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$GYDQFHG�FRQWURO�LV�D�YHU\�SRZHUIXO�WRRO�WR�LQFUHDVH�JODVV�SURGXFWLRQ�LQ�IXUQDFHV�DQG�IRUHKHDUWK��7KLV�

SDSHU� GHVFULEHV� D� PHWKRG� RI� KRZ� DGYDQFHG� FRQWURO� KDV� EHHQ� DSSOLHG� RQ� D� GLVWULEXWRU� DQG� �� IRUHKHDUWK�

V\VWHPV�DW�D�FRQWDLQHU�JODVV�IXUQDFH�RI�%61�JODVV�SDFN��7KH�UHDO�SUDFWLFDO�H[SHULHQFH�RI�DGYDQFHG�FRQWURO�LV�

VKRZQ�DQG�H[SODLQHG��7KLV�QHZ�VRIWZDUH�FRQFHSW�FDOOHG�([SHUW�6\VWHP�,,��DOORZV�WR�EXLOG�NQRZOHGJH�DQG�

HPSLULFDO�SUHGLFWLYH�PRGHOV�DERXW�WKH�SURFHVV�LQWR�DQ�LQWHUDFWLYH�FRQWURO�VWUDWHJ\��,W�LV�WKH�DXWKRUV¶�EHOLHYH�

WKDW�WKLV�FRQFHSW�FDQ�FRQWULEXWH�WR�IXUWKHU�LPSURYHPHQW�RI�JODVV�SURGXFWLRQ�HIILFLHQF\��)ROORZLQJ�WH[W�ZLOO�

UHYLHZ�FRQWURO� WDVNV�RI� WKH� IRUHKHDUWK�DW�%61�JODVV�SDFN� LQ�/HHUGDP��GLVFXVV�PDLQ�FRQWURO� WHFKQRORJLHV��

H[SODLQ�DGYDQFHG�FRQWURO�FRQFHSW�DQG�SUHVHQW�SUDFWLFDO�H[DPSOHV�RI�LWV�DSSOLFDWLRQ��
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3,'�LV�D�IXQGDPHQWDO�WHFKQRORJ\�XVHG�WR�FRQWURO�SURGXFWLRQ�SURFHVV��,W�LV�W\SLFDOO\�XVHG�
WR� FRQWURO� SULPDU\� VLQJOH� LQSXW� VLQJOH� RXWSXW� ORRSV� IRU� JDV� DQG� DLU� IORZV�� OHYHOV� RU�
WHPSHUDWXUHV��7KH�FRQWURO�DFWLRQ�RI�3,'�FRQWUROOHU��DOVR�FDOOHG�FRQWURO�RXWSXW�� LV�GHVFULEHG�
XVLQJ���WXQLQJ�FRQVWDQWV��3�²�SURSRUWLRQDO��,�²�LQWHJUDO�DQG�'�²�GHULYDWLRQ�FRQVWDQW��8VXDOO\�
EHKDYLRXU� RI� 3,'� UHVXOWV� LQ� FRQVWDQW� RVFLOODWLRQ� DURXQG� 63� �6HWSRLQW�� LQ� W\SLFDO� 3,'�
GHUHJXODWLRQ��5HDVRQ�IRU�OLPLWHG�DELOLW\�RI�3,'�WR�SURYLGH�VWDEOH�DQG�YHU\�DFFXUDWH�FRQWURO�LV�
FDXVHG� E\� ORQJ� GHDG� WLPH�� LQWHUDFWLQJ� G\QDPLFV� DQG� QRQ�OLQHDULW\� RI� SURFHVVHV� LQ� JODVV�
IXUQDFHV�DQG�IRUHKHDUWK�V\VWHPV���

$� IRUHKHDUWK� UHSUHVHQWV� D� JUHDW� FKDOOHQJH� IRU� FRQWURO�� EHFDXVH� LW� UHTXLUHV� FRRUGLQDWLRQ� RI�
VHYHUDO�]RQHV�LQFOXGLQJ�KHDWLQJ�RQ�VLGHV�DQG�FRROLQJ�RI�PLGGOH�SDUW�RI�JODVV�VXUIDFH��$W�WKH�
VDPH� WLPH� WHPSHUDWXUH� RI� JODVV� KDV� WR� EH� GHFUHDVHG� IURP� WKURDW� WHPSHUDWXUH� WR� IRUPLQJ�
WHPSHUDWXUH�� 7KHUPDO� KRPRJHQHLW\� MXVW� EHIRUH� WKH� VSRXW� LV� YHU\� LPSRUWDQW� IRU� VXFFHVVIXO�
IRUPLQJ�SURFHVV��,W�LV�GLIILFXOW�WR�FRQWURO�EHFDXVH�WKHUH�LV�D�VWUHDP�RI�KRW�JODVV�LQ�WKH�PLGGOH�
RI�WKH�IRUHKHDUWK�GXH�WR�WKH�IDVW�SDUDEROLF�IORZ�LQ�WKH�FHQWUDO�SODQH��$W�WKH�VDPH�WLPH�WKHUH�LV�
D�FROG�JODVV�LQ�WKH�ERWWRP�FRUQHUV�RI�WKH�FKDQQHO�FDXVHG�E\�FRPELQDWLRQ�RI�WKH�KHDW�ORVVHV�
WKURXJK�WKH�ERWWRP�DQG�VLGHZDOOV�RI�WKH�FKDQQHO��

&XUUHQW� FRQWURO� XVHV� VLQJOH� ]RQH� FRQWURO� ZKHUH� 3,'� ORRS� PDLQWDLQV� PDQXDOO\� VHW�
WHPSHUDWXUH�E\�RSHUDWRU��5DWLR�EHWZHHQ�KHDWLQJ�DQG�FRROLQJ�LV�OLQHDU�RU�RIWHQ�RQO\�KHDWLQJ�RU�
RQO\�FRROLQJ�LV�XVHG�LQVLGH�WKH�3,'�ORRS��

,Q�WKH�IRUHKHDUWK�ZLWK�DERXW���]RQHV�D�FRPELQDWLRQ�RI�ORFDO�]RQH�63�V�DQG�DSSURSULDWH�UDWLRV�
RI�KHDWLQJ�FRROLQJ�KDYH�WR�EH�WXQHG�LQ�RUGHU�WR�EULQJ�WKHUPDO�KRPRJHQHLW\�IRU�WKH�IRUPLQJ�
SURFHVV�� ,W� LV� SRVVLEOH�� KRZHYHU� WKH� WXQLQJ� RI� WKH� IRUHKHDUWK� LV� GLIILFXOW� DQG� UHTXLUHV� YHU\�
JRRG�H[SHULHQFH�DQG�FRQVWDQW�DWWHQWLRQ�E\�D�JRRG�RSHUDWRU��$V�D�UHVXOW�RI�KXPDQ�IDFWRU�DQG�
XQNQRZQ�GLVWXUEDQFHV�PDMRULW\�RI�DOO�IRUHKHDUWKV�DUH�WXQHG�RQO\�RFFDVLRQDOO\�MXVW�DIWHU�VWDUW�



XS� DQG� WKHQ� WKHUPDO� JUDGLHQW� GULIWV� GHSHQGLQJ� RQ� DJHLQJ� RI� WKH� HTXLSPHQW� DQG� VNLOOV� RI�
RSHUDWRU��
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�����&RQWURO�$OJRULWKP�

,Q�RUGHU�WR�RYHUFRPH�GLIILFXOWLHV�RI�3,'�FRQWURO�QHZ�FRQWURO�DOJRULWKP�KDV�WR�VDWLVI\�VHYHUDO�
NH\�FRQGLWLRQV��

�� 6ROYH�VLWXDWLRQ�ZKHQ�GHDG�WLPH��'��GHDG�WLPH��LV�ORQJ�
�� 3UHGLFW�IXQFWLRQDOLW\��SURSRUWLRQ��RI�WKH�SURFHVV�
�� $OORZ�WR�FRPELQH�VHYHUDO�LQSXWV�DQG�RXWSXWV�LQ�RQH�FRQWURO�DFWLRQ�
�� 2SWLPLVH�FRQWURO�DFWLRQ�
�� 6ROYH�VLWXDWLRQ�ZKHQ�V\VWHP�LV�QRQ�OLQHDU�DQG�LWV�IXQFWLRQDOLW\�LV�YHU\�GLIILFXOW�WR�EH�

GHWHUPLQHG�E\�QXPHULFDO�PRGHO�
�� 8VH�ORJLFDO�LQIRUPDWLRQ�DERXW�SK\VLFV�DQG�FKHPLVWU\�RI�WKH�SURFHVV�

1HZ�FRQWURO�DOJRULWKP�KDV�VHYHUDO�LPSRUWDQW�IHDWXUHV��

�

0XOWL�,QSXW�²�0XOWL�2XWSXW��0,02��
7KLV�FRQFHSW�DOORZV� WR�VSHFLI\�QRW�RQO\�RQH�63�ZKLFK� LV� LQIOXHQFHG�E\�RQH�SDUDPHWHU� �IRU�
H[DPSOH�PD[LPDO�WHPSHUDWXUH�LQ�WKH�PHOWHU�DQG�WRWDO�IXHO�IORZ���KRZHYHU�VHYHUDO�63·V�FDQ�EH�
GHILQHG� EHLQJ� LQIOXHQFHG� E\� VHYHUDO� RWKHU� SDUDPHWHUV�� 7KH� WHPSHUDWXUH� SURILOH� LQ� WKH�
IRUHKHDUWK�FDQ�EH�GHILQHG�DV�VHYHUDO�VHW�SRLQWV�WRJHWKHU�ZLWK�JRE�WHPSHUDWXUH��7KH�63�V�ZLOO�
WKHQ�EH�NHSW�E\�FRPELQHG�DFWLRQ�RI�DOO�KHDWLQJ�FRROLQJ�]RQHV�LQ�D�IRUHKHDUWK��
�
0RGHO�%DVHG�3UHGLFWLYH�&RQWURO��03&��
)XQGDPHQWDO�SDUW�RI�WKLV�FRQWURO�LV�G\QDPLF�QXPHULFDO�PRGHO�RI�WKH�SURFHVV��7KH�PRGHO�FDQ�
EH�H[SUHVVHG�DV�WLPH�WUDQVLHQW�IXQFWLRQ��ZKLFK�KDV�W\SLFDO�VKDSH�DV�LV�VKRZQ�RQ�)LJ�����
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)LJ����([DPSOH�RI�WLPH�WUDQVLHQW�IXQFWLRQ�RI�WHPSHUDWXUH�GHSHQGHQFH�RQ�WKHVWHS�LQFUHDVH�RI�IXHO�

IORZ��7'�LV�GHDG�WLPH�RU�WLPH�GHOD\��∆7�LV�JDLQ�RI�WHPSHUDWXUH��7V�LV�WLPH�WR�VHW�QHZ�HTXLOLEULXP�

�

$ERYH� PHQWLRQHG� WLPH� WUDQVLHQW� IXQFWLRQ� FDQ� EH� GHVFULEHG� DV� PDWKHPDWLFDO� IRUPXOD� IRU�
G\QDPLF�FKDQJH�RI�WHPSHUDWXUH�7���7� �)��7LPH��)XHO��DOORZLQJ�WR�FDOFXODWH�WHPSHUDWXUH�DW�

7LPH�>KUV@�

7���7HPSHUDWXUH�>�&@�

∆7��

$GGLWLRQ�RI�IXHO�
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DQ\�WLPH�DV�D�IXQFWLRQ�RI�IXHO�DGGLWLRQ�RU�UHPRYDO��6XFK�IXQFWLRQ�LV�FDOOHG�PRGHO�DQG�FDQ�EH�
XVHG�IRU�3UHGLFWLYH�&RQWURO��
,Q�ERWK�FDVHV�PRGHO�GHVFULEHV�RXWSXWV��H�J��WHPSHUDWXUHV��IORZV�RU�OHYHOV��EDVHG�RQ�D�VHW�RI�
LQSXW� �H�J�� JDVHV�� YDOYH� RSHQLQJV�� SDUDPHWHUV�� 7KH� PRGHO� NQRZV� ZKDW� ZLOO� KDSSHQ� ZLWK�
WHPSHUDWXUHV�EDVHG�RQ�SDVW� FKDQJHV� LQ�JDVVHV��7KH�FRQWURO�SUREOHP� LV� VROYHG�XVLQJ�PRGHO�
LQYHUVLRQ�� 7KH� FRQWUROOHU� KDV� WR� NQRZ�ZKDW� LV� WKH� RSWLPDO� VHWWLQJ� RQ� JDVVHV� WR� JHW� VWDEOH�
WHPSHUDWXUHV��6R�LW�NQRZV�FXUUHQW�RU�SUHGLFWHG�WHPSHUDWXUHV�DQG�WKH�TXHVWLRQ�LV�ZKDW�LV�WKH�
JDV�VHWWLQJ��
�
,Q�JHQHUDO�WKH�FRQWUROOHU�ZLOO�VROYH�D�G\QDPLF�RSWLPLVDWLRQ�SUREOHP�WR�ILQG�WKH�FRQWURO�SODQ�
�ZKDW� DUH� WKH�PRYHPHQWV� RQ� JDVVHV�� WKDW� ZLOO� PLQLPLVH� WKH� GLIIHUHQFH� EHWZHHQ� SUHGLFWHG�
�IXWXUH�WHPSHUDWXUHV��DQG�GHVLUHG�EHKDYLRXU�DFURVV�VRPH�WLPH�KRUL]RQ�LQWR�WKH�IXWXUH��

�����)RUHKHDUWK�&RQWURO�

7KH� LQFRPLQJ� JRE� WHPSHUDWXUH� VKRXOG� EH� DV� VWDEOH� DV� SRVVLEOH� RYHU� WLPH�� EXW� DOVR� DV�
KRPRJHQHRXV� DV� SRVVLEOH�� 7R� DFKLHYH� WKLV� JRDO�� EHWWHU� FRQWURO� RYHU� WKH� IRUHKHDUWK��ZKLFK�
FRQGLWLRQV� WKH� JODVV� DQG� GHOLYHUV� LW� WR� WKH� IRUPLQJ� SURFHVV�� LV� QHHGHG�� 1H[W� WR� WKLV� WKH�
FRQWDLQHU�JODVV�LQGXVWU\�KDV�WR�VZLWFK�TXLWH�IUHTXHQWO\�EHWZHHQ�SURGXFWV��,W�LV�RI�KLJK�LQWHUHVW�
WR�UHDFK�VWDEOH�DQG�JRRG�TXDOLW\�IRU�WKH�QHZ�SURGXFW�DV�IDVW�DV�SRVVLEOH��7KLV�UHTXLUHV�XVXDOO\�
ORWV�RI�PDQXDO�WXQLQJ�RQ�VHYHUDO�SDUDPHWHUV�DW�WKH�VDPH�WLPH��$OVR�ZKHQ�WKHUH�DUH�PRUH�WKDQ�
��IRUHKHDUWK�LW�LV�LPSRUWDQW�WKDW�D�MRE�FKDQJH�RQ���IHHGHU�GRHV�QRW�DIIHFW�WKH�SURGXFWLRQ�RQ�
DQRWKHU� IHHGHU�� 7KH� IROORZLQJ� ILJXUH� VKRZV� H[DPSOHV� RI� SUDFWLFDO�PRGHOV� GHULYHG� DW� %61�
JODVV�SDFN��VHH�ILJXUH����7KLV�VKRZV�WKDW�VSRXW�KHDWLQJ�KDV�QR�HIIHFW�RQ�ERWWRP��
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)LJ����([DPSOH�RI�03&�PRGHOV�RI�VSRXW�KHDWLQJ�VKRZLQJ�HIIHFW�RI�LQFUHDVHG�KHDWLQJ�LQ�ODVW�]RQH�

RQ���JULG��RQO\�DIIHFW�RQ�WRS�WHPSHUDWXUHV���(J�����UHVXOWV�LQ�DERXW��������WLOO������&��
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7KH�IROORZLQJ�OLVW�JLYHV�VRPH�RYHUYLHZ�DERXW�ZKDW�FDQ�EH�H[SHFWHG��

�� 6WDEOH�WHPSHUDWXUH�IRU�JODVV�GHOLYHU\�WR�IRUPLQJ��HYHQ�ERWWRP�WHPSHUDWXUH��
�� ,QFUHDVHG�KRPRJHQHLW\�DQG�DJDLQ�FRQVLVWHQF\�WR�WKH�IRUPLQJ�SURFHVV�
�� 5HGXFHG�WLPH�DQG�SURGXFWLRQ�ORVVHV�IRU�SURGXFW�FKDQJHV�XS�WR�IDFWRU���
�� )XHO�VDYLQJV�E\�FRQWLQXRXV�RSWLPLVHG�KHDW�FRRO�LQSXW�GLVWULEXWLRQ�
�� 'LUHFW�FRQWURO�RYHU�PDMRU�RXWSXWV�DQG�QRW�LQWHUPHGLDWH�YDULDEOHV�

7R�JLYH�VRPH�KDUG�QXPEHUV�IURP�LQVWDOOHG�IXUQDFH�IRUHKHDUWK�DSSOLFDWLRQV�ZH�KDYH�VHHQ�IRU�
LQVWDQFH�HQHUJ\�VDYLQJV�XS�WR�DURXQG��������LPSURYHG�\LHOG�LQ�UDQJH�RI���������ZKLFK�
PHDQV�SD\EDFN�WLPHV�DUH�UHDVRQDEOH�VKRUW��7KH�RWKHU�HIIHFW�LV�WKH�LQFUHDVHG�LQVLJKW�DQG�
KHOSIXO�WRRO�IRU�WKH�RSHUDWRUV��7KH�SUHVHQWDWLRQ�ZLOO�VKRZ�PRUH�SUDFWLFDO�GHWDLOV�IURP�WKH�
%61�JODVV�SDFN�LQVWDOODWLRQ��
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