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$EVWUDFW��7KLV�SDSHU�SUHVHQWV�WKH�GHVLJQ�RI�DQ�HOHFWULF�SRZHU�FRQWUROOHU�IRU�WKH�
FRQWURO�RI�D�PRWRU�EHLQJ�XVHG�WR�PRYH�WKH�KHDG�RI�D�FUDQH�EULGJH��&UDQH�EULGJHV�
DSSHDU� LQ� DOO� FRPPHUFLDO� SRUWV� LQ� RUGHU� WR� XSORDG� DQG� GRZQORDG� FRQWDLQHUV�
IURP�WR� VKLSV�� 7KH� PRYHPHQW� RI� WKH� FRQWDLQHUV� LV� LPSOHPHQWHG� WKURXJK� WKH�
PRYHPHQW�RI�WKH�KHDG�RI�WKH�FUDQH�EULGJH��DVVLVWHG�E\�D�PRWRU��7KH�VSHHG�RI�WKH�
FUDQH�KHDG�LV�FRQWUROOHG�YLD�WKH�FRQWURO�RI�WKH�HOHFWULF�SRZHU�RI�WKH�PRWRU��7KH�
FODVVLFDO�3,'�FRQWUROOHU�ZDV�DSSOLHG�EXW�LW�KDG�UHGXFHG�SHUIRUPDQFH�GXH�WR�WKH�
QRQ�OLQHDU�G\QDPLF�EHKDYLRU�RI� WKH�PRWRU��7KDW�LV�ZK\�WKLV�SDSHU�VXJJHVWV�WKH�
GHVLJQ�RI�DQ�HOHFWULF�SRZHU�FRQWUROOHU�WKDW�LV�EDVHG�RQ�)X]]\�/RJLF��LQ�RUGHU�WR�
DFKLHYH�IDVWHU�GLVWXUEDQFH�UHMHFWLRQ��OLNH�WKH�ZLQG�VKRWV�WKDW�PDNH�WKH�PRYHPHQW�
RI� WKH�FRQWDLQHUV�PRUH�FRPSOLFDWHG��7KH�)X]]\�/RJLF�&RQWUROOHU�RIIHUV�DQ� LP�
SURYHG�VSHHG�FRQWURO��SURYLQJ� WKH�DGYDQWDJHV�RI� WKLV� W\SH�RI�FRQWUROOHUV� LQ� WKH�
FRQWURO�RI�QRQ�OLQHDU�V\VWHPV��

�
�

����'HVFULSWLRQ�RI�WKH�QDWXUDO�V\VWHP��
�

,Q�DOO� FRPPHUFLDO�SRUWV�� DQG�DOVR� ODUJH�VWRULQJ�IDFLOLWLHV��ELJ�FUDQH�EULGJHV�DUH�EHLQJ�
XVHG�WR�XSORDG�DQG�GRZQORDG�FRQWDLQHUV�IURP�WR�VKLSV�DQG�VSHFLDO�WUXFNV��7KHVH�FUDQH�
EULGJHV� UHFHLYH� FRQWDLQHUV� WKURXJK� IOH[LEOH� FDEOHV� WKDW� DUH� DWWDFKHG� WR� WKHLU� ³KHDG´��
7KH�KHDG�RI�WKH�FUDQH�EULGJH�LV�D�OLIWLQJ�V\VWHP�WKDW�FRQVLVWV�RI�ZKLSV�DQG�ZKLPV�DQG�
PRYHV� RQ� VWHHO� UDLOV�ZLWK� WKH� DVVLVWDQFH�RI� DQ� HOHFWULF�'&�PRWRU��$�FUDQH�EULGJH�RI�
WKDW�W\SH�LV�JLYHQ�LQ�WKH�IROORZLQJ�UHSUHVHQWDWLRQ��ILJ�����
:KHQ�D�FRQWDLQHU�LV�EHLQJ�XSORDGHG��WKH�FUDQH�KHDG�VWDUWV�WR�PRYH�DQG�WKH�FRQWDLQHU�
EHJLQV� WR� VZD\��:KLOH� VZD\�RI� WKH�FRQWDLQHU�FRPSULVHV�QR�SUREOHP�GXULQJ� LWV� WUDQV�
SRUW��D�VZD\LQJ�FRQWDLQHU�FDQQRW�EH�UHOHDVHG�RQ�D�WUXFN�RU�D�VKLS��7ZR�WULYLDO�ZD\V�WR�
VROYH�WKLV�SUREOHP�H[LVW��2QH�LV�WR�ZDLW�H[DFWO\�RYHU�WKH�WDUJHW�SRVLWLRQ�XQWLO�WKH�VZD\�
GDPSHQV�DQG�WKH�RWKHU�WR�PRYH�WKH�FRQWDLQHU�ZLWK�VPDOO�YHORFLW\��8QIRUWXQDWHO\�ERWK�
RI� WKHP�DUH� WLPH�FRQVXPLQJ��$QRWKHU�DOWHUQDWLYH� LV� WR�DGMXVW�DGGLWLRQDO�FDEOHV�WR�WKH�
FUDQH�EULGJH�LQ�RUGHU�WR�NHHS�WKH�SRVLWLRQ�RI�WKH�FRQWDLQHU�VWDEOH��7KLV�VROXWLRQ�LV�DOVR�
DYRLGHG� GXH� WR� WKH� KLJK� FRVW� RI� WKH� ZKROH� V\VWHP� DQG� LV� DSSOLHG� LQ� OLPLWHG� FUDQH�
EULGJHV��
,QVWHDG�RI�WKHVH�VROXWLRQV��LW�LV�FRPPRQ�SUDFWLFH�WR�DSSO\�FRQWLQXRXV�VSHHG�FRQWURO�RI�
WKH�PRWRU� DQG� LWV� ORDG��PHDQLQJ� WKH� FRQWDLQHU��$Q�H[SHULHQFHG� FUDQH�RSHUDWRU� FRP�
SHQVDWHV� IRU� WKH� VZD\�RI� WKH�FRQWDLQHU��ZKLOH�DW� WKH� VDPH� WLPH�KH� WULHV� WR�PDNH�VXUH�



WKDW� WKH� FRQWDLQHU� UHDFKHV� LWV� WDUJHW� LQ� D� VKRUW� WLPH��$� FRQYHQWLRQDO� WKUHH�WHUP�3,'�
�3URSRUWLRQDO�,QWHJUDO�'HULYDWLYH��FRQWUROOHU�KDV�EHHQ�DSSOLHG�LQ�VHYHUDO�FDVHV��VPDOO�
QXPEHU�RI�FUDQH�EULGJHV�LQ�WKH�FRPPHUFLDO�SRUW�RI�7KHVVDORQLNL��IRU�WKH�VSHHG�FRQWURO�
RI�WKH�FRQWDLQHU��EXW�LW�KDG�OLPLWHG�HIIHFWLYHQHVV���

�
�

)LJ�����'UDIW�RI�D�W\SLFDO�FUDQH�EULGJH�
�

7KH�PDLQ�GLVDELOLW\�RI�WKH�3,'�FRQWUROOHU�GHULYHV�IURP�WKH�QDWXUH�RI�WKH�FRQWURO�SURE�
OHP��7KH�V\VWHP�LV�KLJKO\�QRQ�OLQHDU��VLQFH�RQO\�ZKHQ�WKH�FRQWDLQHU�UHDFKHV�LWV�WDUJHW�
SRVLWLRQ�� LW� LV� LPSRUWDQW� WR�PLQLPL]H� LWV� VZD\�� )XUWKHUPRUH�� DQ\� DWWHPSW� WR� FUHDWH� D�
PDWKHPDWLFDO�PRGHO�RI�WKH�QDWXUDO�V\VWHP�LV�YHU\�GLIILFXOW�IRU�YDULRXV�UHDVRQV��D��WKH�
G\QDPLF� EHKDYLRU� RI� WKH�PRWRU� LV� IDU� OHVV� OLQHDU� WKDQ� DVVXPHG� LQ� WKH�PRGHO� RI� WKH�
QDWXUDO�V\VWHP�E��WKH�FUDQH�KHDG�RQO\�PRYHV�ZLWK�IULFWLRQ�F��QR�GLVWXUEDQFH�LQSXWV�DUH�
LQFOXGHG�LQ�WKH�PRGHO�VXFK�DV�ZLQG�JXVWV��
2Q�WKH�RWKHU�KDQG�WKH�RSHUDWRU�RI�WKH�FUDQH�EULGJH�FDQ�FRQWURO�WKH�VSHHG�RI�WKH�FRQ�
WDLQHU��ZLWKRXW�XVLQJ�DQ\�GLIIHUHQWLDO�HTXDWLRQV��:KHQ�WKH�FRQWDLQHU�LV�XSORDGHG��WKHQ�
WKH� RSHUDWRU� RI� WKH� FUDQH� VWDUWV� WKH�PRWRU�ZLWK�PHGLXP�SRZHU�� WR� VHH�KRZ� WKH� FRQ�
WDLQHU�VZD\V��$FFRUGLQJ�WR�WKH�UHDFWLRQ�RI�WKH�FRQWDLQHU��KH�UHJXODWHV�WKH�SRZHU�RI�WKH�
PRWRU��VR�WKDW�WKH�FRQWDLQHU�JHWV�D�OLWWOH�EHKLQG�WKH�FUDQH�KHDG��,Q�WKLV�SRVLWLRQ�PD[L�
PXP�VSHHG�FDQ�EH�UHDFKHG�ZLWK�PLQLPXP�VZD\��:KLOH�WKH�FRQWDLQHU�UHDFKHV�LWV�WDU�
JHW�� WKH� RSHUDWRU� UHGXFHV� WKH� SRZHU� RI� WKH�PRWRU�� RU� HYHQ� DSSOLHV� D� VRUW� RI� EUDNLQJ�
V\VWHP��WKDW�FDQ�DOVR�EH�UHJDUGHG�DV�QHJDWLYH�PHFKDQLFDO�SRZHU�SURYLGHG�E\�WKH�PRWRU�
WR� WKH� ORDG��� 7KDW� DFWLRQ� OHDGV� WR� WKH� IRUZDUG� PRYHPHQW� RI� WKH� FRQWDLQHU�� VOLJKWO\�
DKHDG�RI�WKH�FUDQH�KHDG��DQG�LW�FRQWLQXHV�XQWLO�WKH�FRQWDLQHU�UHDFKHV�LWV�GHVLUHG�SRVL�
WLRQ��$W�WKDW�SRLQW�WKH�HOHFWULF�SRZHU�RI�WKH�PRWRU�LQFUHDVHV�PRPHQWDULO\��VR�WKDW�WKH�
KHDG�RI�WKH�FUDQH�EULGJH�LV�ULJKW�DERYH�WKH�WDUJHW�ZLWKRXW�DQ\�VZD\���
6R�� VRPH� RI� WKH� EDVLF� FRQWURO� UXOHV� GHULYH� IRUP� WKH� RSHUDWRUV� H[SHULHQFH��$� OLVW� RI�
WKHVH�UXOHV�LV�JLYHQ�EHORZ��

��� 6WDUW�WKH�PRYHPHQW�RI�WKH�FUDQH�KHDG�ZLWK�PHGLXP�SRZHU��



��� ,I�WKH�GLVWDQFH�IURP�WKH�WDUJHW�LV�ELJ��DGMXVW�WKH�SRZHU�RI�WKH�PRWRU��VR�WKDW����
����������WKH�FRQWDLQHU�JHWV�D�OLWWOH�EHKLQG�WKH�FUDQH�KHDG���
��� ,I�WKH�GLVWDQFH�IURP�WKH�WDUJHW�GHFUHDVHV��WKHQ�UHGXFH�WKH�YHORFLW\�RI�WKH��
����������FRQWDLQHU�VR�WKDW�LW�JHWV�VOLJKWO\�DKHDG�RI�WKH�FUDQH�KHDG��
��� :KHQ�WKH�FRQWDLQHU�LV�YHU\�FORVH�WR�WKH�WDUJHW��LQFUHDVH�WKH�SRZHU�RI�WKH��
����������PRWRU��
��� :KHQ�WKH�FRQWDLQHU�LV�ULJKW�DERYH�WKH�WDUJHW�DQG�WKH�VZD\�LV�]HUR�VWRS�WKH��
����������PRWRU��

2I�FRXUVH�WKHVH�UXOHV�FDQ�EH�IXUWKHU�DQDO\]HG��LI�WKLV�LV�QHFHVVDU\��
�
����6HOHFWLRQ�RI�WKH�VWUXFWXUH�RI�WKH�FRQWURO�V\VWHP�
�
8VLQJ�WKH�FRQWURO�V\VWHPV�WKHRU\��ILUVW��DQ�HIIRUW�ZLOO�EH�PDGH�WR�GHWHUPLQH�WKH�VWUXF�
WXUH� RI� WKH� VSHHG� FRQWURO� V\VWHP� IRU� WKH� HOHFWULF� PRWRU� WKDW� PRYHV� WKH� FUDQH� KHDG��
:KHQ�GHVLJQLQJ�D�FRQWURO�V\VWHP�WKHUH�DUH�WZR�EDVLF�IHDWXUHV�WKDW�QHHG�WR�EH�IXOILOOHG��
D��WKH�FRQWURO�V\VWHP�PXVW�EH�DEOH�WR�PRQLWRU�WKH�UHIHUHQFH�LQSXW�E��WKH�FRQWURO�V\VWHP�
PXVW�EH�DEOH�WR�UHMHFW�XQZDQWHG�GLVWXUEDQFHV��,Q�UHDOLW\�WKRXJK��WKHVH�IHDWXUHV�FRQIOLFW�
ZLWK�RQH�DQRWKHU�DQG� LV�YHU\�GLIILFXOW� WR�VDWLVI\�ERWK�RI� WKHP�DW�KH�VDPH�WLPH��6R�DW�
ILUVW�� WKH� GHVLJQ� RI� WKH� FRQWURO� V\VWHP� IRFXVHV�RQ� WKH�GLVWXUEDQFH� UHMHFWLRQ� DQG� WKHQ�
FRQWLQXHV�RQ�WR�WKH�HIILFLHQW�PRQLWRULQJ�RI�WKH�UHIHUHQFH�LQSXW��,Q�SUD[LV��LW�SURYHV�WKDW�
LV�TXLWH�HDV\�WR�DFFRPSOLVK�WKH�PRQLWRULQJ�RI�WKH�UHIHUHQFH�LQSXW��E\�XVLQJ�DQ�DSSUR�
SULDWH� LQSXW� ILOWHU��7KH�UHMHFWLRQ�RI�GLVWXUEDQFHV�FDQ�EH�DFFRPSOLVKHG�E\�XVLQJ�QHJD�
WLYH�IHHGEDFN��
7KH�QH[W�VWHS�ZLOO�EH�WR�GHWHUPLQH�DOO�WKH�YDULDEOHV�WKDW�QHHG�WR�EH�PHDVXUHG�DQG�FRQ�
WUROOHG��$V�LQSXW�RI�WKH�V\VWHP�5�V���WKH�GLVWDQFH�EHWZHHQ�WKH�UHODWLYH�SRVLWLRQ�RI�WKH�
FUDQH�KHDG�DQG�WKH�WDUJHW�LV�FKRVHQ��6>P@��DQG�DV�RXWSXW�RI�WKH�V\VWHP�<�V���ZH�FKRRVH�
WKH�URXQGV�SHU�PLQXWH�� � >USP@�RI� WKH�PRWRU�� ,Q�UHDOLW\� WKRXJK��D�QDWXUDO�V\VWHP�KDV�
PRUH� LQSXWV� WKDQ� RULJLQDOO\� VXVSHFWHG� VXFK� DV� QRLVHV� DQG� GLVWXUEDQFHV�� 1RLVHV� DUH�
VLJQDOV� RI� KLJK� IUHTXHQFLHV� WKDW� RULJLQDWH� IURP� WKH� HOHFWURQLF� FLUFXLWV� WKDW� DUH� EHLQJ�
XVHG�E\� WKH� FRQWURO� V\VWHP�� DQG�GLVWXUEDQFHV� DUH� VLJQDOV�RI� ORZ� IUHTXHQFLHV� WKDW�DUH�
FUHDWHG�GXH�WR�WKH�FKDQJHV�RI�WKH�ORDG�RI�WKH�QDWXUDO�V\VWHP��)RU�WKH�GLVWXUEDQFHV��ZH�
XVH� WKH� JHQHUDO� V\PERO�'�V��� )RU� WKH� V\VWHP� LQ� VWXG\��'�V�� H[SUHVVHV� WKH� DQJOH� EH�
WZHHQ�WKH�FDEOH��ZKLFK�LV�XVHG�WR�XSORDG�WKH�FRQWDLQHU��DQG�WKH�FUDQH�KHDG��

�
)LJ�����%ORFN�GLDJUDP�RI�WKH�QDWXUDO�V\VWHP�
)LQDOO\�WKH�FRQWURO�V\VWHP�UHVXOWV�WR�D�JHQHUDO�6,62��6LQJOH�,QSXW�6LQJOH�2XWSXW��V\V�
WHP�ZLWK�XQLW\�QHJDWLYH�IHHGEDFN�WKDW�KDV�DQ�DGGLWLYH�LQSXW�'�V���WKH�GLVWXUEDQFH��7KH�
VWUXFWXUH�RI�WKH�V\VWHP�LV�JLYHQ�LQ�WKH�UHSUHVHQWDWLRQ�DERYH��ILJ�����



7KH�FRQWUROOHU�RI�WKH�QDWXUDO�V\VWHP�ZLWK�WKH�LQSXW�ILOWHU�PDNHV�XS�D�VR�FDOOHG����GH�
JUHH�RI�IUHHGRP�FRQWUROOHU��
�
����6HOHFWLRQ�RI�WKH�FRQWUROOHU�
�
7KH�QXPEHU�RI�LQSXWV�RI�WKH�V\VWHP�KDV�EHHQ�VSHFLILHG�LQ�WZR��WKH�³'LVWDQFH´�6>P@��DV�
LQSXW�5�V��DQG� WKH�³$QJOH´� >GHJUHHV@�DV�GLVWXUEDQFH�'�V���7KH�FRQWUROOHU�ZLOO�KDYH�
WKHVH� WZR�LQSXWV�DQG�RQO\�RQH�RXWSXW�8�V��� WKH�HOHFWULF�SRZHU�RI�WKH�PRWRU��³3RZHU´�
>.:@��)XUWKHUPRUH�LI�ZH�PDNH�WKH�DVVXPSWLRQ�WKDW�WKH�GLVVLSDWLRQV�RI�WKH�'&�PRWRU�
DUH�QHDUO\�FORVH�WR�]HUR��WKHQ�WKH�HOHFWULF�SRZHU�RI�WKH�PRWRU�FDQ�EH�FRQVLGHUHG�QHDUO\�
HTXDO�WR�WKH�PHFKDQLFDO�SRZHU�WKDW�LV�VXSSOLHG�WR�WKH�ORDG�RI�WKH�PRWRU��

�
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�
:KHUH�F� �FRQVWDQW��JLYHQ�E\�WKH�PDQXIDFWXUHU�RI�WKH�PRWRU�� � �PDJQHWLF�IOX[�RI�WKH�
PRWRU�� � �URXQGV�SHU�PLQXWH��USP���LD� �DUPDWXUH�FXUUHQW��$OVR�WKH�PRWRU�LV�FRQVLG�
HUHG�WR�RSHUDWH�ZLWK�QRPLQDO�SRZHU��
7KHUH�DUH�WZR�SRVVLEOH�URXWHV�WR�IROORZ�ZKHQ�GHVLJQLQJ�WKH�FRQWUROOHU��7KH�ILUVW�RQH�LV�
WR�VHOHFW�FRQYHQWLRQDO�FRQWURO�GHVLJQ�PHWKRGV��,Q�WKH�EHJLQQLQJ��DQ�HVWLPDWLRQ�RI�WKH�
VWHS�UHVSRQVH�RI�WKH�QDWXUDO�V\VWHP�RU�SURFHVV�WDNHV�SODFH��DQG�WKHQ�DQ�LGHQWLILFDWLRQ�
RI�WKH�V\VWHP�DQG�WKH�ILQGLQJ�RI�D�ILW�SURWRW\SH��$W�WKH�HQG��D�WKUHH�WHUP�3,'�FRQWUROOHU�
LV�GHVLJQHG��XVLQJ�WKH�=LHJOHU�1LFKROV�PHWKRGV��7KLV�GHVLJQ�DSSURDFK�KDV�EHHQ�WHVWHG�
LQ�VHYHUDO�ILHOG�FDVHV�EXW�LW�KDV�EHHQ�SURYHG�WKDW�IDU�DZD\�IURP�WKH�SUHGHILQHG�VHW�SRLQW�
WKH�OLQHDU�3,'�FRQWUROOHU�QR�ORQJHU�ZRUNHG�DV�D�KXPDQ�RSHUDWRU���
7KDW�LV�ZK\�QRQ�FRQYHQWLRQDO�FRQWURO�GHVLJQ�PHWKRGV�KDYH�EHHQ�VHOHFWHG��LQ�RUGHU�WR�
GHVLJQ�D�IX]]\�FRQWUROOHU��XVLQJ�0DW/$%��������E\�0DWK:RUNV�,QF�DQG�)X]]\�/RJLF�
	�6LPXOLQN�7RROER[HV���
�
����'HVLJQLQJ�WKH�IX]]\�ORJLF�FRQWUROOHU�
�
7KH� JRDO� LV� WR�GHVLJQ� D� UREXVW� FRQWUROOHU� WKDW� LV� GHVFULEHG�E\� VLPSOH� OLQJXLVWLF� UXOHV�
XVLQJ�KXPDQ�H[SHULHQFH�LQ�RUGHU�WR�DFKLHYH�RSWLPDO�FRQWURO�RI�WKH�V\VWHP���
6LQFH�DOO�LQSXWV�DQG�RXWSXWV�RI�WKH�FRQWUROOHU�KDYH�EHHQ�VSHFLILHG��WKHQ�WKHLU�IX]]LILFD�
WLRQ�ZLOO� WDNH�SODFH��,QSXW��B�'LVWDQFH�[��ZLOO�EH�GHILQHG�E\�ILYH�OLQJXLVWLF�YDULDEOHV�
ZKLOH�WKUHH�OLQJXLVWLF�YDULDEOHV�ZLOO�EH�XVHG�WR�GHILQH�YDULDEOH�,QSXWB��$QJOH�[���

7KH�OLQJXLVWLF�YDULDEOHV�IRU�WKH�ILUVW�LQSXW��'LVWDQFH��DUH��
�1'� ��1HJDWLYH�'LVWDQFH��
�96'� ��9HU\�6PDOO�'LVWDQFH��
�0'� ��0HGLXP�'LVWDQFH��
�/'� ��/DUJH�'LVWDQFH��
�9/'� ��9HU\�/DUJH�'LVWDQFH��
�)RU�WKH�VHFRQG�LQSXW��$QJOH��DUH��
�1$� ��1HJDWLYH�$QJOH��
�0$� ��0HGLXP�$QJOH��
�3$� ��3RVLWLYH�$QJOH��



�
�7KH�RXWSXW�8�3RZHU��X�LV�ILQDOO\�GHILQHG�E\�WKH�IROORZLQJ���OLQJXLVWLF�YDULDEOHV��
�913� ��9HU\�1HJDWLYH�3RZHU��
�13� ��1HJDWLYH�3RZHU��
�03� ��0HGLXP�3RZHU��
�33� ��3RVLWLYH�3RZHU��
�933� ��9HU\�3RVLWLYH�3RZHU���
�

7KH�VKDSH�DQG�WKH�UDQJH�RI�YDOXHV�RI�WKH�UHIHUHQFH�K\SHUVHW�IRU�HDFK�LQSXW�DQG�RXWSXW�
YDULDEOH� LV� VHOHFWHG� XVLQJ� WKH� GUDIW� RI� WKH� FUDQH�EULGJH� RQ� ILJ���� )RU� ,QSXW�
�B�'LVWDQFH�[�� D� GLIIHUHQWLDO� UHIHUHQFH� K\SHUVHW� LV� FKRVHQ� UDQJLQJ� IURP� ±��� WR� ���������
>������@��0LQXV�����LV�XVHG�RQO\�IRU�TXDOLW\�UHDVRQV��WR�GHVFULEH�WKH�GLVWDQFH�EHWZHHQ�
WKH�WDUJHW�DQG�WKH�FUDQH�EULGJH�WRZHU��,QSXWB��$QJOH�[��LV�DVVLJQHG�D�V\PPHWULF�UHI�
HUHQFH�K\SHUVHW�UDQJLQJ�IURP�±���WR�����>������@��$OVR�KHUH�SOXV�����LV�XVHG�WR�GHILQH�
WKH�PRYHPHQW�RI�WKH�FRQWDLQHU�DV�SRVLWLYH��ZKHQ�LW�JHWV�D�OLWWOH�EHKLQG�WKH�FUDQH�KHDG�
DQG�PLQXV�����ZKHQ�WKH�FRQWDLQHU�JHWV�DKHDG�RI�WKH�FUDQH�KHDG��7KH�YDOXHV�RI�³$QJOH�
� >GHJUHHV@´� UDQJH� RQO\� IURP� ±��� GHJUHHV� WR� ��� GHJUHHV� EHFDXVH� DQ\� YDOXH� RI� WKH�

DQJOH��WKDW�LV�JUHDWHU�WKDQ�WKLV�OLPLW��ZLOO�OHDG�WR�WKH�GLVDVWHU�RI�WKH�FDEOH��ZKLFK�LV�XVHG�
WR�XSORDG�WKH�FRQWDLQHU��)LQDOO\�RXWSXW�8�3RZHU�� LV�DOVR�DVVLJQHG�D�V\PPHWULF�UHIHU�
HQFH�K\SHUVHW�WKDW�UDQJHV�IURP�±���WR�����>������@��7KH�QHJDWLYH�YDOXHV�RI�SRZHU�DUH�
XVHG� WR�VLJQDO� WKH�UHGXFWLRQ�RI� WKH�SRZHU�RI� WKH�PRWRU��ZKHQ�DSSO\LQJ�WKH�EUHDNLQJ�
V\VWHP��2Q�WKH�RWKHU�KDQG�SRVLWLYH�YDOXHV�RI�WKH�SRZHU�RI�WKH�PRWRU�VXJJHVW�WKDW�WKH�
SRZHU�LV�LQFUHDVLQJ��VR�DV�WKH�VSHHG�RI�WKH�PRYLQJ�FRQWDLQHU���
7KH�QH[W�VWHS� LQ� WKH�GHVLJQ�RI�WKH�IX]]\�FRQWUROOHU�LV�WR�GHILQH�WKH�OLQJXLVWLF�UXOHV�RI�
FRQWURO��)RU�WKH�VSHHG�FRQWURO�RI�WKH�FRQWDLQHU�ILIWHHQ�UXOHV�KDYH�EHHQ�FKRVHQ�DQG�WKH\�
DUH�JLYHQ�EHORZ��

5����,I��'LVWDQFHBV>P@�LV�1'��DQG��$QJOHB �LV�1$��WKHQ��3RZHUB>.:@�LV�33��
5����,I��'LVWDQFHBV>P@�LV�1'��DQG��$QJOHB �LV�0$��WKHQ��3RZHUB>.:@�LV�03��
5����,I��'LVWDQFHBV>P@�LV�1'��DQG��$QJOHB �LV�3$��WKHQ��3RZHUB>.:@�LV�913��
5����,I��'LVWDQFHBV>P@�LV�96'��DQG��$QJOHB �LV�1$��WKHQ��3RZHUB>.:@�LV�33��
5����,I��'LVWDQFHBV>P@�LV�96'��DQG��$QJOHB �LV�0$��WKHQ��3RZHUB>.:@�LV�03��
5����,I��'LVWDQFHBV>P@�LV�96'��DQG��$QJOHB �LV�3$��WKHQ��3RZHUB>.:@�LV�13��
5����,I��'LVWDQFHBV>P@�LV�0'��DQG��$QJOHB �LV�1$��WKHQ��3RZHUB>.:@�LV�33��
5����,I��'LVWDQFHBV>P@�LV�0'��DQG��$QJOHB �LV�0$��WKHQ��3RZHUB>.:@�LV�03��
5����,I��'LVWDQFHBV>P@�LV�0'��DQG��$QJOHB �LV�3$��WKHQ��3RZHUB>.:@�LV�13��
5����,I��'LVWDQFHBV>P@�LV�/'��DQG��$QJOHB �LV�1$��WKHQ��3RZHUB>.:@�LV�33��
5����,I��'LVWDQFHBV>P@�LV�/'��DQG��$QJOHB �LV�0$��WKHQ��3RZHUB>.:@�LV�33��
5����,I��'LVWDQFHBV>P@�LV�/'��DQG��$QJOHB �LV�3$��WKHQ��3RZHUB>.:@�LV�03��
5����,I��'LVWDQFHBV>P@�LV�9/'��DQG��$QJOHB �LV�1$��WKHQ��3RZHUB>.:@�LV�933��
5����,I��'LVWDQFHBV>P@�LV�9/'��DQG��$QJOHB �LV�0$��WKHQ��3RZHUB>.:@�LV�33��
5����,I��'LVWDQFHBV>P@�LV�9/'��DQG��$QJOHB �LV�3$��WKHQ��3RZHUB>.:@�LV�03��

7KHVH� UXOHV�FDQ�DOVR�EH�YLHZHG� LQ�D�PRUH�FRPSDFW� IRUP�� LI� WKH\�DUH�SXW� LQ�D�PDWUL[�
IRUP��WDEOH����
�



7DEOH����/LQJXLVWLF�UXOHV�RI�WKH�IX]]\�FRQWUROOHU�

;����[�� 1'� 96'� 0'� /'� 9/'�
1$� 33� 33� 33� 33� 933�
0$� 03� 03� 03� 33� 33�
3$� 913� 13� 13� 03� 03�

�
7KH�VKDSH�RI�WKH�IX]]\�VHWV�IRU�HDFK�YDULDEOH�XVHG�DV�LQSXW�DQG�RXWSXW�DQG�WKH�GHJUHH�
RI�SDUWLFLSDWLRQ�RI�HDFK�UXOH�� M��LQ�WKH�ILQDO�GHFLVLRQ�RI�WKH�FRQWUROOHU��LV�VHOHFWHG�E\�
XVLQJ�WKH�),6�(GLWRU�RI�)X]]\�/RJLF�7RROER[���)RU�,QSXW��B�'LVWDQFH�[��D�FRPELQD�
WLRQ�RI�WUDSH]RLGDO�DQG�WULDQJXODUO\�VHWV�LV�FKRVHQ�DQG�IRU�,QSXWB��$QJOH�[��JDXVVLDQ�
VHWV��7KH�RXWSXW�8�3RZHU��LV�GHVFULEHG�DOVR�E\�D�FRPELQDWLRQ�RI�WUDSH]RLGDO�DQG�WUL�
DQJXODUO\�VHWV��7KHVH�VHOHFWLRQV�DUH�DYDLODEOH�WKURXJK�WKH�GLDORJ�ER[�(GLW�0HPEHUVKLS�
)XQFWLRQ�DQG�DUH�VKRZQ�LQ�ILJ������ILJ�����DQG�ILJ�������

�
)LJ�����)X]]\�VHWV�RI�ILUVW�LQSXW�
�

�
)LJ�����)X]]\�VHWV�RI�VHFRQG�LQSXW�



�
)LJ�����)X]]\�VHWV�RI�RXWSXW�
�
7KH�QH[W�VWHS�LV�WR�VWXG\�WKH�DIIHFW�RI�WKH�VKDSH�RI�WKH�VHWV�RQ�WKH�FRQWURO�VXUIDFH��7KH�
FRQWURO�VXUIDFH�LV�D�YLVXDOL]DWLRQ�RI�WKH�FRPPDQGV�RI�WKH�FRQWUROOHU�DQG�LV�WKH�UHVXOW�RI�
WKH� FRPELQHG� VHOHFWLRQ� RI� IX]]\� VHWV� DQG� FRQWURO� UXOHV�� %HFDXVH� WKHUH� LV� QR�ZD\� WR�
HQVXUH� WKDW� WKH� VHOHFWLRQ� RI� IX]]\� VHWV� IRU� HDFK� YDULDEOH� LV� WKH� RSWLPDO� RQH��ZLWKRXW�
XVLQJ�VRPH�PHWKRG�RI�RSWLPL]DWLRQ�VXFK�DV�JHQHWLF�DOJRULWKPV��RQH�FDQ�RQO\�H[SHUL�
PHQW�ZLWK�GLIIHUHQW�IX]]\�VHWV��%XW�HYHQ�WKHQ��DQ�RSWLPDO�VHW�LV�GLIILFXOW�WR�GHILQH��)RU�
WKLV�FRQWUROOHU�GHVLJQ��YDULRXV�VHWV�KDYH�EHHQ�DSSOLHG�EXW�KDG�D�PLQLPXP�DIIHFW�RQ�WKH�
FRQWURO�VXUIDFH��7KDW�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�WKH�FRQWURO�VXUIDFH�LV�PRUH�DIIHFWHG�
E\�WKH�FRQWURO�UXOHV�WKDW�ZHUH�VHOHFWHG�WKDQ�RI�WKH�VKDSH�RI�WKH�IX]]\�VHWV��7KH�FRQWURO�
VXUIDFH�LV�JLYHQ�LQ�ILJ�����

�
)LJ�����&RQWURO�VXUIDFH�RI�WKH�IX]]\�FRQWUROOHU�
�
7KH�VSHFLILFDWLRQ�RI�WKH�VXUIDFH�FRQWURO�ZDV�GRQH�XVLQJ�WKH�0DPGDQL�HQWDLOPHQW�DQG�
WKH� GHIX]]LILFDWLRQ� RI� WKH� RXWSXW� ZDV� VSHFLILHG� XVLQJ� WKH� &2*� �&HQWHU� RI� *UDYLW\��
PHWKRG��



��&KHFNLQJ�WKH�RSHUDWLRQ�RI�WKH�FRQWUROOHU�XVLQJ�0DW/$%�6LPXOLQN�
�
7KH�RSHUDWLRQ�RI�WKH�IX]]\�FRQWUROOHU�FDQ�EH�FKHFNHG�XVLQJ�WKH�5XOH�9LHZHU�VFUHHQ���

�

�
)LJ����5XOH�9LHZHU�
�
2Q� WKLV� VFUHHQ� DYDLODEOH� RQ� WKH�),6�(GLWRU�� LW� LV� SRVVLEOH� WR� WHVW� WKH� IXQFWLRQ� RI� WKH�
FRQWUROOHU�JLYLQJ�FHUWDLQ�YDOXHV�RI��³'LVWDQFH´�DQG�³$QJOH´�DQG�REWDLQLQJ�WKH�UHVSRQVH�
RI� WKH� FRQWUROOHU� 8�� WKURXJK� WKH� YDOXHV� RI� WKH� RXWSXW� ³3RZHU´�� � 7KH� 5XOH� 9LHZHU�
VFUHHQ�RI� WKH�V\VWHP�LV�JLYHQ� LQ� WKH�DERYH�ILJXUH��ILJ�����7KH�UHVXOW�RI�WKH�RXWSXW�IRU�
ILYH�GLIIHUHQW�VHWV�RI�LQSXWV�LV�JLYHQ�RQ�WDEOH����

�
7DEOH����2XWSXW�WHVW�UHVXOWV�

�
'LVWDQFH�>P@� $QJOH�> @� 3RZHU�>.:@�

�� �� ��
��� ��� �������
��� ���� �����
���� �� ��������
���� ��� ������

�



7KH� VLPXODWLRQ� RI� WKH� V\VWHP� LV� GRQH� XVLQJ� 0DW/$%�6LPXOLQN�� 7KH� PDWKHPDWLFDO�
PRGHO�RI� WKH�V\VWHP�FRQVLVWV�RI�EXLOW�EORFNV� WKDW� UHSUHVHQW� WKH�'&�PRWRU�� WKH� WDFKR�
JHQHUDWRU��LQWHJUDWRUV�DQG�RWKHU�VXEV\VWHPV��7KH�EORFN�GLDJUDP�LV�JLYHQ�LQ�ILJ�����

�

�
�

)LJ�����6LPXOLQN�EORFN�GLDJUDP�
�

7KH�VWHS�UHVSRQVH�RI�WKH�V\VWHP�LQ�6LPXOLQN�KDV�WKH�IROORZLQJ�VKDSH��ILJ�����
�

�
�

)LJ�����6WHS�UHVSRQVH�RI�WKH�V\VWHP�LQ�6LPXOLQN�
�

7KH�VWHDG\�VWDWH�HUURU�LV�VPDOO�DQG�WKH�RYHUVKRW�LV�PLQLPL]HG��6R��WKH�VLPXODWHG�V\VWHP�
GLVSOD\V�DQ�LPSURYHG�G\QDPLF�EHKDYLRU�ZLWKRXW�DQ\�XQZDQWHG�RVFLOODWLRQV��
�
����,PSOHPHQWDWLRQ�RI�WKH�FRQWUROOHU�
�
7KH� IX]]\� ORJLF� DSSOLFDWLRQ� FDQ� EH� LPSOHPHQWHG� XVLQJ� D� YDULHW\� RI� WDUJHW� KDUGZDUH�
SODWIRUPV�� 7KHVH� UDQJH� IURP� ORZ�FRVW��ELW� FRQWUROOHUV�� IRU� VLPSOH� DSSOLFDWLRQV�� WR�



SURJUDPPDEOH� ORJLFDO� FRQWUROOHUV� �3/&V�� DQG� GLVWULEXWHG� FRQWURO� V\VWHPV� �'&6V���
3/&V�KDYH� VWDQGDUG� LQWHUIDFHV� WR� VHQVRUV� DQG�DFWRUV� DQG� VXSSRUW� VWDQGDUG� ILHOG�EXV��
)XUWKHUPRUH��6LHPHQV��ZKLFK�LV�RQH�RI�WKH�ELJJHVW�PDQXIDFWXUHUV�LQ�LQGXVWULDO�DXWRPD�
WLRQ��RIIHUV�D�VHULHV�RI�3/&V�VXFK�DV�6,0$7,&�6�������DQG�6,0$7,&�6�������� WKDW�
RIIHU�KLJK�OHYHO�ODQJXDJH�SURJUDPPLQJ�LQ�VWUXFWXUHG�SURJUDPPLQJ�ODQJXDJHV�VXFK�DV�
&��7KHVH�3/&V�FDQ�XVH�D�IX]]\�ORJLF�SUH�FRPSLOHU�WKDW�JHQHUDWHV�WKH�V\VWHP�DV�&�FRGH�
DQG� LPSOHPHQW� WKH� FRGH�RQ� WKH�3/&��)RU� WKHVH�3/&V�H[LVW� DOVR�� VSHFLDO� IX]]\� ORJLF�
IXQFWLRQ�EORFNV�WKURXJK�D�SRZHUIXO�SURJUDPPLQJ�HQYLURQPHQW��)X]]\�&RQWURO�����LV�
VXFK�D�FRQILJXULQJ�WRRO�WKDW�FDQ�EH�XVHG�WR�GHVLJQ�WKH�IX]]\�FRQWUROOHU�IRU�WKH�FUDQH�
EULGJH��7KH�GHYHORSPHQW�RI�WKH�FRQWUROOHU��XVLQJ�WKH�IX]]\�ORJLF�IXQFWLRQ�EORFN�GRHV�
QRW� UHTXLUH� DQ\� FRGH�JHQHUDWLRQ��7KH�)X]]\�&RQWURO�����SURYLGHV�DOO� WKH�QHFHVVDU\�
WRROV� IRU� WKH�IX]]LILFDWLRQ�RI� WKH� LQSXWV�DQG�RXWSXW��WKH�VHWWLQJ�RI�WKH�OLQJXLVWLF�UXOHV��
DQG�WKH�GHIX]]LILFDWLRQ�RI�WKH�RXWSXW���
:KHQ�WKH�GHVLJQ�RI� WKH�IX]]\�FRQWUROOHU� LV�FRPSOHWHG� WKHQ�WKH�3/&�FDQ�EH�OLQNHG�WR�
WKH�3&��ZKLFK�ZLOO�PRQLWRU� WKH�FRQWURO�VWUDWHJ\��DQG�FDQ�EH�GRZQORDGHG�DV�VWDQGDUG�
3/&�SURJUDPV��ODGGHU�GLDJUDP��LQVWUXFWLRQ�OLVW��IXQFWLRQ�EORFN�GLDJUDPV���7KH�IROORZ�
LQJ�ILJ����GLVSOD\V�D�3/&�EDVHG�IX]]\�FRQWUROOHU���

�
)LJ������$�3/&�WKDW�FDQ�LPSOHPHQW�WKH�IX]]\�FRQWUROOHU��
�
7KH� LQSXW� VLJQDOV� RI� WKH� IX]]\� FRQWUROOHU� DUH� WKH� RXWSXWV� RI� WKH� DSSURSULDWH� VHQVRUV��
'LVWDQFH�FDQ�EH�PHDVXUHG�XVLQJ�DQ\�SUR[LPLW\�VHQVRU��EXW�WKH�ILQDO�VHOHFWLRQ�GHSHQGV�
RQ�WKH�GHVLUHG�UHVROXWLRQ��UDQJH�RI�PHDVXUHG�YDOXHV��WKH�GHVLUHG�RXWSXW�RI�WKH�VHQVRU��
DQDORJ�RU�GLJLWDO�HWF��7KH�DQJOH�RI�WKH�FDEOH�FDQ�EH�PHDVXUHG�ZLWK�D�VZLQJ�DQJOH�VHQ�
VRU��6LHPHQV�KDV�GHYHORSHG� VXFK� D� VHQVRU�� HVSHFLDOO\�GHVLJQHG� IRU� FUDQHV� DQG�FUDQH�
EULGJHV��� XQGHU� WKH� QDPH� +,3$4��� 7KLV� V\VWHP� RIIHUV� WZR� WHFKQLFDO� VROXWLRQV�� WKH�
23720$7�'��OLQH�FDPHUD�DQG�WKH�9(526:,1*��PHDVXULQJ�IUDPH���
7KH�23720$7�'�� OLQH� FDPHUD��FRPSULVHV�D� OLQH�FDPHUD�ZLWK� VSRWOLJKWV�DQG� LV� LQ�
VWDOOHG� XQGHU� WKH� WUROOH\�� )LWWHG� WR� WKH� ULJKW� DQG� OHIW� RI� WKH� FDPHUD� DUH� WZR� KDORJHQ�
VSRWOLJKWV��7KHVH�EHDP�GRZQORDG��LQWHQVLYHO\�LOOXPLQDWLQJ�WKH�UHIOHFWRU�VLWXDWHG�RQ�WKH�
ORDG� OLIWLQJ� HTXLSPHQW��7KH� WULSOH� UHIOHFWRU�RI� WKH� ORDG� OLIWLQJ� HTXLSPHQW� UHIOHFWV� WKH�
OLJKW�GLUHFWO\�WR�WKH�FDPHUD��7KH�GHIOHFWLRQ�DQJOH�RI�WKH�ORDG�LV�WKXV�GHWHUPLQHG�YLD�DQ�
LPDJH�HYDOXDWLRQ�FRPSXWHU�LQWHJUDWHG�LQ�WKH�FDPHUD��7KH�VZLQJ�DFWXDO�DQJOH�YDOXH�LV�
RXWSXW�DV��� WR����P �VLJQDO��)LJ������GLVSOD\V� WKH�23720$7�'�� OLQH�FDPHUD��7KH�
9(526:,1*��PHDVXULQJ�IUDPH�LV�DOVR��ILWWHG�XQGHU�WKH�FUDQH��WUROOH\��7KHQ����
�



)LJ������7KH�23720$7�'��OLQH�FDPHUD�DQG�WKH�9(526:,1*��PHDVXULQJ�IUDPH�
�
RQH�RI�WKH�VWDWLRQDU\�FDEOHV�RI�WKH�FUDQH�JRHV�WKURXJK�WKH�IUDPH��$�PDJQHW�LV�IL[HG�WR�
WKLV�FDEOH�DW�WKH�KHLJKW�RI�WKH�IUDPH��7KH�IUDPH�FRQWDLQV�+DOO�±�HIIHFW�VHQVRUV�ZKLFK�
UHJLVWHU�WKH�PRYHPHQW�RI�WKH�PDJQHW�DQG��WKHUHIRUH��RI�WKH�FDEOH�ZLWKLQ�WKH�IUDPH��)LJ��
����DOVR�GLVSOD\V�WKH�9(526:,1*��PHDVXULQJ�IUDPH��
)LQDOO\�DSSURSULDWH� LQWHUIDFHV�IRU� WKH� LQSXW�DQG�RXWSXW�VLJQDOV�RI�WKH�IX]]\�FRQWUROOHU�
PD\� EH� UHTXLUHG�� GHSHQGLQJ� RQ� WKH� W\SH� RI�PHDVXUHG� DQG� DFWLQJ� VLJQDOV�� DQDORJ� RU�
GLJLWDO��DPSOLWXGH��VLJQDO�FRQGLWLRQLQJ�HWF����
�
����)X]]\�ORJLF�FRQWUROOHUV�LQ�LQGXVWULDO�DXWRPDWLRQ�
�
0DQ\�LQGXVWULHV�LQ�WKH�ODVW����\HDUV�KDYH�DGRSWHG�IX]]\�ORJLF��LQWHJUDWLQJ�FRQYHQWLRQDO�
PHWKRGV� RI� FRQWURO�� VXFK� DV� 3,'� FRQWUROOHUV� DQG� IX]]\� ORJLF�� $SSOLFDWLRQV� FRYHU� D�
ZLGH�UDQJH�RI�FRQWURO�SUREOHPV�LQFOXGLQJ�IX]]\�FRQWURO�RI�PRWRUV�DQG�K\EULG�FRQWURO�
OHUV�EDVHG�RQ�3/&V�DQG�PLFURFRPSXWHUV��5HIHUHQFH�>��@�VKRZV�KRZ�IX]]\�ORJLF�FRQ�
WURO� FDQ� EH� HPSOR\HG� WR�RSWLPL]H� WKH� HQHUJ\� HIILFLHQF\� LQ�$&�PRWRU�YDULDEOH�VSHHG�
FRQWURO�� ZKLOH� UHIHUHQFH� >��@� VKRZV� D� IOX[� DQG� WRUTXH� FRQWURO� E\� IX]]\� ORJLF� GLUHFW�
VHOI�FRQWURO�� 1$6$� KDV� DOVR� GHYHORSHG� D� IX]]\� ORJLF� V\VWHP� IRU� WKH� FRQWURO� RI� LWV�
0DFK���ZLQG�WXQQHO��7KH�IX]]\�ORJLF�VROXWLRQ��WKDW�WKH\�KDYH�LPSOHPHQWHG��UXQV�RQ�DQ�
L����ERDUG�FRQWUROOHG�E\�D�PDVWHU�3/&�DQG�GHOLYHUHG�YHU\�VDWLVIDFWRU\�UHVXOWV�LQ�WXQ�
QHO� SUHKHDWLQJ� DQG� WHPSHUDWXUH� FRQWURO� LQ� RSHUDWLRQ� �VHH� UHIHUHQFH� >��@��� 8QIRUWX�
QDWHO\� LQ�*UHHFH� RQO\� D� VPDOO� QXPEHU� RI� IX]]\� FRQWURO� V\VWHPV�KDV�EHHQ�GHYHORSHG�
DQG�LQVWDOOHG��PDLQO\�EHFDXVH�RI�ODFN�RI�YDOLG�DQG�DFFXUDWH�LQIRUPDWLRQ�RQ�IX]]\�ORJLF�
DQG�LWV�DSSOLFDWLRQ���������
�
����&RQFOXVLRQV�
�
7KLV�SDSHU�SUHVHQWV�WKH�GHVLJQ�PHWKRGRORJ\�RI�DQ�LQWHOOLJHQW�FRQWUROOHU�IRU�WKH�FRQWURO�
RI�QDWXUDO�V\VWHPV�DQG�SURFHVVHV�ZLWK�)X]]\�/RJLF��7KH�PDLQ�JRDO�RI�WKLV�FRQWUROOHU�LV�
WR�RSHUDWH�DV�JRRG�DV�D�KXPDQ�RSHUDWRU��ZLWK�WKH�VDPH�FRQWURO�UXOHV�WKDW�GHULYH�IURP�
WKH�KXPDQ¶V�NQRZOHGJH�DQG�H[SHULHQFH�RI�WKH�SURFHVV�WKDW�KH�VXSHUYLVHV��)XUWKHUPRUH�
WKLV�FRQWUROOHU�PXVW�EH�DEOH�WR�FRPSHQVDWH�DQ\�YDULDWLRQV�RI�WKH�SURFHVV�YDULDEOHV�DQG�
WR�UHVWRUH�WKH�SURFHVV�WR�LWV�GHVLUHG�VWDWH�ZLWKRXW�WKH�LQWHUYHQWLRQ�RI�WKH�RSHUDWRU��2QH�
RI� LWV�PDLQ�DGYDQWDJHV� LV� WKDW�DOWKRXJK� WKH�SUREOHP�ZDV� IRUPHG�XVLQJ�FRQYHQWLRQDO�
FRQWURO�GHVLJQ�UHTXLUHPHQWV��IRU�D�JLYHQ�SURFHVV�3��GHVLJQ�D�FRQWUROOHU�&��WKDW�PHHWV�



WKH�GHVLJQ�UHTXLUHPHQWV�5��WKH�GHVLJQHG�FRQWUROOHU�ZDV�QRW�EDVHG�RQ�WKH�PDWKHPDWLFDO�
PRGHO� RI� WKH� SURFHVV�� 7KDW� DOORZV� LW� WR� RSHUDWH� UHJDUGOHVV� IURP� WKH� SURFHVV�PRGHO��
OLQHDU� RU� QRQ�OLQHDU�� ,Q� FRQWUDVW� WKH� �� RU� �� WHUPV� 3,� �3URSRUWLRQDO� ,QWHJUDO�� RU� 3,'��
LQGXVWULDO�FRQWUROOHUV�VDWLVI\� WKH�FRQWURO� UHTXLUHPHQWV�RQO\�DURXQG�D�SUHGHILQHG�SRLQW�
RI� RSHUDWLRQ��$QRWKHU� DGYDQWDJH� LV� WKDW� GLVWXUEDQFHV� DUH� WDNHQ� LQ� WR� DFFRXQW�� DV� WKH�
VHFRQG�LQSXW�RI�WKH�V\VWHP��7KH�XVDJH�RI�IX]]\�ORJLF�LQ�RUGHU�WR�VROYH�FHUWDLQ�FRQWURO�
SUREOHPV�LV�RQO\�WKH�ILUVW�VWHS��,Q�D�ELJJHU�DSSOLFDWLRQ�D�K\EULG�QHXUR�IX]]\�FRQWUROOHU�
FDQ�EH�GHVLJQHG�WR�FRQWURO�WKH�VSHHG�RI�WKH�FRQWDLQHU��,Q�WKLV�FDVH�WKH�IX]]\�FRQWUROOHU�
ZLOO�RSHUDWH�³RQ�OLQH´�RU�³RII�OLQH´�WR�SURYLGH�UHDO�QXPHULF�GDWD�RI�WKH�FRQWURO�RI�WKH�
RSHUDWLRQ��WKDW�ZLOO�EH�VWRUHG�LQ�D�UHDO�WLPH�GDWDEDVH��$IWHU�WKH�DSSURSULDWH�WUDLQLQJ�RI�
WKH� QHXUDO� FRQWUROOHU� LW� ZLOO� FR�RSHUDWH� ZLWK� WKH� IX]]\� ORJLF� FRQWUROOHU� LQ� RUGHU� WR�
DFKLHYH� IXUWKHU� RSWLPL]DWLRQ� RI� WKH� G\QDPLF�EHKDYLRU�RI� WKH�SURFHVV�� FRPELQLQJ� WKH�
DGYDQWDJHV�RI�ERWK�W\SH�FRQWUROOHUV��
�
5HIHUHQFHV�

�
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�����5RVV�7�-���)X]]\�ORJLF�ZLWK�HQJLQHHULQJ�$SSOLFDWLRQV��0F�*UDZ�+LOO��,QF��������
�����.RVNR�%���1HXUDO�1HWZRUNV�DQG�)X]]\�6\VWHPV��3UHQWLFH�+DOO��������
�����+XQJ�7�1JX\HQ��0LFKLR�6XJHQR��)X]]\�6\VWHPV��0RGHOLQJ�DQG�&RQWURO��.OXZHU�$FDGH��
������PLF�3XEOLVKHUV����������
�����.RQVWDQWLQ�9RQ�$OWURFN��)X]]\�/RJLF�	�1HXURIX]]\�$SSOLFDWLRQV�H[SODLQHG��3UHQWLFH�+DOO�
�����+ROJHU�/XW]�:ROIJDQJ�:HQGW��7DVFKHQEXFK�GHU�5HJHOXQJVWHFKQLN��9HUODJ�+DUUL�'H���������
�����&KDU��(�5RKUV��-��/�0HOVD��'RQ��*�6FKXOW]��/LQHDU�&RQWURO�6\VWHPV��0F�*UDZ�+LOO���������
����.��'XWWRQ��6��7KRPSVRQ��%��%DUUDFORXJK��7KH�$UW�RI�&RQWURO�(QJLQHHULQJ��$G�:HV���������������
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