
+\EULG IXOO�ZDYH DQDO\VLV RI FLUFXODU DQG HOOLSWLFDO KRUQV�

&� 7RPDVVRQL \� $�6� 2PDU ]� 0� 0RQJLDUGR \
\',(,� 8QLYHUVLW\ RI 3HUXJLD� 9LD *� 'XUDQWL� ��� ������ 3HUXJLD� ,WDO\� H�PDLO� WRPDVVRQL#GLHL�XQLSJ�LW

]2WWR�YRQ�*XHULFNH�8QLYHUVLW�DW 0DJGHEXUJ� 0DJGHEXUJ� *HUPDQ\�

$EVWUDFW _ $Q K\EULG PHWKRG EDVHG RQ *HQHUDOL]HG 0XOWLSROH 7HFKQLTXH �*07��
PRGDO DQDO\VLV DQG QRYHO DQDO\WLFDO H[SUHVVLRQV LV SUHVHQWHG IRU ULJRURXV IXOO�ZDYH
DQDO\VLV RI KRUQ DQWHQQDV� 7KH PHWKRG DOORZV WR FRPSXWH LQSXW VFDWWHULQJ SDUDPHWHUV
DQG UDGLDWLRQ SDWWHUQV IRU KRUQ DQWHQQDV ZLWK nQLWH RU LQnQLWH oDQJH SODQH� 5HVXOWV
DUH SUHVHQWHG WR YDOLGDWH WKH WKHRU\�

,� ,QWURGX]LRQH

,Q TXHVWR DUWLFROR YLHQH DmURQWDWR LO SUREOHPD GHOO
DQDOLVL GL KRUQ FRUUXJDWL FLUFRODUL HG HOOLWWLFL VLD
GDO SXQWR GL YLVWD GHO FDOFROR GHL FRHpFLHQWL GL VFDWWHULQJ� VLD GDO SXQWR GL YLVWD GHO 'LDJUDPPD GL
5DGLD]LRQH �'G5��

,O FDOFROR GHL FRHpFLHQWL GL VFDWWHULQJ LQ VWUXWWXUH FRPH JOL KRUQ VL SUHVWD EHQH DOO
XWLOL]]R GL PHWRGL
LEULGL SRLFKuH ULFKLHGH OD VROX]LRQH GL GXH WLSL GL SUREOHPD� LO SUREOHPD DSHUWR HG LO SUREOHPD FKLXVR
>�@� 3DUODQGR GL SUREOHPD FKLXVR FL ULIHULDPR DOOD SDUWH LQWHUQD GHOO
KRUQ� GRYH VRQR SUHVHQWL XQD
VXFFHVVLRQH GL GLVFRQWLQXLWtD LQ JXLGD� PHQWUH FRQ SUREOHPD DSHUWR FL ULIHULDPR DOOD GLVFRQWLQXLWtD
IUD O
DSHUWXUD GHOO
KRUQ H OR VSD]LR OLEHUR� tH HVSHULHQ]D FRPXQH FKH LO PRGH�PDWFKLQJ �007 �
>0RGH�0DWFKLQJ 7HFKQLTXH@� UDSSUHVHQWL XQ
RWWLPD WHFQLFD SHU ULVROYHUH LO SUREOHPD LQWHUQR� 3HU
LO SUREOHPD HVWHUQR LQYHFH SRVVRQR HVVHUH XWLOL]]DWL YDUL PHWRGL� 8Q DSSURFFLR PROWR FRPXQH tH
TXHOOR FKH XWLOL]]D OD IXQ]LRQH GL *UHHQ GHO VHPLVSD]LR OLEHUR >�@ H FKH ULFKLHGH O
LSRWHVL GL oDQJLD
LQnQLWD� 5HFHQWHPHQWH WDOH PHWRGR tH VWDWR DSSOLFDWR HpFLHQWHPHQWH DQFKH DO FDVR GL DSHUWXUH
HOOLWWLFKH >�@ H YHUUtD TXL XWLOL]]DWR D VFRSR GL FRQIURQWR�

$QFKH LO SUREOHPD GHO FDOFROR GHL GLDJUDPPD GL UDGLD]LRQH SXtR HVVHUH ULVROWR LQ YDULH PDQLHUH� 8Q
PHWRGR PROWR FRPXQH tH TXHOOR FKH SUHYHGH OD WUDVIRUPDWD GHO FDPSR HOHWWULFR VXOO
DSHUWXUD >�@�
7DOH PHWRGR YLHQH VSHVVR XWLOL]]DWR LQ FRQFRPLWDQ]D FRQ LO VRSUDFLWDWR PHWRGR GHOOD IXQ]LRQH GL
*UHHQ� SRLFKuH HQWUDPEL SUHYHGRQR O
LSRWHVL GL oDQJLD LQnQLWD�

,Q TXHVWR DUWLFROR SURSRQLDPR O
XWLOL]]R GHO PHWRGR LEULGR 007�*07 �0RGH�0DWFKLQJ 7HFKQLTXH
� *HQHUDOL]HG 0XOWLSOH 7HFKQLTXH� SHU LO FDOFROR VLD GHL FRHpFLHQWL GL VFDWWHULQJ VLD GHO GLDJUDPPD
GL UDGLD]LRQH� 7DOH PHWRGR KD LO YDQWDJJLR GL FRQVLGHUDUH OD UHDOH IRUPD HVWHUQD GHOO
KRUQ� HYLWDQGR
FRVtL O
LSRWHVL GL oDQJLD LQnQLWD H FRQVHQWHQGR LO FDOFROR GHO FDPSR YLFLQR H UHWUR�LUUDGLDWR� ,Q
DJJLXQWD SUHVHQWLDPR XQD QXRYD HpFLHQWH IRUPXOD LQ IRUPD FKLXVD SHU LO FDOFROR GHO GLDJUDPPD
GL UDGLD]LRQH GL KRUQ HOOLWWLFL� 7DOH IRUPXOD tH EDVDWD VXO VRSUDFLWDWR PHWRGR GHOOD WUDVIRUPDWD GHO
FDPSR VXOO
DSHUWXUD H FRQVHQWH GL HYLWDUH O
QWHJUD]LRQH QXPHULFD ELGLPHQVLRQDOH�

,,� 7HRULD

(QWUDPEL L PHWRGL FKH DQGUHPR D SUHVHQWDUH �YHGL )LJ��� IDQQR XVR GHO 007 SHU O
DQDOLVL GHOOD
SDUWH LQWHUQD GHOO
KRUQ� /
DSSOLFD]LRQH GHO 007 DOOH JXLGH HOOLWWLFKH YLHQH IDWWD XWLOL]]DQGR XQD
IRUPXOD PROWR HpFLHQWH H FRPSOHWDPHQWH DQDOLWLFD SHU LO FDOFROR GHJOL LQWHJUDOL G
DFFRSSLDPHQWR
>�@ H QRQ YHUUtD TXL WUDWWDWD� , SDUDPHWUL GL VFDWWHULQJ UHODWLYL DOO
LQWHUR KRUQ VDUDQQR SRL RWWHQXWL
IDFHQGR OD FDVFDWD GHOOH PDWULFL >6@ GHO SUREOHPD DSHUWR H FKLXVR�

'L VHJXLWR DFFHQQHUHPR DOOD VROX]LRQH GHO SUREOHPD DSHUWR H GHO FDOFROR GHO GLDJUDPPD GL UDGL�
D]LRQH� VLD QHO FDVR GL oDQJLD LQnQLWD �IXQ]LRQH GL *UHHQ � WUDVIRUPDWD GHO FDPSR VXOO
DSHUWXUD�
VLD LQ TXHOOR GL oDQJLD nQLWD �*07��



)LJ� �� 'D VLQLVWUD D GHVWUD� SUREOHPD FKLXVR� SUREOHPD DSHUWR FDVR oDQJLD LQnQLWD H SUREOHPD
DSHUWR FDVR oDQJLD nQLWD�

$� )ODQJLD LQnQLWD� IXQ]LRQH GL *UHHQ H WUDVIRUPDWD GHO FDPSR VXOO
DSHUWXUD

3HU TXDQWR ULJXDUGD LO FDOFROR GHL SDUDPHWUL GL VFDWWHULQJ GHOO
DSHUWXUD� HVVL YHQJRQR FDOFRODWL D
SDUWLUH GDOOD PDWULFH GL DPPHWWHQ]D� LO FXL JHQHULFR HOHPHQWR L� M HTXLYDOH DOO
DPSLH]]D GHO FDPSR
PDJQHWLFR GHOO
Lb HVLPR PRGR GHOO
DSHUWXUD JHQHUDWR LPSRQHQGR LO FDPSR HOHWWULFR GHO M b HVLPR
PRGR FRQ DPSLH]]D XQLWDULD� 3HU LO FDOFROR GHO FDPSR PDJQHWLFR JHQHUDWR GDO FDPSR HOHWWULFR
�FRUUHQWL PDJQHWLFKH� VXOO
DSHUWXUD� FL VHUYLDPR GHOOD IXQ]LRQH GL *UHHQ GHO VHPLVSD]LR HVSUHVVD LQ
FRRUGLQDWH HOOLWWLFKH >�@� 3HU O
DSSOLFD]LRQH GL WDOH PHWRGR tH QHFHVVDULD O
LSRWHVL GL oDQJLD LQnQLWD
�YHGL )LJ� ��� FKH FL DVVLFXUD FKH� VXO SLDQR ]  �� LO FDPSR HOHWWULFR VLD GLYHUVR GD ]HUR VROWDQWR
VXOO
DSHUWXUD�

3HU TXDQWR ULJXDUGD LO FDOFROR GHO GLDJUDPPD GL UDGLD]LRQH LQYHFH� O
LSRWHVL GL oDQJLD LQnQLWD
FL FRQVHQWH GL XWLOL]]DUH LO PHWRGR GHOOD WUDVIRUPDWD GL )RXULHU GHO FDPSR VXOO
DSHUWXUD >�@� ,Q
SDUWLFRODUH DEELDPR LQWURGRWWR XQD QXRYD IRUPXOD FKH FRQVHQWH LO FDOFROR GHO 'G5 LQ IRUPD FKLXVD�
HYLWDQGR OD FODVVLFD LQWHJUD]LRQH QXPHULFD ELGLPHQVLRQDOH� 7DOH IRUPXOD VL DSSOLFD HVSDQGHQGR LO
FDPSR VXL PRGL GHOO
DSHUWXUD H VRPPDQGR SRL LO FRQWULEXWR GL RJQL PRGR� $ WLWROR G
HVHPSLR GL

VHJXLWR ULSRUWLDPR OD IRUPXOD QHO FDVR GHO JHQHULFR Pb HVLPR PRGR 70
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1DWXUDOPHQWH� t H 
 LQGLFDQR OD GLUH]LRQH OXQJR OD TXDOH VWLDPR FDOFRODQGR LO 'G5� [� �\�� UDSSUH�
VHQWD LO YHUVRUH GHOO
DVVH [ �\�� N tH LO QXPHUR G
RQGD H NFP LO QXPHUR G
RQGD DO FXWRm GHOO
PbHVLPR
PRGR� PHQWUH z� tH OD FRRUGLQDWD HOOLWWLFD FKH LQGLYLGXD LO FRQWRUQR GHOOD QRVWUD DSHUWXUD GL VHPLGLV�

WDQ]D IRFDOH |� VHPLDVVH PDJJLRUH D H VHPLDVVH PLQRUH E� /D IXQ]LRQH H�P�[� \� tH XQD IXQ]LRQH
GHnQLWD VX WXWWR LO SLDQR [\�

H�P�[� \�  | &HS�|NFP � z�FHS�|NFP � s� PRGL SDUL
6HS�|NFP � z�VHS�|NFP � s� PRGL GLVSDUL

QDWXUDOPHQWH LO SXQWR �z� s� LQ FRRUGLQDWH HOOLWWLFKH FRLQFLGH FRQ LO SXQWR �[� \� LQ FRRUGLQDWH FDUWH�
VLDQH� PHQWUH FHS�K� s� � &HS�K� z� � H VHS�K� s� � 6HS�K� z� � UDSSUHVHQWDQR ULVSHWWLYDPHQWH OH
IXQ]LRQL GL 0DWKLHX �IXQ]LRQL GL 0DWKLHX PRGLnFDWH� SDUL H GLVSDUL� GL SULPR WLSR H RUGLQH S�

%� )ODQJLD nQLWD� *HQHUDOL]HG 0XOWLSROH 7HFKQLTXH

/D *07 >�� �@ tH LQ JUDGR GL WHQHUH FRQWR QRQ VROWDQWR GHOOD oDQJLD nQLWD� PD DQFKH GHOOD UHDOH
IRUPD HVWHUQD PHWDOOLFD WULGLPHQVLRQDOH GHOO
KRUQ�

&RQ ULIHULPHQWR DOOD )LJ� �� WDOH PHWRGR VL EDVD VXOO
HVSDQVLRQH GHO FDPSR HOHWWURPDJQHWLFR HVWHUQR
DOO
KRUQ LQ WHUPLQL GHO FDPSR JHQHUDWR GD / PXOWLSROL HOHPHQWDUL 7( 70 DOO
LQWHUQR GHOO
KRUQ�
GLVWULEXLWL YLFLQR OD VXSHUnFLH HVWHUQD�
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)LJ� �� &RQIURQWR IUD LO PHWRGR LEULGR 007�
*07 �oDQJLD nQLWD� HG LO PHWRGR 007�
IXQ]LRQH GL *UHHQ �oDQJLD LQnQLWD�� SHU L
FRHpFHQWL GL ULoHVVLRQH DOO
LQJUHVVR GHOO
KRUQ
VFKHPDWL]]DWR LQ nJXUD�

)LJ� �� &DPSR FR�SRODUH SHU 
  � H 
  ��
JUDGL� &RQIURQWR FDVR oDQJLD LQnQLWD H oDQJLD
nQLWD SHU OD VWUXWWXUD VFKHPDWL]]DWD LQ )LJ� �
DOOD IUHT� GL ��� *+]� ,O FDPSR FURVV�SRODUH tH
QXOOR�

)LJ� �� &RPH LQ )LJ� � PD SHU FDPSR FR�SRODUH
H FURVV�SRODUH SHU 
  �� JUDGL�

)LJ� �� &RPH LQ )LJ� � PD SHU FDPSR FR�SRODUH
H FURVV�SRODUH SHU 
  �� JUDGL�

)LJ� �� 'LDJUDPPD GL UDGLD]LRQH WULGLPHQ�
VLRQDOH LQ FRRUGLQDWH SRODUL GHO FDPSR FR�
SRODUH RWWHQXWR FRQ LO PHWRGR 007�IXQ]LRQH
GL *UHHQ� /
HOOLVVH LQ EDVVR VFKHPDWL]]D
O
DSHUWXUD

)LJ� �� 'LDJUDPPD GL UDGLD]LRQH WULGLPHQ�
VLRQDOH LQ FRRUGLQDWH SRODUL GHO FDPSR FURVV�
SRODUH RWWHQXWR FRQ LO PHWRGR 007�IXQ]LRQH
GL *UHHQ� /
HOOLVVH LQ EDVVR VFKHPDWL]]D
O
DSHUWXUD
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GRYH �(OP�U��+OP�U�� UDSSUHVHQWD LO FDPSR HOHWWURPDJQHWLFR UDGLDWR GDOO
P b HVLPR PXOWLSROR
SRVL]LRQDWR QHOO
ObHVLPR SXQWR� PHQWUH 4OP tH LO FRUULVSRQGHQWH �H DO PRPHQWR VFRQRVFLXWR� FRHp�
FLHQWH GL HVSDQVLRQH� ,O FDOFROR GHOO
HOHPHQWR L� M GHOOD PDWULFH GL DPPHWWHQ]D DQFKH LQ TXHVWR FDVR
FRUULVSRQGH DOO
DPSLH]]D GHO FDPSR PDJQHWLFR UHODWLYR DO M b HVLPR PRGR GHOO
DSHUWXUD JHQHUDWR
GDOO
DYHU LPSRVWR VXOO
DSHUWXUD LO FDPSR HOHWWULFR UHODWLYR DOO
LbHVLPR PRGR FRQ DPSLH]]D XQLWDULD�
,Q SDUWLFRODUH� LPSRUUH LO FDPSR HOHWWULFR VXOO
DSHUWXUD �H LPSRUUH FKH LO FDPSR HOHWWULFR WDQJHQWH
VLD QXOOR VXOOD VXSHUnFLH PHWDOOLFD HVWHUQD� FL SHUPHWWH� WUDPLWH WHFQLFKH QXPHULFKH� GL FDOFRODUH
L FRHpFLHQWL GL HVSDQVLRQH 4OP GDOOD ���� 8QD YROWD QRWL L FRHpFLHQWL GL HVSDQVLRQH SRVVLDPR
FDOFRODUH LO UHODWLYR FDPSR PDJQHWLFR XWLOL]]DQGR OD ����

2YYLDPHQWH� OH HTXD]LRQL ������� FL SHUPHWWRQR DQFKH GL FDOFRODUH LO 'G5 XQD YROWD QRWR LO FDPSR
HOHWWULFR VXOO
DSHUWXUD� ,Q SDUWLFRODUH� ULVSHWWR DO PHWRGR FRQ oDQJLD LQnQLWD� LQ TXHVWR FDVR VLDPR
LQ JUDGR GL FDOFRODUH DQFKH LO FDPSR UHWUR�LUUDGLDWR H LO FDPSR YLFLQR�

,,,� 5LVXOWDWL

, GXH PHWRGL SUHVHQWDWL LQ TXHVWR DUWLFROR VRQR VWDWL FRQIURQWDWL VLPXODQGR O
KRUQ VFKHPDWL]]DWR
LQ )LJ� �� &RQ ULIHULPHQWR D WDOH nJXUD� LQGLFDQGR FRQ DL H EL LO VHPLDVVH PDJJLRUH H PLQRUH�
HVSUHVVL LQ PLOOLPHWUL� GHOO
L�HVLPR WUDWWR GL JXLGD� DEELDPR� D�  ��� E�  ��� D�  ��� E�  �����
D�  ��� E�  ��� D�  ������ E�  ������ PHQWUH G  ��PP H LO UDJJLR GHOOD oDQJLD U  ��PP�

6HPSUH LQ )LJ� � tH JUDnFDWR LO FRQIURQWR IUD L FRHpFLHQWL GL VFDWWHULQJ RWWHQXWL FRQ L GXH PHWRGL�
PHQWUH QHOOH )LJ� ��� LO FRQIURQWR tH UHODWLYR DL GLDJUDPPL GL UDGLD]LRQH FDOFRODWL DG XQD IUHTXHQ]D GL
��� *+] H SHU JOL DQJROL 
 H OH SRODUL]]D]LRQL VSHFLnFDWH LQ RJQL VLQJROD nJXUD� ,O FDPSR FR�SRODUH
H FURVV�SRODUH tH TXHOOR UHODWLYR DOOD WHU]D GHnQL]LRQH GL /XGZLJ� 1DWXUDOPHQWH� GDWD OD SUHVHQ]D
GHOOD oDQJLD LQnQLWD� LO PHWRGR UHODWLYR DOOD IXQ]LRQH GL *UHHQ tH JUDnFDWR SHU YDORUL GL t nQR D ��
JUDGL�

,QnQH� QHOOH )LJ� � H )LJ� � VRQR JUDnFDWL ULVSHWWLYDPHQWH L 'G5 WULGLPHQVLRQDOL GHO FDPSR FR�SRODUH
H FURVV�SRODUH LQ FRRUGLQDWH SRODUL�

,9� &RQFOXVLRQH

$EELDPR FRQIURQWDWR GXH PHWRGL SHU OD VLPXOD]LRQH GL KRUQ HOOLWWLFL H FLUFRODUL� ,Q HQWUDPEH L
FDVL LO SUREOHPD GHOOH GLVFRQWLQXLWtD LQWHUQH GHOO
KRUQ tH ULVROWR WUDPLWH DQDOLVL PRGDOH� LO SUREOHPD
HVWHUQR tH DmURQWDWR QHO SULPR PHWRGR FRQ OD *07� PHQWUH QHO VHFRQGR VL tH XWLOL]]DWD OD IXQ]LRQH
GL *UHHQ GHO VHPLVSD]LR OLEHUR FKH SUHYHGH O
LSRWHVL GL oDQJLD LQnQLWD� ,O FRQIURQWR IUD L GXH PHWRGL
GLPRVWUD XQ EXRQ DFFRUGR VLD SHU TXDQWR ULJXUGD LO FDOFROR GHL FRHpFLHQWL GL VFDWWHULQJ DOO
LQJUHVVR
GHOO
KRUQ� VLD SHU TXDQWR ULJXUGD LO FDOFROR GHL GLDJUDPPL GL UDGLD]LRQH GHO FDPSR FR�SRODUL]]DWR H
GHO FDPSR FURVV�SRODUL]]DWR�
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