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7KHUH�DUH�YDULHW\�RI� FRQWUROOHU� WXQLQJ�PHWKRGV� DYDLODEOH�� ,Q�JHQHUDO�� WXQLQJ�PHWKRGV� FDQ�EH
VHSDUDWHG�LQWR���PDLQ�JURXSV�>+DDOPDQ������@�

�� PHWKRGV�EDVHG�RQ�WKH�%RGH�GLDJUDP

�� PHWKRGV�EDVHG�RQ�WKH�1\TXLVW�GLDJUDP

�� PHWKRGV�EDVHG�RQ�WKH�SURFHVV�UDGLDWLRQ�FXUYH��VWHS�UHVSRQVH�RI�WKH�SURFHVV�

�� PHWKRGV�EDVHG�RQ�WKH�SURFHVV�WUDQVIHU�IXQFWLRQ

&RQWUROOHU� SDUDPHWHU� DGMXVWPHQWV� EDVHG� RQ� WKH�%RGH� GLDJUDP�� WKH�1\TXLVW� GLDJUDP� DQG� WKH
SURFHVV� WUDQVIHU�IXQFWLRQ��UHTXLUH� LQIRUPDWLRQ�DERXW� WKH�SURFHVV�PRGHO� LQ�IUHTXHQF\�GRPDLQ�
ZKLOH�DGMXVWPHQWV�EDVHG�RQ�WKH�SURFHVV�UDGLDWLRQ�FXUYH�QHHG�RQO\�SURFHVV�WLPH�UHVSRQVHV�RQ
SDUWLFXODU�LQSXW�H[FLWDWLRQ�VLJQDOV�

,Q� WKLV� UHSRUW� ZH� ZLOO� SUHVHQW� WKH� UHVXOWV� RI� WKH� WXQLQJ� RI� WKH� 3,� FRQWUROOHU� IRU� �� GLIIHUHQW
SURFHVVHV� PRGHOV� DW� �� GLIIHUHQW� SURFHVV� FRQVWDQWV�� 7KH� UHVXOWV� DUH� SHUIRUPHG� E\� XVLQJ� �
GLIIHUHQW� WXQLQJ�PHWKRGV��2QH�PHWKRG� LV�EDVHG�RQ� WKH�1\TXLVW�GLDJUDP��IUHTXHQF\�UHVSRQVH
PHWKRG��DQG�WKH�RWKHU�WKUHH�DUH�EDVHG�RQ�WKH�SURFHVV�UDGLDWLRQ�FXUYH�
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���%DFNJURXQG�PDWHULDOV

7KH�FRQWUROOHG�V\VWHP�LV�VKRZQ�LQ�)LJ�����ZKHUH�Z��H��G�DQG�\�GHQRWH�SURFHVV�VHW�SRLQW��FRQWURO
HUURU�� SURFHVV� GLVWXUEDQFH� DQG� SURFHVV� RXWSXW�� UHVSHFWLYHO\�� &RQWUROOHU� SDUDPHWHUV�.� DQG�7L
GHQRWH�SURSRUWLRQDO�JDLQ�DQG�LQWHJUDO�WLPH�FRQVWDQW��UHVSHFWLYHO\�

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

)RXU�GLIIHUHQW�WXQLQJ�PHWKRGV�ZHUH�XVHG�WR�GHWHUPLQH�FRQWUROOHU�SDUDPHWHUV�

�� =LHJOHU�1LFKROV��=1��DGMXVWPHQWV�EDVHG�RQ�WKH�SURFHVV�UDGLDWLRQ�FXUYH

�� &RKHQ�&RRQ��&&��DGMXVWPHQWV

�� &KLHQ�+URQHV�5HVZLFN��&+5��DGMXVWPHQWV

�� IUHTXHQF\�UHVSRQVH�PHWKRG��)50��>+DQXV������@

7KH�ILUVW�WKUHH�PHWKRGV�UHTXLUH�WKH�SURFHVV�VWHS�UHVSRQVH��SURFHVV�UDGLDWLRQ�FXUYH��

7\SLFDO�SURFHVV�VWHS�UHVSRQVH�LV�VKRZQ�LQ�)LJ����
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)LJ�����7\SLFDO�SURFHVV�VWHS�UHVSRQVH

9DULDEOHV� WO�� WU�� WUHI�� \UHI� GHQRWH� SURFHVV� ODJ� WLPH�� ULVH� WLPH�� UHIOHFWLRQ� WLPH� DQG� UHIOHFWLRQ
DPSOLWXGH��UHVSHFWLYHO\��7KH�FLUFOH�GHQRWHV�WKH�UHIOHFWLRQ�SRLQW��,Q�)LJ����WKHUH�DUH�DOVR�DUHDV
PDUNHG� ZLWK� $G��$O�� $UXS� DQG� $UGRZQ�� 7KH\� DUH� DGGHG� IRU� IXUWKHU� WKHRUHWLFDO� HYDOXDWLRQV� RI
WXQLQJ�UHVXOWV��$OO�LQGLFDWHG�YDULDEOHV�ZLOO�EH�PHDVXUHG�LQ�HDFK�H[SHULPHQW�

1HYHUWKHOHVV��ILUVW�WKUHH�WXQLQJ�PHWKRGV�QHHG�RQO\�WKH�LQIRUPDWLRQ�DERXW�SURFHVV�ODJ�WLPH��WO�
DQG�SURFHVV�ULVH�WLPH��WU��

7KH�ODVW�PHWKRG��)50��UHTXLUHV�WKH�ZKROH�SURFHVV�WUDQVIHU�IXQFWLRQ�IRU�FRQWUROOHU�WXQLQJ�
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���7XQLQJ�SURFHGXUHV

�����=LHJOHU�1LFKROV�DGMXVWPHQWV�IRU�3,�FRQWUROOHU

7KH�=1�WXQLQJ�UXOHV�DUH�DPRQJ�WKH�ROGHVW�NQRZQ�UXOHV�IRU�WXQLQJ�3,�'��W\SHV�RI�FRQWUROOHUV�
1HYHUWKHOHVV�� WKH\� DUH� VWLOO� ZLGHO\� XVHG�� ,Q� WKH� ODVW� GHFDGHV�� VHYHUDO� PRGLILFDWLRQV� RI� WKH
RULJLQDO�UXOHV�KDYH�EHHQ�SURSRVHG�E\�>ÇVWU|P�DQG�+lJJOXQG������@�>+DQJ�HW�DO�������@�>+DQJ
DQG�&DR������@�

,Q�RXU�H[SHULPHQWV��WKH�RULJLQDO�=1�WXQLQJ�UXOHV��EDVHG�RQ�WKH�SURFHVV�WLPH�UHVSRQVH��ZLOO�EH
XVHG�>+DDOPDQ������@�
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ZKHUH�YDOXHV�WU�DQG�WO�DUH�WKH�SURFHVV�ULVH�DQG�SURFHVV�ODJ�WLPH��UHVSHFWLYHO\��VHH�)LJ�����

�����&RKHQ�&RRQ�DGMXVWPHQWV�IRU�3,�FRQWUROOHU

7KH�&&�UXOHV� IRU� WXQLQJ� WKH�3,�FRQWUROOHU�DUH�EDVHG�RQ� WKH� IROORZLQJ�FULWHULD������GDPSLQJ
UDWLR� �VHH�H�J�� >9UDQþLü�HW� DO�������@��DQG�PLQLPXP�RIIVHW��ZKLOVW� WKH�DGMXVWPHQW�RI� WKH� UDWH
DFWLRQ� LV� D�FRPSURPLVH�EHWZHHQ� WKH�SHULRG�RI�GDPSHG�RVFLOODWLRQV�DQG� WKH�PLQLPXP�RI� WKH
LQWHJUDO�RI�H��FRQWURO�HUURU��>+DDOPDQ������@�

7KH�&RKHQ�&RRQ�WXQLQJ�UXOHV�IRU�3,�FRQWUROOHU�DUH�WKH�IROORZLQJ�
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�����&KLHQ�+URQHV�5HVZLFN�DGMXVWPHQWV�IRU�3,�FRQWUROOHU

7KHUH�DUH�GLIIHUHQW�&+5�UXOHV�DYDLODEOH�IRU�WXQLQJ�WKH�3,�FRQWUROOHU��7KH\�GHSHQG�RQ�ZKHWKHU
ZH�OLNH�WR�KDYH�DSHULRGLF�UHVSRQVH�RU�����SURFHVV�RYHUVKRRW��ERWK�IRU�UHJXODWLRQ�RU�WUDFNLQJ
SXUSRVHV�>âHJD������@�

:H� XVHG� WKH� VSHFLILF� &+5� UXOHV� ZKLFK� JLYH� ���� SURFHVV� RYHUVKRRW� LQ� WKH� FORVHG�ORRS
WUDFNLQJ�PRGH�
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�����)UHTXHQF\�UHVSRQVH�PHWKRG�IRU�3,�FRQWUROOHU

7KH�W\SLFDO�VKDSH�RI�WKH�SURFHVV�1\TXLVW�FXUYH�*S�Mw��LV�VKRZQ�LQ�)LJ����

7KH�PDLQ� LGHD�RI� WKH� IUHTXHQF\� UHVSRQVH�PHWKRG� �)50�� LV� WR� ILQG� VXFK� D� FRQWUROOHU�*F�Mw�
ZKLFK� ZLOO� GULYH� WKH� RSHQ�ORRS� UHVSRQVH� RI� *S�Mw�*F�Mw�� WRZDUG� WKH� YHUWLFDO� OLQH
5H^*S�Mw�*F�Mw�` ������ DV� VKRZQ� LQ� )LJ�� ��� 7KH� )50� PHWKRG� KDV� DQRWKHU� UHVWULFWLRQ�
5H^*S�Mw�*F�Mw�`�Ì������DQG�5H^*S���*F���`� �������7KH�UHDVRQ�IRU�VXFK�OLPLWDWLRQV�OLHV�LQ�WKH
IDFW�WKDW�LQ�VXFK�FDVH�WKH�FORVHG�ORRS�UHVSRQVH��VHH�0�DQG�1�FLUFOHV�>'L6WHIDQR�HW�DO�������@�
ZLOO�KDYH�WKH�XQFKDQJHG�JDLQ��0�FLUFOH�LV����DW�ORZ�IUHTXHQFLHV��DQG�WKH�JDLQ�ZLOO�GHFUHDVH�DW
KLJKHU� IUHTXHQFLHV�� 7KHUHIRUH�� WKHUH� ZLOO� EH� QR� UHVRQDQFH� SHDN� LQ� FORVHG�ORRS� DPSOLWXGH
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�

7KHUH�LV�DQRWKHU�DGYDQWDJH�RI�WKH�IUHTXHQF\�UHVSRQVH�PHWKRG��7KH�JLYHQ�IUHTXHQF\�OLPLWDWLRQV
ZLOO�DOVR�DVVXUH�WKH�VWDELOLW\�RI�WKH�V\VWHP��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
H�J��>9UDQþLü�DQG�3HQJ������@��

3DUDPHWHUV� 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� WKH�ODWWHU� LV�UDWKHU�FRPSOH[
�VHH�>%RXFKHU�DQG�7DQJX\������@���ZH�ZHUH�ILQGLQJ�WKH�3,�SDUDPHWHUV�E\�RSWLPLVDWLRQ��$W�ILUVW
7L� ZDV� JLYHQ� VRPH� VPDOO� YDOXH� �H�J�� ����� DQG� . ��� 7KHQ� 7L� ZDV� LQFUHDVHG� VXFK� WKDW
5H^*S���*F���`� ��a�DQG�5H^*S�Mw�*F�Mw�`�Ì��a IRU�"�w��7KH�PD[LPXP�7L��IRU�ZKLFK�WKH�ODVW
FRQGLWLRQV�DUH�VWLOO� IXOILOOHG�� LV� WKH�VROXWLRQ��.� LV� WKHQ�FKDQJHG�VXFK� WKDW�5H^*S���*F���`� � �
����

. =
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a
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7KH�RSWLPLVDWLRQ�SURFHGXUH�LV�PDGH�LQ�SURJUDP�SDFNDJH�0$7/$%��,W�LV�FDOOHG�),1'.37,�0
DQG�LV�JLYHQ�LQ�WKH�DSSHQGL[�
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���2SHQ�ORRS�H[SHULPHQWV�ZLWK�SDUDPHWHU�FDOFXODWLRQV

+HUH��ZH�ZLOO�VKRZ�WKH�VSHFLILF�SURFHVV�YDOXHV��WO��WU��WUHI��\UHI��$G��$O��$UXS�DQG�$UGRZQ���ZKLFK�DUH
IRXQG�IURP�WKH�SURFHVV� VWHS� UHVSRQVH�� DQG� WKH�FDOFXODWHG�3,�SDUDPHWHUV� �.� DQG�7L��E\�XVLQJ
IRXU� GLIIHUHQW� WXQLQJ� PHWKRGV�� 7KH� 0$7/$%� SURFHGXUH� ),1'$//�0� ZDV� XVHG� IRU
FDOFXODWLRQ�DQG�LV�JLYHQ�LQ�DSSHQGL[�

7KH�SURFHVV�VWHS�UHVSRQVH�ZDV�REWDLQHG�E\�UXQQLQJ�WKH�6,08/,1.�VFKHPH�VKRZQ�LQ�)LJ����
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7R :RUNVSDFH6WHS )FQ
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&ORFN

)LJ�����7KH�6,08/,1.�VFKHPH�IRU�JHWWLQJ�WKH�SURFHVV�VWHS�UHVSRQVH

%ORFNV�7)�7)�7)��UHSUHVHQW�WKH�SURFHVV�WUDQVIHU�IXQFWLRQ�
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