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5HVHDUFK ,QVWLWXWH IRU ,QIRUPDWLFV�

&HQWHU IRU $GYDQFHG 0RGHOLQJ DQG 2SWLPL]DWLRQ

����� $YHUHVFX $YHQXH� %XFKDUHVW �� 5RPDQLD

(�PDLO� QDQGUHL#LFL�UR

5H]XPDW� »Q DFHDVWm SUH]HQWDUH vQFHUFmP Vm GHILQLP IXQGDPHQWHOH LQIRUPDWLFLL� 9RP

vQFHSH FX R GHILQLÒLH D LQIRUPDWLFLL FDUH GXSm SmUHUHD QRDVWUm VH SODVHD]m vQ VIHUD

LQWHOHFWXDOLVPXOXL GH PDUH DOWLWXGLQH �L FDUH FRQVWm vQ FRERUkUHD vQ FRPSXWDÒLRQDO D

FRQFHSWHORU PDWHPDWLFH� DOJRULWPL]DUHD FRQFHSWHORU PDWHPDWLFH� VWXGLXO DOJRULWPLORU GLQ

SXQFWXO GH YHGHUH DO FRQYHUJHQÒHL �L DO FRPSOH[LWmÒLL ORU�

&RQWLQXmP SUH]HQWDUHD FX IXQGDPHQWHOH PDWHPDWLFLL FDUH QH DUDWm VXUVD GH XQGH SURYLQH

SUREOHPDWLFD LQIRUPDWLFLL� FDOFXODELOLWDWH� FRPSOH[LWDWH �L PDWHPDWLFD H[SHULPHQWDOm�

7HRULD FDOFXODELOLWmÒLL YLQH GLQ GRXm WUDGLÒLL� FDUH FX IRDUWH PLFL H[FHSÒLL V�DX GH]YROWDW vQ

SDUDOHO� GH FHOH PDL PXOWH RUL LJQRUkQGX�VH UHFLSURF� 3H GH�R SDUWH DYHP DQDOL]D

QXPHULFm �L FDOFXOHOH �WLLQÒLILFH� �L SH GH DOWm SDUWH DYHP WHRULD FDOFXOXOXL D�D FXP DSDUH

vQ ORJLFm �L �WLLQÒD FDOFXODWRDUHORU� $PEHOH DFHVWH WUDGLÒLL XWLOL]HD]m QRÒLXQHD GH DOJRULWP�

,GHHD HVWH GH D FRQVWUXL R PD�LQm �SHVWH FRUSXO QXPHUHORU UHDOH� FDUH FRPELQm FHOH GRXm

WUDGLÒLL FX VFRSXO GH D vQÒHOHJH QDWXUD �L FRPSOH[LWDWHD FDOFXOXOXL� FD IXQGDPHQW DO

LQIRUPDWLFLL�

»Q ILQDO GLVFXWmP PDWHPDWLFD H[SHULPHQWDOm FD DFHD VHFÒLXQH D LQIRUPDWLFLL FDUH VH RFXSm

FX FRGLILFDUHD �L WUDQVPLWHUHD� vQ FRPXQLWDWHD PDWHPDWLFm� D UH]XOWDWHORU SULQ XWLOL]DUHD

WHKQRORJLLORU DYDQVDWH GH FDOFXO SHQWUX D UHDOL]D XQ H[SHULPHQW PDWHPDWLF� FX VFRSXO GH

D H[SORUD VWUXFWXUL �L FRQFHSWH PDWHPDWLFH� GH D WHVWD FRQMHFWXUL� FUHGLQÒH� GH D VXJHUD

JHQHUDOL]mUL� SUHFXP �L D DQDOL]D UH]XOWDWHOH REÒLQXWH vQ XUPD DFHVWRU H[SHULPHQWmUL�
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6RFLHWmÒLOH GH]YROWDWH� SXWHUQLF LQGXVWULDOL]DWH� FDSDELOH Vm DVLJXUH XQ QLYHO GH WUDL �L GH
PXQFm ULGLFDW PHPEULORU ORU v�L GDWRUHD]m DFHVW VWDWXW QX QXPDL IDSWXOXL Fm DFHVWHD DX vQÒHOHV
FD vQ UHODÒLD FX FHWmÒHDQXO Vm DSOLFH YHFKLOH FRQFHSWH GHPRFUDWLFH JUHFH�WL DFWXDOL]DWH OD
QHYRLOH WLPSXOXL� FL DX vQÒHOHV Vm LPSOHPHQWH]H FX SHUVHYHUHQÒm �L DJUHVLYLWDWH GH]YROWmULOH
�WLLQÒLILFH �L WHKQRORJLFH� $FHDVWD HVWH HVHQÒD VRFLHWmÒLORU GH]YROWDWH FXOWXUDO �L LQGXVWULDO�
DSOLFDUHD �WLLQÒHL �L D WHKQRORJLHL vQ WRDWH DFWLYLWmÒLOH XPDQH� 'DU� GH]YROWmULOH �WLLQÒLILFH �L
WHKQRORJLFH GLQ RULFH GRPHQLX GH DFWLYLWDWH VXQW GH VRUJLQWH PDWHPDWLFm� $�D vQFkW�
PDWHPDWLFD vQWRWGHDXQD D DYXW R SR]LÒLH VSHFLDOm vQ VLVWHPXO GH JkQGLUH DO XPDQLWmÒLL� GkQG
VHQV� VXEVWDQÒm �L YDORDUH DFÒLXQLORU DFHVWHLD�

/D vQFHSXW� GLQ WLPSXULOH VWUmYHFKL SkQm vQFRDFH� RPXO D IRVW VXE SULPDWXO

H[LVWHQÒHL� 'HVFULHUHD VLVWHPHORU IL]LFH VDX DUWLILFLDOH HUD PDL PXOW OLQJYLVWLFm� GHVFULSWLYm�
GHVHRUL QX D�D FXP DFHVWHD VH SUH]HQWDX� FL PDL PXOW FXP SmUHDX HOH Vm ILH� &KLDU
PDWHPDWLFLOH vQ WLPSXULOH YHFKL� D�D FXP DX IRVW VLQWHWL]DWH GH (XFOLG �������� v&KU�� VDX GH
'LRIDQWXV GLQ $OH[DQGULD �������� v&KU��� HUDX H[SULPDWH VXE IRUPm GH VLORJLVPH� $SURDSH
���� GH DQL PDWHPDWLFLOH DX UmPDV VXE DFHDVWm IRUPm VLORJLVWLFm� /XPHD HUD Ym]XWm FD XQ
9HUE� FD R =LFHUH� 9HFKLL ILORVRIL� FDUH EmWHDX SLHWURDVHOH SXVWLL DOH SmPkQWXOXL SUHGLFkQG R
ILOR]RILH D UDÒLRQDOLVPXOXL� DYHDX FUHGLQÒD Fm OXPHD vQ LQILQLWD VD YDULHWDWH VH VXSXQH XQRU
OHJL� LDU RPXO WUHEXLH Vm WUmLDVFm VXE DXWRULWDWHD FHORU �DSWH LQVFULSÒLL 'HOSKLFH� ³7X H�WL§�
³=HXOXL RQRDUHD§� ³$VFXOWm OHJLORU§� ³&UXÒm WLPSXO§� ³&XQRD�WH�WH SH WLQH vQVXÒL§� ³1LPLF

SUHD PXOW§� ³&KH]m�LD SRDUWm QHQRURFLUH§ >'XPLWULX� ����� S� ���@�
$WkW RDPHQLL GH �WLLQÒm FkW �L ILORVRILL� vQ JHQHUDO� IDF R GLVWLQFÒLH FODUm vQWUH

PDWHPDWLFL �L �WLLQÒHOH 1DWXULL � �WLLQÒHOH LQJLQHUH�WL� HFRQRPLH� ELRORJLH HWF� »Q WLPS FH
�WLLQÒHOH 1DWXULL VXQW FRQVWUXLWH SH ED]D LQYRFmULL DUJXPHQWXOXL SRWULYLULL H[SHULPHQWXOXL FX
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UHDOLWDWHD FRQIRUP IRUPXOHL ³DGDHTXDWLR UHL HW LQWHOOHFWXV
�
¦� PDWHPDWLFLOH SHUPLW R PXOW PDL

PDUH IOH[LELOLWDWH vQ OXPHD DEVWUDFWm D PLQÒLL� $FHDVWm FDUDFWHULVWLFm FDUH D GHILQLW

PDWHPDWLFLOH GH PLOHQLL D vQFHSXW Vm VH VFKLPEH RGDWm FX DSDULÒLD FDOFXODWRDUHORU� $FHVWHD DX

VFKLPEDW SHLVDMXO LQWHOHFWXDO RIHULQG SRVLELOLWDWHD GH D H[SORUD OXPL FX WRWXO �L FX WRWXO QRL�

LQLPDJLQDELOH� FDUH DOWIHO ImUm XWLOL]DUHD XQHL ³SXWHUL GH FDOFXO¦ UmPkQHDX LQDFFHVLELOH PLQÒLL

QRDVWUH� 3UHÒXO SOmWLW SHQWUX DFFHVXO OD DFHVWH OXPL� ILLQGFm vQWRWGHDXQD WUHEXLH Vm ILH XQ SUHÒ�

HVWH Fm PXOWH GLQWUH DFHVWHD SRW IL FXQRVFXWH QXPDL SH FDOH H[SHULPHQWDOm�

&DOFXODWRDUHOH GH DVWm]L SURPLW DFFHVXO OD OXPL VWUDQLL� FDUH GHRFDPGDWm UmPkQ GRDU

SHUIRUPDQÒH LQWHOHFWXDOH L]RODWH� »QWU�DGHYmU� REVHUYmP R SUROLIHUDUH D WHKQLFLORU HXULVWLFH� D

UH]XOWDWHORU QHGHPRQVWUDWH� D FRQMHFWXULORU� D RSLQLLORU HWF� &DOFXODWRDUHOH DX RIHULW �L RIHUm

GLQ FH vQ FH PDL PXOWH UHVXUVH FRPSXWDÒLRQDOH �L FRQFHSWXDOH SHQWUX D H[SOLFD FkWHYD GLQWUH

DFHVWH IHQRPHQH� GDU DFHVWHD vQ HVHQÒD ORU DX UmPDV VLPSOH FXULR]LWmÒL L]RODWH ImUm D IL

VLVWHPDWLF VWXGLDWH �L H[SOLFDWH�

3ULPD vQFHUFDUH GH D LQWURGXFH FDOFXOXO PDWHPDWLF D IRVW ImFXWm GH )LERQDFFL ������

����� vQ FDUWHD VD /LEHU DEDFL� $FHDVWm FDUWH H[WUDRUGLQDUm WUDWD QXPHUHOH DUDEH �L DUmWD FXP

VH OXFUHD]m FX HOH� 3UH]HQWD VWXGLL DYDQVDWH GH DOJHEUm UHIHULWRDUH OD UH]ROYDUHD VLVWHPDWLFm�

SULQ DSUR[LPDÒLL� D HFXDÒLLORU DOJHEULFH� SUHFXP �L GLIHULWH VLVWHPH GH QXPHUDÒLH QH]HFLPDOH�

FD VLVWHPXO ELQDU� /XFUDUHD FRQÒLQHD SUREOHPH SULYLQG FRPHUÒXO �L FDOFXOXO FXUVXULORU

YDOXWDUH� 8Q FDSLWRO VSHFLDO HUD GHGLFDW �LUXOXL QXPHUHORU )LERQDFFL� $SDULÒLD DFHVWHL OXFUmUL D

PDUFDW XQ PRPHQW IRDUWH LPSRUWDQW vQ GH]YROWDUHD �WLLQÒHL� &X WRDWm LPSRUWDQÒD �L YDORDUHD HL�

OXFUDUHD OXL )LERQDFFL D WUHFXW QHREVHUYDWm� OXPHD QHILLQG FRQ�WLHQWm GH SXWHUHD UHSUH]HQWmULL

PDWHPDWLFH �L D FDOFXOXOXL DVRFLDW DFHVWHLD� $ELD GXSm WUHL VXWH GH DQL V�D vQÒHOHV VHPQLILFDÒLD

�L DGHYmUDWD SXWHUH D FDOFXOXOXL� 5HQp 'HVFDUWHV ����������� D LQWURGXV FRQFHSWXO GH PHWRGm�

SXQkQG OD ED]m QRÒLXQHD GH vQGRLDOm� *DOLOHR *DOLOHL ������������ XQXO GLQWUH FHL PDL PDUL

VFULLWRUL DL ,WDOLHL UHQDVFHQWLVWH� D IXQGDPHQWDW H[SHULPHQWHOH IL]LFH VLVWHPDWLFH� LDU 6LU ,VDDF

1HZWRQ ����������� �L %DURQ *RWWIULHG /HLEQL] ����������� DX LQWURGXV FDOFXOXO GLIHUHQÒLDO

�L LQWHJUDO UHDOL]kQG FHHD FH VH SRDWH QXPL SULPD PHWDPRUIR]m D �WLLQÒHL SULQ WUDQVIRUPDUHD

IXQGDPHQWHORU RSHUDÒLRQDOH DOH �WLLQÒHL� PR�WHQLUH D OXL $ULVWRWHO� vQ FHHD FH VH FXQRD�WH D IL

�WLLQÒD PRGHUQm GH DVWm]L� $FHDVWm QRXm DWLWXGLQH FRQVWm vQ XWLOL]DUHD H[SHULPHQWHORU IL]LFH �L

D PRGHOHORU PDWHPDWLFH H[SULPDWH FD HFXDÒLL GLIHUHQÒLDOH� $FHVW SULPDW DO PDWHPDWLFLL HVWH

DWkW GH DFWLY vQFkW PDWHPDWLFLHQLL �L RDPHQLL GH �WLLQÒm GLQ ]LOHOH QRDVWUH FRQWLQXm Vm VH UHIHUH

OD UHSUH]HQWDUHD PDWHPDWLFm D FUHDÒLHL� HYLWkQG DSURDSH FRPSOHW Vm FRERDUH vQ H[LVWHQÒm�

,QWHUHVXO SULQFLSDO HVWH GH D UH]ROYD PRGHOHOH PDWHPDWLFH� GH D JmVL SURSULHWmÒLOH VROXÒLLORU

DFHVWRUD� (VWH LPSRUWDQW GH UHPDUFDW IDSWXO Fm WRDWm FRQVWUXFÒLD QRDVWUm LQWHOHFWXDOm ED]DWm SH

PRGHOH PDWHPDWLFH VXE LQIOXHQÒD OXL 1HZWRQ �L /HLEQL] HVWH GH QDWXUm ORFDOLVWm� $OWIHO VSXV�

PRGHOHOH PDWHPDWLFH� H[SULPDWH VXE IRUPm GH HFXDÒLL GLIHUHQÒLDOH� UHSUH]LQWm FRPSRUWDUHD

ORFDOm� vQ MXUXO XQXL SXQFW� D SRUÒLXQLL GH FUHDÒLH PRGHODWH�

'H�D OXQJXO WLPSXOXL DP VSXV Fm D IDFH �WLLQÒm vQVHDPQm D IDFH PDWHPDWLFm� �L DWkW
GH PXOW V�D vQFHWmÒHQLW DFHDVWm RSLQLH vQFkW vQ DQXPLWH GRPHQLL DVLVWmP OD XQ DGHYmUDW SULPDW

DO PDWHPDWLFLL DVXSUD �WLLQÒHORU QDWXULL� $FHDVWm DWLWXGLQH DGRSWDWm GLQ FH vQ FH GH PDL PXOÒL
RDPHQL GH �WLLQÒm VH GDWRUHD]m� vQ SULQFLSDO� VXSHUILFLDOLWmÒLL �L VXILFLHQÒHL vQ FDUH D Fm]XW
ILORVRILD VHFROXOXL ;;� »QWU�DGHYmU� ILORVRILL FRQWHPSRUDQL SUDFWLFm R ILORVRILH JDUUXOD� R
ILORVRILH IOHFDUm� YRUEmUHDÒm� UHQXQÒkQG OD FRQÒLQXWXO IXQGDPHQWDO DO DFHVWHLD� D�D FXP D IRVW
HO GHILQLW GH OD vQFHSXWXUL FD ³LXELUH GH vQÒHOHSFLXQH¦� ³LXELUH D 1DWXULL¦�

$FHDVWm DWLWXGLQH GH DFFHQWXDUH QXPDL D IRUPDOLVPXOXL PDWHPDWLF �L GH DEDQGRQDUH D
SUREOHPHL GHVFRSHULULL PHFDQLVPHORU FDX]DOH IXQGDPHQWDOH FDUH JXYHUQHD]m PL�FDUHD vQ
SRUÒLXQHD GH FUHDÒLH vQ FDUH VXQWHP LQWHUHVDÒL v�L DUH RULJLQHD vQ LGHLOH OXL 3LWDJRUD� (O D IRVW
FHO FDUH D FRQ�WLHQWL]DW XELFXLWDWHD UHODÒLLORU PDWHPDWLFH vQ 1DWXUm� SULYLQG PDWHPDWLFD GUHSW

                                                          
�
6HQVXO H[DFW DO FXYkQWXOXL ³DGDHTXDWLR¦ HVWH ³SRWULYLUH¦� 6m REVHUYmP Fm IRUPXOD� ODQVDWm GH

VFRODVWLFm� UHSUH]LQWm WRWX�L R YL]LXQH VLPSOLVWm �L OLPLWDWm� $GLFm DGHFYDUHD� DFRUGXO GLQWUH LQWHOHFW �L
UHDO� FkQG WH UHIHUL OD UHDO� SRDWH Vm OLPLWH]H UHDOXO� &X DOWH FXYLQWH� HVWH YRUED GH R LGHQWLILFDUH D RPXOXL
FX UHDOXO FRQVWDWDW SH FDOHD UDÒLXQLL VDX VHQVLELOm� DOWIHO VSXV� FX UHDOXO SH FDUH O�DP ³vQÒHOHV¦ QRL�
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HVHQÒD XQXL VSDÒLX PLVWLF VXSUDQDWXUDO FDUH JXYHUQHD]m UHDOLWDWHD vQFRQMXUmWRDUH� 0DL

WkU]LX� 3ODWRQ D IRVW FHO FDUH D DGRSWDW PLVWLFLVPXO 3LWDJRUHLF� VROXÒLD VD OD SUREOHPD

FRQFHSWHORU ILLQG FRQVWUXFÒLD XQHL OXPL VXSUDQDWXUDOH � OXPHD )RUPHORU � SUH]HQWDWm vQ

GLDORJXO 7LPDLRV� vQ FDUH VH UHJmVHVF DEVWUDFÒLLOH PDWHPDWLFH SHUIHFWH �L HWHUQH OD FDUH VH

UHIHUm FRQFHSWHOH QRDVWUH� 0HWDIL]LF� OXPHD )RUPHORU HUD SULYLWm FD UHDOm� vQ WLPS FH HQWLWmÒLOH

IL]LFH GLQ OXPHD QRDVWUm QX HUDX QLPLF DOWFHYD GHFkW XPEUH� FRSLL LPSHUIHFWH DOH )RUPHORU�

&XQRD�WHUHD DGHYmUDWm vQVHPQD GHFL FXQRD�WHUHD )RUPHORU LPDWHULDOH �L QX D OXPLL UHDOH

LPSHUIHFWH� DIODWm vQWU�R FRQWLQXm VFKLPEDUH� &D DWDUH� vQ �WLLQÒHOH 1DWXULL FXQRD�WHUHD

DGHYmUDWm HVWH FXQRD�WHUHD )RUPHORU DEVWUDFWH� DGLFm D OHJLORU PDWHPDWLFLL GLQ GRPHQLXO

UHVSHFWLY �L QX D FDX]HORU IXQGDPHQWDOH� SURSULL GRPHQLXOXL� 3ODWRQLVPXO� FDUH VH PDQLIHVWm

FX SXWHUH �L vQ ]LOHOH QRDVWUH� HYLWm OXPHD IL]LFm vQ IDYRDUHD XQHL OXPL VXSUDQDWXUDOH D

DEVWUDFÒLLORU SXUH vQ FDUH H[LVWm R RUGLQH ELQH GHILQLWm�

$ GRXD YHUVLXQH PDMRUm D SULPDWXOXL PDWHPDWLFLL HVWH GDWRUDWm DFHORU JkQGLWRUL FDUH

DX DFFHSWDW LGHLOH SODWRQLFH DOH XQHL OXPL PDWHULDOH LQHUHQW SDVLYH �L KDRWLFH� GDU FDUH DX

UHMHFWDW H[LVWHQÒD XQHL OXPL VXSUDQDWXUDOH� FDUH LPSXQH RUGLQH� 'DU DFHDVWm SR]LÒLH LPSOLFm R

OXPH FDUH UmPkQH KDRWLFm � R UHSUH]HQWDUH QHDFFHSWDELOm� GHRDUHFH IDSWXO Fm OXPHD DUH R

RUGLQH HVWH HYLGHQW �L SHQWUX FHO PDL VFHSWLF GLQWUH VFHSWLFL� 'LOHPD FXP SRDWH �WLLQÒD Vm

H[SOLFH RUGLQHD� UkQGXLDOD� OXPLL IL]LFH GDFm HD UHMHFWHD]m QRÒLXQHD GH RUGLQH VXSUDQDWXUDOm
D IRVW VROXÒLRQDWm GH .DQW� ILORVRIXO GLYLQ FX FHD PDL PDUH LQIOXHQÒm DVXSUD RDPHQLORU GH

�WLLQÒm GLQ VHFROXO ;;� 6ROXÒLD OXL HVWH� ³1RL VXQWHP FHL FDUH IDFHP RUGLQH� &XQRD�WHUHD

SHUFHSWXDOm QX HVWH R DFKL]LÒLH GLUHFWm D OXPLL vQFRQMXUmWRDUH� D�D FXP HVWH HD� FL R
GLVWRUVLXQH D HL � HD FRQVWm vQ GDWHOH VHQ]RULDOH FDUH DX IRVW SURFHVDWH GH FRQ�WLLQÒD QRDVWUm
FRQFHSWXDOm� GDWH DGDSWDWH SHQWUX D VH SRWULYL XQRU DQXPLWH FDWHJRULL FRQFHSWXDOH vQQmVFXWH
FH SXQ RUGLQH vQ VHQ]DÒLLOH QRDVWUH¦� $FHVW SURFHV� SH FDUH QX�O SXWHP HYLWD RULFH DP IDFH� VH

UHDILUPm SULQ IDSWXO Fm QRL QX SHUFHSHP UHDOLWDWHD D�D FXP DFHDVWD HVWH vQ PRG UHDO� FL PDL

GHJUDEm D�D FXP QH DSDUH QRXm� GXSm FH DP SURFHVDW�R�

6XE LQIOXHQÒD OXL .DQW RDPHQLL GH �WLLQÒm DX UHQXQÒDW OD LGHHD GH D vQÒHOHJH OXPHD

UHDOm vQ SURIXQ]LPLOH HL FDX]DOH� FD ILLQG R LGHH ImUm VHQV� GHRDUHFH WRW UmPkQH XQ UHVW FDUH

QLFL R GDWm QX YD IL FXQRVFXW � ³QXQTXDP RPQHP YHULWDWHP VFLHPXV§ � QLFLRGDWm QX YRP �WL

WRW DGHYmUXO� 5mPkQH GHFL Fm PRGHOHOH PDWHPDWLFH GHVFULX ³vQ PRG FRUHFW¦ QXPDL DSDUHQÒHOH�

DGLFm vQÒHOHJHUHD QRDVWUm D OXPLL IL]LFH vQ FDUH WUmLP� $OWIHO VSXV� PRGHOHOH PDWHPDWLFH VH

JmVHVF PHUHX vQ SHUVSHFWLYD LQILQLWHL DVHPmQmUL FX UHDOLWDWHD�

2EVHUYmP LPHGLDW SUHPLVHOH vPSmUWm�LWH GH YHUVLXQHD 3ODWRQLVWm �L GH FHD .DQWLDQm D

SULPDWXOXL PDWHPDWLFLL� $PEHOH SULYHVF OXPHD PDWHULDOm D HQWLWmÒLORU FD QHILLQG UHDOm� D�D

vQFkW FHYD GLQ DIDUD OXPLL PDWHULDOH WUHEXLH Vm UmVSXQGm GH RUGLQHD GLQ OXPH� 3ODWRQL�WLL

FRQVLGHUm Fm DFHVW FHYD DSDUÒLQH GRPHQLXOXL VXSUDQDWXUDO� vQ WLPS FH .DQWLHQLL FUHG Fm DFHVWD

VH DIOm vQ FDWHJRULLOH FRQFHSWXDOH DOH PLQÒLL QRDVWUH� $PEHOH FRQFHSÒLL FRQVLGHUm Fm DFHVW FHYD

VH DIOm vQ FRQ�WLLQÒm� 'HFL SULPDWXO PDWHPDWLFLL VH UHGXFH OD SULPDWXO FRQ�WLLQÒHL � LGHH

FRQIRUP FmUHLD FRQ�WLLQÒD LPSXQH LGHQWLWDWH �L VWUXFWXUm DVXSUD XQHL OXPL FDUH DOWIHO DU IL

KDRWLFm
�
� &HOH GRXm FRQFHSWH� WRWX�L� QX FDG GH DFRUG DVXSUD SXUWmWRUXOXL DFHVWHL FRQ�WLLQÒH�

FDUH SXQH RUGLQH vQ OXPH � 'XPQH]HX VDX 2PXO�

&D DWDUH� YHGHP Fm vQ VWXGLXO �WLLQÒHORU 1DWXULL UHQXQÒDUHD OD DGUHVDUHD GLUHFWm OD

OXPHD IL]LFm UHDOm vQ IDYRDUHD IRUPDOLVPXOXL PDWHPDWLF YLQH GLUHFW GLQ ILORVRILH� VXE

DXWRULWDWHD D GRL GLQWUH FHL PDL WDOHQWDÒL �L LQVSLUDÒL ILORVRIL� 3ODWRQ �L .DQW� 'DU� RGDWm FX

DSDULÒLD �L GH]YROWDUHD FDOFXODWRDUHORU V�D REVHUYDW Fm �L DFHDVWm OXPH LGHDOm D )RUPHORU

0DWHPDWLFH DUH ILVXUL� DUH VOmELFLXQL vQ FKLDU QDWXUD HL�

&RERUkUHD vQ FRPSXWDÒLRQDO D PRGHOHORU PDWHPDWLFH D GHWHUPLQDW DVWIHO vQWRDUFHUHD

OD DGUHVDUHD GLUHFWm OD OXPHD UHDOm� vQ VHQVXO SRWULYLULL FULWLFH D UH]XOWDWHORU H[SHULPHQWHORU

                                                          
2 (VWH LPSRUWDQW Vm PHQÒLRQDP DLFL FRQFHSÒLD OXL 5RJHU 6SHUU\� ODXUHDW vQ ����� DO 3UHPLXOXL 1REHO
SHQWUX SVLKRORJLH �L PHGLFLQm� FDUH VSXQH FD GDFm SkQD DFXP FkWHYD GHFHQLL� PRWLYDW GH PDWHULDOLVP �L

EHKDYLRXULVP� VH FRQVLGHUD Fm JkQGLUHD HVWH SURGXVXO FUHLHUXOXL� DVWD]L WUHEXLH Vm PmUWXULVLP Fm
IHQRPHQXO LQWHULRU� DO FRQ�WLLQÒHL� QX HVWH SURGXVXO� FL FDX]D FUHLHUXOXL�
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FRPSXWDÒLRQDOH FX REVHUYDÒLLOH� ([SHULPHQWHOH FRPSXWDÒLRQDOH DX UHLQVWLWXLW GHFL SULPDWXO

H[LVWHQÒHL� UHDILUPkQG FRQFHSÒLD *DOLOHDQm D LGHQWLILFmULL QXPDL D FRQFUHWXOXL H[LVWHQW�

LGHQWLILFDUH ImFXWm vQ FDGUXO �L SULQ LQWHUPHGLXO )RUPHORU 0DWHPDWLFH� $OWIHO VSXV�

FDX]DOLWDWHD HVWH XQ IDSW LQGHSHQGHQW GH FRQ�WLLQÒm � D QRDVWUm VDX D OXL 'XPQH]HX� 2UGLQHD�

OHJLWDWHD� UHJXODULWDWHD QX GHULYm GLQWU�R FRQ�WLLQÒm FRVPLFm �L QLFL GLQWU�R IRUPm VXELHFWLYm GH

JkQGLUH� FDUH VH vQWkPSOm Vm JHQHUH]H PLQWHD XPDQm� &DX]DOLWDWHD HVWH R OHJH LQHUHQWm D OXL D

IL� $ IL vQVHDPQm D IL FHYD� LDU D IL FHYD vQVHDPQm D DFÒLRQD FRQIRUP QDWXULL OXFUXOXL�

'LVFLSOLQD FDUH UHDOL]HD]D DFHDVWD UHvQWRDUFHUH OD OXPHD IL]LFm UHDOm D VHQVXULORU HVWH

LQIRUPDWLFD� »Q DFHVW VHQV� LQIRUPDWLFD QX VH LQVWLWXLH VXE QLFL R IRUPm FD VWXGLXO VXEVWUDWXOXL
IL]LF DO LQIRUPDÒLHL� DO WHOHFRPXQLFDÒLLORU �L WHRULHL VLVWHPHORU� VDX WHRULD LQIRUPDÒLHL� DO
DXWRPDWLFLL VDX DO DSOLFDWLLORU VSHFLILFH GLQ GLYHUVH GRPHQLL� D�D GXSD FXP V�D DILUPDW� FL HVWH
XQ PRG FRQFUHW GH UHDOL]DUH D H[SHULPHQWHORU FRPSXWDÒLRQDOH� GH FRERUkUH vQ

FRPSXWDÒLRQDO D FRQFHSWHORU PDWHPDWLFH� GH DOJRULWPL]DUH D DFHVWRU FRQFHSWH� GH VWXGLXO
FRPSOH[LWmÒLL DFHVWRU FRQFHSWH� 3ULYLWm vQ SURIXQ]LPL� LQIRUPDWLFD HVWH DOJHEUm

FRPSXWDÒLRQDOm� FDUH vQ HVHQÒD HL FRQVWm vQ WUDQVIRUPDUHD XQXL FRQFHSW vQWU�XQ DOJRULWP �L

DSRL WUDQVIRUPDUHD DFHVWXLD vQWU�XQ SURJUDP GH FDOFXO� (YLGHQW Fm GHILQLUHD FRQFHSWXOXL
PDWHPDWLF� HODERUDUHD DOJRULWPXOXL �L HODERUDUHD SURJUDPXOXL FDUH ³vQWUXSHD]m¦ DOJRULWPXO
VXQW DFWLYLWmÒL WRWDO GLIHULWH� FDUH XWLOL]HD]m FRQFHSWH �L SULQFLSLL GLIHULWH� 3URSULX LQIRUPDWLFLL
HVWH HODERUDUHD DOJRULWPXOXL� VWXGLXO FRQYHUJHQÒHL �L D FRPSOH[LWmÒLL DFHVWXLD� SUHFXP �L

WUDQVIRUPDUHD OXL vQWU�XQ SURJUDP GH FDOFXO RSHUDÒLRQDO SH FDOFXODWRDUH� $FHDVWD HVWH
VXEVWDQÒD DGHYDUDWm D LQIRUPDWLFLL� FRQÒLQXWXO HL� FDUH R SODVHD]m FKLDU vQ FDGUXO PDWHPDWLFLL�
»Q DFHVW FRQWH[W WUHEXLH Vm FODULILFmP OXFUXULOH �L Vm SUHFL]mP Fm�

*ULJRUH 0RLVLO

�����������

$GHYDUDWXO FUHDWRU DO LQIRUPDWLFLL vQ ÒDUD QRDVWUm� OD QLYHOXO
FRQFHSWHORU �L DO IXQGDPHQWHORU� ImUm QLFL R vQGRLDOm� D IRVW
3URIHVRUXO 0RLVLO� &RQWULEXÒLLOH VDOH DX IRVW vQ PDL WRDWH
GRPHQLLOH PDWHPDWLFH� LOXVWUkQGX�VH FX SUHFmGHUH vQ ORJLFD
PDWHPDWLFm �L �WLLQÒD FDOFXODWRDUHORU� 3URIHVRUXO 0RLVLO
LQVWLWXLH R FRQFHSÒLH URPkQHDVFm DVXSUD WHRULHL DXWRPDWHORU�
FRQIRUP FDUHLD SXQFWXO GH SOHFDUH DO DFHVWHLD HVWH DOJHEUD
DEVWUDFWm �L ORJLFD PDWHPDWLFm� »Q DQLL ���� 3URI� 0RLVLO D
GH]YROWDW R QRXm WHRULH D DXWRPDWHORU ILQLWH �L D SURSXV FHHD
FH VH FXQRD�WH DVWm]L D IL ³DOJHEUD /XNDV]HZLF] WULYDOHQWm¦ SH
FDUH D DSOLFDW�R OD ORJLFD FLUFXLWHORU GH FRPXWDÒLH� R
FRQWULEXÒLH LPSRUWDQWm OD GH]YROWDUHD �WLLQÒHL FDOFXODWRDUHORU�
3URIHVRUXO 0RLVLO HVWH VLQJXUXO RP GH �WLLQÒm URPkQ FDUH D
SULPLW� vQ ����� DGLFm OD �� GH DQL GXSm SOHFDUHD OXL GLQWUH
QRL� SUHPLXO �&RPSXWHU 3LRQHHU� DO ,((( &RPSXWHU 6RFLHW\�

3UH]HQWDUHD GH PDL VXV UHSUH]LQWm R DQDOL]m D SURIXQ]LPLORU OXPLL VSLULWXDOH� D SRVLELOLWmÒLORU
QRDVWUH GH vQÒHOHJHUH D OXPLL vQ FDUH WUmLP� 1X FUHG Fm SXWHP YRUEL GH XQ SULPDW DO
PDWHPDWLFLL VDX GH XQ SULPDW DO H[LVWHQÒHL� $FHVWHD VH LQVWLWXLH FD �L FRQFHSWH GH DQDOL]m �L GH
SmWUXQGHUH vQ PLVWHUHOH OXPLORU VSLULWXDOH �L PDWHULDOH FDUH FDUDFWHUL]HD]m H[LVWHQÒD QRDVWUm�
$PEHOH DFHVWH FRQFHSWH VXQW LPSRUWDQWH GHILQLQG ILLQÒD XPDQm GHRGDWm FD SHUVRDQm �L
OLEHUWDWH� 3HUVRDQm vQ VHQVXO FXSOmULL OD H[LVWHQÒm �L ImFkQG SDUWH GLQ H[LVWHQÒm� �L OLEHUWDWH vQ

VHQVXO SRVLELOLWmÒLL LQILQLWH GH UHSUH]HQWDUH D H[LVWHQÒHL vQ )RUPH 0DWHPDWLFH�

$GHYmUDWXO RP GH �WLLQÒm� SHQWUX FDUH LQWHOHFWXDOLVPXO� FD GRFWULQm SULQ FDUH
FXQRD�WHUHD � vQ vQWUHJLPH VDX SDUÒLDO � HVWH REÒLQXWm SULQ UDÒLXQH SXUm UHSUH]LQWm XQ PRG GH
H[LVWHQÒm� vQWRWGHDXQD SHQGXOHD]m vQWUH SULPDWXO PDWHPDWLFLL �L FHO DO H[LVWHQÒHL� 7UHFHUHD GH
OD R FRQFHSÒLH OD DOWD HVWH GDWm GH H[SHULPHQWHOH FRPSXWDÒLRQDOH� $FHVWHD ³DGXF OD UHDOLWDWH¦
GH]YROWmULOH PDWHPDWLFH �L vQ DFHOD�L WLPS GHILQHVF QRL ³SURSULHWmÒL¦ DOH H[LVWHQWXOXL�

$P Ym]XW Fm LQIRUPDWLFD VH LQVWLWXLH FD R UDPXUm D PDWHPDWLFLL FDUH ILQDOL]HD]m

JkQGLUHD PDWHPDWLFm vQ VHQVXO SUHFL]mULL FRQÒLQXWXOXL FRQFHSWHORU PDWHPDWLFLL GLQ SXQFW GH

YHGHUH FRPSXWDÒLRQDO� &D DWDUH� SHQWUX D DMXQJH OD IXQGDPHQWHOH LQIRUPDWLFLL Vm SUH]HQWmP
IXQGDPHQWHOH PDWHPDWLFLL �L Vm YHGHP FXP DFHVWHD DX JHQHUDW SUREOHPDWLFD LQIRUPDWLFLL�
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/D vQFHSXWXO VHFROXOXL WUHFXW� vQWU�R SHULRDGm GH WLPS UHODWLY VFXUWm� FDP GH OD vQFHSXWXO IL]LFLL
PRGHUQH ������ �L SkQm OD GHVFULHUHD OXL $ODQ 7XULQJ D PD�LQLL VDOH vQ ����� R SUHRFXSDUH
PDMRUm D PDWHPDWLFLHQLORU� �L D ILORVRILORU GHRSRWULYm� vQ WHRULD FXQRD�WHULL D IRVW
IXQGDPHQWHOH PDWHPDWLFLL� »Q DFHVW VHQV V�DX IRUPXODW R PXOWLWXGLQH GH RSLQLL �L SmUHUL FDUH vQ
ILQDO DX GXV OD IXQGDPHQWDUHD �WLLQÒHL FDOFXODWRDUHORU �L D LQIRUPDWLFLL� )XQGDPHQWHOH

PDWHPDWLFLL VH GHILQHVF FD VWXGLXO ORJLFLL �L D ED]HORU ILORVRILFH DOH PDWHPDWLFLL LQFOX]kQG

SUREOHPD GDFm D[LRPHOH XQXL VLVWHP GDW DVLJXUm FRQVLVWHQÒD �L FRPSOHWLWXGLQHD DFHVWXLD�

(YLGHQW Fm QX YRP PHQÒLRQD WRDWH RSLQLLOH �L GH]YROWmULOH LQWHOHFWXDOH DVXSUD IXQGDPHQWHORU
PDWHPDWLFLL�

»Q YDUD DQXOXL ����� vQ 3DULV V�DX ÒLQXW GRXm FRQIHULQÒH LQWHUQDÒLRQDOH LPSRUWDQWH� 3ULPD D IRVW
D ILORVRILORU vQ ��� DXJXVW� $ GRXD D PDWHPDWLFLHQLORU vQ ���� DXJXVW� $PEHOH FRQIHULQÒH DX GH]EmWXW
VWDUHD GLVFLSOLQHL ORU OD QLYHOXO IXQGDPHQWHORU� SUHFXP �L SULQFLSDOHOH GLUHFÒLL GH HYROXÒLH DOH DFHVWRUD�
3UREOHPD XQXL OLPEDM SHUIHFW �L D FRPXQLFmULL �WLLQÒLILFH LQWHUQDÒLRQDOH D IRVW SXQFWXO FRPXQ DO DPEHORU
FRQIHULQÒH� »QFm GLQ WLPSXO OXL *DOLOHR RDPHQLL GH �WLLQÒm DX IRVW LQWHUHVDÒL vQ D GHILQL �L FRQVWUXL XQ
OLPEDM SHUIHFW� vQ VHQVXO GH D IL XQLYHUVDO �L QHDPELJXX� FDSDELO GH D VXVÒLQH FRPXQLFDUHD DWkW vQWUH
VSHFLDOL�WL FkW �L FX SXEOLFXO ODUJ� SHQWUX UHGXFHUHD HIHFWXOXL 7XUQXOXL %DEHO� »QFHUFmULOH GH D LQWURGXFH
XQ OLPEDM DUWLILFLDO LQWHUQDÒLRQDO ImFXWH vQWUH DOÒLL GH� 'HVFDUWHV SULQ SURSXQHUHD XQRU PRGLILFmUL DOH
JUDPDWLFLL SHQWUX D SHUPLWH OLPEDMXOXL Vm VXSRUWH ³ILORVRILD DGHYmUDWm§ D LGHLORU FODUH �L GLVWLQFWH�
-RKDQQ 0DUWLQ 6FKOH\HU ����������� FDUH D LQYHQWDW vQ ���� OLPEDMXO 9RODS�N� SUREDELO SULPXO OLPEDM
DUWLILFLDO LQWHUQDÒLRQDO� /XGZLN =DPHQKRI ����������� FDUH D LQYHQWDW FHO PDL FHOHEUX OLPEDM DUWLILFLDO
(VSHUDQWR� VDX 3HDQR FX DO VmX /DWLQR VLQH IOH[LRQH� DX IRVW WRDWH XQ H�HF� 7RWX�L DFHVWH SURSXQHUL DX
DYXW FD HIHFW LQWURGXFHUHD XQXL VLVWHP GH QRWDÒLL ORJLFH �L VLPEROLFH VWDQGDUG� FDUH V�DX ILQDOL]DW FX
LQWURGXFHUHD IRUPDOLVPXOXL D[LRPDWL]DW vQ PDWHPDWLFm�

3ULQFLSDOHOH FRQFHSWH �L GLUHFÒLL GH FHUFHWDUH DVXSUD QDWXULL �L IXQGDPHQWHORU
PDWHPDWLFLL� SUHFXP �L FHL PDL LOX�WUL DFWRUL FDUH OH�DX IRUPXODW �L VXVÒLQXW DX IRVW GXSm FXP
XUPHD]m�

��

���������
)RQGDWRUXO ORJLFLVPXOXL� SR]LÒLH FDUH DILUPm Fm
vQWUHDJD PDWHPDWLFm VH UHGXFH OD XQ VHW GH UHODÒLL
GHULYDWH XQD GXSm DOWD QXPDL SULQ PLMORDFH ORJLFH�
ImUm QLFL R UHIHULQÒm OD FRQFHSWH PDWHPDWLFH� FXP DU
IL GH H[HPSOX FHO GH QXPmU� ,GHHD IXQGDPHQWDOm D
OXL )UHJH HVWH Fm PDWHPDWLFLOH VXQW R UDPXUm D ORJLFLL
GLQ FDUH UH]XOWm WRDWH DGHYmUXULOH PDWHPDWLFH� 3HQWUX
D VXVÒLQH DFHDVWm SR]LÒLH )UHJH D FRQVWUXLW FDOFXOXO
SURSR]LÒLRQDO� SH FDUH O�D D[LRPDWL]DW� D HODERUDW
ORJLFD SUHGLFDWHORU �L PDL DOHV D GHILQLW IXQFÒLD ORJLFm
FD XQ FRQFHSW IXQGDPHQWDO vQ ORJLFD SUHGLFDWHORU�
)UHJH UHDOL]HD]m SULPD FRQVWUXFÒLH D ORJLFLL
PDWHPDWLFH LQVLVWkQG DVXSUD D[LRPDWL]mULL ORJLFLL FD
XQ VLVWHP IRUPDO� 3HQWUX HO PRGHOXO FHQWUDO O�D
FRQVWLWXLW JHRPHWULD OXL (XFOLG� (O PHUJH PDL GHSDUWH
GHFkW (XFOLG vQ VHQVXO QHFHVLWmÒLL FD ³WRDWH
PLMORDFHOH vQWUHEXLQÒDWH SHQWUX D REÒLQH FRQFOX]LLOH

�L D HIHFWXD GHPRQVWUDÒLL Vm ILH GDWH vQ SUHDODELO§�

*RWWORE )UHJH �����������

'H�L LGHHD GH VLVWHP IRUPDO IXVHVH ODQVDWm GH /HLEQL] ������������ WRWX�L )UHJH D IRVW SULPXO
FDUH D FRQVWUXLW XQ VLVWHP IRUPDO� DQXPH VLVWHPXO IRUPDO DO FDOFXOXOXL SURSR]LÒLRQDO� (O

VXVÒLQH Fm OLPED REL�QXLWm VH GRYHGH�WH LQVXILFLHQWm� FkQG HVWH YRUED Vm Sm]LP JkQGLUHD GH

HURUL� �L GH DFHHD HVWH QHFHVDU Vm FRQVWUXLP R OLPEm QXPDL GLQ VHPQH GLQ FDUH Vm VH HOLPLQH

RULFH HFKLYRF� $FHDVWm LGHH D IRVW GH]YROWDWm GH *LXVHSSH 3HDQR ������������ LDU PDL WkU]LX

/XGZLJ :LWWJHQVWHLQ ����������� D vQFHUFDW Vm XWLOL]H]H FRQFHSWHOH PDWHPDWLFH DOH OXL )UHJH

vQ OLPEDMXO QDWXUDO� ImUm vQVm D REÒLQH UH]XOWDWH GH YDORDUH� )UHJH D IRVW VXUVD GH LQVSLUDÒLH D
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OXL 5XGROSK &DUQDS ����������� �L D GLIHULWHORU �FROL GH SR]LWLYLVP� 3URLHFWXO VmX D IRVW
FRQWLQXDW �L GH]YROWDW GH %HUWUDQG 5XVVHOO ����������� �L $ODQ :KLWHKHDG ������������

������������	�
)RQGDWRUXO VLPEROLVPXOXL PRGHUQ� vQWHPHLHWRUXO SULPXOXL VLVWHP D[LRPDWL]DW DO QXPHUHORU
QDWXUDOH �L DO ORJLFLL� 3HDQR FRQWHD]m vQ LVWRULD IXQGDPHQWHORU PDWHPDWLFLL SULQ GRXm SURLHFWH
IXQGDPHQWDOH� )RUPXODULR 0DWKHPDWLFR �L D[LRPDWL]DUHD VLVWHPXOXL QXPHUHORU QDWXUDOH�

*LXVHSSH 3HDQR �����������

$PEHOH DFHVWH SURLHFWH SURYLQ GLQ GRULQÒD OXL GH D
XQLYHUVDOL]D PDWHPDWLFD� GH D IDFH LQWHOLJLELO
FRQÒLQXWXO� VLVWHPXO GH QRWDÒLL �L OLPEDMXO
PDWHPDWLFLL� 'H IDSW� 3HDQR D IRUPXODW� GH]YROWDW
�L FRQVROLGDW XUPmWRDUHOH �DVH SURLHFWH� ��
)RUPXODULR 0DWKHPDWLFR FDUH FRQFHQWUD vQWU�R
VLQJXUm FDUWH WRDWH SULQFLSLLOH PDWHPDWLFH� ��
3URSXQHUHD GH FRQVWUXFÒLH D XQXL QRX VLVWHP
QRWDÒLRQDO vQ PDWHPDWLFL� $FHVWD HVWH FHO PDL
IDLPRV SURLHFW GHRDUHFH IRUPDOLVPXO LQLÒLDW �L
XWLOL]DW GH 3HDQR D IRVW DGRSWDW GH 5XVVHOO �L DSRL
GH vQWUHDJD FRPXQLWDWH �WLLQÒLILFm� ��
$[LRPDWL]DUHD VLVWHPXOXL QXPHUHORU QDWXUDOH SULQ
SURSXQHUHD D WUHL LGHL SULPLWLYH �L D FLQFL D[LRPH�
&X DFHVWHD 3HDQR UHX�H�WH Vm UHFRQVWUXLDVFm
DULWPHWLFD QXPHUHORU QDWXUDOH �L DSRL vQWUHDJD
DULWPHWLFm� �� &UHDUHD XQXL QRX OLPEDM� ODWLQR VLQH

IOH[LRQH �LQWHUOLQJXD�� XQ OLPEDM SHUIHFW FDUH D
PXULW RGDWm FX FUHDWRUXO OXL�

�� &UHDUHD ³9RFDEXODULR GH /DWLQR LQWHUQDWLRQDOH� FRPSDUDWR FXP $QJOR� )UDQFR� *HUPDQR�

,WDOR� 5XVVR� *UDHFR HW 6DQVFULWR§ FD UmVSXQV OD SURYRFDUHD OXL 9DVLOLHY� �� &RQVWUXFÒLD XQXL
FDOHQGDU SHUSHWXX YDODELO SkQm vQ ���� SHQWUX $FDGHPLD GHOOH 6FLHQ]H�
)RUPXODULR 0DWKHPDWLFR� OXFUDUH FDUH D FXQRVFXW FLQFL HGLÒLL VXFFHVLYH� D IRVW SURLHFWDWm
SHQWUX D FRQÒLQH WRDWH SULQFLSLLOH PDWHPDWLFH �HYLGHQW FXQRVFXWH SkQm OD DFHO PRPHQW�� FX
WRDWH SURSR]LÒLLOH� WHRUHPHOH� GHPRQVWUDÒLLOH �L PHWRGHOH ORU� /XFUDUHD FRQÒLQH ���� GH
WHRUHPH� SUHFXP �L GHWDOLL ELRJUDILFH D SHVWH ��� GH PDWHPDWLFLHQL� »QWUHDJD OXFUDUH HVWH
VFULVm vQ ODWLQR VLQH IOH[LRQH� 3HQWUX D vQÒHOHJH LPSRUWDQÒD DFHVWHL OXFUmUL� FDUH D LQWURGXV XQ
QRX VLPEROLVP ORJLF� HVWH HVHQÒLDO Vm PHQÒLRQmP IDSWXO Fm DFHDVWD D IRVW SULPD GLQWU�R OXQJm
VHULH GH vQFHUFmUL VLPLODUH FDUH LQFOXG� ³3ULQFLSLD 0DWKHPDWLFD§ D OXL 5XVVHOO ������� ³7KH
)RXQGDWLRQV RI 0DWKHPDWLFV§ D OXL +LOEHUW ������ �L ³(OHPHQWV RI 0DWKHPDWLFV§ D OXL
%RXUEDNL ������������ )mUm vQGRLDOm Fm DFHDVWm OXFUDUH D LQIOXHQÒDW GHILQLWLY JkQGLUHD
PDWHPDWLFLL GLQ VHFROXO DO ;;�OHD �L HVWH FKLDU PDL LPSRUWDQWm GHFkW D[LRPDWL]DUHD VD D
QXPHUHORU vQWUHJL�

6IkU�LWXO VHFROXOXL DO ;,;�OHD �L vQFHSXWXO VHFROXOXL DO ;;�OHD D JmVLW OXPHD
PDWHPDWLFLL vQ HIRUWXO DULWPHWL]mULL PDWHPDWLFLL� 'H OD *DXVV vQ JHRPHWULH� OD &DXFK\ �L
:HLUVWUDVV vQ DQDOL]m� HIRUWXO PDWHPDWLFLHQLORU D IRVW GH D UHGXFH PDWHPDWLFD OD vQFHSXW OD
DOJHEUm �L DSRL OD DULWPHWLFm� 'H IDSW DFHDVWD HUD YHFKHD LGHH OXL 3LWDJRUD FDUH DVRFLD DQXPLWH
³SXWHUL§ QXPHUHORU vQWUHJL� $ULWPHWLFD VH FRQVLGHUD QX QXPDL FD VXILFLHQWm� GDU �L QHFHVDUm
SHQWUX D IXQGDPHQWD PDWHPDWLFD� /HRSROG .URQHFNHU ������������ GH H[HPSOX� HUD FRQYLQV
Fm ³*RG PDGH WKH QDWXUDO QXPEHUV� DOO HOVH LV WKH ZRUN RI PDQ§�

,GHHD IXQGDPHQWDOm D OXL 3HDQR HVWH GH D MX[WDSXQH ORJLFD �L PDWHPDWLFD vQ D�D IHO
vQFkW DFXUDWHÒHD PDWHPDWLFLL Vm ILH H[WLQVm OD ORJLFm� $VWIHO� 3HDQR UHX�H�WH Vm D[LRPDWL]H]H
ORJLFD ED]kQGX�VH SH SDWUX VLPEROXUL �L �� SURSR]LÒLL SULPLWLYH� 3HDQR FD �L )UHJH UHDOL]HD]m
WUHFHUHD GH OD ORJLFm� FD PHWRGm� OD ORJLFD PDWHPDWLFm FD VLVWHP PDWHPDWLF XQLYHUVDO �L FD
VLVWHP D[LRPDWLF� 'H IDSW� 3HDQR D IRVW SULPXO FDUH D UH]ROYDW vQ PRG FRPSOHW� FX DMXWRUXO
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XQXL QXPmU PLF GH VLPEROXUL� SUREOHPD SXVm GH /HLEQL]� �L DQXPH� Vm VH GHVFULH FRPSOHW vQ

VLPEROXUL� FX VHPQLILFDÒLL SUHFLV HQXQÒDWH �L VXSXVH XQXL FDOFXO DQDORJ FDOFXOXOXL DOJHEULF�

FRQFHSWHOH �L SURSR]LÒLLOH ORJLFH >'XPLWULX� YRO� �� ����� SJ� ��@� $OWIHO VSXV� 3HDQR D UHDOL]DW

YLVXO OXL /HLEQL] GH D FRQVWUXL R (QFLFORSHGLH� XQ UH]XPDW VLVWHPDWLF DO WXWXURU �WLLQÒHORU

XPDQH� FX DMXWRUXO XQHL QRWDÒLL LGHRJUDILFH� SH FDUH R QXPHD &DUDFWHULVWLFD XQLYHUVDOm

>&RXWXUDW� ����@� 3HDQR D LQWURGXV PHWRGD D[LRPDWLFm PRGHUQm vQ PDWHPDWLFL�
$[LRPDWL]DUHD DULWPHWLFLL ImFXWm GH HO UHSUH]LQWm XQ PRPHQW FUXFLDO vQ IXQGDPHQWHOH
PDWHPDWLFLL� LDU H[SXQHUHD JHRPHWULHL vQ IRUPDOLVPXO ORJLF HVWH SULPD vQ LVWRULD
IXQGDPHQWHORU DFHVWHL �WLLQÒH� 0DL WkU]LX +LOEHUW YD ILQDOL]D D[LRPDWL]DUHD JHRPHWULHL SODQH �L
vQ VSDÒLX�

����
�������

)RQGDWRUXO IRUPDOLVPXOXL� SR]LÒLH FDUH DILUPm Fm
PDWHPDWLFD FRQVWm QXPDL vQ JHQHUDUHD XQRU
FRPELQDÒLL GH VLPEROXUL FRQIRUP XQRU UHJXOL
DUELWUDUH �L DSOLFDUHD ORJLFLL� /D IHO FD )UHJH �L
5XVVHOO� +LOEHUW SXQH OD ED]D IXQGDPHQWHORU
PDWHPDWLFH ORJLFD VLPEROLFm� SH FDUH HO R QXPH�WH
ORJLFD WHRUHWLFm VDX ORJLFD PDWHPDWLFm� ,GHHD OXL
HVWH Fm ³JkQGLUHD ORJLFm v�L JmVH�WH LPDJLQHD vQWU�XQ

FDOFXO DOJHEULF§� +LOEHUW IDFH R GLVWLQFÒLH FODUm vQWUH
³OLPEDMXO vQ FDUH YRUELP vQWU�R WHRULH PDWHPDWLFm§
�L ³OLPEDMXO vQ FDUH YRUELP GHVSUH DFHDVWm WHRULH§�
»Q FRQFHSÒLD OXL +LOEHUW VDUFLQD ORJLFLL HVWH GH D
FRPELQD VLPEROXUL SXUH ImUm QLFL XQ LQWHUHV DVXSUD
VHPQLILFDÒLHL DFHVWRUD� $OWIHO VSXV� ORJLFD QX HVWH
DOWFHYD GHFkW XQ MRF GH VLPEROXUL� FDUH VH VXSXQH
XQRU DQXPLWH UHJXOL� /D +LOEHUW ORJLFD GHYLQH R
ORJLFm D VHPQXOXL�

'DYLG +LOEHUW �����������

6HPQXO DUH R IRDUWH PDUH LPSRUWDQÒm OD +LOEHUW� SXUWkQG GRXm FDUDFWHULVWLFL� ³SH GH�R SDUWH

VHPQXO GHSR]LWHD]m R UHJXOm IRUPDOm �L� SH GH DOWm SDUWH� VHPQXO QHDYkQG QLFL XQ FRQÒLQXW� HO

DUH R PRELOLWDWH FRPSOHWm vQ GRPHQLXO VHQVLELOXOXL� R ERJmÒLH vQWUHDJm LQWXLWLYm� SXWkQG Vm L

VH VXEVWLWXLH§ >$QWRQ 'XPLWULX� ����� YRO� ,9� SJ� ���@� 3HQWUX +LOEHUW VHPQXO HVWH WRWXO�

³����	��	� ����!����
����!��� ���
�
���"���!�	§ ¤ ³/D vQFHSXW� D�D VH SRDWH VSXQH DLFL�

HVWH VHPQXO§� 2ULFH WHRULH PDWHPDWLFm SRDWH IL IRUPDOL]DWm FRPSOHW� ³0DWHPDWLFLOH VXQW OLEHUH

GH RULFH SUHVXSR]LÒLH� �L SHQWUX D OH JmVL IXQGDPHQWHOH +LOEHUW QX DUH QHYRLH QLFL GH ³EXQXO

'XPQH]HX§ ¤ FXP D DYXW .URQHFNHU � QLFL GH LSRWH]D XQHL GLVSR]LÒLL VSHFLDOH D LQWHOLJHQÒHL

QRDVWUH� FXP HVWH SULQFLSLXO LQGXFÒLHL FRPSOHWH OD 3RLQFDUp� QLFL GH R LQWXLÒLH RULJLQDUm FD

%URXZHU �L QLFL GH D[LRPHOH LQILQLWXOXL� D UHGXFWLELOLWmÒLL HWF� FD 5XVVHOO �L :KLWHKHDG§ >$QWRQ
'XPLWULX� ����� YRO� ,9� SJ����@�

+LOEHUW D DUmWDW LPSRUWDQÒD PHWRGHL D[LRPDWLFH vQ FDUH VH SOHDFm GH OD D[LRPH� VDX
SRVWXODWH� �L XWLOL]kQG GHGXFÒLD OXL $ULVWRWHO VH REÒLQ WHRUHPH YDOLGH� $FHDVWm LGHH GH D IDFH
PDWHPDWLFm HUD IRDUWH YHFKH� ILLQG FXQRVFXWm GH JUHFL� vQ SDUWLFXODU GH (XFOLG �L JHRPHWULD VD
vQ FDUH VH YHGH XQ VLVWHP PDWHPDWLF IRDUWH FODU �L GH PDUH IUXPXVHÒH� ,QWHQÒLD OXL +LOEHUW D

                                                          
3  7HUPHQXO D[LRPm .��&�. � .2 � GH OD .�� ω� vQVHDPQm DGHYmU IXQGDPHQWDO FDUH QX WUHEXLH
GHPRQVWUDW� GHRDUHFH HVWH HYLGHQW SULQ HO vQVX�L� �WLLQÒD GHPRQVWUDWLYm SUHVXSXQH FX QHFHVLWDWH D[LRPH�
FDUH VXQW ³SUHPLVHOH SULPH DOH GHPRQVWUDÒLHL§�
�
7HUPHQXO SRVWXODW SURYLQH GLQ OLPED ODWLQm� SRVWXODUH  D FHUH� SRVWXODWXP  FHUHUH� DFHDVWD ILLQG

WUDGXFHUHD FXYkQWXOXL JUHFHVF DLWLPDWD� 'LVWLQFÒLD GLQWUH D[LRPH �L SRVWXODWH R IDFH (XFOLG vQ
³(OHPHQWH§� 3URFOXV� vQ ³&RPHQWDULLOH§ VDOH IDFH R GLVWLQFÒLH vQWUH D[LRPm �L SRVWXODW� $[LRPHOH �L
SRVWXODWHOH DX vQ FRPXQ IDSWXO Fm QX DX QHYRLH GH GHPRQVWUDÒLH� FL VH FRQVLGHUm HYLGHQWH FD vQFHSXWXO
FHORU FH XUPHD]m� 3URFOXV FRQVLGHUm Fm SRVWXODWHOH VXQW VSHFLILFH PDWHULHL JHRPHWULFH� SH FkQG
D[LRPHOH PDWHULHL QXPHULFH� WHRULHL JHQHUDOH D FDQWLWmÒLL �L D PmULPLL�
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IRVW GH D IL IRDUWH H[DFW vQ GHILQLÒLL� vQ FRQFHSWH PDWHPDWLFH� vQ JUDPDWLFm �L OLPEDM� &HHD FH D
FmXWDW HO D IRVW GH D FRQVWUXL XQ OLPEDM SURSULX PDWHPDWLFLL vQ FDUH WRDWH DVHUÒLXQLOH Vm ILH
IRDUWH FODUH� QHDPELJXH� 'H IDSW� DFHDVWm FRQFHSÒLH GH D IDFH PDWHPDWLFm DUH R LVWRULH OXQJm
vQFHSkQG FX OXFUmULOH OXL /HLEQL]� %RROH� )UHJH �L 3HDQR� &HHD FH D GRULW +LOEHUW D IRVW GH D
GHSm�L WRDWH UHDOL]mULOH GH SkQm OD HO �L D IRUPDOL]D WRDWm PDWHPDWLFD� 6XUSUL]D D IRVW Fm WRW
DFHVW HIRUW LQWHOHFWXDO V�D ILQDOL]DW FX XQ H�HF� GDU XQ H�HF IRDUWH SURGXFWLY� »Q IDSW� +LOEHUW
SULQ vQWUHEmULOH SH FDUH �L OH�D SXV D FUHDW R QRXm GLVFLSOLQm QXPLWm PHWDPDWHPDWLFD� XQ
GRPHQLX GH LQWURVSHFÒLH DO PDWHPDWLFLL vQ FDUH VH VWXGLD]m FHHD FH PDWHPDWLFD SRDWH Vm IDFm
VDX FHHD FH HD QX SRDWH IDFH�

+LOEHUW D SXV vQ SUDFWLFm LGHLOH VDOH D[LRPDWL]kQG JHRPHWULD (XFOLGLDQm ImUm D IDFH
DSHO OD UHIHULQÒH VSDÒLDOH VDX LQWXLÒLH� »Q ����� �L DSRL vQ ����� HO D vQFHUFDW Vm VWDELOHDVFm XQ
IXQGDPHQW SHQWUX PDWHPDWLFL SULQ GHPRQVWUDUHD FRQVLVWHQÒHL� DGLFm ³XQ UDÒLRQDPHQW ORJLF

ILQLW QX SRDWH FRQGXFH OD R FRQWUDGLFÒLH§� 'DU� vQ ���� .XUW *|GHO ����������� D DUmWDW Fm
DFHVW LGHDO QX HVWH UHDOL]DELO� DGLFm vQ FDGUXO XQHL WHRULL D[LRPDWL]DWH VH SRW IRUPXOD
SURSR]LÒLL FDUH VXQW QHGHFLGDELOH� $OWIHO VSXV� QX VH SRDWH FXQRD�WH FX VLJXUDQÒm Fm D[LRPHOH
PDWHPDWLFLL QX FRQGXF OD FRQWUDGLFÒLL�

#��
$�	�%����
���&���'��

/XLW]HQ (JEHUWXV %URXZHU �����������

)RQGDWRUXO LQWXLÒLRQLVPXOXL� SR]LÒLH FDUH SULYH�WH
QDWXUD PDWHPDWLFLL FD R FRQVWUXFÒLH PHQWDOm
JXYHUQDWm GH OHJL DXWR�HYLGHQWH� 3HQWUX %URXZHU
³RULFH SURSR]LÒLH FDUH DUH XQ FRQÒLQXW WUHEXLH Vm

LQGLFH XQD VDX PDL PXOWH VWmUL GH OXFUXUL ELQH

GHWHUPLQDWH �L DFFHVLELOH H[SHULHQÒHL QRDVWUH§�
$OWIHO VSXV� R SURSR]LÒLH DUH XQ FRQÒLQXW FkQG HVWH
OHJDWm SULQ LQWXLÒLD QRDVWUm LPHGLDWm GH DQXPLWH VWmUL
GH OXFUXUL� ,QWXLÒLRQLVPXO D DSmUXW vQ SULQFLSDO FD R
QHFHVLWDWH GH D GD XQ UmVSXQV SUREOHPHL SDUDGR[HORU
GH]YROWkQGX�VH FD R vQFHUFDUH GH D GD R H[SOLFDÒLH
DVXSUD QDWXULL �L IXQGDPHQWHORU PDWHPDWLFLL >$QWRQ
'XPLWULX� ����� YRO� ,9� SS����@� ,QWXLÒLRQLVPXO
DILUPm Fm PDWHPDWLFD HVWH R IXQFÒLH QDWXUDOm D
LQWHOHFWXOXL QRVWUX� D JkQGLULL� R FUHDÒLH D VSLULWXOXL
RPHQHVF�

/LPEDMXO vQ FDUH VH H[SULPm� ILH FHO REL�QXLW� ILH IRUPDOL]DW� DUH IXQFÒLD GH FRPXQLFDUH D
UH]XOWDWHORU �L QX RIHUm DOWFHYD GHFkW R LPDJLQH D PDWHPDWLFLL� 0DWHPDWLFD HVWH FX PXOW PDL
PXOW GHFkW DFHDVWm LPDJLQH �L OLPEDMXO vQ FDUH H[SULPmP UH]XOWDWHOH PDWHPDWLFLL >+H\WLQJ�
����� SJ� ���@� $OWIHO VSXV� PDWHPDWLFD HVWH LQGHSHQGHQWm GH OLPEDM �L GH RULFH DOWm
GLVFLSOLQm�
%URXZHU HVWH FRQVLGHUDW IRQGDWRUXO WRSRORJLHL� »Q WH]D VD GH GRFWRUDW GLQ ���� DVXSUD
)XQGDPHQWHORU 0DWHPDWLFLL� %URXZHU D DWDFDW IXQGDPHQWHOH ORJLFH DOH PDWHPDWLFLL �L vQ ����
vQ OXFUDUHD ³2Q WKH 8QWUXVWZRUWKLQHVV RI WKH /RJLFDO 3ULQFLSOHV§ HO UHMHFWHD]m XWLOL]DUHD
GHPRQVWUDÒLLORU PDWHPDWLFH DOH SULQFLSLXOXL WHUÒXOXL H[FOXV ¤ RULFH DILUPDÒLH PDWHPDWLFm HVWH
ILH DGHYmUDWm� ILH IDOVm� QHILLQG SRVLELOm QLFL R DOWm SRVLELOLWDWH� »Q ���� %URXZHU D SXEOLFDW R
WHRULH D PXOÒLPLORU� vQ DQXO XUPmWRU R WHRULH D PmVXULL �L DSRL vQ ���� R WHRULH D IXQFÒLLORU�
WRDWH DFHVWHD GH]YROWDWH ImUm D XWLOL]D SULQFLSLXO WHUÒXOXL H[FOXV�

(��
��)
��
$FÒLRQkQG vQ VHQVXO WUDQVIRUPmULL ORJLFLL vQWU�XQ DSDUDW VLPEROLF ImUm FRQÒLQXW� ORJLFLHQLL DX
IRVW SX�L vQ IDÒD XQRU SUREOHPH IRDUWH VHULRDVH� 8QD GLQWUH DFHVWHD D IRVW SUREOHPD GHFL]LHL

�(QWVFKHLGXQJVSUREOHP�� $GLFm� GDFm ORJLFD OXFUHD]m FX VLPEROXUL FDUH VH VXSXQ XQRU UHJXOL

IRDUWH H[DFWH FDUH DVLJXUm GHGXFÒLHL R ULJRDUH PDWHPDWLFm� FXP HVWH SRVLELO FD RSHUkQG

QXPDL FX VLPEROXUL Vm DYHP FHUWLWXGLQHD Fm XQ SURFHV GHGXFWLY QH FRQGXFH OD DGHYmU "
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$FHDVWD QH FRQGXFH OD SUREOHPD IXQGDPHQWDOm D ORJLFLL� ³Vm VH JmVHDVFm XQ SURFHGHX FDUH Vm

SHUPLWm vQWRWGHDXQD Vm UHFXQRD�WHP GDFm R SURSR]LÒLH HVWH DGHYmUDWm VDX IDOVm vQWU�R WHRULH

GDWm§� $OWIHO VSXV� SUREOHPD GHFL]LHL HVWH SUREOHPD FRQVWUXFÒLHL XQHL �WLLQÒH GHGXFWLYH� �L
DFHVWD D IRVW SURJUDPXO ODQVDW GH +LOEHUW OD vQFHSXWXO VHFROXOXL WUHFXW �L PDL vQDLQWH GH )UHJH
vQ DERUGDUHD VD ORJLFLVWm�

.XUW *|GHO D FRQVLGHUDW SUREOHPD GHFL]LHL vQWU�R
IRUPm PXOW PDL JHQHUDOm ¤ DFHHD D QHGHFLGDELOLWmÒLL�
»QWU�XQ VWXGLX SXEOLFDW vQ ���� vQ ³0RQDWVKHIWH I�U

0DWKHPDWLN XQG 3K\VLN§� �L GHYHQLW FHOHEUX DWkW vQ
OXPHD PDWHPDWLFLL FkW �L D ILORVRILHL� *|GHO D UXLQDW
VSHUDQÒD PDWHPDWLFLHQLORU GH D H[SULPD vQWUHDJD
PDWHPDWLFm vQWU�XQ PRG IRUPDO HVWH LOX]RULH �L Fm
H[LVWm vQ VLVWHPHOH ORJLFH IRUPDOH SULQFLSDOH� �FD
DFHOD DO OXL 5XVVHOO �L DFHOD DO OXL =HUPHOR�)UDHQNHO
GH]YROWDW GH YRQ 1HXPDQQ�� VDX vQ VLVWHPHOH
vQUXGLWH SUREOHPH UHODWLY VLPSOH FDUH QX SRW IL
UH]ROYDWH� $OWIHO VSXV� *|GHO DUDWm Fm vQ VLVWHPH
ORJLFR�IRUPDOH� XWLOL]kQG VHPQHOH VLVWHPXOXL�
D[LRPHOH �L UHJXOLOH GH LQIHUHQÒm DOH DFHVWXLD� HVWH
SRVLELO Vm FRQVWUXLP R H[SUHVLH FRUHFW IRUPXODWm vQ
VLVWHP� FDUH Vm ILH QHGHFLGDELOm� .XUW *|GHO �����������

»QÒHOHVXO WHUPHQXOXL GH ³QHGHFLGDELO§ HVWH Fm H[SUHVLD UHVSHFWLYm QX HVWH QLFL
GHPRQVWUDELOm �L QLFL QHGHPRQVWUDELOm vQ VLVWHPXO ORJLF vQ FDUH D IRVW IRUPXODWm� FRQIRUP
UHJXOLORU DFHOXL VLVWHP >$QWRQ 'XPLWULX� ����� SJ� ���@� 7HRUHPD OXL *|GHO ]LFH Fm� ³vQ RULFH

FODVm GH IRUPXOH QHFRQWUDGLFWRULL H[LVWm SURSR]LÒLL QHGHFLGDELOH �XQHQWVFKHLGEDUH�§� $OWIHO
VSXV� XQ VLVWHP FDUH vQGHSOLQH�WH DQXPLWH FRQGLÒLL JHQHUDOH �L vQ SULPXO UkQG GH D QX IL
FRQWUDGLFWRULX �L GH D FRQÒLQH DULWPHWLFD �DGLFm GH D IL GHVWXO GH JHQHUDO SHQWUX FD DULWPHWLFD
Vm ILH IRUPDOL]DELOm vQ HO� HVWH OLPLWDW� DGLFm vQ DVHPHQHD VLVWHPH ORJLFR�IRUPDOH VH SRW
FRQVWUXL vQ PRG FRUHFW DQXPLWH SURSR]LÒLL QHGHFLGDELOH� »Q DFHVW VHQV R WHRULH D[LRPDWL]DWm

HVWH FRQVLVWHQWm GDFm HVWH LPSRVLELO Vm GHPRQVWUmP VLPXOWDQ R DILUPDÒLH �L QHJDÒLD HL�

7HRUHPD OXL *|GHO ]LFH Fm RULFH WHRULH D[LRPDWL]DWm HVWH LQFRPSOHWm� 2 WHRULH D[LRPDWL]DWm

HVWH FRPSOHWm GDFm RULFH DILUPDÒLH FRUHFW IRUPXODWm VLQWDFWLF vQ DFHD WHRULH VH SRDWH

GHPRQVWUD Fm HVWH ILH DGHYmUDWm ILH IDOVm� $FHVWH FRQFHSWH VXQW IRDUWH LPSRUWDQWH ILLQGFm
GHILQHVF FRQÒLQXWXO WHRULLORU �WLLQÒLILFH D[LRPDWL]DWH�

'HPRQVWUDÒLD WHRUHPHL GH LQFRPSOHWLWXGLQH D OXL *|GHO HVWH IRDUWH LQJHQLRDVm FX
PXOWH GHWDOLL WHKQLFH FRPSOLFDWH� 'DU� FHHD FH HVWH UHPDUFDELO vQ DFHDVWm GHPRQVWUDÒLH HVWH
IDSWXO Fm VH vQWkOQHVF R PXOWLWXGLQH GH FRQFHSWH SURSULL OLPEDMXOXL /LVS� 'HPRQVWUDÒLD OXL
*|GHO LPSOLFm GHILQLUHD vQ PRG UHFXUVLY D XQXL PDUH QXPmU GH IXQFÒLL� IXQFÒLL FDUH WUDWHD]m
OLVWH� H[DFW FXP VH OXFUHD]m vQ /LVS� $�D vQFkW� FKLDU GDFm vQ ���� QX H[LVWD QLFL XQ FDOFXODWRU
�L QLFL OLPEDMH GH SURJUDPDUH� YHGHP FXP LGHLOH XQXL OLPEDM GH SURJUDPDUH VWDX OD ED]D
OXFUmULL OXL *|GHO�

$FHVW UH]XOWDW D IRVW ��L FRQWLQXm Vm ILH� IRDUWH WDUH� WXOEXUkQG OXPHD RDPHQLORU GH
�WLLQÒm vQ VHQVXO Fm DFHVWD D ORYLW FKLDU vQ FHHD FH DFH�WLD FUHGHDX �L FRQVLGHUDX D IL ED]D ORU�
IXQGDPHQWXO ORU ¤ PDWHPDWLFD ¤ UXLQkQG VSHUDQÒD SRVLELOLWmÒLL SUHGLFÒLHL vQ 1DWXUm� $FHDVWm
WHRUHPm D OXL *|GHO vPSUHXQm FX DOWH GHVFRSHULUL SULYLQG DQXPLWH OLPLWH IXQGDPHQWDOH vQ FHHD
FH SULYH�WH DELOLWDWHD QRDVWUm GH D XWLOL]D GHGXFÒLD vQ FDGUXO FLFOXOXL PHWRGRORJLF FDUH
GHILQH�WH PHWRGD �WLLQÒLILFm D LQVWLWXLW SLHUGHUHD LQRFHQÒHL RDPHQLORU GH �WLLQÒm� »QWU�DGHYmU�
OLPLWHOH vQ FHHD FH SULYH�WH UH]ROYDUHD DQDOLWLFm D SUREOHPHL FHORU WUHL FRUSXUL� DSRL IDSWXO Fm
GLFÒLRQDUXO FDUH DVRFLD]m LQIRUPDÒLLOH IL]LFH FX FHOH PDWHPDWLFH �L FDUH DVWIHO SHUPLWH
REÒLQHUHD GH SUHGLFÒLL IL]LFH� vQ FHOH PDL PXOWH FD]XUL QX VH SRDWH FRQVWUXL� GHFkW QXPDL vQ
FD]XO XWLOL]mULL XQXL vQÒHOHV PXOW PDL OLPLWDW DO QRÒLXQLL GH SUHGLFÒLH� IDSWXO Fm SDUWHD LQGXFWLYm
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D FLFOXOXL PHWRGRORJLF HVWH PXOW PDL IUDJLOm GHFkW VH VSHUD� LGHDOL]DUHD Fm VLVWHPHOH IL]LFH VH

SRW WUDWD FD ImSWXUL L]RODWH GLQ XQLYHUV� D�D GH IUHFYHQW XWLOL]DWm vQ WHRULL� QX VH SRDWH XWLOL]D

SHQWUX D VWDELOL SURSULHWmÒL GH VWDELOLWDWH VWUXFWXUDOm DOH DFHVWRU WHRULL D FRQGXV OD FHD GH�D

GRXD PHWDPRUIR]m D �WLLQÒHL� $FHDVWD FRQVHPQHD]m WRFPDL DFHVW OXFUX� SLHUGHUHD LQRFHQÒHL

GHGXFWLYLWmÒLL� SLHUGHUHD LQRFHQÒHL GHWHUPLQLVPXOXL� LQVWDELOLWDWHD PRGHOHORU PDWHPDWLFH D
VLVWHPHORU vQFKLVH� FDUDFWHUXO LQFRPSOHW DO VLVWHPHORU IRUPDOH� >$QGUHL� ����E@�

5H]XOWDWXO OXL *|GHO D vQVHPQDW XQ H�HF UHODWLY OD vQFHUFDUHD OXL +LOEHUW GH D
IXQGDPHQWD DQVDPEOXO PDWHPDWLFLORU FODVLFH FX DMXWRUXO WHRULHL GHPRQVWUDÒLHL� GH]YROWDWm vQ
vQWUHJLPH vQWU�XQ FDGUX ILQLWLVW� &RQFOX]LLOH QHJDWLYH FDUH DSDU GLQ WHRULD OXL *|GHO SUHFL]HD]m
OLPLWHOH VLVWHPHORU IRUPDOH� �L DQXPH >/DGULqUH ����@�
� XQ VLVWHP IRUPDO QX SRDWH IL QLFLRGDWm FRQVLGHUDW FD R UHSUH]HQWDUH DGHFYDWm D XQHL WHRULL
PDWHPDWLFH� vQ VHQVXO Fm QX SHUPLWH Vm GHFLGHP vQ PRG HIHFWLY YDOLGLWDWHD XQRU HQXQÒXUL�
� H[LVWm R GXDOLWDWH vQWUH IRUPDO �L LQWXLWLY� FkPSXO LQWXLWLY QX SRDWH IL QLFLRGDWm FRPSOHW
IRUPDOL]DELO�
� OLPLWDUHD IRUPDOLVPHORU DUDWm OLPLWDUHD FRQVWUXFWLYLWmÒLL� /DGULqUH >����� S���@ H[SOLFm
UHODÒLD FDUH H[LVWm vQWUH IRUPDO �L FRQVWUXFWLY DUmWkQG Fm IRUPDOLVPXO HVWH GRPHQLXO
FRQVWUXFÒLHL� ³*kQGLUHD PDWHPDWLFm QX SRDWH SURJUHVD vQ GHVFRSHULUHD RELHFWXOXL VmX GHFkW

VSULMLQLQGX�VH SH FRQVWUXFÒLL� QXPDL vQ IRUPDOLVP vL DSDUH FHHD FH HD SRDWH VHVL]D� 'DU DFHVW
RELHFW GHSm�H�WH vQWRWGHDXQD FX PXOW IRUPHOH vQ FDUH HO VH SUH]LQWm� (QWLWDWHD PDWHPDWLFm QX
VH HSXL]HD]m vQ PDQLIHVWmULOH HL§�

�	
�	�����
���
$FHDVWm ILOR]RILH D OLPLWmULL VLVWHPHORU ORJLFR�IRUPDOH D IRVW FULWLFDWm GH 3URIHVRUXO QRVWUX
$QWRQ 'XPLWULX vQWU�R VHULH GH OXFUmUL� GLQWUH FDUH DPLQWLP� 6ROXÒLD SDUDGR[HORU ORJLFR�

PDWHPDWLFH� >����@ �L 0HFDQLVPXO ORJLF DO PDWHPDWLFLORU� >����@�

$QWRQ 'XPLWULX �����������

3URIHVRUXO VXVÒLQH Fm� ³$FHDVWm ILOR]RILH D OLPLWmULL

VLVWHPHORU ORJLFR�IRUPDOH VH ED]HD]m SH SUHVXSXQHUL

HURQDWH� ,SRWH]D IXQGDPHQWDOm D DFHVWHL ILORVRILL

SUHVXSXQH Fm PDWHPDWLFD HVWH XQ VLVWHP IRUPDO �L QXPDL

DWkW� FHHD FH HVWH QHGHPRQVWUDW� 'LPSRWULYm� WRDWH

H�HFXULOH IRUPDOLVPHORU �SDUDGR[H� OLPLWmUL�

LPSRVLELOLWDWHD GH D GHPRQVWUD QHFRQWUDGLFÒLD IRUPDOm D

DULWPHWLFLL HWF�� DUDWm Fm DFHDVWm SUHVXSXQHUH QX HVWH

MXVWLILFDWm� »QVm�L QRÒLXQHD GH GHFLGDELOLWDWH VDX GH

GHPRQVWUDELOLWDWH vQWU�XQ VLVWHP IRUPDO HVWH OXDWm FD R

LGHH vQ VLQH� ImUm D VH YHGHD Fm DFHDVWm LGHH QX HVWH XQ

SUHGLFDW� R SURSULHWDWH D SURSR]LÒLLORU XQXL VLVWHP�

'HPRQVWUDÒLD XQHL SURSR]LÒLL vQWU�R WHRULH HVWH R RSHUDÒLH
�L QX R SURSULHWDWH� FDUH QX VH UHIHUm QXPDL OD SURSR]LÒLD

DYXWm vQ YHGHUH� FL OD WRDWH SURSR]LÒLLOH FDUH VHUYHVF OD

GHGXFHUHD DFHOHL SURSR]LÒLL vQ FDGUXO VLVWHPXOXL�

'HPRQVWUDÒLD DUH XQ FDUDFWHU RSHUDÒLRQDO�FRQVWUXFWLY �L

QX VH SRDWH VSXQH GHVSUH R SURSR]LÒLH� OXDWm vQ PRG

L]RODW� Fm HD DUH SURSULHWDWHD GH D IL GHPRQVWUDELOm VDX

QX vQ FDGUXO XQXL VLVWHP�

3UREOHPD SXVm GH *|GHO �L FRQVHFLQÒHOH HL VH GDWRUHVF WRFPDL DFHVWXL IDSW� DO XQHL

LQWHUSUHWmUL HURQDWH D WHRULLORU PDWHPDWLFH� QDWXUD ORU UHDOm FRQVWUXFWLYLVWm VFmSkQG

VLVWHPXOXL IRUPDO vQ FDUH HOH VXQW WUDGXVH�

$FWXO PDWHPDWLF GH JkQGLUH DUH GRXm DVSHFWH VDX� FXP VSXQH /HLEQL]� VH FRPSXQH GLQ GRXm

DUWH� DUV LQYHQLHQGL �L DUV GHPRQVWUDQGL� 3ULQ DUWD GH D LQYHQWD QRL RELHFWH PDWHPDWLFH

SURFHVXO JkQGLULL PDWHPDWLFH HVWH vQ FRQWLQXX SURJUHV� SULQ DUWD GH D GHPRQVWUD�

UDÒLRQDPHQWXO HFKLYDOHD]m UH]XOWDWHOH REÒLQXWH FX FHOH GH OD FDUH VH SOHDFm �L OH IDFH

QHFHVDUH�§ �RS FLW� S� �����
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7HRUHPD OXL *|GHO� �L vQ VSHFLDO DFHVW UH]XOWDW SULYLQG OLPLWDUHD VLVWHPHORU IRUPDOH� D
FRQVWLWXLW SXQFWXO GH SOHFDUH SHQWUX QXPHURDVH VWXGLL FDUH V�DX FRQFUHWL]DW vQ UH]XOWDWH
UHPDUFDELOH� GLQWUH FDUH FHOH PDL LPSRUWDQWH QL VH SDU D IL�
� &RQWULEXÒLLOH OXL &KXUFK vQ FHHD FH SULYH�WH SUREOHPHOH GH GHFL]LH SHQWUX XQ VLVWHP IRUPDO�
� 7HRULD OXL 7XULQJ� ED]DWm SH QRÒLXQHD GH SURFHGHX HIHFWLY �L GH]YROWDUHD PD�LQLL 7XULQJ� 8Q
SURFHGHX HVWH HIHFWLY GDFm SHUPLWH Vm VH GHFLGm GDFm R SURSULHWDWH DSDUÒLQH VDX QX XQXL
RELHFW� DGLFm GDFm VH SRDWH FRQVWUXL R PD�LQm FDUH SRDWH UH]ROYD DXWRPDW SUREOHPD�

*|GHO� FDUH D IRVW XQ .DQWLDQ GHFODUDW� D ImFXW XQ PDUH VHUYLFLX FRPXQLWmÒLL �WLLQÒLILFH
GLULMkQG FX SUHFL]LH GH]YROWmULOH IRUPDOH DOH IXQGDPHQWHORU PDWHPDWLFLL vQDSRL OD FKHVWLXQHD
IXQGDPHQWDOm D HSLVWHPRORJLHL FODVLFH� 3UREOHPD UHDOm QX HVWH DFHHD D FRQVWUXFÒLHL

HGLILFLLORU ORJLFH HODERUDWH� FL vQÒHOHJHUHD QDWXULL �L D VXUVHL D[LRPHORU SH ED]D vQÒHOHJHULL

QRÒLXQLORU SULPLWLYH� $OWIHO VSXV� *|GHO D VFKLPEDW GHILQLWLY SHUVSHFWLYHOH IRUPDOL]mULL� DGLFm
SHUVSHFWLYHOH DVXSUD D�D�]LVHORU VLVWHPH ORJLFR�PDWHPDWLFH IRUPDOL]DWH� $FHVWH VLVWHPH QX DX
QLFL R YDORDUH vQ DIDUm GH XQD LVWRULFm� ,GHHD OXL +LOEHUW �L D �FROLL QHRSR]LWLYLVWH Fm SUREOHPD
FHD PDL LPSRUWDQWm D IXQGDPHQWHORU PDWHPDWLFH HVWH GH D FRQVWUXL XQ OLPEDM DUWLILFLDO FX
UHJXOL VLQWDFWLFH SUHFLVH �L Fm SULQWUH DFHVWH OLPEDMH DU H[LVWD XQ OLPEDM XQLYHUVDO� SHUIHFW� FDUH
V�DU SXWHD LGHQWLILFD FX PDWHPDWLFLOH� HVWH FRQVLGHUDWm DVWm]L XQ H�HF�

2GDWm FX vQIUkQJHUHD� PDL PXOW VDX PDL SXÒLQ GHILQLWLYm� D �FROLORU /RJLFLVWH �L
)RUPDOLVWH� �L DERUGDUHD OXL 7XULQJ SULYLQG UHGXFHUHD SUREOHPHORU OD FKHVWLXQL GH SURJUDPDUH�
FRQWURYHUVD SULYLQG IXQGDPHQWHOH PDWHPDWLFLL D OXDW VIkU�LW� /XFUmULOH OXL 7XULQJ DX LQWURGXV
QRL FRQFHSWH DOH FRPSOH[LWmÒLL OLPEDMXOXL FDUH DX IRUPDW ED]D SHQWUX GH]YROWmULOH OXL 1RDP
&KRPVN\ �L IXQGDPHQWHOH WHRULHL FRPSOH[LWmÒLL� *|GHO D DUmWDW Fm FRPSRUWDUHD VLVWHPHORU SXU
IRUPDOH QX SRDWH IL vQ PRG FRPSOHW GHVFULVm SULQ ORJLFD IRUPDOm� �L DFHDVWD HVWH GH IDSW
IXQGDPHQWXO FRPSOH[LWmÒLL� D QHSUHGLFWLELOLWmÒLL� HODERUDW �L FRQVROLGDW GH 7XULQJ� LOXVWUkQG
vQFm RGDWm ERJmÒLD �L SURIXQ]LPLOH OXPLL VSLULWXDOH�

���	�*���	�
)RQGDWRUXO �WLLQÒHL FDOFXODWRDUHORU �L LQLÒLDWRUXO
FHUFHWmULORU vQ GRPHQLXO LQWHOLJHQÒHL DUWLILFLDOH� 0RWLYDW
GH UH]XOWDWHOH OXL *|GHO� GH D FmXWD R PHWRGm
DOJRULWPLFm SHQWUX D GHWHUPLQD GDFm VDX QX R SURSR]LÒLH
GDWm �RDUHFDUH� HVWH QHGHFLGDELOm� FX VFRSXO ILQDO GH D R
HOLPLQD GLQ PDWHPDWLFm� 7XULQJ� vQ ����� D GHPRQVWUDW
Fm QX SRDWH H[LVWD R DVWIHO GH PHWRGm XQLYHUVDOm �L GHFL
PDWHPDWLFD vQWRWGHDXQD YD FRQÒLQH SURSR]LÒLL
QHGHFLGDELOH� 3HQWUX D LOXVWUD DFHDVWD 7XULQJ D LPDJLQDW
R PD�LQm FDUH SRVHGm SURSULHWmÒLOH PLQLPDOH DOH XQXL
VLVWHP GH FDOFXO PRGHUQ ¤ XQ SURJUDP ILQLW� R ED]m GH
GDWH VXILFLHQW GH PDUH �L R SURFHGXUm GH D HIHFWXD
RSHUDÒLL PDWHPDWLFH SDV FX SDV ¤ PD�LQD 7XULQJ�
8WLOL]kQG PHWRGHOH OXL +LOEHUW� 7XULQJ D UXLQDW
VSHUDQÒHOH OXL +LOEHUW �L )UHJH Fm WRDWH SURSR]LÒLLOH
PDWHPDWLFH VH SRW H[SULPD FD XQ VHW GH D[LRPH �L
WHRUHPH GHULYDWH GLQ DFHVWHD�

$ODQ 0DWKLVRQ 7XULQJ �����������

»Q ���� 7XULQJ D SXEOLFDW DUWLFROXO ³5RXQGLQJ�RII (UURUV LQ 0DWUL[ 3URFHVVHV§ vQ 7KH
4XDUWHUO\ -RXUQDO RI 0HFKDQLFV DQG $SSOLHG 0DWKHPDWLFV� YRO� ,� SS��������� vQ FDUH
SUH]LQWm SUHRFXSmULOH OXL SULYLQG UH]ROYDUHD VLVWHPHORU GH HFXDÒLL DOJHEULFH OLQLDUH >7XULQJ�
����@� 2 SUREOHPm IRDUWH YHFKH �L DSDUHQW EDQDOm� /XFUDUHD HVWH IRDUWH ELQH FXQRVFXWm vQ
OXPHD DQDOL�WLORU FDOFXOXOXL QXPHULF� GDU DSURDSH QHFXQRVFXWm ORJLFLHQLORU �L FHORU LQWHUHVDÒL
GH �WLLQÒD FDOFXODWRDUHORU� »Q SULPD VHFÒLXQH D DFHVWHL OXFUmUL 7XULQJ WUDWHD]m SUREOHPD
³PmVXULL FDQWLWmÒLL GH PXQFm GHSXVm SHQWUX UHDOL]DUHD XQXL FDOFXO QXPHULF§� ³,W LV

FRQYHQLHQW WR KDYH D PHDVXUH RI WKH DPRXQW RI ZRUN LQYROYHG LQ D FRPSXWLQJ SURFHVV� HYHQ
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WKRXJK LW EH D YHU\ FUXGH RQH � :H PLJKW� IRU LQVWDQFH� FRXQW WKH QXPEHU RI DGGLWLRQV�

VXEWUDFWLRQV� PXOWLSOLFDWLRQV� GLYLVLRQV� UHFRUGLQJV RI QXPEHUV��§� 6m REVHUYmP Fm 7XULQJ
FRQVLGHUm XQ PRGHO GH FDOFXO vQ FDUH QXPHUHOH UHDOH VXQW SULYLWH FD HQWLWmÒL� LDU RSHUDÒLLOH
DOJHEULFH� FRPSDUDÒLLOH� DWULEXLUHD GH YDORUL HWF� VXQW FRQVLGHUDWH FD XQLWmÒL DOH FDQWLWmÒLL GH
PXQFm�

$FHDVWD D IRVW SULPD vQFHUFDUH GH D GHILQL R PmVXUm D FDQWLWmÒLL GH PXQFm GHSXVm
SHQWUX D UH]ROYD HIHFWLY R SUREOHPm� 'LQ SXQFW GH YHGHUH PDWHPDWLF HUD VXILFLHQW Vm VH
SUHFL]H]H XQ UH]XOWDW SULYLQG H[LVWHQÒD VROXÒLHL� �L GH IDSW DFHDVWD HVWH HVHQÒD PDWHPDWLFLL�
5H]XOWDWHOH FHOH PDL WDUL GLQ PDWHPDWLFm VXQW WHRUHPHOH GH H[LVWHQÒm �L FHOH FDUH SUHFL]HD]m
SURSULHWmÒLOH VROXÒLLORU DQXPLWRU RELHFWH PDWHPDWLFH� 7XULQJ ULGLFm SUREOHPD HIRUWXOXL GH
FDOFXO �L SUHOXQJH�WH DVWIHO DQDOL]D vQWUHEkQGX�VH GDFm UH]XOWDWHOH PDWHPDWLFH SULYLQG
UH]ROYDUHD XQHL SUREOHPH� GH DOWIHO IRDUWH IUXPRDVH ILLQGFm WKHRUHPD vQ JUHDFD YHFKH
vQVHPQD VSHFWDFRO� DX YUH�R YDORDUH HIHFWLYm�

+����	
���	
�����	�����
����
»Q WUDGLÒLD OXL /HLEQL]� 7XULQJ D IRVW SUHRFXSDW GH FDOFXO �L PDL H[DFW GH FDOFXODELOLWDWH� 1H
UHDPLQWLP Fm +LOEHUW �L�D LPDJLQDW Fm WUHEXLH Vm H[LVWH ³R SURFHGXUm PHFDQLFm§ SHQWUX D
GHFLGH GDFm R GHPRQVWUDÒLH HVWH DGHYmUDWm VDX QX� +LOEHUW QX D FODULILFDW QLFLRGDWm FHHD FH
vQVHPQD SHQWUX HO SURFHGXUm PHFDQLFm� 7XULQJ D IRVW DFHOD FDUH D SUHFL]DW VHQVXO DILUPDÒLHL
OXL +LOEHUW� ³SURFHGXUm PHFDQLFm vQVHDPQm R PD�LQm§� R PD�LQm GH XQ DQXPLW WLS SH FDUH
DFXP R QXPLP PD�LQD 7XULQJ�

7HRULD FDOFXODELOLWmÒLL YLQH GLQ GRXm PDUL WUDGLÒLL� FDUH FX IRDUWH PLFL H[FHSÒLL V�DX
GH]YROWDW vQ SDUDOHO� GH FHOH PDL PXOWH RUL LJQRUkQGX�VH UHFLSURF� 3H GH�R SDUWH DYHP DQDOL]D
QXPHULFm �L FDOFXOHOH �WLLQÒLILFH� �L SH GH DOWm SDUWH DYHP WHRULD FDOFXOXOXL D�D FXP DSDUH vQ
ORJLFm �L �WLLQÒD FDOFXODWRDUHORU� $PEHOH DFHVWH WUDGLÒLL XWLOL]HD]m QRÒLXQHD GH DOJRULWP�
([HPSOXO SDUDGLJPDWLF GH DOJRULWP� FHO PDL GHV LQYRFDW vQ WH[WHOH GH DQDOL]m QXPHULFm ��L GH
SURJUDPDUH PDWHPDWLFm�� HVWH DOJRULWPXO 1HZWRQ� 3H GH DOWm SDUWH� PRGHOXO GH FDOFXO SUH]HQW
vQ WH[WHOH GH �WLLQÒD FDOFXODWRDUHORU DVXSUD DOJRULWPLORU HVWH PD�LQD 7XULQJ� &XULRV HVWH IDSWXO
Fm PHWRGD 1HZWRQ QX HVWH GLVFXWDWm vQ WH[WHOH GH �WLLQÒD FDOFXODWRDUHORU� LDU PD�LQD 7XULQJ
HVWH WRWDO LJQRUDWm vQ FHOH GH DQDOL]m QXPHULFm�

'DU� FHHD FH HVWH HVHQÒLDO �L FHHD FH FDUDFWHUL]HD]m GLIHUHQÒHOH IXQGDPHQWDOH vQWUH
DFHVWH GRXm WUDGLÒLL VXQW� VSDÒLLOH vQ FDUH OXFUHD]m ILHFDUH GLQWUH DFHVWH WUDGLÒLL� PDWHPDWLFD

XWLOL]DWm �L SUREOHPHOH FRQVLGHUDWH� »Q DQDOL]D QXPHULFm �L FDOFXOHOH �WLLQÒLILFH DOJRULWPLL VXQW
GHILQLÒL SHVWH FRUSXO QXPHUHORU UHDOH VDX FRPSOH[H �L PDWHPDWLFD XWLOL]DWm HVWH DFHHD D
FRQWLQXXOXL� (VWH IRDUWH LQWHUHVDQW GH PHQÒLRQDW DLFL GHILQLÒLD DUWLFXODWm GH 7UHIHWKHQ >6,$0
1HZV� 1RY� ����@ FD� ³VWXGLXO DOJRULWPLORU SHQWUX SUREOHPHOH PDWHPDWLFH FRQWLQXH§�
&XYkQWXO FKHLH vQ DFHDVWm GHILQLÒLH HVWH DOJRULWP� D�D vQFkW QXFOHXO DQDOL]HL QXPHULFH vO
FRQVWLWXLH� ³SURLHFWDUHD �L DQDOL]D DOJRULWPLORU SHQWUX UH]ROYDUHD SUREOHPHORU FRQWLQXH§� »Q
GHILQLÒLD OXL 7UHIHWKHQ FRQWLQXX vQVHDPQm Fm YDULDELOHOH SUREOHPHL DSDUÒLQ FRUSXOXL QXPHUHORU
UHDOH VDX FRPSOH[H� VSUH GHRVHELUH GH FHOH GLVFUHWH FDUH FRQVWLWXLH GRPHQLXO GH SUHRFXSDUH D
DOWRU GLVFLSOLQH� 3H GH DOWm SDUWH� vQ WHRULD FDOFXODELOLWmÒLL �L �WLLQÒD FDOFXODWRDUHORU
IXQGDPHQWDOH VXQW � �L �� LDU PDWHPDWLFD HVWH GLVFUHWm� 3UREOHPHOH GH DQDOL]m QXPHULFm YLQ
GLQ WUDGLÒLD FODVLFm D UH]ROYmULL HFXDÒLLORU �L GLQ FDOFXOXO GLIHUHQÒLDO� &HOH DOH �WLLQÒHL
FDOFXODWRDUHORU DX PDL PXOW R RULJLQH FRPELQDWRULDOm� (VWH LPSRUWDQW Vm QRWmP Fm WHRULD
FRPSXWDELOLWmÒLL �L WHRULD FRPSOH[LWmÒLL GLQ �WLLQÒD FDOFXODWRDUHORU vQ JHQHUDO QX HVWH DGHFYDWm
SHQWUX DQDOL]D SUREOHPHORU FDUH VXQW SURSULL DQDOL]HL QXPHULFH �L FDOFXOXL �WLLQÒLILF� 7RWX�L�
UHPDUFmP LPHGLDW IDSWXO Fm DQDOL]D QXPHULFm vQ DIDUm GH UHSUH]HQWDUHD vQ YLUJXOm PRELOm �L
DQDOL]D HURULORU QX D JHQHUDW R WHRULH D FRPSOH[LWmÒLL FRPSDUDELOm FX FHD SURSULH �WLLQÒHL
FDOFXODWRDUHORU� 3UREOHPHOH GH FRPSXWDELOLWDWH �L FHOH GH FRPSOH[LWDWH FRQVWLWXLH

IXQGDPHQWHOH LQIRUPDWLFLL� FD GLVFLSOLQm SULYLQG FRERUkUHD vQ FRPSXWDÒLRQDO D FRQFHSWHORU

PDWHPDWLFLL� vQ FDUH DFHVWH SUREOHPH v�L JmVHVF ORFXO�
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7HRULD FRPSOH[LWmÒLL FRPSXWDÒLRQDOH VH FRQFHQWUHD]m DVXSUD vQÒHOHJHULL SXWHULL FDOFXOXOXL vQ

VHQVXO GH D SUHFL]D VHPQLILFDÒLD vQWUHEmULL ³GH FH DQXPLWH SUREOHPH DSDU D IL PDL GLILFLO GH

UH]ROYDW GHFkW DOWHOH§ " 'H�L vQ XOWLPXO WLPS V�DX vQUHJLVWUDW SURJUHVH VHPQLILFDWLYH vQ DFHVW
GRPHQLX� PXOWH SUREOHPH ILLQG GHMD SODVDWH vQ DQXPLWH FODVH GH FRPSOH[LWDWH� WRWX�L IRDUWH
PXOWH DVSHFWH IXQGDPHQWDOH DOH FRPSOH[LWmÒLL FRPSXWDÒLRQDOH UmPkQ QHUH]ROYDWH�

&DOFXOXO VH SRDWH JkQGL FD R RSHUDÒLH FDUH GHWHUPLQm R LH�LUH FRUHVSXQ]mWRDUH XQHL
LQWUmUL GDWH� 'HFL R SUREOHPm FRPSXWDÒLRQDOm HVWH VSHFLILFDWm FD R UHODÒLH vQWUH LQWUmUL �L LH�LUL�
8Q DOJRULWP FDUH UH]ROYm SUREOHPD FRQVLGHUm R LQWUDUH DFFHSWDELOm� QXPLWm LQVWDQÒLHUH� �L
FDOFXOHD]m R LH�LUH FDUH VDWLVIDFH UHODÒLD LQWUDUH�LH�LUH� 8Q FD] VSHFLDO� LPSRUWDQW� GH SUREOHPm
FRPSXWDÒLRQDOm HVWH R SUREOHPm GH GHFL]LH� vQ FDUH SHQWUX ILHFDUH LQWUDUH LH�LUHD HVWH
UHVWULFÒLRQDWm QXPDL OD GRXm D YDORUL ³\HV§ �L ³QR§� 8Q DOW WLS GH SUREOHPm FRPSXWDÒLRQDOm�
IRDUWH LPSRUWDQW� HVWH SUREOHPD GH RSWLPL]DUH� vQ FDUH HVWH YRUED GH D HIHFWXD XQ FDOFXO FX
VFRSXO GH D PLQLPL]D VDX PD[LPL]D XQ DQXPLW FULWHULX�

3HQWUX SUHFL]DUHD FDOFXOXOXL V�DX SURSXV WUHL PRGHOH FRPSXWDÒLRQDOH� DGLFm WUHL
PRGHOH PDWHPDWLFH DOH XQXL FDOFXODWRU� PD�LQD 7XULQJ� PD�LQD IORZ�FKDUW ORJLFm �ORJLFDO
FLUFXLW PDFKLQH� �L PD�LQD FX DFFHV DOHDWRULX �UDQGRP DFFHVV PDFKLQH ¤ 5$0�� 'H�L vQWUH
DFHVWH PD�LQL VXQW GLIHUHQÒH� DFHVWHD QX VXQW GH VXEVWDQÒm� OXFUXO FX HOH ÒLQkQG PDL PXOW GH R
FRQYHQLHQÒm �L WUDGLÒLH�

(VWH IRDUWH FODU Fm PRWLYDÒLD ORJLFLHQLORU GH D GH]YROWD R WHRULH D FRPSXWDELOLWmÒLL SULQ
DQLL ���� QX DYHD QLPLF GH�D IDFH FX FDOFXODWRDUHOH� $FHOH ILJXUL LOXVWUH FD +LOEHUW� *|GHO�
7XULQJ �L DOÒLL HUDX LQWHUHVDÒL GH ³FH vQVHDPQm Fm R SUREOHPm HVWH GHFLGDELOm§� �L DFHDVWD D
IRVW PRWLYDWm GH SUREOHPD D ���D GLQ OLVWD OXL +LOEHUW� SXVm GH HO vQ ���� >+LOEHUW� ����@�

3UREOHPD D ���D D OXL +LOEHUW�

)LH { }1[ , , ], 0nX f Z x x n= ∈ >� �L { }: , ( ) 0 .nS f X Z fξ ξ= ∈ ∃ ∈ =
(VWH S GHFLGDELOm " $GLFm� GDWm R HFXDÒLH GLRIDQWLFm� VH SRDWH GHFLGH SULQWU�
XQ QXPmU ILQLW GH RSHUDÒLL GDFm HD DUH VDX QX R VROXÒLH vQWUHDJm " �'H IDSW�
+LOEHUW D IRVW PDL FDWHJRULF FHUkQG Vm VH HODERUH]H R SURFHGXUm GH
GHWHUPLQDUH HIHFWLYm D VROXÒLHL��

�9H]L� GH H[HPSOX� OXFUDUHD ³3UREOHPH IXQGDPHQWDOH§� >$QGUHL� ����@ XQGH VH SUH]LQWm
FkWHYD GHWDOLL DVXSUD FHORU �� GH SUREOHPH DOH OXL +LOEHUW FkW �L DVXSUD FHORU �� SUREOHPH DOH
OXL 6PDOH�� )RUPDOL]DUHD QRÒLXQLL GH GHFLGDELOLWDWH� GDWm GH ORJLFLHQL� D DYXW FRQVHFLQÒH
SURIXQGH vQ GH]YROWDUHD WHRULHL FRPSXWDELOLWmÒLL �L D �WLLQÒHL FDOFXODWRDUHORU� 9RP GD R
GHILQLÒLH�

'HILQLÒLH� 2 PXOÒLPH S ( )S X⊂ HVWH GHFLGDELOm GDFm IXQFÒLD HL FDUDFWHULVWLFm Sχ FDUH LD

YDORDUHD � SH S �L � SH X S− � HVWH FDOFXODELOm vQ WLPS ILQLW SH R PD�LQm�

1RXWDWHD DLFL HVWH IDSWXO Fm GHFLGDELOLWDWHD VH GHILQH�WH vQ IXQFÒLH GH R PD�LQm� 2 DVWIHO GH

PD�LQm ��� VH QXPH�WH SURFHGXUm GH GHFL]LH SHQWUX .S /D LQWUDUHD x X∈ PD�LQD UmVSXQGH

OD vQWUHEDUHD ³(VWH x vQ S "§ FX R LH�LUH FX YDORDUHD � GDFm <(6 �L � GDFm 12� »Q DFHVW

FRQWH[W
*X = Σ � PXOÒLPHD �LUXULORU QHPmUJLQLWH GHILQLWH SH PXOÒLPHD ILQLWm .Σ *Σ HVWH

QXPmUDELOm�
$SDUHQW V�DX SURSXV PXOWH PD�LQL� GDU VXUSUL]D D IRVW Fm WRDWH GDX H[DFW DFHHD�L FODVm GH
IXQFÒLL FRPSXWDELOH� $VWIHO� FODVD WUDQVIRUPmULORU LQWUDUH�LH�LUH D PD�LQLORU 7XULQJ VXQW H[DFW
IXQFÒLLOH FRPSXWDELOH D�D FXP VXQW GHULYDWH GLQ VLVWHPHOH GH SURGXFÒLH DOH OXL 3RVW� VDX GLQ
PD�LQLOH IORZ�FKDUW� VDX PD�LQLOH FX DFFHV DOHDWRULX VDX GHVFULHUHD D[LRPDWLFm D IXQFÒLLORU
UHFXUVLYH HWF� $FHDVWD D JHQHUDW FUHGLQÒD� FXQRVFXWm FD LSRWH]D OXL &KXUFK� Fm IXQFÒLLOH
FDOFXODELOH IRUPHD]m R FODVm QDWXUDOm �L Fm RULFH QRÒLXQH LQIRUPDOm GH SURFHGXUm VDX DOJRULWP



                                                                                      ♦   1HFXODL $QGUHL � 6FULHUL 0DWHPDWLFH � ♦14

VH SRDWH UHDOL]D SH RULFDUH GLQWUH DFHVWH PD�LQL� 8UPmWRDUHD WHRUHPm SUHFL]HD]m SXWHUHD

PRGHOHORU FRPSXWDÒLRQDOH GH PDL VXV�

7HRUHPD �� 8UPmWRDUHOH FODVH GH SUREOHPH VXQW LGHQWLFH�

D� &ODVD SUREOHPHORU FRPSXWDÒLRQDOH UH]ROYDELOH SH R PD�LQm 7XULQJ�

E� &ODVD SUREOHPHORU FRPSXWDÒLRQDOH UH]ROYDELOH SH R PD�LQm FX DFFHV DOHDWRULX�

F� &ODVD SUREOHPHORU FRPSXWDÒLRQDOH UH]ROYDELOH SH R IDPLOLH GH FLUFXLWH ORJLFH FDUH VH SRW

JHQHUD SH PD�LQL 7XULQJ�

7HRUHPD XUPmWRDUH� FDUH vQWU�XQ DQXPLW VHQV HVWH FRPSOHPHQWDUD WHRUHPHL � GH PDL VXV� HVWH
R FRQVHFLQÒm GLUHFWm D IDSWXOXL Fm H[LVWm XQ QXPmU QHQXPmUDELO GH SUREOHPD FRPSXWDÒLRQDOH�
GDU QXPDL XQ QXPmU QXPmUDELO GH PD�LQL 7XULQJ�

7HRUHPD �� 1X WRDWH SUREOHPHOH GH GHFL]LH VXQW UH]ROYDELOH SH R PD�LQm 7XULQJ�

»Q ���� <XUL 0DWLMDVHYLFK D GDW XQ UmVSXQV QHJDWLY SHQWUX SUREOHPD D ���D D

OXL +LOEHUW DUmWkQG Fm IXQFÒLD FDUDFWHULVWLFm DVRFLDWm Sχ QX HVWH FDOFXODELOm

7XULQJ �L GHFL SULQ LSRWH]D OXL &KXUFK QX H[LVWm QLFL R SURFHGXUm SHQWUX D
GHFLGH UH]ROYDELOLWDWHD vQ QXPHUH vQWUHJL D HFXDÒLLORU GLRIDQWLFH�

»QÒHOHJHUHD DFHVWHL OLPLWmUL LQWULQVHFL D SXWHULL FDOFXOHORU YLQH GLUHFW GLQWU�XQ UH]XOWDW GH
ORJLFm PDWHPDWLFm� »Q SDUWLFXODU� WHRUHPD GH LQFRPSOHWLWXGLQH D OXL *|GHO >����@ FRQÒLQH
SULPXO WLS GH UH]XOWDWH GH QHGHFLGDELOLWDWH �L IXUQL]HD]m PXOWH LGHL HVHQÒLDOH FDUH DX IRVW PDL
WkU]LX XWLOL]DWH GH &KXUFK� 3RVW �L 7XULQJ vQ IXQGDPHQWDUHD QDWXULL FDOFXOXOXL�

2 SUHRFXSDUH FRQVWDQWm D ORJLFLHQLORU D IRVW DFHHD D FODVLILFmULL SUREOHPHORU FD
SUREOHPH GHFLGDELOH VDX QHGHFLGDELOH� 8Q HIRUW FRQVLGHUDELO D IRVW GHGLFDW VWXGLXOXL
LHUDUKL]mULL SUREOHPHORU QHGHFLGDELOH� 3UREOHPHOH GHFLGDELOH� vQ SDUWLFXODU FHOH ILQLWH� DX IRVW
GH XQ LQWHUHV PDL PLF� 7RWX�L� SULQ DQLL ����� ��� FRPSXWHUL�WLL DX REVHUYDW Fm QX WRDWH
SUREOHPHOH GHFLGDELOH VXQW OD IHO� �L Fm VXQW XQHOH FDUH SXQ SUREOHPH FkQG VH vQFHDUFm
GHWHUPLQDUHD XQHL VROXÒLL DGPLVLELOH�

([HPSOX� 3UREOHPD VDWLVILDELOLWmÒLL �6$7�

{ }2 2| : nX f f Z Z= → HVWH PXOÒLPHD IXQFÒLLORU %RROHHQH �L

{ }2: , ( ) 0 .nS f X Z fξ ξ= ∈ ∃ ∈ =

6H SUHVXSXQH Fm X HVWH VFXIXQGDW vQ { } *
0,1 XWLOL]kQG R SURFHGXUm GH FRGLILFDUH QDWXUDOm�

(VWH IRDUWH FODU Fm WHVWDUHD VLVWHPDWLFm D WXWXURU FHORU 2n
DUJXPHQWH SHQWUX R IXQFÒLH

%RROHDQm f FRQVWLWXLH R SURFHGXUm GH GHFL]LH SHQWUX .S $FHDVWm SURFHGXUm� vQ FHO PDL SURVW

FD]� FRQVLGHUm XQ QXPmU H[SRQHQÒLDO GH RSHUDÒLL� 1X VH FXQRD�WH GDFm 6$7 HVWH WUDWDELOm�

DGLFm GDFm H[LVWm R SURFHGXUm GH GHFL]LH vQ WLPS SROLQRPLDO SHQWUX .S

'HILQLÒLH� 3UREOHPD GH GHFL]LH ( , )X S HVWH vQ FODVD P GDFm IXQFÒLD FDUDFWHULVWLFm Sχ HVWH

FDOFXODELOm vQ WLPS SROLQRPLDO� DGLFm FDOFXODELOm GH R PD�LQm 7XULQJ SROLQRPLDOm vQ WLPS� 2

PD�LQm 7XULQJ SROLQRPLDOm vQ WLPS HVWH XQD FDUH VH RSUH�WH vQ ( )kc size x RSHUDÒLL SHQWUX R

FRQVWDQWm c IL[m� 0k ≥ �L WRDWH LQWUmULOH .x X∈ 3ULQ size x vQÒHOHJHP OXQJLPHD VHFYHQÒHL

,x DGLFm OXQJLPHD vQ ELÒL GDFm { }0,1 .Σ =
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3ULQ FDOFXODELOLWDWHD XQHL IXQFÒLL f vQÒHOHJHP GHILQLUHD XQXL DOJRULWP FDUH REÒLQH R LH�LUH

( )y f x= SHQWUX R LQWUDUH .x 3ULQ YHULILFDELOLWDWHD XQHL IXQFÒLL f vQÒHOHJHP GHWHUPLQDUHD

SUHGLFDWXOXL ( , )R x y FDUH VH SUHVXSXQH Fm SULPH�WH YDORDUHD 758( GDFm �L QXPDL GDFm

( ) .f x y=

»Q DQLL ���� 6WHYH &RRN �L /HRQLG /HYLQ LQGHSHQGHQW DX IRUPXODW XQ UmVSXQV

OD SUREOHPD WUDWDELOLWmÒLL OXL 6$7 SULQ DUWLFXODUHD FKHVWLXQLL� ?P NP=

2 SUREOHPm GH GHFL]LH ( , )X S class NP∈ GDFm SHQWUX ILHFDUH x S∈ H[LVWm R YHULILFDUH vQ

WLPS SROLQRPLDO D DFHVWXL IDSW� 1RWmP Fm .SAT NP∈ 'DFm R IXQFÒLH %RROHDQm f S∈ �

DWXQFL H[LVWm XQ SXQFW 2
nZξ ∈ FDUH SHUPLWH R YHULILFDUH vQ WLPS SROLQRPLDO D IDSWXOXL Fm

FDOFXOXO OXL f vQ DUJXPHQWXO 1[ , ]nξ ξ ξ= � SURGXFH YDORDUHD � SHQWUX .f 'DFm f S∉ �

DWXQFL QX H[LVWm QLFL XQ DVWIHO GH SXQFW FDUH Vm SHUPLWm DFHDVWm YHULILFDUH�

,PSRUWDQÒD FKHVWLXQLL ?P NP= D GHYHQLW FODUm FkQG .DUS >����@ D DUmWDW Fm

WUDWDELOLWDWHD ILHFmUHL SUREOHPH GLQWU�R PXOÒLPH GH �� GH SUREOHPH� DSDUHQW QHOHJDWH vQWUH HOH�
HVWH HFKLYDOHQWm FX WUDWDELOLWDWHD OXL 6$7� 'H DWXQFL SHQWUX IRDUWH PXOWH SUREOHPH V�D SXWXW
GHPRQVWUD HFKLYDOHQÒD FX 6$7�

$�D FXP SUREOHPD GHFLGDELOLWmÒLL D LQIOXHQÒDW WHRULD FRPSXWDELOLWmÒLL �L �WLLQÒD

FDOFXODWRDUHORU� WRW D�D FKHVWLXQHD ?P NP= D DYXW FRQVHFLQÒH SURIXQGH� $FHDVWD HVWH XQD

GLQ SUREOHPHOH IDLPRDVH QHUH]ROYDWH DWkW vQ �WLLQÒD FDOFXODWRDUHORU FkW �L vQ PDWHPDWLFm�

'LKRWRPLD GLQWUH FODVHOH P �L NP D FRQVWLWXLW IXQGDPHQWXO XQRU DSOLFDÒLL IRDUWH LPSRUWDQWH
DOH WHRULHL FRPSOH[LWmÒLL� FXP DU IL FULSWRJUDILD �L VHFXULWDWHD WUDQVPLVLHL GDWHORU�

2EVHUYmP Fm WUDGLÒLD GDWm GH PD�LQD 7XULQJ �L GHFL DFHVW PRGHO GH FDOFXO D FRQGXV OD
R WHRULH D FRPSXWDELOLWmÒLL �L D FRPSOH[LWmÒLL IRDUWH GH]YROWDWm �L IRDUWH ERJDWm vQ UH]XOWDWH� FX
DSOLFDÒLL GLUHFWH vQ FDOFXO� 'H IDSW PD�LQD 7XULQJ D FUHDW QRL VSHUDQÒH SHQWUX D vQÒHOHJH FkW GH
GLILFLOH VXQW SUREOHPHOH FODVLFH �UH]ROYDWH SULQ DOJRULWPXO 1HZWRQ��

7RWX�L� GH�L PRGHOXO FRPSXWDÒLRQDO GDW GH PD�LQD 7XULQJ D LQWURGXV SULQFLSDOHOH
FRQFHSWH FX FDUH VH OXFUHD]m vQ WHRULD FRPSOH[LWmÒLL DOJRULWPLORU� �L GHFL D LQIRUPDWLFLL� V�D
REVHUYDW Fm DFHVW PRGHO DUH DQXPLWH OLPLWH� $FHDVWD D GHWHUPLQDW LQWURGXFHUHD GH FmWUH
/HQRUH %OXP� 0LFKDHO 6KXE �L 6WHSKHQ 6PDOH� vQWU�R VHULH GH OXFUmUL� D XQXL QRX PRGHO
FRPSXWDÒLRQDO ED]DW SH R WHRULH D FRPSOH[LWmÒLL �L D FDOFXODELOLWmÒLL SHVWH LQHOH VDX FkPSXUL

DUELWUDUH .R 'DFm { }( )2 0,1 , ,R Z= = + ⋅ � DWXQFL PRGHOXO UHFXSHUHD]m WHRULD FODVLFm D �WLLQÒHL

FDOFXODWRDUHORU �D FDOFXODELOLWmÒLL �L D FRPSOH[LWmÒLL�� 'DFm R HVWH FKLDU FkPSXO QXPHUHORU
UHDOH� DWXQFL DOJRULWPXO 1HZWRQ� FXP DP PDL VSXV DOJRULWPXO SDUDGLJPDWLF DO DQDOL]HL
QXPHULFH� VH vQFDGUHD]m vQWU�R PDQLHUm IRDUWH QDWXUDOm vQ QRXO PRGHO GH FDOFXO�

������ 0RWLYDÒLL SHQWUX XQ QRX PRGHO FRPSXWDÒLRQDO
3ULQFLSDOHOH PRWLYDÒLL FDUH DX FRQGXV OD LQWURGXFHUHD XQXL QRX PRGHO FRPSXWDÒLRQDO VH
ED]HD]m SH vQFHUFDUHD GH UHFRQFLOLHUH D FHORU GRXm WUDGLÒLL GH FDUH YRUEHDP PDL VXV� )DSWXO Fm
UH]XOWDWHOH GLQ DQDOL]D QXPHULFm� IRDUWH ERJDWH GH DOWIHO� QX VXQW GH ORF XWLOL]DWH vQ WHRULD
FRPSXWDELOLWmÒLL �L D �WLLQÒHL FDOFXODWRDUHORU D FRQVWLWXLW R VXUSUL]m� 'HSm�LUHD OLPLWHORU

PD�LQLL 7XULQJ� LQWURGXFHUHD FRQFHSWHORU SURSULL DQDOL]HL QXPHULFH vQ WHRULD FRPSXWDELOLWmÒLL

�L D FRPSOH[LWmÒLL FDOFXOXOXL DX FRQVWLWXLW SULQFLSDOHOH PRWLYH GH GH]YROWDUH D XQXL QRX PRGHO

FRPSXWDÒLRQDO� $FHVWD VH IXQGDPHQWHD]m SH FKHVWLXQHD GHFLGDELOLWmÒLL SH PXOÒLPL FRQWLQXH
�QHQXPmUDELOH� �L SH UH]XOWDWHOH GH DQDOL]m QXPHULFm �HIRUW GH FDOFXO� HURUL HWF���

D� 'HFLGDELOLWDWH SH PXOÒLPL FRQWLQXH

&ODVLF� GHFLGDELOLWDWHD HVWH GHILQLWm QXPDL SHQWUX PXOÒLPL QXPmUDELOH� 'DU� vQ ���� %HQRLW

0DQGHOEURW� PRWLYDW GH VWXGLXO GLQDPLFLL VLVWHPHORU QHOLQLDUH D LQWURGXV R PXOÒLPH
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H[WUDRUGLQDU GH FRPSOH[m� PXOÒLPHD 0DQGHOEURW� »Q DFHVW VHQV PHULWm Vm LQWURGXFHP DFHDVWm

PXOÒLPH >-R\FH� ����@�

0XOÒLPHD -XOLD SHQWUX IXQFÒLD � � �� � � �= −� � ��

6m FRQVLGHUmP R IXQFÒLH � � �� �→ XQGH &

HVWH SOQXO FRPSOH[� SUHFXP �L XQ SXQFW LQLÒLDO

�
�
� 'HILQLP LWHUDWHOH IXQFÒLHL � FD �LUXO

� � � � � � �
� � � � �
� � �� � ��= = �(YLGHQW Fm

DFHVW �LU SRDWH IL PmUJLQLW VDX QHPmUJLQLW�

0XOÒLPHD SXQFWHORU LQLÒLDOH D FmURU LWHUDWH

UDPkQ PmUJLQLWH VH QXPH�WH PXOÒLPHD -XOLD

DVRFLDWm IXQFÒLHL � �

&D H[HPSOX Vm FRQVLGHUDP IXQFÒLD

� � �� � � �= −� � �� )LJXUD DOmWXUDWm DUDWm

PXOÒLPHD -XOLD GLQ SODQXO FRPSOH[

] [ L\= + � XQGH − ≤ ≤�� ��� � � �[ \ =RQD

QHDJUm D SODQXOXL FRQÒLQH DFHOH SXQFWH

�
�
SHQWUX FDUH LWHUDWHOH UmPkQ PmUJLQLWH� »Q

]RQD PDL GHVFKLVm LWHUDWHOH WLQG PDL PXOW VDX

PDL SXÒLQ UDSLG OD LQILQLW� 2EVHUYmP Fm

PXOÒLPHD -XOLD SHQWUX R IXQFÒLH IRDUWH VLPSOm

FD FHD FRQVLGHUDWm DLFL HVWH IRDUWH FRPSOH[m�

0XOÒLPHD 0DQGHOEURW SHQWUX IXQFÒLD

� � �� � = −� µ �

6m FRQVLGHUmP DFXP R IDPLOLH GH IXQFÒLL

SDUDPHWUL]DWH GH XQ SDUDPHWUX µ � 'H�L VH SRW

FRQVLGHUD RULFH IHO GH IXQFÒLL� WRWX�L FHD PDL

VWXGLDWm IDPLOLH HVWH DFHHD D IXQFÒLLORU

SROLQRPLDOH SmWUDWLFH� � � �� � = −� µ � XQGH

µ HVWH XQ SDUDPHWUX FRPSOH[� &kQG µ
YDULD]m� DWXQFL YRP DYHD PDL PXOWH PXOÒLPL

-XOLD vQ SODQXO FRPSOH[� 8QHOH GLQWUH DFHVWHD

YRU IL FRQH[H� DOWHOH YRU IL GLVMXQFWH� D�D vQFkW

DFHVW FDUDFWHU DO PXOÒLPLORU -XOLD YD SDUWLÒLRQD

SODQXO FRPSOH[ DO SDUDPHWUXOXL µ vQ GRXm

SmUÒL� $FHOH YDORUL DOH OXL µ SHQWUX FDUH

PXOÒLPLOH -XOLD VXQW FRQH[H VH QXPH�WH

PXOÒLPHD 0DQGHOEURW vQ SODQXO SDUDPHWUXOXL�

»Q ILJXUD DOmWXUDWm VH DUDWm PXOÒLPHD

0DQGHOEURW SHQWUX IXQFÒLD GH PDL VXV� XQGH

− ≤ ≤� �[ �L − ≤ ≤�� ��� �\ vQ SODQXO

SDUDPHWUXOXL� �]RQD QHDJUm�� 6H REVHUYm

FRPSOH[LWDWHD DFHVWHL PXOÒLPL� FKLDU GDFm HD

HVWH� vQ HVHQÒm� IRDUWH VLPSOX GH GHILQLW� &HD

PDL PDUH SDUWH D PXOÒLPLL 0DQGHOEURW HVWH R

FDUGLRLGm�

2EVHUYmP Fm SH HD VXQW SODVDWH XQ QXPDU LQILQLW GH FHUFXUL� ILHFDUH GLQWUH DFHVWHD DYkQG OD UkQGXO ORU

DOWH FHUFXUL� �L DFHDVWD DG LQILQLWXP� /D R SULYLUH PDL DWHQWm YHGHP Fm SH DFHVWH FHUFXUL VXQW SODVDWH DOWH

FDUGLRLGH FDUH OD UkQGXO ORU DX FHUFXUL� �L DFHDVWD vQWU�R YDULHWDWH QHVIkU�LWm GH GLPHQVLXQL GLQ FH vQ FH

PDL PLFL�

'H�L UHJXOD GH GHILQLÒLH D DFHVWHL PXOÒLPL HVWH IRDUWH VLPSOm� FD PXOÒLPHD WXWXURU

SDUDPHWULORU Cµ ∈ � DVWIHO vQFkW RUELWD OXL � D WUDQVIRUPmULL SmWUDWLFH 2( )f z z µ= − UmPkQH

PmUJLQLWm� WRWX�L LQWULQVHF PXOÒLPHD VH SUH]LQWm FD R YDULHWDWH ImUm VIkU�LW GH VWUXFWXUL IRDUWH
HODERUDWH� 0XOÒLPHD 0DQGHOEURW HVWH QHQXPmUDELOm� 'HFL� vQ IRUPDOLVPXO FODVLF GDW GH
PRGHOXO FRPSXWDÒLRQDO 7XULQJ� PXOÒLPHD 0DQGHOEURW QX HVWH GHFLGDELOm� $OWIHO VSXV� QX
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H[LVWm XQ DOJRULWP JHQHUDO GH D GHFLGH GDFm XQ HOHPHQW �VDX SXQFW� DSDUÒLQH VDX QX PXOÒLPLL�

5RJHU 3HQURVH >����@ VH vQWUHDEm� ³&RXOG WKLV EH DQ H[DPSOH RI D QRQ�UHFXUVLYH >L�H�

XQGHFLGDEOH@ VHW� WUXO\ H[KLELWHG EHIRUH RXU PRUWDO H\HV "
�
§ &D DWDUH� PRGHOXO FRPSXWDÒLRQDO

WUHEXLH UDILQDW SHQWUX D FXSULQGH FD]XO PXOÒLPLORU QHQXPmUDELOH�
8Q DOW DVSHFW FDUH WUHEXLH FRQVLGHUDW DLFL HVWH FHHD FH V�DU SXWHD QXPL ³PRGHOXO

QXPHUHORU UDÒLRQDOH§� $FHVWD QX HVWH vQFm IRUPDOL]DW� GDU VH SRDWH MXVWLILFD SULQ IDSWXO Fm
PD�LQLOH GH FDOFXO VXQW ILQLWH� DSRL QXPHUHOH UHDOH VXQW DSUR[LPDWH �ILQLW� SULQ QXPHUH
UDÒLRQDOH� �L GHFL SUREOHPHOH VXQW GHILQLWH SHVWH FRUSXO IUDFÒLLORU UDÒLRQDOH� 7RWX�L� XWLOL]kQG
DFHVW PRGHO vQ WHRULD FRPSOH[LWmÒLL� UHSHGH LQWUmP vQ GLILFXOWmÒL� 'H RELFHL FRPSXWHUL�WLL
PmVRDUm FRPSOH[LWDWHD FD R IXQFÒLH GH PmULPHD LQWUmULL� H[SULPDWm vQ ELÒL� 'DU� FHHD FH HVWH
IRDUWH LPSRUWDQW� PLFL SHUWXUEDÒLL vQ GDWHOH GH LQWUDUH SRW FDX]D GLIHUHQÒH IRDUWH PDUL vQ

PmULPHD LQWUmULL� 'H H[HPSOX� R PLFm SHUWXUEDÒLH D OXL � OD 1 1/ 2n+ GHWHUPLQm R FUH�WHUH D

PmULPLL LQWUmULL GH OD � OD 1.n + $VWIHO� XQ DOJRULWP FDUH HVWH SROLQRPLDO vQ WLPS FRQIRUP
GHILQLÒLHL FDUH XWLOL]HD]m PRGHOXO QXPHUHORU UDÒLRQDOH QX HVWH GH ORF LQYDULDQW OD PLFLOH
SHUWXUEDÒLL DOH LQWUmULL� 'DFm SUREOHPD HVWH ELQH FRQGLÒLRQDWm �YRP GHILQL PDL MRV
FRQGLÒLRQDUHD�� DWXQFL DFHVW PRGHO GH FRPSXWDELOLWDWH QX SRDWH IL DFFHSWDW�

8Q DOW H[HPSOX� FDUH HVWH vQWkOQLW SHVWH WRW vQ PDWHPDWLFL� HVWH GDW GH

3UREOHPD +LOEHUW 1XOOVWHOOHQVDW] SHVWH R � RHN �

³'DW XQ VLVWHP GH HFXDÒLL SROLQRPLDOH SHVWH XQ LQHO R �

1 1( , , ) 0,nf x x =�

�

1( , , ) 0,m nf x x =�

H[LVWm XQ
nRξ ∈ � DVWIHO vQFkW 1( ) 0, , ( ) 0mf fξ ξ= =� "§

$FHDVWm SUREOHPm GH GHFL]LH SHVWH R R QXPLP .RHN 'DFm R HVWH 2Z � Z VDX FRUSXO

QXPHUHORU UDÒLRQDOH ,Q DWXQFL RHN VH vQFDGUHD]m vQ IRUPDOLVPXO OXL 7XULQJ FDUH XWLOL]HD]m

FRGLILFDUHD SH ELÒL D vQWUHJLORU �L D QXPHUHORU UDÒLRQDOH� 3UREOHPD GH GHFL]LH SHVWH 2Z HVWH

SUREOHPD 6$7 FDUH HVWH GHFLGDELOm� GDU FDUH QX VH FXQRD�WH D IL vQ P � 3HVWH = DFHDVWD HVWH

SUREOHPD D ���D D OXL +LOEHUW� FDUH HVWH QHGHFLGDELOm� 3HVWH FRUSXO Q QX VH FXQRD�WH GDFm

SUREOHPD HVWH GHFLGDELOm VDX QHGHFLGDELOm� $FXP� GDFm R HVWH FRUSXO QXPHUHORU UHDOH VDX

FRPSOH[H� DWXQFL RHN QX VH vQFDGUHD]m vQ PRG QDWXUDO vQ IRUPDOLVPXO 7XULQJ�

$FHDVWm SUREOHPm GH GHFL]LH FDUH XWLOL]HD]m RSHUDÒLLOH DULWPHWLFH �L FRPSDUDÒLL FX
QXPHUH FRPSOH[H IXUQL]HD]m R FDOH GH D LQWUD vQ DPmQXQWHOH GHILQLULL XQXL QRX PRGHO
FRPSXWDÒLRQDO� »QWU�DGHYmU� vQ ORF GH D XWLOL]D PmULPHD SUREOHPHL vQ IXQFÒLH GH FRGLILFDUHD
SUREOHPHL vQ ELÒL� %OXP� 6KXE �L 6PDOH >����@ SURSXQ XQ PRGHO FRPSXWDÒLRQDO FDUH
FDOFXOHD]m SHVWH XQ LQHO �VDX XQ FRUS� XWLOL]kQG RSHUDÒLLOH GH ED]m DOH LQHOXOXL �VDX FRUSXOXL�
UHVSHFWLY vPSUHXQm FX FRPSDUDÒLLOH SH HOHPHQWHOH DFHVWHL VWUXFWXUL DOJHEULFH GH LQHO �VDX
FRUS��

7RDWH DFHVWH H[HPSOH� SH FDUH OH�DP SUH]HQWDW PDL VXV� IXUQL]HD]m R PRWLYDÒLH IRDUWH
VHULRDVm SHQWUX D VFKLPED PRGHOXO FRPSXWDÒLRQDO FODVLF DO OXL 7XULQJ�

E� $OJRULWPL GH DQDOL]m QXPHULFm

2 DOWm PRWLYDÒLH SHQWUX DGRSWDUHD XQXL QRX PRGHO FRPSXWDÒLRQDO YLQH GLUHFW GLQ WUDGLÒLD GDWm
GH DQDOL]D QXPHULFm� 5H]ROYDUHD RULFmUHL SUREOHPH GH DOJHEUm OLQLDUm LPSOLFm WUHL
FRPSRQHQWH LPSRUWDQWH� GH]YROWDUHD �L DQDOL]D DOJRULWPLORU QXPHULFL� DQDOL]D SHUWXUEDÒLLORU

                                                          
5  5RJHU 3HQURVH� 0LQWHD QRDVWUm FHD GH WRDWH ]LOHOH� 'HVSUH JkQGLUH� IL]LFm �L FDOFXODWRDUH� (GLWXUD
7HKQLFm� %XFXUH�WL� ����� SJ� ���� 7UDGXFHUH GH &RUQHOLD &� 5XVX �L 0LUFHD 9� 5XVX D OXFUmULL OXL
5RJHU 3HQURVH� 7KH (PSHURU©V 1HZ 0LQG� &RQFHUQLQJ &RPSXWHUV� 0LQGV� DQG 7KH /DZV RI 3K\VLFV�
2[IRUG 8QLYHUVLW\ 3UHVV� �����
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�L LPSOHPHQWDUHD DOJRULWPLORU vQ SURJUDPH GH FDOFXO� »Q JHQHUDO� SHQWUX D REÒLQH XQ UmVSXQV

GH vQDOWm DFXUDWHÒH �L GH vQFUHGHUH WUHEXLH Vm QH DVLJXUmP Fm� SUREOHPD HVWH ELQH FRQGLÒLRQDWm�

DOJRULWPXO HVWH QXPHULF VWDELO vQ SUHFL]LD ILQLWm D FDOFXODWRDUHORU �L DOJRULWPXO HVWH ELQH

LPSOHPHQWDW vQWU�XQ VRIWZDUH GH FDOLWDWH�

2 SUREOHPm HVWH ELQH FRQGLÒLRQDWm GDFm PLFL VFKLPEmUL vQ GDWHOH GH LQWUDUH DOH

DFHVWHLD� DOWIHO VSXV PLFL YDULDÒLL vQ SDUDPHWULL SUREOHPHL� SURGXF QXPDL PLFL VFKLPEmUL vQ

VROXÒLD HL� 'DFm YDULDÒLL PLFL DOH GDWHORU GH LQWUDUH DX WHQGLQÒD GH D SURGXFH PDUL YDULDÒLL vQ

VROXÒLH� DWXQFL SUREOHPD HVWH SURVW FRQGLÒLRQDWm� 8Q DOJRULWP HVWH QXPHULF VWDELO GDFm QX

LQWURGXFH R VHQVLELOLWDWH PDL PDUH OD SHUWXUEDÒLL GHFkW FHD SURSULH SUREOHPHL� 3HQWUX PXOÒL

DOJRULWPL GH DOJHEUm OLQLDUm VH SRDWH DUmWD VWDELOLWDWHD vQDSRL� DGLFm VH SRDWH DUmWD Fm VROXÒLD

FDOFXODWm HVWH OkQJm VROXÒLD H[DFWm D XQHL SUREOHPH FDUH SURYLQH GLQWU�R X�RDUm SHUWXUEDÒLH D

SUREOHPHL RULJLQDOH� 6ROXÒLD SUREOHPHL X�RU SHUWXUEDWH VH DIOm OkQJm VROXÒLD SUREOHPHL

RULJLQDOH GDFm SUREOHPD HVWH ELQH FRQGLÒLRQDWm� $FHDVWD HVWH OHJmWXUD GLQWUH ELQH FRQGLÒLRQDUH

�L VWDELOLWDWHD QXPHULFm D XQXL DOJRULWP� $FXP� SHQWUX XQ DOJRULWP VWDELO QXPHULF QX QH

SXWHP D�WHSWD Vm UH]ROYH R SUREOHPm SURVW FRQGLÒLRQDWm FX R DFXUDWHÒH PDL PDUH GHFkW FHD

JDUDQWDWm GH GDWHOH �SDUDPHWULL� SUREOHPHL� GDU XQ DOJRULWP LQVWDELO QXPHULF SRDWH IXUQL]D R

VROXÒLH FDWDVWURIDOm FKLDU SHQWUX SUREOHPH ELQH FRQGLÒLRQDWH� 8Q VRIWZDUH GH FDOLWDWH ÒLQH

VHDPD GH WRDWH DFHVWH GH]YROWmUL WHRUHWLFH LPSOLFkQG vQ SOXV DUWm �L LPDJLQDÒLH�

$�D GXSm FXP DP VSXV PDL VXV� 7XULQJ D IRVW SUHRFXSDW GH D GHILQL R PmVXUm D

FDQWLWmÒLL GH PXQFm GHSXVm SHQWUX D UH]ROYD HIHFWLY R SUREOHPm XWLOL]kQG QXPHUHOH UHDOH FD

HQWLWmÒL ELQH GHILQLWH� LDU RSHUDÒLLOH DOJHEULFH �L FRPSDUDÒLLOH FX DFHVWH QXPHUH FD XQLWmÒL D

FDQWLWmÒLL GH PXQFm QHFHVDUm UH]ROYmULL XQHL SUREOHPH� $OJRULWPXO IXQGDPHQWDO GH DQDOL]m

QXPHULFm HVWH DOJRULWPXO 1HZWRQ SHQWUX UH]ROYDUHD XQXL VLVWHP GH HFXDÒLL DOJHEULFH QHOLQLDUH

vQ FRUSXO QXPHUHORU UHDOH VDX FRPSOH[H ( ) 0 :f z =

0D�LQD 1HZWRQ

�� ,QLÒLDOL]DUH� z � 0ε > VXILFLHQW GH PLF

�� &DOFXO� 6H FDOFXOHD]m ( )f z

�� 7HVW GH RSULUH D LWHUDÒLLORU�

%UDQFK�

'DFm
2

( ) ,f z ε≥ DWXQFL VH FRQWLQXm

FX SDVXO �� DOWIHO VH H[HFXWm SDVXO ��

�� 6KLIW� ( ) / ( )z z f z f z′← −
�L VH FRQWLQXm FX SDVXO �

�� ,H�LUH�
*z z=

2EVHUYmP Fm DFHDVWm PD�LQm D OXL 1HZWRQ VH SUH]LQWm FD XQ JUDI RULHQWDW FX FLQFL QRGXUL�

0RWLYDÒLD DFHVWXL DOJRULWP YLQH GLUHFW GLQ UH]XOWDWXO FODVLF DO OXL (YDULVWH *DORLV �����������

FDUH ]LFH Fm SHQWUX SROLQRDPH GH JUDG 5n ≥ UmGmFLQLOH QX VH SRW FDOFXOD SULQ IRUPXOH

vQFKLVH FDUH XWLOL]HD]m vQWUHJL �L RSHUDÒLLOH DOJHEULFH� , , , ,+ − ⋅ ÷ H[SRQHQÒLHUH �L H[WUDJHUH GH

UDGLFDOL GH OD RUGLQXO GRL OD RUGLQXO .n &D DWDUH VXQWHP QHYRLÒL D XWLOL]D PHWRGH LWHUDWLYH

SHQWUX UH]ROYDUHD SUREOHPHORU� 3ULQFLSLXO IXQGDPHQWDO vQ FRQVWUXFÒLD DOJRULWPLORU GH DQDOL]m

QXPHULFm HVWH GH D H[SULPD IRUPXOHOH GH DFWXDOL]DUH D GLYHUVHORU YDULDELOH VDX SDUDPHWUL VXE

IRUPD�

9DORDUHD QRXm  YDORDUHD YHFKH � R PLFm FRUHFÒLH�

XQGH FRUHFÒLD HVWH FDOFXODWm FX PDUH DFXUDWHÒH� 'DU� VH YHGH LPHGLDW Fm WUHFHUHD OD RSHUDÒLL SH

ELÒL GLVWUXJH FRPSOHW VWUXFWXUD QDWXUDOm D DFHVWXL DOJRULWP�

������ 0D�LQL SHVWH LQHOH VDX FRUSXUL
7RDWH DFHVWH DVSHFWH SUH]HQWDWH PDL VXV DUJXPHQWHD]m LQWURGXFHUHD XQXL QRX PRGHO
FRPSXWDÒLRQDO SULQ GHILQLUHD XQHL PD�LQL SHVWH XQ LQHO VDX XQ FRUS�



♦ $VXSUD )XQGDPHQWHORU ,QIRUPDWLFLL ♦ 19

,GHHD HVWH GH D LQWURGXFH R PD�LQm vQ]HVWUDWm FX R VHULH GH FRQFHSWH SURSULL DQDOL]HL QXPHULFH
FDUH Vm QH SHUPLWm Vm FRPELQmP FHOH GRXm WUDGLÒLL� DGLFm LQVWUXPHQWHOH �L UH]XOWDWHOH GLQ
WHRULD FRPSXWDELOLWmÒLL �L �WLLQÒD FDOFXODWRDUHORU FX LQVWUXPHQWHOH �L UH]XOWDWHOH SURSULL DQDOL]HL
QXPHULFH FX VFRSXO GH D vQÒHOHJH QDWXUD �L FRPSOH[LWDWHD FDOFXOHORU�

3UHVXSXQHP Fm R HVWH XQ LQHO FRPXWDWLY VDX XQ FRUS �RUGRQDW� FX XQLWDWH� $WXQFL R PD�LQm

M SHVWH R DUH XUPmWRDUHOH SURSULHWmÒL >%OXP� ����@�

0D�LQD M DUH XQ VSDÒLX GH LQWUDUH �L XQ VSDÒLX GH LH�LUH� DPEHOH R∞
�UHXQLXQHD GLVMXQFWm D

OXL
nR � SHQWUX 0,n ≥ DGLFm

0

.n

n

R R∞

≥

=� /D QLYHOXO VXSHULRU PD�LQD M HVWH VLPLODUm XQHL

PD�LQL 7XULQJ� $GLFm M DUH R EDQGm LQILQLWm OD DPEHOH FDSHWH vPSmUÒLWm vQ FHOXOH �L XQ FDS

GH FLWLUH�VFULHUH FDUH SRDWH DFFHVD vQ DFHOD�L WLPS XQ QXPmU GH Mk FHOXOH FRQWLJXH� 6WUXFWXUD

LQWHUQm D OXL M HVWH DFHHD D XQXL SURJUDP� DGLFm XQ JUDI RULHQWDW FX FLQFL WLSXUL GH QRGXUL�
ILHFDUH GLQWUH DFHVWHD FX SURSULD OXL RSHUDÒLH �L VDOWXO OD QRGXO XUPmWRU�

� 2SHUDÒLD ig DVRFLDWm FX QRGXO GH LQWUDUH i LD HOHPHQWHOH 1( , , )kx x x= � GLQ

VSDÒLXO GH LQWUDUH �L SXQH ILHFDUH ix � � 1, ,i k= � � vQ FHOXOH VXFFHVLYH SH EDQGm�

vQFHSkQG FX FHD GLQ VWkQJD� 1RGXO i DUH XQ XQLF QRG XUPmWRU .i i′ ≠
� )LHFDUH QRG FRPSXWDÒLRQDO η DUH DVRFLDW R WUDQVIRUPDUH SROLQRPLDOm VDX UDÒLRQDOm

: n mg R Rη → FX , .Mn m k≤ 'DWH HOHPHQWHOH 1, , nx x� vQ SULPHOH n FHOXOH DOH

OXL M � DWXQFL RSHUDÒLD DVRFLDWm gη SXQH 1( , , )j
ng x xη � vQ FHOXOD D j − D D OXL

M � 1, , .j m= � 1RGXO FRPSXWDÒLRQDO η DUH XQ XQLF QRG XUPmWRU .η ′
� )LHFDUH QRG GH EUDQFK ξ DUH DVRFLDWm RSHUDÒLD LGHQWLWDWH� $FHVW QRG DUH GRXm

QRGXUL XUPmWRDUH� Lξ ′ �L Rξ ′ � vQ IXQFÒLH GH HOHPHQWXO 1x SODVDW FHO PDL OD VWkQJD

GLQ SXQFWXO GH YHGHUH DO PD�LQLL M � 'DFm 1 0x = � 1 0x ≥ GDFm R HVWH RUGRQDW��

DWXQFL Rξ ξ′ ′= � 'DFm 1 0x ≠ � 1 0x < �� DWXQFL .Lξ ξ′ ′=
� )LHFDUH QRG GH VKLIW �GHSODVDUH�σ DUH DVRFLDWm RSHUDÒLD LGHQWLWDWH �L DFHVW QRG DUH

XQ XQLF QRG XUPmWRU .σ ′ 1RGXO GH VKLIW Rσ GHSODVHD]m EDQGD FX R FHOXOm OD

GUHDSWD� $VHPmQmWRU� Lσ GHSODVHD]m EDQGD FX R FHOXOm OD VWkQJD�

� 2SHUDÒLD Ng DVRFLDWm QRGXOXL GH LH�LUH N JROH�WH FRQÒLQXWXO EHQ]LL vQ R∞ � 1RGXO

N QX DUH QLFL XQ QRG XUPmWRU�

2EVHUYmP Fm LQWHUQ PD�LQD M HVWH GH IDSW R PD�LQm 1HZWRQ� )XQFÒLLOH FDOFXODELOH

SHVWH R VXQW WUDQVIRUPmUL LQWUDUH�LH�LUH MΦ DOH PD�LQLL M SHVWH .R $VWIHO� SHQWUX x R∞∈ �

( )M xΦ HVWH GHILQLW GDFm QRGXO GH LH�LUH N HVWH DFFHVLELO SULQ SURJUDPXO OXL M FkQG DFHDVWD

DUH OD LQWUDUH HOHPHQWXO .x »Q DFHVW FD] ( )M xΦ HVWH LH�LUHD .y R∞∈
'H�L OD RULFH PRPHQW GH WLPS PD�LQD SRDWH DFFHVD XQ QXPmU ILQLW GH FHOXOH� QRGXULOH

GH VKLIW SHUPLWH PD�LQLL Vm FLWHDVFm �L Vm RSHUH]H SH LQWUmUL GLQ
nR SHQWUX WRÒL n � DVWIHO vQFkW

SH PD�LQD M VH SRW PRGHOD DOJRULWPL FDUH VXQW XQLIRUP GHILQLÒL SH VSDÒLXO LQWUmULL� GH RULFH
GLPHQVLXQH�

2EVHUYmP LPHGLDW Fm GDFm R HVWH 2Z � DWXQFL QH SODVmP vQ WHRULD FODVLFm D

FRPSXWDELOLWmÒLL �L D FRPSOH[LWmÒLL� 'H DVHPHQHD� YHGHP Fm PD�LQD 1HZWRQ HVWH vQ PRG

QDWXUDO LPSOHPHQWDWm SH R PD�LQD SHVWH .R
&X DFHVWHD Vm YHGHP SUREOHPD GHFLGDELOLWmÒLL SHVWH FRUSXO UHDO VDX FRPSOH[�
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'HILQLÒLH� 2 SUREOHPm SHVWH R HVWH R SHUHFKH ( , ),yesX X XQGH .yesX X R∞⊆ ⊆ X FRQVWm

GLQ LQVWDQÒLHULOH SUREOHPHL� LDU yesX GLQ LQVWDQÒLHULOH \HV�

'H H[HPSOX SHQWUX SUREOHPD RHN �+LOEHUW©V 1XOOVWHOOHQVDW]� PXOÒLPLOH GH PDL VXV VXQW�

{ }1 1( , ) : [ , , ], , 0 ,m i nX f f f f R x x m n= = ∈ >� �

{ }1: , ( , , ) 0, 1, , .n
yes i nX f X R f i mζ ζ ζ= ∈ ∃ ∈ = =� �

6LVWHPHOH ILQLWH GH SROLQRDPH SHVWH R VH SRW FRGLILFD VXE IRUPm

GH HOHPHQWH DOH OXL R∞
� GHFL X HVWH XQ VXEVSDÒLX DO OXL R∞

�

'HILQLÒLH� 2 SUREOHPm SHVWH ,R ( , ),yesX X HVWH GHFLGDELOm GDFm IXQFÒLD FDUDFWHULVWLFm D OXL

yesX vQ X HVWH FDOFXODELOm SHVWH .R

'HFL � vQ DFHVW FDGUX SXWHP IRUPXOD SUREOHPH SHVWH FRUSXO UHDO VDX FRPSOH[ �L QH SXWHP
SXQH SUREOHPD GHFLGDELOLWmÒLL� 8WLOL]kQG� GH H[HPSOX� PHWRGD OXL *UHWH +HUPDQQ >����@

SUREOHPD RHN VH SRDWH X�RU FRQYHUWL OD XQD GH GHFL]LH SHVWH FRUSXO QXPHUHORU FRPSOH[H C

�L GHFL CHN HVWH GHFLGDELOm SHVWH .C $QDORJ� XWLOL]kQG WHRULD HOLPLQmULL D OXL 6HLGHQEHUJ

>����@� VH DUDWm Fm SUREOHPD RHN HVWH GHFLGDELOm SHVWH FRUSXO QXPHUHORU UHDOH .R
»Q DFHVW PRPHQW SXWHP GD XQ UmVSXQV IRUPDO OD SUREOHPD OXL 3HQURVH SULYLQG

PXOÒLPHD 0DQGHOEURW .M $FXP
2X R= � LDU yesX HVWH FKLDU PXOÒLPHD 0DQGHOEURW .M

7HRUHPm �%OXP� 6PDOH >����@� 0XOÒLPHD 0DQGHOEURW M HVWH QHGHFLGDELOm SHVWH .R

8WLOL]kQG PD�LQD M SHVWH R VH SRW GHILQL FODVHOH GH FRPSOH[LWDWH RP �L RNP SHVWH R � vQ

WUDGLÒLD FODVLFm� �L HYLGHQW VH SRDWH LQWURGXFH PD�LQD SROLQRPLDOm vQ WLPS� SUHFXP �L
SULQFLSLXO GH WUDQVIHU� %OXP� 6KXE �L 6PDOH >����@ GHPRQVWUHD]m XUPmWRDUHD

7HRUHPm� R R R RP NP HN P= ⇔ ∈ SHQWUX 2R Z= � FRUSXO QXPHUHORU UHDOH VDX FRPSOH[H�

VDX RULFH FkPS RUGRQDW VDX QHRUGRQDW�

'HFL RHN HVWH R SUREOHPm NP − FRPSOHWm XQLYHUVDOm� &XQRD�WHP Fm R RHN EXP∈ SHQWUX

R FRUSXO UHDO VDX FRPSOH[� $GLFm H[LVWm DOJRULWPL H[SRQHQÒLDOL vQ WLPS FDUH GHFLG
VROYDELOLWDWHD VLVWHPHORU SROLQRPLDOH SHVWH FRUSXO UHDO VDX FRPSOH[ >5HQHJDU� ����� ����@�
GDU QX VH FXQRVF DOJRULWPL SROLQRPLDOL vQ WLPS� &D DWDUH� SH OkQJm FKHVWLXQHD FODVLFm

P NP= "� DSDU �L XUPmWRDUHOH GRXm� R RP NP= " �L C CP NP= " »QÒHOHJHUHD FRPSOH[LWmÒLL

SUREOHPHL +LOEHUW 1XOOVWHOOHQVDW] MRDFm XQ URO FHQWUDO vQ WHRULD FRPSOH[LWmÒLL SHVWH .R

������ &RQGLÒLRQDUH �L WHRULD FRPSOH[LWmÒLL
&RQGLÒLRQDUHD XQHL LQVWDQÒLHUL D XQHL SUREOHPH PmVRDUm FXP PLFLOH SHUWXUEDÒLL DOH LQWUmULL
DOWHUHD]m LH�LUHD� $FHVW FRQFHSW IXUQL]HD]m R OHJmWXUm LPSRUWDQWm vQWUH FHOH GRXm WUDGLÒLL�
DQDOL]D QXPHULFm �L FDOFXOHOH �WLLQÒLILFH SH GH�R SDUWH �L WHRULD FDOFXOXOXL D�D FXP DSDUH vQ
ORJLFm �L �WLLQÒD FDOFXODWRDUHORU SH GH DOWm SDUWH�

'DFm DYHP R SUREOHPm ϕ FDUH OD LQWUDUHD x IXUQL]HD]m LH�LUHD ( )xϕ � LDU OD LQWUDUHD

³X�RU§ SHUWXUEDWm x x+ ∆ DUH LH�LUHD ( )x xϕ + ∆ � DWXQFL� vQWU�R QRUPm FRUHVSXQ]mWRDUH�

UDSRUWXO
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( ) ( )x x x

x

ϕ ϕ+ ∆ −
∆

�

VDX UDSRUWXO UHODWLY

( ) ( )

( )

x x x x

x x

ϕ ϕ
ϕ
+ ∆ −

∆
UHSUH]LQWm FRQGLÒLRQDUHD XQHL LQVWDQÒLHUL D OXL ϕ � 'DFm DFHVW FkW HVWH PDUH� DWXQFL

LQVWDQÒLHUHD HVWH SURVW FRQGLÒLRQDWm� FHHD FH LPSOLFm PDL PXOWH UHVXUVH GH FDOFXO SHQWUX D
REÒLQH R VROXÒLH GH DFXUDWHÒH �L GHFL SHQWUX D UHGXFH HURULOH�

D� &RQGLÒLRQDUHD VLVWHPHORU OLQLDUH�

)DFHP REVHUYDÒLD Fm SH FDOFXODWRDUHOH DFWXDOH WRDWH FDOFXOHOH VXQW H[HFXWDWH vQWU�R
VXEPXOÒLPH F R⊂ �L QX vQ WRDWm PXOÒLPHD QXPHUHORU UHDOH .R 2 SURSULHWDWH FDUDFWHULVWLFm D
DULWPHWLFLL vQ YLUJXOm PRELOm HVWH H[LVWHQÒD XQXL QXPmU 0 1,u< < ³XQLWDWHD HURULL GH

URWXQMLUH§� �L D XQHL IXQFÒLL : ,r R F→ ³IXQFÒLD GH URWXQMLUH§� DVWIHO vQFkW SHQWUX WRÒL ,x R∈
( ) .r x x u x− ≤ 2SHUDÒLLOH DULWPHWLFH GLQ R VXQW GHFL vQORFXLWH FX YHUVLXQHD ORU ³URWXQMLWm§

GLQ .F 'H H[HPSOX� vQPXOÒLUHD OXL x F∈ �L y F∈ HVWH ( ) .r xy F∈
»Q WLPSXO FDOFXOHORU DFHVWH HURUL VH DFXPXOHD]m �L UH]XOWDWXO ILQDO SRDWH IL IRDUWH

GHSDUWH GH FHHD FH DU WUHEXL Vm ILH� &D DWDUH� R SULPm JULMm vQ FHHD FH SULYH�WH SURLHFWDUHD
DOJRULWPLORU HVWH GH D PLQLPL]D DFHVWH HURUL� »Q SULYLQÒD HURULORU DOJRULWPLL VXQW DQDOL]DÒL �L
FRPSDUDÒL OD IHO FXP VXQW FRPSDUDÒL GLQ SXQFWXO GH YHGHUH DO WLPSXOXL GH FDOFXO� 'H DOWIHO�
DFHDVWm SUDFWLFm HUD FXQRVFXWm vQFm GH SH WLPSXO OXL *DXVV >7KHRULD 0RWXV@ �YH]L >*ROGVWLQH�
����@ vQ VWXGLXO VmX DVXSUD LVWRULHL DQDOL]HL QXPHULFH��

3HQWUX D VWXGLD FXP HURULOH VH DFXPXOHD]m vQ WLPSXO FDOFXOHORU H[HFXWDWH GH XQ
DOJRULWP RDUHFDUH HVWH IRDUWH FRQYHQDELO Vm FRQVLGHUmP R VLWXDÒLH FHYD PDL VLPSOm� DQXPH

DFHHD vQ FDUH HURULOH DSDU QXPDL vQ GDWHOH GH LQWUDUH � $GLFm R LQWUDUH 1( , , ) n
na a a R= ∈�

HVWH URWXQMLWm OD 1( ) ( ( ), , ( )) n
nr a r a r a F= ∈� �L DSRL DOJRULWPXO HVWH H[HFXWDW FX SUHFL]LH

LQILQLWm XWLOL]kQG LQWUDUHD ( ).r a
)LLQGFm UH]ROYDUHD VLVWHPHORU GH HFXDÒLL DOJHEULFH OLQLDUH HVWH R SUREOHPm

IXQGDPHQWDOm� Vm YHGHP FXP OXFUHD]m DFHVWH FRQFHSWH vQ DFHVW FD]� )LH GHFL VLVWHPXO Ax b=
XQGH A HVWH R PDWULFH LQYHUVDELOm GLQ

n nR ×
�L .nb R∈ 'RULP Vm YHGHP FXP VROXÒLD x D

DFHVWXL VLVWHP HVWH DIHFWDWm GH SHUWXUEDÒLL vQ GDWHOH GH LQWUDUH ( , ).A b YRQ 1HXPDQQ �L

*ROGVWLQH >����@ �L 7XULQJ >����@ DX DUmWDW Fm vQ DFHVW VWXGLX FRQFHSWXO FKHLH HVWH

1( ) ,A A Aκ −=

XQGH
1

( ) ,
x

A max A x
=

= LDU . HVWH QRUPD (XFOLGLDQm vQ .nR 7XULQJ D QXPLW ( )Aκ QXPmUXO

GH FRQGLÒLRQDUH DO PDWULFHL .A 3ULQFLSDOXO UH]XOWDW SHQWUX ( )Aκ HVWH Fm

GDFm ( ) 1,
A

A
A

κ
∆

< DWXQFL
( )

.

1 ( )

x A bA
Ax A b

A
A

κ

κ

 ∆ ∆ ∆
≤ +  ∆  −

2EVHUYmP Fm IDFWRUXO

( )

1 ( )

A
A

A
A

κ

κ
∆

−
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WLQGH OD ( )Aκ FkQG 0.A∆ → »Q SOXV YHGHP Fm ( )Aκ HVWH DWLQV vQ VHQVXO Fm QLFL XQ QXPmU

PDL PLF QX YD VDWLVIDFH LQHJDOLWDWHD GH PDL VXV SHQWUX RULFH A �L .b 'HFL� ( )Aκ PmVRDUm

FkW GH PXOW HURDUHD UHODWLYm vQ GDWHOH GH LQWUDUH HVWH DPSOLILFDWm vQ VROXÒLH �L log ( ( ))Aκ+

PmVRDUm SLHUGHUHD DFXUDWHÒHL
�
� $VWIHO� log ( ( ))Aκ+ IXUQL]HD]m R PDUJLQH LQIHULRDUm D FHOHL

PDL GHIDYRUDELOH VLWXDÒLL GH SLHUGHUH D DFXUDWHÒHL vQ UH]ROYDUHD VLVWHPXOXL�

$FHDVWm QRÒLXQH GH QXPmU GH FRQGLÒLRQDUH� LQWURGXVm GH 7XULQJ� FDUH V�D LQVSLUDW GLQ

FRQFHSWXO GH GHULYDWm D OXL 1HZWRQ �L /HLEQL]� OHDJm FHOH GRXm WUDGLÒLL GH FDUH YRUEHDP PDL

VXV PDL DOHV FkQG QH UHIHULP OD FRPSOH[LWDWH� 0HQÒLRQmP Fm log ( ( ))Aκ+ UHSUH]LQWm XQ

SDUDPHWUX LQWULQVHF� FDUH vQORFXLH�WH PmULPHD RDUHFXP DUELWUDUm D XQHL LQVWDQÒLHUL D

SUREOHPHL FD OXQJLPHD vQ ELÒL D LQWUmULL� vQ FDUH VSDÒLLOH vQ FDUH DFHVWD OXFUHD]m VXQW FHO UHDO
nR VDX FRPSOH[ .nC 'H DFHHD XQ DVSHFW LPSRUWDQW vQ WHRULD FRPSOH[LWmÒLL vO FRQVWLWXLH

IRUPXODUHD �L vQÒHOHJHUHD FRQGLÒLRQmULL�

1XPmUXO GH FRQGLÒLRQDUH DO XQHL PDWULFH DSDUH SUDFWLF vQ WRDWH DQDOL]HOH HURULORU GH

URWXQMLUH GLQ DQDOL]D QXPHULFm �L DUH XQ URO GHWHUPLQDQW vQ FRQGLÒLRQDUHD SUREOHPHORU GH

SURJUDPDUH OLQLDUm >+LJKDP� ����@� &kQG A QX HVWH LQYHUVDELOm QXPmUXO HL GH FRQGLÒLRQDUH

QX HVWH GHILQLW� 7RWX�L� SXWHP H[WLQGH GHILQLÒLD OXL DGPLÒkQG ( )Aκ = ∞ FkQG A HVWH

VLQJXODUm� 0DWULFHOH FX ( )Aκ PLF VH QXPHVF PDWULFH ELQH FRQGLÒLRQDWH� FHOH FX ( )Aκ PDUH

VH QXPHVF SURVW FRQGLÒLRQDWH� LDU FHOH SHQWUX FDUH ( )Aκ = ∞ SURVW SXVH�

6H SRDWH GHPRQVWUD Fm PXOÒLPHD Σ D PDWULFHORU SURVW SXVH DUH PmVXUD /HEHVJXH

QXOm vQ VSDÒLXO
2

.nR 'LVWDQÒD XQHL PDWULFH A OD DFHDVWm PXOÒLPH HVWH LQWLP OHJDWm GH ( )Aκ �

8UPmWRUXO UH]XOWDW� IRDUWH LPSRUWDQW� HVWH FXQRVFXW FD�

7HRUHPD QXPmUXOXL GH FRQGLÒLRQDUH >(FNDUW �L <RXQJ� ����@�

3HQWUX RULFH PDWULFH UHDOm n n× −GLPHQVLRQDOm A DUH ORF

( ) ,
( , )F

A
A

d A
κ =

Σ

XQGH Fd PmVRDUm GLVWDQÒD vQ
2nR vQ UDSRUW FX QRUPD )UREHQLXV

2 .ijF
A a= ∑

E� 1XPmUXO GH FRQGLÒLRQDUH vQ SURJUDPDUH OLQLDUm�
8Q DO GRL�OHD H[HPSOX FDUH LOXVWUHD]m IRDUWH ELQH OHJmWXUD GLQWUH FRQGLÒLRQDUH �L FRPSOH[LWDWH
HVWH GDW GH SURJUDPDUHD OLQLDUm� 0HQÒLRQmP LPHGLDW Fm SURJUDPDUHD OLQLDUm HVWH R H[WHQVLH
IRDUWH QDWXUDOm D VLVWHPHORU GH HFXDÒLL DOJHEULFH OLQLDUH� /D UkQGXO HL SURJUDPDUHD OLQLDUm VH
H[WLQGH OD SURJUDPDUHD VHPL�GHILQLWm �L FRQLFm� FDUH UHDOL]HD]m R XQLILFDUH vQWUH WHRULD �L
PHWRGHOH GH RSWLPL]DUH �L PHWRGHOH GH FDOFXO GLQ WHRULD VLVWHPHORU GLQDPLFH� 'H DFHHD
FODULILFDUHD VHPQLILFDÒLHL OHJmWXULL GLQWUH FRQGLÒLRQDUHD XQHL SUREOHPH GH SURJUDPDUH OLQLDUm
�L FRPSOH[LWDWHD HL UHSUH]LQWm XQ UH]XOWDW PDMRU�

2 SUREOHPm GH SURJUDPDUH OLQLDUm HVWH GHILQLWm GH WULSOHWXO ( , , )A b c � XQGH
m nA R ×∈ �

mb R∈ �L
nc R∈ GHILQLWH SHVWH FRUSXO QXPHUHORU UHDOH� FDUH FRQVWm vQ�

{ }: , 0Tmax c x Ax b x≤ ≥ � 7UDGLÒLRQDO� DQDOL]D FRPSOH[LWmÒLL FHOHL PDL GHIDYRUDELOH VLWXDÒLL

SHQWUX UH]ROYDUHD SUREOHPHORU GH SURJUDPDUH OLQLDUm V�D GHILQLW vQ WHUPHQLL HOHPHQWHORU ,n m
�L L � XQGH L HVWH FXQRVFXW FD ³OXQJLPHD vQ ELÒL§ D GDWHORU FDUH GHILQHVF SUREOHPD �OXQJLPHD

                                                          
6  log ( ) log( )x x+ = GDF� 1,x ≥  altfel log ( ) 0.x+ =
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LQWUmULL�� FDUH GH RELFHL HVWH QXPmUXO GH ELÒL QHFHVDUL SHQWUX D VSHFLILFD SUREOHPD GH

SURJUDPDUH OLQLDUm� 3HQWUX GDWHOH GH LQWUDWH ( , , )A b c vQWUHJL� L VH GHILQH�WH SURSRUÒLRQDO FX�

log( FHD PDL PDUH YDORDUH DEVROXWm D GHWHUPLQDWXOXL RULFmUHL VXEPDWULFH GLQ )A

log( ) log( ) log( ).c b n d
∞ ∞

+ + + +
'HFL� vQ FRQWH[WXO PD�LQLL 7XULQJ� FRPSOH[LWDWHD SUREOHPHL GH SURJUDPDUH OLQLDUm VH

GHILQH�WH vQ IXQFÒLH GH DFHVW L � 3HQWUX SURJUDPDUHD OLQLDUm SULQFLSDOHOH DERUGmUL FDUH DX
FRQGXV OD DOJRULWPL DX XUPmWRDUHOH FDUDFWHULVWLFL�

D� $OJRULWPXO VLPSOH[ DO OXL 'DQW]LJ ������������
� DUH R EXQm SHUIRUPDQÒm FRPSXWDÒLRQDOm SUDFWLFm�
� FRPSOH[LWDWH H[SRQHQÒLDOm �vQ n �L m �� GRYHGLWm GH H[HPSOXO OXL .OHH �L 0LQW\ >����@�

E� $OJRULWPXO HOLSVRLGXOXL DO OXL .KDFKL\DQ ������������

� QXPmUXO GH LWHUDÒLL�
2( )O n L �

� FRPSOH[LWDWHD FRPSXWDÒLRQDOm�
4( )O n L �

� SHUIRUPDQÒH FRPSXWDÒLRQDOH SURDVWH�

F� $OJRULWPXO GH VFDODUH SURLHFWLYm DO OXL .DUPDUNDU�

� QXPmUXO GH LWHUDÒLL� ( )O nL �

� FRPSOH[LWDWHD FRPSXWDÒLRQDOm�
3.5( )O n L �

� SHUIRUPDQÒH SUDFWLFH PXOW PDL EXQH GHFkW FRPSOH[LWDWHD WHRUHWLFm GHPRQVWUDWm� �.25%;�

G� $OJRULWPL GH SXQFW LQWHULRU�

� QXPmUXO GH LWHUDÒLL� ( )O nL �

� FRPSOH[LWDWHD FRPSXWDÒLRQDOm�
3( )O n L � �>$QVWUHLFKHU >����@�

3( / log( ))O n L n @��

� SHUIRUPDQÒH SUDFWLFH IRDUWH EXQH REÒLQXWH FX SDFKHWH SURIHVLRQDOH� &3/(;� /242� 3&[ HWF�

'HFL� vQ FHD PDL GHIDYRUDELOm VLWXDÒLH� vQWU�R DULWPHWLFm H[DFWm �DGLFm SHVWH FRUSXO QXPHUHORU

UHDOH�� DOJRULWPXO VLPSOH[ H[HFXWm XQ QXPmU H[SRQHQÒLDO �vQ n �L m � GH LWHUDÒLL� 3HQWUX

( , , )A b c QXPHUH UDÒLRQDOH� vQ PRGHOXO SH ELÒL� DOJRULWPXO VLPSOH[ HVWH GH DVHPHQHD

H[SRQHQÒLDO vQ IXQFÒLH GH OXQJLPHD LQWUmULL�

3HQWUX QXPHUH UDÒLRQDOH� vQ PRGHOXO SH ELÒL� DOJRULWPXO HOLSVRLGXOXL HVWH SROLQRPLDO vQ IXQFÒLH

GH OXQJLPHD LQWUmULL� 'DU� FD DOJRULWP SHVWH FRUSXO QXPHUHORU UHDOH� DGLFm vQWU�R DULWPHWLFm

H[DFWm� DOJRULWPXO HOLSVRLGXOXL QX HVWH ILQLW� $FHOD�L OXFUX HVWH YDODELO SHQWUX RULFH DOJRULWP

GH SXQFW LQWHULRU�

$FHDVWD UHFRPDQGm FD IRDUWH QDWXUDOm DQDOL]D FRPSOH[LWmÒLL DOJRULWPLORU GH

SURJUDPDUH OLQLDUm� GHILQLWH SHVWH FRUSXO QXPHUHORU UHDOH� vQ UDSRUW FX R PmULPH LQWULQVHFm D

LQWUmULL� 3HQWUX DFHDVWD HVWH QHFHVDUm LQWURGXFHUHD XQHL PmVXUL D FRQGLÒLRQmULL XQXL SURJUDP

OLQLDU SHVWH FRUSXO QXPHUHORU UHDOH� ,QVSLUDW GH WHRUHPD OXL (FNDUW �L <RXQJ� SHQWUX SUREOHPD

( , , )A b c 5HQHJDU >����@ GHILQH�WH QXPmUXO GH FRQGLÒLRQDUH ( , , )C A b c � 0DL PXOW� DFHVWD LD

vQ FRQVLGHUDUH DFXUDWHÒHD GH FDOFXO D VROXÒLHL �L SUHFL]HD]m XQ DOJRULWP GH SXQFW LQWHULRU D

FmUXL FRPSOH[LWDWH HVWH
3( log( ( , , ) / ))O n C A b c ε FH SRDWH UH]ROYD SUREOHPD GH SURJUDPDUH

OLQLDUm FX R DFXUDWHÒH UHODWLYm ε VDX GHWHUPLQm Fm SUREOHPD HVWH LQIH]DELOm VDX QHPmUJLQLWm�

/D IHO FD vQ FD]XO VLVWHPHORU OLQLDUH R SUREOHPm GH SURJUDPDUH OLQLDUm HVWH SURVW SXVm GDFm

SUREOHPD SRDWH IL ImFXWm DWkW IH]DELOm FkW �L LQIH]DELOm SULQ VFKLPEmUL DUELWUDU GH PLFL DOH

GDWHORU GH LQWUDUH ( , , )A b c �

3HQWUX SUREOHPD { }:Tmax c x Ax b≤ 5HQHJDU GHILQH�WH QXPmUXO GH FRQGLÒLRQDUH

SULPDO
1 ( , )PC A b FD LQYHUVD GLVWDQÒHL QRUPDOL]DWH OD SUREOHPHOH SURVW SXVH� 'LVWDQÒD

SUREOHPHL ( , )A b OD SUREOHPHOH SURVW SXVH HVWH GLVWDQÒD OD PXOÒLPHD SURJUDPHORU OLQLDUH

SURVW SXVH vQ UDSRUW FX QRUPD )UREHQLXV� /D IHO VH GHILQH�WH QXPmUXO GH FRQGLÒLRQDUH
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1 ( , )DC A c SHQWUX SUREOHPD GXDOm� $WXQFL QXPmUXO GH FRQGLÒLRQDUH DO SURJUDPXOXL OLQLDU

( , , )A b c �
1( , , )C A b c VH GHILQH�WH FD PD[LPXP GLQWUH

1 ( , )PC A b �L
1 ( , )DC A c � &X DFHVWHD

SXWHP LQWURGXFH DFHVWH QXPHUH GH FRQGLÒLRQDUH FD�

�D� 'DFm Ax b≤ HVWH IH]DELO� DWXQFL�

{ }
1

,
( , ) ,

sup : , , ( ) ( )
F

P

F

A b
C A b

A b A A x b b este fezabilδ δ
=

∆ ∆ ≤ + ∆ ≤ + ∆

�E� 'DFm Ax b≤ HVWH LQIH]DELO� DWXQFL

{ }
1

,
( , ) ,

sup : , , ( ) ( )
F

P

F

A b
C A b

A b A A x b b este infezabilδ δ
=

∆ ∆ ≤ + ∆ ≤ + ∆

6H YHGH Fm
1 ( , ) 1.PC A b ≥ /D IHO VH GHILQHVF QXPHUHOH GH FRQGLÒLRQDUH SHQWUX SUREOHPD GXDOm

VDX SHQWUX FHOHODOWH SUREOHPH FDQRQLFH GH SURJUDPDUH OLQLDUm GH PDL VXV�

(VWH LQWHUHVDQW GH QRWDW Fm QXPmUXO GH FRQGLÒLRQDUH SHQWUX SUREOHPHOH GH DQDOL]m

QXPHULFm VH GHILQH�WH FD VHQVLELOLWDWHD LH�LULL OD SHUWXUEDÒLLOH LQWUmULL �L GHVHRUL DFHVWD HVWH vQ

OHJmWXUm GLUHFWm FX GLVWDQÒD OD SUREOHPHOH SURVW SXVH� 5HQHJDU� LQYHUVHD]m DFHDVWm VFKHPm

SULQ GHILQLUHD QXPmUXOXL GH FRQGLÒLRQDUH FD GLVWDQÒD OD SUREOHPHOH SURVW SXVH �L DSRL

GHPRQVWUHD]m Fm DFHVW QXPmU GH FRQGLÒLRQDUH IXUQL]HD]m PDUJLQL DOH VHQVLELOLWmÒLL LH�LULL OD

SHUWXUEDÒLL DOH LQWUmULL� 0DL WkU]LX� &XFNHU ÒL 3HxD >����@ LDX vQ FRQVLGHUDUH HURULOH GH

URWXQMLUH �L SURSXQ XQ DOJRULWP GH SXQFW LQWHULRU SHQWUX FDUH DUDWm Fm GDFm SURJUDPXO OLQLDU

HVWH DGPLVLELO� DWXQFL WLPSXO GH FDOFXO SHQWUX D REÒLQH R VROXÒLH DGPLVLELOm HVWH GH RUGLQXO�

( )3,5 3( ) (log( ) log ( , ) log )O m n m n C A b ε++ + + + �

9HGHP LPHGLDW Fm GH�L FRQFHSWHOH GH QXPmU GH FRQGLÒLRQDUH� DFXUDWHÒH GH FDOFXO �L

HURUL GH URWXQMLUH� FDUH VXQW SURSULL DQDOL]HL QXPHULFH� QH DMXWm Vm IDFHP R OHJmWXUm vQWUH

PRGXULOH GH DERUGDUH FRPELQDWRULDO �L FRQWLQXX SHQWUX DQDOL]D �L SURLHFWDUHD GH DOJRULWPL GH

SURJUDPDUH OLQLDUm� WRWX�L FKHVWLXQLOH GH FRPSOH[LWDWH DOH DFHVWRUD UmPkQ GHVFKLVH�

»Q SDUWLFXODU� SUREOHPD GH SURJUDPDUH OLQLDUm SHVWH FRUSXO QXPHUHORU UHDOH HVWH GH

FODVm RP " 6DX� PDL LPSRUWDQW ��L PDL JUHX� SUREOHPD GH SURJUDPDUH OLQLDUm HVWH WDUH

SROLQRPLDOm� $GLFm SHQWUX SUREOHPD GHILQLWm SHVWH FRUSXO QXPHUHORU UHDOH H[LVWm XQ DOJRULWP
SROLQRPLDO vQ WLPS SHVWH DFHVW FRUS FDUH Vm ILH GH DVHPHQHD SROLQRPLDO vQ WLPS vQ UDSRUW FX
OXQJLPHD LQWUmULL vQ ELÒL SHQWUX SUREOHPD FX GDWH GH LQWUDUH QXPHUH UDÒLRQDOH "

+����.�
���
�����,������	
��-
3UREOHPD GDFm FXQRD�WHUHD PDWHPDWLFm HVWH D SULRUL VDX D SRVWHULRUL FRQWLQXm Vm RFXSH R
SR]LÒLH FHQWUDOm vQ ILORVRILD PDWHPDWLFLL� 'H]YROWDUHD FDOFXODWRDUHORU �L XWLOL]DUHD ORU GLQ FH vQ
FH vQ PDL PXOWH GRPHQLL DOH PDWHPDWLFLL SXQH DFHDVWm vQWUHEDUH vQWU�R OXPLQm FX WRWXO QRXm�
6H SDUH Fm vQ PDWHPDWLFm FDOFXODWRUXO� DOWIHO VSXV LQIRUPDWLFD� DUH GRXm IXQFÒLL SULQFLSDOH�
H[HFXWm FDOFXOH QXPHULFH �L GHVFRSHUm QRL GRPHQLL GH FHUFHWDUH� 'H H[HPSOX� VWXGLXO

DWUDFWRULORU� D VLVWHPHORU GLQDPLFH KDRWLFH� D IUDFWDOLORU VDX D DQXPLWRU SURSULHWmÒL DOH

QXPHUHORU� VWXGLX FDUH VH IDFH QHPLMORFLW FX DMXWRUXO FDOFXODWRUXOXL� SXQH vQWU�R SR]LÒLH QRXm
SUREOHPD H[SHULPHQWXOXL vQ PDWHPDWLFm�

)DSWXO Fm PDWHPDWLFD HVWH D SULRUL VDX D SRVWHULRUL GHSLQGH GDFm DFHDVWD VH WUDQVIRUPm
vQ PRG UHDO vQWU�R �WLLQÒm H[SHULPHQWDOm VDX TXDVL�H[SHULPHQWDOm �L GDFm HD PLJUHD]m GH OD R
�WLLQÒm D[LRPDWLF�GHGXFWLYm OD XQD HPSLULFm� 3UREOHPD HVWH LPSRUWDQWm ILLQGFm IRDUWH PXOWH
UH]XOWDWH PDWHPDWLFH VXQW REÒLQXWH SH FDOH H[SHULPHQWDOm �L vQFm QX DX R GHPRQVWUDÒLH
WHRUHWLFm vQ VHQV DULVWRWHOLF� 'H H[HPSOX� *DXVV vQ MXUQDOXO VmX QRWHD]m� ³DP UH]XOWDWXO� GDU

QX FXQRVF vQFm FXP Vm DMXQJ OD HO¦� �L +DGDPDUG� XQXO GLQWUH FHL PDL PDUL PDWHPDWLFLHQL
FDUH DX OXDW IRDUWH vQ VHULRV SUREOHPD FXQRD�WHULL vQ PDWHPDWLFm� QRWHD]m� ³RELHFWXO ULJRULL
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PDWHPDWLFH HVWH GH D VDQFÒLRQD �L OHJLWLPL]D UHDOL]mULOH LQWXLÒLHL� �L QLFLRGDWm QX D IRVW

DOWFHYD¦� 'DWRULWm H[SHULPHQWHORU FRPSXWDÒLRQDOH vQ PDWHPDWLFm VH SRW REÒLQH LQIRUPDÒLL FDUH
SRW VXJHUD IRUPXODUHD GH WHRUHPH �L FKLDU GHPRQVWUDÒLD ORU� 0DL PXOW� H[SHULPHQWHOH
FRPSXWDÒLRQDOH SRW SUH]HQWD H[HPSOH VDX FRQWUDH[HPSOH SHQWUX R WHRULH VDX LSRWH]m� 7RDWH
DFHVWHD DUDWm R DQXPLWm VLPLOLWXGLQH vQWUH UROXO H[SHULPHQWXOXL vQ PDWHPDWLFm �L UROXO DFHVWXLD
vQ �WLLQÒHOH 1DWXULL� 7RWX�L� H[LVWm R PDUH GHRVHELUH vQWUH DFHVWHD� 5H]XOWDWHOH H[SHULPHQWHORU
vQ �WLLQÒHOH 1DWXULL vQGHSOLQHVF XQ URO HVHQÒLDO vQ ID]D GH MXVWLILFDUH D WHRULHL� )LHFDUH WHRULH
�WLLQÒLILFm VH FRQIUXQWm vQ PRG FRQWLQXX FX UH]XOWDWHOH REVHUYmULL �L D H[SHULPHQWmULL� 1X HVWH
VXILFLHQW FD R WHRULH Vm ILH ORJLF FRQVLVWHQWm� UH]XOWDWHOH H[SHULPHQWHORU VXQW DFHOHD FDUH GHFLG
GDFm HD HVWH DFFHSWDWm VDX UHMHFWDWm� $FHDVWD HVWH FDOHD vQ FDUH WHRULLOH �WLLQÒLILFH VXQW
SHUPDQHQW FRUHFWDWH� 6SUH GHRVHELUH GH DFHDVWD vQ PDWHPDWLFm OXFUXULOH VWDX FX WRWXO �L FX
WRWXO DOWIHO� 'DFm VH GLVSXQH GH R GHPRQVWUDÒLH FRUHFWm D XQHL WHRUHPH� DWXQFL QX H[LVWm QLFL
XQ H[SHULPHQW �FRUHFW LQLÒLDOL]DW� D FmUXL UH]XOWDW Vm ILH LQFRQVLVWHQW FX WH]HOH VXVÒLQXWH GH
WHRUHPD UHVSHFWLYm� 0DL PXOW� GDFm R WHRULH PDWHPDWLFm HVWH FRQVLVWHQWm� DWXQFL
H[SHULPHQWHOH PDWHPDWLFH vQ FDGUXO DFHVWHL WHRULL QX SRW SURGXFH UH]XOWDWH LQFRQVLVWHQWH FX
DFHDVWD�

0HQÒLRQmP Fm H[LVWm R PDUH GHRVHELUH vQWUH PDWHPDWLFL �L �WLLQÒHOH 1DWXULL vQ FHHD FH
SULYH�WH SR]LÒLD IDÒm GH H[SHULPHQW� »QWU�DGHYmU� FkQG FHYD PHUJH SURVW vQ PDWHPDWLFm� DGLFm
VH LGHQWLILFm XQ FRQWUD�H[HPSOX VDX R FRQWUDGLFÒLH� DWXQFL DQXPLWH FRQVWUXFÒLL PDWHPDWLFH
VXQW HOLPLQDWH GLQ FDGUXO WHRULHL VDX VLVWHPXOXL FRQVLGHUDW� 3H GH DOWm SDUWH� vQ FDGUXO
�WLLQÒHORU 1DWXULL� FkQG FHYD QX VH SRWULYH�WH� vQ VHQVXO Fm DSDU H�HFXUL H[SHULPHQWDOH� DWXQFL
vQ FDGUXO VLVWHPXOXL VDX WHRULHL UHVSHFWLYH VH DGDXJm DQXPLWH FRQVWUXFÒLL FDUH Vm H[SOLFH
H�HFXO�

5H]XOWDWXO H[SHULPHQWXOXL vQ PDWHPDWLFm DUH GHFL XQ URO VHFXQGDU� HO VHUYH�WH SHQWUX
D LOXVWUD R WHRULH GDWm� &ODU� IRDUWH PXOWH IDSWH REÒLQXWH FX DMXWRUXO FDOFXODWRUXOXL �GHFL SULQ
H[SHULPHQWH PDWHPDWLFH� QX DX vQFm R GHPRQVWUDÒLH GHGXFWLYm� �L SHQWUX PRPHQW WUHEXLH Vm
QH PXOÒXPLP FX DFHDVWm MXVWLILFDUH H[SHULPHQWDOm� 8Q H[HPSOX vQ DFHVW VHQV vO FRQVWLWXLH
IRUPXOD vQFKLVm GH SUHGLFÒLH D QXPmUXOXL GH LWHUDÒLL SHQWUX DOJRULWPXO VLPSOH[ vQ
LPSOHPHQWDUHD 0,126 SHQWUX SURJUDPDUHD OLQLDUm� IRUPXOm FDUH VH ED]HD]m SH R LQWHUSUHWDUH
IRDUWH SURIXQGm D HVHQÒHL DOJRULWPXOXL VLPSOH[ >$QGUHL� ����F@� 7RWX�L� DFHDVWD QX vQVHDPQm
Fm WUHEXLH Vm DFFHSWmP DFHVWH UH]XOWDWH �L Vm QX FRQWLQXmP FmXWDUHD SHQWUX R GHPRQVWUDÒLH
GHGXFWLYm D ORU�

7UHEXLH Vm SUHFL]mP DLFL SR]LÒLD H[SHULPHQWXOXL FULWLF GH WLS .DQWLDQ VDX *DOLOHDQ� »Q
DFHVW FD] DFHVWD QX DUH R SR]LÒLH FKLDU VHFXQGDUm� FL XQD GHILQLWRULH� vQ VHQVXO GH D VWDELOL �L
SUHFL]D FRQÒLQXWXO �L PDL DOHV ³SXWHUHD FRPSXWDÒLRQDOm¦ D XQXL UH]XOWDW WHRUHWLF� 'HVHRUL HVWH
SRVLELO Vm FRQVWUXLP DOJRULWPL SHQWUX UH]ROYDUHD XQRU SUREOHPH� SHQWUX FDUH SXWHP GHPRQVWUD
FRPSOH[LWDWHD SROLQRPLDOm� FHHD FH UHSUH]LQWm XQ UH]XOWDW IRDUWH LPSRUWDQW� 7RWX�L�
LPSOHPHQWmUL IRDUWH vQJULMLWH DOH DFHVWRU DOJRULWPL VH GRYHGHVF FDWDVWURIDOH GLQ SXQFWXO GH
YHGHUH DO FRQYHUJHQÒHL FmWUH VROXÒLH� QHFHVLWkQG XQ QXPmU H[FHVLY GH PDUH GH LWHUDÒLL �L GHFL
WLPS GH FDOFXO� 8Q H[HPSOX vQ DFHVW VHQV vO FRQVWLWXLH DOJRULWPXO HOLSVRLGXOXL� SHQWUX
SURJUDPDUHD OLQLDUm� SURSXV GH .KDFKL\DQ� ,PSOHPHQWmULOH DOJRULWPXOXL HOLSVRLGXOXL QX V�DX
GRYHGLW FRPSHWLWLYH FX SURJUDPHOH FDUH LPSOHPHQWHD]m PHWRGD VLPSOH[� $FHDVWD D GXV OD
UHFRQVLGHUDUHD GH]YROWmULORU WHRUHWLFH D FRPSOH[LWmÒLL DOJRULWPLORU vQ VHQVXO GH D VH REÒLQH
DOJRULWPL SROLQRPLDOL GH JUDG PLF� 'DU DFHDVWm LGHH QX V�D vQFHWmÒHQLW GHFkW QXPDL vQ XUPD
XQRU IRDUWH LQWHQVH H[SHULPHQWH FRPSXWDÒLRQDOH� FDUH DX SUHFL]DW LPSRUWDQÒD JUDGXOXL
SROLQRPXOXL GH FRPSOH[LWDWH� $�D DX DSmUXW �L V�DX GH]YROWDW PHWRGHOH EDULHUm GH SXQFW
LQWHULRU SHQWUX SURJUDPDUHD PDWHPDWLFm SHQWUX FDUH V�D SXWXW GHPRQVWUD FRPSOH[LWDWHD
SROLQRPLDOm GH JUDG PLF�

»QÒHOHJHUHD �L H[SOLFDUHD D FHHD FH REVHUYmP SH HFUDQXO FDOFXODWRUXOXL VH IDFH SULQ
IRUPXODUHD �L GHPRQVWUDUHD GH WHRUHPH PDWHPDWLFH� 5H]XOWm GHFL Fm UmVSXQVXO OD vQWUHEDUHD
SXVm OD vQFHSXWXO DFHVWHL VHFÒLXQL HVWH Fm FXQRD�WHUHD PDWHPDWLFm HVWH D SULRUL� vQ VHQVXO Fm

SHQWUX D MXVWLILFD YDORDUHD GH DGHYmU D XQHL WHRUHPH VLQJXUXO OXFUX QHFHVDU HVWH GH D GD R

GHPRQVWUDÒLH FRUHFWm D DFHVWHLD vQ FDGUXO XQHL WHRULL� )DSWXO Fm PDWHPDWLFD SDUH Vm ILH R
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FXQRD�WHUH D SULRUL QX vQVHDPQm Fm GH]YROWDUHD FXQR�WLQÒHORU PDWHPDWLFH VH IDFH vQWU�R

PDQLHUm SUHFLV D[LRPDWLF�GHGXFWLYm� 'LQ FRQWUm� GHVFRSHULULOH PDWHPDWLFH VXQW FRQGLÒLRQDWH

GH R PXOWLWXGLQH GH IDFWRUL� SULQWUH FDUH XQ URO GHRVHELW GH LPSRUWDQW� SRDWH FHO PDL LPSRUWDQW

LPHGLDW GXSm LQWXLÒLH� vO DUH H[SHULPHQWXO PDWHPDWLF� FDUH VH GHILQH�WH vQ FDGUXO LQIRUPDWLFLL�

»Q DFHVW VHQV VH GHILQH�WH PDWHPDWLFD H[SHULPHQWDOm FD DFHD VHFÒLXQH D LQIRUPDWLFLL

FDUH VH RFXSm FX FRGLILFDUHD �L WUDQVPLWHUHD� vQ FRPXQLWDWHD PDWHPDWLFm� D UH]XOWDWHORU SULQ

XWLOL]DUHD WHKQRORJLLORU DYDQVDWH GH FDOFXO SHQWUX D UHDOL]D XQ H[SHULPHQW PDWHPDWLF� vQ VHQV

$ULVWRWHOLDQ� %DFRQLDQ� GDU PDL DOHV .DQWLDQ VDX *DOLOHDQ� FX VFRSXO GH D H[SORUD VWUXFWXUL

PDWHPDWLFH� GH D WHVWD FRQMHFWXUL� FUHGLQÒH� GH D VXJHUD JHQHUDOL]mUL� SUHFXP �L D DQDOL]D

UH]XOWDWHOH REÒLQXWH vQ XUPD DFHVWRU H[SHULPHQWmUL�
(VWH FODU Fm UH]XOWDWHOH GHVFRSHULWH H[SHULPHQWDO VXIHUm GH R DQXPLWm OLSVm GH ULJRDUH�

ULJRDUH FDUH HVWH vQWRWGHDXQD DVRFLDWm PDWHPDWLFLL� GDU DFHVWHD �H[SHULPHQWHOH� vQ JHQHUDO
IXUQL]HD]m R DQXPLWm SHUFHSÒLH �L vQÒHOHJHUH D QDWXULL FRQFHSWXOXL VDX IHQRPHQXOXL PDWHPDWLF
DVXSUD FmUXLD VH IDF H[SHULPHQWmULOH UHVSHFWLYH� vQÒHOHJHUH FDUH PDL GHJUDEm VDX PDL WkU]LX VH
SRDWH IRUPDOL]D vQ WHRUHPH �L WHRULL� $VWIHO� SXWHP VSXQH Fm FUHDÒLRQDO PDWHPDWLFD HVWH

FXQRD�WHUH D SRVWHULRUL�
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&KLDU GDFm vQ YRUELUHD FXUHQWm VXQW XWLOL]DWH ImUm SUHD PDUH GLVFHUQmPkQW� H[LVWm WRWX�L R PDUH
GHRVHELUH vQWUH H[SHULPHQW �L H[SHULHQÒm� ([SHULPHQW YLQH GLQ ODWLQHVFXO ³H[SHULPHQWXP¦ � R
vQFHUFDUH� XQ WHVW �³H[SHULUL¦ � D vQFHUFD� D WHVWD� �L UHSUH]LQWm R DFÒLXQH VDX XQ SURFHV

FRQVLGHUDWH SHQWUX D GHVFRSHUL FHYD FDUH QX HVWH vQFm FXQRVFXW VDX GH D GHPRQVWUD �LOXVWUD�

FHYD FXQRVFXW� &X DOWH FXYLQWH� H[SHULPHQWXO UHSUH]LQWm XQ SURFHGHX GH FHUFHWDUH� FDUH vQ
HVHQÒm FRQVWm vQ SURYRFDUHD VDX SXQHUHD vQ RSHUm D XQXL IHQRPHQ� vQ DQXPLWH FRQGLÒLL ELQH
GHILQLWH� FDUH SHUPLWH VWXGLHUHD DFHOXL IHQRPHQ� 3H GH DOWm SDUWH� H[SHULHQÒD� FDUH YLQH �L HD
GLQ ODWLQHVFXO ³H[SHULHQWLD¦� DUH R FRQRWDÒLH PXOW PDL FRPSOH[m� SXWkQGX�L�VH DVRFLD GRXm
PDUL vQÒHOHVXUL� »Q SULPXO UkQG DFHDVWD SRDWH DYHD VHQVXO �L vQFmUFmWXUD XQXL H[SHULPHQW FD
vQFHUFDUH� FD WHVW� GDU SRDWH DYHD �L XQ VHQV PDL ODUJ FD WRWDOLWDWHD FXQR�WLQÒHORU GREkQGLWH GH�

D OXQJXO WLPSXOXL GHVSUH XQ DQXPLW IHQRPHQ VDX FRQFHSW� &X DOWH FXYLQWH� H[SHULHQÒD DUH XQ
FDUDFWHU LQWHJUDWRU� GDU vQ DFHOD�L WLPS DFÒLRQHD]m FD XQ ILOWUX� PHUHX PRGLILFkQG FHUFXO
LJQRUDQÒHL QRDVWUH�

'XSm FXP DP Ym]XW VH FXQRVF SDWUX WLSXUL GH H[SHULPHQWH� H[SHULPHQWXO $ULVWRWHOLF�
%DFRQLDQ� .DQWLDQ �L *DOLOHDQ� »Q JHQHUDO� FHUFHWDUHD QDWXULL VH UHIHUm OD LQYHVWLJDUHD DFHORU
VLWXDÒLL FDUH QX VXQW QLFL VLPSOH �L QLFL HYLGHQWH� 0DL PXOW� R FHUFHWDUH VHULRDVm D QDWXULL
LPSOLFm R DUJXPHQWDUH SH ED]D HYLGHQÒHL HPSLULFH GDWH GH H[SHULPHQWH�

»Q DFHVW FRQWH[W� H[SHULPHQWXO %DFRQLDQ HVWH DFHOD vQ FDUH VH GHFODQ�HD]m R DQXPLWm
VLWXDÒLH SHQWUX D ³YHGHD FH VH vQWkPSOm¦� ,GHHD HVWH Fm SXWHP vQÒHOHJH FXP VH GHVIm�RDUm
IHQRPHQHOH� vQ DFHD SRUÒLXQH D FUHDÒLHL SH FDUH GRULP Vm R FXQRD�WHP� SULQ VLPSOD DFXPXODUH
D HYLGHQÒHL GLIHULWHORU FRPSRUWmUL DOH HL� ,QIRUPDÒLD DVWIHO REÒLQXWm HVWH DGmXJDWm OD FRUSXO
IDFWXDO GH LQIRUPDÒLL FDUH FRQVWLWXLH DVWIHO H[SHULHQÒD DVXSUD IHQRPHQXOXL UHVSHFWLY�
([SHULPHQWXO $ULVWRWHOLF FRQVWm vQ GHPRQVWUDÒLD DGHYmUXOXL XQHL LGHL VDX WHRULL IRUPXODWH
SHQWUX XQ DQXPLW VFRS� »Q FDGUXO H[SHULPHQWXOXL $ULVWRWHOLF VH FUHHD]m DQXPLWH VLWXDÒLL VDX VH
VHOHFWHD]m DFHOH REVHUYDÒLL FDUH IXUQL]HD]m UH]XOWDWH FDUH FRQILUPm LGHHD VDX WHRULD UHVSHFWLYm�

$FHVWH H[SHULPHQWH QX VXQW FULWLFH� (OH VH ED]HD]m SH FRQFHSÒLD LQGXFWLYLVWm FRQIRUP
FmUHLD SHQWUX D IXQGDPHQWD LGHL VDX WHRULL WUHEXLH Vm JmVLP DFHOH FLUFXPVWDQÒH FDUH OH YHULILFm�

6SUH GHRVHELUH GH DFHVWH GRXm WLSXUL GH H[SHULPHQWH H[LVWm �L D�D QXPLWHOH
H[SHULPHQWH FULWLFH� ([SHULPHQWXO *DOLOHDQ LQYHVWLJKHD]m R LGHH VDX R WHRULH vQ VLWXDÒLL
FULWLFH� GHOLFDWH� vQ FDUH DFHDVWD SRDWH IL UHMHFWDWm� $OWIHO VSXV� VH FDXWm VDX VH RUJDQL]HD]m

DFHOH VLWXDÒLL FDUH SXQ LGHHD VDX WHRULD vQ GLILFXOWmÒL PDMRUH� FDUH DUDWm VOmELFLXQLOH LGHHL VDX

WHRULHL H[SHULPHQWDWH� ([SHULPHQWXO .DQWLDQ HVWH XQ H[SHULPHQW JkQGLW� SUREDELO FHO PDL ELQH

FDUDFWHUL]DW FD XQ H[HUFLÒLX GH PRGHODUH vQWU�R IRUPm PHQWDOm VDX VLPXODWm SH FDOFXODWRU� FX

VFRSXO GH D H[SORUD LPSOLFDÒLLOH LGHLL VDX WHRULHL FRQVLGHUDWH� $PEHOH DFHVWH WLSXUL GH
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H[SHULPHQW� *DOLOHDQ �L .DQWLDQ� LPSOLFm GHGXFHUHD FRQVHFLQÒHORU LGHHL VDX WHRULHL� SUHFXP �L

H[DPLQDUHD FULWLFm� HPSLULF VDX UDÒLRQDO� D UH]XOWDWHORU H[SHULPHQWXOXL�

([SHULPHQWXO FD PHWRGm GH FHUFHWDUH D QDWXULL� FD PHWRGm GH LQYHVWLJDUH D

SURIXQ]LPLORU OXPLL PDWHULDOH� D IRVW FRQVROLGDW GH DUDEL� GH XQGH D WUHFXW vQ (XURSD XQGH XQ

3HWUX 3HUHJULQXV VDX 5RJHU %DFRQ ����������� DX vQFHUFDW R WHRUHWL]DUH D OXL� 7HUPHQXO GH

³VFLHQWLD H[SHULPHQWDOLV¦ D IRVW LQWURGXV GH %DFRQ SHQWUX D DUmWD LPSRUWDQÒD H[SHULPHQWXOXL
vQ GHPHUVXO �L HIRUWXO GH GHVFRSHULUH D OHJLORU� 'H IDSW� WRDWm �WLLQÒD� vQFHSkQG FX JUHFLL �L
SkQm vQ ]LOHOH QRDVWUH� WUHFkQG SULQ 'HVFDUWHV� *DOLOHL� 1HZWRQ� )DUDGD\� 0D[ZHOO� 6WRNHV�
(LQVWHLQ� 3ODQN� +HLVHQEHUJ� &RXUQRW� :DOUDV� 6D\� .H\QHV HWF� HVWH XQ HIRUW GH GHVFRSHULUH
�L IRUPDOL]DUH D OHJLORU�

2 DQDOL]m FULWLFm� IRDUWH VHULRDVm� D �WLLQÒHL PRGHUQH� vQFHSkQG GH OD *DOLOHL �L
1HZWRQ� D IRVW ImFXWm GH ILORVRIXO URPkQ /XFLDQ %ODJD ������������ »Q OXFUDUHD
³([SHULPHQWXO �L VSLULWXO PDWHPDWLF¦� DFHVWD DUDWm Fm vQ �WLLQÒD PRGHUQm DFFHQWXO FDGH SH
GHVFRSHULUHD OHJLORU SULQ LQWHUPHGLXO XQRU FXSOXUL PHWRGRORJLFH FD� REVHUYDÒLD HPSLULFm HVWH

IRORVLWm vQ FXSOX FX PDWHPDWLFD� H[SHULPHQWDUHD VH IDFH vQ VSLULW PDWHPDWLF HWF� $OWIHO VSXV�
VH DMXQJH OD DGHYmU� DGLFm VH REÒLQH FXQRD�WHUH� QXPDL SULQWU�R vPELQDUH GH PHWRGH VXE IRUPm
GH FXSOXUL PHWRGRORJLFH� GLQWUH FDUH FHO PDL LPSRUWDQW HVWH FXSOXO H[SHULPHQW�PDWHPDWLFm�
$FHDVWD DUDWm SR]LÒLD GXDOm D H[SHULPHQWXOXL� FD H[SRQHQW DO HPSLULVPXOXL� GHGXFWLYXOXL� IDÒm
GH PDWHPDWLFm� FD H[SRQHQW DO UDÒLRQDOLVPXOXL� LQGXFWLYXOXL� vQ ]RQD GH FRQVWLWXLUH D OHJLORU�
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»QWRWGHDXQD PDWHPDWLFD SXQH VSLULWXO vQ DUF� vQWU�R VWDUH GH QHFRQWHQLWm FmXWDUH� ILLQG VLQJXUD
GLQWUH GLVFLSOLQH FDUH IDFH DFHVW OXFUX vQWU�XQ VLVWHP ORJLF vQ FDUH� UDÒLRQkQG FRUHFW� SH RULFH
GUXP V�DU PHUJH� VH DMXQJH OD DGHYmU� )XQGDPHQWDO SHQWUX PDWHPDWLFm HVWH Fm DFHDVWD FUHHD]m
LQVWUXPHQWH XQLYHUVDOH FDUH SULQ JHQHUDOLWDWHD �L ULJRDUHD ORU SRW IL XWLOL]DWH vQ RULFH GRPHQLX
DO DFWLYLWmÒLL XPDQH� 7RDWH UDPXULOH PDWHPDWLFLL DX VDX YRU DYHD FkQGYD R DSOLFDELOLWDWH
FRQFUHWm �L DFHDVWD HVWH GDWm GH SR]LÒLD VSHFLDOm �L UROXO SH FDUH�O DUH DOJHEUD vQ FDGUXO
FHORUODOWH GLVFLSOLQH PDWHPDWLFH� 'H DFHHD DP �L VSXV Fm LQIRUPDWLFD HVWH DOJHEUm

FRPSXWDÒLRQDOm� 'HVFDUWHV D IRVW SULPXO FDUH D DILUPDW Fm ³�WLLQÒHOH PDWHPDWLFH VXQW

PDWHPDWLFH GHRDUHFH WRDWH VH IXQGDPHQWHD]m SH DOJHEUm¦� )LORVRIXO FDUH D OXDW FHO PDL vQ
VHULRV SUREOHPD D FHHD ³FH SXWHP FXQRD�WH¦ D IRVW� ImUm QLFL R vQGRLDOm� .DQW� (O D vQFHUFDW Vm
UmVSXQGm OD DFHDVWm vQWUHEDUH GLILFLOm SULQ vPSmUÒLUHD FXQR�WLQÒHORU QRDVWUH vQ GRXm FDWHJRULL�
([LVWm PHWRGD H[SHULPHQWDOm FDUH QH Gm FXQR�WLQÒH GHWDOLDWH DVXSUD IHQRPHQHORU DQDOL]DWH �L
PHWRGD PDWHPDWLFm� 0DWHPDWLFD QX QH Gm FXQR�WLQÒH GHWDOLDWH GHVSUH XQ RELHFW VDX IHQRPHQ
SDUWLFXODU� FL FRQGLÒLLOH JHQHUDOH FDUH JXYHUQHD]m FODVD FmUXLD RELHFWXO VDX IHQRPHQXO vL
DSDUÒLQH�

6XFFHVXO �WLLQÒHORU LQJLQHUH�WL� DO HFRQRPLHL� ELRORJLHL� HFRORJLHL HWF� vQ VHQV
*DOLOHDQ� �WLLQÒH SURIXQG HPSLULFH FX PXOWm ³LQJLQHULH¦ �L IHQRPHQRORJLH� HVWH vQ vQWUHJLPH
GDWRUDW LQWURGXFHULL DOJHEUHL vQ UH]ROYDUHD SUREOHPHORU IXQGDPHQWDOH DVRFLDWH DFHVWRU
GRPHQLL� (VWH DGHYmUDW Fm vQ GRPHQLLOH PHQÒLRQDWH PDL VXV SHQWUX GHVFULHUHD PDWHPDWLFm D
IHQRPHQHORU SURSULL ORU XWLOL]mP FDSLWROH GH FDOFXO GLIHUHQÒLDO �L LQWHJUDO� GH HFXDÒLL
GLIHUHQÒLDOH� GH JHRPHWULH GLIHUHQÒLDOm� WRSRORJLH� DQDOL]m FRPSOH[m HWF� 7RDWH DFHVWHD GXF vQ
ILQDO OD FRQVWUXFÒLD PRGHOHORU PDWHPDWLFH DVRFLDWH IHQRPHQHORU VWXGLDWH� PRGHOH FDUH VH DIOm
vQ SHUVSHFWLYD LQILQLWHL DVHPmQmUL FX UHDOLWDWHD� 'DU DOJHEUD HVWH FHD FDUH IDFH SRVLELOm
UHDOL]DUHD H[SHULPHQWHORU QXPHULFH FRQWURODWH� FDUH GXF OD H[SHULHQÒm �L GH DLFL OD WHRULH�

3ULQFLSDOD SURSULHWDWH D DOJHEUHL HVWH DFHHD GH vQFKLGHUH� vQ VHQVXO Fm DSOLFkQG R
RSHUDÒLH SH R PXOÒLPH GH RELHFWH GLQWU�R DQXPLWm FODVm� RELHFWXO UH]XOWDW DSDUÒLQH DFHOHL FODVH�
'HVFDUWHV D IRVW SULPXO FDUH D DUmWDW Fm JHRPHWULD VH SRDWH VWXGLD vQWU�XQ VLVWHP DOJHEULF�
ILLQG vQFKLVm OD FHOH SDWUX RSHUDÒLL DULWPHWLFH�

6LVWHPXO GH RELHFWH FDUH HVWH vQFKLV vQ UDSRUW FX DQXPLWH RSHUDÒLL HVWH XQ VLVWHP GH
RELHFWH LQYHQWDWH� ILFWLYH� FDUH VXQW UHDOH QXPDL GDFm DFHDVWm OXPH ILFWLYm DUH R UHIOH[LH vQ
UHDOLWDWH� »Q DOJHEUm� WHKQLFD GH ED]m� D�D FXP D IRVW GHVFRSHULWm GH 'HVFDUWHV� FRQVWm vQ D JmVL
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RSHUDÒLL �L PXOÒLPL GH RELHFWH FDUH VXQW vQFKLVH OD DFHVWH RSHUDÒLL� 3HQWUX D DVLJXUD vQFKLGHUHD

WUHEXLH FD DFHVWH RELHFWH DOJHEULFH Vm ILH GHILQLWH vQ PRG DUWLILFLDO� 'H H[HPSOX� QXPHUHOH VH

GHILQHVF FD QDWXUDOH� UDÒLRQDOH� UHDOH� FRPSOH[H HWF� 6SDÒLLOH VXQW FDOLILFDWH FD VSDÒLL

YHFWRULDOH� %DQDFK� +LOEHUW� +DXVGRUII� YDULHWmÒL GLIHUHQÒLDOH HWF� »Q DOJHEUm SXWHP IDFH

GHVFRSHULUL �IRUPDOH� DVXSUD SURSULHWmÒLORU RELHFWHORU DOJHEULFH GHRDUHFH DFHVWHD VXQW

DUWLILFLDOH� &D DWDUH� DOJHEUD HVWH R ILFÒLXQH� DGLFm XQ H[SHULPHQW JkQGLW� SXU JkQGLW� 'H
H[HPSOX� FkQG %RROH D SURSXV DOJHEUD FODVHORU� HO D GHILQLW�R vQFKLVm vQ SULYLQÒD D GRXm
RSHUDÒLL� UHXQLXQHD �L LQWHUVHFÒLD� 5HXQLXQHD D GRXm FODVH SRDWH IRUPD R FODVm FDUH DSDUÒLQH
DOJHEUHL FODVHORU� 'DU� FH vQVHDPQm LQWHUVHFÒLD D GRXm FODVH FDUH QX DX HOHPHQWH FRPXQH "
%RROH D SURSXV Fm RULFH FODVm DUH FODVD QXOm FD VXEFODVm� 'DFm DFFHSWmP DFHVW DUWLILFLX� DWXQFL
DOJHEUD %RROH IXQFÒLRQHD]m� )mUm HO QX H[LVWm vQFKLGHUH �L GHFL QLFL DOJHEUD %RROH� (VWH FODVD
QXOm R ILFÒLXQH "� HVWH HD UHDOm " &ODU� FODVD QXOm HVWH R ILFÒLXQH� 3DUH� GHFL� Fm XQ VLVWHP
DOJHEULF� OD IHO FD XQ URPDQ� FD R SRYHVWH� HVWH R ILFÒLXQH� GDU R ILFÒLXQH QXPDL vQ SULYLQÒD
RELHFWHORU VLVWHPXOXL FDUH R GHILQH�WH� QX vQ WRDWH SULYLQÒHOH� &KLDU GDFm VXQW VWXGLDWH FX
VFRSXO GH D vQÒHOHJH UHDOLWDWHD FHD PDL FRQFUHWm� RELHFWHOH DOJHEULFH QX VXQW GHFL UHDOH� QLFL vQ
PRG QHFHVDU UHDOLVWH� FL ILFWLYH� DSDUÒLQkQG XQRU OXPL WRWDO GLIHULWH GH D QRDVWUm� &D DWDUH�
DFHVWH RELHFWH VXQW FHO PDL ELQH GHVFULVH FD H[SHULPHQWH JkQGLWH�

$OJHEUD DUH OHJmWXUm FX UHDOLWDWHD vQFRQMXUmWRDUH GDWRULWm VLPLOLWXGLQLL FDUH H[LVWm
vQWUH RSHUDÒLLOH LQYHVWLJDWH vQ DOJHEUm� RSHUDÒLL vQ UDSRUW FX FDUH VH GHILQH�WH vQFKLGHUHD� �L
RSHUDÒLLOH XWLOL]DWH vQ H[SHULPHQWHOH FRPSXWDÒLRQDOH GLQ OXPHD IL]LFm UHDOm� $OWIHO VSXV� PRGXO
SULQ FDUH XQ VLVWHP DOJHEULF HVWH FRQWLQJHQW FX UHDOLWDWHD QX HVWH GDWRUDW ³UHDOLWmÒLL¦ RELHFWHORU
ILFWLYH LQYHQWDWH SHQWUX D SHUPLWH vQFKLGHUHD DOJHEULFm� FL VLPLOLWXGLQLL FDUH H[LVWm vQWUH
RSHUDÒLLOH DOJHEUHL �L RSHUDÒLLOH XWLOL]DWH vQ H[SHULPHQWHOH UHDOH�

6XFFHVXO PRGHOmULL PDWHPDWLFH VH GDWRUHD]m GHFL WUHFHULL D GRXm WLSXUL GH WHVWH�
3ULPXO FRQVWm vQWU�R FHUFHWDUH VFHSWLFm IRDUWH PLQXÒLRDVm D H[SHULPHQWHORU PRGHOLVWXOXL� FD �L
FXQRVFmWRU DO IHQRPHQRORJLHL UHVSHFWLYH� $ GRLOHD WHVW VH UHIHUm OD FHUFHWDUHD DPmQXQÒLWm GLQ
SXQFW GH YHGHUH DOJHEULF� FD H[SHULPHQW JkQGLW� FDUH DVWIHO SXQH DQXPLWH UHVWULFÒLL WHRUHWLFH
DVXSUD PRGHOXOXL FD UHSUH]HQWDUH PDWHPDWLFm D FUHDÒLHL� $OWIHO VSXV� R WHRULH D XQHL SRUÒLXQL
RDUHFDUH D FUHDÒLHL QX WUHEXLH Vm WUHDFm QXPDL WHVWHOH H[SHULPHQWDOH vQ VHQVXO DGDHTXDWLR UHL

HW LQWHOOHFWXV GLQ GRPHQLXO UHVSHFWLY� FL vQ DFHOD�L WLPS WUHEXLH Vm ILH LQWHUSUHWDELOm DOJHEULF�
3HQWUX H[SHULPHQWDWRU� RULFH SRUÒLXQH D FUHDÒLHL HVWH GHRGDWm PLVWHU �L UHYHODÒLH�

GHRGDWm WDLQm �L GHVFRSHULUH� ([LVWm XQ H]RWHULVP HVHQÒLDO FDUH VH UHIHUm OD DFHO DVSHFW DO

QDWXULL FDUH QX HVWH DFFHVLELO vQ JHQHUDO� FDUH SULQ GHILQLÒLH HVWH LQDFFHVLELO� XQ UHVW� FDUH

SXQH PRGHOXO� FD UHSUH]HQWDUH PDWHPDWLFm D DFHOHL SRUÒLXQL D FUHDÒLHL� vQ SHUVSHFWLYD

LQILQLWHL DVHPmQmUL FX UHDOLWDWHD� 'HVSUH DFHVW UHVW YRUEHD .DQW� 3DUWHD FXQRVFXWm� FDUH VH

GH]YmOXLH SULQ HIRUWXO GH FLWLUH D FUHDÒLHL� WUHEXLH Vm ILH LQWHUSUHWDELOm DOJHEULF� 1XPDL DWXQFL

PRGHOXO LD FHYD GLQ HVHQÒD IHQRPHQXOXL�

»Q FRQFOX]LD DFHVWHL VHFÒLXQL� FUHG Fm SURJUHVXO VH UHDOL]HD]m SULQ LQWHUSUHWDUHD
UHDOLVWm D PDWHPDWLFLL �L �WLLQÒHORU QDWXULL� SUHFXP �L SULQ LQWHUSUHWDUHD LQVWUXPHQWDOm D
DOJHEUHL FD H[SHULPHQW JkQGLW� $GLFm� QX WUHEXLH Vm FODVLILFmP RELHFWHOH FXQRD�WHULL FD
HPSLULFH �L PDWHPDWLFH� FD LQGXFWLYH �L GHGXFWLYH� QLFL Vm OH LQWHUSUHWmP KROLVWLF� D�D FXP
SURSXQH :LOODUG 4XLQH ������������ FL PDL GHJUDEm vQ VHQV .DQWLDQ� Vm vPSmUÒLP DFHVWH
RELHFWH vQ ³�WLLQÒHOH PDWHPDWLFH HPSLULFH DOH QDWXULL¦ �L RELHFWH ³DOJHEULFH JkQGLWH¦� RELHFWH
FDUH SDUWLFLSm QHPLMORFLW OD GHILQLUHD H[SHULPHQWHORU FRPSXWDÒLRQDOH FRQWURODWH FDUH

IRUPHD]m IXQGDPHQWXO LQIRUPDWLFLL�

1��2�	���$��
,QIRUPDWLFD HVWH XQ PRG FRQFUHW GH UHDOL]DUH D H[SHULPHQWHORU FRPSXWDWLRQDOH� GH IDSW D

PDWHPDWLFLL H[SHULPHQWDOH� (VHQWD HL FRQVWD vQ FRERUkUHD vQ FRPSXWDWLRQDO D FRQFHSWHORU

PDWHPDWLFH� DOJRULWPL]DUHD DFHVWRU FRQFHSWH� VWXGLXO FRPSOH[LWDWLL DOJRULWPLORU DVRFLDWL

DFHVWRU FRQFHSWH� 3ULYLWD vQ SURIXQ]LPL� LQIRUPDWLFD HVWH DOJHEUD FRPSXWDWLRQDOD� FDUH vQ
PDWHULD HL FRQVWD vQ WUDQVIRUPDUHD XQXL FRQFHSW vQWU�XQ DOJRULWP VL DSRL WUDQVIRUPDUHD

DFHVWXLD vQWU�XQ SURJUDP GH FDOFXO�
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3UREOHPHOH IXQGDPHQWDOH DOH LQIRUPDWLFLL� FD DFWLYLWDWH GH PDUH LQWHOHFWXDOLVP vQ

FDUH FUHDÒLD �LQWHOHFWXDOm� RFXSm R SR]LÒLH FHQWUDOm� VH UHIHUm OD� DOJRULWPL]DUHD FRQFHSWHORU

PDWHPDWLFH� VWXGLXO FRQYHUJHQÒHL DOJRULWPLORU� VWXGLXO FRPSOH[LWmÒLL DOJRULWPLORU �L D QDWXULL

FDOFXOXOXL� SUHFXP �L OD UHDOL]DUHD H[SHULPHQWHORU FRPSXWDÒLRQDOH�

7HRULD FODVLFm D FRPSXWDELOLWmÒLL �D OXL 7XULQJ�� FDUH V�D GRYHGLW H[WUHP GH
SURGXFWLYm� D IXUQL]DW IXQGDPHQWHOH �L FDGUXO GH]YROWmULL �WLLQÒHL FDOFXODWRDUHORU� 7RWX�L
GHSHQGHQÒD DFHVWHLD GH � �L � HVWH LQDGHFYDWm SHQWUX D VXVÒLQH IXQGDPHQWHOH FDOFXOXOXL
�WLLQÒLILF PRGHUQ� vQ FDUH DOJRULWPXO SURWRWLS HVWH DOJRULWPXO 1HZWRQ� (IRUWXO LQWHOHFWXDO vQ D
GHILQL FDOFXOXO SHVWH FRUSXO QXPHUHORU UHDOH FRQVWm vQ H[WLQGHUHD PD�LQLL 7XULQJ SHQWUX D
vQJORED PD�LQD 1HZWRQ� $VWIHO� R VHULH GH FRQFHSWH PDMRUH SURSULL DQDOL]HL QXPHULFH � QXPmU
GH FRQGLÒLRQDUH� DSUR[LPDUH� HURUL GH URWXQMLUH� SUREDELOLWDWH ¤ XWLOL]DWH vQ WHRULD FRPSOH[LWmÒLL
QH SHUPLW Vm FRPELQmP LQVWUXPHQWHOH �L WUDGLÒLLOH GLQ �WLLQÒD FDOFXODWRDUHORU FX FHOH GLQ
DQDOL]D QXPHULFm SHQWUX D vQÒHOHJH PDL ELQH QDWXUD �L FRPSOH[LWDWHD FDOFXOXOXL� $FHDVWD HVWH
GH IDSW SUREOHPD IXQGDPHQWDOm D LQIRUPDWLFLL� QDWXUD �L FRPSOH[LWDWHD FDOFXOXOXL�

,QIRUPDWLFD VH LQVWLWXLH FD XQ LQVWUXPHQW PDMRU DO FXQRD�WHULL SUHOXQJLQG DQDOL]D

FRQFHSWHORU PDWHPDWLFH GLQ SXQFWXO GH YHGHUH DO SXWHULL ORU FRPSXWDÒLRQDOH� $FHDVWD
UHSUH]LQWm XQ SDV LPSRUWDQW vQ SURFHVXO GH vQJXVWDUH D LJQRUDQÒHL QRDVWUH� 7RWX�L� WUHEXLH Vm
UHPDUFmP LPHGLDW IDSWXO Fm vQ FLXGD UH]XOWDWHORU H[FHSÒLRQDOH RIHULWH GH DFHDVWD� vQWRWGHDXQD
YD UmPkQH XQ UHVW SH FDUH QX�O YRP FXQRD�WH QLFLRGDWm� $GLFm FRQFHSWHOH PDWHPDWLFH�
DOJRULWPLL DVRFLDÒL DFHVWRUD �L SURJUDPHOH FDUH vQWUXSHD]m DOJRULWPLL QX YRU IL FXQRVFXWH
QLFLRGDWm� $FHDVWD HVWH FRQGLÒLD QRDVWUm� &HHD FH SXWHP IDFH HVWH Vm DPHOLRUmP SHUFHSÒLD
QRDVWUm DVXSUD DFHVWRU HOHPHQWH� 2EVHUYmP Fm vQ HIRUWXO GH vQÒHOHJHUH D FRPSOH[LWmÒLL
FRPSXWDÒLRQDOH� FD SUREOHPm IXQGDPHQWDOm D LQIRUPDWLFLL� DP GLVWUXV PD�LQD 7XULQJ �L vQ
ORFXO HL DP SXV R DOWm PD�LQm FDUH LQFOXGH PD�LQD 1HZWRQ� $LFL VH vQWkOQH�WH 7XULQJ FX
1HZWRQ� �L DFHVWD HVWH PHUVXO QDWXUDO� RQWRORJLF� DO FXQRD�WHULL� 3URJUHVXO QX VH UHDOL]HD]m
SULQ FRQVWUXFÒLD GH WHRULL HODERUDWH� FL SULQ GmUkPDUHD WHRULLORU� vQ EXQXO PHUV DO 1DWXULL� HD

GLVWUXJH SHQWUX D FRQVWUXL� �L DFHDVWD ImUm VIkU�LW�

([LVWm YUH�R MXVWLILFDUH Fm QX YRP DYHD QLFLRGDWm DFFHV WRWDO OD FXQRD�WHUH� LQFOXVLY OD
FXQRD�WHUHD FRQFHSWHORU PDWHPDWLFH " 'D� 'XPQH]HX FkQG O�D FUHDW SH 2P GLQ OXW� �L QX DP
QLFL R H]LWDUH vQ D DFFHSWD DFHDVWm DVHUÒLXQH� ILLQGFm QX JmVHVF QLPLF SODX]LELO FDUH Vm R
vQORFXLDVFm� D VSXV� ³6m IDFHP RP GXSm FKLSXO �L GXSm DVHPmQDUHD QRDVWUm§ >%LEOLD� ����@�
2EVHUYmP Fm V�D DGUHVDW OD SOXUDO� 'DU� vQ vQÒHOHSFLXQHD /XL O�D ImFXW QXPDL GXSm FKLSXO /XL�
$�D vQFkW 2PXO DE LQLWLR VH SODVHD]m vQ SHUVSHFWLYD LQILQLWHL DVHPmQmUL FX GLYLQLWDWHD�
2QWRORJLF� 2PXO vQWRWGHDXQD HVWH SH GUXPXO FXQRD�WHULL� $FHDVWD IDFH FD HO Vm DLEm XQ DFFHV
OLPLWDW OD FXQRD�WHUH� GH RULFH QDWXUm DU IL HD�

3�����	��
$QGUHL� 1�� �����D� &RQYHUJHQÒD DOJRULWPLORU GH RSWLPL]DUH� (GLWXUD 7HKQLFm� %XFXUH�WL� �����
$QGUHL� 1�� �����E� 7HRULH YHUVXV HPSLULVP vQ DQDOL]D DOJRULWPLORU GH RSWLPL]DUH� (GLWXUD 7HKQLFm�

%XFXUH�WL� �����
$QGUHL� 1�� �����F� 2Q WKH FRPSOH[LW\ RI 0,126 SDFNDJH IRU OLQHDU SURJUDPPLQJ� 6WXGLHV LQ

,QIRUPDWLFV DQG &RQWURO� YRO���� QR��� ������ ����
$QGUHL� 1�� ������ 3UREOHPH IXQGDPHQWDOH� 6FULHUL PDWHPDWLFH� 9RO��� �PDQXVFULV�� �����

$QVWUHLFKHU� .�0� ������ /LQHDU SURJUDPPLQJ LQ /�[QA��OQ�Q�@/� RSHUDWLRQV� 6,$0 -� 2SWLPL]DWLRQ� ��
�������� �����

%OXP� /�� ������ &RPSXWLQJ RYHU WKH 5HDOV� :KHUH 7XULQJ PHHWV 1HZWRQ� $:0 1RHWKHU /HFWXUH�
-RLQW 0DWKHPDWLFV 0HHWLQJV LQ 6DQ 'LHJR� -DQXDU\� �����

%OXP� /�� )� &XFNHU� 0� 6KXE �L 6PDOH� 6�� ������ &RPSOH[LW\ DQG 5HDO &RPSXWDWLRQ� 6SULQJHU�9HUODJ�
�����

%OXP� /�� DQG 6PDOH� 6�� ������ 7KH *|GHO LQFRPSOHWHQHVV WKHRUHP DQG GHFLGDELOLW\ RYHU D ULQJ� )URP
7RSRORJ\ WR &RPSXWDWLRQ� 3URFHHGLQJV RI WKH 6PDOHIHVW� +LUVFK� 0�� 0DUVGHQ� -� DQG 6KXE� 0�

�(GV��� �������� �����
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%OXP� /�� 0� 6KXE �L 6WHYH 6PDOH ������ 2Q D WKHRU\ RI FRPSXWDWLRQ DQG FRPSOH[LW\ RYHU WKH UHDO

QXPEHUV� 13�FRPSOHWQHVV� UHFXUVLYH IXQFWLRQV DQG XQLYHUVDO PDFKLQHV� %XOOHWLQ RI WKH $06�
YRO���� QR� �� ����� -XO\ �����

&RRN� 6�� ������ 7KH FRPSOH[LW\ RI WKHRUHP SURYLQJ SURFHGXUHV� 3URFHHGLQJV RI WKH �UG $QQXDO $&0
6\PSRVLXP RQ 7KHRU\ RI &RPSXWLQJ� �������� �����

&RXWXUDW� /�� ������ /D ORJLTXH PDWKpPDWLTXH GH 0� 3HDQR� 5HYXH GH PpWDSK\VLTXH HW GH PRUDOH�
3DULV� �����

&XFNHU� )� ÒL 3HxD� -�� ������ $ SULPDO�GXDO DOJRULWKP IRU VROYLQJ SRO\KHGUDO FRQLF V\VWHPV ZLWK D

ILQLWH�SUHFLVLRQ PDFKLQH� 6,$0 -� RSW�� ��� �������� �����
'XPLWULX� $�� ������ 6ROXÒLD SDUDGR[HORU ORJLFR�PDWHPDWLFH� (GLWXUD �WLLQÒLILFm� %XFXUH�WL� �����
'XPLWULX� $�� ������ 0HFDQLVPXO ORJLF DO PDWHPDWLFLORU� (GLWXUD $FDGHPLHL 5RPkQH� %XFXUH�WL� �����
'XPLWULX� $�� ������ 3KLORVRSKLD PLUDELOLV� (GLWXUD HQFLFORSHGLFm URPkQm� %XFXUH�WL� �����
'XPLWULX ������ (VHXUL ¤ �WLLQÒm �L FXQRD�WHUH� $OpWKHLD� &DUWHD vQWkOQLULORU DGPLUDELOH� (GLWXUD

(PLQHVFX� �����
'XPLWULX� $�� ������ ,VWRULD /RJLFLL� 9RO�,9� (GLÒLD D ,,,�D UHYL]XLWm �L DGmXJLWm� (GLWXUD 7HKQLFm�

%XFXUH�WL� �����

(FNDUW� &� �L <RXQJ� *�� ������ 7KH DSSUR[LPDWLRQ RI RQH PDWUL[ E\ DQRWKHU RI ORZHU UDQN�

3V\FKRPHWULND� �� �������� �����

*|GHO� .�� ������ hEHU IRUPDO XQHQWVFKHLGEDUH 6lW]H GHU 3ULQFLSLD 0DWKHPDWLFD XQG YHUZDQGWHU

6\VWHPH ,� 0RQDWVKHIWH I�U 0DWKHPDWLN XQG 3K\VLN� YRO���� SS��������� �����

*ROGVWLQH� +�� ������ $ KLVWRU\ RI QXPHULFDO DQDO\VLV IURP WKH ��WK WKURXJK WKH ��WK FHQWXU\� 6SULQJHU

9HUODJ� �����

+HUPDQQ� *�� ������ 'LH )UDJH GHU HQGOLFK YLHOHQ 6FKULWWH LQ GHU 7KHRULH GHU 3RO\QRPLGHDOH� 0DWK�

$QQ�� ��� �������� �����

+H\WLQJ� $�� ������ 0DWKHPDWLVFKH *UXQGODJHQIRUVKXQJHQ� ,QWXLWLRQLVPXV� %HZHLVWKHRULH� %HUOLQ�

�����

+LJKDP� 1�-�� ������ $FFXUDF\ DQG 6WDELOLW\ RI 1XPHULFDO $OJRULWKPV� 6,$0� �����

+LOEHUW� '�� ������ 0DWKHPDWLVFKH 3UREOHPH� 1DFKU� *HV� :LVV�� *|WWLQJHQ� �������� �����

-LQ�<L &DL� ������ /HFWXUHV LQ &RPSXWDWLRQDO &RPSOH[LW\� (OHFWURQLF ERRN� :LVFRQVLQ 8QLYHUVLW\�

�ZZ�FV�ZLVF�HGX�aM\F�ERRN�SGI��

-R\FH� '�(�� ������ -XOLD DQG 0DQGHOEURW VHWV� KWWS���DOUSK��FODUNX�HGX�∼ GMR\FH�MXOLD�H[SORUHU�KWPO�

.DUS� 5�0�� ������ 5HGXFLELOLW\ DPRQJ FRPELQDWRULDO SUREOHPV� &RPSOH[LW\ RI &RPSXWHU

&RPSXWDWLRQV� LQ 0LOOHU� 5�(� DQG 7KDWFKHU� -�:� �(GV��� 3OHQXP 3UHVV� SS�������� �����

.OHH� 9� �L 0LQW\� *�-�� ������ +RZ JRRG LV WKH VLPSOH[ DOJRULWKP " ,QHTXDOLWLHV ,,,� 2� 6KLVKD �(G��

�������� $FDGHPLF 3UHVV� �����

/DGULqUH� -�� ������ /HV OLPLWDWLRQV LQWHUQHV GHV IRUPDOLVPHV� /RXYDLQ�3DULV� �����

/HYLQ� /�� ������ 8QLYHUVDO VHDUFK SUREOHPV� 3UREOHPV ,QIRUP� 7UDQVPLVVLRQ� �� �������� �����

5HQHJDU� -�� ������ 5HFHQW SURJUHV VRQ WKH FRPSOH[LW\ RI WKH GHFLVLRQ SUREOHPV IRU WKH UHDOV� ',0$&6

VHULHV LQ GLVFUHWH PDWKHPDWLFV DQG WKHRUHWLFDO FRPSXWHU VFLHQFH� �� �������� �����

5HQHJDU� -�� ������ 2Q WKH FRPSXWDWLRQDO FRPSOH[LW\ DQG WKH ILUVW RUGHU WKHRU\ RI WKH UHDOV� 3DUWV ,�,,,�

-RXUQDO RI 6\PEROLF &RPS�� YRO���� �������� �����

5HQHJDU� -�� ������ ,QFRUSRUDWLQJ FRQGLWLRQ QXPEHUV LQWR WKH FRPSOH[LW\ WKHRU\ RI OLQHDU

SURJUDPPLQJ� 6,$0 -� 2SW�� �� �������� �����

6HLGHQEHUJ� $�� ������ $ QHZ GHFLVLRQ PHWKRG IRU HOHPHQWDU\ DOJHEUD� $QQ� 2I 0DWK�� ��� ��������
�����

7XULQJ� $�0�� ������ 2Q FRPSXWDEOH QXPEHUV� ZLWK DQ DSSOLFDWLRQ WR WKH (QWVFKHLGXQJVSUREOHP� 3URF�
/RQGRQ 0DWK� 6RF�� ��� �������� �����

7XULQJ� $�� ������ 5RXQGLQJ�RI HUURUV LQ PDWUL[ SURFHVVHV� 4XDUW� -� 0HFK� $SSO� 0DWK�� �� ��������
�����

9RQ 1HXPDQQ� -� �L *ROGVWLQH� +�� ������ 1XPHULFDO LQYHUWLQJ PDWULFHV RI KLJK RUGHU� %XOOHWLQ RI WKH
$06� ��� ���������� �����

1RLHPEULH ��� ����
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