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&XUUHQW� VRIWZDUH� V\VWHPV� VXIIHU� IURP� DQ� H[SRQHQWLDO� LQFUHDVH� LQ�FRPSXWDWLRQDO�FRPSOH[LW\�ZKHQ�VROYLQJ�D�TXDGUDWLF�DVVLJQPHQW�SUREOHP���7KLV�GRFXPHQW� FRQVLGHUV� WKH� SUREOHP�DQG�SURFHHGV� WR� SURSRVH�D� VROXWLRQ� XVLQJ�WKH� LQKHUHQW�SDUDOOHOLVP�RI�D�QHXUDO�QHWZRUN�WR�UHGXFH�FRPSXWDWLRQ�WLPHV���$�VSHFLILF�H[DPSOH�LV�JLYHQ��LQ�WKLV�FDVH�D�FURVVEDU�VZLWFK��RQWR�ZKLFK�SUREOHP�PDSSLQJ�LV�GHPRQVWUDWHG�DQG�D�VROXWLRQ�JLYHQ�
������ 77KKHH $$VVVVLLJJQQPPHHQQWW 33UURREEOOHHPP
$V� WKH� FRPSOH[LW\� RI� PRGHUQ� FRPPXQLFDWLRQV� DQG� FRPSXWDWLRQDO� V\VWHPV�LQFUHDVHV� VR� GRHV� WKH� QHHG� WR� GHYHORS� QHZ� WHFKQLTXHV� ZKLFK� GHDO� ZLWK�FRPPRQ�DVVLJQPHQW�SUREOHPV��>�@ DQG�>�@��LQ�VLWXDWLRQV�VXFK�DV�x 1HWZRUN�DQG�VHUYLFH PDQDJHPHQW�x 'LVWULEXWHG�FRPSXWHU�V\VWHPV�x :RUN�0DQDJHPHQW�V\VWHPV�x *HQHUDO�VFKHGXOLQJ��FRQWURO�RU�UHVRXUFH�DOORFDWLRQ�SUREOHPV�7KH�FRPPRQ�DVVLJQPHQW�SUREOHP� LV�HVVHQWLDOO\�RSWLPLVLQJ� WDVN�DOORFDWLRQ�WR�DOO�DYDLODEOH�UHVRXUFHV�WKXV�PD[LPLVLQJ�WKURXJKSXW�� ,Q�D�GLVWULEXWHG�FRPSXWHU�V\VWHP� WKLV� UHVXOWV� LQ� D� PDQ\� SURFHVV� FRPSXWDWLRQ� EHLQJ� ILQLVKHG� LQ� WKH�VKRUWHVW� SRVVLEOH� WLPH�ZKHUHDV�� LQ� D� QHWZRUN�PDQDJHPHQW� V\VWHP�� SDFNHWV�DUH�URXWHG�WR�RSWLPLVH�WKURXJKSXW�DQG�PLQLPLVH�EORFNLQJ�7KLV� GRFXPHQW� H[DPLQHV� VSHFLILFDOO\� WKH� DVVLJQPHQW� SUREOHP� LQ� D� FURVVEDU�VZLWFK� IRU� SDFNHW� URXWLQJ� >�@�� � 7KHVH� VZLWFKHV� DUH� SUHVHQW� LQ� PDQ\�WHOHFRPPXQLFDWLRQ�V\VWHPV�DQG�FRPSXWHU�QHWZRUNV��RQH�JRRG�H[DPSOH�EHLQJ�$70��$V\QFKURQRXV�7UDQVIHU�0RGH��QHWZRUNV�
������ 11HHXXUUDDOO 11HHWWZZRRUUNN ,,PPSSOOHHPPHHQQWWDDWWLLRRQQ
7KH�SUREOHP�RI�SDFNHW�URXWLQJ�LQ�FURVVEDU�VZLWFKHV�LV�NQRZQ�WR�EH�DQDORJRXV�WR� WKH� WUDYHOOLQJ�VDOHVPDQ�SUREOHP��763��� �7KH�763�SUREOHP� LV�D�UHQRZQHG�13� FRPSOHWH� SUREOHP� >��@ ZKLFK� PHDQV� WKDW� DOWKRXJK� LW� FDQ� EH� VROYHG� E\�OLQHDU� SURJUDPPLQJ� WHFKQLTXHV�� VXFK� DV� WKH� 0XUQNHV� DOJRULWKP� >��@�� LW� LV�FRPSXWDWLRQDOO\� LQWHQVLYH� DQG� FRPSOH[LW\� JURZV� H[SRQHQWLDOO\� DV� LWV� RUGHU�LQFUHDVHV�� � 7KXV�� D� VLPSOH� VLQJOH� SURFHVVRU� VROXWLRQ� ZLOO QRW� SURYLGH�VDWLVIDFWRU\�VFDODELOLW\�2QH�DOWHUQDWLYH�LV�WR�DSSO\�D�QHXUDO�QHWZRUN�WR�WKH�763�SUREOHP�>�@��>�@�� 7KH�DGYDQWDJH� RI� D� QHXUDO� QHW� OLHV� LQ� WKH� VSHHG� REWDLQHG� WKURXJK� LWV� LQKHUHQW�SDUDOOHO� RSHUDWLRQ�� HVSHFLDOO\� ZKHQ� GHDOLQJ� ZLWK� ODUJH� SUREOHPV�� � 6XFK� DQ�

���� 6666RRRROOOOYYYYLLLLQQQQJJJJ WWWWKKKKHHHH $$$$VVVVVVVVLLLLJJJJQQQQPPPPHHHHQQQQWWWW 3333UUUURRRREEEEOOOOHHHHPPPP8888VVVVLLLLQQQQJJJJ 1111HHHHXXXXUUUUDDDDOOOO 1111HHHHWWWWZZZZRRRRUUUUNNNNVVVV
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LPSOHPHQWDWLRQ� ZLOO� HDVLO\� RXWSHUIRUP� DQ\� RWKHU�PHWKRG� DW� KLJKHU� RUGHUV� RI�QHWZRUN�VL]H��>�@��>�@��>�@��>�@��>�@��>��@ DQG�>��@��SURYLGLQJ�D�YHU\�JRRG��EXW�QRW�RSWLPDO��VROXWLRQ���,W�KDV�EHHQ�VKRZQ�>�@ WKDW��DW�ORZHU�RUGHUV�RI�QHWZRUN�VL]H��WKH�DYHUDJH�VROXWLRQ� LV�ZLWKLQ����RI�RSWLPDO�� �+RZHYHU��DV� WKH�QHWZRUN�VL]H�JURZV�WKLV�ILJXUH�LPSURYHV�VORZO\�DQG�EHJLQV�WR�DSSURDFK�WKH�RSWLPDO�VROXWLRQ�7KH�SUREOHP�ZKLFK�UHPDLQV�ZLWK�DQ\�QHXUDO�QHWZRUN�VROXWLRQ�LV�LWV�DGDSWDWLRQ�WR�DFW�DV�D�FRQWUROOHU�IRU�D�FURVVEDU�VZLWFK�
������ &&UURRVVVVEEDDUU 66ZZLLWWFFKKHHVV DDQQGG 11RRWWDDWWLLRRQQ
$�FURVVEDU�VZLWFK�FDQ�EH�VLPSO\�DEVWUDFWHG�DV�D�VHW�RI�Q�LQSXWV�DQG�Q�RXWSXWV�ZKHUH�HDFK�LQSXW�FDQ�EH�VZLWFKHG�WR�DQ\�RXWSXW�$Q�H[DPSOH�RI� WKLV�FDQ�EH VHHQ�LQ� ILJXUH� � ZKHUH�� E\� VLPSO\�FORVLQJ� WKH� FRUUHFW� FURVVSRLQW�VZLWFK�� DQ\� LQSXW� OLQH� PD\� EH�FRQQHFWHG� WR� DQ\� RXWSXW� OLQH���7KLV� V\VWHP� KDV� WKH� OLPLWDWLRQ�WKDW� LW� LV�PXWXDOO\�H[FOXVLYH��DQ\�LQSXW� RU� RXWSXW� OLQHV� WKDW� DUH� LQ�XVH� FDQQRW� EH� UHXVHG�� 7KXV��WZR� LQFRPLQJ� UHTXHVWV� IRU� WKH�VDPH� RXWSXW� OLQH� ZLOO� UHVXOW� LQ�RQH� EHFRPLQJ� EORFNHG�UHJDUGOHVV� RI� WKH� URXWLQJ�DOJRULWKP�ZKLFK�LV�XVHG�7R� FODULI\� WKH� QRWDWLRQ� XVHG�WKURXJKRXW� WKH� UHVW� RI� WKH�GRFXPHQW�� SOHDVH� H[DPLQH�ILJXUH� ��� � 7KLV� GLDJUDP� GHWDLOV�KRZ� D� PDWUL[� PD\� EH� PDSSHG�RQWR� WKH� FURVVEDU� VZLWFK�� HDFK�FURVVSRLQW� KDYLQJ� D�FRUUHVSRQGLQJ� PDWUL[� HOHPHQW���$�VSHFLILF�HOHPHQW� LQ�DQ\�PDWUL[�\ FDQ� WKHUHIRUH� EH� UHIHUHQFHG�XVLQJ�\LM��ZKHUH�L LV�WKH�LQSXW�OLQH�DQG� M WKH� RXWSXW� OLQH�� � (YHU\�HOHPHQW� LQ� WKH� PDWUL[� FDQ� WDNH�RQ� RQH� RI� WZR� YDOXHV�� �� ZKHQ�WKHUH� LV� D� FRQQHFWLRQ� �RU�FRQQHFWLRQ� UHTXHVW�� RU� �� RWKHUZLVH�� � 7KH� YDOXH� DQG� OHJDOLW\� RI� WKH�PDWUL[� LV�GHSHQGHQW�RQ�VLWXDWLRQ�� �3OHDVH�H[DPLQH�WKH�PDWULFHV�VKRZQ�LQ�HTXDWLRQV��DQG�� RYHUOHDI�7KHVH�PDWULFHV� UHSUHVHQW� WKH� FURVVEDU� VZLWFK� LQ� ILJXUH� � EXW� IURP� GLIIHUHQW�SRLQWV� RI� YLHZ�� � (TXDWLRQ� � UHSUHVHQWV� D� VHW� RI� GHVLUHG� FRQQHFWLRQV� ZKHUH�WKUHH�LQSXW�OLQHV�KDYH�UHTXHVWHG�FRQQHFWLRQ�WR�WZR�GLIIHUHQW�RXWSXW�OLQHV��RQH�

)LJXUH��$Q�1[1�FURVVEDU�VZLWFK�LV�VKRZQ�KHUH�DW�YDULRXV�OHYHOV�RI�GHWDLO��D��6KRZV�DQ�RYHUDOO�FRQQHFWLRQ�GLDJUDP�IRU�D�W\SLFDO�FURVVEDU�VZLWFK��E��'HWDLOV�KRZ�HDFK�RI�WKH�FURVVSRLQW�VZLWFKHV�ZRUN��F��'HSLFWV�D�KLJK�OHYHO�VFKHPDWLF�RI�D�FURVVEDU�VZLWFK�

)LJXUH��7KLV�GLDJUDP�VKRZV�KRZ�D�PDWUL[�FDQ�EH�PDSSHG�RQWR�WKH�FURVVEDU�VZLWFK�WKXV�DLGLQJ�UHSUHVHQWDWLRQ�
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UHTXHVW�LV�REYLRXVO\�JRLQJ�WR�KDYH�WR�ZDLW���6XFK�D�PDWUL[�LV�OHJDO�UHJDUGOHVV�RI�WKH�FRPELQDWLRQ�RI�]HURHV�DQG�RQHV����(TXDWLRQ�� VKRZV D�VDPSOH�UHVSRQVH���2QH�UHTXHVW�KDV�EHHQ�GLVFDUGHG�LQ�IDYRXU�RI�DQRWKHU�VLQFH�RQO\�RQH�LQSXW�OLQH�FDQ�EH�FRQQHFWHG�WR�RQH�RXWSXW�OLQH�DW�D�WLPH���$�UHVSRQVH�LV�FRQVLGHUHG�WR�EH�OHJDO� LI� WKHUH� DUH� QR� RWKHU� FORVHG� VZLWFKHV� RQ� WKH� VDPH� OLQHV�� L�H�� DOO� RWKHU�HOHPHQWV�LQ�WKH�VDPH�URZ�DQG�FROXPQ�DV�WKH�DFWLYH�HOHPHQW�PXVW�EH�]HUR�7KH� UHDO� RSWLPLVDWLRQ� SUREOHP�FRPHV� LQ� ZKHQ� \RX� VWDUW� WR�FRQVLGHU� D� V\VWHP� ZKLFK� KDV�EXIIHUHG� LQSXW� � ,Q� VXFK� V\VWHPV�WKHUH� FDQ� EH� PXOWLSOH� SDFNHWV�ZDLWLQJ� RQ� D� VLQJOH� LQSXW� OLQH� IRUYDULRXV� RXWSXW� OLQHV�� DV� FDQ� EHVHHQ� LQ� HTXDWLRQ� ���5HTXHVWV� IRU�PXOWLSOH�FRQQHFWLRQV�FDQ�EH�VHHQ�LQ� WKH� OHIW� PDWUL[� DQG� WKH� RQO\�RSWLPDO�VROXWLRQ�ZKLFK�PD[LPLVHV�WKURXJKSXW� RQ� WKH� ULJKW�� � 7KLV�UHTXHVW�PDWUL[�SURYHV�XVHIXO�IRU�WHVWLQJ�FURVVEDU�FRQWURO�V\VWHPV�$V�DQ�HQKDQFHPHQW�WR�SDFNHW�V\VWHPV��HDFK�HOHPHQW�FRXOG�EH�FRQYHUWHG�WR�DQ� LQWHJHU� YDOXH� UHSUHVHQWLQJ� WKH� QXPEHU� RI� SDFNHWV� ZDLWLQJ� RQ� HDFK�FRQQHFWLRQ�
������ 77KKHH 11HHXXUUDDOO 11HHWWZZRRUUNN
7KH�NH\�WR�XWLOLVLQJ�WKH�SDUDOOHOLVP�RI�D�QHXUDO QHWZRUN� LV� PDWFKLQJ� WKH�QHWZRUN�DV�FORVHO\�DV�SRVVLEOH� WR� WKH�SUREOHP���)RU�PRUH�LQIRUPDWLRQ�SOHDVH�UHIHU� WR� UHIHUHQFHV� >��@�� >��@�� >��@��>��@��>��@ RU�>��@�
���������� 77KKHH 11HHXXUURRQQ RRUU 11RRGGHH$� QHXUDO� QHWZRUN� FRQVLVWV� RI� D� ODUJH�QXPEHU�RI�SURFHVVLQJ�HOHPHQWV�FDOOHG�

(TXDWLRQ��7KLV�PDWUL[� VKRZV�D�VHW�RI� UHTXHVWHG�FRQQHFWLRQV�� � ,QSXW� L ��KDV�UHTXHVWHG�D�FRQQHFWLRQ�ZLWK�RXWSXW�M ��DQG�ERWK LQSXWV�L ��DQG�L ��KDYH�UHTXHVWHG�D�FRQQHFWLRQ�WR�RXWSXW�M ��
(TXDWLRQ��7KLV�PDWUL[�VKRZV�D�VROXWLRQ�RU�UHVSRQVH�WR�WKH�UHTXHVW�LQ�HTXDWLRQ�����,W� LV� OHJDO�EHFDXVH�WKHUH�DUH�QR�RWKHU�FRQQHFWLRQV�RQ�WKH�LQSXW�URZV�DQG�RXWSXW�FROXPQV�ZKLFK�KDYH�EHHQ�VHOHFWHG�
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(TXDWLRQ��7KH�OHIW�PDWUL[�VKRZV�D�UHTXHVW�DQG�WKH�ULJKW�WKH�RQO\�RSWLPDO�UHVSRQVH���7KLV�PDWUL[�LV�XVHIXO�IRU�WHVWLQJ�D�V\VWHP�

)LJXUH��7KH�EXLOGLQJ�EORFN�RI�DQ\�QHXUDO�QHWZRUN��WKH�QHXURQ�
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QHXURQV� �VHH� ILJXUH� � RU� UHIHUHQFHV� >��@ DQG� >��@�� ZKLFK� DUH� KLJKO\�LQWHUFRQQHFWHG� WR� HDFK� RWKHU� LQ� D� VSHFLILF� IDVKLRQ�� � 1HXURQV� DUH� WKH� EDVLF�EXLOGLQJ� EORFNV� RI� QHXUDO� QHWZRUNV� DQG� DUH� DQ� DSSUR[LPDWLRQ� RI� WKH� QHXURQ�IRXQG� LQ� QDWXUH�� � $� QHXURQ� WDNHV� LQSXWV� IURP� RWKHU� QHXURQV¶� RXWSXWV� \LM�UHIHUHQFHG�E\� LM��DQG�PXOWLSOLHV� WKHLU�VWUHQJWKV�E\�D�VFDODU�ZHLJKW�ZLM NQRZQ�DV�WKH�V\QDSWLF�ZHLJKW�$OO�LQSXWV�DUH�VXPPHG�E\�WKH�QHXURQ�DORQJ�ZLWK�D�VSHFLILF�ELDV�WR�ILQG�[LM���7KH�QHXURQ¶V� RXWSXW� \LM FDQ� WKHQ� EH� GHWHUPLQHG� XVLQJ� D� PRQRWRQLF� DFWLYDWLRQ�IXQFWLRQ�I�[LM���DV�VKRZQ�LQ�HTXDWLRQ���� �+HUH�E LV�XVHG�WR�FRQWURO� WKH�JDLQ�RI�WKH�VLJPRLG�IXQFWLRQ��D�KLJKHU�YDOXH�UHVXOWLQJ�LQ�D�VWHHSHU�WUDQVLWLRQ��DQG�RPLQDQG� RPD[ GHWHUPLQH� WKH� PLQLPXP� DQG� PD[LPXP� RXWSXW� YDOXHV� IRU� \LMUHVSHFWLYHO\�
7KH�H[DFW�IRUP�RI�I�[LM� LV�QRW�SDUWLFXODUO\�LPSRUWDQW�DQG�LQ�IDFW�DQ\�DSSURSULDWH�QRQ�OLQHDU� PRQRWRQLFDOO\� LQFUHDVLQJ� IXQFWLRQ� FRXOG� EH� XVHG�� � 7KH� SUHIHUUHG�HPERGLPHQW�LV��KRZHYHU��WKH�VLJPRLG�IXQFWLRQ�
���������� 77KKHH 88SSGGDDWWLLQQJJ 55XXOOHH$GDSWLQJ� D� QHXUDO� QHWZRUN� WR� DQ\� SUREOHP� UHTXLUHV� WKDW� DQ� XSGDWLQJ� UXOH� LV�GHILQHG�DQG�WKHUHE\�WKH�QHWZRUN�LQWHUFRQQHFWLRQ�VWUXFWXUH���7KH�XSGDWLQJ�UXOH�GHWHUPLQHV�WKH�QH[W�YDOXH� WKDW�D�QHXURQ�ZLOO� WDNH�ZLWK� UHVSHFW� WR�WLPH�EDVHG�XSRQ�WKH�SUHYLRXV�RXWSXWV�RI�RWKHU�QHXURQV��DV�VKRZQ�LQ�HTXDWLRQ���
ZKHUH�[LM�� LV�D�VXPPDWLRQ�RI�DOO� LQSXWV� WR� WKH�QHXURQ� UHIHUHQFHG�E\� LM LQFOXGLQJ� WKH�ELDV�LLM��GHWHUPLQHV�ZKHWKHU�D�QHXURQ�UHIHUHQFHG�E\�LM LV�DOORZHG�WR�HYROYH�� LW�FDQ�WDNH�D YDOXH�RI�HLWKHU���RU���OLM��WLPH�FRQVWDQW�IRU�QHXURQ�UHIHUHQFHG�E\�LM�ZLM��V\QDSWLF�ZHLJKW�IRU�QHXURQ�LQSXW�LM�\LM��RXWSXW�IURP�QHXURQ�UHIHUHQFHG�E\�LM�F�WLM��1HXURQ�VSHFLILF�WKUHVKROG�RU�ELDV�DQG�[LM LV�UHODWHG�WR�\LM XVLQJ�HTXDWLRQ���7R� LOOXVWUDWH� WKLV� UXOH� IXUWKHU�� ILJXUH� � RYHUOHDI� VKRZV� DQ� LQWHUFRQQHFWLRQ�GLDJUDP�IRU�WKH�PRGLILHG�V\VWHP���+HUH�WKH�QHXURQ�PDUNHG�ZLWK�RXWSXW�\LM KDV�LQSXWV�IURP�DOO�WKH�RWKHU�QHXURQV�LQ�WKH�VDPH�URZ��Z�M�\�M DQG�FROXPQ�� ZL��\L����7KH� LPSRUWDQW� SRLQW� WR� QRWH� KHUH� LV� WKDW� WKH� QHXUDO� QHWZRUN� ZRUNV� LQ� DQ�LQKLELWRU\�IDVKLRQ�VR�DQ\�DFWLYH�LQSXW�ZLOO�LQKLELW�\LM���F�WLM GHVFULEHV�WKH�H[WHUQDO�ELDV�VXSSOLHG�WR�HDFK�QHXURQ�ZKLFK�LV�QRW�LQKLELWRU\�

� � LM[LMLM H RRR[I\ E�� ��  � PLQPD[PLQ

¸̧¹·¨̈©§ ���� ¦¦ zz LMQ
LN NMNMQ

MN LNLNLMLMLMLM WF\Z\Z[LGWG[ �O (TXDWLRQ��

(TXDWLRQ��
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7KH� LGHD� EHKLQG� WKLV�LQWHUFRQQHFWLRQ� VWUDWHJ\�LV�WKDW�DQ\�DFWLYH�QHXURQ�ZLOO� WU\� DQG� WXUQ� DOO� WKH�RWKHUV� RII�� HYHQWXDOO\�UHVXOWLQJ� LQ� RQO\� RQH� RI�WKH� UHTXHVWV� UHPDLQLQJ�DFWLYH� LQ� HDFK� URZ� DQG�FROXPQ�� � +RZHYHU�� WR�GHPRQVWUDWH�LWV�DELOLW\�WR�ILQG�DQ�RSWLPDO� VROXWLRQ��WKH� H[DPSOH� LQ� ILJXUH� �QHHGV� WR� EH� H[WHQGHG�VOLJKWO\��DV�LQ�HTXDWLRQ�����7KH� OHIW� PDWUL[� KHUH�UHSUHVHQWV� D� UHTXHVW�DQG� WKH� ULJKW� LWV� EHVW�FDVH� VROXWLRQ� ZLWK� \��VZLWFKHG� RII�� � &DUHIXOFRQVLGHUDWLRQ�OHDGV�XV�WR�FRQFOXGH�WKDW�WKH� QHWZRUN� PXVW� FRQYHUJH� WR� WKH�VROXWLRQ�VKRZQ�KHUH�VLQFH�ERWK�\�� DQG�\�� DUH�LQKLELWLQJ�\����WKXV�UHVXOWLQJ�LQ�LW�EHLQJ� VZLWFKHG� RII� EHIRUH� WKH� RWKHUV�DQG�HVVHQWLDOO\�ORVLQJ���,I�\�� KDG�ZRQ�LQ�WKLV�FDVH�WKHQ�LW�ZRXOG�KDYH�UHVXOWHG�LQ�D�SRRU�VROXWLRQ�VLQFH�\�� DQG�\�� ZRXOG�EH� RII�� REYLRXVO\� QRW� PD[LPLVLQJ�SRWHQWLDO�WKURXJKSXW�,W� KDV� EHHQ� VKRZQ� E\� +RSILHOG� WKDW� ZLWK� V\PPHWULF� FRQQHFWLRQV� DQG� DPRQRWRQLFDOO\� LQFUHDVLQJ� DFWLYDWLRQ� IXQFWLRQ� I�[��� WKH� G\QDPLFDO� V\VWHP�GHVFULEHG� E\� WKH� QHXUDO� QHWZRUN� SRVVHVVHV� D� /\DSXQRY� �HQHUJ\�� IXQFWLRQ�ZKLFK� FRQWLQXDOO\� GHFUHDVHV� ZLWK� WLPH�� 7KH� H[LVWHQFH� RI� VXFK� D� IXQFWLRQ�JXDUDQWHHV� WKDW� WKH� V\VWHP� FRQYHUJHV� WRZDUGV� HTXLOLEULXP� ZKLFK� LV� RIWHQ�UHIHUUHG�WR�DV�D�µSRLQW�DWWUDFWRU¶�
���������� //RRFFDDOO 00LLQQLLPPDD,Q�DQ\�V\VWHP�ZLWK�D�FRQWLQXDOO\� UHGXFLQJ�HQHUJ\� IXQFWLRQ�� WKHUH� LV�DOZD\V�D�ULVN�WKDW�WKH�V\VWHP�ZLOO�EHFRPH�WUDSSHG�LQ�D�ORFDO�PLQLPD���,Q�WKLV�V\VWHP��D�ORFDO�PLQLPD� FDQ�EH� UHSUHVHQWHG�DV�D� VROXWLRQ�ZKLFK� VDWLVILHV� WKH�VZLWFKLQJ�FRQVWUDLQWV� EXW� LV� QRW� D� JOREDO� RSWLPDO� VROXWLRQ�� � 7KH� EHVW� ZD\� URXQG� WKLV�SUREOHP�LV�WR�LQWURGXFH�QRLVH�LQWR�WKH�V\VWHP�E\�YDU\LQJ�E���7KLV�DOWHUDWLRQ�LQ�WKH� DFWLYDWLRQ� FXUYH¶V� JUDGLHQW� LV� VLJQLILFDQW� HQRXJK� WR� SURYLGH� VXFFHVVIXO�FRQYHUJHQFH�WR�D�JOREDO�PLQLPXP�GXULQJ�QHWZRUN�VLPXODWLRQ�

)LJXUH��
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(TXDWLRQ��7KH�OHIW�PDWUL[�LV�D�UHTXHVW�DQG�WKH�ULJKW�LWV�VROXWLRQ�
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������ &&RRQQFFOOXXVVLLRRQQVV
6LPXODWLRQ�RI�WKH�V\VWHP�KDV�SURYHQ�QRW�RQO\�WKDW�WKH�V\VWHP�ZRUNV�EXW�WKDW�LW�LV�KLJKO\�VFDOHDEOH�DQG�KDV�XQGHUOLQHG�WZR�LPSRUWDQW�SRLQWV�x 1RLVH� SOD\V� D� YHU\� VLJQLILFDQW� UROH� LQ� WKLV� PRGHO�� � $V� WKH� QRLVH� OHYHO�LQFUHDVHV�� WKH� WLPH� WDNHQ� IRU� QHWZRUN� VWDELOLVDWLRQ� GHFUHDVHV�� �+RZHYHU��ZKHQ� WKH� QRLVH� YDOXH� UHDFKHV� XQLW\� WKH� QHWZRUN� EHFRPHV� XQVWDEOH� DQG�GRHV�QRW�SURYLGH�D�YDOLG�RU�VWHDG\�VROXWLRQ�x 1HWZRUN� VL]H� SOD\V� DQ� LPSRUWDQW� UROH� LQ� FRQYHUJHQFH� WR� D� VROXWLRQ�� WKH�ODUJHU�LW�LV��WKH�ORQJHU�LW�WDNHV�WR�FRQYHUJH�:KDW�PDNHV�WKLV�V\VWHP�VR�LQWHUHVWLQJ�LV�LWV�GLYHUVLW\��VZLWFKLQJ�LV�RQO\�RQH�RI�LWV� PDQ\� DSSOLFDWLRQV�� � (VVHQWLDOO\�� WKLV� V\VWHP� FRXOG� EH� XVHG� WR� VROYH� DQ\�TXDGUDWLF� DVVLJQPHQW� SUREOHP� ZKHUH� WLPH� LV� RI� WKH� HVVHQFH�� � ,WV� DELOLW\� WR�KDQGOH� ODUJHU� RUGHU� SUREOHPV� ZLWKRXW� VHULRXV� SHUIRUPDQFH� GHJUDGDWLRQ�HPSKDVLVHV� WKH� FRQWULEXWLRQ� VXFK� V\VWHPV� FRXOG� PDNH� WR� WKH� ILHOG� RI�FRPSXWLQJ�
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>�@ 3HWHU� :�� 3URW]HO�� 'DQLHO� /�� 3DOXPER� DQG� 0LFKDHO� .�� $UUDV��³3HUIRUPDQFH� DQG� )DXOW�7ROHUDQFH� RI� 1HXUDO� 1HWZRUNV� IRU�2SWLPLVDWLRQ´�� ,(((� 7UDQVDFWLRQV� RQ� 1HXUDO� 1HWZRUNV�� YROXPH� ���QXPEHU����-XO\������>�@ &�� %RXVRxR�&DO]yQ� DQG� 0�� 5�� :�� 0DQQLQJ�� ³7KH� +RSILHOG� 1HXUDO�1HWZRUN� $SSOLHG� WR� WKH� 4XDGUDWLF� $VVLJQPHQW� 3UREOHP´�� %7� /DEV�SDSHU�� 0DUWOHVKDP� +HDWK�� ,SVZLFK�� ,3�� �5(�� SXEOLFDWLRQ� GDWH�XQNQRZQ�>�@ -R\GHHS�*KRVK��$MDW�+XNNRR�DQG�$QMXQ�9DUPD��³1HXUDO�1HWZRUNV�IRU�)DVW�$UELWUDWLRQ�DQG�6ZLWFKLQJ�1RLVH�5HGXFWLRQ�LQ�/DUJH�&URVVEDUV´��,(((� 7UDQVDFWLRQV� RQ�&LUFXLWV� DQG�6\VWHPV�� YROXPH� ���� QXPEHU� ����$XJXVW������>�@ 0�� 5��:�� 0DQQLQJ� DQG� 0�� *HOO�� ³(YDOXDWLRQ� RI� WKH� +RSILHOG� 1HXUDO�1HWZRUN�IRU�6HUYLFH�$VVLJQPHQW´��%7�/DEV�SDSHU��0DUWOHVKDP�+HDWK��,SVZLFK��,3���5(��SXEOLFDWLRQ�GDWH�XQNQRZQ�>�@ :��-��:ROIH��-��0��0DF0LOODQ��*��%UDG\��5��0DWKHZV��-��$��5RWKPDQ��'��0DWKLV��0��'��2URV]��&�� $QGHUVRQ� DQG�*��$ODJKEDQG�� ³,QKLELWRU\�*ULGV� DQG� WKH� $VVLJQPHQW� 3UREOHP´�� ,(((� 7UDQVDFWLRQV� RQ� 1HXUDO�1HWZRUNV��YROXPH����QXPEHU����0DUFK������>�@ -��-��+RSILHOG�DQG�'��:��7DQN��³µ1HXUDO¶�&RPSXWDWLRQ�RI�'HFLVLRQV�LQ�2SWLPLVDWLRQ� 3UREOHPV´�� %LRORJLFDO� &\EHUQHWLFV�� YROXPH� ���� SDJHV���������������>�@ 5�� '�� %UDQGW�� <�� :DQJ�� $�� -�� /DXE� DQG� 6�� .�� 0LWUD�� ³$OWHUQDWLYH�1HWZRUNV� IRU� 6ROYLQJ� WKH� 7UDYHOOLQJ� 6DOHVPDQ� 3UREOHP´�� ,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�1HXUDO�1HWZRUNV����WK�WR���WK�)HE��������6DQ�'LHJR�>�@ 7��;��%URZQ��³1HXUDO�1HWZRUNV�IRU�6ZLWFKLQJ´��,(((�&RPPXQLFDWLRQV�0DJD]LQH��1RYHPEHU������>�@ 7�� ;�� %URZQ�� ³&KDSWHU��� &RQWUROOLQJ� &LUFXLW� 6ZLWFKLQJ� 1HWZRUNV´��([WUDFW�IURP�7��;��%URZQ¶V�7KHVLV�IURP�&DO7HFK�>��@ -��-��+RSILHOG��³1HXUDO�1HWZRUNV�DQG�3K\VLFDO�6\VWHPV�ZLWK�(PHUJHQW�&ROOHFWLYH� &RPSXWDWLRQDO� $ELOLWLHV´�� 3URF�� 1DWO�� $FDG�� 6FL�� 86$��YROXPH�����SDJHV������������$SULO������>��@ -�� -�� +RSILHOG�� ³1HXURQV� ZLWK� *UDGHG� 5HVSRQVH� +DYH� &ROOHFWLYH�&RPSXWDWLRQDO� 3URSHUWLHV� /LNH� 7KRVH� RI� 7ZR�6WDWH� 1HXURQV´�� 3URF��1DWO� $FDG��6FL��86$��YROXPH�����SDJHV������������0D\������>��@ $�� 0DUUDNFKL� DQG� 7�� 7URXGHW�� ³$� 1HXUDO� 1HW� $UELWUDWRU� IRU� /DUJH�&URVVEDU� 3DFNHW� 6ZLWFKHV´�� &LUFXLWV� DQG� 6\VWHPV� /HWWHUV�� ,(((�7UDQVDFWLRQV� RQ� &LUFXLWV� DQG� 6\VWHPV�� YROXPH� ���� QXPEHU� ��� -XO\������
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>��@ 6��%� $L\HU��0��1LUDQMDQ�DQG�)��)DOOVLGH�� ³$�7KHRUHWLFDO� ,QYHVWLJDWLRQ�LQWR� WKH� 3HUIRUPDQFH� RI� WKH�+RSILHOG�0RGHO´�� ,(((�7UDQVDFWLRQV� RQ�1HXUDO�1HWZRUNV��YROXPH����QXPEHU����-XQH������>��@ 0��5��*DUH\�DQG�'��6��-RKQVRQ��³&RPSXWHUV�DQG�,QWUDFWDELOLW\´��1HZ�<RUN��:��+��)UHHPDQ�������>��@ -�� 0XQNUHV�� ³$OJRULWKPV� IRU� $VVLJQPHQW� DQG� 7UDQVSRUWDWLRQ�3UREOHPV´��-��6RF��,QG��$SSO��0DWK�����������������>��@ 5REHUW� /�� +DUYH\�� ³1HXUDO� 1HWZRUN� 3ULQFLSOHV´�� 3UHQWLFH� +DOO�,QWHUQDWLRQDO�(GLWLRQV�������>��@ -DPHV�$��$QGHUVRQ��³$Q�,QWURGXFWLRQ�WR�1HXUDO�1HWV´��,7�3UHVV�������>��@ 6LPRQ� +D\NLQ�� ³1HXUDO� 1HWZRUNV´�� 0DFPLOODQ� 3XEOLVKLQJ� &RPSDQ\�������>��@ &OLIIRUG� /DX�� ³1HXUDO� 1HWZRUNV�� 7KHRUHWLFDO� )RXQGDWLRQV� DQG�$QDO\VLV´��,(((�3UHVV�������>��@ -��+HUW]��$��.URXJK�DQG�5��*��3DOPHU��³,QWURGXFWLRQ�WR�WKH�7KHRU\�RI�1HXUDO�&RPSXWDWLRQ´��$GGLVRQ�:HVOH\�������
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