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�� 7KH�DGYDQWDJHV�RI�OLQHDU�PRWRUV�����������������������������������������������������������������������������������������
�� 7KH��FODVVLFDO��K\EULG�OLQHDU�VWHSSHU�PRWRU �����������������������������������������������������������������������
�� 7KH�PRGXODU�OLQHDU�PRWRU ���������������������������������������������������������������������������������������������������
�� 'HVLJQ�RI�WKH�PRGXODU�OLQHDU�PRWRU������������������������������������������������������������������������������������
�� 7KH�VDPSOH�PRWRU ���������������������������������������������������������������������������������������������������������������
�� 7KH�PDJQHWLF�ILHOG�DQDO\VLV�RI�WKH�PRGXODU�OLQHDU�PRWRU ���������������������������������������������������
�� 7KH�FRQWURO�RI�WKH�PRGXODU�OLQHDU�PRWRU ���������������������������������������������������������������������������
�� '\QDPLF�VLPXODWLRQ�����������������������������������������������������������������������������������������������������������
�� 7KH�PRGXODU�VXUIDFH�PRWRU �����������������������������������������������������������������������������������������������
��� &RQWURO�RI�WKH�PRGXODU�VXUIDFH�PRWRU �������������������������������������������������������������������������������
��� '\QDPLF�VLPXODWLRQ�RI�WKH�PRGXODU�VXUIDFH�PRWRU �����������������������������������������������������������
��� 0DLQ�SDSHUV�SXEOLVKHG�LQ�WKLV�ILHOG �����������������������������������������������������������������������������������



�

�� 7+(�$'9$17$*(6�2)�/,1($5�027256
7KH�PDLQ�DGYDQWDJH�RI� DQ\� OLQHDU�PRWRU� LV� WKDW� LW� WRWDOO\�HOLPLQDWHV� WKH�QHHG��FRVW� DQG� OLPLWDWLRQV�RI
PHFKDQLFDO�URWDWLRQ�WR�WUDQVODWLRQ�PHFKDQLVPV�VXFK�DV�UDFNV�DQG�SLQLRQV�RU�EHOWV�DQG�SXOOH\��VRXUFHV�RI
HODVWLFLW\�DQG�EDFNODVK��7KLV�ZD\�WKH�FRPSOH[LW\�RI�WKH�PHFKDQLFDO�V\VWHP�LV�GUDVWLFDOO\�UHGXFHG�>�@�

�� 7+(��&/$66,&$/��+<%5,'�/,1($5�67(33(5�02725
7KH�K\EULG� OLQHU�PRWRU� �VKRZQ� LQ�)LJ�� ��� LV� LQ� IDFW� D� YDULDEOH� UHOXFWDQFH�� SHUPDQHQW�PDJQHW� H[FLWHG
V\QFKURQRXV�PRWRU��KDYLQJ�D�PRYDEOH�DUPDWXUH��WKH�PRYHU�RU�IRUFHU��VXVSHQGHG�RYHU�D�IL[HG�VWDWRU��WKH
SODWHQ���7KH�SODWHQ�LV�DQ�HTXLGLVWDQW�WRRWKHG�EDU�RI�DQ\�OHQJWK�IDEULFDWHG�IURP�KLJK�SHUPHDELOLW\�FROG�
UROOHG�VWHHO��7KH�PRYHU�FRQVLVWV�RI�WZR�HOHFWURPDJQHWV�KDYLQJ�FRPPDQG�FRLOV�DQG�D�VWURQJ�UDUH�HDUWK
SHUPDQHQW�PDJQHW�EHWZHHQ�WKHP��ZKLFK�VHUYHV�DV�D�ELDV�VRXUFH��(DFK�HOHFWURPDJQHW�KDV�WZR�SROHV��DQG
DOO� SROHV�� WRRWKHG� WR� FRQFHQWUDWH� WKH� PDJQHWLF� IOX[�� KDYH� WKH� VDPH� QXPEHU� RI� WHHWK�� 7KH� WRRWKHG
VWUXFWXUHV�LQ�ERWK�DUPDWXUHV�KDYH�WKH�VDPH�ILQH�WHHWK�SLWFK��7KH�IRXU�SROHV�DUH�VSDFHG�LQ� TXDGUDWXUH��VR
WKDW�RQO\�RQH�SROH�DW�D�WLPH�FDQ�EH�DOLJQHG�ZLWK�WKH�SODWHQ�WHHWK�

,W�LV�RSHUDWLQJ�XQGHU�WKH�FRPELQHG�SULQFLSOHV�RI�YDULDEOH�UHOXFWDQFH�DQG�RI�SHUPDQHQW�PDJQHW�PRWRUV�
:KHQ�FXUUHQW�LV�HVWDEOLVKHG�LQ�D�FRPPDQG�FRLO��WKH�UHVXOWLQJ�PDJQHWLF�IOX[�WHQGV�WR�UHLQIRUFH�WKH�IOX[
RI�WKH�SHUPDQHQW�LQ�RQH�SROH�RI�WKDW�HOHFWURPDJQHW�DQG�WR�FDQFHO�LW�LQ�WKH�RWKHU��%\�VHOHFWLYHO\�DSSO\LQJ
FXUUHQW�SXOVHV�WR�WKH�WZR�FRPPDQG�FRLOV��LW�LV�SRVVLEOH�WR�FRQFHQWUDWH�IOX[�LQ�DQ\�RI�WKH�SROHV��7KH�SROH
UHFHLYLQJ� WKH� KLJKHVW� IOX[� FRQFHQWUDWLRQ� ZLOO� DWWHPSW� WR� DOLJQ� LWV� WHHWK� ZLWK� WKH� SODWHQ� WHHWK� E\
JHQHUDWLQJ�D�WDQJHQWLDO�IRUFH��LQ�D�PDQQHU�DV�WR�PLQLPLVH�WKH�DLU�JDS�PDJQHWLF�HQHUJ\��)RXU�VWHSV�UHVXOW
LQ�PRWLRQ�RI�RQH�WRRWK�LQWHUYDO�
7KH� DERYH�SUHVHQWHG� PRWRU� W\SH� KDV� VRPH� GLVDGYDQWDJHV�� $V� WKH� HOHFWURPDJQHWV� DUH� QRW� GHILQLWHO\
LQGHSHQGHQW��WKH�PDJQHWLF�IOX[�SURGXFHG�E\�WKH�FRPPDQG�FRLOV�IORZV�WKURXJK�WKH�SHUPDQHQW�PDJQHW�
H[LVWLQJ� WKH� SHULO� RI� LWV� GHPDJQHWLVDWLRQ�� ,Q� DQ\� SRVLWLRQ� RQH� RI� WKH� SROHV� LV� JHQHUDWLQJ� D� VLJQLILFDQW
EUHDNLQJ�IRUFH��GLPLQLVKLQJ�WKH�WRWDO�WDQJHQWLDO�IRUFH�SURGXFHG�E\�WKH�PRWRU�DQG�UHGXFLQJ�LWV�HIILFLHQF\�
%HVLGH� WKHVH� WKH�PDJQHWLF� IOX[�SDVVLQJ�EHWZHHQ� WKH�PRYHU�DQG� WKH�SODWHQ�JLYHV� ULVH� WR�D�YHU\� VWURQJ
QRUPDO�IRUFH�RI�DWWUDFWLRQ�EHWZHHQ�WKH�WZR�DUPDWXUHV��7KLV�DWWUDFWLYH�IRUFH��SURGXFHG�RI�DOO�WKH�SROHV��LV
RYHU����WLPHV�WKH�SHDN�KROGLQJ�IRUFH�RI�WKH�PRWRU��UHTXLULQJ�VRSKLVWLFDWHG�EHDULQJ�V\VWHPV�WR�PDLQWDLQ

)LJ����



�

WKH�SUHFLVH�DLU�JDS�EHWZHHQ�WKH�PRYHU�DQG�SODWHQ��7KH�JUHDWHVW�DWWUDFWLYH�IRUFH�LV�JHQHUDWHG�RI�WKH�VDPH
SROH�WKDW�SURGXFHG�WKH�EUHDNLQJ�WDQJHQWLDO�IRUFH��WKH�SROH�WKRVH�WHHWK�ZHUH�DOLJQHG�ZLWK�WKH�SODWHQ�WHHWK
EHIRUH�VWDUWLQJ�WKH�FXUUHQW�VWHS���7KHVH�GLVDGYDQWDJHV�FRXOG�EH�HOLPLQDWHG�E\�UHGXFLQJ�VLJQLILFDQWO\�WKH
PDJQHWLF� IOX[� SDVVLQJ� WKURXJK� WKH� SDVVLYH� SROHV� �WKH� WZR� SROHV� RI� WKDW� HOHFWURPDJQHW� RI� ZKLFK
FRPPDQG�FRLO�LV�QRW�HQHUJLVHG��>�@�

�� 7+(�02'8/$5�/,1($5�02725
$� SRVVLEOH� VROXWLRQ� WR� WKLV� SUREOHP� LW� FRXOG� EH� WKH� LQQRYDWLYH
PRGXODU�GRXEOH�VDOLHQW�SHUPDQHQW�PDJQHW�OLQHDU�PRWRU�>�@�
8VLQJ� PRGXOHV� OLNH� WKDW� VKRZQ� LQ� )LJ�� �� VHYHUDO� OLQHDU� PRWRU
YDULDQWV�FDQ�EH�EXLOW�XS�>�@�
7KH�VLPSOHVW�PRGXODU�OLQHDU�PRWRU�KDV�WKUHH�SKDVHV��VHH�)LJ�����
7KH�PRGXOH�KDV�D�UDUH�HDUWK�SHUPDQHQW�PDJQHW��WZR�VDOLHQW�WHHWKHG
SROHV�DQG�D�FRPPDQG�FRLO��7KH�WRRWKHG�VWUXFWXUH�LV�WKH�VDPH�RQ�WKH
PRYHU
V�SROHV�DQG�RQ�WKH�SODWHQ�

,WV�ZRUNLQJ�SULQFLSOH�LV�VKRZQ�LQ�)LJ����

)LJ����

)LJ����
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)LJ����
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,I�WKH�FRPPDQG�FRLO�LV�QRW�HQHUJLVHG��)LJ���D�� WKH�PDJQHWLF� IOX[�JHQHUDWHG�E\� WKH�SHUPDQHQW�PDJQHW�
)SP�� SDVVHV� WKURXJK� WKH� FRUH� EUDQFK� SDUDOOHO� WR� WKH� SHUPDQHQW� PDJQHW� GXH� WR� LWV� VPDOOHU� PDJQHWLFUHVLVWDQFH�� ,Q� WKLV� FDVH� WKHUH� LV� QR� VLJQLILFDQW� IRUFH� SURGXFHG�� ,I� WKH� FRLO� LV� HQHUJLVHG�� )LJ�� �E�� WKH
FRPPDQG�IOX[�SURGXFHG�E\�LW��)F��GLUHFWV�WKH�IOX[�RI�WKH�SHUPDQHQW�PDJQHW�WR�SDVV�WKURXJK�WKH�DLU�JDSDQG�WR�SURGXFH�VLJQLILFDQW�IRUFHV��'XH�WR�WKH�IRUFH�WKH�PRYHU�PRYHV�RQH�VWHS�WR�PLQLPLVH�WKH�DLU�JDS
PDJQHWLF�HQHUJ\��)LJ���F�
7KH� WRRWK� SLWFK� DQG� WKH� QXPEHU� RI�PRGXOHV� GHWHUPLQH� WKH� PRWRU
V� UHVROXWLRQ�� %\� DGYDQFHG� FRQWURO
VWUDWHJLHV�WKH�UHVROXWLRQ�RI�SRVLWLRQLQJ�FDQ�EH�LQFUHDVHG�VLJQLILFDQWO\�
7KH�PRGXODU�OLQHDU�PRWRU�RIIHUV�SDUWLFXODUO\�VWURQJ�EHQHILWV�LQ�WKRVH�LQGXVWULDO�DSSOLFDWLRQV�ZKHUH�IDVW
DQG�DFFXUDWH�PRYHV�XQGHU�KHDY\�ORDGV�DUH�UHTXLUHG��IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��URERWLF�V\VWHPV�
PDFKLQH�WRROV��FRQYH\LQJ�V\VWHPV��OLQHDU�DFFHOHUDWRUV��WXUQWDEOH�GULYHV��DXWRPDWHG�ZDUHKRXVLQJ�HWF���

�� '(6,*1�2)�7+(�02'8/$5�/,1($5�02725
7KH�PRGXODU� OLQHDU� PRWRU
V� GHVLJQ� SUHVHQWV� VRPH� VSHFLILF� DVSHFWV
EHFDXVH�RI� LWV�FRPSOH[� WRRWKHG�VWUXFWXUH�DQG�RI� WKH� UHTXLUHPHQW� WR
WDNH� LQWR� DFFRXQW� WKH� LURQ� FRUH� VDWXUDWLRQ� DQG� SHUPDQHQW� PDJQHW
RSHUDWLQJ�SRLQW�FKDQJH�
7KH�GHVLJQ�DOJRULWKP�DQG�WKH�DIIHUHQW�FRPSXWHU�SURJUDP�HODERUDWHG
E\� WKH� UHVHDUFKHUV� RI� WKLV� WHDP� PDLQO\� VROYH� WKHVH� SUREOHPV�
RIIHULQJ�D�XVHIXO�WRRO�IRU�GHVLJQHUV�
7KH� SURSRVHG� GHVLJQ� SURFHGXUH� LV� EDVHG� RQ� VHYHUDO� UHODWLRQVKLSV
REWDLQHG� IURP� D� VLPSOLILHG� DQDO\WLFDO� PRWRU� PRGHO� DQG� RQ� VRPH
H[LVWLQJ�H[SHULHQFH�LQ�WKLV�ILHOG��7KH�DQDO\WLFDO�PRGHO�EDVLFV�RI�WKH
PRWRU� LV�D�VLPSOLILHG�PDJQHWLF�HTXLYDOHQW�FLUFXLW��VKRZQ� LQ�)LJ����
RI�WKH�PRYHU�PRGXOH�DQG�RI�WKH�SODWHQ�VHJPHQW�XQGHU�LW�
,W�FRQVLVWV�WZR�00)V��)� DQG�)SP��RI�WKH�FRPPDQG�FRLO�DQG�RI�WKHSHUPDQHQW�PDJQHW�� 7KHUH� DUH� �� UHOXFWDQFHV� LQ� WKH� FLUFXLW�� 5SP� RI
WKH� SHUPDQHQW� PDJQHW�� 5P� DQG� 5P� RI� WKH� SROH�� 5P� RI� WKH� FRUH
EUDQFK�ZLWK�WKH�FRPPDQG�FRLO��5J RI�WKH�YDULDEOH�DLU�JDS�DQG�5S RIWKH�SODWHQ�VHJPHQW�XQGHU�WKH�PRYHU�PRGXOH�
,Q� WKH� ILUVW� VWDJH� RI� WKH� GHVLJQ� SURFHGXUH� WKH� IROORZLQJ� UHTXLUHG� GHVLJQ� LQSXWV� PXVW� EH� SUHVFULEHG
GHSHQGLQJ�RQ�WKH�DSSOLFDWLRQ�LQ�ZKLFK�WKH�PRWRU�ZLOO�EH�XVHG�

x 1XPEHU�RI�PRGXOHV��1�
x 7KH�PD[LPDO�WDQJHQWLDO�IRUFH�WR�EH�GHYHORSHG�E\�WKH�PRWRU��)WPD[ �
x 7KH�UHVROXWLRQ�RI�WKH�SRVLWLRQLQJ��WKH�VWHS�OHQJWK�[L�
x 7KH�OHQJWK�DQG�WKH�ZLGWK�RI�WKH�UXQQLQJ�WUDFN���ZU DQG�OU��

7KH� VHFRQG� VWDJH� LV� WKH� PDLQ� SDUW� RI� WKH� GHVLJQ� SURFHGXUH�� +HUH� DUH� HVWDEOLVKHG� DOO� WKH� PRWRU
V
GLPHQVLRQV��$W� WKH�EHJLQQLQJ� WKH� VL]HV�RI� WKH� WRRWKHG� DLU�JDS� VWUXFWXUH�PXVW� EH� FRPSXWHG�� WKH� WRRWK
SLWFK��IXQFWLRQ�RI� WKH� LPSRVHG�SRVLWLRQLQJ�DFFXUDF\��DQG�WKH�DLU�JDS� OHQJWK� �WKDW�PXVW�EH�DV�VPDOO�DV
PHFKDQLFDOO\�SRVVLEOH���7KH�VHOHFWLRQ�RI�WKH�EHVW�WRRWK�JHRPHWU\�LV�YHU\�LPSRUWDQW��WRR�

)LJ����
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7KH�QH[W� VWHS� FRQVLVWV� LQ� FKRRVLQJ� WKH� DFWLYH� IHUURPDJQHWLF�PDWHULDOV� XVHG� IRU� WKH�PRWRU��([WUHPHO\
LPSRUWDQW�LV�WKH�SHUPDQHQW�PDJQHW�VHOHFWLRQ��WKH�PRVW�H[SHQVLYH�DQG�VHQVLWLYH�DVVHPEO\�RI�WKH�PRWRU�
7KH�LPSRVHG�WHPSHUDWXUH�ULVH�LQ�WKH�PRYHU�DQG�WKH�PRWRU�FRVW�WR�SHUIRUPDQFH�UDWLR�PXVW�EH�WDNHQ�LQWR
DFFRXQW��5DUH�HDUWK�PDJQHWV�DUH�QHHGHG�WR�PHHW�WKH�KLJK�IRUFH�SHU�XQLW�YROXPH�QHFHVVLWLHV�RI�WKH�PRWRU�
7KH� PDJQHW� ZRUNLQJ� SRLQW� �%SP��+SP�� RQ� WKH� VWUDLJKW� GHPDJQHWLVDWLRQ� FKDUDFWHULVWLF� WKURXJKRXW� WKHVHFRQG� TXDGUDQW�PXVW� HQVXUH� WKH� GHVLUHG� IOX[
GHQVLW\�OHYHOV�LQ�WKH�PRYHU�DQG�SODWHQ�FRUHV�
7KH� SHUPDQHQW� PDJQHW
V� GLPHQVLRQV� FDQ� EH
GHWHUPLQHG� E\� FRPSXWLQJ� LWV� PLQLPDO� DFWLYH
VXUIDFH�DQG�WKLFNQHVV�

���

ZKHUH� %S LV� WKH� LPSRVHG� IOX[� GHQVLW\� LQ� WKH
SROHV�� 7KH� GHVLJQLQJ� FRQVWDQW� NS GHSHQGV� RQ
WKH� WHHWK� SLWFK�� UHVSHFWLYHO\� WKH� VORW� ZLGWK� WR
DLU�JDS� OHQJWK� UDWLR� �W�G DQG� E�G��� ,W� FDQ� EH
HDVLO\� GHWHUPLQHG� IURP� WKH� WKUHH�GLPHQVLRQDO
GLDJUDP�VKRZQ�LQ�)LJ����
,Q�D�VLPLODU�ZD\�FDQ�EH�GHWHUPLQHG�WKH�OHQJWK
RI�WKH�SHUPDQHQW�PDJQHW�

���

ZKHUH�%U DQG�+F DUH� WKH� UHVLGXDO� IOX[�GHQVLW\�UHVSHFWLYHO\� WKH�FRHUFLYH� IRUFH�RI� WKH� VHOHFWHG
SHUPDQHQW� PDJQHW�� 7KH� N[ GLPHQVLRQLQJ
FRQVWDQW� FDQ� EH� FKRVHQ� IURP� D� �'� GLDJUDP
VLPLODU�WR�WKDW�VKRZQ�LQ�)LJ����
7KH� REWDLQHG� GLPHQVLRQV� RI� WKH�PDJQHW� KDYH
WR�EH�URXQGHG�WR�DFWXDO�GDWD�VKHHW�YDOXHV��$IWHU
WKLV� D� VKRUW� LWHUDWLYH� RSWLPLVDWLRQ� KDYH� WR� EH
PDGH�LQ�RUGHU�WR�ILQG�RXW�WKH�PLQLPXP�YROXPH
RI� WKH� PDJQHW� WKDW� LV� DEOH� WR� JHQHUDWH� WKH
UHTXLUHG�IRUFHV�
7KH� FRQWURO� FRLO� GHVLJQ�KDYH� WR�EH�PDGH� DV� D
IXQFWLRQ�RI� LWV�00)��Z,��� ,W�PXVW�EH�VR�JUHDW
DV� WR� IRUFH� DOO� WKH� SHUPDQHQW� PDJQHW
V� IOX[
WKURXJK�WKH�SROHV�DQG�WKH�DLU�JDSV��$OVR�LQ�WKLV
FDVH�D�VLPSOH�RSWLPLVDWLRQ�SURFHVV�FDQ�EH�DSSOLHG��$V�QXPHURXV�SURGXFWV�RI�Z�DQG�,�FDQ�JLYH�WKH�VDPH
00)��LW�PXVW�EH�FKRVHQ�WKDW�FRPELQDWLRQ�ZKLFK�ZLOO�SURGXFH�WKH�OHVV�,�5� ORVV� LQ� WKH�FRPPDQG�FRLO�
7KLV�ZD\�ERWK�WKH�HOHFWULFDO�LQSXW�DQG�WKHUPDO�GLVVLSDWLRQ�RI�WKH�FRPPDQG�FRLO�DUH�PLQLPLVHG�
1H[W�WKH�VL]HV�RI�WKH�FRPPDQG�FRLO�PXVW�EH�GHWHUPLQHG��7KH�FRLO�OHQJWK�PXVW�HQVXUH�D�GLVWDQFH�HTXDO�WR
DQ�LQWHJHU�PXOWLSOH�RI�WKH�WHHWK�SLWFK�EHWZHHQ�WKH�WZR�SROHV��$V�WKH�FRLO�OHQJWK�DQG�ZLGWK�LPSRVHV�WKH

)LJ����

)LJ����
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\RNH�OHQJWK��UHVSHFWLYHO\�WKH�SROH�KHLJKW��LW�LV�YHU\�LPSRUWDQW�WR�FKRRVH�LQ�DQ�RSWLPDO�ZD\�WKH�UDWLR�RI
WKH�WZR�FRLO�VL]HV��%HVLGH�WKLV�WKH�FRLO�ZLGWK�WR�OHQJWK�UDWLR�PXVW�EH�SUHVFULEHG�LQ�D�PDQQHU�WR�UHGXFH�DV
PXFK�DV�SRVVLEOH�WKH�OHDNDJH�IOX[�RI�WKH�FRLO��$V�LQ�WKLV�FDVH�WKHUH�DUH�DOVR�VHYHUDO�SRVVLELOLWLHV�WR�GHILQH
WKH� WZR� PDLQ� VL]HV� RI� WKH� FRPPDQG� FRLO� DQG� WKHUH� DUH� WKUHH� GLIIHUHQW� UHTXLUHPHQWV� WR� IXOILOO�� DQ
RSWLPLVDWLRQ�SURFHVV�PXVW�EH�DSSOLHG�LQ�RUGHU�WR�GHILQH�WKH�EHVW�FRLO�ZLGWK�WR�OHQJWK�UDWLR��6LQFH�WKH�FRLO
VL]HV� LPSRVH� WKH� WZR� RI� WKH�PDLQ� GLPHQVLRQV� RI� WKH�PRYHU� FRUH�� WKH�PRVW� VLJQLILFDQW� UHVXOW� RI� WKLV
VLPSOH�RSWLPLVDWLRQ�FDQ�EH�WKH�PLQLPLVDWLRQ�RI�WKH�WRWDO�FRUH�YROXPH�
2QH�RI� WKH�PRVW� VHQVLWLYH� VWDJHV�RI� WKH�PRWRU
V�GHVLJQ� LV� WKH� VL]LQJ�RI� WKH� FRUH�EUDQFK�RQ�ZKLFK� WKH
FRPPDQG�FRLO�LV�SODFHG��:KHQ�WKH�PRGXOH�LV�LQDFWLYH��DOO�WKH�IOX[�JHQHUDWHG�E\�WKH�SHUPDQHQW�PDJQHW
KDV� WR� SDVV� WKURXJK� WKLV� FRUH� HOHPHQW�� :KLOH� WKH� FRPPDQG� FRLO� LV� HQHUJLVHG� WKH� FRPPDQG� IOX[
SURGXFHG�KDV�WR�FRQFHQWUDWH�WKH�HQWLUH�SHUPDQHQW�PDJQHW�IOX[�WR�SDVV�WKURXJK�WKH�SROHV�DQG�DLU�JDSV�
7KH�DQDO\WLFDO�FRPSXWDWLRQ�RI�WKLV�FRUH�EUDQFK�LV�TXLWH�GLIILFXOW�GXH�WR�LWV�GHSHQGHQFH�RI�VHYHUDO�LWHPV
SHQGLQJ�RQ�RWKHU�PRWRU�FRPSRQHQWV��,Q�WKLV�FDVH�DQ�LWHUDWLYH�ILHOG�FRPSXWDWLRQ�SURFHVV�ZDV�DGRSWHG�LQ
RUGHU�WR�ILQG�RXW�WKH�EHVW�FURVV�VHFWLRQ�RI� WKLV�FRUH�EUDQFK��LWV� OHQJWK�LV� LPSRVHG�E\�WKH�OHQJWK�RI� WKH
FRPPDQG�FRLO��
7KH�UHVW�RI� WKH�VL]HV�RI� WKH�PRYHU�PRGXOH�DQG�RI� WKH�SODWHQ�DUH�FRPSXWHG�MXVW� OLNH� LQ� WKH�FDVH�RI� WKH
FODVVLFDO�K\EULG�VWHSSHU�PRWRU��SUHVHQWHG�LQ�GHWDLO�LQ�>�@�
$V�LW�ZDV�VWDWHG�RXW��WKH�VWHS�OHQJWK�RI�WKH�PRWRU�GHSHQGV�DOVR�RQ�WKH�QXPEHU�RI�PRGXOHV�FRXSOHG�WR
IRUP�WKH�PRYHU��1���'XH�WR�WKLV�LV�YHU\�LPSRUWDQW�WR�HQVXUH�WKH�UHTXLUHG�GLVWDQFH�EHWZHHQ�WZR�PRYHU
PRGXOHV��%HVLGH�WKLV�WKH�VSDFHUV�SODFHG�EHWZHHQ�WKH�PRGXOHV�KDYH�WR�DYRLG�GLUHFW�PDJQHWLF�FRXSOLQJ
WKURXJK� WKH� OHDNDJH� IOX[HV� RI� WKH� WZR� PRGXOHV�� ,Q� FRQFOXVLRQ� WKH� IROORZLQJ� H[SUHVVLRQ� PXVW� EH
FRQVLGHUHG�IRU�WKH�VSDFHU�OHQJWK�

���
7KLV�ZDV�WKH�ODVW�SDUW�RI�WKH�GHVLJQ�DOJRULWKP�

�� 7+(�6$03/(�02725
7KH�PDLQ�GLPHQVLRQV�RI�WKH�VDPSOH�PRWRU
V�PRGXOH�DUH�JLYHQ�LQ�)LJ����

)LJ����



�

7KH�PRVW�VLJQLILFDQW�FKDUDFWHULVWLFV�RI�WKH�VDPSOH�PRWRU�DUH�JLYHQ�LQ�7DEOH�,�

�� 7+(�0$*1(7,&�),(/'�$1$/<6,6�2)�7+(�02'8/$5�/,1($5�02725
7KH�QXPHULF�ILHOG�DQDO\VLV�RI�WKH�WKUHH�SKDVH�PRGXODU�OLQHDU�PRWRU�ZDV�SHUIRUPHG�E\�WKH�)(0�EDVHG
0DJ1HW������SDFNDJH��RI�,QIRO\WLFD�,QF���
)LUVW�RQO\�D�VLQJOH�PRGXOH�ZLWK�WKH�SODWHQ�SDUW�DERYH�LW�ZDV�DQDO\VHG��,WV�VROLG�PRGHO�DQG�WKH�VROXWLRQ
PHVK�JHQHUDWHG�E\�WKH�SURJUDP�DUH�VKRZQ�LQ�)LJV����DQG����

7DEOH�,�
1XPEHU�RI�PRGXOHV �
1XPEHU�RI�WHHWK�SHU�SROH �
7RRWK�ZLGWK �����PP
6ORW�ZLGWK �����PP
7RRWK�SLWFK ��PP
6WHS�VL]H �����PP
3HUPDQHQW�PDJQHW�W\SH 9$&20$;����
5HVLGXDO�IOX[�GHQVLW\ ����7
&RHUFLYH�IRUFH ����.$�P
7XUQV�QXPEHU�RI�WKH�FRPPDQG�FRLO ���
5DWHG�FRPPDQG�FXUUHQW ��$
0D[LPXP�WDQJHQWLDO�IRUFH ����1
0RWRU�ZLGWK ���PP
$LU�JDS ����PP

)LJ���� )LJ�����



�

,Q�)LJV�����DQG����WKH�REWDLQHG�IOX[�SORWV�DUH�SUHVHQWHG�IRU�D�SDVVLYH��UHVSHFWLYHO\�DFWLYH�PRGXOH��7KH
PRGXOH�LV�LQ�D�UHODWLYH�SRVLWLRQ�RI�[ ��PP��7KH�FRPPDQG�FRLO�LV�IHG�E\����UHVSHFWLYHO\���$�FXUUHQW�

7KHUH�LV�SRVVLEOH�WR�UHSUHVHQW�WKH�IOX[�GHQVLW\�GLVWULEXWLRQ�LQ�WKH�VWXGLHG�GRPDLQ�E\�XVLQJ�VKDGHG�SORWV�
7KH�PDJQLWXGH�RI� WKH� IOX[�GHQVLW\� LQ�HDFK�PRWRU�SDUW� FDQ�EH�GHWHUPLQHG�E\�XVLQJ� WKH� DWWDFKHG� FRORU
PDSV��7KH�VKDGHG�SORWV�RI�IOX[�GHQVLW\�IRU�WKH�SDVVLYH��UHVSHFWLYHO\�DFWLYH�PRGXOH�DUH�JLYHQ�LQ�)LJV����
DQG����

3DVVLYH�PRGXOH
�XQHQHUJLVHG�FRPPDQG�FRLO�

)LJ�����

$FWLYH�PRGXOH
�HQHUJLVHG�FRPPDQG�FRLO�

)LJ�����

3DVVLYH�PRGXOH
�XQHQHUJLVHG�FRPPDQG�FRLO�

)LJ�����

$FWLYH�PRGXOH
�HQHUJLVHG�FRPPDQG�FRLO�

)LJ�����



�

$V�LW�FDQ�EH�VHHQ��WKH�REWDLQHG�UHVXOWV�DUH�SHUIHFWO\�LQ�DFFRUGDQFH�ZLWK�WKH�WKHRUHWLFDO�H[SHFWDWLRQV�
7KH� QXPHULF� PDJQHWLF� ILHOG� DQDO\VLV� ZDV� DOVR� SHUIRUPHG� IRU� WKH� HQWLUH� PRWRU� VWUXFWXUH� KDYLQJ� �
PRGXOHV��)LJ� ����2I�FRXUVH�WKH�QXPEHU�RI�WKH�JHQHUDWHG�HOHPHQWV��VHH�)LJ� ���ZLWK�WKH�VROXWLRQ�PHVK
RI�WKLV�SUREOHP��LV�DERXW�WKUHH�WLPHV�JUHDWHU��WKHUHIRUH�WKH�FRPSXWDWLRQ�WLPH�LV�DOVR�ORQJHU�

7KH�)(0�DQDO\VLV�RI�WKH�WKUHH�SKDVH�PRGXODU�OLQHDU�PRWRU�ZDV�GRQH�IRU�D�RQH�VWHS�GLVSODFHPHQW�RI�WKH
PRYHU�� 7KH� ILHOG� DQDO\VLV� ZDV� SHUIRUPHG� IRU� WKH� IROORZLQJ� PRYHU� SRVLWLRQV� DQG� FRPPDQG� FXUUHQW
YDOXHV�

D� [ � PP��,F� � $��,F� � $�DQG�,F� � $��LQLWLDO�SRVLWLRQ��QR�H[FLWDWLRQ�FXUUHQW�
E� [ � PP��,F� � $��,F� � $�DQG�,F� � $��LQLWLDO�SRVLWLRQ��FRLO�QR� ��HQHUJLVHG�
F� [ ���� PP��,F� � $��,F� � $�DQG�,F� � $��LQWHUPHGLDWH�SRVLWLRQ��FRLO�QR� ��HQHUJLVHG�
G� [ ��� PP��,F� � $��,F� � $�DQG�,F� � $��LQWHUPHGLDWH�SRVLWLRQ��FRLO�QR� ��HQHUJLVHG�
H� [ ���� PP�� ,F� � $�� ,F� � $�DQG� ,F� � $� �VWDEOH�SRVLWLRQ� DIWHU� RQH� VWHS�� FRLO� QR� ��\HWHQHUJLVHG�
I� [ ���� PP��,F� � $��,F� � $�DQG�,F� � $��ILQDO�SRVLWLRQ��QR�H[FLWDWLRQ�FXUUHQW�

$OO� WKH� UHVXOWV� REWDLQHG� �WKH� IOX[� SORWV� DQG� WKH� YDOXHV� RI� WKH� WRWDO� WDQJHQWLDO� DQG� QRUPDO� IRUFHV�� DUH
JLYHQ�LQ�7DEOH�,,�

)LJ�����



��

7DEOH�,,�
'DWD )OX[�SORWV )W >1@ )Q >1@
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[ � PP
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� ������



��

7KH�YDULDWLRQ�RI� WKH� IOX[� OLQHV�GLVWULEXWLRQ�GXULQJ�RQH� VWHS�GLVSODFHPHQW� FDQ�EH�REVHUYHG� LQ� DQ� HDV\
ZD\��7KHVH�UHVXOWV�DUH�DOVR�LQ�JRRG�DFFRUGDQFH�ZLWK�WKH�WKHRUHWLFDO�H[SHFWDWLRQV�DQG�ZLWK�WKH�DQDO\WLFDO
FRPSXWDWLRQV�>��@�

�� 7+(�&21752/�2)�7+(�02'8/$5�/,1($5�02725
7KHUH�DUH�VHYHUDO�FRQWURO�SRVVLELOLWLHV�IRU�WKH�WKUHH�SKDVH�PRGXODU�OLQHDU�PRWRU�IURP�WKH�VLPSOHVW�RSHQ�
ORRS�FRQWURO�VFKHPHV�WR�WKH�PRVW�VRSKLVWLFDWHG�DQG�SRZHUIXO�YDULDEOH�VSHHG�GULYH�V\VWHPV��,Q�WKH�ODVW
FDVH�WKH�VSHHG�FDQ�EH�PRGLILHG�IURP�]HUR�WR�PDQ\�PHWHUV�SHU�VHFRQG��7KH�PRWRU
V�VSHHG�FDSDELOLW\�FDQ
EH�GHWHUPLQHG�E\�GHVLJQ�DQG�GHSHQGV�RQ�WKH�VXSSO\�IUHTXHQF\��7KH�VWRSSLQJ��VWDUWLQJ�DQG�UHYHUVLQJ�RI
WKH�PRWRU�DUH�DOO�HDV\�WR�LPSOHPHQW��)URP�WKH�QXPHURXV�SRVVLELOLWLHV�DYDLODEOH�WKH�ULJKW�GHFLVLRQ�PXVW
EH� PDGH� DV� WR� WUDGH� RII� WKH� RYHUDOO� FRVW� RI� WKH� FRQWURO� V\VWHP�� PDLQWDLQLQJ� WKH� UHTXLUHG� FRQWURO
FDSDELOLWLHV�
6HQVRUOHVV� FORVHG�ORRS� RSHUDWLRQ�ZLWK� KLJK� GHPDQGV� UHJDUGLQJ� WKH� FRQWURO� TXDOLW\� LV� RQH� RI� WKH� EHVW
VROXWLRQV�WR�EH�DSSOLHG��,W�LV�EDVHG�RQ�WKH�VR�FDOOHG�EDFN�(0)�GHWHFWLRQ�RI�WKH� XQ�HQHUJL]HG�FRPPDQG
FRLOV��7KH�PRWRU� KDV� WKUHH� FRPPDQG� FRLOV�� VR� WKHUH� DUH� DOZD\V� RQO\� RQH� RU� WZR� FRLOV� HQHUJLVHG��2I
FRXUVH�� LQ� RUGHU� WR� KDYH� FRQWLQXRXV� PRYHPHQW�� WKH� FRPPDQG� FRLOV� QHHGHG� IRU� PRWLRQ� DUH� DOZD\V
FKDQJLQJ�ZLWK�WKH�VSHHG�RI�WKH�DSSOLHG�IUHTXHQF\��ZKLFK�PHDQV�WKDW�WKH�FRLOV�WKDW�DUH� XQ�HQHUJL]HG�DOVR
FKDQJH��7KH�YROWDJHV� LQGXFHG� LQ� WKHVH� FRLOV� SURYLGH� DQ� HVWLPDWLRQ�RI�PRWRU� VSHHG� DQG�SRVLWLRQ��7KH
PRWRU� DOZD\V� VWDUWV� IURP� D� ZHOO�GHILQHG� LQLWLDO� SRVLWLRQ�� ,Q� RUGHU� WR� DFKLHYH� PD[LPXP� DYHUDJH
WDQJHQWLDO�IRUFH��QHHGHG�IRU�WKH�RSWLPDO�HIILFLHQF\��WKH�FRPPDQG�FRLOV�VKRXOG�DOZD\V�EH�HQHUJLVHG�DW�D
SUHFLVH�PRPHQW��DW�WKH�RSWLPDO�FRPPXWDWLRQ�DQJOH�>�@�
,Q� WKLV� FDVH� WKH�RSHUDWLQJ� IUHTXHQF\�ZLOO� GHSHQG�RQO\�RQ� WKH� FDSDELOLW\� RI� WKH�PRWRU� WR�PDNH� D� VWHS
XQGHU�JLYHQ�FRQGLWLRQV�DV� ORDG�DQG� LQSXW� VRXUFH� OLPLWV��7KH� VSHHG�FRQWUROOHU�FRPPDQGV� WKH� FRPSDFW
FRQYHUWHU� LQ� IXQFWLRQ� RI� WKH� PRYHU
V� SRVLWLRQ� DQG� VSHHG�� ,Q� VXFK� D� ZD\� PLQLPDO� FXUUHQW� YDOXH� LV
UHTXHVWHG�WR�REWDLQ�WKH�QHFHVVDU\�KLJK�WDQJHQWLDO�IRUFH��2QH�OLPLWLQJ�IDFWRU�IRU�WKH�XVH�RI�WKH�EDFN�(0)
GHWHFWLRQ�LV�WKDW�WKH�PRWRU�PXVW�KDYH�D�PLQLPDO�VSHHG�VR�WKDW�WKH��XQXVHG��FRLOV�WR�EH�DEOH�WR�WULJJHU�WKH
GHWHFWLRQ�FLUFXLW�
$V�LW�ZDV�SUHYLRXVO\�SRLQWHG�RXW��WR�DFKLHYH�PD[LPXP�DYHUDJH�WDQJHQWLDO�IRUFH�DQG�WR�UHGXFH�DV�PXFK
DV�SRVVLEOH�WKH�WDQJHQWLDO�IRUFH�ULSSOH�WKH�FRQWURO�V\VWHP�KDV�WR�DVVXUH�WKH�FKDQJH�RI�H[FLWDWLRQ�RI�WKH
WKUHH�PRGXOH
V�FRPPDQG�FRLOV�DW�D�VSHFLILF�GLVSODFHPHQW��WKH�RSWLPDO�FRPPXWDWLRQ�DQJHO�� DR���EHIRUH
UHDFKLQJ�WKH�LQWHUPHGLDWH�HTXLOLEULXP�SRLQWV��7KLV�YDOXH�PD\�EH�GHWHUPLQHG�WKHRUHWLFDOO\�DQG�GHSHQGV
RQ�WKH�QXPEHU�RI�PRGXOHV�FRXSOHG�WRJHWKHU�WR�IRUP�WKH�PRYHU��)RU�D�WKUHH�SKDVH�PRGXODU�OLQHDU�PRWRU
WKH�RSWLPDO�FRPPXWDWLRQ�DQJOH�LV�DR ���������7KH�WZR�GLIIHUHQW�FRPPXWDWLRQ�VWUDWHJLHV�DUH�LOOXVWUDWHG
LQ�)LJ������WKH�FRPSXWDWLRQV�ZHUH�PDGH�IRU�DQRWKHU�PRWRU�WKDQ�WKH�VDPSOH�RQH�SUHVHQWHG�DERYH��>�@�



��

7KH�GDWD�LQ�7DEOH�,,,��KLJKOLJKWV�WKH�EHQHILWV�RI�WKH�SURSRVHG�FRPPXWDWLRQ�VWUDWHJ\��$V�LW�FDQ�EH�VHHQ�
IRU� WKH�SURSRVHG� FRPPXWDWLRQ� VWUDWHJ\� WKH�PHDQ� YDOXH� RI� WKH� SURGXFHG� WDQJHQWLDO� IRUFH� LV� LQFUHDVHG
ZLWK�������DQG�WKH�IRUFH�ULSSOH�LV�UHGXFHG�ZLWK�DERXW�����

7DEOH� ,9�� SUHVHQWV� WKH� VHTXHQFH� RI� HQHUJLVLQJ� WKH� FRPPDQG� FRLOV� IRU� D� GLVSODFHPHQW� WR� WKH� OHIW�
UHVSHFWLYHO\�WR�WKH�ULJKW�� ,Q� WKH� LQLWLDO�SRVLWLRQ�RI� WKH�PRYHU�FRQVLGHUHG�WKH�WHHWK�RI� WKH�PRGXOH���DUH
DOLJQHG� ZLWK� WKH� WHHWK� RI� WKH� SODWHQ�� ,Q� WKH� WDEOH� WKH� FRUUHVSRQGHQFH� DW� HDFK� VHTXHQFH� EHWZHHQ� WKH
VXSSOLHG�DQG�WKH�PRQLWRUHG�XQ�HQHUJLVHG�FRLOV��LQ�ZKLFK�WKH�EDFN�(0)�LV�GHWHFWHG��DUH�DOVR�JLYHQ��$V�LW
FDQ� EH� VHHQ�� HDFK� WLPH� D� VLQJOH� FRPPDQG� FRLO� LV� VXSSOLHG�� )RU� DOO� WKH� VXSSOLHG� FRPPDQG� FRLOV
FRUUHVSRQGV�D�PRQLWRUHG�FRLO�LQ�ERWK�GLUHFWLRQ�RI�GLVSODFHPHQW�>�@�

&RPPXWDWLRQ�DW�WKH�LQWHUPHGLDWH�HTXLOLEULXP
SRVLWLRQ��D ��

&RPPXWDWLRQ�DW�WKH�RSWLPXP�FRPPXWDWLRQ
DQJOH��D  D R�

)LJ�����

7DEOH�,,,�
&RPPXWDWLRQ�DQJOH

7DQJHQWLDO�IRUFH�>1@
D � D  D R

0LQLPXP�YDOXH � �����
0D[LPDO�YDOXH ���� ����
0HDQ�YDOXH ����� �����
5DQJH ���� �����



��

7KH�PRWRU� FDQ� EH� HQHUJLVHG� VLPSO\� IURP� D� ORZ� FRVW� UHDGLO\� DYDLODEOH� PRGHUQ� VWDQGDUG� WKUHH�SKDVH
FRPSDFW�FRQYHUWHU��7KLV� LV� FRQQHFWHG� WR� WKH� PLFURFRQWUROOHU�EDVHG� LQWHOOLJHQW� VSHHG� FRQWURO�XQLW��7KH
VSHHG�FRQWUROOHU�PD\�EH�OLQNHG�WR�3/&V�RU�RWKHU�FRQWURO�XQLWV��KRVWV��IRU�JHQHUDO�V\VWHP�VXSHUYLVLRQ��$
VSHFLDO� XQLW� GHWHFWV� WKH� EDFN�(0)� JHQHUDWHG� LQ� WKH� XQ�HQHUJLVHG� FRPPDQG� FRLOV��7KH�ZKROH� FRQWURO
V\VWHP�LV�SUHVHQWHG�LQ�)LJ�����

,Q� D� VWDQGDUG� WKUHH�SKDVH� FRPSDFW� FRQYHUWHU� WKH� GF� SRZHU� VXSSO\� LV� GHULYHG� IURP� WKH� DF� PDLQV� E\
UHFWLILFDWLRQ�DQG�VPRRWKLQJ��7KH�RXWSXW�FXUUHQW�LV�UHJXODWHG�E\�VZLWFKLQJ�RQ�RU�RII�WKH�SRZHU�GHYLFHV
�VXFK�DV�026)(7V�RU�,*%7V���ZKLFK�FRQQHFW�RXWSXW�WR�WKH�LQWHUQDO�GF�EXV��%\�LWV�KLJK�HIILFLHQW�FXUUHQW
IHHGEDFN� FRQWURO� V\VWHP� LW� DOORZV� IXOO\� LQGHSHQGHQW� SUHFLVH� FRQWURO� RYHU� WKH�PRWRU� FRPPDQG� FRLO
V
FXUUHQWV��VR�LW�FDQ�GHOLYHU�SUHFLVHO\�WKH�FXUUHQW�SXOVHV�DV�LV�UHTXLUHG�IRU�WKH�PRWRU��,W�LV�VLPSOH�WR�RSHUDWH
DQG�WR�LQVWDOO�RU�UHPRYH�

7DEOH�9,�
'LUHFWLRQ�RI�GLVSODFHPHQW

/HIW 5LJKW
6HTXHQFH
QXPEHU

(QHUJLVHG
FRLO

0RQLWRUHG
FRLO

6HTXHQFH
QXPEHU

(QHUJLVHG
FRLO

0RQLWRUHG
FRLO

,� � � ,� � �
,,� � � ,,� � �
,,,� � � ,,,� � �

)LJ�����



��

7KH� WKUHH�SKDVH� PRGXODU� OLQHDU� PRWRU� FDQQRW� EH� VLPSO\� VXSSOLHG� IURP� WKH� VWDQGDUG� WKUHH�SKDVH
FRQYHUWHU��7KH� WKUHH� FRPPDQG� FRLOV�PXVW� EH� FRQQHFWHG� LQ� D� GHOWD� FRQQHFWLRQ��ZLWK� GLRGHV� SODFHG� LQ
VHULHV� ZLWK� HDFK� ZLQGLQJ�� %L�GLUHFWLRQDO� FRPPDQG� FXUUHQWV� DUH� QRW� QHFHVVDU\� VLQFH� WKH� JHQHUDWHG
WDQJHQWLDO�IRUFH�LV�QRW�IXQFWLRQ�RI�WKH�FRPPDQG�FXUUHQW
V�SRODULW\�
,Q�WKLV�FRQWURO�V\VWHP�WKH�VWDQGDUG�FRQYHUWHU�DQG�PRWRU�DUH�SHUIHFWO\�KDUPRQLVHG�ZLWK�RQH�DQRWKHU��7KH
FRQYHUWHU�FDQ�DVVXUH�KLJK�GHJUHH�RI�HIILFLHQF\�EHFDXVH�LW�FDQ�VDYH�DQG�FDUU\�RXW�VHYHUDO�VRSKLVWLFDWHG
SRVLWLRQLQJ� SURJUDPV� IRU� GLIIHUHQW� �VWDQGDUG� DQG� QRQ�VWDQGDUG��PRWRU� W\SHV� GXH� WR� WKH� IXOO� UDQJH� RI
IHDWXUHV� LQFOXGHG�� ,Q� DGGLWLRQ� WKH� VWDQGDUG� FRQYHUWHU� KDV� D� ZKROH� VHULHV� RI� VXSSOHPHQWDU\� LQWHUQDO
IXQFWLRQV��LQSXW�SURWHFWLRQ��WHPSHUDWXUH�DQG�FXUUHQW�VHQVLQJ���ZKLFK�DUH�VSHFLDO�EHQHILWV�IRU�WKH�HQWLUH
FRQWURO�V\VWHP�
'XH�WR�LWV�JUHDW�FRPSXWDWLRQ�FDSDELOLWLHV�WKH�LQWHOOLJHQW�VSHHG�IRUFH�FRQWUROOHU�LV�DQ�LQWHJUDO�SDUW�RI�WKH
FRQWURO� V\VWHP�� ,W� UHPRWHO\� VXSHUYLVHV� WKH� FRQYHUWHU� E\� D� VHULDO� FRPPXQLFDWLRQ� OLQN�� 7KH� FRQWUROOHU
SURYLGHV� WKH� EXLOW�LQ� FRQWUROOHU� RI� WKH� FRQYHUWHU� ZLWK� WKH� UHIHUHQFH� FXUUHQW� VLJQDO�� REWDLQHG� IURP
UHIHUHQFH� VSHHG� LQSXW� DQG� WKH� GLUHFWLRQ� RI� PRYHPHQW�� DQG� ZLWK� WKH� HVWLPDWHG� GLVSODFHPHQW� RI� WKH
PRYHU��7KLV�LV�FRPSXWHG�IURP�WKH�GHWHFWHG�(0)V�YLD�D�VSHFLILF�DOJRULWKP�
7KH�FRQYHUWHU
V�FRQWUROOHU�JHQHUDWHV�WKH�3:0�FRPPDQG�VLJQDOV�RI�WKH�LQYHUWHU�DQG�DOVR�SLFNV�XS�IURP
D� WDEOH� WKH�SURSHU� FXUUHQW� SXOVHV�SDWWHUQ�� IXQFWLRQ� RI� WKH�PRYHPHQW� GLUHFWLRQ� DQG� WKH�PRYHU
V� DFWXDO
SRVLWLRQ��2QH�RI�WKH�LQSXWV�IRU�WKLV�FRQWURO�VWDJH�LV�WKH�PHDVXUHG�FXUUHQW�REWDLQHG�IURP�D�VHQVRU�SODFHG
LQ�WKH�LQWHUPHGLDWH�GF�FLUFXLW�RI�WKH�SRZHU�FRQYHUWHU�
7KH�SURSRVHG�FRQWURO�VWUDWHJ\�KDV�WR�EH�LPSOHPHQWHG�XVLQJ�WKH�DGHTXDWH�DVVHPEOHU�ODQJXDJH�VKDUHG�RQ
WKH�FRPSDFW�FRQYHUWHU
V�EXLOW�LQ�FRQWUROOHU�DQG�RQ�WKH�VSHHG�IRUFH�FRQWUROOHU�XQLW�

�� '<1$0,&�6,08/$7,21
$�PDWKHPDWLFDO�PRGHO�RI�DQ�HOHFWULF�PDFKLQH�LV�EDVHG�RQ�D� WKHRUHWLFDO�DSSURDFK�DQG�FDQ�EH�XVHG�IRU
HDV\�SHUIRUPDQFH�SUHGLFWLRQ�DQG�FRQWURO�ZLWKRXW�SURWRW\SLQJ��7R�EH�XVHIXO�WKH�PRGHO�PXVW�EH�UHDOLVWLF
DQG�\HW�VLPSOH�WR�XQGHUVWDQG��HDV\�WR�PDQLSXODWH�DQG�LPSOHPHQW��7KH�GHYHORSPHQW�RI�D�SUDFWLFDO�PRGHO
LV� QRW� HDV\�� EHFDXVH� WKH� DERYH� PHQWLRQHG� UHTXLUHPHQWV� DUH� FRQIOLFWLQJ�� 7KHUHIRUH� D� VNLOIXO
PDWKHPDWLFDO�PRGHO�RI�D�FHUWDLQ�HOHFWULFDO�PDFKLQH�FDQ�EH�YHU\�XVHIXO�IRU�SUHGLFWLRQ�RI� LWV�EHKDYLRXU
ERWK�LQ�WUDQVLHQW�DQG�VWHDG\�VWDWH�UHJLPH��DQG�IRU�WHVWLQJ�VHYHUDO�FRQWURO�VFKHPHV�
7KH� EHVW�VXLWHG� PDWKHPDWLFDO� PRGHO� IRU� VLPXODWLQJ� WKH� G\QDPLF� UHJLPH� RI� D� PRGXODU� K\EULG� OLQHDU
PRWRU�LV�D�FRXSOHG�FLUFXLW�ILHOG�RQH��,WV�EORFN�VWUXFWXUH�LV�JLYHQ�LQ�)LJ�����

)LJ�����



��

$V�LW�FDQ�EH�VHHQ�IURP�WKH�ILJXUH�WKH�PRGHO�LV�FRPSRVHG�RI�WKUHH�LQWHUFRQQHFWHG� VXEPRGHOV�>�@�
7KH�ILUVW�VXEPRGHO�FRQVLVWV�RI�WKH�FLUFXLW�W\SH�HTXDWLRQ��7KH�FRPPDQG�FXUUHQWV�DUH�FRPSXWHG�XVLQJ�WKH
YROWDJHV�RI�WKH�FRPPDQG�FRLOV�DQG�WDNLQJ�LQWR�DFFRXQW�WKH�YDULDWLRQ�RI�WKH� LQGXFWDQFHV�GXH�WR�WKH�IOX[
PRGLILFDWLRQV�LQ�WKHP�
7KH� ILHOG� VXEPRGHO� LV� EDVHG� RQ� WKH� HTXLYDOHQW� PDJQHWLF� FLUFXLW� RI� WKH� PRWRU�� 2EYLRXVO\� WKH� ILHOG
SUREOHP�PD\�EH�VROYHG�YLD�D�QXPHULFDO�PHWKRG��XVLQJ�ILQLWH�HOHPHQWV�RU�ILQLWH�GLIIHUHQFHV�PHWKRGV��EXW
WKHVH� DUH� YHU\� WLPH� FRQVXPLQJ�� 7KHUHIRUH� WKH� HTXLYDOHQW� PDJQHWLF� FLUFXLW� PHWKRG� DSSURDFK� ZDV
DSSOLHG��7KH�LURQ�FRUH�QRQOLQHDU�PDJQHWLF�FKDUDFWHULVWLFV�DUH�FKDUDFWHUL]HG�E\�FRPSXWLQJ�WKH�QRQOLQHDU
SHUPHDQFHV� RI� WKH� PRWRU� LURQ� FRUH� SRUWLRQV� WDNLQJ� LQWR� DFFRXQW� WKH� ILHOG�GHSHQGHQW� VLQJOH� YDOXHG
SHUPHDELOLW\� ��7KH�GHSHQGHQFH�RI� WKLV�SHUPHDELOLW\� LV�REWDLQHG�E\�FDOFXOXV� DW�HDFK� LWHUDWLRQ�IURP�WKH
JLYHQ� PDJQHWL]LQJ� FKDUDFWHULVWLF� RI� WKH� LURQ� FRUH� PDWHULDO�� 7KH� YDULDWLRQ� RI� WKH� DLU�JDS� PDJQHWLF
UHOXFWDQFHV XQGHU�WKH�PRWRU�SROHV�IXQFWLRQ�RI�WKH�PRYHU�SRVLWLRQ�DUH�FRQVLGHUHG��WRR�
7KH�HOHFWURPDJQHWLF�IRUFHV�FDQ�EH�HYDOXDWHG�HLWKHU� IURP�WKH�JUDGLHQW�RI� WKH�PDJQHWLF�FR�HQHUJ\�ZLWK
UHVSHFW� WR� D� YLUWXDO� GLVSODFHPHQW� RU� E\�0D[ZHOO
V� VWUHVV� WHQVRU�PHWKRG�� 7KH� IRUPHU�PHWKRG� LV�PRUH
UHOLDEOH�IRU�WKLV�SUREOHP�DQG�LW�ZDV�DGRSWHG�KHUH�
7KH� PHFKDQLFDO� VXEPRGHO� FRQVLGHUHG� KHUH� LV� D� VLPSOLILHG� RQH�� ,Q� RUGHU� WR� REWDLQ� WKLV� PRGHO� WZR
DVVXPSWLRQV�ZHUH�PDGH��WKH�PRWRU�LV�FRQVLGHUHG�DV�D�KRPRJHQHRXV�VROLG��WKH�UHVXOWLQJ�WDQJHQWLDO�DQG
QRUPDO�IRUFHV�EHLQJ�DSSOLHG�RQ�LWV�FHQWHU��DQG�WKH�UHVXOWLQJ�IRUFHV�DUH�REWDLQHG�DV�DQ�DOJHEUDLF�VXP�RI
WKH�SROH� IRUFHV��7KLV� VLPSOLILHG�PHFKDQLFDO�PRGHO� GRHV� QRW� WDNH� LQWR� FRQVLGHUDWLRQV� WKH� WRUTXHV WKDW
H[LVW��7KHVH�WRUTXHV�DUH�SURGXFHG�E\�WKH�QRUPDO�IRUFHV�WKDW�DUH�QRW�DSSOLHG�LQ�WKH� FHQWHU�RI�WKH�PRYHU
EXW�LQ�HDFK�SROH�D[LV��%\�VROYLQJ�WKH�DERYH�IRUFH�HTXDWLRQ�WKH�YHORFLW\�DQG�GLVSODFHPHQW�RI�WKH�PRWRU
DUH�FRPSXWHG�>�@�
7KLV�FRXSOHG�FLUFXLW�ILHOG�PRGHO�FDQ�QRW�EH�VROYHG�DQDO\WLFDOO\��7KH�FRPSXWDWLRQDO�SURFHVV�FRQVLVWV�RI�D
VLPXOWDQHRXV�LWHUDWLYH�FDOFXODWLRQ�RI�WKH�FLUFXLW�W\SH�HTXDWLRQV��RI�WKH�ILHOG�SUREOHP�DQG�RI�WKH�HTXDWLRQ
RI�WKH�PRYHPHQW�>�@�
,Q�RUGHU� WR� LQFUHDVH� WKH� DFFXUDF\�RI� WKH� VLPXODWLRQV� DQG� WR� UHGXFH� WKH� VLPXODWLRQ� WLPHV� DQ� HQKDQFHG
PRGHO�ZDV�DSSOLHG�IRU�WKH�G\QDPLF�VLPXODWLRQV�RI�WKH�PRGXODU�OLQHDU�VWHSSHU�PRWRU�LQ�GLVFXVVLRQ�
7KH� GLIIHUHQW� SDUWV� RI� WKH� PRGHO� DUH� LPSOHPHQWHG� LQ� GLIIHUHQW� VLPXODWLRQ� SODWIRUPV� �6,08/,1.�
6,03/25(5� DQG� 0DJ1HW��� HDFK� RQH� RI� WKHP� EHLQJ� ZLGHO\� XVHG� LQ� LWV� ILHOG�� +HQFH� WKH� PDLQ
DGYDQWDJHV�RI�HDFK�SODWIRUP�ZHUH�H[SORLWHG��DQG�WKH�JOREDO�HIILFLHQF\�RI�WKH�HQWLUH�VLPXODWLRQ�SURJUDP
LV�DOPRVW�DV�KLJK�DV�SRVVLEOH��7KH�EORFN�GLDJUDP�RI�WKH�FRXSOHG�PRGHO�LV�JLYHQ�LQ�)LJ�����>��@�

)LJ�����



��

2QH�RI�WKH�XQLWV�LV�D�ILQLWH�HOHPHQW�PHWKRG��)(0��EDVHG�PDJQHWLF�ILHOG�DQDO\VLV�PRGXOH��8SRQ�WKHVH
FRPSXWDWLRQV��PDGH�LQ�0DJ1HW�����RII�OLQH�WKH�VLPXODWLRQV��WKH�VWDWLF�FKDUDFWHULVWLFV�RI� WKH�PRWRU�DUH
FRPSXWHG�� WKH� WRWDO� WDQJHQWLDO� DQG� QRUPDO� IRUFHV� RI� WKH� PRWRU� IRU� GLIIHUHQW� FRPPDQG� FXUUHQWV� DQG
PRYHU� SRVLWLRQV�� ,Q� RUGHU� WR� GHWHUPLQH� WKHVH� FKDUDFWHULVWLFV� VHYHUDO� FRPSXWDWLRQV� ZHUH� PDGH� IRU
GLIIHUHQW�FRQWURO�FXUUHQWV��LQ�WKH�UDQJH�RI��·��$��DQG�GLVWLQFW�UHODWLYH�GLVSODFHPHQWV�RI�WKH�PRYHU�ZLWK
D�VWHS�RI�����PP�ZHUH�FRQVLGHUHG��7KH�REWDLQHG�VWDWLF�FKDUDFWHULVWLFV�DUH�JLYHQ�LQ�)LJ�����

7KH�UHVXOWV�DUH�VWRUHG�LQ�ORRN�XS�WDEOHV�WR�EH�XVHG�LQ�WKH�PDLQ�6,08/,1.�XQLW��7KH�)(0�DQDO\VLV�LV
IDU� WKH� PRVW� SUHFLVH� PHWKRG� IRU� GHWHUPLQLQJ� WKHVH� FKDUDFWHULVWLFV�� ,W� LV� WLPH� FRQVXPLQJ�� EXW� WKHVH
FRPSXWDWLRQV�PXVW� EH�GRQH�RQO\�RQFH� IRU� D� JLYHQ�PRWRU��7KH� XVH� RI� WKH� VWDWLF� FKDUDFWHULVWLFV� RI� WKH
IRUFHV�LQVWHDG�RI�WKHLU�LQ�OLQH�FRPSXWDWLRQ�VKRUWHQV�FRQVLGHUDEO\�WKH�VLPXODWLRQ�WLPHV�
7KH�SRZHU�FRQYHUWHU�IHHGLQJ�WKH�FRPPDQG�FRLOV�RI�WKH�WKUHH�SKDVH�PRGXODU�OLQHDU�PRWRU�ZDV�PRGHOOHG
LQ� 6,03/25(5�� 7KLV� VRIWZDUH� SDFNDJH� LV� IUHTXHQWO\� XVHG� IRU� VLPXODWLQJ� FRPSUHKHQVLYH� HOHFWULF
FLUFXLW� FRPSRQHQWV�� 6,03/25(5� LV� YHU\� XVHU�IULHQGO\�� GXH� WR� LWV� JUDSKLF� LQWHUIDFHV� PDNLQJ� HYHQ
FRPSOH[�PRGHOV�HDV\�WR�GHILQH�>��@�

D��6WDWLF�FKDUDFWHULVWLFV�RI�WKH�QRUPDO�IRUFHV

E��6WDWLF�FKDUDFWHULVWLFV�RI�WKH�WDQJHQWLDO�IRUFHV
)LJ�����



��

7KH� SRZHU� FRQYHUWHU� XQLW� LV� FRPSRVHG� RI� WKUHH� LQGHSHQGHQWO\�ZRUNLQJ� RQH�SKDVH� LQYHUWHUV�� EXLOW� XS
XVLQJ� SRZHU� WUDQVLVWRUV��7KH�6,03/25(5�PRGHO� RI� WKH� VLQJOH� SKDVH�+�EULGJH� LQYHUWHU� LV� VKRZQ� LQ
)LJ� ���

7KH� VR�FDOOHG�6,0�6,0�6,03/25(5�6,08/,1.�FRXSOLQJ
V� LQWHUIDFH� DOORZV� WKH� H[FKDQJH�RI� HDFK
YDULDEOH�EHWZHHQ�D�6,03/25(5�DQG�D�6,08/,1.�PRGHO�
7KH� SDUDPHWHU� H[FKDQJHV� DUH� FOHDUO\� DUUDQJHG�� VR
WKH�GLIIHUHQW� V\VWHP�TXDQWLWLHV� FDQ�EH� OLQNHG� HDVLO\
DQG� TXLFNO\�� 'XULQJ� WKH� VLPXODWLRQ� DQ� DXWRPDWLF
VWHS�ZLGWK�FRQWURO�LQ�6,03/25(5�DQG�6,08/,1.
WDNHV�SODFH��7KH�SDUDPHWHUV�VHW�LQ�6,03/25(5�DUH
JLYHQ�LQ�)LJ�����
7KH� FRXSOLQJ� HOHPHQW� LQ� 6,08/,1.� LV� DQ� 6�
)XQFWLRQ�W\SH� EORFN�� $IWHU� D� PXOWL�VWHS� VHWWLQJ
SURFHVV� WKH� OLQN� EHWZHHQ� WKH� WZR� GLIIHUHQW
VLPXODWLRQ�SODWIRUP�FDQ�EH�HDVLO\�HVWDEOLVKHG�
7KH�EDVLF�SDUW�RI�WKH�FRXSOHG�VLPXODWLRQ�SURJUDP�LV
LPSOHPHQWHG� LQ� 0$7/$%�6,08/,1.�� $V� LW� LV
ZHOO� NQRZQ�� WKLV� HQYLURQPHQW� LV� RQH� RI� WKH� EHVW
VXLWHG� IRU� WKH� G\QDPLF� VLPXODWLRQ� RI� HOHFWULFDO
PDFKLQHV�

)LJ�����

)LJ�����



��

7KH�PDLQ�ZLQGRZ�RI�WKH�VLPXODWLRQ�SURJUDP�LV�JLYHQ�LQ�)LJ�����

$V� LW�FDQ�EH�VHHQ�� LW� LV�EXLOW�XS� LQ�D�PRGXODU�PDQQHU� �XVLQJ�VHYHUDO�VXE�V\VWHP�W\SH�EORFNV���$OO� WKH
PDLQ�FRPSRQHQWV�RI�WKH�OLQHDU�GULYH�V\VWHP�FDQ�EH�FOHDUO\�GLVWLQJXLVKHG�LQ�WKH�PRGHO��7KLV�ZD\�KLJK
WUDQVSDUHQF\�ZDV�DVVXUHG� IRU� WKH�XVHUV��+HQFH�DQ\�FKDQJHV� LQ� WKH�SURJUDP�FDQ�EH�PDGH�TXLFNO\�DQG
HDVLO\�� 7KH� SURJUDP� FDOOV� VHYHUDO� 0$7/$%� IXQFWLRQV�� H�J�� IRU� WKH� VHWXS� �ZKHQ� WKH� PRWRU
V� PDLQ
SDUDPHWHUV� DUH� ORDGHG� IURP� DQ� 0�ILOH�� RU� IRU� WKH� ILQDO� SORWWLQJ� RI� WKH� UHVXOWV�� $OO� WKH� EHQHILWV� RI
0$7/$%��HDV\�WR�ZULWH�SURJUDP�OLQHV��DGYDQFHG�JUDSKLFDO�YLVXDOLVDWLRQV��DQG�RI�6,08/,1.��VLPSOH
PRGXODU�PRGHO�EXLOGLQJ��HDV\�WR�XVH�JUDSKLFDO�LQWHUIDFH��HWF���DUH�IXOO\�H[SORLWHG�
7KH� PRWRU� PRGHO� VXEV\VWHP� LV� JLYHQ� LQ� )LJ�� ���� 7KLV� LV� DOVR� EXLOW� XS� PRGXODUO\�� D� VXEV\VWHP� LV
JHQHUDWLQJ�WKH� WKUHH� LPSRVHG�FRPPDQG�FXUUHQWV�� ,Q� WKLV�VXEV\VWHP�DUH� LQFOXGHG� WKH� WKUHH�6�)XQFWLRQ
W\SH� EORFNV� REWDLQHG� E\� WKH� 6,0�6,0� OLQNDJH� ZLWK� 6,03/25(5�� 7KHVH� EORFNV� DUH� PRGHOOLQJ� WKH
SRZHU�FRQYHUWHUV�IHHGLQJ�WKH�FRPPDQG�FRLOV�RI�WKH�OLQHDU�PRWRU�

)LJ�����

)LJ�����



��

7KH� PRGHOV� RI� WKH� WKUHH� PRGXOHV� RI� WKH� PRWRU� ZHUH� DOVR
JURXSHG� LQ� D� VHSDUDWH� EORFN� �FDOOHG�0RGXOH ��� HWF��� DQG� DUH
VKRZQ�LQ�)LJ�����
(DFK�EORFN�FRUUHVSRQGLQJ�WR�D�PRYHU�PRGXOH�KDV���LQSXWV��WKH
FRPPDQG�FXUUHQW��WKH�PRYHU
V�GLVSODFHPHQW�DQG�WKH�PRGXOH
V
UHODWLYH�SRVLWLRQ�ZLWKLQ�WKH�PRYHU�DUPDWXUH��DQG� WZR�RXWSXWV
�WKH� WDQJHQWLDO� DQG� WKH� QRUPDO� IRUFH��� 7KH� IRUFHV� RI� HDFK
PRGXOH� DUH� DGGHG� LQ� RUGHU� WR� REWDLQ� WKH� WRWDO� WDQJHQWLDO� DQG
QRUPDO� IRUFHV� RI� WKH� PRWRU�� ,Q� WKH� VXEV\VWHP� FDOOHG
0HFKDQLFDO� V\VWHP� WKH� VSHHG� DQG� WKH� GLVSODFHPHQW� RI� WKH
PRWRU�DUH�FRPSXWHG��7KHVH�DUH�WKH�RXWSXW�VLJQDOV�RI�WKH�HQWLUH
PRGHO�RI�WKH�PRWRU�
7KH�YDOXHV�RI�WKH�IRUFHV�IRU�FHUWDLQ�FXUUHQWV�DQG�GLVSODFHPHQWV
DUH� LQWHUSRODWHG� IURP� WZR� ORRN�XS� WDEOHV�� FRQWDLQLQJ� WKH� UHVXOWV� RI� WKH� PDJQHWLF� ILHOG� DQDO\VLV
SHUIRUPHG�E\� WKH�)(0�EDVHG�0DJ1HW�SURJUDP��$V� LW� FDQ�EH� VHHQ�� WKH�GUDZLQJV�RQ� WKH�PDVN�RI� WKH
ORRN�XS�WDEOH�W\SH�EORFNV�DUH�MXVW�WKH�VWDWLF�FKDUDFWHULVWLFV�VKRZQ�LQ�)LJ�����
7KH� DERYH�SUHVHQWHG� FRXSOHG�PRGHO�ZDV�XVHG� IRU� VLPXODWLQJ� VHYHUDO� G\QDPLF� UHJLPHV� RI� WKH�PRWRU�
$Q\�RI�WKH�PRWRU�FKDUDFWHULVWLFV�FRXOG�EH�REWDLQHG�DQG�SORWWHG�LQ�RUGHU�WR�PDNH�HDV\�LWV�VWXG\�
)URP�WKH�QXPHURXV�G\QDPLF�UHJLPHV�VWXGLHG�XVLQJ�WKLV�PRGHO�RI�WKH�WKUHH�SKDVH�PRGXODU�K\EULG�OLQHDU
VWHSSHU�PRWRU�KHUH�RQO\�WKH�UHVXOWV�REWDLQHG�IRU�D�VKRUW�����PP�ORQJ��GLVSODFHPHQW�DW�FRQWUROOHG�VSHHG
DUH�JLYHQ��$�W\SLFDO�WUDSH]RLGDO�VSHHG�SURILOH�ZDV�LPSRVHG��7KH�PD[LPXP�VSHHG�RI�WKH�PRWRU�ZDV�VHW
DW������P�V�DQG� WKH�PRWRU� LV� UXQQLQJ�DW� WKLV�VSHHG������V��7KH�DFFHOHUDWLRQ�� UHVSHFWLYHO\�GHFHOHUDWLRQ
WLPHV�ZHUH� IL[HG� WR� EH� ����� V�� 7KH� VDPSOH� WKUHH�SKDVH�PRWRU
V� UDWHG� FRPPDQG� FXUUHQW�� UHVSHFWLYHO\
WDQJHQWLDO�IRUFH�LV���$�DQG�����1��,WV�VWHS�VL]H�LV������PP�

)LJ�����

)LJ�����



��

7KH�PDLQ�UHVXOWV�RI�WKH�VLPXODWLRQ�DUH�JLYHQ�LQ�)LJ������7KH�FRPPDQG�FXUUHQWV��WKH�WRWDO�WDQJHQWLDO�DQG
QRUPDO�IRUFHV��WKH�VSHHG�DQG�WKH�GLVSODFHPHQW�DUH�SORWWHG�YHUVXV�WLPH�
$V� LW� FDQ� EH� FOHDUO\� VHHQ� LQ� WKH� ILJXUH� WKH� LPSRVHG� VSHHG� SURILOH� ZDV� SUHFLVHO\� IROORZHG�� +LJK
WDQJHQWLDO�IRUFHV�ZHUH�QHHGHG�IRU�DFFHOHUDWLQJ�WKH�PRYHU��'XH�WR�WKH�KLJK�IRUFH�UHTXLUHG�IRU�WKLV�VWDJH
RI�PRWLRQ�� WKH�FRPPDQG�FXUUHQWV�DOVR�KDYH� VLJQLILFDQW�YDOXHV��$IWHU� WKH�PRYHU�ZDV�DFFHOHUDWHG�� ORZ
WDQJHQWLDO� IRUFHV� REWDLQHG� E\� IHHGLQJ� WKH� PRWRU� ZLWK� UHGXFHG� FRPPDQG� FXUUHQWV� PD\� PDLQWDLQ� LWV
LPSRVHG�FRQVWDQW�VSHHG�
7KH� XVH� RI� WKH� ORRN�XS� WDEOHV� UHGXFHG� WKH
FRPSXWDWLRQDO� WLPHV�� EHFDXVH� WKHUH� ZDV� QR
QHHG� WR� FDOFXODWH� WKH� WRWDO� QRUPDO� DQG
WDQJHQWLDO� IRUFHV� DW� HDFK� WLPH� VWHS�� 2I
FRXUVH�WKH�ILOOLQJ�RXW�RI�WKHVH�WDEOHV�UHTXLUHG
VHYHUDO� WLPH�FRQVXPLQJ� ILHOG� FRPSXWDWLRQV
LQ�0DJ1HW��EXW�WKHVH�ILHOG�DQDO\VLV�KDG�WR�EH
PDGH� RQO\� RQFH� IRU� D� JLYHQ� PRWRU�� 7KH
VLPXOWDQHRXV� ZRUN� RI� WKH� WZR� SODWIRUPV
�6,08/,1.� DQG� 6,03/25(5�� DQG� WKH
H[FKDQJH� RI� YDULDEOHV� DW� HDFK� WLPH� VWHS
LQKHUHQWO\� VORZ� GRZQ� WKH� VLPXODWLRQ�� 7KH
ORVW� WLPH� LV� FRPSHQVDWHG� E\� WKH� TXDOLW\� RI
WKH�UHVXOWV��7R�HPSKDVLVH�WKLV�LQ�)LJ�����WKH
FXUUHQW� ZDYHIRUPV� GXULQJ� D� FRPPXWDWLRQ
DUH�SUHVHQWHG�
,W� FDQ� EH� VHHQ� YHU\� FOHDU�� WKDW� WKH� FXUUHQW
ZDYHIRUPV� REWDLQHG� E\� XVLQJ� WKH
6,03/25(5� FRQYHUWHU� PRGHO� DUH� PXFK� PRUH� DSSURSULDWH� RI� WKH� UHDO� FXUUHQWV� REWDLQHG� E\� 3:0
WHFKQLTXHV�
7KHVH� UHVXOWV�� DV� DOO� RWKHUV� REWDLQHG� IRU� GLYHUVH� G\QDPLF� UHJLPHV� DUH� LQ� JRRG� DFFRUGDQFH� ZLWK� WKH
WKHRUHWLFDO�H[SHFWDWLRQV�DQG�DOVR�ZLWK�WKH�UHVXOWV�RI�DQDO\WLFDO�FRPSXWDWLRQV�

�� 7+(�02'8/$5�685)$&(�02725
6XUIDFH�PRWRUV�DVVXUH�WZR�GHJUHHV�RI�IUHHGRP�PRYHPHQW�LQ�WKH�SODQH��7KHVH�DUH�GLUHFW�GULYHQ�PRWRUV �
WKH� ORDG� FDQ� EH� SXW� RU� IL[HG� GLUHFWO\� RQ� WKH�PRYHU��+HQFH� WKH\� KDYH� D� ORW� RI� EHQHILWV�� DV� WKH� OLQHDU
PRWRUV��VLPSOLFLW\��HIILFLHQF\�DQG�SRVLWLRQLQJ�DFFXUDF\��GXH�WR� WKH�ODFN�RI� URWDU\�WR�OLQHDU�FRQYHUVLRQ
PHFKDQLVPV�� PHFKDQLFDOO\� FRPSOH[� DVVHPEOLHV� WKDW� UHTXLUH� UHJXODU� PDLQWHQDQFH� DQG� GHYHORS
LQDFFXUDFLHV�RYHU�WLPH�
,Q�D�W\SLFDO�DSSOLFDWLRQ�RI�WKH�VXUIDFH�PRWRUV��WKH�IOH[LEOH�PDQXIDFWXULQJ�V\VWHP��WKH\�FDUU\�WKH�SURGXFW
VXEDVVHPEOLHV� IURP� RQH� RYHUKHDG� PDQXIDFWXULQJ� GHYLFH� WR� DQRWKHU� DQG� SUHFLVHO\� SRVLWLRQ� WKH
VXEDVVHPEO\�VR�WKDW�WKH�RYHUKHDG�GHYLFHV�FDQ�SHUIRUP�WKHLU�UHTXLUHG�DFWLRQV�
7KH�VWUXFWXUH�RI�D�W\SLFDO�VXUIDFH�PRWRU�LV�JLYHQ�LQ�)LJ�����

)LJ�����



��

7KH�PRGXODU� VXUIDFH�PRWRU�� OLNH� DQ\� VXUIDFH�PRWRU�� FRQVLVWV� RI� WZR�PDLQ� SDUWV�� WKH� SODWHQ� DQG� WKH
PRYHU� �IRUFHU���7KH� SDVVLYH� SODWHQ� RI� VWHHO� KDV� D� WZR�GLPHQVLRQDO� DUUD\� RI� VTXDUH� WHHWK� REWDLQHG� E\
SUHFLVH� FKHPLFDO�PDFKLQLQJ�� ,WV� VXUIDFH� LV� SODQDUL]HG� XVLQJ� HSR[\�� ,W� FDQ� KDYH� DQ\� VL]HV� LQ� RUGHU� WR
HQVXUH�JUHDW�WUDYHO�DUHD��7KH�PRYHU��WKH�DFWLYH�SDUW�RI�WKH�PRWRU��LV�EXLOW�XS�RI�KLJK�IRUFH�PRGXOHV��VHH
)LJ������MXVW�OLNH�WKH�PRGXODU�OLQHDU�PRWRUV�SUHVHQWHG�DERYH�
%DVLFDOO\�WKH�PRYHU�LV�FRPSRVHG�RI�WZR�PRGXODU�OLQHDU�PRWRUV��HDFK�HQVXULQJ�WKH�PRYHPHQW�LQ�RQH�RI
WKH�WZR�WUDQVLWLRQDO�GLUHFWLRQV��)RU�HDV\�FRQWURO�SXUSRVHV�D�WKUHH�SKDVH�PRWRU�W\SH�ZDV�VHOHFWHG��7KLV
UHTXLUHV�PLQLPDOO\���PRGXOHV���� IRU�HDFK�GLUHFWLRQ���7KUHH�RI� WKH�PRGXOHV�DUH�PRXQWHG�DW�����WR� WKH
RWKHU�LQ�D�FRPPRQ�KRXVLQJ��2QH�VHW�RI�FRLOV�GULYHV�WKH�IRUFHU�LQ�WKH�[�GLUHFWLRQ�DQG�WKH�RWKHU�LQ�WKH�\
GLUHFWLRQ��7KH�VLPSOHVW�PRYHU�VWUXFWXUH�KDYLQJ���PRGXOHV�LV�JLYHQ�LQ�)LJ�����

,Q�RUGHU�WR�UHGXFH�WKH�VNHZ�RI�WKH�PRYHU�GXH�WR�XQGHVLUHG�URWDWLRQDO�PRPHQWV�D�V\PPHWULFDO�VWUXFWXUH
PXVW�EH� VHOHFWHG��7KLV�KDV� WRWDOO\����PRGXOHV�DUUDQJHG�SHUIHFWO\� V\PPHWULFDO� LQ� WKH�PRYHU�XQLW� �VHH
)LJXUH�������(YHU\�SKDVH�RI�WKH�WZR�PRWRU�SDUWV��[���[� DQG�[���UHVSHFWLYHO\�\���\� DQG�\���LV�FRPSRXQG�RIVL[�PRGXOHV�FRXSOHG�LQ�SDUDOOHO�SRZHU�VXSSO\��7KH�PRYHU�XQLW�EXLOW�XS�LQ�WKLV�PDQQHU�FDQ�GHYHORS�KLJK
�VHYHUDO�KXQGUHGV�RQ�1��IRUFH�RQ�ERWK�GLUHFWLRQV�>�@�

)LJ�����

7KH��'�VWUXFWXUH�RI�WKH�PRYHU 7KH�DUUDQJHPHQW�RI�WKH�PRGXOHV

)LJ�����



��

&RPSUHVVHG�DLU�IORZV�WKURXJK�WKH�PRYHU��FUHDWLQJ�D�KLJK�VWLIIQHVV�DLU�EHDULQJ��7KXV�D�XQLIRUP��QDUURZ
DLU�JDS�FDQ�EH�PDLQWDLQHG�EHWZHHQ�WKH�SODWHQ�DQG�WKH�PRYHU�LQ�WKH�SUHVHQFH�RI�JUHDW�DWWUDFWLRQ�IRUFHV�
'XH� WR� WKH�DLU�EHDULQJ� WKHUH�DUH�QR�PRYLQJ�SDUWV� DQG�QR�ZHDU�� UHVXOWLQJ� LQ�JUHDWHU� ORQJ�WHUP� V\VWHP
DFFXUDF\�DQG�PLQLPDO�PDLQWHQDQFH�
7KH� PRGXODU� VXUIDFH� PRWRU� KDV� VHYHUDO� DGYDQWDJHV� DV� LWV� OLQHDU� FRXQWHUSDUW�� E\� XVLQJ� WKH� VSHFLILHG
PRYHU�PRGXOHV�RQH�RI� WKH�PDLQ�GLVDGYDQWDJHV�RI� WKH� FODVVLFDO� K\EULG� OLQHDU�PRWRUV� �WKH�SUHVHQFH�RI
EUDNLQJ� IRUFHV� DW� HDFK� SRVLWLRQ��ZDV� HOLPLQDWHG�� ,W� KDV� WKH� DELOLW\� WR� SHUIRUP� VLPXOWDQHRXV� DFFXUDWH
RUWKRJRQDO�PRWLRQ�LQ�WKH�WZR�GLUHFWLRQV�DQG�WR�PRYH�DQ\ZKHUH�RQ�WKH�SODWHQ�VXUIDFH��7KH�PRYHU�GXH�WR
WKH� DOUHDG\� PHQWLRQHG� JUHDW� DWWUDFWLRQ� IRUFHV� FDQ� EH� PRXQWHG� IDFH� XS� RU� LQYHUWHG�� %HFDXVH� RI� WKH
SHUPDQHQW� PDJQHWV� SUHVHQFH� LQ� WKH� IRUFHU�� WKDW� SUHORDG� WKH� SQHXPDWLF� EHDULQJ�� WKH� PRWRU� FDQ� EH
LQYHUWHG�DOORZLQJ�WKH�SD\ORDG�WR�KDQJ�EHORZ�WKH�PRWRU��7KLV�PHDQV�WKDW�WKH�IRUFHU�FDQ�ULGH�RQ�WRS�RU�RQ
WKH�ERWWRP�RI�WKH�SODWHQ�VXUIDFH�
$SSO\LQJ�D�VRSKLVWLFDWHG�PXOWL�OHYHO�FRQWURO�V\VWHP�PRUH�WKDQ�RQH�PRYHUV�FDQ�VKDUH�VLPXOWDQHRXVO\�D
FRPPRQ�SODWHQ�SURYLGLQJ�D�FRPSDFW�PXOWLD[LV�DVVHPEO\�ZLWK�RYHUODSSLQJ�WUDMHFWRULHV�
7KH�PRGXODU� VXUIDFH�PRWRU�� LQ� D� VDPH�PDQQHU� DV� WKH� RWKHU� SODQDU�PRWRUV� FDQ� EH� XVHG� LQ� QXPHURXV
LQGXVWULDO� DQG� ODERUDWRU\� DSSOLFDWLRQV�� ,WV� PRVW� W\SLFDO� DSSOLFDWLRQ� LV� RI� SLFN� DQG� SODFH� W\SH�� )RU
H[DPSOH� WKH� PRYHU� WUDQVSRUWV� WKH� VXE�DVVHPEO\� IURP� WKH� IHHGHU� WR� D� PDQLSXODWRU� RU� RYHUKHDG
SURFHVVRUV�� WKH\� GR� WKH� DVVHPEO\� RSHUDWLRQV� DQG� WKH� ILQLVKHG� SDUW� LV� FDUULHG� WR� D� FRQWDLQHU�� 6XFK� RI
V\VWHPV�DUH�XVHG�IRU�LQVWDQFH�LQ�HOHFWURQLF�LQGXVWU\��IRU�3&%� WKURXJKKROH�DQG�VXUIDFH�PRXQW�DVVHPEO\�
DGKHVLYH�GLVSHQVLQJ�RU�SURELQJ�IRU�YDULRXV�W\SHV�RI�WHVWLQJ�UHTXLUHPHQWV��RU�LQ�SKDUPDFHXWLFDO�LQGXVWU\
�IRU�DXWRPDWHG�FOLQLFDO�ODE�VDPSOH�KDQGOLQJ�RU�IRU�PXOWL�KHDG�SLFN�DQG�SODFH�ZRUNFHOOV��

)LJ�����
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��� &21752/�2)�7+(�02'8/$5�685)$&(�02725
%DVLFDOO\� WKH�PRGXODU� VXUIDFH�PRWRUV� DUH� D� VRUW� RI� FRPELQDWLRQ�RI� WZR� OLQHDU� VWHSSHU�PRWRUV��+HQFH
WKHVH�PRWRUV�FDQ�EH�RSHUDWHG�DOVR�LQ�WKH�RSHQ�ORRS�PRGH��1HYHUWKHOHVV�LQ�WKLV�RSHUDWLQJ�PRGH�WKH\�FDQ
PLVV� VWHSV� LI� ODUJH� HQRXJK� XQDQWLFLSDWHG� H[WHUQDO� IRUFHV� DUH� DFWLQJ�� &RQWUROOHG� LQ� WKLV� PDQQHU� WKH
PRWRUV�KDYH�ORQJ�VHWWOLQJ�WLPHV�DQG�ORZ�GLVWXUEDQFH�UHMHFWLRQ��$OVR�WKHUH� LV�QR�SRVVLELOLW\� WR�SURYLGH
FRQWUROOHG�IRUFHV�DQG�KLJK�VWLIIQHVV��7KH\�IDOO�VKRUW�RI�WKHLU�SRWHQWLDO�FDSDELOLWLHV�GXH�WR�SRVVLEOH�ORVV�RI
V\QFKURQLVP��$OO�WKHVH�OLPLWDWLRQV�RI�RSHQ�ORRS�RSHUDWLRQ�UHVWULFW�WKHLU�XVHIXOQHVV�LQ�D�ZLGH�UDQJH�KLJK
SUHFLVLRQ�DQG�DFFXUDF\�DSSOLFDWLRQ�
,Q�RUGHU�WR�HQKDQFH�WKHLU�RYHUDOO�SHUIRUPDQFH��VXFK�DV�RSHUDWLRQ�DW�KLJK�VSHHG�ZLWK�KLJK�DFFXUDF\��DV
ZHOO�DV�LQ�LPSURYLQJ�WKH�GLVWXUEDQFH�UHMHFWLRQ�SURSHUWLHV�RI�WKH�PRWRU�LW�PXVW�EH�FRQWUROOHG�LQ�FORVHG�
ORRS�PRGH��+RZHYHU�LWV�VRSKLVWLFDWHG��FRPSOH[�WZR�D[LV�PRYHPHQW� UHTXLUHV�D� UHODWLYHO\�FRPSOLFDWHG
FRQWURO�V\VWHPV��WKH�VXSSOHPHQWDU\�FRVW�RI�WKH�FORVHG�ORRS�FRQWURO�V\VWHP�GR�QRW�LQIOXHQFH�VLJQLILFDQWO\
WKH�RYHUDOO�FRQWURO�FRVWV�
(DFK�PRWRU�SDUW�DVVXULQJ�WKH�PRYHPHQW� LQ�RQH�RI� WKH� WZR� WUDQVLWLRQDO�GLUHFWLRQV�KDV� WR�EH�FRQWUROOHG
DSDUW�� $� JHQHUDO� SODQDU� PRWLRQ� V\VWHP� VXSHUYLVRU� FRQWUROOHU� JHQHUDWHV� WKH� LPSRVHG� SODQDU� PRWLRQ
SURILOH�WR�EH�VWULFWO\�H[HFXWHG��$�[ 	�\ WUDMHFWRU\�JHQHUDWRU�VHUYHV�WKH�WZR�GLVSODFHPHQW�UHJXODWRUV�ZLWK
WKH�LPSRVHG�GLVSODFHPHQW�VLJQDOV��VHH�)LJ������

7KH� WZR�VHWV�RI�FRQWURO�FRLOV�RI� WKH�PRWRU�FDQ�EH�HQHUJLVHG�VLPSO\�IURP�WZR� �RQH� IRU�HDFK�GLUHFWLRQ
PRYHPHQW�� ORZ� FRVW� UHDGLO\� DYDLODEOH� PRGHUQ� VWDQGDUG� WKUHH�SKDVH� FRPSDFW� FRQYHUWHUV�� 7KHVH� DUH
FRQQHFWHG� WR� WKH� WZR� PLFURFRQWUROOHU�EDVHG� LQWHOOLJHQW� VSHHG� FRQWURO� XQLWV�� ,Q� RUGHU� WR� SHUIRUP� WKH
VR�FDOOHG�EDFN�(0)�GHWHFWLRQ� VHQVRUOHVV�RSHUDWLRQ�WKH�FRQWURO�V\VWHP�DOVR�KDV� WZR�VSHFLDO�FLUFXLWV� WR
GHWHFW�WKH�EDFN�(0)�JHQHUDWHG�LQ�WKH�XQ�HQHUJLVHG�FRPPDQG�FRLOV�
,Q�RUGHU�WR�DFKLHYH�PD[LPXP�DYHUDJH�WDQJHQWLDO�IRUFH�WKH�FRPPDQG�FRLOV�VKRXOG�DOZD\V�EH�HQHUJLVHG
DW� D� SUHFLVH�PRPHQW�� DW� WKH� SUHFLVHO\� FRPSXWHG� RSWLPDO� FRPPXWDWLRQ� DQJOH�� EHIRUH� DQ� LQWHUPHGLDWH
HTXLOLEULXP�SRVLWLRQ�WR�EH�UHDFKHG��MXVW�OLNH�WKHLU�OLQHDU�FRXQWHUSDUWV�

)LJ�����
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��� '<1$0,&�6,08/$7,21�2)�7+(�02'8/$5�685)$&(�02725
7KH� SURSRVHG� VXUIDFH� PRWRU
V� G\QDPLF� EHKDYLRXU� ZDV� VWXGLHG� XVLQJ� D� KLJK� SHUIRUPDQFH� FRXSOHG
VLPXODWLRQ� SURJUDP�� 7KH� SURJUDP� LV� DQ� H[WHQVLRQ� RI� WKH� VLPXODWLRQ� SURJUDP� RI� WKH� PRGXODU� OLQHDU
VWHSSHU�PRWRU�>�@��,WV�PDLQ�ZLQGRZ�LV�JLYHQ�LQ�)LJ�����

7KH�VXEV\WHPV�XVHG�IRU�WKLV�PRGHO�DUH�WKH�VDPH�DV�WKRVH�XVHG�IRU�VLPXODWLQJ�WKH�PRGXODU�OLQHDU�VWHSSHU
PRWRU�
7KH�VLPXODWHG�WDVN�ZDV�D�W\SLFDO�SLFN�DQG�SODFH
W\SH�DSSOLFDWLRQ��7KH�PRYHU�VWDUWV�ZLWKRXW�ORDG
IURP� LWV� LQLWLDO� SRVLWLRQ�� $�� DQG� PRYHV� LQWR
SRVLWLRQ�%��+HUH� WKH� ORDG� LV� SXW� RQ� WKH�PRYHU
DQG�LW�LV�GLVSODFHG�LQ�&��+HUH�WKH�ORDG�LV�WDNHQ
GRZQ� DQG� WKH� PRWRU� UHWXUQV� WR� LWV� LQLWLDO
SRVLWLRQ� �VHH�)LJ� �����7KUHH� WUDSH]RLGDO� VSHHG
SURILOHV�PXVW�EH�JHQHUDWHG�IRU�HDFK�VHTXHQFH�RI
WKH�PRYHPHQW�
7KH�PDLQ� UHVXOWV�RI� WKH�VLPXODWLRQ�IRU� WKH�SDUW
RI�WKH�PRWRU�WKDW�HQVXUHV�WKH�GLVSODFHPHQW�LQ� [
GLUHFWLRQ� LV� VKRZQ� LQ� )LJ�� ���� 7KH� FRPPDQG
FXUUHQWV��WKH�WRWDO�WDQJHQWLDO�DQG�QRUPDO�IRUFHV��WKH�VSHHG�DQG�WKH�GLVSODFHPHQW�DUH�SORWWHG�YHUVXV�WLPH�

)LJ�����

)LJ�����



��

$V�LW�FDQ�EH�FOHDUO\�VHHQ�LQ�WKH�ILJXUH��DOO�WKH
WKUHH� LPSRVHG� VSHHG� SURILOHV� ZHUH� FORVHO\
IROORZHG� XS�� +LJK� WDQJHQWLDO� IRUFHV� ZHUH
QHHGHG� IRU� DFFHOHUDWLQJ� WKH� PRYHU�� 'XH� WR
WKH� KLJK� IRUFH� UHTXLUHG� WKH� FRPPDQG
FXUUHQWV� IRU� WKLV� VWDJH� KDYH� DOVR� VLJQLILFDQW
YDOXHV��$IWHU� WKH�PRYHU�ZDV� DFFHOHUDWHG� LWV
LPSRVHG�FRQVWDQW� VSHHG�PD\�EH�PDLQWDLQHG
E\�ORZ�WDQJHQWLDO�IRUFH�
7R� HPSKDVLVH� WKH� DFFXUDF\� RI� WKH� GULYH
V\VWHP�LWV�VSHHG�HUURU�IRU�D[LV�[��LV�JLYHQ�LQ
)LJ�����
$OVR� XSRQ� WKLV� ILJXUH� LW� FDQ� EH� FRQFOXGHG
WKDW� WKH� DERYH� SUHVHQWHG� VHQVRUOHVV� FORVHG�
ORRS� FRQWURO� V\VWHP� JXDUDQWHHV� WKH� KLJKHVW
GHPDQGV�UHJDUGLQJ�WKH�TXDOLW\�RI�WKH�SODQDU
PRWLRQ�

)LJ�����

)LJ�����
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��� 0$,1�3$3(56�38%/,6+('�,1�7+,6�),(/'��$55$1*('�%<�7,0(�

�� 9LRUHO� ,�$�� �� 6]DEy� /��� +\EULG� /LQHDU� 6WHSSHU� 0RWRUV �� 0HGLDPLUD� 3XEOLVKHU�� &OXM�1DSRFD
�5RPDQLD���������,6%1��������������

�� 9LRUHO� ,�$�� �� 6]DEy� /��� 3HUPDQHQW�PDJQHW� YDULDEOH�UHOXFWDQFH� OLQHDU� PRWRU� FRQWURO �
(OHFWURPRWLRQ��YRO������QU�������������SS��������

�� 6]DEy�/����9LRUHO�,�$����&KLúX�,����.RYiFV�=���$�1RYHO�'RXEOH�6DOLHQW�3HUPDQHQW�0DJQHW�/LQHDU
0RWRU�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3RZHU� (OHFWURQLFV�� 'ULYHV� DQG� 0RWLRQ
�3&,0���1�UQEHUJ��������YRO��,QWHOOLJHQW�0RWLRQ��SS����������

�� 9LRUHO� ,�$�� �� 6]DEy� /��� $� 0RGXODU� +\EULG� /LQHDU� 6WHSSHU� 0RWRU �� 3URFHHGLQJV� RI� WKH� �WK
&RQIHUHQFH� RQ� (QJLQHHULQJ� RI� 0RGHUQ� (OHFWULF� 6\VWHPV�� (0(6� 
���� %�LOH� )HOL[� �5RPDQLD��
SXEOLVKHG�LQ�WKH�2UDGHD�8QLYHUVLW\�$QQDOV��(OHFWURWHFKQLFV�6HFWLRQ��&���SS����������

�� 6]DEy�/����9LRUHO�,�$����-y]VD�-���'\QDPLF�6LPXODWLRQ�RI�D�1RYHO�+\EULG�/LQHDU�6WHSSHU�0RWRU
E\� 0HDQV� RI� 0DWODE�6LPXOLQN�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5HQHZDEOH
6RXUFHV�DQG�(QYLURQPHQWDO�(OHFWUR�7HFKQRORJLHV�56((�
������%�LOH�)HOL[��5RPDQLD���SXEOLVKHG�LQ
WKH�2UDGHD�8QLYHUVLW\�$QQDOV��(OHFWURWHFKQLFV�6HFWLRQ��������SS��������

�� 6]DEy�/����9LRUHO�,�$���$Q�,QWHJUDWHG�&$'�(QYLURQPHQW�IRU�'HVLJQLQJ�DQG�6LPXODWLQJ�'RXEOH
6DOLHQW� 3HUPDQHQW� 0DJQHW� /LQHDU� 0RWRUV �� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
3RZHU� (OHFWURQLFV�� 'ULYHV� DQG� 0RWLRQ� �3&,0��� 1�UQEHUJ�� ������ YRO�� ,QWHOOLJHQW� 0RWLRQ�
SS� ��������

�� 9LRUHO�,�$����6]DEy�/���2Q�D�7KUHH�3KDVH�0RGXODU�'RXEOH�6DOLHQW�/LQHDU�0RWRU
V�2SWLPDO�&RQWURO�
3URFHHGLQJV�RI� WKH��WK�(XURSHDQ�&RQIHUHQFH�RQ�3RZHU�(OHFWURQLFV�DQG�$SSOLFDWLRQV� �(3(��� *UD]
�$XVWULD���������RQ�&'��33������SGI�

�� 6]DEy� /�� �� 'REDL� -�%��� &RPELQHG� )(0� DQG� 6,08/,1.� 0RGHO� RI� D� 0RGXODU� 6XUIDFH� 0RWRU�
3URFHHGLQJV� RI� WKH� ,(((�777&� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $XWRPDWLRQ�� 4XDOLW\� DQG� 7HVWLQJ�
5RERWLFV� $	47�5� ����� �7+(7$� ����� &OXM�� WRPH� ,��� SS�� ��������� RQ� &'�� �B�B��B6]DER
/RUDQG�SGI�

�� 6]DEy�/����9LRUHO�,�$���2Q�D�+LJK�)RUFH�0RGXODU�6XUIDFH�0RWRU ��$EVWUDFW�LQ�3URFHHGLQJV�RI�WKH
��WK� ,QWHUQDWLRQDO� 3RZHU� (OHFWURQLFV� DQG� 0RWLRQ� &RQWURO� &RQIHUHQFH� �3(0&� 
������� &DYWDW� 	
'XEURYQLN��&URDWLD���������SS�������3DSHU�RQ�&'��7������SGI�

��� 6]DEy� /�� �� 9LRUHO� ,�$�� �� 6]pSL� ,��� )(0�$QDO\VLV� RI� D� 7KUHH�3KDVH�0RGXODU� 'RXEO\� 6DOLHQW
/LQHDU�0RWRU�� 3URFHHGLQJV� RI� WKH�:RUNVKRS� RQ�9DULDEOH�5HOXFWDQFH� (OHFWULFDO�0DFKLQHV�� &OXM�
������SS��������

��� 6]DEy�/���)LHOG�$QDO\VLV�RI�D�7KUHH�3KDVH�0RGXODU�'RXEOH�6DOLHQW�/LQHDU�0RWRU�E\�0HDQV�RI
)(0��2UDGHD�8QLYHUVLW\�$QQDOV��(OHFWURWHFKQLFDO�6HFWLRQ��������SS��������



��

��� 6]DEy�/����9LRUHO�,�$����'REDL�-�%���0XOWL�/HYHO�0RGHOOLQJ�RI�D�0RGXODU�'RXEOH�6DOLHQW�/LQHDU
0RWRU��3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�0DWKHPDWLFDO�0RGHOOLQJ��0$7+02'

�������9LHQD��$XVWULD���SS�����������RQ�&'������7H[W�/RUDQG�6]DER�SGI�

��� 6]DEy�/����'REDL�-�%���&RXSOHG�6,08/,1.�6,03/25(5�0RGHO�RI�D�0RGXODU�+\EULG�/LQHDU
6WHSSHU�0RWRU��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�6FLHQWLILF�&RQIHUHQFH�0LFUR&$'�
������0LVNROF�
8QJDULD��6HFWLRQ�-��(OHFWURWHKQLFV�DQG�(OHFWURQLFV���SS��������
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