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EDUXWFXRJOX#XVD�QHW

$EVWUDFW

7KLV� SDSHU� SURSRVHV� D� FRQQHFWLRQLVW� VROXWLRQ
IRU� WKH� FRQVWUXFWLRQ� RI� FURVVZRUG� SX]]OHV�
%DVHG�RQ�D�ZRUG�EDVHG�DSSURDFK��WKH�SUREOHP
LV� H[SUHVVHG� DV� D� FRQVWUDLQW� VDWLVIDFWLRQ
SUREOHP��7DNLQJ�DGYDQWDJH�RI�D�GRXEOH�XSGDWH
VFKHPH�� QHXUDO� QHWZRUNV� EDVHG� RQ� WKH
%ROW]PDQQ� DQG� &DXFK\� PDFKLQH� PRGHOV� DUH
LPSOHPHQWHG� IRU� WKH� SUREOHP�� DQG
SHUIRUPDQFHV�DUH�FRPSDUHG�

��� ,QWURGXFWLRQ

7KH�FRQVWUXFWLRQ�RI�FURVVZRUG�SX]]OHV�SRVHV�D
GLIILFXOW� SUREOHP� WR� KXPDQV� DQG� FRPSXWHUV
DOLNH�� &RQVWUXFWLRQ� E\� KDQG� LV� D� WDVN� RIWHQ
OLPLWHG� WR� SURIHVVLRQDOV� DQG� GHGLFDWHG
HQWKXVLDVWV�� VLQFH� LW� UHTXLUHV� H[WHQVLYH
H[SHULHQFH�

7KH� LGHD� RI� XVLQJ� FRPSXWHUV� LQ� FURVVZRUG
SX]]OH�FRQVWUXFWLRQ�LV�QRW�QHZ��LQGHHG�UHVHDUFK
LQ�WKLV�GLUHFWLRQ�GDWHV�EDFN�WR�������6LQFH�WKHQ�
PDQ\� GLYHUVH� DWWHPSWV� KDYH� EHHQ� PDGH� WR
WDFNOH� WKH�SUREOHP��0RVW� RI� WKHVH� DSSURDFKHV
GHSHQG� RQ� EDFNWUDFNLQJ�EDVHG� VHDUFK
WHFKQLTXHV�� ZKLFK� DVVXPH� D� FHQWUDOL]HG
FRQWURO�� PDNLQJ� D� SDUDOOHO� LPSOHPHQWDWLRQ
GLIILFXOW�

:KHQ� WKH� SUREOHP� LV� YLHZHG� DV� D� FRQVWUDLQW
VDWLVIDFWLRQ� SUREOHP�� LW� LV� SRVVLEOH� WR� DSSO\
QHXUDO� QHWZRUN� PRGHOV� WKDW� KDYH� SURYHQ
VXLWDEOH� IRU� VXFK� SUREOHPV�� 7KH� SDUDOOHOLVP
WKDW� FRPHV� ZLWK� FRQQHFWLRQLVW� DSSURDFKHV
PDNHV� GLVWULEXWHG� LPSOHPHQWDWLRQV� SRVVLEOH�
$OVR�� WKH� DGYDQFHV� LQ� 9/6,� DOORZ� IRU
LQH[SHQVLYH� KDUGZDUH� LPSOHPHQWDWLRQV� RI
QHXUDO� V\VWHPV�� DQG� WKXV�� GHGLFDWHG� KDUGZDUH
IRU� FURVVZRUG� SX]]OH� FRQVWUXFWLRQ� PD\� EH
FRQVLGHUHG�

��� 3UHYLRXV�:RUN

7KH�UHVHDUFK�LQ�FURVVZRUG�SX]]OH�FRQVWUXFWLRQ
FDQ� EH� VDLG� WR� KDYH� VWDUWHG� ZLWK� (�� 6�

6SLHJHOWKDO¶V�SURJUDP�IRU�FRQVWUXFWLQJ�GRXEOH�
FURVWLFV��D�FURVVZRUG�YDULDQW�>�@�

7KH� FRPSXWHU� FRQVWUXFWLRQ� RI� FURVVZRUG
SX]]OHV�DV�ZH�NQRZ�WKHP�KDV�EHHQ�ILUVW�VWXGLHG
E\� /�� -�� 0D]ODFN� DQG� 2�� )HJHU�� 0D]ODFN
GHILQHG�WZR�EDVLF�DSSURDFKHV�IRU�FRQVWUXFWLRQ�
OHWWHU�E\�OHWWHU�DQG�ZRUG�E\�ZRUG��+H� KLPVHOI
FKRVH� WKH� IRUPHU� DSSURDFK�� DQG� FRQVWUXFWHG
VRPH� VLPSOH� SX]]OHV� XVLQJ� SUHFHGHQFH
UHODWLRQVKLSV� >�@>�@��)HJHU�XVHG� D� ODUJHU�ZRUG
OLVW�DQG�JRW�EHWWHU�UHVXOWV�>�@�

3�� '�� 6PLWK� DQG� 6�� '�� 6WHHQ� XVHG� D� VHDUFK
VFKHPH� ZLWK� DQ� HVWLPDWLRQ�EDVHG� KHXULVWLF�
7KH\� ZHUH� DOVR� WKH� ILUVW� WR� XVH� WKH� EDVLF
WHUPLQRORJ\� RI� FURVVZRUG� SX]]OH� UHVHDUFK
WRGD\�>�@�

$� ORJLF�EDVHG� DSSURDFK� WR� WKH� FURVVZRUG
SX]]OH�ZDV�JLYHQ�E\�+��%HUJKHO��,W�ZDV�VKRZQ
WKDW�DQ\�JULG�DQG�ZRUG�OLVW�FRXOG�EH�H[SUHVVHG
DV� D� VHW� RI� +RUQ� FODXVHV� >�@�� ([WHQGLQJ� WKLV
ZRUN�� %HUJKHO� DQG� &�� <L� GHYHORSHG� D
FURVVZRUG�FRPSLOHU�FRPSLOHU�� D� SURJUDP� WKDW
JLYHQ�D�ZRUG�OLVW�DQG�D�JULG��RXWSXWV�D�SURJUDP
WKDW�LQ�WXUQ�SURGXFHV� D� FURVVZRUG�SX]]OH�ZLWK
WKH�JLYHQ�JULG�DQG�OLVW�>�@�

-��0��:LOVRQ�H[SUHVVHG�WKH�SUREOHP�DV�SXUH���
�� LQWHJHU� SURJUDPPLQJ�SUREOHPV� IRU� ERWK� WKH
OHWWHU�EDVHG� DQG� WKH� ZRUG�EDVHG� DSSURDFKHV
>�@��:H�ZLOO�IXUWKHU�H[DPLQH�:LOVRQ¶V�PRGHOV�

*LQVEHUJ�HW�DO��DSSOLHG�D�QXPEHU�RI�KHXULVWLFV
IURP� DUWLILFLDO� LQWHOOLJHQFH� WR� WKH� EDVLF
EDFNWUDFNLQJ�VHDUFK�� IDYRULQJ�GLIIHUHQW� IDFWRUV
LQ�FKRRVLQJ�PRYHV�>�@�

6�� &�� -HQVHQ¶V� WKHVLV� RQ� FURVVZRUG� SX]]OHV
GLVFXVVHV�DQG�EHQFKPDUNV�H[LVWLQJ�ZRUG�EDVHG
DQG� OHWWHU�EDVHG� DSSURDFKHV�� DQG� SURSRVHV� D
K\EULG�VFKHPH�>��@�

$V� D� YDULDWLRQ� RI� WKH� EDVLF� SUREOHP�
XQFRQVWUDLQHG� FURVVZRUG� SX]]OHV� ZHUH� DOVR
H[SORUHG�� RQHV� ZKHUH� WKH� JULG� VWUXFWXUH� LV



GHWHUPLQHG� G\QDPLFDOO\� E\� WKH� SURJUDP
>��@>��@>��@�

��� 7KH�&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHP

7KH� FRQVWUDLQW� VDWLVIDFWLRQ� SUREOHP� �&63�
FRQVLVWV�RI�ILQGLQJ�DQ�DVVLJQPHQW�RI�YDOXHV�WR�D
VHW� RI� YDULDEOHV� ZKLOH� VDWLVI\LQJ� D� VHW� RI
FRQVWUDLQWV�>��@�

(DFK�YDULDEOH�;L�PXVW�EH�DVVLJQHG�D�YDOXH�IURP
LWV� GRPDLQ� 'L� ZKRVH� O�WK� HOHPHQW� ZLOO� EH
GHQRWHG� DV� GLO�� 7KH� DVVLJQPHQWV� RI� D� YDOLG
VROXWLRQ� VKRXOG� FRPSO\� ZLWK� D� VHW� RI� JLYHQ
FRQVWUDLQWV�

&RQVWUDLQWV�LQ�JHQHUDO�DUH�Q�WXSOHV�WKDW�VSHFLI\
GLVDOORZHG� VLPXOWDQHRXV� DVVLJQPHQWV�
+RZHYHU�� VLQFH� FRQVWUDLQWV� RI� DOO� GLPHQVLRQV
FDQ�EH�UHSUHVHQWHG�LQ�ELQDU\�FRQVWUDLQWV�E\�WKH
LQFOXVLRQ� RI� DGGLWLRQDO� YDULDEOHV�� DQG� VLQFH
VLPSOH� QHXUDO� QHWZRUN� FRQQHFWLRQV� FRQQHFW
WZR�XQLWV��ZH�ZLOO�DVVXPH� WKDW� FRQVWUDLQWV�DUH
ELQDU\�� L�H��� HDFK� FRQVWUDLQW� LV� RI� WKH� IRUP
�GLP�GMQ���PHDQLQJ�WKDW�WKH�P�WK�YDOXH�RI�'L�DQG
Q�WK� YDOXH� RI� 'M� FDQQRW� EH� VLPXOWDQHRXVO\
DVVLJQHG�WR�WKH�YDULDEOHV�;L�DQG�;M�UHVSHFWLYHO\�

��� 1HXUDO�1HWZRUNV�IRU�&63V

1HXUDO� QHWZRUN� VROXWLRQV� WR� &63V� DUH
JHQHUDOO\� EDVHG� RQ� +RSILHOG�W\SH� QHWZRUNV
>��@>��@>��@>��@�� 6LQFH� VLPSOH� +RSILHOG� QHWV
W\SLFDOO\� VXIIHU� IURP� SRRU� ORFDO� PLQLPD�
VLPXODWHG� DQQHDOLQJ� LV� XVHG� ZLWK� WKH
%ROW]PDQQ� PDFKLQH� DQG� LWV� YDULDQWV
>��@>��@>��@�

�����+RSILHOG�W\SH�1HXUDO�1HWZRUNV

,Q� WKH� +RSILHOG�W\SH� QHWZRUN� PRGHO�� HDFK
QHWZRUN�XQLW�KDV�D�ELQDU\�DFWLYDWLRQ�VWDWH��DQG
V\PPHWULF� ZHLJKWHG� FRQQHFWLRQV� WR� WKH� RWKHU
XQLWV�� 7KH� HQHUJ\� WR� EH� PLQLPL]HG
FRUUHVSRQGLQJ�WR�D�QHWZRUN�VWDWH� LV�GHILQHG�DV
WKH�QHJDWLYH�VXP�RI�WKH�ZHLJKWV�RI�FRQQHFWLRQV
EHWZHHQ�PXWXDOO\� DFWLYH� XQLWV� >��@�� 8QLWV� DUH
HQFRXUDJHG�WR�EH� DFWLYH� WKURXJK�SRVLWLYH� VHOI�
FRQQHFWLRQ�ZHLJKWV��,Q�VRPH�FRQYHQWLRQV��VHOI�
FRQQHFWLRQV� DUH� WDNHQ� DV� ]HUR�� EXW� WKUHVKROG
YDOXHV� DUH� LQWURGXFHG��ZKLFK� LQ� SUDFWLFH� KDYH
WKH� VDPH� HIIHFW�� ,Q� RXU� GLVFXVVLRQ� ZH� ZLOO
SUHIHU� VHOI�FRQQHFWLRQV� IRU� FRPSDFWQHVV� RI
QRWDWLRQ�

,Q� D� ELQDU\� +RSILHOG�W\SH� QHWZRUN� ZLWK� 0
XQLWV�� WKH� HQHUJ\� DW� WKH� QHWZRUN� VWDWH
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ZKHUH� HDFK� \L� ¶^���`� GHQRWHV� WKH� DFWLYDWLRQ
VWDWH�RI�WKH�L�WK�XQLW��DQG�ZLM�LV�WKH�ZHLJKW�RI�WKH
FRQQHFWLRQ�EHWZHHQ�WKH�L�WK�DQG�M�WK�XQLWV�

7KH� RSHUDWLRQ� RI� WKH� QHWZRUN� LV� WKDW� DW� HDFK
WULDO�� RQH� XQLW� LV� VHOHFWHG� UDQGRPO\�� DQG� WKH
FKDQJH�LQ�WKH�QHWZRUN�HQHUJ\�WKDW�ZLOO�UHVXOW�LI
WKDW�XQLW�FKDQJHV�VWDWH�LV�FDOFXODWHG�
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,Q� WKH�DFWXDO�+RSILHOG� QHWZRUN�� WKH� FKDQJH� LV
DFFHSWHG��DQ�XSGDWH�LV�SHUIRUPHG��LI�WKH�HQHUJ\
ZLOO� GHFUHDVH�� 7KXV� WKH� QHWZRUN� SHUIRUPV
VLPSOH� JUDGLHQW� GHVFHQW�� DQG� FRQYHUJHV� DW� D
ORFDO� ±EXW� SRVVLEO\� QRW� JOREDO±� PLQLPXP� RI
WKH� HQHUJ\� IXQFWLRQ�� +RZHYHU�� HVSHFLDOO\� LQ
RXU� FRQVWUDLQW� VDWLVIDFWLRQ� SHUVSHFWLYH�� ORFDO
PLQLPD�RFFXU�IUHTXHQWO\��ZKLOH�WKH�REMHFWLYH�LV
WR� DWWDLQ� WKH� JOREDO� PLQLPXP�� VR� WKH� SXUH
+RSILHOG�PRGHO�LV�RIWHQ�LQFRQYHQLHQW�

7KH� %ROW]PDQQ� PDFKLQH� LV� DQ� LPSURYHPHQW
RYHU� WKH� +RSILHOG� QHWZRUN� WKDW� LV� EDVHG� RQ
DSSO\LQJ� DQ�DQQHDOLQJ� VFKHGXOH� WR� WKH� HQHUJ\
>��@�� $FFHSWDQFH� RI� QHZ� VWDWHV� LV� QR� PRUH
GHWHUPLQLVWLF�� EXW� LV� EDVHG� RQ� D� %ROW]PDQQ
SUREDELOLW\� GLVWULEXWLRQ�� 7KH� SUREDELOLW\� RI
DFFHSWDQFH�LV�
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ZKHUH� 7� LV� WKH� WHPSHUDWXUH� SDUDPHWHU� LV
LQWURGXFHG��ZKLFK� GHWHUPLQHV� WKH� WHQGHQF\� RI
WKH�QHWZRUN�WR�GLVFULPLQDWH�EHWZHHQ�WUDQVLWLRQV
WKDW�LQFUHDVH�HQHUJ\�DQG�WKRVH�WKDW�GHFUHDVH�LW�
6WDUWLQJ� DW� DQ� LQLWLDO� KLJK� WHPSHUDWXUH�� WKH
QHWZRUN� LV� JUDGXDOO\� ³FRROHG´� IURP� XQVWDEOH
KHQFH� ZLGHO\� GLVWULEXWHG� VWDWHV� WR� VWDEOH
PLQLPD��$V�WKH� WHPSHUDWXUH� WHQGV�WR� ]HUR�� WKH
EHKDYLRU� PRUH� FORVHO\� UHVHPEOHV� WKH� SXUH
+RSILHOG� QHWZRUN�� EXW� WKH� SUREDELOLVWLF
XQVWDELOLW\� DOORZV� WKH�QHWZRUN� WR� HVFDSH� SRRU
ORFDO�PLQLPD�ZKLOH� DW�KLJK� WHPSHUDWXUHV��7KH
FRROLQJ� VFKHGXOH� VKRXOG� EH� DFFRUGLQJ� WR� WKH
IRUPXOD
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ZKHUH�7��LV�WKH�LQLWLDO�WHPSHUDWXUH��DQG�N�LV�WKH
QXPEHU�RI�HSRFKV��HDFK�RI�ZKLFK�FRQVLVWV�RI�0
WULDOV�

$� PRGLILFDWLRQ� WR� WKH� %ROW]PDQQ� PDFKLQH� LV
WKH�XVH�RI� WKH�&DXFK\� SUREDELOLW\� GLVWULEXWLRQ
LQVWHDG�RI�WKH�%ROW]PDQQ�GLVWULEXWLRQ��LQ�ZKLFK
FDVH� WKH� PHWKRG� LV� NQRZQ� DV� IDVW� VLPXODWHG
DQQHDOLQJ�� RU� WKH� &DXFK\� PDFKLQH� >��@�� 7KH
&DXFK\�DFFHSWDQFH�SUREDELOLW\�LV�
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7KH� LQILQLWH� YDULDQFH� RI� WKH� &DXFK\
GLVWULEXWLRQ�DOORZV�JUHDWHU� IOH[LELOLW\� IRU� ODUJH
FKDQJHV� WR� DYRLG� ORFDO� PLQLPD�� $QRWKHU
DGYDQWDJH� RI� WKH� &DXFK\� PDFKLQH� LV� WKDW� D
IDVWHU� FRROLQJ� VFKHGXOH� WKDQ� WKH� %ROW]PDQQ
PDFKLQH� FDQ� EH� XVHG� >��@�� DQG� LQGHHG� LV
REVHUYHG� WR� EH� QHFHVVDU\� WR� KHOS� WKH� QHW
VWDELOL]H�>��@�

������ZKHUH�
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�����$�1HXUDO�0RGHO�IRU�WKH�&63

,Q� WKH� W\SLFDO� +RSILHOG�W\SH� QHXUDO� QHWZRUN
VROXWLRQ� WR� WKH� &63�� HDFK� QHWZRUN� XQLW
UHSUHVHQWV� D�YDOXH� RI� D� YDULDEOH��7KH�QHWZRUN
FDQ�EH�YLVXDOL]HG�LQ�URZV�RI�XQLWV�ZKHUH� HDFK
URZ�FRUUHVSRQGV�WR�D�YDULDEOH��DQG�WKH�XQLWV�LQ
WKH� URZ� DUH� WKH� YDOXHV� WKDW� WKH� YDULDEOH� FDQ
WDNH�

6LQFH� D� YDULDEOH� ORJLFDOO\� FDQ� KDYH� RQO\� RQH
YDOXH�� WKH� LQWHUPHGLDWH� QHWZRUN� VWDWHV� ZKHUH
PRUH�WKDQ�RQH�QRGH�LV�DFWLYH�IRU�D�YDULDEOH�DUH
REYLRXVO\� LQFRQVLVWHQW� ZLWK� WKH� PRGHO�� 7R
GHFUHDVH� WKH� QXPEHU� RI� LQWHUPHGLDWH� QHWZRUN
VWDWHV�� D� GRXEOH�XSGDWH� PRGHO� LV� XVHG�� %DVHG
RQ� WKH�JURXS�XSGDWH� QRWLRQ� >��@�� WKLV�PHWKRG
HQVXUHV� WKDW� WKH�QHWZRUN�PRYHV�RQO\� EHWZHHQ
FRQVLVWHQW�VWDWHV�

7KH� GRXEOH�XSGDWH� VFKHPH� UHTXLUHV� WKDW� WKH
QHWZRUN� LV� LQLWLDOO\� LQ� D� FRQVLVWHQW� VWDWH�� L�H��
H[DFWO\� RQH� XQLW� LV� DFWLYH� IRU� HYHU\� YDULDEOH�
7KHQ� IRU� HDFK� WULDO�� WZR� XQLWV� IRU� WKH� VDPH
YDULDEOH�DUH�FKRVHQ��RQH�RI�ZKLFK�PXVW�EH� WKH
DFWLYH�XQLW�IRU�WKH�YDULDEOH��7KH�HQHUJ\�FKDQJH
LV�FDOFXODWHG�IRU�WKH�VWDWH�ZKHUH�ERWK�XQLWV�DUH
DOWHUHG��WKH�RWKHU�XQLW�EHFRPHV�WKH�DFWLYH�XQLW��
VR� LI� WKH�QHZ�VWDWH� LV�DFFHSWHG�� WKH�QHWZRUN� LV
VWLOO� LQ� D� FRQVLVWHQW� VWDWH�� 7KH� GRXEOH�XSGDWH
HQHUJ\�GLIIHUHQFH� IRU�URZ�Q� FDQ� EH� FRPSXWHG
DV�
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ZKHUH�P���LV�WKH�DFWLYH�XQLW�LQ�URZ�P��Q��LV�WKH
DFWLYH�XQLW�LQ�URZ�Q��DQG�M�LV�DQ�LQDFWLYH�XQLW�LQ
URZ�Q�EHLQJ�WHVWHG�IRU�XSGDWH�

7KLV�VFKHPH�KDV�EHHQ�VKRZQ� WR� OHDG�WR� D� IDVW
DQG�HIILFLHQW�VHDUFK�RI�WKH�SUREOHP�VWDWH�VSDFH
>��@�

��� 7KH�&URVVZRUG�3X]]OH�3UREOHP

7KH� &URVVZRUG� 3X]]OH� 3UREOHP� �&33�� LV�
JLYHQ� D� OLVW� RI� ZRUGV� �WKH� GLFWLRQDU\�� DQG� D
IL[HG� HPSW\� JULG� �ZLWK� RU� ZLWKRXW� EODFN
VTXDUHV���WKH�MRE�RI� ILOOLQJ�WKH�JULG�ZLWK�OHWWHUV
VXFK� WKDW� HYHU\� KRUL]RQWDO� RU� YHUWLFDO� ZRUG
IRUPHG� LV� LQ� WKH� GLFWLRQDU\�� DQG� QR� ZRUG� LV
XVHG�WZLFH�

)RU� D� FRQVWUDLQW� VDWLVIDFWLRQ� PRGHO� IRU� WKH
&33�� OHW� XV� H[DPLQH�:LOVRQ¶V� ELQDU\� LQWHJHU
PRGHOV�

)RU�WKH�ZRUG�EDVHG�FDVH��WKH�JULG�LV�WKRXJKW�RI
DV�D�VHW�RI�IL[HG�OHQJWK�ZRUG�VORWV��7KH�ELQDU\
YDULDEOHV�DUH�GHILQHG�DV�
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ZKHUH� 6MQS� LV� WKH� VHW� RI� ZRUGV� WKDW� ILW� LQ� WKH
YHUWLFDO�VORW�Q�ZKLFK�KDYH�WKH�OHWWHU�M�LQ�WKH�FHOO
ZKHUH� WKH� YHUWLFDO� VORW� Q� LQWHUVHFWV� ZLWK� WKH
KRUL]RQWDO� VORW� S�� DQG� 6MSQ� GHQRWHV� WKH� VHW� RI
ZRUGV�DOORFDEOH� LQ�WKH�KRUL]RQWDO�VORW�S�ZKLFK
KDYH�WKH�OHWWHU�M�LQ�WKH�FHOO�ZKHUH�WKH�KRUL]RQWDO
VORW� S� LQWHUVHFWV� ZLWK� WKH� YHUWLFDO� VORW� Q� >�@�
7KLV� WUDQVODWHV� DV� WKH� QDWXUDO� FRQVWUDLQW� WKDW
ZRUGV�DVVLJQHG�WR�LQWHUVHFWLQJ�VORWV�PXVW�KDYH
WKH�VDPH�OHWWHU�DW�WKH�FHOO�RI�LQWHUVHFWLRQ�

:LOVRQ¶V� RWKHU� LQWHJHU�PRGHO� LV� EDVHG� RQ� WKH
OHWWHU�EDVHG� DSSURDFK� WR� WKH� SUREOHP�� :KLOH
WKH� OHWWHU�EDVHG�PRGHO�KDV� WKH�DGYDQWDJH� RI� D
VPDOO� QXPEHU� RI� YDULDEOHV� �KHQFH� VPDOO
QHWZRUN� VL]H�� LQGHSHQGHQW� RI� ZRUG� OLVW� VL]H�



:LOVRQ¶V� LV� LQGHHG� QRW� D� WUXH� PRGHO� IRU� WKH
&33�� LQ� WKDW� LW� GRHV� QRW�GLVDOORZ�ZRUGV� WR� EH
XVHG� PRUH� WKDQ� RQFH�� $FWXDOO\� WKH� PRGHO� LV
ORJLFDOO\� OHVV� FRQVWUDLQHG� WKDQ� WKH� SUREOHP�
DQG�LQFOXGHV�LQYDOLG�VROXWLRQV��6LQFH�ZH�DUH�LQ
VHDUFK�RI�D�FRUUHFW�IRXQGDWLRQ��WKLV�PRGHO�GRHV
QRW�PHHW�RXU�QHHGV�

$� WUXH� OHWWHU�EDVHG� VROXWLRQ� WR� WKH� SUREOHP
FDQQRW� EH� DFKLHYHG� ZLWKRXW� VDFULILFLQJ� WKH
FRQYHQLHQFH� RI� ELQDU\� FRQVWUDLQWV��ZKLFK� ZLOO
LQ� WXUQ� FDOO� IRU� DGGLWLRQDO� QHWZRUN� QRGHV�� RU
QRGHV� ZLWK� PXOWLSOH� OLQN�DUHDV� >��@�� ZKLFK
DJDLQ� LQFUHDVH� QHWZRUN� FRPSOH[LW\� LQ� HIIHFW
VLPLODU� WR� WKH� ZRUG�EDVHG� FDVH�� 7KHUHIRUH� ZH
ZLOO� XVH� WKH� ZRUG�EDVHG� PRGHO� LQ� RXU
FRQVWUDLQW�VDWLVIDFWLRQ�DSSURDFK�

:LOVRQ¶V�VHFRQG�FRQVWUDLQW�LQGLFDWHV�WKH�QDWXUH
RI� D� &63�� LQ� WKDW� WKH� VORWV� EHFRPH� WKH
YDULDEOHV�� DQG� WKH� ZRUGV� EHFRPH� WKH� YDOXHV�
7KH�ILUVW�DQG�WKLUG�FRQVWUDLQWV�ZLOO�IRUP�WKH�VHW
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