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6DPRLORYLFK�0� ,���.OHVKFKHYD�6� 0���%HO\DQLQ�$� )��
-LWNRYVN\�9� '���7VYHWNRY�0� <X���'�1DQRFRPSRVLWHV�%DVHG
RQ�2UGHUHG�3DFNLQJ�RI�6LOLFD�1DQRVSKHUHV�������������������������������������

7KH�IDEULFDWLRQ�WHFKQRORJ\�IRU�RUGHUHG�SDFNLQJV�IURP�PRQRGLV�
SHUVH�VLOLFD�QDQRVSKHUHV�KDV�EHHQ�GHYHORSHG��7KLV�DOORZHG�QHZ�W\SHV
RI�PDWHULDOV�WR�EH�FUHDWHG���'�VXSHUODWWLFHV��LQFOXGLQJ�WKH�VR�FDOOHG
SKRWRQLF�FU\VWDOV�RU�SKRWRQLF�EDQG�JDS�PDWHULDOV�

([SHULPHQWV�WR�ILOO�DQ�LQWHUJOREXODU�VSDFH�ZLWK�VHPLFRQGXFWRUV�
VXSHUFRQGXFWRUV��RSWLFDOO\�DPSOLILHG��IHUURPDJQHWLF�DQG�RWKHU�PDWH�
ULDOV�KDYH�EHHQ�FDUULHG�RXW�YLD�VSHFLDOO\�GHYLVHG�WHFKQLTXHV��8QLTXH
WKUHH�GLPHQVLRQDO� QDQRV\VWHPV� WKXV� FUHDWHG� ZHUH� IRXQG� WR� H[KLELW
TXDQWXP�VL]H�DQG�RWKHU�QDQRVFDOH�HIIHFWV�VXFK�DV��IRU�H[DPSOH��QRQ�
OLQHDU�LQWHUDFWLRQ�EHWZHHQ�LQGLYLGXDO�QDQRFOXVWHU�HOHFWURQ�VXEV\VWHPV�

%DNXQRY�0� ,���%RGURY�6� %��,QWHUPRGH�&RQYHUVLRQ�LQ�WKH�3UREH�
RI�D�1HDU�)LHOG�2SWLFDO�0LFURVFRSH ����������������������������������������������

7KH�SURSDJDWLRQ�RI�OLJKW�WKURXJK�D�PHWDO�RYHUFRDWHG�WDSHUHG�ILE�
HU�WLS�XVHG�DV�D�SUREH�LQ�WKH�DSHUWXUH�VFDQQLQJ�QHDU�ILHOG�RSWLFDO�PL�
FURVFRS\�LV�LQYHVWLJDWHG�QXPHULFDOO\�E\�PHDQV�RI�WKH�FURVV�VHFWLRQ
PHWKRG��,QWHUPRGH�FRQYHUVLRQ�DQG�PRGHV�FXWRII�LQ�WKH�SUREH�DUH�LQ�
FOXGHG��,W�LV�VKRZQ�WKDW�LQ�WKH�FRQYHQWLRQDO�SUREH�ZLWK�D�WDSHU�DQJOH
RI�∼����RQO\�D�IHZ�SHUFHQWV�RI�WKH�LQSXW�SRZHU�DUH�WUDQVIRUPHG�LQWR
WKH�sp���PRGH�ZLWK�PLQLPDO� FXWRII� UDGLXV��7KLV� UHVXOWV� LQ� D� ORZ
WKURXJKSXW�RI�WKH�SUREH��7ZR�HDVLO\�PDQXIDFWXUDEOH�GHVLJQV�RI�WKH
SUREH�WLS�ZKLFK�FDQ�SURYLGH�DQ�LQFUHDVH�LQ�HQHUJ\�WUDQVIRUPHG�WR
sp���PRGH�DQG��DV�D�UHVXOW��D�WHQIROG�HQKDQFHPHQW�RI�WKH�WKURXJKSXW
KDYH�EHHQ�SURSRVHG�

6FKHUEDNRY�$� 9���0HOQLNRY�/� $��*ODVV�)LEHU�7HFKQRORJ\
LQ�0LFURV\VWHPV�DQG�3KRWRQLFV �������������������������������������������������� ��

7KH�GHVFULSWLRQ�RI�WKH�PDLQ�IHDWXUHV�RI�JODVV�ILEHU�WHFKQRORJ\�
FKDUDFWHULVWLFV�RI�VWUXFWXUHV��DQG�DSSOLFDWLRQ�LVVXHV�DUH�SUHVHQWHG��7KH
H[DPSOHV�RI�SURGXFWV�PDQXIDFWXUHG�XVLQJ�WKLV�WHFKQLTXH�DUH�GHPRQ�
VWUDWHG��LQFOXGLQJ�;�UD\�OHQVHV��PLFURVWUXFWXUH�ILEHUV��DQG�PLFURPH�
FKDQLFDO�GHYLFHV��

3DULORY�$� $���3RGGXEQRY�9� 9��+HPLVSKHUH�0DJQHWRKDUG�)LOP
RI�DQ�$OOR\�1G�)H�%�DQG�WKHLU�$SSOLFDWLRQ�LQ�0LFURV\VWHPV ����������� ��

7KH���Û���PLFURQV�KHPLVSKHUH�PDJQHWRKDUG�RI�D�ILOPV�UHFHLYHG
E\�D�LRQR�SODVPD�PHWKRG�RI�GLVSHUVLRQ�RI�D�FDVW�WDUJHW�RI�DQ�DOOR\
1G��)H��%��DUH�GHVFULEHG��7KH�UHVXOWV�RI�UHVHDUFK�RI�GLVWULEXWLRQ�RI
D�PDJQHWLF�ILHOG�DURXQG�ILOPV�RI�D�IODW�DQG�QRW�IODW�FRQILJXUDWLRQ�DUH
UHGXFHG��7KH�DVVXPSWLRQ�DERXW�UDGLDO�FU\VWDO�WH[WXUH�RI�D�ILOPV��KDY�
LQJ�D�FRQILJXUDWLRQ��RI�URWDWLRQ�LV�SXW�IRUZDUG�

'UDJXQRY�9� 3��1RQOLQHDU�0RGHO�RI�(ODVWLF�(OHPHQW
IRU�0(06 �������������������������������������������������������������������������������

,Q�WKLV�SDSHU��WKH�DQDO\WLFDO�HTXDWLRQV�ZKLFK�KHOS�WR�VLPXODWH�EH�
KDYLRU� RI� HODVWLF� HOHPHQWV� IRU�PLFURHOHFWURPHFKDQLFDO� V\VWHPV� DUH
SUHVHQWHG�

.UXSNLQD�7� <X��$�7HFKQLTXH�RI�WKH�$QDO\VLV�3LH]RUHVLVWLYH�(IIHFW
LQ�WKH�(OHPHQWV�RI�0LFURV\VWHP�(QJLQHHULQJ�ZLWK�8VH�RI�WKH�6RIWZDUH�
3DFNDJH�,6(�7&$' ������������������������������������������������������������������

0HWKRG�IRU�DQDO\VLV�RI�SLH]RUHVLVWLYH�HIIHFW�LQ�WKH�FRQVWUXFWLYH�HO�
HPHQWV�RI�LQWHJUDWHG�WHQVRUHVLVWLYH�WUDQVIRUPHUV�RI�SK\VLFDO�YDOXHV�LV
SURSRVHG�RQ�WKH�EDVLV�RI�,6(�7&$'�WRROV�IRU�GHYHORSPHQW��PRGHOLQJ
DQG�RSWLPL]DWLRQ�RI�PLFURHOHFWURQLF�SURFHVVHV��GHYLFHV�DQG�V\VWHPV�
7KLV�PHWKRG�PD\�EH�XVHG�IRU�VLPXODWLRQ�RI�SLH]RUHVLVWLYH�HOHPHQW�V
FKDUDFWHULVWLFV�DQG�WKHLUV�VHQVLWLYHQHVV�WR�WKH�SRVLWLRQ�RI�WHQVRUHVLVWRUV�

$GDPRY�<X� )���6RPRY�2� $���6KHYFKHQNR�(� $��6\VWHP�2Q�&KLS
PRGHUQ�WHFKQRORJ\�DQG�SURGXFWLRQ �����������������������������������������������

7KH�DUWLFOH�RIIHUV�DQ�DQDO\WLF�UHYLHZ�RI�OLWHUDWXUH�FRQFHUQLQJ�6\V�
WHPV�2Q�&KLS�PRGHUQ�WHFKQRORJ\�DQG�SURGXFWLRQ��DQG�RXWOLQHV�PDLQ
GLUHFWLRQV�RI�HOHFWURQLFV�GHYHORSPHQW��,W�DQDO\]HV�VLOLFRQ�WHFKQRORJ\
OLPLWDWLRQV�DQG�LQGXVWULDO�IORZ�LQIOXHQFH�RQ�,&�V�\LHOG��7KH�DUWLFOH�DOVR
GHVFULEHV�SRVVLEOH�SURGXFWLRQ�UHODWLRQV�DQG�FKRRVLQJ�DQ�$6,&�PDQX�
IDFWXULQJ�YHQGRU�GHSHQGLQJ�RQ�,&�V�IXQFWLRQ�DQG�SODQQHG�\LHOG�

.RWRY�9� 1���1HVKDGLP�,� /���%RULVRY�6� (���.OLQGXNKRY�9� *���
&KHUHSDNKLQ�,� ,��.LW�RI�WKH�0LFURHOHFWURQLF�8QLWL]HG�6HQVRUV
RI�3K\VLFDO�4XDQWLWLHV�IRU�(OHFWURQLF�DQG�(OHFWULFDO�6\VWHPV�
RI�$XWRPRELOH�(QJLQHHULQJ ����������������������������������������������������������

7KH�VHWV�RI�WKH�PLFURHOHFWURQLF�XQLWL]HG�DQDORJXH�DQG�IUHTXHQW
SUHVVXUH��WHPSHUDWXUH��URWDWLQJ�VSHHG��DQJXODU�DQG�OLQHDU�PRYHPHQWV
VHQVRUV�DQG�DOVR�H[SHULPHQWDO�VDPSOHV�RI�GLJLWDO�VHQVRUV�RI�SK\VLFDO
TXDQWLWLHV��GHVLJQHG�DQG�PDQXIDFWXUHG�LQ�7HFKQRORJLFDO�&HQWHU�RI
0LFURV\VWHP�(QJLQHHULQJ�6FLHQWLILF�5HVHDUFK�,QVWLWXWH�RI�0XOWLSUR�
FHVVRU�&RPSXWHU�6\VWHPV�RI�7DJDQURJ�6WDWH�5DGLRHQJLQHHULQJ�8QL�
YHUVLW\�DQG�LQWHQGHG�IRU�RSHUDWLRQ�LQ�PRQLWRULQJ�V\VWHPV��FRQWURO��GD�
WD�DFTXLVLWLRQ�DQG�GLDJQRVWLF�RI�PXOWLFRPSRQHQW�DVVHPEOLHV�DQG�DJ�
JUHJDWHV�RI�YHKLFOHV�V\VWHPV�DUH�LQWURGXFHG�

8UEDMWLV�0� )��'HWHFWLRQ�DQG�,GHQWLILFDWLRQ�RI�0ROHFXODU
DQG�1XFOHDU�,PSXULW\�ZLWKRXW�3UHOLPLQDU\�3UHSDUDWLRQ�
RI�2EMHFW�LQ�5HDO�7LPH���������������������������������������������������������������

7KH�RSSRUWXQLW\�RI�FUHDWLRQ�RI�D�VHULHV�RI�GHYLFHV�WR�GHWHFW�DQG
WR�LGHQWLI\�DQ�LPSXULW\�RI�WUDFHV�RI�YDULRXV�VXEVWDQFHV�LQ�JDVHRXV�DQG
OLTXLG�HQYLURQPHQWV��DQG�DOVR�RQ�D�VXUIDFH�RI�ERG\�DUH�FRQVLGHUHG�
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