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7KH�EHWWHU�ZD\� WR�GHFRGH�56�FRGH�� WKHUH� LV�QRW�RQO\� WKH�KDUG�GHFLVLRQ� WHFKQLTXH�EXW�DOVR� VRIW�GHFLVLRQ�GHFRGLQJ�
*LYHQ�E\�:HOFK�%HUOHNDPS�DOJRULWKP�� WKH� VRIW�GHFLVLRQ�JLYHV�RQH�UXQ� JHQHUDOL]HG�PLQLPXP�GLVWDQFH�GHFRGLQJ��7KH
DGGLWLRQDO�IHDWXUH�WKDW�FDQ�IXUWKHU�DYRLG�XQQHFHVVDU\�FRPSXWDWLRQ�LV�HODERUDWHG�LQ�WKLV�SDSHU��7KH�QHZ�DSSURDFK�LV�HDVLHU
WR�XQGHUVWDQG��:H�VKRZ�WKDW�LI�ZH�IRXQG�WKH�VDWLVILHG�SRVLWLRQ�VHW�WR�WKH�:HOFK�%HUOHNDPS�HTXDWLRQ�DW�HDFK�VWDJH��ZH
QHHG�WR�FRPSXWH�RQO\�RQH�HOHPHQW�RI�LWV�VHW��DOO�WKH�OHIW�FDQ�DXWRPDWLFDOO\�JR�WR�WKH�QH[W�VWDJH��$W�WKH�VWDJH�WKDW�KDV�QR
SRVLWLRQ� OHIW�XQOHVV� LQ� WKH�GHILQHG�VHW��ZH�QHHG�QRW� WR�ZRUN� IXUWKHU��7KLV�\LHOGV�EHWWHU�FRPSXWDWLRQ�SHUIRUPDQFH��7KH
KDUGZDUH�UHTXLUHPHQW�DSSOLHG�WR�WKH�56�FRGH�ZLWK�PRGHUDWH�DYHUDJH�HUURU�FRUUHFWLYLW\�FDQ�EH�GHVLJQHG�DFFRUGLQJO\�
���,QWURGXFWLRQ

,Q�56�FRGH�V\VWHP��WR�DFKLHYH�EHWWHU�FRPSXWDWLRQDO
ZRUN� ORDG�� WKH� UHPDLQGHU� SRO\QRPLDO� DSSURDFK� FDQ� EH
XVHG� � LQVWHDG� RI� V\QGURPH� FRPSXWLQJ�� 6XEVHTXHQWO\�
WKH� PHWKRG� RI� ILQGLQJ� WKH� HUURU� ORFDWLRQ� RI� WKH
FRUUHVSRQGLQJ� NH\� HTXDWLRQ� LV� JHQHUDOL]HG� LQ� WKH
:HOFK�%HUOHNDPS� DOJRULWKP>�@�� ([WHQG� WR� 3DWULFN
)LW]SDWLFN
V� ZRUN>�@�� 6�0�� MHQQLQJ>�@� KDG� VKRZQ� WKH
VLPLODU� DOJRULWKP� EDVHG� RQ� WKH� *U× EQHU� EDVLV�� 7KH
ODWHO\�PRGLILFDWLRQ� WR�:%� DOJRULWKP�ZDV� SURSRVHG� E\
XVLQJ�WKH�TXHXH�WHFKQLTXH�E\�%HUOHNDPS>�@�

,Q� WKLV� SDSHU� ZH� VKRZ� DQ� DOWHUQDWLYH� DSSURDFK� WR
:%� DOJRULWKP� JLYHQ� LQ� >�@� EXW� EDVHG� RQ� WKH�*U× EQHU
EDVLV� DQG� TXHXH�� &RPSDUHG� WR� >�@�� WKH� SURSRVHG
WHFKQLTXH�LV�PRUH�LQWXLWLYH�ZKLOH�WKH�FRPSXWDWLRQ�FRXQW
LV� FRPSDUDEOH�� 7KH� QHZ� DSSURDFK� LV� DOVR� PRUH
V\VWHPDWLF� DQG� JLYHV� XV� WKH� FKDQFH� RI� IXWXUH
LPSURYHPHQW�

7KH� OHPPD� WKDW�YHULILHV� WKH� LPSURYHPHQW� LV� VKRZQ
LQ� WKH� DSSHQGL[� $� DQG� WKH� RYHUDOO� DOJRULWKP� LV
GHPRQVWUDWHG� LQ� WKH� DSSHQGL[� %� IRU� FOHDUO\
XQGHUVWDQGLQJ�

���:HOFK�%HUOHNDPS�(TXDWLRQ

$Q� DOWHUQDWLYH�:HOFK�%HUOHNDPS� (TXDWLRQ� GHULYHG
LQ�>�@�FDQ�EH�VKRZQ�DV
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,QWHUSRODWLRQ� SRO\QRPLDO� FDQ� WKHQ� EH� REWDLQHG� E\
LQWHUSRODWLQJ�[L�DQG�\L�� VR� WKDW�\L�  �K�[L�� IRU� L� ��������W�
$IWHU�ZH�UHSODFH�[N��\N�ZLWK�DN�DQG�UNJN��UHVSHFWLYHO\�����
FDQ�EH�UHZULWWHQ�DV
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���*U× EQHU�EDVHV�LQ�)>[@�WR�VROYH�:%�HTXDWLRQ>���@

$Q\�SDLU�RI�SRO\QRPLDOV�LQ�)>[@u)>[@���D�E���FDQ�EH
ZULWWHQ�LQ�WKH�FRPELQDWLRQ�IRUP�RI�^�[L�������[M����L�Mt�`�
7KH\� FDQ� EH� FRPSDUHG� WR� HDFK� RWKHU� E\� PHDQ� RI� WKH
IL[HG� WHUP� RUGHU� �U�� 7KH� JUHDWHVW� RQH� LV� FDOOHG� WKH
OHDGLQJ�WHUP�RI��D�E��DQG�GHQRWHG�DV�/W�D�E���)RU�D�JLYHQ
VXEPRGXOH� 0� RI� � )>[@u)>[@� JHQHUDWHG� E\� EDVLV� E�  

^�D��E����D��E��`� ZLWK� /W�D��E���  � �[S���� DQG� /W�D��E���  
���[T�� IRU� DQ\� LQWHJHU� S� DQG� T�� WKHQ�E� LV� WKH� *U× EQHU
EDVLV�� RI� ZKLFK� WKH� OHVV� LV� NQRZQ� DV� WKH� PLQLPDO
HOHPHQW��3DUW�RI�JHQHUDWRU�SRO\QRPLDO�J�[��JLYHQ�LQ����
FDQ�EH�GHILQHG�DV
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VROXWLRQ�RI������LWHUDWLYH�PHWKRG�VWDUWHG�ZLWK�VXEPRGXOH
0��LV�XVHG���6LQFH��D�EKN��LV�PXOWLSOH�RI��*N��ZKHUH�KN�LV
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WR�*N�����D�E��FDQ�EH�GHFRPSRVHG�WR�JHW��D�E�� �E�KN�����
��P�*N���������FN*N����E\�GLYLVLRQ�WHFKQLTXH>�@��IRU�DQ\
SRO\QRPLDO��P��LQ�)>[@��,W�LV�FOHDU�WKDW��D�E��0N����LI�WKH
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PDLQWDLQ� WKH� GHJUHH� FRQVWUDLQW� DFFRUGLQJ� WR� ����� �D��E��
DUH�FKRVHQ�WR�EH�D�PLQLPDO�HOHPHQWV�UHODWLYH�WR�D�IL[HG
WHUP�RUGHU����
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WKH�PLQLPDO�HOHPHQW�DFFRUGLQJ�WR�WKH�FRQGLWLRQ����
7KHQ�LW�LV�UHTXLUHG�WR�VZDS�WKRVH�WZR�WHUPV�WR�JHW
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,Q� VHFWLRQ� ��� RQH� FDQ� QRWLFH� WKDW� D� ]HUR� GHQRWHG
KHUHE\� DV� [L� LV� DGGHG� WR� *N�[�� RQFH� [L� DQG� \L� KDYH
HQWHUHG� FRUUHVSRQGLQJ� WR� ����� ,Q� RXU� PRGLILFDWLRQ�
GHWDLOHG�EHORZ��ZH�ZLOO� FKRRVH� WKH�SURSHU�]HUR� IURP�D
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)RU� JLYHQ� *U× EQHU� EDVLV� EHORQJ� WR� 0N� RI� ZKLFK

�D��E���LV�WKH�PLQLPDO�HOHPHQW��:H�DOVR�QHHG�WR�GHILQH�D
VHW�4�WKDW�FROOHFWV�LQGH[HV�RI�ZKLFK�SRVLWLRQ�UHVXOWLQJ�FN

WR���

��������4� �^�M���FN� �
� �� �

� �
D EK [
* [

N

M

N M

� �
�

 ����M�5N`� ���

%\�WKH�GHILQLWLRQ�RI�4�JLYHQ�LQ������ZH�DXWRPDWLFDOO\
JHW� �D��E��� �� 0N���� ZKHQ� ZH� DGG� WKH� ]HUR� ZLWK� WKH
SRVLWLRQ� FRUUHVSRQGLQJ� WR� PHPEHU� RI� 4� LQWR� *N�
DFFRUGLQJ�WR�WKH�FRQGLWLRQ���LQ�WKH�SUHYLRXV�VHFWLRQ��2Q
WKH�RWKHU�KDQG��LI�ZH�DGG�RWKHU�]HUR�SRVLWLRQ�RXWVLGH�4
WR�*N�[��� L�H��SRVLWLRQ� M��DFFRUGLQJ� WR�FRQGLWLRQ����GHIHU
WKH� HOHPHQW� LQ� 4�� ZH� FDQ� DOZD\V� KDYH� �D��E��� ORZHU
DGMDFHQW� WR� �D��E���� :H� DOVR� JHW� �D��E���� �D��E����� 0N���
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,I�ZH�DGG�RQH�]HUR�DFFRUGLQJ�WR�HOHPHQW�LQ�4�LQWR�*N���
ZH�WKHQ�JHW
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:H�FDQ�SURRI�WKDW�FN���QHYHU�EH����,W�PHDQV�WKDW�DGGLQJ
RQH� PRUH� ]HUR� LQGH[� IURP� 4� QHYHU� UHVXOW� WKDW� WKH
PHPEHU�RI�0N���WR�EH�PHPEHU�RI�0N����:H�DOVR�KDYH�GN��

FRUUHVSRQGLQJ�WR�����ZKLFK�LV�DOZD\V�]HUR��$FFRUGLQJ�WR
WKH�FRQGLWLRQ���LQ�VHFWLRQ���

�D���E���� ��D�
�E�
�� �����
�D���E���� ��[�[MT��D�
�E�
����������MT�4� �����

DUH� WKH� PHPEHU� RI� 0N���� ,Q� DGGLWLRQ�� �D���E���� FDQ� EH
IXUWKHU�GHFRPSRVHG�LQWR�WKH�IRUP�VLPLODU�WR������7KXV
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DQG�IRUPHU�VHW�4�DUH�FRYHUHG�
:LWK� WKH� VDPH� SURFHGXUH�� *U× EQHU� EDVLV� WKDW

EHORQJV�WR�0N���FDQ�EH�HDVLO\�REWDLQHG��,Q�EULHI��ZH�DGG
]HUR� WKDW� QRW� FRUUHVSRQG� WR� WKH� QHZ� GHILQHG� 4� WR
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FDQ�EH�WDNHQ�LQWR�0N����,W� LV�FOHDU�WKDW�DOO� OHIW�]HUR�LQ�4
ZLOO�WDNH��D�
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DOO�WKH�OHIW�HOHPHQWV�LQ�WKH��W�ORFDWLRQ�OLVW�DUH�WUDQVIHUHG
WR� 4�� 7KHUH� LV� QR� QHHG� WR� XSGDWH� WKH� *U× EQHU� EDVLV
VLQFH� LW� LV�DOUHDG\�EHORQJ� WR�0�W��DV� VKRZQ� LQ� OHPPD��
�VHH�DSSHQGL[�$��

���&RQFOXVLRQ

'HWDLOHG� LQ� WKH� SUHYLRXV� VHFWLRQV� � DQG� ZLWK� WKH
VXSSRUW� RI� WKH� DOJRULWKP� JLYHQ� LQ� DSSHQGL[� %�� WKH
HOHPHQWV�LQ�4�FRQWDLQLQJ�]HURHV�WDNH�WKH�EDVLV�LQ�0N� WR
0N���ZLOO�EHFRPH�RQHV�WKDW�WDNH�WKH�EDVLV�LQ�0N���WR�0N��

DIWHU�DGGLQJ�RQH�]HUR�RXWVLGH�4��7KH�HOHPHQWV�LQ�4�DUH
GHFUHDVHG�RQH� HDFK�� ,Q�JHQHUDO�� DOO� WKH� OHIW� HOHPHQWV� LQ
WKH� VHW�4� DIWHU� ZH� KDYH� WHVWHG� DOO� WKH� OLVW� DUH� WKH� RQHV
ZKLFK�QR�IXUWKHU�QHHGHG�IRU�WKH�FRPSXWHG�RI�WKH�EDVLV¶V
PHPEHU�RI�0�W��7KHRUHWLFDOO\��ZH�DUH�IUHH�WR�FKRRVH�DQ\
HOHPHQWV� LQ� 4�� +RZHYHU�� WKH� ILUVWO\� DUULYHG� RQH� LV
SUHIHUDEOH��:H�FDQ�FDOO�WKH�VHW�4�DV�D�NLQG�RI�SDUWLFXODU
TXHXH�� 2QH� PD\� QRWLFH� WKDW� WKH� FRPSXWDWLRQ� FRXQW� RI
WKLV� DSSSURDFK� LV� GHSHQGHG� RQ� WKH� DPRXQW� RI� HUURU
ZKLFK�FDQ�YDU\��7KLV�UHVXOWV�LQ� WKH� LPSURYHPHQW�RI� WKH
DYHUDJH� GHFRGLQJ� VSHHG�� 7R� VPRRWKHQ� WKH� GDWD� IORZ�
LQSXW�DQG�RXWSXW�EXIIHUV�FDQ�EH�DGGHG�
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,W�LV�FOHDU�WKDW�FN�L�VKULQNV�WR���E\�WKH�GHILQLWLRQ�RI�4
JLYHQ�E\�����LI�M�LV�DOVR�WKH�HOHPHQW�RI�4���6LQFH�WKH
QXPEHU� RI� HOHPHQW� LQ� 4� LV� Q� WKHQ� WKH� PD[LPXP
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