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$GGUHVV� (OHFWULF�)DFXOW\� ,UDQ 8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��)DUMDP�6WU���1DUPDN��7HKUDQ��,UDQ)D[� �������������
.H\ZRUGV� �$FWLYH� QRLVH� FRQWURO��� �$GDSWLYH� DOJRULWKP����6HFRQGDU\� SDWK� PRGHOLQJ��� �$FRXVWLF� IHHGEDFN� SDWK�PRGHOLQJ��
$EVWUDFW,Q� WKLV� SDSHU� D� VLQJOH�FKDQQHO� IHHG�IRUZDUG� $1&� V\VWHP� KDVEHHQ�SULPDULO\�VLPXODWHG�LQ�DQ�H[SHULPHQWDO�GXFW�WR�UHGXFH�ORZ�IUHTXHQF\� DFRXVWLF� QRLVH�� 0RUHRYHU� WKH� UREXVWQHVV� RI� WKH�);/06� DGDSWLYH� DOJRULWKP� WR� PRGHOLQJ� HUURU� KDV� EHHQ�HPSKDVL]HG� E\� WKLV� VLPXODWLRQ�� ,Q� WKH� LPSOHPHQWDWLRQ� SKDVH��DFRXVWLF�IHHGEDFN�RIWHQ�FDXVHG�LQVWDELOLW\��DQG�WKH�SUREOHP�ZDV�RYHUFRPH� XVLQJ� D� KHXULVWLF� FKDQJH� LQ� V\VWHP� VHWXS�� $W� ODVW�WKUHH� DGDSWLYH� DOJRULWKPV�� VXFK� DV�);/06�ZLWK�QRQ�DFRXVWLFDO�VHQVRU�� );/06� ZLWK� DFRXVWLFDO� IHHGEDFN� QHXWUDOL]DWLRQ� DQG�)85/06� ZHUH� LPSOHPHQWHG�� 7KH� UHVXOWV� VKRZ WKDW WRQDO�DFRXVWLF� QRLVH� FDQ� EH� DWWHQXDWHG� E\� $1&� V\VWHP� RYHU ��G%�WKDW�LV�DSSDUHQWO\�UHFRJQL]DEOH�LQ�ODERUDWRU\�DPELHQW�
�� ,QWURGXFWLRQ2QH� RI� WKH� PRVW� VXFFHVVIXO� DSSOLFDWLRQV� RI� $FWLYH� 1RLVH�&RQWURO� 6\VWHPV� KDV� EHHQ� LQ� GXFWV� VR� IDU�� ,W� LV� WKH EDVLF� LGHD�GXH� WR� WKH�ZLGH�UDQJH� DSSOLFDWLRQV� RI� GXFWV� LQ�+9$&�V\VWHPV��)DQ� QRLVH� LV� RQH� RI� WKH� FRPPRQ� GLVWXUEDQFHV� WKDW� LV�H[FHVVLYHO\� SURGXFHG� LQ� HOHFWURQLF� GHYLFHV� VXFK� DV�WUDQVIRUPHUV�� FRPSXWHUV� DV� ZHOO� DV� DLU� FRQGLWLRQLQJ� V\VWHPV�DQG� LQGXVWULDO� H[KDXVWV� >�@�� 7KLV� DFRXVWLF� QRLVH� FDQ� KDUPIXOO\�DIIHFW� WKH� KXPDQ� OLIH� SK\VLFDOO\� DQG� SV\FKRORJLFDOO\�� $V� WKH�WUDGLWLRQDO� PHWKRGV� RI� VRXQG� DEVRUEHUV� IRU� QRLVH� DWWHQXDWLRQ�ORRVH� WKHLU� SHUIRUPDQFH� LQ� ORZ� IUHTXHQFLHV�� $FWLYH� 1RLVH�&RQWURO� WHFKQLTXH� KDV� EHHQ� VXJJHVWHG� DV� DQ� LGHDO� DOWHUQDWLYH��$OWKRXJK� WKH� ILUVW� LGHD� DERXW� $1&� JRHV� EDFN� WR� ����� >�@��SUDFWLFDO� LPSOHPHQWDWLRQV� VWDUWHG� LQ� ��¶V GHFDGH� WKDQNV� WR� WKH�TXLFN� LPSURYHPHQW� RI� '63� FKLSV�� 7KLV� PHWKRG� LV� DOVR� ZLGHO\�XVHG� IRU� UHGXFLQJ� ORZ� IUHTXHQF\� FRPSOH[� YLEUDWLRQV� LQ�PHFKDQLFDO�VWUXFWXUHV��

,Q�DQ�$1&�V\VWHP��D�GLJLWDO�FRQWUROOHU�SURFHVVHV�DFRXVWLF�QRLVH�DQG� LVVXHV� D� VLJQDO� ZLWK� WKH� VDPH�PDJQLWXGH� DQG� WKH� RSSRVLWH�SKDVH� LQ� RUGHU� WR� FDQFHO� WKH� PDLQ� QRLVH� VLJQDO�� &RQVHTXHQWO\�GXH� WR� WKH� DFRXVWLF� LQWHUIHUHQFH� EHWZHHQ� WKH� DQWL�QRLVH� VLJQDO�DQG� WKH� PDLQ� VLJQDO�� WKH� DFRXVWLF� QRLVH� ZLOO� EH� SRVVLELOLW\�HOLPLQDWHG�� 7KH� VLPSOHVW� UHDOL]DWLRQ� RI� $1&� V\VWHP� KDV� EHHQ�LQ�QDUURZ�GXFWV��,I�GXFW�OHQJWK�LV� ODUJHU�WKDQ�LWV�GLPHQVLRQV��WKH�VRXQG� SURSDJDWLRQ� FDQ� EH� VXSSRVHG� RQH� GLPHQVLRQDO� LQ� WKH�FDVH�RI�SODQH�ZDYHV�DQG�XQLIRUP�GLVWULEXWLRQ��7KH�RSHUDWLRQ�RI�$1&� V\VWHP� LV� EDVHG� RQ� VXSHUSRVLWLRQ� SULQFLSDO� LQ� OLQHDU�V\VWHPV�WKDW�LV�DSSUR[LPDWHO\�WUXH�KHUH�>�@�,Q� WKLV� SDSHU� D� VLQJOH�FKDQQHO� IHHG�IRUZDUG� $1&� V\VWHP� KDV�EHHQ� LPSOHPHQWHG� XVLQJ WKUHH GLIIHUHQW DGDSWLYH� DOJRULWKPV��DQG�WKH�H[SHULPHQWDO�UHVXOWV�DUH�FRPSDUHG�
� 6LQJOH�FKDQQHO�$1&�V\VWHP$� VLQJOH�FKDQQHO�$1&� V\VWHP� LQ� D� GXFW� LV� LOOXVWUDWHG� LQ� )LJ����NQRZQ� DV� �IHHG�IRUZDUG��PHWKRG� >�@� 7KH�$1&� V\VWHP� VKRXOG�EH� DEOH� WR� HVWLPDWH� WKH�FKDQQHO� DFRXVWLF�SDWK� WUDQVIHU� IXQFWLRQ��$V� WKH� IHDWXUHV�RI� DFRXVWLF� VRXUFH�DQG�HQYLURQPHQW�DUH�XVXDOO\�WLPH�YDU\LQJ�� DQ�DGDSWLYH� ILOWHU� HVWLPDWHV� WKH� UHVSRQVH�IURP�WKH�UHIHUHQFH� VHQVRU� WR� WKH� HUURU� VHQVRU�� 7KHUHIRUH� GLJLWDO� ILOWHUV�DFFRPSDQLHG� E\� DGDSWLYH� DOJRULWKPV� �XVXDOO\� /06� IDPLO\� DUH�XVHG�

)LJ���6LQJOH�FKDQQHO�IHHG�IRUZDUG�$1&�V\VWHP�LQ�GXFW
7KH� DQWL�QRLVH� VLJQDO� PDGH� E\� WKH� DGDSWLYH� ILOWHU� VKRXOG� SDVV�WKURXJK� VHYHUDO� FRPSDUWPHQWV� VXFK� DV WKH� '�$� FRQYHUWHU��UHFRQVWUXFWLRQ� ILOWHU�� DPSOLILHU� DQG� VSHDNHU�� $V� WKLV� VLJQDO� ZLOO�



EH� VDPSOHG� E\� WKH� HUURU� PLFURSKRQH�� LW� KDV� WR� SDVV� DJDLQ�WKURXJK� DFRXVWLF� SDWK� IURP� VSHDNHU� WR� HUURU� PLFURSKRQH�� DQWL�DOLDVLQJ� ILOWHU�� SUH�DPSOLILHU� DQG� $�'� WR� EH� UHFHLYHG� E\�FRQWUROOHU�� 6R� WKH� WUDQVIHU� IXQFWLRQ� IURP� VSHDNHU� WR� HUURU�PLFURSKRQH� VKRXOG� EH� HVWLPDWHG� DV�ZHOO�� 7KLV� LV� UHIHUUHG� WR� DV�WKH� �VHFRQGDU\� SDWK�� � �]6 �� VKRZQ� LQ� )LJ��� ,Q� WKLV� ILJXUH�� �]3 GHQRWHV� WKH� DFRXVWLF� SDWK� WUDQVIHU� IXQFWLRQ� IURP�UHIHUHQFH� PLFURSKRQH� WR� HUURU� PLFURSKRQH� ZKHUHDV � �])UHIHUV� WR� WKH� DFRXVWLF� IHHGEDFN� SDWK WUDQVIHU� IXQFWLRQ IURP�VHFRQGDU\�VSHDNHU�WR�WKH�UHIHUHQFH�PLFURSKRQH >�@��

)LJ���$1&�V\VWHP�ZLWK�DFRXVWLF�IHHGEDFN DQG�VHFRQGDU\ SDWK
� /LQHDU�DGDSWLYH�ILOWHUV/LQHDU� DGDSWLYH� ILOWHUV� DUH� XVXDOO\� FDWHJRUL]HG� WR� ILQLWH�LPSXOVH�UHVSRQVH� �),5�� RU� LQILQLWH�LPSXOVH�UHVSRQVH� �,,5��� ,Q�WKLV� SDSHU� ERWK� W\SHV� KDYH� EHHQ�XVHG��7KH�PRGHOLQJ� ILOWHUV� IRU�ERWK� VHFRQGDU\� SDWK� DQG� DFRXVWLF� IHHGEDFN� SDWK�� DV� ZHOO� DV�$1&� FRQWUROOHU� IRU� );/06� DOJRULWKP� DUH� ),5�� ZKHUHDV� $1&�FRQWUROOHU�IRU�)85/06�DOJRULWKP�LV�FKRVHQ�,,5�
� 7KH�ILOWHUHG�;�/06�DGDSWLYH�DOJRULWKP7KH� VLPSOH� DQG� IDPRXV� /06� DOJRULWKP� FDQ� QRW� EH� VWDEOH� LQ�$1&� V\VWHP�� EHFDXVH� DFFRUGLQJ� WR� )LJ��� WKH� ILOWHU� RXWSXW�VLJQDO� � �Q\ HQFRXQWHUV� SKDVH� VKLIW� ZKLOH� SDVVLQJ� WKURXJK� �]6 ��7KH� VROXWLRQ� VHHPV� WR�DSSO\ D VLPLODU SKDVH VKLIW� WR WKHUHIHUHQFH� VLJQDO� EHIRUH� JUDGLHQW� HVWLPDWLRQ� >�@�� 7KH� EORFN�GLDJUDP�RI�$1&�V\VWHP�XVLQJ�);/06�DOJRULWKP�LV�GHSLFWHG�LQ�)LJ��� %\� XVLQJ� � �]6Ö ZKLFK� PRGHOV� � �]6 WR� PDNH� ILOWHUHG�UHIHUHQFH� VLJQDO � �Q[c �� WKH� PHQWLRQHG� VROXWLRQ� LV� UHDOL]HG�� ,W�KDV� EHHQ� VKRZQ� >�@� WKDW� WKLV� DOJRULWKP� LV� UREXVW� WR� HVWLPDWLRQ�HUURU� LQ � �]6Ö �� VR� WKLV� ILOWHU� LV� XVXDOO\� UHDOL]HG� LQ� WHUPV� RI�UHODWLYHO\� IHZ� FRHIILFLHQWV�� 7KH� ILOWHU� FRHIILFLHQWV� DUH� XSGDWHG�XVLQJ�WKH�JUDGLHQW�PHWKRG��� � � � � � � �QHQQQ [ZZ c� � P� ���,Q�WKH�FDVH�RI�DFRXVWLF�IHHGEDFN�SDWK��)LJ�� ZLOO�EH�UHSODFHG�E\�)LJ���� UHIHUUHG� WR� DV� WKH� �IHHGEDFN� QHXWUDOL]DWLRQ� >�@�� ,Q� WKLV�EORFN� GLDJUDP� � �])Ö PRGHOV� DFRXVWLF� SDWK� WUDQVIHU� IXQFWLRQ��

6LQFH� WKH� DFRXVWLF� VLJQDO� LV� IHG� EDFN� RQH� VDPSOH� ODWHU� IURP�VSHDNHU� WR� UHIHUHQFH PLFURSKRQH�� D� XQLW� GHOD\� HOHPHQW� VKRXOG�EH�FRQVLGHUHG��

)LJ���$1&�V\VWHP�ZLWK�);/06�DOJRULWKP

)LJ���$1&�V\VWHP�ZLWK�DFRXVWLF�IHHGEDFN�QHXWUDOL]DWLRQ
�� 7KH�ILOWHUHG�8�UHFXUVLYH�/06�DOJRULWKP$Q DSSOLFDWLRQ� DUHD� LQ� ZKLFK� DGDSWLYH� ,,5� FRQWUROOHUV� KDYH�EHHQ�YHU\�VXFFHVVIXO�LV�WKH�DFWLYH�FRQWURO�RI�SODQH�VRXQG�ZDYHV�LQ�XQLIRUP�GXFWV��VXFK�DV�LQ�DLU�FRQGLWLRQLQJ�V\VWHPV�>�@�

)LJ���$1&�V\VWHP�ZLWK�)85/06�DOJRULWKP
7KLV� LV� EHFDXVH� DQ� ,,5� ILOWHU� FDQ� DFFXUDWHO\� PRGHO� UHTXLUHG�SODQW� UHVSRQVH� IRU� $1&� FRQWUROOHU� LPSOLFLWO\� ZLWKRXW�FRPSHQVDWLQJ� DFRXVWLF� IHHGEDFN� HIIHFW�� :KHQ� LQGLYLGXDO�UHVSRQVHV� RI� VHFRQGDU\�SDWK�� IHHGEDFN�SDWK� DQG�SODQW� UHVSRQVH�DUH� FRPELQHG� WRJHWKHU� WR� FDOFXODWH� WKH� IUHTXHQF\� UHVSRQVH� RI�WKH� RSWLPXP� FRQWUROOHU�� GXH� WR� WKH� VKDULQJ� RI FRPPRQ� SROHV�DQG� WKH� VSHFLDO� IRUP� RI� WKH� ]HURV� RI� WKH� LQGLYLGXDO� UHVSRQVHV��WKH� UHVXOWLQJ� FRQWUROOHU� KDV� D� PXFK� VLPSOHU� IRUP� WKDQ� WKDW� RI�WKH� LQGLYLGXDO� UHVSRQVHV� LQ� WKH� GXFW�� 7KXV� WKH� VWUXFWXUH� RI� D�VLPSOH� ,,5� FRQWUROOHU� LV� YHU\� ZHOO� VXLWHG� WR� WKH� SUREOHP� RI�
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FRQWUROOLQJ�SODQH� VRXQG�ZDYHV� LQ�GXFWV�ZLWK�DFRXVWLF� IHHGEDFN��7KH� EORFN� GLDJUDP� RI� D� VLQJOH�FKDQQHO� $1&� V\VWHP� ZLWK�)85/06� DOJRULWKP� KDV� EHHQ� LOOXVWUDWHG� LQ� )LJ���� 7KH� IRUZDUG�DQG� IHHGEDFN� FRPSDUWPHQWV� RI� ,,5� ILOWHU� FRHIILFLHQWV� ZLOO� EH�XSGDWHG�DV�WKH�IROORZLQJ� ����
������� QHQQQ [DD P� � ��������Ö������� QHQQQ �c� � \EE P ���
� 3K\VLFDO�V\VWHP�GHVFULSWLRQ)LJ�� LOOXVWUDWHV� WKH� SULPDU\� H[SHULPHQWDO� V\VWHP� VHWXS� LQ�ODERUDWRU\�� 7KH� FKDQQHO� LV� PDGH� RI� 39&� ZLWK� ���LQFK� LQ�GLDPHWHU� DQG� ���P� LQ� OHQJWK�� 7KH� QRLVH� VSHDNHU� KDV� EHHQ�ORFDWHG�DW� WKH�EHJLQQLQJ�RI�GXFW�ZKLOH�WKH�VHFRQGDU\�VSHDNHU� LV�IL[HG� DW� WKH� HQG� RI� D� VKRUW� EUDQFK� RUWKRJRQDO� WR� WKH� PDLQ�FKDQQHO�� 7KH� UHIHUHQFH� DQG� HUURU� PLFURSKRQHV� KDYH� EHHQ�ORFDWHG� RQ� WKH� VXUIDFH� RI� WKH� GXFW�� 7KH�'DWD�$FTXLVLWLRQ�&DUG�ZDV�3&/������

)LJ���7KH�SULPDU\�V\VWHP�VHWXS�LQ '63�/DERUDWRU\
� 6\VWHP�LGHQWLILFDWLRQ�IRU�VHFRQGDU\�SDWK�PRGHOLQJ7KH� LGHQWLILFDWLRQ� VLJQDO� ZDV� FKRVHQ� D� ZKLWH� QRLVH� ZLWK�XQLIRUP� GLVWULEXWLRQ� DQG� YDULDQFH� ������ 7KLV� VLJQDO� SURGXFHG�LQ� FRPSXWHU� UHDFKHV� WR� VSHDNHU� YLD� '�$�� UHFRQVWUXFWLRQ� ILOWHUDQG� DQ� DPSOLILHU� DQG� WKHQ� SURSDJDWHV� LQ� GXFW�� 7KLV� VRXQG� LV�UHFHLYHG� E\� HUURU� PLFURSKRQH� DIWHU� SDVVLQJ� WKURXJK� GXFW�� SUH�DPSOLILHU� DQG� DQWL�DOLDVLQJ� ILOWHU�� 7KHQ� LW� FRPHV� DJDLQ� EDFN� WR�FRPSXWHU� YLD� $�'�� 7KH� LQSXW�RXWSXW� GDWD� ZHUH� SUDFWLFDOO\�SURGXFHG� IRU� VHFRQGDU\� SDWK�PRGHOLQJ� LQ� WKLV�ZD\�� 7KHVH� WZR�GDWD�UHFRUGV�DV� LQSXW�VLJQDO� � �Q[ DQG�RXWSXW�VLJQDO� � �Q\ ZHUH�JLYHQ� WR� /06� DOJRULWKP� WR� HVWLPDWH� VHFRQGDU\� SDWK� WUDQVIHU�IXQFWLRQ��� 6LPXODWLRQ�RI�VLQJOH�FKDQQHO�$1&�V\VWHP,Q�PDQ\� HQJLQHHULQJ� DSSOLFDWLRQV�� WKH� VLPXODWLRQ� LV� FRQVLGHUHG�DV� RQH� VWHS EHIRUH� WKH� LPSOHPHQWDWLRQ�� ,Q� WKH� VLPXODWLRQ� VWDJH��LQSXW�RXWSXW� GDWD� DV� ZHOO� DV� HVWLPDWHG� WUDQVIHU� IXQFWLRQ� ZHUH�DFKLHYHG� IURP� UHDO� VHWXS� DQG� WKHQ� WKH� );/06� DOJRULWKP� UXQ�ZLWKRXW� UHODWLQJ� WR� KDUGZDUH� DQG� HTXLSPHQW� �MXVW� ZLWKLQ� 3&�DQG� VR� WKDW� WKH� DFRXVWLF� IHHGEDFN� HIIHFW� ZDV� LJQRUHG� LQ� WKLV�VWHS��� :KLOH� LQ� LPSOHPHQWDWLRQ� SKDVH�� WKH� FRUUHVSRQGLQJ�UHODWLRQ� KDV� EHHQ� HVWDEOLVKHG� DQG� WKH� DFRXVWLF� GLVWXUEDQFH�ZDV�SUDFWLFDOO\� UHGXFHG� %\� WKH� PHWKRG� GHVFULEHG� LQ� SUHYLRXV�VHFWLRQ��DQ�),5�PRGHO�RI�RUGHU�����ZDV�DFKLHYHG�IRU�VHFRQGDU\�

SDWK�� 7KH� ILOWHU� FRHIILFLHQWV� ZKLFK� GHVFULEH� WKH� LPSXOVH�UHVSRQVH�KDYH�EHHQ�VKRZQ�LQ�)LJ����$V�LOOXVWUDWHG�LQ�WKLV�ILJXUH��WKH� YDOXHV� RI� WKH� ILUVW� ��� FRHIILFLHQWV� DUH� FORVH� WR� ]HUR��$VVXPLQJ� VRXQG� VSHHG� WR� EH� ���P�V�� WKH� VRXQG� GHOD\� IRU�WUDYHOLQJ� VHFRQGDU\� SDWK� GLVWDQFH� �����P�� LV� URXJKO\� ���PV��6LQFH� WKH�VDPSOLQJ�IUHTXHQF\�LV��.+]��WKLV�GHOD\�LV�VHHQ�LQ�WKH�ILUVW����FRHIILFLHQWV�RI�WKH�GHVLJQHG�ILOWHU�

)LJ���7KH�LPSXOVH�UHVSRQVH�RI�VHFRQGDU\�SDWK PRGHOLQJ ILOWHU
$V� LQ� WKLV� SDSHU� WKH� UREXVWQHVV� RI� );/06� DOJRULWKP� LV�LQYHVWLJDWHG�E\�VLPXODWLRQ�RI�$1&�V\VWHP� WKH�UHTXLUHG�WUDQVIHU�IXQFWLRQV� DUH� � �]6 DQG � �]6Ö � � �]6 KDV EHHQ� GHWHUPLQHG�EHIRUH�� DQG� DQ� ),5� ILOWHU� RI� RUGHU� ��� ZDV� HVWLPDWHG� � DV� DQ�LQDFFXUDWH� PRGHO� IRU� � �]6Ö �� $V� PHQWLRQHG� HDUOLHU�� GXH� WR� WKH�UREXVWQHVV� RI� WKH� );/06� DOJRULWKP� >�@�� WKLV� HVWLPDWLRQ� GRHV�QRW�FDXVH�LQVWDELOLW\�6R� IDU� � �]6 DQG� � �]6Ö KDYH� EHHQ� SUHSDUHG� DQG� LW� LV� MXVW�QHFHVVDU\� IRU� $1&� V\VWHP� VLPXODWLRQ� WR� REWDLQ� LQSXW� VLJQDO�� �Q[ DQG� RXWSXW� VLJQDO � �Q\ �� ,Q� WKLV� VWHS� WKH� VSHDNHU� DW� WKH�EHJLQQLQJ� RI� WKH� GXFW� LVVXHG� D� WRQDO� VLQXVRLGDO� VLJQDO� ����+]��DQG� WKH� HUURU�PLFURSKRQH� UHFHLYHG� WKLV� VRXQG�DW� WKH�HQG�RI� WKH�GXFW�� 7KLV� LQSXW�RXWSXW� GDWD� �SURGXFHG� IURP� UHDO� VHWXS� ZDV�DSSOLHG� WR� );/06� DOJRULWKP�� 7KH� SRZHU� RI� QRUPDOL]HG�YROWDJH� UHFHLYHG� E\ HUURU� PLFURSKRQH� GXULQJ� FRQYHUJHQFH�SURFHVV� KDV� EHHQ� VKRZQ� LQ� )LJ���� ,W� FDQ� EH� VHHQ� WKDW� $1&�V\VWHP� KDV� VLJQLILFDQWO\� UHGXFHG� WKH� SRZHU� RI� WKH� DFRXVWLF�QRLVH���G%�LQ�HUURU�PLFURSKRQH�ORFDWLRQ�

)LJ���7KH�UHFHLYHG�SRZHU�E\�HUURU�PLFURSKRQH�ZLWK�DOJRULWKP�LWHUDWLRQ
,Q� )LJ�� WKH� SRZHU� VSHFWUXP� GHQVLW\� RI� PDLQ� QRLVH� DQG� HUURU�PLFURSKRQH� VLJQDO� KDYH� EHHQ� FRPSDUHG�� 7KH� KRUL]RQWDO� D[LV�KDV� EHHQ� QRUPDOL]HG� LQ� WHUPV� RI� 1LTXLVW� IUHTXHQF\�� 6LQFH� WKH�



VDPSOLQJ�IUHTXHQF\�RI� WKH�PDLQ�QRLVH� LV��.+]�� WKH�SHDN�LQ�����LV� HTXDO� WR� ���+]� DQG� WKLV� VKRZV� WKH� QRLVH� SRZHU� VSHFWUXP�GHQVLW\�KDV�EHHQ�FXW�GRZQ���G%�

)LJ���7KH�SRZHU�VSHFWUXP�GHQVLW\�RI�PDLQ�QRLVH�DQG�HUURU�PLFURSKRQH�VLJQDO
� ,PSOHPHQWDWLRQ�RI�VLQJOH�FKDQQHO�$1&�V\VWHP'XULQJ� WKH� LPSOHPHQWDWLRQ� SKDVH�� D� PDMRU� SUREOHP� ZDV�HQFRXQWHUHG�� DFRXVWLF� IHHGEDFN� RIWHQ� FDXVHG� LQVWDELOLW\� LQ�);/06�DOJRULWKP��7KH�ILUVW�VWHS�KDG�WR�EH�WKH�UHGXFWLRQ�RI�WKLV�FRUUXSWLQJ� VLJQDO�� 6R� ZH� FKDQJHG� WKH� H[SHULPHQWDO� VHWXS� DV�UHFRPPHQGHG� LQ� >�@��)LJ��� LOOXVWUDWHV� WKH�QHZ�V\VWHP� VHWXS� LQ'63� ODE�� 7KH� VHFRQGDU\� VSHDNHU� LV� IL[HG� DW� WKH� HQG� RI� D� VKRUW�EUDQFK� PRXQWHG� DW q�� RQ� WKH� PDLQ� ERG\� RI� WKH� GXFW�� ,Q� WKLV�VWDJH� WKH� VDPSOLQJ� UDWH�ZDV���.+]�DQG� WKH�DFRXVWLF�QRLVH�ZDV�VHOHFWHG�VLQXVRLGDO�WRQDO�QRLVH�DW�IUHTXHQF\����+]��

)LJ����1HZ�V\VWHP�VHWXS LQ�ODERUDWRU\
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