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5HVXPHQ/D�FDSDFLGDG�TXH�SRVHHQ� ODV� KRUPLJDV�SDUD�HVWDEOHFHU�HO� FDPLQR�PiV�FRUWR�GHVGH� VX�QLGR�KDVWD� ODIXHQWH�GH�DOLPHQWR�\�YLFHYHUVD��KD�VXJHULGR�HO�DOJRULWPR�PHWD�KHXUtVLVWLFR�GHQRPLQDGR�6LVWHPD�GH�+RUPLJDV�$QW� 6\VWHP�� HVSHFLDOPHQWH� DSURSLDGR� SDUD� SUREOHPDV� GH� RSWLPL]DFLyQ� FRPELQDWRULD�� $O� PRYHUVH�� XQDKRUPLJD� UHDO� GHSRVLWD� XQD� VXEVWDQFLD� GHQRPLQDGD� IHURPRQD� FRPR� XQD� VHxDO� RGRUtIHUD� SDUD� PDUFDU� HOFDPLQR� UHFRUULGR�� GH� pVWD� PDQHUD� ODV� GHPiV� KRUPLJDV� SXHGHQ� VHJXLUOD�� (O� PpWRGR� FRQVLVWH� HQ� VLPXODUFRPSXWDFLRQDOPHQWH� OD� FRPXQLFDFLyQ� LQGLUHFWD� TXH� XWLOL]DQ� ODV� KRUPLJDV� SDUD� HVWDEOHFHU� HO� FDPLQR� PiVFRUWR�JXDUGDQGR�OD�LQIRUPDFLyQ�DSUHQGLGD�HQ�XQD�PDWUL]�GH�IHURPRQDV�(O� SUHVHQWH� WUDEDMR� XWLOL]D� D� ODV� KRUPLJDV� FRPR� HQWHV� EiVLFDPHQWH� DXWyQRPRV� TXH� WUDEDMDQ� HQSDUDOHOR� FRQ� DVLQFURQLVPR� LPSOtFLWR�� GHPRVWUDQGR� H[SHULPHQWDOPHQWH� ODV� YHQWDMDV� GH� SDUDOHOL]DU� HVWDWpFQLFD��LPSOHPHQWDQGR�GRV�YDULDQWHV�GHO�PLVPR�HQ�XQ�DPELHQWH�FRPSXWDFLRQDO�DVtQFURQR��XWLOL]DQGR�XQD�UHGGH�FRPSXWDGRUDV�SHUVRQDOHV�

���,QWURGXFFLyQ
/D� REVHUYDFLyQ� GH� OD� QDWXUDOH]D� KD� VLGR� XQD� GH� ODV� SULQFLSDOHV� IXHQWHV� GH� LQVSLUDFLyQ� SDUD� ODSURSXHVWD� GH� QXHYRV� SDUDGLJPDV�FRPSXWDFLRQDOHV�� $Vt� QDFLHURQ� GLYHUVDV� WpFQLFDV� GH� ,QWHOLJHQFLD� $UWLILFLDOFRPR�� ORV� $OJRULWPRV� *HQpWLFRV� �*HQHWLF� $OJRULWKPV��� 7HPSODGR� 6LPXODGR� �6LPXODWHG� $QQHDOLQJ��� 5HGHV1HXURQDOHV� �1HXUDO� 1HWZRUNV��� \� HQWUH� HVWDV� WpFQLFDV�� HO� VLVWHPD� EDVDGR� HQ� &RORQLDV� GH� +RUPLJDV� �$QW6\VWHP��>�@�
(Q�OD�QDWXUDOH]D�� ODV�KRUPLJDV�VRQ�DQLPDOHV�FDVL�FLHJRV��VLQ�HPEDUJR�WLHQHQ� OD�FDSDFLGDG�HQFRQWUDUDOLPHQWR�\�HVWDEOHFHU�HO�FDPLQR�PiV�FRUWR�KDVWD�OOHJDU�D�pO�\�UHJUHVDU�DO�QLGR��&RQ�pVWH�SURSyVLWR���DO�PRYHUVHXQD�KRUPLJD�GHSRVLWD�XQD�VXEVWDQFLD�TXtPLFD�GHQRPLQDGD�IHURPRQDV�FRPR�XQD�VHxDO�RGRUtIHUD�SDUD�TXH�ODVGHPiV�SXHGDQ�VHJXLUOD�

/DV�IHURPRQDV�MXHJDQ�XQ�LPSRUWDQWH�SDSHO�HQ�OD�VXSHUYLYHQFLD�GH�PXFKDV�HVSHFLHV�OODPDGDV�LQIHULRUHV�FRPR�VRQ�ODV�DEHMDV��KRUPLJDV��SROLOODV��HWF���SDUD�HOODV�UHSUHVHQWDQ�XQ�VLVWHPD�GH�FRPXQLFDFLyQ�TXtPLFD�TXHOHV�SHUPLWH�WUDQVPLWLU�LQIRUPDFLyQ�D�WUDYpV�GH�VHxDOHV�RGRUtIHUDV�DFHUFD�GHO�HVWDGR�ILVLROyJLFR��UHSURGXFWLYR�\VRFLDO�� DVt� FRPR� OD� HGDG�� HO� VH[R� \� HO� SDUHQWHVFR� GHO� DQLPDO� HPLVRU�� ODV� FXDOHV� VRQ� UHFLELGDV� HQ� HO� VLVWHPDROIDWRULR�GHO�DQLPDO�UHFHSWRU��TXLHQ�LQWHUSUHWD�HVDV�VHxDOHV�>�@���(Q�PXFKRV�PDPtIHURV��ORV�PDFKRV�PDUFDQ�HOWHUULWRULR�HQ�GRQGH�SXHGHQ�DOLPHQWDUVH�\�DSDUHDUVH�FRQ�ODV�KHPEUDV�TXH�VH�HQFXHQWUHQ�HQ�HVD�GHPDUFDFLyQ���$VX�YH]�ODV�KHPEUDV�FRPXQLFDQ�VX�GLVSRQLELOLGDG�VH[XDO�
$O� LQLFLR�GH� OD�E~VTXHGD�GH�DOLPHQWRV�� XQD�KRUPLJD� VH�PXHYH� HVHQFLDOPHQWH� DO� D]DU� SHUR� ODV� GHPiVGHFLGHQ�FRQ�EXHQD�SUREDELOLGDG�VHJXLU�HO�FDPLQR�FRQ�PD\RU�FDQWLGDG�GH�IHURPRQDV��&RQVLGHUH�OD�)LJXUD���HQ
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GRQGH�VH�REVHUYD�FRPR�ODV�KRUPLJDV�HVWDEOHFHQ�HO�FDPLQR�PiV�FRUWR��(Q�OD��ILJXUD��D��ODV�KRUPLJDV�OOHJDQ�DXQ�SXQWR�GRQGH� WLHQHQ�TXH�GHFLGLU�SRU�XQR�GH� ORV�FDPLQRV�TXH�VH� OHV�SUHVHQWD�� OR�TXH� UHVXHOYHQ�GH�PDQHUDDOHDWRULD��OD�PLWDG�GH�ODV�KRUPLJDV�GH�GLULJLUiQ�KDFLD�XQ�H[WUHPR�\�OD�RWUD�PLWDG�KDFLD�HO�RWUR�H[WUHPR�FRPRLOXVWUD� OD� ILJXUD� �E��� &RPR� ODV� KRUPLJDV� VH� PXHYHQ� DSUR[LPDGDPHQWH� D� XQD� YHORFLGDG� FRQVWDQWH�� ODV� TXHHOLJLHURQ� HO� FDPLQR�PiV� FRUWR� DOFDQ]DUiQ� HO� RWUR� H[WUHPR�PiV� UiSLGR� TXH� ODV� TXH� WRPDURQ� HO� FDPLQR�PiVODUJR��GHSRVLWDQGR�PD\RU�FDQWLGDG�GH�IHURPRQD�SRU�XQLGDG�GH�ORQJLWXG��FRPR�LOXVWUD�OD�ILJXUD��F���/D�PD\RUGHQVLGDG�GH�IHURPRQDV�GHSRVLWDGDV�HQ�HO�WUD\HFWR�PiV�FRUWR�KDFH�TXH�pVWH�VHD�PiV�GHVHDEOH�SDUD�ODV�VLJXLHQWHVKRUPLJDV� \� SRU� OR� WDQWR� OD�PD\RUtD� HOLJH� WUDQVLWDU� SRU� pO��&RQVLGHUDQGR� TXH� OD� HYDSRUDFLyQ� GH� OD� VXVWDQFLDTXtPLFD�KDFH�TXH�ORV�FDPLQRV�PHQRV�WUDQVLWDGRV�VHDQ�FDGD�YH]�PHQRV�GHVHDEOHV�\�OD�UHDOLPHQWDFLyQ�SRVLWLYDGHO�FDPLQR�FRQ�PiV�IHURPRQDV��UHVXOWD�FODUR�TXH�DO�FDER�GH�XQ�WLHPSR�FDVL�WRGDV�ODV�KRUPLJDV�WUDQVLWHQ�SRU�HOFDPLQR�PiV�FRUWR�

)LJXUD��� &RPSRUWDPLHQWR�GH�ODV�KRUPLJDV�UHDOHV�
(Q�EDVH�DO�FRPSRUWDPLHQWR�GHVFULWR�GH�ODV�KRUPLJDV��'RULJR�HW�DO��>�@�SURSXVR�XQD�WpFQLFD�FRQRFLGDFRPR�$QW� V\VWHP�SDUD� HO� FRQRFLGR� SDUDGLJPD�GHO� FDMHUR� YLDMDQWH� �763� ±�7UDYHOHU� 6DOHVPDQ�3UREOHP�� TXHSUHVHQWDED�WUHV�YDULDQWHV�TXH�VH�GLIHUHQFLDQ�VLPSOHPHQWH�HQ�HO�PRPHQWR�\�OD�PDQHUD�GH�DFWXDOL]DU�XQD�PDWUL]TXH�UHSUHVHQWD�ODV�IHURPRQDV�GH�ORV�VLVWHPDV�ELROyJLFRV�� $QW�GHQVLW\��FRQ�DFWXDOL]DFLyQ�FRQVWDQWH�GH�ODV�IHURPRQDV�SRU�GRQGH�SDVD�XQD�KRUPLJD�� $QW�TXDQWLW\��FRQ�DFWXDOL]DFLyQ�GH�IHURPRQDV�LQYHUVDPHQWH�SURSRUFLRQDO�D�OD�GLVWDQFLD�HQWUH��FLXGDGHV�UHFRUULGDV�� $QW�F\FOH��FRQ�DFWXDOL]DFLyQ�GH�IHURPRQDV�LQYHUVDPHQWH�SURSRUFLRQDO�DO�WUD\HFWR�FRPSOHWR��DOWHUPLQDU�XQ�UHFRUULGR��(VWH�~OWLPR�SUHVHQWy�PHMRUHV�UHVXOWDGRV�\�ODV�VLJXLHQWHV�LQYHVWLJDFLRQHVVH�FHQWUDURQ�HQ�pO�
5HFLHQWHPHQWH��'RULJR�\�*DPEDUGHOOD�WUDEDMDURQ�HQ�YDULDV�YHUVLRQHV�H[WHQGLGDV�GHO�SDUDGLJPD�$6�$QW�4 >����@�HV�XQ�KtEULGR�HQWUH�$6 \�4�OHDUQLQJ��XQ�FRQRFLGR�DOJRULWPR�GH�DSUHQGL]DMH�FRQ�UHDOLPHQWDFLyQ
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SRVLWLYD� >��� �@�� �$QW�&RORQ\� 6\VWHP� �$&6� HV� XQD� H[WHQVLyQ� GH�$QW�4 SXEOLFDGR� HQ� ����� >�@�� HQ� HO� TXH� VHSUHVHQWDURQ�PHMRUDV�GHO�DOJRULWPR�HQ�WUHV�DVSHFWRV�SULQFLSDOHV����L��OD�UHJOD�GH�WUDQVLFLyQ�GH�HVWDGRV��FRQ�OD�TXHVH� RIUHFH� XQ� EDODQFH� HQWUH� OD� H[SORUDFLyQ� GH� QXHYRV� FDPLQRV� \� H[SORWDFLyQ� D� SULRUL� GHO� FRQRFLPLHQWRDFXPXODGR� DFHUFD� GHO� SUREOHPD�� LL�� OD� UHJOD� GH� � DFWXDOL]DFLyQ� JOREDO� TXH� SHUPLWH� DFWXDOL]DU� OD� PDWUL]� GHIHURPRQDV�VROR�FRQ�HO�PHMRU�WRXU�HQFRQWUDGR�KDVWD�HO�PRPHQWR�LLL��OD�UHJOD�GH�DFWXDOL]DFLyQ�ORFDO�TXH�SHUPLWHD� WRGDV� ODV�KRUPLJDV� DFWXDOL]DU� OD�PDWUL]� GH�IHURPRQDV� DO� WHUPLQDU� VX�WRXU�� �(Q�GLFKD�SXEOLFDFLyQ� VH� DSOLFDDGHPiV�E~VTXHGD� ORFDO�� �XWLOL]DQGR�HO� FRQRFLGR�PpWRGR���RSW� >�@�SDUD� HO� SUREOHPD�GHO� FDMHUR� YLDMDQWH�� TXHLQWHQWD�UHGXFLU�OD�ORQJLWXG�HQFRQWUDGD�LQWHUFDPELDQGR�ORV�DUFRV��(Q�SDUWLFXODU��HVWH�PpWRGR�UHDOL]D�WUHV�FRUWHVHQ� HO� WRXU� HQFRQWUDGR� H� LQWHUFDPELD� ODV� FLXGDGHV� GHVWLQR�� HYLWDQGR� GH� HVWH�PRGR� LQYHUWLU� HO� VHQWLGR� GH� ODVFLXGDGHV�YLVLWDGDV�
2WUD�YDULDQWH�GH�$6��FRQRFLGD�FRPR�0D[�0LQ�$QW�6\VWHP��00$6���IXH�SUHVHQWDGD�SRU�7RPDV�6W�W]OH\�+ROJHU�+RRV�>�@���SHUPLWLHQGR�DFWXDOL]DU�OD��PDWUL]�GH�IHURPRQDV��VROR�D�OD�KRUPLJD�FRQ�HO�PHMRU�WRXU���(VWRDFHOHUD� OD� FRQYHUJHQFLD�� SHUR� SXHGH� OOHYDU� D� HVWDQFDPLHQWRV� HQ� VROXFLRQHV� VXE�ySWLPDV�� � $� ILQ� GH� HYLWDUFRQYHUJHQFLDV� SUHPDWXUDV�� VH� SURSXVR� SRQHU� XQ� OtPLWH� Pi[LPR� \� RWUR�PtQLPR� GHQWUR� GH� ORV� FXDOHV� SXHGHYDULDU� OD� FDQWLGDG� GH� IHURPRQDV� >�@�� /D� DSOLFDFLyQ� GH� E~VTXHGD� ORFDO� � PHMRUD� QRWRULDPHQWH� ORV� UHVXOWDGRVH[SHULPHQWDOHV�>�@�
&RPR�$QW�6\VWHP HV�XQD�FODVH�GH�DOJRULWPR�GLVWULEXLGR�TXH�FRQVLVWH�JHQHUDOPHQWH�HQ�XQ�FRQMXQWR�GHQXPHURVRV� DJHQWHV� FRRSHUDWLYRV� PX\� VLPSOHV� TXH� LQWHUFDPELDQ� LQIRUPDFLyQ� GH� PDQHUD� LQGLUHFWD�� HOSDUDOHOLVPR� HV� LQKHUHQWH� DO� IXQFLRQDPLHQWR� GHO� DOJRULWPR�� HV� GHFLU�� HO� FRPSRUWDPLHQWR� GH� XQD� KRUPLJD� HVLQGHSHQGLHQWH�GH�WRGDV�ODV�GHPiV�KRUPLJDV�GXUDQWH�OD�PLVPD� LWHUDFLyQ��6H�SURSXVLHURQ�YDULDV�HVWUDWHJLDV�GHSDUDOHOL]DFLyQ��(Q�>�@�IXH�SXEOLFDGD�XQD�LPSOHPHQWDFLyQ�SDUDOHOD�VtQFURQD�\�RWUD�SDUFLDOPHQWH�DVtQFURQD�TXHVH�UHVXPHQ�D�FRQWLQXDFLyQ�

D� (Q� OD� LPSOHPHQWDFLyQ� SDUDOHOD� VtQFURQD�� XQ� SURFHVR� LQLFLDO� �PDVWHU�� OHYDQWD� D� XQ� FRQMXQWR� GHSURFHVRV� KLMRV�� XQR� SDUD� FDGD� KRUPLJD�� 'HVSXpV� GH� GLVWULEXLU� OD� LQIRUPDFLyQ� LQLFLDO� DFHUFD� GHOSUREOHPD��FDGD�SURFHVR�LQLFLD�OD�FRQVWUXFFLyQ�GHO�FDPLQR�\�FDOFXOD�OD� ORQJLWXG�GHO�WRXU�HQFRQWUDGR�'HVSXpV�GH�WHUPLQDU�HVWH�SURFHGLPLHQWR��ORV�UHVXOWDGRV�VRQ�HQYLDGRV�DO�PDVWHU��TXLHQ�VH�HQFDUJD�GHDFWXDOL]DU�HO�QLYHO�GH�IHURPRQDV�\�FDOFXODU�HO�PHMRU�WRXU�HQFRQWUDGR�KDVWD�DKRUD���6H�LQLFLD�XQD�QXHYDLWHUDFLyQ�FRQ�HO�HQYtR�GH�XQD�QXHYD�PDWUL]�GH�IHURPRQDV�
b) En la implementación parcialmente asíncrona, se propone reducir la frecuencia de la comunicación.

Para esto, cada hormiga realiza un cierto número de iteraciones del algoritmo secuencial,
independientemente de las otras hormigas.  Solo después de estas iteraciones locales, se realiza una
sincronización global entre las hormigas.  Entonces el master actualiza el nivel de feromonas y se
inicia el proceso de nuevo.

&RPR� XQD� H[WHQVLyQ� GH� pVWH� WUDEDMR�� 7RPDV�6W�W]OH� SUHVHQWD� RWUD� HVWUDWHJLD� GH� SDUDOHOL]DFLyQ� >�@�SURSRQLHQGR�FRUULGDV�LQGHSHQGLHQWHV�\�SDUDOHODV�GH�XQ�PLVPR�DOJRULWPR���$&2�R�00$6���HYLWDQGR�GH�pVWHPRGR� HO� RYHUKHDG GH� FRPXQLFDFLyQ�� &DEH� GHVWDFDU� TXH� HQ� HVWH� PRGHOR� GH� SDUDOHOL]DFLyQ� QR� H[LVWHFRPXQLFDFLyQ� HQWUH� ORV� SURFHVRV� TXH� FRUUHQ� HQ� GLIHUHQWHV� PiTXLQDV�� (O� PpWRGR� IXQFLRQD� VROR� VL� HOIXQGDPHQWR�GHO�DOJRULWPR�HV�DOHDWRULR�FRPR�HQ�HO�FDVR�GH�$QW�6\VWHP�� �/D�PHMRU� VROXFLyQ�GH�N�FRUULGDV�HVHOHJLGD� DO� ILQDO�� � (Q� FDVR� GH� DSOLFDU� E~VTXHGD� ORFDO�� 6W�W]OH� SURSRQH� GRV� HVWUDWHJLDV� SHUR� VLQ� SUHVHQWDUUHVXOWDGRV�H[SHULPHQWDOHV�
D� 8QD� LPSOHPHQWDFLyQ� VtQFURQD� DO� WHQHU� XQ� SURFHVR� PDVWHU� TXH� HV� XWLOL]DGR� SDUD� DFWXDOL]DU� ODVHVWUXFWXUDV�GH�GDWRV�\�FRQVWUXLU�VROXFLRQHV�LQLFLDOHV�TXH�VRQ�HQYLDGDV�D�ORV�SURFHVDGRUHV�KLMRV�TXH�VHHQFDUJDQ�GH�DSOLFDU�E~VTXHGD�ORFDO�VREUH�HOORV���(O�PDVWHU�UHFRJH�ODV�VROXFLRQHV�ySWLPDV�ORFDOHV�\�GHHQFRQWUDUVH�XQ�Q~PHUR�VXILFLHQWH�GH� WDOHV� VROXFLRQHV�VH� � DFWXDOL]D� OD�PDWUL]�GH�IHURPRQDV�DQWHV�GHFRQVWUXLU�PiV�VROXFLRQHV�
E� 8QD�LPSOHPHQWDFLyQ�DVtQFURQD�HQ�OD�TXH�XQ�SURFHVDGRU�JXDUGD�OD�PDWUL]�GH�IHURPRQDV�\�OD�DFWXDOL]D�PLHQWUDV�TXH�XQR�R�YDULRV�SURFHVDGRUHV�SXHGHQ�XVDU�OD�PDWUL]�GH�IHURPRQDV�SDUD�FRQVWUXLU�VROXFLRQHV\�HQYLDU�D�DTXHOORV�SURFHVDGRUHV�TXH�DSOLFDUDQ�E~VTXHGD�ORFDO�VREUH�pVWRV�UHVXOWDGRV�
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/RV�DXWRUHV�GHO�SUHVHQWH�WUDEDMR�SUHVHQWDURQ�RWUD�HVWUDWHJLD�GH�SDUDOHOL]DFLyQ�>��@��SURSRQLHQGR�TXH�XQSURFHVDGRU�PDVWHU� OHYDQWH�D� ORV�GHPiV�SURFHVRV��&DGD�SURFHVDGRU�KLMR� UHDOL]D� OD�FRPSXWDFLyQ�GHO�SUREOHPDSDUD� XQ� FLHUWR� Q~PHUR� GH� KRUPLJDV�� REWHQLHQGR� UHVXOWDGRV� SDUFLDOHV� TXH� VHUiQ� WUDQVPLWLGRV� D� ORV� RWURVSURFHVDGRUHV��FRODERUDQGR�WRGRV�HQ�OD�VROXFLyQ�GHO�SUREOHPD�JOREDO��/RV�UHVXOWDGRV�IXHURQ�REWHQLGRV�HQ�XQDUHG�GH�FRPSXWDGRUDV�SHUVRQDOHV�FRQ�KDVWD���SURFHVDGRUHV�
(Q�ORV�~OWLPRV�DxRV�IXHURQ�SUREDGDV�QXPHURVDV�LPSOHPHQWDFLRQHV�GH�ORV�DOJRULWPRV�$6 FRQ�HO�REMHWRGH�UHVROYHU�SUREOHPDV�WDQ�GLYHUVRV�FRPR�� HO�SDUDGLJPD�GHO�FDMHUR�YLDMDQWH��7UDYHOLQJ�6DOHVPDQ�3UREOHP��>����@�� HO�SUREOHPD�GH�UXWHR�GH�YHKtFXORV��9HKLFOH�5RXWLQJ�3UREOHP� >��@�� HO�SUREOHPD�GHO�RUGHQDPLHQWR�VHFXHQFLDO��6HTXHQWLDO�2UGHULQJ�3UREOHP� >��@�� UHGHV�GH�WHOHFRPXQLFDFLRQHV��7HOHFRPPXQLFDWLRQV�1HWZRUNV� >������@�� HO�SUREOHPD�GH�DVLJQDFLyQ�FXDGUiWLFD��4XDGUDWLF�$VVLJQPHQW�3UREOHP� >��@�

(O� SUHVHQWH� WUDEDMR� SURSRQH� SDUDOHOL]DU� HO� DOJRULWPR� $QW� 6\VWHP� �$6� HQ� XQ� DPELHQWH� WRWDOPHQWHDVtQFURQR�\�KHWHURJpQHR�HQ�XQD�UHG�GH�FRPSXWDGRUDV�SHUVRQDOHV�\� UHDOL]DU�FRUULGDV�H[SHULPHQWDOHV� FRQ�GRVYDULDQWHV� GHO� DOJRULWPR� \� HO� SUREOHPD� VLPpWULFR� GHO� FDMHUR� YLDMDQWH� �763�� SDUD� ��� FLXGDGHV� >��@�� 'H� HVWDPDQHUD� WHQHPRV� TXH�� GDGDV�1 FLXGDGHV� \� ODV� GLVWDQFLDV� HQWUH� HVWDV� �LGpQWLFDV� HQ� DPERV� VHQWLGRV��� VH� GHVHDHQFRQWUDU�HO�FDPLQR�PiV�FRUWR�TXH�SHUPLWD�UHFRUUHU�ODV�1 FLXGDGHV��UHJUHVDQGR�DO�SXQWR�GH�SDUWLGD��VLQ�SDVDUSRU�XQD�PLVPD�FLXGDG�PiV�GH�XQD�YH]��3DUD�HVWR��DJHQWHV�FRPSXWDFLRQDOHV�PX\�VLPSOHV� OODPDGRV�KRUPLJDVWUDEDMDQ�HQ�FDGD�SURFHVDGRU�GH�XQD�UHG�GH�FRPSXWDGRUDV��H[SORUDQGR�HO�HVSDFLR�GH�VROXFLRQHV��FRPXQLFDQGRHQ�IRUPD�DVtQFURQD�D�ORV�GHPiV�SURFHVDGRUHV�ORV�UHVXOWDGRV�PiV�SURPHWHGRUHV��FRQVROLGDQGR�OD�LQIRUPDFLyQUHFRJLGD� HQ�PDWULFHV� GH� IHURPRQDV SURSLDV� GH� FDGD� SURFHVDGRU�� TXH� VHUYLUiQ� SDUD� JXLDU� OD� E~VTXHGD� GHPHMRUHV�VROXFLRQHV�HQ�FDGD�XQR�GH�ORV�SURFHVDGRUHV�GH�OD�UHG��VLQ�QHFHVLGDG�GH�VLQFURQL]DU�ORV�SURFHVRV��&RQHVWR��FDGD�SURFHVDGRU�SXHGH�FRQWDU�FRQ�VX�SURSLD�PDWUL]�GH�IHURPRQDV��SRVLEOHPHQWH�GLIHUHQWH�D�ODV�PDWULFHVXWLOL]DGDV� HQ� RWURV� SURFHVDGRUHV�� TXH� JXLDUiQ� ODV� E~VTXHGDV� GH� EXHQDV� VROXFLRQHV� GH� IRUPD� SRVLEOHPHQWHGLIHUHQFLDGD� SDUD� FDGD� XQR� GH� ORV� SURFHVDGRUHV� TXH� FRODERUDQ� HQ� OD� E~VTXHGD� GH� ODV� VROXFLRQHV� JOREDOHV�SURSRUFLRQDQGR�XQD�GLYHUVLGDG�TXH�SRGUi�VHU�EHQHILFLRVD��FRPR�RFXUUH�FRQ�ORV�DOJRULWPRV�JHQpWLFRV��\�TXH�HQJHQHUDO��QR�SXHGH�DSURYHFKDUVH�HQ�ODV�LPSOHPHQWDFLRQHV�SXUDPHQWH�VHFXHQFLDOHV�
/D�VLJXLHQWH�VHFFLyQ�SUHVHQWD�HO�DOJRULWPR�$QW�6\VWHP�HQ�XQD�YHUVLyQ�VHFXHQFLDO�VLPSOLILFDGD��PLHQWUDVOD�WpFQLFD�GH�SDUDOHOL]DFLyQ�SURSXHVWD�VH�H[SOLFD�HQ�OD�VHFFLyQ����/RV�UHVXOWDGRV�H[SHULPHQWDOHV�TXHGDQ�SDUD�ODVHFFLyQ����)LQDOPHQWH��VH�SUHVHQWDQ�ODV�FRQFOXVLRQHV�HQ�OD�VHFFLyQ���

���6LVWHPD�GH�+RUPLJDV
(VWD�QRYHGRVD� WpFQLFD� VH� LQVSLUD�HQ�HO� FRPSRUWDPLHQWR�GH� ODV�KRUPLJDV�� DQLPDOHV�FDVL�FLHJRV� SHURFRQ�OD�KDELOLGDG�GH�RSWLPL]DU�HO�FDPLQR�KDVWD�OOHJDU�D�OD�IXHQWH�GH�VX�DOLPHQWR�\�UHJUHVDU�DO�QLGR��(O�DOJRULWPRXWLOL]D�VLPSOHV�DJHQWHV�OODPDGRV�KRUPLJDV�FRQ�ODV�VLJXLHQWHV�FDUDFWHUtVWLFDV�� FDGD� KRUPLJD� HOLJH� OD� VLJXLHQWH� FLXGDG� D� VHU� YLVLWDGD�� HQ� IRUPD� DOHDWRULD�� FDOFXODQGR� XQDSUREDELOLGDG�TXH�HV�XQD�IXQFLyQ�GH�OD�GLVWDQFLD�HQWUH�ODV�FLXGDGHV�RULJHQ�\�GHVWLQR�\�OD�FDQWLGDGGH�IHURPRQD�SUHVHQWH�HQ�HO�DUFR�TXH�ODV�FRQHFWD�� VH�REOLJD�D�FDGD�KRUPLJD�D�UHDOL]DU�XQ�WRXU�OHJDO��HVWR�HV��YLVLWDU�FDGD�FLXGDG�XQD�VROD�YH]��9LDMDUD�XQD�FLXGDG�\D�YLVLWDGD�QR�HVWi�SHUPLWLGR�KDVWD�TXH�FRPSOHWH�WRGR�HO�YLDMH��HVWR�HV�FRQWURODGRSRU�XQD�OLVWD�WDE~��� FXDQGR�XQD�KRUPLJD�YLDMD�GH�OD�FLXGDG�L�D�OD�FLXGDG�M��GHSRVLWD�XQD�FDQWLGDG�GH�IHURPRQD��HQ�HODUFR��LM���PDUFDQGR�HO�FDPLQR�UHFRUULGR�
(VWRV�DJHQWHV�VH�GLIHUHQFLDQ�GH�ODV�KRUPLJDV�UHDOHV�HQ�FLHUWRV�DVSHFWRV�FRPR�� WLHQHQ�FLHUWD�FDSDFLGDG�GH�PHPRULD��HM���SDUD�JXDUGDU�OD�OLVWD�WDE~��� QR�VRQ�FRPSOHWDPHQWH�FLHJDV�\� YLYHQ�HQ�XQ�DPELHQWH�GH�WLHPSR�GLVFUHWR�
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VH�GH�LQLFLDOL]DFLyQ,QLFLDOL]DU�FRQWDGRU�GH�FLFORV�1&3DUD�FDGD�DUFR��L�M��YDORU�LQLFLDO�GH� � � FWLM  W �
F �FRQVWDQWH�SRVLWLYD�SHTXHxD
�� � � ' LMW&RORFDU�0$;+ KRUPLJDV�HQ�1 FLXGDGHV
ORFDU�OD�FLXGDG�RULJHQ�HQ��OLVWD�WDEXN GH�FDGD�KRUPLJDSHWLU�KDVWD�OOHQDU�WDEXN3DUD�FDGD�KRUPLJD�(OHJLU�SUy[LPD�FLXGDG�D�VHU�YLVLWDGD�VHJ~Q�HFXDFLyQ����0RYHU�OD�KRUPLJD�D�OD�SUy[LPD�FLXGDG,QVHUWDU�OD�FLXGDG�HQ�WDEXNSHWLU�SDUD�FDGD�KRUPLJD��N5HJUHVDU�D�OD�FLXGDG�RULJHQ&DOFXODU�OD�ORQJLWXG�/N GHO�FLFOR*XDUGDU�HO�FDPLQR�PiV�FRUWR�KDVWD�FLFOR�1&�� ^ `^ `NN1&1& /PLQ/PLQ/ ���� � 3DUD�FDGD�DUFR��L�M�&DOFXODU� LMW' VHJ~Q�HFXDFLyQ����
UD�FDGD�DUFR��L�M�$FWXDOL]DU� LMW VHJ~Q�HFXDFLyQ����� ' LMW
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3VHXGRFyGLJR����$OJRULWPR�$QW�6\VWHP
WDQWH�W��ODV�KRUPLJDV�VH�PXHYHQ�GH�XQD�FLXGDG�D�OD�VLJXLHQWH��PRYLPLHQWR�FRQRFLGR�FRPR�GH�VH�HQFRQWUDUiQ�HQ�HO�LQVWDQWH�W����/yJLFDPHQWH��DO�FDER�GH��0$;&�±��� LWHUDFLRQHV��ODVLWDGR�OD�~OWLPD�FLXGDG�\�HVWiQ�HQ�FRQGLFLRQHV�GH�UHJUHVDU�D�VX�FLXGDG�RULJHQ��SRVLEOHPHQWHPDWUL]�GH�IHURPRQDV�FRQ�OD�LQIRUPDFLyQ�UHFRJLGD�HQ�HO�WRXU�FRPSOHWR�
VR�VH�UHSLWH�LWHUDWLYDPHQWH�KDVWD�TXH�VH�FXPSOD�DOJ~Q�FULWHULR�GH�SDUDGD��(Q�HVWH�WUDEDMR��HOL�HO�FRQWDGRU�GH�WRXU�DOFDQ]D�XQ�Q~PHUR�Pi[LPR�GH�FLFORV�1&0$; �GHILQLGR�SRU�HO�XVXDULR�DV�UHDOL]DQ�HO�PLVPR�WRXU��(Q�HVWH�~OWLPR�FDVR��HV�HYLGHQWH�TXH�ODV�KRUPLJDV�KDQ�GHMDGR�GHOXFLRQHV�� OR� TXH� FRQVWLWX\H� XQ� FULWHULR� GH� FRQYHUJHQFLD� GHO� DOJRULWPR� �VLPLODU� D� OD�OD�SREODFLyQ�GH�XQ�DOJRULWPR�JHQpWLFR�>��@��
G�GH�IHURPRQDV�GHSRVLWDGD�HQ�HO� WUD\HFWR�HV�SURSRUFLRQDO�D� OD�GLVWDQFLD�GHO�WRXU� FRPSOHWROR�WDQWR��HV�GH�HVSHUDU�XQD�DSUHFLDEOH�FDSDFLGDG�GH�E~VTXHGD�GH�VROXFLRQHV�JOREDOHV��3DUDVLJXLHQWH�FiOFXOR�GH� N ML �W' �
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GRQGH�4 HV�XQD�FRQVWDQWH�\�/N HV�OD�ORQJLWXG�GHO�WRXU�FRPSOHWR�UHDOL]DGR�SRU�OD�KRUPLJD�N�(O�3VHXGRFyGLJR���VH�SUHVHQWD�HO� DOJRULWPR�VHFXHQFLDO� GH�$QW�6\VWHP�GH�'RULJR�HW� DO�� HQ� VX�YHUVLyQPiV�XWLOL]DGD�>�@�
���(VWUDWHJLD�GH�SDUDOHOL]DFLyQ�LPSOHPHQWDGD

$QW�6\VWHP HV�XQ�DOJRULWPR�LQVSLUDGR�HQ�OD�REVHUYDFLyQ�GH�OD�QDWXUDOH]D��\�HQ�SDUWLFXODU��HQ�XQD�FRORQLDGH� KRUPLJDV� HQ� OD� TXH� FDGD� LQGLYLGXR� DSRUWD� VX� WUDEDMR� LQGLYLGXDO� SDUD� DOFDQ]DU� HO� REMHWLYR� FRP~Q�� ODVXSHUYLYHQFLD�
/D� FRORQLD� HQWHUD� WUDEDMD� FRPR� XQ� HTXLSR� HQ� SHUIHFWD� FRRUGLQDFLyQ� DXQTXH� FDGD� KRUPLJD� KDFH� VXWUDEDMR� HQ� IRUPD� LQGHSHQGLHQWH�� WRPDQGR� VXV� SURSLDV� GHFLVLRQHV� HQ� EDVH� D� VX� DPELHQWH� ORFDOL]DGR� �HM��IHURPRQD� SHUFLELGD��� &DGD� LQGLYLGXR� FRPXQLFD� LQGLUHFWDPHQWH� D� ORV� GHPiV� VX� H[SHULHQFLD� D� WUDYpV� GH� ODVXVWDQFLD� TXtPLFD� GHQRPLQD� IHURPRQDV�� $QiORJDPHQWH�� HO� DOJRULWPR� XWLOL]D� DJHQWHV� FRPSXWDFLRQDOHVDVtQFURQRV�\�SDUDOHORV��OODPDGRV�KRUPLJDV��&DGD�XQR�GH�HVWRV�DJHQWHV�YD�FRQVWUX\HQGR�VX�WRXU�FRQ�OD�~QLFDUHVWULFFLyQ� GH�QR�YLDMDU� D� XQD� FLXGDG� \D� YLVLWDGD� FRQ� DQWHULRULGDG� \� GHMDQGR� HQ� OD�PDWUL]� GH�IHURPRQDV�XQUDVWUR�SRU�ORV�FDPLQRV�\D�WUDQVLWDGRV��VLQ�XQD�FRPXQLFDFLyQ�GLUHFWD�FRQ�ODV�GHPiV�KRUPLJDV��(V�HYLGHQWH�TXHHO�SDUDOHOLVPR�HVWi�LPSOtFLWR�HQ�HO�PLVPR�DOJRULWPR��&RQVHFXHQWHPHQWH��HO�SUHVHQWH�WUDEDMR�SURSRQH�TXH�FDGDSURFHVDGRU� UHDOLFH� OD� FRPSXWDFLyQ� GHO� SUREOHPD� SDUD� FLHUWR� Q~PHUR� GH� KRUPLJDV�� REWHQLHQGR� UHVXOWDGRVSDUFLDOHV�TXH�VHUiQ�WUDVPLWLGRV�D�ORV�RWURV�SURFHVDGRUHV��VLQ�QLQJXQD�VLQFURQL]DFLyQ���FRODERUDQGR�WRGRV�HQ�ODVROXFLyQ�GHO�SUREOHPD�JOREDO�

3RU�VX�SDUWH��HO�DVOD�VLQFURQL]DFLyQ�GH�OD�FRPFDGD� SURFHVDGRU� KLMR�� WHQLUHDOL]DU�FDGD�XQR�GH�HOORV�SURFHVDGRUHV� KLMRV� ODV� KRUHVSHWDQGR�SROtWLFDV�PLJUD
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)LJXUD��� (VWUDWHJLD�GH�SDUDOHOL]DFLyQ�
LQFURQLVPR�DTXt�SURSXHVWR�HOLPLQD�ORV�WLHPSRV�PXHUWRV�SURGXFLGRV�SRU�OD�HVSHUD�HQXQLFDFLyQ��(Q�FRQVHFXHQFLD��VH�UHDOL]DQ�FRUULGDV�LQGHSHQGLHQWHV�GHO�DOJRULWPR�HQHQGR� XQ�PDVWHU� TXH� FRPXQLTXH� ORV� SDUiPHWURV� \� HO� Q~PHUR� GH� FLFORV� TXH� GHEHQ�pVWRV�D�VX�YH]�OH�FRPXQLFDQ�DO�PDVWHU�FXDQGR�KDQ�WHUPLQDGR��)LJXUD�����(QWUH�ORVUPLJDV� TXH� KD\DQ� REWHQLGR� PHMRUHV� UHVXOWDGRV� PLJUDQ� GH� XQ�FRPSXWDGRU� D� RWURWRULDV�VHPHMDQWHV�D�ORV�DOJRULWPRV�JHQpWLFRV�SDUDOHORV�>��@��&DGD�SURFHVR�UHFLEH�D
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ODV�KRUPLJDV�PLJUDQWHV��pVWDV�VH�XELFDQ�HQ�ODV�FLXGDGHV�GH�RULJHQ��GRQGH�VH�DSOLFD�XQ�FULWHULR�GH�VHOHFFLyQ�DILQ�GH�PDQWHQHU�HO�Q~PHUR�RULJLQDO�GH�KRUPLJDV�SRU�FDGD�FLXGDG��ODV�KRUPLJDV�TXH�KD\DQ�HQFRQWUDGR�PHMRUHVVROXFLRQHV��WLHQHQ�PD\RU�SUREDELOLGDG�GH�VREUHYLYLU�D�OD�VHOHFFLyQ�
$� FRQWLQXDFLyQ� VH� SUHVHQWD� OD� YHUVLyQ� SDUDOHOD� LPSOHPHQWDGD� TXH� XWLOL]D� XQ� SURFHVR�0DVWHU TXH� VHHQFDUJD� GH� DGPLQLVWUDU� OD� LPSOHPHQWDFLyQ� SDUDOHOD� �3VHXGRFyGLJR� ��� LQFOX\HQGR� HO� ODQ]DPLHQWR� GH� ORVSURFHVRV�(VFODYRV��3VHXGRFyGLJR�����SDUD�TXH�pVWRV�UHDOLFHQ�ORV�FiOFXORV�SURSLDPHQWH�GLFKRV�

���5HVXOWDGRV�H[SHULPHQWDOHV
/RV�H[SHULPHQWRV�IXHURQ�UHDOL]DGRV�HQ�XQD�UHG�ORFDO�(WKHUQHW GH�VHLV�FRPSXWDGRUDV�SHUVRQDOHV��FRQSURFHVDGRUHV�$0'�.��GH�����0+]������0%�GH�PHPRULD�5$0�FRUULHQGR�EDMR�HO�VLVWHPD�RSHUDWLYR�/LQX[0DQGUDNH�������/DV�LPSOHPHQWDFLRQHV�IXHURQ�FRGLILFDGDV�HQ�OHQJXDMH�&�XWLOL]DQGR�OLEUHUtDV�GH�390��3DUDOOHO9LUWXDO�0DFKLQH��
6H�KDQ�LPSOHPHQWDGR�GRV�YDULDQWHV�GH�OD�HVWUDWHJLD�GH�SDUDOHOL]DFLyQ��PRGLILFDQGR�OD�PDQHUD�HQ�TXHVH�HOLJHQ�ODV�KRUPLJDV�TXH�YLDMDUiQ�D�ORV�GHPiV�SURFHVDGRUHV�
(Q�OD�SULPHUD�YHUVLyQ�TXH�GHQRPLQDUHPRV�$6��FDGD�SURFHVDGRU�HOLJH�ODV�KRUPLJDV�QDWLYDV�TXH�KDQREWHQLGR�PHMRUHV�UHVXOWDGRV�\�ODV�WUDQVPLWH�D�WRGRV�ORV�GHPiV�SURFHVDGRUHV��DVt�PLVPR�OR�KDFHQ�VXV�SDUHV�
(Q� OD� VHJXQGD� YHUVLyQ� GHQRPLQDGD� $6�� FDGD� SURFHVDGRU� HOLJH� ODV� KRUPLJDV� QDWLYDV� GH� PDQHUDDOHDWRULD�\�ODV�WUDQVPLWH�D�WRGRV�ORV�GHPiV�SURFHVDGRUHV�
(O�SUREOHPD�2OLYHU���>��@�SDUD����FLXGDGHV�IXH�XWLOL]DGR�FRQ�HO�SURSyVLWR�GH�SUREDU�HO�GHVHPSHxR�GHODV� YDULDQWHV� $6�� \�$6�� HQ� XQ� DPELHQWH�TXH� UHTXLHUD� GH� XQ� LPSRUWDQWH� XVR� GH� UHFXUVRV�FRPSXWDFLRQDOHV�&RQIRUPH�LOXVWUD�HQ�OD�7DEOD���\����VH�KLFLHURQ�H[SHULPHQWRV�FRQ���������\���FRPSXWDGRUHV�HQ�UHG�

3VHXGRFyGLJR���3URFHVR�(VFODYR�3VHXGRFyGLJR���3URFHVR�0DVWHU�

�� )DVH�GH�LQLFLDOL]DFLyQ/HYDQWDU�SURFHVRV(QYLDU�SDUiPHWURV�D�FDGD�HVFODYR)LQ �)DOVR
�� 5HSHWLU�PLHQWUDV�QR�VHD�)LQ

Recibir solución de los esclavos
Guardar mejor solución
Si todos los procesos terminaron)LQ �9HUGDGHUR

�� (OLPLQDU�SURFHVRV�HVFODYRV

�� )DVH�GH�LQLFLDOL]DFLyQ
Recibir parámetros,QLFLDOL]DU�YDULDEOHV

�� 5HSHWLU�PLHQWUDV��1& ��1&0$; \�WRGDV�ODVKRUPLJDV�QR�UHDOLFHQ�HO�PLVPR�WRXU�
Mover hormigas hasta completar tour
Calcular distancia recorrida para cada hormiga(VFRJHU�KRUPLJDV�SDUD�HPLJUDU(QYLDU�KRUPLJDV�HPLJUDQWHV�D�RWURV�SURFHVRV5HFLELU�KRUPLJDV�PLJUDQWHV�GH�RWURV�SURFHVRV8ELFDU�PLJUDQWHV�HQ�VX�FLXGDG�RULJHQ6HOHFFLRQDU�ODV�KRUPLJDV�TXH�VREUHYLYLUiQ$FWXDOL]DU�PDWUL]�GH�IHURPRQDV*XDUGDU�FDPLQR�PiV�FRUWR�� (QYLDU�PHMRU�VROXFLyQ�DO�PDVWHU�
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/RV� UHVXOWDGRV� H[SHULPHQWDOHV� REWHQLGRV� FRQ� ��� FRUULGDV� ���� FRUULGDV� SRU� FDGD� Q~PHUR� GHSURFHVDGRUHV��VRQ�PRVWUDGRV�HQ�OD�7DEOD���SDUD�OD�YDULDQWH�$6��\�HQ�OD�7DEOD���SDUD�OD�YDULDQWH�$6���GRQGH�VHSXHGHQ� DSUHFLDU� ORV� WLHPSRV� GH� FDGD� FRUULGD� \� OD� PHMRU� VROXFLyQ� �GLVWDQFLD� PtQLPD�� HQFRQWUDGR� HQ� FDGDFRUULGD�� � /D� ~OWLPD� FROXPQD� GH� HVWD� WDEOD� PXHVWUD� HO�5DQJR GH� FDGD� FRUULGD� FRQ� UHVSHFWR� DO� WRWDO� GH� ��FRUULGDV��8QD�FRUULGD�L HV�GH�UDQJR���VL�QR�H[LVWH�RWUD�FRUULGD�M�SDUD�OD�FXDO�VH�REWLHQH�XQD�PHMRU�VROXFLyQ�HQXQ�WLHPSR�PHQRU�R�LJXDO�DO�UHTXHULGR�SRU�OD�FRUULGD�L��(Q�RWUDV�SDODEUDV��XQD�VROXFLyQ�L HV�GH�UDQJR���VROR�VL�HV3DUHWR� ySWLPD FRQ� UHVSHFWR� D� WRGR� HO� XQLYHUVR� GH� FRUULGDV�� FRQVLGHUDQGR� OD�PLQLPL]DFLyQ� VLPXOWDQHD� GHOWLHPSR�\�OD�GLVWDQFLD�GHO�WRXU��(Q�JHQHUDO��SDUD�HQFRQWUDU�ODV�FRUULGDV�FRQ�UDQJRV�N !����VH�HOLPLQD�GHO�XQLYHUVRWRGDV�ODV�FRUULGDV�FRQ�UDQJRV�PHQRUHV�D�N�\�HQ�HVWH�FRQMXQWR�UHVWDQWH��VH�HQFXHQWUDQ WRGDV�ODV�FRUULGDV�3DUHWRySWLPDV��HV�GHFLU��FRQ�VROXFLRQHV�TXH�QR�SXHGHQ�VHU�PHMRUDGDV�VLQ�XWLOL]DU�XQ�PD\RU�WLHPSR�GH�FyPSXWR��(QUHVXPHQ��HO�DOJRULWPR�XWLOL]DGR�SDUD�HQFRQWUDU�HO�UDQJR�GH�ODV�FRUULGDV�HV�HO�VLJXLHQWH�

3VHXGRFyGLJR����&iOFXOR�GHO�UDQJR�GH�ODV�FRUULGDV
&ODUDPHQWH��ODV�VROXFLRQHV�GH�UDQJR�N�VRQ�PHMRUHV�TXH�ODV�GH�UDQJR��N��� �SXHV�HVWDV�VRQ�GRPLQDGDVSRU�ODV�SULPHUDV��SRU�OR�TXH�VH�SURSRQH�XWLOL]DU�HO�UDQJR�SURPHGLR�SDUD�FDGD�Q~PHUR�GH�SURFHVDGRUHV�FRPRXQD�IRUPD�GH�GHWHUPLQDU�VL�H[LVWH�XQD�YHQWDMD�HQ�XWLOL]DU�YDULRV�SURFHVDGRUHV�HQ�SDUDOHOR��(Q�HIHFWR��ODV�7DEODV�� \� �� SUHVHQWDQ� HQ� OD� SULPHUD� FROXPQD� HO� Q~PHUR� GH� SURFHVDGRUHV� XWLOL]DGRV� HQ� FDGD� FDVR�� HQ� OD� VHJXQGDFROXPQD�HO�SURPHGLR�GH� ORV� UDQJRV��HQ� OD� WHUFHUD� OD�GHVYLDFLyQ� HVWiQGDU� \� SRU� ~OWLPR�HQ� OD� FXDUWD� \�TXLQWDFROXPQDV�VH�KDOODQ� ORV�YDORUHV�PtQLPRV�\�Pi[LPRV�GH�ORV�UDQJRV�SDUD�FDGD�XQR�GH�ORV�FDVRV��(V�IiFLO�QRWDUXQD�FODUD�FRUUHODFLyQ�LQYHUVD�HQWUH�HO�Q~PHUR�GH�SURFHVDGRUHV�\�HO�SURPHGLR�GH�UDQJRV��HV�GHFLU��OD�FDOLGDG�GHODV� FRUULGDV� FRQVLGHUDQGR� GLVWDQFLD� GHO� WRXU� \� WLHPSR� GH� HMHFXFLyQ� PHMRUD� FODUDPHQWH� FRQ� HO� Q~PHUR� GHSURFHVDGRUHV��GH�OR�TXH�UHVXOWD�REYLD�OD�YHQWDMD�GH�SDUDOHOL]DU�HO�PpWRGR�GH�ODV�FRORQLDV�GH�KRUPLJDV�
(Q� FRQFOXVLyQ�� VH� FRPSUXHED� H[SHULPHQWDOPHQWH� TXH� OD� XWLOL]DFLyQ� GH� XQ� Q~PHUR� FUHFLHQWH� GHSURFHVDGRUHV��KDVWD���SURFHVDGRUHV�HQ�QXHVWURV�H[SHULPHQWRV��PHMRUD�OD�FDOLGDG�GH�XQD�FRUULGD��FRQVLGHUDQGRVLPXOWiQHDPHQWH�OD�GLVWDQFLD�GHO�WRXU�REWHQLGR�\�HO�WLHPSR�GH�HMHFXFLyQ��'H�OR�UHDOL]DGR�VH�SXHGH�FRQMHWXUDUTXH�HQ�HO�FDVR�GH�ODV�FRORQLDV�GH�KRUPLJDV��HO�Q~PHUR�GH�SURFHVDGRUHV�SXHGH�LU�FUHFLHQGR�FRQVLGHUDEOHPHQWH�REWHQLpQGRVH�PHMRUHV�FRUULGDV��HQ�SURPHGLR��HQ�OD�PHGLGD�TXH�FUHFH�HO�Q~PHUR�GH�SURFHVDGRUHV�

�� ,QLFLDOL]DFLyQ��5DQJR  ����8QLYHUVR  �^FRQMXQWR�GH�WRGDV�ODV�FRUULGDV`
�� 3DUD�FDGD�FRUULGD�L�GHO�8QLYHUVR��KDFHU&RPSDUDU�FRQ�WRGDV�ODV�FRUULGDV�M z L6L�OD�FRUULGD�L HV�PHMRU��PHQRU�WRXU�\�PHQRU�R�LJXDO�WLHPSR��TXH�OD�FRUULGD�M�PDUFDU�M FRPR�GRPLQDGD6L� OD� FRUULGD� M HV� PHMRU� �PHQRU� WRXU� \� PHQRU� R� LJXDO� WLHPSR�� TXH� ODFRUULGD�L� PDUFDU�M FRPR�GRPLQDGD
�� $VLJQDU� 5DQJR D� WRGDV� ODV� FRUULGDV� QR� GRPLQDGDV� �VROXFLRQHV� 3DUHWR� ySWLPDV�FRQVLGHUDQGR�WLHPSR�\�GLVWDQFLD�
�� 8QLYHUVR  �^FRQMXQWR�GH�WRGDV�ODV�FRUULGDV�GRPLQDGDV`
�� 5DQJR  �5DQJR ���
�� 6L�HO�8QLYHUVR QR�HVWi�YDFtR��LU�D��
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9HUVLyQ�$6�1~PHUR�GH3URFHVDGRUHV 3URPHGLRGH�ORV5DQJRV
'HVYLDFLyQ(VWiQGDU 0tQLPR9DORU�GHO5DQJR

0i[LPR9DORU�GHO5DQJR� ���� ���� �� ��� � ���� � ��� ��� ���� � ��� ��� ���� � �
Tabla 3: Promedios y Desviación Estándar para la versión AS1

9HUVLyQ�$6�1~PHUR�GH3URFHVDGRUHV 3URPHGLRGH�ORV5DQJRV
'HVYLDFLyQ(VWiQGDU 0tQLPR9DORU�GHO5DQJR

0i[LPR9DORU�GHO5DQJR� ���� ���� � ��� ���� ���� � ��� ��� ���� � ��� ��� ���� � �
Tabla 4: Promedios y Desviación Estándar para la versión AS2

���&RQFOXVLRQHV
$QW� 6\VWHP HV� XQ� QXHYR� DOJRULWPR� PHWD�KHXUtVWLFR� SDUD� UHVROYHU� SUREOHPDV� GH� RSWLPL]DFLyQFRPELQDWRULD��HVSHFLDOPHQWH�DGHFXDGR�SDUD�VX�SDUDOHOL]DFLyQ�DVtQFURQD�HQ�DPELHQWHV�GLVWULEXLGRV��FRPR�HO�GHODV�UHGHV�GH�FRPSXWDGRUDV��3DUD�GHPRVWUDU�HO�GHVHPSHxR�GH�ODV�GRV�YDULDQWHV�GHO�DOJRULWPR�SDUDOHOR�SURSXHVWRHQ�HVWH�WUDEDMR��IXH�XWLOL]DGR�HO�SDUDGLJPD�GHO�FDMHUR�YLDMDQWH�SDUD����FLXGDGHV�>��@��FRQ�XQ�Q~PHUR�FUHFLHQWHGH�KDVWD���FRPSXWDGRUHV�FRQHFWDGRV�HQ�XQD�UHG�GH�iUHD�ORFDO�
/DV�SUXHEDV�H[SHULPHQWDOHV�GHPXHVWUDQ�XQ�EXHQ�GHVHPSHxR�GHO�PpWRGR�FRQ�XQ�Q~PHUR�FUHFLHQWH�GHFRPSXWDGRUHV�� OR� TXH� QRV� SHUPLWH� SRVWXODU� VX� XWLOL]DFLyQ� FRQ� SUREOHPDV� GH� PD\RU� WDPDxR� \� FRPSOHMLGDG�DSURYHFKDQGR�XQ�Q~PHUR�FUHFLHQWH�GH�FRPSXWDGRUDV�GLVSRQLEOHV�HQ� ODV� UHGHV�DFWXDOHV��&RPR�H[WHQVLyQ� GHOSUHVHQWH�WUDEDMR�VH�HVSHUD�UHDOL]DU�H[SHULPHQWRV�SDUDOHORV�GHO�PpWRGR�SUHVHQWDGR�FRQ�RWURV�WLSRV�GH�SUREOHPDVWDOHV�FRPR�HO�SUREOHPD�GH�OD�DVLJQDFLyQ�FXDGUiWLFD��4$3���4XDGUDWLF�$VVLJQPHQW�3UREOHP� \�HO�SUREOHPD�GHOUXWHR�GH�YHKtFXORV��953���9HKLFOH�5RXWLQJ�3UREOHP���)LQDOPHQWH��VH�HVSHUD�YHULILFDU�TXH�HO�PpWRGR�SDUDOHORDVtQFURQR�SURSXHVWR�SXHGH�LQFOXVLYH�VHU�DSURYHFKDGR�HQ�XQ�Q~PHUR�FUHFLHQWH�GH�FRPSXWDGRUDV�KHWHURJpQHDV�
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