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$EVWUDFW��

,Q� WKLV� SDSHU� ZH� SUHVHQW� D� PHWKRG� IRU�
GHWHFWLQJ� WKH� WH[W� JHQUH� TXLFNO\� DQG� HDVLO\�
IROORZLQJ� DQ� DSSURDFK� RULJLQDOO\� SURSRVHG�
LQ�DXWKRUVKLS�DWWULEXWLRQ�VWXGLHV�ZKLFK�XVHV�
DV� VW\OH� PDUNHUV� WKH� IUHTXHQFLHV� RI�
RFFXUUHQFH�RI� WKH�PRVW� IUHTXHQW�ZRUGV� LQ�D�
WUDLQLQJ�FRUSXV��%XUURZV���������,Q�FRQWUDVW�
WR� WKLV� DSSURDFK�ZH� XVH� WKH� IUHTXHQFLHV� RI�
RFFXUUHQFH�RI�WKH�PRVW�IUHTXHQW�ZRUGV�RI�WKH�
HQWLUH� ZULWWHQ� ODQJXDJH�� 8VLQJ� DV� WHVWLQJ�
JURXQG� D� SDUW� RI� WKH�:DOO� 6WUHHW� -RXUQDO�
FRUSXV�� ZH� VKRZ� WKDW� WKH� PRVW� IUHTXHQW�
ZRUGV� RI� WKH� %ULWLVK� 1DWLRQDO� &RUSXV��
UHSUHVHQWLQJ�WKH�PRVW�IUHTXHQW�ZRUGV�RI�WKH�
ZULWWHQ�(QJOLVK� ODQJXDJH��DUH�PRUH� UHOLDEOH�
GLVFULPLQDWRUV�RI�WH[W�JHQUH�LQ�FRPSDULVRQ�WR�
WKH� PRVW� IUHTXHQW� ZRUGV� RI� WKH� WUDLQLQJ�
FRUSXV�� 0RUHRYHU�� WKH� IUHTXHQFLHV� RI�
RFFXUUHQFH�RI�WKH�PRVW�FRPPRQ�SXQFWXDWLRQ�
PDUNV� SOD\� DQ� LPSRUWDQW� UROH� LQ� WHUPV� RI�
DFFXUDWH�WH[W�FDWHJRUL]DWLRQ�DV�ZHOO�DV�ZKHQ�
GHDOLQJ�ZLWK�WUDLQLQJ�GDWD�RI�OLPLWHG�VL]H��

,QWURGXFWLRQ�

7KH� GHYHORSPHQW� RI� WH[W� GDWDEDVHV� YLD� WKH�
,QWHUQHW� KDV� JLYHQ� LPSHWXV� WR� UHVHDUFK� LQ�
FRPSXWDWLRQDO�OLQJXLVWLFV�WRZDUGV�WKH�DXWRPDWLF�
KDQGOLQJ� RI� WKLV� LQIRUPDWLRQ�� ,Q� SDUWLFXODU�� WKH�
HQRUPRXV� DPRXQW� RI� WH[WV� FRPLQJ� IURP�
KHWHURJHQHRXV� VRXUFHV� UHYHDOHG� WKH� QHHG� IRU�
UREXVW�WH[W�FODVVLILFDWLRQ�WRROV�ZKLFK�DUH�DEOH�WR�
EH� HDVLO\� SRUWHG� WR� RWKHU� GRPDLQV� DQG� QDWXUDO�
ODQJXDJHV� DQG� EH� HPSOR\HG� ZLWK� PLQLPDO�
FRPSXWDWLRQDO�FRVW���
$SDUW�IURP�WKH�SURSRVLWLRQDO�FRQWHQW�RI�WKH�WH[W��
VW\OLVWLF� DVSHFWV� FDQ� DOVR� EH� XVHG� DV�
FODVVLILFDWRU\�PHDQV��%LEHU� VWXGLHG� WKH� VW\OLVWLF�
GLIIHUHQFHV� EHWZHHQ� ZULWWHQ� DQG� VSRNHQ�

ODQJXDJH� �%LEHU�� ������DV�ZHOO� DV� WKH�YDULDWLRQ�
RI� UHJLVWHUV� LQ� D� FURVV�OLQJXLVWLF� FRPSDULVRQ�
�%LEHU�� ������ DQG� SUHVHQWHG� D� PRGHO� IRU�
LQWHUSUHWLQJ� WKH� IXQFWLRQV� RI� YDULRXV� OLQJXLVWLF�
IHDWXUHV�� 8QIRUWXQDWHO\�� KLV� PRGHO� FDQ� QRW� EH�
HDVLO\� UHDOL]HG� XVLQJ� H[LVWLQJ� QDWXUDO� ODQJXDJH�
SURFHVVLQJ� WRROV�� 2Q� WKH� RWKHU� KDQG�� VRPH�
FRPSXWDWLRQDO� PRGHOV� IRU� GHWHFWLQJ�
DXWRPDWLFDOO\� WKH� WH[W�JHQUH�KDYH� UHFHQWO\�EHHQ�
DYDLODEOH� �.DUOJUHQ� DQG�&XWWLQJ�� ������.HVVOHU�
HW� DO��� ������� .HVVOHU� JLYHV� DQ� H[FHOOHQW�
VXPPDUL]DWLRQ�RI�WKH�SRWHQWLDO�DSSOLFDWLRQV�RI�D�
WH[W�JHQUH�GHWHFWRU��,Q�SDUWLFXODU��SDUW�RI�VSHHFK�
WDJJLQJ�� SDUVLQJ� DFFXUDF\� DQG� ZRUG�VHQVH�
GLVDPELJXDWLRQ�FRXOG�EH�FRQVLGHUDEO\�HQKDQFHG�
E\� WDNLQJ� JHQUH� LQWR� DFFRXQW� VLQFH� FHUWDLQ�
JUDPPDWLFDO� FRQVWUXFWLRQV� RU� ZRUG� VHQVHV� DUH�
FORVHO\� UHODWHG� WR� VSHFLILF�JHQUHV��0RUHRYHU�� LQ�
LQIRUPDWLRQ�UHWULHYDO�WKH�VHDUFK�UHVXOWV�FRXOG�EH�
VRUWHG�DFFRUGLQJ�WR�WKH�JHQUH�DV�ZHOO��
7RZDUGV� WKH� DXWRPDWLF� GHWHFWLRQ� RI� WH[W� JHQUH��
YDULRXV� W\SHV� RI� VW\OH� PDUNHUV� �L�H��� FRXQWDEOH�
OLQJXLVWLF� IHDWXUHV�� KDYH� EHHQ� SURSRVHG� VR� IDU��
.DUOJUHQ�DQG�&XWWLQJ��������XVH�D�FRPELQDWLRQ�
RI� VWUXFWXUDO�PDUNHUV� �H�J���QRXQ�FRXQW��� OH[LFDO�
PDUNHUV� �H�J��� ³LW´� FRXQW��� DQG� WRNHQ�OHYHO�
PDUNHUV� �H�J��� ZRUGV� SHU� VHQWHQFH� DYHUDJH��
W\SH�WRNHQ� UDWLR�� HWF���� .HVVOHU� HW� DO�� �������
DYRLG� VWUXFWXUDO� PDUNHUV� VLQFH� WKH\� UHTXLUH�
WDJJHG� RU� SDUVHG� WH[W� DQG� UHSODFH� WKHP� ZLWK�
FKDUDFWHU�OHYHO�PDUNHUV� �H�J��� SXQFWXDWLRQ�PDUN�
FRXQWV�� DQG� GHULYDWLYH�PDUNHUV�� L�H��� UDWLRV� DQG�
YDULDWLRQ� PHDVXUHV� GHULYHG� IURP� PHDVXUHV� RI�
OH[LFDO�DQG�FKDUDFWHU�OHYHO�PDUNHUV��
)XUWKHUPRUH�� VRPH� LQWHUHVWLQJ� VW\ORPHWULF�
DSSURDFKHV� KDYH� EHHQ� IROORZHG� LQ� DXWKRUVKLS�
DWWULEXWLRQ� VWXGLHV�� 6SHFLILFDOO\�� YDULRXV�
IXQFWLRQV� WKDW� DWWHPSW� WR� UHSUHVHQW� WKH�
YRFDEXODU\� ULFKQHVV� KDYH� EHHQ� SURSRVHG�
�+RQRUH� ������ 6LFKHO�� �������7KH� FRPELQDWLRQ�
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RI� WKH� EHVW� YRFDEXODU\� ULFKQHVV� IXQFWLRQV� LQ� D�
PXOWLYDULDWH� PRGHO� FDQ� WKHQ� EH� XVHG� IRU�
FDSWXULQJ� WKH� FKDUDFWHULVWLFV� RI� D� VW\OLVWLF�
FDWHJRU\� �+ROPHV�� ������� +RZHYHU�� UHFHQW�
VWXGLHV� KDYH� VKRZQ� WKDW� WKH� PDMRULW\� RI� WKHVH�
IXQFWLRQV� GHSHQG� KHDYLO\� RQ� WH[W�OHQJWK�
�7ZHHGLH� DQG� %DD\HQ�� ������� $GGLWLRQDOO\��
6WDPDWDWRV� HW� DO�� ������� DWWHPSWHG� WR� WDNH�
DGYDQWDJH� RI� DOUHDG\� H[LVWLQJ� WH[W� SURFHVVLQJ�
WRROV� E\� SURSRVLQJ� WKH� DQDO\VLV�OHYHO� PDUNHUV�
WDNLQJ� LQWR� DFFRXQW� WKH� PHWKRGRORJ\� RI� WKH�
SDUWLFXODU�WRRO�WKDW�KDV�EHHQ�XVHG�WR�DQDO\]H�WKH�
WH[W��7KLV�DSSURDFK�UHTXLUHV�WKH�DYDLODELOLW\�RI�D�
UREXVW� WH[W� SURFHVVLQJ� WRRO� DQG� WKH� WLPH�DQG�RU�
FRPSXWDWLRQDO� FRVW� IRU� WKH� FDOFXODWLRQ� RI� WKH�
VW\OH� PDUNHUV� LV� SURSRUWLRQDO� WR� WKH�
FRUUHVSRQGLQJ�FRVW�RI�WKH�DQDO\VLV�RI�WKH�WH[W�E\�
WKLV�WRRO��
/DVW� EXW� QRW� OHDVW�� D� VW\ORPHWULF� DSSURDFK�
SURSRVHG�E\�%XUURZV��������������XVHV�DV�VW\OH�
PDUNHUV� WKH� IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH�
PRVW� IUHTXHQW� ZRUGV� �W\SLFDOO\� WKH� ��� PRVW�
IUHTXHQW� ZRUGV�� DV� UHJDUGV� D� WUDLQLQJ� FRUSXV��
7KLV� PHWKRG� UHTXLUHV� PLQLPDO� FRPSXWDWLRQDO�
FRVW� DQG� KDV� DFKLHYHG� UHPDUNDEOH� UHVXOWV� IRU� D�
ZLGH�YDULHW\�RI�DXWKRUV��0RUHRYHU��LW�LV�GRPDLQ�
DQG� ODQJXDJH� LQGHSHQGHQW� VLQFH� LW� GRHV� QRW�
UHTXLUH� WKH� PDQXDO� VHOHFWLRQ� RI� WKH� ZRUGV� WKDW�
EHVW� GLVWLQJXLVK� WKH� FDWHJRULHV� �L�H��� IXQFWLRQ�
ZRUGV��� +RZHYHU�� LQ� RUGHU� WR� DFKLHYH� EHWWHU�
UHVXOWV� %XUURZV� WRRN� LQWR� DFFRXQW� VRPH�
DGGLWLRQDO�UHVWULFWLRQV��QDPHO\��

  ([SDQVLRQ� RI� WKH� FRQWUDFWHG� IRUPV�� )RU�
H[DPSOH��³,¶P´�FRXQWV�DV�³,´�DQG�³DP´��

  6HSDUDWLRQ�RI� FRPPRQ�KRPRJUDSKLF� IRUPV��
)RU�H[DPSOH��WKH�ZRUG�³WR´�KDV�WKH�LQILQLWLYH�
DQG�WKH�SUHSRVLWLRQDO�IRUP��

  ([FHSWLRQ�RI�SURSHU�QDPHV� IURP� WKH� OLVW�RI�
WKH�PRVW�IUHTXHQW�ZRUGV��

  7H[W�VDPSOLQJ� VR� WKDW� RQO\� WKH� QDUUDWLYH�
SDUWV� RI� WKH� WH[W� FRQWULEXWH� WR� WKH�
FRPSLODWLRQ�RI� WKH� OLVW�RI� WKH�PRVW� IUHTXHQW�
ZRUGV��1RWH�WKDW�D�µQDUUDWLYH¶�SDUW�LV�VLPSO\�
GHILQHG�DV�µQRQ�GLDORJXH¶��

)URP� D� FRPSXWDWLRQDO� SRLQW� RI� YLHZ�� WKHVH�
UHVWULFWLRQV��H[FHSW�WKH�ILUVW�RQH��FRPSOLFDWH�WKH�
SURFHGXUH�RI�H[WUDFWLQJ�WKH�PRVW�IUHTXHQW�ZRUGV�
RI� WKH� WUDLQLQJ� FRUSXV�� 7KXV�� WKH� VHFRQG�
UHVWULFWLRQ� UHTXLUHV� D� SDUW�RI�VSHHFK� WDJJHU�� WKH�
WKLUG� KDV� WR� EH� SHUIRUPHG� YLD� D� QDPHG�HQWLW\�

UHFRJQL]HU��DQG�WKH�ODVW�UHTXLUHV�WKH�GHYHORSPHQW�
RI�D�UREXVW�WH[W�VDPSOLQJ�WRRO�DEOH�WR�GHWHFW�WKH�
QDUUDWLYH�SDUWV�RI�DQ\�WH[W��
,Q� WKLV� SDSHU� ZH� SUHVHQW� D� YDULDWLRQ� RI� WKLV�
DSSURDFK��,QVWHDG�RI�H[WUDFWLQJ�WKH�PRVW�IUHTXHQW�
ZRUG�OLVW�RI�WKH�WUDLQLQJ�FRUSXV��ZH�XVH�DV�VW\OH�
PDUNHUV� WKH� IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH�
PRVW� IUHTXHQW� ZRUGV� RI� WKH� HQWLUH� ZULWWHQ�
ODQJXDJH��)RU�(QJOLVK��WKH�PRVW�IUHTXHQW�ZRUGV�
RI�WKH�ZULWWHQ�ODQJXDJH�FRPSRQHQW�RI�WKH�%ULWLVK�
1DWLRQDO�&RUSXV� DUH� FRQVLGHUHG��:H�VKRZ� WKDW�
RXU�DSSURDFK�SHUIRUPV�EHWWHU�WKDQ�WKH�%XUURZV¶�
RULJLQDO�PHWKRG�ZLWKRXW�WDNLQJ�LQWR�DFFRXQW�DQ\�
RI� WKH� DERYH� UHVWULFWLRQV�� 0RUHRYHU�� ZH� VKRZ�
WKDW� WKH� IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH� PRVW�
IUHTXHQW� SXQFWXDWLRQ�PDUNV� FRQWDLQ�YHU\�XVHIXO�
VW\OLVWLF� LQIRUPDWLRQ� WKDW� FDQ� HQKDQFH� WKH�
SHUIRUPDQFH�RI�DQ�DXWRPDWLF�WH[W�JHQUH�GHWHFWRU��
7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 7KH� QH[W�
VHFWLRQ� GHVFULEHV� ERWK� WKH� FRUSRUD� XVHG� LQ� WKLV�
VWXG\� DQG� WKH� SURFHGXUH� RI� H[WUDFWLQJ� WKH�PRVW�
IUHTXHQW�ZRUG� OLVWV�� 6HFWLRQ� �� LQFOXGHV� WKH� WH[W�
JHQUH� GHWHFWLRQ� H[SHULPHQWV� ZKLOH� VHFWLRQ� ��
FRQWDLQV� H[SHULPHQWV� GHDOLQJ� ZLWK� WKH� UROH� RI�
SXQFWXDWLRQ� PDUNV�� )LQDOO\�� LQ� WKH� ODVW� VHFWLRQ�
VRPH� FRQFOXVLRQV� DUH� GUDZQ� DQG� IXWXUH� ZRUN�
GLUHFWLRQV�DUH�JLYHQ��

�� 7HVWLQJ�*URXQG�

���� &RUSRUD�

$V�UHJDUGV�WKH�(QJOLVK�ODQJXDJH��LQ�WKH�SUHYLRXV�
ZRUN� RQ� WH[W� JHQUH� GHWHFWLRQ� �.DUOJUHQ� DQG�
&XWWLQJ�� ������.HVVOHU�HW� DO��� ������ WKH�%URZQ�
FRUSXV�ZDV�XVHG�DV�WHVWLQJ�JURXQG��,W�FRPSULVHV�
DSSUR[LPDWHO\� ���� VDPSOHV� GLYLGHG� LQWR� ���
FDWHJRULHV��H�J���SUHVV�HGLWRULDO��SUHVV�UHSRUWDJH��
OHDUQHG�� HWF��� WKDW� FDQ�EH� FRQVLGHUHG� DV�JHQUHV��
+RZHYHU�� WKLV� FRUSXV�ZDV� QRW� EXLOW� H[FOXVLYHO\�
IRU�WH[W�JHQUH�GHWHFWLRQ�SXUSRVHV��7KHUHIRUH��WKH�
WH[WV� LQFOXGHG� LQ� WKH� VDPH� FDWHJRU\� DUH� QRW�
DOZD\V�VW\OLVWLFDOO\�KRPRJHQHRXV��.HVVOHU�HW�DO���
������� XQGHUOLQHG� WKLV� IDFW� DQG� DWWHPSWHG� WR�
DYRLG� WKH�SUREOHP�E\�HOLPLQDWLQJ� WH[WV� WKDW�GLG�
QRW� IDOO� XQHTXLYRFDOO\� LQWR� RQH� RI� WKHLU�
FDWHJRULHV��0RUHRYHU��VRPH�RI�WKH�FDWHJRULHV�RI�
WKH� %URZQ� FRUSXV� DUH� HLWKHU� WRR� JHQHUDO� �H�J���
JHQHUDO� ILFWLRQ�� RU� XQOLNHO\� WR� EH� FRQVLGHUHG� LQ�
WKH� IUDPHZRUN� RI� D� SUDFWLFDO� DSSOLFDWLRQ� �H�J���
EHOOHV�OHWWUHV��UHOLJLRQ��HWF����7DNLQJ�DOO�WKHVH�LQWR
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���WKH� ����ZLWK� ����DUH� ����RU� ����KHU�
���RI� ����KH� ����QRW� ����DQ� ����Q
W�
���DQG� ����EH� ����KLV� ����ZHUH� ����WKHUH�
���D� ����RQ� ����WKLV� ����ZH� ����FDQ�
���LQ� ����L� ����IURP� ����WKHLU� ����DOO�
���WR� ����WKDW� ����EXW� ����EHHQ� ����DV�
���LV� ����E\� ����KDG� ����KDV� ����LI�
���ZDV� ����DW� ����ZKLFK� ����KDYH� ����ZKR�
���LW� ����\RX� ����VKH� ����ZLOO� ����ZKDW�
����IRU� ����
V� ����WKH\� ����ZRXOG� ����VDLG�

7DEOH����7KH����PRVW�IUHTXHQW�ZRUGV�RI�WKH�%1&��

DFFRXQW� ZH� GHFLGHG� WR� XVH� WKH� :DOO� 6WUHHW�
-RXUQDO��:6-��FRUSXV�DV�WHVWLQJ�JURXQG�IRU�RXU�
DSSURDFK�� 7KH� WH[WV� FRPSULVLQJ� WKLV� FRUSXV�
FRYHU�WKH�PDMRULW\�RI�WKH�SUHVV�JHQUHV��$OWKRXJK�
WKHUH� LV� QR� PDQXDO� FDWHJRUL]DWLRQ� RI� WKH� :6-�
GRFXPHQWV� DFFRUGLQJ� WR� WKHLU� JHQUH�� WKHUH� DUH�
KHDGOLQHV� WKDW� VRPHWLPHV�KHOS� LQ�SUHGLFWLQJ� WKH�
FRUUHVSRQGLQJ� WH[W� JHQUH�� 7KH� VHOHFWLRQ� RI� WKH�
WH[WV� LQFOXGHG� LQ� WKH� SUHVHQWHG� FRUSXV� ZDV�
SHUIRUPHG�DXWRPDWLFDOO\�E\�UHDGLQJ�WKH�KHDGOLQH�
WDJ� ��+/!�� RI� HDFK� GRFXPHQW�� $� W\SLFDO�
KHDGOLQH�WDJ�RI�D�:6-�GRFXPHQW�LV�DV�IROORZV��

�+/!�0DUNHWLQJ�	�0HGLD��
#��5-5�1DELVFR�+LUHV�

#��$GYLVHU�WR�6WXG\�

#��6DOH�RI�(631�6WDNH�

#�������
#��%\�0LFKDHO�-��0F&DUWK\�

#��6WDII�5HSRUWHU�RI�7KH�:DOO�6WUHHW�

-RXUQDO���+/!�

7KXV�� ZH� FRQVWUXFWHG� D� JHQUH�FRUSXV� RI� IRXU�
FDWHJRULHV�� QDPHO\�� (GLWRULDOV�� /HWWHUV� WR� WKH�
(GLWRU�� 5HSRUWDJH�� DQG� 6SRW� QHZV� WDNLQJ�
GRFXPHQWV� IURP� WKH� :6-� FRUSXV� RI� WKH� \HDU�
������ 7KH� GRFXPHQWV� FRQWDLQLQJ� WKH� VWULQJ�
³5(9,(:�	�287/22.��(GLWRULDO�� �́LQ�
WKHLU� KHDGOLQH� WDJ� ZHUH� FODVVLILHG� DV� HGLWRULDOV�
ZKLOH� WKH� GRFXPHQWV� FRQWDLQLQJ� WKH� VWULQJ�
³/HWWHUV� WR� WKH� (GLWRU� �́ ZHUH�
FRQVLGHUHG� DV� OHWWHUV� WR� WKH� HGLWRU�� 7KH�
GRFXPHQWV� FRQWDLQLQJ� HLWKHU� WKH� VWULQJ�
³:KDW
V� 1HZV� ±³� RU� ³:KR
V� 1HZV�´�
ZHUH� FRQVLGHUHG� DV� VSRW� QHZV�� )LQDOO\�� DOO� WKH�
GRFXPHQWV� FRQWDLQLQJ� RQH� RI� WKH� IROORZLQJ�
VWULQJV� LQ� WKHLU� KHDGOLQH��
³,QWHUQDWLRQDO�´�� ³0DUNHWLQJ� 	�
0HGLD�´��³3ROLWLFV�	�3ROLF\�´��RU�
³:RUOG�0DUNHWV� �́ZLWKRXW�LQFOXGLQJ�D�OLQH�
VWDUWLQJ� ZLWK� WKH� VWULQJ� ³#� � %\� ´� ZHUH�
FRQVLGHUHG� DV� UHSRUWDJH��7KH� ODWWHU� DVVXUHV� WKDW�

QR�VLJQHG�DUWLFOH�LV�FRQVLGHUHG�DV�UHSRUWDJH��)RU�
H[DPSOH�� WKH� GRFXPHQW� RI� WKH� DERYH� H[DPSOH�
ZDV� QRW� LQFOXGHG� LQ� DQ\� RI� WKH� IRXU� JHQUH�
FDWHJRULHV��

���� 0RVW�)UHTXHQW�:RUGV�

,Q� RUGHU� WR� H[WUDFW� WKH�PRVW� IUHTXHQW� ZRUGV� RI�
WKH�DFTXLUHG�FRUSRUD�ZH�XVHG�HTXDOO\�VL]HG�WH[W�
VDPSOHV� �DSSUR[LPDWHO\� ���N�� IURP� HDFK�
FDWHJRU\�SURYLGLQJ�D�JHQUH�FRUSXV�RI�����N�IRU�
WKH� IRXU� FDWHJRULHV�� 7KH� JHQUH�FRUSXV� ZDV�
GLYLGHG� LQWR� ���� WH[W� VDPSOHV� RI� ��N� �L�H���
DSSUR[LPDWHO\�������ZRUGV�� HDFK�� LQFOXGLQJ����
WH[W� VDPSOHV� IURP� HDFK� JHQUH��+DOI� RI� WKH� WH[W�
VDPSOHV� IURP� HDFK� FDWHJRU\� ZHUH� XVHG� DV�
WUDLQLQJ�FRUSXV�DQG�WKH�UHVW�DV�WHVW�FRUSXV��
)RU�WKH�H[WUDFWLRQ�RI�WKH�PRVW�IUHTXHQW�ZRUGV�RI�
WKH�HQWLUH�(QJOLVK�ODQJXDJH�ZH�XVHG�WKH�%ULWLVK�
1DWLRQDO�&RUSXV��%1&���7KLV�FRUSXV�FRQVLVWV�RI�
���0�WRNHQV�FRYHULQJ�ERWK�ZULWWHQ�DQG�VSRNHQ�
ODQJXDJH���
,Q� WKLV� VWXG\� ZH� XVHG� WKH� XQOHPPDWL]HG� ZRUG�
IUHTXHQF\� OLVW� RI� WKH� ZULWWHQ� ODQJXDJH�
FRPSRQHQW� RI� WKH� %1&�� ZKLFK� FRPSULVHV�
URXJKO\� ����0� WRNHQV�� 6LQFH� WKH� KRPRJUDSKLF�
IRUPV�DUH�VHSDUDWHG��ZH�DGGHG�WKH�IUHTXHQFLHV�RI�
WKH�ZRUGV�ZLWK�PRUH�WKDQ�RQH�IRUPV��H�J��³WR´��
LQ�RUGHU�WR�DWWDLQ�D�UHSUHVHQWDWLYH�RUGHUHG�OLVW�RI�
WKH� PRVW� IUHTXHQW� ZRUGV� RI� WKH� HQWLUH� ZULWWHQ�
ODQJXDJH��7KH� UHVXOWHG�RUGHUHG�ZRUG� OLVW�RI� WKH�
���PRVW�IUHTXHQW�ZRUGV�LV�JLYHQ�LQ�WDEOH����
7KH� FRPSDULVRQ� RI� WKH�PRVW� IUHTXHQW�ZRUG� OLVW�
RI�WKH�JHQUH�FRUSXV�ZLWK�WKH�RQH�DFTXLUHG�E\�WKH�
%1&� LV� JLYHQ� LQ� ILJXUH� ��� 7KH� FRPPRQ�ZRUGV�
�L�H��� WKRVH� LQFOXGHG� LQ� ERWK� OLVWV�� FRQVWLWXWH�

������������������������������ ���������������������
��$YDLODEOH�DW��KWWS���ZZZ�LWUL�EULJKWRQ�DF�XN��
a$GDP�.LOJDUULII�EQF�UHDGPH�KWPO�
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DSSUR[LPDWHO\�����RI� WKH�PRVW� IUHTXHQW�ZRUGV�
RI�%1&��

)LJXUH����&RPSDULVRQ�RI�WKH�PRVW�IUHTXHQW�
ZRUG�OLVWV��

�� 7H[W�*HQUH�'HWHFWLRQ�

,Q� RUGHU� WR� GHWHFW� DXWRPDWLFDOO\� WKH� WH[W� JHQUH�
ZH� XVHG� GLVFULPLQDQW� DQDO\VLV�� D� ZHOO�NQRZQ�
FODVVLILFDWLRQ�WHFKQLTXH�RI�PXOWLYDULDWH�VWDWLVWLFV�
WKDW�KDV�EHHQ�XVHG�LQ�SUHYLRXV�ZRUN�LQ�WH[W�JHQUH�
GHWHFWLRQ� �%LEHU�� ������ .DUOJUHQ� DQG� &XWWLQJ��
������� 7KLV� PHWKRGRORJ\� WDNHV� VRPH�
PXOWLYDULDWH� YHFWRUV� SUHFDWHJRUL]HG� LQWR�
QDWXUDOO\� RFFXUULQJ� JURXSV� �L�H��� WUDLQLQJ� GDWD��
DQG�H[WUDFWV�D�VHW�RI�GLVFULPLQDQW�IXQFWLRQV�WKDW�
GLVWLQJXLVK� WKH� JURXSV�� 7KH� PDWKHPDWLFDO�
REMHFWLYH� RI� GLVFULPLQDQW� DQDO\VLV� LV� WR� ZHLJKW�
DQG� OLQHDUO\� FRPELQH� WKH� GLVFULPLQDWLQJ�
YDULDEOHV� �L�H��� VW\OH� PDUNHUV�� LQ� VRPH� ZD\� VR�
WKDW� WKH� JURXSV� DUH� IRUFHG� WR� EH� DV� VWDWLVWLFDOO\�
GLVWLQFW�DV�SRVVLEOH� �(LVHQEHLV�	�$YHU\���������
7KHQ�� GLVFULPLQDQW� DQDO\VLV� FDQ� EH� XVHG� IRU�
SUHGLFWLQJ� WKH� JURXS�PHPEHUVKLS� RI� SUHYLRXVO\�
XQVHHQ�FDVHV��L�H���WHVW�GDWD���
,Q�WKH�SUHVHQW�FDVH�� WKH�PXOWLYDULDWH�YHFWRUV�DUH�
WKH� IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH� PRVW�
IUHTXHQW�ZRUGV�RI�WKH�%1&�IRU�HDFK�WH[W�VDPSOH�
DQG� WKH�QDWXUDOO\�RFFXUULQJ�JURXSV� DUH� WKH� IRXU�
WH[W�JHQUHV��:H�DSSOLHG�GLVFULPLQDQW�DQDO\VLV�WR�
WKH� WUDLQLQJ� JHQUH�FRUSXV� XVLQJ� �� WR� ��� PRVW�
IUHTXHQW�ZRUGV�RI�%1&�ZLWK�D�VWHS�RI���ZRUGV��
7KH� FODVVLILFDWLRQ� PRGHOV� ZHUH�� WKHQ�� FURVV�
YDOLGDWHG�E\�DSSO\LQJ�WKHP�WR�WKH�FRUUHVSRQGLQJ�
WHVW� FRUSXV�� 7KH� VDPH� SURFHGXUH�ZDV� IROORZHG�

XVLQJ� DV� VW\OH� PDUNHUV� WKH� IUHTXHQFLHV� RI�
RFFXUUHQFH� RI� WKH� PRVW� IUHTXHQW� ZRUGV� RI� WKH�
WUDLQLQJ� FRUSXV� �DFFRUGLQJ� WR� WKH� RULJLQDO�
PHWKRG� RI� %XUURZV��� &RPSDUDWLYH� UHVXOWV� LQ�
WHUPV� RI� FODVVLILFDWLRQ� HUURU� UDWH� DUH� JLYHQ� LQ�
ILJXUH����$V�FDQ�EHHQ�VHHQ��WKH�EHVW�SHUIRUPDQFH�
DFKLHYHG� E\� RXU� DSSURDFK� LV� ����� HUURU� UDWH�
������� EDVHG�RQ� WKH����PRVW� IUHTXHQW�ZRUGV�RI�
WKH� %1&� ZKLOH� WKH� EHVW� SHUIRUPDQFH� RI� WKH�
%XUURZV¶� DSSURDFK� LV� ������ HUURU� UDWH� �������
EDVHG� RQ� WKH� ��� PRVW� IUHTXHQW� ZRUGV� RI� WKH�
WUDLQLQJ�FRUSXV��

)LJXUH����&RPSDUDWLYH�FODVVLILFDWLRQ�UHVXOWV�IRU�
WH[W�JHQUH�GHWHFWLRQ��

,W� LV� ZRUWK� QRWLQJ� WKDW� WKH� SHUIRUPDQFH� RI� WKH�
FODVVLILFDWLRQ�PRGHO�LV�QRW�LPSURYHG�XVLQJ�PRUH�
ZRUGV� EH\RQG� D� FHUWDLQ� WKUHVKROG� �LQ� RXU�
DSSURDFK����ZRUGV���7KLV�LV�GXH�WR�WKH� WUDLQLQJ�
GDWD� RYHUILWWLQJ�� )LJXUH� �� VKRZV� WKH� WUDLQLQJ�
FRUSXV�LQ�WKH�VSDFH�RI�WKH�ILUVW�WZR�GLVFULPLQDQW�
IXQFWLRQV� EDVHG� RQ� WKH� ���� ���� DQG� ��� PRVW�
IUHTXHQW�ZRUGV�RI�WKH�%1&��
,W� LV� REYLRXV� WKDW� ���ZRUGV� DUH� QRW� HQRXJK� IRU�
WKH� VXIILFLHQW� GLVFULPLQDWLRQ� RI� WKH� JHQUH�
FDWHJRULHV��2Q�WKH�RWKHU�KDQG��XVLQJ�WKH����PRVW�
IUHTXHQW� ZRUGV� WKH� GLVFULPLQDQW� IXQFWLRQV� DUH�
ELDVHG�WR�WKH�WUDLQLQJ�GDWD��
)XUWKHUPRUH��WKH�JHQUHV�(GLWRULDO�DQG�/HWWHUV�WR�
WKH� HGLWRU� FRXOG�EH�JURXSHG� LQWR�D�KLJKHU� OHYHO�
JHQUH�VLQFH�WKH\�VKDUH�FRPPRQ�VW\OLVWLF�IHDWXUHV��
6LPLODUO\�� WKH� JHQUHV�5HSRUWDJH� DQG�6SRW�QHZV�
FRXOG� EH� JURXSHG� DV� ZHOO�� 1RWH� WKDW� WKH�
SUHVHQWHG� PRGHO� PDQDJHG� WR� FDSWXUH� WKLV�
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)LJXUH����7KH�WUDLQLQJ�FRUSXV�LQ�WKH�VSDFH�RI�WKH�WZR�ILUVW�GLVFULPLQDQW�IXQFWLRQV��
IRU�GLIIHUHQW�ZRUG�OLVWV��7KH�QXPEHUV�LQVLGH�SDUHQWKHVHV�LQGLFDWH�WKH��
SHUFHQWDJH�RI�YDULDWLRQ�H[SODLQHG�E\�WKH�FRUUHVSRQGLQJ�IXQFWLRQ��

�
LQIRUPDWLRQ� VLQFH� LQ� DOO� WKH� FDVHV� VKRZQ� LQ�
ILJXUH���WKH�ILUVW�GLVFULPLQDQW�IXQFWLRQ��D[LV�[���
ZKLFK�DFFRXQWV�IRU�WKH�JUHDWHVW�SDUW�RI�WKH�WRWDO�
YDULDWLRQ��GLVWLQJXLVKHV�EHWZHHQ�WKHVH�KLJK�OHYHO�
JHQUHV�� 7KHQ�� WKH� VHFRQG� GLVFULPLQDQW� IXQFWLRQ�
�D[LV�\��DWWHPSWV�WR�GLVFULPLQDWH�HDFK�RI�WKH�KLJK�
OHYHO�JHQUHV�LQWR�JHQUHV�RI�PRUH�VSHFLILF�OHYHO��

�� 3XQFWXDWLRQ�0DUN�)UHTXHQFLHV�

,Q� DGGLWLRQ� WR� WKH� PRVW� IUHTXHQW� ZRUGV�� WKH�
SXQFWXDWLRQ� PDUNV� SOD\� DQ� LPSRUWDQW� UROH� IRU�
GLVFULPLQDWLQJ�UHOLDEO\�WH[W�JHQUHV��,Q�IDFW��WKHUH�
DUH�FDVHV�ZKHUH�WKH�IUHTXHQF\�RI�RFFXUUHQFH�RI�D�
FHUWDLQ�SXQFWXDWLRQ�PDUN�FRXOG�EH�XVHG�DORQH�IRU�
SUHGLFWLQJ�D�FHUWDLQ�WH[W�JHQUH��)RU�H[DPSOH��DQ�
LQWHUYLHZ� LV� XVXDOO\� FKDUDFWHUL]HG� E\� DQ�
XQFRPPRQO\�KLJK�IUHTXHQF\�RI�TXHVWLRQ�PDUNV���
,Q� RUGHU� WR� HQKDQFH� WKH� SHUIRUPDQFH� RI� WKH�
SURSRVHG� PRGHO� ZH� WRRN� LQWR� DFFRXQW� WKH�
IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH� HLJKW� PRVW�
IUHTXHQW� SXQFWXDWLRQ� PDUNV�� QDPHO\�� SHULRG��
FRPPD�� FRORQ�� VHPLFRORQ�� TXRWHV�� SDUHQWKHVLV��
TXHVWLRQ� PDUN� DQG� K\SKHQ�� 7KXV�� ZH� DSSOLHG�
GLVFULPLQDQW� DQDO\VLV� WR� WKH� WUDLQLQJ� JHQUH�
FRUSXV� WDNLQJ� LQWR� DFFRXQW� WKH� IUHTXHQFLHV� RI�
RFFXUUHQFH�RI�WKH�DERYH�SXQFWXDWLRQ�PDUNV�SOXV�
��WR����PRVW�IUHTXHQW�ZRUGV�RI�%1&�ZLWK�D�VWHS�
RI���ZRUGV��7K

HQ��WKH�FODVVLILFDWLRQ�PRGHOV�ZHUH�

FURVV�YDOLGDWHG� E\� DSSO\LQJ� WKHP� WR� WKH�
FRUUHVSRQGLQJ�WHVW�FRUSXV���

)LJXUH����&ODVVLILFDWLRQ�UHVXOWV�WDNLQJ�LQWR�
DFFRXQW�WKH�SXQFWXDWLRQ�PDUNV��

7KH� UHVXOWV� DUH� JLYHQ� LQ� ILJXUH� �� WRJHWKHU�ZLWK�
WKH� SHUIRUPDQFH� RI� WKH� PRGHO� XVLQJ� ZRUG�
IUHTXHQFLHV�RQO\��IURP�ILJXUH����IRU�SXUSRVHV�RI�
FRPSDULVRQ��7KH�HUURU� UDWH�LV�QRZ�FRQVLGHUDEO\�
ORZHU� DQG� YHU\� UHOLDEOH� FODVVLILFDWLRQ� DFFXUDF\�
UHVXOWV� �!����� FDQ� EH� DFKLHYHG� EDVHG� RQ� D�
UHODWLYHO\� VPDOO� VHW� RI� VW\OH� PDUNHUV� �L�H��� WKH�
IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH� HLJKW�

HGLWRULDO OHWWHU UHSRUWDJH VSRW�QHZV

���PRVW�IUHTXHQW�ZRUGV
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SXQFWXDWLRQ�PDUNV�SOXV���� WR����PRVW� IUHTXHQW�
ZRUGV���

)LJXUH����(UURU�UDWH�YV��WUDLQLQJ�GDWD�VL]H��

7KH� UROH�RI� WKH�SXQFWXDWLRQ�PDUNV� LQ�DFKLHYLQJ�
UHOLDEOH� FODVVLILFDWLRQ� UHVXOWV� FDQ� EH� IXUWKHU�
LOOXVWUDWHG� E\� H[DPLQLQJ� WKH� UHODWLRQ� EHWZHHQ�
FODVVLILFDWLRQ� DFFXUDF\� DQG� WUDLQLQJ� GDWD� VL]H��
7RZDUGV� WKLV� HQG�� ZH� DSSOLHG� GLVFULPLQDQW�
DQDO\VLV� WR�GLIIHUHQW� WUDLQLQJ�FRUSRUD�FRQVLVWLQJ�
RI����WR����WH[W�VDPSOHV�IURP�HDFK�JHQUH�WDNLQJ�
LQWR�DFFRXQW�WKH�IUHTXHQFLHV�RI�RFFXUUHQFH�RI�WKH�
��� PRVW� IUHTXHQW� ZRUGV� RI� WKH� %1&�� 7KLV�
SURFHGXUH�ZDV� IROORZHG� RQFH� DJDLQ� WDNLQJ� LQWR�
DFFRXQW�WKH�HLJKW�DGGLWLRQDO�VW\OH�PDUNHUV�RI�WKH�
SXQFWXDWLRQ� PDUNV� �L�H��� WRWDOO\� ��� VW\OH�
PDUNHUV��� 7KH� FRPSDUDWLYH� UHVXOWV� DUH� JLYHQ� LQ�
ILJXUH����$V�FDQ�EHHQ�VHHQ�� WKH�SHUIRUPDQFH�RI�
WKH� PRGHO� WDNLQJ� LQWR� DFFRXQW� RQO\� ZRUG�
IUHTXHQFLHV� LV� DIIHFWHG� GUDPDWLFDOO\� E\� WKH�
GHFUHDVH�RI�WKH�WUDLQLQJ�GDWD��2Q�WKH�RWKHU�KDQG��
WKH� SHUIRUPDQFH� RI� WKH� PRGHO� WDNLQJ� LQWR�
DFFRXQW� ERWK� ZRUG� DQG� SXQFWXDWLRQ� PDUN�
IUHTXHQFLHV� UHPDLQV� VDWLVIDFWRU\� �L�H��� HUURU� UDWH�
�� ���� XVLQJ� ��� WR� ��� WH[W� VDPSOHV� IURP� HDFK�
JHQUH��

&RQFOXVLRQ�

,Q� WKLV� SDSHU� ZH� SUHVHQWHG� D� PHWKRGRORJ\� IRU�
GHWHFWLQJ� DXWRPDWLFDOO\� WKH� WH[W� JHQUH� RI�
XQUHVWULFWHG�WH[W��:H�IROORZHG�WKH�PDLQ�LGHD�RI�D�
VW\ORPHWULF� DSSURDFK� RULJLQDOO\� SURSRVHG� IRU�
DWWULEXWLQJ� DXWKRUVKLS�� ZKLFK� XVHV� DV� VW\OH�
PDUNHUV� WKH� IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH�

PRVW�IUHTXHQW�ZRUGV�RI�D�FHUWDLQ�WUDLQLQJ�FRUSXV��
,Q�RUGHU� WR� LPSURYH� WKH�DFFXUDF\�RI� WKLV�PRGHO�
YDULRXV� DGGLWLRQDO� UHVWULFWLRQV� KDYH� EHHQ�
SURSRVHG��VHH�WKH�LQWURGXFWLRQ���ZKLFK�LQ�JHQHUDO�
FRPSOLFDWH� WKH�FRPSXWDWLRQDO�SURFHVVLQJ�RI� WKH�
WH[WV��
,QVWHDG�RI� WDNLQJ�LQWR�DFFRXQW�VXFK�UHVWULFWLRQV��
ZH�FRQVLGHUHG� WKH� IUHTXHQFLHV�RI�RFFXUUHQFH�RI�
WKH� PRVW� IUHTXHQW� ZRUGV� RI� WKH� HQWLUH� ZULWWHQ�
ODQJXDJH�� ,W�KDV�EHHQ�VKRZQ�WKDW� WKH\�DUH�PRUH�
UHOLDEOH� VW\OLVWLF� GLVFULPLQDWRUV� DV� UHJDUGV� WKH�
FRPELQDWLRQ� RI� FODVVLILFDWLRQ� DFFXUDF\� DQG� WKH�
QXPEHU�RI�WKH�UHTXLUHG�FRPPRQ�ZRUGV�WKDW�KDYH�
WR�EH�WDNHQ�LQWR�DFFRXQW��1RWH�WKDW�ZKHQ�GHDOLQJ�
ZLWK� PXOWLYDULDWH� PRGHOV�� WKH� UHGXFWLRQ� RI� WKH�
UHTXLUHG� SDUDPHWHUV� LV� D� YHU\� FUXFLDO� IDFWRU� IRU�
DWWDLQLQJ� UHOLDEOH� UHVXOWV� DQG� PLQLPL]LQJ� WKH�
FRPSXWDWLRQDO�FRVW��
$V�WHVWLQJ�JURXQG�LQ�WKLV�VWXG\�ZH�XVHG�D�SDUW�RI�
WKH� :6-� FRUSXV� FODVVLILHG� LQWR� IRXU� ORZ�OHYHO�
JHQUHV�WKDW�FDQ�EH�JURXSHG�LQWR�WZR�KLJKHU�OHYHO�
JHQUHV�� 7KH� DXWRPDWHG� FODVVLILFDWLRQ� PRGHO�
EDVHG� RQ� GLVFULPLQDQW� DQDO\VLV� DSSOLHG� WR� WKH�
IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH�PRVW� IUHTXHQW�
ZRUGV� RI� WKH� %1&�� WKDW� UHSUHVHQW� WKH� PRVW�
IUHTXHQW� ZRUGV� RI� WKH� HQWLUH� ZULWWHQ� (QJOLVK�
ODQJXDJH�� PDQDJHG� WR� FDSWXUH� WKH� VW\OLVWLF�
KRPRJHQHLW\�LQ�ERWK�OHYHOV��
0RUHRYHU�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH�
IUHTXHQFLHV� RI� RFFXUUHQFH� RI� WKH�PRVW� IUHTXHQW�
SXQFWXDWLRQ�PDUNV�FDQ�FRQVLGHUDEO\�HQKDQFH�WKH�
SHUIRUPDQFH�RI�WKH�SURSRVHG�PRGHO�DQG�LQFUHDVH�
WKH� UHOLDELOLW\� RI� WKH� FODVVLILFDWLRQ� UHVXOWV�
HVSHFLDOO\�ZKHQ�WUDLQLQJ�GDWD�RI�OLPLWHG�VL]H�DUH�
DYDLODEOH��
7KH�SURSRVHG�DSSURDFK�PHHWV�WKH�FXUUHQW�WUHQGV�
LQ�QDWXUDO�ODQJXDJH�SURFHVVLQJ�VLQFH��

  LW�LV�DEOH�WR�GHDO�ZLWK�XQUHVWULFWHG�WH[W��
  LW�UHTXLUHV�PLQLPDO�FRPSXWDWLRQDO�FRVW��
  LW�LV�QRW�EDVHG�RQ�VSHFLILF�FKDUDFWHULVWLFV�RI�D�

FHUWDLQ�GRPDLQ�ODQJXDJH��
2Q� WKH� RWKHU� KDQG�� DQ\� RI� WKH� DGGLWLRQDO�
UHVWULFWLRQV� PHQWLRQHG� LQ� WKH� LQWURGXFWLRQ�� DQG�
HVSHFLDOO\� WKH� VHSDUDWLRQ� RI� WKH� FRPPRQ�
KRPRJUDSKLF�IRUPV��FDQ�VWLOO�EH�FRQVLGHUHG��7KH�
FRPELQDWLRQ�RI�WKLV�DSSURDFK�ZLWK�VW\OH�PDUNHUV�
GHDOLQJ�ZLWK�V\QWDFWLF�DQQRWDWLRQ�VHHPV�WR�EH�D�
EHWWHU� VROXWLRQ� IRU�D�JHQHUDO�SXUSRVH�DXWRPDWHG�
WH[W� JHQUH� GHWHFWRU��$QRWKHU� XVHIXO� GLUHFWLRQ� LV�
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WKH�GHYHORSPHQW�RI�D�WH[W�VDPSOLQJ�WRRO�DEOH�WR�
GHWHFW� GLIIHUHQW� JHQUHV� ZLWKLQ� WKH� VDPH�
GRFXPHQW��

5HIHUHQFHV��

%LEHU��'����������8VLQJ�5HJLVWHU�'LYHUVLILHG�&RUSRUD�
IRU� *HQHUDO� /DQJXDJH� 6WXGLHV�� &RPSXWDWLRQDO�
/LQJXLVWLFV���������SS�����������

%LEHU�� '�� �������� 9DULDWLRQ� $FURVV� 6SHHFK� DQG�
:ULWLQJ��&DPEULGJH�8QLYHUVLW\�3UHVV���

%LEHU��'�� ��������'LPHQVLRQV�RI�5HJLVWHU�9DULDWLRQ��
$� &URVV�OLQJXLVWLF� &RPSDULVRQ�� &DPEULGJH��
8QLYHUVLW\�3UHVV��

%XUURZV��-����������:RUG�SDWWHUQV�DQG�6WRU\�VKDSHV��
7KH�6WDWLVWLFDO�$QDO\VLV�RI�1DUUDWLYH�6W\OH��/LWHUDU\�
DQG�/LQJXLVWLF�&RPSXWLQJ��������SS���������

%XUURZV��-����������1RW�8QOHVV�<RX�$VN�1LFHO\��7KH�
,QWHUSUHWDWLYH� 1H[XV� %HWZHHQ� $QDO\VLV� DQG�
,QIRUPDWLRQ�� /LWHUDU\� DQG� /LQJXLVWLF� &RPSXWLQJ��
������SS����������

(LVHQEHLV�� 5��� DQG� 5�� $YHU\� �������� 'LVFULPLQDQW�
$QDO\VLV� DQG� &ODVVLILFDWLRQ� 3URFHGXUHV�� 7KHRU\�
DQG� $SSOLFDWLRQV�� /H[LQJWRQ�� 0DVV��� '�&�� +HDOWK�
DQG�&R��

+ROPHV�� '�� �������� $� 6W\ORPHWULF� $QDO\VLV� RI�
0RUPRQ� 6FULSWXUH� DQG� 5HODWHG� 7H[WV�� -RXUQDO� RI�

WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$����������SS��
��������

+RQRUH�� $�� �������� 6RPH� 6LPSOH� 0HDVXUHV� RI�
5LFKQHVV� RI� 9RFDEXODU\��$VVRFLDWLRQ� IRU� /LWHUDU\�
DQG�/LQJXLVWLF�&RPSXWLQJ�%XOOHWLQ��������SS������
������

.DUOJUHQ��-���DQG�'��&XWWLQJ���������5HFRJQL]LQJ�WH[W�
*HQUHV� ZLWK� 6LPSOH� 0HWULFV� 8VLQJ� 'LVFULPLQDQW�
$QDO\VLV�� ,Q� 3URF�� RI� WKH� ��WK� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� &RPSXWDWLRQDO� /LQJXLVWLFV�
�&2/,1*�
�����

.HVVOHU�� %��� *�� 1XQEHUJ�� DQG� +�� 6FKXW]H� ��������
$XWRPDWLF� 'HWHFWLRQ� RI� 7H[W� *HQUH�� ,Q�3URF�� RI�
��WK� $QQXDO� 0HHWLQJ� RI� WKH� $VVRFLDWLRQ� IRU�
&RPSXWDWLRQDO� /LQJXLVWLFV� �$&/�($&/¶����� SS��
�������

6LFKHO��+�� ��������2Q� D�'LVWULEXWLRQ�/DZ� IRU�:RUG�
)UHTXHQFLHV�� -RXUQDO� RI� WKH� $PHULFDQ� 6WDWLVWLFDO�
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