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,W�LV�NQRZQ�WKDW�WKH�%HUOHNDPS�0DVVH\�DOJRULWKP�FDQ�EH�PRGLILHG�WR�LQFRUSRUDWH�HUURU�HUDVXUH
ORFDWRU�SRO\QRPLDO��EXW�QHLWKHU�HIILFLHQW�QRU�ZHOO�VWUXFWXUHG�PRGLILFDWLRQ�LV�\HW�H[SORLWHG��7KLV�SDSHU
SURSRVHV�VWUXFWXUDO�DQG�HIILFLHQW�WHFKQLTXHV�WR�LQLWLDOLVH�WKH�HUURU�HYDOXDWRU�RU�)RUQH\�SRO\QRPLDO�LQ
WKH�%HUOHNDPS�0DVVH\� DOJRULWKP� LQ� ERWK� IUHTXHQF\� DQG� WLPH� GRPDLQ�� 6XFK� WHFKQLTXHV� HQDEOH� WKH
SURFHGXUH�WR�KDYH�WKH�IHDWXUHV�RI�HUDVXUHV�DQG�HUURUV�FRUUHFWDELOLW\��)RU�WKH�YDOLGDWLRQ�SURRI��SURSRVHG
DOJRULWKPV� DUH� YHULILHG� XVLQJ� KLJK�OHYHO� ODQJXDJH� VLPXODWLRQ�� ,Q� DGGLWLRQ�� WKHLU� KDUGZDUH
LPSOHPHQWDWLRQV�DUH�DOVR�VXJJHVWHG�DQG�GLVFXVVHG�

.H\�:RUGV���(UDVXUHV�FRUUHFWLRQ��5�6�&RGH��(UURU�FRQWURO�FRGH
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��6FKRRO�RI�*UDGXDWH�6WXGLHV��.0,7/

�'HSW��RI�(OHFWURQLFV��)DFXOW\�RI�(QJLQHHULQJ

���,QWURGXFWLRQ
(UURU� FRUUHFWLRQ� FRGHV� QRZDGD\V� SOD\

PDQ\� LPSRUWDQW� UROHV� LQ� WKH� DUHDV� RI
FRPPXQLFDWLRQ� DQG� GDWD� VWRUDJH� V\VWHP�� ,Q
PDQ\� FDVHV� WKDW� VLJQDO� WR� QRLVH� UDWLR� EHFRPHV
YHU\� ORZ�� IRU� H[DPSOH� GHHS�VSDFH
FRPPXQLFDWLRQ�� QRW� RQO\� FRGHG� V\PEROV� DUH
FRUUXSWHG� EXW� VRPH� DUH� DOVR� HUDVHG�� 7KRVH
NQRZQ� XQGHWHUPLQHG�FRGH� ORFDWLRQV� EXW� QRW
PDJQLWXGH� DUH� WHUPHG� DV� HUDVXUHV�� ,Q� VXFK
FLUFXPVWDQFHV�� WKH� GHFRGHU� FDQ� EH� PDGH� PRUH
XVHIXO� LI� ERWK� HUURUV� DQG� HUDVXUHV� FDQ� EH
FRUUHFWHG�

7R�FRPSXWH�WKH�HUURU�ORFDWRU�SRO\QRPLDO�LQ
DQ� HIILFLHQW� ZD\�� ERWK� (XFOLG¶V� DOJRULWKP� DQG
%HUOHNDPS�0DVVH\� DOJRULWKP� FDQ� EH� XVHG�� ,Q
WKH�PL[HG� GRPDLQ� GHFRGHU�� )RUQH\� SRO\QRPLDO
LV� QHHGHG� WR� HYDOXDWH� HUURUV¶� PDJQLWXGH�� 7KLV
UHIOHFWV� WKH� QHHG� RI� WKH� HYDOXDWRU� SRO\QRPLDO�
6KDR� DQG� 5HHG� >�@� KDYH� SURSRVHG� D� PRGLILHG
(XFOLG¶V� DOJRULWKP� ZKLFK� FDQ� JHQHUDWH� ERWK

HUURU�ORFDWRU�DQG�HUURU�HYDOXDWRU�SRO\QRPLDOV�DW
WKH� VDPH� WLPH�� 7KHLU� GHFRGHU� DOVR� KDV� WKH
FDSDELOLW\�RI�HUDVXUHV�FRUUHFWLRQ�

$OWHUQDWLYHO\�� %HUOHNDPS
V� WHFKQLTXH� FDQ
DOVR� JHQHUDWH� ERWK� SRO\QRPLDOV� >�@�� +RZHYHU�
ZKHQ� HUDVXUHV� DUH� LQYROYHG�� WKH� SURFHGXUH
EHFRPHV� PRUH� LQWULFDWH�� %ODKXW� >�@� KDV� VKRZQ
WKH� ZD\� WR� REWDLQ� WKH� HUURU�HUDVXUH� ORFDWRU
SRO\QRPLDO�ZKHQ�HUDVXUHV� DUH� FRQVLGHUHG��7KLV
LV� GRQH� VLPSO\� E\� LQLWLDOLVLQJ� WKH� HUURU� ORFDWRU
SRO\QRPLDO�ZLWK�WKH�HUDVXUH�ORFDWRU�SRO\QRPLDO�
+H� DOVR� VKRZHG� WKDW� WKH� HUURU� HYDOXDWRU
SRO\QRPLDO� DQG� WKH� GHULYDWLYH� RI� WKH� HUURU
ORFDWRU�SRO\QRPLDO�FDQ�EH� LWHUDWHG�ZLWKLQ� WKRVH
�W�LWHUDWLRQV�>�@�

7KH�WLPH�GRPDLQ�GHFRGHU�KDV�EHHQ�VWXGLHG
H[WHQVLYHO\� E\� &KRRPFKXD\� DQG� $UDPEHSROD
>�@��7KH�GHFRGLQJ�LV�FDUULHG�LQ�WKH�VDPH�GRPDLQ
DV� WKH� UHFHLYHG� GDWD�� L�H�� ZLWKRXW� V\QGURPH
FRPSXWLQJ�� 7KLV� LQWURGXFHV� D� UDWKHU� LQWHQVLYH
FRPSXWDWLRQ�VLQFH�WKH�GHFRGHU�KDV�WR�RSHUDWH�RQ
WKH� ZKROH� EORFN� OHQJWK� UDWKHU� WKDQ� D� �W
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V\QGURPH� FRPSRQHQW�� 6LPLODU� WR� WKH� IUHTXHQF\
GRPDLQ�WHFKQLTXH��WKH�GHFRGHU�FDQ�EH�PRGLILHG
WR�FRSH�ZLWK�HUDVXUHV�>�@��3UREOHPV�VWLOO�SHUVLVW�
7KHUH� LV� QHLWKHU� FOHDU� H[SODQDWLRQ� QRU� HIILFLHQW
SURFHGXUH�XVHG�WR�DWWDFN�HUDVXUH�SUREOHP�ZKHQ
WKH� %HUOHNDPS�0DVVH\� WHFKQLTXH� LV� HPSOR\HG
DV� D� ZDUVKLS�� 1HLWKHU� IUHTXHQF\� QRU� WLPH
GRPDLQ�HQYLURQPHQW�LV�PDGH�H[SRVHG�

7KH� ZD\V� IRU� REWDLQLQJ� WKH� ULJKW
LQIRUPDWLRQ� IURP� WKH� FRGH�ZKLFK� DFFRPSDQLHV
ERWK�HUURU�DQG�HUDVXUH�DUH�RXWOLQHG�LQ�WKH�SDSHU�
%RWK� IUHTXHQF\� GRPDLQ� DQG� WLPH� GRPDLQ
WHFKQLTXH� DSSURDFKHV� DUH� HODERUDWHG�� 7KH
FODULILHG�GHILQLWLRQV�RI�WKH�WLPH�GRPDLQ�DQG�WKH
IUHTXHQF\� GRPDLQ� HQFRGLQJ� DQG� GHFRGLQJ
WHFKQLTXHV�FDQ�EH� IRXQG� LQ� >�@��9HULILFDWLRQ�RI
DOJRULWKPV� LV� FDUULHG� RXW� XVLQJ� KLJK�OHYHO
ODQJXDJH� VLPXODWLRQ�� ,WV� FRPSXWDWLRQDO
VWUXFWXUHV� LQ� ERWK� VRIWZDUH� DQG� KDUGZDUH
DVSHFWV�DUH�UHDOLVHG�

7KH�WHFKQLTXH�IRU�GHFRGLQJ�ERWK�HUURUV�DQG
HUDVXUHV� LQ� WKH� IUHTXHQF\� GRPDLQ� HQYLURQPHQW
LV� EULHIHG� LQ� VHFWLRQ� ��� $� PRGLILHG� IUHTXHQF\
GRPDLQ� DOJRULWKP� LV� SURSRVHG� DV� WKH� DOJRULWKP
$���6XEVHTXHQWO\��WKH�WLPH�GRPDLQ�WHFKQLTXH�LV
RXWOLQHG� LQ� VHFWLRQ� �� DQG� WKH� FRUUHVSRQGLQJ
DOJRULWKP�$�� LV�GHWDLOHG��$UFKLWHFWXUHV� IRU� ERWK
WHFKQLTXHV�DUH�GLVFXVVHG�LQ�VHFWLRQ���EHIRUH�WKH
SDSHU�LV�FRQFOXGHG�LQ�WKH�VXEVHTXHQW�VHFWLRQ�

���7KH�)UHTXHQF\�'RPDLQ�7HFKQLTXH
/HW� WKH� 5�6�1�N�� EH� WKH� FRGH� ZLWK� EORFN

OHQJWK�1� ��P���DQG�KDV�WKH�HUURU�FRUUHFWDELOLW\
RI�W� ��1�N�����/HW�Q�EH�WKH�QXPEHU�RI�RFFXUUHG
HUURUV� DQG� U� EH� WKH� QXPEHU� RI� SURPSWHG
HUDVXUHV�� 7KH� GHFRGHU� FDQ� JLYH� WKH� FRUUHFW
LQIRUPDWLRQ�DV�ORQJ�DV��Q���U�d��W�

/HW� WKH� HUURU� ORFDWRU� SRO\QRPLDO�/�[�� EH
GHILQHG�DV
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ZKHUH�LN�GHQRWHV�WKH�HUURU�ORFDWLRQ�

$OVR�OHW�6�[��EH� WKH�V\QGURPH�SRO\QRPLDO
GHILQHG�DV
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7KH� HUURU� HYDOXDWRU� SRO\QRPLDO�� :�[�� FDQ� EH
REWDLQHG�IURP

: /� � � �^ � �`PRG[ [ 6 [ [ W �� � � ���

5RRWV� RI� WKH� HUURU� ORFDWRU� SRO\QRPLDO� ZKLFK
GHILQH� HUURU� ORFDWLRQV� FDQ� EH� FRPSXWHG� XVLQJ
WKH�&KHLQ�VHDUFKLQJ�WHFKQLTXH��2QFH�WKH�URRW�LV
REWDLQHG�� WKH� FRUUHVSRQGLQJ� HUURU� PDJQLWXGH
FDQ�EH�HYDOXDWHG�DV
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ZKHUH�D � L �LV�D�URRW�RI�/�[���7KH�FRUUHFW�FRGHG�
V\PERO�FDQ�WKHQ�EH�FRPSXWHG�IURP
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6HYHUDO� PHWKRGV� FDQ� EH� XVHG� IRU
FRPSXWLQJ� WKH� HUURU� ORFDWRU� SRO\QRPLDO� IURP
WKH� NQRZQ� V\QGURPHV�� 7KH�%HUOHNDPS�0HVVD\
VKLIW� UHJLVWHU� V\QWKHVLV�DOJRULWKP�>�@� LV� WKH�RQH
WKDW�FDQ�EH�FRQVLGHUHG�DV�DQ�HIILFLHQW�WHFKQLTXH�
7KH� HUURU� HYDOXDWRU� SRO\QRPLDO� DQG� WKH
GHULYDWLYH� RI� WKH� HUURU� ORFDWRU� SRO\QRPLDO� FDQ
6XFK� D� SURFHGXUH� LV� ILUVW�PHQWLRQHG� E\�%ODKXW
>���@��+RZHYHU�� LQ� WKH� FDVH� RI� HUURU� FRUUHFWLRQ
RQO\�VXFK�DQ�LQFOXVLRQ�FDQ�EH�UHODWLYHO\�VLPSOH
VLQFH�ERWK�:�[��DQG�/�[��FDQ�EH�LQLWLDOLVHG�ZLWK
���,Q�WKH�FDVH�WKDW�HUDVXUHV�DUH�WR�EH�FRQVLGHUHG�
WKH�DOJRULWKP�KDV�WR�EH�PRGLILHG�

$Q� HUDVXUH� FDQ� EH� YLHZHG� DV� D� NQRZQ�
ORFDWLRQ�HUURU��,WV�SRO\QRPLDO�FDQ�EH�JLYHQ�DV
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ZKHUH� D L M � GHQRWHV� WKH� HUDVXUH� ORFDWLRQ�
2EYRLXVO\�� URRWV� RI� WKLV� SRO\QRPLDO� GHILQH� WKH
HUDVXUH�ORFDWLRQV��7KH�SUHVHQFH�RI�HUDVXUHV�FDQ
DIIHFW� WKH� FRPSXWHG� V\QGURPHV�� VLQFH� WKH
V\QGURPHV�QRZ�DUH�QRW�RQO\�WKH�WUDFH�RI�HUURUV
EXW� DOVR� WKH� HUDVXUHV�� %ODKXW� KDV� VKRZQ� WKDW
WKHVH� HUDVXUH�LQFOXGHG� V\QGURPHV� RU� PRGLILHG
V\QGURPHV� FDQ� HIILFLHQWO\� EH� XVHG� LQ� WKH
%HUOHNDPS�0DVVH\� DOJRULWKP� IRU� REWDLQLQJ� WKH
PRGLILHG�HUURU�ORFDWRU�SRO\QRPLDO�ZKLFK�LV�ODWHU
FDOOHG� WKH� PRGLILHG� HUURU� ORFDWRU� SRO\QRPLDO�
/ /� � � � � �[ [ [ \ �� 6XEVHTXHQWO\�� HUURUV� DQG
HUDVXUHV�PDJQHWXGH�FDQ�EH�FRPSXWHG�XVLQJ�WKH
HTXDWLRQ� ���� JLYHQ� DERYH�� 1RWH� WKDW� WKH� HUURU
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HYDOXDWRU� SRO\QRPLDO� FDQ� EH� QRZ� VWDWHG
SUHFLVHO\� DV� WKH� HUURUV� DQG� HUDVXUHV� HYDOXDWRU
SRO\QRPLDO�

,Q�WKLV�SDSHU��D�VOLJKWO\�GLIIHUHQW�DSSURDFK
FRPSDUHG� WR� %ODKXW¶V� >�@� LV� GHWDLOHG�� 7KH
)RUQH\�SRO\QRPLDO�LV�XVHG�UDWKHU�WKDQ�WKH�HUURU
HYDOXDWRU�SRO\QRPLDO�

7KH� PRGLILHG� %HUOHNDPS�0DVVH\
DOJRULWKP�ZKLFK�KDV�EHHQ�PXOWLSOLHG�WKURXJK�E\
<�[��FDQ�EH�ZULWWHQ�DV�
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UHGHILQHG� DV� /� �[ � � DQG� %� �[ � UHVSHFWLYHO\�
:LWK� WKLV� UHGHILQHG� WHUP�� WKH� GLVFUHSDQF\� LV
FRPSXWHG�DV�IROORZV�
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)URP� HTXDWLRQ� ����� LI� WKH� %HUOHNDPS�
0DVVH\� DOJRULWKP� LV� LQLWLDOLVHG� ZLWK
/ %� � � �� � � � � �� �[ [ [  \ ��WKHQ�LW�FDQ�FRPSXWH
/� �[ �ZKLFK�FDQ�EH�GHILQHG�DV�WKH�HUURU�HUDVXUH
ORFDWRU� SRO\QRPLDO�� 7KH� PRGLILHG� )RUQH\
SRO\QRPLDO� * /� � � � � �PRG[ [ 6 [ [ W � � FDQ
DOVR� EH� FRPSXWHG� VXEVHTXHQWO\� RXWVLGH� WKH
LWHUDWLYH� SURFHGXUH�� +RZHYHU�� WKH� LQFOXVLRQ� RI
WKH� FRPSXWDWLRQ� RI� WKLV� SRO\QRPLDO� LQ� WKH
%HUOHNDPS�0DVVH\� DOJRULWKP� PD\� JLYH� WKH
DGYDQWDJH� WKDW� WKH� H[WUD� SRO\QRPLDO
PXOWLSOLFDWLRQ�EORFN� �IRU�FRPSXWLQJ� *� �[ ��FDQ
EH�RPLWWHG�ZLWK�IHZ�H[WUD�FRVWV��'URSSLQJ�WKRVH
PRGLILHG� SRO\QRPLDOV� QRWDWLRQV�� WKH� DOJRULWKP
IRU� REWDLQLQJ� WKH� HUURU�HUDVXUH� ORFDWRU� DQG� WKH
PRGLILHG� HUURU� HYDOXDWRU� SRO\QRPLDO� FDQ� EH
ZULWWHQ�DV�WKH�DOJRULWKP�$��JLYHQ�EHORZ�
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ZKHUH�D � L �LV�D�URRW�RI�/� �� ��W [ �

6LPLODU� WR� WKH� FRQYHQWLRQDO� FDVH� ZKHUH
HUDVXUH� LV� QRW� FRQVLGHUHG�� /�[�� DQG� %�[�� DUH
ILUVW� LQLWLDOLVHG� ZLWK� ��� EXW�*�[�� DQG�0�[�� DUH
LQLWLDOLVHG�ZLWK�6�[�� LQVWHDG��'XULQJ� WKH� ILUVW�U
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LWHUDWLRQV� WKH� DOJRULWKP� LPSOHPHQWV
\ D D D U� � � �� � � �[ [ [ [L L L � � � � � �� � �� � � DQG

<�[�6�[��PRG�[�W� E\� VHWWLQJ� '
U

L M D �ZKHUH� LM
GHQRWHV� WKH� MWK� HUDVXUH� ORFDWLRQ��:KHQ� WKH�UWK
LWHUDWLRQ� LV�FRPSOHWHG�/�[�� �%�[�� �<�[�� DQG
*�[��  � 0�[��  � <�[�6�[�� PRG� [�W� DQG� WKH
UHJLVWHU� OHQJWK� LV� VHW� WR� U�� 7KH� DOJRULWKP� WKHQ
SURFHHGV� WRZDUG��W� LWHUDWLRQV� WR� FRPSXWH�/�[�
DQG�*�[��

,W� VKRXOG� EH� QRWHG� WKDW� /�[�� LV� QRZ� DQ
HUURU�HUDVXUH� ORFDWRU� SRO\QRPLDO� ZKRVH� URRWV
GHILQH�WKH�ORFDWLRQV�RI�HUURUV�DQG�HUDVXUHV��*�[�
WDNHV� WKH� IRUP� RI� DQ� HUURU�HUDVXUH� HYDOXDWRU
SRO\QRPLDO� IURP� ZKLFK� WKH� HUURU�HUDVXUH
PDJQLWXGHV� FDQ� EH� FRPSXWHG�� %�[�� DQG�0�[�
DUH� WKH�DX[LOLDU\�SRO\QRPLDOV�RI�/�[��DQG�*�[�
UHVSHFWLYHO\�� 2EYLRXVO\�� WKH� PD[LPXP� GHJUHH
RI� /�[�� RU� *�[�� LV� �W� UDWKHU� WKDQ� W�� 7KH
V\QWKHVLVHG�ILOWHU�LV��KHQFH��RI�OHQJWK�W�U�ZKLFK
LV�DVVXPHG�WR�EH�DW�PRVW��W�

���7LPH�'RPDLQ�7HFKQLTXHV
7KH� WLPH�GRPDLQ�5HHG�6RORPRQ�GHFRGLQJ

DSSURDFKHV� ZDV� HDUO\� SURSRVHG� E\� %ODKXW� >�@�
0RUH� GHWDLOV� DQG� LQ�GHSW� DOJRULWKPV�ZHUH� ODWHU
VWXGLHG�E\�&KRRPFKXD\�>�@��+RZHYHU��WKRVH�DUH
XQWLO� ZLWK� WKH� DEVHQFH� RI� HUDVXUH� GHFRGLQJ
FRQVLGHUDWLRQ��7KLV� VHFWLRQ� LV�GHYRWHG� WR� HUURUV
DQG�HUDVXUHV�GHFRGLQJ�LQ�VXFK�DQ�HQYLURQPHQW�

:LWK� WKH� FRQFHSW� RI� WKH� ILQLWH� ILHOG
WUDQVIRUPDWLRQ� WKH� UROH� RI� IUHTXHQF\� GRPDLQ
HUDVXUH�FDQ�DOVR�EH�YLHZHG�VLPLODUO\�LQ�WKH�WLPH
GRPDLQ�� ,Q� WKH� IUHTXHQF\�GRPDLQ�HQYLURQPHQW�
WKH�FRHIILFLHQWV�RI�WKH�V\QGURPH�SRO\QRPLDO�DUH
�W�FRQVHFXWLYH�')7�FRPSRQHQWV�RI�WKH�UHFHLYHG
VHTXHQFH� VWDUWLQJ� DW� WKH� IUHTXHQF\� FRPSRQHQW
W
�
�� 7R� REWDLQ� WKH� WLPH� GRPDLQ� YHUVLRQ� RI� WKH

V\QGURPH��ZH�FRQVLGHU�V\QGURPH�DV�WKH�')7�RI
WKH� WLPH�GRPDLQ�GDWD�VHTXHQFH�PXOWLSOLHG�E\�D
UHODWLYHO\� VLPSOH� UHFWDQJXODU� ZLQGRZ� IXQFWLRQ
ZKLFK�FRPSULVHV�RI���IRU�L� �W

�
��W

�
���������W

�
��W��

DQG� ]HUR� HOVHZKHUH�� 7KH� ZLQGRZLQJ� RSHUDWLRQ
LV� DFWXDOO\� D� SRLQWZLVH�PXOWLSOLFDWLRQ�ZKLFK� LV
PDSSHG� WR� WKH� F\FOLF� FRQYROXWLRQ� EHWZHHQ� WKH
UDZ�UHFHLYHG�GDWD�DQG�WKH� WLPH�GRPDLQ�YHUVLRQ
RI�WKH�ZLQGRZ�IXQFWLRQ�

6�� LV� WKH� FRHIILFLHQW� RI� GHJUHH� �� RI� WKH
V\QGURPH� SRO\QRPLDO�� 7KLV� LV� HIIHFWLYHO\� WKH
G�F�� V\QGURPH�� +RZHYHU�� LQ� WKH� ')7
UHSUHVHQWDWLRQ� WKLV� RFFXSLHV� WKH� W WK

�
� IUHTXHQF\

ORFDWLRQ��7KHUHIRUH�WKH�VSHFWUDO�VHTXHQFH�KDV�WR
EH� OHIW� VKLIWHG� E\� W

�
� SODFHV�� (DFK� OHIW� VKLIW

FRUUHVSRQGV� WR� PXOWLSO\LQJ� WKH� WLPH� GRPDLQ
VHTXHQFH�E\�D L IRU�L� ���������1���

$OWHUQDWLYHO\��RQH�FDQ�SHUIRUP�VKLIW�EHIRUH
ZLQGRZLQJ�LQ�RUGHU�WR�KDYH�D�ZLQGRZ�VHTXHQFH
WKDW���VWDUW�IURP�WKH�EHJLQQLQJ�RI�WKH�VHTXHQFH�
&RUUHVSRQGLQJO\�� LQ� WKH� WLPH� GRPDLQ�� WKH� W

�

SODFH�OHIW�VKLIWLQJ�LV�ILUVW�DSSOLHG�WR�WKH�UHFHLYHG
VHTXHQFH�DQG�IROORZHG�E\�ZLQGRZLQJ�

/HW�WKH�W
�
�SODFH�OHIW�VKLIWHG�RI�WKH�VHTXHQFH

^ `Y
L
�EH�GHILQHG�E\�^ `Y

L
�DV

Y Y
M

LW

L
 D � �� IRU�M ��WR�1��� ���

$QG�OHW�^ `Z
L
�EH�WKH�,')7�RI�WKH�VHTXHQFH�^ `Z

L

 � ^ ����������������
�

���
��
 W

`� RI� OHQJWK�1� ZKLFK� KDV� �
IRU��W��FRQVHFXWLYH�SODFHV�

7KH�WLPH�GRPDLQ�V\QGURPH�VHTXHQFH��^ `V
M
�

LV�WKHQ��

^ ` ^ ` ^ `V Y ZM L L � �� ����

ZKHUH�� �GHQRWHV�FRQYROXWLRQ�RSHUDWLRQ�

7KXV�

V Y ZM
MW

L
L

1

M L
1

 
 

�

� � !
¦D �

�

�

IRU��dMd1��� ����

,Q� REWDLQLQJ� WKH� WLPH� GRPDLQ� )RUQH\
VHTXHQFH�� UHFDOOHG� WKDW� WKH� IUHTXHQF\� GRPDLQ
YHUVLRQ� LV� GHILQHG� VXFK� WKDW� *�[��  � 6�[�/�[�
PRG� [�W��/HW� WKH� SRO\QRPLDO� 6�[�� DQG�/�[�� EH
H[WHQGHG�WR�WKH�OHQJWK�1�E\�]HUR�SDGGLQJ��7KHUH
DUH� WZR� RSHUDWLRQV� LQYROYHG� LQ� WKH� )RUQH\
SRO\QRPLDO� FRPSXWDWLRQ�� 7KH� ILUVW� LV� WKH
FRQYROXWLRQ� EHWZHHQ� ^6L`� DQG� ^/L`� ZKLFK
FRUUHVSRQGV� WR� 6�[�/�[��� 7KH� RSHUDWLRQ� LV� WKH
WUXQFDWLRQ�RI�WKH�FRQYROXWLRQ�UHVXOW�DFFRUGLQJ�WR
PRGXOR� [�W� RSHUDWLRQ�� 7KH� FRQYROXWLRQ
RSHUDWLRQ�LQ�WKH�IUHTXHQF\�GRPDLQ�FDQ�EH�HDVLO\
PDSSHG� LQWR� SRLQWZLVH� PXOWLSOLFDWLRQV� LQ� WKH
WLPH� GRPDLQ�� /HW� ^JM`� EH� WKH� LQYHUVH
WUDQVIRUPHG�VHTXHQFH�RI�6�[�/�[���WKHQ



-RXUQDO�RI�.LQJ�0RQJNXW¶V�,QVW��2I��7HFKQRORJ\ 9RO���1R�� �5HSURGXFHG�&RS\� ��

J
M
 ��V

M
O

M���IRU��dNd1���
$SSO\LQJ�ZLQGRZ�WR�WKH�VHTXHQFH�^JM`��WKH�WLPH
GRPDLQ� HUURU� HYDOXDWRU� VHTXHQFH� ^JN`� LV� WKHQ
FRPSXWHG�IURP��

J N M
M

1

N MJ Z
1

 
 

�

� � !
¦

�

�

�

 
 

�

� � !

 

�

� � !
¦¦^ `ODM

MW
L

L

1

M L M
M

1

N MY Z Z
1 1

�

�

�

�

�

�

 
 

�

� � !

 

�

� � !
¦¦ D OMW

L

1

M L M L
M

1

N MY Z Z
1 1

�

�

�

�

�

� ����

IRU���d�N�d�1���

1RWH� WKDW� WKH� ZLQGRZ� VHTXHQFH� JLYHQ� LQ
HTXDWLRQ� ����� LV� WKH� VDPH� DV� WKH� RQH� JLYHQ� LQ
HTXDWLRQ������

D���5HFHLYHG�VHTXHQFH

E���6\QGURPH�VHTXHQFH�

')7

6KLIW

V\QGURPHV

3RLQWZLVH�PXOWLSOLFDWLRQ

&RQYROXWLRQ

3RLQWZLVH�PXOWLSOLFDWLRQ

F���:LQGRZ�VHTXHQFH

G���6\QGURPH�SRO\QRPLDO

H���(UURU�ORFDWRU�SRO\QRPLDO

I���&RQYROXWLRQ�UHVXOW

J���:LQGRZ�VHTXHQFH

K���(UURU�HYDOXDWRU�SRO\QRPLDO

1

1

�W�FRQVHFXWLYH�RI����

OHQJWK�W

�W�FRQVHFXWLYH�RI����

���

���

���

D��

5HFLHYHG�
VHTXHQFH

7UDQVIRUPHG��
ZLQGRZ�VHTXHQFH

(UURU�ORFDWRU�VHTXHQFH
7UDQVIRUPHG�
ZLQGRZ�VHTXHQFH

0XOWLSOLFDWLRQ &RQYROXWLRQ&RQYROXWLRQ
7LPH�GRPDLQ��
HUURU�HYDOXDWRU�VHTXHQFH

7LPH�GRPDLQ�V\QGURPH�VHTXHQFH

D
LW���

7LPH�VKLIW

E��
)LJXUH� �� 2SHUDWLRQV� LQ� REWDLQLQJ� WKH� HUURU
ORFDWRU�SRO\QRPLDO�VHTXHQFH�ZKHQ�HUDVXUHV�DUH
FRQFHUQHG�

D���IUHTXHQF\�GRPDLQ�HQYLURQPHQW
E���WLPH�GRPDLQ�HQYLURQPHQW�
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)LJXUH��E��GRHV�QRW� LQYROYH� WKH�')7�RSHUDWLRQ
ZKLOVW� WKH� IUHTXHQF\� GRPDLQ� RSHUDWLRQ� GRHV�
+RZHYHU�� LQ� WKH� IUHTXHQF\� GRPDLQ�� WKH� ')7
RSHUDWLRQ� LV� UHTXLUHG� WR� HYDOXDWH� RQO\� �W
V\QGURPH� YDOXHV�� 7KHUH� DUH� WZR� FLUFXODU
FRQYROXWLRQ� RSHUDWLRQV� LQ� WKH� WLPH� GRPDLQ
FRPSXWDWLRQ�� (DFK� RSHUDWLRQ� WDNHV� 2� �1��
PXOWLSOLFDWLRQV�� %RWK� DUH� WKH� HIIHFWV� RI� WKH
ZLQGRZ�RSHUDWLRQ�LQ�WKH�IUHTXHQF\�GRPDLQ��7KH
FRQYROXWLRQ� LQ� WKH� IUHTXHQF\� GRPDLQ� UHTXLUHV
IHZHU� PXOWLSOLFDWLRQV� VLQFH� ERWK� V\QGURPH
SRO\QRPLDO� DQG� HUURU� ORFDWRU� SRO\QRPLDO� DUH
PXFK� VKRUWHU� WKDQ� 1�� (YHQ� WKRXJK� WKH
IUHTXHQF\� GRPDLQ� FRPSXWDWLRQ� UHTXLUHV� PRUH
RSHUDWLRQ� VWHSV�� LW� VHHPV� WR� JLYH� EHWWHU
FRPSXWLQJ�HIILFLHQF\�EHFDXVH�WKH�GDWD�DUH�RQO\
DW�PRVW�RI�OHQJWK��W��0RUHRYHU��D�VKLIW�RSHUDWLRQ
LQ� WKH� IUHTXHQF\� GRPDLQ� GRHV� QRW� UHTXLUH
PXOWLSOLFDWLRQ� ZKLOH� WKDW� LQ� WKH� WLPH� GRPDLQ
GRHV�

,Q� WKH� IUHTXHQF\� GRPDLQ�� WKH� LQFOXVLRQ� RI
HUDVXUHV�LQ�WKH�%HUOHNDPS�0DVVH\�SURFHGXUH�LV
VLPLODU�WR�WKH�FRQYHQWLRQDO�FDVH�ZKHUH�HUDVXUHV
DUH�QRW�FRQVLGHUHG��+RZHYHU�� LQVWHDG�RI���ERWK
WKH� HUDVXUH�HUURU� ORFDWRU� DQG� LWV� DX[LOLDU\
SRO\QRPLDO� DUH� LQLWLDOLVHG� ZLWK� WKH� HUDVXUH
SRO\QRPLDO��7KH�HUURU�HYDOXDWRU�SRO\QRPLDO�KDV
WR� EH� LQLWLDOLVHG� ZLWK� WKH� FRQWHQWV� RI� WKH
PRGLILHG� V\QGURPH� SRO\QRPLDO� ZKLFK� LV� � � � 6
�[�/�[��PRG�[�W�RU�6�[�<�[��PRG�[�W�UDWKHU�WKDQ
ZLWK� ��� &RLQFLGHQWDOO\�� LQ� WKH� WLPH� GRPDLQ�
WKHVH� VHTXHQFHV� DUH� LQLWLDOLVHG� ZLWK� WKHLU
FRUUHVSRQGLQJ� IUHTXHQF\� GRPDLQ� YHUVLRQV�� L�H�
WKH�HUDVXUH�HUURU�ORFDWRU�VHTXHQFH��LV�LQLWLDOLVHG
ZLWK� D� WLPH� GRPDLQ� HUDVXUH� VHTXHQFH� DQG� WKH
HUURU� HYDOXDWRU� VHTXHQFH� LV� LQLWLDOLVHG� ZLWK� D
PRGLILHG� WLPH� GRPDLQ� V\QGURPH� VHTXHQFH� DV
JLYHQ�LQ�HTXDWLRQ������

7KH� HIIHFW� RI� WUXQFDWLRQ�� KRZHYHU�� KDV� WR
EH� UHILQHG� GXULQJ� WKH� LWHUDWLRQ� SURFHVV�� ,Q� WKH
IUHTXHQF\� GRPDLQ�� WKH� WUXQFDWLRQ� FDQ� EH� GRQH
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OLPLWHG�� 7KLV� FDQQRW� EH� DFKLHYHG� LQ� WKH� WLPH
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UHVXOW�� WKH� HUURU� HYDOXDWRU� VHTXHQFH� KDV� WR� EH
UHILQHG� E\� WDNLQJ� FLUFXODU� FRQYROXWLRQ� ZLWK
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VXLWDEOH� IRU� KDUGZDUH� LPSOHPHQWDWLRQ� EHFDXVH
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)RU�WKH�ILUVW�U�LWHUDWLRQV�'U�LV�VHW�WR�D
L
N �DV

LN� GHQRWHV� WKH� HUDVXUH� ORFDWLRQ��+HQFH�� DIWHU�U
LWHUDWLRQV�� ^ ` ^ ` ^ `O E \

L L L
  �� 7KH� DOJRULWKP

SURFHHGV� WRZDUG� �W� LWHUDWLRQV� WR� FRPSXWH� WKH
HUURU�ORFDWRU�VHTXHQFH��7KLV�VHTXHQFH�LV�XVHG�WR
FRPSXWH�WKH�HUURU�PDJQLWXGH�FRQVHTXHQWO\�

���$UFKLWHFWXUH
7ZR� DUFKLWHFWXUHV� GHYHORSHG� IRU� HUDVXUHV

GHWHFWLRQ� DQG� FRUUHFWLRQ� DUH� RXWOLQHG� LQ� WKLV
VHFWLRQ��WKH�ILUVW�RQH�ZRUNV�XQGHU�WKH�IUHTXHQF\
GRPDLQ�GHFRGLQJ�HQYLURQPHQW�DFFRUGLQJ� WR� WKH
DOJRULWKP�$��ZKLOVW�WKH�VHFRQG�GRHV�LQ�WKH�WLPH
GRPDLQ�HQYLURQPHQW�DFFRUGLQJ�WR�WKH�DOJRULWKP
$��

7KH� IUHTXHQF\� GRPDLQ� GHFRGHU� FRPSULVHV
IRXU� PDLQ� EORFNV�� QDPHO\�� V\QGURPH
FRPSXWDWLRQ��%�0�SURFHGXUH��&KLHQ�VHDUFK�DQG
SRO\QRPLDO� HYDOXDWLRQ�� $FFRUGLQJ� WR� WKH
DOJRULWKP� VWDWHG� SUHYLRXVO\�� WKH� %�0
FRPSXWDWLRQ� FHOO� FDQ� EH� GHVLJQHG� VLPLODUO\� WR
WKH�RQH�SURSRVHG�LQ�>�@��+RZHYHU��ZKHQ�DW�PRVW
�W� HUDVXUHV� DUH� FRQVLGHUHG�� WKH� V\QGURPH� SDWK
DUUDQJHPHQW� FDQ� EH� VLPSOHU� HYHQ� WKH
FRPSXWDWLRQ� RI� WKH� GLVFUHSDQF\� LV� WR� EH
SHUIRUPHG�LQ�WKH�W�FRPSRQHQWV�ZLQGRZ��7KLV�LV
EHFDXVH� WKH�PDLQ� DQG� LWV� DX[LOLDU\� UHJLVWHU� DUH
QRZ� RI� OHQJWK� �W���� ([WHQGLQJ� RI� UHJLVWHUV
OHQJWK�LV�QRW�D�VHYHUH�GUDZEDFN�EHFDXVH�LQ�PRVW
DSSOLFDWLRQ� DUHDV� W� LV� PXFK� VPDOOHU� WKDQ� 1�
0RUHRYHU� WKRVH� WZR�PDLQ� SRO\QRPLDOV� XVH� WKH
VDPH� VFDODU� WHUP� LQ� WKHLU� YHFWRUV�PRGLILFDWLRQ�
7KLV� VFDODU� WHUP� LV� KHQFH� FRPPRQ�� ,Q� WKH

SRO\QRPLDO� LQLWLDOLVDWLRQ�VWDJH��'�U�� LV�DVVLJQHG
WR�D LN �ZKHUH� LN� LV� WKH�NWK� ORFDWLRQ�RI�HUDVXUHV�
7KH� DX[LOLDU\� SRO\QRPLDO� LV� WDNHQ� IURP� WKH
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PDLQ�SRO\QRPLDO��DFFRUGLQJ�WR�HTXDWLRQV��E�DQG
�F��� +HQFH� WKH� RSHUDWLRQ� DW� WKLV� VWDJH� LV� TXLWH
VLPSOH� DQG� WULYLDO�� 7R� REWDLQ� WKH� HUURU
PDJQLWXGH��QRW�RQO\�WKH�)RUQH\�SRO\QRPLDO�EXW

DOVR� WKH�GHULYDWLYH�RI�/��W��[�� DUH� QHHGHG��7KH
GHULYDWLYH�RI�/��W��[��FDQ�EH�HDVLO\�DFKLHYHG�E\
VRUWLQJ� RXW� /��W��[�� IRU� RQO\� WKH� RGG� GHJUHH
WHUPV�

5HFHLYHG�
GDWD

6\QGURPHV�
&RPSXWDWLRQ����

SRO\QRPLDO
HYDOXDWLRQ

&KLHQ�
6HDUFKLQJ

%HUOHNDPS�0DVVH\
SURFHGXUH

'HOD\V

'HOD\V

'HOD\V

/�[�

*�[�

/
�D����L

*�D����L

2XWSXW

(UDVXUH�ORFDWLRQV

)LJXUH����9/6,�DUFKLWHFWXUH�RI�WKH�IUHTXHQF\
GRPDLQ�GHFRGHU��$OJRULWKP�$��

$V� VKRZQ� LQ� ILJXUH� ��� WKH� %HUOHNDPS�
0DVVH\� SURFHGXUH� FDQ� VWDUW� LPPHGLDWHO\� DIWHU
V\QGURPH� FRPSRQHQWV� DUH� DYDLODEOH� VLQFH
V\QGURPH� YDOXHV� DUH� QHHGHG� IRU� *�[�
LQLWLDOLVDWLRQ� DQG� GLVFUHSDQF\� FRPSXWDWLRQ
DFFRUGLQJ� WR� HTXDWLRQ� ��D��� 'LUHFW� V\QGURPH
FRPSXWDWLRQ�VKRZQ� LQ� >��� �@� FDQ�EH� HPSOR\HG�
&KLHQ� VHDUFKLQJ� LV� WKH� HIILFLHQW� ZD\� WR� REWDLQ
URRWV� RI� WKH� HUURU�HUDVXUH� ORFDWRU� SRO\QRPLDO�
7KLV� FDQ� EH� GRQH� LQ� 1� RU� �1W� FORFN� F\FOHV
GHSHQGLQJ�RQ�WKH�FRPSXWLQJ�VFKHPH��6LPLODUO\�

SRO\QRPLDO�HYDOXDWLRQV�RI�*��W��D�L��DQG�/
��W�

�D�L��FDQ�FDUULHG�RXW�XVLQJ�WKH�VFKHPH�VKRZQ�LQ
>�@� RU� >�@�� 7KHVH� FLUFXLWV� PD\� FRQVLVW� RI� �W
PXOWLSOLHUV� DQG� FDQ� HYDOXDWH� D� SRO\QRPLDO� RI
GHJUHH��W�DW�D�VSHHG�RI�RQH�FORFN�F\FOH�SHU�URRW�
+RZHYHU� IRU� RQO\� RQH� PXOWLSOLHU� FLUFXLW�� LW� LV
GHVLUDEOH�WR�XVH�WKH�+RUQHU¶V�VFKHPH�ZKLFK�FDQ
JLYH�WKH�VSHHG�RI��W�FORFN�F\FOHV�SHU�URRW�

6KRZQ� LQ� ILJXUH� �� LV� WKH� WLPH� GRPDLQ
GHFRGHU�ZLWK�HUDVXUH�FRUUHFWLYLW\��$OWKRXJK�LW�LV
FOHDUO\� VKRZQ� WKDW� WKH� %�0� SURFHGXUH� FDQ
DFFRPPRGDWH� WKH� HUURU� HYDOXDWRU� VHTXHQFH�� LW
PD\� QRW� EH� GHVLUDEOH� VLQFH� WKH� FRPSXWDWLRQ
FRXQW� LV� UDWKHU� KLJK�� 7KHUHIRUH�� FRPSXWLQJ� WKH
HUURU�HYDOXDWRU�VHTXHQFH�E\�HTXDWLRQ������JLYHV
EHWWHU� SHUIRUPDQFH�� 1RZ� WKH� �W�DUUD\� KDV� WR
FRPSXWH� RQO\� WKH� HUURU�HUDVXUH� ORFDWRU
VHTXHQFH�� �1W� FORFN� F\FOH� LV� QHHGHG� IRU� WKH
FRPSXWDWLRQ�� 7R� REWDLQ� WKH� WLPH� GRPDLQ
V\QGURPH�� WKH� WLPH� RI� �1W� FORFN� F\FOH� LV
DYDLODEOH�EHFDXVH�LW�FDQ�EH�FRPSXWHG�LQ�SDUDOOHO

ZLWK� %�0� SURFHGXUH�� ,Q� VXFK� D� FDVH�� QHVW
DOJRULWKP� LV� VXLWDEOH� WR� DWWDFN� WKH� ORQJ� OHQJWK
FRQYROXWLRQ�SUREOHP��7KH�DOJRULWKP�EUHDNV�RQH
GLPHQVLRQ� DUUD\� WR� �'� DUUD\V� DQG� XVHV� IDVW
FRPSXWDWLRQ� WHFKQLTXH� IRU� HDFK� GLPHQVLRQ
FRQYROXWLRQ�� :KHQ� WKH� HUURU�HUDVXUH� ORFDWRU
VHTXHQFH� LV� YDOLG�� HTXDWLRQ� ����� FDQ� WKHQ� EH
SHUIRUPHG�

&RQYROXWLRQ�	�VKLIW�
���PXOWLSOLHU�

3RLQWZLVH�PXOWLSOLFDWLRQ�
	�FRQYROXWLRQ�
���PXOWLSOLHU�

&RQYROXWLRQ�
���PXOWLSOLHU�

GHOD\V
%�0�SURFHGXUH

VLQJOH�FHOO�
�W�WLPHV�GDWD�UHF\FOH�

��PXOWLSOLHUV

�1W�FORFN�F\FOHV

GHOD\V

JL
O
 L

(UDVXUH�ORFDWLRQV

5HFHLYHG�PHVVDJH

SLSHOLQH�VWDJH SLSHOLQH�VWDJH

2XWSXW

OL

VL

)LJXUH����7KH�DUFKLWHFWXUH�RI�D�WLPH�GRPDLQ
GHFRGHU��DOJRULWKP�$��

&RQVHTXHQWO\�� WKH� GLIIHUHQWLDWLRQ� RI� WKH
HUURU�HUDVXUH�ORFDWRU�VHTXHQFH�FDQ�EH�FRPSXWHG
DW� WKH� VDPH� WLPH� ZLWK� WKH� HUURU� HYDOXDWRU
VHTXHQFH�7KHVH�PD\�DOVR�WDNH��1W�FORFN�F\FOHV�
7R� PLQLPLVH� WKH� KDUGZDUH� UHTXLUHPHQW�� D� ELW
VHULDO� LQYHUVLRQ� PXOWLSOLFDWLRQ� WHFKQLTXH� >�@� LV
VXLWDEOH� LQ� WKLV� FDVH� VLQFH� LW� WDNHV� DW� PRVW� 1
FORFN�F\FOHV�IRU�DQ�HUURU�PDJQLWXGH��7KHVH�WKUHH
VWHSV� �%�0� SURFHGXUH�� FRQYROXWLRQ� DQG� HUURU
PDJQLWXGH� FRPSXWDWLRQ�� FDQ� QDWXUDOO\� EH
SLSHOLQHG��7KH�GHFRGHU�ZLWK�GDWD�UHF\FOHG�LQ�WKH
%�0�SURFHGXUH�LV�VNHWFKHG�LQ�ILJXUH���

���&RQFOXVLRQ
(UURUV� DQG� HUDVXUHV� FRUUHFWLRQ� FDSDELOLW\

%HUOHNDPS�0DVVH\�DOJRULWKP�KDV�EHHQ�REWDLQHG
ZKHQ�WKH�HUURU�HYDOXDWRU�RU�)RUQH\�SRO\QRPLDO
KDV� EHHQ� LQLWLDOLVHG� SURSHUO\�� +HUHE\� 6�[�� DQG
���� 6�[��� KDYH� EHHQ� XVHG�� 8VLQJ� VXFK� DQ

DOJRULWKP��I�[��DQG�6�[�I�[��PRG�[�W�KDYH�EHHQ
FRPSXWHG� LPSOLFLWO\� LQ� WKH� ILUVW�U� LWHUDWLRQV�� ,Q
FRQWUDVW�� XVLQJ� WKH� (XFOLG¶V� DOJRULWKP� DV
SURSRVHG� E\� 6KDR� DQG�5HHG� LQ� >�@��/

�
� DQG�4

�

KDYH�WR�EH�LQLWLDOLVHG�ZLWK�I�[��DQG�6�[�I�[��PRG
[�W� UHVSHFWLYHO\�� 7KHUHIRUH� WKH� HUDVXUH� ORFDWRU
SRO\QRPLDO� KDV� WR� EH� FRPSXWHG� EHIRUH� WKH
LWHUDWLRQV� VWDUW�� 8QIRUWXQDWHO\� WKH� SURSRVHG
WHFKQLTXH� FDQ� QRW� EH� HDVLO\� DSSOLHG� WR� WKH
WUDQVIRUPHG�GRPDLQ�GHFRGLQJ��7KH�WLPH�GRPDLQ
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WHFKQLTXH�FDQQRW�EH�GLUHFWO\�GHULYHG�DV�WKH�FDVH
WKDW� HUDVXUHV� DUH� QRW� FRQVLGHUHG�� 7KH� PDLQ
UHDVRQ� LV� WKH� HIIHFW� RI� WUXQFDWLRQ� DQG� ZLQGRZ
RSHUDWLRQ�� &RQYROXWLRQ� RSHUDWLRQ� DIIHFWHG� E\
WKH� SRO\QRPLDO� WUXQFDWLRQ� LQ� WKH� IUHTXHQF\
GRPDLQ� VHHPV� WR� WDNH� XS� PDMRU� FRPSXWDWLRQ
FRXQWV�� 7KLV� PD\� QRW� EH� GHVLUDEOH� LQ� WKH
DSSOLFDWLRQ�ZKHUH� UHVRXUFH� VXFK� DV� PHPRU\� LV
OLPLWHG��$Q�DOWHUQDWLYH�FKRLFH�LV�WR�FRPSXWH�WKH
FRQYROXWLRQ� RXWVLGH� WKH� LWHUDWLYH� SURFHGXUH� DV
VWDWHG�LQ�WKH�DOJRULWKP�$��

7ZR� PDLQ� DUFKLWHFWXUHV� RXWOLQHG� LQ� WKLV
SDSHU� DUH� GHVLJQHG� XSRQ� WKH� JLYHQ� DOJRULWKPV�
3LSHOLQH� WHFKQLTXHV� DUH� LQWURGXFHG� WR� VSHHG� XS
WKH� RSHUDWLRQ� VLQFH� WDVNV� DUH� SHUIRUPHG� LQ� D
EURNHQ�VPDOO�EDWFK�
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