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7KH�DUWLFOH�SUHVHQWV�WKH�SULQFLSOH�RI�PRWLRQ��ZKLFK�FDQ�EH�DSSOLHG�WR�WKH�PRGHO�

RI� WKH� XQGHUZDWHU� YLDEOH� V\VWHP�� 7KH� PHWKRG� RI� FRPELQLQJ� HOHFWULFDO� HOHPHQWV� WR�
FUHDWH� D� PRYLQJ� GHYLFH� �VXEPDULQH�� EDVHG� RQ� WKH� $UGXLQR� SODWIRUP� LV� VKRZQ�� 7KH�
DQDO\VLV�RI�VRIWZDUH�LPSOHPHQWDWLRQ�RI�WKH�PRGHO�LV�PDGH��WKH��DXWRSLORW��IXQFWLRQ�IRU�
WKLV�V\VWHP�LV�FRQVLGHUHG��7KH�UHVXOWV�RI�WHVWLQJ�DUH�SUHVHQWHG��

.H\� ZRUGV�� XQGHUZDWHU� YLDEOH� V\VWHP�� IOXFWXDWLRQV�� $UGXLQR� 8QR�� 0DJQXV�
HIIHFW��$89��
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5HOHYDQFH�RI�UHVHDUFK�WRSLF��&UHDWLQJ�D�YLDEOH�V\VWHP�PRGHO�VXFK�DV�D�VPDOO��
QRQ�LQWUXVLYH�� DXWRQRPRXV� VXEPDULQH� �$89�� LV� D� FRPSOH[� DQG� WLPH�FRQVXPLQJ�
SURFHVV�VLQFH�LW�LV�QHFHVVDU\�WR�HQVXUH�WKH�DGDSWDELOLW\�RI�VXFK�D�V\VWHP�DQG�WDNH�LQWR�
DFFRXQW� WKH�PDQ\� IDFWRUV� DIIHFWLQJ� WKH�ZDWHU� HQYLURQPHQW�� 7R� DFFHOHUDWH� WKH� GHVLJQ�
DQG�LPSOHPHQWDWLRQ�RI�LGHDV��HVSHFLDOO\�IRU�WKH�GHVLJQ�RI�PHFKDQLFDO�PRGHOV�ZLWK�WKH�
XVH� RI� DSSURSULDWH� VRIWZDUH�� $UGXLQR� KDUGZDUH� FRPSXWLQJ� SODWIRUP� LV� LQFUHDVLQJO\�
EHLQJ�XVHG�� ,WV� ORZ�FRVW� DQG� FURVV�SODWIRUPLVP�DWWUDFW� GHYHORSHUV�� 6R��ZLWK�$UGXLQR��
\RX�FDQ�FUHDWH�VWDQGDORQH�GHYLFHV��

)RUPXODWLRQ�RI�WKH�SUREOHP�(QVXUH�JUHDWHU�VPRRWKQHVV�RI�PRYHPHQWV��VSHHG��
DQG� PDQHXYHUDELOLW\� RI� D� VPDOO�VL]H� XQGHUZDWHU� YHKLFOH�� $XWRSLORW� GHYHORSPHQW��
(QVXULQJ�V\VWHP�DGDSWDELOLW\��

$QDO\VLV�RI�UHFHQW�UHVHDUFK�DQG�SXEOLFDWLRQV��2YHU�WKH�SDVW�WZR�GHFDGHV��WKHUH�
DUH�PRUH�DUWLFOHV�GHYRWHG�WR�WKH�PRGHOLQJ�RI�XQGHUZDWHU�YLDEOH�V\VWHPV��LQ�SDUWLFXODU��GXH�
WR� WKH� HPHUJHQFH� RI�QHZ� WHFKQLFDO� WRROV� IRU�PRGHOLQJ� DQG�DFFHVVLELOLW\� RI� WKH�$UGXLQR�
KDUGZDUH�SODWIRUP�DQG�VLPLODU�SODWIRUPV��+RZHYHU��DSSURDFKHV�WR�WKH�LPSOHPHQWDWLRQ�RI�
VXEPDULQH�DXWRQRPRXV�GHYLFHV�KDYH�QRW�\HW�EHHQ�VXIILFLHQWO\�VWXGLHG��

8QLQYHVWLJDWHG� SDUWV� RI�JHQHUDO�PDWWHUV� GHILQLQJ��7KLV� DUWLFOH� LV� GHYRWHG� WR�
WKH� VWXG\� DQG� DQDO\VLV� RI� WKH� SURSRVHG� XQGHUZDWHU� PRGHO� RI� D� YLDEOH� V\VWHP�� LQ�
SDUWLFXODU�� WKH�SULQFLSOH�RI�PRWLRQ��ZKLFK�FDQ�EH�DSSOLHG� WR� WKLV�PRGHO��7KH�UHVHDUFK�
IRFXVHV�RQ�WKH�VWXG\�RI�WKH�PRGH�RI�PRYHPHQW�RI�XQGHUZDWHU�LQKDELWDQWV��VNDWH��DQG�
WKH�IHDVLELOLW\�RI�LPSOHPHQWLQJ�WKLV�PHWKRG�LQ�PRGHOLQJ�WKH�V\VWHP��DV�ZHOO�DV�RQ�WKH�
FUHDWLRQ�RI�DSSURSULDWH�VRIWZDUH��LQ�SDUWLFXODU��µDXWRSLORW¶�IXQFWLRQ���

7DUJHW� VHWWLQJ�� 7KH� WDVN� LV� WR� FUHDWH� DQ� VPDOO�� XQDWWDFKHG� DXWRQRPRXV�
XQGHUZDWHU� YHKLFOH� PRGHO� DV� D� YLDEOH� V\VWHP�� WKH� SULQFLSOH� RI� ZKLFK� LV� EDVHG� RQ�
FRPSOH[�IOXFWXDWLRQV��DQG�WR�HQVXUH�WKH�DGDSWDELOLW\�RI�VXFK�D�V\VWHP�DQG�WR�WDNH�LQWR�
DFFRXQW�WKH�IDFWRUV�RI�WKH�LQIOXHQFH�RI�WKH�ZDWHU�HQYLURQPHQW��

7KH�VWDWHPHQW�RI�EDVLF�PDWHULDOV��7KH�VWXG\�RI�WKH�SULQFLSOH�RI�PRYHPHQW�RI�
XQGHUZDWHU� LQKDELWDQWV� �VNDWHV��ZDV� FDUULHG� RXW��$SSURDFKHV� DUH� GHVFULEHG� IRU� XVLQJ�
WKLV�PHWKRG�RI�PRWLRQ�ZKHQ�FUHDWLQJ�DQ�DXWRQRPRXV�XQGHUZDWHU�YHKLFOH�PRGHO��7KH�
VFKHPH�RI�WKH�FRPELQDWLRQ�RI�HOHFWULF�HOHPHQWV�IRU�WKH�FUHDWLRQ�RI�D�PRGHO�RI��VNDWH��
W\SH�LV�SURSRVHG��7KH�SULQFLSOH�RI�SURJUDPPLQJ�WKH�$UGXLQR�SODWIRUP�IRU�WKLV�PRGHO�LQ�
YDULRXV� VRIWZDUH� HQYLURQPHQWV� LV� GHVFULEHG�� 7KH� WHVW� UHVXOWV� RI� WKH� PRGHO� ZHUH�
VDWLVIDFWRU\�DQG�IRUHVHHDEOH��

&RQFOXVLRQV�� $V� WKH� LPSOHPHQWDWLRQ� DWWHPSW� VKRZHG�� WKH� FUHDWLRQ� RI� D�
VXEPDULQH� PRGHO� DV� D� YLDEOH� V\VWHP� EDVHG� RQ� WKH� $UGXLQR� SODWIRUP� LV� UHODWLYHO\�
VLPSOH�� 7KH� UHVXOWV� RI� KDUGZDUH� DQG� VRIWZDUH� WHVWLQJ� RI� WKH� GHYHORSHG� PRGHO� DUH�
SUHVHQWHG�DQG�WKHLU�DQDO\VLV�LV�PDGH�7KH�DUWLFOH�SUHVHQWV�D�PHWKRG�RI�PRWLRQ�IRU�VPDOO��
XQDWWDFKHG� DXWRQRPRXV� XQGHUZDWHU� GHYLFH�� ZKLFK� LV� UHDOL]HG� GXH� WR� WKH�
LPSOHPHQWDWLRQ� RI� FRPSOH[� RVFLOODWLRQV�� 'HDOV� PHWKRG� IRU� FRPELQLQJ� HOHFWULFDO�
HOHPHQWV�WR�FUHDWH�D�PRYLQJ�GHYLFH�EDVHG�RQ�WKH�$UGXLQR�8QR�SODWIRUP��7KH�DQDO\VLV�
RI�SURJUDP�LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�LV�PDGH��UHVXOWV�RI�WHVWLQJ�DUH�JLYHQ��

.H\ZRUGV�� XQGHUZDWHU� YLDEOH� V\VWHP�� IOXFWXDWLRQV�� $UGXLQR� 8QR�� 0DJQXV�
HIIHFW��$89��
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