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$%675$&7�
6KRUW�ZDYH�UDGLDWLRQ�KDV�D�VLJQLILFDQW�LQIOXHQFH�RQ�D�
EXLOGLQJ¶V� WKHUPDO� EHKDYLRU�� 7KH� FDOFXODWLRQ� RI� WKH�
SURMHFWHG� VXQOLW� VXUIDFH� IUDFWLRQ� LV� WKHUHIRUH� DQ�
LQGLVSHQVDEOH� SUHUHTXLVLWH� IRU� UXQQLQJ� D� PHDQLQJIXO�
VLPXODWLRQ�� ,W� FRQVLVWV� RI� DW� OHDVW� WZR� PDMRU� VWHSV��
2QH� LV� WR�VROYH� WKH�YLVLELOLW\�SUREOHP�RI�DOO�VXUIDFHV�
RI�WKH�EXLOGLQJ�WKDW�LV�LQYHVWLJDWHG��7KLV�PHDQV�WR�VHW�
XS�DQ�RUGHU�LQ�ZKLFK�RQH�VXUIDFH�PD\�FDVW�D�VKDGRZ�
RQ�DQRWKHU��
7KH� RWKHU� VWHS� LV� WR� FDOFXODWH� WKH� SURMHFWHG� VXQOLW�
VXUIDFH� IUDFWLRQ� EDVHG� RQ� WKH� RUGHU� REWDLQHG� LQ� WKH�
ILUVW�VWHS��
7KHUH�DUH�EDVLFDOO\�WZR�WHFKQRORJLHV�WR�DGGUHVV�ERWK�
SUREOHPV��2QH�LV�EDVHG�RQ�2SHQ*/�DQG�WKH�RWKHU�RQH�
RQ� SRO\JRQ� FOLSSLQJ� DOJRULWKPV�� 7KH� SDSHU� DW� KDQG�
ZLOO� RXWOLQH� D� SRO\JRQ�EDVHG� LPSOHPHQWDWLRQ� DQG�
JLYH� WKH� SURV� DQG� FRQV� FRPSDUHG�ZLWK� DQ�2SHQ*/�
EDVHG�LPSOHPHQWDWLRQ��

,1752'8&7,21�
7KH� YLVLELOLW\� SUREOHP� DV� ZHOO� DV� WKH� QHHG� IRU� WKH�
FDOFXODWLRQ� RI� WKH� SURMHFWHG� VXQOLW� VXUIDFH� IUDFWLRQ�
�366)�� XVXDOO\� RFFXUV� LQ� WKH� FRXUVH� RI� D� EXLOGLQJ�
VLPXODWLRQ�ZKHUH�VKRUW�ZDYH�UDGLDWLRQ�VKDOO�EH�WDNHQ�
LQWR� DFFRXQW�� %RWK� LVVXHV� KDYH� EHHQ� DGGUHVVHG� LQ�
SDSHUV� DV� HDUO\� DV� LQ� WKH� ����V�� :DOWRQ� �������
FRPSDUHV� WZR�DOJRULWKPV�RI� FDOFXODWLQJ� WKH� VKDGRZ��
2QH�� WKH� ³GLVFUHWH� HOHPHQW� DQDO\VLV´� LV� WKH�EDVLV� IRU�
PRGHUQ� *38�EDVHG� FDOFXODWLRQV�� WKH� RWKHU��
³RYHUODSSLQJ� SRO\JRQV´�� IRFXVHV� RQ� ILQGLQJ� D� PRUH�
DFFXUDWH� VROXWLRQ� IRU� WKH� FDOFXODWLRQ� RI� WKH� 366)��
1HZHOO�� 1HZHOO� DQG� 6DQFKD� RXWOLQH� D� PHWKRG� IRU�
VROYLQJ� WKH� KLGGHQ� VXUIDFH� SUREOHP� �������ZKLFK� LV�
IXUWKHU� GHYHORSHG� E\� :HLOHU� DQG� $UWKHUWRQ� ��������
$UWKHUWRQ��:HLOHU�DQG�*UHHQEHUJ��������H[SODLQ�KRZ�
WKHVH�PHWKRGV�FDQ�EH�LQWHJUDWHG�ZLWK�FRPSXWHU�DLGHG�
GHVLJQ� �&$'�� UHQGHULQJ� DW� WKH� WLPH�� *UDX� DQG�
-RKQVRQ� ������� VKRZ� KRZ� :HLOHU� DQG� $UWKHUWRQ¶V�
SRO\JRQ� FOLSSLQJ� DOJRULWKP� ������� FDQ� EH�
LPSOHPHQWHG��
(YHQ� ZLWK� PRGHUQ� FRPSXWHUV� SRO\JRQ� FOLSSLQJ�
UHPDLQV�WKH�PRVW�FRQVXPLQJ�SDUW�RI�WKH�FDOFXODWLRQ�LI�
DFFXUDWH� UHVXOWV� DUH� UHTXLUHG�� 7KHUHIRUH� HIILFLHQW�
SRO\JRQ� FOLSSLQJ� DOJRULWKPV� DUH� YLWDO� IRU� D� IDVW�

FRPSXWDWLRQ�� 9DWWL� ������� SUHVHQWV� D� SRO\JRQ�
FOLSSLQJ� DOJRULWKP� RQ� ZKLFK� VRPH� PRGHUQ�
LPSOHPHQWDWLRQV� DUH� EDVHG� �H�J�� 0XUWD�� �������
$OWKRXJK� 9DWWL¶V� DOJRULWKP� FDQ� VWLOO� EH� VOLJKWO\�
LPSURYHG� �*UHLQHU� DQG� +RUPDQQ�� ������ WKH�
FRQVXPSWLRQ� RI� &38� WLPH� JURZV� ZLWK� WKH� DYHUDJH�
QXPEHU�RI� LQWHUVHFWLRQV�RI� SRO\JRQV�RQ� WKH�RUGHU�RI�
2�QP��ZKHUH�Q�DQG�P�GHQRWH�WKH�QXPEHUV�RI�HGJHV�RI�
WKH�SRO\JRQV�WR�EH�LQWHUVHFWHG��
7KH�FDOFXODWLRQ�RI�WKH�366)�FRQVLVWV�RI�VHYHUDO�VWHSV��
0RVW� RI� WKHP� KDYH� DOUHDG\� EHHQ� GHDOW� ZLWK� LQ�
OLWHUDWXUH�EXW� KDUGO\� DQ\�SXEOLFDWLRQV� H[LVW� RXWOLQLQJ�
WKH�ZKROH�SURFHVV�IURP�SURYLGLQJ�DQ�LQWHUIDFH�IRU�WKH�
LQSXW� GDWD� RYHU� SURFHVVLQJ� DOO� VWHSV� QHHGHG� WR�
FDOFXODWH�WKH�366)�WR�UHWXUQLQJ�WKH�UHVXOWV�LQ�D�XVDEOH�
IRUP��
7KLV�SDSHU�ZLOO�RXWOLQH�LQ�GHWDLO�KRZ�WKLV�JRDO�FDQ�EH�
DFKLHYHG� E\� WKH� PHDQV� RI� D� PRGHUQ� SURJUDPPLQJ�
ODQJXDJH�LQ�JHQHUDO�DQG�E\�WKH�H[DPSOH�RI�WKH�3\WKRQ�
SURJUDPPLQJ�ODQJXDJH�LQ�SDUWLFXODU��
,W�ZLOO�DOVR� VKRZ�KRZ�D�QHZ� LPSOHPHQWDWLRQ�FDQ�EH�
EDVHG� RQ� VRPH� VRSKLVWLFDWHG� VROXWLRQV� IRU� WKH�
LQGLYLGXDO� VWHSV� WR� FDOFXODWH� WKH� 366)� DQG� KRZ� DQ�
HDV\� LQWHJUDWLRQ� ZLWK� H[LVWLQJ� EXLOGLQJ� VLPXODWLRQV�
FDQ�EH�DFKLHYHG��
)XUWKHUPRUH�LW�ZLOO�SRLQW�RXW�ZKHUH�DOWHUQDWLYHV�WR�WKH�
VROXWLRQ� SURYLGHG� IRU� D� SDUWLFXODU� VWHS� RI� WKH�
FDOFXODWLRQ�H[LVW�DQG�LW�ZLOO�HODERUDWH�RQ�WKH�SURV�DQG�
FRQV�RI�WKHVH�DOWHUQDWLYHV��

32/<*21�%$6('�$3352$&+�
6WDWH�RI�WKH�DUW�
-RQHV�� *UHHQEHUJ� DQG� 3UDWW� ������� GHILQH� WKH�
SURMHFWHG�VXQOLW�VXUIDFH�IUDFWLRQ��366)��DV�

  FRV% 6 7
, $ $  � ����

ZKHUH� ,%� LV� WKH� LQWHQVLW\� RI� UDGLDWLRQ� �L�H�� WKH� VXQ�
OLJKW���$6� WKH�VXQOLW�VXUIDFH�DUHD��$7� WKH� WRWDO�VXUIDFH�
DUHD�DQG�� WKH�DQJOH�RI� LQFLGHQFH�RI�VXQ¶V�UD\V�ZLWK�
UHVSHFW� WR� WKH�VXUIDFH¶V�QRUPDO�YHFWRU��$6�RQ� LWV�SDUW�
LV�GHILQHG�DV�

6 7 '$ $ $  � ����

ZKHUH�$'��'���GDUN��LV�WKH�SDUW�RI�$7�WKDW�D�VKDGRZ�LV�
FDVW�RQ��
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$'� LV� WKH�IDFWRU�WR�EH�FDOFXODWHG�ZLWK�WKH�KHOS�RI�WKH�
LPSOHPHQWDWLRQ� DW� KDQG�� 6LQFH� WKH� VXQOLJKW� LV� LQ� WKH�
IRFXV�RI� LQWHUHVW� UDWKHU� WKDQ� RQH�RU�PRUH� VSRW� OLJKWV�
DOO�UD\V�FDQ�EH�DVVXPHG�SDUDOOHO��
$�VDPSOH�VFHQH��)LJXUH�����VKDOO�EH�XVHG�WR�LOOXVWUDWH�
WKH� IROORZLQJ� DSSURDFK�� 7KHUH� DUH� WZR� IDFHV�� RQH�
FDVWLQJ�D�VKDGRZ�RQ�WKH�RWKHU��$OWKRXJK�WKH�H[DPSOH�
DW�KDQG�LV�D�VLPSOH�RQH�DOO�FRQVLGHUDWLRQV�DUH�HTXDOO\�
YDOLG�IRU�PRUH�FRPSOH[�VFHQDULRV��
�

�
)LJXUH���6FHQH�ZLWK�WZR�VXUIDFHV��RQH�FDVWLQJ�D�

VKDGRZ�RQ�WKH�RWKHU�
�

6KDGRZ�PDSSLQJ�
:LOOLDPV� ������� SURSRVHV� WR� UHQGHU� WKH� VFHQH� IURP�
WKH�SRVLWLRQ�RI� WKH� OLJKW�DQG� WR�JHQHUDWH�D�PDS�ZLWK�
GHSWK�YDOXHV�UHSUHVHQWLQJ�WKH�GLVWDQFH�RI�D�SDUWLFXODU�
REMHFW�IURP�WKH�VRXUFH�RI�OLJKW��7KH�YDOXHV�RI�WKH�VR�
FDOOHG� ³GHSWK�PDS´� DUH� XSGDWHG�ZKHQHYHU� DQ� REMHFW�
LV�DGGHG�WR�WKH�VFHQH�ZKRVH�GLVWDQFH�IURP�WKH�VRXUFH�
RI� OLJKW� LV� VPDOOHU� WKDQ� WKH� FXUUHQW� YDOXH� IURP� WKH�
GHSWK�PDS��,Q�WKH�HQG�WKH�GHSWK�PDS�KROGV�WKH�YDOXHV�
UHSUHVHQWLQJ�WKH�GLVWDQFH�V��RI�WKH�IRUHPRVW�REMHFW�V��
VHHQ�IURP�WKH�SRVLWLRQ�RI�WKH�OLJKW��
:H� DGRSW� WKH� ILUVW� SDUW� RI�:LOOLDPV¶� LGHD� WR� UHQGHU�
WKH� VFHQH� IURP� WKH� OLJKW¶V� SRLQW� RI� YLHZ� �)LJXUH� ���
EXW� ZH� PRGLI\� KLV� DSSURDFK� LQ� ZKLFK� KH� VWRUHV� D�
FRPSOHWH�GHSWK�PDS��
�

�
)LJXUH���6DPH�VFHQH�IURP�OLJKW¶V�SRLQW�RI�YLHZ��
5HQGHULQJ�WKH�VFHQH�IURP�WKH�OLJKW¶V�SRLQW�RI�YLHZ�
SURYLGHV�DOO�IDFHV�H[SRVHG�WR�GLUHFW�VXQOLJKW�ZKHUHDV�
DQ\�RWKHU�IDFHV��QRW�YLVLEOH�IURP�WKLV�SRLQW��UHPDLQ�LQ�

WKH�VKDGRZ�
�

,QVWHDG�ZH�ZLOO� RQO\� FRPSDUH� GHSWK� YDOXHV� DW� VRPH�
SRLQWV� DQG� XVH� LW� DV� D� EDVLV� IRU� WKH� GHSWK� VRUW� RI� DOO�
REMHFWV��

:HLOHU¶V�DQG�$UWKHUWRQ¶V�KLGGHQ�VXUIDFH�UHPRYDO�
:HLOHU�DQG�$UWKHUWRQ��������SUHVHQW�D�PHWKRG�WR�VHW�
XS� DQ� RUGHU� EDVHG� XSRQ� WKH� GHSWK� YDOXHV� RI� WKH�

LQGLYLGXDO�SRO\JRQV�ZKHUH�WKH�SRO\JRQV�UHSUHVHQW�WKH�
HQYHORSLQJ� VXUIDFHV� RI� DQ� REMHFW�� )RU� WKH� VDNH� RI�
VLPSOLILFDWLRQ� RQO\� IODW� IDFHV� ZHUH� XVHG� LQ� )LJXUH� ��
ZKLFK�FDQ�DOVR�EH�WKRXJKW�RI�DV�GHWDFKHG�VOLP�ZDOOV��
�

�
)LJXUH���:HLOHU¶V�DQG�$UWKHUWRQ¶V�DOJRULWKP�RI�

VROYLQJ�WKH�YLVLELOLW\�SUREOHP�
�

:HLOHU�DQG�$UWKHUWRQ�DSSO\�WKHLU�VRUWLQJ�PHWKRG�RQO\�
WR�SRO\JRQV�WKDW�DUH�SDUWO\�RU�FRPSOHWHO\�FRYHUHG�E\�
WKH� IRUHPRVW� SRO\JRQ� VHHQ� IURP� WKH� SRVLWLRQ� RI� WKH�
OLJKW�� 7KH\� VWRUH� WKHVH� SRO\JRQV� LQ� DQ� ³LQVLGH� OLVW´��
7KH� LQVLGH� OLVW�KDV� WR�PHHW� WKH�FULWHULRQ� WKDW�QRQH�RI�
LWV�SRO\JRQV�PXVW�EH�LQ�IURQW�RI�WKH�SRO\JRQ�WKDW�ZDV�
DVVXPHG� IRUHPRVW�� ,I� LW� FDQQRW� EH�PHW� D� QHZ� LQVLGH�
OLVW� KDV� WR� EH� VHW� XS� UHFXUVLYHO\� ZLWK� WKH� SRO\JRQ�
YLRODWLQJ�WKH�DERYH�FULWHULRQ�DV�WKH�QHZ�IRUHPRVW��
3RO\JRQV�ZKLFK�DUH�QRW�SDUW�RI�WKH�LQVLGH�OLVW�DV�ZHOO�
DV� WKH�SDUWV�RI� WKH�SRO\JRQV� IURP� WKH� LQVLGH� OLVW� WKDW�
DUH� QRW� FRYHUHG� E\� WKH� FXUUHQWO\� IRUHPRVW� SRO\JRQ�
DUH� WHPSRUDULO\� VWRUHG� LQ� DQ� ³RXWVLGH� OLVW´�� 7KH�
RXWVLGH� OLVW�ZLOO�EHFRPH� WKH�QHZ� LQVLGH� OLVW� DIWHU� WKH�
RULJLQDO�RQH�KDV�EHHQ�ILQLVKHG�SURFHVVLQJ��
6R� :HLOHU� DQG� $UWKHUWRQ¶V� DOJRULWKP� UHTXLUHV� WKDW�
WZR�JHRPHWULFDO�SUREOHPV�DUH�VROYHG��
 'HWHUPLQH� ZKHWKHU� WZR� SRO\JRQV� RYHUODS� IURP�

WKH�SRLQW�RI�YLHZ�RI�WKH�OLJKW��
 'HWHUPLQH�ZKLFK�RI�WZR�SRO\JRQV�LV�PRUH�WR�WKH�

IURQW��
$QG�ERWK�WKRVH�SUREOHPV�UHTXLUH�WKDW�
 D� �'� VFHQH� LV� SURMHFWHG� RQWR� D� �'� SURMHFWLRQ�

SODQH��)LJXUH����DQG�WKDW�
 WKH��'�SURMHFWLRQ�SODQH� LV� WUDQVIRUPHG� IURP� WKH�

RULJLQDO� �'� FRRUGLQDWH� V\VWHP� LQWR� D� �'�
FRRUGLQDWH� V\VWHP� LQ� RUGHU� WR� DSSO\� FRPPRQ�
SRO\JRQ�FOLSSLQJ�DOJRULWKPV��
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�
)LJXUH���3URMHFWLRQ�RI�D��'�VFHQH�RQ�D�SODQH�

RUWKRJRQDO�WR�WKH�VXQ��7KH�RYHUODSSLQJ�SDUW�LQ�WKH�
SURMHFWLRQ�SODQH�UHSUHVHQWV�WKH�VKDGRZ�EHLQJ�FDVW�
IURP�RQH�SRO\JRQ�RQWR�WKH�RWKHU��+RZHYHU��ZLWKRXW�
VROYLQJ�WKH�YLVLELOLW\�SUREOHP�QR�FRQFOXVLRQV�FDQ�EH�
GUDZQ�DV�WR�ZKHWKHU�SRO\JRQ�$�FDVWV�D�VKDGRZ�RQ�

SRO\JRQ�%�RU�YLFH�YHUVD��
�

7UDQVIRUPDWLRQ�IURP��'�LQWR��'�
7KH�VHTXHQFH�LQ�ZKLFK�WKH�WZR�VWHSV�DUH�H[HFXWHG�LV�
DUELWUDU\��7KH�UHOHYDQW�URWDWLRQ�PDWUL[�DQG�SURMHFWLRQ�
PDWUL[�DUH�QRW�WKH�VDPH�LQ�ERWK�FDVHV��WKRXJK��:H�
FKRRVH�WR�URWDWH�RXU�FRRUGLQDWH�V\VWHP�EHIRUH�DQG�
DSSO\�WKH�SURMHFWLRQ�DIWHUZDUGV��
�

�
)LJXUH���5RWDWLRQ�RI�WKH�FRRUGLQDWH�V\VWHP�WR�KDYH�

RQH�D[H�SDUDOOHO�WR�WKH�VXQUD\V�
�

7KH� FKRLFH� RI� WKH� D[LV� WR� EH� DOLJQHG� ZLWK� WKH�
GLUHFWLRQ�RI�WKH�OLJKW�LV�RI�QR�UHOHYDQFH�IRU�WKH�WUDQV�
IRUPDWLRQ�LQWR�D��'�FRRUGLQDWH�V\VWHP��,W�FDQ�EH�;�DV�
ZHOO�DV�<�RU�=��,Q�WKH�H[DPSOH�LOOXVWUDWHG�LQ�)LJXUH���
ZH�FKRVH�<��
7KH� URWDWLRQ� PDWUL[� LQ� RUGHU� WR� DOLJQ� <� ZLWK� WKH�
GLUHFWLRQ�RI�WKH�OLJKW�LV�VHW�XS�DV�

     
     
     

�

�

�

� FRV FRV � FRV VLQ � FRV VLQ
� FRV VLQ � FRV FRV � FRV VLQ
� FRV VLQ � FRV VLQ � FRV FRV

URW

[ [ \ ] [ ] \

\ [ ] \ \ ] [

] [ \ ] \ [ ]

0

U U U U U U U
U U U U U U U
U U U U U U U

     
     
     



      
       
       

�

����
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U � LV� RUWKRJRQDO� WR� WKH� <�D[LV� DQG� WKH� GLUHFWLRQ� RI�
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DQG�
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7KH� URWDWLRQ� RI� D� VLQJOH� SRLQW� FDQ� EH� FDOFXODWHG� YLD�
WKH� PDWUL[� PXOWLSOLFDWLRQ� RI� 0 � ZLWK� WKH� UHOHYDQW�
FRRUGLQDWHV��
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&DOFXODWLQJ�WKH�URWDWLRQ�RI�DOO�Q�YHUWLFHV�ZLWK�D�VLQJOH�
PDWUL[�PXOWLSOLFDWLRQ�VXSSRUWHG�E\�3\WKRQ¶V�1XP3\�
UHVXOWV�WR��
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7KH� QHZ� \¶�FRRUGLQDWH� RI� D� YHUWH[� UHSUHVHQWV� LWV�
GLVWDQFH�IURP�WKH�SRVLWLRQ�RI�WKH�OLJKW�UHGXFHG�E\�WKH�
GLVWDQFH�RI� WKH�RULJLQ� IURP� WKH�SRVLWLRQ�RI� WKH� OLJKW��
6LQFH�WKH�VHFRQG�WHUP�LV�FRQVWDQW�LW�FDQ�EH�LJQRUHG�LQ�
WKH�IROORZLQJ�FRQVLGHUDWLRQV��
7KH� SODQH� UHFHLYLQJ� D� SDUDOOHO� SURMHFWLRQ� LV�
UHSUHVHQWHG�E\�WKH�HTXDWLRQ��

�[ \ ]S S S   � ����

7KH�GLUHFWLRQ�RI�WKH�SURMHFWLRQ�FDQ�EH�UHSUHVHQWHG�E\�
WKH�YHFWRU��
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7KXV�WKH�PDWUL[�IRU�WKH�SDUDOOHO�SURMHFWLRQ�UHVXOWV�WR��
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,I�WKH�GLUHFWLRQ�RI�SURMHFWLRQ�LV�SDUDOOHO�WR�WKH�<¶�D[LV��
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7KHQ�WKH�SURMHFWLRQ�PDWUL[�REYLRXVO\�GHIDXOWV�WR��
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6R� WKH� \¶�YDOXHV� RI� DOO� YHUWLFHV� FDQ� EH� RPLWWHG� LQ�
RUGHU� WR� DSSO\� D� �'�SRO\JRQ�FOLSSLQJ� OLEUDU\� DQG� WR�
FDOFXODWH� WKH� RYHUODS� RI� WKH� SURMHFWLRQV� RI� WKH�
LQGLYLGXDO�SRO\JRQV��
7KH� RUGHU� LQ� ZKLFK� WKH� SRO\JRQV� DUH� RYHUODSSHG� LV�
JLYHQ� E\� WKH� LQVLGH� OLVW� PHQWLRQHG� DERYH��
1HYHUWKHOHVV� WKH� RUGHU� RI� WKH� LQVLGH� OLVW� KDV� WR� EH�
FKHFNHG� EHFDXVH� WKHUH� LV� QR� JXDUDQWHH� WKDW� WKH�
RULJLQDO�RUGHU�RI�WKH�LQVLGH�OLVW�LV�FRUUHFW���)LJXUH����
�

�
)LJXUH���6FHQDULR�FDXVLQJ�DQ�HUURU�LQ�WKH�GHSWK�VRUW�
EDVHG�RQ�WKH�ORZHVW�\¶�±�FRRUGLQDWH�RI�HDFK�SRO\JRQ��
7KH�LQVLGH�OLVW�QHHGV�WR�EH�UH�FUHDWHG�UHFXUVLYHO\��

�

7KH� FKHFN� FDQ� EH� PDGH� DW� DQ\� SRLQW� ZLWKLQ� WKH�
RYHUODSSLQJ� SDUW� RI� WKH� WZR� SRO\JRQV� LQ� WKH�
SURMHFWLRQ� SODQH� DQG� FRQVLVWV� RI� FRPSDULQJ� WKH�
UHOHYDQW� \¶� ±� YDOXHV� RI� WKH� WZR� SRO\JRQV�� ,I� WKH�
RULJLQDO� RUGHU� WXUQV� RXW� WR� EH� HUURQHRXV� WKHQ� D� QHZ�
LQVLGH�OLVW�KDV�WR�EH�FUHDWHG�UHFXUVLYHO\��

&DOFXODWLRQ�RI�VKDGRZHG�SDUWV�
7KH�VKDGRZHG�SDUW�RI�D�SDUWLFXODU�SRO\JRQ�FDQ�HDVLO\�
EH�FDOFXODWHG�IURP�WKH�DUHD�RI�DOO�FOLSSHG�SDUWV�RI�WKH�
SURMHFWLRQV�UHVXOWLQJ�IURP�WKH�RWKHU�SRO\JRQV�IXUWKHU�
DW�IURQW��

FRV' &OLS3URM3RO\$ $  � �����

7KH�WRWDO�DUHD�FDQ�EH�REWDLQHG�IURP�WKH�RULJLQDO�SUR�
MHFWLRQ�RI�D�SDUWLFXODU�SRO\JRQ��

FRV7 3URM3RO\$ $  � �����

7KH�SRO\JRQ�FOLSSLQJ�OLEUDU\� WKDW�ZDV�XVHG�WR�ILJXUH�
RXW� WKH� FOLSSHG� SDUWV� RI� D� SRO\JRQ¶V� SURMHFWLRQ� ZDV�
0XUWD¶V�JHQHUDO� SRO\JRQ�FOLSSHU� OLEUDU\� �*3&��� ,W� LV�
EDVHG�RQ�9DWWL¶V�JHQHULF�VROXWLRQ�WR�SRO\JRQ�FOLSSLQJ�
������� DQG� FDQ� DOVR� SURFHVV� FRQYH[� SRO\JRQV� DQG�
SRO\JRQV� ZLWK� KROHV� ZKLFK� LV� QHHGHG� WR� WDNH�
ZLQGRZV�LQWR�DFFRXQW��
5lGOHU� SURYLGHV� D� S\WKRQ� ELQGLQJ� IRU� WKH� *3&� DQG�
ELQGV� FOLSSLQJ� RSHUDWLRQV� WR� WKH� VWDQGDUG� RSHUDWRUV�
OLNH�������	�HWF��

23(1*/�%$6('�$/7(51$7,9(�
$Q� DOWHUQDWLYH� ZD\� RI� FDOFXODWLQJ� VKDGRZV� DQG� WKH�
366)� UHVSHFWLYHO\� LV� EDVHG� RQ� 2SHQ*/�� �-RQHV��

*UHHQEHUJ� DQG�3UDWW�� ������2SHQ*/� LV� LQWHQGHG� IRU�
DFFHVVLQJ� WKH� JUDSKLFV� SURFHVVLQJ� XQLW� �*38�� RI� D�
FRPSXWHU�LQ�RUGHU�WR�PDQLSXODWH�WKH�SLFWXUH�VHQW�IURP�
WKH� FRPSXWHU� WR� WKH� VFUHHQ� DQG� WR� PDNH� XVH� RI� WKH�
SDUDOOHO�FRPSXWLQJ�SRWHQWLDO�RI�WKH�*38�DV�HIILFLHQWO\�
DQG� DV� GLUHFWO\� DV� SRVVLEOH�� 7KH� LGHD� RI� H[SORLWLQJ�
*38V� IRU� VFLHQWLILF� FDOFXODWLRQV� WKDW� FDQ� EH�
SDUDOOHOL]HG� KDV� FRPH� XS� RQO\� GXULQJ� WKH� UHFHQW�
\HDUV��+RZHYHU�� WKH�*38�FHQWULF�GHVLJQ�RI�2SHQ*/�
DV�ZHOO�DV�LWV�RULJLQDO�SXUSRVH�PDNHV�LW�RIWHQ�GLIILFXOW�
WR�SRUW�VFLHQWLILF�LPSOHPHQWDWLRQV�WR�2SHQ*/��
$OWKRXJK� VKDGRZ� FDOFXODWLRQ� DSSHDUV� WR� EH� DQ�
H[SOLFLWO\�JUDSKLF�SUREOHP�DOVR�VHHPLQJO\�SHULSKHUDO�
WDVNV� VXFK� DV� ILJXULQJ� RXW� WKH� FRRUGLQDWHV� RI� D�
VKDGRZ� SRO\JRQ� IURP� WKH� VLJQDO� RI� WKH� *38� RU�
FRXQWLQJ� SL[HOV� UHSUHVHQWLQJ� WKH� VKDGRZHG� SDUW� RI� D�
PRGHO�FDQ�EHFRPH�WURXEOHVRPH��
$QRWKHU� SUREOHP� ZLWK� 2SHQ*/� LV� UHODWHG� WR� WKH�
GLYHUVLW\�RI�*38V�DQG�WR�WKH�XQUHOLDEOH�FRPSDWLELOLW\�
RI� *38� GULYHUV� ZLWK� FXUUHQW� SURJUDPPLQJ�
VSHFLILFDWLRQV�� :KHUH� VRPH� PDQXIDFWXUHV� FRPSO\�
ZHOO� ZLWK� DJUHHG� VWDQGDUGV� RWKHUV� GRQ¶W�� 7KH�
2SHQ*/�ZLNL�VWDWHV�WKDW�D�UHFHQW�GULYHU�LV�QHHGHG�IRU�
WKH�FRPSDWLELOLW\�ZLWK�PRGHUQ�2SHQ*/�YHUVLRQV�DQG�
UHFRPPHQGV�WR�DOVR�WU\�RXW�EHWD�YHUVLRQV�RI�GULYHUV�LQ�
RUGHU�WR�JHW�DFFHVV�WR�EXJIL[HV��
7KHUHIRUH�SUREOHPV�UHODWHG�WR�WKH�GULYHU�IRU�WKH�*38�
ZKLFK� LV� RIWHQ� QHHGHG� LQ� D� SDUWLFXODU� YHUVLRQ� PD\�
RFFXU�DV�ZHOO�DV�SUREOHPV�ZLWK�WKH�LQVWDOODWLRQ�RI�WKH�
SURJUDPPLQJ�IUDPHZRUN�QHHGHG�WR�GHYHORS�2SHQ*/�
DSSOLFDWLRQV�� 3ULRU� WR� WKH� DWWHPSW� WR� LPSOHPHQW� D�
FRPSOHWH�VKDGRZ�PDSSLQJ�FDOFXODWLRQ�ZLWK�2SHQ*/�
WKH�LQVWDOODWLRQ�RI�WKH�2SHQ*/�XWLOLW\�WRRONLW��*/87��
KDG� WR� EH� FRPSOHWHG�� 7KH� LQVWDOODWLRQ� SURFHVV� ZDV�
DOVR�WURXEOHG�E\�LQFRQVLVWHQFLHV�RI�SDUWLFXODU�YHUVLRQV�
ZKLFK�SURGXFHG�HUURU�PHVVDJHV�RI�OLWWOH�YDOXH��
%DNHU� ������� UXQV� D� ZHEVLWH� RQ� ZKLFK� KH� QRW� RQO\�
H[SODLQV� WKH� WKHRU\�RI� D�*38�EDVHG� LPSOHPHQWDWLRQ�
RI� VKDGRZ� PDSSLQJ� EXW� DOVR� JLYHV� D� FRQFUHWH�
H[DPSOH�LQ�&���SURJUDPPLQJ�ODQJXDJH��+LV�H[DPSOH�
ZDV� PRGLILHG� WR� FUHDWH� D� VFHQH� UHSUHVHQWLQJ� WKH�
IDFDGHV�RI�D�YLUWXDO�DVVHPEO\�RI�EXLOGLQJV��
'UDZLQJ� REMHFWV� LQ� 2SHQ*/� FDQ� EH� GRQH� ZLWK� WKH�
2SHQ*/�XWLOLW\�WRRONLW��*/87���*/87�GLVSRVHV�RI�D�
IHZ� IXQFWLRQV� WR�GUDZ�VLPSOH�JHRPHWULF� IRUPV�� VXFK�
DV� WULDQJOHV��TXDGV�RU�SRO\JRQV��7KHVH� IXQFWLRQV�FDQ�
EH� XVHG� WR� FUHDWH� DOVR� FRPSOH[� VWUXFWXUHV� VXFK� DV� D�
EXLOGLQJ�HQYHORSH��
5HQGHULQJ�D�VFHQH�ZLWK�VKDGRZV�UHTXLUHV�WKH�UHOHYDQW�
WUDQVIRUPDWLRQ� PDWULFHV� LQ� 2SHQ*/�� $�
WUDQVIRUPDWLRQ� PDWUL[� FDQ� EH� REWDLQHG� YLD� WKH�
JO*HW)ORDW� FRPPDQG� DIWHU� WKH� GHVLUHG� RSHUDWLRQV�
KDYH� EHHQ� DSSOLHG� WR� WKH�PDWUL[� FXUUHQWO\� RQ� WRS� RI�
WKH�2SHQ*/�PDWUL[�VWDFN��7KH�REMHFW�WKDW�LV�LQWHQGHG�
WR�KROG�WKH�UHOHYDQW�PDWUL[�LV�SDVVHG�DV�DQ�DUJXPHQW��
7KHUH�DUH�WZR�W\SHV�RI�PDWULFHV�ZKLFK�DUH�QHHGHG�WR�
LPSOHPHQW�VKDGRZ�PDSSLQJ�LQ�2SHQ*/��
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 0DWULFHV� GHILQLQJ� D� SHUVSHFWLYH� SURMHFWLRQ� IURP�
WKH�SRVLWLRQ�RI�WKH�OLJKW�DQG�IURP�WKH�SRVLWLRQ�RI�
WKH�FDPHUD�UHVSHFWLYHO\��

 0DWULFHV� GHILQLQJ� D� YLHZ� WUDQVIRUPDWLRQ� WR�
UHQGHU� WKH� VFHQH� IURP�D�SDUWLFXODU� SRLQW�� LQ� WKLV�
FDVH�WKH�SRVLWLRQ�RI�WKH�OLJKW�DQG�WKH�SRVLWLRQ�RI�
WKH�FDPHUD�UHVSHFWLYHO\��

2SHQ*/�EDVHG� VKDGRZ� PDSSLQJ� EXLOGV� XSRQ�
:LOOLDPV¶� DSSURDFK� �������� $� VFHQH� QHHGV� WR� EH�
UHQGHUHG� WKUHH� WLPHV� LQ� RUGHU� WR� LPSOHPHQW� VKDGRZ�
PDSSLQJ� LQ� 2SHQ*/�� ,Q� WKH� ILUVW� SDVV� WKH� VFHQH� LV�
GUDZQ�IURP�WKH�SRVLWLRQ�RI�WKH�OLJKW��7KLV�LV�GRQH�E\�
DSSO\LQJ� WKH� OLJKW�SURMHFWLRQ� PDWUL[� LQ� WKH�
*/B352-(&7,21� PRGH� RI� 2SHQ*/� DQG� E\�
DSSO\LQJ� WKH� OLJKW�YLHZ� PDWUL[� LQ� WKH�
*/B02'(/9,(:� PRGH�� 7KH� GHSWK� YDOXHV� RI� DOO�
REMHFWV�ZLWKLQ�WKH�FXUUHQW�ILHOG�RI�YLHZ�DUH�VWRUHG�LQ�D�
VKDGRZ� PDS� WH[WXUH� ZKLFK� ZLOO� EH� XVHG� LQ� D�
VXFFHVVLYH� VWHS� WR� LGHQWLI\� WKH� OLW�XS� SDUWV� RI� WKH�
VFHQH��
,Q�WKH�VHFRQG�SDVV�WKH�ZKROH�VFHQH�LV�UHQGHUHG�LQ�GLP�
OLJKW�IURP�WKH�SRVLWLRQ�RI�WKH�FDPHUD�E\�DSSO\LQJ�WKH�
FDPHUD�SURMHFWLRQ� PDWUL[� DQG� WKH� FDPHUD�YLHZ�
PDWUL[� DQG� VHWWLQJ� WKH� UHTXLUHG� SURSHUWLHV� WR� VHW� XS�
GLP�OLJKW��
7KH�WKLUG�SDVV�LV�ZKHUH�WKH�GHSWK�PDS�FRPSDULVRQ�LV�
VHW� XS��7KHUHIRUH� WKH�GHSWK� YDOXHV� IURP� WKH� VKDGRZ�
PDS� WH[WXUH� RI� WKH� ILUVW� SDVV� DUH� FRPSDUHG�ZLWK� WKH�
GHSWK� YDOXHV� RI� D� QHZO\� JHQHUDWHG� WH[WXUH�
UHSUHVHQWLQJ� WKH� REMHFWV� RI� WKH� VFHQH� LQ� VXQOLJKW��
2SHQ*/�SURYLGHV�D� IXQFWLRQ��JO$OSKD)XQF�� WKDW�FDQ�
EH�XVHG�WR�FRPSDUH�WKH�GHSWK�YDOXHV�RI�WZR�WH[WXUHV�
DQG� WR�GLVFDUG�DOO� IUDJPHQWV�RI� WKH� WH[WXUH�GLVSRVLQJ�
RI�D�KLJKHU�GHSWK�YDOXH�WKDQ�WKH�VKDGRZ�PDS�WH[WXUH��
7KLV� ZD\� RQO\� WKRVH� SDUWV� RI� WKH� QHZO\� JHQHUDWHG�
WH[WXUH�DUH�UHQGHUHG�ZKLFK�DUH�LQ�GLUHFW�OLJKW��
�

�
)LJXUH���,PDJH�RI�FRUUHFW�2SHQ*/�EDVHG�FDOFXODWLRQ�

RI�VKDGRZ�FDVWLQJ�
�

�
)LJXUH���,PDJH�RI�2SHQ*/�EDVHG�FDOFXODWLRQ�RI�

VKDGRZ�FDVWLQJ�ZLWK�XQZDQWHG�DUWLIDFWV�
�

7KH� DWWHPSW� WR� GHYHORS� DQ� 2SHQ*/� EDVHG� VKDGRZ�
PDSSLQJ� LPSOHPHQWDWLRQ� ZDV� SDUWO\� VXFFHVVIXO�
�)LJXUH����EXW�SDUWO\�WKH�UHVXOWV�UHQGHUHG�KDG�QRWDEOH�
DUWLIDFWV� �)LJXUH� ��� ZKLFK� PLJKW� EH� GXH� WR� WKH� IDFW�
WKDW� WKH�TXDOLW\�RI�WKH�UHVXOWV�RI�GLIIHUHQW�*38V�PD\�
YDU\��GHSHQGLQJ�RQ� WKH�PDQXIDFWXUHU�DQG�WKH�PRGHO��
7KH�*38�XVHG�IRU�WKH�DWWHPSWV�DW�KDQG�ZDV�D�UDWKHU�
VLPSOH�RQERDUG�RQH��
5HQGHULQJ� D� VFHQH� ZLWK� VKDGRZV� LV� XVXDOO\� QRW�
HQRXJK�IRU�GHWHUPLQLQJ�WKH�366)�IRU�HDFK�VXUIDFH�RI�
LQWHUHVW��7KHUHIRUH�WKH�QXPEHU�RI�SL[HOV�KDV�WR�EH�GH�
WHUPLQHG��-RQHV�HW�DO���������SUHVHQW�D�PHWKRG�EDVHG�
RQ� <H]LRUR¶V� DQG� 6KDYLY¶V� DSSURDFK� ������� ZKHUH�
WKH\�UHQGHU�D�SDUWLFXODU�VFHQH�RU�D�SRUWLRQ�WKHUHRI�WR�
WZR� LPDJH� EXIIHUV�� RQFH� ZLWK� VKDGLQJ� GHYLFHV� DQG�
RQFH�ZLWKRXW��7KHQ� WKH�QXPEHU�RI�SL[HOV�KHOG�LQ�WKH�
WZR�LPDJH�EXIIHUV�LV�WDOOLHG��DQG�WKH�IUDFWLRQ�RI�HDFK�
VXUIDFH�ZKLFK�LV�VKDGRZHG�FDQ�EH�FDOFXODWHG��%DUW]�HW�
DO�� SUHVHQW� D� PHWKRG� RI� 2SHQ*/�DVVLVWHG� RFFOXVLRQ�
FXOOLQJ� IRU� ODUJH�SRO\JRQDO�PRGHOV�ZKHUH� WKH\�XVH�D�
VWHQFLO�EXIIHU�WR�UXQ�DQ�RFFOXVLRQ�WHVW��
6LQFH� ����� 2SHQ*/� SURYLGHV� DQ� H[WHQVLRQ�� WKH�
$5%BRFFOXVLRQBTXHU\�� ZKRVH� IXQFWLRQDOLW\� LV�
GHPRQVWUDWHG� E\� +DUULV� �������� 2FFOXVLRQ� TXHULHV�
FDQ� EH� XVHG� WR� WUDFN� WKH� QXPEHU� RI� IUDJPHQWV� RU�
VDPSOHV� WKDW�SDVV�WKH�GHSWK�WHVW��)RU�WKLV�SXUSRVH�DOO�
UHOHYDQW� REMHFWV� KDYH� WR� EH� ZUDSSHG� LQWR� DQ� RFFOX�
VLRQ�TXHU\�E\�FDOOLQJ�JO%HJLQ4XHU\$5%�DQG�
JO(QG4XHU\$5%�UHVSHFWLYHO\��7KH�FRPPDQG�
JO*HW4XHU\2EMHFWXLY$5%� ZULWHV� WKH� QXPEHU� RI� SL[�
HOV� RI� WKH� UHOHYDQW� REMHFW� RU� WH[WXUH� LQWR� D� YDULDEOH�
ZKLFK�LV�SDVVHG�DV�DQ�DUJXPHQW��$�SL[HO�FRXQW�RI�WKH�
WH[WXUH� UHSUHVHQWLQJ� WKH� SDUWV� WKDW� DUH� LQ� GLUHFW� OLJKW�
DQG�RI�WKH�ZKROH�VFHQH�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�
366)��

(9$/8$7,21�
7KH�SRO\JRQ�EDVHG�LPSOHPHQWDWLRQ�
7KH� LPSOHPHQWDWLRQV� ZHUH� WHVWHG� ZLWK� D� QRWHERRN�
ZLWK� DQ� ,QWHO� 3����� &38� ZLWK� ���� *+]�� 7KH�
SRO\JRQ�EDVHG� LPSOHPHQWDWLRQ� ZDV� DSSOLHG� WR� DQ�
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DUELWUDU\� QXPEHU� RI� UDQGRPO\� JHQHUDWHG� SRO\JRQV�
UHJDUGLQJ� WKHLU� VL]H� DQG� RULHQWDWLRQ�� 7KH� SRO\JRQV�
ZHUH� SODFHG� LQ� URZV� RI� ILYH� ZLWK� WKH� URZV� DW� D�
UDQGRPO\� JHQHUDWHG� GLVWDQFH� IURP� HDFK� RWKHU��
,QWHUVHFWLRQV� EHWZHHQ� SRO\JRQV� ZHUH� DYRLGHG�� 7KH�
OLJKW� VRXUFH�ZDV�DVVXPHG�KRUL]RQWDO� LQ� WKH�GLUHFWLRQ�
RI� ZKHUH� WKH� URZV� RI� SRO\JRQV� ZHUH� DOLJQHG�� (DFK�
SRO\JRQ� KDG� IRXU� YHUWLFHV� DQG� WKUHH� ZLQGRZV� RI�
GLIIHUHQW�VL]H��
�

7DEOH���&DOFXODWLRQ�WLPH�IRU�VFHQDULRV�ZLWK�DQ�
DUELWUDU\�QXPEHU�RI�UDQGRPO\�JHQHUDWHG�SRO\JRQV�

�

180%(5�2)�
32/<*216�

180%(5�2)�
9(57,&(6�

&$/&8/$7,21�
7,0(�,1�
6(&21'6�

���� ���� ����
���� ������ ����
���� ������ ����
������ ������� ����
������ ������� �����
������ ������� �����
������ ������� ������
������� �������� ������
�

�
)LJXUH���3HUIRUPDQFH�RI�*3&�EDVHG�

LPSOHPHQWDWLRQ��3URFHVVLQJ�WLPH�ULVHV�LQ�D�UDWLR�RI�
WKH�SRZHU�RI�WZR�RI�WKH�QXPEHU�RI�LQSXW�SRO\JRQV�

�

&RPSDULQJ�2SHQ*/�ZLWK�SRO\JRQ�FOLSSLQJ�
7KH� 2SHQ*/�EDVHG� LPSOHPHQWDWLRQ� DV� ZHOO� DV� WKH�
SRO\JRQ�EDVHG� RQH� KDV� EHHQ� WHVWHG� ZLWK� D� VFHQDULR�
ZKHUH�WKH�VKDGRZ�WKDW�D�WUHHWRS�FDVWV�RQ�D�IODW�ZDOO�LV�
FDOFXODWHG��7KH�OHDYHV�RI�WKH�WUHHWRS�ZHUH�PRGHOHG�DV�
WULDQJOHV�ZKRVH� HGJH� OHQJWKV�ZHUH� UHGXFHG� EHWZHHQ�
WKH� LQGLYLGXDO� VLPXODWLRQ� UXQV� LQ� RUGHU� WR� UDLVH� WKH�
QXPEHU�RI�OHDYHV��
�

�
)LJXUH����,PDJH�RI�2SHQ*/�EDVHG�VLPXODWLRQ�RI�D�

WUHHWRS�FDVWLQJ�D�VKDGRZ�RQ�D�IODW�ZDOO��
�

:LWK� WKH� 2SHQ*/� LPSOHPHQWDWLRQ� WKH� QXPEHU� RI�
OHDYHV�ZDV�VHW�WR�DERXW�����DW�WKH�ILUVW�VLPXODWLRQ�UXQ��
,W� ZDV� GRXEOHG� LQ� ERWK� GLUHFWLRQV� DIWHU� HDFK� UXQ�
HQGLQJ� XS� DW� DERXW� �������� OHDYHV� DIWHU� ILYH� UXQV��
7KH� VKDGRZ� PDS� EXIIHU� ZDV� VHW� WR� D� VL]H� RI� ������
7KHUH�ZDV� SUDFWLFDOO\� QR� GHOD\� EHWZHHQ� WKH� VWDUW� RI�
WKH� VLPXODWLRQ� UXQ�DQG� WKH� UHQGHULQJ�RI� WKH� VFHQH� WR�
WKH� VFUHHQ�� +RZHYHU� DOUHDG\� DW� WKH� WKLUG� VLPXODWLRQ�
UXQ�������� OHDYHV�� LW�ZDV�QRW�SRVVLEOH� WR�PDNH�RXW�D�
PHDQLQJIXO� UHVXOW� ZLWK� WKH� QDNHG� H\H�� :LWK� WKH�
FKRVHQ� VKDGRZ� PDS� EXIIHU� DERXW� ��� SL[HO� FDQ� EH�
DOORFDWHG� SHU� OHDI� SUHVXPHG� WKH� OHDYHV� GR� QRW� FRYHU�
HDFK�RWKHU��6R�QR�H[DFW�UHVXOW�FDQ�EH�H[SHFWHG�LI�WKH�
QXPEHU� RI� GHWDLOV� FRPHV� FORVH� WR� WKH� VL]H� RI� WKH�
VKDGRZ�PDS�EXIIHU��
-RQHV�HW�DO���������SURSRVH�WR�VHW�WKH�YLHZSRUW�WR�WKH�
SDUW� �H�J�� D� VXUIDFH�� RI� D� UHOHYDQW� VFHQDULR� WKDW� WKH�
366)� VKDOO� EH� FDOFXODWHG� IRU�� 7KXV� WKH� DFFXUDF\� RI�
WKH�UHVXOW�FDQ�EH�DXJPHQWHG��
:KHUHDV�LQ�JHQHUDO�WKH�H[DFWQHVV�RI�WKH�UHVXOW�VXIIHUV�
DQG� WKH� SHUIRUPDQFH� LV� H[FHOOHQW� ZLWK� 2SHQ*/� IRU�
VFHQDULRV� FRQWDLQLQJ� D� KLJK� QXPEHU� RI� GHWDLOV� WKH�
RSSRVLWH� LV� WKH� FDVH� ZLWK� LPSOHPHQWDWLRQV� EDVHG� RQ�
SRO\JRQ� FOLSSLQJ�� 7KH� VFHQDULR� IURP� )LJXUH� ���ZDV�
DOVR� FDOFXODWHG� ZLWK� WKH� SRO\JRQ�EDVHG�
LPSOHPHQWDWLRQ��$� VLPXODWLRQ� UXQ�ZLWK������� OHDYHV�
WRRN�DERXW����VHFRQGV��RQH�ZLWK��������OHDYHV�DERXW�
����VHFRQGV��7KH�GLIIHUHQFH�IURP�WKH�ILJXUHV�LQ�7DEOH�
��� LOOXVWUDWHG� LQ�)LJXUH��� LV�GXH� WR�GLIIHUHQFHV�RI� WKH�
JHRPHWULF�FLUFXPVWDQFHV�RI� WKH� WHVW�VFHQDULRV�� ,Q� WKH�
ILUVW� WHVW� VFHQDULR� VRPH� SRO\JRQV� ZHUH� FRYHULQJ�
RWKHUV�ZKHUHDV�ZLWK�WKH�WUHHWRS�VLPXODWLRQ�DOO� OHDYHV�
ZHUH� FRQVLGHUHG� WR�EH� DW� WKH� VDPH�GHSWK��7KH� UHVXOW�
IRU�WKH�WUHHWRS�VLPXODWLRQ�LQFOXGHG�QRW�RQO\�WKH�H[DFW�
366)�IRU�WKH�ZDOO�LQ�WKH�EDFNJURXQG�EXW�WKHRUHWLFDOO\�
DOVR�WKH�366)�IRU�HYHU\�VLQJOH�OHDI��

$FFXUDF\�
7KH�DFFXUDF\�RI� WKH� UHVXOWV� REWDLQHG�E\�DQ�2SHQ*/�
FDOFXODWLRQ� GHSHQGV� RQ� WKH� VL]H� RI� WKH� VKDGRZ�PDS�
EXIIHU� DQG� WKH� JHRPHWU\� RI� WKH� REMHFWV� ZLWKLQ� WKH�
UHOHYDQW� YLHZSRUW�� -RQHV� HW� DO�� ������� VKRZ� WKDW� WKH�
HUURU�IRU�WKH�FDOFXODWLRQ�RI�D�VLQJOH�VXUIDFH�LV�XVXDOO\�
QHJOLJLEOH��+RZHYHU�� GHSHQGLQJ� RQ� WKH� JHRPHWU\� RI�
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WKH�VFHQH�DQG�WKH�SRVLWLRQ�RI�WKH�YLHZSRUW��PRUH�WKDQ�
RQH�VXUIDFH�QHHGV�WR�EH�WDNHQ�LQWR�DFFRXQW�LQ�D�VLQJOH�
FDOFXODWLRQ� UXQ�� 7KLV� LV� ZKHQ� WKH� FDOFXODWLRQ� HUURU�
PD\� ULVH� GHSHQGLQJ� RQ� WKH� QXPEHU� RI� REVWUXFWLQJ�
REMHFWV�LQ�WKH�VFHQH��
6HYHUDO� UXQV� ZLWK� GLIIHUHQW� YLHZSRUWV� LQ� RUGHU� WR�
FRYHU� WKH� ZKROH� VFHQH� PD\� EH� UHTXLUHG� WR� REWDLQ�
JRRG�DFFXUDF\��
7KH�HUURU�RI�D�SRO\JRQ�EDVHG�FDOFXODWLRQ�GHSHQGV�RQ�
WKH�DFFXUDF\�RI�WKH�LQWHUVHFWLRQV�RI�WKH�SURMHFWLRQV�RI�
WKH�LQGLYLGXDO�HGJHV�RI�WZR�VXUIDFHV�ZKLFK�LV�XVXDOO\�
DOVR�QHJOLJLEOH��

&21&/86,21�
7KH� FDOFXODWLRQ� RI� VKDGRZHG� DUHDV� LV� LQGLVSHQVDEOH�
IRU� D� UXQQLQJ� FRPSUHKHQVLYH� EXLOGLQJ� VLPXODWLRQ��
7KHUH� DUH� VXEVWDQWLDOO\� WZR� GLIIHUHQW� W\SHV� RI�
FDOFXODWLRQV�� 3RO\JRQ�EDVHG� RQHV� DQG� *38�EDVHG�
RQHV��
7KH� SDSHU� DW� KDQG� GHPRQVWUDWHV� KRZ� D� FRPSOHWH�
SRO\JRQ�EDVHG�LPSOHPHQWDWLRQ�FDQ�EH�VHW�XS��VWDUWLQJ�
ZLWK�D� OLVW�RI�FRRUGLQDWHV� UHSUHVHQWLQJ� WKH�HQYHORSHV�
RI� EXLOGLQJV� DQG� HQGLQJ� ZLWK� WKH� FDOFXODWLRQ� RI� WKH�
366)�� 6KDGRZ� FDOFXODWLRQ� LV� WKHRUHWLFDOO\� RIWHQ�
UHGXFHG� WR� FOLSSLQJ� SRO\JRQV�� 0DQ\� SXEOLFDWLRQV�
LJQRUH� WKDW� WKH� SUHUHTXLVLWHV� IRU� DSSO\LQJ� D� SRO\JRQ�
FOLSSLQJ�DOJRULWKP�QHHG�WR�EH� IXOILOOHG�EHIRUH��7KHVH�
SUHUHTXLVLWHV� FRPSULVH� WKH� SURMHFWLRQ� RI� �'� REMHFWV�
RQWR� D� �'� SURMHFWLRQ� SODQH� DV� ZHOO� DV� VROYLQJ� WKH�
YLVLELOLW\�SUREOHP��7UDQVIRUPDWLRQV�RI��'�IRUPV�LQWR�
D��'�FRRUGLQDWH�V\VWHP�UHTXLUH�WKH�UHOHYDQW�PDWULFHV�
WR�EH�VHW�XS�DQG�WKH�DSSURSULDWH�SURJUDPPLQJ�WRROV�RU�
ODQJXDJHV� WR� SHUIRUP� WKH� DVVRFLDWHG� PDWKHPDWLFDO�
RSHUDWLRQV�� $� PDWUL[�EDVHG� WUDQVIRUPDWLRQ� IURP� �'�
LQWR� �'� LPSOLHV� D� VLJQLILFDQW� SHUIRUPDQFH� JDLQ�
FRPSDUHG� WR� YHFWRU�EDVHG� FDOFXODWLRQV� RI�
LQWHUVHFWLRQV�IRU�DOO�SRLQWV��
3\WKRQ� LV� RQH� ZHOO� NQRZQ� SURJUDPPLQJ� ODQJXDJH�
ZULWWHQ� LQ� &� WKDW� GLVSRVHV� RI� VRSKLVWLFDWHG� OLEUDULHV�
VXFK� DV� 1XP3\� VXSSRUWLQJ� WKHVH� RSHUDWLRQV�� $OVR�
VRPH� SRO\JRQ� FOLSSLQJ� OLEUDULHV�� VXFK� DV� WKH� *3&��
GLVSRVH� RI� D� S\WKRQ� ELQGLQJ� ZKLFK� HDVHV� D�
KRPRJHQRXV� LPSOHPHQWDWLRQ� UHJDUGLQJ� WKH�
SURJUDPPLQJ�ODQJXDJH��:HLOHU�DQG�$UWKHUWRQ�GR�QRW�
RQO\� SUHVHQW� D� SRO\JRQ� FOLSSLQJ� DOJRULWKP� LQ� WKHLU�
SDSHU� ������� EXW� DOVR� D� ZD\� WR� VROYH� WKH� KLGGHQ�
VXUIDFH� SUREOHP�� :KHUHDV� WKH� KLGGHQ� VXUIDFH�
UHPRYDO�DOJRULWKP�LV�QRW�FULWLFDO�UHJDUGLQJ�WKH�RYHUDOO�
SHUIRUPDQFH� RI� WKH� LPSOHPHQWDWLRQ� D� SRO\JRQ�
FOLSSLQJ� OLEUDU\� FDQ�EH�� -|UJ�5lGOHU
V� ELQGLQJ�RI� WKH�
*3&� ZDV� XVHG� LQ� WKH� LPSOHPHQWDWLRQ� DW� KDQG�� 7KH�
*3&� LWVHOI� LV� EDVHG� RQ� 9DWWL
V� VROXWLRQ� WR� SRO\JRQ�
FOLSSLQJ��,W�VXSSRUWV�FRQFDYH�SRO\JRQV��ZKLFK�LV�QRW�
WKH�FDVH�ZLWK�:HLOHU
V�DQG�$UWKHUWRQ
V�DOJRULWKP��DQG�
KROHV�ZKLFK�LV�QHHGHG�LQ�RUGHU�WR�WDNH�ZLQGRZV�LQWR�
DFFRXQW��
*38�EDVHG� DSSURDFKHV� RI� VKDGRZ� FDOFXODWLRQ� DUH�
XVXDOO\� EDVHG� RQ� VKDGRZ� PDSSLQJ�� 7KH� LQVWDOODWLRQ�
DQG�SURJUDPPLQJ�HIIRUW�LV�ELJJHU�FRPSDUHG�ZLWK�WKH�

SRO\JRQ�FOLSSLQJ�DSSURDFK�� +RZHYHU� LWV�
SHUIRUPDQFH� FDQ� ZHOO� EH� XVHG� LQ� UHDO� WLPH�
FDOFXODWLRQV�DQG�ZLWK�FRPSOLFDWHG�VWUXFWXUHV�EHFDXVH�
WKH�DSSURDFK�PDNHV�XVH�RI�WKH�DYDLODEOH�*38�WKH�EHVW�
SRVVLEOH� ZD\�� 6LQFH� *38�EDVHG� LPSOHPHQWDWLRQV�
UHWXUQ� D� UHVXOW� SHU� SL[HO� WKH� DFFXUDF\� RI� WKH�
FDOFXODWLRQ� GHSHQGV� RQ� WKH� VL]H� RI� WKH� FKRVHQ�
YLHZSRUW��-RQHV�HW�DO���������KDYH�VKRZQ�WKDW�ZLWK�D�
YLHZSRUW�VHW�LQ�D�VHQVLEOH�ZD\�WKH�VROXWLRQ�LV�DFFXUDWH�
HQRXJK�IRU�PRVW�UHTXLUHPHQWV��
:LWK� FRPSOH[� VFHQDULRV� WKH� IXOO� DGYDQWDJH� RI� *38�
GULYHQ�FDOFXODWLRQV�FDQ�EH�XVHG�PRVW�HIILFLHQWO\��
7KH� HIIRUW� RI� VHWWLQJ� XS� WKH� SURJUDPPLQJ�
HQYLURQPHQW�DV�ZHOO�DV�SUHSDUDWLRQV�IRU�UHQGHULQJ�WKH�
VFHQH�VXFK�DV�EXLOGLQJ�XS�WKH�PRGHO�LQ�2SHQ*/�DQG�
VHWWLQJ�WKH�ULJKW�ILHOG�RI�YLHZ��HWF��LV�VXEVWDQWLDO��
7KXV� EDVHG� RQ� WKH� FXUUHQW� VWDWH� RI� SURJUDPPLQJ�
WHFKQRORJ\� DQG� VFLHQWLILF� NQRZOHGJH� WKH� DXWKRUV� RI�
WKH�SDSHU�DW� KDQG� IDYRU� WKH�SRO\JRQ�EDVHG�DSSURDFK�
WR�FDOFXODWH�VKDGRZLQJ��
$FNQRZOHGJHPHQWV�
5HVHDUFK� IXQGHG�E\� WKH�=HQWUXP�I�U� ,QQRYDWLRQ�XQG�
7HFKQRORJLH� *PE+� �=,7�� DQG� WKH� )HGHUDO�0LQLVWU\�
IRU�7UDQVSRUW��,QQRYDWLRQ�DQG�7HFKQRORJ\��
7KH�DXWKRUV�ZRXOG�DOVR�OLNH�WR�WKDQN�1DWKDQLHO�-RQHV�
IRU�SURYLGLQJ�VRPH�SXEOLFDWLRQV�UHOHYDQW� IRU� WKH� WKLV�
SDSHU��

5()(5(1&(6�
$UWKHUWRQ� 3��� :HLOHU� .��� *UHHQEHUJ� '��� ������

3RO\JRQ� VKDGRZ� JHQHUDWLRQ�� 3URFHHGLQJV� RI� WKH�
�WK�DQQXDO�FRQIHUHQFH�RQ�&RPSXWHU�JUDSKLFV�DQG�
LQWHUDFWLYH�WHFKQLTXHV��S����������$XJXVW��������

%DNHU�3���������6KDGRZ�0DSSLQJ�>RQOLQH@��$YDLODEOH�
IURP�
KWWS���ZZZ�SDXOVSURMHFWV�QHW�WXWRULDOV�VPW�VPW�KW
PO�>$FFHVVHG���1RYHPEHU�����@�

%DUW]� '��� 0HL�QHU� 0��� +�WWQHU� 7��� ������ 2SHQ*/�
DVVLVWHG� RFFOXVLRQ� FXOOLQJ� IRU� ODUJH� SRO\JRQDO�
PRGHOV�� &RPSXWHU� 	� *UDSKLFV�� YRO�� ���� QR�� ���
SS����������

*UDX�� .�� DQG� -RKQVHQ�� .��� ������ *HQHUDO� VKDGLQJ�
PRGHO� IRU� VRODU� EXLOGLQJ� GHVLJQ�� $6+5$(�
7UDQVDFWLRQV���������������±������

*UHLQHU�*���+RUPDQQ�.��� �����(IILFLHQW� FOLSSLQJ� RI�
DUELWUDU\� SRO\JRQV�� $&0� 7UDQVDFWLRQV� RQ�
*UDSKLFV����������SS����±���

+DUULV�.���������2FFOXVLRQ�4XHU\�>RQOLQH@��$YDLODEOH�
IURP�
KWWS���ZZZ�FRGHVDPSOHU�FRP�RJOVUF�RJOVUFB��KW
P�>$FFHVVHG���1RYHPEHU�����@�

-RQHV�1��/���*UHHQEHUJ�'��3��DQG�3UDWW�.��%���������
)DVW� FRPSXWHU� JUDSKLFV� WHFKQLTXHV� IRU�
FDOFXODWLQJ� GLUHFW� VRODU� UDGLDWLRQ� RQ� FRPSOH[�
EXLOGLQJ� VXUIDFHV�� -RXUQDO� RI� %XLOGLQJ�
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3HUIRUPDQFH� 6LPXODWLRQ� 9RO�� ��� 1R�� ���
6HSWHPEHU����������±�����

.KURQRV� *URXS�� ������ 2SHQ*/�� 2SHQ� *UDSKLFV�
/LEUDU\� >RQOLQH@�� $YDLODEOH� IURP�
KWWS���ZZZ�RSHQJO�RUJ�� >$FFHVVHG� �� 1RYHPEHU�
����@�

.KURQRV�*URXS�� ������ */87�� 7KH�2SHQ*/�8WLOLW\�
7RRONLW� >RQOLQH@�
KWWS���ZZZ�RSHQJO�RUJ�UHVRXUFHV�OLEUDULHV�JOXW��
>$FFHVVHG���1RYHPEHU�����@�

.KURQRV� *URXS�� ������ $5%BRFFOXVLRQBTXHU\�
>RQOLQH@�
KWWS���ZZZ�RSHQJO�RUJ�UHJLVWU\�VSHFV�$5%�RFFOX
VLRQBTXHU\�W[W�>$FFHVVHG���1RYHPEHU�����@�

0XUWD�� $��� ������ *HQHUDO� SRO\JRQ� FOLSSHU� OLEUDU\�
�*3&�� >RQOLQH@�� $YDLODEOH� IURP��
KWWS���ZZZ�FV�PDQ�DF�XN�aWRE\�JSF��>$FFHVVHG���
1RYHPEHU�����@��

1HZHOO�0��(����1HZHOO�5��*���6DQFKD�7��/���������$�
VROXWLRQ� WR� WKH� KLGGHQ� VXUIDFH� SUREOHP��
3URFHHGLQJV� RI� WKH� $&0� DQQXDO� FRQIHUHQFH��
$XJXVW� ������� ������ %RVWRQ�� 0DVVDFKXVHWWV��
8QLWHG�6WDWHV�

1XP3\�� SDFNDJH� IRU� VFLHQWLILF� FRPSXWLQJ� ZLWK�
3\WKRQ� >RQOLQH@� KWWS���QXPS\�VFLS\�RUJ��
>$FFHVVHG���1RYHPEHU�����@�

3\WKRQ� 3URJUDPPLQJ� /DQJXDJH� ±� 2IILFLDO�:HEVLWH��
KWWS���ZZZ�S\WKRQ�RUJ��

5lGOHU� -��� 3RO\JRQ� >RQOLQH@�� $YDLODEOH� IURP�
KWWS���ZZZ�M�UDHGOHU�GH�SURMHFWV�SRO\JRQ��
>$FFHVVHG���1RYHPEHU�����@�

9DWWL�� %�5��� ������ $� JHQHULF� VROXWLRQ� WR� SRO\JRQ�
FOLSSLQJ�� &RPPXQLFDWLRQV� RI� WKH� $&0�� ��� �����
��±����

:DOWRQ��*�1���������7KH�DSSOLFDWLRQ�RI�KRPRJHQHRXV�
FRRUGLQDWHV� WR� VKDGRZLQJ� FDOFXODWLRQV��
$6+5$(�7UDQVDFWLRQV�������������±����

:HLOHU� .��� $UWKHUWRQ� 3��� ������ +LGGHQ� VXUIDFH�
UHPRYDO� XVLQJ� SRO\JRQ� DUHD� VRUWLQJ�� $&0�
6,**5$3+� &RPSXWHU� *UDSKLFV�� ��� ����� ���±
����

:LOOLDPV� /��� ������ &DVWLQJ� FXUYHG� VKDGRZV� RQ�
FXUYHG� VXUIDFHV�� 3URFHHGLQJV� RI� WKH� �WK� DQQXDO�
FRQIHUHQFH�RQ�&RPSXWHU�JUDSKLFV�DQG�LQWHUDFWLYH�
WHFKQLTXHV��S����������$XJXVW�������������

<H]LRUR��$��DQG�6KDYLY��(���������6KDGLQJ��D�GHVLJQ�
WRRO� IRU� DQDO\]LQJ� PXWXDO� VKDGLQJ� EHWZHHQ�
EXLOGLQJV��6RODU�(QHUJ\������������±���

�

�
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