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$EVWUDFW�� 7KH� SDSHU� LQYHVWLJDWHV� WKH� EDVLF� SURSHUWLHV� RI� WZR� SRVVLEOH� G\QDPLFDO� VWUXFWXUHV� RI� LQWHJUDWLQJ
FRQWUROOHUV��7KH\� DUH� FKDUDFWHULVWLF�ZLWK� RQH� SRVVLEOH� VDWXUDWHG� SHULRG� RI� FRQWURO� LQ� WKHLU� UHVSRQVHV� WR� D� VHW
SRLQW�VWHS��VWUXFWXUHV�GHQRWHG�E\�LQGH[�Ä�³���RU�MXVW�ZLWK�DQ�H[SRQHQWLDO��LQ�WKH�OLPLW�ZLWK�D�VWHS��WUDQVLHQW�WR�D
QHZ�VWHDG\�VWDWH�FRQWURO� VLJQDO�YDOXH��ZLWKRXW� DWWDFNLQJ�JLYHQ� VDWXUDWLRQ� OLPLWV� �VWUXFWXUHV�GHQRWHG�E\� LQGH[
Ä�³���%\�GLVFXVVLQJ�VHYHUDO�SRVVLEOH� WXQLQJ�SURFHGXUHV�� WKH�SDSHU� LV� IRFXVHG�RQ�VWHSV� UHTXLUHG� IRU� D� UHOLDEOH
FRQWUROOHU�WXQLQJ�

.H\ZRUGV�� 3,'� &RQWURO�� 'LVWXUEDQFH� 5HMHFWLRQ�� &RQWUROOHU� 7XQLQJ�� 0DJQLWXGH� 2SWLPXP�� 'LVWXUEDQFH
5HFRQVWUXFWLRQ��2SWLPDO�&RQWURO�

���,QWURGXFWLRQ

,W� LV� ZHOO� NQRZQ� WKDW� LQ� FRQWUROOLQJ� V\VWHPV� ZLWK� D
GRPLQDQW� ILUVW� RUGHU� G\QDPLFV�� IRU� DQ� DGPLVVLEOH
FODVV� RI� LQSXW� VLJQDOV� WKH� FRQWURO� VLJQDO� VDWXUDWLRQ
GRHV� QRW� FDXVH� DQ\� VHULRXV� SUREOHPV� ZLWK� V\VWHP
VWDELOLW\� DOWKRXJK� LW� VORZV� GRZQ� WKH� WUDQVLHQWV�� 7KH
EDVLF� SUREOHPV� LQ� FRQWUROOLQJ� WKHVH� V\VWHPV� DUH
PRVWO\� FDXVHG� E\� WKH� SDUDOOHO� VWUXFWXUH� RI� OLQHDU� 3,
DQG� 3,'� FRQWUROOHUV�� 7KHVH� SUREOHPV� DUH� XVXDOO\
LQFUHDVHG� E\� WKH� FRQWURO� VLJQDO� VDWXUDWLRQ�� 7KH
UHVXOWHG� SHUIRUPDQFH� GHJUDGDWLRQ� LV� GHQRWHG� DV� WKH
ZLQGXS�SKHQRPHQRQ��'XH�WR�PHQWLRQHG�GHILFLHQFLHV�
PDMRULW\� RI� OLQHDU� 3,� DQG� 3,'� FRQWUROOHU� VWUXFWXUHV
KDYH�WR�XVH�DGGLWLRQDO�DQWL�ZLQGXS�QHWZRUN� LQ�RUGHU
WR� UHGXFH� XQGHVLUHG� HIIHFWV�� 6XFK� DQ� DSSURDFK�
KRZHYHU�� UHTXLUHV� DGGLWLRQDO� WXQLQJ� RI� VHYHUDO� IUHH
SDUDPHWHUV�� ,Q� WKLV� SDSHU� VRPH� DVSHFWV� RI� SUDFWLFDO
LPSOHPHQWDWLRQ� DQG� WXQLQJ� RI� D� QHZ� W\SH� RI� IXOO\
ZLQGXSOHVV� LQWHJUDWLQJ� WZR�GHJUHHV�RI�IUHHGRP
FRQWUROOHUV� >�@�ZLOO�EH�FRQVLGHUHG��7KHVH�FRQWUROOHUV

FDQ� EH� WXQHG� LQGHSHQGHQWO\� RQ� UHIHUHQFH� IROORZLQJ
DQG�RQ�GLVWXUEDQFH�DWWHQXDWLRQ�

���%DVLF�&RQWUROOHU�6WUXFWXUHV

,Q� >�@� LW� ZDV� VKRZQ� WKDW� D� IXOO\� ZLQGXSOHVV� 3,�
FRQWUROOHU� VWUXFWXUH� IRU� V\VWHPV� ZLWK� GRPLQDQW� ILUVW
RUGHU� SODQW� G\QDPLFV� FDQ� EH� EDVHG� RQ� D� ��FKDQQHO
VWUXFWXUH�FRQVLVWLQJ�RI�� �D��3�FRQWUROOHU� H[WHQGHG�E\
IHHG�IRUZDUG� FRQWURO� HQVXULQJ� GHVLUHG� VHW� SRLQW
WUDFNLQJ� DQG� �E�� 2EVHUYHU� EDVHG� FRPSHQVDWLRQ� RI
LQSXW�GLVWXUEDQFHV�ZKLFK�JXDUDQWHHV�DQ� LQGHSHQGHQW
GLVWXUEDQFH� UHVSRQVH� DQG� D� ]HUR� VWHDG\�VWDWH� HUURU�
7KLV� DSSURDFK� KHOSV� WR� DFKLHYH� IDVW� WUDQVLHQW
UHVSRQVHV�ZLWKRXW�RYHUVKRRW�W\SLFDO�IRU�WKH�OLQHDU�3,�
VWUXFWXUHV� DQG� GRHV� QRW� QHHG� DQ\� DGGLWLRQDO� DQWL�
ZLQGXS�ORRSV�
,Q� JHQHUDOLVLQJ� WKH� PHQWLRQHG� DSSURDFK�� D� KLJKHU�
RUGHU� FRQWUROOHU� 5� FDQ� EH� LQWURGXFHG� �H�J�� 3'�
LQVWHDG�RI�WKH�3�FRQWUROOHU��VHH�)LJ����



)RU� GLVWXUEDQFH� FRPSHQVDWLRQ� LW� LV� QHFHVVDU\� WR
HVWLPDWH�WKH�DFWXDO�SODQW�LQSXW��H�J��E\�XVLQJ�ILOWHUHG
�OHDG�ODJ�� HVWLPDWLRQ� RI� WKH� LQYHUVH� SURFHVV� WUDQVIHU
IXQFWLRQ�� $Q� HTXLYDOHQW� LQSXW� GLVWXUEDQFH� LV� WKHQ
HYDOXDWHG� DV� D� GLIIHUHQFH� RI� WKH� HVWLPDWHG� ILOWHUHG
SODQW�LQSXW�DQG�RI�WKH�ILOWHUHG�FRQWUROOHU��RXWSXW��7KH
LGHQWLILHG� GLVWXUEDQFH� YI� KDV� WKHQ� WR� EH� VXEWUDFWHG
IURP�WKH�FRQWUROOHU�RXWSXW�DQG�WKH�UHVXOWLQJ�VLJQDO�WR
EH�OLPLWHG�DFFRUGLQJ�WR�VDWXUDWLRQ�OLPLWV�
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)LJ����%DVLF�FRQWUROOHU�5��VWDWLF�IHHG�IRUZDUG�FRQWURO
DQG�DQ�REVHUYHU�EDVHG�GLVWXUEDQFH�FRPSHQVDWLRQ�IRU
GRPLQDQW�ILUVW�RUGHU�SODQW

)RU� D� GRPLQDQW� IHHGEDFN� G\QDPLFV�� DQRWKHU� ��
GHJUHHV�RI�IUHHGRP� FRQWUROOHU� LV� SURSRVHG� �VHH
)LJ�����,W� LV�FRPSRVHG�RI�D�VWDWLF� LQYHUVH�JDLQ� LQ� WKH
IHHG�IRUZDUG� SDWK� DQG� RI� WKH� FKDQQHO� IRU
UHFRQVWUXFWLRQ� DQG� FRPSHQVDWLRQ� RI� GLVWXUEDQFH
�)LJ���
1H[W��ERWK�WKHVH�VWUXFWXUHV�ZLOO�EH�H[SODLQHG�ZLWK�DQ
DFFHQW� JLYHQ� WR� WKH� H[SHULPHQWDO� WXQLQJ� RI� WKH
FRQWUROOHUV� IRU� FRQWURO� ORRSV� ZLWK� D� JUDGXDOO\
LQFUHDVLQJ�GHJUHH�RI�FRPSOH[LW\�
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)LJ����6WDWLF�IHHG�IRUZDUG�FRQWURO�DQG�UHFRQVWUXFWLRQ
EDVHG� FRPSHQVDWLRQ� RI� LQSXW� GLVWXUEDQFH� IRU� ORRSV
ZLWK�GRPLQDQW�IHHGEDFN�G\QDPLFV

���)LUVW�2UGHU�2SHQ�/RRS
$SSUR[LPDWLRQ

7ZR�FDVHV�DUH�SRVVLEOH�
D�� 7KH� ILUVW� RUGHU� SODQW� LQ� WKH� IHHG�IRUZDUG� SDWK�
ZKHQ�LW�LV�QDWXUDO�WR�XVH�WKH�FRQWURO�VWUXFWXUH�JLYHQ�LQ
)LJ���ZLWK
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7KLV�VLWXDWLRQ���VHH�>�@��FRUUHVSRQGV�WR�D�ZLQGXSOHVV
3,��FRQWUROOHU�
E�� $� GRPLQDQW� IHHGEDFN� G\QDPLFV�� ZKHQ� WKH� EDVLF
FRQWURO�VFKHPH�LV�JLYHQ�E\�)LJ���ZLWK
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7KLV� EDVLF� ��FKDQQHO� FRQWUROOHU� LV� GHQRWHG� DV� 3,�
FRQWUROOHU�

�����$GPLVVLEOH�,QSXW�6LJQDOV
$Q�DGPLVVLEOH�FRQWURO�VLJQDO�LV�XVXDOO\�GHILQHG�E\

��
8X8 ÊÊ ���

,Q� RUGHU� WR� PDLQWDLQ� WKH� RXWSXW� VLJQDO� \� LQ� D
QHLJKERXUKRRG�RI�D�FKRVHQ�UHIHUHQFH�YDOXH�Z FRQVW�
LW� PXVW� EH� SRVVLEOH� WR� FRQWURO� WKH� SRODULW\� RI� WKH
RXWSXW� VLJQDO� FKDQJHV� E\� WKH� DGPLVVLEOH� FRQWURO
VLJQDO�� 6R�� IRU�$S�V�� VDWLVI\LQJ� �$S��� �� � WKH� VHW� RI
DGPLVVLEOH�UHIHUHQFH�VLJQDOV�FDQ�EH�UHVWULFWHG�E\
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,Q�FRQWUROOLQJ�V\VWHPV�ZLWK�XQVWDEOH�$S�V���7����LW�LV
\HW�QHFHVVDU\�WR�LQWURGXFH�D�QRWLRQ�RI�WKH�DGPLVVLEOH
LQLWLDO� VWDWH� \�� >�@�� � ,Q� VXFK� D� VWDWH�� WKH� VLJQ� RI� WKH
RXWSXW� GHULYDWLYH� KDV� WR� EH� FKDQJHDEOH� E\� WKH
DGPLVVLEOH�FRQWURO�

�����3�FRQWUROOHU
6HWWLQJ�7I�� ¸��WKH�FRQWURO�ORRS��)LJ����EHKDYHV�OLNH
3�FRQWUROOHU�ZLWK�JDLQ�.5��7KH�RXWSXW�VLJQDO�LV�JLYHQ
DV
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2EYLRXVO\�� WKH� ]HUR� VWHDG\� VWDWH� HUURU� FDQ� RQO\� EH
DFKLHYHG� IRU� Y �� DQG� .0 .�� � 6LQFH� IRU� 7!�� DQG
.�!��WKH�FKDUDFWHULVWLF�SRO\QRPLDO�&�V� � � �

+ . �7V
LV� DOZD\V� VWDEOH�� WKLV� SODQW� DSSUR[LPDWLRQ� JLYHV� QR
LQIRUPDWLRQ�UHOHYDQW�IRU�DQ�RSWLPDO�WXQLQJ�RI�.5�
)RU� XQVWDEOH� SODQW� ZLWK� 7���� WKH� UDQJH� RI� SRVVLEOH
FRQWUROOHU� JDLQV�ZRXOG� EH� OLPLWHG� IURP� RQH� VLGH� E\
WKH�FRQGLWLRQ�.�����
+RZHYHU�� WKH� FRQWUROOHU� JDLQ� FDQ� EH� OLPLWHG
DFFRUGLQJ� WR� DOORZHG� PHDVXUHPHQW� QRLVH
DPSOLILFDWLRQ�

�����:LQGXSOHVV�3,��FRQWUROOHU
%\�SODFLQJ�WKH�ORRS�DURXQG�WKH�VDWXUDWLRQ��DFFRUGLQJ
WR�)LJ����WKH�FRQWUROOHU�JDLQV�LQWHJUDO�DFWLRQ�ZLWK�WKH
WLPH�FRQVWDQW�7, 7I��ZKHUH
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)LJ���� 5HDUUDQJHG� VWUXFWXUH� RI� ZLQGXSOHVV� 3,��
FRQWUROOHU��.�0 .0.5��.� ..5�

7KH� LGHD� RI� DQWL�ZLQGXS� 3,�FRQWUROOHU� EDVHG� RQ� D
ORRS� DURXQG� VDWXUDWLRQ� FDQ� DOVR� EH� PHW� E\� RWKHU
DXWKRUV�>����@�
7KH� FORVHG� ORRS� LV� FKDUDFWHULVHG� E\� WKH� IROORZLQJ
WUDQVIHU�IXQFWLRQ�
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6LQFH� )Z��� �� DQG� )Y��� ��� WKLV� FRQWUROOHU� JLYHV� D
]HUR�VWHDG\�VWDWH�HUURU�DOVR�LQ�WKH�FDVH�RI��D�FRQVWDQW
LQSXW� GLVWXUEDQFH� Y¹�� DQG� RI� D� PRGHO� PLVPDWFK�
ZKHQ�.0¹.���.0¹����70¹7�
)RU� 7!�� �VWDEOH� SODQWV�� DQG� 7I!��� WKH� FORVHG� ORRS
UHPDLQ�VWDEOH�IRU�DQ\�.�!��DQG�.�0!���,Q�WKH�FDVH�RI
XQVWDEOH�SODQWV�ZLWK�7���WKH�FORVHG�ORRS�VWDELOLW\�LQ
WKH� QRPLQDO� FDVH� �70 7��.0 .�� LV� JXDUDQWHHG� �DOO
FRHIILFLHQW�RI�WKH�FKDUDFWHULVWLF�SRO\QRPLDO�KDYH� WKH
VDPH� VLJQ�� IRU� .������ ,W� PHDQV� WKDW� WKH� FRQWUROOHU
JDLQ�PXVW� QRW� EH� LQFUHDVHG� XQGHU� WKH� FULWLFDO� YDOXH
�.5Ê.5PLQ��

..
5

��
PLQ

-= ���

$� ZHOO�EDODQFHG� G\QDPLFV� �ZLWK� HTXDOO\� IDVW
G\QDPLFDO� PRGHV�� FDQ� EH� REWDLQHG� E\� DFKLHYLQJ� D
GRXEOH�UHDO�SROH�>�@�RI�WKH�FORVHG�ORRS�FKDUDFWHULVWLF
SRO\QRPLDO��,Q�WKH�QRPLQDO�FDVH
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)URP�WKH�GHPDQG�'HW ���LW�IROORZV
7I 7����.��� ���

,W�PLJKW�VHHP�DW�WKH�ILUVW�JODQFH�WKDW�LQ�WKH�FDVH�ZKHQ
Y ��� DQG� YI ��� WKH� GLVWXUEDQFH� UHFRQVWUXFWLRQ
�FRPSHQVDWLRQ�� FKDQQHO� UHPDLQV� LQDFWLYH� DQG� WKH
ORRS� EHKDYHV� DV� WKH� ILUVW� RUGHU� RQH�� +RZHYHU�� WKH
KLJKHU� RUGHU� PRGHV� PD\� EH� LQLWLDWHG� E\� D� SRVVLEOH
PLVPDWFK� RI� LQLWLDO� FRQGLWLRQV� �H�J�� GXH� WR� WKH
PHDVXUHPHQW� QRLVH�� DQG�RU� E\� WKH� PRGHO�SODQW
PLVPDWFK�

�����3,��FRQWUROOHU
,Q�WKH�FDVH�RI�WKH�ILUVW�RUGHU�ORRS�G\QDPLFV�SODFHG�LQ
WKH� IHHGEDFN�� )LJ��� FDQ� EH� PRGLILHG� LQWR� )LJ��
LQYROYLQJ� OLQHDU� 3,� FRQWUROOHU� ZLWK� WKH� SURSRUWLRQDO
JDLQ�.5 70�.07I�DQG�ZLWK�WKH�LQWHJUDO�WLPH�FRQVWDQW



7, 70�� 7RJHWKHU� ZLWK� WKH� LQSXW� ILOWHU� LW� IRUPV� D
VWUXFWXUH�GHQRWHG�KHUH�DV�D�3,��FRQWUROOHU�
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)LJ����5HDUUDQJHG�VWUXFWXUH�ZLWK�OLQHDU�3,��FRQWUROOHU
DQG�LQSXW�ILOWHU

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�LQ�WKH�QRPLQDO�FDVH��GXH�WR
)Z�V)=1,�WKH�FORVHG�ORRS�EHKDYHV�OLNH�D�PHPRU\�OHVV
V\VWHP�� 7R� HOLPLQDWH� VWHS� FKDQJHV� RI� WKH� FRQWURO
VLJQDO��DQG�DOVR� WR�GHFUHDVH�VHQVLWLYLW\� WR�D�SRVVLEOH
PLVPDWFK�RI�.0�DQG�.���WKH�YDOXH�RI�7I� LQ�WKH�LQSXW
ILOWHU�LV�EHLQJ�VHW�WR�]HUR��7KHQ��WKH�HIIHFW�RI�WKH�LQSXW
ILOWHU� LV� HTXLYDOHQW� WR� LQGXVWULDOO\� SURGXFHG� 3,
FRQWUROOHUV� ZLWK� HUURU� DFWLQJ� RQ� ,�RQO\�� )URP� WKH
VWDELOLW\�SRLQW�RI�YLHZ�� WKH� ILOWHU� WLPH�FRQVWDQW�7I� LQ
FRQWUROOHU�FDQ�WDNH�DQ\�SRVLWLYH�YDOXH��+RZHYHU��WKLV
YDOXH� FDQ� EH� OLPLWHG� DFFRUGLQJ� WR� DOORZHG� KLJK�
IUHTXHQF\�JDLQ

.1 .5 70�.07I�� ����

�����6XPPDU\
7KH�ILUVW�RUGHU�RSHQ�ORRS�HVWLPDWLRQV�DUH�DSSURSULDWH
IRU�GHVLJQ�RI�WKH�EDVLF�FRQWUROOHU�VWUXFWXUH��+RZHYHU�
WKH\� JLYH� QR� LQIRUPDWLRQ� DERXW� SDUDVLWLF� WLPH� ODJV
LQYROYHG� LQ� HDFK� FRQWURO� ORRS� ZKLFK� DUH� RI� WKH
FUXFLDO� LPSRUWDQFH� LQ� GHWHUPLQLQJ� WKH� RSWLPDO
FRQWUROOHU� YDOXHV�� 6R�� WR�PDNH� WKH� WXQLQJ� SURFHGXUH
UHOLDEOH�� RQH� KDV� WR� XVH� KLJKHU� RUGHU� ORRS
DSSUR[LPDWLRQV�

���6HFRQG�2UGHU�2SHQ�/RRS
$SSUR[LPDWLRQ

,Q� WKLV� VXE�VHFWLRQ�� WKUHH�GLIIHUHQW� VLWXDWLRQV�ZLOO� EH
FRQVLGHUHG�
D��$S�V� ��7�V��$I�V� ��7�V�
$�V� $S�V�$I�V� ���7�V����7�V�

E��$S�V� ���$I�V� ���7�V����7�V��
$�V� $S�V�$I�V� ���7�V����7�V�

F��$S�V� ���7�V����7�V���$I�V� ��
$�V� $S�V�$I�V� ���7�V����7�V�

�����6HSDUDWH�WXQLQJ�RI�WKH�3�FRQWUROOHU
'LVFRQQHFWLQJ�WKH�GLVWXUEDQFH�FRPSHQVDWLRQ�FKDQQHO
LQ� WKH� QRPLQDO� FDVH� �D��� IRU� 5 .5� IURP� )LJ��� LW
IROORZV
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)RU� VWDEOH� WLPH� FRQVWDQWV� �7�!��� 7�!���� WKH� FORVHG
ORRS�LV�VWDEOH�IRU�DOO�.�!���)RU�7�����WKH�FORVHG�ORRS
FDQ�EH�VWDEOH�MXVW�IRU�.�����DQG���7���7��
$Q� RSWLPDO� FORVHG� ORRS� JDLQ�.�� FDQ� EH� GHWHUPLQHG
IURP�WKH�UHTXLUHPHQW�RI�HTXDOO\�IDVW�SDUWLFXODU�PRGHV
RI� WKH� FORVHG� ORRS� G\QDPLFV�� L�H�� E\� FKRRVLQJ� D
GRXEOH�UHDO�SROH�RI�WKH�FKDUDFWHULVWLF�SRO\QRPLDO�>�@
FRUUHVSRQGLQJ�WR
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7KH�FORVHG�ORRS�VWHS�UHVSRQVHV�DUH�PRQRWRQRXV� MXVW
IRU�7��7���)RU�7�!7��RYHUVKRRW�DOUHDG\�RFFXUV� �� WKH
ORRS� KDV� WR� EH� FODVVLILHG� DV� D� ORRS� ZLWK� GRPLQDQW
IHHGEDFN� G\QDPLFV� DQG� WKH� FRUUHVSRQGLQJ� FRQWURO
VWUXFWXUH��)LJ����KDV�WR�EH�XVHG��7KH�RWKHU�SRVVLELOLW\
LV�WKH�DFWLYH�FRPSHQVDWLRQ�RI�WKH�WLPH�FRQVWDQW�7��E\
WKH�3'�FRQWUROOHU�
$OWKRXJK� WKH� UHTXLUHPHQW� RI� D� GRXEOH� UHDO� FORVHG�
ORRS�SROHV�JLYHV�VRPHWLPHV�WRR�GDPSHG�WUDQVLHQWV��LW
VWLOO�GRHV�QRW�JLYH�WKH�FULWLFDO�YDOXH�RI�WKH�FRQWUROOHU
JDLQ�

�����3,��FRQWUROOHU
,Q� WKH�QRPLQDO� FDVH� �D��� IRU�5 .5� DQG�)�V� ��7I� V�
IURP�)LJ���LW�IROORZV
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)RU� 70 7��� 7�!7�!�� �GRPLQDQW� VWDEOH� SODQW
G\QDPLFV���WKH�FORVHG�ORRS�UHPDLQV�VWDEOH��LI
7I�!��$1'�7I�!7����7��.�7���>���.���7��7��@��
)RU�7I�!7�7���7��7���WKH�FORVHG�ORRS�VWDELOLW\�LV
JXDUDQWHHG�IRU�DQ\�.���DQG�ZKHQ�.��7��7��IRU�DQ\
7I!��
,Q� WKH� FDVH� RI� XQVWDEOH� SODQWV�ZLWK�7���� WKH� FORVHG
ORRS� VWDELOLW\� LQ� WKH� QRPLQDO� FDVH� �70 7��� .0 .�
7I!���7�!���LV�JXDUDQWHHG�IRU�.�����DQG�7��_7�_�
$FFHSWLQJ�WKH�FRQGLWLRQ�RI�WKH�GRXEOH�UHDO�SROH�����
IRU� WKH�3�FRQWUROOHU� WXQLQJ�� WKH�FORVHG� ORRS� LV� VWDEOH
IRU�DQ\�7I!�!��
7�

�
7���7��7��
��L�H��LWV�YDOXH�FDQ�EH

GHWHUPLQHG� IXOO\� LQGHSHQGHQWO\� DQG� WKH� RQO\
UHVWULFWLRQ� LV� WR� JHW� DQ� DFFHSWDEOH� KLJK� IUHTXHQF\
QRLVH�JDLQ

.1 .5���70��.7I���� ����
2QH� LGHD� LV� WKDW� D� EHWWHU� G\QDPLFV� FDQ� EH� DFKLHYHG
E\� FKRRVLQJ� 70 7��7�� ZKDW� FRUUHVSRQGV� WR� WKH
DSSUR[LPDWLRQ�RI�SODQW�LQYHUVH�DW�ORZ�IUHTXHQFLHV�
7KLV� 3,�� FRQWUROOHU�� ZKLFK� KDV� EHHQ� GHULYHG� IRU� WKH
FRQILJXUDWLRQ��D���JLYHV�DFFHSWDEOH�UHVXOWV�DOVR�LQ�WKH
VLWXDWLRQ� �F��� ZKHQ� WKH� PDJQLWXGH� RSWLPXP� �02�
PHWKRG�>�@�\LHOGV
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$Q�RSWLPDO�DSSURDFK�WR�WKLV�VLWXDWLRQ�ZRXOG�DOUHDG\
EH� EDVHG� RQ� D� QRQ�OLQHDU� 3,'�� FRQWUROOHU� GHVFULEHG
H�J��LQ�>�@�

�����([DPSOH�
. ���7� ���7� ���GLVWULEXWLRQ�F��

����/LQHDU�3,�EDVHG�RQ�02�>�@��.5� �����7, ����V�

����:LQGXSOHVV�3,���'RXEOH� UHDO� SROH��.5� �����7I� 
������

����:LQGXSOHVV�3,���02��.5� ���������7I� �������
:KLOH�FRQWUROOHUV���DQG���FRUUHVSRQGLQJ�WR�02�\LHOG
LGHQWLFDO� UHVSRQVH� LQ� OLQHDU� FDVH� �)LJ��D��� WKH� OLQHDU
3,� ZLWK� FRQVWUDLQHG� FRQWURO� VLJQDO� �)LJ��E�� VKRZV
W\SLFDOO\� LQFUHDVHG� RYHUVKRRW�� %XW�� RQ� WKH� FRQWUDU\�
WKH� RYHUVKRRW� RI� WKH� FRUUHVSRQGLQJ� ZLQGXSOHVV� 3,�
&�� KDV� GHFUHDVHG� GXH� WR� WKH� QDUURZHU� UHJLRQ� RI
OLQHDU� FRQWURO�� 7KH� ZLQGXSOHVV� FRQWUROOHU� &��� ZLWK

WKH� SURSRUWLRQDO� JDLQ� .5�� FRUUHVSRQGLQJ� WR� WKH
GRXEOH� UHDO� SROH� ����� ZLWK� WKH� ILOWHU� FRQVWDQW� 7I�

JXDUDQWHHLQJ� WKH� VDPH� WRWDO� KLJK� IUHTXHQF\� QRLVH
JDLQ�.1�� DV� LQ� WKH� FDVH� RI� OLQHDU� 3,� &��� ZKHQ� LW� LV
JLYHQ�GLUHFWO\�E\�.5���L�H�
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JLYHV� REYLRXVO\� WKH� IDVWHVW� UHVSRQVHV� ERWK� IRU� WKH
UHIHUHQFH�VWHS��DQG�IRU�WKH�GLVWXUEDQFH�VWHS��:LWKRXW
WKH�OLPLWDWLRQ�RQ�WKH�QRLVH�DWWHQXDWLRQ��WKH�ILOWHU�WLPH
FRQVWDQW� 7�� FRXOG� EH� IXUWKHU� GHFUHDVHG� DQG� WKH
GLVWXUEDQFH�UHVSRQVH�FRXOG�\HW�EH�PDGH�IDVWHU�
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)LJ�� ��� 7KH� FORVHG�ORRS� UHVSRQVHV� RI� WKH� VHFRQG�
RUGHU�SURFHVV�ZKHQ�XVLQJ�WKUHH�FKRVHQ�FRQWUROOHUV�LQ
D��OLQHDU�FDVH��E��FRQVWUDLQHG�FDVH�

�����3,��FRQWUROOHU
8VH�RI�3,��FRQWUROOHU�LV�UHFRPPHQGHG�LQ� WKH�FDVH�RI
WKH� GRPLQDQW� IHHGEDFN� G\QDPLFV�� L�H�� IRU



FRQILJXUDWLRQ� �D�� ZLWK� 7��7�� DQG� IRU� WKH
FRQILJXUDWLRQ� �E��� ZLWK� 7��7��� $FFRUGLQJ� WR� )LJ���
IRU�70 7���RQH�JHWV
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,W�PHDQV� WKDW� WKH� ORRS� LV� VWDEOH� IRU� DQ\�7��7��7I�!��
$SSURSULDWH�FRQWUROOHU�VHWWLQJ�FRXOG�H�J��EH�EDVHG�RQ
WKH�GHPDQG�RI�HTXDOO\�EDODQFHG�G\QDPLFDO�PRGHV�RI
WKH�FORVHG�ORRS�UHVSRQVH��ZKHQ
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:LWK� UHVSHFW� WR� WKH� G\QDPLFV� RI� GLVWXUEDQFH
FRPSHQVDWLRQ��WKLV�VHWWLQJ�ZLOO�EH�DFFHSWDEOH�MXVW�IRU
VPDOO� YDOXHV� RI� 7��� $QRWKHU� OLPLWDWLRQ� RQ� WKH
FRQWUROOHU� WXQLQJ� FRXOG� EH� JLYHQ� E\� DOORZHG� QRLVH
DPSOLILFDWLRQ�VSHFLILHG�E\������
,W�LV�WR�VHH�WKDW�WKLV�YDOXH�LV�VPDOOHU�DV�LQ�WKH�FDVH�RI
WKH� 3,��FRQWUROOHU�� 7KLV� PD\� EH� UHDVRQ�� ZK\� LQ� D
URXJK� LQGXVWULDO� HQYLURQPHQW� WKH� 3,�� FRQWUROOHU� LV
XVHG� DOVR� IRU� WKH� ORRSV� ZLWK� GRPLQDQW� SODQW
G\QDPLFV��+RZHYHU��UHVSRQVHV�DFKLHYHG�DUH�QR�PRUH
WKH� RSWLPDO� RQHV�� 7KH\� FDQ� EH� ORFDOO\� �L�H�� IRU
VSHFLILF� LQSXW�� LQLWLDO� FRQGLWLRQ� DQG� VDWXUDWLRQ� OLPLW
YDOXHV�� LPSURYHG� E\� D� PRGLILHG� VHWWLQJ� DQG� VR� LW
PLJKW� EH� RQH� RI� WKH� PRVW� VHULRXV� DUJXPHQWV� IRU
H[LVWHQFH�RI�WKH�LQIODWLRQ�RI�GLIIHUHQW�RSWLPDO�VHWWLQJV
RI�OLQHDU�3,�FRQWUROOHUV�

���&RQFOXVLRQV

7KH� SDSHU� LQYHVWLJDWHV� WKH� EDVLF� SURSHUWLHV� RI� WZR
G\QDPLFDO� VWUXFWXUHV� RI� LQWHJUDWLQJ� FRQWUROOHUV�
6HYHUDO�FORVHG�ORRS�FRQWURO�VFKHPHV�ZHUH�SURSRVHG�
,W� ZDV� VKRZQ� WKDW� WKH� ILUVW�RUGHU� HVWLPDWLRQV� DUH
DSSURSULDWH� IRU� GHVLJQ� RI� WKH� EDVLF� FRQWUROOHU
VWUXFWXUH��+RZHYHU�� WKH\� JLYH� QR� LQIRUPDWLRQ� DERXW
SDUDVLWLF� WLPH� ODJV� LQYROYHG� LQ� HDFK� FRQWURO� ORRS
ZKLFK� DUH� RI� WKH� FUXFLDO� LPSRUWDQFH� LQ� GHWHUPLQLQJ
WKH� RSWLPDO� FRQWUROOHU� YDOXHV�� 0RUHRYHU�� LW� ZDV
VKRZQ�WKDW�WKH�GHVLJQ�RI�WKH�3�FRQWUROOHU�JDLQ�LV�QRW
IXOO\� LQGHSHQGHQW� RQ� WKH� GLVWXUEDQFH� UHFRQVWUXFWLRQ
DQG� FRPSHQVDWLRQ� FKDQQHO�� (OLPLQDWLRQ� RI� WKLV

GHSHQGHQFH� UHTXLUHV� XVH� RI� KLJKHU�RUGHU� SODQW
HVWLPDWLRQV�LQ�GLVWXUEDQFH�UHFRQVWUXFWLRQ�
6HYHUDO� H[SHULPHQWV� E\� XVLQJ� WKH� VHFRQG�RUGHU
SURFHVV� HVWLPDWLRQ� KDYH� EHHQ� FRQGXFWHG�� ,W� ZDV
VKRZQ� WKDW� WKH� SURSRVHG� ZLQGXSOHVV� FRQWUROOHU
VWUXFWXUH� �3,���� E\� FKRRVLQJ� DSSURSULDWH� GRXEOH� UHDO
FORVHG�ORRS�SROH�������JLYHV�WKH�IDVWHVW�UHVSRQVH�ERWK
IRU� WKH� UHIHUHQFH� FKDQJH� DQG� GLVWXUEDQFH� VWHS�
FKDQJH�

5HIHUHQFHV

�>�@�+XED��0���3��.XOKD��3��%LVWDN�DQG�=��6NDFKRYD
��������7ZR�'\QDPLFDO�&ODVVHV�RI�3,�&RQWUROOHUV�IRU
WKH�ILUVW�2UGHU�/RRSV��3UHSULQWV��QG�,)$&�:RUNVKRS
1HZ� 7UHQGV� LQ� 'HVLJQ� RI� &RQWURO� 6\VWHPV�
6PROHQLFH����������
>�@� 9UDQþLü�� '��� <�� 3HQJ�� 6�� 6WUPþQLN�� 5�� +DQXV
�������� $� QHZ� WXQLQJ� PHWKRG� IRU� 3,� FRQWUROOHUV
EDVHG� RQ� D� SURFHVV� VWHS� UHVSRQVH��3UH�SULQWV� RI� WKH
&(6$
��� ,0$&6� 0XOWLFRQIHUHQFH�� 6\PSRVLXP� RQ
&RQWURO��2SWLPL]DWLRQ�DQG�6XSHUYLVLRQ��/LOOH���������
����
>�@�2OGHQERXUJ��5�&��DQG�+��6DUWRULXV��������������
'\QDPLN� VHOEVWWlWLJHU� 5HJHOXQJHQ�� ��$XIODJH�
5�2OGHQERXUJ�9HUODJ��0�QFKHQ�
>�@�9UDQþLü��'����������$�1HZ�3,'�&RQWUROOHU�$XWR�
7XQLQJ� 0HWKRG� %DVHG� RQ� 0XOWLSOH� ,QWHJUDWLRQ�
3UHSULQWV� ,QW�� 6XPPHU� 6FKRRO� 57�&RQWURO�� 3UDJXH�
��������
>�@� .RWKDUH�� 0�9��� &DPSR�� 3�-��� 0RUDUL�� 0�� DQG
&�9�1HWW���������$�8QLILHG�)UDPHZRUN�IRU�WKH�6WXG\
RI�$QWL�ZLQGXS�'HVLJQV��$XWRPDWLFD��9RO����������
�����
>�@�cVWU|P��.�-��DQG�7��+lJJOXQG���������$XWRPDWLF
7XQLQJ� RI� 3,'� &RQWUROOHUV�� ,QVWUXPHQW� 6RFLHW\� RI
$PHULFD��5HVHDUFK�7ULDQJOH�3DUN�
>�@�+XED��0��DQG�3��%LVWiN��'\QDPLF�&ODVVHV�LQ�WKH
3,'�&RQWURO��$FFHSWHG�IRU�$&&¶����6DQ�'LHJR��&$�


