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3 L� EXGRYiQt� UHJUHVQtFK� PRGHO � VH� E åQ � XåtYi� PHWRG\� QHMPHQãtFK� þWYHUF �� 0HWRGD
QHMPHQãtFK�þWYHUF �SRVN\WXMH�SRVWDþXMtFt�RGKDG\�SDUDPHWU �MHQRP�S L�VRXþDVQpP�VSOQ Qt
S HGSRNODG �R�GDWHFK�D�R�UHJUHVQtP�PRGHOX��3RNXG�W\WR�S HGSRNODG\�QHMVRX�VSOQ Q\��]WUiFt
PHWRGD�QHMPHQãtFK�þWYHUF �VYp�YODVWQRVWL�

=iNODGQt�S HGSRNODG\�PHWRG\�QHMPHQãtFK�þWYHUF ��01ý���6WDWLVWLFNp�YODVWQRVWL�RGKDG
� ��E�]iYLVt�QD�VSOQ Qt�MLVWêFK�S HGSRNODG ��3RNXG�SODWt�S HGSRNODG\�,�Då�,9��MVRX�RGKDG\3

E�SDUDPHWU � �QHMOHSãt��QHVWUDQQp�D�OLQHiUQt��11/2���1DYtF�PDMt�DV\PSWRWLFN\�QRUPiOQt
UR]G OHQt��3RNXG�SODWt�MHãW �S HGSRNODG�9,,��PDMt�RGKDG\�E�QRUPiOQt�UR]G OHQt�L�SUR�NRQHþQp
YêE U\��

,��5HJUHVQt�SDUDPHWU\� �PRKRX�QDEêYDW�OLERYROQêFK�KRGQRW��9�SUD[L�YãDN�þDVWR�H[LVWXMt
RPH]HQt�SDUDPHWU ��NWHUi�Y\FKi]HMt�]�MHMLFK�I\]LNiOQtKR�VP\VOX�
,,��5HJUHVQt�PRGHO�MH�OLQHiUQt�Y�SDUDPHWUHFK�D�SODWt�DGLWLYQt�PRGHO�P HQt�
,,,��0DWLFH�QHQiKRGQêFK��QDVWDYRYDQêFK�KRGQRW�Y\VY WOXMtFtFK�SURP QQêFK�;�Pi�KRGQRVW

URYQRX� SUiY � P�� 7R� ]QDPHQi�� åH� åiGQp� MHMt� GYD� VORXSFH� [ �� [ � QHMVRX� NROLQHiUQt�� WM�M N

URYQRE åQp�YHNWRU\��7RPX�RGSRYtGi�L�IRUPXODFH��åH�PDWLFH�; �;�MH�V\PHWULFNi�UHJXOiUQt7

PDWLFH��NH�NWHUp�H[LVWXMH�LQYHU]Qt�PDWLFH�D�MHMtå�GHWHUPLQDQW�MH�Y Wãt�QHå�QXOD��
,9��1iKRGQp�FK\E\�g �PDMt�QXORYRX�VW HGQt�KRGQRWX�(�g �� ����7R�PXVt�X�NRUHODþQtFKL L

PRGHO �SODWLW�YåG\��8�UHJUHVQtFK�PRGHO �VH�P åH�VWiW��åH�(�g �� �.��L� ���������Q��FRå�]QDPHQi�L

åH�PRGHO�QHREVDKXMH�DEVROXWQt�þOHQ��3R�MHKR�]DYHGHQt��EXGH�(� �� ����NGH� � �\ ��� ���.�L

9��1iKRGQp�FK\E\�g �PDMt�NRQVWDQWQt�D�NRQHþQê�UR]SW\O�(� �� � ��7DNp�SRGPtQ QêL
�

UR]SW\O�'�\�[�� � �MH�NRQVWDQWQt�D�MGH�R�KRPRVNHGDVWLFNê�S tSDG��

9,��1iKRGQp�FK\E\�g �MVRX�Y]iMHPQ �QHNRUHORYDQp�D�SODWt�FRY�g �g �� �(�g �g �� ����3RNXGL L M L M

PDMt� FK\E\�QRUPiOQt� UR]G OHQt�� MVRX�QH]iYLVOp��7HQWR�SRåDGDYHN�RGSRYtGi�SRåD�GDYNX
QH]iYLVORVWL�P HQêFK�YHOLþLQ�\�
9,,��&K\E\�g �PDMt�QRUPiOQt�UR]G OHQt�1���� ���9HNWRU�\�Pi�SDN�YtFHUR]P UQp�QRUPiOQtL

�

UR]G OHQt�VH�VW HGQt�KRGQRWRX�;� �D�NRYDULDQþQt�PDWLFt� �(��NGH�(�MH�MHGQRWNRYi�PDWLFH��
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5HJUHVQt�GLDJQRVWLND�
0HWRGD�QHMPHQãtFK�þWYHUF �QH]DMLã XMH�REHFQ �QDOH]HQt�S LMDWHOQpKR�PRGHOX��D�WR�MDN�]H
VWDWLVWLFNpKR��WDN�L�]�I\]LNiOQtKR�KOHGLVND��0XVt�EêW�VSOQ Q\�SRGPtQN\��RGSRYtGDMtFt�VORåNiP
W]Y��UHJUHVQtKR�WULSOHWX�>GDWD��PRGHO��PHWRGD�RGKDGX@��
5HJUHVQt�GLDJQRVWLND�REVDKXMH�SRVWXS\�N�LGHQWLILNDFL
D��YKRGQRVWL�GDW�SUR�QDYUåHQê�UHJUHVQt�PRGHO��VORåND�GDWD��
E��YKRGQRVWL�PRGHOX�SUR�GDQi�GDWD��VORåND�PRGHO��
F��VSOQ Qt�]iNODGQtFK�S HGSRNODG �01ý��VORåND�PHWRGD��

=iNODGQt�UR]GtO�PH]L�UHJUHVQt�GLDJQRVWLNRX�D�NODVLFNêPL�WHVW\�VSRþtYi�Y�WRP��åH�X�UHJUHVQt
GLDJQRVWLN\�QHQt�W HED�S HVQ �IRUPXORYDW�DOWHUQDWLYQt�K\SRWp]X���7tPWR�SRMHWtP�VH��UHJUHVQt
GLDJQRVWLND�EOtåt�VStãH�N�H[SORUDWRUQt�UHJUHVQt�DQDOê]H��NWHUi�Y\FKi]t�]�IDNWX��åH��XåLYDWHO
Yt�R�DQDO\]RYDQêFK�GDWHFK�S HFH�MHQRP�YtFH�QHå�SRþtWDþ���3RþtWDþ�VORXåt�MDNR�QiVWURM�DQDOê]\
GDW��PRGHOX�D�PHWRG\�RGKDGX��0RGHO�MH�QDYUKRYiQ�Y�LQWHUDNFL�XåLYDWHOH�V�SURJUDPHP��7tP
E\�P O�EêW�RPH]HQ�Y]QLN�IRUPiOQtFK�UHJUHVQtFK�PRGHO ��NWHUp�QHPDMt�I\]LNiOQt�VP\VO�D�MVRX
Y�WHFKQLFNp�SUD[L��RE\þHMQ �MHQ�RPH]HQ �SRXåLWHOQp�

���'DWD��PH]L�]iNODGQt�WHFKQLN\�GLDJQRVWLN\�SDW t�VWDQRYHQt�UR]PH]t�GDW��MHMLFK�YDULDELOLW\
D�S tWRPQRVWL�Y\ERþXMtFtFK�SR]RURYiQt��.�WRPX�O]H�Y\XåtW�JUDI �UR]SWêOHQt�V�NYDQWLO\�D� DG\
SRVWXS � SU ]NXPRYp� DQDOê]\� MHGQRUR]P UQêFK� GDW� ]� NDS�� ��� 3 HV� VYRML� MHGQRGXFKRVW
XPRå XMH�GLDJQRVWLND�LGHQWLILNRYDW�MHãW �S HG�YODVWQt�UHJUHVQt�DQDOê]RX
D��QHYKRGQRVW�GDW��PDOp�UR]PH]t�QHER�S tWRPQRVW�Y\ERþXMtFtFK�ERG ��
E��QHVSUiYQRVW�QDYUåHQpKR�PRGHOX��VNU\Wp�SURP QQp��
F��PXOWLNROLQHDULWX�
G��QHQRUPDOLWX�Y�S tSDG ��NG\�MVRX�Y\VY WOXMtFt�SURP QQp�QiKRGQp�YHOLþLQ\�

.YDOLWD�GDW�~]FH�VRXYLVt�V�XåLWêP�UHJUHVQtP�PRGHOHP��3 L�SRVX]RYiQt�VH�VOHGXMH�S HGHYãtP
YêVN\W�YOLYQêFK�ERG � �9%��� NWHUp�PRKRX�EêW� KODYQtP�]GURMHP� DG\�SUREOpP �� MDNR� MH
]NUHVOHQt�RGKDG �D�U VW�UR]SW\O �Då�N�QDSURVWp�QHSRXåLWHOQRVWL�UHJUHVQtFK�PRGHO ��9OLYQp
ERG\�O]H�UR]G OLW�GR�W t�VNXSLQ�
D��+UXEp�FK\E\��NWHUp�MVRX�]S VREHQ\�P HQRX�YHOLþLQRX��Y\ERþXMtFt�SR]RURYiQt��QHER

QHYKRGQêP�QDVWDYHQtP�Y\VY WOXMtFtFK�SURP QQêFK��H[WUpP\���+UXEp�FK\E\�MVRX�RE\þHMQ
G VOHGNHP�FK\E�S L�PDQLSXODFL�V�GDW\�
E��%RG\�V�Y\VRNêP�YOLYHP��W]Y��JROGHQ�SRLQWV��MVRX�VSHFLiOQ �Y\EUDQp�ERG\��NWHUp�E\O\

S HVQ �]P HQ\��D�NWHUp�REY\NOH�UR]ãL XMt�SUHGLNþQt�VFKRSQRVWL�PRGHOX�
F��=GiQOLY �YOLYQp�ERG\�Y]QLNDMt�MDNR�G VOHGHN�QHVSUiYQ �QDYUåHQpKR�UHJUHVQtKR�PRGHOX�

3RGOH�WRKR��NGH�VH�YOLYQp�ERG\�Y\VN\WXMt��O]H�SURYpVW�G OHQt�QD
���9\ERþXMtFt� SR]RURYiQt� �RXWOLHUV��� NWHUp� VH� OLãt� Y�KRGQRWiFK�Y\VY WORYDQp� �]iYLVOH�

SURP QQp�\�RG�RVWDWQtFK��D
���H[WUpP\��KLJK�OHYHUDJH�SRLQWV���NWHUp�VH�OLãt�Y�KRGQRWiFK�Y\VY WOXMtFtFK��QH]iYLVOH�

SURP QQêFK�[�QHER�Y�MHMLFK�NRPELQDFL��Y�S tSDG �PXOWLNROLQHDULW\��RG�RVWDWQtFK�ERG �
9\VN\WXMt�VH�YãDN�L�ERG\��NWHUp�MVRX�MDN�Y\ERþXMtFt��WDN�L�H[WUpPQt��2�MHMLFK�YêVOHGQpP

YOLYX�YãDN�S HGHYãtP�UR]KRGXMH�WR��åH�MVRX�H[WUpP\��.�LGHQWLILNDFL�YOLYQêFK�ERG �W\SX
Y\ERþXMtFtKR�SR]RURYiQt�VH�Y\XåtYi�]HMPpQD�U ]QêFK�W\S �UH]LGXt�D�N�LGHQWLILNDFL�H[WUpP
SDN�GLDJRQiOQtFK�SUYN �+ �SURMHNþQt�PDWLFH�+�LL
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���0RGHO��NYDOLWX�UHJUHVQtKR�PRGHOX�O]H�SRVRXGLW�Y�S tSDG �MHGQp�Y\VY WOXMtFt�SURP QQp
[�S tPR�]�UR]SW\ORYpKR�JUDIX�]iYLVORVWL�\�QD�[��9�S tSDG �YtFH�Y\VY WOXMtFtFK�SURP QQêFK
D�PXOWLNROLQHDULW\�PRKRX�YãDN�UR]SW\ORYp�JUDI\�P\OQ �LQGLNRYDW�QHOLQHiUQt�WUHQG�L�X�OLQHiU�
QtKR�PRGHOX��=� DG\�U ]QêFK�JUDI �N�SRVRX]HQt�Y]WDKX�\�D�[ �VH�RPH]tPH�QDM

D��SDUFLiOQt�UHJUHVQt�JUDI\��D
E��SDUFLiOQt�UH]LGXiOQt�JUDI\��

3DUFLiOQt� UHJUHVQt� JUDI\� E\O\� %HOVH\HP� ]D D]HQ\� PH]L� ]iNODGQt� QiVWURMH� SRþtWDþRYp
LQWHUDNWLYQt�DQDOê]\�UHJUHVQtFK�PRGHO ��8PRå XMt�QHMHQRP�SRVRX]HQt�NYDOLW\�QDYUåHQpKR
UHJUHVQtKR�PRGHOX��DOH�LQGLNXMt�L�S tWRPQRVW�YOLYQêFK�ERG �D�QHVSOQ Qt�S HGSRNODG �NODVLFNp
PHWRG\�QHMPHQãtFK�þWYHUF ��3DUFLiOQt�UHJUHVQt�JUDI�SUR�SRVRX]HQt�Y]WDKX�PH]L�\�D�L�WRX
Y\VY WOXMtFt�SURP QQRX�[ �MH�]iYLVORVW�UH]LGXt�Y�UHJUHVH�\�QD�VORXSFtFK�PDWLFH�; �D�UH]LGXtL �L�

X�UHJUHVH�[ �QD�VORXSFtFK�PDWLFH�; ��3 LWRP�PDWLFH�; �Y]QLNQH�]�PDWLFH�;�Y\QHFKiQtP�L�L �L� �L�

WpKR�VORXSFH�[ ��RGSRYtGDMtFtKR�L�Wp�Y\VY WOXMtFt�SURP QQp��3DUFLiOQt�UHJUHVQt�JUDI\�PDMt�W\WRL

YODVWQRVWL�
D��6P UQLFH�S tPN\�Y�SDUFLiOQtP�UHJUHVQtP�JUDIX�MH�VWHMQi�MDNR�RGKDG�E �Y�QHG OHQpPM

PRGHOX�D�~VHN�MH�URYHQ�QXOH��7DWR�OLQHiUQt�]iYLVORVW�SODWt�SRX]H�Y�S tSDG ��åH�QDYUåHQê
PRGHO�MH�VSUiYQê�
E��.RUHODþQt�NRHILFLHQW�PH]L�RE PD�SURP QQêPL�SDUFLiOQtKR�UHJUHVQtKR�JUDIX�RGSRYtGi

SDUFLiOQtPX�NRUHODþQtPX�NRHILFLHQWX� �
F��5H]LGXD�Y�SDUFLiOQtP�UHJUHVQtP�JUDIX�MVRX�VKRGQi�V�NODVLFNêPL�UH]LGXL� �SUR�QHG OHQêL

PRGHO�
G�� 9� JUDIX� MVRX� LQGLNRYiQ\� YOLYQp� ERG\� D� L� Q NWHUi� SRUXãHQt� S HGSRNODG � PHWRG\

QHMPHQãtFK�þWYHUF ��KHWHURVNHGDVWLFLWD��

3DUFLiOQt�UH]LGXiOQt�JUDI\�VH�R]QDþXMt�WDNp�MDNR�JUDI\��NRPSRQHQWD���UH]LGXXP���3DUFLiOQt
UH]LGXiOQt�JUDI\�YãDN�SRVN\WXMt�SRQ NXG�RGOLãQp�LQIRUPDFH�QHå�SDUFLiOQt�UHJUHVQt�JUDI\�
D��6P UQLFH�OLQHiUQt�]iYLVORVWL�MH�URYQD�E �D�~VHN�MH�QXORYê��/LQHiUQt�]iYLVORVW�SDN�XND]XMHM

QD�YKRGQRVW�QDYUåHQp�SURP QQp�[ �Y�PRGHOX�M

E��5H]LGXD�UHJUHVQt�S tPN\�MVRX�S tPR�UH]LGXD� �SUR�QHG OHQê�PRGHO�L

F��3RNXG�MH�~KHO�PH]L�[ �D�Q NWHUêPL�VORXSFL�PDWLFH�; �PDOê��PXOWLNROLQHDULWD���XND]XMHM �M�

SDUFLiOQt�UH]LGXiOQt�JUDI�QHVSUiYQ �PDOê�UR]SW\O�NROHP�UHJUHVQt�S tPN\�E �[ �D�GRFKi]t�QDYtFM M

L�N�SRWODþHQt�HIHNWX�YOLYQêFK�ERG �
3DUFLiOQt�UH]LGXiOQt�JUDI\�VH�GRSRUXþXMt�S HGHYãtP�N�LQGLNDFL�UR]OLþQêFK�W\S �QHOLQHDULW\

Y�S tSDG �QHVSUiYQ �QDYUåHQpKR�UHJUHVQtKR�PRGHOX��

���0HWRGD��9�SUD[L�EêYDMt�Q NWHUp�S HGSRNODG\�01ý�SRUXãHQ\��FRå�YHGH�N�SRXåLWt�MLQêFK
NULWpULt��.�SRUXãHQt�S HGSRNODG �GRFKi]t�Y�W FKWR�]iNODGQtFK�S tSDGHFK�
D�� 1D� SDUDPHWU\� MVRX� NODGHQD� RPH]HQt�� FRå� YHGH� QD� XåLWt� PHWRG\� SRGPtQNRYêFK

QHMPHQãtFK�þWYHUF ��031ý��
E��.RYDULDQþQt�PDWLFH�FK\E�QHQt�GLDJRQiOQt� �DXWRNRUHODFH���S tS��GDWD�QHPDMt� VWHMQê

UR]SW\O� �KHWHURVNHGDVWLFLWD��� FRå�YHGH�QD�XåLWt�PHWRG\� ]REHFQ QêFK�QHMPHQãtFK� þWYHUF
�0=1ý���UHVS��PHWRG\�YiåHQêFK�QHMPHQãtFK�þWYHUF ��091ý��
F��5R]G OHQt�GDW�QHO]H�SRYDåRYDW�]D�QRUPiOQt�QHER�VH�Y�GDWHFK�Y\VN\WXMt�YOLYQp�ERG\�

9�WDNRYpP�S tSDG �VH�PtVWR�NULWpULD�PHWRG\�QHMPHQãtFK�þWYHUF �XåLMH�UREXVWQtKR�NULWpULD�
NWHUp� MH� QD� SRUXãHQt� S HGSRNODGX� R� UR]G OHQt� FK\E� D� QD� YOLYQp� ERG\� PiOR� FLWOLYp�
=�UREXVWQtFK�NULWpULt�MVRX�QHM]QiP Mãt�0�RGKDG\��-HGQi�VH�R�PD[LPiOQ �Y URKRGQp�RGKDG\
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SUR�YKRGQRX�KXVWRWX�SUDYG SRGREQRVWL� FK\E��3UR�RGKDG�SDUDPHWU �E� VH�XåtYi� LWHUDþQt
PHWRG\�YiåHQêFK�QHMPHQãtFK�þWYHUF ��,91ý��
G��7DNp�SURP QQp�[�PRKRX�EêW�]DWtåHQp�QiKRGQêPL�FK\EDPL��FRå�YHGH�QD�XåLWt�PHWRG\

UR]ãt HQêFK�QHMPHQãtFK�þWYHUF ��051ý���3UR�S tSDG�UHJUHVQt�S tPN\�MH�SRXåLWt�PHWRG\
UR]ãt HQêFK�QHMPHQãtFK�þWYHUF �YHOPL�MHGQRGXFKp��3RVWDþXMH�]QDORVW�SRP UX�UR]SW\OX�

�Y\VY WORYDQi�SURP QQi��D� ��Y\VY WOXMtFt�SURP QQp��� ��3UR�RGKDG�VP UQLFH

UHJUHVQt�S tPN\�\� �D�[���E��SDN�SODWt

NGH�

D� VLJQ� 6 � MH� ]QDPpQNRYi� IXQNFH�� 6\PERO\� 6� R]QDþXMt� VRXþW\� þWYHUF �� RGSRYtGDMtFtFK\[

SURP QQêFK

�� ��

3 L�]QDORVWL�RGKDGX�VP UQLFH� �VH�VQDGQR�XUþt�RGKDG�~VHNX� �]H�Y]WDKX

3UR�S tSDG�VWHMQêFK�UR]SW\O ��WM��.� ���YHGH�GRVD]HQt�GR�YêãH�XYHGHQêFK�Y]WDK �N�RGKDG P
PLQLPDOL]XMtFtP�NROPp�Y]GiOHQRVWL��RUWKRJRQiOQt�UHJUHVH���3UR�RGKDG\�UR]SW\O �RGKDG � ��
VH�SDN�SRXåtYi�VSHFLiOQtFK�Y]WDK �
H��3UR�ãSDWQ �SRGPtQ Qp�PDWLFH�; ;�VH�SRXåtYi�PHWRGD�UDFLRQiOQtFK�KRGQRVWt��YHGRXFt7

N�V\VWpPX�Y\FKêOHQêFK�RGKDG ��NGH�Y\FKêOHQt�MH� t]HQR�MHGQtP�SDUDPHWUHP�
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9êVWDYED�OLQHiUQtKR�UHJUHVQtKR�PRGHOX��VRIWZDUH�$'67$7��
���1iYUK�PRGHOX�� ]DþtQi� VH� YåG\� RG� QHMMHGQRGXããtKR�PRGHOX�� X� NWHUpKR� Y\VWXSXMt

MHGQRWOLYp�Y\VY WOXMtFt�SURP QQp�Y�SUYQtFK�PRFQLQiFK�D�QHY\VN\WXMt�VH�åiGQp�LQWHUDNþQt
þOHQ\�W\SX�[ �[ ��3RX]H�Y�S tSDGHFK��X�NWHUêFK�MH�S HGHP�]QiPR��åH�PRGHO�Pi�REVDKRYDWM N

IXQNFH�Y\VY WOXMtFtFK�SURP QQêFK��P åH�EêW�YêFKR]t�PRGHO�GOH�W FKWR�SRåDGDYN �XSUDYHQ�
���3 HGE åQi�DQDOê]D�GDW��VOHGXMH�VH�SURP QOLYRVW�MHGQRWOLYêFK�SURP QQêFK�D�PRåQp

SiURYp�Y]WDK\��8åtYi�VH�SURWR�UR]SW\ORYêFK�GLDJUDP �]iYLVORVWL�[ �QD�[ �QHER�LQGH[RYêFKM N

JUDI � ]iYLVORVWL� [ � QD� M�� 3RVX]XMH� VH� Yê]QDPQRVW� SURP QQêFK� V� RKOHGHP� QD� MHMLFKM

SURP QOLYRVW� D� S tWRPQRVW�PXOWLNROLQHDULW\�� 3 LEOLåQ � OLQHiUQt� Y]WDK�PH]L� SURP QQêPL
Y�UR]SW\ORYêFK�JUDIHFK�]iYLVORVWL�[ �QD�[ �LQGLNXMH�PXOWLNROLQHDULWX��/]H�URYQ å�RGKDOLW�YOLYQpM N

ERG\��NWHUp�]S VREXMt�PXOWLNROLQHDULWX�
3RGOH�YROE\�XåLYDWHOH�VH�SURYHGRX�SRåDGRYDQp�WUDQVIRUPDFH�S YRGQtFK�SURP QQêFK�

=DGiYi�VH��]GD�PRGHO�REVDKXMH�DEVROXWQt�þOHQ��8åLYDWHO�P åH�YROLW�SRO\QRPLFNRX�WUDQVIRU�
PDFL�]DGiQtP�VWXSQ �SRO\QRPX��7D\ORU Y�UR]YRM�GR����VWXSQ �D�OLQHiUQt�PRGHO�V�LQWHU�
DNFHPL��8åLYDWHO�P åH�]DGDW�OLERYROQRX�PRFQLQX�S YRGQtFK�SURP QQêFK�YþHWQ �ORJDULWP �
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