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5HVXPHQ
$XQTXH� OD� UHSUHVHQWDFLyQ� ELQDULD� VXHOH� FRQVLGHUDUVH� XQLYHUVDO� HQ� ORV� DOJRULWPRV� JHQpWLFRV�� H[LVWHQ
YDULRV�GRPLQLRV�GRQGH�pVWD�VH�YH�VHYHUDPHQWH�OLPLWDGD��KDFLpQGRVH�QHFHVDULR�XWLOL]DU�HVTXHPDV�GH
FRGLILFDFLyQ� DOWHUQDWLYRV�� (VWD� SULPHUD� SDUWH� DQDOL]D� GLIHUHQWHV� HVTXHPDV� DOWHUQDWLYRV� GH
UHSUHVHQWDFLyQ� TXH� YDQ� GHVGH� ORV� FyGLJRV� GH� *UD\� KDVWD� ORV� DOJRULWPRV� JHQpWLFRV� GHVRUGHQDGRV�
GHVFULELHQGR�HQ�FDGD�FDVR�VX�PRWLYDFLyQ�\�DOJXQDV�GH�VXV�DSOLFDFLRQHV� UHSRUWDGDV�HQ� OD� OLWHUDWXUD
HVSHFLDOL]DGD�

���,QWURGXFFLyQ
/DV� FDSDFLGDGHV� SDUD� SURFHVDPLHQWR� GH� GDWRV� GH� ODV� WpFQLFDV� GH� FRPSXWDFLyQ
HYROXWLYD�GHQWUR�GH�XQD�DPSOLD� JDPD� GH� GRPLQLRV� KDQ� VLGR� UHFRQRFLGDV� HQ� ORV
~OWLPRV�DxRV�\�KDQ�UHFLELGR�PXFKD�DWHQFLyQ�SRU�SDUWH�GH�FLHQWtILFRV�TXH�WUDEDMDQ
HQ� GLYHUVDV� GLVFLSOLQDV�� 'HQWUR� GH� HVWDV� WpFQLFDV� HYROXWLYDV�� TXL]iV� OD� PiV
SRSXODU�VHD�HO�DOJRULWPR�JHQpWLFR��$*��>���@�
6LHQGR� XQD� WpFQLFD� KHXUtVWLFD� HVWRFiVWLFD�� HO� DOJRULWPR� JHQpWLFR� QR� QHFHVLWD
LQIRUPDFLyQ�HVSHFtILFD�SDUD�JXLDU�OD�E~VTXHGD��6X�HVWUXFWXUD�SUHVHQWD�DQDORJtDV
FRQ� OD� WHRUtD� ELROyJLFD� GH� OD� HYROXFLyQ�� \� VH� EDVD� HQ� HO� SULQFLSLR� GH� OD
VXSHUYLYHQFLD�GHO�PiV�DSWR� >�@��3RU� OR� WDQWR��HO�$*�SXHGH�YHUVH�FRPR�XQD� �FDMD
QHJUD��TXH�SXHGH�FRQHFWDUVH�D�FXDOTXLHU�DSOLFDFLyQ�HQ�SDUWLFXODU�
(Q� JHQHUDO�� VH� QHFHVLWDQ� ORV� FLQFR� FRPSRQHQWHV� EiVLFRV� VLJXLHQWHV� SDUD
LPSOHPHQWDU�XQ�$*�TXH�UHVXHOYD�XQ�SUREOHPD�FXDOTXLHUD�>�@�
���8QD�UHSUHVHQWDFLyQ�GH�VROXFLRQHV�SRWHQFLDOHV�DO�SUREOHPD�
��� 8QD� IRUPD� GH� FUHDU� XQD� SREODFLyQ� LQLFLDO� GH� VROXFLRQHV� SRWHQFLDOHV� �HVWR� VH
HIHFW~D�QRUPDOPHQWH�GH�PDQHUD�DOHDWRULD��SHUR�WDPELpQ�SXHGHQ�XVDUVH�PpWRGRV
GHWHUPLQtVWLFRV��
���8QD�IXQFLyQ�GH�HYDOXDFLyQ�TXH� MXHJD�HO�SDSHO�GHO�DPELHQWH��FDOLILFDQGR�D� ODV
VROXFLRQHV�SURGXFLGDV�HQ�WpUPLQRV�GH�VX��DSWLWXG��
��� 2SHUDGRUHV� JHQpWLFRV� TXH� DOWHUDQ� OD� FRPSRVLFLyQ� GH� ORV� GHVFHQGLHQWHV
�QRUPDOPHQWH�VH�XVDQ�OD�FUX]D�\�OD�PXWDFLyQ��
��� 9DORUHV� SDUD� ORV� GLYHUVRV� SDUiPHWURV� XWLOL]DGRV� SRU� HO� DOJRULWPR� JHQpWLFR
�WDPDxR�GH� OD� SREODFLyQ�� SUREDELOLGDG�GH� FUX]D� \�PXWDFLyQ�� Q~PHUR�Pi[LPR� GH
JHQHUDFLRQHV��HWF��
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)LJXUD�����8Q�HMHPSOR�GH�XQD�FDGHQD�ELQDULD�

(Q�HVWH�DUWtFXOR�KDEODUHPRV�H[FOXVLYDPHQWH�GHO�SULPHUR�GH�HVWRV�FRPSRQHQWHV��OD
UHSUHVHQWDFLyQ�XVDGD�SRU�HO�DOJRULWPR�JHQpWLFR�
/D�UHSUHVHQWDFLyQ�WUDGLFLRQDO�XVDGD�SDUD�FRGLILFDU�XQ�FRQMXQWR�GH�VROXFLRQHV�HV�HO
HVTXHPD� ELQDULR� HQ� HO� FXDO� XQ� FURPRVRPD�� HV� XQD� FDGHQD� GH� OD� IRUPD
� E E EP� �� � �� ��YHU�ILJXUD�����GRQGH� E E EP� �� � �� �VH�GHQRPLQDQ�DOHORV��\D�VHD�FHURV
R�XQRV��
+D\�YDULDV�UD]RQHV�SRU�ODV�FXDOHV�VXHOH�XVDUVH�OD�FRGLILFDFLyQ�ELQDULD�HQ�ORV�$*V�
DXQTXH�OD�PD\RUtD�GH�HOODV�VH�UHPRQWDQ�DO�WUDEDMR�SLRQHUR�GH�+ROODQG�HQ�HO�iUHD�
(Q� VX� OLEUR�� +ROODQG� >�@� GLR� XQD� MXVWLILFDFLyQ� WHyULFD� SDUD� XVDU� FRGLILFDFLRQHV
ELQDULDV�� +ROODQG� FRPSDUy� GRV� UHSUHVHQWDFLRQHV� GLIHUHQWHV� TXH� WXYLHUDQ
DSUR[LPDGDPHQWH� OD�PLVPD�FDSDFLGDG�GH�DFDUUHR�GH� LQIRUPDFLyQ��SHUR�GH�HQWUH
HOODV��XQD�WHQtD�SRFRV�DOHORV�\�FDGHQDV�ODUJDV��SRU�HMHPSOR��FDGHQDV�ELQDULDV�GH
���ELWV�GH�ORQJLWXG��\�OD�RWUD�WHQtD�XQ�Q~PHUR�HOHYDGR�GH�DOHORV�\�FDGHQDV�FRUWDV
�SRU� HMHPSOR�� FDGHQDV� GHFLPDOHV� GH� ORQJLWXG� ����� 1yWHVHV� TXH� ���� �FRGLILFDFLyQ
ELQDULD�� |� ����� �FRGLILFDFLyQ� GHFLPDO��� +ROODQG� >�@� DUJXPHQWy� TXH� OD� SULPHUD
FRGLILFDFLyQ� GD� SLH� D� XQ� JUDGR� PiV� HOHYDGR� GH� 
SDUDOHOLVPR� LPSOtFLWR
� SRUTXH
SHUPLWH�PiV��HVTXHPDV��TXH�OD�VHJXQGD�������FRQWUD�������(O�Q~PHUR�GH�HVTXHPDV
GH�XQD�FDGHQD�VH�FDOFXOD�XVDQGR� � �OF �� ��GRQGH� F �HV�OD�FDUGLQDOLGDG�GHO�DOIDEHWR
\� O �HV�OD�ORQJLWXG�GH�OD�FDGHQD���8Q��HVTXHPD��HV�XQD�SODQWLOOD�TXH�GHVFULEH�XQ
VXEFRQMXQWR�GH�FDGHQDV�TXH�FRPSDUWHQ�FLHUWDV�VLPLOLWXGHV�HQ�DOJXQDV�SRVLFLRQHV
D�OR�ODUJR�GH�VX�ORQJLWXG�>���@�
(O� KHFKR� GH� FRQWDU� FRQ�PiV� HVTXHPDV� IDYRUHFH� OD� GLYHUVLGDG� H� LQFUHPHQWD� OD
SUREDELOLGDG� GH� TXH� VH� IRUPHQ� EXHQRV� �EORTXHV� FRQVWUXFWRUHV�� �HV� GHFLU�� OD
SRUFLyQ�GH�XQ�FURPRVRPD�TXH�OH�SURGXFH�XQD�DSWLWXG�HOHYDGD�D� OD�FDGHQD�HQ� OD
FXDO� HVWi� SUHVHQWH�� HQ� FDGD� JHQHUDFLyQ�� OR� TXH� HQ� FRQVHFXHQFLD� PHMRUD� HO
GHVHPSHxR� GHO� $*� FRQ� HO� SDVR� GHO� WLHPSR� GH� DFXHUGR� DO� WHRUHPD� GH� ORV
HVTXHPDV�>���@��(O�¨SDUDOHOLVPR�LPSOtFLWR©�GH�ORV�$*V��GHPRVWUDGR�SRU�+ROODQG�>�@�
VH�UHILHUH�DO�KHFKR�GH�TXH�PLHQWUDV�HO�$*�FDOFXOD�ODV�DSWLWXGHV�GH�ORV�LQGLYLGXRV
HQ�XQD�SREODFLyQ��HVWLPD�GH�IRUPD�LPSOtFLWD�ODV�DSWLWXGHV�SURPHGLR�GH�XQ�Q~PHUR
PXFKR�PiV�DOWR�GH�FDGHQDV�FURPRVyPLFDV�D� WUDYpV�GHO�FiOFXOR�GH� ODV�DSWLWXGHV
SURPHGLR� REVHUYDGDV� HQ� ORV� �EORTXHV� FRQVWUXFWRUHV�� TXH� VH� GHWHFWDQ� HQ� OD
SREODFLyQ�

                                                       
1 Un cromosoma es una estructura de datos que contiene una 'cadena' de parámetros de diseño o genes.
2 La razón por la que se suma uno a la cardinalidad es porque en los esquemas se usa un símbolo adicional
(normalmente el asterisco o el símbolo de número) para indicar que “no nos importa” el valor de esa
posición.



3RU� OR� WDQWR�� GH� DFXHUGR� D� +ROODQG� >�@�� HV� SUHIHULEOH� WHQHU� PXFKRV� JHQHV�� FRQ
SRFRV�DOHORV�SRVLEOHV�TXH�FRQWDU�FRQ�SRFRV�JHQHV� FRQ�PXFKRV�DOHORV�SRVLEOHV�
(VWR� HV� VXJHULGR� QR� VyOR� SRU� UD]RQHV� WHyULFDV� �GH� DFXHUGR� DO� WHRUHPD� GH� ORV
HVTXHPDV� IRUPXODGR� SRU� +ROODQG��� VLQR� TXH� WDPELpQ� WLHQH� XQD� MXVWLILFDFLyQ
ELROyJLFD�� \D� TXH� HQ� JHQpWLFD� HV� PiV� XVXDO� WHQHU� FURPRVRPDV� FRQ� PXFKDV
SRVLFLRQHV�\�SRFRV�DOHORV�SRU�SRVLFLyQ�TXH�SRFDV�SRVLFLRQHV�\�PXFKRV�DOHORV�SRU
SRVLFLyQ�>�@�
6LQ� HPEDUJR�� +ROODQG� >�@� WDPELpQ� GHPRVWUy� TXH� HO� SDUDOHOLVPR� LPSOtFLWR� GH� ORV
$*V� QR� LPSLGH� XVDU� DOIDEHWRV� GH� PD\RU� FDUGLQDOLGDG� >�@�� DXQTXH� GHEH� HVWDUVH
VLHPSUH�FRQVFLHQWH�GH�TXH�HO�DOIDEHWR�ELQDULR�HV�HO�TXH�RIUHFH�HO�PD\RU�Q~PHUR
GH� HVTXHPDV� SRVLEOHV� SRU� ELW� GH� LQIRUPDFLyQ� VL� VH� FRPSDUD� FRQ� FXDOTXLHU� RWUD
FRGLILFDFLyQ� SRVLEOH� >���@�� 1R� REVWDQWH�� KD� KDELGR� XQ� ODUJR� GHEDWH� HQ� WRUQR� D
FXHVWLRQHV�UHODFLRQDGDV�FRQ�HVWRV�DOIDEHWRV�QR�ELQDULRV��SULQFLSDOPHQWH�SRU�SDUWH
GH�ORV�HVSHFLDOLVWDV�HQ�DSOLFDFLRQHV�GH�ORV�$*V�
&RPR�YHUHPRV�HQ�HVWH�DUWtFXOR��HO�XVR�GH� OD� UHSUHVHQWDFLyQ�ELQDULD� WLHQH�YDULDV
GHVYHQWDMDV�FXDQGR�HO�$*�VH�XVD�SDUD�UHVROYHU�FLHUWRV�SUREOHPDV�GHO�PXQGR�UHDO�
3RU� HMHPSOR�� VL� WUDWDPRV� GH� RSWLPL]DU� XQD� IXQFLyQ� FRQ� DOWD� GLPHQVLRQDOLGDG
�GLJDPRV�� FRQ���� YDULDEOHV��� \� TXHUHPRV� WUDEDMDU� FRQ� XQD� EXHQD� SUHFLVLyQ� �SRU
HMHPSOR�� FLQFR� GHFLPDOHV��� HQWRQFHV� HO� PDSHR� GH� Q~PHURV� UHDOHV� D� ELQDULRV
JHQHUDUi�FDGHQDV�H[WUHPDGDPHQWH�ODUJDV��GHO�RUGHQ�GH������ELWV�HQ�HVWH�FDVR��
\� HO� $*� WHQGUi� PXFKRV� SUREOHPDV� SDUD� SURGXFLU� UHVXOWDGRV� DFHSWDEOHV� HQ� OD
PD\RU� SDUWH� GH� ORV� FDVRV�� D� PHQRV� TXH� XVHPRV� SURFHGLPLHQWRV� \� RSHUDGRUHV
HVSHFLDOPHQWH�GLVHxDGRV�SDUD�HO�SUREOHPD�HQ�FXHVWLyQ�
5RQDOG� >�@� UHVXPH� ODV� SULQFLSDOHV� UD]RQHV� SRU� ODV� TXH� XQD� FRGLILFDFLyQ� ELQDULD
SXHGH�QR�UHVXOWDU�DGHFXDGD�HQ�XQ�SUREOHPD�GDGR�
x� (StVWDVLV� �� HO� YDORU� GH� XQ� ELW� SXHGH� VXSULPLU� ODV� FRQWULEXFLRQHV� GH� DSWLWXG� GH
RWURV�ELWV�HQ�HO�JHQRWLSR��
x�5HSUHVHQWDFLyQ�QDWXUDO���DOJXQRV�SUREOHPDV��FRPR�HO�GHO�YLDMHUR��VH�SUHVWDQ�GH
PDQHUD�QDWXUDO�SDUD�OD�XWLOL]DFLyQ�GH�UHSUHVHQWDFLRQHV�GH�PD\RU�FDUGLQDOLGDG�TXH
OD�ELQDULD��SRU�HMHPSOR��HO�SUREOHPD�GHO�YLDMHUR�VH�SUHVWD�GH�PDQHUD�QDWXUDO�SDUD
HO�XVR�GH�SHUPXWDFLRQHV�GH�HQWHURV�GHFLPDOHV��
x�6ROXFLRQHV� LOHJDOHV� �� ORV�RSHUDGRUHV�JHQpWLFRV�XWLOL]DGRV�SXHGHQ�SURGXFLU� FRQ
IUHFXHQFLD� �H� LQFOXVR� WRGR� HO� WLHPSR�� VROXFLRQHV� LOHJDOHV� VL� VH� XVD� XQD
UHSUHVHQWDFLyQ�ELQDULD�

                                                       
3 Se denomina gene o gen a cualquier posición a lo largo de una cadena que representa a un individuo.
4 El genotipo es la cadena cromosómica utili zada para almacenar la información contenida en un individuo,
mientras que el fenotipo se refiere a los valores que toman las variables tras “decodificar” el contenido
cromosómico de un individuo.



(Q� HO� UHVWR� GH� HVWH� DUWtFXOR� GLVFXWLUHPRV� DOJXQRV� HVTXHPDV� GH� UHSUHVHQWDFLyQ
DOWHUQDWLYRV�TXH�KDQ�VLGR�SURSXHVWRV�UHFLHQWHPHQWH�SDUD� OLGLDU�FRQ�pVWDV�\�RWUDV
OLPLWDFLRQHV�GH�OD�UHSUHVHQWDFLyQ�ELQDULD�
���&yGLJRV�GH�*UD\
8Q�SUREOHPD�TXH�IXH�QRWDGR�GHVGH�ORV�LQLFLRV�GH�OD�LQYHVWLJDFLyQ�HQ�$*V�IXH�TXH
HO� XVR� GH� OD� UHSUHVHQWDFLyQ� ELQDULD� QR� PDSHD� DGHFXDGDPHQWH� HO� HVSDFLR� GH
E~VTXHGD� FRQ� HO� HVSDFLR� GH� UHSUHVHQWDFLyQ� >�@�� 3RU� HMHPSOR�� VL� FRGLILFDPRV� HQ
ELQDULR�ORV�HQWHURV���\����ORV�FXDOHV�HVWiQ�DG\DFHQWHV�HQ�HO�HVSDFLR�GH�E~VTXHGD�
VXV�HTXLYDOHQWHV�HQ�ELQDULR�VHUiQ�HO�����\�HO������ORV�FXDOHV�GLILHUHQ�HQ���ELWV��HO
SULPHUR�\�HO�VHJXQGR�GH�GHUHFKD�D�L]TXLHUGD��HQ�HO�HVSDFLR�GH�UHSUHVHQWDFLyQ�
$�HVWH�IHQyPHQR�VH�OH�FRQRFH�FRPR�HO�ULVFR�GH�+DPPLQJ��+DPPLQJ�FOLII��>�@��\�KD
FRQGXFLGR�D� ORV� LQYHVWLJDGRUHV�D�SURSRQHU� XQD� UHSUHVHQWDFLyQ� DOWHUQDWLYD� HQ� OD
TXH� OD� SURSLHGDG� GH� DG\DFHQFLD� H[LVWHQWH� HQ� HO� HVSDFLR� GH� E~VTXHGD� SXHGD
SUHVHUYDUVH�HQ�HO�HVSDFLR�GH�UHSUHVHQWDFLyQ��/D�FRGLILFDFLyQ�GH�*UD\�HV�SDUWH�GH
XQD�IDPLOLD�GH�UHSUHVHQWDFLRQHV�TXH�FDHQ�GHQWUR�GH�HVWD�FDWHJRUtD�>�@�
3RGHPRV�FRQYHUWLU�FXDOTXLHU�Q~PHUR�ELQDULR�D�XQ�FyGLJR�GH�*UD\�KDFLHQGR�;25�D
VXV�ELWV�FRQVHFXWLYRV�GH�GHUHFKD�D�L]TXLHUGD��3RU�HMHPSOR��GDGR�HO�Q~PHUR�����
HQ�ELQDULR��KDUtDPRV��������� ���������� ���������� ����SURGXFLpQGRVH��HO�~OWLPR�ELW
GH�OD�L]TXLHUGD�SHUPDQHFH�LJXDO��������HO�FXDO�HV�HO�FyGLJR�GH�*UD\�HTXLYDOHQWH�
$OJXQRV�LQYHVWLJDGRUHV�KDQ�GHPRVWUDGR�HPStULFDPHQWH�TXH�HO�XVR�GH�FyGLJRV�GH
*UD\�PHMRUD�HO�GHVHPSHxR�GHO�$*�DO�DSOLFDUVH�D�ODV�IXQFLRQHV�GH�SUXHED�FOiVLFDV
GH� 'H� -RQJ� >�@� �YHU� SRU� HMHPSOR� >��� ��@��� 'H� KHFKR�� 0DWKLDV� \� :KLWOH\� >��@
HQFRQWUDURQ�TXH� OD�FRGLILFDFLyQ�GH�*UD\�QR�VyOR�HOLPLQD� ORV� ULVFRV�GH�+DPPLQJ�
VLQR�TXH�WDPELpQ�DOWHUD�HO�Q~PHUR�GH�ySWLPRV�ORFDOHV�HQ�HO�HVSDFLR�GH�E~VTXHGD
DVt� FRPR� HO� WDPDxR� GH� ODV� EXHQDV� UHJLRQHV� GH� E~VTXHGD� �DTXHOODV� TXH� QRV
FRQGXFLUiQ� D� OD� YHFLQGDG� GHO� ySWLPR� JOREDO��� (Q� VX� WUDEDMR�� 0DWKLDV� \� :KLWOH\
PRVWUDURQ�HPStULFDPHQWH�TXH�XQ�PXWDGRU�DOHDWRULR�GHO�WLSR��HVFDODQGR�OD�FROLQD�
HV� FDSD]� GH� HQFRQWUDU� HO� ySWLPR� JOREDO� GH� OD� PD\RU� SDUWH� GH� ODV� IXQFLRQHV� GH
SUXHED� XWLOL]DGDV� FXDQGR� VH� HPSOHD� OD� FRGLILFDFLyQ� GH� *UD\�� D� SHVDU� GH� TXH
DOJXQDV�GH�HOODV�IXHURQ�GLVHxDGDV�H[SOtFLWDPHQWH�SDUD�SUHVHQWDU�GLILFXOWDGHV�D�ORV
DOJRULWPRV�GH�E~VTXHGD�WUDGLFLRQDOHV��VHDQ�HYROXWLYRV�R�QR��
���&RGLILFDQGR�1~PHURV�5HDOHV
$XQTXH� ORV�FyGLJRV�GH�*UD\�SXHGHQ�VHU�PX\�~WLOHV�SDUD� UHSUHVHQWDU�HQWHURV��HO
SUREOHPD� GH� PDSHDU� FRUUHFWDPHQWH� HO� HVSDFLR� GH� E~VTXHGD� HQ� HO� HVSDFLR� GH
UHSUHVHQWDFLyQ�VH�YXHOYH�PiV�VHULR�FXDQGR�WUDWDPRV�GH�FRGLILFDU�Q~PHURV�UHDOHV�
(Q� HO� HQIRTXH� WUDGLFLRQDO� >��@�� VH� XVD� XQ� Q~PHUR� ELQDULR� SDUD� UHSUHVHQWDU� XQ
Q~PHUR� UHDO�� GHILQLHQGR� OtPLWHV� LQIHULRUHV� \� VXSHULRUHV� SDUD� FDGD� YDULDEOH�� DVt
FRPR�OD�SUHFLVLyQ�GHVHDGD��3RU�HMHPSOR��VL�TXHUHPRV�FRGLILFDU�XQD�YDULDEOH�TXH
YD�GH������D������XVDQGR�XQD�SUHFLVLyQ�GH���GHFLPDOHV��QHFHVLWDUtDPRV�ORJ�������
                                                       
5 � indica XOR.



���� |� �� ELWV� SDUD� UHSUHVHQWDU� FXDOTXLHU� Q~PHUR� UHDO� GHQWUR� GH� HVH� UDQJR�� 6LQ
HPEDUJR�� HQ� HVWH� FDVR�� WHQHPRV� HO� PLVPR� SUREOHPD� GHO� TXH� KDEODPRV
DQWHULRUPHQWH��SRUTXH�HO�Q~PHUR������VH� UHSUHVHQWDUtD�FRPR����������PLHQWUDV
TXH������VH�UHSUHVHQWDUtD�FRPR���������

0 1 0 0 . . . 0

8 bits1 bit 23 bits

1 0 0 0 1 0 1 1

Signo           Exponente                Mantisa
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)LJXUD�����8Q�HMHPSOR�GH�OD�QRWDFLyQ�GHO�,(((

$XQTXH� VH�XVHQ� FyGLJRV�GH�*UD\�� H[LVWH� RWUR� SUREOHPD�PiV� LPSRUWDQWH� FXDQGR
WUDWDPRV�GH�GHVDUUROODU� DSOLFDFLRQHV�GHO�PXQGR� UHDO�� OD� DOWD� GLPHQVLRQDOLGDG��6L
WHQHPRV�GHPDVLDGDV�YDULDEOHV��\�TXHUHPRV�XQD�PX\�EXHQD�SUHFLVLyQ�SDUD�FDGD
XQD� GH� HOODV�� HQWRQFHV� ODV� FDGHQDV� ELQDULDV� TXH� VH� SURGX]FDQ� VH� YROYHUiQ
H[WUHPDGDPHQWH�ODUJDV��\�HO�$*�WHQGHUi�D�WHQHU�XQ�GHVHPSHxR�SREUH��6L�HQ�YH]
GH� XVDU� HVWH� WLSR� GH� PDSHR� DGRSWDPRV� DOJ~Q� IRUPDWR� ELQDULR� HVWiQGDU� SDUD
UHSUHVHQWDU� Q~PHURV� UHDOHV�� FRPR� SRU� HMHPSOR� HO� HVWiQGDU� GHO� ,(((� SDUD
SUHFLVLyQ�VLPSOH��HQ�HO�FXDO�XQ�Q~PHUR�UHDO�VH�UHSUHVHQWD�XVDQGR����ELWV��GH�ORV
FXDOHV� �� VH� XVDQ� SDUD� HO� H[SRQHQWH� XVDQGR� XQD� QRWDFLyQ� HQ� H[FHVR������ \� OD
PDQWLVD�VH�UHSUHVHQWD�FRQ����ELWV��YHU�ILJXUD���>��@���SRGUtDPRV�PDQHMDU�XQ�UDQJR
UHODWLYDPHQWH� JUDQGH� GH� Q~PHURV� UHDOHV� XVDQGR� XQD� FDQWLGDG� ILMD� GH� ELWV� �SRU
HMHPSOR��GH�������D������VL�XVDPRV�HO�HVWiQGDU�GH�SUHFLVLyQ�VLPSOH�DQWHV�GHVFULWR��
6LQ� HPEDUJR�� HO� SURFHVR� GH� GHFRGLILFDFLyQ� VHUtD� PiV� FRVWRVR
�FRPSXWDFLRQDOPHQWH�KDEODQGR��\�HO�PDSHR�HQWUH�HO�HVSDFLR�GH�UHSUHVHQWDFLyQ�\
HO�GH�E~VTXHGD�VHUtD�PXFKR�PiV�FRPSOHMR�TXH�FXDQGR�VH�XVD�XQD�UHSUHVHQWDFLyQ
ELQDULD� VLPSOH�� SRUTXH� FXDOTXLHU� SHTXHxR� FDPELR� HQ� HO� H[SRQHQWH� SURGXFLUtD
JUDQGHV� VDOWRV� HQ� HO� HVSDFLR� GH� E~VTXHGD�� PLHQWUDV� TXH� SHUWXUEDFLRQHV� HQ� OD
PDQWLVD�SRGUtDQ�QR�FDPELDU�GH�PDQHUD�VLJQLILFDWLYD�HO�YDORU�QXPpULFR�FRGLILFDGR�
0LHQWUDV�ORV� WHyULFRV�DILUPDQ�TXH� ORV�DOIDEHWRV�SHTXHxRV�VRQ�PiV�HIHFWLYRV�TXH
ORV� DOIDEHWRV� JUDQGHV�� ORV� SUiFWLFRV� KDQ� PRVWUDGR� D� WUDYpV� GH� XQD� FDQWLGDG
VLJQLILFDWLYD� GH� DSOLFDFLRQHV� GHO� PXQGR� UHDO� �SDUWLFXODUPHQWH� SUREOHPDV� GH
RSWLPL]DFLyQ�QXPpULFD��TXH�HO�XVR�GLUHFWR�GH�Q~PHURV� UHDOHV�HQ�XQ� FURPRVRPD
IXQFLRQD�PHMRU�HQ�OD�SUiFWLFD�TXH�OD�UHSUHVHQWDFLyQ�ELQDULD�WUDGLFLRQDO�>������@�
(O� XVR� GH� Q~PHURV� UHDOHV� HQ� XQD� FDGHQD� FURPRVyPLFD� �YHU� ILJXUD� ��� KD� VLGR
FRP~Q� HQ� RWUDV� WpFQLFDV� GH� FRPSXWDFLyQ� HYROXWLYD� WDOHV� FRPR� ODV� HVWUDWHJLDV
HYROXWLYDV�>��@�\�OD�SURJUDPDFLyQ�HYROXWLYD�>��@��GRQGH�OD�PXWDFLyQ�HV�HO�RSHUDGRU
SULQFLSDO�
6LQ�HPEDUJR��ORV�WHyULFRV�GH�ORV�$*V�KDQ�FULWLFDGR�IXHUWHPHQWH�HO�XVR�GH�YDORUHV
UHDOHV�HQ�ORV�JHQHV�GH�XQ�FURPRVRPD��SULQFLSDOPHQWH�SRUTXH�HVWD�UHSUHVHQWDFLyQ
GH�FDUGLQDOLGDG�PiV�DOWD� WLHQGH�D�KDFHU�TXH�HO�FRPSRUWDPLHQWR�GHO�$*�VHD�PiV
HUUiWLFR�\�GLItFLO�GH�SUHGHFLU��'HELGR�D�HVWR�� VH�KDQ�GLVHxDGR� YDULRV�RSHUDGRUHV
HVSHFLDOHV�HQ�ORV�DxRV�UHFLHQWHV��SDUD�HPXODU�HO�HIHFWR�GH�OD�FUX]D�\�OD�PXWDFLyQ
HQ�ORV�DOIDEHWRV�ELQDULRV�>����������@�



2.15 1.89 0.43 3.14 0.27 7.93 5.11

)LJXUD�����8Q�HMHPSOR�GH�XQ�DOJRULWPR�JHQpWLFR�FRQ�UHSUHVHQWDFLyQ�UHDO�

/RV�SUiFWLFRV�DUJXPHQWDQ�TXH�XQD�GH�ODV�SULQFLSDOHV�FDSDFLGDGHV�GH�ORV�$*V�TXH
XVDQ� UHSUHVHQWDFLyQ� UHDO� HV� OD� GH�H[SORWDU� OD� �JUDGXDOLGDG�� GH� ODV� IXQFLRQHV�GH
YDULDEOHV�FRQWLQXDV��
(VWR�VLJQLILFD�TXH�ORV�$*V�FRQ�FRGLILFDFLyQ�UHDO�SXHGHQ�OLGLDU�DGHFXDGDPHQWH�FRQ
ORV� �ULVFRV�� SURGXFLGRV� FXDQGR� ODV� YDULDEOHV� XWLOL]DGDV� VRQ� Q~PHURV� UHDOHV�
SRUTXH� XQ� FDPELR� SHTXHxR� HQ� OD� UHSUHVHQWDFLyQ� HV�PDSHDGR� FRPR� XQ� FDPELR
SHTXHxR�HQ�HO�HVSDFLR�GH�E~VTXHGD�>������@�
(Q� XQ� LQWHQWR� SRU� UHGXFLU� OD� EUHFKD� HQWUH� OD� WHRUtD� \� OD� SUiFWLFD�� DOJXQRV
LQYHVWLJDGRUHV� KDQ� GHVDUUROODGR� XQ� PDUFR� WHyULFR� TXH� MXVWLILTXH� HO� XVR� GH
DOIDEHWRV� GH� PiV� DOWD� FDUGLQDOLGDG� >���� ���� ���� ��@�� SHUR� KDQ� KDELGR� SRFRV
FRQVHQVRV�HQ� WRUQR�D� ORV�SUREOHPDV�SULQFLSDOHV�� SRU� OR� TXH�HO� XVR�GH�$*V� FRQ
FRGLILFDFLyQ�UHDO�VLJXH�VLHQGR�XQD�HOHFFLyQ�TXH�VH�GHMD�DO�XVXDULR�

4 51 6 7 9

)LJXUD� �� ��8QD� UHSUHVHQWDFLyQ� HQWHUD� GH� Q~PHURV� UHDOHV�� /D� FDGHQD� FRPSOHWD� HV� GHFRGLILFDGD
FRPR�XQ�VROR�Q~PHUR�UHDO�PXOWLSOLFDQGR�\�GLYLGLHQGR�FDGD�GtJLWR�GH�DFXHUGR�D�VX�SRVLFLyQ�

6H� KDQ� XVDGR� WDPELpQ� RWUDV� UHSUHVHQWDFLRQHV� GH� ORV� Q~PHURV� UHDOHV�� 3RU
HMHPSOR�� HO� XVR� GH� HQWHURV� SDUD� UHSUHVHQWDU� FDGD� GtJLWR� KD� VLGR� DSOLFDGR
H[LWRVDPHQWH�D�YDULRV�SUREOHPDV�GH�RSWLPL]DFLyQ�>�����@��/D�ILJXUD���PXHVWUD�XQ
HMHPSOR� HQ� HO� FXDO� VH� UHSUHVHQWD� HO� Q~PHUR� �������� XVDQGR� HQWHURV�� (Q� HVWH
FDVR��VH�VXSRQH�XQD�SRVLFLyQ�ILMD�SDUD�HO�SXQWR�GHFLPDO�HQ�FDGD�YDULDEOH��DXQTXH
HVWD� SRVLFLyQ� QR� WLHQH� TXH� VHU� QHFHVDULDPHQWH� OD� PLVPD� SDUD� HO� UHVWR� GH� ODV
YDULDEOHV� FRGLILFDGDV� HQ� OD� PLVPD� FDGHQD�� /D� SUHFLVLyQ� HVWi� OLPLWDGD� SRU� OD
ORQJLWXG�GH�OD�FDGHQD��\�SXHGH�LQFUHPHQWDUVH�R�GHFUHPHQWDUVH�VHJ~Q�VH�GHVHH�
/RV�RSHUDGRUHV�GH�FUX]D�WUDGLFLRQDOHV��XQ�SXQWR��GRV�SXQWRV�\�XQLIRUPH��SXHGHQ
XVDUVH� GLUHFWDPHQWH� HQ� HVWD� UHSUHVHQWDFLyQ�� \� OD� PXWDFLyQ� SXHGH� FRQVLVWLU� HQ
JHQHUDU� XQ� GtJLWR� DOHDWRULR� SDUD� XQD� FLHUWD� SRVLFLyQ� R� ELHQ� HQ� SURGXFLU� XQD
SHTXHxD� SHUWXUEDFLyQ� �SRU� HMHPSOR� r��� SDUD� HYLWDU� VDOWRV� H[WUHPDGDPHQWH
JUDQGHV� HQ� HO� HVSDFLR� GH� E~VTXHGD�� (VWD� UHSUHVHQWDFLyQ� SUHWHQGH� VHU� XQ
FRPSURPLVR� HQWUH� XQ� $*� FRQ� FRGLILFDFLyQ� UHDO� \� XQD� UHSUHVHQWDFLyQ� ELQDULD� GH
Q~PHURV� UHDOHV�� PDQWHQLHQGR� OR� PHMRU� GH� DPERV� HVTXHPDV� DO� LQFUHPHQWDU� OD
FDUGLQDOLGDG� GHO� DOIDEHWR� XWLOL]DGR�� SHUR� PDQWHQLHQGR� HO� XVR� GH� ORV� RSHUDGRUHV
JHQpWLFRV�WUDGLFLRQDOHV�FDVL�VLQ�FDPELRV�

                                                       
6 "Gradualidad" se refiere a los casos en los cuales un cambio pequeño en las variables se traduce en un
cambio pequeño en la función.



145679 67893 9543237568

)LJXUD��� ��2WUD� UHSUHVHQWDFLyQ�HQWHUD�GH�Q~PHURV� UHDOHV��(Q�HVWH�FDVR��FDGD�JHQH�FRQWLHQH� XQ
Q~PHUR�UHDO�UHSUHVHQWDGR�FRPR�XQ�HQWHUR�ODUJR�

$OWHUQDWLYDPHQWH�� SRGUtDPRV� WDPELpQ� XVDU� HQWHURV� ODUJRV� SDUD� UHSUHVHQWDU
Q~PHURV�UHDOHV��YHU�ILJXUD�����SHUR�ORV�RSHUDGRUHV�WHQGUtDQ�TXH�UHGHILQLUVH�GH�OD
PLVPD� PDQHUD� TXH� DO� XVDU� Q~PHURV� UHDOHV�� (O� XVR� GH� HVWH� HVTXHPD� GH
UHSUHVHQWDFLyQ�FRPR�XQD�DOWHUQDWLYD�D� ORV�$*V�FRQ�FRGLILFDFLyQ� UHDO�SDUHFH��VLQ
HPEDUJR��XQ�WDQWR�LPSUREDEOH��\D�TXH�VH�WHQGUtDQ�TXH�KDFHU�VDFULILFLRV�QRWDEOHV
HQ�OD�UHSUHVHQWDFLyQ��\�ORV�~QLFRV�DKRUURV�LPSRUWDQWHV�TXH�VH�ORJUDUtDQ�VHUtDQ�HQ
WpUPLQRV�GH�PHPRULD��HO�DOPDFHQDPLHQWR�GH�HQWHURV�WRPD�PHQRV�PHPRULD�TXH�HO
GH� Q~PHURV� UHDOHV��� 1R� REVWDQWH�� HVWH� HVTXHPD� KD� VLGR� XVDGR� HQ� DOJXQDV
DSOLFDFLRQHV�GHO�PXQGR�UHDO�>��@�
���5HSUHVHQWDFLRQHV�GH�/RQJLWXG�9DULDEOH
(Q� DOJXQRV� SUREOHPDV� HO� XVR� GH� DOIDEHWRV� GH� DOWD� FDUGLQDOLGDG� SXHGH� QR� VHU
VXILFLHQWH��SXHV�DGHPiV�SXHGH�UHTXHULUVH�HO�HPSOHR�GH�FURPRVRPDV�GH� ORQJLWXG
YDULDEOH� SDUD� OLGLDU� FRQ� FDPELRV� TXH� RFXUUDQ� HQ� HO� DPELHQWH� FRQ� UHVSHFWR� DO
WLHPSR��SRU�HMHPSOR��HO�GHFUHPHQWR�LQFUHPHQWR�GH�OD�SUHFLVLyQ�GH�XQD�YDULDEOH�R
OD�DGLFLyQ�UHPRFLyQ�GH�YDULDEOHV��
$OJXQDV� YHFHV�� SXHGH� VHU� SRVLEOH� LQWURGXFLU� VtPERORV� HQ� HO� DOIDEHWR� TXH� VHDQ
FRQVLGHUDGRV� FRPR� SRVLFLRQHV� �YDFtDV�� D� OR� ODUJR� GH� OD� FDGHQD�� FRQ� OR� TXH� VH
SHUPLWH� OD� GHILQLFLyQ� GH� FDGHQDV� GH� ORQJLWXG� YDULDEOH� DXQTXH� ORV� FURPRVRPDV
WHQJDQ�XQD� ORQJLWXG� ILMD�� (VH� HV�� SRU� HMHPSOR�� HO� HQIRTXH� XWLOL]DGR� HQ� >��@� SDUD
GLVHxDU� FLUFXLWRV� HOpFWULFRV� FRPELQDWRULRV�� (Q� HVH� FDVR�� HO� XVR� GH� XQ� VtPEROR
OODPDGR�:,5(��HO�FXDO�UHSUHVHQWD�OD�DXVHQFLD�GH�FRPSXHUWD��SHUPLWLy�FDPELDU� OD
ORQJLWXG�GH�OD�H[SUHVLyQ�%RROHDQD�JHQHUDGD�D�SDUWLU�GH�XQD�PDWUL]�EL�GLPHQVLRQDO�
6LQ�HPEDUJR��HQ�RWURV�GRPLQLRV��HVWH�WLSR�GH�VLPSOLILFDFLyQ�SXHGH�QR�VHU�SRVLEOH�\
GHEHQ� LGHDUVH� UHSUHVHQWDFLRQHV� DOWHUQDWLYDV�� 3RU� HMHPSOR�� HQ� SUREOHPDV� TXH
WLHQHQ�GHFHSFLyQ�SDUFLDO�R�WRWDO�>��@��HV�GHFLU��HQ�DTXHOORV�SUREOHPDV�HQ� ORV�TXH
ORV�EORTXHV�FRQVWUXFWRUHV�GH�EDMR�RUGHQ�QR�JXtDQ�DO�$*�KDFLD�HO�ySWLPR�\�QR�VH
FRPELQDQ�SDUD� IRUPDU�EORTXHV�FRQVWUXFWRUHV�GH�RUGHQ�PD\RU���XQ�$*�QR� WHQGUi
XQ�EXHQ�GHVHPSHxR�VLQ�LPSRUWDU�FXiO�VHD�HO�YDORU�GH�VXV�SDUiPHWURV��WDPDxR�GH
SREODFLyQ��SRUFHQWDMHV�GH�FUX]D�\�PXWDFLyQ��HWF���
3DUD� OLGLDU� FRQ� HVWH� WLSR� GH� SUREOHPDV� HQ� SDUWLFXODU�� *ROGEHUJ� HW� DO�� >��������@
SURSXVLHURQ� HO� XVR� GH� XQ� WLSR� HVSHFLDO� GH� $*� GH� ORQJLWXG� YDULDEOH� HO� FXDO� XVD
SREODFLRQHV� GH� WDPDxR� YDULDEOH�� $� HVWH� $*� HVSHFLDO� VH� OH� GHQRPLQy
¨GHVRUGHQDGR©� �PHVV\� *$� R� P*$�� HQ� FRQWUDSRVLFLyQ� FRQ� HO� $*� HVWiQGDU� �X
RUGHQDGR���TXH�WLHQH�ORQJLWXG�\�WDPDxR�GH�SREODFLyQ�ILMRV�>��@�
/D� LGHD� EiVLFD� GH� ORV� $*V� GHVRUGHQDGRV� HV� HPSH]DU� FRQ� FURPRVRPDV� FRUWRV�
LGHQWLILFDU�XQ�FRQMXQWR�GH�EXHQRV�EORTXHV�FRQVWUXFWRUHV�\�GHVSXpV�LQFUHPHQWDU�OD



ORQJLWXG�GHO�FURPRVRPD�SDUD�SURSDJDU�HVWRV�EXHQRV�EORTXHV�FRQVWUXFWRUHV�D� OR
ODUJR�GHO�UHVWR�GH�OD�FDGHQD�

(2 , 1) (2 , 0) (3 , 0) (3 , 1)

(1 , 1) (1 , 0) (1 , 1) (4 , 1) (4 , 0)

)LJXUD�����'RV�HMHPSORV�GH�FDGHQDV�YiOLGDV�HQ�XQ�DOJRULWPR�JHQpWLFR�GHVRUGHQDGR

/D�UHSUHVHQWDFLyQ�XVDGD�SRU�ORV�$*V�GHVRUGHQDGRV�HV�PX\�SHFXOLDU��SXHVWR�TXH
FDGD�ELW�HVWi�UHDOPHQWH�DVRFLDGR�FRQ�XQD�SRVLFLyQ�HQ�SDUWLFXODU�D� OR� ODUJR�GH� OD
FDGHQD��\�DOJXQDV�SRVLFLRQHV�SRGUtDQ�VHU�DVLJQDGDV�D�PiV�GH�XQ�ELW��D�HVWR�VH�OH
OODPD� VREUH�HVSHFLILFDFLyQ�� PLHQWUDV� TXH� RWUDV� SRGUtDQ� QR� VHU� DVLJQDGDV� D
QLQJXQR��D�HVWR�VH�OH�OODPD�VXE�HVSHFLILFDFLyQ���&RQVLGHUHPRV��SRU�HMHPSOR��D�ODV
GRV�FDGHQDV�PRVWUDGDV�HQ�OD�ILJXUD����ODV�FXDOHV�FRQVWLWX\HQ�FURPRVRPDV�YiOLGRV
SDUD�XQ�$*�GHVRUGHQDGR��HVWDPRV�VXSRQLHQGR�FURPRVRPDV�GH���ELWV��
/D� QRWDFLyQ� DGRSWDGD� HQ� HVWH� HMHPSOR� XVD� SDUpQWHVLV� SDUD� LGHQWLILFDU� D� FDGD
JHQH��HO�FXDO�VH�GHILQH�FRPR�XQ�SDU�FRQVLVWHQWH�GH�VX�SRVLFLyQ�D� OR� ODUJR�GH� OD
FDGHQD��HO�SULPHU�YDORU��\�HO�YDORU�GHO�ELW�HQ�HVD�SRVLFLyQ��HVWDPRV�VXSRQLHQGR�XQ
DOIDEHWR� ELQDULR��� (Q� HO� SULPHU� FDVR�� OD� SULPHUD� \� OD� FXDUWD� SRVLFLyQ� QR� HVWiQ
HVSHFLILFDGDV��\�OD�VHJXQGD�\�OD�WHUFHUD�HVWiQ�HVSHFLILFDGDV�GRV�YHFHV�
3DUD� OLGLDU� FRQ� OD� VREUH�HVSHFLILFDFLyQ� SXHGHQ� GHILQLUVH� DOJXQDV� UHJODV
GHWHUPLQtVWLFDV� PX\� VHQFLOODV�� 3RU� HMHPSOR�� SRGHPRV� XVDU� VyOR� OD� SULPHUD
GHILQLFLyQ�GH�L]TXLHUGD�D�GHUHFKD�SDUD�XQD�FLHUWD�SRVLFLyQ��6LQ�HPEDUJR��SDUD� OD
VXE�HVSHFLILFDFLyQ�WHQHPRV�TXH�KDFHU�DOJR�PiV�FRPSOLFDGR��SRUTXH�XQD�FDGHQD
VXE�HVSHFLILFDGD� UHDOPHQWH� UHSUHVHQWD�D�XQ� ¦HVTXHPD�FDQGLGDWR§� HQ� YH]�GH� XQ
FURPRVRPD� FRPSOHWR�� 3RU� HMHPSOR�� OD� SULPHUD� FDGHQD� GH� ODV� DQWHV� GHVFULWDV
UHSUHVHQWD� DO� HVTXHPD� 
��
� �HO� 
� VLJQLILFD� ¦QR� PH� LPSRUWD§��� 3DUD� FDOFXODU� OD
DSWLWXG� GH� XQD� FDGHQD� VXE�HVSHFLILFDGD�� SRGHPRV� XVDU� XQ� H[SORUDGRU� ORFDO� GHO
WLSR�¦HVFDODQGR�OD�FROLQD§�TXH�QRV�SHUPLWD�ORFDOL]DU�HO�ySWLPR�ORFDO�\�OD�LQIRUPDFLyQ
REWHQLGD�OD�SRGHPRV�XWLOL]DU�SDUD�UHHPSOD]DU�D�ORV�¦QR�PH�LPSRUWD§�GHO�HVTXHPD�
$�HVWD�WpFQLFD�VH�OH�GHQRPLQD�¦SODQWLOODV�FRPSHWLWLYDV§�>��@�
/RV� $*V� GHVRUGHQDGRV� RSHUDQ� HQ� �� IDVHV� >��@�� OD� ¦IDVH� SULPRUGLDO§� \� OD� ¦IDVH
\X[WDSRVLFLRQDO§��(Q�OD�SULPHUD��VH�JHQHUDQ�HVTXHPDV�FRUWRV�TXH�VLUYHQ�FRPR�ORV
EORTXHV�FRQVWUXFWRUHV�HQ�OD�IDVH�\X[WDSRVLFLRQDO�HQ�OD�FXDO�pVWRV�VH�FRPELQDQ��(O
SUREOHPD�HV�FyPR�GHFLGLU�TXp�WDQ� ODUJRV�GHEHQ�VHU�HVWRV�HVTXHPDV�¦FRUWRV§��6L
VRQ� GHPDVLDGR� FRUWRV�� SXHGHQ� QR� FRQWHQHU� VXILFLHQWH� PDWHULDO� JHQpWLFR� FRPR
SDUD� UHVROYHU� HO� SUREOHPD� GHVHDGR�� VL� VRQ� GHPDVLDGR� ODUJRV�� OD� WpFQLFD� SXHGH
YROYHUVH�LPSUiFWLFD�GHELGR�D�OD�¦PDOGLFLyQ�GH�OD�GLPHQVLRQDOLGDG§��WHQGUtDPRV�TXH
JHQHUDU�\�HYDOXDU�GHPDVLDGRV�FURPRVRPDV��



(1 , 0)

(3 , 1)

(3 , 1) (2 , 1)

(2 , 1)(2, 0) (1 , 0)

CORTE

(4 , 0)(3 , 0)(1 , 1)

(4 , 1)

(4 , 1)

)LJXUD��� ��8Q�HMHPSOR�GHO�RSHUDGRU�GH�¦FRUWH§�HQ�XQ�$*�GHVRUGHQDGR��/D� OtQHD�JUXHVD� LQGLFD�HO
SXQWR�GH�FRUWH�

'XUDQWH� OD� IDVH� SULPRUGLDO� JHQHUDPRV� HQWRQFHV� HVWRV� HVTXHPDV� FRUWRV� \
HYDOXDPRV� VXV� DSWLWXGHV�� 'HVSXpV� GH� HVR�� DSOLFDPRV� VyOR� VHOHFFLyQ� D� OD
SREODFLyQ��VLQ�FUX]D�R�PXWDFLyQ��SDUD�SURSDJDU�ORV�EXHQRV�EORTXHV�FRQVWUXFWRUHV�
\�VH�ERUUD�OD�PLWDG�GH�OD�SREODFLyQ�D�LQWHUYDORV�UHJXODUHV�>��@�
'HVSXpV�GH�XQ�FLHUWR�Q~PHUR��SUHGHILQLGR��GH�JHQHUDFLRQHV�� WHUPLQDPRV� OD� IDVH
SULPRUGLDO�\�HQWUDPRV�D�OD�IDVH�\X[WDSRVLFLRQDO��$�SDUWLU�GH�HVWH�SXQWR��HO�WDPDxR
GH� OD� SREODFLyQ� SHUPDQHFHUi� ILMR�� \� XVDUHPRV� VHOHFFLyQ� \� GRV� RSHUDGRUHV
HVSHFLDOHV� OODPDGRV� ¦FRUWH§� \� ¦XQLyQ§� >��@�� (O� RSHUDGRU� GH� FRUWH� VLPSOHPHQWH
UHPXHYH� XQD� SRUFLyQ� GHO� FURPRVRPD�� PLHQWUDV� TXH� HO� GH� XQLyQ� MXQWD� GRV
VHJPHQWRV�FURPRVyPLFRV��&RQVLGHUH�ORV�HMHPSORV�PRVWUDGRV�HQ�ODV�ILJXUDV���\���

(4 , 1)(1 , 0) (3 , 1)

(2 , 1)(2, 0)

(1 , 1) (4 , 1)(1 , 0)(3 , 1)

(4 , 0)(2 , 1)

UNION

(3 , 0)

)LJXUD��� ��8Q�HMHPSOR�GHO�RSHUDGRU� ¦XQLyQ§�HQ�XQ�$*�GHVRUGHQDGR��/D� OtQHD�JUXHVD�PXHVWUD� OD
SDUWH�GH�OD�FDGHQD�TXH�IXH�DJUHJDGD�

'HELGR� D� OD� QDWXUDOH]D� GHO� $*� GHVRUGHQDGR�� ODV� FDGHQDV� SURGXFLGDV� SRU� ORV
RSHUDGRUHV�GH�FRUWH�\�XQLyQ�VLHPSUH�VHUiQ�YiOLGDV��6L� ORV�EORTXHV�FRQVWUXFWRUHV
SURGXFLGRV�HQ�OD�IDVH�SULPRUGLDO�DFDUUHDQ�VXILFLHQWH�LQIRUPDFLyQ��HQWRQFHV�HO�$*
GHVRUGHQDGR� VHUi� FDSD]� GH� DUULEDU� DO� ySWLPR� JOREDO� DXQTXH� HO� SUREOHPD� WHQJD
GHFHSFLyQ�>��@�
$XQTXH� HV� VLQ� GXGD� PX\� SURPHWHGRU�� ORV� LQFRQYHQLHQWHV� SUiFWLFRV� GHO� $*
GHVRUGHQDGR� >��@� KDQ� LPSHGLGR� VX� XVR� H[WHQGLGR�� \� DFWXDOPHQWH� VH� UHSRUWDQ
UHODWLYDPHQWH�SRFDV�DSOLFDFLRQHV��YHU�SRU�HMHPSOR�>����������@��

5HIHUHQFLDV�%LEOLRJUiILFDV
>�@� *ROGEHUJ�� '�� (�� �������� *HQHWLF� $OJRULWKPV� LQ� 6HDUFK�� 2SWLPL]DWLRQ� DQG
0DFKLQH�/HDUQLQJ��5HDGLQJ��0DVVDFKXVHWWV���$GGLVRQ�:HVOH\�3XEOLVKLQJ�&R�
>�@� &RHOOR� &RHOOR�� &�� $�� �������� ,QWURGXFFLyQ� D� ORV� $OJRULWPRV� *HQpWLFRV�
6ROXFLRQHV� $YDQ]DGDV�� 7HFQRORJtDV� GH� ,QIRUPDFLyQ� \� (VWUDWHJLDV� GH� 1HJRFLRV�
$xR����1~PHUR�����SS�������



>�@�+ROODQG��-��+����������$GDSWDWLRQ�LQ�1DWXUDO�DQG�$UWLILFLDO�6\VWHPV��$QQ�+DUERU��
8QLYHUVLW\�RI�0LFKLJDQ�3UHVV�
>�@� 0LFKDOHZLF]�� =�� �������� *HQHWLF� $OJRULWKPV� �� 'DWD� 6WUXFWXUHV�  � (YROXWLRQ
3URJUDPV��VHFRQG�HGLWLRQ��6SULQJHU�9HUODJ�
>�@�5RQDOG��6���������5REXVW�(QFRGLQJV�LQ�*HQHWLF�$OJRULWKPV��HQ�'��'DVJXSWD�	
=�� 0LFKDOHZLF]�� HGLWRUV�� (YROXWLRQDU\� $OJRULWKPV� LQ� (QJLQHHULQJ� $SSOLFDWLRQV�
6SULQJHU�9HUODJ��SS��������
>�@� +ROOVWLHQ�� 5�� %�� �������� $UWLILFLDO� *HQHWLF� $GDSWDWLRQ� LQ� FRPSXWHU� FRQWURO
V\VWHPV��3K'�WKHVLV��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�+DUERU��0LFKLJDQ�
>�@�&DUXDQD��5��	�6FKDIIHU��-��'�� ��������5HSUHVHQWDWLRQ�DQG�+LGGHQ�%LDV��*UD\
YV��%LQDU\�&RGLQJ�IRU�*HQHWLF�$OJRULWKPV��HQ�¨3URFHHGLQJV�RI�WKH�)LIWK�,QWHUQDWLRQDO
&RQIHUHQFH� RQ� 0DFKLQH� /HDUQLQJ©�� 0RUJDQ� .DXIIPDQ� 3XEOLVKHUV�� 6DQ� 0DWHR�
&DOLIRUQLD��SS���������
>�@� :KLWOH\�� '��� 5DQD�� 6�� 	� +HFNHQGRUQ�� 5�� �������� 5HSUHVHQWDWLRQ� ,VVXHV� LQ
1HLJKERUKRRG�6HDUFK�DQG�(YROXWLRQDU\�$OJRULWKPV��HQ�'��4XDJOLDUHOOD��-��3pULDX[�
&�� 3RORQL� 	� *�� :LQWHU�� HGV�� ¨*HQHWLF� $OJRULWKPV� DQG� (YROXWLRQ� 6WUDWHJLHV� LQ
(QJLQHHULQJ� DQG� &RPSXWHU� 6FLHQFH�� 5HFHQW� $GYDQFHV� DQG� ,QGXVWULDO
$SSOLFDWLRQV©��-RKQ�:LOH\�DQG�6RQV��:HVW�6XVVH[��(QJODQG��FKDSWHU����SS�������
>�@�'H�-RQJ��.����������$Q�$QDO\VLV�RI�WKH�%HKDYLRU�RI�D�&ODVV�RI�*HQHWLF�$GDSWLYH
6\VWHPV��3K'�WKHVLV��8QLYHUVLW\�RI�0LFKLJDQ�
>��@�0DWKLDV��.��(��	�:KLWOH\��/��'�������D���7UDQVIRUPLQJ�WKH�VHDUFK�VSDFH�ZLWK
*UD\� FRGLQJ�� HQ� -�'�� 6FKDIIHU�� HG��� ¨3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�(YROXWLRQDU\�&RPSXWDWLRQ©��,(((�6HUYLFH�&HQWHU��3LVFDWDZD\��1HZ
-HUVH\��SS���������
>��@�0DWKLDV��.��(��	�:KLWOH\�� /��'�� �����E��� ¨&KDQJLQJ�5HSUHVHQWDWLRQV�'XULQJ
6HDUFK�� $� &RPSDUDWLYH� 6WXG\� RI� 'HOWD� &RGLQJ©�� (YROXWLRQDU\� &RPSXWDWLRQ
�������������
>��@�:ULJKW��$��+�����������*HQHWLF�DOJRULWKPV�IRU�UHDO�SDUDPHWHU�RSWLPL]DWLRQ��HQ
*��-��(��5DZOLQV�� HGLWRU�� ¨)RXQGDWLRQV�RI�*HQHWLF�$OJRULWKPV©��0RUJDQ�.DXIPDQQ
3XEOLVKHUV��6DQ�0DWHR��&DOLIRUQLD��SS���������



>��@� 6FUDJJ�� *�� :�� �������� &RPSXWHU� 2UJDQL]DWLRQ�� $� 7RS�'RZQ� $SSURDFK�
0F*UDZ�+LOO��1HZ�<RUN�
>��@� 'DYLV�� /��� HGLWRU� �������� +DQGERRN� RI� *HQHWLF� $OJRULWKPV�� 9DQ� 1RVWUDQG
5HLQKROG��1HZ�<RUN�
>��@�(VKHOPDQ��/��-��	�6FKDIIHU��-��'����������5HDO�FRGHG�JHQHWLF�DOJRULWKPV�DQG
LQWHUYDO�VFKHPDWD�� HQ� /�'��:KLWOH\�� HG��� ¨)RXQGDWLRQV� RI� *HQHWLF� $OJRULWKPV� �©�
0RUJDQ�.DXIPDQQ�3XEOLVKHUV��6DQ�0DWHR��&DOLIRUQLD��SS���������
>��@� 6FKZHIHO�� +�� 3�� ��������1XPHULFDO� 2SWLPL]DWLRQ� RI� &RPSXWHU� 0RGHOV�� -RKQ
:LOH\�DQG�VRQV��*UHDW�%ULWDLQ�
>��@�)RJHO��'��%��	�6WD\WRQ�� /��&�� �������� ¨2Q� WKH�(IIHFWLYHQHVV�RI�&URVVRYHU� LQ
6LPXODWHG�(YROXWLRQDU\�2SWLPL]DWLRQ©��%LR6\VWHPV�����SS����������
>��@�'HE��.��	�$JUDZDO��5��%����������¨6LPXODWHG�%LQDU\�&URVVRYHU�IRU�&RQWLQXRXV
6HDUFK�6SDFH©��&RPSOH[�6\VWHPV����SS����������
>��@�*ROGEHUJ��'��(����������5HDO�FRGHG�JHQHWLF�DOJRULWKPV��YLUWXDO�DOSKDEHWV�DQG
EORFNLQJ�� 7HFKQLFDO� 5HSRUW� ������� 8QLYHUVLW\� RI� ,OOLQRLV� DW� 8UEDQD�&KDPSDLJQ�
8UEDQD��,OOLQRLV�
>��@�6XUU\��3��'��	�5DGFOLIIH��1��-����������5HDO�UHSUHVHQWDWLRQV��HQ�5�.��%HOHZ�	
0�'��9RVH��HGLWRUV��¨)RXQGDWLRQV�RI�*HQHWLF�$OJRULWKPV��©��0RUJDQ�.DXIPDQQ��6DQ
0DWHR��&DOLIRUQLD��SS����������
>��@� &RHOOR� &RHOOR�� &�� $��� +HUQiQGH]�� )�� 6�� 	� )DUUHUD�� )�� $�� �������� ¨2SWLPDO
GHVLJQ� RI� UHLQIRUFHG� FRQFUHWH� EHDPV� XVLQJ� JHQHWLF� DOJRULWKPV©�� ([SHUW� 6\VWHPV
ZLWK�$SSOLFDWLRQV���$Q�,QWHUQDWLRQDO�-RXUQDO��������SS����������
>��@�&RHOOR�&RHOOR��&��$���&KULVWLDQVHQ��$��'��	�$JXLUUH��$��+�����������¨8VLQJ�D�QHZ
*$�EDVHG� PXOWLREMHFWLYH� RSWLPL]DWLRQ� WHFKQLTXH� IRU� WKH� GHVLJQ� RI� URERW� DUPV©�
5RERWLFD��9RO������SS����������
>��@�&RHOOR�&RHOOR��&��$���&KULVWLDQVHQ��$��'��	�$JXLUUH��$��+����������$XWRPDWHG
GHVLJQ� RI� FRPELQDWLRQDO� ORJLF� FLUFXLWV� XVLQJ� JHQHWLF� DOJRULWKPV�� HQ� '�*�� 6PLWK�
1�&��6WHHOH�	�5�)��$OEUHFKW��HGV��¨3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ
$UWLILFLDO� 1HXUDO� 1HWV� DQG� *HQHWLF� $OJRULWKPV� ,&$11*$� 
��©�� 8QLYHUVLW\� RI� (DVW
$QJOLD��6SULQJHU�9HUODJ��1RUZLFK��(QJODQG��SS����������



>��@�*UHIHQVWHWWH�� -�� -�� �������� 'HFHSWLRQ�&RQVLGHUHG� +DUPIXO�� HQ� /�'��:KLWOH\�
HG��� ¨)RXQGDWLRQV� RI� *HQHWLF� $OJRULWKPV� �©�� 0RUJDQ� .DXIPDQQ�� 6DQ� 0DWHR�
&DOLIRUQLD��SS��������
>��@� *ROGEHUJ�� '�� (��� .RUE�� %�� 	� 'HE�� .�� �������� ¨0HVV\� JHQHWLF� DOJRULWKPV�
0RWLYDWLRQ��DQDO\VLV��DQG�ILUVW�UHVXOWV©��&RPSOH[�6\VWHPV����SS����������
>��@� *ROGEHUJ�� '�� (��� 'HE�� .�� 	� .RUE�� %�� �������� ¨0HVV\� JHQHWLF� DOJRULWKPV
UHYLVLWHG��6WXGLHV�LQ�PL[HG�VL]H�DQG�VFDOH©��&RPSOH[�6\VWHPV�����������
>��@�*ROGEHUJ��'��(���'HE��.��	�.RUE��%�� ��������'RQ
W�ZRUU\��EH�PHVV\��HQ�5�.�
%HOHZ�	�/�%��%RRNHU��HGLWRUV��¨3URFHHGLQJV�RI�WKH�)RXUWK�,QWHUQDWLRQDO�&RQIHUHQFH
RQ� *HQHWLF� $OJRULWKPV©�� 8QLYHUVLW\� RI� &DOLIRUQLD�� 6DQ� 'LHJR�� 0RUJDQ� .DXIPDQQ
3XEOLVKHUV��6DQ�0DWHR��&DOLIRUQLD��SS��������
>��@�0LWFKHOO��0�� � ��������$Q� ,QWURGXFWLRQ� WR�*HQHWLF�$OJRULWKPV�� 7KH�0,7� 3UHVV�
&DPEULGJH��0DVVDFKXVHWWV�
>��@� &KRZGKXU\�� 0�� 0�� 	� /L�� <�� �������� 0HVV\� *HQHWLF� $OJRULWKP� %DVHG� 1HZ
/HDUQLQJ�0HWKRG�IRU�)X]]\�&RQWUROOHUV��HQ� ¨3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO
&RQIHUHQFH� RQ� ,QGXVWULDO� 7HFKQRORJ\©�� ,(((� 6HUYLFH� &HQWHU�� 6KDQJDL�� &KLQD�
http://eeapp.elec.gla.ac.uk/~chy/publications.html��
>��@� .DMLWDQL�� ,��� +RVKLQR�� 7��� ,ZDWD�� 0�� 	� +LJXFKL�� 7�� �������� 9DULDEOH� OHQJWK
FKURPRVRPH� *$� IRU� (YROYDEOH� +DUGZDUH�� HQ� ¨3URFHHGLQJV� RI� WKH� ����� ,(((
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�(YROXWLRQDU\�&RPSXWDWLRQ©��1DJR\D�8QLYHUVLW\�� ,(((
6HUYLFH�&HQWHU��1DJR\D��-DSDQ��SS����������
>��@�+DOKDO��'���:DOWHUV��*�$���2XD]DU��'��	�6DYLF��'�$��������� �� ¨:DWHU�1HWZRUN
5HKDELOLWDWLRQ� ZLWK� D� 6WUXFWXUHG� 0HVV\� *HQHWLF� $OJRULWKP©�� -RXUQDO� RI� :DWHU
5HVRXUFHV�3ODQQLQJ�DQG�0DQDJHPHQW��$6&(��������


