
� >
^

,17(*5$//<�',))(5(17,$/�$/*25,7+0�2)�%281'$5<�$//2&$7,21�)25�&20387(5�9,6,21�6<67(06�
,Q� WKLV� SDSHU�� ZH� SURSRVH� WKH� DOJRULWKP� RI� DOORFDWLRQ� RI� DQ� REMHFW�FRQWRXU�� EDVHG� RQ� WKH� DQDO\VLV� RI� WKH� KLVWRJUDP� RI� WKH� LPDJH�� 7KH�DOJRULWKP� LV� VLPSOH� LQ� UHDOL]DWLRQ� DQG� VXLWDEOH� IRU� XVH� LQ� FRPSXWHU�YLVLRQ�V\VWHPV�ZRUNLQJ�LQ�UHDO�WLPH���
3K'�$��/LSDQRY�'RFWRU�RI�6FLHQFH��3URI��(��3XW\DWLQ�
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7KH� SURFHVV� RI� PRYLQJ� REMHFW� WUDFNLQJ� EHJLQV� ZLWK� D� GHILQLWLRQ� RI� DQ� REMHFW� WKDW� WKH� V\VWHP� VKRXOG�PRQLWRU�>�@��7KH�RSHUDWRU�GHILQHV�ZLWK�WKH�KHOS�RI�LQGH[�D�SRLQW�RQ�WKH�REMHFW�ZKLFK�LV�D�VWDUW�SRLQW�IRU�RQH�RI�WKH�DOJRULWKPV�RI�VHJPHQWDWLRQ��E\�PHDQV�RI�ZKLFK�WKH�EDFNJURXQG�DURXQG�WKH�REMHFW�LV�FOHDQHG�LQ�RUGHU�WR�GHILQH�WKH�VL]HV�RI�D�WUDFLQJ�IUDPH��
%\�VROYLQJ�D�SUREOHP�RI�WUDFNLQJ�LW�LV�H[SHGLHQW�WR�DOORFDWH�DQ�REMHFW�ILJXUDWLRQ��WKDW�DOORZV�WR�FDUU\�RXW�DFFXPXODWLRQ�RI�FRQWRXUV��ILJXUDWLRQV��DQG�� WKHUHIRUH� WR�ZDWFK��REVHUYH��WKH�G\QDPLFV�RI�DQ�REMHFW�� WR�GHILQH� WKH� VL]HV�DQG� IRUPV�RI� IUDPHV�RQ�D� FRQWRXU��$W� WHFKQLFDO� UHDOL]DWLRQ�RI� WUDFNLQJ�V\VWHPV� WUDFLQJ�IUDPHV�RI�VTXDUH�RU�UHFWDQJXODU�IRUP�DUH�XVHG�PRUH�RIWHQ��)RU�DOORFDWLRQ�RI�REMHFWV�ILJXUDWLRQV�WKHUH�DUH�YDULRXV�DOJRULWKPV�EDVHG�RQ�VSDWLDO�GHULYDWLRQ�ZLWK�WKH�XVH�RI�FRQYROXWLRQ��
,Q� WKLV� SDSHU�� ZH� GHVFULEH� WKH� GHYHORSHG� LQWHJUDOO\� GLIIHUHQWLDO� DOJRULWKP� RI� DOORFDWLRQ� RI� DQ� REMHFW�ERXQGDU\��ZKHUH�ZH�ILUVW�GHILQH�WKH�WKUHVKROG�RI�SRLQWV�EHORQJLQJ�WR�D�ERXQGDU\��DQG�DIWHUZDUGV�RFFXUV�LWV�DOORFDWLRQ��
/HW
V�HQWHU�WKH�JHQHUDO�GHVLJQDWLRQV�DQG�WKH�GHILQLWLRQV�QHFHVVDU\�IRU�WKH�GHVFULSWLRQ�RI�DOJRULWKP��7KHQ�ZH�PDNH�DQ�DVVXPSWLRQ�WKDW�WKH�VL]HV�RI�DQ�DUHD��IURP�ZKLFK�WKH�DOJRULWKP�ZRUNV��HTXDO�WR�KDOI�RI�OLQHDU�VL]HV� RI� D� YLVLRQ� DUHD� �ILHOG� RI� YLVLRQ��� :H� VKDOO� QRWLFH� WKDW� LQ� D� FRQFUHWH� FRPSXWHU� PRGHO� RI� WKH�DXWRPDWHG� WUDFNLQJ� V\VWHP� WKH� VL]H� RI� WKLV� DUHD� LV� ���[���� SRLQWV� �YLHZLQJ� ILHOG� ���[������:H� VKDOO�GHVLJQDWH�WKLV�VHW�RI�SRLQWV�'
�
'HILQLWLRQ��� 1HLJKERUKRRG�G RI�LPDJH�SRLQW�% �L��M��ZH�VKDOO�QDPH�D�VHW�RI�SRLQWV�O\LQJ�GLUHFWO\�DURXQG�
WKH� SRLQW� % �L�� M�� ,Q� WKDW� VSHFLILF� FDVH� QHLJKERUKRRG� G KDV� WKH� VL]H� �[�� SRLQWV�� 5HFRUG�

����� ML%G VKRXOG� EH� XQGHUVWRRG� DV� D� QHLJKERUKRRG� RI� SRLQW� % �L�� M�� H[FOXGLQJ� SRLQW� %�L�M���
G�%�L�M���±�QHLJKERUKRRG�% �L��M��WRJHWKHU�ZLWK�SRLQW�% �L��M��
:H� FRQVLGHU� WKH� SRLQW� RI� WDUJHW� GHWHFWLRQ� DV� D� VWDUW� SRLQW� IRU� WKH� DOJRULWKP�� DQG� LWV� FRRUGLQDWHV� DV�FRRUGLQDWHV�RI�WKH�REMHFW�FHQWHU��,Q�QHLJKERUKRRG�RI�WKLV�SRLQW�ZH�GHILQH�DYHUDJH�EULJKWQHVV� ��
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:KHUH�% �L��M��LV�D�IXQFWLRQ�RI�EULJKWQHVV�RI�WKH�LPDJH��%�L�M��G�%�L�M���
/HW� . EH� D� VHW� RI� YDOXHV� RI� EULJKWQHVV� RI� WKH� LPDJH�� ����� N � N�.� 1 ±TXDQWLW\� RI� SRLQWV� RI�
EULJKWQHVV�N� GHILQHG�RQ�IXQFWLRQ�RI�EULJKWQHVV�% �L��M�� LQ�YLHZLQJ�DUHD�'
� :H�VKDOO�GHVLJQDWH�1 DV�D�TXDQWLW\�RI�SRLQWV�ZKLFK�EULJKWQHVV�LV�HTXDO�WR�WKH�YDOXH� ��LQ�YLHZLQJ�'�
���
:H� HQWHU� WKH� IXQFWLRQ� RI� TXDQWLW\� RI� SRLQWV�1 IRU� HDFK� EULJKWQHVV�% �L�� M� N� L�H�� WKH� KLVWRJUDP� RI�GLVWULEXWLRQ�RI�LPDJH�SRLQW�EULJKWQHVV�LQ�ZRUNLQJ�DUHD�'
��ILJ�������

�

1

� ���
« «

&�
� & �3� � & �3� �

1

1 �3�

1 �3�

N
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:H�GHILQH�WKH�VL]H�RI�WKUHVKROG� RI�SRLQWV�EHORQJLQJ�WR�D�FRQWRXU�DV�IROORZV�
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ZKHUH�7� ��LQ�WKH�EHJLQQLQJ�RI�GHWHUPLQDWLRQ�SURFHGXUH�RI�WKUHVKROG� �
1 ± TXDQWLW\�RI�SRLQWV�RI�EULJKWQHVV�N�
1 ± TXDQWLW\�RI�SRLQWV��ZKLFK�EULJKWQHVV�FRUUHVSRQGV�WR�EULJKWQHVV� ��
N ± FXUUHQW�EULJKWQHVV��
3�!����3�!���±�WKUHVKROGV�VHW�LQ�WKH�EHJLQQLQJ�RI�DOORFDWLRQ�SURFHGXUH�RI�D�FRQWRXU���

$W WKH�GHWHUPLQDWLRQ� RI� D� WKUHVKROG� WKH� RYHUVLJKW� RI� EULJKWQHVV� UDQJH�EHJLQV�ZLWK� YDOXH�N &�� WKDW�DOORZV�WR�UHPRYH�SDUW�RI�UDQGRP�LQWHUIHUHQFHV�KDYLQJ�ORZ�EULJKWQHVV�DQG�FDSDEOH�WR�LQIOXHQFH�DFFXUDF\�RI�WKUHVKROG�7 VL]H�GHILQLWLRQ��7KUHVKROG� LV�D�TXDQWLW\�RI�WKH�EULJKWQHVV�H[FHHGLQJ�YDOXH�1 ±3�� JRW�LQWR�WKH�SDLQWHG�RYHU��FRORUHG��DUHD�RQ�ILJ�����
,W�LV�H[SHULPHQWDOO\�HVWDEOLVKHG��WKDW�IRU�&96�LW�LV�SRVVLEOH�WR�UHFRPPHQG�YDOXH�3� ����3� ��� *HQHUDOO\�WKH�VL]HV�RI� WKUHVKROGV�DUH�FKRVHQ�HPSLULFDOO\��GHSHQGLQJ�RQ�D�FODVV�RI� LPDJHV�ZLWK�ZKLFK� WKH� WUDFNLQJ�V\VWHP�ZRUNV�RU�RQ�WKH�EDVLV�RI�WKH�VWDWLVWLFDO�DQDO\VLV��
6HW�'
� FRQWDLQV� WKUHH� VXEVHWV�� D� VXEVHW� RI� REMHFW� SRLQWV�� D� VXEVHW� RI� SRLQWV� RI� DQ� REMHFW� ERXQGDU\�� D�VXEVHW�RI�SRLQWV�RI�D�EDFNJURXQG��DOO�WKH�SRLQWV�QRW�LQFOXGHG�LQWR�WKH�ILUVW�WZR�VXEVHWV���7KXV��WKH�VHW�RI�FRQWRXU��ILJXUDWLRQ��SRLQWV�FDQ�EH�GHWHUPLQHG�E\�UHPRYDO�IURP�'
�RI�DOO�WKH�SRLQWV�UHODWHG�WR�DQ�REMHFW�DQG�EDFNJURXQG��
/HW
V�HQWHU�VHW�'�� HTXLSRWHQW�WR�VHW�'
� DQG�LWV�HOHPHQW�G��L�M��'� ZH�GHILQH�DV�IROORZV�
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ZKHUH�� �����������   ML �

��� QP% ± EULJKWQHVV�RI�SRLQWV�RI�QHLJKERUKRRG ����� ML%G ���

%�L�M��±�EULJKWQHVV�RI�WKH�FHQWUDO�SLQW�RI�QHLJKERUKRRG��
,QGH[HV�P�DQG�Q�UXQ�DFURVV�QHLJKERUKRRG ����� ML%G �

,Q�VHW�'� WKH�HOHPHQW�G��L�M� ��VSHFLILHV�WKH�SRLQW�RI�D�FRQWRXU��DQG�G��L�M� ��VSHFLILHV�WKH�SRLQWV�RI�DQ�REMHFW��EDFNJURXQG�RU�LQWHUIHUHQFH���
2Q�ILJ����WKHUH�LV�D�SRVVLEOH�DUUDQJHPHQW�RI�SRLQWV�LQ�QHLJKERUKRRG� ����� ML%G �RI�SRLQW�%�L�M���

%�L�M�

G �L�M� ��G �L�M� ��

)LJ���±�1HLJKERUKRRG�RI�SRLQW�%��L��M��
�

:LWK� OLJKW�JUH\�FRORU�DUH� WKRVH�SRLQWV�PDUNHG�ZKLFK�FRUUHVSRQG�ZLWK�G��L�M� �� ZKLWH�G��L�M� �� SRLQW�%�L�M��LV�FRPSDUHG�WR�WKH�SRLQWV�RI�QHLJKERUKRRG��EXW�YDOXH���RU���LVQ¶W�DVVLJQHG�WR�LW�RQ�WKLV�VWHS���
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6XFK� IRUPDWLRQ� PHWKRG� RI� VHW� '� DOORZV� DOORFDWLQJ� LQ� VHW� ' D JURXS� RI� SRLQWV� ZLWK� FORVH� YDOXHV� RI�EULJKWQHVV�� 2Q� WKH� RWKHU� KDQG�� UDQGRP� JOLWFKHV� DQG� QRLVH� LQWHUIHUHQFHV� ZLOO� EH� UHPRYHG�� DV� WKHLU�
EULJKWQHVV�DV�D�UXOH�GLIIHUV�FRQVLGHUDEO\�IURP�WKH�EULJKWQHVV�LQ�WKH�SRLQWV�RI�QHLJKERUKRRG ����� ML%G �
/HW
V�HQWHU�VHW�'�� HTXLSRWHQW�WR�VHW�'
� (OHPHQW�G��L�M��'���ZH�GHILQH�DV�IROORZV�
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ZKHUH� �����������   ML �
6HW�'��ZLOO�LQFOXGH�WKRVH�SRLQWV�ZKLFK�EULJKWQHVV�LV�FORVH�WR�WKH�EULJKWQHVV� �� ZLWKLQ�WKH�OLPLWV�RI�7��
7KH� GLIIHUHQFH� LQ� IRUPDWLRQ� RI� VHWV� '� DQG� '� LV� WKDW� ZKHQ� ZH� FKRVH� LQ� WKH� ILUVW� VHW� ZH� JHW� SRLQW�
EULJKWQHVV�RI�QHLJKERUKRRG� ����� ML%G LQ�FRPSDULVRQ�ZLWK�EULJKWQHVV�%�L�M�� DQG�LQ�VHW�'� ZH�VHOHFW�
SRLQWV�ZKLFK�EULJKWQHVV�JHWV�LQ�EULJKWQHVV�LQWHUYDO�� � ± � ��� �� DQG�DW�WKH�VDPH�WLPH�DOO�SRLQWV�RI�
QHLJKERUKRRG��G�%�L�M��� LQFOXGLQJ�%�L�M��DUH�EHLQJ�DQDO\]HG��
6HW�'� DOUHDG\�LQFOXGHV�LQVWUXFWLRQV�RQ�WKH�SUHVHQFH�RI�ERXQGDU\�SRLQWV��,I�ZH�XVH�RQO\�'� IRU�GHILQLWLRQ�RI�D�ERXQGDU\�RI�DQ�REMHFW��LW�ZLOO�QRW�EH�SRVVLEOH�WR�DOORFDWH�LW�FRUUHFWO\�LQ�PDQ\�FDVHV��8VLQJ�RQO\�'��WR�GHILQH� D� FRQWRXU�� WKH� DOJRULWKP�EHFRPHV� OHVV� MDP�UHVLVWDQW� DQG� VWURQJO\� GHSHQGV�RQ�ZKDW� SRLQW� RI� DQ�REMHFW�KDV�EHFRPH�D�VWDUWLQJ�RQH�IRU�LW��,Q�RUGHU�WR�HOLPLQDWH�RI�WKLV�ODFN�ZH�XVH�VHW�'�� WKDW�ZDV�GHILQHG�HDUOLHU��,W�VSHFLILHV�WKH�SUHVHQFH�RI�SRLQWV�RI�DQ�REMHFW�DQG�D�EDFNJURXQG�G��L�M� �� DQG�DOVR�G��L�M� ����SRLQWV�RI�D�FRQWRXU�DQG�LQWHUIHUHQFH��
6HW�/�RI�SRLQWV�RI�D�FRQWRXU�O�L�M��ZH�GHILQH�E\�UHPRYLQJ�SRLQWV�IURP�'
�LQ�DFFRUGDQFH�ZLWK�WKH�IROORZLQJ�FRQGLWLRQ��
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ZKHUH�± �����������   ML � G��L�M��'�� G��L�M��'�� O�L�M��/�
7KH�UHPRYDO�RI�D�SRLQW�FRUUHVSRQGV�ZLWK�DVVLJQPHQW�WR�LW�RI�D�FRGH������ZKLWH�FRORU���SURYLGHG�WKDW�WKH�
H[SUHVVLRQ� �G��L�M��G��L�M���G��L�M�� IRU� FRUUHVSRQGLQJ� HOHPHQWV� IURP� '� DQG� '�� LV� HTXDO� ��� $W�
IRUPDWLRQ�RI�VHW�/�� LI� WKH�FRQGLWLRQ� LV�QRW� IXOILOOHG�� WKH�SRLQW�ZLWK�EULJKWQHVV�%�L�M�� UHPDLQV�� LQ�RUGHU�WR�LQFUHDVH� FOHDUQHVV�RI�D� FRQWRXU� LW� LV�SRVVLEOH� WR� UHSODFH� WKLV�SRLQW�ZLWK�D�SRLQW�RI�EODFN� FRORU�� ,Q�RWKHU�
LQWHUSUHWDWLRQ��HOHPHQWV�IURP�VHWV�'� DQG�'�� PDNLQJ�WKH�H[SUHVVLRQ��G��L�M��G��L�M���G��L�M��HTXDO����
VSHFLI\�WKRVH�SRLQWV�EHORQJLQJ�WR�DQ�REMHFW�RU�WR�D�EDFNJURXQG��WKH\�DUH�PDUNHG�ZLWK�ZKLWH�FRORU��,Q�WKLV�FRQGLWLRQ�WKH�SUHIHUHQFH�LV�JLYHQ�WR�WKH�SRLQWV�IURP�VHW�'� DV�WKHUH�LV�DQ�REMHFW�DQG�D�FRQWRXU�LQ�WKLV�VHW��6R WKH�SRLQWV�RI�D�FRQWRXU�LQ�VHW�/ DUH�QRW�PDUNHG�ZLWK�ZKLWH�FRORU��L�H��WKH�SURFHGXUH�RI�DOORFDWLRQ�RI�DQ�REMHFW�DQG�RI�D�EDFNJURXQG�LV�GRQH��WKHQ�DOO�WKHVH�SRLQWV�DUH�EHLQJ�ZKLWHQHG��DQG�WKHUH�LV�RQO\�D�FRQWRXU�OHIW�±�SRLQWV�RI�D�ERXQGDU\� O�L�M� %�L�M��RU� O�L�M� ���D���FRGH�RI�EODFN�FRORU���6HW�/ FRQWDLQV�DQ�REMHFW�ERXQGDU\��L�H��LW�LV�D�IUDPH�RI�WKH�ZURQJ�IRUP��7KDW�VROYHV�WKH�JLYHQ�WDVN�±�GHILQLQJ�RI�WUDFLQJ�IUDPH�6 LQ�WKH�IRUP�RI�DQ�REMHFW�ERXQGDU\��
7KH� UHFHLYHG�ERXQGDU\�/ FDQ�EH�XVHG� WR� GHILQH� WKH� VL]HV� RI� D� UHFWDQJXODU� IUDPH�� ,Q� RUGHU� WR� WKLV��ZH�VKRXOG�YLHZ�VHW�/ IURP�OHIW�WR�WKH�ULJKW��IURP�ULJKW�WR�WKH�OHIW��IURP�WRS�WR�WKH�ERWWRP��IURP�ERWWRP�WR�WKH�WRS�DQG�GHILQH�FRRUGLQDWHV�RI�WKH�ILUVW�SRLQWV�WKDW�ZH�VHH�ZKLOH�YLHZLQJ�WKH�VHW��6R�WKH�LQLWLDO�YDOXHV�RI�SDUDPHWHUV�RI�WUDFLQJ�IUDPH�6 DUH�GHILQHG��: � ZLGWK��+ � KHLJKW�RI�D�WUDFLQJ�IUDPH��'XULQJ�WKH�SURFHVV�RI�DOORFDWLRQ�RI�D�FRQWRXU�WKHUH�FDQ�EH�SDUWV�RI�D�EDFNJURXQG�OHIW�WKDW�FDQ�EH�FRQVLGHUHG�DV�LQWHUIHUHQFHV��7KH�SUHVHQFH�RI�LQWHUIHUHQFHV�ZLOO�LQIOXHQFH�WKH�FKRLFH�RI�WUDFLQJ�IUDPH�VL]H��DV�SURFHGXUHV�RI�GHILQLWLRQ�RI�WKH�VL]H�FDQ�WDNH�WKHP�IRU�VRPH�SDUW�RI�REMHFW�E\�PLVWDNH��
7KH� GHVFULEHG� DOJRULWKP� JLYHV� JRRG� UHVXOWV� RI� DOORFDWLRQ� RI� DQ� REMHFW� FRQWRXU�� 7KH� DGYDQWDJH� RI� WKH�DOJRULWKP� LV� LWV� VLPSOLFLW\� WKDW� DOORZV� LQFUHDVLQJ� WKH� UHOLDELOLW\� RI� D� WUDFLQJ� V\VWHP�� :RUNLQJ� VSHHG� RI�DOJRULWKP�LV�KLJK�VLQFH�WKH�HOHPHQWDU\�ORJLF�RSHUDWLRQV�DUH�XVHG��WKDW�HQDEOHV�WR�XVH�LW�GXULQJ�WUDFNLQJ�IRU�SHULRGLF� XSGDWLQJ� RI� D� FRQWRXU� LQ� UHDO� WLPH� DQG� DFFXPXODWLRQ� RI� FRQWRXUV� ZLWK� WKH� SXUSRVH� RI� WKHLU�VSHFLILFDWLRQ���


