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(OHNWULV�VWHHPL� Y}L� �Y}UJX� WDOLWOXVHV� HULVWDWDNVH� QRUPDDO��� UDVNHQGDWXG��
DYDULL�� MD� DYDULLMlUJVHW� WDOLWOXVW� Y}L� VHLVXQGLW�� 7DOLWOXVH� PLQJLOH� DMDKHWNHOH�
YDVWDY� VHLVXQG� RQ� PllUDWXG� VHLVXQGLPXXWXMDWHJD�� .}LNLGH� VHLVXQGLWH�� YlOMD�
DUYDWXG� DYDULLVHLVXQGLG�� DUYXWDPLVHO� ORHWDNVH� HOHNWULOLVL� SURWVHVVH� WLQJOLNXOW�
VWDWVLRQDDUVHWHNV�� NXQD� VHLVXQGL� PXXWXPLQH� RQ� VXKWHOLVHOW� DHJODQH�� 6HOOLVWH�
VWDWVLRQDDUVHWH� HKN� S�VLVHLVXQGLWH� PDWHPDDWLOLVHNV� PRGHOOHHULPLVHNV� NDVX�
WDWDNVH� DOJHEUDOLVL� Y}UUDQGHLG��$YDULLGHJD� NDDVQHYDG� VHLVXQGLPXXWXMDWH� VXKWH�
OLVHOW�NLLUHG�PXXWXVHG�DMDV�QQ�VLLUGHSURWVHVVLG�Q}XDYDG��OGMXKXO�GLIHUHQWVLDDO�
Y}UUDQGHLG��
.lHVROHYDV� NXUVXVHV� NlVLWOHWDNVH� DLQXOW� HOHNWULY}UNXGH� S�VLWDOLWOXVW� MD�
S�VLVHLVXQGHLG��/LVDNV�VWDWVLRQDDUVXVHOH�HHOGDWDNVH�YHHO�NROPHIDDVLOLVH�V�VWHHPL�
WDOLWOXVH�V�PPHHWULOLVXVW�QLL�HOHPHQWLGH�SDUDPHHWULWH�NXL�ND�VHLVXQGLPXXWXMDWH�
RVDV��1LLVXJXQH�HHOGXV�Y}LPDOGDE�SLLUGXGD�DLQXOW��KH�IDDVL�DUYXWXVVNHHPLJD�±�
�KHMRRQHOLVH� DVHVNHHPLJD�� YDDWDPDWD� VHOOHOH� HW� DUYXWXVYDOHPLG� MD� DUYXWXV�
YDVWDYDG�NROPHIDDVLOLVHOH�V�VWHHPLOH���
,JD� HOHPHQGL� �KW� IDDVL� VDDE� NXMXWDGD� QHOLNOHPPLQD�� PLOOHNV� OLKWVDPDWHO�
MXKWXGHO� Y}LE� ROOD� HOHNWURWHKQLNDVW� WXQWXG� V�PPHHWULOLQH� 7���� �3��� � Y}L� HED�
V�PPHHWULOLQH�*��DVHVNHHP��MQ��������

�
-RRQLV��������1HOLNOHPP�MD�VHOOH�7�����3�����*��DVHVNHHPLG�

$VHVNHHPL� HOHPHQWLGH� SDUDPHHWULWH� DOXVHO� �O�KLVH� MD� W�KLMRRNVX� NDWVHVW��
PllUDWDNVH�QHOLNOHPPL�SDUDPHHWULG� HKN� �NRQVWDQGLG� �WDEHO�������7DEHOLV�RQ�ND�
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KRPRJHHQVHOH� ��KWODVHOW� MDRWDWXG� SDUDPHHWULWHJD�� OLLQLOH� YDVWDYD� QHOLNOHPPL�
NRQVWDQGLG�� NXVMXXUHV� = � WlKLVWDE� NRJX� OLLQL� VXPPDDUVHW� SLNLWDNLVWXVW� MD� < �
VXPPDDUVHW�S}LNMXKWLYXVW��
�
7DEHO������ 1HOLNOHPPL�NRQVWDQGLG�� � � � � � � � � � � � � � � � � �
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1HOLNOHPPL� Y}UUDQGLG��PLV� VHRYDG� YlOMXQGVXXUXVL�8 � � MD� , � � VLVHQGVXXUXVWHJD�
8 � ��MD� , � ��Y}LE��KHIDDVLOLVHO�MXKXO���8 ��MD�8 � �RQ��IDDVLSLQJHG��HVLWDGD�NXMXO�
� � � 8 $8 % ,� � � � � � � � � � � � � � � � � � � � � � � � ������
� � � , &8 ' ,� � �

 � � � � � � � � � � � � � � � � � � � � � ������
QLQJ�NROPHIDDVLOLVH�V�VWHHPL�SXKXO��8 ��MD�8 � �RQ�IDDVLGHYDKHOLVHG�SLQJHG���
� � � 8 $8 % ,� � �� � �� � � � � � � � � � � � � � � � � � ������
� � � , & 8 ' ,� � �� � �� � � � � � � � � � � � � � � � � � � ������
6HOOLVWH�Y}UUDQGLWH�DELO�VDDE�S}KLP}WWHOLVHOW�NRRVWDGD�NRJX�Y}UJX�PDWHPDDWLOLVH�
PXGHOL�MD�NDVXWDGD�VHGD�Y}UJX�S�VLVHLVXQGL�DUYXWDPLVHNV��7lQDSlHYDO�RQ�HOHNW�
ULY}UNXGH� DUYXWDPLVHO� VLLVNL� OHYLQXG� URKNHP� PHHWRGLG� MD� YDOHPLG�� PLV�
S}KLQHYDG� WDNLVWXVWH� = � MD� MXKWLYXVWH� < � RWVHVHO� NDVXWDPLVHO� LOPD� QHOLNOHPPL�
NRQVWDQWLGH�PllUDPLVHWD��
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.XQD�OLLQL�SLNNXVW�P}}GHWDNVH�WDYDOLVHOW�NLORPHHWULWHV��RQ�RWVWDUEHNDV�YDDGHOGD�
OLLQL�LVHORRPXOLNH�SDUDPHHWULWH�YllUWXVL�NLORPHHWUL�NRKWD���
$NWLLYWDNLVWXV�
7LQJLWXQD�HOHNWURPDJQHWLOLVHVW�SLQQDHIHNWLVW�RQ�HOHNWULMXKL�DNWLLYWDNLVWXV�YDKHO�
GXYYRROXOH�YHLGL�VXXUHP�WDNLVWXVHVW�DODOLVYRROXOH�MD�VHH�V}OWXE�MXKL�NRQVWUXNWVL�
RRQLVW��.D�RQ�N|LVMXKLNV�NRNNXNHHUXWDWXG� WUDDWLGH�SLNNXV��������Y}UUD�VXXUHP�
MXKL�SLNNXVHVW��6HHW}WWX�RQ�DUYXWXVWHNV�SUDNWLOLVHP�NDVXWDGD�NlVLUDDPDWXWHV�MXKL�
PDUJL� DQWXG� NLORPHHWUL� DNWLLYWDNLVWXVL� U � �:�NP��� PLV� YDVWDYDG� ILNVHHULWXG�
WHPSHUDWXXULOH� - � � �QlLWHNV� ���� q&��� 9DMDGXVH� NRUUDO� Y}LE� WDNLVWXVW� WDDQGDGD�
PLQJLOH�WHLVHOH�WHPSHUDWXXULOH�- �YDOHPLJD�
� � � � �> @U U- - - � �� � ��� �� � � � � � � � � � � � � � � � � � ������
7HUDVMXKL�WDNLVWXV�V}OWXE�OLVDNV�ULVWO}LNHOH�ROXOLVHOW�YHHO�MXKWL�OlELYDVW�YRROXVW���
,QGXNWLLYWDNLVWXV�
/LLQL� UHDNWLLYWDNLVWXV�RQ� LQGXNWLLYQH�QLQJ�RQ�PllUDWXG�IDDVLMXKWLGH�SDLNQHPLVH�
MD� JHRPHHWULOLVWH� P}}WPHWHJD�� (HOGDGHV� OLLQL� IDDVLMXKWLGH� OLJLNDXGVHOW� V�P�
PHHWULOLVW� SDLNQHPLVW� �SLNHPD� }KXOLLQL� SXKXO� WUDQVSRQHHULWXG� IDDVLMXKLG��� Y}LE�
NDVXWDGD�}KXOLLQL�NLORPHHWUL�NHVNPLVH�LQGXNWLLYWDNLVWXVH�PllUDPLVHNV�YDOHPLW� �
� � � [ '
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NXV� � ' ' ' 'N $% %& &$ � ��±�IDDVLGHYDKHOLQH��NHVNPLQH�JHRPHHWULOLQH�
NDXJXV��
� � � U M ��±�IDDVLMXKWPH�UDDGLXV�VDPDGHV�P}}W�KLNXWHV�
6HH�OLJLNDXGQH�YDOHP�HL�DUYHVWD�NDLWVHWURVVLGH�MD�OLLQL�U||SDKHODWH�P}MX��
/LLQL�LQGXNWLLYWDNLVWXV�RQ�VXKWHOLVHOW�WXQGHWX� 'N �MD� UM �VXKWHV��9DKHO�Y}LPDOGDE�
VHH�OLJLNDXGVHWH�DUYXWXVWH�SXKXO��V}OWXPDWD�}KXOLLQL�IDDVLMXKWLGH�SDLNQHPLVHVW�MD�
MXKWPHWH�ULVWO}LNHVW��Y}WWD� |[ ����:�NP��
/}KLVIDDVLMXKWLGH� SXKXO� Y}LE� LQGXNWLLYWDNLVWXVH� PllUDPLVHNV� NDVXWDGD� ������
DVHPHO�YDOHPLW�
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NXV� � UM HNY ±�IDDVLMXKL�HNYLYDOHQWQH�UDDGLXV��PLV�OHLWDNVH�YDOHPLJD�
� � � U D UM HNY N
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NXV� � Q �±�RVDMXKWPHWH�DUY�O}KLVIDDVLMXKLV�
� � � DN ±�RVDMXKWPHWHYDKHOLQH�NHVNPLQH�JHRPHHWULOLQH�NDXJXV�O}KLVIDDVLMXKLV�
� � � UM �±�RVDMXKWPH�UDDGLXV�
(HVWLV�RQ�����N9�OLLQLGH�IDDVLG�O}KHVWDWXG�HQDPXVHV�NDKHNV�RVDMXKWPHNV�� � Q ��
$NWLLYMXKWLYXV�
®KXOLLQL� DNWLLYMXKWLYXV� YDVWDE� DNWLLYY}LPVXVNDGXGHOH�� PLV� RQ� WLQJLWXG� LVR�
ODWVLRRQL� HEDWlLXVOLNNXVHVW� MD� NRURRQDVW� �}KX� LRQLVDWVLRRQL� MXKWPH� SLQQDO���
,VRODWVLRRQLV� HVLQHY� YRROXOHNH� RQ� DJD� W�KLVHOW� YlLNH� MD� VHOOHOH� YDVWDY� MXKWLYXV�
MlHWDNVH�WDYDOLVHOW�DUYHVWDPDWD���
®KXOLLQL� �KH� NLORPHHWUL� NRURRQDNDGXGH� 'SNRU � OLJLNDXGVHNV� KLQGDPLVHNV�
NDVXWDWDNVH� NlVLUDDPDWXLV� WRRGXG� RULHQWHHULYDLG� DQGPHLG�� .RURRQDNDRG�
V}OWXYDG�OLLQL�SLQJHVW��MXKWPH�GLDPHHWULVW��}KXU}KXVW�MD�YlJD�ROXOLVHOW�VDGHPHWHVW�
QLQJ� }KXQLLVNXVHVW��9DMDGXVH� NRUUDO� OHLWDNVH� VLLV� �KH� NLORPHHWUL� DNWLLYMXKWLYXV�
YDOHPLJD��OlKWXGHV�WDEHOLVW������
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�.RURRQDNDGXGH�YlKHQGDPLVH�ROXOLVHNV� DELQ}XNV�RQ� MXKWPH�GLDPHHWUL� VXXUHQ�
GDPLQH�� 6HHW}WWX� DQWDNVH� HWWH� V}OWXYDOW� OLLQL� QLPLSLQJHVW� MD� OlKWXGHV� NRURRQD�
NDGXGH�QLQJ�UDDGLRKlLUHWH�YlKHQGDPLVH�YDMDGXVHVW�MXKWPHWH�PLQLPDDOVHG�OXED�
WXG� GLDPHHWULG� Y}L� MXKWPH�PDUJLG�� (HVWLV� RQ� VHQL� ROQXG�PLQLPDDOVHOW� OXEDWXG�
MXKWPH� PDUJLNV� SLQJHO� ����N9� ±�$&���� MD� SLQJHO� ����N9� ±�$&������ 7HLVHNV�
NRURRQDNDGXGH� YlKHQGDPLVH� UDGLNDDOVHNV� DELQ}XNV� N}UJHPDWHO� SLQJHWHO� RQ��
DODWHV�WDYDOLVHOW�����Y}L�����N9��O}KLVIDDVLMXKWLGH�NDVXWDPLQH��
(OHNWULY}UNXGH� DUYXWDPLVHO� WHNLE� NRURRQDNDGXGH� �MD� QHLOH� YDVWDYD� DNWLLY�
MXKWLYXVH���DUYHVWDPLVH��SUDNWLOLQH�YDMDGXV��DODWHV�SLQJHVW�����N9��0DGDODPDWHO�
SLQJHWHO�MlHWDNVH�DNWLLYMXKWLYXV�HQDPDVWL�DUYHVWDPDWD��
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0DKWXYXVMXKWLYXV�
/LLQL�PDKWXYXVMXKWLYXV�RQ�WLQJLWXG�PDKWXYXVHVW�IDDVLMXKWLGH�HQGL�QLQJ�MXKWLGH�MD�
PDD� YDKHO�� (HOGDGHV� OLLQL� IDDVLMXKWLGH� V�PPHHWULOLVW� SDLNQHPLVW�� Y}LE� }KXOLLQL�
�KH�NLORPHHWUL�NHVNPLVH�PDKWXYXVMXKWLYXVH�PllUDWD�OLJLNDXGVHOW�YDOHPLJD�
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/}KLVIDDVLMXKWLGH� SXKXO� WXOHE� YDOHPLV� ������� NDVXWDGD� MXKWPH� UDDGLXVH� UM �
DVHPHO�IDDVLMXKL�HNYLYDOHQWVHW�UDDGLXVW�U M HNY ���������
/LLQL�PDKWXYXVHV�JHQHUHHULWDY�UHDNWLLYY}LPVXV�RQ�Y}UGHOLQH�SLQJH�UXXGX�MD�OLLQL�
PDKWXYXVMXKWLYXVHJD� �'4 8 % � �� � S� ������0LGD� N}UJHP� SLQJH� MD� SLNHP� OLLQ��
VHGD�VXXUHP�RQ�PDKWXYXVMXKWLYXVH�RVDWlKWVXV�DVHVNHHPLV��®KXOLLQLGHO�SLQJHJD�
8 1 d���N9��MlHWDNVH�PDKWXYXVMXKWLYXV�WDYDOLVHOW�DUYHVWDPDWD��
.DDEHOOLLQLG�
.DDEOL� PDUN� NRRV� ULVWO}LNHJD� PllUDE� lUD� WHPD� HOHNWULOLVL� SDUDPHHWUHLG�
P}MXWDYDG� WHJXULG�� 6HHW}WWX� RQ� NDDEHOOLLQL� SDUDPHHWULG� NDDEOL�PDUJLJD��KHVHOW�
PllUDWXG�QLQJ�DQWXG�NlVLUDDPDWXWHV���
.XQD�NDDEOLWH�SXKXO�RQ�Y}UUHOGHV�}KXOLLQLGHJD�IDDVLGHYDKHOLVHG�NDXJXVHG�YlJD�
YlLNVHG�� VLLV� RQ� NDDEHOOLLQLGH� LQGXNWLLYWDNLVWXV� VXKWHOLVHOW� YlLNH� MD�
PDKWXYXVMXKWLYXV� VXXU�� 6HHW}WWX� MlHWDNVH� YlLNVHPD� ULVWO}LNHJD� NDDEHOOLLQLGHO�
�8 1 d���N9�� LQGXNWLLYWDNLVWXV� WLKWL� DUYHVWDPDWD��0DKWXYXVMXKWLYXVW� WXOHE�DJD�
VDJHOL� DUYHVWDGD� MXED� ��� N9� NDDEOLWH� SXKXO�� $NWLLYMXKWLYXVW� NDDEHOOLLQLGHO�
WDYDOLVHOW�HL�DUYHVWDWD��
�
�
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�
/LLQL� S}KLSDUDPHHWULWHNV� RQ� VXPPDDUQH� NRPSOHNVWDNLVWXV� = 5 M; � �� PLV�
OHLWDNVH�OLLQL��KH�NLORPHHWUL�DNWLLYWDNLVWXVH� U � MD�LQGXNWLLYWDNLVWXVH� [ �QLQJ�OLLQL�
SLNNXVH�� O ��MlUJL�
� � � 5 UO ; [O = 5 M; U M[ O   �  �� � �
�
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MD�VXPPDDUQH�NRPSOHNVMXKWLYXV�< ���PLV�OHLWDNVH�DQDORRJLOLVHOW�
� � � * JO % EO < * M% J ME O   �  �� � �
5HDNWLLYMXKWLYXV�RQ�VLLQ�PDKWXYXVOLN��
6XKWHOLVHOW� WlSVHOW� PRGHOOHHULYDG� HOHNWULOLLQL�� PLOOH� SDUDPHHWULG� RQ� WHJHOLNXOW�
�KWODVHOW� MDJXQHQXG� NRJX� OLLQL� SLNNXVHOH�� KRPRJHHQVH� OLLQL� Y}UUDQGLG� HKN�
QHOLNOHPPL� Y}UUDQGLG� ������ MD� ������ KRPRJHHQVHOH� OLLQLOH� YDVWDYDWH� NRQVWDQWL�
GHJD��WDEHO��������
.XL� }KXOLLQL� SLNNXV� HL� �OHWD� ���������� NP�� Y}LE� SUDNWLNDV� SLLVDYD� WlSVXVHJD�
NDVXWDGD� OLLQL� PRGHOOHHULPLVHNV� NRRQGSDUDPHHWULWHJD� V�PPHHWULOLVW� 7��� Y}L�
3��DVHVNHHPL� �MQ� ������ 0RGHOOHHULPLVH� WlSVXVHOW� HL� VDD� HHOLVWDGD� �KW� VNHHPL�
WHLVHOH�� .XQD� DJD� 7��DVHVNHHPL� SXKXO� WHNLE� Y}UUHOGHV�3��VNHHPLJD� OLVDV}OP��
NDVXWDWDNVH�SUDNWLNDV�WDYDOLVHOW�3��DVHVNHHPL���

�-RRQLV��������(OHNWULOLLQL�NRRQGSDUDPHHWULWHJD�DVHVNHHPLG���D��WlLHOLN���
E��}KXOLLQ������������N9��F��}KXOLLQ�8 1 d���N9���G��NDDEHOOLLQ�8 1 d���N9�

�
.XL� OLLQL� DUYXWXVH� SXKXO� Y}HWDNVH� DUYHVVH� N}LN� S� ���� YDDGHOGXG� SDUDPHHWULG��
SHDE� ND� DVHVNHHP� VLVDOGDPD� N}LNL� HOHPHQWH� �MQ� ���D��� .XL� P}QH� SDUDPHHWUL�
DUYHVWDPLVHVW� ORREXWDNVH� YlLNHVH� RVDWlKWVXVH� W}WWX�� Y}LYDG� ND� DVHVNHHPLV�
YDVWDYDG�HOHPHQGLG�SXXGXGD��QlLWHG�MQ����E��F��G���
�
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�
(OHNWULY}UNXGH� DUYXWDPLVHO� WXOHE� VDJHOL� NRNNX�SXXWXGD� VXXUH� KXOJD� WUDIRGHJD��
PLVW}WWX�WHNLE�YDMDGXV�NDVXWDGD�Y}LPDOLNXOW�OLKWVDLG�WUDIRGH�DVHVNHHPH��6HHW}WWX�
ORREXWDNVH�WLKWL�WUDIR�NODVVLNDOLVHVW�7��DVHVNHHPLVW��$VHVNHHPL�SLNL��MD�S}LNKDUX�
SDUDPHHWULWH�VXXUH�HULQHYXVH�W}WWX�WDJDE�SLLVDYD�WlSVXVH�ND�OLKWVDP�* �DVHVNHHP��
PLGD�Y}LE�YHHO�WlLHQGDGD�LGHDDOVH��LG��WUDIRJD��MQ����D����
�

�-RRQLV��������7UDIR�DVHVNHHP���D��MXKWLYXVWHJD���E��W�KLMRRNVXY}LPVXVWHJD�
�

6NHHPLV� NXMXWDE� 5 � WUDIR� PlKLVWH� VXPPDDUVHW� YDKHOGXYYRROX� DNWLLYWDNLVWXVW��
NXVMXXUHV� VHNXQGDDUPlKLVH� WDNLVWXV� RQ� WDDQGDWXG� SULPDDUSRROHOH� �SULPDDU�
PlKLVH�NHHUGXGH�DUYXOH��SULPDDUSLQJHOH���

� � � 5 5 5 5 8
8 51
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6XXUXV� ; � RQ� WUDIR� SULPDDUSRROHOH� WDDQGDWXG� SXLVWHLQGXNWLLYWDNLVWXV��
$NWLLYMXKWLYXV� * � YDVWDE� WUDIR� UDXDVNDROH� MD� UHDNWLLYMXKWXYXV� % �PDJQHHWLPLV�
UHDNWLLYY}LPVXVHOH��6XXUXVHG�8 � 
 �MD� , � 
 �RQ�VHNXQGDDUSLQJH�MD��YRRO�WDDQGDWXQD�
WUDIR�SULPDDUSRROHOH�
� � � 8 8

8 81
1
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(ULQHYDWH� PDDGH� MD� ILUPDGH� NlVLUDDPDWXWHV� QLQJ� WUDIR� NDWDORRJLGHV� Y}LYDG��
WUDIRGH�WHKQLOLVHG�DQGPHG�ROOD�DQWXG�HULQHYDO�PRHO��/LVDNV�WUDIR�QLPLY}LPVXVHOH�
16 MD� SULPDDU�� QLQJ� VHNXQGDDUPlKLVH� QLPLSLQJHWHOH� �8 81 1� �� �� Y}LE� VHDOW�

OHLGD� QlLWHNV� W�KLMRRNVXNDR� '3W �� O�KLVNDR� '3O �� W�KLMRRNVXYRROX� SURWVHQWLGHV�
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QLPLYRROXVW� , W � � MD� O�KLVSLQJH� SURWVHQWLGHV� QLPLSLQJHVW� � XO � �� 9DKHO� DQWDNVH�
YLLPDVH�DVHPHO�QXPEULOLVHOW�Y}UGQH�VXXUXV�±�O�KLVWDNLVWXV� �O= ��
�$UYHVWDGHV� DVMDROX�� HW� HOHNWULY}UNXGHV� NDVXWDWDYDWH� VXKWHOLVHOW� VXXUH�
Y}LPVXVHJD� WUDIRGH� NRPSOHNVWDNLVWXVWH� MD� �MXKWLYXVWH� UHDNWLLYNRPSRQHQGLG� RQ�
DNWLLYNRPSRQHQWLGHVW� WDYDOLVHOW� PlUNVD� VXXUHPDG�� Y}LE� DVHVHVNHHPL�
SDUDPHHWULWH� OLJLNDXGVHNV� DUYXWDPLVHNV� NDWDORRJL� DQGPHWH� S}KMDO� NDVXWDGD��
MlUJPLVL�YDOHPHLG��
� � � 5 3 8
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NXV�� � 8 1 �±� WUDIR�VHOOH�SRROH�QLPLSLQJH��PLOOHOH�YDVWDY�SDUDPHHWHU��
� � � � � � WDDQGDWDNVH��1lLWHNV�MQ�����WRRGXG�DVHVNHHPLGH�SXKXO�Y}HWDNVH�
� � � � � � � 8 81 1 � ��
� � ��� N �±��� WUDIR�NRPSOHNV��OHNDQGHVXKH���PLV�DUYHVWDE��ND��WUDIR���KHQGXV��
� � � � � � � U�KPD��P �
/LKWVDPDWH�DUYXWXVWH�SXKXO�QlLWHNV��KH�QLPLSLQJHJD�Y}UJXV�SLLVDE�VDJHOL� WUDIR�
�OHNDQGHVXKWHVW�UHDDONXMXO��KHQGXVU�KPD�DUYHVWDPDWD� N 8

8
1
1
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��
-RRQLVHO� ���E� � RQ� NXMXWDWXG� � WUDIR� OLKWVXVWDWXG� DVHVNHHP�� NXV� W�KLMRRNVXNDRG�
Y}HWDNVH�NRQVWDQWVHWHNV��SLQJHVW�V}OWXPDWXWHNV��6HO�MXKXO�PllUDWDNVH�W�KLMRRNVX�
UHDNWLLYY}LPVXVNDGX�YDOHPLJD��
� � � � '4 , 6

W
W 1 �
��� � � � � � � � � � � � � � � � � � � � �������

7LKWL�DQWDNVH�NDWDORRJLGHV�MD�NlVLUDDPDWXWHV�ND�5 ;� ��MD��'4W ��YllUWXVHG��
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���� .2/0(0b+,6(/,6('��75$)2'��-$��$87275$)2'�
�
.ROPH� HULQHYD� QLPLSLQJH� SXKXO� RQ� RWVWDUEHNDV� NDVXWDGD� NROPHPlKLVHOLVL�
WUDIRVLG��NXV�NROP�HULQHYD�SLQJHJD�PlKLVW�RQ�VDPDO�PDJQHWV�GDPLNXO��MQ��������
�

� � � �
-RRQLV��������.ROPHPlKLVHOLQH�WUDIR���D��WLQJPlUN���E���KH�IDDVL�PlKLVHG��

�
9HHOJL�|NRQRRPVHPDG�RQ�SDOMXGHO�MXKWXGHO�DXWRWUDIRG��MQ�������$XWRWUDIRGHO�RQ�
YlLNVHP� NDDO� MD� JDEDULLW�� PLV� WHHE� QDG� ND� RGDYDPDNV�� .XQD� DXWRWUDIR�
S}KLPlKLVHG� VDDYDG� NROPHIDDVLOLVHV� V�VWHHPLV� ROOD� YDLG� WlKW�KHQGXVHV�� SHDE�
DXWRWUDIRO� ROHPD� ND� NROPDV� NROPQXUND� �KHQGDWXG� NRPSHQVDWVLRRQLPlKLV�� 6HH�
PlKLV� RQ� WDYDOLVHOW� DODPSLQJHPlKLV�� PLV� YDOPLVWDWDNVH� WUDIR� QLPLY}LPVXVHVW�
YlLNVHPD� Y}LPVXVHJD� MD� RQ� HWWH� QlKWXG� NROPDQGDWH� KDUPRRQLNXWH� VXPPX�
WDPLVHNV�QLQJ�ND�NRKDOLNH�WDUELMDWH�WRLWHNV���
�

� � � � � �-RRQLV��������$XWRWUDIR���D��WLQJPlUN���E���KH�IDDVL�PlKLVWH��KHQGXVVNHHP��
�
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.ROPHPlKLVHOLVWH� WUDIRGH� �ND� DXWRWUDIRGH�� SXKXO� Y}LE� NDVXWDGD� WlKHNXMXOLVW�
DVHVNHHPL�� NXV� MXKWLYXVKDUX� RQ� O�OLWDWXG� WlKH� NHVNSXQNWL�� $QDORRJLOLVHOW�
NDKHPlKLVHOLVH�WUDIRJD�Y}LE�N�OODOGDVH�WlSVXVHJD�WXXD�MXKWLYXVH�DJD�ND�QlLWHNV�
SULPDDUPlKLVH� NOHPPLGHOH� Y}L� SLLUGXGD� NRQVWDQWVH�� WDOLWOXVSLQJHVW� V}OWXPDWX�
W�KLMRRNVXNDR�DUYHVWDPLVHJD��MQ��������
�

� ������������ ��
-RRQ��������.ROPHPlKLVHOLVH�WUDIR�OLKWVXVWDWXG�DVHVNHHP� �

�
.ROPHPlKLVHOLVH� WUDIR� NDWDORRJLDQGPHWHNV� Y}LYDG� ROOD� QLPLY}LPVXV� 61 ��
PlKLVWH��QLPLSLQJHG��8 8 81 1 1� � �� � � �W�KLMRRNVXNDGX�� '3W ���W�KLMRRNVXYRRO�
, W � �� O�KLVNDRG� PlKLVHSDDULGH� NRKWD� � ' ' '3 3 3O O O�� �� ��� � � � MD� O�KLVSLQJHG�
PlKLVHSDDULGH�NRKWD��X X XO O O� � �� ��� �� �� ���
/�KLVNDGXGHOH� YDVWDYDG� DNWLLYWDNLVWXVHG� 5 5 5�� �� ��� � � OHLWDNVH� QDJX� NDKH�
PlKLVHOLVH�WUDIR�SXKXO�YDOHPLJD��������MD�O�KLVSLQJHWHOH�YDVWDYDG�LQGXNWLLYWDNLV�
WXVHG�� ; ; ;�� �� ��� � ��YDOHPLJD���������
$UYHVWDGHV�� HW� 5 5 5 ; ; ;�� � � �� � � �  �� � � MQH�� VDDE� OHLGD� DVHVNHHPL�
KDUXGH�WDNLVWXVHG�YDOHPLWHJD�

5 5 5 5
� �� �� ��

� � � � ��5 5 5 5
� �� �� ��

� � � � ��5 5 5 5
� �� �� ��

� � � �� �������� �

; ; ; ;
� �� �� ��

� � � � � ; ; ; ;
� �� �� ��

� � � � �� ; ; ; ;
� �� �� ��

� � � � ��������

3}LNMXKWLYXVHG��* �MD� % �QLQJ�'4W �OHLWDNVH�VDPXWL�NXL�NDKHPlKLVHOLVWHO�WUDIRGHO�
�������� �������� ��������$QDORRJLOLVHOW�YDOHPLOH� � ������� � OHLWDNVH�ND�N}LJL�PlKLV�
SDDULGH��OHNDQGHVXKWHG��
.DWDORRJLGHV�Y}LYDG�ROOD�ND�WUDIRGH�WDNLVWXVHG�MD�'4W ��
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���� 7$5%,-$7(��.225086('��-$��.225086*5$$),.8'�
�
7DUELMD�NRRUPXVH�DOO�P}LVHWDNVH��OGMXKXO�HOHNWULY}UJXJD�VHRWXG�HOHNWULWDUYLWLWH�
JUXSL� VXPPDDUVHW� NRRUPXVW�� 6HOOLQH� NRRUPXV�� PLGD� WDYDOLVHOW� YlOMHQGDWDNVH�
Y}LPVXVHQD�� NRRVQHE� VLLV� �NVLNWDUYLWLWH� �DV�QNURRQ�� MD� V�QNURRQPRRWRULWH��
YDOJXVWXV�� MD� N�WWHVHDGPHWH�� DODOGLWH� MQH�� NRRUPXVHVW� QLQJ� QHLG� �KHQGDYD�
�WRLWYD��Y}UJX�NDGXGHVW���6HH�NRRUPXV�Y}LE�ROOD�DQWXG�ND�YDDGHOGDYDW�NRPSOHNVL�
WRLWYD� DODMDDPD� �OHPSLQJH� SRROHO� QLQJ� RQ� VLLV� �OHPSLQJHY}UJX� VXKWHV�
V}OPHNRRUPXV��
.RRUPXVWH� PRGHOOHHULPLQH� HOHNWULY}UJX� DUYXWXVWHNV� RQ� N�OODOW� NHHUXNDV� MD�
VHOOHNV� RQ� NDVXWXVHO� KXON� PHHWRGHLG� V}OWXYDOW� �OHVDQGHVW�� NDVXWDWDYDVW�
LQIRUPDWVLRRQLVW�MP���
hOGMXKXO�RQ�WDUELMD�NRRUPXVH�NRPSOHNVVXXUXVH� 6 3 M4 � �DNWLLY��MD�UHDNWLLY�
NRPSRQHQW�DMDV�PXXWXYDG�QLQJ�V�VWHHPL�VDJHGXVHVW�MD�V}OPH�SLQJHVW�V}OWXYDG�
� � � 3 3 W I 8 4 4 W I 8  � � � � � � � � �
3UDNWLNDV� YllULYDG� OLKWVXVH� KXYLGHV� WlKHOHSDQX� NRRUPXVH� V}OWXYXVHG� LJDVW�
P}MXULVW� HUDOGL�� .RRUPXVH� DMDOLVW� V}OWXYXVW�� HHOGDGHV� VHHMXXUHV� VDJHGXVH� MD�
SLQJH� NRQVWDQWVXVW�� HULWL� DJD� VHOOH� JUDDILOLVW� HVLWXVW�� QLPHWDWDNVH� NRRUPXV�
JUDDILNXNV�� 3 W� � �MD�4 W� � ��.RRUPXVH�SHULRRGLOLVXVH��DDVWD��QlGDO��||SlHY��MlUJL�
QLPHWDWDNVH� ND� NRRUPXVJUDDILNXLG�� 2OXOLVHPDG� QHLVW� RQ� ||SlHYD�
NRRUPXVJUDDILN�MD�DDVWD�NRRUPXVNHVWXVJUDDILN��
g|SlHYD�NRRUPXVJUDDILN�
hKH� MD� VDPD� NRRUPXVH� ||SlHYDJUDDILNXG� Y}LYDG� ROOD� W||SlHYDGHO� �VQD�
VDUQDVHG�� SXKNHSlHYDGHO� DJD� ROXOLVHOW� HULQHGD�� (ULQHYDG� RQ� WDUELMDJUXSSLGH�
�W||VWXV�� NRPPXQDDOWDUELMDG�� NRROLG� MQH�� ||SlHYD�NRRUPXVJUDDILNXG��
0lUNLPLVYllUVHLG� HULQHYXVL� RQ� DDVWDDHJDGH� ||SlHYD�NRRUPXVJUDDILNXWHV��
.lVLUDDPDWXWHVW� OHLDE� WDUELMDU�KPDGH� W��SNRRUPXVJUDDILNXLG� �VXKWHOLVWHV�
�KLNXWHV���PLGD�VDDE�DUYXWXVWHV�MD�SURMHNWHHULPLVHO�NDVXWDGD��
(OHNWULV�VWHHPLGH� MD� �Y}UNXGH� WDOLWOXVH� MXKWLPLVHNV� RQ� YDMD� Y}UJX� V}OPHGH� MD�
V�VWHHPL�VXPPDDUVHLG�||SlHYD�NRRUPXVJUDDILNXLG�ND�SURJQRRVLGD��0DWHPDDWL�
OLVHOW�RQ�NRRUPXV�PLWWHVWDWVLRQDDUQH�MXKXVOLN�SURWVHVV��PLOOH�SURJQRRVLPLQH�RQ�
�VQD�NHHUXNDV��
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$DVWD�NRRUPXVNHVWXVJUDDILN�
.HVWXVJUDDILN�VDDGDNVH�NRRUPXVH�P}}PLVWXOHPXVWH�NDKDQHYD�MlUMHVWDPLVH�WHHO�
�MQ� ������ 6HH� RQ� JUDDILN��PLV� QlLWDE� DQWXG� YllUWXVHJD� Y}UGVH� Y}L� VHGD� �OHWDYD�
NRRUPXVH�NHVWXVW�DMDYDKHPLNX��QW�DDVWD��MRRNVXO��$DVWD�NHVWXVJUDDILNX�DOO�ROHY�
SLQGDOD�YDVWDE�QDJX�WHJHOLNX�NRRUPXVJUDDILNX�SXKXOJL��DDVWD�HQHUJLDOH�
� � � : 3GW 7 K

R

7 |³ ���� �

� � � � � � �-RRQLV��������$DVWD�NRRUPXVNHVWXVJUDDILN���
�
6DJHOL� SROH� SLLVDYDOW� DQGPHLG� �HULWL� SURMHNWHHULPLVHO�� NHVWXVJUDDILNX�
PllUDPLVHNV�� 6LLV� NDVXWDWDNVH� OLJLNDXGVHW�PHHWRGLW� DDVWD� HQHUJLD� KLQGDPLVHNV�
PDNVLPDDONRRUPXVH� 3P �MD�PDNVLPDDONRRUPXVH�NDVXWXVDMD��7P ��MlUJL���MQ������
� � � : 3 GW 3 7

7
P P  ³

�
�� � � � � � � � � � � � � � � � � � �������

0DNVLPDDONRRUPXVH� NDVXWXVDMD� 7P � DOO� P}HOGDNVH� VHOOLVW� ILNWLLYVHW� DHJD��
PLOOHOH�YDVWDNV�PDNVLPDDONRRUPXVHJD� 3P � WDOLWOXVHO�VDPD�HQHUJLD�NXL� WDOLWOXVHO�
WHJHOLNX�NRRUPXVJUDDILNX�NRKDVHOW� NRJX� DDVWD� MRRNVXO� ��������/LJLNDXGVHG� 7P �
YllUWXVH� KLQQDQJXG� Y}HWDNVH� WDYDOLVHOW� NlVLUDDPDWXWHVW�� NXV� QDG� RQ� DQWXG�
NHVNPLVWH�W��SVXXUXVWHQD�V}OWXYDOW�WDUELMDWH�OLLJLVW��
7HDGD�RQ�DLQXOW�DDVWDV�WDUELWDY�HQHUJLD�
9lLNVHPDWH� WDUELMDWH� SXKXO� P}}GHWDNVH� VDJHOL� DLQXOW� HQHUJLDW�� 6LLV� Y}LE�
PDNVLPDDONRRUPXVH��OLJLNDXGVHW�YllUWXVW�KLQQDWD�YDVWXSLGLVH�WHKWHJD�
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7P
P

 � � � � � � � � � � � � � � � � � � � � � � � �������
.DVXWDWDNVH�ND�WHLVW�OLJLNDXGVHW�PRRGXVW�QQ�9HODQGHUL�YDOHPLW�
� � � 3 N : N :P  �� � �� � � � � � � � � � � � � � � � � � �������
.RUGDMDWH� N� �MD� N� �YllUWXVHG�V}OWXYDG�VXXUHVWL�NRKDOLNHVW�ROXGHVW�MD�WDUELMDWHVW���
�
���� .2250867(��67$$7,/,6('��.$5$.7(5,67,.8'��-$��
� � 02'(//((5,0,1(��3h6,7$/,7/86(��$598786(/�
�
(OHNWULY}UNXGH� S�VLWDOLWOXVH� WlSVHPDO� DUYXWDPLVHO� WXOHNV� OLVDNV� DMDOH� DUYHVWDGD�
ND�SLQJH�MD�VDJHGXVH�P}MX�NRRUPXVWHOH��� 3 8 I 4 8 I� � �� � � � ��)LNVHHULWXG�VDJH�
GXVH�SXKXO� VDDGDNVH��KHP}}WPHOLVHG�V}OWXYXVHG� 3 8 4 8� � � � � ��PLGD�QLPHWD�
WDNVH�DNWLLY��MD�UHDNWLLYNRRUPXVH�VWDDWLOLVWHNV�NDUDNWHULVWLNXWHNV�SLQJH�MlUJL��
)LNVHHULGHV�SLQJH�YllUWXVH��VDDGDNVH�DQDORRJLOLVHOW�VWDDWLOLVHG�NDUDNWHULVWLNXG�
VDJHGXVH� MlUJL� �I�4��I�3 �� 6WDDWLOLVHG� NDUDNWHULVWLNXG� NRRUPXVHO�� PLOOHV�
YDOGDYD�RVD�PRRGXVWDYDG�DV�QNURRQPRRWRULG��RQ�QlLGDWXG� MRRQLVHO������3LQJH�
Y}L� VDJHGXVH� W}XV� VXXUHQGDE� DNWLLYNRRUPXVW�� 1RUPDDOWDOLWOXVH� SLLUNRQQDV�
VXXUHQHE� UHDNWLLYNRRUPXV� SLQJH� VXXUHQHPLVHO� MD� YlKHQHE� VDJHGXVH�
VXXUHQHPLVHO��
� �

D� E�

3
4

3
4

3 4
3

4

I

�
-RRQLV��������.RRUPXVH�VWDDWLOLVHG�NDUDNWHULVWLNXG���D��SLQJH�MlUJL����

E��VDJHGXVH�MlUJL����
�
�
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6WDDWLOLVWH�NDUDNWHULVWLNXWH�VDDPLVHNV�RQ�S}KLP}WWHOLVHOW�MlUJPLVHG�Y}LPDOXVHG��
x� DQDO��WLOLQH�PHHWRG�
x� HNVSHULPHQWDDOQH�PHHWRG�
x� �OGLVWDWXG�W��SNDUDNWHULVWLNXWH�NDVXWDPLQH�
5HDDOVHOW� RQ� QHLVW� NDVXWDWDY� DLQXOW� YLLPDQH��hOGLVWDWXG� W��SNDUDNWHULVWLNXG� RQ�
NRRVWDWXG� NDV� N}YHUDWHQD� Y}L� HPSLLULOLVWH� YDOHPLWHQD�� PLOOH� NRUGDMDG� DQWDNVH�
NlVLUDDPDWXWHV� NHVNPLVH� W��SNRRVWLVHJD� NRRUPXVH� MDRNV�� 1lLWHNV� Y}LE� NlVL�
UDDPDWXV�ROOD�VHOOLVH�NRRUPXVH�W��SNRRVWLV�MlUJPLQH���
x� VXXUHG�DV�QNURRQPRRWRULG�� � � ±� � ����� �
x� YlLNHVHG�DV�QNURRQPRRWRULG�� � ±� � �����
x� VXXUHG�V�QNURRQPRRWRULG� � � � ±� � ������
x� HOHNWULDKMXG�MD�DODOGLG�� � � � � ±� � �����
x� YDOJXVWXV�MD�HOXNRQGOLN�NRRUPXV���±� � �����
x� Y}UJXNDRG� � � � � � � � � � ±� � ������
6HOOLVH� W��SNRRUPXVH� MDRNV� NRRVWDWXG� VWDDWLOLVL� NDUDNWHULVWLNXLG� VDDE� OLKWVXVH�
P}WWHV�NDVXWDGD��OGMXKXO��V}OWXPDWD�NRQNUHHWVH�NRRUPXVH�WHJHOLNXVW�NRRVWLVHVW��
.XL� YDDGHOGD� HOHNWULY}UJX� WDOLWOXVW� ROXNRUUDV�� NXV� SLQJH� MD� VDJHGXV� HL� HULQH�
ROXOLVHOW� QLPLYllUWXVHVW�� Y}LE� VWDDWLOLVL� NDUDNWHULVWLNXLG� VHOOHV� SLLUNRQQDV� ND�
OLQHDULVHHULGD�QLQJ�SLQJH�MD�VDJHGXVH�P}MX�NRRUPXVHOH�LVHORRPXVWDGD��DNWLLY��MD�
UHDNWLLYNRRUPXVH��SLQJH��MD�VDJHGXVWXQGOLNNXVHJD�
� � � w

w
w
w

w
w

w
w

3
8

4
8

3
I

4
I �

1HHG� VXXUXVHG� QDJX� ND� �OGLVWDWXG� W��SNDUDNWHULVWLNXG� DQWDNVH� NlVLUDDPDWXWHV�
VXKW�KLNXWHV��HW�QHLG�VDDNV�NDVXWDGD�V}OWXPDWD�QLPLSLQJHVW�MD�NRRUPXVHVW��
.XQD� VDJHGXV� RQ� �KHVXJXQH� NRJX� HOHNWULV�VWHHPLV� QLQJ� Y}LE� QLPLVDJHGXVHVW�
PlUNLPLVYllUVHOW�HULQHGD�DLQXOW��OHV�VWHHPLOLVWH�HULROXNRUGDGH��DYDULLGH��SXKXO��
SDNXYDG� HOHNWULY}UNXGHV� URKNHP� KXYL� VWDDWLOLVHG� NDUDNWHULVWLNXG� SLQJH� MlUJL��
(OHNWULY}UNXGH� S�VLWDOLWOXVH� DUYXWDPLVHO� RQ� SUDNWLNDV� OHLGQXG� NDVXWDPLVW�
PLWPHG�V}OPHNRRUPXVH�PRGHOOHHULPLVH��NXMXWDPLVH��PRRGXVHG��PLV�DUYHVWDYDG�
YHLGL�HULQHYDOW�SLQJH�P}MX�NRRUPXVHOH��
��� .RRUPXVHG�PRGHOOHHULWDNVH�YDDGHOGXG�VWDDWLOLVWH�NDUDNWHULVWLNXWHJD��0HHWRG�

RQ� OLJLNDXGQH�� Y}UJX� S�VLVHLVXQGL� DUYXWDPLVH� �OHVDQQH� �Y}UUDQGLV�VWHHP��
WXOHE�PLWWHOLQHDDUQH��
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��� .RRUPXVHG� ORHWDNVH�SLQJHVW� V}OWXPDWXWHNV� 6 3 M4 FRQVW �  � � FRQVW3  ��
4 FRQVW ��� .D� VHO� MXKXO� RQ� �OHVDQQH� PLWWHOLQHDDUQH� WLQJLWXQD� PLWWH�
OLQHDDUVHVW�V}OWXYXVHVW�V}OPHSLQJH�MD�V}OPHYRROX�YDKHO� � � � �

� � � � - 6
8 



� � � � � � � � � � � � � � �����������������������������������������������������������
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��� .RRUPXVHG�PRGHOOHHULWDNVH�SLQJHVW�V}OWXPDWXWH�V}OPHYRROXGHQD� - FRQVW ��
6HH� WlKHQGDE�� HW� V}OPHNRRUPXV� ORHWDNVH� Y}UGHOLVHNV� V}OPHSLQJHJD��
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 �� � 6HH� HL� YDVWD� N�OO� NRRUPXVH� WHJHOLNXOH� VWDDWLOLVHOH� NDUDNWH�
ULVWLNXOH�� NXLG� Y}LPDOGDE� NRRVWDGD� HOHNWULY}UJX� S�VLVHLVXQGL� DUYXWDPLVHNV��
OLQHDDUVHG�Y}UUDQGLG��PLOOH�ODKHQGDPLQH�RQ�SDOMX�OLKWVDP���

��� .RRUPXVL� PRGHOOHHULWDNVH� NRQVWDQWVHWH� WDNLVWXVWH� Y}L� MXKWLYXVWHJD�� 6HGD�
PHHWRGLW�� PLV� ROL� NDVXWXVHO� HOHNWULY}UNXGH� DUYXWXVPXGHOLWH� MXXUHV�� S�VL�
WDOLWOXVH�DUYXWDPLVHO�WlQDSlHYDO�WDYDOLVHOW�HQDP�HL�NDVXWDWD���
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hOGMXKXO� P}LVWHWDNVH� WRLWHDOOLND� DOO� JHQHUDDWRULW�� HOHNWULMDDPD�� DODMDDPD� Y}L�
Y}UJX� PLVWDKHV� V}OPH�� PLOOHVW� WRLGHWDNVH� Y}UNX� Y}L� Y}UJX� RVD�� 2OHQHYDOW�
NRQNUHHWVHVW�ROXNRUUDVW�Y}LE�VHOOLVW� WRLWHDOOLNDW�PRGHOOHHULGD�QlLWHNV�YRROX��Y}L�
SLQJHDOOLNDJD��
(OHNWULY}UJX� S�VLWDOLWOXVH� DUYXWDPLVHO� NXMXWDWDNVH� VHOOLVW� WRLWHDOOLNDW� WDYDOLVHOW�
WRLWHV}OPHQD� � NRRV� LQIRUPDWVLRRQLJD� WHPD� SLQJH�� YRROX� Y}L� Y}LPVXVH� NRKWD��
.XL� WRLWHV}OPH� NRKWD� RQ� DQWXG� DLQXOW� NRRUPXVYRRO� Y}L� �Y}LPVXV�� QLPHWDWDNVH�
WHGD� JHQHUDDWRUV}OPHNV�� 6HOOLVW� JHQHUDDWRUV}OPH� Y}LE� Y}UJX� S�VLWDOLWOXVH�
DUYXWDPLVHO� �OGLVHPDV� P}WWHV� SLGDGD� ND� NRRUPXVV}OPHNV�� NXQD� WD� HULQHE�
WDUELMD� NRRUPXVV}OPHVW� IRUPDDOVHOW� DLQXOW� NRRUPXVY}LPVXVH� Y}L� �YRROX�
VXXQDPlUJL� SRROHVW��.XL� V}OPHNRRUPXVW� SROH� DQWXG�� QLPHWDWDNVH� VHOOLVW� V}OPH�
EDODQVLV}OPHNV� MD� WHPD� YRRO� Y}L� Y}LPVXV� VHOJXE� DOOHV� DUYXWDPLVHO�� 6}OPH��
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PLOOHO� RQ� DQWXG� NRPSOHNVSLQJH� YllUWXV�� QLPHWDWDNVH� EDDVV}OPHNV�� /}SPDWX�
Y}LPVXVH� MD� HWWHDQWXG� SLQJHJD� V}OPH��PLV� RQ� VDPDO� DMDO� EDODQVL�� MD� EDDVV}OP��
QLPHWDWDNVH�WXJLV}OPHNV��
0LQJL� WDOLWOXVPXXWXMD� �Y}LPVXVH�� SLQJH�� KRLGPLQH� NLQGODO� YllUWXVHO� HHOGDE�
VHOOHV�V}OPHV�WDYDOLVHOW�DXWRPDDWUHJXOHHULPLVW��
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(HOQHYDVW� VHOJXE� ND�� HW� QDWXUDDOY}LPVXVH� �OHNDQGPLVHO� RQ� SLQJH� MD� YRROX�
PRRGXOLG� NRJX� OLLQL� XODWXVHV� �PLV� WDKHVO � SXKXO�� PXXWXPDWXG� QLQJ� SLQJH� MD�
YRRO� RQ� LJDO� SRRO� IDDVLV�� PLV� WlKHQGDE� VHGD�� HW� OLLQL� PLV� WDKHV� SXQNWLV�
HGDVWDWDNVH�DLQXOW�DNWLLYY}LPVXVW��5HDNWLLYY}LPVXVH�SXXGXPLQH�VHOHWXE�VHOOHJD��
HW��QDWXUDDOY}LPVXVH�HGDVWDPLVHO�RQ�OLLQL�PLV�WDKHV�O}LJXV�UHDNWLLYY}LPVXVNDRG�
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URKNHP� HULQHE� SLNDV� OLLQLV� HGDVWDWDY� Y}LPVXV� QDWXUDDOVHVW�� VHGD� VXXUHPDG� RQ�
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SLNNXVL� }KXOLLQH�� ROOHV� HNYLYDOHQWVHWH� SDUDPHHWULWH� VDDPLVHNV� OLLQL� WHJHOLNXG�
SDUDPHHWULG� NRUUXWDQXG� SDUDQGXVWHJXULWHJD�� 1DJX� HHVSRRO� PlUJLWXG�� SROH� DJD�
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QDDGLVWLN��NXQD�SUDNWLNDV� HL�SDNX�KXYL�SLQJH� UHDDO�� MD� LPDJLQDDUNRPSRQHQGLG��
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hOHNDQGHOLLQL�WDOLWOXVH�Y}L�VHLVXQGL�DQDO��VLPLVHNV�Y}LE�NXMXWDGD�OLLQL��MQ����D���
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S�VLVHLVXQGL� DUYXWDPLVHO�� NXV� WlQDSlHYDO� NDVXWDWDNVH� WDYDOLVHOW� V}OPHSLQJH�
PHHWRGLW��(VPDOW�DUYXWDWDNVH�V}OPHSLQJHG�MD�VHHMlUHO�Y}LPVXVHG�Y}UJX�KDUXGHV���
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9DKHO� NDVXWDWDNVH� OLLQLV� HGDVWDWDYD� DNWLLYY}LPVXVH� YlJD� OLJLNDXGVHNV� KLQGD�
PLVHNV�MD�I��VLNDOLVH�S}KLVLVX�LOPXWDPLVHNV�HHOGXVW��HW�OLLQ�NXMXWDE�HQGDVW�DLQXOW�
WDNLVWXVW� �DVHVNHHPL� S}LNMXKWLYXVW� HL� DUYHVWDWD�� MD� HW� OLLQL� LQGXNWLLYWDNLVWXV� RQ�
PlUNVD�VXXUHP�DNWLLYWDNLVWXVHVW��6HO� MXKXO�Y}LE�Y}WWD�ND�DNWLLYWDNLVWXVH�QXOOLNV�
MD�QHOLNOHPPL�NRQVWDQWLG�DYDOGDGD�OLLQL�LQGXNWLLYWDNLVWXVH�NDXGX�
� � � $ ' % ;R R  �  �� � �� �
9}WWHV� YDOHPLWHV� ������� MD� ������� $ % ; MDR R    � � ��� � D E �� VDDE�
OLLQLV�HGDVWDWDYD�DNWLLYY}LPVXVH�DYDOGLVHNV�
� � � 3 3 8 8

;� � � �  VLQ G � � � � � � � � � � � � � � � � � � �������
/LLQLV� HGDVWDWDYD� Y}LPVXVH� V}OWXYXV� SLQJHYHNWRULWH� YDKHOLVHVW� QXUJDVW� G � RQ�
JUDDILOLVHOW� MRRQLVHO� ���E�� 6HGD� V}OWXYXVW� QLPHWDWDNVH� ND� Y}LPVXVH� QXUN�
NDUDNWHULVWLNXNV�� 6HOOHVW� VHOJXE� OLLQLV� HGDVWDWDYD� Y}LPVXVH� Y}LPDOLN� PDNVL�
PDDOYllUWXV��PLGD�QLPHWDWDNVH�OLLQL�OlELODVNH���HKN���OHNDQGHY}LPHNV�
� � � 3 8 8

;PD[  � � � � � � � � � � � � � � � � � � � � � � � �������
6HHJD� V}OWXE� OLLQL� �OHNDQGHY}LPH� S}KLOLVHOW� SLQJHWHVW� MD� OLLQL� LQGXNWLLY�
WDNLVWXVHVW�� 0LQJLV� ROHPDVROHYDV� OLLQLV� RQ� WHJHOLNXOW� HGDVWDWDY� Y}LPVXV� HKN�
WDOLWOXVY}LPVXV�VHHJD�S}KLOLVHOW�PllUDWXG�SLQJHYHNWRULWH�YDKHOLVH�QXUJDJD���������������
�
���� 9®,0686.$2'��(/(.75,9®5*8��(/(0(17,'(6�
�
)RUPDDOVHOW� Y}LE� GHILQHHULGD� Y}LPVXVNDGX� NXL� YDDGHOGDYDVVH� Y}UJX� HOHPHQWL�
�OLLQ�� WUDIR� YP�� VLVHQHYD� MD� HOHPHQGLVW� YlOMXYD� Y}LPVXVH� YDKHW� � '6 6 6 �� � ���
�MQ������� (QDPDVWL� YDDGHOGDNVH� SUDNWLOLVWHV� DUYXWXVWHV� DNWLLY�� MD� UHDNWLLY�
Y}LPVXVNDGX�HUDOGL�
�� � � ' ' ' ' '6 3 M 4 3 3 3 4 4 4 �  �  �� � � � �
NXVMXXUHV� QlLWHNV� OLLQLGH� VLVHQHYDG� MD� YlOMXYDG� Y}LPVXVHG� RQ� PllUDWXG�
YDOHPLWHJD� � ����������������� � 6DJHOL� QlLWHNV� OLKWVDWH� UDGLDDOY}UNXGH�SXKXO� WHNLE�
YDMDGXV�OHLGD�VLVHQHY�Y}L�YlOMXY�Y}LPVXV��WHDGHV�Y}LPVXVW�YDVWDVSRROHO��
� � � 6 6 6 3 3 3 4 4 4� � � � � � �  �  �' ' ' �
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6HO� MXKXO� WXOHE� Y}LPVXVNDGX� DUYXWDGD� Y}LPVXVH� Y}L� YRROX� MD� YDDGHOGDYD�
HOHPHQGL�DVHVNHHPL�DOXVHO��.XL�HOHPHQGL�DVHVNHHP�NRRVQHE�PLWPHVW�KDUXVW��VLLV�
QHQGH�Y}LPVXVNDRG�VXPPHHULWDNVH��
7HDGHV�SLNLKDUX�DNWLLY��MD�UHDNWLLYWDNLVWXVW��5 ;� �QLQJ�QHLG�OlELYDW�YRROX�� , ��MQ�
������RQ�Y}LPVXVNDRG�OHLWDYDG���S�������YDOHPLWHJD�
� � � ' '3 , 5 4 , ;  � �� � � � � � � � � � � � � � � � � �������
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MD� SDQQHV� VHOOH� YDOHPLWHVVH� �������� VDDE� SUDNWLNDV� YlJD� YDMDOLNXG� MD� WXQWXG�
YDOHPLG�Y}LPVXVNDGXGH�DUYXWDPLVHNV�
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9}LPVXVNDRG�OLLQLGHV�
/LLQLGH� SXKXO� OLVDQGXYDG� NDGXGHOH� SLNLKDUXV� �OGMXKXO� YHHO� NDRG� DVHVNHHPL�
S}LNKDUXGHV��NRURRQDNDRG�MD�PDKWXYXVNDRG���1LL�Y}LE�PllUDWD�OLLQL�VXPPDDUVH�
DNWLLYNDR�YDOHPLJD�
� � � ' '3 3 4
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� �� � � � � � � � � � � � � � � � �������
7LQJLWXQD� NRURRQDNDGXGH� YlLNVXVHVW� MD� KLQGDPLVH� UDVNXVHVW� MlHWDNVH� QHHG�
SUDNWLNDV�SDOMXGHO�MXKWXGHO�DUYHVWDPDWD��
/LLQL�VXPPDDUQH�UHDNWLLYY}LPVXVNDGX�DUYXWDWDNVH�YDOHPLJD�
� � � '4 3 4
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NXV� WHLQH� OLLJH� � 8 % 4&
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VHH�WDYDOLVHOW�DUYHVWDPDWD��
9}LPVXVNDRG�WUDIRGHV�
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6DJHOL�RQ�HOHNWULY}UJXV�MD�VHOOH�HOHPHQWLGHV�YDMD�DUYXWDGD�DDVWD�HQHUJLDNDGX�HULWL�
PDMDQGXVOLNH�Y}UGOXVWH�SXKXO��9}UJX�HQHUJLDNDGX�RQ�Y}UJX��NVLNXWH�HOHPHQWLGH�
HQHUJLDNDGXGH� VXPPD��(OHPHQGL� HQHUJLDNDGX� ': � NRRVQHE�NDKHVW� RVDVW�� DVH�
VNHHPL�SLNLKDUXOH�YDVWDYDVW�HQHUJLDNDRVW� ': 
 � MD�S}LNKDUXOH�YDVWDYDVW�HQHUJLD�
NDRVW�':� ���
$NWLLYY}LPVXVNDGX� S}LNKDUXV� '3� � RQ� PllUDWXG� HOHPHQGL� DNWLLYMXKWLYXVH� MD�
WHPDOH�UDNHQGDWXG�WDOLWOXVSLQJHJD��.XQD�YLLPDQH�PXXWXE�DMDV�YlKH��QLPHWDWDNVH�
VHGD�NDGX�VDJHOL�ND�S�VLNDRNV�MD�YDVWDY�HQHUJLDNDGX�OHLWDNVH�YDOHPLJD�
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NXV� � 7 �± DDVWD�WDOLWOXVDHJ��PLV�Y}HWDNVH��WDYDOLVHOW�������K��
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.XQD�HOHPHQGL�SLNLKDUX�DNWLLYY}LPVXVNDGX� '3
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� � � ' ': 3P
 
 W �� � � � � � � � � � � � � � � � � � � � �������
NXV� � '3P 
 ��±��DNWLLYY}LPVXVNDGX�PDNVLPDDONRRUPXVHO�
6HH�PHHWRG�RQ�DQDORRJLOLQH�HQHUJLD�PllUDPLVHJD�S������YDOHP���������
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�
9DDWOHPH� HOHNWULY}UJX� N}LJH� W��SLOLVHPD� HOHPHQGL� ±� HOHNWULOLLQL� WDOLWOXVW��2OJX�
DQWXG� OLLQL� DVHVNHHPL� SDUDPHHWULG� � �MQ� ����� MD� SLQJH� � 8 � � QLQJ� YRRO� � , � � OLLQL�
O}SXV��/HLGD�WXOHE�SLQJH��8 ���MD�YRRO�� , � ��OLLQL�DOJXVHV��� � � � � � � �

� � � � �
� � � � � � � � -RRQLV����� ��(OHNWULOLLQL�DVHVNHHP�
�

� � � � � �
� � �� � -RRQLV��������(OHNWULOLLQL�SLQJHWH�MD�YRROXGH�YHNWRUGLDJUDPP�
���
� 7HDGHV�SLQJHW�8 � ��VDDE�2KPL�VHDGXVH�MlUJL�OHLGD�YRROX�OLLQL�SRROHV�MXKWLYXVHV�
� � � , M % 8

&� � �
� � � � � � � � � � � � � � � � � � � � � � �������

QLQJ�VHHMlUHO�YRROX�DVHVNHHPL�SLNLKDUXV� , , , & �� � �� �9DDGHOGDYDW�LOOXVWUHHULE�
YHNWRUGLDJUDPP���MQ������� �1DJX�QlKD�DYDOGLVHVW�����������RQ�YHNWRU�� , &� � �ULVWL�
YHNWRULJD�8 � ��7HDGHV�YRROX� WDNLVWXVHV� � = �� � VDDE� OHLGD�SLQJHODQJX�QLQJ�SLQJH�
OLLQL�DOJXVHV�
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� � � 8 8 8 8 =,� � � � �  �' �� � � � � � � � � � � � � �������
3DQQHV�SLQJHODQJX�DYDOGLVVH�WDNLVWXVH�NXMXO��= 5 M ; � ���VDDE�NLUMXWDGD�
� � � � �'8 5 M; , 5, M ; , �  �� � � � � � � � � � � � � �������
PLOOH� S}KMDO� Y}LE� SLQJHODQJX� NXMXWDGD� YHNWRUGLDJUDPPLV� YRROXVXXQDOLVH� MD�
VHOOHJD� ULVWL� ROHYD� NRPSRQHQGL� VXPPDQD�� 3lUDVW� SLQJH�8 � �PllUDPLVW� OHLWDNVH�
YRRO�SRROHV�OLLQL�MXKWLYXVHV�DQDORRJLOLVHOW���������
� � � , M % 8
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PLOOHOH� YDVWDY� YHNWRU� RQ� ULVWL� SLQJHYHNWRULJD� 8 � �� 1��G� VDDE� OHLGD� ND� OLLQL�
VLVHQHYD�YRROX�
� � � , , , &�  � 
 �
9DDGHOGHV� VDDGXG� SLQJHWH� YHNWRUGLDJUDPPL� HUDOGL� �MQ� ���D�� QLQJ� YDOLGHV�
OlKWHSLQJH� 8 � � YHNWRUL� UHDDOWHOMH� VXXQDOLVHNV� �8 8� � �� Y}LE� SLQJHODQJX�
YHNWRUL� ODKXWDGD�OlKWHSLQJH�VXKWHV�SLNL�� MD�ULVWVXXQDOLVHNV�NRPSRQHQGLNV� '8 S ���
MD��G 8 U �
� � � ' '8 8 M 8S U � G �� � � � � � � � � � � � � � � � � � �������
QLQJ�DYDOGDGD�SLQJH�OLLQL�DOJXVHV�QHQGH�NDXGX�
� � � 8 8 8 8 8 M 8S U� � � �  � �' ' G �� � � � � � � � � � � �������
.XQD�SUDNWLNDV�SDNXYDG� URKNHP�KXYL�SLQJHWH�PRRGXOLG�� VLLV�Y}LE�SLQJHODQJX�
SLNL�� MD� ULVWNRPSRQHQGL� NDXGX� DYDOGDGD� VHRVH� ND� OLLQL� O}SX� MD� DOJXVH� SLQJH�
PRRGXOLWH�YDKHO��WlLVQXUNVHVW�NROPQXUJDVW��MQ����D��
� � � � � � �8 8 8 8S U� �

� � � �' G � � � � � � � � � � � � � � ��������
.XL�SLQJHWH�YHNWRULDDOVHW�YDKHW�� '8 8 8 �� � �QLPHWDWDNVH�SLQJHODQJXNV��VLLV�
SLQJHWH� DULWPHHWLOLVW� YDKHW� HKN� SLQJHPRRGXOLWH� YDKHW� '8 8 8 �� � ��
SLQJHNDRNV�� �1DJX�QlKD�MRRQLVHOW����D��HL�ROH�SLQJHNDGX�SLQJHODQJX�PRRGXO��
' '8 8z ��
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� �
-RRQLV���������3LQJHODQJ�MD�SLQJHNDGX�HOHNWULY}UJX�HOHPHQGLV�

�
.XL� OlKWHSLQJHNV� RQ� DJD� SLQJH� OLLQL� DOJXVHV�8 ��� Y}LE� VHGD�NXMXWDGD�YHNWRULQD�
UHDDOWHOMHO��MQ����E��QLQJ�DYDOGDGD�SLQJH�OLLQL�O}SXV�DQDORRJLOLVHOW���������
� � � 8 8 8 8 8 M 8S U� � � �  � �' ' G �� � � � � � � � � � � �������
QLQJ�SLQJHPRRGXOL��YDOHPLJD�
� � � � � � �8 8 8 8S U� �

� � � �' G � � � � � � � � � � � � � � �������
1DJX�HHVSRROJL�Y}HWDNVH�SLQJHODQJX�SLNL��MD�ULVWNRPSRQHQGL�VXXQDG�OlKWHSLQJH�
YHNWRUL�VXKWHV��
6DDGXG� YDOHPLWH� NDVXWDPLVHNV� WXOHE� DUYXWDGD� SLQJHODQJX� SLNL�� MD� ULVW�
NRPSRQHQW��7XOHWDPH�YDOHPLG�QHQGH�PllUDPLVHNV�YRROX�Y}L�Y}LPVXVH�MlUJL��
2OJX�OlKWHSLQJH�YHNWRU�Y}HWXG�UHDDOWHOMH�VXXQDOLVHNV��8 8 ��QLQJ�YDDGHOGDYDW�
WDNLVWXVW� = 5 M; � �OlELY�YRRO� , , M , , M ,S T �  �FRV VLQM M ��6LLV�RQ�SLQJH�
ODQJ�

� � � '8 ,= , M , 5 M ;
, 5 , ; M , ; , 5
S T

S T S T

  � �  
 � � �

� �
� �
� �� �
� � � � � � � � � � � �������

6DDGXG� UHDDO�� MD� LPDJLQDDURVDG� RQJL� SLQJHODQJX� SLNL�� MD� ULVWNRPSRQHQGLG��
��������
� � � '8 , 5 , ;S S T ��� � � � � � � � � � � � � � � � � � � �������
� � � G8 , ; , 5U S T ��� � � � � � � � � � � � � � � � � � � �������
.XL�Y}UJX�DUYXWDPLQH�WRLPXE�Y}LPVXVH�DOXVHO��VLLV�Y}LE�YDOHPLV��������DYDOGDGD�
YRROX�Y}LPVXVH�MD�SLQJH�NDXGX�WDNLVWXVH�HHV�Y}L�WDJD��MQ������
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.LUMXWDGHV�OLKWVXVH�P}WWHV�
� � � , 6
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� �
MD� OLVDGHV� Q}XGH�� HW� Y}LPVXV� MD� SLQJH� ROJX� DQWXG� �KHV� MD� VDPDV� NRKDV�� VDDE�
SLQJHODQJX� SLNL�� MD� ULVWNRPSRQHQGL� YDOHPLG� DQDORRJLOLVHOW� � ����������������
HVLWDGD�NXMXO��
'8 ,= 6 =

8
6 =
8

3 M4 5 M;
8

35 4;
8 M 3; 45

8    � �  � � ��







 � �� � � � ������� �

� � � '8 35 4;
8S  � � � � � � � � � � � � � � � � � � � � �������

� � � G8 3; 45
8U  � �� � � � � � � � � � � � � � � � � � � �������

7DYDOLVHOW� Y}LE� Y}UNXGHV� QLPLSLQJHJD�8 1 d ���� N9� �YlOMD� DUYDWXG�YlJD�NRRU�
PDWXG�����N9�OLLQLG��OXJHGD� US 888 G!!'r ��SLQJHYHNWRULWH�YDKHOLQH�QXUN�G �
RQ� YlJD� YlLNH�� MQ� ������ 6HH� Y}LPDOGDE� SUDNWLOLVWHV� DUYXWXVWHV� MlWWD� SLQJHODQJX�
ULVWNRPSRQHQGL�VDJHOL�DUYHVWDPDWD��6LLV�VDDYDG�DYDOGLVHG����������MD���������NXMX��
� � � 8 8 8 8 8 8S S� � � � �  �' ' �
PLOOHVW� LOPQHE�� HW� SLQJHODQJX� SLNLNRPSRQHQW� RQ� VDDQXG� SLQJHNDR� WlKHQGXVH��
6HHJD� Y}LE� OLJLNDXGVHWHV� DUYXWXVWHV� �WDYDOLVHOW� SLQJHWHO� NXQL� ���� N9�� Y}WWD�
SLQJHNDR� Y}UGVHNV� SLQJHODQJX� SLNLNRPSRQHQGLJD� MD� NDVXWDGD� WHPD� DUYX�
WDPLVHNV�YDOHPLW��
� � � '8 , 5 , ; 35 4;

8S T �  ��� � � � � � � � � � � � � � �������
/LJLNDXGVHWH� DUYXWXVWH� SXKXO� QlLWHNV� MDRWXVY}UNXGH� DUYXWDPLVHO� Y}HWDNVH�
WlLHQGDYD� OLKWVXVWDPLVH� HHVPlUJLO� VDJHOL� YHHO� YDOHPLV� ������� SLQJH� Y}UGVHNV�
QLPLSLQJHJD��8 8 1| �� � �
� � � � � �
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��� /,+76$7(��(/(.75,9®5.8'(��3h6,6(,681',�� � � � �
� � $5987$0,1(�
�
���� 3h6,6(,681',��$5987$0,6(��h/(6$11(��-$��6(//(���� � � �
� ����/,+76867$0,1(� �
� � � � � � � �
9}UJX� S�VLWDOLWOXVH� PLQJLOH� DMDPRPHQGLOH� YDVWDYD� VHLVXQGL� DUYXWDPLVH��
�NODVVLNDOLVH���OHVDQGH�OlKWHDQGPHWHNV�RQ�
x� Y}UJX��KHQGXVVNHHP�
x� Y}UJX�HOHPHQWLGH�SDUDPHHWULG�
x� V}OPHNRRUPXVHG�
x� SLQJH�YlKHPDOW��KHV�V}OPHV�
hOGMXKXO�WXOHE�DUYXWDGD�N}LN�VHLVXQGLPXXWXMDG�HKN�VHLVXQGLSDUDPHHWULG��.lHV�
ROHYDV�UDDPDWXV�YDDGHOGDNVH�DLQXOW�³NODVVLNDOLVL´��OHVDQGHLG��
(OHNWULY}UNXGH� DUYXWDPLVH� DOXVHNV� RQ� VHRVHG� �PDWHPDDWLOLQH� PXGHO��� PLV�
NRRVWDWDNVH� HOHNWURWHKQLND� S}KLVHDGXVWH� S}KMDO�� 7DYDOLVHOW� RQ� �OHVDQQH� PLWWH�
OLQHDDUQH� �S� ������ 6HGD� �HQDPDVWL� Y}UUDQGLV�VWHHPL�� WXOHNV� ODKHQGDGD�
LWHUDWVLRRQLPHHWRGLO� �MlUNMlUJXOLVWH� OlKHQGXVWH�PHHWRGLO���(VLPHVHO� LWHUDWVLRRQL�
VDPPXO� Y}LE� N}LN� V}OPHSLQJHG� Y}WWD� QlLWHNV� Y}UGVHNV� QLPLSLQJHJD��
/LJLNDXGVHWH� DUYXWXVWH� SXKXO� SLLUGXWDNVHJL� VDJHOL� HVLPHVH� LWHUDWVLRRQLJD� HKN�
DUYXWXVHJD� QLPLSLQJH� MlUJL�� 9DKHO� NDVXWDWDNVH� VHOOLVW� DUYXWXVW�� YDDWDPDWD�
WXOHPXVWH� OLJLNDXGVXVHOH�� HOHNWULY}UNXGH� SURMHNWHHULPLVHO�� MDRWXVY}UNXGH�
DUYXWDPLVHO� QLQJ� OLKWVDWH� HOHNWULY}UNXGH� S�VLVHLVXQGL� DUYXWDPLVHO�� PLO� HL�
NDVXWDWD�DUYXWHLG��
/LKWVDWHNV�QLPHWDPH�WLQJOLNXOW�HOHNWULY}UNH��PLOOHV�RQ�VXKWHOLVHOW�YlKH�KDUXVLG�
�OLLQH��WUDIRVLG��MD�PLV�WDYDOLVHOW�WDOLWOHYDG�DYDWXOW��UDGLDDOVNHHP��Y}L�DLQXOW�P}QH�
VXOHWXG� NRQWXXULJD�� .XL� NHHUXNDPDWH� Y}UNXGH� DUYXWDPLVHNV� NDVXWDWDNVH�
WlQDSlHYDO�DUYXWHLG��VLLV� OLKWVDLG�Y}UNH�Y}LE�DUYXWDGD�ND�LOPD�Q��GLVDUYXWLWH�MD�
VSHWVLDDOSURJUDPPLGHWD��
.lHVROHYDV� SHDW�NLV� S||UDWDNVH� SHDWlKHOHSDQX� HOHNWULY}UJX� WDOLWOXVH� I��VLND�
OLVHOH� VLVXOH�� HL� HHOGDWD� DUYXWLWH� NDVXWDPLVW� HJD� VHOOHJD� NDDVQHYDW� �OHVDQGH�
IRUPDOLVHHULPLVW��6HHJD�RQ�ROXOLVWH�OLKWVXVWXVWH�WHJHPLQH�DUYXWXVWHO�SDUDWDPDWX��
hKHNV� OLKWVXVWXVY}WWHNV� RQ� NDVXWDGD� QQ� DUYXWXVOLNX� NRRUPXVH� P}LVWHW��
$UYXWXVOLN�NRRUPXV�RQ�V}OPHNRRUPXV��PLV�VLVDOGDE�DODMDDPD�NRRUPXVW��DQWDNVH�
WDYDOLVHOW� DODMDDPD� VHNXQGDDUSRROHO��� Y}LPVXVNDGX� DODMDDPD� WUDIR�GH�V� QLQJ�
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PDKWXYXVOLNNH� Y}LPVXVL� YDDGHOGDYD� V}OPHJD� �KHQGDWXG� OLLQLGH� SRROWHV�
MXKWLYXVWHV��2OJX�MRRQLVHO����D��NXMXWDWXG�V}OPH�NRRUPXV� 6 . �DQWXG�DODPSLQJH�
SRROHO���6LLV�OHLWDNVH�V}OPH�DUYXWXVOLN�NRRUPXV�� 6 DUY �WHKWHJD�

6 6 6 M 4 4 6 6 M 8 % %
DUY . 7

& &
. 7 1 � � �  � � �' ' ' '� � � � �

� � � � � ������
NXV� � '6 7 ��±��Y}LPVXVNDRG�WUDIRV��S�������PLV�OHLWDNVH�QLPLSLQJH�DOXVHO�
� � � % %� �� ��±��OLLQLGH�PDKWXYXVOLNXG�MXKWLYXVHG�
$UYXWXVOLNH� NRRUPXVWH� NDVXWDPLQH� OLKWVXVWDE� Y}UJX� DVHVNHHPL� ROXOLVHOW�� NXQD�
DOOHV� MllYDG� DLQXOW� SLNLKDUXG� �MQ� ���E�� F��� /LKWVXVWXV� WRLPXE� VHHW}WWX�� HW� NDRG�
S}LNKDUXGHV� MD� WUDIRV��PLV��KHQGDWDNVH�V}OPHNRRUPXVHJD�� OHLWDNVH� OLJLNDXGVHOW�
QLPLSLQJH�DOXVHO��

� �
-RRQLV��������6}OPH�DUYXWXVOLN�NRRUPXV���D��V}OPH��PEUXVH�VNHHP��

�� � � � �E���DVHVNHHP���F��DVHVNHHP�DUYXWXVOLNX�NRRUPXVHJD�
�
���� 5$',$$/h/(.$1'(9®5*8��$5987$0,1(�
�
9DDWOHPH�OLKWVDW�DYDWXG�HKN�UDGLDDO�OHNDQGHY}UNX��MQ����D���0LQQHV��OH�DUYXWXV�
OLNHOH� NRRUPXVWHOH�� VDDE� DVHVNHHPL� �MQ� ���E�� DUYXWXVOLNH� NRRUPXVWHJD��
V S MT V S MT� � � � � � �  �� ��(GDVLQH�DUYXWXVNlLN�V}OWXE�VHOOHVW��PLOOLVH�V}OPH�
SLQJH� RQ� DQWXG�� 7DYDOLVHOW� RQ� SLQJH� DQWXG� WRLWHV}OPHV� Y}L� Y}HWDNVH� VHH�
HWWHDQWXNV�Y}UJX�O}SXV�QlLWHNV�HHOGDWDYDV�PDGDODLPD�SLQJHJD�V}OPHV��
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$QWXG�RQ�V}OPH����SLQJH� � � � �
$UYXWDWDNVH� OLLQLGH� NDXSD�� DOXVWDGHV� HWWHDQWXG� SLQJHJD� V}OPHVW� ��� .}LJHSHDOW�
OHLWDNVH�Y}LPVXVNDRG�OLLQLV��������������������
� �

�
-RRQLV��������5DGLDDO�OHNDQGHY}UJX�DUYXWDPLQH���D��Y}UJX�VNHHP����

E��DVHVNHHP���F��SLQJHWH�YHNWRUGLDJUDPP�
�� �

� � � � � � � � � � �' '3 3 4
8 5 4 3 4

8 ;�
�

�
�

�

�
� � �

�
�

�
�

�
� � �  �� � � � � � � � � ������

6HHMXXUHV� .LUFKKRIIL� ,� VHDGXVH� NRKDVHOW� 3 S 4 T� � � �� � �  �� 6LLV� OHLWDNVH�
YDVWDYDOW����������MD���������SLQJHODQJX�SLNL��MD�ULVWNRPSRQHQW�OLLQLV���

� � � '8 3 5 4 ;
8 8 3 ; 4 5

8S U� � � � �
�

� � � � �
�

 �  �� � � �G � � � � � ������

9DOHPL���������MlUJL�VDDE�Q��G�OHLGD�SLQJH�V}OPHV���
� � � 8 8 8 8S U� � �

�
�

� � �� � � �' G � � � � � � � � � � � � � � ������
-XKXO� NXL� SLQJHODQJX� ULVWNRPSRQHQWL� HL� DUYHVWDWD�� RQ� ������ DVHPHO�
8 8 8 S� � � � ' ���6LLV�VDDE�DYDOGDGD�Y}LPVXVHG�OLLQL���DOJXVHV�MD�OLLQL���O}SXV�
� � � 3 3 3 4 4 4� � � � � �
 � 
 � �  �' ' �� � � � � � � � � � � � � ������
� � � 3 3 S 4 4 T� � � � � �� 
 � 
 �  � � � � � � � � � � � � � � � ������
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(GDVL�NRUGXE�N}LN�DQDORRJLOLVHOW�����������������OLLQLJD���

� � � � � � � � � � �' '3 3 4
8 5 4 3 4

8 ;�
�

�
�

�

�
� � �

�
�

�
�

�
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� � � '8 3 5 4 ;
8 8 3 ; 4 5

8S U� � � � �
�

� � � � �
�

 �  �� � � �G � � � � � � ������

� � � 8 8 8 8S U� � �
�

�
� � �� � � �' G ��������Y}L�� S888 ��� '� �� � � � ������

� � � 3 3 3 4 4 4� � � � � �
 � 
 � �  �' ' � � � � � � � � � � � ��� � ���������
7RLWHV}OPHVW���YlOMXY�Y}LPVXV� 6 � � HULQHE�Y}LPVXVHVW� 6� 
 � OLLQL���SRROH�PDKWX�
YXVY}LPVXVH�Y}UUD�
� � � 
33 ��  � ����������� ��

��
�

�
��

%8
44
44 1
& � � � � � � � � � ��� ���������

9}UJX�SLQJHWH�YHNWRUGLDJUDPP�RQ�MRRQLVHO����F��
$QWXG�RQ�WRLWHV}OPH�SLQJH��
9DOHPLWH�������������������������MD��������SXKXO�ROL�WlLGHWXG�Q}XH���HW�Y}LPVXVHG�MD�
SLQJH� SHDYDG� ROHPD� Y}HWXG� �KHVW� MD� VDPDVW� NRKDVW�� .XL� DJD� SLQJH� RQ� WHDGD�
Y}UJX� DOJXVHV� MD� Y}LPVXVHG� DLQXOW� OLLQL� �� O}SXV�� SROH� VHGD� Q}XHW� Y}LPDOLN�
Y}LPVXVNDGXGH� MD�SLQJHODQJX�NRPSRQHQWLGH�DUYXWDPLVHO� WlLWD��6HOOHNV�HW�PLWWH�
KDNDWD� NRRVWDPD� MD� ODKHQGDPD� PLWWHOLQHDDUVHLG� Y}UUDQGHLG�� NDVXWDWDNVH�
OLJLNDXGVHW�DUYXWXVW�NDKHV�HWDSLV��
��� HWDSLO� OHLWDNVH� QDJX� HHVSRRO� QlLGDWXG�� DODWHV� V}OPHVW� ��� Y}LPVXVNDRG� MD�
Y}LPVXVHG��NXLG�YDOHPLWHVVH���������MD���������SDQQDNVH�WHJHOLNH�SLQJHWH�DVHPHOH�
QLPLSLQJH��DUYXWXV�QLPLSLQJH�MlUJL���
���HWDSLO�OHLWDNVH��OlKWXGHV�WRLWHV}OPHVW��V}OPHSLQJHG����HWDSLO�OHLWXG�Y}LPVXVWH�
MlUJL��1LL�OHLWDNVH�SLQJHODQJX�NRPSRQHQGLG�OLLQLV���YDOHPLWHJD�

� � � '8 3 5 4 ;
8 8 3 ; 4 5

8S U� � � � �
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MD�SLQJH�V}OPHV���YDOHPL���������NRKDVHOW�
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.RUUDWHV�VDPD�OLLQL���SXKXO��OHLWDNVH�ND�SLQJH�8� ���
6RRYLGHV�VXXUHPDW�WlSVXVW��Y}LE�NRUUDWD�Y}LPVXVWH�DUYXWDPLVH�HWDSSL�lVMD�OHLWXG�
SLQJHWHJD�MD�VLLV�SLQJHWH�DUYXWDPLVH�HWDSSL�WlSVXVWDWXG�Y}LPVXVWHJD��
.RRUPXVWH�VWDDWLOLVWH�NDUDNWHULVWLNXWH�MD�S}LNKDUXGH�WlSVHP�
DUYHVWDPLQH�
9DDGHOGXG� DUYXWXVNlLNH� RQ� S}KLP}WWHOLVHOW� Y}LPDOLN� NDVXWDGD� ND� Y}UJX�
WlSVHPDNV� DUYXWDPLVHNV�� 6HHMXXUHV� HL� NDVXWDWD� DUYXWXVOLNNH� NRRUPXVL� MD�
Y}LPVXVHG�LJD�V}OPH�S}LNMXKWLYXVHV�PllUDWDNVH�DUYXWXVH�NlLJXV�WHJHOLNX�SLQJH�
MlUJL��6WDDWLOLVWH�NDUDNWHULVWLNXWH�MD�WHJHOLNH�SLQJHWH�DOXVHO�OHLWDNVH�ND�WlSVHPDG�
V}OPHNRRUPXVHG��
�
���� -$27869®5*8��$5987$0,1(�
�
-DRWXVY}UJXG� � �8 1 d �� � N9�� WDOLWOHYDG�(HVWLV� WDYDOLVHOW� DYDWXLQD� HKN� UDGLDDO�
Y}UNXGHQD��-DRWXVY}UNXGHV�RQ�VXKWHOLVHOW�SDOMX�NRRUPXVL�� LQIRUPDWVLRRQ�QHQGH�
NRKWD�RQ�DJD�SXXGXOLN� MD�HEDWlSQH��2VDOLVHOW� VHHW}WWX�SROH�ND� WDUYLGXVW� WlSVHWH�
DUYXWXVPHHWRGLWH�MlUHOH��-DRWXVY}UNXGH�DUYXWDPLVHO�WHKDNVH�WDYDOLVHOW�MlUJPLVHG�
OLKWVXVWXVHG��
x� (L� DUYHVWDWD� OLLQLGH� S}LNMXKWLYXVL�� 6HH� OLKWVXVWXV� HL� NDKMXVWD�ROXOLVHOW� MDRWXV�
Y}UJX��8 1 d ����N9��VHLVXQGL��DUYXWXVWXOHPXVL��

x� (L� DUYHVWDWD� WUDIRGH� S}LNMXKWLYXVL�� 7UDIRGH� UDXDVNDGXVLG� DUYHVWDWDNVH� DLQXOW�
Y}UJX�DNWLLYNDGXGH�MD�HQHUJLDNDGXGH�PllUDPLVHO��

x� (L�DUYHVWDWD�SLQJHODQJX�ULVWNRPSRQHQWL���S�������6HHJD�OHLWDNVH�SLQJHNDGX�NXL�
SLQJHODQJX�SLNLNRPSRQHQW����������

x� 9}LPVXV��MD�SLQJHNDRG����������������������������DUYXWDWDNVH�QLPLSLQJH�MlUJL��
x� +DUXGH�Y}LPVXVYRRJXGH�DUYXWDPLVHO�HL�DUYHVWDWD�Y}LPVXVNDGXVLG��
x� .DDEHOOLLQLGH�SXKXO�HL�DUYHVWDWD�QHQGH�LQGXNWLLYWDNLVWXVL��
x� -DRWXVY}UNXGH�DUYXWDPLVHO�HL�DUYXWDWD�N}LJL�V}OPHGH�SLQJHLG���2OXOLQH�RQ�
NRQWUROOLGD�DLQXOW�HNVWUHHPVHWH���QlLWHNV�N}LJH�NDXJHPDWH�WDUELMDWH��MD�P}QH�
WlKWVDPD�V}OPH�SLQJHW���
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9}UJX�KDUXY}LPVXVWH�DUYXWDPLQH�
.XL�Y}LPVXVNDGXVLG�HL�DUYHVWDWD��VDDE�Y}LPVXVHG�UDGLDDOY}UJX�KDUXGHV�PllUDWD�
DQWXG� NRRUPXVY}LPVXVWH� MlUJL� .LUFKKRIIL� ,� VHDGXVH� DOXVHO�� 1lLWHNV� OHLWDNVH�
MRRQLVHO�������NXMXWDWXG�MDRWXVY}UJXV�KDUXY}LPVXVHG�MlUJPLVHOW��

�
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NXV�Y}LPVXVNDRG�OHLWDNVH�QLPLSLQJH�MlUJL��QlLWHNV�
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3LQJHWH�DUYXWDPLQH�
2OJX� DQWXG� WRLWHV}OPH� SLQJH� QLQJ� NRQWUROOLGD� WXOHE� PLQLPDDOVHLG� SLQJHLG�
Y}UJXV���-RRQLVHO�����QlLGDWXG�Y}UJXV�RQ�YDMD�OHLGD�SLQJHG��V}OPHGHV�����MD����
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NXV� � ' '8 8�� �� ��±��VXPPDDUVHG�SLQJHNDRG�LQGHNVLWHJD�QlLGDWXG�V}OPHGH��

YDKHO�
6XPPDDUQH� SLQJHNDGX� NDKH� V}OPH� YDKHO� OHLWDNVH� NXL� QHLG� V}OPL� �KHQGDYDWH�
KDUXGH�SLQJHNDGXGH�VXPPD���hOGMXKXO�VDDE�VHOOH�DUYXWDGD�YDOHPLJD��
� � � ' 68 35 4 ;

8 8 35 4 ;L L L L
LL 1

L L L L
LL

 � | �§
©̈

·
¹̧¦ ¦¦� �� � � � � � �������

NXV� � L �±��YDDGHOGDYDLG�V}OPL��KHQGDYDWH�KDUXGH�LQGHNV��
1lLWHV��MQ�������RQ�SLQJHNDR�'8�� ��SXKXO�� L  �������������MD��'8�� �SXKXO�� L  �������
�������6HHJD�VDDE�YDMDOLNXG�SLQJHNDRG�PllUDWD�YDOHPLJD���������MlUJPLVHOW��
� � � �'8 8 35 3 5 3 5 3 5 4 ; 4 ; 4 ; 4 ;
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� � � � � � � � �

.DVXWDGHV� � � .LUFKKRIIL� � ,� VHDGXVW� KDUXY}LPVXVWH�PllUDPLVHNV� MD� � VXPPDDUVH�
SLQJHNDR� �P}LVWHW� � QLQJ�SLQJHNDR� WXQWXG�YDOHPLW�NXMXO� �������Y}L� �������� VDDE�
ODKHQGDGD�PLV�WDKHV�UDGLDDOMDRWXVY}UJX�SLQJHWH�PllUDPLVH��OHVDQGHLG���
�
���� h+7/$6(/7��-$27$78'��.225086(*$��/,,1,��$5987$0,1(�
�
0DGDOSLQJH� MDRWXVY}UNXGHV�� NXV� OLLQLO� Y}LE� ROOD� SDOMX� HQDP�YlKHP� Y}UGVHLG�
NRRUPXVL� SHDDHJX� Y}UGVHWH� YDKHNDXJXVWHJD� �OLQQD� WlQDYDYDOJXVWXV��� Y}LE�
DUYXWDPLVH�OLKWVXVWDPLVHNV�OXJHGD�NRRUPXVH��KWODVHOW�MDRWDWXNV�OLLQL�Y}L�OLLQLRVD�
XODWXVHV��
9}LPVXVNDGX�
9DDWOHPH� �KWODVHOW� MDRWDWXG� NRRUPXVHJD� OLLQL� � �MQ� ���D�� SLNNXVHJD� / � �QW�
PHHWULWHV��MD�HULNRRUPXVHJD�� L ��$�P����6HOOLVH�WHRUHHWLOLVHOW��KWODVH�NRRUPXVHJD�
OLLQL�O}SXV�RQ�YRRO�����OLLQL�DOJXVHV� , L / ��MD�NDXJXVHO�� O �OLLQL�DOJXVHVW�� � �L / O� ���
.DXJXVHO�� O �ROHYDV�OLLQLHOHPHQGLV�SLNNXVHJD��GO ��RQ��Y}LPVXVNDGX��
� � � � �> @� �L / O U GO� �
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.RJX�OLLQL�Y}LPVXVNDGX�RQ�VLLV�OHLWDY�LQWHJUHHULPLVH�WHHO�
� � � � �> @ � �'3 L / O U GO U L / O U L / , U /

/
/

 �  � �   ³ � � �
�

�

�
�

�

� � � � � �������

� �
-RRQLV����� hKWODVHOW�MDRWDWXG�NRRUPXVHJD�OLLQ�

�
9}LPVXVNDR� SRROHVW� ROHNV� �KWODVH� NRRUPXVHJD� OLLQLJD� HNYLYDOHQWQH� OLLQ� �MQ�
���E��� PLOOH� NRJXNRRUPXV� , RQ� NRRQGDWXG� NDXJXVHOH� O / � � � OLLQL� DOJXVHVW�
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6LLW� LOPQHE��HW�SLQJHNDR�SRROHVW�ROHNV��KWODVH�NRRUPXVHJD�OLLQLJD�HNYLYDOHQWQH�
OLLQ���MQ����F���PLOOH�NRJX�NRRUPXV� 3 �RQ�NRRQGDWXG��OLLQL�NHVNHOH��� O / � � �����
6HH�NlLE�ND�UHDNWLLYNRRUPXVH�Y}L�YRROXQD�DQWXG�NRRUPXVH�NRKWD���
�
���� 0,70(��1,0,3,1*(*$��9®5*8��$5987$0,1(�
�
9DKHO� WXOHE� DUYXWDGD� Y}UNH�� PLV� NRRVQHYDG� HULQHYD� QLPLSLQJHJD� RVDGHVW�� 6HO��
MXKXO� NDVXWDWDNVH� DUYXWDPLVHO� NDKW� HULQHYDW� OlKHQHPLVW�� ��� WUDIRG� NXMXWDWDNVH�
LGHDDOVHW� WUDIRW� VLVDOGDYDWH� DVHVNHHPLGHQD� � �S� ����� � MQ� ������ � ��� Y}UJX� NRJX�
DUYXWXVVNHHP�WDDQGDWDNVH��KHOH�EDDVSLQJHOH�QLQJ�DVHVNHHP�LGHDDOVHLG� WUDIRVLG�
HL�VLVDOGD��
$VHVNHHP�VLVDOGDE�LGHDDOVHLG�WUDIRVLG�
9DDWOHPH�QlLWHQD�OLKWVDW�UDGLDDOY}UNX��PLV�NRRVQHE�NDKHVW�HULQHYD�QLPLSLQJHJD�
OLLQLVW�MD�QHQGHYDKHOLVHVW�WUDIRVW���MQ����D���9DVWDY�DVHVNHHP�RQ�MRRQLVHO����E��
�
�
�
�
�
�
�
�
�
�
�
�

-RRQLV��������.DKH�QLPLSLQJHJD�Y}UN���D��Y}UJX�VNHHP���
�E��DVHVNHHP�LGHDDOVH��WUDIRJD���F�������N9�SLQJHOH�WDDQGDWXG�DVHVNHHP�
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$UYXWXVNlLN� RQ� �OGMRRQWHV� DQDORRJLOLQH� � S� ���� MD� ���� WRRGXJD�� NXV� DUYXWXV�
WRLPXV�VDPP�VDPPXOW�±��KDUXOW�KDUXOH�MD�V}OPHOW�V}OPHOH��$LQVDNV�HULQHYXVHNV�
RQ� LGHDDOVH� WUDIR� OLVDQGXPLQH� V}OPHGH��� MD���YDKHOH� �MQ����E��� ,GHDDOVHO� WUDIRO�
SXXGXE� Y}LPVXVNDGX� MD� LGHDDOVHW� WUDIRW� OlELY� Y}LPVXVYRRJ� HL� PXXWX� ±�
Y}LPVXVHG� LGHDDOVH� WUDIR� VLVHQGLV� MD� YlOMXQGLV� RQ� Y}UGVHG�� 6}OPHGH� �� MD� ���
SLQJHG�RQ�DJD�RPDYDKHO�VHRWXG�WUDIR��OHNDQGHVXKWHJD�
� � � 8 8

N 8 N8 N 8
8

1

1
�

�
� �

�

�
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0XXV�RVDV�HL�HULQH�DUYXWXV�PLOOHJL�SRROHVW�S������MD�������YDDGHOGXVW��
$UYXWXVVNHHP�WDDQGDWDNVH��KHOH�EDDVSLQJHOH�
.XLJL� EDDVSLQJHNV� Y}LE� ROOD� S}KLP}WWHOLVHOW� PLV� WDKHV� SLQJH�� RQ� RWVWDUEHNDV�
Y}WWD� VHOOHNV� Y}UJX� VHOOLVH� RVD� QLPLSLQJH�� PLOOH� SXKXO� WDDQGDPLVHJD� VHRWXG�
RSHUDWVLRRQLGH�PDKW�RQ�PLQLPDDOQH���
-RRQLVHO�����F��NXMXWDWXG�VNHHPL�SXKXO�RQ����N9�OLLQL�WDNLVWXV�MD�V}OPH�����SLQJH�
WDDQGDWXG�����N9�SRROHOH�
� � � = N = 8 N8W W

�
�

� � �  �
�6HOOHJD� RQ� NRJX� DUYXWXVVNHHP� WDDQGDWXG� SLQJHOH� ���� N9� MD� HGDVLQH� DUYXWXV�
WRLPXE�QDJX��KH�QLPLSLQJHJD�Y}UJXV���.XL�DUYXWXVH�WXOHPXVHNV�RQ�DJD��QlLWHNV�
ND�V}OPH���SLQJH�� � VLLV�VDDGDNVH�VHH�HVLDOJX� ORRPXOLNXOW� WDDQGDWXQD�����N9�OH�
QLQJ��WHJHOLN�SLQJH�OHLWDNVH�VHHMlUHO�WHKWHJD��8 8

N
W

�
� ���

�
���� 5,1*/,,1,��$5987$0,1(�
�
5LQJOLLQLNV�QLPHWDWDNVH��KH�VXOHWXG�NRQWXXUL�MD��KH�WRLWHV}OPHJD�Y}UNX��6HH�RQ��
OLKWVDLP� VXOHWXG� Y}UN�� � -RRQLVHO� � ���D� WRRGXG� ULQJOLLQLJD� HOHNWULOLVHV� P}WWHV��
HNYLYDOHQWQH� RQ�NDKHSRROVH� WRLWHJD� OLLQ� WRLWHV}OPHGH� �Y}UGVHWH�SLQJHWH�SXKXO��
8 8 8$ %  � ���MQ����E����6HH�NDKHSRROVH�WRLWHJD�OLLQ�VDDGL�ULQJOLLQL�WRLWHV}OPH��
���P}WWHOLVH�O}KHVWDPLVH�WHHO��PLV�HL�PXXGD�Y}UJX�HOHNWULOLVW�VHLVXQGLW���
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9}LPVXVWH�MDJXQHPLVH�DUYXWDPLQH�
9DDGHOGDYDV�Y}UJXV�SROH�KDUXY}LPVXVL�Y}LPDOLN�HQDP�OHLGD�DLQXOW�.LUFKKRIIL�,�
VHDGXVH�DOXVHO�QDJX�UDGLDDOY}UJXV�����������������NXQD�RWVLWDYDWH�KDUXY}LPVXVWH�
DUY�RQ�VXXUHP�Y}UUDQGLWH�DUYXVW��$ELNV�WXOHE�Y}WWD�ND�.LUFKKRIIL�,,�VHDGXV���PLV�
Y}LPDOGDE��NRRVWDGD�WlLHQGDYD�Y}UUDQGL��±��NRQWXXUY}UUDQGL��

� �
-RRQLV�������5LQJOLLQ�MD�HNYLYDOHQWQH�NDKHSRROVH�WRLWHJD�OLLQ��8 8$ % ��

�
9DOLGHV� HVLDOJX� WXQGPDWXWH� KDUXYRROXGH� PHHOHYDOGVHG� SRVLWLLYVHG� VXXQDG�
MRRQLVHO����D���QlLGDWXG�YLLVLO���Y}LE�NRRVWDGD�NRQWXXUY}UUDQGL�
� � � � � � � �� � � � � � � �, = , = , = , =� � �  � � � � � � � � � �������
(W� PLWWH� ODKHQGDGD� W�OLNDW� PLWWHOLQHDDUVHW� Y}UUDQGLV�VWHHPL�� RQ� RWVWDUEHNDV�
NDVXWDGD� SUDNWLOLVW� OLJLNDXGVHW� NDKHHWDSLOLVW� DUYXWXVPHHWRGLW�� 6HOOH� NRKDVHOW�
OHLWDNVH� HVLDOJX� Y}LPVXVWH� MDJXQHPLQH� QLPLSLQJH� DOXVHO�� V�R� Y}LPVXVNDGXVLG�
DUYHVWDPDWD��QLQJ�DUYXWXVH�WHLVHO�HWDSLO�OLVDWDNVH�Y}LPVXVNDRG��
9}LPVXVWH�MDJXQHPLVH�OLJLNDXGQH��DUYXWDPLQH�Y}LPVXVNDGXVLG�
DUYHVWDPDWD�
.RUUXWDGHV� � ������� � SRROL� QLPLSLQJHJD� 8 1 � MD� Y}WWHV� �, 8 6M 1 M 
 � �� VDDE�
OLJLNDXGVH��NRQWXXUY}UUDQGL�Y}LPVXVWH�NXMXO�
� � � 6 = 6 = 6 = 6 =� � � � � � � � �
 
 
 
� � �  �
0LQQHV� �OH� RWVLWDYDWHOH� NRPSOHNVVXXUXVWHOH� MD� OLVDGHV� V}OPHY}UUDQGLG�� VDDE�
QHOMDVW� NRPSOHNVY}UUDQGLVW� NRRVQHYD� Y}UUDQGLV�VWHHPL� QHOMD� NRPSOHNVVXXUXVH�
OHLGPLVHNV�
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NXV� = %�� �±�VXPPDDUQH�WDNLVWXV�V}OPHVW���V}OPHQL��%��MQH��
$QDORRJLOLVHOW� OHLWDNVH� WRLWHV}OPHVW�%�YlOMXY�Y}LPVXV� 6 � ��3ROH�UDVNH��OGLVWDGD��
YDOHPLW� ������� PLV� WDKHV� DUYX� NRRUPXVWHJD� ULQJOLLQLOH� Y}L� Y}UGVHWH� WRLWH�
SLQJHWHJD�NDKHSRROVH�WRLWHJD�OLLQLOH�QLQJ�VDDGD�YDOHPLG�WRLWHV}OPHGHVW�YlOMXYDWH�
Y}LPVXVWH�PllUDPLVHNV�
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9DOHPLWHV� RQ� PXUUX� OXJHMDV� V}OPHNRRUPXVWH� HOHNWULOLVWH� PRPHQWLGH� VXPPD�
RWVLWDYDOH�Y}LPVXVHOH�YDVWDVWRLWHV}OPH�VXKWHV��MD��PXUUX�QLPHWDMDV�WRLWHV}OPHGH�
YDKHOLQH�VXPPDDUQH�WDNLVWXV��.}LN�WDNLVWXVHG�RQ�YDOHPLWHV�NDDVNRPSOHNVLGHQD��
.XQD�NDGXVLG�SROH�DUYHVWDWXG��SHDE�}LJHVWL�DUYXWDWXG�Y}LPVXVWH�VXPPD�ROHPD�
Y}UGQH�V}OPHNRRUPXVWH�VXPPDJD��
� � � 6 6 V$ % L

L
�  ¦ � � � � � � � � � � � � � � � � � � � � �������

.}LJL��OHMllQXG�KDUXGH�Y}LPVXVHG� OHLWDNVH� WRLWHV}OPHGHVW�YlOMXYDWH�Y}LPVXVWH�
NDXGX�.LUFKKRIIL�,�VHDGXVH�S}KMDO���YW�QW����������
.XL� RQ� YDMD� OHLGD� WlSVHPDW� Y}LPVXVNDGXVLG� DUYHVWDYDW� Y}LPVXVWH� MDJXQHPLVW��
OHLWDNVH�VHH�DUYXWXVH�WHLVHV�HWDSLV��
9}LPVXVNDGXGH�OLJLNDXGQH�DUYHVWDPLQH�
6HOOHNV�Y}LE�NDVXWDGD�MlUJPLVW�NRUUHNWVH�WHRUHHWLOLVH�W}HVWXVHWD�PHHWRGLW��PLV�RQ�
HQG� SUDNWLNDV� VLLVNL� }LJXVWDQXG�� 3lUDVW� Y}LPVXVWH� MDJXQHPLVH� OLJLNDXGVHW�
PllUDPLVW�OHLWDNVH�Y}LPVXVWH�ODKXSXQNW��6HH�RQ�NRRUPXVV}OP��NXKX�Y}LPVXV�
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P}OHPDOW�SRROW� VXXQGXE��.XL�QlLWHNV�ROHWDGD�� HW� YDDGHOGXG� ULQJOLLQL�Y}L�NDKH�
SRROVH� WRLWHJD� OLLQL� Y}LPVXVHG� MD� QHQGH� WHJHOLNXG� VXXQDG�� PLV� OHLWL� Y}LPVXV�
NDGXVLG� DUYHVWDPDWD�� YDVWDYDG� MRRQLVHOH� ���D�� VLLV� RQ� ODKXSXQNWLNV� V}OP� ����
/}KHVWDPH�P}WWHV�Y}UJX�ODKXSXQNWLV�NDKHNV�DYDWXG���UDGLDDO�RVDNV�QLL��HW�Y}UJX�
HOHNWULOLQH� VHLVXQG� HL�PXXWX� � �MQ� ���E��� � (GDVL� OHLWDNVH� VDDGXG� UDGLDDOY}UNXGH�
KDUXGHV� OLJLNDXGVHOW� Y}LPVXVNDRG� MD� OLVDWDNVH� QHHG� HVLDOJVHWHOH� KDUX�
Y}LPVXVWHOH��QDJX�VRRYLWDWL�MDRWXVY}UJX�KDUXY}LPVXVWH�PllUDPLVHO���S�������

�
-RRQLV� ���� � � � .DKHSRROVH� WRLWHJD� OLLQL� Y}L� ULQJOLLQL� ³O}KHVWDPLQH´� Y}LPVXVWH�
ODKXSXQNWLV�
�
���� .$+(322/6(��72,7(*$��/,,1,��$5987$0,1(�
�
hOGMXKXO�SROH�NDKHSRROVH�WRLWHJD�OLLQL�WRLWHV}OPHGH��QlLWHNV�HUDOGL�DODMDDPDGH��
SLQJHG�Y}UGVHG�8 8$ %z ��/LJLNDXGVHO�DUYXWDPLVHO�NDVXWDWDNVH�VLLQ�Y}LPVXVWH�
MDJXQHPLVH� OHLGPLVHNV� VXSHUSRVLWVLRRQLSULQWVLLSL�� 9DVWDYDOW� VHOOHOH� OHLWDNVH�
WRLWHV}OPHGHVW�YlOMXYDG�Y}LPVXVHG�RVDOLVHOW�QDJX�HHOPLVHV�SXQNWLV�WRLWHV}OPHGH�
Y}UGVHWH�SLQJHWH�SXKXO�����������QLQJ�OLLGHWDNVH�QHLOH�WlLHQGDY�WDVDQGXVY}LPVXV��
7RLWHV}OPHGH� SLQJHWH� HULQHYXVHVW� WLQJLWXG� WDVDQGXVYRRO� WRLWHV}OPH� $ � SRROW�
WRLWHV}OPH�% �VXXQDV�OHLWDNVH�2KPL�VHDGXVH�MlUJL�
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9}LPVXVHG� WHLVWHV� KDUXGHV� OHLWDNVH� QDJX� HHVSRROJL� WRLWHV}OPHGHVW� YlOMXYDWH�
Y}LPVXVWH�MD�.LUFKKRIIL�,��VHDGXVH�MlUJL����
.D� YDOHPLG� ������� HL� DUYHVWD� Y}LPVXVNDGXVLG�� 7lSVHPD� WXOHPXVH� VDDPLVHNV�
Y}LE�Y}LPVXVNDRG�OLVDGD��S������YDDGHOGXG�OLJLNDXGVH�PHHWRGLJD��
9}UUHOGHV�NDKHV�YLLPDVHV�SXQNWLV�VDDGXG�WXOHPXVL��RQ�QlKD��HW�YDOHPLG���������
NXMXWDYDG� HQGDVW� �OGLVHPDWH� YDOHPLWH� � ������� � HULMXKWX�� � NXV� � WRLWHV}OPHGH�
SLQJHG�RQ�Y}UGVHG���8 8$ %�  � ��
�
���� 6,/0869®5*8��$5987$0,1(�
�
6LOPXVY}UJXNV� QLPHWDWDNV� PLWPH� VXOHWXG� NRQWXXULJD� Y}UNX�� 6HOOLVH� Y}UJX�
DUYXWDPLQH�RQ�VXKWHOLVHOW�W||PDKXNDV�MD�Q}XDE�DUYXWLW��YW�S������
,OPD� DUYXWL� MD� HOHNWULV�VWHHPL� Y}L� �Y}UJX� S�VLWDOLWOXVH� DUYXWXVSURJUDPPLWD� RQ�
UHDDOQH�DLQXOW�P}QHVW�NRQWXXULVW�NRRVQHYD�VLOPXVY}UJX�OLJLNDXGQH�DUYXWDPLQH��
PLOOHNV� RQ� HGXNDOW� NDVXWDWXG� NRQWXXUY}UUDQGLWH� Y}L� Y}UJX� WHLVHQGXV�� � HKN��
WUDQVILJXUDWVLRRQLPHHWRGLW��
.RQWXXUY}UUDQGLWH�PHHWRG�
.D� VLLQ� QDJX� S� ���� RQ� RWVWDUEHNDV� NDVXWDGD� OLJLNDXGVHLG� OLQHDDUVHLG� NRQWXXU�
Y}UUDQGHLG�� PLV� NRRVWDWDNVH� .LUFKKRIIL� ,,� VHDGXVH� MlUJL� Y}LPVXVWH� NXMXO���
-RRQLVHO� � ���� RQ� NXMXWDWXG� VHLWVPH� KDUX�� � QHOMD� V}OWXPDWX� V}OPH� MD� NROPH�
V}OWXPDWX�NRQWXXULJD�VLOPXVY}UN���
(OHNWURWHKQLND�S}KLDOXVWHVW�RQ� WHDGD�� �HW� V}OWXPDWXWH�V}OPHGH�DUY� � Q � �RQ� ��KH�
Y}UUD�YlLNVHP�VNHHPL�N}LNLGH�V}OPHGH�DUYXVW�� 1 ���
� � � �Q 1 � �� � � � � � � � � � � � � � � � � � � � � � �������
MD�V}OWXPDWXWH�NRQWXXULGH�DUY�� N � �RQ�PllUDWXG�KDUXGH�DUYX��P � �MD�V}OWXPDWXWH�
V}OPHGH�DUYXJD��
� � � N P Q P Q N �  � � � � � � � � � � � � � � � � � �������
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� � � � � � � � � � -RRQLV��������6LOPXVY}UN�
�
6NHHPLV� �MQ� ����� N  � � MD� Q  � �� PLV� Y}LPDOGDE� NRRVWDGD� �� NRQWXXUY}UUDQGLW�
QLQJ���V}OPHY}UUDQGLW��6HHJD�VDDE���RWVLWDYD�KDUXY}LPVXVH�OHLGPLVHNV�NRRVWDGD�
NRNNX������ ����Y}UUDQGLW�

� � �
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�
$VHQGDGHV� V}OPHY}UUDQGLWHVW� �� RWVLWDYDW� NRQWXXUY}UUDQGLWHVVH�� VDDE� NROP�
Y}UUDQGLW� NROPH� RWVLWDYDJD� QlLWHNV� 6 6 6� � �� � �� 9DVWDYDOW� NRQWXXUY}UUDQGLWH�
PHHWRGLOH� QLPHWDWDNVH� MXVW� QHLG� Y}UUDQGHLG� NRQWXXUY}UUDQGLWHNV� MD� DOOHV�
MllQXG� HKN� HOLPLQHHULPDWD� RWVLWDYDLG� NRQWXXUY}LPVXVWHNV�� /DKHQGDGHV�
NRQWXXUY}UUDQGLWH� V�VWHHPL� QLQJ� SDQQHV� ODKHQGLG� V}OPHY}UUDQGLWHVVH�� RQ�
OHLWDYDG�N}LN�KDUXY}LPVXVHG����
6DDGXG�Y}LPVXVWH�MDJXQHPLQH�HL�DUYHVWD�Y}LPVXVNDGXVLG���9}LPVXVNDGXVLG�RQ�
Y}LPDOLN� OLVDGD� OHLWXG� OLJLNDXGVHWHOH� Y}LPVXVWHOH� DODWHV� ODKXSXQNWLGHVW� � �YW� S�
������
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9}UJX�WHLVHQGXVPHHWRG�
7HLVHQGXVPHHWRGL� NRKDVHOW� WRLPXE� VLOPXVY}UJX� Y}LPVXVWH� MDJXQHPLVH�
DUYXWDPLQH��NROPHV�HWDSLV��
��� (VLDOJVH� Y}UJXVNHHPL� WHLVHQGDPLQH� OLKWVDPDOH� NXMXOH� QlLWHNV� NDKHSRROVH�

WRLWHJD� OLLQLNV�� 6HOOHNV� NDVXWDWDNVH� HOHPHQWDDUVHLG� WHLVHQGXVY}WWHLG� QDJX�
U||SKDUXGH�HNYLYDOHQWHHULPLQH��NROPQXUJD�WHLVHQGDPLQH�WlKHNV��WlKH�WHLVHQ�
GDPLQH�NROPQXUJDNV��MD�NRRUPXVWH��OHNDQGPLQH�WHLVWHVVH�V}OPHGHVVH��

��� 9}LPVXVWH� MDJXQHPLVH� OHLGPLQH� OLKWVDV� VNHHPLV� �NDKHSRROVH� WRLWHJD� OLLQLV���
YW��S�������

��� 9}LPVXVWH�MDJXQHPLVH�OHLGPLQH�Y}UJX�HVLDOJVHV�VNHHPLV��
0HHWRG�RQ� OLJLNDXGQH��NXLG� VRELY�NlVLWVL� DUYXWXVHNV��NXQD�DUYXWXVH� HWDSSH�RQ�
Y}LPDOLN� VDPP�VDPPXOW� NRQWUROOLGD�� 0HHWRGLW� NlVLWOHWDNVH� OlKHPDOW� PLWPHV��
�HULWL�YDQHPDWHV��HOHNWULY}UNXGH�}SLNXV��
�
���� 9®5*8��/,*,.$8'1(��$5987$0,1(��/®+(67860((72',/�
�
6LOPXVY}UJX� NRQWXXUY}UUDQGLV�VWHHPL� SUDNWLOLVHO� ODKHQGDPLVHO�PLQQDNVH� WDYD�
OLVHOW� NRPSOHNVY}UUDQGLWHOW� �OH� UHDDOY}UUDQGLWHOH�� .RPSOHNVY}UUDQGHLG� ��������
Y}LE��OGMXKXO�HVLWDGD�NXMXO���
� � � 6 =L L

L
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6HHJD�VDDGDNVH� LJDVW�NRPSOHNVY}UUDQGLVW�NDNV� UHDDOY}UUDQGLW� MD�Y}UUDQGLWH�DUY�
Y}UUDQGLV�VWHHPLV� NDKHNRUGLVWXE�� 6DPXWL� NDKHNRUGLVWXE� RWVLWDYDWH� DUY� ±� LJD�
NRPSOHNVPXXWXMD�� 6 L ��DVHPHOH�WXOHYDG�WHPD�NRPSRQHQGLG�� 3L ��MD��4L ���
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.XL� HHOGDGD�� HW� Y}UN� NRRVQHE� MXKWPHWH� �KHVXJXVH� ULVWO}LNH� MD� SDLJXWXVHJD�
OLLQLGHVW��VLLV�RQ�OLLQLGH�HULWDNLVWXVHG� � U [� �N}LNLGHO� OLLQLGHO�VDPDG�QLQJ�OLLQLGH�
WDNLVWXVHG�RQ�Y}UGHOLVHG�QHQGH�SLNNXVWHJD�
� � � 5 U O ; [ OL L L L  �
3DQQHV��QHHG�DYDOGLVHG�Y}UUDQGLWHVVH�����������VDDE�

� � � ¦ ¦
¦¦

 �
 �

L L
LLLL

L
LLL

L
L

O4UO3[
O4[O3U

�
�
�

1HLG�Y}UUDQGHLG�UDKXOGDE�DLQXOW�WXOHPXV�

� � �
3 O
4 O

L L
L

L L
L

¦
¦

 
 
�
� � � � � � � � � � � � � � � � � � � � � � � ���������

9}UUHOGHV� Y}UUDQGHLG� � ������� � Y}UUDQGLWHJD� � �������� QlHE�� HW� Y}UUDQGLG� � �������
VLVDOGDYDG� �KLVHLG� RWVLWDYDLG� MD� QHLG� WXOHE� ODKHQGDGD� NRRV��9}UUDQGLG� � �������
DJD� HL� VLVDOGD� �KLVHLG� PXXWXMDLG� MD� QHLG� VDDE� ODKHQGDGD� V}OWXPDWXOW�� � 0LWPH�
VXOHWXG� NRQWXXULJD� Y}UJX� NRQWXXUY}UUDQGLV�VWHHP� O}KHQHE� VHHJD� NDKHNV�
DOOV�VWHHPLNV�±��NV�DNWLLYY}LPVXVWH��WHLQH�UHDNWLLYY}LPVXVWH�MDJXQHPLVH�DUYXWD�
PLVHNV�� .DKH� VHOOLVH� DOOV�VWHHPL� ODKHQGDPLQH� RQ� PlUNVD� YlLNVHPD� W||PDKX�
NXVHJD� NXL� �KH�� NXLG� NDNV� NRUGD� VXXUHPD�Y}UUDQGLWH� DUYXJD�Y}UUDQGLV�VWHHPL�
ODKHQGDPLQH�� 6HHW}WWX� NDVXWDWDNVH� VHOOLVW� Y}UUDQGLV�VWHHPL� O}KHVWXVPHHWRGLW�
VDJHOL�Y}LPVXVWH�MDJXQHPLVH�NLLUHNV�OLJLNDXGVHNV�PllUDPLVHNV�ND�PLWWH�KWOLNHV�
Y}UNXGHV��(OHNWULY}UNXGH�SURMHNWHHULPLVHO��NXV�MXKWPHWH�ULVWO}LJHWH�YDOLNXNV�RQ�
YDMD� WHDGD� Y}LPVXVYRRJH� SURMHNWHHULWDYDWHV� OLLQLGHV�� Y}LPDOGDENL� O}KHVWXV�
PHHWRG� HVLDOJVHOW� KLQQDWD� Y}LPVXVL�� OlKWXGHV� DLQXOW� OLLQLGH� WHDGDROHYDWHVW�
SLNNXVWHVW���
7XOHPXVHG� SROHJL� YlJD� VXXUH� YHDJD�� NXQD� WLQJLWXQD� OLLQLGH� HULWDNLVWXVH� [ �
YlLNVHVW�WXQGOLNNXVHVW�MXKWPH�ULVWO}LNHOH��S������RQJL�OLLQLGH�LQGXNWLLYWDNLVWXVHG�
OLJLNDXGX�Y}UGHOLVHG�OLLQLGH�SLNNXVWHJD���
9DDGHOGXG� O}KHVWXVPHHWRG� VHLVQHE� Y}UUDQGLV�VWHHPL� O}KHVWDPLVHV� NDKHNV�
DOOV�VWHHPLNV� MD�SROH�PLQJLO� MXKXO� Y}UUDQGLV�VWHHPL� HQGD� ODKHQGXVPHHWRG���
6DDGXG� DOOV�VWHHPLGH� ODKHQGDPLVHNV� WXOHE� NDVXWDGD� Y}UUDQGLV�VWHHPL� WXQWXG�
ODKHQGXVPHHWRGHLG���
9}UUHOGHV� Y}UUDQGHLG� ������� � MD� �������� PlUNDE� QHQGH� VDUQDVXVW�� � 6HHJD� VDDE�
HHVSRRO� YDDGHOGXG� ODKHQGXVPHHWRGHLG� MD� YDOHPHLG� NDVXWDGD��$NWLLYY}LPVXVWH�
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MDJXQHPLVH� DOO�OHVDQGHV� WXOHE� NRPSOHNVY}LPVXVWH� DVHPHO� Y}WWD� DNWLLY�
Y}LPVXVHG� MD� NDDVNRPSOHNVWDNLVWXVWH� DVHPHO� OLLQLGH� SLNNXVHG�� 5HDNWLLY�
Y}LPVXVWH� MDJXQHPLVH� DOO�OHVDQGHV� DVHQGDWDNVH� NRPSOHNVY}LPVXVHG� UHDNWLLY�
Y}LPVXVWHJD�� 9}UUDQGLWH� NRRVWDPLVHNV� MD� ODKHQGDPLVHNV� Y}LE� DJD� NDVXWDGD�
QlLWHNV� HHVSRRO� YDDGHOGXG� NRQWXXUY}UUDQGLWH� PHHWRGLW�� $OO�OHVDQGHLG� ODKHQ�
GDWDNVH�HGXNDOW�ND�WHLVHQGXVPHHWRGLO���S������� �
�


