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�]ZÀ»���0DUWLQ�-7��3URJQRVWLF�,QGLFHV�DQG�6HYHULW\�6FRUHV�7KHUDSHXWLQJ�,QWHUYHQWLRQ�6FRULQJ�6\VWHP���UG�HG��/RQGRQ��&KXUFKLO�/LYLQJVWRQH�����������������:RQJ�'��&URWWV�6/��*RPHV�0�HW�DO��(YDOXDWLRQ�RI�3UHGLFWLYH�$ELOLW\�RI�$3$&+(�,,�6\VWHP�DQG�+RVSLWDO�2XWFRPH�LQ�&DQDGLDQ�,QWHQVLYH�&DUH�8QLW�3DWLHQW��&ULW�FDUH�0HG�������������������������*ROG�+/��:LWKLQJWRQ�3/��0RUWDOLW\�3UHGLFWHG�E\�$3$&+(�,,��7KH�(IIHFW�RI�&KDQJH�LQ�3K\VLRORJ\�9DOXH�DQG�3RVW�,&8�+RVSLWDO�0RUWDOLW\��$QHVWKHVLD������������������������0XFNDW�'-��%KDJZDQM�&6��3UHGLFWLRQ�RI�WKH�5LVN�RI 'HDWK�E\�$3$&+(�,,�6FRULQJ�LQ�&ULWLFDOO\�7UDXPD�3DWLHQWV�ZLWKRXW�+HDG�,QMXU\��%U�M�VXUJ�������������������± ��������%HFN�'+��7D\ORU�%/��0LOODU�%��3UHGLFWLRQ RI�RXWFRPH�IURP�,QWHQVLYH�&DUH�$�3URVSHFWLYH��&RKRUW��6WXG\�&RPSDULQJ�$FXWH�3K\VLRORJLF�DQG�&KURQLF�+HDOWK�(YDOXDWLRQ�,,���,,,��3URJQRVWLF�6\VWHP�LQ�8.�,&8��&ULW��&DUH�0HG����������������������%DVWRV�3*��6XQ�;3��HW�DO��$SSOLFDWLRQ�RI�WKH�$3$&+((,,�3URJQRVWLF�6\VWHP�LQ�%UD]LOLDQ�,&8�$�3URVSHFWLYH�0XOWLFHQWHU�6WXG\�LQ�,&8��,QWH��FDUH��PHG������������������± �������%HFNHW�5%��=LPPHUPDQ�-(��HW�DO��7KH�8VH�RI�$3$&+(�,,�WR�HYDOXDWH�,&8�/HQJWK�RI�6WD\�5HVRXUFH�8VH�DQG�0RUWDOLW\�$IWHU�&$%*6��-�&DUGLRYDVFXODU��6XUJ������������������± ������%DULH�36��+\GR�/-��)LVFKHU�(��&RPSDULVRQ�RI�$3$&+(�,,���,,,�6FRULQJ�6\VWHP�IRU�0RUWDOLW\3UHGLFWLRQ�LQ�&ULWLFDO�6XUJLFDO�,OOQHVV��$UFK�6XUJ�����������������������.QDXV�:$��'UDSHU�($��:DJQHU�'3��$3$&+(�,,��$VHYHULW\�RI�'LVHDVH�&ODVVLILFDWLRQ�6\VWHP��&ULWLF�&DUH�0HG������������������

����.QDXV�:$��'UDSHU�($��:DJQHU�'3��$3$&+(�,,,�3URJQRVWLF�6\VWHP�5LVN�3UHGLFWLRQ�RI�+RVSLWDO�0RUWDOLW\�IRU�&ULWLFDOO\�,OO�+RVSLWDOL]HG�$GXOW��&KHVW�������������������������9DO�/(��)DNKU\�VH��:DOWRQ�/$��8VH�RI�WKH�$3$&+(�,,�6FRULQJ�6\VWHP�7R�'HWHUPLQH�0RUWDOLW\�RI�*\QHFRORJLF�2QFRORJ\�3DWLHQW�LQ�WKH�,QWHQVLYH�&DUH�8QLW��2EVW�*\QHFRO� MRXU��������������������������%URZQ�0&��&UHG�:%��3UHGFWLYH�$ELOLW\�RI�$ZDWH�3K\VLRORJJ�DQG�&KURQLF�+HDOWK�(YDOXDWLRQ��,,,�6FRULQJ�DSSOLHG��WR�+XPDQ�,PPXQ�'HILFLHQF\�9LUXV�3RVLWLYH�3DWLHQW��&ULW��&DUH��0HG����������������������������<]HUPDQ�(3���%RHOHQV��5$��7MKHH�-+��$3$&+(�,,,�IRU��SUHGLFWLQJ��&DRXUVH�DQG��2XWFRPH�1DVRFRPLDO��6WDSK\ORFRFFXV��$UHXV��EDFWHULPHD�DQG�,WV�5HODWLRQ�WR�+RVW�'HIHQVH��-�LQIHFW�'LV���������������������������%DULH�36���+\GUR�/M��)LVFKHU�(��'HYHORSPHQW�RI�0XOWLSOH�2UJDQ�'\VIXQFWLRQ�6\QGURP��LQ�&ULWLFDOO\�,OO�3DWLHQW�ZLWK�3HUIRUPHG�9LVFXV��3UHGLFWLYH�9DOXH�RI�$3$&+(�,,�6HYHULW\�6FRULQJ��$UFK�6XUJ������-DQ����������������������6DZ\HU�5*�'XUELQ�&*��5RVQORI�/.��&RPSDULVRQ�RI��$3$&+(�,,�6FRULQJ�LQ�/LYHU�DQG��.LGQH\�7UDQVSODQW��5HFLSLHQW��9HUVXV�7UDXPD��DQG�JHQHUDO��6XUJLFDO�SDWLHQW�LQ�D�6LQJOH�,QWHQVLYH�&DUH�8QLW��&OLQLFDO�7UDQVSODQW��������2FW������������������%HFN�'+��6PLWK�*%��3DSSDFKDQ�-9��0LOODU�%��([WHUQDO�YDOLGDWLRQ�RI�WKH�6$36�,,��$3$&+(�,,�DQG�$3$&+(�,,,�3URJQRVWLF�0RGHOV�LQ�6RXWK�(QJODQG��D�0XOWLFHQWUH�VWXG\��,QWHQVLYH�&DUH�0HG� �����������������������.LP�(.��.ZRQ�<'��+ZDQJ�-+��&RPSDULQJ�WKH�3HUIRUPDQFH�RI�7KUHH�6HYHULW\�6FRULQJ�6\VWHPV�IRU�
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WR�D�7HUWLDU\�&DUH�&HQWUH��$�3LORW�6WXG\��(XU�-�$QDHVWKHVLRO �����������������)LQNLHOPDQ�-'��0RUDOHV�-��3HWHUV�6*��0RUWDOLW\�5DWH�DQG�/HQJWK�RI�6WD\�RI�3DWLHQWV�$GPLWWHG�WR�WKH�,QWHQVLYH�&DUH�8QLW�LQ�-XO\��&ULW�&DUH�0HG� ����������������������+R�<3��&KHQ�<&��<DQJ�&��/LHQ�-0��&KX�<<��)DQJ�-7��2XWFRPH�3UHGLFWLRQ�IRU�&ULWLFDOO\�,OO�&LUUKRWLF�3DWLHQWV��D�&RPSDULVRQ�RI�$3$&+(�,,�DQG�&KLOG�3XJK�6FRULQJ�6\VWHPV��-�,QWHQVLYH�&DUH�0HG ��������������������
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6XUYH\�5HODWLRQVKLS�RI�0RUWDOLW\�5DWH�RI�+RVSLWDOL]HG�3DWLHQWV�LQ�,&8�ZLWK�'LIIHUHQW�'HJUHHV�RI�$3$&+(�,,�
0RKDPPDGL�+��0'���+DJKLJKL�0��0'�$EVWUDFW�,QWURGXFWLRQ��,Q�$WWHQWLRQ�WR�WKH�LPSRUWDQFH�RI�FDULQJ�IRU�SDWLHQWV�UHIHUULQJ�WR�WUHDWPHQW�FHQWHUV�VSHFLDOO\�,&8��WKH�FDUH�SULGHG�VKRXOG�EH�LQ�FRQFRUGDQFH�ZLWK�WKH�VHYHULW\�RI�GLVHDVH�VR�WKDW�LW�JLYH�VDWLVIDFWRU\�UHVXOW�DQG�SDWLHQWV�ZLWK�PRUH�VHYHU�GLVHDVH�UHFHLYH�LQWHQVLYH�FDUH��,W�LV�QHFHVVDU\�WR�XVH�VWDQGDUG�VFRULQJ�RI�$3$&+(�,,�WR�GHWHUPLQH�WKH�VHYHULW\�RI�GLVHDVH DQG�FRPSDUH�LW�ZLWK�RWKHU�VWDQGDUG�WUHDWPHQW�FHQWHUV�2EMHFWLYH� 7KLV�VXUYH\�LV�FDUULHG�RXW�WR�GHWHUPLQH�UHODWLRQVKLS�EHWZHHQ�$3$&+(,,�VFRULQJ�V\VWHP�DQG�PRUWDOLW\�UDWH�RI�SDWLHQW�LQ�,&8��0DWHULDOV�DQG�0HWKRGV� 7KLV�GHVFULSWLYH�DQG�UHWURVSHFWLYH�VWXG\�ZDV�SHUIRUPHG�LQ�RQH�\HDU�SHULRG�IURP�PLG�$JXVW������WR������LQ�,&8�ZDUG�RI�3RRUVLQD�+RVSLWDO��2YHUDOO�DGPLWWHG�SDWLHQWV�ZHUH�����DQG�GDWD�ZHUH�FROOHFWHG�IURP�����SDWLHQWV�DQG�UHFRUGHG�LQ�VSHFLDO�GDWD�VKHHW�RI�$3$&+(,,�6FRULQJ�V\VWHP��,Q�$3$&+�,,�V\VWHP�WKHUH�DUH�WZR�FULWHULD�WKDW�WRJHWKHU�PDNH�WKH�DFXWH�SK\VLRORJ\�DQG�WZR�RWKHU�FULWHULD�LQFOXGLQJ�FKURQLF�GLVHDVH�DQG�DJH�ZHUH�LQFOXGHG�DQG�WKH�PD[LPXP�VFRUH�ZDV��������'DWD�VKHHW�ZHUH�SUHSDUHG�IRU�DOO�SDWLHQW�DQG�DW�WKH�HQG�RI�VKHHW��WRWDO�VFRULQJ�ZDV�UHFRUGHG��7KLV�VFRULQJ�V\VWHP�KDG�UHODWLRQVKLS�ZLWK�PRUWDOLW\��,Q�WKH�VFRULQJ���������������������DQG�!����SUREDELOLW\�RI�PRUWDOLW\�ZHUH�����������������DQG!�����UHVSHFWLYHO\��5HVXOWV� ,Q�WKH�DVVHVVPHQW�RI�����SDWLHQWV��PHQ�JURXS�ZHUH�������������DQG�ZRPHQ�JURXS�������������0RUWDOLW\�DQG�YLDELOLW\�LQ�WKHVH�WZR�JURXS�ZDV����������DQG������������UHVSHFWLYHO\��$OO�RI�������������SDWLHQWV�ZLWK�VFRULQJ�EHORZ����ZHUH�DOLYH�DQG�VFRULQJ�DERYH����GLHG����������,Q���������SDWLHQWV�ZLWK�VFRULQJ�EHWZHHQ�������������������GLHG DQG����SDWLHQWV�ZHUH�OLYHG��,Q�WKH�SDWLHQWV�ZLWK�VFRULQJ�QXPEHU�EHWZHHQ��������PRUWDOLW\�UDWH�ZDV�����������DQG�YLDELOLW\�ZDV�������������,Q�FRPSDULVRQ�ZLWK�VWDQGDUG�VFRULQJ�V\VWHP��PRUWDOLW\�UDWH�LQ�VFRUHV�EHORZ����LQ�3RRUVLQD�FHQWHU�ZDV�ORZHU�WKDQ�VWDQGDUG��EXW�ZLWK�VFRUHV�DERYH�����PRUWDOLW\�UDWH�ZDV�JUHDWHU�WKDQ�VWDQGDUG�V\VWHP��6R�VFRULQJ�EHWZHHQ��������PRUWDOLW\�UDWH�ZDV�����DQG�ZLWK�VFRULQJ�DERYH������PRUWDOLW\�UDWH�ZDV������JUHDWHU�WKDQ�VWDQGDUG�V\VWHP��&RQFOXVLRQ�:LWK�LQFUHDVLQJ�WKH�VFRULQJ�QXPEHU��PRUWDOLW\�ZDV�LQFUHDVHG��,Q�JUHDWHU�VFRULQJ�QXPEHUV��VHYHUH�LQWHQVLYH�FDUH�PXVW�EH�FRQVLGHUHG�IRU�,&8�SDWLHQW��

.H\�ZRUGV� $3$&+,��(��+RVSLWDO�0RUWDOLW\��,QSDWLHQWV��,QWHQVLYH�&DUH�8QLWV��


