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SODQHWD��RWNULYHQLK�XJODYQRP�PHWRGRP�UDGLMDOQLK
EU]LQD��SR]QDWR�MH�VDPR�GHVHW�WDNYLK�GD�SRPUDaXMX
PDWLaQX�]YH]GX��WM��PRJX�VH�GHWHNWRYDWL�IRWRPHWUL�
MVNL�� 'R� SRPUDaHQMD� GROD]L� XNROLNR� MH� YL]XUD
SULEOLCQR�X�UDYQL�RUELWH�HNVWUDVRODUQH�SODQHWH��2YD
SRMDYD�VH�QD]LYD�WUDQ]LW��SD�VH�L�PHWRGD�SRVPDWUDQMD
RYH�SRMDYH�L�EHOHCHQMH�VPDQMLYDQMD�VMDMD�]RYH�PH�
WRGD�WUDQ]LWD��2YRP�PHWRGRP�SRWYU_HQR�MH�SRVWR�
MDQMH�HNVWUDVRODUQLK�SODQHWD�L�]DMHGQR�VD�PHWRGRP
UDGLMDOQLK�EU]LQD�GDMH�LQIRUPDFLMX�R�PDVL�L�GLPHQ]LML
SODQHWD�X�SRVPDWUDQRP�VLVWHPX��

*RGLQH�������%RXFK\�L�VDUDGQLFL�RWNULOL�VX�GD
RNR�CXWRJ�SDWXOMND�+'��������NUXCL�SODQHWD�WLSD
®YHRPD�YUHOL�-XSLWHU¯��NRMD�MH�SRPUDaXMH�VD�SHULR�
GRP�RG�������GDQD��2YDM�VLVWHP�MH�XMHGQR�L�QDPD
QDMEOLCL�RWNULYHQ�VLVWHP�VD�SRMDYRP�WUDQ]LWD��.DUDN�
WHULVWLNH�PDWLaQH�]YH]GH�GDWH�VX�X�WDEHOL���
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UDYD�VH�QD�PRJX`QRVW�SURPHQH�QMLKRYRJ�SHULRGD
XVOHG�SULVXVWYD�GUXJLK�HNVWUDVRODUQLK�SODQHWD�NRMH
NUXCH�RNR�LVWH�PDWLaQH�]YH]GH��^WR�EL�GRYHOR�GR
RWNULYDQMD�QRYLK�HNVWUDVRODUQLK�SODQHWD�

&LOM� RYRJ� UDGD� MH� GD� VH� RGUHGL� WUHQXWDN
PLQLPXPD�VMDMD�PHWRGRP�WUDQ]LWD�L�RGUHGH�QRYH�HIH�
PHULGH�HNVWUDVRODUQH�SODQHWH�+'�������E�
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VND�SUHNR�]YH]GH�]DNODQMD�GHR�GLVND�L�VPDQMXMH�VMDM
NRML�GR�QDV�GROD]L��6QLPDQMHP�WDNYRJ�WUDQ]LWD�PRCH�
PR�GRELWL�NULYX�VMDMD��NRMD�SUHGVWDYOMD�SURPHQX�VMDMD
SRVPDWUDQH�]YH]GH�X�RGQRVX�QD�L]DEUDQH�UHIHUHQWQH
]YH]GH�NRQVWDQWQRJ�VMDMD��

=D�RSLVLYDQMH�WDNYH�NULYH�X�VOXaDMX�]YH]GH�+'
�������SUHGORCHQD�MH�HPSLULMVND�IXQNFLMD��6PROL`�
XVPHQD�LQIRUPDFLMD��NRMD�MH�LVSREDQD�QD�SRGDFLPD
SUHWKRGQLK�SRVPDWUDQMD�L�VLPXODFLMDPD�NRMH�RSLVXMX
]DGDWH�VLVWHPH�L�VODCH�VH�VD�GRELMHQLP�UH]XOWDWLPD�
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3UYL�GHR��]ELU�GYD�HNVSRQHQFLMDOQD�aODQD��RSLVXMH
VDP�WUDQ]LW�SODQHWH��9UHGQRVWL�SDUDPHWDUD�GRELMHQH
VX�L]�UDGD�%RXFK\MD�L�VDUDGQLND��������L�SULND]DQH
VX�X�WDEHOL����2YH�YUHGQRVWL��GRELMHQH�]D�5�ILOWHU��QD�
MYL^H�RGJRYDUDMX�QD^HP�VOXaDMXNDGD�MH�VQLPDQR�EH]
NRUL^`HQMD�ILOWHUD��3DUDPHWDU�WR�SUHGVWDYOMD�WUDCHQL
WUHQXWDN�PLQLPXPD�NULYH�VMDMD��

'UXJL�GHR�IXQNFLMH��SROLQRP��RSLVXMH�DWPRVIHU�
VNH�XVORYH�SUL�SRVPDWUDQMX��VSHNWUDOQR�VHOHNWLYQL�XWL�
FDM�DWPRVIHUVNH�HNVWLQNFLMH�QD�SRUHGEHQH�]YH]GH
UD]OLaLWRJ�VSHNWUDOQRJ�WLSD��XWLFDM�XUH_DMD�NRUL^`HQRJ
SUL�SRVPDWUDQMX�NDR�L�RQH�QDPD�QHSR]QDWH��

$QGUHM�2EXOMHQ���������%HRJUDG��'UDJL^H
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%LOMDQD�.QHCHYL`���������1RYL�6DG��0RPaLOD
7DSDYLFH�����XaHQLFD����UD]UHGD�*LPQD]LMH
®-RYDQ�-RYDQRYL`�=PDM¯�X�1RYRP�6DGX
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(NVSR]LFLMD�]D�VYH�VQLPNH�ELOD�MH�����VHNXQGL��/LVWD
aHWLUL�NRUL^`HQH�SRUHGEHQH�]YH]GH�NRMH�VX�VH�QDOD]LOH
X�LVWRP�SROMX�VOLNH�SULND]DQD�MH�X�WDEHOL����0HWHR�
UROR^NL�XVORYL�RPRJX`LOL�VX�SRNULYDQMH�VDPR�XOD]QRJ
L�L]OD]QRJ��DOL�QH�L�VUHGL^QMHJ�GHOD�WUDQ]LWD�]D�YUHPH
NRJ�MH�QHER�ELOR�REODaQR��

6WDQGDUGQD�REUDGD�VQLPDND��NRMD�SRGUD]XPHYD
XNODQMDQMH�WHUPDOQRJ�̂ XPD��UHGXNFLMX�VQLPDND�NDR�L
NRUHNFLMH�X�RVHWOMLYRVWL�SRMHGLQLK�GHORYD�&&'�aLSD�
XUDGMHQD�MH�X�VRIWYHUVNRP�SDNHWX�$VWURDUW��)RWRPH�
WULMVND�PHUHQMD�XUDGMHQD�VX�X�SURJUDPX�0D[,P�'/�
2SWLPDOQD�YHOLaLQD�IRWRPHWULMVNH�DSHUWXUH�WUDCHQD�MH
X�LQWHUYDOX�RG���GR����SLNVHOD�L�QDMPDQMH�JUH^NH�GR�
ELMHQH�VX�]D�YUHGQRVW�RG����SLNVHOD��*UH^ND�SUL�RGUH�
_LYDQMX� PDJQLWXGH� ]D� SRMHGLQDaQL� VQLPDN� MH
SULEOLCQR������PDJQLWXGD�
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SUHGVWDYOMHQD�QD�VOLFL����=D�GUXJL�GHR�IXQNFLMH����
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MDFLMX�IRWRPHWULMVNLK�SRGDWDND�RG�NULYH�VMDMD�
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PDWUDQMD�RG�GRELMHQH�YUHGQRVWL�HIHPHULGD�SULND]DQD
VX�QD�VOLFL���
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8�SURWHNOLK�SDU�JRGLQD�L]Y^HQD�VX�SUHFL]QLMD�IR�

WRPHWULMVND�SRVPDWUDQMD�RG�VWUDQH�QL]D�DXWRUD
�%RXFK\�HW�DO��������+HEUDUG�L�/HFDYHOLHU������
%DNRV�HW�DO���������WDNR�GD�VX�GREUR�RGUH_HQL
JHRPHWULMVNL�L�IL]LaNL�SDUDPHWUL�RYRJ�VLVWHPD��=DWR�MH
ELOR�PRJX`H�LVNRULVWLWL�XQDSUHG�SR]QDWX�NULYX�VMDMD
]D�WUDQ]LW�QD�SRVPDWUDaNRP�PDWHULMDOX�NRML�QLMH�NRP�
SOHWDQ�L�PDQMH�SUHFL]DQ�GD�EL�VH�GRELOL�GRYROMQR�SUH�
FL]QL�WUHQXWFL�FHQWUDOQRJ�WUDQ]LWD�

*UH^ND�GRELMHQD�SUL�UDaXQDQMX�WUHQXWND�FHQWUDO�
QRJ�WUDQ]LWD�MH��������GDQD��PDQMD�RG�MHGQRJ�PL�
QXWD���GRN�VX�JUH^NH�X�UDGRYLPD�JRUH�QDYHGHQLK
DXWRUD�LVWRJ�L�YL^HJ�UHGD�YHOLaLQH��

�2aLJOHGDQ�OLQHDUQL�SDG�VMDMD�]YH]GH�X�WRNX�YUH�
PHQD�PRCH�VH�REMDVQLWL�NUHWDQMHP�]YH]GH�ND�KRUL]RQWX
L�SRYH`DQMHP�VSHNWUDOQR�VHOHNWLYQH�DWPRVIHUVNH�HN�
VWLQNFLMH�]D�SRUHGEHQH�]YH]GH�UD]OLaLWLK�VSHNWUDOQLK
WLSRYD��

3UHFL]QRVW�EL�VH�PRJOD�SRYH`DWL�NRUL^`HQMHP�IR�
WRPHWULMVNLK�ILOWHUD�]D�XPDQMHQMH�VLVWHPDWVNLK�HIHNDWD
NRML�SRWLaX�RG�VSHNWUDOQH�VHOHNWLYQRVWL�DWPRVIHUH�
NDR�L�SURGXCLYDQMHP�HNVSR]LFLMH�NDNR�EL�VH�VPDQMLOH
JUH^NH�NRMH�SRWLaX�RG�VFLQWLODFLMH�]YH]GD�XVOHG�WXUEX�
OHQFLMH�X�DWPRVIHUL�

,PDMX`L�X�YLGX�WR�GD�MH�RYDM�VLVWHP�UHODWLYQR
VNRUR�RWNULYHQ�LPDOR�EL�VPLVOD�QDVWDYLWL�VD�SUD`HQMHP
WUDQ]LWD�RYH�SODQHWH�NDNR�EL�VH�SURYHULOR�GD�OL�GROD]L
GR�RGVWXSDQMD�SHULRGD�UHYROXFLMH�̂ WR�EL�GRYHOR�GR�RW�
NUL`D�QRYLK�SODQHWD�X�RYRP�VLVWHPX�

=DKYDOQRVW��=DKYDOMXMHPR�VH�,JRUX�6PROL`X�
QD^HP�PHQWRUX��EH]�aLMH�SRPR`L�RYDM�UDG�QH�EL�ELR
UHDOL]RYDQ��NDR�L�9ODGLPLUX�%HQL^HNX�QD�SRPR`L
WRNRP�VQLPDQMD�
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)LJXUH����/LJKW�FXUYH�RI�+'��������GXULQJ�WKHPLQLPXP��7KH�VROLG�OLQH�UHSUHVHQW�WKH�EHVW�ILW�RIPHDVXULQJ�GDWD�E\�IXQFWLRQ�����

6OLND����2GVWXSDQMH�YUHGQRVWL�WUHQXWND�WUDQ]LWD�RGL]UDaXQDWH�HIHPHULGH
)LJXUH����7UDQVLW�WLPH�GLIIHUHQFH�IURP�WKH�GHUULYHGHSKHPHULV
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$QGUHM�2EXOMHQ�DQG�%LOMDQD�.QHCHYL`
7UDQVLW�'HWHFWLRQ�RI�([WUD�6RODU
3ODQHW�+'������E

,Q������%RXFK\�HW�DO��DQQRXQFHG�WKH�GLVFRYHU\
RI�YHU\�KRW�-XSLWHU�WUDQVLWLQJ�WKH�VWDU�+'�������
7KDW�LV�RQH�RI�WKH�WHQ�NQRZQ�WUDQVLWLQJ�H[WUD�VRODU
SODQHWV�LQ�D�WRWDO�RI�PRUH�WKDQ�����RWKHU�H[WUD�VRODU
SODQHWV�GLVFRYHUHG��0RVW�RI�WKH�WUDQVLWLQJ�H[WUD�VRODU
SODQHWV�ZHUH�GLVFRYHUHG�XVLQJ�WKH�PHWKRG�RI�UDGLDO
YHORFLWLHV�FRPELQHG�ZLWK�SKRWRPHWULF�WUDQVLW�PHWKRG
LQ�ZKLFK�RQH�PHDVXUHV�WKH�GURS�RI�VWHOODU�EULJKWQHVV
GXULQJ�WKH�SODQHWV�WUDQVLW��,Q�WKLV�SDSHU�ZH�UHSRUW�D
SKRWRPHWULF�WUDQVLW�REVHUYDWLRQ�RI�H[WUD�VRODU�SODQHW
+'������E��8VLQJ�WKH�PHWKRG�RI�GLIIHUHQWLDO�SKR�
WRPHWU\��D�WUDQVLW�OLJKW�FXUYH�ZDV�FRQVWUXFWHG��6LQFH
WKH�SK\VLFDO�DQG�JHRPHWULFDO�SDUDPHWHUV�RI�WKLV�V\V�
WHP�KDV�EHHQ�ZHOO�GHWHUPLQHG�UHFHQWO\��%DNRV�HW�DO�
�������WKH�VKDSH�RI�IXQFWLRQ�GHVFULELQJ�WKLV�WUDQVLW�LV
NQRZQ��7KDW�LV�ZK\�ZH�ZHUH�DEOH�WR�XVH�DQ�HPSLUL�
FDO�IXQFWLRQ��EDVHG�RQ�UHVXOWV�IURP�SUHYLRXV�ZRUNV�
WR�PRGHO�RXU�LQFRPSOHWH�OLJKW�FXUYH��GXH�WR�XQVWDEOH
ZHDWKHU�FRQGLWLRQV��DQG�GHWHUPLQH�WKH�WLPH�RI�FHQ�
WUDO�WUDQVLW�ZLWK�QRUPDO�UDQJH�DFFXUDF\�RI�������
GD\V��OHVV�WKDQ�RQH�PLQXWH���&RPELQLQJ�WKLV�ZLWK
WLPHV�IURP�SUHYLRXV�ZRUNV��ZH�FDOFXODWH�QHZ�HSKH�
PHULGHV��7R� �������������±��������+-'����(⋅3�
3� ��������±��������GD\V��
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