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6FLHQWLILF�5HVHDUFK�(IUHPRY�,QVWLWXWH�RI�(OHFWURSK\VLFDO�$SSDUDWXV

$EVWUDFW

&RPPHUFLDO�FRPSDFW�5)�LRQ�OLQDF�IRU�GLIIHUHQW�SXUSRVHV�LV
EHLQJ�GHVLJQHG�DQG�IDEULFDWHG�E\� WKH�(IUHPRY� ,QVWLWXWH� VLQFH
������7KLV�UHSRUW�EULHIO\�GHVFULEHV�NH\�EORNV�RI�OLQDF�VXFK�DV
LQMHFWLRQ� V\VWHP�� ORZ� HQHUJHWLFDO� 5)4�� GULIW� WXEH� UHVRQDWRUV
ZLWK�RXWSXW�HQHUJ\���������0H9��5)�V\VWHP��&RQFHSW�RI�WKHLU
FRQVWUXFWLRQ�DQG� WHFKQLFDO� UHDOL]DWLRQ� LV� HOXFLGDWHG��6WDWXV�RI
SURPLVLQJ�UHVHDUFKHV�RQ�FUHDWLRQ�RI�FRPPHUFLDO�5)�LRQ�OLQDF
LQ�WKH�(IUHPRY�,QVWLWXWH�LV�SUHVHQWHG�

,QWURGXFWLRQ

13.� /87=� VXEGLYLVLRQ� RI� WKH� (IUHPRY� ,QVWLWXWH� LV
GHYHORSLQJ�WHFKQRORJ\�RI�SURGXFWLRQ�RI� LRQ�����0+]�OLQDFV�
6DPSOH�RI�VXFK� OLQDF�KDG� WHVWHG�XQGHU� ODERUDWRU\�FRQGLWLRQV�
,W� LV�����0H9�5)4�IRU�+�� LRQ� DFFHOHUDWLRQ�� >�@�$�QHZ�5)4
FDYLW\�ZLWK�RXWSXW�LRQ�HQHUJ\���0H9�KDG�EHHQ�IDEULFDWHG��)RU
DFFHOHUDWLQJ� RI� LRQV� XS� WR� �������� 0H9�� �� 0H9� 5)4� OLQDF
PD\�EH�XVHG�DV�LQLWLDO�SDUW�RI�DFFHOHUDWRU��,3$���,W�LV�SURSRVHG
WR�DFFHOHUDWH�SDUWLFOHV�IURP���XS� WR����0H9�LQ� WKH�GULIW�WXEH
+�UHVRQDWRU�� 3URWRQV� DQG�GHXWHURQV�ZLWK� VXFK� HQHUJ\� FDQ� EH
XVHG� IRU� PHGLFDO� LVRWRSH� SURGXFWLRQ�� HOHPHQWDO� DQDO\VLV� RI
PDWHULDOV�� LQ� 3(7�V\VWHP� DQG� RWKHU� VSHFLDO� SXUSRVHV�
3ULQFLSOHV� RI� EXLOGLQJ� RI� NH\� V\VWHPV� RI� VXFK� OLQDF� LV� JLYHQ
EHORZ�

,QMHFWLRQ©V�V\VWHP

,QMHFWRU�LQFOXGHV�V\VWHP�RI�LRQ�REWDLQLQJ�DQG�V\VWHP�RI�WKH
EHDP� IRUPDWLRQ� DQG� IRFXVLQJ�� 6\VWHP� RI� IRUPDWLRQ� PXVW
SURYLGH� DGMXVWLQJ� RI� WKH� RXWSXW� EHDP� HPLWWDQFH� WR
DFFHOHUDWRU©V� DFFHSWDQFH�� %HVW� DFFRUGDQFH� RI� WKH� EHDP� ZLWK
DFFHOHUDWLQJ� WUDFW� PD\� EH� DFKLYHG� LI� WKH� LRQ� EHDP� KDV
FRQYHUJHQFH�WR�WKH�D[LV�DQG�V\PPHWU\�LQ�[\�SODQH��]�WKH�EHDP
D[LV���6\VWHP�RI�WKH�EHDP�IRUPDWLRQ�LQFOXGHV�IRFXVLQJ�OHQVHV
DQG�VRPHWLPHV�DFFHOHUDWLQJ�JDSV�WR�DFFHOHUDWH�WKH�EHDP�XS�WR
LQMHFWLRQ©V�HQHUJ\��8VXDOO\� VSDFH�FKDUJH�RI� WKH�EHDP� LV� RQO\
SDUWLDOO\� FRPSHQVDWHG� DQG� WKHUH� DUH� QHVVHVDU\� WR� KDYH
PDJQHWLF�RU�HOHFWURVWDWLF�OHQVHV�WR�DYRLG�H[FHVVLYH�EURDGHQLQJ
RI�WKH�EHDP�DORQJ�LQMHFWRU��,Q�RXU�FDVH�D�SUHIHUHQFH�ZDV�JLYHQ
HOHFWURVWDWLF� IRUPDWLRQ©V� V\VWHP� &RPSDFW� OLQDF©V� LQMHFWRU
LQFOXGHV� 636� ZLWK� H[WUDFWLQJ� YROWDJH� �������� N9�� EHQGLQJ
PDJQHW�ZLFK�VHSDUDWHV�LRQ�EHDP�+��RU�'��IURP�LPSXULW\�DQG
KHOSV� WR� IRUP� WKH� EHDP� SKDVH� YROXPH�� HOHFWURVWDWLF� /(%7
V\VWHP� WKDW� IRFXVHV� DQG� DFFHOHUDWHV� LRQ� EHDP�XS� WR� ��� NH9�
/DVW� V\VWHP� LQFOXGHV� VHW� RI� HOHFWURGHV�� 1XPEHU�� SODFHPHQW
DQG�SRWHQWLDOV�RI�HOHFWURGHV�DUH�GHWHUPLQHG�E\�UHTXLUHG�RXWSXW
EHDP� SDUDPHWHUV�� 7KHUH� LV� FRGH� IRU� FRPSXWHU� GHVLJQLQJ� RI
/(%7�V\VWHP��>�@�5HDVRQV�DQG�DGYDQWDJHV�RI�VXFK�FKRLFH�DUH�

���� PRGHUDWH�FXUUHQWV�DQG�PRGHUDWH�VSDFH�FKDUJHV�DFFRGLQJO\
LQ� FRPSDFW� OLQDF� DOORZ� XVLQJ� RI� WKH� EHDPV� ZLWK
GHFRPSHQVDWHG�FKDUJH�

���� DEVHQFH�RI�FROOHFWLYH�HIIHFWV��EHDP�SODVPD�RVFLOODWLRQV�DQG
EHDP�LQVWDELOLWLHV�DORQJ�LQMHFWRU�

���� FRPSXWDWLRQV�VKRZ�WKDW�EHDP�KHDWLQJ�EHWZHHQ�VRXUFH�DQG
ILUVW�HOHFWURGH�RI�/(%7�LV�VPDOO�

���� LW� LV� HDV\� WR� SURYLGH� ORZ� JDV� SUHVVXUH� DW� DFFHOHUDWLQJ
UHVRQDWRU©V�LQSXW��QHDU��
�����7RU��

���� VLPSOLFLW\�DQG�UHOLDELOLW\�RI�FRQVWUXFWLRQ�
2WKHU� SURSHUWLHV� RI� LQMHFWLRQV� V\VWHP� DUH� JLYHQ� LQ� SDSHU

73+���RI�/LQDF���&RQIHUHQFH�

$FFHOHUDWLQJ��VWUXFWXUH

8VXDO\� ��0H9� ����0+]� 5)4� LV� XVHG� DV� LQLWLDO� SDUW� RI
��������0H9� DFFHOHUDWRU��5)4� DV� ,3$� LQ� RXU� FDVH� KDV� VRPH
SHFXOLDULWLHV��>�@
���� $FFHOHUDWLQJ�JUDGLHQW� LV�KLJK�HQRXJK� IRU�5)4�� ,W� LV�PRUH

WKHQ���0H9�P�
���� 5)4�FDYLWLHV�DUH�IDEULFDWHG�IURP�$0 ��DOXPLQLXP�DOOR\

DQG�WKHLU�LQQHU�VXUIDFHV�DUH�FRYHUHG�E\�FRSSHU�ZLWK�KHOS�RI
HOHFWURSODWLQJ�

���� 9DFXXP� KRXVLQJ� LV� DEVHQW�� 5HTXLULQJ� YDFXXP� PD\� EH
SURYLGHG�E\�LQGLXP�SDFNLQJV�

���� 6\VWHP� RI� 5)� IHHGLQJ� DOORZV� WR� GHSUHVV� SDUDVLWH� PRGHV
DQG�GLVFXVVHG�EHORZ�
,W�LV�SURSRVHG�WR�DFFHOHUDWH�LRQV�IURP���XS�WR���������0H9

LQ� WKH� GULIW�WXEH� UHVRQDWRU��8VXDOO\�$OYDUH]� VWUXFWXUH� LV� XVHG
DV� VHFRQG� VWDJH� RI� DFFHOHUDWRU�� 'LVDGYDQWDJHV� RI� $OYDUH]
UHVRQDWRUV�DV�SDUW� RI� LQGXVWULDO� LQVWDOODWLRQ� DUH� FRPSOH[LW\� RI
WXQLQJ�� QHFHVVLW\� RI� VSHFLDO� DUUDQJHPHQWV� IRU� DOLJQPHQW� RI
GULIW�WXEHV�� KDUGQHVV� RI� LQWHQVLW\� FRROLQJ� XQGHU� ELJ� DYHUDJH
SRZHU� DQG�� DV� D� FRQVLTXHQFH�� KLJK� FRVW� RI� IDEULFDWLRQ� DQG
RSHUDWLRQ�� ,Q� DGGLWLRQDO� RI� $OYDUH]� FDYLW\� GULIW�WXEH� KROGHUV
FDQQRW� EH� YHU\� WKLFN� DQG� VWUXFWXUH� KDV� QRW� KLJK� PHFKDQLFDO
VWLIIQHVV�� LW� IHHOV� MDEV�DQG�YLEUDWLRQV�� ,QVWHDG�RI�$OYDUH]�KHUH
LV�SURSRVHG�VWUXFWXUH�ZLWK�FURVVHG�WUDQVYHUVDO�KROGHUV��&7+��
WKDW�ZRUNV� RQ�S�PRGH� �LWV� FURVV�VHFWLRQ� LV� VKRZQ� RQ� ILJ�� ���
(OHFWURPDJQHWLF� ILHOG� GLVWULEXWLRQ� IRU� RSHUDWLQJ� W\SH
RVFLOODWLRQ�LV�DFFRUGLQJ�WR�+�7(��PRGH�>�@��6WUXFWXUH�FRQVLVWV
IURP� VHSDUDWH� FHOOV�� HDFK� RI� WKHP� LQFOXGH� EURDG� RXWHU
FLOLQGULFDO� ULQJ�� ,QVLGH� RI� ULQJV� GULIW� WXEHV� DUH� IDVWHQHG� RQ
PDVVLYH� KROGHUV�� &HOOV� FDQ� UHYROYH� HDFK� UHODWLYHO\� RWKHUV
LQGHSHQGHQWO\� DURXQG� ORQJLWXGLQDO� D[LV�� $GMDFHQW� FHOOV� DUH
RULHQWHG�VXFK� WKDW� WKHLU�KROGHUV�DUH� ORFDWHG�DW� WKH� ULJKW� DQJOH
HDFK� WR� RWKHU� �RU� QHDUO\� WR� WKLV� SRVLWLRQ��� &7+�VWUXFWXUH� KDV
KLJK� PHFKDQLFDO� VWLIIQHVV�� PD\� KDYH� LQWHQVLYH� FRROLQJ� DQG
QHHG�QRW�VSHFLDO�DUUDQJHPHQWV�IRU�DOLJQPHQW��,WV�WHFKQRORJ\�RI
IDEULFDWLRQ� LV� FORVH� WR� WUDGLWLRQDO� WHFKQRORJ\� ZDYHTXLGH©V



IDEULFDWLRQ�� ,Q� RXU� FDVH� &7+� VWUXFWXUH� LV� DSHULRGLFDO� RQH�
EHFDXVH�DOWHUQDWH�SKDVH� IRFXVLQJ� �$3)�� LV�XVHG�DQG�ZH�QHHG
QRW�PDJQHWLF�OHQVHV�LQVLGH�GULIW�WXEHV�

7XQLQJ� RI� &7+�UHVRQDWRU� PD\� GLYLGH� RQ� IROORZLQJ
RSHUDWLRQV�FRQYHQWLRQDOO\�
��HVWDEOLVKLQJ�RI�WKH�LGHQWLW\�RI�ZRUNLQJ�W\SH�RI�RVFLOODWLRQV�
��FRPSHQVDWLRQ�RI�WKH�ILHOG�GHFUHDVLQJ�DW�HGJHV�RI�UHVRQDWRU�
��FRPSHQVDWLRQ�RI�WKH�ILHOG�GHFUHDVLQJ�DORQJ�UHVRQDWRU�
��FRPSHQVDWLRQ�RI�ILHOG�PRGXODWLQJ�LQ�$3)�VWUXFWXUH�
��REWDLQLQJ�RI�UHVRQDQW�IUHTXHQF\�LQ�UHVRQDWRU�

6XFK� GLYLGLQJ� RI� RSHUDWLRQV� LV� FRQYHQWLRQDO� IRU� LUUHJXODU
UHVRQDWRU�� ,GHQWLW\� RI� ZRUNLQJ� W\SH� RI� RVFLOODWLRQV� LV
UHDOL]DWLRQ�RI�EDVH�W\SH�RI�RVFLOODWLRQV�ZLWK�PLQLPDO�IUHTXHQF\
DQG�H[SHULPHQWDO�REWDLQLQJ�RI�WKH�ILHOG�LQ�HDFK�JDS��7KHUH�DUH
DOZD\V� SODFHV� RI� UHVRQDWRU�� ZKHUH� ILHOG� LV� DEVHQW�� EHFDXVH
FHOOV� KDYH� ZHDN� FRQQHFWLRQ� DQG� VWUXFWXUH� FDQ� KDYH
XQXQLIRUPLWLHV�� IRU� H[DPSOH�� ORQJ�GULIW�WXEHV��7KHUHIRUH� ORQJ
UHVRQDWRU�LV�WXQHG�VHTXHQWLDOO\��,W�LV�GLYLGHG�RQ�IHZ�SDUWV�DQG
LW©V�OHQJWK�LV�LQFUHDVHG�VWHS�E\�VWHS�LQ�SURFHVV�RI� WXQLQJ��,W� LV
FRQYLQLHQW� WR� EHJLQ� WXQLQJ� ZLWK� WHUPLQDO©V� FHOOV�� SODFLQJ
KROGHUV� XQGHU� ULJKW� DQJOH� DQG� LQFUHDVLQJ� DQJOH©V� FKDQJLQJ
ZKHQ� JDSV� DQG� GULIW�WXEHV� ZLOO� GHFUHDVH�� &RPSHQVDWLRQ� RI
ILHOG�GHFUHDVLQJ�RQ�FDYLW\�HGJHV�LV�PDGH�E\�SODFLQJ�RI�WXQLQJ
FURVV�OLNH�HOHPHQWV�RQ�IDFHV�RI�ORQJ�GULIW�WXEHV��6XFK�HOHPHQWV
HTXDO� RZQ� IUHTXHQFLHV� RI� WHUPLQDO©V� FHOOV� DQG� UHJXODU� RQHV�
6HOHFWLRQ�RI�WXQLQJ�HOHPHQW©V�VL]HV��WKHLU�DQJXODU�SRVLWLRQV�DUH
GHWHUPLQHG� E\� H[SHULPHQW�� $IWHU� SUHOLPLQDU\� WXQLQJ� ILQDO
OHYHOOLQJ�RI�WKH�ILHOG�ZDV�SURGXFHG��1HDU�JDSV�ZLWK�ELJ�ILHOG©V
DPSOLWXGH�DQJXODU� VKLIWV�RI� FHOOV� DUH� LQFUHDVHG�DQG�QHDU�JDSV
ZLWK�VPDOO�ILHOG©V�DPSOLWXGH�DQJXODU�VKLIWV�DUH�GHFUHDVHG��7KH
WXQLQJ�PXVW� WDNH� DFFRXQW� WKDW� FKDQJH� RI� DQJOH� WXUQ� EHWZHHQ
FHOOV� FUHDWHV� FKDQJH� RI� ILHOG� QRW� RQO\� LQ� JDS� EHWZHHQ� WKHVH
FHOOV� EXW� RQ� HQWLUH� WXQHG� SDUW� RI� UHVRQDWRU�� 7KHUHIRUH
LQFUHDVLQJ� RI� WXUQ� SDLU� RI� FHOOV� PXVW� EH� DFFRPSDQLHG� E\
GHFUHDVLQJ�RI�DQJXODU�VKLIW�RI�RWKHU�SDUW�RQ� WKLV� VHFWLRQ�� ,W� LV
KDUGQHVV� WKDW� ILHOGV� GLVWULEXWLRQ� LV� VHQVLWLYH� WR� WKH� DQJXODU
WXUQV��6HULRXV�SUREOHP�RI�PXOWLJDS©V� UHVRQDWRU� LV�GLYLGLQJ�RI
W\SHV�RVFLOODWLRQV�DQG�KLJK�VHQVLWLYLW\�RI�ILHOG©V�GLVWULEXWLRQ�WR
SHUWXUEDWLRQ�RI�FHOO©V�RZQ�IUHTXHQFLHV��,Q�VSLWH�RI� WKLV� WXQLQJ
RI����JDSV� VWUXFWXUH�ZLWK�RSHUDWLQJ� IUHTXHQF\�����0+]�ZDV
PDGH� VXFFHVVIXOO\�� 7KLV� UHVRQDWRU� ZDV� ���� VFDOHG� PRGHO� RI
����0+]� FDYLW\� WKDW� LV� LQWHQGHG� IRU� DFFHOHUDWLRQ� RI� SURWRQV
IURP���XS�WR������0H9��0RGHO�KDG�EHHQ�IDEULFDWHG�IURP�'���
DOXPLQLXP� DOOR\�� $V� UHVXOW� RI� ILQDO� WXQLQJ� LUUHJXODULWLHV� RI
JDS©V� ILHOG�ZHUH�QRW�KLJKHU� WKHQ� �����DQG�GLVWDQFH�EHWZHHQ
RSHUDWLQJ� W\SH�RVFLOODWLRQ�DQG�QH[W�SDUDVLWH� W\SH�RQH�ZDV����
0+]�� 7KHVH� UHVXOWV� DUH� JRRG� HQRXJK�� ([SHULPHQWDO� GDWD�
REWDLQLQJ� XQGHU� UHVHDUFKLQJ� RI� ����0+]� UHVRQDWRUV�ZLWK� ��
DOXPLQLXP� DOOR\� FHOOV�� �� FRSSHU� FHOOV� DQG� UHVXOWV� RI
PDWKHPDWLFDO� PRGHOOLQJ� KDG� VKRZQ� WKDW� VKXQW�LPSHGDQFH
FRQVLGHUHG� +�FDYLW\� LV� FRPSDUDEOH� RU� PRUH� WKHQ� $OYDUH]
FDYLW\©V� VKXQW�LPSHGDQFH� IRU� HQHUJHWLFDO� GLDSDVRQ� ������
0H9��6KXQW�LPSHGDQFH�ZLOO�KLJKHU� LQ� IHZ�WLPHV�� LI�SURSRVHG
VWUXFWXUH� XVHG� IRU� DFFHOHUDWLRQ� ZLWK� FRQVWDQW� SKDVH�� EXW� QRW
DFFHOHUDWLRQ�ZLWK�KHOS�RI�$3)��,Q�WKLV�FDVH�IRU�VWDELOL]DWLRQ�RI

UDGLDO�PRWLRQ�LQ�+�UHVRQDWRU�PXVW�EH�XVHG�TXDGUXSROH� OHQVHV
LQ�WKH�GULIW�WXEHV�

5)�V\VWHP

,W� LV� H[SHGLHQWO\� WR� EXLOG� XS� 5)� V\VWHP� PXOWLVHFWLRQHG
DFFHOHUDWRU� � DV� VHSDUDWH� DPSOLILFDWLQJ� OLQHV�� 'LYLGLQJ� RI� 5)
SRZHU� LV�PDGH�RQ� ORZ� OHYHO��$V�RXWSXW� DPSOLILHU�RI� OLQH� KDG
EHHQ� ZRUNHG� RXW� HQGRWURQ� W\SH� GHYLFH� �.LZL�� RI� RXWSXW
SXOVHG� SRZHU� ���� N:� DQG� SUHDPSOLILHU� RI� RXWSXW� SRZHU� �
N:��)XQFWLRQDO�VFKHPH�RI�HQGRWURQ��.LZL��LV�JLYHQ�RQ�ILJ����

0DLQ�FKDUDFWHULVWLFV�RI�HQGRWURQ�DUH�JLYHQ�LQ�WDEOH���

7DEOH����0DLQ�SDUDPHWHUV�RI�GHYLFH��.LZL��

2SHUDWLQJ�IUHTXHQF\ ����0+]
,QSXW�SXOVH�SRZHU ����N:
2XWSXW�SXOVH�SRZHU ����N:
$YHUDJH�SRZHU ��N:
$QRGH�YROWDJH ���N9
/HQJWK�RI�SXOVH XS�WR�����PVHF
(IILFLHQF\ ���
%DQG�RI�RSHUDWLQJ�IUHTXHQFLHV ����0+]

,Q�VXFK�W\SH�GHYLFHV�UHVRQDQFH�FLUFXLWV�KRRN�XS�WR�GLUHFWO\
HOHFWURGHV� RI� JULG� RSHUDWHG� WXEH� LQVLGH� YDFXXP� YROXPH�� ,W
DOORZ� WR� ORZHU�HQHUJ\�DFFXPXODWHG� LQ� VFKHPH��DFWLYH� SDUW� RI
WXEH� LV� XVHG� HQWLUHO\� DQG� DV� UHVXOW�� WRWDO� VL]H� RI� FDVFDGH� DUH
GHFUHDVHG� VLJQLILFDQWO\� DQG� EURDG� EDQG� RI� RSHUDWLQJ
IUDTXHQFLHV� LV� DFKLHYHG�� 2Q� WKH� RXWSXW� RI� HQGRWURQ� IHUULWH
FLUFXODWRU� LV� LQVWDOOHG� WR�SUHVHUYH�GHYLFH� IURP�RYHUORDG�ZKHQ
EUHDN�GRZQ�LQ�WKH�FDYLW\�WDNH�SODFH��5)�V\VWHP�IRU�DFFHOHUDWRU
FDYLW\©V� IHHGLQJ�PXVW� KDYH� HQRXJK� KLJK� SRZHU� IHHGHU�� KDYH
QRW� EUHDN� GRZQ� SUREOHP� DQG� WR� IDYRXU� HOLPLQDWLQJ� RI
XQGHVLUDEOH�PRGHV�LQ�FDYLW\��/DVW�SUREOHP�WDNH�SODFH�IRU�IRXU�
YDQH� 5)4� �RU� GULIW�WXEH� +�UHVRQDWRU��� WKHVH� DUH� XVHG� LQ� RXU
FDVH�

3URSRVHG�IHHGLQJ�VFKHPH�LV�VDWLVI\LQJ�WKHVH�UHTXLUHPHQWV�
$V�IDU�DV�DFFHOHUDWHG�EHDP�LQ�5)4�LV�UHPDLQLQJ�XQEXQFKHG�RQ
RQH� WKLUG�RI� WKH�FDYLW\©V� OHQJWK�DQG� LV� H[LWLQJ�ZLGH� VSHFWUXP
RI� IUHTXHQFLHV��PHWKRGV�RI� WKHLU� GLIIHUHQFH�PD\�E\�QRW� JRRG
HQRXJK�� +HUH� LV� SURSRVHG� WR� XVH� GLUHFWLRQDO� VHOHFWLYH
FRXSOLQJ��0HWKRG�RI�GLUHFWLRQDO�VHOHFWLYH�FRXSOLQJ�XVH�ILHOG©V
FRUUHODWLRQ� LQ� VXFK� UHJLRQV� ZKHUH� FRXSOLQJ� LV� PD[LPDO� DW
RSHUDWLQJ�PRGH�DQG�YDQLVKHV�DW�XQGHVLUDEOH�RQHV��>�@�)HHGLQJ
V\VWHP©V� VFKHPH� LV� VKRZQ� RQ� ILJ�� ��� ,W� FRQWDLQV� GLUHFWLRQDO
FRXSOHUV��'&���HTXDO�OHQJWK©V�IHHGHUV�O�������DQG�O���O��WR�DWWDLQ
HTXDO� DPSOLWXGHV� RI� FRSKDVDO� H[FLWDWLRQ� DW� HTXDO� FRXSOLQJ
ORRS©V� VSDFHV�� ,Q� H[DFW� V\PPHWULFDO� FDVH� DOO� PHQWLRQHG
XQGHVLUDEOH�PRGHV� H[FHSW� TXDGUXSROHV�ZLWK� HYHQ� QXPEHU� RI
ORQJLWXGLQDO�DOWHUDWLRQV�DUH�QRW�H[LWHG��)RU�H[DFW� V\PPHWULFDO
FDVH�RQO\�TXDGUXSROH�PRGHV�ZLWK�HYHQ�QXPEHU�RI�ORQJLWXGLQDO
YDULDWLRQV�DUH�H[LWHG�DQG�IHHGHU�ORRS©V�PDWFKLQJ�RQ�RSHUDWLQJ
PRGH� UHYHDOV� LQ� IXOO� GHFRXSOLQJ� RI� PDWFKHG� ORDG� PO��� PO��
PO���&RD[LDO�K\EULG�ULQJ�EULJHV�DUH�XVHG�IRU�WKH�FRXSOHUV�



&RQFOXVLRQ

+HUH� ZHUH� FRQVLGHUHG� SHFXOLDULWLHV� RI� NH\� V\VWHPV� RI
FRPSDFW� ���� 0+]� 5)� OLQDF�� $W� SUHVHQW� WKHVH� DQG� RWKHUV
EORFNV� DUH� ZRUNLQJ� RXW� RU� DUH� RSHUDWLQJ� DV� SDUWV� RI
ODERUDWRU\©V� LQVWDOODWLRQ�� &UHDWLRQ� RI� FRPSDFW� FRPPHUFLDO
PDVKLQH� PD\� EH� HQGHG� GXULQJ� \HDU� RU� WZR� XQGHU� QHFHVVDU\
ILQDQFLDO�VXSSRUW�

5HIHUHQFHV

>�@� <X�9�$IDQDVLHY�� <X�3�9DNKUXVKLQ�� 0�)�9RURJXVKLQ�
<X�1�*DYULVK��9�$�.DVVLURY��9�,�.RURERY��9�*�0XGUROXERY�
<X�$�6YLVWXQRY�� $�3�6WURNDFK�� 0�$�&KHUQRJXERYVN\
'HYHORSPHQW� RI� :RUNLQJ� RQ� &UHDWLRQ� RI� 5)� ,RQ� /LQDF� IRU
$SSOLHG� 3XUSRVHV�� 3URFHHGLQJ� RI� ;,9� 1DWLRQDO� $FFHOHUDWRU
&RQIHUHQFH�� 3URWYLQR�� ������ RNW�������� 9RO���� S���� �LQ
5XVVLDQ��
>�@� (�1�9LHZJD�� <X�9�=XHY� &RPSXWHU� 'HVLJQLQJ� RI
$GMDVWLQJ�6\VWHP� IRU�&RPSDFW�/LQDF©V� ,QMHFWRU�� 3URFHHGLQJV
RI� 1DWLRQDO� &RQIHUHQFH� RQ� &KDUJHG� 3DUWLFOH©V� $FFHOHUDWRUV�
3URWYLQR�������2FW�������YRO�����S�������LQ�5XVVLDQ��
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