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3HDW�NLV�YDDGHOGDNVH�NHHUXNDPDWH�VXOHWXG�HKN�VLOPXVY}UNXGH�DUYXWDPLVH�S}KL�
P}WWHLG��HHOGDGHV�DUYXWLWH�NDVXWDPLVW��6HHMXXUHV�WXOHE�DUYHVWDGD��HW�WHJHOLNXOW�RQ�
Y}UJX� S�VLVHLVXQGL� DUYXWDPLVH� �OHVDQGHG� WLQJLWXQD� Y}UNXGH� NHHUXNXVHVW� MD�
Y}UUDQGLWH�PLWWHOLQHDDUVXVHVW�Y}UGOHPLVL�UDVNHG�MD�W||PDKXNDG��6HOOLVWH�Y}UNXGH�
DUYXWDPLVHNV� YDMDOLNH� MD� NDVXWDMDWH� �KD�NDVYDYDLG�Q}XGHLG� UDKXOGDYDWH� DUYXWL�
SURJUDPPLGH� NRRVWDPLQH� RQ� �VQD� W||PDKXNDV�� 6HH� RQ� M}XNRKDQH� DLQXOW� YlJD�
VXXUWH�NRJHPXVWHJD�VSHWVLDOLVWLGH�NROOHNWLLYLOH��
6LLQ� SLLUGXWDNVH� PHWRRGLOLVWHVW� NDDOXWOXVWHVW� OlKWXGHV� VLOPXVY}UNXGHJD�� PLOOHV�
VXOHWXG� NRQWXXULG� NRRVQHYDG� DLQXOW� VDPD� QLPLSLQJHJD� HOHPHQWLGHVW�� V�R� NRQ�
WXXULG�HL�VLVDOGD�WUDIRVLG���6HH�RQ�VDPD�NXL��HHOGDGD���HW�HOHPHQWLGH�SDUDPHHWULG�
RQ� WDDQGDWXG� �KHOH� MD� VDPDOH� SLQJHOH� QLQJ� NRQWXXULGHV� SXXGXYDG� HOHNWUR�
PRWRRUM}XG�� 0XLG� NLWVHQGDYDLG� Q}XGHLG� W||PDKXNXVH� MD� VXOHWXG� NRQWXXULGH�
DUYX�VXKWHV�HL�HVLWDWD��
(QDP�OHYLQXG�PHHWRGLNV�NHHUXNDWH�VLOPXVY}UNXGH�DUYXWDPLVHO�RQ�V}OPHSLQJH�
PHHWRG��3}KMXVHNV�RQ�P}LVWOLN�NRPSURPLVV�Y}UUDQGLWH�DUYX�MD�NHHUXNXVH�YDKHO���
(OHNWULY}UJX� S�VLVHLVXQGL� DUYXWDPLVHNV� YDMDOLNX� DUYXWLSURJUDPPL� XQLYHUVDDO�
VXVH� KXYLGHV� RQ� YDMDOLN�� HW� ND� �OHVDQQH� ROHNV� XQLYHUVDDOVH� S�VWLWXVHJD�� ROHNV�
IRUPDOLVHHULWXG��6HHMXXUHV�RQ�WlQXYllUVHNV�PDWHPDDWLOLVHNV�YDKHQGLNV�PDDWULNV�
DOJHEUD�� PLV� Y}LPDOGDE� YlJD� NRPSDNWVHOW� MD� �OHYDDWOLNXOW� NlVLWOHGD� PLV� WDKHV�
PDKXJD�Y}UUDQGLV�VWHHPH���
hKHNV� IRUPDOLVHHULPLVH� Y}WWHNV� RQ� ND� HWWHDQWXG� NRRUPXVHJD� WRLWHDOOLNDWH� MD�
WDUELMDWH�PLWWHHULVWDPLQH���V�R��QHQGH�NXMXWDPLQH�NRQVWDQWVHWH�V}OPHY}LPVXVWHQD�
�PLWWHOLQHDDUQH� �OHVDQQH�� Y}L� NRQVWDQWVHWH� V}OPHYRROXGHQD� �OLQHDDUQH� �OHV�
DQQH��� 6HOOLVW� V}OPH� QLPHWDWDNVH� ODLHPDV� P}WWHV� NRRUPXVV}OPHNV� �YW� S� ������
)RUPDDOQH�HULQHYXV�WRLWHDOOLND�MD�WDUELMD�YDKHO�VHLVQHE�VLLV�NRRUPXVH�DUYYllUWXVH�
VXXQDPlUJLV�� (GDVSLGL� ORHPH� �NRNNXOHSSHOLVHOW�� YlOMDVWSRROW� V}OPH� VLVHQHYD�
Y}LPVXVH� Y}L� YRROX� �WRLWHDOOLNDV�� WRLWHV}OP�� � SRVLWLLYVHNV� QLQJ� Y}UJXVW� V}OPH�
NDXGX�YlOMXYD�Y}LPVXVH�Y}L�YRROX��WDUELMD�NRRUPXV��QHJDWLLYVHNV�NRRUPXVHNV��
)RUPDDOVHO� NlVLWOXVHO� NXMXWDPH� MRRQLVHO� �OGMXKXO� N}LNL� V}OPHNRRUPXVL�
SRVLWLLYVH�VXXQDJD���YlOMDVWSRROW�V}OPH�VLVHQHYDWHQD���
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/LKWVXVH� P}WWHV� YDDWOHPH� Y}UNH�� � PLV� VLVDOGDYDG� DLQXOW� �KW� �KLVW� EDODQVL�� MD�
EDDVV}OPH��V}OP�����QQ�WXJLV}OPH��S�������.}LN��OHMllQXG�V}OPHG�RQ�NRRUPXV�
V}OPHG� �PDWHPDDWLOLVHV� P}WWHV� V}OWXPDWXG� V}OPHG�� �OGMXKXO� MlUMHNRUUD�
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/lKWXGHV� S� ���� HHOGXVWHVW�� WXOHE� NRRVWDGD� V}OPHY}UUDQGLG� Y}UJX� N}LJLOH�
NRRUPXVV}OPHGHOH��-RRQLVHO�����RQ�Y}UJX�NRRUPXVV}OPH�� L �VNHHP��NXV� - L �RQ�
V}OPHYRRO�� � < L

V � V}OPH� L � MXXUGH� NXXOXYDWH� S}LNKDUXGH� VXPPDDUQH� MXKWLYXV�
�V}OPHJD� �KHQGDWXG� OLLQLGH� SRROHG� MXKWLYXVHG� MD� V}OPHV� �OHVVHDWXG�
NRQGHQVDDWRUSDWDUHL�Y}L��S}LNUHDNWRUL�MXKWLYXVHG���
�
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1LL�VDDE�NRRVWDGD�Y}UUDQGLG�Y}UJX�N}LJL�V}OWXPDWXWH��V}OPHGH�MDRNV��QLQJ�OHLGD�
Y}UUDQGLV�VWHHPL�ODKHQGDPLVH�WHHO�RWVLWDYDG�V}OPHSLQJHG��(GDVL�OHLWDNVH�2KPL�
VHDGXVH�MlUJL�N}LN�KDUXYRROXG��QLQJ�VHHMlUHO�ND�Y}LPVXVHG����
6}OPHY}UUDQGLWHVW� ������ Y}L� ������ NRRVQHYD� Y}UUDQGLV�VWHHPL� RQ� �OHYDDWOLNXP�
PDDWULNVNXMXO�� � 9DDWOHPH� MRRQLVHO� ���� NXMXWDWXG� VLOPXVY}UNX�� 6}OP� �� RQ�
WXJLV}OP��V}OPHNRRUPXVW�HWWH�HL�DQWD��WHDGD�RQ�DJD�SLQJH�8 � ����6}OPHY}UUDQGLG�
V}OPHGHOH������������MD�����Y}LE�NRRVWDGD�NXMXO�
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6XOJXGHV�ROHYDLG�VXPPDDUVHLG�MXKWLYXVL�QLPHWDWDNVH�V}OPHGH�RPDMXKWLYXVHNV���
6}OPH� RPDMXKWLYXVHO� RQ� RWVHQH� I��VLNDOLQH� VLVX� ±� V}OPHJD� YDKHWXOW� VHRWXG�
KDUXGH� MXKWLYXVWH� VXPPD� �VXPPDVVH� NXXOXE� ND� V}OPH� S}LNMXKWLYXV��� .DKH�
V}OPH� YDVWDVWLNXVHNV� MXKWLYXVHNV� QLPHWDWDNVH� QHLG� V}OPL� YDKHWXOW� �KHQGDYD�
KDUX�YDVWDVPlUJLJD�MXKWLYXVW��PLV��OGMXKXO�RQ���
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7lKLVWDGHV� V}OPHGH� RPDMXKWLYXVHG� YDVWDYD� V}OPH� NDKHNRUGVH� LQGHNVLJD�� Y}LE�
Y}UUDQGHLOH�������DQGD��OHYDDWOLNXPD�NXMX�
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9}UUDQGLV�VWHHPL�������NDKHV�HVLPHVHV�Y}UUDQGLV�SXXGXYDG�RWVLWDYDW�8 � ��VLVDO�
GDYDG�OLLNPHG�VHHW}WWX��HW�VNHHPLV���MQ�������SXXGXYDG�V}OPHSDDUH����±����MD����±�
�� �KHQGDYDG� KDUXG�� -lUHOLNXOW� RQ� YDVWDVWLNXVHG� MXKWLYXVHG� < <�� �� �  ���
6DPDO� S}KMXVHO� SXXGXE� QHOMDQGDV� Y}UUDQGLV� NDNV� HVLPHVW� OLLJHW�� 9}UUDQGLWH�
SDUHPDV� SRROHV� VLVDOGXYDG� < �� � MD� < �� � RQ� V}OPHGH� �� MD� �� YDVWDVWLNXVHG�
MXKWLYXVHG� WXJLV}OPHJD� ��� � .XQD� SXXGXYDG� V}OPL� �� MD� �� V}OPHJD� �� YDKHWXOW�
�KHQGDYDG� KDUXG�� VLLV� < <�� � � �  � � QLQJ� YDVWDYDG� OLLNPHG� NDKHV� YLLPDVHV�
Y}UDQGLV�SXXGXYDG����
.XL� VNHHPLV� ROHNVLG� N}LN� KDUXG� ROHPDV�� QLQJ� DUYHVWDGHV�� HW� YDVWDVWLNXVH�
MXKWLYXVH� LQGHNVLWH� MlUMHVWXV� SROH� ROXOLQH� �< <L M ML ��� VDDNV� QHOMD� V}OWXPDWX�
V}OPHJD�VNHHPL��V}OPHY}UUDQGLWH��OGNXMXNV�
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0DDWULNVDOJHEUD� YDKHQGLWHJD� RQ�PXJDY� NRPSDNWVHOW� MD� �OHYDDWOLNXOW� NlVLWOHGD�
VXXUL�Y}UUDQGLV�VWHHPH��6HOOHNV�GHILQHHULJHP�Y}UJX�VHLVXQGLPXXWXMDWH��V}OPH�
YRROXGH�MD��V}OPHSLQJHWH��YHNWRULG�HKN�YHHUJPDDWULNVLG�
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NXV� � < ���±��V}OPHMXKWLYXVWH�PDDWULNV��
� � � <� �±��EDDVV}OPH�YDVWDVWLNXVWH�MXKWLYXVWH�YHHUJPDDWULNV�
� � � 8 � �±��EDDVV}OPH�SLQJH���PLV�SROH�VLLQ�PDDWULNVL��YDLG�NRUGDMD�NXMXO�
6}OPHMXKWLYXVWH�PDDWULNV�
6}OPHMXKWLYXVWH�PDDWULNV� < �RQ� Q �GDW�MlUNX�UXXWPDDWULNV��PLOOH�SHDGLDJRQDDOLO�
RQ�V}OPHGH�RPDMXKWLYXVHG��< LL �QLQJ�N}LN��OHMllQXG�HOHPHQGLG�RQ�SHDGLDJRQDDOL�
VXKWHV� V�PPHHWULOLVHG�YDVWDVWLNXVHG� MXKWLYXVHG� < <L M ML ��.XL�PDDWULNVL� L �QGD��



(��7LLJLPlJL���(OHNWULY}UJXG� ��

UHD� � MD� M �QGD� � YHHUX� � HOHPHQGLNV� RQ� QXOOLVW� HULQHY� YllUWXV�� QlLWDE� VHH� KDUX�
ROHPDVROX�V}OPHGH� L �MD� M �YDKHO��QXOO�WlKHQGDE�DJD�KDUX�SXXGXPLVW����
.XLJL� V}OPHMXKWLYXVWH�PDDWULNVL�HOHPHQWLGHO�RQ� OLKWQH� I��VLNDOLQH�VLVX� �S��������
WXOHE� QDG� DUYXWLO� LNNDJL� YlOMD� DUYXWDGD�� 6HOOHNV� SHDE� DUYXWLVVH� VLVHVWDPD�
PXXGHOH� OlKWHDQGPHWHOH� OLVDNV�ND�Y}UJX��KHQGXVVNHHPL�� V�W� DQGPHG�KDUXGH� MD�
V}OPHGH� �KHQGXVWH� NRKWD�� 1HQGH� DOXVHO� NRRVWDWDNVH� QQ� �KHQGXV�� HKN�
VLGXPDDWULNV� 0 �� PLOOH� ULGDGH� DUY� YDVWDE� V}OWXPDWXWH� V}OPHGH� DUYXOH� Q � MD�
YHHUJXGH�DUY�KDUXGH�DUYXOH��P ��
� � � > @0    P L Q M PL M � �� � � � � � �
hKHQGXVPDDWULNVL� LJD� HOHPHQGL� YllUWXV� V}OWXE� V}OPH� MD� KDUX� RPDYDKHOLVHVW�
VLGHPHVW�
� � � PL M  ������NXL�KDUX� M �DOJXV�RQ�V}OPHV� L ��
� � � PL M  ������NXL�KDUX� M �O}SS�RQ�V}OPHV� L �
� � � PL M  � ������NXL�KDUX� M �SROH�V}OPHJD� L �YDKHWXOW�VHRWXG���
1lLWHQD�RQ�NRRVWDWXG��MRRQLVHO������NXMXWDWXG�OLKWVD�VNHHPL��KHQGXVPDDWULNV�
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NXV���� , �±� KDUXYRROXGH�YHNWRU�HKN��YHHUJPDDWULNV�
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9DDGHOGXG�QlLWH�DELO�RQ�NHUJH�YHHQGXGD��HW��KHQGXVPDDWULNVL�YDKHQGXVHO�VDDE�
DUYXWDGD�V}OPHMXKWLYXVWH�PDDWULNVL�MlUJPLVH�YDOHPLJD��
� � � < 0= 0 0< 0  �
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9LLPDWL� YDDGHOGXG� PDDWULNVLG� 0 <� K � MD� < � RQ� K}UHGDG� PDDWULNVLG�� NXQD�
VLVDOGDYDG� YlJD� SDOMX� ��YllUWXVHJD� HOHPHQWH�� � .XL� QlLWHNV� ���� V}OWXPDWX��
V}OPHJD� Y}UJXV� RQ� ���� KDUX�� ROHNV� V}OPHMXKWLYXVWH�PDDWULNVLV� ND� ���� QXOOLVW�
HULQHYDW�RPDMXKWLYXVW�QLQJ�NXPPDOJL�SRRO�PDDWULNVL�SHDGLDJRQDDOL��SUDNWLOLVHOW�
���� QXOOLVW� HULQHYDW� YDVWDVWLNXVW� MXKWLYXVW�� 6HHJD� ROHNV� QXOOLVW� HULQHYDWH� HOH�
PHQWLGH� NRJXDUY� OLJLNDXGX� �����PLV�PRRGXVWDE�PDDWULNVL� N}LNLGH� HOHPHQWLGH�
DUYXVW�������[����� ��������DLQXOW�����(W�Y}UJX�S�VLVHLVXQGL�DUYXWDPLVHO�DUYXWL�
PlOX�QXOOLGHJD�PLWWH�DVMDWXOW�NRRUPDWD� MD�PLWWH� ODVWD�PDVVLOLVHOW� VRRULWDGD�DULW�
PHHWLOLVL� WHKWHLG� QXOOLGHJD�� NDVXWDWDNVH� DUYXWLSURJUDPPLGH� NRRVWDPLVHO�
VSHWVLDDOVHLG�K}UHGDWH�PDDWULNVLWH�SURWVHGXXUH���
�
���� /,1($$56(7(��6®/0(9®55$1',7(��/$+(1'860((72','����
�
0DDWULNVY}UUDQGL� ������ ODKHQGDPLVHO� WXOHE� DUYHVWDGD�� HW� PDDWULNVLWH� HOHPHQWL�
GHNV� RQ� NRPSOHNVVXXUXVHG�� 7HKWHG� NRPSOHNVPDDWULNVLWHJD� RQ� DJD� PlUNVD�
NHHUXNDPDG� MD� W||PDKXNDPDG� NXL� UHDDOPDDWULNVLWHJD�� 6HOOHNV� HW� NDVXWDGD�
PDDWULNVDOJHEUDVW�WXWWDYDLG�PHHWRGHLG�MD�WHKHWH�DOJRULWPH��RQ�RWVWDUEHNDV�PLQQD�
NRPSOHNVY}UUDQGLWHOW��OH�UHDDOY}UUDQGLWHOH��1LL�WRLPLWL�QlLWHNV�S������Y}UUDQGLWH��
��������WHLVHQGDPLVHO�Y}UUDQGLWHNV����������
.XMXWDGHV� YDOHPLV� ������ NRPSOHNVPDDWULNVHLG� UHDDO�� MD� LPDJLQDDUPDDWULNVLWH�
VXPPDQD�



(��7LLJLPlJL���(OHNWULY}UJXG� ��

� � � 8 8 8 
ª

¬
«««

º

¼
»»»
 

�

�
ª

¬
«««

º

¼
»»»
 
ª

¬
«««

º

¼
»»»
�

ª

¬
«««

º

¼
»»»
 �

8

8

8 M8

8 M8

8

8
M
8

8
M

Q Q Q Q Q

� � � � �
� � � �


 �


 �







�

�

 � ���
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MD�HWWHDQWXG�EDDVSLQJHW�UHDDOVXXUXVHQD��8 8� � ���Y}LE���������NLUMXWDGD�NXMXO�
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0DDWULNVY}UUDQG��������NRRVQHE��Q �UHDDOY}UUDQGLVW�MD�VLVDOGDE��Q �RWVLWDYDW���Q �
V}OPHSLQJH� UHDDO�� MD� LPDJLQDDUNRPSRQHQGLG� 8 8
 � ���� 6HOOH� LOOXVWUHHULPLVHNV�
Y}LE� NDKH� V}OWXPDWX� V}OPHJD� Y}UJX� SXKXO� NLUMXWDGD� ������� ODRWDWXG� NXMXO�
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6DDGXG� OLQHDDUVH�PDDWULNVY}UUDQGL�Y}LE� VRRYL�NRUUDO�N}LJH��OGLVHPDOW� MD�NRP�
SDNWVHPDOW�NLUMXWDGD�NXMXO�
� � � <8 - � � � � � � � � � � � � � � � � � � � � � � � �������
WHDGHV�PXLGXJL�PDDWULNVLWH� < 8� � MD� - � WHJHOLNNX�VLVX��1lLWHNV�RQ�PDDWULNV� - �
VLLQ� Y}UUDQGL� ������� YDEDOLLNPHWH� HKN� I��VLNDOLVHOW� VLVXOW� QDJX� HNYLYDOHQWVHWH�
YRROXGH�YHHUJPDDWULNV�
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/LQHDDUY}UUDQGLV�VWHHPL� ������� ODKHQGDPLVHNV� NDVXWDGD� OLQHDDUY}UUDQGL�
V�VWHHPLGH�N}LNL� WXQWXG� ODKHQGXVPHHWRGHLG��PLV�Y}LE�WLQJOLNXOW� OLLJLWDGD�NDKWH�
JUXSSL��RWVHVHG�HKN�WlSVHG�MD�LWHUDWLLYVHG�HKN�OLJLNDXGVHG���PHHWRGLG��
.XL� N}LN� DUYXWXVHG� WHKD� WlSVHOW� ��PDUGDPDWD��� DQQDYDG� RWVHVHG� PHHWRGLG�
O}SOLNX� DUYX� RSHUDWVLRRQLGH� MlUHO� S}KLP}WWHOLVHOW� WlSVH� WXOHPXVH��7HJHOLNXOW� HL�
ROH�DUYXWXVHG�VLLVNL�SlULV� WlSVHG� MD�PHHWRGLWH�QLPHWDPLQH� WlSVHWHNV�RQ� WLQJOLN���
2WVHVWHVW� HKN� WlSVHWHVW� PHHWRGLWHVW� YDDGHOGDNVH� DOOSRRO� *DXVVL� PHHWRGLW� MD��
V}OPHMXKWLYXVWH��PDDWULNVL�S||UDPLVHO��S}KLQHYDW�PHHWRGLW��
,WHUDWLLYVHWHNV�HKN�OLJLNDXGVHWHNV�QLPHWDWDNVH�PHHWRGHLG��PLOOH�SXKXO�ND�WlSVHWH�
��PDUGDPDWD�� DUYXWXVWH� NRUUDO� VDDE� WXOHPXVHG� DLQXOW� HWWHDQWXG� WlSVXVHJD��
7lSVHG�WXOHPXVHG�VDDNV�S}KLP}WWHOLVHOW�DLQXOW�O}SPDWD�VXXUH�LWHUDWVLRRQLGH�DUYX�
SXKXO��
�
���� *$866,��0((72'�
�
*DXVVL� PHHWRG� RQ� �NV� WXQWXPDLG� OLQHDDUY}UUDQGLV�VWHHPL� ODKHQGXVPHHWRGHLG��
PLV� S}KLQHE� WXQGPDWXWH� MlUNMlUJXOLVHO� HOLPLQHHULPLVHO� QLQJ� PLOOHO� Y}LE� ROOD�
HULQHYDLG�NDVXWXVDOJRULWPH��9DDWOHPH��OGLVWDWXG�OLQHDDUY}UUDQGLV�VWHHPL���������
ODKHQGDPLVW��NROPH�Y}UUDQGL��QlLWH�DELO�
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< 8 < 8 < 8 -
< 8 < 8 < 8 -
< 8 < 8 < 8 -
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-DJDGHV�HVLPHVH�Y}UUDQGL��NRUGDMDJD�<�� ���Y}LE�WXOHPXVH�NLUMXWDGD�NXMXO�
� � � 8 E 8 E 8 E� �� � �� � �� �  � � � � � � � � � � � � � � � � � �������
.RUUXWDGHV�Y}UUDQGLW��������<�� �JD�MD�ODKXWDGHV�WXOHPXVH���������WHLVHVW�Y}UUDQ�
GLVW�� VDDE� HOLPLQHHULGD� 8��� -DJDGHV� Y}UUDQGL� 8 � � HHV� ROHYD� NRUGDMDJD�� Y}LE�
WXOHPXVH�NLUMXWDGD��OGLVWDWXG�NXMXO�
� � � 8 E 8 E� � � � ��  � � � � � � � � � � � � � � � � � � � � �������
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$QDORRJLOLVWH�Y}WHWHJD�HOLPLQHHULWDNVH�Y}UUDQGLWH��������QLQJ��������DELO���������
NROPDQGDVW�Y}UUDQGLVW�8���MD��8 � ��QLQJ�DQWDNVH�WDOOH��NXMX�
� � � 8 E� � � � � � � � � � � � � � � � � � � � � � � � � �������
6HHJD�RQ�OlKWHY}UUDQGLV�VWHHP��������WHLVHQGDWXG�HNYLYDOHQWVHOH�NXMXOH�
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8 E 8 E 8 E
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9}UUDQGLV�VWHHPL� *DXVVL� PHHWRGLO� ODKHQGDPLVHO� RQ� DULWPHHWLOLVWH� WHKHWH� DUY�
YHLGL� YlLNVHP�NXL� Q� � �Q ±� WXQGPDWXWH� DUY��� 6HHJD�RQ�ND�DUYXWXVDHJ�PllUDWXG�
WXQGPDWXWH�DUYX�NXXELJD�QLQJ�HL�V}OWX�QDJX�LWHUDWLLYVHO�PHHWRGLO�DUYXWXVH�NRRQ�
GXPLVHNV� YDMDOLNXVW� MD� YDUHP� WXQGPDWXVW� LWHUDWVLRRQLGH� DUYXVW�� $UYXWXVWHNV�
YDMDOLN�PlOX�PDKW�RQ�Y}UGOHPLVL�VXXU��PLV�Q}XDE�VXXUWH�Y}UNXGH�DUYXWDPLVHNV�
K}UHGDWH�PDDWULNVLWH�SURWVHGXXUH��
�
���� 6®/0(9®55$1',7(��/$+(1'$0,1(��6®/0(-8+7,9867(� �
� � 0$$75,.6,��3gg5$0,6(��7((/�
�
/LQHDDUY}UUDQGLV�VWHHPL��������Y}LE�ODKHQGDGD��NRUUXWDGHV�Y}UUDQGL�SRROL�YDVD�
NXOW�V}OPHMXKWLYXVWH�PDDWULNVL��< ��S||UGPDDWULNVLJD��<����
� � � < <8 < -� � � � �
HKN�
� � � 8 < - = -  �� � � � � � � � � � � � � � � � � � � � � �������
NXV�V}OPHMXKWLYXVWH�S||UGPDDWULNVL� WlKLVHNV�RQ� = ��PLGD�QLPHWDWDNVH�O�KHPDOW�
V}OPHWDNLVWXVWH�PDDWULNVLNV�� � 6HHMXXUHV�RQ� ORRPXOLNXOW� HHOGDWXG�� HW�S||UDWDY�
V}OPHMXKWLYXVWH�PDDWULNV� < �RQ�UHJXODDUQH� UXXWPDDWULNV�� V�W� WHPD�GHWHUPLQDQW��
'  z< � ��
.RPSOHNVNXMXOLVH� V}OPHY}UUDQGL� ������ ODKHQGL� Y}LE� DQDORRJLOLVHOW� NLUMXWDGD�
NXMXO�
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� � � � �8 = - < �� � �8 �� � � � � � � � � � � � � � � � � �������
6}OPHWDNLVWXVWH�PDDWULNVL�HOHPHQGLG�VDDGDNVH�V}OPHMXKWLYXVWH�PDDWULNVL�S||UD�
PLVH�WHHO�MD�QHLO�SXXGXE�VHOOLQH�RWVHQH�I��VLNDOLQH�VLVX��QDJX�ROL�V}OPHMXKWLYXVWH�
PDDWULNVL� HOHPHQWLGHO� �YDVWDVWLNXVHG� MD� RPDMXKWLYXVHG� S� ������ 6HHW}WWX� HL� VDD�
QHHG�HOHPHQGLG�ROOD�ND�HQDP�QXOOLG�QLQJ�PDDWULNV�= �SROH�K}UH�PDDWULNV��
0HHWRG�Q}XDE�DUYXWL�VXXUW�PlOXPDKWX�QLQJ�RQ�}LJXVWDWXG�DLQXOW�VLLV��NXL�WXOHE�
WHKD�NRUGXYDLG�DUYXWXVL�VDPD�Y}UJXVNHHPL�SXKXO���6HO�MXKXO�SROH�LJD�NRUG�YDMD�
PDDWULNVLW�XXHVWL�S||UDWD��YDLG�SLLVDE�DLQXOW�PDDWULNVLWH�NRUUXWDPLVHVW��0DDWULN�
VLWH� NRUUXWDPLVHNV� YDMDOLN� DHJ� RQ� DJD� W�KLQH� Y}UUHOGHV�PDDWULNVL� S||UDPLVHNV�
YDMDOLNX�DMDJD��9lOMD�RQ�W||WDWXG�ND��VQD�HIHNWLLYVHG�PHHWRGLG�V}OPHWDNLVWXVWH�
PDDWULNVL�NRUULJHHULPLVHNV�Y}UJX�VNHHPL�YlLNHVWH�PXXWXVWH�SXKXNV��
�
���� /,1($$56(7(��6®/0(9®55$1',7(��,7(5$7,,91(���� � � � �
� � /$+(1'$0,1(�
�
,WHUDWVLRRQLPHHWRGLWHVW� YDDWOHPH� OLKWLWHUDWVLRRQLPHHWRGL� PRGLILNDWVLRRQL� ±�
6HLGHOL�PHHWRGLW��.DVXWDGHV�MlOOH�NROPH�OLQHDDUY}UUDQGLW���������Y}LE��DYDOGDGHV�
�OGNXMXO�LJDVW�Y}UUDQGLVW��KH�WXQGPDWX��VDDGD�HNYLYDOHQWVH�Y}UUDQGLV�VWHHPL�
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8 E 8 E 8 E
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3DQQHV� Y}UUDQGLWH� SDUHPDVVH� SRROGH� WXQGPDWXWH� PLQJLG� DOJYllUWXVHG���
8 8 8�
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�� � � � � �� � � � OHLWDNVH� WXQGPDWXWH� HVLPHVHG� OlKHQGXVHG� 8 8 8�

�
�
�

�
�� � � � � �� � ���

6HH� RQ� LWHUDWVLRRQLSURWVHVVL� HVLPHQH� VDPP�� (VLPHVL� OlKHQGXVL� VDDE� DQDORRJL�
OLVHOW� NDVXWDGD� WHLVWH� OlKHQGXVWH� OHLGPLVHNV� MQH�� hOGMXKXO� OHLWDNVH� L � ��OH�
VDPPXOH�YDVWDYDG�OlKHQGXVHG� L �QGD�LWHUDWVLRRQL��WXOHPXVWH�MlUJL��YDOHPLWHJD�
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8 E 8 E 8 E
8 E 8 E 8 E
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,WHUDWVLRRQLSURWVHVVL� Y}LE� OXJHGD� NRRQGXQXNV�� NXL� RWVLWDYDWH� PXXWXVHG� RQ�
SURWVHVVL� NlLJXV� PXXWXQXG� YlJD� YlLNHVWHNV�� HL� �OHWD� PLQJLW� HWWHDQWXG� YlLNHVW�
YllUWXV�H ���.RRQGXYXVH�NULWHHULXPLNV�PLV�WDKHV�RWVLWDYD�8 N �MDRNV�RQ�VLLV��
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$UYXWXVSURWVHVV� NRRQGXE� VHOOLVHO� OLKWLWHUDWVLRRQLPHHWRGLO� DHJODVHOW�� PLVW}WWX�
RWVWDUEHNDP� RQ� NDVXWDGD� PHHWRGL� PRGLILNDWVLRRQL� ±� 6HLGHOL� � LWHUDWVLRRQL�
PHHWRGLW�� � 0HHWRGL� LGHH� VHLVQHE� VHOOHV�� HW� LJDO� LWHUDWVLRRQL� VDPPXO� Y}HWDNVH�
NRKH� NDVXWXVHOH� ND� VDPDO� VDPPXO� MXED� OHLWXG� WXQGPDWXWH� XXHG� YllUWXVHG���
,WHUDWVLRRQLRRQLSURWVHVVL����������DVHPHOH�WXOHE�VLLV�
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8 E 8 E 8 E
8 E 8 E 8 E

L L L

L L L

L L L

�
�

�� � �� � �
�

�
�� �

�
�� � �

�
�

�� �
�

�� �
�

�

� � � � � �
� � � � � �
� � � � � �

�
� �
� � �

 � �
 � �
 � �

� � � � � � � � � � �������

�
.XQD� 6HLGHOL� PHHWRG� RQ� OLKWLWHUDWVLRRQLPHHWRGLJD� Y}UUHOGHV� W||NLQGODP� MD�
NLLUHPD� NRRQGXYXVHJD�� VLLV� SUDNWLNDV� OLKWLWHUDWVLRRQLPHHWRGLW� HL� NDVXWDWD���
6HLGHOL�PHHWRGL�DOJRULWP�RQ�OLKWVDP�MD��DUYXWL�YDMDOLN�PlOX�YlLNVHP�NXL�RWVHVWH�
PHHWRGLWH� SXKXO�� .D� 6HLGHOL� PHHWRGL� SXXGXVHNV� RQ� LNNDJL� YHHO� DHJODQH�
NRRQGXYXV�MD�P}QHO�MXKXO�ND�PLWWHNRRQGXYXV��
�
���� 0,77(/,1($$56('��6®/0(9®55$1','�
�
.XL� V}OPHNRRUPXVHG� �WRLWHDOOLNDWH� Y}L� WDUELMDWH� NRRUPXVHG�� HL� DQWD� YRROXGH�
YDLG� NRQVWDQWVHWH� Y}LPVXVWH� Y}L� VWDDWLOLVWH� NDUDNWHULVWLNXWH� NXMXO�� VDDGDNVH�
PLWWHOLQHDDUVHG� V}OPHY}UUDQGLG�� 6HOOLVHLG� Y}UUDQGHLG� ODKHQGDWDNVH� SUDNWLOLVHOW�
DLQXOW�LWHUDWVLRRQLPHHWRGLWHJD���
.XL�� L �QGD�V}OPH�NRRUPXV�RQ�PRGHOOHHULWXG�NRQVWDQWVH�V}OPHY}LPVXVHQD�� 6 L ���
RQ�VHOOHOH�YDVWDY�V}OPHYRRO�DYDOGDWDY�VHRVHJD�
� � � � �- 8 6

8L L
L

L
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NXL�DJD�VWDDWLOLVWH�NDUDNWHULVWLNXWHQD�� � � � �3 8 4 8L L� ���VLLV�
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3 8 M4 8
8L L

L L

L

L L L L

L
  �

 � � � � � � � � � � � � � �������



(��7LLJLPlJL���(OHNWULY}UJXG� ��

.ROPH� V}OWXPDWX� V}OPHJD�Y}UJX� V}OPHY}UUDQGLG�NRQVWDQWVHWH� V}OPHY}LPVXVWH�
SXKXO�Y}LE�VLLV�NLUMXWDGD��������HHVNXMXO�
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< 8 < 8 < 8 6
8 < 8

< 8 < 8 < 8 6
8 < 8

< 8 < 8 < 8 6
8 < 8
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HKN�PDDWULNVNXMXO��DQDORRJLOLVHOW���������OH�
� � � � �<8 - 8 < �� � �8 � � � � � � � � � � � � � � � � � �������
HKN�
� � � � �<8 < - 8�  � � �8 �� � � � � � � � � � � � � � � � ��������
9}UUDQGHLG�����������������QLPHWDWDNVH�ND�V}OPHYRROXGH�EDODQVLY}UUDQGLWHNV��
.RUUXWDGHV� V}OPHY}UUDQGLWH� ������� P}OHPDLG� SRROL� YDVWDYD� V}OPHSLQJH� NDDV�
NRPSOHNVLJD��VDDE�V}OPHY}LPVXVWH�EDODQVLY}UUDQGLG�
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8 < 8 < 8 < 8 < 8 6
8 < 8 < 8 < 8 < 8 6
8 < 8 < 8 < 8 < 8 6
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HKN�DQDORRJLOLVHOW��������PDDWULNVNXMXO��WlKLVWDGHV�VHHMXXUHV�V}OPHSLQJHWH�NDDV�
NRPSOHNVLGH� GLDJRQDDOPDDWULNVL� 8 GLDJ
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.XQD� VHH� MDNRELDDQ� RQ� K}UH� PDDWULNV�� Y}HWDNVH� NDVXWXVHOH� SURWVHGXXULG�
K}UHGDWH� PDDWULNVLWHJD�� 9DDWDPDWD� VHOOHVW� WXOHQHYDOH� DOJRULWPL� NHHUXNXVHOH� MD�
SURJUDPPHHULPLVUDVNXVWHOH�� RQ� 1HZWRQL� PHHWRG� OHLGQXG� ODLDOGDVH� WXQQXVWXVH�
WlQX�VXKWHOLVHOW�NLQGODOH�MD�NLLUHOH�NRRQGXYXVHOH��9DKHO�NDVXWDWDNVH�ND�1HZWRQL�
PHHWRGL� PRGLILNDWVLRRQH�� PLV� WHDWXG� WLQJLPXVWHV� VHOOH� HIHNWLLYVXVW� YHHOJL�
W}VWDYDG��
9}UJX� S�VLVHLVXQGL� NLLUHNV� OLJLNDXGVHNV� DUYXWDPLVHNV� NDVXWDWDNVH� O}KHVWXV�
PHHWRGLW��YUG�S�������0HHWRG�S}KLQHE�VLLQ�DVMDROXO��HW�Y}UJX�SLQJHWH�PRRGXOLG�
P}MXWDYDG�VXKWHOLVHOW�YlKH�DNWLLYY}LPVXVL��Q}UJDG�RQ�ND�SLQJHWH�IDDVLQXUNDGH�MD�
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������ 9®,0686922*8'(��-$��9®,0686.$'8'(��$5987$0,1(�
�
3lUDVW� Y}UJX� V}OPHSLQJHWH� OHLGPLVW� V}OPHY}UUDQGLWH� ODKHQGDPLVH� WHHO� PllUD�
WDNVH�Y}LPVXVYRRG��MD�Y}LPVXVNDRG�Y}UJX�N}LNLGHV�KDUXGHV��
1HOLNOHPPLQD� NXMXWDWXG� OLLQL� Y}LPVXVYRRJXGH� PllUDPLVW� HWWHDQWXG� V}OPH�
SLQJHWH� SXKXO� YDDGHOGL� S� ����� �.RRQGSDUDPHHWULWHJD� DVHVNHHPL� SXKXO� �MQ� �����
Y}LE�YRROX�V}OPHGH� N � MD� M �YDKHOLVH� OLLQL�DVHVNHHPL�SLNLKDUXV�DYDOGDGD�2KPL�
VHDGXVH�MlUJL�
� � � � �, 8 8
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N M
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9}LPVXVNDRG�OLLQLV�NRRVQHYDG�NDGXGHVW�DVHVNHHPL�SLNL��MD�S}LNKDUXGHV�� �1HLG�
VDDE�OHLGD�ND�OLLQL�VLVHQHYD�MD�OLLQLVW�YlOMXYD�Y}LPVXVH�YDKHQD�

� �� � � �'6 6 6 8 8 8 8 < M % 8 8N M N M N M N M N M
&

N M �  � � � � �  
�

� � � � � ��������

.XL� DUYHVWDWDNVH� OLLQL� DNWLLYMXKWLYXVW� *. �� WXOHE� YDOHPLV� ������� NDVXWDGD�
NRPSOHNVMXKWLYXVW� * M %. &� ��.RJX�Y}UJX� VXPPDDUVH�Y}LPVXVNDR� OHLGPLVHNV�
VXPPHHULWDNVH�Y}UJX�N}LJL�HOHPHQWLGH��KDUXGH��Y}LPVXVNDRG���
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��� $.7,,9���-$��5($.7,,99®,0686('�
�������(/(.75,6h67((0,6� �-$��(/(.75,9®5*86��
� � � � � � � � � � � � � � � � � � � � �
���� 9®,06867(��%$/$166�
�

.XQD� HOHNWULHQHUJLD� VDOYHVWDPLQH� HOHNWULV�VWHHPLV� SROH� SUDNWLOLVHOW� Y}LPDOLN��
YDOLWVHE� LJDO� DMDKHWNHO� WDUELWDYD� MD� JHQHUHHULWDYD� Y}LPVXVH� WDVDNDDO� HKN�
Y}LPVXVWH�EDODQVV���6HH�NHKWLE�QLL�DNWLLY��NXL�ND�UHDNWLLYY}LPVXVH�NRKWD����
� � � �
$NWLLYY}LPVXVWH�EDODQVV�
(OHNWULV�VWHHPL� S�VLWDOLWOXVH� LJDO� DMDKHWNHO� SHDYDG� V�VWHHPL� HOHNWULMDDPDG�
JHQHUHHULPD� �RPDWDUEHY}LPVXVW� DUYHVWDPDWD�� DNWLLYY}LPVXVW� 3*¦ �� PLV� RQ�
Y}UGQH� WDUELMDWH� VXPPDDUVH� NRRUPXVH� 37¦ � MD� HOHNWULY}UJX� Y}LPVXVNDGXGH��

'3¦ �VXPPDJD�
� � � 3 3 3 3* 7 7 �  ¦¦¦¦ ' 
 � � � � � � � � � � � � � � � ������
NXV�� 37 
¦ �WlKLVWDE�NRJXWDUELPLVW��PLV�VLVDOGDE�ND�Y}UJXNDGXVLG����
(OHNWULV�VWHHPL� WDOLWOXVH� RRWDPDWX� PXXWXV� �P}QH� JHQHUDDWRUL� DYDULLOLQH�
YlOMDO�OLWDPLQH�� NRRUPXVH� MlUVN� PXXWXPLQH�� Y}UJX� VNHHPL� DYDULLOLQH� PXXWX�
PLQH�� SHDNV�S}KMXVWDPD�Y}UUDQGL� ������ �KH� OLLNPH�PXXWXPLVH� MD� VHHJD�DNWLLY�
Y}LPVXVWH�EDODQVL�ULNNXPLVH� � �3 3* 7z¦¦ 
 ���%DODQVL�ULNNXPLQH�RQ�DJD�QlLOLQH��
NXQD� S�VLWDOLWOXVH� MDRNV� NRRVWDWXG� � DNWLLYY}LPVXVWH� EDODQVL� Y}UUDQG� ������ HL�
VLVDOGD�VLLUGHWDOLWOXVH�SXKXNV�YDMDOLNNX�OLLJHW��PLV�DUYHVWDNV�V�VWHHPL�S||UOHYDWH�
HOHNWULPDVLQDWH�NLQHHWLOLVH�HQHUJLD�PXXWXPLVW��.XL��QlLWHNV� 3 3* 7!¦¦ 
 ��OlKHE�
JHQHUHHULWDYD�Y}LPVXVH��OHMllN�WHJHOLNXOW�V�VWHHPL�NLQHHWLOLVH�HQHUJLD��JHQHUDD�
WRULWH�S||UOHPLVNLLUXVH�� W}VWPLVHOH�QLQJ� �V�VWHHPL�VDJHGXV�KDNNDE�W}XVPD��6HH�
NHVWDE� VHQL�� NXQL� WDUELMDWH� NRRUPXV� NDVYDE� �VWDDWLOLVWHOH� NDUDNWHULVWLNXWH�
NRKDVHOW�� Y}L� V�VWHHPL� VDJHGXVH� UHJXOHHULPLVV�VWHHP� YlKHQGDE� JHQHUHHULWDYDW�
Y}LPVXVW� EDODQVLY}UUDQGLW� ������ UDKXOGDYD� YllUWXVHQL�� .XL� � 3 3* 7�¦¦ 
 ���
KDNNDE�V�VWHHPL�VDJHGXV�YlKHQHPD���
9lKHQHQXG� VDJHGXVH� WDDVWDPLVHNV� SHDE� V�VWHHPLV� ROHPD� JHQHUHHULWDYD� Y}LP�
VXVH�VXXUHQGDPLVH�Y}LPDOXV�±�ROHPD�DNWLLYY}LPVXVH�UHVHUY��9DVWDVHO�MXKXO�MllE�
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V�VWHHP� W||OH� PDGDODPDO� VDJHGXVHO� QLL�� HW� YlKHQHQXG� WDUELPLQH� �YDVWDYDOW�
VWDDWLOLVWHOH�NDUDNWHULVWLNXWHOH���YDVWDE�JHQHUHHULWDYDOH�Y}LPVXVHOH��
5HDNWLLYY}LPVXVWH�EDODQVV�
.XQD� UHDNWLLYY}LPVXVH� DOOLNDWHNV� HOHNWULV�VWHHPLV� RQ� OLVDNV� HOHNWULMDDPDGH�
JHQHUDDWRULWHOH� � 4*¦ �� YHHO� ND� UHDNWLLYY}LPVXVH� NRPSHQVHHULPLVVHDGPHG��
� 4.¦ ���Y}LE�V�VWHHPL�UHDNWLLYY}LPVXVWH�EDODQVLY}UUDQGL�HVLWDGD�NXMXO�
� � � 4 4 4 4* . 7�  �¦¦¦¦ ' � � � � � � � � � � � � � � � ������
HKN�O�KHPDOW�
� � � 4 4* 7
 
 ¦¦ � � � � � � � � � � � � � � � � � � � � � ������
NXV� � 4* 
¦ ��±��NRJX�JHQHUHHULWDY�UHDNWLLYY}LPVXV�
� � � 47 
¦ ��±��UHDNWLLYY}LPVXVH�NRJXWDUELPLQH�NRRV�UHDNWLLYNDGXGHJD�
5HDNWLLYY}LPVXVNDRG� HOHNWULY}UJXV� RQ� Y}UGOHPLVL� VXXUHG�� PRRGXVWDGHV� OLJL��
����Y}UNX�DQWDYDVW�Y}LPVXVHVW���
(OHNWULY}UJX� VXPPDDUQH� UHDNWLLYY}LPVXVNDGX� RQ� PllUDWXG� UHDNWLLYNDGXGHJD�
OLLQLGH� LQGXNWLLYWDNLVWXVWHV� � '4/¦ �� MD� WUDIRGHV� � '47U¦ �� QLQJ� OLLQLGH�
PDKWXYXVMXKWLYXVWHV�JHQHUHHULWDYD�UHDNWLLYY}LPVXVHJD�� 4&¦ ��
� � � ' ' '4 4 4 4/ & 7U � �¦¦¦¦ �� � � � � � � � � � � � � ������
.XQD� OLLQLGH� PDKWXYXVHV� JHQHUHHULWDY� UHDNWLLYY}LPVXV� RQ� Y}UGHOLQH� SLQJH�
UXXGXJD��RQ�WHPD�RVDWlKWVXV�N}UJHPD�QLPLSLQJHJD�Y}UNXGHV�VXKWHOLVHOW�VXXUHP���
9}UJXV� QLPLSLQJHJD� ���� N9� � RQ� NHVNPLVHOW� � '4 4/ &|¦¦ �� 7LKWL� ORHWDNVH�
QHLG� YlJD� OLJLNDXGX� Y}UGVHNV� ND� HOHNWULV�VWHHPLV� WHUYLNXQD�� 6HH� Y}LPDOGDE�
YlLWD��HW�VXXUHG�UHDNWLLYY}LPVXVNDRG�HOHNWULY}UJXV�RQ�S}KMXVWDWXG�SHDDVMDOLNXOW�
WUDIRGHVW�� 1RUPDDOVHOW� NRRUPDWXG� Y}UNXGHV� KLQQDWDNVH� YDKHO� UHDNWLLYY}LPVXV�
NDGX� DODMDDPD� WUDIRGH� VXPPDDUVH� QLPLY}LPVXVH� 61 � MlUJL� YlJD� OLJLNDXGVH�
YDOHPLJD��
� � � '4 67U 1| ��� �� � � � � � � � � � � � � � � � � � � � � ������
QLQJ��P �WUDQVIRUPDWVLRRQLJD�Y}UJXV�VDDGDNVH�VLLV�VXPPDDUVHG�UHDNWLLYY}LPVXV�
NDRG�WUDIRGHV�
� � � '4 P 67U 1|¦ ��� � � � � � � � � � � � � � � � � � � � � ������
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6XXUWH� UHDNWLLYY}LPVXVNDGXGH� W}WWX� WUDIRGHV� SROH� PlUNLPLVYllUVH� UHDNWLLY�
Y}LPVXVH�HGDVWDPLQH��KH�QLPLSLQJHJD�Y}UJXVW��OlEL�WUDIRGH��WHLVH�WDYDOLVHOW�RWV�
WDUEHNDV�� /DLDOGDVHOW� WXOHE� NDVXWDGD� UHDNWLLYY}LPVXVH� NRKDOLNNX� JHQHUHHULPLVW��
HKN�UHDNWLLYY}LPVXVH�NRPSHQVHHULPLVW���
(HOQHQXVW� WXOHQHE� YDMDGXV� HOHNWULY}UNXGH� SURMHNWHHULPLVHO� MD� WDOLWOXVH�
SODQHHULPLVHO�DUYHVWDGD�UHDNWLLYY}LPVXVWH�EDODQVVL�QLL�NRJX�V�VWHHPLV�WHUYLNXQD�
NXL� ND� LJDV� Y}UJX� SLLUNRQQDV� HUDOGL�� .D� SHDE� Y}LPVXVWH� EDODQVVL� NRQWUROOLPD�
PDNVLPDDO�� MD�PLQLPDDONRRUPXVH�QLQJ� UHPRQGL�� MD� DYDULLMlUJVH� WDOLWOXVH� WLQJL�
PXVWHV��
.XL� DNWLLYY}LPVXVH� EDODQVV� RQ� VHRWXG� WLKHGDOW� V�VWHHPL� VDJHGXVHJD�� VLLV�
UHDNWLLYY}LPVXVH� EDODQVV� RQ� VHRWXG� S}KLOLVHOW� SLQJHJD�� 3LQJH� UHJXOHHULPLVHNV�
OlKHE� OLVDNV� SLQJH� UHJXOHHULPLVVHDGPHWHOH� YDMD� UHDNWLLYY}LPVXVH� UHVHUYL�� HW�
UDKXOGDGD�EDODQVLY}UUDQGLW�������QRUPDDOSLQJH�SXKXO����
�
���� 5($.7,,99®,0686(��*(1(5((5,0,1(��(/(.75,6h67((0,6�
�
/LVDNV� DNWLLYY}LPVXVHOH� YDMDYDG� SDOMXG� WDUELMDG� UHDNWLLYY}LPVXVW� HOHNWUR�
PDJQHWYlOMD� WHNLWDPLVHNV�� 6XXUHPDG� UHDNWLLYY}LPVXVH� WDUELMDG� RQ� DV�QNURRQ�
PRRWRULG�� WUDIRG��PXXQGXULG�� LQGXNWVLRRQDKMXG��NHHYLWXVDJUHJDDGLG�MP�� �5HDN�
WLLYY}LPVXVH� DOOLNDWHNV� HOHNWULV�VWHHPLV� RQ� HOHNWULMDDPDGH� JHQHUDDWRULG� QLQJ�
PLWPHVXJXVHG�UHDNWLLYY}LPVXVH�NRPSHQVHHULPLVVHDGPHG��
(OHNWULMDDPD�V�QNURRQJHQHUDDWRU�RQ�QLL�DNWLLY��NXL�ND�UHDNWLLYY}LPVXVH�DOOLNDNV���
PLOOH�NRPSOHNVY}LPVXV�DYDOGXE�NXMXO�
� � � 6 3 M4 6 M 6* * * * * �  �FRV VLQM M ��� � � � � � � � � � � ������
$NWLLYY}LPVXVW� UHJXOHHULWDNVH� JHQHUDDWRULJD� �KHQGDWXG� WXUELLQL� UHJXOHHULPLVH�
WHHO�� UHDNWLLYY}LPVXVW� UHJXOHHULWDNVH� DJD� JHQHUDDWRUL� HUJXWXVYRROX� PXXWHV��
*HQHUDDWRUL�DNWLLYY}LPVXVW�UHJXOHHULWDNVH�DLQXOW�QLPLY}LPVXVH�SLLUHV�� 3 31d ���
PLV�RQ�SUDNWLOLVHOW�PllUDWXG�WXUELLQLJD��5HDNWLLYY}LPVXVH�UHJXOHHULPLVH�Y}LPD�
OXVHG�RQ� VXXUHPDG��.XL� JHQHUDDWRU� RQ��OHHUJXWDWXG� �HOHNWURPRWRRUM}XG��OHWDE�
NOHPPLSLQJH�� ( 8! ���DQQDE�JHQHUDDWRU�Y}UNX��LQGXNWLLYVHW��UHDNWLLYY}LPVXVW��
DODHUJXWDWXOW� �( 8� �� DJD� YDVWXSLGL� ±� WDUELE� UHDNWLLYY}LPVXVW�� 3}KLP}WWHOLVHOW�
SLLUDYDG�JHQHUDDWRUL�UHDNWLLYY}LPVXVW�MlUJPLVHG�WLQJLPXVHG��
x� JHQHUDDWRUL�VWDDWRUL�YRRO�HL�WRKL��OHWDGD��VXXULPDW�OXEDWXG�YllUWXVW�
x� HUJXWXVYRRO���URRWRUL�YRRO��HL�WRKL��OHWDGD��VXXULPDW�OXEDWXG�YllUWXVW�
x� WDJDWXG�SHDE�ROHPD�JHQHUDDWRUL�VWDELLOQH�WDOLWOXV�
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�(VLPHVH�Q}XGH���WDYDOLVHOW� , ,* 1d ����Y}LE�NLUMXWDGD���DUYHVWDGHV�HW�
� � � , 6

8 8 3 41
1

1 1
1 1  ��

�
�

� � �

NXMXO�
� � � , 8 3 4 8 3 4*

1
1 1 � d ��

�
�
�

� � � � �� � � � � � � � � ������

NXVW�VHOJXE��HW�JHQHUDDWRUL�WDOLWOXVHO�QLPLY}LPVXVHVW�YlLNVHPD�DNWLLYNRRUPXVHJD�
� 3 31� �� Y}LE� JHQHUDDWRULW� YDMDGXVH� NRUUDO� NRRUPDWD� YDVWDYDOW� VXXUHPD�
UHDNWLLYY}LPVXVHJD��4 41! ���6HHMXXUHV�ROJX�DJD�WlLGHWXG�SLLUDQJ�HUJXWXVYRROX�
NRKWD�� 9LLPDQH� WLQJLPXV� �V�VWHHPL� VWDELLOVXV�� SLLUDE� UHDNWLLYY}LPVXVW�� PLGD�
DODHUJXWDWXG�JHQHUDDWRU�Y}UJXVW�WDUELE��
,VHJL� HOHNWULV�VWHHPL� QRUPDDOVH� NRRUPXVH� SXKXO� RQ� Y}UJXV� �VQD� VXXUHG�
UHDNWLLYY}LPVXVNDRG��S������ MD�HOHNWULMDDPDGH�JHQHUDDWRULG�HL�VXXGD�DODWL�NDWWD�
V�VWHHPL� NRJX� UHDNWLLYY}LPVXVH� YDMDGXVW�� 6HH� SROH� ND� PDMDQGXVOLNXOW� RWV�
WDUEHNDV��NXQD�UHDNWLLYY}LPVXVH�HGDVWDPLQH�HOHNWULMDDPDVW�WDUELMDLOH�OlEL�PLWPH�
WUDQVIRUPDDWRUL� RQ� VHRWXG� VXXUWH� NDGXGHJD�� 6HHW}WWX� NDVXWDWDNVH� UHDNWLLY�
Y}LPVXVH� WlLHQGDYDNV� JHQHUHHULPLVHNV� HOHNWULY}UNXGHV� NRPSHQVHHULPLVVHDG�
PHLG��PLV�SDLJDOGDWDNVH�VHOOHNV�N}LJH�VRELYDPDWHVVH�NRKWDGHVVH��HW�YlKHQGDGD�
UHDNWLLYY}LPVXVH�HGDVWDPLVHVW�S}KMXVWDWXG�VXXUL�HOHNWULY}UJX�NDGXVLG��5HDNWLLY�
Y}LPVXVH�NRPSHQVDDWRUHLG�NDVXWDWDNVH�OLVDNV�UHDNWLLYY}LPVXVWH�EDODQVL�WDJDPL�
VHOH� MD� Y}LPVXV�� QLQJ� � HQHUJLDNDGXGH� YlKHQGDPLVHOH� HGXNDOW� ND� SLQJH� UHJX�
OHHULPLVHNV��
2OJX� YDDGHOGXG� OLKWVDW� Y}UNX� �MQ� ������PLV� NRRVQHE� WRLWHDOOLNDVW� � �V}OP���� � MD�
WDUELMDW��NRRUPXVHJD�6 3 M 4 � ��WRLWYDVW�OLLQLVW��7DUELMD�MXXUGH�RQ�SDLJDOGDWXG�

� � � � � � ������ �
-RRQLV����� 5HDNWLLYY}LPVXVH�NRPSHQVHHULPLQH�

�
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UHDNWLLYY}LPVXVH� NRPSHQVHHULPLVHNV� NRQGHQVDDWRUSDWDUHL� Y}LPVXVHJD� 4. ��
/LLQLV�HGDVWDWDY�Y}LPVXV� � �6 3 M 4 4/ . � � �QLQJ�Y}LPVXV��MD�SLQJHNDR�YlKH�
QHPLQH� WLQJLWXQD� UHDNWLLYY}LPVXVH� NRPSHQVHHULPLVHVW� LOPQHE� OLJLNDXGVHWHVW�
YDOHPLWHVW�

� � � � � � �' '3 3 4 4
8 5 8 35 4 4 ;
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���� 5($.7,,99®,0686(��.203(16((5,0,66($'0('�
�
/LVDNV� HOHNWULMDDPDGH� JHQHUDDWRULWHOH� NDVXWDWDNVH� UHDNWLLYY}LPVXVH� JHQHUHHUL�
PLVHNV�HOHNWULY}UNXGHV�UHDNWLLYY}LPVXVH�NRPSHQVHHULPLVVHDGPHLG�±�V�QNURRQ�
NRPSHQVDDWRUHLG�� NRQGHQVDDWRUSDWDUHLVLG�� S}LNUHDNWRUHLG� MD� VSHWVLDDOVHLG�
VWDDWLOLVL�NRPSHQVDDWRUHLG��
6�QNURRQNRPSHQVDDWRULG�
6�QNURRQNRPSHQVDDWRU� RQ� W�KLMRRNVXO� �LOPD� DNWLLYNRRUPXVHWD�� WDOLWOHY�
V�QNURRQPRRWRU�� 7HPD� Y}UJXVW� WDUELWDY� DNWLLYY}LPVXV� Y}UGXE� DLQXOW� W�KL�
MRRNVXNDRJD�� PLV� RQ� Y}UUHOGHV� UHDNWLLYNRRUPXVHJD� VXKWHOLVHOW� YlLNH�
3 36.  |' � ��6�QNURRQNRPSHQVDDWRUL�OLKWVXVWDWXG�DVHVNHHP��PLV�NRRVQHE�VLLV�
HOHNWURPRWRRUM}XVW�� ( �MD��LQGXNWLLYWDNLVWXVHVW�� [ ���QLQJ��VHOOH�YHNWRUGLDJUDPP�
RQ�MRRQLVHO��������

� � �
-RRQLV����� 6�QNURRQNRPSHQVDDWRU���D��DVHVNHHP���E��YHNWRUGLDJUDPP�
� �
6�QNURRQNRPSHQVDDWRUL� YRRO� , � RQ� UHDNWLLYYRRO�� WHPD� YHNWRU� RQ� ULVWL� HOHNWUR�
PRWRRUM}X�MD�V�QNURRQNRPSHQVDDWRUL�NOHPPLSLQJH�YHNWRULWHJD��9RRO�RQ�PllUD�
WXG�HOHNWURPRWRRUM}X�MD�NOHPPLSLQJH�YDKHJD� �
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QLQJ�Y}UNX�DQWDY�UHDNWLLYY}LPVXV�
� � � 4 8, ( 8

[ 86.   �� � � � � � � � � � � � � � � � � �������
(OHNWURPRWRRUM}XGX� VDDE� PXXWD� HUJXWXVYRROX� UHJXOHHULGHV�� hOHHUJXWDWXG�
WDOLWOXVHO� �( 8! ��RQ�Y}LPVXV�SRVLWLLYQH��DODHUJXWXVH�SXKXO�DJD�QHJDWLLYQH��V�W�
V�QNURRQNRPSHQVDDWRU� WDUELE� Y}UJXVW� UHDNWLLYY}LPVXVW�� 6�QNURRQNRPSHQ�
VDDWRUL� QLPLY}LPVXVH� DOO� P}HOGDNVH� WHPD� VXXULPDW� OXEDWXG� NRRUPXVW� �OH�
HUJXWDWXG� WDOLWOXVHO�� 6XXULP� WDUELWDY� UHDNWLLYY}LPVXV� DODHUJXWXVH� SXKXO� RQ�
V�QNURRQNRPSHQVDDWRULO�XPEHV�����QLPLY}LPVXVHVW��
6�QNURRQNRPSHQVDDWRUL� HHOLVHNV� RQ� Y}LPVXVH� VXMXYD� UHJXOHHULPLVH� Y}LPDOXV�
P}OHPDV�VXXQDV��LQGXNWLLYVH�UHDNWLLYY}LPVXVH�JHQHUHHULPLQH�MD�WDUELPLQH��QLQJ�
SLQJHW� VWDELOLVHHULY� WRLPH�� .XL� MRRQLVHO� ���� ROHNV� NRQGHQVDDWRUSDWDUHL� DVHPHO�
V�QNURRQNRPSHQVDDWRU�� Y}LNV� SLQJH� WDUELMD� MD� �KWODVL� V�QNURRQNRPSHQVDDWRUL�
NOHPPLGHO�DYDOGDGD�WRLWHDOOLND�SLQJH�8 � �MD�OLLQL�SLQJHNDR�������NDXGX�VHRVHJD�

� � � � �8 8 35 4 4 ;
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.XL�SLQJH�8 �QlLWHNV�PLQJLO�S}KMXVHO�YlKHQHE��S}KMXVWDE�VHH�V�QNURRQNRPSHQ�
VDDWRUL� YRROX� ������� MD� Y}LPVXVH� ������� VXXUHQHPLVH�� PLV� YDOHPL� ������� MlUJL�
YlKHQGDE� SLQJHNDGX� OLLQLV� QLQJ� W}VWDE� VHO� YLLVLO� SLQJHW�� 6HHJD� WDNLVWDE�
V�QNURRQNRPSHQVDDWRU� SLQJH� PXXWXPLVW�� V�R� WRLPLE� SLQJHW� VWDELOLVHHULYDOW��
6HOOLVW� QlKWXVW� QLPHWDWDNVH� V�QNURRQNRPSHQVDDWRUL� SRVLWLLYVHNV� SLQJHW� UHJX�
OHHULYDNV�WRLPHNV��
.RQGHQVDDWRUSDWDUHLG�
.RQGHQVDDWRUSDWDUHLVLG�NDVXWDWDWDNVH�HOHNWULY}UJXV�S}KLOLVHOW�NDKHO�HHVPlUJLO���
x� UHDNWLLYY}LPVXVH�NRPSHQVHHULPLVHNV�±�S}LNNRPSHQVHHULPLQH��S}LNNRQGHQ�

VDDWRULWHJD��
x� HOHNWUL�OHNDQGH� LQGXNWLLYWDNLVWXVH� NRPSHQVHHULPLVHNV� ±� SLNLNRPSHQ�

VHHULPLQH��SLNLNRQGHQVDDWRULWHJD��
9DDWOHPH�UHDNWLLYY}LPVXVH�NRPSHQVHHULPLVW�S}LNNRQGHQVDDWRULWHJD��
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.RQGHQVDDWRUSDWDUHL�NRRVQHE�LJDV�IDDVLV��OGMXKXO�U||ELWL�MD�MDGDPLVL��KHQGDWXG�
NRQGHQVDDWRULWHVW� �MQ� ���D��� -DGDPLVL� �KHQGDWXG� HOHPHQWLGH� DUYX� VXXUHQGD�
PLVHJD� VXXUHQHE� SDWDUHL� OXEDWXG� SLQJH�� U||SHOHPHQWLGH� DUYX� VXXUHQGDPLVHJD�
DJD� YRRO�� .RQGHQVDDWRUHLG� YDOPLVWDWDNVH� PLWPHVXJXVWH� QLPLSLQJHWHJD��
WDYDOLVHOW�PDGDOSLQJHVW�NXQL������N9���

� � � �
-RRQLV����� .RQGHQVDDWRULWH��KHQGDPLQH�

�
.ROPHIDDVLOLVHV�Y}UJXV�NDVXWDWDNVH�NRQGHQVDDWRUSDWDUHLGH� WlKW��Y}L�NROPQXUN�
�KHQGXVW� �MQ� ���E�� F��� hKHV� IDDVLV� ROHYD� NRQGHQVDDWRUSDWDUHL�PDKWXYXV� & � RQ�
PllUDWXG� �KH� HOHPHQGL� PDKWXYXVH� &� � MD� MDGDPLVL� QLQJ� U||ELWL� �KHQGDWXG�
HOHPHQWLGH�KXOJDJD���Q QM U� ��

� � � & Q
Q &U
M

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

.ROPHIDDVLOLVH� NRQGHQVDDWRUSDWDUHL� Y}LPVXV� OHLWDNVH� WlKW�KHQGXVH� SXKXO�
YDOHPLJD�
� � � 4 8 &&  �Z �� � � � � � � � � � � � � � � � � � � � �������
QLQJ�NROPQXUN�KHQGXVH�SXKXO�YDOHPLJD�
� � � 4 8 &&  � �Z � � � � � � � � � � � � � � � � � � � � � �������
.XQD� NRQGHQVDDWRUSDWDUHL� JHQHUHHULWXG� UHDNWLLYY}LPVXV� RQ� Y}UGHOLQH� SLQJH�
UXXGXJD��VLLV�S}KMXVWDE�SLQJH�MXKXVOLN�YlKHQHPLQH�ND�WDOLWOXVY}LPVXVH�YlKHQH�
PLVH� QLQJ� YDOHPL� ������� NRKDVHOW� YlKHQHE� RPDNRUGD� SLQJH�� 6HHJD� YDVWXSLGL�
V�QNURRQNRPSHQVDDWRULOH� VRRGXVWDE� NRQGHQVDDWRUSDWDUHL� SLQJH� N}LNXPLVL��
.RQGHQVDDWRULO�RQ�QHJDWLLYQH�SLQJHW�UHJXOHHULY�WRLPH��
.RQGHQVDDWRUSDWDUHLG� SHDNVLG� ROHPD� ND� UHJXOHHULWDYDG�� .RQGHQVDDWRUSDWDUHL�
UHJXOHHULPLQH� VHLVQHE� U||SWDOLWOXVHV� ROHYDWH� NRQGHQVDDWRULHOHPHQWLGH� DUYX�
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NlVLWVL�Y}L�DXWRPDDWVHV�PXXWPLVHV��VLVVH�YlOMDO�OLWDPLVHV���6HHJD�UHJXOHHULWDNVH�
NRQGHQVDDWRUSDWDUHLG�DVWPHOLVHOW��
3}LNUHDNWRULG�
3}LNUHDNWRULG� RQ� LQGXNWLLYHOHPHQGLG�� PLV� O�OLWDWDNVH� WDYDOLVHOW� �OHNDQGHY}UJX�
V}OPHGHVVH��OLN}UJHSLQJHOLVWHV�}KXOLLQLGHV�JHQHUHHULWXG�OLLJVH�UHDNWLLYY}LPVXVH�
NRPSHQVHHULPLVHNV�� 1DG� Y}LYDG� ROOD� O�OLWDWXG� Y}UNX� ND� DODMDDPD� WUDIRGH�
DODPSLQJH� SRROHO�� 5HDNWRUL� WDUELWDY� UHDNWLLYY}LPVXV� RQ�PllUDWXG� WHPD� LQGXN�
WLLYMXKWLYXVH�%5 �MD�SLQJHJD�
� � � 4 % 85 5 � �� � � � � � � � � � � � � � � � � � � � � �������
6HOOLVHG� UHDNWRULG� Y}LYDG� ROOD� UHJXOHHULWDYDG��� QlLWHNV� UHDNWRULG� IHUURPDJQHW�
V�GDPLNX�HHOPDJQHHWLPLVHJD���
6WDDWLOLVHG�UHDNWLLYY}LPVXVH�DOOLNDG�
6WDDWLOLVH� UHDNWLLYY}LPVXVH� DOOLND� DOO� P}HOGDNVH� WDYDOLVHOW� UHDNWLLYY}LPVXVH�
NRPSHQVDDWRULW��PLV�NRRVQHE�NRQGHQVDDWRUSDWDUHLVW�MD�VHOOHJD�U||ELWL��KHQGDWXG�
UHDNWRULVW�� PLOOHO� RQ� SLGHYDOW� UHJXOHHULWDYD� HHOPDJQHHWLPLVHJD� V�GDPLN��
5HJXOHHULPLVH� SLGHYXV� Y}LGDNVH� VDDYXWDGD� ND� NRQGHQVDDWRUSDWDUHL� WDOLWOXVH�
W�ULVWRUUHJXOHHULPLVHJD�� 6HOOLVHG� VXKWHOLVHOW� NDOOHLG� VHDGPHLG� NDVXWDWDNVH��
WHKQLOLVHOW�DUHQHQXG�PDDGHV�MXED��VQD�ODLDOGDVHOW��
5HDNWLLYY}LPVXVH�DOOLNDWH�NDVXWXVH��OGKLQQDQJ�
3}KLP}WWHOLVHOW� RQ� UHDNWLLYY}LPVXVH� DOOLNDWHNV� Y}UJXV� ND� V�QNURRQPRRWRULG��
PLOOH� HUJXWXVH� UHJXOHHULPLQH� Y}LPDOGDE� UHJXOHHULGD� QHQGH� UHDNWLLYY}LPVXVW��
7DUELMDWH�YDOGXVHV�ROHYDWH�V�QNURRQPRRWRULWH�NDVXWDPLQH�HOHNWULY}UJX�KXYLGHV�
SROH��OGMXKXO�UHDDOQH�MD�ND�QHQGH�PRRWRULWH�Y}LPVXV�SROH�HULWL�VXXU��
(OHNWULOLLQLG�RQ�VDPXWL�UHDNWLLYY}LPVXVH�DOOLNDNV��NXLG�QHQGH�PDKWXYXVHV�JHQH�
UHHULWDY�UHDNWLLYY}LPVXV�V}OWXE�OLLQLGH�SLQJHVW�MD�SROH�VHHW}WWX�SUDNWLOLVHOW�UHJX�
OHHULWDY��
3}LNUHDNWRUHLG� NDVXWDWDNVH� (HVWLV� VXKWHOLVHOW� YlKH�� DLQXOW� �OLN}UJHSLQJH�
Y}UNXGHV�� 6SHWVLDDOVHG� VWDDWLOLVHG� UHDNWLLYY}LPVXVH� DOOLNDG� RQ� NDOOLG� VHDGPHG���
PLV�OHLDYDG�VHQL�YlKHVW�NDVXWXVW��3}KLOLVWHNV�UHDNWLLYY}LPVXVH�NRPSHQVHHULPLV�
VHDGPHWHNV� PHLH� Y}UNXGHV� RQ� NRQGHQVDDWRUSDWDUHLG� MD� YlKHPDO� PllUDO� ND�
V�QNURRQNRPSHQVDDWRULG��
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6�QNURRQNRPSHQVDDWRULG� RQ� NHHUXNDG� MD� NDOOLG� VHDGPHG� QLQJ� Q}XDYDG�
DVMDWXQGOLNNX� MlUHOHYDOYHW� MD� KRROHW�� 6HHW}WWX� RQ� QHHG� }LJXVWDWXG� DLQXOW�
S}KLY}UJX� V}OPDODMDDPDGHV�� 6XXUHPD� Y}LPVXVHJD� V�QNURRQNRPSHQVDDWRUL�
HULPDNVXPXV� MD� HULNDRG� RQ� N�OO� YlLNVHPDG�� NXLG� MllYDG� LNNDJL� N}UJHPDNV�
NRQGHQVDDWRULWH� QlLWDMDWHVW�� 6HHW}WWX� Y}LYDG� V�QNURRQNRPSHQVDDWRUL� HHOLVHG�
�SRVLWLLYVH� WRLPHJD� SLGHY� MD� NLLUHWRLPHOLQH� UHJXOHHULPLQH� P}OHPDV� VXXQDV��
}LJXVWDGD� WHPD� NDVXWDPLVW� DLQXOW� VXKWHOLVHOW� VXXUH� Y}LPVXVH� SXKXO�� (QDPDVWL�
NDVXWDWDNVH� DJD� DODMDDPDGHV�� HULWL� MDRWXVDODMDDPDGHV� MD� VXXUHPDWH� WDUELMDWH�
MXXUHV�� UHDNWLLYY}LPVXVH�NRPSHQVHHULPLVHNV� VXKWHOLVHOW� RGDYDLG� MD� W||NLQGODLG�
NRQGHQVDDWRUSDWDUHLVLG��
�
���� 5($.7,,99®,0686(��.203(16((5,0,66($'0(7(��9$/,.�
� � -$��3$,*8786�
�
0lUNLPLVYllUQH� UHDNWLLYY}LPVXVH� HGDVWDPLQH� HOHNWULY}UJXV� S}KMXVWDE� VXXUL�
Y}LPVXVNDGXVLG� MD�SLQJH�NYDOLWHHW�KDOYHQHE��2WVWDUEHNDV�RQ�NDVXWDGD� UHDNWLLY�
Y}LPVXVH�NRPSHQVHHULPLVW��PLV� YlKHQGDE�Y}UJXV� HGDVWDWDYDW� UHDNWLLYY}LPVXVW�
QLQJ�ND�Y}LPVXV��MD�SLQJHNDGXVLG�WXQWXG�YDOHPLWH�������NRKDVHOW��
1DJX� RQ� QlLGDQXG� XXULPXVHG�� RQ� RWVWDUEHNDV� SDLJDOGDGD� DLQXOW� YlLNH� RVD�
UHDNWLLYY}LPVXVH�NRPSHQVDDWRULWHVW�HOHNWULV�VWHHPL��OHNDQGHY}UJX�V}OPHGHVVH��
9DOGDY� HQDPLN� SDLJDOGDWDNVH� MDRWXVY}UNXGHVVH� MD� HULWL� PDGDOSLQJH� SRROHOH�
Y}LPDOLNXOW�WDUELMDWH�OlKHGDOH��
(OHNWULV�VWHHPL� UHDNWLLYY}LPVXVH� NRPSHQVHHULPLVVHDGPHWHJD� YDUXVWDWXVH� WDVHW�
J �LVHORRPXVWDWDNVH�QHQGH�VXPPDDUVH�Y}LPVXVH�MD�V�VWHHPL�PDNVLPDDOVH�VXP�
PDDUVH�NRRUPXVH�VXKWHJD�
� � � J  4

3
.
P
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(HVWLV�RQ�VHH�QlLWDMD�OLLJD�PDGDO��
.RPSHQVHHULPLVVHDGPHWH� RSWLPDDOVH� SDLJXWXVH� �OHVDQQH� SHDNV� Y}LPDOGDPD�
PllUDWD� NRPSHQVDDWRULWH� VXPPDDUVH� Y}LPVXVH� MD� ND� MDJXQHPLVH� Y}LPDOLNH�
SDLJDOGXVNRKWDGH�YDKHO��
.XL�V�VWHHPL��OHNDQGHY}UJXO�Y}LE�ROOD�VDGX�V}OPL��VLLV�LJDVW�V}OPHVW�WRLGHWDNVH�
RPDNRUGD� �VQD� VXXUH� V}OPHGH� DUYXJD� MDRWXVY}UNH�� .RPSHQVHHULPLVVHDGPHWH�
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SDLJXWXVH� �OHVDQQH� NRJX� HOHNWULV�VWHHPL� Y}UNXGHV� VHLVQHE� QHQGH� VHDGPHWH�
RSWLPDDOVH�Y}LPVXVH�PllUDPLVHV�LJDV�Y}LPDOLNXV�V}OPHV��
6DPDO� DMDO� WXOHE� DUYHVWDGD�� HW� SLQJHG� RQ� VXXUHVWL� V}OWXYDG� UHDNWLLYY}LPVXVHVW��
3LQJHW� UHJXOHHULWDNVH� DJD� S}KLOLVHOW� NRRUPXVH� DOO� UHJXOHHULWDYDWH� WUDIRGHJD�
WRLWHDODMDDPDGHV��6DDGDNVH��OHVDQQH��PLOOHV�WXOHE�VDPDO�DMDO�ODKHQGDGD�UHDNWLLY�
Y}LPVXVH�NRPSHQVHHULPLVH� MD� SLQJH� UHJXOHHULPLVH�SUREOHHP��6HH�RQ�llUPLVHOW�
NHHUXNDV� NRPSOHNVVH� RSWLPHHULPLVH� �OHVDQQH�� PLV� RQ� SUDNWLOLVHOW� ODKHQGDWDY�
DLQXOW�DUYXWLWHO��NDVXWDGHV�V�VWHHPVHW� OlKHQHPLVW�±��OHVDQGH� OLJLNDXGVHW� ODKHQ�
GDPLVW� RVDGH� NDXSD�� 6HHMXXUHV� MlHWDNVH� YDDWOXVH� DOW� YlOMD� UHDNWLLYY}LPVXVH� MD�
DNWLLYY}LPVXVH� YDKHOLVH� V}OWXYXVH� SUREOHHP�� (HOGDWDNVH�� HW� DNWLLYY}LPVXVWH�
RSWLPDDOVH� WDOLWOXVHJD� VHRWXG� SUREOHHPLG� RQ� UHDNWLLYY}LPVXVWHVW� V}OWXPDWXOW�
HQQH�ODKHQGDWXG��
.RPSHQVHHULPLVVHDGPHWH� RSWLPDDOVH� SDLJXWXVH� �OHVDQQHW� YDDGHOGDNVH� KDUL�
OLNXOW� PLWPHQLYRROLVHQD�� 1LYRRGH� NDXSD� ODKHQGDPLVW� DOXVWDWDNVH� WDYDOLVHOW�
N}UJHPDOW�QLYRROW��ODKHQGDWDNVH��UHDNWLLYY}LPVXVWH�RSWLPDDOVH�MDRWXVH��OHVDQQH�
S}KLY}UJXV�QLQJ�DOOHV�VHHMlUHO�MDRWXVY}UNXGHV��
6LKLIXQNWVLRRQLNV�SHDNV�ROHPD�NHVNPLQH�VXPPDDUQH�DDVWDQH�NXOX��PLV�VLVDOGDE�
LQYHVWHHULQJXLG�MD�HQHUJLDNDGXGH�PDNVXPXVW�Y}L�QHQGH�PXXWXVW�NROPHV�NRKDV��
HOHNWULMDDPDGHV�� HOHNWULY}UJXV� MD� NRPSHQVHHULPLVVHDGPHWHV�� 6HHMXXUHV� WXOHE�
DUYHVWDGD� VXXUH� KXOJD� NLWVHQGXVWHJD� QlLWHNV� Y}UJX� HOHPHQWLGH� NRRUPDWDYXVH��
WDOLWOXVSLQJHWH�OXEDWDYXVH�MP�RVDV��2OXOLQH�WlKWVXV�RQ�V�VWHHPL�WDOLWOXVNLQGOXVHO��
PLGD�RQ�DJD�NXOXGH�PLQLPHHULPLVHO�UDVNH�DHYHVWDGD��
hOHVDQGH� ODKHQGDPLVHNV� �OHPLVHO� QLYRRO� �V�VWHHPL� S}KLY}UJXV�� WXOHE�
N}LJHSHDOW� HNYLYDOHQWHHULGD� MDRWXVY}UJXG� S}KLY}UJX� V}OPHGHV�� 6LLV� Y}LGDNVH�
ODKHQGDGD� �OHVDQQH�� PLOOH� WXOHPXVHQD� PllUDWDNVH� NLQGODNV� V�VWHHPLVW�
S}KLY}UJX� NDXGX� QlLWHNV� PDNVLPDDONRRUPXVHO� MDRWXVY}UNXGHVVH� DQWDY�
RSWLPDDOQH� UHDNWLLYY}LPVXV� 46 �� PLV� WXOHE� MDRWDGD� RSWLPDDOVHOW� S}KLY}UJX�
�MDRWXVY}UNH�WRLWYDWH��DODMDDPDGH�YDKHO��MQ�������6HOOLVH��OHVDQGH�ODKHQGDPLVHNV�
RQ� YDMD� NHHUXNDW� DUYXWLSURJUDPPL�� (GDVL� VDDE� OHLGD� LJDVW� DODMDDPDVW� L � WRLGH�
WDYDV� MDRWXVY}UJXV� YDMDOLNX� VXPPDDUVH� NRPSHQVDDWRULWH� Y}LPVXVH� 4.L � VHOOH�
Y}UJX�VXPPDDUVH�UHDNWLLYNRRUPXVH�4L �MD�S}KLY}UJXVW�DQWDYD�UHDNWLLYY}LPVXVH�
46L �YDKHQD�
� � � 4 4 4.L L 6L � �
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� � � � � �
-RRQLV����� 5HDNWLLYY}LPVXVHG�HOHNWULY}UNXGHV�

�
9DKHO�NDVXWDWDNVH�ND��VQD�OLKWVDW�PHHWRGLW��PLOOH�SXKXO�PllUDWDNVH�DOJXO�NLQG�
ODNV� S}KLY}UJX� DODMDDPDGHOH� �KWQH� QQ� WDVDNDDOXVWDWXG� Y}LPVXVWHJXUL� WDQ M % �
YllUWXV��(GDVL�OHLWDNVH�LJDVVH�MDRWXVY}UNX�SDLJDOGDWDYDWH�NRPSHQVDDWRULWH�VXP�
PDDUQH�Y}LPVXV�YDOHPLJD�
� � � � �4 4 4 3 3 3.L L L% L L L % L L % �  �  �WDQ WDQ WDQ WDQM M M M � � � �������
6�QNURRQNRPSHQVDDWRULWH�YDOLN� MD�SDLJXWXV�RQ��OHV�VWHHPLOLQH��OHVDQQH� MD�VHH�
WXOHNV�ODKHQGDGD��OHPLVH�QLYRR�RSWLPHHULPLVDUYXWXVWH�NlLJXV��
$OXPLVH� QLYRR� �OHVDQGHV� WXOHE� ODKHQGDGD� NRPSHQVHHULPLVVHDGPHWH� SDLJXWXV�
MDRWXVY}UNXGHV�� -DRWXVY}UNXGHV� �W||VWXVHWWHY}WHWHV�� OLQQD�� MD� PDDY}UNXGHV��
NDVXWDWDNVH� UHDNWLLYY}LPVXVH� NRPSHQVDDWRULWHQD� HQDPDVWL� NRQGHQVDDWRU�
SDWDUHLVLG��
.D� UHDNWLLYY}LPVXVH� NRPSHQVDDWRULWH� RSWLPDDOQH� SDLJXWXV� MDRWXVY}UJXV� RQ�
NHHUXNDV� RSWLPHHULPLV�OHVDQQH�� PLOOH� NlLJXV� WXOHE� PLQLPHHULGD� VXPPDDUVHLG�
NXOXVLG�� PLV� NRRVQHYDG� NXOXGHVW� NRPSHQVDDWRULWHOH� HQGLOH�� HQHUJLDNDGXGHOH�
NRPSHQVDDWRULWHV�MD�HQHUJLDNDGXGHOH�Y}UJXV��/LKWVXVH�P}WWHV�ORHWDNVH�NRPSHQ�
VDDWRULWH� VXPPDDUVH� HWWHDQWXG� Y}LPVXVH� 4 . L � SXKXO� NXOXGH� NDNV� HVLPHVW� RVD�
WLKWL� V}OWXPDWXNV� NRPSHQVHHULYD� Y}LPVXVH� MDJXQHPLVHVW� MDRWXVY}UJX� V}OPHGH�
YDKHO�� 6HO� MXKXO� MllE� RSWLPDDOVXVH� NULWHHULXPLNV� Y}UJX� HQHUJLDNDGXGH� PLLQL�
PXP�� .XQD� HQHUJLDNDGXVLG� S}KMXVWDYDG� DNWLLYY}LPVXVNDRG� Y}UJX� KDUXGHV�
NRRVQHYDG�DNWLLYNRRUPXVW�MD�UHDNWLLYNRRUPXVW�VLVDOGDYDWHVW�OLLGHWDYDWHVW�� � �
� � ' ' '3 3 4

8 5 3
8 5 4

8 5 3 33 4 �  �  �� �
�

�
�

�
� ��
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V}OWXE�NRPSHQVDDWRULWH� SDLNQHPLVHVW� SUDNWLOLVHOW� DLQXOW� WHLQH� OLLGHWDY� '34 ��6HO�
MXKXO� WDDQGXE� �OHVDQGH� ODKHQGDPLQH� NLWVHQGXVWHWD� NlVLWOXVHO� VLKLIXQNWVLRRQL�
HNVWUHHPXPL�OHLGPLVHOH�
� � � � � �PLQ � � PLQ �' ' '$ 3 W $ 4 44 4 4 . .Q � � � � � � � � � � � �������

.DKMXNV� HL� Y}LPDOGD��OHVDQGH� VHOOLQH� WULYLDDOQH�S�VWLWXV� ODKHQGDGD� NRUUHNWVHOW�
NRPSHQVDDWRULWH� SDLJDOGDPLVH� SUREOHHPL� MDRWXVWUDIR� �OHP�� Y}L� DODPSLQJH�
SRROHO�� .RQGHQVDDWRUSDWDUHLVW� Y}LE� N�OO� DODPSLQJH� SRROHO� ROOD� VXXUHP� NDVX��
NXQD� VHOOHJD� NDDVQHE� VXXUHP� HIHNW� NDGXGH� RVDV�� NXLG� NRQGHQVDDWRUL� �KLNX�
PDNVXPXV�N}UJHPDO�SLQJH�RQ�YlLNVHP��PLGD�VHH�PHWRRGLND�HL�DUYHVWD��
6DJHOL� RVXWXE� OLQQD�� MD� PDDY}UNXGHV� RWVWDUEHNDNV� NRPSHQVHHULGD� UHDNWLLY�
Y}LPVXV�SHDDHJX�WlLHV�XODWXVHV��
.XQD� NRQGHQVDDWRUSDWDUHLGH� Y}LPVXVHG� RQ� VWDQGDUGVHG�� SROH� QHLG� RWVWDUEHNDV�
SDLJDOGDGD� N}LNLGHVVH� YlLNVHPDWHVVH� MDRWXVDODMDDPDGHVVH�� 6HO� MXKXO� WXOHE�
DOXVWDGD� DODMDDPDGHVW�� NXV� RQ� SUREOHHPH� SLQJHJD� �NXV� SLQJH� WVHQWUDDOQH�
UHJXOHHULPLQH�WRLWHDODMDDPDV�HL�WDJD�WDUELMDLOH�YDMDOLNNX�SLQJHQLYRRG������
(OHNWULY}UJX� SLQJHSUREOHHPLGH� ODKHQGDGDPLVHO� Y}LE� MXKWXGD�� HW� NRQNUHHWVH�
WDUELMD�NRRUPXVJUDDILN�HULQHE�ROXOLVHOW�Y}UJX�VXPPDDUVHVW�NRRUPXVJUDDILNXVW�MD�
�KLQH�WVHQWUDDOQH�SLQJH�UHJXOHHULPLQH�WRLWHDODMDDPDV�HL�UDKXOGD�WDUELMDW��.D�VHO�
MXKXO�RQ�Y}LPDOLN� ODKHQGDGD�ROXNRUGD�UHDNWLLYY}LPVXVH�HUDOGL� UHJXOHHULPLVHJD�
�NRPSHQVHHULPLVHJD�� VHOOH� WDUELMD� MXXUHV�� /DKHQGXV� S}KLQHE� SLQJHNDR� PXXW�
PLVHO�UHDNWLLYY}LPVXVH�UHJXOHHULPLVH�WHHO�
� � � � �8 8 8 8 35 4 4 ;

8
. �  � � �

� �' �� � � � � � � � � �������
3LQJH� UHJXOHHULPLVH� NRQNUHHWVHPDG� N�VLPXVHG� NXXOXYDG� Y}UJXWDOLWOXVH� MXKWL�
PLVH�YDOGNRQGD��
7DUELMDWH� NRQNUHHWQH� VWLPXOHHULPLQH� MD� UHDNWLLYY}LPVXVH� NRPSHQVHHULPLVH�
PRWLYDWVLRRQL� ORRPLQH� VDDE� SUDNWLOLVHOW� WRLPXGD� HOHNWULWDULLILGH� �UHDNWLLY�
Y}LPVXVH�MD��HQHUJLD�WDULLILGH��NDXGX��
�
�
�
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��� (/(.75,(1(5*,$��.9$/,7((7��-$��3,1*(�� � � � � � �
� � 5(*8/((5,0,1(�
�
���� (/(.75,(1(5*,$��.9$/,7((',1b,7$-$'�
�
(OHNWULWDUYLWLG� RQ� SURMHNWHHULWXG� QLL�� HW� QHQGH� W||� ROHNV� RSWLPDDOQH� HOHNWUL�
V�VWHHPL� WDOLWOXVH� QLPLSDUDPHHWULWH� �QLPLVDJHGXV�� QLPLSLQJH� MQH�� MXXUHV�� 6HH�
MXXUHV� HHOGDWDNVH�� HW� SLQJH� RQ� VLLQXVHOLQH� MD� NROPHIDDVLOLVHV� V�VWHHPLV�
V�PPHHWULOLQH�� 7DUELMDLOH� DQWDYD� HOHNWULHQHUJLD� NYDOLWHHWL� KLQQDWDNVH� S}KLOLVHOW�
VHOOH� MlUJL�� NXL� OlKHGDVHG�RQ� WDOLWOXVSDUDPHHWULG�QLPLYllUWXVWHOH� MD�NXL� VXXU�RQ�
SLQJH�HEDV�PPHHWULD�QLQJ�HULQHYXV�VLLQXVN}YHUDVW��
(OHNWULMDDPDVW� YlOMDVWDWXG� HOHNWULHQHUJLD� NYDOLWHHWL� ULNXYDG� SLQJHNDRG� HOHNWUL�
Y}UJXV���KHIDDVLOLVHG�QLQJ�PLWWHOLQHDDUVHLG�HOHPHQWH�VLVDOGDYDG�WDUYLWLG�MQH��
(OHNWULWDUYLWLWH�WDOLWOXVH�NYDOLWHHW�V}OWXE�ROXOLVHOW�HOHNWULHQHUJLD�NYDOLWHHGLVW��1LL�
P}MXWDE� QlLWHNV� SLQJH� ROXOLVHOW� HOHNWULPRRWRULWH� MD� HOHNWULODPSLGH� W||G�� 3LQJH�
DODQHPLVHJD�NDDVQHE�ODPSLGH�YDOJXVYRR�WXQGXY�YlKHQHPLQH��SLQJH�W}XV�O�KHQ�
GDE� DJD� ODPSLGH� HOXLJD�� .RRV� SLQJH� ODQJHPLVHJD� YlKHQHE� MlUVXOW� DV�QNURRQ�
PRRWRULWH� S||UGHPRPHQW� �UXXWV}OWXYXV�� MD� VXXUHQHE� YRRO� QLQJ� HQHUJLDNDGX��
3LQJH� W}XV� S}KMXVWDE� DJD� DV�QNURRQPRRWRULWHV� WlLHQGDYDLG� UDXDVNDGXVLG� MD�
UHDNWLLYY}LPVXVH�ROXOLVW�VXXUHQHPLVW���
(OHNWULHQHUJLD� NYDOLWHHGL� RSWLPHHULPLVH� �OHVDQQH� RQ� YlJD� NHHUXNDV�� 6HHW}WWX�
NDVXWDWDNVH� SUDNWLNDV� OLKWVDPDW� PHHWRGLW� ±� VWDQGDUGLWDNVH� NYDOLWHHGLQlLWDMDWH�
OXEDWXG� SLLULG� QLQJ� S��WDNVH� WDOLWOXVH NlLJXV� WDJDGD� NYDOLWHHGLQlLWDMDWH� KRLG�
PLQH� QHQGHV� SLLULGHV�� .YDOLWHHGLQlLWDMDWHNV� RQ� VDJHGXVKlOYH� �HULQHYXV�
QLPLVDJHGXVHVW��� SLQJHKlOYH�� SLQJH�PXXWXPLVH� XODWXV�� SLQJH� N}LNXPLVH� PllU��
SLQJH� PLWWHVLLQXVHOLVXVH� PllU�� SLQJH� YDVWX�� MD� QXOOMlUJQHYXVNRPSRQHQWLGH�
VLVDOGXV� MP�� .YDOLWHHGLQlLWDMDWH� KXOND� ODLHPDV� P}WWHV� NXXOXYDG� ND� HOHNWUL�
YDUXVWXVNLQGOXVW�LVHORRPXVWDYDG�QlLWDMDG���
.XQD� HOHNWULV�VWHHPL� WDOLWOXV� RQ� PDWHPDDWLOLVHV� NlVLWOXVHV� DMDV� PXXWXY�
PLWPHP}}WPHOLQH�MXKXVOLN�SURWVHVV��Y}LE�YDDGHOGD�ND�NYDOLWHHGLQlLWDMDLG�MXKXV�
OLNH� SURWVHVVLGHQD�� 6HHW}WWX� Y}LE� NYDOLWHHGLQlLWDMDWH� DQDO��VLPLVHNV� NDVXWDGD�
W}HQlRVXVWHRRULD�PHHWRGHLG�MD�PDWHPDDWLOLVW�VWDWLVWLNDW��
�
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3UDNWLNDV�Y}LE�PLQJLW�NYDOLWHHGLQlLWDMDW�QlLWHNV�SLQJHKlOYHW�SURWVHQWLGHV�
� � � 9 W 8 W 8

8
1

1
� � � � � � ��� �� � � � � � � � � � � � � � � ������

YDDGHOGD�MXKXVOLNX�VWDWVLRQDDUVH�SURWVHVVLQD�MD�NRRVWDGD�VWDWLVWLOLVWH�P}}WPLVWH�
DOXVHO� WHPD� W}HQlRVXVH� MDRWXVWLKHGXVH� N}YHUD� �9�M � �MQ� ������ .XL� OXJHGD� VHH�
QRUPDDOMDRWXVHNV�� VDDE� VXKWHOLVHOW� NHUJHVWL� OHLGD� SLQJH� OXEDWDYDV� YDKHPLNXV�
ROHNX� W}HQlRVXVH� S �� � .XL� tS ������ ORHWDNVH� SLQJH� NYDOLWHHW� OXEDWDYDNV��
6WDWLVWLOLVH�DQDO��VL�W||PDKXNXVW�VDDE�YlKHQGDGD�VWDWLVWLOLVWH�DQDO�VDDWRULWH�Y}L�
VWDWLVWLOLVWH�YROWPHHWULWHJD��

��
-RRQLV����� .YDOLWHHGLQlLWDMD�VWDWLVWLOLQH�DQDO��V�

�
.XQD�NYDOLWHHGLQlLWDMDWH�VWDWLVWLOLQH�NlVLWOXV�RQ�SUDNWLNDV�W�OLNDV��Y}LYDG�QHQGH�
QlLWDMDWH� OXEDWXG� YDKHPLNXG� ROOD� DQWXG� VWDQGDUGLWHV� ND� GHWHUPLQHHULWXOW�� NXLG�
�KWODVL�HEDPllUDVHPDOW��S�������
�
���� 6$*('86(��-$��3,1*(��/8%$7$9$'��+b/%('�
�
6DJHGXVKlOYH� HKN� HULQHYXV� QLPLVDJHGXVHVW� I I 1� � RQ� �KHQGV�VWHHPLV� �KWQH�
VXXUXV� MD� PllUDWXG� HOHNWULMDDPDGH� QLQJ� WDUELMDWH� DNWLLYY}LPVXVWH� EDODQVLJD� MD�
HOHNWULV�VWHHPL�VDJHGXVH�UHJXOHHULPLVV�VWHHPLJD���
9}UJXVDJHGXVHNV�QLPHWDWDNVH�WRLWHSLQJH�S}KLODLQH�SHULRRGLOLVW�NRUGXYXVW�WHDWXG�
DMDLQWHUYDOOLV�� (HVWL� VWDQGDUGL� (96�(1� ������ �YDVWDE� (XURRSD� VWDQGDUGLOH��
NRKDVHOW� RQ� (HVWLV� WRLWHSLQJH� QLPLVDJHGXV� ��� +]�� 1RUPDDOWDOLWOXVHO� SHDE�
S}KLVDJHGXVH����VHNXQGLOLQH�NHVNYllUWXV�ROHPD�MlUJPLVWHV�SLLULGHV��
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���+]�������������«�����+]����������YlOWHO�DDVWDVW�
���+]�±�����������«���+]�����������YlOWHO�DMDVW�

6DJHGXVW� LVHORRPXVWDE� ND� VDJHGXVH� N}LNXPLQH� ±� VHH� RQ� YDKH� VXXULPD� MD�
YlLNVHLPD�VDJHGXVH�YllUWXVH�YDKHO�NLQGODNVPllUDWXG�DMDYDKHPLNXO�

PLQPD[ III � � � � � � � � � � � � � � � � � � � � � � �
6DJHGXVH� N}LNXPLVW� S}KMXVWDE� NDV� JHQHUHHULWDYDWH� Y}L� WDUELWDYDWH� DNWLLY�
Y}LPVXVWH� MlUVN� PXXWXV� Y}L� PXXG� VXXUHPDG� VLLUGHQlKWXVHG�� QlLWHNV� O�KLVHG�
HOHNWULV�VWHHPLV�� 6DJHGXVH� N}LNXPLQH� NXMXWDE� HQHVHVW� RKWX� HHON}LJH� V�VWHHPL�
VWDELLOVXVHOH��
(OHNWULV�VWHHPLGHV� RQ� WDYDOLVHOW� QRUPHHULWXG� ND� VDJHGXVH� SLNHPDDMDOLQH�
NHVNYllUWXV�� VHVW�SDOMXG�VHDGPHG�NDVXWDYDG�Y}UJXVDJHGXVW�RPD�VLVHPLVH�NHOOD�
WDUYLV��6HOOLVHNV�NYDOLWHHGLQlLWDMDNV�Y}LE�ROOD�QQ�HOHNWULOLQH�DHJ��

³ DW

�
D

Q
H GWIIW � �� � � � � � � � � � � � � � � � � � � � � ��

NXV �
HW ��±��HOHNWULOLQH�DHJ�
DW ��±��DVWURQRRPLOLQH�DHJ�
I ��±��WDOLWOXVVDJHGXV��
QI �±��QLPLVDJHGXV�

.YDOLWHHWL� LVHORRPXVWDE� VHO� MXKXO� HOHNWULOLVH� DMD� N}UYDOHNDOOH� DVWURQRRPLOLVHVW��
6HH�RQ�HOHNWULNHOOD�DMDYLJD��
6DJHGXVH� UHJXOHHULPLQH� WRLPXE� �KHQGV�VWHHPL� VXXUWH� HOHNWULMDDPDGH� WDOLWOXV�
Y}LPVXVH� UHJXOHHULPLVH� WHHO� QLQJ� VHHW}WWX� SXXGXYDG� HOHNWULY}UJXO� SUDNWLOLVHOW�
Y}LPDOXVHG� VDJHGXVW� P}MXWDGD�� %DOWLPDDGH� UDKYXVOLNXG� HOHNWULV�VWHHPLG� RQ�
�KHQGDWXG�9HQHPDD� �KWVH� HQHUJLDV�VWHHPLJD� MD� VDJHGXVW� UHJXOHHULE�9HQHPDD�
�KWQH�HQHUJLDV�VWHHP��
6WDQGDUGLJD� RQ� QRUPHHULWXG� PLWPHVXJXVHG� WRLWHSLQJH� WXQQXVVXXUXVHG�
WDUELMDWH� OLLWXPLVSXQNWLGHV�� hOGMXKXO� SHDNV� WRLWHSLQJH� QRUPDDOWLQJLPXVWHO� N�OO�
SUDNWLOLVHOW�Y}UGXPD�Y}UJX�QLPLSLQJHJD��NXLG�Y}LE�VHOOHVW�ND�HULQHGD��
.}LJH� ROXOLVHPDNV� WXQQXVVXXUXVHNV� RQ� WRLWHSLQJH� DHJODVHG� PXXWXVHG� ±�
WRLWHSLQJH� HIHNWLLYYllUWXVH� ���PLQXWLOLVHVW� NHVNYllUWXVHVW� ���� SHDE� ROHPD�
SLLULGHV� 81� r����� hOHPLQHNXSHULRRGLO� PDGDOSLQJHY}UJXV� QLPLSLQJHOH�
��������9�RQ�OXEDWXG�81���������������
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�
���� 7$5%,-$��7$/,7/863,1*(7��0®-87$9$'��7(*85,'�
� �
7DUELMD� WDOLWOXVSLQJH� V}OWXE� Y}UJXV� SDOMXGHVW� WHJXULWHVW�� HOHNWULMDDPD� JHQH�
UDDWRULWH� WDOLWOXVSLQJHVW�� SLQJHNDGXGHVW� Y}UJXV�� PLGD� P}MXWDYDG� RPDNRUGD�
WDUELMDWH�NRRUPXVHG� MD� UHDNWLLYY}LPVXVWH�NRPSHQVHHULPLQH��QLQJ�WUDIRGH�YlOMD�
Y}WHWHVW��6HOOH�VHOJLWDPLVHNV�YDDWOHPH�OLKWVDW�QlLGHW��MQ����D���

��������������� �
-RRQLV����� 7DOLWOXVSLQJHG�WDUELMDWH�MXXUHV���

�D��MDRWXVY}UJX�VNHHP���E��DVHVNHHP�
�������
.XQD� �OHNDQGHY}UJX� WUDIRG� RQ� �OGMXKXO� NRRUPXVH� DOO� UHJXOHHULWDYDG�� VLLV� RQ�
Y}LPDOLN�MDRWXVY}UJX�WRLWHDODMDDPD�VHNXQGDDUSLQJHW�8� �YDMDGXVH�MlUJL�UHJXOHH�
ULGD�� 6DPDO� DMDO� RQ� DJD� MDRWXVWUDIRG� �7 7� �� �NRRUPXVH� DOO� WDYDOLVHOW� PLWWH�
UHJXOHHULWDYDG�� PLV� WlKHQGDE�� HW� QHQGH� �OHNDQGHVXKWHLG� VDDE� PXXWD� DLQXOW�
VHVRRQVHOW��6HHJD�Y}LE�YDDGHOGDYDW�MDRWXVY}UNX�NXMXWDGD�DVHVNHHPLQD��MQ����E���
PLOOHV� WRLWHDODMDDPD� PRGHOOHHULE� WRLWHDOOLNDV� UHJXOHHULWDYD� SLQJHJD� 8 � �� OLLQH�
YDVWDYDG�WDNLVWXVHG�QLQJ��MDRWXVWUDIRVLG�WDNLVWXVHG�MD�LGHDDOVHG�WUDIRG��OHNDQGH�
VXKHWHJD� N��MD� N� ���3LQJHG�8� 
 �MD�8� 
 ��WDUELMDWH�WDOLWOXVSLQJHG�WDDQGDWXG�WUDIRGH�
�OHPSLQJHOH��Y}LE�DYDOGDGD�WRLWHSLQJH�MD�Y}UJX�SLQJHNDGXGH�NDXGX�VHRVWHJD�
� � � 8 8 8 8 8 8

8 8 8 8 8 8 8
/ 7

/ / 7

� � � � � � �

� � � � � � � �
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QLQJ�WDUELMDWH�WDOLWOXVSLQJHG�
� � � 8 8 8

N 8 8 8
N� � � �

�
� � � �

�
 �  �� �' ' �

hOGMXKXNV�VDDE�WDUELMD�WDOLWOXVSLQJH�PllUDPLVHNV�YDOHPL��
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� � � 8 8 8
N �� ' 6 � � � � � � � � � � � � � � � � � � � � � ������

NXV� � ' 68 �±�VXPPDDUQH�SLQJHNDGX�WRLWHDODMDDPDVW�WDUELMDQL�
� � � N �±��WDUELMD�MDRWXVWUDIR��OHNDQGHVXKH�
.XL� WDUELMD� RQ� MDRWXVWUDIRVW� NDXJHPDO�� WXOHE� ODKXWDGD� YHHO� SLQJHNDGX� WDUELMD�
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�
3LQJHW� WDUELMD� MXXUHV� PllUDYDG� WRLWHDOOLNDWH� SLQJHG�� SLQJHNDRG� Y}UJX�
HOHPHQWLGHV� MD� WUDIRGH� �OHNDQGHVXKWHG� �� VHH� NHKWLE� ND� NRJX� HOHNWULV�VWHHPL�
NRKWD�� 9DDWOHPH� HOHNWULV�VWHHPL� OLKWVXVWDWXG� VNHHPL� �MQ� ���D�� QLQJ� VHOOHOH�
YDVWDYDW� VXKWHOLVWH� SLQJHKlOYHWH� � 9 8 8 81 1 �� � � � GLDJUDPPL� MXKXO�� NXL�
WUDIRGH� �OHNDQGHVXKWHG� ROHNVLG� Y}UGVHG� YDVWDYDWH� Y}UNXGH� QLPLSLQJHWH� VXKH�
WHJD��V�R��SXXGXYDG�SLQJHOLVDG��MQ����E���
.XQD�Y}UJX�VXXULP�MD�YlKLP�NRRUPXV�Y}LYDG�ROXOLVHOW�HULQHGD��RQ�HULQHYDG�ND�
YDVWDYDG� GLDJUDPPLG� �� MD� ��� 0}QHO� MXKXO� XODWXYDG� HOHNWULY}UJX� VXPPDDUVHG�
SLQJHNDRG� VXXULPDO� NRRUPXVHO� LVHJL� �OH� ���� QLPLSLQJHVW�� PLV� RQ� WDUELMDLOH�
YDVWXY}HWDPDWX���
9lKLPDO� NRRUPXVHO�� PLV� PRRGXVWDE� VXXULPDVW� NRRUPXVHVW� QlLWHNV� ����� RQ�
VXPPDDUVHG� SLQJHNDRG� OLJLNDXGX� ���� SLQJHNDGXGHVW� VXXULPDO� NRRUPXVHO�
�PXXWXV�������.XL�SLQJHNDGX�VXXULPDO�NRRUPXVHO�ROHNV�����QLPLSLQJHVW��VLLV�
PRRGXVWDNV� WHPD� ����QH� PXXWXV� ���Â���  � ���� QLPLSLQJHVW�� .D� WDUELMDWH�
WDOLWOXVSLQJH�VHOOLQH�PXXWXPLQH�ROHNV�OXEDPDWX��
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� �
-RRQLV����� 3LQJHG�HOHNWULV�VWHHPLV�VXXULPDO�����MD�YlKLPDO�NRRUPXVHO�������
D��V�VWHHPL�VNHHP���E��VXKWHOLVWH�SLQJHKlOYHWH�GLDJUDPP�WUDIRGH�SLQJHOLVDWD��

�F��VXKWHOLVWH�SLQJHKlOYHWH�GLDJUDPP�WUDIRGH�SLQJHOLVDJD��
�
6HHJD�RQ�HVLWHNV�YDMD�W}VWD�Y}UJX�SLQJHQLYRRG�MD�WHLVHNV�YLLD�SLQJH�PXXWXPLVH�
GLDSDVRRQ� OXEDWXG�YDKHPLNNX��6HOOHNV� WXOHE�YDOLGD�SLQJHUHJXOHHULPLVVHDGPHG��
QHHG�RWVWDUEHNDOW�SDLJXWDGD�MD�}LJHVWL�UHJXOHHULGD��
.}LN� SLQJH� UHJXOHHUHHULPLVH� PRRGXVHG� Y}LE� OLLJLWDGD� Y}UJX� VHLVXNRKDOW�
S}KLP}WWHOLVHOW� NDKWH� RVVD�� ��� SLQJHNDR� UHJXOHHULPLQH�Y}UJX� HOHPHQWLGH� WDNLV�
WXVWH� Y}L� NRRUPXVWH� PXXWPLVH� WHHO�� ��� SLQJHOLVD� PXXWPLQH� JHQHUDDWRULWH�
UHJXOHHULPLVH�Y}L�WUDIRGH��OHNDQGHVXKWH�PXXWPLVH�WHHO��1LL�VDDYXWDWDNVH�QlLWHNV�
WUDIRGH� �OHNDQGHVXKHWH� VRELYD� YDOLNXJD� �SLQJHOLVDGHJD�� Y}UJX� SLQJHNDGXGH�
ROXOLQH� NRPSHQVHHULPLQH� MD� WDUELMDWH� SUDNWLOLVHOW� QRUPDDOQH� �OXEDWXG�� WDOLWOXV�
SLQJH��MQ����F���
(OHNWULMDDPDGH�JHQHUDDWRULWH�SLQJHG�RQ�WDYDOLVHOW�LOPD�DNWLLYY}LPVXVW�SLLUDPDWD�
UHJXOHHULWDYDG� r ���� 3LQJH� VXXUHP� W}VWPLQH� Q}XDE� �OGMXKXO� JHQHUDDWRUL�
DNWLLYNRRUPXVH� YlKHQGDPLVW�� 1HHG� DELQ}XG� SROH� SLLVDYDG� SLQJH� UHJXOHHUL�
PLVHNV� HOHNWULV�VWHHPLV� WHUYLNXQD�� .D� HL� Y}LPDOGD� VHOOLQH� UHJXOHHULPLQH�
UDKXOGDGD�VDPDDHJVHOW�N}LJL�WDUELMDWH�YDMDGXVL��.DVXWDWDY�RQ�VHH�DLQXOW�YlLNHVWH�
LVROHHULWXOW�W||WDYDWH�HOHNWULMDDPDGH�SXKXO��
(OHNWULMDDPDGH� SLQJHN}UJHQGXVWUDIRG� SROH� HQDPDVWL� NRRUPXVH� DOO� UHJXOHHUL�
WDYDG�Y}L�HL�VDD�QHLG��OGVH�UHJXOHHULGD��6HHW}WWX�UHJXOHHULWDNVH�SLQJHW�S}KLOLVHOW�
NRRUPXVH�DOO�UHJXOHHULWDYDWH��OHNDQGHY}UJX�WUDIRGHJD��
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�
3}KLOLVWHNV� SLQJH� UHJXOHHULPLVH� YDKHQGLWHNV� Y}UJXV� RQ� SLQJHPDGDOGXVDOD�
MDDPDGH�UHJXOHHULWDYDWH��OHNDQGHVXKHWHJD�WUDIRG��.RQVWUXNWVLRRQLOW� OLLJLWDWDNVH�
WUDIRG� UHJXOHHULWDYDWHNV� HUJXWXVHWD� ROHNXV� �NRRUPXVH� DOO� PLWWHUHJXOHHULWDYDG�
HKN�.05�WUDIRG��MD�NRRUPXVH�DOO�UHJXOHHULWDYDWHNV�WUDIRGHNV�HKN�.5�WUDIRGHNV��
.05�WUDIRGH� PlKLVWH� YlOMDY}WWHLG� VDDE� PXXWD� DLQXOW� SLQJHYDEDV� VHLVXQGLV��
7DYDOLVHOW�WHKDNVH�VHGD�VHVRRQVHOW��P}QL�NRUG�DDVWDV���
(QDPDVWL� RQ� UHJXOHHULPLVHNV� YDMDOLNXG� YlOMDY}WWHG� WUDIR� �OHPSLQJH� SRROHO��
NXQD�VHDO�RQ�YlLNVHP�YRRO��PLV�NHUJHQGDE�YlOMDY}WHWH���PEHUO�OLWDPLVW��
7UDIR�WHJHOLN��OHNDQGHVXKH�OHLWDNVH�VLLV�YDOHPLJD�
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6DDGXG� DUYXWXVOLNX� WXOHPXVH� MlUJL� YDOLWDNVH� OlKLP� VWDQGDUGQH�YlOMDY}WWH� QLPL�
SLQJH���
.05�WUDIRG� � �MQ� ���� YDOPLVWDWDNVH� WDYDOLVHOW� �OHPSLQJHPlKLVH� YLLH� YlOMD�
Y}WWHJD�±��NV�NHVNPLQH�HKN�S}KLYlOMDY}WH��PLV�YDVWDE�WUDIR�QLPLSLQJHOH��QLQJ�
NDNV�OLVDYlOMDY}WHW�NXPPDOHJL�SRROH���r�u������NHHUGXGH�DUYX�VXXUHQGDPLVHNV�
Y}L�YlKHQGDPLVHNV��3}KLYlOMDY}WWHOH�YDVWDE�WUDIR�QLPL�OHNDQGHVXKH���

� � � �
-RRQLV�������.05�WUDIR�IDDVLPlKLVWH� � -RRQLV����� .5�WUDIR�IDDVLPlKLVWH��
� � � � � VNHHP��� � � � � � � � � � � � � � VNHHP���
�
.XQD�WUDIR�VHNXQGDDUPlKLV�RQ��OGMXKXO�HOHNWULY}UJX�WRLWHDOOLNDNV��YDOPLVWDWDNVH�
WD� Y}UJX� QLPLSLQJHVW� ��� Y}L� ���� Y}UUD� N}UJHPD� QLPLSLQJHJD�� 6HHJD� DQQDE�
WUDIR� SLQJHOLVD�� PLV� NRPSHQVHHULE� SLQJHNDGXVLG� Y}UJXV� �YW� S� ������ .XL�
�OHPSLQJH�SRROHO�RQ�YDOLWXG�S}KLYlOMDY}WH��VLLV�RQ�WUDIR�SLQJHOLVD�VDPXWL����Y}L�
�����.XL�YlOMDY}WHW�PXXWD��PXXWXE�ND�SLQJHOLVD�YDVWDYDOW�WDEHOLOH������
.5�WUDIR��MQ������HULQHE�.05�WUDIRVW�VLVVHHKLWDWXG�DVWPH�PEHUO�OLWXVVHDGPH�
MD� VXXUHPD� DUYX� YlOMDY}WHWH� SRROHVW� �MRRQLVHO� RQ� WRRGXG� OLKWVXVWDWXG� VNHHP� MD�
QlLGDWXG� DLQXOW� �� YlOMDY}WHW��� 1lLWHNV� Y}LE� ���� N9� WUDIRGHO� ROOD� YlOMDY}WWHLG�
r u� � ��� � ��PLV�Y}LPDOGDE�UHJXOHHULGD�SLQJHW� r��� ��7UDIR��OHPSLQJHPlKLV�
NRRVQHE� PLWWHUHJXOHHULWDYDVW� MD� UHJXOHHULWDYDVW� RVDVW�� PLOOH� MXXUGH� NXXOXE�
�PEHUO�OLWXVVHDGH��6HOOLVH� WUDIR��OHNDQGHVXKWH�UHJXOHHULPLQH�WRLPXE�NRRUPXVH�
DOO�V}OWXYDOW�QlLWHNV�NRRUPXVJUDDILNXVW��
3LQJHUHJXOHHUWUDIRG� HKN� OLVDSLQJHWUDIRG� RQ� .5�WUDIRG�� PLGD� NDVXWDWDNVH�
PLQJLO� SLQJHDVWPHO� SLQJH� UHJXOHHULPLVHNV�� 1HQGH� UHJXOHHULPLVYDKHPLN� Y}LE�
ROOD�N�OODOW�VXXU�QlLWHNV�r��� ��
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�
7DEHO������ .05�WUDIR�SLQJHOLVD�� � � � � � � � � � � � � �
�9lOMDY}WH� ������������������������3LQJHOLVD���������
�������� ����6HNXQGDDU��
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�
3LQJHUHJXOHHUWUDIRVLG�VDDE�NDVXWDGD�.05�WUDIRJD�ROHPDVROHYD�DODMDDPD�UHNRQ�
VWUXHHULPLVHNV��MQ����D��Y}L�YlOMXYDWH�OLLQLGH�SLQJH�V}OWXPDWXNV�UHJXOHHULPLVHNV�
�MQ����E���9LLPDVHO�MXKXO�QLPHWDWDNVH�QHLG�ND�OLLQLUHJXODDWRULWHNV��

� � � � �
-RRQLV�������3LQJHUHJXOHHUWUDIRG���D��.05�WUDIR�NRRV�SLQJHUHJXOHHUWUDIRJD��

E��OLLQLUHJXODDWRULG��F���KH�IDDVL�PlKLVWH�VNHHP��G��SLQJH�SLNL��
UHJXOHHULPLQH��H��SLQJH�ULVWUHJXOHHULPLQH��

�
3LQJHUHJXOHHUWUDIR�NRRVQHE��MQ����F��RPDNRUGD�MDGDWUDIRVW�����MD�WRLWHWUDIRVW������
.XL� WRLWHWUDIR� SULPDDUPlKLVW� WRLWD� VDPD� IDDVL� SLQJHJD�� PLOOHVVH� MDGDWUDIR�
S}KLPlKLV� O�OLWDWDNVH�� VDDYXWDWDNVH� SLQJH� SLNLUHJXOHHULPLQH� �OLVD�HOHNWUR�
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PRWRRUM}X� � YHNWRU� '( � RQ� S}KLWUDIR� HOHNWURPRWRRUM}X�YHNWRULJD� ( � VDPD��Y}L�
YDVWDVVXXQDOLQH�� � MQ����G��� �.XL� WRLWHWUDIRW� WRLWD�DJD��OHMllQXG�IDDVLGH�YDKHOLVH�
SLQJHJD�� VDDYXWDWDNVH� SLQJH� ULVWUHJXOHHULPLQH� �OLVDHOHNWURPRWRRUM}X� '( �
YHNWRU�RQ�.05�S}KLWUDIR�HOHNWURPRWRRUM}X� ( �Y}L�Y}UJX�SLQJH�YHNWRULJD�ULVWL��
MQ����H����
5LVWUHJXOHHUWUDIRVLG�NDVXWDWDNVH�HGXNDOW�VXOHWXG�Y}UJX�WDOLWOXVH�RSWLPHHULPLVHO�
SHDPLVHOW� DNWLLYY}LPVXVYRRJXGH� PXXWPLVHNV�� 3LNLUHJXOHHUWUDIRGHJD� VDDE�
PXXWD�S}KLOLVHOW�UHDNWLLYY}LPVXVWH�MDJXQHPLVW�VXOHWXG�Y}UJXV��
�
���� 3,1*(��5(*8/((5,0,1(��-$27869®5*8��72,7($/$-$$0$6�
�
.XL� WDUELMDWH� MXXUHV� SROH� UHJXOHHULWDYDLG� NRQGHQVDDWRUSDWDUHLVLG�� Y}LE� MDRWXV�
Y}UJX� WRLWHDODMDDP� �WDYDOLVHOW� .5�WUDIRGHJD�� ROOD� WDUELMDLOH� OlKLP� HKN� Y}UJX�
SRROW� YDDGDWXQD� YLLPDQH� NRKW�� NXV� RQ� WDOLWOXVH� NlLJXV� Y}LPDOLN� UHJXOHHULGD�
Y}UJX� SLQJHW�� -DRWXVDODMDDPDGH� .05�WUDIRGH� �OHNDQGHVXKWHG� RQ� N�OODOW� SLND�
DMD� MRRNVXO� PXXWXPDWXG�� 7DUELMDWH� WDOLWOXVSLQJHG� RQ� VHO� MXKXO� V}OWXYDG� WRLWH�
DODMDDPD� SLQJHVW� MD� SLQJHNDRVW�� .XQD� SLQJHNDGX� RQ� DJD� V}OWXY� Y}UJX�
NRRUPXVWHVW�� PLV� DMDV� PXXWXYDG�� WXOHNV� UHJXOHHULGD� WRLWHSLQJHW� 8� � V}OWXYDQD�
NRRUPXVWHVW�QLL��HW�WDUELMDWH�WDOLWOXVSLQJHG�YDVWDNVLG�Q}XHWHOH����
9DDWOHPH�OLKWVDW�MDRWXVY}UNX��MQ����D���PLO�RQ�HVLDOJX�Y}UJX�QLPLSLQJHJD�Y}UGQH�
VWDELOLVHHULWXG� WRLWHSLQJH� 8 8 1�  �� 6HO� MXKXO� PXXWXNVLG� SLQJHG� MDRWXVY}UJX�
SXQNWLGHV�YDVWDYDOW� VXPPDDUVH�NRRUPXVYRROX� ,� �PXXWXPLVHOH� �MQ����E���1DJX�
QlKD�� RQ� SLQJHQLYRR� DODWL� MD� NRJX� Y}UJXV� DOOD� QLPLSLQJH� QLQJ� SLQJH�
PXXWXPLVGLDSDVRRQ� NDXJHPDWH� WDUELMDWH� MXXUHV� N�OODOW� VXXU�� QLL� HW� ND�
MDRWXVWUDIRGH� �OHNDQGHVXKHWH� }LJH� YDOLN� VHVRRQLNV� HL� SUXXJL� NLQGOXVWDGD�
WDUELMDLOH�QRUPDDOVHW�SLQJHW���
0lUNVD� SDUHP� ODKHQGXV� VDDGDNVH�� NXL� VXXULPDO� NRRUPXVHO� , ,� � PD[ � KRLGD�
QLPLSLQJHVW� N}UJHPDW� WRLWHSLQJHW� 8 8� � PD[ � QLQJ� YlKLPDO� NRRUPXVHO�
, ,� � PLQ � WRLWHSLQJHW�8 8� � PLQ � �MQ� ���F��� 6HOOHNV� Y}LE� NDVXWDGD� WUDIR� SLQJH�
DXWRPDDWUHJXODDWRULW�� PLV� NLQGOXVWDE� SLQJH� YDMDOLNX� UHJXOHHULPLVVHDGXVH� ±�
QlLWHNV� 8 � � OLQHDDUVH� V}OWXYXVH� YRROXVW� ,� �� 6HHMXXUHV� SHDE� UHJXODDWRULO� ROHPD�
WUDIR� SLQJHUHJXOHHULPLVDVWPHVW� VXXUHP� WXQGHWXVWVRRQ� MD� SLLVDY� YLLGH�� HW�
YlOLVWDGD�WUDIR�DVWPHWH�OLLJD�VDJHGDVW��PEHUO�OLWDPLVW���
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-RRQLV����� 7RLWHDODMDDPD�SLQJH�UHJXOHHULPLQH���D��MDRWXVY}UJX�VNHHP���
E��WRLWHSLQJH�VWDELOLVHHULPLQH��8 8 1�  ���F��NRRUPXVYRROX�
MlUJL�UHJXOHHULPLQH��8 8 ,� � � � � �

�
.�VLPXVH� OlKHPDO� YDDWOHPLVHO� WXOHE� DUYHVWDGD� ND� SLQJH� UHJXOHHULPLVH� DVWPH�
OLVXVW�� UHJXODDWRUL� WXQGOLNNXVW�� YLLGHW� MP�� .RNNX� Y}WWHV� NLQGOXVWDWDNVH� VLLVNL�
WRLWHSLQJH��PLV�NHVNPLVHOW�NRPSHQVHHULE�SLQJHNDR�MDRWXVY}UJXV��
6HOOLVW� NRRUPXVH� MlUJL� UHJXOHHULPLVW� RQ� QLPHWDWXG� ND� SLQJH� YDVWXUHJXOHHUL�
PLVHNV�� hKH� OLKWVD� MD� SUDNWLOLVH� ODKHQGXVHQD� RQ� VRRYLWDWXG� WHJHOLNNX� WDOLWOXVW�
DQDO��VLPDWD� KRLGD� WRLWHDODMDDPDV� VXXULPDO� NRRUPXVHO� SLQJHW� OLJLNDXGX� ���
Y}UUD� Y}UJX� QLPLSLQJHVW� N}UJHPDQD� QLQJ� YlKLPDO� NRRUPXVHO� Y}UGVHQD� QLPL�
SLQJHJD��
.XL� WDKHWDNVH� DJD� GHWDLOVHPDOW� YDDGHOGD�PDGDOSLQJHWDUELMDLG�� PLGD� WRLGHWDNVH�
MDRWXVY}UJXVW� OlEL� MDRWXVWUDIRGH� ��OGMXKXO� HULQHYDWH� �OHNDQGHVXKHWHJD��� RQ�
�OHVDQQH�NHHUXNDP��hOGS}KLP}WH�MllE�DJD�VDPDNV���
�
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���� 3,1*(��5(*8/((5,0,1(��3,1*(.$2��08870,6(��.$8'8�
�
9DOHPL�������NRKDVHOW�RQ�SLQJHW�Y}LPDOLN�UHJXOHHULGD�ND�SLQJHNDR�PXXWPLVHJD��
9DDGHOGHV� OLKWVDW� �OHNDQQHW� �MQ� ���D��� RQ�PLQJL� V}OPH�Y}L� WDUELMD� WDOLWOXVSLQJH�
8 �OLJLNDXGX�PllUDWXG�WRLWHSLQJHJD� �8 �MD�OLLQL�SLQJHNDRJD�YDVWDYDOW�YDOHPLOH�
� � � 8 8 8 8 35 4;

8 1
 �  � �

� �' ��� � � � � � � � � � � � � � ������

� � � � ������ �
-RRQLV����� 3LNL��MD�S}LNNRPSHQVHHULPLQH��

D��NRPSHQVHHULPDWD��OHNDQQH��E��NRPSHQVHHULWXG��OHNDQGH�DVHVNHHP�
�
6XXUXVHG� 3 � MD�8 1 �RQ�HWWH�DQWXG��.�OO�RQ�DJD�S}KLP}WWHOLVHOW�Y}LPDOLN�PXXWD�
OLLQL�WDNLVWXVL�5 �MD� ; �QLQJ�OLLQLV�HGDVWDWDYDW�UHDNWLLYY}LPVXVW�4 ��
-DRWXVY}UNXGHV��HULWL�PDGDOSLQJHY}UNXGHV��RQ�OLLQLGH�DNWLLYWDNLVWXVHG�VXKWHOLVHOW�
VXXUHG� QLQJ� DNWLLYWDNLVWXVH� P}MX� SLQJHOH� PlUJDWDY�� 6HHW}WWX� YDOLWDNVH�
MDRWXVY}UNXGHV�MXKWLGH�ULVWO}LNHG�VDJHOL�OXEDWXG�SLQJHNDR�MlUJL��
hOHNDQGHY}UNXGHV�� NXV� WDYDOLVHOW� 5 ;� �� SROH� DNWLLYWDNLVWXVH� P}MX� SLQJHOH�
PlUNLPLVYllUQH�� ,QGXNWLLYWDNLVWXV�� PLV� N�OO� ROXOLVHOW� P}MXWDE� SLQJHW�� RQ� DJD�
MXKWPH� ULVWO}LNHVW� YlKH� V}OWXY� �YW� S� ������ 6HHW}WWX� SROH� �OHNDQGHY}UNXGHV�
MXKWPHWH�ULVWO}LJHWH�YDOLNXO�RWVWDUEHNDV�OlKWXGD�OXEDWXG�SLQJHNDRVW��
hOHNDQGH� UHDNWLLYWDNLVWXVW� RQ� Y}LPDOLN� DJD� ROXOLVHOW� YlKHQGDGD� SLNLNRPSHQ�
VHHULPLVH� WHHO�� 6HOOHNV� NDVXWDWDNVH� OLLQL� MDGDPLVL� O�OLWDWXG� NRQGHQVDDWRULW�
�MQ����E���/LLQL�HNYLYDOHQWQH�UHDNWLLYWDNLVWXV�RQ�VLLV� ; ; .� �QLQJ�SLQJH�
� � � 8 8 35 4 ; ;

8
.
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 � � �

�
� � � � � � � � � � � � � � � � � � ������
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6HOOLQH� SLNLNRPSHQVHHULPLQH� SROH� MDRWXVY}UNXGHV� VLLVNL� OHLGQXG� ODLDOGDVW�
NDVXWXVW�� 7XOHPXV� V}OWXE� ROXOLVHOW� HGDVWDWDYD� UHDNWLLYY}LPVXVH� 4 � VXXUXVHVW�
QLQJ� NRQGHQVDDWRULG� YDMDYDG� OLLJSLQJHNDLWVHW� O�KLVWH� HHVW�� 5RKNHP� RQ� SLNL�
NRQGHQVDDWRULWH� NDVXWDPLQH� }LJXVWDWXG� �OLN}UJHSLQJHOLLQLGH� OlELODVNHY}LPH�
VXXUHQGDPLVH� HHVPlUJLO�� 9DOHPL� ������� NRKDVHOW� VDDGDNVH� VLLV� MRRQLVHO� ���E�
NXMXWDWXG��OHNDQGH�OlELODVNHY}LPHNV�
� � � 3 8 8

; ; .
PD[  �

� � � � � � � � � � � � � � � � � � � � � � � ������
7HLVHNV� SLQJHNDR� YlKHQGDPLVH� Y}LPDOXVHNV� RQ� UHDNWLLYY}LPVXVH� NRPSHQ�
VHHULPLQH� �YW� S� ������ 6HGD� QLPHWDWDNVH� ND� S}LNNRPSHQVHHULPLVHNV�� NXQD�
UHDNWLLYY}LPVXVH� DOOLNDV� PRRGXVWDE� S}LNKDUX� �QW� NRQGHQVDDWRUSDWDUHL� Y}LP�
VXVHJD�4. �MQ����E���.XL�VHOOLQH�NRPSHQVDDWRU�RQ�NHUJHVWL�UHJXOHHULWDY��RQ�VHGD�
Y}LPDOLN�HGXNDOW�NDVXWDGD�SLQJH�UHJXOHHULPLVHNV�YDVWDYDOW�YDOHPLOH�
� � � 8 8 35 4 4 ;

8
.

1
 � � �

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

.XL� SLNLNRPSHQVHHULPLQH� NRPSHQVHHULE� UHDNWLLYWDNLVWXVW�� VLLV� S}LNNRPSHQ�
VHHULPLQH�NRPSHQVHHULE� UHDNWLLYY}LPVXVW��hOGMXKXO�� NXL�NDVXWDGD�QLL� SLNL��NXL�
S}LNNRPSHQVHHULPLVW��VDDGDNVH�SLQJH�YDOHP�NXMXO�
� � � 8 8 35 4 4 ; ;

8
. .
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� �� � � � � � � � � � � � � � �������
7DYDOLVHOW� SXXGXE� YDMDGXV� QHQGH� NRPSHQVHHULPLVPRRGXVWH� �KHDHJVHNV� NDVX�
WDPLVHNV��
�
���� 3,1*(��-$��5($.7,,99®,0686(��9$67$67,.81(��6®/78986�
�
.RPSHQVHHULPDWD��OHNDQGH�NRUUDO���MQ����D�� V}OWXE� HWWHDQWXG� WRLWHSLQJH� 8� �
SXKXO�SLQJH�8 �UHDNWLLYNRRUPXVHVW�4 �YDOHPL�������NRKDVHOW��6HGD�V}OWXYXVW�RQ�
NXMXWDWXG� MRRQLVHO� ���� �N}YHUD� �� DOJXVRVD���.XL� WRLWHDOOLND� UHDNWLLYY}LPVXV� RQ�
SLLUDWXG�� HL� ROH� WD� WHDWXG� NRRUPXVHVW� DODWHV� HQDP� VXXWHOLQH� KRLGPD� HWWHDQWXG�
WRLWHSLQJHW�8� � QLQJ� ND� SLQJH� WDUELMD� MXXUHV� KDNNDE� MlUVXOW� ODQJHPD� �N}YHUD� ��
MlUVXOW� ODQJHY� O}SXRVD��� 7DUELMD� UHDNWLLYNRRUPXV� LVH� RQ� DJD� RPDNRUGD� V}OWXY�
SLQJHVW�YDVWDYDOW�WDUELMD�UHDNWLLYY}LPVXVH�VWDDWLOLVHOH�NDUDNWHULVWLNXOH�SLQJH�MlUJL�
4 8� � ��N}YHU�����MQ��������
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�� �
-RRQLV������3LQJH�MD�UHDNWLLYY}LPVXVH� � -RRQLV�������3LQJH�W}VWPLQH�SLQJH��
� � � � ���NDUDNWHULVWLNXG� � � � � � � � � � � ��UHJXOHHUWUDIRJD�
� � � � �
.XQD� OLLQL� UHDNWLLYY}LPVXV� RQ� Y}UGQH� WDUELMD� UHDNWLLYNRRUPXVHJD�� VDDE�
WDOLWOXVSXQNWLNV� ROOD� DLQXOW� QHQGH� NDKH� N}YHUD� O}LNHSXQNW� $ �� PLOOHOH� YDVWDE�
UHDNWLLYY}LPVXV�4 �MD�SLQJH�8 ��PLV�RQ�QRUPDDOWDOLWOXVHO�OlKHGDQH�QLPLSLQJHOH��
7DUELMD� NRRUPXVH� VXXUHQHGHV� QLKNXE� WHPD� VWDDWLOLQH� NDUDNWHULVWLN� � c� �� QLQJ�
XXHNV�WDOLWOXVSXQNWLNV�VDDE�SXQNW� c$ ��PLV�YDVWDE�YHLGL�PDGDODPDOH�SLQJHOH� c8 ��
.XL�NRRUPXV�VXXUHQHE�YHHOJL��� cc� ���Y}LE�SLQJH�MXED�MlUVXOW�ODQJHGD�� cc8 ���NXQD�
SXXGXE�UHDNWLLYY}LPVXVH�UHVHUY��
9}LE� WXQGXGD�� HW� WUDIRJD� VDDE� SLQJHW� VLLVNL� W}VWD�� V}OWXPDWD� UHDNWLLYY}LPVXVH�
UHVHUYL� ROHPDVROXVW�� 3URRYLPH� VHGD� WHKD� YLLPDWL� YDDGHOGXG� NRRUPXVROXNRUUDV�
QlLWHNV�SLQJHUHJXOHHUWUDIRJD��MQ��������PLV�WHNLWDE�SLQJHOLVD�'( ��MQ��������1��G�
WHNLE�NDNV�WDOLWOXVSXQNWL���NXQD�SXQNWLGH�D �MD�E �SLQJHG� 8D� � MD� 8E� � HULQHYDG��
7XOHPXVHNV�RQ�N�OO�WDUELMD�WDOLWOXVSLQJH�YlLNH�W}XV�� cc! cc8 8E ���NXLG�VHH�WRLPXE�
SLQJH� PlUNLPLVYllUVH� ODQJHPLVH� DUYHO� HQQH� WUDIRW� � � cc � cc8 8D ��� .RRV� WDUELMD�
SLQJH� W}XVXJD� VXXUHQHE� ND� WHPD� SRROW� WDUELWDY� UHDNWLLYY}LPVXV� cc4E �� 6HH� VDDE�
WRLPXGD� DJD� DLQXOW� VHHW}WWX�� HW� HQQH� WUDIRW� WRLGHWDYDWH� PXXGH� WDUELMDWH� SLQJH�
YlKHQHPLVHJD� NDDVQHE� VWDDWLOLVWH� NDUDNWHULVWLNXWH� NRKDVHOW� QHQGH� UHDNWLLY�
NRRUPXVH�YlKHQHPLQH��6HHJD� VDDE� � UHDNWLLYY}LPVXVH� UHVHUYL�SXXGXPLVHO� W}VWD�
WUDIR��OHNDQGHVXKWH�PXXWPLVH�WHHO�N�OO�YlKHVHO�PllUDO�WDUELMD�SLQJHW��NXLG�DLQXOW�
WHLVWH�WDUELMDWH�DUYHO��
3LQJH�UHJXOHHULPLVHNV�Y}UJXV�YDMDWDNVH�UHDNWLLYY}LPVXVH�UHVHUYL��
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���� 3,1*(��$6h00((75,$��-$��0,77(6,,186(/,686�
�
.ROPHIDDVLOLVH� V�VWHHPL� WDOLWOXVSLQJH� DV�PPHHWULD� MD� SLQJHN}YHUD� HULQHYXV�
VLQXVRLGLVW�RQ�VDPXWL�HOHNWULHQHUJLD�NYDOLWHHGL�ROXOLVHG�QlLWDMDG��
3LQJH�DV�PPHHWULD�
.ROPHIDDVLOLVH� SLQJHV�VWHHPL� DV�PPHHWULD� Y}LE� ROOD� S}KMXVWDWXG� V�VWHHPL� Y}L�
Y}UJX�HOHPHQWLGH�Y}L�NRRUPXVWH�DV�PPHHWULDVW��
3}KLOLVWHNV� HOHNWULY}UJX� DV�PPHHWULOLVWHNV� HOHPHQWLGHNV� � RQ� }KXOLLQLG�� PLOOH�
IDDVLG� HL� SDLNQH� Y}UGVHWHV� WLQJLPXVWHV� �MQ� ������� 1lLWHNV� IDDVLMXKWLGH�
KRULVRQWDDOVH� SDLNQHPLVH� SXKXO� RQ� llUPLVWH� IDDVLMXKWLGH� YDKHOLQH�PDKWXYXV� MD�
YDVWDVWLNXQH� LQGXNWLLYVXV�YlLNVHPDG�NXL�QDDEHUIDDVLMXKWLGH�YDKHOLVHG�YDVWDYDG�
QlLWDMDG��®KXOLLQLGH� DV�PPHHWULD� N}UYDOGDPLVHNV� NDVXWDWDNVH� SLNHPDWH� OLLQLGH�
SXKXO�IDDVLMXKWLGH�WUDQVSRQHHULPLVW��MQ��������

� ���
.RRUPXVWH� DV�PPHHWULD�RQ�S}KMXVWDWXG�SHDPLVHOW� �KHIDDVLOLVWH� WDUELMDWH�HULQH�
YDWHVW�NRRUPXVWHVW�HUL�IDDVLGHV��
$V�PPHHWULD� QlKWXVHG� �HOHPHQWLGH� MD� NRRUPXVH�DV�PPHHWULD�� WHNLWDYDG�SLQJH�
MD�YRROX� DV�PPHHWULDW� QLQJ�YDVWX�� MD�QXOOMlUJQHYXVNRPSRQHQWH��PLV�S}KMXVWDE�
WlLHQGDYDLG� Y}LPVXVNDGXVLG� MD� HOHNWULPRRWRULWH� NDVXWHJXUL� KDOYHQHPLVW� QLQJ�
�OHNXXPHQHPLVW�� 6HHW}WWX� NHKWHVWDWDNVH� SLQJH� YDVWX�� MD� QXOOMlUJQHYXV�
NRPSRQHQWLGH�VXKWHOLVWHOH�YllUWXVWHOH�SLLULG��
3HULRRGLOLVHOW� WXOHNV� NRQWUROOLGD� �KHIDDVLOLVWH� NRRUPXVWH� V�PPHHWULDW� PDGDO�
SLQJHY}UNXGHV�� (ULMXKWXGHO� NDVXWDWDNVH� ND� VSHWVLDDOVHLG� V�PPHWUHHULPLV�
VHDGPHLG��PLV�S}KLQHYDG�IDDVLNDXSD�UHJXOHHULPLVHO��

�

�
�

-RRQLV�������®KXOLLQL�PDKWXYXVHG��
IDDVLMXKWLGH�HULQHYDO�SDLNQHPLVHO���

-RRQLV�������7UDQVSRVLWVLRRQL������
WV�NOL�YDULDQGLG� �
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3LQJH�PLWWHVLLQXVHOLVXV�
3LQJHN}YHUD� HULQHYXVW� VLQXVRLGLVW� S}KMXVWDYDG� PLWWHOLQHDDUVHG� HOHPHQGLG�
�N�OODVWXYDWH� V�GDPLNHJD� WUDIRG��PXXQGXULG� MP���PLV� JHQHUHHULYDG� N}UJHPDLG�
KDUPRRQLNXLG��
.}UJHPDG� KDUPRRQLNXG� S}KMXVWDYDG� WlLHQGDYDLG� NDGXVLG� HOHNWULPDVLQDWHV� MD�
HOHNWULY}UJX�HOHPHQWLGHV��YlKHQGDYDG�HOHNWULPDVLQDWH�MD��VHDGPHWH�LVRODWVLRRQL�
W||LJD��WHNLWDYDG�KlLUHLG�DXWRPDDWLND��MD�VLGHV�VWHHPLGHV��.XQD�NRQGHQVDDWRULWH�
MXKWLYXV� � &% Z �� RQ� Y}UGHOLQH� VDJHGXVHJD�� Y}LYDG� NRQGHQVDDWRUSDWDUHLGHV�
WHNNLGD� OXEDPDWXOW� VXXUHG�YRROXG� MD��OHNXXPHQHPLQH��PLV�Y}LE�NRQGHQVDDWRU�
SDWDUHLVLG�ULNNXGD�����
.}UJHPDWH�KDUPRRQLNXWH�YlKHQGDPLVHNV�NDVXWDWDNVH�Y}LPDOXVH�NRUUDO� WUDIRGH�
PlKLVWH� �KHQGDPLVW� NROPQXUND�� PXXQGXVVHDGPHWH� IDDVLGH� DUYX� Y}L�
SXOVDWVLRRQLVDJHGXVH� VXXUHQGDPLVW� MD� N}UJHPDWH� KDUPRRQLNXWH� OHYLNXW� W}NHV�
WDYDLG�ILOWUHLG��
�

�
�
�
�
�
�


