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�� ,QWURGXFWLRQ

,Q�7KDL�ZULWLQJ�V\VWHP��WKHUH�LV�QR�H[SOLFLW�XVH�RI�ZRUG�DQG
VHQWHQFH� ERXQGDULHV�� 7KHVH� FDXVH� GLIILFXOWLHV� LQ� 7KDL
ODQJXDJH� SURFHVVLQJ� LVVXHV� VXFK� DV� PDFKLQH� WUDQVODWLRQ�
LQIRUPDWLRQ� UHWULHYDO�� HWF�� )RU� WKH�ZRUG� ERXQGDULHV��PDQ\
DOJRULWKPV� >���� ���� ��@� KDV� EHHQ� SURSRVHG� DQG� UHSRUWHG
TXLWH�D�KLJK�DFFXUDF\�UHVXOWV��+RZHYHU��WKHUH�DUH�YHU\�IHZ
UHVHDUFKHV� RQ� 7KDL� VHQWHQFH� ERXQGDU\� LGHQWLILFDWLRQ�� DQG
WKH� SUHYLRXVO\� SURSRVHG� DOJRULWKPV� GLG� QRW� \LHOG� D
VDWLVIDFWRU\�UHVXOWV�

7KH�DPELJXLW\�OHYHO�RI�HQG�VHQWHQFH�SXQFWXDWLRQ�LQ�(QJOLVK
LV�OHVV�WKDQ�WKH�VSDFH�LQ�7KDL��7KH�SHULRG�LQ�(QJOLVK�LV�XVHG
WR�GHQRWH� D�GHFLPDO�SRLQW�� DQ� DEEUHYLDWLRQ� DQG� WKH� HQG�RI
VHQWHQFH�� EXW� D� VSDFH� LQ� 7KDL� KDV� PRUH� YDULHW\� RI� XVDJH
VXFK� DV� GHWHUPLQDWLQJ� WKH� HQG�RI�VHQWHQFH�� WKH� HQG�RI�
SKDUVH�FODXVH��RU�SODFLQJ�EHIRUH�DIWHU�QXPHUDOV�HWF��7KXV�LW
PDNHV� WKLV� WDVN� DWWUDFWLYH� LQ� XVLQJ� PDFKLQH� OHDUQLQJ
WHFKQLTXHV�

7KH�SUHYLRXV�PHWKRG��326�WULJDUP�DSSURDFK��FRQVLGHU�RQO\
FRDUVH� LQIRUPDWLRQ� RI� SDUWV� RI� VSHHFK� LQ� D� IL[� UHVWULFWHG
UDQJH�RI�FRQWH[W��VRPH�LPSRUWDQW�LQIRUPDWLRQ�PD\�EH�ORVW�
,Q�DGGLWLRQ��DQRWKHU�ZHDNQHVV�RI�WKLV�326�WULJUDP�DSSURDFK
LV� WKDW� LW� GRHV� QRW� WDNH� XQRUGHUHG� ORQJ� GLVWDQFH� VSHFLILF
ZRUG�FROORFDWLRQV�LQWR�DFFRXQW�

7R� RYHUFRPH� WKH� GLVDGYDQWDJHV� RI� WKH� DERYH� PHQWLRQ
PHWKRG��ZH�SURSRVH� WR�XVH�D� IHDWXUH�EDVH�DSSURDFK� WR� WKH
SUREOHP� RI� 7KDL� VHQWHQFH� EUHDN� GLVDPELJXDWLRQ�� 0DQ\
IHDWXUH� EDVH� DSSURDFKHV� KDYH� DOUHDG\� EHHQ� DSSOLHG� LQ
VHYHUDO� ILHOG� RI� QDWXUDO� ODQJXDJH� SURFHVVLQJ� DQG� UHSRUW
TXLWH� D� KLJK� DFFXUDF\� UHVXOWV�� $� IHDWXUH� FDQ� EH� DQ\WKLQJ
WKDW�WHVWV�IRU�VSHFLILF�LQIRUPDWLRQ�LQ�WKH�FRQWH[W�DURXQG�WKH
WDUJHW�VSDFH��VXFK�DV�FRQWH[W�ZRUG��FROORFDWLRQ��7KH�LGHD�LV
WR� OHDUQ� VHYHUDO� VRXUFHV� RI� IHDWXUHV� WKDW� FKDUDFWHUL]H� WKH
FRQWH[WV�LQ�ZKLFK�HDFK�VSDFH�WHQGV�WR�RFFXU��7KHQ�ZH�FDQ
FRPELQH� WKRVH� IHDWXUHV� WR� GLVDPELJXDWH� D� VSDFH� WR� D
VHQWHQFH�EUHDN� VSDFH� RU� QRQ�VHQWHQFH�EUHDN� VSDFH� IRU� D
JLYHQ�FRQWH[W��7KH�QHZ�SUREOHP�LV�WKHQ�KRZ�WR�VHOHFW�DQG
FRPELQH� YDULRXV� NLQGV� RI� IHDWXUHV�� <DURZVN\� >��@
SURSRVHG� GHFLVLRQ� OLVWV� DV� D� ZD\� WR� VHOHFW� DQG� FRPELQH
YDULRXV�NLQGV�RI�IHDWXUHV��DQG�WR�VROYH�D�WDUJHW�SUREOHP�E\
DSSO\LQJ� WKH� VLQJOH� VWURQJHVW� IHDWXUHV�� ZKDWHYHU� W\SH� LV�
*ROGLQJ� >�@� SURSRVHG� D� %D\HVLDQ� K\EULG� PHWKRG� WR� WDNH
LQWR� DFFRXQW� DOO� DYDLODEOH� HYLGHQFH�� LQVWHDG� RI� RQO\� WKH
VWURQJHVW� RQH�� 7KH� PHWKRG� ZDV� DSSOLHG� WR� WKH� WDVN� RI
FRQWH[W�VHQVLWLYH�VSHOOLQJ�FRUUHFWLRQ�DQG�ZDV�UHSRUWHG�WR�EH
VXSHULRU� WR� GHFLVLRQ� OLVWV�� *ROGLQJ� DQG� 5RWK� >�@� DSSOLHG
:LQQRZ� DOJRULWKP� LQ� WKH� VDPH� WDVN� DQG� IRXQG� WKDW� WKH
DOJRULWKP� SHUIRUPV� FRPSDUDEOH� WR� WKH� %D\HVLDQ� K\ELUG
PHWKRG�ZKHQ�XVLQJ�SUXQHG� IHDWXUH� VHW� DQG� LV� EHWWHU�ZKHQ
XVLQJ�XQSUXQHG�VHWV�RU�XQIDPLOLDU�WHVW�VHWV��0HNDQDYLQ�DQG
HWF�� >��@� DSSOLHG�:LQQRZ� DQG� 5,33(5� >�@� LQ� 7KDL� ZRUG
VHJPHQWDWLRQ� WDVN�� )URP� WKH� H[SHULPHQW� UHVXOWV� VKRZHG



WKDW� ERWK� DOJRULWKPV� DSSHDUHG� WR� RXWSHUIRUP� WKH� H[LVWLQJ
7KDL�ZRUG�VHJPHQWDWLRQ�PHWKRGV�DQG�:LQQRZ� LV� VXSHULRU
WR�5,33(5��&KDURHQSRUQVDZDW�DQG�HWF�>�@�DSSOLHG�:LQQRZ
WR� WKH� SUREOHP� RI� LGHQWLILFDWLRQ� XQNQRZQ� ZRUG� ERXQGDU\
IRU�7KDL��/DWHU��.LMVLULNXO� DQG�HWF� >�@� DSSOLHG�:LQRZ� DQG
5,33(5�LQ�WKH�WDVN�RI�7KDL�QDPH�LGHQWLILFDWLRQ�

,Q� WKLV� SDSHU�� ZH� LQYHVWLJDWH� WKH� PDFKLQH� OHDUQLQJ
DOJRULWKP��:LQQRZ��WR�DXWRPDWLF�LGHQWLI\LQJ�7KDL�VHQWHQFH
ERXQGDULHV�� 7KH� DGYDQWDJHV� RI� RXU� DOJRULWKP� DUH�� ��� QR
V\QWDFWLF�NQRZOHGJH�LV�UHTXLUHG�����WKH�VHQWHQFH�ERXQGDU\�
LGHQWLILFDWLRQ� LQIRUPDWLRQ� LV� H[WUDFWHG� DXWRPDWLFDOO\� IURP
WKH�WUDLQLQJ�FRUSXV�����RXU�DOJRULWKP�JLYHV�KLJKHU�DFFXUDF\
WKDQ�WKRVH�UHSRUWLQJ�LQ�WKH�SUHYLRXV�ZRUNV�

��7KH�7KDL�/DQJXDJH�LQ�%ULHI

7KLV�VHFWLRQ�EULHIO\�GHVFULEHV�VRPH�7KDL�ODQJXDJH�IHDWXUHV
E\�FRPSDULQJ�ZLWK�WKH�(QJOLVK�ODQJXDJH�

����7KH�XVH�RI�SXQFWXDWLRQ�PDUNV

([FHSW� IRU� WKH� WUDGLWLRQDO� SXQFWXDWLRQ� PDUNV�� D� VSDFH� LV
RQO\� WKH� PDUNHU� WKDW� LV� RQO\� WKH� PDUNHU� WKDW� LV� JHQHUDOO\
XVHG�LQ�7KDL�WH[WV�

,Q� WKH�(QJOLVK� ODQJXDJH�� D� VSDFH� LV� H[SOLFLWO\� XVHG� DV� WKH
ZRUG�ERXQGDU\�PDUNHU��,Q�7KDL��WKHUH�LV�QR�ZRUG�ERXQGDU\
PDUNHU��ZRUGV�DUH�ZULWWHQ�FRQVHFXWLYHO\�

0DQ\� NLQGV� RI� SXQFWXDWLRQ� PDUNV� DUH� HIILFLHQWO\� XVHG� LQ
ZULWLQJ�(QJOLVK� WH[WV��2Q� WKH� FRQWUDU\�� SXQFWXDWLRQ�PDUNV
DUH� QRW� XVXDOO\� XVHG� LQ� ZULWLQJ� 7KDL�� $� VSDFH� LV� RQO\� D
FKDUDFWHU�WKDW�LV�XQQRWLFHDEO\�XVHG�WR�EUHDN�EHWZHHQ�ZRUGV�
SKUDVHV�� DQG� VHQWHQFHV�� $V� D� UHVXOW� WKH� XVH� RI� D� VSDFH� LV
DPELJXRXV�ZKHWKHU� WR�EH�D�EUHDN�EHWZHHQ�ZRUGV��SKUDVHV
RU�VHQWHQFHV�

����&RPSDULVRQ�RI�7KDL�ZLWK�(QJOLVK� LQ� VHQWHQFH
ERXQGDU\�LGHQWLILFDWLRQ

,Q�(QJOLVK��D�SHULRG� LV�XVHG�DV� VHQWHQFH�ERXQGDU\�PDUNHU�
7KH� WDVN�RI� VHQWHQFH�ERXQGDU\� LGHQWLILFDWLRQ� LQ�(QJOLVK� LV
WKHQ� WKH� WDVN� RI� GLVDPELJXDWLQJ� WKH� SHULRG� ZKHWKHU� LW
IXQFWLRQV� DV� D� VHQWHQFH� EUHDN� RU� QRW�� ,Q� WKH� VDPH� ZD\�� D
VSDFH�LV�XVHG�DV�D�VHQWHQFH�ERXQGDU\�PDUNHU�LQ�VRPH�FDVHV�
&RQVHTXHQWO\��WR�LGHQWLI\�VHQWHQFH�ERXQGDU\�LQ�7KDL�LV�WKH
WDVN�RI�GLVDPELJXDWLQJ�WKH�VSDFH�ZKHWKHU� LW� IXQFWLRQV�DV�D
VHQWHQFH� EUHDN� RU� QRW�� 6XSHUILFLDOO\�� 7KDL� DQG� (QJOLVK
VHQWHQFH�ERXQGDU\�LGHQWLILFDWLRQ�LV�TXLWH�VLPLODU��+RZHYHU�
WKH� GHJUHH� RI� DPELJXLW\� RI� 7KDL� VHQWHQFH� ERXQGDU\
LGHQWLILFDWLRQ�LV�PXFK�KLJKHU��$�VSDFH�LQ�7KDL�FDQ�EH�XVHG
LQ�WKH�IROORZLQJ�VHQVHV��>�@

���$�VSDFH�LV�XVHG�WR�EUHDN�EHWZHHQ�VHQWHQFHV�
���$�VSDFH�LV�XVHG�WR�EUHDN�EHWZHHQ�SKUDVHV�RU�FODXVHV
ZLWKLQ�D�VHQWHQFH�
���$�VSDFH�LV�XVHG�WR�EUHDN�EHWZHHQ�VHQWHQFHV�LQ�D
FRKHVLYH�JURXS�RI�VHQ�WHQFHV�
���$�VSDFH�LV�XVHG�WR�EUHDN�EHIRUH�DQG�DIWHU�QXPHUDOV�
���$�VSDFH�LV�XVHG�WR�EUHDN�EHWZHHQ�FRRUGLQDWH�ZRUGV

LQ�OLVWV�
���$�VSDFH�LV�XVHG�WR�EUHDN�EHWZHHQ�WKH�ILUVW�DQG�WKH
VHFRQG�QDPHV�RI�SHRSOH�
���$�VSDFH�LV�XVHG�WR�EUHDN�EHIRUH�DQG�DIWHU�VRPH
VSHFLDO�RUWKRJUDSKLF�V\PEROV�DQG�SXQFWXDWLRQ�PDUNV�

2Q�WKH�FRQWUDU\��D�SHULRG�LQ�(QJOLVK�LV�FRPPRQO\�XVHG�LQ��
VHQVHV�� LQ� WKH� FRQWH[WV� RI� VHQWHQFH� ERXQGDU\� PDUNHU�
DEEUHYLDWLRQ�� DQG� QXPEHU�� 0RUH� WKDQ� ��� SHUFHQW� RI� WKH
XVDJH� WKH� XVH� IRU� VHQWHQFH� EUHDNLQJ�� :KHUHDV� RQO\� ��
SHUFHQW�RI� WKH�XVDJH�RI� WKH� VSDFHV� LQ�7KDL� LV� IRU� VHQWHQFH
EUHDNLQJ�

��3UHYLRXV�:RUNV

,Q� (QJOLVK�� DQ� HQG�VHQWHQFH� PDUNHU� �D� SHULRG�� D
H[FODPDWLRQ� SRLQW� DQG� D� TXHVWLRQ� PDUN�� PD\� RFFXU� ERWK
ZLWKLQ� D� VHQWHQFH� DQG� DW� WKH� HQG� RI� VHQWHQFH�� WKHUHIRUH�
WKHUH�ZHUH� DOVR� VRPH�ZRUNV� WKDW� DWWHPSW� WR� GLVDPELJXDWH
WKHVH� PDUNHUV�� >��@� XVHG� WKH� &$57� �&ODVVLILFDWLRQ� DQG
5HJUHVVLRQ� 7UHH�� WR� FODVVLI\� SHULRGV� E\� XVLQJ� WKH
LQIRUPDWLRQ� DERXW� RQH�ZRUG� FRQWH[W� RQ� HLWKHU� VLGH� RI� WKH
SXQFWXDWLRQ� PDUN�� 7KLV� DSSURDFK� ZDV� WUDLQHG� RQ� WKH� ��
PLOOLRQ�ZRUGV� RI� UHODEHOHG� WUDLQLQJ� GDWD� IURP� D� FRUSXV� RI
$3�QHZVZLUH��7KH�UHVXOW�RI� WUDLQLQJ�ZDV� WKH�FODVVLILFDWLRQ
WUHH�XVHG�WR�LGHQWLI\�ZKHWKHU�D�ZRUG�HQGLQJ�LQ�D�SHULRG�ZDV
DW� WKH�HQG�RI� VHQWHQFH��7KH�HUURU� UDWH�ZKHQ� WHVWLQJ�RQ� WKH
%URZQ�FRUSXV�ZDV�������>��@�DSSOLHG���PDFKLQH� OHDUQLQJ
WHFKQLTXHV�� 1HXUDO� 1HWZRUN� DQG� 'HFLVLRQ� 7UHH�� WR� WKH
VHQWHQFH� ERXQGDU\� GLVDPELJXDWLRQ� WDVN�� 7KLV� DSSURDFK
HVWLPDWHG� WKH� SDUWV�RI�VSHHFK� GLVWULEXWLRQ� RI� WKH� WRNHQV
SUHFHGLQJ� DQG� IROORZLQJ� HDFK� SXQFWXDWLRQ� PDUN� DV� WKH
LQSXW�IHDWXUH�WR�D�PDFKLQH�OHDUQLQJ�DOJRULWKP�WKDW�FODVVLILHG
WKH� SXQFWXDWLRQ�PDUN�� 7KH� HUURU� UDWH� RI� XVLQJ� WKH� 1HXUDO
QHWZRUN�ZKLFK� WUDLQHG�E\� WKH� GDWD� ������ LWHPV�ZDV� ����
DQG�WKH�GHFLVLRQ�WUHH�PHWKRG�RQ�WUDLQHG�GDWD�������LWHPV�LV
�����

,Q� WKH�SUHYLRXV�ZRUNV� DERXW�7KDL� VHQWHQFH� H[WUDFWLRQ��ZH
IRXQG�RQO\� WZR�SXEOLFDWLRQV��>�@�DQG�>��@��>�@�SUHVHQWHG�D
PHWKRG� LQ� VHSDUDWLQJ�7KDL� VHQWHQFHV� LQ� D� SDUDJUDSK�� 7KLV
PHWKRG�VHJPHQWHG�D�SDUDJUDSK�WR�PRUSKHPHV�DQG�XVHG�WKH
PDLQ� YHUEV� WR� HVWLPDWH� WKH� QXPEHU� RI� VHQWHQFHV�� 7KH
FRQMXQFWLRQ�LGHQWLILHG�LQ�WKH�V\QWDFWLF�DQDO\VLV�ZDV�PDUNHG
WR�EH�D�VHQWHQFH�ERXQGDU\��%DVLFDOO\� LW�ZDV�D�JUDPPDWLFDO
UXOH� EDVHG� DSSURDFK�� 7KH� DFFXUDF\� RI� WKLV� DSSURDFK� ZDV
�������� >��@� UHFHQWO\� SURSRVHG� WR� XVH� WKH� SDUW� RI� VSHHFK
WULJUDP� PRGHO� WR� LGHQWLI\� VHQWHQFH� WKH� ERXQGDU\�� 7KH
DFFXUDF\�RI�WKLV�DSSURDFK�ZDV�DERXW�����

��:LQQRZ�$OJRULWKP

7KLV� VHFWLRQ� EULHIO\� GHVFULEHV� OHDUQLQJ� DOJRULWKP�:LQQRZ
XVHG�LQ�RXU� WDVNV��DQG�GHILQHV� WKH� IHDWXUHV� IRU� WUDLQLQJ� WKH
DOJRULWKP�

7KH�DGYDQWDJHV�RI�:LQQRZ��ZKLFK�PDGH�XV�GHFLGH� WR�XVH
IRU� RXU� WDVN�� DUH� WKDW� ���� LW� UXQV� IDVW� EHFDXVH� RI� LWV
LQFUHPHQWDO� DOJRULWKP� ���� LW� LV� QRW� VHQVLWLYH� WR� H[WUD
LUUHOHYDQW�IHDWXUHV�>�@�



����:LQQRZ

)LJXUH����:LQQRZ�1HWZRUN

7KH� :LQQRZ� DOJRULWKP� XVHG� LQ� RXU� H[SHULPHQW� LV� WKH
DOJRULWKP� GHVFULEHG� LQ� >��� ��� �@�� :LQQRZ� LV� VKRZQ� LQ
)LJXUH����:LQQRZ� LV�D�QHXURQ�OLNH�QHWZRUN�ZKHUH� VHYHUDO
QRGHV� DUH� FRQQHFWHG� WR� D� WDUJHW� QRGH�� (DFK� QRGH� FDOOHG
VSHFLDOLVW� ORRNV�DW�D�SDUWLFXODU�YDOXH�RI� DQ� DWWULEXWH�RI� WKH
WDUJHW� FRQFHSW�� DQG� ZLOO� YRWH� IRU� D� YDOXH� RI� WKH� WDUJHW
FRQFHSW�EDVHG�RQ�LWV�VSHFLDOW\��L�H��EDVHG�RQ�D�YDOXH�RI�WKH
DWWULEXWH�LW�H[DPLQHV��7KH�JOREDO�DOJRULWKP�ZLOO�WKHQ�GHFLGH
RQ� ZHLJKWHG�PDMRULW\� YRWHV� UHFHLYLQJ� IURP� WKRVH
VSHFLDOLVWV�� 7KH� SDLU� RI� �DWWULEXWH YDOXH�� WKDW� D� VSHFLDOLVW
H[DPLQHV�LV�D�FDQGLGDWH�RI�IHDWXUHV�ZH�DUH�WU\LQJ�WR�H[WUDFW�
7KH�JOREDO�DOJRULWKP�XSGDWHV�WKH�ZHLJKW�RI�HDFK�VSHFLDOLVW
EDVHG� RQ� WKH� YRWH� RI� WKDW� VSHFLDOLVW�� 7KH� ZHLJKW� RI� DQ\
VSHFLDOLVW� LV� LQLWLDOL]HG� WR� ��� ,Q� FDVH� WKDW� WKH� JOREDO
DOJRULWKP�SUHGLFWV� LQFRUUHFWO\�� WKH�ZHLJKW�RI� WKH� VSHFLDOLVW
WKDW� SUHGLFWV� LQFRUUHFWO\� LV� KDOYHG� DQG� WKH� ZHLJKW� RI� WKH
VSHFLDOLVW� WKDW� SUHGLFWV� FRUUHFWO\� LV� PXOWLSOLHG� E\� ����� 7KH
ZHLJKW� RI� D� VSHFLDOLVW� LV� KDOYHG�ZKHQ� LW� PDNHV� D� PLVWDNH
HYHQ�LI�WKH�JOREDO�DOJRULWKP�SUHGLFWV�FRUUHFWO\�

,Q�RXU�H[SHULPHQW��ZH�KDYH�HDFK�VSHFLDOLVW�H[DPLQH�RQH�RU
WZR� DWWULEXWHV�� )RU� H[DPSOH�� D� VSHFLDOLVW� PD\� SUHGLFW� WKH
YDOXH�RI�WKH�WDUJHW�FRQFHSW�E\�FKHFNLQJ�IRU��DWWULE� YDOXH��
DQG� �DWWULEXWH� YDOXH���� $� VSHFLDOLVW� RQO\� PDNHV� D
SUHGLFWLRQ�LI�LWV�FRQGLWLRQ�LV�WUXH��LQ�FDVH�RI�WZR�DWWULEXWHV��
DQG�LQ�WKDW�FDVH�LW�SUHGLFWV�WKH�PRVW�SRSXODU�RXWFRPH�RXW�RI
WKH�ODVW�N�WLPHV�LW�KDG�WKH�FKDQFH�WR�SUHGLFW��,Q�IDFW��ZH�PD\
KDYH�HDFK�VSHFLDOLVW�H[DPLQH�PRUH�WKDQ�WZR�DWWULEXWHV��EXW
IRU�WKH�VDNH�RI�VLPSOLILFDWLRQ�RI�SUHOLPLQDU\�H[SHULPHQW��OHW
XV�DVVXPH�WKDW�WZR�DWWULEXWHV�IRU�HDFK�VSHFLDOLVW�DUH�HQRXJK
WR�OHDUQ�WKH�WDUJHW�FRQFHSW�

7KH�JOREDO� DOJRULWKP�XSGDWHV� WKH�ZHLJKW� RI� DQ\� VSHFLDOLVW
EDVHG� RQ� WKH� YRWH� RI� WKDW� VSHFLDOLVW�� 7KH� ZHLJKW� RI� DQ\
VSHFLDOLVW� LV� LQLWLDOL]HG� WR� ��� ,Q� FDVH� WKDW� WKH� JOREDO
DOJRULWKP�SUHGLFWV� LQFRUUHFWO\�� WKH�ZHLJKW�RI� WKH� VSHFLDOLVW
WKDW� SUHGLFWV� LQ� FRUUHFWO\� LV� KDOYHG� DQG� WKH� ZHLJKW� RI� WKH
VSHFLDOLVW� WKDW� SUHGLFWV� FRUUHFWO\� LV� PXOWLSOLHG� E\� ����� 7KH
ZHLJKW� RI� D� VSHFLDOLVW� LV� KDOYHG�ZKHQ� LW� PDNHV� D� PLVWDNH
HYHQ�LI�WKH�JOREDO�DOJRULWKP�SUHGLFWV�FRUUHFWO\��7KLV�ZHLJKW
XSGDWLQJ� PHWKRG� LV� WKH� VDPH� DV� WKH� RQH� XVHG� LQ� >�@�� $

VSHFLDOLVW� PD\� FKRRVH� WR� DEVWDLQ� LQVWHDG� RI� JLYLQJ� D
SUHGLFWLRQ�RQ�DQ\�JLYHQ�H[DPSOH�LQ�FDVH�WKDW�LW�GLG�QRW�VHH
WKH�VDPH�YDOXHV�RI�DQ�DWWULEXWH�LQ�WKH�H[DPSOH�

����)HDWXUHV

7R� WUDLQ� WKH� DOJRULWKP� IRU� D� VHQWHQFH� EUHDN� VSDFH�� WKH
FRQWH[W�DURXQG�D�VSDFH�ZKLFK�LV�D�VHQWHQFH�EUHDN�VSDFH�RU
QRQ�VHQWHQFH�EUHDN�VSDFH�LV�XVHG�WR�IRUP�WKH�IHDWXUHV��7KH
IHDWXUHV�XVHG� LQ� WKH� DSSURDFK�DUH� WKH� FROORFDWLRQV� DQG� WKH
QXPEHU�RI�ZRUGV� LQ� WKH� OHIW� DQG� ULJKW�RI� WKH� WDUJHW� VSDFH�
&ROORFDWLRQV�DUH�SDWWHUQV�RI�XS�WR���FRQWLJXRXV�ZRUGV�DQG
SDUW�RI�VSHHFK� WDJV� DURXQG� WKH� WDUJHW� VSDFH��7KHUHIRUH� WKH
WRWDO�QXPEHU�RI�IHDWXUHV� LV�����WZR�IHDWXUHV� IRU�QXPEHU�RI
ZRUGV��DQG�HLJKW�IHDWXUHV�IRU�FROORFDWLRQV�

��$Q�2YHUYLHZ�RI�WKH�6\VWHP

:H� FRQVWUXFW� RXU� VHQWHQFH� EUHDN� GLVDPELJXDWLRQ� V\VWHP
EDVHG� RQ�:LQQRZ� DV� VKRZQ� LQ�)LJXUH����7KH� WUDLQLQJ� VHW
FRQVLVWV�RI�SDUDJUDSKV�ZKLFK�PDUNXS�VHQWHQFH�ERXQGDULHV�
(DFK� VHQWHQFH� LV� VHJPHQWHG� LQWR� ZRUGV� ZLWK� DSSURSULDWH
SDUW�RI�VSHHFK� WDJV�� ,Q� WUDLQLQJ� PRGH�� D� WUDLQLQJ� VHW
FRPSRVHG� RI� VHJPHQWHG� SDUDJUDSK� DQG� VHJPHQWHG� DQG
WDJJHG�VHQWHQFH�LV�SDVVHG�WR�:LQQRZ�DOJRULWKP� WR� OHDUQ�D
QHWZRUN� E\� XVLQJ� WKH� DOJRULWKP� GHVFULEHG� DERYH�� $IWHU� D
QHWZRUN� LV� OHDUQHG�� D� WHVW� VHW� LV� IHG� WR� WKH� V\VWHP� IRU
HYDOXDWLRQ�WKH�SHUIRUPDQFH�

)LJXUH����7KH�VHQWHQFH�EUHDN�GLVDPELJXDWLRQ�V\VWHP

,GHQWLI\LQJ�D�VHQWHQFH�EUHDN�VSDFH�LQ�RXU�DSSURDFK�FRQVLVWV
RI�WZR�VWHSV�DV�IROORZV�

���� :RUG� 6HJPHQWDWLRQ� DQG� 3DUW�2I�6SHHFK
7DJJLQJ

)RU�HDFK�LQSXW�SDUDJUDSK��SUREDELOLVWLF�WULJUDP�PRGHO�>��@
LV� DSSOLHG� WR� VHSDUDWH� WKH� SDUDJUDSK� LQWR� D� VHTXHQFH� RI
ZRUGV�LQFOXGLQJ�VSDFHV�DQG�DVVLJQ�WKHLU�SDUW�RI�VSHHFK�

/HW� &�  � F�F�«FP� � � EH� DQ� LQSXW� FKDUDFWHU� VWULQJ�� � :�  
Z�Z���ZQ���EH�D�SRVVLEOH�ZRUG�VHJPHQWDWLRQ��DQG��7� �W�W���WQ
EH� D� VHTXHQFH� RI� SDUWV� RI� VSHHFK�� )LQG� Z��Z����Z1� DQG� W
��W����W1� � ZKLFK� DUH� WKH� KLJKHVW� SUREDELOLW\� RI� VHTXHQFH� RI

«
6SHFLDOLVW

6SHFLDOLVW 6SHFLDOLVW

6SHFLDOLVW

7DUJHW�1RGH

:HLJKW:HLJKW
:HLJKW :HLJKW

:RUG�6HJPHQWDWLRQ�DQG

3DUW�RI�6SHHFK�7DJJLQJ

:LQQRZ

1HWZRUN

7UDLQLQJ�FRUSXV
,QSXW�3DUDJUDSK

:LQQRZ

6HQWHQFH�EUHDNV

6HTXHQFH�RI�ZRUGV�DQG
WKHLU�326V
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ZRUGV�DQG�VHTXHQFH�RI�SDUW�RI�VSHHFK�WDJ��:H��FRPSXWH�WKH
KLJKHVW�SUREDELOLW\�RI�3�:M��7L��LQ��WKH��IROORZLQJ��IDVKLRQ�

ZKHUH� 3�WN_WN���WN���� DQG� 3�ZN_WN�� DUH� FRPSXWHG� IURP� WKH
FRUSXV��3�&�� LV� D� IL[HG� FRQVWDQW� IRU� HYHU\� FDQGLGDWH� VR� LW
FDQ�EH�HOLPLQDWHG�

����6SDFH�GHWHUPLQDWLRQ�E\�:LQQRZ

)URP� WKH� UHVXOW� RI� ZRUG� VHJPHQWDWLRQ� DQG� SDUW�RI�VSHHFK
WDJJHU��7KH�FROORFDWLRQ��QXPEHU�RI�ZRUGV�EHIRUH�DQG�DIWHU
WKH�VSDFHV�DUH�H[WUDFWHG�DQG�VHQW�WR�:LQQRZ��7KH�:LQQRZ
DOJRULWKP�GHWHUPLQHV�HDFK�VSDFH�DV�HLWKHU�D�VHQWHQFH�EUHDN
VSDFH�EDVHG�RQ�LWV�WUDLQHG�IHDWXUHV�

$Q�H[DPSOH�RI� VSDFH�GHWHUPLQDWLRQ�E\�:LQQRZ� LV� VKRZQ
DV�IROORZV�

���� ¨Îµ�´��¸É��63$&(!�
�1XPEHU��63$&(!�

7KH�IHDWXUHV�RI� WKLV�H[DPSOH�DUH�³¨Îµ�´��¸É́ � �1XPEHU���v�w
DQG�WKHLU�SDUW�RI� VSHHFK��:LQQRZ�GHWHUPLQHV� WKH�VSDFH�DV
HLWKHU�VHQWHQFH�EUHDN�VSDFH�RU�QRQ�VHQWHQFH�EUHDN�VSDFH�E\
WKH�VXUURXQGLQJ�FRQWH[W��,Q�WKLV�FDVH��WKH�VSDFH�LV�FRUUHFWO\
GHWHUPLQHG�DV�D�QRQ�VHQWHQFH�EUHDN�VSDFH�

��3UHOLPLQDU\�([SHULPHQW

����&RUSXV

:H� XVHG� WKH� 25&+,'� FRUSXV� >��@� WR� HYDOXDWH� RXU
DSSURDFK��7KH�25&+,'�FRUSXV�LV�D�SDUW�RI�VSHHFK� WDJJHG
FRUSXV� FRQWDLQLQJ� ������� VHQWHQFHV�� ,Q� WKH� FRUSXV�� HYHU\
SDUDJUDSK� LV�PDQXDOO\� WDJJHG� LQ�ERWK� VHQWHQFH� DQG�ZRUGV
OHYHOV��(DFK�ZRUG�LV�DVVLJQHG�DQ�DSSURSULDWH�SDUW�RI�VSHHFK
PDQXDOO\�E\�OLQJXLVWV��7KH�FRUSXV�LV�GLYLGHG�LQWR�WZR�SDUWV�
7KH�ILUVW�SDUW�����SHUFHQW�RI�WKH�FRUSXV��LV�XVHG�IRU�WUDLQLQJ
DQG�WKH�UHVW�LV�XVHG�IRU�WHVWLQJ�

)RU� 7KDL�� D� VSDFH� FDQ� EH� D� VHSDUDWRU� IRU� VHQWHQFHV�
SKDUDVHV��FODXVHV�DQG�WKH�OLNH��7R�GLVFULPLQDWH�WKH�W\SHV�RI
VSDFHV��ZH�GHILQHG�D�QRQ�VHQWHQFH�EUHDN�VSDFH��16%5��WDJ
IRU� WKH� VSDFHV� RFFXUUHG� LQ� WKH� VHQWHQFH�� DQG� D� VHQWHQFH�
EUHDN� VSDFH� �6%5�� WDJ� IRU� WKH� VSDFH� EHWZHHQ� VHQWHQFH�
7KHUH�WZR�QHZ�SDUW�RI�VSHHFK�WDJV�IRU�WKH�VSDFH�DUH�DSSOLHG
LQ�WKH�FRUSXV�

����7UDLQLQJ�0HWKRGRORJ\

:H�WUDLQ�:LQQRZ�E\�WKH�IROORZLQJ�SURFHVVHV�

&RQVWUXFW�SRVLWLYH�H[DPSOHV��7KH�VHQWHQFH�EUHDN�VSDFHV�DUH
FRQVLGHUHG� DV� WDUJHW� VSDFHV�� 7KH� FROORFDWLRQV� DQG� QXPEHU
RI�ZRUGV�EHIRUH�DQG�DIWHU�WKH�VSDFHV�DUH�VHQW�WR�:LQQRZ�

&RQVWUXFW� QHJDWLYH� H[DPSOH�� 7KH� QRQ�VHQWHQFH�EUHDN
VSDFHV� DUH� FRQVLGHUHG� DV� WDUJHW� VSDFHV�� 7KH� FROORFDWLRQV
DQG�QXPEHU�RI�ZRUGV�EHIRUH�DQG�DIWHU�WKH�VSDFHV�DUH�VHQW�WR
:LQQRZ�

����(YDOXDWLRQ�DQG�5HVXOWV

7R�HYDOXDWH�RXU�DSSURDFK��ZH�XVH�WKH�VDPH�GDWD�LQ�>��@�DQG
FRPSDUH�LW�ZLWK� WKH� UHVXOW� IURP� WKH�SDUW�RI�VSHHFK� WULJUDP
DSSURDFK��UHSRUWHG�LQ�>��@�

7KH� SHUIRUPDQFH� FULWHULD� WKDW� XVHG� LQ� WKLV� ZRUN� DUH
GHULYHG� IURP� >��@�� :H� PHDVXUH� WKH� SHUIRUPDQFH� RI� RXU
DSSURDFK� LQ� WHUPV� RI� WKH� SHUFHQWDJH� RI� EUHDN�FRUUHFW�
VSDFH�FRUUHFW� DQG� IDOVH�EUHDN�� 7KHVH� PHDVXUHV� DUH
H[SODLQHG�DV�IROORZV�

%UHDN�FRUUHFW�� ����&%���5%���[�����

6SDFH�FRUUHFW�� ����&6���56����[�����

)DOVH�EUHDN������ ����)%���56���[�����

ZKHUH

&% �LV� WKH� QXPEHU� RI� FRUUHFW� FODVVLILHG
VHQWHQFH�EUHDN�IURP�WKH�WHVW�VHW�

)% �LV� WKH�QXPEHU�RI� IDOVH� FODVVLILHG� VHQWHQFH�
EUHDN�IURP�WKH�WHVW�VHW�

&6 LV�WKH�QXPEHU�RI�FRUUHFW�FODVVLILHG�VHQWHQFH�
EUHDN�DQG�QRQ�VHQWHQFH�EUHDN�IURP�WHVW�VHW�

5% LV� WKH� QXPEHU� RI� VHQWHQFH�EUHDN� VSDFHV
IURP�WKH�UHIHUHQFH�

56 LV� WKH� QXPEHU� RI� VHQWHQFH�EUHDN� DQG� QRQ�
VHQWHQFH�EUHDN�VSDFHV�IURP�WKH�UHIHUHQFH�

7KH� GLIIHUHQFH� EHWZHHQ� WKH� EUHDN�FRUUHFW� DQG� VSDFH�
FRUUHFW� LV� ZKHWKHU� WKH� QRQ�VHQWHQFH�EUHDN� VSDFHV� DUH
LQFOXGHG� LQ� FDOFXODWLRQ�� 7KH� VSDFH�FRUUHFW� VFRUH� JLYHV
FUHGLW�ZKHQ�ERWK�WKH�WHVW�DQG�UHIHUHQFH�VHQWHQFH�DUH�D�QRQ�
VHQWHQFH�EUHDN� DW� WKH� VDPH� VSDFH��ZKLOH� WKH� EUHDN�FRUUHFW
VFRUH� RQO\� FRQVLGHUV� WKH� EUHDN� VSDFH�� %RWK� EUHDN�FRUUHFW
DQG� VSDFHV�FRUUHFW� VFRUH� DUH� HVVHQWLDO� LQ� LQGLFDWLQJ� WKH
DFFXUDF\� RI� H[WUDFWLRQ�� ,Q� RXU� WHVW� VHW�� WKH� UDWLR� RI� WKH
QXPEHU� RI� QRQ�VHQWHQFH�EUHDN� VSDFH� E\� WKH� QXPEHU� RI
VHQWHQFH�EUHDN� VSDFH� LV� DERXW������7KH�PHDVXUHV� DUH� XVHG
WR�HYDOXDWH�RQ�WKH�VHQWHQFH�EUHDN�DFFXUDF\�RQO\��7KHUHIRUH�
LI�DQ�DOJRULWKP�FODVVLILHV�DOO�VSDFHV�DV�VHQWHQFH�VSDFH�WKHQ
WKH� EUHDN�FRUUHFW� LV� ������ DQG� WKH� VSDFH�FRUUHFW� LV� DERXW
����� IDOVH�EUHDN� LV� WKH� DVVHVVPHQW� RI� WKH� LQVHUWLRQV�� WKLV
VFRUH�LQGLFDWH�KRZ�RIWHQ�DQ�DOJRULWKP�UHWXUQV�WKH�XQUHOLDEOH
EUHDN�VSDFH��,Q�FRQFOXVLRQ�� WKH�JRRG�DOJRULWKP�PXVW� \LHOG
KLJK�VSDFH�FRUUHFW�DQG�EUHDN�FRUUHFW�VFRUHV��DQG�ORZ�IDOVH�
EUHDN� VFRUHV�� 7DEOH� �� VKRZV� WKH� FRPSDULVRQ� UHVXOWV



EHWZHHQ� WKH� SDUW�RI�VSHHFK� WULJUDP� DSSURDFK� DQG� RXU
DSSURDFK�

7DEOH����7KH�UHVXOWV�RI�FODVVLI\LQJ�VSDFHV�

2XU�DOJRULWKP��� 7ULJUDP���

6SDFH�FRUUHFW ����� �����

%UHDN�FRUUHFW ����� �����

)DOVH�EUHDN ���� ����

2XU�DSSURDFK�VKRZV�D�VLJQLILFDQW�LPSURYHPHQW�WR�WKH�SDUW�
RI�VSHHFK� WULJUDP� DSSURDFK�� ,Q� FDVH� RI� RXU� DSSURDFK�� WKH
VFRUHV� RI� VSDFH�FRUUHFW�� EUHDN�FRUUHFW� DUH� DV� KLJK� DV
���������������DQG� WKH�VFRUH�RI� IDOVH�EUHDN� LV� DV� ORZ�DV
������

��&RQFOXVLRQ

7KLV� SDSHU� SUHVHQWV� WKH� IHDWXUH�EDVHG� DSSURDFK� IRU
LGHQWLI\LQJ�VHQWHQFH�EUHDN��2XU�DSSURDFK�LV�WR�FODVVLI\�DQ\
VSDFHV� LQ� WKH� SDUDJUDSK� WR� EH� D� VHQWHQFH�EUHDN� RU� QRQ�
VHQWHQFH�EUHDN� VSDFH�� 7KH� H[SHULPHQW� UHVXOW� VKRZV� WKH
VLJQLILFDQW� LPSURYHPHQW� RI� RXU� DSSURDFK� WR� WKH� SUHYLRXV
UHSRUWHG� WULJUDP�DSSURDFK�� �+RZHYHU�� WKH� FRQWH[W� WKDW�ZH
XVHG�DV�WKH�IHDWXUHV�IRU�WKH�:LQQRZ�LV�YHU\�OLPLWHG�EHFDXVH
RI� WKH� VLPSOLFLW\� RI� XVLQJ� SXQFWXDWLRQ� LQ� 7KDL�� 7KRXJK�
WKHUH� LV�QR�REYLRXV�FRQFHSW� IRU�ZULWLQJ�7KDL� LQ� VHQWHQFHV�
WKH� H[SHULPHQW� UHVXOW�� KRZHYHU�� WKDW� SHRSOH� ZULWH� D� WH[W
ZLWK�D�KLGGHQ�LQIRUPDWLRQ�RI�WKH�VWUXFWXUH�RI�VHQWHQFH��7KH
UHVXOW� DOVR� FRQILUPV� WKH� SRVVLELOLW\� LQ� EUHDNLQJ� 7KDL� WH[W
LQWR�VHQWHQFHV�

2XU� IXWXUH� ZRUNV� LQFOXGH� LQ�GHSWK� LQYHVWLJDWLRQ� YDULRXV
NLQGV� RI� IHDWXUHV� DQG� RWKHU� PDFKLQH� OHDUQLQJ� WHFKQLTXHV
VXFK�DV�,'���&�����5,33(5�HWF�

5HIHUHQFHV

��%OXP��$��(PSLULDO� 6XSSRUW� IRU�:LQQRZ� DQG�:HLJKWHG�
0DMRULW\� $OJRULWKP�� 5HVXOWV� RQ� D� &DOHQGDU� 6FKHGXOLQJ
'RPDLQ��0DFKLQH�/HDUQLQJ����������������

�� &KDURHQSRUQVDZDW�� 3��� .LMVLULNXO�� %�� DQG�0HNQDYLQ�� 6���
)HDWXUH�EDVHG� 7KDL� 8QNQRZQ� :RUG� %RXQGDU\�
,GHQWLILFDWLRQ�8VLQJ�:LQQRZ�� ,Q�3URFHHGLQJV�RI� WKH������
,(((� $VLD�3DFLILF� &RQIHUHQFH� RQ� &LUFXLWV� DQG� 6\VWHPV�
�$3&&$6¶����������

��&RKHQ�:��)DVW�HIIHFWLYH�UXOH�LQGXFWLRQ��,Q�3URFHHGLQJV�RI�
WKH� 7ZHOIWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 0DFKLQH�
/HDUQLQJ�������

��� 'DQYLYDWKDQD�� 1�� 7KH� 7KDL� :ULWLQJ� 6\VWHP�� )RUXP
3KRQHWLFXP�����+HOPXW�%XVNH�9HUODJ�+DPEXUJ�������

��*ROGLQJ��$��5���$�%D\HVLDQ�+\EULG�0HKRG�IRU�&RQWH[W�
VHQWLWLYH�6SHOOLQJ�&RUUHFWLRQ�� ,Q�3URFHHGLQJV�RI� WKH�7KLUG�
:RUNVKRS�RQ�9HU\�/DUJH�&RUSRUD�������

��� *ROGLQJ�� $�� 5�� 	� 5RWK�� '�� $SSO\LQJ� :LQQRZ� WR
&RQWH[W�6HQVLWLYH� 6SHOOLQJ� &RUUHFWLRQ�� ,Q� /RUHQ]D� 6DLWWD�
HGLWRU�� 0DFKLQH� /HDUQLQJ�� 3URFHHGLQJV� RI� WKH� � ��WK

,QWHUQDWLRQDO�&RQIHUHQFH�RQ��0DFKLQH�/HDUQLQJ�������

�� .LMVLULNXO�� %��� &KDURHQSRUQVDZDW�� 3�� DQG�0HNQDYLQ�� 6��
&RPSDULQJ� :LQQRZ� DQG� 5,33(5� LQ� 7KDL� 1DPHG�(QWLW\�
,GHQWLILFDWLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� 1DWXUDO� /DQJXDJH�
3URFHVVLQJ� 3DFLILF� 5LP� 6\PSRVLXP� �����1/356¶�����
�����

��� /LWWOHVWRQH�� 1�� /HDUQLQJ� 4XLFNO\� ZKHQ� ,UUHOHYDQW
$WWULEXWHV� %RXQG�� $� 1HZ� /LQHDU�7KUHVKROG� $OJRULWKP�
0DFKLQH�/HDUQLQJ������������������

�� /RQJFKXSROH�� 6�� 7KDL� 6\QWDFWLFDO� $QDO\VLV� V\VWHP� E\
PHWKRG�RI� VSOLWWLQJ�VHQWHQFHV� IURP�SDUDJUDSK� IRU�PDFKLQH
WUDQVODWLRQ�� 0DVWHU� 7KHVLV�� .LQJ� 0RQJNXW¶V� ,QVWLWXWH� RI
WHFKQRORJ\�/DGNUDEDQJ��LQ�7KDL��������

���0HNQDYLQ�� 6��� &KDURHQSRUQVDZDW� 3�� DQG�.LMVLULNXO�� %�
)HDWXUH�EDVHG� 7KDL� :RUG� 6HJPHQWDWLRQ�� 3URFHHGLQJ� RI
1/356¶���������

��� 0LWUDSL\DQXUDN�� 3�� DQG� 6RUQOHUWODPYDQLFK�� 9�� 7KH
$XWRPDWLF� 7KDL� 6HQWHQFH� ([WUDFWLRQ�� 3URFHHGLQJV� RI� WKH
6LPSRVLXP�RQ�1DWXUDO� /DQJXDJH�3URFHVVLQJ� LQ� 7KDLODQG�
�����

��� 3DOPHU�� 'DYLG� '��� +HDUVW�� 0DWL� $�� $GDSWLYH
0XOWLOLQJXDO� 6HQWHQFH� %RXQGDU\� 'LVDPELJXDWLRQ�
&RPSXWDWLRQDO�/LQJXLVWLFV�9ROXPQ����1R����������

���5DUXQURP��6��'LFWLRQDU\�EDVHG�7KDL�:RUG�6HSDUDWLRQ�
6HQLRU�3URMHFW�5HSRUW��&KXODORQJNRUQ�8QLYHUVLW\��LQ�7KDL��
�����

��� 5LOH\�� 0LFKDOH� '�� 6RPH� DSSOLFDWLRQV� RI� 7UHH�EDVHG
PRGHOLQJ�WR�VSHHFK�DQG� ODQJXDJH� LQGH[LQJ��3URFHHGLQJ�RI
WKH� '$53$� 6SHHFK� DQG� 1DWXUDO� /DQJXDJH� :RUNVKRS�
�����

��� 6RUQOHUWODPYDQLFK�� 9�� :RUG� 6HJPHQWDWLRQ� IRU� 7KDL�
0DFKLQH� 7UDQVODWLRQ� 6\VWHP�� 1DWLRQDO� (OHFWURQLFV� DQG
&RPSXWHU�7HFKQRORJ\�&HQWHU��LQ�7KDL��������

���6RUQOHUWODPYDQLFK��9���&KDURHQSRUQ��7��DQG�,VDKDUD��+�
25&+,'��7KDL�3DUW�2I�6SHHFK�7DJJHG�&RUSXV��7HFKQLFDO
5HSRUW�2UFKLG�&RUSXV��1DWLRQDO�(OHFWURQLFV�DQG�&RPSXWHU
7HFKQRORJ\�&HQWHU�������

���7D\ORU��3��DQG�%ODFN��$��$VVLJQLQJ�3KUDVH�%UHDNV�IURP�
SDUW�RI�VSHHFK�6HTXHQFHV��&RPSXWHU�6SHHFK�DQG�/DQJXDJH�
���������

��� <DURZVN\�� '�� 'HFLVLRQ� /LVWV� IRU� /H[LFDO� $PELJXLW\�
5HVROXWLRQ�� ,Q�3URFHHGLQJV�RI���QG�$QQXDO�0HHWLQJ�RI� WKH�
$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV�������


