
7RZDUGV�1DPHG�(QWLW\�([WUDFWLRQ�DQG�7UDQVODWLRQ�LQ��
6SRNHQ�/DQJXDJH�7UDQVODWLRQ�
)HL�+XDQJ��6WHSKDQ�9RJHO��$OH[�:DLEHO�

/DQJXDJH�7HFKQRORJLHV�,QVWLWXWH���
6FKRRO�RI�&RPSXWHU�6FLHQFHV�
&DUQHJLH�0HOORQ�8QLYHUVLW\�

3LWWVEXUJK��3$�86$����������
	����������������
�
�������������! ��"�#�
$��

$EVWUDFW�
,Q�WKLV�SDSHU�ZH�SURSRVH�D�QHZ�PHWKRG�RI�GHWHFWLQJ�DQG�
WUDQVODWLQJ� QDPHG� HQWLWLHV� �1(�� IURP� VSRNHQ� ODQJXDJH��
H�J��� &KLQHVH� EURDGFDVW� QHZV�� 7KLV� DSSURDFK� GHWHFWV�
SRVVLEOH� 1(� UHJLRQV� IURP� OHVV� UHOLDEO\� UHFRJQL]HG�
K\SRWKHVHV� XVLQJ� FRQILGHQFH� PHDVXUHV�� (DFK� SRVVLEOH�
1(� ERXQGDU\� ZLWKLQ� WKH� UHJLRQ� LV� FRPSDUHG� ZLWK�
FDQGLGDWH�1(V�IURP�UHWULHYHG�GRFXPHQWV�EDVHG�RQ�WKHLU�
DFRXVWLF� VLPLODULWLHV� DQG� VHPDQWLF� FRUUHODWLRQV�� 7KHVH�
FDQGLGDWH� 1(V� DUH� UH�UDQNHG� E\� DGGLWLRQDOO\�
LQFRUSRUDWLQJ� JHQHUDO� DQG� WRSLF�VSHFLILF� ODQJXDJH�
PRGHOV� WR� PHDVXUH� WKH� 1(� FRQWH[W� FRQVLVWHQF\�� 7KLV�
DSSURDFK��FRPELQHG�ZLWK�WKH�+00�EDVHG�1(�H[WUDFWLRQ�
RQ� FRQILGHQWO\� UHFRJQL]HG� ZRUGV�� LPSURYHV� 1(�
H[WUDFWLRQ�)�VFRUH�IURP�����WR�����DQG�1(�WUDQVODWLRQ�
TXDOLW\� IURP� ���� WR� ���� RYHU� WKH� EDVHOLQH� PHWKRG��
6\VWHPDWLF� FRPSDULVRQV� RQ�1(� WUDQVODWLRQ� TXDOLW\�ZLWK�
GLIIHUHQW�VSHHFK�LQSXW�TXDOLW\�DUH�DOVR�SUHVHQWHG���

��� ,QWURGXFWLRQ�
1DPHG� HQWLW\� �1(�� UHIHUV� WR� WKH� VWUXFWXUHG� LQIRUPDWLRQ�
GHVLJQDWLQJ� SDUWLFXODU� REMHFWV�� VXFK� DV� SHUVRQV��
ORFDWLRQV�� DQG� RUJDQL]DWLRQV�� 6LQFH� 1(V� FDSWXUH� NH\�
LQIRUPDWLRQ� IURP� KXPDQ� FRPPXQLFDWLRQ�� GHWHFWLQJ� DQG�
WUDQVODWLQJ� WKHP� EHQHILWV� PDQ\� QDWXUDO� ODQJXDJH�
SURFHVVLQJ�WDVNV��7KH�HIILFLHQF\�RI�D�KXPDQ�DQDO\VW�FDQ�
EH� JUHDWO\� LPSURYHG� ZKHQ� UHOLDEOH� 1(� LGHQWLILFDWLRQ�
H[WUDFWV� IDFWXDO� LQIRUPDWLRQ� IURP� XQVWUXFWXUHG�
GRFXPHQWV�� VXFK� DV� WH[W� DQG� VSHHFK�� &RUUHFW� 1(�
WUDQVODWLRQV�DOVR�EURDGHQ�WKH�VFRSH�RI�LQIRUPDWLRQ�DFFHVV�
E\� LQFRUSRUDWLQJ� IDFWV� SUHVHQWHG� LQ� D� IRUHLJQ� ODQJXDJH��
)RU�H[DPSOH��WUDQVODWHG�1(V�DUH�HLWKHU�WKH�NH\�TXHULHV�LQ�
FURVV�OLQJXDO� LQIRUPDWLRQ� UHWULHYDO� RU� WKH� ULJKW� DQVZHUV�
LQ� PXOWLOLQJXDO� TXHVWLRQ�DQVZHU� SDLUV�� ,Q� PDFKLQH�
WUDQVODWLRQ�� PHDQLQJIXO� LQIRUPDWLRQ� IURP� RULJLQDO�
GRFXPHQWV�LV�RIWHQ�ORVW�GXH�WR�LQFRUUHFW�1(�WUDQVODWLRQV��
,QFRUUHFW� 1(� WUDQVODWLRQV� DOVR� LQWURGXFH� GLVWRUWHG�
VHPDQWLF� FRQWH[W� WKURXJK� DQ� XQZDQWHG� WUDQVODWLRQ��
WKHUHE\�GHJUDGLQJ�WKH�RYHUDOO�WUDQVODWLRQ�TXDOLW\����
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$OWKRXJK� 1(� H[WUDFWLRQ� IURP� ZHOO�IRUPDWWHG� WH[W�
LQSXW� KDV� EHHQ� LQWHQVLYHO\� LQYHVWLJDWHG� DQG� DFKLHYHG�
VDWLVIDFWRU\� SHUIRUPDQFH�� 1(� H[WUDFWLRQ� IURP� VSHHFK�
UHPDLQV� XQGHU�H[SORUHG�� � �.XEDOD� HW�� DO�� ������ DQG�
�0LOOHU�HW�DO��������DSSOLHG�D� WH[W�EDVHG�1(�H[WUDFWLRQ�
PRGHO� RQ� WKH� ILUVW� EHVW� UHFRJQLWLRQ� K\SRWKHVLV� RI�
(QJOLVK� EURDGFDVW� QHZV�� �3DOPHU� HW�� DO�� ������ H[WUDFW�
1(V�GLUHFWO\�IURP�UHFRJQLWLRQ�ODWWLFHV��DQG��=KDL�HW��DO��
������XVH�1�EHVW�OLVWV�IRU�&KLQHVH�1(�H[WUDFWLRQ��

2Q� WKH� RWKHU� KDQG�� WUDQVODWLQJ� 1(V� LV� DOVR� D�
FKDOOHQJLQJ�SUREOHP��.QLJKW�DQG�*UDHKO��������3DUW�RI�
WKH� UHDVRQ� LV� WKDW� 1(V� DUH� VRPHWLPHV� SKRQHWLFDOO\�
WUDQVOLWHUDWHG� �WUDQVODWLRQ� E\� SURQXQFLDWLRQ�� IRU�
H[DPSOH��³ �D� �ED� �OD� �TL� �\D´�LV�WUDQVOLWHUDWHG�
DV� ³$SSDODFKLDQ´��� VRPHWLPHV� VHPDQWLFDOO\� WUDQVODWHG�
�WUDQVODWLRQ� E\�PHDQLQJ�� IRU� H[DPSOH�� ³ �VKDQPDL´�
LV� WUDQVODWHG� LQWR� ³PRXQWDLQV´��� DQG� VRPHWLPHV� ERWK�
VWUDWHJLHV� DUH� XVHG� WRJHWKHU�� ,W� LV� GLIILFXOW� WR� GHFLGH�
ZKLFK� VWUDWHJ\� VKRXOG� EH� XVHG� LQ� GLIIHUHQW� FRQWH[WV���
$GGLWLRQDOO\�� QHLWKHU� D� WUDQVOLWHUDWLRQ� PRGHO� QRU� D�
WUDQVODWLRQ�PRGHO�KDV�D�RQH�WR�RQH�PDSSLQJ�EHWZHHQ� D�
VRXUFH�XQLW� �H�J��� D�ZRUG��D� V\OODEOH�RU� D� OHWWHU�� DQG� LWV�
WDUJHW�WUDQVODWLRQ��WKXV�RQH�VRXUFH�1(�PD\�EH�WUDQVODWHG�
LQWR� VHYHUDO� FRUUHFW� WDUJHW� WUDQVODWLRQV�� )XUWKHUPRUH��
VLQFH� QHZ� QDPHV� RFFXU� LQILQLWHO\�� SUH�FRQVWUXFWHG� 1(�
WUDQVODWLRQ� GLFWLRQDULHV� FDQQRW� FRYHU� DOO� 1(V�� DQG� WKH�
2XW�RI�9RFDEXODU\� �229�� SUREOHP� LV� DOZD\V� D� PDLQ�
LVVXH� WR� EH� GHDOW� ZLWK� LQ� ERWK� VSHHFK� UHFRJQLWLRQ� DQG�
WUDQVODWLRQ�� )LQDOO\�� LI� WKH� 1(V� DUH� DXWRPDWLFDOO\�
H[WUDFWHG�IURP�WH[W�DQG�VSHHFK�LQSXW��1(�WDJJLQJ�HUURUV�
DQG� VSHHFK� UHFRJQLWLRQ� HUURUV� IXUWKHU� FRPSOLFDWH� WKH�
WUDQVODWLRQ�SUREOHP��0HQJ�HW��DO���������

��� 2YHUDOO�7HFKQLFDO�$SSURDFK�
:H� SURSRVH� D� QHZ� DSSURDFK� WR� 1(� GHWHFWLRQ� DQG�
WUDQVODWLRQ� IURP� UHFRJQL]HG� VSHHFK� LQSXW��:H� FRPELQH�
FRQILGHQFH� PHDVXUHV� IURP� VSHHFK� UHFRJQLWLRQ�� D�
VWDWLVWLFDO� IUDPHZRUN� IRU� 1(� H[WUDFWLRQ�� DQG� PXOWLSOH�
IHDWXUHV�IRU�1(�WUDQVODWLRQ�WR�WDFNOH�WKLV�SUREOHP��
����/HVV� IUHTXHQWO\� RFFXUULQJ� 1(� ZRUGV� DUH� RIWHQ� QRW�
LQFOXGHG� LQ� D� VSHHFK� UHFRJQL]HU¶V� YRFDEXODU\� OLVW�� WKXV�
SUHYHQWV� SURSHU� UHFRJQLWLRQ�� GHWHFWLRQ� DQG� WUDQVODWLRQ�
IRU�WKHVH�1(V��:KDW�LV�HYHQ�ZRUVH�LV�WKDW�WKH�UHFRJQL]HU�
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ZLOO�PLVUHFRJQL]H� WKHP�DV� D�ZRUG� IURP� WKH� YRFDEXODU\�
ZLWK� D� VLPLODU� SURQXQFLDWLRQ�� DQG� WKXV�PD\� FKDQJH� WKH�
ORFDO� FRQWH[W� RI� WKH� 1(�� OHDGLQJ� WR� PRUH� UHFRJQLWLRQ�
HUURUV� DURXQG� WKH� 1(� DQG� PRUH� GLIILFXOWLHV� LQ� 1(�
GHWHFWLRQ�DQG�WUDQVODWLRQ��

:LWK� VSHHFK� UHFRJQLWLRQ� FRQILGHQFH� PHDVXUHV�� ZH�
FDQ� GLVWLQJXLVK� UHOLDEO\� DQG� OHVV� UHOLDEO\� UHFRJQL]HG�
ZRUG� K\SRWKHVHV�� :H� XVH� D� VWDQGDUG� ZRUG�EDVHG�
VWDWLVWLFDO�PRGHO�WR�GHWHFW�1(V�IURP�UHOLDEO\�UHFRJQL]HG�
ZRUGV��)RU�UHFRJQLWLRQ�K\SRWKHVHV�ZLWK�ORZ�FRQILGHQFH��
ZH�VHDUFK�IRU�WKH�PRVW�OLNHO\�1(�ERXQGDULHV��LI�WKHUH�LV�
DQ� 1(�� ZLWKLQ� WKH� UHJLRQ�� WKHQ� ILQG� WKH� EHVW�PDWFKHG�

FDQGLGDWH�1(V�IURP�WRSLF� UHOHYDQW�GRFXPHQWV�EDVHG�RQ�
WKHLU� DFRXVWLF� VLPLODULW\� DQG� VHPDQWLF� FRUUHODWLRQV��:H�
UH�HYDOXDWH� WKHVH� FDQGLGDWH� 1(V� E\� DGGLWLRQDOO\�
LQFRUSRUDWLQJ� JHQHUDO� DQG� WRSLF�VSHFLILF� ODQJXDJH�
PRGHOV��7KH�WRSLF�VSHFLILF�ODQJXDJH�PRGHO�LV�WUDLQHG�RQ�
UHOHYDQW�VRXUFH�GRFXPHQWV��ZKLFK�DUH�UHWULHYHG�XVLQJ�WKH�
UHFRJQL]HG� K\SRWKHVLV� DV� WKH� TXHU\�� $OWKRXJK� LQ� WKLV�
SDSHU� ZH� PDLQO\� GLVFXVV� RXU� DSSURDFK� DSSOLHG� LQ� WKH�
UHWULHYHG�VRXUFH�GRFXPHQWV��ZH�DOVR�JLYH�DQ�H[DPSOH�RI�
WKH� IHDVLELOLW\� RI� GLUHFWO\� GHWHFWLQJ� DQG� WUDQVODWLQJ�1(V�
IURP�WDUJHW�GRFXPHQWV��
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7KH�RYHUDOO�DUFKLWHFWXUH�RI�WKH�SURSRVHG�PHWKRG�LV�

LOOXVWUDWHG�LQ�)LJXUH����*LYHQ�D�UHFRJQLWLRQ�ZRUG�ODWWLFH��
WKH� ILUVW�EHVW� UHFRJQLWLRQ� K\SRWKHVLV� LV� GHWHUPLQHG�
EDVHG� RQ� LWV� DFRXVWLF� DQG� ODQJXDJH� PRGHO� VFRUHV��
0RUHRYHU�� WKH� FRQILGHQFH� VFRUH� RI� HDFK� UHFRJQL]HG�
ZRUG� LV� FRPSXWHG�� DQG� DGMDFHQW� ZRUGV� ZLWK� ORZ�
FRQILGHQFH� VFRUHV� DUH� JURXSHG� DV� ³FDQGLGDWH� 1(�
UHJLRQV´�� �7KLV�UHFRJQL]HG�K\SRWKHVLV� LV�IRUPXODWHG�DV�
D� TXHU\� IRU� D� VHDUFK� HQJLQH��$IWHU� VHDUFKLQJ� LQ� D� SUH�
LQGH[HG� FRUSXV�� WKH� VHDUFK� HQJLQH� UHWXUQV� D� VHW� RI�
GRFXPHQWV� ZKLFK� DUH� WRSLFDOO\� UHOHYDQW� WR� WKH�
UHFRJQL]HG� VSHHFK�� 1(� ZRUGV� LQ� WKH� UHWULHYHG�
GRFXPHQWV� DUH� H[WUDFWHG� DQG� FRPSDUHG� ZLWK� DOO�

SRVVLEOH� 1(� ERXQGDULHV� ZLWKLQ� WKH� GHWHFWHG� ³1(�
UHJLRQ´�EDVHG�RQ�WKHLU�SKRQHWLF�VLPLODULW\�DQG�VHPDQWLF�
FRUUHODWLRQ��DQG�FDQGLGDWH�1(V�DUH�UHWXUQHG��,Q�WKH�QH[W�
VWHS�� FDQGLGDWH� 1(V� DUH� UH�HYDOXDWHG� EDVHG� RQ� WKHLU�
DFRXVWLF�VLPLODULW\�DQG�ODQJXDJH�PRGHO�VFRUHV��DQG�WKH�
RQH� ZLWK� WKH� PLQLPXP� PDWFKLQJ� FRVW� LV� VHOHFWHG� WR�
UHSODFH� WKH� K\SRWKHVL]HG� 1(� ZRUGV� LQ� WKH� ILUVW� UXQ��
1RWH�WKDW��LI�ZH�DSSO\�D�PDFKLQH�WUDQVODWLRQ�SURFHVV�RQ�
WKH� ILUVW�EHVW� ZRUG� K\SRWKHVLV�� ZH� DUH� DEOH� WR� DFFHVV�
FURVVOLQJXDO�LQIRUPDWLRQ�UHOHYDQW�WR�WKH�VRXUFH�1(V��IRU�
H[DPSOH�� WKH� WUDQVODWLRQ� RI� D� SHUVRQ¶V� QDPH�� 7KLV�
DGGLWLRQDO� LQIRUPDWLRQ�LV�KHOSIXO� LI� WKH� WUXH� VRXUFH�1(�
LV�QRW� LQFOXGHG� LQ� WKH� UHWULHYHG� VRXUFH� GRFXPHQWV�� � ,Q�
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WKLV� FDVH�� D� WUDQVOLWHUDWLRQ� IURP� WKH� WDUJHW� 1(� WR� WKH�
VRXUFH�1(�PD\�DFW�DV�DQ�DOWHUQDWLYH�� ,W� LV� DOVR�KHOSIXO�
IRU�WKH�IROORZLQJ�1(�WUDQVODWLRQ�SURFHVV��

,Q� WKH� IROORZLQJ�� ZH� ZLOO� GHVFULEH� FDQGLGDWH� 1(�
H[WUDFWLRQ� LQ� VHFWLRQ� ��� FDQGLGDWH� 1(� UH�UDQNLQJ� LQ�
VHFWLRQ����DQG�1(� WUDQVODWLRQ� LQ�VHFWLRQ����)LQDOO\��ZH�
ZLOO�SUHVHQW�VRPH�H[SHULPHQW�UHVXOWV��

��� &DQGLGDWH�1(�([WUDFWLRQ�IURP�$65�
+\SRWKHVLV�

�����1(� ([WUDFWLRQ� IURP� 5HOLDEO\� 5HFRJQL]HG�
+\SRWKHVLV�
1(� H[WUDFWLRQ� IURP� WH[W� LQSXW� KDV� EHHQ� LQWHQVLYHO\�
LQYHVWLJDWHG�� DQG� VHYHUDO� VXFFHVVIXO� IUDPHZRUNV� KDYH�
EHHQ� SURSRVHG�� :H� DGRSW� WKH� +00�EDVHG� 1(�
H[WUDFWLRQ�IUDPHZRUN��ZKHUH�DQ�1(�JHQHUDWLYH�PRGHO�LV�
XVHG�WR�FDSWXUH�WKH�VHQWHQFH�JHQHUDWLRQ�SURFHVV��*LYHQ�
D� VHTXHQFH� RI� ZRUGV� �������� NO PZZZ:  �DQG� LWV�
FRUUHVSRQGLQJ� 1(� W\SH� VHTXHQFH�

�������� QR S1111  �� WKH� SUREDELOLW\� RI� JHQHUDWLQJ�
WKH�ZRUGV�IURP�WKH�1(�W\SH�VHTXHQFH�LV�GHILQHG�DV��

�T TT 
U
V VVVV 1Z1ZS1:3 W WW ��_���_� ������������

ZKHUH� ��_�� XXZYY [[[[ 1Z1ZS GHQRWHV� WKH� WUDQVLWLRQDO�
SUREDELOLW\� IURP� \]Ẑ WR� _Z �� JLYHQ� WKDW� WKH�
FRUUHVSRQGLQJ� 1(� W\SHV� DUH� `1 DQG� abc1 �� 7KLV�
SUREDELOLW\� FDQ� EH� GHFRPSRVHG� DV� WKH� SURGXFW� RI� WKH�
IROORZLQJ� WKUHH� SUREDELOLWLHV� �IRU� PRUH� GHWDLOV�� SOHDVH�
UHIHU�WR��%LNHO�HW��DO����������
��� *HQHUDWLQJ� QH[W� 1(� FODVV� JLYHQ� LWV� SUHYLRXV�1(�

FODVV�DQG�SUHYLRXV�ZRUG�� ��_� ddfee 1Z13g ��
��� *HQHUDWLQJ�WKH�ILUVW�ZRUG�LQ�D�QHZ�1(�FODVV�JLYHQ�

WKH� FXUUHQW� DQG� SUHYLRXV� 1(� FODVVHV��
��_� hh i11Z3j ��

��� *HQHUDWLQJ�WKH�VXEVHTXHQW�ZRUG�ZLWKLQ�WKH�FXUUHQW�
1(� FODVV�� JLYHQ� LWV� SUHYLRXV� ZRUG��

��_� k 1ZZ3l m �� 7KLV� LV� DQ� 1(� FODVV�GHSHQGHQW�
ELJUDP�PRGHO��

$OO� WKHVH� SUREDELOLWLHV� FDQ� EH� FDOFXODWHG� IURP�
DQQRWDWHG�FRUSRUD�E\�PHDQV�RI�VXSHUYLVHG�OHDUQLQJ���$�
�������)�VFRUH��D�FRPELQHG�PHDVXUH�RI�SUHFLVLRQ�DQG�
UHFDOO��FDQ�EH�DFKLHYHG�RQ�(QJOLVK�QHZVZLUH�WH[W��

'LUHFWO\� DSSO\LQJ� WKH� DERYH� ZRUG�EDVHG� 1(�
H[WUDFWLRQ�PRGHO� WR� D�$65� K\SRWKHVLV� LV� QRW� RSWLPDO��
EHFDXVH� VRPH� ZRUGV� LQ� WKH� K\SRWKHVLV� PD\� LQFOXGH�
UHFRJQLWLRQ� HUURUV�� DQG� WKH� 1(� JHQHUDWLYH� PRGHO� LV�
DSSOLHG� WR� GLVWRUWHG� 1(� DQG� FRQWH[W� ZRUGV�� ,Q� IDFW��
�.XEDOD�HW�� DO��������DQG��0LOOHU� HW�DO�������� UHSRUWHG�
)�VFRUH� GHJUDGDWLRQ� RQ� VSHHFK� UHFRJQLWLRQ� K\SRWKHVHV�
ZLWK� LQFUHDVLQJ� :(5�� RQ� DYHUDJH�� ��� LQFUHDVH� RI�

:(5� FRUUHVSRQGV� WR� ���� GURS� LQ� )�VFRUH�� +RZHYHU��
ZLWK� VSHHFK� UHFRJQLWLRQ� FRQILGHQFH�PHDVXUHV�� ZH� FDQ�
LGHQWLI\� UHOLDEO\� UHFRJQL]HG� ZRUGV� LQ� WKH� K\SRWKHVLV��
DQG�RQO\�DSSO\�WKH�ZRUG�EDVHG�1(�H[WUDFWLRQ�PRGHO�WR�
WKRVH���
�����1(� ([WUDFWLRQ� IURP� 8QUHOLDEO\� 5HFRJQL]HG�
+\SRWKHVLV��
%HFDXVH� RI� VSHHFK� UHFRJQLWLRQ� HUURUV�� VRPH� 1(V��
HVSHFLDOO\� OHVV� IUHTXHQWO\� RFFXUULQJ�1(V�� DUH� OLNHO\� WR�
EH�PLVUHFRJQL]HG��$V� D� UHVXOW�� WKH�1(� DQG� LWV� FRQWH[W�
ZRUGV�DUH�GHFRGHG�DV�ZRUGV�ZLWK�VLPLODU�SURQXQFLDWLRQ��
7KLV� PLJKW� OHDG� WR� GLIIHUHQW� 1(� H[WUDFWLRQ� HUURUV��
GHOHWLRQ��LQVHUWLRQ�DQG�VXEVWLWXWLRQ��)RU�H[DPSOH��LQ�WKH�
IROORZLQJ� EURDGFDVW� QHZV� VHJPHQW�� WKH� SHUVRQ� QDPH�
³ �JX� �\XDQ� �\DQJ´� ZDV� PLVUHFRJQL]HG� DV� DQ�
RUJDQL]DWLRQ� QDPH� ³ �JXR �ZX �\XDQ� �[LDQJ´��
ZKLFK�LV�D�VXEVWLWXWLRQ�HUURU��
5()��25*^ `�25*^ � � �
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7R� GHDO� ZLWK� VXFK� SUREOHPV�� LW� LV� QHFHVVDU\� WR�

UHOLDEO\� GHWHFW� WKH� ERXQGDULHV� RI� DFWXDO�1(V�� ,Q� RWKHU�
ZRUGV��ZH�QHHG�WR�GHWHFW�WKH�ERXQGDU\�RI�DQ�DFWXDO�1(�
ZLWKLQ�D�JLYHQ�VSHHFK�VHJPHQW��HYHQ�WKRXJK� LW�PD\�EH�
PLVUHFRJQL]HG� DV� RWKHU� ZRUGV�� 7H[W�EDVHG� 1(�
H[WUDFWLRQ� ZLOO� IDLO� EHFDXVH� RI� ZURQJ� ZRUG� LGHQWLWLHV�
�ERWK� 1(� ZRUGV� DQG� FRQWH[W� ZRUGV��� :H� XVH� WKHLU�
FRQILGHQFH� PHDVXUHV� IURP� VSHHFK� UHFRJQLWLRQ� WR�
LGHQWLI\�ORZ�FRQILGHQFH�UHFRJQLWLRQ�UHJLRQV��WKHQ�VHOHFW�
SRVVLEOH�1(�ERXQGDULHV�ZLWKLQ�WKH� UHJLRQ�EDVHG�RQ� LWV�
PDWFK�WR�FDQGLGDWH�1(V��

�&RQILGHQFH� PHDVXUHV� KDYH� EHHQ� ZLGHO\� XVHG� WR�
HVWLPDWH� WKH� UHOLDELOLW\� RI� WKH� UHFRJQLWLRQ� K\SRWKHVLV�
�+XDQJ�� HW�� DO�� ������� 7KH� SRVWHULRU� SUREDELOLW\�

�_� ;:3 LV� D� JRRG� PHDVXUH� IRU� UHFRJQL]LQJ� D� ZRUG�
K\SRWKHVLV�: JLYHQ� LWV� DFRXVWLF� LQSXW� ; ��:LWK�%D\HV�
UXOH��
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XVLQJ�DQ�1�EHVW�OLVW�RI� 
: �JHQHUDWHG�IURP�ZRUG�ODWWLFHV��
WKH� UDWLR� FDQ� EH� HIILFLHQWO\� FRPSXWHG�� )RU� HDFK�
UHFRJQL]HG�ZRUG��ZH�FRPSXWH�LWV�FRQILGHQFH�VFRUH��DQG�
DGMDFHQW� ZRUGV� ZLWK� ORZHU� FRQILGHQFH� VFRUHV� DUH�
IXUWKHU� JURXSHG� LQWR� DQ� ³XQVXUH�ZRUG� UHJLRQ´��1RWLFH�
WKDW� DV� PLVUHFRJQL]HG� &KLQHVH� ZRUGV� PD\� KDYH�
VHJPHQWDWLRQ� HUURUV� �H�J��� D� WKUHH�FKDUDFWHU� ZRUG�PD\�
EH� UHFRJQL]HG� DV� WKUHH� VLQJOH�FKDUDFWHU� ZRUGV��� ZH�
FRQYHUW� XQVXUH� ZRUGV� LQWR� WKHLU� FKDUDFWHU� VHTXHQFHV��
WKXV�REWDLQLQJ�DQ�³XQVXUH�FKDUDFWHU�UHJLRQ´��8&5���

7R�GHWHFW�FDQGLGDWH�1(�ERXQGDULHV� IURP�8&5��ZH�
XVH�D�YDULDEOH�OHQJWK�ZLQGRZ�VOLGLQJ�ZLWKLQ�WKH�UHJLRQ��
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)RU�HDFK�ZLQGRZ�SRVLWLRQ��ZH�WUHDW�LW�DV�D�K\SRWKHVL]HG�
1(�� DQG� ILQG� WKH� EHVW� PDWFKHG� 1(V� IURP� UHWULHYHG�
WRSLF�UHOHYDQW� GRFXPHQWV�� 7KH� PDWFKLQJ� LV� EDVHG� RQ�
WKHLU� DFRXVWLF� VLPLODULW\� PRGHOHG� E\� D� WUDQVOLWHUDWLRQ�
PRGHO��DQG�VHPDQWLF�FRUUHODWLRQ�PRGHOHG�E\�D�FRQWH[W�
YHFWRU�PRGHO��1(V�ZLWK�KLJK�PDWFKLQJ�SUREDELOLWLHV�DUH�
UHJLVWHUHG� ZLWK� WKHLU� FRUUHVSRQGLQJ�ZLQGRZ� SRVLWLRQV��
ZKLFK�LV�IXUWKHU�HYDOXDWHG�LQ�WKH�QH[W�UH�UDQNLQJ�VWHS��
������� $FRXVWLF�6LPLODULW\��7UDQVOLWHUDWLRQ�PRGHO�
7KH� WUDQVOLWHUDWLRQ� PRGHO� FDSWXUHV� WKH� SURQXQFLDWLRQ�
VLPLODULWLHV� EHWZHHQ� WZR� 1(� UHSUHVHQWDWLRQ� IRUPV��
ZKLFK� FRXOG� EH� D� VRXUFH� 1(� VWULQJ�� LWV� URPDQL]DWLRQ�
VFULSW� �SLQ\LQ� IRU� &KLQHVH� 1(V��� WKH� UHFRJQL]HG�
SKRQHPH� VHTXHQFH�� RU� LWV� WUDQVODWLRQ� LQ� D� WDUJHW�
ODQJXDJH��

7R� FRPSDUH� WKH� DFRXVWLF� VLPLODULW\� EHWZHHQ� D�
SVHXGR�1(� IURP� WKH�ZLQGRZ� DQG� D�&KLQHVH�1(� IURP�
UHWULHYHG�GRFXPHQWV��ZH�FRQYHUW�ERWK� LQWR�WKHLU�SLQ\LQ�
VFULSWV�� DQG� FDOFXODWH� WKHLU� WUDQVOLWHUDWLRQ� SUREDELOLW\�
EDVHG�RQ��+XDQJ�HW��DO���������:LWK� WKH� LQGHSHQGHQFH�
DVVXPSWLRQ�DERXW�OHWWHU�WUDQVOLWHUDWLRQ�ZH�REWDLQ��
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7KDW� LV�� WKH� WUDQVOLWHUDWLRQ� SUREDELOLW\� EHWZHHQ� WZR�
SLQ\LQ� VFULSWV� LV� DSSUR[LPDWHG� E\� WKH� SURGXFW� RI� WKHLU�
OHWWHU� WUDQVOLWHUDWLRQ� SUREDELOLWLHV� RYHU� DOLJQHG� OHWWHU�
SDLUV�� ZKHUH� WKH� DOLJQPHQW� SDWK� FDQ� EH� VHDUFKHG�
WKURXJK� G\QDPLF� SURJUDPPLQJ� EDVHG� RQ� OHWWHU�
DOLJQPHQW�SUREDELOLWLHV��
������� 6HPDQWLF�&RUUHODWLRQ��&RQWH[W�9HFWRU�0RGHO�
7KLV�PRGHO�LQIHUV�WKH�VHPDQWLF�VLPLODULW\�RI�DQ�1(�SDLU�
EDVHG� RQ� WKHLU� FRQWH[W� ZRUGV¶� VHPDQWLF� FRUUHODWLRQV��
ZLWK� WKH� DVVXPSWLRQ� WKDW� UHOLDEO\� UHFRJQL]HG� FRQWH[W�
ZRUGV�PLJKW� UHSUHVHQW� WKH�1(¶V� UROH� �H�J��� WKH� WLWOH�RI�
WKH� SHUVRQ�� LQ� WKDW� VHQWHQFH�� &RQWH[W� YHFWRUV� DUH�
FRPSRVHG�RI�FHUWDLQ�FRQWH[W�ZRUGV�ZLWKLQ�D�SUHGHILQHG�
ZLQGRZ�� DQG� HDFK� ZRUG� KDV� D� GLIIHUHQW� ZHLJKW�
GHWHUPLQHG�E\�LWV�326�WDJ�DQG�WKH�GLVWDQFH�WR� WKH�1(�
�+XDQJ� HW�� DO�� ������� $� FRQWH[W� YHFWRU� FDQ� EH�
UHSUHVHQWHG� DV� D� VHW� RI� � JZ� �� SDLUV�� ZKHUH� Z LV� WKH�
FRQWH[W� ZRUG�� DQG� J LV� LWV� ZHLJKW�� )RU� VSHHFK�EDVHG�
1(� GHWHFWLRQ� DQG� WUDQVODWLRQ�� FRQVWUXFWLQJ� FRQWH[W�
YHFWRUV� UHTXLUHV� FRQILGHQFH� LQIRUPDWLRQ� DERXW� WKH�
UHFRJQL]HG� FRQWH[W�ZRUGV� EHFDXVH�ZH�GR� QRW�ZDQW� WR�
LQFOXGH�PLVUHFRJQL]HG�ZRUGV�LQWR�FRQWH[W�YHFWRUV��2QH�
RSWLRQ� LV� WR�RQO\�FRQVLGHU� UHOLDEO\� UHFRJQL]HG�FRQWH[W�
ZRUGV��HYHQ�LI�WKH\�DUH�EH\RQG�WKH�SUHGHILQHG�FRQWH[W�
ZLQGRZ�� DV� LQ� RXU� FXUUHQW� LPSOHPHQWDWLRQ��:KLOH� WKH�
VHPDQWLF� FRUUHODWLRQV� EHWZHHQ� FURVV�OLQJXDO� FRQWH[W�
YHFWRUV�FDQ�EH�HIIHFWLYHO\�FRPSXWHG�YLD�,%0�0RGHO����
VLPLODULWLHV�EHWZHHQ�WZR�VRXUFH�FRQWH[W�YHFWRUV�FDQ�EH�
FDOFXODWHG� LQ� WHUPV� RI� :RUG1HW�� ODWHQW� VHPDQWLF�

DQDO\VLV�� RU� V\QWDFWLF� VWUXFWXUHV�� ,Q� RXU� FXUUHQW�
LPSOHPHQWDWLRQ��ZH�RQO\�FRQVLGHU�WKH�QXPEHU�RI�ZRUGV�
RFFXUULQJ�LQ�ERWK�YHFWRUV��)RU�D�FRQWH[W�YHFWRU� �& ZLWK�
O � JZ� ��SDLUV�DQG�D�FRQWH[W�YHFWRU� �& ZLWK�P � JZ� ��
SDLUV��WKHLU�VLPLODULW\�PHDVXUH�LV�GHILQHG�DV��
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2YHUDOO�� WKH�VLPLODULW\�EHWZHHQ�D�K\SRWKHVL]HG�1(�
�1 DQG�D�UHWULHYHG�1(� �1 LV�GHILQHG�DV��
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ZKHUH� � �1& LV� WKH� FRQWH[W� YHFWRU� RI� WKH�1(1 �� 7KLV�
VLPLODULW\� LV� WKH� OLQHDU� LQWHUSRODWLRQ� RI� WKHLU�
WUDQVOLWHUDWLRQ� FRVW� DQG� FRQWH[W� YHFWRU� VLPLODULW\�� 7KH�
LQWHUSRODWLRQ�ZHLJKW�O �LV�FKRVHQ�HPSLULFDOO\��
������� 6HDUFK�IRU�&DQGLGDWH�1(V��
*LYHQ� D� K\SRWKHVL]HG� 1(� �RU� LWV� SURQXQFLDWLRQ�
DSSUR[LPDWLRQ�� L�H��� GHWHFWHG� ³1(´� ZRUGV� ZKLFK� PD\�
FRQWDLQ�UHFRJQLWLRQ�DQG�1(�H[WUDFWLRQ�HUURUV�� WRJHWKHU�
ZLWK�LWV�FRQWH[W��ZH�ZDQW�WR�ILQG�GRFXPHQWV�FRQWDLQLQJ�
WKH�WUXH�1(��$IWHU�DXWRPDWLFDOO\�WDJJLQJ�DOO�1(V�LQ�WKH�
UHWULHYHG� WH[W�� ZH� FDQ� FRPSDUH� WKH� K\SRWKHVL]HG� 1(�
ZLWK� HDFK� UHWULHYHG� 1(� EDVHG� RQ� WKHLU� DFRXVWLF� DQG�
VHPDQWLF� VLPLODULWLHV�� )LQDOO\� ZH� FKRRVH� WKH� EHVW�
PDWFKHG� 1(V� DV� FDQGLGDWH� 1(V�� ZKLFK� DUH� WR� EH� UH�
UDQNHG�LQ�WKH�IROORZLQJ�VWHS��$VVXPLQJ�WKDW�GRFXPHQWV�
FRQWDLQLQJ�WKH�VDPH�1(�VKDUH�FRPPRQ�WRSLFV��RXU�WDVN�
LV� WR� VHDUFK� IRU� WRSLF� UHOHYDQW� GRFXPHQWV� XVLQJ� WKH�
UHFRJQLWLRQ�K\SRWKHVLV�DV�WKH�TXHU\���

:H�XVH�WKH�ZKROH�GLVFRXUVH�UHFRJQLWLRQ�K\SRWKHVLV�
DV� WKH� TXHU\�� VHDUFKLQJ� D� SUH�LQGH[HG� &KLQHVH�
GRFXPHQW� FRUSXV� WR� ILQG� WRSLF�UHOHYDQW� &KLQHVH�
GRFXPHQWV��7KH�LQGH[HG�FRUSXV�LV�FRPSRVHG�RI��������
&KLQHVH� GRFXPHQWV� IURP� WKH� ;LQKXD� 1HZV� $JHQF\��
ZKLFK� FRUUHVSRQGV� WR� RYHU� ���.� VHQWHQFHV� DQG� ��0�
ZRUGV�� 7KH� UHWULHYHG� WRS� ���� &KLQHVH� GRFXPHQWV� DUH�
VHOHFWHG� IRU� WKH� 1(� H[WUDFWLRQ� SRRO�� 1(V� LQ� WKHVH�
GRFXPHQWV�DUH�DXWRPDWLFDOO\�GHWHFWHG�DQG�WKHLU�FRQWH[W�
YHFWRUV�DUH�LGHQWLILHG��(DFK�1(�LQ�UHWULHYHG�GRFXPHQWV�
LV� FRPSDUHG� ZLWK� WKH� UHFRJQL]HG� K\SRWKHVL]HG� 1(�
ZRUGV�� DQG� WKH� EHVW�PDWFKHG� UHWULHYHG� 1(V� ZLOO� EH�
VHOHFWHG�DV�WKH�FDQGLGDWH�1(V�WR�EH�UH�UDQNHG��

��� &DQGLGDWH�1(�5HUDQNLQJ�
7R� UH�UDQN� FDQGLGDWH�1(V�� LQ� DGGLWLRQ� WR� WKH� DFRXVWLF�
DQG� FRQWH[W� VHPDQWLF� VLPLODULWLHV�� ZH� LQWURGXFH�
ODQJXDJH�PRGHOV� WR� HYDOXDWH� WKHLU� OLQJXLVWLF� ILWQHVV� WR�
WKH�JLYHQ�FRQWH[W��
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0DWKHPDWLFDOO\��IRU�HDFK�K\SRWKHVL]HG�1(� �1 ��ZH�
ZDQW�WR�ILQG�WKH�FDQGLGDWH�1(� ��1 ��VR�WKDW��
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£1 LV� WKH� VHW�RI�FDQGLGDWH�1(V�� ¤K UHIHUV� WR�
GLIIHUHQW� VLPLODULW\� IHDWXUH� IXQFWLRQV�� LQFOXGLQJ�
SKRQHWLF� VLPLODULW\� EDVHG� RQ� WKH� WUDQVOLWHUDWLRQ�PRGHO��
FRQWH[W�VHPDQWLF�VLPLODULW\�EDVHG�RQ�WKH�FRQWH[W�YHFWRU�
PRGHO� DQG� FRQWH[W� FRQVLVWHQF\� EDVHG� RQ� 1�JUDP�
ODQJXDJH� PRGHOV�� 7KH� SKRQHWLF� DQG� VHPDQWLF�
VLPLODULWLHV�DUH�FRPSXWHG�DV�GHVFULEHG� LQ� IRUPXODH� ����
DQG� ����� 7KH� FRQWH[W� FRQVLVWHQF\� UHTXLUHV� WKH�
DSSURSULDWH� HQFDSVXODWLRQ� RI� WKH� FDQGLGDWH� 1(�
¥1 ZLWKLQ�WKH�RULJLQDO�FRQWH[W� �� ¦1& ��:H�ILUVW�H[WUDFW�

WKH�K\SRWKHVL]HG�1(� WRJHWKHU�ZLWK� LWV� VHYHUDO� OHIW� DQG�
ULJKW�FRQWH[W� FKDUDFWHUV�� WKHQ� UHSODFH� WKH�K\SRWKHVL]HG�
1(�ZLWK� WKH�FDQGLGDWH�1(� WR� FRQVWUXFW� D� QHZ� FRQWH[W�
VWULQJ�� :H� HVWLPDWH� WKH� FRQWH[W� VWULQJ¶V� 1�JUDP�
JHQHUDWLYH� SUREDELOLW\� E\� LQFRUSRUDWLQJ� WZR� ODQJXDJH�
PRGHOV� �/0V��� D� JHQHUDO� /0� §3 WUDLQHG� IURP� EURDG�
WRSLF� QHZVZLUH� WH[W� DQG� D� WRSLF�GHSHQGHQW� /0� 3̈ �
WUDLQHG�IURP�UHWULHYHG�GRFXPHQWV���
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7KH� ODWWHU� PRGHO� FDSWXUHV� LWV� WRSLFDO� UHOHYDQF\��
ZKLOH�WKH�IRUPHU�PRGHO�DOORZV�IRU�D�VPRRWK�EDFN�RII�LQ�
FDVH�RI�GDWD�VSDUVHQHVV���

7KH� EHVW� PDWFKHG� FDQGLGDWH� 1(� XQGHU� WKH� UH�
UDQNLQJ� IXQFWLRQ� LV� VHOHFWHG� LI� LWV� UH�UDQNLQJ� FRVW� LV�
DERYH�D�FHUWDLQ�WKUHVKROG��7KLV�UHFRYHUHG�1(�UHSODFHV�
WKH� K\SRWKHVL]HG� 1(� LQ� WKH� FRUUHVSRQGLQJ� PDWFKLQJ�
ZLQGRZ�� DQG� LV� PDUNHG� ZLWK� WKH� DSSURSULDWH� 1(� WDJ�
IURP�WKH�UHOHYDQW�GRFXPHQWV��

��� 1(�7UDQVODWLRQ�
2QFH� 1(V� DUH� LGHQWLILHG� IURP� WKH� UHFRJQLWLRQ�
K\SRWKHVLV��ZKLFK�PD\�EH�HLWKHU�H[WUDFWHG�IURP�UHOLDEO\�
UHFRJQL]HG�ZRUGV�RU�VHDUFKHG�IURP�UHOHYDQW�GRFXPHQWV�
IRU� XQVXUH� FKDUDFWHU� UHJLRQV�� WUDQVODWLQJ� WKHP� LV�
VWUDLJKWIRUZDUG�� :H� FDQ� GLUHFWO\� DSSO\� WKH� WH[W�EDVHG�
1(� WUDQVODWLRQ� WHFKQLTXHV� WR� WKH� VSHHFK� UHFRJQLWLRQ�
K\SRWKHVLV��HLWKHU�WKH�1(�WUDQVODWLRQ�ORRNXS�IURP�D�SUH�
FRQVWUXFWHG� ELOLQJXDO� 1(� GLFWLRQDU\� RU� WKH� WDUJHW� 1(�
UHWULHYDO�IURP�WRSLF�UHOHYDQW�WDUJHW�GRFXPHQWV��

$GGLWLRQDOO\��LI�WKH�FRQWH[W�ZRUGV�RI�DQ�1(�FDQ�EH�
UHOLDEO\�UHFRJQL]HG�DQG�WKH�ERXQGDU\�RI�WKH�1(�FDQ�EH�
UHOLDEO\�GHWHFWHG� IURP�LWV�FRQWH[W� �ZKLFK� LV�VRPHWLPHV�
WUXH�IRU�3(5621�1(V���ZH�FDQ�ILQG�WKH�WUDQVODWLRQV�RI�
WKHVH� �SRVVLEO\� PLVUHFRJQL]HG�� 1(V� GLUHFWO\� IURP� WKH�
WDUJHW� WRSLF�UHOHYDQW� GRFXPHQWV�� ZLWKRXW� WKH� QHHG� RI�
UHFRYHULQJ� LWV� RULJLQDO� VRXUFH� 1(�� )RU� H[DPSOH�� WKH�
RULJLQDO�WUDQVFULSW�³ � � � � ´�ZDV�
PLVUHFRJQL]HG� DV� ³ � � � � � ´��
ZKHUH� RQO\� WKH� SHUVRQ¶V� QDPH� ³ �NDWDPDQ´�ZDV�
PLVUHFRJQL]HG� DV� ³ � �WD� EDRPDQ´�� ,I� ZH� FDQ�
GHWHFW�WKH�ERXQGDU\�RI�WKH�VRXUFH�1(�IURP�WKH�FRQWH[W�
�LQ� WKLV�H[DPSOH�� WKH� FRQWH[W�RI� ³86�'HSXW\�$VVLVWDQW�
6HFUHWDU\´��� ZH� FDQ� GLUHFWO\� VHDUFK� WKH� UHWULHYHG�
UHOHYDQW�(QJOLVK�GRFXPHQWV��ILQGLQJ�WKH�1(�³.DUWPDQ´��
ZKLFK� LV� SKRQHWLFDOO\� VLPLODU� WR� ³ � �WD� EDRPDQ´�
DQG� VHPDQWLFDOO\� UHOHYDQW� WR� ³86� 'HSXW\� $VVLVWDQW�
6HFUHWDU\´��5HVHDUFK�LQ�WKLV�GLUHFWLRQ�LV�VWLOO�LQ�SURJUHVV��

��� 3UHOLPLQDU\�([SHULPHQWV�
:H� GLG� LQLWLDO� H[SHULPHQWV� RQ� &KLQHVH�(QJOLVK� 1(�
GHWHFWLRQ�DQG�WUDQVODWLRQ��ERWK�RQ�PDQXDOO\�WUDQVFULEHG�
VSHHFK� DQG� RQ� $65� RXWSXW�� � ���� 1(V� ������ ZRUGV��
FRUUHVSRQGLQJ�WR�����XQLTXH�1(V�ZHUH�H[WUDFWHG�IURP�
D� RQH�KRXU� &KLQHVH� EURDGFDVW� QHZV� VSHHFK� VHJPHQW��
ZKLFK� FRQWDLQHG� ���� VHQWHQFH�OHYHO� XWWHUDQFHV� DQG�
����� &KLQHVH� ZRUGV� DIWHU� DXWRPDWLF� ZRUG�
VHJPHQWDWLRQ���

:H� PDQXDOO\� DQQRWDWHG� 1(V� IURP� WKH� PDQXDO�
VSHHFK� WUDQVFULSWLRQ�� 7KHVH� 1(V� �DV� ZHOO� DV� WKH�
DXWRPDWLFDOO\� H[WUDFWHG� 1(V�� ZHUH� WUDQVODWHG� E\�
FRPELQLQJ�D�ELOLQJXDO�1(�WUDQVODWLRQ�GLFWLRQDU\�DQG�D�
FURVVOLQJXDO� 1(� WUDQVODWLRQ� UHWULHYDO� WHFKQLTXH�� 7KH�
1(� GLFWLRQDU\� ZDV� FRQVWUXFWHG� E\� DOLJQLQJ�
DXWRPDWLFDOO\�WDJJHG�&KLQHVH�DQG�(QJOLVK�1(V�IURP�D�
VHQWHQFH� DOLJQPHQW� SDUDOOHO� FRUSXV�� DQG� LQFOXGHG�
������ 1(� WUDQVODWLRQ� SDLUV�� :H� HYDOXDWHG� WKH� 1(�
WUDQVODWLRQ�TXDOLW\�E\�PHDQV�RI�SUHFLVLRQ��UHFDOO�DQG�)�
VFRUH�� 3UHFLVLRQ� ZDV� FDOFXODWHG� DV� WKH� FRUUHFWO\�
WUDQVODWHG� 1(V� GLYLGHG� E\� WKH� WRWDO� QXPEHU� RI�
WUDQVODWHG� 1(V�� ZKLOH� UHFDOO� ZDV� FDOFXODWHG� DV� WKH�
QXPEHU�RI�FRUUHFWO\�WUDQVODWHG�1(V�GLYLGHG�E\�WKH�WRWDO�
QXPEHU� RI� FRUUHFW� 1(V� LQ� WKH� PDQXDO� DQQRWDWLRQ�� )�
VFRUH�LV�GHILQHG�DV��35��3�5���'XH�WR�HUURUV�IURP�1(�
H[WUDFWLRQ�DQG�WUDQVODWLRQ��ZH�FODVVLILHG�1(�WUDQVODWLRQ�
UHVXOWV�LQWR�WKUHH�FDWHJRULHV���
x� &RUUHFW�� ZKHUH� QHLWKHU� 1(� H[WUDFWLRQ� QRU�

WUDQVODWLRQ�KDG�DQ\�HUURUV��
x� $FFHSWDEOH�� ZKHUH� WKHUH� ZHUH� PLQRU� HUURUV� LQ�

HLWKHU�1(�H[WUDFWLRQ�RU�WUDQVODWLRQ��EXW�WKH�UHVXOW�
ZDV�DFFHSWDEOH��H�J���WZR�1(V�³ ´�DQG�³

´�ZHUH� GHWHFWHG� DV� RQH�1(� ³ � � � ´�
DQG�WUDQVODWHG�DV�³GHQJ�\DSLQJ���\DQJ�\LQJ´��

x� :URQJ��ZKHUH�WKHUH�ZHUH�VLJQLILFDQW�HUURUV�HLWKHU�
LQ�1(�GHWHFWLRQ�RU�WUDQVODWLRQ��
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,Q� WKH� ILUVW� VFHQDULR��ZH�RQO\� WUDQVODWHG�1(V� IURP�
PDQXDOO\�WUDQVFULEHG�DQG�DQQRWDWHG�VSHHFK�� WKXV�WKHUH�
ZHUH� QR� HUURUV� IURP� VSHHFK� UHFRJQLWLRQ� DQG� 1(�
H[WUDFWLRQ��7KLV� LOOXVWUDWHG�WKH�SHUIRUPDQFH�RI� WKH�1(�
WUDQVODWLRQ�PRGXOH��DV�VKRZQ�LQ�7DEOH����:H�HYDOXDWHG�
WKH�1(�WUDQVODWLRQ�TXDOLW\�LQ�ERWK� WKH�&RUUHFW�DQG�WKH�
$FFHSWDEOH�FDVHV��1(�W\SH�UHIHUUHG�WR�WKH�WRWDO�QXPEHU�
RI� XQLTXH� 1(V�� ZKLOH� 1(� WRNHQ� UHIHUUHG� WR� WKH� WRWDO�
QXPEHU� RI� 1(V�� 6LQFH� WKH�1(V� WR� EH� WUDQVODWHG�ZHUH�
WKH�VDPH�DV�WKH�FRUUHFW�1(V�LQ�WKH�PDQXDO�DQQRWDWLRQ��
SUHFLVLRQ�HTXDOHG�UHFDOO�DQG�)�VFRUH��

¯�°�±!² ³µ´+¶#·�¸G¹ º;»=¼D½M¾ »=¹ ¿ À�¼ÂÁ4Ã-º;Ä À�ºÆÅÇ»=¼DÈÉÃ'À+¼ÂÅI»=¼�ÊD»-¾ ¾ Ë
¹ º;»=¼D½;È=ºM¿ Ì�Ã#Í�»=¼DÍµÅÇ»=¼!ÊD»-¾ ¾ Ë"»=¼!¼4À�¹ »=¹ Ã#Í�·�¸Î½

� &RUUHFW� $FFHSWDEOH�
� 7\SH� 7RNHQ� 7\SH� 7RNHQ�

3UHFLVLRQ� ������ ������ ������ ������
5HFDOO� ������ ������ ������ ������
)�VFRUH� ������ ������ ������ ������
,Q� WKH� VHFRQG� VFHQDULR�� ZH� DSSOLHG� RXU� +00�

EDVHG� 1(� H[WUDFWLRQ� PRGXOH� WR� WKH� PDQXDO�
WUDQVFULSWLRQV�� DQG� WKHQ� WUDQVODWHG� WKRVH� DXWRPDWLFDOO\�
GHWHFWHG� 1(V�� :H� JRW� WKH� 1(� H[WUDFWLRQ� )�VFRUH� RI�
������� 7KH� 1(� WUDQVODWLRQ� UHVXOWV� DUH� SUHVHQWHG� LQ�
7DEOH����1RWLFH� WKDW�����1(�H[WUDFWLRQ� HUURUV� OHG� WR�
DQ�DGGLWLRQDO�������1(�WUDQVODWLRQ�HUURUV��
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WHFKQLTXHV�WR�H[WUDFW�1(V�IURP�$65�RXWSXW��ZKLFK�KDG�
D�FKDUDFWHU�HUURU�UDWH�RI��������:H�JRW�D�PXFK�ORZHU�
1(� H[WUDFWLRQ� TXDOLW\�� DQ� )�VFRUH� RI� ������� 'HWDLOHG�
DQDO\VLV� LQ� )LJXUH� �� VKRZHG� WKDW� ZLWK� PLVUHFRJQL]HG�
1(�ZRUGV��ERWK�GHOHWLRQ�DQG�IDOVH�LQVHUWLRQ�1(�HUURUV�
LQFUHDVHG�E\�������

7UDQVODWLQJ� WKHVH�GHWHFWHG�1(V��ZH� JRW� HYHQ� ORZHU�
1(� WUDQVODWLRQ� TXDOLW\�� $V� VKRZQ� LQ� 7DEOH� ��� ����
FKDUDFWHU� HUURU� UDWH� OHG� WR� ������ LQFUHDVH� RQ� 1(�
H[WUDFWLRQ�HUURUV��ZKLFK� MRLQWO\� OHG� WR� DQ� DGGLWLRQDO���
����1(�WUDQVODWLRQ�HUURUV��
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7KH� ILUVW� WZR� VHQWHQFHV� DUH� PDQXDOO\� WUDQVFULEHG�
VSHHFK�DQG�PDQXDOO\�DQQRWDWHG�DQG�WUDQVODWHG�1(V��7KH�
PLGGOH� WZR� VHQWHQFHV� DUH� $65� RXWSXW� DQG� DXWRPDWLF�
1(� H[WUDFWLRQ� DQG� WUDQVODWLRQ� UHVXOWV�� 'XH� WR�
UHFRJQLWLRQ� HUURUV� IRU� SHUVRQ� QDPHV�� DOO� ZRUGV� ZHUH�
WUDQVODWHG� DFFRUGLQJ� WR� WKHLU� LQGLYLGXDO� VHPDQWLF�
PHDQLQJV�� ZKLFK� ZHUH� QHLWKHU� FRKHUHQW� QRU� UHODWHG� WR�
WKH�VRXUFH�1(V���)URP�WKH�ODVW�WZR�VHQWHQFHV��RQH�PD\�
QRWLFH�WKH�WKUHH�SHUVRQ�QDPHV�UHFRYHUHG�IURP�WKH�LQLWLDO�
UHFRJQLWLRQ� HUURUV� �DOWKRXJK� DQ� DGGLWLRQDO� FKDUDFWHU� LV�
DGGHG� LQWR� RQH� SHUVRQ� QDPH�� LQ� WKH� FRUUHFWHG�
K\SRWKHVLV� �&+3��� �&+37UDQV�VKRZV� WKH� WUDQVODWLRQV�
RI� WKHVH� QHZO\� GHWHFWHG� 1(V�� ZKHUH� RQH� 1(� ZDV�
FRUUHFWO\�WUDQVODWHG�DQG�DQRWKHU�ZDV�SDUWLDOO\�FRUUHFWO\�
WUDQVODWHG��7DEOH���VKRZV�WKH�RYHUDOO�WUDQVODWLRQ�TXDOLW\�
RQ� WKH� FRUUHFWHG� K\SRWKHVLV�� ZLWK� DQ� DEVROXWH� �����
LPSURYHPHQW� RYHU� WKH� GLUHFW� $65� 1(� WUDQVODWLRQ��
'HWDLOHG� DQDO\VLV� VKRZHG� WKDW� PRVW� RI� WKH� FRUUHFWHG�
1(V� DUH� 3(5621� 1(V� IRU� ZKLFK� WKH� FRQWH[W� ZRUGV�
KDG�EHHQ�FRUUHFWO\�UHFRJQL]HG��ZKLFK�PDNHV�LW�SRVVLEOH�
WR� DFFXUDWHO\� PRGHO� FRQWH[W� FRUUHODWLRQV� DQG�
FRQVLVWHQFLHV��¯�°�±�² ³32DÐ
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)LJXUH� �� VKRZV� WKH� RYHUDOO� 1(� W\SH� DQG� WRNHQ�

WUDQVODWLRQ� GHJUDGDWLRQ� RQ� VSHHFK� LQSXW� ZLWK� GLIIHUHQW�
TXDOLWLHV� DQG� 1(V� H[WUDFWHG� ZLWK� GLIIHUHQW� DFFXUDFLHV�
�IURP�OHIW�WR�ULJKW���PDQXDOO\�WUDQVFULEHG�DQG�DQQRWDWHG�
1(V��PDQXDOO\� WUDQVFULEHG� EXW� DXWRPDWLFDOO\� H[WUDFWHG�
1(V��DXWRPDWLFDOO\�UHFRJQL]HG�DQG�H[WUDFWHG�1(V��DQG�
WKH�SDUWLDO�FRUUHFWLRQ�RI� WKH�WKLUG�1(� LQSXW��Q�P�DW� WKH�
;�D[LV�PHDQV� WKH� LQSXW�KDV�D� FKDUDFWHU� HUURU� UDWH�RI�Q�
DQG� DQ� 1(� H[WUDFWLRQ� )�VFRUH� RI�P�� 2EYLRXVO\�� ZLWK�
KLJKHU� FKDUDFWHU� UHFRJQLWLRQ� HUURU� UDWH� DQG� ORZHU� 1(�
H[WUDFWLRQ� )�VFRUH�� 1(� WUDQVODWLRQ� TXDOLW\� GHFUHDVHV��
+RZHYHU� FRPSDUHG� ZLWK� WKH� GHJUDGDWLRQ� RQ� VSHHFK�
UHFRJQLWLRQ� DQG� 1(� H[WUDFWLRQ�� 1(� WUDQVODWLRQ� TXDOLW\�
GHFUHDVHV�PXFK�VORZHU��

��� &RQFOXVLRQV�
:H� SURSRVHG� D� PHWKRG� RI� GHWHFWLQJ� DQG� WUDQVODWLQJ�
QDPHG� HQWLWLHV� IURP� &KLQHVH� EURDGFDVW� QHZV�� 7KLV�
DSSURDFK� GHWHFWV� SRVVLEOH� 1(� UHJLRQV� RQ� XQUHOLDEO\�
UHFRJQL]HG� ZRUGV�� &DQGLGDWH� 1(V� IURP� UHWULHYHG�
GRFXPHQWV� DUH� FRPSDUHG� ZLWK� HDFK� SRVVLEOH� 1(�
ERXQGDU\� ZLWKLQ� WKH� UHJLRQ�� DQG� UH�UDQNHG� EDVHG� RQ�
WKHLU� DFRXVWLF� VLPLODULW\�� VHPDQWLF� FRUUHODWLRQ�� DQG�
FRQWH[W�FRQVLVWHQF\��7KLV�DSSURDFK��FRPELQHG�ZLWK�WKH�
+00�EDVHG� 1(� H[WUDFWLRQ� RI� FRQILGHQWO\� UHFRJQL]HG�

ZRUGV�� LPSURYHV�1(�H[WUDFWLRQ�)�VFRUH�E\�DQ�DEVROXWH�
��� DQG� 1(� WUDQVODWLRQ� TXDOLW\� E\� DQ� DEVROXWH� �����
RYHU�WKH�EDVHOLQH�PHWKRG��
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