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,O�YROXPH�D�FXUD�GL�'DQLHOH�&DOLJLR�
UH��³&XUDUVL�FRQ�O¶,QWHOOLJHQ]D�$UWL¿�
FLDOH´��UHDOL]]DWR�QHO������HG�HGLWR�
LO� 0XOLQR�� UDSSUHVHQWD� XQD� FRQ�
FUHWD� H� LQGLVSHQVDELOH� IUXLELOLWj� GL�
XQ�WHPD�FKH�FRVWLWXLVFH�XQD�GHOOH�
V¿GH�SL��LPSHJQDWLYH�SHU�O¶XPDQLWj�
QHO�VHFROR�SUHVHQWH�±�/D�0HGLFLQD�
H�/¶LQWHOOLJHQ]D�$UWL¿FLDOH��,$��

1HO� OLEUR� O¶DXWRUH� DIIURQWD� XQ� XQL�
YHUVR� SDUDOOHOR� LQ� DUULYR� YHUVR� OD�
QRVWUD� TXRWLGLDQLWj� H� FKH� VXVFLWD�
VLD�VSHUDQ]H�HQRUPL�FKH�WLPRUL��/D�
VDOXWH�q�XQ�WHPD�FUXFLDOH�H�FDSLUH�
FRPH�OH�QXRYH�WHFQRORJLH�SRVVDQR�
FRQWULEXLUH� D� JXDULUH�� PLJOLRUDUH� LO�
QRVWUR�EHQHVVHUH�H�UHQGHUH�OD�YLWD�
SL��VDQD�q�IRQGDPHQWDOH��,Q�TXHVWR�
OLEUR��JUD]LH�DOO¶HVSHULHQ]D�GHOO¶DX�
WRUH�QHO�FDPSR�GHOO¶,$�H�DOO¶DLXWR�GL�
HVSHUWL�GHO�VHWWRUH�PHGLFR��YHQJR�
QR�HVSORUDWL�L�YDQWDJJL�H�OH�FULWLFLWj�
GHOO¶LQWHOOLJHQ]D�DUWL¿FLDOH�DSSOLFDWD�
DOOD� PHGLFLQD�� IRUQHQGR� JOL� VWUX�
PHQWL�QHFHVVDUL�SHU�DIIURQWDUH�FRQ�
FRQVDSHYROH]]D� XQD� ULYROX]LRQH�
GHVWLQDWD� D� WUDVIRUPDUH� LO� QRVWUR�
PRGR�GL�FXUDUFL�

'D�PHGLFR�LQ�IRUPD]LRQH�VSHFLDOL�
VWLFD�LQ�QHXURORJLD��PL�VRQR�DYYLFL�
QDWR�DO�FDPSR�GHOO¶LQWHOOLJHQ]D�DUWL�
¿FLDOH��,$��TXDOFKH�DQQR�ID��FRQ�OD�
FRQVDSHYROH]]D�FKH�TXHVWH�QXRYH�
WHFQRORJLH� VWDQQR� ULGLVHJQDQGR�
SURIRQGDPHQWH� LO� SDQRUDPD� GHO�
OD� PHGLFLQD�� 3HUWDQWR�� UHSXWR� GL�
IRQGDPHQWDOH� LPSRUWDQ]D� L� WHPL�
WUDWWDWL�QHO�OLEUR��&RQ�TXHVWD�LQWLPD�
ULÀHVVLRQH�ODQFLR�XQ�DSSHOOR�D�WXWWL�
L�PHGLFL��TXHOOL� LQ� IRUPD]LRQH�VSH�
FLDOLVWLFD�H�L�PHGLFL�GHO�IXWXUR��SRL�
FKp�O¶,$�q�GHVWLQDWD�D�GLYHQWDUH�XQ�
DOOHDWR� LPSUHVFLQGLELOH� QHO� QRVWUR�
ODYRUR�TXRWLGLDQR�

(QWUDQGR�QHO�GHWWDJOLR�YLYR�GL�TXH�
VWR�DIIDVFLQDQWH�YLDJJLR��QHOOD�SUL�
PD�SDUWH��O¶DXWRUH�LQWURGXFH�L�FRQ�
FHWWL� IRQGDPHQWDOL� GHOO¶,$�� FRPH� LO�
machine learning� H� LO� deep lear-
ning�� H� QH� HVSORUD� OH� DSSOLFD]LRQL�
VWRULFKH� LQ� PHGLFLQD�� /¶DFFHQWR�
YLHQH� SRVWR� VXOO¶LPSRUWDQ]D� GHOOD�
GLJLWDOL]]D]LRQH� GHL� GDWL�� FKH� KD�
DSHUWR� QXRYH� IURQWLHUH�� GDOOD� GLD�
JQRVWLFD� SHU� LPPDJLQL� DOOD� FKLUXU�
JLD�URERWLFD��¿QR�DOOD�WHOHPHGLFLQD��
FRQ�XQ�IRFXV�SDUWLFRODUH�VXJOL�HVR�
VFKHOHWUL� H� L� F\ERUJ�� FKH� UDSSUH�
VHQWDQR� LO� IXWXUR�GHOO¶DVVLVWHQ]D�H�
GHOOD�ULDELOLWD]LRQH��,QROWUH��'DQLHOH�
&DOLJLRUH� HVSORUD� OH� VWUDRUGLQDULH�
SRWHQ]LDOLWj� GHOO¶,$� QHO� PLJOLRUDUH�
OD�GLDJQRVL��LO�WUDWWDPHQWR�H�OD�SUH�
YHQ]LRQH�GHOOH�PDODWWLH�

/¶DXWRUH� GXQTXH� FL� DFFRPSDJQD�
D� FRPSUHQGHUH� O¶DQDOLVL� GL� HQRUPL�
TXDQWLWj�GL�GDWL�FKH�FRQVHQWRQR�OD�

FUHD]LRQH�GL�PRGHOOL�SHUVRQDOL]]DWL�
H�OD�VLPXOD]LRQH�GL�VFHQDUL�YLUWXDOL��
FRPH�QHO� FDVR�GHL� JHPHOOL� GLJLWDOL�
�³GLJLWDO� WZLQV´�� H� GHO� PHWDYHUVR��
4XHVWL� VWUXPHQWL� RIIURQR� OD� SRVVL�
ELOLWj�GL�VLPXODUH�LO�FRUSR�XPDQR��H�
DQFKH�PRGHOOL�DQLPDOL�YLUWXDOL��H�WH�
VWDUH�WHUDSLH�VX�PLVXUD��PLJOLRUDQ�
GR�OD�SUHYHQ]LRQH�H�RWWLPL]]DQGR�L�
WUDWWDPHQWL�

6XFFHVVLYDPHQWH�� QHO� TXDUWR� FD�
SLWROR� O¶DXWRUH� VL� FRQFHQWUD� VXOOD�
PHGLFLQD�GHO�IXWXUR�FRPH�XQD�FRQ�
WDPLQD]LRQH� GL� FRPSHWHQ]H� H� GL�
VFLSOLQH��/¶,$�QRQ�q�YLVWD�FRPH�XQD�
WHFQRORJLD�LVRODWD��PD�FRPH�XQ�FD�
WDOL]]DWRUH�GL�LQQRYD]LRQH�FKH�SXz�
LQWHJUDUVL� FRQ� DOWUH� FRPSHWHQ]H��
IDYRUHQGR� XQ� DSSURFFLR� SL�� ROLVWL�
FR�H�SHUVRQDOL]]DWR�DOOD�PHGLFLQD��
/¶LQWHUGLVFLSOLQDULWj� q�� LQIDWWL�� IRQ�
GDPHQWDOH�SHU�XQD�FRPSUHQVLRQH�
SL��SURIRQGD�GHL�SURFHVVL�ELRORJLFL�
H�SHU�OD�UHDOL]]D]LRQH�GHOOD�PHGLFL�
QD�GL�SUHFLVLRQH��FKH�WLHQH�FRQWR�GL�
IDWWRUL� JHQHWLFL�� DPELHQWDOL� H� FRP�
SRUWDPHQWDOL�

7XWWDYLD��QHOO¶RWWLFD�GL�GDUFL�XQ�YD�
OLGR� FRQWUR�VFHQDULR�� QHOOH� SDUROH�
GHOO¶DXWRUH� QRQ� PDQFDQR� OH� SUH�
RFFXSD]LRQL�OHJDWH�DOOD�SULYDF\�GHL�
GDWL�H�DOOD�UHVSRQVDELOLWj�GHOOH�GH�
FLVLRQL� DOJRULWPLFKH� �LO� FRQFHWWR� GL�
explainability��� WHPL� DIIURQWDWL� QHO�
GHWWDJOLR��/¶DXWRUH� LQ�SDUWLFRODUH�VL�
VRIIHUPD� VX� TXHVWLRQL� HWLFKH� FUX�
FLDOL�FRPH�OD�VRVWLWX]LRQH�GHL�PHGL�
FL�H�LO�ULVFKLR�GL�SHUGHUH�LO�FRQWUROOR�
VXOOH�GHFLVLRQL�IRQGDPHQWDOL�SHU�OD�
VDOXWH�

,Q�TXHVWR�FRQWHVWR��YRUUHL�DSSXQWR�
VROOHYDUH� LPSRUWDQWL� TXHVWLRQL� FKH�
SHU� LO� PRPHQWR� UHVWDQR� LUULVROWH��
6H�GD�XQ�ODWR�OH�SRWHQ]LDOLWj�GHOO¶,$�
LQ� PHGLFLQD� VRQR� VWUDRUGLQDULH��
GDOO¶DOWUR� HPHUJRQR� LQWHUURJDWLYL�
SL��SURIRQGL�VXO�VLJQL¿FDWR�GL�µFXUD¶�
H�VXO�UXROR�GHOO¶XRPR�QHOOD�PHGLFL�
QD��6H�O¶,$�q�LQ�JUDGR�GL�GLDJQRVWL�
FDUH� PDODWWLH� FRQ� XQD� SUHFLVLRQH�
VXSHULRUH� D� TXHOOD� GL� XQ� PHGLFR��
D� FRVD� VHUYH� OD� QRVWUD� SUHVHQ]D��
LO� QRVWUR� JLXGL]LR�� LO� QRVWUR� µWRFFR�
XPDQR¶"� /D� PHGLFLQD� KD� VHPSUH�
LPSOLFDWR� XQD� UHOD]LRQH� HPSDWLFD�
WUD�PHGLFR�H�SD]LHQWH��XQD�GLPHQ�
VLRQH�FKH�OD�WHFQRORJLD�QRQ�SXz�UH�
SOLFDUH��/D�GRPDQGD�FKH�VL�SRQH��
TXLQGL�� q�� SRVVLDPR� GDYYHUR� DI¿�
GDUH� DOO¶,$� LO� FRPSLWR� GL� SUHQGHUVL�
FXUD�GL�QRL��R�ULVFKLDPR�GL�SHUGHUH�
LO� VLJQL¿FDWR� SURIRQGR� GHOOD� FXUD��
FKH�QRQ�q�VROR�XQ�DWWR�WHFQLFR��PD�
DQFKH�XQ�DWWR�GL�FRPSUHQVLRQH�H�GL�
UHOD]LRQH�XPDQD"

3HUWDQWR��LO�PDQRVFULWWR�GL�'DQLHOH�
&DOLJLRUH� DIIURQWD� TXHVWH� GRPDQ�
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GH��LQYLWDQGR�LO�OHWWRUH�D�ULÀHWWHUH�VXO�
OH� LPSOLFD]LRQL� HWLFKH�� VRFLDOL� H� ¿OR�
VR¿FKH�GHOO¶LQWURGX]LRQH�GHOO¶,$�QHOOD�
PHGLFLQD� H� VXRL� SRWHQ]LDOL� EHQH¿FL��
/D�V¿GD�q�TXHOOD�GL�WURYDUH�XQ�HTXL�
OLEULR�� VIUXWWDUH� L� YDQWDJJL� GHOO¶,$�SHU�
PLJOLRUDUH�OD�TXDOLWj�GHOOH�FXUH��VHQ]D�
VDFUL¿FDUH�TXHOOD�GLPHQVLRQH�XPDQD�
FKH� q� HVVHQ]LDOH� SHU� XQD�PHGLFLQD�
YHUDPHQWH�LQWHJUDWD�H�FHQWUDWD�VXOOD�
SHUVRQD�

/¶DXWRUH�� QHOO¶XOWLPD� SDUWH� GHO� OLEUR��
FL� FRQFHGH�XQD�SURIRQGD� ULÀHVVLRQH�
VXOOD� QHFHVVLWj� GL� IRUPDUH� PHGLFL�
H� SD]LHQWL� SHU� XQ� XVR� FRQVDSHYROH�
GHOO¶,$�� JDUDQWHQGR� FKH�� SXU� DYDQ�
]DQGR� QHOOD� WHFQRORJLD�� QRQ� SHUGLD�
PR�PDL� GL� YLVWD� O¶LPSRUWDQ]D� GHOO¶H�
WLFD�� GHOOD� SULYDF\� H�� VRSUDWWXWWR��
GHOO¶XPDQLWj� QHOOD� FXUD� GHOOD� VDOXWH��
4XHVWR�OLEUR�UDSSUHVHQWD�XQD�OHWWXUD�
IRQGDPHQWDOH� SHU� FKLXQTXH� YRJOLD�
FDSLUH� FRPH� O¶LQWHOOLJHQ]D� DUWL¿FLDOH�
WUDVIRUPHUj�QRQ�VROR�OD�PHGLFLQD��PD�
DQFKH� LO� QRVWUR� FRQFHWWR� GL� VDOXWH� H�
EHQHVVHUH�


