
7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R������������������-XO\�'HFHPEHU������7KH�8QLYHUVLW\�RI�,EE��<HPHQ��������

$1 ,17(//,*(17�$*(17�)25�5$',2�5(6285&(�0$1$*(0(17�
,1��:�&'0$� 1(7:25.6� $1$/<7,&$/�$1'�&20387$7,21$/�6&$/,1*�

3URI��5�$O�+DGLWKL��+�$O�0L]JDJL��0��$ONREDU\���= 6KDPKDQ��6�0RKDPPHG��$�.DVVLP��$�0RKVHQ�
(OHFWURQLF�(QJ��'HSW��8QLYHUVLW\�RI�,%%��<HPHQ��3�2�%R[��������

DOBKDGLWKL����#\DKRR�FRP�
$EVWUDFW�

7KLUG�JHQHUDWLRQ�PRELOH�V\VWHPV�DUH�WKH�WHFKQRORJ\�WKDW�ZLOO�EULQJ�WKH�QHZ�EURDGEDQG�VHUYLFHV� WR� WKH�PRELOH�XVHU��+RZHYHU��SURYLGLQJ�IOH[LEOH��KLJKHU�EDQGZLGWK� VHUYLFHV� LQ� D�PRELOH� HQYLURQPHQW� OHDGV� WR� LQFUHDVHG� FRPSOH[LW\�LQ� UHVRXUFH� FRQWURO� DQG� UHVRXUFH� PDQDJHPHQW�� 7KDW� LV� EHFDXVH� RI� WKH�YDULDEOH� EDQGZLGWK� UHTXLUHPHQWV� RI� WKH� SRWHQWLDO� DSSOLFDWLRQV�� 6XFK�FRPSOH[LW\� UHTXLUHV� WKH� XVH� RI� VRSKLVWLFDWHG� FRQWURO� DQG� PDQDJHPHQW�WHFKQLTXHV��,QWHOOLJHQW�$JHQWV��,$
V��DUH�VHHQ�DV�WKH�PRVW�VXLWDEOH�FDQGLGDWHV�IRU�WKH�WDVN��,QWHOOLJHQW�DJHQWV�KDYH�EHHQ�XVHG�LQ�PDQ\�DUHDV�IURP�ZRUNIORZ�PDQDJHPHQW�WR�WUDGLQJ�RQ�WKH�,QWHUQHW>�6RDPVLUL������@��7KH�LVVXH�RI�XVLQJ�,QWHOOLJHQW�$JHQW�V\VWHP�WR�FRQWURO�WKH��*�UHVRXUFHV�LV�EHLQJ�DGGUHVVHG�DQG�GHYHORSHG�LQ�WKH�(8�,67�SURMHFW�FDOOHG�µ6+8))/(¶��7KLV�SURMHFW�GHVFULEHV�WKH� NH\� FRQFHSWV� DQG� DUFKLWHFWXUH� RI� WKH� �*� UHVRXUFH� PDQDJHPHQW� LQ� WKH�6+8))/(� SURMHFW�� XVLQJ� 0XOWL�DJHQW� V\VWHPV�� 7KH� DUFKLWHFWXUH� RI� WKH�H[LVWLQJ�UHVRXUFH�PDQDJHPHQW��XVLQJ�D� WKUHH�OD\HU�PDUNHWSODFH�ZKHUH�UDGLR�EDQGZLGWK� LV�EHLQJ� WUDGHG�� LV� H[SORUHG�� WRJHWKHU�ZLWK� WKH� VSHFLILFDWLRQV� IRU�HDFK�SDUW\� LQYROYHG� LQ� WKH� WUDGH��$� XVHU�$JHQW� �8$�� DFWV�RQ� EHKDOI� RI� WKH�FXVWRPHU�� 7KH� VHUYLFH� SURYLGHU� LV� UHSUHVHQWHG� E\� D� JURXS� RI� DJHQWV� WKDW�FRQVLVWV� RI� WKH� 6HUYLFH� 3URYLGHU� $JHQW� �63$��� WKH� 6HUYLFH� 3URYLGHU�1HJRWLDWLRQ� $JHQW� �631$��� DQG� WKH� 6HUYLFH� 3URYLGHU� 5HVRXUFH� $JHQW��635$��� 7KH� QHWZRUN� SURYLGHU� LV� UHSUHVHQWHG� E\� WKH� 1HWZRUN� 3URYLGHU�$JHQW� �13$��� WKH� 1HWZRUN� 3URYLGHU� 1HJRWLDWLRQ� $JHQW� �131$��� DQG� WKH�1HWZRUN�3URYLGHU�5HVRXUFH�$JHQW��135$���,Q�HDFK�JURXS��HDFK�DJHQW�WDNHV�FDUH� RI� GLIIHUHQW� DVSHFWV� DQG� SHUIRUPV� GLIIHUHQW� WDVNV�� EXW� DFWV� WRZDUG� WKH�VKDUHG�JRDO�� �7KLV� UHVHDUFK�GLVFXVVHG�KRZ� WKH�SURMHFW�GHYHORSHG�RQ� WRS�RI�WKH� H[LVWLQJ� 6+8))/(� DUFKLWHFWXUH�� D� QHZ� VHW� RI� DJHQWV� WKDW�PDNH� XVH� RI�YDULRXV�FRQFHSWV�IRFXVHG�RQ�SURYLGLQJ�HQG�XVHUV�ZLWK�WKH�EHVW�SRVVLEOH�4R6>�2RGDQ� DQG� HWDO� ����� @�� 7KLV� SURMHFW� SURYLGHV� WKH� IRXQGDWLRQ� IRU� WKH� 6/$�FRQFHSW� DQG� DJHQW� UHSXWDWLRQ� V\VWHP� WKDW� KDG� QRW� EHHQ� LPSOHPHQWHG� LQ�6+8))/(� EHIRUH�� 7KH� 6/$� PRQLWRULQJ� DQG� HYDOXDWLRQ�� ZKLFK� LV�LPSOHPHQWHG� LQ� WKLV� SURMHFW� RQO\� LQ� WKH� QHWZRUN� SURYLGHU�� FDQ� DOVR� EH�LPSOHPHQWHG�ZLWK� VRPH�PLQRU�FKDQJHV� LQWR� WKH� VHUYLFH�SURYLGHU� DJHQW� DQG�WKH� XVHU� DJHQW� LQ� RUGHU� WR� SURYLGH� D� FRPSOHWH�4R6� FRQWURO� WKURXJKRXW� WKH�HQWLUH�V\VWHP���



��� 3URI��5�$O�+DGLWKL��+�$O�0L]JDJL��0��$ONREDU\�=�6KDPKDQ��6�0RKDPPHG��$�.DVVLP��$�0RKVHQ�
�

7KH� ZRUN� RI� WKLV� UHVHDUFK� SURMHFW� SURSRVHV� WKH� DSSOLFDWLRQ� RI� LQWHOOLJHQW� DJHQWV� LQ�6/$�EDVHG� FRQWURO� LQ� UHVRXUFH� PDQDJHPHQW�� HVSHFLDOO\� FDOO� DGPLVVLRQ� FRQWURO� DQG�KDQGRII�FRQWURO�LQ�WKH�FDVH�DW�KLJK�ORDGV�RFFXUV��7KH�ZRUN�GHPRQVWUDWHV�WKH�DELOLW\�RI�LQWHOOLJHQW� DJHQWV� LQ� LPSURYLQJ� DQG� PDLQWDLQLQJ� WKH� TXDOLW\� RI� VHUYLFH� WR� PHHW� WKH�UHTXLUHG�6/$��$OVR�WKLV�ZRUN�SURSRVH�D�QHZ�PHWKRG�WKDW�XVH�PHPRU\�WHFKQLTXH� WR�VWRUH�WKH�FDOOV�EHIRUH�DFFHSW���UHMHFW�WKH�FDOOV�IURP�WKH�V\VWHP�IRU�D�IHZ�VHFRQGV�GHSHQGHQW�RQ�4R6�DQG�H[SORUHV� WKLV�SHULRG� WR� VWXG\� WKH� V\VWHP�HQYLURQPHQW� DQG� LPSOHPHQW� WKH�PRVW�VXLWDEOH�SROLF\�WKDW�LV�SUHGLFWHG�WR�WKH�V\VWHP��$ SDUWLFXODUO\� QRYHO� DVSHFW� RI� WKLV� ZRUN� LV� WKH� XVH� RI� OHDUQLQJ� �KHUH� &DVH� %DVHG�5HDVRQLQJ�� WR� SUHGLFW� WKH� FRQWURO� VWUDWHJLHV� WR� EH� LPSRVHG�� $V� WKH� V\VWHP�HQYLURQPHQW� FKDQJHV�� WKH� PRVW� VXLWDEOH� SROLF\� ZLOO� EH� LPSOHPHQWHG�� 7KH� V\VWHP�HLWKHU�SURSRVHV� WKH� VROXWLRQ�E\�UHFDOOLQJ� IURP�H[SHULHQFH� �LI� WKH�HYHQW� LV�VLPLODU� WR�ZKDW�KDV�EHHQ�SUHYLRXVO\�VROYHG��RU�UHFDOFXODWHV�WKH�VROXWLRQ�IURP�LWV�NQRZOHGJH��LI�WKH�HYHQW�LV�QHZ���:LWK�WKLV�DSSURDFK��WKH�V\VWHP�SHUIRUPDQFH�ZLOO�EH�PRQLWRUHG�DW�DOO� WLPHV� DQG� D� VXLWDEOH� SROLF\� FDQ� EH� LPPHGLDWHO\� DSSOLHG� DV� WKH� V\VWHP�HQYLURQPHQW� FKDQJHV�� UHVXOWLQJ� LQ� PDLQWDLQLQJ� WKH� V\VWHP� TXDOLW\� RI� VHUYLFH��)XUWKHUPRUH��ZH�EHOLHYH� WKDW� WKLV� UHVHDUFK�SURMHFW�KDYH�SURGXFHG�D�VLJQLILFDQW�QHZ�UHVHDUFK� FRQWULEXWLRQV�� 7KRVH� FRQWULEXWLRQV� FDQ� EH� VXPPDUL]HG� LQ� WKH� IROORZLQJ�UHVXOWV�ZKLFK�KDYH�DULVHQ�RXW�RI�RXU�UHVHDUFK�LQYHVWLJDWLRQ�DFKLHYLQJ�WKH�IROORZLQJ��x 0D[LPXP�DFFHSWDEOH�EORFNLQJ�UDWH�IRU�JROG���������x 0D[LPXP�DFFHSWDEOH�EORFNLQJ�UDWH�IRU�VLOYHU��������x 0D[LPXP�DFFHSWDEOH�EORFNLQJ�UDWH�IRU�EURQ]H��������x 0D[LPXP�DFFHSWDEOH�GURSSLQJ�UDWH�IRU�JROG���������x 0D[LPXP�DFFHSWDEOH�GURSSLQJ�UDWH�IRU�VLOYHU��������x 0D[LPXP�DFFHSWDEOH�GURSSLQJ�UDWH�IRU�EURQ]H��������
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7KH�UHVXOWV�EHORZ�UHSUHVHQW�VRPH�RI�WKH�UHVXOWV�ZKLFK�ZH�REWDLQHG�LQ�RXU�SURMHFW��7KH� FDOO� EORFNLQJ� UDWH� IRU� DOO� FXVWRPHU� FODVVHV� LQFUHDVHV� ZKHQ� WKH� WUDIILF� ORDG�LQFUHDVHV�DV�WKHUH�LV�QR�FKDQJH�LQ�SROLF\�DV�VKRZQ�LQ�ILJXUH����7KH�EORFNLQJ�UDWH�IRU�JROG�FXVWRPHU�H[FHHGV�WKH�6/$�FRQVWUDLQW��)URP�WKH�VWDUW��WKH�FDOO�EXIIHULQJ�WLPH��RU�FDOO�VHWXS�WLPH��IRU�DOO�FODVVHV�RI�FXVWRPHU�DQG�DOO� W\SHV�RI�VHUYLFHV�KDV�EHHQ�VHW�WR�]HUR�WR�JLYH�LPPHGLDWH�DFFHSW�RU�UHMHFW�GHFLVLRQV�IRU�WKH�V\VWHP��

)LJXUH������� 7KH�FRQYHQWLRQDO�V\VWHP�WKDW�GRHV�QRW�FKDQJH�WKH�SROLF\����*HQHUDWLQJ�&DVHV�,Q�WKLV�SDUW��WKH�JHQHUDWLRQ�RI�FDVHV�IRU�WKH�&%5�PRGHO�ZLOO�EH�JLYHQ��7KHUH�DUH�WZR�PDLQ� VFHQDULRV� WHVWHG� KHUH�� UDQGRP� RYHUORDG� FDVHV� DQG� KRWVSRW� FDVHV�� 6HYHUDO�PHWKRGV�KDYH�EHHQ� WDNHQ� LQWR�DFFRXQW�DQG� WKH�FRQILJXUDWLRQV�XVHG� WR�UHFRYHU� IURP�FRQJHVWLRQ�KDYH�EHHQ�FKRVHQ�EDVHG�RQ�H[SHULPHQWV��7KHUHIRUH��WKH�VROXWLRQ�IRU�HDFK�FDVH�LV�DFKLHYHG�E\�VHOHFWLQJ�WKH�VROXWLRQ�WKDW�SURYLGHV�WKH�EHVW�UHVXOW�������5DQGRP�2YHUORDG�&DVHV�,Q� WKLV�SDUW�� WKH� VLPXODWLRQ�UHSHDWHG� WKH�SUHYLRXV�ZRUN�� WKH� VLPXODWLRQ�UHVXOW�RI� WKH�FDOO�EORFNLQJ�UDWH�RYHU�VLPXODWLRQ�WLPH�DV�WKH�WUDIILF�ORDG�LQFUHDVHV�LQ�D�FRQYHQWLRQDO�V\VWHP�WKDW�GRHV�QRW�FKDQJH�WKH�SROLF\�DV�VKRZQ�LQ��ILJXUH���7KH�HIIHFW�RI�FKDQJLQJ�WKH�UHDFWLYH�OD\HU�SROLF\�WR�WKH�FKRVHQ�RQH�LV�VKRZQ�LQ�ILJXUH����7KH�QHZ�SROLF\�KDV�EHHQ�DSSOLHG�WR�WKH�UHDFWLYH�OD\HU�DV�VRRQ�DV�WKH�V\VWHP�UHFRJQL]HV�FRQJHVWLRQ��
�
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)LJXUH�������7KH�QHZ�SROLF\�KDV�EHHQ�DSSOLHG�WR�WKH�UHDFWLYH�OD\HU�7KH� LPSOHPHQWDWLRQ� KHUH� DJDLQ� XVHV� D� EXIIHU�PHFKDQLVP� WR� JLYH� D� VKRUW� EXIIHULQJ�WLPH� WR� FDOO� UHTXHVWV� WKDW� FDQQRW� EH� VHUYHG� LPPHGLDWHO\�� HVSHFLDOO\� IRU� WKH� KLJKHU�SULRULW\� FXVWRPHUV�� 7KH� EXIIHULQJ� WLPH� LV� FRQILJXUDEOH�� ,W� FDQ� EH� VHHQ� IURP� WKH�UHVXOWV� WKDW� WKLV� DSSOLFDWLRQ� NHHSV� WKH� FDOO� EORFNLQJ� UDWH� IRU� JROG� DQG�RU� VLOYHU�FXVWRPHUV�ZLWKLQ�WKH�6/$�ERXQGV��

)LJXUH�������7KH�FDOO�EORFNLQJ�UDWH�IRU�JROG�DQG�RU�VLOYHU�FXVWRPHUV�NHHSV������������������ZLWKLQ�WKH�6/$�ERXQGV�7KH� WUDIILF� UHDFKHV� RYHUORDG� ZKHQ� WKH� DFFXPXODWLYH� FDOO� EORFNLQJ� UDWH� IRU� JROG�FXVWRPHUV�H[FHHGV� WKH� OLPLW��$W� WKDW�SRLQW� VLOYHU�FXVWRPHUV� LV� VWLOO� LQ�DQ� DFFHSWDEOH�UDQJH�DV�VKRZQ�LQ�ILJXUH����,Q�WKLV�FDVH�WKH�FKRVHQ�SROLF\�JLYHV�WKH�KLJKHVW�EXIIHULQJ�WLPH�WR�JROG���V��DQG�ORZHU�YDOXH�IRU�VLOYHU���V��DQG�IRU�EURQ]H�VWLOO�DW�]HUR��,W�FDQ�EH�
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VHHQ� WKDW� WKH� V\VWHP� GHWHFWHG� WKH� RYHUORDG� VLWXDWLRQ� DW� WKH� SRLQW� ZKHUH� WKH� WUDIILF�ORDG� LQFUHDVHV� DQG� WKH� QHZ� SROLF\� LV� DSSOLHG�� $V� WKH� QHZ� SROLF\� JLYHV� SULRULW\� WR�JROG�� WKH� FDOO� EORFNLQJ� UDWH� IRU� JROG� FXVWRPHU� LV� PDLQWDLQHG� ZLWKLQ� DQ� DFFHSWDEOH�UDQJH�DW�WKH�H[SHQVH�RI�ERWK�VLOYHU�DQG�EURQ]H��7KH� ORQJ�WHUP� YDOXH� IRU� JROG� FXVWRPHUV� KDV� EHHQ� PHW� FRPIRUWDEO\� DV� VKRZQ� LQ�ILJXUH����EXW�WKDW�IRU�VLOYHU�LV�DW�WKH�OLPLW��:KHQ�FRQJHVWLRQ�RFFXUV��VLOYHU�FXVWRPHUV�KDYH�WR�EH�JLYHQ�SULRULW\�LQ�RUGHU�WKDW�WKHLU�ORQJ�WHUP�EORFNLQJ�LV�QRW�H[FHHGHG��EXW�JROG�FXVWRPHUV�FDQ�EH�DOORZHG� WR�KDYH�ZRUVH�VHUYLFH� VLQFH� WKHUH� LV� VWLOO� ³VODFN´� LQ�WKHLU� 6/$�� 7KH� 6/$�PRQLWRULQJ� KHUH� LV� ORRNLQJ� DW� WKH� ORQJ�WHUP� EORFNLQJ�� ,W� KDV�GHWHFWHG�WKDW�VLOYHU�QHHGV�SULRULW\�DQG�KDV�DSSOLHG�WKDW�SULRULW\��

)LJXUH������7KH�6/$�PRQLWRULQJ�KHUH�LV�ORRNLQJ�DW�WKH�ORQJ�WHUP�EORFNLQJ��KDV����������GHWHFWHG�WKDW�VLOYHU�QHHGV�SULRULW\�DQG�KDV�DSSOLHG�WKDW�SULRULW\�,Q�WKLV�FDVH��WKH�EXIIHULQJ�WLPHV�IRU�JROG��VLOYHU�DQG�EURQ]H�FXVWRPHU�KDYH�EHHQ�VHW��DV��V���V�DQG��V�UHVSHFWLYHO\��$FFRUGLQJ�WR�WKH�LPSOHPHQWDWLRQ�RI�SULRULW\�EXIIHULQJ��JROG� FXVWRPHU� DUH� DOZD\V�SODFHG� LQ� WKH� IURQW�RI� WKH�TXHXH��7KHUHIRUH�� LQ�RUGHU� IRU�EURQ]H�WR�DOVR�EH�PDLQWDLQHG��WKH�KLJKHVW�EXIIHULQJ�WLPH�ZDV�JLYHQ�WR�EURQ]H�DQG�D�VPDOOHU� DPRXQW� WR� VLOYHU�� VR�PDLQWDLQLQJ� VLOYHU� FXVWRPHUV�ZLWKLQ� DFFHSWDEOH� UDQJH��7KHVH� UHVXOWV� VKRZ� WKH� IOH[LELOLW\� RI� WKH� FRQWURO� V\VWHP�� ZKLFK� DVVLJQV� GLIIHUHQW�SROLFLHV�WR�GLIIHUHQW�VFHQDULRV�DQG�DOVR�VKRZV�WKDW�WKH�KLJKHVW�SULRULW\�WUDIILF�FDQ�DOVR�EH� D� VDFULILFH� LQ� RUGHU� WR� PDLQWDLQ� D� ORQJ�WHUP� 6/$� IRU� FXVWRPHUV� ZKR� ZRXOG�QRUPDOO\�KDYH�ORZHU�SULRULW\��,Q�IDFW�DQ\�6/$�WKDW�FDQ�EH�HYDOXDWHG�QXPHULFDOO\�FDQ�EH�XVHG�DV�WKH�EDVLV�IRU�FRQWUROOLQJ�WKH�SROLF\��WKH�V\VWHP�LV�WKDW�IOH[LEOH���9���+RWVSRW�&DVHV�,Q�WKLV�VHFWLRQ�WKH�VROXWLRQ�PHFKDQLVP�ZLOO�EH�DSSOLHG�GHSHQGHQW�RQ�PHPRU\�EXIIHU�WKURXJKSXW��V\VWHP�WKURXJKSXW��DQG�WKH�FRQJHVWLRQ�EDQG�LQ�WKH�FHOO��)RU�VWXGLHV�SURSRVH�ZH�UHFRJQL]H�WKUHH�W\SH�RI�XVHUV�LQ�WKH��x 7KH�V\VWHP�FRQWDLQV�LQ�VRPH�LQVWDQW�SHULRG�PRUH�WKDQ�����57�XVHUV��
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x 7KH�V\VWHP�FRQWDLQV�LQ�VRPH�LQVWDQW�SHULRG�PRUH�WKDQ�����157�XVHUV��x 7KH� V\VWHP� FRQWDLQV� LQ� VRPH� LQVWDQW� SHULRG� 57� DQG� 157� XVHUV� LQ�DSSUR[LPDWHO\�HTXDO�QXPEHU�RI�XVHUV��$QG�WKUHH�W\SH�RI�XVHUV�PHPRU\�EXIIHU���x WKH�EXIIHU�FRQWDLQ�LQ�VRPH�LQVWDQW�SHULRG�PRUH�WKDQ�����57�XVHUV��x WKH�EXIIHU�FRQWDLQ�LQ�VRPH�LQVWDQW�SHULRG�PRUH�WKDQ�����157�XVHUV��x WKH� EXIIHU� FRQWDLQ� LQ� VRPH� LQVWDQW� SHULRG� 57� DQG� 157� XVHUV� LQ�DSSUR[LPDWHO\�HTXDO�QXPEHU�RI�XVHUV���,Q�DOO�FDVH�DV� WKH�FRQJHVWLRQ�RFFXUV� LQ� WKH�KRWVSRW�DUHD�RI� WKH�KRWVSRW�FHOO�� WKH�FDOO�EORFNLQJ�UDWH�IRU�DOO�FODVVHV�RI�FXVWRPHU�LQFUHDVHV��)URP�WKH�JHQHUDWLRQ�RI�FDVHV�IRU�WKH� FDVH� OLEUDU\� VKRZQ� SUHYLRXVO\�� WKH� &%5�PRGHO�ZDV� EXLOW� XS�� 7R� FKHFN� WKDW� LW�RSHUDWHV� FRUUHFWO\�� WKH� VLPXODWLRQ� ZDV� UXQ� ZLWK� WKH� VDPH� FRQGLWLRQV� DV� XVHG� WR�JHQHUDWH�WKH�FDVH�WR�HQVXUH�LW�GRHV�PDWFK�H[DFWO\��:H�ZLOO�FRQVLGHU�DOO�SRVVLEOH�W\SH�RI�FRQJHVWLRQ�DQG�H[DPLQH�WKH�QHWZRUN�WR�WDNH�WKH�PRVW�VXLWDEOH�VROXWLRQ�IRU�HDFK�FDVH���
9��+RWVSRW�&DVHV�6LPXODWLRQ�DQG�$QDO\VLV� )LUVW�H[SHULPHQW���� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV�� 6/$� EUHDFKHG�� ZKHUH� FDOO�EORFNLQJ� � UDWH� � H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO� EORFNLQJ� UDWH� DV� DJUHHG� LQ� WKH�LQWHUDFW��
� 6\VWHP�SDUDPHWHUV�WKDW�DUH�FROOHFWHG�LQ�WKH�PRQLWRULQJ�SURFHVV�EHIRUH���������������������������DSSO\�WKH�VROXWLRQ�� 7KH�V\VWHP�FRQWDLQV�PRUH�WKDQ�����157�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� WKH�EXIIHU�FRQWDLQ�PRUH�WKDQ�����157�XVHUV� WKURXJKSXW�GHPDQG�ODUJH��� &RQJHVWLRQ�SDWWHUQ�LV�LQ��ILUVW�EDQG��GLVWDQFH�OHVV�WKDQ����P������ 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�
LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ���

)LJXUH�������)LUVW�H[SHULPHQW�UHVXOW��� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV���
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)LUVW�EDQG�GHJUDGDWLRQ��EXIIHULQJ�GHJUDGDWLRQ�DQG�LQ�WKLV�FDVH��WKH�EXIIHULQJ�WLPHV�IRU�JROG��VLOYHU�DQG�EURQ]H�FXVWRPHU�KDYH�EHHQ�VHW�DV��V���V�DQG��V�UHFHSWLYLW\��
VHFRQG�H[SHULPHQW��� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�EORFNLQJ� UDWH� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO� EORFNLQJ� UDWH� � � DV� DJUHHG� LQ� WKH�LQWHUDFW��
� 6\VWHP�SDUDPHWHUV�WKDW�DUH�FROOHFWHG�LQ�WKH�PRQLWRULQJ�SURFHVV�EHIRUH�DSSO\�WKH�VROXWLRQ���7KH�V\VWHP�FRQWDLQV�PRUH�WKDQ�����157�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� 7KH�EXIIHU�FRQWDLQV�PRUH�WKDQ�����157�XVHUV� WKURXJKSXW�GHPDQG�ODUJH��� &RQJHVWLRQ�SDWWHUQ�LV�LQ��EDQG�WZR�DQG�WKUHH��GLVWDQFH�PRUH�WKDQ����P�DQG�OHVV�WKDQ�����P���� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�
LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ���

)LJXUH�������VHFRQG�H[SHULPHQW�UHVXOW�� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��6\VWHP�GHJUDGDWLRQ��EXIIHULQJ�GHJUDGDWLRQ�DQG�,Q�WKLV�FDVH��WKH�EXIIHULQJ�WLPHV�IRU�JROG��VLOYHU�DQG�EURQ]H�FXVWRPHU�KDYH�EHHQ�VHW�DV��V���V�DQG��V�UHVSHFWLYHO\��
WKLUHG�H[SHULPHQW��� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�EORFNLQJ� UDWH� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO� EORFNLQJ� UDWH� � � DV� DJUHHG� LQ� WKH�LQWHUDFW��� 6\VWHP�SDUDPHWHUV�WKDW�DUH�FROOHFWHG�LQ�WKH�PRQLWRULQJ�SURFHVV�EHIRUH�����������������������������DSSO\�WKH�VROXWLRQ���7KH�V\VWHP�FRQWDLQV�PRUH�WKDQ�����57�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� 7KH�EXIIHU�FRQWDLQV�QHDUO\�57�XVHUV� WKURXJKSXW�GHPDQG�VPDOO��� &RQJHVWLRQ�SDWWHUQ�LV�LQ��ZKROH�V\VWHP��
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� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�
LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��

)LJXUH������7KLUG�H[SHULPHQW�UHVXOW�� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��6\VWHP�GHJUDGDWLRQ��157� RYHU� ORDG�� FHOO� UDGLXV� VKULQNLQJ� WR� ������ RI� FHOO� VL]H� DQG� ,Q� WKLV� FDVH�� WKH�EXIIHULQJ�WLPHV�IRU�JROG��VLOYHU�DQG�EURQ]H�FXVWRPHU�KDYH�EHHQ�VHW�DV���V����V�DQG��V�UHVSHFWLYHO\��
H[SHULPHQW����WK�� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�EORFNLQJ� UDWH� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO� EORFNLQJ� UDWH� � � DV� DJUHHG� LQ� WKH�LQWHUDFW��� 6\VWHP� SDUDPHWHUV� WKDW� DUH� FROOHFWHG� LQ� WKH� PRQLWRULQJ� SURFHVV EHIRUH���������������������������������������������������������������������������������������������������������������������DSSO\� WKH� VROXWLRQ��  7KH� V\VWHP� FRQWDLQV� QHDUO\� 57� XVHUV� V\VWHP� WKURXJKSXW�VPDOO��YRLFH��� 7KH�EXIIHU�FRQWDLQV�PRUH�WKDQ�����57�XVHUV� WKURXJKSXW�GHPDQG�ODUJH��YLGHR���� &RQJHVWLRQ�SDWWHUQ�LV�LQ��WKLUG��EDQG��GLVWDQFH�PRUH�WKDQ����P������ 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�

LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��
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)LJXUH�������WK�H[SHULPHQW�UHVXOW�� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ� WR� WKLV� W\SH� RI� FRQJHVWLRQ� SDWWHUQ� DQG� LW
V� FDXVHV�� %XIIHULQJ�GHJUDGDWLRQ��FHOO�UDGLXV�VKULQNLQJ�WR�������RI�FHOO�VL]H�DQG�,Q�WKLV�FDVH��WKH�EXIIHULQJ�WLPHV� IRU� JROG�� VLOYHU� DQG� EURQ]H� FXVWRPHU� KDYH� EHHQ� VHW� DV� ��V�� �V� DQG� �V�UHVSHFWLYHO\���WK� H[SHULPHQW���� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�EORFNLQJ� UDWH� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO� EORFNLQJ� UDWH� � � DV� DJUHHG� LQ� WKH�LQWHUDFW��� 6\VWHP�SDUDPHWHUV�WKDW�DUH�FROOHFWHG�LQ�WKH�PRQLWRULQJ�SURFHVV�EHIRUH�DSSO\��������������������������������������������������WKH�VROXWLRQ�� 7KH�V\VWHP�FRQWDLQV�QHDUO\�57�XVHUV� V\VWHP�WKURXJKSXW�VPDOO��YRLFH��� 7KH�EXIIHU�FRQWDLQV�QHDUO\�57�XVHUV� WKURXJKSXW�GHPDQG�VPDOO��YRLFH���� &RQJHVWLRQ�SDWWHUQ�LV�LQ��ILUVW�EDQG��GLVWDQFH�OHVV�WKDQ����P������ 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�
LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��

)LJXUH����������WK�H[SHULPHQW�UHVXOW�
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� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�
DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LWV�FDXVHV��,Q�WKLV�FDVH�RQO\�EXIIHULQJ�PHFKDQLVP�XVHG��WKH�EXIIHULQJ�WLPHV�IRU�JROG��VLOYHU�DQG�EURQ]H�FXVWRPHU�KDYH�EHHQ�VHW�DV���V���V�DQG��V�UHFHSWLYLW\��

�WK� H[SHULPHQW���� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�EORFNLQJ� UDWH� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO� EORFNLQJ� UDWH� � � DV� DJUHHG� LQ� WKH�LQWHUDFW��� 6\VWHP� SDUDPHWHUV� WKDW� DUH� FROOHFWHG LQ� WKH� PRQLWRULQJ� SURFHVV� EHIRUH�������������������������������������������������������������������������������������������DSSO\� WKH� VROXWLRQ�� � 7KH� V\VWHP� FRQWDLQV� 57�	�157� XVHUV� V\VWHP� WKURXJKSXW�ODUJH���� 7KH�EXIIHU�FRQWDLQV�57�	�157�XVHUV� WKURXJKSXW�GHPDQG�ODUJH�� &RQJHVWLRQ�SDWWHUQ�LV�LQ��ZKROH�FHOO��� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ���

)LJXUH����������WK�H[SHULPHQW�UHVXOW�� 7KH�PRVW�VXLWDEOH�SROLF\�FKRVHQ�DQG�DSSOLHG�LQWR�WKH�V\VWHP��E\�&%5�
DFFRUGLQJ��WR��WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��6\VWHP�GHJUDGDWLRQ��EXIIHULQJ�GHJUDGDWLRQ��FHOO�UDGLXV�VKULQNLQJ�WR�������RI�FHOO�VL]H�DQG�,Q�WKLV�FDVH��WKH�EXIIHULQJ�WLPHV�IRU�JROG��VLOYHU�DQG�EURQ]H�FXVWRPHU�KDYH�EHHQ�VHW�DV��V���V�DQG��V�UHVSHFWLYHO\��9���6LPXODWLRQ�RI�FKDQJLQJ�UHDFWLYH�OD\HU�SROLF\�IRU�KDQGRII�FRQWURO�����������KDQGOLQJ�)RU� WKLV�SDUW�� WKH� VLPXODWLRQ� UHVXOW� RI� WKH�KDQGRII� FDOO� EORFNLQJ� UDWH� �DQG� WKHUHIRUH�GURSSLQJ�� RYHU� VLPXODWLRQ� WLPH� LQFUHDVHV� LQ� D� FRQYHQWLRQDO� V\VWHP� WKDW� GRHV� QRW�FKDQJH�WKH�SROLF\�LV�VKRZQ�LQ��ILJXUH��������
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)LJXUH��������$�FRQYHQWLRQDO�V\VWHP�WKDW�GRHV�QRW�FKDQJH�WKH�SROLF\��*HQHUDWLQJ�&DVHV�
�WK� H[SHULPHQW���� 7KH� SUREOHP�GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�GURSSLQJ� UDWH� FDXVHV� E\� KDQGRII� FDOO� EORFNLQJ� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO�GURSSLQJ�UDWH���DV�DJUHHG�LQ�WKH�LQWHUDFW��
� 6\VWHP� SDUDPHWHUV� WKDW� DUH� FROOHFWHG� LQ� WKH� PRQLWRULQJ� SURFHVV� EHIRUH����������������������DSSO\�WKH�VROXWLRQ�� 7KH�V\VWHP�FRQWDLQV�PRUH�WKDQ����157�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� 7KH�XVHUV�LQ�VWDWH�RI�KDQGRII�FRQWDLQV�PRUH�WKDQ�����157�XVHUV��XVHUV�LQ�VWDWH�RI�+DQGRII�GHPDQG�ODUJH�WKURXJKSXW��� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�
LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��
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)LJXUH����������WK�H[SHULPHQW�UHVXOW�� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��6\VWHP� GHJUDGDWLRQ� �� +DQGRII� FDOOV� GHJUDGDWLRQ� �157� RYHUORDG� IRU� WKH� KDQGRII�FDOOV��
�WK� H[SHULPHQW��� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�GURSSLQJ� UDWH� FDXVHV� E\� KDQGRII� FDOO� EORFNLQJ� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO�GURSSLQJ�UDWH���DV�DJUHHG�LQ�WKH�LQWHUDFW��� 6\VWHP� SDUDPHWHUV� WKDW� DUH� FROOHFWHG� LQ� WKH� PRQLWRULQJ� SURFHVV� EHIRUH��������������������������������������������������������
DSSO\�WKH�VROXWLRQ�� 7KH�V\VWHP�FRQWDLQV�PRUH�WKDQ�����157�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� 7KH� XVHUV� LQ� VWDWH� RI� +DQGRII� FRQWDLQV� 157� XVHUV�� XVHUV� LQ� VWDWH� RI� KDQGRII�GHPDQG�VPDOO�WKURXJKSX> <XH�&KHQ�����@W��� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�
LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��

)LJXUH�����������WK�H[SHULPHQW�UHVXOW�� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��6\VWHP�GHJUDGDWLRQ�� 157�RYHUORDG�IRU�WKH�KDQGRII�FDOOV��
�WK� H[SHULPHQW��� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�GURSSLQJ� UDWH� FDXVHV� E\� KDQGRII� FDOO� EORFNLQJ� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO�GURSSLQJ�UDWH���DV�DJUHHG�LQ�WKH�LQWHUDFW��� 6\VWHP�SDUDPHWHUV�WKDW�DUH�FROOHFWHG�LQ�WKH�PRQLWRULQJ�SURFHVV�EHIRUH��DSSO\�
WKH�VROXWLRQ�� 7KH�V\VWHP�FRQWDLQV�157	57�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� 7KH�XVHUV�LQ�VWDWH�RI�+DQGRII�FRQWDLQV�157	57�XVHUV��XVHUV� LQ�VWDWH�RI�+DQGRII�GHPDQG�ODUJH�WKURXJKSXW��
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� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�
LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��

)LJXUH�����������WK�H[SHULPHQW�UHVXOW�� 7KH�PRVW�VXLWDEOH�SROLF\�FKRVHQ�DQG�DSSOLHG�LQWR�WKH�V\VWHP�E\�&%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��+DQGRII�GHJUDGDWLRQ��6\VWHP�GHJUDGDWLRQ�DQG�157�RYHUORDG�IRU�KDQGRII�FDOOV��
��WK�H[SHULPHQW��� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�GURSSLQJ� UDWH� FDXVHV� E\� KDQGRII� FDOO� EORFNLQJ� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO�GURSSLQJ�UDWH���DV�DJUHHG�LQ�WKH�LQWHUDFW��� 6\VWHP�SDUDPHWHUV�WKDW�DUH�FROOHFWHG�LQ�WKH�PRQLWRULQJ�SURFHVV�EHIRUH���DSSO\�
WKH�VROXWLRQ�� 7KH�V\VWHP�FRQWDLQV�157	57�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� 7KH�XVHUV�LQ�VWDWH�RI�+DQGRII�FRQWDLQV�157	57�XVHUV��XVHUV�LQ�VWDWH�RI�+DQGRII�GHPDQG�VPDOO�WKURXJKSXW��� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��
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)LJXUH������������WK�H[SHULPHQW�UHVXOW�� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV���6\VWHP�GHJUDGDWLRQ�DV�ZHOO�DV�157�RYHUORDG�IRU�WKH�KDQGRII��LQ�ODUJH�WLPH��
��WK� H[SHULPHQW��� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�GURSSLQJ� UDWH� FDXVHV� E\� KDQGRII� FDOO� EORFNLQJ� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO�GURSSLQJ�UDWH���DV�DJUHHG�LQ�WKH�LQWHUDFW��� 6\VWHP� SDUDPHWHUV� WKDW� DUH� FROOHFWHG� LQ� WKH� PRQLWRULQJ� SURFHVV� EHIRUH������������������������������������������������������������������������������������
DSSO\�WKH�VROXWLRQ�� 7KH�V\VWHP�FRQWDLQV�PRUH�WKDQ����57�XVHUV� V\VWHP�WKURXJKSXW�ODUJH�� 7KH�XVHUV�LQ�VWDWH�RI�KDQGRII��FRQWDLQV��PRUH�WKDQ�����57�XVHUV��XVHUV�LQ�VWDWH�RI�+DQGRII��GHPDQG�ODUJH�WKURXJKSXW��� 7KH� UHVXOWV� �E\� JUDSK� WKDW� FDPH� IURP� WKH� 6/$�EDVHG� FRQWURO� V\VWHP� E\�LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��

)LJXUH�������������WK�H[SHULPHQW�UHVXOW�



$Q�LQWHOOLJHQW�DJHQW�IRU�UDGLR�UHVRXUFH�PDQDJHPHQW�LQ��Z�FGPD��QHWZRUNV������������������������������������

� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��6\VWHP�GHJUDGDWLRQ��+DQGRII�FDOO�GHJUDGDWLRQ�DV�ZHOO�DV�157�RYHUORDG�IRU�WKH�V\VWHP��
��WK� H[SHULPHQW��� 7KH� SUREOHP� GHWHFWHG� E\� WKH�PRQLWRULQJ� SURFHVV� 6/$� EUHDFKHG�� ZKHUH� FDOO�GURSSLQJ� UDWH� FDXVHV� E\� KDQGRII� FDOO� EORFNLQJ� H[FHHG� PD[LPXP� DFFHSWDEOH� FDOO�GURSSLQJ�UDWH���DV�DJUHHG�LQ�WKH�LQWHUDFW��� 6\VWHP�SDUDPHWHUV�WKDW�DUH�FROOHFWHG�LQ�WKH�PRQLWRULQJ�SURFHVV�EHIRUH�DSSO\�
WKH�VROXWLRQ��� 7KH�V\VWHP�FRQWDLQV�PRUH�WKDQ�����57�XVHUV� V\VWHP�WKURXJKSXW�ODUJH���� 7KH� XVHUV� LQ� VWDWH� RI� KDQGRII� � FRQWDLQV� � 57� XVHUV�� XVHUV� LQ� VWDWH� RI� +DQGRII��GHPDQG�VPDOO�WKURXJKSXW��� 7KH�UHVXOWV��E\�JUDSK� WKDW�FDPH�IURP�WKH�6/$�EDVHG�FRQWURO�V\VWHP�E\�LPSOHPHQWLQJ�WKH�&%5�WR�SURSRVH�WKH�EHVW�VROXWLRQ��

)LJXUH����������WK�H[SHULPHQW�UHVXOW�� 7KH� PRVW� VXLWDEOH� SROLF\� FKRVHQ� DQG� DSSOLHG� LQWR� WKH� V\VWHP� E\� &%5�DFFRUGLQJ�WR�WKLV�W\SH�RI�FRQJHVWLRQ�SDWWHUQ�DQG�LW
V�FDXVHV��6\VWHP�GHJUDGDWLRQ�DV�ZHOO�DV�157�RYHUORDG�IRU�WKH�V\VWHP�XVHU���9,�&RQFOXVLRQV�7KLV�SURMHFW�KDV�GHVFULEHG� WKH�EDFNJURXQG�WR� WKH�HYROXWLRQ�RI� WKH�FHOOXODU� V\VWHPV��PDLQO\� WKH� HYROXWLRQ� IURP� WKH� �QG� JHQHUDWLRQ� �*60�� WRZDUG� WKH� �UG� JHQHUDWLRQ�ZLUHOHVV� V\VWHPV� �8076��� *LYHQ� WKH� KLJKHU� GHPDQG� IRU� EDQGZLGWK� DQG� WKH�FRPSOH[LW\�RI� WKH�QHZ�DSSOLFDWLRQV� WKDW�8076�ZLOO� VXSSRUW�� FOHDUO\�D� IOH[LEOH� DQG�G\QDPLF� PDQDJHPHQW� RI� UDGLR� UHVRXUFHV� ZLOO� EH� QHHGHG�� 7KH� DSSURDFK� WDNHQ� E\�6+8))/(� LV� WR� PDNH� XVH� RI� D� 0XOWL�DJHQW� 6\VWHP�� ZKLFK� LV� DOUHDG\� SURYHG�HIIHFWLYH�LQ�PDQ\�WHOHFRPPXQLFDWLRQ�DUHDV��7KH� FRQFHSW� RI� G\QDPLF� DQG� IOH[LEOH�PDQDJHPHQW� RI� UDGLR� UHVRXUFH� LQ� 6+8))/(�ZDV� GLVFXVVHG�� H[SODLQLQJ� KRZ� DQG� ZK\� WKH�0XOWL�DJHQW� VKRXOG� DQG� FDQ� EH� XVHG��



���� 3URI��5�$O�+DGLWKL��+�$O�0L]JDJL��0��$ONREDU\�=�6KDPKDQ��6�0RKDPPHG��$�.DVVLP��$�0RKVHQ�
�

7KH� DUFKLWHFWXUH� RI� WKH� H[LVWLQJ� UHVRXUFH� PDQDJHPHQW� XVLQJ� D� WKUHH�OD\HU�PDUNHWSODFH�ZDV�H[SODLQHG�� WRJHWKHU�ZLWK� WKH�VSHFLILFDWLRQV�RI� HDFK�SDUW\� LQYROYHG�LQ� WKH� WUDGH�� ,GHDOO\�� WKH� WKUHH� SOD\HUV�� WKH� FXVWRPHU�� WKH� VHUYLFH� SURYLGHU�� DQG� WKH�QHWZRUN� SURYLGHU�� WKDW� DUH� LQYROYHG� LQ� WKH� 8076� EXVLQHVV� PRGHO� VKRXOG� EH�UHSUHVHQWHG�E\�WKUHH�DJHQWV�RU�WKUHH�JURXSV�RI�DJHQWV��7KH�8VHU�$JHQW��8$���DFWLQJ�RQ�EHKDOI� RI� WKH� FXVWRPHU�� JHQHUDWHV� GHPDQG� IRU� WKH� V\VWHP��7KH� VHUYLFH� SURYLGHU�UHSUHVHQWHG�E\�D�JURXS�RI�DJHQWV�FRQVLVWV�RI�WKH�6HUYLFH�3URYLGHU�$JHQW��63$���WKH�6HUYLFH� 3URYLGHU� 1HJRWLDWLRQ� $JHQW� �631$��� DQG� WKH� 6HUYLFH� 3URYLGHU� 5HVRXUFH�$JHQW��635$���7KH�QHWZRUN�SURYLGHU�LV�UHSUHVHQWHG�E\�WKH�1HWZRUN�3URYLGHU�$JHQW��13$���WKH�1HWZRUN�3URYLGHU�1HJRWLDWLRQ�$JHQW��131$���DQG�WKH�1HWZRUN�3URYLGHU�5HVRXUFH�$JHQW� �135$��� ,Q�HDFK�JURXS��HDFK�DJHQW� WDNHV�FDUH�RI�GLIIHUHQW�DVSHFWV�DQG�SHUIRUPV�GLIIHUHQW�WDVNV��EXW�DFWV�WRZDUG�WKH�VKDUHG�JRDO��,Q�WKLV�SURMHFW��WKH�FRQFHSW�RI�XVHU�4R6�LV�GLVFXVVHG�WRJHWKHU�ZLWK�WKH�IUDPHZRUN�RI�WKH�4R6�FRQWURO�WKDW�FDQ�EH�XVHG�WR�PRQLWRU�DQG�FRQWURO�UDGLR�UHVRXUFH�DOORFDWLRQ�LQ��*��7KH�FRQFHSWV�RI�6HUYLFH�/HYHO�$JUHHPHQW�DQG�UHSXWDWLRQ�PRGHO�ZHUH�GLVFXVVHG��7KH� UHVXOWV� RI� WKH� VLPXODWLRQ� GHPRQVWUDWH� KRZ� D�PXOWL�DJHQW� V\VWHP� FRXOG� EHQHILW�WKH� UHVRXUFH�PDQDJHPHQW� LQ� WKH� �*� V\VWHPV��%\� LQWURGXFLQJ� WKH� XSGDWHG�1HWZRUN�3URYLGHU�5HVRXUFH�$JHQW��135$��� �FXVWRPHU�H[SHULHQFHV� ORZHU�EORFNLQJ�UDWH��7KH�FRQFHSWV� RI� 6/$� DQG� UHSXWDWLRQ� PRGHO� ZHUH� SXW� LQ� WR� SUDFWLFH�� DQG� SURYLGHG� DQ�HIIHFWLYH�PHDQV�IRU�4R6�PDQDJHPHQW�HVSHFLDOO\�IRU�WKH�VHUYLFH�SURYLGHU��0RUHRYHU�� WKH� 135$� GHPRQVWUDWHV� WKH� DELOLW\� WR� GLIIHUHQWLDWH� FXVWRPHUV� ZLWK�GLIIHUHQW�VHUYLFH�FODVVHV��JLYLQJ�WKHP�GLIIHUHQW�SULRULWLHV�DW�WLPHV�ZKHQ�UHVRXUFHV�DUH�VFDUFH�� 7KLV� SURMHFW� WKHUHIRUH� GHYHORSHG�� RQ� WRS� RI� WKH� H[LVWLQJ� 6+8))/(�DUFKLWHFWXUH�� D� QHZ� VHW� RI� DJHQWV� WKDW� PDNH� XVH� RI� YDULRXV� FRQFHSWV� IRFXVHG� RQ�SURYLGLQJ� HQG�XVHUV�ZLWK� WKH� EHVW� SRVVLEOH�4R6��$W� WKH� VDPH� WLPH�� WKH� DJHQWV� VWLOO�PDLQWDLQ� WKHLU� JRDO� RI� SURYLGLQJ� D� IOH[LEOH� DQG� G\QDPLF� UHVRXUFH�PDQDJHPHQW� IRU�WKH� XSFRPLQJ� �*� V\VWHPV�� 7KLV� SURMHFW� SURYLGHV� WKH� IRXQGDWLRQV� IRU� WKH� 6/$�FRQFHSW� DQG� DJHQW� UHSXWDWLRQ� V\VWHP� WKDW� KDYH� QRW� EHHQ� LPSOHPHQWHG� EHIRUH� LQ�6+8))/(�� 7KH� 6/$� PRQLWRULQJ� DQG� HYDOXDWLRQ�� ZKLFK� LV� FXUUHQWO\� LPSOHPHQWHG�RQO\� LQ� WKH� QHWZRUN� SURYLGHU�� FDQ� DOVR� EH� LPSOHPHQWHG�ZLWK� VRPH�PLQRU� FKDQJHV�LQWR�WKH�VHUYLFH�SURYLGHU�DJHQW�DQG�WKH�XVHU�DJHQW��LQ�RUGHU�WR�SURYLGH�FRPSOHWH�4R6�FRQWURO� WKURXJKRXW� WKH� HQWLUH� V\VWHP�� � 7KLV� SURMHFW� DOVR� SURYLGHV� D� VHTXHQFH� RI�VLPXODWLRQ�UHVXOWV�VWDUWLQJ�IURP�WKH�LQLWLDO�VWDJH�RI�WKH�LQYHVWLJDWLRQ�RQ�WKH�LPSDFW�RI�FKDQJLQJ� WKH� UHDFWLYH� OD\HU�SROLF\� WR�RYHUFRPH� WKH�V\VWHP�FRQJHVWLRQ� HQYLURQPHQW�DQG� KDQGOLQJ� KDQGRII� EORFNLQJ� FDOO�� 5HVXOWV� IURP� WKH� VWXG\� RI� LPSOHPHQWLQJ� WKH�&%5� DV� SDUW� RI� WKH� DJHQW� V\VWHP� WR� SURSRVH� WKH� EHVW� VROXWLRQ� IRU� HDFK� FRQJHVWLRQ�SDWWHUQ�ZHUH�SUHVHQWHG���5HVXOWV�ZHUH�JLYHQ�IRU��x 7KH�UHVXOWV�IURP�WKH�FDVH�JHQHUDWLRQ�SURFHVV��ZKLFK�VKRZHG�WKH�EHQHILW�RI�XVLQJ�WKH�SURSRVHG�PHWKRG�LQ�UHFRYHULQJ�GLIIHUHQW�FRQJHVWLRQ�SDWWHUQV��7KH�UHVXOW� IURP� WKH� VDPH� VFHQDULR� XVHG� WR� SRSXODWH� WKH� FDVH� OLEUDU\� ZDV� DOVR�JLYHQ�WR�HQVXUH�WKDW�WKH�V\VWHP�FDQ�LPPHGLDWHO\�SURSRVH�WKH�ULJKW�SROLF\�WR�WKH�FRQJHVWLRQ�SDWWHUQ��x 7KH� UHVXOWV� IURP� VLPXODWLRQ�XQGHU� VLPLODU� KRWVSRW�SDWWHUQV��ZKLFK� VKRZHG�WKH�IOH[LELOLW\�DQG�OHDUQLQJ�DELOLW\�RI�WKH�V\VWHP��



$Q�LQWHOOLJHQW�DJHQW�IRU�UDGLR�UHVRXUFH�PDQDJHPHQW�LQ��Z�FGPD��QHWZRUNV������������������������������������
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5HIHUHQFHV�

$KPDG� $OVRODLP�� �'<1$0,&$//<�5(&21),*85$%/(� $5&+,7(&785(� )25� 7+,5'�*(1(5$7,21� 02%,/(� 6<67(06� ��� $� 'LVVHUWDWLRQ�3UHVHQWHG�WR�7KH�)DFXOW\�RI�WKH�)ULW]� -�� DQG�'RORUHV�+��5XVV� &ROOHJH� RI� (QJLQHHULQJ� DQG�7HFKQRORJ\�2KLR�8QLYHUVLW\�� ,Q� 3DUWLDO� )XOILOOPHQW� RI� WKH�5HTXLUHPHQWV�IRU�WKH�'HJUHH�'RFWRU�RI�3KLORVRSK\��$XJXVW�������

> $KPDG�$OVRODLP������@

/�*�� &XWKEHUW�� '�� 5\DQ�� /�� 7RNDUFKXN�� -�� %LJDP� DQG� (��%RGDQHVH���8VLQJ�LQWHOOLJHQW�DJHQWV� WR�PDQDJH�UHVRXUFH�LQ��*�1HWZRUNV���-RXUQDO�RI�,%7(��������YRO����SDUW����
> &XWKEHUW�DQG�HWDO�����@�

$�� $DPRGW� DQG� (�� 3OD]D�� �&DVH�%DVHG� 5HDVRQLQJ��)RXQGDWLRQDO� ,VVXHV�� 0HWKRGRORJLFDO� 9DULDWLRQV�� DQG�6\VWHP�$SSURDFKHV���$,�&RPPXQLFDWLRQV�� ,26�3UHVV�� WKH�(XURSHDQ�-RXUQDO�RI�$UWLILFLDO�,QWHOOLJHQFH��9RO�������������SS���������

> $DPRGW�DQG�HWDO������@�

0�>)3/076�5(9$/@�� �� *XLGHOLQHV� IRU� (YDOXDWLRQ� RI�5DGLR� 7UDQVPLVVLRQ� 7HFKQRORJLHV� IRU� ,07������)3/076��
> )3/076�5(9$/������@

+��+ROPD��DQG��$��7RVNDOD����:&'0$��IRU��8076���5DGLR�$FFHVV��)RU��7KLUG��*HQHUDWLRQ��0RELOH��&RPPXQLFDWLRQV����-RKH�:LOH\�	�6RQV��/7'��������
> +ROPD�DQG�HWDO�����@

KWWS���ZZZ�JVPZRUOG�FRP�QHZV�SUHVVHB�����SUHVVB���VKWPO��*60� � WR� �+LW�2QH�%LOOLRQ�6XEVFULEHUV� � E\�<HDU�(QG���������/RQGRQ��8.����WK�-DQXDU\������
KWWS���ZZZ�JVPZRUOG�FRP@



���� 3URI��5�$O�+DGLWKL��+�$O�0L]JDJL��0��$ONREDU\�=�6KDPKDQ��6�0RKDPPHG��$�.DVVLP��$�0RKVHQ�
�

0�� -XQWWL� DQG� 0�� /DWYD�DKR�� �� 0XOWLXVHU� UHFHLYHUV� IRU�&'0$� 6\VWHPV� � LQ� 5D\OHLJK� IDGLQJ� FKDQQHOV� ��� ,(((��7UDQV���9HKLF��7HFK�������
> -XQWL�DQG�HWDO�����@��

-��/DLKR�6WHIIHQV��0��-DVEHUJ��.��6LSLOD���$���:DFNHU��DQG��$�� .DQJDV�� �� &RPSDULVRQ� RI� WKUHH� GLYHUVLW\� KDQGRYHU�DOJRULWKPV� E\� XVLQJ� PHDVXUHG� SURSDJDWLRQ� GDWD� ��� � 0D\������

> /DLKR�DQG�HWDO�����@

-��/HH�DQG�5��$UQRWW����6\VWHP�SHUIRUPDQFH�RI�PXOWL�VHFWRU�VPDUW� DQWHQQD� EDVH� VWDWLRQV� IRU� :&'0$��� �*� 0RELOH�&RPPXQLFDWLRQ�7HFKQRORJLHV��������6HFRQG� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ� ������
> /HH�DQG�HWDO�����@

0RQLUD� $�� $EX� (O�$WD�� (YROXWLRQ� RI� 0RELOH� &HOOXODU�&RPPXQLFDWLRQ� 6\VWHPV� 7KH� -RXUQH\� WR� 8076�� ��WK�1DWLRQDO�5DGLR�6FLHQFH�&RQIHUHQFH��������
> 0RQLUD������@

7��2MDQSHUD�DQG�5��3UDVDG�� ��:LGHEDQG�&'0$�IRU�7KLUG�*HQHUDWLRQ� 0RELOH� &RPPXQLFDWLRQV� ��� $UWHFK� +RXVH��������
> 2MDQSHUD�DQG�HWDO�����@

$�3��2RGDQ��.�(��:DUG�DQG�$�:��0XOOHH����48$/,7<�RI�6(59,&(� LQ� 7(/(&20081,&$7,216� ��� ,((�7(/(&20081,&$7,216�6(5,(6�����SS�������
> 2RGDQ�DQG�HWDO�����@

*�� 6DXVV\�� �� .H\� EXVLQHVV� FKDOOHQJHV� LQ� WKH� �*� QHWZRUN�HYROXWLRQ����,QWHUQDWLRQDO�)RUXP�RQ��WK�*HQHUDWLRQ�0RELOH��&RPPXQLFDWLRQV� 0D\�������
> 6DXVV\������@

$�� 6FUDVH�� �� $Q� LQWURGXFWLRQ� WR� �UG� JHQHUDWLRQ� PRELOH�V\VWHPV� ���7XWRULDO�� WKH� WKLUG� LQWHUQDWLRQDO� FRQIHUHQFH� RQ�0RELOH� &RPPXQLFDWLRQ� 7HFKQRORJLHV�� �*����� /RQGRQ��8.��0DUFK�������
> 6FUDVH������@

.��6��6LSLOD��0��-DVEHUJ��-��/DLKR�6WHIIHQV�DQG�$��:DFNHU��� 6RIW� +QDGRYHU� *DLQV� LQ� $� )DVW� 3RZHU� &RQWUROOHG�:&'0$�8SOLQN����������
> 6LSOD�DQG�HWDO������@

6RDPVLUL� &KDQWDUDVNXO�� �� $Q� ,QWHOOLJHQW�$JHQW� $SSURDFK�IRU� 0DQDJLQJ� &RQJHVWLRQ� LQ� :�&'0$� 1HWZRUNV� ���6XEPLWWHG� IRU� WKH� GHJUHH� RI� 'RFWRU� RI� 3KLORVRSK\��'HSDUWPHQW� RI� (OHFWURQLF� (QJLQHHULQJ� 4XHHQ� 0DU\��8QLYHUVLW\�RI�/RQGRQ��$XJXVW������

>6RDPVLUL�����@

2�� 7HUR� � DQG� � 3�� � 5DPMHH�� ��:&'0$� �� 7RZDUGV� � � ,3��0RELOLW\��DQG�0RELOH�,QWHUQHW�����$UWHFK�+RXVH��������> 7HUR�DQG�HWDO�����@

'�� :LVHO\�� �� $Q� ,3� VROXWLRQ� IRU� V\VWHP� EH\RQG� �*� ���,QWHUQDWLRQDO� )RUXP� RQ� �WK� *HQHUDWLRQ� 0RELOH�&RPPXQLFDWLRQV� 0D\�������
> :LVHO\������@

<XH� &KHQ�� �� 6RIW� +DQGRYHU� ,VVXHV� LQ� 5DGLR� 5HVRXUFH�0DQDJHPHQW� IRU� �*�:&'0$�1HWZRUNV� ��� 6XEPLWWHG� IRU�WKH� GHJUHH� RI� 'RFWRU� RI� 3KLORVRSK\�� 'HSDUWPHQW� RI�(OHFWURQLF�(QJLQHHULQJ�4XHHQ�0DU\��8QLYHUVLW\�RI�/RQGRQ��6HSWHPEHU������

> <XH�&KHQ�����@


