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5,$668172�
1HOO¶DPELWR�GHOO¶DJULFROWXUD�GL�SUHFLVLRQH�OD�SRVVLELOLWj�GL�SUHYHGHUH�H�DYHUH�VRWWR�FRQWUROOR�LO�
FRPSRUWDPHQWR�GHOOH�SLDQWH�DOO¶LQWHUQR�GL�DPELHQWL�FRQILQDWL�q�GLYHQXWR�XQ� UHTXLVLWR� VHPSUH�
SL��LPSRUWDQWH��,Q�TXHVWR�FRQWHVWR��JOL�VWUXPHQWL�EDVDWL�VXOOH�UHWL�GL�VHQVRUL�H�VXOO¶LQWHOOLJHQ]D�
DUWLILFLDOH� UDSSUHVHQWDQR� IDWWRUL� FKLDYH� SHU� RWWLPL]]DUH� L� SURFHVVL� GL� DFTXLVL]LRQH� GHL� GDWL�� OD�
PRGHOOL]]D]LRQH� PDWHPDWLFD� H� LO� SURFHVVR� GHFLVLRQDOH�� ,Q� TXHVWR� FRQWULEXWR� q� SUHVHQWDWD�
XQ¶DUFKLWHWWXUD� JHQHUDOH� SHU� LO� FRQWUROOR� DXWRPDWLFR� GHOO¶DPELHQWH� VHUUD�� 1HOOR� VSHFLILFR�� q�
VWDWR�HODERUDWR�XQ�PRGHOOR�SUHGLWWLYR�SUHOLPLQDUH�LQ�JUDGR�GL�SUHYHGHUH�LO�ULVFKLR�GL�FRPSDUVD�
GL�QXRYH� LQIH]LRQL�GL�SHURQRVSRUD�GHO�EDVLOLFR� �3HURQRVSRUD�EHOEDKULL�� VX�SLDQWH�GL�EDVLOLFR�
FROWLYDWR�LQ�VHUUD��/¶DUFKLWHWWXUD�SRVVLHGH�WUH�HOHPHQWL�SULQFLSDOL�GL�LQQRYD]LRQH��QXRYL�WLSL�GL�
VHQVRUL�VRQR�XWLOL]]DWL�SHU�DFTXLVLUH�LQIRUPD]LRQH�VXOOR�VWDWR�GHOOH�SLDQWH��SUHGLWWRUL�PDWHPDWLFL�
VRQR� JHQHUDWL� D� SDUWLUH� GD� TXHVWD� LQIRUPD]LRQH� SHU� PH]]R� GL� VRILVWLFDWL� PHWRGL� GL�
SURFHVVDPHQWR��HG�LQILQH�L�SUHGLWWRUL�SL��LQIRUPDWLYL�VRQR�VHOH]LRQDWL�LQ�PRGR�DXWRPDWLFR�SHU�
PH]]R�GL�WHFQLFKH�GL�UHJRODUL]]D]LRQH��
3DUROH�FKLDYH��VHQVRUL��SUHGLWWRUL��EDVLOLFR��SHURQRVSRUD��PRGHOOL]]D]LRQH��
�
�

6800$5<�
(;32�$*5,��),567�5(68/76�5(*$5',1*�$�35(',&7,9(�02'(/�$'237('�)25�

%$6,/�'2:1<�0,/'(:�,1)(&7,216�,1�*5((1+286(�
3UHGLFWLQJ�DQG�FRQWUROOLQJ�SODQW�EHKDYLRU�LQ�FRQWUROOHG�HQYLURQPHQWV�LV�D�JURZLQJ�UHTXLUHPHQW�
LQ� SUHFLVLRQ� DJULFXOWXUH�� 6HQVRU� QHWZRUNV� DQG� DUWLILFLDO� LQWHOOLJHQFH� PHWKRGV� UHSUHVHQW� NH\�
DVSHFWV�IRU�RSWLPL]LQJ�WKH�SURFHVVHV�RI�GDWD�DFTXLVLWLRQ��PDWKHPDWLFDO�PRGHOLQJ�DQG�GHFLVLRQ�
PDNLQJ�� 7KLV� SDSHU� SUHVHQWV� D� JHQHUDO� DUFKLWHFWXUH� IRU� DXWRPDWLF� JUHHQKRXVH� FRQWURO�� ,Q�
SDUWLFXODU�� D� SUHOLPLQDU\� PRGHO� IRU� SUHGLFWLQJ� WKH� ULVN� RI� QHZ� LQIHFWLRQV� RI� GRZQ\�PLOGHZ�
�3HURQRVSRUD� EHOEDKULL�� RQ� VZHHW� EDVLO� LQ� JUHHQKRXVH� ZDV� GHVLJQHG�� 7KH� DUFKLWHFWXUH� KDV�
WKUHH�PDLQ�HOHPHQWV�RI�LQQRYDWLRQ��QHZ�NLQGV�RI�VHQVRUV�DUH�XVHG�WR�DFTXLUH�LQIRUPDWLRQ�DERXW�
WKH� VWDWH� RI� WKH� SODQWV�� PRGHO� SUHGLFWRUV� DUH� JHQHUDWHG� IURP� WKLV� LQIRUPDWLRQ� E\� QRQ�WULYLDO�
SURFHVVLQJ�PHWKRGV��DQG�LQIRUPDWLYH�SUHGLFWRUV�DUH�DXWRPDWLFDOO\�VHOHFWHG�XVLQJ�UHJXODUL]DWLRQ�
WHFKQLTXHV��
.H\ZRUGV��VHQVRUV��SUHGLFWRUV��EDVLO��GRZQ\�PLOGHZ��PRGHOLQJ��
�
�
�
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,1752'8=,21(�
,Q� DJULFROWXUD� OH� SULQFLSDOL� FROWLYD]LRQL� VXELVFRQR� DQQXDOPHQWH� SHUGLWH� FKH� DPPRQWDQR� D�

FLUFD� LO� ����GHOO¶LQWHUD� SURGX]LRQH� D� FDXVD�GHL� GDQQL�SURYRFDWL� GD�SDWRJHQL� YHJHWDOL� �DG� HV��
IXQJKL��EDWWHUL��YLUXV���6FKXPDQQ���������3HU�GHFHQQL�L�WUDGL]LRQDOL�SURGRWWL�ILWRVDQLWDUL�KDQQR�
JDUDQWLWR� LQGXEEL� YDQWDJJL� DOOH� FROWXUH� DWWUDYHUVR� O¶HIILFDFH� FRQWHQLPHQWR� GL� SDWRJHQL� H�
SDUDVVLWL�� 3L�� UHFHQWHPHQWH�� O¶DFFUHVFLXWD� SUHRFFXSD]LRQH� GD� SDUWH� GHL� FRQVXPDWRUL� QHL�
FRQIURQWL�GHOO¶LPSLHJR�GL�SURGRWWL�FKLPLFL� LQ�DJULFROWXUD�H� GHL� ORUR�SRWHQ]LDOL� HIIHWWL�QHJDWLYL�
VXOO¶DPELHQWH� H� VXOOD� VDOXWH� XPDQD�� KD� SRUWDWR� DOOD� PHVVD� D� SXQWR� GL� XQD� OHJLVOD]LRQH�
DUPRQL]]DWD�YROWD�DOOD�ULGX]LRQH�GHL�ULVFKL�GHULYDQWL�GDOO¶XVR�GHL�SURGRWWL�ILWRVDQLWDUL��
,Q� TXHVWR� DPELWR�� O¶LPSHJR� GL� VWUXPHQWL� SURSUL� GHOO¶DJULFROWXUD� GL� SUHFLVLRQH� GLYHQWD�

IRQGDPHQWDOH��6WRULFDPHQWH� L�SULPL�DSSURFFL� LQ�TXHVWR�VHQVR�VRQR�FRQVLVWLWL�QHOOD� UDFFROWD�GL�
GLIIHUHQWL� YDULDELOL� GL� WLSR� ILVLFR� FRPH� XPLGLWj�� WHPSHUDWXUD� GHOO¶DULD� H� GHO� VXROR� DWWUDYHUVR�
VHQVRUL� FDUDWWHUL]]DWL� GD� EDVVR� FRVWR�� UREXVWH]]D�� DXWRDOLPHQWDWL� H� LQ�JUDGR�GL� FRPXQLFDUH� LQ�
PRGDOLWj� ZLUHOHVV� �.DVVLP� HW� DO��� ������� /¶LQWHUSUHWD]LRQH� GHL� JUDILFL� GHULYDQWL�
GDOO¶HODERUD]LRQH�GHOOH�VXFFLWDWH�YDULDELOL�HUD�GHPDQGDWR�DO�WHFQLFR�DJURQRPR��8Q�SL��HYROXWR�
WLSR�GL�DSSURFFLR�KD�SUHYLVWR�SRL�OR�VYLOXSSR�GL�PRGHOOL�DXWRPDWLFL�GL�SUHGL]LRQH�FKH�SRWHVVHUR�
LQWHUSUHWDUH� O¶HQRUPH� QXPHUR� GL� GDWL� UDFFROWL� GD� SDUWH� GHL� VHQVRUL� H� IRUQLUH� FRPH� RXWSXW� OD�
SUREDELOLWj�FKH�VL�YHULILFDVVH�XQ�HYHQWR�FULWLFR�FRPH�OD�FRPSDUVD�H�OR�VYLOXSSR�GL�XQD�PDODWWLD��
,Q� $HJHUWHU� HW� DO�� �������� DG� HVHPSLR�� OR� VWXGLR� GHL� IDWWRUL� DPELHQWDOL� FKH� FRQGL]LRQDQR� OD�
FRPSDUVD� GHOOD� SHURQRVSRUD� GHOOD� URVD� KD� SRUWDWR� DOOR� VYLOXSSR� GL� XQ� PRGHOOR� SUHGLWWLYR�
DSSOLFDWR�DOOD�FROWLYD]LRQH� LQ�YLYDLR�GL�TXHVWD� VSHFLH��.LP�HW�DO�� �������KDQQR�VYLOXSSDWR�XQ�
PRGHOOR�SUHYLVLRQDOH�UHODWLYR�DO�ULVFKLR�GL�FRPSDUVD�GL�SHURQRVSRUD�VX�LEULGR�GL�URYR��
,QILQH�LQ�%HKPDQQ�HW�DO���������q�SRVVLELOH�WURYDUH�XQ¶LQGDJLQH�UHODWLYD�D�PHWRGL�DYDQ]DWL�GL�

³PDFKLQH�OHDUQLQJ´�SHU�LO�ULOHYDPHQWR�GL�VWUHVV�ELRWLFL�D�FDULFR�GHOOH�SLDQWH��/D�YDOXWD]LRQH�GHL�
ULVFKL� q� XWLOL]]DWD� SHU� JXLGDUH� OH� D]LRQL� GHJOL� DJULFROWRUL�� DG� HVHPSLR� SHU� TXDQWR� ULJXDUGD�
O¶LPSLHJR�GHJOL�DJURIDUPDFL��,�6LVWHPL�GL�6XSSRUWR�DOOH�'HFLVLRQL��'HFLVLRQ�6XSSRUW�6\VWHPV�±�
'66��UDSSUHVHQWDQR�XQR�GHL�SULQFLSDOL�DPELWL�GL�DSSOLFD]LRQH�GHOO¶LQWHOOLJHQ]D�DUWLILFLDOH�DOOH�
WHFQLFKH�GL�SURGX]LRQH�LQ�DJULFROWXUD��-HQVHQ�H�-HQVHQ����������
,O� SURJHWWR� ([SR�$JUL� VL� SURSRQH� GL� PLJOLRUDUH� OD� WHFQRORJLD� '66� TXDQGR� DSSOLFDWD� DOOH�

FROWLYD]LRQL�LQ�VHUUD��0HQWUH�LQ�'66�GL�WLSR�WUDGL]LRQDOH�OH�D]LRQL�FKH�YHQJRQR�VXJJHULWH�VRQR�
SRL�DWWXDWH�PDQXDOPHQWH��QHOO¶DSSURFFLR�SURSRVWR�LQ�TXHVWD�VHGH�YLHQH�UHDOL]]DWR�XQ�VLVWHPD�GL�
FRQWUROOR� DXWRPDWLFR� D� FLFOR� FKLXVR� GRYH� XQ� UHJRODWRUH� Gj� LQL]LR� DG� XQD� VHULH� GL� D]LRQL�
VSHFLILFKH� VXJOL� DWWXDWRUL� SUHVHQWL� DOO¶LQWHUQR� GHOOD� VHUUD�� ,Q� PRGR� SDUWLFRODUH�� WHPSHUDWXUD��
XPLGLWj��OXFH�H�EDJQDWXUH�SRVVRQR�HVVHUH�UHJRODWH�DXWRPDWLFDPHQWH�DO�ILQH�GL�FUHDUH�FRQGL]LRQL�
VIDYRUHYROL� DOOR� VYLOXSSR� GHOOD� PDODWWLD�� &RPH� FDVR� VWXGLR� q� VWDWD� VFHOWD� OD� FROWLYD]LRQH� GL�
EDVLOLFR��2FLPXP�EDVLOLFXP�/����VSHFLH�FROWLYDWD�LQ�,WDOLD�VX�FLUFD�����KD�GL�VXSHUILFLH�LQ�VHUUD�
H�SLHQR�FDPSL��GDWL�&H�5�6�$�$����/D�SHURQRVSRUD�GHO�EDVLOLFR��FDXVDWD�GDOO¶RRPLFHWH�ELRWURIR�
3HURQRVSRUD�EHOEDKULL��q�GLYHQWDWR�XQ�SDWRJHQR�FKLDYH�GHO�EDVLOLFR�LQ�PROWL�3DHVL��,Q�,WDOLD�KD�
IDWWR�OD�VXD�FRPSDUVD�LQ�YDULH�D]LHQGH�DJULFROH�LQ�/LJXULD�QHO������H�KD�FDXVDWR�LQJHQWL�SHUGLWH�
GL� SURGX]LRQH� LQ� WXWWH� OH� DUHH� LQ� FXL� LO� EDVLOLFR� q� FROWLYDWR�� /R� VYLOXSSR� GHOOD� PDODWWLD� q�
FRUUHODWR� DOOH� FRQGL]LRQL� DPELHQWDOL�� QHOOR� VSHFLILFR� XQ¶HOHYDWD� XPLGLWj� UHODWLYD� �����������
WHPSHUDWXUH�PLWL���������&��RWWLPDOH�����&���EDJQDWXUD�IRJOLDUH�GL�DOPHQR���RUH��*DULEDOGL�HW�
DO����������
,O�ODYRUR�SUHVHQWD�L�ULVXOWDWL�LQWHUPHGL�GHO�SURJHWWR�([SR�$JUL��QHOOR�VSHFLILFR�O¶DUFKLWHWWXUD�

GL� FRQWUROOR� SURSRVWD�� OD� PHWRGRORJLD� XWLOL]]DWD� SHU� FUHDUH� LO� PRGHOOR� SUHGLWWLYR� H�
O¶LQWURGX]LRQH�GL�XQ�QXRYR�VHQVRUH�GL�WHPSHUDWXUD�IRJOLDUH�FKH��LQ�EDVH�DL�ULVXOWDWL�SUHOLPLQDUL��
q�LQ�JUDGR�GL�DSSRUWDUH�QXRYH�XWLOL�LQIRUPD]LRQL��/D�PHWRGRORJLD�DGRWWDWD�SHU�FUHDUH�LO�PRGHOOR�
SUHGLWWLYR� q� SDUWLFRODUPHQWH� LQWHUHVVDQWH� GDO� PRPHQWR� FKH� OH� VHULH� GL� GDWL� SURYHQLHQWL� GDL�

690



�
� � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � � �
� � � � � � � � � � �
� � � � � � � � � �
� � � � � � � � � � � � �

� � � � � � � � � � � � � �
� � � � � � � � � � �

� � � � � � � � � � �
� � � � � � � � � � � � �

� � � � � � � � � � � � �
� � � � � � � � � � � � �
� � � � � � � � � �

� � � � � � � � � � � �
� � � � � � � � � � � � � � �

� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � �
� � � � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �

� � � � � � � � � � � � � �
� � � � � � � � � � � � �

� � � � � � � � � � �
� � � � � � � � ��

� � � � � � � � � � � � �
� � � � � � � � � � � � � � �

� � � � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � �

� � � � � � � � � � � � �
� � � � � � � � � � � � � �

� � � � � � � � � � � � � � � �
� � � � � � � � � � � �

� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � �
� � � � � � � � � �

� � � � � � � � � � � � � � �
� �
� � � � � � � � � � � �

� � � � � � � � � � � �
� � � � � � � � � � � � � �

� � � � � � � � � � � � � � �
� � � � � � � � � � � � �

VHQVRUL�QRQ�YLHQH�XWLOL]]DWD�WRXW�FRXUW�PD�q�VWDWR�VYLOXSSDWR�XQ�VLVWHPD�GHGLFDWR�GL�HVWUD]LRQH�
SHU� JHQHUDUH� SUHGLWWRUL� LQ� JUDGR� GL� IRUQLUH� PDJJLRUL� LQIRUPD]LRQL� VXO� FRPSRUWDPHQWR� GHOOD�
SLDQWD��,QROWUH�YLHQH�DGRWWDWD�XQD�PHWRGRORJLD�DXWRPDWLFD�SHU�VHOH]LRQDUH�OH�FDUDWWHULVWLFKH�FKH�
YHLFRODQR�SL��LQIRUPD]LRQL��GD�LQVHULUH�DOO¶LQWHUQR�GHO�PRGHOOR�SUHGLWWLYR��4XHVWR�PHWRGR�DLXWD�
DQFKH� DG� LGHQWLILFDUH� L� VHQVRUL� FKH� SRVVRQR� SL�� XWLOPHQWH� HVVHUH� LPSLHJDWL� LQ� IXQ]LRQH� GHO�
IHQRPHQR�FKH�VL�LQWHQGH�VWXGLDUH��,O�FRQWHQXWR�GHOOD�SUHVHQWH�SXEEOLFD]LRQH�q�VWDWR�RJJHWWR�GL�
SUHVHQWD]LRQH�DOO¶LQWHUQR�GHO�FRQYHJQR�LQWHUQD]LRQDOH�³,(((�%LRPHGLFDO�&LUFXLWV�DQG�6\VWHPV�
&RQIHUHQFH��%LR&$6�´�WHQXWRVL�D�7RULQR�LQ�GDWD�������RWWREUH�������&DVWHOOLQL�HW�DO����������
�

0$7(5,$/,�(�0(72',�
,O�SURJHWWR�KD� O¶RELHWWLYR�GL�GHILQLUH�XQ¶DUFKLWHWWXUD�JHQHUDOH�SHU� LO� FRQWUROOR�DXWRPDWLFR�GL�

VHUUD�� /D� WHFQLFD� GL� FRQWUROOR� q� EDVDWD� VX� XQ� PRGHOOR� SUHGLWWLYR� FROOHJDWR� DG� XQ� VLVWHPD� GL�
DFTXLVL]LRQH�GDWL�H�GL�DWWXD]LRQH��/H�FRPSRQHQWL�VRQR�TXL�GL�VHJXLWR�GHVFULWWH��
�

$��$UFKLWHWWXUD�GHO�VLVWHPD�
/¶DUFKLWHWWXUD� GL� FRQWUROOR� �)LJXUD� ��� VHJXH� XQ� DSSURFFLR� GHWWR� PRGHO� SUHGLFWLYH�

�0DFLHMRZVNL���������,O�PRGHOOR�SUHGLWWLYR�q�DOLPHQWDWR�GD�PLVXUD]LRQL�SURYHQLHQWL�GDO�VLVWHPD�
GL� DFTXLVL]LRQH� GDWL�� 4XHVWH� PLVXUD]LRQL� VRQR� XWLOL]]DWH� SHU� VWLPDUH� VHULH� WHPSRUDOL� GL�
HYROX]LRQL�IXWXUH�GHO�VLVWHPD�VHUUD�LQ�IXQ]LRQH�GL�GLYHUVL�FRPDQGL�GL�FRQWUROOR��6HULH�WHPSRUDOL�
H�SRVVLELOL�FRPDQGL�VRQR�SURFHVVDWL�GD�XQ�PRGXOR�GL�RWWLPL]]D]LRQH�FKH�LQGLYLGXD�L�FRPDQGL�
FKH�PLQLPL]]DQR�O¶HUURUH�WUD�O¶HYROX]LRQH�UHDOH�GHO�VLVWHPD�H�TXHOOD�GHVLGHUDWD�GDOO¶XWHQWH�FKH��
LQ� SDUWLFRODUH�� SXQWD� DG� DYHUH�XQ�EDVVR� ULVFKLR�GL� LQIH]LRQH�GHO� SDWRJHQR��$QFKH� VH� LO� IRFXV�
DWWXDOH�q�TXHOOR�GL�PLQLPL]]DUH�O¶LQIH]LRQH��LO�PRGXOR�GL�RWWLPL]]D]LRQH�SRWUHEEH�FRQVHQWLUH�LQ�
IXWXUR� GL� UDJJLXQJHUH� GLYHUVL� RELHWWLYL�� FRPH� OD� PLQLPL]]D]LRQH� GHL� FRVWL� GL� FROWLYD]LRQH� R�
TXHOOD�GHO�FRQVXPR�GL�HQHUJLD�HG�DFTXD��
�

)LJXUD����'LDJUDPPD�D�EORFFKL�GHOO¶DUFKLWHWWXUD�GL�FRQWUROOR�

�
�
%��6LVWHPL�GL�DFTXLVL]LRQH�GDWL�HG�DWWXD]LRQH�
,O�VLVWHPD�GL�DFTXLVL]LRQH�GDWL�H�FRQWUROOR�GL�VHUUD�q�EDVDWR�VXO�VLVWHPD�GL�FRQWUROOR�FOLPDWLFR�

GLVWULEXLWR�0&;�GL�$JULFRQWURO��7XWWL�L�VHQVRUL�H�DWWXDWRUL�VRQR�FROOHJDWL�DG�XQ�3&�VXSHUYLVRUH�
DWWUDYHUVR� XQ� FROOHJDPHQWR� VHULDOH� PXOWL�SXQWR�� ,O� QXRYR� VLVWHPD� GL� FRQWUROOR� SXz� XVDUH� VLD�
PLVXUH� LQWHUQH� DOOD� VHUUD� �DG� HV�� WHPSHUDWXUD� GHOO¶DULD� GHOOD� VHUUD�� XPLGLWj� UHODWLYD�� LQWHQVLWj�
GHOOD�OXFH��UDGLD]LRQH�VRODUH��UDGLD]LRQH�3$5�H�89$��VLD�HVWHUQH�FRPH�YHORFLWj�H�GLUH]LRQH�GHO�
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YHQWR�H�SUHFLSLWD]LRQL��8Q�EXV�VHULDOH�56�����FROOHJD�L�VHJXHQWL�VHQVRUL�SHU�LO�PRQLWRUDJJLR�GHL�
EDQFDOL�VSHULPHQWDOL��

x�VHQVRUH�GL�WHPSHUDWXUD�H�XPLGLWj�EXOER�DVFLXWWR�H�EXOER�XPLGR��
x�VHQVRUH�37����GL�WHPSHUDWXUD�GHO�VXEVWUDWR��
x�VHQVRUH�DG�LQIUDURVVL�SHU�OD�PLVXUD�VHQ]D�FRQWDWWR�GHOOD�WHPSHUDWXUD�IRJOLDUH��
x�VHQVRUH�GL�XPLGLWj�GHO�WHUUHQR�EDVDWR�VX�IUHTXHQF\�GRPDLQ�UHIOHFWRPHWU\��

,O�VHQVRUH�DG�LQIUDURVVL�SHU�OD�WHPSHUDWXUD�IRJOLDUH�q�VWDWR�HVSUHVVDPHQWH�VYLOXSSDWR�GXUDQWH�
LO� SURJHWWR� �GHWWDJOLR� LQ� DOWR� D� GHVWUD� GL� )LJXUD� ���� (VVR� q� EDVDWR� VXO� VHQVRUH� DG� LQIUDURVVL�
0HOH[LV� 0/;������(%$&�� /¶LQWHUYDOOR� GL� PLVXUD� q� ������ �&� FRQ� ULVROX]LRQH� GL� ���� �&��
DFFXUDWH]]D�GL�������&�H�DQJROR�GL�YLVWD�GL������
,O� VLVWHPD�0&;� SHULRGLFDPHQWH� LQYLD� XQ� FRPDQGR� GL� OHWWXUD� DL� VHQVRUL� DWWUDYHUVR� LO� EXV�

VHULDOH�H�ULFHYH�OH�ULVSRVWH�FRQ�OH�OHWWXUH���
�

&��'DWDVHW�
/H�SURYH�GL�FROWLYD]LRQH�VRQR�VWDWH�UHDOL]]DWH�LQ�XQD�VHUUD�IHUUR�YHWUR�SUHVVR�OH�VWUXWWXUH�GHO�

&H�5�6�$�$���'XH�EDQFDOL�LQ�PHWDOOR�GL���P��GL�VXSHUILFLH�VRQR�VWDWL�ULHPSLWL�FRQ�XQ�VXEVWUDWR�
GL� FROWLYD]LRQH� GL� WLSR� FRPPHUFLDOH� �WRUED� ���� Y�Y�� SRPLFH� ���� Y�Y�� DUJLOOD� ��� Y�Y�� H�
VHPLQDWL� FRQ� VHPL�GL� EDVLOLFR� FY� ³,WDOLDQR� FODVVLFR´� DOOD� GRVH�GL� ��J�P��� ,� EDQFDOL� VRQR� VWDWL�
ULVFDOGDWL�DWWUDYHUVR�WDSSHWLQL�HOHWWULFL�GLVSRVWL�DO�GL�VRWWR�GHO�VXEVWUDWR�DO�ILQH� GL�PDQWHQHUH�LO�
VXEVWUDWR�DOOD�WHPSHUDWXUD�GL�����&�ILQR�DOO¶HPHUJHQ]D�GHOOH�SLDQWLQH��GRSRGLFKp�LO�EDQFDOH���q�
VWDWR�PDQWHQXWR�FDOGR�SHU�O¶LQWHUD�GXUDWD�GHOOD�SURYD�PHQWUH�LO�EDQFDOH���q�VWDWR�VSHQWR��
,Q�VHJXLWR�DOOD�FRPSDUVD�GL�VLQWRPL�GL�SHURQRVSRUD��FORURVL�IRJOLDUH�H�SUHVHQ]D�GL�VSRUDQJL�GL�

FRORUH� JULJLR�EUXQR� VXOOD� SDJLQD� LQIHULRUH� GHOOH� IRJOLH��� VRQR� VWDWL� FRQGRWWL� ULOLHYL� JLRUQDOLHUL�
UHODWLYL� DOOD� GLIIXVLRQH� GHO� SDWRJHQR� VX� HQWUDPEL� L� EDQFDOL� HVSUHVVL� FRPH� QXPHUR� GL� IRJOLH�
PRVWUDQWL� VLQWRPL� VX� XQ� WRWDOH� GL� ��� IRJOLH� RVVHUYDWH� DOO¶LQWHUQR� GL� XQ¶DUHD� VFHOWD�
DUELWUDULDPHQWH� DOO¶LQWHUQR�GHO� EDQFDOH� UHSOLFDWD���YROWH��/H�SURYH�GL� FROWLYD]LRQH� VRQR� VWDWH�
LQWHUURWWH�TXDQGR�OD�GLIIXVLRQH�GL�SHURQRVSRUD�QRQ�PRVWUDYD�XQ�LQFUHPHQWR�LQ�GXH�VXFFHVVLYL�
ULOLHYL��(¶�VWDWD�LQROWUH�YDOXWDWD�OD�SURGX]LRQH�HVSUHVVD�FRPH�SHVR�IUHVFR�GHOOD�SRU]LRQH�HSLJHD�
GHOOD�SLDQWH�UDFFROWH�LQ�XQ¶DUHD���[���FP�VX�FLDVFXQ�EDQFDOH�LQ���UHSOLFD]LRQL��
6RQR� VWDWH� FRQGRWWH�GXH�SURYH�� OD� SULPD�GDO� ������ DO� ������������ OD� VHFRQGD�GDO� ������ DO�

������������ 2JQL� HVSHULPHQWR� KD� JHQHUDWR� GXH� LQVLHPL� GL� GDWL� �GDWDVHW��� XQR� UHODWLYR� DO�
EDQFDOH����O¶DOWUR�UHODWLYR�DO�EDQFDOH����FLDVFXQR�FRQWHQHQWH�XQD�PDWULFH�GL�YDULDELOL�DPELHQWDOL�
JHQHUDWH� GDL� VHQVRUL� H� XQ� YHWWRUH� �VHTXHQ]D�� GL� YDORUL� GL� LQFLGHQ]D� GHOOD� SHURQRVSRUD� ���GL�
IRJOLH� LQIHWWH��� ,� VHQVRUL� DYHYDQR� XQ� LQWHUYDOOR� GL� FDPSLRQDPHQWR� GL� ��� PLQXWL� H� KDQQR�
SHUPHVVR�GL�PLVXUDUH�OH�JUDQGH]]H�ULSRUWDWH�LQ�WDEHOOD����
�

7DEHOOD����9DULDELOL�GHO�GDWDVHW�
�� 1RPH� 'HVFUL]LRQH�
�� $7� 7HPSHUDWXUD�GHOO¶DULD�>�&@�
�� 5+� 8PLGLWj�UHODWLYD�>�@�
�� $+� 8PLGLWj�DVVROXWD�>.J�P�@�
�� ':3� 'HZ�SRLQW�>�&@�
�� %7� 7HPSHUDWXUD�EDQFDOH�>�&@�
�� /7� 7HPSHUDWXUD�IRJOLDUH�>�&@�
�� ,/� ,OOXPLQDQ]D�>O[@�
�� 33)'� 3KRWRV\QWKHWLF�SKRWRQ�IOX[�GHQVLW\�>ȝPRO�P�V@�
�� 5$'� 5DGLD]LRQH�>:�P�@�
��� 89$� 5DGLD]LRQH�89$�>:�P�@�
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'��0RGHOOL]]D]LRQH��GHILQL]LRQH�GHO�SUREOHPD�
,Q�FRQVLGHUD]LRQH�GHO�GDWDVHW�GHVFULWWR�QHOOD�SUHFHGHQWH�VH]LRQH��O¶RELHWWLYR�q�VWDWR�TXHOOR�GL�

GHILQLUH�GHL�PRGHOOL�LQ�JUDGR�GL�SUHGLUH�LO�ULVFKLR�GL�QXRYH�LQIH]LRQL�GL�SHURQRVSRUD�LQ�IXQ]LRQH�
GDOO¶HYROX]LRQH�QHO�WHPSR�GHL�SDUDPHWUL�DPELHQWDOL��/D�)LJXUD���PRVWUD�XQD�UDSSUHVHQWD]LRQH�
JUDILFD� GHO� SUREOHPD�� (VVD� UDSSUHVHQWD�� LQ� SDUWLFRODUH�� XQD� VLWXD]LRQH� LQ� FXL� O¶DJULFROWRUH� DO�
TXLQWR� JLRUQR� GRSR� OD� VHPLQD� GHVLGHUD� FRQRVFHUH� LO� ULVFKLR� GL� QXRYH� LQIH]LRQL� GDWD�
O¶HYROX]LRQH�GHOOH�FRQGL]LRQL�DPELHQWDOL�GHJOL�XOWLPL�FLQTXH�JLRUQL��
�

)LJXUD����'HILQL]LRQH�GHO�SUREOHPD��LO�ULVFKLR�GL�QXRYH�LQIH]LRQL�GL�SHURQRVSRUD�q�FDOFRODWR�LQ�
IXQ]LRQH��GHOOH�FRQGL]LRQL�DPELHQWDOL�YHULILFDWHVL�QHO�SDVVDWR�

�
�
�

(��0RGHOOL]]D]LRQH��JHQHUD]LRQH�GHL�SUHGLWWRUL�
8Q� SUREOHPD� IRQGDPHQWDOH� QHOOD� JHQHUD]LRQH� GHL� PRGHOOL� SUHGLWWLYL� FRQFHUQH�

O¶LGHQWLILFD]LRQH� GL� SUHGLWWRUL� LQIRUPDWLYL�� 'D� XQ� SXQWR� GL� YLVWD� DJURQRPLFR�� L� SUHGLWWRUL�
UDSSUHVHQWDQR� FRQGL]LRQL� OHJDWH� DOOR� VYLOXSSR� H� GLIIXVLRQH� GHOOD� PDODWWLD�� ,� QRVWUL� PRGHOOL�
SXQWDQR� DG� LGHQWLILFDUH� UHOD]LRQL� WUD� SUHGLWWRUL� �OH� YDULDELOL� LQGLSHQGHQWL�� H� ULVFKLR� GL� QXRYH�
LQIH]LRQL��OD�YDULDELOH�GLSHQGHQWH���
,�SUHGLWWRUL�VRQR�VWDWL�JHQHUDWL�DJJUHJDQGR�RVVHUYD]LRQL�DSSDUWHQHQWL�DOOH�VHULH�WHPSRUDOL�GHL�

SDUDPHWUL�DPELHQWDOL�VHJXHQGR�UHJROH�SURSRVWH�GD�HVSHUWL�RSSXUH�VHPSOLFHPHQWH�VXGGLYLGHQGR�
O¶LQWHUR� LQWHUYDOOR� GL� YDORUL� GL� FLDVFXQ� SDUDPHWUR� DPELHQWDOH� LQ� VRWWRLQWHUYDOOL�� /D� WDEHOOD� ��
PRVWUD� OD� OLVWD� GL� SUHGLWWRUL� JHQHUDWD� LQ� TXHVWR� PRGR�� ,O� SUHGLWWRUH� $7�����5+������'������ DG�
HVHPSLR��UDSSUHVHQWD�LO�QXPHUR�GL�RVVHUYD]LRQL�LQ�FXL�QHJOL�XOWLPL����JLRUQL��'��OD�WHPSHUDWXUD�
GHOO¶DULD� �$7�� DVVXPHYD� XQ� YDORUH� WUD� ���&� H� ���&� HG� DOOR� VWHVVR� WHPSR� O¶XPLGLWj� UHODWLYD�
�5+�� DVVXPHYD� XQ� YDORUH� WUD� O¶���� HG� LO� ������ ,O� SUHGLWWRUH� $7�'(:��'����� UDSSUHVHQWD�
LQYHFH� LO� QXPHUR� GL� RVVHUYD]LRQL� LQ� FXL� QHJOL� XOWLPL� ��� JLRUQL� �'�� OD� GLIIHUHQ]D� WUD� OD�
WHPSHUDWXUD�GHOO¶DULD� HG� LO� GHZ�SRLQW� �$7�'(:��q� VWDWR� LQIHULRUH� D� ��&�� ,O� VLJQLILFDWR� GHJOL�
DOWUL� SUHGLWWRUL� SXz� HVVHUH� FRPSUHVR�GDOOD� ORUR�QRPHQFODWXUD�XWLOL]]DQGR� OD� VWHVVD� FRGLILFD�� ,�
SULPL� FLQTXH� SUHGLWWRUL� �QHOOH� ULJKH� ���� GHOOD� 7DEHOOD� ��� VRQR� VWDWL� VXJJHULWL� GD� HVSHUWL� LQ�
DFFRUGR�FRQ�OD�FRQRVFHQ]D�QRWD�LQ�OHWWHUDWXUD��*DULEDOGL�HW�DO���������&RKHQ�HW�DO���������(ODG�
HW� DO��� �������PHQWUH� JOL� DOWUL� SUHGLWWRUL� VRQR� VWDWL� UHDOL]]DWL� VHJXHQGR� O¶DSSURFFLR�GHILQLWR� LQ�
$HJHUWHU� HW� DO��� ������ ,Q� SDUWLFRODUH�� VHFRQGR� TXHVW¶XOWLPR� DSSURFFLR�� O¶LQWHUR� LQWHUYDOOR� GL�
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WHPSHUDWXUH�RVVHUYDWH� �������&��q�VWDWR�VXGGLYLVR� LQ� LQWHUYDOOL�GL���&�H� O¶LQWHUR� LQWHUYDOOR�GL�
XPLGLWj�UHODWLYD�RVVHUYDWD����������q�VWDWR�VXGGLYLVR�LQ�VRWWR�LQWHUYDOOL�GHO������,QROWUH�VRQR�
VWDWL� DJJLXQWL� TXDWWUR�SUHGLWWRUL� LQ� FXL� O¶LQWHUR� LQWHUYDOOR�GL� WHPSHUDWXUH� q� VXGGLYLVR� LQ� VRWWR�
LQWHUYDOOL�GL���&�FRQVLGHUDQGR�SHUz�VROR�OH�RVVHUYD]LRQL�FRQ�DOWD�XPLGLWj�UHODWLYD������������
H�TXDWWUR�SUHGLWWRUL�FKH�FRQVLGHUDQR�OH�VWHVVH�FRQGL]LRQL�PD�FRQ�OD�WHPSHUDWXUD�GHOOD�IRJOLD�DO�
SRVWR�GL�TXHOOD�GHOO¶DULD��4XHVWL�XOWLPL�VRQR�XQ�WHQWDWLYR�GL�VRVWLWXLUH�GHL�SUHGLWWRUL�EDVDWL�VXOOD�
EDJQDWXUD�IRJOLDUH�FKH�QRQ�VRQR�GLVSRQLELOL�QHO�QRVWUR�GDWDVHW�PD�KDQQR�GLPRVWUDWR�XQ�HOHYDWR�
SRWHUH�SUHGLWWLYR�QHOOD�SUHGL]LRQH�GHO�ULVFKLR�GL�SHURQRVSRUD�GHOOD�URVD��$HJHUWHU�HW�DO����������
6L�VWD�DWWXDOPHQWH�YDOXWDQGR�O¶DJJLXQWD�GL�QXRYL�VHQVRUL�DOO¶DUFKLWHWWXUD�GL�DFTXLVL]LRQH�GDWL�SHU�
PRQLWRUDUH�WDOH�SDUDPHWUR�LQ�HVSHULPHQWL�IXWXUL��6ROR�XQ�SLFFROR�VRWWRLQVLHPH�GHL�SUHGLWWRUL�VLQ�
TXL� GHVFULWWL� VRQR� VWDWL� LQVHULWL� QHL� QRVWUL� PRGHOOL�� /D� ORUR� VHOH]LRQH� VL� q� EDVDWD� VX� PHWRGL�
VWDWLVWLFL�GHVFULWWL�QHOOD�SURVVLPD�VH]LRQH��
�
7DEHOOD����3UHGLWWRUL�D�GLVSRVL]LRQH�SHU�OD�JHQHUD]LRQH�GHO�PRGHOOL�

$7��í��5+��í���'��í��� $7í'(:��'�í���
$7��í��'�í��� /7í'(:��'�í���

/7í'(:��'�í��� $7��í��'�í���
$7��í��'�í��� $7��í��'�í���
$7��í��'�í��� 5+��í��'�í���
5+��í��'�í��� 5+��í��'�í���

$7��í��5+��í��'�í��� $7��í��5+��í��'�í���
$7��í��5+��í��'�í��� $7��í��5+��í��'��í���

/7��í��'�í��� /7��í��'�í���
/7��í��'�í��� /7��í��'�í���

/7��í��5+��í��'�í��� /7��í��5+��í��'�í���
/7��í��5+��í��'�í��� /7��í��5+��í��'�í���

�
)��0RGHOOD]LRQH��UHJUHVVLRQH�ORJLVWLFD�FRQ�UHJRODUL]]D]LRQH�
/D� UHJUHVVLRQH� ORJLVWLFD� UHJRODUL]]DWD� q� VWDWD� XWLOL]]DWD� SHU� SUHGLUH� LO� ULVFKLR� GL� QXRYH�

LQIH]LRQL� GDWL� L� YDORUL� GHL� SUHGLWWRUL�� SRLFKp� OD� YDULDELOH� GLSHQGHQWH� LQ� TXHVWR� SUREOHPD� q�
ELQDULD��FRQ�YDORUH���QHO�FDVR�GL�³QXRYH�LQIH]LRQL´�H���QHO�FDVR�GL�³QHVVXQD�QXRYD�LQIH]LRQH´��
FRPH� GHVFULWWR� LQ� $HJHUWHU� HW� DO�� �������� 6RQR� VWDWL� XWLOL]]DWL� PHWRGL� GL� UHJRODUL]]D]LRQH�
�+DVWLH�HW�DO���������SHU�VHOH]LRQDUH�L�SUHGLWWRUL�SL��LQIRUPDWLYL�WUD�TXHOOL�QHOOD�OLVWD�GL�7DEHOOD�
���6LD�<�� OD�YDULDELOH�GLSHQGHQWH�ELQDULD��YDORUL�������HG�;�XQ�YHWWRUH�FRQWHQHQWH�L�YDORUL�GL�S�
SUHGLWWRUL�� LO�PRGHOOR�GL� UHJUHVVLRQH� ORJLVWLFD� HVSULPH� OD�SUREDELOLWj�FRQGL]LRQDOH�GHOOD�FODVVH�
�FLRq������SHU�PH]]R�GL�XQD�FRPELQD]LRQH�OLQHDUH�GHL�SUHGLWWRUL��
�
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GRYH� ,� q� OD� IXQ]LRQH�FKH� ULWRUQD� LO� YDORUH�GL�YHULWj� �YDORUL� �����GHO� VXR�DUJRPHQWR��\L� q� O
L�

HVLPD� RVVHUYD]LRQH� GHOOD� SHURQRVSRUD� �DQFK¶HVVD� ELQDULD��� [M� q� O
L�HVLPD� RVVHUYD]LRQH� GHL�
SDUDPHWUL� DPELHQWDOL�� S�[L� 3�< �� _� [L�� UDSSUHVHQWD� OD� SUREDELOLWj� QHOO¶HTXD]LRQH� ���� SHU�
O¶RVVHUYD]LRQH�L�DG�XQ�SDUWLFRODUH�YDORUH�GHL�SDUDPHWUL��ȕ��ȕ���Ȝ�q�XQ�SDUDPHWUR�FKH�FRQWUROOD�LO�
FRQWULEXWR� GHO� WHUPLQH� GL� UHJRODUL]]D]LRQH� H� 3Į� q� LO� WHUPLQH� GL� UHJRODUL]]D]LRQH�� XQ�
FRPSURPHVVR� WUD� OD� SHQDOLWj� XWLOL]]DWD� LQ� ULGJH� UHJUHVVLRQ� �Į ��� H� OD� SHQDOLWj� XWLOL]]DWD� LQ�
/$662��Į ����7LEVKLUDQL���������
�
*��3UHSURFHVVDPHQWR�GHL�GDWL�
,�GDWL�JUH]]L�VRQR�VWDWL�FDULFDWL�GD�ILOH�GL�ORJ�GHL�VHQVRUL� H�IXVL�LQ�XQD�VLQJROD�PDWULFH�GDOOD�

TXDOH� WXWWL� L� SUHGLWWRUL� VRQR� VWDWL� FDOFRODWL�� 9DORUL� DQRPDOL� GRYXWL� D� JXDVWL� GHO� VLVWHPD� GL�
DFTXLVL]LRQH� VRQR� VWDWL� ULPRVVL� H� YDORUL� PDQFDQWL� GHOO¶LQFLGHQ]D� GL� SHURQRVSRUD� VRQR� VWDWL�
LQWHUSRODWL�SHU�PH]]R�GL� LQWHUSROD]LRQH� ORJLVWLFD�SRLFKp�XQD�FUHVFLWD�GL� WLSR� ORJLVWLFR�q� WLSLFD�
QHOOH�HSLGHPLH�VX�SLDQWH��6FKXPDQQ���������$�FDXVD�GL�TXHVWH�DVVXQ]LRQL��FRQIHUPDWH�DQFKH�
GDL� GDWL� VSHULPHQWDOL�� LQ� WXWWL� JOL� HVSHULPHQWL� TXL� DQDOL]]DWL� OD� YDULDELOH� GLSHQGHQWH� SRVVLHGH�
YDORUH��� �QHVVXQD�QXRYD� LQIH]LRQH��GDOO¶LQL]LR�GHOO¶HVSHULPHQWR� ILQR�DOOD�SULPD�RVVHUYD]LRQH�
GHOOD� SHURQRVSRUD�� H� YDORUH� �� �QXRYD� LQIH]LRQH�� D� SDUWLUH� GDOOD� SULPD� RVVHUYD]LRQH� GHOOD�
SHURQRVSRUD�ILQR�DO� WHUPLQH�GHOO¶HVSHULPHQWR��,O�PRGHOOR�SUHVHQWDWR�QHOOD�SURVVLPD� VH]LRQH�q�
VWDWR� DGGHVWUDWR� FRQ� GDWL� D� SDUWLUH� GDO� ���� JLRUQR� GDOOD� VHPLQD�� SRLFKp� SULPD� GL� TXHVWR�
PRPHQWR� OD� SUHVHQ]D� GHO� SDWRJHQR� q� VWDWD� DVVXQWD� FRPH� QRQ� YLVLELOH�� 4XHVWH� DVVXQ]LRQL�
VHPEUDQR�DSSURSULDWH�SHU�OD�QRVWUD�FRQILJXUD]LRQH�VSHULPHQWDOH�SRLFKp�L�GXH�HVSHULPHQWL�SUHVL�
LQ� HVDPH� SRVVLHGRQR� FRQGL]LRQL� DPELHQWDOL� VLPLOL� H� GL� FRQVHJXHQ]D� L� WUHQG� GL� FUHVFLWD� GHOOH�
SLDQWH�VRQR�VLPLOL��6WUDWHJLH�SL��FRPSOHVVH��EDVDWH�VXOOH�UHDOL�GLPHQVLRQL�GHOOH�SLDQWH�GRYUDQQR�
HVVHUH�SUHVH�LQ�FRQVLGHUD]LRQH�LQ�FDVR�GL�FRQGL]LRQL�DPELHQWDOL�QRQ�RPRJHQHH��
�

5,68/7$7,�
�,O�PRGHOOR�SUHGLWWLYR�SUHVHQWDWR�GL�VHJXLWR�q�VWDWR�DGGHVWUDWR�FRQVLGHUDQGR�L�GDWL�GL�HQWUDPEL�

JOL� HVSHULPHQWL� D� GLVSRVL]LRQH� VXO� EDQFDOH� �� �VXEVWUDWR� QRQ� ULVFDOGDWR�� LQ� PRGR� GD�
PDVVLPL]]DUH� OD� TXDQWLWj� GL� LQIRUPD]LRQH� LQFOXVD� QHO� PRGHOOR� VWHVVR�� 7XWWL� L� SUHGLWWRUL� GL�
7DEHOOD���VRQR�VWDWL�SDVVDWL�DOO¶DOJRULWPR�GL�VWLPD�GHO�PRGHOOR�HG�XQD�SHQDOLWj�GL�WLSR�/$662�
�Į �� QHOO¶HTXD]LRQH� ����� q� VWDWD� XWLOL]]DWD� SHU� JHQHUDUH� XQ�PRGHOOR� ORJLVWLFR�PXOWLYDULDWR� LQ�
JUDGR� GL� FODVVLILFDUH� ³QXRYD� LQIH]LRQH´� H� ³QHVVXQD� QXRYD� LQIH]LRQH´�� /¶HIIHWWR� GL� GLYHUVL�
SDUDPHWUL� Ȝ� �YHGL� HTXD]LRQH� ����� VXOOH� SUHVWD]LRQL� GHO�PRGHOOR� q� VWDWR� YDOXWDWR� LQ� WHUPLQL� GL�
GHYLDQ]D� ELQRPLDOH� LQ� XQR� VFKHPD� GL� FURVV�YDOLGD]LRQH� FRQ� ���IROG�� ,O� SHUFRUVR� GL�
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UHJRODUL]]D]LRQH� JHQHUDWR� q� PRVWUDWR� QHOOD� SDUWH� VXSHULRUH� GL� )LJXUD� ��� (VVR� PRVWUD� OD�
UHOD]LRQH�WUD�LO�YDORUH�GL�Ȝ��LO�QXPHUR�GL�YDULDELOL�GHO�PRGHOOR�H�OH�VXH�SUHVWD]LRQL��$QDOL]]DQGR�
WXWWL� L� PRGHOOL� QHO� SHUFRUVR� GL� UHJRODUL]]D]LRQH� VL� q� RVVHUYDWR� FKH�� DQFKH� VH� LO� PRGHOOR� FRQ�
PLQLPD� GHYLDQ]D� ELQRPLDOH� GL� FURVV�YDOLGD]LRQH� SRVVLHGH� FLQTXH� YDULDELOL�� O¶HUURUH� GL�
PLVFODVVLILFD]LRQH�GHL�PRGHOOL�FRQ�GXH�H� WUH�YDULDELOL� �FKLDPDWL� ULVSHWWLYDPHQWH�0��HG�0��GL�
VHJXLWR��FRQWLQXD�D�PDQWHQHUH�YDORUL�PROWR�EDVVL��/D�7DEHOOD���PRVWUD�L�FRHIILFLHQWL�GL�TXHVWL�
PRGHOOL�H�OH�ORUR�SUHVWD]LRQL�LQ�WHUPLQL�GL�0DWWKHZV�&RUUHODWLRQ�FRHIILFLHQW��0&&���
�
7DEHOOD����&RHIILFLHQWL�H�SUHVWD]LRQL�GH�PRGHOOL�0��HG�0��

3UHGLWWRUH� &RHIILFLHQWL�PRGHOOR�0�� &RHIILFLHQWL�PRGHOOR�0��
,QWHUFHWWD��ȕ��� �������� ���������
$7��í��'�í��� ������� �������
/7��í��'�í��� ������� �������
/7��í��'�í��� �� ��������

3UHVWD]LRQL��0&&�� ����� ����
�
,O� PRGHOOR� 0��� LO� SL�� VSDUVR�� QRQ� FODVVLILFD� SHUIHWWDPHQWH� LO� WUDLQLQJ� VHW� PD� SRVVLHGH�

FRPXQTXH�RWWLPH�SUHVWD]LRQL��0&& ��������,QROWUH��HVVR�XWLOL]]D�GXH�SUHGLWWRUL�GL�LQWHUHVVH��L��
LO�QXPHUR�GL�RVVHUYD]LRQL�LQ�FXL�OD�WHPSHUDWXUD�GHOO¶DULD�KD�DYXWR�YDORUL�WUD�L����&�HG�L����&�
QHJOL� XOWLPL� GLHFL� JLRUQL� �$7��í��'�í����� LO� FXL� HIIHWWR� GL� SURPR]LRQH� GHOOD� SHURQRVSRUD� GHO�
EDVLOLFR�FRQIHUPDWR�GDOOD�OHWWHUDWXUD��*DULEDOGL�HW�DO���������(ODG�HW�DO����������LL��LO�QXPHUR�GL�
RVVHUYD]LRQL� LQ�FXL� OD� WHPSHUDWXUD� IRJOLDUH� KD�DYXWR�YDORUL� WUD� L����&�HG� L����&�QHJOL�XOWLPL�
GLHFL�JLRUQL��/7�����'�í�����FKH�PRVWUD�FRPH�OD�WHPSHUDWXUD�GHOOD�IRJOLD�DEELD�XQ¶DOWD�ULOHYDQ]D�
ULVSHWWR�DO�ULVFKLR�GL�QXRYH�LQIH]LRQL��,Q�SDUWLFRODUH��LO�VHFRQGR�SUHGLWWRUH�VXJJHULVFH�VLD�QXRYL�
HVSHULPHQWL� VFLHQWLILFL� FKH� QXRYH� VWUDGH� SHU� OD� SUHGL]LRQH� GHOOD� SHURQRVSRUD� SHU� PH]]R� GL�
VHQVRUL�HFRQRPLFL��6L�RVVHUYD�FKH�L�PRGHOOL�PHQR�VSDUVL�QHO�SHUFRUVR�GL�UHJRODUL]]D]LRQH��QRQ�
ULSRUWDWL�QHOOD�SUHVHQWH�SXEEOLFD]LRQH��FRQWHQJRQR�DQFKH�DOWUH�YDULDELOL�GL� LQWHUHVVH��FRPH�DG�
HVHPSLR�LO�QXPHUR�GL�RVVHUYD]LRQL�LQ�FXL�O¶XPLGLWj�UHODWLYD�KD�DVVXQWR�YDORUL�WUD�LO�����HG�LO�
����QHJOL�XOWLPL����JLRUQL��5+��í��'�í����FKH�q�VWDWR�GLPRVWUDWR�DYHUH�XQ¶LQIOXHQ]D�QHJDWLYD�
VXOOR�VYLOXSSR�GHOOD�SHURQRVSRUD�GHO�EDVLOLFR��(ODG�HW�DO����������
/D�SDUWH� LQIHULRUH�GL�)LJXUD��� IRUQLVFH�XQD�YLVLRQH�SL��DSSURIRQGLWD�GHO�PRGHOOR�0���(VVD�

PRVWUD� OD� GLVWULEX]LRQH� GH� SXQWL� GHO� WUDLQLQJ� VHW� SURLHWWDWL� QHOOR� VSD]LR� ELGLPHQVLRQDOH� GHL�
SUHGLWWRUL��$7��í��'�í����DVVH�[��H��/7�����'�í����DVVH�\���,�SXQWL�GL�FRORUH�URVVR�UDSSUHVHQWDQR�
JLRUQL� FRUUHWWDPHQWH� FODVVLILFDWL� FRPH� ³QHVVXQD�QXRYD� LQIH]LRQH´�GDO�PRGHOOR�0��� ,� SXQWL� GL�
FRORUH� YHUGH� UDSSUHVHQWDQR� JLRUQL� FRUUHWWDPHQWH� FODVVLILFDWL� FRPH� ³QXRYD� LQIH]LRQH´� GDO�
PRGHOOR�0��� ,� SXQWL� GL� FRORUH� JULJLR� UDSSUHVHQWDQR�PLV�FODVVLILFD]LRQL��5LVXOWD� FKLDUR� FKH� LO�
SUHGLWWRUH��$7��í��'�í���q�LQ�JUDGR�GL�FODVVLILFDUH�L�SXQWL�GHOO¶HVSHULPHQWR����QHOOD�SDUWH�EDVVD�
GHO�JUDILFR��SRLFKp�WXWWL�L�SXQWL�FRUULVSRQGHQWL�D�³QHVVXQD�QXRYD�LQIH]LRQH´�SRVVLHGRQR�YDORUL�
LQIHULRUL�D�����SHU�TXHO�SUHGLWWRUH��VL�QRWL�FKH�LQ�TXHVWR�FRQWHVWR�XQ¶RVVHUYD]LRQH�UDSSUHVHQWD�
XQ� FDPSLRQH� DFTXLVLWR�GDL� VHQVRUL� RJQL� ���PLQXWL�� TXLQGL� ����RVVHUYD]LRQL� FRUULVSRQGRQR�D�
FLUFD����RUH��PHQWUH�WXWWL�L�SXQWL�FRUULVSRQGHQWL�D�³QXRYD�LQIH]LRQH´�KDQQR�YDORUL�PDJJLRUL�GL�
���� SHU� TXHO� SUHGLWWRUH��'¶DOWUD� SDUWH�� LO� SUHGLWWRUH� � /7�����'�í��� q� LQ� JUDGR� GL� FODVVLILFDUH� L�
SXQWL� GHOO¶HVSHULPHQWR� �� �QHOOD� SDUWH� DOWD� GHO� JUDILFR�� SRLFKp� WXWWL� L� SXQWL� FRUULVSRQGHQWL� D�
³QXRYD�LQIH]LRQH´�SRVVLHGRQR�YDORUL�LQIHULRUL�D������FLUFD�����RUH��SHU�TXHO�SUHGLWWRUH�PHQWUH�
WXWWL� L� SXQWL� FRUULVSRQGHQWL� D� ³QXRYD� LQIH]LRQH´� KDQQR� YDORUL� PDJJLRUL� GL� ���� SHU� TXHO�
SUHGLWWRUH��,O�SUHGLWWRUH��$7��í��'�í���SHUz�QRQ�IRUQLVFH�EXRQH�SUHVWD]LRQL�SHU�O¶HVSHULPHQWR���
HG� LO� SUHGLWWRUH� /7�����'�í��� � QRQ� IRUQLVFH� EXRQH� SUHVWD]LRQL� SHU� O¶HVSHULPHQWR� ��� 4XHVWR�
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FRPSRUWDPHQWR�VXJJHULVFH�OD�SUHVHQ]D�GL�FRQGL]LRQL�PXOWLSOH��SRVVLELOPHQWH�GLSHQGHQWL��QHOOD�
SURPR]LRQH�GL� QXRYH� LQIH]LRQL� GL� SHURQRVSRUD��1HOO¶HVSHULPHQWR���� DG� HVHPSLR�� OD� FDXVD�GL�
QXRYH� LQIH]LRQL� VHPEUD� HVVHUH� OHJDWD� DOOD� OXQJD� SHUPDQHQ]D� GHOOD� WHPSHUDWXUD� GHOO¶DULD�
QHOO¶LQWHUYDOOR�WUD����&�H����&��PHQWUH�QHOO¶HVSHULPHQWR���WDOH�FDXVD�VHPEUD�HVVHUH�OHJDWD�DOOD�
OXQJD� SHUPDQHQ]D� GHOOD� WHPSHUDWXUD� IRJOLDUH� QHOO¶LQWHUYDOOR� WUD� L� ���&� HG� L� ���&� �SRLFKp� OD�
WHPSHUDWXUD�GHOO¶DULD�QRQ�VWD�QHOO¶LQWHUYDOOR�WUD�L����&�HG�L����&�SHU�OXQJKL�LQWHUYDOOL�GL�WHPSR�
LQ�WDOH�HVSHULPHQWR���4XHVWD�LSRWHVL�GRYUj�HVVHUH�YDOLGDWD�GD�XOWHULRUL�HVSHULPHQWL��DWWXDOPHQWH�
LQ� FRUVR�� PD� L� ULVXOWDWL� DWWXDOL� VL� FRQVLGHUDQR� PROWR� SURPHWWHQWL� SRLFKp� PRVWUDQR� FKLDUH�
UHJRODULWj�QHOOH�GLVWULEX]LRQL�GHL�GDWL�GL�³QXRYD�LQIH]LRQH´�H�³QHVVXQD�QXRYD� LQIH]LRQH´��7DOL�
UHJRODULWj�VROLWDPHQWH�VRQR�YLVLELOL�VROR�TXDQGR�VL�FRQVLGHUDQR�SUHGLWWRUL�LQIRUPDWLYL�ULVSHWWR�DO�
IHQRPHQR�LQ�HVDPH��
�

)LJXUD� ��� 0RGHOOL� DGGHVWUDWL� VXJOL� HVSHULPHQWL� �� H� ��� EDQFDOH� ��� ,Q� DOWR�� LO� SHUFRUVR� GL�
UHJRODUL]]D]LRQH�H�OH�UHODWLYH�SRVL]LRQL�GHL�PRGHOOL�0��HG�0���,Q�EDVVR��GLVWULEX]LRQH�GHL�GDWL�
SURLHWWDWL�VXOOR�VSD]LR�ELGLPHQVLRQDOH�GHILQLWR�GDL�SUHGLWWRUL��$7��í��'�í���H��/7�����'�í���
�

�
�

&21&/86,21,��
4XHVWR� ODYRUR� SUHVHQWD� XQD� DUFKLWHWWXUD� EDVDWD� VX� VHQVRUL� H�PHWRGL� GL� DQDOLVL� VWDWLVWLFD� HG�

LQWHOOLJHQ]D� DUWLILFLDOH� DSSOLFDWL� DO� FRQWHQLPHQWR� GHOOD� SHURQRVSRUD� GHO� EDVLOLFR� LQ� VHUUD�� 8Q�
PRGXOR� IRQGDPHQWDOH� GL� TXHVWD� DUFKLWHWWXUD� q� UDSSUHVHQWDWR� GDO� PRGHOOR� PDWHPDWLFR� FKH�
SUHGLFH�LO�ULVFKLR�GHOOD�PDODWWLD�D�SDUWLUH�GDOO¶DQDOLVL�GL�VHULH�WHPSRUDOL�GL�SDUDPHWUL�DPELHQWDOL�
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DFTXLVLWL� SHU� PH]]R� GL� RSSRUWXQL� VHQVRUL�� � ,O� PRGHOOR� SUHOLPLQDUH� TXL� SUHVHQWDWR� VXJJHULVFH�
SRVVLELOL�UHOD]LRQL�WUD�OH�FRQGL]LRQL�DPELHQWDOL�R�GHOOD�SLDQWD�HG�LO�ULVFKLR�GL�QXRYH�LQIH]LRQL�PD�
ULFKLHGH�XOWHULRUL�HVSHULPHQWL�SHU�HVVHUH�YDOLGDWR�HG�HVWHVR��3HU�PLJOLRUDUH�TXHVWR�PRGHOOR�VL�
VWDQQR� HVHJXHQGR� DO� PRPHQWR� QXRYL� HVSHULPHQWL� H� FRQVLGHUDQGR� SUHGLWWRUL� EDVDWL� VX� QXRYL�
SDUDPHWUL�� FRPH� OD� EDJQDWXUD� IRJOLDUH� H� O¶LQWHQVLWj� OXPLQRVD�� 0HWRGL� DXWRPDWLFL� SHU� OD�
JHQHUD]LRQH�GL� WDOL�SUHGLWWRUL�VRQR�DOOR� VWXGLR�� �'LYHUVL�PHWRGL�GL�PRGHOOD]LRQH��FRPH� OH� UHWL�
%D\HVLDQH��VDUDQQR�FRQVLGHUDWH�QHO�SURVVLPR�IXWXUR�H�OH�ORUR�SUHVWD]LRQL�FRQIURQWDWH�FRQ�TXHOOH�
GHOO¶DSSURFFLR�DWWXDOH�TXL�SUHVHQWDWR��
�
�

/$925,�&,7$7,��
$HJHUWHU� %�-�� 1XQH]� -�-��� 'DYLV� 5�0��� ������ (QYLURQPHQWDO� IDFWRUV� DIIHFWLQJ� URVH� GRZQ\�

PLOGHZ� DQG� GHYHORSPHQW� RI� D� IRUHFDVWLQJ�PRGHO� IRU� D� QXUVHU\� SURGXFWLRQ� V\VWHP��3ODQW�
'LVHDVH�������������±����

%HKPDQQ� -��� 0DKOHLQ� $��� 5XPSI� � 7��� 5|PHU� &��� 3O�PHU� /��� ������ $� UHYLHZ� RI� DGYDQFHG�
PDFKLQH� OHDUQLQJ�PHWKRGV�IRU� WKH�GHWHFWLRQ�RI�ELRWLF�VWUHVV� LQ�SUHFLVLRQ�FURS�SURWHFWLRQ�´�
3UHFLVLRQ�$JULFXOWXUH�������������±����

&DVWHOOLQL�$��� )DULQHOOL�$���0LQXWR�*���4XDJOLD�'��� 6HFFR� ,��� 7LQLYHOOD� )��� ������ ([SR�$JUL��
6PDUW�$XWRPDWLF�*UHHQKRXVH�&RQWURO��$WWL� ����� ,(((�%LRPHGLFDO�&LUFXLWV� DQG� 6\VWHPV�
&RQIHUHQFH��%LR&$6�������±�����

&RKHQ� <��� 9DNQLQ� 0��� %HQ�1DLP� <��� 5XELQ� $�(��� ������ /LJKW� VXSSUHVVHV� VSRUXODWLRQ� DQG�
HSLGHPLFV�RI�3HURQRVSRUD�EHOEDKULL��3/26�21(����������H������������

(ODG�<�� ��2PHU�&���1LVDQ�=���+DUDUL�'���*RUHQ�+���$GOHU�8���6LOYHUPDQ�'���%LWRQ�6���������
3DVVLYH� KHDW� WUHDWPHQW� RI� VZHHW� EDVLO� FURSV� VXSSUHVVHV� 3HURQRVSRUD� EHOEDKULL� GRZQ\�
PLOGHZ��$QQDOV�RI�$SSOLHG�%LRORJ\�����������������

*DULEDOGL�$���%HUWHWWL�'���*XOOLQR�0�/���������(IIHFW�RI�OHDI�ZHWQHVV�GXUDWLRQ�DQG�WHPSHUDWXUH�
RQ�LQIHFWLRQ�RI�GRZQ\�PLOGHZ��3HURQRVSRUD�VS���RI�EDVLO��-RXUQDO�RI�3ODQW�'LVHDVHV�DQG�
3URWHFWLRQ������������±��

+DVWLH�7���7LEVKLUDQL�5���)ULHGPDQ�-���������7KH�HOHPHQWV�RI�VWDWLVWLFDO�OHDUQLQJ��6SULQJHU��6WDWL�
8QLWL������SS��

-HQVHQ�$�/���-HQVHQ�)�9���������0,'$6��$Q�LQIOXHQFH�GLDJUDP�IRU�PDQDJHPHQW�RI�PLOGHZ�LQ�
ZLQWHU� ZKHDW�� $WWL� 7ZHOIWK� $QQXDO� &RQIHUHQFH� RQ� 8QFHUWDLQW\� LQ� $UWLILFLDO� ,QWHOOLJHQFH��
���±�����

.DVVLP�0��5��0����0DW�,���+DUXQ�$�1���������:LUHOHVV�VHQVRU�QHWZRUN�LQ�SUHFLVLRQ�DJULFXOWXUH�
DSSOLFDWLRQ�� $WWL� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU�� ,QIRUPDWLRQ� DQG�
7HOHFRPPXQLFDWLRQ�6\VWHPV���±��

.LP�.�6���%HUHVIRUG�5�0���:DOWHU�0���������'HYHORSPHQW�RI�D�GLVHDVH�ULVN�SUHGLFWLRQ�PRGHO�
IRU�GRZQ\�PLOGHZ��3HURQRVSRUD�VSDUVD��LQ�ER\VHQEHUU\��3K\WRSDWKRORJ\�������������±���

0DFLHMRZVNL�-���������3UHGLFWLYH�FRQWURO��ZLWK�FRQVWUDLQWV��3HDUVRQ��6WDWL�8QLWL������SS��
6FKXPDQQ� *�/��� ������ 3ODQW� GLVHDVHV�� WKHLU� ELRORJ\� DQG� VRFLDO� LPSDFW�� $PHULFDQ�

3K\WRSDWKRORJLFDO�6RFLHW\�3UHVV��6WDWL�8QLWL������SS��
7LEVKLUDQL�5���������5HJUHVVLRQ�VKULQNDJH�DQG�VHOHFWLRQ�YLD�WKH�/$662��-RXUQDO�RI�WKH�5R\DO�

6WDWLVWLFDO�6RFLHW\��6HULHV�%���������±����
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