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$]RW�MH�MHGDQ�RG�QDMYDCQLMK�ELRJHQLK�HOHPHQDWD��8�]HPOML^WX�VH�QDOD]LX�RUJDQVNRP�L�QHRUJDQVNRP�REOLNX��9H`L�GHR�D]RWD��RNR������MH�X�RUJDQ �VNRP�REOLNX��6�GUXJH�VWUDQH��ELOMNH�DVLPLOLUDMX�QHRUJDQVNH�REOLNH�D]RWD�DPRQLMDaQL�¬�1+����QLWUDWQL�¬�12�¬ L�QLWULWQL�¬�12�¬��NRML�VH�QD]LYDMXSULVWXSDaQL�D]RW�]HPOML^WD�L�NOMXaQL�VX�]D�SORGQRVW�WOD��-DNRYOMHYL`�������1LWULILNDFLRQH�EDNWHULMH�]DX]LPDMX�YDCQR�PHVWR�X�NUXCHQMX�D]RWD�X�SULURGL�7R�VX�EDNWHULMH�URGD�1LWURVRPRQDV��NRMH�RNVLGXMX�DPRQLMDaQL�D]RW�GR�QL�WULWD��L�1LWUREDFWHU��NRMH�RNVLGXMX�QLWULWH�GR�QLWUDWD��3HWURYL`� HW�DO��������3HVWLFLGL�PRJX�GD�XWLaX�QD�YHOLNL�EURM�PLNURRUJDQL]DPD�X�]HPOML^WX��L�WRQD�UD]OLaLWH�QDaLQH��X�]DYLVQRVWL�RG�KHPLMVNH�VWUXNWXUH�SHVWLFLGD��NDR�L�YUVWHL�VWDURVWL�RUJDQL]DPD��-DQML`��������SD�MH�SUHWSRVWDYND�GD�QD�WDM�QDaLQ��SRV �UHGQR��PRJX�GD�XWLaX�L�QD�NROLaLQX�SULVXWQLK�REOLND�D]RWD�X�]HPOML^WX�
,JRU�3D^WL��������6RPERU��6DYH.RYDaHYL`D���D�XaHQLN����UD]UHGD*LPQD]LMH�®9HOMNR3HWURYL`¯�X�6RPERUX
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&LOM�RYRJ�LVWUDCLYDQMD�MH�GD�VH�LVSLWD�XWLFDM�XSRWUHEH�DWUD]LQD�QD�NR�OLaLQX�XNXSQRJ�L�UD]OLaLWLK�REOLND�QHRUJDQVNRJ�D]RWD�X�]HPOML^WX�0DWHULMDO�L�PHWRGH
,VWUDCLYDQMH�MH�L]YU^HQR�QD�aHWLUL�SDUFHOH�GLPHQ]LMD��×��P��NRMH�VX�SUHSRVWDYOMDQMD�HNVSHULPHQWD�RaL^`HQH�RG�UDVWLQMD�L�SUHNRSDQH��7UL�SDUFHOH�VXWUHWLUDQH�DWUD]LQRP��$WUD]LQ�6&��WHKQLaNH�aLVWR`H������®*DOHQLND¯�=HPXQ�UD]OLaLWLK�NRQFHQWUDFLMD�����������L�����FP� DWUD]LQD�QD�OLWDU�YRGH��X]�XWUR^DNYRGH�����GP� SR�NYDGUDWQRP�PHWUX���GRN�aHWYUWD��NRQWUROQD��QLMH�WUHWLUDQDDWUD]LQRP��=D�YUHPH�WUDMDQMD�HNVSHULPHQWD�SDUFHOH�VX�ELOH�QDWNULYHQH�QDM�ORQVNRP�IROLMRP�QD�YLVLQL�RG����FP��D�VYDNLK���GDQD�VX�]DOLYDQH�YRGRPX�NROLaLQL�RG����GP��P� ]HPOML^WD��8]RUFL�]HPOML^WD�VX�X]HWL�SUH�L�SRVOHWUHWLUDQMD�SDUFHOD�DWUD]LQRP��QDNRQ����GDQD���6D�VYDNH�SDUFHOH�MH�X]HWR���X]RUDND�NRML�VX�QDNRQ�VX^HQMD�XVLWQMHQL�L�KRPRJHQL]RYDQL��WDNR�GD�MH�X]R�UDN�VD�MHGQH�SDUFHOH�SUHGVWDYOMDR�VUHGQMX�SUREX��-DNRYOMHYL`�HW�DO��������8�RYDNR�SULSUHPOMHQLP�X]RUFLPD�RGUH_HQ�MH�DPRQLMDaQL��QLWUDWQL��QLWULWQL�NDR�L�XNXSQL�D]RW�$PRQLMDaQL��QLWUDWQL�L�QLWULWQL�D]RW�VX�RGUH_HQL�GLUHNWQRP�GHVWLODFLR�QRP�PHWRGRP��0HWRGD�MH ]DVQRYDQD�QD�SUHYR_HQMX�RGUH_HQLK�REOLND�QHRUJDQ�VNRJ D]RWD�L]�X]RUND�X�DPRQLMDN�NRML�VH�SRWRP�GHVWLOXMH�YRGHQRP�SDURP�'HVWLORYDQL�DPRQLMDN�L]�SUREH�MH�YROXPHWULMVNL�RGUH_HQ�VXPSRUQRP�NLVHOL�QRP��+�62���NRQFHQWUDFLMH������PRO�GP���D�]DWLP�MH�VDGUCDM�DPRQLMDaQRJ�

6OLND���6WUXNWXUQD�IRUPXODDWUD]LQD
)LJXUH���6WUXFWXUH�IRUPXOD�RIDWUD]LQ

1
1

1
&O

+1 &+ &+�&+�
+1+�&+�&

�����• 3(71,A.(�69(6.(��� '(2��,,



QLWUDWQRJ�L�QLWULWQRJ�D]RWD�SUHUDaXQDW�QD�MHGDQ�JUDP�X]RUND��-DNRYOMHYL`�HWDO���������8NXSQL�D]RW�MH�RGUH_HQ�PHWRGRP�SR�.MHOGDOX�X�,QVWLWXWX®7DPL^¯ X�3DQaHYX�5H]XOWDWL�L�GLVNXVLMD
'LUHNWQRP�GHVWLODFLRQRP�PHWRGRP�GRELMHQL�VX�VOHGH`L�UH]XOWDWL�]D�VD�GUCDMH�DPRQLMDaQRJ��QLWUDWQRJ�L�QLWULWQRJ�D]RWD�X�LVSLWLYDQLP�X]RUFLPD��WD�EHOD����

7DEHOD����6DGUCDML�QHRUJDQVNRJ�D]RWD�X�X]RUFLPD�SUH�L�QDNRQ�WUHWLUDQMDDWUD]LQRP.RQFHQWUDFLMDDWUD]LQD��FP�QD�GP� YRGH� 8GHR�QHRUJDQVNRJ�D]RWD�[µJ�J]3UH�WUHWLUDQMD�DWUD]LQRP 1DNRQ�WUHWLUDQMD�DWUD]LQRP1+�� 12�¬ 12�¬ 1+�� 12�¬ 12�¬���NRQWUROD�� ��±� ��±� ��±� ��±� ���±� ��±����� ��±� ��±� ��±� ��±� ���±� ��±����� ��±� ��±� ��±� ��±� ���±� ��±����� ��±� ��±� ��±� ��±� ���±� ��±�
8�X]RUFLPD�X]HWLP�SUH�WUHWLUDQMD�DWUD]LQRP�QD�VYH�aHWLUL�SDUFHOH�VXMHGQDNL�VDGUCDML�DPRQLMDaQRJ��QLWUDWQRJ�L�QLWULWQRJ�D]RWD��6�GUXJH�VWUDQH�YUHGQRVWL�]D�VDGUCDMH�LVWLK�SDUDPHWDUD�X�X]RUFLPD�QDNRQ�WUHWLUDQMD�SRND�]XMX�L]YHVQD�RGVWXSDQMD��=D�NRQWUROQX�SDUFHOX�QHPD�SURPHQH�QLMHGQRJ�SD�UDPHWUD��^WR�MH�ELOR�RaHNLYDQR�L�PRCH�VH�REMDVQLWL�RGUCDQMHP�SULURGQHUDYQRWHCH�L]PH_X�RYD�WUL�REOLND�QHRUJDQVNRJ�D]RWD�X�]HPOML^WX��0H_XWLP�QD�SDUFHODPD�WUHWLUDQLP�DWUD]LQRP�GR^OR�MH�GR�SRUHPH`DMD�RYH�UDYQRWHCH�LGR�SURPHQH�RGQRVD�L]PH_X�DPRQLMDaQRJ��QLWUDWQRJ�L�QLWULWQRJ�D]RWD�6D�SRYH`DQMHP�NRQFHQWUDFLMH�DWUD]LQD�GROD]L�GR�SDGD�VDGUCDMD�DPR�QLMDaQRJ�D]RWD�X�]HPOML^WX�VD����QD����µJ�J�]HPOML^WD��,VWRYUHPHQR�VDSDGRP�VDGUCDMD�DPRQLMDaQRJ�D]RWD�GROD]L�GR�VNRUR�OLQHDUQRJ�SRYH`DQMDVDGUCDMD�QLWULWD��RG����GR����µJ�J��L�GR�QDJORJ�SRUDVWD�VDGUCDMD�QLWUDWD��RG���GR�����µJ�J�X]RUND���7DNR_H�VH�XRaDYD�SRYH`DQMH�XNXSQRJ�VDGUCDMDQHRUJDQVNRJ�D]RWD�X�]HPOML^WX�XVOHG�SRYH`DQMD�NRQFHQWUDFLMH�DWUD]LQD�5H]XOWDWL�GRELMHQL�]D�VDGUCDM�XNXSQRJ�D]RWD�VX�DQDOL]LUDQL�6WXGHQWR�YLP�W�WHVWRP��6LPRQRYL`�������L�QLMH�XWYU_HQD�VWDWLVWLaNL�]QDaDMQD�UD]OLNDQL�]D�MHGDQ�X]RUDN��DQDOL]LUDQL�VX�VDGUCDML�SUH�L�QDNRQ�WUHWLUDQMD�DWUD]LQRP��'RELMHQL�UH]XOWDWL�]D�VDGUCDM�XNXSQRJ�D]RWD��X�SURFHQWLPD�PDVH�X]RUND�GDWL�VX�X�WDEHOL���
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7DEHOD��� 6DGUCDML�XNXSQRJ�D]RWD�X�X]RUFLPD�SUH�L�QDNRQ�WUHWLUDQMDDWUD]LQRP.RQFHQWUDFLMD�DWUD]LQD��FP�QD�GP� YRGH� 8GHR�XNXSQRJ�D]RWD��X�SURFHQWLPD�PDVH�X]RUND�SUH�WUHWLUDQMD�DWUD]LQRP QDNRQ�WUHWLUDQMD�DWUD]LQRPVDGUCDM 6' VDGUCDM� 6'���NRQWUROD� ���� ���� ���� ������� ���� ���� ���� ������� ���� ���� ���� ������� ���� ���� ���� ����
3R^WR�QHPD�VWDWLVWLaNL�]QDaDMQH�SURPHQH�VDGUCDMD�XNXSQRJ�D]RWD�X�LV�SLWLYDQLP�X]RUFLPD��QD�RVQRYX�GRELMHQLK�UH]XOWDWD�PRCH�VH�]DNOMXaLWL�GDDWUD]LQ�SRYH`DYD�SUHYR_HQMH�RUJDQVNRJ�D]RWD�X�QHRUJDQVNH�REOLNH��.DNR]HPOML^WH�SUHGVWDYOMD�YHRPD�VORCHQ�HNROR^NL�VLVWHP�WDaDQ�PHKDQL]DP�RYRJGHMVWYD�DWUD]LQD�RVWDMH�QHSR]QDW��$WUD]LQ�EL�PRJDR�GD�XWLaH�QD�NROLaLQXQHRUJDQVNRJ�D]RWD�X�]HPOML^WX�SUHNR�QLWULILNDFLRQLK�EDNWHULMD�NRMH�XaHVWYX�MX�X�NUXCHQMX�D]RWD�X�SULURGL��8�RNYLUX�RYH�SUHWSRVWDYNH��D�QD�RVQRYX�GR�ELMHQLK�UH]XOWDWD��PRCH�VH�]DNOMXaLWL�GD�DWUD]LQ��X�GDWLP�XVORYLPD��SRYH`DYDQMLKRYX�DNWLYQRVW��NDR�L�GD�MH�WDM�XWLFDM�QDMYH`L�NRG�EDNWHULMD�URGD�1LWUR�EDFWHU��NRMH�RNVLGXMX�QLWULWH�GR�QLWUDWD�-HGQR�RG�SLWDQMD�NRMD�VH�SRVWDYOMDMX�L]�RYRJ�LVWUDCLYDQMD�MH�GD�OL�RYRGHMVWYR�DWUD]LQD�]DYLVL�L�RG�YUHPHQD�L]ORCHQRVWL�]HPOML^WD�DWUD]LQX�L�NDNR�SR^WR�MH�DQDOL]D�VDGUCDMD�D]RWD�X�]HPOML^WX�L]YU^HQD�VDPR�QDNRQ����GDQD�7DNR_H�MH�SLWDQMH�GD�OL�VDP�DWUD]LQ�LPD�DNWLYLUDMX`H�GHMVWYR�QD�QLWULILND�FLRQH�EDNWHULMH��LOL�VH�WR�GHMVWYR�PRCH�SULSLVDWL�SURGXNWLPD�QMHJRYRJUDVSDGD��6DPR�SRYH`DQMH�NROLaLQH�QHRUJDQVNLK�REOLND�D]RWD�X�]HPOML^WXSREROM^DYD�XVORYH�]D�JDMHQMH�ELOMQLK�NXOWXUD��DOL�VH�QH�VPHMX�]DERUDYLWL�QH�JDWLYQH�SRVOHGLFH�NRUL^`HQMD�SHVWLFLGD��]DJD_HQMH��XWLFDM�QD�]GUDYVWYHQRVWDQMH�OMXGL�L�GU����3RWUHEQR�MH�]DSLWDWL�VH�NDNYH�SRVOHGLFH�SRYODaL�]D�VRERPSRYH`DQMH�NROLaLQH�QHRUJDQVNRJ�D]RWD�X�WOX��XVOHG�VORCHQRVWL�RGQRVD�L]PH�_X�CLYH�L�QHCLYH�SULURGH��^WR�EL�RGJRYRULOR�QD�SLWDQMH�GD�OL�MH�L�NROLNR�RQR]DLVWD�SRYROMQR�=DNOMXaDN
2YLP�HNVSHULPHQWRP�MH�SRND]DQ�RaLJOHGDQ�MH�XWLFDM�DWUD]LQD�QDNROLaLQX�UD]OLaLWLK�REOLND�QHRUJDQVNRJ�D]RWD�X�]HPOML^WX��.DNR�QHPD]QDaDMQH�SURPHQH�X�VDGUCDMX�XNXSQRJ�D]RWD��GRELMHQL�UH]XOWDWL�XND]XMX�QDWR�GD�DWUD]LQ��X�XVORYLPD�NRML�VX�YODGDOL�X�HNVSHULPHQWX��SRYH`DYD�SUHYR�_HQMH�RUJDQVNRJ�D]RWD�X�QHRUJDQVNL�REOLN��2Q�SRYH`DYD�VDGUCDMH�QLWULWQRJ
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L�QLWUDWQRJ��NDR�L�XNXSQRJ�QHRUJDQVNRJ�D]RWD��GRN�VPDQMXMH�VDGUCDMDPRQLMDaQRJ�D]RWD��3RVWDYOMD�VH�SLWDQMH�NDNR�DWUD]LQ�XWLaH�QD�RGQRV�QHRU�JDQVNLK�REOLND�D]RWD��NDR�L�QD�SRYH`DQMH�XNXSQH�NROLaLQH�QHRUJDQVNRJD]RWD�X�]HPOML^WX��.DNR�MH�YH`�GRND]DQ�QMHJRY�XWLFDM�QD�PLNURRUJDQL]PHX�]HPOML^WX��MHGDQ�RG�PRJX`LK�QDaLQD�XWLFDMD�MH�SXWHP�PLNURRUJDQL]DPDNRML�XaHVWYXMX�X�NUXCHQMX�D]RWD�X�SULURGL��=D�WDaQR�XWYU_LYDQMH�PHKDQL]PDRYRJ�GHMVWYD�DWUD]LQD�SRWUHEQR�MH�VSURYHVWL�SRGUREQLMD�LVWUDCLYDQMD��2YLPVH�RWYDUDMX�QRYH�PRJX`QRVWL�LVSLWLYDQMD�LQWHUDNFLMH�QH�VDPR�DWUD]LQD��YH`L�YHOLNRJ�EURMD�GUXJLK�SHVWLFLGD�VD�HOHPHQWLPD�CLYH�SULURGH�VD�NRMLPD�GR�OD]H�X�GRGLU��NDR�L�LVSLWLYDQMH�RSUDYGDQRVWL�QMLKRYH�XSRWUHEH�=DKYDOQRVW��0U�'X^DQNL�%URMDQRVNL��LVWUDCLYDaX��UXNRYRGLRFX�ODERUD�WRULMH�,QVWLWXWD�®7DPL^¯��]D�DQDOL]H�VDGUCDMD�XNXSQRJ�D]RWD�L�JGLQ�X�9LNWRUX'HVSRWRYL`X��]D�SRPR`�RNR�SUHYRGD�QD�HQJOHVNL�MH]LN�
/LWHUDWXUD

-DNRYOMHYL`�0��3DQWRYL`�0���%ODJRMHYL`�6��������3UDNWLNXP�L]�KHPLMH�]HP�OML^WD�L�YRGD��%HRJUDG�=HPXQ��8QLYHU]LWHW�X�%HRJUDGX��3ROMRSULYUHGQLIDNXOWHW-DQML`�9��������7ULD]LQVNL�SHVWLFLGL��%HRJUDG��,QVWLWXW�]D�LVWUDCLYDQMD�XSROMRSULYUHGL�6UELMD�0DULQNRYL`�'���-DQNRYL`�0���?XULaL`�%��������%LRORJLMD�]D�,9�UD]UHGJLPQD]LMH�SULURGQR�PDWHPDWLaNRJ�VPHUD��%HRJUDG��=DYRG�]D�XGCEHQLNH�LQDVWDYQD�VUHGVWYD3HWURYL`�9���3D^L`�0���@XODIL`�/M���&YLML`�*��������%LRORJLMD�]D�,,,UD]UHG�JLPQD]LMH�SULURGQR�PDWHPDWLaNRJ�VPHUD��%HRJUDG��=DYRG�]D�XGCEH�QLNH�L�QDVWDYQD�VUHGVWYD6LPRQRYL`�9��������8YRG�X�WHRULMX�YHURYDWQR`H�L�PDWHPDWLaNX�VWDWLVWLNX�%HRJUDG��*UD_HYLQVND�NQMLJD

,JRU�3D^WL,QIOXHQFH�$WUD]LQ�8VDJH�RQ�4XDQWLW\�RI�'LIIHUHQW�)RUPV�RI1LWURJHQ�LQ�6RLO1LWURJHQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�ELRJHQ�HOHPHQWV��7KHUH�DUH�WZRIRUPV�RI�QLWURJHQ�LQ�VRLO��RUJDQLF�DQG�LQRUJDQLF��3ODQWV�FDQ�XVH�RQO\�LQRU�JDQLF�QLWURJHQ��VR�LWV�SUHVHQFH�LV�YLWDO�IRU�VRLO�IHUWLOLW\��-DNRYOMHYL`�HW�DO��������7KHUH�DUH�FHUWDLQ�PLFURRUJDQLVPV��QLWULILFDWLRQ�EDFWHULD�1LWURVR�PRQDV�DQG 1LWUREDFWHU� WKDW�WDNH�SDUW�LQ�QLWURJHQ�FLUFOLQJ��7KHLU�IXQFWLRQLV�WR�WUDQVIRUP�RUJDQLF�QLWURJHQ�LQWR�LQRUJDQLF��3HWURYL`�HW�DO��������$WUD]LQ����FKORUR���HWK\ODPLQR���L]RSURS\ODPLQR���������WU\D]LQ��LV�RQH�RI
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