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$EVWUDFW
,Q�WKH�(XURSHDQ�SURMHFW�60$6+�D�PDVV�PXOWLPHGLD�VWRUDJH�GHYLFH�IRU�KRPH�XVDJH�LV�EHLQJ�GHYHORSHG��7KH�VXFFHVV�RI�VXFK�D
VWRUDJH�V\VWHP�GHSHQGV�QRW�RQO\�RQ� WHFKQLFDO�DGYDQFHV��EXW�DOVR�RQ� WKH�H[LVWHQFH�RI�DQ�DGHTXDWH�FRS\�SURWHFWLRQ�PHWKRG�
&RS\�SURWHFWLRQ�IRU�YLVXDO�GDWD�UHTXLUHV�IDVW�DQG�UREXVW�ODEHOLQJ�WHFKQLTXHV��,Q�WKLV�SDSHU��WZR�QHZ�ODEHOLQJ�WHFKQLTXHV�DUH
SURSRVHG��7KH�ILUVW�PHWKRG�H[WHQGV�DQ�H[LVWLQJ�VSDWLDO�ODEHOLQJ�WHFKQLTXH��7KLV�WHFKQLTXH�GLYLGHV�WKH�LPDJH�LQWR�EORFNV�DQG
VHDUFKHV�DQ�RSWLPDO�ODEHO�HPEHGGLQJ�OHYHO�IRU�HDFK�EORFN�LQVWHDG�RI�XVLQJ�D�IL[HG�HPEHGGLQJ�OHYHO�IRU�WKH�FRPSOHWH�LPDJH�
7KH�HPEHGGLQJ�OHYHO�IRU�HDFK�EORFN�LV�GHSHQGHQW�RQ�D�ORZHU�TXDOLW\�-3(*�FRPSUHVVHG�YHUVLRQ�RI�WKH�ODEHOHG�EORFN�
7KH�VHFRQG�PHWKRG�UHPRYHV�KLJK�IUHTXHQF\�'&7�FRHIILFLHQWV�LQ�VRPH�DUHDV�WR�HPEHG�D�ODEHO��$�-3(*�TXDOLW\�IDFWRU�DQG�WKH
ORFDO�LPDJH�VWUXFWXUH�GHWHUPLQH�KRZ�PDQ\�FRHIILFLHQWV�DUH�GLVFDUGHG�GXULQJ�WKH�ODEHOLQJ�SURFHVV�
8VLQJ�ERWK�PHWKRGV�D�SHUFHSWXDOO\� LQYLVLEOH� ODEHO�RI�D�IHZ�KXQGUHG�ELWV�ZDV�HPEHGGHG� LQ�D�VHW�RI� WUXH�FRORU� LPDJHV��7KH
ODEHO�DGGHG�E\�WKH�VSDWLDO�PHWKRG�LV�YHU\�UREXVW�DJDLQVW�-3(*�FRPSUHVVLRQ��+RZHYHU�� WKLV�PHWKRG�LV�QRW�VXLWDEOH�IRU�UHDO�
WLPH�DSSOLFDWLRQV��$OWKRXJK�WKH�VHFRQG�'&7�EDVHG�PHWKRG�LV�VOLJKWO\�OHVV�UHVLVWDQW�WR�-3(*�FRPSUHVVLRQ��LW�LV�PRUH�UHVLVWDQW
WR�OLQH�VKLIWLQJ�DQG�FURSSLQJ�WKDQ�WKH�ILUVW�RQH�DQG�LV�VXLWDEOH�IRU�UHDO�WLPH�ODEHOLQJ�

.H\ZRUGV��:DWHUPDUNLQJ��&RS\�3URWHFWLRQ

��� ,QWURGXFWLRQ
7KH�REMHFWLYH�RI�60$6+�SURMHFW��VSRQVRUHG�E\�WKH�(XURSHDQ�8QLRQ�XQGHU�WKH�$&76�SURMHFW�SURJUDP��LV�WR�GHYHORS�D�PDVV
PXOWLPHGLD�VWRUDJH�GHYLFH�IRU�KRPH�XVDJH��7KH�GHYHORSPHQW�UDWH�DQG�VXFFHVV�RI�VXFK�D�GLJLWDO�PDVV�VWRUDJH�V\VWHP�GHSHQGV
QRW�RQO\�RQ�WHFKQLFDO�DGYDQFHV��EXW�DOVR�RQ�WKH�H[LVWHQFH�RI�DQ�DGHTXDWH�FRS\�SURWHFWLRQ�PHWKRG��6HUYLFH�SURYLGHUV�ZLOO�QRW
RIIHU�VHUYLFHV�LQ�GLJLWDO�IRUP�ZLWKRXW�D�FRS\�SURWHFWLRQ�PHWKRG�ZKLFK�OLPLWV�GXSOLFDWLRQ�RI�PXOWLPHGLD�GDWD�
$�FRS\�SURWHFWLRQ� V\VWHP�FDOOHG�6&06� >�@� �6HULDO�&RS\�0DQDJHPHQW�6\VWHP�� H[LVWV� IRU� GLJLWDO� DXGLR� UHFRUGHUV�� OLNH� WKH
'$7��'&&� DQG�PLQLGLVN� UHFRUGHUV�� 7KLV� V\VWHP� DGGV� D� VXEFRGH� WR� WKH� GDWD� GXULQJ� WKH� UHFRUGLQJ� SURFHVV�� 7KLV� VXEFRGH
LQGLFDWHV�WKDW�WKH�GDWD�LV�DOUHDG\�FRSLHG�RU�QRW��,I�WKH�FRQVXPHU�ZLVKHV�WR�PDNH�D�FRS\�RI�D�GLJLWDO�DXGLR�VRXUFH��WKH�UHFRUGHU
FKHFNV�WKH�VXEFRGH��LI�SUHVHQW��DQG�UHIXVHV�WR�UHFRUG�WKH�GDWD�LI�WKH�VXEFRGH�LQGLFDWHV�WKDW�WKH�GDWD�ZDV�DOUHDG\�FRSLHG�EHIRUH�
8VLQJ�WKLV�V\VWHP��D�FRQVXPHU�FDQ�PDNH��GLJLWDO�FRSLHV�RI�DQ\�GLJLWDO�VRXUFH��EXW�FRSLHV�FDQ�QRW�EH�GXSOLFDWHG�IXUWKHU�XVLQJ
VWRUDJH�GHYLFHV�HTXLSSHG�ZLWK�6&06�
6LQFH� WKH� VXEFRGH� LV� VHSDUDWHO\� VWRUHG� IURP� WKH� GDWD�� LW� FDQ� HDVLO\� EH� UHPRYHG� RU� DOWHUHG� E\� D� VLPSOH� FRPSXWHU� SURJUDP
ZLWKRXW�DIIHFWLQJ�WKH�TXDOLW\�RI�WKH�GDWD��)RU�D�PXOWLPHGLD�UHFRUGHU�WKDW�KDV�DQ�LQWHUIDFH�WR�D�SHUVRQDO�FRPSXWHU��LW�LV�WKHUHIRUH
EHWWHU� WR� HQFRGH� WKLV� VXEFRGH� GLUHFWO\� LQWR� WKH� PXOWLPHGLD� GDWD� LWVHOI�� E\� ODEHOLQJ� WKH� PXOWLPHGLD� GDWD�� ,Q� WKLV� FDVH�� WKH
REMHFWLYH� LV� WKDW� WKH� SURWHFWLRQ� FDQ� QRW� EH� UHPRYHG� ZLWKRXW� DIIHFWLQJ� WKH� TXDOLW\� RI� WKH� PXOWLPHGLD� GDWD� DQG� WKDW� WKH
SURWHFWLRQ� DOVR� UHPDLQV� LQWDFW� DFURVV� GLIIHUHQW� GDWD� ILOH� IRUPDWV�� 7KH� FXUUHQW� ZRUN� LQ� 60$6+� FRQFHQWUDWHV� DPRQJ� RWKHU
WKLQJV�RQ�GHYHORSLQJ�QHZ� UREXVW� UHDO�WLPH� ODEHOLQJ�PHWKRGV� IRU�GLJLWDO� FRPSUHVVHG�YLGHR�DQG� LPDJHV� WKDW� FDQ�EH�XVHG� WR
UHDOL]H�D�FRS\�SURWHFWLRQ�V\VWHP�

6HYHUDO�ODEHOLQJ�PHWKRGV�IRU�ODEHOLQJ�LPDJHV�FDQ�EH�IRXQG�LQ�OLWHUDWXUH��0RVW�PHWKRGV�DGG�WKH�ODEHO�LQ�WKH�VSDWLDO�>����@�RU�WKH
'LVFUHWH�&RVLQH�7UDQVIRUP��'&7��>����@�GRPDLQ��7R�H[WUDFW�D�ODEHO�VRPH�RI�WKHVH�PHWKRGV�RQO\�XVH�WKH�ODEHOHG�LPDJH��ZKHUH
RWKHUV�XVH�WKH�ODEHOHG�LPDJH�WRJHWKHU�ZLWK�WKH�RULJLQDO�RQH�>�@��)RU�FRS\�SURWHFWLRQ�ZH�FDQ�RQO\�XVH�WKH�ILUVW�NLQG�RI�PHWKRGV�
7KH�UHTXLUHPHQWV�IRU�D� ODEHO�DUH�GLVFXVVHG� LQ�VHFWLRQ���� ,Q�VHFWLRQ��� WKH� LPDJH� WHVW� VHW� LV�GHVFULEHG��ZKLFK� LV�XVHG� IRU� WKH
H[SHULPHQWV�� ,Q� VHFWLRQ� �� DQG� �� WZR�QHZ� ODEHOLQJ� WHFKQLTXHV� DUH� SURSRVHG��7KH� ILUVW�PHWKRG� H[WHQGV� WKH� VSDWLDO� ODEHOLQJ
PHWKRG� RI� 3LWDV� DQG� .DVNDOLV� >�@�� 7KLV� PHWKRG� DGGV� KLJK� IUHTXHQF\� QRLVH� WR� WKH� LPDJH� WR� HPEHG� D� ODEHO�� 7KH� VHFRQG
WHFKQLTXH�UHPRYHV�KLJK�IUHTXHQF\�'&7�FRHIILFLHQWV�LQ�VRPH�DUHDV�RI�WKH�LPDJH�WR�HPEHG�D�ODEHO��([SHULPHQWV�DUH�SHUIRUPHG
WR�VHH�LI�WKH�PHWKRGV�PHHW�WKH�UHTXLUHPHQWV��)LQDOO\��WKH�UHVXOWV�DUH�GLVFXVVHG�LQ�VHFWLRQ���



��� 5HTXLUHPHQWV
)RU�D�FRS\�SURWHFWLRQ�V\VWHP�DV�GHVFULEHG�LQ�WKH�LQWURGXFWLRQ�ZH�QHHG�D�ODEHOLQJ�PHWKRG��WKDW�PHHWV�VHYHUDO�UHTXLUHPHQWV��$
ODEHOLQJ�PHWKRG�LV�QHHGHG�WKDW�

�� DOORZV�WKH�H[WUDFWLRQ�RI�WKH�ODEHO�ZLWKRXW�XVLQJ�WKH�RULJLQDO�LPDJH�
�� FDQ�EH�SHUIRUPHG�GLUHFWO\�RQ�FRPSUHVVHG�GDWD�WR�DGG�DQG�H[WUDFW�D�ODEHO�LQ�UHDO�WLPH�
�� LV�SHUFHSWXDOO\�LQYLVLEOH�
�� LV�UHVLVWDQW�WR�-3(*�03(*�FRPSUHVVLRQ�XS�WR�D�FHUWDLQ�OHYHO��ZKLFK�FDQ�EH�GHWHUPLQHG�EHIRUHKDQG�
�� LV�UHVLVWDQW�WR�VLPSOH�SURFHVVLQJ�WHFKQLTXHV��ZKLFK�GR�QRW�VHULRXVO\�UHGXFH�WKH�TXDOLW\�RI�WKH�LPDJH��OLNH�ILOWHULQJ��OLQH�

VKLIWLQJ�DQG�FURSSLQJ�
�� FDQ�VWRUH�D�IHZ�KXQGUHG�ELWV�LQ�RQH�LPDJH�

7KH�ILUVW�WZR�UHTXLUHPHQWV�DUH�LQHYLWDEOH��$�UHFRUGHU�GRHV�QRW�KDYH�WKH�RULJLQDO�GDWD�WR�LWV�GLVSRVDO�WR�H[WUDFW�WKH�ODEHO�DQG�UH�
HQFRGLQJ�WKH�GDWD�WR�DGG�WKH�ODEHO�LV�WRR�WLPH�FRQVXPLQJ�DQG�H[SHQVLYH��7KH�RWKHU�UHTXLUHPHQWV�DUH�PRUH�RU�OHVV�UHODWHG�ZLWK
HDFK� RWKHU� DQG� UDQNHG� LQ� RUGHU� RI� LPSRUWDQFH�� )LUVW�� WKH� ODEHO� PXVW� EH� SHUFHSWXDOO\� LQYLVLEOH�� EHFDXVH� D� FRS\� SURWHFWLRQ
V\VWHP�WKDW�VSRLOV�WKH�LPDJH�TXDOLW\�LV�QRW�DFFHSWDEOH��$IWHU�WKDW��D� WUDGH�RII�VKRXOG�EH�PDGH�EHWZHHQ�UREXVWQHVV�DQG�ODEHO
VL]H��$PRQJ�WKH�ODVW�UHTXLUHPHQWV��WKH�UREXVWQHVV�DJDLQVW�-3(*�FRPSUHVVLRQ�LV�WKH�PRVW�LPSRUWDQW�RQH��EHFDXVH�DOPRVW�DOO
LPDJH�GDWD�LV�RIIHUHG�WR�WKH�FRQVXPHUV�LQ�WKLV�IRUPDW��,I�WKH�GDWD�LV�RIIHUHG�LQ�DQRWKHU�IRUPDW��WKH�FRQVXPHUV�ZLOO�FRQYHUW�LW�WR
WKLV�IRUPDW�WR�VDYH�VWRUDJH�VSDFH��5REXVWQHVV�DJDLQVW�RWKHU�SURFHVVLQJ�WHFKQLTXHV�LV�OHVV�LPSRUWDQW��EHFDXVH�LW�UHTXLUHV�PRUH
XVHU�LQWHUDFWLRQ�
$�ODEHO�VL]H�RI�RQH�ELW�LV�HQRXJK�IRU�D�6&06�OLNH�FRS\�SURWHFWLRQ�V\VWHP��EXW�LI�D�ODUJHU�ODEHO�VL]H�LV�DYDLODEOH��H[WUD�IHDWXUHV
FDQ�EH�DGGHG��IRU�LQVWDQFH�WKH�VHULDO�QXPEHU�RI�WKH�UHFRUGHU�FDQ�EH�VWRUHG�LQ�WKH�GDWD�WR�WUDFH�EDFN�LOOHJDO�FRSLHV��7KH�H[WUD�ELW
FDSDFLW\�FDQ�DOVR�EH�XVHG�WR�DSSO\�HUURU�FRUUHFWLQJ�FRGHV�WR�WKH�ODEHO��7KLV�LPSURYHV�WKH�UREXVWQHVV�RI�WKH�ODEHO�

��� ,PDJH�7HVW�6HW
)RU�WKH�H[SHULPHQWV�D�VHW�RI�QLQH�WUXH�FRORU�LPDJHV�>�@�LV�XVHG��2QH�LPDJH�FRQWDLQV�KDUGO\�DQ\�WH[WXUHG�DUHDV�DQG�VKDUS�HGJHV
�³)RJ� LQ�KLOOV´��� RWKHU� LPDJHV� DUH� DOVR� UDWKHU� VPRRWK� �³/HQD´�� ³*UDQG�&DQ\RQ´���7KH� LPDJH� ³%LNH´� FRQWDLQV�PDQ\� VKDUS
HGJHV�DQG�PXFK�GHWDLO��WKH�LPDJH�³7UHH´�KDV�D�ODUJH�WH[WXUHG�DUHD�RI�OHDYHV�DQG�EUDQFKHV��ZKLFK�FRYHUV�DERXW�����RI�WKH
LPDJH��KRZHYHU�WKH�EDFNJURXQG�FRQWDLQV�QR�WH[WXUH�DW�DOO��7KH�LPDJHV�³%ULGJH´��³5HG�VTXDUH´�DQG�³+RXVH´�FRQWDLQ�DOO�NLQG
RI�DUHDV��VPRRWK�VNLHV��REMHFWV�ZLWK�VKDUS�HGJHV��WH[WXUH�HWF��7KH�LPDJH�³+RXVH´�DOVR�FRQWDLQV�PDQ\�OLQHV��EULFNV�HWF����7KH
LPDJH�³'LYHU´�ZDV�DOUHDG\�FRPSUHVVHG�XVLQJ�WKH�-3(*�DOJRULWKP�
7KLV�UDWKHU�ELJ�WHVW�VHW�ZLWK�D�ZLGH�YDULHW\�RI�FRQWHQWV�LV�FKRVHQ��EHFDXVH�VRPH�ODEHOLQJ�PHWKRGV��ZKLFK�SHUIRUP�ZHOO�RQ�WKH
³/HQD´�LPDJH��FDQ�QRW�EH�DSSOLHG�WR�RWKHU�LPDJHV�OLNH�³)RJ�LQ�KLOOV´��VLQFH�WKH\�FDXVH�D�ORW�RI�SHUFHSWXDOO\�YLVLEOH�DUWHIDFWV�

��� 6SDWLDO�/DEHOLQJ�0HWKRG
,Q�WKLV�VHFWLRQ�D�QHZ�EORFN�EDVHG�PHWKRG�LV�GLVFXVVHG��ZKLFK�DGGV�D�ODEHO�LQ�WKH�VSDWLDO�GRPDLQ��7ZR�PHWKRGV�FDQ�EH�IRXQG
LQ� OLWHUDWXUH��ZKLFK�HPEHG�D� ODEHO�RI�RQH�ELW� LQ� WKLV�GRPDLQ��%HQGHU�HW�DO� >�@�GHVFULEH�D� VWDWLVWLFDO� ODEHOLQJ�PHWKRG�FDOOHG
�3DWFKZRUN���8VLQJ�WKLV�PHWKRG��Q�SDLUV�RI�LPDJH�SRLQWV��DL�EL��DUH�UDQGRPO\�FKRVHQ��7KH�EULJKWQHVV�RI�DL�LV�LQFUHDVHG�E\�RQH
DQG�WKH�EULJKWQHVV�RI�WKH�FRUUHVSRQGLQJ�EL� LV�GHFUHDVHG�E\�RQH��)RU�D� ODEHOHG� LPDJH�� WKH�H[SHFWHG�YDOXH�RI� WKH�VXP�RI� WKH
GLIIHUHQFHV�RI�WKH�Q�SDLUV�RI�SRLQWV�LV�WKHQ��Q��7KH�DXWKRUV�VKRZ�WKDW�DIWHU�-3(*�FRPSUHVVLRQ��ZLWK�WKH�TXDOLW\�IDFWRU�VHW�WR
����WKH�ODEHO�FDQ�VWLOO�EH�GHFRGHG�ZLWK�D�SUREDELOLW\�RI�UHFRYHU\�RI�����
3LWDV� DQG�.DVNDOLV� >�@� GHVFULEH� D� VLPLODU�PHWKRG��8VLQJ� WKLV�PHWKRG� WKH� SLFWXUH� LV� VSOLW� LQ� WZR� VXEVHWV� RI� HTXDO� VL]H� �IRU
H[DPSOH�E\�XVLQJ�D�UDQGRP�JHQHUDWRU��DQG�WKH�EULJKWQHVV�RI�WKH�SL[HOV�RI�RQH�VXEVHW�LV�DOWHUHG�E\�DGGLQJ�D�SRVLWLYH�LQWHJHU
FRQVWDQW�N��7KLV�FRQVWDQW�N� LV�FDOFXODWHG�XVLQJ� WKH�VDPSOH�YDULDQFHV�RI� WKH� WZR�VXEVHWV��7R�FKHFN� WKH� ODEHO�� WKH�GLIIHUHQFH
EHWZHHQ�WKH�PHDQV�RI�WKH�WZR�VXEVHWV�RI�SL[HOV�LV�FDOFXODWHG��7KH�H[SHFWHG�YDOXH�LV�N�LI�D�ODEHO�ZDV�DGGHG��RWKHUZLVH�]HUR�
7KLV�PHWKRG�LV�RQO\�UHVLVWDQW�WR�-3(*�FRPSUHVVLRQ�UDWLRV�XS�WR������TXDOLW\�IDFWRU�RI�PRUH�WKDQ�����
6PLWK�DQG�&RPLVNH\�XVH�D�'LUHFW�6HTXHQFH�6SUHDG�6SHFWUXP�PHWKRG�>�@��ZKLFK�GLYLGHV�WKH�LPDJH�ILUVW�LQWR�EORFNV�WR�VWRUH
PRUH�ODEHO�ELWV�LQ�DQ�LPDJH��(DFK�EORFN�FRQWDLQV�RQH�RI�WKH�ODEHO�ELWV��$�PRGXODWLRQ�IXQFWLRQ��D�FRQVWDQW�LQWHJUDO�YDOXHG�JDLQ
IDFWRU�*�PXOWLSOLHG�E\�D�SVHXGR�UDQGRP�EORFN�RI�ELWV��HLWKHU����RU�����LV�DGGHG�WR�HDFK�LPDJH�EORFN��$�SRVLWLYH�JDLQIDFWRU�*
LV� XVHG� WR� HPEHG� ODEHO�ELW� ³�´� LQ� DQ� LPDJH� EORFN�� RWKHUZLVH� D� QHJDWLYH� JDLQIDFWRU�*� LV� XVHG�� 7KH� ODEHO� LV� UHFRYHUHG� E\
GHPRGXODWLQJ�ZLWK� WKH�PRGXODWLRQ� IXQFWLRQ��$FFRUGLQJ� WR� WKH� DXWKRUV� WKH� ODEHO� LV� UHVLVWDQW� WR� ³PLOG� -3(*LQJ´��%\� -3(*
FRPSUHVVLQJ�WKH�SVHXGR�UDQGRP�FDUULHU�EHIRUH�ODEHOLQJ�WKH�LPDJH��WKH�ODEHO�EHFRPHV�PRUH�UHVLVWDQW�WR�-3(*�FRPSUHVVLRQ��,Q
WKH�QH[W�VXEVHFWLRQ�D�QHZ�LWHUDWLYH�PHWKRG�LV�SURSRVHG��ZKLFK�LV�PRUH�UREXVW�DJDLQVW�-3(*�FRPSUHVVLRQ��,Q�VXEVHFWLRQ����
WKH�UREXVWQHVV�RI�WKLV�PHWKRG�LV�H[SHULPHQWDOO\�WHVWHG�



���� ,WHUDWLYH�6SDWLDO�/DEHOLQJ�0HWKRG

7KH�QHZ�ODEHOLQJ�PHWKRG�LV�EDVHG�RQ�WKH�PHWKRG�RI�3LWDV�DQG�.DVNDOLV�>�@��ZKLFK�DGGV�D�SRVLWLYH�LQWHJHU�FRQVWDQW�N�WR�WKH
EULJKWQHVV�RI�����RI�WKH�SL[HOV�LQ�DQ�LPDJH��7KLV�FRQVWDQW�N�LV�FDOOHG�WKH�ODEHO�HPEHGGLQJ�OHYHO��%\�GLYLGLQJ�WKH�LPDJH�LQWR
EORFNV�DQG�VHDUFKLQJ�DQ�RSWLPDO�N�IRU�HDFK�EORFN�LQVWHDG�RI�XVLQJ�D�IL[HG�N�IRU�WKH�FRPSOHWH�LPDJH��D�ODUJHU�DQG�PRUH�UREXVW
ODEHO�FDQ�EH�HPEHGGHG�LQ�DQ�LPDJH��7KH�HPEHGGLQJ�OHYHO�N�IRU�HDFK�EORFN�LV�GHSHQGHQW�RQ�D�ORZHU�TXDOLW\�-3(*�FRPSUHVVHG
YHUVLRQ�RI�WKH�ODEHOHG�EORFN��'LIIHUHQW�YDULDQWV�RI�WKLV�PHWKRG�KDYH�EHHQ�WHVWHG��EXW�WKH�PHWKRG�DV�GHVFULEHG�EHORZ�FRPELQHV
KLJK�UHVLVWDQFH�WR�-3(*�FRPSUHVVLRQ�ZLWK�D�ORZ�YLVLELOLW\�RI�WKH�ODEHO�

/DEHOLQJ�SURFHGXUH�
$�ODEHO�FRQVLVWV�RI�D�IHZ�KXQGUHG�ELWV��(DFK�ODEHO�ELW�LV�HPEHGGHG�LQ�D�EORFN�%�RI�OXPLQDQFH�YDOXHV��7KH�ZLGWK�DQG�KHLJKW�RI
WKLV�EORFN�%�DUH�PXOWLSOHV�RI����(DFK�OXPLQDQFH�EORFN�%�KDV�D�GLVWLQFW�ORFDWLRQ�LQ�WKH�LPDJH��WKH�EORFNV�DUH�QRQ�RYHUODSSLQJ
DQG�WLOH�WKH�LPDJH�ZLWKRXW�JDSV��7KH�DOJRULWKP�EHFRPHV�PRUH�UREXVW�DJDLQVW�-3(*��-),)��FRPSUHVVLRQ��LI�D�KLJKHU�WKUHVKROG
7��N���NPD[�DQG�D�ORZHU�TXDOLW\�IDFWRU�4�LV�FKRVHQ��+RZHYHU��WKH�ODEHO�ZLOO�EHFRPH�YLVLEOH�LQ�WKLV�FDVH�

��� )LUVW�WKH�5*%�FRORU�LPDJH�LV�FRQYHUWHG�WR�WKH�<89�GRPDLQ��2QO\�WKH�<��OXPLQDQFH��YDOXHV�DUH�ODEHOHG��EHFDXVH�WKH�8
DQG�9��FKURPLQDQFH��YDOXHV�DUH�PRUH�DIIHFWHG�E\�WKH�-3(*�FRPSUHVVLRQ�DOJRULWKP�WKDQ�WKH�<�YDOXHV�

�
��� $�VTXDUH�EORFN�%�LV�SVHXGR�UDQGRPO\�VHOHFWHG�IURP�WKH�<�LPDJH�WR�HPEHG�RQH�ODEHO�ELW�
�
��� $�IL[HG�ELQDU\�SVHXGR�UDQGRP�SDWWHUQ�3�RI�WKH�VDPH�VL]H�DV�WKH�EORFN�LV�JHQHUDWHG��FRQVLVWLQJ�RI�WKH�LQWHJHUV�³�´�DQG

³�´��7KH�HPEHGGLQJ�OHYHO�N�LV�VHW�WR�N��
�
��� ,I�ODEHO�ELW�³�´�PXVW�EH�HPEHGGHG��5� �%���N�
�3
�
� ,I�ODEHO�ELW�³�´�PXVW�EH�HPEHGGHG��5� �%���N�
�3
�
��� 7KH�PHDQ� ,R� LV� FDOFXODWHG� RI� WKRVH� OXPLQDQFH� YDOXHV� LQ� EORFN�5�� ZKHUH� WKH� UDQGRP� SDWWHUQ�3� LV� ��� 7KH� PHDQ� ,�� LV

FDOFXODWHG�RI�WKRVH�OXPLQDQFH�YDOXHV�LQ�EORFN�5��ZKHUH�WKH�UDQGRP�SDWWHUQ�3�LV����$IWHU�WKDW��WKH�KLJK�TXDOLW\�GLIIHUHQFH
'KLJK� �,���,��LV�FDOFXODWHG�

�
��� 7KH�YDOXHV�RI� EORFN�5� DUH� WHPSRUDULO\� VWRUHG� LQ�7PS�� 7KH� TXDOLW\� RI� EORFN�7PS� LV� UHGXFHG� E\� WDNLQJ� WKH� �[��'&7

WUDQVIRUP�� TXDQWL]LQJ� WKH� FRHIILFLHQWV� ZLWK� D� FHUWDLQ� TXDOLW\� IDFWRU�4� IROORZHG� E\� DQ� LQYHUVH� '&7� WUDQVIRUP�� 7KH
GLIIHUHQFH�'ORZ� �,���,��LV�FDOFXODWHG�IRU�WKLV�ORZ�TXDOLW\�EORFN�7PS�LQ�WKH�VDPH�ZD\�DV�LW�LV�GRQH�LQ�VWHS���

�
��� ,I�ODEHO�ELW�³�´�PXVW�EH�HPEHGGHG�DQG�RQH�RI�WKH�WZR�GLIIHUHQFHV��'KLJK�RU�'ORZ��H[FHHGV�WKH�YDOXH�]HUR��WKH�HPEHGGLQJ

OHYHO�N� LV� LQFUHDVHG�E\��� DQG� WKH�SURFHGXUHV� ������� DUH� UHSHDWHG� LWHUDWLYHO\�XQWLO� ERWK�GLIIHUHQFHV� DUH�EHORZ�]HUR�RU�N
H[FHHGV�NPD[�

�
� ,I�ODEHO�ELW�³�´�PXVW�EH�HPEHGGHG�DQG�RQH�RI�WKH�WZR�GLIIHUHQFHV��'KLJK�RU�'ORZ��LV�VPDOOHU�WKDQ�D�FHUWDLQ�WKUHVKROG�7��WKH

HPEHGGLQJ�OHYHO�N�LV�LQFUHDVHG�E\���DQG�WKH�SURFHGXUHV��������DUH�UHSHDWHG�LWHUDWLYHO\�XQWLO�ERWK�GLIIHUHQFHV�H[FHHG�7�RU�N
H[FHHGV�NPD[�

�
��� %ORFN�%�LV�UHSODFHG�E\�EORFN�5�
�
��� 7KH�SURFHGXUHV��������DUH�DSSOLHG�WR�DOO�SVHXGR�UDQGRPO\�VHOHFWHG�EORFNV�XQWLO�DOO�ELWV�RI�WKH�ODEHO�DUH�HPEHGGHG�
�
���� )LQDOO\�WKH�<89�YDOXHV�DUH�FRQYHUWHG�EDFN�WR�WKH�5*%�GRPDLQ�

/DEHO�H[WUDFWLQJ�SURFHGXUH�
��� )LUVW�WKH�5*%�FRORU�LPDJH�LV�FRQYHUWHG�WR�WKH�<89�GRPDLQ�
�
��� $�EORFN�%�LV�SVHXGR�UDQGRPO\�VHOHFWHG�IURP�WKH�LPDJH�WR�UHDG�RXW�RQH�ELW�
�
��� 7KH�IL[HG�SVHXGR�UDQGRP�SDWWHUQ�3�RI�WKH�VDPH�VL]H�DV�WKH�EORFN�LV�JHQHUDWHG��FRQVLVWLQJ�RI�WKH�LQWHJHUV�³�´�DQG�³�´�
�
��� 7KH�PHDQ� ,R� LV� FDOFXODWHG� RI� WKRVH� OXPLQDQFH� YDOXHV� LQ� EORFN�%�� ZKHUH� WKH� UDQGRP� SDWWHUQ�3� LV� ��� 7KH� PHDQ� ,�� LV

FDOFXODWHG�RI�WKRVH�OXPLQDQFH�YDOXHV�LQ�EORFN�%��ZKHUH�WKH�UDQGRP�SDWWHUQ�3�LV����7KH�GLIIHUHQFH�'� �,����,��
�
��� ,I�WKLV�GLIIHUHQFH�'�H[FHHGV�WKH�YDOXH�]HUR�WKH�ELW�HPEHGGHG�LQ�WKH�EORFN�LV�RQH��RWKHUZLVH�]HUR�



�
��� 7KH�SURFHGXUHV��������DUH�DSSOLHG�WR�DOO�SVHXGR�UDQGRPO\�VHOHFWHG�EORFNV�XQWLO�DOO�ELWV�RI�WKH�ODEHO�DUH�H[WUDFWHG�
�

���� ([SHULPHQWDO�5HVXOWV

8VLQJ�WKH�PHWKRG�GHVFULEHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ�WKH�LPDJH�WHVW�VHW�LV�ODEHOHG��,W�DSSHDUHG�WKDW��LI�WKH�UDWLR�EHWZHHQ�WKH
QXPEHUV�RI�RQHV�DQG�]HURV�LQ�WKH�UDQGRP�SDWWHUQ�3�LV�IRUFHG�WR�EH�����WKH�ODEHOLQJ�LV�VLJQLILFDQWO\�OHVV�YLVLEOH�WR�WKH�KXPDQ
H\H��EXW�PDUJLQDOO\�ZHDNHU��,I�����SDWWHUQV�DUH�XVHG��FOHDUO\�YLVLEOH�FKHVV�ERDUG�SDWWHUQV�FDQ�EH�GLVFRYHUHG�LQ�VPRRWK�DUHDV
�H�J��WKH�VN\��RI�WKH�LPDJH��7KHUHIRUH�WKH�UDWLR�EHWZHHQ�WKH�QXPEHUV�RI�RQHV�DQG�]HURV�LQ�WKH�UDQGRP�SDWWHUQ�LV�IRUFHG�WR�EH
����IRU�DOO�H[SHULPHQWV��7R�DYRLG�UHSHDWLQJ�SDWWHUQV��IRU�HDFK�ODEHO�ELW�DQRWKHU�SVHXGR�UDQGRP�SDWWHUQ�LV�FKRVHQ�

(DFK�ODEHO�ELW�LV�HPEHGGHG�LQ�D�EORFN�RI����[����SL[HOV��,I�D�VPDOOHU�EORFNVL]H��H�J����[����LV�FKRVHQ��PRUH�ODEHO�ELWV�FDQ�EH
HPEHGGHG�LQ�DQ�LPDJH��EXW�WKH� ODEHO� LV� OHVV�UHVLVWDQW� WR�-3(*�FRPSUHVVLRQ� LQ� WKLV�FDVH��2EYLRXVO\�� WKH�UHVLVWDQFH� WR�-3(*
FRPSUHVVLRQ�LQFUHDVHV��LI�D�ODUJHU�EORFNVL]H�LV�XVHG��H�J����[�����+RZHYHU��FKHVV�ERDUG�SDWWHUQV�DSSHDU�LQ�WKH�VPRRWK�DUHDV
RI� WKH� LPDJHV�� ,Q� WKLV� FDVH�� WKH� EORFNVL]H� LV� WRR� ODUJH� WR� DGDSW� WKH� HPEHGGLQJ�OHYHOV�N� WR� WKH� FRQWHQW� RI� WKH� EORFNV�� )RU
H[DPSOH��LI�D�KLJK�YDOXH�N�LV�QHHGHG�IRU�D�ODUJH�VPRRWK�EORFN��EHFDXVH�RI�D�VPDOO�WH[WXUHG�DUHD�LQ�WKH�FRUQHU�RI�WKLV�EORFN��LW�LV
EHWWHU� WR�VSOLW� WKH�EORFN� LQWR���VPDOOHU�EORFNV��1RZ���� ORZHU�DQG���KLJKHU�HPEHGGLQJ�OHYHOV�FDQ�EH�FKRVHQ� LQVWHDG�RI�RQH
IL[HG�HPEHGGLQJ�OHYHO�IRU�WKH�FRPSOHWH�EORFN��ZKLFK�LV�DFWXDOO\�WRR�KLJK�IRU�����RI�WKH�EORFN��6R��WKH�VPDOOHU�WKH�EORFNVL]H�
WKH� EHWWHU� WKH� DOJRULWKP� DGDSWV� LWV� HPEHGGLQJ�OHYHOV� N� WR� WKH� FRQWHQW� RI� WKH� LPDJH� DQG� WKH� ELJJHU� WKH� EORFNV�� WKH� PRUH
UHVLVWDQW� WKH� ODEHO� LV� WR� -3(*� FRPSUHVVLRQ�� $� EORFNVL]H� RI� ��[��� LV� D� JRRG� WUDGH�RII� EHWZHHQ� WKH� YLVLELOLW\�� VL]H� DQG
UREXVWQHVV�RI�WKH�ODEHO�LQ�RXU�WHVW�VHW�

7KH�WKUHVKROG�7�LV�VHW�WR���DQG�D�TXDOLW\�IDFWRU�4�RI����LV�XVHG��7KH�ODEHO�VL]H�LV�GHSHQGHQW�RQ�WKH�VL]H�RI�WKH�LPDJH��,Q�WKH
LPDJH�³'LYHU´������[���������ELWV�DUH�HPEHGGHG��LQ�³/HQD´������[����������ELWV�DQG�LQ�DOO�RWKHU�LPDJHV�����[����������ELWV�
7KH�LQLWLDO�HPEHGGLQJ�OHYHO�N��LV�VHW�WR���DQG�WKH�PD[LPXP�HPEHGGLQJ�OHYHO�NPD[�LV�����,I�NPD[�LV�QRW�OLPLWHG�WKH�ODEHO�LV�PRUH
UREXVW��EXW�D�IHZ���������ZKLWH�RU�EODFN�SDWWHUQV�DUH�YLVLEOH�LQ�WKH�ODEHOHG�LPDJH��%\�OLPLWLQJ�WKH�PD[LPXP�HPEHGGLQJ�OHYHO
WR�����WKH�ODEHO�LV�SHUFHSWXDOO\�LQYLVLEOH�LQ�DOO�QLQH�LPDJHV�

7R�JHW�DQ�LGHD�RI�KRZ�WKH�ODEHO� ORRNV�OLNH�� WKH�RULJLQDO�XQODEHOHG�³/HQD´�LPDJH��)LJXUH��D��LV�VXEWUDFWHG�IURP�WKH�ODEHOHG
LPDJH���G��DQG�WKLV�GLIIHUHQFH�VLJQDO�LV�PXOWLSOLHG�E\������E��RU�E\������F���,Q�WKH�LPDJHV��ZKLFK�DUH�VKRZQ�LQ�)LJXUH��E�DQG
�F��D�ZKLWH�GRW�VWDQGV�IRU�������D�EODFN�GRW�IRU������DQG�WKH�JUD\�EDFNJURXQG�IRU���

,Q� )LJXUH� �� WKH� SHUFHQWDJHV� ELW� HUURUV� DUH� UHSUHVHQWHG�� DIWHU� FRPSUHVVLQJ� WKH� LPDJHV� XVLQJ� WKH� -3(*� DOJRULWKP��ZLWK� WKH
TXDOLW\� IDFWRU� VHW� WR� GLIIHUHQW� YDOXHV� ����������� ,I� WKH� LPDJHV� DUH� -3(*� FRPSUHVVHG� XVLQJ� D� TXDOLW\� IDFWRU� 4 ���� WKH
FRPSUHVVLRQ�UDWHV�UDQJH�IURP������WR�������,I�WKH�TXDOLW\�IDFWRU�4 ���LV�XVHG��WKH�FRPSUHVVLRQ�UDWHV�DUH�LQ�WKH�UDQJH�RI�����
WR������

)LJXUH�����D��8QODEHOHG ��������E��'LIIHUHQFH�[��� �F��'LIIHUHQFH�[��� ��������G��/DEHOHG�LPDJH



)LJXUH������ELW�HUURUV�DIWHU�-3(*�FRPSUHVVLRQ�XVLQJ�VSDWLDO�ODEHOLQJ�PHWKRG���D��ZLWKRXW�DQG��E��ZLWK�SUH�ILOWHULQJ�

$SSO\LQJ� D� VLPSOH� �[�� HGJH�HQKDQFH� ILOWHU� WR� WKH� <�LPDJH� EHIRUH� H[WUDFWLQJ� WKH� ODEHO� FRQVLGHUDEO\� LPSURYHV� WKH� UHVXOWV
�)LJXUH��E���EHFDXVH� LW� OHDYHV� WKH� ORZ�IUHTXHQF\�FRPSRQHQWV��ZKLFK�FRQWDLQ� UHGXQGDQW� LQIRUPDWLRQ� �FRQFHUQLQJ� WKH� ODEHO�
XQFKDQJHG�DQG�LW�DPSOLILHV�WKH�KLJK�IUHTXHQF\�FRPSRQHQWV�LQ�ZKLFK�WKH�ODEHO�LV�HPEHGGHG�
,Q�)LJXUH��E�ZH�VHH�WKDW�WKH�SHUFHQWDJH�HUURUV�LV�EHORZ����IRU�-3(*�TXDOLW\�IDFWRUV�EHWZHHQ�����DQG�����DIWHU�WKLV�EUHDNSRLQW
4 ���WKH�SHUFHQWDJH�HUURUV�LQFUHDVHV�UDSLGO\��7KLV�LV�TXLWH�REYLRXV��EHFDXVH�WKH�ODEHOLQJ�DOJRULWKP�HVWLPDWHV�WKH�HPEHGGLQJ�
OHYHO�RI�WKH�ODEHO�DOVR�IURP�DQ�LPDJH�WKDW� LV�ILUVW�GHJUDGHG�XVLQJ�WKH�-3(*�FRPSUHVVLRQ�DOJRULWKP�ZLWK�WKLV�TXDOLW\�IDFWRU�
7KH�PD[LPXP�SHUFHQWDJH�RI�ELW� HUURUV� LQ� WKH� ODEHO� LV� RQO\�����DIWHU� FRPSUHVVLQJ� WKH� LPDJH�XVLQJ� D�TXDOLW\� IDFWRU� RI� ��
�FRPSUHVVLRQ�UDWHV�XS�WR�������

7R�VHH�KRZ�WKH�DOJRULWKP�DGDSWV�WKH�HPEHGGLQJ�OHYHOV��WZR�H[SHULPHQWV�DUH�SHUIRUPHG��)LUVW��DOO�LPDJHV�DUH�ODEHOHG�XVLQJ�D
IL[HG� HPEHGGLQJ�OHYHO� N N��� 7KH� ODEHO� DGGHG�ZLWK� WKLV� IL[HG�N� WXUQV� RXW� WR� EH� SHUFHSWXDOO\� LQYLVLEOH�� EXW� LI� WKH� ODEHO� LV
H[WUDFWHG�DIWHU� -3(*�FRPSUHVVLRQ� �4 ����� WKH�HUURU�SHUFHQWDJHV�YDU\�EHWZHHQ���������$IWHU� WKDW�� WKH� LPDJHV� DUH� ODEHOHG
ZLWK�D�IL[HG�HPEHGGLQJ�OHYHO�N NPD[��7KH� ODEHO�DGGHG�ZLWK�NPD[� WXUQV�RXW� WR�EH�SHUFHSWXDOO\�YLVLEOH��HVSHFLDOO\� LQ�VPRRWK
DUHDV��,I�WKH�LPDJHV�DUH�ODEHOHG�XVLQJ�WKH�DGDSWDEOH�N�WKH�HUURU�SHUFHQWDJH�LV�EHORZ�����,Q�WKLV�FDVH��DSSUR[LPDWHO\�����RI
WKH�EORFNV�DUH�ODEHOHG�ZLWK�DQ�HPEHGGLQJ�OHYHO�N��ZKLFK�LV�KLJKHU�WKDQ�N���WKHVH�DUH�PDLQO\�WH[WXUHG�EORFNV�

,Q�WKLV�VXEVHFWLRQ�WKH�UREXVWQHVV�RI�WKH�ODEHO�ZDV�RQO\�WHVWHG�DJDLQVW�-3(*�FRPSUHVVLRQ��2WKHU�DWWDFNV�WR�UHPRYH�WKH�ODEHO�DUH
DOVR�SRVVLEOH�� OLNH� ILOWHULQJ�� DGGLQJ�QRLVH�� OLQH� VKLIWLQJ�� FURSSLQJ� HWF��7KH� ODEHO� LV� LPPXQH� WR� OLJKW� VPRRWKLQJ� DQG� DGGLQJ
SVHXGR�UDQGRP�QRLVH��+RZHYHU��LI�WKH�LPDJH�LV�VKLIWHG�RU�FURSSHG��WKH�ODEHO�LV�WRWDOO\�ORVW�

��� '&7�EDVHG�/DEHOLQJ�0HWKRG
,Q�WKH�SUHYLRXV�VHFWLRQ��ZH�GLVFXVVHG�D�PHWKRG�WKDW�DGGV�KLJK�IUHTXHQF\�QRLVH�LQ�WKH�VSDWLDO�GRPDLQ��7R�ODEHO�WKH�GDWD�ZLWK
WKLV�PHWKRG��WKH�GDWD�KDV�WR�EH�XQFRPSUHVVHG�EHIRUH�ODEHOLQJ�DQG�UHFRPSUHVVHG�DIWHUZDUGV��7KH�ODEHOLQJ�SURFHGXUH�LWVHOI�LV
DOVR� TXLWH� FRPSXWDWLRQDO� GHPDQGLQJ�� EHFDXVH� RI� LWV� LWHUDWLYH� QDWXUH� DQG� WKH� '&7� �� ,'&7� RSHUDWLRQV�� )RU� UHDO�WLPH
DSSOLFDWLRQV��WKH�FRPSUHVVHG�IRUPDW�VKRXOG�EH�DQWLFLSDWHG�
0RVW� YLVXDO� GDWD� LV� WUDQVIHUUHG� DQG� VWRUHG� LQ� FRPSUHVVHG� -3(*� �-),)�� RU�03(*� IRUPDW� WR� VDYH� VWRUDJH� VSDFH��7KH�PDLQ
FRPSUHVVLRQ�VWHSV�IRU�VWLOO�LPDJHV�>��@�DQG�,�IUDPHV�RI�PRYLQJ�SLFWXUHV�DUH�OLVWHG�EHORZ�

�� 7KH�5*%�LPDJH�RU�IUDPH�LV�FRQYHUWHG�WR�WKH�<89�GRPDLQ�
�� 7KH�8�DQG�9�FRPSRQHQWV�DUH�VXEVDPSOHG�LQ�RQH�RU�WZR�GLUHFWLRQV�
�� (DFK�FRPSRQHQW�LV�GLYLGHG�LQWR��[��EORFNV�DQG�HDFK��[��EORFN�LV�'&7�WUDQVIRUPHG�
�� 7KH����FRHIILFLHQWV�LQ�WKH�'&7�EORFNV�DUH�XQLIRUPO\�TXDQWL]HG�
�� $OO�FRHIILFLHQWV�DUH�RUGHUHG�LQWR�WKH�³]LJ�]DJ´�VHTXHQFH��VKRZQ�LQ�)LJXUH����DQG�UXQ�OHYHO�HQFRGHG�
�� )LQDOO\��YDULDEOH�OHQJWK�FRGHV�DUH�DVVLJQHG�WR�WKHVH�UXQ�OHYHO�FRGHV�

�D��7HVW�ZLWKRXW�XVLQJ�D�SUH�ILOWHU
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6LQFH�WKH�'&7�FRHIILFLHQWV�FDQ�HDVLO\�EH�REWDLQHG�RXW�RI�WKH�FRPSUHVVHG�GDWD��LW�LV�DWWUDFWLYH�WR�DGG�WKH�ODEHO�GLUHFWO\�LQ�WKH
'&7�GRPDLQ�� ,Q� WKLV� FDVH� WKH�'&7� �� ,'&7� RSHUDWLRQV� DUH� DYRLGHG� DQG� RQO\� SDUWLDO� GHFRPSUHVVLRQ� DQG� UHFRPSUHVVLRQ� LV
UHTXLUHG��=KDR�DQG�.RFK� >�@�SURSRVH�D�PHWKRG� WR�HPEHG� D�ELWVWUHDP� LQ� WKH�'&7�GRPDLQ��7KLV�PHWKRG�SVHXGR�UDQGRPO\
VHOHFWV��[��'&7�EORFNV�WR�HPEHG�D�ODEHO�ELW��2XW�RI�HDFK�'&7�EORFN��WKUHH��ORZ�IUHTXHQF\��FRHIILFLHQWV�DUH�FKRVHQ��7KHVH
FRHIILFLHQWV� DUH� UH�TXDQWL]HG�XVLQJ� D� FRDUVHU� TXDOLW\� IDFWRU�4� DQG� WKH� VWDQGDUG� TXDQWL]DWLRQ�PDWUL[� RI� WKH� -3(*� VRIWZDUH�
)LQDOO\��WKH\�DUH�DGDSWHG�LQ�VXFK�D�ZD\�WKDW�WKH\�KDYH�D�FHUWDLQ�RUGHU�LQ�PDJQLWXGH��)RU�H[DPSOH�LI�D�ELW�
�
�PXVW�EH�HPEHGGHG
LQ�D�EORFN��WKH�WKLUG�FRHIILFLHQW�PXVW�EH�VPDOOHU�WKDQ�WKH�RWKHU�WZR��,Q�DQ�HDUOLHU�SURSRVDO�E\�WKH�VDPH�DXWKRUV�>�@��WZR�LQVWHDG
RI�WKUHH�FRHIILFLHQWV�ZHUH�XVHG�
7KH�UHVXOW�RI�WKH�PHWKRGV�>���@�LV�WKDW�WKH�VL]H�RI�WKH�ODEHOHG�FRPSUHVVHG�GDWD�FDQ�EH�ELJJHU�RU�VPDOOHU�WKDQ�WKH�VL]H�RI�WKH
XQODEHOHG�GDWD��:H�SURSRVH�WKHUHIRUH�D�QHZ�PHWKRG�ZKLFK�FDQ�DYRLG�WKH�SDUWLDO�UHFRPSUHVVLRQ�VWHS�DQG�LQIOXHQFHV�WKH�VL]H�RI
WKH�ODEHOHG�GDWD�LQ�D�PRUH�SUHGLFWDEOH�ZD\��7KLV�PHWKRG�HPEHGV�WKH�ODEHO�E\�VLPSO\�GLVFDUGLQJ�WKH�ODVW�KLJK�IUHTXHQF\�'&7�
FRHIILFLHQWV� RI� VRPH� VHOHFWHG� FRPSUHVVHG� '&7�EORFNV�� 7KLV� PHDQV� WKDW� WKH� ³]LJ�]DJ´� RUGHULQJ�� UXQ�OHYHO� HQFRGLQJ� DQG
YDULDEOH�OHQJWK�FRGLQJ�VWHSV�FDQ�EH�RPLWWHG�IRU�WKH�ODEHOLQJ�SURFHVV�DQG�WKDW�WKH�VL]H�RI�WKH�ODEHOHG�FRPSUHVVHG�GDWD�LV�DOZD\V
VPDOOHU�WKDQ�WKH�VL]H�RI�WKH�RULJLQDO�FRPSUHVVHG�GDWD�
7KH� -3(*� DOJRULWKP� XVHV� D� UHODWLYH� VPDOO� DPRXQW� RI� ELWV� WR� HQFRGH� WKHVH� KLJK� IUHTXHQF\�'&7�FRHIILFLHQWV�� EHFDXVH� WKH
KXPDQ� H\H� LV� OHVV� VHQVLWLYH� WR� YDULDWLRQV� LQ� KLJK� IUHTXHQFLHV�� 6R�� WR� VXUYLYH� -3(*� FRPSUHVVLRQ� DQG� WR� DFKLHYH� WKH� VDPH
UREXVWQHVV�DV�LQ�>���@��ZKHUH���ORZ�IUHTXHQF\�FRHIILFLHQWV�LQ�RQH��[��'&7�EORFN�DUH�XVHG��PRUH�KLJK�IUHTXHQF\�FRHIILFLHQWV
DQG�PRUH��[��'&7�EORFNV�PXVW�EH�XVHG�WR�HPEHG�D�VLQJOH�ODEHO�ELW��)RU�H[DPSOH�DOO�FRHIILFLHQWV�EHORZ�OLQH� O� LQ�)LJXUH��
PXVW�EH�UHPRYHG�LQ���WR�����[��'&7�EORFNV�WR�HPEHG�D�ODEHO�ELW��$OWKRXJK��PRUH�FRHIILFLHQWV�QHHG�WR�EH�FKDQJHG�WR�HPEHG
D� ODEHO�� WKH� ODEHO� FDQ� VWLOO� EH� SHUFHSWXDOO\� LQYLVLEOH�� EHFDXVH� WKH� KXPDQ� H\H� LV� OHVV� VHQVLWLYH� WR� WKHVH� KLJK� IUHTXHQF\
FRHIILFLHQWV�
$Q�H[WUD�DGYDQWDJH�RI�WKLV�DSSURDFK�LV�WKDW�UHPRYLQJ�KLJK�IUHTXHQF\�'&7�FRHIILFLHQWV�FDQ�EH�VHHQ�DV�ORFDOO\�DSSO\LQJ�D�ORZ�
SDVV� ILOWHU� WR� DQ� �[�� RU� ODUJHU� LPDJH� EORFN�� 6LQFH�� IRU� GHWHFWLQJ� ODEHO�ELWV�� WKH� SUHVHQFH� RU� DEVHQFH� RI� KLJK� IUHTXHQF\
FRPSRQHQWV� LQ� DQ� DUHD� FDQ� EH� PHDVXUHG�� WKH� ODEHOLQJ� PHWKRG� VKRXOG� H[KLELW� VRPH� GHJUHH� RI� UHVLVWDQFH� WR� OLQH�VKLIWLQJ�
FURSSLQJ�HWF�

,Q�VXEVHFWLRQV�����DQG�����D�EDVLF�LPSOHPHQWDWLRQ�RI�WKH�PHWKRG�LV�WHVWHG�WR�FKHFN�WKH�IHDVLELOLW\�RI�WKH�ODEHOLQJ�WHFKQLTXH��,Q
VXEVHFWLRQ����� WKLV�PHWKRG�LV�RSWLPL]HG�DQG�DXWRPDWHG�� ,Q�VXEVHFWLRQ������H[SHULPHQWV�DUH�SHUIRUPHG�XVLQJ� WKH�RSWLPL]HG
PHWKRG�

���� %DVLF�,PSOHPHQWDWLRQ�RI�WKH�'&7�/DEHOLQJ�0HWKRG�%DVHG�RQ�5HPRYLQJ�'&7�&RHIILFLHQWV

7KH�DOJRULWKP�GHVFULEHG�LQ�WKLV�VXEVHFWLRQ�UHPRYHV�DOO�'&7�FRHIILFLHQWV�EHORZ�D�FHUWDLQ�OLQH� O��VHH�)LJXUH����RI�D�QXPEHU�RI
�[�� '&7�EORFNV� WR� HPEHG� D� ODEHO�ELW� ³�´�� ,I� D� ODEHO�ELW� ³�´� PXVW� EH� HPEHGGHG� WKLV� QXPEHU� RI� �[�� '&7�EORFNV� LV� QRW
DIIHFWHG��7KH�ELWVWULQJ��ZKLFK�LV�HPEHGGHG�XVLQJ�WKLV�PHWKRG�FRQVLVWV�RI�WKH�VHTXHQFH��/�+�/�+�/�+�/�+����/]+]��ZKHUH�/
VWDQGV� IRU� D� ODEHO�ELW� DQG�+� VWDQGV� IRU� D� KHDGHUELW�� 7KH� KHDGHUVWULQJ�+�+�+�+����+]�� D� IL[HG� SVHXGR�UDQGRP� SDWWHUQ�� LV
NQRZQ� E\� WKH� GHYLFH� ZKLFK� DGGV� WKH� ODEHO� DQG� DOVR� E\� WKH� GHYLFH� ZKLFK� H[WUDFWV� WKH� ODEHO�� 7R� H[WUDFW� WKH� ODEHOVWULQJ
/�/�/�/����/]��WKH�KHDGHUVWULQJ�LV�H[WUDFWHG�ILUVW��$OO�SDUDPHWHUV�QHHGHG�IRU�WKH�H[WUDFWLRQ�RI�WKH�ODEHOVWULQJ�DUH�FKRVHQ�LQ�VXFK
D�ZD\�WKDW�D�PLQLPDO�QXPEHU�RI�HUURUV�LV�PDGH�LQ�WKH�KHDGHUVWULQJ�

��

�� ��

=LJ�]DJ�VHTXHQFH

O� � � � � � � � � � � �� �� �� �� �� ��

�[��'&7�EORFN

��

)LJXUH����'&7�FRHIILFLHQWV�EHORZ�OLQH�O�DUH�VHW�WR�]HUR�WR�ODEHO�WKH�EORFN�



/DEHOLQJ�SURFHGXUH�
)RU�WKH�ODEHOLQJ�SURFHGXUH�D�OLQH�QXPEHU�O��VHH�)LJXUH����PXVW�EH�VHOHFWHG�PDQXDOO\��7KH�VPDOOHU�O�LV�FKRVHQ�WKH�PRUH�YLVLEOH
WKH�ODEHO�LV��,I�D�KLJKHU�OLQH�QXPEHU�LV�XVHG��WKH�ODEHO�LV�OHVV�UREXVW�

��� $�OLQH�QXPEHU�O��VHH�)LJXUH����LV�PDQXDOO\�VHOHFWHG��7KH�ODEHO�ELW�FRXQWHU�L�LV�VHW�WR���
�
��� $�EORFN�%L�FRQWDLQLQJ�Q[Q��[��<�'&7�EORFNV�LV�VHOHFWHG�IURP�WKH�LPDJH�,�WR�HPEHG�/L+L��VHH�)LJXUH����
�
��� $OO��[��'&7�EORFNV�LQ�%8L�DUH�VHOHFWHG�WR�HPEHG�/L��%8�LV�WKH�XSSHU�KDOI�RI�EORFN�%�
� ,I�/L�LV����DOO�FRHIILFLHQWV�EHORZ�OLQH�O�LQ�WKHVH�'&7�EORFNV�DUH�VHW�WR�]HUR�
�
��� $OO��[��'&7�EORFNV�LQ�%/L�DUH�VHOHFWHG�WR�HPEHG�+L��%/�LV�WKH�ORZHU�KDOI�RI�EORFN�%�
� ,I�+L�LV����DOO�FRHIILFLHQWV�EHORZ�OLQH�O�LQ�WKHVH�'&7�EORFNV�DUH�VHW�WR�]HUR�
�
��� 7KH�ODEHO�ELW�FRXQWHU�L�LV�LQFUHDVHG�E\����7KH�SURFHGXUHV��������DUH�UHSHDWHG�XQWLO�DOO�ODEHO�ELWV�/L�DUH�HPEHGGHG�

/DEHO�H[WUDFWLQJ�SURFHGXUH�
7ZR� WZR�GLPHQVLRQDO� DUUD\V�(/OL�DQG�(+OL� DUH� UHTXLUHG� IRU� WKH�H[WUDFWLRQ�SURFHGXUH��$� WKUHVKROG�7� LV�XVHG� WR�GLVWLQJXLVK
ODEHOHG�EORFNV�IURP�QRW�DIIHFWHG�EORFNV��%\�XVLQJ�D�YDULDEOH�WKUHVKROG�LQVWHDG�RI�D�IL[HG�WKUHVKROG��WKH�ODEHO�EHFRPHV�PRUH
UHVLVWDQW�WR�OLQH�VKLIWLQJ�DGGLQJ�QRLVH�DQG�RWKHU�GLVWRUWLRQV�

��� 7KH�ODEHO�ELW�FRXQWHU�L��LV�VHW�WR���
�
��� $�EORFN�%L�FRQWDLQLQJ�Q[Q��[��<�'&7�EORFNV�LV�VHOHFWHG�IURP�WKH�LPDJH�,�WR�H[WUDFW�/L+L��VHH�)LJXUH����
�
��� $OO��[��'&7�EORFNV�LQ�%8L�DUH�VHOHFWHG�WR�H[WUDFW�/L��%8�LV�WKH�XSSHU�KDOI�RI�EORFN�%�
� 7KH�OLQH�QXPEHU�O�LV�VHW�WR���DQG�WKH�VTXDUHG�VXP�(/OL�RI�DOO�'&7�FRHIILFLHQWV�EHORZ�OLQH�O��VHH�)LJXUH����LQ�DOO� WKHVH

VHOHFWHG��[��'&7�EORFNV�LV�FDOFXODWHG��7KLV�SURFHGXUH�����LV�UHSHDWHG�IRU�O� ���������������
�
��� $OO��[��'&7�EORFNV�LQ�%/L�DUH�VHOHFWHG�WR�H[WUDFW�+L��%/�LV�WKH�ORZHU�KDOI�RI�EORFN�%�
� 7KH�OLQH�QXPEHU� O� LV� VHW� WR���DQG� WKH�VTXDUHG�VXP�(+OL�RI�DOO�'&7�FRHIILFLHQWV�EHORZ� OLQH� O� LQ�DOO� WKHVH�VHOHFWHG��[�

'&7�EORFNV�LV�FDOFXODWHG��7KLV�SURFHGXUH�����LV�UHSHDWHG�IRU�O� ���������������
�
��� 7KH�ODEHO�ELW�FRXQWHU�L�LV�LQFUHDVHG�E\����7KH�SURFHGXUHV��������DUH�UHSHDWHG�XQWLO�DOO�ODEHO�ELWV�/L�DQG�KHDGHUELWV�+L�DUH

H[WUDFWHG�
�
��� $�WKUHVKROG�7��EHWZHHQ���DQG��������DQG�D�OLQH�QXPEHU�O��EHWZHHQ���DQG�����DUH�VHDUFKHG�IRU�ZKLFK�WKH�QXPEHU�RI�ELW

HUURUV�LQ�WKH�KHDGHUVWULQJ�+���]�LV�PLQLPDO��+L� ���LI�(+LO�!�7��RWKHUZLVH�+L� �����L� ����]��
�
��� 7KH�ODEHO�LV�H[WUDFWHG�XVLQJ�WKH�7�DQG�O�FDOFXODWHG�LQ�VWHS����/L� ���LI�(/LO�!�7��RWKHUZLVH�/L� �����L� ����]��
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���� ([SHULPHQWDO�5HVXOWV�XVLQJ�WKH�%DVLF�,PSOHPHQWDWLRQ�RI�WKH�'&7�/DEHOLQJ�0HWKRG

7KH�H[SHULPHQWV�GHVFULEHG�KHUH��DUH�QRW�SHUIRUPHG�RQ�FRPSUHVVHG�LPDJHV��EXW�RQ�UDZ�5*%�GDWD��ZKLFK�LV�ILUVW�FRQYHUWHG�WR
WKH�<89�GRPDLQ��)URP�WKHVH�<�YDOXHV�WKH��[��'&7�FRHIILFLHQWV�DUH�FDOFXODWHG��6R��WKH�LPDJH�WHVW�VHW�FDQ�EH�VHHQ�DV�GDWD
ZKLFK�LV�-3(*�FRPSUHVVHG�XVLQJ�D�TXDOLW\�IDFWRU�4 ����
7KH�LPDJH�WHVW�VHW�LV�ODEHOHG�XVLQJ�WKH�PHWKRG�GHVFULEHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ��(DFK�ODEHO�ELW�LV�HPEHGGHG�LQ�D�EORFN�RI
���[����SL[HOV��Q� �����7KH�ODEHO�VL]H�LV�GHSHQGHQW�RQ�WKH�VL]H�RI�WKH�LPDJH��VHH�VXEVHFWLRQ�������,Q�)LJXUH���WKH�SHUFHQWDJHV
ELW� HUURUV� DUH� UHSUHVHQWHG�� DIWHU� FRPSUHVVLQJ� WKH� LPDJHV�XVLQJ� WKH� -3(*�DOJRULWKP��ZLWK� WKH�TXDOLW\� IDFWRU� VHW� WR� GLIIHUHQW
YDOXHV������������7KH�PDQXDOO\�VHOHFWHG�OLQH�QXPEHUV� O�DUH�OLVWHG�EHWZHHQ�EUDFNHWV�LQ�WKH�OHJHQG��ORZHU�OLQH�QXPEHUV� O� IRU
VPRRWK�LPDJHV���KLJKHU�OLQH�QXPEHUV�O��IRU�WH[WXUHG�LPDJHV��

7KH�ODEHOV�LQ�³5HG�6TXDUH´��³)RJ�LQ�KLOOV´�DQG�³+RXVH´�DUH�VOLJKWO\�YLVLEOH��EHFDXVH�RI�WKH�UHODWLYH�ORZ�SDUDPHWHU�O��,Q�VRPH
DUHDV�WRR�PXFK�GHWDLO�LV�ORVW�RU�PRVTXLWR�QRLVH�DSSHDUV�DURXQG�VKDUS�HGJHV��+RZHYHU��LI�D�KLJKHU�OLQH�QXPEHU�O�LV�XVHG��WKH
ODEHO�LV�QRW�VXIILFLHQWO\�UHVLVWDQW�WR�-3(*�FRPSUHVVLRQ��,I�VPDOOHU�EORFNV��H�J��Q� ���DUH�XVHG��WKH�ODEHO�LV�OHVV�YLVLEOH��EHFDXVH
VPDOO� VPRRWK� �ODEHOHG�� DUHDV� DQG� PRUH� WH[WXUHG� �XQODEHOHG�� DUHDV� DOWHUQDWH� PRUH� RIWHQ�� 7KLV� LV� OHVV� GLVWXUELQJ� WKDQ� ELJ
VPRRWK�DUHDV��%XW�LI�VPDOO�EORFNV�DUH�XVHG��WKH�ODEHO�LV�OHVV�UHVLVWDQW�WR�-3(*�FRPSUHVVLRQ�

$V�FDQ�EH�VHHQ�LQ�)LJXUH����WKH�ODEHO�LV�VOLJKWO\�UHVLVWDQW�WR�OLQH�VKLIWLQJ�RU�FURSSLQJ��+RZHYHU��WKH�ODEHO�LV�QRW�UHVLVWDQW�WR
-3(*�FRPSUHVVLRQ� XVLQJ� D� ORZHU� 4� IROORZHG� E\� VKLIWLQJ�� ,I� WKH� ODEHOHG� �O�  � ��� Q�  � ��� ³/HQD´� LPDJH� LV� IRU� LQVWDQFH
FRPSUHVVHG�ZLWK�D�TXDOLW\�IDFWRU�4 ����FRPSUHVVLRQ�UDWH��������VKLIWHG�RQH�SL[HO�DORQJ� WKH�[�D[LV�DQG�ILQDOO\�FRPSUHVVHG
DJDLQ�ZLWK�D�TXDOLW\�IDFWRU�4 ��������ELW�HUURUV�DUH�PDGH�LQ�WKH�H[WUDFWHG�ODEHO�
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���� 2SWLPL]HG�'&7�/DEHOLQJ�0HWKRG�%DVHG�RQ�5HPRYLQJ�'&7�&RHIILFLHQWV

)URP�WKH�H[SHULPHQWV�SHUIRUPHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ�ZH�FDQ�FRQFOXGH�WKDW�LW�LV�SRVVLEOH�WR�HPEHG�D�ODEHO�E\�UHPRYLQJ
KLJK�IUHTXHQFLHV�'&7�FRHIILFLHQWV��+RZHYHU��WKH�PHWKRG�GHVFULEHG�LQ�VXEVHFWLRQ�����KDV�WKUHH�GUDZEDFNV��,Q�WKH�ILUVW�SODFH�
ZH�QHHG�D�SDUDPHWHU��ZKLFK�GHWHUPLQHV�EHIRUHKDQG�XS� WR�ZKLFK� OHYHO� WKH� ODEHO� LV� UHVLVWDQW� WR�-3(*�FRPSUHVVLRQ� �H�J�� WKH
-3(*�TXDOLW\�IDFWRU�4�FDQ�EH�XVHG�IRU�WKLV�SXUSRVH���)XUWKHU��WKH�ODEHO�HPEHGGLQJ�OHYHO�O�PXVW�EH�GHWHUPLQHG�DXWRPDWLFDOO\
LQVWHDG�RI�PDQXDOO\��)LQDOO\�� DQ� RSWLPDO� HPEHGGLQJ�OHYHO� O� GHSHQGHQW� RQ� WKH� LPDJH� FRQWHQW�PXVW� EH� GHWHUPLQHG� IRU� HDFK
ODEHO�ELW�DQG�LPDJH�EORFN��VLQFH�D�IL[HG�ODEHO�HPEHGGLQJ�OHYHO�IRU�WKH�FRPSOHWH�LPDJH�FDXVHV�DUWHIDFWV�LQ�VRPH�FDVHV�

,Q� RUGHU� WR� ILQG� EDFN� WKH� HPEHGGLQJ�OHYHO� IRU� HDFK� ODEHO�ELW� D� VOLJKWO\� GLIIHUHQW� DSSURDFK� LV� XVHG� WKDQ� LQ� VXEVHFWLRQ� ���
ZLWKRXW�XVLQJ�D�KHDGHUVWULQJ��7R�HPEHG�ODEHO�ELW�³�´�D�EORFN�%�FRQWDLQLQJ�Q[Q��[��'&7�EORFNV�LV�VHOHFWHG�IURP�WKH�LPDJH
�VHH�)LJXUH�����$OO�'&7�FRHIILFLHQWV�EHORZ�DQ�DXWRPDWLFDOO\�VHOHFWHG�OLQH�O��VHH�)LJXUH����LQ�WKH��[��'&7�EORFNV�RI�%8�DUH
GLVFDUGHG��ZKHUH�%8�LV�WKH�XSSHU�KDOI�RI�EORFN�%��7R�HPEHG�ODEHO�ELW�³�´�WKH�VDPH�SURFHGXUH�LV�DSSOLHG�WR�%/��ZKHUH�%/�LV
WKH�ORZHU�KDOI�RI�EORFN�%��7KH�ODEHO�FDQ�EH�H[WUDFWHG�E\�FRPSDULQJ�WKH�VTXDUHG�VXP�RI�DOO�'&7�FRHIILFLHQWV�EHORZ�OLQH�O�LQ
DOO��[��'&7�EORFNV�RI�%8�DQG�%/�
)RU�VPRRWK�DUHDV�D�ORZ�HPEHGGLQJ�OHYHO�O�LV�UHTXLUHG�WR�ILQG�'&7�FRHIILFLHQWV�ZKLFK�DUH�QRQ�]HUR��)RU�PRUH�WH[WXUHG�DUHDV�D
KLJKHU� O� LV� QHHGHG�� RWKHUZLVH� WRR�PDQ\� FRHIILFLHQWV� DUH� VHW� WR� ]HUR� DQG� WKH� ODEHO�ZLOO� EHFRPH�YLVLEOH��$OWKRXJK�� XVLQJ� DQ
DGDSWLYH�O�LV�D�EHWWHU�DSSURDFK�WKDQ�XVLQJ�D�IL[HG�O��WKH�IROORZLQJ�SUREOHP�FDQ�RFFXU�
,Q�D�EORFN�ZLWK�IRU�LQVWDQFH�DOPRVW�QR�WH[WXUH�DQG�RQH�VKDUS�HGJH��D�TXLWH�ORZ�O�ZLOO�EH�FKRVHQ�DQG�WKH�VKDUS�HGJH�ZLOO�EH
GLVWRUWHG��7DNLQJ�D�ODUJHU�EORFN�%�WR�HPEHG�D�VLQJOH�ODEHO�ELW�ZLOO�LQFUHDVH�WKH�SUREDELOLW\�WKDW�HQRXJK�KLJK�IUHTXHQF\�'&7�
FRHIILFLHQWV�FDQ�EH�IRXQG�DQG�WKDW�D�KLJKHU�HPEHGGLQJ�OHYHO�O�LV�FKRVHQ��+RZHYHU��XVLQJ�ODUJHU�EORFNV�ZLOO�GHFUHDVH�WKH�ODEHO
VL]H��,Q�D�EORFN�ZLWK�PXFK�WH[WXUH��D�TXLWH�KLJK� O�ZLOO�EH�FKRVHQ�DQG�RQO\�D�IHZ�KLJK�IUHTXHQF\�FRHIILFLHQWV�ZLOO�EH�VHW� WR
]HUR��ZKLFK�DUH�YHU\�VHQVLWLYH�WR�-3(*�FRPSUHVVLRQ��TXDQWL]LQJ��
7KLV�SUREOHP�FDQ�HDVLO\�EH�VROYHG�E\�SVHXGR�UDQGRPO\�VKXIIOLQJ�DOO��[��'&7�EORFNV�RI�LPDJH�,�EHIRUH�ODEHOLQJ��)LJXUH��E��
,I�66'�LV�WKH�VTXDUHG�VXP�RI�DOO�'&7�FRHIILFLHQWV�EHORZ�D�FHUWDLQ�OLQH�O�LQ�WKH��[��'&7�EORFNV�RI�%8�RU�%/�DQG�WKH�LPDJH�LV
QRW�VKXIIOHG��66'�UDQJHV�IURP���IRU�VPRRWK�EORFNV�%8�RU�%/� WR�D�FHUWDLQ�PD[LPXP�IRU� WH[WXUHG�EORFNV�� ,I�DOO��[��'&7�
EORFNV�RI�WKH�LPDJH�DUH�ILUVW�VKXIIOHG��VPRRWK��[��EORFNV�DQG�WH[WXUHG��[��EORFNV�ZLOO�DOWHUQDWH�LQ�EORFN�%8�RU�%/��66'�ZLOO
QRZ�KDYH�D�VPDOOHU�UDQJH��WKH�H[SHFWHG�YDOXHV�YDU\�OHVV�DURXQG�WKH�DYHUDJH��6R��WKH�FKDQFH�WKDW�D�YHU\�ORZ�RU�D�YHU\�KLJK
HPEHGGLQJ�OHYHO�O�ZLOO�EH�XVHG�LV�VPDOOHU�LI�WKH�EORFNV�DUH�VKXIIOHG�ILUVW��$Q�H[WUD�DGYDQWDJH�RI�VKXIIOLQJ�LV�WKDW�HDFK�ODEHO�ELW
LV�VFDWWHUHG�RYHU�WKH�LPDJH��ZKLFK�PDNHV�LW�PRUH�GLIILFXOW�IRU�D�KDFNHU�WR�ORFDWH�WKH�ODEHO�ELWV�

/DEHOLQJ�SURFHGXUH�
7ZR�SDUDPHWHUV�(�DQG�4�GHWHUPLQH�WKH�UREXVWQHVV�RI�WKH�ODEHO��(�GHWHUPLQHV�WKH�DPRXQW�RI�FRHIILFLHQWV��ZKLFK�DUH�GLVFDUGHG�
DQG�4�GHWHUPLQHV�XS�WR�ZKLFK�OHYHO�WKH�ODEHO�PXVW�EH�UHVLVWDQW�WR�-3(*�FRPSUHVVLRQ�

��� $OO��[��'&7�<�EORFNV�RI�LPDJH�,�DUH�SVHXGR�UDQGRPO\�VKXIIOHG��VHH�ILJXUH��E���7KH�ODEHO�ELW�FRXQWHU�L�LV�VHW�WR���
�
��� %ORFN�%L�FRQWDLQLQJ�Q[Q��[��<�'&7�EORFNV�LV�VHOHFWHG�IURP�WKH�LPDJH�,�WR�HPEHG�ODEHO�ELW�/L�
� 7KLV�EORFN�LV�VSOLW�LQWR�EORFNV�%8�DQG�%/��VHH�)LJXUH����
�
��� 7R�HVWLPDWH�WKH� OLQH�QXPEHU� O� IRU� WKLV�EORFN�� WKH�YDOXHV�RI�EORFNV�%8�DQG�%/�DUH� WHPSRUDULO\�VWRUHG� LQ�7HPS%8�DQG

7HPS%/�� 7KH� TXDOLW\� RI�7HPS%8� DQG�7HPS%/� LV� UHGXFHG� E\� UH�TXDQWL]LQJ� WKH�'&7�FRHIILFLHQWV� RI� WKH� �[��'&7�
EORFNV�ZLWK�D�FHUWDLQ�TXDOLW\�IDFWRU�4��7KH�OLQH�QXPEHU�O�LV�VHW�WR���

�
��� 7KH� VTXDUHG� VXP� (8O� RI� DOO� '&7�FRHIILFLHQWV� EHORZ� OLQH� O� �VHH� )LJXUH� ��� LQ� DOO� �[�� '&7�EORFNV� LQ� 7HPS%8� LV

FDOFXODWHG���(/O�LV�FDOFXODWHG�LQ�WKH�VDPH�ZD\�IRU�EORFN�7HPS%/��7KLV�SURFHGXUH�����LV�UHSHDWHG�IRU�O� ���������������
�
��� OH�LV�VHW�WR�WKH�KLJKHVW�OLQH�QXPEHU�O���������IRU�ZKLFK��(8O�!�(��$1'��(/O�!�(�
�
��� ,I�/L�LV����DOO�FRHIILFLHQWV�EHORZ�OLQH�O�LQ�DOO��[��'&7�EORFNV�RI�EORFN�%8�DUH�VHW�WR�]HUR�
� ,I�/L�LV����DOO�FRHIILFLHQWV�EHORZ�OLQH�O�LQ�DOO��[��'&7�EORFNV�RI�EORFN�%/�DUH�VHW�WR�]HUR�
�
��� 7KH�ODEHO�ELW�FRXQWHU�L�LV�LQFUHDVHG�E\����7KH�SURFHGXUHV��������DUH�UHSHDWHG�XQWLO�DOO�ODEHO�ELWV�/L�DUH�HPEHGGHG�
�
��� $OO��[��'&7�<�EORFNV�DUH�VKXIIOHG�EDFN�WR�WKHLU�RULJLQDO�ORFDWLRQV�



/DEHO�H[WUDFWLQJ�SURFHGXUH�
)RU� WKH�H[WUDFWLRQ�SURFHGXUH�D� IL[HG� WKUHVKROG�'� DQG�D�TXDOLW\� IDFWRU�4� DUH� UHTXLUHG��7KH� WKUHVKROG�'� LQIOXHQFHV� WKH� OLQH
QXPEHU�O��ZKLFK�LV�XVHG�WR�H[WUDFW�HDFK�ODEHO�ELW��$�UHODWLYH�VPDOO�YDOXH�PXVW�EH�FKRVHQ��IRU�LQVWDQFH�WKH�YDOXH�����)RU�WKH
TXDOLW\�IDFWRU�4�WKH�VDPH�YDOXH�PXVW�EH�XVHG�DV�LQ�WKH�ODEHOLQJ�SURFHGXUH�
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