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/DQG\VKHY�$� 9���/DYUHQWMHY�$� $���/DQG\VKHY�9� $��5HVHDUFK�&RQ�
FHQWUDWLRQ�+HWHURJHQHLW\�LQ�$OOR\V�6L����*H�������������������������������������

7R�PHWKRG� HOHFWURQ�SUREH� WKH� DQDO\VLV� FRQFHQWUDWLRQ� KHWHUR�
JHQHW\�LV�LQYHVWLJDWHG�LQ�D�VROLG�VROXWLRQ�RI�VWUXFWXUH�6L����*H�����GH�
SHQGLQJ�RQ�D�ZD\�RI�LWV�SUHSDUDWLRQ��FU\VWDOOL]DWLRQ�IURP�OLTXLG��SUHVV�
LQJ�RI�D�SRZGHU�RI�DQ�DOOR\��]RQH�PHOWLQJ��PHFKDQLFDO�DOOR\LQJ���,W�LV
DVWDEOLVKHG��WKDW�LQ�DOOR\V�JUDLQV�ZLWK�WZR�SULPDU\�FRQFHQWUDWLRQ�RI
WKH�EDVLF�FRPSRQHQWV�RI�DQ�DOOR\�DUH�IRUPHG��/DZV�DQG�SDUDPHWHUV
RI�GLVWULEXWLRQ�RI�FRQFHQWUDWLRQ�RI�FRPSRQHQWV��D�GLVSHUVLRQ��DV\P�
PHWU\��DQ�H[FHVV��H[SHFWHG�YDOXH��DUH�GHWHUPLQHG�GHSHQGLQJ�RQ�D�ZD\
RI�SUHSDUDWLRQ��7KH�KLJKHVW�KRPRJHQHLW\�WKH�DOOR\V�UHFHLYHG�E\�]RQH
PHOWLQJ�DQG�PHFKDQLFDO�DOOR\LQJ�

6KHJORY�'� 9���5RG\DNLQD�(� (���/DW\VKHY�$� 9��DQG�$VHHY�$� /��
1HZ�6FRSH�RI�$)0�7LS�,QGXFHG�1DQROLWKRJUDSK\ ��������������������������

7KH�DGYDQFHG�$)0�WLS�LQGXFHG�QDQRHOHFWUR�PHFKDQLFDO�PRGL�
ILFDWLRQ�WHFKQRORJ\��7,1(	0(02��LV�GHYHORSHG�WR�UHDOL]H�WKH�SULQ�
FLSOH�QHZ�VFDOH�RI�PRGLILFDWLRQ�GHSWK��XS�WR�����QP��IRU�PDQXIDF�
WXULQJ�HOHFWURQLF�DQG�PHFKDQLF�QDQRGHYLFHV��7KH�QRYHO�PHWKRG�RI
$)0�WLS�LQGXFHG�PRGLILFDWLRQ�XQGHU�VLPXOWDQHRXVO\�VWUHVV�DQG�YROW�
DJH�DSSO\LQJ�ZLWK�QDQRPHWHU�VFDOH�UHVROXWLRQ�DUH�GHPRQVWUDWHG�IRU
QDQRVWUXFWXUHV�IDEULFDWLRQ�RQ�VLOLFRQ��WLWDQLXP�DQG�JDOOLXP�DUVHQLGH
VXEVWUDWHV��3HFXOLDULWLHV�RI�ORFDO�DQRGLF�R[LGDWLRQ�NLQHWLFV�DQG�PH�
FKDQLF�VFUDWFKLQJ�DUH�XQGHU�FRQVLGHUDWLRQ��7KH�IDEULFDWLRQ�SURFHVVHV
DUH�DQDO\]HG�LQ�GHWDLOV�WR�PLQLPL]H�WKH�VSDWLDO�UHVROXWLRQ�DQG�WR�LQ�
FUHDVH�WKH�GHSWK�RI�PRGLILHG�ILOPV�

'HGNRY�*� 9���.\DVRY�$� $��1HZ�$VSHFWV�RI�)OXFWXDWLRQ
(OHFWURPDJQHWLF�,QWHUDFWLRQV�RI�1DQRSUREHV�0RYLQJ�1HDU�
D�6XUIDFH���������������������������������������������������������������������������������

7KH�UHWDUGDWLRQ�HIIHFW�RI�KHDWLQJ�UDWH�DQG�WDQJHQWLDO�IOXFWXDWLRQ�Û
GLVVLSDWLYH�IRUFH�RQ�D�SDUWLFOH�PRYLQJ�ZLWK�YHORFLW\�9�SDUDOOHO�WR�D�IODW
VXUIDFH�LV�FRQVLGHUHG��7KH�QXPHULFDO�HVWLPDWLRQV�SHUIRUPHG�IRU�PHWDO
SDUWLFOH�DQG�PHWDO�VXUIDFH��5HODWLRQ�EHWZHHQ�WKH�KHDWLQJ��FRROLQJ�
UDWH�DQG�UDWH�RI�GLVVLSDWLRQ�RI�PHFKDQLFDO�HQHUJ\�RI�DQ�RVFLOODWLQJ�QD�
QRSUREH�LV�VWXGLHG��7KH�FDOFXODWLRQV�VKRZ�WKDW�UHWDUGDWLRQ�HIIHFWV�EH�
FRPH�LPSRUWDQW�RQO\�LQ�WKH�UDQJH�RI�WKH�WLS�ÛVXUIDFH�VHSDUDWLRQV�RI
DERXW�VHYHUDO�PLFURQV��%RWK�WKH�KHDWLQJ�UDWH�DQG�HQHUJ\�GLVVLSDWLRQ
SRZHU�RI�WKH�WLS�QHDU�D�VXUIDFH�DUH�PRQRWRQRXVO\�GHFUHDVLQJ�IXQFWLRQV
RI�WKH�GLVWDQFH�LQ�WKH�UDQJH�RI���QP�WR���PP��$�FRPSDULVRQ�RI�WKH
KHDWLQJ�UDWH�DQG�UDWH�RI�WKH�WLS�PHFKDQLFDO�HQHUJ\�GLVVLSDWLRQ�LQ�G\�
QDPLF�UHJLPH��ZLWKRXW�FRQWDFW�IRUFHV�DQG�K\VWHUHVLV��GHPRQVWUDWHV
WKDW�WKH�ILUVW�RQH�LV�PXFK�JUHDWHU��E\�PDQ\�RUGHUV�RI�PDJQLWXGH��HYHQ
DW�VPDOO�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�WLS�DQG�VDPSOH�VXUIDFH�
7KLV�FDQ�DFWLYDWH�QHZ�PHFKDQLVPV�RI�HQHUJ\�GLVVLSDWLRQ�LQ�WKH�WLS�Û
VDPSOH�V\VWHP�

6KDVKNLQ�9� ,���9RSLONLQ�(� $���9RVWRNRY�1� 9���.OLPRY�$� <X���
5RJRY�9� 9���*XVHY�6� $���6KXOHVKRYD�,� <X��)DEULFDWLRQ�DQG�&RQ�
WUROOHG�%HQGLQJ�RI�0LFURFRQVROHV������������������������������������������������ ��

7KH�7D�2��PLFURFRQVROH�ZLWK�GLPHQVLRQV��� � ��������PP�DQG
WKH�*D$V�PLFURFRQVROH�ZLWK�GLPHQVLRQV��� � ��� � ����PP�DUH�IDE�

ULFDWHG��7KH�JDS�EHWZHHQ�WKH�FRQVROH�DQG�WKH�EDVLV�LV�OHVV�WKDQ���PP�
7KH�VWDWLF�VWLIIQHVV�DQG�UHVRQDQW�IUHTXHQF\�RI�WKH�FRQVROHV�DUH�PHDV�
XUHG�E\�WKH�$)0��7KH�SRVVLELOLW\�RI�FRQWUROOHG�EHQGLQJ�RI�FRQVROHV
LV�VKRZQ��%\�WKH�VXFFHVVLYH�VSXWWHULQJ�RI�YDULRXV�PHWDOV�WKH�EHQGLQJ
ZDV�UHYHUVHG�

6HFKQHRY�'� $���$JHHY�2� $���6YHWOLFKQXL�$� 0���.ORYR�$� *�
,QIOXHQFH�RI�5DSLG�7KHUPDO�3URFHVVLQJ�0RGHV�RQ�WKH�7KHUPDO�
)LHOGV�LQ�WKH�0HWDO�6LOLFRQ�&DUELGH�+HWHURKHQ�6WUXFWXUHV ����������������

,Q�WKLV�SDSHU�ZH�KDYH�LQYHVWLJDWHG�WKH�LQIOXHQFH�RI�WKH�RSWLFDO
SURSHUWLHV�GLIIHUHQFHV�DQG�LUUDGLDWLRQ�FRQGLWLRQV�RQ�WKHUPDO�ILHOGV�RI
WKH�PHWDO�6L&�KHWHURKHQ�VWUXFWXUHV�XQGHU�UDSLG�WKHUPDO�DQQHDOLQJ�E\
LQIUD�UHG�UDGLDWLRQ��0RGHV�DQG�FRQGLWLRQV�RI�WKH�KHDWLQJ�ZLWK�PLQL�
PXP�WKHUPDO�JUDGLHQWV�ZDV�GHILQHG�

6KHOHSLQ�1� $��*HQHUDO�3ULQFLSOHV�RI�63,&(�0RGHOV�&UHDWLRQ
RI�0LFURHOHFWURPHFKDQLFDO�6\VWHPV�����������������������������������������������

3UREOHPV�RI�PRGHOOLQJ�RI�FRPSOLFDWHG�IXQFWLRQDO�PLFURHOHFWUR�
PHFKDQLFDO�V\VWHPV��&)�0(06��ZHUH�FRQVLGHUHG��-RLQW�DQDO\VLV�RI
IXQFWLRQLQJ�RI�PLFURPHFKDQLFDO�DQG�HOHFWURQLFDO�SDUWV�LV�UHTXLUHG�LQ
VXFK�V\VWHPV��*HQHUDO�SULQFLSOHV�RI�FUHDWLRQ�RI�63,&(�PRGHOV�UHDO�
L]LQJ�SLH]RUHVLVWLYH�DQG�FDSDFLWLYH�VHQVRUV�RI�SK\VLFDO�PDJQLWXGHV�DUH
HODERUDWHG��3RVVLELOLWLHV� RI� DQDO\VLV� RI� SLH]RUHVLVWLYH� VHQVRU� FKDUD�
FWHULVWLFV�DUH�GHPRQVWUDWHG�IRU�WKH�SUHVVXUH�VHQVRU�LQFOXVLYH�LQVWUX�
PHQWDO�DPSOLILHU�DQG�FDSDFLWLYH�DFFHOHURPHWHU�ZKLFK�KDV�VHQVLWLYH
HOHPHQW� UHSUHVHQWLQJ�GLIIHUHQWLDO�PLFURPHFKDQLFDO� FRQGHQVHU�ZLWK
DFWLYH�PLGGOH�SODWH�

$EUDPRY�,� ,���*RQFKDUHQNR�,� $���.RORPHMWVHYD�1� 9��
&RPELQHG�7ZR�%DQG�0RGHO�RI�+HWHURVWUXFWXUH�ZLWK�2QH�7XQQHO�
-XQFWLRQ�DQG�([SDQGHG�1HDU�&RQWDFW�5HJLRQV�������������������������������

&RPELQHG�WZR�EDQG�PRGHO�RI�KHWHURVWUXFWXUH�ZLWK�RQH�WXQQHO
MXQFWLRQ�DQG�H[SDQGHG�QHDU�FRQWDFW�UHJLRQV�WDNLQJ�LQWR�DFFRXQW
LQWHUYDOOH\�VFDWWHULQJ�LV�SURSRVHG��7KH�PRGHO�EDVHG�RQ�VHOI�FRQ�
VLVWHQW�VROYLQJ�RI�6FKUqGLQJHU�DQG�3RLVVRQ�V�HTXDWLRQV��7KH�PRGHO
LV�FKDUDFWHUL]HG�E\�KLJK�HIILFLHQF\��2Q�WKH�EDVLV�RI�WKH�PRGHO�D
SURJUDP�ZDV�GHYHORSHG��7KH�SURJUDP�ZDV�LQFOXGHG�LQ�WKH�QDQR�
HOHFWURQLF�GHYLFH�VLPXODWLRQ�V\VWHP�1$12'(9�DQG�YROW�DPSHUH
FKDUDFWHULVWLFV�RI�*D$V�$O$V�GHYLFH�ZHUH�FDOFXODWHG�XVLQJ�WKH�SUR�
JUDP��,W�ZDV�PDGH�D�FRPSDULVRQ�RI�YROW�DPSHUH�FKDUDFWHULVWLFV�RE�
WDLQHG�E\�VLQJOH�EDQG�DQG�WPR�EDQG�PRGHOV��2XU�ZRUN�VKRZV�DV
DSSOLHG�ELDVHV�LQFUHDVHG�WKHUH�DUH�FRQVLGHUDEOH�TXDQWLWDWLYH�DV�ZHOO
DV�TXDOLWDWLYH�GLIIHUHQFHV�RI�YROW�DPSHUH�FKDUDFWHULVWLFV�

$JDIRQRY�9� 0���.ULVKWRS�9� *��)UHTXHQF\�5HVSRQVH�RI
0ROHFXODU�(OHFWURQLF�7UDQVGXFHUV�ZLWK�1HZ�6SDWLDO�3DWWHUQ�
RI�6HQVRUV ��������������������������������������������������������������������������������

2QH�RI�WKH�ZD\V�WR�DGDSW�D�VSDWLDO�SDWWHUQ�RI�WKH�VHQVRUV�RI�WKH
PROHFXODU�HOHFWURQLF�WUDQVGXFHUV��0(7��IRU�PDNLQJ�WKHVH�VHQVRUV�XV�
LQJ�VWDQGDUG�OLWKRJUDSKLF�WHFKQRORJLHV�LV�EHLQJ�GLVFXVVHG�LQ�WKLV�ZRUN�
7KH�IUHTXHQF\�UHVSRQVH�RI�D�0(7�WUDQVGXFHU�ZLWK�JDX]H�HOHFWURGHV�
7KH�FDOFXODWLRQ�LV�FRPSDUHG�ZLWK�H[SHULPHQW�
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7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������

(GLWRUãLQã&KLHI�3K��'��3HWU�3��0DOWVHY
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(ãPDLO��LW#QRYWH[�UX�� KWWS���ZZZ�PLFURV\VWHPV�UX


