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$QDO\VLV�RI�1�%HVW�2XWSXW�+\SRWKHVHV�IRU�)DVW�6SHHFK�LQ
/DUJH�9RFDEXODU\�&RQWLQXRXV�6SHHFK�5HFRJQLWLRQ

7LERU�)iELiQ��7KLOR�3IDX��*�QWKHU�5XVNH

,QVWLWXWH�IRU�+XPDQ�0DFKLQH�&RPPXQLFDWLRQ��7HFKQLFDO�8QLYHUVLW\�RI�0XQLFK
$UFLVVWU������'�������0XQLFK��*HUPDQ\
IDE#PPN�H�WHFKQLN�WX�PXHQFKHQ�GH

$EVWUDFW

7KH� SHUIRUPDQFH� RI� VSHHFK� UHFRJQLWLRQ� V\VWHPV� RIWHQ
GHWHULRUDWH�FRQVLGHUDEO\�ZLWK� IDVW� VSHHFK��3DUWLFXODUO\�ZKHQ
WKH� UHFRJQL]HU� LV� UXQ� LQ� PLVPDWFKHG� FRQGLWLRQV�� H�J�� IDVW
VSHHFK�� WKH� SHUIRUPDQFH� FDQ� EH� LPSURYHG� E\� SURSHUO\
VHOHFWLQJ� RQH� RI� WKH� 1�EHVW� UHFRJQLWLRQ� RXWSXW� K\SRWKHVHV�
)RU�WKH�VHOHFWLRQ�RI�WKH�EHVW�K\SRWKHVLV��GLIIHUHQW�VSHHFK�UDWH
PHDVXUHV� ZHUH� WDNHQ� LQWR� DFFRXQW�� )LUVW�� WR� VKRZ� WKH
SRWHQWLDO� RI� WKH� VSHHFK� UDWH� DV� D� VHOHFWLRQ� FULWHULRQ�� DQ
³LGHDO´� VSHHFK� UDWH� YDOXH� LV� DVVXPHG�� ZKLFK� LV� FDOFXODWHG
IURP� WKH� NQRZQ� WUDQVFULSWLRQ�� 3KRQHPH� DQG� YRZHO� UDWH� DUH
FRPSDUHG��6HFRQG��D�SKRQHPH�UHFRJQL]HU�LV�XVHG�WR�HVWLPDWH
WKH� VSHDNLQJ� UDWHV� RI� XQNQRZQ� VHQWHQFHV�� 7HVWV� RQ� WKH
VSRQWDQHRXVO\�VSRNHQ�*HUPDQ�9HUEPRELO�PDWHULDO�VKRZHG�D
UHODWLYH� GHFUHDVH� RI� ����� LQ� WKH� ZRUG� HUURU� UDWH� IRU� IDVW
VSHHFK�� ZKHQ� WDNLQJ� WKH� HVWLPDWHG� YRZHO� UDWH� ZKLFK� LV
DOPRVW� DV� JRRG� DV� XVLQJ� WKH� ³LGHDO´� YRZHO� UDWH� �UHODWLYH
LPSURYHPHQW�RI���������7KH�PRVW�DFFXUDWH�PDWFK�RI�1�EHVW
RXWSXW� K\SRWKHVHV� VKRZV� WKDW� WKH� ZRUG� HUURU� UDWH� FRXOG
LGHDOO\�EH�GHFUHDVHG�E\��������

��� ,QWURGXFWLRQ

7KH�SHUIRUPDQFH�RI�D�VSHDNHU�LQGHSHQGHQW�DXWRPDWLF�VSHHFK
UHFRJQLWLRQ�V\VWHP�LV�GHSHQGHQW�RQ�WKH�VSHHFK�UDWH�>�@��7KLV
LV� SRLQWHG� RXW� LQ� WKH� IROORZLQJ� WDEOH��ZKHUH� WKH�ZRUG� HUURU
UDWH�IRU�IDVW�VSHHFK�LV�FOHDUO\�KLJKHU�WKDQ�IRU�VORZ�RU�DYHUDJH
VSHHFK�

6SHHFK�5DWH VORZ DYHUDJH IDVW

:(5�>�@ ���� ���� ����

7DEOH����:RUG�HUURU�UDWHV��:(5��IRU�VORZ��DYHUDJH
DQG�IDVW�VSHHFK�LQ�SHUFHQW��9HUEPRELO�WDVN�

2Q�WKH�RQH�KDQG��WKLV�GHSHQGHQFH�LV�FDXVHG�E\�WKH�IDFW� WKDW
LQ�PDQ\� FDVHV� QRW� HQRXJK� VSHHFK� GDWD� H[LVW� LQ� WKH� WUDLQLQJ
PDWHULDO�IRU�IDVW�VSHHFK��2Q�WKH�RWKHU�KDQG��WKH�WHPSRUDO�DQG
VSHFWUDO� FKDUDFWHULVWLFV� RI� VSHHFK�� H�J�� GXUDWLRQ� RI� YRZHOV
�VHH� )LJXUH� ��� RU� WKH� SRVLWLRQ� RI� IRUPDQW� IUHTXHQFLHV� >�@
FKDQJH�ZLWK�YDU\LQJ�VSHHFK�UDWH�

7KHUH�DUH�GLIIHUHQW�WHFKQLTXHV�WR�LPSURYH�WKH�UHFRJQLWLRQ
SHUIRUPDQFH�IRU�IDVW�VSHHFK��IRU�H[DPSOH�WKH� WUDLQLQJ�RI� WKH

DFRXVWLF� PRGHOV� IRU� IDVW� VSHHFK� >�@>�@>��@>��@�� RU� WKH
PRGHOLQJ�RI�VSHHFK�UDWH�ZLWK�DGGLWLRQDO�RXWSXW�SUREDELOLWLHV
DWWDFKHG�WR�WKH�WUDQVLWLRQV�EHWZHHQ�VWDWHV�RI�+LGGHQ�0DUNRY
0RGHOV� >�@��0RUHRYHU� VSHHFK� UDWH� GHSHQGHQW� GHFLVLRQ� WUHHV
FDQ� EH� FRQVWUXFWHG� IRU� LPSURYLQJ� WKH�+00� GLVFULPLQDWLRQ
DELOLW\�>�@�

)LJXUH����+LVWRJUDP�RI�YRZHO�GXUDWLRQ� IRU�YRZHO� �D�
DV� D� IXQFWLRQ� RI� WKH� QXPEHU� RI� IUDPHV� IRU� VORZ�
DYHUDJH�DQG�IDVW�VSHHFK�

$�IXUWKHU�QHZ�DQG�VLPSOH�PHWKRG�ZLOO� EH� GHVFULEHG� LQ� WKLV
SDSHU�� QDPHO\� WKH� DQDO\VLV� RI� 1�EHVW� RXWSXW� K\SRWKHVHV� E\
WDNLQJ�WKH�VSHHFK�UDWH�LQWR�DFFRXQW��7KLV�PHDQV��WKDW�QRW�RQO\
WKH� EHVW� K\SRWKHVLV� EXW� � D� OLVW� RI� WKH� SRVVLEOH� 1�EHVW
K\SRWKHVHV� ZLOO� EH� SURGXFHG� E\� WKH� UHFRJQL]HU�� 8VLQJ� DQ
DGGLWLRQDO�NQRZOHGJH�VRXUFH��QRW�\HW�LQWHJUDWHG�LQ�WKH�VHDUFK
SURFHVV��H�J��WKH�VSHHFK�UDWH��WKH�1�EHVW�OLVW�LV�UHVRUWHG�DQG�D
QHZ�K\SRWKHVLV�LV�WKHQ�VHOHFWHG�IURP�WKH�OLVW�

,Q� WKLV� VWXG\�� ZH� KDYH� H[DPLQHG� WKH� FKDQJH� RI� WKH
UHFRJQLWLRQ� SHUIRUPDQFH� IRU� IDVW� VSHHFK� ZLWK� D� ODUJH
YRFDEXODU\� FRQWLQXRXV� VSHHFK� UHFRJQLWLRQ� V\VWHP� RQ� WKH
HYDOXDWLRQ� VHW� ����� RI� WKH�*HUPDQ�9HUEPRELO� VSRQWDQHRXV
VFKHGXOLQJ�WDVN�FRPSULVLQJ����VHQWHQFHV�FODVVLILHG�DV�³IDVW´
>��@�

��� $QDO\VLV�RI�1�EHVW�RXWSXW
K\SRWKHVHV

7KH� WDVN� RI� D� VSHHFK� UHFRJQL]HU� LV� �� JHQHUDOO\� �� WR� ILQG� WKH
EHVW�ZRUG�VHTXHQFH� IRU�XQNQRZQ�VSHHFK�GDWD� >�@��7KLV� WDVN
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LV� IUHTXHQWO\� FDUULHG� RXW� E\� XVLQJ� DFRXVWLF� PRGHOLQJ� WR
GHWHUPLQH� WKH� EHVW� SKRQHPH� VHTXHQFH�� ZKLOH� WKH� EHVW
K\SRWKHVHV� RI� ZRUGV� FDQ� EH� GHWHUPLQHG�ZLWK� WKH� KHOS� RI� D
GLFWLRQDU\�DQG�D�ODQJXDJH�PRGHO�

8VLQJ� WKH� DQDO\VLV� RI� 1�EHVW� K\SRWKHVHV� �1�EHVW
UHVFRULQJ���ZKLFK�LV�GHVFULEHG�LQ�WKLV�SDSHU��WKH�ZRUNORDG�RI
WKH�UHFRJQL]HU�LQ�WKH�VHOHFWLRQ�RI�WKH�EHVW�K\SRWKHVHV�FDQ�EH
³OLJKWHQHG´�� DV� WKH� K\SRWKHVLV� ZKLFK� PDWFKHV� EHVW� WR� WKH
VSRNHQ� XWWHUDQFH� KDV� QRW� WR� EH� VFRUHG� DV� WKH� EHVW� RQH�� EXW
PXVW� RQO\� EH� IRXQG� LQ� WKH� 1�EHVW� OLVW�� 7KLV� DSSURDFK� LV
HVSHFLDOO\� KHOSIXO� LQ� ³PLVPDWFKHG´� FRQGLWLRQV�� L�H�
FRQGLWLRQV� ZKLFK� DUH� QRW� RU� QRW� VXIILFLHQWO\� UHSUHVHQWHG
ZLWKLQ� WKH� WUDLQLQJ�PDWHULDO�� 7KLV� LV� QRUPDOO\� WUXH� IRU� IDVW
VSHHFK�� DV�PRVW� GDWDEDVHV� GR� QRW� FRQWDLQ� ODUJH� DPRXQWV� RI
IDVW� VSHHFK� PDWHULDO�� 7KXV� WKH� LQWHJUDWLRQ� RI� NQRZOHGJH
DERXW�WKH�VSHDNLQJ�UDWH�FRXOG�EH�KHOSIXO�IRU�WKH�DQDO\VLV�DQG
VHOHFWLRQ�RI�1�EHVW�K\SRWKHVHV�

)XUWKHUPRUH� DQ� 1�EHVW� UHVFRULQJ� LV� VXLWDEOH� IRU
LQWHJUDWLQJ�NQRZOHGJH�VRXUFHV�LQ�WKH�GHFLVLRQ�SURFHVV��ZKLFK
DUH�QRW�DYDLODEOH�EHIRUH�WKH�HQG�RI�DQ�XWWHUDQFH�RU�IRU�ZKLFK
WKH� LQWHJUDWLRQ� LQWR� WKH� VHDUFK� SURFHVV� LV� FRPSXWDWLRQDOO\
YHU\� H[SHQVLYH�� 7KH� VSHDNLQJ� UDWH� FDQ� YDU\� FRQVLGHUDEO\
EHWZHHQ� GLIIHUHQW� XWWHUDQFHV� RI� WKH� VDPH� VSHDNHU� RU� HYHQ
ZLWKLQ� RQH� XWWHUDQFH�� 7KHUHIRUH� DQ� DQDO\VLV� RI� 1�EHVW
K\SRWKHVHV� IRU� IDVW� VSHHFK� LV� D� VXLWDEOH�PHWKRG�� EHFDXVH� DW
WKH� HQG� RI� WKH� XWWHUDQFH� LW� LV� HDVLHU� WR� REWDLQ� LQIRUPDWLRQ
DERXW�WKH�VSHDNLQJ�UDWH��$�SRVW�VHOHFWLRQ�FDQ�WKHQ�EH�FDUULHG
RXW�E\�WDNLQJ�WKH�VSHHFK�UDWH�LQWR�DFFRXQW�

����� 0RVW�DFFXUDWH�PDWFK�RI�1�EHVW�RXWSXW�K\SRWKHVHV

,Q� WKLV� VHFWLRQ� WKH� SRWHQWLDO� RI� WKH� 1�EHVW� OLVW� UHVFRULQJ
FRQFHUQLQJ� WKH� SRVVLELOLW\� RI� LPSURYLQJ� WKH� UHFRJQLWLRQ
SHUIRUPDQFH� LV� H[DPLQHG�� )RU� WKLV� SXUSRVH� WKH� ZRUG� HUURU
UDWH��ZKLFK�LV�WKH�LGHDO�FULWHULRQ��LV�WDNHQ�IRU�WKH�VHOHFWLRQ�RI
RQH�K\SRWKHVLV�RI� WKH�1�EHVW� UHFRJQLWLRQ�RXWSXW�K\SRWKHVHV�
,Q�WKLV�FDVH�WKH�UHFRJQLWLRQ�UHVXOW�PXVW�EH�NQRZQ�LQ�DGYDQFH�
RI�FRXUVH��7KLV�PHWKRG� LV� WKXV�RQO\�VXLWDEOH� IRU� UHFRJQLWLRQ
SHUIRUPDQFH� DQDO\VLV�� $OO� RWKHU� PHWKRGV� ZKLFK� VHOHFW� D
GHILQLWH�K\SRWKHVLV� IURP� WKH�1�EHVW� OLVW� E\� XVLQJ� DGGLWLRQDO
LQIRUPDWLRQ��FDQ�DW�EHVW��DFKLHYH�WKH�SHUIRUPDQFH�RI�WKH�PRVW
DFFXUDWH� PDWFK� RI� 1�EHVW� RXWSXW� K\SRWKHVHV�� L�H�� WKH� PRVW
DFFXUDWH�PDWFK�LV�DQ�XSSHU�ERXQG�IRU�DOO�RWKHU�PHWKRGV�
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1XPEHU�RI�1�%HVW�+\SRWKHVHV

)LJXUH� ��� :RUG� HUURU� UDWHV� IRU� WKH� PRVW� DFFXUDWH
PDWFK�RI�GLIIHUHQW�QXPEHUV�RI�1�EHVW�K\SRWKHVHV�

7KH�UHVXOWV�RI�RXU�H[SHULPHQW�IRU�³IDVW´�VSHHFK�DUH�SUHVHQWHG
LQ� WKH� )LJXUH� ��� ,W� VKRZV� WKDW� E\� XVLQJ� WKLV� EHVW� VHOHFWLRQ
FULWHULRQ�WKH�ZRUG�HUURU�UDWH�FDQ�EH�UHGXFHG�E\��������DW�1�
EHVW�OLVW�OHQJWK������UHODWLYH���������

,Q� SUDFWLFH�� WKH� VHOHFWLRQ� RI� WKH� EHVW� K\SRWKHVLV� FDQ� QRW
EH�FDUULHG�RXW�XVLQJ�WKH�UHIHUHQFH��ZKLFK�LV�QRW�NQRZQ���EXW
VRPH�RWKHU�VXSSOHPHQWDU\�LQIRUPDWLRQ�PXVW�EH�XWLOL]HG��)RU
H[DPSOH�� LI� VRPH� LQIRUPDWLRQ� DERXW� WKH� VSHDNLQJ� UDWH� LV
DYDLODEOH��WKLV�LQIRUPDWLRQ�FDQ�EH�XVHG�DV�D�FULWHULRQ� IRU�1�
EHVW� OLVW� DQDO\VLV�� %\� FRPSDULQJ� WKLV� LQIRUPDWLRQ� DERXW� WKH
VSHDNLQJ� UDWH� ZLWK� WKH� VSHDNLQJ� UDWHV� RI� WKH� GLIIHUHQW
K\SRWKHVHV�RI� WKH�1�EHVW� OLVW�� WKH�PRVW� VXLWHG� K\SRWKHVLV� LV
VHOHFWHG�IURP�WKH�1�EHVW�OLVW�

����� &RPSXWLQJ�VSHHFK�UDWH�IURP�WUDQVFULEHG�WHVW�GDWD

,Q� WKLV� VHFWLRQ� WKH� XVH� RI� WKH� VSHHFK� UDWH� DV� D� FULWHULRQ� IRU
UHVFRULQJ�1�EHVW�UHFRJQLWLRQ�RXWSXW�K\SRWKHVHV�LV�HYDOXDWHG�
7KHUHIRUH�ZH�ILUVW�XVH�DQ�³LGHDO´�VSHHFK�UDWH�HVWLPDWRU�� L�H�
ZH�H[WUDFW�WKH�LQIRUPDWLRQ�DERXW�WKH�VSHDNLQJ�UDWH� IURP�WKH
WUDQVFULSWLRQ��WR�EH�DEOH�WR�DVVHVV�WKH�SRWHQWLDO�RI�WKLV�PHWKRG
RQ�IDVW�VSHHFK��7KH�SURFHGXUH�LV�QRZ�GHVFULEHG�LQ�GHWDLO�

)LUVW�� D� OLVW� ZLWK� WKH� UHIHUHQFH� VSHHFK� UDWHV� 526UHI�SK
�UHIHUHQFH� 5DWH� RI� 6SHHFK� XVLQJ� SKRQHPHV�� IRU� WKH� ³IDVW´
VHQWHQFHV� LV� FUHDWHG�� 7KH� SKRQHPH� UDWH� LV� WDNHQ� DV� WKH
PHDVXUH� IRU� WKH� VSHHFK� UDWH�� ZKLFK� LV� FDOFXODWHG� IURP� WKH
QXPEHU�RI�SKRQHPHV�LQ�WKH�WUDQVFULSWLRQ�ILOH�DQG�WKH�QXPEHU
RI�IUDPHV�LQ�WKH�VHQWHQFH��6HFRQG��D�IXUWKHU�OLVW�ZDV�FUHDWHG
LQFOXGLQJ� WKH� 1�EHVW� UHFRJQL]HU� RXWSXW� K\SRWKHVHV� RI� D
GHWHUPLQHG� VHQWHQFH�� 7KH� ³UHFRJQL]HG´� VSHHFK� UDWH
526UHF�SK��UHFRJQL]HG�5DWH�RI�6SHHFK�XVLQJ�SKRQHPHV�� IRU
HDFK�K\SRWKHVLV� LV� UHJLVWHUHG� LQ� WKLV� OLVW��7KH�526UHF�SK� LV
FDOFXODWHG�IRU�D�K\SRWKHVLV�XVLQJ�WKH�QXPEHU�RI�SKRQHPHV�LQ
WKH�K\SRWKHVLV�DQG� WKH�QXPEHU�RI� IUDPHV�RI� WKH�VHQWHQFH� WR
EH�UHFRJQL]HG��7KH�QXPEHU�RI�SKRQHPHV�RI�HDFK�ZRUG�FDQ�EH
GHWHUPLQHG�IURP�WKH�UHFRJQL]HU�GLFWLRQDU\�
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1XPEHU�RI�1�%HVW�+\SRWKHVHV

)LJXUH� ��� 5HODWLYH� FKDQJH� LQ� ZRUG� HUURU� UDWH� XVLQJ
526UHI�SK� DV� VHOHFWLRQ� FULWHULRQ� IRU� GLIIHUHQW
QXPEHUV�RI�1�EHVW�RXWSXW�K\SRWKHVHV�

7KH�GLIIHUHQFH�EHWZHHQ�WKH�526UHI�SK�DQG�WKH�526UHF�SK�LV
WDNHQ� DV� D� FULWHULRQ� WR� VHOHFW� WKH� K\SRWKHVLV� RI� WKH� 1�EHVW
K\SRWKHVHV� OLVW� ZKLFK� VKRZV� WKH� OHDVW� GLIIHUHQFH�� 7KH
VHOHFWLRQ� RI� WKH� K\SRWKHVLV�ZDV� FDUULHG� RXW� IRU� GLIIHUHQW� 1�
EHVW�OLVW�OHQJWKV��7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�)LJXUH���
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$V�ZH� FDQ� VHH� LQ� )LJXUH� ��� LW� LV� SRVVLEOH� WR� DFKLHYH� D
UHODWLYH�GHFUHDVH�LQ�ZRUG�HUURU�UDWH�RI�������IRU�WKH�1�EHVW
OLVW� OHQJWK� ���� 7KLV� PHDQV� WKDW� DFWXDOO\� XVLQJ� WKLV� PHWKRG
FRXOG�QRW� FRPSOHWHO\� WDNH� DGYDQWDJH� RI� WKH� SRWHQWLDO� RI� WKH
PRVW�DFFXUDWH�PDWFK�� KRZHYHU� D� UHODWLYHO\� KLJK� GHFUHDVH� RI
WKH�UHFRJQLWLRQ�HUURU�IRU�³IDVW´�VSHHFK�FRXOG�EH�DFKLHYHG�

)RU� DQ� HUURU� DQDO\VLV� WKH� FKDQJHV� LQ� WKH� QXPEHU� RI
GHOHWLRQV��VXEVWLWXWLRQV�DQG�LQVHUWLRQV�DV�D�IXQFWLRQ�RI�WKH�1�
EHVW� OLVW� OHQJWK� DUH� RI� SDUWLFXODU� LQWHUHVW�� $� FORVHU� ORRN� DW
)LJXUH� �� UHYHDOV� WKDW� WKH�ZRUG� HUURU� UDWH� FDQ� EH� GHFUHDVHG
HIILFLHQWO\� XVLQJ� 526UHI�SK�� 7KLV� IDFW� FRQILUPV� WKDW� WKH
FRQVLGHUDWLRQ� RI� WKH� VSHHFK� UDWH� LV� DGYDQWDJHRXV� IRU� WKH
VHOHFWLRQ�RI�WKH�EHVW�K\SRWKHVLV��7KH�TXHVWLRQ� LV��ZK\� � WKHQ
DQ�RSWLPDO�UHVXOW��VHH������FDQ�QRW�EH�DFKLHYHG�
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)LJXUH� ��� 1XPEHU� RI� GHOHWLRQ� HUURUV� �'HO��
VXEVWLWXWLRQ� HUURUV� �6XE�� DQG� LQVHUWLRQ� HUURUV� �,QV�
IRU�GLIIHUHQW�QXPEHUV�RI�1�EHVW�RXWSXW�K\SRWKHVHV�

)LJXUH���VKRZV� WKDW�� LQ� JHQHUDO�� WKH� QXPEHU� RI� GHOHWLRQV� LV
GHFUHDVHG� IURP� ���� WR� ���� ZKLOH� WKH� QXPEHU� RI� LQVHUWLRQV
RQO\�LQFUHDVHV�IURP���WR����ZLWK�LQFUHDVLQJ�1�EHVW�OLVW�OHQJWK
�IURP� �� WR� ������ 7KH� QXPEHU� RI� VXEVWLWXWLRQV� LV� DFWXDOO\
LQFUHDVHG� EHFDXVH� WKH� K\SRWKHVHV� DUH� PRUH� VXLWHG� WR� WKH
UHIHUHQFH� UDWH� ZKLFK� LV� ZK\� WKH\� DUH� SUHIHUUHG� LQ� WKH
VHOHFWLRQ�� +RZHYHU� WKH\� GR� QRW� DOZD\V� FRQWDLQ� WKH� FRUUHFW
ZRUGV�

$GGLWLRQDOO\� ZH�ZDQW� WR� FRQVLGHU� D� VHFRQG� VSHHFK� UDWH
PHDVXUH��WKH�YRZHO�UDWH��(TXLYDOHQW�WR�WKH�SKRQHPH�UDWHV�WKH
VSHHFK� UDWH� 526UHI�YRZ� �UHIHUHQFH� 5DWH� RI� 6SHHFK� XVLQJ
YRZHOV��DQG�526UHF�YRZ��UHFRJQL]HG�5DWH� RI� 6SHHFK� XVLQJ

YRZHOV��ZHUH�FDOFXODWHG�XVLQJ�WKH�QXPEHU�RI�YRZHOV�LQVWHDG
RI� WKH�QXPEHU�RI�SKRQHPHV��7KH� GHWHUPLQHG� UHVXOWV� FDQ� EH
VHHQ�LQ�)LJXUH���

$�UHODWLYH�GHFUHDVH�LQ�ZRUG�HUURU�UDWH�RI�������ZLWK�WKH
1�EHVW�OLVW�OHQJWK����FDQ�EH�DFKLHYHG��7KLV�LV�D�VOLJKWO\�EHWWHU
UHVXOW� FRPSDUHG� WR� WKH� XVH� RI� � WKH� SKRQHPH� UDWH� ������
UHODWLYH� FKDQJH�� VHH� )LJXUH� ���� $GGLWLRQDOO\� WKLV� UHVXOW� LV
PRUH� UREXVW� WR� YDULDWLRQV� RI� WKH� 1�EHVW� OLVW� OHQJWK�� VLQFH
FRPSDUDEOH� LPSURYHPHQWV� FDQ� EH� DFKLHYHG� IRU� 1�EHVW� OLVW
OHQJWKV�IURP���WR�����)RU�WKLV�UHDVRQ�WKH�VSHHFK�UDWH�ZLOO�EH
FDOFXODWHG�ZLWK�WKH�YRZHO�PHWKRG�LQ�WKH�IROORZLQJ�SURFHGXUH
�VHH������
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1XPEHU�RI�1�%HVW�+\SRWKHVHV

)LJXUH� ��� 5HODWLYH� FKDQJH� LQ� ZRUG� HUURU� UDWH� XVLQJ
526UHI�YRZ� DV� VHOHFWLRQ� FULWHULRQ� IRU� GLIIHUHQW
QXPEHUV�RI�1�EHVW�RXWSXW�K\SRWKHVHV�

,Q� SUDFWLFH�� LW� LV� QRW� SRVVLEOH� WR� H[WUDFW� LQIRUPDWLRQ� IURP� D
NQRZQ� WUDQVFULSWLRQ� RI� WKH� VSHHFK� GDWD� ILOH�� DV� XQNQRZQ
VHQWHQFHV� DUH� UHFRJQL]HG�� 1HYHUWKHOHVV�� WKHUH� DUH� GLIIHUHQW
SURFHGXUHV� WR�PHDVXUH� WKH� VSHHFK� UDWH� RI� VSHHFK� GDWD� ZLWK
XQNQRZQ� FRQWHQW�� H�J�� WKH� XVH� RI� D� SKRQHPH� UHFRJQL]HU�
YRZHO� GHWHFWRU� >�@>�@� RU� WKH� XVH� RI� HQHUJ\� EDVHG� PHDVXUHV
>��@�

����� &RPSXWLQJ�VSHHFK�UDWH�XVLQJ�D�SKRQHPH�UHFRJQL]HU

7R� DFKLHYH� DQ� HVWLPDWH� RI� WKH� VSHDNLQJ� UDWH� 526HVW�YRZ
�HVWLPDWHG� 5DWH� RI� 6SHHFK� XVLQJ� YRZHOV�� D� SKRQHPH
UHFRJQL]HU� LV�XVHG� WR�SURGXFH�D�SRVVLEOH�SKRQHPH� VHTXHQFH
RI� WKH� XQNQRZQ� XWWHUDQFH�� 7KH� VSHHFK� UDWH� FDQ� WKHQ� EH
GHWHUPLQHG�IURP�WKH�QXPEHU�RI�WKH�YRZHOV�FRQWDLQHG�LQ�WKLV
SKRQHPH� VHTXHQFH� DQG� IURP� WKH� QXPEHU� RI� WKH� IUDPHV�� DV
GHVFULEHG�LQ�VHFWLRQ������7KLV�HVWLPDWHG�VSHHFK�UDWH� LV�XVHG
DV� WKH� VHOHFWLRQ� FULWHULRQ� IRU� WKH� 1�EHVW� OLVW� UHVFRULQJ
SURFHGXUH�� ZKLFK� WKHUHIRUH� FDQ� EH� SHUIRUPHG� IRU� XQNQRZQ
VSHHFK�GDWD��7KH�UHFRJQLWLRQ�RI�WKH�SKRQHPH�VHTXHQFH�GRHV�
KRZHYHU��FRQWDLQ�PLVWDNHV�DQG�WKLV�ZLOO�EH�DOVR� UHIOHFWHG� LQ
WKH�WHVW�UHVXOWV��7KH�WHVWV�ZHUH�DJDLQ�FDUULHG�RXW�ZLWK�WKH���
³IDVW´�VSHHFK�VHQWHQFHV��DV�LQ�WKH�SUHYLRXV�HYDOXDWLRQV�

)LJXUH� �� VKRZV�� WKDW� XVLQJ� 526HVW�YRZ� D� UHODWLYH
GHFUHDVH�LQ�ZRUG�HUURU�UDWH�RI������FDQ�EH�DFKLHYHG�ZLWK�DQ
1�EHVW� OLVW� OHQJWK� RI� ���� 7KLV� GHFUHDVH� LV� VOLJKWO\� KLJKHU
FRPSDUHG� WR� WKH� XVH� RI� 526UHI�SK� DQG� FRPSDUDEOH� WR� WKH
GHFUHDVH�DFKLHYHG�E\�XVLQJ�526UHI�YRZ��DOWKRXJK�526UHI�SK



 Eurospeech 2001 - Scandinavia

DQG�526UHI�YRZ�DUH�FDOFXODWHG�IURP�WKH�NQRZQ�WUDQVFULSWLRQ

ZKLOH�526HVW�YRZ�LV�RQO\�DQ�HVWLPDWHG�VSHHFK�UDWH�
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1XPEHU�RI�1�%HVW�+\SRWKHVHV

)LJXUH� ��� 5HODWLYH� FKDQJH� LQ� ZRUG� HUURU� UDWH� XVLQJ
526HVW�YRZ� DV� VHOHFWLRQ� FULWHULRQ� IRU� GLIIHUHQW
QXPEHUV�RI�1�EHVW�RXWSXW�K\SRWKHVHV�

��� 6XPPDU\

7KH� DQDO\VLV� RI� 1�EHVW� RXWSXW� UHFRJQLWLRQ� K\SRWKHVHV� RI� D

ODUJH�YRFDEXODU\�FRQWLQXRXV�VSHHFK�UHFRJQLWLRQ�V\VWHP�KDV�D

ORW� RI� SRWHQWLDO�� SDUWLFXODUO\� LQ� PLVPDWFKHG� FRQGLWLRQV� OLNH

H�J�� ³IDVW´� VSHHFK��$� SRVVLEOH� VHOHFWLRQ� FULWHULRQ� IRU� D� SRVW

HYDOXDWLRQ�RI�WKH�UHFRJQL]HG�RXWSXW�K\SRWKHVHV�LV�WKH�VSHHFK

UDWH�

'LIIHUHQW� PHDVXUHV� RI� WKH� VSHDNLQJ� UDWH� ZHUH� XVHG� DV

VHOHFWLRQ�FULWHULD��)LUVW��XVLQJ�³LGHDO´�VSHHFK�UDWH�HVWLPDWHV�

GHWHUPLQHG� IURP� WKH� WUDQVFULSWLRQ� UHODWLYH� LPSURYHPHQWV� RI

������UHVSHFWLYHO\�������ZHUH�DFKLHYHG�ZLWK�SKRQHPH�DQG

YRZHO� UDWH�� 6HFRQG�� WKH� XVH� RI� DQ� HVWLPDWHG� YRZHO� UDWH

EDVLQJ�RQ�SKRQHPH�UHFRJQLWLRQ�ZDV�SHUIRUPHG��7KLV�PHWKRG

UHGXFHG�WKH�ZRUG�HUURU�UDWH�RI�WKH�VSHHFK�UHFRJQL]HU�IRU�IDVW

VSHHFK� E\� UHODWLYHO\� ������+RZHYHU�� WR� EH� DEOH� WR� DFKLHYH

WKH� LGHDO�PRVW� DFFXUDWH�PDWFK� RI� 1�EHVW� RXWSXW� K\SRWKHVHV

�������� UHODWLYH� FKDQJH��� IXUWKHU� PHWKRGV� KDYH� WR� EH

LQYHVWLJDWHG�

��� 5HIHUHQFHV

>�@� 0DUWtQH]� )��� 7DSLDV� '��� ÈOYDUH]� -�� DQG� /HyQ� 3�

³&KDUDFWHULVWLFV�RI�6ORZ��$YHUDJH�DQG�)DVW� 6SHHFK� DQG

7KHLU� (IIHFWV� LQ� /DUJH� 9RFDEXODU\� &RQWLQXRXV� 6SHHFK

5HFRJQLWLRQ´�� 3URFHHGLQJV� RI� (XURVSHHFK� &RQIHUHQFH�
5KRGHV��*UHHFH��������SDJHV���������

>�@� .XZDEDUD� +��� ³$FRXVWLF� DQG� 3HUFHSWXDO� 3URSHUWLHV� RI

3KRQHPHV� LQ� &RQWLQXRXV� 6SHHFK� DV� D� )XQFWLRQ� RI

6SHDNLQJ�5DWH´��3URFHHGLQJV�RI�(XURVSHHFK�&RQIHUHQFH�
5KRGHV��*UHHFH��������SDJHV�����������

>�@� )DOWOKDXVHU� 5��� 3IDX� 7��� 5XVNH� *�� ³&UHDWLQJ� +LGGHQ

0DUNRY� 0RGHOV� IRU� )DVW� 6SHHFK� E\� 2SWLPL]HG

&OXVWHULQJ´�� 3URFHHGLQJV� RI� (XURVSHHFK� &RQIHUHQFH�
%XGDSHVW��+XQJDU\��������SDJHV���������

>�@� 3IDX� 7��� )DOWOKDXVHU� 5��� 5XVNH� *�� ³6SHDNHU

1RUPDOL]DWLRQ� DQG� 3URQXQFLDWLRQ� 9DULDQW� 0RGHOLQJ�

+HOSIXO� 0HWKRGV� IRU� ,PSURYLQJ� 5HFRJQLWLRQ� RI� )DVW

6SHHFK´�� 3URFHHGLQJV� RI� (XURVSHHFK� &RQIHUHQFH�
%XGDSHVW��+XQJDU\��������SDJHV���������

>�@� 7XHUN�$���<RXQJ�6��³0RGHOLQJ�RI�6SHDNLQJ�5DWH�8VLQJ

D� %HWZHHQ� )UDPH� 'LVWDQFH� 0HWULF´�� 3URFHHGLQJV� RI
(XURVSHHFK� &RQIHUHQFH�� %XGDSHVW�� +XQJDU\�� �����

SDJHV���������

>�@� 5DELQHU� /��� -XDQJ� %�+�� ³)XQGDPHQWDOV� RI� 6SHHFK

5HFRJQLWLRQ´�� 3UHQWLFH� +DOO� 375�� (QJOHZRRG� &OLIIV�

1HZ�-HUVH\�������

>�@� 3IDX�7���5XVNH�*��³(VWLPDWLQJ�WKH�6SHDNLQJ�5DWH�8VLQJ

9RZHO� 'HWHFWLRQ´�� 3URFHHGLQJV� RI� ,&$663�� 6HDWWOH�
:DVKLQJWRQ��������SDJHV���������

>�@� )DOWOKDXVHU� 5��� 3IDX� 7��� 5XVNH� *�� ³2Q� WKH� 8VH� RI

6SHDNLQJ� 5DWH� DV� D� *HQHUDOL]HG� )HDWXUH� WR� ,PSURYH

'HFLVLRQ�7UHHV´��3URFHHGLQJV�RI�,&6/3��3HNLQJ��&KLQD�
������SDSHU�QR�������YRO��,��SDJHV���������

>�@� )DOWOKDXVHU� 5��� 3IDX� 7��� 5XVNH� *�� ³2Q�OLQH� 6SHDNLQJ

5DWH� (VWLPDWLRQ� 8VLQJ� *DXVVLDQ� 0L[WXUH� 0RGHOV´�

3URFHHGLQJV�RI� ,&$663�� ,VWDQEXO��7XUNH\��������YRO�� ��
SDJHV�����������

>��@�0RUJDQ�1��� )RVOHU� (�� ³&RPELQLQJ�0XOWLSOH� (VWLPDWRUV

RI� 6SHDNLQJ� 5DWH´�� 3URFHHGLQJV� RI� ,&$663� 6HDWWOH�
:DVKLQJWRQ��������SDJHV���������

>��@�0LUJKDIRUL� 1��� )RVOHU� (��� 0RUJDQ� 1�� ³7RZDUGV

5REXVWQHVV� WR� )DVW� 6SHHFK� LQ� $65´�� 3URFHHGLQJV� RI
,&$663��$WODQWD��*HRUJLD��������9RO����SDJHV���������

>��@�6LHJOHU� 0�$��� 6WHUQ� 5�0�� ³2Q� WKH� (IIHFWV� RI� 6SHHFK

5DWH�LQ�/DUJH�9RFDEXODU\�6SHHFK�5HFRJQLWLRQ�6\VWHPV´�

3URFHHGLQJV�RI�,&$663��'HWURLW��0LFKLJDQ��������SDJHV

��������

>��@�3IDX�7���5XVNH�*��³&UHDWLQJ�+LGGHQ�0DUNRY�0RGHOV�IRU

)DVW�6SHHFK´��3URFHHGLQJV�RI�,&6/3��6\GQH\��$XVWUDOLD�
������SDSHU�QR������


