
3URFHHGLQJV RI ,9 %UD]LOLDQ &RQIHUHQFH RQ 1HXUDO 1HWZRUNV � ,9 &RQJUHVVR %UDVLOHLUR GH 5HGHV 1HXUDLV
SS� �������� -XO\ ������ ���� � ,7$� 6mR -RVp GRV &DPSRV � 63 � %UD]LO

$FHOHUDomR GD &RQYHUJrQFLD GR $OJRULWPR GH 7UHLQDPHQWR 60& � %3 DWUDYpV

GR $MXVWH GD 6XSHUItFLH GH 'HVOL]DPHQWR

*XVWDYR *� 3DUPD� $QW{QLR 3� %UDJD� %HQMDPLP 5� 0HQH]HV

'HSDUWDPHQWR GH (OHWU{QLFD

8QLYHUVLGDGH )HGHUDO GH 0LQDV *HUDLV

(�PDLOV� ^SDUPD� DSEUDJD�EUP`#FSGHH�XIPJ�EU

$EVWUDFW

$Q LPSURYHG DOJRULWKP EDVHG RQ WKH 60&�%3>�@ DO�

JRULWKP XVLQJ WKH ZHOO NQRZQ VOLGLQJ PRGH WKHRU\ LV SUR�

SRVHG� 7KH VOLGLQJ PRGH VXUIDFH LV REWDLQHG IURP WKH

VTXDUHG HUURU RI WKH WUDLQLQJ VHW DQG WKHQ WKH ZHLJKW XS�

GDWH HTXDWLRQV ZHUH GHULYHG XVLQJ WKH JUDGLHQW¶V DGGL�

WLRQ� 7KH ERXQGV IRU WKH JDLQV �OHDUQLQJ UDWHV� DUH RE�

WDLQHG IURP WKH VOLGLQJ VXUIDFH VR WKDW V\VWHP VWDELOLW\ LV

JXDUDQWHHG� 7KH SURSRVHG DOJRULWKP LV DSSOLHG WR IXQF�

WLRQ DSSUR[LPDWLRQ SUREOHPV DQG UHVXOWV DUH FRPSDUHG

ZLWK WKH VWDQGDUG EDFNSURSDJDWLRQ DQG 5SURS DOJRULWKPV

LQ WHUPV RI VSHHG RI OHDUQLQJ�

�� ,QWURGXomR

$OJXPDV YDULDo}HV GR DOJRULWPR SDGUmR GH EDFNSURS�
DJDWLRQ VmR HQFRQWUDGDV QD OLWHUDWXUD� 'HQWUH HODV SRGH�VH
FLWDU R PRPHQWXP >�@� TXLFNSURS >�@ � 5SURS >�@ H YiULRV
DOJRULWPRV TXH XWLOL]DP DOJXP VLVWHPD GH JDQKR DGDSWD�
WLYR� GHQWUH RXWURV� 2V DOJRULWPRV SURSRVWRV REMHWLYDP
DXPHQWDU D YHORFLGDGH GH FRQYHUJrQFLD GR WUHLQDPHQWR
SRLV VDEH�VH TXH HVWD p XPD GDV GH¿FLrQFLDV GR DOJRULWPR
SDGUmR GH EDFNSURSDJDWLRQ�

3DUPD� 0HQH]HV H %UDJD� HP ���� >�@� DSUHVHQWDUDP
XP DOJRULWPR GH WUHLQDPHQWR RQ�OLQH EDVHDGR QD WHRULD GH
6LVWHPDV GH (VWUXWXUD 9DULiYHO �6(9�� (P WUDEDOKR SRV�
WHULRU >�@� RV DXWRUHV SURSXVHUDP D XWLOL]DomR GD WHRULD
GH 6(9 SDUD R WUHLQDPHQWR RII�OLQH� GHWHUPLQDQGR XPD
VXSHUItFLH GH FRQWUROH TXH SRVVLELOLWD FRQWURODU D GLUHomR
GH DMXVWH GRV SHVRV GD 5HGH 1HXUDO $UWL¿FLDO �51$� D
VHU WUHLQDGD� 2 DOJRULWPR SURSRVWR IRL GHQRPLQDGR GH
60&�%3� 1HVWH WUDEDOKR p SURSRVWD XPD QRYD VXSHUItFLH
GH GHVOL]DPHQWR D TXDO� DOpP GH SRVVLELOLWDU R FRQWUROH
GD GLUHomR GH DMXVWH GRV SHVRV� DOWHUD R PyGXOR GH DWXDO�
L]DomR GRV SHVRV HP IXQomR GR VRPDWyULR GRV JUDGLHQWHV
GRV HUURV GXUDQWH D DSUHVHQWDomR GR FRQMXQWR GH WUHLQD�
PHQWR� 'HVWD IRUPD� SRVVLELOLWD�VH XP WUHLQDPHQWR PDLV
UiSLGR GR TXH DTXHOH REWLGR FRP R DOJRULWPR SDGUmR GH
EDFNSURSDJDWLRQ�

2 QRYR DOJRULWPR SURSRVWR IRL FRPSDUDGR FRP R DO�
JRULWPR 5SURS H EDFNSURSDJDWLRQ SDGUmR HP SUREOHPDV
GH DSUR[LPDomR GH IXQo}HV� 2V UHVXOWDGRV PRVWUDP TXH D
XWLOL]DomR GHVWD QRYD VXSHUItFLH SURSLFLD XP WUHLQDPHQWR

GD RUGHP GH JUDQGH]D� RX PDLV UiSLGR� GR REWLGR FRP R
DOJRULWPR 5SURS �

e UHDOL]DGR XP HVWXGR WHyULFR GRV OLPLWHV GD WD[D GH
WUHLQDPHQWR GH IRUPD D JDUDQWLU D FRQYHUJrQFLD GR DOJR�
ULWPR SURSRVWR� IRUPDOL]DQGR D SURSRVWD�

'LYLGLX�VH HVWH DUWLJR HP TXDWUR SDUWHV SULQFLSDLV� LQL�
FLDOPHQWH p IHLWD D SURSRVWD GR DOJRULWPR� ORJR DSyV p
IHLWR R HVWXGR PDWHPiWLFR XWLOL]DQGR D WHRULD GH 6LVWHPDV
GH (VWUXWXUD 9DULiYHO� 6mR DSUHVHQWDGRV UHVXOWDGRV REWL�
GRV QR SUREOHPD GH DSUR[LPDomR GH IXQo}HV QD WHUFHLUD
VHomR H� ORJR DSyV� VmR IHLWDV DV FRQFOXV}HV ¿QDLV VREUH R
WUDEDOKR�

�� $OJRULWPR 3URSRVWR

'XUDQWH R GHVHQYROYLPHQWR PDWHPiWLFR DSUHVHQWDGR
QHVWH DUWLJR� VHUmR XWLOL]DGDV DV YDULiYHLV GH¿QLGDV QD
WDEHOD ��

7DEOH �� 9DULiYHLV XWLOL]DGDV QR GHVHQYROYLPHQWR
PDWHPiWLFR

Ul+n, 6DtGD OLQHDU GR QHXU{QLR l GD FDPDGD HV�
FRQGLGD

\Kl+n, 6DtGD GR QHXU{QLR l GD FDPDGD HVFRQGLGD�
DSyV D DSOLFDomR GD IXQomR GH DWLYDomR

Ym+n, 6DtGD OLQHDU GR QHXU{QLR m GD FDPDGD GH
VDtGD

\m+n, 6DtGD GR QHXU{QLR m GD FDPDGD GH VDtGD�
DSyV D DSOLFDomR GD IXQomR GH DWLYDomR

iK +�, )XQomR GH DWLYDomR GD FDPDGD HVFRQGLGD
i +�, )XQomR GH DWLYDomR GD FDPDGD GH VDtGD
i 3K +�, GHULYDGD GD IXQomR GH DWLYDomR GD FDPDGD

HVFRQGLGD HP IXQomR GD VDtGD OLQHDU
i 3 +�, GHULYDGD GD IXQomR GH DWLYDomR GD FDPDGD

GH VDtGD HP IXQomR GD VDtGD OLQHDU
Z 0DWUL] GH SHVRV GD FDPDGD GH VDtGD
] 0DWUL] GH SHVRV GD FDPDGD HVFRQGLGD
Zml 3HVR TXH FRQHFWD D VDtGD l GD FDPDGD HV�

FRQGLGD DR QHXU{QLR m GD FDPDGD GH VDtGD
]lk 3HVR TXH FRQHFWD D HQWUDGD k DR QHXU{QLR l

GD FDPDGD HVFRQGLGD

2 DOJRULWPR SURSRVWR p� RULJLQDOPHQWH� GHVHQYROYLGR

���



SDUD XPD 0XOWLOD\HU 3HUFHSWURQ �0/3� FRP XPD FDPDGD
HVFRQGLGD H XPD FDPDGD GH VDtGD� (QWUHWDQWR� HOH SRGH
VHU IDFLOPHQWH HVWHQGLGR SDUD PDLV FDPDGDV�

&RPR GHVFULWR DQWHULRUPHQWH� R DOJRULWPR SURSRVWR
p EDVHDGR QD WHRULD GH 6LVWHPDV GH (VWUXWXUD 9DULiYHO
�6(9� H FRQWUROH SRU 0RGRV 'HVOL]DQWHV �&0'� >�@�
'HVWD IRUPD� GH¿QHP�VH DV VHJXLQWHV VXSHUItFLHV GH
GHVOL]DPHQWR�

� &DPDGD GH VDtGD�
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VHQWDGR GHQWUR GH XPD HSRFK�

&RP EDVH QHVWDV VXSHUItFLHV GH GHVOL]DPHQWR� SRGH�VH
GH¿QLU DV VHJXLQWHV UHJUDV GH DWXDOL]DomR GRV SHVRV�

� &DPDGD GH VDtGD�
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2EVHUYD�VH QDV HTXDo}HV � H � TXH D GLUHomR GH DMXVWH
GRV SHVRV p IRUQHFLGD SHODV VXSHUItFLHV GH GHVOL]DPHQWR
GH¿QLGDV SHODV HTXDo}HV � H �� HQTXDQWR TXH R PyGXOR
GR DMXVWH p REWLGR DWUDYpV GDV HTXDo}HV � H �� 2X VHMD�
R PyGXOR GR DMXVWH GRV SHVRV p REWLGR DWUDYpV GR VR�
PDWyULR GRV JUDGLHQWHV GRV HUURV GXUDQWH D DSUHVHQWDomR
GR FRQMXQWR GH WUHLQDPHQWR j 51$� 'HVWD IRUPD� GXUDQWH
R WUHLQDPHQWR� H[LVWH XPD ´PHPyULD ´ GRV YHWRUHV Mi DS�
UHVHQWDGRV j UHGH� SRVVLELOLWDQGR XP DXPHQWR GD YHORFL�
GDGH GH WUHLQDPHQWR HQTXDQWR TXH D VXSHUItFLH GH GHVOL]D�
PHQWR JDUDQWH D FRQYHUJrQFLD GR VLVWHPD�

���� (VWXGR GD &RQYHUJrQFLD

e QHFHVViULR� DJRUD� GHWHUPLQDU RV OLPLWHV GRV JDQKRV
� H �� XWLOL]DGRV QDV HTXDo}HV � H �� SDUD JDUDQWLU D HVWD�
ELOLGDGH GR VLVWHPD SURSRVWR�

$ FRQYHUJrQFLD GR VLVWHPD� VHJXQGR 6DSWXUN >�@�
SRGH VHU HVWXGDGD SHOD DQiOLVH GD VHJXLQWH HTXDomR���V+n,�� ? ��V+n�4,
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RQGH V+n, HVWi GH¿QLGD SHOD HTXDomR � H � SDUD D FDPDGD
GH VDtGD H FDPDGD HVFRQGLGD� UHVSHFWLYDPHQWH�

6XEVWLWXtQGR�VH DV HTXDo}HV � H � HP ��
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3URFHGHQGR GH PDQHLUD VLPLODU SDUD D FDPDGD HVFRQ�
GLGD� XWLOL]DQGR DV HTXDo}HV �� �� � H D HTXDomR� REWLGD QR
DOJRULWPR SDGUmR GH EDFNSURSDJDWLRQ� TXH GH¿QH R JUDGL�
HQWH GR HUUR SDUD D FDPDGD HVFRQGLGD� WHP�VH�
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8WLOL]DQGR D GH¿QLomR GH \m+n,� R IDWR GH TXH
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'H PDQHLUD DQiORJD j XWLOL]DGD SDUD D FDPDGD GH
VDtGD� D FRQYHUJrQFLD GR VLVWHPD VHUi JDUDQWLGD VH�
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�� 5HVXOWDGRV GH 6LPXODomR

2 DOJRULWPR SURSRVWR IRL XWLOL]DGR QR SUREOHPD GH
DSUR[LPDomR GH IXQomR� WHQGR VLGR� WDPEpP� LPSOHPHQ�
WDGRV RV DOJRULWPRV EDFNSURSDJDWLRQ SDGUmR H 5SURS�
)RUDP XWLOL]DGDV GXDV IXQo}HV EiVLFDV SDUD RV WHVWHV�
i4 @ �6=5 � {5 . 6=5 � { H i5 @ {7� RQGH { p FRQVLGHU�
DGD D HQWUDGD GD 51$ 0/3 H i4 RX i5 VmR DV VDtGDV� )RL
XWLOL]DGD XPD 51$ 0/3 FRP WUrV QRGRV QD FDPDGD HV�
FRQGLGD H XP QRGR GH VDtGD SDUD FDGD XPD GXDV IXQo}HV�

2SWRX�VH SRU LPSOHPHQWDU R DOJRULWPR 5SURS SRU HVWH
DSUHVHQWDU DOWD YHORFLGDGH GH FRQYHUJrQFLD >�@� (QWUH�
WDQWR� QmR H[LVWH XPD PHWRGRORJLD EHP GH¿QLGD SDUD R
DMXVWH GRV SDUkPHWURV HQYROYLGRV QR DOJRULWPR 5SURS�
EHP FRPR QmR p IHLWD XPD DERUGDJHP PDWHPiWLFD VR�
EUH R HVWXGR GD FRQYHUJrQFLD GXUDQWH R WUHLQDPHQWR� $
QRYD SURSRVWD SDUD R DOJRULWPR 60& � %3� DOpP GD YH�
ORFLGDGH GH FRQYHUJrQFLD VXSHULRU j REWLGD FRP R DOJR�
ULWPR 5SURS� FRPR SRGH VHU REVHUYDGR QDV ¿JXUDV � H ��
SRVVLELOLWD XP PHOKRU DMXVWH GRV SDUkPHWURV HQYROYLGRV
QR WUHLQDPHQWR DWUDYpV GH VHX IRUPDOLVPR PDWHPiWLFR�

3RGH�VH REVHUYDU SHODV ¿JXUDV � H � TXH R DOJRULWPR
SURSRVWR �60&�%3� p PDLV UiSLGR GR TXH R DOJRULWPR
53URS SDUD RV SUREOHPDV DSUHVHQWDGRV� 1DV ¿JXUDV � H
� p PRVWUDGD D FDUDFWHUtVWLFD GH JHQHUDOL]DomR GD 51$
WUHLQDGD SHORV WUrV DOJRULWPRV� 3RGH�VH REVHUYDU TXH R
FRPSRUWDPHQWR ¿QDO GD UHGH p VLPLODU HP WRGRV RV FDVRV�

$OpP GD LQHUHQWH DOWD YHORFLGDGH GH FRQYHUJrQFLD H[�
LVWHQWH HP VLVWHPDV GH FRQWUROH SRU PRGRV GHVOL]DQWHV�
D DOWD YHORFLGDGH GR WUHLQDPHQWR p XPD FRQVHT�rQFLD GD
XWLOL]DomR GR VRPDWyULR GRV JUDGLHQWHV GR HUUR GXUDQWH D
DSUHVHQWDomR GR FRQMXQWR GH WUHLQDPHQWR j 51$� 'HVWD
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)LJXUH �� 7HVWH GH JHQHUDOL]DomR SDUD D IXQomR i4 @
�6=5 � {5 . 6=5 � {

IRUPD� R WUHLQDPHQWR PDQWpP� VHPSUH� XPD PHPyULD GRV
YHWRUHV Mi DSUHVHQWDGRV� RWLPL]DQGR R WUHLQDPHQWR�

&RPR PRVWUDGR DQWHULRUPHQWH� D GLUHomR GH DWXDOL]D�
omR GRV SHVRV p FRQWURODGD SHOD VXSHUItFLH GH GHVOL]D�
PHQWR� FRPSRVWD SHOR JUDGLHQWH DWXDO GR HUUR H R VHX VR�
PDWyULR QD HSRFK �HTXDo}HV � H ��� 'HVWD IRUPD� SHOR
DMXVWH GDV FRQVWDQWHV TXH GH¿QHP D LQFOLQDomR GD VXSHU�
ItFLH �F H FK�� FRQWUROD�VH D GLUHomR GH DWXDOL]DomR GRV
SHVRV�

�� &RQFOXV}HV

8PD PHOKRULD QR DOJRULWPR GH WUHLQDPHQWR 60&�%3�
EDVHDGR QD WHRULD GH FRQWUROH GH VLVWHPDV GH HVWUXWXUD YDU�
LiYHO p SURSRVWD� 2V UHVXOWDGRV DSUHVHQWDGRV PRVWUDP
TXH HVVD QRYD PHWRGRORJLD� DOpP GH SRVVLELOLWDU XP HV�
WXGR PDWHPiWLFR GD FRQYHUJrQFLD GR VLVWHPD� SRVVLELOLWD
XP DFUpVFLPR QD YHORFLGDGH GH WUHLQDPHQWR VXSHULRU j
REWLGD FRP R DOJRULWPR GH 53URS� 2 DXPHQWR GD YHORFL�
GDGH GH FRQYHUJrQFLD GHVWD QRYD SURSRVWD SDUD R DOJR�
ULWPR 60&�%3 SDGUmR p GHFRUUHQWH GD HVFROKD GDV YDU�
LiYHLV XWLOL]DGDV QD VXSHUItFLH GH GHVOL]DPHQWR� 1HVWD
QRYD SURSRVWD� R PyGXOR GH YDULDomR GRV SHVRV p IXQomR
GR VRPDWyULR GRV JUDGLHQWHV GRV HUURV GXUDQWH D DSUHVHQ�
WDomR GR FRQMXQWR GH WUHLQDPHQWR� GHVWD IRUPD� R DOJR�
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)LJXUH �� 7HVWH GH JHQHUDOL]DomR SDUD D IXQomR i5 @ {7

ULWPR GH WUHLQDPHQWR PDQWpP XPD PHPyULD GH WRGRV RV
YHWRUHV Mi DSUHVHQWDGRV j 51$�

*DUDQWLGRV RV OLPLWHV SDUD RV JDQKRV GR WUHLQDPHQWR
�� H �� HTXDo}HV �� H ���� R WUHLQDPHQWR GD 51$ 0/3
VHUi JDUDQWLGR SHODV VXSHUItFLHV GH GHVOL]DPHQWR SDUD D
FDPDGD GH VDtGD H HVFRQGLGD� GH¿QLGDV SHODV HTXDo}HV �
H � � UHVSHFWLYDPHQWH�

5HIHUHQFHV

>�@ %HUWVHNDV� 'LPLWUL 3� DQG -RKQ 7VLWVLNOLV� 1HXUR�

'\QDPLF 3URJUDPPLQJ� %HOPRQW� 0$� $WKHQD 6FL�
HQWL¿F� �����

>�@ )DKOPDQ� 6� (� ³)DVWHU�OHDUQLQJ YDULDWLRQV RQ EDFN�
SURSDJDWLRQ� DQ HPSLULFDO VWXG\�́ 3URFHHGLQJV RI WKH

���� &RQQHFWLRQLVW 0RGHOV 6XPPHU 6FKRRO� 3LWWV�

EXUJ� HGLWHG E\ '� 7RXUHW]N\� HW DO� ��±��� 6DQ 0D�
WHR� &$� 0RUJDQ .DXIPDQQ� �����

>�@ 3DUPD� *XVWDYR *�� HW DO� ³,PSURYLQJ EDFNSURSDJD�
WLRQ ZLWK VOLGLQJ PRGH FRQWURO�́ 3URFHHGLQJV RI WKH

9WK %UD]LOLDQ 6\PSRVLXP RQ 1HXUDO 1HWZRUNV� �±
��� %HOR +RUL]RQWH� %UD]LO� ,((( &RPSXWHU 6RFLHW\
3UHVV� �����

>�@ 3DUPD� *XVWDYR *�� HW DO� ³6OLGLQJ PRGH DOJRULWKP
IRU WUDLQLQJ PXOWL�OD\HU QHXUDO QHWZRUNV�́ ,(( (OHF�

WURQLFV /HWWHUV� ��������±�� �-DQXDU\ ������

>�@ 5LHGPLOOHU� 0DUWLQ DQG +HLQULFK %UDXQ� ³$ 'LUHFW
$GDSWLYH 0HWKRG IRU )DVWHU %DFNSURSDJDWLRQ /HDUQ�
LQJ� 7KH 53523 DOJRULWKP�́ 3URF� RI WKH ,((( ,QWO�

&RQI� RQ 1HXUDO 1HWZRUNV� ���±���� $SULO �����

>�@ 6DUSWXUN� 6� =�� HW DO� ³2Q WKH VWDELOLW\ RI GLVFUHWH
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