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JGH�MH��KLM ¬�LQWHQ]LWHW�GDWRJ�SLNVHOD X L�WRM NRORQL�L M�WRP�UHGX�PDWULFH��SLM¬�SLNVHO�X L�WRM NROQL�L M�WRP�UHGX�PDWULFH�
�����• 3(71,A.(�69(6.(��� '(2��,,



0DWHULMDO�L�PHWRGH.DR�PRGHO�VXSVWDQFD�]D�NYDQWLWDWLYQX�DQDOL]X�X]HW�MH�NLVHOR�ED]QL�LQ�GLNDWRU�PHWLO�FUYHQR��1DSUDYOMHQD�MH�VWDQGDUGQD�VHULMD�UDVWYRUD�RYRJ�LQGL�NDWRUD�X�����HWDQROX�UD]EODCLYDQMHP�RVQRYQRJ�UDVWYRUD�NRQFHQWUDFLMH�F� ������PRO�GP��=D�KURPDWRJUDILVDQMH�VX�NRUL^`HQH�7/&�SORaLFH��VLOLND�JHO��)���0(5&.��GLPHQ]LMD��×��FP��1D�SORaLFH�VX�PLNUR^SULFHP�QDQHWH�PUOMH�]DSUHPLQD�X]RUND�L]QRVLOD�MH����±����µ/��QD�UDVWRMDQMX���FP�RG�GRQMHLYLFH�L�QD�PH_XVREQRP�UDVWRMDQMX�RG�����FP��.DR�PRELOQD�ID]D�NRUL^`HQD�MH�GYRNRPSRQHQWQD�VPH^D�KORUR�IRUP���HWLO�PHWLO�NHWRQ�X�]DSUHPLQVNRP�RGQRVX������+URPDWRJUDPL�VX�GR�ELMHQL�X]OD]QRP�WHKQLNRP��D�SORaLFH�VX�SUH�UD]YLMDQMD�VL`HQH�RNR���PLQXWD��1DNRQ�UD]YLMDQMD�GRELMHQL�KURPDWRJUDPL�VX�IRWRJUDILVDQL�GLJLWDO�QLP�IRWRDSDUDWRP��.RGDN�(DV\6KDUH�&;����������03L[��VD�SRGMHGQDNHUD]GDOMLQH��YRGH`L�UDaXQD�GD�QHPD�ELWQLMHJ�YDULUDQMD�RVYHWOMHQMD��8�FLOMXSRUH_HQMD�VD�UH]XOWDWLPD�GRELMHQLK�PHWRGRP�IRWRJUDILVDQMD�GDWH�SORaLFH�VXVNHQLUDQH�QD�7/&�VNHQHUX�QD�WDODVQRM�GXCLQL�RG����QP��REODVW�^LURNRJDSRVUSFLRQRJ�PDNVLPXPD�NLVHORJ�REOLND�LQGLNDWRUD���5H]XOWDWL�L�GLVNXVLMD1DMSUH�MH�QDSUDYOMHQD�VWDQGDUGQD�VHULMD�UDVWYRUD�LQLGLNDWRUD��.RQFHQ�WUDFLMH�VX�GDWH�X�WDEHOL���5H]XOWDWL�VX�SULND]DQL�JUDILaNL�L�WDEHODUQR��WDEHOD����VOLNH���L����3RYU^LQH�PUOMD��QD�QXOWRM�YLVLQL��3� VX�GRELMHQH�L]EDFLYDQMHP�VYLKSLNVHOD�YH`H�RVYHWOMHQRVWL�RG�SR]DGLQVNH��QHJDWLYL���

6OLND����)RWRJUDILMD�L]GYRMHQH]RQH�QD�UD]YLMHQRPKURPDWRJUDPX�L�QMRMRGJRYDUDMX`L��'�SULND]GRELMHQ�REUDGRP�X0$7/$%�X
)LJXUH���3KRWRJUDSK\�RI�WKHVLQJOH�]RQH�VOLFHG�IRUPGHYHORSHG�FKURPDWRJUDPDQG�WKHLU��'�YLHZJHQHUDWHG�XVLQJ0$7/$%�VRIWZDUH�
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7DEHOD����=DSUHPLQD�RVQRYQRJ�UDVWYRUD�PHWLO�FUYHQRJ��HWDQROD�LNRQFHQWUDFLMD�PHWLO�FUYHQRJ�X�VWDQGDUGQRM�VHULML�UDVWYRUD8]RUDN =DSUHPLQDUDVWYRUD�PHWLO�FUYHQRJ�[P/]

=DSUHPLQD�HWDQROD
[P/]

.RQFHQWUDFLMDPHWLO�FUYHQRJ���¬� [PRO�GP�]� � � ���� � � ���� � � ���� � � ���� � � ���� � � ���� � � ���� � � ���� �� � ���
7DEHOD����3RYU^LQH�]RQD�L�]DSUHPLQH�SLNRYD�NDR�L�QMLKRYH�YLVLQH�]DNDOLEUDFLRQX�SUDYX8]RUDN .RQFHQWUDFLMD�LQGLNDWRUD���¬� [PRO�GP�]
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� ��� ���� �������� ��� ��� ���� ��������� ��� ��� ���� ��������� ��� ��� ���� ��������� ��� ��� ���� ���������� ��� ��� ���� ���������� ���� ��� ���� ���������� ���� ��� ���� ���������� ���� ��� ���� ��������� ���6D�VOLNH���VH�YLGL�GD�SRVWRML�OLQHDUQD�]DYLVQRVW�L]PH_X�SRYU^LQH�SR�SUHaQRJ�SUHVHND�QD�QXOWRM�YLVLQL��VOLND��$���RGQRVQR�]DSUHPLQH�SLND��VOLND�%��RG�NRQFHQWUDFLMH�LQGLNDWRUD��=D�RYH�VOXaDMHYH�XUD_HQD�MH�OLQHDUQD�UH�JUHVLRQD�DQDOL]D��D�NRHILFLMHQWL�SUDYFD�L�RGVHaFL�QD�\�RVL�GDWL�VX�WDEHODUQR�WDEHOD�����3UL�WRPH�YUHGRVWL�3LUVRQRYRJ�NRHILFLMHQWD�X�RED�VOXaDMD�LPDMXYLVRNH�YUHGQRVWL�NRMH�SUHOD]H�YUHGQRVW�RG������̂ WR�XND]XMH�QD�YHRPD�YLVRNVWHSHQ�NRUHODFLMH��8�VOXaDMX�YLVLQH�SLND��VOLND��&��SRVWRML�UDVWX`L�WUHQG�DOL]DYLVQRVW�QLMH�OLQHDUQD��2GVWXSDQMH�RG�OLQHUQH�]DYLVQRVWL�PRCH�ELWL�X]URN�RYDQR�aLQMHQLFRP�GD�VX�]RQH�GRVWD�^LURNH�SD�VDPD�YLVLQD�SLND�QLMH�GR�YROMQR�SRX]GDQ�SDUDPHWDU��=D�VOXaDM�]QDWQR�R^WULMLK�SLNRYD�WM��XCLK�]RQD�PRJOD�EL�VH�RaHNLYDWL�]QDWQR�PDQMD�RGVWXSDQMD�RG�OLQHUDQH�]DYLVQRVWL��
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6OLND�����'�SULND]�SLNRYDGRELMHQLK�REUDGRPIRWRJUDILMD�]D�NDOLEUDFLRQ
)LJXUH����'�YLHZ�RI�SHDNVJHQHUDWHG�IURP�GLJLWDOSKRWRJUDSKV�RIFKURPDWRJUDPV�XVLQJ0$7/$%�VRIWZDUH�FDOFXODWHG�IRUFDOLEUDWLRQ�FXUYH�

6OLND����=DYLVQRVW�SRYU^LQHKRUL]RQWDOQRJ�SUHVHND�SLNDQD�RGUH_HQRM�YLVLQL��$��]DSUHPLQH�SLND��%��L�YLVLQHSLND��&��RG�NRQFHQWUDFLMHLQGLNDWRUD
'HSHQGHQFH�RI�WKH�VXUIDFHRI�WKH�SHDN�VOLFH�DW�WKHFHUWDLQ�KHLJKW��$���SHDNYROXPH��%��DQG�SHDNKHLJKW��&��RQ�WKH�LQGLFDWRUFRQFHQWUDWLRQ
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1D�RVQRYX�RYRJD��X�GDOMHP�UDGX�NDR�SURFHQD�NROLaLQH�VXSVWDQFH�X]HWHVX�MHGLQR�SRYU^LQH�KRUL]RQWDOQLK�SUHVHND�QD�QXOWRM�YLVLQL�L�]DSUHPLQH�SLN�RYD�
7DEHOD����5H]XOWDWL�OLQHDUQR�UHJUHVLRQH�DQDOL]H�]D�VOXaDMHYH�$�L�%�]DNDOLEUDFLRQX�SUDYX $�¬�SRYU^LQD�SUHVHNDSLND %�¬�]DSUHPLQD�SLND�× ����.RHILFLMHQW�SUDYFD��E� ���� ����2GVHaDN�QD�\�RVL��D� ���� ¬����

=D�LVWX�NDOLEUDFLRQX�VHULMX�VNHQLUDQMHP�SORaLFD�QD�7/&�VNHQHUX�GREL�MHQL�VX�SLNRYL�NRML�VX�RNDUDNWHULVDQL�SRYU^LQRP�3V L�YLVLQRP�KV��'RELMHQLUH]XOWDWL�SULND]DQL�VX�X�WDEHOL���L�VOLNDPD���L���
7DEHOD����3RYU^LQH�LVSRG�SLNRYD�L�QMLKRYH�YLVLQH�GRELMHQH�PHUHQMHP�QD7/&�VNHQHUX�λ  �����QP��8]RUDN .RQFHQWUDFLMD��¬� [PRO�GP�] 3V [��¬� 9P] KV
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8�VOXaDMX�OLQHDUQR�UHJUHVLRQH�DQDOL]H�YUHGQRVWL�R]QDaHQH�]YH]GLFDPDX�WDEHOL���QLVX�X]HWH�X�UD]PDWUDQMH�MHU�VX�WH�PUOMH�XVOHG�GXCHJ�VWDMDQMDSURPHQLOH�ERMX��YHURYDWQR�XVOHG�UDVSDGDQMD�QD�NLVHORP�VORMX�VLOLND�JHOD�GHWHNFLMD�]RQD�QD�7/&�VNHQHUX�XUD_HQD�MH�GYD�PHVHFD�QDNRQ�UD]YLMDQMDSORaLFD���3URFHQD�SUHFL]QRVWL�PHWRGH8�FLOMX�SURFHQH�SUHFL]QRVWL�RYRJ�QDaLQD�RGUH_LYDQMD�NRQFHQWUDFLMHSRQRYOMHQR�MH�GHYHW�PHUHQMD�QD�X]RUFLPD�MHGQDNH�NRQFHQWUDFLMH�FW   ��������PRO�GP��
�����• 3(71,A.(�69(6.(��� '(2��,,



7DEHOD����3RQRYOMHQD�PHUHQMD�]D�WDaQX�NRQFHQWUDFLMX�&W  ������¬�PRO�GP���'RELMHQH�NRQFHQWUDFLMH�LQGLNDWRUD�L]UDaXQDWH�VX�QD�RVQRYXL]PHUHQH�]DSUHPLQH�LVSRG�SLND�LOL�QD�RVQRYX�SRYU^LQH�SRSUHaQRJSUHVHND�SLND�QD�QXOWRM�YLVLQL�X�R]QDNDPD�&Y L�&S�&S ��¬� [PRO�GP�] &Y ��¬��[PRO�GP�]���� �������� �������� �������� �������� �������� �������� �������� �������� ����
6GY  ����������6GS  ��������'DNOH��UHODWLYQD�VWDQGDUGQD�GHYLMDFLMD�QH�EL�WUHEDOR�GD�SUHOD]L�XSUYRP�VOXaDMDX�YL^H�RG�����D�X�GUXJRP������=D�DQDOLWLaNH�VYUKH�RYDNYDJUH^ND�MH�UHODWLYQR�YHOLND��DOL�DNR�VH�X]PH�X�RE]LU�MHGQRVWDYQRVW��EU]LQD�LPDOD�FHQD�PHWRGH�RQGD�VH�PRCH�UH`L�GD�MH�RYDNYD�SUHFL]QRVW�VDVYLP�]DGR�YROMDYDMX`D��2YD�PHUHQMD�VX�GDOMH�LVNRUL^`HQD�]D�SURFHQX�WDaQRVWL�PHWRGH�8�RED�VOXaDMD�VX�L]UDaXQDWH�VUHGQMH�YUHGQRVWL�NRQFHQWUDFLMD�
F_S  �����⋅��¬� PRO�GP� L�F_Y  �����⋅��¬� PRO�GP�
$�SRWRP�MH�W�WHVWRP�XUD_HQR�SRUH_HQMH�VD�WDaQRP�YUHGQR^`X�RG�����¬�PRO�GP���'RELMHQH�YUHGQRVWL�]D�SDUDPHWDU�W X�RED�VOXaDMD�VX�SUH�YD]LOD]LOH�WDEOLaQH�YUHGQRVWL�]D�QLYR�SRYHUHQMD�RG�����L�GDWL�EURM�PHUHQMD�VWHSHQL�VORERGH���WDNR�GD�VH�QD�RVQRYX�RYRJD�PRCH�]DNOMXaLWL�GD�RED�PH�WRGD�SRND]XMX�L]YHVQR�RGVWXSDQMH�

6OLND����=DYLVQRVW�YLVLQH�SLND��$�L�SRYU^LQH�SLND��%�GRELMHQLK�GHWHNFLMRP]RQD�7/&�VNHQHURP�RGNRQFHQWUDFLMH�LQGLNDWRUD�
'HSHQGHQFH�RI�WKH�SHDNKHLJKW��$��DQG�WKH�SHDNVXUIDFH��%��RQ�WKHLQGLFDWRU�FRQFHQWUDWLRQ�'HWHFWLRQ�RI�WKH�VLQJOH]RQHV�XVLQJ�7/&�VFDQQHU
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3URFHQD� VLVWHPDWVNH� JUH^NH� PHWRGH� NRUL^`HQMHP� W�WHVWD� ]D]DYLVQH�X]RUNH8�FLOMX�GDOMH�SURFHQH�RGVWXSDQMD�QDSUDYOMHQR�MH�GHYHW�X]RUDND�QH �SR]QDWLK�NRQFHQWUDFLMD��0HWRGDPD�SRYU^LQH�SUHVHND�QD�QXOWRM�YLVLQL�L]DSUHPLQH�SLND�L]PHUHQD�MH�NRQFHQWUDFLMD�LQGLNDWRUD��^WR�MH�R]QDaHQR� &S L&Y UHGRP��'RELMHQL�UH]XOWDWL�VX�SRWRP�XSRUH_HQL�VD�WDaQLP�NRQFHQWUDFL �MDPD�&W��L�NRQFHQWUDFLMDPD�NRMH�VX�L]UDaXQDWH�QD�RVQRYX�SRGDWDND�GREL �MHQLK�VNHQLUDQMHP�QD�7/&�VNHQHUX��2YL�UH]XOWDWL�VX�SRGYUJQXWL�XSDUHQRPW¬WHVWX��2WWR�������0LOOHU�L�0LOOHU��������5D]ORJ�]ERJ�NRJD�MH�XSRWUHEOMHQXSDUHQL�W¬WHVW�QDMSUH�OHCL�X�aLQMHQLFL�GD�VH�QMLPH�QH�X]LPDMX�X�RE]LU�VWDQG �DUGQH�GHYLMDFLMH��YDULMDQVH��GYDMX�PHWRGD�NRMH�VH�SRUHGH�^WR�X�RYRPVOXaDMX�SUHGVWDYOMD�L]X]HWQX�SUHGQRVW��5H]XOWDWL�VX�SULND]DQL�X�WDEHOL���
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