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$EVWUDFW
7KH�REMHFWLYH�RI�WKH�60$6+�SURMHFW��VSRQVRUHG�E\�WKH�(XURSHDQ�8QLRQ��LV�WR�GHYHORS�D�PDVV
PXOWLPHGLD� VWRUDJH� GHYLFH� IRU� KRPH� XVDJH�� 6HUYLFH� SURYLGHUV� DUH� UHOXFWDQW� WR� RIIHU� YLGHR
VHUYLFHV�LQ�GLJLWDO�IRUP�EHFDXVH�RI�WKHLU�IHDUV�IRU�XQUHVWULFWHG�GXSOLFDWLRQ�DQG�GLVVHPLQDWLRQ�
7KHUHIRUH�D�FRS\�SURWHFWLRQ�V\VWHP�EDVHG�RQ�ODEHOLQJ�WHFKQLTXHV�LV�SURSRVHG�IRU�WKLV�GLJLWDO
VWRUDJH�GHYLFH�
,Q� WKLV� SDSHU�� WZR� QHZ� UHDO�WLPH� ODEHOLQJ� WHFKQLTXHV� IRU� FRPSUHVVHG� YLGHR� DUH� LQWURGXFHG�
7KH� ILUVW� PHWKRG� DGGV� WKH� ODEHO� GLUHFWO\� LQ� WKH� 03(*�ELWVWUHDP�� $OWKRXJK�� WKLV� ODEHOLQJ
SURFHGXUH�FDQ�EH�SHUIRUPHG�LQ�D�IDVW�DQG�VLPSOH�ZD\���WKH�ODEHO�FDQ�DOVR�HDVLO\�EH�UHPRYHG
ZLWKRXW� DIIHFWLQJ� WKH� TXDOLW\� VHULRXVO\�� 7KH� VHFRQG� PHWKRG� LV� PRUH� FRPSXWDWLRQDOO\
GHPDQGLQJ�EXW�DOVR�PRUH�UREXVW��7KLV�PHWKRG�LV�EDVHG�RQ�GLVFDUGLQJ�SDUWV�RI�WKH�FRPSUHVVHG
03(*�YLGHR�VWUHDP��7KH� ODEHO�FDQ�EH�H[WUDFWHG�HYHQ�DIWHU� WKH�03(*�VWUHDP�KDV�EHHQ� UH�
HQFRGHG�XVLQJ�D�ORZHU�ELW�UDWH�

��� ,QWURGXFWLRQ

7KH�REMHFWLYH� RI�60$6+
�SURMHFW�� LV� WR� GHYHORS� D�PDVV�PXOWLPHGLD� VWRUDJH� GHYLFH� IRU� KRPH� XVDJH�� 7KH
GHYHORSPHQW�UDWH�DQG�VXFFHVV�RI�VXFK�D�GLJLWDO�PDVV�VWRUDJH�V\VWHP�GHSHQG�QRW�RQO\�RQ�WHFKQLFDO�DGYDQFHV�
EXW� DOVR� RQ� WKH� H[LVWHQFH� RI� DQ� DGHTXDWH� FRS\� SURWHFWLRQ�PHWKRG�� 6HUYLFH� SURYLGHUV� ZLOO� QRW� RIIHU� KLJK
TXDOLW\� YLGHR� VHUYLFHV� LQ� GLJLWDO� IRUP� ZLWKRXW� D� FRS\� SURWHFWLRQ� PHWKRG� ZKLFK� OLPLWV� GXSOLFDWLRQ� RI
PXOWLPHGLD�GDWD�
7KHUHIRUH�D�FRS\�SURWHFWLRQ�V\VWHP�IRU�YLGHR�EDVHG�RQ�ODEHOLQJ�WHFKQLTXHV�LV�SURSRVHG��7KLV�V\VWHP�VKRXOG
EH� LPSOHPHQWHG� LQ� WKH� VWRUDJH� GHYLFH� DQG� DGGV� D� SHUFHSWXDOO\� LQYLVLEOH� �FRS\�SURKLELW�� ODEHO� WR� WKH� GDWD
ZKLFK�LV�VWRUHG��%HIRUH�WKH�VWRUDJH�GHYLFH�VWDUWV�UHFRUGLQJ��WKH�LQFRPLQJ�GDWD�LV�FKHFNHG�IRU�WKLV�ODEHO��7KH
UHFRUGHU�ZLOO�RQO\�VWDUW�LI�WKH��FRS\�SURKLELW��ODEHO�LV�QRW�GHWHFWHG��7KLV�PHDQV�WKDW�GDWD�FDQ�RQO\�EH�VWRUHG
RU� FRSLHG� RQFH��7KH� DGYDQWDJH� RI� WKLV� V\VWHP� LV� WKDW� WKH� ODEHO� FDQ� QRW� EH� UHPRYHG�ZLWKRXW� DIIHFWLQJ� WKH
TXDOLW\�RI�WKH�GDWD�DQG�WKH�ODEHO�DOVR�UHPDLQV�LQWDFW�DFURVV�GLIIHUHQW�GDWD�ILOH�IRUPDWV�

7KH�FXUUHQW�ZRUN�LQ�60$6+�FRQFHQWUDWHV�DPRQJ�RWKHU�WKLQJV�RQ�GHYHORSLQJ�UHDO�WLPH�ODEHOLQJ�PHWKRGV�IRU
FRPSUHVVHG� YLGHR� DQG� LPDJHV�� 6HYHUDO� ODEHOLQJ� PHWKRGV� IRU� 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��7R�SHUIRUP�WKH�ODEHOLQJ�LQ
UHDO�WLPH� RQ� FRPSUHVVHG� GDWD�� WKH� FRPSUHVVHG� IRUPDW� PXVW� EH� WDNHQ� LQWR� DFFRXQW�� EHFDXVH� GHFRGLQJ�
ODEHOLQJ�DQG�ILQDOO\�UH�HQFRGLQJ�WKH�GDWD�LV�TXLWH�FRPSXWDWLRQDOO\�GHPDQGLQJ��2QO\�WKH�PHWKRGV�SUHVHQWHG
LQ�>�@�DQG�>�@�GHDO�GLUHFWO\�ZLWK�FRPSUHVVHG�GDWD��,Q�>�@�D�ODEHOLQJ�PHWKRG�LV�GHVFULEHG�ZKLFK�LQFRUSRUDWHV
WKH� ODEHO� LQ� WKH� ELWVWUHDP� GRPDLQ� RI� 03(*��� FRGHG� YLGHR�� ZLWKRXW� GHFRGLQJ� DQG� IXOO� UH�HQFRGLQJ� WKH
VWUHDP��7KH�ODEHO�FDQ�EH�UHWULHYHG�IURP�WKH�GHFRGHG�YLGHR��,Q�>�@�D� ODEHOLQJ�WHFKQLTXH�LV�SURSRVHG�ZKLFK
DGGV� WKH� ODEHO� LQ� WKH�ELWVWUHDP�GRPDLQ�RI�-3(*�FRGHG� LPDJHV��ZLWKRXW�GHFRGLQJ�DQG�IXOO� UH�HQFRGLQJ� WKH
VWUHDP��7KH�ODEHO�FDQ�EH�H[WUDFWHG�IURP�WKH�HQFRGHG��FRPSUHVVHG��LPDJH�

,Q� WKLV� SDSHU� ZH� ILUVW� GLVFXVV� WKH� UHTXLUHPHQWV� IRU� D� ODEHO�� 6XEVHTXHQWO\� WZR� QHZ� UHDO�WLPH� ODEHOLQJ
WHFKQLTXHV� IRU� FRPSUHVVHG� YLGHR� DUH� LQWURGXFHG�� 7KH� ILUVW�PHWKRG�� GHVFULEHG� DQG� HYDOXDWHG� LQ� VHFWLRQ� ��
DGGV�WKH�ODEHO�GLUHFWO\�LQ�WKH�03(*���RU���ELWVWUHDP�E\�UHSODFLQJ�YDULDEOH�OHQJWK�FRGHV��6LQFH�GHFRGLQJ�DQG
UH�HQFRGLQJ� WKH� VWUHDP� LV� QRW� QHFHVVDU\�� WKH� ODEHOLQJ� SURFHGXUH� LV� QRW� FRPSXWDWLRQDOO\� GHPDQGLQJ�
$OWKRXJK��WKH�ODEHOLQJ�SURFHVV�FDQ�EH�SHUIRUPHG�LQ�D�IDVW�DQG�VLPSOH�ZD\���WKH�ODEHO�FDQ�DOVR�EH�UHPRYHG
HDVLO\�ZLWKRXW�DIIHFWLQJ�WKH�TXDOLW\�VHULRXVO\�

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

�7KLV�ZRUN�ZDV�IXQGHG�LQ�SDUW�E\�WKH�(8�$&76�SURJUDP�$&����60$6+��6WRUDJH�IRU�0XOWLPHGLD�$SSOLFDWLRQV�6\VWHPV�LQ�WKH�+RPH�



,Q� VHFWLRQ� ��� WKH� VHFRQG� PHWKRG� LV� SUHVHQWHG� DQG� HYDOXDWHG�� 7KLV� PHWKRG� LV� PRUH� FRPSXWDWLRQDOO\
GHPDQGLQJ� EXW� LV� DOVR�PRUH� UREXVW��7KH�PHWKRG� LV� EDVHG� RQ� GLVFDUGLQJ� SDUWV� RI� WKH� FRPSUHVVHG�03(*�
YLGHR�VWUHDP��)RU�WKH�ODEHOLQJ�RQO\�SDUWLDO�GHFRGLQJ�LV�QHHGHG��1R�UH�HQFRGLQJ�LV�UHTXLUHG��7KH�ODEHO�FDQ�EH
H[WUDFWHG�HYHQ�DIWHU� WKH�03(*�VWUHDP�KDV�EHHQ� UH�HQFRGHG�XVLQJ�D� ORZHU�ELW�UDWH��)LQDOO\�� FRQFOXVLRQV�DUH
GUDZQ�LQ�VHFWLRQ���

��� 5HTXLUHPHQWV

/DEHOLQJ� RU� ZDWHUPDUNLQJ� LV� D� WHFKQLTXH� WR� HPEHG� DGGLWLRQDO� LQIRUPDWLRQ� LQWR� DXGLR� RU� YLGHR� GDWD� E\
PRGLI\LQJ� WKH� RULJLQDO� GDWD� XQGHU� WKH� FRQVWUDLQW� WKDW� WKH� TXDOLW\� LV� QRW� VHULRXVO\� DIIHFWHG�� )RU� D� FRS\
SURWHFWLRQ�V\VWHP�DV�GHVFULEHG�LQ�WKH�LQWURGXFWLRQ�ZH�QHHG�D�ODEHOLQJ�PHWKRG�WKDW�

�� DOORZV�WKH�H[WUDFWLRQ�RI�WKH�ODEHO�ZLWKRXW�XVLQJ�WKH�RULJLQDO�YLGHR�GDWD�
�� FDQ�EH�SHUIRUPHG�GLUHFWO\�RQ�FRPSUHVVHG�GDWD�WR�DGG�DQG�H[WUDFW�D�ODEHO�LQ�UHDO�WLPH�
�� GRHV�QRW�LQFUHDVH�WKH�VL]H�RI�WKH�FRPSUHVVHG�ELWVWUHDP�
�� LV�SHUFHSWXDOO\�LQYLVLEOH�
�� LV�UHVLVWDQW�WR�VLPSOH�SURFHVVLQJ�WHFKQLTXHV��ZKLFK�GR�QRW�VHULRXVO\�UHGXFH�WKH�TXDOLW\�RI�WKH�LPDJH��OLNH

UH�HQFRGLQJ�WKH�03(*�VWUHDP�XVLQJ�D�ORZHU�ELW�UDWH�
�� FDQ�VWRUH�HQRXJK�ODEHO�ELWV�SHU�VHFRQG�WR�GHWHFW� WKH�FRS\�SURKLELW�ELW�DW�HYHU\�UDQGRP�SRVLWLRQ�LQ� WKH

VWUHDP�

7KH� ILUVW� WKUHH� UHTXLUHPHQWV� DUH� LQHYLWDEOH��$� UHFRUGHU� GRHV� QRW� KDYH� WKH� RULJLQDO� GDWD� WR� LWV� GLVSRVDO� WR
H[WUDFW� WKH� ODEHO��$�FRS\�SURWHFWLRQ� V\VWHP� LQ�D�FRQVXPHU� VWRUDJH�GHYLFH� VKRXOG�QRW�EH� WRR� FRPSOH[� DQG
H[SHQVLYH�DQG�PXVW�RSHUDWH�LQ�UHDO�WLPH��,I�D�VSDWLDO�ODEHOLQJ�PHWKRG�>����@�LV�XVHG��WKH�03(*�YLGHR�VWUHDP
VKRXOG� EH� ORFDOO\� GHFRGHG�� ODEHOHG� DQG� HQFRGHG�� 5H�HQFRGLQJ� WKH� GDWD� WR� DGG� WKH� ODEHO� LV� WRR
FRPSXWDWLRQDOO\�GHPDQGLQJ�DQG�H[SHQVLYH��WKHUHIRUH�WKH�ODEHO�PXVW�EH�DGGHG�LQ�DQRWKHU�ZD\��FLUFXPYHQWLQJ
WKH�PRVW�WLPH�FRQVXPLQJ�VWHSV��GHFRGLQJ�DQG�HQFRGLQJ��,I�WKH�VL]H�RI�WKH�FRPSUHVVHG�ELWVWUHDP�LV�LQFUHDVHG
E\�WKH�ODEHOLQJ��WKH�EXIIHUV�LQ�KDUGZDUH�GHFRGHUV�FDQ�UXQ�RXW�RI�VSDFH�RU�WKH�V\QFKURQLVDWLRQ�EHWZHHQ�DXGLR
DQG� YLGHR� FDQ� EH� GLVWXUEHG�� 7KH� RWKHU� UHTXLUHPHQWV� DUH� 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
YLGHR�TXDOLW\� LV�QRW�DFFHSWDEOH��$IWHU� WKDW�� D� WUDGH�RII� VKRXOG�EH�PDGH�EHWZHHQ� UREXVWQHVV�DQG� ODEHO� VL]H�
7KH�PRUH�ODEHO�ELWV�DUH�DGGHG�SHU�IUDPH��WKH�OHVV�UREXVW�WKH�ODEHO�ZLOO�EH�DJDLQVW�SURFHVVLQJ�WHFKQLTXHV�
7KH�PHWKRGV� GLVFXVVHG� LQ� VHFWLRQ� �� DQG� �� UHO\� KHDYLO\� RQ� WKH�03(*� YLGHR� FRPSUHVVLRQ� VWDQGDUG�� 7KH
GLVFXVVLRQ�RI�WKLV�VWDQGDUG�LV��KRZHYHU��RXW�RI�WKH�VFRSH�RI� WKLV�SDSHU�DQG�WKH�UHDGHU� LV� UHIHUUHG�WR�>�@�IRU
PRUH�LQIRUPDWLRQ�

��� )DVW�03(*�/DEHOLQJ�7HFKQLTXH�LQ�WKH�%LWVWUHDP�'RPDLQ

,Q�WKLV�VHFWLRQ�D�UHDO�WLPH�ODEHOLQJ�V\VWHP�LV�GHVFULEHG�DQG�WHVWHG��ZKLFK�KDV�DERXW�WKH�VDPH�VWUHQJWK�DV�WKH
6HULDO�&RS\�0DQDJHPHQW�6\VWHP��6&06��>�@�� ,W�KDV� WKH�DGGLWLRQDO�DGYDQWDJH� WKDW� LW� FDQ�DGG�PXFK�PRUH
VLGH�LQIRUPDWLRQ� LQ� WKH� ODEHO� �H�J�� FRS\ULJKW� LQIRUPDWLRQ��� 8QOLNH� 6&06�� WKLV� VLGH�LQIRUPDWLRQ� UHPDLQV
LQWDFW� LI� WKH� YLGHR� GDWD� LV� FRSLHG� WR� D� 3&� RU� RWKHU� GHYLFH�� WKDW� GRHV� QRW� VXSSRUW� WKH� FRS\� SURWHFWLRQ
PHFKDQLVP�

���� 03(*�%LWVWUHDP�/DEHOLQJ�7HFKQLTXH

7R�PDNH� WKH� DOJRULWKP� DV� IDVW� DV� SRVVLEOH� WKH�PRWLRQ� YHFWRU� FDOFXODWLRQ��'&7�DQG� ,'&7� WUDQVIRUPV� HWF�
VKRXOG�EH�DYRLGHG��7KHUHIRUH��WKH� ODEHO�VKRXOG�EH�DGGHG�RQ�WKH�9/&�OHYHO��YDULDEOH� OHQJWK�FRGHV��� ,Q�RXU
FDVH�� WKH� ODEHO�ELWVWUHDP� LV� HPEHGGHG� LQ� WKH�03(*�VWUHDP� E\� FKDQJLQJ� WKH� OHDVW� VLJQLILFDQW� ELW� RI� VRPH
9/&¶V��WKDW�UHSUHVHQW�TXDQWL]HG�UXQ�OHQJWK�FRGHG�$&�'&7�FRHIILFLHQWV��7R�EH�VXUH�WKDW�WKH�FKDQJH�LQ�WKH
9/&�LV�SHUFHSWXDOO\�LQYLVLEOH�DQG�WKH�03(*�ELWVWUHDP�NHHSV�LWV�RULJLQDO�VL]H��WKH�9/&�KDV�WR�PHHW�VHYHUDO
UHTXLUHPHQWV��$QRWKHU�9/&�PXVW�H[LVW��WKDW�KDV�WKH�VDPH�VL]H��WKH�VDPH�UXQ�OHQJWK��DQG�D�OHYHO�GLIIHUHQFH�RI
���$FFRUGLQJ�WR�WDEOH�%����DQG�%����RI�WKH�03(*���VWDQGDUG�>�@��WKHUH�DUH�HQRXJK�VXLWDEOH�9/&¶V��%HVLGHV�
DOO�IL[HG�OHQJWK�FRGHG�'&7�FRHIILFLHQWV�IROORZLQJ�DQ�(VFDSH�FRGH�PHHW�WKH�UHTXLUHPHQWV��6RPH�H[DPSOHV
RI�VXLWDEOH�9/&¶V�DUH�OLVWHG�LQ�WDEOH����7KH�9/&¶V�LQ�WKH�LQWUD�DQG�LQWHU�FRGHG�PDFUREORFNV�FDQ�EH�XVHG�LQ
WKH�ODEHOLQJ�SURFHVV��+RZHYHU��LQ�RXU�H[SHULPHQWV�ZH�RQO\�XVHG�WKH�9/&¶V�LQ�WKH�LQWUD�FRGHG�PDFUREORFNV�
7KH� ODEHOLQJ� SURFHGXUH�ZRUNV� DV� IROORZV�� )LUVW� DQ� LQWUD� FRGHG�PDFUREORFN� LV� ORFDWHG�� 7KH�9/&¶V� LQ� WKLV
PDFUREORFN��DUH��WHVWHG���,I�D�9/&���ZKLFK��PHHWV��WKH�UHTXLUHPHQWV�PHQWLRQHG�DERYH��LV�IRXQG��WKLV�9/&�LV
UHSODFHG��E\�DQRWKHU��ZKRVH�OHDVW�VLJQLILFDQW�ELW�UHSUHVHQWV�WKH�ODEHO�ELW��7R�H[WUDFW�WKH�ODEHO��DJDLQ�WKH�LQWUD



FRGHG�PDFUREORFNV�DUH�ORFDWHG��,I�D�VXLWDEOH�9/&�LV�IRXQG��WKH�YDOXH�UHSUHVHQWHG�E\�LWV�OHDVW�VLJQLILFDQW�ELW
LV�DVVLJQHG�WR�WKH�ODEHO�ELW�

�����7DEOH����([DPSOH�RI�VRPH�VXLWDEOH�9/&¶V�LQ�WDEOH�%����RI�WKH�03(*���6WDQGDUG
9DULDEOH�OHQJWK�FRGH 9/&�VL]H 5XQ /HYHO 3DULW\
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7KH� ODEHO� FDQ�EH�DGGHG� LQ�D�YHU\� IDVW� DQG� VLPSOH�ZD\��EXW� LW� FDQ� DOVR�EH� UHPRYHG�HDVLO\� IRU� H[DPSOH�E\
GHFRGLQJ�WKH�03(*�VWUHDP�DQG�HQFRGLQJ�LW�DJDLQ�XVLQJ�DQRWKHU�ELW�UDWH�RU�DIWHU�DSSO\LQJ�VLPSOH�SURFHVVLQJ
WHFKQLTXHV��OLNH�ILOWHULQJ��HWF��+RZHYHU��WKLV�LV�D�YHU\�WLPH�FRQVXPLQJ��FRPSXWDWLRQDOO\�DQG�PHPRU\��GLVN�
GHPDQGLQJ�PHWKRG��%\�ZDWHUPDUNLQJ�WKH�VWUHDP�DJDLQ�XVLQJ�DQRWKHU� ODEHO�� WKH�SUHYLRXV� ODEHO� LV� UHPRYHG
DQG� WKH� TXDOLW\� LV� QRW� DIIHFWHG�� ,Q� IDFW�� WKH� VWUHDP� FDQ� EH� ODEHOHG� RYHU� DQG� RYHU� DJDLQ�ZLWKRXW� VHULRXVO\
DIIHFWLQJ�WKH�TXDOLW\�DQ\�IXUWKHU�

���� ([SHULPHQWDO�5HVXOWV

:H�DSSOLHG�WKH�ODEHOLQJ�WHFKQLTXH�WR����VHFRQGV�RI�03(*���YLGHR�FRGHG�ZLWK����IUDPHV�SHU�VHFRQG��7KH
VL]H�RI�WKH�PRYLH�LV�����E\������WKH�*23�OHQJWK�LV����DQG�WKH�YLGHR�FRQWDLQV�VPRRWK�DUHDV��WH[WXUHG�DUHDV
DQG�VKDUS�HGJHV��'XULQJ� WKH���� VHFRQGV�RI� WKH�YLGHR� WKHUH� LV� D�JUDGXDO� IUDPH�WR�IUDPH� WUDQVLWLRQ� DQG� WKH
FDPHUD�WXUQV�IDVW�WR�DQRWKHU�YLHZ�DW�WKH�HQG��7KH�YLGHR�ZDV�FRGHG�XVLQJ�GLIIHUHQW�ELW�UDWHV�

7DEOH��� 7RWDO� QXPEHU� RI� 9/&¶V� DQG� QXPEHU� RI� VXLWDEOH� 9/&¶V� LQ� WKH� LQWUD� FRGHG� PDFUREORFNV� RI� ��
VHFRQGV�03(*���YLGHR�FRGHG�XVLQJ�GLIIHUHQW�ELW�UDWHV�DQG�WKH�PD[LPXP�ODEHO�ELW�UDWH�

9LGHR�ELW�UDWH QXPEHU�RI�9/&¶V QXPEHU�RI�VXLWDEOH�9/&¶V 0D[��ODEHO�ELW�UDWH
����0ELW�V ������� ����� ����.ELW�V
����0ELW�V ������� ������ ����.ELW�V
����0ELW�V ��������� ������ ����.ELW�V
����0ELW�V ��������� ������ ����.ELW�V
����0ELW�V ��������� ������ ����.ELW�V

,W� ZDV� SRVVLEOH� WR� VWRUH� XS� WR� �� .ELW� RI� ODEHO� LQIRUPDWLRQ� SHU� VHFRQG� LQ� WKH� 03(*� VWUHDPV�� ,QIRUPDO
VXEMHFWLYH�WHVWV�VKRZHG�WKDW�WKH�ODEHOLQJ�GRHV�QRW�UHVXOW�LQ�DQ\�YLVLEOH�DUWHIDFWV�LQ�WKH�VWUHDPV�FRGHG�DW�����
DQG���0ELW�V��VHH�7DEOH����+RZHYHU��LW�ZDV�QRW�SRVVLEOH�WR�HYDOXDWH�WKH�TXDOLW\�RI�WKH�YLGHR�VWUHDPV�FRGHG�DW
��RU�OHVV�WKDQ���0ELW�V��EHFDXVH�WKH�XQODEHOHG�03(*�VWUHDPV�DOUHDG\�FRQWDLQHG�WRR�PDQ\�FRGLQJ�DUWHIDFWV�
7KH�ODEHO�ELW�UDWH�FDQ�EH�LQFUHDVHG�E\�DOVR�WDNLQJ�WKH�LQWHU�FRGHG�PDFUREORFNV�LQWR�DFFRXQW�

,Q� ILJXUH� �D� WKH� RULJLQDO� ,�IUDPH� RI� DQ� 03(*��� FRGHG� PRYLH� LV� UHSUHVHQWHG�� ,I� WKH� RULJLQDO� ,�IUDPH� LV
VXEWUDFWHG�IURP�WKH� �FRUUHVSRQGLQJ�ODEHOHG�,�IUDPH�DQG�WKLV�DEVROXWH�GLIIHUHQFH�VLJQDO� LV�DPSOLILHG�E\����
WKH�LPDJHV���VKRZQ�LQ�ILJXUH��E�DQG��F��DUH�REWDLQHG��6LQFH�PRUH�ELWV�DUH�VWRUHG�LQ�DQ�,�IUDPH�RI�D�VWUHDP
FRGHG�DW��0ELW�V�PRUH�GLIIHUHQFHV�DUH�PDGH��VHH�)LJXUH��F��

)LJXUH�����D��8QODEHOHG�,�IUDPH ��E��)UDPH�GLIIHUHQFH���0ELW�V� ���F��)UDPH�GLIIHUHQFH���0ELW�V�



��� 5H�HQFRGLQJ�5HVLVWDQW�03(*�/DEHOLQJ�7HFKQLTXH

7KH�ODEHOLQJ�DOJRULWKP�GHVFULEHG�LQ�WKLV�VHFWLRQ�LV�PRUH�FRPSOH[��EXW�DOVR�PRUH�UREXVW�DJDLQVW�UH�HQFRGLQJ
WKH�YLGHR�XVLQJ�D�ORZHU�ELW�UDWH��7KH�DOJRULWKP�GRHV�DOVR�QRW�UHTXLUH�UH�HQFRGLQJ�RI�WKH�FRPSUHVVHG�YLGHR
VWUHDP�WR�DGG�WKH�ODEHO��VLQFH�WKH�ODEHO�LV�HPEHGGHG�E\�GLVFDUGLQJ�SDUWV�RI�WKH�FRPSUHVVHG�VWUHDP��$�VLPLODU
DSSURDFK�ZDV�SURSRVHG�LQ�>�@�IRU�FRPSUHVVHG�VWLOO�LPDJHV�

���� %DVLF�,GHD

(DFK�ELW�RXW�RI�WKH�ODEHO�VWULQJ�KDV�LWV�RZQ�DUHD�LQ�DQ�,�IUDPH�)RU�LQVWDQFH�WKH�ILUVW�ELW�LV�ORFDWHG�LQ�WKH�WRS�
OHIW�FRUQHU�RI�WKH�,�IUDPH��LQ�D�SL[HO�DUHD�RI�Q��[��SL[HO�EORFNV��VHH�)LJXUH����Q ����

����������)LJXUH����%LW�SRVLWLRQV�DQG�EORFN�GHILQLWLRQV�LQ�D�IUDPH�

$� ODEHO� ELW� LV� HPEHGGHG� LQ� DQ� DUHD� E\� LQWURGXFLQJ� DQ� ³HQHUJ\´� GLIIHUHQFH� LQ� WKH� KLJK� IUHTXHQF\� '&7
FRHIILFLHQWV�RI�DUHDV�$��VHH�)LJXUH�����WKH�XSSHU�KDOI�RI�WKLV�SL[HO�DUHD�DQG�%�WKH�ORZHU�KDOI��,Q�)LJXUH���WKH
SURFHGXUH�WR�FDOFXODWH�WKH�GLIIHUHQFH�LQ�HQHUJ\�'�RI�D���[���SL[HO�DUHD�LV�H[SODLQHG��)RU�DOO��[��EORFNV�LQ�$�
WKH�'LVFUHWH�&RVLQH�7UDQVIRUP�LV�FDOFXODWHG��7KHQ�WKH�VTXDUHG�VXP�RI�D�SDUWLFXODU�VXEVHW�RI�FRHIILFLHQWV�LV
FRPSXWHG�

���)LJXUH����([WUDFWLQJ�D�ODEHO�ELW�IURP�DQ�Q[Q�SL[HO�DUHD�

7KLV�VXEVHW�LV�GHQRWHG�E\�6$��DQG�LV�LOOXVWUDWHG�LQ�)LJXUH���E\�WKH�ZKLWH�DUHD�LQ�WKH�'&7�EORFNV��:H�GHILQH
WKH�WRWDO�HQHUJ\�RI�6$��FRPSXWHG�RYHU�DOO�EORFNV�LQ�DUHD�$��DV�
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6LPLODUO\�(%�LV�FRPSXWHG�IRU�DUHD�%��LQGLFDWHG�LQ�)LJXUH���DV�EODFN�WULDQJOHV���6$�DQG�6%�DUH�W\SLFDOO\�GHILQHG
DFFRUGLQJ�WR�D�FXW�RII�SRLQW�F�LQ�WKH�]LJ�]DJ�VFDQQHG�'&7�FRHIILFLHQWV��7KLV�LPSOLHV�WKDW�6$�DQG�6%�KDYH�D
WULDQJXODU�VKDSH�

7KH�ODEHO�ELW�YDOXH�LV�QRZ�GHILQHG�E\�WKH�VLJQ�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�HQHUJLHV�($�DQG�(%��/DEHO
ELW�³�´�LV�GHILQHG�DV�D�SRVLWLYH�HQHUJ\�GLIIHUHQFH�DQG�ODEHO�ELW�³�´�DV�D�QHJDWLYH�RQH�
7KH�ODEHO�HPEHGGLQJ�SURFHGXUH�PXVW�DGDSW�($�DQG�(%�WR�PDQLSXODWH�WKH�HQHUJ\�GLIIHUHQFH�'��,I�ODEHO�ELW�³�´
PXVW�EH�HPEHGGHG��WKH�HQHUJ\�LQ�$�LV�UHPRYHG�DQG�WKH�GLIIHUHQFH�EHFRPHV�QHJDWLYH�

'� �($����(%�� ������(%�� ���(%

,I�ODEHO��ELW��³�´��PXVW��EH��HPEHGGHG���WKH�HQHUJ\�LQ�%�LV�UHPRYHG�DQG�WKH�HQHUJ\�EHFRPHV�SRVLWLYH�

'� �($����(%�� ��($������ ���($

7KHUH�DUH�VHYHUDO�UHDVRQV�IRU�XVLQJ�WKLV�HQHUJ\�GLIIHUHQFH� LQ� WKH� WULDQJXODUO\�VKDSHG�DUHDV��)LJXUH�����7KH
PRVW� LPSRUWDQW�UHDVRQ�LV� WKDW�FDOFXODWLQJ�'�DQG�DGDSWLQJ�($�DQG�(%�FDQ�HDVLO\�EH�GRQH�LQ� WKH�FRPSUHVVHG
VWUHDP�� $QRWKHU� DGYDQWDJH� LV� WKDW� WKH� KXPDQ� H\H� LV� OHVV� VHQVLWLYH� WR� FKDQJHV� LQ� WKH� KLJK� IUHTXHQF\
FRHIILFLHQWV� ORFDWHG� LQ� WKRVH� DUHDV�� ,Q� WKH� FRPSUHVVHG� ELWVWUHDP� WKH� '&7�FRHIILFLHQWV� DUH� RUGHUHG� LQWR� D
³]LJ�]DJ´� VHTXHQFH� �VHH�)LJXUH� ��� DQG� UXQ�OHYHO� HQFRGHG��9DULDEOH�OHQJWK� FRGHV� �9/&¶V�� DUH� DVVLJQHG� WR
WKHVH�UXQ�OHYHO�FRGHV��$OO�'&7�FRHIILFLHQWV��QHHGHG�IRU�WKH�FDOFXODWLRQ�RI�($�RU�(%�DUH�FRQYHQLHQWO\�ORFDWHG
DW� WKH�HQG�RI� WKH�FRPSUHVVHG��[��'&7�EORFN�DIWHU� ]LJ�]DJ�RUGHULQJ��7KH�FRHIILFLHQWV�FDQ�HDVLO\�EH� VHW� WR
]HUR� WR�DGDSW� WKH�HQHUJ\�ZLWKRXW� UH�HQFRGLQJ� WKH� VWUHDP��6LPSO\� VKLIWLQJ� WKH�HQG�RI�EORFN�PDUNHU� �(2%�
WRZDUGV�WKH�'&�FRHIILFLHQW�E\�VNLSSLQJ�WKH�ODVW�9/&¶V�RI�WKH�EORFN�FKDQJHV�WKH�HQHUJ\�(��)LJXUH����
%HFDXVH� FRHIILFLHQWV� DUH� ³WKURZQ� DZD\´� WR� DGG� D� ODEHO�� WKH� ODEHOHG� FRPSUHVVHG� VWUHDP� ZLOO� EH� DOZD\V
VPDOOHU� WKDQ� WKH�XQODEHOHG� VWUHDP�� DQG� V\QFKURQLVDWLRQ� DQG�EXIIHU�RYHUIORZ�SUREOHPV�DUH� DYRLGHG� LQ� WKLV
ZD\�

����)LJXUH����&DOFXODWLQJ�DQG�DGDSWLQJ�WKH�HQHUJ\�LQ�DQ��[��FRPSUHVVHG�'&7�EORFN

�[��'&7�EORFN
� �

�� ��

� ��

]LJ�]DJ�VFDQ

(QFRGHG�YLGHR�VWUHDP�

��=LJ�]DJ�RUGHU

��5XQ�OHYHO�FRGLQJ���9/&�FRGLQJ

(� �OHYHO��$&����������OHYHO��$&����������OHYHO��$&�����

&XW�RII�SRLQW��F

'& $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&��� $&��� $&��� $&��� $&��� (2%

(

F

'& $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&��� $&��� $&��� $&��� $&��� (2%

'& $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&�� $&��� $&��� $&���(2%

&DOFXODWLQJ����(�

0DQLSXODWLQJ�(�
(� ��



���� &DOFXODWLQJ�WKH�&XW�RII�3RLQW

7KH� TXHVWLRQ� LV� KRZ� PDQ\� '&7� FRHIILFLHQWV� PXVW� EH� GLVFDUGHG� WR� JHQHUDWH� D� FHUWDLQ� HQHUJ\� GLIIHUHQFH
EHWZHHQ�WKH�WZR�DUHDV�$�DQG�%��VHH�)LJXUH������)RU�VPRRWK�DUHDV�$�%�D�ORZ�FXW�RII�SRLQW�F� LV�UHTXLUHG�WR
ILQG�'&7�FRHIILFLHQWV�ZKLFK�DUH�QRQ�]HUR��)RU�PRUH�WH[WXUHG�DUHDV�$�%�D�KLJKHU�F�LV�QHHGHG��RWKHUZLVH�WRR
PDQ\�FRHIILFLHQWV�DUH�VHW� WR�]HUR�DQG� WKH� ODEHO�ELW�ZLOO�EHFRPH�YLVLEOH��3UREOHPV�RFFXU� LI�RQH�DUHD�H�J��$
GRHV� QRW� FRQWDLQ� DQ\� GHWDLO� DQG� WKH� RWKHU� FRQWDLQV� PXFK� WH[WXUH� �VHH� )LJXUH� �D��� ,I� D� SRVLWLYH� HQHUJ\
GLIIHUHQFH�'� �($��(%�PXVW�EH�JHQHUDWHG�WR�HPEHG�ODEHO�ELW�³�´��DOPRVW�DOO�$&�'&7�FRHIILFLHQWV�LQ�DUHD�%
PXVW�EH�UHPRYHG�E\�XVLQJ�D�YHU\� ORZ�FXW�RII�SRLQW�F� WR�PDNH�($�!�(%��)LJXUH��� LOOXVWUDWHV� WKLV�VLWXDWLRQ�
FOHDUO\�WKH�SUHVHQFH�RI�WKH�ODEHO�EHFRPHV�YLVLEOH�LQ�DUHD�%�

)LJXUH���������D� VPRRWK�DQG������������������������E� SRVLWLYH�HQHUJ\�������������������F��VKXIIOHG�IUDPH
WH[WXUHG�DUHD GLIIHUHQFH�HQIRUFHG�($�!�(%

7KLV� SUREOHP� FDQ� EH� VROYHG� E\� SVHXGR�UDQGRPO\� VKXIIOLQJ� DOO� �[�� '&7�EORFNV� RI� WKH� ,�IUDPH� EHIRUH
ODEHOLQJ��)LJXUH��F���,I�WKH�,�IUDPH�LV�QRW�VKXIIOHG��WKH�FXW�RII�SRLQWV�F�FDQ�UDQJH�IURP���IRU�VPRRWK�EORFNV�
ZKHUH�DOPRVW�QR�HQHUJ\�($�F��RU�(%�F��FDQ�EH�IRXQG��WR����IRU�WH[WXUHG�EORFNV��,I�DOO��[��'&7�EORFNV�RI�WKH�,�
IUDPH�DUH�ILUVW�VKXIIOHG��VPRRWK��[��EORFNV�DQG�WH[WXUHG��[��EORFNV�ZLOO�DOWHUQDWH�LQ�EORFNV�$�RU�%��7KH�KLJK
IUHTXHQF\�'&7�FRHIILFLHQWV�DUH�QRZ�GLVWULEXWHG�HTXDOO\�RYHU�DOO�DUHDV�$�DQG�%��DQG�WKH�FXW�RII�SRLQWV�ZLOO
KDYH�D�VPDOOHU�UDQJH��7KH�F�YDOXHV�LQ�WKH�VKXIIOHG�IUDPHV�YDU\�OHVV�DURXQG�WKH�DYHUDJH�RI�WKH�F�YDOXHV�WKDQ
LQ� WKH� XQVKXIIOHG� IUDPHV�� 6R�� WKH� FKDQFH� WKDW� D� YHU\� ORZ� RU� D� YHU\� KLJK� FXW�RII� SRLQW� F� ZLOO� EH� XVHG� LV
VPDOOHU��$Q�H[WUD�DGYDQWDJH�RI�VKXIIOLQJ�LV� WKDW�HDFK�ODEHO�ELW� LV� VFDWWHUHG�RYHU� WKH� IUDPH��ZKLFK�PDNHV� LW
PRUH�GLIILFXOW�IRU�D�KDFNHU�WR�ORFDWH�WKH�ODEHO�ELWV�

���� 7KH�)XOO\�$XWRPDWHG�/DEHOLQJ�DQG�([WUDFWLRQ�3URFHGXUH

/DEHOLQJ�SURFHGXUH�
7KH� SDUDPHWHU� '� LV� WKH� HQHUJ\� GLIIHUHQFH� ZKLFK� ZLOO� EH� HQIRUFHG� WR� DGG� D� ODEHO� ELW�� 7KLV� SDUDPHWHU
LQIOXHQFHV� WKH�DPRXQW�RI�FRHIILFLHQWV��ZKLFK�DUH�GLVFDUGHG��DQG�GHWHUPLQHV� WRJHWKHU�ZLWK�SDUDPHWHU�Q� WKH
UREXVWQHVV�RI� WKH� ODEHO��Q� LQGLFDWHG� WKH� QXPEHU� RI� �[��EORFNV� SHU� ODEHO� ELW� DQG�/L� L ������«� LV� WKH� ODEHO� ELW
VWULQJ�

��� $OO��[��'&7�<�EORFNV�RI�WKH�,�IUDPH�DUH�SVHXGR�UDQGRPO\�VKXIIOHG��7KH�ODEHO�ELW�FRXQWHU�L�LV�VHW�WR���
�
��� $�EORFN�$�%�FRQWDLQLQJ�Q��[��<�'&7�EORFNV�LV�VHOHFWHG�IURP�WKH�,�IUDPH�WR�HPEHG�ODEHO�ELW�/L�
� 7KLV�EORFN�LV�VSOLW�LQWR�DQ�XSSHU�KDOI�$��Q���EORFNV��DQG�D�ORZHU�KDOI�%��VHH�)LJXUH����
�
��� 7R�HVWLPDWH�WKH�FXW�RII�SRLQW�FH�IRU�WKLV�EORFN�$�%��WKH�VTXDUHG�VXP�($�F��RI�DOO�'&7�FRHIILFLHQWV�DIWHU

FXW�RII�SRLQW�F� ��� �VHH�)LJXUH���� LQ�DOO��[��'&7�EORFNV� LQ�$� LV� FDOFXODWHG��(%�F�� LV� FDOFXODWHG� LQ� WKH
VDPH�ZD\�IRU�EORFN�%��7KLV�SURFHGXUH�����LV�UHSHDWHG�IRU�F� ��������������

�
��� FH�LV�VHW�WR�WKH�KLJKHVW�FXW�RII�SRLQW�F���������IRU�ZKLFK��($�F��!�'��$1'��(%�F��!�'�
�
��� ,I�/L�LV����DOO�FRHIILFLHQWV�DIWHU�FH�LQ�DOO��[��'&7�EORFNV�RI�EORFN�$�DUH�VHW�WR�]HUR��FRHIILFLHQWV�LQ�6$��
� ,I�/L�LV����DOO�FRHIILFLHQWV�DIWHU�FH�LQ�DOO��[��'&7�EORFNV�RI�EORFN�%�DUH�VHW�WR�]HUR��FRHIILFLHQWV�LQ�6%��
�
��� 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�7�LV�UHTXLUHG��7KH�WKUHVKROG�7�LQIOXHQFHV�WKH�GHWHUPLQDWLRQ�RI
WKH� FXW�RII� SRLQW�F��ZKLFK� LV� XVHG� WR� H[WUDFW� HDFK� ODEHO�ELW��7KLV�YDOXH�PXVW�EH� VPDOOHU� WKDQ� WKH� HQIRUFHG
HQHUJ\�GLIIHUHQFH�'�

��� $OO��[��'&7�<�EORFNV�RI�WKH�,�IUDPH�DUH�SVHXGR�UDQGRPO\�VKXIIOHG��7KH�ODEHO�ELW�FRXQWHU�L�LV�VHW�WR���
�
��� $�EORFN�$�%�FRQWDLQLQJ�Q��[��<�'&7�EORFNV�LV�VHOHFWHG�IURP�WKH�,�IUDPH�WR�H[WUDFW�ODEHO�ELW�/L�
� 7KLV�EORFN�LV�VSOLW�LQWR�DQ�XSSHU�KDOI�$���Q���EORFNV��DQG�D�ORZHU�KDOI�%��VHH�)LJXUH����
�
��� 7R�HVWLPDWH�WKH�FXW�RII�SRLQW�FH�IRU�WKLV�EORFN�$�%��WKH�VTXDUHG�VXP�($�F��RI�DOO�'&7�FRHIILFLHQWV�DIWHU

FXW�RII�SRLQW�F� ���VHH�)LJXUH����LQ�DOO��[��'&7�EORFNV�LQ�$�LV�FDOFXODWHG��(%�F��LV�FDOFXODWHG�LQ�WKH�VDPH
ZD\�IRU�EORFN�%��7KLV�SURFHGXUH�����LV�UHSHDWHG�IRU�F� ��������������

�
��� F$�LV�VHW�WR�WKH�ORZHVW�FXW�RII�SRLQW�F���������IRU�ZKLFK��($�F����7��
� F%�LV�VHW�WR�WKH�ORZHVW�OLQH�QXPEHU�F���������IRU�ZKLFK��(%�F����7��
�
��� ,I��F$���F%��WKH�ODEHO�ELW�/L�HPEHGGHG�LQ�WKH�EORFN�$�%�LV�RQH�
� ,I��F$� �F%��$1'��($�F$����(%�F$����/L�LV�DOVR�RQH�
� 2WKHUZLVH�/L�LV�]HUR�
�
��� 7KH�ODEHO�ELW�FRXQWHU�L�LV�LQFUHDVHG�E\����7KH�SURFHGXUHV��������DUH�DSSOLHG�WR�DOO�EORFNV�$�%�XQWLO�DOO

ELWV�RI�WKH�ODEHO�DUH�H[WUDFWHG�
�

���� ([SHULPHQWDO�5HVXOWV

:H�DSSOLHG� WKH� ODEHOLQJ� WHFKQLTXH� SUHVHQWHG� LQ� VHFWLRQ� ���� WR� ��� VHFRQGV� RI�03(*��� FRPSUHVVHG� YLGHR
XVLQJ�GLIIHUHQW�ELW�UDWHV��7KH�SDUDPHWHU�'�ZDV�VHW�WR����DQG�WKH�SDUDPHWHU�7��WR�����7KH�FXW�RII�SRLQWV�F�IRU
HDFK�ODEHO�ELW�ZHUH�DOORZHG�WR�YDU\�LQ�WKH�UDQJH�IURP���WR����
$� VLPLODU� DOJRULWKP� XVLQJ� ��� �[�� EORFNV� SHU� ELW� �Q ���� ZDV� VXFFHVVIXOO\� DSSOLHG� WR� -3(*� FRPSUHVVHG
LPDJHV�>�@��+RZHYHU��XVLQJ�WKLV�YDOXH�LQ�WKH�03(*�ODEHOLQJ�DOJRULWKP�UHVXOWHG�LQ�EORFNLQJ�DUWHIDFWV�DURXQG
HGJHV� RI� VPRRWK� REMHFWV�� ,QIRUPDO� VXEMHFWLYH� WHVWV� VKRZHG� WKDW� WKH� ODEHO�� HPEHGGHG�ZLWK� Q ���� ZDV� QRW
QRWLFHDEOH�LQ�YLGHR�VWUHDPV�FRGHG�DW���DQG���0ELW�V��,I�03(*�VWUHDPV�FRGHG�DW�D�ORZHU�ELW�UDWH��DUH�ODEHOHG
ZLWK�Q ���WKH�VDPH�DUWHIDFWV�DSSHDU��%\�LQFUHDVLQJ�Q�IXUWKHU�WR����D�SHUFHSWXDOO\�LQYLVLEOH�ODEHO�FDQ�DOVR�EH
HPEHGGHG� LQ� DQ�03(*� VWUHDP� FRGHG� DW� ��0ELW�V�� ,Q�7DEOH� �� VRPH� UHVXOWV� DUH� OLVWHG�� ,W� DSSHDUV� WKDW� QRW
HQRXJK�KLJK�IUHTXHQF\�FRHIILFLHQWV�FDQ�EH� IRXQG� LQ� WKH�VHTXHQFH�FRGHG�DW����0ELW�V� WR�FUHDWH� WKH�HQHUJ\
GLIIHUHQFHV�'�IRU�WKH�ODEHO�ELWV�

�����������7DEOH��� $PRXQW�RI��[��'&7�EORFNV�SHU�ELW��DPRXQW�RI�ELWV�GLVFDUGHG�E\�WKH�ODEHOLQJ�SURFHVV�
��ODEHO�ELWHUURUV�DQG�ODEHO�ELW�UDWH�IRU�WKH�6KHHS�VHTXHQFH�FRGHG�ZLWK�GLIIHUHQW�ELW�UDWHV�

9LGHR�ELW�UDWH Q 'LVFDUGHG�ELWV ��%LW�HUURUV /DEHO�ELW�UDWH
����0ELW�V �� ���.ELW�V ���� �����.ELW�V
����0ELW�V �� ���.ELW�V ��� �����.ELW�V
����0ELW�V �� ���.ELW�V ��� �����.ELW�V
����0ELW�V �� ���.ELW�V ��� �����.ELW�V
����0ELW�V �� ���.ELW�V ��� �����.ELW�V

,Q� ILJXUH� �D� WKH� RULJLQDO� ,�IUDPH� RI� DQ� 03(*��� FRGHG� PRYLH� LV� UHSUHVHQWHG�� ,I� WKH� RULJLQDO� ,�IUDPH� LV
VXEWUDFWHG�IURP�WKH�FRUUHVSRQGLQJ�ODEHOHG�,�IUDPH�DQG�WKLV�DEVROXWH�GLIIHUHQFH�VLJQDO�LV�DPSOLILHG�E\�����WKH
LPDJHV��ZKLFK�DUH�VKRZQ�LQ�ILJXUH��E�DQG��F��DUH�REWDLQHG�



)LJXUH�����D��8QODEHOHG�,�IUDPH �E�� )UDPH� GLIIHUHQFH� �Q ���� �0E�V�� �F�� )UDPH� GLIIHUHQFH� �Q ���
�0E�V�

7R�VHH�LI�WKH�ODEHO�LV�UHVLVWDQW�WR�UH�HQFRGLQJ�XVLQJ�D�ORZHU�ELW�UDWH��WKH�IROORZLQJ�H[SHULPHQW�LV�SHUIRUPHG�
7KH�VKHHS�VHTXHQFH� LV�03(*���HQFRGHG�DW���0ELW�V�DQG� WKLV�FRPSUHVVHG�VWUHDP�LV� ODEHOHG� �Q �����$IWHU
WKDW�� WKH� ODEHOHG� VHTXHQFH� LV� GHFRGHG� DQG� DJDLQ�03(*��� HQFRGHG� XVLQJ� WKH� VDPH�*23�OHQJWK� EXW� ZLWK
GLIIHUHQW�ORZHU�ELW�UDWHV��7KH�ELWHUURUV�LQWURGXFHG�E\�GHFUHDVLQJ�WKH�ELW�UDWH�DUH�UHSUHVHQWHG�LQ�)LJXUH���

)LJXUH�������%LWHUURUV�DIWHU�UH�HQFRGLQJ�D�ODEHOHG��0ELW�V�0SHJ���VHTXHQFH�ZLWK�D�ORZHU�ELW�UDWH�

��� &RQFOXVLRQV�DQG�)XWXUH�:RUN

,Q�WKLV�SDSHU�WZR�QHZ�WHFKQLTXHV�IRU�UHDO�WLPH�ODEHOLQJ�RI�FRPSUHVVHG�YLGHR�DUH�SUHVHQWHG��7KHUH�LV�FOHDUO\�D
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