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:H�SUHVHQW�D�IRUPDO�DSSURDFK�IRU�KDQGOLQJ�LQFRQVLVWHQFLHV�
LQ� 6RIWZDUH� &RVW� 5HGXFWLRQ� �6&5�� VSHFLILFDWLRQV�� 7KH�
DSSURDFK� XVHV� DQ� HYHQW�EDVHG� ORJLF�� FDOOHG� WKH� (YHQW�
&DOFXOXV��WR�UHSUHVHQW�6&5�PRGH�WUDQVLWLRQ�WDEOHV��%XLOGLQJ�
RQ� WKLV� IRUPDOLVP�� WKH� DSSURDFK� SURYLGHV� DQ� DEGXFWLYH�
UHDVRQLQJ� PHFKDQLVP� WKDW� HQDEOHV� WKH� DQDO\VLV� RI�
LQFRQVLVWHQFLHV� EHWZHHQ� 6&5� PRGH� WUDQVLWLRQ� WDEOHV� DQG�
JOREDO� UHTXLUHPHQWV� �LQYDULDQWV��� DQG� WKH� LGHQWLILFDWLRQ� RI�
DOWHUQDWLYH�FKDQJHV�WKDW�ZRXOG�UHVROYH�VXFK�LQFRQVLVWHQFLHV��
&KDQJHV� LQFOXGH� DGGLWLRQ� RI� QHZ� LQYDULDQWV�� UHILQHPHQW�RI�
H[LVWLQJ� LQYDULDQWV�� DQG� FKDQJHV� RQ� FRQGLWLRQV� RI� PRGH�
WUDQVLWLRQV�� 7KH� PHWKRGRORJ\� LV� ZLGHO\� DSSOLFDEOH�� LQ�
SDUWLFXODU� WR� V\VWHPV� HPEHGGHG� LQ� FRPSOH[� HQYLURQPHQWV�
ZKRVH�LQLWLDO�FRQGLWLRQV�FDQQRW�EH�FRPSOHWHO\�SUHGLFWHG��$�
FDVH�VWXG\�RI�DQ�DXWRPRELOH�FUXLVH�FRQWURO�V\VWHP�LV�XVHG�WR�
LOOXVWUDWH� RXU� DSSURDFK�� 7KH� WHFKQLTXH� GHVFULEHG� LV�
LPSOHPHQWHG� XVLQJ� H[LVWLQJ� WRROV� IRU� DEGXFWLYH� ORJLF�
SURJUDPPLQJ�� 6FDODELOLW\� DQG� HIILFLHQF\� DUH� DFKLHYHG� E\�
XWLOLVLQJ� VRPH� WKHRUHWLFDO� UHVXOWV� DOVR� GHVFULEHG� LQ� WKH�
SDSHU���

.H\ZRUGV�
5HTXLUHPHQWV�� VSHFLILFDWLRQV�� 6&5�� DEGXFWLRQ�� (YHQW�
&DOFXOXV��PRGHO�FKHFNLQJ��

�� ,1752'8&7,21�
+DQGOLQJ� LQFRQVLVWHQFLHV� LQ� VSHFLILFDWLRQV� LV� D� FULWLFDO�
DFWLYLW\� LQ� WKH� VRIWZDUH�GHYHORSPHQW�SURFHVV�� � ,QFRQVLVWHQW�
VSHFLILFDWLRQV� FDQ� OHDG� WR� V\VWHP� IDLOXUHV�� DQG� GHIHFWV�
GHWHFWHG� ODWH� LQ� GHYHORSPHQW� FDQ� EH� PRUH� H[SHQVLYH� WR�
FRUUHFW� WKDQ� VSHFLILFDWLRQ� LQFRQVLVWHQFLHV�GLVFRYHUHG� HDUO\��
7KHUHIRUH�� WHFKQLTXHV� IRU� WKH� GHWHFWLRQ� DQG� UHVROXWLRQ� RI�
LQFRQVLVWHQFLHV� LQ� UHTXLUHPHQWV� VSHFLILFDWLRQV� FDQ� EH�
FUXFLDO�IRU�VXFFHVVIXO�GHYHORSPHQW�RI�VRIWZDUH�V\VWHPV���

$�YDULHW\�RI� WHFKQLTXHV�KDYH�EHHQ�GHYHORSHG� IRU�FKHFNLQJ�

VSHFLILFDWLRQV� IRU� LQFRQVLVWHQFLHV�� 7KHVH� UDQJH� IURP�
LQIRUPDO� EXW� VWUXFWXUHG� LQVSHFWLRQV� >��@�� WR� PRUH� IRUPDO�
WHFKQLTXHV� VXFK� DV� WKRVH� EDVHG� RQ� PRGHO� FKHFNLQJ� RU�
WKHRUHP� SURYLQJ� >�@�� :KLOH� PDQ\� RI� WKHVH� DSSURDFKHV�
SURYLGH�ULJRURXV��DQG�RIWHQ�DXWRPDWHG��DQDO\VLV�RI�VRIWZDUH�
VSHFLILFDWLRQV� WR� UHYHDO� LQFRQVLVWHQFLHV�� WKH\� RIWHQ� DOVR� GR�
QRW� VXSSRUW� WKH� DQDO\VW� LQ� KDQGOLQJ� WKHVH� LQFRQVLVWHQFLHV�
DIWHU�WKH\�KDYH�EHHQ�GLVFRYHUHG��

7KLV� SDSHU� SUHVHQWV� DQ� DSSURDFK� WR� VXSSRUW� LQFRQVLVWHQF\�
KDQGOLQJ� RI� UHTXLUHPHQWV� VSHFLILFDWLRQV�� IRFXVLQJ� LQ�
SDUWLFXODU� RQ� UHTXLUHPHQWV� H[SUHVVHG� DV� 6RIWZDUH� &RVW�
5HGXFWLRQ��6&5��WDEXODU�VSHFLILFDWLRQV�>��@��7KH�FKRLFH�RI�
6&5� LV� D� SUDJPDWLF� RQH� ±� LW� KDV� EHHQ� SURYHQ� XVHIXO� IRU�
H[SUHVVLQJ� WKH� UHTXLUHPHQWV�RI�D�ZLGH�UDQJH�RI� ODUJH�VFDOH�
UHDO�ZRUOG� V\VWHPV�� DQG� IRU� FKHFNLQJ� WKH� FRQVLVWHQF\� DQG�
YDOLGLW\�RI� VXFK�UHTXLUHPHQWV�>������������@��7KH�DSSURDFK�
LV� VXSSRUWHG� E\� D� VXLWH� RI� DXWRPDWHG� WRROV� IRU� FRQVLVWHQF\�
FKHFNLQJ� DQG� VLPXODWLRQ�� DQG� LV� FRPSOHPHQWHG� E\� PRGHO�
FKHFNLQJ� WRROV� DQG� WHFKQLTXHV� IRU� FKHFNLQJ� VSHFLILFDWLRQ�
LQYDULDQWV�>��������@��

+RZHYHU��ZKLOH�6&5�SURYLGHV�D�KRVW�RI�WRROV�IRU�DQDO\VLQJ�
UHTXLUHPHQWV�VSHFLILFDWLRQV��RQFH�D�YLRODWLRQ�RI�DQ�LQYDULDQW�
KDV� EHHQ� GHWHFWHG�� WKH� LGHQWLILFDWLRQ� RI� �SRVVLEOH�� FKDQJHV�
WR� SHUIRUP� RQ� WKH� VSHFLILFDWLRQ� LV� VWLOO� SULPDULO\� D� KXPDQ�
WDVN�� ,QFRQVLVWHQFLHV� DUH� UHSRUWHG� WR� WKH� UHTXLUHPHQW�
HQJLQHHU��ZKR�PXVW� WKHQ� LQYHVWLJDWH�ZD\V� RI� FKDQJLQJ� WKH�
VSHFLILFDWLRQV�WR�IL[�WKH�LQFRQVLVWHQFLHV��

7R� DGGUHVV� WKLV� LVVXH�� ZH� KDYH� GHYHORSHG� DQ� DSSURDFK�
EDVHG� RQ� DEGXFWLRQ� >��@�� WR� VXJJHVW� ZD\V� RI� FKDQJLQJ� DQ�
6&5�VSHFLILFDWLRQ��JLYHQ� WKH�VDWLVIDFWLRQ�RI�DQ�LQYDULDQW�DV�
D�JRDO�� ,Q�$UWLILFLDO� ,QWHOOLJHQFH� �$,���DEGXFWLRQ� LV�XVHG�DV�
RQH�RI�WKH�WKUHH�IXQGDPHQWDO�PRGHV�RI�UHDVRQLQJ��WKH�RWKHUV�
EHLQJ� GHGXFWLRQ� DQG� LQGXFWLRQ�� $EGXFWLYH� WHFKQLTXHV� DUH�
DEOH� WR� JHQHUDWH� ³H[SODQDWLRQV´� IRU� D� JLYHQ� SURSHUW\�
�³JRDO´��WR�EH�VDWLVILHG�LQ�D�VSHFLILFDWLRQ��7KHVH�WHFKQLTXHV�
KDYH�EHHQ�VKRZQ� WR�EH�SDUWLFXODUO\� VXLWDEOH�IRU�DGGUHVVLQJ�
SUREOHPV� VXFK� DV� GLDJQRVLV� >�@�� SODQQLQJ� >��@�� WKHRU\�
XSGDWH� >��� ���� ��@�� DQG� NQRZOHGJH�EDVHG� VRIWZDUH�
GHYHORSPHQW�>��@��2I�SDUWLFXODU�LQWHUHVW�WR�XV�LQ�WKLV�SDSHU�
DUH� DEGXFWLYH� WHFKQLTXHV� WKDW� DOORZ� UHDVRQLQJ� DERXW�
VSHFLILFDWLRQV�H[SUHVVHG�LQ�HYHQW�EDVHG�IRUPDOLVPV�WKDW�FDQ�
EH� PDSSHG� WR� DQG� IURP� 6&5� VSHFLILFDWLRQV�� 2QH� VXFK�
IRUPDOLVP� LV� WKH� (YHQW� &DOFXOXV� >��@� EDVHG� RQ� FODVVLFDO�
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ORJLF�� $EGXFWLYH� (YHQW� &DOFXOXV� WHFKQLTXHV� SURYLGH�
H[SODQDWLRQV�LQ�WHUPV�RI�HYHQWV�DQG�GRPDLQ�SURSHUWLHV��DQG�
FDQ� EH� XVHG� WR� �DXWRPDWLFDOO\�� LGHQWLI\� H[SODQDWLRQV� IRU�
YLRODWHG�LQYDULDQWV���

7KLV� SDSHU� GHVFULEHV� DQG� GHPRQVWUDWHV� RXU� DSSURDFK� RI�
XVLQJ�DQ�DEGXFWLYH�(YHQW�&DOFXOXV�WHFKQLTXH�IRU�UHDVRQLQJ�
DERXW� GLVFUHSDQFLHV� EHWZHHQ� UHTXLUHG� V\VWHPV� SURSHUWLHV�
�LQYDULDQWV�� DQG� 6&5� WDEXODU� VSHFLILFDWLRQV�� �$Q� RYHUYLHZ�
RI�RXU�DSSURDFK�LV�VKRZQ�VFKHPDWLFDOO\�LQ�)LJXUH����

)LJXUH����7KH�$EGXFWLYH�(YHQW�&DOFXOXV�$SSURDFK�

6&5� ³PRGH� WUDQVLWLRQ� WDEOHV´� DQG� LQYDULDQWV� DUH� ERWK�
H[SUHVVHG� LQ� WKH�(YHQW�&DOFXOXV� ODQJXDJH��$�WDEOH�GHQRWHV�
D� ³GRPDLQ�GHVFULSWLRQ´�� ZKLOH� LQYDULDQWV� GHQRWH� WKH� JRDOV�
WKDW�VXFK�D�GRPDLQ�GHVFULSWLRQ�VKRXOG�VDWLVI\��*LYHQ�D�JRDO�
DQG� DQ� 6&5� WDEOH�� RXU� DEGXFWLYH� WHFKQLTXH� LGHQWLILHV�
ZKHWKHU�WKH�JRDO�LV�VDWLVILHG�E\�WKH�VSHFLILFDWLRQ��,I�LW�LV�QRW��
LW� SURYLGHV� H[SODQDWLRQV� LQ� WHUPV� RI� SDUWV� RI� WKH�
VSHFLILFDWLRQ� WKDW� YLRODWH� WKH� SURSHUW\��+HXULVWLFV� FDQ� WKHQ�
EH� XVHG� WR� SUXQH� WKH� VHW� RI� WKHVH� H[SODQDWLRQV� �SRVVLEOH��
SRVVLEOH� WR� D� VPDOOHU� VHW� RI� SURSRVHG� FKDQJHV��2I� FRXUVH��
SHUIRUPLQJ� D� FKDQJH� RQ� D� VSHFLILFDWLRQ� RIWHQ� LQLWLDWHV� D�
VHTXHQFH�RI�DGGLWLRQDO�UHODWHG�FKDQJHV��DQG�VR�WKH�DSSURDFK�
PXVW�WKHQ�EH�GHSOR\HG�LWHUDWLYHO\��FRQVLGHULQJ�HLWKHU�D�QHZ�
WDEOH�RU�D�QHZ�LQYDULDQW��

6HFWLRQ� �� RI� WKH� SDSHU� UHYLHZV� 6&5�� IRFXVLQJ� RQ� PRGH�
WUDQVLWLRQ�WDEOHV�DQG�LQYDULDQWV��6HFWLRQ���UHYLHZV�WKH�(YHQW�
&DOFXOXV� DQG� LOOXVWUDWHV� WKH� NLQGV� RI� UHDVRQLQJ� WKDW� LW� FDQ�
SURYLGH�� � $� UHYLHZ� RI� DEGXFWLYH� UHDVRQLQJ� LQ� WKH� HYHQW�
FDOFXOXV� LV� DOVR� JLYHQ�� 6HFWLRQ� �� SURYLGHV� D� FDVH� VWXG\�
EDVHG�GHVFULSWLRQ�RI�RXU�DSSURDFK��7KH�GRPDLQ�RI�WKH�FDVH�
VWXG\� LV� WDNHQ� IURP� >�@�� ,W� VKRZV� KRZ� 6&5� WDEOHV� DQG�
LQYDULDQWV�FDQ�EH�PDSSHG�LQWR�DQ�HYHQW�EDVHG�VSHFLILFDWLRQ��
WKH� NLQG� RI� H[SODQDWLRQV� WKDW� RXU� DEGXFWLYH� WHFKQLTXH� LV�
DEOH� WR� SURYLGH�� DQG� WKH� KHXULVWLFV� WKDW� FDQ� EH� XVHG� WR�
LGHQWLI\� SRVVLEOH� FKDQJHV�� 7KH� WRRO�ZH� XVHG� WR� LPSOHPHQW�
RXU�DSSURDFK�LV�DOVR�GHVFULEHG��7KH�SDSHU�FRQFOXGHV�ZLWK�D�
GLVFXVVLRQ� RI� OHVVRQV� OHDUQHG� IURP� RXU� FDVH� VWXG\�� DQG� D�
VXPPDU\�RI�UHODWHG�DQG�IXWXUH�ZRUN���

�� 6&5�63(&,),&$7,216��
6&5� LV� D� IRUPDO� UHTXLUHPHQWV� HQJLQHHULQJ� PHWKRG� WKDW�
IDFLOLWDWHV� WKH� WDEXODU� GHILQLWLRQ� RI� UHTXLUHPHQWV�
VSHFLILFDWLRQV�DQG�WKHLU�DQDO\VLV�>����������@��7KH�PHWKRG�LV�
EDVHG� RQ� DQ� DEVWUDFW� ³)RXU� 9DULDEOH�0RGHO´� PRGHO� >��@��
XVHG� WR� GHVFULEH� D� UHTXLUHG� V\VWHP¶V� EHKDYLRU� DV� D� VHW� RI�
PDWKHPDWLFDO� UHODWLRQV� EHWZHHQ� IRXU� W\SHV� RI� YDULDEOHV� -�
PRQLWRUHG� DQG� FRQWUROOHG� YDULDEOHV�� DQG� LQSXW� DQG� RXWSXW�
GDWD� LWHPV��0RQLWRUHG�YDULDEOHV� DUH�HQYLURQPHQWDO�HQWLWLHV�
WKDW�LQIOXHQFH�WKH�V\VWHP�EHKDYLRU��DQG�FRQWUROOHG�YDULDEOHV�
DUH�HQYLURQPHQWDO�HQWLWLHV�WKDW�WKH�V\VWHP�FRQWUROV��6\VWHPV�
DUH� DVVXPHG� WR� LQFOXGH� DQ� LQSXW� GHYLFH� WR� PHDVXUH�
PRQLWRUHG�YDULDEOHV�DQG�PDS�WKHP�LQWR�VRIWZDUH�LQSXW�GDWD�
LWHPV��DQG�DQ�RXWSXW�GHYLFH�WR�XVH�WKH�VRIWZDUH�RXWSXW�GDWD�
LWHPV� IRU� VHWWLQJ� WKH� FRQWUROOHG� YDULDEOHV�� )RXU� PDLQ�
UHODWLRQV� FKDUDFWHUL]H� WKLV� PRGHO� -� 5(4�� 1$7�� ,1�� DQG�
287��7KH�UHODWLRQV�,1�DQG�287�VSHFLI\�WKH�DFFXUDF\�ZLWK�
ZKLFK� WKH� LQSXW� GHYLFH� PHDVXUHV� WKH�PRQLWRUHG� YDULDEOHV��
DQG� WKH� RXWSXW� GHYLFH� VHWV� WKH� FRQWUROOHG� YDULDEOHV�� 1$7�
GHVFULEHV�QDWXUDO�FRQVWUDLQWV�RQ�WKH�V\VWHP�EHKDYLRU�VXFK�DV�
FRQVWUDLQWV� LPSRVHG� E\� SK\VLFDO� ODZV�� ZKLOH� 5(4� GHILQHV�
WKH� V\VWHP� UHTXLUHPHQWV� LQ� WHUPV� RI� UHODWLRQV� EHWZHHQ�
PRQLWRUHG� DQG� FRQWUROOHG� YDULDEOHV�� 6&5� VSHFLILFDWLRQV�
GHVFULEH� WKH� 1$7� DQG� 5(4� UHODWLRQV� RI� D� )RXU� 9DULDEOH�
0RGHO���

7KH�FRPSRQHQWV�RI�DQ�6&5�VSHFLILFDWLRQ�DUH�PRQLWRUHG�DQG�
FRQWUROOHG�YDULDEOHV��PRGH�FODVVHV�DQG�WHUPV��$�PRGH�FODVV�
SDUWLWLRQV� WKH� PRQLWRUHG� HQYLURQPHQW¶V� VWDWH� VSDFH� LQWR�
PRGHV��(DFK�PRGH�LV�D�FROOHFWLRQ�RI�V\VWHPV�VWDWHV�VKDULQJ�
FRPPRQ�SURSHUWLHV�RQ�PRQLWRUHG�YDULDEOHV�� �7HUPV��RQ�WKH�
RWKHU� KDQG�� DUH� ³LQWHUQDO´� YDULDEOHV� FDOFXODWHG� DQG� XVHG�
ZLWKLQ�WKH�V\VWHP��9DULDEOHV�RI�DQ�6&5�VSHFLILFDWLRQ�DUH�RI�
GLIIHUHQW� W\SHV� -� %RROHDQ�� LQWHJHUV�� UHDO� QXPEHU�� DQG�
HQXPHUDWHG�GRPDLQV��1RQ�ERROHDQ�YDULDEOHV�FDQ�DOZD\V�EH�
UHGXFHG� WR� %RROHDQ� YDULDEOHV�� L�H�� SUHGLFDWHV� GHILQHG� RYHU�
WKHLU�YDOXHV��)RU�LQVWDQFH��D�SUHGLFDWH�7HPS7RR+RW�FDQ�EH�
GHILQHG� WR� LQGLFDWH� WKDW� D�PRQLWRUHG� YDULDEOH�5RRP7HPS��
RYHU�WKH�UHDO�QXPEHUV��KDV�D�YDOXH�5RRP7HPS!�6HW7HPS��
��&��� 7KHVH� SUHGLFDWHV� DUH� FDOOHG� FRQGLWLRQV� DQG� DUH�
GHILQHG�RYHU� VLQJOH� V\VWHP�VWDWHV��$Q�HYHQW�RFFXUV�ZKHQ�D�
V\VWHP� FRPSRQHQW� �L�H�� D� PRQLWRUHG� YDULDEOH�� FRQWUROOHG�
YDULDEOH��PRGH�FODVV�RU�WHUP��FKDQJHV�YDOXH��6SHFLDO�HYHQWV�
DUH�PRQLWRUHG� HYHQWV�� ZKHQ� LW� LV� D� PRQLWRUHG� YDULDEOH� WR�
FKDQJH� YDOXH�� DQG� FRQGLWLRQHG� HYHQWV�� ZKHQ� DQ� HYHQW�
RFFXUV�ZKLOH�D�VSHFLILHG�FRQGLWLRQ�LV�WUXH���

6&5� VSHFLILFDWLRQV� XVH� WKUHH� VSHFLDO� WDEOHV�� WKH� PRGH�
WUDQVLWLRQ� WDEOH�� WKH�HYHQW� WDEOH�DQG�WKH�FRQGLWLRQ�WDEOH�� �$�
FRQGLWLRQ�WDEOH�GHVFULEHV�D�FRQWUROOHG�YDULDEOH�RU�D�WHUP�DV�
D� IXQFWLRQ� RI� D� PRGH� DQG� D� FRQGLWLRQ�� DQ� HYHQW� WDEOH�
GHVFULEHV�D�FRQWUROOHG�YDULDEOH�RU�D�WHUP�DV�D�IXQFWLRQ�RI�D�
PRGH�DQG�DQ�HYHQW��0RGH�WUDQVLWLRQ�WDEOHV�GHVFULEH�D�PRGH�
DV�D�IXQFWLRQ�RI�DQRWKHU�PRGH�DQG�DQ�HYHQW��,Q�DGGLWLRQ�WR�
WKHVH� WDEOHV�� 6&5� VSHFLILFDWLRQV� DOVR� LQFOXGH� DVVHUWLRQV��
SURSHUWLHV� RI� WKH� HQYLURQPHQW�� DQG� LQYDULDQWV� �JRDOV���
SURSHUWLHV� WKDW� DUH� UHTXLUHG� WR� KROG� LQ� WKH� V\VWHP��)RU� WKH�

�
,QYDULDQW�6&5�7DEXODU�

6SHFLILFDWLRQ�

$EGXFWLYH�
5HDVRQLQJ�(QJLQH�

+HXULVWLFV�
IRU�FKDQJH�

3URSRVHG�FKDQJH�
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SXUSRVH�RI�WKLV�SDSHU��ZH�ZLOO�UHJDUG�6&5�VSHFLILFDWLRQV�DV�
FRQVLVWLQJ� VLPSO\� RI� D� PRGH� WUDQVLWLRQ� WDEOH� DQG� D� OLVW� RI�
V\VWHP� LQYDULDQWV�� 7KHVH� WZR� FRPSRQHQWV� DUH� WKHUHIRUH�
GHVFULEHG� LQ�PRUH� GHWDLO� LQ� WKH� UHVW� RI� WKLV� VHFWLRQ�� �)RU� D�
FRPSOHWH� GHVFULSWLRQ� RI� WKH� 6&5� DSSURDFK� WKH� UHDGHU� LV�
UHIHUUHG�WR�>���������@����

0RGH�7UDQVLWLRQ�7DEOHV��0RGH�FODVVHV�DUH�DEVWUDFWLRQV�RI�
WKH�V\VWHP�VWDWH�VSDFH�ZLWK�UHVSHFW�WR�PRQLWRUHG�YDULDEOHV��
(DFK�PRGH�FODVV�FDQ�EH�VHHQ�DV�D�VWDWH�PDFKLQH��GHILQHG�RQ�
WKH�PRQLWRUHG�YDULDEOHV��ZKRVH�VWDWHV�DUH�PRGHV�DQG�ZKRVH�
WUDQVLWLRQV�� FDOOHG� PRGH� WUDQVLWLRQV�� DUH� WULJJHUHG� E\�
FKDQJHV�RQ�WKH�PRQLWRUHG�YDULDEOHV��0RGH�WUDQVLWLRQ�WDEOHV�
UHSUHVHQW�PRGH�FODVVHV�DQG�WKHLU�UHVSHFWLYH�WUDQVLWLRQV�LQ�D�
WDEXODU� IRUPDW�� $Q� H[DPSOH� RI� D� PRGH� WUDQVLWLRQ� WDEOH��
WDNHQ�IURP�>�@��LV�JLYHQ�LQ�7DEOH���IRU�DQ�DXWRPRELOH�FUXLVH�
FRQWURO�V\VWHP��)RU�WKH�SXUSRVH�RI�WKLV�SDSHU�LW�LV�DVVXPHG�
WKDW� PRGH� WUDQVLWLRQ� WDEOHV� KDYH� EHHQ� DSSURSULDWHO\�
³FRPSOHWHG´�ZLWK� UHVSHFW� WR� WKH� DVVHUWLRQV� LQFOXGHG� LQ� WKH�
IXOO�6&5�VSHFLILFDWLRQ�DQG�VHTXHQFHV�RI�VLPXOWDQHRXV�PRGH�
WUDQVLWLRQV��VHH�>�@����

0RGH�WUDQVLWLRQ�HYHQWV�RFFXU�ZKHQ�RQH�RU�PRUH��FRQGLWLRQ�
RQ��PRQLWRUHG�YDULDEOHV�FKDQJH� WKHLU�YDOXHV��(YHQWV�DUH�RI�
WZR� W\SHV�� ³#7�&�´� ZKHQ� D� FRQGLWLRQ� &� FKDQJHV� IURP�
IDOVH� WR� WUXH�� DQG� ³#)�&�´�� ZKHQ� D� FRQGLWLRQ� &� FKDQJHV�
IURP� WUXH� WR� IDOVH�� � &� LV� FDOOHG� D� WULJJHUHG� FRQGLWLRQ�� )RU�
H[DPSOH�� LQ� D� WHPSHUDWXUH� FRQWURO� V\VWHP�� WKH� HYHQW�
#7�7HPS7RR+RW��ZRXOG�GHQRWH� WKDW� WKH� WHPSHUDWXUH� LQ�D�
URRP�KDV�FKDQJHG�IURP�QRW�EHLQJ�WRR�KRW��L�H��5RRP7HPS�
�� � �6HW7HPS� �� ��&��� � WR� EH� WRR� KRW� �L�H�� 5RRP7HPS� !��
�6HW7HPS��� ��&����(YHQW� RFFXUUHQFHV� FDQ� DOVR� GHSHQG� RQ�
WKH�WUXWK�IDOVLW\�RI�RWKHU�FRQGLWLRQV��,Q�WKLV�FDVH��WKH�HYHQWV�
DUH�FDOOHG�FRQGLWLRQHG�HYHQWV��)RU�H[DPSOH�� LQ�7DEOH��� WKH�

PRGH�WUDQVLWLRQ�GHILQHG�LQ�WKH�VHFRQG�URZ�LV�FDXVHG�E\�WKH�
RFFXUUHQFH� RI� FRQGLWLRQHG� HYHQW� #7�,JQLWHG�� ZKLOH�
5XQQLQJ� LV� IDOVH�� �'LIIHUHQW� VHPDQWLFV� KDYH� EHHQ� XVHG� IRU�
FRQGLWLRQHG� HYHQW� >�@�� ,Q� WKLV� SDSHU� ZH� ZLOO� DGRSW� WKH�
IROORZLQJ�LQWHUSUHWDWLRQ��$Q�HYHQW�#7�&��FRQGLWLRQHG�WR��D�
FRQGLWLRQ��'�PHDQV�WKDW�&�LV�IDOVH�LQ�WKH�FXUUHQW�PRGH�DQG�
LV�FKDQJHG� WR� WUXH� LQ� WKH�QHZ�PRGH��ZKLOH�'�LV� WUXH� LQ� WKH�
FXUUHQW�PRGH�DQG�VWD\V�WUXH�LQ�WKH�QHZ�PRGH��6LPLODUO\�IRU�
DQ� HYHQW� #)�&�� FRQGLWLRQHG� WR� '�� EXW� ZLWK� &� FKDQJLQJ�
WUXWK�YDOXH�IURP�WUXH�WR�IDOVH���

,Q� D�PRGH� WUDQVLWLRQ� WDEOH��HDFK� URZ� LV�D� WUDQVLWLRQ� IURP�D�
FXUUHQW�PRGH��LQGLFDWHG�LQ�WKH�OHIW�PRVW�FROXPQ�RI�WKH�WDEOH��
WR� D� QHZ� PRGH�� VSHFLILHG� LQ� WKH� ULJKW� PRVW� FROXPQ�� 7KH�
FHQWUDO� SDUW� RI� WKH� WDEOH� GHILQHV� WKH� HYHQWV� WKDW� FDXVH� WKH�
WUDQVLWLRQ�� $� WULJJHUHG� HYHQW� &� FDQ� KDYH� HQWULHV� HTXDO� WR�
#7� RU� #)�� 0RQLWRUHG� YDULDEOHV� WKDW� FRQGLWLRQ� WKH�
RFFXUUHQFH�RI� DQ� HYHQW� FDQ�KDYH� HQWU\� HTXDO� WR�³W´�RU�³I´���
0RQLWRUHG� YDULDEOHV� WKDW� DUH� LUUHOHYDQW� IRU� WKH� WUDQVLWLRQ�
KDYH�D�³-³HQWU\���

6&5�PRGH� WUDQVLWLRQV� WDEOHV� DUH�� LQ�JHQHUDO�� VKRUWKDQG� IRU�
PXFK� ODUJHU� WDEOHV�� 7ZR� PDLQ� IHDWXUHV� QHHG� WR� EH�
FRQVLGHUHG�ZKHQ�UHDGLQJ�DQ�6&5�WDEOH��7KH�ILUVW�RQH�LV�WKDW�
D�³-´�HQWU\�IRU�D�FRQGLWLRQ�LQ�WKH�WDEOH�LV�VKRUWKDQG�IRU�DQ\�
RI� WKH� IRXU� SRVVLEOH� FRQGLWLRQ¶V� HQWULHV� ³#7´�� ³#)´�� ³W´�
DQG� ³I´�� 7KLV�PHDQV� WKDW� DQ\� WUDQVLWLRQ� EHWZHHQ� D� FXUUHQW�
DQG� D� QHZ�PRGH� VSHFLILHG� LQ� D� WDEOH� XVLQJ� Q� GDVKHV� LV� LQ�
HIIHFW� VKRUWKDQG� IRU� �Q� GLIIHUHQW� WUDQVLWLRQV�� EHWZHHQ� WKH�
VDPH� FXUUHQW� DQG� QHZ� PRGH�� JLYHQ� E\� WKH� GLIIHUHQW�
FRPELQDWLRQV� RI� HQWULHV� IRU� HDFK� RI� WKH� GDVKHG�PRQLWRUHG�
YDULDEOHV��)RU� LQVWDQFH�� WKH� ILUVW� WUDQVLWLRQ� LQ�7DEOH��� IURP�
PRGH� ,QDFWLYH� WR� PRGH� &UXLVH� LV� VKRUWKDQG� IRXU� GLIIHUHQW�
WUDQVLWLRQV�EHWZHHQ�,QDFWLYH�DQG�&UXLVH�JLYHQ��UHVSHFWLYHO\��

&XUUHQW�
0RGH� ,JQLWHG� 5XQQLQJ� 7RRIDVW� %UDNH� $FWLYDWH� 'HDFWLYDWH� 5HVXPH� 1HZ�

0RGH�
2II� #7� �� �� �� �� �� �� ,QDFWLYH�

,QDFWLYH� #)� I� �� �� �� �� �� 2II�
� #)� #)� �� �� �� �� �� �
� W� W� �� I� #7� #)� I� &UXLVH�
� W� W� �� I� #7� I� #)� �

&UXLVH� #)� #)� �� �� �� �� �� 2II�
� W� #)� �� �� �� �� �� ,QDFWLYH�
� W� �� #7� �� �� �� �� �
� W� W� I� #7� �� �� �� 2YHUULGH�
� W� W� I� �� #)� #7� I� �
� W� W� I� �� I� #7� #)� �

2YHUULGH� #)� #)� �� �� �� �� �� 2II�
� W� #)� �� �� �� �� �� ,QDFWLYH�
� W� W� �� I� #7� #)� I� &UXLVH�
� W� W� �� I� #7� I� #)� �
� W� W� �� I� I� #)� #7� �
� W� W� �� I� #)� I� #7� �

7DEOH����0RGH�7UDQVLWLRQ�7DEOH�IRU�DQ�DXWRPRELOH�FUXLVH�FRQWURO�V\VWHP�



� �

E\�HDFK�RI�WKH�IRXU�HQWULHV�³W´��³I´��³#7´�DQG�³#)´��IRU�WKH�
FRQGLWLRQ�7RRIDVW��$� VHFRQG�PDLQ� IHDWXUH� WR� FRQVLGHU� DQG�
ZKLFK� PDNHV� WDEOHV� FRQFLVH�� LV� WKH� QRQ�VSHFLILFDWLRQ� RI�
WUDQVLWLRQV�EHWZHHQ�LGHQWLFDO�PRGHV��0RGH�WUDQVLWLRQ�WDEOHV�
DUH� EDVLFDOO\� IXQFWLRQV� WKDW� GHILQH� IRU� HDFK� FXUUHQW� PRGH�
DQG�HDFK�FRPELQDWLRQ�RI�FRQGLWLRQV¶�YDOXHV��D�QHZ�PRGH�RI�
WKH�V\VWHP��7KLV�QHZ�PRGH�PD\�RU�PD\�QRW�EH�HTXDO�WR�WKH�
FXUUHQW�PRGH��2QO\�WKH�WUDQVLWLRQV�EHWZHHQ�FXUUHQW�DQG�QHZ�
PRGHV� WKDW�DUH�GLIIHUHQW�DUH�H[SOLFLWO\�UHSUHVHQWHG� LQ�6&5��
WKH� RWKHU� �WUDQVLWLRQV� EHWZHHQ� LGHQWLFDO� FXUUHQW� DQG� QHZ�
PRGHV��DUH�LPSOLFLWO\�DVVXPHG�DQG�³KLGGHQ´�DZD\�IURP�WKH�
WDEOH�� $� IXOO�� H[WHQGHG� 6&5� PRGH� WUDQVLWLRQ� WDEOH� ZRXOG�
WKXV� LQFOXGH�� IRU� HDFK� SRVVLEOH� FRPELQDWLRQ� RI� SDLUV� RI�
PRGHV��D�QXPEHU�RI�WUDQVLWLRQV��URZV��JLYHQ�E\�DOO�SRVVLEOH�
FRPELQDWLRQV� RI� WKH� IRXU� FRQGLWLRQ¶� HQWULHV� IRU� DOO� WKH�
FRQGLWLRQV� XVHG� LQ� WKH� WDEOH�� $V� GLVFXVVHG� LQ� VHFWLRQ� ���
KLGGHQ� URZV� RU� GDVKHV� DUH� RIWHQ� FDXVHV� IRU� PLVPDWFK�
EHWZHHQ�6&5�WDEOHV�DQG�LQYDULDQWV��7KHUHIRUH��WKH\�QHHG�WR�
EH� WDNHQ� LQWR� DFFRXQW� ZKHQ� DQDO\VLQJ� LQYDULDQWV� ZLWK�
UHVSHFW� WR� WKH� FRQFLVH� YHUVLRQ� RI� DQ� 6&5�PRGH� WUDQVLWLRQ�
WDEOH��

*RDOV� DV� ,QYDULDQWV�� ,QYDULDQWV� DUH� SURSHUWLHV�
�VSHFLILFDWLRQ� DVVHUWLRQV�� RI� WKH� V\VWHP�EHKDYLRU� UHJDUGLQJ�
PRGH� FODVVHV�� ZKLFK� RXJKW� WR� EH� VDWLVILHG� E\� WKH� V\VWHP�
VSHFLILFDWLRQ�� � &RQVLGHULQJ� DQ� DXWRPRELOH� FUXLVH� FRQWURO�
V\VWHP��DQ�H[DPSOH�RI�LQYDULDQW�LV���

&UXLVH����,JQLWHG�¾�5XQQLQJ�¾�½%UDNH��

7KLV�PHDQV�WKDW�ZKHQHYHU�WKH�V\VWHP�LV�LQ�PRGH�FUXLVH��WKH�
FRQGLWLRQV� ,JQLWHG� DQG� 5XQQLQJ� PXVW� EH� WUXH� DQG� %UDNH�
PXVW�EH�IDOVH��7KH�H[DPSOH�SURSHUW\�JLYHQ�KHUH�LV�FDOOHG�D�
PRGH�LQYDULDQW��0RGH�LQYDULDQWV�DUH�IRUPXODH�RI�WKH�IRUP��

� � � � P���3� � � �,19��

ZKHUH�P�LV�D�PRGH�YDOXH�RI�D�FHUWDLQ�PRGH�FODVV�DQG�3�LV�D�
ORJLFDO� SURSRVLWLRQ� RYHU� WKH� FRQGLWLRQV� XVHG� LQ� WKH�
DVVRFLDWHG�PRGH� WUDQVLWLRQ� WDEOH�� �$�PRGH� WUDQVLWLRQ� WDEOH�
RI� D� JLYHQ� PRGH� FODVV� KDV� WR� VDWLVI\� WKH� PRGH� LQYDULDQWV�
UHODWHG� WR� WKDW�PRGH�FODVV��'LIIHUHQW�DSSURDFKHV�KDYH�EHHQ�
GHYHORSHG� IRU� FKHFNLQJ� LQYDULDQWV� RI� 6&5� VSHFLILFDWLRQV��
7KHVH� DUH� PDLQO\� EDVHG� RQ� PRGHO� FKHFNLQJ� WHFKQLTXHV��
VXFK�DV�VWDWH�EDVHG�PRGHO�FKHFNLQJ�>�����@�XVLQJ�6SLQ�>��@��
DQG�V\PEROLF�PRGHO�FKHFNLQJ�XVLQJ�609�>��@��7KLV�SDSHU�
SURYLGHV� DQ� DOWHUQDWLYH� ORJLF�EDVHG� DSSURDFK� IRU� GHWHFWLQJ�
YLRODWLRQ�RI�LQYDULDQWV�DQG�IRU�JHQHUDWLQJ�H[SODQDWLRQV��7KH�
ODWWHU� DUH� SRLQWHUV� WR� WKH� URZV� LQ� WKH� �H[WHQGHG�� WDEOH� WKDW�
YLRODWH� WKH� LQYDULDQW�� $� FDVH� VWXG\� LQYHVWLJDWLRQ� RI� RXU�
DSSURDFK�IRU�WKH�FUXLVH�FRQWURO�V\VWHP�JLYHQ�LQ�7DEOH���KDV�
KLJKOLJKWHG� WKH� IDFW� WKDW� VXFK� URZV� FDQ� EH� KLGGHQ� PRGH�
WUDQVLWLRQV�� 7KLV� VKRZV� WKDW� LW� LV� RIWHQ� WKH� LPSOLFLW�
DVVXPSWLRQV� XVHG� E\� WKH� UHTXLUHPHQWV� HQJLQHHU� WKDW� FDXVH�
LQFRQVLVWHQFLHV�� 7KLV� LV� GLVFXVVHG� LQ� PRUH� GHWDLOHG� LQ�
6HFWLRQ� ��� ([WHQVLRQV� RI� WKH� DSSURDFK� WR� IXOO� 6&5�
VSHFLILFDWLRQV� �L�H�� HYHQW� DQG� FRQGLWLRQ� WDEOHV�� DQG� JOREDO�
UHTXLUHPHQWV� SURSHUWLHV� WKDW� DUH� QRW� QHFHVVDULO\� PRGH�

LQYDULDQWV��DUH�GLVFXVVHG� LQ�6HFWLRQ����$�EULHI�RYHUYLHZ�RI�
WKH�HYHQW�EDVHG�IRUPDOLVP�XVHG�LQ�RXU�DSSURDFK��DQG�RI�WKH�
EDVLF� QRWLRQ� RI� DEGXFWLYH� UHDVRQLQJ�� LV� JLYHQ� LQ� WKH� QH[W�
VHFWLRQ���

�� 7+(�(9(17�&$/&8/86�
7KH�(YHQW�&DOFXOXV�>������@�LV�D�ORJLF�EDVHG�IRUPDOLVP�IRU�
UHSUHVHQWLQJ� DQG� UHDVRQLQJ� DERXW� G\QDPLF� V\VWHPV�� ,Q�
FRQWUDVW� WR� SXUH� VWDWH�WUDQVLWLRQ� EDVHG� IRUPDOLVPV�� LWV�
RQWRORJ\� LQFOXGHV� DQ� H[SOLFLW� VWUXFWXUH� RI� WLPH�� ZKLFK� LV�
LQGHSHQGHQW� RI� DQ\� �VHTXHQFH� RI�� HYHQWV� RU� DFWLRQV� XQGHU�
FRQVLGHUDWLRQ��$V�ZH� VKDOO� VHH�� WKLV�FKDUDFWHULVWLF�PDNHV� LW�
VWUDLJKWIRUZDUG� WR� PRGHO� FRQFXUUHQW�� SRVVLEO\� QRQ�
GHWHUPLQLVWLF��HYHQW�GULYHQ�V\VWHPV��DOWKRXJK�LQ�WKH�SUHVHQW�
SDSHU�ZH�FRQVLGHU�RQO\�GHWHUPLQLVWLF�V\VWHPV����

)RU�RXU�SXUSRVHV��D�VLPSOH�FODVVLFDO�ORJLF�IRUP�>��@�RI�WKH�
(YHQW�&DOFXOXV�LV�VXIILFLHQW��ZKRVH�RQWRORJ\�FRQVLVWV�RI��L��
D� VHW� RI� WLPH�SRLQWV� LVRPRUSKLF� WR� WKH� QRQ�QHJDWLYH�
LQWHJHUV���LL��D�VHW�RI�WLPH�YDU\LQJ�SURSHUWLHV�FDOOHG�IOXHQWV��
DQG� �LLL�� D� VHW� RI� HYHQW� W\SHV� �RU� DFWLRQV��� 7KH� ORJLF� LV�
FRUUHVSRQGLQJO\� VRUWHG�� DQG� LQFOXGHV� WKH� SUHGLFDWHV�
+DSSHQV�� ,QLWLDWHV�� 7HUPLQDWHV� DQG� +ROGV$W�� DV� ZHOO� DV�
VRPH� DX[LOLDU\� SUHGLFDWHV� GHILQHG� LQ� WHUPV� RI� WKHVH��
+DSSHQV�D�W�� LQGLFDWHV� WKDW� HYHQW� �RU� DFWLRQ�� D� RFFXUV� DW�
WLPH�SRLQW� W�� ,QLWLDWHV�D�I�W�� �UHVS��7HUPLQDWHV�D�I�W���PHDQV�
WKDW� HYHQW� D� FDXVHV� IOXHQW� I� WR� EH� WUXH� �UHVS�� IDOVH��
LPPHGLDWHO\� DIWHU� W�� DQG�+ROGV$W�I�W�� LQGLFDWHV� WKDW� IOXHQW� I�
LV�WUXH�DW� W��6R��IRU�H[DPSOH��WR�LQGLFDWH�WKDW�HYHQWV�$��DQG�
$�� RFFXU� FRQFXUUHQWO\� DW� WLPH�SRLQW� 7�� LW� LV� VXIILFLHQW� WR�
DVVHUW�>+DSSHQV�$��7�� ¾�+DSSHQV�$��7��@��

6SHFLILFDWLRQV� DV�$[LRPDWLVDWLRQV��(YHU\� (YHQW�&DOFXOXV�
VSHFLILFDWLRQ��L�H��GHVFULSWLRQ��LQFOXGHV�D�FRUH�FROOHFWLRQ�RI�
GRPDLQ�LQGHSHQGHQW� D[LRPV� �VHQWHQFHV�� WKDW� GHVFULEH�
JHQHUDO�SULQFLSOHV�IRU�GHFLGLQJ�ZKHQ�IOXHQWV�KROG�RU�GR�QRW�
KROG� DW� SDUWLFXODU� WLPH�SRLQWV�� ,Q� DGGLWLRQ�� HDFK�
VSHFLILFDWLRQ� LQFOXGHV� D� FROOHFWLRQ�RI�GRPDLQ��RU� VFHQDULR�
GHSHQGHQW� VHQWHQFHV� GHVFULELQJ� WKH� SDUWLFXODU� HIIHFWV� RI�
HYHQWV� RU� DFWLRQV� �XVLQJ� WKH� SUHGLFDWHV� ,QLWLDWHV� DQG�
7HUPLQDWHV��� DQG� PD\� DOVR� LQFOXGH� VHQWHQFHV� VWDWLQJ� WKH�
SDUWLFXODU� WLPH�SRLQWV� DW� ZKLFK� LQVWDQFHV� RI� WKHVH� HYHQWV�
RFFXU��XVLQJ�WKH�SUHGLFDWH�+DSSHQV�����

7R� ZULWH� WKH� GRPDLQ�LQGHSHQGHQW� D[LRPV� VXFFLQFWO\�� LW� LV�
FRQYHQLHQW� WR� LQWURGXFH� WZR� DX[LOLDU\� SUHGLFDWHV��&OLSSHG�
DQG� 'HFOLSSHG�� &OLSSHG�W��I�W��� PHDQV� WKDW� VRPH� HYHQW�
RFFXUV� EHWZHHQ� WKH� WLPHV� W�� DQG� W�� ZKLFK� WHUPLQDWHV� WKH�
IOXHQW�I��,Q�ORJLF��WKLV�LV��

� &OLSSHG�W��I�W����   �(&���
� � ��$D�W>+DSSHQV�D�W���¾  W����W���W���¾ 7HUPLQDWHV�D�I�W�@����

�,Q�WKLV�DQG�DOO�RWKHU�D[LRPV�DOO�YDULDEOHV�DUH�DVVXPHG�WR�EH�
XQLYHUVDOO\� TXDQWLILHG� ZLWK� PD[LPXP� VFRSH� XQOHVV�
RWKHUZLVH� VWDWHG��� 6LPLODUO\��'HFOLSSHG�W��I�W��� PHDQV� WKDW�
VRPH�HYHQW�RFFXUV�EHWZHHQ�WKH�WLPHV�W��DQG�W��WKDW�LQLWLDWHV�
WKH�IOXHQW�I��



� �

'HFOLSSHG�W��I�W����   �(&���
� � $D�W>+DSSHQV�D�W���¾  W����W���W���¾ ,QLWLDWHV�D�I�W�@����

$UPHG� ZLWK� WKLV� QRWDWLRQDO� VKRUWKDQG�� ZH� FDQ� VWDWH� WKH�
WKUHH� JHQHUDO� �FRPPRQVHQVH�� SULQFLSOHV� WKDW� FRQVWLWXWH� WKH�
GRPDLQ�LQGHSHQGHQW� FRPSRQHQW� RI� WKH� (YHQW�&DOFXOXV�� �L��
IOXHQWV� WKDW� KDYH� EHHQ� LQLWLDWHG� E\� HYHQW� RFFXUUHQFHV�
FRQWLQXH�WR�KROG�XQWLO�HYHQWV�RFFXU�WKDW�WHUPLQDWH�WKHP��

� +ROGV$W�I�W����   �(&���
� � $D�W�>+DSSHQV�D�W����¾ ,QLWLDWHV�D�I�W��  
���� � � ¾  W����W���¾  ¤&OLSSHG�W��I�W��@����

�LL�� IOXHQWV� WKDW�KDYH�EHHQ�WHUPLQDWHG�E\�HYHQW�RFFXUUHQFHV�
FRQWLQXH�QRW�WR�KROG�XQWLO�HYHQWV�RFFXU�WKDW�LQLWLDWH�WKHP��

�  ¤+ROGV$W�I�W����   �(&���
� � $D�W�>+DSSHQV�D�W����¾ 7HUPLQDWHV�D�I�W��  
���� � � ¾  W����W���¾  ¤'HFOLSSHG�W��I�W��@����

DQG� �LLL�� IOXHQWV� RQO\� FKDQJH� VWDWXV� YLD� RFFXUUHQFHV� RI�
LQLWLDWLQJ�DQG�WHUPLQDWLQJ�HYHQWV��

� +ROGV$W�I�W�����>+ROGV$W�I�W�)  ¾  W����W��  �(&���
� �       ¾  ¤&OLSSHG�W��I�W��@����

� ¤+ROGV$W�I�W�����>¤+ROGV$W�I�W�)  ¾  W����W��  �(&���
� �        ¾  ¤'HFOLSSHG�W��I�W��@����

7R� LOOXVWUDWH� KRZ� WKH� HIIHFWV� RI� SDUWLFXODU� HYHQWV� PD\� EH�
GHVFULEHG� LQ� WKH� GRPDLQ�GHSHQGHQW� SDUW� RI� D� VSHFLILFDWLRQ�
XVLQJ� WKH� SUHGLFDWHV� ,QLWLDWHV� DQG� 7HUPLQDWHV�� ZH� ZLOO�
GHVFULEH�DQ�HOHFWULF�FLUFXLW�FRQVLVWLQJ�RI�D�VLQJOH�OLJKW�EXOE�
DQG�WZR�VZLWFKHV�$�DQG�%�DOO�FRQQHFWHG�LQ�VHULHV��:H�QHHG�
WKUHH�IOXHQWV��6ZLWFK$2Q��6ZLWFK%2Q�DQG�/LJKW2Q��DQG�WZR�
DFWLRQV�)OLFN$�DQG�)OLFN%��:H�FDQ�GHVFULEH�IDFWV�VXFK�DV��L��
WKDW� IOLFNLQJ� VZLWFK� $� WXUQV� WKH� OLJKW� RQ�� SURYLGHG� WKDW�
VZLWFK�$�LV�QRW�DOUHDG\�RQ�DQG�WKDW�VZLWFK�%� LV�DOUHDG\�RQ�
�L�H��FRQQHFWHG��DQG�LV�QRW�VLPXOWDQHRXVO\�IOLFNHG��

� ,QLWLDWHV�)OLFN$�/LJKW2Q�W����
� � � � � >¤+ROGV$W�6ZLWFK$2Q�W)   
      ¾ +ROGV$W�6ZLWFK%2Q�W)��
      ¾  ¤+DSSHQV�)OLFN%�W�@����

�LL�� WKDW� LI� QHLWKHU� VZLWFK� LV� RQ�� IOLFNLQJ� WKHP� ERWK�
VLPXOWDQHRXVO\�FDXVHV�WKH�OLJKW�WR�FRPH�RQ��

� ,QLWLDWHV�)OLFN$�/LJKW2Q�W�����
� � � � � >¤+ROGV$W�6ZLWFK$2Q�W)   
      ¾ ¤+ROGV$W�6ZLWFK%2Q�W)��
      ¾  +DSSHQV�)OLFN%�W�@����

DQG� �LLL�� WKDW� LI� HLWKHU� VZLWFK� LV� RQ�� IOLFNLQJ� LW� FDXVHV� WKH�
OLJKW�WR�JR�RII��LUUHVSHFWLYH�RI�WKH�VWDWH�RI�WKH�RWKHU�VZLWFK���

� 7HUPLQDWHV�)OLFN$�/LJKW2Q�W����
� � � � � >+ROGV$W�6ZLWFK$2Q�W�@���

�� 7HUPLQDWHV�)OLFN%�/LJKW2Q�W����
� � � � � >+ROGV$W�6ZLWFK%2Q�W�@���

,Q� IDFW�� LQ� WKLV� H[DPSOH� ZH� QHHG� D� WRWDO� RI� ILYH� VXFK�
VHQWHQFHV� WR� GHVFULEH� WKH� HIIHFWV� RI� SDUWLFXODU� HYHQWV� RU�
FRPELQDWLRQV� RI� HYHQWV� RQ� WKH� OLJKW�� DQG� D� IXUWKHU� IRXU�
VHQWHQFHV� WR� GHVFULEH� WKH� HIIHFWV� RQ� WKH� VZLWFKHV�
WKHPVHOYHV�� $OWKRXJK� IRU� UHDGDELOLW\� WKHVH� VHQWHQFHV� DUH�
ZULWWHQ�VHSDUDWHO\�KHUH��LW�LV�WKH�FRPSOHWLRQV��L�H��WKH�LI�DQG�
RQO\�LI� WUDQVIRUPDWLRQV��RI� WKH�VHWV�RI�VHQWHQFHV�GHVFULELQJ�
,QLWLDWHV� DQG� 7HUPLQDWHV� WKDW� DUH� DFWXDOO\� LQFOXGHG� LQ� WKH�
VSHFLILFDWLRQ� �VHH� >��@� IRU� GHWDLOV��� 7KH� FRPSOHWLRQ� RI� WKH�
WZR�7HUPLQDWHV�FODXVHV�DERYH��IRU�H[DPSOH��LV��

7HUPLQDWHV�D�I�W�����>>D )OLFN$ ¾ I /LJKW2Q��
� � � � � ��  ¾ +ROGV$W�6ZLWFK$2Q�W�@�¿��
� � � � � ��������>D )OLFN% ¾ I /LJKW2Q��
� � � � � ��  ¾ +ROGV$W�6ZLWFK%2Q�W�@@�

7KH�XVH�RI�VXFK�FRPSOHWLRQV�DYRLGV�WKH�IUDPH�SUREOHP��L�H��
LW� DOORZV� XV� WR� DVVXPH� WKDW� WKH� RQO\� HIIHFWV� RI� HYHQWV� DUH�
WKRVH�H[SOLFLWO\�GHVFULEHG��

)RU�PDQ\� DSSOLFDWLRQV�� LW� LV� DSSURSULDWH� WR� LQFOXGH� VLPLODU�
�FRPSOHWLRQV�RI��VHWV�RI�VHQWHQFHV�GHVFULELQJ�ZKLFK�HYHQWV�
RFFXU��ZKHQ�XVLQJ�WKH�SUHGLFDWH�+DSSHQV���+RZHYHU��LQ�WKH�
SUHVHQW�SDSHU�ZH�ZLVK�WR�SURYH�SURSHUWLHV�RI�V\VWHPV�XQGHU�
DOO� SRVVLEOH� VFHQDULRV�� L�H�� LUUHVSHFWLYH� RI� ZKLFK� HYHQWV�
DFWXDOO\� RFFXU�� +HQFH� RXU� GHVFULSWLRQV� OHDYH� +DSSHQV�
XQGHILQHG�� L�H�� WKH\� DOORZ� PRGHOV� ZLWK� DUELWUDU\�
LQWHUSUHWDWLRQV� IRU� +DSSHQV�� ,Q� WKLV� ZD\� ZH� HIIHFWLYHO\�
VLPXODWH� D� EUDQFKLQJ� WLPH� VWUXFWXUH� WKDW� FRYHUV� HYHU\�
SRVVLEOH� VHULHV� RI� HYHQWV�� � ,Q� RWKHU� ZRUGV�� E\� OHDYLQJ�
+DSSHQV� XQGHILQHG�ZH� HIIHFWLYHO\� FRQVLGHU�� LQ� RQH�PRGHO�
RU� DQRWKHU�� HYHU\� SRVVLEOH� SDWK� WKURXJK� D� VWDWH�WUDQVLWLRQ�
JUDSK��

(IILFLHQW�$EGXFWLYH�5HDVRQLQJ�LQ�WKH�(YHQW�&DOFXOXV��,Q�
WKH�FRQWH[W�RI�WKLV�SDSHU��ZH�ZLVK�WR�WDNH�DQ�(YHQW�&DOFXOXV�
VSHFLILFDWLRQ� VXFK� DV� GHVFULEHG� DERYH� DQG� XVH� LW� WR� WHVW�
V\VWHP� LQYDULDQWV�� ,Q� WKH� ODQJXDJH� RI� WKH� (YHQW� &DOFXOXV�
WKHVH� DUH� H[SUHVVLRQV� LQYROYLQJ� +ROGV$W� DQG� XQLYHUVDOO\�
TXDQWLILHG�RYHU�WLPH��VXFK�DV��

"W�>+ROGV$W�6ZLWFK$2Q�W)�¿ ¤+ROGV$W�/LJKW2Q�W)]�

,W�LV��SRWHQWLDOO\��FRPSXWDWLRQDOO\�H[SHQVLYH�WR�GHPRQVWUDWH�
WKH� WUXWK� RI� VXFK� VHQWHQFHV� E\� VWDQGDUG� �GHGXFWLYH� RU�
DEGXFWLYH�� WKHRUHP�SURYLQJ� WHFKQLTXHV�� +RZHYHU��
IRUWXQDWHO\�ZH� FDQ� UHGXFH� WKH� FRPSOH[LW\� RI� WKH� LQIHUHQFH�
WDVN�FRQVLGHUDEO\�E\�XWLOLVLQJ�D�JHQHUDO� WKHRUHP�DERXW� WKLV�
W\SH�RI�(YHQW�&DOFXOXV�UHSUHVHQWDWLRQ��6XSSRVH�WKDW�(&�R��
LV� DQ� (YHQW� &DOFXOXV� GHVFULSWLRQ� ZLWK� WKH� VRUW� RI� WLPH�
SRLQWV� LQWHUSUHWHG� DV� WKH�QDWXUDO�QXPEHUV�R�� DQG�"W�,�W�� LV�
WKH�LQYDULDQW�ZH�ZLVK�WR�GHPRQVWUDWH��7KHQ�LQ�ORJLFDO�WHUPV�
ZH�ZLVK�WR�VKRZ�WKDW�(&�R����"W�,�W���7KH�WKHRUHP�VWDWHV�
WKDW�� SURYLGHG� WKH� LQYDULDQW� LV� LQLWLDOO\� WUXH� �L�H�� ,���� � LV�
WUXH���LW� LV�VXIILFLHQW�WR�VKRZ�WKDW�(&�W��8�^,�6F�`���,�6Q���
ZKHUH�W� LV� D� VLPSOH� WLPH� VWUXFWXUH� FRQVLVWLQJ� RI� MXVW� WZR�
SRLQWV�6F� DQG�6Q� VXFK� WKDW�6F���6Q� �³F´� IRU�³FXUUHQW´�DQG�
³Q´�IRU�³QH[W´��� �,Q�RWKHU�ZRUGV��LW�LV�VXIILFLHQW�WR�FRQVLGHU�



� �

RQO\�D�V\PEROLF� WLPH�SRLQW�6F�DQG�LWV�LPPHGLDWH�VXFFHVVRU�
6Q�� DVVXPH� WKH� LQYDULDQW� WR�EH� WUXH�DW�6F�� DQG�GHPRQVWUDWH�
WKDW� LWV� WUXWK� WKHQ� IROORZV� DW� 6Q�� �3URRI� RI� WKH� WKHRUHP� LV�
VWUDLJKWIRUZDUG� E\� LQGXFWLRQ� RYHU� R��� 7KLV� WKHRUHP� LV�
DSSOLFDEOH� HYHQ� ZKHQ� FRPSOHWH� LQIRUPDWLRQ� DERXW� WKH�
LQLWLDO� VWDWH� RI� WKH� V\VWHP� LV� QRW� DYDLODEOH�� ,WV� XWLOLVDWLRQ�
UHGXFHV� FRPSXWDWLRQDO� FRVWV� FRQVLGHUDEO\� EHFDXVH�� LQ� WKH�
FRQWH[W� RI� (&�W��� LW� DOORZV� XV� WR� UH�ZULWH� DOO� RXU� (YHQW�
&DOFXOXV� D[LRPV� ZLWK� JURXQG� WLPH�SRLQW� WHUPV�� )RU�
H[DPSOH���(&���EHFRPHV��

� +ROGV$W�I�6Q����>+ROGV$W�I�6F)  ¾ ¤&OLSSHG�6F�I�6Q�@��

2XU� ILQDO� ORJLFDO� WRRO� IRU� HIILFLHQW� UHDVRQLQJ� DERXW� (YHQW�
&DOFXOXV�VSHFLILFDWLRQV� LV�DEGXFWLRQ�>��@��$EGXFWLRQ�LV�WKH�
SURFHVV� RI� ILQGLQJ� D� FRQVLVWHQW� H[WHQVLRQ� �RI� D� VSHFLILHG�
IRUP�� WR� D� ORJLFDO� VSHFLILFDWLRQ� VXFK� WKDW� LW� WKHQ� HQWDLOV� D�
JLYHQ�JRDO��*LYHQ�DQ�(YHQW�&DOFXOXV�GHVFULSWLRQ�(&�DQG�D�
JRDO�*�H[SUHVVHG�DV�D�FROOHFWLRQ�RI�+ROGV$W�IDFWV��DEGXFWLYH�
WRROV�H[LVW�WKDW�ZLOO�DWWHPSW�WR�LGHQWLI\��WKH�FRPSOHWLRQ�RI��D�
FROOHFWLRQ�RI�+DSSHQV�IDFWV�D�VXFK�WKDW�(&� D��� �*�DQG�
(&� D LV�FRQVLVWHQW���,Q�WKH�FRQWH[W�RI�SODQQLQJ��HDFK�IDFW�
LQ�D�LV�WKHQ�LQWHUSUHWHG�DV�DQ�DFWLRQ�IRU�WKH�DJHQW�WR�SHUIRUP�
WR�DFKLHYH�WKH�JRDO�*���0RUHRYHU��VRPH�RI�WKHVH�DEGXFWLYH�
WRROV� �H�J�� >��@�� DUH� FRPSOHWH�� LQ� WKH� VHQVH� WKDW� WKH\� ZLOO�
DOZD\V�LGHQWLI\�VXFK�D�D�LI�RQH�H[LVWV��

,Q�WKLV�SDSHU��ZH�ZLOO�XVH�DEGXFWLRQ�³LQ�UHYHUVH´��8VLQJ�WKH�
UHGXFHG� WLPH� VWUXFWXUH� GHVFULEHG� DERYH�� ZH� ZLOO� SURYH�
DVVHUWLRQV�RI�WKH�IRUP�(&�W�� ^,�6F�`���,�6Q��E\�VKRZLQJ�
WKDW�D�FRPSOHWH�DEGXFWLYH�SURFHGXUH�IDLOV�WR�SURGXFH�D�VHW�D�
RI�+ROGV$W� DQG�+DSSHQV� IDFWV� �JURXQGHG� DW�6F�� VXFK� WKDW�
(&�W�� ^,�6F�`��D� ��� �¤,�6Q��� 7KLV� SURFHGXUH� LV� YDOLG�
JLYHQ�WKH�UHDVRQDEOH�DVVXPSWLRQV�WKDW�RQO\�D�ILQLWH�QXPEHU�
RI� HYHQWV� FDQ� RFFXU� LQ� D� JLYHQ� LQVWDQW� DQG� WKDW� WKH� WRWDO�
QXPEHU�RI�V\VWHP�SURSHUWLHV��IOXHQWV��LV�ILQLWH��7KH�WKHRUHP�
GHVFULEHG� DERYH� WKHQ� DOORZV� XV� WR� FRQILUP� WKDW�� SURYLGHG�
,���� � LV� WUXH�� "W�,�W�� LV� DOVR� WUXH�� $V� ZH� VKDOO� VHH�� WKH�
DEGXFWLYH�SURFHGXUH�KDV�WKH�DGGHG�DGYDQWDJH�WKDW�LI�LQVWHDG�
LW� GRHV� SURGXFH� VXFK� D� VHW� D�� WKHQ� WKLV� D� LV� DQ� H[SOLFLW�
LQGLFDWRU� RI� ZKHUH� LQ� WKH� VSHFLILFDWLRQ� �L�H�� LQ� WKH� 6&5�
WDEOH��WKHUH�LV�D�SUREOHP��

�� $%'8&7,9(�,1&216,67(1&<�+$1/',1*�
:H�DUH�QRZ�LQ�WKH�SRVLWLRQ�WR�GHVFULEH�RXU�DEGXFWLYH�(YHQW�
&DOFXOXV� DSSURDFK� WR� DQDO\VLQJ� WKH� FRQVLVWHQF\� EHWZHHQ�
6&5�PRGH�WUDQVLWLRQ�WDEOHV�DQG�V\VWHP�LQYDULDQWV��:H�UHIHU�
WR� 7DEOH��� DV� DQ� H[DPSOH� FDVH� VWXG\� WR� LOOXVWUDWH� RXU�
DSSURDFK�� %ULHIO\�� 6&5� WDEOHV� DUH� WUDQVODWHG� LQWR� (YHQW�
&DOFXOXV�VSHFLILFDWLRQV�RI�WKH�W\SH�GHVFULEHG�DERYH��V\VWHP�
LQYDULDQWV�DUH�H[SUHVVHG��LQ�WKH�VDPH�ODQJXDJH��DV�+ROGV$W�
IRUPXODH� XQLYHUVDOO\� TXDQWLILHG� RYHU� WLPH�� DQG� WKHQ�
DEGXFWLRQ�LV�XVHG�DV�DQ�LQIHUHQFH�PHWKRG�WR�HLWKHU�FRQILUP�
WKDW� WKH� �WUDQVODWLRQ�RI� WKH�� WDEOH� VDWLVILHV� WKH� LQYDULDQWV�RU�
WR� LGHQWLI\� WKH� SDUWV� ZKHUH� LW� GRHV� QRW�� 7R� JXDUDQWHH� WKH�
FRPSXWDWLRQDO�HIILFLHQF\�DQG�VFDODELOLW\�RI�WKLV�SURFHVV��WKH�

(YHQW� &DOFXOXV� WUDQVODWLRQV� DUH� UHGXFHG� WR� JURXQG�� WZR�
WLPH�SRLQW� YHUVLRQV�� RI� WKH� W\SH� GHVFULEHG� DERYH�� SULRU� WR�
WKH� DSSOLFDWLRQ� RI� WKH� DEGXFWLYH� UHDVRQLQJ� SURFHVV�� 7KH�
VRXQGQHVV� RI� WKLV� UHGXFWLRQ� LV� JXDUDQWHHG� E\� WKH� WKHRUHP�
VWDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,Q�SUDFWLFH��WKH�UHILQHPHQW�RI�
DQ�6&5�WDEOH�XVLQJ�WKLV�PHWKRG�ZLOO�EH�DQ�LWHUDWLYH�SURFHVV��
ZLWK�WKH�DEGXFWLYH�WRRO�EHLQJ�UHDSSOLHG�DIWHU�HDFK�FKDQJH�RI�
WKH�WDEOH���

7KH� 7UDQVODWLRQ�� ,Q� RXU� WUDQVODWLRQ� ERWK� FRQGLWLRQV� DQG�
PRGHV�DUH�UHSUHVHQWHG�DV�IOXHQWV��ZKLFK�ZH�ZLOO�UHIHU�WR�DV�
FRQGLWLRQ� IOXHQWV� DQG�PRGH� IOXHQWV� UHVSHFWLYHO\�� $OWKRXJK�
LQ�UHDOLW\�PDQ\�GLIIHUHQW�W\SHV�RI�H[WHUQDO��UHDO�ZRUG�HYHQWV�
PD\� DIIHFW� D� JLYHQ� FRQGLWLRQ�� 6&5� WDEOHV� DEVWUDFW� WKHVH�
GLIIHUHQFHV�DZD\�DQG�HVVHQWLDOO\�LGHQWLI\�RQO\�WZR�W\SHV�RI�
HYHQWV�IRU�HDFK�FRQGLWLRQ�-�D�³FKDQJH�WR�WUXH´��#7��DQG�D�
³FKDQJH�WR�IDOVH´��#)��HYHQW��+HQFH�LQ�RXU�(YHQW�&DOFXOXV�
WUDQVODWLRQ� WKHUH� DUH� QR� LQGHSHQGHQW� HYHQW� FRQVWDQWV�� EXW�
LQVWHDG� WZR� IXQFWLRQV�#7� DQG�#)� IURP� IOXHQWV� WR� HYHQWV��
DQG�WZR�D[LRPV��

� "W�,QLWLDWHV�#7�&��&�W�  �6���
� "W�7HUPLQDWHV�#)�&��&�W�� � �6���

IRU�HDFK�FRQGLWLRQ�IOXHQW�&��

7KH�WUDQVODWLRQ�RI�WDEOHV�LQWR�(YHQW�&DOFXOXV�D[LRPV��UXOHV��
LV�PRGXODU�� LQ� WKH�VHQVH� WKDW�D�VLQJOH�,QLWLDWHV�DQG�D�VLQJOH�
7HUPLQDWHV�UXOH�LV�JHQHUDWHG�IRU�HDFK�URZ�RI�WKH�WDEOH��)RU�D�
JLYHQ�URZ��WKH�SURFHGXUH�IRU�JHQHUDWLQJ�WKH�,QLWLDWHV�UXOH�LV�
DV� IROORZV��7KH� ,QLWLDWHV� OLWHUDO� LQ� WKH� OHIW�KDQG�VLGH�RI� WKH�
UXOH� KDV� WKH� QHZ�PRGH� �RQ� WKH� IDU� ULJKW�RI� WKH� URZ�� DV� LWV�
IOXHQW� DUJXPHQW�� DQG� WKH� ILUVW� #7� RU� #)� HYHQW� �UHDGLQJ�
IURP�WKH�OHIW��DV�LWV�HYHQW�DUJXPHQW��7KH�ULJKW�KDQG�VLGH�RI�
WKH�UXOH�LQFOXGHV�D�+ROGV$W�OLWHUDO�IRU�WKH�FXUUHQW�PRGH�DQG�
D�SDLU�RI�+ROGV$W�DQG�+DSSHQV�OLWHUDOV�IRU�HDFK�³QRQ�GDVK´�
FRQGLWLRQ� HQWU\� LQ� WKH� URZ�� 6SHFLILFDOO\�� LI� WKH� HQWU\� IRU�
FRQGLWLRQ� &� LV� D� ³W´� WKLV� SDLU� LV� +ROGV$W�&�W�� ¾�
½+DSSHQV�#)�&��W��� IRU� ³I´� LW� LV� ½+ROGV$W�&�W�� ¾�
½+DSSHQV�#7�&��W��� IRU� ³#7´� LW� LV� ½+ROGV$W�&�W�� ¾�
+DSSHQV�#7�&��W��DQG� IRU� ³#)´� LW� LV� +ROGV$W�&�W�� ¾�
+DSSHQV�#)�&��W��� 7KH� 7HUPLQDWHV� UXOH� LV� JHQHUDWHG� LQ�
H[DFWO\� WKH� VDPH� ZD\�� EXW� ZLWK� WKH� FXUUHQW� PRGH� DV� WKH�
IOXHQW�DUJXPHQW�LQ�WKH�7HUPLQDWHV�OLWHUDO���)RU�H[DPSOH��WKH�
VHYHQWK�URZ�LQ�7DEOH���LV�WUDQVODWHG�DV�IROORZV��

� ,QLWLDWHV�#)�5XQQLQJ��,QDFWLYH�W����
� � � >+ROGV$W�&UXLVH�W)  ¾ 
   �+ROGV$W�,JQLWHG�W��¾�½+DSSHQV�#)�,JQLWHG��W� ¾�
   +ROGV$W�5XQQLQJ�W��¾�+DSSHQV�#)�5XQQLQJ��W�@����

� 7HUPLQDWHV�#)�5XQQLQJ��&UXLVH�W����
� � � >+ROGV$W�&UXLVH�W)  ¾ 
   �+ROGV$W�,JQLWHG�W��¾�½+DSSHQV�#)�,JQLWHG��W� ¾�
   +ROGV$W�5XQQLQJ�W��¾�+DSSHQV�#)�5XQQLQJ��W�@�

&OHDUO\�� WKLV� D[LRP� SDLU� FDSWXUHV� WKH� LQWHQGHG�PHDQLQJ� RI�
LQGLYLGXDO�URZV�DV�GHVFULEHG�LQ�6HFWLRQ�����



� �

7KH� VHPDQWLFV� RI� WKH� ZKROH� WDEOH� LV� JLYHQ� E\� WKH� WZR�
FRPSOHWLRQV� RI� WKH� FROOHFWLRQV� RI� ,QLWLDWHV� DQG�7HUPLQDWHV�
UXOHV�� 7KHVH� FRPSOHWLRQV� �VWDQGDUG� LQ� WKH� (YHQW�&DOFXOXV��
UHIOHFW� WKH� LPSOLFLW� LQIRUPDWLRQ� LQ� D� JLYHQ� 6&5� WDEOH� WKDW�
FRPELQDWLRQV� RI� FRQGLWLRQ� YDOXHV� QRW� H[SOLFLWO\� LGHQWLILHG�
DUH�QRW�PRGH�WUDQVLWLRQV��,QGHHG��DV�GLVFXVVHG�LQ�6HFWLRQ���
ZH�PD\� UHJDUG�6&5� WDEOHV� DV� DOVR� FRQWDLQLQJ� ³KLGGHQ´�RU�
³GHIDXOW´�URZV��ZKLFK� WKH�HQJLQHHU�GRHV�QRW�ERWKHU�WR�OLVW��
LQ� ZKLFK� WKH� FXUUHQW� DQG� WKH� QHZ� PRGH� DUH� LGHQWLFDO��
0LVPDWFKHV�EHWZHHQ�WKH�V\VWHP�LQYDULDQWV�DQG�WKH�WDEOH�DUH�
MXVW� DV� OLNHO\� WR�EH� FDXVHG�E\� WKHVH�KLGGHQ� URZV�DV�E\� WKH�
H[SOLFLW� URZV� RI� WKH� WDEOH�� %HFDXVH� RXU� WUDQVODWLRQ� XWLOLVHV�
FRPSOHWLRQV��WKH�DEGXFWLYH�WRRO�LV�DEOH�WR�LGHQWLI\�SUREOHPV�
LQ�KLGGHQ�DV�ZHOO�DV�H[SOLFLW�URZV����

2XU� (YHQW� &DOFXOXV� WUDQVODWLRQ� VXSSOLHV� D� VHPDQWLFV� WR�
PRGH�WUDQVLWLRQ� WDEOHV� WKDW� LV� LQGHSHQGHQW�IURP�RWKHU�SDUWV�
RI�WKH�6&5�VSHFLILFDWLRQ��,Q�SDUWLFXODU��WKH�WUDQVODWLRQ�GRHV�
QRW� LQFOXGH� LQIRUPDWLRQ� DERXW� WKH� LQLWLDO� VWDWH�� DQG� WKH�
DEGXFWLYH� WRRO�GRHV�QRW� UHO\�RQ� VXFK� LQIRUPDWLRQ� WR� FKHFN�
V\VWHP�LQYDULDQWV��7KH�WHFKQLTXH�GHVFULEHG�KHUH�LV�WKHUHIRUH�
DOVR� DSSOLFDEOH� WR� �ODUJH�� V\VWHPV� ZKHUH� FRPSOHWH�
LQIRUPDWLRQ� DERXW� WKH� LQLWLDO� FRQILJXUDWLRQ� RI� WKH�
HQYLURQPHQW� LV� QRW� DYDLODEOH�� 7KH� DEGXFWLYH� WRRO� GRHV� QRW�
QHHG� WR� XVH� GHIDXOWV� WR� ³ILOO� LQ´� PLVVLQJ� LQLWLDO� YDOXHV� IRU�
FRQGLWLRQV�� �,QIRUPDWLRQ� DERXW� WKH� LQLWLDO� VWDWH� PD\� RI�
FRXUVH� DOVR� EH� UHSUHVHQWHG� LQ� WKH� (YHQW� &DOFXOXV�� H�J���
+ROGV$W�2II����� VR� WKDW� V\VWHP� LQYDULDQWV�PD\� EH� FKHFNHG�
ZLWK�UHVSHFW�WR�WKH�LQLWLDO�VWDWH�VHSDUDWHO\���

7KH�$EGXFWLYH�3URFHGXUH��)RU�WKH�SXUSRVHV�RI�GLVFXVVLRQ��
OHW�XV�VXSSRVH�WKDW�WKH�PRGH�WUDQVLWLRQ�WDEOH�LQ�TXHVWLRQ�KDV�
EHHQ�WUDQVODWHG�LQWR�DQ�(YHQW�&DOFXOXV�VSHFLILFDWLRQ�(&�R��
�ZKHUH� WKH�R� VLJQLILHV� WKDW� RXU� VWUXFWXUH� RI� WLPH�SRLQWV� LV�
LVRPRUSKLF� WR� WKH� QDWXUDO� QXPEHUV�� DQG� WKDW� WKH� V\VWHP�
LQYDULDQWV� KDYH� EHHQ� H[SUHVVHG� DV�Q� XQLYHUVDOO\�TXDQWLILHG�
VHQWHQFHV� "W�,��W��«�"W�,

Q
�W�� �ZKHUH� HDFK� ,

Q
� LV� H[SUHVVHG�

ZLWK� VWDQGDUG� ORJLFDO� FRQQHFWLYHV� DQG� WKH� +ROG$W�
SUHGLFDWH���:H� DGG� DQ� DGGLWLRQDO� FRQVWUDLQW�"W�,��W�� WR� WKH�
VSHFLILFDWLRQ�ZKLFK�VLPSO\�VWDWHV��YLD�DQ�H[FOXVLYH�RU��WKDW�
WKH�V\VWHP�LV�LQ�H[DFWO\�RQH�PRGH�DW�DQ\�RQH�WLPH��:H�XVH�
WKH� WHUP�"W�,�W�� WR� VWDQG� IRU� WKH� FRQMXQFWLRQ�"W�,��W��¾ «�
¾ "W�,

Q
�W���,Q�WKH�FDVH�RI�WKH�FUXLVH�FRQWURO�VSHFLILFDWLRQ��WKH�

LQYDULDQWV�DUH��UHDGLQJ�³_´�DV�H[FOXVLYH�RU���

,���� >+ROGV$W�2II�W)  _  +ROGV$W�,QDFWLYH�W)  _�
  ��� � � +ROGV$W�&UXLVH�W)  _� +ROGV$W�2YHUULGH�W)] 

,���� +ROGV$W�2II�W) �� �½+ROGV$W�,JQLWHG�W) 

,���� +ROGV$W�,QDFWLYH�W) �� �>+ROGV$W�,JQLWHG�W) ¾  
 � �� �>�½+ROGV$W�5XQQLQJ�W��¿ ½+ROGV$W�$FWLYDWH�W)@@�

,���� +ROGV$W�&UXLVH�W) �� �>+ROGV$W�,JQLWHG�W) ¾  
 � �� �+ROGV$W�5XQQLQJ�W�� ¾  ½+ROGV$W�%UDNH�W)@�

,��� +ROGV$W�2YHUULGH�W) ��   
 � �� �>+ROGV$W�,JQLWHG�W�� ¾  +ROGV$W�5XQQLQJ�W)@�

$V�VWDWHG�LQ�6HFWLRQ����D�JHQHUDO�WKHRUHWLFDO�UHVXOW�DERXW�WKH�
(YHQW� &DOFXOXV� DOORZV� XV� WR� XVH� DQ� DEGXFWLYH� WRRO� ZLWK� D�
UHGXFHG� YHUVLRQ� RI� WKH� (YHQW�&DOFXOXV� VSHFLILFDWLRQ�� � 7KH�
VSHFLILFDWLRQ� LV� UHGXFHG� LQ� WKH� VHQVH� WKDW� LW� XVHV� D� WLPH�
VWUXFWXUH�W� FRQVLVWLQJ� RI� MXVW� WZR� V\PEROLF� SRLQWV�6F� DQG�
6Q�VXFK�WKDW�6F���6Q��2XU�DEGXFWLYH�SURFHGXUH�DWWHPSWV�WR�
ILQG� PLVPDWFKHV� EHWZHHQ� WKH� WUDQVLWLRQ� WDEOH� DQG� WKH�
V\VWHP� LQYDULDQWV� �L�H�� SRWHQWLDO� LQFRQVLVWHQFLHV� EHWZHHQ�
(&�R�� DQG�"W�,�W��� E\� DWWHPSWLQJ� WR� JHQHUDWH� D� FRQVLVWHQW�
VHW�D� RI�+ROGV$W� DQG�+DSSHQV� IDFWV� �SRVLWLYH� RU� QHJDWLYH�
OLWHUDOV�JURXQGHG�DW�6F���VXFK�WKDW�(&�W�� ^,�6F�`��D�����
¤,�6Q��� :H� FDQ� DOVR� FKHFN� WKH� VSHFLILFDWLRQ� DJDLQVW� D�
SDUWLFXODU� LQYDULDQW� "W�,L�W�� E\� DWWHPSWLQJ� WR� DEGXFH� D�
D VXFK�WKDW�(&�W�� ^,�6F�`��D�����¤�,L�6Q���%HFDXVH�WKH�
DEGXFWLYH� SURFHGXUH� LV� FRPSOHWH�� IDLOXUH� WR� ILQG� VXFK� D�
D HQVXUHV� WKDW� WKH� WDEOH�VDWLVILHV� WKH� LQYDULDQW�V��� ,I��RQ� WKH�
RWKHU� KDQG�� WKH� WRRO� JHQHUDWHV� D�D�� WKLV�D LV� HIIHFWLYHO\� D�
SRLQWHU�WR�D�SDUWLFXODU�URZ�LQ�WKH�WDEOH�WKDW�LV�SUREOHPDWLF��

)RU�H[DPSOH��LQ�WKH�FDVH�RI�WKH�FUXLVH�FRQWURO�VSHFLILFDWLRQ��
ZKHQ� FKHFNLQJ� WKH� WDEOH� DJDLQVW� WKH� LQYDULDQW� ,�� WKH� WRRO�
SURGXFHV�WKH�IROORZLQJ�D��

 D    ��^+ROGV$W�,JQLWHG�6F���+ROGV$W�5XQQLQJ�6F����
� � � ���+ROGV$W�7RRIDVW�6F���¤+ROGV$W�%UDNH�6F���
� � � ���+ROGV$W�&UXLVH�6F���¤+DSSHQV�#)�,JQLWHG��6F����
� � � ���¤+DSSHQV�#)�5XQQLQJ��6F���
� � � ���¤+DSSHQV�#)�7RRIDVW��6F����
� � � ���+DSSHQV�#7�%UDNH��6F�`�

&OHDUO\�� WKLV�D LGHQWLILHV� RQH� RI� WKH� ³KLGGHQ´� URZV� RI� WKH�
WDEOH� LQ� ZKLFK� D�#7�%UDNH�� HYHQW� PHUHO\� UHVXOWV� LQ� WKH�
V\VWHP�VWD\LQJ� LQ�PRGH�&UXLVH��7KH�UHTXLUHPHQWV�HQJLQHHU�
QRZ�KDV� D� FKRLFH�� ���� DOWHU� WKH�QHZ�PRGH� LQ� WKLV� �KLGGHQ��
URZ�VR�WKDW�LQYDULDQW�,��LV�VDWLVILHG��LQ�WKLV�FDVH�WKH�REYLRXV�
FKRLFH�LV�WR�FKDQJH�WKH�QHZ�PRGH�IURP�&UXLVH�WR�2YHUULGH��
DQG�PDNH� WKLV�SUHYLRXVO\�KLGGHQ�URZ�H[SOLFLW� LQ�WKH�WDEOH���
����ZHDNHQ� RU� GHOHWH� WKH� V\VWHP� LQYDULDQW� �LQ� WKLV� FDVH� ,���
WKDW� KDV� EHHQ� YLRODWHG�� RU� ���� DGG� DQ� H[WUD� LQYDULDQW� WKDW�
IRUELGV�WKH�FRPELQDWLRQ�RI�+ROGV$W�OLWHUDOV�LQ�D��H�J��DGG�,��
 � >+ROGV$W�&UXLVH�W) � ½+ROGV$W�7RRIDVW�W)@��� &KRLFHV�
VXFK� DV� WKLV� ZLOO� EH� KLJKO\� GRPDLQ�VSHFLILF� DQG� WKHUHIRUH�
DSSURSULDWH� IRU� WKH� UHTXLUHPHQWV� HQJLQHHU�� UDWKHU� WKDQ� WKH�
WRRO�� WR� VHOHFW�� $IWHU� WKH� VHOHFWHG� FKDQJH� KDV� EHHQ�
LPSOHPHQWHG��WKH�WRRO�VKRXOG�EH�UXQ�DJDLQ��DQG�WKLV�SURFHVV�
UHSHDWHG� XQWLO� QR� PRUH� LQFRQVLVWHQFLHV� DUH� LGHQWLILHG� �L�H��
XQWLO�WKH�WRRO�IDLOV�WR�DEGXFWLYHO\�JHQHUDWH�D�D����

7KLV�H[DPSOH� LOOXVWUDWHV� LQ�JHQHUDO�DOO� WKH� W\SHV�RI�FKRLFHV�
IRU� FKDQJH� WKDW�ZLOO� EH� DYDLODEOH�ZKHQ�DQ� LQFRQVLVWHQF\� LV�
GHWHFWHG��,Q�SDUWLFXODU��DV�GHVFULEHG�LQ�6HFWLRQ���DQ\�PRGH�
WUDQVLWLRQ� WDEOH� HPSOR\LQJ� ³�´V� DV� YDOXHV� IRU� PRQLWRUHG�
YDULDEOHV� LV� HTXLYDOHQW� WR� D� �JUHDWO\�� H[SDQGHG� WDEOH� LQ�
ZKLFK� WKH� ³�´V� KDYH� EHHQ� HOLPLQDWHG�� DQG� LQ� ZKLFK� DOO�
³KLGGHQ´�URZV��L�H��URZV�ZKHUH�WKH�FXUUHQW�DQG�QHZ�PRGHV�
DUH� WKH� VDPH�� KDYH� EHHQ� DGGHG�� 7KXV� DQ\� FKDQJH� LQ� WKH�
FRQFLVH� YHUVLRQ� RI� WKH� WDEOH� �H�J�� FKDQJLQJ� D� ³W´� LQWR� D�
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³#)´�RU�D�³�´��LV�HTXLYDOHQW�WR�FKDQJLQJ�WKH�QHZ�PRGH��L�H��
WKH� YDOXH� LQ� WKH� ULJKW�PRVW� FROXPQ�� LQ� VRPH� FROOHFWLRQ� RI�
URZV� LQ� WKH� H[SDQGHG� WDEOH�� 7KLV� LQ� WXUQ� PHDQV� WKDW�
SHUIRUPLQJ� D� FKDQJH� LQ� WKH� FRQFLVH�YHUVLRQ�RI� WKH� WDEOH� LV�
HTXLYDOHQW� WR� UHSODFLQJ� ]HUR� RU� PRUH� RI� LWV� URZV� E\� D�
FROOHFWLRQ� RI� URZV� WDNHQ� IURP� WKH� QHZO\� PRGLILHG��
H[SDQGHG�YHUVLRQ�RI�WKH�WDEOH���2I�FRXUVH��DV�WKLV�FROOHFWLRQ�
LV� DGGHG�� LW� VKRXOG� EH� DSSURSULDWHO\� FROODSVHG� WR� D�
PDQDJHDEOH�VL]H�E\�UH�LQWURGXFWLRQ�RI�³�´V���,Q�RWKHU�ZRUGV��
WKH�RQO\�UHDO�XQGHUO\LQJ�FKRLFH� WKDW� WKH�HQJLQHHU�KDV�ZKHQ�
GHILQLQJ� RU� DOWHULQJ� D� PRGH� WUDQVLWLRQ� WDEOH� LV� ZKLFK� QHZ�
PRGH�DQ\�JLYHQ�VHW�RI�FRQGLWLRQV�DQG�HYHQWV�ZLOO�UHVXOW�LQ��������

7RRO� 6XSSRUW�� ,W� LV� EH\RQG� WKH� VFRSH� RI� WKLV� SDSHU� WR�
GHVFULEH�LQ�GHWDLO�WKH�LPSOHPHQWDWLRQ�RI�WKH�DEGXFWLYH�WRRO��
+RZHYHU�LW�LV�ZRUWK�EULHIO\�PHQWLRQLQJ�KRZ�RXU�WRRO�DYRLGV�
WKH� SLWIDOOV� VRPHWLPHV� DVVRFLDWHG� ZLWK� WKHRUHP� SURYLQJ�
�DQG� LQ� SDUWLFXODU� DEGXFWLYH� WKHRUHP� SURYLQJ�� WHFKQLTXHV��
WKHVH�EHLQJ�FRPSXWDWLRQDO� LQHIILFLHQF\�DQG�QRQ�VFDODELOLW\��
%RWK� WKHVH� SUREOHPV� DUH� DYRLGHG� KHUH� EHFDXVH�� E\�
DSSURSULDWH� WKHRUHWLFDO� UHVXOWV�� ZH� DUH� DEOH� WR� UHGXFH� WKH�
UHSUHVHQWDWLRQ� WR� D� JURXQG� H[SUHVVLRQ� ZLWK� MXVW� WZR�
V\PEROLF�WLPH�SRLQWV�6F�DQG�6Q��)XUWKHUPRUH��WKH�SDUWLFXODU�
VWUXFWXUH� RI� WKLV� H[SUHVVLRQ� DOORZV� XV� WR� ODUJHO\� DYRLG� WKH�
FRQVLVWHQF\� FKHFNLQJ� WKDW� RIWHQ� LPSRVHV� D� KLJK�
FRPSXWDWLRQDO� FRVW� RQ� DXWRPDWHG� DEGXFWLYH� SURFHGXUHV� DV�
WKH\�FRQVWUXFW�DQ�H[WHQVLRQ�D��7KLV�LV�EHFDXVH�WKH�SDUWLFXODU�
IRUP� RI� WKH� (YHQW� &DOFXOXV� XVHG� DOUHDG\� HQVXUHV� WKDW� DQ\�
LQWHUQDOO\�FRQVLVWHQW��ILQLWH�FROOHFWLRQ�RI�+DSSHQV�OLWHUDOV�LV�
FRQVLVWHQW� ZLWK� DQ\� UHODWHG� VSHFLILFDWLRQ�� 7KHUHIRUH� LW� LV�
QHFHVVDU\� RQO\� WR� FKHFN� WKH� FRQVLVWHQF\� RI� FDQGLGDWH�
+ROGV$W� OLWHUDOV�DJDLQVW� WKH� V\VWHP� LQYDULDQWV��DQG� WKLV�FDQ�
EH�GRQH� HIILFLHQWO\�EHFDXVH�ERWK� WKHVH� W\SHV�RI�H[SUHVVLRQ�
DUH�JURXQGHG�DW�6F��

2XU�SURWRW\SH�WRRO�LV�LQ�IDFW�LPSOHPHQWHG�LQ�3URORJ��XVLQJ�D�
VLPSOLILHG� YHUVLRQ� RI� WKH� DEGXFWLYH� ORJLF� SURJUDP�PRGXOH�
GHVFULEHG� LQ� >��@�� 7KH� ORJLF� SURJUDP� FRQYHUVLRQ� RI� WKH�
JLYHQ� �FODVVLFDO� ORJLF�� (YHQW� &DOFXOXV� VSHFLILFDWLRQ� LV�
DFKLHYHG� XVLQJ� WKH� PHWKRG� GHVFULEHG� LQ� >��@�� ZKLFK�
RYHUFRPHV�WKH�SRWHQWLDO�PLVPDWFK�EHWZHHQ�WKH�QHJDWLRQ�DV�
IDLOXUH� XVHG� LQ� WKH� LPSOHPHQWDWLRQ� DQG� WKH� FODVVLFDO�
QHJDWLRQ�XVHG�LQ�WKH�VSHFLILFDWLRQ���

�� ',6&866,21�$1'�&21&/86,216�
2EVHUYDWLRQV�� 7KH� HIILFLHQF\� DQG� LQWXLWLYHQHVV� RI� RXU�
DSSURDFK� GHULYHV� SDUWO\� IURP� WKH� RQWRORJ\� RI� WKH� (YHQW�
&DOFXOXV�� ,Q� SDUWLFXODU�� WKH� (YHQW� &DOFXOXV¶V� H[SOLFLW�
UHSUHVHQWDWLRQ�RI�HYHQW�RFFXUUHQFHV�IDFLOLWDWHV�D�RQH�WR�RQH�
FRUUHVSRQGHQFH�EHWZHHQ�D�JLYHQ�URZ�LQ�WKH�PRGH�WUDQVLWLRQ�
WDEOH� DQG� D� SDUWLFXODU� SDLU� RI� VHQWHQFHV� LQ� WKH� WUDQVODWHG�
VSHFLILFDWLRQ�� )XUWKHUPRUH�� WKH� WKHRUHP� �VHH� 6HFWLRQ� ���
MXVWLI\LQJ� WKH�UHGXFWLRQ�RI�(YHQW�&DOFXOXV�VSHFLILFDWLRQV�WR�
WZR�WLPH�SRLQW� FRXQWHUSRLQWV� GLUHFWO\� UHIOHFWV� WKH� SULPDU\�
LQWXLWLRQ� EHKLQG� PRGH� WUDQVLWLRQ� WDEOHV�� 7KLV� LV� WKDW� WKH�
H[WHQGHG�G\QDPLF�EHKDYLRU�RI�WKH�V\VWHP�FDQ�EH�UHGXFHG�WR�
D� GHVFULSWLRQ� LQYROYLQJ� MXVW� WZR� V\PEROLF� VWDWHV� ODEHOHG�

³FXUUHQW� PRGH´� DQG� ³QHZ� PRGH´�� � )LQDOO\�� WKH� XVH� RI�
SUHGLFDWH� FRPSOHWLRQ� IRU� ,QLWLDWHV� DQG� 7HUPLQDWHV� H[DFWO\�
PLUURUV� WKH� GHIDXOW� DVVXPSWLRQ� LPSOLFLW� LQ�PRGH� WUDQVLWLRQ�
WDEOHV�� 7KLV� LV� WKDW� FRPELQDWLRQV� RI� HYHQWV� DQG� FRQGLWLRQV�
QRW� H[SOLFLWO\� UHSUHVHQWHG� LQ� DQ\� URZ� DUH� QRW� WUDQVLWLRQV�
EHWZHHQ�GLIIHUHQW�PRGHV����

$� NH\� FKDUDFWHULVWLF� RI� RXU� DSSURDFK� LV� WKDW�� EHFDXVH� WKH�
FRPSXWDWLRQ� GRHV� QRW� XWLOLVH� LQIRUPDWLRQ� DERXW� WKH� ³LQLWLDO�
VWDWH´�� LW� LV� DSSOLFDEOH� WR� V\VWHPV� ZKRVH� LQLWLDO�
HQYLURQPHQWDO�FRQGLWLRQV�DUH�QRW�IXOO\�NQRZQ��7KLV�LV�YHU\�
OLNHO\�WR�EH�WKH�FDVH�LQ�PDQ\�ODUJH�RU�FRPSOH[�HYHQW�GULYHQ�
V\VWHPV��7KH�GRZQVLGH�WR�WKLV�FKDUDFWHULVWLF�LV�WKDW�WKH�WRRO�
ZLOO� LQ� FHUWDLQ� FDVHV� EH� RYHU�]HDORXV� LQ� LWV� UHSRUWLQJ� RI�
SRWHQWLDO� SUREOHPV�� LQ� WKDW� LW� ZLOO� UHSRUW� LQFRQVLVWHQFLHV�
DVVRFLDWHG�ZLWK�V\VWHP�VWDWHV�WKDW�DUH�LQ�UHDOLW\�XQUHDFKDEOH�
IURP� WKH� LQLWLDO� VWDWH� �RU� VHW� RI� SRVVLEOH� LQLWLDO� VWDWHV��� LI�
VXFK� LQIRUPDWLRQ� LV� JLYHQ� HOVHZKHUH� LQ� WKH� VSHFLILFDWLRQ��
+RZHYHU�� LQ� VXFK� FDVHV� WKH� UHVROXWLRQ� RI� WKHVH� SUREOHPV�
ZLOO� UHVXOW� RQO\� LQ� RYHUO\� UREXVW�� UDWKHU� WKDQ� LQFRUUHFW��
VSHFLILFDWLRQV��

5HODWHG�:RUN��$� QXPEHU� RI� ORJLF�EDVHG� DSSURDFKHV� IRU�
KDQGOLQJ�LQFRQVLVWHQF\�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH��
6SHFLILFDOO\��=RZJKL�DQG�2IIHQ�>��@�VXJJHVW�EHOLHI�UHYLVLRQ�
IRU� GHIDXOW� WKHRULHV� DV� D� IRUPDO� DSSURDFK� IRU� UHVROYLQJ�
LQFRQVLVWHQFLHV�DULVLQJ�GXULQJ�WKH�HYROXWLRQ�RI�UHTXLUHPHQWV�
VSHFLILFDWLRQV��,QFRQVLVWHQFLHV�DUH�UHPRYHG�E\�FKDQJLQJ�WKH�
VWDWXV� RI� LQIRUPDWLRQ� IURP� GHIHDVLEOH� WR� QRQ�GHIHDVLEOH��
6LPLODUO\�� 5\DQ� >��@� GHILQHV� �HSLVWHPLF� HQWUHQFKPHQW��
RUGHULQJ� UHODWLRQV� RQ� GHIDXOW� LQIRUPDWLRQ�� DQG� FKDQJHV� RQ�
WKHVH� UHODWLRQV� UDWKHU� WKHQ� WKH� VSHFLILFDWLRQV� IDFLOLWDWH�
FRQIOLFW� UHVROXWLRQ�� $� ORJLF�EDVHG� PHWKRG� PRUH� FORVHO\�
UHODWHG�WR�RXUV�KDV�EHHQ�SURSRVHG�E\�YDQ�/DPVZHHUGH�HW�DO��
>��@��7KLV�GHVFULEHV�D�JRDO�GULYHQ�DSSURDFK�WR�UHTXLUHPHQW�
HQJLQHHULQJ� LQ� ZKLFK� ³REVWDFOHV´� DUH� SDUWV� RI� D�
VSHFLILFDWLRQ� WKDW� OHDG� WR� D� QHJDWHG� JRDO�� 9DQ�
/DPVZHHUGH¶V�QRWLRQ�RI�JRDOV� LV�FRPSDUDEOH� WR�RXU�QRWLRQ�
RI�LQYDULDQWV��DQG�KLV�QRWLRQ�RI�REVWDFOHV�FRUUHVSRQGV�WR�WKH�
DEGXFHG� IDFWV� GHWHFWHG� E\� RXU� DEGXFWLYH� WHFKQLTXH�� 7KH�
PDLQ� GLIIHUHQFH� LV� WKDW� REVWDFOHV� DUH� LQ� WHUPV� RI� DWRPLF�
UHTXLUHPHQWV� ZKHUHDV�� LQ� RXU� DSSURDFK�� LW� LV� SRVVLEOH� WR�
GHILQH� GLIIHUHQW� OHYHOV� RI� JUDQXODULW\� RI� WKH� LQFRQVLVWHQF\�
KDQGOLQJ� SURFHVV�� E\� GHILQLQJ� ZKDW� LV� DEGXFLEOH�� 5HFHQW�
ZRUN�E\�0HQ]LHV�KDV�DOVR�GHPRQVWUDWHG�WKH�DSSOLFDELOLW\�RI�
DEGXFWLYH� UHDVRQLQJ� WR� NQRZOHGJH�EDVHG� VRIWZDUH�
HQJLQHHULQJ��XVLQJ�DQ�LQIHUHQFH�SURFHGXUH�IRU�³NQRZOHGJH�
OHYHO� PRGHOLQJ´� WKDW� FDQ� VXSSRUW� SUHGLFWLRQ�� H[SODQDWLRQ��
DQG�SODQQLQJ�>��@���

(VSHFLDOO\� UHOHYDQW� WR� WKLV� SDSHU� LV� H[LVWLQJ� ZRUN� RQ�
LQFRQVLVWHQF\� DQDO\VLV� RI� 6&5� UHTXLUHPHQWV� VSHFLILFDWLRQV�
YLD� WKH� XVH� RI� PRGHO� FKHFNLQJ�� +HLWPH\HU� HW� DO� >��@�
LOOXVWUDWH� KRZ� ERWK� H[SOLFLW� VWDWH� PRGHO� FKHFNHUV�� VXFK� DV�
6SLQ��DQG�V\PEROLF�PRGHO�FKHFNHUV��OLNH�609��FDQ�EH�XVHG�
WR� GHWHFW� VDIHW\� YLRODWLRQV� LQ� 6&5� VSHFLILFDWLRQV��7KH� ILUVW�
W\SH� RI� PRGHO� FKHFNLQJ� YHULILHV� V\VWHPV¶� LQYDULDQWV� E\�
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PHDQV� RI� VWDWH� H[SORUDWLRQ�� 3UREOHPV� UHODWHG� WR� VWDWH�
H[SORVLRQ�DUH�GHDOW�ZLWK�E\� WKH�XVH�RI�VRXQG�DQG�FRPSOHWH�
DEVWUDFWLRQ� WHFKQLTXHV��ZKLFK� EDVLFDOO\� UHGXFH� WKH� QXPEHU�
RI�YDULDEOHV�WR�MXVW�WKRVH�WKDW�DUH�UHOHYDQW�WR�WKH�LQYDULDQW�WR�
EH� WHVWHG� >��@�� � ,Q�RXU� FDVH�� WKH� FRPELQDWLRQ�RI� DEGXFWLRQ�
DQG�(YHQW�&DOFXOXV�KDV�WKH�VDPH�HIIHFW��$EGXFWLRQ�IRFXVHV�
UHDVRQLQJ�RQ�JRDOV�UHOHYDQW� WR� WKH� LQYDULDQW��DQG�WKH�(YHQW�
&DOFXOXV� HQVXUHV� WKDW� WKLV� UHDVRQLQJ� LV� DW� WKH� OHYHO� RI�
UHOHYDQW�YDULDEOHV��IOXHQWV��UDWKHU�WKDQ�YLD�WKH�PDQLSXODWLRQ�
RI� HQWLUH� VWDWHV�� 7KH� HVVHQWLDO� GLIIHUHQFHV� EHWZHHQ� RXU�
DSSURDFK� DQG� WKLV� W\SH� RI�PRGHO� FKHFNLQJ� DUH� �L�� WKDW� RXU�
V\VWHP� FDQ� GHDO� ZLWK� VSHFLILFDWLRQV� LQ� ZKLFK� LQIRUPDWLRQ�
DERXW�WKH�LQLWLDO�VWDWH�LV�LQFRPSOHWH��DQG��LL��WKDW�RXW�V\VWHP�
UHSRUWV� SUREOHPV� LQ� WHUPV� RI� LQGLYLGXDO� WUDQVLWLRQV� �ZKLFK�
FRUUHVSRQG� GLUHFWO\� WR� URZV� LQ� WKH� WDEOHV�� UDWKHU� WKDQ� LQ�
WHUPV�RI�SDUWLFXODU�SDWKV�WKURXJK�D�VWDWH�VSDFH���

6\PEROLF� PRGHO� FKHFNLQJ� WHFKQLTXHV�� VXFK� DV� 609� XVH�
VSHFLDO�SXUSRVH� ODQJXDJHV� WR� UHSUHVHQW� V\VWHP�
VSHFLILFDWLRQV�� DQG� WKH� �EUDQFKLQJ� WLPH� WHPSRUDO� ORJLF��
&7/� ODQJXDJH� WR� H[SUHVV� V\VWHP� LQYDULDQWV�� :KHUHDV�
H[SOLFLW� VWDWH�PRGHO� FKHFNHUV�GHWHFW�YLRODWLRQ�RI� LQYDULDQWV�
E\�HQXPHUDWLQJ�WKH�VHW�RI�UHDFKDEOH�VWDWHV��V\PEROLF�PRGHO�
FKHFNHUV� FRQVLGHU� WKH� VHW� RI� UHDFKDEOH� VWDWHV� DV� ORJLFDO�
IRUPXODH�� 7KH� FRPSOH[LW\� RI� 609� DQDO\VLV� LV� WKHUHIRUH�
JLYHQ� E\� WKH� QXPEHU� RI� ³SRVVLEOH´� �FRQVLVWHQW�� VWDWHV�� LQ�
FRQWUDVW� ZLWK� WKH� ILUVW� W\SH� RI� PRGHO� FKHFNLQJ�� ZKHUH� WKH�
FRPSOH[LW\� GHSHQGV� RQ� WKH� QXPEHU� RI� UHDFKDEOH� VWDWHV� >���
�@�� $SSOLFDWLRQV� RI� WKHVH� WZR� WHFKQLTXHV� WR� YDULRXV� FDVH�
VWXGLHV� KDYH� UHYHDOHG� WKDW� H[SOLFLW� VWDWH� PHWKRGV� DUH� OHVV�
H[SHQVLYH� WKDQ� V\PEROLF� PRGHO� FKHFNLQJ� IRU� HUURU�
GHWHFWLRQ� >�@�� 2XU� DSSURDFK� LV� VLPLODU� WR� WKH� V\PEROLF�
PRGHO� FKHFNLQJ� LQ� WKDW� FRQVLVWHQF\� FKHFNLQJ� LV� DOVR�
QHHGHG��+RZHYHU��DV�H[SODLQHG� LQ�6HFWLRQ���� WKLV�FKHFNLQJ�
FDQ� EH� HIILFLHQWO\� GRQH�� DV� LW� RQO\� DSSOLHV� WR� DEGXFHG�
+ROGV$W� OLWHUDOV� DQG� V\VWHP� LQYDULDQWV�� DQG�ERWK� WKHVH� WZR�
W\SHV� RI� H[SUHVVLRQV� DUH� JURXQGHG� ZLWK� UHVSHFW� WR� WKH�
FXUUHQW�VWDWH�� �609�PRGHO�FKHFNLQJ�KDV�DOVR�EHHQ�XVHG� WR�
DQDO\VLV� UHTXLUHPHQWV� VSHFLILFDWLRQV� H[SUHVVHG� LQ� 560/�
�5HTXLUHPHQWV� 6WDWH� 0DFKLQH� /DQJXDJH�� >��� ��@�� ,Q� WKLV�
DSSURDFK� VWDWH� H[SORVLRQ� SUREOHPV� DUH� DGGUHVVHG� E\�
SHUIRUPLQJ� WKH� FRQVLVWHQF\� DQDO\VLV� GLUHFWO\� RQ� WKH�PRGHO�
RI� WKH� VSHFLILFDWLRQV�� 'HFRPSRVLWLRQ� DQG� IXQFWLRQ�
FRPSRVLWLRQ� UXOHV� DUH� DGRSWHG� WR� JXDUDQWHH� WKH� VFDODELOLW\�
RI�WKH�DSSURDFK�WR�ODUJH�V\VWHP�VSHFLILFDWLRQV�>��@���

)XWXUH� ZRUN�� 7KH� DEGXFWLYH� DSSURDFK� GHVFULEHG� LQ� WKLV�
SDSHU�OD\V�WKH��WKHRUHWLFDO�DQG�SUDFWLFDO��IRXQGDWLRQ�IRU�WKH�
GHYHORSPHQW� RI� D� ORJLF�EDVHG� PHWKRG� ZLWK� HIILFLHQW� WRROV�
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