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$EVWUDFW�
:HE�FDFKHV�VHUYH�WZR�LPSRUWDQW�SXUSRVHV��WR�LPSURYH�XVHU�SHUFHLYHG�UHVSRQVH�DQG�WR�UHGXFH�

QHWZRUN�WUDIILF��+RZ�ZHOO�WKHVH�JRDOV�DUH�DFKLHYHG�GHSHQGV�RQ�WKH�FDFKLQJ�DOJRULWKP�HPSOR\HG�DQG�
FDFKH� UHSODFHPHQW� VFKHPH� XVHG�� 6XEVWDQWLDO� HIIRUWV� KDYH� EHHQ�PDGH� WR� GHYLVH� VXLWDEOH�PHWKRGV��
0RVW�H[LVWLQJ� UHSODFHPHQW�DOJRULWKPV�FRQVLGHU� UHFHQF\�RI�REMHFW�SUHIHUHQFHV�� IUHTXHQF\�RI�REMHFW�
UHIHUHQFHV�� RU� WKH� IHWFKLQJ� FRVW� RI� REMHFWV��:H� SURSRVH� D� SDUDPHWHUL]HG� DSSURDFK� WKDW� FRPELQHV�
UHIHUHQFH� SDWWHUQ� DQG� REMHFW� VL]H� LQ� WKH� GHVLJQ�� 3URSHUWLHV� RI� WKH� DOJRULWKP� DUH� DQDO\]HG�� 7KH�
DOJRULWKP�LV�DSSOLHG�WR�D�YDULHW\�RI�ZRUNORDGV�DQG�LWV�SHUIRUPDQFH�LV�FRPSDUHG�DJDLQVW�VHYHUDO�ZHOO�
NQRZQ�PHWKRGV��3UHOLPLQDU\�UHVXOWV�LQGLFDWH�WKDW�WKH�DOJRULWKP�LV�D�YLDEOH�FKRLFH��
.H\ZRUGV��:HE�FDFKH��REMHFW�UHSODFHPHQW�DOJRULWKP��/58��/)8��6L]H��6]/)8��KLW�UDWLR�
��� ,QWURGXFWLRQ�

1HWZRUN�KDV�EHFRPH�DQ� LQWHJUDO�SDUW�RI�HYHU\GD\� OLIH��7KH� ULFK� LQIRUPDWLRQ�DFFXPXODWHG� LQ�
WKH�ORQJ�SDVW�KDV�EHHQ�FRQYHUWHG�LQWR�D�IRUP�VXLWDEOH�IRU�DFFHVV�DQG�GLVSOD\�YLD�WKH�LQWHUQHW��0RGHUQ�
VHDUFK�HQJLQHV�ERDVW�RI�EHLQJ�DEOH�WR�VLHYH�WKURXJK�ELOOLRQV�RI�SDJHV�IRU�LQIRUPDWLRQ�RI�LQWHUHVW�WR�
WKH� XVHU� >�@� >��@�� 7KH� WUHPHQGRXV� JURZWK� RI� LQIRUPDWLRQ� KDV� DOVR� FORJJHG� WKH� QHWZRUN�� FUHDWLQJ�
VHULRXV�FRQJHVWLRQ�RQ�WKH�QHWZRUN��0RVW�XVHUV�KDYH�H[SHULHQFHG�ORQJ�ZDLWV�IRU�LQIRUPDWLRQ�WR�DUULYH��
%HVLGHV�WKH�HIIRUW� WR�FRQWLQXDOO\�LQVWDOO�IDVWHU� OLQNV�DQG�HTXLSPHQWV�RQ�WKH�QHWZRUN��DQ�DOWHUQDWLYH�
DSSURDFK�LV�WR�GHSOR\�ZHE�FDFKH�SUR[LHV�RQ�WKH�VHUYHU�VLGH�RU�FOLHQW�VLGH�� �

&DFKH� VHUYHU� KROGV� IUHTXHQWO\� UHTXHVWHG� LWHPV� LQ� LWV� VWRUDJH� V\VWHP� FRQVLVWLQJ� RI� PDLQ�
PHPRU\�DQG�KDUG�GLVNV��%RUURZLQJ� WKH� LGHD� IURP� WUDGLWLRQDO� FRPSXWHU� FDFKHV��ZHE�FDFKHV� WU\� WR�
H[SORLW� WKH� UHJXODULW\� LQ�REMHFW� DFFHVV�SDWWHUQV��%\�NHHSLQJ�REMHFWV� WKDW�DUH� OLNHO\� WR�EH� UHTXHVWHG�
RYHU� DQG� RYHU� DJDLQ�� LW¶V� KRSHG� WKDW� QHWZRUN� FRQJHVWLRQ� ZLOO� EH� DPHOLRUDWHG�� LI� QRW� HOLPLQDWHG��



(YLGHQFH�VXJJHVWV�WKDW�WKH�JRDO�KDV�ODUJHO\�EHHQ�DFKLHYHG��,I�DQ�LWHP�UHTXHVWHG�LV�DOUHDG\�LQ�FDFKH�
�L�H�� D� FDFKH�KLW� RFFXUV��� WKH� LWHP�FDQ� EH� GHOLYHUHG� WR� WKH� XVHU� IURP� WKH� FDFKH�GLUHFWO\� LQVWHDG� RI�
UHWULHYLQJ�LW�IURP�WKH�RULJLQDWLQJ�ZHE�VHUYHUV��

$GPLWWHGO\��VWRUDJH�WHFKQRORJ\�KDV�DGYDQFHG�DW�D�IDVW�SDFH��7RGD\�D�UHJXODU�GHVNWRS�SHUVRQDO�
FRPSXWHU�LV�LQYDULDEO\�HTXLSSHG�ZLWK�KDUG�GLVNV�RI�FDSDFLW\�RQ� WKH�RUGHU�RI�PXOWL�JLJD�E\WHV��DQG�
ZHE�FDFKH�VHUYHUV�PD\�KDYH�VHYHUDO�GLVNV�DWWDFKHG�WR�LW��<HW��JLYHQ�WKH�DPRXQW�RI�GDWD�DYDLODEOH�RQ�
WKH�QHWZRUN�DQG�WKH�SUROLIHUDWLRQ�RI�PXOWLPHGLD�GDWD��HYHQWXDOO\�WKH�VWRUDJH�VSDFH�RQ�D�ZHE�FDFKH�
ZLOO�EH�ILOOHG�XS��$W�WKDW�SRLQW��D�UHSODFHPHQW�DOJRULWKP�ZLOO�KDYH�WR�EH�LQYRNHG�LQ�RUGHU�WR�DOORZ�
QHZO\� UHTXHVWHG� LWHPV� WR� EH� EURXJKW� LQWR� WKH� FDFKH�� &RQVHTXHQWO\�� WKH� HIIHFWLYHQHVV� RI� WKH�
UHSODFHPHQW�DOJRULWKP�PD\�VLJQLILFDQWO\�DIIHFW�SHUIRUPDQFH�RI�WKH�FDFKH�VHUYHU��

0XFK�UHVHDUFK�KDV�JRQH�LQWR�WKH�GHVLJQ�DQG�DQDO\VLV�RI�FDFKH�UHSODFHPHQW�DOJRULWKPV��6RPH�
RI�WKH�PHWKRGV�DUH�H[WHQVLRQV�IURP�WKRVH�XVHG�LQ�WUDGLWLRQDO�FDFKH�V\VWHPV��)RU�LQVWDQFH��/58�DQG�
/)8�DUH�WZR�ZLGHO\�XVHG�PHWKRGV�WKDW�SUHGDWH�WKH�ZHE�DJH��DQG�KDYH�EHHQ�DGDSWHG�IRU�XVH�LQ�ZHE�
FDFKH�HQYLURQPHQWV�>�@�>��@��7KH�SRSXODU�6TXLG�ZHE�FDFKH�VHUYHU�DGRSWV�D�SURDFWLYH�/58�DSSURDFK��,W�
HPSOR\V�G\QDPLFDOO\�DGMXVWHG� ORZ�DQG�KLJK�ZDWHU�PDUNV�DV� WKUHVKROGV� WR�GHFLGH�RQ� WKH�DJJUHVVLYHQHVV�RI�

LQYRNLQJ�WKH�UHSODFHPHQW�DOJRULWKP�>��@��1RQXQLIRUPLW\� LQ�REMHFW�VL]H�DGGV�DQRWKHU�GLPHQVLRQ�WR�WKH�
ZHE�FDFKH�DQG�FRPSOLFDWHV�WKH�GHVLJQ�LVVXHV�RI�UHSODFHPHQW�DOJRULWKP�� �

7KH�VL]H�IDFWRU�KDV�EHHQ�FRQVLGHUHG�DORQH�>��@�RU�EHHQ�DGGHG�WR�WKH�FRVW�PRGHO�RI�TXLWH�D�IHZ�
UHSODFHPHQW� DOJRULWKPV� LQ� GLIIHUHQW�ZD\V� >�@� >�@� >�@� >��@� >��@� >��@� >��@�� )ROORZLQJ� WKH� FRPPRQ�
FRQYHQWLRQ�� ZH� ZLOO� UHIHU� WR� WKH� VFKHPH� EDVHG� VROHO\� RQ� VL]H� DV� 6L]H� DOJRULWKP�� $� QXPEHU� RI�
FRPSUHKHQVLYH�VXUYH\V�RQ� WKHVH�PHWKRGV�DUH�DYDLODEOH�� ,Q�SDUWLFXODU��D�XQLI\LQJ�IUDPHZRUN� LV�SXW�
IRUWK� LQ� >�@� ZLWKLQ� ZKLFK� YDULRXV� PHWKRGV� FDQ� EH� UHIRUPXODWHG� DQG� FRPSDUHG�� 7KH� DUWLFOH� DOVR�
GLVFXVVHV�LPSOHPHQWDWLRQ�LVVXHV��VXFK�DV�VSDFH�DQG�WLPH�FRPSOH[LWLHV�RI�WKH�DOJRULWKPV��$�ULJRURXV�
WUHDWPHQW�RI�WKH�UHJXODULW\�RIWHQ�IRXQG�LQ�WKH�RYHUDOO�DFFHVV�SDWWHUQ�DQG�WKH�DFFHVV�WR�LQGLYLGXDO�ZHE�
SDJHV�REMHFWV�LV�JLYHQ� LQ�>�@��%DVHG�RQ�WKH�REVHUYDWLRQ��QHDU�RSWLPDO�DOJRULWKPV�DUH�SURSRVHG�DQG�
H[DPLQHG��7KLV�UHJXODULW\�SURSHUW\�DOVR�DOORZV�WKH�XVH�RI�SDUWLDO� WUDFHV� LQ� WKH�VWXG\�RI�ZHE�FDFKH�



DOJRULWKPV�� $�PRUH� WKHRUHWLFDO� VWXG\� LV� DOVR� SUHVHQWHG� LQ� >�@�� ZKHUH� LW� LV� VKRZQ� WKDW� ILQGLQJ� DQ�
RSWLPDO�ZHE�FDFKH�UHSODFHPHQW�DOJRULWKP�LV�HVVHQWLDOO\�DQ�13�FRPSOHWH�SUREOHP��

,Q�WKLV�SDSHU��ZH�SURSRVH�DQ�DOJRULWKP�WKDW�LV�EDVHG�RQ�D�FRPELQDWLRQ�RI�REMHFW�VL]H�DQG�XVDJH�
VWDWLVWLFV�� $� GLVWLQFWLYH� IHDWXUH� RI� WKH� PHWKRG� LV� WKDW� LW� LQFRUSRUDWHV� D� SDUDPHWHU� ZKLFK� FDQ� EH�
DGMXVWHG� WR� UHIOHFW� WKH� UHODWLYH� ZHLJKWLQJV� RI� WKH� WZR� IDFWRUV��:H� KDYH� DSSOLHG� WKH� PHWKRG� WR� D�
YDULHW\� RI� ZRUNORDGV� DQG� ILQG� WKH� PHWKRG� WR� VKRZ� JRRG� SHUIRUPDQFH� LQ� PRVW� FDVHV� XQGHU�
FRQVLGHUDWLRQ��:H� DQDO\]H� WKH� SURSHUWLHV� RI� WKH�DOJRULWKP�DQG�PDNH� REVHUYDWLRQV� RQ� LWV� EHKDYLRU�
)URP�WKH�SUHOLPLQDU\�UHVXOWV��ZH�EHOLHYH�WKDW�WKH�PHWKRG�LV�D�SURPLVLQJ�VFKHPH�WKDW¶V�ZRUWK�IXUWKHU�
H[SORUDWLRQ��

7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ����WKH�DOJRULWKP�LV�GHVFULEHG�ZLWK�DQ�
H[DPSOH�WR�LOOXVWUDWH�WKH�LGHD��6HFWLRQ���FRPSDUHV�WKH�PHWKRG�ZLWK�VHYHUDO�RWKHUV�DQG�GLVFXVVHV�WKHLU�
UHODWLYH�PHULWV�DQG�ZHDNQHVVHV��7KH�DOJRULWKP�LV�SXW�WR�WHVW�XQGHU�D�QXPEHU�RI�GLIIHUHQW�FRQGLWLRQV��
6HFWLRQ� �� GHVFULEHV� WKH� ZRUNORDGV� XVHG� LQ� WKH� VWXG\� DQG� H[SHULPHQWDO� VHWXS�� 6HFWLRQ� �� SUHVHQWV�
H[SHULPHQWDO� UHVXOWV� DQG� DQDO\]HV� WKH� SHUIRUPDQFH� RXWFRPH�� &RQFOXGLQJ� UHPDUNV� DQG� IXWXUH�
UHVHDUFK�DUH�JLYHQ�LQ�6HFWLRQ����

�
���7KH�6]/)8�$OJRULWKP�

7KH�ZRUNLQJ�RI�RXU�DOJRULWKP��FDOOHG�K\EULG�6L]H�/)8�DQG�DEEUHYLDWHG�DV�6]/)8��LV�GHSLFWHG�
LQ� )LJXUH� ��� 3DUW� �D�� RI� WKH� ILJXUH� VKRZV� WKH� RYHUDOO� VWUXFWXUH� RI� WKH� SURJUDP�� ZKHUHDV� WKH�
UHSODFHPHQW�SURJUDP�SHU�VH�LV�VKRZQ�LQ�SDUW��E���7KH�DPRXQW�RI�DYDLODEOH�IUHH�VSDFH��GHQRWHG�I��LV�
WUDFNHG�DQG�XSGDWHG�DV�REMHFWV�DUH�DGGHG�WR�RU�UHPRYHG�IURP�WKH�FDFKH��)RU�HDFK�REMHFW�LQ�WKH�FDFKH��
WKH�UHIHUHQFH�FRXQW�DQG�VL]H�GDWD�DUH�PDLQWDLQHG��$GGLWLRQDO�LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�HDFK�REMHFW�
PD\�LQFOXGH�WLPH�RI�ODVW�UHIHUHQFH�DQG�RWKHU�XVHIXO�LQIRUPDWLRQ�� �
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)LJXUH����7KH�6])/8�REMHFW�UHSODFHPHQW�DOJRULWKP�
:KHQ�D�QHZ�REMHFW�RI�VL]H�V�LV�UHTXHVWHG��WKH�DOJRULWKP�ILUVW�FKHFNV�LI�WKH�REMHFW�LV�DOUHDG\�LQ�

FDFKH�� ,I� VR�� WKH� UHIHUHQFH� FRXQW� RI� WKH� REMHFW� LV� LQFUHDVHG� E\� ��� DQG� WKH� DOJRULWKP� SURFHHGV� WR�
SURFHVV�WKH�QH[W�UHTXHVW��,I�QRW��WKH�UHTXLUHG�VSDFH�RI�WKH�REMHFW�LV�FRPSDUHG�ZLWK�WKH�IUHH�VSDFH��,I�
WKH� IUHH� VSDFH� LV� ODUJH� HQRXJK� WR� DFFRPPRGDWH� WKH� QHZ�REMHFW�� LW� LV� EURXJKW� LQWR� WKH� FDFKH�ZLWK�
UHIHUHQFH�FRXQW�VHW�WR����)UHH�VSDFH�DQG�RWKHU�LQIRUPDWLRQ�DUH�XSGDWHG�DV�QHHGHG��

,I� WKH� FXUUHQW� IUHH� VSDFH� LV� LQDGHTXDWH� IRU� WKH� QHZ� REMHFW�� WKH� UHSODFHPHQW� PHFKDQLVP� LV�
DFWLYDWHG��)LUVW� WKH� VSDFH�GHILFLHQF\� LV�FDOFXODWHG�DV� WKH�GLIIHUHQFH�EHWZHHQ� WKH�VSDFH�QHHGHG�DQG�
DYDLODEOH�IUHH�VSDFH��7KH�GLIIHUHQFH�LV�WKHQ�PXOWLSOLHG�E\�D�SDUDPHWHU�N��ZLWK�WKH�UHVXOWLQJ�QXPEHU�

'HWHUPLQH�VSDFH�
UHTXLUHPHQW�

)LQG�WKH�VHW�&�RI�REMHFWV�RI�
VL]H�DW�OHDVW�N�WLPHV�WKDW�RI�WKH�
UHTXLUHG�VSDFH��

)LQG�LQ�&�WKH�OHDVW�IUHTXHQWO\�
XVHG�REMHFW��,I�&� �I��VHOHFW�REMHFW�
RI�ODUJHVW�VL]H��'HOHWH�VHOHFWHG�
REMHFW��DQG�DGG�WKH�VSDFH�WR�IUHH�

�(QRXJK�IUHH�VSDFH�
DYDLODEOH"�

�
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5HWXUQ�
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XVHG�WR�VHOHFW�REMHFWV�UHVLGHQW�LQ�WKH�FDFKH��$OO�REMHFWV�RI�VL]H�DW�OHDVW�N �V�I��DUH�SXW�LQ�D�VHW�&��,I�QR�
VXFK�REMHFW�H[LVWV��L�H���&�LV�HPSW\���WKH�REMHFW�RI�ODUJHVW�VL]H�LV�UHPRYHG��LQ�D�ZD\�VLPLODU�WR�6L]H�
DOJRULWKP��2WKHUZLVH��PHPEHUV�RI�&�DUH�VFDQQHG��DQG�WKH�REMHFW�ZLWK�ORZHVW�UHIHUHQFH�FRXQW�ZLOO�EH�
FKRVHQ� IRU� HYLFWLRQ��:KHQ� WKHUH� LV� D� WLH� �L�H�� WZR� RU�PRUH� REMHFWV� LQ�&� KDYH� WKH� VDPH� UHIHUHQFH�
FRXQW��� WKH� RQH�RI� ODUJHVW� VL]H� LV� VHOHFWHG� VR� WKDW�PRUH� IUHH� VSDFH� FDQ� EH� UHOHDVHG�� ,I� WKH� WLH� VWLOO�
FDQQRW�EH� UHVROYHG� LQ� WKLV�PDQQHU��RWKHU�FULWHULD�VXFK�DV� ODVW� UHIHUHQFH� WLPH�PD\�EH�XVHG�DV�ZHOO��
$OWHUQDWLYHO\��RQH�RI� WKH�REMHFWV� FDQ�EH� VHOHFWHG�DW� UDQGRP��RU�DOO� VXFK�REMHFWV� DUH� UHPRYHG��7KH�
VHOHFWHG�REMHFW�RU�REMHFWV�DUH�UHPRYHG�ZLWK�RFFXSLHG�VSDFH�UHFODLPHG��

$IWHU�WKLV�VWHS��LI�HQRXJK�VSDFH�LV�FUHDWHG��WKH�QHZ�REMHFW�LV�EURXJKW�LQWR�WKH�FDFKH��ZLWK�DOO�
WKH� UHOHYDQW� LQIRUPDWLRQ� SURSHUO\� XSGDWHG��2Q� WKH� RWKHU� KDQG�� LI� WKH� IUHH� VSDFH� LV� VWLOO� QRW� ODUJH�
HQRXJK�� DQRWKHU� LWHUDWLRQ� RI� WKH� UHSODFHPHQW� DOJRULWKP�ZLOO� EH� LQYRNHG��7KLV� SURFHVV� LV� UHSHDWHG�
XQWLO�HYHQWXDOO\�HQRXJK�VSDFH�LV�RQ�KDQG�WR�WDNH�LQ�WKH�UHTXHVWHG�REMHFW���+HUH�ZH�PDNH�WKH�LPSOLFLW�
DVVXPSWLRQ�WKDW�WKH�VL]H�RI�DQ\�REMHFW�LV�VPDOOHU�WKDQ�WKH�FDFKH�VL]H���$IWHU�WKDW��WKH�QHZ�REMHFW�LV�
LQVHUWHG�LQ�WKH�FDFKH�ZLWK�QHFHVVDU\�LQIRUPDWLRQ�XSGDWHV�� �

7R� LOOXVWUDWH� WKH� LGHD� XQGHUO\LQJ� WKH� 6]/)8� DOJRULWKP�� OHW� XV� FRQVLGHU� DQ� H[DPSOH�� 7KH�
IROORZLQJ�VKRZV�WKH�VQDSVKRW�RI�D�ZHE�FDFKH�DW�D�SDUWLFXODU�PRPHQW��WKH�VL]H�DQG�UHTXHVW�SURILOHV�RI�
HDFK�UHVLGHQW�REMHFW�DUH�LQGLFDWHG��)RU�FRQYHQLHQFH��WKH�REMHFWV�DUH�UDQGRPO\�DVVLJQHG�D� OHWWHU�IRU�
UHIHUHQFH��

REMHFW� D� E� F� G� H� I� J�
VL]H� ��� �� �� ��� �� �� ��
UHTXHVW�IUHTXHQF\� �� �� �� �� �� �� ��
$VVXPH�WKH�WRWDO�FDSDFLW\�RI�FDFKH�LV�����DQG�WKHUHIRUH�WKH�IUHH�VSDFH�DW�WKH�WLPH�LV����6XSSRVH�

D�QHZ�REMHFW�K�RI�VL]H����LV�UHTXHVWHG��FUHDWLQJ�D�VKRUWDJH�RI����XQLWV�LQ�IUHH�VSDFH�DQG�QHFHVVLWDWLQJ�
WKH�H[HFXWLRQ�RI�WKH�UHSODFHPHQW�DOJRULWKP��:H�FRQVLGHU�WKUHH�GLIIHUHQW�FDVHV�ZLWK�GLVWLQFW�YDOXHV�RI�
N��
&DVH�,��N� �����



)LUVW�� ��� � ����  � ����� LV� ODUJHU� WKDQ� DQ\� REMHFW� LQ� FDFKH�� WKHUHIRUH� WKH� ODUJHVW� REMHFW� D� LV�
VHOHFWHG��$IWHU� LWV�GHOHWLRQ�� WKH� IUHH�VSDFH� LV� LQFUHDVHG� WR����� VWLOO� QRW� HQRXJK� IRU� WKH�QHZ�REMHFW��
$JDLQ��WKH�VSDFH�GHILFLHQF\�RI���LV�PXOWLSOLHG�E\�����DQG�XVHG�DV�WKH�FULWHULRQ�WR�VHOHFW�REMHFWV��$OO�
WKH�REMHFWV� FXUUHQWO\� LQ�FDFKH�PHHW� WKH� VL]H�FULWHULRQ��2EMHFWV�F�DQG�J�DUH� FDQGLGDWHV� IRU� UHPRYDO�
EHFDXVH� RI� ORZ� GHPDQG�� $PRQJ� WKH� WZR�� F� LV� FKRVHQ� VLQFH� LW� KDV� D� ODUJHU� VL]H�� 1RZ� WKHUH� LV�
VXIILFLHQW�VSDFH�DQG�ZH�HQG�XS�ZLWK�WKH�IROORZLQJ�FDFKH�FRQWHQW�DQG�D�IUHH�VSDFH�RI�VL]H����

REMHFW� E� G� H� I� J� K�
VL]H� �� ��� �� �� �� ���
UHTXHVW�IUHTXHQF\� �� �� �� �� �� ��

�
&DVH�,,��N� �����

,Q�WKLV�FDVH��REMHFWV�RI�VL]H�DW�OHDVW���� � ���� ���DUH�FRQVLGHUHG�DW�ILUVW��RXW�RI�ZKLFK�REMHFW�E�
LV�VHOHFWHG�EHFDXVH�LW�KDV�ORZHVW�XVDJH��:KHQ�LWV�VL]H�LV�DGGHG�WR�IUHH�VSDFH��WKH�GHILFLHQF\�UHGXFHV�
WR� ��� ,Q� WKH� VHFRQG� URXQG�� REMHFWV� ODUJHU� WKDQ� ���� LQ� VL]H� DUH� SOXFNHG��$OO� WKH� REMHFWV� VDWLVI\� WKH�
FRQGLWLRQ�� 7KXV�� OHDVW� GHPDQGHG� LWHPV�� REMHFWV� F� DQG� J� DUH� SRWHQWLDO� FDQGLGDWHV�� (YHQWXDOO\� F� LV�
UHPRYHG�IRU� UHDVRQV�GLVFXVVHG� LQ�&DVH� ,� DQG� WKH� UHVXOWLQJ�FDFKH�FRQWHQW� LV� VKRZQ�EHORZ�ZLWK�QR�
IUHH�VSDFH�OHIW��

REMHFW� D� G� H� I� J� K�
VL]H� ��� ��� �� �� �� ���
UHTXHVW�IUHTXHQF\� �� �� �� �� �� ��
�

&DVH�,,,��N� �����
:H�SURFHHG�DV�EHIRUH��,Q�WKH�ILUVW�LWHUDWLRQ��DOO�WKH�REMHFWV�DUH�HOLJLEOH�IRU�UHPRYDO�VLQFH�WKH\�

DUH� DOO� RI� VL]H� JUHDWHU� WKDQ� ��� � ����  � ����� 7KHUHIRUH�� REMHFW� F� DQG� WKHQ� REMHFW� J� DUH� UHPRYHG��
PDNLQJ�WKH�WRWDO�IUHH�VSDFH�HTXDO�WR����,Q�WKH�ILQDO�LWHUDWLRQ��REMHFW�E�LV�VHOHFWHG��ZKRVH�UHPRYDO�ZLOO�



OHDYH�D�IUHH�VSDFH�RI���DIWHU�WKH�QHZ�REMHFW�LV�EURXJKW�LQWR�FDFKH��7KH�IROORZLQJ�FDFKH�FRQILJXUDWLRQ�
LV�REWDLQHG��

REMHFW� D� G� H� I� K�
VL]H� ��� ��� �� �� ���
UHTXHVW�IUHTXHQF\� �� �� �� �� ��

�
$V�D�FRPSDULVRQ��6L]H�DOJRULWKP�ZLOO�UHPRYH�REMHFWV�D�DQG�G��/)8�PD\�UHPRYH�F��J��E�RU�F��J��

I��GHSHQGLQJ�RQ�WKH�WLH�EUHDNLQJ�UXOH�HPSOR\HG��UHODWLYH�RUGHU�RI�UHIHUHQFHV��DQG�RWKHU�IDFWRUV�� �
�

���&RPSDULVRQ�ZLWK�2WKHU�0HWKRGV�
/58� UHPRYHV� LQ� WXUQ� WKH�REMHFW�ZKLFK�KDV�QRW�EHHQ�XVHG� IRU� WKH� ORQJHVW� WLPH�XQWLO�HQRXJK�

VSDFH� LV� FUHDWHG�� $V� D� UHVXOW�� WKH� REMHFWV� UHPDLQLQJ� LQ� FDFKH� WHQG� WR� EH� WKRVH� LQ� KLJK� GHPDQG��
7KHUHIRUH��WKH�KLW�UDWLR�LV�JHQHUDOO\�KLJK��/)8�HYLFWV�REMHFWV�ZKRVH�UHIHUHQFH�IUHTXHQF\�LV�ORZHVW��
7KLV� SURFHVV� LV� UHSHDWHG� XQWLO� D� QHZO\� UHTXHVWHG� REMHFW� FDQ� EH� DFFRPPRGDWHG��$IWHU� UDUHO\� XVHG�
LWHPV�DUH�UHPRYHG��WKH�UHVW�WHQG�WR�EH�LWHPV�LQ�KHDY\�GHPDQG��OHDGLQJ�WR�KLJK�KLW�UDWLR�� �

6L]H�DOJRULWKP�VHOHFWV�REMHFWV�RI�ODUJHVW�VL]H��WKHQ�VHFRQG�ODUJHVW�VL]H��DQG�VR�RQ��IRU�UHPRYDO��
XQWLO�HQRXJK�VSDFH�LV�REWDLQHG��7KH�SROLF\�LQFUHDVHV�WKH�DPRXQW�RI�VSDFH�DQG�LQ�JHQHUDO�WDNHV�IHZHU�
GHOHWLRQV� WR� SURGXFH� WKH� UHTXLUHG� VSDFH��2IWHQ� WKH� H[WUD� VSDFH� WKXV� REWDLQHG� FDQ� KROG� DGGLWLRQDO�
LWHPV��ZKLFK�FDQ�ERRVW�KLW�UDWLR��

7KH�K\EULG�PHWKRG�VHDUFKHV�RQO\�D�IUDFWLRQ�RI� WKH�FDFKHG�REMHFWV�RI�VL]H�DW� OHDVW�N� WLPHV�DV�
ODUJH�DV�WKH�UHTXLUHG�VSDFH�DQG�WKHQ�DSSOLHV�D�PHWKRG�VLPLODU�WR�/)8�WR�FKRRVH�REMHFWV�LQ�WKLV�VHW�IRU�
UHPRYDO��,Q�GRLQJ�VR��WKH�QXPEHU�RI�RSHUDWLRQV�LV�HIIHFWLYHO\�UHGXFHG�ZKLOH�SUHVHUYLQJ�WKH�KLJK�KLW�
UDWLR�SURSHUW\�RI�/)8�PHWKRG��

+RZHYHU��HDFK�RI�WKH�PHWKRGV�PD\�KDYH�LWV�VKRUWFRPLQJV��/58�LV�VLPSOH�DQG�IDVW��EXW�PD\�
JHW�ULG�RI�REMHFWV�WKDW�DUH�VWLOO� LQ�KLJK�GHPDQG��VLPSO\�EHFDXVH�WKH�LQWHU�UHIHUHQFH�LQWHUYDO�LV�ORQJ��
2YHUDOO�� WKH�KLW� UDWLR�FDQ�EH� ORZHU� WKDQ�/)8�LQ�PDQ\�FDVHV��/)8�JHQHUDOO\�H[KLELWV�KLJK�KLW� UDWLR�



EHFDXVH�RI�WKH�ZD\�LW�UHWDLQV�REMHFWV�LQ�FDFKH��%XW�WKH�QHHG�WR�VRUW�REMHFWV�DIWHU�HDFK�DFFHVV�PDNHV�
WKH�ERRNNHHSLQJ�RYHUKHDG�KLJK�� ,QGHHG� LW� KDV�EHHQ�VKRZQ� WKDW�/)8�KDV�D�KLJKHU� LPSOHPHQWDWLRQ�
FRPSOH[LW\�WKDQ�/58�>�@�� �

6L]H� DOJRULWKP� IDYRUV� WKH� UHWHQWLRQ� RI� VPDOO� REMHFWV�� ,Q� WKH� ORQJ� UXQ�� PRVW� REMHFWV� DUH�
UHODWLYHO\�VPDOO�LQ�VL]H��2EMHFWV�WKDW�DUH�VWLOO�EHLQJ�UHTXHVWHG�FDQ�EH�YLFWLPL]HG�MXVW�EHFDXVH�RI�WKHLU�
VL]HV��(YHQWXDOO\��WKH�FDFKH�PD\�EH�ILOOHG�ZLWK�VPDOO�\HW�VHOGRP�UHTXHVWHG�REMHFWV��,I�WKLV�KDSSHQV��
WKH�SHUIRUPDQFH�RI�FDFKH�ZLOO�EH�KDPSHUHG�� �

6]/)8� VNLSV� LWHPV� EHORZ� D� WKUHVKROG� GHWHUPLQHG� E\� WKH� LQFRPLQJ� REMHFW� DQG� FXUUHQWO\�
DYDLODEOH�VSDFH��7KLV�DFFHOHUDWHV�WKH�VHOHFWLRQ�SURFHVV�UHODWLYH�WR�/)8��$OVR��REMHFWV�UHPRYHG�WHQG�
WR�EH�ODUJHU� WKDQ� WKRVH�SXUJHG�E\�/)8��,Q�RWKHU�ZRUGV��QXPEHU�RI� LWHPV�UHVLGHQW�LQ�FDFKH�ZLOO�EH�
ODUJHU�WKDQ�/)8�RQ�WKH�DYHUDJH��7KLV�LV�OLNHO\�WR�LPSURYH�KLW�UDWLR�FRPSDUHG�WR�/)8��)XUWKHUPRUH��
REMHFWV� UHWDLQHG� LQ� FDFKH� PD\� EH� MXVW� VOLJKWO\� VPDOOHU� FRPSDUHG� WR� WKH� FDVH� ZKHQ� /)8� LV� XVHG��
+HQFH�ZLWK�D�KLJKHU�ELW�UDWLR��ZH�H[SHFW�WKH�E\WH�KLW�UDWLR�SHUIRUPDQFH�WR�EH�FRPSDUDEOH�ZLWK�/)8�
LQ�PRVW�FDVHV��

1RWH�WKDW�N�SOD\V�DQ�LPSRUWDQW�UROH�LQ�GHFLGLQJ�WKH�EHKDYLRU�RI�WKH�6]/)8�DOJRULWKP��$�VPDOO�
N� PDNHV� RXU� DOJRULWKP� EHKDYH� PRUH� OLNH� /)8� DOJRULWKP�� )RU� D� ODUJHU� N�� WKH� DOJRULWKP� LQFOLQHV�
WRZDUG� 6L]H� DOJRULWKP�� DV� VL]H� HIIHFW� EHFRPHV� PRUH� SURPLQHQW�� ,Q� WKH� FDVH� N�  � ��� WKH� 6]/)8�
DOJRULWKP�EHKDYHV�PXFK�OLNH�WKH�SXUH�/)8�DOJRULWKP�LQ�SULQFLSOH��%XW�RQ�FORVH�H[DPLQDWLRQ��WKH\�
PD\�EH�GLIIHUHQW�LQ�SUDFWLFH�ZKHQ�LPSOHPHQWDWLRQ�GHWDLOV�DUH�FRQVLGHUHG��)RU�H[DPSOH��LI�/)8�XVHV�
WLPH�RI�UHIHUHQFH�DV� WKH�WLH�EUHDNHU�DQG�6]/)8�XVHV�REMHFW�VL]H��DV� LV�RIWHQ� WKH�FDVH�� WKH� WZR�ZLOO�
VKRZ�GLIIHUHQFH�LQ�DFWXDO�EHKDYLRU��
���([SHULPHQWDO�6WXG\�DQG�:RUNORDG�&KDUDFWHULVWLFV�

7R�JDLQ�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�6]/)8�DOJRULWKP��ZH�DSSO\�LW�WR�D�QXPEHU�RI�WUDFH�ILOHV�
DQG�FROOHFW�SHUIRUPDQFH�GDWD��)RU�FRPSDULVRQ��ZH�DOVR�LPSOHPHQW�/58��/)8��DQG�6L]H�DOJRULWKP�
DQG� WHVW� WKHP�RQ� WKH� VDPH� VHW� RI� WUDFHV�� ,Q� WKLV� VHFWLRQ��ZH� GHVFULEH� WKH� WUDFHV� XVHG� DQG� SUHVHQW�
H[SHULPHQWDO�UHVXOWV�LQ�WKH�QH[W�VHFWLRQ��



)RU�FRPSOHWHQHVV��ILYH�GLIIHUHQW�ZRUNORDGV�DUH�XVHG��UHIHUUHG�WR�DV�:��WKURXJK�:��KHUHDIWHU��
:��LV�H[WUDFWHG�IURP�WKH�DFFHVV�UHFRUGV�RI�WKH�ZHE�SUR[\�VHUYHU�RSHUDWHG�E\�WKH�&RPSXWHU�&HQWHU�
RI� ,ODQ� ,QVWLWXWH�RI�7HFKQRORJ\�� ,W� H[KLELWV�3DUHWR�RU�SRZHU�ODZ�SURSHUW\� LQ�REMHFW� VL]H� DQG�XVDJH�
GLVWULEXWLRQV� W\SLFDOO\� IRXQG� LQ� WUDFHV� REWDLQHG� LQ� D� VLPLODU� IDVKLRQ� >�@� >��@�� 0RVW� DFFHVVHV� DUH�
FRQFHQWUDWHG�RQ�D�VPDOO�QXPEHU�RI�ZHE�REMHFWV��DQG�REMHFWV�RI�ORZ�UHIHUHQFH�FRXQWV��PDQ\�DV�ORZ�
DV����DFFRXQW�IRU�D�JUHDW�SRUWLRQ�RI�WKH�DFFHVV�UHFRUGV��)LJXUH���VKRZV�WKH�VL]H�DQG�DFFHVV�IUHTXHQF\�
GLVWULEXWLRQV�RI�WKH�ZRUNORDG��

�
� � � � � � � � �D��6L]H�GLVWULEXWLRQ� � � � � � �E��$FFHVV�IUHTXHQF\�GLVWULEXWLRQ�

)LJXUH����2EMHFW�VL]H�DQG�DFFHVV�IUHTXHQF\�GLVWULEXWLRQV�RI�ZRUNORDG�:��
:��KDV�XQLIRUP�GLVWULEXWLRQV�LQ�DFFHVV�IUHTXHQF\�DQG�REMHFW�VL]H��2EMHFWV�DUH�DFFHVVHG�PRUH�

RU� OHVV� HYHQO\� DQG� WKH\� YDU\� IURP� YHU\� VPDOO� WR� YHU\� ODUJH� LQ� VL]H�� 6XFK� D� VL]H� GLVWULEXWLRQ� LV�
VRPHZKDW�VLPLODU�WR�WKDW�VHHQ�RQ�WKH�ZHE��%XW�DFFHVV�GLVWULEXWLRQ�ODFNV�VWURQJ�FOXVWHULQJ��WKLV�PD\�
EH�VLPLODU�WR�WKH�VLWXDWLRQ�ZKHUH�VWXGHQWV�DFFHVV�WKHLU�LQGLYLGXDO�JUDGHV�LQ�GLIIHUHQW�FODVVHV��

,Q�:���WKH�GLVWULEXWLRQ�RI�ERWK�REMHFW�VL]H�DQG�DFFHVV�IUHTXHQF\�LV�QRQXQLIRUP��,Q�:���REMHFW�
VL]H� LV� GLVWULEXWHG� XQLIRUPO\� RYHU� D� ZLGH� UDQJH�� EXW� DFFHVV� IUHTXHQF\� GLVWULEXWLRQ� VKRZV� D� ELDV�
VLPLODU�WR�WKDW�LQ�:���:��LV�WKH�LQYHUVH�RI�:���ZLWK�XQLIRUP�GLVWULEXWLRQ�LQ�DFFHVV�IUHTXHQF\��EXW�
QRQXQLIRUP�GLVWULEXWLRQ�LQ�REMHFW�VL]H��

7DEOH���VXPPDUL]HV�WKH�PDLQ�VL]H�DQG�IUHTXHQF\�VWDWLVWLFDO�LQIRUPDWLRQ�RI�WKH�ZRUNORDGV��$V�
FDQ�EH�VHHQ�� WKH\�KDYH�TXLWH�GLIIHUHQW�FKDUDFWHULVWLFV��7KH� ODEHO�³XQLTXH�REMHFW� VL]H´� LQGLFDWHV� WKH�



WRWDO� VL]H� RI� REMHFWV� LI� HDFK� REMHFW� LV� DFFHVVHG� H[DFWO\� RQFH�� 7KLV� SDUDPHWHU� LV� LPSRUWDQW� VLQFH� D�
FDFKH�RI�FDSDFLW\�ODUJHU�WKDQ�LW�FDQ�DFKLHYH�D�KLW�UDWLR�RI�������,Q�FRQWUDVW��³FXPXODWLYH�REMHFW�VL]H´�
UHSUHVHQWV�WKH�WRWDO�VL]H�RI�REMHFWV�HYHU�UHTXHVWHG��WDNLQJ�LQWR�DFFRXQW�LQGLYLGXDO�UHIHUHQFH�FRXQWV��
2Q�WKH�ODVW�URZ�RI�WKH�WDEOH�LV�VKRZQ�WKH�VL]H�RI�FDFKHV�VLPXODWHG��

7DEOH����&KDUDFWHULVWLFV�RI�WKH�ZRUNORDGV�XVHG�LQ�WKH�H[SHULPHQWV�
:RUNORDG� :�� :�� :�� :�� :��

1XPEHU�RI�REMHFWV� ������ ������ ������ ������ ������
8QLTXH�REMHFW�VL]H� ���������� ���������� �������� ���������� ��������
$YHUDJH�REMHFW�VL]H� ������ ������ ������� ������ �������
6WDQGDUG�GHYLDWLRQ�
RI�REMHFW�VL]HV�

������� ����� �������� ����� �������

&XPXODWLYH�REMHFW�
VL]H�

���������� ����������� ��������� ����������� ���������

0HDQ�DFFHVVHV�SHU�
REMHFW�

������ ��� ��� ��� ���

6WDQGDUG�GHYLDWLRQ�
RI�DFFHVVHV�

������ ������ ������� �������� ������

6LPXODWHG�FDFKH�VL]H� ���0%� ���0%� �0%� ���0%� �0%�
�

���3HUIRUPDQFH�5HVXOWV�DQG�$QDO\VLV�
7KH�SHUIRUPDQFH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH����)RU�HDFK�RI�WKH�PHWKRGV�FRQVLGHUHG��KLW�

UDWLR�DQG�E\WH�KLW�UDWLR�DUH�VKRZQ��,Q�WKH�FDVH�RI�WKH�6]/)8�DOJRULWKP��SHUIRUPDQFH�GDWD�DUH�JLYHQ�
IRU�GLIIHUHQW�YDOXHV�RI�N�� �

�
�



7DEOH����3HUIRUPDQFH�UHVXOWV�RI�YDULRXV�DOJRULWKPV�IRU�GLIIHUHQW�ZRUNORDGV�
6]/)8�

/)8� /58� 6L]H�
N ���� N ���� N ���� N ���� N ��

+5�
�

%+5�
+5�

�
%+5�
+5�

�
%+5�
+5�

�
%+5�
+5�

�
%+5�

1RWH��+5� �KLW�UDWH��%+5� �E\WH�KLW�UDWH��1$� �UHVXOW�KDV�QRW�EHHQ�FROOHFWHG�IRU�WKH�YDOXH�RI�N��
�
/58�DQG�/)8�VFKHPHV�DUH� FOHDUO\� DIIHFWHG� E\� WKH�DFWXDO� REMHFW� UHIHUHQFH�SDWWHUQ�� ,Q� FDVHV�

ZKHUH� WKH� UHIHUHQFHV�DUH�XQLIRUPO\�GLVWULEXWHG�DQG�KHQFH� ODFN� ORFDOLW\� SURSHUW\�� WKH� WZR�PHWKRGV�
H[KLELW� UHODWLYHO\� SRRU� SHUIRUPDQFH�� ,I� WKH� UHIHUHQFHV� WR� LQGLYLGXDO� REMHFWV� YDU\� ZLGHO\� �VRPH�
REMHFWV�DUH�UHIHUHQFHG�PXFK�PRUH�IUHTXHQWO\�WKDQ�RWKHUV���WKH�SHUIRUPDQFH�RI�WKH�WZR�PHWKRGV�DUH�
PRUH�IDYRUDEOH��

6L]H� DOJRULWKP� KDV� GLIILFXOW\� LQ� KDQGOLQJ�:��� ZKHUH� WKH� UHIHUHQFH� IUHTXHQFLHV� VKRZ� JUHDW�
IOXFWXDWLRQV�EXW�REMHFW�VL]H� LV�XQLIRUPO\�GLVWULEXWHG��7KH�ORZ�SHUIRUPDQFH�FDQ�EH�DWWULEXWHG� WR�WKH�
IDFW� WKDW� VPDOO�VL]HG�REMHFWV�GR�QRW�QHFHVVDULO\�KDYH� VWURQJ�GHPDQG��)RU� WKH�RWKHU�FDVHV��EHFDXVH�
FDFKH�UHWDLQV�RQO\�VPDOOHU�REMHFWV��WKH�E\WH�KLW�UDWH�VXIIHUV��HYHQ�WKRXJK�KLW�UDWLR�LV�QRW�ORZ�� �

6]/)8� WDNHV� LQWR�DFFRXQW�ERWK�XVDJH�SDWWHUQ� DQG�REMHFW� VL]HV��$V� VXFK�� LW� FDQ�DGDSW� WR� WKH�
LQKHUHQW�SURSHUWLHV�RI�WKH�WUDFHV�E\�DGMXVWLQJ�WKH�SDUDPHWHU�N��)URP�SHUIRUPDQFH�GDWD�VKRZQ�LQ�WKH�



WDEOH��ZH�VHH�WKDW�LW�PDQDJHV�WR�PDLQWDLQ�D�VDWLVIDFWRU\�SHUIRUPDQFH�OHYHO�MXGJHG�E\�HLWKHU�KLW�UDWLR�
RU�E\WH�KLW�UDWLR��,Q�IDFW��LW¶V�WKH�EHVW�SHUIRUPHU�LQ�PDQ\�FDVHV�ZLWK�D�SURSHU�FKRLFH�RI�N��:KLOH�RWKHU�
PHWKRGV�PLJKW�IOXFWXDWH�IRU�GLIIHUHQW�ZRUNORDGV��6])/8�LV�PRUH�FRQVLVWHQW�LQ�SHUIRUPDQFH��

7KH� YDOXH� RI� N� DOVR� DIIHFWV� WKH� KLW� UDWLR� DQG� E\WH� KLW� UDWLR�� EXW� LQ� GLIIHUHQW� ZD\V� IRU� VRPH�
ZRUNORDGV��)RU� LQVWDQFH�� LQ� WKH�FDVH�RI�:���KLW� UDWLR� IDYRUV�D� ODUJHU� N�� EXW�E\WH�KLW� UDWLR� IDYRUV� D�
VPDOOHU�N��,Q�WKH�FDVH�RI�:���KLW�UDWLR�GRHV�QRW�VKRZ�D�FOHDU�UHODWLRQ�ZLWK�WKH�YDOXH�RI�N��EXW�E\WH�KLW�
UDWLR� LV�DSSDUHQWO\�KLJKHU�IRU�VPDOOHU�YDOXHV�RI�N��7KLV� LV�FRQVLVWHQW�ZLWK�RXU�SUHYLRXV�UHPDUN�WKDW�
ODUJHU�YDOXHV�RI�N�PDNHV�WKH�DOJRULWKP�PRUH�OLNH�6L]H�DOJRULWKP�DQG�WKH�ODWWHU�VKRZV�SRRU�E\WH�KLW�
UDWLR�SHUIRUPDQFH�IRU�:���

:H� FDQ�PDNH� IXUWKHU� REVHUYDWLRQV� RQ� RWKHU� DVSHFWV� RI� WKH� DOJRULWKPV�� )LJXUH� �� VKRZV� WKH�
DYHUDJH� VL]H� RI� REMHFWV� UHPDLQLQJ� LQ� WKH� FDFKH� DW� WKH� HQG� RI� VLPXODWLRQ� UXQV� IRU� WKH� ZRUNORDGV�
H[DPLQHG�� &RQVLGHU� WKH� 6]/)8� DOJRULWKP�� :LWK� ODUJH� N� YDOXHV�� WKH� DYHUDJH� VL]H� RI� REMHFWV�
UHPDLQLQJ� LQ� FDFKH� WHQGV� WR� EH� VPDOO�� GXH� WR� WKH� IDFW� WKDW� ODUJHU� REMHFWV� DUH� PRUH� OLNHO\� WR� EH�
VHOHFWHG� IRU� UHSODFHPHQW�� ZKHUHDV� VPDOOHU� REMHFWV� DUH� H[HPSWHG�� $V� WKH� YDOXH� RI� N� LV� ORZHUHG��
VPDOOHU� REMHFWV� DOVR� EHFRPH� VXVFHSWLEOH� WR� EHLQJ� VHOHFWHG�� DQG� REMHFWV� RI� ODUJHU� VL]H� DUH� DEOH� WR�
VXUYLYH��LQFUHDVLQJ�WKH�DYHUDJH�VL]H�RI�REMHFWV�UHPDLQLQJ�LQ�FDFKH��7KH�GLDJUDPV�LQ�)LJXUH���FOHDUO\�
LOOXVWUDWH�WKH�SRLQW�� �

�
�D��0HDQ�VL]H�RI�LQ�FDFKH�REMHFWV�IRU�:�



�
�

�
�
�
�
�

�E��0HDQ�VL]H�RI�LQ�FDFKH�REMHFWV�IRU�:��

�
�F��0HDQ�VL]H�RI�LQ�FDFKH�REMHFWV�IRU�:��

�
�G��0HDQ�VL]H�RI�LQ�FDFKH�REMHFWV�IRU�:��



�
�H��0HDQ�VL]H�RI�LQ�FDFKH�REMHFWV�IRU�:��

)LJXUH����$YHUDJH�LQ�FDFKH�REMHFW�VL]H�DW�WKH�HQG�RI�VLPXODWLRQ�IRU�GLIIHUHQW�ZRUNORDGV�
2I� WKH�PHWKRGV�H[DPLQHG�� /58� UHWDLQV�� RQ� WKH�DYHUDJH�� ODUJHVW� REMHFWV� LQ� WKH� FDFKH��ZKLOH�

6L]H�DOJRULWKP�NHHSV�PRVWO\�VPDOO�VL]HG�REMHFWV�LQ�WKH�FDFKH��)RU�WKH�6]/)8�DOJRULWKP��WKH�DYHUDJH�
VL]H�RI�REMHFWV�UHPDLQLQJ�LQ�FDFKH�DW�WKH�HQG�RI�VLPXODWLRQ�OLHV�EHWZHHQ�WKDW�RI�/58�/)8�DQG�6L]H�
DOJRULWKPV�� 7KLV� LV� QRW� VXUSULVLQJ� VLQFH� 6]/)8� SRVVHVVHV� WKH� SURSHUWLHV� RI� ERWK� /)8� DQG� VL]H�
DOJRULWKPV��
�
���6XPPDU\�DQG�&RQFOXVLRQV�

,Q� WKLV� SDSHU��ZH� SURSRVH� D� K\EULG� UHSODFHPHQW� VFKHPH� IRU� XVH� LQ�ZHE� FDFKH� V\VWHPV��7KH�
SURSHUWLHV� RI� WKH� DOJRULWKP�KDYH� EHHQ� FDUHIXOO\� H[DPLQHG� DQG� FRPSDUHG�ZLWK� VHYHUDO� HVWDEOLVKHG�
DOJRULWKPV�� :H� KDYH� DOVR� WHVWHG� WKH� DOJRULWKP� RQ� D� QXPEHU� RI� ZRUNORDGV� ZLWK� GLIIHUHQW�
FKDUDFWHULVWLFV� DQG� DQDO\]HG� WKH�SHUIRUPDQFH� GDWD��&RPSDUHG� WR� WKH�RWKHU�PHWKRGV�� WKH� SURSRVHG�
DOJRULWKP� VKRZV� VRXQG� SHUIRUPDQFH� LQ� PRVW� FDVHV�� 7KH� SDUDPHWHU� N� DOVR� JLYHV� LW� DGGLWLRQDO�
IOH[LELOLW\�IRU� WXQLQJ��3UHOLPLQDU\� UHVXOWV� VXJJHVW� WKDW� LW�FDQ�EH�D�YLDEOH�FKRLFH� LQ� WKH�VHOHFWLRQ�RI�
UHSODFHPHQW�DOJRULWKPV��

&XUUHQW� UHVHDUFK� FDQ� EH� H[SDQGHG� LQ� VHYHUDO� ZD\V� LQ� WKH� IXWXUH�� 0RUH� WKRURXJK� VWXG\� LV�
QHHGHG�WR�EHWWHU�DSSUHFLDWH�WKH�DOJRULWKP��7KLV�PD\�LQFOXGH�D�PRUH�V\VWHPDWLF�ZD\�WR�GHWHUPLQH�WKH�
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