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3HQGXOXP�VHW�GHVFULSWLRQ�
�
'HVFULSWLRQ�RI�WKH�SHQGXOXP�VHWXS�LQ�WKLV�VHFWLRQ�UHIHUV�PRVWO\�WR�WKH�FRQWURO�SUREOHPV��)RU�
FRQQHFWLRQ��LQWHUIDFH�DQG�H[SODQDWLRQ�RQ�KRZ�DUH�WKH�VLJQDOV�PHDVXUHG�DQG�WUDQVIHUUHG�WR�WKH�
3&�UHIHU�WR�WKH�µ,QVWDOODWLRQ�	�&RPPLVVLRQLQJ¶�PDQXDO���
�
$V�VKRZQ�LQ�)LJXUH��� WKH�SHQGXOXP�VHWXS�FRQVLVWV�RI�D�FDUW�PRYLQJ�DORQJ�WKH���>P@�OHQJWK�
WUDFN��7KH�FDUW�KDV�D�VKDIW��WR�ZKLFK�WZR�IUHHO\�KDQJLQJ�SHQGXOXPV�DUH�DWWDFKHG��7KH�FDUW�FDQ�
PRYH�EDFN�DQG�IRUWK�FDXVLQJ�WKH�SHQGXOXPV�WR�VZLQJ���

�
)LJ�����'LJLWDO�3HQGXOXP�0HFKDQLFDO�8QLW��

�
7KH�PRYHPHQW�RI�WKH�FDUW�LV�FDXVHG�E\�SXOOLQJ�WKH�EHOW�LQ�WZR�GLUHFWLRQV�E\�WKH�PRWRU�DWWDFKHG�
DW�WKH�HQG�RI�WKH�UDLO��$SSO\LQJ�YROWDJH�WR�WKH�'&�PRWRU�ZH�FRQWURO�WKH�IRUFH��ZLWK�ZKLFK�WKH�
FDUW�LV�SXOOHG��7KH�YDOXH�RI�WKH�IRUFH�GHSHQGV�RQ�WKH�YDOXH�RI�WKH�FRQWURO�YROWDJH��7KDW�YROWDJH�
LV�RXU�FRQWURO�VLJQDO��7KH�WZR�YDULDEOHV�WKDW�DUH�UHDG�IURP�WKH�SHQGXOXP�WKURXJK�WKH�HQFRGHUV�
DUH�WKH�SHQGXOXP�SRVLWLRQ��DQJOH��DQG�WKH�FDUW�SRVLWLRQ�RQ�WKH�UDLO��7KH�FRQWUROOHU¶V�WDVN�ZLOO�
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EH�WR�FKDQJH�WKH�'&�PRWRU�YROWDJH�GHSHQGLQJ�RQ�WKHVH�WZR�YDULDEOHV��LQ�VXFK�D�ZD\�WKDW�WKH�
GHVLUHG�FRQWURO�WDVN�LV�IXOILOOHG��VWDELOL]LQJ�LQ�XSULJKW�SRVLWLRQ��VZLQJLQJ�RU�FUDQH�FRQWURO���
)LJXUH���SUHVHQWV�KRZ�WKH�FRQWURO�V\VWHP�LV�RUJDQLVHG���
�

�
)LJ�����3HQGXOXP�FRQWURO�V\VWHP��

�
,Q� RUGHU� WR� GHVLJQ� DQ\� FRQWURO� DOJRULWKPV� RQH� PXVW� XQGHUVWDQG� WKH� SK\VLFDO� EDFNJURXQG�
EHKLQG� WKH� SURFHVV� DQG� FDUU\� RXW� LGHQWLILFDWLRQ� H[SHULPHQWV��7KH�QH[W� VHFWLRQ� H[SODLQV� WKH�
PRGHOOLQJ�SURFHVV�RI�WKH�SHQGXOXP��
�
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3HQGXOXP�PRGHO�
(YHU\�FRQWURO�SURMHFW�VWDUWV�ZLWK�SODQW�PRGHOOLQJ��VR�DV�PXFK�LQIRUPDWLRQ�DV�SRVVLEOH�LV�JLYHQ�
DERXW�WKH�SURFHVV�LWVHOI��7KH�PHFKDQLFDO�PRGHO�RI�WKH�SHQGXOXP�LV�SUHVHQWHG�LQ�)LJXUH����
�

�
)LJ�����3HQGXOXP�SKHQRPHQRORJLFDO�PRGHO��

�
7KH�SKHQRPHQRORJLFDO�PRGHO�RI�WKH�SHQGXOXP�LV�QRQOLQHDU��WKDW�PHDQV�WKDW�DW�OHDVW�RQH�RI�WKH�
VWDWHV��[�DQG�LWV�GHULYDWLYH�RU� �DQG�LWV�GHULYDWLYH��LV�DQ�DUJXPHQW�RI�D�QRQOLQHDU�IXQFWLRQ��6XFK�
D�PRGHO�WR�EH�SUHVHQWHG�DV�D�WUDQVIHU�IXQFWLRQ��D�IRUP�RI�OLQHDU�SODQW�G\QDPLFV¶�UHSUHVHQWDWLRQ�
XVHG�LQ�FRQWURO�HQJLQHHULQJ��KDV�WR�EH�OLQHDULVHG���
�
6XPPLQJ�WKH�IRUFHV�ZRUNLQJ�RQ�WKH�SHQGXOXP�DQG�FDUW�V\VWHP�DQG�WKH�PRPHQWV�ZH�REWDLQ�
WKH�IROORZLQJ�QRQOLQHDU�HTXDWLRQV�RI�PRWLRQ��
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9HU\�RIWHQ�FRQWURO�DOJRULWKPV�DUH�WHVWHG�RQ�VXFK�QRQOLQHDU�PRGHOV��+RZHYHU�IRU�WKH�SXUSRVH�
RI�FRQWUROOHU�GHVLJQ�WKH�PRGHOV�DUH�OLQHDULVHG�DQG�SUHVHQWHG�LQ�WKH�IRUP�RI�WUDQVIHU�IXQFWLRQV��
6XFK�D�OLQHDU�HTXLYDOHQW�RI�WKH�QRQOLQHDU�PRGHO�LV�YDOLG�RQO\�IRU�VPDOO�GHYLDWLRQV�RI�WKH�VWDWH�
YDOXHV�IURP�WKHLU�QRPLQDO�YDOXH��6XFK�D�QRPLQDO�YDOXH�LV�RIWHQ�FDOOHG�WKH�HTXLOLEULXP�SRLQW��
7KH�SHQGXOXP�KDV�WZR�RI�WKHVH��RQH�LV�ZKHQ� � ����LQYHUWHG�SHQGXOXP��DQG�WKH�RWKHU�ZKHQ� �
 � ��KDQJLQJ�IUHHO\�±�FUDQH�FRQWURO����
�
7KH� LQYHUWHG�SHQGXOXP� LV� DQ�XQVWDEOH� V\VWHP��ZKLFK� LQ� WHUPV�RI�EHKDYLRXU�PHDQV� WKDW� WKH�
SODQW�OHIW�ZLWKRXW�DQ\�FRQWUROOHU�UHDFKHV�DQ�XQZDQWHG��YHU\�RIWHQ�GHVWUXFWLYH�VWDWH��7KXV�IRU�
VXFK�SODQWV�LW�LV�XVHIXO�WR�FDUU\�RXW�VLPXODWLRQ�WHVWV�RQ�WKH�PRGHOV�EHIRUH�DSSURDFKLQJ�WKH�UHDO�
SODQW��
�
7R�FRPSOHWH�WKH�PRGHO�JLYHQ�E\�PRWLRQ�HTXDWLRQV�����DQG������ZH�PXVW�LQWURGXFH�WKH�YDOXH�RI�
DOO�SDUDPHWHUV��7KH�IROORZLQJ�WDEOH�JLYHV�WKH�YDOXHV�RI�WKH�SDUDPHWHUV��
�
�����7DEOH����3HQGXOXP�SDUDPHWHUV�

�
�
7ZR� RI� WKH� WKLQJV� KDYH� WR� EH� NHSW� LQ�PLQG�ZKHQ� GHVLJQLQJ� WKH� FRQWUROOHUV�� %RWK� WKH� FDUW�
SRVLWLRQ�DQG�WKH�FRQWURO�VLJQDO�DUH�ERXQGHG�LQ�UHDO�WLPH�DSSOLFDWLRQ��7KH�ERXQG�IRU�WKH�FRQWURO�
VLJQDO� LV� VHW� WR� >±���9� ��� ����9@� DQG� WKH� JHQHUDWHG� IRUFH�PDJQLWXGH� RI� DURXQG� >±����1� ���
�����1@��7KH�FDUW�SRVLWLRQ�LV�SK\VLFDOO\�ERXQGHG�E\�WKH�UDLO�OHQJWK�DQG�LV�HTXDO�WR�>����P����
����P@��
�
7KH�SHQGXOXP�LV�D�6,02�SODQW�±�VLQJOH�LQSXW�PXOWLSOH�RXWSXW��)LJXUH�����7KH�PRGHO�GHVFULEHG�
E\� �������� LV� VWLOO�PLVVLQJ� WKH� WUDQVODWLRQ�EHWZHHQ� WKH� IRUFH�)�DQG� WKH�DFWXDO�FRQWURO� VLJQDO��
ZKLFK�LV�WKH�FRQWURO�YROWDJH�X�WKDW�ZH�VXSSO\�ZLWK�WKH�3&�FRQWURO�FDUG��$VVXPLQJ�WKH�UHODWLRQ�
EHWZHHQ� WKH� FRQWURO� YROWDJH�X� DQG� WKH� JHQHUDWHG� FDUW� YHORFLW\� LV� OLQHDU��ZH�PLJKW� DGG� WKH�
YHORFLW\�YHFWRU�JHQHUDWHG�E\�WKH�PRWRU�WR�WKH�PRGHO�DQG�LJQRUH�WKH�)�YHFWRU��RU�WUDQVODWH�WKH�
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FRQWURO� YROWDJH�X� WR� WKH� JHQHUDWHG� IRUFH�)� XQGHU� WKH�DVVXPSWLRQ� WKDW� FRQVWDQW�YROWDJH�ZLOO�
FDXVH�WKH�FDUW�WR�PRYH�ZLWK�FRQVWDQW�YHORFLW\����

�GW
GXN) Ç1È � �

ZKHUH�NÉ1Ê �±�LV�WKH�JDLQ�EHWZHHQ�WKH�X�YROWDJH�GHULYDWLYH�DQG�WKH�)�IRUFH��+RZHYHU�RQH�PXVW�
UHPHPEHU�WKDW�GHULYDWLYH�LQWURGXFWLRQ�LQ�PRGHOV�HVSHFLDOO\�LQ�6LPXOLQN�PD\�FDXVH�VLPXODWLRQ�
SUREOHPV���

�
)LJ�����3HQGXOXP�PRGHO�

�
�
([HUFLVH���±�1RQOLQHDU�PRGHO�

�
,QWURGXFWLRQ�
)RU�WKH�LQLWLDO�H[HUFLVH�WKH�XVHU�KDV�EHHQ�SURYLGHG�ZLWK�WKH�SHQGXOXP�PRGHO�GHVFULEHG�
E\�HTXDWLRQV�����DQG������7KH�PRGHO�VKRZQ�LQ�)LJXUH���FDQ�EH�RSHQHG�LQ�6LPXOLQN���
µSHQGPRGBQRQOLQ�PGO¶���
�
7DVN�
)RU� WKH� EHJLQQLQJ� WKH� XVHU� LV� DGYLVHG� WR� FKHFN� WKH� UHVSRQVHV� RI� VXFK�PRGHO� LQ� WKH�
VLWXDWLRQ�ZKHUH�]HUR�X�YROWDJH�LV�DSSOLHG��<RX�FDQ�FKDQJH�WKH�YDOXH�RI�WKH� Ë ��WKHWD��±�
LQLWLDO�SHQGXOXP�DQJOH��DQG�VHH�KRZ�WKH�SHQGXOXP�UHVSRQGV���
�
([HPSODU\�UHVXOWV�DQG�FRPPHQWV�
7ZR�RI� WKH�YDOXHV�RI� WKH�DQJOHV� Ë DUH�SDUWLFXODUO\� LQWHUHVWLQJ�� Ë  ���� Ë  � ���)LUVW��
ZKLFK�LV�DQ�HTXLOLEULXP�SRLQW�IRU�ZKLFK�VPDOO�GLVWXUEDQFH�IRU�DQ�RSHQ�ORRS�V\VWHP�ZLOO�
FDXVH� WKH�SHQGXOXP�WR�IDOO�GRZQ��VZLQJ�DQG�ILQDOO\�VHWWOH�GRZQ�LQ� Ë  � ��7KH�VPDOO�
GLVWXUEDQFH�FDQ�EH�LQWURGXFHG�E\�VPDOO�LQLWLDO�DQJOH�VHOHFWLRQ��IRU�H[DPSOH� Ë  ��������
7KH�VHFRQG� Ë  � �LV�DQ�HTXLOLEULXP�LQ�ZKLFK�WKH�SHQGXOXP�ZLOO�DOZD\V�VHWWOH�ZKHQ�QR�
)�IRUFH�LV�DSSOLHG���
7KH�UHVXOWV�IRU�LQLWLDO� Ë YDOXH�RI� Ë  ��������DUH�SUHVHQWHG�LQ�)LJXUH����%HFDXVH�RI�WKH�
IULFWLRQ�IRUFHV�WKH�SHQGXOXP�VZLQJV�XQWLO�LW�VHWWOHV�LQ� Ë  � ��
�

����
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�
)LJ�����3HQGXOXP�PRGHO�UHVXOWV�IRU� Ô  ���������
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0RGHO�OLQHDUL]DWLRQ�
�
7R�FDUU\�RXW�PRGHO�G\QDPLFV�DQDO\VLV�IRU�RSHQ�ORRS × �V\VWHPV�OLNH�%RGH�SORWV��SROHV�DQG�]HURV�
PDSV��1\TXLVW�SORWV��URRW�ORFXV��IRU�FORVHG�ORRS Ø �V\VWHPV�RQO\��WKH�PRGHO�KDV�WR�EH�OLQHDULVHG��
/LQHDUL]DWLRQ�RI�D�JLYHQ�SKHQRPHQRORJLFDO�PRGHO�FDQ�EH�GRQH�IRU�WKH�SHQGXOXP�DQG�LQ�WKH�
JLYHQ�HTXDWLRQV�����DQG�����ZH�FRXOG�VXEVWLWXWH�WKH�QRQOLQHDU�IXQFWLRQV��VLQH�DQG�FRVLQH��ZLWK�
WKHLU� OLQHDU� HTXLYDOHQW�� 6XFK� D� OLQHDUL]DWLRQ� LQ� D� ZRUNLQJ� SRLQW� LV� GRQH� ZLWK� 7D\ORU�
DSSUR[LPDWLRQ�RI�WKH�QRQOLQHDU�IXQFWLRQV��)RU�VPDOO�DQJOH�GHYLDWLRQV�LQ�DQ�HTXLOLEULXP�SRLQW�
RI� � ����LQYHUWHG�SHQGXOXP��ZH�FDQ�DVVXPH�WKDW�WKH�IROORZLQJ�IXQFWLRQV�FDQ�EH�OLQHDULVHG��
�
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�
2QH�PXVW� UHPHPEHU� WKDW� WKH� HTXDWLRQV� ���� DQG� ����ZLOO� RQO\� EH� YDOLG� IRU� �  � ��� )RU� WKH�
SRVLWLRQ�ZKHUH� � � ��FUDQH�FRQWURO��WKH�IROORZLQJ�VXEVWLWXWLRQV�KDYH�WR�EH�PDGH��
�
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/LQHDU�PRGHO�RI�WKH�SHQGXOXP��MXVW�DV�WKH�QRQOLQHDU�KDV�RQH�LQSXW�±�IRUFH�)��DQG�WZR�RXWSXWV�
ZKLFK�DUH�WKH� �DQJOH�DQG�WKH�FDUW�SRVLWLRQ�[��)LJXUH�����+RZHYHU�LQ�WKH�LQYHUWHG�SHQGXOXP�
WDVN�ZH�DUH�PRVWO\�LQWHUHVWHG�LQ�WKH� �DQJOH�VWDELOL]DWLRQ�WKXV�ZH�PD\�WUHDW�WKH�FDUW�SRVLWLRQ�DV�
������������������������������������������������������Ý �2SHQ�ORRS�V\VWHP�±�WKH�SODQW�ZLWKRXW�D�FRQWUROOHU�Þ � &ORVHG� ORRS� V\VWHP� ±� WKH� SODQW� DQG� FRQWUROOHU� LQ� QHJDWLYH� IHHGEDFN� ORRS�� VHH� ³&RQWURO´� VHFWLRQ� IRU�
PRUH�LQIRUPDWLRQ��
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DQ�XQFRQWUROOHG�RXWSXW��:LWK�RQH�LQSXW�)�DQG�RQH�RXWSXW� �WZR�OLQHDU�PRGHOV�LQ�WKH�IRUP�RI�
WUDQVIHU� IXQFWLRQV� FDQ� EH� REWDLQHG�� HDFK� IRU� VPDOO� GHYLDWLRQV� RI� WKH� � DQJOH� IRUP� WZR�
HTXLOLEULXP�SRLQWV�RI� � �>��� @��5HPHPEHU�WKDW�WKH�WUDQVODWLRQ�EHWZHHQ�WKH�FRQWURO�YROWDJH�
DQG�WKH�IRUFH�VKRXOG�EH�DGGHG��HTXDWLRQ������
�
([HUFLVH���±�/LQHDU�PRGHOV�

�
,QWURGXFWLRQ�
7ZR�RI� WKH� OLQHDU�PRGHOV�GHVFULEHG�E\�WKH�HTXDWLRQV���������DQG�����������KDYH�EHHQ�
FUHDWHG���7KH�XVHU�LV�DGYLVHG�WR� WUDQVIRUP���������DQG�����������LQWR�WUDQVIHU�IXQFWLRQ�
IRUP�RQ�KLV�RZQ���2QH�PXVW�UHPHPEHU�WKDW�ERWK�RI�WKHVH�WUDQVIHU�IXQFWLRQV�UHVHPEOH�
WKH�EHKDYLRXU�RI� WKH� UHDO�SODQW�RQO\� IRU� VPDOO�GHYLDWLRQV�RI� WKH� �DQJOH��7KH�PRGHOV�
µSHQGPRGBOLQBVWDEOH�PGO¶� DQG� µSHQGPRGBOLQBXQVWDEOH�PGO¶� KROG� WKH� DSSURSULDWH�
WUDQVIHU�IXQFWLRQV���

çèééêê��
���� GVGVGVG

V
V)
VV* ������  T

�
�

)RU� ERWK� RI� WKHVH� PRGHOV� WKH� GHQRPLQDWRUV¶� SDUDPHWHUV¶� VLJQV� ZLOO� GLIIHU�� 7KH� [�
SRVLWLRQ�RXWSXW�LV�FDOFXODWHG�EDVHG�XSRQ�WKH�RXWSXW�RI�WKH�*�V��WUDQVIHU�IXQFWLRQ��ZKLFK�
LV� �� )RU� WKH� VWDEOH� WUDQVIHU� IXQFWLRQ�� WKDW� LV� WKH� UHSUHVHQWDWLRQ� RI� WKH� SHQGXOXP�
EHKDYLRXU�LQ�WKH�VXUURXQGLQJ�RI�WKH� � � ��DQ�RIIVHW�RI�Rë ë�ì í�î � � �KDV�WR�EH�DGGHG�WR�WKH�
RXWSXW�RI�WKH�WUDQVIHU�IXQFWLRQ��7KDW�LV�RXU�LQLWLDO�FRQGLWLRQ���
�

�
)LJ�����([DPSOH�RI�OLQHDU�6LPXOLQN�PRGHO��

�
7DVN�
7KH�XVHU� LV� DGYLVHG� WR� FRPSDUH� WKH� UHVSRQVHV� RI� WKH� OLQHDU� DQG�QRQOLQHDU�SHQGXOXP�
PRGHOV� LQ� RSHQ� ORRS� V\VWHP� �QR� FRQWUROOHU���$OVR�ZLWK� WKH� XVH� RI�0DWODE� WKH�%RGH�
GLDJUDPV�� ]HURV� DQG�SROHV�PDSV�FDQ�EH�GUDZQ� WR� FDUU\� RXW� LQLWLDO� G\QDPLF� UHVSRQVH�
DQDO\VLV� RI� WKH� SHQGXOXP�� ,Q� WKH� WUDQVIHU� IXQFWLRQ� IRUP� RI� WKH� PRGHO� WKH� LQLWLDO�
FRQGLWLRQ�LV�HTXDO���WKXV�LQ�RUGHU�WR�VHH�WKH�OLQHDU�PRGHO�UHVSRQVH�ZH�KDYH�WR�VWLPXODWH�
LW�ZLWK�D�FRQWURO�YROWDJH�SXOVH�WR�VHH�WKH�UHDFWLRQ���
�

�����
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([HPSODU\�UHVXOWV�DQG�FRPPHQWV�
7KH� G\QDPLF� UHVSRQVH� RI� WKH� XQVWDEOH� WUDQVIHU� IXQFWLRQ� ZLOO� EH� GLIIHUHQW� IURP� WKH�
QRQOLQHDU�V\VWHP��'LVWRUWHG�E\�VPDOO�YROWDJH�X�LPSXOVH�ZLOO�QRW�VHWWOH�LQ�WKH�HTXLOLEULXP�
� � ��7KH�WUDQVIHU�IXQFWLRQ�LV�YDOLG�IRU�VPDOO�GHIOHFWLRQV�RI� �WKXV�LW�LV�XQVWDEOH�DQG�WKH�
UHVSRQVH�JURZV�WR�LQILQLW\�ZLWKRXW�DQ\�FRQWURO�DFWLRQ���
7KH�RWKHU� WUDQVIHU� IXQFWLRQ�YDOLG� IRU� VPDOO�GHYLDWLRQV�RI� �EXW� IRU� DQ�HTXLOLEULXP�RI�
� � �ZLOO�EHKDYH�VLPLODUO\�WR�WKH�QRQOLQHDU�PRGHO�DURXQG�WKH�SRLQW� � � ��
�

0RGHO�LGHQWLILFDWLRQ�
�
7KH� SKHQRPHQRORJ\� DQDO\VLV� GHOLYHUV� D�PRGHO� WKDW�ZH� µWKLQN¶� ILWV� WKH� SHQGXOXP� WKH� EHVW��
+RZHYHU� ZH� NQRZ� WKDW� LW� LV� MXVW� VRPH� DSSUR[LPDWLRQ�� :H� PLJKW� KDYH� PDGH� PLVWDNHV�
DQDO\VLQJ� WKH� SKHQRPHQRORJ\� ±� ZURQJ� PRGHO� VWUXFWXUH� FKRLFH�� RU� FRXOG� FKRRVH� ZURQJ�
SDUDPHWHUV¶�YDOXHV��7R�KDYH�DQ�DGHTXDWH�PRGHO�ZH�FRXOG�WXQH�WKH�SKHQRPHQRORJLFDO�PRGHO��
%HFDXVH�RI� WKH�IDFW�WKDW�LW� LV�QRQOLQHDU��WKH�LGHQWLILFDWLRQ�DQG�WXQLQJ�RI�WKDW�PRGHO�FDQ�EH�D�
YHU\�GLIILFXOW� WDVN��JUDGLHQW�PHWKRGV���7R�VLPSOLI\� WKH�LGHQWLILFDWLRQ��PRGHOOLQJ�DQG�FRQWURO�
WKH�FRQWURO�DOJRULWKPV�ZLOO�EH�GHVLJQHG�EDVHG�XSRQ�WKH�G\QDPLFV�RI�WKH�OLQHDU�PRGHOV��7KH\�
ZLOO�EH�WHVWHG�KRZHYHU�RQ�WKH�QRQOLQHDU�PRGHO�DQG�SODQW��)XUWKHUPRUH�WKH�LGHQWLILHG�PRGHOV�
ZLOO� EH� GLVFUHWH� DV� VXFK� PRGHOV� DUH� REWDLQHG� LQ� WKH� FRXUVH� RI� WKH� /HDVW� 0HDQ� 6TXDUH�
LGHQWLILFDWLRQ�PHWKRGV� LPSOHPHQWHG� LQ�0DWODE��$Q\� RI� WKH� FRQWLQXRXV�PRGHOV� FDQ� DOVR� EH�
WUDQVIRUPHG�IRU�WKH�FRPSDULVRQ�SXUSRVH�LQWR�WKH�GLVFUHWH�IRUP��7KH�REWDLQHG�GLVFUHWH�PRGHOV�
FDQ�EH�DOVR�WUDQVIRUPHG�LQWR�FRQWLQXRXV�HTXLYDOHQW��
�
7KH� SODQW� LGHQWLILFDWLRQ� WKHRU\� LV� YHU\� EURDG� DQG� VROYHV� QXPHURXV� SUREOHPV�� ,Q� WKH�
LGHQWLILFDWLRQ�H[SHULPHQWV�RI�WKH�OLQHDU�SHQGXOXP�PRGHOV�LW�LV�FRQYHQLHQW�KRZHYHU�WR�XVH�WKH�
LGHQWLILFDWLRQ�0DWODE�WRRO���
�
%HIRUH�DQ\�PRGHO�LGHQWLILFDWLRQ�SURFHGXUHV�RI�WKH�SHQGXOXP�VHWXS�ZLOO�EH�FDUULHG�RXW�ZH�KDYH�
WR�GHVFULEH��WKURXJK�D�VLPSOH�UHDO�WLPH�VLPXODWLRQ��WKH�FKDUDFWHU�RI�WKH�GHDG�]RQH��7KH�GHDG�
]RQH�LV�D�QRQOLQHDULW\��ZKLFK�FRXOG�LQIOXHQFH�WKH�PRGHO�YDOLGLW\��%HFDXVH�RI�WKH�VWDWLF�IULFWLRQ�
IRUFHV� ZLWK� LQILQLWHVLPDOO\� VPDOO� YDOXHV� RI� WKH� FRQWURO� VLJQDO� WKH� FDUW� ZLOO� QRW� PRYH��
)XUWKHUPRUH� WKH� VWDWLF� IULFWLRQ� IRUFH�PD\� QRW� EH� V\PPHWULFDO��:H� FDQ� FRPSHQVDWH� WKDW� E\�
VLPSO\�DGGLQJ�DGGLWLRQDO�YROWDJH�RIIVHW�YDOXH��:KDW�LV�WKH�YDOXH�RI�WKDW�RIIVHW�WKDW�ZH�KDYH�WR�
DGG�LV�WKH�RXWFRPH�RI�WKH�H[HUFLVH�����
�
�
�
�
�
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�

([HUFLVH���±�6WDWLF�IULFWLRQ�FRPSHQVDWLRQ�
�
,QWURGXFWLRQ�
6LQFH� WKH� FRQWURO� VLJQDO� LV� WKH� YROWDJH� WKDW� ZH� VXSSO\� WKH� GHDG� ]RQH� YDOXH� ZLOO� EH�
H[SUHVVHG�LQ�YROWV��$V�H[SODLQHG�LW�ZLOO�EH�GLIIHUHQW�IRU�WZR�PRYHPHQW�GLUHFWLRQV��,W�KDV�
WR�EH�LGHQWLILHG�EHFDXVH�WKH�SHQGXOXP�PRWRU�EHOW�FDQ�EH�VHW�XS�GLIIHUHQWO\�E\�WKH�XVHU�
DQG�WKXV�FDXVH�GLIIHUHQW�VWDWLF�IULFWLRQ�IRUFHV��7KH�IULFWLRQ�LGHQWLILFDWLRQ�FDQ�EH�FDUULHG�
RXW�ZLWK� µ3HQGXOXP)ULFWLRQ�PGO¶�� ,Q� WKH� VLPXODWLRQ� WKH� FRQWURO�YROWDJH� LV� LQFUHDVHG�
XQWLO�WKH�FDUW�PRYHV�LQ�WKH�SRVLWLYH�GLUHFWLRQ��7KH�FDUW�LV�VWRSSHG��7KHQ�WKH�FRQWURO�LV�
GHFUHDVHG�XQWLO�WKH�FDUW�PRYHV�LQWR�WKH�QHJDWLYH�GLUHFWLRQ��7KH�YROWDJH�YDOXHV�IRU�ZKLFK�
WKH�FDUW�EHJLQV�WR�PRYH�DUH�WKHVH�RIIVHW�YDOXHV���
�
7DVN�
$FFRUGLQJ�WR�WKH�µ,QVWDOODWLRQ�	�&RPPLVVLRQLQJ¶�PDQXDO�UXQ�WKH�IULFWLRQ�LGHQWLILFDWLRQ�
VLPXODWLRQ�RQ�WKH�SHQGXOXP���
�
([HPSODU\�UHVXOWV�DQG�FRPPHQWV�
7KH� UHVXOWV�ZLOO� EH�SUHVHQWHG� LQ�GLVSOD\V��<RX�FDQ�FRUUHFW� WKH� IULFWLRQ�FRPSHQVDWLRQ�
YDOXH�LQ�DOO�VLPXODWLRQV�WKH�µ)ULFWLRQ�&RPSHQVDWLRQ¶�EORFN��)LJXUH���DQG�����ZKLFK�LV�
SODFHG�LQ�WKH�µ)HHGEDFN�'$&¶�EORFN��+RZHYHU�LI�WKH�UHVXOW�ZLOO�VWURQJO\�GLIIHU�IRUP�����
>9@�LW�PD\�DSSHDU�WR�EH�ELDVHG�E\�RWKHU�QRQOLQHDULWLHV�DQG�VKRXOG�EH�GLVFDUGHG���
�

�
)LJ�����)ULFWLRQ�FRPSHQVDWLRQ�EORFN�

�
�

)LJ�����)ULFWLRQ�FRPSHQVDWLRQ�EORFN�PHQX��GRXEOH�FOLFN�WKH�EORFN�WR�RSHQ���
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:LWK�WKH�VWDWLF�IULFWLRQ�LGHQWLILFDWLRQ�FDUULHG�RXW�ZH�FDQ�WU\�WR�LGHQWLI\�WKH�ILUVW�G\QDPLF�PRGHO�
RI�WKH�SHQGXOXP��$OWKRXJK�WKH�PRVW�LQWHUHVWLQJ�VLJQDO�UHODWLRQ�LV�WKH�RQH�EHWZHHQ�WKH�FRQWURO�
VLJQDO�X�DQG�WKH�DQJOH� �ZH�FDQ�ILUVW�WU\�WR�LGHQWLI\�WKH�OLQHDU�PRGHO�EHWZHHQ�WKH�FRQWURO�VLJQDO�
X�DQG�WKH�FDUW�SRVLWLRQ�[��7KDW�PRGHO�ZLOO�EH�XVHG�IRU�ILUVW�3,'�FRQWUROOHU�GHVLJQ�DQG�WHVWV�LQ�
WKH�³3HQGXOXP�FRQWURO´�VHFWLRQ���

7KHUH�DUH� IHZ� LPSRUWDQW� WKLQJV� WKDW� WKH�FRQWURO� V\VWHP�GHVLJQHU�KDV� WR�NHHS� LQ�PLQG�ZKHQ�
FDUU\LQJ�RXW�DQ�LGHQWLILFDWLRQ�H[SHULPHQW��

�� 6WDELOLW\�SUREOHP�±�LI�WKH�SODQW�WKDW�LV�LGHQWLILHG�LV�XQVWDEOH��WKH�LGHQWLILFDWLRQ�
KDV� WR� EH� FDUULHG�RXW�ZLWK� D�ZRUNLQJ� FRQWUROOHU��ZKLFK� LQWURGXFHV� DGGLWLRQDO�
SUREOHPV�WKDW�ZLOO�EH�GLVFXVVHG�IXUWKHU�RQ��,I�WKH�SODQW�LV�VWDEOH�DQG�GRHV�QRW�
KDYH�WR�ZRUN�ZLWK�D�FRQWUROOHU�WKH�LGHQWLILFDWLRQ�LV�PXFK�VLPSOHU���

�� 6WUXFWXUH�FKRLFH�±�D�YHU\�LPSRUWDQW�DVSHFW�RI�WKH�LGHQWLILFDWLRQ��)RU�WKH�OLQHDU�
PRGHOV�LW�FRPHV�GRZQ�WR�WKH�QXPHUDWRU�DQG�GHQRPLQDWRU�RUGHU�FKRLFH�RI�WKH�
WUDQVIHU�IXQFWLRQ��,W�DSSOLHV�ERWK�IRU�WKH�FRQWLQXRXV�DQG�GLVFUHWH�V\VWHPV���
$V�IDU�DV� WKH�GLVFUHWH�PRGHOV�DUH�FRQFHUQHG�WKH�VWUXFWXUHV�DUH�DOVR�GLYLGHG�LQ�
WHUPV�RI�WKH�HUURU�WHUP�GHVFULSWLRQ��$5;��$50$;��2(��%- ú ��

�� 6DPSOLQJ� WLPH� ±� WKH� VDPSOLQJ� WLPH� FKRLFH� LV� LPSRUWDQW� ERWK� IRU� WKH�
LGHQWLILFDWLRQ�DQG�FRQWURO��,W�FDQQRW�EH�WR�VKRUW�QRU�FDQ�LW�EH�WRR�ORQJ��7RR�VKRUW�
VDPSOLQJ� WLPH� PLJKW� LQIOXHQFH� WKH� LGHQWLILFDWLRQ� TXDOLW\� EHFDXVH� RI� WKH�
TXDQWL]DWLRQ�HIIHFW�LQWURGXFHG�E\�WKH�$'��)XUWKHUPRUH�WKH�VKRUWHU�WKH�VDPSOLQJ�
WLPH� WKH� IDVWHU� WKH� VRIWZDUH� DQG� KDUGZDUH� KDV� WR� EH� DQG� PRUH� PHPRU\� LV�
QHHGHG��+RZHYHU�VKRUW�VDPSOLQJ�WLPH�ZLOO�DOORZ�IRU�DOLDVLQJ�HIIHFW�HOLPLQDWLRQ�
DQG� WKXV� DQWL� DOLDVLQJ� ILOWHUV û �ZLOO� QRW� KDYH� WR� EH� LQWURGXFHG��/RQJ� VDPSOLQJ�
WLPHV�ZLOO�QRW�DOORZ�IRU�LQFOXGLQJ�DOO�RI�WKH�G\QDPLFV��

��([FLWDWLRQ�VLJQDO�±�IRU�WKH�OLQHDU�PRGHOV�WKH�H[FLWDWLRQ�FKRLFH�LV�VLPSOH��9HU\�
RIWHQ� GHVLJQHUV� XVH�ZKLWH� QRLVH� KRZHYHU� LQ� LQGXVWULDO� DSSOLFDWLRQ� LW� LV� RIWHQ�
GLVDOORZHG��,W�LV�DWWUDFWLYH�KRZHYHU�EHFDXVH�RI�WKH�IDFW�WKDW�LW�KROGV�YHU\�EURDG�
IUHTXHQF\�FRQWHQW�WKXV�WKH�ZKROH�G\QDPLFV�RI�WKH�SODQW�FDQ�EH�LGHQWLILHG��,I�WKH�
G\QDPLFV�DUH�QRW�WR�FRPSOH[�VHYHUDO�VLQXVRLGV�ZLWK�GLIIHUHQW�IUHTXHQFLHV�FDQ�
EH�VXPPHG�WR�SURGXFH�D�VDWLVIDFWRU\�H[FLWDWLRQ�VLJQDO���

�� ,GHQWLILFDWLRQ�PHWKRG�±�XVXDOO\� WZR�PHWKRGV�DUH�EHLQJ�XVHG�� WKH�/HDVW�0HDQ�
6TXDUH� �/06�� PHWKRG� DQG� WKH� ,QVWUXPHQWDO� 9DULDEOH� PHWKRG�� 7KH� /06�
PHWKRG�LV�WKH�PRVW�SRSXODU�DQG�LPSOHPHQWHG�LQ�0DWODE��7KH�PHWKRG�PLQLPL]HV�
WKH�HUURU�EHWZHHQ�WKH�PRGHO�DQG�SODQW�RXWSXW��7KH�RSWLPDO�PRGHO�SDUDPHWHUV��
IRU�ZKLFK�WKH�VTXDUH�RI�WKH�HUURU�LV�PLQLPDO�LV�WKH�UHVXOW�RI�WKH�LGHQWLILFDWLRQ���

������������������������������������������������������ü �0RUH�LQIRUPDWLRQ�DERXW�WKHVH�VWUXFWXUHV�FDQ�EH�REWDLQHG�GXULQJ�WKH�6\VWHP�,GHQWLILFDWLRQ�FRXUVHV���ý � 7KHVH� DUH� WKH� EDVLFV� RI� WKH�'LJLWDO� 6LJQDO� 3URFHVVLQJ� FRXUVH�� )RU�PRUH� LQVLJKW� WKH� XVHU� LV� DVNHG� WR�
VWXG\�PRUH�RQ�VLJQDO�SURFHVVLQJ�DQG�GLJLWDO�FRQWURO���
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&DUW�PRGHO�LGHQWLILFDWLRQ�
�
7KH� IROORZLQJ� H[HUFLVH� LQFOXGHV� DOO� RI� WKH�PHQWLRQHG� IDFWV� DQG� SURYLGHV� DQ� LGHQWLILFDWLRQ�
H[SHULPHQW��ZKLFK�UHVXOWV�LQ�D�GLVFUHWH�PRGHO�RI�WKH�PRYLQJ�FDUW�GXH�WR�WKH�FRQWURO�YROWDJH�
DSSOLFDWLRQ��$W�WKLV�SRLQW�WKH�SHQGXOXP�LV�LJQRUHG��LWV�PRYHPHQW�LV�WUHDWHG�DV�D�GLVWRUWLRQ��,W�
ZRXOG�EH�EHVW�WR�LPPRELOL]H�WKH�SHQGXOXP�WR�UHGXFH�WKH�GLVWXUEDQFH���
�
([HUFLVH���±�)LUVW�PRGHO�LGHQWLILFDWLRQ�

�
,QWURGXFWLRQ�
$OO�RI� WKH�FRQWURO� UHDO� WLPH�VLPXODWLRQV�DUH�FDUULHG�RXW�ZLWK�D�VDPSOLQJ� WLPH�RI�7V� �
������ >V@�� ,Q� WKH� LGHQWLILFDWLRQ� H[SHULPHQWV� WKH� VDPSOLQJ� WLPH� YDULHV�� )RU� WKH�
LGHQWLILFDWLRQ�WKH�0DWODE�LGHQWLILFDWLRQ�LQWHUIDFH�LV�XVHG��+HUH�WKH�VDPSOLQJ�WLPH�LV�VHW�
WR�7V� ������>V@��
�
7KH� LGHQWLILFDWLRQ�H[SHULPHQW� LV�FDUULHG�RXW�ZLWK� WKH� µ&DUW,GHQW�PGO¶��7KH�H[FLWDWLRQ�
VLJQDO�LV�FRPSRVHG�RI�VHYHUDO�VLQXVRLGV��7KH�H[SHULPHQW�ODVWV����VHFRQGV��WZR�VLJQDOV�
DUH�FROOHFWHG�LQ�D�IRUP�RI�YHFWRUV�DQG�DUH�DYDLODEOH�LQ�WKH�:RUNVSDFH��
�
7DVN�
&DUU\� RXW� WKH� LGHQWLILFDWLRQ� H[SHULPHQW�� FROOHFW� WKH� GDWD�� :LWK� WKH� XVH� RI� 0DWODE�
LGHQWLILFDWLRQ�LQWHUIDFH��W\SH�µLGHQW¶�DW�WKH�FRPPDQG�OLQH���WKH�LGHQWLILFDWLRQ�LQWHUIDFH�
ZLOO�RSHQ��)LJXUH�����LGHQWLI\�D�GLVFUHWH�PRGHO���
�

�
�

)LJ�����0DWODE�LGHQWLILFDWLRQ�LQWHUIDFH��
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8SORDG� WKH� VLJQDOV� IRU� WKH� LGHQWLILFDWLRQ� IURP�:RUNVSDFH�� )RU� VLPSOLFLW\� DVVLJQ� WKH�
LQSXW�RXWSXW�GDWD�WR�WKH�X�DQG�\�YHFWRUV��
�
X� �VLPRXW�������
\� �VLPRXW�������
�
0DNH� VXUH� \RX� VSHFLI\� WKH�SURSHU� VDPSOLQJ� WLPH� LQ� WKH� LGHQW�'DWD� ,PSRUW� LQWHUIDFH��
6HOHFW�WKH�VWDUW�WLPH�WR�EH����7R�LGHQWLI\�D�SDUDPHWULF�PRGHO�VHOHFW�WKH�SURSHU�VWUXFWXUH�
RI� WKH� PRGHO� �H�J�� 2(� �� �� �� ��� 3UHVV� µHVWLPDWH¶�� <RX� FDQ� FKHFN� WKH� TXDOLW\� RI� WKH�
UHVSRQVH�RI�WKH�LGHQWLILHG�PRGHO�E\�WKH�VWHS�UHVSRQVH�DQDO\VLV��WUDQVLHQW�UHVSRQVH��SROH�
DQG�]HURV�PDS��IUHTXHQF\�UHVSRQVH�DQG�PRGHO�UHVLGXDOV���
�
([HPSODU\�UHVXOWV�DQG�FRPPHQWV�
�
7KH�VWHS�UHVSRQVH�RI�WKH�LGHQWLILHG�V\VWHP�FDQ�EH�VLPLODU�WR�WKH�RQH�SUHVHQWHG�LQ�)LJXUH�
����,I�WKH�PRGHO�LV�WUDQVIHUUHG�LQWR�:RUNVSDFH�LW�FDQ�EH�FRPSDUHG�DJDLQVW�WKH�GLVFUHWH�
HTXLYDOHQW�RI�WKH�FRQWLQXRXV�WUDQVIHU�IXQFWLRQ��,Q�RUGHU�WR�REWDLQ�WKH�GLVFUHWH�IRUP�XVH�
WKH�µF�G¶�FRPPDQG��0DNH�VXUH�\RX�VSHFLI\�WKH�SURSHU�VDPSOLQJ�WLPH���
�

)LJ������6WHS�UHVSRQVH�RI�WKH�PRGHO��
�
&RPSDUH� WKH� VWHS� UHVSRQVHV� RU� ERGH� SORWV� RI� WKH� WZR� V\VWHPV� �µVWHS¶� DQG� µERGH¶�
FRPPDQGV���<RX� FDQ� DOVR� WUDQVIRUP� WKH� GLVFUHWH�PRGHOV� LQWR� FRQWLQXRXV� HTXLYDOHQW�
ZLWK�WKH�PHDQV�RI�µG�F¶�FRPPDQG���
7KH�REWDLQHG�PRGHO�LV�XVHG�LQ�WKH�ILUVW�3,'�FRQWURO�H[HUFLVH���
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�

&UDQH�LGHQWLILFDWLRQ�
�
6LPLODU� LGHQWLILFDWLRQ� H[SHULPHQW� FDQ�EH� FDUULHG�RXW�ZKHQ� LGHQWLI\LQJ� WKH� WUDQVIHU� IXQFWLRQ�
EHWZHHQ� WKH� FRQWURO� YROWDJH� X� DQG� WKH� SHQGXOXP� DQJOH� �� $V� SUHVHQWHG� LQ� WKH� µ0RGHO�
OLQHDUL]DWLRQ¶� VHFWLRQ� WZR� OLQHDU� PRGHOV� FDQ� EH� LGHQWLILHG�� )LUVW� ZKLFK� KROGV� IRU� VPDOO�
GHYLDWLRQV�RI�DQJOH� �DURXQG�WKH� � ���SRLQW��DQG�WKH�RWKHU�ZKHQ� � � ��,Q�WKLV�VHFWLRQ�WKH�
FUDQH�IXQFWLRQ�RI�WKH�SHQGXOXP�LV�FRQVLGHUHG��WKXV� � � ���
�
�
�
([HUFLVH���±�&UDQH�OLQHDU�PRGHO�LGHQWLILFDWLRQ�

�
,QWURGXFWLRQ�
7KH�FUDQH�OLQHDU�GLVFUHWH�PRGHO�FDQ�EH�LGHQWLILHG�LQ�WKH�VDPH�ZD\�DV�WKH�FDUW�PRGHO��)RU�
WKH� LGHQWLILFDWLRQ� WKH� 0DWODE� LGHQWLILFDWLRQ� LQWHUIDFH� LV� XVHG�� 7KH� LGHQWLILFDWLRQ�
H[SHULPHQW�LV�FDUULHG�RXW�ZLWK�WKH�µ&UDQH,GHQW�PGO¶��7KH�H[FLWDWLRQ�VLJQDO�LV�FRPSRVHG�
RI� VHYHUDO� VLQXVRLGV��7KH�H[SHULPHQW� ODVWV����VHFRQGV�� WZR�VLJQDOV�DUH�FROOHFWHG� LQ�D�
IRUP�RI�YHFWRUV�DQG�DUH�DYDLODEOH�LQ�WKH�:RUNVSDFH��7KH�VDPSOLQJ�WLPH�LV�VHW�DW�7V� �
�����>V@��
�
7DVN�
&DUU\� RXW� WKH� LGHQWLILFDWLRQ� H[SHULPHQW�� FROOHFW� WKH� GDWD�� 8SORDG� WKH� VLJQDOV� IRU� WKH�
LGHQWLILFDWLRQ�IURP�:RUNVSDFH��)RU�VLPSOLFLW\�DVVLJQ�WKH�LQSXW�RXWSXW�GDWD�WR�WKH�X�DQG�
\�YHFWRUV��

X� �VLPRXW��������\� �VLPRXW�������
:LWK�WKH�XVH�RI�0DWODE�LGHQWLILFDWLRQ�LQWHUIDFH�LGHQWLI\�D�GLVFUHWH�PRGHO���
8SORDG�WKH�VLJQDOV�IRU�WKH� LGHQWLILFDWLRQ�IURP�:RUNVSDFH��0DNH�VXUH�\RX�VSHFLI\�WKH�
SURSHU� VDPSOLQJ� WLPH�� 6HOHFW� WKH� SURSHU� VWUXFWXUH� RI� WKH� PRGHO� �H�J�� 2(� �� ��^RU�
KLJKHU`�����3UHVV�µHVWLPDWH¶��<RX�FDQ�FKHFN�WKH�TXDOLW\�RI�WKH�UHVSRQVH�RI�WKH�LGHQWLILHG�
PRGHO�E\�WKH�VWHS�UHVSRQVH�DQDO\VLV��WUDQVLHQW�UHVSRQVH��SROH�DQG�]HURV�PDS��IUHTXHQF\�
UHVSRQVH�DQG�PRGHO�UHVLGXDOV���
�
([HPSODU\�UHVXOWV�DQG�FRPPHQWV�
�
7KH� UHVSRQVH�RI� WKH�PRGHO� LV� FRPSDUHG� WR� WKH�SHQGXOXP�RXWSXW� LQ�)LJXUH����� ,I� WKH�
PRGHO�LV�WUDQVIHUUHG�LQWR�:RUNVSDFH�LW�FDQ�EH�FRPSDUHG�DJDLQVW�WKH�GLVFUHWH�HTXLYDOHQW�
RI� WKH�FRQWLQXRXV� WUDQVIHU� IXQFWLRQ� ������ ,Q�RUGHU� WR�REWDLQ� WKH�GLVFUHWH�IRUP�XVH� WKH�
µF�G¶�FRPPDQG��0DNH�VXUH�\RX�VSHFLI\�WKH�SURSHU�VDPSOLQJ�WLPH��
�
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7KH�PRGHOV�\RX�REWDLQ�PD\�VWURQJO\�GHSHQG�RQ�WKH�PRXQWLQJ�RI�WKH�EHOW��DQG�WKH�ZD\�
DOO�WKH�EROWV�DUH�VFUHZHG��

�
)LJ������,GHQWLILHG�PRGHO�DQG�SHQGXOXP�UHVSRQVH�WR�H[FLWDWLRQ���

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

3(1'8/80�02'(/�



�

ï�ï�ð ñ�ï�ò�ðWó
ôTõ1ó � � � � � � � � � � ö��

',*,7$/�3(1'8/80��
&RQWURO�([SHULPHQWV�
�

,QYHUWHG�SHQGXOXP�LGHQWLILFDWLRQ�
�
,QYHUWHG�SHQGXOXP�PRGHO� LGHQWLILFDWLRQ�LV�D�GLIILFXOW� WDVN�PDLQO\�IRU�RQH�DVSHFW�±�VWDELOLW\��
7KH� LQYHUWHG� SHQGXOXP� LV� XQVWDEOH� DQG� KDV� WR� EH� LGHQWLILHG� ZLWK� D� UXQQLQJ�� VWDELOL]LQJ�
FRQWUROOHU � �±�FORVHG�ORRS�LGHQWLILFDWLRQ � ��7KH�FRQWUROOHU� LQWURGXFHV�RXWSXW�QRLVH�DQG�FRQWURO�
VLJQDO� FRUUHODWLRQ�� ZKLFK� OHDGV� WR� PRGHO� FRUUXSWLRQ�� 7KLV� FRUUHODWLRQ� FDQ� EH� EURNHQ� E\�
LQWURGXFLQJ�DGGLWLRQDO�H[FLWDWLRQ�VLJQDO��ZKLFK�LV�DGGHG�WR�WKH�FRQWURO�VLJQDO�X��)LJXUH������
,I�WKH�SRZHU�RI�WKH�VLJQDO�U� LV�VXEVWDQWLDO�FRPSDULQJ�WR�WKH�Q�QRLVH�SRZHU�WKH�SURSHU�PRGHO�
VKRXOG�EH�LGHQWLILHG����
�

�
�

)LJ������8QVWDEOH�V\VWHP�LGHQWLILFDWLRQ��
6XFK� DSSURDFK�ZLOO� RQO\� DOORZ� IRU� WKH� OLQHDU�PRGHO� LGHQWLILFDWLRQ� RI� WKH� WUDQVIHU� IXQFWLRQ�
EHWZHHQ�WKH�YROWDJH�FRQWURO� VLJQDO�X�DQG� WKH�SHQGXOXP�DQJOH� ��IRU�VPDOO�GHYLDWLRQV�RI�WKH�
DQJOH�DURXQG�WKH�HTXLOLEULXP�SRLQW�RI� � ����
�
0RUH�LQWHOOLJHQW�LGHQWLILFDWLRQ�PHWKRGV�VKRXOG�EH�DSSOLHG�IRU�FRPSOHWH�QRQOLQHDU�SHQGXOXP�
PRGHO�LGHQWLILFDWLRQ��JUDGLHQW�PHWKRGV���
�
([HUFLVH���±�,QYHUWHG�SHQGXOXP�OLQHDU�PRGHO�LGHQWLILFDWLRQ�

�
,QWURGXFWLRQ�
7KH�LQYHUWHG�SHQGXOXP�OLQHDU�GLVFUHWH�PRGHO�FDQ�EH�LGHQWLILHG�RQO\�ZLWK�D�FRQWUROOHU��
7KLV�LV�D�PDMRU�GLIIHUHQFH�FRPSDULQJ�WR�WKH�SUHYLRXV�H[HUFLVHV��)RU�WKLV�LGHQWLILFDWLRQ�
WDVN�WKH�0DWODE�LGHQWLILFDWLRQ�LQWHUIDFH�LV�XVHG��7KH�LGHQWLILFDWLRQ�H[SHULPHQW�LV�FDUULHG�
RXW� ZLWK� WKH� µ,QY3HQG,GHQW�PGO¶�� 7KH� H[FLWDWLRQ� VLJQDO� LV� FRPSRVHG� RI� VHYHUDO�
VLQXVRLGV�� 7KH� H[SHULPHQW� ODVWV� ��� VHFRQGV�� WZR� VLJQDOV� DUH� FROOHFWHG� LQ� D� IRUP� RI�
YHFWRUV�DQG�DUH�DYDLODEOH�LQ�WKH�:RUNVSDFH���
�

������������������������������������������������������� �7KH�SHQGXOXP�FRQWURO�DVSHFW�LV�H[SODLQHG�LQ�WKH�µ3HQGXOXP�&RQWURO¶�VHFWLRQ��� � &ORVHG� ORRS� V\VWHP� LGHQWLILFDWLRQ� LV� D� EURDG� WRSLF� DQG�PRUH� DGYDQFHG�XVHUV� DUH� DGYLVHG� WR� UHIHU� WR�
LGHQWLILFDWLRQ�OLWHUDWXUH�WR�JHW�PRUH�LQVLJKW��

3(1'8/80�02'(/�



�

ï�ï�ð ñ�ï�ò�ðWó
ôTõ1ó � � � � � � � � � � ÷	�

',*,7$/�3(1'8/80��
&RQWURO�([SHULPHQWV�
�

,W� LV� ,03257$17� WKDW�EHIRUH� WKH� LGHQWLILFDWLRQ�H[SHULPHQW� LV� VWDUWHG��\RX�SODFH� WKH�
FDUW� LQ� WKH� =(52� SRVLWLRQ� DQG� VHWWOH� WKH� SHQGXOXP� LQ� WKH� ERWWRP� YHUWLFDO� SRVLWLRQ��
� � ���
�
7DVN�
&DUU\�RXW�WKH�LGHQWLILFDWLRQ�H[SHULPHQW��FROOHFW�WKH�GDWD��7KH�SHQGXOXP�UHVSRQVH�WR�WKH�
H[FLWDWLRQ�ZLOO�EH�DV�SUHVHQWHG�LQ�)LJXUH������
�

�
)LJ������3HQGXOXP�UHVSRQVH���

�
0DNH�VXUH�WKDW�IRU�WKH�PRGHO�LGHQWLILFDWLRQ�\RX�ZLOO�XVH�WKH�GDWD�IURP�WKH�WLPH�ZKHQ�
WKH�SHQGXOXP�LV�LQ�WKH�XSULJKW�SRVLWLRQ��$V�VKRZQ�RQ�WKH�SORW�LW�LV�VDIH�WR�XVH�GDWD�IURP�
WKH� �� 
 � � VHFRQG� RI� WKH� H[SHULPHQW�� :LWK� WKH� XVH� RI� 0DWODE� LGHQWLILFDWLRQ� LQWHUIDFH�
LGHQWLI\�D�GLVFUHWH�PRGHO��
�
8SORDG�WKH�VLJQDOV�IRU�WKH� LGHQWLILFDWLRQ�IURP�:RUNVSDFH��0DNH�VXUH�\RX�VSHFLI\�WKH�
SURSHU�VDPSOLQJ�WLPH�7V� ������>V@��6HOHFW�WKH�SURSHU�VWUXFWXUH�RI�WKH�PRGHO��H�J����������
3UHVV�µHVWLPDWH¶��<RX�FDQ�FKHFN�WKH�TXDOLW\�RI�WKH�UHVSRQVH�RI�WKH�LGHQWLILHG�PRGHO�E\�
WKH�VWHS�UHVSRQVH�DQDO\VLV��WUDQVLHQW�UHVSRQVH��SROH�DQG�]HURV�PDS��IUHTXHQF\�UHVSRQVH�
DQG�PRGHO�UHVLGXDOV���
�
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&RQWURO�([SHULPHQWV�
�

([HPSODU\�UHVXOWV�DQG�FRPPHQWV�
�
7KH�UHVSRQVH�RI�WKH�LGHQWLILHG�V\VWHP�FDQ�EH�DV�SUHVHQWHG�LQ�)LJXUH�����,I�WKH�PRGHO�LV�
WUDQVIHUUHG� LQWR�:RUNVSDFH� LW�FDQ�EH�FRPSDUHG�DJDLQVW� WKH�GLVFUHWH�HTXLYDOHQW�RI� WKH�
FRQWLQXRXV� WUDQVIHU� IXQFWLRQ� ������ ,Q� RUGHU� WR� REWDLQ� WKH� GLVFUHWH� IRUP�XVH� WKH� µF�G¶�
FRPPDQG��0DNH�VXUH�\RX�VSHFLI\�WKH�SURSHU�VDPSOLQJ�WLPH��
�
7KH�REWDLQHG�PRGHO�ZLOO�EH�XVHG�LQ�WKH�µ3HQGXOXP�&RQWURO¶�VHFWLRQ�IRU�WKH�FRQWUROOHU�
GHVLJQ���

�
)LJ������,QYHUWHG�SHQGXOXP�PRGHO�YV��SODQW�UHVSRQVH��

�
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