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([SHULPHQWDO�0HWKRGV�RI�WKH�7KHUPR�,QGXFHG�&RQWURO�3DUDPHWHUV
RI�;�5D\�'LIIUDFWLRQ�0D[LPXPV�RI�&U\VWDOV �����������������������������������

7KH�UHVHDUFK�UHVXOWV�RI�LQIOXHQFH�SURGXFHG�E\�WKH�KHDWLQJ�HIIHFW
RI�WKH�OLJKW�EHDP�RQ�WKH�VKLIW�RI�GLIIUDFWLRQ�PD[LPXP�RI�FU\VWDOV�DUH
SUHVHQWHG��8VLQJ�;�UD\�GLIIUDFWLRQ�PD[LPXP�FU\VWDOV�&D&2���6L�DQG
.+�32���.'3��DV�DQ�H[DPSOH��WKH�SRVVLELOLWLHV�IRU�FRUUHFWLRQ�RI�;�
UD\�EHDPV�FRQYHUJHQFH�WKURXJK�FRQWURO�RI�KHDWLQJ�HIIHFW�RI�WKH�OLJKW
EHDP�RQ�WKH�VXUIDFH�RI�WKH�FU\VWDO�VHJPHQWV�DUH�GLVFORVHG��$�SRVVLEOH
PHFKDQLVP�IRU�WKH�IRUPDWLRQ�RI�DQ�;�UD\�LPDJH�XVLQJ�D�FRUUHVSRQG�
LQJ�RSWLFDO�LPDJH�DV�D�WHPSODWH�LV�FRQVLGHUHG�

.RUQLORY�9� 0���/DFKLQRY�$� 1���/RJLQRY�%� $��)RUPDWLRQ
DQG�,QYHVWLJDWLRQ�RI�4XDQWXP�'RWV�6WUXFWXUHV�E\�6FDQQLQJ�
7XQQHOLQJ 0LFURVFRS\ �����������������������������������������������������������������

7KH�SDSHU�SUHVHQWV�RULJLQDO�UHVXOWV�RI�WKH�670�LQYHVWLJDWLRQV�RI
6LÛ6L2��DQG�6LÛ6L2��SRO\PHU�VWUXFWXUHV�RQ�WKH�DLU��%DVH�SULQFLSOHV
RI�WKH�VWUXFWXUHV�VXUIDFH�PRGLILFDWLRQV�GXULQJ�WKH�670�PHDVXUHPHQWV
ZHUH�HVWDEOLVKHG��$�PRGHO�RI�WKH�670�FRQWUDVW�LQGXFLQJ�RQ�WKH�6LÛ
6L2��DQG�6LÛ6L2��SRO\PHU�VWUXFWXUHV�VXUIDFH�LQYROYLQJ�FKDUJH�UH�
GLVWULEXWLRQ�ZDV�VXJJHVWHG��&RPSDUDWLYH�VWXG\�RI�PDFURVFRSLF�FXU�
UHQW�YROWDJH�FKDUDFWHULVWLFV�DQG�WKRVH�PHDVXUHG�E\�WKH�670�ZDV�SHU�
IRUPHG��6HOI�DVVHPEOLQJ�SKHQRPHQD�RI�TXDQWXP�GRWV�DUH�GLVFRYHUHG�

/HYRQ\DQ�/� 9���.RFKDU\DQ�9� 5��;�UD\�)UHVQHO�7RSRJUDSK\
RI�&U\VWDO�ZLWK�&RQFDYH�6XUIDFH�LQ�*UD]LQJ�*HRPHWU\�LQ�WKH�
3UHVHQFH RI 6XUIDFH�$FRXVWLF�:DYH ����������������������������������������������

7KH�SUREOHP�RI�;�UD\�)UHVQHO�GLIIUDFWLRQ�XQGHU�JUD]LQJ�DQJOHV�RI
LQFLGHQFH�RQ�FRQFDYH�VXUIDFH�RI�FU\VWDO� LQ�WKH�SUHVHQFH�RI�VXUIDFH
DFRXVWLF�ZDYH�LQ�QRQFRSODQDU�V\PPHWULFDO�/DXH�JHRPHWU\�LV�FRQVL�
GHUHG��,W�LV�VKRZQ�WKDW�WKH�PDLQ�SHDN�RI�LQWHQVLW\�DQG�WKH�GLIIUDFWHG
VDWHOOLWHV�DUH�IRFXVHG�DW�GLIIHUHQW�GLVWDQFHV�IURP�FU\VWDO��7KH�LQIOXH�
QFHV�RI�GHYLDWLRQ�IURP�WKH�%UDJJ�RULHQWDWLRQ��RI�WKH�ZLGWK�RI�VSHFWUDO
OLQH��RI�WKH�YDOXH�RI�WKH�DPSOLWXGH�RI�VXUIDFH�DFRXVWLF�ZDYH�RQ�WKH
LPDJH�DUH�DQDO\]HG��7KH�SURFHVV�RI�GLIIUDFWLRQ�RQ�WKH�VWDQGLQJ�DV�ZHOO
DV�RQ�WKH�UXQQLQJ�VXUIDFH�DFRXVWLF�ZDYHV�LV�VWXGLHG�

*ROXE��%� ,���*XVHY�$� 1��7KH�3URFHVV�0RGHO�RI�4XDOLW\�&RQWURO
RI�WKH�,5�5DGLDWLRQ�3RZHU�0HDVXUHPHQW ������������������������������������ ��

7KH�TXDOLW\�FRQWUROOLQJ�PRGHO�RI�WKH�WKHUPDO�UDGLDWLRQ�PHDVXUH�
PHQW�LQFOXGHV�WKH�PRGHOLQJ�SURFHVVHV�RI�WKH�QRLVH�DULVLQJ�LQ�WKH�VHQ�
VLWLYH�+76&�ILOP�<%D�&X�2��DQG�WKHUPDO�PHWDEROLVP�LQ�WKH�LQLWLDO
WUDQVGXFHU��OLQHDOLQJ�RI�WKH�WUDQVGXFHUV�H[LW�FKDUDFWHULVWLF�LQ�WKH�VH�
FRQGDU\�WUDQVGXFHU��ZKLFK�DOORZ�WR�SXW�WKH�PRGHO�SDUDPHWHUV�RI�WKH
VHQVLWLYH�HOHPHQW�LQWR�WKH�PHPRU\�RI�WKH�VHFRQGDU\�WUDQVGXFHUV�GL�
JLWDO�FLUFXLW�ERDUG��ZKLFK�DOORZ�DOVR�WR�VLPSOLI\�WKH�FDOLEUH�SURFHVV
DQG�JXDUDQWHHV�WKH�UHTXLUHG�PHDVXUHPHQWV�DFFXUDWH�

0DPHGRY�$� &��$SSUR[LPDWLRQ�RI�)UHTXHQF\�&KDUDFWHULVWLFV
RI�6WUXFWXUHV�ZLWK�6FKRWWN\�V�%DUULHU���������������������������������������������

4UDSKDQDOLWLFDO�PRGHO�RI�VWUXFWXUHV�ZLWK�6FKRWWN\�V�EDUULHU�WKDW
DSSUR[LPDWH�UHDO�GHSHQGHQFH�RI�HTXLYDOHQW�FDSDFLWDQFH�DQG�UHVLVW�
DQFH�RI�VXFFHVVLYH�VXEVWLWXWLRQ�VFKHPH�IURP�IUHTXHQF\�DQG�WDNH�LQWR
DFFRXQW�FDSDFLWDQFH�DQG�UHVLVWDQFH�RI�FRQWDFW�DQG�YROXPH�DUH�ZRUNHG
RXW��$SSUR[LPDWLRQ�FXUYH�UHSUHVHQWV�D�EURNHQ�OLQH�

5HPEH]D�(� 6���5HPEH]D�6� ,���'RPDVKHYVND\D�(� 3��
*UHFKNLQD�0� 9���$JDSRY�%� /��,QIOXHQFH�RI�WKH�$WRPLF�&RPSRVLWLRQ�
RI�2[LGH�1DQRFRPSRVLWHV�RQ�WKH�%DVH�RI�6Q2��RQ�7KHLU�6WUXFWXUH ����

,QIOXHQFH�RI�WKH�FRPSRVLWLRQ�RI�QDQRFRPSRVLWHV�RQ�WKH�EDVH�RI
WLQ�GLR[LGH��6Q2��6L2���6Q2��=U2���6Q2��0Q2���6Q2��<�2���RQ
WKH�JUDLQ�VL]H�RI�SRO\FU\VWDOV�LQ�ILOP�VDPSOHV�XVHG�DV�VHQVLWLYH�OD\HUV
LQ�JDV�VHQVRUV�ZDV�VWXGLHG��$WRPLF�FRPSRVLWLRQ�ZDV�GHWHUPLQHG�ZLWK
WKH�KHOS�RI�;�UD\�PLFURDQDO\VLV��0RUSKRORJ\�RI�WKH�ILOP�VXUIDFH�ZDV
LQYHVWLJDWHG�E\�PHWKRG�RI�DWRPLF�IRUFH�PLFURVFRS\�

6PLUQRYD�,��9���0RVKQLNRY�9��$���6KLORYD�2��$���<DURVODYWVHY�1��3���
,O�LQ�$��6��5HVHDUFK�RI�WKH�*ODVV\�%RURVLOLFDWH�6RO�*HO�'HULYHG�)LOP�
&RPSRVLWLRQ�DQG�6WUXFWXUH�E\�0HDQV�RI�,QWHUQDO�)ULFWLRQ�0HWKRG��������

,Q�WKH�ZRUN�WKH�UHVHDUFK�UHVXOWV�RI�WKH�FRPSRVLWLRQ�DQG�VWUXFWXUH
RI�JODVV\�ERURVLOLFDWH�ILOPV�RI�LQWHUQDO�IULFWLRQ�PHWKRG�DUH�JLYHQ��6XFK
ILOPV�VXFFHVVIXOO\�DUH�XVHG�DV�GLIIXVLRQ�VRXUFHV�LQ�VHPLFRQGXFWRU�PD�
WHULDOV��7KH� ILOPV�ZHUH� IRUPHG� IURP� WHWUDHWKR[\VLODQH�GHULYHG� VROV
ZLWK�DGGLWLRQ�RI�SRO\ROV�RI�GLIIHUHQW�WRSRORJ\�DQG�PROHFXODU�ZHLJKW
E\�PHDQV�RI�FHQWULIXJLQJ��&KDQJHV�RI�VWUXFWXUH�RI�WKH�ILOPV�LQ�WKH
WHPSHUDWXUH�UDQJH�IURP������XS�WR�������Å&�DUH�REVHUYHG��7KH�HV�
VHQWLDO�LQIOXHQFH�RI�LQLWLDO�FRPSRQHQWV��VLPSOH�VSLULWV��SRO\ROV�RI�GLI�
IHUHQW�WRSRORJ\��ERURQ�DFLG��RQ�FRPSRVLWLRQ�RI�PLFURSKDVHV�IRUPHG
LQ�WKH�ILOPV�LV�UHYHDOHG��7KH�HYROXWLRQ�RI�ILOPV�SKDVH�FRPSRVLWLRQ�GXU�
LQJ�PXOWLSOH�KHDW�WUHDWPHQWV�LV�VKRZQ�

$OH[HQNR�$� *���%DODQ�1� 1��$�3XOO�LQ�,QVWDELOLW\�$QDO\VLV
IRU�0(06��DQG�1(06�'HYLFHV��������������������������������������������������

,W�LV�GHVFULEHG�D�SXOO�LQ�HIIHFW�LQ�HOHFWRVWDWLF�DFWXDWRUV�RI�0(06�
DQG�1(06�GHYLFHV��7KH�PHWKRGV�RI�HOHFWURVWDWLF�SXOO�LQ�VXSSUHVVLRQ
LQ�GLIIHUHQW�DFWXDWRUV�DUH�GLVFXVVHG��3URSRVHG�PHWKRGV�DUH�XVHG�IRU
VRPH�DFWXDWRUV� SDUDPHWHUV� FDOFXODWLRQ�� ,W� LV� QHFHVVDU\� WR� WDNH� WKH
&DVLPLU�LQWHUDFWLRQ�LQWR�DFFRXQW�EHFDXVH�WKLV�HIIHFW�OLPLW�WKH�UDQJH�RI
SRVLWLRQDO�VWDELOLW\�RI�PLFURHOHFWURPHFKDQLFDO�DFWXDWRUV�WRR�

0DUNRY�9� 1���6WHSDQRY�'� 1��2EMHFW�'HWHFWLRQ�DQG�5HFRJQLWLRQ�
%DVHG�RQ�5HVLGXDO�0DJQHWLF�)LHOGV�$QDO\VLV ����������������������������������

7KH�DUWLFOH�SUHVHQWV�D�QHZ�ZD\�RI�REMHFW�GHWHFWLRQ�DQG�UHFRJQL�
WLRQ�EDVHG�RQ�UHVLGXDO�PDJQHWLF�ILHOGV�DQDO\VLV��:H�SUHVHQW�JHQHUDO�UH�
VXOWV�RI�GHYHORSPHQW�RI�QHZ�PHWKRGV�RI�UHFRJQLWLRQ��VSHFLILFDOO\�EXLOW
WR�ZRUN�ZLWK�GDWD�UHFHLYHG�IURP�DQ�DUUD\�RI�PDJQHWR�UHVLVWDQFH�VHQ�
VRUV��7KH�SULQFLSOHV�RI�GHYHORSPHQW�RI�D�UHFRJQLWLRQ�V\VWHP��WKH�EDVLF
OLPLWDWLRQV�RI�WKH�DSSURDFK��DQG�WKH�IXWXUH�WUHQGV�RI�WKH�UHVHDUFK�DUH
DOVR�GHVFULEHG�
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