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PH_XVREQR�VH�UD]OLNXMX�SULSDGQLFL�LVWH�OHNVLaNR�VHPDQWLaNH�JUXSH�
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KYDWD�VYH�SULSDGQLNH�LOL�EDU�YH`LQX�SULSDGQLND�QHNH�OHNVLaNR�VHPDQWLaNH

NDWHJRULMH��0RGHOL�PHWDIRULaNH�SROLVHPDQWLaNH�GLVSHU]LMH��SUHPD�WRPH��GR�

ELMDMX�VH�LQYHQWDUL]DFLMRP�OHNVLaNR�VHPDQWLaNLK�JUXSD�X�NRMLPD�VH�PHWDIRUD

LQGXNXMH��V�MHGQH�VWUDQH��L�RQLK�X�NRMLPD�VH�RQD�UHDOL]XMH��V�GUXJH�VWUDQH
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DUKLVHPRP�VHPDQWLaNRJ�VDGUCDMD�GUXJRJ�SRMPD��8aHVQLFL�PHWDIRULaQRJ

]QDaHQMVNRJ�SRPHUDQMD�LPDMX�]DMHGQLaNX�MHGQX�LOL�YL^H�VHPD�QLCHJ�UDQJD�

8NROLNR�MH�UHa�UHDOL]RYDQD�X�VHNXQGDUQRP�]QDaHQMX��QMHQD�VHPDQWLaND�SR]�

LFLMD��PHVWR�X�OLQHDUQRP�SRUHWNX�UHaL��PRUD�ELWL�RGUH_HQD�VLQWDNVLaNLP�L

VHPDQWLaNLP�GHWHUPLQDWRURP��7HN�WDGD�PRCHPR�JRYRULWL�R�PHWDIRUDPD�X

MH]LNX��*RUWDQ�3UHPN�����������
6WLOVND�PHWDIRUD�PRCH�VH�GHILQLVDWL�NDR�PHWDIRULaQR�SRPHUDQMH�NRMH

]DKYDWD�QH^WR�^LUL�RGVHaDN�WHNVWD��GRN�WUDQVIRUPDFLMD�X�YH]L�VD�OHNVLaNLP
PHWDIRUDPD�QH�L]OD]L�L]�RNYLUD�MHGQH�UHaL��/HNVHPD�X�WHNVWXDOQRM�PHWDIRUL
VWRML�X�VRSVWYHQRP�SRMPRYQRP�DPELMHQWX��VDPD�L�QLMH�SRPHUHQD��QHJR�MH
XSRWUHEOMHQD�X�SRPHUHQRM�PHWDIRULaQRM�JUXSDFLML�UHaL��*ULFNDW�������
7HNVWXDOQH�PHWDIRUH�VX�ILJXUDWLYQD�XSRWUHED�OHNVHPD�X�QMLKRYLP�YH`�SRV�
WRMH`LP�]QDaHQMLPD��XJO��RVQRYQLP���D�WD�VH�XSRWUHED�RVWYDUXMH�OHNVLaNLP
VODJDQMHP�X�VLQWDJPDPD�L�UHaHQLFDPD�VD�UHaLPD�LQNRPSDWLELOQLK�VHPDQ�
WLaNLK�VDGUCDMD��6WLOVND�PHWDIRUD�UHDOL]XMH�VH�X�LVWRM�VHPDQWLaNRM�SR]LFLML
NDR�L�VDPR�]QDaHQMH��OHNVHPH�EH]�VLQWDNVLaNLK�GHWHUPLQDWRUD���*RUWDQ�
3UHPN�����������

3UHWSRVWDYLOL�VPR�GD�SRVWRML�DQDORJLMD�L]PH_X�PRGHOD�QDVWDMDQMD�MH]L�

aNLK�L�VWLOVNLK�PHWDIRUD��^WR�MH�RVQRY�]D�GHILQLVDQMH�VWLOVNLK�PHWDIRUD�NDR

SRaHWQRJ��D�OHNVHaNLK�NDR�]DYU^QRJ�NRUDND�X�SURFHVX�SRPHUDQMD�VHPDQWL�

aNRJ�SROMD�UHaL�X�VUSVNRP�MH]LNX��*UD_D�MH�HNVFHUSLUDQD�L]�SUYLK����VWUDQLFD

.RUHQD�'REULFH�@RVL`D��8�QDYHGHQRP�X]RUNX�DQDOL]LUDQL�VX�VYL�SULPHUL�NRML

]DGRYROMDYDMX�YH`�SRPHQXWH�NULWHULMXPH�SUHSR]QDYDQMD�L�UD]OLNRYDQMD�PHWD�

IRULaNLK�YUVWD��3URQD_HQR�MH����OHNVLaNLK�L����VWLOVNLK�PHWDIRUD��

/HNVLaNH�PHWDIRUH

'HILQLVDOL�VPR�WUL�JUXSH�RVQRYQLK�PRGHOD�QDVWDMDQMD�OHNVLaNLK�PHWD�

IRUD��*UXSH�VX�IRUPLUDQH�QD�RVQRYX�RVQRYH�]D�PHWDIRULaNX�WUDQVIRUPDFLMX

UHOHYDQWQLK�VHPDQWLaNLK�GLVWLQNWLYQLK�REHOHCMD��CLYR�QHCLYR��NRQNUHWQR�DS�

VWUDNWQR�L�PDWHULMDOQR�QHPDWHULMDOQR��8�RNYLUX�JUXSD�RVQRYQL�PRGHOL�VX

SUHGVWDYOMHQL�QDYR_HQMHP�OHNVLaNR�VHPDQWLaNH�NDWHJRULMH�UHaL�X�RVQRYQRP

]QDaHQMX�L�OHNVLaNR�VHPDQWLaNH�NDWHJRULMH�UHaL�SRVOH�SROLVHPDQWLaNH�PHWD�

IRULaQH�GLVSHU]LMH��6YL�RVQRYQL�PRGHOL�QDVWDMDQMD�MH]LaNLK�PHWDIRUD�VDGUCH

L�L]YHVWDQ�EURM�PRGHOVNLK�YDULMDQWL��NRMH�`H�WDNR_H�ELWL�SUH]HQWRYDQH�L

SRWNUHSOMHQH�HNVFHUSLUDQRP�JUD_RP�

0RGHOL�IRUPLUDQL�QD�RVQRYX�REHOHCMD�CLYR�QHCLYR�

���#LYR�→�QHCLYR

2YDM�RVQRYQL�PHWDIRULaNL�PRGHO�REXKYDWD�aHWLUL�PRGHOVNH�YDULMDQWH�VD

UHODWLYQR�YHOLNLP�EURMHP�SULPHUD�
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D��6YRMVWYR�CLYLK�EL`D��OMXGL��→�VYRMVWYR�SUHGPHWD��WM��QHCLYLK�SR�
MPRYD��

-R^�LVWRJ�GDQD�XWYUGL^H�]D�PHQH�̂ WR�VDP�QR`X�SUYL�SUH^DR�SUHNR�PODGRJ�OHGD
QD�0RUDYL��GDYLR�VH�L�VSDVDR��GD�QLVDP�L]�3UHURYD����

…�X�RaLPD�WUQX�L�RSHW�VH�SDOH�UHWNL�L�EROH^OMLYL�PHKDQVNL�IHQMHUL…�����

3UL�SOD^OMLYRM�L�SUOMDYRM�VYHWORVWL�ODPSH�VWYDUL�X�VREL�OLaH�QD�VWUD^LOD�����

E��5DGQMD�NRMX�YU^L�CLYR�EL`H�→�UDGQMD�NRMX�YU^L�SUHGPHW�

3HWQDHVW�JRGLQD�MH�SUR^OR��VDGD��VDGD�`H�GD�YULVQH�SX^ND�����

1L]EUGLFRP�YRORYL�SR_R^H�EUCH��X�^NULSL�GUYHQLK�aLYLMD�FLaH�GXNDWL�X�QHGUL�
PD…�����

6DPR�X�MHVHQ�^DSX`X�NDFH�SXQH�^OMLYD�����

…�L�JGH�X�EDNUDaX�REH^HQRP�R�WDYDQVNX�JUHGX�L]JXEOMHQR�SHYX^L�YUHOD
YRGD"�����

F��5H]XOWDW�UDGQMH�NRMX�YU^L�CLYR�EL`H�→�UH]XOWDW�UDGQMH�NRMX�YU^X
SUHGPHW�

2SLSD�QHGUD��GXNDWL�PX�VH�MDYL^H�VLSOMLYRP�FLNRP�����

6OX^DOD�MH�FLNX��GXNDWD��SRG�OH_LPD��L�ELOR�MH�VWUDK�L�RG�QMLK�L�RG�QMHJD�UD]�
EH^QMHQRJ��YUL^WDYRJ�L�SUYL�SXW�MDNRJ�����

3RUHG�QMHQH�UXNH�FUNQXWR�VH�UDCDEL�SODWQHQD�NHVD�L�XPXaH��RYH�YHaHUL�SRVOHG�
QML��VLSOMLY�FLN�GXNDWD�����

>DND�WUHVQX�SR�NHVL��D�UH]DN�FLN�GXNDWD�L]JXEL�VH�X�PDJOL�L�WXWQMDYL…�����

%U]R�VH�^LUL�FYRNRW�OHGD����

G��%LRPRUIL]PL�→�NRQNUHWDQ��IL]LaNL��SRMDP��QHCLYL���3ULPHUL�X�NR�
MLPD�MH�SRPHUHQR�VHPDQWLaNR�SROMH�ELRPRUIL]DPD��DQWURSRPRUIL]DPD�VD
]QDaHQMHP�GHOD�WHOD��]RRPRUIL]DPD��SRMPRYD�L]�ERWDQLaNH�VIHUH��QDMEURMQLML
VX�X�VDNXSOMHQRM�JUD_L�

¬�$QWURSRPRUIL]PL��QHNL�RG�QMLK�LVWRYUHPHQR�]QDaH�L�SRMPRYH�NRML
VH�RGQRVH�QD�CLYRWLQMVNR�WHOR��UHDOL]RYDOL�VX�MHGQX�YUVWX�PRGHOVNLK�YDUL�
MDQWL�PHWDIRULaNH�WUDQVIRUPDFLMH�X�VPHUX�GHR�OMXGVNRJ�L�CLYRWLQMVNRJ�WHOD
→�NRQNUHWDQ��IL]LaNL��QHCLYL�SRMDP�¬�GHR�OMXGVNRJ�WHOD�→�SUHGPHW�

$�SUHURYVNL�ORYFL�QD�GLYOMH�JXVNH�UDVX^H�SULaX�RNR�RJQML^WD�VD�^LURNLP�L�aD�
_DYLP�MHGQMDNRP����

…�QD]LUH� VH� L�SHVQLFD�GUHQD�SRG�NRMLP�QMHJRYLPD�WUXOH�NRVWL�GXERNR
]DWUSDQH�����

L�GHR�OMXGVNRJ�L�CLYRWLQMVNRJ�WHOD�→�GHR�SUHGPHWD�

0LVOLP��SXFNDMX�NR^aLFH��MHU�VH�SRG�OHGHQRP�NRCRP��WRSOR�NDR�NUY��YXaH�]D�
UREOMHQD�UHND����

>WD�`H�WL�NDWROLFL�GD�PLVOH�R�QDPD�6UELPD�NDGD�WHEH�YLGH�VD�LVFHSDQLP�NR�
OHQLPD"�����

…�D�RQD��UHND��PH�]D�QRJH�YXaH�X�VYRM�RNRYDQL�WUEXK����

3D�SRVOH�¬�VYDGED��MD�X�aHOX�VRYUH��D�PX]LNDQWL�RNR�PHQH�����

¬�8�PHWDIRULaNLP�SURPHQDPD�]QDaHQMD�SRMPRYD�L]�ERWDQLaNH�VIHUH�X
RNYLUX�RVQRYQRJ�PRGHOD�CLYR�→�QHCLYR�SULPH`HQD�MH�VYHJD�MHGQD�YUVWD
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SUDYLOQRVWL��SUHGVWDYOMHQD�VOHGH`LP�YDULMDQWDPD�¬�SRMDP�L]�ERWDQLaNH�VIHUH
�GHR�ELOMNH��→�SUHGPHW�

$`LP�VWDGH�X]�SUR]RU��NUR]�OHGHQR�JUDQMH�FUQH�VH�MDVHQRYL�����

L�SRMDP�L]�ERWDQLaNH�VIHUH�→�SUHGPHW�

…�SUL_H�SUR]RUX�L�SRaH�QRNWLPD�GD�JUHEH�OHGHQR�CEXQMH�VD�VWDNOD��GD�EROMH
YLGL�DWQLFH�L�SXW�SRUHG�MDVHQRYD�����

¬�.DGD�VX�X�SLWDQMX�]RRPRUIL]PL�NDR�RVQRY�PHWDIRUL]DFLMH�GHILQLVDQH
VX�GYH�SRGYDULMDQWH�PHWDIRULaNLK�PRGHOD�¬�CLYRWLQMD�→�SUHGPHW�

…�NDR�GD�RQD�]DSRYHGD�WRP�YRMVNRP�^WR�L]�FUQLK�L�VXYLK�JXVDND�LVNDaH�QD
REDOX�UHNH�����

7DGD�EL�VH�VH`DR�EHORJ�GLPD�GXYDQD�7XUNLQMH�X�FUQLP�^DOYDUDPD�^WR�X�MD�
JRGLQVNRM�PHKDQL�VHGL�XYHN�X�OHYRP�XJOX�RG�YUDWD��LVSRG�VOLNH�¬�5XVL�SUH�
OD]H�'XQDY�X�RVX^HQLP�JXVNDPD�����

L�GHR�CLYRWLQMVNRJ�WHOD�→�GHR�SUHGPHWD�

3UHNR�QMHQH�JODYH��5XVL��XSUDYLOL�NOMXQRYH�L�]DPDKXMX�VDEOMDPD�����

���1HCLYR�→�CLYR

/HNVHPH�VD�RS^WLP�]QDaHQMHP�QHCLYLK�SRMPRYD�PHWDIRUL]DFLMRP�SUR�
^LUXMX�VYRMH�VHPDQWLaNR�SROMH�X�VPHUX�QHCLYR�→�CLYR�^WR�MH�SUHGVWDYOMHQR
VOHGH`RP�PRGHOVNRP�YDULMDQWRP�

D��3UHGPHW�→�CLYD�EL`D��OMXGL�LOL�CLYRWLQMH��

7HN�X�RYRP�SRVOHGQMHP�aRYHaLMHP�NRQRSFX�SRaLQMHPR�]HPOML�GD�YUD`DPR
GXJ�L�NRVWL�RVWDYOMDPR�QMLYDPD�aLMD�VPR�]UQD�]REDOL�����

E��3UHGPHW�→�GHR�OMXGVNRJ�WHOD�

'RN�VX�MRM�SUVWL�GXJR�NOL]LOL�SR�aYUVWRM�EHORM�NXSL�L�]DERUDYOMHQR�]DVWDMDOL�QD
YU^NX��WDPQRP�L�^LOMDWRP�NDR�]UQR�GUHQND�…�]DSD]LOD�MH�GD�VX�L�RQH��GRMNH�
QHNDG�ELOH�PDQMH�L�aYU^`H�����

F��1HEHVNR�WHOR�→�GHR�OMXGVNRJ�WHOD�

'YD�EHOD�]DJUOMHQD�PHVHFD�����

���1HCLYR�→�QHCLYR

2YDM�PRGHO�QDVWDMDQMD�OHNVLaNLK�PHWDIRUD�SUHGVWDYOMD�GUXJL�SUDYDF�SUR�
^LULYDQMD�]QDaHQMD�UHaL�L]�OHNVLaNR�VHPDQWLaNH�NDWHJRULMH�QHCLYLK�SRMPRYD�

D��3RMDP�L]�]RROR^NH�VIHUH�→�SUHGPHW�

1DMSUH�X�VLWQH�NRPDGH�L]ORPL�VLPLW��]HOHQX�]JUXGYDQX�SDXaLQX�����

E��3UHGPHW�L]�MHGQH�OHNVLaNR�VHPDQWLaNH�JUXSH�→�SUHGPHW�L]�GUXJH
OHNVLaNR�VHPDQWLaNH�JUXSH�

/HGHQH�PRWLNH�SUJDYR�PL�QDOH`X�QD�JODYX�L�UXNH…����

���#LYR�→�CLYR

2YDM�PRGHO�SUHGVWDYOMD�PHKDQL]DP�PHWDIRULaQH�SROLVHPDQWLaNH�GLV�
SHU]LMH�QHNLK�ELRPRUIL]DPD��DQWURSRPRUIL]DPD�L�SRMPRYD�L]�ERWDQLaNH
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VIHUH��L]�NDWHJRULMH�CLYLK�SRMPRYD��3ULPH`HQH�VX�GYH�YUVWH�SUDYLOQRVWL�X
WDNYRP�SRPHUDQMX�VHPDQWLaNLK�SROMD�RYLK�OHNVHPD��WM��GYH�PRGHOVNH�YDUL�
MDQWH�

D��3RMDP�L]�ERWDQLaNH�VIHUH��GHR�ELOMNH��→�GHR�OMXGVNRJ�WHOD�

…�QMHPX�VX�VDPR�RNU]QXOL�OLVW�QD�OHYRM�QR]L…�����

E��'HR�OMXGVNRJ�WHOD�→�SRMDP�L]�ERWDQLaNH�VIHUH��GHR�ELOMNH��

…�RQ�X]GDKQX�VD�RaLPD�QD�VQHJX�X�SD]XVLPD�MDVHQRYD�����

0RGHOL�IRUPLUDQL�QD�RVQRYX�REHOHCMD�PDWHULMDQR�QHPDWHULMDOQR

0DWHULMDOQR�→�QHPDWHULMDOQR

3RPHUDQMH�VHPDQWLaNRJ�SROMD�UHaL�GHILQLVDQR�RYLP�RVQRYQLP�PRGH�
ORP�PRCHPR�SRWNUHSLWL�VD�VDPR�SHW�SURQD_HQLK�SULPHUD��D�RQL�VX�EOLCH
RGUH_HQL�WULPD�YUVWDPD�PHWDIRULaNLP�PRGHOVNLP�YDULMDQWDPD�

D��5DGQMD�NRMX�YU^L�PDWHULMDOQL�SRMDP�→�UDGQMD�NRMX�YU^L�QHPDWHUL�
MDOQL�SRMDP�

1H�YLGHK�WDNR�GXJXOMDVWX�OMXVNX�GD�MH�QHER��L�JGH�VYL�YHWURYL�WHNX�WUDJRP
VXQaHYRJ�L�PHVHaHYRJ�KRGD����

8�aHWLUL�SULPHUD�NDNYR�IL]LaNR�VYRMVWYR�MH�PHWDIRULaNRP�SROLVHPDQ�
WLaNRP�GLVSHU]LMRP�GRELOR�]QDaHQMH�VYRMVWYD�L]�VIHUH�aXOQLK�QDGUDCDMD
�VOXK���'HILQLVDOL�VPR�GYH�YDULMDQWH�

E��)L]LaNR�VYRMVWYR�→�VYRMVWYR�L]�VIHUH�aXOQLK�QDGUDCDMD��VOXK��

7XSD�OXSQMDYD�X�XVNRP�NR^X�UHEDUD��VWHJQXWRP�JXQMHP�L�NRCXKRP��D�NHVD
V�GXNDWLPD�SUOML�NRCX�L�CXOML�UHEUD�����

2GDYQR�MH�L]�QMHJD�L^aLOHOD�UDGRVW�RG�QMLKRYRJ�CXWRJ�VYHWOXFDQMD�L�WDQNRJ�
aLVWRJ�]YXND�����

2GDYQR�MH�L]�QMHJD�L^aLOHOD�UDGRVW�RG�QMLKRYRJ�CXWRJ�VYHWOXFDQMD�L�WDQNRJ�
aLVWRJ�]YXND�����

F��)L]LaNR�VYRMVWYR�UDGQMH�→�VYRMVWYR�UDGQMH�L]�GRPHQD�aXOQLK�QD�
GUDCDMD��VOXK���

…�RQL��GODQRYL��WDQNR�^X^WH��NDR�GD�VX�RG�VXYH�MHORYLQH…�����

0RGHOL�IRUPLUDQL�QD�RVQRYX�REHOCMD�NRQNUHWQR�DSVWUDNWQR

���.RQNUHWQR�→�DSVWUDNWQR

2YDM�PRGHO�PHWDIRULaNH�GLVSHU]LMH�XQLYHU]DODQ�MH�L�QDMIUHNYHQWQLML�
0H_XWLP��X�DQDOL]LUDQRM�JUD_L�RVQRYQL�VHPDQWLaNL�PRGHO�CLYR�→�QHCLYR
LOXVWURYDQ�MH�QDMYH`LP�EURMHP�SULPHUD��WDNR�GD�MH�PRGHO�NRQNUHWQR�→�DS�
VWUDNWQR�GUXJL�SR�XaHVWDORVWL�MDYOMDQMD��0RCHPR�JD�SRWNUHSLWL�VD�MHGDQDHVW
HNVFHUSLUDQLK�PHWDIRUD�UD]YUVWDQLK�X�aHWLUL�YDULMDQWH�

D��5DGQMD�VD�NRQNUHWQRP��IL]LaNRP��UHDOL]DFLMRP�→�UDGQMD�L]�VIHUH
DSVWUDNWQRJ�

5$'29,�32/$=1,.$�2%5$=291,+�352*5$0$�±�� /,1*9,67,.$��•�����



,�RSOHWR^H�RNR�PHQH�VYDNRMDNH�SULaH��WDMQH�L�QDJD_DQMD��L�SRVOH�GHVHW�JRGLQD
MR^�MHGQDNR�SOHWX…����

5HNDR�MH�WR�GD�PH�XMHGH��SRPLVOL�?RU_H…�����

$�YXaH�PH�VHEL�aRYHaLQD�VD�SRGLJQXWRP�UXNRP����

E��.RQNUHWDQ��IL]LaNL��SRMDP�→�DSVWUDNWQL�SRMDP��L]�VIHUH�HPR�
WLYQRJ��

1H�RGJRYDUD�PX�VH�QD�SUYX�?RU_HYX�YDUQLFX��.RUHQL�����

F��.RQNUHWQR��IL]LaNR��VYRMVWYR�→�VYRMVWYR�L]�VIHUH�DSVWUDNWQRJ�

.UXSQH�UHaL�X�VHOMDaNRM�GLNFLML�����

1D^�QDURG�YROL�WH^NX�L�VSRUX�UHa�����

G��%LRPRUIL]DP�→�DSVWUDNWQL�SRMDP��3UR^LULYDQMH�]QDaHQMVNRJ�SROMD
ELRPRUIL]DPD�X�RNYLUX�RVQRYQRJ�PHWDIRULaNRJ�PRGHOD�NRQNUHWQR�→�DS�
VWUDNWQR�RGYLMD�VH�X�WUL�UD]OLaLWD�VPHUD��=DVWXSOMHQH�SRGYDULMDQWH�VX�¬�SR�
MDP�L]�ERWDQLaNH�VIHUH��ELOMQD�YUVWD�LOL�GHR�ELOMNH��→�DSVWUDNWQL�SRMDP�

#LYRW�LRQDNR�QLMH�ELR�PRMD�MDEXND����

/MXGL�PRJD�OL^`D�`XWDQMHP�PRUDMX�GD�VH�EUDQH����

CLYRWLQMD�→�DSVWUDNWQL�SRMDP�

8�WPLQL�EH]�REDOD�WUQX�YDWUHQL�VYLFL�^WR�VNDaX�L]�RaLMX�����

L�GHR�OMXGVNRJ�L�CLYRWLQMVNRJ�WHOD�→�DSVWUDNWQL�SRMDP��

7HEL�NDR�PLOR�^WR�PHQL�QR`DV�SURSXVWL^H�JODYX"�����

1LNR�QLMH�QL�SUHWLR�WYRMRM�JODYL�����

���$SVWUDNWQR�→�NRQNUHWQR

,]X]HWQR�VX�]DQLPOMLYD�GYD�SULPHUD�X�NRMLPD�VH�DQDOL]LUDQR�]QDaHQMH
OHNVHPH�SRPHUD�X�SUDYFX�DSVWUDNWQR�VYRMVWYR�UDGQMH�→�VYRMVWYR�UDGQMH�L]
GRPHQD�aXOQLK�QDGUDCDMD��VOXK��

…�QH^WR�MH�WXSR�OXSLOR�X�SUR]RU�L�RGELOR�VH…�����

…�RQGD�MH�RQR�RSHW�WXSR�OXSLOR�X�SUR]RU…�����

6WLOVNH�PHWDIRUH

8RaHQH�SUDYLOQRVWL�X�PHKDQL]PLPD�QDVWDMDQMD�VWLOVNLK�PHWDIRUD�UD]YU�
VWDOL�VPR�X�GYH�JUXSH�PHWDIRULaNLK�PRGHOD��8�RNYLUX�GHILQLVDQLK�JUXSD�
RVQRYQL�VHPDQWLaNL�PRGHOL�SUHGVWDYOMHQL�VX�QDYR_HQMHP�OHNVLaNR�VHPDQ�
WLaNLK�NDWHJRULMD�OHNVHPD�LQNRPSDWLELOQLK��XJODYQRP�RVQRYQLK��]QDaHQMVNLK
VDGUCDMD��

0RGHOL�VH�VDVWRMH�RG�GYD�aODQD��OHNVHPH��VWLOVNH�PHWDIRUH��L�GHWHUPL�
QDWRUD�QMHQH�ILJXUDWLYQH�XSRWUHEH��*UXSH�VPR�RIRUPLOL�QD�RVQRYX�GLVWLQN�
WLYQLK�VHPDQWLaNLK�REHOHCMD�OHNVLaNR�VHPDQWLaNLK�NDWHJRULMD�aLML�SULSDGQLFL
XaHVWYXMX�X�JUD_HQMX�RYH�PHWDIRULaNH�YUVWH��CLYR�L�QHCLYR��L�PDWHULMDOQR�L
QHPDWHULMDOQR��2VQRYQL�VHPDQWLaNL�PRGHOL�REXKYDWDMX�YHOLNL�EURM�YDULMDQWL�
6YDND�YDULMDQWD�VDUGCL�MHGDQ�LOL�YL^H�VLQWDNVLaNLK�PRGHOD�VWLOVNLK�PHWDIRUD�
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0RGHOL�IRUPLUDQL�QD�RVQRYX�REHOHCMD�CLYR�QHCLYR

���#LYR���QHCLYR

8�RNYLUX�RVQRYQRJ�VHPDQWLaNRJ�PRGHOD�CLYR���QHCLYR�GHILQLVDOL�VPR
aHWLUL�YDULMDQWH��RG�NRMLK�VH�SUYD�JUDQD�X�WUL�UD]OLaLWD�VLQWDNVLaND�PRGHOD�
QDUHGQH�GYH�X�SR�MHGDQ��D�SRVOHGQMD��SRUHG�aHWLUL�VLQWDNVLaND�PRGHOD��REX�
KYDWD�L�GYH�YUVWH�YDULMDQDWD�

D��6YRMVWYR�CLYLK�EL`D���QHCLYL�SRMDP��

…�YXaH�]DUREOMHQD�UHND����

'YD�EHOD�]DJUOMHQD�PHVHFD�����

…�SR�NRMRM�YHWDU��REUDGRYDQ�VQHJRP��ODNR�L�YH^WR�VNDaH�V�JUDQH�QD�JUDQX…
����

E��5DGQMD�NRMX�YU^L�CLYR�EL`H��aRYHN����QHCLYL�SRMDP�

0UDN�SRNXSL�GXNDWH������

…�JGH�VD�VRERP�PUPRUH�LVWL�UD]JRYRU�aD_DYL�ORQFL�SXQL�MDJQMH`H�aRUEH�����

F��6YRMVWYR�UDGQMH�NRMX�YU^L�CLYR�EL`H���SUHGPHW�

/HGHQH�PRWLNH�SUJDYR�PL�QDOH`X�QD�JODYX�L�UXNH����

G��%LRPRUIL]DP���QHCLYL�SRMDP��$QWURSRPRUIL]PL�VYRMX�ILJXUDWLYQX�XSR�
WUHEX�UHDOL]XMX�X�MHGQRP�VHPDQWLaNRP�PRGHOX��GHR�WHOD�CLYLK�EL`D���SUHGPHW
�QHCLYR�EL`H��

…�SD�VH�GXJLP�UXNDPD�EH]�]JORERYD�L�NRVWLMX�KYDWD�]D�aXSHUNH�GUYH`D�L
OMXOMD…�����

1DMHCL�VH��OHGHQH�VX�QR]GUYH�YHWUD�����

…�SD�VH��YHWDU��GXJLP�UXNDPD�EH]�]JORERYD�L�NRVWLMX�KYDWD�]D�aXSHUNH�GU�
YH`D�L�OMXOMD��JLEDN��XYHN�PODG�L�QDMEUCL�����

3RMPRYL�L]�ERWDQLaNH�VIHUH�WDNR_H�XaHVWYXMX�X�JUD_HQMX�PHWDIRUD�X
WHNVWX��3ULVXWDQ�MH�MHGDQ�VHPDQWLaNL�PRGHO��SRMDP�L]�ERWDQLaNH�VIHUH���QH�
CLYL�SRMDP�

3RVOH��JOHGDR�MH�X�CEXQL`�YDWUH…�����

���QHCLYR���CLYR��QDVORY�aHWYUWRJ�UHGD�

'YH�PHWDIRULaNH�PRGHOVNH�YDULMDQWH�SUHGVWDYOMDMX�NODVLILNDFLRQR�UDV�
ORMDYDQMH�RYRJ�RVQRYQRJ�VHPDQWLaNRJ�PRGHOD��

D��3UHGPHW���GHR�WHOD�CLYLK�EL`D�

…�X�RG^NULQXWLP�YUDWLPD�]DEHOH^H�VH�]XEL�X�EXVHQX�PHKDQ[LMLQH�JODYH�����

E��5DGQMD�NRMD�VH�SUHQRVL�QD�QHCLYL�SRMDP�X�SUDYRP�REMHNWX���GHR
WHOD�CLYLK�EL`D

*UXGL�VX�LVFHSDQH�����

���QHCLYR���CLYR��QDVORY�aHWYUWRJ�UHGD�

6HPDQWLaND�PRGHOVND�YDULMDQWD�UHa�L]�MHGQH�OHNVLaNR�VHPDQWLaNH�JUXSH
��UHa�L]�GUXJH�OHNVLaNR�VHPDQWLaNH�JUXSH��WDaQLMH�UDGQMD�NRMX�YU^L�UHa�L]
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MHGQH�OHNVLaNR�VHPDQWLaNH�JUXSH���SRMDP�L]�GUXJH�OHNVLaNR�VHPDQWLaNH
JUXSH��SRGNUHSOMHQD�MH�VYHJD�MHGQLP�SULPHURP�

…�D�NHVD�V�GXNDWLPD�SUOML�NRCX�L�CXOML�UHEUD�����

0RGHOL�IRUPLUDQL�QD�RVQRYX�REHOHCMD�PDWHULMDOQR�QHPDWHULMDOQR

���0DWHULMDOQR���QHPDWHULMDQR�

2YDM�RVQRYQL�VHPDQWLaNL�PRGHO�JUDQD�VH�X�GYH�YDULMDQWH�
D��0DWHULMDOQL�SRMDP���QHPDWHULMDOQL�SRMDP�

8�WPLQL�EH]�REDOD�WUQX�YDWUHQL�VYLFL�^WR�VNDaX�L]�RaLMX�����

9HWDU�MH�X�NDQLMDPD��SD�QL�RQ�QH�]ORaLQL����

E��5DGQMD�NRMD�]DKWHYD�PDWHULMDOQL�SRMDP���QHPDWHULMDODQ�SRMDP

3RJQXW��EU]R�SUR_H�NUR]�SUD]QX�L�PODNX�PHKDQX��]DOLYHQX�CX`NDVWRP�VYH�
WOR^`X��]DGDKRP�XCHJORJ�ORMD�L�]DJD^HQRJ�RJQML^WD�����

,]X]HWQR�MH�]DQLPOMLY�VORCHQL��WURaODQL�VHPDQWLaNL�PRGHO�QDVWDMDQMD
PHWDIRUH�X�WHNVWX��NRML�MH�NRPELQDFLMD�VHPDQWLaNLK�PRGHOD�L]�REH�JUXSH�¬
QHCLYL�SRMDP���UDGQMD�NRMX�YU^L�CLYR�EL`H��XJODYQRP�CLYRWLQMH��L�NRMD�]D�
KWHYD�PDWHULMDOQL�SRMDP���QHPDWHULMDOQL�SRMDP��

…�MHU�]DSD]LOL�VX��ORSRYL��GD�VYDNRJ�SUROH`D��NDG�PHVHF�SRSDVH�QR`��GR�]RUH
OXQMDP�OLYDGDPD�����

8�RNYLUX�DQDOL]H�VWLOVNLK�PHWDIRUD�SUHGVWDYL`HPR�L�VSHFLILaDQ�VHPDQ�
WLaNL�PRGHO�NRML�QH�SULSDGD�QLMHGQRM�RG�SRPHQXWLK�PRGHOVNLK�JUXSD�¬�NRQ�
NUHWDQ��IL]LaNL��SRMDP�VD�NRQNUHWQRP��IL]LaNRP��UHDOL]DFLMRP�→�NRQNUHWDQ
�IL]LaNL��SRMDP�EH]�NRQNUHWQH��IL]LaNH��UHDOL]DFLMH�

…�L�JUH^QD�YDWULFD�RSDOL�PX�LVSXSaHQH�MDEXaLFH�SXQH�VLWQLK�SODYNDVWLK�CLOLFD�����

=DNOMXaDN

1D�RVQRYX�DQDOL]LUDQLK�SULPHUD�PRCH�VH�]DNOMXaLWL�GD�SRVWRMH�]QD�
aDMQH�VOLaQRVWL�L]PH_X�GHILQLVDQLK�PRGHOD�QDVWDMDQMD�OHNVLaNLK�L�VWLOVNLK
PHWDIRUD��WM��]QDaDMQD�SRNODSDQMD�OHNVLaNR�VHPDQWLaNLK�JUXSD�NRMH�VDaLQMD�
YDMX�RYH�PRGHOH��.RG�REHMX�PHWDIRULaNLK�YUVWD�MDYOMDMX�VH�GYH�JUXSH�VH�
PDQWLaNLK�PRGHOD��IRUPLUDQH�QD�RVQRYX�VHPDQWLaNLK�GLVWLQNWLYQLK�REHOHCMD
CLYR�L�QHCLYR��RGQRVQR�PDWHULMDOQR�L�QHPDWHULMDOQR��8�RNYLUX�RYLK�JUXSD
XRaDYD�VH�QL]�JRWRYR�SRWSXQLK�SRGXGDUQRVWL�X�VWUXNWXUL�RVQRYQLK�VHPDQWL�
aNLK�PRGHOD�L�PRGHOVNLK�YDULMDQWL�

2VQRYQL�VHPDQWLaNL�PRGHO�CLYR�→�QHCLYR�WM��CLYR���QHCLYR�NDUDNWHU�
LVWLaDQ�MH�]D�OHNVLaNH�PHWDIRUH�L�PHWDIRUH�X�WHNVWX��3RNODSDMX�VH�PRGHOVNH
YDULMDQWH��VYRMVWYR�CLYLK�EL`D�→�VYRMVWYR�QHCLYLK�SRMPRYD�L�VYRMVWYR�CLYLK
EL`D���QHCLYL�SRMDP��RGQRVQR�UDGQMD�NRMX�YU^L�CLYR�EL`H�→�UDGQMD�NRMX
YU^L�QHCLYL�SRMDP�L�UDGQMD�NRMX�YU^L�CLYR�EL`H���QHCLYL�SRMDP��7DNR_H��OHN�
VHPH�L]�OHNVLaNR�VHPDQWLaNH�NDWHJRULMH�ELRPRUIL]DPD��DQWURSRPRUIL]DPD�L
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SRMPRYD�L]�ERWDQLaNH�VIHUH��XaHVWYXMX�X�JUD_HQMX�REHMX�YUVWD�PHWDIRUD��8
RYH�GYH�DQDOL]LUDQH�PHWDIRULaNH�JUXSH�SULPH`HQL�VX�VOHGH`L�SDURYL�JRWRYR
LGHQWLaQLK�]QDaHQMVNLK�PRGHOVNLK�YDULMDQWL��GHR�OMXGVNRJ�WHOD�LOL�CLYRWLQMVNRJ
WHOD�→�L���QHCLYL�SRMDP��RGQRVQR�SRMDP�L]�ERWDQLaNH�VIHUH�→�L���QHCLYL
SRMDP��6HPDQWLaNL�PRGHO�QHCLYR�→�L���CLYR�VD�YDULMDQWRP�SUHGPHW�→�CLYD
EL`D��GHR�WHOD�CLYLK�EL`D���RGQRVQR�SUHGPHW���GHR�WHOD�CLYLK�EL`D�SRVWDMH
WDNR_H�MHGQD�RG�SUDYLOQRVWL�X�PHKDQL]PLPD�QDVWDMDQMD�L�OHNVLaNLK�L�VWLOVNLK
PHWDIRUD��6HPDQWLaND�PRGHOVND�YDULMDQWD�SRMDP�L]�MHGQH�OHNVLaNR�VHPDQWL�
aNH�JUXSH�→�L���SRMDP�L]�GUXJH�OHNVLaNR�VHPDQWLaNH�JUXSH��NRMD�SULSDGD
RVQRYQRP�VHPDQWLaNRP�PRGHOX�QHCLYR�→�L���QHCLYR�]DMHGQLaND�MH�MH]L�
aNLP�L�VWLOVNLP�PHWDIRUDPD�

6HPDQWLaNL�PRGHO�PDWHULMDOQR�→�L���QHPDWHULMDOQR�X�YDULMDQWL�UDGQMD
NRMX�YU^L�PDWHULMDOQL�SRMDP�→�UDGQMD�NRMX�YU^L�QHPDWHULMDOQL��RGQRVQR�UDG�
QMD�NRMX�YU^L�PDWHULMDOQL�SRMDP���QHPDWHULMDOQL�SRMDP��WDNR_H�MH�]DVWXSOMHQ
X�REHPD�PHWDIRULaNLP�YUVWDPD�

1D�RVQRYX�QDYHGHQH�OHNVLaNR�VHPDQWLaNH�XSRUHGQH�DQDOL]H�]DNOMXaXMH�
PR�GD�VX�PHWDIRUH�X�WHNVWX�SULSUHPQD�LOL�SUHOD]QD�ID]D�X�SURFHVX�SRPHUDQMD
VHPDQWLaNRJ�SROMD�UHaL�RG�RVQRYQRJ�GR�VHNXQGDUQRJ��VHNXQGDUQLK��]QDaH�
QMD��2YR�SRPHUDQMH�XYHN�VH�NUH`H�X�SUDYFX�]QDaHQMVNRJ�SROMD�GHWHUPLQDWRUD
VWLOVNH�XSRWUHEH�OHNVHPH�L�SULVXWQR�MH�X�OHNVLaNLP�PHWDIRUDPD��2IRUPLOL
VPR�L�MHGQX�JUXSX�VHPDQWLaNLK�PRGHOD��NDR�L�MHGDQ�RVQRYQL�VHPDQWLaNL
PRGHO�YDQ�QMH�L�QHNROLNR�PRGHOVNLK�YDULMDQWL�OHNVLaNLK�PHWDIRUD�NRML�VH�QH
SRNODSDMX�QL�VD�MHGQLP�VHPDQWLaNLP�PRGHORP�GHILQLVDQLP�X�RNYLUX�VWLOVNLK
PHWDIRUD��2YL�PRGHOL�LOXVWURYDQL�VX�XJODYQRP�L]X]HWQR�PDOREURMQLP�L�UHW�
NLP�SULPHULPD��L]X]HY�PRGHOD�NRQNUHWQR�→�DSVWUDNWQR��0RCHPR�SUHWSRVWD�
YLWL�GD�L�RYDNYH�YUVWH�OHNVLaNLK�PHWDIRUD�LPDMX�SUHOD]QH�ID]H�X�SURFHVX�VYRJ
JUD_HQMD�X�YLGX�RGJRYDUDMX`LK�PHWDIRUD�X�WHNVWX��V�RE]LURP�QD�aLQMHQLFX�GD
MH�WD�WYUGQMD�GRND]DQD�]D�RVQRYQH�VHPDQWLaNH�WLSRYH�MH]LaNLK�PHWDIRUD�SRW�
NUHSOMHQH�YH`LP�EURMHP�SULPHUD��0H_XWLP��]D�SURYHUX�LVWLQLWRVWL�RYH�KLSR�
WH]H�SRWUHEQD�EL�ELOD�REUDGD�PQRJR�RELPQLMH�JUD_H�

,]YRU

@RVL`�'��������.RUHQL��%HRJUDG��3URVYHWD

/LWHUDWXUD

*RUWDQ�3UHPN�'��������7LSRYL�L�YUVWH�UHaL��-XCQRVORYHQVNL�ILORORJ��/

*RUWDQ�3UHPN�'��������0HWDIRUD��PHWRQRPLMD�L�VLQHJGRKD�X�MH]LNX�L
VWLOX��1DXaQL�VDVWDQDN�VODYLVWD�X�9XNRYH�GDQH������

*RUWDQ�3UHPN�'��������2�QHNLP�PRGHOLPD�PHWDIRULaQH�SROLVHPDQWLaNH
GLVSHU]LMH��1DXaQL�VDVWDQDN�VODYLVWD�X�9XNRYH�GDQH������

*ULFNDW�,��������6WLOVNH�ILJXUH�X�VYHWOX�MH]LaNLK�DQDOL]D��1D^�MH]LN��;9,��
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$QD�$QWL`

6HPDQWLFDO�VWUXFWXUH�RI�PHWDSKRUV�LQ�'REULFD�@RVL`±V�.RUHQL

0HDQLQJ�RI�OH[LFDO�DQG�VW\OH�PHWDSKRUV�LQ�'REULFD�@RVL`±V�.RUHQL�LV
VXEMHFW�RI�WKLV�ZRUN��7KH�LQWHQWLRQ�ZDV�WR�GHILQH�UHJXODULWLHV�LQ�WKHLU�IRUP�
LQJ��0HFKDQLVPV�RI�IRUPLQJ�DUH�HVWDEOLVKHG�E\�VHWWQJ�XS�WKH�OH[LFDO�¬
PHDQLQJ�FDWHJRULHV�WKDW�WRRN�SDUW�LQ�EXLOGLQJ�WKH�PHWDSKRUV��:H�IRUPHG
PRGHOV�RI�PHDQLQJ�GLVSHUVLRQ�LQ�PHWDSKRUV��0RGHOV�ZHUH�FODVVLILHG�LQ
JURXSV�RQ�WKH�EDVLV�RI�WKH�VHPDQWLFDO�GLVWLQFWLYH�IHDWXUHV��OLYH�XQOLYH��FRQ�
FUHWH�DEVWUDFW�DQG�PDWHULDO�LPPDWHULDO��$OO�WKHVH�JURXSV�FDQ�EH�IRXQG
ZLWKLQ�OH[LFDO�PHWDSKRUV��EXW�ZLWKLQ�VW\OH�PHWDSKRUV�WKHUH�DUH�RQO\�ILUVW
WZR�JURXSV��(DFK�PRGHO�FRQWDLQV�D�QXPEHU�RI�YDULDQWV�WKDW�DUH�DOVR�SUH�
VHQWHG��:H�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�WKHUH�DUH�LPSRUWDQW�DQDORJLHV�EH�
WZHHQ�PRGHOV�RI�OH[LFDO�DQG�VW\OH�PHWDSKRUV��%DVHG�RQ�WKDW�ZH�FDQ
FRQVLGHU�OH[LFDO�PHWDSKRUV�WKH�ILUVW�VWHS�DQG�WH[WXDO�PHWDSKRUV�WKH�VHFRQG�
ILQDO�VWHS�LQ�FKDQJLQJ�WKH�PHDQLQJ�ILHOGV�RI�ZRUGV�
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