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,VSLWLYDQD�MH�DQWLRNVLGDQWQD�DNWLYQRVW�YLWDPLQD�&�L
IODYRQRLGD�� SUL� SRMHGLQDaQRP� L� ]DMHGQLaNRP� GH�
ORYDQMX�� $QWLRNVLGDQWQD� DNWLYQRVW� RGUH_LYDQD� MH
PHUHQMHP�LQKLELFLMH�OLSLGQH�SHURNVLGDFLMH�QD�PRGHO
VLVWHPX�VYLQMVNH�MHWUH��,VSLWLYDQMD�VX�YU^HQD�QD�aHWLUL
JUXSH��NRQWUROQRM��QHWUHWLUDQD���JUXSL�WUHWLUDQRM�YL�
WDPLQRP�&��JUXSL� WUHWLUDQRM� IODYRQRLGLPD� L�JUXSL
NRMRM�VX�GRGDYDQL�L�YLWDPLQ�&�L�IODYRQRLGL��'RELMHQL
UH]XOWDWL�XND]XMX�GD�QH�SRVWRML�VWDWLVWLaNL�]QDaDMQD
UD]OLND�L]PH_X�NRQWUROQH�JUXSH�L�RVWDOLK�JUXSD��NDR
QL� L]PH_X� NRQFHQWUDFLMH� OLSLGQLK� SHURNVLGD� SUH� L
SRVOH� VWLPXOLVDQMD� X� LVWRM� JUXSL�� ^WR� MH� YHURYDWQR
SRVOHGLFD� NRUL^`HQMD� QHVWDQGDUGL]RYDQRJ� PRGHO
VLVWHPD�VYLQMVNH�MHWUH�L�PDOLK�NRQFHQWUDFLMD�LVSLWL�
YDQLK�VXSVWDQFL�

8YRG
9LWDPLQ�&��DVNRUELQVND�NLVHOLQD��MH�GHULYDW�IXUD�

QD�NRML�LPD�ELWQX�XORJX�X�RUJDQL]PX��1HRSKRGDQ�MH
]D�VLQWH]X�NRODJHQD��YDCQD�MH�JUDGLYQD�NRPSRQHQWD
NUYQLK�VXGRYD��OLJDPHQDWD�L�NRVWLMX��LPD�ELWQX�XORJX
X�VLQWH]L�QHXURWUDQVPLWHUD�QRUHSLQHIULQD��-HGQR�RG
QDMELWQLMLK�VYRMVWDYD�RYH�VXSVWDQFH�MH�GD�XaHVWYXMH�X
UHGRNV�SURFHVLPD�X�RUJDQL]PX�GHOXMX`L�NDR�DQWLRNVL�
GDQV��1DOD]L�VH�X�YHOLNLP�NROLaLQDPD�X�FLWUXV�YR`X�
D�QDURaLWR�X�OLPXQX�L�SRPRUDQGCL�����PJ�YLWDPLQD�&
X�����P/�VRND�SRPRUDQGCH���8�SRPRUDQGCL�MH�SRUHG
YLWDPLQD�&�SULVXWDQ�L�NRPSOHNV�IODYRQRLGD��SROLIH�
QROQLK�MHGLQMHQMD��1MLKRYD�VQDCQD�DQWLRNVLGDQWQD�DN�
WLYQRVW�VH�REMD^QMDYD�SULVXVWYRP�IHQROQLK�KLGURNVL
JUXSD�NRMH�VH�SRQD^DMX�NDR�GRQRUL�YRGRQLND�NRML�RG�
VWUDQMXMH�KLGURNVLOQH�UDGLNDOH��VXSHURNVLGQH�DQMRQH�L

OLSLGQH�SHURNVL�UDGLNDOH��5DQLMD�LVWUDCLYDQMD�VX�SR�
ND]DOD�GD�����VYLK�IODYRQRLGD�SRPRUDQGCH�aLQL�KHV�
SHUHWLQ��0LOOHU�1'��3HWHUVRQ�HW�DO���������+HVSHUHWLQ
MH�DJOLNRQ�KHVSHULGLQD��D�SR�VWUXNWXUL�KHVSHUHWLQ�MH
�6������GLKLGUR�����GLKLGURNVL������KLGURNVL���PHWR
NVLIHQLO���+���EHQ]RSLUDQ���

3RVWRMH�GRND]L�GD�YLWDPLQ�&�L�IODYRQRLGL�SUL
VLQHUJLVWLaNRP�GHORYDQMX�LPDMX�PQRJR�YH`X�L�GXCX
DQWLRNVLGDQWQX�DNWLYQRVW�RG�ELOR�NRMD�GYD�SRMHG�
LQDaQR��0HKDQL]DP�QLMH�RWNULYHQ�X�SRWSXQRVWL��D
MHGQR�RG�PRJX`LK�REMD^QMHQMD�MH�GD�VX�IODYRQRLGL
EROMD�DQWLRNVLGDQWQD�VUHGVWYD�RG�DVNRUELQVNH�NLVHOLQH
MHU�LPDMX�QLCL�UHGRNV�SRWHQFLMDO��1D�S+���QMLKRYL�UH�
GRNV�SRWHQFLMDOL�VH�NUH`X�RG������¬������9��GRN�VX
QD�S+��SULEOLCQR�aHWLUL�SXWD�QLCL�D�UHGRNV�SRWHQFLMDO
DVNRUELQVNH�NLVHOLQH�QD�S+��MH�����9��)ODYRQRLGL
NDR�EROMD�UHGXNFLRQD�VUHGVWYD�UHDJXMX�SUH�YLWDPLQD
&�L�WDNR�XVSRUDYDMX�QMHJRYX�RNVLGDFLMX��7KRPSVRQ
+HDOWKFDUH�������0LUD�HW�DO��������&KDXKDQ������
&KLQPD\�HW�DO��������

5DQLML�UDGRYL�XND]XMX�GD�DVNRUELQVND�NLVHOLQD
SRND]XMH�GREUD�DQWLRNVLGDQWQD�VYRMVWYD�NDNR�X�LQ
YLYR�WDNR�L�X�LQ�YLWUR�PRGHOLPD��.RYiFLNRYi�HW�DO�
������&KLQPD\�HW�DO���������+HVSHUHWLQ�VH�WDNR_H
SRND]DR�NDR�GREDU�DQWLRNVLGDQW�X�UD]OLaLWLP�PRGHO
VLVWHPLPD��3LHWWD��������.RUL^`HQMHP�aLVWRJ�YL�
WDPLQD�&�L�IODYRQRLGD��NRML�VH�GRELMDMX�L]RORYDQMHP
L]�SRPRUDQGCH��PRCH�VH�SURYHULWL�SUHWSRVWDYND�R
VLQHUJLVWLaNRP�GHORYDQMX��0RGHO�VLVWHP�VYLQMVNH
MHWUH�RPRJX`DYD�LVSLWLYDQMH�DQWLRNVLGDQWQLK�VYR�
MVWDYD�UD]OLaLWLK�VXSVWDQFL��3URRNVLGDQWLPD�VH�PRCH
VWLPXOLVDWL�OLSLGQD�SHURNVLGDFLMD��/32��QD�MHWUL��'R�
GDYDQMHP� LVSLWLYDQLK� DQWLRNVLGDQDWD� LKLELUD� VH
OLSLGQD�SHURNVLGDFLMD��2GUH_LYDQMHP�UD]OLNH�NRQFHQ�
WUDFLMD�OLSLGQLK�SHURNVLGD�SUH�L�SRVOH�VWLPXODFLMH�GR�
ELMD� VH� SURFHQDW� LQKLELFLMH� /32�D� NRMX� YU^H
DQWLRNVLGDQWL��^WR�MH�YH`L�SURFHQDW�LQKLELFLMH�LVSLWL�
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YDQD�VXSVWDQFD�MH�EROML�DQWLRNVLGDQW��AXaXODQRYL`
�������

&LOM�UDGD�MH�LVSLWLYDQMH�DQWLRNVLGDQWQRJ�VLQHU�
JLVWLaNRJ�HIHNWD�aLVWRJ�YLWDPLQD�&�L�L]RORYDQLK�IOD�
YRQRLGD� L]� SRPRUDQGCH�� NRMH� RNR� ���� aLQL
KHVSHUHWLQ��,VSLWLYDQMH�MH�YU^HQR�QD�LQ�YLWUR�PRGHO
VLVWHPX�VYLQMVNH�MHWUH�L�XSRUH_LYDQH�VX�DQWLRNVL�
GDQWQH�DNWLYQRVWL�L]RORYDQLK�IODYRQRLGD��YLWDPLQD�&
L�VPH^H�IODYRQRLGD�VD�YLWDPLQRP�&�

0DWHULMDO�L�PHWRGH
$QWLRNVLGDQWQD�VYRMVWYD�YLWDPLQD�&�L�IODYRQRLGD

QD�MHWUL�LVSLWLYDQD�VX�X�LQ�YLWUR�VLVWHPX��D�NDR�PRGHO
NRUL^`HQD�MH�VYLQMVND�MHWUD��3URFHQDW�LQKLELFLMH
OLSLGQH� SHURNVLGDFLMH� �X� GDOMHP� WHNVWX� /32�
L]UDaXQDW�MH�QD�RVQRYX�GRELMHQLK�NRQFHQWUDFLMD
PDORQGLDOGHKLGD��0'$���SURGXNWD�RNVLGDWLYQH�GH�
JUDGDFLMH�OLSLGQLK�SHURNVLGD�X�KRPRJHQDWX�MHWUH�
-HWUD�MH�ELOD�L]ORCHQD�NLVHRQLNX��VWRML�QD�YD]GXKX��SD
VX�VH�L�EH]�VWLPXOLVDQMD�X�QMRM�VH�JHQHULVDOL�LQLFLMDOQL
OLSLGQL�SHURNVLGL��6WLPXOLVDQL�OLSLGQL�SHURNVLGL�JHQHU�
LVDOL�VX�VH�GRGDYDQMHP�SURRNVLGDQDWD�KRPRJHQDWX
MHWUH��2GUH_LYDQMHP�NRQFHQWUDFLMH�LQLFLMDOQLK�/32�L
QMHQLP�RGX]LPDQMHP�RG�NRQFHQWUDFLMH�VWLPXOLVDQLK
/32�GRELMDPR�NRQFHQWUDFLMX�LQGXNRYDQLK�/32��WDNR
]DQHPDUXMX`L�SRaHWQX�NRQFHQWUDFLMX�0'$�NRMD�MH
QDVWDOD�XVOHG�GHMVWYD�VUHGLQH��QHNRQWUROLVDQR���1DV�
WDOL�0'$�VD�WLREDUELWXUDWQRP�NLVHOLQRP��7%$�
VWYDUD�NRQMXJDW�FUYHQH�ERMH�VD�PDNVLPXPRP�DS�
VRUSFLMH�QD�����QP��^WR�VH�NRULVWL�]D�QMHJRYX�NYDQ�
WLILNDFLMX�

3RVWRMDOH�VX�aHWLUL�JUXSH�
¬ ,�JUXSD��NRQWUROQD
¬ ,,�JUXSD��IODYRQRLGL��X�NRMX�MH�GRGDYDQR�SR

����P/�HNVWUDNWD�L]RORYDQLK�IODYRQRLGD�
¬ ,,,�JUXSD��YLWDPLQ�F��GRGDYDQR�MH�SR�����P/

NRQFHQWUDFLMH������PPRO�/�
¬ ,9�JUXSD��KHVSHUHWLQ���YLWDPLQ�F��GRGDYDQR

MH�SR�����P/�UDVWYRUD�DVNRUELQVNH�NLVHOLQH�L
����P/�UDVWYRUD�HNVWUDNWD��

,]RORYDQMH�IODYRQRLGD�L]�VRNDSRPRUDQGCH
8NXSQL�IODYRQRLGL�NRML�VH�NRULVWH�]D�WUHWLUDQMH

JUXSD�VX�L]RORYDQL�L]�VRND�SRPRUDQGCH�HNVWUDNFLMRP
VLVWHPRP�UDVWYDUDaD�HWLO�DFHWDW�PUDYOMD�NLVHOLQD�VLU�
`HWQD�NLVHOLQD�YRGD�X�RGQRVX���������������������5D_HQD
MH�L�NLVHOD�KLGUROL]D�HNVWUDNWD�UDGL�RGUH_LYDQMD�NRQ�

FHQWUDFLMH�IODYRQRLGD��SD�MH�SRPR`X�$O&O���NRML�MH
UDVWYRUHQ� X� ��� UDVWYRUX� VLU`HWQH� NLVHOLQH� X
PHWDQROX��L]D]LYDQD�NDUDNWHULVWLaQD�ERMHQD�UHDNFLMD
VD�IODYRQRLGLPD�aLMD�MH�NRQFHQWUDFLMD�RGUH_LYDQD
VSHNWURIRWRPHWULMVNL�PHUHQMHP�DSVRUEDQFH�QD�/PD[� 
����QP��0DOH^�HW�DO���������$SVRUEDQFD�MH�PHUHQD
WUL�SXWD��.RQFHQWUDFLMD�IODYRQRLGD�MH�L]UDaXQDWD�VWH�
KLRPHWULMVNL��'RELMHQR�MH�GD�NRQFHQWUDFLMD�L]QRVL
�����PPRO�/�
2GUH_LYDQMH�NRQFHQWUDFLMH�DVNRUELQVNHNLVHOLQH�X�HNVWUDNWX�SRPRUDQGCH

.RQFHQWUDFLMD�DVNRUELQVNH�NLVHOLQH�X�SRPRUDQ_CL
RGUH_LYDQD�MH�WLWUDFLRQRP�PHWRGRP�SRPR`X�7LOO�
PDQV�RYRJ�UHDJHQVD��7LOOPDQV�RY�UHDJHQV�MH������
0�UDVWYRU�����GLKORUIHQROLQGRIHQROD���,]UDaXQDYDQMD
VX�UD_HQD�VWHKLRPHWULMVNL�QD�RVQRYX�SRGDWND�GD��
PRO�7LOOPDQV�RYRJ�UHDJHQVD�RGJRYDUD���PRO�X�DVN�
RUELQVNH�NLVHOLQH��9U^HQR�MH�SR�WUL�SRQDYOMDQMD�]D
VYDNX�SRPRUDQGCX�UDGL�GRELMDQMD�UH]XOWDWD�^WR�YH`H
WDaQRVWL��.RQFHQWUDFLMD�YLWDPLQD�&�MH������PPRO�/
SRPRUDQGCH��'RELMHQD�NRQFHQWUDFLXMD�MH�NRUL^`HQD
]D�SUDYOMHQMH�UDVWYRUD�DVNRUELQVNH�NLVHOLQH�NRMRP�VX
WUHWLUDQH�JUXSH��7UDMNRYL`�HW�DO��������
$QWLRNVLGDQWQD�VYRMVWYD�YLWDPLQD�&�LIODYRQRLGD�QD�MHWUL�

3RVWXSDN�VSUHPDQMD�KRPRJHQDWD��8]HWR�MH�SDUaH
MHWUH�WHCLQH������J��VWDYOMHQR�X�DYDQ��SUHOLYHQR�VD���
P/�UDVWYRUD�NDOLMXP�KORULGD��F� ������PRO�/���KR�
PRJHQL]RYDQR�MH�L�GRGDWR�MH�MR^����P/�NDOLMXP�KOR�
ULGD��+RPRJHQDW�MH�SRGHOMHQ�X����HSUXYHWD�SR���P/�
6OHSH�SUREH�VX�SUDYOMHQH�]D�VYDNX�JUXSX�PH^DQMHP��
P/�.&O�L�����P/�%+7��F� ����PPRO�/��L�GRGDYDQMHP
X�]DYLVQRVWL�RG�JUXSH�SR�����P/�UDVWYRUD�YLWDPLQD�&�
UDVWYRUD�IODYRQRLGD�L�]D�WUH`X�JUXSX�����P/�UDVWYRUD
YLWDPLQD�&�L�����P/�UDVWYRUD�IODYRQRLGD��6YDND
JUXSD�MH�LPDOD�SR�GYH�HSUXYHWH�VD�LQLFLMDOQLP�L�VD
VWLPXOLVDQLP�OLSLGQLP�SHURNVLGDFLMDPD��8�LQLFLMDOQH
HSUXYHWH�MH�VWDYOMDQR�SR�����P/�%+7�L���P/�KRPR�
JHQDWD��D�X�VWLPXOLVDQH�MH�VWDYOMDQR�SR�����P/�DVN�
RUELQVNH�NLVHOLQH��F� ����PPRO�/�������P/�0RURYH
VROL��F� ������PPRO�/��L���P/�KRPRJHQDWD��8�GUXJX
JUXSX�MH�VWDYOMDQR�X�VYDNX�HSUXYHWX�L�SR�����P/�HN�
VWUDNWD�UDVWYRUD�IODYRQRLGD��8�WUH`X�MH�GRGDYDQR�SR
����P/�UDVWYRUD�DVNRUELQVNH�NLVHOLQH��8�aHWYUWX
JUXSX�MH�GRGDYDQR�����P/�UDVWYRUD�IODYRQRLGD�L����
P/�UDVWYRUD�DVNRUELQVNH�NLVHOLQH��=DWLP�VX�VH�HSUX�
YHWH�LQNXELUDOH����PLQ�X�YRGHQRP�NXSDWLOX�QD���~&�
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3RVOH�LQNXELUDQMD�MH�X�VYDNX�HSUXYHWX��RVLP�X�VOHSX
SUREX��GRGDWR�SR���P/�7%$��F� ����PPRO�/��NRMD
MH�UDVWYRUHQD�X�����0�QDWULMXP�KLGURNVLGX��L���P/
7&$��������2QGD�VX�VH�HSUXYHWH�LQNXELUDOH����PLQ
QD������&��6WDYOMHQH�VX�X�FHQWULIXJX����PLQ�QD�����
REUWDMD��.DGD�VX�L]YD_HQMH�L]�FHQWULIXJH�RGUH_LYDQD
MH�DSVRUEDQFD�VSHNWURIRWRPHWULMVNL�QD�����QP��

$SVRUEDQFH�VX�XYU^WHQH�X�IRUPXOH�����L�����L�GR�
ELMHQL�VX�UH]XOWDWL�]D�VDGUCDM�LQLFLMDOQLK�OLSLGQLK
SHURNVLGD�L�VDGUCDM�OLSLGQLK�SHURNVLGD�QDNRQ�VWLPXOL�
VDQH�OLSLGQH�SHURNVLGDFLMH��
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6DGUCDM�OLSLGQLK�SHURNVLGD�QDNRQ�VWLPXOLVDQH�OLSLGQH
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2YGH�MH��$N�¬�DSVRUEDQFH�GRELMHQH�]D�LQLFLMDOQX�/3�
$S�¬�DSVRUEDQFH�GRELMHQH�]D�VWLPXOLVDQX�/3��W9¬
]DSUHPLQD�X]RUND��KRPRJHQDWD���W3�¬�]DSUHPLQD
SUREH��5�¬�UD]EODCHQMH�HNVWUDNWD��H�¬�PRODUQL�DS�
VRUSFLRQL�NRHILFLMHQW��������PPRO�P/������¬�IDNWRU
]D�SUHUDaXQDYDQMH�QD�JUDP�WNLYD������KRPRJHQDW�

,VSLWLYDQMD�QD�MHWUL�VX�SRQRYOMHQD�aHWLUL�SXWD��3RV�
WRMDOD�VX�aHWLUL�UD]OLaLWD�X]RUND�LVWH�MHWUH��=D�VYDNL
X]RUDN�UD_HQH�VX�SR�GYH�LQLFLMDOQH�L�GYH�VWLPXOLVDQH
SUREH�AXaXODQRYL`�������

'RELMHQH�YUHGQRVWL�VX�REUD_LYDQH�PHGLDQ�WHVWRP
SURJUDPD�6WDWLVWLFD��8SRUH_LYDQL�VX�UD]OLaLWH�SUREH
LVWLK�X]RUDND��X]RUFL�L]�UD]OLaLWLK�JUXSD��SRVHEQR�SUH�
SRVHEQR�SRVOH�VWLPXOLVDQMD��NDR�L�X]RUFL�LVWLK�JUXSD
SUH�L�SRVOH�VWLPXOLVDQMD��8�SURJUDPX�6WDWLVWLFD�VX�L
FUWDQL�JUDILNRQL�NRML�SULND]XMX�NRQFHQWUDFLMH�OLSLGQLK
SHURNVLGD�SUH�VWLPXOLVDQMD�X�]DYLVQRVWL�RG�WUHWLUDQH
JUXSH�L�SRVOH�VWLPXOLVDQMD��

5H]XOWDWL�L�GLVNXVLMD
8�WDEHODPD��D�L��E�SULND]DQH�VX�NRQFHQWUDFLMH

OLSLGQLK�SHURNVLGD�SUH�L�SRVOH�VWLPXOLVDQMD�OLSLGQLK
SHURNVLGD�]D�VYD�aHWLUL�WUHWPDQD��,�SUHGVWDYOMD�LQLFL�
MDOQX��D�6�VWLPXOLVDQX�NRQFHQWUDFLMX�OLSLGQLK�SHURN�
VLGD��%URMHYL���L���SUHGVWDYOMDMX�GYD�SRQDYOMDQMD�X
RNYLUX�LVWRJ�X]RUND�NRMD�VX�UD_HQD�UDGL�GRELMDQMD
UH]XOWDWD�̂ WR�YH`H�WDaQRVWL��6D�®F¯�R]QDaHQD�JUXSD�VD
YLWDPLQRP�&��VD�®I¯�]D�JUXSX�VD�IODYRQRLGLPD��D

JUXSD�X�NRMX�VX�GRGDYDQL�L�IODYRQRLGL�L�YLWDPLQ�&
REHOHCHQD�MH�VD�®IF¯�
7DEHOD��D��6DGUCDM�OLSLGQLK�SHURNVLGD�SUH
VWLPXOLVDQMD��.LSR��X�PPRO�/
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7DEHOD��E��6DGUCDM�OLSLGQLK�SHURNVLGD�SRVOH
VWLPXOLVDQMD��6LSR��X�PPRO�/
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6WLPXOVDQH�L�LQLFLMDOQH�SUREH�VX�UD_HQH�QD�UD]OL�
aLWLP�GHORYLPD�LVWLK�X]RUDND��SD�VX�SUL�VWDWLVWLaNRM
REUDGL�WUHWLUDQH�NDR�YUHGQRVWL�NRMH�QH�]DYLVH�MHGQD
RG�GUXJH��9DULUDQMH�NRQFHQWUDFLMH�/32�D�SRYH`DYD�VH
L]�X]RUND�X�X]RUDN��V�WLP�^WR�MH�]D�VYH�JUXSH�QDM�
PDQMD�NRQFHQWUDFLMD�/32�NRG�SUYRJ�X]RUND��D�X
VYDNRP�VOHGH`HP�X]RUNX�GROD]L�GR�SRYH`DQMD�NRQ�
FHQWUDFLMH��̂ WR�VH�PRCH�SULPHWLWL�NRG�NRQWUROQH�JUXSH
SUH�VWLPXOLVDQMD��-HWUD�MH�ELOD�VYHCD�SUL�LVSLWLYDQMX
SUYRJ�X]RUND��SD�VX�WX�NRQFHQWUDFLMH�/32�ELOH�QLVNH�
9UHPHQVNL�LQWHUYDO�L]PH_X�LVSLWLYDQMD�UD]OLaLWLK�X]R�
UND�ELR�MH�RNR����PLQ��D�]D�WR�YUHPH�MHWUD�MH�ELOD
L]ORCHQD�NLVHRQLNX��^WR�MH�GRYHOR�GR�SRYH`DQMD�NRQ�
FHQWUDFLMH�OLSLGQLK�SHURNVLGD�

'RELMHQL�UH]XOWDWL�SULND]DQL�VX�JUDILaNL��VOLND����
6WDWLVWLaNRP�REUDGRP�GRELMHQR�MH�GD�QHPD

]QDaDMQLK�UD]OLND��QD�QLYRX�]QDaDMQRVWL�������L]PH_X
JUXSD��QL�SUH�QL�SRVOH�VWLPXOLVDQMD��VOLNH���L�����6WD�
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WLVWLaNL� ]QDaDMQD� UD]OLND�QH�SRVWRML�QL� L]PH_X
NROLaLQH�/32�SUH�L�SRVOH�VWLPXOLVDQMD�X�LVWLP�JUX�
SDPD��0RJX`H�REMD^QMHQMH�MH�GD�0RURYD�VR�L�DVNRU�
ELQVND�NLVHOLQD�QLVX�GHORYDOL�NDR�SURRNVLGDQWL�L�QLVX
LQGXNRYDOL�/32��1LMH�GR^OR�GR�DQWLRNVLGDWLYQRJ
HIHNWD��LQKLELFLMH�/32�D��LVSLWLYDQLK�VXSVWDQFL��̂ WR�VH
PRCH�REMDVQLWL�QMLKRYRP�PDORP�NRQFHQWUDFLMRP
NRMD�QLMH�PRJOD�GD�LQKLELWXMH�/32��.RQFHQWUDFLMH�VX
PDOH�MHU�VX�NRUL^`HQMH�RQH�SUL�NRMLPD�VH�GDWH�VXS�
VWDQVH�QDOD]H�X�SRPRUDQGCL��0RCGD�EL�SUL�GUXJLP
NRQFHQWUDFLMDPD� GR^OR� GR� LQKLELFLMH� /32�D�
3ULPH`XMH�VH�L�GD�VX�QDMYH`D�YDULUDQMD�NRQFHQWUDFLMH
/32�D�NRG�JUXSH�VD�IODYRQRLGLPD�L�JUXSH�NRMD
VDGUCL�L�IODYRQRLGH�L�YLWDPLQ�&��9DULMDEOH�VH�PRJX
REMDVQLWL�QHVWDQGDUGL]RYDQLP�PRGHO�VLVWHPRP�L�QMH�
JRYRM�L]ORCHQRVWL�YD]GXKX��0H_XWLP��SRMDYD�QD�

MYH`LK�RGVWXSDQMD�NRG�JUXSD�NRMH�VDGUCH�IODYRQRLGH
PRCH�VH�REMDVQLWL�QHDGHNYDWQR^`X�PRGHO�VLVWHPD�]D
UDG�VD�IODYRQRLGLPD�

=DNOMXaDN
,VSLWLYDQMD�VX�YU^HQD�X�FLOMX�RGUH_LYDQMD�L�SUR�

YHUH�DQWLRNVLGDQWQH�DNWLYQRVWL�IODYRQRLGD�L�YLWDPLQD
&�SUL�SRMHGLQDaQRP�L�]DMHGQLaNRP�GHORYDQMX��,Q�
KLELFLMD�OLSLGQLK�SHURNVLGD�QLMH�NRQVWDWRYDQD��QD
QLYRX�VWDW��=QDaDMQRVWL��������-HGDQ�RG�QDMYHURYDWQL�
MLK�UD]ORJD�]ERJ�aHJD�MH�GRELMHQ�RYDNDY�UH]XOWDW�MH
QHSRJRGQRVW�NRUL^`HQMD�PRGHOD�VLVWHPD�VYLQMVNH
MHWUH�]D�RGUH_LYDQMH�DQWLRNVLGDQWQLK�VYRMVWDYD�IOD�
YRQRLGD�L�DVNRUELQVNH�NLVHOLQH��1LMH�NRQVWDWRYDQD
VWDWLVWLaNL�]QDaDMQD�UD]OLND�QL�L]PH_X�NRQFHQWUDFLMD

6OLND����
.RQFHQWUDFLMD�OLSLGQLK�SHURNVLGDSUH�L�SRVOH�VWLPXOLVDQMD�X]DYLVQRVWL�RG�WUHWLUDQH�JUXSH
)LJXUH����
&RQFHQWUDWLRQ�RI�OLSLG�SHUR[LGHVEHIRUH��DERYH��DQG�DIWHU��EHOORZ�VWLPXODWLRQ�LQ�IXQFWLRQ�RI�WUHDWHGJURXS�
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/32�D�SUH�L�SRVOH�VWLPXOLVDQMD�NRG�LVWLK�JUXSD�
8]URN�MH�YHURYDWQR�WR�^WR�QLMH�GR^OR�GR�UHDNFLMH
0RURYH�VROL�VD�DVNRUELQVNRP�NLVHOLQRP��SD�RQH�QLVX
UHDJRYDOH� NDR� SURRNVLGDQWL�� 6DPLP� WLP� QLVX
VWLPXOLVDOH�OLSLGQX�SHURNVLGDFLMX�SD�QLMH�GR^OR�GR
SURPHQH�NRQFHQWUDFLMH�/32��3RYH`DQMH�NRQFHQWUDFLMD
/32�MH�L]D]YDQR�XWLFDMHP�RNROLQH�QD�MHWUX��VWDMDQMH�QD
YD]GXKX���0RCGD�EL�SUL�GUXJDaLMLP�NRQFHQWUDFLMDPD
IODYRQRLGD�L�DVNRUELQVNH�NLVHOLQH�GR^OR�GR�QHNRJ�QML�
KRYRJ�DQWLRNVLGDQWQRJ�HIHNWD��MHU�VX�NRQFHQWUDFLMH�VD
NRMLPD�MH�UD_HQR�YHRPD�PDOH�L�RGJRYDUDMX�NRQFHQ�
WUDFLMDPD�GDWLK�VXSVWDQFL�X�SRPRUDQGCL��5DG�EL�WUH�
EDOR�SRQRYLWL�QD�EROMHP�PRGHO�VLVWHPX�L�VD�YH`LP
NRQFHQWUDFLMDPD�LVSLWLYDQLK�VXSVWDQFL��

=DKYDOQRVW��� =DKYDOMXMHP� VH�PRP�PHQWRUX
%LOMDQL�&YHWNRYL`�QD�XORCHQRP�WUXGX�L�VWUSOMHQMX�SUL
SRPDJDQMX�GD�VH�SUHVNRaH�SUHSUHNH�QD�NRMH�VDP
QDLOD]LOD�SUL�L]YU^DYDQMX�RYRJ�UDGD��7DNR_H�VH�]D�
KYDOMXMHP�/XNL�0LKDMORYL`X�]D�SRPR`�SUL�RGDELUX
WHPH�L�XVDYU^DYDQMX�LVWH�

/LWHUDWXUD
&KDXKDQ�*��������3KHQR[\O�5DGLFDOV��)ODYRQRLGV�'HSDUWPHQW�RI�&KHPLFDO�DQG�%LRFKHPLFDO(QJLQHHULQJ��7KH�8QLYHUVLW\�RI�,RZD��%�����0HG/DEV��,RZD�&LW\��,$�����������
&KLQPD\�0��.���*KRVK�0��.���&KDWWHUMHH�,��%�������$VFRUELF�DFLG�SUHYHQWV�OLSLG�SHUR[LGDWLRQDQG�R[LGDWLYH�GDPDJH�RI�SURWHLQV�LQ�JXLQHD�SLJH[WUDKHSDWLF�WLVVXH�PLFURVRPHV��0ROHFXODU�DQG&HOOXODU�%LRFKHPLVWU\���������
AXaXODQRYL`�6��������$QWLRNVLGDQWQD�VYRMVWYDDORNRKROQLK�UDVWYRUD�SURSROLVD��3HWQLaNH�VYHVNH���������
)DVPDQ�*��'��������3K\VLFDO�&KHPLFDO�'DWD�&5&�+DQGERRN�RI�%LRFKHPLVWU\�DQG�0ROHFXODU%LRORJ\��HGLWLRQ����YRO�����&5&�3UHVV��SS���������
0LUD�)��/���6DQWRV�0���5RFKD�5���)ORUHQFR�0��+�-HQQLQJV�.��5��������,QWHUDFWLRQV�RI�IODYRQRLGVZLWK�LURQ�DQG�FRSSHU�LRQV��D�PHFKDQLVP�IRU�WKHLUDQWLR[LGDQW�DFWLYLW\��30,'�����������[3XE0HG�¬LQGH[HG�IRU�0('/,1(]

.RYiFLNRYi�=���*LQWHU��(���0DGDULF�$��������7KHHIIHFW�RI�JUDGHG�DVFRUELF�DFLG�LQWDNH�RQ�WKHDFWLYLW\�RI�*6+�3[�LQ�WKH�OLYHU�RI�IHPDOH�JXLQHDSLJV��=HLWVFKULIW�I|U�(UQkKUXQJVZLVVHQVFKDIW����������

0DOH^�#���3OD]LEDW�0���%LOX^L`�9XQGD`�9���#XQWDU,��������4XDOLWDWLYH�DQG�TXDQWLWDWLYH�DQDO\VLV�RIIODYRQRLGV�RI�WKH�VWUDZEHUU\�WUHH�¬�$UEXWXV�XQHGRXQHGR�/���(ULFDFHDH���$FWD�3KDUPDFHXWLFD���������
0LOOHU�$��/��������$QWLR[LGDQW�)ODYRQRLGV�6WUXFWXUH��)XQFWLRQ�DQG�&OLQLFDO�8VDJH�$OWHUQDWLYH�0HGLFLQH�5HYLHZ������������
1DWXUDO�)RRG�)UXLW�&RS\ULJKW������������������9LWDPLQ�&�&RQWHQW��7KH�1DWXUDO�)RRG�+XE�ZZZ�QDWXUDOKXE�FRP
3'5�+HDOWK�������9LWDPLQ�&��7KRPSVRQ+HDOWKFDUH�&RS\ULJKW
3HWHUVRQ�-��-���'Z\HU�-��7���%HHFKHU�*��5��%KDJZDW�6��$���*HEKDUGW�6��(���+D\WRZLW]�'��%��+ROGHQ�-��0��������)ODYDQRQHV�LQ�RUDQJHV�WDQJHULQHV��PDQGDULQV���WDQJRUV��WDQJHORV��DFRPSLODWLRQ�DQG�UHYLHZ�RI�WKH�GDWD�IURP�WKHDQDO\WLFDO�OLWHUDWXUH��-RXUQDO�RI�)RRG�&RPSRVLWLRQDQG�$QDO\VLV������6���
3LHWWD�3��*��������)ODYRQRLGV�DV�DQWLR[LGDQWV�-RXUQDO�RI�1DWXUDO�3URGXFWV��������������
0LUL`�-��0���%DUDV�-���>LOHU�6��������$QDOL]HCLYRWQLK�QDPLUQLFD��%HRJUDG�7HKQROR^NR�PHWDOXU^NL�IDNXOWHW
86'$�'DWDEDVH�������86'$�'DWDEDVH�IRU�WKH)ODYRQRLG�&RQWHQW�RI�6HOHFWHG�)RRGV��5HOHDVH��

0DULMD�-DQNRYL`
$QDO\]H�RI�6\QHUJLVWLF�$QWLR[LRGDQW
(IIHFW�RI�$VFRUELF�$FLG�DQG�([WUDFW
RI�2UDQJH�RQ�3LJ±V�/LYHU�0RGHO
6\VWHP

,W�LV�ZHOO�NQRZQ�WKDW�YLWDPLQ�&�DQG�IODYRQRLGV
DUH�DQWLR[LGDQWV��&LWUXV�IUXLW��RUDQJH��OHPRQ��FRQ�
WDLQV�ODUJH�DPRXQWV�RI�YLWDPLQ�&��+HVSHUHWLQ�EHORQJV
WR�IODYDQRQHV��D�VXEJURXS�RI�IODYRQRLGV�WKDW�FDQ�RQO\
EH�IRXQG�LQ�FLWUXV�IUXLW��7KHUH�LV�VRPH�HYLGHQFH�WKDW
IODYRQRLGV�ZRUN�V\QHUJLVWLFDOO\�ZLWK�DFVRUELF�DFLG
SURYLGLQJ�EHWWHU�SURWHFWLRQ�IURP�IUHH�UDGLFDOV��7KLV
UHVHDUFK�ZDV�SHUIRUPHG�WR�WHVW�ZKHWKHU�KHVSHUHWLQ
DQG�RWKHU�IODYDQRLGV�WKDW�FDQ�EH�IRXQG�LQ�RUDQJHV�DUH
EHWWHU�DQWLR[LGDQWV�WKDQ�YLWDPLQ�&�DQG�ZKHWKHU�YLWD�
PLQ�&�FRPELQHG�ZLWK�IODYRQRLGV�SURYLGHV�EHWWHU�DQ�
WLR[LGDQW�DFWLYLW\�
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&RQFHQWUDWLRQ�RI�YLWDPLQ�&�LQ�RUDQJHV�ZDV
IRXQG�E\�7LOOPDQV�YROXPHWULF�PHWKRG�DQG�LW�ZDV
�����PPRO�/��&RQFHQWUDWLRQ�RI�IODYRQRLGV�LQ�RU�
DQJHV�ZDV�IRXQG�E\�DFLG�K\GURO\VLV�RI�RUDQJH�MXLFH
H[WUDFW�DQG�LW�ZDV������PPRO�/��$QWLR[LGDQW�DFWLYLW\
ZDV�WHVWHG�E\�OLSLG�SHUR[LGH�LQGXFWLRQ�RQ�D�SLJ�OLYHU
PRGHO�V\VWHP��7KHUH�ZHUH�IRXU�WHVW�JURXSV��FRQWURO
JURXS��RQH�JURXS�ZLWK�DGGHG�YLWDPLQ�&��RQH�ZLWK
DGGHG�IODYRQRLG�H[WUDFW��DQG�RQH�FRQWDLQLJ�ERWK�YL�
WDPLQ�&�DQG�IODYRQRLGV�

6WDWLVWLFV�VKRZ�WKDW�WKHUH�LV�QR�VLJQLILFDQW�VWDWLV�
WLFDO�GLIIHUHQFH�EHWZHHQ�WKH�FRQWURO�JURXS�DQG�WKH
RWKHU�JURXSV��S����������7KLV�PLJKW�EH�D�FRQ�
FHTXHQFH�RI�DQ�XQDSURSULDWH�PRGHO�V\VWHP��EHFDXVH

SLJ�OLYHU�LV�QRW�D�VWDQGDUGL]HG�PRGHO�V\VWHP�DQG�LW�LV
YHU\�HDVLO\�VSRLOHG��$OVR�WKHUH�LV�QR�VLJQLILFDQW�VWD�
WLVWLFDO�GLIIHUHQFH�EHWZHHQ�FRQFHQWUDWLRQV�RI�OLSLG
SHUR[LGHV�EHIRUH�DQG�DIWHU�VWLPXODWLQJ�LQ�WKH�VDPH
JURXS��7KH�H[SODQDWLRQ�PLJKW�EH�WKDW�0RKU±V�VDOW
DQG�DVFRUELF�DFLG�GLG�QRW�UHDFW�SURSHUO\�DV�SURR[L�
GDQWV��LQGXFWLQJ�OLSLG�SHUR[LGDWLRQ��,W�FDQ�EH�VHHQ
IURP�WKH�UHVXOWV�WKDW�YLWDPLQ�&�DQG�IODYRQRLGV�GLG
QRW�UHDFW�DV�DQWLR[LGDQWV�DW�DOO��SUREDEO\�EHFDXVH
WKHLU�FRQFHQWUDWLRQV�ZHUH�YHU\�ORZ��OLNH�WKH�FRQFHQ�
WUDWLRQV�LQ�RUDQJH��7KLV�UHVHDUFK�VKRXOG�EH�GRQH
RQ�D�EHWWHU�PRGHO�V\VWHP�ZLWK�RWKHU�FRQFHQWUD�
WLRQ�RI�WHVWHG�VXEVWDQFHV�
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