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:KHQ�VWXG\LQJ�WKH�FRUSXV�RI�DQFLHQW�*UHHN�PXVLF�WKHRU\
DQG�UHODWHG�OLWHUDWXUH�>�@� RQH�LQYDULDEO\�ÀQGV�RQHVHOI�FRQ�
IURQWHG�ZLWK�UHIHUHQFHV�WR�D�PXOWLSOLFLW\�RI�¶VFDOHV·��QRPRL�
KDUPRQLDL� V\VWďPDWD� WRQRL��DQG�GLYHUVH�VKDGHV��FKURDL��RI
WXQLQJV� 'XULQJ�WKH�GDZQ�RI�(XURSHDQ�VFLHQFH� HSLVWHPR�
ORJLFDO�FRQVLGHUDWLRQV�RI�WKH�SKHQRPHQD�RI�SLWFK�DQG�KDU�
PRQ\�SOD\HG�D�PDMRU�UROH�DQG�DFWHG�DV�D�VHQVXDOO\�DFFHV�
VLEOH� TXDVL�H[SHULPHQWDO�PDWFK�PDNHU�RI�ODWHU�RQ�GLYHUJ�
LQJ�ÀHOGV�RI�NQRZOHGJH�DQG�PHWKRGRORJLHV� 'LVSXWHV�DERXW
WKH�ULJKW�ZD\�DSSURDFKLQJ�SLWFK�LQ�JHQHUDO�DQG�KRZ�WR�V\V�
WHPDWLFDOO\�GHDO�ZLWK�ÀQH�SLWFK�YDULDWLRQV�LQ�SDUWLFXODU�DUH
OHJHQG�>�@� ODWHVW�VLQFH�3ODWR
V�IDPRXV�PHWDSKRU�RI�YH[LQJ
DQG�WRUWXULQJ�VWULQJV�RQ�WKH�UDFN�>�� 3ROLWHLD����G³���F@
DQG�$ULVWR[HQXV�UHMHFWLRQ�RI�PXVLFDO�QRWDWLRQ��SDUDVďPWLNď
WHFKQď��DV�PHUH�H\H�FDQG\�>�� �����³�����@� %HVLGHV�WKH
LQVWUXPHQWDO�UH�SURGXFWLRQ�DQG�VXEMHFWLYH�DFRXVWLFDO�FRP�
SDULVRQ�RI�SLWFKHG�VRXQGV��SKWKRJJRL�� GLYHUJLQJ�PHWKRGV
EDVHG�RQ�GLIIHUHQW�VFLHQWLÀF�PHGLD�OLNH�QXPEHUV� GLDJUDPV
DQG�VSHFLDOO\�GHVLJQHG�VLJQV�ZHUH�XVHG�WR�DQDO\VH� WR�WKHR�
ULVH�DQG�WR�HQFRGH�SKHQRPHQD�EHVWRZHG�E\�WKH�PXVHV�WKDW
ZH�DUH�XVHG�WR�FDOO�¶PXVLF·³VWLOO�DW�WKLV�MRLQHG�FRQIHUHQFH�
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<HW� DV�WKH�OLYLQJ�PXVLFDO�WUDGLWLRQ�WKDW�JDYH�ULVH�WR�WKHVH
PRVW�RULJLQDO�IRUPV�RI�UHSUHVHQWLQJ�SLWFK� WRQDO�VWUXFWXUHV
DQG�PHORGLHV�ZDV�DOUHDG\�JRQH�IRU�WR�DFW�DV�D�DFRXVWLF�FRU�
UHFWLYH� PRGHUQ�UHVHDUFKHUV� %\]DQWLQH�DUFKDHRORJLVWV�DQG
HYHQ� VFKRODUV� LQ� ODWHU� DQWLTXLW\�ZHUH� VWUXJJOLQJ�ZLWK� WKH
HSLVWHPRORJLFDO�EXW�OLNHZLVH�PHGLD�LQGXFHG JDSV�OHIW�EH�
WZHHQ�WKHLU�HQDFWPHQWV� +HQFH� HDFK�RI�WKH�PDMRU�KLVWRUL�
FDO�¶UH�YLVLRQV·�FRPH�XS�ZLWK�WKHLU�RZQ�¶VROXWLRQ·�RI�KRZ�WR
GHDO�ZLWK�WKH�GLYHUJLQJ�DSSURDFKHV� -XVW�WR�QDPH�WKH�PRVW
WHOOLQJ�RQHV� �L��3WROHP\�GHYLVHG�KLV�IDPRXV�UH�WXQLQJ�PD�
FKLQH� WKH�KHOLFRQ� PDGH�LQ�RUGHU� WR�HDVLO\�GLVSOD\�PDWK�
HPDWLFDO�IUDFWLRQV�DQG�WR�H[SHULPHQWDOO\�VKLIW�D�ZKROH�VHW
RI�SLWFKHV�SURSRUWLRQDOO\�>�@� �LL��WKH�%\]DQWLQHV�HPSOR\HG
G\QDPLFDOO\� WXQHG�SLWFKHV� D�SUDFWLFH�DOUHDG\� LQKHUHQW� LQ
WKH�DQFLHQW�VFDODU�V\VWHP�>�� S����³���@� EXW�DOWKRXJK�UH�
F\FOLQJ�LWV�WHUPLQRORJ\� WKH\�QRQHWKHOHVV�GHYHORSHG�D�FRP�
SOHWHO\�QHZ�IRUP�RI�PXVLF�QRWDWLRQ� ZKHUHDV��LLL��WKH�QLQH�
WHHQWK�FHQWXU\�PXVLFRORJLVWV� %HOOHUPDQQ>�@�DQG�)RUWODJH>�@
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XQGHU�WKH�WHUPV�RI�WKH &UHDWLYH�&RPPRQV�$WWULEXWLRQ�����8QSRUWHG�/LFHQVH� ZKLFK

SHUPLWV�XQUHVWULFWHG�XVH� GLVWULEXWLRQ� DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP� SURYLGHG�WKH

RULJLQDO�DXWKRU�DQG�VRXUFH�DUH�FUHGLWHG�

ZLWK�WKHLU�DWWHPSWV�WR�GHFLSKHU�DQG�WR�WUDQVFRGH�WKH�DQFLHQW
QRWDWLRQ�V\VWHP�LQWR�WKH�WKHQ�SUHYDLOLQJ�ZHVWHUQ�RQH� IRUFH�
IXOO\� VTXHH]HG� LWV� RULJLQDO� V\VWHPDWLFV�ZLWKLQ� WKH� DOO� WRR
¶QDWXUDO·�FLUFOH�RI�ÀIWKV�E\�LQYHQWLQJ�DQ�H[WHQGHG�VHW�RI�DF�
FLGHQWDOV�ZKLFK�ÀQDOO\�GLG�QRW�ÀW�WKDW�ZHOO�DQG�ZKLFK�FRXOG
RQO\�EH�MXVWLÀHG� LI�DVVXPLQJ�D�E\�QRZ�GLVSURYHG�>�@>��@
GLDWRQLF�RULJLQ�RI�WKH�DQFLHQW�QRWDWLRQ�
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��� 5HFHQW�V\VWHPV�DGGUHVVLQJ�DQFLHQW�*UHHN�PXVLF

7KH� SUHVHQW� GHPRQVWUDWLRQ� SURSRVDO� RI� DQ� H[SHUW� V\VWHP
IRU�DQFLHQW�*UHHN�PXVLF��$*0� WKHRU\�DQG�QRWDWLRQ�FRXOG
EH�UHJDUGHG�DV�\HW�DQRWKHU�DWWHPSW�LQ�WKLV�VFKRODUO\�WUDGL�
WLRQ� RQ� VROYLQJ� WKH� OHJHQGDU\� GLOHPPD� SUHVHQWHG� E\� WKH
VRXUFHV� ,Q�SDUWLFXODU�VR� DV�VLPLODU�DSSHDULQJ�V\VWHPV�KDYH
DOUHDG\�XWLOLVHG�SRWHQWLDOV�LQ�PXOWL�PHGLD�IRUPDWV�DQG�LQWHU�
DFWLYH�VRXQG�V\QWKHVLV�IRU�HGXFDWLRQDO�DQG�FRPSRVLWLRQDO
SXUSRVHV�>��@�DV�ZHOO�DV�IRU�DUFKDHRPXVLFRORJLFDO�UHVHDUFK
SURSHU�RQ�DQFLHQW�*UHHN�VFDOHV>��@�DQG�RUJDQRORJ\�>��@>��@�
:LWK�HDFK�RI�WKHP� KRZHYHU� LQWHUDFWLRQ�EHFRPHV�VWURQJO\
VWUHDPOLQHG� SHUVSHFWLYHV�RQ�SLWFK�DQG�VFDOHV�JHW�OLPLWHG�WR
D�FHUWDLQ�UHSUHVHQWDWLRQ� DQG�PDSSLQJV�WR�QRWDWLRQDO�V\P�
EROV�RU�GLDJUDPV� LI�DQ\� WXUQ�RXW�WR�EH�À[HG�WR�D�VSHFLÀF
KLVWRULFDO�PRGHO�DQG�LQVHQVLWLYH�WR�DQ\�KDUPRQLF�RU�PHORGLF
FRQWH[W�
)RU�LQVWDQFH� $5,ľ1��ZKLOH�FODLPLQJ�WR�EH�WKH�ÀUVW�QRWDWLRQ�

EDVHG�$*0 HGLWRU� FRPSRVHU�DQG�V\QWKHVL]HU�RI� LWV�NLQG
>��� S����@� XQZDULO\�UHSHDWV�ZKDW�%HOOHUPDQQ�DQG�)RUW�
ODJH�GLG� LQ�WKDW�LW�PDSV�*UHHN�LQVWUXPHQWDO�DQG�YRFDO�QRWD�
WLRQ�V\PEROV�WR�D�ZHVWHUQ�VWXII�QRWDWLRQ�LQWHUIDFH� LQ�D�ZD\
ZHOO� NQRZQ� IURP�PDLQVWUHDP� VHTXHQFHUV� OLNH� &DNHZDON
RU�&XEDVH� 7KH�IROORZ�XS��PXOWLPHGLD�DSSOLFDWLRQ�� 25�
3+(86��GHVLJQHG� WR�EH�D��YLUWXDO� OHDUQLQJ�HQYLURQPHQW�
IRU�$*0 >��� S����@� VWLOO�KDV�QR�VHQVLEOH�LQWHUIDFH�WR�WXQ�
LQJV� 7KH� WUDGHPDUNHG�9LUWXDO� /\UH�>��@� RQ� WKH� RWKHU
KDQG� DQ� HDUOLHU� �GHYHORSHG�� VRXQG�V\QWKHVLV� DSSOLFDWLRQ
ZLWK�D�JUDSKLFDO�XVHU�LQWHUIDFH�SDWFKHG�WRJHWKHU�IURP�VWDQ�
GDUG�5HDNWRU��FRPSRQHQWV� ZDV�VSHFLÀFDOO\�GHYLVHG�IRU
�KHDULQJ�*UHHN�PLFURWRQHV�� RI� GLIIHUHQW� WHWUDFKRUG� GLYL�
VLRQV�>��@�DQG�IRU��DXGLR�GHPRQVWUDWLRQ>V@�RI�KDUPRQLF�DQG
UHVRQDQW�SKHQRPHQD��DV�NQRZQ�WR�WKH�*UHHNV�>��@� EXW�PDNHV
QR�DWWHPSW�RQ�UHSUHVHQWLQJ�VFDOHV�DV�GLDJUDPV�RU�E\�QRWD�
WLRQ�

��� $ FDUGLQDO�FKDOOHQJH

8QLI\LQJ�WKH�GLIIHUHQW�IRUPV�RI�UHSUHVHQWDWLRQV� KRZHYHU�
QRW�RQO\�SRVHV�WHFKQLFDO�TXHVWLRQV�IRU�D�VXLWDEOH�LQWHUIDFH
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GHVLJQ�EXW�DOVR�UHYHDOV�D�PRUH�SULQFLSDO�FKDOOHQJH�SRLQWLQJ
DW�WKH�HSLVWHPRORJLFDO�KHDUW�RI�*UHHN�KDUPRQLF�VFLHQFH�DQG
WR�WKH�FRUH�SUREOHP�RI�DQ\�WUXH�VFKRODUO\�HQJDJHPHQW�ZLWK
DQFLHQW�*UHHN�PXVLF� 7KLV�FDQ�EH�XQGHUVWRRG�ZLWK�UHVSHFW
RI KLVWRU\�DQG�HYLQFHG�ZLWK�UHVSHFW WR WKH�GHYHORSPHQW�RI
VFDODU�FRQVWUXFWLRQV� EHFDXVH��LQ�PDQ\�FDVHV�WKH�XQHTXLY�
RFDO�QRWH�QDPHV�ZHUH�SUHIHUDEOH�RYHU�WKH�VLJQV� DPELJXRXV
DV�WKHVH�ZHUH�LQ�UHVSHFW�ERWK�WR�SLWFK�DQG�WR�PXVLFDO�IXQF�
WLRQ�>��� S��@�
$FNQRZOHGJLQJ� WKLV� IXQGDPHQWDO�ÀQGLQJ� LW�DSSHDUV� LQ�

HVFDSDEOH�IRU�DQ\�DWWHPSW�RQ�FODULI\LQJ�WKH�DFWXDO�UHODWLRQ
RI�SLWFKHV� VFDOHV� QRWH�QDPHV�DQG�VLJQV�WKDW�RQH�KDV�WR�UHIHU
WR�GLDJUDPV�ZKLFK�WKHQ�QHHG�WR�PDWFK�WKH�GLIIHUHQW�IRUPV�RI
PXVLFDO�UHSUHVHQWDWLRQ�WR�HDFK�RWKHU³DOZD\V�DQHZ�IRU�DQ\
JLYHQ�FRQWH[W� %XW�HYHQ�ZKHQ�PDQDJLQJ�D�UHFRQVWUXFWLRQ
RI�DQFLHQW�PXOWL�NH\�GLDJUDPV�DQG�D�VXEVHTXHQW�PDSSLQJ
WR�QRWDWLRQ�>��@� UHDGLQJ�VXFK�GLDJUDPV�FDQ�EH�LQWULFDWH�DQG
WULFN\� HYHQ�WR�WKH�H[SHUW� $V�D�UHVXOW� WKH�SURSRVHU�KLPVHOI
IHHOV�FRPSHOOHG�WR�JLYH�RXW�ZDUQLQJV�DERXW�WKH�VXJJHVWLYH
YDOLGLW\�RI�WKHVH�GLDJUDPV� VLQFH��WR�ÀQG�WKH�SLWFK�UHODWLRQ
RI�DQ\�WZR�VLJQV�RI�GLIIHUHQW�NH\V� RQH�KDV�WR�GHWHUPLQH�ÀUVW
WKH�LQWHUYDO�RI�RQH�RI�WKHVH�WR�D�À[HG�QRWH��LI�LW�LV�QRW�LWVHOI
RQH�� DVVXPLQJ�D�VSHFLÀF�WXQLQJ� WKHQ�IROORZ�WKH�SDWK�RI
WHWUDFKRUGV�DQG�ZKROH�WRQHV�WR�VRPH�À[HG�QRWH�RI�WKH�RWKHU
NH\� DQG�WKHQ�WR�WKH�QRWH�LQ�TXHVWLRQ�WKHUH�� >��� S���@
7KH�RQO\�ZD\�RXW�PDNLQJ�WKHVH�SDWKÀQGLQJV�WUDQVSDUHQW

DQG�DFRXVWLFDOO\�VRXQG�VHHPV�WR�UHO\�RQ�EULQJLQJ�VRPH�VRUW
RI�D�¶OLYLQJ�GLDJUDP·� RU�PRUH�IDQF\�SHUKDSV� D�SUR�DFWLYH
UHDO�WLPH�QRWDWLRQ�V\VWHP�WR�WKH�WDEOH�

��� 7XUQLQJ�WKH�WDEOHV

7KH�GUDPD�RI�UHSUHVHQWLQJ�PXVLF�FDQQRW�EH�VROYHG� EXW�PLJKW
RQO\�EH� VWDJHG� 7KLV� JHQHUDO� DVVHUWLRQ³QHFHVVDU\� WR�EH
RXWVSRNHQ�DW�D�FRQIHUHQFH�LQ�$WKHQV³FDQ�EH�QDUURZHG�DQG
VSHFLÀHG� LI�VFLHQWLÀF�FRQFHSWV�DQG�KLVWRULFDO�PHGLD�RI�DQ�
FLHQW�*UHHN�PXVLF�DUH�ODLG�RQ�WKH�WDEOH� ,Q�WKLV�DXGLR�YLVLEOH
FDVH�RI�WKHRULVLQJ� KRZHYHU� WKH�SURDFWLYH�GHXV�H[�PDFKLQD
LV�QR�VSHFWDFXODU�LQYHQWLRQ�RI�D�PRGHUQLVLQJ�(XULSLGďV³
HVVHQWLDOO\�WHUPLQDWLQJ�DOO�WUDJHG\³EXW�RQ�WKH�FRQWUDU\� WKH
HPERGLHG�PHWDSK\VLFV�RI�WKH�¶WUDQV�FODVVLFDO�PDFKLQH·>���
S����@�QRZ� UXQQLQJ�RQ� HYHU\RQH
V� GHVNWRS� 7KLV� HQWDLOV
WKDW� RQ�WKH�RQH�KDQG� ZKLOH�SRWHQWLDOO\�VLPXODWLQJ�DOO�PD�
FKLQHV�VWHPPLQJ�IURP�$UFKLPďGďV� RU�EHWWHU�VDLG�$UFK\�
WDV>��� S����³���@� WKH�FXUUHQW�PHGLD�XSKHDYDO�LUUHYRFD�
EO\�GLYLGHV�RXU�SUHVHQW�7XULQJ�$JH� IURP� WKH�7UDJLF�$JH
EXW� RQ�WKH�RWKHU�KDQG� LW�QRQHWKHOHVV�UHFRQQHFWV�XV�DQHZ
LQ�QRW�\HW�IXOO\�XQGHUVWRRG�ZD\V�ZLWK�WKH�YLUWXDO�HVVHQFH
DQG�VWULFW�ORJLF�RI�*UHHN�GUDPD�>��� ""@�
,Q�DQ\�FDVH� RQH�YDOXDEOH�FKDUDFWHULVWLF�RI�WKH�QRQ�WULYLDO

PDFKLQHU\�DW�KDQG�WRGD\�LV�WKH�SUR�DFWLYH�DELOLW\�WR�FDUU\
RXW�D�PXOWLWXGH�RI�FRPSOH[�UHDVRQLQJ�DQG�WR�RIIHU�WKH�UH�
VXOWV�DV�SRWHQWLDO�DOWHUQDWLYHV�LQ�GXH�WLPH�ZKLOH�ZH�DUH�VWLOO
WKLQNLQJ� 7KLQNLQJ� WKXV� RI�WKH�FDUGLQDO�SDWKÀQGLQJ�FKDO�
OHQJH�DERYH� DOWHUQDWLYH�SDWKZD\V�WKURXJK�WKH�*UHHN�ZHE
RI�VFDOHV�PD\�EH�FDOFXODWHG�HLWKHU�RQ�GHPDQG�RU�DXWRPDW�
LFDOO\�ZKLOH�ZH�DUH�VWLOO�OHDUQLQJ� UHÁHFWLQJ�DQG�GLVFXVVLQJ
RU� ULJKW�RQ�WKH�PRPHQW� ZKHQ�ZH�DUH�OLVWHQLQJ�KRZ�D�PHORG\
XQIROGV�
7KLV�SUDFWLFH�RI� WUDQVSDUHQWO\�FKDQJLQJ�SHUVSHFWLYHV�RQ

UHSUHVHQWDWLRQV�RI�PXVLF�DW�DQ\�WLPH� RU�SUH�HPSWLYHO\�LQ
WKH�EDFNJURXQG� FDQ�EH�UHJDUGHG�DV�WKH�FRUH�PRWLYDWLRQ�DQG
HVVHQWLDO�GLVWLQFWLRQ�RI� WKH�SUHVHQW�DSSURDFK� 0HWDSKRUL�
FDOO\�LW�PD\�EH�LPDJLQHG�DV�SURDFWLYHO\�¶WXUQLQJ�WKH�WDEOHV·
RQ�DQFLHQW�*UHHN�VFDOHV��V\VWďPDWD��DQG�VKDGHV�RI�WXQLQJ
ZKLFK�ÀQDOO\�OHG�WR�WKH�FXUUHQW�V\VWHPV
�QDPLQJ�DV�¶6\V�
WHPD�7DEOHDX·� RU� LQ� VKRUW� 6<67DE� $V� D� VHQVXDOO\� DF�
FHVVLEOH�VWXG\�WRRO� ZKLOH�DLPLQJ�DW�G\QDPLF�SHUVSHFWLYHV
DQG�DGDSWLYH�WXQLQJ� 6<67DE�PD\�UH�HQDFW�WKH�GLDFKURQLF
GLOHPPDWD�DQG�¶DSRULDL·�RI�DQFLHQW�VFLHQWLÀF�FRQFHSWV� RU
LW�PD\� V\QFKURQRXVO\� WUDFH� WKH� ¶SHULSHWHLDL·� RI�PRGXODW�
LQJ�PHORGLHV�RQ�DUFKDHRPXVLFRORJLFDO�JURXQGV� ,Q�WKLV�UH�
VSHFW� ZKHQ�YLVXDOO\�GHPRQVWUDWLQJ�KDUPRQLF�ELIXUFDWLRQV
DQG�DFRXVWLFDOO\�UHYHDOLQJ�WXUQLQJ�SRLQWV�RI�PHORGLHV� WKH
XQLI\LQJ�PHGLD�DSSURDFK�RI�DQ�DQDO\WLFDO�PXOWL�SHUFHSWLYHQHVV
XOWLPDWHO\�EHFRPHV�D�NLQG�RI�VWDJLQJ�RI�PXVLF�WKHRUHWLFDO
DQG�QRWDWLRQDO�VFHQHV�

�� 6<67(0$ 7$%/($8

��� 2YHUYLHZ

$W�SUHVHQW� WKH� V\VWHP� LV� EXLOG�RQ�6XSHU&ROOLGHU>��@� ,W
FRQVLVWV�RI�D�FROOHFWLRQ�RI�QHZO\�ZULWWHQ�FODVVHV�DQG�FODVV
H[WHQVLRQV� VRPH� RI�ZKLFK�ZLOO� EH� WRXFKHG� XSRQ� EHORZ�
$IWHU�VRPH�H[SHULPHQWDWLRQ� WKH�FRQYHQLHQWO\�DFFHVVLEOH�
VLQFH�QRZ�GLUHFWO\�OLQNHG� 4W�IUDPHZRUN�WXUQHG�RXW�WR�EH�D
IDVW�HQRXJK�JUDSKLF�UHQGHULQJ�WDUJHW�IRU�DOO�EDVLF�GLDJUDP
GUDZLQJ�DQG�XVHU�VFUHHQ�LQWHUDFWLRQV� ,Q�DGGLWLRQ� DQG�LQ�RU�
GHU�WR�PHHW�WKH�FKDOOHQJHV�RI�WKH�DSSURDFK�GHVFULEH�DERYH�
VRPH�IDPRXV�NH\�FRQFHSWV�RI�6XSHU&ROOLGHU�ZHUH�DGRSWHG
DQG� ZKHUH�QHFHVVDU\� H[WHQGHG� $OWKRXJK� WKHVH�FKRLFHV
PDNH�WKH�FXUUHQW�LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�GHSHQGHQW
RQ�6XSHU&ROOLGHU� LW�VKDOO�EH�SRLQWHG�RXW��L��WKDW�WKH�G\QDPLF
UHTXLUHPHQWV�RI�WKH�DSSURDFK�YLUWXDOO\�DVNHG�IRU�DQ�H[WHQ�
VLYH�XVH�RI�IXQFWLRQDO�SURJUDPPLQJ�WHFKQLTXHV�DQG��LL��WKDW
VLQFH�WKH�LQWHUSUHWHU�VXSSRUWV�ODPEGD�FORVXUHV�DV�ÀUVW�FODVV
FLWL]HQV�>��@�WZR�IXUWKHU�WKLQJV�IROORZ� �D��WKDW�WKH�V\VWHP
FRXOG�VWLOO�EH�GHVLJQHG�ZLWK�SRUWDELOLW\�DQG�OLYH�FRGLQJ�SXU�
SRVHV�LQ�PLQG� �E��WKDW�6XSHU&ROOLGHU
V�JHQHUDO�SXUSRVH�DQG
PXOWL�SDUDGLJP�ODQJXDJH�SURYHG�RQFH�PRUH�WR�EH�HIÀFLHQW
DQG�ÁH[LEOH�HQRXJK�IRU�VFDWKLQJ�GRPDLQ�VSHFLÀF�DSSOLFD�
WLRQV�ZLWK�DQ�RSHQ� MXVW�LQ�WLPH�SURJUDPPLQJ� LQWHUIDFH³
ZKLFK� LQ�VXP�DQG�IRU�VLPSOLFLW\� ZH�FDOO�DQ�¶H[SHUW�V\VWHP·
KHUH�
7KLV� LV� QRW� WR� VD\� KRZHYHU� WKDW� RQO\� VNLOOHG�SURJUDP�

PHUV�FDQ�XVH�WKH�V\VWHP� UDWKHU�WKDW�DOO�YLVXDOO\�DFFHVVLEOH
DQG�FKDQJHDEOH�REMHFWV�RQ�VFUHHQ� OLNH�H�J� WKH� LQWHUYDOV
RI�D�VFDOH� DUH�UHÁHFWHG�LQ�FRGH�DQG�DOZD\V�NHHS�EHLQJ�DF�
FHVVLEOH�WR�WKH�ODQJXDJH�E\�D�FRKHUHQW�GHSHQGHQF\�IUDPH�
ZRUN� ,Q�IDFW� PRVW�RI�WKH�EXLOG�LQ�IXQFWLRQDOLW\�IRU�LPPHGL�
DWH�VFDOH�PDQLSXODWLRQ�DQG�SOD\LQJ� WKH�WULJJHULQJ�RI�UHIHU�
HQFH�WRQHV�RU�WKH�FKDQJLQJ�RI�SHUVSHFWLYHV�DQG�UHSUHVHQWD�
WLRQV�DUH�H[SRVHG�WR�WKH�VFUHHQ�WKURXJK�VHOHFWLQJ� GUDJJLQJ�
GURSSLQJ�DQG�SXOOLQJ�DFWLRQV� E\�FRQWH[WXDO�SRS�XS�PHQXV
RU�IDVW� RQH�VWURNH�NH\ERDUG�ELQGLQJV�
<HW� GHVFULELQJ�DOO�WKH�IXQFWLRQV�KHUH�ZRXOG�EH�VKHHU�RYHUNLOO

DQG�DUH�EHWWHU�GHPRQVWUDWHG�DW�VLWH� ,QVWHDG� D�VHOHFWLRQ�RI
LPSOHPHQWDWLRQ� FRQFHSWV� DQG�$*0 GRPDLQ�VSHFLÀF� IHD�
WXUHV�VKDOO�EH�OLVWHG�EHORZ�

A. Georgaki and G. Kouroupetroglou (Eds.), Proceedings ICMC|SMC|2014, 14-20 September 2014, Athens, Greece

- 1809 -



��� ,PSOHPHQWDWLRQ�FRQFHSWV

����� VFHQH�JUDSK�PRGHO

,Q�RUGHU�WR�DOORZ�IRU�WKH�DERYH�PHQWLRQHG�¶PXVLF�WKHRUHW�
LFDO�DQG�QRWDWLRQDO�VFHQHV·� DOO�GUDZLQJ�RQ�VFUHHQ�KDSSHQV
E\�KHOS�RI�D�SXUHO\�LQWHUSUHWHU�GULYHQ�VFHQH�JUDSK�PRGHO�
7KH� GUDZLQJ� JUDSK� LV� GHÀQHG� E\� QDPHG� SURWR� IXQFWLRQV
WKDW�UHWXUQ�WKH�DFWXDO�GUDZLQJ�IXQFWLRQV�ZKHQHYHU�WKH�JUDSK
LV� DVNHG� WR� EH� UHEXLOG� 7KH� JUDSK� LV� HYDOXDWHG� XS�� DQG
GRZQ�WUHH�E\�D�FDOFXODWLQJ�DQG�DQ�DFWXDO�GUDZLQJ�SDVV³
LQGLVSHQVDEOH�WR�DYRLG�WKH�¶YLVLELOLW\�SUREOHP·�RI�WKH�QRWR�
ULRXV�¶SDLQWHU
V�DOJRULWKP·� 5HEXLOGV�FDQ�WDNH�SODFH�DW�DQ\
WLPH�DQG�PD\�KDSSHQ�IUHTXHQWO\�ZLWKRXW�FDXVLQJ�VLJQLÀ�
FDQW�RYHUKHDG� $V�D�UHVXOW� KLJKO\�ÁH[LEOH�DQG�SUHWW\�FRP�
SOH[� \HW�VWLOO�PDQDJHDEOH�VFHQHV�DUH�PDGH�SRVVLEOH�

����� SHUVLVWHQFH

'HVSLWH� RI� WKH� SHU�IUDPH�ÁH[LELOLW\� RIIHUHG� E\� WKH� VFHQH
JUDSK�PRGHO� WKH�VWDWH�RI�D�6<67DE�VFHQH�LV�VWLOO�SHUVLVWHQW�
$UUDQJHPHQWV�RI�VFDOHV� VKRZQ�DQQRWDWLRQV� SHUVSHFWLYHV�
]RRP�OHYHOV�HWF� FDQ�EH�VWRUHG�DQG�ORDGHG�IURP�GLVF�

����� OLYH�FRGLQJ�LQWHJUDWLRQ

$V�WKH�VFHQH�JUDSK�LV�EDVLFDOO\�GHÀQHG�E\�D�WUHH�RI�OLVWV�RI
V\PEROV� UHIHUULQJ� WR�SURWR�GUDZLQJ� IXQFWLRQV� UHDUUDQJH�
PHQWV�RI� D� VFHQH� LV� IHDVLEOH�E\�PLQLPDO� W\SLQJ�DQG� WKXV
LQ�OLYH�FRGLQJ�FRQWH[WV� (VVHQWLDO�UXQ�WLPH�SURJUDPPLQJ
FRQVWUXFWV� IRU� DOJRULWKPLF� FRPSRVLWLRQ� OLNH� URXWLQHV� DQG
SDWWHUQV�FDQ�HDVLO\�EH�XVHG�WR�FRQWURO�ZKDW
V�YLVLEOH�RQ�VFUHHQ
DQG�V\QFKURQLVHG�ZLWK�VRXQGV�SRVVLEO\�FRQWUROOHG�E\� WKH
YHU\� VDPH�FRQVWUXFWV� 0RUHRYHU� H[LVWLQJ�SURWR�GUDZLQJ
IXQFWLRQV�FDQ�EH�DOWHUHG� UHSODFHG� DGGHG�RU�UHPRYHG�DW�DQ\
WLPH� EULQJLQJ�WKH�V\VWHP�FORVH�WR�D�JHQHUDO�IUDPHZRUN�IRU
UHDO�WLPH�QRWDWLRQ�SURMHFWV�

��� $*0 GRPDLQ�VSHFLÀF�IHDWXUHV

7DNHQ� WRJHWKHU� WKH� DERYH� LPSOHPHQWDWLRQ� FRQFHSWV� SUR�
YLGH�WKH�QHFHVVDU\�LQIUDVWUXFWXUH�WR�SULQFLSDOO\�PHHW�WKH�UH�
TXLUHPHQWV�DV�UHVXOWLQJ�IURP�WKH�DSSURDFK� %\�PDQXDO�DV
ZHOO�DV�E\�SURJUDPPDWLF�PHDQV� WKH\�HQDEOH�IRU�G\QDPLF
FRQVWUXFWLRQV� DUUDQJHPHQWV�DQG�FRPSDULVRQV�RI�VFDOHV�DQG
WXQLQJV� ERWK�YLVXDOO\�DQG�DFRXVWLFDOO\� WKHUHE\�JLYLQJ�DQ
H[KDXVWLYH�DFFRXQW�RI�WKH�*UHHN�KDUPRQLF�HOHPHQWV� 7KH
ODWWHU� KRZHYHU� HQWDLO�IDU�OHVV�UHJXODU�¶VFDOHV·�WKDQ�ZHVWHUQ�
%\]DQWLQH�RU�,QGLDQ�RQHV�DQG�OLNHZLVH�GHYLDWH�IURP�FRP�
PRQ�FROOHFWLRQV�RI�PLFURWRQDO�WXQLQJV� +HQFH� LQ�RUGHU�WR
ÀQDOO\�TXDOLI\�DV�DQ�¶H[SHUW·�V\VWHP�IRU�$*0 VRPH�H[WHQ�
VLRQV�RI�6XSHU&ROOLGHU
V�DOUHDG\�ULFK�SLWFK�UHODWHG�FODVVHV
ZHUH�LQHYLWDEOH�

����� 6\VWHPD

,Q�FRQWUDVW�WR�LWV�VXSHUFODVV�6FDOH� 6\VWHPD�KDQGOHV�¶QRQ�
F\FOLF·� RU� ¶QRQ�RFWDYH�LQGHQWLFDO·� VFDOHV� $QFLHQW�*UHHN
VFDOH�RULJLQV�PDUNHG�E\�D�VR�FDOOHG�¶PLGGOH�QRWH·��PHVď��
DUH�VXSSRUWHG�E\�QHJDWLYH�VFDOH�LQGLFHV�ZKLOH�RIIVHWWLQJ�WKH
ORRN�XS�RI�VFDOH�GHJUHHV�E\�D�SRVLWLYH�
URRW,QGH[
� 7KH�QR�
WLRQ�RI�D�¶WRQDO�FHQWHU·�LV�LQWURGXFHG�E\�DQ�H[WUD�GHJUHH� QRW
QHFHVVDULO\�SDUW�RI�WKH�VFDOH�EXW�FHUWDLQO\�SRLQWLQJ�WR�D�YDOLG
WXQLQJ�VWHS�

����� 5DWLR�DQG�5&7XQLQJ

5DWLRV�ZHUH�WKH�PDWKHPDWLFLDQV�WRRO�WR�UHSUHVHQW�WHWUDFKRUG
DQG�VFDOH�GLYLVLRQV�LQ�DQFLHQW�*UHHFH� 6LQFH�6XSHU&ROOLGHU
GRHV�QRW�VXSSRUW�IUDFWLRQV�ULJKW�DZD\� 5DWLR�DV�D�VXEFODVV
WR�6LPSOH1XPEHU�KDV�EHHQ�ZULWWHQ�
%\�PHDQV�RI� WKH�5&7XQLQJ� FODVV� LQWHUIDFLQJ�ZLWK�6\V�

WHPD� UDWLRQDO�DQG�FHQW�UHSUHVHQWDWLRQV�RI�VFDOHV�DUH�PDGH
SHUVLVWHQW�DQG�DUH�KDQGOHG�WUDQVSDUHQWO\�VLGH�E\�VLGH�WR�HDFK
RWKHU�

����� &RGH3DJH

([SHUWV�RI�$*0 ZRXOG�ZDQW�WR�GHÀQH�VFDOHV�ULJKW�E\�WKHLU
QDWLYH�QRWDWLRQ�V\PEROV� <HW�WKH�6XSHU&ROOLGHU�ODQJXDJH
FDQQRW�GHDO�ZLWK� H[SUHVVLRQV� FRQWDLQLQJ�XQLFRGH� FKDUDF�
WHUV� $V�D�ZRUNDURXQG�WR�WKLV�OLPLWDWLRQ� &RGH3DJH�PDQ�
DJHV�D�XQLFRGH�HQFRGLQJ�DQG�GHFRGLQJ�RI�DVFLL�VWULQJV�DV
ZHOO�DV�WKH�UHVSHFWLYH�PDSSLQJV�WR�ZRUNDEOH� W\SLFDOO\�VHOI�
PDGH� IRQWV�WKDW�ZRXOG�RIIHU�WKH�UHVSHFWLYH�QRWDWLRQ�V\P�
EROV�

����� 6<6$QQR�FODVVHV

6SHFLÀF�DQQRWDWLRQ�FODVVHV�KHOS�ZLWK�DSSURSULDWH�PDSSLQJV
RI�VFDOH�GHJUHHV� WR�V\PEROV� UDWLRV� FHQW�YDOXHV� HWF� ,Q�
VWDQFHV�RI�6<6$QQR�FODVVHV�FDQ�EH�VWRUHG�ZLWKLQ�LQVWDQFHV
RI�6\VWHPD� VXFK� WKDW� VFDOH� WHPSODWHV�DQG�VPDUW� ORRNXSV
IRU�ÀWWLQJ� DQQRWDWLRQV� UHGXFHV� WKH� HIIRUW� GHÀQLQJ� D� VFDOH
WUHPHQGRXVO\�

��� $ ÀQDO�H[DPSOH

7KH�ROG�PL[RO\GLDQ�PRGH��KHUH�JLYHQ�LQ�WKH�WXQLQJ�RI�$UFK\�
WDV��DSSHDUV�DV�D�VXLWDEOH�H[DPSOH�WR�GHPRQVWUDWH�PDQ\�RI
WKH�IHDWXUHV�UHIHUUHG�WR�LQ�WKH�SUHYLRXV�VHFWLRQ� ,W�LV�IXOO\
GHÀQHG�E\�VLPSO\�W\SLQJ�WKH�QH[W�OLQH�DQG�LV�VKRZQ�RQ�WKH
6\VWHPD�7DEOHDX�DV�GHSLFWHG�E\�WKH�ÀJXUH�

6\VWHPD�DUFK\WDV6WRLFKRV�FRS\%\,WHPV��୐୚୛ଡ଼ୟୣ୤�� �ROG�
0L[RO\GLDQ� ƫƨƭƮƪƳƣƨƩп�чƯƫƮƬрƠ�� QLO��୓��

�� 5()(5(1&(6

>�@ $� %DUNHU� (G�� *UHHN�PXVLFDO�ZULWLQJV� +DUPRQLF
DQG� DFRXVWLF� WKHRU\� HQJ� � YROV�� VHU� &DPEULGJH
UHDGLQJV�LQ�WKH�OLWHUDWXUH�RI�PXVLF� &DPEULGJH� 8QL�
YHUVLW\�3UHVV� ����� YRO� ��

>�@ $� %DUNHU� 7KH�VFLHQFH�RI�KDUPRQLFV�LQ�FODVVLFDO�*UHHFH�
&DPEULGJH� 8QLYHUVLW\�3UHVV� �����

>�@ -� %XUQHW� 3ODWRQLV�RSHUD� 2[IRUG� 8QLYHUVLW\�3UHVV�
�����

>�@ 5� GD 5LRV� $ULVWR[HQL� (OHPHQWD�+DUPRQLFD� 5RPD�
�����

>�@ $� %DUNHU� 6FLHQWLÀF�PHWKRG�LQ�3WROHP\·V�KDUPRQLFV�
&DPEULGJH� 8QLYHUVLW\�3UHVV� �����

>�@ 0� &DUOp�DQG�$� *HRUJDNL� ´5H�FRQÀJXULQJ�DQFLHQW
*UHHN�PXVLF�WKHRU\�WKURXJK�WHFKQRORJ\� DQ�DGDSWLYH
HOHFWURQLF�WXQLQJ�V\VWHP�RQ�D�UHFRQVWUXFWHG�DQFLHQW
*UHHN�EDUELWRQµ� LQ�0� &DVWHOOHQJR�DQG�+� *HQHYRLV�
(GV� 6DPS]RQ� eGLWLRQV�'HODWRXU�)UDQFH� ����� SS� ���²
����
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>�@ )� %HOOHUPDQQ� 'LH�7RQOHLWHUQ�XQG�0XVLNQRWHQ�GHU
*ULHFKHQ� %HUOLQ� $OEHUW�)|UVWQHU� ����� ��� SS�

>�@ &� )RUWODJH� 'DV�PXVLNDOLVFKH�6\VWHP�GHU�*ULHFKHQ
LQ�VHLQHU�8UJHVWDOW� /HLS]LJ� �����

>�@ 0� 9RJHO� 'LH�(QKDUPRQLN� GHU�*ULHFKHQ� �� 7HLO�
7RQV\VWHP�XQG�1RWDWLRQ� *HVHOOVFKDIW�]XU�)|UGHUXQJ
GHU�6\VWHPDWLVFKHQ�0XVLNZLVVHQVFKDIW� � YROV�� VHU�
2USKHXV�6FKULIWHQUHLKH�]X�*UXQGIUDJHQ�GHU�0XVLN
�� '�VVHOGRUI� *HVHOOVFKDIW�]XU�)|UGHUXQJ�GHU�6\V�
WHPDWLVFKHQ�0XVLNZLVVHQVFKDIW� ����� YRO� ��

>��@ 6� +DJHO� $QFLHQW�*UHHN�PXVLF� D�QHZ�WHFKQLFDO�KLV�
WRU\� &DPEULGJH� 8QLYHUVLW\�3UHVV� �����

>��@ '� 3ROLWLV� '� 0DUJRXQDNLV� 6� /D]DURSRXORV� /� 3D�
SDOHRQWLRX� *� %RWVDULV� DQG�.� 9DQGLNDV� ´(PXOD�
WLRQ�RI�$QFLHQW�*UHHN�0XVLF�8VLQJ�6RXQG�6\QWKHVLV
DQG�+LVWRULFDO�1RWDWLRQµ� &RPSXWHU�0XVLF�-RXUQDO�
YRO� ��� QR� �� SS� ��²��� ����� >2QOLQH@� $YDLODEOH�

�
>��@ -� &� )UDQNOLQ� ´+HDULQJ�*UHHN�PLFURWRQHVµ� HQJ� LQ

$QFLHQW�*UHHN�0XVLF�LQ�3HUIRUPDQFH� 6� +DJHO�DQG
&� +DUUDXHU� (GV�� VHU� :LHQHU�6WXGLHQ�� %HLKHIW ���
:LHQ� 9HUODJ�GHU�gVWHUUHLFKLVFKHQ�$NDGDGHPLH�GHU
:LVVHQVFKDIWHQ� ����� SS� �²���

>��@ .� 7VDKDOLQDV� .� 7]HGDNL� 3� 5� &RRN� 6� 3VDURXGDNďV�
'� .DPDURWRV� DQG�7� 5LNDNLV� ´3K\VLFDO�PRGHOLQJ
VLPXODWLRQ�RI�WKH�DQFLHQW�*UHHN�(OJLQ�$XORLµ� 3UR�
FHHGLQJV� � ,QWHUQDWLRQDO� &RPSXWHU�0XVLF� &RQIHU�
HQFH������ SS� ���²���� �����

>��@ .�$� 7VDKDOLQDV� ´$XORV� $Q�57FPL[�LQWHUIDFHG�VRIW�
ZDUH�DSSOLFDWLRQ�IRU�PRGHOLQJ�F\OLQGULFDO�SLSHV�ZLWK
WRQH�KROHV� ZLWK�HPSKDVLV�RQ�WKH�VLPXODWLRQ�RI�WKH
DQFLHQW�*UHHN�$XORLµ� SUHVHQWHG�DW�WKH�,&0&�����
�����

>��@ '� 3ROLWLV� .� 9DQGLNDV� DQG�'� 0DUJRXQDNLV� ´1RWD�
WLRQ%DVHG�$QFLHQW�*UHHN�0XVLF�6\QWKHVLV�ZLWKµ� LQ
$5,21µ� ,&0&������ ,QWHUQDWLRQDO�&RPSXWHU�0X�
VLF�&RQIHUHQFH� %DUFHORQD� ����� SS� ���²����

>��@ 3ROLWLV�0DUJRXQDNLV� %RWVDULV� DQG�3DSDOHRQWLRX� ´25�
3+(86� $�YLUWXDO�OHDUQLQJ�HQYLURQPHQW�RI�$QFLHQW
*UHHN�PXVLFµ� /HINDGD� ����� SS� ���²����

>��@ -� &� )UDQNOLQ� ������� 7KH�9LUWXDO�/\UH�� >2QOLQH@�
$YDLODEOH�

�
>��@ 6� +DJHO� 0RGXODWLRQ�LQ�DOWJULHFKLVFKHU�0XVLN� $Q�

WLNH�0HORGLHQ�LP�/LFKW�DQWLNHU�0XVLNWKHRULH� JHU� VHU�
4XHOOHQ�XQG�6WXGLHQ�]XU�0XVLNJHVFKLFKWH�YRQ�GHU
$QWLNH�ELV�LQ�GLH�*HJHQZDUW ��� )UDQNIXUW�DP�0DLQ�
/DQJ� �����

>��@ *� *�QWKHU� 'DV�%HZX�WVHLQ�GHU�0DVFKLQHQ�� (LQH
0HWDSK\VLN�GHU�.\EHUQHWLN� .UHIHOG� $JLV�9HUO�� �����

>��@ )� $� .LWWOHU� $SKURGLWH� 0�QFKHQ� )LQN� �����
>��@ 5� .DVVHO� $ULVWRWOH
V�$UV�3RHWLFD� 2[IRUG� &DOGHURQ

3UHVV� ����� >2QOLQH@� $YDLODEOH�

�

>��@ ������� 6XSHU&ROOLGHU�ª�6XSHU&ROOLGHU� >2QOLQH@� $YDLO�
DEOH� �

>��@ -�0F&DUWQH\� ´5HWKLQNLQJ�WKH�&RPSXWHU�0XVLF�/DQ�
JXDJH� 6XSHU&ROOLGHUµ�&RPSXWHU�0XVLF�-RXUQDO� YRO�
��� QR� �� SS� ��²��� �����
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