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9LQFHQ]R &ULQuR \� &ULVWLDQR 7RPDVVRQL ]� 0DXUR 0RQJLDUGR ]
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]',(,� 8QLYHUVLW\ RI 3HUXJLD� 9LD *� 'XUDQWL� ��� ������ 3HUXJLD� ,WDO\�
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$EVWUDFW

:H SUHVHQW VRPH QHZ GHYHORSPHQWV RI WKH K\EULG 0RGDO�)LQLWH (OHPHQW 0HWKRG
�0�)(0� IRU WKH HOHFWURPDJQHWLF DQDO\VLV RI GLVFRQWLQXLWLHV LQYROYLQJ ZDYHJXLGHV RI
DUELWUDU\ FURVV�VHFWLRQ� 7KH SURSRVHG DSSURDFK LV EDVHG RQ D OLQH LQWHJUDO IRUPXODWLRQ
LQ RUGHU WR GHULYH ERWK WKH FRXSOLQJ DQG WKH QRUPDOLVDWLRQ LQWHJUDOV� $OO WKH OLQH
LQWHJUDOV DUH VROYHG DQDO\WLFDOO\ OHDGLQJ WR D YHU\ HpFLHQW IRUPXODWLRQ� 1XPHULFDO
H[DPSOHV VKRZ WKH DFFXUDF\ RI WKH UHVXOWV DQG WKH oH[LELOLW\ RI WKH PHWKRG�

,� ,QWURGX]LRQH

,O FUHVFHQWH VYLOXSSR GHL VLVWHPL GL WHOHFRPXQLFD]LRQH PRELOL H VDWHOOLWDUL ULFKLHGH
nOWUL GDOOH SUHVWD]LRQL VHPSUH SLtX HOHYDWH FRQ GLPHQVLRQL� FRVWL H WHPSL GL SURGX]LRQH
VHPSUH SLtX ULGRWWL� 1RWHYROH tH TXLQGL O
LQWHUHVVH SHU WHFQLFKH QXPHULFKH FKH FRQVHQ�
WDQR GL SURJHWWDUH LQ PRGR HpFLHQWH HG DFFXUDWR WDOL VWUXWWXUH�
)LOWUL PROWR XWLOL]]DWL VRQR TXHOOL FRQ FDYLWtD DFFRSSLDWH PHGLDQWH LULGL FRVWLWXLWH

GD XQD R SLtX DSHUWXUH �)LJ� ��� 7DOL LULGL VRQR VWDWH VWXGLDWH LQ SDVVDWR XWLOL]�
]DQGR IRUPXOH DSSURVVLPDWH EDVDWH VXOOD WHRULD GHOOH SLFFROH DSHUWXUH GL %HWKH >�@�
WHFQLFKH GL DQDOLVL HOHWWURPDJQHWLFD PRGDOL >�@ R� SLtX UHFHQWHPHQWH� WHFQLFKH LEULGH
FRPH TXHOOD 0RGDOH H DG (OHPHQWL )LQLWL SURSRVWD LQ >�@� 4XHVW
XOWLPR DSSURFFLR
FRQVHQWH GL VIUXWWDUH VLD O
HpFLHQ]D GHOO
DQDOLVL PRGDOH FKH OD YHUVDWLOLWtD GHO PHWRGR
DJOL HOHPHQWL nQLWL� DSSOLFDELOH DQFKH D JXLGH G
RQGD FRQ VH]LRQH QRQ VHSDUDELOH�
,Q >�@ DEELDPR SURSRVWR GL DSSOLFDUH D WDOH PHWRGR OD IRUPXOD]LRQH SHU LO FDOFROR
PHGLDQWH LQWHJUDOL GL OLQHD GHJOL LQWHJUDOL GL DFFRSSLDPHQWR H GL QRUPDOL]]D]LRQH UL�
SRUWDWD LQ >�@ �)LJ� ��� /D IRUPXOD]LRQH RWWHQXWD tH VWDWD UHVD SLtX HpFDFH ULVROYHQGR
DQDOLWLFDPHQWH JOL LQWHJUDOL GL OLQHD�
,Q TXHVWR DUWLFROR� GRSR XQ EUHYH ULFKLDPR DOOD IRUPXOD]LRQH FRQ LQWHJUDOL GL OLQHD

GHO PHWRGR LEULGR 0�)(0� DSSOLFKLDPR WDOH PHWRGR DOO
DQDOLVL GL XQD ELIRUFD]LRQH
LQ JXLGD HOOLWWLFD H GL XQ
LULGH GL LQWHUHVVH SUDWLFR�

,,� 7HRULD

7UD OH YDULH IRUPXOD]LRQL DG (OHPHQWL )LQLWL SUHVHQWDWH LQ OHWWHUDWXUD SHU O
DQDOLVL
GL JXLGH G
RQGD DEELDPR VFHOWR OD �VWDQGDUG IRUPXODWLRQ� ELGLPHQVLRQDOH FKH XWLOL]]D

)LJ� �� $OFXQL HVHPSL GL LULGL LQ JXLGD FLUFRODUH



)LJ� �� 6H]LRQH WUDQVYHUVD GL XQD GLVFRQWLQXLWtD WUD GXH JXLGH GL VH]LRQH QRQ�VHSDUDELOH� OD OLQHD
VFXUD GHQRWD LO FRQWRUQR GHOOH JXLGH� /D PHVK WULDQJRODUH ELGLPHQVLRQDOH tH XWLOL]]DWD SHU LO
FDOFROR DJOL HOHPHQWL nQLWL GHL PRGL LQ JXLGD� *OL LQWHJUDOL GL DFFRSSLDPHQWR H GL QRUPDOL]�
]D]LRQH YHQJRQR FDOFRODWL ULVROYHQGR DQDOLWLFDPHQWH JOL LQWHJUDOL GL OLQHD VXL ODWL GHL WULDQJROL
GHOOD PHVK FKH LQGLYLGXDQR LO FRQWRUQR GHOOH JXLGH�

OH WUH FRPSRQHQWL GHO FDPSR PDJQHWLFR H� PHGLDQWH XQD VFHOWD RSSRUWXQD GHJOL �HGJH
HOHPHQWV�� QRQ SUHVHQWD LO SUREOHPD GHL PRGL VSXUL� /H FRPSRQHQWL WUDVYHUVD H ORQ�
JLWXGLQDOH GHO FDPSR PDJQHWLFR LQ FLDVFXQ HOHPHQWR GHOOD PHVK YHQJRQR VYLOXSSDWH�
QHOO
LSRWHVL GL DVVHQ]D GL SHUGLWH �FRVWDQWH GL SURSDJD]LRQH o  Mn�� QHO VHJXHQWH
PRGR�
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GRYH 1 H
Y IXQ]LRQL GL LQWHUSROD]LRQH YHWWRULDOL ~ H 1

H
Q IXQ]LRQL GL LQWHUSROD]LRQH VFDODUL

m VRQR DVVRFLDWL DG XQ HOHPHQWR� $SSOLFDQGR LO PHWRGR GHL UHVLGXL SHVDWL GL *DOHUNLQ
HG LPSRQHQGR OD FRQWLQXLWtD WDQJHQ]LDOH GHO FDPSR PDJQHWLFR WUD L YDUL HOHPHQWL GHOOD
PHVK VL RWWLHQH LO VLVWHPD�
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GRYH KW HG K] VRQR L YHWWRUL FKH FRQWHQJRQR L FRHpFLHQWL GL HVSDQVLRQH LQFRJQLWL KWM
DQG K]M GHOO
LQWHUD PHVK H OH PDWULFL >$@ WR >)@ VRQR GHVFULWWH LQ >�@�
/D VROX]LRQH GHO VLVWHPD ���� SHU XQ n DVVHJQDWR� FRQVHQWH GL ULFDYDUH JOL DXWRYDORUL

NR HG L FRHpFLHQWL GHOOH HVSDQVLRQL ���� 'DOOD FRQRVFHQ]D GHL NR VL SRVVRQR SRL
GHULYDUH L QXPHUL G
RQGD DO FXW�Rm NF�

N�F b �Mn��  N�R ���

0ROWR LPSRUWDQWH tH OD VFHOWD GHOOH IXQ]LRQL GL LQWHUSROD]LRQH VFDODUL H YHWWRULDOL� 8Q
EXRQ FRPSURPHVVR WUD FRPSOHVVLWtD HG DFFXUDWH]]D tH UDSSUHVHQWDWR GDOOH IXQ]LRQL
VFDODUL GHO VHFRQGR RUGLQH >�@ H GDJOL HGJH HOHPHQWV �/LQHDU 7DQJHQWLDO� 4XDGUDWLF
1RUPDO� /7�41 >�@�
3HU DSSOLFDUH OH IRUPXOH SHU LO FDOFROR GHJOL LQWHJUDOL GL DFFRSSLDPHQWR H GL QRU�

PDOL]]D]LRQH IRUQLWH LQ >�@ RFFRUUH YDOXWDUH L SRWHQ]LDOL GHL PRGL 7( H 70 H OH ORUR
GHULYDWH OXQJR LO FRQWRUQR GHOOD JXLGD� , SRWHQ]LDOL QRQ QRUPDOL]]DWL GHL PRGL 7( H
70� LQGLFDWL ULVSHWWLYDPHQWH FRQ j H k� SRVVRQR HVVHUH HVSUHVVL FRPH�
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3HU EUHYLWtD ULSRUWLDPR TXL VROWDQWR OH IRUPXOH UHODWLYH DO FDOFROR GHOOD GHULYDWD GHO
SRWHQ]LDOH ULVSHWWR DOOD QRUPDOH DO FRQWRUQR GHOOD JXLGD H ULVSHWWR DO NF� XWLOL SHU LO
FDOFROR GHJOL LQWHJUDOL GL QRUPDOL]]D]LRQH GHL PRGL 70�
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GRYH Q  �Q[� Q\� UDSSUHVHQWD LO YHUVRUH QRUPDOH DO FRQWRUQR GHOOD JXLGD� U  
�[� \� LO YHWWRUH SRVL]LRQH GHO SXQWR GHO FRQWRUQR GHOOD JXLGD GRYH YLHQH FDOFRODWD
OD GHULYDWD� wL  DL � EL[ � FL\ �L  ������ OH FRRUGLQDWH VLPSOHWWLFKH H DL� EL H FL L
FRHpFLHQWL SHU SDVVDUH GDOOH FRRUGLQDWH FDUWHVLDQH D TXHOOH VLPSOHWWLFKH�
8WLOL]]DQGR OH IRUPXOH �������� SLtX DOWUH GHOOR VWHVVR WLSR� SHU LO FDOFROR GL SRWHQ]LDOL

H GHULYDWH GL SRWHQ]LDOL� VLDPR LQ JUDGR GL ULVROYHUH DQDOLWLFDPHQWH JOL LQWHJUDOL GL
OLQHD ULSRUWDWL LQ >�@ VX FLDVFXQ GHL ODWL GHL WULDQJROL GHOOD PHVK FKH LQGLYLGXDQR L
ERUGL GHOOH JXLGH �)LJ� ���
8QD YROWD FDOFRODWL JOL LQWHJUDOL GL DFFRSSLDPHQWR SRVVLDPR FRVWUXLUH OD PDWULFH GL

DFFRSSLDPHQWR� GDOOD TXDOH� WUDPLWH VHPSOLFL FDOFROL PDWULFLDOL TXDOL TXHOOL XWLOL]]DWL
QHOOD WHFQLFD GHO 0RGH�0DWFKLQJ� VLDPR LQ JUDGR GL ULVDOLUH DOOD PDWULFH GL VFDWWHULQJ
JHQHUDOL]]DWD�

,,,� 5LVXOWDWL

$OOR VFRSR GL YHULnFDUH O
DSSOLFDELOLtD GHO PHWRGR DO FDVR GL SLtX DSHUWXUH� DEELDPR
FRQVLGHUDWR GDSSULPD XQ HVHPSLR FRVWLWXLWR GD XQD ELIRUFD]LRQH LQ JXLGD HOOLWWLFD� ,Q
)LJ� �� DEELDPR FRQIURQWDWR L QRVWUL ULVXOWDWL FRQ TXHOOL SXEEOLFDWL LQ >�@� XWLOL]]DQGR
�� PRGL QHOOD JXLGD JUDQGH H � LQ FLDVFXQD GHOOH GXH JXLGH SLFFROH�
,Q )LJ� � DEELDPR FRQIURQWDWR L SDUDPHWUL GL VFDWWHULQJ RWWHQXWL FRQ LO QRVWUR

PHWRGR FRQ TXHOOL ULFDYDWL PHGLDQWH LO WRRO FRPPHUFLDOH GHOO
$QVRIW� +)66� SHU
XQ
LULGH GHO WLSR SURSRVWR LQ >�@� ULSRUWDWD QHOOD VWHVVD nJXUD� ,Q TXHVWR FDVR DE�
ELDPR FRQVLGHUDWR ��� PRGL QHOOD JXLGD FLUFRODUH H � QHOO
LULGH� ,Q HQWUDPEL JOL
HVHPSL VL tH ULVFRQWUDWR XQ EXRQ DFFRUGR ULVSHWWR DL ULVXOWDWL GL ULIHULPHQWR�

,9� &RQFOXVLRQL

$EELDPR SURSRVWR OD IRUPXOD]LRQH FRQ LQWHJUDOL GL OLQHD SHU LO FDOFROR GHJOL LQWH�
JUDOL GL DFFRSSLDPHQWR H GL QRUPDOL]]D]LRQH QHO PHWRGR LEULGR 0RGDOH�)(0� $EEL�
DPR TXLQGL DSSOLFDWR WDOH PHWRGR DOO
DQDOLVL GHOOH LULGL GL DFFRSSLDPHQWR GHL nOWUL LQ
FDYLWtD� ,O PHWRGR VL tH GLPRVWUDWR oHVVLELOH H DFFXUDWR�



)LJ� �� 0RGXOR GHO FRHpFLHQWH GL ULoHVVLRQH H GL WUDVPLVVLRQH GL XQD ELIRUFD]LRQH LQ JXLGD HOOLWWLFD�
&RQIURQWR IUD L ULVXOWDWL RWWHQXWL FRQ LO QRVWUR PHWRGR H TXHOOL ULSRUWDWL LQ >�@ RWWHQXWL WUDPLWH
0RGH�0DWFKLQJ�

)LJ� �� 0RGXOR GHO FRHpFLHQWH GL ULoHVVLRQH H GL WUDVPLVVLRQH GL XQ
LULGH LQ JXLGD FLUFRODUH�
&RQIURQWR IUD L ULVXOWDWL RWWHQXWL FRQ LO QRVWUR PHWRGR H TXHOOL RWWHQXWL FRQ LO WRRO FRPPHUFLDOH
GHOO
$QVRIW� +)66�
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