
,O ULODVVDPHQWR /DJUDQJLDQR QHOOD VROX]LRQH GL

SUREOHPL GL 2WWLPL]]D]LRQH &RPELQDWRULD

3� 'HWWL e

� 1RYHPEUH ����

� /D WHFQLFD /DJUDQJLDQD

/
DSSOLFD]LRQH GHOOD WHFQLFD /DJUDQJLDQD DL SUREOHPL GL 2WWLPL]]D]LRQH &RPELQDWRULD H
SLtX LQ JHQHUDOH DL SUREOHPL GL SURJUDPPD]LRQH PDWHPDWLFD LQWHUD DVVXPH LPSRUWDQ]D
QHJOL DQQL ��� TXDQGR +HOG H .DUS >�� �@ SURSRQJRQR XQ DSSURFFLR /DJUDQJLDQR SHU LO
SUREOHPD GHO 763� PD O
LGHD RULJLDQULD SUREDELOPHQWH ULVDOH DO ���� HG tH GRYXWD D /RULH H
6DYDJH >�@� 5LIHULPHQWL FODVVLFL GDOOD OHWWHUDWXUD VXOOD WHFQLFD GL ULODVVDPHQWR /DJUDQJLDQR
VRQR L ODYRUL GL *HRmULRQ >�@� 6KDSLUR >��@ H )LVKHU >�� �@� 7XWW
RJJL OD WHFQLFD /DJUDQJLDQD
tH LPSLHJDWD FRQ VXFFHVVR QHOOD PHVVD D SXQWR GL DOJRULWPL GL VROX]LRQH SHU XQR VYDULDWR
QXPHUR GL SUREOHPL GL 3URJUDPPD]LRQH /LQHDUH ,QWHUD 0LVWD�
/
LQWXL]LRQH DOOD EDVH GHOO
DSSURFFLR /DJUDQJLDQR FRQVLVWH QHO YHGHUH PROWL GHL SURE�

OHPL GL 2WWLPL]]D]LRQH &RPELQDWRULD ?GLpFLOL� FRPH SUREOHPL ?IDFLOL�� FRPSOLFDWL GD XQ
LQVLHPH� LQ JHQHUH GL GLPHQVLRQH ULGRWWD� GL YLQFROL� ,O 5LODVVDPHQWR /DJUDQJLDQR� FRQ�
VLVWH QHOO
HOLPLQD]LRQH GHL YLQFROL ?LQGHVLGHUDWL� H QHOO
LQVHULPHQWR GL TXHVWL QHOOD IXQ]LRQH
RELHWWLYR LQ PRGR WDOH FKH� QHOOD VROX]LRQH GHO SUREOHPD ULODVVDWR� VH QH WHQJD FRQWR LQ
TXDOFKH PLVXUD�
6L FRQVLGHUL DG HVHPSLR LO VHJXHQWH SUREOHPD GL 3URJUDPPD]LRQH /LQHDUH ,QWHUD 3/,��

PLQ F[ ���

WDOH FKH

$[ w E ���

&[ w G ���

[ � I�� �JQ ���

e'LSDUWLPHQWR GL ,QIRUPDWLFD H $XWRPD]LRQH � 8QLYHUVLWtD GL 5RPD 7UH� YLD GHOOD YDVFD QDYDOH� �� �
����� 5RPD �,WDO\�� H�PDLO� GHWWL#GLD�XQLURPD��LW
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GRYH $ H & VRQR PDWULFL GL GLPHQVLRQL� ULVSHWWLYDPHQWH� PdQ HP�dQ�� E H G VRQR YHWWRUL
GL GLPHQVLRQL� ULVSHWWLYDPHQWH� P H P�� [ tH XQ YHWWRUH GL GLPHQVLRQH Q H F tH XQ YHWWRUH
ULJD GL GLPHQVLRQH Q� 6L VXSSRQJD FKH 3/,� VLD XQ SUREOHPD GL GLpFLOH ULVROX]LRQH� PHQWUH
VLD IDFLOH ULVROYHUH LO SUREOHPD RWWHQXWR ?LQVHUHQGR� QHOOD IXQ]LRQH RELHWWLYR L YLQFROL ���
QHO VHJXHQWH PRGR�

PLQ F[� w�Eb$[� ���

WDOH FKH

&[ w G ���

[ � I�� �JQ ���

GRYH w tH XQ YHWWRUH ULJD QRQ QHJDWLYR GL QXPHUL UHDOL GL GLPHQVLRQH P� GHQRPLQDWR
YHWWRUH GHL PROWLSOLFDWRUL GL /DJUDQJH� ,O SUREOHPD ���^��� tH GHWWR SUREOHPD /DJUDQJLDQR
H OD IXQ]LRQH

/�w�  PLQIF[� w�Eb $[� � &[ w G� [ � I�� �JQJ ���

tH GHQRPLQDWD IXQ]LRQH /DJUDQJLDQD� ,O SUREOHPD /DJUDQJLDQR ULVXOWDQWH GHYH HVVHUH QDWX�
UDOPHQWH SLtX VHPSOLFH GD ULVROYHUH� HG KD OD SURSULHWtD FKH OD VROX]LRQH RWWLPD FRVWLWXLVFH XQ
ERXQG VXOO
RWWLPR GHO SUREOHPD RULJLQDULR� ULVSHWWLYDPHQWH XQ ORZHU ERXQG VH LO SUREOHPD
FRQVLGHUDWR tH GL PLQLPR� XQ XSSHU ERXQG VH LO SUREOHPD tH GL PDVVLPR�

3URSRVL]LRQH ��� 6LD ]�3/,�� LO YDORUH GHOOD VROX]LRQH RWWLPD GL 3/,�� SHU RJQL YHWWRUH
QRQ QHJDWLYR w � 55P� VL KD

/�w� � ]�3/,�� ���

'LPRVWUD]LRQH� 3RLFKuH $[ w E H w w �� DOORUD w�E b $[� � � SHU RJQL VROX]LRQH
DPPLVVLELOH GL 3/,� H TXLQGL SHU RJQL nVVDWR YHWWRUH GL PROWLSOLFDWRUL VL KD�

]�3/,��  PLQIF[ � $[ w E� &[ w G� [ � I�� �JQJ w
PLQIF[� w�Eb $[� � $[ w E�&[ w G� [ � I�� �JQJ� ����

6H GDO VHFRQGR WHUPLQH GHOOD ���� VL ULPXRYRQR L YLQFROL $[ w E� SRLFKuH VL HmHWWXD XQ
DOODUJDPHQWR GHOOD UHJLRQH DPPLVVLELOH GHO SUREOHPD� VL RWWLHQH�

PLQIF[� w�Eb $[� � $[ w E�&[ w G� [ � I�� �JQJ w
PLQIF[� w�Eb $[� � &[ w G� [ � I�� �JQJ  /�w�� ����

(

,O PLJOLRU ORZHU ERXQG RWWHQLELOH GD /�w� tH RWWHQXWR ULVROYHQGR LO VHJXHQWH SUREOHPD
GL RWWLPL]]D]LRQH HG tH GHQRPLQDWR GXDOH /DJUDQJLDQR�
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/�we�  PD[I/�w� � w w �J� ����

7DOH GHQRPLQD]LRQH tH JLXVWLnFDWD GDOOH VHJXHQWL FRQVLGHUD]LRQL� 6LD GDWR LO SUREOHPD
GL 3URJUDPPD]LRQH /LQHDUH /3  PLQIF[ � $[ w E� [ w �J� 6H VL HmHWWXD LO ULODVVDPHQWR
/DJUDQJLDQR GHL YLQFROL $[ w E LO GXDOH /DJUDQJLDQR tH�

//3 �w
e�  PD[IPLQI�Fb w$�[� wE � [ w �J� w w �J� ����

3HU w nVVDWR� QHO FDOFROR GHOOD ����� RJQL FRPSRQHQWH GL [ WDOH FKH OD FRUULVSRQGHQWH
FRPSRQHQWH GHO YHWWRUH �Fbw$� tH QHJDWLYD GHYH HVVHUH SRVWD D �� H TXLQGL /�w�  b��
1HO SUREOHPD GL PDVVLPR� KD VHQVR FRQVLGHUDUH� TXLQGL� VRODPHQWH TXHL YHWWRUL w SHU FXL
Fb w$ w �� RWWHQHQGR LO SUREOHPD�

//3 �w
e�  PD[IwE � Fb w$ w �� w w �J ����

FRUULVSRQGHQWH DO GXDOH GL /3 �
&RQ ULIHULPHQWR DO SUREOHPD 3/,�� WUD ULODVVDPHQWR /LQHDUH H ULODVVDPHQWR /DJUDQJLDQR

YDOH LO VHJXHQWH ULVXOWDWR�

3URSRVL]LRQH ��� 6LD /�w� OD IXQ]LRQH /DJUDQJLDQD RWWHQXWD GD 3/,� HmHWWXDQGR LO
ULODVVDPHQWR /DJUDQJLDQR GHL YLQFROL $[ w E� H VLD /�we� LO YDORUH GHO GXDOH /DJUDQJLDQR�
6LD ]�3/�� LO YDORUH RWWHQXWR ULVROYHQGR LO ULODVVDPHQWR /LQHDUH GHO SUREOHPD 3/,�� 9DOH
OD FRQGL]LRQH�

/�we� w ]�3/�� ����

'LPRVWUD]LRQH�

/�we�  PD[IPLQIF[� w�Eb $[� � &[ w G� [ � I�� �JQJ� w w �J
w PD[IPLQIF[� w�Eb $[� � &[ w G� � � [ � �J � w w �J
w PD[IPLQIF[� w�Eb $[� � x�Gb &[� � [ w ��b[ w b�J � w w �� x w �J
w PD[IPLQIF[� w�Eb $[� � x�Gb &[� � y�[b �� � [ w �J � w w �� x w �� y w �J
 PD[IPLQI�Fb w$b x& � y�[� wE� xGb y� � [ w �J � w w �� x w �� y w �J

 PD[IwE� xGb y� � Fb w$b x& � y w �� w w �� x w �� y w �J

 e PLQIF[ � $[ w E� &[ w G� � � [ � �J  ]�3/�� ����

/
XOWLPR SDVVDJJLR � e� VL RWWLHQH FDOFRODQGR LO SUREOHPD GXDOH� (
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/D 3URSRVL]LRQH ��� VWDELOLVFH� TXLQGL� FKH LO ULODVVDPHQWR /DJUDQJLDQR tH DOPHQR WDQWR
EXRQR TXDQWR LO ULODVVDPHQWR /LQHDUH� 7DOH ULVXOWDWR JLXVWLnFD� DOPHQR LQ OLQHD WHRULFD�
O
LPSLHJR GHL ERXQG /DJUDQJLDQL QHOOD PHVVD D SXQWR GL DOJRULWPL GL HQXPHUD]LRQH LP�
SOLFLWD GL WLSR EUDQFK DQG ERXQG�
7UD ULODVVDPHQWR /LQHDUH H ULODVVDPHQWR /DJUDQJLDQR YDOH� LQROWUH� LO VHJXHQWH ULVXOWDWR�

&RUROODULR ��� 6LD 3  PLQIF[ � [ � ;J XQ SUREOHPD GL 3URJUDPPD]LRQH /LQHDUH
,QWHUD� VH LO SROLHGUR 4  FRQYI[ � ;J KD WXWWL L YHUWLFL LQWHUL� VH� FLRtH� L YLQFROL GL
LQWHUH]]D VRQR ULGRQGDQGDQWL� DOORUD LO YDORUH GHO ULODVVDPHQWR /LQHDUH ]3OS tH SDUL DO GXDOH
/DJUDQJLDQR�

6H YDOH LO &RUROODULR ��� VL GLFH FKH LO SROLHGUR 4 JRGH GHOOD SURSULHWtD GL LQWHUH]]D�

��� )XQ]LRQL FRQFDYH

8QD IXQ]LRQH I � 55Q � 55 VL GLFH FRQFDYD VH� SHU RJQL FRSSLD GL YHUWLFL [�� [� � 55Q H SHU
RJQL UHDOH m� FRQ � � m � �� VL KD�

mI�[�� � ��b m�I�[�� � I�m[� � ��b m�[��� ����

6L FRQVLGHUL O
LQVLHPH ) GHnQLWR QHOOR VSD]LR 55Q�� QHO VHJXHQWH PRGR�
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�
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w
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/D FXL IURQWLHUD tH FRVWLWXLWD GDO JUDnFR GL I � FLRuH GDOO
LQVLHPH GHL SXQWL \ WDOL FKH ]  
I�[�� 8QD FRQVHJXHQ]D GHOOD GHnQL]LRQH GL IXQ]LRQH FRQFDYD tH HQXQFLDWD GDOOD VHJXHQWH
SURSRVL]LRQH�

3URSRVL]LRQH ��� 'DWD XQD IXQ]LRQH FRQFDYD I � 55Q � 55 O
LQVLHPH ) GHnQLWR LQ ����
tH FRQYHVVR�

'LPRVWUD]LRQH� 6LDQR \� s
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I�m[� � ��b m�[��  I�[��� ����

H TXLQGL� SHU OD GHnQL]LRQH GHOO
LQVLHPH ) � LO SXQWR \� DSSDUWLHQH DG ) � GLPRVWUDQGR OD
WHVL� (

/D VHJXHQWH SURSRVL]LRQH GHVFULYH XQD EHQ QRWD SURSULHWtD GHJOL LQVLHPL FRQYHVVL�
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3URSRVL]LRQH ��� 6LD ) t 55P XQ LQVLHPH FRQYHVVR H \
�

XQ SXQWR VXOOD VXD IURQWLHUD�
$OORUD HVLVWH XQ YHWWRUH Z � 55P QRQ QXOOR� GHnQLWR D PHQR GL XQD FRVWDQWH PROWLSOLFDWLYD
SRVLWLYD� WDOH FKH O
LSHUSLDQR Z7 �\ b \

�

�  � SDVVDQWH SHU \
�

tH GL VXSSRUWR SHU O
LQVLHPH
) � FLRtH VRGGLVID OD VHJXHQWH UHOD]LRQH�

Z7 �\ b \
�

�  � �\ � )� ����

8VDQGR OD SUHFHGHQWH SURSRVL]LRQH� SRVVLDPR GLPRVWUDUH OD VHJXHQWH LPSRUWDQWH SUR�
SULHWtD�

3URSRVL]LRQH ��� 6LD I � 55Q � 55 XQD IXQ]LRQH FRQFDYD H [
�

XQ JHQHULFR SXQWR GL 55Q�
$OORUD HVLVWH XQ YHWWRUH V � 55Q WDOH FKH SHU RJQL [ � 55Q ULVXOWD�
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��� &RQGL]LRQL GL RWWLPDOLWtD GHO SUREOHPD /DJUDQJLDQR

6H� SHU XQ GDWR YDORUH GL w� OD VROX]LRQH GHO SUREOHPD /DJUDQJLDQR tH DPPLVVLELOH DQFKH
SHU LO SUREOHPD RULJLQDULR �VH� FLRtH� ULVSHWWD L YLQFROL ULOODVVDWL ���� QRQ VL SXtR DmHUPDUH
FKH WDOH VROX]LRQH VLD RWWLPD SHU 3/,�� 9DOH SHUtR OD VHJXHQWH FRQGL]LRQH GL RWWLPDOLWtD�

3URSRVL]LRQH ��� 6LD /�w� OD IXQ]LRQH /DJUDQJLDQD RWWHQXWD GD 3/,� HmHWWXDQGR LO
ULODVVDPHQWR /DJUDQJLDQR GHL YLQFROL $[ w E� 6L VXSSRQJD FKH SHU XQ nVVDWR YDORUH we

GHL PROWLSOLFDWRUL VLDQR YHULnFDWH OH GXH FRQGL]LRQL�

L� OD VROX]LRQH [e GHO SUREOHPD /DJUDQJLDQR VLD DPPLVVLELOH SHU 3/,��

LL� OD FRQGL]LRQH GL FRPSOHPHQWDULWtD

we�$[e b E�  � ����

VLD VRGGLVIDWWD�

$OORUD [e tH XQD VROX]LRQH RWWLPD DQFKH SHU LO SUREOHPD 3/,��

'LPRVWUD]LRQH� 3HU GHnQL]LRQH /�w�  PLQIF[ � w�E b $[�J� 'DOOD FRQGL]LRQH LL�
VL RWWLHQH FKH /�we�  F[e� ,QROWUH SRLFKuH /�we� � F[ H [e tH DPPLVVLELOH SHU LO SUREOHPD
RULJLQDULR VL GHGXFH FKH [e tH XQD VROX]LRQH RWWLPD SHU 3/,�� (

/D SURSRVL]LRQH SUHFHGHQWH YDOH� LQ JHQHUDOH� SHU LO ULODVVDPHQWR /DJUDQJLDQR GL YLQ�
FROL GL GLVXJXDJOLDQ]D� 6H� SHU XQ GDWR SUREOHPD� VL HmHWWXD� LQYHFH� LO ULODVVDPHQWR
/DJUDQJLDQR GL YLQFROL GL XJXDJOLQD]D� SRLFKuH OD FRQGL]LRQH LL� tH VHPSUH VRGGLVIDWWD�
FRQGL]LRQH VXpFLHQWH GL RWWLPDOLWtD SHU LO SUREOHPD RULJLQDULR tH FKH OD VROX]LRQH [e GHO
SUREOHPD /DJUDQJLDQR VLD DPPLVVLELOH SHU 3/,�� ,Q JHQHUDOH� LO GXDOH /DJUDQJLDQR tH PL�
QRUH GHOOD VROX]LRQH RWWLPD GHO SUREOHPD RULJLQDULR � /�we� � ]�3/,��� SHU XQ SUREOHPD
GL PLQLPR�� /D GLmHUHQ]D ]�3/,��b /�we� tH GHWWD JDS GL GXDOLWtD�
4XDORUD OH FRQGL]LRQL GHOOD SURSRVL]LRQH SUHFHGHQWH QRQ VLDQR YHULnFDWH OH VROX]LRQL

GHO SUREOHPD /DJUDQJLDQR SRVVRQR HVVHUH XWLOL]]DWH FRPXQTXH QHOOD ULFHUFD GHOOD VROX]LRQH
RWWLPD� OH VROX]LRQL DPPLVVLELOL SHU LO SUREOHPD RULJLQDULR� PD QRQ GLPRVWUDWH RWWLPH� FRV�
WLWXLVFRQR XQ XSSHU ERXQG GHOO
RWWLPR �SUREOHPD GL PLQLPR� H VRQR FDQGLGDWH DG HVVHUH
VROX]LRQL RWWLPH� PHQWUH OH VROX]LRQL /DJUDQJLDQH QRQ DPPLVVLELOL SHU LO SUREOHPD RULJL�
QDULR SRVVRQR HVVHUH PRGLnFDWH H UHVH DPPLVVLELOL GDQGR OXRJR VSHVVR D EXRQH VROX]LRQL�

��� &DOFROR GHO 'XDOH /DJUDQJLDQR

6L FRQVLGHUL OD IXQ]LRQH /DJUDQJLDQD ���� H VLD ; O
LQVLHPH GL SXQWL ; s I[�� � � � � [7J s
I&[ w G� [ � I�� �JQJ� 6L VXSSRQJD FKH ; VLD FRVWLWXLWR GD XQ LQVLHPH nQLWR GL SXQWL� 6L
SXtR GLPRVWUDUH FKH OD IXQ]LRQH ��� tH XQD IXQ]LRQH FRQWLQXD� FRQFDYD� QRQ GLmHUHQ]LDELOH�
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(c –  λ A )x3

(c –  λ A )x1

(c –  λ A )x2

(c –  λ A )x5

(c –  λ A )x4

λ

L(λ∗)

L(λ)

λ∗

)LJXUD �� $QGDPHQWR GL /�w��

,O GXDOH /DJUDQJLDQR ���� SXtR HVVHUH FDOFRODWR� TXLQGL� ULVROYHQGR XQ SUREOHPD GL RWWLPL]�
]D]LRQH QRQ GLmHUHQ]LDELOH� 8Q DOWUR PHWRGR GL VROX]LRQH FRQVLVWH QHO IRUPXODUH ���� FRPH
SUREOHPD GL 3URJUDPPD]LRQH /LQHDUH� ,O SUREOHPD GHO FDOFROR GHO GXDOH /DJUDQJLDQR ����
tH LQIDWWL HTXLYDOHQWH DO SUREOHPD�

PD[ Y ����

WDOH FKH

Y � �Fb w$�[W � wE� W  �� � � � � 7 ����

w w � ����

1RWDUH FKH L YLQFROL ���� VRQR SDUL DO QXPHUR GL HOHPHQWL GHOO
LQVLHPH ;� 'D TXHVWR
SXQWR GL YLVWD� tH IDFLOH YHULnFDUH FRPH OD IXQ]LRQH /DJUDQJLDQD / � w� /�w� VLD GHnQLWD
GDOOD IURQWLHUD LQIHULRUH GL XQ LQVLHPH FRPSRVWR GD XQ LQVLHPH nQLWR GL IXQ]LRQL OLQHDUL� 1HO
FDVR PRQRGLPHQVLRQDOH �MwM  �� H SHU 7  �� O
DQGDPHQWR GHOOD IXQ]LRQH /DJUDQJLDQD� LO
YDORUH RWWLPR GHL PROWLSOLFDWRUL we HG LO FRUULVSRQGHQWH GXDOH /DJUDQJLDQR VRQR PRVWUDWL
LQ )LJXUD ��
8QD GHOOH WHFQLFKH SHU ULVROYHUH LO SUREOHPD ����^���� tH LO PHWRGR GL 'HFRPSRVL]LRQH

GL 'DQW]LJ^:ROIH >��� �@� 8QR GHJOL VYDQWDJJL GL WDOH PHWRGR tH TXHOOR GL ULFKLHGHUH OD
ULVROX]LRQH GL XQD VHULH GL SUREOHPL GL 3URJUDPPD]LRQH /LQHDUH FKH SRVVRQR HVVHUH RQHURVL
GDO SXQWR GL YLVWD FRPSXWD]LRQDOH�
8Q DOWUR DSSURFFLR GL VROX]LRQH SHU LO SUREOHPD ���� GHULYD GDOOH WHFQLFKH GL RWWLPL]�

]D]LRQH QRQ GLmHUHQ]LDELOL� 1HL SUREOHPL GL RWWLPL]]D]LRQH FRQ IXQ]LRQH RELHWWLYR QRQ
OLQHDUH I�w�� FRQ w YHWWRUH Q�GLPHQVLRQDOH� OD PDJJLRU SDUWH GHL PHWRGL XWLOL]]DWL VL
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EDVDQR VXO FRQFHWWR GL JUDGLHQWH UI�w� GHOOD IXQ]LRQH I � GHnQLWR FRPH LO YHWWRUH ULJD
�#I�w� #w�� #I�w� #w�� � � � � #I�w� #wQ�� /D GHULYDWD GLUH]LRQDOH GL I OXQJR OD GLUH]LRQH
G VRGGLVID OD UHOD]LRQH�

OLP
t��

I�w� tG�b I�w�

t
 UI�w�G� ����

&LtR VLJQLnFD FKH VH VL VFHJOLH XQD GLUH]LRQH G GL ?VSRVWDPHQWR�� WDOH FKH UI�w�G ! �
FRQ t �GHWWR OXQJKH]]D GHO SDVVR� RSSRUWXQDPHQWH SLFFROR� OR VSRVWDPHQWR DYYLHQH LQ XQD
GLUH]LRQH GL DYYLFLQDPHQWR GL XQ SXQWR GL RWWLPR GHOOD IXQ]LRQH� , PHWRGL EDVDWL VX WDOL
FRQVLGHUD]LRQL VRQR FRQRVFLXWL LQ OHWWHUDWXUD FRPH PHWRGL GHO JUDGLHQWH� ,Q JHQHUDOH� WDOL
PHWRGL� GDWD XQD IXQ]LRQH FRQFDYD QRQ GLmHUHQ]LDELOH I�w�� FRQ we XQ SXQWR GL PDVVLPR
SHU I�w�� FRQVLVWRQR QHO JHQHUDUH XQD VXFFHVVLRQH GL SXQWL w���� w���� � � � � w�N�� � � � RWWHQXWD
GD XQD UHOD]LRQH GL ULFRUUHQ]D GHO WLSR w�W���  w�W� � t�W�G�W�� WDOH FKH
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W��

w�W�  we� ����

8QD GLUH]LRQH GL VSRVWDPHQWR G SXtR HVVHUH FDOFRODWD VIUXWWDQGR OH � VHJXHQWL SURSR�
VL]LRQL�

3URSRVL]LRQH ��� 'DWD XQD IXQ]LRQH FRQFDYD I � 55Q � 55 H XQ SXQWR w
� � 55Q� XQ

YHWWRUH V � 55Q� FKH SHU RJQL w � 55Q VRGGLVID OD UHOD]LRQH

V7 �wb w
�

� w I�w�b I�w
�

� ����

tH GHWWR VXEJUDGLHQWH GL I LQ w
�

3URSRVL]LRQH ��� 'DWD XQD IXQ]LRQH FRQFDYD I � 55Q � 55 GD PDVVLPL]]DUH� XQ SXQWR
w�W� � 55Q QRQ GL PDVVLPR SHU I H XQ VXEJUDGLHQWH V�W� GL I LQ w�W�� OD GLUH]LRQH GHnQLWD GD
G�W�  V�W�

MMV�W�MM
tH GL DYYLFLQDPHQWR DG XQ TXDOXQTXH SXQWR GL PDVVLPR we � 55Q SHU I � GRYH

MMV�W�MM  
S
V�W�7 V�W��

'LPRVWUD]LRQH� 'DOOD ���� VHJXH FKH� SHU RJQL w � 55Q WDOH FKH I�w� ! I�w�W��� ULVXOWD
V�W�

7

�wb w�W�� ! �� &LtR YDOH LQ SDUWLFRODUH SHU w  we GLPRVWUDQGR OD WHVL�
(

'DOOD GHnQL]LRQH GL VXEJUDGLHQWH VL SXtR GHGXUUH FKH w
�

tH XQ SXQWR GL RWWLPR SHU OD
IXQ]LRQH I�w� VH � tH XQ VXEJUDGLHQWH GL I LQ w

�

� 'DOOD ���� VHJXH LQIDWWL FKH ��wb w
�

� w
I�w�b I�w

�

��w � 55Q� H TXLQGL I�w
�

� w I�w��w � 55Q�
/D VHJXHQWH SURSRVL]LRQH GHWHUPLQD XQ VXEJUDGLHQWH SHU OD IXQ]LRQH /DJUDQJLDQD ����

3URSRVL]LRQH ���� 6LDQR w�N� � 55Q H [�N� � I�� �JQ GXH YHWWRUL WDOL FKH

�



/�w�N��  PLQIF[� wN�Eb$[� � &[ w G� [ � I�� �JQJ  ����

F[�N� � w�N��Eb $[�N�� ����

DOORUD LO YHWWRUH V  Eb$[�N� tH XQ VXEJUDGLHQWH GL /�w� LQ w�N��

'LPRVWUD]LRQH�
3HU XQ JHQHULFR YHWWRUH w VL RWWLHQH

/�w�  PLQIF[� w�Eb$[� � &[ w G� [ � I�� �JQJ � ����

F[�N� � w�Eb$[�N��  ����

F[�N� � w�N��Eb $[�N�� � �wb w�N���Eb$[�N��  ����

/�wN� � V�wb wN� ����

FLRtH �Eb$[�N���wb w�N�� w /�w�b/�w�N��� 5LFRUGDQGR OD GHnQL]LRQH GL VXEJUDGLHQWH
VL KD OD WHVL� (

$OJRULWPR GHO VXEJUDGLHQWH

,QSXW� IXQ]LRQH GD PDVVLPL]]DUH /�w�� SXQWR LQL]LDOH w�� PDVVLPR QXPHUR GL LWHUD]LRQL 7�

�� ,QL]LDOL]]D]LRQH W  ��

�� 3HU XQ GDWR YDORUH w�Wb��� FDOFROD OD VROX]LRQH [W GHO SUREOHPD /DJUDQJLDQR ���^����

�� 'DWR LO SXQWR [�W�� FDOFROD XQ VXEJUDGLHQWH V�W� GL /�w�� 6H V�W�  � DOORUD VWRS� DOWULPHQWL
YDL DO SDVVR ��

�� w�W� � w�Wb�� � t�W�V�W�� FRQ t�W� VFHOWR LQ PRGR WDOH FKH OH FRQGL]LRQL ����� ���� VLDQR
VRGGLVIDWWH�

�� 3RQL W � W� �� VH W ! 7 VWRS� DOWULPHQWL YDL DO SDVVR SDVVR ��

)LJXUD �� $OJRULWPR GHO VXEJUDGLHQWH

1HOOD PHVVD D SXQWR GL XQ PHWRGR GHO JUDGLHQWH XQ DOWUR DVSHWWR LPSRUWDWQWH ULJXUDGD
OD VFHOWD GHO SDVVR t�W�� ,O PRGR FRQ FXL WDOH VFHOWD tH UHDOL]]DWD GHWHUPLQD OD FRQYHUJHQ]D
R PHQR GHOOD VHTXHQ]D GL SXQWL w�W� DG XQ SXQWR GL PDVVLPR we� H� QHO FDVR LQ FXL VL DEELD
WDOH FRQYHUJHQ]D� QH LQoXHQ]D HQRUPHPHQWH OD YHORFLWtD� ,Q SDUWLFRODUH� VL SXtR GLPRVWDWUH
FKH VH OD VHTXHQ]D t�W� SHU N  �� �� � � � VRGGLVID OH FRQGL]LRQL >��@�

�
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t�W�  � ����
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t�W� ���W��� ����

DOORUD OD VXFFHVVLRQH GL SXQWL JHQHUDWD DWWUDYHUVR OD UHOD]LRQH w�W���  w�W��t�W�V�W� MMV�W�MM
FRQYHUJH DG XQ SXQWR GL RWWLPR� ,Q )LJXUD � tH ULSRUWDWR XQR VFKHPD GHOO
DOJRULWPR GHO
VXEJUDGLHQWH�
,Q SUDWLFD� XQ PHWRGR SHU OD VFHOWD GHOOD OXQJKH]]D GHO SDVVR t�W�� GDWR XQ VXEJUDGLHQWH

V�W�� VRGGLVIDFHQWH OH FRQGL]LRQL ���� H ���� tH GDWR GDOOD UHOD]LRQH >��� �@�

t�W�  mW

8% b /�w�W��

MMV�W�MM ����

GRYH 8% tH XQ XSSHU ERXQG SHU LO SUREOHPD RULJLQDULR H mN tH XQR VFDODUH FRPSUHVR WUD �
H ��
,O PHWRGR GHO VXEJUDGLHQWH tH XQ PHWRGR GL DSSURVVLPD]LRQH QRQ SROLQRPLDOH� H� LQ

OLQHD WHRULFD� tH JDUDQWLWD OD FRQYHUJHQHQ]D DO YHWWRUH RWWLPR GL PROWLSOLFDWRUL GL /DJUDQJH
we LQ XQ QXPHUR LQnQLWR GL SDVVL� ,QROWUH� XQR GHL PDJJLRUL LQFRYHQLHQWL GHO PHWRGR ULVLHGH
QHO FRPSRUWDPHQWR RVFLOODWRULR GHL ORZHU ERXQG JHQHUDWL �OD VHULH GL ORZHU ERXQG JHQHUDWL
QRQ tH� LQIDWWL� PRQRWRQLFDPHQWH FUHVFHQWH� H OD EDVVD YHORFLWtD GL FRQYHUJHQ]D �OLQHDUH��
7XWWDYLD� SHU OD VXD IDFLOLWtD GL LPSOHPHQWD]LRQH H SHU OD EXRQD TXDOLWtD GHL ERXQG SURGRWWL
�DQFKH LQ WHUPLQL GL YHORFLWtD GL FDOFROR�� WDOH PHWRGR tH XQR GHL SLtX XWLOL]]DWL�
$OWUL PHRWGL GL RWWLPL]]D]LRQH� FRPH DG HVHPSLR� L PHWRGL GL EXQGOH� ULFKLHGRQR OD

VROX]LRQH GL XQ SUREOHPD TXDGUDWLFR SHU OD JHQHUD]LRQH GHOOD GLUH]LRQH GL VSRVWDPHQWR G�
7DOL PHWRGL KDQQR� LQ JHQHUDOH� PLJOLRUL SURSULHWtD GL FRQYHUJHQ]D ORFDOL� PD ULFKLHGRQR DG
RJQL LWHUD]LRQH XQ PDJJLRUH FDULFR FRPSXWD]LRQDOH� 'L FRQVHJXHQ]D DOO
DXPHQWDUH GHOOH
GLPHQVLRQL GHO SUREOHPD SRVVRQR ULFKLHGHUH WHPSL GL FDOFROR SLtX OXQJKL�

� $SSOLFD]LRQH GHOOD WHFQLFD /DJUDQJLDQD

8QR GHJOL LPSLHJKL SULQFLSDOL GHOOD WHFQLFD /DJUDQJLDQD GL ULODVVDPHQWR QHOOD VROX]LRQH GL
SUREOHPL GL 2WWLPL]]D]LRQH &RPELQDWRULD� tH OHJDWD DO FDOFROR GL ERXQG GD XWLOL]]DUH LQ
VFKHPL GL HQXPHUD]LRQH LPSOLFLWD TXDOL DG HVHPSLR DOJRULWPL GL EUDQFK DQG ERXQG�
7UD L UHFHQWL VYLOXSSL H DSSOLFD]LRQL GHO ULODVVDPHQWR /DJUDQJLDQR YL VRQR L ULVXOWDWL

GL +RRJHYHHQ H YDQ GH 9HOGH >�@ H YDQ GH 9HOGH >��� ��@ FKH SUHVHQWDQR DSSURFFL /D�
JUDQJLDQL SHU OD VROX]LRQH GL YDUL SUREOHPL GL PDFKLQH VFKHGXOLQJ� ,Q SDUWLFRODUH� LQ >�@
YLHQH SUHVHQWDWD XQD WHFQLFD FKH LPSLHJD YDULDELOL GL VODFN SHU UDmRU]DUH L ERXQG /D�
JUDQJLDQL� *XLJQDUG >�@ SUHVHQWD SURFHGXUH SHU LO PLJOLRUDPHQWR GHL ERXQG /DJUDQJLDQL
DWWUDYHUVR O
LQGLYLGXD]LRQH HG LO ULODVVDPHQWR GL WDJOL YDOLGL DWWUDYHUVR XQR VFKHPD GL

��



?5HOD[�DQG�&XW�� 7DOL WDJOL VRQR LQGLYLGXDWL� GXUDQWH LO SURFHVVR GL DSSURVVLPD]LRQH GHO
GXDOH� GDOO
DQDOLVL GHOOH VROX]LRQL GHO SUREOHPD /DJUDQJLDQR�
8Q
DOWUD QRWD WHFQLFD SHU LO FDOFROR GL ERXQG tH LO 5LODVVDPHQWR /LQHDUH� 'DWD XQD

IRUPXOD]LRQH OLQHDUH LQWHUD SHU XQ SUREOHPD13bKDUG� OD WHFQLFD GL ULODVVDPHQWR /LQHDUH
FRQVLVWH� FRPH tH QRWR� QHOOD ULPR]LRQH GHL YLQFROL GL LQWHUH]]D VXOOH YDULDELOL� /D VROX]LRQH
GHO FRUULVSRQGHQWH SUREOHPD /LQHDUH tH XQ ERXQG �XQ ORZHU ERXQG VH LO SUREOHPD tH GL
PLQLPR� DOOD VROX]LRQH RWWLPD GHO SUREOHPD RULJLQDOH�
/D ERQWtD GL XQD WHFQLFD GL ULODVVDPHQWR GLSHQGH SULQFLSDOPHQWH GD GXH IDWWRUL�

� TXDOLWtD GHO ERXQG SURGRWWR�

� YHORFLWtD GL FDOFROR GHO ERXQG�

/D VFHOWD GL XQ ULODVVDPHQWR� LQ JHQHUDOH� QRQ tH LPPHGLDWD� SXtR HVVHUH SUHIHULELOH� DG
HVHPSLR� VFHJOLHUH ERXQG PHQR ?IRUWL�� PD FRPSXWD]LRQDOPHQWH PHQR RQHURVL� FKH ERXQG
PLJOLRUL D IURQWH GL WHPSL GL FDOFROR HOHYDWL�
&RPH PRVWUDWR QHO 3DUDJUDIR �� SHU XQD GDWD IRUPXOD]LRQH GL 3/,� LO GXDOH /DJUDQJLDQR

tH PDJJLRUH RG XJXDOH DO YDORUH GHO ULODVVDPHQWR /LQHDUH� PHQWUH L ERXQG /DJUDQJLDQR H
/LQHDUH VRQR XJXDOL VH OD IRUPXOD]LRQH JRGH GHOOD SURSULHWtD GL LQWHUH]]D� 7XWWDYLD� DQFKH LQ
TXHVW
XOWLPR FDVR� VH LO SUREOHPD /DJUDQJLDQR tH ULVROYLELOH FRQ SRFR VIRU]R FRPSXWD]LRQDOH�
LO FDOFROR GHO GXDOH /DJUDQJLDQR SXtR HVVHUH SLtX UDSLGR H� TXLQGL� SXtR SUHIHULUVL DO FDOFROR
GHO ULODVVDPHQWR /LQHDUH�
'
DOWUD SDUWH� OD WHFQLFD /DJUDQJLDQD tH XQD PHWRGRORJLD FKH WUDH YDQWDJJLR GDOOD

VSHFLnFLWtD GHO SUREOHPD FRQVLGHUDWR �TXDOL� DG HVHPSLR� SURSULHWtD SDUWLFRODUL FKH UHQ�
GRQR LO SUREOHPD ULODVVDWR VHPSOLFH GD ULVROYHUH LQ PRGR FRPELQDWRULR�� /
DSSOLFD]LRQH
GHOO
DSSURFFLR /DJUDQJLDQR SUHVXSSRQH� TXLQGL� QRQ VROR XQ
DQDOLVL GL GLmHUHQWL IRUPX�
OD]LRQL GHOOR VWHVVR SUREOHPD� PD DQFKH� SHU XQD VWHVVD IRUPXOD]LRQH� XQ
DQDOLVL GL GLYHUVL
ULODVVDPHQWL RWWHQLELOL GDOOD ?GXDOL]]D]LRQH� GL GLYHUVL LQVLHPL GL YLQFROL� /D VFHOWD GL XQD
IRUPXOD]LRQH H GL XQ ULODVVDPHQWR SXtR HmHWWXDUVL VLD FRQ PHWRGL DQDOLWLFL �:ROVH\ >��@
FRQVLGHUD GLmHUHQWL IRUPXOD]LRQL H ULODVVDPHQWL SHU LO SUREOHPD �MULM3LZL&L� H VWDELOLVFH
LQ PRGR DQDOLWLFR JHUDUFKLH WUD ULODVVDPHQWL�� VLD LQ PRGR HPSLULFR� ,Q JHQHUDOH� LO ULODV�
VDPHQWR /DJUDQJLDQR GL XQ PLQRU QXPHUR GL YLQFROL tH SUHIHULELOH� VLD SHUFKuH LO SUREOHPD
/DJUDQJLDQR� HVVHQGR GL GLPHQVLRQL ULGRWWH� ULVXOWD HVVHUH SLtX VHPSOLFH GD ULVROYHUH� VLD
SHUFKuH PHQR VRQR L YLQFROL ULPRVVL PDJJLRUH tH OD ?YLFLQDQ]D� GHO SUREOHPD ULODVVDWR DO
SUREOHPD RULJLQDOH�

5LIHULPHQWL

>�@ *� %� 'DQW]LJ� 3� :ROI� 'HFRPSRVLWLRQ SULQFLSOH IRU OLQHDU SURJUDPV� 2SHUDWLRQV
5HVHDUFK� �� ���^���� �����

>�@ 0� /� )LVKHU� 7KH /DJUDQJLDQ UHOD[DWLRQ PHWKRG IRU VROYLQJ LQWHJHU SURJUDPPLQJ
SUREOHPV� 0DQDJHPHQW 6FLHQFH� ��� �^��� �����

��



>�@ 0� /� )LVKHU� $Q DSSOLFDWLRQ RULHQWHG JXLGH WR WKH /DJUDQJLDQ UHOD[DWLRQ� ,QWHUIDFHV�
��� ��^��� �����

>�@ $� *HRmULRQ� /DJUDQJLDQ 5HOD[DWLRQ DQG LWV XVHV LQ ,QWHJHU 3URJUDPPLQJ� 0DWKH�
PDWLFDO 3URJUDPPLQJ 6WXG\� �� ��^���������

>�@ 0� *XLJQDUG�(pFLHQW FXWV LQ /DJUDQJHDQ C5HOD[�DQG�&XW
VFKHPHV�� (XURSHDQ -RXU�
QDO RI 2SHUDWLRQDO 5HVHDUFK� ���� ���^���� �����

>�@ 0� +HOG� 5� 0� .DUS� 7KH WUDYHOLQJ VDOHVPDQ SUREOHP DQG PLQLPXQ VSDQQLQJ WUHHV�
2SHUDWLRQV 5HVHDUFK� ��� ����^����� �����

>�@ 0� +HOG� 5� 0� .DUS� 7KH WUDYHOLQJ VDOHVPDQ SUREOHP DQG PLQLPXQ VSDQQLQJ WUHHV�
3DUW ,,� 0DWKHPDWLFDO 3URJUDPPLQJ� �� ��^��� �����

>�@ -�$� +RRJHYHHQ� 6�/� 9DQ GH 9HOGH� 6WURQJHU /DJUDQJLDQ ERXQGV E\ XVH RI WKH VODFN
YDULDEOHV� DSSOLFDWLRQV WR PDFKLQH VFKHGXOLQJ SUREOHP� 0DWKHPDWLFDO 3URJUDPPLQJ�
�� ���� ���^���� �����

>�@ -� /RULH� /� ,� 6DYDJH� 7KUHH SUREOHPV LQ FDSLWDO UDWLRQLQJ� -RXUQDO RI %XVLQHVV� ���^
���� ����

>��@ 7� /� 0DJQDQWL� -� )� 6KDSLUR� 0� +� :DJQHU� *HQHUDOL]HG OLQHDU SURJUDPPLQJ VROYHV
WKH GXDO� 0DQDJHPHQW 6FLHQFH� ��� ����^����� �����

>��@ %� 7� 3RO\DN� 0LQLPL]DWLRQ RI 8QVPRRWK )XQFWLRQDOV� &RPSXWDWLRQDO 0DWKHPDWLFV
DQG 0DWKHPDWLFDO 3K\VLFV� �� ��^��� �����

>��@ -� )� 6KDSLUR� $ VXUYH\ RI /DJUDQJHDQ 7HFKQLTXHV IRU 'LVFUHWH 2SWLPL]DWLRQ� $QQDOV
RI 'LVFUHWH 0DWKHPDWLFV� �� ���^���� �����

>��@ 6�/� YDQ GH 9HOGH�0DFKLQH 6FKHGXOLQJ DQG /DJUDQJLDQ 5HOD[DWLRQ� 3K' 7KHVLV� &:,�
$PVWHUGDP �7KH 1HWKHUODQGV�� �����

>��@ 6�/� YDQ GH 9HOGH� 'XDO GHFRPSRVLWLRQ RI D VLQJOH�PDFKLQH VFKHGXOLQJ SUREOHP� 0DWK�
HPDWLFDO 3URJUDPPLQJ ��� ���^���� �����

>��@ /� $� :ROVH\� )RUPXODWLQJ 6LQJOH�0DFKLQH 6FKHGXOLQJ 3UREOHPV ZLWK 3UHFHGHQFH &RQ�
VWUDLQWV� &25( 'LVFXVVLRQ SDSHU ����� &DWKROLF 8QLYHUVLW\ RI /RXYDLQ� /RXYDLQ�OD�
1HXYH� �����
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