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��� 2�3URFHVVR�GH�'HVFREHUWD�GH�&RQKHFLPHQWR
2�SURFHVVR�GH�'&%'�SRGH�VHU�DSUHVHQWDGR�FRPR�XPD�VHT�rQFLD�GH�HWDSDV�FXMD�H[HFXomR�VH�Gi�GH�IRUPD�LWHUDWLYD�H� LQWHUDWLYD��$�VXD�FDUDFWHUtVWLFD�LWHUDWLYD�VH�GHYH�DR�IDWR�GH�TXH�VH�SRGH�DYDQoDU�QDV�HWDSDV�H�SRVWHULRUPHQWH�YROWDU�D�XPD�TXH�Mi�WHQKD�VLGR�H[HFXWDGD� H� D� LQWHUDWLYD� SHOR� IDWR� GH� VH� EDVHDU� LQWHQVDPHQWH� QDV� HQWUDGDV� H� UHVSRVWDV�SURYLGDV�SHOR�XVXiULR�>35$���D@�&RQIRUPH� FODVVLILFDomR� SURSRVWD� SRU�*�� -RKQ� >-2+� ��@� DMXVWDGD� jV� GHILQLo}HV�SDUD�'&%'�H�0'�DGRWDGDV��R�SURFHVVR�FRPSOHWR�GH�'&%'�FRQVWD�GDV�VHJXLQWHV�HWDSDV�� 'HILQLomR�H�(QWHQGLPHQWR�GR 3UREOHPD�� 2EWHQomR�GRV�'DGRV�� /LPSH]D�H�([SORUDomR�GRV�'DGRV�

1 Segundo Fayyad et. al. [FAY 96], padrão é uma expressão E em uma linguagem L que descreve fatos 
contidos em um subconjunto FE de um conjunto de fatos F. E é chamado de padrão se é mais simples do 
que a enumeração de todos os fatos contidos em FE.
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2�SURFHVVR�GH�'&%'�p�LOXVWUDGR�QD�ILJXUD�����

FIGURA 1.1 - O processo de DCBD

2�SURFHVVR�FRPSOHWR�GH�'&%'�HQYROYH�XP�HOHYDGR�QtYHO�GH�VXEMHWLYLGDGH�H�GH�WUDEDOKR�QmR�WRWDOPHQWH�DXWRPDWL]DGR��3RGHPRV�GL]HU�TXH�D�IDVH�PDLV�DXWRPDWL]DGD�p�D�GH�PLQHUDomR�
��� 2�3URFHVVR�GH�0LQHUDomR�GH�'DGRV

2V� GRLV� REMHWLYRV� SULQFLSDLV� HP� XP� SURFHVVR� GH� PLQHUDomR� QD� SUiWLFD� VmR��SUHGLomR� H� GHVFULomR� >)$<� ��@�� (VWHV� GRLV� REMHWLYRV� WrP� XP�PDSHDPHQWR� GLUHWR� QRV�GRLV� WLSRV� EiVLFRV� GH� DOJRULWPRV� GH� DSUHQGL]DGR� GH� PiTXLQD�� VXSHUYLVLRQDGR� RX� QmR�VXSHUYLVLRQDGR��UHVSHFWLYDPHQWH�$� SUHGLomR� YLVD� HVWDEHOHFHU� R� YDORU� GH� XP� RX�PDLV� DWULEXWRV� HP� XPD� EDVH� GH�GDGRV�� D� SDUWLU� GH� RXWURV� DWULEXWRV� SUHVHQWHV�� $� DERUGDJHP� SUHGLWLYD� QmR� LPSOLFD�QHFHVVDULDPHQWH�D�SUHYLVmR�GH�XP�YDORU�IXWXUR�± ³D�FDUDFWHUtVWLFD�LPSRUWDQWH�p�TXH�HOD�ID]� XPD� HVWLPDWLYD� VREUH� R� YDORU� GH� XP� RX� PDLV� DWULEXWRV� GHVFRQKHFLGRV�� GDGRV� RV�YDORUHV� GH� RXWURV� DWULEXWRV� FRQKHFLGRV´� >-2+� ��@�� 3RU� RXWUR� ODGR�� D� GHVFULomR� YLVD�DSRQWDU� SDGU}HV� SRWHQFLDOPHQWH� LQWHUHVVDQWHV� QRV� GDGRV� VHP�XPD� DVVRFLDomR� FRP�XP�FRQFHLWR�D�SULRUL�+i� GLYHUVRV� PpWRGRV� GH�0'� H� D� VHJXLU� WHP�VH� XPD� EUHYH H[SODQDomR� GH� XP�VXEFRQMXQWR�GDV�WpFQLFDV�PDLV�SRSXODUHV�
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��
3RU� RXWUR� ODGR�� DERUGDJHQV� GH� DSUHQGL]DGR� GH� PiTXLQD� EDVHDGDV� HP� 5HGHV�1HXUDLV�DSUHVHQWDP�XP�ERP�GHVHPSHQKR�HP�UHODomR�D�JUDQGHV�TXDQWLGDGHV�GH�GDGRV��SRUpP�WrP�VXD�H[SUHVVLYLGDGH�OLPLWDGD�j�GD�OyJLFD�SURSRVLFLRQDO�>0$&���@��>72:���@��>262���@�2�SULQFLSDO�REMHWLYR�GHVWH�WUDEDOKR�p�R�GHVHQYROYLPHQWR�GH�XPD�SODWDIRUPD�SDUD�H[SHULPHQWDomR�� D� ILP� GH� VH� REWHU� XPD� SURSRVWD� SDUD� DSUHQGL]DGR� LQGXWLYR� TXH�IXWXUDPHQWH�SRVVD�VHU�XWLOL]DGD�HP�JUDQGHV�EDQFRV�GH�GDGRV�H�TXH�WHQKD�H[SUHVVLYLGDGH�GD�OyJLFD�GH�SULPHLUD�RUGHP�2� SUHVHQWH� WH[WR� DSUHVHQWD WRGR� R� HVWXGR� IHLWR� GXUDQWH� D� UHDOL]DomR� GHVWH�WUDEDOKR��EHP�FRPR�D�SURSRVWD�GHVHQYROYLGD�H�RV�SULQFLSDLV�UHVXOWDGRV��(OH�HVWi�GLYLGLGR�HP���FDStWXORV�RUJDQL]DGRV�FRQIRUPH�DEDL[R�

x &DStWXOR����FRQVLVWH�GHVWD�,QWURGXomR�
x &DStWXOR���� GHVFUHYH�EUHYHPHQWH� D�3URJUDPDomR�/yJLFD� ,QGXWLYD�� WpFQLFD�XWLOL]DGD�FRPR�UHIHUrQFLD�SDUD�D�REWHQomR�GD�H[SUHVVLYLGDGH�GD�OyJLFD�GH�SULPHLUD�RUGHP�
x &DStWXOR� ��� GLVFXWH� DOJXPDV� SURSRVWDV� GH� UHGHV� QHXUDLV� SDUD� R� DSUHQGL]DGR�VLPEyOLFR��GDQGR�rQIDVH�DR�01&�>0$&���@�TXH�IRL�D�EDVH�SDUD�R�GHVHQYROYLPHQWR�GD�SURSRVWD�REWLGD�D�SDUWLU�GHVWH�WUDEDOKR�
x &DStWXOR����DSUHVHQWD�D�)2/21(7 �)LUVW�2UGHU�/RJLF�1HXUDO�1HWZRUN���TXH�p�XPD�SURSRVWD�GH�UHGH�QHXUDO�GHVHQYROYLGD�GXUDQWH�R�WUDEDOKR�SDUD�DSUHQGL]DGR�UHODFLRQDO�HP�EDQFRV�GH�GDGRV�
x &DStWXOR� ��� PRVWUD� RV� SULQFLSDLV� UHVXOWDGRV� REWLGRV� GD� LPSOHPHQWDomR� LQLFLDO� GD�)2/21(7 H�SURSRVWDV�SDUD�VXD�H[WHQVmR�
x &DStWXOR����DSUHVHQWD�DV�SULQFLSDLV�FRQFOXV}HV�GR� WUDEDOKR�EHP�FRPR�VXJHVW}HV�GH�WUDEDOKRV�IXWXURV�SDUD�PHOKRULD�GD�)2/21(7�



��

� 3URJUDPDomR�/yJLFD�,QGXWLYD
3URJUDPDomR� /yJLFD� ,QGXWLYD� �3/,�� WHP� VLGR� GHILQLGD� FRPR� D� LQWHUVHomR� HQWUH�$SUHQGL]DGR� GH� 0iTXLQD� H� 3URJUDPDomR� /yJLFD� >08*� ��@�� (P� IXQomR� GLVWR�� 3/,�HPSUHJD�WDQWR�WpFQLFDV�GR�$SUHQGL]DGR�GH�0iTXLQD�TXDQWR�GD�3URJUDPDomR�/yJLFD�'R�$SUHQGL]DGR�GH�0iTXLQD��3/,�KHUGD�VHXV�REMHWLYRV��GHVHQYROYHU�IHUUDPHQWDV�H�WpFQLFDV�SDUD�LQGX]LU�KLSyWHVHV�GH�REVHUYDo}HV��H[HPSORV��H�REWHU�QRYR�FRQKHFLPHQWR�GD� H[SHULrQFLD��8WLOL]DQGR� OyJLFD� FRPSXWDFLRQDO� FRPR�R�PHFDQLVPR�GH� UHSUHVHQWDomR�SDUD�KLSyWHVHV�H�REVHUYDo}HV��3/,�SRGH�VXSHUDU�DV�GXDV�PDLRUHV�OLPLWDo}HV�GDV�WpFQLFDV�FOiVVLFDV�GH�DSUHQGL]DGR�GH�PiTXLQD�>08*���@�

x XVR� GH� XP� OLPLWDGR� IRUPDOLVPR� GH� UHSUHVHQWDomR� GH� FRQKHFLPHQWR��HVVHQFLDOPHQWH� OyJLFD� SURSRVLFLRQDO��� (VWD� OLPLWDomR� p� LPSRUWDQWH� SRUTXH�PXLWRV� GRPtQLRV� GH� DSOLFDo}HV� Vy� SRGHP� VHU� H[SUHVVRV� HP� OyJLFD� GH� SULPHLUD�RUGHP�
x GLILFXOGDGHV� HP� XVDU� FRQKHFLPHQWR� SUpYLR� VXEVWDQFLDO� QR� SURFHVVR� GH�DSUHQGL]DJHP�'D� /yJLFD� &RPSXWDFLRQDO�� 3/,� KHUGD� VHX� IRUPDOLVPR� GH� UHSUHVHQWDomR�� VXD�RULHQWDomR� VHPkQWLFD� H� YiULDV� WpFQLFDV� Mi� EHP� HVWDEHOHFLGDV�� $R� FRQWUiULR� GH� RXWUDV�DERUGDJHQV� GR� DSUHQGL]DGR� LQGXWLYR�� 3/,� HVWi� LQWHUHVVDGD� QDV�SURSULHGDGHV�GDV� UHJUDV�GH�LQIHUrQFLD��QD�FRQYHUJrQFLD�GRV�DOJRULWPRV�H�QD�FRPSOH[LGDGH�GRV�SURFHGLPHQWRV�(VWH� FDStWXOR� PRVWUD� DV� SULQFLSDLV� FDUDFWHUtVWLFDV� GD� 3URJUDPDomR� /yJLFD�,QGXWLYD� DVVLP� FRPR� DOJXQV� H[HPSORV� GH� VXDV� DSOLFDo}HV�� $� VHJXLU� VmR� DSUHVHQWDGRV�DOJXQV�FRQFHLWRV�EiVLFRV�SDUD�R�PHOKRU�HQWHQGLPHQWR�GD�3/,�

��� &RQFHLWRV�%iVLFRV
$� 3URJUDPDomR� /yJLFD� ,QGXWLYD� HVWi� FHQWUDGD� QR� DSUHQGL]DGR� LQGXWLYR� TXH�H[SUHVVD� XPD� IRUPD� GH� UDFLRFtQLR� TXH� SDUWH� GR� HVSHFtILFR� SDUD� R� JHUDO�� 1R� FDVR� GH�DSUHQGL]DGR�LQGXWLYR�D�SDUWLU�GH�H[HPSORV��UHJUDV�JHUDLV�RX�XPD�WHRULD�VXERUGLQDGD�DRV�H[HPSORV�VmR�GHULYDGDV�2� DSUHQGL]DGR� LQGXWLYR� WHP� VLGR� DSOLFDGR� FRP� VXFHVVR� D XPD� YDULHGDGH� GH�SUREOHPDV�GH�SUHGLomR�H�FODVVLILFDomR��WDLV�FRPR�GLDJQyVWLFR�GH�GRHQoDV�RX�SUHGLomR�GH�SURSULHGDGHV� PHFkQLFDV� GR� DoR� WHQGR� FRPR� EDVH� VXDV� FDUDFWHUtVWLFDV� TXtPLFDV�� (VWHV�SUREOHPDV�SRGHP�VHU�IRUPXODGRV�FRPR�WDUHIDV�GH�DSUHQGL]DGR�GH�FRQFHLWRV�D�SDUWLU�GH�H[HPSORV�� UHIHUHQFLDGDV� FRPR� DSUHQGL]DGR� LQGXWLYR� GH� FRQFHLWRV�� QR� TXDO� UHJUDV� GH�FODVVLILFDomR� SDUD� XP� FRQFHLWR� HVSHFtILFR� GHYHP� VHU� LQGX]LGDV� D� SDUWLU� GH� LQVWkQFLDV�GDTXHOH�FRQFHLWR��3DUD�VH�HQWHQGHU�R�DSUHQGL]DGR�LQGXWLYR�GH�FRQFHLWRV��p QHFHVViULD�D�GHILQLomR�GH�FRQFHLWR >/$9���@�



��
x &RQFHLWR� 6HMD�8 XP�FRQMXQWR�GH�REMHWRV�RX�REVHUYDo}HV��(QWmR�XP�FRQFHLWR�& p�XP�VXEFRQMXQWR�GH�8��3RU�H[HPSOR��8 SRGH�VHU�R�FRQMXQWR�GH�FOLHQWHV�GH�XP�EDQFR�H�& UHSUHVHQWD�RV�FOLHQWHV�SUHIHUHQFLDLV�'L]HPRV� TXH� D� GHVFULomR� GR� FRQFHLWR� FREUH� D� GHVFULomR� GR� REMHWR�� RX� TXH� DGHVFULomR� GR� REMHWR� p� FREHUWD� SHOD� GHVFULomR� GR� FRQFHLWR�� VH� D� GHVFULomR� GR� REMHWR�VDWLVID]�D�GHVFULomR�GR�FRQFHLWR��(VWDEHOHFHPRV�HVWD�QRomR�GH�FREHUWXUD�DWUDYpV�GD�LGpLD�GH�H[HPSOR�
x ([HPSOR� 'XUDQWH�R�DSUHQGL]DGR�GH�XP�FRQFHLWR�&��XP�H[HPSOR�H p�XPD�GHVFULomR�URWXODGD�GH�XP�REMHWR��4XDQGR�H p�XPD�LQVWkQFLD�GH�&��WHP�VH�XP�H[HPSOR�SRVLWLYR��VHQGR�URWXODGR�FRP����&DVR�FRQWUiULR��WHP�VH�XP�H[HPSOR�QHJDWLYR��VHQGR�URWXODGR�FRP�� ��3DUD�IDFLOLWDU�D�QRWDomR��XWLOL]DUHPRV�H� SDUD�H[HPSORV�SRVLWLYRV�H�H� SDUD�H[HPSORV�QHJDWLYRV��'DGDV�HVWDV�GHILQLo}HV�LQLFLDLV��SRGHPRV�HVWDEHOHFHU�R�SUREOHPD�GR�DSUHQGL]DGR�LQGXWLYR�GH�FRQFHLWRV�GD�VHJXLQWH�IRUPD�$SUHQGL]DGR�,QGXWLYR�GH�&RQFHLWRV��'DGR�XP�FRQMXQWR�( GH�H[HPSORV�SRVLWLYRV�H�QHJDWLYRV�GH�XP�FRQFHLWR�&��HQFRQWUDU�XPD�KLSyWHVH�+��WDO�TXH�

� 7RGR�H[HPSOR�SRVLWLYR�H� � ( p�FREHUWR�SRU�+�
� 1HQKXP�H[HPSOR�QHJDWLYR�H� � ( p�FREHUWR�SRU�+�1D� IRUPXODomR� GR� SUREOHPD� GR� $SUHQGL]DGR� ,QGXWLYR� GH� &RQFHLWRV� HVWmR�HQYROYLGDV�DV�LGpLDV�GH�FRPSOHWXGH�H�FRQVLVWrQFLD��D�KLSyWHVH�+ p�FRPSOHWD��FREUH�WRGRV�RV� H[HPSORV� SRVLWLYRV�� H� FRQVLVWHQWH� �QmR� FREUH� H[HPSORV� QHJDWLYRV�� HP� UHODomR� DRV�H[HPSORV�(��0XLWRV�VLVWHPDV�GH�3/,�XWLOL]DP�HVWD�GHILQLomR�SDUD R�SUREOHPD�D�VHU�WUDWDGR�H��VH�QmR�Ki�DOJXP�FRQKHFLPHQWR�DQWHULRU�VREUH�R�SUREOHPD��HOHV�XWLOL]DP�H[FOXVLYDPHQWH�RV� H[HPSORV� QR� SURFHVVR� GH� DSUHQGL]DJHP�� (QWUHWDQWR�� VmR� PXLWDV� DV� WDUHIDV� TXH�UHTXHUHP�XPD�JUDQGH�TXDQWLGDGH�GH�FRQKHFLPHQWR�SUpYLR�$�IRUPXODomR�GR�SUREOHPD�GH�DSUHQGL]DGR�LQGXWLYR�GH�FRQFHLWRV�p�UHVWDEHOHFLGR�SDUD�D�LQFOXVmR�GR�FRQKHFLPHQWR�SUpYLR$SUHQGL]DGR� ,QGXWLYR� GH� &RQFHLWRV� FRP� &RQKHFLPHQWR� 3UpYLR�� 'DGR� XP�FRQMXQWR�( GH�H[HPSORV�GH�WUHLQDPHQWR�H�R�FRQKHFLPHQWR�SUpYLR�%��HQFRQWUDU�XPD�KLSyWHVH�+ WDO�TXH�HOD�VHMD�FRPSOHWD�H�FRQVLVWHQWH�HP�UHODomR�D�% H�DRV�H[HPSORV�(�$�QRomR�GH�FRPSOHWXGH�H�FRQVLVWrQFLD�WDPEpP�VmR�DWXDOL]DGDV��� + p�FRPSOHWD�VH�WRGRV�RV�H[HPSORV�SRVLWLYRV�VmR�FREHUWRV�SRU�%�� +�
� + p�FRQVLVWHQWH�VH�QHQKXP�H[HPSOR�QHJDWLYR�p�FREHUWR�SRU�%�� +�



��
7HUPLQRORJLD�GH�%DQFR�GH�'DGRV�'HGXWLYR�H�3URJUDPDomR�/yJLFD

(VWD� VHomR� LQWURGX]� D� WHUPLQRORJLD� EiVLFD� GH� SURJUDPDomR� HP� OyJLFD� H� %'�'HGXWLYR��EDVWDQWH�XWLOL]DGD�QD�3/,�8PD� UHODomR Q�iULD� S p� XP� FRQMXQWR� GH� WXSODV�� RX� VHMD�� XP� VXEFRQMXQWR� GR�SURGXWR�FDUWHVLDQR�GH�Q GRPtQLRV�'� u '� u ����u 'Q��RQGH�XP�GRPtQLR �RX�XP�WLSR��p�XP�FRQMXQWR�GH�YDORUHV��$VVXPH�VH�TXH�XPD�UHODomR�p�ILQLWD��D�QmR�VHU�TXH�VHMD�GLWR�R�FRQWUiULR��8P�FRQMXQWR�GH�UHODo}HV�IRUPD�XP�EDQFR�GH�GDGRV�UHODFLRQDO �%'5��8PD�FOiXVXOD�GH�SURJUDPD�OyJLFR�p�XPD�FOiXVXOD�GD�VHJXLQWH�IRUPD�7 m /��������/PRQGH�7 p�XP�iWRPR�H�/��������/P VmR�GD�IRUPD�/ RX�QmR�/��RQGH�/�p�XP�iWRPR�8P�FRQMXQWR�GH� FOiXVXODV�GH�SURJUDPD�FRP�R�PHVPR�VtPEROR�SUHGLFDGR S QD�FDEHoD� IRUPD� XPD� GHILQLomR� GH� SUHGLFDGR�� 8P� SUHGLFDGR� SRGH� VHU� GHILQLGR�H[WHQVLRQDOPHQWH�FRPR�XP�FRQMXQWR�GH�IDWRV�RX�LQWHQVLRQDOPHQWH�FRPR�XP�FRQMXQWR�GH�FOiXVXODV� GH� EDQFR� GH� GDGRV� >8//� ��@�� $VVXPH�VH� TXH� FDGD� SUHGLFDGR� p� GHILQLGR�H[WHQVLRQDOPHQWH� RX� LQWHQVLRQDOPHQWH�� 4XDQGR� R� FRUSR� GD� FOiXVXOD� p� YD]LR�� WHPRV��HQWmR��D�GHILQLomR�GH�XP�IDWR��8PD�UHODomR�HP�XP�EDQFR�GH�GDGRV�HTXLYDOH�D�XPD�GHILQLomR�GH�SUHGLFDGR�HP�XP�SURJUDPD�OyJLFR��'D�PHVPD�IRUPD��XPD�WXSOD�HP�XP�EDQFR�GH�GDGRV�HTXLYDOH�D�XP�IDWR�HP�XP�SURJUDPD�OyJLFR��$�WDEHOD�����UHODFLRQD�RV�WHUPRV�GH�EDQFR�GH�GDGRV�H�GD�SURJUDPDomR�OyJLFD�
TABELA 2.1 - Terminologia de BD e PL7HUPLQRORJLD�GH�%' 7HUPLQRORJLD�GH�3/1RPH�GH�UHODomR�S 6tPEROR�GH�SUHGLFDGR�S$WULEXWR�GD�UHODomR�S $UJXPHQWR�GR�SUHGLFDGR�S7XSOD�¢D��������DQ² )DWR�S�D��������DQ�5HODomR�S ± FRQMXQWR�GH�WXSODV 3UHGLFDGR�S ± GHILQLGR�H[WHQVLRQDOPHQWH�SRU�XP�FRQMXQWR�GH�IDWRV5HODomR�T ± GHILQLGD�FRPR�XPD�YLVmR�GR�%' 3UHGLFDGR�T ± GHILQLGR�LQWHQVLRQDOPHQWH�SRU�XP�FRQMXQWR�GH�UHJUDV��FOiXVXODV�



��

��� 6LVWHPDV�3/,�
6LVWHPDV�3/,�� DVVLP�FRPR�RXWURV�VLVWHPDV�GH�DSUHQGL]DGR� LQGXWLYR��SRGHP�VHU�GLYLGLGRV�DR�ORQJR�GH�YiULDV�GLPHQV}HV��FRPR�VH�VHJXH�

x 7RS�'RZQ ;� %RWWRP�8S�� XPD� GLVWLQomR� ~WLO� HQWUH� VLVWHPDV� 3/,� GL]� UHVSHLWR� j�GLUHomR�HP�TXH�D�EXVFD�RFRUUH��
� 7RS�'RZQ�� FRPHoD� FRP� XPD� KLSyWHVH�+ WDO� TXH� R� FRQMXQWR�+ � % p� PXLWR�JHQpULFR� H�� HQWmR�� R� HVSHFLDOL]D�� 8P� VLVWHPD� 7RS�'RZQ SRGH� DOJXPDV� YH]HV�DGDSWDU�VH� ORFDOPHQWH�DRV�H[HPSORV�DWUDYpV�GH�XP�SDVVR�GH�JHQHUDOL]DomR��7DO�JHQHUDOL]DomR� SRGH� VHU� QHFHVViULD� SDUD� FRUULJLU� XP� SDVVR� DQWHULRU� H� PDLRU� GH�HVSHFLDOL]DomR�� R� TXH� WRUQD� D� KLSyWHVH� ILQDO� EDVWDQWH� IUDFD��$SyV� D� FRUUHomR�� R�VLVWHPD�FRQWLQXD�VXD�EXVFD�7RS�'RZQ��
� %RWWRP�8S�� FRPHoD�FRP�XPD�KLSyWHVH�+�� WDO�TXH�+ � % p�PXLWR�HVSHFtILFR�H��HQWmR�� R� JHQHUDOL]D��$QDORJDPHQWH� DR� VLVWHPD�7RS�'RZQ�� XP� VLVWHPD�%RWWRP�8S SRGH� DOJXPDV� YH]HV� UHDOL]DU� XP� SDVVR� GH� HVSHFLDOL]DomR�� (QWUHWDQWR�� XP�VLVWHPD� SRGH� JHUDOPHQWH� VHU� FODVVLILFDGR� GH� XPD� PDQHLUD� QDWXUDO� FRPR� 7RS�'RZQ RX�%RWWRP�8S��GHSHQGHQGR�GD�GLUHomR�JHUDO�GH�VXD�EXVFD�

x $SUHQGL]DGR� GH ~QLFR� RX� YiULRV� SUHGLFDGRV�� SRGHPRV� GLVWLQJXLU� RV� VLVWHPDV� GH�DFRUGR�FRP�R�Q~PHUR�GH�SUHGLFDGRV�HQYROYLGRV�QR�SURFHVVR�GH�DSUHQGL]DJHP��� $SUHQGL]DGR�GH�XP�~QLFR�SUHGLFDGR��WRGRV�RV�H[HPSORV�GDGRV�VmR�LQVWkQFLDV�GH�VRPHQWH�XP�SUHGLFDGR�3��H�R�REMHWLYR�GD�WDUHID�GH�DSUHQGL]DGR�p�HQFRQWUDU�XP�FRQMXQWR�GH�FOiXVXODV�TXH�LPSOLFD�3�[��� �����[Q��VRPHQWH�SDUD�DTXHODV�WXSODV�¢[�������� [Q² FXMR� VLJQLILFDGR� ³SHUWHQFH´� DR� FRQFHLWR� GHQRWDGR� SRU� 3�� (P� RXWUDV�SDODYUDV�� R� FRQMXQWR� GH� FOiXVXODV� GHYH� UHFRQKHFHU� DV� LQVWkQFLDV GH�3�� (PERUD�WRGRV� RV� H[HPSORV� WHQKDP� R�PHVPR� SUHGLFDGR�3�� RXWURV� VtPERORV� SUHGLFDGRV��SUHGHILQLGRV� QR� FRQKHFLPHQWR� SUpYLR�� SRGHP� VHU� XWLOL]DGRV� SDUD� IRUPDU� XPD�KLSyWHVH�FRUUHWD�� $SUHQGL]DGR�GH�P~OWLSORV�SUHGLFDGRV��RV�H[HPSORV�VmR�LQVWkQFLDV�GH�PDLV�GH�XP�SUHGLFDGR��e� LPSRUWDQWH� UHVVDOWDU� TXH� XP�DSUHQGL]DGR�GH�P~OWLSORV�SUHGLFDGRV�QmR� SRGH� VHU� VHSDUDGR� HP�YiULRV� SUREOHPDV� GH� XP�~QLFR� SUHGLFDGR�SRUTXH�RV�GLIHUHQWHV� SUHGLFDGRV� HP� XPD� WDUHID� GH� DSUHQGL]DGR� GH� P~OWLSORV� SUHGLFDGRV�SRGHP�HVWDU�UHODFLRQDGRV�
x $SUHQGL]DGR� %DWFK RX� ,QFUHPHQWDO�� D� GLVWLQomR� HQWUH� DSUHQGL]DGR� EDWFK H�LQFUHPHQWDO�VH�Gi�SHOD�PDQHLUD�TXH�RV�H[HPSORV�VmR�GDGRV�DR�VLVWHPD�� $SUHQGL]DGR�%DWFK��WRGRV�RV�H[HPSORV�VmR�GDGRV�ORJR�QR�LQtFLR�GD�H[HFXomR�GR�VLVWHPD�� ,VWR� ID]�FRP�TXH�VH� WHQKD�D�YDQWDJHP�GH�YHULILFDU�HUURV�QRV�H[HPSORV�GDGRV� �UXtGR��� TXH� SRGHP� VHU� PHGLGRV� H� WUDWDGRV� SHOD� DSOLFDomR� GH� WpFQLFDV�HVWDWtVWLFDV�DR�FRQMXQWR�GH�WRGRV�RV�H[HPSORV��



��
� $SUHQGL]DGR� ,QFUHPHQWDO�� RV� H[HPSORV� VmR� GDGRV� XP� SRU� XP�� 1HVWH� FDVR�� R�VLVWHPD�DMXVWD�D�FDGD�PRPHQWR�VXD�KLSyWHVH�DRV�H[HPSORV�Mi�IRUQHFLGRV��DQWHV�GH�REWHU�R�SUy[LPR�H[HPSOR��
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x $� VROXomR� LQGX]LGD� SHOR� VLVWHPD� GH� DSUHQGL]DGR� DWULEXWR�YDORU� p� WUDGX]LGD� GH�YROWD�SDUD�D�IRUPD�UHODFLRQDO�
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2V� DOJRULWPRV� GH� 3/,� REWrP� FRPR� VDtGD� UHJUDV� TXH� VmR� IDFLOPHQWH� HQWHQGLGDV�SHODV� SHVVRDV�� ,VWR� ID]� FRP� TXH� VHMDP� SDUWLFXODUPHQWH� DSURSULDGRV� SDUD� WDUHIDV� GH�IRUPDomR� GH� WHRULD� FLHQWtILFD�� QD� TXDO� D� FRPSUHHQVmR� GR� FRQKHFLPHQWR� LQGX]LGR� p�HVVHQFLDO�SDUD�R�DYDQoR�QD�SHVTXLVD�FLHQWtILFD�2XWUD�FDUDFWHUtVWLFD�LPSRUWDQWH�GD�3/,�p�D�XWLOL]DomR�GH�XP�IRUPDOLVPR�GH�OyJLFD�UHODFLRQDO� TXH� SHUPLWLX� R� VXFHVVR� GD� VXD� DSOLFDomR� HP� YiULRV� GRPtQLRV� QRV TXDLV� RV�FRQFHLWRV� D� VHUHP� DSUHQGLGRV� QmR� SRGLDP� VHU� IDFLOPHQWH� GHVFULWRV� HP� OLQJXDJHQV�DWULEXWR�YDORU�� (VWDV� DSOLFDo}HV� LQFOXHP�� HQWUH� RXWUDV�� SURMHWR� GH�PDOKD� GH� HOHPHQWRV�ILQLWRV�>'2/���@��FRQVWUXomR�DXWRPiWLFD�GH�PRGHORV�TXDOLWDWLYRV�H�SUHYLVmR�GH�HVWUXWXUD�VHFXQGiULD�GH�SURWHtQD�>/$9���@�$OpP� GHVWDV� iUHDV� GH� DSOLFDomR�� 1DGD� /DYUDF� >/$9� ��@� DSUHVHQWD� DOJXPDV�DSOLFDo}HV�TXH�LQFOXHP��� $SUHQGL]DGR� GH� UHJUDV� SDUD� GLDJQyVWLFR� SUHFRFH� GH� GRHQoDV� UHXPiWLFDV�� R� FRUUHWR�GLDJQyVWLFR�HP�XP�HVWDGR�SUHFRFH�GH�XPD�GRHQoD�UHXPiWLFD�p�XP�SUREOHPD�GLItFLO��,VWR�VH�GHYH�DR�IDWR�GH�TXH�VLQWRPDV��PDQLIHVWDo}HV�FOtQLFDV�H�ODXGRV�GH�ODERUDWyULRV�GH� YiULDV� GRHQoDV� UHXPiWLFDV� VmR� VLPLODUHV� H� QmR� VmR� HVSHFtILFRV�� 2� GLDJQyVWLFR�DLQGD� SRGH� VHU� LQFRUUHWR� GHYLGR� j� LQWHUSUHWDomR� VXEMHWLYD� GH� GDGRV� FOtQLFRV� H� GH�ODERUDWyULRV�� $� DYDOLDomR� PpGLFD� GDV� UHJUDV� LQGX]LGDV�PRVWUD� TXH� D� XWLOL]DomR� GH�FRQKHFLPHQWR�SUpYLR�PHOKRUD�VXEVWDQFLDOPHQWH�D�TXDOLGDGH�GDV�UHJUDV�LQGX]LGDV�GH�XP�SRQWR�GH�YLVWD�PpGLFR�
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2�IRFR�FHQWUDO�GDV�DSOLFDo}HV�GH�0LQHUDomR�GH�'DGRV�p�HQWHQGHU�R�FRQKHFLPHQWR�FRQWLGR�HP�JUDQGHV�EDQFRV�GH�GDGRV��)UHT�HQWHPHQWH��SDUD�DWLQJLU�HVWH�REMHWLYR��GHYHP�VHU� DSOLFDGRV� PpWRGRV� GH� DSUHQGL]DGR� GH� PiTXLQD� D� ILP� GH� VH� FRQVWUXLU� PRGHORV� GH�GDGRV�SRU�LQGXomR�$V�UHGHV�QHXUDLV�IRUQHFHP�DOJRULWPRV�SRGHURVRV�SDUD�DSUHQGL]DGR�GH�PiTXLQD�H�FRQRWDP� XP� FDUiWHU� LPSOtFLWR� GH� FRQKHFLPHQWR� TXH� p� DGTXLULGR� GH� XP� FRQMXQWR� GH�SDGU}HV�GH�WUHLQDPHQWR�H�GLVWULEXtGR�DR�ORQJR�GDV�FRQH[}HV�GD�HVWUXWXUD�GHQWUR�GH�VHX�DSUHQGL]DGR�� 8PD� FDUDFWHUtVWLFD� LPSRUWDQWH� p� R� SDUDOHOLVPR� TXH� FRQWULEXL� SDUD�DSURIXQGDU� DV� FDSDFLGDGHV�GH�DSUHQGL]DGR�� Mi�TXH�RV�HOHPHQWRV�GH�FiOFXOR� LQGLYLGXDLV�QD� UHGH� VmR� FDSD]HV� GH� DMXVWDU� VXDV� FRQH[}HV� SDUD� UHDOL]DU� R� PHOKRU� PDSHDPHQWR�SRVVtYHO��SDUD�R�FRQMXQWR�GH�WUHLQDPHQWR�GRV�FDVRV�(QTXDQWR�R�SDUDOHOLVPR�PHOKRUD�R� DSUHQGL]DGR�� HOH� WRUQD�GLItFLO� D�REWHQomR�GH�XPD� LQWHUSUHWDomR� UD]RiYHO�GD�HVWUXWXUD�JHUDO�GD� UHGH�QD� IRUPD�GH�FRQVWUXo}HV� OyJLFDV�H[SOtFLWDV�GH�IiFLO�FRPSUHHQVmR��WDLV�FRPR�UHJUDV�FRQMXQWLYDV�GR�WLSR�6H�(QWmR��3DUD� VXSHUDU� HVWDV� GLILFXOGDGHV�� IRUDP� SURSRVWRV� DOJRULWPRV� SDUD� H[WUDomR� GH�FRQKHFLPHQWR� GH� 51V� DOpP� GH� DUTXLWHWXUDV� PDLV� DGHTXDGDV� SDUD� UHSUHVHQWDomR� GH�FRQKHFLPHQWR�GH�51V�8PD� DERUGDJHP� SDUD� FRPSUHHQGHU� XPD� KLSyWHVH� UHSUHVHQWDGD� SRU� XPD� 51�WUHLQDGD� p� WUDGX]LU� VXD� KLSyWHVH� QXPD� OLQJXDJHP�PDLV� FRPSUHHQVtYHO��2V�PpWRGRV� GH�H[WUDomR�GH�FRQKHFLPHQWR�GLIHUHP�HP�YiULRV�DVSHFWRV��

x /LQJXDJHP�GH�UHSUHVHQWDomR��UHJUDV�GH�LQIHUrQFLD�FRQMXQWLYD��6H�(QWmR���UHJUDV���P�GH�Q��UHJUDV�IX]]\��iUYRUHV�GH�GHFLVmR��DXW{PDWRV�ILQLWRV�
x (VWUDWpJLD� GH� H[WUDomR�� TXH� GHILQH� FRPR� R� PpWRGR� H[SORUD� R� HVSDoR� GH�GHVFULo}HV�FDQGLGDWDV�H�HP�TXH�QtYHO�HOH�GHVFUHYH�R�FRPSRUWDPHQWR�GD�UHGH�� 0pWRGRV� JOREDLV�� H[WUDHP� UHJUDV� TXH� GHVFUHYHP� R� FRPSRUWDPHQWR� GD� UHGH�FRPR�XP�WRGR��$V�FODVVHV�GH�VDtGD�VmR�FDUDFWHUL]DGDV�GLUHWDPHQWH�HP�WHUPRV�GDV�HQWUDGDV�� 0pWRGRV�ORFDLV��H[WUDHP�R�FRPSRUWDPHQWR GDV�XQLGDGHV�LQGLYLGXDLV��RFXOWDV��GD�UHGH��$V�UHJUDV�GDV�XQLGDGHV�LQGLYLGXDLV�VmR�FRPELQDGDV�QXP�FRQMXQWR�GH�UHJUDV�TXH�GHVFUHYH�R�FRPSRUWDPHQWR�GD�UHGH�FRP�XP�WRGR�
x ([LJrQFLDV�GD� UHGH��H[LJrQFLDV�VREUH�D�DUTXLWHWXUD�H� WUHLQDPHQWR�TXH�R�PpWRGR�GH�H[WUDomR�LPS}H�j�UHGH��/LPLWD�RV�PRGHORV�GH�UHGH�SDUD�RV�TXDLV�R�PpWRGR�p�DSOLFiYHO�
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��� 5HGH�.%$11
.%$11� �.QRZOHGJH�%DVHG� $UWLILFLDO� 1HXUDO� 1HWZRUNV�� >72:� ��@� p� XP�VLVWHPD� GH� DSUHQGL]DGR� KtEULGR� EDVHDGR� HP�5HGHV�1HXUDLV�$UWLILFLDLV� SDUD� WDUHIDV� GH�FODVVLILFDomR��FRPELQDQGR�FRQKHFLPHQWR�VLPEyOLFR�SUpYLR�GR�GRPtQLR�H�FRQKHFLPHQWR�H[WUDtGR�GH�H[HPSORV�,QLFLDOPHQWH� VmR� LQVHULGDV� LQIRUPDo}HV� VLPEyOLFDV� GD� WHRULD� GR� GRPtQLR� GR�SUREOHPD� HP� XPD� 51�� $� VHJXLU�� HVWH� FRQKHFLPHQWR� LQLFLDO� p� UHILQDGR� DWUDYpV� GH�DOJRULWPRV�GH�DSUHQGL]DGR�GH�51V��XWLOL]DQGR�RV�H[HPSORV�GH�WUHLQDPHQWR��)LQDOPHQWH��XPD� WHRULD� UHILQDGD� GR� GRPtQLR� p� H[WUDtGD� GD� UHGH� WUHLQDGD� >6+$� ��@�� $� ILJXUD� ����LOXVWUD�RV�DOJRULWPRV�TXH IRUPDP�R�VLVWHPD�.%$11�

FIGURA 3.1 - Fluxo do refinamento de teoria pelo sistema KBANN

&RQKHFLPHQWR6LPEyOLFR,QLFLDO 5HGH�1HXUDO,QLFLDO
5HGH�1HXUDO7UHLQDGD

([HPSORV�GH7UHLQDPHQWR

5HJUDV�SDUDD�UHGH $SUHQGL]DGR1HXUDO
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2� VLVWHPD� .%$11� XWLOL]D� UHGHV� QHXUDLV� PXOWLFDPDGDV� FRQHFWDGDV� SDUD� IUHQWH��IHHGIRUZDUG�� TXH� VmR� WUHLQDGDV� SHOR� DOJRULWPR� GH� %DFNSURSDJDWLRQ�� 2V� QHXU{QLRV�SRVVXHP�XPD�IXQomR�ORJtVWLFD�GH�DWLYDomR�H�VHJXHP�R�PRGHOR�IXQFLRQDO�GR�SHUFHSWURQ�

DL  ��RQGH�XL p�D�VRPD�SRQGHUDGDQD� FRQH[mR� HQWUH� RV� QHXU{QLRV� L� HQHXU{QLR�L�
����� ,QVHUomR�GH�FRQKHFLPHQWR

2� SULPHLUR� SDVVR� GD� UHGHDSUR[LPDGDPHQWH�FRUUHWDV�HP�XPDWUDGX]LGDV�VmR�H[SUHVVDV�FRPR�FOiXSRVLWLYR�>1,(���@���$� WUDGXomR� GH� EDVHV� GH� FFRUUHVSRQGrQFLD�
TABELA 3.1 - Correspondência en%DVH�GH�&RQKHFL&RQFOXV}HV�)L)DWRV�)XQGDPH&RQFOXV}HV�,QWHUP'HSHQGrQFL

+i�GXDV�OLPLWDo}HV�SULQFLSD� RV�DOJRULWPRV�GH�DSUHQGL]DGGH�SUHGLFDGRV�H��SRU�LVVR��DV� DV� UHJUDV� GHYHP� VHU� DFtFUHVXOWDQWHV��$OpP� GHVWDV� OLPLWDo}HV�� RKLHUDUTXLFDPHQWH��RX�VHMD��DV�UHJUDFRQMXQo}HV�~WHLV�GDV�FDUDFWHUtVWLFDVVHU� XWLOL]DGDV� SRU� RXWUDV� UHJUDV� SDLQWHUPHGLiULD��(VWD�HVWUXWXUD�KLHUiUGR�VLVWHPD�GH�DSUHQGL]DGR�EDVHDGR

XL  M��
 �����¦ ZML � DM^XQLGDGHV�FRQHFWDGDV`
�����H[S���XL � TL���GDV�HQWUDGDV�DM GR�QHXU{QLR�L��ZML p�R�SHVR�VLQiSWLFR�� M�� DL p� D DWLYDomR� GR� QHXU{QLR� L� H�TL p� R� OLPLDU� GR�
�QD�.%$11
� .%$11� p� D� WUDGXomR� GH� XP� FRQMXQWR� GH� UHJUDV�� UHGH�EDVHDGD�HP�FRQKHFLPHQWR��$V�UHJUDV�D�VHUHP�VXODV�GH�+RUQ �FOiXVXODV�FRP�QR�Pi[LPR�XP�OLWHUDO�
RQKHFLPHQWR� SDUD� UHGHV� QHXUDLV� VHJXH� D� VHJXLQWH�
tre bases de conhecimento e redes neuraisPHQWR 5HGHV�1HXUDLVQDLVQWDLVHGLiULDVDV

8QLGDGHV�GH�6DtGD8QLGDGHV�GH�(QWUDGD8QLGDGHV�2FXOWDV&RQH[}HV�SRQGHUDGDV
LV�QR�FRQMXQWR�GH�UHJUDV�XWLOL]DGR�SRU�.%$11��R�GH�51V�XWLOL]DGRV�QmR�WUDWDP�YDULiYHLV�GR�FiOFXOR��UHJUDV�GHYHP�VHU�SURSRVLFLRQDLV��OLFDV�� SDUD� VLPSOLILFDU� R� WUHLQDPHQWR� GDV� UHGHV�
V� FRQMXQWRV� GH� UHJUDV� VmR� JHUDOPHQWH� HVWUXWXUDGRV�V�IRUQHFHP�FRQFOXV}HV�LQWHUPHGLiULDV�TXH�GHVFUHYHP��GH�HQWUDGD��(VWDV�FRQFOXV}HV�LQWHUPHGLiULDV�SRGHP�UD� GHWHUPLQDU� D� FRQFOXVmR� ILQDO� RX� RXWUD� FRQFOXVmR�TXLFD�p�TXH�FULD�DV�FDUDFWHUtVWLFDV�GHULYDGDV�SDUD�XVR��HP�H[HPSORV�
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����� ,QWURGXomR�GH�5HJUDV�QD�5HGH�1HXUDO

$� WUDQVIRUPDomR� GH� XP� FRQMXQWR� GH� UHJUDV� SDUD� XPD� UHGH� .%$11� p� IHLWD�DWUDYpV�GH�VHWH�SDVVRV�GHVFULWRV�D�VHJXLU��� 5HHVFULWD(VWH� SULPHLUR� SDVVR� WHP� FRPR� REMHWLYR� H[SOLFLWDU� D� HVWUXWXUD� KLHUiUTXLFD� GR�FRQMXQWR�GH�UHJUDV��WRUQDQGR�SRVVtYHO�D�WUDGXomR�GLUHWD�GDV�UHJUDV�SDUD�XPD�UHGH�QHXUDO��3DUD� WDO�� DV� GLVMXQo}HV� GHYHP� VHU� H[SUHVVDV� FRPR� UHJUDV� P~OWLSODV� FRP� R� PHVPR�FRQVHT�HQWH��FDGD�XPD�FRP�DSHQDV�XP�DQWHFHGHQWH�6H�KRXYHU�PDLV�GH�XPD� UHJUD�SDUD�XP�FRQVHT�HQWH�� HQWmR�FDGD� UHJUD�SDUD�HVWH�FRQVHT�HQWH� FRP�PDLV� GH� XP� DQWHFHGHQWH� GHYH� VHU� UHHVFULWD� FRPR� GXDV� UHJUDV��8PD�GHVVDV�UHJUDV�WHP�R�FRQVHT�HQWH�RULJLQDO�H�XP�~QLFR�DQWHFHGHQWH��FRUUHVSRQGHQWH�D�XP�QRYR� WHUPR� JHUDGR� QHVWH� SURFHVVR�� $� RXWUD� UHJUD� WHP� FRPR� FRQVHT�HQWH� HVWH� QRYR�WHUPR�JHUDGR�H��FRPR�DQWHFHGHQWH��RV�DQWHFHGHQWHV�GD�UHJUD�RULJLQDO�

FIGURA 3.2 - Etapa de Reescrita na transformação de regras para uma rede neural

�� 0DSHDPHQWR1HVWD� HWDSD�� p� QHFHVViULR� HVWDEHOHFHU� XP� PDSHDPHQWR� HQWUH� XP� FRQMXQWR� GH�UHJUDV� WUDQVIRUPDGR� H� XPD� UHGH� QHXUDO�� 8WLOL]DQGR� D� WDEHOD� ���� GH� FRUUHVSRQGrQFLDV�HQWUH�XPD�EDVH�GH�FRQKHFLPHQWR�H�XPD�UHGH�QHXUDO��D�.%$11�FULD�XPD�UHGH�FRP�XPD�FRUUHVSRQGrQFLD�GH�XP�SDUD�XP�FRP�RV�OLWHUDLV�GR�FRQMXQWR�GH�UHJUDV�2V�SHVRV� H�RV�QtYHLV�GH� OLPLDU� VmR�HVSHFLILFDGRV�GH� IRUPD�TXH�D� UHGH� WHQKD�RV�PHVPRV�UHVXOWDGRV�TXH�DV�UHJUDV�QDV�TXDLV�VH�EDVHRX�1R� ILQDO� GHVWH� SDVVR�� D� UHGH� .%$11� WHP� LQIRUPDo}HV� GR� FRQMXQWR� GH� UHJUDV�UHODWLYDV� jV� HQWUDGDV� UHOHYDQWHV� H� FDUDFWHUtVWLFDV�GHULYDGDV��(QWUHWDQWR�� QmR�Ki�JDUDQWLD�GH� TXH� R� FRQMXQWR� GH� UHJUDV� IDoD� UHIHUrQFLD� D� WRGDV� DV� FDUDFWHUtVWLFDV� UHOHYDQWHV� RX�IRUQHoD� XP� FRQMXQWR� VLJQLILFDWLYR� GH� FDUDFWHUtVWLFDV� GHULYDGDV�� 2V� SUy[LPRV� SDVVRV��HQWmR��DXPHQWDP�D�UHGH�.%$11�FRP�QRYDV�OLJDo}HV��XQLGDGHV�GH�HQWUDGD�H�DWp�PHVPR�QHXU{QLRV�HVFRQGLGRV�
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FIGURA 3.3 - Aplicação dos passos 1 e 2 e RN resultante

�� 1XPHUDomR&DGD�XQLGDGH� TXH� UHSUHVHQWD� XP� FRQVHT�HQWH� QD� UHGH� GHYH� VHU� QXPHUDGD�VHJXQGR� VHX� QtYHO� KLHUiUTXLFR�� .%$11� GHILQH� R� QtYHO� GH� FDGD� XQLGDGH� VHQGR� R�WDPDQKR�GR�PDLRU�FDPLQKR�D�XPD�XQLGDGH�GH�HQWUDGD�(VWD�WpFQLFD�GH�QXPHUDomR�DVVXPH�TXH�WRGD�FDGHLD�GH�UDFLRFtQLR�HVWHMD�FRPSOHWD��RX�VHMD��WRGD�FRQFOXVmR�LQWHUPHGLiULD�p�XPD�SDUWH�GH�XP�FDPLQKR�GLUHWR�GH�XPD�RX�PDLV�HQWUDGDV�SDUD�XPD�RX�PDLV�VDtGDV��(QWUHWDQWR��QmR�Ki�H[LJrQFLD�GH�TXH� WRGD�FDGHLD�GH�UDFLRFtQLR� VHMD� FRPSOHWD�� 3DUD� UHVROYHU� HVWH� SUREOHPD�� EDVWD� DQH[DU� RV� DQWHFHGHQWHV�GHVFRQHFWDGRV�D� WRGDV�DV�XQLGDGHV�GH�HQWUDGD�H�FRQVHT�HQWHV�GHVFRQHFWDGRV�D�WRGDV�DV�XQLGDGHV�GH�VDtGD�FRP�SHVRV�EHP�EDL[RV�
�� $GLomR�GH�QHXU{QLRV�RFXOWRV2SFLRQDOPHQWH�� SRGH�VH� DGLFLRQDU� XQLGDGHV� RFXOWDV� SDUD� GDU� j� UHGH�.%$11�D�FDSDFLGDGH�GH�DSUHQGHU�FDUDFWHUtVWLFDV�QmR�HVSHFLILFDGDV�QR�FRQMXQWR�GH� UHJUDV� LQLFLDO��PDV�TXH�WHQKDP�VLGR�VXJHULGDV�SRU�XP�HVSHFLDOLVWD�
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�� $GLomR�GH�QHXU{QLRV�GH�HQWUDGD1HVWH�SDVVR��D�UHGH�p�H[SDQGLGD�FRP�FDUDFWHUtVWLFDV�GH�HQWUDGD�QmR�UHIHUHQFLDGDV�QDV� UHJUDV��PDV�TXH� VmR�FRQVLGHUDGDV� UHOHYDQWHV�SRU�XP�HVSHFLDOLVWD�� ,VWR�p�QHFHVViULR�GHYLGR�DR�IDWR�GH�TXH�XP�FRQMXQWR�GH� UHJUDV�TXH�QmR�p�FRPSOHWR�SRGH�QmR�LGHQWLILFDU�WRGD�FDUDFWHUtVWLFD�GH�HQWUDGD�SDUD�R�DSUHQGL]DGR�FRPSOHWR�H�FRQVLVWHQWH�GR�FRQMXQWR�GH�WUHLQDPHQWR�
�� $GLomR�GH�DUFRV$UFRV�FRP�SHVR�]HUR�VmR�DGLFLRQDGRV�FRP�D�OLJDomR�GH�WRGDV�DV�XQLGDGHV�GH�XP�QtYHO� Q D� WRGDV� DV� XQLGDGHV� GR� QtYHO� Q���� XWLOL]DQGR�VH� D� QXPHUDomR� HVWDEHOHFLGD� QD�HWDSD���

$�ILJXUD�DEDL[R�PRVWUD�D�DSOLFDomR�GRV�SDVVRV���D���QR�H[HPSOR�DSUHVHQWDGR�QD�ILJXUD�����

FIGURA 3.4 - Aplicação dos passos 3 a 6

�� 3HUWXUEDomR2�SDVVR�ILQDO�p�D�SHUWXUEDomR�GH�WRGRV�RV�SHVRV�GD�UHGH�DGLFLRQDQGR�XP�Q~PHUR�DOHDWyULR�D�FDGD�XP��(VWD�SHUWXUEDomR�p�PXLWR�SHTXHQD�SDUD�DIHWDU�R�FRPSRUWDPHQWR�GD�UHGH�DQWHV�GR�WUHLQDPHQWR��PDV�p�VXILFLHQWH�SDUD�HYLWDU�SUREOHPDV�FDXVDGRV�SRU�VLPHWULD�
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6LVWHPDV�KtEULGRV�VLPEyOLFR�FRQH[LRQLVWDV��FRPR�R�VLVWHPD�.%$11�>72:���@��H[SORUDP� VXD� FDSDFLGDGH� GH� XWLOL]DU� DR� PHVPR� WHPSR� FRQKHFLPHQWR� GD� WHRULD��UHSUHVHQWDGR� SRU� XP� FRQMXQWR� GH� UHJUDV� VLPEyOLFDV�� H� FRQKHFLPHQWR� HPStULFR��FRQMXQWR� GH� H[HPSORV� REVHUYDGRV��� (VWHV� VLVWHPDV� SHUPLWHP� XPD� WUDQVIHUrQFLD�ELGLUHFLRQDO�HQWUH�RV�PyGXORV�VLPEyOLFR�H�FRQH[LRQLVWD��FRPR�PRVWUD�D�ILJXUD�D�VHJXLU�>262���@�

FIGURA 3.5 - Transferência de conhecimento em sistemas híbridos simbólico-
conexionistas

2�VLVWHPD�.%$11�p�FDSD]�GH�RUJDQL]DU�XPD�EDVH�GH�FRQKHFLPHQWR�QD�IRUPD�GH�XPD� UHGH� QHXUDO�� DSUHQGHQGR� D� SDUWLU� GH� H[HPSORV� H�� HP� VHJXLGD� H[WUDLQGR� QRYDV�UHJUDV�� $SHVDU� GLVVR�� HVWH� VLVWHPD� SRVVXL� DOJXQV� HPSHFLOKRV� GHYLGR� j� HVFROKD� GH� VHX�PRGHOR�GH�51�H�GR�PpWRGR�GH�DSUHQGL]DJHP��R�DOJRULWPR�%DFNSURSDJDWLRQ�6XUJLX��HQWmR��R�VLVWHPD�,166�>262���@��,QFUHPHQWDO�1HXUR�6\PEROLF�6\VWHP��SDUD�PHOKRUDU�D�UHGH�.%$11�H�VXSHUDU�VXDV�SULQFLSDLV�OLPLWDo}HV��(VWH�VLVWHPD�UHDOL]D�RV�PHVPRV�SURFHVVRV�GR�.%$11��SRUpP�FDGD�XP�GHOHV�p�UHDOL]DGR�LQFUHPHQWDOPHQWH��$OpP� GLVWR�� R� DOJRULWPR� GH� DSUHQGL]DJHP� p� R� &DVFDGH�&RUUHODWLRQ TXH� IXQFLRQD�DGLFLRQDQGR�QRYRV�QHXU{QLRV�GXUDQWH�R�DSUHQGL]DGR�
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����� 'HVFULomR�GR�6LVWHPD

2�VLVWHPD�,166�p�FRPSRVWR�GH�FLQFR�PyGXORV�
x 0yGXOR�6LPEyOLFR��0iTXLQD�GH�,QIHUrQFLD�6LPEyOLFD�(VWH�PyGXOR�FRQVLVWH�GD�OLQJXDJHP�&/,36��&�/DQJXDJH�,QWHJUDWHG�3URGXFWLRQ�6\VWHP��GHVHQYROYLGD�SHOR�67%�1$6$�2�VLVWHPD�GLVS}H�GH�IDFLOLGDGHV�SDUD�D�WUDQVIHUrQFLD�GH�UHJUDV�H�H[HPSORV�HQWUH�DVLQWD[H� HVSHFtILFD� XWLOL]DGD� SHOD� OLQJXDJHP� &/,36� H� D� VLQWD[H� XVDGD� QDV� VXDV�IHUUDPHQWDV��1HX&RPS��1HX6LP�H�([WUDFW��
x 1HX&RPS2�PyGXOR�1HX&RPS� p� UHVSRQViYHO� SHOD� FRQVWUXomR GD� UHGH� QHXUDO� D� SDUWLU� GH�UHJUDV�� �1HOH� VH� HQFRQWUD�R�SURFHVVDPHQWR�GH� UHJUDV�GH�SURGXomR�VLPSOHV�GH�RUGHP���TXH�VmR�HTXLYDOHQWHV�D�IRUPDV�6H�(QWmR��WDLV�FRPR�6H��FRQGLomR!��YHUGDGHLUR�IDOVR��(�28�FRQGLomR!��YHUGDGHLUR�IDOVR����(QWmR��FRQFOXVmR!2� UHVXOWDGR� GD� WUDGXomR� GDV� UHJUDV� p� XPD� UHGH� FRPSRVWD� GH� XP� FRQMXQWR� GH�XQLGDGHV� OLJDGDV� D� FRQH[}HV� FRP� SHVRV�� (VWH� SURFHVVR� VHJXH� R� PpWRGR� GHVFULWR� SRU�>72:���@��$QWHV�GR�DSUHQGL]DGR��HVWD� UHGH�SURGX]�FRPR�VDtGD�RV�PHVPRV�UHVXOWDGRV�REWLGRV�SHOR�FRQMXQWR GH�UHJUDV�SURFHVVDGR�LQLFLDOPHQWH�SHOR�VLVWHPD�$OpP�GDV�UHJUDV�XWLOL]DGDV�SHOR�VLVWHPD�.%$11��R�VLVWHPD�,166�SHUPLWH�UHJUDV�GH�SURGXomR�GD�RUGHP�����RX�VHMD��UHJUDV�TXH�LQFOXHP�LQWHUYDORV�GH�YDORUHV��3DUD�LVVR�IRL�SUHFLVR� LPSOHPHQWDU� IXQo}HV� GH� FRPSDUDomR� FRPR�0DLRU4XH��0HQRU4XH H� ,JXDO H��FRPR�UHVXOWDGR��REWHYH�VH�UHJUDV�GR�WLSR�6H�0DLRU4XH�6HQVRUB6��������(0HQRU4XH�6HQVRUB6���6HQVRUB6��(QWmR�&RQFOXVmRB&�&RPR� DV� UHJUDV� VLPEyOLFDV� SHUPLWHP� DOJXP� HVWDEHOHFLPHQWR� LQLFLDO� GH�FRQKHFLPHQWR� H� FRP� LVVR� RIHUHFHP� XPD� HVWUXWXUD� j� UHGH�� FRQVHJXH�VH� UHVROYHU� GRLV�SUREOHPDV�UHODFLRQDGRV�jV�51V��VLPSOLILFDomR�GD�HVFROKD�GR�Q~PHUR�H�GLVWULEXLomR�GRV�QHXU{QLRV� H� REWHQomR� GH� XPD� ERD� GHVLJQDomR� DRV� YDORUHV� LQLFLDLV� GRV� SHVRV� GDV�FRQH[}HV�
x 1HX6LP(VWH� PyGXOR� FRQVLVWH� GR� DSUHQGL]DGR� GD� UHGH� QHXUDO� DWUDYpV� GR� DOJRULWPR�&DVFDGH�&RUUHODWLRQ�� DR� LQYpV� GR� DOJRULWPR� %DFNSURSDJDWLRQ XWLOL]DGR� SHOR� VLVWHPD�.%$11��
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2� DOJRULWPR� &DVFDGH�&RUUHODWLRQ SHUPLWH� XP� DSUHQGL]DGR� PDLV� UiSLGR� FRP�PHOKRUHV�UHVXOWDGRV�GH�GHVHPSHQKR��$ ILJXUD�����PRVWUD�FRPR�H[HPSOR�D�HYROXomR�GD�HVWUXWXUD�GD�UHGH�TXDQGR�VH�DSOLFD�HVWH�DOJRULWPR�GH�DSUHQGL]DJHP�

FIGURA 3.6 - Evolução da estrutura de uma RN usando o algoritmo Cascade-
Correlation

$R� FRQWUiULR� GH� DOJRULWPRV� HVWiWLFRV�� FRPR� R� %DFNSURSDJDWLRQ�� R� &DVFDGH�&RUUHODWLRQ p� XPD� WpFQLFD� GH� JHUDomR� SDUD� FRQVWUXomR� H� DSUHQGL]DGR� GH� XPD� UHGH�QHXUDO��$R� LQYpV�GH�VLPSOHVPHQWH�DMXVWDU�RV�SHVRV�HP�XPD�UHGH�GH�WRSRORJLD�IL[D��HOH�LQLFLD� FRP� XPD� UHGH� PtQLPD� FRPSRVWD� GH� QHXU{QLRV� GH� HQWUDGD� H� VDtGD�� 'XUDQWH� R�DSUHQGL]DGR��R�DOJRULWPR�YHULILFD� VH�D� UHGH�HVWi� UHGX]LQGR�R� VHX�HUUR�FRP�D� WRSRORJLD�DWXDO�� (P� FDVR� QHJDWLYR�� HOH� DGLFLRQD� XP�QHXU{QLR� RFXOWR� FXMDV� DWLYDo}HV� GH� VDtGD� VH�FRUUHODFLRQDP�PHOKRU�VREUH�WRGRV�RV�FDVRV�GH�WUHLQDPHQWR�FRP�R�HUUR�H[LVWHQWH�GD�UHGH��2�DOJRULWPR�GH�DSUHQGL]DJHP�UHGX]�R�HUUR�GH�VDtGD�GD�UHGH�SDVVR�D�SDVVR�DWUDYpV�GH�XP�SURFHVVR� FtFOLFR� GH� DSUHQGL]DJHP� GRV� QHXU{QLRV� GH� VDtGD� H� DGLomR�DSUHQGL]DJHP� GH�QHXU{QLRV� RFXOWRV�� (VWD� FDUDFWHUtVWLFD� GH� DGLomR� GH� QRYRV� QHXU{QLRV� SHUPLWH TXH� VH�SRVVD�FRPSOHWDU��PRGLILFDU�RX�UHILQDU�R�FRQKHFLPHQWR�LQLFLDO�GDGR�j�UHGH�QHXUDO�
x ([WUDFW2�PyGXOR�GH�H[WUDomR�GDV�UHJUDV�p�XPD�YHUVmR�PHOKRUDGD�GR�DOJRULWPR�68%6(7GH�H[WUDomR�GH�UHJUDV�HP�51V���$�PHOKRULD�HVWi�QR�IDWR�GH�TXH�R�SURFHVVR�GH�H[WUDomR p�PDLV�VLPSOHV�SRUTXH�Vy�XPD�SDUWH�GD�UHGH�p�DQDOLVDGD��QmR�VHQGR�QHFHVViULR�REWHU�WRGR�R�FRQKHFLPHQWR� H� VLP�� R� FRQKHFLPHQWR� DGTXLULGR�� $OpP� GLVVR�� IRUDP� GHVHQYROYLGDV�KHXUtVWLFDV�SDUD�VLPSOLILFDomR�GD�UHGH��R�TXH�UHGX]�D�FRPSOH[LGDGH�GR�SURFHGLPHQWR�GH�H[WUDomR�

51�REWLGD�D�SDUWLU�GDV�UHJUDV�VLPEyOLFDV 51�GHSRLV�GR�DOJRULWPRGH�DSUHQGL]DJHP

QHXU{QLR�DGLFLRQDGR



��
x 9DOLG2�PyGXOR� GH� YDOLGDomR� LGHQWLILFD� H[HPSORV� H� UHJUDV�SURYDYHOPHQWH� LQFRUUHWDV��'HSRLV�GLVWR��HVWDV�LQFRQVLVWrQFLDV�GHYHP�VHU�VXEPHWLGDV�D�XP�DQDOLVWD�

$�ILJXUD�����DSUHVHQWD�DV�SULQFLSDLV�UHODo}HV�HQWUH�RV�PyGXORV�GR�VLVWHPD�,166�

FIGURA 3.7 - Módulos do Sistema INSS

����� 9DQWDJHQV�GR�6LVWHPD�,166
2�VLVWHPD�,166�DSUHVHQWD�DOJXPDV�YDQWDJHQV�HP�UHODomR�DR�VLVWHPD�.%$11�H�VXDV�PHOKRULDV�SHUPLWHP�HOLPLQDU�DOJXQV�HPSHFLOKRV�

x 2� ,166� SHUPLWH� WUDEDOKDU� FRP� UHJUDV� VLPEyOLFDV� LQFRPSOHWDV� H� DWp� PHVPR� FRP�FRQMXQWR� GH� UHJUDV� LQFRUUHWDV�� 2� VLVWHPD� .%$11� UHVWULQJH� R� DSUHQGL]DGR� D�PXGDQoDV� PHQRUHV� QR� FRQMXQWR� GH� UHJUDV�� HQTXDQWR� TXH� R� ,166� SRGH� DGLFLRQDU�QRYDV�UHJUDV�RX�UHDOL]DU�PXGDQoDV�QDV�Mi�H[LVWHQWHV�
x 2�DOJRULWPR�GH�DSUHQGL]DJHP�&DVFDGH�&RUUHODWLRQ p�PDLV�UiSLGR�TXH�R�EDVHDGR�HP�%DFNSURSDJDWLRQ GR� VLVWHPD� .%$11�� $OpP� GLVVR�� HOH� SHUPLWH� D� FRQVWUXomR�LQFUHPHQWDO�GD�UHGH��PHOKRUDQGR�RV�SHVRV�GDV�FRQH[}HV�H�D�WRSRORJLD�GD�UHGH�

5HJUDV6LPEyOLFDV
5HJUDV�S�&/,36� D�51�&RQYHUVRU�0yGXOR� 1HX&RPS� 5HJUDV6LPEyOLFR 5HILQDGDV
51�,QLFLDO1HX6LP� ([WUDomR�GH5HJUD�GD�510yGXOR� ([WUDFW&RQH[LRQLVWD

$SUHQGL]DGRGD�51 51�5HILQDGD
([HPSORV

0Ï'8/2
'(
9$/,'$d2



��
x 2�DOJRULWPR�GH�H[WUDomR�QmR�QHFHVVLWD�DQDOLVDU� WRGD�D�HVWUXWXUD�GD�51��$QDOLVDQGR�VRPHQWH�RV�QRYRV�QHXU{QLRV�REWpP�VH�R�FRQKHFLPHQWR�DGTXLULGR�DWXDO��R�TXH�UHGX]�D�FRPSOH[LGDGH�GR�SURFHVVR�GH�H[WUDomR�
x 2� VLVWHPD� SHUPLWH� R� SURFHVVDPHQWR� GH� UHJUDV� VLPEyOLFDV� GH� RUGHP� ���� QmR� VHQGR�QHFHVViULR� UHVWULQJLU� R� VLVWHPD� DR� XVR� GH� HQWUDGDV� ELQiULDV� RX� D� SUp�SURFHVVDU�HQWUDGDV�FRQWtQXDV�FRP�R�REMHWLYR�GH�GLVFUHWL]i�ODV�

��� 0RGHOR�1HXUDO�&RPELQDWyULR
2�0RGHOR� 1HXUDO� &RPELQDWyULR� �01&�� LQWURGX]LGR� SRU�0DFKDGR� >0$&� ��@�FRQVWLWXL�VH� GH� XPD� DUTXLWHWXUD� KtEULGD� SDUD� VLVWHPDV� LQWHOLJHQWHV� TXH� LQWHJUD�FRQKHFLPHQWR�VLPEyOLFR�H�QmR�VLPEyOLFR��2�PRGHOR�p�FDSD]�GH�UHFRQKHFHU�SDGU}HV�GH�GDGRV�VLPEyOLFRV�GH�DOWD�GLPHQVmR��UHDOL]DQGR�PDSHDPHQWRV�FRPSOH[RV�GHVWH�HVSDoR�GH�HQWUDGD�SDUD�XP�HVSDoR�GH�VDtGD�PHQRU��,VWR�p�IHLWR�DWUDYpV�GD�XWLOL]DomR�GH�FRUUHODo}HV�GH� DOWD� RUGHP� TXH� LQFRUSRUDP� UHODo}HV� LQYDULDQWHV� HQWUH� RV� GDGRV� GH� HQWUDGD� H� DV�KLSyWHVHV� GH� VDtGD�� 2�PRGHOR� IRL� LQVSLUDGR� D� SDUWLU� GDV� UHGHV� QHXUDLV�� OyJLFD� IX]]\ H�HQJHQKDULD�GR�FRQKHFLPHQWR�(VWH� PRGHOR� DSUHVHQWD� FDUDFWHUtVWLFDV� TXH� VmR� GHVHMiYHLV� HP� XP� VLVWHPD� GH�FODVVLILFDomR�>%(&���@��

x VLPSOLFLGDGH�GR�DSUHQGL]DGR�GD�UHGH�QHXUDO��R�PRGHOR�DSURYHLWD�D�FDSDFLGDGH�GH�JHQHUDOL]DomR�LQHUHQWH�jV�UHGHV�QHXUDLV�HP�XP�PHFDQLVPR�TXH�H[LJH�R�PtQLPR�GH� SDUDPHWUL]DomR� SRU� SDUWH� GR� XVXiULR�� HP� FRPSDUDomR� FRP� RXWURV� PRGHORV�QHXUDLV�
x FDSDFLGDGH�GH�H[SODQDomR��R�01&�p�FDSD]�GH�PDSHDU�R�FRQKHFLPHQWR�GD� UHGH�QHXUDO�SDUD�XPD�UHSUHVHQWDomR�VLPEyOLFD�
x WUHLQDPHQWR� HP� DOWD� YHORFLGDGH�� R� DSUHQGL]DGR� p� UHDOL]DGR� FRP� XPD� ~QLFD�SDVVDGD�VREUH�RV�GDGRV�
x SRVVLELOLGDGH� GH� DSUHQGL]DGR� LQFUHPHQWDO�� R� FRQKHFLPHQWR� H[WUDtGR�DQWHULRUPHQWH�SRGH�VHU�PHOKRUDGR�FRP�QRYRV�H[HPSORV�
x OLGD� FRP� D� LQFHUWH]D� GH� IRUPD� IOH[tYHO�� p� SRVVtYHO� D� H[WUDomR� GH� PHGLGDV� GH�FRQILDQoD�GDV�UHJUDV�D�SDUWLU�GRV�SHVRV�QR�PRGHOR�QHXUDO�
x IDFLOLGDGH�SDUD�LQWHJUDomR�GH�GLYHUVDV�IRQWHV�GH�FRQKHFLPHQWR�
x KDELOLGDGH� SDUD� D� LGHQWLILFDomR� GH� SDGU}HV� HP� HVSDoRV� PXOWLGLPHQVLRQDLV��UHDOL]DQGR�PDSHDPHQWRV�SDUD�HVSDoRV�GH�VDtGD�GH�PHQRUHV�GLPHQV}HV�
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&RPR� p� IUHT�HQWH� HP� VLVWHPDV� FRQH[LRQLVWDV�� R� PRGHOR� p IRUPDGR� SRU� XP�FRQMXQWR�GH�XQLGDGHV�GH�SURFHVVDPHQWR��FpOXODV�RX�QHXU{QLRV��TXH�VmR�FRQHFWDGDV�HP�XPD� UHGH� GH� DFRUGR� FRP� XPD� WRSRORJLD� GHILQLGD�� (VWDV� XQLGDGHV� H[HFXWDP� XP�SURFHVVDPHQWR�PXLWR�VLPSOHV��TXH�SRGHP�VHU�GH�GRLV�WLSRV��FpOXODV $1' H�FpOXODV 25�1HVWH�PRGHOR�� FDGD�QHXU{QLR� UHSUHVHQWD�XP�FRQFHLWR�VLPEyOLFR�GR�GRPtQLR�GR�SUREOHPD� D� VHU� WUDWDGR�� WDLV� FRPR� KLSyWHVHV�� HYLGrQFLDV�� HWF�� &DGD� FpOXOD� FDOFXOD� XP�YDORU� QXPpULFR� SHUWHQFHQWH� DR� LQWHUYDOR� >��� �@�� FKDPDGR� VHX� HVWDGR� GH� DWLYDomR��EDVHDGR�QD�LQIRUPDomR�GH�HQWUDGD�GD�FpOXOD��$�VDtGD�GD�FpOXOD�p�VHX�HVWDGR�GH�DWLYDomR��TXH� SRGH� VHU� LQWHUSUHWDGR� FRPR� R� JUDX� GH� FRQILDQoD� GR� FRQFHLWR� UHSUHVHQWDGR� SHOD�FpOXOD��4XDQGR�R�QHXU{QLR�RSHUD�QR�PRGR�ERROHDQR��VHX�HVWDGR�GH�DWLYDomR�Vy�SRGH�WHU�RV�YDORUHV���H��� 1R�FDVR�GH�R�YDORU�SHUWHQFHU�DR�LQWHUYDOR�>����@��HOH�WUDEDOKD�QR�PRGR�IX]]\� $�UHGH�QHXUDO�p�IRUPDGD�DWUDYpV�GH�DUFRV��³VLQDSVHV´��TXH�FRQHFWDP�DV�XQLGDGHV�GH� SURFHVVDPHQWR�� (VWDV� VLQDSVHV� VmR� FDUDFWHUL]DGDV� SRU� SHVRV� TXH� YDULDP� GH� �� �QmR�FRQHFWDGD��D����WRWDOPHQWH�FRQHFWDGD���(VWHV�SHVRV�IXQFLRQDP�FRPR�IDWRU�DWHQXDQWH�GR�VLQDO�GH�HQWUDGD��TXH�p�XP�YDORU�QXPpULFR�HQWUH���H���YLQGR�GR�XVXiULR�RX�GD�VDtGD�GH�XP� QHXU{QLR�� 4XDQGR� D� VLQDSVH� DWXD� GLUHWDPHQWH� QR� VLQDO� GH� HQWUDGD� p� GHQRPLQDGD�FRPR�VLQDSVH�H[FLWDWyULD��&DVR�FRQWUiULR��HOD�DSOLFD�D�QHJDomR�IX]]\ QR�VLQDO�GH�HQWUDGD�H�p�GHQRPLQDGD�FRPR�VLQDSVH�LQLELWyULD��$�VDtGD�GR�VLQDO�WUDQVPLWLGR�SRU�XPD�VLQDSVH�p�FKDPDGD�GH�)OX[R�(YLGHQFLDO�1R�01&��D�UHGH�QmR�SHUPLWH�FLFORV��UHGH�IHHGIRUZDUG��H�SRVVXL�SHOR�PHQRV�WUrV�FDPDGDV�
x &DPDGD� GH� (QWUDGD�� UHFHEH� GDGRV� VLPEyOLFRV� GR� XVXiULR� RX� GR� DPELHQWH� TXH�SRVVXHP�XPD�FUHQoD�TXH�YDULD�GH���D���
x &DPDGDV�,QWHUPHGLiULDV��VmR�FDPDGDV�FRPELQDWyULDV�FRPSRVWDV�GH�FpOXODV�$1' TXH�UHSUHVHQWDP�GLIHUHQWHV�FRPELQDo}HV�RX�SDGU}HV�GRV GDGRV�GH�HQWUDGD�
x &DPDGD�GH�6DtGD��IRUPDGD�SRU�FpOXODV�25 TXH�UHSUHVHQWDP�DV�GLIHUHQWHV�KLSyWHVHV�H[LVWHQWHV� QR� GRPtQLR� GR� SUREOHPD�� (VWDV� FpOXODV� LPSOHPHQWDP� R� PHFDQLVPR� GH�FRPSHWLomR�HQWUH�RV�GLIHUHQWHV�FDPLQKRV�YLQGRV�GDV�FDPDGDV�PDLV�EDL[DV��2� PRGHOR OLGD� FRP� DV� GXDV� YDULiYHLV� IXQGDPHQWDLV� GR� SURFHVVDPHQWR� GR�FRQKHFLPHQWR�� D� DGHVmR� HQWUH�YDULiYHLV� VLPEyOLFDV� UHSUHVHQWDQGR�FRQFHLWRV� H� D� FUHQoD�TXH�R�HVSHFLDOLVWD�FRORFD�HP�FDGD�FRQFHLWR��$OpP�GLVVR��HOH�SRGH�VHU�FDUDFWHUL]DGR�SHODV�SURSULHGDGHV� GDV� XQLGDGHV� GH� SURFHVVDPHQWR�� GD� UHGH� H� SURSULHGDGHV� GLQkPLFDV�� TXH�VHUmR�GLVFXWLGDV�QDV�SUy[LPDV�VHo}HV�
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$� ILJXUD� ���� DSUHVHQWD� RV� GRLV� WLSRV� EiVLFRV� GDV� XQLGDGHV� GH� SURFHVVDPHQWR��FpOXODV�$1' H�25��

FIGURA 3.8 - Células OR e AND (com sinapses excitatórias)

� [M �M  ����Q� UHSUHVHQWD�DV�HQWUDGDV�SDUD�DV�FpOXODV��$�HQWUDGD�GH�XP�QHXU{QLR�SRGH�VHU�LQIRUPDo}HV�GR�XVXiULR�RX�D�VDtGD�GH�RXWUD�FpOXOD��2V�YDORUHV�SRVVtYHLV�VmR�GH���D���� \ p� R� HVWDGR� GH� DWLYDomR� FDOFXODGR� H� WDPEpP� D� VDtGD� GD� FpOXOD�� 3RVVXL� XP� YDORU�FRQWtQXR� TXH� SRGH� YDULDU� GH� �� D� �� H� TXH� H[SUHVVD� R� JUDX� GH� SRVVLELOLGDGH� GH� XP�FRQFHLWR�UHSUHVHQWDGR�SHOR�QHXU{QLR�� ZL UHSUHVHQWD� R� SHVR� GD� FRQH[mR� GD� HQWUDGD� L DWp� D� XQLGDGH�� (VWH� SHVR� SRGH� VHU�LQWHUSUHWDGR� FRPR� R� JUDX� GH� SHUWLQrQFLD� GR� FRQFHLWR� UHSUHVHQWDGR� QD� HQWUDGD� DR�FRQFHLWR�UHSUHVHQWDGR�QD�VDtGD�2�HVWDGR�GH� DWLYDomR�GDV� FpOXODV�25�H�$1'�p�FDOFXODGR�EDVHDGR�QDV�HQWUDGDV�������[���[��������[Q��UHVSHFWLYDPHQWH�
\25  �PD[�^�ZL � [L � WL ���ZL � ���[L��� ���± WL��`\$1'  �PLQ�^�ZL � [L � WL ���ZL � ���[L��� ���± WL��`
RQGH�WL  ���SDUD�VLQDSVH�H[FLWDWyULD�H�WL  ���SDUD�VLQDSVH�LQLELWyULD��
3RGH�VH� GHILQLU� XP� PRGHOR� GH� QHXU{QLR� PDLV� VLPSOHV� QR� TXDO� RV� SHVRV� GDV�VLQDSVHV�VmR�LJXDLV�D���H�DV�FpOXODV�RSHUDP�QR�PRGR�ERROHDQR��1HVWH�PRGHOR��DV�FpOXODV�IXQFLRQDULDP�FRPR�SRUWDV�OyJLFDV�ERROHDQDV $1'�H�25�
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$�ILJXUD�����DSUHVHQWD�XPD�UHGH�QHXUDO�FRPELQDWyULD�VLPSOHV��FRPSRVWD�GH�WUrV�FDPDGDV��

FIGURA 3.9 - Versão completa do MNC para 3 evidências de entrada e 2 hipóteses de 
saída

2V�SUy[LPRV�WySLFRV�PRVWUDP�DV�SULQFLSDLV�FDUDFWHUtVWLFDV�GD�UHGH�
x (QWUDGD�GH�'DGRV�6LPEyOLFRV&DGD� QHXU{QLR� GD� FDPDGD� GH� HQWUDGD� UHSUHVHQWD� XP� FRQFHLWR� GH� HYLGrQFLD� QD�IRUPD�GH�XPD�WULSOD��REMHWR��DWULEXWR�H�YDORU��e�LPSRUWDQWH�UHVVDOWDU�TXH�XPD�HYLGrQFLD�GD�HQWUDGD�SRGH�WHU�YDORUHV�GLVWLQWRV�H�TXH�GHYHP�VHU�WUDWDGRV�VHSDUDGDPHQWH�SHOD�UHGH��&RP� LVVR�� FDGD� YDORU� SRVVtYHO� p� UHSUHVHQWDGR� SRU� XP� QHXU{QLR� GLIHUHQWH�� 2� JUDX� GH�FRQILDQoD� GHVWHV� YDORUHV� FRUUHVSRQGHP� DRV� HVWDGRV� GH� DWLYDomR� GRV� QHXU{QLRV� GH�HQWUDGD�1R�PRGHOR�� DV� FpOXODV� VRPHQWH� HQYLDP�RV�YDORUHV�SDUD� DV� FDPDGDV� VXSHULRUHV��QmR�UHDOL]DQGR�QHQKXP�SURFHVVDPHQWR�GHVWHV�VLQDLV��(VWD�DERUGDJHP�DSUHVHQWD�DOJXPDV�KDELOLGDGHV�� 5HSUHVHQWDomR� GD� VLWXDomR� GH� LJQRUkQFLD�� RX� VHMD�� D� HYLGrQFLD� QmR� HVWi�GLVSRQtYHO��3RGHP�VHU�XWLOL]DGDV�HQWUDGDV�FRP�YDORU���� &RGLILFDomR�GH�DWULEXWRV�FRPSOH[RV�HQYROYHQGR�P~OWLSORV�YDORUHV�SRVVtYHLV�� 5DFLRFtQLR� QmR�PRQRW{QLFR� DR� UHSUHVHQWDU� VRPHQWH� HYLGrQFLDV� SRVLWLYDV��1mR� Ki� UHSUHVHQWDomR� GH� HYLGrQFLDV� QHJDWLYDV�� 8WLOL]D�VH� D� VXSRVLomR� GH�³PXQGR� IHFKDGR´� SDUD� WUDWi�ODV�� VH� QmR� Ki� FUHQoD� GH� TXH� D� HYLGrQFLD� p�SRVLWLYD��HQWmR�HOD�p�QHJDWLYD�H�QmR�p�QHFHVViULR�UHSUHVHQWi�OD�
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� 3HUPLWH�TXH�R�XVXiULR�WUDEDOKH�FRP�WUrV�YDORUHV�SRVVtYHLV��SRVLWLYR��QHJDWLYR�H� GHVFRQKHFLGR�� RX� FRP� UDFLRFtQLR� SUREDELOtVWLFR� �TXDQGR� D� VRPD� GDV�FUHQoDV�GRV�GLIHUHQWHV�YDORUHV�GH�XP�DWULEXWR�p�LJXDO�D����RX�FRP�UDFLRFtQLR�QmR�SUREDELOtVWLFR��TXDQGR�D�VRPD�p�GLIHUHQWH�GH����

x $VVRFLDomR�GRV�'DGRV�6LPEyOLFRV$� &DPDGD� &RPELQDWyULD� p� XPD� FDPDGD� RFXOWD� TXH� UHSUHVHQWD� GLIHUHQWHV�FRPELQDo}HV� GRV� GDGRV� GH� HQWUDGD�� $� YHUVmR� FRPSOHWD� GR� PRGHOR� LQFOXL� WRGDV� DV�FRPELQDo}HV�GDV�HYLGrQFLDV�GD�HQWUDGD�GHVGH�&�Q�����DWp�&�Q��Q���RQGH�Q p�R�Q~PHUR�GH�FpOXODV�GD�FDPDGD�GH�HQWUDGD�1mR� IRL� IHLWD� D� LQFOXVmR� GDV� FRPELQDo}HV� GH� WDPDQKR� �� SDUD� HYLWDU� UHSHWLomR�GHVQHFHVViULD� GH� FpOXODV�� $OpP� GLVVR�� OLPLWRX�VH� R� WDPDQKR� GDV� FRPELQDo}HV� FRP�WDPDQKR�PHQRU�RX�LJXDO�D�XP�OLPLDU�P��0DFKDGR�>0$&���@�VXJHUH�XP�FULWpULR�EDVHDGR�QR� ³Q~PHUR� PiJLFR´� GH� 0LOOHU�� VHWH� PDLV� RX� PHQRV� GRLV�� SDUD� HVWDEHOHFHU� R� OLPLWH�VXSHULRU�GD�RUGHP�GDV�FRPELQDo}HV�(VWDV� OLPLWDo}HV� VmR� QHFHVViULDV� GHYLGR� j� H[SORVmR� FRPELQDWyULD� GD� YHUVmR�FRPSOHWD� GR� 01&� TXH� UHTXHU� ��Q ± Q�� FpOXODV� QD� FDPDGD� RFXOWD�� R� TXH� p� EDVWDQWH�LQYLiYHO�QR�FDVR�GH�YiULDV�FpOXODV�QD�FDPDGD�GH�HQWUDGD�
����� 2�3URFHVVR�GH�$SUHQGL]DJHP

$�UHGH�RSHUD�HP�GRLV�PRGRV�SULQFLSDLV�
x 0RGR�GH�FRQVXOWD1R�PRGR�GH�FRQVXOWD�DV�FpOXODV�RSHUDP�HP�SDUDOHOR��$V�HYLGrQFLDV�GLVSRQtYHLV�MXQWDPHQWH�FRP�VXDV�FUHQoDV�VmR�SURSDJDGDV�DWUDYpV�GD UHGH�GHVGH�D�FDPDGD�GH�HQWUDGD�DWp� RV� QRGRV� GH� KLSyWHVH�� GH� DFRUGR� FRP� DV� UHJUDV� GH� LQIHUrQFLD� DSUHVHQWDGDV�DQWHULRUPHQWH�SDUD�RV�QHXU{QLRV�$1'�H�25��2� WHPSR� FRPSXWDFLRQDO� WRWDO� � p� GLUHWDPHQWH� SURSRUFLRQDO� DR� Q~PHUR� GH�FDPDGDV��Mi�TXH�VH�WUDWD�GH�XPD�UHGH�IHHGIRUZDUG�
x 0RGR�GH�DSUHQGL]DJHP$�UHGH�FRQVWUyL� UHSUHVHQWDo}HV� LQWHUQDV�FRPSOH[DV�GH�VHX�DPELHQWH�XVDQGR�XP�PHFDQLVPR�GH�SXQLomR�H�UHFRPSHQVD�2� DOJRULWPR� GH� DSUHQGL]DJHP� HQFRQWUD� SHVRV� TXH� ID]HP� FRP� TXH� R� PRGHOR�DSUHVHQWH� R� FRPSRUWDPHQWR� GHVHMDGR� EDVHDGR� HP� XP� FRQMXQWR� GH� H[HPSORV�� (VWH�DOJRULWPR�GHYH�VHU�FDSD]�GH�PRGLILFDU�RV�SHVRV�GH�IRUPD�TXH�DV�XQLGDGHV�LQWHUQDV�TXH�QmR�VmR�SDUWH�GD�HQWUDGD�H�QHP�GD�VDtGD�SRVVDP�UHSUHVHQWDU�FDUDFWHUtVWLFDV�LPSRUWDQWHV�GR�GRPtQLR�GD�WDUHID��$�VHJXLU�DSUHVHQWD�VH�R�DOJRULWPR�GH�DSUHQGL]DJHP�GR�01&�
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$OJRULWPR�GH�DSUHQGL]DJHP

2� DOJRULWPR� SDUWH� GH� XPD� UHGH� QmR� WUHLQDGD� FRP� D� WRSRORJLD� GHVFULWD�DQWHULRUPHQWH� H� GH� XP� FRQMXQWR� GH� WUHLQDPHQWR� FRQWHQGR� H[HPSORV� FRP� VXD�FODVVLILFDomR� FRUUHWD��2� DSUHQGL]DGR� p� IHLWR� GH� IRUPD� VXSHUYLVLRQDGD� H� p� FDSD]�GH� VHU�FRQFOXtGR�HP�DSHQDV�XP�SDVVR�VREUH�WRGR�R�FRQMXQWR�GH�WUHLQDPHQWR�&RQVLGHUDQGR�VH� WRGRV� RV� SHVRV� GD� UHGH� QmR� WUHLQDGD� LJXDLV� D� ��� WHP�VH� R�DOJRULWPR�
TABELA 3.2 - Algoritmo de Aprendizagem do MNC$WULEXD�D�FDGD�DUFR�GD�UHGH�XP�DFXPXODGRU�FRP�YDORU�LQLFLDO���3DUD�FDGD�H[HPSOR�GR�FRQMXQWR�GH�WUHLQDPHQWR�IDoD�3URSDJXH�DV�FUHQoDV�GRV�QRGRV�GH�HQWUDGD�DWp�D�FDPDGD�GH�KLSyWHVHV�3DUD�FDGD�DUFR�TXH�DOFDQoD�XP�QRGR�GH�KLSyWHVH�IDoD�6H�R�QRGR�GH KLSyWHVH�FRUUHVSRQGH�j�FODVVH�FRUUHWD�GR�H[HPSOR(QWmR�SURSDJXH�GH�YROWD�GHVWH�QRGR�DWp�RV�QRGRV�GH�HQWUDGD�DXPHQWDQGR�RDFXPXODGRU�GH�FDGD�DUFR�DWUDYHVVDGR�SRU�HVWH�IOX[R�HYLGHQFLDO��5HFRPSHQVD��6HQmR�SURSDJXH�GH�YROWD�GR�QRGR�GH��KLSyWHVH�DWp�RV�QRGRV�GH�HQWUDGD�GLPLQXLQGR�R�DFXPXODGRU�GH�FDGD�DUFR�DWUDYHVVDGR�SRU�HVWH�IOX[R�HYLGHQFLDO��3XQLomR�

(VWH� DOJRULWPR� SURGX]� XPD� UHGH� WUHLQDGD� TXH� FRUUHVSRQGH� j� UHGH� LQLFLDO� FRP�Q~PHURV�YDULDQGR�GH�±7 D��7 DQH[DGRV�DRV�VHXV�DUFRV��RQGH�7 p�R�Q~PHUR�GH�H[HPSORV�GR�FRQMXQWR�GH�WUHLQDPHQWR�'HSRLV�GR�SURFHVVDPHQWR�GHVWH� DOJRULWPR�� DLQGD� p�QHFHVViULR�TXH� D UHGH�SDVVH�SRU� XP�PHFDQLVPR� GH� SRGD� H� QRUPDOL]DomR��2� REMHWLYR� GD� SRGD� p� UHPRYHU� WRGRV� RV�DUFRV�IUDFRV�H�VLQDSVHV�QHJDWLYDV��DTXHODV�HP�TXH�R�YDORU�GRV�DFXPXODGRUHV�p�EDL[R�RX�QHJDWLYR���$�VHJXLU��DSUHVHQWD�VH�R�DOJRULWPR�TXH��EDVHDGR HP�XP�OLPLDU��p�FDSD]�GH�SRGDU�H�QRUPDOL]DU�D�UHGH�GH�IRUPD�D�WRUQi�OD�RSHUDFLRQDO�� 5HPRYD� GD� UHGH� WRGRV� RV� DUFRV� FXMRV� DFXPXODGRUHV� VmR� PHQRUHV� GR� TXH� XP�OLPLDU�� 5HPRYD� WRGDV�DV�FpOXODV�GDV�FDPDGDV�GH�HQWUDGD�H�FRPELQDWyULD�TXH�QmR�HVWmR�PDLV�FRQHFWDGDV�jV�FpOXODV�GH�KLSyWHVH�� $WULEXD�QRYRV�YDORUHV�DRV�SHVRV�GRV�DUFRV�LJXDLV�DRV�YDORUHV�REWLGRV�GLYLGLQGR�VH�RV�DFXPXODGRUHV�SHOR�PDLRU�YDORU�DFXPXODGRU�GD�UHGH�$�HVFROKD�GR�OLPLDU�GH�SRGD�p�FUXFLDO�SDUD�R�GHVHPSHQKR�GD�UHGH��(OH�SRGH�VHU�GHWHUPLQDGR�HPSLULFDPHQWH�WHVWDQGR�R�PRGHOR�VLVWHPDWLFDPHQWH�SDUD�YiULRV�YDORUHV�GH�OLPLDU�H�VHOHFLRQDQGR�D�UHGH�TXH�REWpP�R�PHOKRU�GHVHPSHQKR�
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([HPSOR

(VWH� H[HPSOR� PRVWUD� FRPR� R� 01&� VH� FRPSRUWD� SDUD� GLDJQyVWLFR� PpGLFR�� 2�FRQMXQWR� GH� WUHLQDPHQWR� FRQWpP� FDVRV� GH� SDFLHQWHV� FRP� DV� GRHQoDV� '�� RX� '�� H�DSUHVHQWDQGR�DOJXQV�GRV�VLQWRPDV�V���V���V��RX�V��
TABELA 3.3 - Pacientes com doenças e sintomas associados1RPH 6LQWRPDV 'RHQoD-RKQ V���V���V� '�'LDQD V���V���V� '�0DU\ V���V���V� '�3HWHU V���V���V� '�

'DGR�HVWH�FRQMXQWR�GH� WUHLQDPHQWR��R�DOJRULWPR�SDUWH�GH�XPD� UHGH�FRP�TXDWUR�FpOXODV� GH� HQWUDGD� �UHSUHVHQWDP� RV� VLQWRPDV�� H� XPD� FDPDGD� LQWHUPHGLiULD� FRP�FRPELQDo}HV�GH� WDPDQKR�PHQRU�RX� LJXDO�D� WUrV� �FDGD�SDFLHQWH�SRVVXL�QR�Pi[LPR�WUrV�VLQWRPDV�QHVWH�H[HPSOR���1HVWH�FDVR��D�FDPDGD�LQWHUPHGLiULD�FRQWHUi����FpOXODV�$� WDEHOD� ���� DSUHVHQWD� D� DSOLFDomR� GR� DOJRULWPR� GH� DSUHQGL]DJHP� QRV�DFXPXODGRUHV�H�R�HIHLWR�GD�SRGD�FRP�OLPLDUHV���H���
TABELA 3.4 - Treinamento e poda do Modelo Neural Combinatório6LQWRPDV $FXPXODGRUHV /LPLDU�3RGD'RHQoD V� V� V� V� ,QtFLR -RKQ 'LDQD 0DU\ 3HWHU � �; � � � � � � �; � � � � � � �; � � � � �� � �; � � � � �� � �; ; � � � � � � �; ; � � � � � � �; ; � � � � � � �'� ; ; � � � � � � �; ; � � � � � � �; ; � � � �� �� � �; ; ; � � � � � � �; ; ; � � � � � � �; ; ; � � � �� �� � �; ; ; � � � � �� � �; � �� �� �� �� � �; � �� �� �� �� � �; � �� �� � � � �; � � �� � � � �; ; � �� �� �� �� � �; ; � �� �� � � � �; ; � � �� � � � �'� ; ; � �� �� �� � � �; ; � � �� �� � � �; ; � � � � � � �; ; ; � �� �� �� �� � �; ; ; � � �� �� �� � �; ; ; � � � � � � �; ; ; � � � � � � �
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FIGURA 3.10 - Rede após a poda com limiar 1

FIGURA 3.11 - Rede após a poda com limiar 2 

����� 2WLPL]Do}HV
$� SULQFLSDO� OLPLWDomR� GR�01&� p� D� SRVVLELOLGDGH� GD� H[SORVmR� FRPELQDWyULD�� Mi�TXH�D�FDPDGD�LQWHUPHGLiULD�SRGH�FUHVFHU�H[SRQHQFLDOPHQWH��$�H[SORVmR�FRPELQDWyULD�p�FUtWLFD� GHYLGR� jV� UHVWULo}HV� GH� SURFHVVDPHQWR� H� PHPyULD� GRV� FRPSXWDGRUHV�� 1mR� p�SRVVtYHO�JHUDU�WRGDV�DV�KLSyWHVHV�GR�SUREOHPD�H��VXEVHT�HQWHPHQWH��DYDOLDU�TXDLV�GHYHPRX�QmR�SHUPDQHFHU��%HFNHQNDPS�HW��DO��>%(&���@�DSUHVHQWDP�HP�VHX�WUDEDOKR�DOJXPDV�FRQWULEXLo}HV�SDUD�HVWH�SUREOHPD�

x 6HSDUDomR�GH�HYLGrQFLDV�SRU�KLSyWHVHV'XUDQWH� D� JHUDomR� GRV� JUDIRV� GH� FRQKHFLPHQWR�� VmR� GHILQLGDV� TXDLV� HYLGrQFLDV�GHYHP�VHU� FRQVLGHUDGDV��3RGH�VH�GHWHUPLQDU�TXDLV�HYLGrQFLDV� UHODFLRQDP�VH�FRP�FDGD�KLSyWHVH�GR�SUREOHPD��,VWR�VLJQLILFD�TXH�SDUD�DOJXPDV�KLSyWHVHV��XP�Q~PHUR�SHTXHQR�GH�HYLGrQFLDV�SRGH�VHU�FRQVLGHUDGR��&RPR�D�JHUDomR�GD�HVWUXWXUD�GD�UHGH�QHXUDO�GR�01&�p�LQGHSHQGHQWH�SDUD�FDGD�KLSyWHVH�GHILQLGD��DOJXPDV�SRGHP�WHU�D�H[SORVmR�FRPELQDWyULD�UHGX]LGD�
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,VWR� DFRQWHFH�� SRU� H[HPSOR�� HP� XP� SUREOHPD� GH� DQiOLVH� GH� FUpGLWR�� QR� TXDO�SRGH�VH� GHWHUPLQDU� TXH� D� HYLGrQFLD� VH[R p� LPSRUWDQWH� QD� DYDOLDomR� GH�PDXV� FOLHQWHV��PDV�QmR�QD�DYDOLDomR�GH�ERQV�FOLHQWHV��&RP�LVVR��FRQVLGHUDQGR�VH�XP�FRQMXQWR�GLVWLQWR�GH�HYLGrQFLDV�UHOHYDQWHV�SDUD�FDGD�KLSyWHVH��SRGH�VH�UHGX]LU�VLJQLILFDWLYDPHQWH�R�HVSDoR�GH�EXVFD�

x (YLWDU�FRPELQDo}HV�VHP�VHQWLGR1mR� ID]� VHQWLGR� JHUDU� FRPELQDo}HV� GH� YDORUHV� SRVVtYHLV� GH� XPD� PHVPD�HYLGrQFLD��3RU� H[HPSOR�� VXSRQKDPRV�TXH� VH� WHQKD�XPD�HYLGrQFLD�7LSR�6DQJ�tQHR HP�XP�SUREOHPD�GH�GLDJQyVWLFR�PpGLFR��&DGD�WLSR�VDQJ�tQHR�p�XP�SRVVtYHO�YDORU�SDUD�HVWD�HYLGrQFLD�� 2� 01&� LUi� JHUDU� SDUD� FDGD� WLSR� XP� QHXU{QLR� GH� HQWUDGD�� 1HVWH� FDVR��FRPELQDo}HV�VHP VHQWLGR�VmR�DTXHODV�HP�TXH�PDLV�GH�XP�WLSR�VDQJ�tQHR�p�FRQVLGHUDGR�SDUD� R� PHVPR� SDFLHQWH�� (� QmR� Ki� PRWLYR� SDUD� UHDOL]DU� HVWD� FRPELQDomR�� Mi� TXH� XP�SDFLHQWH�QXQFD�WHUi�PDLV�GH�XP�WLSR�VDQJ�tQHR�2�01&�RULJLQDO�QmR�FRQVLGHUD�R�WLSR�GH�VLWXDomR�DFLPD��DSHVDU GH�HVWDU�FODUR�D�QmR� IXQFLRQDOLGDGH� GHVVDV� FRPELQDo}HV� VHP� VHQWLGR�� 3URYDYHOPHQWH� LVWR� WHQKD� VLGR�IHLWR�SDUD�VLPSOLILFDU�VXD�LPSOHPHQWDomR��PDV�FRPSURPHWH�D�HILFLrQFLD�GR�VLVWHPD�
x 3DUDOHOLVPR�H�GLVWULEXLomR&RPR�D�HVWUXWXUD�FRPELQDWyULD�GH�WRGD�D�UHGH�GR 01&�p�LQGHSHQGHQWH�SDUD�FDGD�KLSyWHVH��SRGH�VH�FULDU�XPD�RX�PDLV�WKUHDGV SDUD�JHUHQFLDU�R�SURFHVVR�GH�FDGD�KLSyWHVH��$VVLP�� R� FRQMXQWR� GH� FRPELQDo}HV� JHUDGDV� VHUi� GLYLGLGR� QDV� WKUHDGV TXH� IRUDP�GHILQLGDV��(VWD�VROXomR�RWLPL]D�R�XVR�GH�WKUHDGV GH�DFRUGR�FRP�R�WDPDQKR�GD�FDPDGD�FRPELQDWyULD�H�DV�FDSDFLGDGHV�GD�PiTXLQD�2�DOJRULWPR�GH�DSUHQGL]DJHP�GR�01&�WDPEpP�SRGH�VHU�GLVWULEXtGR��$�LGpLD�p�UHDOL]DU�R� DSUHQGL]DGR�GH�SDUWHV�GD� UHGH� HP�YiULDV�PiTXLQDV� H�� HP�VHJXLGD��XQLU� VHXV�UHVXOWDGRV��2�FULWpULR�SDUD�D�GLYLVmR�GH�SDUWHV�GD� UHGH�D�VHUHP�WUHLQDGDV�HP�GLIHUHQWHV�PiTXLQDV� p� EDVHDGR� QR�PHVPR�FULWpULR�GD�GHILQLomR�GDV� WKUHDGV SDUD� D� UHGH�� DOpP�GH�DVSHFWRV�GH�FDSDFLGDGH�GH�PHPyULD�H�SURFHVVDPHQWR�GDV�PiTXLQDV��

2XWURV� SUREOHPDV� LPSRUWDQWHV� DSUHVHQWDGRV� SHOR�01&�� VHJXQGR� 3UDGR� HW�� DO�>35$ ��E@�� LQFOXHP�� �D�� JHUDomR� GD� UHGH� FRPSOHWDPHQWH� YD]LD� DQWHV� GH� VH� LQLFLDU� R�WUHLQDPHQWR��H��E��FRPELQDomR�GH�YDORUHV�GLIHUHQWHV�GH�XP�PHVPR�DWULEXWR��R�TXH�QmR�p�UD]RiYHO� QD� PDLRULD� GDV� DSOLFDo}HV�� (VWHV� SUREOHPDV� YrP� UHFHEHQGR� FRQWULEXLo}HV�VLJQLILFDWLYDV�� FRPR� >)(/ ��@�� >%(& ��@� H� >35$ ��@�� TXH� SHUPLWHP� D� REWHQomR� GH�PHOKRU�GHVHPSHQKR�GHVWH�PRGHOR�SDUD�0LQHUDomR�GH�'DGRV�$OpP�GRV�SULQFLSDLV�SUREOHPDV�GR�01&��D�H[SUHVVLYLGDGH�GDV�UHJUDV�REWLGDV�p�OLPLWDGD�j�GD�/yJLFD�GH�3UHGLFDGRV�FRP�DSHQDV�XPD�YDULiYHO��(VWD�TXHVWmR�p�D SULQFLSDO�PRWLYDomR� SDUD� R� GHVHQYROYLPHQWR� GD� )2/21(7�� TXH� VHUi� GHVFULWD� QR� SUy[LPR�FDStWXOR�
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� 0RGHOR�1HXUDO�SDUD�$SUHQGL]DGR�5HODFLRQDO
$�3/,�WHP�GHPRQVWUDGR�DV�YDQWDJHQV�GH�VHX�DSDUDWR�GH�DSUHQGL]DGR�HP�UHODomR�D� RXWUDV� DERUGDJHQV�� FRPR� SRU� H[HPSOR�� DTXHODV� EDVHDGDV� HP� DSUHQGL]DGR� DWULEXWR�YDORU�� 2V� DOJRULWPRV� GH� DSUHQGL]DGR� GH� 3/,� DSUHVHQWDP� DOWD� H[SUHVVLYLGDGH�� SRUpP�VRIUHP� FRP� D� JUDQGH� FRPSOH[LGDGH� GH� VHXV� SURFHVVRV�� SULQFLSDOPHQWH� R� WHVWH� GH�FREHUWXUD�GDV�YDULiYHLV��3RU�RXWUR� ODGR��DV�5HGHV�1HXUDLV�$UWLILFLDLV� LQWURGX]HP�XP�yWLPR�GHVHPSHQKR�GHYLGR�j�VXD�QDWXUH]D�SDUDOHOD��2�PDLRU�SUREOHPD�HP�UHODomR�jV�51V�p�TXH�JHUDOPHQWH�VmR� ³FDL[DV� SUHWDV´�� R� TXH� WRUQD� GLItFLO� D� REWHQomR� GH� XPD� LQWHUSUHWDomR� UD]RiYHO� GDHVWUXWXUD�JHUDO�GD�UHGH�QD�IRUPD�GH�FRQVWUXo}HV�OyJLFDV�GH�IiFLO�FRPSUHHQVmR��7HP�VLGR�PRVWUDGR�TXH�D�FRPELQDomR�GH�PpWRGRV�VLPEyOLFRV�H�FRQH[LRQLVWDV�p�SURPLVVRUD� HP� DSUHQGL]DGR� GH� PiTXLQD� >6+$� ��@�� >6+$� ��@�9iULDV� DERUGDJHQV�KtEULGDV� VLPEyOLFR�FRQH[LRQLVWDV� Mi� IRUDP� SURSRVWDV�� FRPR� R� 01&� >0$&� ��@���.%$11� >6+$� ��@�� >72:� ��@� H� R� VLVWHPD� ,166� >262� ��@�� (QWUHWDQWR�� HVWDV�DERUGDJHQV�DLQGD�OLGDP�FRP�UHSUHVHQWDo}HV�DWULEXWR�YDORU�&RP�LVVR��GHVSRQWRX�VH�XP�LQWHUHVVH�HP�HVWXGDU�XP�PRGHOR�TXH�FRPELQDVVH�D�H[SUHVVLYLGDGH� REWLGD� SHORV� DOJRULWPRV� GH� DSUHQGL]DGR� GD� 3/,� FRP�R� GHVHPSHQKR� GH�5HGHV�1HXUDLV�� 6XUJLX�� HQWmR�� XPD� UHGH� QHXUDO� KtEULGD� SDUD� DSUHQGL]DGR� UHODFLRQDO�� D�)2/21(7 ± )LUVW�2UGHU�1HXUDO�1HWZRUN�

��� ,QWURGXomR
$� OyJLFD� GH� SULPHLUD� RUGHP� HVWi� EDVHDGD� HP� XPD� HVWUXWXUD� PDWHPiWLFD�HQYROYHQGR�SUHGLFDGRV��2V�SUHGLFDGRV�SRGHP�VHU�XWLOL]DGRV�SDUD�GHQRWDU�SURSULHGDGHV�GH�REMHWRV�H� WDPEpP�UHODo}HV�HQWUH�HOHV��3RU�H[HPSOR��D�VHQWHQoD�³; DPD�<´�SRGH�VHU�GHQRWDGD�SRU�XP�SUHGLFDGR�DPD�;��<���TXH�UHODFLRQD�GXDV�SHVVRDV�UHSUHVHQWDGDV�SHODV�YDULiYHLV�; H�<��&DGD� SUHGLFDGR� SRVVXL� XPD� DULGDGH DVVRFLDGD� D� HOH�� RX� VHMD�� R� Q~PHUR� GH�DUJXPHQWRV� TXH� HOH� WHP�� 4XDQGR� R� SUHGLFDGR� SRVVXL� DSHQDV� XP� DUJXPHQWR�� HOH� p�FKDPDGR� GH� SUHGLFDGR� PRQiGLFR�� 3RU� H[HPSOR�� R� SUHGLFDGR� PRQiGLFR� SHTXHQR�;���GHILQLGR� VREUH� REMHWRV� GH� XP� GRPtQLR� ;�� FXMRV� HOHPHQWRV� VmR� UHSUHVHQWDGRV�JHQHULFDPHQWH�SHOD�YDULiYHO�;�� RSHUD� VREUH�XP�~QLFR�REMHWR�H�HVWi� UHODFLRQDGR�D�XPD�SURSULHGDGH� GR� PHVPR� �SURSULHGDGH� SHTXHQR��� 4XDQGR� RV� SUHGLFDGRV� UHSUHVHQWDP�UHODo}HV�HQWUH�REMHWRV��R�Q~PHUR�GH�DUJXPHQWRV�p����SUHGLFDGR�ELQiULR��RX�PDLRU�TXH����SUHGLFDGR� Q�iULR��� &RPR� H[HPSOR�� SRGH�VH� FRQVLGHUDU� D� UHODomR� JRVWDBGH�;�� <���UHSUHVHQWDQGR� D� UHODomR� HQWUH� REMHWRV� SHUWHQFHQWHV� D� GRLV� GRPtQLRV�; �SHVVRDV�� H�<�FRLVDV��� 1HVWH� FDVR�� D� YDULiYHO� ; FRUUHVSRQGH� D� XPD� SHVVRD� H� < FRUUHVSRQGH� D� XP�SUHVHQWH��SRU�H[HPSOR��2�SUHGLFDGR��HQWmR��p�ELQiULR�H�HVWi�UHODFLRQDQGR�REMHWRV�



��
8P� SUHGLFDGR� VHSDUD� XP� GRPtQLR� HP� GRLV� FRQMXQWRV� GH� REMHWRV�� DTXHOHV� TXH�VDWLVID]HP�R�SUHGLFDGR�H�DTXHOHV�TXH�QmR�R�VDWLVID]HP��&DGD�REMHWR�RX�WXSOD��FRQMXQWR�GH� REMHWRV�� SRGH� VHU� LGHQWLILFDGR� SHOR� JUDX� GH� SHUWLQrQFLD� DRV� JUXSRV� GH� REMHWRV� TXH�VDWLVID]HP� XP� GHWHUPLQDGR� SUHGLFDGR�� 1R� FDVR� GR� SUHGLFDGR� SHTXHQR�;��� SRGHPRV�UHSUHVHQWDU� HVWH� JUDX� GH� SHUWLQrQFLD� SRU� PSHTXHQR�;��� 6H� R� JUDX� GH� SHUWLQrQFLD� IRU�ERROHDQR��WHUHPRV�PSHTXHQR�;��� ^����`�$�SHUWLQrQFLD�GRV�REMHWRV�D�XP�FRQFHLWR�SRGH�WHU�XPD�LQWHQVLGDGH�LQWHUPHGLiULD��RX�VHMD��FRP�YDORU�QR� LQWHUYDOR� >����@��8P�JUDX�GH�SHUWLQrQFLD�HQWUH���H��� LQGLFD�XPD�VDWLVIDomR� SDUFLDO� GR� REMHWR� RX� GD� WXSOD� DR� FRQFHLWR� UHODFLRQDGR� FRP�R� SUHGLFDGR� HP�TXHVWmR��1HVWH�FDVR��D� OyJLFD�GLIXVD��IX]]\��IRUQHFH�DV�IHUUDPHQWDV�SDUD�D�LQWHUSUHWDomR�GHVWHV�FRQFHLWRV�$�OyJLFD�GH�SULPHLUD�RUGHP�RSHUD�VREUH�XPD�EDVH�GH�FRQKHFLPHQWR�IRUPDGD�SRU�SUHGLFDGRV� YiOLGRV� QXP� GHWHUPLQDGR� FRQWH[WR�� XWLOL]DQGR� UHJUDV� GH� LQIHUrQFLD� SDUD�LQGX]LU� QRYRV� SUHGLFDGRV�� (VWH� QRYRV� SUHGLFDGRV� VmR� GHVFULWRV� HP� JHUDO� QD� IRUPD� GH�FOiXVXODV�FRQWHQGR�RV�SUHGLFDGRV�GR�FRQKHFLPHQWR�SUpYLR�8P�SUHGLFDGR� DOYR� SRGH� VHU� GHILQLGR� SRU� XP� FRQMXQWR�GH� H[HPSORV�SRVLWLYRV��TXH� VDWLVID]HP� R� SUHGLFDGR� DOYR�� H� QHJDWLYRV�� TXH� QmR� R� VDWLVID]HP�� $WUDYpV� GHVWH�FRQMXQWR� H� GH� UHJUDV� GH� LQIHUrQFLD� DSURSULDGDV� p� SRVVtYHO�� DWUDYpV� GH� PDQLSXODomR�DOJpEULFD��GHVFUHYHU�R�SUHGLFDGR�DOYR�D�SDUWLU�GRV�SUHGLFDGRV�GR�FRQKHFLPHQWR�SUpYLR�$� VHJXLU� VHUi� DSUHVHQWDGD� D� UHGH� )2/21(7 TXH� SHUPLWH� D� GHVFULomR� GH�SUHGLFDGRV� DOYR� D� SDUWLU� GH� FRQKHFLPHQWR� SUpYLR� IRUPDGR� GH� SUHGLFDGRV� YiOLGRV�SUHYLDPHQWH� FRQKHFLGRV� H� GH� XP� FRQMXQWR� GH� WUHLQDPHQWR�� FRPSRVWR� GH� H[HPSORV�SRVLWLYRV�H�QHJDWLYRV��FRQWUD�H[HPSORV��GR�SUHGLFDGR�DOYR�

��� 'HVFULomR�GD�5HGH�)2/21(7
2� PRGHOR� GD� UHGH� )2/21(7 IRL� LQVSLUDGR� QD� HVWUXWXUD� GR� 0RGHOR� 1HXUDO�&RPELQDWyULR��DSUHVHQWDGR�DQWHULRUPHQWH��(OH�p�IRUPDGR�SRU�XP�FRQMXQWR�GH�QHXU{QLRV�TXH�VmR�FRQHFWDGRV�GH�DFRUGR�FRP�D�WRSRORJLD�GHILQLGD�SHOD�UHGH��2�SURFHVVDPHQWR�GRV�QHXU{QLRV�p�PXLWR�VLPSOHV�H�SRGH�VHU�GH�GRLV�WLSRV��FpOXODV$1' H� FpOXODV 25�� &DGD� QHXU{QLR� UHSUHVHQWD� XP� FRQFHLWR� VLPEyOLFR� GR� GRPtQLR� GR�SUREOHPD�D� VHU� WUDWDGR�� WDLV�FRPR�KLSyWHVHV��HYLGrQFLDV��HWF��$OpP�GLVVR��RV�QHXU{QLRV�RSHUDP�QR�PRGR�ERROHDQR��RX�VHMD��VHX�HVWDGR�GH�DWLYDomR�Vy�SRGH�WHU�RV�YDORUHV���H���$VVLP�FRPR�QR�01&��D�UHGH�)2/21(7 QmR�SHUPLWH�FLFORV��UHGH�IHHGIRUZDUG��H�SRVVXL�WUrV�FDPDGDV�

x &DPDGD� GH� (QWUDGD�� UHFHEH� GDGRV� VLPEyOLFRV� �SUHGLFDGRV�� GR� XVXiULR� RX� GR�DPELHQWH��1HVWH�SULPHLUR�PRGHOR��D�FRQILDQoD�QRV�GDGRV�LQLFLDLV�p�WRWDO��QmR�VHQGR�QHFHVViULD� D� HQWUDGD� GR� JUDX� GH� FRQILDQoD�� ,VWR� VH� GHYH� DR� IDWR� GH� VH� HVWDU�WUDEDOKDQGR�FRP�GDGRV�GHWHUPLQtVWLFRV�LQLFLDOPHQWH�



��
x &DPDGD� ,QWHUPHGLiULD�� p�XPD�FDPDGD�FRPELQDWyULD�FRPSRVWD�GH�FpOXODV�$1' TXH�UHSUHVHQWDP�GLIHUHQWHV�FRPELQDo}HV�RX�SDGU}HV�GRV�GDGRV�GH�HQWUDGD��&pOXODV�TXH�SHUWHQFHP�D�HVWD�FDPDGD�UHSUHVHQWDP�DEVWUDo}HV�LQWHUPHGLiULDV�FDSD]HV�GH�UHGX]LU�D�FRPSOH[LGDGH�FRPSXWDFLRQDO�GD�WDUHID�GH�FODVVLILFDomR�
x &DPDGD�GH�6DtGD��IRUPDGD�SRU�FpOXODV�25 TXH�UHSUHVHQWDP�DV�GLIHUHQWHV�KLSyWHVHV�H[LVWHQWHV�QR�GRPtQLR�GR�SUREOHPD��

$OpP�GHVWDV�FDPDGDV�GD�UHGH�QHXUDO��D�)2/21(7 SRVVXL�XPD�HVWUXWXUD�IOH[tYHO�SDUD�HQWUDGD�GRV�H[HPSORV�GR�FRQMXQWR�GH�WUHLQDPHQWR��,VWR�p�QHFHVViULR�GHYLGR�DR�IDWR�GH� TXH� FDGD� SUHGLFDGR� HQYROYLGR� QR� SURFHVVR� GH� DSUHQGL]DGR� SRGH� VHU� PRQiGLFR��ELQiULR�RX�Q�iULR��2�FRQMXQWR�GH�WUHLQDPHQWR�FRQWpP�H[HPSORV�SRVLWLYRV�H�QHJDWLYRV�GR�SUHGLFDGR� DOYR� H�� FRP� LVVR�� FDGD� H[HPSOR� FRQWpP�XP�Q~PHUR�GH�YDULiYHLV�GH� DFRUGR�FRP� D� DULGDGH� GR� SUHGLFDGR� DOYR�� (VWHV� H[HPSORV� VHUmR� XWLOL]DGRV� SDUD� YHULILFDU� VH�VDWLVID]HP�RX�QmR�RV�SUHGLFDGRV�GR�FRQKHFLPHQWR�SUpYLR�QR�WUHLQDPHQWR�GD�UHGH��3DUD�WDO�� p�SUHFLVR�TXH� VH� WHQKD�VHPSUH�XP�Q~PHUR�GH�YDULiYHLV�TXH�FRLQFLGD�FRP�D�PDLRU�DULGDGH� SUHVHQWH� QR� FRQKHFLPHQWR� SUpYLR�� 1HVWH� SULPHLUR� PRGHOR�� R� FRQKHFLPHQWR�SUpYLR� Vy� FRQWpP� SUHGLFDGRV� TXH� WHQKDP� D� PHVPD� DULGDGH� �RX� PHQRU� TXH� D�� GR�SUHGLFDGR�DOYR�
����� 7UHLQDPHQWR�GD�5HGH

1D�UHGH�)2/21(7��D�FDPDGD�GH�HQWUDGD�p�FRPSRVWD�GH�QyV�TXH�LPSOHPHQWDP�RV�SUHGLFDGRV��$�UHGH�SURFXUD�UHSUHVHQWDU�XP�SUHGLFDGR�DOYR��GLJDPRV�;�[���[��� �����[Q��FRPR�XP�FRQMXQWR�GH�FRPELQDo}HV�GRV�SUHGLFDGRV�GH�HQWUDGD��<��:�������=��QD�IRUPD�GH�XPD�UHSUHVHQWDomR�GLVMXQWLYD��GR�WLSR�VRPD�GH�SURGXWRV��2� SURFHGLPHQWR� GH� WUHLQDPHQWR� HQFRQWUD� DV� FRPELQDo}HV� GRV� SUHGLFDGRV� GH�HQWUDGD�TXH�SHUPLWHP�LQIHULU�R�SUHGLFDGR�DOYR��FRP�XP�VXSRUWH�OtTXLGR�PtQLPR��D�SDUWLU�GH�H[HPSORV�SRVLWLYRV��REMHWRV�TXH�VDWLVID]HP�R�SUHGLFDGR�DOYR��H�H[HPSORV�QHJDWLYRV��REMHWRV� TXH� QmR� VDWLVID]HP� R� SUHGLFDGR� DOYR���1R� FDVR� GH� SUHGLFDGRV� UHODFLRQDLV�� RV�SUHGLFDGRV�GH�HQWUDGD�SRGHP�WDQWR�H[SUHVVDU�SURSULHGDGHV�GH�XP�REMHWR��FRPR�WDPEpP�UHODo}HV�HQWUH�REMHWRV�2� DOJRULWPR� GH� WUHLQDPHQWR� p� VHPHOKDQWH� DR� GR� 01&�� SRUpP� D� SXQLomR� H� DUHFRPSHQVD�VmR�IHLWDV�GH�IRUPD�GLIHUHQWH�� 1R� FDVR� GD� UHFRPSHQVD�� VRPD�VH� R� YDORU� FRUUHVSRQGHQWH� DR� Q~PHUR� GH�SUHGLFDGRV�GH�HQWUDGD�TXH�IRUDP�FRPELQDGRV�� 3DUD�D�SXQLomR�p�DWULEXtGR�R�YDORU�±��SDUD�R�QRGR FRUUHVSRQGHQWH��WRUQDQGR�HVWH�QHXU{QLR�LQDWLYR�$�SXQLomR�GR�DOJRULWPR�GH�WUHLQDPHQWR�GD�)2/21(7�OHYD�HP�FRQWD�R�IDWR�GH�RV�GDGRV� XWLOL]DGRV� VHUHP� GHWHUPLQtVWLFRV�� &RP� LVVR�� TXDQGR� p� IRUQHFLGR� XP� H[HPSOR�QHJDWLYR�� WRGDV� DV� FRPELQDo}HV� GRV� SUHGLFDGRV� GR� FRQKHFLPHQWR� SUpYLR� TXH� VmR�VDWLVIHLWDV� VH� WRUQDP� LQDWLYDV�� QmR� VHQGR� XWLOL]DGDV� DWp� R� ILQDO� GR� DOJRULWPR� GH�WUHLQDPHQWR�



��

(VWH�DOJRULWPR�p�DSUHVHQWDGR�D�VHJXLU�
TABELA 4.1 - Algoritmo de Treinamento da FOLONET(QWUDGD�� $UTXLWHWXUD�GD�5HGH�)2/21(7�� &RQMXQWR�GH�H[HPSORV�SRVLWLYRV�H�QHJDWLYRV�� &RQKHFLPHQWR� SUpYLR�� SUHGLFDGRV� TXH� SRGHP� VHU� QHFHVViULRV� QD� GHILQLomR� GR�SUHGLFDGR�DOYR�6DtGD�� 7RGDV�DV�FOiXVXODV�UHODWLYDV�DRV�DUFRV�TXH�VDWLVID]HP�R�VXSRUWH�PtQLPR�GD�UHGH�3URFHGLPHQWR�� *HUDU� WRGDV� DV� FRPELQDo}HV� SRVVtYHLV� GRV� SUHGLFDGRV� GR� FRQKHFLPHQWR� SUpYLR�GH�DFRUGR�FRP�R�Q~PHUR�Pi[LPR�GH�FRPELQDo}HV�GHILQLGR�SHOR�XVXiULR�� 3DUD�FDGD�H[HPSOR�GR�FRQMXQWR�GH�WUHLQDPHQWR�IDoD�� 0DUFDU�YHUGDGHLUR�RX�IDOVR�SDUD�FDGD�QRGR�TXH�UHSUHVHQWD�XP�SUHGLFDGR�IRQWH��RX�XPD�FRPELQDomR�GHOHV��TXDQGR�R�H[HPSOR�VDWLVID]�RX�QmR��UHVSHFWLYDPHQWH��R�SUHGLFDGR��RX�FRQMXQWR�GH�SUHGLFDGRV��HP�TXHVWmR�� 3URSDJDU�RV�VLQDLV�SDUD�RV�SUHGLFDGRV�TXH�IRUDP�VDWLVIHLWRV�DWp�R�SUHGLFDGR�DOYR�� 3DUD�FDGD�DUFR�TXH�FKHJD�DR�SUHGLFDGR�DOYR��IDoD�� 6H� R� H[HPSOR� p� SRVLWLYR�� DGLFLRQDU� R� YDORU� FRUUHVSRQGHQWH� DR� Q~PHUR� GH�SUHGLFDGRV�FRPELQDGRV�DR�DFXPXODGRU�GR�DUFR�� 6H� R� H[HPSOR� p� QHJDWLYR�� DWULEXLU� DR� DFXPXODGRU� GR� DUFR� R� YDORU� ±���WRUQDQGR�HVWH�FDPLQKR�LQDWLYR�� ([LELU�DV� UHJUDV�FRUUHVSRQGHQWHV�D� WRGRV�RV�DUFRV�TXH�FKHJDP�FRP�DFXPXODGRU�tVXSRUWH�PtQLPR�GD�UHGH�

2� UHVXOWDGR� GR� WUHLQDPHQWR� SRGH� VHU� UHSUHVHQWDGR� FRPR� XP� FRQMXQWR� GH�FOiXVXODV�HQYROYHQGR�VRPDV�GH�SURGXWR�e�LPSRUWDQWH�UHVVDOWDU�TXH�D�)2/21(7 OLGD�FRP�R�DSUHQGL]DGR�LQFUHPHQWDO��RX�VHMD��GHSRLV�GH�VH�WHU�R�UHVXOWDGR�GR�DSUHQGL]DGR��QRYRV�H[HPSORV�SRGHP�VHU�IRUQHFLGRV�FRP�R�REMHWLYR�GH�PHOKRUDU�DV�UHJUDV�REWLGDV�



��

��� ,PSOHPHQWDomR
2�PRGHOR�GD�UHGH�)2/21(7 IRL�LPSOHPHQWDGR�QD�OLQJXDJHP�'HOSKL ����SDUD�D�SODWDIRUPD�:LQGRZV� ���� $� VHJXLU� VHUmR� DSUHVHQWDGDV� DV� SULQFLSDLV� FDUDFWHUtVWLFDV� GH�LPSOHPHQWDomR�GH�FDGD�HWDSD�GR�DOJRULWPR�GH�WUHLQDPHQWR�GD�UHGH��EHP�FRPR�DOJXPDV�FRQILJXUDo}HV�QHFHVViULDV�SDUD�D�H[HFXomR�GR�PHVPR�

����� (QWUDGD�GRV�'DGRV
$�HQWUDGD�GRV�GDGRV�p�IHLWD�DWUDYpV�GH�XP�DUTXLYR�FRQWHQGR�R�EDQFR�GH�GDGRV�GD�DSOLFDomR�� 3DUD� D�)2/21(7 p� SUHFLVR� TXH� HVWH� EDQFR� GH� GDGRV� WHQKD� VRPHQWH� XPD�WDEHOD� TXH� FRQWHQKD� WRGDV� DV� LQIRUPDo}HV� UHOHYDQWHV� SDUD� R� DSUHQGL]DGR��&RP� LVVR�� p�SUHFLVR�TXH�R�EDQFR�GH�GDGRV�UHODFLRQDO�VHMD�SUHSDUDGR�SDUD�TXH�SRVVD�VHU�VXEPHWLGR�DR�SURJUDPD�� VHQGR� QHFHVViULR� UHDOL]DU� DV� MXQo}HV� HVSHFtILFDV��2� DUTXLYR� UHVXOWDQWH� GHYH�FRQWHU�FROXQDV�TXH�IXWXUDPHQWH�UHSUHVHQWDUmR�RV�SUHGLFDGRV�GR�FRQKHFLPHQWR�SUpYLR�$�XWLOL]DomR�GH�XPD�WXSOD�XQLYHUVDO�WHP�VLGR�DSRQWDGD�FRPR�XP�SUREOHPD�>5$(���D@�� Mi�TXH�D� WXSOD�XQLYHUVDO�SRGH�FRQWHU�YDORUHV�QXORV��3DUD�R�PRGHOR�GD�)2/21(7LVWR�QmR�p�XP�SUREOHPD��SRLV�D�H[LVWrQFLD�GH�YDORUHV�QXORV��RX�VHMD��D�LQH[LVWrQFLD�GH�XP�SUHGLFDGR� HVSHFtILFR�� VLPSOHVPHQWH� VLJQLILFD� TXH� R� QRGR� FRUUHVSRQGHQWH� QD� UHGH� QmR�HVWDUi� DWLYR�� $OpP� GLVVR�� QR� DUTXLYR� GH� WUHLQDPHQWR� RV� YDORUHV� QXORV� QmR� VmR�UHSUHVHQWDGRV��QmR�VHQGR�QHFHVViULR�HVSDoR�ItVLFR�SDUD�DUPD]HQi�ORV�$� ILJXUD� D� VHJXLU� DSUHVHQWD� D� WHOD� LQLFLDO� GR� SURJUDPD�GHVHQYROYLGR�� QD�TXDO� p�GHWHUPLQDGR�R�FDPLQKR�SDUD�R�DUTXLYR�TXH�FRQWpP�R�EDQFR�GH�GDGRV�GR�SUREOHPD�D�VHU�WUDWDGR�

FIGURA 4.1 - Definição do arquivo de entrada para a FOLONET
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$VVLP�TXH�R�EDQFR�GH�GDGRV�p�IRUQHFLGR�DR�VLVWHPD��R�XVXiULR�GHWHUPLQD�TXDLV�VmR�RV�SUHGLFDGRV�TXH�IRUPDUmR�R�FRQKHFLPHQWR�SUpYLR�SDUD�R�DSUHQGL]DGR��,VWR�p�IHLWR�DWUDYpV�GH�RXWUD� WHOD� �ILJXUD������GR�SURJUDPD�GD�)2/21(7 TXH�FRQWpP�DV�SULQFLSDLV�FRQILJXUDo}HV�TXH�GHYHP�VHU�IHLWDV�SHOR�XVXiULR�

FIGURA 4.2 - Definição dos predicados que formam o conhecimento prévio

$OpP�GD�GHILQLomR�GRV�SUHGLFDGRV�TXH�IRUPDP�R�FRQKHFLPHQWR�SUpYLR� R�XVXiULR�GHYH� LQGLFDU� VH� Ki� XWLOL]DomR� GH� YDULiYHLV� ORFDLV� �YHU� &DS�� ��� 6HomR� ������ R� Q~PHUR�Pi[LPR� GH� OLWHUDLV� QR� FRUSR� GDV� UHJUDV� ILQDLV� REWLGDV� H� VH� Ki� XWLOL]DomR� RX� QmR� GH�SUHGLFDGRV�QHJDGRV�$R� GHILQLU� TXDLV� SUHGLFDGRV� IRUPDP� R� FRQKHFLPHQWR� SUpYLR�� R� XVXiULR� GHYH�GHWHUPLQDU� TXDLV� DV� FROXQDV� FRUUHVSRQGHP� D� HVVHV� SUHGLFDGRV�� LQGLFDQGR� TXDQWRV�DUJXPHQWRV�FDGD�SUHGLFDGR�SRVVXL�1HVWD� SULPHLUD� LPSOHPHQWDomR�� R� Q~PHUR� Pi[LPR� GH� DUJXPHQWRV� GH� FDGD�SUHGLFDGR�GR�FRQKHFLPHQWR�SUpYLR�p�UHVWULWR�DR�Q~PHUR�GH�DUJXPHQWRV�GRV�H[HPSORV�GR�DUTXLYR�GH�WUHLQDPHQWR��RX�VHMD��DR�Q~PHUR�GH�YDULiYHLV�HQYROYLGDV�QR�SUHGLFDGR�DOYR�H�TXH�HVWmR�SUHVHQWHV�QR�DUTXLYR�GH�WUHLQDPHQWR�$OpP� GH� GHILQLU� R� Q~PHUR� GH� DUJXPHQWRV� GH� FDGD� SUHGLFDGR�� R� XVXiULR� GHYH�LQGLFDU� D� TXDLV� FDUDFWHUtVWLFDV� GDV� WXSODV� GR� EDQFR� GH� GDGRV� RV� DUJXPHQWRV� HVWmR�UHODFLRQDGRV�H�WDPEpP�LQGLFDU�VH�HVWH�SUHGLFDGR�SRGH�FRPELQDU�YDULDo}HV�GHOH�PHVPR��SRU�H[HPSOR��FRPELQDU�XPD�YDULDomR�FRP�VXD�QHJDomR��
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(VWD�HWDSD�GH�GHWHUPLQDomR�GRV�DUJXPHQWRV�GH�FDGD�SUHGLFDGR�HVWi�LOXVWUDGD�QD�ILJXUD�����D�VHJXLU�

FIGURA 4.3 - Determinação dos argumentos do predicado Pai

����� 3URFHVVDPHQWR�GRV�'DGRV�GH�(QWUDGD
'HSRLV�GD�GHILQLomR�GRV�SUHGLFDGRV�TXH�IRUPDP�R�FRQKHFLPHQWR�SUpYLR�SDUD�R�DSUHQGL]DGR�� p� IHLWD� D� JHUDomR� GD� UHGH� QHXUDO DWUDYpV� GDV� FRPELQDo}HV� GHVWHV�SUHGLFDGRV�3DUD� FDGD� SUHGLFDGR� GHILQLGR� SHOR� XVXiULR�� VmR� JHUDGRV� RXWURV�� D� SDUWLU� GD�SHUPXWDomR� GDV� YDULiYHLV� HQYROYLGDV� H� GH� VXDV� UHVSHFWLYDV� QHJDo}HV�� 3RU� H[HPSOR��FRQVLGHUHPRV� RV� SUHGLFDGR� SDL�;�� <�� H� PXOKHU�;��� GHILQLGRV� SHOR� XVXiULR� FRP� ��DUJXPHQWRV�H���DUJXPHQWR�� UHVSHFWLYDPHQWH��VHQGR�TXH�QmR�FRPELQDP�VXDV�YDULDo}HV��2�VLVWHPD�LUi�JHUDU�RV�VHJXLQWHV�SUHGLFDGRV�D�SDUWLU�GHOH�

TABELA 4.2 - Predicados gerados a partir de pai(X, Y) e mulher(X)

SDL�;��<� PXOKHU�;�QmR�SDL�;��<� QmR�PXOKHU�;�SDL�<��;� PXOKHU�<�QmR�SDL�<��;� QmR�PXOKHU�<�
e� LPSRUWDQWH� REVHUYDU� TXH�� FRPR� HVWmR� GLVSRQtYHLV� GXDV� YDULiYHLV� SDUD� RV�SUHGLFDGRV�� VmR� JHUDGDV� DV� YDULDo}HV� GR� SUHGLFDGR�PXOKHU�;�� FRP� D� XWLOL]DomR� GHVWDV�YDULiYHLV��DSHVDU�GHVWH�SUHGLFDGR�Vy�WHU�XP�DUJXPHQWR��2V�SUHGLFDGRV�UHODWLYRV�D�PXOKHU�FRP�R�XVR�GH�YDULiYHLV�GLVWLQWDV�VmR�WUDWDGRV�FRPR�VH�IRVVHP�SUHGLFDGRV�GLIHUHQWHV��&RQFOXtGD�D�JHUDomR�GH�WRGRV�RV�SUHGLFDGRV�SRVVtYHLV��p�IHLWD�D�FRPELQDomR�GRV�PHVPRV�� 3DUD� LVVR�� R� VLVWHPD OHYD� HP� FRQWD� VH� HVWHV� SUHGLFDGRV� FRPELQDP� VXDV�YDULDo}HV� H� R� Q~PHUR� Pi[LPR� GH� FOiXVXODV� QDV� UHJUDV� ILQDLV�� 1R� FDVR� GR� H[HPSOR�DFLPD�� YDPRV� VXSRU� TXH� R� XVXiULR� WHQKD� RSWDGR� SRU� WHU� QR� Pi[LPR� �� FOiXVXODV� QDV�UHJUDV�ILQDLV��6HUmR�JHUDGDV��HQWmR��FRPELQDo}HV GH���DWp����FRPR�VH�SRGH�REVHUYDU�QD�WDEHOD�����



��
TABELA 4.3 - Combinações geradas a partir dos predicados do conhecimento prévio

��FOiXVXOD SDL�;��<���QmR�SDL�;��<���SDL�<��;���QmR�SDL�<��;��
PXOKHU�;���QmR�PXOKHU�;���PXOKHU�<���QmR�PXOKHU�<��

��FOiXVXODV SDL�;��<��H�PXOKHU�;���SDL�;��<��H�QmR�PXOKHU�;��
SDL�;��<��H�PXOKHU�<���SDL�;��<��H�QmR�PXOKHU�<��
QmR SDL�;��<��H�PXOKHU�;���QmR SDL�;��<��H�QmR�PXOKHU�;���
QmR SDL�;��<��H�PXOKHU�<���QmR SDL�;��<��H�QmR�PXOKHU�<��
SDL�<��;��H�PXOKHU�;���SDL�<��;��H�QmR�PXOKHU�;���
SDL�<��;� H�PXOKHU�<���SDL�<��;� H�QmR�PXOKHU�<��
QmR SDL�<��;��H�PXOKHU�;���QmR SDL�<��;��H�QmR PXOKHU�;��
QmR SDL�<��;��H�PXOKHU�<���QmR SDL�<��;��H�QmR PXOKHU�<�
PXOKHU�;��H�PXOKHU�<���PXOKHU�;��H�QmR PXOKHU�<��
QmR PXOKHU�;��H�PXOKHU�<�� QmR PXOKHU�;��H�QmR PXOKHU�<��

��FOiXVXODV SDL�;��<��H�PXOKHU�;��H�PXOKHU�<���SDL�;��<��H�QmR PXOKHU�;��H�PXOKHU�<��
SDL�;��<��H�PXOKHU�;��H�QmR PXOKHU�<���SDL�;��<��H�QmR PXOKHU�;��H�QmR PXOKHU�<��
QmR SDL�;��<��H�PXOKHU�;��H�PXOKHU�<���QmR SDL�;��<��H�QmR PXOKHU�;��H�PXOKHU�<���
QmR SDL�;��<��H�PXOKHU�;��H�QmR PXOKHU�<��
QmR SDL�;��<��H�QmR PXOKHU�;��H�QmR PXOKHU�<��
SDL�<��;��H�PXOKHU�;��H�PXOKHU�<���SDL�<��;� H�QmR�PXOKHU�;� H�PXOKHU�<��
SDL�<��;� H�PXOKHU�;� H�QmR�PXOKHU�<���SDL�<��;� H�QmR�PXOKHU�;� H�QmR�PXOKHU�<��
QmR SDL�<��;��H�PXOKHU�;��H�PXOKHU�<���QmR SDL�<��;��H�QmR�PXOKHU�;��H�PXOKHU�<��
QmR SDL�<��;��H�PXOKHU�;��H�QmR PXOKHU�<��
QmR SDL�<��;��H�QmR PXOKHU�;��H�QmR PXOKHU�<��

3RGH�VH�REVHUYDU�TXH��DV�FRPELQDo}HV�VmR�IHLWDV�HQWUH�RV�SUHGLFDGRV�UHODWLYRV�D�SDL�;��<��H�PXOKHU�;��H�PXOKHU�<���VHQGR�TXH�QXPD�FRPELQDomR�QXQFD�DSDUHFH�PDLV�GH�XP�SUHGLFDGR�UHODWLYR�D�SDL�;��<���+i�FRPELQDo}HV�HQYROYHQGR�RV�SUHGLFDGRV�UHODWLYRV�j�PXOKHU�;�� H� j�PXOKHU�<��� PDV� QmR� FRPELQDo}HV� HQWUH� RV� SUHGLFDGRV� UHODWLYRV� Vy� j�PXOKHU�;���SRU�H[HPSOR��QmR�p�SHUPLWLGD�D�FRPELQDomR�PXOKHU�;��H�QmR�PXOKHU�;����



��
����� 'DGRV�GH�6DtGD

&RP�D�UHGH�QHXUDO�FRQVWUXtGD�SDUD�R�SUREOHPD��EDVWD�UHDOL]DU�R�WUHLQDPHQWR�SDUD�D�REWHQomR�GDV�KLSyWHVHV�ILQDLV�3DUD�D�H[HFXomR�GR�DOJRULWPR�GH�WUHLQDPHQWR�p�SUHFLVR�TXH�R�XVXiULR�HVSHFLILTXH�R�DUTXLYR�GH�WUHLQDPHQWR��(VWH�DUTXLYR�FRQWpP�WXSODV�RUGHQDGDV�TXH�VDWLVID]HP�RX�QmR�R�SUHGLFDGR�DOYR��RX�VHMD��RV�H[HPSORV�SRVLWLYRV�H�QHJDWLYRV��UHVSHFWLYDPHQWH�$VVLP� TXH� R� DUTXLYR� GH� WUHLQDPHQWR� p� IRUQHFLGR DR� VLVWHPD�� R� DOJRULWPR� GH�WUHLQDPHQWR�p�H[HFXWDGR��IRUQHFHQGR�DV�UHJUDV�REWLGDV�D�SDUWLU�GHOH�'XUDQWH�D�H[HFXomR�GR�DOJRULWPR�GH�WUHLQDPHQWR�p�IHLWD�XPD�RSHUDomR�GH�PDWFKGH� WRNHQV QD� FDPDGD� GH� HQWUDGD�� &DGD� DUJXPHQWR� GRV� SUHGLFDGRV� TXH� VmR� DYDOLDGRV�FRUUHVSRQGH� D� XP� FDPSR� GDV� WXSODV� RUGHQDGDV� GR� DUTXLYR� GH� WUHLQDPHQWR� H�� TXDQGR�HVVDV� WXSODV� VDWLVID]HP� RV� SUHGLFDGRV�� HVVHV� FDPSRV� GHYHP� WHU� R� PHVPR� FRQWH~GR��(QWmR�� SDUD� YHULILFDU� VH� GHWHUPLQDGDV� WXSODV� VDWLVID]HP� XP� SUHGLFDGR�� p� QHFHVViULR�UHDOL]DU�XP�PDWFK GH�WRNHQV QRV�FDPSRV�GHWHUPLQDGRV�SHORV�DUJXPHQWRV�GR�SUHGLFDGR�2� UHVXOWDGR� GR� DOJRULWPR� GH� WUHLQDPHQWR� VmR� UHJUDV� TXH� FREUHP� WRGRV� RV�H[HPSORV�SRVLWLYRV�H�TXH�QmR�FREUHP�H[HPSORV�QHJDWLYRV��(P�IXQomR�GLVWR��R�DUTXLYR�GH� WUHLQDPHQWR� p� PXLWR� LPSRUWDQWH� SDUD� R� UHVXOWDGR� ILQDO�� LQIOXHQFLDQGR� EDVWDQWH� QD�IRUPDomR� GDV� KLSyWHVHV�� 3RU� HVWH� PRWLYR�� p� LPSRUWDQWH� TXH� VHMD� IRUQHFLGR� SRU� XP�HVSHFLDOLVWD�TXH�HQWHQGD�EHP�R�SUREOHPD�D�VHU�WUDWDGR�H�TXH�SRVVD�FRQVHJXLU�H[HPSORV�VLJQLILFDWLYRV�GH�FDVRV�SRVLWLYRV�H�QHJDWLYRV��QR�FDVR�GH�SUREOHPDV�FRPSOH[RV�
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� 5HVXOWDGRV
1HVWH� FDStWXOR� VmR� DSUHVHQWDGRV� RV� SULQFLSDLV� UHVXOWDGRV� GD� LPSOHPHQWDomR� GD�)2/21(7��)RUDP�IHLWRV�GLYHUVRV�WHVWHV�SDUD�DYDOLDomR�H�REWHQomR�GRV�UHVXOWDGRV��(VWHV�WHVWHV� LQFOXHP� R� DSUHQGL]DGR� DWULEXWR�YDORU� H� R� DSUHQGL]DGR� UHODFLRQDO�� REMHWLYR�SULQFLSDO�GHVWH�WUDEDOKR��$V�VHo}HV�VHJXLQWHV�DSUHVHQWDP�RV�PHVPRV�

��� 5HSUHVHQWDomR�GH�3UHGLFDGRV�0RQiGLFRV
3DUD� R� WHVWH� GH� SUHGLFDGRV� PRQiGLFRV�� DTXHOHV� FRP� DSHQDV� XP� DUJXPHQWR��FRQVLGHUDPRV� XPD� DSOLFDomR� EDQFiULD� HP� TXH� VH� GHVHMD� UHSUHVHQWDU� R� SUHGLFDGR� DOYR�FOLHQWH� SUHIHUHQFLDO�� RX� &OLHQWHB3UHIHUHQFLDO�;�� FRPR� XPD� VRPD� GH� SURGXWRV�HQYROYHQGR� RV� SUHGLFDGRV� PRQiGLFRV�� WHP� FDUWmR� GH� FUpGLWR�� RX�&DUWDRB&UHGLWR�;���WHP�VHJXUR��RX�6HJXUR�;��H�WHP�FKHTXH�HVSHFLDO��RX�&KHTXHB(VSHFLDO�;��3DUD�HVWD�DSOLFDomR��R�FRQMXQWR�GH� WUHLQDPHQWR�TXH�FRUUHVSRQGH�D�XPD�DPRVWUD�GR�EDQFR�GH�GDGRV�p�UHSUHVHQWDGR�SRU�FOLHQWHV�FODVVLILFDGRV�FRPR�FOLHQWHV�SUHIHUHQFLDLV�RX�QmR��$�WDEHOD�DEDL[R�DSUHVHQWD�HVWH�FRQMXQWR�GH�WUHLQDPHQWR�

TABELA 5.1 - Banco de dados para aplicação bancária1RPH &DUWmR�GH�&UpGLWR 6HJXUR &KHTXH�(VSHFLDO &OLHQWH�3UHIHUHQFLDO&DUORV 6LP 1mR 6LP 6LP0DULD 1mR 6LP 6LP 6LP-RmR 6LP 6LP 6LP 6LP3HGUR 1mR 6LP 1mR 1mR7kQLD 6LP 1mR 1mR 1mR/XtV 6LP 6LP 1mR 1mR6tOYLD 1mR 1mR 6LP 1mR
$� UHGH� QHXUDO� JHUDGD� SDUD� HVWH� H[HPSOR� p� DSUHVHQWDGD� QD� ILJXUD� ���� H� FRQWpP�WRGDV�DV�FRPELQDo}HV�SRVVtYHLV�GRV�SUHGLFDGRV�GH�HQWUDGD�H�TXH�VmR�FDQGLGDWDV�D�IRUPDU�DV� UHJUDV�TXH�GHVFUHYHP�R�SUHGLFDGR� DOYR��1HVWH� H[HPSOR� HVWDPRV�GHVFRQVLGHUDQGR�D�SUHVHQoD� GH� SUHGLFDGRV� QHJDGRV� SDUD� D� GHVFULomR� GR� SUHGLFDGR� DOYR�� SRLV� SDUD� HVWD�DSOLFDomR�QmR�ID]�PXLWR�VHQWLGR�



��

FIGURA 5.1 - Rede FOLONET para aplicação bancária

2�FRQMXQWR�GH�WUHLQDPHQWR�IRL�FRPSRVWR�SRU�WRGRV�RV�FOLHQWHV�GR�EDQFR�GH�GDGRV�H�WRGRV�RV�H[HPSORV�IRUDP�VHSDUDGRV�GH�DFRUGR�FRP�D�VXD�FODVVLILFDomR�HP�UHODomR�DR�FDPSR�GH�FOLHQWH�SUHIHUHQFLDO�$� WDEHOD�DEDL[R�DSUHVHQWD�D�HYROXomR�GRV�DFXPXODGRUHV�GRV�DUFRV�GLUHWRV�HQWUH�RV�SUHGLFDGRV��DSyV�D�DSUHVHQWDomR�GRV�H[HPSORV�GR�DUTXLYR�GH�WUHLQDPHQWR�
TABELA 5.2 - Acumuladores para a aplicação bancária&UHG 6HJ &KHT &DUORV 0DULD -RmR 3HGUR 7kQLD /XtV 6tOYLD; � � � � �� �� ��; � � � �� �� �� ��; � � � � � � ��; ; � � � � � �� ��; ; � � � � � � �; ; � � � � � � �; ; ; � � � � � � �

$�VHJXLU�p�UHDOL]DGD�D�SRGD�FRP�VXSRUWH�PHQRU�RX�LJXDO�D����'D�WDEHOD��SRGHPRV�H[WUDLU�DV�VHJXLQWHV�UHJUDV�
&OLHQWHB3UHIHUHQFLDO�;���m &DUWDRB&UHGLWR�;���� &KHTXHB(VSHFLDO�;�&OLHQWHB3UHIHUHQFLDO�;���m &KHTXHB(VSHFLDO�;���� 6HJXUR�;�

&OLHQWHB3UHIHUHQFLDO�;�

&DUWmRB&UpGLWR�;� 6HJXUR�;� &KHTXHB(VSHFLDO�;�



��
2�UHVXOWDGR�GD�LPSOHPHQWDomR�GD�)2/21(7 p�R�VHJXLQWH�

��� $SUHQGL]DGR�5HODFLRQDO
2V� WHVWHV� UHDOL]DGRV�SDUD�DSUHQGL]DGR�DWULEXWR�YDORU�PRVWUDP�TXH�D�)2/21(7FRPSRUWD�VH�EHP�SDUD�HVWH�WLSR�GH�DSUHQGL]DGR��3RUpP��D�VXD�SULQFLSDO�IXQFLRQDOLGDGH�p�R�DSUHQGL]DGR�UHODFLRQDO��RQGH�RV�SUHGLFDGRV�SRGHP�WDQWR�H[SUHVVDU�SURSULHGDGHV�GH�XP�REMHWR�TXDQWR�UHODo}HV�HQWUH�HOHV�3DUD�D�UHDOL]DomR�GRV�WHVWHV�IRL�XWLOL]DGD�XPD�EDVH�GH�GDGRV�FRQWHQGR�D�GHVFULomR�GDV�UHODo}HV�GH�SDUHQWHVFR�GH�GXDV�IDPtOLDV��FRQIRUPH D�ILJXUD�DEDL[R��

FIGURA 5.2 - Relações de Parentesco

&KULVWRIHU��������3HQHORSH $QGUH &KULVWLQH
0DUJDUHWK $UWXU 9LFWRULD -DPHV -HQLIHU &KDUOHV

&ROLQ &KDUORWH
5REHUW 0DU\ 3LHWUR )UDQFHVFD

*LQD (GZDUG /XF\ 0DUFR $QJHOD 7RPDVR
$OSKRQVH 6RSKLD
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$�SDUWLU�GHVWDV� UHODo}HV�GH�SDUHQWHVFR�� IRL�FULDGD�XPD� WDEHOD�FRP�DV�SULQFLSDLV�LQIRUPDo}HV� QHFHVViULDV� SDUD� D� REWHQomR� GR� FRQKHFLPHQWR� SUpYLR� H� GR� FRQMXQWR� GH�WUHLQDPHQWR�� (OD� SRGH� VHU� YLVWD� FRPR� XPD� DPRVWUD� GH� XP� EDQFR� GH� GDGRV� FRQWHQGR�HVWDV�UHODo}HV�H�VHUi�R�DUTXLYR�GH�HQWUDGD�GD�)2/21(7��$OpP�GHVWH�DUTXLYR��FDGD�WHVWH�WHP�R�VHX�DUTXLYR�GH�WUHLQDPHQWR�TXH�p VROLFLWDGR�QR�PRPHQWR�GR�WUHLQDPHQWR�GD�UHGH��$�WDEHOD�����D�VHJXLU�DSUHVHQWD�D�DPRVWUD�GR�EDQFR�GH�GDGRV�JHUDGD�D�SDUWLU�GDV�UHODo}HV�GH�SDUHQWHVFR�

TABELA 5.3 – Amostra de um banco de dados para relações de parentesco,GHQWLILFDGRU 1RPH 3DL )LOKR )LOKD (VSRVD 0XOKHU� &KULVWRIHU $UWKXU 9LFWRULD 3HQHORSH )DOVH� 3HQHORSH $UWKXU 9LFWRULD 7UXH� $UWKXU &KULVWRIHU 0DUJDUHWK )DOVH� 0DUJDUHWK 7UXH� 9LFWRULD &KULVWRIHU &ROLQ &KDUORWH 7UXH� -DPHV $QGUH &ROLQ &KDUORWH 9LFWRULD )DOVH� $QGUH -DPHV -HQLIHU &KULVWLQH )DOVH� &KULVWLQH -DPHV -HQLIHU 7UXH� -HQLIHU $QGUH 7UXH�� &KDUOHV -HQLIHU )DOVH�� &ROLQ -DPHV )DOVH�� &KDUORWH -DPHV 7UXH�� 5REHUW (GZDUG /XF\ 0DU\ )DOVH�� 0DU\ (GZDUG /XF\ 7UXH�� (GZDUG 5REHUW *LQD )DOVH�� *LQD 7UXH�� /XF\ 5REHUW $OSKRQVH 6RSKLD 7UXH�� 0DUFR 3LHWUR $OSKRQVH 6RSKLD /XF\ )DOVH�� 3LHWUR 0DUFR $QJHOD )UDQFHVFD )DOVH�� )UDQFHVFD 0DUFR $QJHOD 7UXH�� $QJHOD 3LHWUR 7UXH�� 7RPDVR ÆQJHOD )DOVH�� $OSKRQVH 0DUFR )DOVH�� 6RSKLD 0DUFR 7UXH
1HVWH�H[HPSOR��RV�SUHGLFDGRV�TXH�SRGHUmR IRUPDU�R�FRQKHFLPHQWR�SUpYLR�VmR�RV�VHJXLQWHV��; p�SDL�GH <��RX�SDL�;��<���; p�ILOKR�GH <��RX�ILOKR�;��<���; p�ILOKD�GH <��RX�ILOKD�;��<���; p�HVSRVD�GH <��RX�HVSRVD�;��<��H�;�p�PXOKHU��RX�PXOKHU�;��$� ILP� GH� WUDWDU� RV� SUREOHPDV� PDQXDOPHQWH�� PRVWUDUHPRV� XPD� YHUVmR�VLPSOLILFDGD�QR�7HVWH����TXH�FRQVLVWH�HP�GHVFUHYHU�R�SUHGLFDGR�DOYR�;�p�PmH�GH�<��RX�PmH�;��<��D�SDUWLU�GRV�SUHGLFDGRV�SDL�;� <��H� ILOKD�;� <���2V� GHPDLV� WHVWHV� IRUDP� IHLWRV� YDULDQGR�VH� DOJXQV� SDUkPHWURV�� FRPR� R� Q~PHUR�Pi[LPR� GH� FOiXVXODV� QDV� UHJUDV� REWLGDV�� D� LQFOXVmR� GH� RXWURV� SUHGLFDGRV� QR�FRQKHFLPHQWR�SUpYLR�H�DOWHUDo}HV�QR�DUTXLYR�GH� WUHLQDPHQWR��1HVWHV� WHVWHV�� VRPHQWH�R�UHVXOWDGR�ILQDO�VHUi�PRVWUDGR��QmR�VHQGR�DSUHVHQWDGRV�RV�UHVXOWDGRV�LQWHUPHGLiULRV�
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7HVWH��
3UHGLFDGR�DOYR��PmH�;� <��&RQKHFLPHQWR� 3UpYLR�� SUHGLFDGRV� SDL�;� <�� ILOKD�;� <��� 1mR� FRPELQDP� VXDV�YDULDo}HV1~PHUR�Pi[LPR�GH�OLWHUDLV�QR�FRUSR�GDV�UHJUDV�ILQDLV����
$�SDUWLU�GRV�SUHGLFDGRV�TXH�IRUPDP�R�FRQKHFLPHQWR�SUpYLR�IRL�FRQVWUXtGD�D�UHGH�QHXUDO� TXH� p� DSUHVHQWDGD� QD� ILJXUD� ����� 1HVWD� ILJXUD� QmR� IRUDP� UHSUHVHQWDGRV�� SDUD�VLPSOLILFDomR��WRGRV�RV�QHXU{QLRV�JHUDGRV�QHP�VHXV�DUFRV�FRUUHVSRQGHQWHV�

FIGURA 5.3 - Rede Neural obtida a partir do Teste 1

1RPH���3DL���)LOKR���)LOKD���(VSRVD���0XOKHU; 3[ )R[ )D[ ([ 0[
1RPH���3DL�� )LOKR���)LOKD���(VSRVD���0XOKHU; 3[ )R[ )D[ ([ 0[

���������

SDL�;��<� SDL�<��;� ILOKD�;�<� ILOKD�<��;�

PmH�;��<� 3UHGLFDGR�QHJDGR
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&RP� D� UHGH� QHXUDO� HVWDEHOHFLGD� p� QHFHVViULR� D� H[HFXomR� GR� DOJRULWPR� GH�WUHLQDPHQWR��2�FRQMXQWR�GH�WUHLQDPHQWR�p�DSUHVHQWDGR�QD�WDEHOD�����
TABELA 5.4 – Conjunto de treinamento para o Teste 10mH�3HQHORSH��9LFWRULD�0mH�9LFWRULD��&KDUORWH�0mH�&KULVWLQH��-HQLIHU�([HPSORV�3RVLWLYRV

0mH�0DU\��/XF\�0mH�3HQHORSH��&KDUORWH�([HPSORV�1HJDWLYRV 0mH�&KULVWRIHU��9LFWRULD�
(VWHV� H[HPSORV� GR� FRQMXQWR� GH� WUHLQDPHQWR� FRUUHVSRQGHP� DRV� VHJXLQWHV� SDUHV�RUGHQDGRV�QD�DPRVWUD�GR�EDQFR�GH�GDGRV�UHSUHVHQWDGD�SHOD�7DEHOD�����(�  �^���������������������������������`�H�(�  �^���������������`��$� WDEHOD� DEDL[R�PRVWUD� FRPR�RV� YDORUHV� GRV� DFXPXODGRUHV� SDUD�RV�SUHGLFDGRV��RX� FRPELQDo}HV� GH� SUHGLFDGRV�� VmR� DIHWDGRV� SHOD� VXEPLVVmR� GH� FDGD� H[HPSOR� j�)2/21(7 �� $� ~OWLPD� FROXQD� FRUUHVSRQGH� DRV� YDORUHV� GH� VXSRUWH� GD� UHGH� GHSRLV� GH�WRGRV�RV�H[HPSORV�WHUHP�VLGR�DSUHVHQWDGRV�

TABELA 5.5 - Resultado da submissão dos exemplos à FOLONETS�;�<� �S�;�<� S�<�;� �S�<�;� I�;�<� �I�;�<� I�<�;� �I�<�;� ����� ������ ����� ������� ������ �����; � � � � � ��; � � � � �� ��; � � � � � �; � � � � �� ��; � � � � � �; � � � � �� ��; � � � � � ��; � � � � �� ��; ; � � � � � �; ; � � � � � ��; ; � � � � � ��; ; � � � � � �; ; � � � � � �; ; � � � � �� ��; ; � � � � � �; ; � � � � �� ��; ; � � � � � �; ; � � � � � �; ; � � � � � �; ; � � � � � �; ; � � � � � �; ; � � � � �� ��; ; � � � � � ��; ; � � � � �� ��
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'HSRLV� GH� FRQFOXtGR� R� WUHLQDPHQWR� GD� UHGH� p� IHLWD� D� SRGD� FRP� XP� OLPLDU��1D�SULPHLUD� LPSOHPHQWDomR� GD� )2/21(7 HVWH� OLPLDU� p� GHWHUPLQDGR� SHOR� PDLRU� YDORU�REWLGR�QRV�DFXPXODGRUHV��TXH�QHVWH�H[HPSOR�p����&RP�LVVR��REWHPRV�D�VHJXLQWH�UHJUD�
0mH�;��<���m �3DL�;�<��� )LOKD�<��;�
2�SURJUDPD�TXH�LPSOHPHQWD�D�)2/21(7 JHUD�D�VHJXLQWH�VDtGD�

1RV� WHVWHV� D� VHJXLU� DSUHVHQWDPRV� DV� FRQILJXUDo}HV� LQLFLDLV�� RX� VHMD�� TXDLV�SUHGLFDGRV� IRUPDP� R� FRQKHFLPHQWR� SUpYLR�� TXDO� R� Q~PHUR�Pi[LPR� GH� FOiXVXODV� QDV�UHJUDV�GH�VDtGD�H�TXDO�p�FRQMXQWR�GH�WUHLQDPHQWR��1mR�VHUmR�DSUHVHQWDGRV�RV�SDVVRV�GH�WUHLQDPHQWR� H� SRGD�� 6HUi� DSUHVHQWDGR� R� UHVXOWDGR� GD� H[HFXomR� GR� SURJUDPD� TXH�LPSOHPHQWD�D�UHGH�)2/21(7�
7HVWH��&RQKHFLPHQWR�3UpYLR��SUHGLFDGRV�SDL�;� <�� ILOKD�;� <��H�PXOKHU�;��1~PHUR�Pi[LPR�GH�OLWHUDLV�QR�FRUSR�GDV�UHJUDV�ILQDLV����&RQMXQWR�GH�7UHLQDPHQWR��7DEHOD����

5HVXOWDGR�)LQDO�



��
7HVWH��&RQKHFLPHQWR�3UpYLR��SUHGLFDGRV�SDL�;� <�� ILOKD�;� <��H�PXOKHU�;��1~PHUR�Pi[LPR�GH�OLWHUDLV�QR�FRUSR�GDV�UHJUDV�ILQDLV����&RQMXQWR�GH�7UHLQDPHQWR��7DEHOD����

5HVXOWDGR�)LQDO�

7HVWH��&RQKHFLPHQWR�3UpYLR��SUHGLFDGRV�SDL�;� <�� ILOKD�;� <��H�PXOKHU�;��1~PHUR�Pi[LPR�GH�OLWHUDLV�QR�FRUSR�GDV�UHJUDV�ILQDLV����&RQMXQWR�GH�7UHLQDPHQWR��IRUQHFLGR�QD�WDEHOD����
TABELA 5.6 - Conjunto de treinamento para o Teste 40mH�3HQHORSH��9LFWRULD�0mH�9LFWRULD��&KDUORWH�0mH�&KULVWLQH��-HQLIHU�0mH�0DU\��/XF\�0mH�/XF\��6RSKLD�

([HPSORV�3RVLWLYRV

0mH�)UDQFHVFD��$QJHOD�0mH�&KULVWRIHU��&KDUORWH�0mH�&KULVWRIHU��&ROLQ�0mH�9LFWRULD��$UWXU�
([HPSORV�1HJDWLYRV

0mH�9LFWRULD��-DPHV�



��
5HVXOWDGR�)LQDO�

7HVWH��&RQKHFLPHQWR�3UpYLR��SUHGLFDGRV�SDL�;� <�� ILOKD�;� <��H�PXOKHU�;��1~PHUR�Pi[LPR�GH�OLWHUDLV�QR�FRUSR�GDV�UHJUDV�ILQDLV����&RQMXQWR�GH�7UHLQDPHQWR��7DEHOD����
5HVXOWDGR�)LQDO�

&RP�HVWHV� WHVWHV�FRQFOXLX�VH�TXH�R�UHVXOWDGR�ILQDO�GHSHQGH�GR�Q~PHUR�Pi[LPR�GH�OLWHUDLV�SHUPLWLGRV�TXH�R�XVXiULR�IRUQHFH�H��SULQFLSDOPHQWH��GRV�H[HPSORV�FRQWLGRV�QR�FRQMXQWR�GH�WUHLQDPHQWR��2V�H[HPSORV�SRVLWLYRV�UHIRUoDP�DOJXPDV�UHJUDV�H RV�QHJDWLYRV�GHVFDUWDP�RXWUDV�$�LQIOXrQFLD�GR�DUTXLYR�GH�WUHLQDPHQWR�p�PXLWR�JUDQGH�QR�UHVXOWDGR�ILQDO�REWLGR��3RU�HVWD�UD]mR�VXD�GHILQLomR�GHYH�VHU�IHLWD�SRU�XP�HVSHFLDOLVWD�H�FRP�PXLWR�FXLGDGR�QR�FDVR�GH�SUREOHPDV�FRPSOH[RV�



��

��� 8WLOL]DomR�GH�9DULiYHLV�/RFDLV
&RP� D� UHGH� )2/21(7 FRQVHJXH�VH� UHDOL]DU� DSUHQGL]DGR� UHODFLRQDO�� REWHQGR�DVVLP��XPD�H[SUHVVLYLGDGH�GH�OyJLFD�GH�SULPHLUD�RUGHP��$� LPSOHPHQWDomR� GHVWD� UHGH� DLQGD� SRVVXL� DOJXPDV� OLPLWDo}HV� H� XPD� GDV�PDLV�LPSRUWDQWHV�p�D�XWLOL]DomR�GH�DSHQDV�XPD�YDULiYHO�ORFDO��6HJXQGR�)ODFK�H�/DYUDF�>)/$�����@�� YDULiYHLV� ORFDLV� VmR� DTXHODV�TXH�RFRUUHP�VRPHQWH�QR�FRUSR�GD� UHJUD�� HQTXDQWR�TXH� YDULiYHLV� JOREDLV� VmR� DTXHODV� TXH� RFRUUHP� QD� FDEHoD� GD� UHJUD�� 1R� FRQWH[WR� GD�)2/21(7��DV�YDULiYHLV�JOREDLV�VmR�DTXHODV�TXH�HVWmR�SUHVHQWHV�QR�SUHGLFDGR�DOYR�H�DV�YDULiYHLV�ORFDLV�QmR�DSDUHFHP�QR�PHVPR�2�XVR�GDV�YDULiYHLV�ORFDLV�p�LPSRUWDQWH��YLVWR�TXH�YiULDV�UHODo}HV�QmR�VmR�REWLGDV�Vy�FRP�D�XWLOL]DomR�GH�YDULiYHLV�JOREDLV��8P�H[HPSOR�TXH�SRGHPRV�REWHU�GDV�UHODo}HV�GH�SDUHQWHVFR�p�D� UHODomR�DY{��(VWD� UHODomR�HQYROYH�XPD�SHVVRD�TXH�QmR�HVWi�SUHVHQWH�GLUHWDPHQWH�QD�UHODomR�DY{��FRPR�SRGHPRV�REVHUYDU�D�VHJXLU�
DY{�;��<��m SDL�;��=����SDL�=��<�RXDY{�;��<��m SDL�;��=����PmH�=��<�
1DV� FOiXVXODV� DFLPD�� Ki� D� LQFOXVmR� GD� YDULiYHO� =�� TXH� UHSUHVHQWD� XPD� RXWUD�SHVVRD�TXH�UHODFLRQD�DV�RXWUDV�GXDV�SUHVHQWHV�QR�SUHGLFDGR�DOYR�$� LPSOHPHQWDomR� LQLFLDO� GR�PRGHOR� GD� UHGH�)2/21(7 LQFOXL� D� XWLOL]DomR� GH�DSHQDV�XPD�YDULiYHO� ORFDO��$�VHJXLU�DSUHVHQWD�VH�XPD�SRVVtYHO�VROXomR�SDUD�D�LQFOXVmR�GHVWH� WLSR� GH YDULiYHO� QD� LPSOHPHQWDomR� GD� UHGH�)2/21(7�� XWLOL]DQGR� D� WDEHOD� �����DPRVWUD�GH�XP�EDQFR�GH�GDGRV�FRQWHQGR�DV�UHODo}HV�GH�SDUHQWHVFR��FRPR�EDVH�SDUD�RV�H[HPSORV��'HSRLV�VHUi�DSUHVHQWDGR�R� UHVXOWDGR�GH�XP�WHVWH�UHDOL]DGR�FRP�R�SUHGLFDGR�DY{�;��<���TXH�XWLOL]D�DSHQDV�XPD�YDULiYHO�ORFDO�

����� 6ROXomR�3URSRVWD
$� YDULiYHO� ORFDO� p� XPD� YDULiYHO� TXH� UHSUHVHQWD� DOJXP� REMHWR� TXH� VH� UHODFLRQD�FRP� SHOR� PHQRV� GRLV� REMHWRV� TXH� HVWmR� OLJDGRV� DWUDYpV� GR� SUHGLFDGR� DOYR� �TXH� VmR�UHSUHVHQWDGRV� SRU� YDULiYHLV� JOREDLV��� 1mR� IDULD� VHQWLGR� D� H[LVWrQFLD� GH� XPD� YDULiYHO�ORFDO�TXH�VH�UHODFLRQDVVH�FRP�DSHQDV�XP�REMHWR�GR�SUHGLFDGR�DOYR��2�TXH�SRGH�RFRUUHU�p�XPD� IRUPD�GH� WUDQVLWLYLGDGH�� RQGH� XPD�YDULiYHO� ORFDO� VH� UHODFLRQD� FRP�XP�REMHWR�GR�SUHGLFDGR�DOYR�H�RXWUD�YDULiYHO�ORFDO�H��HVWD��SRU�VXD�YH]��VH�UHODFLRQD�FRP�RXWUR�REMHWR�GR�SUHGLFDGR�DOYR��H�DVVLP��VXFHVVLYDPHQWH��



��
3RU�H[HPSOR��QD�UHODomR�ELVDY{�;��<��XPD�GDV�SRVVtYHLV�GHILQLo}HV�VHULD�
ELVDY{�;��<���m SDL�;��:����SDL�:��=���SDL�=��<���
RQGH�: �YDULiYHO� ORFDO�� VH� UHODFLRQD� FRP�; �JOREDO�� H�=�� TXH� p� RXWUD� YDULiYHO�ORFDO�TXH�VH�UHODFLRQD�FRP�< �JOREDO��/HYDQGR�VH�HP�FRQWD�HVWD�IRUPD�GH�GHILQLomR��DSUHVHQWD�VH�XPD�SURSRVWD�SDUD�R�XVR�GH�YDULiYHLV�ORFDLV�QD�UHGH�)2/21(7��$�LGpLD�p�XWLOL]DU�R�PHVPR�DOJRULWPR�GD�UHGH�)2/21(7 H� HVWHQGr�OR� SDUD� VXSRUWDU� YDULiYHLV� ORFDLV�� &RP� R� REMHWLYR� GH� IDFLOLWDU� R�HQWHQGLPHQWR�GD�SURSRVWD��VHUmR�XWLOL]DGDV�FRPR�H[HPSOR�DV�GHILQLo}HV�GDV�UHODo}HV�GH�SDUHQWHVFR� DY{�;�� <�� H� ELVDY{�;�� <�� D� SDUWLU� GR� FRQKHFLPHQWR� SUpYLR� IRUPDGD� SHOR�SUHGLFDGR�SDL�;��<��
DY{�;��<��m SDL�;��=����SDL�=��<��ELVDY{�;��<����m SDL�;��:���SDL�:��=���SDL�=��<���
2�XVR�GDV�YDULiYHLV�ORFDLV�p�QHFHVViULR�TXDQGR�QmR�VH�HQFRQWUDP�SUHGLFDGRV�GR�FRQKHFLPHQWR� SUpYLR� TXH� VmR� VDWLVIHLWRV� FRP� RV� REMHWRV� GRV� H[HPSORV� SRVLWLYRV� GR�DUTXLYR�GH WUHLQDPHQWR��1R�FDVR�GR�SUHGLFDGR�DOYR�VHU�DY{�;��<��H�VXSRQGR�TXH�WHPRV�QR� DUTXLYR� GH� WUHLQDPHQWR� R� H[HPSOR� SRVLWLYR� DY{�$QGUH�� &ROLQ��� QmR� FRQVHJXLPRV�GHILQLU� R� SUHGLFDGR� DOYR� D� SDUWLU� GH� SDL�;�� <�� �SUHGLFDGR� GR� FRQKHFLPHQWR� SUpYLR��SRUTXH�DV�SHVVRDV�$QGUH�H�&ROLQ�QmR�VH�UHODFLRQDP�GLUHWDPHQWH�SHOR�SUHGLFDGR�SDL�'HVWD�IRUPD��QmR�VH�FRQVHJXH�HQFRQWUDU�XPD�GHILQLomR�GR�SUHGLFDGR�DOYR�D�SDUWLU�GRV�SUHGLFDGRV�GR�FRQKHFLPHQWR�SUpYLR��2�SUREOHPD�HVWi�QR�IDWR�GH�TXH�HVWHV�REMHWRV�TXH�VDWLVID]HP�R�SUHGLFDGR�DOYR�SRGHP�HVWDU�UHODFLRQDGRV�FRP�RXWURV�REMHWRV�TXH�QmR�DSDUHFHP� QR� FRQMXQWR� GH� WUHLQDPHQWR�� 1R� H[HPSOR� DFLPD�� D� SHVVRD� TXH� VH� UHODFLRQD�FRP�$QGUH�H�&ROLQ�DWUDYpV�GR�SUHGLFDGR�SDL�p�-DPHV��SDL�$QGUH��-DPHV��H�SDL�-DPHV��&ROLQ��� 3RUpP�� -DPHV� QmR� VH� HQFRQWUD� QR� DUTXLYR� GH� WUHLQDPHQWR� SDUD� R� H[HPSOR�SRVLWLYR��$QGUH��&ROLQ��2� TXH� VH� SRGH� ID]HU� p� WHQWDU� HQFRQWUDU� QR� EDQFR� GH� GDGRV� REMHWRV� TXH� VH�UHODFLRQDP�FRP�RV�H[HPSORV�SRVLWLYRV�GR�DUTXLYR�GH�WUHLQDPHQWR��TXDQGR�HVWHV�QmR�VmR�VXILFLHQWHV�SDUD� HQFRQWUDU� XPD�GHILQLomR�GR�SUHGLFDGR�DOYR��(P�XP�SULPHLUR�SDVVR�� D�EXVFD� VHULD� GH� XP� REMHWR� TXH� VH� UHODFLRQH� GLUHWDPHQWH� FRP� RV� REMHWRV� GR� H[HPSOR�SRVLWLYR�� RX� VHMD�� GH� XP� REMHWR� TXH� VDWLVIDoD� DOJXP� GRV� SUHGLFDGRV� GR� FRQKHFLPHQWR�SUpYLR�FRP�FDGD�XP�GRV�REMHWRV�GR�SUHGLFDGR DOYR��1R�H[HPSOR�GH�$QGUH�H�&ROLQ��R�REMHWLYR�VHULD�HQFRQWUDU�DOJXpP�TXH�VH�UHODFLRQH�FRP�$QGUH�SHOR�SUHGLFDGR�SDL�;��<��H�FRP�&ROLQ��WDPEpP�SHOR�SUHGLFDGR�SDL�;��<��2� UHVXOWDGR� GD� EXVFD� SRGH� VHU� SRVLWLYR�� FRPR� QR� H[HPSOR� DFLPD�� RQGH� VH�HQFRQWUD�-DPHV��TXH�p�ILOKR�GH�$QGUH�H�SDL�GH�&ROLQ��PDV�WDPEpP�SRGH�VHU�TXH�QmR�VH�HQFRQWUH� WDO�REMHWR��1HVWH�FDVR��p�QHFHVViULD�XPD�QRYD�EXVFD�SRU�YDULiYHLV�ORFDLV��PDV�LVWR�QmR�IRL�LPSOHPHQWDGR�QD�)2/21(7��



��
4XDQGR� RFRUUH� IDOKD� QD� EXVFD�� GHYH�VH� WHQWDU� HQFRQWUDU� RXWUR� REMHWR� TXH� VH�UHODFLRQD� FRP� XP� GRV� REMHWRV� GR� H[HPSOR� SRVLWLYR� H� FRP� XP� REMHWR� TXH� VH� WHQKD�HQFRQWUDGR�DQWHULRUPHQWH��UHSUHVHQWDGR�SRU�XPD�YDULiYHO�ORFDO��H�TXH�VH�UHODFLRQD�FRP�R�RXWUR�REMHWR�GR�H[HPSOR�SRVLWLYR��8P� H[HPSOR� HP� TXH� DFRQWHFH� LVVR� p� D� UHODomR�ELVDY{�;��<���8WLOL]DQGR� FRPR�H[HPSOR�SRVLWLYR�ELVDY{�$OSKRQVH��&ROLQ���WHPRV�TXH�QD�SULPHLUD�EXVFD�QmR�VH�HQFRQWUD�XPD�SHVVRD� TXH� VH� UHODFLRQH� DR�PHVPR� WHPSR� FRP�$OSKRQVH� H�&ROLQ� SHOR� SUHGLFDGR�SDL�;�� <��� $V� SHVVRDV� HQFRQWUDGDV� QHVVH� SDVVR� VmR� $QGUH� H� -DPHV�� RQGH� $QGUH� VH�UHODFLRQD� FRP�$OSKRQVH� � SDL�$OSKRQVH�� $QGUH�� � H� -DPHV� VH� UHODFLRQD� FRP�&ROLQ� �SDL�-DPHV��&ROLQ��2�QRYR�SDVVR�OHYD�HP�FRQVLGHUDomR�HVWDV�SHVVRDV��$QGUH�H�-DPHV��QD�SURFXUD�GH�XPD�QRYD�SHVVRD�SDUD� WHQWDU� VH� HQFRQWUDU� D�GHILQLomR�GR�SUHGLFDGR�ELVDY{�;��<���(VWH�SDVVR� FRQVLVWH� HP� HQFRQWUDU� DOJXpP� TXH� VH� UHODFLRQH� FRP� $QGUH� H� &ROLQ�� RX� VHMD��HQFRQWUDU� DOJXpP� TXH� VH� UHODFLRQH� FRP� D� SHVVRD� REWLGD� QR� SDVVR� DQWHULRU� �H� TXH� VH�UHODFLRQD�FRP�$OSKRQVH��H�TXH�WDPEpP�VH�UHODFLRQH�FRP�&ROLQ��TXH�p�D�RXWUD�SHVVRD�GR�H[HPSOR�ELVDY{�$OSKRQVH��&ROLQ��-i�QD�SULPHLUD�WHQWDWLYD�GR�VHJXQGR�SDVVR��HQFRQWUD�VH�-DPHV��TXH�VH�UHODFLRQD�FRP�$QGUH�H�&ROLQ��SDL�$QGUH��-DPHV��H�SDL�-DPHV��&ROLQ���$VVLP�WHPRV�

ELVDY{�$OSKRQVH�� &ROLQ�� m SDL�$OSKRQVH�� $QGUH�� SDL�$QGUH�� -DPHV��� SDL�-DPHV��&ROLQ��
$LQGD�DVVLP��SRGH�VHU�TXH�QmR�VH�HQFRQWUH�XP�REMHWR�TXH�VDWLVIDoD�RV�UHTXLVLWRV�QR� VHJXQGR� SDVVR� H� R� DOJRULWPR� FRQWLQXD�� VHJXLQGR� R� PHVPR� UDFLRFtQLR�� DWp� TXH� VH�HQFRQWUHP�DV�YDULiYHLV�ORFDLV�GHVHMiYHLV�SDUD�D�GHILQLomR�GR�SUHGLFDGR�DOYR�RX�DWp�TXH�VH�DOFDQFH�XP�Q~PHUR�OLPLWH�GH�YDULiYHLV�ORFDLV�RX��DLQGD��DWp�TXH�QmR�VH�HQFRQWUH�PDLV�REMHWRV�TXH�VmR�UHSUHVHQWDGRV�SRU�YDULiYHLV�ORFDLV�8PD�REVHUYDomR�LPSRUWDQWH�GHYH�VHU�IHLWD��FRP�D�XWLOL]DomR�GHVWD�SURSRVWD��QmR�SRGH�KDYHU�D�QHJDomR�GRV�SUHGLFDGRV�SDUD�D�EXVFD�SRU�YDULiYHLV�ORFDLV��,VWR�VH�GHYH�DR�IDWR�GH�TXH��DR�SURFXUDU�SRU�XP�REMHWR�UHSUHVHQWDGR�SRU�XPD�YDULiYHO�ORFDO��R�DOJRULWPR�UHDOL]DUi� D� EXVFD� SHODV� WXSODV� GR� EDQFR� GH� GDGRV� TXH� VDWLVID]HP� XP� GHWHUPLQDGR�SUHGLFDGR��H� VH�Ki�SHUPLVVmR�GH�SUHGLFDGR�QHJDGR�� WRGDV�DV� WXSODV�GR�EDQFR�GH�GDGRV�TXH�QmR�VDWLVID]HP�R�SUHGLFDGR�VHUmR�HVFROKLGDV�FRPR�SRVVtYHLV�YDULiYHLV�ORFDLV�2�XVR�GH�YDULiYHLV�ORFDLV�VH�GDUi�VRPHQWH�FRP�RV�H[HPSORV�SRVLWLYRV�GR�DUTXLYR�GH� WUHLQDPHQWR�� 2V� H[HPSORV� QHJDWLYRV� Vy� VHUYHP� FRPR� FRQWUD�H[HPSORV� GRV�SUHGLFDGRV�TXH�QmR�WrP�HQYROYLPHQWR�FRP�YDULiYHLV�ORFDLV�2� SULQFLSDO� SUREOHPD� GHVWD� SURSRVWD� VH� HQFRQWUD� QR� IDWR� GH� TXH� SDUD� FDGD�H[HPSOR�SRVLWLYR�TXH�QHFHVVLWD�D�EXVFD�SRU�XPD�YDULiYHO� ORFDO�VHUi�IHLWD�XPD�FRQVXOWD�QR� EDQFR� GH� GDGRV�� (VWH� p� XP� SURFHVVR� GH� DOWR� FXVWR�� DOpP� GH� UHWLUDU� GD� UHGH� R�SDUDOHOLVPR�FDUDFWHUtVWLFR��&RQFOXL�VH��HQWmR��TXH�p�XPD�SURSRVWD�LQYLiYHO�SDUD�JUDQGHV�TXDQWLGDGHV� GH� GDGRV�� VHQGR� QHFHVViULR� R� HVWXGR� GH� RXWUR� PpWRGR� TXH� SRVVD� VHU�XWLOL]DGR�QHVWHV�FDVRV�



��
$� VHomR� VHJXLQWH� DSUHVHQWD� R� UHVXOWDGR� GD� H[HFXomR� GR� SURJUDPD� TXH�LPSOHPHQWD� D� )2/21(7 SDUD� R� SUHGLFDGR� DY{�;�� <��� TXH� QHFHVVLWD� GH� DSHQDV� XPD�YDULiYHO�ORFDO�SDUD�D�VXD�GHILQLomR�

����� 5HVXOWDGR�SDUD�XPD�9DULiYHO�/RFDO
2�WHVWH�QD�UHGH )2/21(7 SDUD�R�SUHGLFDGR�DY{�;��<��IRL�IHLWR�FRP�D�XWLOL]DomR�GR�VHJXLQWH�FRQMXQWR�GH�WUHLQDPHQWR�

TABELA 5.7 – Conjunto de treinamento para o teste do predicado avô(X, Y)DY{ �$QGUH��&ROLQ�DY{ �$QGUH��&KDUORWH�DY{ �3LHWUR��$OSKRQVH�([HPSORV�3RVLWLYRV
DY{ �3LHWUR��6RSKLD�DY{ �0DU\��/XF\�DY{ �3HQHORSH��9LFWRULD�([HPSORV�1HJDWLYRV
DY{ �$QGUH��$UWKXU�

1D�WHQWDWLYD�GH�VH�UHDOL]DU�R�WUHLQDPHQWR��YHULILFRX�VH�TXH�KDYLD�D�QHFHVVLGDGH�GD�XWLOL]DomR�GH�YDULiYHLV�ORFDLV��&RP�LVVR��R�SURJUDPD�UHDOL]RX�D�EXVFD�SRU�XPD�YDULiYHO�ORFDO�SDUD�RV�H[HPSORV�SRVLWLYRV��JHUDQGR�XP�QRYR�DUTXLYR�GH� WUHLQDPHQWR��TXH�SRGH�VHU�YLVXDOL]DGR�QD�WDEHOD�����
TABELA 5.8 - Novo conjunto de treinamentoDY{ �$QGUH��&ROLQ����-DPHVDY{ �$QGUH��&KDUORWH����-DPHVDY{ �3LHWUR��$OSKRQVH����0DUFR([HPSORV�3RVLWLYRV

DY{ �3LHWUR��6RSKLD����0DUFR
2QGH�-DPHV� UHSUHVHQWD�D�YDULiYHO� ORFDO�SDUD�RV�H[HPSORV�DY{ �$QGUH��&ROLQ��H�DY{ �$QGUH��&KDUORWH��H�0DUFR�UHSUHVHQWD�D�YDULiYHO�ORFDO�SDUD�RV�H[HPSORV�DY{ �3LHWUR��$OSKRQVH��H DY{ �3LHWUR��6RSKLD��&RPR� SRGH� VHU� YLVWR�� R� QRYR� DUTXLYR� GH� WUHLQDPHQWR� Vy� DSUHVHQWD� H[HPSORV�SRVLWLYRV��,VVR�VH�GHYH�DR�IDWR�GH�TXH��TXDQGR�VH�XWLOL]DP�YDULiYHLV�ORFDLV��RV�H[HPSORV�QHJDWLYRV�QmR�VmR�XWLOL]DGRV��FRPR�IRL�H[SOLFDGR�DQWHULRUPHQWH�
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