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:DYH�SURSDJDWLRQ�PRGHOOLQJ�LV�D�NH\�FRPSRQHQW�LQ�WKH�
GHVLJQ� RI� FHOOXODU� PRELOH� FRPPXQLFDWLRQV� QHWZRUNV��
7ZR�RI�WKH�FULWLFDO�SDUDPHWHUV�LQ�D�SURSDJDWLRQ�WRRO�DUH�
LWV� FRPSXWDWLRQDO� VSHHG� DQG� DFFXUDF\�� ,GHDOO\�� WKH�
UDGLR�SODQQLQJ� HQJLQHHU� VHHNV� IRU� DQ� DSSURSULDWH�
FRPELQDWLRQ�RI�ERWK�SDUDPHWHUV��+RZHYHU��YHU\�RIWHQ��D�
FRPSURPLVH�KDV�WR�EH�PDGH�EHWZHHQ�WKHVH�WZR�DVSHFWV��
ZKLFK�LV�RIWHQ�JXLGHG�E\�WKH�VSHFLILF�V\VWHP�QHHGV�DQG�
WKH�OLQN�PDUJLQ�DYDLODEOH���
,Q�RUGHU� WR�DGGUHVV� WKHVH�QHHGV�� WKLV�SDSHU� LQYHVWLJDWHV�
WZR� PRGHOV� WKDW� DUH� PRGLILFDWLRQV� RI� VRPH� H[LVWLQJ�
PRGHOV� WR� LPSURYH� WKHLU� VSHHG�YV�DFFXUDF\�
SHUIRUPDQFH��$V� UHIHUHQFH� WHUUDLQ�SURSDJDWLRQ�PRGHOV��
WKH� QDUURZ� DQJOH� SDUDEROLF� HTXDWLRQ� �1$3(�� ���� DQG�
WKH� VORSH�87'� PRGHO� �67'�87'�� ���� DUH� XVHG�� ,Q�
SULQFLSOH� D� IXOO�ZDYH� PRGHO� LV� PRUH� DFFXUDWH� WKDQ� D�
FDQRQLFDO�PRGHO�VLQFH�WKH�WHUUDLQ�SURILOH�LV�EHWWHU�WDNHQ�
LQWR� DFFRXQW��+RZHYHU�E\� WKH� VDPH� WRNHQ��D�FDQRQLFDO�
PRGHO�LV�IDVWHU���
,Q� WKH� QH[W� VHFWLRQ� RI� WKLV� SDSHU��ZH�ZLOO� GHVFULEH� WKH�
PRGLILHG� PRGHOV�� QDPHO\� WKH� 1$3(�)6� �IUHH�VSDFH��
DQG� WKH� 6HOHFWHG� (GJHV� 87'� �6(�87'�� PRGHO�� $Q�
HYDOXDWLRQ�RI� WKHLU� SHUIRUPDQFH� DJDLQVW� WKHLU� UHIHUHQFH�
PRGHOV� ZLOO� EH� FDUULHG� RXW� E\� FRPSDULQJ� SUHGLFWLRQV�
ZLWK�PHDVXUHPHQWV�IRU�SURILOHV�IURP�D�WHUUDLQ�GDWDEDVH�
LQ�$DOERUJ��'HQPDUN������&RQFOXVLRQV�GUDZQ�IURP�WKH�
VHW�RI�UHVXOWV�ZLOO�WKHQ�EH�RXWOLQHG��
�
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1$3(�)6�� 7KH� 1$3(�)6� PRGHO� LV� HVVHQWLDOO\� WKH�
1$3(� PRGHO� �XVLQJ� DQ� DEVRUELQJ� OD\HU� DW� WKH� XSSHU�
ERXQGDU\��� EXW� IHG� ZLWK� GLIIHUHQW� LQSXW� GDWD�� 7KH�
1$3(�)6�UHSUHVHQWV�DQ�DWWHPSW�WR�VSHHG�XS�WKH�1$3(�
E\� IRFXVLQJ� RQ� VHJPHQWV� RI� WHUUDLQ�� ZKLFK� DUH� PRUH�
VLJQLILFDQW� LQ� WHUPV� RI� GLIIUDFWLRQ� HIIHFWV�� 7KHVH�
VLJQLILFDQW� UHJLRQV� UHSUHVHQW� DQ� DSSUR[LPDWLRQ� WR� WKH�
IXOO� WHUUDLQ� SURILOH� DQG� IUHH�VSDFH� SURSDJDWLRQ� LV�
DVVXPHG�LQ�EHWZHHQ��
7KH� PLQLPXP� )UHVQHO� SURSDJDWLRQ� UHJLRQ� �0)35�� LV�
XVHG�DV�D�JDXJH�WR�GHFLGH�ZKHWKHU�DQ�HGJH�LV�WUHDWHG�DV�
D� VLJQLILFDQW�REVWUXFWLRQ�RU�QRW��$V�GHILQHG�E\�+ULVWRY�
����� WKH�0)35� LV� HTXLYDOHQW� WR�����RI� WKH� ILUVW�)UHVQHO�
]RQH�� 7KH� WRWDO� SDWK� ORVV� EHWZHHQ� WKH� WUDQVPLWWHU� �7[��
DQG� WKH� UHFHLYHU� �5[�� ZLOO� EH� TXLWH� VLPLODU� WR� DQ�
XQREVWUXFWHG� FDVH� LI� WKHUH� DUH� QR� HGJHV� LQ� 0)35��
7KHUHIRUH�� WKH� LGHD� LV� WR� FKHFN� ZKHWKHU� HDFK� HGJH�

RFFXUV�LQVLGH�RU�RXWVLGH�WKH�0)35��7KH�HGJH�VHOHFWLRQ�
LQ�WKH�1$3(�)6�PRGHO�LV�GHVFULEHG�EHORZ��
$�� 7KH� WHUUDLQ� SURILOH� EHWZHHQ� D� 7[� DQG� D� 5[� FDQ� EH�
DSSUR[LPDWHG� WR�D�VHULHV�RI�NQLIH�HGJHV��DVVXPLQJ� WKDW�
WKH�YDULDWLRQ�LQ�WKH�WHUUDLQ�LV�RQ�D�VFDOH�VPDOOHU�WKDQ�WKH�
ZDYHOHQJWK�RI�LQWHUHVW��$V�D�ILUVW�VWHS��ZH�ZLOO�LGHQWLI\�D�
QXPEHU� RI� VLJQLILFDQW� �RU� PDLQ�� HGJHV� JLYHQ� E\��
QXPBVLJBHGJHV� �QVH��� 7KHVH�ZLOO� EH� VHOHFWHG� IURP� WKH�
WHUUDLQ� SURILOH� EHWZHHQ� WKH� 7[� DQG� WKH� 5[�� 7KH� PDLQ�
HGJHV� DUH� GHHPHG� WR� EH� VLJQLILFDQW� LQ� WHUPV� RI� WKHLU�
GLIIUDFWLYH� HIIHFWV� DQG� ZLOO� EH� VHOHFWHG� EDVHG� RQ�
9RJOHU¶V� b � SDUDPHWHU� ����� $� GHVFULSWLRQ� RI� WKLV�
VHOHFWLRQ�ZLOO�EH�JLYHQ�LQ�WKH�QH[W�VXE�VHFWLRQ��
%�� 7KH� PDLQ� HGJHV� ZLOO� EH� FRQVLGHUHG� DV� ³YLUWXDO´�
WUDQVPLWWHUV� DQG� UHFHLYHUV��7KH�0)35� LV�GUDZQ�DFURVV�
HDFK� SDLU� RI� PDLQ� HGJHV� DQG�ZKHUH� UHOHYDQW�� EHWZHHQ�
WKH� ³UHDO´� WUDQVPLWWHU�UHFHLYHU� DQG� D� PDLQ� HGJH�� :H�
WKHQ�DVVHVV�ZKHWKHU�HDFK�WHUUDLQ�HGJH�LQ�EHWZHHQ�D�SDLU�
RI�PDLQ�HGJHV��RFFXUV�ZLWKLQ�WKH�0)35��,I�DQ�HGJH�OLHV�
ZLWKLQ� WKH� 0)35�� WKLV� HGJH� LV� DVVXPHG� WR� KDYH� D�
VLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�QHW�SDWK�ORVV��$V�D�UHVXOW��
WKLV�HGJH�LV�FRQVLGHUHG�WR�EH�SDUW�RI�D�VLJQLILFDQW�UHJLRQ��
2Q�WKH�RWKHU�KDQG��LI�DQ�HGJH�OLHV�RXWVLGH�WKH�0)35��LWV�
GLIIUDFWLYH� HIIHFW� LV� GHHPHG� WR� EH� PLQLPDO� DQG� LW� LV�
H[FOXGHG�IURP�WKH�VLJQLILFDQW�UHJLRQV��
,Q� WKH�1$3(�)6�PRGHO�� WKH�1$3(�PRGHO� LV� UXQ� RYHU�
WKH� VLJQLILFDQW� UHJLRQV�� &OXVWHUV� RI� HGJHV� WKDW� DUH�
H[FOXGHG�IURP�WKH�VLJQLILFDQW�UHJLRQV��DUH�DSSUR[LPDWHG�
WR�IUHH�VSDFH��)6��UHJLRQV��
7KH�SURSDJDWLRQ�WKURXJK�IUHH�VSDFH��)6��LV�DFKLHYHG�E\�
D� KHXULVWLF� LPSOHPHQWDWLRQ� RI� WKH� )UHVQHO�+X\JHQV¶�
SULQFLSOH��$V�VKRZQ�LQ�)LJ����ZH�ZLOO�FRQVLGHU�WKH�ILHOG�
DW� WKH�)'�JULG�SRLQWV�DORQJ� WKH�VWDUW�YHUWLFDO�RI� WKH�)6�
]RQH� DV� F\OLQGULFDO� VRXUFHV�� 7KH� DLP� LV� WR� ILQG� WKH�
FRQWULEXWLRQ�RI�HDFK�RI�WKH�DERYH�F\OLQGULFDO�VRXUFHV�DW�
HDFK�RI�WKH�)'�JULG�SRLQWV�DORQJ�WKH�HQG�YHUWLFDO�RI�WKH�
)6�]RQH��+HQFH� WKH� ILHOG�DW� WKH� WRSPRVW�JULG�SRLQW��;��
DORQJ�WKH�HQG�YHUWLFDO��LV�JLYHQ�E\�WKH�VXPPDWLRQ�RI�WKH�
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WR�D�ZDYH�HTXDWLRQ�ZLWK�D�F\OLQGULFDO�VRXUFH�� r �LV�WKH�
UDGLDO� GLVWDQFH� IURP� WKH� VRXUFH� WR� WKH�PHDVXULQJ�SRLQW�

DQG� ( ) ( )�

�
+ � LV� WKH�+DQNHO� IXQFWLRQ� RI� WKH� ILUVW� NLQG�

DQG�]HURWK�RUGHU�
$�IRUPXODWLRQ�DORQJ�WKH�OLQHV�RI�>�@�LV�XVHG�WR�FDOFXODWH�
WKH� ILHOG� DW� RWKHU� JULG� SRLQWV� DORQJ� WKH� HQG� YHUWLFDO� RI�
WKH� )6� ]RQH�� 7KLV� SURFHVV� LV� UHSHDWHG� DFURVV� HDFK� )6�
]RQH�RFFXUULQJ�ZLWKLQ�WKH�SURILOH��+HQFH�� WKH�LQFOXVLRQ�



RI� WKH�)6�]RQH�EULQJV�DERXW�D�VDYLQJ� LQ�FRPSXWDWLRQDO�
WLPH��DOEHLW�DW�WKH�H[SHQVH�RI�SUHGLFWLRQ�DFFXUDF\�VLQFH�
WKH�HIIHFWV�RI�VRPH�REVWDFOHV�DUH�LJQRUHG��
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)LJ����6FKHPDWLF�VKRZLQJ�JULG�SWV�DW�WKH�VWDUW�DQG�HQG�YHUWLFDOV�RI�WKH�
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6(�87'�� 7KH� RQO\� GLIIHUHQFH� EHWZHHQ� WKH� 6(�87'�
DQG�67'�87'�PRGHOV� OLHV� LQ� WKH� LQSXW�GDWD� VHOHFWLRQ��
7KH�HGJH�VHOHFWLRQ�LQ�WKH�6(�87'�PRGHO�LV�H[SHFWHG�WR�
WDNH� LQWR� DFFRXQW� D� PRUH� JOREDO� VKDSH� RI� WKH� WHUUDLQ�
SURILOH��LQ�DGGLWLRQ�WR�LWV�ORFDO�YDULDWLRQ��ZKLOVW�RQO\�WKH�
ODWWHU�LV�FRQVLGHUHG�LQ�WKH�67'�87'�FDVH��$V�D�UHVXOW��LW�
LV� KRSHG� WKDW� WKH� DERYH� GLIIHUHQFH� LQ� HGJH� VHOHFWLRQ�
EHWZHHQ� WKH� WZR� PRGHOV� ZLOO� WUDQVODWH� LQWR� D� PRUH�
DFFXUDWH�SUHGLFWLRQ�EHLQJ�PDGH�E\�WKH�6(�87'�PRGHO��
$�GHWDLOHG�GHVFULSWLRQ�RI�WKH�VWHSV�LQ�WKH�HGJH�VHOHFWLRQ�
DSSURDFK�ZLWKLQ�WKH�6(�87'�PRGHO�LV�JLYHQ�EHORZ��
,�� $� QXPEHU� RI� VLJQLILFDQW� �RU� PDLQ�� HGJHV� JLYHQ� E\��
QVH�� LV� LGHQWLILHG� IURP� WKH� VHW� RI� NQLIH�HGJHV� WKDW�
UHSUHVHQWV�WKH�ZKROH�WHUUDLQ��7KH�WRWDO�QXPEHU�RI�HGJHV�
LV� UHGXFHG� WR� QVH�� LQ� WKH� IROORZLQJ� ZD\�� 7KH� b �
SDUDPHWHU�RI�HDFK�HGJH�LQ�WKH�SURILOH�LV�HYDOXDWHG�EDVHG�
RQ� WKH� UHODWLYH�KHLJKWV� DQG�GLVWDQFHV�RI� WKDW�HGJH�ZLWK�
LWV� DGMDFHQW� HGJHV�� 7KH� HGJH� ZLWK� WKH� PRVW� QHJDWLYH�
[ ]b§ �� VD\� HGJH� %�� LV� GHHPHG� WR� KDYH� WKH� OHDVW�

FRQWULEXWLRQ�WR�WKH�GLIIUDFWLRQ�ORVV������+HQFH�WKLV�HGJH�
LV� QRW� RI� LQWHUHVW� DQG� VKRXOG� EH� LJQRUHG�� 7KH� b �
SDUDPHWHU�LV�WKHQ�UHFDOFXODWHG�IRU�WKH�HGJHV�DGMDFHQW�WR�
%��VD\�HGJHV�$�DQG�&��DVVXPLQJ�%�LV�DEVHQW��7KH�QHZO\�
FDOFXODWHG� b �SDUDPHWHU�IRU�HGJHV�$�DQG�&�LV�FRPSDUHG�
ZLWK� WKRVH� RI� WKH� UHPDLQLQJ� HGJHV� LQ� WKH� SURILOH�� 7KH�
VDPH�HOLPLQDWLRQ�SURFHVV�DV�DERYH�LV�UHSHDWHG�XQWLO�WKH�
WRWDO�QXPEHU�RI�HGJHV�LV�JLYHQ�E\�QVH���
,,��(OOLSVRLGV� UHSUHVHQWLQJ� WKH�0)35�DUH�GUDZQ�DFURVV�
SDLUV� RI� PDLQ� HGJHV� DQG� WKH� 7[� DQG� 5[�� :H� WKHQ�
GHWHUPLQH�ZKLFK�HGJHV�LQ�WKH�WHUUDLQ�SURILOH�DUH�ZLWKLQ�
WKH�0)35��$V�EHIRUH�� WKH� HGJHV�ZLWKLQ� WKH�0)35�DUH�
GHHPHG�WR�EH�VLJQLILFDQW�LQ�WHUPV�RI�GLIIUDFWLRQ�ORVV��
,,,�� 8VXDOO\� WKH� QXPEHU� RI� HGJHV�ZLWKLQ� WKH�0)35� LV�
TXLWH�KLJK��7KH\�DUH�QDUURZHG�GRZQ�WR�D�QXPEHU�JLYHQ�
E\� ILQDOBQXPBVLJBHGJHV� �IQVH��� E\� GHWHUPLQLQJ� WKH�
PRVW�VLJQLILFDQW�HGJHV�EDVHG�RQ�9RJOHU¶V� b �SDUDPHWHU��
,W� VKRXOG�EH�QRWHG� WKDW� WKH� HGJH� VHOHFWLRQ� LQ� WKH�67'�
87'�PRGHO�FRQVLVWV�RI� VWDJH� ,�RQO\�� ,Q� WKH�67'�87'�
PRGHO��QVH�KDV�DQ�XSSHU�OLPLW�RI����DQG�LI�WKH�FKDQJH�LQ�
GLIIUDFWLRQ�ORVV�GXH�WR�L���HGJHV�LV�JUHDWHU�WKDQ�����G%�
UHODWLYH�WR�WKDW�IRU�L�HGJHV��WKHQ�WKH�QXPEHU�RI�RSWLPXP�

HGJHV�LV�FKRVHQ�WR�EH�L����)URP�WKH�GHVFULSWLRQ�RI�VWDJH�
,��LW�LV�FOHDUO\�VHHQ�WKDW�DQ�HGJH�LV�DVVHVVHG�EDVHG�RQ�LWV�
GLIIUDFWLYH�HIIHFWV�ZLWK�UHVSHFW�WR�LWV�LPPHGLDWH�DGMDFHQW�
HGJHV��+HQFH�LQ�VRPH�ZD\V�LW�FDQ�EH�VDLG�WKDW�WKH�HGJH�
VHOHFWLRQ� LQ� WKH� 67'�87'�PRGHO� LV� PRUH� IRFXVHG� RQ�
WKH� ORFDO� GLIIUDFWLYH� HIIHFWV� RI� DQ� HGJH�� %\� LQFOXGLQJ�
VWDJH� ,,� LQ� WKH� HGJH� VHOHFWLRQ� SURFHVV� RI� WKH� 6(�87'�
PRGHO�� WKH� PHWKRG� DWWHPSWV� WR� WDNH� LQWR� DFFRXQW� WKH�
GLIIUDFWLYH�HIIHFW�RI�DQ�HGJH�ZLWK�UHVSHFW�WR�DQ�DGMDFHQW�
SDLU� RI�PDLQ� HGJHV� WKDW�PD\�QRW� EH� VLWXDWHG� ORFDOO\� WR�
WKH� HGJH� LQ� TXHVWLRQ�� ,W� LV� WKXV� H[SHFWHG� WKDW� D� PRUH�
JOREDO� SHUVSHFWLYH� ZLOO� EH� WDNHQ� ZKLOVW� FDUU\LQJ� RXW�
HGJH�VHOHFWLRQ���
�
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7KH� UHIHUHQFH� DQG� PRGLILHG� PRGHOV� ZHUH� UXQ� RQ� WKH�
SURILOHV�RI�����DW�WKH�IUHTXHQF\�RI�����0+]��7KH�FKRVHQ�
SURILOHV�DUH�VXFK�WKDW�DOO�WKH�UHFHSWLRQ�SRLQWV�LQ�D�SURILOH�
FDQ�EH�DVVXPHG�WR�OLH�LQ�D��'�SODQH�UHVXOWLQJ�LQ�D�SRLQW�
WR�PXOWLSRLQW� FROOLQHDU� VFHQDULR�� 7KH� DFFXUDF\� RI� WKH�
PRGHOV� ZLOO� EH� DVVHVVHG� EDVHG� RQ� �L�� WKH� URRW� PHDQ�
VTXDUH� RI� WKH� HUURU��(UPV��ZKHUH� WKH� HUURU� LV�GHILQHG�DV�
WKH� GLIIHUHQFH� EHWZHHQ� WKH� PHDVXUHPHQWV� DQG� WKH�
SUHGLFWLRQV�� �LL�� WKH� PHDQ� RI� WKH� 7RWDO� +LW� 5DWH� �����
7+5P��ZKLFK�LV�WKH�DYHUDJH�RI�WKH�QRQ������YDOXHV�RI�
WKH� 7+5�� $� FRPSDULVRQ� RI� WKH� SHUIRUPDQFH� RI� WKH�
PRGLILHG�PRGHOV�DJDLQVW�WKHLU�UHIHUHQFH�PRGHOV�ZLOO�EH�
VKRZQ� IRU� WZR� SURILOHV� LQ� WKH� $DOERUJ� GDWDEDVH��
+DQGVXQG�DQG�0MHOV��
�
�
+DQGVXQG� SURILOH�� 1$3(�EDVHG� UHVXOWV�� 7KH� 1$3(�
KDV� EHHQ� UXQ� IRU� D� UDQJH� RI� YDOXHV� RI� XSSHU� ERXQGDU\�
KHLJKW��KHLJKWBGRP��DQG�WKH�RSWLPXP�YDOXH�LQ�WHUPV�RI�
FRPSXWDWLRQDO� VSHHG� DQG� DFFXUDF\� ZDV� IRXQG� WR� EH�
���P��7KLV�KDV�WKHQ�EHHQ�XVHG�LQ�WKH�1$3(�)6�PRGHO�
WKDW�ZDV�UXQ�IRU�D�UDQJH�RI�QVH�IURP���WR����VHH�7DEOH�����
�
� � 1$3(�)6� 6HOHFWHG�1$3(�
QVH� 7LPH� (UPV� 7+5P� (UPV� 7+5P�
� >PLQ@� >G%@� >�@� >G%@� >�@�
�� ������ ������ ������� ������� �������
�� ������ ������ ������� ������� �������
�� ������ ������ ������� ������� �������
�� ������ ������ ������� ������� �������
�� ������ ������ ������� ������� �������
7DEOH����6SHHG�DQG�DFFXUDF\�RI�WKH�1$3(�)6�DQG�1$3(�SUHGLFWLRQV�

VHOHFWHG�DW�VLJQLILFDQW�UHJLRQV��LQ�WKH�+DQGVXQG�SURILOH��
�

7KH� 1$3(�)6� �QVH�  � ��� EULQJV� D� JDLQ� LQ� UXQWLPH� RI�
���� FRPSDUHG� WR� WKH� 1$3(� �ZLWK� KHLJKWBGRP�  �
���P��� 7KLV� JDLQ� LQ� WLPH� PD\� EH� TXLWH� XVHIXO� WR� WKH�
UDGLR�SODQQLQJ�HQJLQHHU�ZKHQ�UXQQLQJ�VLPXODWLRQV�IRU�D�
SRLQW�WR�PXOWLSRLQW�QRQ�FROOLQHDU�VFHQDULR���
7R�JDXJH�WKH�DFFXUDF\�RI�WKH�1$3(�)6�PRGHO��ZH�KDYH�
FRPSDUHG� WKH� IRUPHU� WR� 1$3(� SUHGLFWLRQV� �ZLWK�
KHLJKWBGRP�  � ���P�� VHOHFWHG� RQO\� ZLWKLQ� WKH�
VLJQLILFDQW� UHJLRQV�FRUUHVSRQGLQJ�WR�HDFK�YDOXH�RI�QVH��
7KH� ILUVW� RUGHU� VWDWLVWLFV� DQG� KLW� UDWH�PHWULFV� IRU� WKHVH�
VHOHFWHG� SUHGLFWLRQV� DUH� UHIHUUHG� WR� DV� WKH� VHOHFWHG�
1$3(� UHVXOWV� DQG� DUH� VKRZQ� LQ� 7DEOH� ��� 7KH� 1$3(�
�ZLWK� KHLJKWBGRP�  � ���P�� SUHGLFWLRQ� LV� FKRVHQ� DV� D�
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FRPSDUDWRU� EHFDXVH� LW� KDV� WKH� VDPH� YDOXH� RI�
KHLJKWBGRP� DV� WKH� RQH� XVHG� LQ� WKH� 1$3(�)6�
VLPXODWLRQV�� +HQFH� LQ� SULQFLSOH�� DQ\� GLIIHUHQFH� LQ�
UHVXOWV� IURP� WKH� WZR� PRGHOV� ZLOO� EH� LQKHUHQW� WR� WKH�
1$3(�)6� FRQFHSW�� ,W� FDQ� EH� VHHQ� WKDW� WKH� 1$3(�)6�
SHUIRUPV� EHWWHU� WKDQ� WKH� 1$3(� LQ� WHUPV� RI� DFFXUDF\��
WKH�(UPV�RI� WKH�1$3(�)6�SUHGLFWLRQV� LV� OHVV� WKDQ�WKRVH�
RI� WKH� VHOHFWHG� 1$3(� SUHGLFWLRQV� E\� D� FRXSOH� RI� G%��
$OVR�WKH�7+5P�IRU�WKH�1$3(�)6�SUHGLFWLRQV�LV�DERXW�D�
FRXSOH�RI�SHUFHQW�EHWWHU�WKDQ�WKH�FRUUHVSRQGLQJ�RQH�IRU�
WKH� VHOHFWHG� 1$3(� SUHGLFWLRQ�� 7KHVH� REVHUYDWLRQV�
VXJJHVW� WKDW� WKH� 1$3(�)6� PRGHO� LV� EHWWHU� WKDQ� WKH�
1$3(�PRGHO�� ,Q�IDFW�� WKH�RSSRVLWH�ZDV�H[SHFWHG��7KLV�
LV�EHFDXVH�WKH�1$3(�WDNHV�LQWR�DFFRXQW�WKH�GLIIUDFWLRQ�
HIIHFWV�RI�WKH�ZKROH�SURILOH�ZKLOVW�WKH�1$3(�)6�PRGHO�
LJQRUHV�FHUWDLQ�VHJPHQWV�RI�WKH�SURILOH��)LJ���DOORZV�XV�
WR�XQGHUVWDQG�WKDW�WKH�DERYH�REVHUYDWLRQV�VWHP�IURP�WKH�
IROORZLQJ�DVSHFWV���L��7KH�1$3(�SUHGLFWLRQV�ZLWKLQ�WKH�
VLJQLILFDQW� UHJLRQV�� JHQHUDOO\� XQGHUHVWLPDWH� WKH� SDWK�
ORVV�ZLWK�UHVSHFW�WR�WKH�PHDVXUHPHQWV���LL��7KH�1$3(�
)6� SUHGLFWLRQV� XQGHUHVWLPDWH� WKH� SDWK� ORVV� WR� D� OHVVHU�
H[WHQW�WKDQ�WKH�1$3(�SUHGLFWLRQV���
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)LJ����0HDVXUHPHQW�DQG�SUHGLFWLRQV�IURP�WKH�1$3(�DQG�1$3(�)6�

PRGHOV�IRU�WKH�+DQGVXQG�SURILOH���
�

+HQFH� WKH� 1$3(�)6� SUHGLFWLRQV� DUH� ³FORVHU´� WR� WKH�
PHDVXUHPHQWV�� ,WHP� �LL�� FDQ� EH� H[SODLQHG� DV� IROORZV��
7KH� IUHH�VSDFH� �)6�� ]RQHV�RFFXU� RYHU� VHJPHQWV� RI� WKH�
SURILOH� ZKHUH� WKH� GLIIUDFWLRQ� ORVVHV� DUH� QHJOLJLEOH��
+HQFH� WKH� GLIIHUHQFH� EHWZHHQ� WKH� 1$3(� DQG� WKH�
1$3(�)6� SUHGLFWLRQV� GRHV� QRW� RULJLQDWH� PDLQO\� IURP�
GLIIUDFWLYH� HIIHFWV�� ,Q� WKH�1$3(�)6�PRGHO�� WKHUH� LV�QR�
UHIOHFWLRQ� RII� WKH� JURXQG� LQ� WKH� )6� ]RQHV� VLQFH� ZH�
DVVXPH�IUHH�VSDFH��+HQFH�WKH�ILHOG�VWUHQJWK�DV�SUHGLFWHG�
E\�WKH�1$3(�)6�PRGHO�PD\�EH�ZHDNHU�WKDQ�WKH�1$3(�
PRGHO��WKHUHE\�UHVXOWLQJ�LQ�LWHP��LL����
�
�
+DQGVXQG�SURILOH��87'�EDVHG�UHVXOWV��7KH�6(�87'�
PRGHO�ZLWK� D� YDOXH� RI�QVH�  � ��� KDV� EHHQ� UXQ�RYHU� WKH�
IROORZLQJ� VHJPHQW� RI� WKH� +DQGVXQG� SURILOH�� IURP�
���NP�WR�����NP�IRU�D�UDQJH�YDOXHV�RI�IQVH�IURP���WR����
DQG� WKH� UHVXOWV� DUH� VKRZQ� LQ�7DEOH� ���7KH�6(�87'� LV�
FRPSDUHG�WR�WKH�67'�87'�ZKHQ�WKH�VDPH�IQVH�LV�XVHG��
67'�87'� SUHGLFWLRQV� IRU� WKH� VDPH� YDOXHV� RI� IQVH� DV�
XVHG� LQ� WKH� 6(�87'�� ZLOO� EH� UHIHUUHG� WR� DV� H[WHQGHG�
67'�87'� SUHGLFWLRQV�� ,I� WKH� VDPH�QXPEHU�RI� HGJHV� LV�
EHLQJ� XVHG� LQ� HDFK� PRGHO�� WKHQ� DQ\� JDLQ� LQ� DFFXUDF\�

ZLOO� EH� GXH� WR� WKH� HGJH� VHOHFWLRQ� SURFHVV� DQG� QRW� WKH�
QXPEHU�RI�HGJHV�XVHG��
�
� 6(�87'� ([WHQGHG�67'�87'�
IQVH� 7LPH� (UPV� 7+5P� 7LPH� (UPV� 7+5P�
� >PLQ@� >G%@� >�@� >PLQ@� >G%@� >�@�
�� ������ ������ ������� ������ ������ ������
�� ������ ������ ������� ������ ������ ������
�� ������ ������ ������� ������ ������ ������
�� ������ ������ ������� ������ ������ ������
�� ������ ������ ������� ������ ������ ������
��� ������ ������ ������� ������ ������ ������
7DEOH����6SHHG�DQG�DFFXUDF\�RI�WKH�6(�87'�DQG�6HOHFWHG�67'�87'�

SUHGLFWLRQV�IRU�WKH�+DQGVXQG�SURILOH�
�

7DEOH� �� VKRZV� WKDW� WKH� 6(�87'� KDV� D� ORZHU� (UPV� E\�
DERXW���G%�DQG�D�KLJKHU�7+5P�E\�DERXW����FRPSDUHG�
WR� WKH� H[WHQGHG� 67'�87'� UHVXOWV�� ,Q� WHUPV� RI� VSHHG��
WKH� 6(�87'� SHUIRUPV� EHWWHU� WKDQ� WKH� H[WHQGHG� 67'�
87'�DW�KLJKHU�YDOXHV�RI� IQVH��7KLV�PD\�EH�GXH� WR� WKH�
UHODWLYH� SRVLWLRQLQJ� RI� WKH� VHOHFWHG� HGJHV� LQIOXHQFLQJ�
WKH�QXPEHU�RI�GLVWDQFH�DQG�VORSH�GLVWDQFH�SDUDPHWHUV�WR�
EH�FDOFXODWHG�ZKLOVW�GHWHUPLQLQJ�WKH�GLIIUDFWLRQ�ORVV��6R�
WKH� UDWLRQDOH� EHKLQG� WKH� HGJH� VHOHFWLRQ� SURFHVV�
GHVFULEHG� LQ� ��� IRU� WKH� 6(�87'� LV� SURYHQ� WR� EH�
HIIHFWLYH� LQ� WHUPV� RI� DFFXUDF\� DQG� FRPSXWDWLRQ� WLPH�
�DOEHLW� DW� KLJKHU� YDOXHV� RI� IQVH� IRU� WKH� ODWWHU��� )LJ� ��
FDSWXUHV� WKH� JLVW� RI� WKH� UHVXOWV� REWDLQHG� IRU� WKH�
+DQGVXQG� SURILOH� DQG� FRQILUPV� ZKDW� KDV� EHHQ�
PHQWLRQHG�HDUOLHU���
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)LJ����3ORW�RI�DFFXUDF\�DJDLQVW�FRPSXWDWLRQDO�WLPH�IRU�WKH�PRGHOV�

XVHG�RYHU�WKH�+DQGVXQG�SURILOH��
�
�
0MHOV� SURILOH�� 1$3(�EDVHG� UHVXOWV�� 7KH� RSWLPXP�
KHLJKWBGRP�GHWHUPLQHG�IURP�WKH�1$3(�VLPXODWLRQV��LV�
���P�� 7KLV� LV� XVHG� LQ� WKH� 1$3(�)6� PRGHO� DQG� WKH�
UHVXOWV�DUH�VKRZQ�LQ�7DEOH���EHORZ���
�
� � 1$3(�)6� 6HOHFWHG�1$3(�
1VH� 7LPH� (UPV� 7+5P� (UPV� 7+5P�
� >PLQ@� >G%@� >�@� >G%@� >�@�
�� ����� ������ ������� ������ �������
�� ����� ������ ������� ������ �������
�� ����� ������ ������� ������ �������
�� ����� ������ ������� ������ �������
�� ����� ������ ������� ������ �������
7DEOH����6SHHG�DQG�DFFXUDF\�RI�WKH�1$3(�)6�DQG�1$3(�SUHGLFWLRQV�

VHOHFWHG�DW�VLJQLILFDQW�UHJLRQV��LQ�WKH�0MHOV�SURILOH�
�



7KH�JDLQ�LQ�UXQWLPH�ZKHQ�XVLQJ�WKH�1$3(�)6�RYHU�WKH�
0MHOV�SURILOH�LV�RQO\�DERXW�����ZKHQ�FRPSDUHG�WR�WKDW�
RI�1$3(� �ZLWK�KHLJKWBGRP�  � ���P��� 7KLV� LV� EHFDXVH�
WKH�0MHOV� SURILOH� LV� TXLWH� IODW� FRPSDUHG� WR� +DQGVXQG��
+HQFH� PRVW� RI� WKH� WHUUDLQ� RFFXUV� ZLWKLQ� WKH� 0)35��
UHVXOWLQJ� LQ� VLJQLILFDQW� UHJLRQV� ZLWK� ODUJHU� ZLGWKV��
%HFDXVH� RI� WKH� ODWWHU� HIIHFW�� LW� LV� H[SHFWHG� WKDW� WKH�
1$3(�)6� SUHGLFWLRQV� VKRXOG� IROORZ� WKH� 1$3(�
SUHGLFWLRQV�TXLWH�FORVHO\��VHH�)LJ�����
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)LJ����0HDVXUHPHQW�DQG�SUHGLFWLRQV�IURP�WKH�1$3(�DQG�1$3(�)6�

PRGHOV�IRU�WKH�0MHOV�SURILOH���
�
:H� H[SHFW� WKH� 1$3(�)6� PRGHO� WR� KDYH� D� KLJKHU�
DEVROXWH� YDOXH� RI� SDWK� ORVV� FRPSDUHG� WR� WKH� 1$3(�
EHFDXVH� RI� WKH� DEVHQFH� RI� UHIOHFWLRQV� RYHU� WKH� IUHH�
VSDFH� ]RQHV��+RZHYHU� DV� VHHQ� LQ�)LJ���� WKH�1$3(�)6�
KDV�D�VOLJKWO\� ORZHU�DEVROXWH�YDOXH�RI�SDWK�ORVV�IRU� WKH�
ILUVW� WZR� VLJQLILFDQW� UHJLRQV� DQG� RYHU� WKH� VHJPHQW� RI�
����P�WR�����P��*LYHQ� WKDW� IRU� WKH�0MHOV�SURILOH�� WKH�
1$3(�SUHGLFWLRQV�RYHUHVWLPDWH�WKH�SDWK�ORVV��WKH�DERYH�
EHKDYLRXU� RI� WKH� 1$3(�)6� SUHGLFWLRQV� FDXVHV� WKH�
1$3(�)6�PRGHO�WR�KDYH�D�EHWWHU�SHUIRUPDQFH��
�
0MHOV� SURILOH�� 6(�87'�EDVHG� UHVXOWV�� 7KH� 6(�87'�
PRGHO�ZLWK� D� YDOXH� RI�QVH�  � ��� KDV� EHHQ� UXQ�RYHU� WKH�
IROORZLQJ�VHJPHQW�RI� WKH�0MHOV�SURILOH��IURP����NP�WR�
����NP�IRU�D�UDQJH�YDOXHV�RI�IQVH�IURP���WR����DQG�WKH�
UHVXOWV�DUH�VKRZQ�LQ�7DEOH����
�
� 6(�87'� ([WHQGHG�67'�87'�
IQVH� 7LPH� (UPV� 7+5P� 7LPH� (UPV� 7+5P�
� >PLQ@� >G%@� >�@� >PLQ@� >G%@� >�@�
�� ����� ������ ������� ����� ������ �������
�� ����� ������ ������� ����� ������ �������
�� ����� ������ ������� ����� ������ �������
�� ����� ������ ������� ����� ������ �������
�� ����� ������ ������� ����� ������ �������
��� ����� ������ ������� ����� ������ �������
��� ����� ������ ������� ����� ������ �������
��� ������ ������ ������� ����� ������ �������
��� ������ ������ ������� ����� ������ �������
7DEOH����6SHHG�DQG�DFFXUDF\�RI�WKH�6(�87'�DQG�6HOHFWHG�67'�87'�

SUHGLFWLRQV�IRU�WKH�0MHOV�SURILOH�
�
7KH�6(�87'�DQG�H[WHQGHG�67'�87'�UHVXOWV�KDYH�WKH�
VDPH� UHVXOWV� IRU� YDOXHV� RI� IQVH� IURP� �� WR� ���� 7KLV� LV�
EHFDXVH�WKH�WZR�HGJH�VHOHFWLRQ�DSSURDFKHV�KDYH�\LHOGHG�
WKH� VDPH� VHW� RI� LQSXW� HGJHV� VLQFH� WKH�0MHOV� SURILOH� LV�
IODW�� 7KH� XVHIXOQHVV� RI� GUDZLQJ� )UHVQHO� ]RQHV� DFURVV�
PDLQ�HGJHV�DV�D�PHDQV�RI�HGJH�VHOHFWLRQ�� LV�VRPHZKDW�
PLWLJDWHG�LQ�VXFK�FLUFXPVWDQFHV��7KLV�FDQ�EH�FRQVLGHUHG�

DV� D� OLPLWDWLRQ� RI� WKH� HGJH� VHOHFWLRQ� DSSURDFK� XVHG� LQ�
WKH�6(�87'�PRGHO��7KH�6(�87'�PRGHO�KDV�DOVR�EHHQ�
UXQ�ZLWK� D�YDOXH�RI�QVH� ���EXW� WKH� VDPH� UHVXOWV� DV� LQ�
7DEOH� ��ZHUH� REWDLQHG�� ,W� FDQ� EH� FRQFOXGHG� WKDW� IRU� D�
IODW� SURILOH�� DQ� LQFUHDVH� LQ� QVH� GRHV� QRW� UHVXOW� LQ� D�
JUHDWHU� GLIIHUHQFH� LQ� HGJH� VHOHFWLRQ� EHWZHHQ� WKH� 67'�
87'�DQG�6(�87'��
$OWKRXJK� WKH� 6(�87'� DQG� H[WHQGHG� 67'�87'� KDYH�
WKH�VDPH�LQSXW�HGJHV��WKH�ODWWHU�KDV�D�ORZHU�UXQWLPH�IRU�
WKH� VPDOO� YDOXHV� RI� IQVH�� 7KLV� LV� EHFDXVH� WKH� SUH�
SURFHVVLQJ� WLPH� FRUUHVSRQGLQJ� WR� WKH� HGJH� VHOHFWLRQ�
SURFHVV�LQ�WKH�6(�87'�LV�JUHDWHU��
�
&21&/86,216�
�
:H�KDYH�FKRVHQ� WZR� UHIHUHQFH�PRGHOV�� WKH�1$3(�DQG�
WKH� 67'�87'�� DQG� DSSOLHG� VRPH� PRGLILFDWLRQ� WR� WKH�
WHUUDLQ�LQSXW�GDWD�WR�REWDLQ�WKH�1$3(�)6�DQG�6(�87'�
UHVSHFWLYHO\�� 7KHVH� KDYH� EHHQ� UXQ� RQ� WKH� $DOERUJ�
WHUUDLQ�GDWDEDVH��$�FRPSDULVRQ�LQ�WHUPV�RI�DFFXUDF\�DQG�
VSHHG� KDV� EHHQ� SHUIRUPHG�� 7KH� 1$3(�)6� PRGHO� KDV�
EURXJKW� D� JDLQ� LQ� UXQWLPH� ZLWK� UHVSHFW� WR� WKH� 1$3(�
PRGHO�� 7KLV� JDLQ� LQ� UXQWLPH� LV� FORVHO\� UHODWHG� WR� WKH�
VKDSH� RI� WKH� WHUUDLQ� SURILOH�� ,Q� WHUPV� RI� DFFXUDF\�� WKH�
1$3(�)6� KDV� XQH[SHFWHGO\� KDG� EHWWHU� SHUIRUPDQFH�
WKDQ� WKH� 1$3(� DQG� WKH� SRVVLEOH� UHDVRQ� KDV� EHHQ�
KLJKOLJKWHG� LQ� WKLV� SDSHU�� +RZHYHU� PRUH� VLPXODWLRQV�
KDYH� WR� EH� UXQ� RQ� RWKHU� GDWDEDVHV� WR� PRQLWRU� WKH�
DFFXUDF\� RI� WKH� 1$3(�)6�� 7KH� 6(�87'� SHUIRUPV�
EHWWHU� WKDQ� WKH� H[WHQGHG� 67'�87'� IRU� SURILOHV� ZLWK�
GLVWLQFWLYH�SHDNV�VXFK�DV�+DQGVXQG��+RZHYHU�WKH�VDPH�
LPSURYHPHQW� LV� QRW� UHSURGXFHG� IRU� JHQHUDOO\� IODW�
SURILOHV��
�
$&.12:/('*(0(176��
:H� DUH� JUDWHIXO� WR� (ULFVVRQ� /WG�� IRU� VSRQVRULQJ� WKLV�
SURMHFW�DQG�WR�$DOERUJ�8QLYHUVLW\�IRU�WKH�GDWDEDVH��
�
5()(5(1&(6�
�
��� /HY\� 0� )�� ������ 3DUDEROLF� HTXDWLRQ� PRGHOOLQJ� RI�
SURSDJDWLRQ�RYHU�LUUHJXODU�WHUUDLQ��(OHF�/HWW������������
������
�
��� 7]DUDV� &� DQG� 6DXQGHUV� 6� 5�� ������ $Q� LPSURYHG�
KHXULVWLF� 87'� VROXWLRQ� IRU� PXOWLSOH�HGJH� WUDQVLWLRQ�
]RQH�GLIIUDFWLRQ��,(((�7UDQV�$	�3������������������
�
��� +YLLG� -� 7� HW� DO�� ������ 7HUUDLQ� EDVHG� SURSDJDWLRQ�
PRGHO� IRU� UXUDO� DUHD�� $Q� LQWHJUDO� HTXDWLRQ� DSSURDFK��
,(((�7UDQV��$	3�������������
�
���+ULVWRY�+�'��������)UHVQHO� ]RQHV� LQ�ZLUHOHVV� OLQNV��
]RQH� SODWH� OHQVHV� DQG� DQWHQQDV�� $UWHFK� +RXVH�
3XEOLVKHUV��,6%1�����������������
�
���9RJOHU�/�(��������7KH�DWWHQXDWLRQ�RI�HOHFWURPDJQHWLF�
ZDYHV�E\�PXOWLSOH�NQLIH�HGJH�GLIIUDFWLRQ��17,$�5HSRUW�
�������17,$�&RORUDGR��
�
���2ZDGDOO\�$�6��0RQWLHO�(�DQG�6DXQGHUV�6�5��������$�
FRPSDULVRQ� RI� WKH� DFFXUDF\� RI� SURSDJDWLRQ� PRGHOV�
XVLQJ�KLW�UDWH�DQDO\VLV��,(((�97&�)DOO����������������
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