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$IWHU� FRQYHUWLQJ� WKH� HQFRGHU� YDOXH� WR� DQJXODU�GLVSODFHPHQW�UHVXOW�ZLOO�EH�VHW�SRLQW�IRU� �T
7KH ILUVW� VWHS� WR� NLQHPDWLF� PRGHOLQJ� LV� WKH� SURSHU�DVVLJQPHQW� RI� FRRUGLQDWH� IUDPHV� WR� HDFK� OLQN�� (DFK�FRRUGLQDWH� V\VWHP� KHUH� LV�RUWKRJRQDO� DQG� WKH� D[HV� REH\�ULJKW�KDQG�UXOH>�����@�
%DVLFDOO\ LQ�IRUZDUG�NLQHPDWLF�ZH�ZRXOG�OLNH�WR�NQRZ�WKH�SRVLWLRQ� DQG� RULHQWDWLRQ� RI� HDFK� OLQN� DV� WKH� PHFKDQLVP�PRYHV��7KLV�FDQ�EH�GRQH�E\�DWWDFKLQJ� IUDPHV� W�HDFK� OLQN�DQG� FRPSXWLQJ� KRZ� WKH� IUDPH� FKDQJHV� DV� WKH� URERW�PRYHV��)RU�WKLV�ZH�QHHG�WR�NQRZ�KRZ�WKH�IUDPH�FKDQJHVZLWK� WKH�PHFKDQLVP�SDUDPHWHUV��7R�PRYH� IURP� RQH�OLQN�WR�DQRWKHU�ZH�VKRXOG�SDUDPHWUL]H�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�DGMDFHQW�OLQNV��IUDPHV���7KXV�ZH�ZLOO�KDYH�D�WDEOH�RI�SDUDPHWHUV� WKDW� GHILQHV� WKH� UHODWLRQVKLS� EHWZHHQ� WZR�DGMDFHQW�IUDPHV�
$� FRPPRQO\� XVHG� FRQYHQWLRQ� IRU� VHOHFWLQJ� IUDPHV� RI�UHIHUHQFH� LQ� URERWLF� DSSOLFDWLRQV� LV� WKH� 'HQDYLW�+DUWHQEHUJ�� RU� '�+� FRQYHQWLRQ>5LYLQ@�� ,Q� WKLV�FRQYHQWLRQ�� HDFK� KRPRJHQRXV� WUDQVIRUPDWLRQ� L$ LV�UHSUHVHQWHG�DV�D�SURGXFW�RI�IRXU�EDVLF�WUDQVIRUPDWLRQV
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7KLV�JHRPHWULF�DSSURDFK�JLYHV�WKH�YDOXH�RI�WKH�ILUVW�WKUHH�MRLQW� YDULDEOHV�� QRZ� WR� ILQG� WKH� ILQDO� WKUHH� DQJOHV� IRU� D�JLYHQ� RULHQWDWLRQ� ZH� VKRXOG� GHWHUPLQH� WKH� (XOHU� DQJOHV�FRUUHVSRQGLQJ�WR�D�URWDWLRQ�PDWUL[� 5
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7KH�FHQWHU�RI� WKH�FRRUGLQDWH�V\VWHP� LV� \ GLUHFWLRQ�ZKLFK�LV�SHUSHQGHFLODU�WR�FRQYH\RU
����2S�DPS7KH� UHODWLRQVKLS� EHWZHHQ� WKH�RXWSXWV� RI� WKH� RS�DPS�DQG�WKH�FXUUHQWV�LD�W�DQG�LE�W� LV �@���>�� WLWL5WH ED)R �� ���

����6HUYR DPSOLILHU7KH�JDLQ� RI� WKH� VHUYRDPSOLILHU� LV�±.��7KH�RXWSXW� RI� WKH�VHUYRDPSOLILHU�LV�H[SUHVVHG�DV� ���@���>�� W.HWHWH.WH VWRD � �� ���
����7DFKRPHWHU7KH�RXWSXW YROWDJH�RI� WKH� WDFKRPHWHU�� HW LV� UHODWHG� WR� WKH�DQJXODU� YHORFLW\� RI� WKH� PRWRU� WKURXJK� WKH� WDFKRPHWHUFRQVWDQW�.W�7KH�DQJXODU�SRVLWLRQ�RI�WKH�RXWSXW�JHDU�LV�UHODWHG�WR�WKH�PRWRU�SRVLWLRQ�WKURXJK�WKH�JHDU�UDWLR� ��Q��7KXV� PQTT �R  ��������'&�0RWRU7KH�'&�PRWRU�KDV�EHHQ�PRGHOHG�ZLWK HTXDWLRQV�DUH������� WHWL5WH EDDD � �������� W.WH PEE Z ���������� W%W W-W7 PPP ZZ �ww ����ZKHUH� -� DQG� %� DUH� WKH� LQHUWLD� DQG� YLVFRXV� IULFWLRQ�FRHIILFLHQWV�VHHQ�DW�WKH�PRWRU�VKDIW��7KH�LQGXFWDQFH�RI�WKH�PRWRU�LV�QHJOHFWHG��

,9��6,08/$7,21�5(68/76$� 6L[� '2)� PDQLSXODWRU� IRU� FRQYH\RU� WUDFNLQJ� LV�SHUIRUPHG�WKUHH�DSSUR[LPDWLRQV���)LUVWO\��FODVVLFDO�FRQWURO�PHWKRG�ZKLFK�WR�DSSO\�IRU�FRQYH\RU�WUDFNLQJ�RI��VW D[LV�LV�3,'��$�'&�PRWRU�XVLQJ�VL[�'2)�PDQLSXODWRU�LV�PRGHOHG�VLPXOLQN� IRU�0DWODE �����3,'�UHVXOW� LV�VHHQ�ILJXUH��� 7KH�3,'� SDUDPHWHUV� KDYH� VHOHFWHG� HPSULFDOO\�� 6HFRQG� RI�DSSUR[LPDWLRQV� LV� IX]]\� ORJLF �)/��� 5XOH� WDEOH� RI� )/ LV�JLYHQ� )LJXUH� �� '&� PRWRU� RI� FRQYH\� WUDFNLQJ� IRU� )/�RXWSXWV�DUH�JLYHQ�LQ�ILJXUH���DQG���
$QG� ILQDOO\� VROXWLRQ� RI� FRQYH\RU� WUDFNLQJ� LV� $UWLILFLDO�1HXUDO�1HWZRUN��$11�� 1HWZRUN�VWUXFWXUH�LV���[�[��DQG�RQH�LQSXW�RQH�RXWSXW��6LJPRLG�DUH�XVHG�DV 1HW¶V�DFWLYDWH�IXQFWLRQ� $11�UHVXOW�LV VKRZQ�LQ�ILJXUH��

9��&21&/86,21$� ��'2)� LQGXVWULDO� URERW� LV� GHVLJQHG� DQG� FRQWUROOHG�VXFFHVVIXOO\��7KH�PDWHULDOV�XVHG�IRU�WKH�URERW�DUH�VHOHFWHG�DFFRUGLQJO\�ZLWK� RSWLPXP�HFRQRP\� UDWLR�� 7KH�GLIILFXOW\�IDFHG�LQ�WKLV�LPSOHPHQWDWLRQ�ZDV�WR�REWDLQ�WKH�DSSURSULDWH�3,'� SDUDPHWHUV� IRU� PRGHUDWH� FRQWURO�� )/� DQG� 1HXUDO�QHWZRUN� 7KLV� URERW� LV� PDLQO\� XVHG� LQ� LQGXVWULDO� DQG�UHVHDUFK� SXUSRVH�,Q� WKH� IXWXUH� ZRUN�� WKLV� VWXG\� ZLOO� EH�UHWULHG�E\�XVLQJ�)X]]\�±3,'�DQG�LWV�GLIIHUHQW�DSSOLFDWLRQV�



)LJXUH����3,'�RXWSXW�RI�'& PRWRU�YLD�VWHS LQSXW�

)LJXUH ���)/��5XOH�7DEOH

)LJXUH �� '&�0RWRU�RI�&RQYH\�7UDFNLQJ�IRU)/�2XWSXW

)LJXUH ���'&�0RWRU�RI�&RQYH\�7DFNLQJ�IRU�)/�2XWSXW

)LJXUH����'&�0RWRU &RQWURO�6LJQDO RI�&RQYH\�7UDFNLQJ�IRU 3,'��)�/� DQG $11��RXWSXW YLD�VWHS�LQSXW
5()(5(1&(6

���.RUHQ��<�� 5RERWLF�IRU�(QJLQHHUV��0F*UDZ�+LOO�%RRN�&RPSDQ\�1HZ�<RUN� ����
���&UDLJ��-���,QWURGXFWLRQ WR�5RERWLFV��$GGLVRQ :HVOH\��1HZ�<RUN� ����
���%DED\LJLW��6�� 3/&�LOH�URERW�NRQWURO���(/(&2 ������V���������%XUVD� ����
���%HKHUD��/���.LUXEDQDQGDQ�1�� $�+\EULG 1HXUDO�&RQWURO�6FKHPH IRU�9LVXDO�0RWRU�&RRUGLQDWLRQ���,(((�7UDQVDFWLRQ�RQ FRQWURO�6\VWHP�9RO���� 1R����SS�����������
���5LYLQ�(�,���0HFKDQLFDO�'HVLJQ�RI�5RERWV��0F*UDZ +LOO�ERRN�&RPSDQ\�1HZ�<RUN� ����
���:��3HGU\H]��)X]]\�&RQWURO�DQG�)X]]\�6\VWHPV��-RKQ�:LOH\������
���(�+��0DPGDQL��$SSOLFDWLRQ�RI�)X]]\ /RJLF DOJRULWKPV��IRU�FRQWURO�RI�VLPSOH�G\QDPLF�SODQW��3URF�,QVW��(OHF��(QJ��9RO�������SS����������������
���-�+��/HH��2Q�0HWKRGV�IRU�LPSURYLQJ�SHUIRUPDQFH�RI�3,�W\SH�IX]]\�ORJLF�FRQWUROOHUV� ,(((�7UDQV��2Q�)X]]\�V\VWHPV��9RO��������SS��������������


