
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��‡ �D� �ED� �OD� �TL� �\D·�LV�WUDQVOLWHUDWHG�
DV� ‡$SSDODFKLDQ·��� VRPHWLPHV� VHPDQWLFDOO\� WUDQVODWHG�
�WUDQVODWLRQ� E\� PHDQLQJ�� IRU� H[DPSOH�� ‡ �VKDQPDL·�
LV� WUDQVODWHG� LQWR� ‡PRXQWDLQV·��� 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�



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��

�

�
%'& (
)+*-,/.�0�1�243-576-8 8!9�5;:=<4> ? 3#:=? @�573�A B�5DC�EGF�3-? 3#:=? > B�HI6=H�J�K�5;6=HDLM8 6=? > B�H

�
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� ‡FDQGLGDWH� 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� ‡1(�
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�




