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7RGD\�� WKH� PRVW� DSSOLHG� WXQLQJ� UXOHV� IRU� 3,'� W\SHV� RI� FRQWUROOHUV� DUH� RQHV�� EDVHG� RQ� WKH
SURFHVV�UHDFWLRQ�FXUYH��SURFHVV�VWHS�UHVSRQVH���$OVR�YHU\�SRSXODU��EXW�QRW�VR�ZLGHO\�XVHG��DUH
WKH� WXQLQJ� UXOHV� EDVHG� RQ� GHWHFWLRQ� RI� RQH� SDUWLFXODU� SRLQW� RQ� WKH� SURFHVV� 1\TXLVW� FXUYH
�XVXDOO\�GHWHFWLQJ�WKH�SURFHVV�XOWLPDWH�IUHTXHQF\�DQG�DPSOLWXGH���7KH�EHVW�NQRZQ�UXOHV�DUH�WKH
=LHJOHU�1LFKROV� WXQLQJ� UXOHV� >ÇVWU|P�DQG�+lJJOXQG������@� >+DQJ�DQG�&DR������@� >+DQJ�HW
DO�������@�>7KRPDV������@��7KH�UHDVRQ�RI�VXFK�SRSXODULW\�OLHV�LQ�WKHLU�VLPSOLFLW\��,Q�UHDO�SODQWV
LW�LV�XVXDOO\�TXLWH�HDV\�WR�REWDLQ�D�SURFHVV�VWHS�UHVSRQVH�DQG�ILQG�WKH�DSSURSULDWH�SURFHVV�ODJ
DQG�SURFHVV�ULVH�WLPHV��ZKLFK�VHUYHV�DV�D�EDVLV�IRU�FDOFXODWLRQ�RI�3,'�SDUDPHWHUV�

7KH�GUDZEDFNV�RI�WKHVH�WXQLQJ�PHWKRGV�DULVH�IURP�WKH�ODFN�RI�LQIRUPDWLRQ�EDVHG�RQO\�RQ�WKH
SURFHVV�ODJ�DQG�SURFHVV�ULVH�WLPH��7KHUH�DUH�GLIIHUHQW�SURFHVVHV�H[LVWLQJ�ZLWK�WKH�VDPH�SDLU�RI
ODJ� DQG� ULVH� WLPHV�� EXW� ZKLFK� QHHG� GLIIHUHQW� FRQWUROOHU� WXQLQJ�� 'LIIHUHQW� SUREOHPV�� DULVLQJ
ZKHQ� XVLQJ� WKH�=LHJOHU�1LFKROV� WXQLQJ� UXOHV�� DUH� UHSRUWHG� LQ� >ÇVWU|P� DQG�+lJJOXQG�� ����@
>+DQJ�DQG�6LQ������@�>+DQJ�DQG�&DR������@�>+DQJ�HW�DO�������@�>7KRPDV������@�>9UDQþLü�HW
DO�������@� >9UDQþLü�HW� DO�������@��6RPH�DXWKRUV� VXJJHVWHG� WKH� LQWURGXFWLRQ�RI� VR�FDOOHG�³VHW�
SRLQW� ZHLJKWLQJ´� >+DQJ� HW� DO��� ����@� DQG� DGGLWLRQDO� FKDQJH� RI� WXQLQJ� UXOHV� >ÇVWU|P� DQG
+lJJOXQG������@��7KH�LPSURYHG�FORVHG�ORRS�UHVSRQVH�VKRZHG�WKDW�WKH\�ZHUH�YHU\�VXFFHVVIXO�
EXW� WKH�UXOHV�ZHUH�VWLOO�EDVHG�RQ� WKH�SURFHVV� ODJ�DQG�ULVH� WLPH��VR� WKHLU�DSSOLFDELOLW\� WR�ZLGH
VSHFWUXP�RI�SRVVLEOH�SURFHVVHV�VWLOO�VWD\V�DV�DQ�RSHQHG�TXHVWLRQ�

%HVLGHV� WKH�YHU\�SRSXODU� UXOHV�� EDVHG�RQ� WKH�SURFHVV� VWHS� UHVSRQVH� RU� GHWHFWLQJ� WKH� SURFHVV
XOWLPDWH� SRLQW�� DV� H�J�� =LHJOHU�1LFKROV�� &RKHQ�&RRQ�� &KLHQ�+URQHV�5HVZLFN� UXOHV�� D� PRUH
VRSKLVWLFDWHG� DSSURDFKHV� DUH� DOVR� H[LVWLQJ�� 7KH\� DUH� XVXDOO\� EDVHG� RQ� WKH� GHWHFWLQJ� PRUH
SRLQWV�RQ� WKH�SURFHVV�1\TXLVW� FXUYH� >ÇVWU|P�DQG�+lJJOXQG�� ����@� >+R�HW� DO��� ����@� >/HYD�
����@�>7KRPDV������@�DV�WR�H[WUDFW�PRUH�LQIRUPDWLRQ�IURP�WKH�SURFHVV�

6XFK�WXQLQJ�UXOHV�JHQHUDOO\�JLYH�EHWWHU�FORVHG�ORRS�SHUIRUPDQFH�DW�WKH�FRVW�RI�PRUH�H[WHQVLYH
FRPSXWDWLRQV� ZLWK� ORQJHU� DQG� PRUH� VRSKLVWLFDWHG� H[SHULPHQWV� RQ� WKH� WHVWLQJ� SODQW�
6RPHWLPHV��WKH�SODQW�PXVW�EH�GULYHQ�LQWR�VHOI�RVFLOODWLRQV��WKDW�LV�IUHTXHQWO\�LQWROHUDEOH�

7KH� VFRSH� RI� WKLV�ZRUN�ZDV� WR� ILQG� VXFK� WXQLQJ� UXOHV� IRU� 3,�'�� FRQWUROOHU� WKDW�ZLOO� XVH� WKH
SRVLWLYH� VLGHV� RI� ERWK� DSSURDFKHV�� 7KHUHIRUH� WKH� DLP� RI� WKLV� UHSRUW� LV� WR� VKRZ� KRZ� WKH
LQIRUPDWLRQ� IURP� WKH� SURFHVV� UHDFWLRQ� FXUYH� FDQ� EH� VXFFHVVIXOO\� XVHG� IRU� ILQGLQJ� VXFK
FRQWUROOHU�SDUDPHWHUV��.��7L�DQG�LQGLUHFWO\�DOVR�7G��ZKLFK�ZLOO�VDWLVI\�JLYHQ�IUHTXHQF\�FULWHULRQ
�WKH�IUHTXHQF\�UHVSRQVH�PHWKRG�JLYHQ�E\�>+DQXV������@��IRU�ZLGH�VSHFWUXP�RI�FKRVHQ�SURFHVV
W\SHV��0RUHRYHU��WKH�VLPSOH�WXQLQJ�UXOHV�ZLOO�JLYH�WKH�H[DFW�UHVXOW�IRU�WKH�FKRVHQ�SURFHVVHV�
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���%DFNJURXQG�PDWHULDOV
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ZKHUH�8��:�DQG�<�GHQRWH� WKH�/DSODFH�WUDQVIRUPV�RI� WKH�FRQWUROOHU�RXWSXW�X��VHW�SRLQW�Z�DQG
WKH� SURFHVV� �SODQW�� RXWSXW� \�� UHVSHFWLYHO\�� 7KH� FRQWUROOHU� SDUDPHWHUV� .� DQG� 7L� GHQRWH
SURSRUWLRQDO�JDLQ�DQG�LQWHJUDO� WLPH�FRQVWDQW�� UHVSHFWLYHO\��7KH�3,�FRQWUROOHU� LQ�D�FORVHG�ORRS
FRQILJXUDWLRQ�ZLWK�D�SURFHVV�LV�VKRZQ�LQ�)LJ����

)LJ�����7KH�FORVHG�ORRS�V\VWHP�ZLWK�3,�FRQWUROOHU

7KH�V\PERO�G�LQ�)LJ����GHQRWHV�WKH�GLVWXUEDQFH�DW�WKH�SURFHVV�LQSXW�

7KH�VR�FDOOHG�³IUHTXHQF\�UHVSRQVH�PHWKRG´�ZDV�FKRVHQ�IRU�WXQLQJ�WKH�3,�FRQWUROOHU�VLQFH

�� LW�DVVXUHV�VWDELOLW\�FRQGLWLRQV�IRU�ZLGH�VSHFWUXP�RI�SURFHVV�PRGHOV��GULYHQ�E\�3,�'��W\SH�RI
FRQWUROOHU

�� LW� JLYHV� WKH� JUHDWHVW� SURSRUWLRQDO� JDLQ� .� ZKLFK� VWLOO� DVVXUHV� WKH� DSHULRGLF� SURFHVV� WLPH
UHVSRQVH�IRU�WKH�ZLGH�VSHFWUXP�RI�SURFHVV�PRGHOV

�� WKH�FRQWUROOHU�SDUDPHWHUV�FDQ�EH�VLPSO\� UHDGMXVWHG�VXFK�DV� WR�VSHHG�XS�RU�VORZ�GRZQ� WKH
SURFHVV�FORVHG�ORRS�UHVSRQVH



�

7KH�PHWKRG�ZDV�WHVWHG�E\�>9UDQþLü�HW�DO�������@�DQG�WKH�H[SHULPHQWDO�UHVXOWV�VKRZHG�WKDW�WKH
PHWKRG�JDYH�YHU\�JRRG�FORVHG�ORRS�UHVSRQVHV�IRU�YDULHW\�RI�WHVWHG�SURFHVV�PRGHOV�ZKLFK�DUH
JLYHQ�LQ�7DEOH���

3URFHVV 5DQJH�RI�SDUDPHWHU
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7DEOH����7KH�WHVWHG�SURFHVVHV�ZLWK�SDUDPHWHU�UDQJHV

0RUHRYHU��WKH�SURFHVVHV�ZHUH�QRW�RQO\�WHVWHG�LQ�JLYHQ�UDQJH�RI�SDUDPHWHUV��DV�ZLOO�EH�RXWOLQHG
ODWHU�IRU�SURFHVVHV�*3��V��DQG�*3��V��
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�����)UHTXHQF\�UHVSRQVH�PHWKRG

7KH�PDLQ�LGHD�RI�WKH�IUHTXHQF\�UHVSRQVH�PHWKRG��)50��LV�WR�ILQG�VXFK�D�FRQWUROOHU�*&�Mw��IRU
JLYHQ� SURFHVV�*3�Mw�� ZKLFK� ZLOO� GULYH� WKH� IUHTXHQF\� UHVSRQVH� RI�*3�Mw�*&�Mw�� WRZDUG� WKH
YHUWLFDO�OLQH
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7KH�UHDVRQ�IRU�VXFK�OLPLWDWLRQV�OLHV�LQ�WKH�IDFW�WKDW�LQ�VXFK�FDVH�WKH�FORVHG�ORRS�UHVSRQVH��VHH
H�J��0�FLUFOHV�LQ�>'L6WHIDQR�HW�DO�������@��ZLOO�KDYH�WKH�XQFKDQJHG�JDLQ��0�FLUFOH�LV����DW�ORZ
IUHTXHQFLHV��DQG�WKH�JDLQ�ZLOO�GHFUHDVH�DW�KLJKHU�IUHTXHQFLHV��VHH�)LJ�����
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)LJ�����0�FLUFOHV�LQ�WKH�3RODU�SORW

7KH�RSHQ�ORRS�1\TXLVW�SORW�RI�WKH�SURFHVV�FXUYH��ZKLFK�IROORZV�WKH�OLQH�0 b��ZLOO�KDYH�WKH
XQFKDQJHG� FORVHG�ORRS� JDLQ�0 b� DW� DOO� IUHTXHQFLHV�� ,I� WKH� RSHQ�ORRS� IUHTXHQF\� UHVSRQVH
FRUUHVSRQGV�WR�FRQGLWLRQV�����DQG������WKH�FORVHG�ORRS�DPSOLWXGH�UHVSRQVH�ZLOO�JR�IURP�0 ��DW
ORZHU� IUHTXHQFLHV� WR�0��� DW� KLJKHU� IUHTXHQFLHV� �VHH� )LJ�� ���� 7KHUHIRUH�� WKHUH� ZLOO� EH� QR



�

UHVRQDQFH�SHDN�LQ�FORVHG�ORRS�DPSOLWXGH�IUHTXHQF\�UHVSRQVH��VR�WKH�V\VWHP�ZLOO�EH�FULWLFDOO\
GDPSHG�>'L6WHIDQR�HW�DO�������@�>%RXFKHU�DQG�7DQJX\������@�DQG�QR�RVFLOODWLRQV�ZLOO�H[LVW�LQ
FORVHG�ORRS�WLPH�UHVSRQVH�

$�W\SLFDO�SURFHVV�1\TXLVW�FXUYH�*3�Mw��LV�VKRZQ�LQ�)LJ����
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)LJ�����7\SLFDO�SURFHVV�1\TXLVW�FXUYH�*S�Mw�

7KH� IUHTXHQF\� UHVSRQVH� PHWKRG� VKRXOG� WKHUHIRUH� ILQG� VXFK� FRQWUROOHU� ZKLFK� ZLOO� VDWLVI\
H[SUHVVLRQV�����DQG������WKDW�WKH�1\TXLVW�FXUYH�ZLOO�EH�VXFK�DV�VKRZQ�LQ�)LJ����

7KH�IUHTXHQF\�UHVSRQVH�PHWKRG�KDV�DQRWKHU�DGYDQWDJH��7KH�JLYHQ�IUHTXHQF\�OLPLWDWLRQV�ZLOO
DOVR�DVVXUH�WKH�V\VWHP�VWDELOLW\��7KH�DPSOLWXGH�PDUJLQ�ZLOO�DOZD\V�EH�JUHDWHU�WKDQ�RU�HTXDO�WR
���$PÌ���DQG�WKH�SKDVH�PDUJLQ�JUHDWHU�WKDQ�RU�HTXDO�WR����GHJUHHV��jPÌ������VHH������

0RUHRYHU��E\�FKDQJLQJ�WKH�SRVLWLRQ�RI�WKH�YHUWLFDO�OLQH�d�g��IURP�SRVLWLRQ�5H^d` �����WRZDUG
KLJKHU�RU�WRZDUG�ORZHU�QHJDWLYH�YDOXHV��ZH�FDQ�REWDLQ�IDVWHU�RU�PRUH�VOXJJLVK�SURFHVV�FORVHG�
ORRS�WLPH�UHVSRQVH��UHVSHFWLYHO\�

&RQWUROOHU�SDUDPHWHUV�FDQ�EH�DGMXVWHG�LQ�GLIIHUHQW�ZD\V��2QH�RI�WKH�SRVVLEOH�FRQFHSWV�LV�XVLQJ
WKH� RSWLPLVDWLRQ� DQG� WKH� VHFRQG� RQH� LV� WKH� DQDO\WLFDO� FRQFHSW��:KLOH� LQ� WKLV� UHSRUW� ZH� DUH
LQWHUHVWHG� LQ� DQDO\WLFDO� UHVXOWV�� ZH� ZLOO� GHYHORS� WKH� DSSURSULDWH� .� DQG� 7L� DQDO\WLFDOO\�� ,Q
>9UDQþLü�HW�DO�������@�WKH�FRQWUROOHU�SDUDPHWHUV��IRU�JLYHQ�SURFHVVHV�LQ�7DEOH����ZHUH�REWDLQHG
E\�WKH�RSWLPLVDWLRQ��)LQDOO\�� WKH�DQDO\WLFDO�VROXWLRQV�ZLOO�EH�FRPSDUHG�ZLWK� WKH�RSWLPLVDWLRQ
UHVXOWV�
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���7KHRUHWLFDO�HYDOXDWLRQ

/HW�XV�KDYH�WKH�IROORZLQJ�SURFHVV�WUDQVIHU�IXQFWLRQ�
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7KH�VWDWLF�SURFHVV�JDLQ� LV� DVVXPHG� WR�EH�HTXDO� WR���� ,Q� IXUWKHU� HYDOXDWLRQ�ZLOO� EH� VXJJHVWHG
KRZ�WR�KDQGOH�SURFHVVHV�ZLWK�WKH�VWDWLF�JDLQ�ZKLFK�LV�GLIIHUHQW�IURP���

:KHQ�XVLQJ�WKH�3,�FRQWUROOHU��JLYHQ�E\������ZH�JDLQ�WKH�IROORZLQJ�RSHQ�ORRS�V\VWHP�WUDQVIHU
IXQFWLRQ�
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ZKHUH� *&�V�*3�V�� PXVW� EH� D� VWULFWO\� SURSHU� IXQFWLRQ�� &RQVWDQWV� FL� DQG� GL� LQ� ���� FDQ� EH
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:LWK�WKH�VXEVWLWXWLRQ�RI�V�E\�Mw�LQ������WKH�IUHTXHQF\�UHVSRQVH�FDQ�EH�REWDLQHG�
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7KH�UHDO�SDUW�RI�����FRPHV�WR
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:KHQ�LQVHUWLQJ�����LQWR������ZH�JHW�
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,W� LV�VRPHKRZ�PRUH� WRXJK� WDVN� WR�VDWLVI\�FRQGLWLRQ������7KH�VROXWLRQ�FRXOG�EH� LQ� VHWWLQJ� WKH
QH[W�VHW�RI�HTXDWLRQV�>%RXFKHU�DQG�7DQJX\������@�
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7KH� VLPXODWLRQ� UHVXOWV� LQ� )LJV�� ��� WR� ��� VKRZ� WKDW� WKH� QHZ� WXQLQJ� PHWKRG�� EDVHG� RQ� WKH
SURFHVV� UHDFWLRQ� FXUYH�� JLYHV� TXLWH� JRRG� UHVXOWV� ZKHQ� WHVWLQJ� WKH� V\VWHP� FORVHG�ORRS� WLPH
UHVSRQVH��(YHQ�ZKHQ�TXLWH�WKH�KLJK�OHYHO�RI�QRLVH�LV�SUHVHQW�LQ�WKH�V\VWHP��.ILOW ������WKH�QHZ
PHWKRG�VWLOO�JLYHV�VWDEOH�UHVXOWV�IRU�WHVWHG�SURFHVVHV��,W�FDQ�EH�VHHQ�WKDW��DV�PHQWLRQHG�EHIRUH�
WKH�ELJJHVW�GLIIHUHQFH�EHWZHHQ�WKH�QRLVHOHVV�DQG�D�SURFHVV�ZLWK�SUHVHQW�QRLVH�FDQ�EH�VHHQ�IRU
WKH�SURFHVVHV�*3���*3���*3���*3��DQG�*3���,Q�QH[W�FKDSWHU�LW�ZLOO�EH�RXWOLQHG�WKDW�WKH�REWDLQHG
UHVXOWV� IRU� WKH� SURFHVVHV� ZLWK� QRLVH� FDQ� EH� FRQVLGHUDEO\� LPSURYHG� E\� VKRUWHQLQJ� WKH
LQWHJUDWLRQ�WLPH�

&ORVHG�ORRS� WLPH� UHVSRQVHV� DOVR� VKRZ� WKDW� WKH� QHZ� PHWKRG� LV� QRW� WRR� VHQVLWLYH� WR� EDGO\
HVWLPDWHG�DQG�RI�H[SHULPHQW� WLPH� �7ILQ��� VR� LW� FDQ� WXUQ�RXW�DV�D�TXLWH� UREXVW�PHWKRG� IRU� UHDO
DSSOLFDWLRQV�

7KH� UHVXOWV� REWDLQHG� ZLWK� QRQ�OLQHDU� SURFHVVHV� VKRZHG� WKDW� WKH� QHZ� PHWKRG� LV� DOVR� TXLWH
UREXVW�RQ�SURFHVV�QRQ�OLQHDULW\��,W�FDQ�EH�VHHQ�WKDW�HYHQ�ZKHQ�WKH�QRQ�OLQHDULW\�LQ�WKH�SURFHVV
LV�TXLWH�GLVWLQFWLYH� �.QO �������ZKDW�FDQ�EH�FOHDUO\� VHHQ� IURP� WKH�RSHQ�ORRS� WLPH� UHVSRQVHV�
WKH�FORVHG�ORRS�EHKDYLRXU�UHPDLQV�DFFHSWDEOH�IRU�DOO�WHVWHG�SURFHVVHV�
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7KH�QHZ�WXQLQJ�PHWKRG�LV�EDVHG�RQ�WKH�PXOWLSOH�LQWHJUDWLRQV��DV�GHULYHG�LQ�SUHYLRXV�FKDSWHU��,W
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7KH�RULJLQDO� H[SUHVVLRQV� IRU�FDOFXODWLQJ� WKH� DUHDV�$�� WR�$�� DUH� JLYHQ�E\� H[SUHVVLRQV� ����� WR
������,QVWHDG�RI�VXFFHVVLYH�FDOFXODWLQJ�WKH�UHVXOWV������������DQG�������RQH�FDQ�LQVHUW������LQWR
�����DQG������DQG������LQWR������DQG�JHW�WKH�IROORZLQJ�UHVXOWV�
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7KH�DUHD�$�� LV�FDOFXODWHG� IURP������ZKHQ� LQVHUWLQJ� W 7ILQ� �WKH�HQG�RI�H[SHULPHQW� WLPH���7KH
UHVXOWHG�$��LV�WKHQ�LQVHUWHG�LQWR������DQG�$�� LV�GHWHUPLQHG�E\�DVVHUWLQJ�W 7ILQ��7KH�DUHD�$�� LV
WKHQ�XVHG�LQ������DQG�$��LV�FDOFXODWHG�E\�XVLQJ�W 7ILQ�

7KH� 0$7/$%� SURFHGXUH� $5($7(67�0�� ZKLFK� SHUIRUPV� VXFK� FDOFXODWLRQV�� LV� JLYHQ� LQ
DSSHQGL[��7KH�UHVXOWV��ZKHQ�XVLQJ�WKH�QRLVH�ILOWHU�.ILOW ����IRU�HDFK�WHVWHG�SURFHVV��DUH�VKRZQ
LQ� 7DEOH� ���� :KHQ� FRPSDULQJ� WR� DSSURSULDWH� YDOXHV� LQ� 7DEOHV� �� WR� ��� �IRU�.ILOW ������ WKH
VLJQLILFDQW�GLIIHUHQFH�FDQ� VHHQ��7KH� FDOFXODWHG� FRQWUROOHU� JDLQ�.� EHFRPHV� HYHQ�QHJDWLYH� IRU
SURFHVVHV�*3��DQG�*3��
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YDOXHV� RI� .� ����� DQG� 7L� ������ ,Q� SDUWLFXODU� FDVH�� WKH� PRGLILHG� FRQWUROOHU� SDUDPHWHUV� IRU
a ������DUH�. �����DQG�7L �����V�
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�)50���ZKHUH�WKH�UHDO�SDUW�HTXDOV�WR������DW�VPDOO�IUHTXHQFLHV�DQG�WKH�YDOXH�LV�JUHDWHU�IRU�DOO
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7KH�QH[W�TXHVWLRQ�ZKLFK�DSSHDUV�LV�ZKHWKHU�LW�LV�SRVVLEOH�WR�FDOFXODWH�WKH�GHULYDWLYH�SDUW�RI�WKH
3,'� FRQWUROOHU� XVLQJ� WKH� QHZ� PHWKRG� DSSURDFK�� +HUH� ZH� ZLOO� WU\� WR� XVH� RQO\� WKH� DOUHDG\
DYDLODEOH�LQIRUPDWLRQ�DERXW�WKH�VXUIDFHV�$���$��DQG�$���,W�LV�DVVXPHG�WKDW�WKH�WKUHH�VXFFHVVLYH
LQWHJUDWLRQV�DUH�HQRXJK� �PD[LPXP�� LQ� UHDO�SURFHVVHV�DQG� WKDW� DGGLWLRQDO� LQWHJUDWLRQV�ZRXOG
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FRQWUROOHU�
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7DEOH�����&DOFXODWHG�YDOXHV�RI�DUHDV�IRU�WKH�SURFHVV�*3�V�

7KH�SURFHVV�ZDV� WHVWHG�ZLWK���GLIIHUHQW�GLIIHUHQWLDO� WLPH�FRQVWDQWV��7G �V��7G ���V��7G ���V
DQG�7G ���V��7KH�YDOXHV�RI�a������DQG�FRUUHVSRQGLQJ�FRQWUROOHU�SDUDPHWHUV�.������DQG�7L�����
DUH�JLYHQ�LQ�7DEOH����
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7DEOH�����&DOFXODWHG�YDOXHV�RI�a�DQG�FRQWUROOHU�SDUDPHWHUV�IRU�WKH�SURFHVV�*3�V�

7KH�DGHTXDWH�FORVHG�ORRS�WLPH�UHVSRQVHV�DUH�JLYHQ� LQ�)LJ������ ,W� LV�VKRZQ�WKDW�DOO� IRXU� WLPH
UHVSRQVHV� DUH� VWDEOH�� ,QFUHDVLQJ� WKH� YDOXH� RI� 7G� IURP� �V� WR� ���V� LPSURYHV� WKH� FORVHG�ORRS
UHVSRQVH��ZKLOH� XVLQJ� WKH�7G ���V� FDXVHV� GDPSHG� RVFLOODWLRQV� �DOWKRXJK� LW� JLYHV� WKH� IDVWHVW
UHVSRQVH��� 6R�� WKHUH� H[LVWV� WKH� RSWLPDO� VROXWLRQ� IRU� WKH� FRQWUROOHU� FRQVWDQW�7G�� 7KH� RSWLPDO
YDOXH�RI�7G� LV� WKH�JUHDWHVW�7G� IRU�ZKLFK� WKH�1\TXLVW�FXUYH�RI� WKH�SURFHVV�DQG�FRQWUROOHU�ZLOO
VWLOO�IROORZ�WKH�IUHTXHQF\�UHVSRQVH�PHWKRG�UHFRPPHQGDWLRQV��7KLV�RSWLPDO�YDOXH�RI�7G�ZLOO�EH
VSHFLDOO\�LQYHVWLJDWHG�LQ�RXU�IXUWKHU�ZRUN�

7KH�1\TXLVW�FXUYHV�DUH�JLYHQ�LQ�)LJ������,W�FDQ�EH�VHHQ�WKDW�WKH�VROXWLRQV�IRU�7G �V�WR�7G ���V
JLYH�WKH�GHVLUHG�VKDSH�RI� WKH�1\TXLVW�FXUYH��JLYHQ�E\�WKH�IUHTXHQF\�UHVSRQVH�PHWKRG��ZKLOH
WKH�VROXWLRQ�IRU�7G ���V�FURVVHV�WKH�YHUWLFDO�OLQH�5H^*&�Mw�*3�Mw�` �����DQG�DSSURDFKHV�WKH
XQVWDEOH�SRLQW����M���)LJ�����JLYHV�WKH�GHWDLOHG�VFKHPH�RI�WKH�)LJ�����
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7KH�PDLQ�GUDZEDFN�RI� WKH�FODVVLFDO� WXQLQJ�UXOHV��EDVHG�RQ�WKH�SURFHVV� UHDFWLRQ�FXUYH� LV� WKDW
WKH\� XVXDOO\� XVH� RQO\� WKH� OLPLWHG� LQIRUPDWLRQ� DERXW� WKH� SURFHVV� �H�J�� RQO\� SURFHVV� ODJ� DQG
SURFHVV�ULVH�WLPH���7KHUHIRUH�WKH\�FDQ�RQO\�EH�VXFFHVVIXOO\�XVHG�LQ�D�OLPLWHG�UDQJH�RI�SURFHVV
PRGHOV�

+HUH��WKH�=LHJOHU�1LFKROV�DQG�&RKHQ�&RRQ�WXQLQJ�UXOHV�ZLOO�EH�XVHG�IRU�FDOFXODWLQJ�FRQWUROOHU
SURSRUWLRQDO�JDLQ��ZKLOH�H[SUHVVLRQ������ZLOO�EH�XVHG�IRU�FDOFXODWLQJ�WKH�LQWHJUDO�WLPH�FRQVWDQW
7L��$W�ILUVW��WKH�=LHJOHU�1LFKROV�WXQLQJ�UXOHV�IRU�3,�FRQWUROOHU��VHH�>9UDQþLü�HW�DO�������@��ZHUH
XVHG�WR�FDOFXODWH�WKH�FRQWUROOHU�SDUDPHWHUV�IRU�WKH�IROORZLQJ�SURFHVV�
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$�TXLWH�VOXJJLVK�UHVSRQVH�FDQ�EH�REVHUYHG��7R� LPSURYH� WKH�UHVSRQVH�� WKH�FRQWUROOHU� LQWHJUDO
WLPH�FRQVWDQW�ZDV�UHFDOFXODWHG�XVLQJ� WKH�H[SUHVVLRQ�������7KH�QHZ�YDOXH�ZDV�7L ����V��7KH
FKDQJHG� FORVHG�ORRS� UHVSRQVH� LV� JLYHQ� ZLWK� WKH� IXOO� OLQH� LQ� )LJ�� ���� ZKHUH� PXFK� EHWWHU
UHVSRQVH�FDQ�EH�QRWLFHG�
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7KH�GDVKHG�OLQH�LQ�)LJ�����VKRZV�WKH�FORVHG�ORRS�WLPH�UHVSRQVH��$JDLQ��DV� LQ�SUHYLRXV�FDVH�
WKH� LQWHJUDO� WLPH� FRQVWDQW� ZDV� UHFDOFXODWHG�� XVLQJ� WKH� H[SUHVVLRQ� ������ 7KH� QHZ� YDOXH� ZDV
7L ����V�� $� IXOO� OLQH� LQ� )LJ�� ��� VKRZV� WKH� FORVHG�ORRS� UHVSRQVH� ZKHQ� XVLQJ� WKH� FKDQJHG
FRQWUROOHU��,W�FDQ�EH�VHHQ��WKDW�WKH�FRQWUROOHU�EHFRPHV�PRUH�VWDEOH�



��

0 5 10 15 20 25 30 35 40
0

0.5

1

1.5

Time [s]

)LJ������7KH�FORVHG�ORRS�UHVSRQVH�IRU�WKH�SURFHVV�*3�V��#�. ����
BB�7L ����V�����7L ���V

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Time [s]

)LJ������7KH�FORVHG�ORRS�UHVSRQVH�IRU�WKH�SURFHVV�*3�V��#�. �����
BB�7L ����V�����7L �����V



��

���&RQFOXVLRQV

7KH� LPSURYHG� FRQWUROOHU� WXQLQJ� UHVXOWV� FDQ� EH� VHHQ�ZKHQ� XVLQJ� WKH�ZKROH� SURFHVV� UHDFWLRQ
FXUYH�LQVWHDG�RI�GHWHFWLQJ�WKH�SURFHVV�ODJ�DQG�ULVH�WLPH��,Q�WKH�VDPH�WLPH��WKH�WXQLQJ�SURFHGXUH
LV�VLPSOH�DQG�FDQ�EH�LPSOHPHQWHG�LQ�SUD[LV�

7KH� RQO\� WKLQJ� ZKLFK� VKRXOG� EH� GRQH� E\� WKH� RSHUDWRU� LV� WR� GHWHUPLQH� WKH� H[SHULPHQW� DQG
LQWHJUDWLRQ� WLPH� �VHH� FKDSWHU� ������ 7KHQ� WKH� SURFHGXUH� FDOFXODWHV� WKH� DSSURSULDWH� DUHDV� DQG
FRQWUROOHU�FRQVWDQWV�E\�LWVHOI�

7KH�DGYDQWDJHV�RI�VXFK�DSSURDFK�DUH�

�� 7KHUH�LV�QR�QHHG�WR�GHWHFW�WKH�SURFHVV�UHIOHFWLRQ�SRLQW��GLIILFXOW�IRU�QRLV\�SURFHVVHV�

�� 7KH�FRQWUROOHU�SDUDPHWHUV�DUH�H[DFWO\�FDOFXODWHG��DFFRUGLQJ�WR�JLYHQ�IUHTXHQF\�FULWHULRQ��IRU
ZLGH�VSHFWUXP�RI�SURFHVV�PRGHOV

�� 7KH�PHWKRG�LV�QRW�WRR�VHQVLWLYH�WR�QRLVH��VHH�FKDSWHU�������QRQ�OLQHDULW\�DQG�EDGO\�HVWLPDWHG
WLPH�RI�H[SHULPHQW

�� 7KH�SURFHVV�RYHUVKRRW�FDQ�EH�FRQWUROOHG�E\�PRYLQJ�WKH�YHUWLFDO�D[LV�LQ�1\TXLVW�SORW�IURP
SRVLWLRQ������WR�WKH�OHIW�RU�WR�WKH�ULJKW

�� 7KH�PHWKRG�JLYHV�VWDEOH�FORVHG�ORRS�UHVSRQVHV

7KH�GUDZEDFN�RI�VXFK�DSSURDFK�LV�WKDW�WKH�GLVWXUEDQFH�UHMHFWLRQ�LV�QRW�DOZD\V�WKH�RSWLPDO�RQH�
0RYLQJ�WKH�³YHUWLFDO�D[LV´�IURP�WKH�SRVLWLRQ������LV�QRW�DOZD\V�WKH�EHVW�FRQFHSW��7KH�PHWKRG
LQ� WKH� SUHVHQW� IRUP� JLYHV� VXFK� FRQWUROOHU� ZKLFK� KDV� WKH� VDPH� WUDQVIHU� IXQFWLRQ� IURP� WKH
UHIHUHQFH� �IHHG�IRUZDUG�SDWK�� DQG� IURP� WKH� SURFHVV� RXWSXW� �IHHGEDFN� SDWK�� WR� WKH� FRQWUROOHU
RXWSXW�� 7KH� DGYDQWDJHV� RI� H�J�� YDULDEOH� VHW�SRLQW� ZHLJKWLQJ� PHWKRG� �VHH� >ÇVWU|P� DQG
+lJJOXQG������@��FDQ�WKHUHIRUH�QRW�EH�XVHG�

2XU�IXUWKHU�ZRUN�ZLOO�EH�EDVHG�RQ�ILQGLQJ�WKH�H[DFW�YDOXH�RI�WKH�SDUDPHWHU�7G��ILQGLQJ�WKH�UXOH
IRU�ZKLFK�SURFHVVHV�WKH�PHWKRG�FDQ�EH�LPSOHPHQWHG�DQG�LQYHVWLJDWLQJ�LI�IXUWKHU� LQWHJUDWLRQV
FDQ�JLYH�VRPH�DGGLWLRQDO�SURFHVV�LQIRUPDWLRQ��LQ�WKH�SUHVHQFH�RI�QRLVH��

7KH�DFFHQW�ZLOO�DOVR�EH�JLYHQ�WR�ILQGLQJ�D�PRUH�JOREDO�FRQFHSW�IRU�WXQLQJ�WKH�FRQWUROOHUV�JLYHQ
E\�WKH�UDWLRQDO�WUDQVIHU�IXQFWLRQ�DQG�WR�ILQG�WKH�DGHTXDWH�DSSURDFK�LQ�WKH�FDVH�LI�WKH�IHHGEDFN
DQG�WKH�IHHG�IRUZDUG�FRQWUROOHU�SDWKV�DUH�QRW�WKH�VDPH�
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