
7KH�HYDOXDWLRQ�RI�GLVWXUEHG�FRQWURO�V\VWHPV�E\�PHDQV�RI�IX]]\
VXSHUYLVLRQ

5DOI�0LNXW��*HRUJ�%UHWWKDXHU
)RUVFKXQJV]HQWUXP�.DUOVUXKH�*PE+��,QVWLWXWH�RI�$SSOLHG�,QIRUPDWLFV��,$,��

3�2��%R[�������'�������.DUOVUXKH��*HUPDQ\
3KRQH���������������������)D[���������������������(�0DLO��PLNXW#LDL�I]N�GH

$%675$&7��$�QHZ�GDWD�EDVHG�DSSURDFK�WR�VXSHUYLVH�WKH�VWDELOLW\�RI�FRPSOH[�FRQWURO�V\VWHPV�LV�JLYHQ��,W
LQWHJUDWHV� HOHPHQWV� RI� KXPDQ� RSHUDWRU
V� PXOWL�OHYHO� VWUDWHJ\� DQG� FODVVLFDO� FRQWURO� VWUDWHJLHV� WR� SURFHVV
VWDELOL]DWLRQ�� 7KH� PHWKRG� XVHV� D� TXDOLWDWLYH� VWDELOLW\� GHILQLWLRQ� EDVHG� RQ� WKH� WHFKQRORJLFDO� WROHUDELOLW\� RI
SURFHVV�VWDWHV��$�PRGHO�LV�QRW�VWURQJO\�UHTXLUHG�EXW�LPSURYHV�WKH�VXSHUYLVLRQ�TXDOLW\��+HUH��GLIIHUHQW�W\SHV
RI�PRGHOV� LQFOXGLQJ� IX]]\�PRGHOV� ZLWK� DQG� ZLWKRXW� GHIX]]LILFDWLRQ�� $UWLILFLDO� 1HXUDO�1HWV��PDWKHPDWLFDO
PRGHOV� DQG�PXOWL�PRGHO� DSSURDFKHV�ZLWK� IX]]\� GHJUHHV� RI� SODXVLELOLW\� DUH� FRQVLGHUHG�� 7KH�PDLQ� IRFXV� LV
FRQFHQWUDWHG� RQ� WKH� EHKDYLRXU� XQGHU� UHDO� SURFHVV� FRQGLWLRQV� FKDUDFWHUL]HG� E\� GLVWXUEDQFHV� DQG� FKDQJHG
UHIHUHQFH�YDOXHV��$V�D� UHVXOW�� D� IX]]\�EDVHG� VXSHUYLVRU�FODVVLILHV�RQ�OLQH� WKH� VWDELOLW\�E\�PHDQV�RI�D� IX]]\
GHJUHH�RI�VWDELOLW\�EHWZHHQ�]HUR�DQG�RQH�

.(<:25'6��IX]]\�FRQWURO��VWDELOLW\��VXSHUYLVLRQ��DGDSWDWLRQ��)X]]\�/\DSXQRY�IXQFWLRQ

� ,1752'8&7,21

,Q�WKH�ODVW�IHZ�\HDUV��IX]]\�FRQWUROOHUV�EHFDPH�DQ�DFFHSWHG�DSSURDFK�IRU�PDQ\�LQGXVWULDO�FRQWURO�SUREOHPV�
7KH\�SURYLGH�D�VXIILFLHQW�FRQWURO�SHUIRUPDQFH�DOVR�LQ�FDVH�RI�VRPH�QRQOLQHDU�DQG�WLPH�YDULDQW�SURFHVVHV��$
PDLQ� PRWLYDWLRQ� WR� XVH� IX]]\� FRQWURO� LV� D� VLPSOLILHG� LQWXLWLYH� GHVLJQ� DQG� D� UHGXFWLRQ� RI� PRGHOOLQJ� DQG
DQDO\VLQJ�HIIRUW�RI�WKH�SURFHVV�DQG�WKH�UHVXOWLQJ�FRQWURO�ORRS��+RZHYHU��IX]]\�FRQWUROOHUV�DUH�FKDUDFWHUL]HG
E\�D�QRQOLQHDU�EHKDYLRXU�DQG�WKH�UHVXOWLQJ�EHKDYLRXU�RI�WKH�FRQWURO�ORRS�LV�GLIILFXOW�WR�DQDO\VH��6PDOO�GHVLJQ
HUURUV�FDQ�FDXVH�VLJQLILFDQW�WURXEOH�LQ�SUDFWLFDO�XVH�XS�WR�VDIHW\�SUREOHPV�
,Q� FODVVLFDO� FRQWURO� WKHRU\�� D� VWDELOLW\� DQDO\VLV� LV� QRUPDOO\� SHUIRUPHG� LQ� RUGHU� WR� JXDUDQWHH� WKH� QRUPDO
RSHUDWLRQ�EHKDYLRXU��)RU�LW��WKH�SURFHVV�DQG�WKH�FRQWUROOHU�DUH�PDWKHPDWLFDOO\�GHVFULEHG��7KHQ��D�VWDELOLW\�WHVW
DOORZV� D� FULVS� GHFLVLRQ� �VWDEOH�� RU� �XQVWDEOH��� 7KLV� GHFLVLRQ� FDQ� EH� REWDLQHG� E\� PHDQV� RI� DOJHEUDLF� DQG
JHRPHWULFDO� FULWHULRQV�� )RU� WKHLU� VRSKLVWLFDWHG� WKHRUHWLFDO� OHYHO� WKH\� DUH� QRW� LQ� FRPPRQ� XVH��$� VXFFHVVIXO
SURRI�JXDUDQWHHV�RQO\�FHUWDLQ�UHTXLUHPHQWV�IRU�WKH�SHUIRUPDQFH�RI�WKH�FRQWURO�ORRS��H�J��ERXQGHG�RXWSXWV�LQ
FDVH�RI�ERXQGHG�LQSXWV��%,%2�VWDELOLW\��RU�D�UHJLRQ�RI�DWWUDFWLRQ�QHDUE\�DQ�HTXLOLEULXP�SRLQW�RU�D�WUDMHFWRU\
�/\DSXQRY�VWDELOLW\���VHH�H�J��.UVWLþ�HW�DO���������
$W�WKH�PRPHQW��GLIIHUHQW�SRVLWLRQV�IRU�KDQGOLQJ�WKHVH�VWDELOLW\�SUREOHPV�LQ�IX]]\�V\VWHPV�H[LVW��%UHWWKDXHU�HW
DO���������
��� 7KH�VWDELOLW\�SUREOHPV�ZLOO�EH� LJQRUHG��$�SUDFWLFDO�RU� VLPXODWLYH� WHVW� VKRZV� LI� LQ� WKH� WHVWHG� VLWXDWLRQV

VWDELOLW\�SUREOHPV�RFFXU�
��� 7KH�IX]]\�FRQWUROOHU�DQG�WKH�SURFHVV�ZLOO�EH�PDWKHPDWLFDOO\�GHVFULEHG��7KH�UHVXOWLQJ�FRQWURO� ORRS�ZLOO

EH�DQDO\VHG�E\�XVH�RI� VOLJKWO\�PRGLILHG�PHWKRGV�RI� WKH�QRQOLQHDU�FRQWURO� WKHRU\�DV�/\DSXQRY� WKHRU\�
+DUPRQLF�%DODQFH��+\SHUVWDELOLW\�WKHRU\��7KH�SDSHUV�RI�2SLW]���������%UHWWKDXHU�HW�DO����������7LWOL�HW
DO���������DQG�6WULHW]HO��������UHVXPH�NQRZQ�DSSURDFKHV�IRU�WKLV�ZD\��,Q�DGGLWLRQ��VRPH�PRGLILFDWLRQV
DUH� LQWURGXFHG� WR� WXQH� WKHVH�PHWKRGV� WR� W\SLFDO� VWUXFWXUHV�RI� IX]]\�FRQWUROOHUV�� VHH�H�J��%|KP��������
-lNHO���������.LHQGO�HW�DO����������5�JHU���������6FKlIHUV�HW�DO����������7DQDND�HW�DO���������DQG�:DQJ
�������

8QIRUWXQDWHO\��WKH�WKHRUHWLFDO�VWDELOLW\�GHFLVLRQ�RI�WKH�ODWWHU�FDVH�GLIIHUV�VXEVWDQWLDOO\�IURP�WKH�GHFLVLRQ�RI�D
KXPDQ� RSHUDWRU� LI� WKH� V\VWHP� LV� �VWDEOH�� RU� QRW�� 7KH� KXPDQ� RSHUDWRU� RIWHQ� XVHV� FRPSURPLVHV� EHWZHHQ
FRPSOHWH� VWDELOLW\� DQG� FRPSOHWH� LQVWDELOLW\�� 7KH� VWDELOLW\� GHFLVLRQ� GHSHQGV� FUXFLDOO\� RQ� WKH� WHFKQRORJLFDO
VWDWH� RI� WKH� SURFHVV� DQG� LW� LQFOXGHV� DOO� NQRZQ� LQIRUPDWLRQ� �PHDVXUHG� YDOXHV�� UHIHUHQFH� YDOXHV��� 0RGHO
NQRZOHGJH�DERXW�D�SURFHVV�HQDEOHV�WKH�HVWLPDWLRQ�RI�UHDVRQV�IRU�DQ�XQVDWLVIDFWRU\�EHKDYLRXU��H�J��FDXVHG�E\



H[WHUQDO�GLVWXUEDQFHV�RU�D�ZURQJ�FRQWURO�VWUDWHJ\��7KH�IOH[LELOLW\�RI�WKH�KXPDQ�RSHUDWRU�EDVHV�RQ�FKDQJHV�RI
FRQWURO� VWUDWHJLHV� LI� QRQ�WROHUDEOH� V\VWHP� EHKDYLRXU� LV� GHWHFWHG� DQG� RQ� VSHFLDO� VWUDWHJLHV� WR� VWDELOL]H� WKH
SURFHVV� DIWHU� XQH[SHFWHG� HUURUV�� 6RPH� SULQFLSOHV� RI� WKLV� PXOWL�OHYHO� VWUDWHJ\� LQFOXGLQJ� GLIIHUHQW� W\SHV� RI
FRJQLWLYH� WDVNV� FDQ� EH� IRXQG� LQ�5DVPXVVHQ� �������� 6NLOO�EDVHG� DQG� XQFRQVFLRXV� DFWLRQV� GRPLQDWH� RQ� WKH
EDVH� OHYHO� RI� RSHUDWLRQ�� ,Q� KLJKHU� OHYHOV�� UXOH�EDVHG� VFKHPHV� XVH� VDYHG� NQRZOHGJH� DERXW� SUHYLRXVO\
VXFFHVVIXO�DFWLRQV��2Q�WRS��NQRZOHGJH�EDVHG�VWUDWHJLHV�VHDUFK�IRU�DFFHSWDEOH�ZD\V�LQ�XQNQRZQ�RU�GDQJHURXV
VLWXDWLRQV�
)X]]\�ORJLF�SURPLVHV�WR�LPSOHPHQW�KXPDQ�VWUDWHJLHV��7KH�VWDWH�RI�WKH�DUW�LV�OHVV�LPSUHVVLYH���RQO\�WKH�VNLOO�
EDVHG� DQG� VRPH� VLPSOLILHG� UXOH�EDVH� VWUDWHJLHV� RI� WKH� RSHUDWRU� DUH� LPSOHPHQWHG� LQ� WHFKQLFDO� V\VWHPV�
$FWXDOO\��WKH�PRVW�UXOH�EDVHG�DFWLRQV�RI�IX]]\�FRQWUROOHUV�PDS�RQO\�WKH�VNLOO�EDVHG�KXPDQ�EHKDYLRXU��0RUH
VRSKLVWLFDWHG� FRQWURO� VWUDWHJLHV� WR� GHWHFW� DQG� KDQGOH� GDQJHURXV� VLWXDWLRQV� DUH� QRUPDOO\� QRW� SDUW� RI� IX]]\
V\VWHPV�
6RPH�GLIIHUHQFHV�EHWZHHQ�KXPDQ�DQG� WKHRUHWLFDO�VWDELOLW\� LQWHUSUHWDWLRQ�ZLOO�EH�H[SODLQHG�E\�PHDQV�RI�DQ
H[DPSOH��7KH�FRQWURO�WDVN�LV�WR�GULYH�D�FDU�LQ�WKH�PLGGOH�RI�WKH�WUDFN��'HYLDWLRQV�RI�VRPH�PLOOLPHWUHV�DUH�QRW
FULWLFDO�DOVR�LQ�FDVH�RI�VPDOO�RVFLOODWLRQV�DERXW�WKH�RSWLPDO�WUDMHFWRU\��,I�WKH�FRQWUROOHU�FDXVHV�WKHVH�GHYLDWLRQV
LQ�WKH�XQGLVWXUEHG�FDVH��H�J��E\�GLVFUHWL]DWLRQV�RI�WKH�DFWXDWLQJ�YDOXHV���D�FODVVLFDO�VWDELOLW\�DQDO\VLV�GHWHFWV
LQVWDELOLW\��,Q�FRQWUDVW�WR�LW��ERXQGHG�GHYLDWLRQV�RI�VRPH�PHWHUV�DUH�FULWLFDO�IRU�WKH�FDU�EXW�VWDEOH�LQ�WKH�VHQVH
RI�WKH�%,%2��ERXQGHG�LQSXW�ERXQGHG�RXWSXW��VWDELOLW\��7R�RYHUFRPH�WKHVH�FRQWUDGLFWLRQV��PRGLILHG�VWDELOLW\
GHILQLWLRQV�DQG�FULWHULRQV� IRU� IX]]\� V\VWHPV�ZHUH�SURSRVHG� LQ�%DQGHPHU�HW� DO�� ��������0LNXW� HW� DO�� ������
�����D�������DQG�������DQG�0DULQ�HW�DO���������
7KH� IROORZLQJ� FRQFHSW� LQWHJUDWHV� GLIIHUHQW� DSSURDFKHV�� WKH� SULQFLSDO� VWUDWHJ\� RI� WKH� KXPDQ� RSHUDWRU� IRU� D
UXOH�EDVH�RQ�OLQH�VXSHUYLVLRQ�DQG�DGDSWDWLRQ�RI�WKH�V\VWHP�DQG�PDWKHPDWLFDO�PHWKRGV�RI�WKH�FODVVLFDO�FRQWURO
WKHRU\��7KH�PDLQ�SXUSRVH� LV� WR� GHVLJQ� D� VXSHUYLVLRQ� FRQFHSW� DSSOLFDEOH� IRU� SUDFWLFDO� FRQGLWLRQV� LQFOXGLQJ
PRGHO�XQFHUWDLQWLHV��GLVWXUEDQFHV�DQG�FKDQJLQJ�RSHUDWLQJ�SRLQWV� � �0LNXW�HW�DO�������������DQG��������7KH
DLPV�RI�WKLV�SDSHU�DUH
•� WR�GHULYH� D� FRQFHSW� IRU� WKH�RQ�OLQH� VWDELOLW\� VXSHUYLVLRQ�RI� FRPSOH[� V\VWHPV�RQ� WKH�EDVH�RI� VR�FDOOHG

)X]]\�/\DSXQRY�IXQFWLRQV�
•� WR�GHVFULEH�LWV�FKDUDFWHULVWLFV�WR�GHILQH�D�WROHUDEOH�V\VWHP�EHKDYLRXU�DQG
•� WR�RXWOLQH�SUDFWLFDO�LPSOHPHQWDWLRQV�

� &21&(37�2)�)8==<�683(59,6,21

��� )8==<�/<$38129�)81&7,216

7KH�PDLQ�SUREOHP�IRU�DQ�RQ�OLQH�VXSHUYLVLRQ�LV�WKH�VWDWHPHQW�ZKHWKHU�DQ�DFWXDO�VLWXDWLRQ�LV�WROHUDEOH�RU�QRW�
7KH�KXPDQ�RSHUDWRU�LQFOXGHV�LQ�WKLV�GHFLVLRQ�LQIRUPDWLRQ�DERXW
•� WKH�FRQWURO�DLPV��UHIHUHQFH�YDOXHV��
•� WKH�DFWXDO�VLWXDWLRQ��DOO�PHDVXUHG�YDOXHV� LQFOXGLQJ�GHULYHG�YDOXHV�DV� WLPH�GHULYDWLYHV�� ILOWHUHG�YDOXHV�

DQG
•� WKH�H[SHFWHG�V\VWHP�EHKDYLRXU�DV�UHDFWLRQ�WR�WKH�DFWLRQV�RI�WKH�RSHUDWRU�
7KH� FRQWURO� DLPV� DQG� WKH� DFWXDO� VLWXDWLRQ� LQFOXGH� RQO\�PHDVXUHG� RU� NQRZQ� GDWD�� 7KH� H[SHFWHG� EHKDYLRXU
UHIHUV� WR� D� SURFHVV� PRGHO�� 7KLV� PRGHO� LV� QRUPDOO\� YHU\� URXJKO\� NQRZQ� DQG� JLYHV� RQO\� TXDOLWDWLYH
LQIRUPDWLRQ�DERXW�WKH�SURFHVV�
$V�D�EDVH�RI�WKH�VXSHUYLVLRQ��WKH�PDLQ�LGHD�RI�FODVVLFDO�/\DSXQRY�IXQFWLRQV�/�[��LV�FKRVHQ��+HUH��[�QRWHV�WKH
VWDWHV� RI� WKH� V\VWHP��$�/\DSXQRY� IXQFWLRQ�RI� D� V\VWHP� JXDUDQWHHV� DV\PSWRWLF� VWDELOLW\� RI� WKH� HTXLOLEULXP
SRLQW�[� ����LI�WKH�IXQFWLRQ�/�IXOILOV�WKH�IROORZLQJ�FRQGLWLRQV�
•� 7KH�ILUVW�SDUWLDO�GHULYDWLYHV�ZLWK�UHVSHFW�WR�[�DUH�FRQWLQXRXVO\�
•� 7KH�IXQFWLRQ�/�KDV�RQO\�LQ�WKH�HTXLOLEULXP�SRLQW�WKH�YDOXH�RI�]HUR�DQG�SRVLWLYH�YDOXHV�HOVH�
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•� 7KH� ILUVW� GHULYDWLYH� ZLWK� UHVSHFW� WR� W� KDV� QHJDWLYH� YDOXHV� RXWVLGH� WKH� HTXLOLEULXP� SRLQW� LQ� WKH� ZKROH
LQYHVWLJDWLRQ�]RQH�+
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7KLV�PDWKHPDWLFDO�GHVFULSWLRQ�/�DOORZV�D�OLQJXLVWLF�LQWHUSUHWDWLRQ�DV�D�ILWQHVV�IXQFWLRQ��HYDOXDWLRQ�IXQFWLRQ��
7KLV�ILWQHVV�IXQFWLRQ�PDSV�GHYLDWLRQV�RI�WKH�GHVLUHG�UHIHUHQFH�VWDWH�LQWR�D�VFDODU�YDOXH��$V�D�FRQVHTXHQFH��LW
LV�WKH�ILUVW�VWHS�IRU�DQ�RQ�OLQH�VXSHUYLVLRQ�WR�GHFLGH�LI�D�SURFHVV�VLWXDWLRQ�LV�WROHUDEOH�RU�QRW�
7KH�IRUPXODV�FDQ�EH�LQWHUSUHWHG�DV�UXOHV�

,)�9DOXH�RI�/�LV�]HUR�7+(1�6\VWHP�LV�VWDEOH
,)�7LPH�GHULYDWLYH�RI�/�LV�QHJDWLYH�7+(1�6\VWHP�LV�VWDEOH�

)RU�WKH�SUDFWLFDO�XVH��GLIIHUHQW�SUREOHPV�RFFXUV�

��� 7KH� FRPSOHWH� VWDWH� YHFWRU� LV� RIWHQ� QRW� DYDLODEOH� RQ�OLQH�� $Q� REVHUYHU� VWUXFWXUH� WR� HVWLPDWH� WKH� VWDWH
YHFWRU�ZRXOG�LQFUHDVH�XQDFFHSWDEO\�WKH�GHVLJQ�HIIRUW�RI�WKH�FRQWURO�VWUXFWXUH�

��� 'LVWXUEDQFHV�DQG�FKDQJHV�RI�WKH�UHIHUHQFH�YDOXH� Z �OHDG�WR�DQ�LQFUHDVLQJ�YDOXH�RI�/��$V�D�FRQVHTXHQFH�
WKH�V\VWHP�VHHPV�WR�EH�XQVWDEOH�

��� $V�GLVFXVVHG�DERYH��WKH�KXPDQ�RSHUDWRU�LQFOXGHV�DGGLWLRQDO�LQIRUPDWLRQ�DQG�GRHV�QRW�FRQFOXGH�RQ�WKH
EDVH�RI�RQH�IXQFWLRQ�DQG�LWV�WLPH�GHULYDWLYH��,Q�FRQWUDVW��RSHUDWRUV�XVH�TXDOLWDWLYH�GHVFULSWLRQV�DQG�WUHQGV
RI�SURFHVV�YDOXHV�IRU�LWV�GHFLVLRQ�

7KH�ILUVW�SUREOHP�ZLOO�EH�VROYHG�E\�WKH�H[FOXVLYH�XVH�RI�RXWSXW�YDOXHV� \ �RI�WKH�SURFHVV�

7KH� KXPDQ� RSHUDWRU� KDQGOHV� WKH� SURFHVV� DOVR� IURP� WKH� DYDLODEOH� PHDVXUHG� GDWD�� ,Q� DGGLWLRQ�� GLIIHUHQW
PRGLILHG�RXWSXW�YDOXHV�FDQ�EH�DGGHG�DV�IXUWKHU�RXWSXWV��H�J��WLPH�GHULYDWLYHV�RI�SURFHVV�YDOXHV���)URP�WKH
FRQWURO�WKHRU\�SRLQW�RI�YLHZ��WKH�REVHUYDELOLW\�RI�WKH�SURFHVV�LV�QHFHVVDU\�ZKHUH�DOO�HIIHFWV�LQ�WKH�VWDWHV�FDQ
EH� UHFRQVWUXFWHG� IURP� NQRZQ� RXWSXW� YDOXHV�� ,Q� WKH� IROORZLQJ�� RQO\� WLPH�GLVFUHWH� YDOXHV� ZLOO� EH� XVHG
DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV�RI�D�SUDFWLFDO�UHDOL]DWLRQ�LQ�WKH�FRQWURO�V\VWHP�
1RZ��WKH�VXSHUYLVLRQ�EDVHV�RQ�D�VR�FDOOHG�HYDOXDWLRQ�IXQFWLRQ
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,W� LV� VLPLODU� WR�D�/\DSXQRY� IXQFWLRQ�DQG� LW� IXOILOV� D� FRQGLWLRQ� VLPLODU� WR�(T�� ����� LI�3� LV� D�SRVLWLYH�GHILQLWH
PDWUL[��7KH�VWDELOLW\�GHFLVLRQ�IRU�DQ�REVHUYDEOH�V\VWHP�FKDQJHV�WR
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7KH�HYDOXDWLRQ�IXQFWLRQ�FRGHV�D�VR�FDOOHG�WROHUDEOH�EHKDYLRXU��$OO�RXWSXW�YDOXHV�ZLOO�EH�FODVVLILHG�DV�VWDEOH�LI
WKH\� FDXVH� D� GHFUHDVLQJ� YDOXH� RI� (T�� ���� LQ� WKH� XQGLVWXUEHG� FDVH� ZLWK� FRQVWDQW� UHIHUHQFH� YDOXH�� 7KH
HYDOXDWLRQ� IXQFWLRQ�UHGXFHV� WKH�YHFWRU�YDOXHG� LQIRUPDWLRQ�RI� WKH�RULJLQDO�RU� H[WHQGHG�RXWSXW� YDOXHV� LQWR�D
VFDODU�YDOXHG�YDULDEOH�
7KH� VHFRQG� DQG� WKH� WKLUG� SUREOHP� �UROH� RI� GLVWXUEDQFHV� DQG� UHIHUHQFH� YDOXHV�� QHFHVVDU\� TXDOLWDWLYH
UHDVRQLQJ��UHPDLQ�DQG�ZLOO�EH�GLVFXVVHG�LQ�WKH�VHFWLRQV�����DQG�����

��� +$1'/,1*�2)�',6785%$1&(6�$1'�&+$1*('�5()(5(1&(�9$/8(6

7KH�VWDELOLW\�GHFLVLRQ�LQ�(T������RQO\�LQYHVWLJDWHV�XQGLVWXUEHG�WUDMHFWRULHV�FRUUHFWO\��,I�D�GLVWXUEDQFH�DW� WKH
V\VWHP�RXWSXW�RFFXUV��WKH�YDOXH�RI�/�PD\�LQFUHDVH��7KH�VDPH�HIIHFW�FRXOG�EH�FDXVHG�E\�FKDQJHV�LQ�UHIHUHQFH
YDOXHV��7KH�SUREOHP�LV�GHPRQVWUDWHG�IRU�DQ�H[DPSOH�LQ�)LJ�����7KH�HYDOXDWLRQ�IXQFWLRQ�/�LV�PDUNHG�E\��[�
DQG� LQFUHDVHV� EHWZHHQ� N� ��� DQG� N�  ��� FDXVHG� E\� D�PRGLILHG� UHIHUHQFH� YDOXH� DQG� DW� N� ���� FDXVHG� E\� D
GLVWXUEDQFHV�FKDQJH�

N
]∆ ��$V�D�FRQVHTXHQFH��WKH�V\VWHP�VHHPV�WR�EH�XQVWDEOH�LQ�WKH�VHQVH�RI�(T������

7KH� LGHD� RI� D� FRUUHFWLRQ� EDVHV� RQ� D� GHFRPSRVLWLRQ� RI� /� LQWR� GHSHQGHQW� DQG� LQGHSHQGHQW� WHUPV� RI� WKHVH
FKDQJHV�
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3RVLWLYH� %LJ� �3%�� DUH� XVHG� WR� GHVFULEH� WKH
TXDOLWDWLYH�FKDUDFWHULVWLFV�RI�WKH�YDOXHV�

7\SLFDO�PHPEHUVKLS�IXQFWLRQV�DUH�JLYHQ�LQ�)LJ����
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7KH�WHUPV�6WDEOH��67��DQG�8QVWDEOH��867��GHILQH�WKH�VLWXDWLRQV��VWDEOH��EHKDYLRXU�DQG��XQVWDEOH��EHKDYLRXU
RI� WKH� FORVHG� ORRS�� 6RPH� VLWXDWLRQV� DUH� GLIILFXOW� WR� FODVVLI\�� (�J��� D� VORZ� LQFUHDVLQJ� IXQFWLRQ� ZLWK� VPDOO
YDOXHV��75(1'� �36�DQG�/-$3� �36��OHDGV�WR� WKH�FODVVLILFDWLRQ�DV� V\VWHP�RQ�WKH�VWDELOLW\� OLPLW��7KH� WHUP
6WDELOLW\�/LPLW��67/��PHDQV�WKLV�OLPLW�EHWZHHQ�VWDEOH�DQG�XQVWDEOH�EHKDYLRXU��$�GHIX]]LILFDWLRQ�JLYHV�YDOXHV
EHWZHHQ����XQVWDEOH��DQG����VWDEOH��
,Q�)LJ����� WKH� IX]]\�VHW�=(�RI� WKH� OLQJXLVWLF�YDULDEOH�/-$3��ILOWHUHG�FRUUHFWHG�HYDOXDWLRQ� IXQFWLRQ��KDV� WKH
YDOXH�RI�RQH�XS� WR�YDOXHV� RI� ������:LWK� WKLV� GHILQLWLRQ�� DOO� FRQWUROOHG� YDOXHV� QHDU� WKH� UHIHUHQFH� YDOXH� DUH
FODVVLILHG�DV�VWDEOH�
$Q� DQDO\WLFDO� GHVFULSWLRQ� RI� XQFHUWDLQWLHV� LV� SRVVLEOH� LQ� FDVH� RI� D� VXP�SURG� LQIHUHQFH��+HUH�� D� SLHFH�ZLVH
PXOWL�OLQHDU�FKDUDFWHULVWLF�ILHOG�GHVFULEHV�WKH�LQSXW�RXWSXW�EHKDYLRXU�RI�WKH�IX]]\�FRPSRQHQW��VHH�H�J��.LHQGO
HW�DO���������7KH�DQDO\WLFDO�VHDUFK�IRU�PLQLPDO�DQG�PD[LPDO�YDOXHV�RI�WKH�SRVVLEOH�YDOXHV�LQ�(TQ�������DQG
�����HVWLPDWHV�XSSHU�DQG�ORZHU�ERXQGV�RI�WKH�GHJUHH�RI�VWDELOLW\��$Q�DGGLWLRQDO��GHJUHH�RI�GLVWXUEDQFHV��DQG
D� �GHJUHH� RI� DFWXDWLRQ�� LPSURYH� WKH� UHFRJQLWLRQ� TXDOLW\�� 7KH\� JLYH� WKH� SRVVLELOLW\� WR� HVWLPDWH� ZK\� WKH
FRQWUROOHG� YDULDEOH� GHYLDWHV� RI� WKH� H[SHFWHG� EHKDYLRXU� DQG� WR� LQWHJUDWH� DFWXDWLQJ� YDOXHV� H[SOLFLWO\� �0LNXW
������

���� (;$03/(

$Q�H[DPSOH�IRU�WKH�SUDFWLFDO�XVH�VKRZV�)LJ�����$W�WKH�VWDUW�� WKH�UHIHUHQFH�YDOXH�ZDV�FKDQJHG�IURP�]HUR� WR
RQH��7KH�WROHUDWHG�YDOXHV�IRU�WKH�FRQWUROOHG�YDOXH�DW�WKH�VDPSOLQJ�SHULRG�WLPH�N�����DUH�GLVSOD\HG�DV�YHUWLFDO
OLQHV��2Q�WKH�OHIW�KDQG�VLGH��DQ�HYDOXDWLRQ�IXQFWLRQ�ZLWK�WKH�RULJLQDO�RXWSXW�RI�WKH�V\VWHP�DQG�3� ���LV�XVHG�
+HUH��RQO\�37��OLNH�EHKDYLRXU�RI� V\VWHPV� LV� WROHUDWHG� �XSSHU�SDUW�RI� WKH� ILJXUH���$Q�RYHUVKRRWLQJ�ZLOO� EH
FODVVLILHG�DV�QRW�VWDEOH��ERWWRP���7KH�VPDOO�WROHUDWHG�]RQH�DURXQG�WKH�UHIHUHQFH�YDOXH�LV�D�UHVXOW�RI�WKH�IX]]\
WHUP�=(�RI�/-$3��VHH�VHFWLRQ������
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]RQH�ZLWK�QRW�WROHUD�
WHG�YDOXHV��\�LV�RXW�
VLGH�WKH�YHUWLFDO�OLQHV

WROHUDWHG�YDOXHV

)LJXUH���� 7ROHUDEOH� VLWXDWLRQV� DW� WKH� QH[W� VDPSOLQJ� SHULRG� DV� IXQFWLRQ� RI� FRQWUROOHG
DQG�UHIHUHQFH�YDOXHV��IX]]\�VHWV�DQG�GLIIHUHQW�HYDOXDWLRQ�IXQFWLRQV
�WRS�� 37��OLNH� FORVHG�ORRS� EHKDYLRXU�� ERWWRP�� 37��OLNH� FORVHG�ORRS� EHKDYLRXU�
OHIW�� VLPSOH� HYDOXDWLRQ� IXQFWLRQ� ZLWK� 3� ���� ULJKW�� DGYDQFHG� HYDOXDWLRQ� IXQFWLRQ
XVLQJ�(T�������

$�PRGLILHG�HYDOXDWLRQ�IXQFWLRQ�ZLWK�WKH�FKDQJH�RI�FRQWURO�HUURU�DV�DGGLWLRQDO�RXWSXW�DQG
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LV�GHPRQVWUDWHG�RQ�WKH�ULJKW�KDQG�VLGH�RI�)LJ�����7KLV�ODWWHU�IXQFWLRQ�WROHUDWHV�RYHUVKRRWLQJ�DV�GHPRQVWUDWHG
LQ�WKH�ULJKW�SLFWXUH�DW�WKH�ERWWRP��2QH�GLVDGYDQWDJH�LV�WKH�XVH�RI�WLPH�GHULYDWLYHV�WKDW�FDQ�EH�FULWLFDOO\�IRU
GLVWXUEHG�SURFHVVHV�

� 35$&7,&$/�5($/,=$7,21

,Q�RUGHU�WR�UHDOL]H�WKH�RSHUDWRU
V�VWUDWHJ\�IRU�RQ�OLQH�VWDELOLW\�VXSHUYLVLRQ��D�FORVHG�ORRS�VWUXFWXUH�FRQVLVWLQJ
RI� VXSHUYLVRU�� SURFHVV� PRGHO�� DGDSWDWLRQ� FRPSRQHQW� DQG� WKH� EDVH� FRQWURO� ORRS� ZDV� SURSRVHG� LQ� 0LNXW
��������7KH�DGDSWDWLRQ�WXQHV�WKH�FRQWUROOHU�DQG�VZLWFKHV�WR�D�PRUH�FRQVHUYDWLYH�FRQWUROOHU�LI�WKH�VXSHUYLVRU
UHFRJQL]HV�D�VLWXDWLRQ�DV�XQVWDEOH��7KH�SURFHVV�PRGHO��H�J��D�IX]]\�PRGHO�RU�DQ�$UWLILFLDO�1HXUDO�1HWZRUN��LV
QHFHVVDU\�WR�VHSDUDWH�WKH�LQIOXHQFH�RI�WKH�GLVWXUEDQFH�VLJQDO� ] WR�WKH�RXWSXW� \ �RI�WKH�V\VWHP�

7KH�VXSHUYLVRU�FRQWDLQV�DOO�FRPSRQHQWV�WKDW�KDYH�EHHQ�GLVFXVVHG�LQ�FKDSWHU����7KH�UHVXOWLQJ�IXQFWLRQV��WKH
IX]]\� UHSUHVHQWDWLRQ�RI� WKH�FRUUHFWHG�HYDOXDWLRQ� IXQFWLRQ� DQG� LWV� WUHQG��KDYH�EHHQ� FDOOHG�)X]]\�/\DSXQRY
IXQFWLRQV�WR�FKDUDFWHUL]H�WKH�VLPLODULWLHV�RI�WKH�VWDELOLW\�DQDO\VLV�EHWZHHQ�ERWK�FRQFHSWV�
7KH�UHVXOWLQJ�VWUXFWXUH�RI�WKH�VXSHUYLVRU�LV�GLVSOD\HG�LQ�)LJ�����7KH�FRQFHSW�KDV�EHHQ�XVHG�IRU�WKH�VWDELOLW\
VXSHUYLVLRQ�RI� D� IORZ� FRQWURO� V\VWHP�� D� FRXSOHG� SUHVVXUH�OHYHO� V\VWHP� DQG� WKH�PRXOG� OHYHO� FRQWURO� LQ� WKH
FRQWLQXRXV� FDVWLQJ� RI� VWHHO��0RUH� GHWDLOHG� UHVXOWV� DUH� RXWOLQHG� LQ�0LNXW� HW� DO�� �����E���0LNXW� ������� DQG
'XPLWULX�HW��DO���������
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)LJXUH����6WUXFWXUH�RI�WKH�RQ�OLQH�VXSHUYLVLRQ�FRPSRQHQW�WR�FRPSXWH�WKH�GHJUHH�RI�VWDELOLW\

� &21&/86,216

$�PHWKRG�IRU�WKH�VWDELOLW\�VXSHUYLVLRQ�RI�PXOWL�OHYHO�V\VWHPV�XVLQJ�D�KLJKHU�FRQWURO�OHYHO�RQ�WKH�EDVH�RI�VR�
FDOOHG� )X]]\�/\DSXQRY� IXQFWLRQV� ZDV� SUHVHQWHG�� 7KLV� PHWKRG� RYHUFRPHV� WKH� FRQWUDGLFWLRQ� EHWZHHQ� WKH
SKLORVRSK\�RI�IX]]\�FRQWUROOHU�GHVLJQ�DQG�DQ�DQDO\WLFDO�VWDELOLW\�WHVW��,W�EDVHV�RQ�D�VLPSOLILHG�LQWHUSUHWDWLRQ�RI
KXPDQ�VWUDWHJLHV�RQ�WKH�VXSHUYLVLRQ�RI�SURFHVVHV��7KH�FRQFHSW�DQDO\VHV�WKH�VWDELOLW\�PDLQO\�GDWD�EDVHG�EXW�LW
LQFOXGHV� DOVR� PRGHO� LQIRUPDWLRQ�� 7KLV� PRGHO� LQIRUPDWLRQ� FDQ� FRQWDLQ� XQFHUWDLQWLHV� PRGHOOHG� DV� IX]]\
FRPSRQHQWV� ZLWKRXW� GHIX]]LILFDWLRQ� RU� PXOWL�PRGHO� DSSURDFKHV� ZLWK� IX]]\� GHJUHHV� RI� SODXVLELOLW\�� 7KH
VXSHUYLVRU�FODVVLILHV�WKH�V\VWHP�ZLWK�D�IX]]\�GHJUHH�RI�VWDELOLW\�
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