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7KH� WDVN� RI� D� K\GURVWDWLF� GULYH� V\VWHP� DQG� WKH� DVVHPEOHG� PHFKDQLFDOWUDQVPLVVLRQV� LV� WR� PDWFK� SURSXOVLRQ� HQJLQH�GULYLQJ� PRWRU� FKDUDFWHULVWLFV� ZLWKWKH� ORDG� FKDUDFWHULVWLFV�� 7KHQ�� WKH� SURFHVV� RI� GHVLJQLQJ� HQHUJ\�VDYLQJ� GULYLQJV\VWHPV�UHTXLUHV�FRQGXFWLQJ�WKH�IXOO�DQDO\VLV�RI�WKH�HQHUJ\�SURFHVV�UXQQLQJ�LQ�WKHFRPSRQHQWV� RI� WKH� V\VWHP� DQG� WKHLU� LQWHUDFWLRQ�� 'XH� WR� WKDW� LW� LV� QHFHVVDU\� WREXLOG� D� PHFKDQLFDO� PRGHO� RI� D� GULYLQJ� V\VWHP� LQ� WKH� SRVVLEOH� JHQHUDO� IRUP�HVWDEOLVKLQJ�PDWKHPDWLFDO� DSSDUDWXV� �SURJUDPPLQJ�� XVHG� IRU� HVWDEOLVKLQJ� VWDWLFHQHUJ\�FKDUDFWHULVWLFV�DQG�GHWHUPLQLQJ�ZRUNLQJ�SDUDPHWHUV�
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)LJ�����%ORFN�VFKHPH�RI�D�GULYLQJ�V\VWHP
7KH�LPSRUWDQW�LVVXH�LV�WKH�SRVVLELOLW\�RI�HVWLPDWLRQ�RI�WKH�HQHUJ\�HIILFLHQF\RI�GLIIHUHQW�VROXWLRQV�RI�WKH�GULYLQJ�V\VWHP�ZRUNLQJ�LQ�WKH�VDPH�ORDG�FRQGLWLRQV�7KH�JOREDO�HIILFLHQF\�RI�WKH�V\VWHP�GHVFULEHG�E\� WKH�GHSHQGHQF\�>�����@�FDQ�EHWKH�LQGLFDWRU�
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ZKHUH�� I�0�� QR� � GHQVLW\� IXQFWLRQ� RI� SUREDELOLW\� RI� RFFXUULQJ� ORDG� VWDWHGHVFULEHG� E\� WKH� FRRUGLQDWHV� �0�� QR� LQFOXGHG� LQ� WKH� DUHD�]RQH� RI� WKHFKDUDFWHULVWLFV�6��1VS�0�� QR� � SRZHU�GLVWULEXWLRQ�IXQFWLRQ�RI�WKH�SULPDU\

��



HQHUJ\�VRXUFH��SURSXOVLRQ�HQJLQH�GULYLQJ�PRWRU��LQFOXGLQJ�WKH�HIILFLHQF\GLVWULEXWLRQ��ORVVHV��RI�D�GULYLQJ�V\VWHP�UHIHUUHG�WR�WKH�DUHD�RI�WKH�ORDG�6FKDUDFWHULVWLFV�
)RU� WKH� SUDFWLFDO� UHDVRQV� LW� LV� PRUH� FRQYHQLHQW� WR� XVH� WKH� GHSHQGHQF\HVWDEOLVKLQJ�WKH�JOREDO�HIILFLHQF\�IRU�WKH�ORDG�VSHFWUXP�SUHVHQWHG�LQ�WKH�GLVFUHWHIRUP�
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���0RGHO�RI�'ULYH�6\VWHP
'XH� WR� WKH� KXJH� YDULDELOLW\� RI� ORDG� FKDUDFWHULVWLFV� JHQHUDO�PRGHO� RI� ORDGZDV� DFFHSWHG�DVVXPHG� LQ� WKH� IRUP� RI� UHFWDQJXODU� DUHD� RI� ORDG� FKDUDFWHULVWLFV0� I�Q��� ZKLFK� ZDV� GLVFUHWHG� E\� EXWWLQJ� RQ�RYHUOD\� XQLIRUP� ����SRLQW� QHWFRQVWUXFWHG�E\�GLYLVLRQ�RI�PRPHQW�DQG�WXUQLQJ�YHORFLW\�7KH�PDWKHPDWLFDO�PRGHO��SUHVHQWHG�LQ�WKLV�SDSHU��RI�WKH�K\GURVWDWLF�GULYLQJV\VWHP� WRJHWKHU� ZLWK� WKH� SURJUDPPLQJ� XVHG� IRU� LWV� VROYLQJ� >�@� HQDEOHVHVWDEOLVKLQJ� IXOO� HQHUJ\� VWDWLF� FKDUDFWHULVWLFV�� 7KH� FKDUDFWHULVWLFV� LQYROYH� WKHLQIRUPDWLRQ�DERXW�WKH�GLVWULEXWLRQ�RI�WKH�K\GURVWDWLF�WUDQVPLVVLRQ�HIILFLHQF\�DQGZRUNLQJ�SHUIRUPDQFH��DQG�FRQWUROOLQJ�SDUDPHWHUV�DJDLQVW�DQG�ZRUNLQJ�SRLQWV�RQWKH� XQLYHUVDO� FKDUDFWHULVWLFV� RI� IXHO� FRQVXPSWLRQ� >J�N:K@�� FDUERQ� PRQR[LGHFRQWHQW�� �&2���� QLWURJHQ� R[LGH� �12[� DQG� OHYHO� RI� VPRNH� HPLVVLRQ� �%RVFK�� LQ

WKH�H[KDXVW�JDVVHV�RI�WKH�,&�(QJLQH�D�EDFNJURXQG�RI�WKH�ORDG�FKDUDFWHULVWLFV�
7KH� DLP� RI� WKH� H[DPLQDWLRQV� ZDV� WR� HVWDEOLVK� WKH� LQIOXHQFH� RI� SXPSUHGLPHQVLRQLQJ� DQG� WKH� ZD\� RI� PDWFKLQJ� LWV� FKDUDFWHULVWLFV� WR� WKH� FRPEXVWLRQHQJLQH�RQ�WKH�HIILFLHQF\�GLVWULEXWLRQ��ZRUNLQJ�DQG�FRQWUROOLQJ�SDUDPHWHUV�RI� WKHK\GURVWDWLF�V\VWHP�UHDOLVLQJ�WKH�IXQFWLRQ�RI�PLQLPLVLQJ�HQHUJ\�ORVVHV�

���7KH�$QDO\VLV�RI�WKH�5HVXOWV�RI�WKH�0RGHOOLQJ�,QYHVWLJDWLRQV
7KH� SUHVHQWHG� XQGHU� HIILFLHQF\� GLVWULEXWLRQV� DUH� REWDLQHG� IRU� WKH� LGHDOFRQWUROOLQJ�V\VWHP�LQGLFDWHG�IRU�DQ�RSWLRQDO�ZRUNLQJ�SRLQW��VLWXDWHG�LQ�WKH�ILHOG�RIWKH� ORDG� FKDUDFWHULVWLFV�� RSWLPDO� VHWWLQJV� RI� ERWK� WKH� K\GURVWDWLF�PDFKLQHV�� 7KH
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IXOO�FKDUDFWHULVWLFV���JDLQHG�DV�WKH�UHVXOW�RI�LQYHVWLJDWLQJ�WKH�PRGHO��KDYH�D�IRUPRI� WKH�UHSRUW� LQFOXGLQJ� LQIRUPDWLRQ�DERXW� WKH�HQJLQH� ORDG�SDUDPHWHUV��0VK� L�QVK�DQG�WKH�FRUUHVSRQGLQJ�YDOXHV��WRWDO���JOREDO�HIILFLHQF\�RI�WKH�K\GURVWDWLF�V\VWHPhJ� WKH� FRQWUROOLQJ� SDUDPHWHU� RI� WKH� SXPS� eS� FRQWUROOLQJ� SDUDPHWHU� RI� WKH
K\GURVWDWLF�HQJLQH�eVK� SUHVVXUH� LQ� WKH�RXWOHW�RI� WKH�SXPS�SS� WXUQLQJ�YHORFLW\�RIWKH�SXPS�VKDIW�QS��WXUQLQJ�PRPHQW�LQ�WKH�SXPS�VKDIW�0S�7KH� HYHQ� GLYLVLRQ� RI� WKH� ORDG� RI� WKH� K\GURVWDWLF� HQJLQH�� DVVXPHG� LQ� WKHGLVFUHWH�PRGHO��DOORZV�WKH�ZRUNLQJ�SRLQW�RI�WKH�FRPEXVWLRQ�HQJLQH�WR�EH�WUHDWHGDV�LWV�ORDG�VSHFWUXP��&RQWUROOLQJ�WKH�GULYLQJ�V\VWHP�DFFRUGLQJ�WR�WKH�IXQFWLRQ�RIWKH� PLQLPDO� ORVVHV� GRHV� QRW� DOORZ� WKH� ZRUNLQJ�SHUIRUPDQFH� SRLQWV� RI� WKHFRPEXVWLRQ� HQJLQH� WR� EH� GLVWULEXWHG� HYHQO\� LQ� WKH� ZKROH� ILHOG� RI� LWV� GULYLQJFKDUDFWHULVWLFV��EXW�LW�FUHDWHV�WKH�EDQG�RI�WKH�LQFUHDVHG�FRQFHQWUDWLRQ��DV�ZHOO�DVWKH�WRWDOO\�XQXVHG�DUHDV�7KH� SUHVHQWHG� EHORZ� JUDSKV� )LJ�� �� RI� WKH� HIILFLHQF\� GLVWULEXWLRQ� RI� WKHK\GURVWDWLF�WUDQVPLVVLRQ�39���09���FDQ�EH�XVHG�IRU�WKH�RSWLPLVDWLRQ�RI�HQHUJ\SURSHUWLHV�RI�WKH�K\GURVWDWLF�WUDQVPLVVLRQV��LI�WKH�ORDG�VSHFWUXP�RI�WKH�V\VWHP�LVNQRZQ�� ZKLFK� GHVFULEHV� WKH� WLPH� FRQWULEXWLRQV� RFFXUULQJ� IRU� HDFK� SRLQW� RUUHVWULFWHG�]RQHV�RI�ZRUNLQJ�SDUDPHWHUV��7KHUH�ZDV�WKH�DQDO\VLV�FRQGXFWHG��ZLWKLQWKLV�ZRUN��IRU�WKH�XQLIRUP�GLVWULEXWLRQ�RI�WKH�ORDG�FKDUDFWHULVWLFV��,W�PHDQV�HYHQWLPH�FRQWULEXWLRQ�RFFXUULQJ�IRU�HDFK�RI�WKH�����SRLQWV�RI�WKH�ZRUNLQJ�]RQH�
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)LJ�����7KH�HIILFLHQF\�GLVWULEXWLRQ�RI�WKH�39���09���K\GUDXOLF�WUDQVPLVVLRQ��
JOREDO�HIILFLHQF\�h ���
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)LJ�����'LVWULEXWLRQ�RI ZRUNLQJ�SRLQWV RI�XQLYHUVDO FKQDUDFWHULVWLFV�RI WKH�IXHO FRQVXPSWLRQ

�J�N:K��LQ�WKH�H[KDXVW�RI�WKH�6:�����HQJLQH�GULYLQJ�WUDQVPLVVLRQ�39���09���
JHQHUDO HIILFLHQF\����

,Q� WKH� SLFWXUHV� �� DQG� �� WKH� GLVWULEXWLRQ� RI� WKH� ZRUNLQJ� SRLQWV� RI� WKHFRPEXVWLRQ�HQJLQH�ZDV�SORWWHG�RQ�LWV�XQLYHUVDO�FKDUDFWHULVWLFV�DUHDV��XQLWDU\�IXHOFRQVXPSWLRQ��FDUERQ�PRQR[LGH�FRQWHQW� LQ� WKH�H[KDXVW�JDVVHV��2QO\� WKLV� W\SH�RIDQDO\VLV��DOWKRXJK�TXDOLWDWLYH��RI�WKH�GLVWULEXWLRQ�RI�WKH�ORDG�FKDUDFWHULVWLFV�VKRZVWKH�LPSRUWDQFH�DQG�SRVVLELOLWLHV�RI�WKH�DVVXPHG�SURFHGXUH�RI�WKH�HQHUJ\�DQDO\VLVRI�WKH�V\VWHP��&RPSDULVRQ� RI� WKH� K\GURVWDWLF� WUDQVPLVVLRQ¶V� HIILFLHQF\�� FRPEXVWLRQHQJLQH¶V�HIILFLHQF\�DQG�WKH�JOREDO�HIILFLHQF\�RI�WKH�ZKROH�GULYH�V\VWHP�VHHPV�WREH�LQWHUHVWLQJ�
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