äHOMNR��0��� ������ ³6SUHPOMDQMH
SUREOHPDWLNH�XSDUMDOQLNRY´��,-6�'3�������/MXEOMDQD�
�����+LQGPDUVK��$�� &��� *UHVKR�� 3��0��� *ULIILWV�� '�� )��� ������ ³7KH� 6WDELOLW\� RI� ([SOLFLW� (XOHU� 7LPH�
,QWHJUDWLRQ� IRU� &HUWDLQ� )LQLWH� 'LIIHUHQFH� $SSUR[LPDWLRQV� RI� WKH� 0XOWL�'LPHQVLRQDO� $GYHFWLRQ�
'LIIXVLRQ�(TXDWLRQV´��,QW��-��1XP��0HWK��LQ�)OXLGV��������9RO�����SS����������
�����+LUVFK��&���������³1XPHULFDO�&RPSXWDWLRQ�RI�,QWHUQDO�DQG�([WHUQDO�)ORZV´��-RKQ�:LOOH\�	�6RQV�
&KLFKHVWHU�
�����3HWHOLQ�� 6��� 0DYNR�� %��� *UHJRULþ�� 0��� .RVWDGLQRY�� 9��� ������ ³7RSORWQD� LQ� KLGUDYOLþQD� DQDOL]D
UD]PHU�Y�XSDUMDOQLNX�]�XSRãWHYDQMHP�þHSOMHQMD´��,-6�'3�������/MXEOMDQD��
�����3UHVV��:��3���)ODQQHU\��%��3���7HXNROVN\��6��$���9HWWHUOLQJ��:��7���������³1XPHULFDO�5HFLSHV�LQ�&´�
&DPEULGJH�3UHVV��&DPEULGJH��SS��������
�����7LVHOM�� ,��� ������ ³6HFRQG�2UGHU�$FFXUDWH� 6FKHPHV� IRU� 7ZR�)OXLG�0RGHOV� RI� 7ZR�3KDVH� )ORZ´�
3K�'��7KHVLV��/MXEOMDQD��S�����
�����9HUVWHHJ��+��.���0DODODVHNHUD��:���������³$Q�,QWURGXFWLRQ�WR�&RPSXWDWLRQDO�)OXLG�'\QDPLFV��7KH
)LQLWH�9ROXPH�0HWKRG´��/RQJPDQ�6FLHQWLILF�	�7HFKQLFDO��(QJODQG��SS�����������


