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,Q� WKLV� SDSHU� ZH� GHVFULEH� D� V\VWHP�ZH� KDYH� EXLOW� WR� VROYH� WKH
SUHSULQWHG� IRUPV� LGHQWLILFDWLRQ�DQG� ILHOG� H[WUDFWLRQ�SUREOHP� IRU
2SWLFDO�&KDUDFWHU�5HFRJQLWLRQ��2&5��DSSOLFDWLRQV��7KH�VWUHQJWK
RI� WKLV� V\VWHP� LV� WKDW� XQOLNH� RWKHU� DSSURDFKHV� LW� VROYHV� WKH
SUREOHP� LQ� WKH� PRVW� JHQHUDO� DQG� XQUHVWULFWHG� VHQVH�� ,W� ZRUNV
HTXDOO\�ZHOO�IRU�DQ\�W\SH�RI�SUHSULQWHG�IRUP�EHFDXVH�LW�GRHV�QRW
UHO\� RQ� DQ\� VSHFLDO� IHDWXUHV� OLNH� SDWWHUQV� RI� OLQH� FURVVLQJV� RU
RWKHU�V\PEROV�IRXQG�RQO\�LQ�D�SDUWLFXODU�W\SH�RI�IRUP��:H�KDYH
XVHG�WKH�SRZHU�VSHFWUXP�DV�D�VKLIW�LQYDULDQW�IHDWXUH�YHFWRU�RI�WKH
IRUP¶V�KRUL]RQWDO�SURMHFWLRQ�IURP�ZKLFK�ZH�LGHQWLI\�WKH�W\SH�RI
IRUP�DQG�GHWHFW�URWDWLRQ��7KH�KRUL]RQWDO�DQG�YHUWLFDO�SURMHFWLRQV
WKHPVHOYHV�DUH�DOVR�XVHG� WR�GHWHFW� WKH�VKLIW�RI� WKH� IRUP��8QOLNH
WKH� H[SHFWHG� ORVV� LQ� UHVSRQVH� WLPH� WR� WKH� EHQHILW� RI� JHQHUDOLW\�
WKH� SURSRVHG� V\VWHP� LV� IDVW�� KLJKO\� DFFXUDWH�� HYHQ� DW� UHGXFHG
UHVROXWLRQV�DQG�ZLWK�PLQLPDO�XVHU�LQWHUYHQWLRQ�LW�FDQ�EH�WUDLQHG
WR�UHFRJQL]H�QHZ�W\SHV�RI�IRUPV�
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2IILFH� DXWRPDWLRQ� LV� VWHDGLO\� GHFUHDVLQJ� WKH� QXPEHU� RI
GRFXPHQWV�WKDW�FRQWDLQ�KDQGZULWWHQ�SDUWV�EXW�FRPSDQLHV�DUH�VWLOO
SURFHVVLQJ� D� YDVW� DPRXQW� RI� GRFXPHQWV� ZLWK� FRQYHQWLRQDO
PHWKRGV�� (YHQ� FRPSDQLHV� WKDW� DUH� LQ� WKH� SURFHVV� RI� EHFRPLQJ
IXOO\� 2IILFH�$XWRPDWHG� KDYH� D� QHHG� IRU� D� V\VWHP� WKDW� ZLOO
VRPHKRZ�FRQYHUW�WKHLU�ROG�GRFXPHQWV�WR�VRPH�NLQG�RI�HOHFWURQLF
IRUP�>�@�

0HWKRGV�DQG�WRROV�KDYH�EHHQ�GHYHORSHG�LQ�WKH�SDVW�>�@�WKDW�WR�D
VDWLVIDFWRU\� GHJUHH� VROYH� WKH� SUREOHP� RI� SULQWHG� FKDUDFWHU
UHFRJQLWLRQ�DQG�WR�D�OHVV�WKDQ�VDWLVIDFWRU\�GHJUHH�RI�KDQGZULWWHQ
FKDUDFWHU� UHFRJQLWLRQ�� 7KH� SUREOHP� RI� RSWLFDO� FKDUDFWHU
UHFRJQLWLRQ�LQKHULWV�DGGHG�FRPSOH[LW\�ZKHQ�WKH�GRFXPHQW� WR�EH
SURFHVVHG�LV�D�SUHSULQWHG�IRUP��ZLWK�ILHOGV�WKDW�DUH�LQLWLDOO\�EODQN
DQG� DUH� WKHQ� ILOOHG� E\� D� FXVWRPHU�� 7KH� PRVW� UHSUHVHQWDWLYH
H[DPSOH�LQ�WKLV�FDVH�LV�DQ�LQVXUDQFH�DSSOLFDWLRQ�IRUP��7KH�XVHU�
VXSSOLHG� LQIRUPDWLRQ� FDQ� EH� LQ� HLWKHU� KDQGZULWWHQ� RU� PDFKLQH
W\SHG� IRUP�� 7R� PDNH� WKLQJV� ZRUVH� WKH� GRFXPHQW� PLJKW� EH
FRQWDPLQDWHG�ZLWK� QRLVH� DQG�PD\� KDYH� ORVW� UHVROXWLRQ� GXULQJ� D
ID[�WUDQVPLVVLRQ�� LW�PD\�KDYH�EHHQ�VKLIWHG��VNHZHG�RU�GHIRUPHG
LQ�VHYHUDO�SRVVLEOH�ZD\V�

����������������������������������������������������������
���� 7KLV� ZRUN� LV� VXSSRUWHG� E\� WKH� (XURSHDQ� &RPPLVVLRQ
7HOHPDWLFV�$SSOLFDWLRQV�3URJUDP���SURMHFW�/(��������$&&H66�

7KH�IRUP�WR�EH�SURFHVVHG�FRQWDLQV�WZR�W\SHV�RI�LQIRUPDWLRQ��7KH
SUHSULQWHG� SRUWLRQ� RI� WKH� IRUP� DQG� WKH� FXVWRPHU� VXSSOLHG� GDWD�
%HIRUH� WKH� SUHSULQWHG� SRUWLRQ� FDQ� EH� VHSDUDWHG� IURP� WKH� XVHU
ILOOHG� LQIRUPDWLRQ� WKH� W\SH� RI� IRUP� KDV� WR� EH� LGHQWLILHG�� 7KH
V\VWHP�PD\�EH�SRVVLEO\�WUDLQHG�WR�UHFRJQL]H�PDQ\�GLIIHUHQW�W\SHV
RI� IRUPV� WKDW� DUH� XVHG� LQ� DQ� HQWLUH� RUJDQL]DWLRQ�� 'XULQJ� WKH
LGHQWLILFDWLRQ�SURFHVV� WKH�V\VWHP�KDV� WR�GHWHUPLQH�ZKLFK�RQH�RI
WKH� VWRUHG� SURWRW\SHV� �EODQN� IRUPV��PDWFKHV� EHVW� WKH� LQFRPLQJ
RQH��7KHUHIRUH�EHIRUH� WKH� ILHOGV� �XVHU� ILOOHG� LQIRUPDWLRQ��FDQ�EH
H[WUDFWHG�WKH�IRUP�PD\�KDYH�WR�EH�URWDWHG�DQG�SRVVLEO\�VKLIWHG�WR
H[DFWO\�PDWFK� WKH�SURWRW\SH� LW� LV� LGHQWLILHG�ZLWK��2QO\� DIWHU� WKLV
PDWFK� IRU� URWDWLRQ� DQG� VKLIW� KDV� EHHQ� DFKLHYHG� FDQ� WKH� RULJLQDO
ILHOG� ORFDWLRQV� EH� XVHG� DV� D� WHPSODWH� LQ� RUGHU� WR� H[WUDFW� WKH
FRUUHVSRQGLQJ�LQIRUPDWLRQ�IURP�WKH�SURFHVVHG�IRUP�

7KHUH� DUH� VHYHUDO� JHQHULF� DOJRULWKPV� WKDW� FDQ� EH� XVHG� WR� GHWHFW
VNHZ� >�@�>�@� DQG� VKLIW� �WUDQVODWLRQ�� EXW� DOO� DUH� SURKLELWLYHO\
H[SHQVLYH�DV�IDU�DV�FRPSXWDWLRQ�WLPH�LV�FRQFHUQHG��7KXV�D�V\VWHP
EDVHG�RQ� WKHVH�DOJRULWKPV�FRXOG�KDQGOH� DQ\� W\SH�RI� IRUP�EXW� LW
ZRXOG�EH�XQXVDEOH�DV�D�FRPPHUFLDO�SURGXFW�

)RUP� ,GHQWLILFDWLRQ� H[LVWLQJ� WRGD\�� UHO\� RQ� RQH� RI� WKH� WKUHH
PHWKRGV�WKDW�DUH�GHVFULEHG�EULHIO\�EHORZ�

¡� 8VH� RI� VSHFLDO� V\PEROV� RU� VWUXFWXUHV� RQ� WKH� IRUP�� 7KHVH
V\PEROV�DUH�LQLWLDOO\�ORFDWHG�RQ�WKH�IRUP�DQG�WKHQ�FRPSDUHG
WR� D� SURWRW\SH� WR� GHWHUPLQH� WKH� GHJUHH� RI� URWDWLRQ� RU
WUDQVODWLRQ��7KLV�DSSURDFK�UHTXLUHV�D�VSHFLDOO\�GHVLJQHG�IRUP
DQG�WKHUHIRUH�LW�LV�QRW�VXLWDEOH�IRU�SURFHVVLQJ�H[LVWLQJ�W\SHV�RI
IRUPV�

¡� 'HWHFWLRQ� RI� YHUWLFDO� DQG� KRUL]RQWDO� OLQHV� IURP�ZKLFK� WKH
VNHZ� DQG� VKLIW� FDQ� EH� GHWHUPLQHG� >�@�� 7KLV� PHWKRG� LV
FRPSXWDWLRQDOO\� YHU\� LQWHQVLYH� EHFDXVH� LW� XVHV� WKH� +RXJK
WUDQVIRUP� IRU� OLQH� GHWHFWLRQ�� 6RPH� LPSURYHPHQWV� WR� WKLV
PHWKRG�KDYH�EHHQ�PDGH�EXW�WKH\�UHTXLUH�XVHU�LQWHUYHQWLRQ�WR
GHWHUPLQH� WKH� VXESDUWV�RI� WKH� IRUP� WKDW� FRQWDLQ� WKH� OLQHV� RI
LQWHUHVW�ZKHQ� WKH� LQLWLDO� IRUP� LV�SUHVHQWHG� WR� WKH� V\VWHP� IRU
WUDLQLQJ�

¡� 6SHFLDO�SDWWHUQV�RI�OLQH�FURVVLQJV�FDQ�EH�XVHG�� WKH� ORFDWLRQ
RI�ZKLFK��ZKHQ�GHWHFWHG��FDQ�GHWHUPLQH�WKH�DPRXQW�RI�VNHZ
DQG� WUDQVODWLRQ� WR� EH� FRUUHFWHG� >�@�� 7KH� SDWWHUQV� RU� OLQH
FURVVLQJV� FDQ�EH� XVHG� DV� D� YHFWRU� IRU� IRUP� LGHQWLILFDWLRQ� DV
ZHOO� �� 7KLV� V\VWHP� GRHV� QRW� UHTXLUH� DQ\� XVHU� LQWHUYHQWLRQ
GXULQJ�WUDLQLQJ�EXW�LW�GRHV�UHO\�RQ�WKH�IRUP�KDYLQJ�WKHVH�OLQH
FURVVLQJV�

2XU� DSSURDFK� GRHV� QRW� KDYH� WKH� OLPLWDWLRQV� GHVFULEHG� DERYH�
ZKLFK� PDNHV� LW� PRUH� JHQHULF� DQG� XVHIXO� ZLWK� DQ\� W\SH� RI
SUHSULQWHG�IRUP��7KH�DGYDQWDJH�FRPHV�IURP�WKH�IDFW�WKDW�ZH�VWDUW



ZLWK�WKH�IRUP¶V�KRUL]RQWDO�SURMHFWLRQ��ZKLFK�LV�XQLTXH�HQRXJK�IRU
D�ODUJH�VHW�RI�IRUP�W\SHV�DQG�VW\OHV�DQG�WKHQ�ZH�H[WUDFW�WKH�SRZHU
VSHFWUXP� RI� LW� DV� D� VKLIW� LQYDULDQW� IHDWXUH� YHFWRU�� 7KH� SRZHU
VSHFWUXP�LV�VXEVHTXHQWO\�XVHG�IRU�WKH�LGHQWLILFDWLRQ�RI�IRUP�W\SH
DQG�WKH�URWDWLRQ�GHWHFWLRQ��7KH�KRUL]RQWDO�DQG�YHUWLFDO�SURMHFWLRQV
DUH� WKHQ� XVHG� XQPRGLILHG� WR� GHWHFW� WKH� KRUL]RQWDO� DQG� YHUWLFDO
VKLIW�� )XUWKHUPRUH� WKH� LPSOHPHQWDWLRQ� RI� WKHVH� DOJRULWKPV� KDV
UHVXOWHG�LQ�D�IDVW�V\VWHP�ZLWK�DGHTXDWH�UHVSRQVH�WLPH�

7KLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ���ZH�GHVFULEH�WKH
V\VWHP�� ,Q� 6HFWLRQ� �� ZH� DQDO\]H� RXU� H[SHULPHQWDO� UHVXOWV� DQG
ILQDOO\� LQ�6HFWLRQ���ZH�GUDZ� VRPH�FRQFOXVLRQV� DQG� GLVFXVV� RXU
SODQV�IRU�IXWXUH�ZRUN�
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7KH� SUHSULQWHG� IRUPV� LGHQWLILFDWLRQ� PRGXOH� RI� RXU� V\VWHP
�GHVLJQHG�LQ�WKH�IUDPHZRUN�RI�WKH�/(��������SURMHFW���$&&H66�
LV�WKH�SUHSURFHVVRU�RI�WKH�KDQGZULWWHQ�WH[W�UHFRJQLWLRQ�SDUW�RI�WKH
V\VWHP�� 7KH� PRGHP� UHFHLYHV� RQH� RI� WKH� NQRZQ� IRUPV� WKDW� WKH
V\VWHP�LV�WUDLQHG�ZLWK��DV�HLWKHU�D�VFDQQHG�RU�ID[HG�ILOH��$IWHU�WKH
W\SH� RI� IRUP� LV� LGHQWLILHG�� WKH� IRUP� LV� GHVNHZHG� DQG� WUDQVODWHG
SURSHUO\�VR�WKDW�WKH�SDUWV�ILOOHG�E\�WKH�XVHU�DUH�ORFDWHG�DQG�WKHLU
FRQWHQWV�H[WUDFWHG�

$OWKRXJK�QRW�LQLWLDOO\�VSHFLILHG��ZH�GHFLGHG�WR�H[WHQG�WKH�GHVLJQ
LQ�VXFK�D�ZD\�VR�WKDW�LW�FDQ�EH�D�JHQHULF�IRUP�SURFHVVLQJ�WRRO�IRU
DOO�W\SHV�RI�IRUPV��:H�DOVR�GHFLGHG�WKDW�VXFK�D�WRRO�LQ�RUGHU�WR�EH
XVDEOH�� DQG� LW� VKRXOG� UHTXLUH� WKH� OHDVW� SRVVLEOH� KXPDQ
LQWHUYHQWLRQ�DQG�VKRXOG�UXQ�LQ�UHDO�WLPH�

)RU� WKH� ILHOG� GHILQLWLRQ� SDUW� ZH� EXLOG� D� WRRO� ZLWK� D� JUDSKLFDO
LQWHUIDFH� WKDW� WKH� XVHU� HPSOR\V� WR� VSHFLI\� WKH� EODQN� ILHOGV� RI
LQWHUHVW�ZKHUH� WKH�KDQGZULWWHQ� WH[W� LV�H[SHFWHG��7KH�FRQWHQWV�RI
WKHVH� ILHOGV� KDYH� WR� EH� H[WUDFWHG� DQG� IRUZDUGHG� WR� WKH
KDQGZULWWHQ� WH[W� UHFRJQLWLRQ�PRGXOH� RI� WKH� V\VWHP�� ,Q� RUGHU� WR
DFKLHYH�WKLV�D�FOHDQ�GHVNHZHG�IRUP�LV�ORDGHG�DV�WKH�EDFNJURXQG
DQG�UHFWDQJOHV�DUH�GUDZQ�RYHU�WKH�GHILQHG�DUHDV�RI�LQWHUHVW�ZKLFK
LV� ZKHUH� WKH� LQIRUPDWLRQ� RI� LQWHUHVW� LV� WR� EH� ORFDWHG� ZKHQ� WKH
ILOOHG�IRUP�RI�WKLV�W\SH�KDV�EHHQ�FRUUHFWHG�IRU�URWDWLRQ�DQG�VKLIW�

����)HDWXUH�([WUDFWLRQ

7R�VROYH�WKH�SUREOHP�RI�LGHQWLI\LQJ�WKH�IRUP�ZLWKRXW�PDNLQJ�XVH
RI� DQ\� VSHFLDO� V\PEROV� RU� OLQH� FURVVLQJ� SDWWHUQV��ZH� GHFLGHG� WR
XVH� WKH� EODQN� IRUP¶V� YHUWLFDO� DQG� KRUL]RQWDO� SURMHFWLRQV� DV� WKH
IHDWXUH�YHFWRUV�IURP�ZKLFK�WKH�IRUP�ZRXOG�KDYH�WR�EH�LGHQWLILHG�

,QLWLDO�WHVWV�VKRZHG�WKDW�WKH�SURMHFWLRQV�FDQ�EH�XVHG�VXFFHVVIXOO\
IRU�IRUP�LGHQWLILFDWLRQ�SURYLGLQJ�WKHUH�LV�QR�URWDWLRQ�RU�VKLIW��3DUW
RI�WKH�V\VWHP�VSHHG�LV�JDLQHG�E\�WKH�XVH�RI�D�VSHFLDOO\�GHVLJQHG
SURMHFWLRQ� DOJRULWKP� ZKLFK� SURFHVVHV� WKH� LPDJH� PHPRU\� LQ� D
VHULDO� VHULDOO\�� DYRLGLQJ� FRRUGLQDWH� DULWKPHWLF� FRPSOHWHO\� ZKLOH
REWDLQLQJ� ERWK� KRUL]RQWDO� DQG� YHUWLFDO� SURMHFWLRQV
VLPXOWDQHRXVO\�

,Q� RUGHU� WR� VROYH� WKH� SUREOHP� RI� FRUUHFWO\� LGHQWLI\LQJ� D� URWDWHG
DQG� SRVVLEO\� VKLIWHG� IRUP� ZH� GHFLGHG� WR� URWDWH� WKH� EODQN
SURWRW\SH� WR� D� QXPEHU� RI� SUH�VSHFLILHG� DQJOHV� DQG� WR� REWDLQ� D
KRUL]RQWDO� SURMHFWLRQ� IRU� HYHU\� GLIIHUHQW� URWDWLRQ� DQJOH�� $W� WKLV
VWDJH�DERXW����GLIIHUHQW�SURMHFWLRQV�DUH�JHQHUDWHG�IRU�HDFK� IRUP
IRU� D� ���R� WR� ���R� URWDWLRQ� DW� ���R� VWHSV�� 7KH� SURMHFWLRQV� DUH
VWRUHG�LQ�D�GDWDEDVH�XVLQJ�WKH�IRUP�QDPH��WKH�URWDWLRQ�DQJOH�DQG

WKH� SURMHFWLRQ� W\SH� �9HUWLFDO� RU� +RUL]RQWDO�� DV� WKH� NH\� IRU
VXEVHTXHQW�UHWULHYDOV�

7KH� YHUWLFDO� SURMHFWLRQV� DUH� REWDLQHG� RQO\� IRU� �R� GHJUHHV� RI
URWDWLRQ� VLQFH� WKH\� GR� QRW� FRQWDLQ� DQ\� VLJQLILFDQW� LQIRUPDWLRQ
DERXW� D� GRFXPHQW¶V� VNHZ� DQJOH� LQ� SRUWUDLW� RULHQWDWLRQ�� 7KH
YHUWLFDO� SURMHFWLRQV� KRZHYHU� DUH� XVHG� IRU� KRUL]RQWDO� VKLIW
GHWHFWLRQ�LQ� WKH�VDPH�PDQQHU�DV�KRUL]RQWDO�SURMHFWLRQV�DUH�XVHG
IRU�YHUWLFDO�VKLIW�GHWHFWLRQ�

D�

E�

F�

)LJXUH� ��� 3URMHFWLRQV� RI� WKH� VDPH� IRUP� DW� GLIIHUHQW
DQJOHV���D��DW��R���E��DW����R���F��DW����R

�

)LJXUHV� ��D�� ��E� DQG� ��F� VKRZ� WKH� KRUL]RQWDO� SURMHFWLRQV� RI� D
EODQN� IRUP� IRU� �R�� ���R� DQG� ���R� RI� URWDWLRQ�� ,W� WXUQV� RXW� WKDW
WKHUH� LV� HQRXJK� YDULDQFH� LQ� WKH� SURMHFWLRQV� WR� VXFFHVVIXOO\
LGHQWLI\�WKH�GHJUHH�RI�URWDWLRQ�RQFH�WKH�W\SH�RI�WKH�IRUP�KDV�EHHQ
LGHQWLILHG�

7R�LGHQWLI\�D�SRVVLEO\�VKLIWHG�IRUP�IURP�LWV�SURMHFWLRQ�ZH�VKRXOG
VWRUH�HYHU\�SRVVLEOH�VKLIWHG�SURMHFWLRQ�IRU�HYHU\�URWDWLRQ�DQJOH�DV
D� SURWRW\SH� IRU� WUDLQLQJ�� $OWHUQDWLYHO\� WKH� SURMHFWLRQ� RI� WKH
LQFRPLQJ�IRUP�FRXOG�EH�VKLIWHG�LQ�DOO�SRVVLEOH�ZD\V�DQG�HDFK�RQH
RI� WKHP� ZRXOG� KDYH� WR� EH� FRPSDUHG� ZLWK� WKH� VWRUHG� XQVKLIWHG
SURMHFWLRQV� WR� ILQG� WKH�EHVW�PDWFK��%RWK� RI� WKHVH�PHWKRGV�ZHUH
WHVWHG� DQG� WKH� UHFRJQLWLRQ� UHVXOWV� ZHUH� YHU\� VDWLVIDFWRU\�� %RWK
PHWKRGV� KRZHYHU� UHTXLUH� D� VLJQLILFDQW� DPRXQW� RI� FRPSXWDWLRQ
DQG�GLVN�,�2�WLPH��ZKLFK�UHQGHUV�WKHP�XQXVDEOH�

,W� LV� WKHUHIRUH� HYLGHQW� WKDW� D� VKLIW� LQYDULDQW� WUDQVIRUPDWLRQ� LV
UHTXLUHG� IRU� WKH� SURMHFWLRQ�� :H� GHFLGHG� WR� XVH� WKH� SRZHU
VSHFWUXP� RI� WKH� KRUL]RQWDO� SURMHFWLRQ� EDVHG� RQ� WKH� VKRUW� WLPH
')7� ZLWK� ���� RYHUODSSLQJ� +DQQLQJ� ZLQGRZV� DQG� D� ����
FRQILGHQFH� LQWHUYDO�� � )LJXUHV� ��D�� ��E� DQG� ��F� VKRZ� KRZ
SURQRXQFHG� WKH� KRUL]RQWDO� SURMHFWLRQ� GLIIHUHQFHV� DUH� RQ� D� IRUP
IRU�D���������DQG������SL[HO�VKLIW�



D�

E�

F��

)LJXUH����3URMHFWLRQV�RI�WKH�VDPH�IRUP�ZLWK�GLIIHUHQW
VKLIWV���D��1R�VKLIW���E�������SL[HO�VKLIW���F�������SL[HO
VKLIW�

)LJXUHV���D����E�DQG���F�VKRZ��WKH�SRZHU�VSHFWUD�REWDLQHG�IRU�WKH
SURMHFWLRQV� LQ� ILJXUHV� ��D�� ��E� DQG� ��F� FRUUHVSRQGLQJO\�� 7KH
VLPLODULW\� RI� WKH� WKUHH� SDUWV� RI� ILJXUH� �� LQGLFDWH� WKDW� WKH� SRZHU
VSHFWUXP� IRUPV� D� IHDWXUH� YHFWRU� WKDW� FDQ� EH� XVHG� IRU� IRUP
LGHQWLILFDWLRQ�LQ�D�VKLIW�LQYDULDQW�PDQQHU�

D�

E�

F�

)LJXUH����7KH�SRZHU�VSHFWUD�RI�WKH�VDPH�SURMHFWLRQ�EXW
ZLWK�GLIIHUHQW�VKLIW�DPRXQWV���D��1R�VKLIW���E�������SL[HO
VKLIW���F�������SL[HO�VKLIW�

����7UDLQLQJ�DQG�7\SH�,GHQWLILFDWLRQ�RI�WKH�)RUP
7\SH

:H� VWRUH� WKH� KRUL]RQWDO� SURMHFWLRQ� DORQJ� ZLWK� WKH� SRZHU
VSHFWUXP� IRU� DOO� WKH� URWDWLRQ� DQJOHV�� DV� VSHFLILHG� HDUOLHU�� � IRU
HYHU\�IRUP�WKDW�WKH�V\VWHP�KDV�WR�OHDUQ�

9HFWRU�TXDQWL]DWLRQ� �94�� DQG� KLGGHQ�0DUNRY�PRGHOV� �+00V�
ZHUH� XVHG� IRU� V\VWHP� WUDLQLQJ� DQG� IRUP� W\SH� LGHQWLILFDWLRQ��$OO

SRZHU�VSHFWUXP�YHFWRUV� WKDW�UHVXOWHG�IRU�HYHU\�URWDWLRQ�DQJOH�RI
WKH� VDPH� IRUP� ZHUH� DVVLJQHG� WR� WKH� VDPH� FODVV� ODEHOHG� E\� WKH
IRUP¶V� ,'��7KH�FHQWURLG�RI� WKH� FODVV�ZDV� VXEVHTXHQWO\� XVHG� IRU
WUDLQLQJ�RQH�+00�IRU�HYHU\�FODVV��IRUP���7KLV�VHW�RI�+00V�ZDV
VXIILFLHQW� WR� VROYH� WKH� IRUP� W\SH� LGHQWLILFDWLRQ� SUREOHP
VXFFHVVIXOO\�

����6NHZ�DQG�6KLIW�GHWHFWLRQ

2QFH�WKH�W\SH�RI�IRUP�LV�LGHQWLILHG��WKH�URWDWLRQ�DQJOH�DV�ZHOO�DV
WKH� DPRXQW� RI� KRUL]RQWDO� DQG� YHUWLFDO� VKLIW� KDYH� \HW� WR� EH
GHWHUPLQHG��6LQFH� WKH�KRUL]RQWDO�SURMHFWLRQV�ZHUH�JHQHUDWHG� IRU
DOO� SUHGHILQHG� URWDWLRQ� DQJOHV� ZH� XVHG� �DJDLQ�� D� VHFRQG� VHW� RI
+00V�� RQH� +00� SHU� IRUP� W\SH�� ZKLFK� ZDV� WUDLQHG� E\� WKH
YHFWRU�UHVXOWLQJ�IURP�WKH�KRUL]RQWDO�SURMHFWLRQ�RI�WKH�IRUP�DW�WKDW
DQJOH�� ,Q� WKLV� FDVH� QR� YHFWRU� TXDQWL]DWLRQ� ZDV� QHFHVVDU\� VLQFH
HYHU\�SURMHFWLRQ�LV�D�FODVV�LQ�LWVHOI��ODEHOHG�E\�WKH�FRUUHVSRQGLQJ
URWDWLRQ�DQJOH�

:LWK� WKH� IRUP�GHVNHZHG� WKH�SUREOHP� LV� UHGXFHG� WR�GHWHUPLQLQJ
WKH�KRUL]RQWDO�DQG�RU�YHUWLFDO�VKLIW��7KH�VKLIW�GHWHFWLRQ�SUREOHP�LV
VROYHG�XVLQJ�GLUHFW�(XFOLGHDQ�GLVWDQFH�DV�D�PHDVXUH�RI�VLPLODULW\
EHWZHHQ� DQ\� WZR� SURMHFWLRQV��%\� SHUIRUPLQJ� � FRQWLQXRXV� VKLIWV
RQ�WKH�SURMHFWLRQ�RI�WKH�IRUP�EHLQJ�SURFHVVHG�XQWLO�WKH�VKLIW�WKDW
UHVXOWV� LQ�PLQLPXP�GLVWDQFH� LV�IRXQG��7KH�KRUL]RQWDO�SURMHFWLRQ
LV�XVHG�IRU�YHUWLFDO� VKLIW�GHWHFWLRQ�DQG� WKH�YHUWLFDO�RQH� WR�GHWHFW
WKH�KRUL]RQWDO�VKLIW�

7R� UHGXFH� FRPSXWDWLRQ� ZH� GR� QRW� VKLIW� WKH� SURMHFWLRQ� EXW� D
SRVLWLYH� RU� QHJDWLYH� LQGH[� WR� WKH� SURMHFWLRQ� YHFWRU�� 7R� UHGXFH
FRPSXWDWLRQ�IXUWKHU�WKH�VHDUFK�IRU�WKH�EHVW�VKLIW�LV�GRQH�LQ�WKUHH
VWDJHV�

��� )LQG�WKH�EHVW�PDWFK�XVLQJ�D�VKLIW�VWHS�RI����SL[HOV�

��� 6HDUFK�IRU�D�EHWWHU�PDWFK�LQ�WKH�QHLJKERUKRRG�RI�����WR����
SL[HOV�IURP�WKH�SUHYLRXV�PDWFK�XVLQJ�D�VKLIW�VWHS�RI���

��� &KDQJH� WKH� QHLJKERUKRRG� WR� DQ� DUHD� ���� WR� ���� DQG� UHSHDW
WKH�VHDUFK�DURXQG�WKH�SUHYLRXV�EHVW�PDWFK�ZLWK�D�VKLIW�VWHS�RI
��

$JDLQ�� DIWHU� WKH�KRUL]RQWDO� DQG� YHUWLFDO� VKLIWV� DUH� GHWHUPLQHG� LQ
WKH�VDPH�PDQQHU�LQVWHDG�RI�VKLIWLQJ�WKH�ZKROH�IRUP�WKH�SURWRW\SH
IRUP¶V�ILHOG�FRRUGLQDWHV�DUH�VKLIWHG�LQ�WKH�RSSRVLWH�GLUHFWLRQ�

��� (;3(5,0(17$/�5(68/76

7KH� V\VWHP� ZDV� WUDLQHG� XVLQJ� ��� EODQN� IRUP� SURWRW\SHV� DQG
WHVWHG�ZLWK�D�VHW�RI�����IRUPV�WKDW�FRQWDLQHG�D�YDULDEOH�DPRXQW�RI
KDQGZULWWHQ�WH[W�LQ�WKH�EODQN�ILHOGV��6LJQLILFDQW�DPRXQW�RI�QRLVH
ZDV�DOVR�LQWURGXFHG�DUWLILFLDOO\�GXULQJ�VFDQQLQJ��7KH�V\VWHP�ZDV
WHVWHG� IRU� UHFRJQLWLRQ� DFFXUDF\� DW� GLIIHUHQW� VFDQQHU� UHVROXWLRQV
DQG�WKH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH���



)LJXUH����,QLWLDO�SRVLWLRQLQJ�RI�ILHOGV�DIWHU�LGHQWLILFDWLRQ�

)LJXUH����3RVLWLRQ�RI�ILHOGV�DIWHU�VNHZ�DQG�VKLIW
FRUUHFWLRQ�

)LJXUH��� LV�D�VHFWLRQ�RI�D�IRUP�SXW� LQ� WKH�V\VWHP��ZKLFK�VKRZV
KRZ�PLVSODFHG�WKH�ILHOGV�DUH�DIWHU�LGHQWLILFDWLRQ��7KLV�SDUWLFXODU
IRUP� ZDV� VKLIWHG� XS� DQG� OHIW� GXULQJ� VFDQQLQJ�� $� VLJQLILFDQW
DPRXQW�RI�QRLVH�FDQ�EH�VHHQ�DV�D�EODFN�VPXGJH�QHDU� WKH�FHQWHU
RI�WKH�IRUP��7KH�URWDWLRQ�LV�QRW�TXLWH�YLVLEOH�EXW�QHYHUWKHOHVV�WKH
V\VWHP�GHWHFWHG� D� VNHZ�RI� ����� WKH� OHIW� VKLIW� ��� SL[HOV� DQG� WKH
XSVKLIW� ���� SL[HOV�� )LJXUH� �� VKRZV� KRZ� ZHOO� WKH� ILHOGV� DUH

SRVLWLRQHG�DIWHU�GHVNHZLQJ�DQG�GHVKLIWLQJ�

'SL &RUUHFWO\�,GHQWLILHG���� &38�7LPH��6HF�
��� ��� ���
��� ��� ���
�� ���� ���
�� ���� ���

7DEOH����5HVROXWLRQ�YV��5HFRJQLWLRQ�5DWH�DQG�&38
7LPH�

7KH� &38� WLPH� ZDV� PHDVXUHG� RQ� D� ���� 0+]� 3HQGLXP� &38
UXQQLQJ�:LQGRZV�17�6HUYHU�9����

��� &21&/86,216�$1'�)8785(
:25.

:H�SURSRVHG�D�V\VWHP�WKDW�IDFHV�WKH�IRUP�W\SH�LGHQWLILFDWLRQ�DQG
ILHOG�H[WUDFWLRQ�SUREOHP�LQ�WKH�PRVW�JHQHULF�FDVH��,W�WXUQV�RXW�WKDW
WKH� SRZHU� VSHFWUXP� LV� DQ� H[FHOOHQW� FKRLFH� DV� D� VKLIW� LQYDULDQW
IHDWXUH� YHFWRU� IRU� DFFXUDWH� LGHQWLILFDWLRQ� RI� WKH� IRUP� W\SH�� 7KH
FKRLFH�RI�VKLIW�LQYDULDQW�IHDWXUH�YHFWRUV�FRQWULEXWHV�KLJKO\�WR�WKH
V\VWHP¶V�IDVW�UHVSRQVH�WLPH�

,Q� WKH� QHDU� IXWXUH� ZH� SODQ� WR� LQFRUSRUDWH� D� GRFXPHQW� GHIHFW
PRGHOV� WR� FUHDWH� DUWLILFLDO� GDWD� WR� WHVW� H[WUHPH� FDVHV� DV� ZHOO� DV
ODUJH�QXPEHUV�RI�GRFXPHQWV�

7KH� V\VWHP� GHVFULEHG� LQ� WKLV� SDSHU� FDQ� HDVLO\� EH� H[WHQGHG� WR
ZRUN� RQ� D� IRUP� LQ� HLWKHU� ODQGVFDSH� RU� SRUWUDLW� RULHQWDWLRQ�� $Q
REYLRXV�VROXWLRQ�ZRXOG�EH�WR�REWDLQ�YHUWLFDO�SURMHFWLRQ�IRU�HYHU\
DQJOH�DQG�WHVW�WKHP�IRU�EHVW�ILW�DV�ZHOO�

�� 5()(5(1&(6
>�@� $QGUHDV� 'HQJHO�� 5DLQHU� %OHLVLQJHU�� 5DLQHU� +RFN�� )UDQN

)HLQ�DQG� )UDQN� +RQHV�� ³)URP� 3DSHU� WR� 2IILFH� 'RFXPHQW
6WDQGDUG�5HSUHVHQWDWLRQ³��&RPSXWHU��9RO�� ����1R�� ��� -XO\
������SS��������

>�@� 6KXQML� 0RUL�� &KLQJ� <�� 6XHQ� DQG� � .D]XKLFR� <DPDPRWR�
³+LVWRULFDO� 5HYLHZ� RI� 2&5� 5HVHDUFK� DQG� 'HYHORSPHQW³�
3URF��,(((��9RO������1R�����-XO\�������SS������������

>�@� +HQU\� 6�� %DLUG�� ³7KH� 6NHZ�$QJOH� RI� 3ULQWHG�'RFXPHQWV³�
3URF�� &RQI��2I� WKH� 6RFLHW\� RI� 3KRWRJUDSKLF� 6FLHQWLVWV� DQG
(QJLQHHUV��������SS��������

>�@� 6WXDUW�&��+LQGV��-DPHV�/��)LVKHU��DQG�'RQDOG�3��'¶$PDWR�
$� 'RFXPHQW� 6NHZ� 'HWHFWLRQ� 0HWKRG� 8VLQJ� 5XQ�/HQJWK
(QFRGLQJ�DQG�WKH�+RXJK�7UDQVIRUP³��3URF����WK�,QW¶O�&RQI�
3DWWHUQ�5HFRJQLWLRQ��������SS����������

>�@� 5LFKDUG�&DVH\��'DYLG�)HUJXVRQ��.��0RKLXGGLQ��DQG�(XJHQH
:DODFH�� ³,QWHOOLJHQW� )RUPV� 3URFHVVLQJ� 6\VWHP³�� 0DFKLQH
9LVLRQ�DQG�$SSOLFDWLRQV��9RO�����������SS����������

>�@� 6X]DQQH� /LHERZLW]� 7D\ORU�� 5LFKDUG� )ULG]VRQ�� DQG� -RQ� $�
3DVWRU�� ³([WUDFWLRQ� RI� 'DWD� IURP� 3UHSULQWHG� )RUPV³�
0DFKLQH�9LVLRQ� DQG�$SSOLFDWLRQV�� 9RO�� ��� ������ SS�� ����
����


