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5HVXPHQ

'DGR� XQ� JUDIR� FRQ� XQ� FRQMXQWR� GLVWLQJXLGR� GH
QRGRV� OODPDGRV� WHUPLQDOHV� VREUH� ORV� FXDOHV� VH
GHILQHQ� UHTXHULPLHQWRV� GH� FRQH[LyQ�� HO� 3UREOHPD
*HQHUDOL]DGR� GH� 6WHLQHU� FRQVLVWH� HQ� HQFRQWUDU� XQ
VXEJUDIR�GH�FRVWR�PtQLPR�WDO�TXH�SDUD�WRGR�SDU�GH
QRGRV� WHUPLQDOHV� GHO� JUDIR� H[LVWD� XQ� Q~PHUR� GH
FDPLQRV� GLVMXQWRV� PD\RU� R� LJXDO� DO� UHTXHULPLHQWR
GH� FRQH[LyQ� FRUUHVSRQGLHQWH�� (VWH� SUREOHPD� KD
VLGR� XWLOL]DGR� SDUD�PRGHODU� HO� GLVHxR� GH� UHGHV� GH
FRPXQLFDFLRQHV� FRQILDEOHV�� GRQGH� HV� QHFHVDULR
JDUDQWL]DU� FRQ� DOWD� SUREDELOLGDG� OD� FRQH[LyQ� HQWUH
GLYHUVRV�SXQWRV�GH�OD�UHG��6H�WUDWD�GH�XQ�SUREOHPD
13� GLItFLO�� SDUD� HO� TXH� H[LVWHQ� SRFRV� DOJRULWPRV
SURSXHVWRV�� (VWH� WUDEDMR� SUHVHQWD� XQ� DOJRULWPR
JHQpWLFR�SDUD�UHVROYHU�HO�3UREOHPD�*HQHUDOL]DGR�GH
6WHLQHU��3DUD�SRGHU�DWDFDU� LQVWDQFLDV�PHGLDQDV�GHO
SUREOHPD� HQ� XQ� WLHPSR� UD]RQDEOH�� DGHPiV� GHO
PRGHOR� SDQPtFWLFR� VHULDO� VH� HVWXGLD� XQ� PRGHOR
SDUDOHOR�� /RV� UHVXOWDGRV� REWHQLGRV� LQGLFDQ� TXH� HO
PRGHOR� SDUDOHOR� REWLHQH� XQ� VSHHGXS� FDVL� OLQHDO� HQ
WLHPSR� GH� HMHFXFLyQ� VREUH� HO� PRGHOR� VHULDO�� VLQ
SHUGLGD�GH�FDOLGDG�GH�ODV�VROXFLRQHV�REWHQLGDV�

3DODEUDV� FODYH�� 3UREOHPD� JHQHUDOL]DGR� GH� 6WHLQHU�
$OJRULWPRV�*HQpWLFRV��3DUDOHOLVPR�

�� ,QWURGXFFLyQ

(O� FRQWLQXR� FUHFLPLHQWR� HQ� HO� WDPDxR� GH� ORV
SUREOHPDV� GH� GLVHxR� GH� UHGHV� GH� FRPXQLFDFLRQHV
KD� FRQGXFLGR� D� ORV� LQYHVWLJDGRUHV� D� SURSRQHU
DOWHUQDWLYDV� D� ORV� HQIRTXHV� H[DFWRV� WUDGLFLRQDOHV
SDUD�OD�UHVROXFLyQ�GH�SUREOHPDV�FRPSOHMRV��(Q�HVWH
FRQWH[WR�� YDULDV� KHXUtVWLFDV� VH� KDQ� DSOLFDGR� DO
SUREOHPD� GH� GLVHxR� GH� UHGHV� GH� FRPXQLFDFLRQHV
FRQILDEOHV�\�ODV�WpFQLFDV�GH�SURJUDPDFLyQ�HYROXWLYD�
\� ORV� DOJRULWPRV� JHQpWLFRV� �$*�� HQ� SDUWLFXODU�� VH
KDQ�PDQLIHVWDGR�FRPR�PpWRGRV�IOH[LEOHV�\�UREXVWRV
SDUD� OD� VROXFLyQ� GH� ORV� FRPSOHMRV� SUREOHPDV� GH
RSWLPL]DFLyQ�VXE\DFHQWHV�

&RQVLGHUDQGR� XQD� UHG� GH� FRPXQLFDFLRQHV� FRQ
QRGRV� GLVWLQJXLGRV� GHQRPLQDGRV� WHUPLQDOHV�� HO
3UREOHPD� GH� 6WHLQHU� *HQHUDOL]DGR� �*HQHUDOL]HG
6WHLQHU� 3UREOHP� ±� *63�� UHILHUH� DO� GLVHxR� GH� XQD
VXEUHG� GH� PtQLPR� FRVWR�� TXH� YHULILTXH� FLHUWRV
UHTXHULPLHQWRV� SUHILMDGRV� GH� FRQH[LyQ� HQWUH� SDUHV
GH� QRGRV� WHUPLQDOHV�� &RQ� UHVSHFWR� D� RWURV
SUREOHPDV� GH� GLVHxR� GH� UHGHV� GH� FRPXQLFDFLRQHV�
HO� *63� LQFRUSRUD� UHTXLVLWRV� DGLFLRQDOHV� GH
FRQHFWLYLGDG� SDUD� JDUDQWL]DU� OD� DOWD� FRQILDELOLGDG�
KDFLHQGR�DO�IXQFLRQDPLHQWR�GH�OD�UHG�PiV�UHVLVWHQWH
D�IDOODV�HQ�VXV�FRPSRQHQWHV�

/DV�WpFQLFDV�GH�SURFHVDPLHQWR�SDUDOHOR�\�GLVWULEXLGR
VH�DSOLFDQ�DO�PRGHOR� FOiVLFR� GH�$*�FRQ�HO� REMHWLYR
GH� REWHQHU�PHMRUDV� GH� HILFLHQFLD� \� SHUIHFFLRQDU� OD
FDOLGDG� GH� OD� E~VTXHGD� >��@�� 'HVGH� OD� SHUVSHFWLYD
GH� OD� HILFLHQFLD�� SDUDOHOL]DU�XQ�$*�SHUPLWH�DIURQWDU
OD� OHQWLWXG� GH� FRQYHUJHQFLD� SDUD� SUREOHPDV� FX\D
GLPHQVLyQ�PRWLYD�HO�XVR�GH�SREODFLRQHV�QXPHURVDV�
R� P~OWLSOHV� HYDOXDFLRQHV� GH� IXQFLRQHV� GH� ILWQHVV
FRPSOHMDV��'HVGH�HO�SXQWR�GH�YLVWD�DOJRUtWPLFR�� ORV
$OJRULWPRV� *HQpWLFRV� 3DUDOHORV� �$*3�� SXHGHQ
H[SORWDU� HO� SDUDOHOLVPR� LQWUtQVHFR� GHO� PHFDQLVPR
HYROXWLYR��WUDEDMDQGR�VLPXOWiQHDPHQWH�VREUH�YDULDV
SREODFLRQHV� VHPL� LQGHSHQGLHQWHV� SDUD� UHVROYHU� XQ
SUREOHPD�� (YHQWXDOHV� LQWHUFDPELRV� GH� VROXFLRQHV
�PLJUDFLRQHV�� LQWURGXFHQ� GLYHUVLGDG� SDUD� HYLWDU
SUREOHPDV�GH�FRQYHUJHQFLD�HQ�ySWLPRV�ORFDOHV�

(VWH�WUDEDMR�GHVFULEH� ORV�SULPHURV� UHVXOWDGRV�HQ� OD
UHVROXFLyQ� GHO� 3UREOHPD� GH� 6WHLQHU� *HQHUDOL]DGR
XWLOL]DQGR�XQ�$OJRULWPR�*HQpWLFR��GHVDUUROODGR�HQ�HO
PDUFR�GHO�SUR\HFWR�³$OJRULWPRV�*HQpWLFRV�3DUDOHORV
\� VX� $SOLFDFLyQ� DO� 'LVHxR� GH� 5HGHV� GH
&RPXQLFDFLRQHV�&RQILDEOHV´1��(O�UHVWR�GHO�DUWtFXOR�VH
RUJDQL]D�GHO�PRGR�TXH�VH�GHVFULEH�D�FRQWLQXDFLyQ�
OD�VHFFLyQ���EULQGD�XQD�SUHVHQWDFLyQ�GHO� 3UREOHPD
GH�6WHLQHU�*HQHUDOL]DGR�\� VXV�YDULDQWHV�� OD� VHFFLyQ
��H[SOLFD� ORV�GHWDOOHV�GH�GLVHxR�\�FRQILJXUDFLyQ�GHO
$*3�� OD� VHFFLyQ��� UHVXPH� ORV� UHVXOWDGRV� REWHQLGRV
HQ� OD� YDOLGDFLyQ� \� FDOLEUDFLyQ� GHO� $*3� \� HQ� OD
UHVROXFLyQ� GHO� *63� \� OD� VHFFLyQ� �� RIUHFH� ODV
FRQFOXVLRQHV�\�OtQHDV�GH�WUDEDMR�DFWXDO�\�IXWXUR�

��±�(O�SUREOHPD�GH�6WHLQHU�*HQHUDOL]DGR

����±�)RUPXODFLyQ�GHO�*63

/D� VLJXLHQWH� IRUPXODFLyQ� GHO� *63� VH� EDVD� HQ� OD
GHILQLFLyQ�RULJLQDO�GH�.UDUXS�>��@�
6HDQ�ORV�VLJXLHQWHV�HOHPHQWRV��
• 8Q� JUDIR� QR� GLULJLGR� * �9�(��� FRQ� XQD�PDWUL]

GH�FRVWRV�F�DVRFLDGRV�D�VXV�DULVWDV�
• 8Q�FRQMXQWR�GLVWLQJXLGR�GH�QRGRV�WHUPLQDOHV�7�

GH� FDUGLQDOLGDG� Q�  _7_�� � WDO� TXH� ��≤� Q� �≤� � Q�
VLHQGR� Q _9_� OD� FDUGLQDOLGDG� GHO� FRQMXQWR� GH
YpUWLFHV�GHO�JUDIR�*�

• 8QD�PDWUL]�5 ^U � � `�FRQ�L�M�∈�7��GH�GLPHQVLyQ�Q�
[� Q� �� FX\RV� HOHPHQWRV� VRQ� HQWHURV� SRVLWLYRV
TXH�LQGLFDQ�ORV�UHTXHULPLHQWRV�GH�FRQHFWLYLGDG
±FDQWLGDG� GH� FDPLQRV±� HQWUH� WRGR� SDU� GH
QRGRV�WHUPLQDOHV�
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(O�SUREOHPD�*63�SURSRQH�HQFRQWUDU�XQ�VXEJUDIR�*�
GH� *�� GH� FRVWR�PtQLPR�� WDO� TXH� SDUD� WRGR� SDU� GH
QRGRV�L�M�∈�7��L�≠�M�HVWRV�VHDQ�U � � �DULVWD�FRQH[RV��HV
GHFLU�� TXH� H[LVWDQ� U � � FDPLQRV� GLVMXQWRV�� TXH� QR
FRPSDUWHQ�DULVWDV��HQWUH�ORV�QRGRV�WHUPLQDOHV�L�\�M��

6REUH� ORV� QRGRV� QR� SHUWHQHFLHQWHV� DO� FRQMXQWR� GH
QRGRV� WHUPLQDOHV� QR� VH� SODQWHDQ� UHTXLVLWRV� GH
FRQHFWLYLGDG�� (VWRV� QRGRV�� OODPDGRV� QRGRV� GH
6WHLQHU�� SXHGHQ� IRUPDU� SDUWH� R� QR� GH� OD� VROXFLyQ
ySWLPD��GH�DFXHUGR�D�OD�FRQYHQLHQFLD�GH�XWLOL]DUORV�

����±�0RGHOR�0DWHPiWLFR�GHO�*63

(O� PRGHOR� GHO� SUREOHPD� *63� DULVWD� FRQH[R� GHILQH
SDUD�FDGD�DULVWD��L�M��∈�(�XQD�YDULDEOH�ELQDULD�[ � � ���\
XQD� YDULDEOH� UHDO� \ � � �

�
� TXH� GHQRWD� OD� XWLOLGDG� GH� OD

DULVWD��L�M��HQ�OD�GLUHFFLyQ�GH�L�KDFLD�M�HQ�XQ�FDPLQR
TXH�XQH�D�ORV�QRGRV�WHUPLQDOHV�N�\�O�

(O�FXDGUR���SUHVHQWD�HO�PRGHOR�PDWHPiWLFR�GHO�*63
FRPR�SUREOHPD�GH�3URJUDPDFLyQ�/LQHDO�(QWHUD�
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Cuadro 1: Modelo matemático del GSP como
problema de programación lineal entera

/ODPDQGR� 8 ^X � � `� D� OD� VROXFLyQ� ySWLPD� GHO
SUREOHPD�� HO� FRQMXQWR� GH� DULVWDV� GHWHUPLQDGR� SRU
^�L�M��∈�(���X � � �`�GHILQH�HO�VXEJUDIR�VROXFLyQ�* ����� �
����±�&DVRV�SDUWLFXODUHV�GHO�SUREOHPD�GH�6WHLQHU

/D�FRPSOHMLGDG�GHO�SUREOHPD�GH�6WHLQHU�REHGHFH�D
OD� JHQHUDOLGDG� GH� VX� SODQWHR�� DO� H[LJLU
UHTXHULPLHQWRV� YDULDEOHV� GH� FRQHFWLYLGDG� HQWUH
SDUHV� GH� QRGRV� WHUPLQDOHV� TXH� LPSOLFDQ� OD
H[LVWHQFLD� GH� XQ� Q~PHUR� YDULDEOH� GH� FDPLQRV
GLVMXQWRV�HQWUH�QRGRV�HQ�OD�VROXFLyQ�

/RV� SUREOHPDV� GH� N� FRQH[LyQ� VLPSOLILFDQ� ORV
UHTXHULPLHQWRV�� H[LJLHQGR� XQD� FDQWLGDG� N� �ILMD�� GH
FDPLQRV�GLVMXQWRV�HQWUH�SDUHV�GH�QRGRV�WHUPLQDOHV�
PLHQWUDV� TXH� HO� FDVR� PiV� VLPSOH� GH� SUREOHPD� GH
6WHLQHU�VROR�H[LJH�XQ�FDPLQR�HQWUH�SDUHV�GH�QRGRV
�N ��� \� VH� FRQRFH� FRPR� SUREOHPD� GHO� iUERO� GH
6WHLQHU�

����±�&RPSOHMLGDG�GHO�SUREOHPD�GH�6WHLQHU

(O� 3UREOHPD� *HQHUDOL]DGR� GH� 6WHLQHU� HV� 13±
&RPSOHWR��WDO�FXDO�IXH�GHPRVWUDGR�SRU�.UDUXS�>��@�

(O�SURSLR�SUREOHPD�GHO�iUERO�GH�6WHLQHU��TXH�SODQWHD
OD� UHVWULFFLyQ� PHQRV� JHQHUDO� GH� FDPLQRV�� HV� 13
FRPSOHWR��GH�DFXHUGR�D�OD�SUXHED�GH�.DUS�>��@�

/D� FRPSOHMLGDG� GHO� SUREOHPD� GH� 6WHLQHU� KDFH� TXH
VX�UHVROXFLyQ�XWLOL]DQGR�DOJRULWPRV�H[DFWRV�VHD�FDGD
YH]� PHQRV� WUDWDEOH� DO� DXPHQWDU� HO� WDPDxR� GHO
SUREOHPD�� 3RU� WDO� PRWLYR�� VH� EXVFDQ� VROXFLRQHV
DOWHUQDWLYDV� XWLOL]DQGR� KHXUtVWLFDV� TXH� SHUPLWDQ
HQFRQWUDU�EXHQDV�VROXFLRQHV�HQ�WLHPSRV�UD]RQDEOHV�

����±�7pFQLFDV� HYROXWLYDV� DSOLFDGDV� D� OD� UHVROXFLyQ
GHO�SUREOHPD�GH�6WHLQHU

(O� HVWXGLR� GHO� HVWDGR� GHO� DUWH� UHDOL]DGR� >��@� >��@
SHUPLWLy�FRPSUREDU�TXH�QR�H[LVWHQ�DQWHFHGHQWHV�GH
DSOLFDFLyQ�GH� ORV�$OJRULWPRV�*HQpWLFRV�DO� 3UREOHPD
*HQHUDOL]DGR�GH�6WHLQHU�

([LVWHQ�YDULDV�UHIHUHQFLDV�D�DSOLFDFLRQHV�GH�WpFQLFDV
HYROXWLYDV� DO� SUREOHPD� GHO� iUERO� GH� 6WHLQHU� \� VXV
YDULDQWHV��+HVVHU�HW�DO�>��@�SURSRQHQ�XQ�DOJRULWPR
JHQpWLFR�SDUD�OD�RSWLPL]DFLyQ�GH�iUEROHV�GH�6WHLQHU
D�SDUWLU�iUEROHV�GH�FXEULPLHQWR�

(O�3UREOHPD�GH�6WHLQHU�5HFWLOtQHR�KD�VLGR�DERUGDGR
PHGLDQWH� $*�� (VWH� SUREOHPD�� TXH� WLHQH� DSOLFDFLyQ
GLUHFWD�HQ�HO�GLVHxR�GH�UHGHV��VLVWHPDV�PHFiQLFRV�
WDEOHURV� GH� FLUFXLWRV� \� SDTXHWHV� 9/6,� FRQVLVWH� HQ
KDOODU�HO�iUERO�GH�6WHLQHU�GH�FRVWR�PtQLPR�VREUH�XQ
JUDIR�SODQDU�� /RV�QRGRV�VH�DVXPHQ�XELFDGRV�HQ�HO
SODQR�HXFOtGHR�\� ODV�FRQH[LRQHV�HQWUH�QRGRV�GHEHQ
VHU� KRUL]RQWDOHV� R� YHUWLFDOHV�� (QWUH� ORV� WUDEDMRV
LPSRUWDQWHV� SXHGHQ� FLWDUVH� ORV� GH� .DSVDOLV� HW� DO�
>��@��-XOVWURP�>��@�>��@�\�>��@�\�:DNDED\DVKL�>��@�

(VEHQVHQ�>�@�SURSXVR�DOWHUQDWLYDV�D�OD�SURSXHVWD�GH
.DSVDOLV��,PSXVR�HO�WUDEDMR�FRQ�VROXFLRQHV�IDFWLEOHV
\� HYLWDQGR� WpUPLQRV� GH� SHQDOL]DFLyQ� HQ� OD� IXQFLyQ
GH� ILWQHVV��6REUH�HVWD� LGHD��(VEHQVHQ�\�0D]XPGHU
>�@�GLVHxDURQ�XQ�$*�SDUD�HO�SUREOHPD�GHO�iUERO�GH
6WHLQHU� \� VX�DSOLFDFLyQ�DO� GLVHxR� GH� FLUFXLWRV�9/6,�
REWHQLHQGR�VROXFLRQHV�GH�FDOLGDG�VXSHULRU� UHVSHFWR
D�GRV�KHXUtVWLFDV�ELHQ�FRQRFLGDV�SDUD�HO� SUREOHPD�
VLHQGR�FRPSHWLWLYR�HQ�WpUPLQRV�GH�SHUIRUPDQFH�

'LYHUVRV�SUREOHPDV�VREUH�UHGHV�GH�FRPXQLFDFLRQHV
WLHQHQ� FRPR� VROXFLyQ� HO� SUREOHPD� GHO� iUERO� GH
6WHLQHU��\�VREUH�HOORV�VH�KDQ�DSOLFDGR�$*��=KX�HW�DO�
>��@� XWLOL]DURQ� XQ� KtEULGR� SDUD� KDOODU� iUEROHV� GH
6WHLQHU�� FRPELQDQGR� OD� LGHD� GH�(VEHQVHQ� \� XQ�$*
SURSLR�SDUD�RSWLPL]DU�UHTXHULPLHQWRV�GH�FRQH[LRQHV
PXOWLSXQWR� VREUH� OD� UHG� GH� FRPXQLFDFLRQHV�� 9R�� \
*XWHQVFKZDJHU� >��@� LQYHVWLJDURQ� VREUH� OD
KLEULGDFLyQ� HQWUH� $*� \� WpFQLFDV� GH� LQWHOLJHQFLD
DUWLILFLDO�DSOLFDGDV�DO�SUREOHPD�GHO�iUERO�GH�6WHLQHU�
+ZDQJ�HW�DO��>��@�\�=KRX�HW�DO��>��@�SURSXVLHURQ�$*
DSOLFDGRV� DO� SUREOHPD� GH� UXWHR� PXOWLFDVWLQJ�



*DOLDVVR� \� :DLQZULJKW� >�@� LPSOHPHQWDURQ� XQ� $*
KtEULGR� SDUD�HO� SUREOHPD�GH� UXWHR�PXOWLSXQWR�� TXH
H[WLHQGH�ODV�LGHDV�GH�=KX�HW�DO��>��@�\�(VEHQVHQ�>�@
GHWHUPLQDQGR�HO�RUGHQ�ySWLPR�GH�SURFHVDPLHQWR�GH
UHTXHULPLHQWRV� \� SRUFHQWDMHV� GH� DQFKR� GH� EDQGD
DVLJQDGRV�D�ORV�GLYHUVRV�FDPLQRV�GH�FRPXQLFDFLyQ�

��±�(O�$OJRULWPR�*HQpWLFR�3DUDOHOR

,QYHVWLJDU� OD� DSOLFDELOLGDG� GH� ORV� $OJRULWPRV
*HQpWLFRV�SDUD� UHVROYHU�SUREOHPDV�GH� FRQILDELOLGDG
HQ�UHGHV�GH�FRPXQLFDFLRQHV�HV�XQR�GH�ORV�REMHWLYRV
GHO� SUR\HFWR� ³$OJRULWPRV� *HQpWLFRV� 3DUDOHORV� \� VX
$SOLFDFLyQ� DO� 'LVHxR� GH� 5HGHV� GH� &RPXQLFDFLRQHV
&RQILDEOHV´�� 7RPDQGR� HQ� FXHQWD� OD� GLPHQVLyQ� GH
ORV� SUREOHPDV�� VH� SURSXVR� LPSOHPHQWDU� PRGHORV
SDUDOHORV� GH� $OJRULWPRV� *HQpWLFRV� SDUD� PDQHMDU
HILFLHQWHPHQWH�SREODFLRQHV�QXPHURVDV�

(O� $OJRULWPR� *HQpWLFR� 3DUDOHOR� GLVHxDGR� HQ� HVWD
SULPHUD� LQVWDQFLD� FRUUHVSRQGH� D� XQ� PRGHOR� GH
SREODFLyQ�GLVWULEXLGD��RUJDQL]DGD�HQ�VXESREODFLRQHV
VHPL� LQGHSHQGLHQWHV� TXH� HYROXFLRQDQ� HQ� SDUDOHOR�
'H�DFXHUGR�D� OD� WD[RQRPtD� GH�1RZRVWDZVNL� \� 3ROL
>��@�VH�FODVLILFD�GHQWUR�GH� OD�FDWHJRUtD�GH�PRGHORV
GLVWULEXLGRV�GH�VXESREODFLRQHV�FRQ�PLJUDFLyQ�

����±�&RGLILFDFLyQ�\�RSHUDGRUHV

/D� HOHFFLyQ� GH� XQD� FRGLILFDFLyQ� DGHFXDGD� HV� XQ
IDFWRU� LQIOX\HQWH� VREUH� HO� IXQFLRQDPLHQWR� GHO
DOJRULWPR� JHQpWLFR�� \� VX� LPSRUWDQFLD� HV� GHVWDFDGD
HQ�OD�OLWHUDWXUD�HVSHFLDOL]DGD�>�@�>�@�
(Q� HO� PRGHOR� LPSOHPHQWDGR� VH� WUDEDMy� FRQ� XQD
FRGLILFDFLyQ�ELQDULD�VLPSOH��GRQGH�FDGD�FURPRVRPD
VH�UHSUHVHQWD�FRPR�XQ�DUUD\�GH�Q�ELWV��VLHQGR�Q�HO
Q~PHUR�GH�DULVWDV�GHO�JUDIR��/DV�DULVWDV�VH�QXPHUDQ
GH���D�Q±��\�OD�SUHVHQFLD�GH�XQD�DULVWD�HQ�HO�JUDIR
TXHGD� GHWHUPLQDGD� SRU� HO� YDORU� �� HQ� OD� SRVLFLyQ
FRUUHVSRQGLHQWH�HQ�HO�FURPRVRPD�

� � � � � � � �����« �

Figura 1 – Codificación binaria simple

/RV�RSHUDGRUHV�GH�HYROXFLyQ�VRQ�VHQFLOORV�DO�XWLOL]DU
HVWD� UHSUHVHQWDFLyQ�� SHUR� VH� FXHQWD� FRQ� HO
LQFRQYHQLHQWH� GH� TXH� OXHJR� GH� XQ� FUX]DPLHQWR
VLPSOH� ORV� FURPRVRPDV� UHVXOWDQWHV� SXHGHQ� QR� VHU
VROXFLyQ�IDFWLEOH�GHO�SUREOHPD�GH�6WHLQHU�
/XHJR� GH� FDGD� FUX]DPLHQWR� R� PXWDFLyQ�� HV
QHFHVDULR� YHULILFDU� OD� IDFWLELOLGDG� GHO� QXHYR
FURPRVRPD��3RU�VLPSOLFLGDG��VL�HO�FURPRVRPD�QR�HV
IDFWLEOH� VH� OR� GHVFDUWD�� HYLWDQGR� OD� WDUHD� GH
FXDQWLILFDU� FXDQ� OHMRV� GH� XQD� VROXFLyQ� IDFWLEOH� VH
HQFXHQWUD� \� GHWHUPLQDU� XQ� YDORU� GH� ILWQHVV
DGHFXDGR�� (VWD� LGHD� VLJXH� OD� SURSXHVWD� GH
(VEHQVHQ� HQ� VXV� WUDEDMRV� VREUH� HO� SUREOHPD� GHO
iUERO�GH�6WHLQHU�>�@�>�@�

/RV�RSHUDGRUHV�XWLOL]DGRV�SRU�HO�$*�FRUUHVSRQGHQ�D
• 6HOHFFLyQ�SURSRUFLRQDO�DO�ILWQHVV�HVFDODGR�

• &UX]DPLHQWR�GH�XQ�SXQWR��DOHDWRULR�HQ�HO�UDQJR
>��� Q±�@�� TXH� LQWHUFDPELD� ORV� WUR]RV� GHO
FURPRVRPD�

• 0XWDFLyQ� GH� LQYHUVLyQ� GH� DOHOR
SUREDELOtVWLFDPHQWH�VHOHFFLRQDGR�

����±�)XQFLyQ�GH�ILWQHVV

/D� IXQFLyQ� GH� ILWQHVV� XWLOL]DGD� HYDO~D� HO� FRVWR� GHO
JUDIR�UHSUHVHQWDGR�SRU�HO�FURPRVRPD��&RUUHVSRQGH

D�OD�IXQFLyQ� [ ]∑
−

−=
1

0

)(*)(
n

iCOSTOiBITCF

GRQGH� &� UHSUHVHQWD� HO� FRVWR� GHO� JUDIR� RULJLQDO�
&2672���1�→�5�GHYXHOYH�HO�FRVWR�GH�XQD�DULVWD�\
%,7���1�→�>���@�UHWRUQD�HO�YDORU�FRUUHVSRQGLHQWH�D
OD�DULVWD�L�pVLPD�HQ�HO�FURPRVRPD�

3DUD�HYLWDU�SUREOHPDV�GH�FRQYHUJHQFLD�SUHPDWXUD�\
GH�LQGLIHUHQFLD�HQ�OD�GLYHUVLGDG�TXH�SXHGHQ�DIHFWDU
HO�PHFDQLVPR�HYROXWLYR��VH�LPSOHPHQWy�XQ�HVFDODGR
OLQHDO�GHO�ILWQHVV��GH�DFXHUGR�D�*ROGEHUJ�>�@�
7RPDQGR� HQ� FXHQWD� HO� SURPHGLR� GH� ILWQHVV� GH� OD
SREODFLyQ� I����� �� HO� Pi[LPR� ILWQHVV� I ����� �� \� XQ� IDFWRU
GH�HVFDODGR�&��VH�GHILQH�XQD�IXQFLyQ�)�PHGLDQWH�

��� )�I ����� �� �I�����
��� )�I ����� �� �&�I �����

/D� HFXDFLyQ� ���� DVHJXUD� TXH� ORV� FURPRVRPDV� GH
ILWQHVV� PHGLRV� WHQJDQ� XQD� FRSLD� HQ� ODV� QXHYDV
JHQHUDFLRQHV�� /D� HFXDFLyQ� ���� UHJXOD� HO� ILWQHVV� GH
ORV�FURPRVRPDV�FRQ�ILWQHVV�Pi[LPR��/D�FRQVWDQWH�&
FRUUHVSRQGH�DO�Q~PHUR�GH�FRSLDV�HVSHUDGDV�SDUD�HO
LQGLYLGXR�FRQ�Pi[LPR� ILWQHVV��(O� HVFDODGR� WLHQGH�D
VHSDUDU�HO�ILWQHVV�GH�ORV�FURPRVRPDV�GH�I ����� �

����±�&iOFXOR�GH�IDFWLELOLGDG

3DUD� GHWHUPLQDU� VL� XQ� FURPRVRPD� HV� IDFWLEOH�� VH
YHULILFD� TXH� HO� JUDIR� UHSUHVHQWDGR� FXPSOD� ODV
UHVWULFFLRQHV�GHO�*63�
8QD� VHQFLOOD� KHXUtVWLFD� GH� RUGHQ� 2�W

	
��� VLHQGR� W� OD

FDUGLQDOLGDG� GHO� FRQMXQWR� GH� QRGRV� WHUPLQDOHV�� VH
XWLOL]D�SDUD�YHULILFDU�ORV�JUDGRV�GH�ORV�YpUWLFHV�\� ODV
UHVWULFFLRQHV�GH�FDPLQRV�LPSXHVWDV�
6L�HO�JUDIR�FXPSOH�OD�FRQGLFLyQ�DQWHULRU��VH�XWLOL]D�HO
DOJRULWPR� GH� )RUG±)XONHUVRQ� >�@� SDUD� KDOODU� ORV
FDPLQRV� HQWUH� FDGD� SDU� GH� YpUWLFHV� WHUPLQDOHV�
DVLJQDQGR�D�XQ�YpUWLFH�HO�URO�GH�IXHQWH�\�DO�RWUR�HO
URO� GH� SR]R�� &RPR� HO� DOJRULWPR� GH� )RUG±)XONHUVRQ
WUDEDMD�VREUH�JUDIRV�GLULJLGRV��FDGD�DULVWD�GHO�JUDIR
VH� FRQVLGHUD� FRPR� XQ� SDU� GH� DULVWDV� GH� VHQWLGRV
RSXHVWRV�� /D� FDSDFLGDG� GH� ODV� DULVWDV� VH� DVXPH
XQLWDULD��GH�PRGR�TXH�HO�IOXMR�Pi[LPR�HQWUH�IXHQWH
\�SR]R�FRLQFLGH�FRQ�HO�Pi[LPR�Q~PHUR�GH�FDPLQRV
GLVMXQWRV�HQWUH�ORV�PLVPRV��6L�pVWH�HV�PHQRU�TXH�HO
YDORU�GHO�UHTXHULPLHQWR��HO�JUDIR�HV�QR�IDFWLEOH�
(O� DOJRULWPR� GHVFULWR� XWLOL]D� XQD� IXQFLyQ� GH
FDSDFLGDG� GH� IOXMR� XQLWDULD� �LQWHJUDO�� SDUD� FDGD
DULVWD�� \� WLHQH� RUGHQ� 2�_(_�U ����� �� W

	
��� VLHQGR� (� HO

FRQMXQWR� GH� DULVWDV�� \� U ����� � HO� Pi[LPR� GH� ORV
UHTXHULPLHQWRV��GH�DFXHUGR�D�%DUDW]�>�@�



����±�0RGHOR�GH�SDUDOHOLVPR

(O� PRGHOR� GH� SDUDOHOLVPR� LPSOHPHQWDGR� XWLOL]D
VXESREODFLRQHV� TXH� HYROXFLRQDQ� HQ� IRUPD� VHPL
LQGHSHQGLHQWH�� /XHJR� GH� XQ� Q~PHUR� GHWHUPLQDGR
GH� JHQHUDFLRQHV�� FDGD� SREODFLyQ� VHOHFFLRQD� XQ
FRQMXQWR� GH� LQGLYLGXRV� SDUD� PLJUDU� D� SREODFLRQHV
YHFLQDV�� /D� WRSRORJtD� GH� PLJUDFLyQ� HQWUH
SREODFLRQHV�HV� HVWiWLFD� \� VH� HQFXHQWUD� GHILQLGD�HQ
HO�DUFKLYR�GH�FRQILJXUDFLyQ�GHO�VLVWHPD�

(O�FXDGUR���RIUHFH�HO�VHXGRFyGLJR�GHO�$*3�GLVHxDGR

*HQHUDU�SREODFLyQ�LQLFLDO�SRS��FRQ�VL]HSRS
FURPRVRPDV�
0LHQWUDV��QR�FRQYHUJHQFLD�

HVFDODU�ILWQHVV�GH�SREODFLyQ
&UHDU�QXHYD�SREODFLyQ�YDFtD�QHZSRS
0LHQWUDV��WDPDxR�GH�QHZSRS���VL]HSRS�

6HOHFFLRQDU���FURPRVRPDV�SDGUH�GH�SRS�
������������&UX]DU�\�PXWDU��VH�REWLHQHQ�KLMR��H�KLMR�

6L�KLMR��HV�IDFWLEOH
�,QVHUWDU�FURPRVRPD��HQ�QHZSRS�

������� 6L�KLMR��HV�IDFWLEOH
,QVHUWDU�FURPRVRPD��HQ�QHZSRS�

5HFLELU�\�HQYLDU�LQPLJUDQWHV�
SRS� �QHZSRS

Cuadro 2 : Seudocódigo del AGP diseñado

&DGD� SURFHVR� GHO� VLVWHPD� PDQLSXOD� XQD
VXESREODFLyQ� GHO� $*3� LQGHSHQGLHQWHPHQWH�� 8Q
SURFHVR� DFW~D� GH� FRQWURODGRU� GHO� VLVWHPD�
PDQWHQLHQGR� OD� LQIRUPDFLyQ� GH� OD� PHMRU� VROXFLyQ
HQFRQWUDGD�KDVWD�OD�JHQHUDFLyQ�DFWXDO�\�VX�YDORU�GH
ILWQHVV��GH�DFXHUGR�D� ODV�FRPXQLFDFLRQHV�HQ�FXDOHV
VH�HQYtDQ�HQPLJUDQWHV�SRU�SDUWH�GH�ODV�SREODFLRQHV�

/D� PLJUDFLyQ� XWLOL]D� VHOHFFLyQ� SURSRUFLRQDO� SDUD
HOHJLU� ORV� LQGLYLGXRV� HPLJUDQWHV� \� VHOHFFLyQ
SURSRUFLRQDO� LQYHUVD�SDUD�GHWHUPLQDU� ORV� LQGLYLGXRV
UHHPSOD]DGRV� HQ� ODV� SREODFLRQHV� GHVWLQR�
VHOHFFLRQDQGR�FRQ�PD\RU�SUREDELOLGDG�LQGLYLGXRV�GH
SHRU� ILWQHVV�� (VWH� PRGHOR� FRQVWLWX\H� XQD� YDULDQWH
SUREDELOtVWLFD� GHO� PHFDQLVPR� HOLWLVWD� GHVFULWR� SRU
&DQW~�3D]�>�@�GRQGH�ORV�PHMRUHV�LQGLYLGXRV�GH�FDGD
SREODFLyQ� HPLJUDQ� \� UHHPSOD]DQ� D� ORV� SHRUHV
LQGLYLGXRV�HQ�OD�SREODFLyQ�GHVWLQR�
/D� FRPXQLFDFLyQ� GH� FURPRVRPDV� HPLJUDQWHV� VH
OOHYD�D�FDER�GH�IRUPD�DVLQFUyQLFD��PHGLDQWH�HQYtR�\
UHFHSFLyQ� GH� PHQVDMHV� QR� EORTXHDQWHV�� (VWD
FDUDFWHUtVWLFD� SHUPLWH� DO� DOJRULWPR� FRQWLQXDU� VX
SURFHVDPLHQWR� VLQ� QHFHVLGDG� GH� FRQILUPDFLyQ� GHO
DUULER�GH�VXV�PHQVDMHV�D�GHVWLQR��R�GH�EORTXHDUVH
DJXDUGDQGR�SRU�PHQVDMHV�GLULJLGRV�D�pO�

9DULDV� FRQGLFLRQHV� IXHURQ� LPSOHPHQWDGDV� FRPR
FULWHULRV� GH� SDUDGD� LQGHSHQGLHQWHV�� (O� $*3� VH
GHWLHQH� FXDQGR� HO� SURFHVR� FRQWURODGRU� DOFDQ]D� HO
Q~PHUR�Pi[LPR�GH�JHQHUDFLRQHV�HVSHFLILFDGR�HQ�OD
FRQILJXUDFLyQ�� FXDQGR� HO� WLHPSR� GH� HMHFXFLyQ� �HQ
VHJXQGRV��GHO� SURFHVR�FRQWURODGRU� VXSHUD�HO� ILMDGR
HQ�OD�FRQILJXUDFLyQ��R�FXDQGR�HO�$*3�KD�FRQYHUJLGR

�ô�GH�VXV�VXESREODFLRQHV�FXPSOHQ�TXH� OD�UHODFLyQ
HQWUH�ILWQHVV�SURPHGLR�HQ�OD�JHQHUDFLyQ�DFWXDO�\�HQ
OD� JHQHUDFLyQ� DQWHULRU� HV� PHQRU� TXH� XQ� YDORU
LQGLFDGR�HQ�OD�FRQILJXUDFLyQ��

&XDQGR�HO�$*3�ILQDOL]D�VX�HMHFXFLyQ��VH�SUHVHQWD�OD
PHMRU�VROXFLyQ�HQFRQWUDGD�KDVWD�HO�PRPHQWR�

����±�,PSOHPHQWDFLyQ�\�SODWDIRUPD�GH�HMHFXFLyQ

3DUD�FRGLILFDU�HO�$*3�VH�XWLOL]y�HO�OHQJXDMH�&����FRQ
HO�FRPSLODGRU�*18�*���\�OD�LPSOHPHQWDFLyQ�03,&+
GH� OD� ELEOLRWHFD� GH� GHVDUUROOR� GH� SURJUDPDV
SDUDOHORV�\�GLVWULEXLGRV�03,�>��@�
/D�HMHFXFLyQ�GLVWULEXLGD� VH� UHDOL]y� VREUH�XQ� FOXVWHU
GH� FXDWUR� HTXLSRV� ,QWHO� PRQRSURFHVDGRU� �3HQWLXP
,,,������0+]��FRQ�VLVWHPD�RSHUDWLYR�6X6(�/LQX[����
FRQHFWDGRV�PHGLDQWH�XQD�/$1�HWKHUQHW�D�����0ESV

����5HVXOWDGRV�REWHQLGRV

����±�9DOLGDFLyQ�GHO�$*3

3DUD�YDOLGDU�HO�IXQFLRQDPLHQWR�GHO�$*�GLVHxDGR��VH
XWLOL]y�VX�YHUVLyQ�VHULDO�SDUD�HQFRQWUDU�VROXFLRQHV�DO
*63�VREUH�JUDIRV�SDUD�ORV�FXDOHV�VH�GLVSRQH�GH�XQD
VROXFLyQ� FRQRFLGD�� /RV� JUDIRV� GH� SUXHED� XWLOL]DGRV
VH� REWXYLHURQ� GH� 5REOHGR� >��@�� SRVLELOLWDQGR� OD
FRPSDUDFLyQ� GH� ODV� VROXFLRQHV� REWHQLGDV� FRQ� ODV
SUHVHQWDGDV�HQ�HO�UHIHULGR�WUDEDMR�
3DUD� OD� YDOLGDFLyQ� HO� $*3� IXH� FRQILJXUDGR� FRQ� ORV
SDUiPHWURV�TXH�VH�GHWDOODQ�HQ�OD�WDEOD���
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Tabla 1 : configuración del AGP para validación

/RV� YDORUHV� GH� SUREDELOLGDG� GH� PXWDFLyQ� \
FUX]DPLHQWR� \� HVFDODGR� GH� ILWQHVV� XWLOL]DGRV
FRUUHVSRQGHQ�D�VXJHUHQFLDV�GH�*ROGEHUJ�>�@�

/DV� FDUDFWHUtVWLFDV� GH� ORV� JUDIRV� XWLOL]DGRV� VH
UHVXPHQ� HQ� OD� WDEOD� ��� FRQMXQWDPHQWH� FRQ� ORV
UHVXOWDGRV�REWHQLGRV�HQ�FDGD�FDVR�
�<	���	�� =8�3� �>03���?!<���@�/� ����% ��� � 	��>03	)A:;�(�B � 	��>0
	/="C
6 5 ; 6 6
D 5 ( E E
D ��F D 5 5
6 � D F ;�; ��G
��� �26 D ;�� ;��
� D ;�6 D F<� (�5
D ( ��� 5 5

Tabla 2 : resultados de la prueba de validación

/DV� VROXFLRQHV� HQFRQWUDGDV� SRU� HO� DOJRULWPR
FRLQFLGLHURQ� FRQ� ODV� VROXFLRQHV� SXEOLFDGDV� HQ� >��@
SDUD���GH� ORV���SUREOHPDV�GH�SUXHED��3DUD�GRV�GH
ORV� SUREOHPDV� HO� $*� HQFRQWUy� PHMRUHV� VROXFLRQHV
TXH� ODV� SXEOLFDGDV�� REWHQLGDV� FRQ� KHXUtVWLFDV
EDVDGDV�HQ�$QW�6\VWHPV�



����±�&RQILJXUDFLyQ�GHO�PRGHOR�GH�PLJUDFLyQ

3DUD� REWHQHU� XQD� EXHQD� FRQILJXUDFLyQ� GHO� PRGHOR
SDUDOHOR�� VH� LQYHVWLJy� OD� VHQVLELOLGDG� GH� ORV
UHVXOWDGRV� HQ� IXQFLyQ� GH� ORV� SDUiPHWURV� TXH
FDUDFWHUL]DQ�DO�PRGHOR�GH�PLJUDFLyQ�
(O� REMHWLYR� GH� ORV� H[SHULPHQWRV� GH� FRQILJXUDFLyQ
FRQVLVWLy�HQ�FRPSUHQGHU�ORV�HIHFWRV�GH�OD�PLJUDFLyQ
HQ� OD� LQWHQVLGDG� GH� VHOHFFLyQ� GH� LQGLYLGXRV� \� VXV
LPSOLFDQFLDV�HQ�HO�PHFDQLVPR�HYROXWLYR�
/RV� SDUiPHWURV� TXH� FDUDFWHUL]DQ� DO� PRGHOR� GH
PLJUDFLyQ�VH�GHVFULEHQ�D�FRQWLQXDFLyQ�
• )UHFXHQFLD���1~PHUR�GH�JHQHUDFLRQHV�RFXUULGDV

HQWUH�GRV�PLJUDFLRQHV�FRQVHFXWLYDV�
• 7DVD�GH�PLJUDFLyQ��3RUFHQWDMH�GH� LQGLYLGXRV�GH

OD�SREODFLyQ�ORFDO�TXH�HPLJUD�
• 7RSRORJtD� GH� PLJUDFLyQ�� *UDIR� GLULJLGR� FX\RV

QRGRV� UHSUHVHQWDQ� SREODFLRQHV� \� VXV� DUFRV
LQGLFDQ� OD� PLJUDFLyQ� GH� LQGLYLGXRV� GHVGH
SREODFLyQ�RULJHQ�D�SREODFLyQ�GHVWLQR�

• 7DPDxR� \� Q~PHUR� GH� VXESREODFLRQHV� HQ� ODV
FXDOHV�VH�RUJDQL]D�HO�PRGHOR�

• 3ROtWLFD�GH�PLJUDFLyQ��GHWHUPLQD� TXH� LQGLYLGXRV
VRQ�HOHJLGRV�SDUD�PLJUDU�\�FXiOHV� LQGLYLGXRV�VH
UHHPSOD]DQ�HQ�OD�SREODFLyQ�GHVWLQR�

7RPDQGR�HQ� FXHQWD� OD� OLPLWDFLyQ�GHO� HTXLSDPLHQWR
GLVSRQLEOH�� VH� GHFLGLy� WUDEDMDU� FRQ� XQ� Q~PHUR� ILMR
GH�VXESREODFLRQHV����GHPHV��XQR�SRU�HTXLSR��
6H�WUDEDMy�FRQ�OD�HVWUDWHJLD�HOLWLVWD�SUREDELOtVWLFD�GH
VHOHFFLyQ� \� UHHPSOD]R� SDUD� OD� PLJUDFLyQ� \D
FRPHQWDGD�� TXH� SURYHH� XQ� DXPHQWR� HQ� OD� SUHVLyQ
GH� VHOHFFLyQ� >�@�� (O� UHVWR� GH� ORV� YDORUHV� IXHURQ
DQDOL]DGRV�HQ�ODV�SUXHEDV�GH�FDOLEUDFLyQ��ORV�YDORUHV
FDQGLGDWRV�VH�RIUHFHQ�HQ�OD�WDEOD���
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Tabla 3 : valores candidatos para configurar el AGP

/RV� YDORUHV� FDQGLGDWRV� LQWHQWDURQ� DEDUFDU� XQD
JDPD� UHSUHVHQWDWLYD� GH� FRQILJXUDFLRQHV� GHO� $*3�
'H�WRGRV�PRGRV��HO�HVWXGLR�VH�UHDOL]y�VREUH�OD�EDVH
GHO�FRQRFLPLHQWR�GH�TXH�OD�HVFDVD�GLVSRQLELOLGDG�GH
UHFXUVRV� LPSLGLy�XQ�DQiOLVLV�PiV� H[KDXVWLYR� GH� ODV
WRSRORJtDV�GH�PLJUDFLyQ�

Figura 2 : Topologías de migración consideradas

(O� HVWXGLR� GH� ORV� SDUiPHWURV� GH� FRQILJXUDFLyQ
LQYROXFUy�H[SHULPHQWRV�VREUH���JUDIRV�FRQVLGHUDGRV
UHSUHVHQWDWLYRV� GH� ORV� SUREOHPDV� D� UHVROYHU� ����
QRGRV�� ���� DULVWDV�� ��� WHUPLQDOHV� \� HQWUH� �� \� �

UHVWULFFLRQHV� SRU� SDU� GH� QRGRV��� JHQHUDGRV
DOHDWRULDPHQWH�XWLOL]DQGR�XQD�YDULDQWH�GHO�$*�

&LHUWRV� SDUiPHWURV� TXH� QR� FDUDFWHUL]DQ� DO� PRGHOR
GH� PLJUDFLyQ� IXHURQ� DVXPLGRV� FRQVWDQWHV�� (VWRV
SDUiPHWURV�VH�SUHVHQWDQ�HQ�OD�WDEOD���
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Tabla 4 : constantes en la configuración del AGP

(Q� ODV� SUXHEDV� GH� FDOLEUDFLyQ� VH� XWLOL]y� XQ� FULWHULR
GH� SDUDGD� SRU� JHQHUDFLRQHV�� FRQ� HO� REMHWLYR� GH
FRQFHQWUDUVH�H[FOXVLYDPHQWH�HQ�OD�LQIOXHQFLD�GH�ORV
SDUiPHWURV� GH� PLJUDFLyQ� HQ� OD� FDOLGDG� GH� ORV
UHVXOWDGRV� REWHQLGRV�� /D� HILFLHQFLD� GH� ORV�PRGHORV
VH� HYDOXDURQ� VHFXQGDULDPHQWH�� VRODPHQWH� SDUD
GHFLGLU� HQWUH� FRQILJXUDFLRQHV� TXH� � RIUH]FDQ� VLPLODU
FDOLGDG�HQ�ORV�UHVXOWDGRV�REWHQLGRV�

����±�7RSRORJtDV

7RGRV� ORV� H[SHULPHQWRV� VH� UHDOL]DURQ� WRPDQGR� HQ
FXHQWD�ODV�WUHV�WRSRORJtDV�GH�PLJUDFLyQ�SURSXHVWDV�
/RV� UHVXOWDGRV� REWHQLGRV� QR� SHUPLWHQ� DSUHFLDU
GLIHUHQFLDV� VLJQLILFDWLYDV� HQ� OD� FDOLGDG� GH� ORV
UHVXOWDGRV�ILQDOHV�DO�XWLOL]DU�GLIHUHQWHV�WRSRORJtDV��(O
UHVXOWDGR� HV� FRKHUHQWH� FRQ� ODV� HVSHFXODFLRQHV� D
SULRUL�� IRUPXODGDV� VREUH� OD� EDVH� GH� TXH� HO� HVFDVR
Q~PHUR�GH�PiTXLQDV�KDFH�TXH� ODV� WRSRORJtDV�VHDQ
PX\�VLPLODUHV�HQWUH�Vt��VLQ�SHUPLWLU�D�XQD�GHVWDFDUVH
VREUH�ODV�UHVWDQWHV�

����±�)UHFXHQFLD

(O� RSHUDGRU� GH� PLJUDFLyQ� LQWURGXFH� FRPSOHMLGDG
DGLFLRQDO�HQ�HO�IXQFLRQDPLHQWR�GHO�$*3��TXH�SXHGH
DIHFWDU�VX�HILFLHQFLD��3RU�HVWH�PRWLYR�HV�SHUWLQHQWH
FRQVLGHUDU� ORV� HIHFWRV� GH� UHWUDVDU� OD� PLJUDFLyQ�
DXPHQWDQGR� VX� IUHFXHQFLD�� (O� JUiILFR� �� UHVXPH� HO
DQiOLVLV� GH� ORV� UHVXOWDGRV� DO� XWLOL]DU� GLIHUHQWHV
IUHFXHQFLDV�VREUH�OD�FDOLGDG�GHO�UHVXOWDGR�REWHQLGR�

Gráfico 1 : estudio de la frecuencia de migración
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(Q� ODV� WUHV� WRSRORJtDV� HVWXGLDGDV� ORV� PHMRUHV
UHVXOWDGRV� RFXUUHQ� FRQ� IUHFXHQFLD� GH� PLJUDFLyQ
LJXDO� D� XQR�� FRUUHVSRQGLHQGR� DO� FDVR� GH� PD\RU
FDQWLGDG� GH� FRPXQLFDFLRQHV�� $O� QR� GHWHFWDUVH
PHMRUDV�VLJQLILFDWLYDV�GH�SHUIRUPDQFH�DO�UHWUDVDU�ODV
PLJUDFLRQHV��VH�DGRSWy�HO�FULWHULR�GH�XWLOL]DU�OD�FRWD
VXSHULRU� SDUD� OD� IUHFXHQFLD� GH� PLJUDFLyQ�
FRQGXFLHQGR� D� XQ� PRGHOR� FHUFDQR� DO� PRGHOR
SDQPtFWLFR�GH�SREODFLyQ�GLVWULEXLGD�>�@�

����±�7DVD�GH�PLJUDFLyQ

/D� FDQWLGDG� GH� LQGLYLGXRV� SDUWLFLSDQWHV� HQ� FDGD
PLJUDFLyQ� LQIOX\H� VREUH� OD� SUHVLyQ� GH� VHOHFFLyQ� \
SRU�HOOR�VREUH�OD�FDOLGDG�GH�ORV�UHVXOWDGRV�
(O� JUiILFR� �� RIUHFH� ORV� UHVXOWDGRV� REWHQLGRV� HQ
IXQFLyQ� GH� OD� WDVD� GH� PLJUDFLyQ� XWLOL]DGD� SDUD� ODV
IUHFXHQFLDV�\�WRSRORJtDV�FRQVLGHUDGDV�

Gráfico 2 : estudio de la tasa de migración

(O�DQiOLVLV�QR� UHIOHMD�GLIHUHQFLDV� VLJQLILFDWLYDV� HQ� OD
FDOLGDG� GH� ORV� UHVXOWDGRV� ILQDOHV� GHSHQGLHQGR� GHO
WDVD� GH� PLJUDFLyQ� XWLOL]DGD�� 'H� DFXHUGR� D� 7DQHVH
>��@�� WDVDV� ³PRGHUDGDV´� GH� PLJUDFLyQ� VRQ
QHFHVDULDV�SDUD�DOFDQ]DU�XQD�FDOLGDG�GH� UHVXOWDGRV
TXH�PHMRUH OD�GHO�$*�VHULDO.�7DQHVH�VXJLHUH�HO�YDORU
����HQ�VX�WUDEDMR�FRPR�DFHSWDEOH�

����±�&RQFOXVLRQHV�VREUH�OD�FDOLEUDFLyQ

(Q� IXQFLyQ� GH� FDGD� SDUiPHWUR� FRQVLGHUDGR�� HV
SRVLEOH�H[WUDHU�DOJXQDV�FRQFOXVLRQHV�UHVSHFWR�D� ORV
SDUiPHWURV�TXH��FRQILJXUDQ�HO�$*3�

• 7RSRORJtD
/D� HVFDVD� GLVSRQLELOLGDG� GH� HTXLSRV� QR� SHUPLWH
H[WUDHU� UHVXOWDGRV� FRQFOX\HQWHV� VREUH� OD� WRSRORJtD
GH� PLJUDFLyQ� ySWLPD�� (Q� ORV� H[SHULPHQWRV
UHDOL]DGRV� QR� VH� DSUHFLDQ� GLIHUHQFLDV� VLJQLILFDWLYDV
HQ�OD�FDOLGDG�GH�ORV�UHVXOWDGRV�REWHQLGRV��6LJXLHQGR
OD� LGHD� GH� &DQW~�3D]� TXLHQ� LQGLFD� TXH� ³DXQTXH� OD
WRSRORJtD� GH� FRQH[LyQ� FRPSOHWD� QR� LQWHJUD
HILFLHQWHPHQWH� D� YDULRV� GHPHV�� VX� FRQILJXUDFLyQ
ySWLPD� HV� XQD� EXHQD� HOHFFLyQ� SDUD� UHGXFLU� HO
WLHPSR�GH�HMHFXFLyQ´�>��SS����@��VH�GHFLGLy�XWLOL]DU

OD� WRSRORJtD�FRPSOHWD�FRPR�FRQILJXUDFLyQ�GHO�$*3�
D~Q�WHQLHQGR�HQ�FXHQWD�TXH�HV�SRFR�HVFDODEOH�
• )UHFXHQFLD
/RV� PHMRUHV� UHVXOWDGRV� VH� REWXYLHURQ
FRQVLVWHQWHPHQWH�FRQ�IUHFXHQFLD�XQR��/D�FDOLGDG�GH
ORV�UHVXOWDGRV�HPSHRUD�DO�UHWUDVDU�OD�PLJUDFLyQ�

• 7DVD�GH�PLJUDFLyQ
7RPDQGR� HQ� FXHQWD� TXH� OD� FDQWLGDG� GH
FURPRVRPDV�PLJUDGRV�QR�DIHFWy� VLJQLILFDWLYDPHQWH
OD� FDOLGDG� GHO� UHVXOWDGR� HQ� ORV� H[SHULPHQWRV
UHDOL]DGRV�� VH�RSWy� SRU�XWLOL]DU�XQ�YDORU� LQWHUPHGLR
GH������FRQVLGHUDGR�XQ�YDORU�GH�HTXLOLEULR�HQWUH�XQ
PRGHOR� IXHUWHPHQWH� GLVWULEXLGR� \� XQ� PRGHOR� GH
SREODFLyQ�SDQPtFWLFD�>�@�

���� ±� &RPSDUDFLyQ� HQWUH� PRGHOR� SDUDOHOR� \
SDQPtFWLFR

/D� FRPSDUDFLyQ� HQWUH� HO� PRGHOR� SDUDOHOR� \� HO
PRGHOR�SDQPtFWLFR�VHULDO�WRPD�HQ�FXHQWD� OD�FDOLGDG
GHO� UHVXOWDGR�� HVWXGLDQGR� OD� HYROXFLyQ� GHO� ILWQHVV
SDUD� FDGD� JHQHUDFLyQ� \� OD� HILFLHQFLD� GHO� PRGHOR�
FXDQWLILFDQGR�HO�WLHPSR�GH�SURFHVDPLHQWR�

/RV� SDUiPHWURV� XWLOL]DGRV� HQ� OD� FRPSDUDFLyQ� VH
LQGLFDQ�HQ�OD�WDEOD���
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Tabla 5 : Configuración para la
comparación entre modelos

/RV�UHVXOWDGRV�REWHQLGRV�VH�UHVXPHQ�HQ�HO�JUiILFR��
TXH�PXHVWUD� OD� HYROXFLyQ� GH� OD� IXQFLyQ� GH� ILWQHVV
SDUD�FDGD�PRGHOR��UHVSHFWR�DO�WLHPSR�GH�HMHFXFLyQ�

(Q� FXDQWR� D� OD� FDOLGDG� GH� ORV� UHVXOWDGRV�� QR� HV
SRVLEOH� DSUHFLDU� XQD� VXSHULRULGDG� VLJQLILFDWLYD� GHO
PRGHOR� SDUDOHOR� VREUH� HO� VHULDO�� /D� IXQFLyQ� GH
ILWQHVV� HYROXFLRQD� SDUHMDPHQWH� D� WUDYpV� GH� ODV
JHQHUDFLRQHV�HQ�DPERV�PRGHORV�

5HVSHFWR� D� OD� HILFLHQFLD� HQ� WpUPLQRV� GH� WLHPSR�� HO
PRGHOR�GH�VXESREODFLRQHV�UHVXOWy�GHO�RUGHQ�GH����
YHFHV� PiV� UiSLGR� TXH� HO� PRGHOR� SDPQtFWLFR�
XWLOL]DQGR� �� SURFHVDGRUHV� SDUD� UHVROYHU� HO
SUREOHPD��(O�VSHHGXS�FDVL� OLQHDO�REWHQLGR�DOLHQWD�D
LQYHVWLJDU� OD� HVFDODELOLGDG� GHO� PRGHOR� SDUD� OD
UHVROXFLyQ�GH�SUREOHPDV�PiV�FRPSOHMRV�
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Gráfico 3: Comparación de eficiencia entre modelos

��±�&RQFOXVLRQHV�H�LQYHVWLJDFLyQ�IXWXUD

����±�&RQFOXVLRQHV

/RV� UHVXOWDGRV� REWHQLGRV� RIUHFHQ� SHUVSHFWLYDV
SURPLVRULDV�VREUH�OD�DSOLFDELOLGDG�GH�ODV�WpFQLFDV�GH
SURJUDPDFLyQ� HYROXWLYD� SDUD� OD� UHVROXFLyQ� GH
SUREOHPDV�GH�RSWLPL]DFLyQ�YLQFXODGRV�FRQ�HO�GLVHxR
GH�UHGHV�GH�FRPXQLFDFLRQHV�FRQILDEOHV�

(O� HQIRTXH� HYROXWLYR� VHULDO� VH�PRVWUy� SUHFLVR� SDUD
ODV�SUXHEDV�GH�YDOLGDFLyQ��REWHQLHQGR�UHVXOWDGRV�GH
FDOLGDG� VXSHULRU� D� ORV� REWHQLGRV� FRQ� RWUDV
KHXUtVWLFDV�GH�RSWLPL]DFLyQ�

/RV� UHVXOWDGRV� GHO� DOJRULWPR� JHQpWLFR� SDUDOHOR
GHPRVWUDURQ� TXH� HVFRJLHQGR� XQD� DGHFXDGD
FRQILJXUDFLyQ� GH� ORV� SDUiPHWURV� GH� PLJUDFLyQ�� HV
SRVLEOH�DOFDQ]DU�VROXFLRQHV�GH�FDOLGDG�FRPSDUDEOH�D
ODV�REWHQLGDV�FRQ�HO�DOJRULWPR�JHQpWLFR�VHULDO�

5HVSHFWR� D� OD� SHUIRUPDQFH� GHO� PRGHOR� GH
SREODFLRQHV� GLVWULEXLGDV�� HYDOXDGD� PHGLDQWH� HO
WLHPSR� GH� HMHFXFLyQ�� HO� DQiOLVLV� PRVWUy� TXH� HV
SRVLEOH� REWHQHU� VLJQLILFDWLYDV�PHMRUDV� GH� HILFLHQFLD
UHVSHFWR� DO� PRGHOR� VHULDO�� XWLOL]DQGR� XQ� Q~PHUR
UHGXFLGR�GH�SREODFLRQHV�

(VWRV� UHVXOWDGRV� DOLHQWDQ� D� FRQWLQXDU� OD
LQYHVWLJDFLyQ� HQ� HO� iUHD�� HVWXGLDQGR� WySLFRV� GH
GLVHxR� QR� FRQVLGHUDGRV� HQ� HO� HVWXGLR� SUHOLPLQDU�
DPSOLDQGR�HO�KRUL]RQWH�GH�DSOLFDELOLGDG�\�DQDOL]DQGR
DTXHOORV� IDFWRUHV� SDUD� ORV� FXDOHV� QR� IXH� SRVLEOH
H[WUDHU�DILUPDFLRQHV�FRQFOX\HQWHV�

����±�,QYHVWLJDFLyQ�DFWXDO�\�IXWXUD

/DV� OtQHDV� GH� LQYHVWLJDFLyQ� DFWXDO� \� IXWXUD� VH
RULHQWDQ� KDFLD� HO� HVWXGLR� GHO� IXQFLRQDPLHQWR� GHO
$*3�� WUDWDQGR� GH� GHGXFLU� ODV� FRQGLFLRQHV� ySWLPDV
GH�FRQILJXUDFLyQ�\�HMHFXFLyQ�SDUD� OD� UHVROXFLyQ�GHO
SUREOHPD�GH�6WHLQHU�JHQHUDOL]DGR�

/D� HVFDVD� GLVSRQLELOLGDG� GH� UHFXUVRV
FRPSXWDFLRQDOHV� OLPLWy� ORV� HVWXGLRV� LQLFLDOHV� GH
FRQILJXUDFLyQ� \� HILFLHQFLD� GHO�PRGHOR�� $FWXDOPHQWH
VH� DQDOL]DQ� DOWHUQDWLYDV� SDUD� DXPHQWDU� HO� Q~PHUR
GH� HTXLSRV� GHO� FOXVWHU�� \� HQ� WDO� VHQWLGR� ODV
LQYHVWLJDFLRQHV� VH� GHVDUUROODUiQ� HQ� WRUQR� D� ORV
DVSHFWRV�FX\D�LQIOXHQFLD�QR�SXGR�VHU�DFODUDGD�

/RV�SXQWRV�D�DERUGDU�HQ�HO�IXWXUR�FRPSUHQGHQ�
• ,QYHVWLJDU� OD� HVFDODELOLGDG� GHO�PRGHOR� GLVWULEXLGR
DO�DXPHQWDU�ORV�UHFXUVRV�FRPSXWDFLRQDOHV�
/RV� H[SHULPHQWRV� SULPDULRV� VH� UHDOL]DURQ� FRQ� XQ
Q~PHUR� ILMR� GH� GHPHV� GH� SREODFLyQ� EDMD�� SDUD
XWLOL]DU�EDODQFHDGDPHQWH�OD�FDSDFLGDG�GH�FyPSXWR
$O� GLVSRQHU� GH� PD\RU� SRGHU� GH� FiOFXOR� VHUi
SRVLEOH� HVWXGLDU� ODV� PHMRUDV� GH� SHUIRUPDQFH� DO
DJUHJDU� QXHYDV� VXESREODFLRQHV�� RULHQWDQGR� OD
LQYHVWLJDFLyQ� D� YHULILFDU� OD� DSOLFDELOLGDG� GH� ORV
HVWXGLRV�GH�&DQW~�3D]� >�@� VREUH� FDQWLGDG�ySWLPD
GH�GHPHV�\�WDPDxR�GH�ODV�VXESREODFLRQHV�

• (VWXGLR�GH�ODV�WRSRORJtDV�GH�PLJUDFLyQ��RULHQWDGR
D�GHWHUPLQDU�XQD�WRSRORJtD�GH�PLJUDFLyQ�ySWLPD�
$O� LQFUHPHQWDUVH� OD� FDQWLGDG� GH� SREODFLRQHV�� HO
RYHUKHDG� GH� FRPXQLFDFLyQ� GH� ODV� WRSRORJtDV
IXHUWHPHQWH� FRQHFWDGDV� SXHGH� DIHFWDU� OD
HILFLHQFLD� GHO�PRGHOR�� /D� WRSRORJtD� GH� PLJUDFLyQ
ySWLPD� GHEHUi� JDUDQWL]DU� XQ� HTXLOLEULR� TXH� QR
GLVPLQX\D� H[FHVLYDPHQWH� OD� SUHVLyQ� GH� VHOHFFLyQ
DWULEXLGD� D� OD� PLJUDFLyQ�� \� TXH� QR� JHQHUH
FRPXQLFDFLRQHV� H[FHVLYDV� TXH� DIHFWHQ� OD
SHUIRUPDQFH�GHO�PRGHOR�

• ,QYHVWLJDU� RWUDV� UHSUHVHQWDFLRQHV� SDUD� FRGLILFDU
ODV�VROXFLRQHV�DO�SUREOHPD�
/D� FRGLILFDFLyQ� ELQDULD� XWLOL]DGD� HV� VHQFLOOD�� SHUR
UHTXLHUH� GH� XQ� SURFHVR� GH� FRUUHFFLyQ� OXHJR� GHO
FUX]DPLHQWR� SDUD� WUDEDMDU� FRQ� VROXFLRQHV
IDFWLEOHV�� 8QD� RSFLyQ� HV� XWLOL]DU� UHSUHVHQWDFLRQHV
FRPSOHMDV� TXH� JDUDQWLFHQ� OD� IDFWLELOLGDG� GH� ODV
VROXFLRQHV��(Q�HVWH�VHQWLGR�VH�HVWi�WUDEDMDQGR�HQ
XQ� $*� TXH� XWLOL]D� XQD� UHSUHVHQWDFLyQ� EDVDGD� HQ
OLVWD�GH�FDPLQRV��GH�PRGR�GH�FRPSDUDU�VX�FDOLGDG
\� HILFLHQFLD� FRQ� HO� PRGHOR� FRQ� UHSUHVHQWDFLyQ
ELQDULD�� 7UDEDMDU� FRQ� VROXFLRQHV� QR� IDFWLEOHV
FRQVWLWX\H� RWUD� DOWHUQDWLYD�� SHQDOL]DQGR� OD� QR
IDFWLELOLGDG�HQ�HO�YDORU�GH�OD�IXQFLyQ�GH�ILWQHVV�GH
PRGR� GH� FRQVHUYDU� FDUDFWHUtVWLFDV� GH� VROXFLRQHV
QR� IDFWLEOHV� SHUR� SUy[LPDV� D� ORV� ySWLPRV�� HQ� XQ
LQWHQWR�SRU�PHMRUDU�OD�FDOLGDG�\�HILFLHQFLD�GHO�$*�

• (VWXGLR� GH� PRGHORV� DOWHUQDWLYRV� SDUD� $*3� GH
SREODFLyQ�GLVWULEXLGD�
&LHUWRV�DYDQFHV�VH�KDQ�UHDOL]DGR�VREUH�XQ�PRGHOR
GH� GLIXVLyQ�� GRQGH� OD� PLJUDFLyQ� H[SOtFLWD� VH
UHHPSOD]D� SRU� XQ�PHFDQLVPR� GH� GLVWULEXFLyQ� GH
PDWHULDO� JHQpWLFR� D� WUDYpV� GH� LQGLYLGXRV
FRPSDUWLGRV� HQWUH� ORV� GHPHV� >�@�� (O� PRGHOR� VH
HQFXHQWUD� HQ� SURFHVR� GH� HYDOXDFLyQ�� \� XQD� YH]
HVWXGLDGRV� VXV� SDUiPHWURV� GH� FRQILJXUDFLyQ� VH
FRQWUDVWDUi�FRQ�HO�PRGHOR�GH�PLJUDFLyQ�GLVHxDGR�
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• 0RGHORV�GH�SREODFLyQ�GLQiPLFD
$O�SRWHQFLDU�HO�FOXVWHU�VH�LQFRUSRUDUiQ�HTXLSRV�GH
FDUDFWHUtVWLFDV� KHWHURJpQHDV�� \� SRU� HOOR� VH� KD
WUDEDMDGR�HQ�XQ�PRGHOR�GH�SREODFLRQHV�GLQiPLFDV
>��@�� HQ� ODV� FXDOHV� HO� WDPDxR� GH� ORV� GHPHV� VH
DGDSWD� D� OD� SRWHQFLD� FRPSXWDFLRQDO� GHO� HTXLSR
GRQGH�HMHFXWD��(VWD�VROXFLyQ�SHUPLWH�PDQWHQHU�OD
KRPRJHQHLGDG� GH� XWLOL]DFLyQ� GH� ORV� UHFXUVRV
FRPSXWDFLRQDOHV� GH� PRGR� GH� QR� SURGXFLUVH
GHVIDVDMHV�HYROXWLYRV�HQWUH�ODV�SREODFLRQHV�

��±�5HIHUHQFLDV�ELEOLRJUiILFDV

>�@ $��%DUDW]��³7KH�FRPSOH[LW\�RI�WKH�QHWZRUN�IORZ
SUREOHP´�0,7�/DE��IRU�&RPS��6FL��������(Q�OtQHD�HQ
OD� 85/� KWWS���FLWHVHHU�QM�QHF�FRP��������KWPO�
FRQVXOWDGR�MXOLR������

>�@ (�� &DQW~�3D]�� '�� *ROGEHUJ� ³3DUDOOHO� JHQHWLF
DOJRULWKPV� ZLWK� GLVWULEXWHG� SDQPLFWLF� SRSXODWLRQV´
,OOL*$/�7HFKQLFDO�5HSRUW�������������

>�@ (�� &DQW~�3D]�� ³7RSRORJLHV�� PLJUDWLRQ� UDWHV�
DQG� PXOWL�SRSXODWLRQ� SDUDOOHO� JHQHWLF� DOJRULWKPV´�
3URFHHGLQJV�RI�WKH�*(&&2�����SS��������������

>�@ (�� &DQW~�3D]�� (IILFLHQW� DQG� $FFXUDWH� 3DUDOOHO
*HQHWLF�$OJRULWKPV��.OXZHU��������

>�@ +�� (VEHQVHQ�� ³&RPSXWLQJ� 1HDU�2SWLPDO
6ROXWLRQV�WR�WKH�6WHLQHU�3UREOHP�LQ�D�*UDSK�8VLQJ�D
*HQHWLF�$OJRULWKP���1HWZRUNV�����SS��������������

>�@ +�� (VEHQVHQ�� 3�� 0D]XPGHU� ³$� *HQHWLF
$OJRULWKP� IRU� WKH� 6WHLQHU� 3UREOHP� LQ� D� *UDSK´
('$&�(7&�(852$6,&��SS���������������

>�@ /�� )RUG�� '�� )XONHUVRQ�� )ORZV� LQ� 1HWZRUNV�
3ULQFHWRQ�8QLYHUVLW\�3UHVV��3ULQFHWRQ������

>�@ '�� *ROGEHUJ�� ³*HQHWLF� $OJRULWKPV� LQ� 6HDUFK�
2SWLPL]DWLRQ� DQG� 0DFKLQH� /HDUQLQJ��� $GGLVRQ�
:HVOH\�������

>�@ 3��*DOLDVVR��5��:DLQZULJKW�� ³$� K\EULG� JHQHWLF
DOJRULWKP� IRU� WKH� SRLQW� WR� PXOWLSRLQW� URXWLQJ
SUREOHP�ZLWK�VLQJOH�VSOLW�SDWKV´��6$&�������SS������
����

>��@ :�� *URSS�� (�� /XVN�� $�� 6NMHOOXP�� � 8VLQJ� 03,�
3RUWDEOH� 3DUDOOHO� 3URJUDPPLQJ� ZLWK� WKH� 0HVVDJH
3DVVLQJ�,QWHUIDFH��7KH�0,7�3UHVV�������

>��@ -��+HVVHU�� 5��0lQQHU��2�� 6WXFN\�� ³2Q� 6WHLQHU
7UHHV� DQG� *HQHWLF� $OJRULWKPV´�� /HFWXUH� 1RWHV� LQ
&RPSXWHU�6FLHQFH������SS����������������

>��@ 5��+ZDQJ��:��'R��6��<DQJ��³0XOWLFDVW�5RXWLQJ
%DVHG� RQ� *HQHWLF� $OJRULWKPV´�� -RXUQDO� RI
,QIRUPDWLRQ� 6FLHQFH� DQG� (QJLQHHULQJ�� 9RO�� ���� ��
SS����������������

>��@ %�� -XOVWURP�� � ³$� JHQHWLF� DOJRULWKP� IRU� WKH
UHFWLOLQHDU� 6WHLQHU� SUREOHP´�� 3URF�� RI� WKH� )LIWK� ,QW�
&RQI��RQ�*HQHWLF�$OJRULWKPV��SS����������������

>��@ %�� -XOVWURP�� ³6HHGLQJ� WKH� SRSXODWLRQ�
LPSURYHG� SHUIRUPDQFH� LQ� D� JHQHWLF� DOJRULWKP� IRU
WKH� UHFWLOLQHDU� 6WHLQHU� SUREOHP´�� $&0� 6\PSRVLXP
RQ�$SSOLHG�&RPSXWLQJ��6$&���SS����������������

>��@ %��-XOVWURP��³(QFRGLQJ�UHFWLOLQHDU�6WHLQHU�WUHHV
DV� OLVWV� RI� HGJHV´�� $&0� 6\PSRVLXP� RQ� $SSOLHG
&RPSXWLQJ��6$&���SS����������������

>��@ $�� .DSVDOLV�� 9�� 5D\ZDUG�6PLWK�� *�� 6PLWK�
³6ROYLQJ� WKH� JUDSKLFDO� 6WHLQHU� WUHH� SUREOHP� XVLQJ
JHQHWLF� DOJRULWKPV´� -RXUQDO� RI� WKH� 2SHUDWLRQDO
5HVHDUFK�6RFLHW\�����SS����������������

>��@ 5�� .DUS�� ³5HGXFLELOLW\� DPRQJ� FRPELQDWRULDO
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