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SUHSR]QDYDQMH�JRYRUD��SHUFHSWLYQL�L�JHQHUDWLYQL�

3HUFHSWLYQL�PRGHO�VH�VDVWRML�L]�GYH�RGYRMHQH�NRPSRQHQWH��3UYD�PR�
GHOXMH�UHODFLMX�L]PH_X�NUDWNLK�]YXaQLK�LQWHUYDOD�L�OLQJYLVWLaNLK�MHGLQLFD�
1H]DYLVQH�YHURYDWQR`H�GD�RGUH_HQ�]YXaQL�LQWHUYDO�SULSDGD�RGUH_HQRM
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MX�YH]D�L]PH_X�OLQJYLVWLaNLK�MHGLQLFD�L�LQWHUYDOD�]YXND�

1DMaH^`D�OLQJYLVWLaND�MHGLQLFD�NRMD�VH�NRULVWL�XQXWDU�VLVWHPD�]D�$65
MHVWH�IRQHPD��]ERJ�QMLKRYRJ�UHODWLYQR�PDORJ�EURMD��=D�QHNH�VSHFLMDOL�
]RYDQH�DSOLNDFLMH��QSU��SUHSR]QDYDQMH�L]JRYRUHQLK�FLIDUD���RVQRYQD�OLQJ�
YLVWLaND� MHGLQLFD�PRCH�ELWL� L�FHOD� UHa��6YDNL�NRPSOHWQL�VLVWHP�]D
DXWRPDWVNR�SUHSR]QDYDQMH�JRYRUD�LPD�RJUDQLaHQ�UHaQLN��ADN�MH�L�NRG�OMXGL
SULPH`HQR�GD�QDVXPLaQR�L]JRYRUHQH�UHaL�SUHSR]QDMX�WHCH�QHJR�NDGD�LPDMX
LQIRUPDFLMX�R�WHPL�R�NRMRM�VH�UD]JRYDUD�
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8�RYRP�UDGX�MH�NRUL^`HQ�SHUFHSWLYQL�PRGHO�VD�IRQHPDPD�NDR�RVQRY�
QLP�OLQJYLVWLaNLP�MHGLQLFDPD��6YDNL�IUHMP�MH�ELR�NODVLILNRYDQ�QH]DYLVQR�RG
RVWDOLK��6LVWHP�MH�ELR�QH]DYLVDQ�RG�JRYRUQLND�L�QLMH�ELOR�UHaQLND�
9H^WDaNH�QHXURQVNH�PHCH�L�DXWRPDWVNR�SUHSR]QDYDQMH�JRYRUD

'RN�VH�]D�JHQHUDWLYQL�PRGHO�QDMaH^`H�NRULVWL�VNULYHQL�0DUNRYOMHY�PR�
GHO��KLGGHQ�0DUNRY�PRGHO��X�GDOMHP�WHNVWX�+00���5DELQHU��������NRML�MH
X�VWDQMX�GD�REMHGLQL�RED�GHOD�JHQHUDWLYQRJ�SURFHVD��]D�SHUFHSWLYQL�PRGHO
VH�NRULVWL�KLEULG�YH^WDaNH�QHXURQVNH�PUHCH�L�+00�D��0RUJDQ�HW�DO��������

*ODYQL�SUREOHP�WRNRP�NODVLILNDFLMH�IRQHPD�SR�IUHMPX�MH�̂ WR�VH�WRNRP
JRYRUD�]D�UD]OLaLWH�IRQHPH�HPLWXMH�LVWL�]YXN��/MXGL�LVWL�]YXN�aXMX�GUXJDaLMH
X�]DYLVQRVWL�RG�SUHWKRGQRJ�L�EXGX`HJ�]YXND��WM��VXEMHNWLYQL�GRCLYOMDM�]YXND
MH�NRQWHNVWXDOQR�]DYLVWDQ��3RVWRML�YL^H�DUKLNWHWXUD�QHXURQVNLK�PUHCD�NRMH
VX�X�VWDQMX�GD�VH�QRVH�VD�NRQWHNVWXDOQRP�]DYLVQR^`X��8�aODQNX�QD
KWWS���ZZZ�LGVLD�FK�~MXHUJHQ��VH�SRND]XMH�GD�/670�DUKLNWHWXUD�SRVWLCH
EROMH�UH]XOWDWH�RG�WUDGLFLRQDOQH�UHNXUHQWQH�PUHCH��NDR�L�GD�GYRVPHUQH�UH�
NXUHQWQH�PUHCH�QDGPD^XMX�MHGQRVPHUQH�UHNXUHQWQH�PUHCH��

8�RYRP�UDGX�VX�XSRUH_HQH�WUL�UD]OLaLWH�DUKLNWHWXUH�GYRVPHUQLK�UHNX�
UHQWQLK�QHXURQVNLK�PUHCD��/670��/RQJ�6KRUW�WHUP�PHPRU\���NRMD�MH�X
VWDQMX�GD�PRGHOXMH�]DYLVQRVWL�L]PH_X�XGDOMHQLK�YUHPHQVNLK�LQWHUYDOD�
60511��6HJPHQWHG�0HPRU\�5HFXUUHQW�1HXUDO�1HWZRUN���-LQPLDR�HW�DO�
�������NRMD�MH�SRJRGQD�]D�PRGHORYDQMH�]DYLVQRVWL�L]PH_X�VUHGQMH
XGDOMHQLK�YUHPHQVNLK�LQWHUYDOD��L�WUDGLFLRQDOQH�511��5HFXUUHQW�1HXUDO
1HWZRUN���NRMD�MH�X�VWDQMX�GD�PRGHOXMH�]DYLVQRVW�LVNOMXaLYR�L]PH_X�EOLVNLK
YUHPHQVNLK�LQWHUYDOD��+RFKUHLWHU��������,DNR�$65�QLMH�RQ�OLQH�SUREOHP�
YUOR�MH�SRCHOMQR�GD�VLVWHP�UDGL�X�UHDOQRP�YUHPHQX��*ODYQL�QHGRVWDWDN
GYRVPHUQLK�UHNXUHQWQLK�PUHCD�MHVWH�^WR�VX�X�VWDQMX�GD�NODVLILNXMX�IRQHPH
WHN�QD�NUDMX�VHNYHQFH��3UHYD]LODCHQMH�RYRJ�SUREOHPD�MH�X�RYRP�UDGX
SRNX^DQR�SUHNR�PHWRGD�]D�NUHLUDQMH�NRPLWHWD�

.RQFHSWL�YH^WDaNLK�QHXURQVNLK�PUHCD
1HXURQ�¬�VYDND�YH^WDaND�QHXURQVND�PUHCD�VH�VDVWRML�RG�QHXURQD�

QDMaH^`H�RUJDQL]RYDQLK�X�VORMHYH��1HXURQ�VXPLUD�XOD]H��L�GDMH�L]OD]�NRML
]DYLVL�RG�DNWLYDFLRQH�IXQNFLMH��QDMaH^`H�VLJPRLGDOQH��VOLND�����,]OD]�VH

6OLND����'YD�RVYHWOMHQD�GHOD�SUHWVWDYOMDMX�VSHNWRJUDPHIRQHPH�±$±�X�UD]OLaLWLP�NRQWHNVWLPD
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GDOMH�SURVOH_XMH�NUR]�YH]H�GR�GUXJLK�QHXURQD��9H]H�LPDMX�WHCLQH��WDNR�GD
VH�L]OD]�QHXURQD�PQRCL�VD�WHCLQRP�YH]H��6YDND�PUHCD�VH�VDVWRML�RG
XOD]QLK��L]OD]QLK�L��QDMaH^`H��RG�VNULYHQLK�QHXURQD�

9L^HVORMQL�SHUFHSWURQ��0XOWL�/D\HU�3HUFHSWURQ�¬�0/3��¬�MHVWH
YH^WDaND�QHXURQVND�PUHCD�NRMD�VH�VDVWRML�L]�VORMHYD�QHXURQD�L�YH]D�NRMH
VWURJR�SRND]XMX�RG�VORMHYD�EOLCLK�XOD]QRP�VORMX�ND�VORMHYLPD�EOLCLP
L]OD]QRP�VORMX��0RGHORYDQMH�NRQWHNVWXDOQLK�]DYLVQRVWL�XQXWDU�0/3�D�VH
SRVWLCH�SRYH`DQLP�XOD]QLP�SUR]RURP��WM��PUHCD�SULPD�LQIRUPDFLMH�L]�YL^H
YUHPHQVNLK�NRUDND�RGMHGQRP��=XUDGD�������

5HNXUHQWQD�QHXURQVND�PUHCD��511��¬�]D�PRGHORYDQMH�NRQWHNVWX�
DOQLK�]DYLVQRVWL�L]PH_X�XGDOMHQLK�YUHPHQVNLK�NRUDND��0/3�QLMH�SRJRGDQ
L]�UD]ORJD�^WR�]DKWHYD�YHOLNL�EURM�YH]D��=DWR�VH�NRULVWL�511��NRMD�VDGUCL
YH]H�NRMH�SRND]XMX�RG�QHXURQD�L]�SUHWKRGQLK�ND�QHXURQLPD�L]�EXGX`LK
NRUDND��LOL�VXSURWQR��=D�PRGHORYDQMH�NRQWHNVWXDOQLK�]DYLVQRVWL�L�L]�SUR^ORVWL
L�L]�EXGX`QRVWL�NRULVWL�VH�RGORCHQR�FLOMDQMH�LOL�GYRVPHUQH�UHNXUHQWQH�QHXURQVNH
PUHCH��3UL�RGORCHQRP�FLOMDQMX��PUHCD�SRNX^DYD�GD�NODVLILNXMH�]YXaQL�VLJQDO
NRML�MRM�MH�SURVOH_HQ�QHNROLNR�NRUDND�UDQLMH��2YDNDY�SULVWXS�RJUDQLaDYD�PUHCX
GD�NRULVWL�RJUDQLaHQX�NROLaLQX�LQIRUPDFLMD�L]�EXGX`QRVWL��'YRVPHUQH�PUHCH�VX
RJUDQLaHQH�VDPR�VYRMLP�VSRVREQRVWLPD��DOL�QH�UDGH�X�UHDOQRP�YUHPHQX�

7UHQLUDQMH�QHXURQVNLK�PUHCD�¬�X�RYRP�UDGX�MH�NRUL^`HQ�WUHQLQJ
RSDGDQMD�JUH^NH�GXC�JUDGLMHQWD��JUDGLHQW�GHVFHQW���SUL�aHPX�VX�SDUFLMDOQL
L]YRGL�L]UDaXQDWL�DOJRULWPRP�SURSDJDFLMH�JUH^NH�XQD]DG�NUR]�YUHPH��%DFN�
3URSDJDWLRQ�7KURXJK�7LPH�¬�%377���7UHQLQJ�VH�VDVWRML�RG�L]UDaXQDYDQMD
SDUFLMDOQLK�L]YRGD�IXQNFLMH�JUH^NH�SR�SURPHQOMLYRM��X�VOXaDMX�QHXURQVNLK
PUHCD�¬�YH]H���L�SURPHQH�SURPHQOMLYLK�VUD]PHUQR�QMLKRYLP�L]YRGLPD�L
QHNRM�NRQVWDQWL��XaH`L�NRHILFLHQW���ZZZ�LGVLD�FK���&LNOXV�VH�SRQDYOMD�VYH
GRN�VH�QH�GRELMX�]DGRYROMDYDMX`L�UH]XOWDWL�
(NVSRQHQFLRQDOQR�RSDGDQMH�JUH^NH

6HSS�+RFKUHLWHU��������MH�SRND]DR�GD�SUL�JUDGLHQW�GHVFHQW�WUHQLQJX�
EH]�RE]LUD�NRMD�VH�IXQNFLMD�JUH^NH�L�NRML�VH�DOJRULWDP�]D�UDaXQDQMH�L]YRGD
NRULVWL��511�QLMH�X�VWDQMX�GD�PRGHOXMH�NRQWHNVWXDOQH�]DYLVQRVWL�YH`HJ�YUH�

6OLND����7LSLaQL�YH^WDaNL�QHXURQ
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PHQVNRJ�LQWHUYDOD��3RVPDWUDQR�L]�XJOD�DOJRULWPD�%377��RVQRYQD�LGHMD�MH
X�VOHGH`HP��JUH^ND�NRMD�VH�SURSDJLUD�RG�QHXURQD�M�GR�QHXURQD�L�VUD]PHUQD
MH�SUYRP�L]YRGX�DNWLYDFLRQH�IXQNFLMH�QHXURQD�L��L�YUHGQRVWL�YH]H�L]PH_X
WLK�QHXURQD��.DNR�MH�QDMYH`D�YUHGQRVW�SUYRJ�L]YRGD�VLJPRLGDOQH�IXQNFLMH
NRGRPHQD�������MHGQDND�������WR��DNR�MH�DEVROXWQD�YUHGQRVW�YH]H�L]PH_X
QHXURQD�PDQMD�RG������SURSDJLUDQD�JUH^ND�HNVSRQHQFLMDOQR�RSDGD��3RVOH�
GLFH�VX�GD�VLJQDO�JUH^NH�SURSDJLUDQ�L]�YUHPHQVNL�XGDOMHQRJ�NRUDND�QH�XWLaH
]QDaDMQR�QD�SURPHQX�YH]D��8NROLNR�MH�DEVROXWQD�YUHGQRVW�YH]H�L]PHGMX
QHXURQD�YH`D�RG������RaHNXMH�VH�GD�VLJQDO�JUH^NH�HNVSRQHQFLMDOQR�UDVWH��̂ WR
GRYRGL�GR�YHOLNLK�RVFLODFLMD�YUHGQRVWL�SURPHQOMLYLK�WRNRP�WUHQLQJD�

9LVRNH�YUHGQRVWL�YH]D�PRJX�GRYHVWL�GR�OR^H�JHQHUDOL]DFLMH��WH�QLVX
SRJRGQH��9HOLNL�EURM�QHXURQD�QH�XWLaH�]QDaDMQR�QD�VPDQMLYDQMH�RSDGDQMD
VLJQDOD�JUH^NH��MHU�VH�VLJQDOL�SULPOMHQL�L]�UD]OLaLWLK�QHXURQD�PH_XVREQR
SRWLUX�XNROLNR�VX�QHNL�YH`L��D�QHNL�PDQML�RG�QXOH��9HOLNL�EURM�SURPHQOMLYLK
SDUDPHWDUD�WDNR_H�GRYRGL�GR�OR^H�JHQHUDOL]DFLMH��+RFKUHLWHU�QD�RVQRYX�WHR�
ULMVNH�DQDOL]H�SRND]XMH�GD�511�VD�VLJPRLGDOQLP�QHXURQLPD�PRCH�GD
PRGHOXMH�NRQWHNVWXDOQX�]DYLVQRVW�GR����YUHPHQVNLK�NRUDND��%DOGL��HW�DO�
������QDYRGL�GD�MH�HPSLULMVNL�SULPH`HQR�GD�QD�SUREOHPX�SUHGLNFLMH�VHNXQ�
GDUQH�VWUXNWXUH�SURWHLQD�511�PRCH�GD�PRGHOXMH�NRQWHNVWXDOQX�]DYLVQRVW
GR����YUHPHQVNLK�NRUDND�

=D�PRGHORYDQMH�NRQWHNVWXDOQLK�]DYLVQRVWL�YH`LK�YUHPHQVNL�LQWHUYDOD
GREUH�UH]XOWDWH�VX�SRND]DOH�GYH�DUKLNWHWXUH��3UL�MHGQRM��QHXURQL�VH�RU�
JDQL]XMX�X�/670�EORNRYH��ORQJ�VKRUW�WHUP�PHPRU\��VOLND�����2YL�EORNRYL
VH�VDVWRMH�RG�OLQHDUQLK�QHXURQD�NRML�LPDMX�UHNXUHQWQX�YH]X�NRQVWDQWQH
YUHGQRVWL�����NRMD�SRND]XMH�VDPR�QD�QMLK�VDPH��2YR�RPRJX`DYD�GD�JUH^ND
NRMD�VH�SURSDJLUD�XQD]DG�NUR]�WX�YH]X�QH�PHQMD�YUHGQRVW��RVLP�SUL
VSROMD^QMHP�XWLFDMX��/LQHDUQL�QHXURQL�VX�RNUXCHQL�XOD]QLP�QHXURQLPD�L
XOD]QLP�NDSLMDPD�VD�MHGQH��L�L]OD]QLP�QHXURQLPD�L�L]OD]QLP�NDSLMDPD�VD
GUXJH�VWUDQH��8OD]QH�L�L]OD]QH�NDSLMH�VX�QHXURQL�VD�DNWLYDFLRQRP�IXQNFLMRP
NRGRPHQD��������,]OD]L�L]�XOD]QRJ�QHXURQD�L�NDSLMH�VH�PQRCH�L�SURVOH_XMX
GR�OLQHDUQRJ�QHXURQD��,]OD]�L]�OLQHDUQRJ�QHXURQD�VH�SURVOH_XMH�GR�L]OD]QRJ
QHXURQD�L�DNWLYDFLMD�L]OD]QRJ�QHXURQD�VH�PQRCL�VD�DNWLYDFLRP�L]OD]QH
NDSLMH��.DVQLMH�VX�/670�EORNRYL�SUR^LUHQL�VD�W]Y��NDSLMDPD�]D�]DER�
UDYOMDQMH��NDR�L�GLUHNWQLP�YH]DPD�RG�OLQHDUQLK�QHXURQD�GR�NDSLMD�¬�SR�
JOHGDWL�KWWS���ZZZ�LGVLD�FK�~MXHUJHQ���8�RYRP�UDGX�VX�NRUL^`HQH�SUR^LUHQH

6OLND����2VQRYQL�/670�EORN
�������������������������������������
)LJXUH����%DVLF�/670�EORFN
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YHU]LMH�/670�EORNRYD��(NVSHULPHQWL��+RFKUHLWHU�������VX�SRND]DOL�GD�VX
/670�QHXURQVNH�PUHCH�X�VWDQMX�GD�PRGHOXMX�NRQWHNVWXDOQH�]DYLVQRVWL
L]PH_X�XOD]D�XGDOMHQLK�L�GR�SUHNR������YUHPHQVNLK�NRUDND�

'UXJD�DUKLNWHWXUD��NRMD�MH�GDOD�GREUH�UH]XOWDWH�QD�SUREOHPX�SUHGLNFLMH
VHNXQGDUQH�VWUXNWXUH�SURWHLQD��-LQPLDR�HW�DO���������MH�UHNXUHQWQD�PUHCD
VD�VHJPHQWLUDQRP�PHPRULMRP��VHJPHQWHG�PHPRU\�UHFXUUHQW�QHXUDO�QHW�
ZRUN�¬�60511��VOLND�����2YD�WRSRORJLMD�MH�QDVWDOD�QD�RVQRYX�DQDOL]H
OMXGVNRJ�SDP`HQMD��/MXGL�LPDMX�RELaDM�GD�GXJH�YUHPHQVNH�LQWHUYDOH�GHOH�X
VHJPHQWH�L�GD�SDPWH�RVRELQH�VHJPHQDWD��QH�VYDNRJ�SRMHGLQDaQRJ�WUHQXWND�
60511�VH�VDVWRML�RG�GYD�UHNXUHQWQD�VORMD��-HGDQ�VORM��VORM�QD�QLYRX�VLP�
EROD��VDGUCL�UHNXUHQWQH�YH]H�L]PH_X�GYD�X]DVWRSQD�YUHPHQVND�NRUDND�
'UXJL�VORM�RSHUL^H�QD�QLYRX�VHJPHQDWD��1D�SRaHWNX�VYDNRJ�VHJPHQWD�
QHXURQL�L]�RYRJ�VORMD�SURVOH_XMX�LQIRUPDFLMH�GR�QHXURQD�X�QDUHGQLK�G
NRUDND��$NR�MH�RELaQD�UHNXUHQWQD�PUHCD�X�VWDQMX�GD�PRGHOXMH�NRQWHNVWX�
DOQX�]DYLVQRVW�GR����YUHPHQVNLK�NRUDND��RQGD�MH�60511�X�VWDQMX�GD
PRGHOXMH�YUHPHQVNX�]DYLVQRVW�GR�PDQMH�RG�����YUHPHQVNLK�NRUDND��

8�RYRP�UDGX�VH�SUYL�SXW�SULPHQMXMH�60511�DUKLNWHWXUD�QD�SUREOHP
NODVLILNDFLMH�IRQHPD��0RWLY�]D�QMLKRYX�SULPHQX�MH�^WR��LDNR�VX�GYH�DUKLN�
WHWXUH�X�VWDQMX�GD�QH�NRULVWH�REDYH]QR�LQIRUPDFLMH�L]�GDOHNLK�YUHPHQVNLK
LQWHUYDOD��SUREOHP�NODVLILNDFLMH�IRQHPD�SR�IUHMPX�QH�SUHGVWDYOMD�SUREOHP
YHRPD�GXJLK�YUHPHQVNLK�]DYLVQRVWL��3URPHQRP�LQWHUYDOD�G�VH�RPRJX`DYD
HNVSOLFLWQD�NRQWUROD�QDG�PDNVLPDOQLP�SURWRNRP�VLJQDOD�JUH^NH�NUR]
PUHCX�

.RPLWHWL�YH^WDaNLK�QHXURQVNLK�PUHCD
9L^H�QHXURQVNLK�PUHCD�VH�PRJX�RUJDQL]RYDWL�X�NRPLWHW��8NROLNR�VX

JUH^NH�NRMH�PUHCH��LOL�ELOR�NRML�GUXJL�VLVWHP�]D�NODVLILNDFLMX��GDMX�VWD�
WLVWLaNL�QH]DYLVQH��NRPLWHW�RPRJX`DYD�GD�VH�XNXSQD�JUH^ND�VPDQML
�5DQDZDQD�������

0DOR�MH�YHURYDWQR�GD�̀ H�JUH^NH�ELWL�VWDWLVWLaNL�QH]DYLVQH�SURVWLP�WUHQL�
UDQMHP�YL^H�PUHCD��3RVWRML�YL^H�QDaLQD�]D�UH^DYDQMH�RYRJ�SUREOHPD��8
RYRP�UDGX�MH�NRUL^`HQR�QHNROLNR�DOJRULWDPD��DOL�MH�DOJRULWDP�$GD%RRVW�0�

6OLND���
'LQDPLND�60511�PUHCH�]D�LQWHUYDO�G� ��
������������������������������������
)LJXUH���
'\QDPLFV�RI�60511�IRU�LQWHUYDO�G� ��
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GDR�QDMEROMH�UH]XOWDWH��3UL�RYRP�DOJRULWPX��PUHCH�VH�WUHQLUDMX�VHNYHQFL�
MDOQR��3UL�WUHQLUDQMX�SUYH�PUHCH��GLVWULEXFLMD�SULPHUD��WHCLQD�JUH^NH��MH�XQL�
IRUPQD��=D�VYDNX�VOHGH`X�PUHCX�GLVWULEXFLMD�VH�PHQMD�WDNR�GD�VH�QHWDaQR
NODVLILNRYDQLP�SULPHULPD�L]�SUHWKRGQRJ�FLNOXVD�GRGHOMXMX�YH`D�GLV�
WULEXFLMD��3RJOHGDWL��)UHXQG�HW�DO��������

5H]XOWDWL�L�GLVNXVLMD
(NVSHULPHQWDOQD�SRVWDYND

*RYRUQD�ED]D��*RYRUQD�ED]D�NRMD�MH�NRUL^`HQD�X�VYLP�HNVSHULPHQ�
WLPD�MH�6��:���V�����SUHX]HWD�RG�$OID1XP�WLPD��%D]D�MH�VQLPOMHQD
������JRGLQH�QD�JUDPRIRQVNLP�SORaDPD��DOL�MH�NDVQLMH�SUHVQLPOMHQD�X�GLJL�
WDOQL�IRUPDW��)RUPDW�GLJLWDOQRJ�]DSLVD�MH�PRQR�3&0�����ELWD�SR�RGPHUNX�
������RGPHUDND�SR�VHNXQGL��'HR�ED]H�NRMD�MH�NRUL^`HQD�VH�VDVWRML�RG����
JRYRUQLND��NRML�VX�XNXSQR�L]JRYRULOL������UHaHQLFH��8NXSQR�MH�ELOR�L]GYR�
MHQR��������RNR������UHaHQLFD�]D�WUHQLQJ�VNXS�������RNR�����]D
SRWYU_XMX`L�VNXS��L��������RNR������]D�WHVW�VNXS��,]PH_X�VNXSRYD�QLMH
ELOR�LVWLK�JRYRUQLND��5HaHQLFH�VX�SUHWSURFHVLUDQH�X]�SRPR`�+7.�WRRONLW�D
�KWWS���KWN�HQJ�FDP�DF�XN���X����VWDQGDUGQLK�0)&��0HO�)UHTXHQF\�&HS�
VWUDO��NRHILFLHQDWD�L]����NDQDOD��ORJDULWDP�HQHUJLMH�L�SUYH�L]YRGH�RYLK�NRH�
ILFLHQWD�� VD�QRUPDOL]RYDQLP�HQHUJLMDPD��^WR� MH�XNXSQR�QL]�RG���
NRHILFLHQWD�SR�IUHMPX��8OD]QL�SUR]RU�MH�ELR����PV��L�X]DVWRSQL�SUR]RUL�VX
VH�SUHNODSDOL����PV��7RNRP�SUHOLPLQDUQLK�HNVSHULPHQDWD�SULPH`HQR�MH�GD
VH�IRQHPH�®GC¯��®_¯��®a¯�L�®`¯�WH^NR�UDVSR]QDMX�SXWHP�QHXURQVNLK�PUHCD�
WH�VX�IRQHPH�®GC¯�L�®_¯��NDR�L�®a¯�L�®`¯�SRVPDWUDQH�NDR�MHGQD��2ELaDM�X
VDGD^QMLP�VLVWHPLPD�]D�SUHSR]QDYDQMH�JRYRUD�MH�GD�VH�VSDMDMX�UD]OLaLWH
IRQHPH�VD�VOLaQLP�DNXVWLaQLP�RVRELQDPD��DNR�QH�XWLaX�QD�SURPHQH�UH]XO�
WDWD�SUL�RGUH_HQRP�UHaQLNX��=DMHGQR�VD�WL^LQRP�XNXSQR�MH�ELOR����UD]OLaLWLK
IRQHPD�

7UHQLQJ��7RNRP�VYLK�HNVSHULPHQDWD�XOD]QL�VORM�VH�VDVWRMDR�RG���
OLQHDUQLK�QHXURQD��SR�MHGDQ�]D�VYDNL�NRHILFLHQW��,]OD]QL�VORM�VH�VDVWRMDR�RG
���QHXURQD�VD�6RIW0D[�DNWLYDFLRQRP�IXQNFLMRP��SR�MHGDQ�]D�VYDNX

6OLND����/HYR��%511�]D�SUHGLNFLMXVHNXQGDUQH�VWUXNWXUH�SURWHLQD��%DOGL�HW�DO������
'HVQR��%60511�]D�SUHGLNFLMX�VHNXQGDUQH
VWUXNWXUH�SURWHLQD��-LQPLDR�HW�DO�������
����������������������������������
)LJXUH����/HIW��%511�IRU�SURWHLQ�VHFRQGDU\
VWUXFWXUH�SUHGLFWLRQ
5LJKW��%60511�IRU�SURWHLQ�VHFRQGDU\VWUXFWXUH�SUHGLFWLRQ
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IRQHPX��.RUL^`HQD�MH�&URVV�(QWURS\�REMHNWQD�IXQNFLMD��6YL�QHXURQL�VNULYH�
QLK�L�L]OD]QRJ�VORMD�VX�LPDOL�SRPHUDM��ELDV���6YH�YH]H�VX�ELOH�LQLFLMDOL�
]RYDQH�XQXWDU�JUDQLFD��¬�����������6YH�PUHCH�VX�ELOH�WUHQLUDQH�QD�WUHQLQJ
VNXSX�L�WHVWLUDQH�QD�SRWYU_XMX`HP�VNXSX��7HCLQH�YH]D�QD�PUHCL�VX�SRVWD�
YOMHQH�QD�RQH�NRML�VX�SRND]LYDOL�QDMEROMH�UH]XOWDWH�QD�SRWYU_XMX`HP�VNXSX�
L�PUHCD�MH�WHVWLUDQD�QD�WHVW�VNXSX��=D�UH]XOWDWH�MH�X]LPDQ�SURFHQDW�WDaQLK
NODVLILNDFLMD�NRMH�MH�PUHCD�YU^LOD��3RVOH�]DYU^HWND�WUHQLQJD�YUHGQRVWL�XQXWDU
PUHCD�VX�ELOH�SRVWDYOMHQH�QD�RQH�NRMH�VX�SRND]LYDOH�QDMPDQMX�JUH^NX�QD
SRWYU_XMX`HP�VNXSX��L�ELOH�WHVWLUDQH�QD�WHVW�VNXSX��6YH�PUHCH�VX�WUHQLUDQH
SUHNR�SRVWHSHQRJ�RSDGDQMD�JUH^NH��,DNR�VH�]D�60511�RULJLQDOQR�NRULVWL
SUR^LUHQ�REOLN�575/�DOJRULWPD��5HDO�7LPH�5HFXUUHQW�/HDUQLQJ���GD�EL�VPR
XaLQLOL�XVORYH�PUHCD�MHGQDNLP��SDUFLMDOQL�L]YRGL�VX�UDaXQDWL�SUHNR�%377
DOJRULWPD��NRULVWH`L�PRPHQDW�����L�UD]OLaLWH�XaH`H�NRHILFLHQWH��9H]H�VX
RVYHCDYDQH�QDNRQ�VYDNH�UHaHQLFH��6YH�PUHCH�VX�LPDOH�RNR�������YH]D�
3RUH_HQMH�UD]OLaLWLK�WRSRORJLMD�QHXURQVNLK�PUHCD

8�WRNX�RYRJ�HNVSHULPHQWD��WHVWLUDQH�VX�GYH�UD]OLaLWH�DUKLNWHWXUH�]D
PRGHORYDQMH�NRQWHNVWXDOQLK�]DYLVQRVWL�GXJLK�YUHPHQVNLK�LQWHUYDOD�
7DNR_H��WHVWLUDQD�MH�L�WUDGLFLRQDOQD�%511�VD�VLJPRLGDOQLP�QHXURQLPD�
7HVWLUDQH�VX�VOHGH`H�DUKLNWHWXUH��WDEHOD����

7DEHOD����3RUH_HQMH�UD]OLaLWLK�WRSRORJLMD��
7RSRORJLMD 5H]XOWDWLQD�WHVWVNXSX

5H]XOWDWLQD�WUHQLQJVNXSX
%URMFLNOXVDWRNRPWUHQLQJD

LGVLD

%511 ����� ����� �� �����
%/670 ����� ����� �� �����
%60511 ����� ����� �� ¬
�KWWS���ZZZ�LGVLD�FK�~MXHUJHQ

�
���%511��SRWSXQR�SRYH]DQD��VD�VLJPRLGDOQLP�QHXURQLPD�XQXWDU�SR

MHGQRJ�VNULYHQRJ�VORMD��]D�NRQWHNVW�L]�EXGX`QRVWL�L�L]�SUR^ORVWL��VD�XaH`LP
NRHILFLHQWRP�α�=���¬��

���%/670��SRWSXQR�SRYH]DQD��VD�SR�MHGQLP�VNULYHQLP�VORMHP�VD
/670�EORNRYLPD�]D�NRQWHNVW�L]�EXGX`QRVWL�L�L]�SUR^ORVWL��VD�XaH`LP�NRH�
ILFLHQWRP�α�=���¬��

���%60511�VD�SR�����QHXURQD�X�VORMHYLPD�QLYRD�VLPEROD��L�VD�SR
���QHXURQD�X�VORMHYLPD�QLYRD�VHJPHQDWD�VD�LQWHUYDORP����6YL�QHXURQL�VX
LPDOL�VLJPRLGDOQX�DNWLYDFLRQX�IXQNFLMX�NRGRPHQD��������.RHILFLHQW�XaHQMD
MH�ELR�α�=���⋅���¬��
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5D]OLaLWL�NRHILFLHQWL�VX�NRUL^`HQL�GD�EL�PUHCH�LPDOH�LVWH�XVORYH��WM��GD
PUHCH�NRMH�EUCH�NRQYHUJLUDMX�QH�EL�SUHVNRaLOH�PLQLPXP��,QWHUYDO�X�VORMX
QLYRD�VHJPHQDWD�%60511�DUKLNWHWXUH�MH����3UL�RYRP�LQWHUYDOX��RaHNXMH
VH�GD�MH�PUHCD�X�VWDQMX�GD�PRGHOXMH�NRQWHNVWXDOQH�]DYLVQRVWL�RG�RNR���
YUHPHQVNLK�NRUDND�SUH�L�SRVOH�WUHQXWQR�SRVPDWUDQRJ�NRUDND��WM��RNR��
VHNXQGH�HPLWRYDQRJ�]YXND�

8�WDEHOL���VX�GDWL�UH]XOWDWL�SRUH_HQMD�UD]OLaLWLK�WRSRORJLMD��%511�QLMH
GDYDOD�EROMH�UH]XOWDWH�GR����RJ��GRN�%/670�L�%60511�QLVX�SRVWLJOH
EROMH�UH]XOWDWH�GR�����RJ�WUHQLQJ�FLNOXVD��%/670�VH�SRVOH����RJ�FLNOXVD
QDJOR�VSHFLMDOL]RYDOD��WM��UD]OLND�L]PH_X�WUHQLQJ�L�WHVW�VNXSD�QDJOR�MH�SRaHOD
GD�UDVWH��3RVOHGQMD�NRORQD�SRND]XMH�UH]XOWDWH�QD�WHVW�VNXSX�7,0,7�ED]H
JRYRUD�QD�HQJOHVNRP�MH]LNX�

%60511�DUKLNWHWXUD�MH�SUYL�SXW�SULPHQMHQD�QD�RYRP�SUREOHPX�
,]JOHGD�GD�QMHQD�PRJX`QRVW�GD�VH�VNRQFHQWUL^H�QD�RGUH_HQX�NROLaLQX�LQIRU�
PDFLMD�SUHGVWDYOMD�]QDaDMQX�SUHGQRVW�X�RGQRVX�QD�RVWDOH�DUKLNWHWXUH�
7RNRP�SUHOLPLQDUQLK�HNVSHULPHQDWD��QLMHGQRP�GUXJRP�NRPSOHNVQLMRP�DUKLN�
WHWXURP��QSU��VD�YL^H�VNULYHQLK�VORMHYD��UHNXUHQWQLP�YH]DPD�L]PH_X�UD]OLaLWLK
VORMHYD��QLVX�SRVWLJQXWL�EROML�UH]XOWDWL�

8SRUH_XMX`L�UH]XOWDWH�VD�RQLP�QD�KWWS���ZZZ�LGVLD�FK�~MXHUJHQ���QLMH
MDVQR�GD�OL�VUSVNL�MH]LN�RPRJX`XMH�ODN^H�UDVSR]QDYDQMH�X�RGQRVX�QD�GUXJH
MH]LNH�XVOHG�PDORJ�EURMD�IRQHPD��3ULPHWLPR�GD�VX�VH�WDPR�NRULVWLOH�YH`H
PUHCH��VD�RNR���������YH]D���L�7,0,7�ED]D�VDGUCL�PDQMX�NROLaLQX�^XPD
�6��:���V����ED]D�MH�SUYRELWQR�VQLPOMHQD�QD�JUDPRIRQVNLP�SORaDPD��
DOL�L�GD�VX�X�RYRP�UDGX�WRNRP�SUHGSURFHVLUDQMD�HPLWRYDQH�HQHUJLMH�ELOH
QRUPDOL]RYDQH��GD�EL�VH�RPRJX`LOR�ODN^H�XSRUH_LYDQMH�UD]OLaLWLK�JRYRUQLND�
7DNR_H��VSHFLILaQRVWL�VDPLK�ED]D�L�GUXJH�UD]OLNH�WRNRP�SUHGSURFHVLUDQMD
RWHCDYD�SRUH_HQMH��8�QDMJRUHP�VOXaDMX��GHOXMH�GD�VH�QD�VUSVNRP�MH]LNX�PRJX
SRVWL`L�PDNDU�XSRUHGLYL�UH]XOWDWL�

8�VOHGH`HP�WHVWX�PUHCH�VX�LPDOH�]D�]DGDWDN�GD�NODVLILNXMX�IRQHPH�VD
SDUFLMDOQLP�NRQWHNVWXDOQLP�LQIRUPDFLMDPD��7HVW�MH�VSURYHGHQ�QD�RQLP�IUH�
MPRYLPD�XQXWDU�WHVW�VNXSD�NRML�VX�RNUXCHQL�VD�EDUHP����IUHMPRYD�VD�REH
VWUDQH��0UHCH�VX�X�SRaHWNX�SRNX^DOH�GD�NODVLILNXMX�L]RORYDQH�SULPHUH��]D�
WLP�LP�MH�GR]YROMHQR�GD�NRULVWH�NRQWHNVWXDOQH�LQIRUPDFLMH���IUHMP�SUH�L
SRVOH��LWG��5H]XOWDWL�VX�SULND]DQL�QD�VOLFL����

%511�QLMH�NRULVWLOD�LQIRUPDFLMH�XGDOMHQLMH�RG���YUHPHQVNLK�NRUDND�
%60511�QLMH�GDYDOD�GUXJDaLMH�UH]XOWDWH�SUL�GR]YROMHQRP�NRQWHNVWX
XGDOMHQLMHP�RG����NRUDND��GRN�MH�%/670�PRGHORYDOD�NRQWHNVWXDOQH�LQIRU�
PDFLMH�XGDOMHQH�GR�RNR����NRUDND��3UL�SRWSXQLP�NRQWHNVWXDOQLP�LQIRUPD�
FLMDPD��%/670�MH�SRND]LYDOD�QH^WR� OR^LMH� UH]XOWDWH��2VFLODFLMH�X
UH]XOWDWLPD�%60511�SRWLaX�RG�DUKLNWHWXUH��RVFLODFLMH�LPDMX�SHULRG����NDR
L�LQWHUYDO�QLYRD�VHJPHQDWD�%60511�PUHCH��

5H]XOWDWL�XND]XMX�GD�QL�%60511�QL�%/670�DUKLNWHWXUH�QLVX�X
PRJX`QRVWL�GD�X�SRWSXQRVWL�HNVSORDWL^X�YUHPHQVNL�EOLVNH�NRQWHNVWXDOQH�LQIRU�
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PDFLMH�� 3UL�%60511�DUKLNWHWXUL�� RYDM� SUREOHP�EL�PRJDR� GD� VH� UH^L� GR�
GDYDQMHP� GLUHNWQLK� YH]D� L]PH_X� VORMD� QLYRD� VLPEROD� L� L]OD]QRJ� VORMD�� =D
%/670�DUKLNWHWXUX��X��6FKPLGKXEHU�HW�DO��������VH�QDSRPLQMH�GD�NRP�
SOHNVQLMH�DUKLNWHWXUH�QLVX�SRND]DOH�EROMH�UH]XOWDWH�
5H]XOWDWL�QD�NRPLWHWX�QHXURQVNLK�PUHCD

.RPLWHW�VH�VDVWRMDR�RG�GYH�60511�PUHCH��REH�VX�SRVPDWUDOH
UHaHQLFH�RG�SRaHWND�ND�NUDMX��EH]�RGORCHQRJ�FLOMDQMD��2EH�PUHCH�VX�LPDOH
LVWL�EURM�QHXURQD�NDR�GYD�GHOD�%60511�L]�HNVSHULPHQWD����'RGDWR�MH���
YH]D���RG�±ELDV±�D�GR�L]OD]QLK�QHXURQD���GD�EL�GYH�PUHCH�ELOH�X�SRWSXQRVWL
QH]DYLVQH��^WR�QLMH�]QDaDMQR��2YDNYD�SRVWDYND�RPRJX`DYD�GD�VLVWHP�]D
$65�UDGL�X�UHDOQRP�YUHPHQX��SUL�LVWRM�FHQL�X�YLGX�NRPSMXWHUVNRJ�YUHPHQD
NDR�L�GYRVPHUQD�PUHCD�

8�UDGX�+HUQiQGH]�(VSLQRVD�HW�DO���������MH�XSRUHGMHQR�YL^H�DOJRUL�
WDPD�]D�NUHLUDQMH�NRPLWHWD��3UDWH`L�QMLKRYH�UH]XOWDWH��X�WRNX�RYRJ�HNVSHUL�
PHQWD�VX�SULPHQMHQL�DOJRULWPL�&(/6��/LX�HW�DO���������$GD%RRVW�0��L
$GD%RRVW�0���)UHXQG��������.RPELQRYDQMH�UH]XOWDWD�NRMH�GDMX�PUHCH
XQXWDU�NRPLWHWD�VH�PRCH�YU^LWL�QD�YL^H�QDaLQD��3UL�VYLP�DOJRULWPLPD�QD�
MEROML�UH]XOWDWL�VX�SRVWLJQXWL�NRULVWH`L�NRPELQRYDQMH�UH]XOWDWD�QDODCHQMHP
JHRPHWULMVNH�VUHGLQH��.RPELQRYDQL�UH]XOWDWL�VX�GDOMH�QRUPDOL]RYDQL��WDNR
GD�VXPD�VYLK�L]OD]D�NRMH�GDMH�NRPLWHW�EXGH�MHGQDND����3RJOHGDWL�GRGDWDN
$�]D�VYH�UH]XOWDWH�

.RHILFLHQWL�XaHQMD�VX�ELOL�α�=����⋅���¬���5H]XOWDWL�X�WDEHOL���VX�]D�DO�
JRULWDP�$GD%RRVW�0���X]�SRPR`�NRJD�VX�SRVWLJQXWL�QDMEROML�UH]XOWDWL�
5H]XOWDWL�QD�WUHQLQJ�VNXSX�VX�]D�GLVWULEXFLMX�NRMD�MH�SUHPD�DOJRULWPX�GR�
GHOMHQD�PUHCDPD�

6OLND����
3URFHQDW�WDaQLKNODVLILNDFLMD�X]DYLVQRVWL�RG
RGJRYDUDMX`HJ�WHNVWDSUH�L�SRVOHSRVPDWUDQRJ�NRUDND�
5H]XOWDWL�]D%60511�VX
NRQYHUJLUDOL�SULEOLCQR]D����NRUDND��]D%/670�]D�RNR���
)LJXUH���
3HUFHQWDJH�RI�FRUUHFWFODVVLILFDWLRQGHSHQGLQJ�RQ�VXLWDEOHWH[W�EHIRUH�DQG�DIWHUREVHUYHG�LWHUDWLRQ�5HVXOWV�IRU�%60511ZHUH�VWDELOL]HG�DIWHUDSSUR[LPDWHO\����LWHUDWLRQV��IRU%/670�DIWHU�
���LWHUDWLRQV�
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7DEHOD����5H]XOWDWL�QD�NRPLWHWX�QHXURQVNLK�PUHCD
0UHCD 5H]XOWDW�QDWHVW�VNXSX 5H]XOWDW�QDWUHQLQJ�VNXSX %URM�WUHQLQJHSRKD
60511���� ����� ����� ��
60511���� ����� ����� ��
.RPLWHW�����L���� ����� ����� �
%60511 ����� ����� ��

.DR�^WR�VH�L]�WDEHOH���YLGL��60511�����QLMH�SRVWLJOD�EROMH�UH]XOWDWH
GR����RJ�FLNOXVD��GRN�NRPLWHW�QLMH�SRVWLJDR�EROMH�UH]XOWDWH�GR����RJ�FLN�
OXVD��=DGQML�UHG�SUHGVWDYOMD�UH]XOWDWH�L]�HNVSHULPHQWD���

5D]OLND�X� UH]XOWDWLPD� L]PH_X�NRPLWHWD�60511�L�GYRVPHUQH
60511�QLMH�]QDaDMQD��DOL�MH�JODYQD�SUHGQRVW�X�WRPH�^WR�NRPLWHW�UDGL�X
UHDOQRP�YUHPHQX�

3ULPHWLPR�GD�EL�VH�EROML�UH]XOWDWL�NRPLWHWD�PRJOL�SRVWL`L�RGORCHQLP
FLOMDQMHP�LOL�GUXJRP�IXQNFLMRP�]D�UDVSRGHOX�GLVWULEXFLMH�XQXWDU�DOJRULWPD
$GD%RRVW��7DNRGMH��EROML�UH]XOWDWL�EL�VH�PRJOL�SRVWL`L�WUHQLUDQMHP�YL^H
PDOLK�PUHCD�

'UXJD�PUHCD�XQXWDU�NRPLWHWD�MH�GDYDOD�EROMH�UH]XOWDWH�QD�WHVW�VNXSX
QHJR�QD�WUHQLQJ�VNXSX��=D�XQLIRUPQX�GLVWULEXFLMX�WUHQLQJ�VNXSD��PUHCD�MH
SRVWL]DOD�������WDaQLK�NODVLILNDFLMD��=DNOMXaXMH�VH�GD�VX�QHNL�SULPHUL
L]X]HWQR�WH^NL��L�GD�EL�QHXQLIRUPQD�SRaHWQD�GLVWULEXFLMD�SULPHUD�GRYHOD�GR
SREROM^DQMD�UH]XOWDWD�
5H]XOWDWL�QD�KLEULGX�YH^WDaND�QHXURQVND�PUHCD�+00

,DNR�QHXURQVNH�PUHCH�RPRJX`XMX�GD�VH�VYDNL�IUHMP�NODVLILNXMH�SR
IRQHPL��VDPD�UHaHQLFD�VH��QD�RVQRYX�L]OD]D�PUHCD��NUHLUD�X]�SRPR`�+00�
D��3UL�RYRP�WHVWX�MH�SURYHUHQR�GD�OL�VX�EROML�UH]XOWDWL�QD�]DGDWNX�NODVLIL�
NDFLMH�IRQHPD�SR�IUHMPX�UD]OLaLWLK�PUHCD�RPRJX`LOL�EROMH�UH]XOWDWH�QD
XNXSQRP�SUHSR]QDYDQMX�JRYRUD��WDEHOD����

7DEHOD����5H]XOWDWL�KLEULGQLK�VLVWHPD
6LVWHP *UH^ND
%/670���+00 �����
%60511���+00 �����
%RRVWHG�60511���+00 �����
%/670���+00��� �����
�KWWS���ZZZ�LGVLD�FK�~MXHUJHQ

�����• ��3(71,A.(�69(6.(��� '(2��,



+LEULGQL�VLVWHPL�VX�VH�VDVWRMDOL�RG�+00�D�L�UD]OLaLWLK�PUHCD��7UHQL�
UDQL�VX�SUHNR�9LWHUELMHYRJ�NULWHULMXPD��QD�WUHQLQJ�VNXSX��,QLFLMDOL]DFLMD
SDUDPHWDUD�+00�D�MH�L]YU^HQD�WDNR�GD�SDUDPHWUL�RGJRYDUDMX�YHURYDWQR`L
SUHODVND�L]�MHGQRJ�VWDQMD�X�GUXJR��XQXWDU�ED]H�JRYRUD��,]OD]QH�YHURYDWQR`H
PUHCD�VX�SUHNR�%DMHVRYRJ�SUDYLOD�WUDQVIRUPLVDQH�X�RaHNLYDQMD�]D�+00�
*UH^ND�MH�UDaXQDWD�NDR�PLQLPDOQL�EURM�SUHSUDYNL��XEDFLYDQMH��L]EDFLYDQMH
LOL�PHQMDQMH�NDUDNWHUD��SRWUHEDQ�GD�EL�VH�GRELOH�WDaQH�UHaHQLFH��UHODWLYDQ�X
RGQRVX�QD�XNXSDQ�EURM�L]JRYRUHQLK�JODVRYD�

0UHCH�NRMH�VX�GDYDOH�EROMH�UH]XOWDWH�SUL�NODVLILNDFLML�IRQHPD�VX
RPRJX`LOH�SUHFL]QLMH�SUHSR]QDYDQMH�JRYRUD��3ULPH`XMH�VH�L]QHQD_XMX`H
PDOD�JUH^ND�NRMX�GDMX�VLVWHPL��8SRUH_XMX`L�UH]XOWDWH�VD�KWWS���ZZZ�LG�
VLD�FK�~MXHUJHQ���L]JOHGD�GD�PDOL�EURM�IRQHPD�XQXWDU�VUSVNRJ�NQMLCHYQRJ
MH]LND�L]X]HWQR�SRJRGXMH�VNULYHQRP�0DUNRYOMHYRP�PRGHOX�

=DNOMXaDN
3UHNR�WUDGLFLRQDOQH�%511�DUKLNWHWXUH�QLMH�PRJX`H�X�SRWSXQRVWL

PRGHORYDWL�NRQWHNVWXDOQH�]DYLVQRVWL�L]PH_X�XGDOMHQLK�IUHMPRYD�XQXWDU
VLVWHPD�]D�$65�ED]LUDQRJ�QD�NODVLILNDFLML�IRQHPD�SR�IUHMPX��6D�GUXJH
VWUDQH��%/670�DUKLNWHWXUD�MH�X�VWDQMX�GD�PRGHOXMH�]DYLVQRVWL�YUOR
XGDOMHQLK�YUHPHQVNLK�LQWHUYDOD��DOL�OR^H�PRGHOXMH�]DYLVQRVWL�YUHPHQVNL
EOLVNLK�IUHMPRYD��1D^OL�VPR�GD�MH�%60511�DUKLNWHWXUD�QDURaLWR�SRJRGQD
]D�RYDM�SUREOHP��L�GD�EL�GDOMD�SREROM^DQMD�PRJOD�GD�VH�GRELMX�PRGLILNDFL�
MRP�DUKLNWHWXUH��8]�SRPR`�DOJRULWPD�$GD%RRVW�0��SRVWLJQXWL�VX�XSRUHGLYL
UH]XOWDWH�VD�GYH�60511�PUHCH��NRMH��]D�UD]OLNX�RG�%60511��UDGH�X�UH�
DOQRP�YUHPHQX��0RJX`H�MH�GD�EL�SUL�GDOMLP�L]PHQDPD�NRPLWHW�SRVWL]DR
EROMH�UH]XOWDWH�

6USVNL�MH]LN�MH�]D�RYDM�SUREOHP�L]X]HWQR�SRJRGDQ�L]�GYD�UD]ORJD�
SLVPR�MH�IRQHWVNR��WM��QH�]DKWHYD�RG�VLVWHPD�GD�PRGHOXMH�]DYLVQRVW�L]PH_X
IRQHWVNLK�L�SLVDQLK�MHGLQLFD��L�PDOL�EURM�IRQHPD�RPRJX`DYD�GD�VH�SUHNR
+00�D�SRVWLJQX�YLVRNH�SHUIRUPDQVH��1HNH�VLWXDFLMH�VX�L]X]HWQR�WH^NH�L
&URVV�(QWURS\�REMHNWQD�IXQNFLMD�QLMH�GRYROMQD��3RaHWQD�GLVWULEXFLMD�SULPHUD
SUHPD�WHCLQL�SUHSR]QDYDQMD�EL�RPRJX`LOD�EROMH�UH]XOWDWH�

=DKYDOQRVW��#HOLPR�GD�VH�]DKYDOLPR�$OID1XP�WLPX�QD�XVWXSOMHQRM
ED]L�JRYRUD�

/LWHUDWXUD
KWWS���ZZZ�LGVLD�FK�~MXHUJHQ�
+HUQiQGH]�(VSLQRVD�&���)HUQiQGH]�5HGRQGR�0���2UWL]�*vPH]�0�������(QVHPEOH�0HWKRGV�IRU�0XOWLOD\HU�)HHGIRUZDUG�1HWZRUNV��3URF��RIWKH�(XURSHDQ�6\PSRVLXP�RQ�$UWLILFLDO�1HXUDO�1HWZRUNV�%UXJHV��%HO�JLXP���������G�VLGH�SXEOL���,6%1�������������;��SS���������
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-LPoQH]�'��������'\QDPLFDOO\�:HLJKWHG�(QVHPEOH�1HXUDO�1HWZRUNV�IRU&ODVVLILFDWLRQ��6DQ��$QWRQLR��7KH�8QLYHUVLW\�RI�7H[DV�+HDOWK�6FLHQFH&HQWHU
)UHXQG�<���6FKDSLUH�5��������([SHULPHQWV�ZLWK�D�1HZ�%RRVWLQJ�$OJR�ULWKP��3URF��RI�WKH�7KLUWHHQWK�,QW��&RQI��RQ�0DFKLQH�/HDUQLQJ��SS���������
+RFKUHLWHU�6��������5HFXUUHQW�1HXUDO�1HW�/HDUQLQJ�DQG�9DQLVKLQJ�*UDGL�HQW�
=XUDGD�-��0��������,QWURGXFWLRQ�WR�$UWLFLILDO�1HXUDO�6\VWHPV��:HVW�3XE�OLVKLQJ�&RPSDQ\
-LQPLDR�&���&KDXGKDUL�1��6��������,PSURYHPHQW�RI�%LGLUHFWLRQDO�5HFXU�UHQW�1HXUDO�1HWZRUN�IRU�/HDUQLQJ�/RQJ�7HUP�'HSHQGHQFLHV��,FSU�SS�������������WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�3DWWHUQ�5HFRJQLWLRQ�,&35±������YRO���
5DELQHU�/��5��������$�7XWRULDO�RQ�+LGGHQ�0DUNRY�0RGHOV�DQG�6HOHFWHG$SSOLFDWLRQV�LQ�6SHHFK�5HFRJQLWLRQ��3URF��RI�WKH�,(((��YRO������QR����IHEUXDU�����
/LX�<���<DR�;��������$�&RRSHUDWLYH�(QVHPEOH�/HDUQLQJ�6\VWHP��3URF�RI�WKH�:RUOG�&RQJUHVV�RQ�&RPSXWDWLRQDO�,QWHOOLJHQFH�������SS�����������
0RUJDQ�1���%RXUODUG�+��������&RQQHFWLRQLVW�6SHHFK�5HFRJQLWLRQ�¬�$+\EULG�$SSURDFK��7KH�.OXZHU�,QWHUQDWLRQDO�6HULHV�LQ�(QJLQHHULQJDQG�&RPSXWHU�6FLHQFH
%DOGL�3���%UXQDN�6���)UDVFRQL�3���3ROODVWUL�*���6RGD�*��������%LGLUHF�WLRQDO�G\QDPLFV�IRU�SURWHLQ�VHFRQGDU\�VWUXFWXUH�SUHGLFWLRQ��/HFWXUH1RWHV�LQ�&RPSXWHU�6FLHQFH����������¬���
5DQDZDQD�5��������0XOWL�&ODVVLILHU�6\VWHPV�¬�5HYLHZ�DQG�D�5RDGPDSIRU�'HYHORSHUV��8QLYHUVLW\�RI�2[IRUG�&RPSXWLQJ�/DERUDWRU\

6WHIDQ�-DQNRYL`

%RRVWHG�60511��2Q�/LQH�6SHHFK�5DFRJQLWLRQ
'LIIHUHQW�DUFKLWHFWXUHV�RI�WZR�ZD\�UHFFXUHQW�QHXUDO�QHWZRUNV�ZHUH

FRPSDUHG�LQ�VROYLQJ�WKH�SUREOHP�RI�DXWRPDWHG�VSHHFK�UHFRJQLWLRQ��LQGH�
SHQGHQW�IURP�D�VSHDNHU���XVLQJ�XQOLPLWHG�YRFDEXODU\��EDVHG�RQ�K\EULG�V\V�
WHP�RI�QHXUDO�QHWZRUNV�KLGGHQ�0DUNRY�PRGHO��%60511�DUFKLWHFWXUH
JDLQHG�VXSSULVLQJO\�EHWWHU�UHVXOWV�ZKHQ�FRPDUHG�WR�RWKHU�WRSRORJLHV��8VLQJ
$GD%RVW�0���EHWWHU�UHVXOWV�ZHUH�DFFRSOLVKHG�IRU�WZR�QHWZRUNV��ZKLFK��XQ�
OLNH�WZR�ZD\�UHFFXUHQW�QHWZRUNV��ZRUN�HIILFLHQWO\�LQ�UHDO�WLPH��,W�LV�IRXQG
WKDW�D�VPDOO�QXPEHU�RI�SKRQHPV�LQ�WKH�6HUELDQ�ODQJXDJH�LV�VXLWDEOH�IRU
WKLV�V\VWHP�
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'RGDWDN�
5H]XOWDWL�UD]OLaLWLK�PHWRGD�]D�NUHLUDQMH�NRPLWHWD

3UL�VYLP�WHVWRYLPD�VX�NRUL^`HQH�SR�GYH�60511�PUHCH��.RUL^`HQL�VX
DOJRULWPL�$GD%RRVW�0���$GD%RRVW�0���)UHXQG�HW�DO��������L�DOJRULWDP
&(/6��/LX��������=D�NRPELQRYDQMH�UH]XOWDWD�NRUL^`HQH�VX�PHWRGH�

0$;�¬�L]OD]�VD�QDMYH`RP�YUHGQR^`X�L]�VYLK�QHXURQVNLK�PUHCD�MH�L
L]OD]�NRML�GDMH�NRPLWHW��3ULPHWLPR�GD�SUL�RYRM�PHWRGL�L]OD]�L]�NRPLWHWD�QH
SUHGVWDYOMD�YHURYDWQR`X�SULSDGDQMD�QHNRM�IRQHPL�

$9*�¬�L]OD]�NRPLWHWD�MH�MHGQDN�DULWPHWLaNRM�VUHGLQL�L]OD]D�PUHCD�
352'�¬�L]OD]�NRPLWHWD�MH�MHGQDN�QRUPDOL]RYDQRM�JHRPHWULMVNRM�VUHG�

LQL�L]OD]D�PUHCD�
:$9*�¬�X�]DYLVQRVWL�RG�XNXSQRJ�UH]XOWDWD�NRMH�VX�GDYDOH�PUHCH��]D

DOJRULWPH�$GD%RRVW�0��L�$GD%RRVW�0��L]OD]L�L]�PUHCD�VX�LPDOL�WHCLQH
SUHPD�IRUPXODPD�XQXWDU�DOJRULWDPD�

'$9*� ¬� SRYHUHQMH�X�PUHCH�]DYLVL�RG�L]OD]D�NRML�GDMX��3RJOHGDWL
�-LPoQH]�������

=D�&(/6�VX�NRUL^`HQL�NRHILFLHQWL�SHQDOD�NRUHODFLMH�����������L�����
1DMEROML�UH]XOWDWL�VX�SRVWLJQXWL�VD�NRHILFLHQWRP������L�WL�UH]XOWDWL�VX�SUL�
ND]DQL�X�VOHGH`RM�WDEHOL�

7DEHOD�'���5H]XOWDWL�UD]OLaLWLK�PHWRGD�QD�WHVW�VNXSX
0HWRGD $OJRULWDP

$GD%RRVW�0� $GD%RRVW�0� &(/6
0$; ����� ����� �����
$9* ����� ����� �����
352' ����� ����� �����
:$9* ����� ����� ¬
'$9* ����� ����� �����
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