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�@ �%#�#� ��� �+�%� %�>� (�#�*2� �3� ��**&,��& $�%� &(�%'�  8�� $%+�*+�#�
��%2 $ 4�%�$�2-� D�(�� "��($2$%'� �+$#�%��� �3� ��**&,��& $�%� (�#�*2� $2� &*��&#!�
&+&$*&,*���24�8�&2� 8��42���3�*$+$%'�*&,���%��" 2�3���$%%�+& $�%�"�*$�!�&%#� 8��42��
�3�  ��8%$�&*� (� 8�#�*�'$�2�  �� 2 $(4*& �� $%%�+& $�%� &%#� 2��$�����%�($��
#�+�*�"(�% �$%��$ $�2�&%#���'$�%2-��

� 8��� &2"�� 2� �3�  8�� ��**&,��& $�%� D �$&%'*�E� &���(����#�(&%#$%'�� 3����@&("*��
8�>�*$+$%'�*&,�3&�$*$ $�2�&%#��4 4����% ��%� �.��1� �2 ,�#2���4*#��"��& �� �'� 8����
��� 8�>�  8�� (����  ��8%�*�'!� "428� ��$�% �#� �4 4��� �% ��%� � $%$ $& $+�2� ��4*#�
,�%�3$ �  8�� 2��$�����%�($�� �,��� $+�2� �3� �$ $�2-� ��'&�#$%'�  8�� 3$�2 � &2"�� �� �%��
��4*#�,���*&$($%'� 8& �2��+$������&""*$�& $�%�2��%&�$�2���4*#�,���@"*���#�>$ 8$%�
�$+$%'� �&,� 3&�$*$ $�2� &%#� �@"��$(�% �#� >$ 8$%� ���  �2 ,�#2-� 7�>�+���� $ � >�4*#�
��G4$���  8& � ���  �2 ,�#2� >$**� ,�� 2433$�$�% *!� 3*�@$,*��  �� &���((�#& �� #$33���% �
2��+$������&""*$�& $�%�2��%&�$�2�������& �#�,!�42��2�&%#�%���22&�!�2 &6�8�*#��2�
24�8� &2�  �2 ,�#2� #�2$'%��2-� E2� 3���  8�� 2���%#� &2"�� �� $ � ��4*#� ,�� &�'4�#�  8& �
>8$*����� $%$ $& $+�2�,�$%'� 8�� ��8%�*�'!�"428��2(&� ��$ $�2�,�$%'� 8��&""*$�& $�%�
"4**-� E2� &� "� �% $&*� �4 ��(��� $ � ��4*#� ,�� �@"�� �#�  8& �  8�� ��%3��% & $�%� $%�
,� >��%� ��8%�*�'!�"428�&%#�&""*$�& $�%�"4**�>$**���24* �$%�$%%�+& $+��2��+$��2����
&""*$�& $�%2�>$ 8�&�8$'8���"� �% $&*��3�&#�" $�%�,!�42��J�$ $;�%���((4%$ $�2-�

� � $2� &*2�� 4%�*�&�� $%�>8& �>&!�  8����($'8 � ,�� &� �&2�� 3��� D#$��� E� ��**&,��& $�%�
"����22�,� >��%�*$+$%'�*&,2���4 4����% ��%� �3&�$*$ $�2�&%#�2(&� ��$ $�2�� $%� ��(2�
�3� ��24* 2� �3� �%�� &� $+$ !�  �� ,�� 42�#� $%�  8�� � 8��-� �8�� &� $+$ $�2� (�% $�%�#�
��("�$2��#$33���% � $(��8��$;�%2���,��� $+�2�&%#�2 &6�8�*#���2�  $%'2-�E�#$33���% �
&%#�(������&*$2 $��+$2$�%��%���**&,��& $�%�(�#�*2���4*#�,��,4$* ��%� 8����%��" ��3�
$%%�+& $�%� 2!2 �(� �3� �$ $�2-� ��("*�(�% &�!� &%#� ��$% *!� #�+�*�"�#� D&22� 2E� ���
D��2�4���2E� �'� 8���>$ 8�3��(2��3�2 �& �'$��(&%&'�(�% ��3�$%%�+& $�%�2 $(4*& ��
 8�� ���& $�%� &%#�  �&%2$ $�%� �3� 6%�>*�#'�� 3*�>2� 3��� $%%�+& $�%� $%� ,42$%�22�� &%#�
�+�% 4&**!�3���2��$�����%�($��#�+�*�"(�% ��3��$ $�2�&%#���'$�%2-��

�8��6�!�#�$+����3���**&,��& $�%��&%�,��2��%�$%�&%��@ �%#�#��8�*$2 $��+$�>��3�>8& �
��%2 $ 4 �2� &� 2(&� � �$ !-�E� �$ !� �&%�,��#�3$%�#�&2� L2(&� I�>8�%� $%+�2 (�% 2� $%�
84(&%� &%#� 2��$&*� �&"$ &*� &%#�  �&#$ $�%&*� . �&%2"�� 1� &%#� (�#��%� .���1�
��((4%$�& $�%� $%3�&2 �4� 4��� 34�*� 242 &$%&,*�� ���%�($�� '��> 8� &%#� &� 8$'8�
G4&*$ !� �3� *$3��� >$ 8� &� >$2�� (&%&'�(�% � �3� %& 4�&*� ��2�4���2��  8��4'8�
"&� $�$"& ��!�'�+��%&%���A�C-�� �$2�$("�� &% � ��+$�>� 8����%��" ��3�2(&� ��$ !�&2�
&�"��($2�����&(,$ $�%��%� �!� �&2�&���&*$ !-��
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#�"*�!�>$��*�22��3�3$,���,&2�#�,��&#,&%#�%� >��62�&%#��@"��$(�% ��%�����,&2�#�
$%%�+& $�%2� #�(�%2 �& �� &� >$**$%'%�22�  �� �@"*�$ �  8�� �""�� 4%$ $�2� �3� 24�8�
$%3�&2 �4� 4��-��8����&���(&%!��@&("*�2��3�$% ���2 $%'�"$*� ��@"��$(�% & $�%2�$%�
&��&2�24�8�&2�8�&* 8�&%#��&�����%��'!�&%#���'�+��%(�% -�7�>�+����+���&**�>��
&��� 2 $**� 3&�� &>&!� 3��(� 2�&*$%'�4"� 24�8� "$*� 2� &%#� #�"*�!$%'� >$#��2�&*��
&""*$�& $�%2� ��&�8$�+����&*����%�($��&%#�2��$&*�,�%�3$ 2�$%��$ $�2�&%#���'$�%2-�

�8����%��" ��3�D*$+$%'�*&,2E�&2�&�(�#�*��3�42���#�$+�%��"�%�$%%�+& $�%�$%���&*�*$3��
$2� &*2�� "��($2$%'� &2� $ � $2� ,&2�#� �%� �@ �%#�#� 3��(2� �3� ��**&,��& $�%� &%#�
�%'&'�(�% ��3�42��2� $%�  8��������& $�%��3� $%%�+& $+��2��%&�$�2-�7�>�+����&2� $ �
��(�2� ����%��� ���+$#�%��2�� 8$2���%��" �$2�%� �!� �&%��"��& $�%&*���&*$ !-��8����
�@$2 �2 $**��%*!� 3�>�(& 4����@&("*�2��3�>8& �  �4*!���4*#�,���&**�#�D*$+$%'� *&,2E-�
7�>�+���� #4�$%'�  8�� *&2 � !�&�2�� &� *� � �3� �@"��$(�% & $�%� �%�  8$2� ��%��" � 8&2�
,��%� '�$%'� �%� >8$�8� 28�>2� &� �$�8� #$+��2$ !� �3� ��%��" 2�� &""��&�8�2��
(� 8�#�*�'$�2�&%#�"�&� $��2-�

��� EF�	���E���	����	��	EF�	�������A�	

�8��$%$ $&*�+$�>� 8& �>��"��"�2����'&�#$%'� 8��*&%#2�&"���3�D(&� ��$ $�2���4 4���
�% ��%� � &%#� �$+$%'� �&,2�� &%#�  8�$�� &22��$& �#� ��**&,��& $�%�(�#�*2�� >8$�8� >��
>$**��@"*����$%� 8$2���"�� ����%2$2 2��3� 8��3�**�>$%'��*�(�% 2-�

�1 �4 4��� �% ��%� � ��2�&��8� &%#� �@"��$(�% & $�%�� 24""�� �#� ,!� �@"��$(�% &*�
 �2 ,�#2�� ���& �2�  8�� 34 4��� ����$%3�&2 �4� 4��-� �8$2� $2� (�2 *!� ��$�% �#�  ��
 �2 $%'��3�  ��8%�*�'$�2�&%#�2��+$��2-� �%�(&%!�>&!2��  8�2��  ��8%�*�'$�2�&%#�
2��+$��2� 3��(�  8�� 3�4%#& $�%� �3� &#+&%��#� 34 4��� &""*$�& $�%2� .8�&* 8�&����
���& $+��(�#$&����'�+��%(�% ��2(&� ��%��'!��#�(� $�2��&22$2 �#�*$+$%'1-�

	1 D(&� � �$ $�2� >$**� ,�� ,4$* � 4"�%� (�#��%� ���� $%3�&2 �4� 4���� &2� �%�� �3�  8��
#� ��($%&% 2��3� �$ $�2I�>�*3&��-�� 8���#� ��($%&% 2��3� �$ $�2I�>�*3&���>$**�,��
$("�� &% � &2� >�**��  8�� $%3�&2 �4� 4��2� 3��� �#4�& $�%� &%#� $%%�+& $�%��  8��
%� >��62�,� >��%�,42$%�22�2�&%#�'�+��%(�% 2�� 8���@$2 �%����3�#�(&%#$%'�
�$ $;�%2�&%#�,42$%�22�2�  ��"428� 3��� $%%�+& $�%�&%#�G4&*$ !��3�2��+$��2-�7����
>��2���&��*�&��&%&*�'!� ����� ��I2���%��" ��3�%& $�%&*���("� $ $+��&#+&% &'���
 8���$ $�2�>�*3&���"� �% $&*-�

?1 �8�� �$+$%'� *&,2� ��%��" � ��"��2�% 2� &� '�%��&*� +$�>� �3� 42��� #�$+�%� �"�%�
$%%�+& $�%����2!2 �(2-�E2�&���%��" �&""*$�#� ��2(&� ��$ $�2�$ ��(,�#$�2��"�%�
,42$%�22� (�#�*2� �3� ��**&,��& $�%� ,� >��%� �$ $;�%2�� �% ��"�$2�2� &%#� *��&*�
'�+��%(�% 2��&%#� 8��>$**$%'%�22��3�&**�"&� $�2�$%�*4#$%'��$ $;�%2�&%#�D/�2� ��
�%'&'�� &� $+�*!� $%� $%%�+& $�%�� $%� #$33���% � "8&2�2� &%#� & � #$33���% � *�+�*2�
."�*$�!� H� $%%�+& $�%� H� $("*�(�% & $�%1-� �8�� *$+$%'� *&,� ��%��" � 28�4*#� ,��
��%2$#���#�&*2��&2�&�(� 8�#�*�'!��&�(�#�*�3�����'&%$;$%'�2"��$3$��$%%�+& $�%�
"��'�&(2��$%%�+& $�%�"����� 2�&%#�$%%�+& $�%��@"��$(�% 2-�58���&2� 8��*&2 �
&2"�� � 8&2� '&$%�#� (�2 � &  �% $�%�� ,� 8� *�+�*2� &��� $("�� &% �� 28&"$%'� &%#�
�"��& $%'� 8��$%%�+& $�%����2!2 �(-�

01 �8�� $%%�+& $�%� ���2!2 �(� +$�>� �3� *$+$%'� *&,2� 28�4*#� ����'%$;�� #$33���% �
#�$+��2� &%#� ��$'$%2� �3� $%%�+& $�%� &%#�  8�$�� "� �% $&*� 3��� $% ��&� $�%� &%#�
2!%��'!-� �8�� 3$�2 � $2� �(��'$%'� (���� ��� *�22�  ��8%�*�'!� "428� 3��(� �4 4���
�% ��%� � ��2�&��8� &%#� �@"��$(�% & $�%-� D�&*��$2& $�%E� $2�  8�� 2 �& �'!�  ��
 �&%23��(� 24�8� ��2�&��8� &%#� �@"��$(�% & $�%� $% �� ,42$%�22-� �8�� 2���%#�
��$'$%�$2�(����28�� � ��(���$�% �#� ��$%%�+& $+��&""*$�& $�%2���%&,*�#�,!�����
$%3�&2 �4� 4���� &�'� $%'� 8��'�&*��3��$ !�#�+�*�"(�% �&%#�,42$%�22����& $�%-�
�8$2� $2� (���� $%� *$%�� >$ 8� *$+$%'� *&,2�  8$%6$%'-� �8�� (�#�*� �3� 3�2 ��$%'�  8��
$% ��&� $�%2�&(�%'� 8�2�� $%%�+& $�%� !"�2� $2�  >��2$#�#��,� 8� �"�#�>%�&%#�
,�  �(� 4"� A�3-� ��%&6&I2� +$�>� �3� 6%�>*�#'�� ���& $%'� ��("&%!� >8$�8� 8&2�
2�(��&%&*�'!� ���$ $�2C-�
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�8�� ����)E��� +$2$�%� ��%2$#��2� 2(&� � �$ $�2� &2� $%%�+& $�%� ���2!2 �(2� $%�  8�$��
�>%�� &%� &��%&� �8&�&� ��$;�#� ,!� �"�%� $%%�+& $�%� �%'&'$%'�  8�� 2 &6�8�*#��2�
$%�*4#$%'��$ $;�%2��>8���� 8���""�� 4%$ $�2��3� 8���4 4����% ��%� �&%#� 8��%��#2�
�3��$ $;�%2�&%#��% ��"�$2�2�>$**�,��&*$'%�#-�

��� �����	�����	����E���	�=�E��	

�8�� ��%��" � �3� D%& $�%&*� ��("� $ $+�� &#+&% &'�E� #�+�*�"�#� ,!�/$�8&�*� ��� ����
>8$�8� ,����>2� 3��(�  8�� %& $�%&*� 2!2 �(2� �3� $%%�+& $�%�  8$%6$%'� �3� �8�$2�
����(&%����4*#�,��42�34*�&2�&%�&%&*�'!� �� 8���$ !�D+&*4�����& $�%�2!2 �(E-��8$2�
$2�+$24&*$;�#�$%��$'-�	���42$%'���� ��I2�D#$&(�%#E�(�#�*-��

�
�+,�	�:�	�.*')	4+)/	2*65&	4'&*)+1$	*$%	+$$12*)+1$	(/()&.	 5(+$,	A1')&'>(	41$4&0)("	

�8�� �$ !� +&*4�� ���& $�%� 2!2 �(� �&%� ,�� ��%2$#���#� &2� ��%2 $ 4 �#� ,!� 3�4��
#� ��($%&% 2�� �1� $%3�&2 �4� 4���� 	1� %� >��62� &%#� ��**&,��& $�%�� ?1�
�% ��"��%�4�$&*� �*$(& ��� 01� #�(&%#� 3��� 2��+$��2� .&� $+�� 42��21-� �8�� +&*4��
���& $�%� 2!2 �(� $2� &*2�� &33�� �#� ,!� *��&*� '�+��%(�% &*� &� $�%2� �-'-�  �>&�#2�
2 $(4*& $%'� 8��,4$*#$%'��3�%� >��62�� 8�����& $�%��3�"4,*$��"�$+& ��"&� %��28$"2��
&%#� 8���%8&%��(�% ��3�$%%�+& $+����%#$ $�%2-�

��! ���������E���	������	��	EF�	�����	�����	����E���	�=�E��	

��**&,��& $�%� (�#�*2� 4%#��*!$%'� 2(&� � �$ $�2� $%%�+& $�%� ���2!2 �(2� >$**� ,��
(4* $3&�� �#-��%��*�+�*�$2�"4,*$��"�$+& ��"&� %��28$"�$%��$ !�$%%�+& $�%�"��'�&(2-�
�8�� 2���%#� *�+�*� $2� ��**&,��& $�%� >$ 8$%�  8�� $%%�+& $�%� ���2!2 �(�� &(�%'�
$%%�+& $�%� &� $+$ $�2��  �� ���& �� 2!%��'$�2� &%#� �@"*�$ � ��("*�(�% &�$ $�2-� �8��
2���%#�*�+�*�3&**2�&"&� �$%� >��#$2 $%� ���**&,��& $�%� !"�2-�

�8�� 3$�2 �  !"�� $2� ��**&,��& $�%�?+)-+$	  8�� $%%�+& $�%�"����22-��8����**&,��& $�%�
"����22�(�#�*� ��G4$��2��%��&� $+$ !�  �� 3��#� $% ��  8��� 8��-��-'-��4 4����% ��%� �
��2�&��8�$2� �2 $%'�&���% �@ �&>&���2��+$��F� 8$2�2��+$���.2�3 >&���(�#4*�1�3��#2�
$% �� &� *$+$%'� *&,� "����22�  �� ���& �� $%%�+& $+�� &""*$�& $�%2� $%� &� 42���#�$+�%�
"����22-�

�8�� 2���%#�  !"�� $2� ��**&,��& $�%� &���22� #$2 $%� � ��2�&��8�� �@"��$(�% & $�%� &%#�
$%%�+& $�%� "����22�2-� �8$2� (�#�*� �3� D����@$2 �%��E� ��%2$#��2� #$33���% � &%#�
3��42�#� $%%�+& $�%� &� $+$ $�2� >8$�8� ��4*#� ,�� #�(&%#� #�$+�%� .&""*$�& $�%2�
#�+�*�"(�% � $%� 42��� ��% �@ 21� ���  ��8%�*�'!� "428� .��2�&��8� �%� �% ��%� �
 ��8%�*�'$�21����8!,�$#�3��(2-��8��$%%�+& $�%����2!2 �(��3��$ $�2�$%� 8$2���2"�� �
,4$*#2��%����& $�%�&%#��@�8&%'���3�6%�>*�#'����%�2 $(4*& $�%��3�6%�>*�#'��3*�>2�
&%#�$% ��&� $�%2��*�22��%� 8��$%%�+& $�%�"����22�$ 2�*3-�
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�4�� 2 &� $%'� "�$% � $2�  8�� #�2��$" $�%� �3� D(&� � �$ $�2� 3�4%#� $%� 5$6$"�#$&�
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��%2$2 2� $%� $% ����%%�� $�%� ,� >��%� "8!2$�&*� &%#� +$� 4&*� >��*#2� >$ 8� &� 84'��
&(�4% ��3�2�%2��2�&%#���% ��**��2� *&�'�*!�#$2 �$,4 �#� $%�+�8$�*�2�� 3$@�#�#�+$��2��
&%#��*�2���%+$��%(�% 2-��%���3�  8��(&$%�G4�2 $�%2� $2�  �� 3$%#�&�>&!�  �� *$%6�&%�
�,��� ���#��>$ 8� $%3��(& $�%�&,�4 � $ ��&2� 8$2� $%3��(& $�%�>$**�,��#$2 �$,4 �#��%�
#$33���% � 2��+��2� &����#$%'�  ��  8�� 2 &'�� �3�  8�� "��#4� $�%�� #$2 �$,4 $�%� �8&$%-�
�8���� &��� (&���� ���%�($�� $224�2� $%+�*+�#� >$ 8� ��2"�� �  �� "��#4� $�%� &%#�
#$2 �$,4 $�%���2 ���#4� $�%-���

�8�� (�+�(�% �  �>&�#2�  8�� �4 4��� �% ��%� � $2� ,&2�#� �%�  8�� ,�*$�3�  8& �  8��
�4���% � �% ��%� � 8&2� ��&�8�#� 8$2� *$($ 2-� �2�*�% $2� .	A�A1� 2 & �2�� D�8�� �4���% �
�% ��%� � 8&2� ,��%� 3�4%#�#� �%� &� ,&2$�� &��8$ �� 4�&*� "��($2���  8& � $2�� &� 2$("*��
%� >��6�2��+$����&%�,��42�#�&2�&�4%$+��2&*�(�&%2� ��$% ����%%�� �$% �**$'�% ��%#�
2!2 �(2-� �8$2� 2$("*�� "��($2�� 8&2� &**�>�#�  8�� �% ��%� �  �� ��&�8� &%� $("��22$+��
2�&*�� $%� ��(2��3� $% �����%%�� �#�#�+$��2-�7�>�+����>8$*�� 8��2�&*��8&2�%� �!� �
��&�8�#� $ 2� *$($ 2��  8��'��> 8��3� 34%� $�%&*$ !�&%#� 8��'��> 8��3�2$;��8&+��,� 8�
2*�>�#�#�>%-� � � $2�%�>�&���((�%�,�*$�3�  8& �  8���4���% � �% ��%� �>�4*#� ��&�8�
2��%�,� 8�$ 2�&��8$ �� 4�&*��&"&,$*$ !�*$($ 2�&%#�$ 2��&"&�$ !�*$($ 2-E�

�8�� �4���% � *&�6� �3� #�(&$%� *&%#2�&"�� �%� �4 4��� �% ��%� � ��2�&��8� #�(&$%�
&""�&�2�  �� ,�� &%� $("�� &% � $224�� 3��� ��2�&��8��2-� � � >�4*#� 8�*"�  �� &�8$�+�� &�
,��&#���4%#��2 &%#$%'��3� 8���4 4����% ��%� �#�(&$%-��

�+.&$(+1$(	13	)-&	�5)5'&	�$)&'$&)	�1.*+$	

• E""��&�8�2� 3��� �% ��%� � �+�*4 $�%�  �>&�#2� �4 4��� �% ��%� �� 3��(�
2 �4� 4��#�.�%���(�% &*��+�*4 $�%1� ��4%2 �4� 4��#�.�*�&%�D*& ������&#$�&*�
�+�*4 $�%�3��(�>8�����(��'��%�>�'�%��& $�%�%� >��621 

• ��2�&��8� �!"�2�� 3��(� �@"��$(�% &*� ��2�&��8� . �2 ,�#�� 34%� $�%&*�  �2 ��
42��2� &2� �,2��+�#� 24,��� 21�  �� �@"��$�% $&*� &%#� "&� $�$"& $+�� ��2�&��8�
.��2��42���������& $�%1 

• �+&*4& $�%� E""��&�8�� 3��(� ��*$&,$*$ !� .��2 ,�#21��  �>&�#2� V4&*$ !� �3�
D��+$���.V�D1�&%#�V4&*$ !��3��@"��$�%���.V��1�3���&#�" &,$*$ ! 

• F2��� �%+�*+�(�% �� 3��(� $%#$+$#4&*� 42��2�  �� +��!� *&�'�� ��� (&22$+��
��((4%$ !��3�42��2 

• �� >��6$%'��!"�2:�3��(��" $��3$,��� ��>$��*�22���((4%$�& $�%�%� >��62 

• D��$�����%�($��� 3��(�  ��8%�*�'$�&*� $%%�+& $�%�  �� 2��$&*J2��$� &*�
$%%�+& $�%-�

�5)5'&	�$)&'$&)	�&(&*'4-	*'&*(	

�&C)	B&$&'*)+1$	�&)?1'8� .�K�1��&�,��&#�  ��(� ��#�2��$,��6�!�&��8$ �� 4�&*�
�+�*4 $�%2�$%� �*���((4%$�& $�%������&%#�&���22�%� >��62� 8& �>$**�,��#�"*�!�#�
�+���  8�� %�@ � CH�A� !�&�2-� �8�� '�%��&*� $#�&� ,�8$%#� �K�� $2�  8& � �%�� %� >��6�
 �&%2"�� 2�&**� $%3��(& $�%�&%#�2��+$��2�.+�$����#& &��&%#�&**�2�� 2��3�(�#$&�24�8�
&2�+$#��1�,!��%�&"24*& $%'� 8�2��$% ��"&�6� 2��*$6��$ �$2��%� 8���% ��%� -��K�2�&���
��((�%*!�,4$* �&��4%#�  8���% ��%� ���� ���*��&%#�  8���3����  8��  ��(�O&**���O� $2�
&*2��2�(� $(�2�42�#� ��#�2��$,�� 8�� �&%23��(& $�%� �>&�#��K�-�� �
http://en.wikipedia.org/wiki/Next_Generation_Networking��

�5)1$1.15(	�&)?1'8�.E�1�

�5)1$1.15(	 �/()&.	  �$)&'$&)";� &� ��**�� $�%� �3� ��%%�� �#� �% ��%� � ��� ���*�
.��1� ��4 $%'� "��3$@�2� 4%#���  8�� ��% ��*� �3� �%�� ���(���� %� >��6� �"��& ��2�  8& �
"��2�% 2�&���((�%���*�&�*!�#�3$%�#���4 $%'�"�*$�!� �� 8���% ��%� -� �
http://en.wikipedia.org/wiki/Autonomous_system_%28Internet%29��
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�5)1$1.+4	 �&)?1'8+$,;	 3�**�>2�  8�� ��%��" � �3� E4 �%�($�� ��("4 $%'�� &%�
$%$ $& $+�� 2 &� �#� ,!� �)/� $%� 	AA�-� � 2� 4* $(& �� &$(� $2�  �� ���& �� 2�*3�(&%&'$%'�
%� >��62� ���+����(�� 8���&"$#*!�'��>$%'���("*�@$ !��3� 8���% ��%� �&%#�� 8���
%� >��62�&%#� ���%&,*�� 8�$��34� 8���'��> 8��3&��,�!�%#� 8��2$;���3� �#&!-� �
http://en.wikipedia.org/wiki/Autonomic_network��

�615%	�1.05)+$,�.��1���% ��%� �,&2�#���("4 $%'��>8���,!�28&��#���2�4���2��
2�3 >&���� &%#� $%3��(& $�%� &��� "��+$#�#�  �� ��("4 ��2� &%#� � 8��� #�+$��2� �%�
#�(&%#��*$6�� 8���*�� �$�$ !�'�$#-�http://en.wikipedia.org/wiki/Cloud_computing��

�1,$+)+2&	�&)?1'8�.��1��&�%�>� !"���3�#& &�%� >��6� 8& �(&6�2�42���3��4  $%'�
�#'�� ��8%�*�'!�3��(�2�+��&*���2�&��8�&��&2�.$-�-�(&�8$%��*�&�%$%'��6%�>*�#'��
��"��2�% & $�%�� ��("4 ��� %� >��6�� %� >��6� (&%&'�(�% 1�  �� 2�*+�� 2�(��
"��,*�(2� �4���% � %� >��62� &��� 3&��#�>$ 8-� ��'%$ $+�� %� >��6� $2� #$33���% � 3��(�
��'%$ $+���&#$��&2�$ ���+��2�&**� 8��*&!��2��3� 8���D��(�#�*�.%� ��%*!�*&!��2���&%#�
	�&2�>$ 8���'%$ $+���&#$�1-�http://en.wikipedia.org/wiki/Cognitive_networks��

�'1((:�*/&'	�0)+.+(*)+1$�� &%� �2�&"�� 3��(�  8��"4���>& ��3&**�*$6�� ��%��" � �3�
 8���D�� ��((4%$�& $�%2�(�#�*�>$ 8�+$� 4&**!� 2 �$� �,�4%#&�$�2�,� >��%� *&!��2-�
�8�� ���22� *&!��� &""��&�8�  �&%2"�� 2� 3��#,&�6� #!%&($�&**!� +$&�  8�� *&!���
,�4%#&�$�2�  �� �%&,*��  8�� ��("�%2& $�%� 3��� �-'-� �+��*�&#�� *& �%�!� ��� � 8���
($2(& �8��3� ��G4$��(�% 2�&%#� ��2�4���2�,!�&%!� ��% ��*� $%"4 �  ��&%� 8��� *&!���
,4 �  8& � *&!��� #$��� *!� &33�� �#� ,!�  8�� #� �� �#� #�3$�$�%�!-� �2"��$&**!� $%�
$%3��(& $�%� ��4 $%'� >$ 8� ��%�4���% � #�(&%#� 3��� *$($ �#� �&"&�$ !� �3� �8&%%�*2�
 8����(&!�,��&�%��#�3���&���%��" ��3� $% ��+�% $�%� ��,&*&%���,� >��%��-'-� 8��
%��#2� �3� $% �**$'$,*�� 2"���8�  �&%2($22$�%� &%#� �3� 2433$�$�% *!� #!%&($�� ��% ��*�
��((&%#2-� E%!� 3$@�#� &**��& $�%� �3� ��2�4���2� >$**� *�&#�  �� &� ($2(& �8� 4%#���
2"��$&*� ��%#$ $�%2� �3� �"��& $�%2-� E%!� 8$'8*!� #!%&($�� �8&%'�� �3� ��2�4����
&**��& $�%� ($'8 � &33�� �  8�� $% �**$'$,$*$ !� �3� +�$��� ���  8�� 2 �&#$%�22� �3� +$#��2-�
7�>�+���� &2�>$ 8� � 8��� �" $($;$%'� 2 �& �'$�2��  8�� &*'��$ 8(� ��%24(�2�  $(�� &2�
>�**-�http://en.wikipedia.org/wiki/Cross-layer_optimization��

�&)?1'8	 �+')5*6+B*)+1$��  8�� "����22� �3� ��(,$%$%'� 8&�#>&��� &%#� 2�3 >&���
%� >��6� ��2�4���2� &%#� %� >��6� 34%� $�%&*$ !� $% �� &� 2$%'*��� 2�3 >&���,&2�#�
&#($%$2 �& $+���% $ !��&�+$� 4&*�%� >��6-��� >��6�+$� 4&*$;& $�%�$%+�*+�2�"*& 3��(�
+$� 4&*$;& $�%���3 �%���(,$%�#�>$ 8���2�4����+$� 4&*$;& $�%-��� >��6�+$� 4&*$;& $�%�
$2� �& �'��$;�#� &2� �$ 8��� �@ ��%&*�� ��(,$%$%'� (&%!� %� >��62�� ��� "&� 2� �3�
%� >��62�� $% ��&�+$� 4&*�4%$ ����� $% ��%&*��"��+$#$%'�%� >��6�*$6�� 34%� $�%&*$ !� ��
 8��2�3 >&�����% &$%��2��%�&�2$%'*��2!2 �(-�58� 8���+$� 4&*$;& $�%�$2�$% ��%&*����
�@ ��%&*� #�"�%#2� �%�  8�� $("*�(�% & $�%�"��+$#�#�,!�+�%#��2�  8& � 24""�� �  8��
 ��8%�*�'!-� �http://en.wikipedia.org/wiki/Network_virtualization��

�+')5*6	 A'+2*)&	 �&)?1'8� .���1�� &� %� >��6�  8& � 42�2� &� "4,*$��
 �*���((4%$�& $�%� $%3�&2 �4� 4��� &%#�  8�$��  ��8%�*�'!� 24�8� &2�  8�� �% ��%� ��  ��
"��+$#�� ��(� �� �33$��2� ��� $%#$+$#4&*� 42��2� >$ 8� 2��4��� &���22�  ��  8�$��
��'&%$;& $�%N2�%� >��6-�� �&$(2� ��&+�$#�&%��@"�%2$+��2!2 �(��3��>%�#����*�&2�#�
*$%�2� 8& ��&%�,��42�#�,!��%*!��%����'&%$;& $�%-��8��'�&*��3�&�����$2� ��"��+$#��
 8����'&%$;& $�%�>$ 8� 8��2&(��2��4����&"&,$*$ $�2�,4 �& �&�(4�8�*�>�����2 -� �
http://en.wikipedia.org/wiki/Virtual_private_network��

�&)?1'8	�1$2&',&$4&��&�,��&#� ��(�42�#� ��#�2��$,���(��'$%'� ��8%�*�'$�2��
&%#�%� >��6�&��8$ �� 4���#�2$'%2�42�#� ��($'�& ��+�$���&%#�#& &�%� >��62�$% ��&�
2$%'*��%� >��6-�D"��$3$�&**!���� >��6���%+��'�%���#�2��$,�2� 8�� �&%2$ $�%�3��(�
2�"&�& ���$��4$ �2>$ �8�#�+�$���%� >��6�&%#�"&�6� �2>$ �8�#�#& &�%� >��62�� ��&�
2$%'*��"&�6� �2>$ �8�#�%� >��6�24""�� $%'�,� 8�+�$���&%#�#& &�"�� ���*2� �
http://en.wikipedia.org/wiki/Network_convergence��
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F5*6+)/	 13	 �&'2+4&(� .V�D1��%�  8�� 3$�*#� �3� ��("4 ��� %� >��6$%'� &%#� � 8���
"&�6� �2>$ �8�#�  �*���((4%$�& $�%� %� >��62��  8��  �&33$�� �%'$%���$%'�  ��(�
G4&*$ !��3�2��+$���.V�D1���3��2� ����2�4������2��+& $�%���% ��*�(��8&%$2(2��& 8���
 8&%�  8�� &�8$�+�#� 2��+$��� G4&*$ !-� V4&*$ !� �3� 2��+$��� $2�  8�� &,$*$ !�  �� "��+$#��
#$33���% �"�$��$ !� ��#$33���% �&""*$�& $�%2��42��2�����#& &�3*�>2����� ��'4&�&% ���&�
��� &$%� *�+�*� �3� "��3��(&%���  �� &� #& &� 3*�>-� ���� �@&("*��� &� ��G4$��#� ,$ � �& ���
#�*&!�� �$  ���� "&�6� � #��""$%'� "��,&,$*$ !� &%#J��� ,$ � ������ �& �� (&!� ,��
'4&�&% ��#-� �http://en.wikipedia.org/wiki/Quality_of_Service��

F5*6+)/	 13	 �C0&'+&$4&� .V��1�� 2�(� $(�2� &*2�� 6%�>%� &2� OV4&*$ !� �3� F2���
�@"��$�%���O�$2�&�24,��� $+��(�&24����3�&��42 �(��N2��@"��$�%��2�>$ 8�&�+�%#��-�
� �*��62�& �&�+�%#��N2����"4�+�!��N2��33��$%'�3��(� 8��2 &%#"�$% ��3� 8���42 �(���
����%#�42����&%#�&262��O58& �($@��3�'��#2��2��+$��2��&%#�24""�� ��#��!�4� 8$%6�
>$**�"��+$#��!�4�>$ 8� 8��"����" $�%� 8& � 8�� � &*�"��#4� �$2�"��+$#$%'�!�4�>$ 8�
 8�� �@"��$�%��� !�4� #�2$��#� &%#J��� �@"�� �#WO� � �  8�%� &262�� O�2�  8$2� >8& �  8��
+�%#��J"4�+�!���8&2�&� 4&**!�"��+$#�#WO��3�%� ��O58& ��8&%'�2�%��#� ��,��(&#��
 ���%8&%���!�4�� � &*��@"��$�%��WO�http://en.wikipedia.org/wiki/Quality_of_Experience��

�$)&'$&)	13	E-+$,(�.���1���%���("4 $%'�� 8���% ��%� ��3��8$%'2�.&*2��6%�>%�&2�
 8�� �% ��%� � �3� �,��� 21� ��3��2�  ��  8�� %� >��6�#� $% ����%%�� $�%� �3� �+��!#&!�
�,��� 2-�� �$2�'�%��&**!�$(&'$%�#�&2�&�2�*3���%3$'4�$%'�>$��*�22�%� >��6��3�2�%2��2�
>8�2��"4�"�2��>�4*#�,�� �� $% ����%%�� �&**� 8$%'2-��8����%��" �$2�&  �$,4 �#� ��
 8����$'$%&*�E4 �������% ���� 3�4%#�#� $%��BBB�&%#�,&2�#�& �  8��  $(�� $%�/��-� � �
$%�*4#�2� ��%��" 2� 24�8� &2� ����� &%#� ���-�
http://en.wikipedia.org/wiki/Internet_of_Things��

�$)&'$&)	13	�&'2+4&(�.��D1�����&.*$)+4	�&7	�&'2+4&(��*$6����%+�% $�%&*�>�,�
2��+$��2�� &���  8�� 2��+��� �%#� �3� &� �*$�% H2��+��� 2!2 �(� 3���(&�8$%�� ��(&�8$%��
$% ��&� $�%�+$&�  8��5��*#�5$#��5�,-�D�(&% $��2��+$��2�&���&���("�%�% ��3�  8��
2�(&% $��>�,�,��&42�� 8�!�42��(&�6�4"�>8$�8�(&6�2�#& &�(&�8$%����&#&,*��$%�
&�#� &$*�#�&%#�2�"8$2 $�& �#�>&!�.&2���("&��#�>$ 8�84(&%���&#&,*��7�/��>8$�8�
$2�424&**!�%� ��&2$*!�O4%#��2 ��#O�,!���("4 ���"��'�&(21-� �
http://en.wikipedia.org/wiki/Semantic_Web_Services��

�+'&6&((	�$)&'$&)�.D"�% &%��42��� >��6W1�� 8��24$ ���3�>$��*�22�"�� ���*2�&3 ���
5$��*�22�E""*$�& $�%���� ���*�	-A�.5E�1-�� �$%�*4#�2�X7�/��)&2$�����6$&N2�X7�/��
/�,$*�� ���3$*��� &%#� 34 4��� #�+�*�"(�% 2� �3� 5E�� ,!�  8�� �"�%� /�,$*�� E**$&%��-�
5$��*�22� �% ��%� � ��� ���*2� &��� &,*��  �� #�*$+��� X7�/�� "&'�2�  �� &""��"�$& ��
>$��*�22� #�+$��2� >$ 8�4 �  8�� %��#� 3��� 7����  �� 5E�� "��@$�2-� F2$%'� 5$��*�22�
�% ��%� ���� ���*2��>�,�"&'�2��&%�,����%#���#�#$33���% *!� $%�>�,�,��>2��2�&%#�
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�@"��$(�% & $�%� &""��&�8�2� &%#� *$+$%'� *&,2� �"�%� $%%�+& $�%�� &2�>�**� &2� 4�,&%�
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2(&� � �$ $�2I� *&%#2�&"��� &%#� ��%%�� 2� "428� &%#� "4**� #�+�*�"(�% 2-� �$'-� B�0�
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���+$�42��8&" ��2�8&+��#�+�*�"�#�3�4%#& $�%2��3�&�(� 8�#�*�'$�&*�3�&(�>��6�3���
��**&,��& $�%� &(�%'� #$33���% � ��%2 $ 4�% 2� $%� D(&� � �$ $�2-� ����)E���
4%#��2 &%#2� D��**&,��& $�%E� $%�  >�� (�&%$%'2� .&2� "��2�% �#� & �  8�� ��E�
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�1 �166*71'*)+1$	 *)	 )-&	 ()'*)&,+4	 6&2&6�� �8$2� *�+�*� �3� ��**&,��& $�%� $2�
$("�� &% � 3��(�  8�� "��2"�� $+�� �3� 2�  $%'� 4"�  8�� $%%�+& $�%� ��%#$ $�%2-�
E� ��2� 3��(�  8���� ��((4%$ $�2� (&!� ��$%� 2 �& �'$�&**!�  �� #�3$%�� &%#�
&�8$�+����((�%��,��� $+�2�$%���2�&��8�&%#�$%%�+& $�%-��%��&""��&�8� ��
 8& � $2�  �� �2 &,*$28� $%%�+& $�%� ���2!2 �(2� ,&2�#� �%� "&� %��28$"2��
��+��$%'�4�,&%�&%#���'$�%&*�&��&2-�

	1 �166*71'*)+1$	 *)	 )-&	 10&'*)+1$*6	 6&2&6�� �8$2� *�+�*� �3� ��**&,��& $�%� $2�
$("�� &% � 3��(�  8�� +$�>"�$% � �3� #�3$%$%'�  8�� ��**&,��& $�%� "����22�2-�
E� ��2� 3��(� 8������((4%$ $�2�&������$%%�+& $%'�,&2�#��%�28&�$%'� 8�$��
��2�4���2� .�-'-�  �2 ,�#2�� 6%�>�8�>�� 42��� '��4"2�� (� 8�#21� &%#� ,4$*#�
��((�%�3&�$*$ $�2� ��&�8$�+�� 8�$����$% �$%%�+& $�%��,��� $+�2-��
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5����3��� ���	-��./B1�&2�>�**�&2� ���	-	�./�1�3���34� 8���#� &$*2F�2���&*2�� 8$2�
��"�� ��8&" ���?-������&�8��3� 8����((4%$ $�2�$%� 8������)E���#�(&$%���	-��8&2�
&%&*!2�#�  8�� 6�!� &� ��2��  8�$�� �,��� $+�2�� *$%6&'�2�  �� � 8��� ��((4%$ $�2�� &%#�
,�%�3$ 2�$%��@"*�$ $%'� 8��*$%6&'�2-��8��4'8����& $�%��3�*�%'��� ��(�"&� %��28$"2�
'�+��%�#� ,!� "4,*$��"�$+& �� D,42$%�22� (�#�*2E�� 2 �& �'$�� 3��(2� �3� ��**&,��& $�%�
�-'-� &6$%'� 8��3��(��3�$%%�+& $�%�"��'�&((�2�(&!�,��$("*�(�% �#-��8��2(&� �
�$ $�2��&2�2�"��+$#���+$#�%���3��� 8$2�&""��&�8�.E%%�@1-�

�166*71'*)+1$	3145(	1$	(-*'+$,	+$$12*)+1$	'&(15'4&(	*$%	4*0*7+6+)+&(	

E�6�!�"�$��$ !�>$ 8$%�����)E���$2� ���@&($%��&%#��@"*����(�#�*2��3���**&,��& $�%�
&(�%'�  8��  8���� ��((4%$ $�2�� �4 4��� �% ��%� � ��2�&��8� &%#� �@"��$(�% & $�%��
�$+$%'�*&,2��&%#�D(&� ��$ $�2-�D4�8���**&,��& $�%�>�4*#�$("*!���**&,��& $�%�>$ 8$%�
 8�� $%%�+& $�%����2!2 �(� ��%2 $ 4 �#� ,!�  8�� $% ��"*&!� ,� >��%�  8��  8����
��%2 $ 4�%�$�2-� D�(�� �3�  8�� �*�(�% 2� �3� ��**&,��& $�%� (�#�*2�� $%�*4#$%'�  8��
*$%6&'�2�,� >��%���%2 $ 4�%�$�2��>����(�% $�%�#�$%��&�*$����8&" ��2�&%#�8����>��
 &6��&�(����$% �'�& �#�+$�>-�

�8�� 3&�$*$ $�2� ��� ��2�4���2� $%� 42�� ,!� &� $+$ $�2� ��'&�#$%'�  8�� �4 4��� �% ��%� ��
�$+$%'� �&,2� &%#� D(&� � �$ $�2� ��((4%$ $�2�  �'� 8��� ��%2 $ 4 ��  8��  ��8%$�&*�
$%3�&2 �4� 4��� ��� ��2�4���2� �3� &%� 4�,&%� $%%�+& $�%� ���2!2 �(� ��("�$2$%'� ����
��("&%$�2�� ��2�&��8��2� &%#� "�*$�!� (&6��2� &2� >�**� &2� � 8��� ,42$%�22�2� &%#�
�$ $;�%2-� �8$2� ���2!2 �(� $2� 2 ��%' 8�%�#� ,!�  8�� #� ��($%&% 2� �3�  8�� �$ !� +&*4��
���& $�%� 2!2 �(� 24�8� &2� $%3�&2 �4� 4���� &� ��� %� >��62�� �% ��"��%�4�$&*�
��%#$ $�%2�&%#�$%%�+& $+��#�(&%#��&2�>�**�&2�'�+��%(�% �"�*$�$�2-��8����**�� $�%�
�3� 3&�$*$ $�2� ��� ��2�4���2� ��%2 $ 4 �2�  8�� ,&2$�� $%3�&2 �4� 4��� �3� $%%�+& $�%�
"����22�2-� E� �8&**�%'�� $2�  �� ���& �� &� 2 �& �'$�� (&%&'�(�% � &""��&�8�  ��
$%%�+& $�%����2!2 �(2� $%�>8$�8�  8�2����2�4���2�&���*6+,$&%� $%���#���  �����& ��
2!%��'$�2� &%#� ��("*�(�% &�$ $�2� 3��(� ,�  �(�4"-� /&%&'$%'� $%%�+& $�%� & �  8��
*�+�*� �3� 4�,&%� $%%�+& $�%� ���2!2 �(2�  842� ,���(�2� &�  &26� �3� (&%&'$%'�  8��
01')316+1	13	'&(15'4&(�&%#�3�2 ��$%'�3�4$ 34*�$% ��*$%6&'�2-�
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+&*$#& $�%� "����22� $%�  �2 ,�#2� .42��� ��G4$��(�% 2� #�($%& �� *$+$%'� *&,�
$%%�+& $�%1-�/&$%�&� ��2� $%+�*+�#�&�����2�&��8��2�&%#�,42$%�22-��4 ��(���3�
 �2 ,�#� "����22�2� $2� +&*$#& �#�  ��8%�*�'!� $%�  8�� 3��(� �3� 2�3 >&��� &%#�
8&�#>&�����("�%�% 2-�

• �+2+$,	6*7(-��8����*���3�*$+$%'�*&,2�$2� ����'&%$;���"�%�$%%�+& $�%�#�$+�%�,!�
42��2-� �% ��&� $�%2� $%+�*+$%'� 2�3 >&��� #�+�*�"��2� &%#� �%#�42��2� .�$ $;�%2��
,42$%�221�"�����#�$% ��&� $+�*!�&%#��+�*4 $�%&�!-�

• �+&6%	 �*7�� �$�*#� *&,2� $("*�(�% � 3$�*#�  �$&*2� $2�  ��  �2 � &""*$�& $�%2� &%#�
2�*4 $�%2�$%�"�&� $����$%+�*+$%'���&*�42���'��4"2-�

• A'1)1)/0+$,	 06*)31'.�� �8$2� 3&�$*$ & �2� &� "����22� 2 &� $%'� 3��(� 42���
��G4$��(�% 2�&%#����& $%'�&�2�3 >&���D(�#�*E��3� 8��3$%&*�"��#4� ����2��+$��-�
� � �&%� ,�� 2��%� &2� "&� � �3� *&�'��� #�+�*�"(�% � "����22�� ��24* $%'� $%�"���3� �3�
��%��" -�

• �14+*6	 0+61)(�� E%� �%+$��%(�% � 3��� $% ��#4�$%'� &%#� +&*$#& $%'� (& 4���
2�*4 $�%2�."��#4� 2��2��+$��21-�

• �$$12*)+1$	 �1..5$+)/-� E� ��((4%$ !� �3� �$ $;�%2�� #�(&$%� �@"�� 2��
��2�&��8��2�� ��("&%$�2�� 2 &6�8�*#��2�>$**$%'�  ��(�� � &%#� $% ��&� �  �� ���& ��
&%#�28&"��$%%�+& $+��2��%&�$�2�&%#�2��+$�����%��" 2-�

• �&$)5'&	 �*7-� �%+$��%(�% � �3� ,42$%�22� ���& $�%� ,&2�#� �%� 2��+$��� &%#�
"��#4� ���%��" 2-�

�8�� �4 "4 2� �3�  8�2�� ��2�4���2� #$33��� $%� 2�+��&*� ��2"�� 2-� �4 "4 2� �3�  �2 ,�#2�
��24* �$%� ��8%�*�'$�2� 8& �&���&#�" �#�$%� 8��*�%'��� ��(-��4 "4 2��3�"�� � !"$%'�
&%#� $%%�+& $�%� ��((4%$ !� &��� 42�#� $%� 4"2 ��&(� "����22�2-� �4 "4 2� �3� 2��$&*�
"$*� 2��&%�,���@"�� �#� ��,��&#�" �#��%� 8��28�� � ��(-��8��D'*4�E�*$%6$%'� 8�2��
��2�4���2�&%#�"����22�2�$2�%� ����%� �&*>&!2� 8�$���4 ��(��,4 �8$1?6&%,&	*$%	
+$31'.*)+1$-��

�8�� ��*�� �3� 2(&� � �$ !� $%%�+& $�%� ���2!2 �(� (&%&'�(�% � $2�  �� (&%&'��  8��
"�� 3�*$���3�D$%%�+& $�%�&22� 2E�(&#��4"��3� 8��#$33���% �3&�$*$ $�2�&%#���2�4���2��
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#$2$%+�2 $%'�$%� 8�2����2�4���2-��
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Fig. 7-1: Collaboration Framework of TEFIS (content sharing applications) 
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Table 1. Three perspectives shaping the landscape of Future Internet and City Development 

 Future Internet 

Research 

Cities and Urban 

Development 

User-driven  

Innovation Ecosystems 

Actors Researchers 

ICT companies 

National and EU actors 

City policy actors 

Citizen platforms 

Business associations 

Living Lab managers, 

citizens, governments, 

enterprises, researchers 

as co-creators 

Priorities Future Internet technical 

challenges (e.g. routing, 

scaling, mobility) 

Urban development 

Essential infrastructures 

Business creation 

User-driven open 

innovation 

Engagement of citizens 

Resources Experimental facilities 

Pilot environments 

Technologies 

Urban policy framework 

Organisational assets 

Development plans 

Living lab facilities: 

methodologies & tools, 

physical infrastructures 

Policies Creation of advanced 

and testbed facilities 

Federated cooperation 

Experimental research 

City policies to stimulate 

innovation, business and 

urban development 

Innovative procurement 

User-driven innovation 

projects 

Open, collaborative 

innovation 

�

�8��3$�2 �"��2"�� $+���3��4 4����% ��%� ���2�&��8�&%#��@"��$(�% & $�%���"��2�% 2�
&�  ��8%�*�'!���$�% �#� &%#� *�%'���  ��(� ��% �$,4 $�%�  �� 4�,&%� $%%�+& $�%�
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242 &$%&,*�� ���"��& $�%-� �8�� ��%��" � �3� �"�%�&%#�42���#�$+�%� $%%�+& $�%� *��62�
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�+�*+��  �� ��%2 $ 4 ��  8�� ����� �3� D0�E� .�4,*$����$+& �����"*���&� %��28$"1�
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�%�  8�� �&�*!� �BBA2�  8�� "8�&2�� O2(&� � �$ !O� >&2� ��$%�#�  �� 2$'%$3!� 8�>� 4�,&%�
#�+�*�"(�% �>&2�  4�%$%'�  �>&�#2�  ��8%�*�'!�� $%%�+& $�%�&%#�'*�,&*$2& $�%�ABC-�
�8��5��*#���4%#& $�%�3���D(&� ���((4%$ $�2	&#+��& �#� 8��42���3�$%3��(& $�%�
 ��8%�*�'!� ��(�� � 8���8&**�%'�2��3��$ $�2�>$ 8$%�&�'*�,&*�6%�>*�#'�����%�(!�
A�C-�7�>�+����  8��(���� ����% � $% ���2 � $%� 2(&� � �$ $�2� �&%�,��&  �$,4 �#�  ��  8��
2 ��%'� ��%���%� 3��� 242 &$%&,$*$ !�� &%#�  ��  8�� �$2���3� %�>� �% ��%� �  ��8%�*�'$�2��
24�8�&2�(�,$*��#�+$��2�.�-'-�2(&� �"8�%�21�� 8��2�(&% $��>�,���*�4#���("4 $%'��
&%#� 8���% ��%� ��3��8$%'2�.���1�"��(� $%'���&*�>��*#�42���$% ��3&��2-�

�8�� ��%��" � �3� 2(&� � �$ $�2� 2��%� 3��(�  8�� "��2"�� $+�� �3�  ��8%�*�'$�2� &%#�
��("�%�% 2�8&2�2�(��2"��$3$��"��"�� $�2�>$ 8$%� 8��>$#����!,����#$'$ &*��2(&� ��
$% �**$'�% ��$ $�2�*$ ��& 4��2-�� �3��42�2��%� 8��*& �2 �&#+&%��(�% 2�$%�(�,$*��&%#�
"��+&2$+����("4 $%'��>$��*�22�%� >��62��($##*�>&���&%#�&'�% � ��8%�*�'$�2�&2�
 8�!�,���(���(,�##�#�$% �� 8��"8!2$�&*�2"&��2��3��$ $�2-��8���("8&2$2��%�2(&� �
�(,�##�#� #�+$��2� ��"��2�% 2� &� #$2 $%� $+�� �8&�&� ��$2 $�� �3� 2(&� � �$ $�2�
��("&��#�  �� $% �**$'�% � �$ $�2�� >8$�8� ���& ��  ���$ ��$&*� $%%�+& $�%� 2!2 �(2�
��(,$%$%'� 6%�>*�#'��$% �%2$+�� &� $+$ $�2�� $%2 $ 4 $�%2� 3��� ���"��& $�%� &%#�
*�&�%$%'��&%#�>�,�,&2�#�&""*$�& $�%2��3���**�� $+��$% �**$'�%���A���BC-��

�

Box: A new spatiality of cities - multiple concepts 

Cyber cities, from cyberspace, cybernetics, governance and control spaces based on information feedback, city 

governance; but also meaning the negative / dark sides of cyberspace, cybercrime, tracking, identification, 

military control over cities.  

Digital cities, from digital representation of cities, virtual cities, digital metaphor of cities, cities of avatars, 

second life cities, simulation (sim) city. 

Intelligent cities, from the new intelligence of cities, collective intelligence of citizens, distributed intelligence, 

crowdsourcing, online collaboration, broadband for innovation, social capital of cities, collaborative learning and 

innovation, people-driven innovation. 

Smart cities, from smart phones, mobile devices, sensors, embedded systems, smart environments, smart meters, 

and instrumentation sustaining the intelligence of cities. 

�
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2�%2��2�� &%#� &� 4& ��2�� �33��$%'� ��&*� $(�� #& &� (&%&'�(�% �� &*�� 2�� &%#�
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�
Fig. 1. Smart city key application areas 
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"����22�2�3��� 8�����& $�%��3�&""*$�& $�%2� 8& �>$**��4%�&%#�$("��+���+��!�2�� ���
�3� &� $+$ !�� �$ !� �*42 ���� &%#� $%3�&2 �4� 4��-� E**� �$ !� ���%�($�� &� $+$ $�2� &%#�
4 $*$ $�2� �&%� ,�� 2��%� &2� $%%�+& $�%� ���2!2 �(2� $%� >8$�8� �$ $;�%2� &%#�
��'&%$2& $�%2�"&� $�$"& �� $%� 8��#�+�*�"(�% ��24""*!�&%#���%24(" $�%��3�'��#2�
&%#� 2��+$��2-� � �$'-� �� "��2�% 2�  8���� 6�!� #�(&$%2� �3� "� �% $&*� 2(&� � �$ !�
&""*$�& $�%2�$%� 8��3$�*#2��3�$%%�+& $�%����%�(!��$%3�&2 �4� 4���&%#�4 $*$ $�2��&%#�
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�4 4��� (�#$&� ��2�&��8� &%#�  ��8%�*�'$�2� �33��� &� 2��$�2� �3� 2�*4 $�%2�  8& � ($'8 �
>��6� $%� "&�&**�*� >$ 8�  8�� �% ��%� � �3� �8$%'2� &%#� �(,�##�#� 2!2 �(2�� "��+$#$%'�
%�>��""�� 4%$ $�2�3�����% �% �(&%&'�(�% �A�	���?C-�/�#$&��% ��%� � ��8%�*�'$�2�
&��� & �  8�� ���22��&#2� �3� #$'$ &*� (4* $(�#$&� ��% �% � &%#� �% ��%� �  ��8%�*�'$�2��
>8$�8� �%��("&22�2� (�#$&� ,�$%'� #�*$+���#�  8��4'8� �% ��%� � %� >��6$%'�
 ��8%�*�'$�2��&%#�(�#$&�,�$%'�'�%��& �#����%24(�#��28&��#�&%#��@"��$�%��#��%�
 8�� >�,-� ���8%�*�'$�2�� 24�8� &2� ��% �% � &%#� ��% �@ � 342$�%�� $((��2$+�� (4* $�
2�%2��!� �%+$��%(�% 2�� *��& $�%�,&2�#� ��% �% � #�"�%#�% � �%� 42��� *��& $�%� &%#�
��% �@ �� &4'(�% �#� ��&*$ !� &""*$�& $�%2�� �"�%� &%#� 3�#��& �#� "*& 3��(2� 3���
��% �% � 2 ��&'�� &%#� #$2 �$,4 $�%�� "��+$#��  8�� '��4%#� 3��� %�>���2��+$��2�>$ 8$%�
 8��$%%�+& $�%����2!2 �(2��3��$ $�2�.2����&,*��	1-�

Table 2. Media Internet technologies and components for Smart Cities 

Solutions and 

RTD challenges 

Short term (2014) Mid term (2018) Longer term (2022) 

Content 

management tools 

Media Internet 

technologies 

Scalable multimedia 

compression and 

transmission 

Immersive 

multimedia 

Collaboration tools Crowd-based 

location content; 

augmented reality 

tools 

Content and context 

fusion technologies 

Intelligent content 

objects; large scale 

ontologies and 

semantic content 

Cloud services and 

software 

components 

City-based clouds Open and federated 

content platforms 

Cloud-based fully 

connected city 

Smart systems 

based on Internet of 

Things 

Smart power 

management 

Portable systems 

Smart systems 

enabling integrated 

solutions e.g. health 

and care 

Software agents and 

advanced sensor 

fusion; telepresence 

�

��(&%#�3�����2��+$��2�$%� 8��#�(&$%2��4 *$%�#�$%��$'-���$2�$%���&2$%'��,4 �%� �& �
&�#$2�4" $+��"&��-��8����$2�&���$ $�&*�'&"�,� >��%�2�3 >&���&""*$�& $�%2�&%#� 8��
"��+$2$�%� �3� ��2��+$��2� $%�  ��(2� �3� 242 &$%&,$*$ !� &%#� 3$%&%�$&*� +$&,$*$ !-� �� � &**�
&""*$�& $�%2�&���  4�%�#� $% ����2��+$��2-��8�2��  8& � 24����#� $%�,�$#'$%'�  8��'&"�
��*!� �%� 24���2234*� ,42$%�22� (�#�*2�  8& �  4�%�  ��8%�*�'$�&*� �&"&,$*$ $�2� $% ��
$%%�+& $�%2��2��4���&���% $%4�42� 3*�>��3�#& &�&%#� $%3��(& $�%��&%#��33���42�34*�
2��+$��2-�� �$2�8���� 8& � 8�� 8$�#� &26�3����$ !�&4 8��$ $�2���(�2�$% ��"*&!�� 8& ��3�
���& $%'�,42$%�22�(�#�*2� 8& �242 &$%� 8��*�%'� ��(��"��& $�%��3�2(&� ��$ $�2-����
#& ��� 8���%+$��%(�% �3���&""*$�& $�%2�&%#� 8�$��,42$%�22�(�#�*2�8&2�,��%�+��!�
��("*�@��>$ 8�*$($ �#�2�*4 $�%2�&+&$*&,*��L�33� 8��28�*3I��&�*� ��3��@"��$(�% & $�%��
&%#�(&%!�3&$*4��2-��$ $�2��4���% *!�3&���&�"��,*�(��3�2 &%#&�#$2& $�%��3� 8��(&$%�
,4$*#$%'� ,*��62� �3� 2(&� � J� $% �**$'�% � �$ $�2� $%�  ��(2� �3� &""*$�& $�%2�� ,42$%�22�
(�#�*2�� &%#� 2��+$��2-� D &%#&�#$2& $�%� >�4*#� #�&(& $�&**!� ��#4���  8��
#�+�*�"(�% �&%#�(&$% �%&%�����2 2��3���2��+$��2�#4�� �����"��& $�%���@�8&%'��
&%#� 28&�$%'� �3� ��2�4���2� &(�%'� *��&*$ $�2-��"�%� 2�4���� ��((4%$ $�2�(&!�&*2��
24,2 &% $&**!���% �$,4 �� �� 8���@�8&%'���3�'��#�"�&� $��2�&%#��"�%�2�*4 $�%2-�

�8���4���% � ��2�&��8��%�2(&� � �$ $�2� $2�"&� *!�'4$#�#�,!�  8��&,�+��"�$��$ $�2��3�
��% �("��&�!�4�,&%�#�+�*�"(�% �&%#��$ !�'�+��%&%��-��&�'����("&%$�2� $%� 8��
���� 2�� ���� 24�8� &2� �)/�� �$2���� /$���2�3 �� &��� 2 ��%'*!� $%+�*+�#� $%� &%#� &���
��% �$,4 $%'�  ��28&"$%'�  8����2�&��8�&'�%#&-��F���2�&��8�>$ 8$%� 8����% �@ ��3�
 8�� ���� &%#� ���� "��'�&((�2� &*2�� &$(2� & � 2 $(4*& $%'� &� >$#��� 4" &6�� �3�
$%%�+& $+�� ����,&2�#� 2��+$��2� 3��� 2(&� � �$ $�2�� *$%6$%'� 2(&� � �$ $�2� >$ 8� 42���
#�$+�%� $%%�+& $�%�� 34 4��� �% ��%� �  ��8%�*�'$�2�� &%#� �@"��$(�% &*� 3&�$*$ $�2� 3���
�@"*��$%'�%�>�&""*$�& $�%2�&%#�$%%�+& $+��2��+$��2-��
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Table 3: User Role in FIRE and Living Labs 

 Future Internet Experiments Living Labs Innovation  

Approach Controlled experiments 

Observing large-scale deployment 

and usage patterns 

Federated testbeds 

Both controlled and natural 

situation experiments 

User co-creation via Living Labs 

methodologies, action research 

Open, cooperative innovation 

Object of testing  Technologies, services, 

architectures, platforms, system 

requirements; impacts 

Validation of user ideas, prototype 

applications and solutions. Testing 

as joint validation activity 

Scale of testing Large-scale mainly From small to large scale 

Stakeholders FI Researchers (ICT industry & 

academia) 

IT multidisciplinary researchers, 

End-users,  

enterprises (large &  SMEs) 

Objective Facilities to support research 

Impact assessment of tested 

solutions 

Support the process of user-driven 

innovation as co-creation 
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Table 4: Examples of Living Lab Initiatives Related to Smart Cities, Rural Areas and Regions 

Cities and 

urban areas 
• Smart Santander (FP7-ICT, 2010). Internet services and sensor network 

in the city. www.smartsantander.eu  

• ELLIOT (FP7-ICT, 2010). Experimental Living Lab for Internet of 

Things. Three Living Labs are involved.  http://www.elliot-project.eu/  

• Periphèria (CIP ICT-PSP, 2010). Internet of Things in Smart City.  

www.peripheria.eu 

• Open Cities (CIP ICT-PSP, 2010). Public sector services. 

• EPIC (CIP ICT-PSP, 2010). Platforms for intelligent cities. 

• Apollon (CIP ICT-PSP, 2010). Domain-specific Pilots of Living Labs in 

cross-border networks, targeting city areas. www.apollon-pilot.eu 

Villages in 

rural areas 

and regions 

• Collaboration@Rural – C@R (FP6-ICT, 2006-2010). Six Living Labs in 

Rural areas using a common service platform. www.c-rural.eu  

• �� >��6$%'� 3�����((4%$�& $�%2��8&**�%'�2���((4%$ $�2�
.�0�1-� �@ �%#$%'� �% ��%� � &���22�  �� ��(� �� ��'$�%2-�
>>>-%0�-�4�

• MedLab (Interreg IVc). Living Labs and Regional Development. 

 



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'����B	��.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

�8���������"����� �.�@"��$�% $&*��$+$%'��&,�3��� 8���% ��%� ��3��8$%'21���"��2�% 2�
&��*�&���@&("*���3��$+$%'��&,2�&%#��4 4����% ��%� �$% ��&� $�%���*&,��& $%'� 8����
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Fig. 2. Genoa smart city experiments on Smart Museum and Smart Park 
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Fig. 3. Conceptualisation of smart city value creation and innovation system (based on Porter) 
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24���2234*�,42$%�22�(�#�*2�3���2(&� ��%+$��%(�% 2�242 &$%&,$*$ !-�



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'��������.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

J�< ����F��E��;	�����	��B�����E���	EF���BF	��B�E��	������A���E	

�8�� /&%�8�2 ��� �&2�� 2 4#!� �%��("&22�2� 4�,&%� ��'�%��& $�%�� #$'$ &*�
#�+�*�"(�% �2 �& �'$�2�&%#�  8��6%�>*�#'�����%�(!-�/&%�8�2 ���8&2�'�&#4&**!�
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%�$'8,�4�8��#�,&2�#�>��6$%'F�#�+�*�"�&� L���& $+���$ !I� 2 �& �'!�#�(�%2 �& $%'�
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$%%�+& $�%�  8��4'8�  8�� #�+�*�"(�% � �3� /&%�8�2 ��� D�$�%��� �&�6� &%#�  8��
����'%$ $�%� 8& ��������4*#�"*&!�&�2$'%$3$�&% ���*��$%����& $%'�%�>�$%3�&2 �4� 4��2�
&%#�2��+$��2�&%#����%2�G4�% *!��34 4������%�($��'��> 8-�

�8�2��  8����  8�(�2� >���� & �  8�� 8�&� � �3�  8�� %�>� ���%�($�� ��+�*�"(�% �
D �& �'!� 3���  8�� �$ !� &%#� ��(&$%� & �  8�� ����� �3� /&%�8�2 ��I2� %�$'8,�4�8��#�
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$%3�&2 �4� 4��2� &%#� >��6$%'� >$ 8�  8�� ��2�&��8� ��((4%$ !� �%� �4 4��� �% ��%� �
#�+�*�"(�% �  �� 24""�� � /&%�8�2 ��� &2� &� LD(&� � �$ !I� $%� &��&2� 24�8� &2� 2(&� �
�%��'!���*�4#���("4 $%'�&%#�+��!�8$'8�2"��#��KE?�#$'$ &*�$%3�&2 �4� 4��2�.3$,���
&%#�>$��*�221��%� >��62�&%#�2��+$��2-�

�8��/&%�8�2 ����$'$ &*�D �& �'!�(&$%*!�&##��22�2� 8����%��" ��3�DD(&� ��$ $;�%2�
$%�D(&� ��$ $�2E��42$%'�#$'$ &*� ��8%�*�'$�2� ��"��(� ����((4%$ !��%'&'�(�% ��
�&"&�$ !� ,4$*#$%'� &%#� 2��$&*� �&"$ &*-� ��� 42��  8�� 3�4�� *�+�*� 2��$&*� �&"$ &*�(�#�*��
%&(�*!�� 4'&*)+$,	 *	 41..1$	 2+(+1$� &%#� *	 (&$(&	 13	 7&61$,+$,� 3��� &**�
��((4%$ $�2�  8��4'8� $(&'$%& $+�� 42�2� �3� #$'$ &*�  ��8%�*�'$�2�  �� 8�*"�  ��
 �&%23��(� *$+�2F� &$(5'+$,	 )-*)	 %+2&'(+)/	 +(	 *00'&4+*)&%	 *$%	 01(+)+2&6/	
'&?*'%&%� 8��4'8�$("��+�#�&���22$,$*$ !��3�#$'$ &*� ��8%�*�'$�2� ��24""�� �2��$&*�
%� >��6$%'F�&$,*,+$,	0&106&	3'1.	%+33&'&$)	7*48,'15$%(	)-'15,-	)-&	5(&	
13	 %+,+)*6	 )&4-$161,+&(� >8$�8� �%&,*�2�  8�(�  �� 8&+�� 2$($*&�� *$3�� �8&%��2F�
&$415'*,+$,	 ()'1$,	 *$%	 01(+)+2&	 '&6*)+1$(-+0(�  �� ,�� #�+�*�"�#� ,� >��%�
"��"*�� 3��(� #$33���% � ,&�6'��4%#2� $%�  8�� >��6"*&���� $%� �#4�& $�%� &%#� >$ 8$%�
%�$'8,�4�8��#2� ,!� 42$%'� #$'$ &*�  ��8%�*�'$�2�  �� ,��&6� #�>%� ,&��$��2� &%#�
"��(� ��2��$&*���8�2$�%-�
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��#&!��/��E����% $%4�2� ����(,$%��$%%�+& $�%� 8��4'8�%�>�$%$ $& $+�2��$%�*4#$%'�
 8�� /&%�8�2 ��� �$+$%'� �&,�� 2��  8& � $ � �&%� ,��  8�� >&!� ,!� >8$�8� 0&106&	 *$%	
75(+$&((&(	 4*$�&*(+6/	 41$$&4)	 *$%	 4166*71'*)&� >8$*�� "��+$#$%'�*44&((	 3���
�%24�$%'�  8& � &**� *��&*� ��2$#�% 2�� "*42�  8�2��>8�� ��(��  ��/&%�8�2 ���  ��>��6��
2 4#!����+$2$ ��8&+�� 8��(�2 �&���22$,*��&%#�&33��#&,*��>&!2� ��42�� 8���% ��%� �
 8��4'8� *��&*� &���22� ��% ��2�� �KE� %� >��62� &%#� >$��*�22� ��%%�� $+$ !F�
,&$&'*)+$,��5(+$&((	1001')5$+)+&(�3����%&,*$%'��@$2 $%'�#$'$ &*�,42$%�22�2� ��
2&3�'4&�#� �@$2 $%'� ��,2� &%#� ���& �� %�>� �%�2�� #�+�*�"$%'� "& 8>&!2� $% ��
�("*�!(�% � 8��4'8� �&$%$%'�&%#�26$**2�"��'�&((�2��$%�*4#$%'�&""��% $��28$"2��
24""�� $%'�%�>�2 &� �4"2�&%#�2��$&*��% ��"�$2�2��""�� 4%$ $�2�&%#�"��(� $%'�%�>�
 �&#$%'� �""�� 4%$ $�2� &%#� "��(� $�%&*� &� $+$ $�2F� �*0*4+)/	 75+6%+$,� 3��� 42$%'�
#$'$ &*� ��8%�*�'$�2� ��,4$*#�2��$&*��&"$ &*�&%#� ��24""�� ���((4%$ !��%'&'�(�% �
2��  8& �  8���� $2� ��&*� *��&*� ,�%�3$ � '�%��& �#� ,!� $%%�+& $�%�� >8$�8�� $%�  4�%��
$%���&2�2� #$'$ &*� $%�*42$�%�� "��+$#�2�&���22�  �� 26$**2� &%#� ��,2�&%#� $("��+�2�  8��
G4&*$ !� �3� *$3��  8��4'8� '���%� #$'$ &*� &%#� �"�%� #& &� $%$ $& $+�2�� >��6$%'� $%�
��**&,��& $�%�>$ 8�*��&*�"&� %��2�24�8�&2� 8��/&%�8�2 ����$'$ &*��&,�./&#�&,1-�

E� %4(,��� �3� �@&("*�2� �3� /��E� "����� � #�+�*�"(�% � $%�  8�2�� &��&2� $%�*4#���
M�+7'&	)1	)-&	A&106&>�H� 8��/&%�8�2 ����$+$%'��&,�"$*� �"����� � 8& �2 &� �#� ��
��**� �4 � %�@ � '�%��& $�%� &���22� #$'$ &*� $%3�&2 �4� 4��F� �*$4-&()&'	 M�$)&'$&)	
F57>�H��%24�$%'� 8& �/&%�8�2 ����&%�#�+�*�"�$ 2�L�% ��%� ��@�8&%'�I��&"&�$ !� ��
,��&�'*�,&**!���("� $ $+��L�% ��%� �74,I�,&2�#��%��%8&%�$%'���%%�� $+$ !�&���22�
 8�� �$ !F� �1?	 �*'71$	 �0&$	 �*)*	 �&)?1'8	 H� �@ �%#$%'�  8�� >$��*�22�
��%%�� $+$ !� &��4%#�  8�� ����$#��� &��&�  �� ��**�� � ��&*� $(�� �%+$��%(�% &*� #& &�
42$%'� *�>���2 �� *�>�"�>���2�%2$%'��G4$"(�% �&%#�"��+$#$%'��"�%�&���22� �� 8��
#& &�  8��4'8� &� �&%'�� �3� �%*$%�� 2��+$��2F� �.*')	 �$$12*)+1$	 G	 A&106&	 H� &�
�4��"�&%� "����� � ��%%�� $%'� 4"� #$'$ &**!� 24""�� �#� ��((4%$ !� �%'&'�(�% �
$%$ $& $+�2� $%�/&%�8�2 ��� &%#� 3�4�� � 8����4��"�&%� �$ $�2�>��6$%'� $%�"&� %��28$"�
>$ 8� ���"*�2���$���/�#$&I2� L��((4%$ !� ��"�� ��2I� "����� � &%#�  8��F%$+��2$ !� �3�
/&%�8�2 ��F��B'&&$	�+,+)*6	�-*')&'	H�&��4��"�&%�>$#��$%$ $& $+�� ����#4��� 8��
�%+$��%(�% &*� $("&� � �3� #$'$ &*�  ��8%�*�'$�2� &%#�  �� #�+�*�"� $%%�+& $+�� L2(&� �
�%��'!I� "����� 2�� 24�8� &2� �% ��%� � ,&2�#� $% ��&� $+�� 2(&� � (� ��2��  8& � �&%�
$("��+���%��'!��33$�$�%�!�&%#�'� �"��"*��$%+�*+�#�$%�%�>�&%#�$(&'$%& $+��>&!2�
�3���#4�$%'� 8�$��"��2�%&*�&%#���**�� $+���&�,�%�3�� "�$% 2F��+,+)*6	*$%	�'&*)+2&	
�8+66(	 H� ,�$%'$%'�  �'� 8��� ,42$%�22�2� $%�  8�� #$'$ &*� &%#� ���& $+�� 2�� ��2��
$%�*4#$%'�  8��4'8� /&%�8�2 ��� �$'$ &*�� �#4�& $�%� &%#�  �&$%$%'� "��+$#��2��
��((4%$ !� %� >��62� &%#� � 8��� (&���� �("*�!��2�  �� #�+�*�"� (���� $%%�+& $+��
>&!2�3���"��"*�� ��'&$%�26$**2� 8& ��&%�8�*"� 8�(�'� �&���22� ����,2��2� �4"� 8�$��
�>%�,42$%�22�2�&%#�'� �&���22� ��&#+&%��#�*�&�%$%'��""�� 4%$ $�2� 8��4'8�%�%�
 �&#$ $�%&*���4 �2��$%�*4#$%'�&""��% $��28$"2-�

/&%�8�2 ��� &(,$ $�%� $2�  �� ,���(�� &� �$'$ &*� �$ !� ��2 �)�#� >$ 8� &%� �"�%�
$%%�+& $�%��$+$%'��&,� 3��� ���& $%'��4 4��� �% ��%� �%�@ �'�%��& $�%�2��+$��2�&%#�
&""*$�& $�%2��24�8�&2�%&2&610+$,	.1'&	&33+4+&$)	0576+4	(&'2+4&(����KE�$2�6�!�
 ���%&,*$%'��$ !�2��+$���"��+$#��2� ��(&@$($2�� 8��&,$*$ !�3����$ $;�%2� ��2�*3�2��+��
&%#� ��"��+$#���33$�$�% �&���22� ���@"�%2$+��2"��$&*$2 ���2�4���2��24�8�&2��@"�� �
(�#$�&*��&����42$%'�$%%�+& $+��%�>�2��+$��2�24�8�&2� �*�(�#$�$%�F�&C4-*$,+$,	
8$1?6&%,&	*$%	&C0&')+(&����$ $�2�&���$#�&**!�"*&��#� ��(�,$*$2��&%#�&''��'& ��
#�(&%#�3����KE�2��+$��2�3��� 8���4 4����% ��%� �LD(&� ��$ !I�&%#� ��"��+$#�� 8��
2 ��%'� *�&#��28$"� ��G4$��#�  �� � (&6��  8$2� 8&""�%-� �8�� L����� �$ $�2I� %� >��6� $2�
�4���% *!� >��6$%'� �%� &%� $%$ $& $+��  �� #�+�*�"� �*�2��� �%'&'�(�% � ,� >��%� �$ !�
��&#��2�� K�+��%(�% �� ��((4%$�& $�%2� D��+$��� ���+$#��2� &%#�  8�� �% ��%� �
$%#42 �!�&2�&�>8�*�-��
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�8��/&%�8�2 ����$ !���'$�%��KE� $%$ $& $+�2�&���,�$%'�#�+�*�"�#� $%�"&� %��28$"�
,!�/��E��>8$�8�$2�"&� ��3�/&%�8�2 ����$ !���4%�$*��&%#� 8����(($22$�%�3��� 8��
��>� ���%�(!�� >��6$%'� �%� ,�8&*3� �3�  8�� E22��$& $�%� �3� K��& ��� /&%�8�2 ���
E4 8��$ $�2� .EK/E1� $%�  8�� ��% �@ � �3�  8�� �$ !� ��'$�%� �$*� � &%#�  8�� "��"�2�#�
L��(,$%�#�E4 8��$ !I-��

�8����&����4���% *!�*$%6�#�$%$ $& $+�2�,�$%'�#�+�*�"�#��

• E-&	 �1''+%1'	 M�+2+$,	 �*7>	 �B�	 0+61)	 0'1A&4)�� &$($%'�  �� ��%%�� � CAA�
,42$%�22�2�&%#���AAA���2$#�% $&*�42��2� 8��4'8�&������%� >��6-��8$2�>$**�,��
&%�*44&((	$&)?1'8	)&()7&%��%&,*$%'�%�>�,42$%�22� ��,42$%�22��,42$%�22� ��
��%24(���&%#���((4%$ !�,&2�#�&""*$�& $�%2�&%#�2��+$��2� ��,��#�+�*�"�#�&2�
>�**� &2� $%%�+& $�%� $%� "4,*$�� 2��+$��� #�*$+��!� $%� &��&2� 24�8� &2�  �*��&��J��
8�&* 8�� �%��'!� �33$�$�%�!J2(&� � �%��'!�� ��*�&�%$%'�� 2(&� � (�,$*$ !� &%#�
3*�@$,*��>��6$%'F�

• E-&	 �*$4-&()&'	 �+)/	 �&,+1$	 �B�	 �$+)+*)+2&�� >8$�8� $2� �4���% *!�
4%#�� &6$%'� &� 3�&2$,$*$ !� 2 4#!� �%�  8�� 2��"�� 3���(&�6� � $%+�2 (�% � $%� %�>�
&%#�$%%�+& $+��(�#�*2��3��KE�#�*$+��!�>8$�8�>�4*#�8&�%�22� 8��&#+&% &'�2�
�3� 8�������%� >��6�,�$%'�#�+�*�"�#�$%�/&%�8�2 ���&%#��@ �%#� 8$2�42$%'�&**�
"�22$,*�� ��4 �2� .�-'-� /� ��*$%6� &%#� � 8���  �&%2"�� � ����$#��2�  �'� 8��� >$ 8�
�4,*$�� D��+$��� �� >��6� #�+�*�"(�% 1� &���22�  8�� >8�*�� �3� K��& ���
/&%�8�2 ����$%�*4#$%'� 8�2��$%� 8��L3$%&*� 8$�#I��4�&*���((4%$ $�2�&%#� 8�2��$%�
$%%��� 4�,&%� �@�*4#�#� 3��(� &���22� ,!� +$� 4�� �3� 3$%&%�$&*� &%#� � 8��� 2��$&*�
,&��$��2-�

�8$2� ��+��2� %� � �%*!� �@$2 $%'� "����� 2� ,�$%'� 4%#�� &6�%� ,!� �$ !�  8��4'8�  8��
/��E� ,4 � &*2�� L,�  �(� 4"I� '�&22� ��� 2� $%$ $& $+�2� ,�$%'� #�+�*�"�#� ,!� *��&*�
"&� %��2� $%� ��**&,��& $�%�>$ 8�  8��/��E-� �8�� L��&#(&"I� &$(2�  ��(&"� �@$2 $%'�
>��6�'�$%'��%�$%� 8���$ !���'$�%��>8$�8�$2���*�+&% � �� 8��LD(&� ��$ $�2I�&'�%#&��
&%#� ��$#�% $3!�8�>� 8$2�3$ 2�$% �� 8��34 4���+$2$�%�� 8���8&**�%'�2�&%#�'&"2�>8$�8�
�@$2 � &%#�  8�� 34 4��� 2�*4 $�%2� &%#� $%%�+& $�%� %��#2� $%�  ��(2� �3� ��&*$2$%'�  8��
 &�'� 2�&%#�&2"$�& $�%2��3� 8��/&%�8�2 ����$ !���'$�%-��8��L��&#(&"I�$2�2��%�&2�&�
3$�2 �2 &'��$%� 8��"����22��3�#�+�*�"$%'� 8�����&*��$'$ &*�E'�%#&�3���/&%�8�2 ���
&%#� 8��K���%��&"���$2�$%�"*&��� ��2 $(4*& ��#$2�422$�%�&%#���%24* & $�%2�2�� 8& �
 8�2����2"�%2�2��&%�,��42�#� ��+&*$#& ��"��"�2&*2�3���34 4���>��6�&%#� 8& � 8$2�
>$**� ,�� &,*��  �� $%3��(�  8�� "��#4� $�%� &%#� $("*�(�% & $�%� �3�  8�� ���&*� �$'$ &*�
E'�%#&�3���/&%�8�2 ��-�D�(���3� 8��"�*$�$�2��&2��4 *$%�#�&,�+���&���$%�"*&��� ��
3&�$*$ & �� &%#� 24""�� �  8��  �&%23��(& $�%� "����22� �3� /&%�8�2 ��� $% �� &� LD(&� �
�$ !I��,4 � 8����$2�2 $**�(4�8� ��,��#�%�� ���%24��� 8& � 8���""�� 4%$ $�2� 8& � 8��
�4 4��� �% ��%� � �&%� "��+$#��  �� &� �$ !� ��'$�%� 24�8� &2� /&%�8�2 ��� &��� 34**!�
�@"*�$ �#-��

�8����&���&�%4(,����3�2"��$3$��*�22�%2�*�&�% �3��(� 8��/&%�8�2 ��I2��@"��$�%�����

• �8��%��#� ��#�+�*�"�#$'$ &**!��%&,*�#�2��+$��2� 8& �&���,&2�#��%� 8��2��$&*��
�4* 4�&*�&%#����%�($��%��#2��3� 8��%�$'8,�4�8��#2����G4$�$%'� 8���&" 4����3�
42��� %��#2� &%#� $%+�*+$%'� 42��2� $%�  8��#�2$'%�&%#�#�*$+��!��3� %�>�2��+$��2��
 8��2 &� ��3� 8�����"��#4� $�%�"����22F��

• D &6�8�*#��2�$%� 8��"����� ���2"��$&**!� 8��"4,*$��2�� ����%��#� ��#�(�%2 �& ��
&� *�%'�  ��(� ��(($ (�% �  �� ��((4%$ !� �%'&'�(�% � &%#��&"&�$ !�,4$*#$%'��
&%#� $%+�2 � &2� (4�8� $%�  8�� #�+�*�"(�% � �3� "��"*�I2� 26$**2�� ��%3$#�%��� &%#�
&2"$�& $�%2�&2�$%� 8�� ��8%�*�'!�,�$%'�#�"*�!�#F��

• �8��%��#� ��8&+��&%��%'�$%'��+&*4& $�%�2 �& �'!� 8& �%� ��%*!�8&2� 8��&,$*$ !�
 �� $#�% $3!� >�&6%�22�2�� &%#� �+�%� 3&$*4��2�� ,4 � &*2�� 8&2�  8�� ��*�� �3�
��((4%$�& $%'�  8�2�� ��24* 2� #$��� *!� $% ��  8�� 2 �& �'$�� #��$2$�%� (&6$%'�
"����22�2�� 8& � 8��"����� ��&%�&����#$%'*!�&#&" �&%#��+�*+�F��
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J�� F�������;	E������	�	����E	��E=	����E��	���	����	��A������	������E���	

E2�  8�� *�&#$%'� %& $�%&*� �@"�� $2�� �*42 ����  8�� 7�*2$%6$� ��'$�%� ��(&$%2�  8��
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>��6$%'� ��"��(� ��&�D(&� ���'$�%��#��2�%� ��%#��2��*$($ $%'�2(&� �2�*4 $�%2� ��
$ 2� (4%$�$"&*� ,�4%#&�$�2�� ���  �� ��'&%$;& $�%2�  8& � 2��+�� &� 2$%'*�� (4%$�$"&*$ !-�
��(�+$%'� ,�4%#&�$�2� ,� >��%� ,4��&4��& $�� ��'&%$;& $�%2� $2� %���22&�!� >$ 8$%�
&%#�&���22�&���("� $ $+��&%#�&'$*��2(&� � ��'$�%��3� 8�� 34 4��-����� 8��7�*2$%6$�
��'$�%�  �� &� � �33�� $+�*!�  �>&�#2� 2(&� � 2��+$��2� $ � (42 � "��+$#�� "*& 3��(2� 3���
$%%�+& $�%� 8& �&����"�%� ��&**�(4%$�$"&*�&%#���'$�%&*�"&� $�2�>$ 8�&%�$% ���2 �$%�
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34 4�����("� $ $+��2 ��%' 8��3�  8��7�*2$%6$���'$�%�&%#� $ 2�&""�&*�&2�&�2 �& �'$��
"&� %���3��� 8��>��*#I2�� 8���*�&#$%'�6%�>*�#'��84,2�>$**�#�"�%#��%� 8����'$�%I2�
�����#��3��33�� $+����**&,��& $�%-��%� ��(2��3���� ��I2���%��" ��3��*42 ����7�*2$%6$�
��'$�%� 3��(2� &� 2 ��%'� $%%�+& $�%� ��$�% �#� �*42 ��� &��4%#� (�,$*��  ��8%�*�'!��
,&2�#� �%� 3&+�4�&,*�� 3&� ��� #� ��($%&% 2� 24�8� &2� 8$'8� G4&*$ !� ��2�&��8� &%#�
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#�+�*�"(�% � �3� $%%�+& $+�� $#�&2� 3���  8�� D(&� � �$ !-� �8�� 42��� &%#� �$ $;�%I2�
"&� $�$"& $�%�&%#�#�(&%#�"��+$#��&�"4**-�)!�,���($%'�&���% ����3�$%%�+& $+��&%#�
��("� $ $+�� 3$�(2� &� �*42 ��� &  �&� 2� %�>� 3$�(2�  ��  8�� &��&�� ���& $%'� ���%�($��
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�*42 ���  8��4'8� ��'&%$;$%'� ��("� $ $�%2� 3��� $%%�+& $+�� &""*$�& $�%2-� �8��D(&� �
�$ !� 2��+$��2�  8& � &��� #�+�*�"�#� $%� ��("� $ $�%2� ,�%�3$ � ,� 8�  8�� /�,$*��
E""*$�& $�%��*42 ���&%#� 8���$ $;�%2-��8��34%� $�%��3� 8����("� $ $�%�(��8&%$2(�
 ���%��4�&'�� 8��#�+�*�"(�% ��3�%�>�(�,$*��&""*$�& $�%2�4 $*$;$%'��"�%��& &�$2�
#�2��$,�#� >$ 8� �@&("*�2� 3��(�  8�� 7�*2$%6$� ��'$�%-� ��� ��I2� #$&(�%#� (�#�*� �3�
#� ��($%&% 2� �3� %& $�%&*� ��("� $ $+�� &#+&% &'�� $2� 42�#� &2� &� 3�&(�>��6�  ��
#�2��$,��  8�� 3����2� #�$+$%'�  8�� �%'�$%'� #�+�*�"(�% 2�  �>&�#2�  8�� /�,$*��
E""*$�& $�%��*42 ��-��%�"&� $�4*&�� 8��"&"����@"*���2� 8��$% ��&� $�%�,� >��%� 8��
�*42 ���#� ��($%&% 2��3���� ��I2�(�#�*�>$ 8���'&�#� �� 8���@ ��%&*$ $�2�(&#��,!�
 8�� *$%6&'�2� ,� >��%�  8�� "&� $�2� $%�  8�� �(��'$%'� �*42 ��-� �%�  8��  >��
��("� $ $�%2� 3����"�%��& &�&""*$�& $�%2�  8& �  8��"&"���#$2�422�2� $%%�+& $�%� $2�
24""�� �#�,!�&�"�*$�!�*$6��$%2 �4(�% ��&%�4�,&%���("� $ $�%��%��"�%�#& &��>8$�8�
$2� #�$+�%� 3��>&�#�  8��4'8�  8�� �$+$%'� �&,2� &""��&�8�  �� $%%�+& $�%-� �8��  >��
��("� $ $�%2� *&4%�8�#� $%�  8�� 7�*2$%6$� ��'$�%� &��� &$(�#� & � #�+�*�"$%'� (�,$*��
&""*$�& $�%2� ,!� 4 $*$;$%'� �"�%� #& &-� �8$2� �&2�� 2 4#!� 28�>2� 8�>� &� �$+$%'� �&,�
34%� $�%2� &2� &%� $%%�+& $�%� $% ��(�#$&�!�>8����  8�� ��("� $ $�%2� &��� 4 $*$;�#� $%�
#�+�*�"$%'�&�D(&� ��$ !-�
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�$2,�%I2�'�&*�  �>&�#2�,���($%'�&�D(&� ��$ !� $2�  �� $("��+��  8���$ !I2� *$+�*$%�22�
&%#�G4&*$ !��3�*$3���%&(�*!� 8��4'8� 8��&� $+��$%+�*+�(�% ��3� 8���$ $;�%2�$%� 8��
�$ !I2�'�+��%&%���(�#�*-��

�8$2�2 �& �'!�$2�2� �D ��3&�$*$ & �����& $+$ !��"��+$#$%'��$ $;�%2��2(&**��% ��"�$2�2��
2 &� �4"2� &%#� �$+$*� ��'&%$;& $�%2�  8��  ��*2� %��#�#�  �� ���& ���  �� $%%�+& ���  ��
�%&,*�� 2��$&*� $%%�+& $�%�� ��% �$%'�  8�� �$ $;�%� &2� &� ���"��#4���J"&� %��� �3�  8��
�$ !E.2�4����� �$2,�%��$ !���4%�$**���K�&`&���%2��&.	AAB1�� D�$2,�%�D(&� ��$ !E��
��������	ABACD�E�BA�BD1-�

�8��(�2 � $("�� &% ��8&**�%'�2�&##��22�#�  8��4'8� 8��D(&� ��$ !��%$ $& $+��&���
�% ��"��%�4�28$"���%8&%�$%'� 8���$ !I2��&"&�$ !� ��&  �&� �$%+�2 ��2�&%#�"��(� ��
 8��%4� 4�$%'��3�%�>�$#�&2�&%#�,42$%�22�(�#�*2F�4�,&%�(&%&'�(�% ��$("��+$%'�
 8���$ !I2�(&%&'�(�% �2 �4� 4���� 3��42�#��%�  8���" $($;& $�%��3� ��2�4���2�&%#�
2(&� ��� 42�� �3� $%3�&�2 �4� 4��2� &%#� �$ $;�%2� "&� $�$"& $�%�� $%+$ $%'� �$ $;�%I2�  ��
&� $+�*!�"&� $�$"& ��$%� 8���$ !I2�'�+��%&%���(�#�*-��

�$2,�%I2�"& 8� �>&�#2�,���($%'�&�D(&� ��$ !� $2�& � $ 2�+��!�,�'$%%$%'-��8$2�3&� �
8$%#��2� &�  8���4'8� &%&*!2$2� �3�  8�� �33�� $+�� $("&� -� ��+�� 8�*�22�  8��
&�8$�+�(�% 2��3� 8$2�2 �& �'!�2��3&��8&+��,��%�+��!�"�2$ $+��>$ 8� 8�����& $�%��3�
 8���$2,�%�D &� �F"�� 8��*&4%�8��3� 8���&,��&,�$%$ $& $+��&%#�"4,*$��&%#�"�$+& ��
���5��6$%'� ��% ��2-� E �  8�� 4�,&%� (&%&'�(�% � *�+�*�  8�� 2 ��%'� �33�� � $%�  8��
$("��+�(�% ��3� 8��"4,*$�� �&%2"�� �2!2 �(�&%#� 8����**�� $�%��3���&*� $(��#& &�
��'&�#$%'��%��'!�42��$%�"4,*$��,4$*#$%'2�&%#�2��+$��2�&**�>�#� 8���" $($;& $�%��3�
$%3�&�2 �4� 4��2� &%#�  8�� #�3$%$ $�%� �3� $% ��+�% $�%� "�$��$ $�2-� �$%&**!� 42��I2�
$%+�*+�(�% �$%� 8���$ !I2�'�+��%&%���(�#�*�8&2�,��%�24���2234**!�&�8$�+�#�>$ 8�
 8���&� $�$"& ��!�)4#'� $%'��%$ $& $+�-��

�8��>��6� &*��&#!� #�+�*�"�#��%&(�*!� $%�  8�� �$ $;�%2�'�+��%&%���&��&�&**�>2�  ��
&�6%�>*�#'�� "�2$ $+�� *�22�%2�  8& � &���  8�� ,&2$2� 3���  8$2� 2 �& �'!I2� ��% $%4�42�
$("��+�(�% -� �$ $;�%2� &��� �&'���  �� "&� $�$"& ��� &%#� &� "���3� �3�  8$2� $2�  8��
$%���&2$%'� "&� $�$"& $�%� $%�  8�� �$2,�%� �&� $�$"& ��!� )4#'� $%'� $%$ $& $+��  8& �
2 &� �#�$%�	AA��>$ 8��-AAA��$ $;�%2�&%#�&�8$�+�#�(���� 8&%���-AAA�"&� $�$"& $�%2�
$%� 	A��-� ��2"$ ��  8�� "�2$ $+�� 3��#,&�62� &� 2 ��%'� �33�� � 8&2�  �� ,�� "4 � $% ��  8��
��((4%$�& $�%�2 �& �'!���%&,*$%'�#$33���% �&� ��2� ��$% ��&� �&%#���"��2�% � 8�$��
��*�� $%�  8��2��$� !-��8���$+$%'��&,�(� 8�#�*�'!� $2�&*��&#!�&�  ��*��,�$%'�(�2 *!�
&""*$�#� $%� �%��'!� �33$�$�%�!� "����� 2� #�&*$%'� >$ 8� ��%24(��� ,�8&+$�4�-� �%��'!�
�33$�$�%�!�"����� 2�&���,�$%'�#�+�*�"�#�,� 8�$%���2$#�% $&*�&%#�2��+$���,4$*#$%'2�
>$ 8�2&+$%'2�,� >��%�B^�&%#�	A^�$%� 8����2$#�% $&*�2�� ���&%#�,� >��%�C^�&%#�
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(� 8�#�*�'!��&%�,��&""*$�#-��8����**�� $�%��3���&*� $(��#& &�$%�2��+$���,4$*#$%'2�
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$("*�(�% & $�%��3�%�>�,42$%�22�(�#�*2��3��42�#��%��%��'!�2��+$��2�&%#��%��'!�
"��3��(&%��� ��% �&� 2-� �% ��"��%�4�$&*� &� $+$ $�2��  &6$%'� &#+&% &'��42� �3�  8��
&22� 2����& �#�&���3*�4�$28$%'���2"��$&**!�>$ 8$%� 8�����& $+��$%#42 �!� 8& �&*��&#!�
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��2�4���2���#4�& $�%��$%3��(& $�%�&%#���%3$#�%���&��� 8��%& 4�&*�,&��$��2�2 $**� ��
�+����(�-� ��2�4���2�  �� #�"*�!�  8�� (&$%2 ��&(� �3� $%3��(& $�%� &%#�
��((4%$�& $�%� ��8%�*�'$�2�&""*$�#� �� 8��(�2 �#$+��2���%+$��%(�% 2����**�� $%'�
&%#�$% �'�& $%'�#& &� 8& �&**�>2��" $($;$%'�"����22�2�&%#� &6$%'� 8��(�2 ��4 ��3�
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242 &$%&,*�� #�+�*�"(�% � &%#� G4&*$ !� �3� *$3�� &��� $("�� &% � ��%���%2-� �%� 24�8�
4�,&%� �%+$��%(�% 2�� "��"*��� ��("&%$�2� &%#� "4,*$�� &4 8��$ $�2� �@"��$�%���
2"��$3$�� %��#2� &%#� #�(&%#2� ��'&�#$%'� #�(&$%2� 24�8� &2� 8�&* 8�&���� �#4�& $�%��
(�#$&���%��'!�&%#� 8���%+$��%(�% ��2&3� !��&%#�"4,*$��2��+$��2-��8�2��#�(&$%2�
&��� $%���&2$%'*!��%&,*�#�&%#� 3&�$*$ & �#�,!� �% ��%� �,&2�#�&""*$�& $�%2�� 2�%2��2�
&%#� �(,�##�#� 2!2 �(2�� &%#� $%3�&2 �4� 4��2� ,&2�#� �%� ��((�%� "*& 3��(2-�
�8���3������$ $�2�&%#�4�,&%��%+$��%(�% 2�&���3&�$%'��8&**�%'�2� ��(&$% &$%�&%#�
4"'�&#��  8����G4$��#� $%3�&2 �4� 4��2�&%#��2 &,*$28��33$�$�% ���33�� $+����"�%�&%#�
"&� $�$"& $+�� $%%�+& $�%� "����22�2�  �� ��$% *!� ���& ��  8�� $%%�+& $+�� &""*$�& $�%2�
 8& �(�� � 8��#�(&%#2��3� 8�$���$ $;�%2-��%� 8$2���% �@ ���$ $�2�&%#�4�,&%�&��&2�
��"��2�% � &� ��$ $�&*� (&22� >8�%� $ � ��(�2�  �� 28&"$%'�  8�� #�(&%#� 3��� &#+&%��#�
�% ��%� �,&2�#� 2��+$��2� &%#� �@"��$(�% & $�%� $%� &� *&�'��2�&*�� �"�%� &%#� 42���
#�$+�%�$%%�+& $�%��%+$��%(�% 2-�
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 8�� "��2"�� $+�� �3� 42��� #�$+�%� �"�%� $%%�+& $�%-� �#�% $3!$%'�  8�2�� %��#2� &%#�
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#�"*�!(�% � &� $+$ $�2� ��*& �#�  �� �4 4��� �% ��%� � &%#�  �2 ,�#2�� &%#� 8�*"2�  ��
�2 &,*$28� &� #$&*�'4�� ,� >��%�  8�� #$33���% � ��((4%$ $�2� $%+�*+�#� $%�  8��
#�+�*�"(�% � �3�  8�� 34 4��� �% ��%� � &%#� 42���#�$+�%� �%+$��%(�% 2��  �� 3��(�
"&� %��28$"2�� &%#�  �� &22�22� 2��$&*� &%#� ���%�($�� ,�%�3$ 2� &%#� #$2��+��!� �3�
($'�& $�%�"& 82�& ��&�*!�2 &'�2-�

D(&� � �$ $�2� .&� ��%��" � >8$�8� $2� ��%%�� �#�  �� %� $�%2� �3� 242 &$%&,$*$ !��
�("�>��(�% � &%#� G4&*$ !� �3� *$3��� �%&,*�#� ,!� (�#��%� ���21�  8���3���� %��#�  ��
#�+�*�"� 2 �& �'$�2� &%#� ($'�& $�%� "& 82� ��'&�#$%'� 8�>�  8�!� >$**� (&6�� 42�� �3�
&+&$*&,*�� �% ��%� � $%3�&2 �4� 4��2��  �2 ,�#� 3&�$*$ $�2��&""*$�& $�%2�&%#�6%�>�8�>��
&%#� 8�>�  8�!� >$**� #�+�*�"� ."4,*$��"�$+& �1� "&� %��28$"2� 3���  8�$�� &���22� &%#�
�@"*�$ & $�%-� �%3��(�#� ,!�  ��8%�*�'$�&*� �""�� 4%$ $�2� &%#� ��2 �,�%�3$ �
&22�22(�% 2���$ $�2�28�4*#�#�+�*�"�"�$��$ $�2���'&�#$%'�2��$&**!�&%#����%�($�&**!�
#�2$�&,*�� &""*$�& $�%2�� ,&2�#� �%� 2 �& �'$�� �,��� $+�2� ��'&�#$%'� ���%�($�� &%#�
2��$&*� #�+�*�"(�% � �3� �$ !� &��&2-� K�&#4&**!� >�� >$**� �% ��� &� 2$ 4& $�%� >8����
��(,$%& $�%2��3�24�8�&22� 2�>$**�,��2�*�� �#�&%#�'�+��%�#�,!�&�,42$%�22�(�#�*�
,&2�#� �%� "&� %��28$"-� ��((�%� &22� 2�  8& � ($'8 � ,�� 42�34*� $%� 2(&� � �$ !�
2 �& �'$�2� $%�*4#�� �$+$%'� �&,2� &22� 2�� �4 4��� �% ��%� � ��2�&��8� &%#�  �2 $%'�
3&�$*$ $�2�� &2� >�**� &2� (� 8�#�*�'$�2��  ��*2� &%#� 42��� ��((4%$ $�2-� E� "&� $�4*&��
"�$% ��3�&  �% $�%�$2�8�>� 8�2��&22� 2��&%�,��(&#���"�%�&���22$,*��3���42��2�&%#�
#�+�*�"��2�� ��2 $(4*& ���@"��$(�% & $�%�&%#�$%%�+& $�%�&%#�,���(��"&� ��3� 8��
$%%�+& $�%����2!2 �(2��3��$ $�2-�

�8��"&"�����"�� 2���24* 2�3��(� 8������)E�������#$%& $%'�E� $�%��%�&#�" $%'� 8��
*$+$%'� *&,2�&""��&�8� 3���D(&� ��$ $�2� &%#�,�%�3$ � 3��(�  8���""�� 4%$ $�2� �3�  8��
�4 4��� �% ��%� � .�������1-� �8�� �+���&**� �,��� $+�� �3�  8�� "&"��� $2�  �� "��+$#�� &�
2 & ���3� 8��&� ��+$2$�%�&%#�"�*$�!���&#(&"� ��24""�� � 8���%'�$%'� �&%23��(& $�%�
�3��$ $�2� �>&�#2�D2(&� ��$ $�2E-����34*3$*� 8$2�&$(�� 8��"&"���>$**��
• ���2�% �&�2 & ���3� 8��&� �$%� 8��#�(&$%��3�D2(&� ��$ $�2E-�)&2�#��%�*$ ��& 4���

&%#��&2�2�>��&���&,*�� ��"��+$#��&%�&22�22(�% �&%#��+&*4& $�%��3� 8���4���% �
(& 4�$ !��3��$ $�2�$%� ��(2��3�D2(&� ��$ $�2E�(�&24��2��"�*$�$�2��$%3�&2 �4� 4���
#�+�*�"(�% ��&%#���2��+$��2-�

• ��+�*�"�&�3�&(�>��6�3���2(&� ��$ $�2�$%%�+& $�%���&#(&"��,&2�#��%��@"�� �#�
#�+�*�"(�% 2�$%� ��8%�*�'$�2�&%#�2��$� &*�%��#2-��8��$%%�+& $�%���&#(&"�
��%2$#��2�3�4��#$(�%2$�%2��3�2!2 �(2��3�$%%�+& $�%�� ��8%�*�'$�&*��8&%'���
,42$%�22��8&%'���"�*$�!��8&%'��&%#�2��$� &*��8&%'�-�

• ���$+��"�*$�!���%�*42$�%2� ��24""�� � 8��$%%�+& $�%�"�*$�$�2�&%#�2 �& �'$�2��3�
�$ $�2� �>&�#2�,���($%'�D2(&� E-��8�2��"�*$�$�2���%��% �& ��"�$(&�$*!��%� 8��
���& $�%��3�2�� ���,&2�#����#$2 �$� �,&2�#�$%%�+& $�%����2!2 �(2-�

�8��(� 8�#�*�'!�  ��4%#��"$%�  8���4 4��� �% ��%� �&%#�D(&� ��$ $�2� ��&#(&"� $2�
,&2�#� �%� &� ($@ 4��� �3� *$ ��& 4��� ��2�&��8�� �&2�2� &%#� ��%2�%242� >��628�"2-�
)&2�#��%��&2�2�>��>$**�&22�22� 8���4���% �2 & ���3� 8��&� ��3�2(&� ��$ $�2�$%� ��(2�
�3� (& 4�$ !-� �8��4'8� �4�� $%+�*+�(�% � $%� &� >$#��� $ ��& $+�� &%#� "&� $�$"& ��!�
��&#(&""$%'�&� $+$ !�.��E���2�&��8���&#(&"1�&2�>�**�&2���**&,��& $�%�>$ 8� 8��
�4���$ $�2�%� >��6�>��&���&,*��  ��"��2�% � $%$ $&*� +&*$#& $�%� ��24* 2-�E  �% $�%� $2�
"&$#� �� 8���("$�$�&*�'��4%#$%'��3� 8����&#(&"�&%#� �� 8��+&*$#& $�%�&""��&�8-��

�8�� ��&#(&"� (� 8�#�*�'!� $ 2�*3� $2� ,&2�#� �%� 3�4�� 6�!� G4�2 $�%2�� � �1� >8& � $2�
�8&%'$%'�$%� 8��#�(&$%��3�2(&� ��$ $�2�&%#�34 4����% ��%� ��	1�>8& �$2� 8��34 4���
+$2$�%�3���2(&� ��$ $�2�,&2�#��%�2��%&�$�2��?1�>8& �&��� 8���8&**�%'�2�&%#�'&"2�
 ��,��&##��22�#�3�����&*$;$%'� 8��+$2$�%��01�>8& �&��� 8��3���2��%�2�*4 $�%2� �� 8��
�%+$2&'�#� '&"2� &%#� �8&**�%'�2-� �8�� ��&#(&"� $2� ,&2�#� �%� &�  >��#$(�%2$�%&*�
(&""$%'��3� *&!��2�&%#�  $(��"��$�#2-��8��+�� $�&*� ��&#(&"�#$(�%2$�%���%2$#��2�
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 8�� 3�**�>$%'� *&!��2��  ��8%�*�'$�&*��8&%'���,42$%�22��8&%'���"�*$�!��8&%'��&%#�
2��$&*��8&%'�-��8�� $(��#$(�%2$�%�$%�*4#�2� 8��28�� � ��(��($#� ��(�&%#�*�%'���
 ��(�#�+�*�"(�% 2-��%���#��� ���%8&%��� 8��"�*$�!���*�+&%����3� 8����&#(&""$%'�
&""��&�8�� >�� 3��42� �%�  8�� 2!2 �($�� �8&�&� ��� �3� $%%�+& $�%2� ��*& �#�  �� 2(&� �
�$ $�2��>8$�8� ��G4$���"����22�2��3� 2��$�� ��8%$�&*� �8&%'�-����"��+$#��'4$#�*$%�2�
 ��  8$2� "����22��  8�� ��&#(&""$%'� &""��&�8� #�&>2� 3��(� 2!2 �($�� �8&%'��
*$ ��& 4��� �� &6��$% ��&���4% �2�+��&*��8&�&� ��$2 $�2��3�2!2 �($���8&%'�����*& �2�
 �� 8�� �&%23��(& $�%� �>&�#2�2(&� ��$ $�2��-'-�,&��$��2�� �&%2$ $�%2�&%#���'$(�2-�

E�28�� ���*"8$��@���$2��&(�%'� 8������)E���"����� �"&� %��2�$2�42�#� ��+&*$#& ��
 8�� ��%�*42$�%2� �3�  8�� ��&#(&"-� �&� $�$"&% 2� &��� &26�#�  �� &22�22� >8� 8���  8��
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Figure 1. Gartner hype of cloud computing [8] 
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Table 1a,b: An innovation roadmap toward smart cities 
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&,$*$ !� ��3����&2 �&%#�(&%&'��4�,&%�3*�>2��� 842�"428��$ !�$% �**$'�%���3��>&�#- 



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'�����A���.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

�*�4#� ��("4 $%'� &%#�  8�� ���� &��� 34%#&(�% &*� *&!��2� �3� 57+N5+)15(	
41$$&4)+2+)/� �%� >8$�8� 2 &%#2� &� *&!��� �3� �"�%� "4,*$�� #& &� &%#� &#+&%��#�
&%&*! $�2� 3��� 3&2 � ��&� $�%� &%#� ��&*� $(�� #��$2$�%2-� �8�� �"�%� #& &�  ��%#2� 8&+��
�@"�%#�#� ��'�+��%(�% �#& &�&%#�(&%!�"4,*$��&'�%�$�2�&���"��+$#$%'�&���22� ��
#& &2� 2� 2 $(4*& $%'�  8�� ���& $�%� �3� &""*$�& $�%2� 3��� $%3��(& $�%� �� �$�+&*� &%#�
#��$2$�%�(&6$%'-��"�%�#& &�3��(�+&�$�42�2�4���2��'�+��%(�% ��2�%2��2���$ $;�%2�
&%#�,42$%�22�2�� &%#� *$%6�#�#& &�>$ 8� 2�(&% $��  ��8%�*�'$�2��33����""�� 4%$ $�2�
3��� &#+&%��#� &%&*! $�2� &%#� $% �**$'�%���  �� #� �� � "&  ��%2�� '�%��& �� &*�� 2��
+$24&*$2��$%3��(& $�%�&%#�"��#$� � ��%#2-�

7�>�+���� 3��� �$ $�2�&%#�  8�$�� �$ $;�%2�&%#�,42$%�22�2��  8���4 4��� �% ��%� � $2�&%�
&,2 �&� � ��%��" � &%#� 3&�� &>&!� 3��(� ��&*$ !-� �8�!� &��� $% ���2 �#� (�2 *!� $%�
&""*$�&,*��2�*4 $�%2�&%#�$%�"&� $�$"& $%'�$%�"*&%%$%'�&%#�#��$2$�%�(&6$%'��*�22�$%�
*�%'���  ��(�  ��8%�*�'!� $%%�+& $�%-� 7�>�+���  �� 2�(�� �@ �% � �$ $;�%2� &%#�
,42$%�22�2�&���>$**$%'� ��"&� $�$"& ��$%�"$*� 2�&$($%'� ��#�+�*�"�&%#�+&*$#& ��24�8�
2�*4 $�%2-�

�8��4�,&%����2!2 �(���("�$2�2�#$33���% �$%%�+& $�%�&%#��%'$%���$%'��!�*�2�>$ 8�
#$33���% ��,��� $+�2����2�4���2�� $(�*$%�2�&%#�#$33���% �"�$��$ $�2�3��(� 8��2$#���3�
 8��&� ��2-� �8�2�� �!�*�2� 28�4*#�,��#$2 $%'4$28�#�&* 8�4'8�  8�!�&��� $% ��&� $%'��
&%#�28�4*#�,��(�%$ ���#�&%#�'&�#�%�#-�

�8�� *�%'���  ��(� $%%�+& $�%� �!�*�� $2� ��"��2�% �#� ,!� �@"��$(�% $%'� �%� %�>�
�% ��%� � ��8%�*�'$�2-�E� ��2�.�3 �%�(�% $�%�#�D42��2E�8�>�+��� 8$2�$2���%342$%'1�
$%+�*+�#� &���(�2 *!� ��2�&��8� $%2 $ 4 �2� &%#� *&�'���  ��8%�*�'!� ��("&%$�2-� �%#�
42��� "&� $�$"& $�%�  ��  8$2� �!�*�� $2� '�%��&**!� %� � ��&*$2 $�-� �%#�42��2� (&!� �%*!�
"&� $�$"& ��  ��  8$2��!�*�� $3�  8���� $2�&��*�&��,�%�3$ � 3��� 8�(-��&�'� �#��%#�42��2�
>$**� ,��  8�� D*�&#� $%%�+& ��2E� >$ 8$%� ��("&%$�2� ��� >$#��� "��3�22$�%&*�
��((4%$ $�2-�

�8�� 28�� ���  $(�� $%%�+& $�%� �!�*�� &$(2�  �� #�+�*�"�� "�� � !"�� &%#� +&*$#& ��
&""*$�& $�%2�&%#�2�*4 $�%2-�D��+$���$%%�+& $�%�$2�&�6�!�'�&*��3� 8$2��!�*�-��%�#�$%'�
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�8�22&*�%$6$-� � � $2� &� *�'&*� �% $ !� '�+��%�#� ,!� "�$+& �� *&>� ��"��2�% $%'�
&""��@$(& �*!�	-AAA�2(&**�28&��8�*#��2-��8����'&%$2& $�%��("*�!2�&�"��2�%%�*�
�3�	-0AA�>8��(�+���%�&�#&$*!�,&2$2� 8��,42�2��3� 8����'&%$2& $�%��2��+$�$%'� 8��
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�G4$"(�% �3��������#$%'�&%#�&%&*!2$%'� �&33$��#& &-��

• �8�� ��&33$�� ��% ��*� ��% ��� >8���� #& &� &��� 2 ���#� $% �� 2��+��2� &%#�  8��
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#�"&� (�% 2���&@& $�%��33$��2��7�2"$ &*2����2 ��33$��2����%24*& �21F�7� �*2�.�� ��
C�2 &�21F��$ !��$�>2�.D ��� 2��DG4&��2��)4$*#$%'21F��+�% 2.�% ��%& $�%&*�)��63&$���
D�%'�3�2 $+&*��7�*�@"����$*(�3�2 $+&*��)$�%%&*�1F�D$ ��2��$%'�.D & 4�2��/42�4(2��
�&%#(&�62�� �@8$,$ $�%� 8&**2�� �8�& ��2�� �84��8�21F� �$3�� $%�  8�� �$ !� .���"*���
�+��!#&!�*$3���7&""�%$%'21-�

8��A�C�� A	���� >$ 8� $% ��&� $+�� �$ !� ?BAh� "&%��&(&2-� �8�� +$2$ ��� �&%� #$2��+���
(�%4(�% 2�&%#�*&%#(&�62���@"*���� 8��8$2 ��!���4* 4���&%#��$ !�8$'8*$'8 2-�/����
 8&%� ?CA� "&� 2� �3�  8�� �$ !� &���"��2�% �#�� �$ !� +$�>2�� 28�""$%'��'�$%'��4 �� � �-�
��>�(& ��$&*�$2���%2 &% *!�&##�#�&%#� 8��&��&���+���#�$2�,�$%'��@ �%#�#�2��&2�
 ��'�&#4&**!�$%�*4#��2$ �2��4 2$#�� 8���$ !� 8& �&�����%2$#���#�$("�� &% �&%#��&%�
,����&�8�#�3��(� 8���$ !-�
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�8$2�24�+�!��%�,��&#,&%#�&%#�>�,�&""*$�& $�%2�&+&$*&,*�� $%��8�22&*�%$6$���+�&*�
+��!�*$  *��&,�4 � 8��$("&� ��3�#$'$ &*��8�22&*�%$6$��%� 8���$ !�'��> 8�&%#��$ $;�%2�
>�**�,�$%'-�� �$2���� &$%� 8& � 8����$2�&%�$("&� ��>8$�8��&%�#�3$%�#�&2�&�2��$�2��3�
$%���(�% &*�&%#�*��&*�$("��+�(�% 2��3�+&�$�42��$ !�2!2 �(2��$%3�&2 �4� 4����&%#�
&� $+$ $�2�� ��&� � G4$�6��� $%�  8�� �&2�� �3� $%�$#�% � �%�  8�� �$%'� ��&#F� 3$%#�  8��,�2 �
��4 �� 3���  �&+�*� 3��(� �%�� "*&���  �� &%� 8��F� (&6�� &�  �&%2&� $�%� �%*$%�F� � "&!�
�%*$%�� &� "&�6$%'�  $�6� F� "*&��� �%*$%�� &� #�(&%#� 3��� &� '�+��%(�% &*� 2��+$��F�
$%3��(�&4 8��$ $�2�&,�4 �&%�$%�$#�% F�*�&�%�&,�4 ��4* 4�&*��+�% 2�$%� 8���$ !F�3$%#�
&� 8� �*� ��� &� ��2 &4�&% F� *�&�%�  8�� �$ !� ,�  ��F� 28&��� &� ,$6�F� ,4!�>$ 8� &� '��& �
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�8�2��3�&'(�% �#��4 ��(�2�&���$%8���% �$% �� 8��>&!�2!2 �(2�&%#�&""*$�& $�%2�
8&+�� ,��%� #�+�*�"(�% � ,!� ,�  �(�4"�� #���% �&*$2�#� &� $�%2�� >$ 8�4 � &�
��("��8�%2$+��"*&%�&,�4 �#$'$ &*��8�22&*�%$6$-��E*2���$ �$2�8&�#� ��2&!�>8� 8���&�
8$'8��� ��#��� $2� �(��'$%'� 3��(�  8�� *��&*� �+�% 2� &%#� $("��+�(�% 2-� �("&� �
(�&24��(�% �&%#�&%&*!2$2�8&+��%� � ��&*$2�#�,!�&%!�&4 8��$ !-�7�>�+���� 2�(��
$%#$�& $�%2� &""�&�� &,�4 � 2!2 �($�� �33�� 2� $%�  8���� 3$�*#2� �3�  8�� 4�,&%� *$3�� $%�
�8�22&*�%$6$-�

E�(���� ��("� $ $+�� �$ !�>$ 8�8$'8��� $%3��(& $�%�&%#� *�&�%$%'��&"&�$ !� $2�,�$%'�
���& �#-��$'$ &*� �8�22&*�%$6$�>$ 8� $ 2� 84%#��#2��3�&""*$�& $�%2� $2� 242 &$%$%'�  8��
'��> 8��3� 8������2�� ���$%� 8���$ !-�E��*42 ����3�������("&%$�2�8&2�&*��&#!�,��%�
#�+�*�"�#�$%�*4#$%'�(���� 8&%�	AA���("&%$�2-�� �$2� 8��2&(���*42 ��� 8& �34%#�#�
&%#����& �#� 8�����8%�"�*$2�)42$%�22��&�6�$%��&2 ��%��8�22&*�%$6$��&� 8��4'8�4 �
"�$+& �� $%$ $& $+�-� ��>� �("*�!(�% � &%#� %�>� ��("&%!� 3��(& $�%� $%�  8$2� 2�� ���
"��3$ �#� &*2�� 3��(�  8�� ��%��% �& $�%� �3� #�(&%#� &,�4 � #$'$ &*� &""*$�& $�%2� &%#�
%� >��62-����

��22� �&33$���*�22���	��($22$�%��*�22���&#�*�&#�$2���&*$2�#�,��&42���3�*�22�(�,$*$ !-�
�%*$%��  �&%2&� $�%2�&��� ��#4�$%'�  8��%��#2� 3���"8!2$�&*�(�,$*$ !��3� $%8&,$ &% 2-�
�8!2$�&*�(�,$*$ !�$2���"*&��#�,!��%*$%�� �&%2&� $�%�$%���*& $�%28$"2��3��$ $;�%2�>$ 8�
"4,*$��&4 8��$ $�2��&2�(����&%#�(����&#($%$2 �& $�%�2��+$��2�&����33���#��%*$%�F�
$%� ��*& $�%28$"2� >$ 8� ,&%62� &2� (�2 � �"��& �� �%*$%�� 2 ���2� &%#�  �&%2&� $�%2�
2!2 �(2F�$%�,��6$%'�&%#� $�6� $%'�3��� �&+�*�&%#������& $�%-��

E�(����3�$�%#*!��$ !� �� 8��+$2$ ������ �4�$2 �$2�,�$%'����& �#�&2�(4�8�$%3��(& $�%�
&,�4 �  8�� �$ !� &%#� $ 2� �8&�&� ��$2 $�2�� (�%4(�% 2�� �����& $�%� &%#� �4* 4�&*�
��2�4���2�,���(��&+&$*&,*���%*$%�-��8$2�$2�"&� $�4*&�*!�$("�� &% �3���&��$ !�>$ 8�&�
*&�'��  �4�$2 � 2�� ��� &%#��("*�!(�% � $%�8� �*2� &%#� ��2 &4�&% 2�#�"�%#$%'� 3��(�
$%��($%'�+$2$ ��2-��
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/�%$ ��$%'� $2� %��#�#�  �� #�3$%��  8�� *�+�*� �3� "�2$ $+�� �33�� 2� &%#� +&*4& ��  8��
,�%�3$ 2��3�#$'$ &*��8�22&*�%$6$-��+�%���'&%$2& $�%2�(&%&'$%'�#$'$ &*�2!2 �(2�#��
%� � #$2"�2�� #& &� &,�4 �  8�� 42�� �3� 2!2 �(2� &%#� 42��2� 2& $23&� $�%-� D�(��
$%#$�& $�%2�&,�4 � $("&� ��2 $(& $�%���(�2�3��(�E*�@&�&%#�K��'*�� �&33$���&%62-�
/�%$ ��$%'�&%#�$("&� �&%&*!2$2� �'� 8���>$ 8�(������*&,��& �#�+$2$�%�&,�4 � 8��
��% �$,4 $�%� �3� #$'$ &*�  ��8%�*�'$�2� $%�  8�� *$3�� �3�  8�� �$ !� &��� &(�%'�  8�� 3$�2 �
"�$��$ $�2�3��� 8��$((�#$& ��34 4��-��

��! ��E����B��E	EF����������;	E������	����E	������E���	���E���E�	

�8����&*��8&**�%'���3�#$'$ &*�"*& 3��(2�&%#�&""*$�& $�%2�#�+�*�"�#��+����$ $�2�$2� ��
&##��22�  8�� ��% �("��&�!� 4�,&%� �8&**�%'�2� �3� ��("� $ $+�%�22�� $%�*42$�%�� &%#�
242 &$%&,*�� #�+�*�"(�% -� O�% �**$'�% � �8�22&*�%$6$O� $2� &� %�>� &""��&�8�  �>&�#2�
 8�2���,��� $+�2��3�4�,&%���("� $ $+�%�22�&%#�242 &$%&,$*$ !-������

O�% �**$'�% � �8�22&*�%$6$O� $2� &� 2 �& �'!� 3��� #�+�*�"$%'� �"�%� "4,*$�� ,��&#,&%#�
%� >��62�� � 2(&� � �%+$��%(�% 2� &%#� >�,�&""*$�& $�%2� $%� (� ��"�*$ &%�
�8�22&*�%$6$�>$ 8� 8���*�&���,��� $+�� ��2 ��%' 8�%� 8��$%%�+& $�%����2!2 �(2��3�
�8�22&*�%$6$�&%#� 8��%�>�'��> 8�2�� ��2��3� �&%2"�� ����((�������#4�& $�%��&%#�
8$'8�  ��8� $%#42 �!-� �8$2� %�>� &""��&�8� >&2� $%$ $& �#� $%� 	AA�� 3��(�  8��
��**&,��& $�%��3�  8��/$%$2 �!��3���+�*�"(�% ��  8����'$�%&*�E4 8��$ !��3���% �&*�
/&��#�%$&� &%#� E�$2 � *�� F%$+��2$ !� �3� �8�22&*�%$6$-� �8�� K�%��&*� D���� &�$& � �3�
�%#42 �!� $%�  8�� /$%$2 �!� �3� ��+�*�"(�% � ��(($22$�%�#�  8�� #�2$'%� �3� &%�
$%%�+& $+��"��'�&((���3��% ��"��%�4�28$"�&%#�#�+�*�"(�% �$%� 8��3�&(�>��6��3�
 8�� �& $�%&*� D �& �'$�� ��&(�>��6� �3� ��3���%��� 	AA��	A�?-� O�% �**$'�% �
�8�22&*�%$6$O� >&2� "��"�2�#� ,!� F������ ��2�&��8� �3� E�$2 � *�� F%$+��2$ !� $%�
���"��& $�%�>$ 8�  8����'$�%��3���% �&*�/&��#�%$&-�E� 4&**!��  8��/4%$�$"&*$ !� �3�
�8�22&*�%$6$� 8&2�  &6�%�  8�� *�&#�&2�&'�%�!� 3��� $("*�(�% & $�%�8&+$%'�&� 2 ��%'�
24""�� �3��(�&**�2 &6�8�*#��2�$%� 8���$ !�&%#�>$#����+��&'��3��(� 8��(�#$&�-�

�8�� "*&%%$%'� (� 8�#� &#�" �#� 3��� O�% �**$'�% � �8�22&*�%$6$O� >&2� ,&2�#� �%�
��%24* & $�%�>$ 8� 8��&4 8��$ $�2��3� 8���$ !�&%#�$ 2�(&$%�#$2 �$� 2-��8��2�*4 $�%2�
"��"�2�#�>����,&2�#�.�1��%�'��#�"�&� $��2�$% ��%& $�%&**!�$%� 8��#�+�*�"(�% ��3�
$% �**$'�% � �$ $�2�� .	1�  8�� ��24* 2� �3�  8�� ��%24* & $�%�>$ 8�  8�� �$ !� 2 &6�8�*#��2��
&%#�.?1� 8��&+&$*&,*��34%#$%'�3�&(�>��6�&%#���%2 �&$% 2-���$��� ����%24* & $�%�&�
24�+�!�  ��6� "*&���  �� �����#� &+&$*&,*�� $%3�&2 �4� 4��� &%#� ��2��+$��2�� �@&($%��
��("*�(�% &�!�2�*4 $�%2��&%#�&+�$#�#4"*$�& $�%-��

�8�� "*&%%$%'� �,��� $+�2� �3� O�% �**$'�% � �8�22&*�%$6$O� ��3*�� �  8�� ��%+$� $�%�  8& �
2(&� ��%+$��%(�% 2��&%�$("��+��24,2 &% $&**!� 8��$%%�+& $�%����2!2 �(2��3� 8��
�$ !�� �"�%$%'�  8�� *��&*� ���%�(!�  �� '*�,&*� 24""*!� �8&$%2� &%#� (&�6� 2� &%#�

�������������������������������������������
��8  "�JJ>>>-+��$&-'�J$%#�@-"8"W(�#4*�d%�>2P34%�d#$2"*&!P2$#d0�??0	
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�%&,*$%'�"&� $�$"& ��!�$%%�+& $�%�"����22�2�#�$+�%�,!��$ $;�%2�&%#�$%8&,$ &% 2��3�
 8���$ !-��E**�"*&%%$%'��,��� $+�2�&���,*�%#$%'����2�&%#�$%%�+& $�%��&2�>�**�&2� 8��
���& $�%��3�2(&� ��%+$��%(�% 2�24""�� $%'�$%%�+& $�%��%&(�*!���
�- D42 &$%�  8�� #�+�*�"(�% � �3� %�>� '��> 8� 2�� ��2� &%#�  8�� (&$%� #$2 �$� 2� �3�

���%�($�� &� $+$ !� �3� �8�22&*�%$6$� >$ 8� ,��&#,&%#� %� >��62�� 2(&� �
�%+$��%(�% 2�&%#�>�,�,&2�#�&""*$�& $�%2-�

	- ��+�*�"� %�>� &""*$�& $�%2� &%#� ��2��+$��2� &#&" �#�  �� �&�8� �$ !� #$2 �$� �  ��
�%8&%��� $ 2� 34%� $�%$%'� &%#� 2"��$3$�� �,��� $+�2-� �8�2�� (�#$&� �%&,*��  8��
(�,$*$2& $�%� �3� ��**�� $+�� $% �**$'�%��� &%#� ���>#2�4��$%'� 3��� *�&�%$%'�� %�>�
2��+$��2� #�+�*�"(�% �� #$'$ &*� (&�6� $%'� &%#� "��(� $�%�� (�%$ ��$%'� &%#�
,�%�8(&�6$%'��&�8�#$2 �$� -�

?- ���& ��2(&� ��$ !�#$2 �$� 2�>$ 8�2 ��%'�*��&*���%%�� $+$ !�,&2�#��%�*��&**!��"�%�
,��&#,&%#� %� >��62�� (&$%*!� 5$��$� &%#� 5$/EX�� &%#� �(,�##�#� 2!2 �(2� �3�
2�%2��2��2(&� �(� ��2��������V����#�2��&%#�&� 4& ��2-��

�8�2�� �,��� $+�2� "�$% � �4 � &� #�4,*�� ��%���%�� �%�  8�� �%�� 8&%#�  �� 242 &$%�  8��
&� $+$ !� �3��&�8��$ !�#$2 �$� �&%#� $%%�+& $�%��&"&,$*$ !�>$ 8�,��&#,&%#�%� >��62�
&%#� 2(&� � �%+$��%(�% 2�� &%#� �%�  8�� � 8���  �� #$33���% $& ��  8$2� $% �'�& $�%� �3�
$%%�+& $�%� &%#� ���2� 3��(� �%�� �$ !� #$2 �$� �  �� &%� 8��-� �8�� $% �% $�%� �3� 42$%'�
"4,*$�*!��"�%�,��&#,&%#���(,�##�#�2!2 �(2�����2��&%#�2�%2��2��(&�62�&*2��&�
2 �"�  �>&�#2�  8�� �% ��%� ��3��8$%'2� &%#�  8��(&%&'�(�% � �3� $%%�+& $�%�>$ 8$%�
�"�%�&%#�2(&� ���**&,��& $+���%+$��%(�% 2-�

O�% �**$'�% � �8�22&*�%$6$O� $2� 3��42$%'� �%� 2�*�� �#� #$2 �$� 2� &%#� $2*&%#2� �3�
$%%�+& $�%�&%#��% ��"��%�4�28$"��3��8�22&*�%$6$�� $%�>8$�8�,��&#,&%#�%� >��62��
2�%2��2��&%#�>�,�&""*$�& $�%2�&���#�"*�!�#-���$��$ !�#$2 �$� 2�$%�*4#��.�1��8��"�� �
�3��8�22&*�%$6$��.	1� 8����% �&*�)42$%�22��$2 �$� �&%#�28�""$%'���% ����3� 8���$ !��
.?1�  8�� �&("42� �3�  8�� E�$2 � *�� F%$+��2$ !� �3� �8�22&*�%$6$�� .01�  8��  ��8%�*�'!�
#$2 �$� ��3��&2 ��%��8�22&*�%$6$��&%#�.C1� 8��&��&��3� 8��&$�"�� -��

�%� 8�2���$ !�#$2 �$� 2�&%#����2!2 �(2��3�"��#4� 2�&%#�2��+$��2��&�>$#���&%'���3�
#$'$ &*� &""*$�& $�%2� &%#� 2��+$��2� &��� "��"�2�#�  8& � $("��+�� $%%�+& $�%� &%#�
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Information

• To the citizen
• To producers
• City events
• Location of activities

Digital 
Entrepreneurship

• e-Marketplaces
• e-Location
• e-Business

Visualisation

• The city
• Cultural heritage
• Monuments
• Place & environment

e-Innovation

• Collaborative spaces
• New product  
development tools

Broadband city network
Fiber oprics, 3G, WiMax, WiFi, xDSL

e-Government

• Online city services
• Online administration
• e-Democracy

e-Technologies

• Knowledge repository
• Exploitation eTools

• Online tech transfer
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L2��$%'� $2� ,�*$�+$%'I-� �8�� F)��#$2"*&!2� &��� *&�'�� $% ��&� $+�� "4,*$�� #$2"*&!2�
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$#�% $3$�#�&2�"� �% $&*�,&��$��2� �� 8��#$'$ &*����%�(!-�D�*4 $�%2�&���%��#�#�3��j
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"4,*$�� 4�,&%� 2"&��2� &2� "� �% $&*� 2$ �2� 3��� 4,$G4$ �42� ��("4 $%'-� F�,&%�
��("4 $%'�$2�#�$+�%�,!� >��$("�� &% �&%#���*& �#� ��%#2��4�,&%$;& $�%�&%#��&"$#�
#�"*�!(�% � �3� ��("4 $%'� $%3�&2 �4� 4��� $%�  8�� 4�,&%� 2"&��-� F�,&%� ��("4 $%'�
2 4#$�2�  8�� 42�� �3� "��+&2$+�� ��("4 $%'� ��2�4���2� $%� "4,*$�� 4�,&%� 2"&��2-� �8��
+$2$�%� �3� (�#��%� 4�,&%� *&%#2�&"�� $2� �4���% *!� 4%#��'�$%'� >8& � ($'8 � ,��
��%2$#���#� 8��'��& �2 �&%#�(�2 ��&#$�&*��8&%'��2$%��� 8��&#+�% ��3���("4 $%'-�
��>� ��8%�*�'$�&*�$%%�+& $�%2�$% ��#4��#�$%� 8��+��!�3&,�$���3�4�,&%�2"&���&**�>�
3���&�#��"�����%%�� $�%�,� >��%� 8���$ !�&%#�$ 2�$%8&,$ &% 2��(&6$%'� 8��8$##�%�
*&!��2� �3� 2��$&*�� ���%�($�&*� &%#� "�*$ $�&*� "����22�2��  �%2$�%2�� &%#� 3*�>2� ,� 8�
 �&%2"&��% �&%#�+$2$,*��$%�>&!2� 8& �>����%�+���"�22$,*��,�3���-��8��$% ��#4� $�%�
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Figure 1. Our strategy towards realizing the open ubiquitous city. 
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"��+$#$%'��4 #������+��&'����*2�>8����E�I2�&���#�"*�!�#�$%�8� 2"� �(&%%��-��8��
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Figure 2. (a) Locations of panOULU WSN ER’s around downtown Oulu; (b) panOULU WLAN 

AP and WSN ER installed in traffic light; (c) panOULU BT AP installed in traffic light. 
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Figure 3. (a); UBI-hotspot; (b)UBI-projectors at the City Theatre. 
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(a) 

 

 

(b) 

Figure X. panOULU Conqueror web UI’s: (a) Desktop; (b) Mobile (full UI in iPhone above, 

stripped down UI in Nokia N95 below). 

���	 0+61)	 �99J@�9�9-� �8�� F)�� �$*� 2� 	AAB� &%#� 	A�A� �����2"�%#�#�  ��  8��
*�%'$ 4#$%&*��+&*4& $�%2��3� 8��F)��8� 2"� �+��2$�%2���&%#�	����2"�� $+�*!-�)� 8�
+��2$�%2� �33���#� +&�!$%'� "�� 3�*$�2� �3� $% ��&� $+�� 2��+$��2�� $%�*4#$%'�(&"�,&2�#�
2��+$���#$��� ��$�2��%�>2��'&(�2��2 ��� �'&**��!��3�%�>�(�#$&��@8$,$ $�%2��42���
���& �#� ��% �% �� � �-�� &+&$*&,*��  ��  8�� '�%��&*� "4,*$�� �%� 	0J�� ,&2$2-� D�(��
2��+$��2� $%���"��& ��&�8!,�$#�42��� $% ��3&���>8����  8�� *&�'��#$2"*&!�"��+$#�2�&�
"4,*$�� F�� &%#� &� "��2�%&*� (�,$*�� F�� "��+$#�2� &� "�$+& �� F�-� ��2�&��8� #& &� >&2�
��**�� �#� >$ 8� +&�$�42� (� 8�#2�� $%�*4#$%'� *�''$%'� �3� G4&% $ & $+�� 42&'���



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'�����0���.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

G4�2 $�%%&$��2�� �,2��+& $�%2� &%#� $% ��+$�>2� �3� 8� 2"� � 42��2�� &%#� &%� �%*$%��
24�+�!�  �� �4*4� ,42$%�22�2-� E� ��((�%� ��$ $�$2(�  &�'� �#� & � (&%!� 2 4#$�2� �%�
$% ��&� $+��"4,*$��#$2"*&!2�$2� 8& � 8�$���+&*4& $�%�424&**!� &6�2�"*&���$%�&� $3$�$&*�
*&,� �%+$��%(�% 2� &%#� 3��� 28�� � "��$�#2� �3�  $(�-� �4�� 8� 2"� 2� ��"��2�% �  8��
*&�'�2 � *�%'$ 4#$%&*� 2 4#$�2� �%�  8�� 42&'�� �3� $% ��&� $+�� "4,*$�� #$2"*&!2� ,!� ��&*�
42��2�$%�&4 8�% $��4�,&%�2�  $%'� ��#& �-��8�!�8&+����+�&*�#�&�%4(,����3�3&� ��2�
 8& � *&,� 2 4#$�2� #�� %� � %���22&�$*!�  &6�� $% �� &���4% �� 42��� 2&("*$%'�� *��& $�%��
�4�$�2$ !�� %�+�* !�� &%#� >�& 8��-� �8�2�� 24,2 &% $&*� #$33���%��2� 8&+�� *�#� 42�  ��
G4�2 $�%� 8��+&*$#$ !��3�*&,�2 4#$�2�$%� 8$2�#�(&$%-�7�>�+���� 8���@ ��%&*�+&*$#$ !�
�3��4����2�&��8���(�2�>$ 8�&�24,2 &% $&*���2 �&%#�&�%4(,����3��8&**�%'�2-��8��
'��& �2 � �8&**�%'�� $%� �4�� #�"*�!(�% � 8&2� ,��%� (&$% �%&%���� &2� &� 24,2 &% $&*�
&(�4% ��3��4����2�4���2�8&2�,��%�42�#� ��(&6��24��� 8& � 8��2!2 �(�,�8&+�2�&2�
�@"�� �#� &%#�  ��  ��4,*�28�� � 3&4* 2-� E%� 8��� �8&**�%'�� $2� ���%�($�� +$&,$*$ !��
�%24�$%'�  8& �  8�� 8� 2"� 2� ,���(�� 2�*3�2433$�$�% -� ��� ��+���  8�� �"��& $�%&*�
�@"�%2�2��3� 8��8� 2"� 2�>��8&+��'�%��& �#���+�%4��3��(���((���$&*�42���3� 8��
8� 2"� 2� �&�%$%'� &,�4 � 		AAAA� �F�� 2�� 3&�-� 7�>�+����  8�� ��((���$&*� 42���
��%3*$� 2� >$ 8� ��2�&��8� �,��� $+�2�� &� '$+�%� �&"&�$ !� 2�*#� 3��� �@&("*��  �� #$'$ &*�
2$'%&'�� 8&2�  �� ,�� #�*$+���#� >8$�8� ��%2 �&$%2�  8�� 2����%� *&!�4 � &%#�  8��
$% ��&� $�%�(�#�*-��8$�#*!��  8��#$2�$"*$%��&2�&�>8�*�� *&�62�2 &%#&�#$;�#�(� �$�2�
3��� �+&*4& $%'�  8�� 24���22� �3� 24�8� 2!2 �(2-� �%� � 8��� >��#2�� #�2"$ ��  8��
&+&$*&,$*$ !��3�84'��+�*4(�2��3�G4&% $ & $+��&%#�G4&*$ & $+��#& &��%� 8��42&'���3�
 8��8� 2"� 2��$ �$2��8&**�%'$%'� ��(�&24��� 8�$��&� 4&*�$("&� ��%� 8����((4%$ !-�

���:���	 0+61)� .	A�A1-� �8�� F)�� .F�)&%� �% ��&� $�%21� ��2�&��8� "��'�&((��
#�+�*�"�#� 8��F)��E/��2!2 �(�3�����&*� $(��(� ��$%'��3��%��'!���%24(" $�%�& �
8�(�2� 42$%'�(4* $�8�"� ���,&2�#�>$��*�22� 2�%2��� %� >��62-� �8�� &��8$ �� 4��� �3�
 8�� F)��E/�� 2!2 �(� ��("�$2�2� �3�  8���� 34%� $�%&*� ,4$*#$%'� ,*��62� .�$'-�
����.&11-� D�%2��2� �G4$""�#� >$ 8� ����� �A	-�C-0� �&#$�2� $%� (4* $"*�� B��5�E��
%� >��62�(�&24���  8�� *�&#2�&%#�  4�%��%J�33�#�+$��2���%%�� �#�  ��  8��2�%2��2-�
�&�8�%� >��6�8&2�&���4 �����**�� $%'�"&�6� 2�3��(�(4* $"*��2�%2��2��+���&�(4* $�
8�"� (�28�  �"�*�'!�� $-�-� &� 2�%2��� $2� &,*��  �� 3��>&�#� "&�6� 2� �3� � 8��� 2�%2��2-�
��% �&*�F)��E/�� 2��+��� ����$+�2�"&�6� 2� 3��(�  8�� ��4 ��2�� 2 ���2�  8��#& &� $%�&�
#& &,&2��&%#����& �2�#$33���% ���"��2�% & $�%2��3� 8��#& &-�F2����&%�,��>2�� 8��
(�&24��(�% �#& &�>$ 8�&�>�,�,��>2���&%#�24,2��$,�� ���DD�3��#2�24((&�$;$%'�
 8��#& &-��4� 8���� 8��42����&%���% ��*� 8��2�%2��2�&%#�24,2��$,�� ���(&$*JD/D�
&*�� 2� ,&2�#� �%� *�&#� (�&24��(�% 2-� �8�� F)��E/�� 2!2 �(� >&2� &22�22�#� ,!�
*�%'$ 4#$%&*�42����+&*4& $�%�$%�2�+�%�8�42�8�*#2�$%� 8���4*4���'$�%�$%�	A�A-��8��
�+&*4& $�%� ��%3$�(�#�  8& � +$2$,$*$ !�  �� ,� 8�  8�� &''��'& �� *�&#� &%#� &""*$&%���
*�+�*� *�&#2� $%� &� 8�(�� $2� +��!� 42�34*� 34%� $�%&*$ !�  8& � 8&2� &%� $("&� � �%� 8�>�
"��"*��42���*�� �$��&""*$&%��2-��8��F)��E/��2!2 �(�28�>2� 8& ����,&2�#�>$��*�22�
2�%2��� %� >��62� &%#� >�,� "��+$#�� &� +��!� "� �% �  ��8%�*�'!� "*& 3��(� 3���
$("*�(�% $%'� 24�8� 34%� $�%&*$ !� $%� &� ��2 ��33�� $+��� ��*$&,*�� &%#� 2 &%#&�#$;�#�
(&%%����$%���% �&2 � �� 8��(&%!�"��"�$� &�!�2�*4 $�%2��%� 8��(&�6� -�

�
(a) 
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(b) 

�
(c) 

Figure. (a) UBI-AMI architecture; (b) Socket sensor; (b) Mains sensor. 
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�&2$���&%#�'$+$%'�42�34*�$%3��(& $�%� ���$ !�(&%&'��2� 8& ��&%�8�*"� &6$%'�,�  ���
(&%&'�(�% � #��$2$�%2� &%#� �+&*4& �� "�*$�$�2-� �8�2�� 2��+$��2� ,��2 �  8��
���"��& $�%�,� >��%� 8��2�+��&*�2 �& 4(2��3�"4,*$��>��6��2� $%���#��� ��&�G4$���
�33$�$�%�!�&%#��33$�&�!-�

D���%#*!� 2��+$��2� &$(�#� & � (&6$%'�  8�� �$ $;�%2� #&$*!� *$3�� �&2$��� &%#� (����
��(3�� &,*����33��$%'�(����&%#�,�  ���2��+$��2���33��$%'�4"#& �#�$%3��(& $�%�$%�&�
"��&� $+��>&!�&%#�3�2 ��$%'��$ $;�%2I�"&� $�$"& $�%�$%� 8���$ !�(&%&'�(�% �#&$*!�
*$3��$2�'��4"�#�4%#���K�+��%(�% � ���$ $;�%J)42$%�22�2��+$��2-��

�$%&**!�2��+$��2����& �#�,!��$ $;�%2�3��� 8���$ $;�%2��$%�*4#$%'�&*2�� 8��"��3�22$�%&*�
&��%&�� ,��2 $%'� ���"��& $�%� ,� >��%�  8�� 2�+��&*� �*�(�% 2� �3� �$+$*� *$3�� &���
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3�4%#& $�%2� *&!� �%�  8���� "$**&�2�� %&(�*!�  8�2�� &��� 4,$G4$ �42� $%3�&2 �4� 4��2��
$%3��(& $�%�&%#�84(&%��&"$ &*-��

�7+N5+)15(	+$3'*()'54)5'&(�



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'������C��.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

�8���$ !�%��#2� ��,���G4$""�#�>$ 8�&#+&%��#�$%3�&2 �4� 4��2� ���+�*+�� 8��D(&� �
�$ !���%��" �3��(�"4��� 8���!� ����&*$ !��"��+$#$%'��$ $;�%2�&%#��% ��"�$2�2�>$ 8�&�
"�>��34*�"*& 3��(� ����%%�� ��$ !��*�(�% 2�&%#�*� � 8�(�$% ��&� ��33�� *�22*!�>$ 8�
�&�8�� 8���&%#�>$ 8� 8�$��&#($%$2 �& $�%� 8��4'8��*�� ��%$��(�&%2-�D &,*��2 4�#!�
$%3�&2 �4� 4��2�� 3��(� �" $�&*� 3$,��� %� >��62� ��+��$%'�  8�� �$ !� &� $%'� &2� &�
,&�6,�%��  ��  8�� $%2 &**& $�%� �3� 2�%2��2�� &���  8�� 6�!� 3���  8�� #�+�*�"(�% � �3�
$% �**$'�% �2�*4 $�%2�$%��$ $�2-�

�$31'.*)+1$�

�%3��(& $�%�$2� 8���&>�(& ��$&*� ��34�*�$%%�+& $�%�3&� ��$�2-��%3��(& $�%���($%'�
3��(�#&$*!� &� $+$ !� $%�  8�� �$ !� $2� &%� $%+&*4&,*�� &22� �  8& �%��#2�  ��,����**�� �#�
&%#�$% ��"�� �#�����& $%'�&�D(&� ��$ !�$%3��(& $�%�2"&��� 8& �&� 2�&2� 8��,&2$2� ��
#�*$+��� 2(&� �  &$*���#� 2��+$��2� &%#� &� ,�  ��� �$ !�(&%&'�(�% -� D�+��&*� 2�4���2�
8&+�� ,��%� $#�% $3$�#� ,�$%'�  8�� 3�**�>$%'�  8��(�2 � $("�� &% � �%�2�  �� ��%2 �4� �
 8����%��" ��3� 8��D(&� ��$ !��

• �%3��(& $�%���($%'�3��(� 8���$ !��

o D�%2��2�&%#��$ !��*�(�% 2�

o �"�%��& &�d��4,*$��D�� ����%3��(& $�%�

• �%3��(& $�%���($%'�3��(� 8���$ $;�%2��

o �$'$ &*�3�� "�$% �

o D��$&*�(�#$&�

o ���>#�D�4��$%'-�

F5.*$	4*0+)*6�

E� ��2� &� $+�*!� "&� $�$"& $%'� $%�  8�� #&$*!� &� $+$ !� �3�  8�� �$ !� &���  8�� �%�2�  8& �
��&**!� ��4*#�(&6��&� �$ !� 2(&� ��-� �8�� $("*�(�% & $�%��3�  8��D(&� ��$ !� $2�%� �
�%*!� &� ��%���%� �3� "4,*$�� &#($%$2 �& $�%� ,4 � &*2�� $ � 28�4*#� $%+�*+�� "�"4*& $�%��
$%%�+& $�%���% ��2����("&%$�2�&%#��% ��"��%�4�2-��

�&�4* $�2� &%#� 2��$� !� &��� 6%�>*�#'�� "��#4���2�� >8$*�� ��("&%$�2� &%#�
�% ��"��%�4�2� '�%��& �� %�>� ,42$%�22� �""�� 4%$ $�2-� /����+���� "4,*$��
&#($%$2 �& $�%��&%�'�%��& ��'��>$%'��%+$��%(�% 2� 8& �28�4*#�"428�&�'��>$%'��
242 &$%&,*��&%#�"��'��22$+��#!%&($�-� �%�  8$2�2�%2������"��& $�%�,� >��%� 8�2��
&� ��2� 2��(2�  �� ,��  8��6�!� 3���  8��#�+�*�"(�% ��3� &� 24$ &,*�� �%+$��%(�% � 3���
 &*�% �#�+�*�"(�% -��

��� 24(� 4"�� &� D(&� � �$ !� 28�4*#� ,�� &,*��  �� D&� $+& �E� 2(&� � $#�&2� '�%��& $�%�
$ 2�*3�$%�&%��"�%��%+$��%(�% ��(&!�$ �,�� 8��4'8��3���$%2 &%����3�2 ��$%'��*42 ��2�
��� #�+�*�"$%'� "��"��� *$+$%'� *&,2� #$��� *!� $%+�*+$%'� �$ $;�%2� $%�  8�� ������& $�%�
"����22��3�"��#4� 2����2��+$��2-�

!�C ����������	

D(&� ��$ !���%��" �$%�)&���*�%&�$2�42�#�&2�&�2 �& �'$�� ��*� ���%��("&22�(�#��%�
4�,&%�"��#4� $�%�3&� ��2� $%�&���((�%�3�&(�>��6�&%#�3�2 �����("� $ $+�%�22��3�
�$ !-� )&���*�%&� $%$ $& �#� D(&� � �$ !� (�#�*� &2� $ � �@"�� �#� &%� �33�� $+�� 4�,&%�
(&%&'�(�% � *$6�� &%!� &* ��%& $%'� �$ !�  8& �'��>-����242 &$%�&%��33�� $+��4�,&%�
(&%&'�(�% �� $% �**$'�% � %� >��6�  ��8%�*�'$�2� &��� ��G4$��#�  �� #�$+�� ���%�($��
'��> 8�� 242 &$%&,*�� '���%� �$ !� &%#� &� ,�  ���  8�� G4&*$ !� �3� "4,*$�� 2��+$��2-� �8��
3*�4�$28$%'��4 ��(�2��3�  8$2�  �&%23��(& $�%�  ��,��&�2(&� ��$ !� $%�)&���*�%&��&%�
,���*�&�*!��,2��+�#�24�8�&2�$%� 8��		Q��$2 �$� ����24���2234*�$("*�(�% & $�%2��3�
� 8���+&�$�42�"����� 2-�

�&3&'&$4&(	

�I��%%�**���-�.	AA�1��@"*��$%'� 8��D��$&*���� 2��3�D(&� �K��> 8���*$�!�E#�" $�%-�
D��$&*�D�$�%���V4&� ��*!���B��C���?CB��?�	-��



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'������B��.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

�&+$2�� 9-� .	A�A1� �8�� �$2�� �3�  8�� D(&� � �$ !-� ��5��K���� �% ��%& $�%&*��
�DDB�>>����C����A������C+*�	C���E	�>C�A>��	+>B	�D>%&'&>&'>D���C����	��D���

��ACD�E�D*��

7&**���-�-�.	AAA1��D�8���$2$�%��3�&�D(&� ��$ !E��.)���68&+�%��& $�%&*��&,��& ��!��
FDE1�� 	%#� �% ��%& $�%&*� �$3�� �@ �%2$�%� ���8%�*�'!� 5��628�"�� �&�$2�� 	� 8�
D�" �(,����

�&�&'*$4��E-� .	AAB1�OD(&� ��$ $�2� $%��4��"�O�� .��*$ ��%$���#$�/$*&%�1���8$&�&�#�*�
)�� .F%$+��2$ _� #�'*$� D 4#$� #$� /$*&%�1� &%#� �� ��� �$�6&("� .�F� F%$+��2$ !1��
��2�&��8�/�(��&%#4(�	AAB�0��

D*$#�2��3�)&���*�%&��$ !���4%�$*��:�&%�)& **��

���%���-�.	AA�1�E  �&� �&%#���%%�� ���8��		Q)&���*�%&�$%%�+& $�%�#$2 �$� �&%#�
 8�� $% ��%& $�%&*$;& $�%��3�)&���*�%&�,42$%�22-� �%%�+& $�%��(&%&'�(�% ��"�*$�!�
P�"�&� $�����A��	?CH	0B�

�

�

�

�



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'���������.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

< ����E	��E=	����	�E��=;	������	

�8$2��&2��2 4#!�8&2�,��%���% �$,4 �#�,!�:�&%&����%&%#�;�.�$2,�&�����+&1�>$ 8�
24""�� ��3�:�&%�)&����&�.E*3&($���1�&%#��#t*$&������2�.�DE1-�

<�� EF�	��E=	��	������		

�$2,�%�$2� 8���&"$ &*�&%#�*&�'�2 ��$ !��3���� 4'&*-��+�*+$%'��+����0-�6(	�� 8���$ !�
�>�2� $ 2� �8&�&� ���  ��  8�� �&'42� �$+����  8�� �$ !I2� (�2 � $("�� &% � ���2!2 �(��
&��4%#� >8$�8� 2�(�� �3�  8�� (�2 � $("�� &% � #�+�*�"(�% 2� &%#� ��G4&*$3$�& $�%�
2 �& �'$�2�*&!�'��4%#-��

� 2�(4%$�$"&*$ !��>8$�8�(& �8�2� 8���$ !�"��"����@�*4#$%'� 8�� *&�'�����% $%4�42�
��%4�,& $�%��8&2�&�"�"4*& $�%��3�0�B�CB	�.	AA�1��>8$*�� 8���$2,�%�/� ��"�*$ &%�
E��&�$%� � &*�8&2�&��4%#�	-��($**$�%�$%8&,$ &% 2��&%#�?-?0�($**$�%�"��"*��*$+��$%�
 8��,��&#���&''*�(��& $�%��3��$2,�%�/� ��"�*$ &%-�� 2����%�($���4 "4 ��2 &%#&�#�
�3� *$+$%'��&%#�(&�6� �2$;���&**�>� 8���$2,�%���'$�%� ��,����%2$#���#� 8��2���%#�
(�2 � $("�� &% � 3$%&%�$&*� &%#� ���%�($�� ��% ��� $%�  8�� �,��$&%� ��%$%24*&-� �8��
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��� 4'4�2��K���.	AA�1-�� � $2�&*2�� 8��"�*$ $�&*���% ����3� 8����4% �!��&2�2�& ��3�
'�+��%(�% �&%#���2$#�%����3� 8��7�&#��3�D & �-�

<�� ������	����E	��E=	�����AE		

�$2,�%I2� +$2$�%� 3��� $ 2� 34 4��� $2� 2� � �%�  8�� 2 ��%' 82� �3�  8�� �$ !�  �#&!� &%#�  8��
�""�� 4%$ $�2� 2 $**�  �� �%��*� �%�  8�� #�"*�!(�% � �3� �$2,�%I2� "� �% $&*$ $�2� 3���  8��
34 4��-��

�$2,�%I2��8&**�%'�2�3��� 8��34 4���2 &� �>$ 8� 8��'�&*��3�,���($%'��

• &%� $% ��%& $�%&*� 84,� 3��� >��*#� 2�&*�� ��("&%$�2�� ,�%�3$ $%'� 3��(�  8�� ,�$#'��
�$2,�%���"��2�% 2�,� >��%��4��"���E3�$�&�&%#�E(��$�&F��

• &�"�*��3������& $+$ !�&%#�$%%�+& $�%��&�6%�>*�#'$%'� 8& � 8�����& $+��$%#42 �!�
&*��&#!� &���4% 2� 3��� B^� �3� �$2,�%I2� �("*�!(�% � �& �� &%#� �&%� 34� 8���
��"��2�% �&%�$("�� &% �&22� �$%��$2,�%I2����%�(!F��

• &� �$ !� >$ 8� &� "��2"��$%'� & (�2"8���� 3��� �% ��"��%�4�2�� $%�4,& ��� 3��� %�>�
$#�&2�&%#�,42$%�22�(�#�*2F��

• &� #!%&($�� �$ !� 3��� �@8$,$ $�%2�� �+�% 2� &%#� �4* 4�&*� &� $+$ $�2�� *$2 �%$%'� &%#�
*�&�%$%'�3��(��@"��$�%��#�"&� %��2� 8��>&!2� ��,�  ����@"*�$ �$ 2���2�4���2F��

• &� ��% ��� 3��� �@��**�%��� $%� $%+�2 $'& $�%� &%#� �P��� ����'%$;$%'�  8�� 3&� �  8& �
�$2,�%�$2���� 4'&*I2�,$''�2 �4%$+��2$ !�"�*����

• &�242 &$%&,*���$ !��3��42�#��%�&�8$�+$%'��@��**�%���$%� 8���33$�$�% �42���3�$ 2�
��2�4���2��,�&�$%'�$%�($%#� 8����("��($2�2�&224(�#�>$ 8$%� 8����+�%&% ��3�
/&!��2� &%#�  8�� �$ !I2� �%��'!��%+$��%(�% � 2 �& �'!�  8& � 2� 2� &(,$ $�42�
 &�'� 2�3��� 8���%��'!��>& ���&%#�(& ��$&*2���%24(" $�%F�&%#��

• &%�$%�*42$+���$ !�3���$ 2��$ $;�%2��3�2 ��$%'�&����"��& $+���%+$��%(�% �,� >��%�
 8��*��&*�&4 8��$ $�2�&%#� 8���$ $;�%-��

E����#$%'�  �� /�**!� 5�,,�� D*�&#��2� %��#�  �� $%���"��& �� ���& $+$ !� 3��(�
4%�@"�� �#� "*&��2E� .2�4����� >>>-'4&�#$&%-��-46J242 &$%&,*��,42$%�22J2(&� �
�$ $�2��*�&%� ��8%�*�'!�� � 8� �3� ����(,��� 	A��1� &%#�  8& I2�  8�� D(&� � �$2,�%�
"����� �(&$%�'�&*�� D �� 3&�$*$ & �����& $+$ !��"��+$#$%'��$ $;�%2��2(&**��% ��"�$2�2��
2 &� �4"2� &%#� �$+$*� ��'&%$;& $�%2�  8��  ��*2� %��#�#�  �� ���& ���  �� $%%�+& ���  ��
�%&,*�� 2��$&*� $%%�+& $�%�� ��% �$%'�  8�� �$ $;�%� &2� &� ���"��#4���J"&� %��� �3�  8��
�$ !E.2�4����� �$2,�%��$ !���4%�$**���K�&`&���%2��&.	AAB1�� D�$2,�%�D(&� ��$ !E��
>>>-*$2,�&"&� $�$"&-" 1-��
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�8���$2,�%�D(&� ��$ !�D �& �'!�$2�#�2$'%�#�&2�"&� ��3� 8���$ !I2���2"�%2�� �� 8��
�8&**�%'�2� &%#� �""�� 4%$ $�2� 3&��#� ,!�  8�� �$ !-� �2"��$&**!� &##��22$%'� �$2,�%I2�
�% ��"��%�4�$&*�"� �% $&*�&%#� 8��%��#� ��&  �&� �$%+�2 ��2�&%#�%4� 4���%�>�$#�&2�
&%#�,42$%�22�(�#�*2���$2,�%I2�%��#� ��$("��+�� 8���$ !I2�(&%&'�(�% �2 �4� 4����
3��42�#��%� 8���" $($;& $�%��3���2�4���2�&%#�2(&� ���42���3�$%3�&�2 �4� 4��2�&%#�
$%+$ �� �$2,�%I2� �$ $;�%2�  �� &� $+�*!� "&� $�$"& �� $%�  8�� �$ !I2� '�+��%&%��� "����22��
 8���$2,�%�D(&� ��$ !�D �& �'!�$2�,&2�#��%� 8�����22�% $&*�"$**&�2���

• �5+6%+$,	(0*4&(���8��/4%$�$"&*$ !�2� 2�&2�$ 2���*�� ��"��+$#���"�%�$%%�+& $�%�
2"&��2�  ��  8�� "4,*$��� %&(�*!� $%$ $& $+�2� 24�8� &2� ���5��6$%'� 2"&��2� &%#�
�&,*&,2-� �8�2�� 2"&��2� $% �%#�  �� 3�2 ��� ���& $+$ !�� ,�%�3$ $%'� 3��(�  8�� ���
�@$2 �%����3���("� �%��2�&%#���$%��3��33�� 2� �>&�#�&���((�%�'�&*F�

• �1()&'+$,	&$)'&0'&$&5'(-+0���$2,�%�28�4*#�"�2$ $�%�$ 2�*3�&2�&�"�$+$*�'���$ !�
3��� 8��*&4%�8$%'��3�%�>�,42$%�22�"����� 2��%&(�*!�$%� 8�����& $+��$%#42 �$�2��
$%3��(& $�%� &%#� ��((4%$�& $�%�  ��8%�*�'$�2� &%#� 2�+��&*� � 8��� &��&2-�
)�%�3$ $%'� 3��(� #$33���% � ��("� �%��2� &%#� "��(� $%'� $% ��&� $�%� "*& 3��(2�
,� >��%� ���"��& $%'� 2 &6�8�*#��2�  8& � �&%� ,�� �22�% $&*� $%�  8�� 24���2234*�
*&4%�8��3�%�>��% ��"�$2�2-��@&("*�2��3�24�8�$%$ $& $+�2�>���� 8�����@��$2,�&��
 8��D$**$��%��&*�!�$%��$2,�%���'%$ ����$2,�%��&*62��&(�%'�� 8��2-�E##$ $�%&**!��
&�2 ��%'��33�� �8&2�,��%�"4 �  8��4'8����& $%'�,42$%�22� $%�4,& ��2� 3���2 &� �
4"2� &2� >�**� &2� ��$%$%'� &22� 2� &%#� "��(� $%'� 2!%��'$�2� ,� >��%� &� ��2��
(� $+& $%'�  8�� (&�6� I2� ���& $+�%�22�  �� #�"*�!� %�>� 2��+$��2� &%#�
34%� $�%&*$ $�2�����& $%'�&##�#�+&*4��,42$%�22� *$%�2�  8& ��&%� 34� 8���'��>� ��
%�>�2 &� �4"2-�

• �(&356	)116(�����& ��42�34*� ��*2�3��� 8���$ !��$("��+$%'�$ 2�G4&*$ !��3�*$3��$2�
 8���8&**�%'��&%#� 8��,&2$2�3���(&6$%'�&+&$*&,*��&�>$#��+&�$� !��3�#& &�2� 2�
2�� 8& ��$ $;�%2��&%�������& ��%�>�����%�($�&*�+&*$#�"����� 2�3��� 8���$ !-��8$2�
'�&*�$2�"��2�% *!�,�$%'�4%#�� &6�%�>$ 8� 8���"�%��& &��@�"����� ��>8����2� 2�
�3� #& &�� 3��(� $%3��(& $�%� ��'&�#$%'�  8�� �$ !I2� 2��+$��2�  �� #& &� ��'&�#$%'�
&#($%$2 �& $+��"����22�$2�&*��&#!�&+&$*&,*�� �� 8���$ $;�%-�

�$2,�%�� *$6��&%!��4��"�&%��&"$ &*��3&��2�2�+��&*��8&**�%'�2-��8��(�2 �$("�� &% �
�8&**�%'�� $2�  �� $("��+��  8�� �$ !I2� *$+�*$%�22�&%#�G4&*$ !��3� *$3���%&(�*!�  8��4'8�
 8�� &� $+�� $%+�*+�(�% � �3�  8�� �$ $;�%2� $%�  8�� �$ !I2� '�+��%&%���(�#�*-� �$2,�%I2�
/4%$�$"&*$ !�(�#�*�  �>&�#2��$2,�%�&2�&�D(&� ��$ !�,&2�2� $ 2�*3��%� 8��"�$%�$"*��
 8& ��$ $;�%2��$%2 $ 4 $�%2����("&%$�2�&%#�"4,*$��2��+$��2�&��� ��>��6�&2�"&� %��2�
$%� 8��#�"*�!(�% ��3�$%%�+& $+��2��+$��2�&%#�"��#4� 2�& � 8���$ !�2�&*�-��

�8�� /4%$�$"&*$ !� 28�4*#� &� � &2� &� "��(� ��� 3��� $%%�+& $�%�� #�+�*�"(�% � &%#�
$%+�2 $'& $�%��2�  $%'� 8��'��4%#2�3���2 &6�8�*#��2� ��(�� �&%#�#!%&($�&**!�>��6�
 �>&�#2� &� '��& ��� "����� �� (&@$($;$%'�  8�� 42�� �3�  8�� &+&$*&,*�� ��2�4���2� &%#�
��("� �%��2-���� 8$2��%#�&�2 �& �'!�28�4*#�,��2� �&$($%'� ��"4**� 8���$ $;�%2� ��
���"��& ���%� ��%*!� *$2 �%$%'�  ��  8�$��+�$��2��,4 ��"��& $�%&*$;$%'� 8�� $#�&2� $% ��
+&*$#� "����� 2�� ,�$#'$%'� $#�&2� $%� 2 �&$'8 � ���"��& $�%� >$ 8�  8�� #�+�*�"��2-� �8��
/4%$�$"&*$ !I2���*�� $2� ��2� � 8��%���22&�!���%#$ $�%2�3��� 8��2�$�% $3$������%�($��
&%#� 2��$&*� #�+�*�"(�% � �3�  8�� �$ !�� "��+$#$%'�  8�� &#�G4& �� �%+$��%(�% � 3���
2 &� 4"2�� "*&�$%'� $%%�+& $�%� & �  8�� 8�&� � �3� �$2,�%I2� 2 �& �'!�  �� $("��+�� *$3��
G4&*$ !-��

5$ 8$%�  8$2� ��%��" ��  8�� �$2,�%� D(&� � �$ !� �&2�� >$**� ,�� "��2�% �#� $%� #$33���% �
&��&2���

• ���8%�*�'!�$%3�&2 �4� 4��2F�

• D"&��2�3���42���"&� $�$"& $�%�&%#��"�%�$%%�+& $�%F�

• ���*2�� &� $�%2� &%#� &22� 2� 3��� 42��� #�$+�%� �"�%� $%%�+& $�%� &%#� �$ $;�%�
"&� $�$"& $�%F�

• /&�6� ��""�� 4%$ $�2�&%#��% ��"��%�4�28$"�3�2 ��$%'�&� $�%2F�

• D42 &$%&,*��/�,$*$ !-�
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��� 4'&*� 8&2�  �#&!�  8�� 2���%#�8$'8�2 � "�%� �& $�%� �& �� 3��� 8$'8�,&%#>$# 8�
2��+$��2�$%��4��"���&3 ���)�*'$4(-�� �2 &� �#�>$ 8�&���&@$&*�%� >��6�#�+�*�"�#�,!�
�&,*�� ��� ��("&%!�� ��� �&,�� >8$�8�  8�%� 4"#& �#� $ � 42$%'� 3$,���  ��  8�� �&,$%� �
.����1�  ��8%�*�'!� &%#� ���D�D� ?-A� �&,*�� (�#�(2-� � 8��� �"��& ��2� *& ���
$% ��#4��#� 3$,���  ��  8�� 8�(�� .���71� 2!2 �(2� 42$%'� &� K$'&,$ � "&22$+�� �" $�&*�
%� >��6�.K���1�&��8$ �� 4��-��

�8�� (&$%� &""��&�8�  �� ,�$%'$%'� 8$'8� ,&%#>$# 8�  ��  8�� "4,*$�� 8&2� ,��%� ���7��
 &6$%'�&�8$'8��&"&�$ !� 3$,����" $���&,*�� $% ���&�8�8�42�8�*#��>8$�8�%�>���24* 2�
�%� "�22$,*�� #�>%*�&#� 2"��#2� 4"�  �� 	-CK,$ J2� &%#� 4"*�&#� 2"��#2� �3� �-	CK,$ J2�
"����" $�&*�"�� �$%� 8����% �&*��33$�����&"&�$ !� 8& �$2� 8�%�28&��#�,� >��%�4"� ��
B0� �*$�% 2� �%�  8�� 2&(�� "&22$+�� �" $�&*� %� >��6-� ���7� 8&2�  &6�%� �33� �&"$#*!� $%�
��� 4'&*��>$ 8�24,2��$,���%4(,��2�$%���&2$%'�3��(��0�CAA�$%�	AA�� ��	?��AAA��%�
 8��3�4� 8�G4&� ����3�	A��-��8����� 4'4�2��'�+��%(�% �8&2�&%%�4%��#�&�"*&%� ��
>$���&**��3� 8��?-B�($**$�%�8�(�2�$%���� 4'&*�>$ 8�&�3$,����" $����%%�� $�%�,!� 8��
�%#� �3� 	A����>8$*��  8�� �$ !� �3� �$2,�%� 8&2� & �  8$2�(�(�% � 8$'8� 2"��#� $% ��%� �
��%%�� $�%2�>$ 8�&*(�2 ��AA^���+��&'�-�

�0*4&(	31'	5(&'	0*')+4+0*)+1$	*$%	+$$12*)+1$	

�����K��E)D��

�$2,�%� D(&� � �$ !� 2 �& �'!� ,&2�2� $ 2� '�+��%&%���(�#�*� $%� �$ $;�%2I� ���"��& $�%�
&%#�������& $�%��3�2��+$��2�&%#�34%� $�%&*$ $�2� 8& � $%���&2��2"&��2���(3�� �&%#�
*$+$%'%�22-�/�2 *!� $%�  8���%��'!��33$�$�%�!�&��&���$2,�%�8&2��%��**�#��%�2�+��&*�
"����� 2� ,&2�#� �%� 42��2I� ,�8&+$�4�&*�  �&%23��(& $�%� ��'&�#$%'� �%��'!� 42�-�
�$2,�%I2� 2 �& �'!�  �>&�#2� �%��'!� �33$�$�%�!� ,&2�2� $ 2�*3� �%�  8�� ��%2 &% �
6%�>*�#'�� �3�  8�� �$ !I2� ��%24(" $�%2� &%#� *��"� ,&�6�  �� #��$2$�%� (&6��2� &%#�
�$ $;�%2��%� 8�2��+&*4�2��2��"���&� $+��(�&24��2��&%�,��"*&��#�$%�&� $�%-�5$ 8$%�
 8��(&@$(4(� !�4� �&%� �%*!� G4&% $3!�>8& � !�4� �&%�(�&24��� &%#� !�4� �&%� �%*!�
(&%&'�� >8& � !�4� �&%� (�%$ ����  8�� 42�� �3� $%3��(& $�%� &%#� ��((4%$�& $�%�
 ��8%�*�'$�2�.���1�$2���4�$&*�3��� 8���33�� $+�%�22��3� 8$2��!�*��&%#�3���&�,��&#���
�33$�$�%�!��3� 8��&� $�%2�&%#�"����� 2�#�+�*�"�#-��

Service Buildings 

E����#$%'�  �� �$2,�%I2� �%��'!� (& �$@� .#& &� 3��(� 	AA�1�� 2��+$��� ,4$*#$%'2� &���
��2"�%2$,*�� 3��� ?0^� �3� �$2,�%I2�  � &*� �%��'!� ��%24(" $�%-� ���(� &**�  8�� ��2 2�
$%+�*+�#� $%� &� ,4$*#$%'� *$3�� �!�*��� ��%2 �4� $�%�� ���4"& $�%� &%#� #$2(&% *$%'��
���4"& $�%�"��2�% 2�,!�3&�� 8��(�2 ���%24($%'�"��$�#��3� 8��,4$*#$%'I2�*$3�-��
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�8�� ,4$*#$%'� (&%&'�(�% � $2� ��4�$&*�  �� &224��� &� '��#� �%��'!� "��3��(&%��-�
���42$%'� 8��(&%&'�(�% �#$(�%2$�%���$2,�&�����+&�.�$2,�%I2�/4%$�$"&*��%��'!�
�%+$��%(�% � E'�%�!1� "��(� �2�  8�� �&.1)&	 �*$*,&'	 0'1A&4)�� ��$�% �#�
 �>&�#2� ,4$*#$%'2� �*�� �$�&**!� 24""*$�#� $%� (�#$4(� +�* &'�-� ���I2� .��� 4'4�2��
F $*$ !� 3��� �*�� �$�$ !1�(&6�2� $ � &+&$*&,*�� 3���(�#$4(�+�* &'�� 24""*$�2� ��&*�  $(��
��%24(" $�%2�  8��4'8�  �*�(� �!� ��&#$%'2� $%�  8�� ��%24(" $�%�"�$% -� �8$2� #& &��
��"�� �#��+��!�3$3 ��%�($%4 �2��$2�&+&$*&,*�� �� 8���>%����3� 8��(�#$4(�+�* &'��
24""*!���% �&� �&%#��&%�,����$ $�&**!�&%&*!2�#� 8��4'8� 8����(� ��/&%&'��� ��*-�
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Residential Buildings 
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>8$�8� �&%� %�>� ,�� �&2$*!� ��%24* �#� >$ 8�  8$2� &""*$�& $�%-� E%� 8��� &""*$�& $�%�
42$%'� 8��#& &�&+&$*&,*��3��(�E/E���*& �2� �� 8���$ $;�%2�D ���2-��8��&""*$�& $�%�
>&2� #�+�*�"�#� 3��� 2(&� � "8�%�2� &%#� $#�% $3$�2�  8�� %�&��2 � �$ $;�%� D ���2��  8��
>��6$%'�2�8�#4*���2��+$��2�&+&$*&,*���&+��&'��>&$ $%'� $(��3����&�8�2��+$���&%#�
2 �����*&22$3$�& $�%�&����#$%'� �� 8���$ $;�%2I�G4�2 $�%%&$��-��

D� 2� �3� #& &� ��'&�#$%'� �%��'!� 42�� &%#� ��%�>&,*�� �%��'!�  ��8%�*�'$�2� &���
&*��&#!� &+&$*&,*��� %&(�*!�  8��)&$@&� ��(,&*$%&� 2�*&�� "� �% $&*� &22�22(�% ��  8��
*��& $�%� �3�  8�� �*�� �$�� +�8$�*�2� �8&�'$%'� "�$% 2�� &%#�(���� &��� �@"�� �#�  �� ,��
&+&$*&,*��$%� 8��4"��($%'�(�% 82-��
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�$2,�%I2�$%%�+& $+�����2!2 �(�&**�>�#� 8��"��*$3��& $�%��3�2(&� �#�+$��2�&%#� 8��
#�"*�!(�% � �3� �33�� $+�� '&$%2� #��$+& �� 3��(� #& &� &22�22(�% � &%#� �@8&42 $+��
&%&*!2$2�����& $%'�#$2�4" $+���""�� 4%$ $�2�&%#�"�22$,$*$ $�2�3���%�>�2��+$��2�&%#�
2$'%$3$�&% �2&+$%'2�  8��4'8�(���� $% �**$'�% �2!2 �(2�&%#�#�+$��2-��8�2��3&� ��2�
8&+�� (�#$3$�#�  8�� >&!�  8�� "�"4*& $�%� $% ��&� 2� >$ 8�  8�� >��*#�� 3�2 ��$%'�
�33$�$�%�!�� "��#4� $+$ !� &%#� �%��'!� '&$%2-� �8���3����  8�42&%#2� �3� 2(&� �
&""*$�& $�%2�&%#�#�+$��2�42$%'�/	/���((4%$�& $�%2�&%#� �&#$ $�%&*����2!2 �(2�
&���,�$%'�#�+�*�"�#��$%���#��� ����#4�����%24($%'�&%#��%8&%���G4&*$ !��3�*$3�-��

�$6��&**��$ $�2��$2,�%�3&��2�2�+��&*��8&**�%'�2-��

�%�� �3�  8�� �$ !I2� (&$%� �8&**�%'�2� $2�  8��  �&%2"�� � 2!2 �(�� >8$�8� 8&2�
��+�*4 $�%$;�#�  8�� *�'$2 $�2� &%#� #$2 �$,4 $�%� 2�� ���� &2� >�**� &2�  8�� �$ $;�%2I�
(�,$*$ !�"&  ��%2��!� � �&42$%'�#$2�4" $+���33�� 2��%��$ $�2�&$��G4&*$ !�#4��  ��  8��
&22��$& �#� *��&*� '&2�2� �($22$�%2-� E�6%�>*�#'$%'�  8$2�� �$ $�2� 8&+�� *&4%�8�#�
2�+��&*�"����� 2�&$($%'�& �$#�% $3!$%'� 8��,�2 �2 �& �'$�2� ��($ $'& �� 8��%�'& $+��
�33�� 2� 3��(�  8��  �&%2"�� 2� 2!2 �(2�(&$% &$%$%'�  8����((�#$ $�2�  8�2��2!2 �(�
��"��2�% � %�>&#&!2-� �8�� �*�� �$�� +�8$�*�2� "*& 3��(�&�$2�2� 3��(�  8�� �33�� 2�  8& �
8&+��,��%�"��2��4 �#�$%� 8$2�3$�*#-��D�+��&*��4��"�&%��$ $�2�8&+��%�>��%��**�#�$%�
 8�� #�"*�!(�% � �3� �*�� �$�&*� �8&�'$%'� %� >��62�� $%� ��#���  �� "��(� �� �$ $;�%2�
&#�" $�%� �3� �*�� �$�� �&�2-� �8�� ��**� �4 �  �� �*�� �$�� +�8$�*�2� �"�%2� &� >8�*�� %�>�
>��*#�3�������$% �'�& $�%��%&(�*!�2(&� �(� ��2��>$ 8�,$�#$��� $�%&*�34%� $�%&*$ $�2�
$%� ��#���  �� (&%&'�� �*�� �$�$ !� 24""*!�  ��  8�� +�8$�*�2� ���  8�� $%+��2�� 2$ 4& $�%�
>8�%�  8�� +�8$�*�� �&%� ��2 ���� �*�� �$�$ !� ,&�6�  ��  8�� '�$#� $%� "�&6� 8�4�2��
&""��&�8$%'�  8�� "��#4� $�%� &%#� 24""*!� �8&$%2-� E*2���  8�� $% ��3&��� �3� �*�� �$�&*�
+�8$�*�2�>$ 8� ��%�>&,*���%��'!� 2�4���2� 3��� �*�� �$�$ !�"��#4� $�%��%&(�*!� 2�*&��
&%#� >$%#� "�>���� &**�>2�  8�� $% �'�& $�%� �3� #���% �&*$;�#� "��#4� $�%� �%�  ��  8��
'�$#�� "*&%%$%'� 3��� �*�� �$�$ !� &+&$*&,$*$ !� $%� ����#$%& $�%� >$ 8� (�,$*�� 2 ��&'��
2�4���2-�E**� 8�2��+$&,*����%%�� $�%2�&����%*!�"�22$,*��#4�� ������&%#�&#+&%��#�
(�%$ ��$%'�&%#���((4%$�& $�%�2!2 �(2-�E*2��>$ 8$%� 8��4�,&%� �&%2"�� �2!2 �(��
�&$*>&!2� ��"��2�% �&%��@$2 $%'� $%3�&�2 �4� 4���  8& � �&%� 34� 8���,���@"*�$ �#�&%#�
�" $($;�#�� $("��+$%'�  �&33$�� �&"&�$ !� &%#�(&%&'�(�% �� %&(�*!� $%�  8�� *�'$2 $�2�
2�� ��-��

�8���%��'!���%24(" $�%�� 8��$% ��&� $�%�,� >��%��%��'!���%24(" $�%�����%�($��
#�+�*�"(�% �&%#�#�(�'�&"8$��'��> 8�� $ I2�&%� 8����8&**�%'��3����+��!�,$'��$ !-�
D(&� �K�$#2�&%#�(� ��2�#�"*�!(�% �&��� 8��"��3�� ��8&%%�*� ��(&22$+���%��'!�
2&+$%'2�� ��%%�� $%'� ($**$�%2� �3� 8�42�2�� ���& $%'� 2�*3� (&%&'�#� 2!2 �(2�  8& �
����#$%& �� �%��'!� ��%24(" $�%� &%#� "��#4� $�%�� &%#� &#+$2�� ��%24(��2� 8�>�  ��
��#4��� ��2 2-� �8�� �""�� 4%$ $�2� &�$2$%'� 3���  8�� ��**� �4 � �3� 2(&� � (� ��2� $%�
��2$#�% $&*� ,4$*#$%'2� &��� &�6%�>*�#'�� ,!�  8�� (&�6� � &%#� #!%&($�� "����� 2�
&##��22$%'� 8��2�&*��4"��3� 8��,�%�3$ 2��%&(�*!� �$''��$%'��%��'!��33$�$�%�!�&%#�
&##��22$%'�  8�� 2(�� 8� $%� �%��'!� "��#4� $�%J��%24(" $�%�� &��� ,�$%'� 2� � $%�
&*(�2 ��+��!��4��"�&%���4% �!-��

E'�$%'�"�"4*& $�%�>$ 8�'��>$%'�8�& 8��&���%��#2�&���&*2��&��8&**�%'�� 8& � 8��
7�&* 8�&��� 2�� ��� $2� &##��22$%'�� (���� &%#� (�����  8��4'8�  8�� #�"*�!(�% � �3�
(�%$ ��$%'�2!2 �(2-��8����&���2�+��&*��""�� 4%$ $�2���'&�#$%'� 8��42���3���(� ��
�G4$"(�% I2�  �� (�%$ ��� 8�&* 8� "&�&(� ��2�� ����� "& $�% � $#�% $3$�& $�%��
"�2$ $�%$%'� &%#� #�4'� (&%&'�(�% �� &(�%'� � 8��2-� �8�2�� �""�� 4%$ $�2� �&%� ,��
34� 8��� �%8&%��#� ,!�  8�� $% ��&� $�%� >$ 8�  8��  �&%2"�� � 2!2 �(2�� 2"��$&*$;�#�
8�&* 8��&���4%$ 2�&%#�2"��$&*�8�&* 8��&���$%2 $ 4 $�%2-��

�%�&**� 8�2���&2�2�$ I2�$("�� &% � ��$#�% $3!� 8��*��& $�%��3�&�"��2�%����&22� -��8$2�
�&%� ,��(&#��  8��4'8� &� %&+$'& $�%� ��� "�2$ $�%$%'� 2!2 �(��  �� &#+$��� "��"*�� 3���
2"��$3$�� �%+$��%(�% 2� ���  �&�6$%'� &%#�(&%&'$%'� 3*�>2� �3� "��"*�� &%#� &22� 2� $%�
 �&%2"�� & $�%� &%#� *�'$2 $�2-� �8$2� �&%� ,�� &�8$�+�#� ��(,$%$%'� #$33���% �
 ��8%�*�'$�2�*$6��K�D��������� �-��
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�8��(�%$ ��$%'��3� 8��4�,&%��%+$��%(�% �$2�&*2���%��&��&��3��""�� 4%$ !�3��� 8��
#�"*�!(�% ��3������G4$"(�% -�/�%$ ��$%'� 8��*��&*���%#$ $�%2� 8��4'8�2�%2��2� ��
$#�% $3!�  �("��& 4���� 84($#$ !�� >$%#� &%#� &$�� G4&*$ !� $%� 2�+��&*� 2�� ��2�� *$6��
$%#42 �!�� �33$��2�� "4,*$�� ,4$*#$%'2�� "�$+& �� 8�42�2�� � �-� &**�>2� &� (���� "���$2��
��2"�%2���3� 8��*��&*�2��+$��2� ��*��&*���%#$ $�%2-�5$ 8�&**� 8��%�>�$%3�&2 �4� 4��2�
&%#� �&%'�� �3� "�22$,$*$ $�2��  8�� &���" &%��� �3�  8$2� 6$%#� �3�  ��8%�*�'$�2� $2�(4�8�
�&2$��-�E�6�!�3�& 4���3��� 8��&#�" $�%��3� 8$2� ��8%�*�'!�$2� 8���&2$%�22� ��$%2 &**�
&%#�42�-�E*2��  8��#�"*�!(�% 2��3�"$*� �&� $�%2� $%�  8$2� 3$�*#�&**�>�#�  ��  �2 �&%#�
$#�% $3!� 8��,�2 �(� 8�#�*�'$�2�&%#�"�&� $��2�$%� 8��'& 8����&%&*!2$2�&%#�42���3�
 8$2�#& &-��8��(�2 �$("�� &% �&%#�+&*$#�+&�$&,*�2�8&+��,��%�$#�% $3$�#��&2�>�**�&2�
 8��"&� %��28$"2�� 8��"��,*�(2�&%#�2�*4 $�%2�&%#� 8����((4%$�& $�%�(�&%2� 8& �
'�%��& ��  8��(�2 � 3��#,&�6� 3��(�42��2-� � 2I� %�>�4%#��2 ��#�  8& � 34� 8���>��6�
%��#2�  ��,��#�%�� $%�  8�����& $�%��3� 2"��$&*$;�#��@"�� $2�� $%�  8���&" 4����2 �����
&%&*!2�� &%#� 42�� �3�  8�2�� +&*4&,*�� &(�4% 2� �3� $%3��(& $�%�� "��(� $%'�  8��
���& $�%� �3� $%%�+& $+�� 2�*4 $�%2� $%� ��#���  �� &+�$#� �G4$"(�% � (4* $"*$�$ !��
$%��("& $,*�� 2!2 �(2��  8�� ����� $�%� �3� *�'&�!� 2!2 �(2� &%#�  8�� $% ��3&���  ��
'4&�&% ���2��4�$ !��+&*4���"�$+&�!�&%#� �42 � ��#& &�"��+$#�#�&%#�&�G4$��#-��

�$2,�%�8&2� 8��"� �% $&*� ��,��&� �4���"�%�����2!2 �(�3��� 8�2�� ��8%�*�'$�2� ��
#�+�*�"�����& $%'�2�+��&*�%� >��62�&%#�&""*$�& $�%2�."��2�%&*��8�(����% ��"�$2���
"�$+& ��&%#�"4,*$�1� 8& �&$(� ����% �$,4 �� �� 8��$% ���"��&,$*$ !��3�2!2 �(2-�� I2�
$("�� &% � ��*�+��&'�� 8$2�&""��&�8� ���+�*+��$%� 8��#!%&($�2��3� 8�����2!2 �(�
&%#�$ 2�&""*$�& $�%2-����� 8$2�$ 2I��22�% $&*� ��#�+�*�"�&%#�$%2 &**�>$��*�22�2�%2��2��
&%&*! $�� 2�3 >&��� &%#� $("��+�� "����22$%'� "�>���  �� ,�  ��� (&%&'��  8�2��
��2�4���2-��

�8�2�� �*�4#�,&2�#� 2!2 �(2� &��� &%� $("�� &% � &22� � $%� $("��+$%'� �%��'!�
(&%&'�(�% �2!2 �(2�&%#�2����% �$,4 $%'�  �� $%���&2���%��'!��33$�$�%�!�� ��#4���
'&2� �($22$�%2� &%#� �33��� %�>� 2��+$��2� &%#� 34%� $�%&*$ $�2�  �� 42��2� �33��$%'�
�"��& $�%&*� 2�3 >&��� 3��� �$ !� (&%&'�(�% � $%� &**� *�+�*2� *$6�� >& ��� &%#� �%��'!�
��%24(" $�%�� �&33$��� 3&�$*$ $�2���33$��2����2$#�% $&*�,4$*#$%'2��2&3� !�&%#�2��4�$ !��
� �-�

��+�*�"$%'� �% ��%� � &""*$�& $�%2� �33��2�  ��(�%#�42� "��2"�� $+�2� 3��� �+��!�
2��$����%�($��2�� ����#4�� �� 8��3&�$*$ !� ��&���22�&%#�42��#& &-�E**�������& $�%�
"*& 3��(2�&$(�  ��"��(� ��42��2� $%+�*+�(�% �&%#�8&+��,��%��("�>��$%'�42��2�
&%#� 8�$��&,$*$ !� ��$% ��+�%��$%�"��#4� 2�&%#�2��+$��2�#�+�*�"(�% -���� 8$2��%#�
2��$&*�%� >��6$%'�8&2�"*&!�#�&%��22�% $&*���*��&**�>$%'�3���'��& ���#& &�(�,$*$ !�
&%#����>#2�4��$%'�$%$ $& $+�2� 8& �,��2 � 8��$%%�+& $�%�"����22-��

E**� 8�2�� ��8%�*�'$�2�&%#�#�+�*�"(�% 2�8&+��,��%�$("*�(�% �#�>$ 8�42��2��2��
�+��!�#�+�*�"(�% ��%�"��#4� �&%#�2��+$���$ 2��*�2��� �� 8��42��I2�%��#2�&%#��3�
��4�2��"��#4��#�& �*�>�����2 �&%#�3&�$%'�8$'8���&���" &%���,!�42��2-��

�8�� $%+�*+�(�% ��3�"4,*$��&4 8��$ $�2�>&2�&�(&���� $("��+�(�% � $%��$2,�%�&2� $ �
�%&,*�#� +��!� #$33���% � �@"��$�%��� >$ 8� �$ $;�%2�� *�&#$%'�  �� 8$'8��� &���" &%���
�& �2� �3�  8�2��  ��8%�*�'$�2� &%#�  �� &� (���� "��'��22$+�� ���"��& $�%� ,� >��%�
"4,*$��&4 8��$ $�2��"�$+& ���% $ $�2�&%#�42��2-��

�8$2�$%%�+& $+�����2!2 �(��3�"����� 2�8&2�8&#�(&����(&�6� �&#+&% &'�2�*$6���

• )��&6� 8��3$�2 �,&��$��� ��&""*$�& $�%2�&%#�#�+$��2�&%#� 8�$��"� �% $&*�,�%�3$ 2F�

• )�$%'� *&�'�� 2�&*�� 2��$&*� ,�%�3$ 2�� &%#� �&2��  8�� *�%'�  ��(�  ��8%�*�'$�&*�
,4�#�%��,�!�%#�'&$%2F�

• ���& ��,�$#'�2�,� >��%�#$33���% � ��8%�*�'$�2�&%#�*�'&�!�2!2 �(2F�

• ������("� $ $+����**&,��& $�%F��

• �% ��&� ��@ ��%&**!�>$ 8��%#�42��2��2��$� !��$%+�2 ����*�'$2*& ��2��� �-F�

• �#�% $3!�34 4���&""*$�& $�%2����2�&��8�&%#�#�+�*�"(�% F�

• /$ $'& ��,&��$��2�3���&#�" $�%F�
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"�*$�!�(&6��2F�

• �%+�2 $'& ��(&�6� �2$;��&%#�,42$%�22��""�� 4%$ $�2F�

• �%��4�&'�� $%+�2 (�% �� &%#� �&"&�$ !� �3� 34%#$%'� ,�#$�2�  �� #$��� �  8�$��
"��'�&((�2-��

�%� &� �$ !� *$6�� �$2,�%�� >$ 8�  8$2� %�>� '��>$%'� ���2!2 �(�� $ � >$**� ,�� �&2$���  ��
"��(� ��"����� 2�*$6����

• D(&� �/&%43&� 4�$%'��&""*$�& $�%�$%��%#42 �$�2F�

• D(&� ��*& 3��(��*�'$2 $�2�&%#�24""*!�����#$%& $�%F�

• ��>��%%�+& $�%�%� >��62�3���34 4���$% ��%� �&""*$�& $�%2F�

• D(&� � D��+$���� 8�&* 8�&���� '�+��%(�% �� 2(&� � '�$#�� >& ��� 24""*!�� �$ !�
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�@�*42$�%�2��%�3���(���� 8&%�CA�!�&�2��>8$*���& � 8��2&(�� $(��� 8���$ !�>&% �#�
 �� #�+�*�"� $%%�+& $+�� &%#� "�&� $�&*� 2�*4 $�%2� >8$�8� ��4*#� ,�$%'� ��&*� ���%�($��
&%#�2��$&*�,�%�3$ 2� ��*��&*�"��"*�-��8��$("&� ��3��+�%�(�����&"$#� ��8%�*�'$�&*�
�8&%'��� ��3����#�  �� &2�  8�� �(��'$%'� L$%3��(& $�%� 2��$� !I�� >8$�8� 2 &� �#�  ��
$("&� � 3��(�  8�� �B�A2� �%>&�#2�� �@&���,& �#�  8$2� #$*�((&�� &���*��& $%'�  8��
"����22� �3� ��2 �4� 4�$%'� 2��  8& � >$ 8$%� 4�,&%� &��&2� %�>� ���%�($�� '��> 8�
$%���&2$%'*!�2& �2$#��,!�2$#��>$ 8��@ ��(�2��3�"�+�� !��4%�("*�!(�% �&%#�� 8���
3��(2��3�2��$&*��@�*42$�%-��8$2��&2��2 4#!�*��62�& � 8��>&!2� 8& �/&%�8�2 ����&%#�
6�!�"*&!��2�3��(� 8���$ !���'$�%��$%�*4#$%'� 8��"4,*$��2�� ����,42$%�22���#4�& $�%�
&%#� 8����((4%$ !�2�� ������2"�%#�#� �� 8$2��&%#�8�>� 8�2����2"�%2�2��+��� 8��
"&2 � 	CY� !�&�2� ���& �#� %�>� &(,$ $�%2� &%#� &2"$�& $�%2� 3���  8�� �$ !� &%#� $ 2�
�$ $;�%2-� �8�� ��%�*42$�%2� 3��42� �%�  8�� ��%��" � �3�  8�� LD(&� � �$ !I� &%#�
/&%�8�2 ��I2� $#�&2� �%� ���& $%'� &�(���� $%�*42$+��� ���& $+��&%#� 242 &$%&,*�� �$ !��
$%�*4#$%'�  8��4'8�  8�� $(&'$%& $+�� 42�� �3� #$'$ &*�  ��8%�*�'$�2�� &""*$�& $�%2� &%#�
2��+$��2�&%#�&���(($ (�% � ���"�%�$%%�+& $�%�&%#� 8�����"��#4� $�%��3�%�>�&%#�
$%%�+& $+��2��+$��2-�

��� ������E���	��	��B�����E���;	�	A����E���	�AA����F	E�	��������	���	������	

�F��B�	

�%� 8��($#��B�A2�/&%�8�2 ����$ !���4%�$*��(,&�6�#��%�&��&#$�&*�%�>�&""��&�8�
 ����'�%��& $�%-�E�%�>����%�($����+�*�"(�% ���"&� (�% �>&2��2 &,*$28�#�&%#�
>��6�>&2���(($22$�%�#� ��,�$%'� �'� 8���"��"*��>$ 8�%�>�&%#�$%%�+& $+��$#�&2��
3��(���2�&��8�,�#$�2��,42$%�22�� �&#��4%$�%2�� 8��+�*4% &�!�2�� ���&%#� 8��>$#���
��((4%$ !��  �� &#+$2��  8�� �$ !� ��4%�$*� *�&#��28$"� �%� 8�>�  ��  &�6*�� ���%�($��
��2 �4� 4�$%'�&%#� 8����%2�G4�% �$("&� 2�>8$�8�>������24* $%'�$%�(&22$+��*�+�*2�
�3�4%�("*�!(�% ��"�+�� !�&%#�&*$�%& $�%-��4 ��3�  8�2��#$2�422$�%2��>8$�8�&*2��
$%�*4#�#� (&%!� L8�& �#� #�,& �2I� �%� "�$��$ $�2�� &� %4(,��� �3� "�&� $�&*� "��"�2&*2�
�(��'�#�$%� 8��*& ���B�A2�.�B����B1��$%�*4#$%'��

• �8����28�4*#�,��(�����3�&�3��42��%�&��&�&%#�%�$'8,�4�8��#�,&2�#�>��6$%'��
#�+�*+$%'� $% ��+�% $�%�  �� *��&*� &��&2� &%#� �%��4�&'$%'� ���22�2�� ��� >��6$%'�
>8����  8�� "4,*$�� 2�� ��� >�4*#� >��6� �%� &� (���� "��&� $+�� ,&2$2� >$ 8� *��&*�
��((4%$ $�2��,42$%�22�2�&%#�� 8���"4,*$��2�� ���,�#$�2���-'-�8�&* 8F�

• �8��$#�&��3�&�L���& $+���$ !I��(��'�#��#�(�%2 �& $%'� 8�����%�($��$("�� &%���
�3� 8��L&� 2�&%#��4* 4�&*�$%#42 �$�2I��24�8�&2� 8��$#�&� 8& �/&%�8�2 ���28�4*#�
*��6�  �� �$ $�2� 24�8� &2� E(2 ��#&(� &%#� )&���*�%&� &2� I	0� 7�4�� �$ $�2I� 3���
$%2"$�& $�%�&%#�"�&� $�&*�$#�&2�3���%�>�$%$ $& $+�2F�

• �%%�+& $�%�,�$%'�$#�% $3$�#�&2�&%� 8���6�!� 8�(���&�6%�>*�#'$%'� 8��*&�6��3�
&���8���% ���**&,��& $�%�2 �& �'!�>$ 8�8$'8����#4�& $�%�$%�"&� $�4*&��&%#� 8��
%��#� ��&##��22� 8$2�>$ 8�2�(��"�&� $�&*�$%$ $& $+�2�24�8�&2� 8��#�+�*�"(�% �
�3�/&%�8�2 ���D�$�%����&�6�./D�1�&%#�  8������'%$ $�%�  8& � $%3��(& $�%�&%#�
��((4%$�& $�%2�  ��8%�*�'$�2�.���21���4*#�"*&!�&�2$'%$3$�&% � ��*�� $%����& $%'�
%�>�$%3�&2 �4� 4��2�&%#�2��+$��2�&%#����%2�G4�% *!��34 4������%�($��'��> 8-�
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�8�2��  8����  8�(�2� >���� & �  8�� 8�&� � �3�  8�� %�>� ���%�($�� ��+�*�"(�% �
D �& �'!� 3���  8�� �$ !� &%#� "��+$#�#�  8�� 3�4%#& $�%� 3���  8�� �$ !� ��4%�$*I2� %�>�
L���%�($�� �%$ $& $+�2� K��4"� .��K1I� 3��42$%'� �%� *��&*� .%�$'8,�4�8��#� 3��42�#1�
&� $�%�� ���& $+�� $%#42 �$�2� &%#�  ��8%�*�'!�&%#� $%%�+& $�%-� �8�!�&��� 2 $**� & �  8��
����� �3� /&%�8�2 ��I2� %�$'8,�4�8��#� ��'�%��& $�%� 2 �& �'!�  >�% !� !�&�2� *& ����
4%#��"$%%$%'�  8��  >�� ����� �,��� $+�2� �3�  8�� �$ !� ��4%�$*�� %&(�*!� '�%��& $%'�
242 &$%&,*�� ���%�($�� '��> 8� &%#� ��#4�$%'� #�"�%#�%�!�  8��4'8�  &�6*$%'�
>��6*�22%�22��$%�G4&*$ $�2�&%#�2��$&*��@�*42$�%-�

�%� 	A���  8�� *&4%�8� �3�  8�� �FI2� �$'$ &*� E'�%#&� 3��� �4��"�� A	C� "��+$#�2� &� 8$'8�
*�+�*�2 �& �'$��3�&(�>��6�3���24""�� $%'� 8��#�+�*�"(�% ��3�6C�F�	������B������AC��
��	B	������)*)*7�:� 8��4'8�U�6�	�������CB��C�A�	B��A	��C�������A�����B�F�A�	F�
A���2���AC��$�D	��A�	B�F	��C��7-�E2�"&� ��3� 8$2�*��&*�&� $�%�$2�,�$%'��%��4�&'�#�2��
 8& � �$ $�2� &%#� ��'$�%2� "��#4��� D���&*� �$'$ &*� E'�%#&2E�  �� 2� � �4 �  8�$��
&2"$�& $�%2�3����8&%'���>8$*��& � 8��2&(�� $(��3��42$%'��%�"�&� $�&*�&� $�%�&%#�
$%$ $& $+�2� >8$�8� >$**� #�*$+���  8& � �8&%'�� 24""�� �#� ,!� 42��� #�$+�%� �"�%�
$%%�+& $�%� 8��4'8� 8��42���3�#$'$ &*� ��8%�*�'$�2-��

�8$2� ��(�2� & � &�  $(��>8�%�/&%�8�2 ��� $2� ��+$�>$%'� $ 2� �>%� L�$'$ &*� D �& �'!I��
��$'$%&**!� "��#4��#� $%� 	AA��� &%#� $ 2� �4���% � #$'$ &*� #�+�*�"(�% � "�$��$ $�2�
3��42$%'��%� 8����(&$%�$224�2���

• #$'$ &*�$%�*42$�%����% $%4$%'� �� &�6*�� 8��L#$'$ &*�#$+$#�I�,��&42����+�%� 8�4'8�
"��"*��'�%��&**!�8&+��$%���&2$%'�&���22� �� 8���% ��%� �&%#�#$'$ &*�2��+$��2��
$%�G4&*$ $�2� "��2$2 � >$ 8� *&�'�� 2�� $�%2� �3� �@�*4#�#� ��((4%$ $�2� %�� *�%'���
8&+$%'� ��� 42$%'� ��""��� ,&2�#� *&%#*$%�2� .�+��� CA^� �3� 8�42�8�*#2� $%� 2�(��
"&� 2� �3�/&%�8�2 ��1� &%#�� ��%2�G4�% *!�� 8&+$%'� *$($ �#����%��&���22�  ��  8��
L#$'$ &*�>��*#I�&%#�>8����&���22�  �� 26$**2�&%#� ��,2� $%�  8��#$'$ &*����%�(!� $2�
2 $**�&�+��!���&*��8&**�%'�F�

• #$'$ &*�$%#42 �$�2��,4$*#$%'��%�/&%�8�2 ��I2�2 ��%' 82�&2� 8��*&�'�2 �&%#�(�2 �
#!%&($�� �*42 ��� �3� #$'$ &*� &%#� ���& $+�� ,42$%�22�2� �4 2$#�� �3� ��%#�%�  ��
24""�� � 34� 8��� 2�� ��� ,&2�#� '��> 8�� "&� $�4*&�*!�  8��4'8�  8�� $%#�"�%#�% �
/&%�8�2 ��� �$'$ &*�  �&#�� &22��$& $�%� .�����A�E���D�C��+�DA��E	�1� �� 3$%#$%'�
>&!2� ���+����(��,&��$��2� ��'��> 8��24�8�&2� 8��*&�6��3�,42$%�22�3$%&%��� ��
24""�� �%�>�$%+�2 (�% �&%#�2 &� �4"2�&%#� 8��%��#�3���,�  ���&���22� ��26$**2�
&%#�"& 8>&!2� ���("*�!(�% �$%� 8��2�� ��F�

• #$'$ &*� $%%�+& $�%�� '�%��& $%'� $%+�2 (�% � 3��� $%%�+& $�%� &%#� %�>�
$%3�&2 �4� 4��2�&%#�>��6$%'�>$ 8� 8����2�&��8���((4%$ !��%��4 4����% ��%� �
#�+�*�"(�% � ��24""�� �/&%�8�2 ���&2�&�LD(&� ��$ !I�$%�&��&2�24�8�&2�2(&� �
�%��'!���*�4#���("4 $%'�&%#�+��!�8$'8�2"��#�%�@ �'�%��& $�%�&���22�.�KE1�
#$'$ &*�$%3�&2 �4� 4��2�.3$,���&%#�>$��*�221��%� >��62�&%#�2��+$��2-�

�8$2� ��+$�>� $2� 2 &� $%'� >$ 8�  8�� "��#4� $�%� �3� &� K���%� �&"���� �% $ *�#� DD(&� �
�$ $�2�� ���& $%'�&%� $%�*42$+��&%#�242 &$%&,*��6%�>*�#'��2��$� !��E����&*��$'$ &*�
E'�%#&�3���/&%�8�2 ��E�� 8��3$�2 �#�&3 ��3�>8$�8�>&2�"��#4��#�3�����%24* & $�%�$%�
��+�(,���	A��-��8$2�>&2� 8����24* ��3�2$@�(�% 82�>��6�$%���%24* $%'�>$ 8�*��&*�
2 &6�8�*#��2� &%#� "&� %��2�� 3�**�>$%'� &� >��628�"� ��'&%$2�#� ,!� /&%�8�2 ���
9%�>*�#'���&"$ &*� &%#�  8��/&%�8�2 ����$'$ &*���+�*�"(�% �E'�%�!� ./��E1� $%�
/&��8� 	A����  �'� 8��� >$ 8� &� �&%'�� �3� #$2�422$�%� 8�*#� >$ 8� "&� %��2� $%�  8��
�F�������D� 9%�>*�#'�� D��$� !� ���4(� H� 9D�� .������C	E�D������1� �� �4��"�&%�
D(&� � �$ $�2� "����� 2� &%#�  8�� �4��"�&%� �� >��6� �3� �$+$%'� �&,2� H� ������
.����	B����"��+�A�����1� -� ��**�>$%'� &� 34� 8���  8���� (�% 82� ��%24* & $�%� "��$�#�
>$ 8� 2 &6�8�*#��2� &%#� "&� %��2�� *��&*�� %& $�%&**!� &%#� $% ��%& $�%&**!��  8�� ���&*�
�$'$ &*�E'�%#&�3���/&%�8�2 ��� $2�,�$%'�"4,*$28�#� $%�D"�$%'�	A�	-�� �>$**��4 *$%��
"�$��$ $�2� &%#� &%� &� $�%� "*&%� 3��� ��&*$2$%'� &� #$'$ &**!� �%&,*�#� &%#� �("�>���#�
D(&� ��$ !��,� 8�$%� 8��28�� � ��(�&%#� ��	A	A�&%#�,�!�%#-�
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��� ������B	�F��B�	��	����F��E��;	����	E�����E���	E�	�	���	��B�E��	�B����	

�*$4-&()&'>(	&C0&'+&$4&(	+$	5'7*$	'&,&$&'*)+1$	*$%	%+,+)*6	%&2&610.&$)	
12&'	.1'&	)-*$	�<	/&*'(	

�%� 8�� *& ���B�A2�>8�%� 8���$ !I2�%�>����%�($����+�*�"(�% ���"&� (�% �>&2�
3��(4*& $%'� $ 2� "�$��$ $�2� 3��� &� $�%�  �� #�$+�� ���%�($�� �8&%'��  ��8%�*�'!� >&2�
*&�'�*!�2��%�&2�2�(� 8$%'� 8& �>&2�%�4 �&*�&%#�"&22$+���&�"��#4� ��3����%�($��
�8&%'�� �& 8���  8&%�&��& &*!2 � 3���  8& � �8&%'�-� �%3��(& $�%�&%#���((4%$�& $�%�
 ��8%�*�'$�2� .���21�� ���  �*�(& $�2� . 8�� ��%+��'�%��� �3�  �*�"8�%!� &%#�
$%3��(& $�21��>����%� �"&� $�4*&�*!�2��%�&2�,�$%'���% �&*�����+�%� 8& �$("�� &% �
 �����%�($��'��> 8-��8����>�����@&("*�2�$%�� 8���"&� 2��3��4��"���8�>�+����&2�
>�**�&2�$%���� 8�E(��$�&��>8���� 8��"�>����3�($������("4 $%'�>&2�,�$%'�*$%6�#�
 �'� 8��� >$ 8�  8�� L"*&$%� �*#�  �*�"8�%�� 2!2 �(I� .���D1�  �� ���& ��  8�� 3$�2 � �"�%�
%� >��62�  8& � >���� (���� >$#�*!� &+&$*&,*�� �4 2$#�� �3� 4%$+��2$ $�2��  8�� >$#���
��2�&��8���((4%$ !�&%#� 8��($*$ &�!-��

/&%�8�2 ��� >&2� "&� $�4*&�*!� $%3*4�%��#� ,!� #�+�*�"(�% 2� $%� D�&%#$%&+$&� &%#�
K��(&%!��>8���� LX	CI�%� >��62�>����"��+$#$%'� 8��3$�2 ��"�%�&���22��(&$*�&%#�
��%3���%�$%'� 2!2 �(2�� 24�8�&2�  8�� LK���� I� 2!2 �(� $%�K��(&%!�>$ 8� $ 2��(&$*��
3&@�&%#� �*�@�'& �>&!�$%� 8��F9��&%#� 8���*�� ��%$���$**&'��7&**2�$%���%(&�6�&%#�
D>�#�%� &6$%'����2��4 � �� *��&*���((4%$ $�2� ��24""�� ��4�&*�#�+�*�"(�% �&%#�
>$ 8� *$%62�  �� �%�� 2"��$3$�� ��((4%$ !� "����� � $%�  8�� F9��  8�� ��  $%'� 7$**�
�%3��(& $�%� ���8%�*�'!� �#4�& $�%� ��% ��� .����1-� /&%�8�2 ��� ��(($22$�%�#�
��2�&��8� 3��(�  8�� ��% ��� 3��� �("*�!(�% � ��2�&��8� .���1� & � /&%�8�2 ���
��*! ��8%$�� .%�>� /&%�8�2 ��� /� � F%$+��2$ !� H� //F1�  �� ��+$�>�  8�2��
#�+�*�"(�% 2� &%#�  �� (&6�� ����((�%#& $�%2� &,�4 � 8�>� 24�8� #�+�*�"(�% 2�
��4*#� ,�� 42�#�  �� 24""�� � ���%�($�� #�+�*�"(�% � &%#� 2��$&*� $%�*42$�%� $%�
/&%�8�2 ��-�

�%� 2"$ �� �3� 2�(�� &#+$��� ���� ����$+�#�� 24�8� &2�  8& � L 8���� >�4*#� ,�� %��
��((���$&*�&���22�  ��  8�� �% ��%� � 3���& � *�&2 ��A�!�&�2I��  8$2�>&2� $%��B�B��  8��
��"�� � >&2� +��!� "�2$ $+�� &%#�/&%�8�2 ��� �(,&�6�#� �%� &� "��&� $+�� 2 �& �'!� �3�
�%��4�&'$%'�2�(���3� 8��"$�%���2��3� 8$2��&�*!�42���3�L �*�(& $�2I� ��,�$%'� 8�$��
26$**2�&%#�$%3�&2 �4� 4��� ��/&%�8�2 ��-��8$2���24* �#�$%� 8��(�+���3���" �*�. 8��
F9I2� 3$�2 �>��6��� ���"��& $+�� �% ��%� �D��+$������+$#��1��>��6$%'� $%�"&� %��28$"�
>$ 8� K���� ��  �� /&%�8�2 ��� >$ 8�  8�� L/&%�8�2 ��� 7�2 I� ��("4 ���
��((4%$�& $�%2�&%#� $%3��(& $�%�2!2 �(-��8��/&%�8�2 ���7�2 �>&2�*&4%�8�#�$%�
�BB���  8�� F9I2� 3$�2 � *��&**!� ,&2�#�� '*�,&**!� &���22$,*�� "4,*$�� &���22� 2!2 �(�
�33��$%'� �(&$*�� ,4**� $%� ,�&�#2� &%#� �%�*$%�� #& &,&2�2�� 3��42$%'� 8�&+$*!� �%�
��((4%$ !� ,&2�#� 42��2� &%#� $%3��(& $�%� "��+$#��2�� &2� >�**� &2� >��6$%'� >$ 8�
,42$%�22�&%#� 8��"4,*$��2�� ��-��%� 8$2�>&!� 8���&�*!���� 2��3�#$'$ &*�#�+�*�"(�% �
$%� /&%�8�2 ��� >���� &2� (4�8�  8�� ��24* � �3� '�&22� ��� 2� $%$ $& $+�2� &2�  8�� �$ !�
��4%�$*I2�2 �& �'$����(($ (�% 2-�

E�%� >��6��3��*�� ��%$���$**&'��7&**2�.��721�>&2�2� �4"�$%�*��&*�%�$'8,�4�8��#2�
$%�/&%�8�2 ���$%��BB	��"��+$#$%'�&���22� �����2�&%#�."���5�,1��% ��%� �2��+$��2�
&%#�/&%�8�2 ����$ !���4%�$*�>&2��%���3�  8��3$�2 �F9�*��&*�&4 8��$ $�2� ��8&+��&�
>�,2$ ��$%��BB?-��%��BB0�&�%�>���((4%$ !�,&2�#���'&%$2& $�%�>&2��2 &,*$28�#��
 8�� /&%�8�2 ��� ��((4%$ !� �%3��(& $�%� �� >��6� ./���1��  �� 24""�� � �&"&�$ !�
,4$*#$%'� >��6� $%� *��&*� &��&2� &%#� >$ 8�  8�� +�*4% &�!� &%#� ��((4%$ !� 2�� ���
.�K�21�'�%��&**!���%&,*$%'� 8�(� ��"��#4����*�� ��%$����% �% �&%#� ��(&6�� 8& �
&���22$,*�� +$&�  8�� 5�,� &%#� &22��$& �#� �%�*$%�� %� >��62-� E �  8�� 2&(��  $(��
/&%�8�2 ��� D�$�%��� �&�6� ./D�1� ,��&(��  8�� 8�(�� 3���  8�� 3$�2 � L�% ��%� �
�@�8&%'�I� �4 2$#�� �3� ��%#�%�� 2 $**�  8�� �%*!� 3&�$*$ !� �3�  8$2� 2�&*�� &%#� �&"&�$ !�
�4 2$#�� �3� ��%#�%�� &%#�  8$2� $2� &� 6�!� &22� � $%� /&%�8�2 ��I2� ��% $%4$%'�
#�+�*�"(�% �&2�&�#$'$ &*��$ !-��
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E2�/&%�8�2 �����%2$#��2�$ 2�"�$��$ $�2�3��� 8����($%'�"��$�#�� &6$%'�$%� ��&���4% �
 8��"� �% $&*�$("&� ��3� 8�� 8$�#�'�%��& $�%��3��% ��%� �#�+�*�"(�% �� 8��L�4 4���
�% ��%� I�,&2�#��%�$%%�+& $�%2�&��4%#�L�*�4#I���("4 $%'�� 8��L�% ��%� ��3��8$%'2I��
�"�%�#& &�&%#� 8��L2�(&% $��>�,I�A?CD	*��&*��@"��$�%��� ��#& ��8&2����& �#�&�3$�(�
3�4%#& $�%�3���34 4���>��6-�E2�&�����% ���"�� ���(($22$�%�#�,!� 8��/��E�A0C� ��
��+$�>�/&%�8�2 ��I2�L�% ��%� �74,I��&"&�$ !�2&$#��

6��CA� �����CB�	��B� �BF�C�A���A����C���	C���E	�!�� F	��-CB����A��� ��� �D���BA� �B�
A������A	���	F�A�������AC�����A	��CB��A�����	�����A�CA�����A	�-CB����A������	��B��
A��� F	���	�A� �BA��B�A� ���� �B� A��� /5� 	�A����� 	F� �	B�	B�� -CB����A��� CAA�C�A���
�	���	F�A����C�����A��BA��B�A����D������	D������E�	��CE��	A�BA�C���B��A�	B���	�C��
�C�!�A� CEC��B���� ;� A	� �	��� ��A�BA� A��� �����A� 	F� ������� ���A	�� �BA��D�BA�	B��
��	��� ��.�� ���CA��� C� �C�!�A� F	�� �BA��B�A� A�CB��A� CB�� �	�A�B�� ���D����� A�CA�
CAA�C�A����BD��A��BA�����C�������CB������A	�A������CA�	B�	F��	�A�B������B��������!��
������A��� C� ������� �������F��� -CB����A��� �AC�A"���� ���� �C��� ��.�� ��CEB��� C�
��	E�B��B������	F�E��������B�CB���	FAEC�������B������A�CA�A		!�C�DCBAC���	F�
A��� B�E��C�!�A� 	��	�A�B�A����� ��	��� �B� A��B� �B���C���� F��A���� A��� ���CB�� F	��
�	�A�B��CB��A�CB��A��C�C��A���CB��A�����A���	�B���� #	�B���	A����� �B���	�	A�B��CB�
�B�A�CA�D�� A	� ��AC������ -C0 .�� A��� F���A� ���B�F��CBA� �BA��B�A� ����CB��� 	�A�����
�	B�	B�� ���� �����B�� C�A�D�A�� C�	�B�� -C0 .� CB�� A��� �B���C��B�� B������ 	F�
�C�������E�	���	���FC����A�����B�A�������B���.C�!�C��A������	�BA�	F������B�������A	�
FC���B�� �BA��B�A� A�CB��A� �	�A��� ����� �B���C���� A���CAA�C�A�	B�� 	F�-CB����A��� C�� C�
��BA��� F	�� ����AC�� ����B������� �B���C��B�� ���CB�� F	�� �	�A�B��� CB�� �	� 	B� �B� C�
D��A�	�����	EA������C���

������FC�A	���E�������A��C���B����B��B��A����C�	�A1�

• �8����*��"*&!�#�,!�D/�2�&2�$%%�+& ��2�&%#�(&�6� ����& ��2��&%#� 8�$��%��#�
3��� �"�%� $%3�&2 �4� 4���  �� 24""�� � &� ��("� $ $+�� 24""*!� �8&$%� &%#� �33���
�""�� 4%$ $�2� ��&##�+&*4�-�

• �8���&�*!��(��'�%����3� 8��8�2 $%'�3&�$*$ $�2�& � 8��D�$�%����&�6�&2�&�L(�� �
(�I�"�$% �3����&��$��2� ��,�$%'���%%�� $+$ !���+����($%'� 8��"��,*�(��3�L>8����
28&**�>��(�� WI-�

• �8��*�&#��28$"���*��"*&!�#�,!� 8���$ !���4%�$*�&%#� 8��4%$+��2$ $�2��$%����& $%'�
&>&��%�22� 8��4'8�"����� 2�*$6�� 8��/&%�8�2 ���7�2 ��$%� 8�����& $%'� 8��3$�2 �
8�2 $%'�3&�$*$ $�2��%� 8��D�$�%����&�6��&%#�$%� 8�����& $�%��3�/&�E�-E�

�%� 8���BBA2� 8��>��6��3� 8�� ��8%�*�'!�&%#�$%3��(& $�%�2��$� !� �&(�>$ 8$%� 8��
�$ !I2� ���%�($�� �%$ $& $+�2� K��4"� ��% $%4�#�  �� 3��42� �%� #�+�*�"$%'� &� ,&*&%���
,� >��%�  �&#$ $�%&*� L8$'8�  ��8I� .*&�'�*!� L ��8%�*�'!� "428I1� $%%�+& $�%� &%#�
L&���22$,*��  ��8I� .*&�'�*!� L#�(&%#� 2 $(4*& $�%I1� �"�%� $%%�+& $�%-� �%�  8�� *&  ���
�&2�� $ �>&2�&'&$%�'�&22� ��� 2� $%$ $& $+�2��24�8�&2� 8�2��#�$+�%�,!� 8��+�*4% &�!�
2�� ��� .�K�21��>8$�8�>���� "&� $�4*&�*!� $%%�+& $+�� 42$%'� #$'$ &*�  ��8%�*�'$�2�  ��
#�+�*�"� %� >��62� �3� ���& $+�2�� �*�� ��%$�� &� 2� $%$ $& $+�2� &%#� ���%&,*�#�
��((4%$ !� &� $+$ $�2� 3��(�  8�� ,�  �(� 4"-� �8�� �&�*!� #$'$ &*� ,42$%�22� %� >��62�
��&*�2��#� $% ��  8��/&%�8�2 ����$'$ &*�  �&#��&22��$& $�%�� *&4%�8�#� $%�	AA���&%#�
*&�'�*!� 24�+$+�#�  8�� L#� � ��(I� ,��(� &%#� ,42 �� ,4 �  8���� >&2� &� '��>$%'�
����'%$ $�%� ,!�  8$2�  $(��  8& � &���22$,$*$ !�  �� #$'$ &*�  ��8%�*�'$�2� 8&#�  �� ,��
$("��+�#�2$'%$3$�&% *!� $3�&%!���("� $ $+���#'��#�+�*�"�#�,!�  8���$ !�>&2�  ��,��
242 &$%�#-��8$2�(�&% �%� ��%*!�$("��+�#�%� >��62�&%#�2��+$��2�3���,42$%�22�,4 �
&*2�� 3��� &**� *��&*� ��2$#�% 2�� �2"��$&**!�  8�2�� >8��� $%� 2"$ �� �3� ���%�($�� '��> 8�
#4�$%'� 8��*& ���BBA2��>����2 $**�2��$&**!��@�*4#�#��&%#�3���"4,*$��2�� ���2��+$��2-�

�%� �BBB�  8�� /&%�8�2 ��� ��*�(& $�2� �&� %��28$"� >&2� *&4%�8�#� &2� &� *��&*�
$%%�+& $�%� %� >��62�� ,�$%'$%'�  �'� 8��� ,42$%�22�� ��2�&��8�� "4,*$�� ,�#$�2� &%#�
��((4%$ !�,&2�#���'&%$2& $�%2��3��42$%'��%�#$'$ &*�#�+�*�"(�% -��8$2�>&2�+��!�
(4�8� $%3*4�%��#�,!�  8����% $%4$%'�>��6�  8& �/&%�8�2 ���>&2�#�$%'�>$ 8�� 8���
�4��"�&%��$ $�2��>8$�8�"��+$#�#�'��>$%'��+$#�%����3� 8��%��#�3���(����"��&� $+��
&""��&�8�2�  �� $%+�2 $%'� $%� #$'$ &*� $%3�&2 �4� 4��� &%#� 2��+$��2-� �$�2 *!��  8��4'8�
��*��$ $�2���3�>8$�8�$ �>&2�&�3�4%#���(�(,���&%#�8�2 �#� 8��3�4%#$%'���%3���%���
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$%��BB?��&%#�(����>$#�*!�  8��4'8��F�������D�>8����  8�� *& ����4%�$**���)�$&%�
7&��$2�%��  8�� 3$�2 ��8&$�� �3�  8���$ !I2� ���%�($����+�*�"(�% ���(($  ��� $%�  8��
�B�A2�� >�% � �%�  �� ,�� �8&$�� �3�  8�� �F�������D� ���%�($�� ��+�*�"(�% �
��(($  ���.�BBB�B�1-��8���@"��$�%����3�� 8���,�  �(�4"�#�+�*�"(�% 2��24�8�&2��
 8�� ��((4%$ !� ,&2�#� #$'$ &*� %� >��62� &%#� $%3�&2 �4� 4��2� $%� E(2 ��#&(�
. 8��4'8� $ 2� �$'$ &*� �$ !� "����� � L�$'$ &*�� D &#I� $%� �BB0� &%#�  8�� 5&&'� D��$� !�
/�#$&�&,1��)&���*�%&�.>$ 8� 8��)&���*�%&���((4%$ !��� >��6�H�)��1��)�*�'%&�
.>$ 8� $ 2� �$ $;�%2� ��((4%$ !� %� >��61� &%#� D ��68�*(� .>$ 8� $ 2�(4%$�$"&*� 3$,���
��("&%!�H�D �6&,1�� ��%+$%��#�2�%$���#��$2$�%�(&6��2� $%�/&%�8�2 ���  ��  &6��&�
(4�8�>$#���*��6�& � 8$2�&'�%#&�&%#�8�>�$ ���4*#�,�%�3$ �/&%�8�2 ����,4$*#$%'��%�
 8��2���%#�'��& �#$'$ &*���+�*4 $�%�� 8����($%'��3�,��&#,&%#�&%#� 8��L&*>&!2��%I�
&+&$*&,$*$ !��3� 8���% ��%� �&%#�5�,�2��+$��2-�

�4���% �#�,& �2�& � 8�� $(��.*& ���BBA21� �%#�#� ��3��42��%� 8��(�����" $($2 $��
+$�>�  8& � ��2��+$��2�>$**� ,��&,*��  �� �("�>��� �$ $;�%2�&%#�"��+$#�� 3���  8�$�� 34**�
"&� $�$"& $�%� $%� &%� �(��'$%'� L#$'$ &*� #�(���&�!I�� >8$*��  8���� >&2� ��%���%�  8& �
��% $%4$%'�$%�G4&*$ $�2���2"��$&**!�& �&�2"& $&*�*�+�*��>����$'%��$%'� 8����&*$ $�2��3�
"�>��� >8$�8� ��4*#� ,�� 2��%�  �� 24""�� �� >8& � >&2� �&**�#� & �  8��  $(��� D&%�
$%3��(& $�%� &�$2 ���&�!E�� >$ 8� �*$ �� &���22�� �& 8���  8&%� &%� �33�� $+�� L#$'$ &*�
#�(���&�!I-�� �>&2�3�* � 8�%� 8& �$3� 8����$2�%� �34**�&���22$,$*$ !� �� 8��%�>�#$'$ &*�
$%3�&2 �4� 4��2�&%#�2��+$��2�3���&**��$ $;�%2� 8�%� 8���4 ��(��>$**�2$("*!���$%3�����
�@$2 $%'�"&  ��%2��3� $%�G4&*$ $�2�>$ 8� L$%3��(& $�%�8&+�2I�&%#� L8&+��%� 2I� $%��4��
��((4%$ $�2-� �8$2� $2� 2 $**� 2��%� &2� &� ��&*� �8&**�%'��  �� ��&*$2$%'�  8�� $#�&� �3� &�
LD(&� ��$ !I� �#&!-�/&%�8�2 ��I2��@"��$�%���#4�$%'� 8$2�"��$�#��$-�-�3��(� 8��($#�
�BBA2� �� 8��($#�	AAA2��>&2� 8& ��&"&�$ $�2�&%#��&"&,$*$ $�2�%��#�#� ��,��,4$* �
4"� &(�%'2 � *��&*� $%%�+& ��2�� �% ��"��%�4�2� &%#� 2(&**� ,42$%�22�2� .D/�21� &%#�
 8& ��%��$("�� &% �3&� ���$%�&�8$�+$%'� 8$2�>&2�"4,*$��$%+�2 (�% �$%�6�!��%&,*$%'�
3&�$*$ $�2�24�8�&2�/&%�8�2 ���D�$�%����&�6�&%#�� 8���*��&*�$%%�+& $�%�$%�4,& ��2-�
�8$2� $2�&�6�!� ��&2�%�>8!�/&%�8�2 ��� ��% $%4�2�  ��,&*&%��� L �"�#�>%I� 2 �& �'$��
$%$ $& $+�2� >$ 8� L,�  �(� 4"I� '�&22� ��� 2� #�+�*�"(�% ��  8��4'8� *��&*� 42���
%� >��62��24�8�&2� 8��/&%�8�2 ����$'$ &*��&,�./&#�&,�H������A��A��	C+1-��

��! �A��	������	��	EF�	��B�E��	������=;	����	EF�	��B��=	��	EF�	����������EF	
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�$$12*)+1$	*$%	)&4-$161,/	+$	5'7*$	'&,&$&'*)+1$;	)-&	&C0&'+&$4&	13	�*()	
�*$4-&()&'	

/&%�8�2 ��I2�>��6� ��#& ���%� ��8%�*�'!�&%#�$%3��(& $�%�2��$� !�$224�2�$2�,&2�#�
�%�  8��"��($2��  8& �4�,&%���'�%��& $�%� $2�&%��22�% $&*�"����G4$2$ �� 3��� &�6*$%'�
2��$&*��@�*42$�%�&%#����%�($����2 �4� 4�$%'-��$ $�2�&���22� 8��>��*#�3&���2$($*&��
�8&**�%'�2�$%� ��(2��3�3$%#$%'���8���% �&%#��33�� $+��"�*$�$�2�&%#�2 �& �'$�2� 8& �
>$**��%&,*�� 8�(� ��#�&*�>$ 8��&"$#�$%#42 �$&*���2 �4� 4�$%'-��8�!�&$(� ��24""�� �
&%#�242 &$%����%�($��'��> 8����%%�� $%'� 8���""�� 4%$ $�2����& �#�,!����%�($��
'��> 8�>$ 8� 8��%��#2��3� 8�$���$ $;�%2��$%�2"$ ���3� 8��+�*& $*$ !��3�'*�,&*�(&�6� 2��
�2"��$&**!� $%�  ��(2� �3�  8�� �4���% � ���%�($�� ��$2$2-� �8�� �(��'�%��� �3�  8��
$%3��(& $�%� 2��$� !� &##�#� %�>� ��("*�@$ $�2�  ��  8$2� "����22�� �%�  8�� �%�� 8&%#�
&##$%'� �� 8��2"��#�&%#�2�&*���3��8&%'��>8$*���%� 8��� 8���8&%#�"��+$#$%'�%�>�
 ��*2� &%#�"����22�2�>8$�8� �&%�,��42�#� $%� ��#���  ��($ $'& ��  8�� $("&� ��3�  8& �
�8&%'�-�
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/&%�8�2 ���8&2��@"��$�%��#�%�>����%�($��'��> 8�#�+�*�"$%'�2$#��,!�2$#��>$ 8�
"��2$2 �% *!� 8$'8� *�+�*2� �3� 4%�("*�!(�% �� "�+�� !� &%#� 2��$&*� �@�*42$�%-� � � 8&2�
 8�� 3�4� 8� 8$'8�2 � �& ���3�(4* $"*��#�"�$+& $�%� .&"&� � 3��(�"&� 2� �3�/��2�!2$#��
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��4%�$*� 24,($  �#�  8�� ����/&%�8�2 ��� �&� %��28$"� �$'$ &*� �8&**�%'�� "��"�2&*�
A�C�  �� K�+��%(�% � >$ 8� "*&%2� 3��� #�+�*�"$%'�� 6�B�D���C��� CFF	��C���� B��A�
��B��CA�	B� ��	C��CB�� C�����7� E����� 6��� ����BA�C�� A	� �	BB��A� C��� ������BA�� CB��
����B������	F�A���-CB����A�����A�"����	B�A	�A����	��C�������CA�	BC����BF	��CA�	BC��
CB�� ��	B	���� 	��	�A�B�A���� A���� �����D�7�� �8$2� �2 &,*$28�#�  8�� 3�4%#& $�%� 3���
 8�����& $�%��3�&�/&%�8�2 ����$'$ &*�D �& �'!�>$ 8�&�+$2$�%��3����& $%'� 8���$ !�
��'$�%�&2�6A����	�A�C�DCB����<B��A���B��CA�	B=��	BB��A�D�A���B�A���/5����	D���B��
C����AC�BC�����C���F	���������	EA������B������BB	DCA�	B��A�CB�F	��CA�	BC���������
���D�����CB��CB��B�����D��!B	E�������	���A�7-�

�8��  8$%6$%'� & �  8& �  $(��>&2�  8& � /&%�8�2 ���� &2�  8�� L��$'$%&*��(�#��%I� �$ !��
3&��2�(&%!��8&**�%'�2� $%�242 &$%$%'� $ 2����%�($��'��> 8�&%#� $%���%%�� $%'� 8��
�""�� 4%$ $�2� ���& �#� ,!�  8$2� '��> 8� >$ 8�  8�� %��#2� �3� *��&*� ��2$#�% 2��
(&@$($2$%'� *��&*� ,�%�3$ -� �� � *�&2 � �3�  8�2�� �8&**�%'�2� $2�  8�� >&!�  8& � �+���
&���*��& $%'� #�+�*�"(�% 2� �3� #$'$ &*�  ��8%�*�'$�2� &��� ���& $%'� >8& � 8&2� ,��%�
��3����#� ��&2�&�#$'$ &*�D"&�&#$'(�28$3 E�$%� 8��'*�,&*����%�(!-��&�$�42� ��(2�&���
,�$%'�42�#� ��#�2��$,�� 8$2�H� 8��D5�,�	-AE�>��*#��D>$6$%�($�2E�ABC�&%#� 8��%�>�
D*�%'� &$*E�A�AC����%�($��>��*#�>8����($**$�%2��3�($����,42$%�22�2�&%#��� �&#��2�
���& �� &2� (4�8� ���%�($�� >�&* 8� &%#� �""�� 4%$ !� &2�  8��  �&#$ $�%&*� *&�'��
���"��& �� ��("&%$�2-� E%� 8��� �8&**�%'�� 3��� /&%�8�2 ��� >&2� 8�>� ,�2 �  ��
��% $%4�� ��,&*&%��� 8��2 �& �'$��"�$��$ $�2��3� 8���$ !���4%�$*�>$ 8� 8��$#�&2�&%#�
#�(&%#2� ��($%'� 3��(�2��+$���42��2� &%#�  8��>$#��� ��((4%$ !�� $%�*4#$%'�D/�2�
'�%��&**!�&%#� 8��#$'$ &*�&%#����& $+��2�� ��2�2"��$3$�&**!-��

�8������/&%�8�2 ����$'$ &*��8&**�%'��"��"�2&*2�&$(�#� ���&"$ &*$2���%� 8$2�&%#�
 �� 2� � �4 � &� L��4 ��(&"I� 3��� &�  8$�#�>&+���3�#�+�*�"(�% �>8$�8�>�4*#�42��  8��
+��!� *& �2 � #$'$ &*�  ��8%�*�'$�2�  �� 24""�� � 34� 8��� ���%�($�� '��> 8��  &�6*��  8��
#$'$ &*�#$+$#��&%#����& ��$%�*42$+��242 &$%&,$*$ !-��8$2� *�#� �� 8��#�+�*�"(�% ��3�
/&%�8�2 ��� 3$�2 � 2"��$3$���$'$ &*�D �& �'!� A��C�� &""��+�#�,!�  8���$ !���4%�$*� $%�
/&��8�	AA���>$ 8�"��"�2&*2� 3���&� L��@ �K�%��& $�%��$'$ &*��$ !I�&$($%'� ��(&6��
/&%�8�2 ��� &�>��*#��*&22� �@�("*&�� �3� 8�>�  �� *�&#�  8$2�  8$�#�>&+��&��4%#� 3�4��
(&$%� 8�(�2��

&1 242 &$%$%'� ���%�($�� '��> 8�� �2"��$&**!�  8��4'8�  8�� #$'$ &*J���& $+�� 2�� ����
%�>�($����,42$%�22�2��#$'$ &*�2��$&*��% ��"�$2�2�&%#����& $%'��� �&#��2F�
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,1 "��(� $%'�#$'$ &*�$%�*42$�%���%24�$%'� 8& �&**���2$#�% 2��&%�&���22� 8���%�*$%��
2��+$��2�� ��8%�*�'$�2�&%#�&""*$�& $�%2� 8& � 8�!�%��#F�

�1 ��% $%4$%'�  ��  �&%23��(� "4,*$�� 2��+$��2�  8��4'8� $%%�+& $+�� 42�2� �3� #$'$ &*�
 ��8%�*�'$�2F��

#1 "��(� $%'� $%�*42$+�� 242 &$%&,$*$ !�>8���� #$'$ &*�  ��8%�*�'$�2� &��� 42�#�(����
$%%�+& $+�*!� ��24""�� �242 &$%&,*���%��'!���((4%$ $�2��$% �**$'�% �,4$*#$%'2��
 �*�>��6$%'�� $("��+�#� (�,$*$ !��  �*��&��� &%#� &� '��& ��� G4&*$ !� �3� *$3��
'�%��&**!-�

�+,+)*6	4166*71'*)+1$(	)-'15,-	�+2+$,	�*7(;	$&)?1'8&%	4+)/	)1	$&)?1'8+$,	
4+)/	

�8��%�>��$'$ &*�D �& �'!���(,$%�#��3$�2 *!����% $%4$%'��%'&'�(�% �&%#��4 ��&�8�
>��6�>$ 8� $%%�+& $�%� L&� ��2I��,� 8�  8��4'8�%�>� $%2 $ 4 $�%&*�%� >��62��24�8�&2�
L/&%�8�2 ���9%�>*�#'���&"$ &*�./�9�1I�A�	C��&%#� 8��4'8� 8��%� >��62��3�D/�2�
&%#� ��((4%$ !� ��'&%$2& $�%2�� &%#�� 2���%#*!��  8�� *�22�%2� ,�$%'� *�&�% � 3��(�
�@"��$�%���$%��&2 �/&%�8�2 ��-��8$2�"��+$#�#� 8��,&2$2�3���&�*� ��3�%�>� 8$%6$%'�
&%#�$#�&2�>8$�8��$%� 4�%���%&,*�#�&�%�>�2 &'���3�#$'$ &*�#�+�*�"(�% �$%� 8���$ !-�

�8$2�>&2�8&""�%$%'�& � 8��2&(�� $(��&2�/&%�8�2 ��I2�>��6�>$ 8$%��F�������D�
8&#�,��4'8 �$ �$% ����% &� �>$ 8� 8��%� >��6�$%�7�*2$%6$�>8$�8�>&2�>��6$%'�>$ 8�
 8��/���/�#$&� �&,� A�?C�  �� #�+�*�"�  8�� $#�&��3� �$+$%'� �&,2'-��4�$%'�  8���BBA2�
/&%�8�2 ��� >&2� 24���2234*� $%� &� %4(,��� �3� �F� 34%#�#� "����� 2�� ����#$%& �#�
 8��4'8���*��$ $�2�&%#��F�������D��$%�*4#$%'��

•  8���4��"�&%��$'$ &*��$ $�2�"����� �.��01F�

•  8�����������D�"����� �.������*���(1F�

•  8���% �**$'�% ��$ $�2�.D�% �*�$ $�2E1�"����� �.��B1-�

�%���3� 8����%2$2 �% �"&� %��2�$%�(4�8��3� 8$2�>��6�>&2� 8���$ !��3�7�*2$%6$��&%#�
 8�$�� "&� %��2� 3��(� ��6$&� &%#� ����� >���� &*2�� $%+�*+�#-� 7&+$%'� 2��%� &%#�
4%#��2 ��#� >8& �  8�!� >���� #�$%'� >$ 8�  8�$�� �$+$%'� �&,� ��%��" �� $-�-� '�  $%'�
��2�&��8� �4 � �3�  8�� ��2�&��8� *&,2� &%#� $% ��  8�� 8&%#2� �3� ��&*� "��"*�� $%� *��&*�
%�$'8,�4�8��#2�� 8����>�����*�&�*!�&�%4(,����3�"&�&**�*2�>$ 8� 8��>��6�'�$%'��%�
$%��&2 �/&%�8�2 ��-�E2�>�**�&2�,�$%'�&�+��!�'��#�,&2$2�3���6%�>*�#'���@�8&%'��
 8�2����**&,��& $�%2�&*2����%+$%��#� 8��7�*2$%6$�%� >��6� �� &*6� �� 8�$���4��"�&%�
"&� %��2�� $%�*4#$%'�/&%�8�2 ���� &,�4 � *&4%�8$%'� &� �4��"�&%��� >��6� �3� �$+$%'�
�&,2-�/&%�8�2 �����$%�#�$%�>$ 8� 8$2�& � 8��,�'$%%$%'�$%�	AAC�&%#� 8�%�,��&(��&�
3�4%#���(�(,����3� 8��%� >��6�>8�%�$ �*&4%�8�#�$%�	AAB-�
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���$+$%'��&,2�'��>��4 ��3�&%� $%$ $& $+�� $%�	AAA��3�**�>$%'� 8�� $#�&2��3�)$**�/$ �8�**�& �/����,!���6$&�

��2�&��8��&,2�� 8�������$%%$28�%& $�%&*���2�&��8���% ���&%#�7�*2$%6$��$ !���4%�$*� ��3$%#�%�>�>&!2�
�3�  �$&**$%'� &%#�  �2 $%'� ���� "��#4� 2� &%#� 2��+$��2�  8��4'8� (&22� "&� $�$"& $�%� �3� 42��2-� �8��
F%$+��2$ !� �3� D&*3��#� 8&#� *�%'� ,��%� ��**&,��& $+��"&� %��2�>$ 8�����&%#� $%+$ �#�/&%�8�2 ����$ !�
��4%�$*� ����$%�&�%�>��F���**&,��& $+����2�&��8�"����� ��&**�#�L�% �**$'�% ��$ $�2I�$%�	AA��>8$�8�>&2�
24,2�G4�% *!� 34%#�#� ,!�  8�� �FI2� B 8� ��&(�>��6� ���'�&((�� .��B1-� E2� &� ��24* � �3�  8�� "����� � &�
�4��"�&%��� >��6��3��$+$%'��&,2�.������H�>>>-�"�%*$+$%'*&,2-�4�1�>&2��2 &,*$28�#�$%�	AAB�>$ 8�
 8��/&%�8�2 ����$+$%'��&,�&2��%���3�  8�� 3$�2 �	A�(�(,��2-��8����&���%�>�(���� 8&%�	AA��$+$%'�
�&,2�$%� 8��%� >��6-�
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�8���$+$%'��&,2�L(�+�(�% I�$2�#�$+�%�,!� 8��$#�&��3�42���#�$+�%��"�%�$%%�+& $�%��
>8���� 42��2� &��� $%+�*+�#� & � &**� 2 &'�2� �3�  8�� $%%�+& $�%� "����22�� 3��(�#�2$'%��
$("*�(�% & $�%� ��&""*$�& $�%�&%#�2��+$���#�+�*�"(�% -��8$2�,�$%'2�2�(���3� 8��
 �&#$ $�%2� &%#� �@"��$�%��2� �3� ������& $�%� >$ 8$%� 2�3 >&��� #�+�*�"(�% �� �-'-�
>$ 8$%�  8�� �"�%� 2�4���� ��((4%$ !�� $% ��  8�� >$#��� >��*#� �3� %�>� "��#4� � &%#�
2��+$��� #�+�*�"(�% � &%#� #�*$+��!-� �8$2� $2� &� >�*��(�� #�+�*�"(�% � &2�� #�2"$ ��
2�(�� �%��4�&'$%'�  ��%#2� >$ 8� "4,*$�� &>&��%�22� &%#� 42�� �3� 42��� '�%��& �#�
��% �% �&%#�2��$&*�%� >��6$%'�� 8��#�+�*�"(�% ��3�%�>�2��+$��2�&%#�&""*$�& $�%2�
��(&$%�#�($%& �#�,!� 8��(4* $%& $�%&*����"��& ��2�� ��� *�&#$%'� ��&�"&  ��%��3�
L#�+�*�"(�% � 3��(� &,�+�I-� �3�  8�� %�>� $%3�&2 �4� 4��2� &%#� &""*$�& $�%2� &���  ��
,�%�3$ �&�(4�8�>$#���2"�� �4(��3�"4,*$��$%+�*+�(�% � 8&%�$2��4���% *!� 8���&2���
 8���� $2� &� %��#� 3��� �$+$�� ��(($ (�% � &%#� "4,*$�� 24""�� �� $%�*4#$%'� 3$%&%�$&*�
��2�4���2��& �&**� *�+�*2� ��24""�� � L#�+�*�"(�% �3��(�,�*�>I� $%�&""*$�& $�%2�&%#�
2��+$��2�� �2"��$&**!� $3�  8�� 34**� "� �% $&*� �3�  8�� D5�,� 	-AE� "&�&#$'(� $2�  �� ,��
��&*$2�#-��8����$2�� 8�%��&�#$2 $%� �L&""*$�& $�%2�'&"I�& � 8��*�+�*��3�*��&*��$ $;�%2��
 ���(&%!� �3�>8�(� 2 $**� 2$ � �%�  8��>��%'� 2$#�� �3�  8�� L#$'$ &*� #$+$#�I-� �8��(�2 �
�33�� $+�� >&!� �3� ,�$#'$%'�  8$2� '&"� $2� ,!� 2 $(4*& $%'� '��& ��� �%'&'�(�% � &%#�
�@"��$(�% & $�%���("�>��$%'�42��2� ��#�+�*�"�#$'$ &*�*$ ��&�!�&%#���("� �%��2�
3��� 8�(2�*+�2�&%#� ��42�� 8�2�� �����& �� 8�$���>%���% �% �&%#�2��+$��2-�

�8���,��� $+���3�24�8�$%$ $& $+�2�$2� ��"��+$#��&�>$#���&%'���3�$%2$'8 2�>8$�8��&%�
,��42�34**!�#�&>%�4"�%�,!�� 8��2� $%�#�+�*�"$%'�&* ��%& $+��2!2 �(2��'�&��#�  ��
#$33���% �*��&*�%��#2�$%�#$33���% �"*&��2-����&*��@"��$(�% & $�%� 8���3����,���(�2�
"&� ��3��$ !�>$#��&%#���'$�%�>$#��L*�&�%$%'�%� >��62I�>8���,!� 8��$%2$'8 �'&$%�#�
$%��%���%+$��%(�% ��&%�,�� �&%23����#�>$ 8�24$ &,*��&#�42 (�% 2� ��&%� 8��-��3�
 8�2��L*�&�%$%'�%� >��62I��&%� 8�%�*$%6�4"����%& $�%&**!�&%#�$% ��%& $�%&**!�� 8�%�
 8����$2� 8��,&2$2�3���&�"� �% $&**!�"�>��34*���4% ���,&*&%��� ��+�2 �#�$% ���2 2��
$%� ��(2��3����"��& ��&%#�2 & ��$% ���2 2��>8$�8��&%�,��(4�8�(����"��&� $+��$%�
 &6$%'� &%� &#+��&�!� ��*�� $%� ��*& $�%�  �� ��%24(���� �$ $;�%� &%#�>$#��� #�(���& $��
$% ���2 2-� ��+�*�"(�% 2� $%� &#+&%��#� ��((4%$�& $�%2�%��#�  �� ,�� &���("&%$�#�
,!�&�2 �& �'!�3���#�+�*�"(�% �3��(�,�*�>�>8$�8�2��62� ����&*$2�� 8��$%#$'�%�42�
"� �% $&*� �3� �$ $�2� &%#� ��'$�%2-� D��$&*� $%%�+& $�%� $%�  8�� ��((4%$ !� �� $%+�*+$%'�
*��&*� '�+��%(�% �� 2�8��*2� &%#� ��**�'�2�� "4,*$�� *$,�&�$�2��  8�� +�*4% &�!� 2�� ����
��%24(���'��4"2�&%#� �&#��4%$�%2� $2�&�%���22&�!���4% ��"&� � ����'&%$2& $�%&*�
$%%�+& $�%�*�#�,!�$%#42 �!����((�����&%#�'�+��%(�% -��

)� 8�  8�� $#�&� &%#�  8�� "�&� $��� �3� �$+$%'� �&,2�� �2"��$&**!� $%�  8�� /&%�8�2 ���
��% �@ �� $2�  8�%� &� +��!� 2$'%$3$�&% � �%��� "��+$#$%'� &�(4 4&**!� ,�%�3$�$&*� >&!� �3�
��'&%$2$%'� 6�!� "&� 2� �3�  8�� $%%�+& $�%� "����22� &%#� $%+�*+$%'� "��"*�� *��&**!��
>8� 8�����2$#�% 2��2 4#�% 2����,42$%�22�2��$%� 8��������& $�%�&%#����"��#4� $�%�
�3� %�>� &""*$�& $�%2� &%#� 2��+$��2-� �%� /&%�8�2 ���  8$2� (�&% �  8& �  8�� /��E�
�33�� $+�*!�,��&(�� 8�������#$%& $%'��$+$%'��&,�3��� 8���$ !��,� 8��4%%$%'�2�(��
42��� #�$+�%� �"�%� $%%�+& $�%� "����� 2� $ 2�*3� &%#� &*2�� 3&�$*$ & $%'� &%#� 24""�� $%'�
2$($*&�� "����� 2� ��($%'� 3��(�'�&22� ��� 2� $%$ $& $+�2��>$ 8� *��&*� ��2�&��8�,�#$�2��
D/�2��&� $2 2�&%#����& $+��%� >��62�&%#�� 8�����((4%$ !�,&2�#���'&%$2& $�%2-�
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�8��/&%�8�2 ��� �$'$ &*� D �& �'!� "��+$#�#�  8�� 3�&(�>��6� 3���  8��/��EI2� >��6�
"��'�&((���+��� 8��"&2 � 8����!�&�2�.	AA����1�&��4%#� 8�� 8��������� 8�(�2��3�
#$'$ &*�$%�*42$�%��#$'$ &*�$%#42 �$�2�&%#�#$'$ &*�$%%�+& $�%�.&2��4 *$%�#�"��+$�42*!1-�
�8$2�$%�*4#�2� &6$%'�3��>&�#�6�!�$#�&2��4 *$%�#�$%� 8����$'$%&*�D����/&%�8�2 ��E�
.�"�%��� >��6� ��/&%�8�2 ��1��$'$ &*� �8&**�%'�� "��"�2&*�� 24�8� &2� D 4�%$%'�  8��
#$'$ &*� #$+$#�� $% ��&�#$'$ &*� #$+$#�%#E�H�  8�� ��% �&*�  8�(���3�  8��"��"�2&*-��8$2�
*��6�#�& � 8��*�%'��� ��(�242 &$%&,$*$ !��3�#$'$ &*�$%�*42$�%�"�*$�$�2�&%#�"�&� $��2�
,!� #�+�*�"$%'� &� %�>� ��**&,��& $+�� #�*$+��!� (��8&%$2(� 3��� #$'$ &**!� �%&,*�#�
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�8����$'$%&*� $#�&�>&2� ��"��+$#��&�242 &$%&,*��#$'$ &*�#�+�*�"(�% �(�#�*�>8$�8�
��4*#� ,�� 42�#�  �� ���& �� 2��$&*� �&"$ &*� &%#� ��((4%$ !� ��8�2$�%�� &*2�� &$(�#� & �
���& $%'�&�'��& ���L2�%2���3�"*&��I�>$ 8$%�2��$&**!��@�*4#�#���((4%$ $�2� 8��4'8�
#$'$ &*� $%�*42$�%� &%#� �&"&�$ !� ,4$*#$%'-� �8$2�� $%�  4�%�� &$(2�  �� 24""�� �  8��
 �&%23��(& $�%&*� '�+��%(�% � &'�%#&� ,!� "��+$#$%'� 2��+$��2� >8$�8� &��� (����
&���22$,*��&%#�(����"��2�%&*$2�#� 8��4'8�$%%�+& $+��42�2��3�#$'$ &*� ��8%�*�'$�2-�
E2� 8$2�>��6�#�+�*�"2�(����&  �% $�%�$2�&*2��,�$%'�'$+�%� �����& ��%�>�&%#�(����
$(&'$%& $+�� ,42$%�22�(�#�*2�� �2"��$&**!� ,4$*#$%'� 4"�%�  8�� �@"��$�%��� �3� 2��$&*�
�% ��"�$2��#�+�*�"(�% �� $%�*4#$%'�  8�� $#�&��3� L�$'$ &*����"��& $+�2I��%�>�2��$&*�
.���%�(!1��% ��"�$2�2��>8$�8�>�4*#�����#$%& ��&%#�24""�� � *��&*�� ��'$�%&*�&%#�
%& $�%&*�$%$ $& $+�2�&%#���&*$2�� 8��,�%�3$ 2��3�&�L#$'$ &*�#$+$#�%#I-�

�8$2�>��6� ,��&(�� ��% �&*�  �� #$2�422$�%2�>$ 8$%�  8�� �$+$%'� �&,2� %� >��6� &,�4 �
8�>� ���%'&'��>$ 8�%�>�$#�&2�&%#�&""��&�8�2��"&� $�4*&�*!� 8�2����($%'��4 ��3�
 8���FI2��4 4����% ��%� ���2�&��8�P��@"��$(�% & $�%�.����1���((4%$ !-��8����$2�
&�L 8$�#�>&+�I��3��% ��%� �#�+�*�"(�% �4%#��>&!��>8���� 8��D�% ��%� ��3��8$%'2E��
$-�-� %� >��6�#� �,��� 2�� (�� 2� D>�,���% �$�� 2��+$��2E�� �3 �%� ��3����#�  �� &2�  8��
D�% ��%� � �3� D��+$��2J�% ��%� � �3� ���"*�E-� �8�� �8&**�%'�� $2� 8�>�  8�2��
#�+�*�"(�% 2� �&%� ,��  �&%2*& �#� $% �� "�&� $�&*� $%$ $& $+�2�  8& � (�� �  8�� >$#���
'�&*2� �3�  8�� �$+$%'� �&,2� (�+�(�% ��  �� ������& �� &%#� ���"��#4��� %�>� L�4 4���
�% ��%� I� �%&,*�#� 2��+$��2�  8& � #�*$+��� &� (���� $%�*42$+�� &%#� 242 &$%&,*��
6%�>*�#'��2��$� !-�E �&� *��&*� *�+�*�  8���8&**�%'�� $2�  ��8&�%�22�  8�2��  ��#�*$+���
*��&*�,�%�3$ ��"��(� $%'�#$'$ &*� $%�*42$�%��8�*"$%'� 8��#$'$ &*�2�� ��� ��'��>�&%#�
���& �� 26$**2� &%#� ��,2�  8& � &��� &���22$,*��  �� *��&*� "��"*�� &%#� "��+$#$%'�  8��
��G4$��#�#$'$ &*�$%3�&2 �4� 4��� ��24""�� �$%%�+& $�%�&%#�34 4���'��> 8-�

�8$2� $2�>8!�  8��/��E�&%#� $ 2�"&� %��2�8&+��,��%� ��3$%$%'�  8��+$2$�%���$'$%&**!�
�4 *$%�#�$%� 8������/&%�8�2 ���"��"�2&*2�&%#� 8��/&%�8�2 ����$'$ &*�D �& �'!� ��
3��42� �%�  8�� ��%��" � �3� DD(&� � �$ $;�%2� $%� D(&� � �$ $�2E�� 42$%'� #$'$ &*�
 ��8%�*�'$�2�  �� "��(� �� ��((4%$ !� �%'&'�(�% �� �&"&�$ !� ,4$*#$%'� &%#� 2��$&*�
�&"$ &*-����42�� 8��3�4��*�+�*�2��$&*��&"$ &*�(�#�*� 8$2�$%�*4#�2��

• 3$�2 *!�� ���& $%'� &� ��((�%� +$2$�%� &%#� &� 2�%2�� �3� ,�*�%'$%'� 3��� &**�
��((4%$ $�2�  8��4'8� $(&'$%& $+�� 42�2� �3� #$'$ &*�  ��8%�*�'$�2�  �� 8�*"�  ��
 �&%23��(�*$+�2F�

• 2���%#*!�� �%24�$%'�  8& � #$+��2$ !� $2� &""���$& �#� &%#� "�2$ $+�*!� ��>&�#�#�
 8��4'8� $("��+�#� &���22$,$*$ !� �3� #$'$ &*�  ��8%�*�'$�2�  �� 24""�� � 2��$&*�
%� >��6$%'F�

•  8$�#*!�� �%'&'$%'� "��"*�� 3��(� #$33���% � ,&�6'��4%#2�  8��4'8�  8�� 42�� �3�
#$'$ &*� ��8%�*�'$�2�>8$�8��%&,*�2� 8�(� ��8&+��2$($*&��*$3���8&%��2F�

• 3�4� 8*!�� � �%��4�&'$%'� 2 ��%'� &%#� "�2$ $+�� ��*& $�%28$"2�  �� ,�� #�+�*�"�#�
,� >��%� "��"*�� 3��(� #$33���% � ,&�6'��4%#2� $%�  8�� >��6"*&���� $%� �#4�& $�%�
&%#� >$ 8$%� %�$'8,�4�8��#2� ,!� 42$%'� #$'$ &*�  ��8%�*�'$�2�  �� ,��&6� #�>%�
,&��$��2�&%#�"��(� ��2��$&*���8�2$�%-�

�8�� /��EI2� "����� 2� ��% $%4��  �� ��(,$%�� $%%�+& $�%�  8��4'8� %�>� $%$ $& $+�2��
$%�*4#$%'� 8��/&%�8�2 ����$+$%'��&,��2�� 8& �$ ��&%�,�� 8��>&!�,!�>8$�8�"��"*��
&%#�,42$%�22�2��&%��&2$*!���%%�� �&%#���**&,��& ��>$ 8�/��E�"����� 2�&%#�� 8���
$%$ $& $+�2��  �'� 8��� >$ 8�  8�� 34� 8��� #�+�*�"(�% � �3� >�**� �2 &,*$28�#� "�&� $����
�2"��$&**!�$%� ��(2��3�#$'$ &*�$%�*42$�%��24�8�&2� 8��DD�**$%'��%� 8��5�,E���4�2�2-��

�8��2 &� $%'�"�$% 2�3��� 8$2�&����

• �44&((;��%24�$%'� 8& �&**�*��&*���2$#�% 2��"*42� 8�2��>8����(�� ��/&%�8�2 ���
 ��>��6��2 4#!����+$2$ ��8&+�� 8��(�2 �&���22$,*��&%#�&33��#&,*��>&!2� ��42��
 8�� �% ��%� � �"�%�  ��  8�(�� $%�*4#$%'�  8��4'8� *��&*� &���22� ��% ��2�� %�@ �
'�%��& $�%�&���22�.�KE1�%� >��62�&%#�>$��*�22���%%�� $+$ !F�
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• �5(+$&((	 1001')5$+)+&(;� �%&,*$%'� �@$2 $%'� #$'$ &*� ,42$%�22�2�  �� 2&3�'4&�#�
�@$2 $%'� ��,2� &%#� ���& �� %�>� �%�2�� #�+�*�"$%'� "& 8>&!2� $% �� �("*�!(�% �
 8��4'8�  �&$%$%'� &%#� 26$**2� "��'�&((�2�� $%�*4#$%'� &""��% $��28$"2�� &%#�
'�%��& $%'� %�>� ,42$%�22� �""�� 4%$ $�2� ,!� 24""�� $%'� %�>� 2 &� �4"2� &%#�
2��$&*��% ��"�$2�2�&%#�"��(� $%'�%�>� �&#$%'��""�� 4%$ $�2�&%#�"��(� $�%&*�
&� $+$ $�2��$%�*4#$%'� 8��4'8� 8��/&%�8�2 ����$'$ &*� �&#��&22��$& $�%�&%#� 8��
&%%4&*�L)$'��8$"I�&>&�#2F�

• �*0*4+)/	75+6%+$,;� 42$%'� #$'$ &*�  ��8%�*�'$�2�  �� ,4$*#� 2��$&*� �&"$ &*� &%#�  ��
24""�� ���((4%$ !��%'&'�(�% �2�� 8& � 8����$2���&*�*��&*�,�%�3$ �'�%��& �#�
,!� $%%�+& $�%�>8$�8�� $%�  4�%�� $%���&2�2� #$'$ &*� $%�*42$�%�� "��+$#�2� &���22�  ��
26$**2� &%#� ��,2� &%#� $("��+�2�  8�� G4&*$ !� �3� *$3��� $%�*4#$%'�  8��4'8� L'���%�
#$'$ &*I�&%#��"�%�#& &�$%$ $& $+�2��>��6$%'�$%���**&,��& $�%�>$ 8�*��&*�"&� %��2�
24�8�&2� 8��/&%�8�2 ����$'$ &*��&,�./&#�&,1-�

�@&("*�2��3�/��E�"����� �#�+�*�"(�% �$%� 8�2��&��&2�$%�*4#���

• M�+7'&	 )1	 )-&	 A&106&>� H�  8�� /&%�8�2 ��� �$+$%'� �&,� "$*� � "����� � >8$�8� $2�
2 &� $%'�$%� 8������$#���&��&�.&��4%#��@3��#���&#��E�#>$�6�&%#�74*(��>&�#2�
&%#�9%�  �/$**1� ����**��4 �%�@ �'�%��& $�%�&���22�#$'$ &*�$%3�&2 �4� 4���42$%'�
"�$% �  �� "�$% �� �"�%� &���22� 3$,��� %� >��62� &%#� &#+&%��#� >$��*�22�
��%%�� $+$ !F�

• �*$4-&()&'	 M�$)&'$&)	 F57>� H� �%24�$%'�  8& � /&%�8�2 ��� �&%� #�+�*�"� $ 2�
L�% ��%� ��@�8&%'�I��&"&�$ !� ��,��&�'*�,&**!���("� $ $+��L�% ��%� �74,I�,&2�#�
�%� �%8&%�$%'� ��%%�� $+$ !� &���22�  8�� �$ !�� �2"��$&**!� ,� >��%� /&%�8�2 ���
D�$�%����&�6��D8&�"�&%#�/�#$&��$ !�F9F�

• �1?	 �*'71$	 �0&$	 �*)*	 �&)?1'8	 H� L��#&%� I�� �@ �%#$%'�  8�� >$��*�22�
��%%�� $+$ !�&��4%#� 8������$#���&��&� ����**�� ���&*� $(���%+$��%(�% &*�#& &�
42$%'� *�>���2 �� *�>�"�>���2�%2$%'��G4$"(�% �&%#�"��+$#$%'��"�%�&���22�  ��
 8��#& &� 8��4'8�&��&%'���3��%*$%��2��+$��2F�

• �.*')	�$$12*)+1$	G	A&106&	H�LD/E��$��H�DD(&� ��$ $;�%2�$%�D(&� ��$ $�2E�
H� &� �4��"�&%� "����� � ��%%�� $%'� 4"� #$'$ &**!� 24""�� �#� ��((4%$ !�
�%'&'�(�% �$%$ $& $+�2�$%�/&%�8�2 ���&%#�3�4��� 8����4��"�&%��$ $�2�>��6$%'�
$%�"&� %��28$"�>$ 8����"*�2���$���/�#$&I2� L��((4%$ !���"�� ��2I�"����� �&%#�
 8��F%$+��2$ !��3�/&%�8�2 ��F��

• B'&&$	 �+,+)*6	 �-*')&'	 H� &� �4��"�&%� >$#�� $%$ $& $+��  �� ��#4���  8��
�%+$��%(�% &*�$("&� ��3�#$'$ &*� ��8%�*�'$�2�&%#� ��#�+�*�"�$%%�+& $+��L2(&� �
�%��'!I� "����� 2�� 24�8�&2� �% ��%� �,&2�#� $% ��&� $+��2(&� �(� ��2��  8& � �&%�
$("��+�� �%��'!� �33$�$�%�!� &%#� '� � "��"*�� $%+�*+�#� $%� %�>� &%#� $(&'$%& $+��
>&!2��3���#4�$%'� 8�$��"��2�%&*�&%#���**�� $+���&�,�%�3�� "�$% 2F�

• �+,+)*6	*$%	�'&*)+2&	�8+66(	H�,�$%'$%'� �'� 8���,42$%�22�2�$%� 8��#$'$ &*�&%#�
���& $+��2�� ��2��$%�*4#$%'� 8��4'8�/&%�8�2 ����$'$ &*���#4�& $�%�&%#� �&$%$%'�
"��+$#��2����((4%$ !�%� >��62�&%#�� 8���(&�����("*�!��2� ��#�+�*�"�(����
$%%�+& ��!�>&!2� 3��� "��"*��  �� '&$%� 26$**2�  8& � �&%�8�*"�  8�(�'� � &���22�  ��
��,2�� 2� � 4"�  8�$�� �>%� ,42$%�22�2� &%#� '� � &���22�  �� &#+&%��#� *�&�%$%'�
�""�� 4%$ $�2� 8��4'8�%�%� �&#$ $�%&*���4 �2��$%�*4#$%'�&""��% $��28$"2-�

�'&*)+$,	*	.1'&	+$465(+2&	*$%	(5()*+$*76&	*00'1*4-	)1	%+,+)*6	
%&2&610.&$)	+$	�*$4-&()&'	

/&%�8�2 ��I2��4���% �#$'$ &*�"����� 2�&$(� ��24""�� � 8���$ !���'$�%���% $%4$%'� ��
,��  8�� �%'$%�� �3� ��'$�%&*� '��> 8-� �%� ��#���  �� ��(&$%� ��("� $ $+��� 8�>�+����
/&%�8�2 ��� ,�*$�+�2� $ � %��#2�  �� ��(&$%� &8�&#� �3�  8�� �4�+�� $%�  ��(2� �3� #$'$ &*�
&���22�� $%3�&2 �4� 4��� &%#� 2��+$��2-� �8$2� ��G4$��2� &� "��&� $+�� &""��&�8� & � &�
%4(,����3�#$33���% �*�+�*2��
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&1 �&�*!�� &33��#&,*�� &���22�  �� N 8�� %�@ � '�%��& $�%N� �3� �"�%�&���22� 3$,���,&2�#�
#$'$ &*�%� >��62�3���,42$%�22��"4,*$��2��+$��2�&%#� 8��>$#�����((4%$ !�>8$�8�
&��� �&"&,*�� �3� #�*$+��$%'�  8�� 24""�� � ��G4$��#� 3��� �4 4��� �% ��%� � �%&,*�#�
2��+$��2�  �� '�%��& �� ���%�($�� '��> 8-� )&%#>$# 8� #�(&%#� $2� $%���&2$%'�
�@"�%�% $&**!� >8$�8� (�&%2�  8& �� '$+�%�  8�� *�&#�  $(�2� 3��� $%3�&2 �4� 4���
#�+�*�"(�% 2���$ $�2�%��#� ��,��&� $%'�%�>F�

,1 $%���&2$%'� 8���&"&�$ !�3���$%%�+& $�%�H��2"��$&**!�&2� 8��#$'$ &*�&%#����& $+��
$%#42 �$�2�&%#� 8��6%�>*�#'�����%�(!�&���2��$("�� &% � �� 8��F9����%�(!-��
�$ $�2�&��� 8��"*&��2�>8���� 8�2��2�� ��2��*42 ���&%#�$%�2��#�$%'�����& ��%�>�
$#�&2� 3��� "��#4� 2� &%#� 2��+$��2� &%#� 8$'8�+&*4�� �("*�!(�% � �""�� 4%$ $�2-�
�&2!�&���22� ����@ �K�%��& $�%��$'$ &*��� >��62�$2�&��& &*!2 �3������22�2�� ���
��**&,��& $�%�&%#��@"��$(�% & $�%-���4��&(,$ $�%�$2� �� 4�%�/&%�8�2 ���$% ��&�
�$'$ &*� ��2 �)�#�� &%� �"�%� $%%�+& $�%� L�$+$%'� �&,I� 3��� �4 4��� �% ��%� � %�@ �
'�%��& $�%� 2��+$��2� &%#� &""*$�& $�%2�� >8� 8��� 4* �&3&2 � ,��&#,&%#�� 2(&� �
�%��'!����8�&* 8����%�>�+$� 4&*$2�#��&"&�$ $�2� 8��4'8�L�*�4#���("4 $%'IF�

�1 ���& $%'�&%��%8&%��#�&,$*$ !�  ��'�%��& ��&%#�28&���%�>� $#�&2����KE� $2�%� �
�42 �&,�4 �L24"��3&2 I�#�>%*�&#�2"��#2-���%��$ $�2�"&� $�4*&�*!���*42 ��2��3�8$'8�
 ��8� #$'$ &*� ��("&%$�2� &��� $%+�*+�#� $%� ���& $%'� &%#� 28&�$%'� #$'$ &*� (�#$&�
��% �% �&%#�$%�#�+�*�"$%'�&%#��>%$%'� 8�$���>%�$%3�&2 �4� 4���2��2!((� �$��
��%%�� $+$ !�>$ 8�3&2 �4"*�&#�2"��#2�&%#��"�%�&���22�%� >��62�&����G4&**!�&2�
$("�� &% �&2�3&2 ���#�>%*�&#�2"��#2F��

#1 (&6$%'� #$'$ &*� '���%��� &%#� (���� 242 &$%&,*��� �KE� $2� �G4&**!� &,�4 � %�>�
'���%�$%3�&2 �4� 4��2��&2��$ $�2�&��� 8��"�$(&�!�"��#4���2��3��&�,�%��($22$�%2�
&%#�� ��%2�G4�% *!�� %��#�  �� ,�� 42$%'� �KE�  �� 4%#��"$%�  8�� 28$3 �  �� &� *�>�
�&�,�%� ���%�(!� ,!� #�+�*�"$%'� %�>� &%#� (���� 242 &$%&,*�� >&!2� $%� >8$�8�
"��"*�� �&%� >��6�� 2 4#!� &%#� *$+�-� �$� 4&*� ,42$%�22� %� >��62�� 3��� �@&("*���
42$%'�&""*$�& $�%2�24�8�&2� L �*�"��2�%��I��&%�#�*$+���,� 8��&�,�%���#4� $�%2�
&%#�&���22� ��>$#���(&�6� 2-�/&%�8�2 ��I2�>��6��%�*�&#$%'�&��4��"�&%�>$#��
$%$ $& $+�� $%� "&� %��28$"� >$ 8� �4���$ $�2�  �� #�+�*�"�  8$2�  8�(�� &��4%#�  8��
LK���%��$'$ &*��8&� ��I�$2�&%� 8����@&("*�F�

�1 #�+�*�"$%'�(�����33$�$�% �"4,*$��2��+$��2����KE�$2�6�!� ���%&,*$%'��$ !�2��+$���
"��+$#��2�  �� (&@$($2��  8�� &,$*$ !� 3��� �$ $;�%2�  �� 2�*3�2��+�� &%#�  �� "��+$#��
�33$�$�% � &���22�  �� �@"�%2$+�� 2"��$&*$2 � ��2�4���2�� 24�8� &2� �@"�� � (�#$�&*�
�&����42$%'� $%%�+& $+��%�>�2��+$��2�24�8�&2� �*�(�#$�$%�-� �E�34� 8���,�%�3$ �
 �� �$ $�2� ��4*#� ,��  8�� 28&�$%'� �3� �@"�� $2�� &%#� ��**�� $+�� ��2"�%2��  ��  8��
(&�6� � $%� #$'$ &*� %� >��62� &%#� 2"��$&*$2 � 2��+$��2�� $%�*4#$%'� 28&��#�
$%3�&2 �4� 4��� &��4%#� #& &� 8�2 $%'�� #$2&2 ��� ����+��!� &%#� +$� 4&*$2& $�%��
$%�*4#$%'��*�4#�,&2�#�&""*$�& $�%2�&%#�2��+$��2F�

31 �@�8&%'$%'� 6%�>*�#'�� &%#� �@"�� $2�� �� �$ $�2� &��� $#�&**!� "*&��#�  ��(�,$*$2��
&%#�&''��'& ��#�(&%#�3����KE�2��+$��2�3��� 8���4 4����% ��%� �LD(&� ��$ !I�
&%#�  �� "��+$#��  8�� 2 ��%'� *�&#��28$"� ��G4$��#�  �� � (&6��  8$2� 8&""�%-� �8��
L����� �$ $�2I� %� >��6� $2� �4���% *!�>��6$%'� �%� &%� $%$ $& $+��  �� #�+�*�"� �*�2���
�%'&'�(�% � ,� >��%� �$ !� ��&#��2�� K�+��%(�% �� ��((4%$�& $�%2� D��+$���
���+$#��2�&%#� 8���% ��%� �$%#42 �!�&2�&�>8�*�-���%�"&� $�4*&���/&%�8�2 ���$2�
6��%� ����% $%4�� ��>��6$%'�>$ 8�� 8����$ $�2� ��$%3*4�%���'�+��%(�% �"�*$�!�
 ������'%$2�� 8��%& $�%&*�$("�� &%����3�$%+�2 (�% �$%�4�,&%�$%3�&2 �4� 4��� ��
��("*�(�% �� 8���4�&*�L*&2 � 8$�#I�&'�%#&-����%2�G4�% *!�>��&����2 &,*$28$%'�
&�3��4(�>$ 8$%� L������$ $�2I�>8���� 8$2��%'&'�(�% ��&%���'4*&�*!� &6��"*&���
&%#�  8�� �(��'$%'� LD(&� � �$ $�2I� &'�%#&� �&%� ,�� 28&"�#�  8��4'8� �$ !�
*�&#��28$"�&%#���'$�%&*�%� >��6$%'-�

E�  �&%23��(& $�%&*� #$'$ &*� $%3�&2 �4� 4��� 3���  8�� ��'$�%� >$**� ��G4$���  8����
��("�%�% 2��



�

��������	�����

D�E�FD�����E������D������-A���DE��������E�����	A�	�

�

�

��&(�>��6�"��'�&((����
�8&**�%'����

�
�&'����	A0��.	AB1�

����#$%& $%'�E� $�%������)E���
��������	AAB�C�

>>>-3$��,&**02(&� �$ $�2-�4�

�

�44&((	$&)?1'8(;�2��+$%'�,42$%�22�2�&%#��$ $;�%2� 8& �>$**� &6��42� 8��4'8� 8��
%�@ �	A�!�&�2�&%#� 8& �>$**��33��� 8��(&@$(4(��""�� 4%$ !�3��� *��&*�,42$%�22�2�
 ��"*&!�&���*��$%� 8��24""*!��8&$%-��8$2��33�� $+�*!�(�&%2�D3$,��� �� 8��"��($2�2E�
.����1� %� >��62� 24""�� �#� ,!�  8�� *& �2 � >$��*�22�  ��8%�*�'$�2-� �8�2�� 3$,���
%� >��62� %��#�  �� ,�� 34**!� �"�%�� 28&��#� ,!� ��("� $%'� "��+$#��2� &%#� %� �
#�($%& �#�,!�&%!��%����("&%!���� ��8%�*�'!F�

�+,+)*6	-57(;�>8���� 8�2��%� >��62���%%�� �>$ 8��&�8�� 8���&%#�>$ 8� 8����2 ��3�
 8��$% ��%� ��>8����#$'$ &*�,42$%�22�2��&%�8�2 � 8��%�>�&""*$�& $�%2�&%#�2��+$��2�
�%� 2��+��2� ��%%�� �#�  ��  8�2�� %� >��62�� &%#� 2�(� $(�2�>8����  8��,42$%�22�2�
 8�(2�*+�2��&%�*��& �-��8�2��84,2�>$**�"*&!�&�2$($*&����*�� ���% ��%� ��@�8&%'�2�
.�3�>8$�8�/&%�8�2 ���8&2� 8���%*!�2$'%$3$�&% ��%���4 2$#����%#�%�$%� 8��F91��,4 �
(�����3� 8�(�>$**�,��%��#�#���*�2��� �� 8���%#�42��2F�

�*4871$&	$&)?1'8(;���%%�� $%'� 8�2��84,2� ���&�8�� 8���&%#�>$ 8� 8��$% ��%� �
�@�8&%'��$%�/&%�8�2 ��-��8�2��%� >��62�&*2��%��#� ��,��34**!��"�%��&+&$*&,*�� ��
 ��8%�*�'!���("&%$�2�&%#�2��+$���"��+$#��2� ��&#&" �>$ 8�#$33���% � ��8%�*�'$�2�
&%#�  ����("� ��>$ 8��&�8�� 8��-��8$2� $2�  8��"�$(&�!� ��*���3�  8��"��"�2�#��KE�
#�"*�!(�% �$%� 8��/&%�8�2 ����$ !���'$�%-�

)!� ,�$%'$%'� *�>� ��2 �� �"�%� &���22� ��%%�� $+$ !�  �� 2�+��&*� $("�� &% � ��'$�%&*�
��% ��2��2 &� $%'�>$ 8� 8��/&%�8�2 ����$ !���'$�%��24�8�&�%� >��6��&%��33�� $+�*!�
2"��&#�  8�� ,�%�3$ � �3�  8�� D�4 8� /&%�8�2 ��� �% ��%� � �@�8&%'�� .�4���% *!�
�*42 ���#� &��4%#� /&%�8�2 ��� D�$�%��� �&�61�  �� � 8��� "&� 2� �3�  8�� ��'$�%-� �8$2�
>�4*#�#�&(& $�&**!� $("��+�� 8��,42$%�22��&2��3��� 8��#�+�*�"(�% ��3�84,2�&%#�
&���22� %� >��62� $%�  8�2�� &��&2� H� $%$ $&**!� ���& $%'� &� �$ !���'$�%�>$#�� #$'$ &*�
#�+�*�"(�% �;�%��$%�/&%�8�2 ���&%#� 8�%�2!2 �(& $�&**!��@ �%#$%'� 8$2� ��� 8���
�KE�"����� 2�&���22� 8����'$�%-�

���4*!�  �&%23��(& $�%&*� #$'$ &*� $%3�&2 �4� 4��� ��G4$��2�  8�� >$#�2 � "�22$,*��
&+&$*&,$*$ !� &%#�&���22$,$*$ !� �3� 34**!��"�%�&���22������%� >��62�&%#�  8��#$'$ &*�
84,2� ��24""�� � 8�(-�K��& ���&�6%�>*�#'�(�% �%��#2� ��,��'$+�%� �� 8��&� $+��
#�,& ��>8$�8� $2� '�$%'��%�&,�4 �  8���@ �% ��3�(&�6� � 3&$*4��� $%�4�,&%�&��&2�&2�
>�**�&2��4�&*�&��&2���2"��$&**!� 8& �(4�8�(����%��#2� ��,��#�%��,�!�%#�2$("*!�
&''��'& $%'J2 $(4*& $%'�#�(&%#-�E� $+��$% ��+�% $�%�$2���G4$��#��%� 8��,&2$2��3�
�"�%$%'�4"� 8��,4$*#$%'��(&%&'�(�% �&%#�#�+�*�"(�% ��3�34**!��"�%�&���22��KE�
%� >��62�42$%'�%�>�&%#�$%%�+& $+��,42$%�22�(�#�*2��$%�*4#$%'� 8��"� �% $&*�3���
2��$&*��% ��"�$2�2�&%#�#!%&($��3��(2��3�"4,*$��"�$+& ����((4%$ !�"&� %��28$"2-�
�8$2�28�4*#�$%�*4#�����42���3�"4,*$��&22� 2��&2�$2�,�$%'�#�+�*�"�#�$%�/&%�8�2 ���
$%� "&� %��28$"� >$ 8� /� ��*$%6� . 8��  �&(� %� >��61� &%#� ��&%2"�� � 3��� K��& ���
/&%�8�2 ��� .�3K/1�� &%#� $%%�+& $�%�  8��4'8� $("��+�#� ��**&,��& $�%� ,� >��%�
8$'8���&%#�34� 8����#4�& $�%�� 8��"�$+& ��2�� ���&%#�*��&*�&4 8��$ $�2� ��#�+�*�"�
 8�� �&%23��(& $�%&*�#$'$ &*�$%3�&2 �4� 4����3� 8��34 4��-�

�8��/&%�8�2 ����$ !���'$�%� �4���% *!�8&2�+��!� *$  *�� �3�  8$2� 6$%#��3� �&"&�$ !� $%�
 ��(2��3� 8��'*�,&*�2�&*���3�#�+�*�"(�% �,4 �"*�% !��3�"� �% $&*-�� �8&2�$ 2�2(&**�
�% ��%� � �@�8&%'��� $2� #�+�*�"$%'�  8�� "$*� ��KE�&���22� %� >��6� $%�  8������$#���
L�$+$%'��&,I�"����� �.�@ �%#$%'�*$%62�$% �� 8���% ��%� ��@�8&%'�1�&%#�$ �8&2�&�%�>�
"4 & $+��84,� $%��8��D8&�"������� � . ��  8��%�� 8��3� 8���$ !���% ��1-���("� $ ���
�$ $�2�*$6��E(2 ��#&(�&���"428$%'�3&2 � ��#�+�*�"� 8$2� !"���3�$%3�&2 �4� 4���& �&�
(&22$+��2�&*��� 8��4'8�$%$ $& $+�2�24�8�&2� 8���&"$#��@"&%2$�%��3� 8��E(2 ��#&(�
�% ��%� ��@�8&%'��H�DE/D�XE��%�>� 8��*&�'�2 �$%� 8��>��*#��&%#� 8��4'8�'$'&,$ �
 �$&*2� �%� $ 2� L�$ !� �� I� 3$,��� %� >��6-� � K$+�%� %�>� �""�� 4%$ $�2�� 24�8� &2�  8��
�@"&%2$�%��3� 8��/� ��*$%6� �&(�%� >��6��8�>�+����/&%�8�2 ���%�>�8&2�&�4%$G4��
�""�� 4%$ !� ��'&$%�'��4%#�&%#�,���(��&�'*�,&*���("� $ ���$%� 8$2�3$�*#-�

��+�*�"$%'��KE�$%3�&2 �4� 4��� 8��4'8� 8��/� ��*$%6�,&2�#� �&(2$#��%� >��6�,!�
$ 2�*3�#��2�%� �"��+$#��&**� 8������("�%�% 2��3� 8��$%3�&2 �4� 4��� 8& �&���%��#�#�
,4 �$ �#��2�,�$%'� >��6�!�,�%�3$ 2��
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• � � 4%#��"$%2�  8�$�� #�+�*�"(�% � ,!� "��+$#$%'� &� 6$�6� 2 &� �  �� �%�� ��4�$&*�
��("�%�% � ��  8�� ,&�6,�%�� $%3�&2 �4� 4���  �� ��%%�� � 84,2� &%#� &���22�
%� >��62� ���&�8�� 8���&%#� �� 8����2 ��3� 8��$% ��%� -�

• � �"��+$#�2�&%� $((�#$& ��&%#�&33��#&,*�� $%3�&2 �4� 4���  8& � �&%�,��42�#�,!�
"�$+& �� &%#� "4,*$�� 2�� ���  �� $% ����%%�� � $("�� &% � ��% ��2-� ��% �&�!�  ��
"�"4*&��,�*$�3��L#&�6�3$,��I���%%�� $+$ !�$2�2�&����&%#�8�&�#�#�,!�$ 2��>%��2� ��
"��+$#��(����*4��& $+��*�&2�#�&� $+��2��+$��2-�

�8$2�  8�%� >�4*#� &� � &2�  8�� �& &*!2 � 3��� 34� 8��� $%+�2 (�% � &%#�  8���� &��� &�
%4(,����3�>&!2�$%�>8$�8� 8��"4,*$��2�� �����4*#�2���34� 8������%�($��&%#�2��$&*�
,�%�3$ 2�3��(� 8$2�&""��&�8��

• �4,*$�� 2�� ��� &'�%�$�2� ��$%$%'� &� ��%2�� $4(�  8& � $%+�2 2� $%� &%#� 4 $*$2�2�  8��
%� >��6���4*#�2&+��+��!�24,2 &% $&*���2 2��%���%%�� $+$ !� �� 8���% ��%� �&%#�
&*2�� 2�(�� "�$% � ��"�$% � ��4 �2-� �("��+�(�% 2� $%� ��%%�� $+$ !� >$**� �%&,*��
�33$�$�%�$�2�$%�2��+$���#�*$+��!-�

• �8$2�&""��&�8�>�4*#�,�$%'�8$'8�2"��#��8$'8�G4&*$ !�&%#�&33��#&,*��,42$%�22�
��%%�� $+$ !�  ��"&� 2� �3�  8�� �$ !� ��'$�%�  8& �>�4*#�� 8��>$2��($22��4 -��8$2�
>�4*#� 2 $(4*& �� $%+�2 (�% � *�&#$%'�  �� $%���&2�#� �("*�!(�% � >$ 8�
��%2�G4�% �#$��� �&%#�$%#$��� ��� 4�%2�3��� 8��"4,*$��2�� ��-�

• )!��%&,*$%'� 8�����& $�%��3�%�>��&33��#&,*��&���22�%� >��62�$%���((4%$ $�2�
 8& �>�4*#�� 8��>$2��($22��4 ��  8$2���4*#� *�&#� �����& $%'�%�>�"& 8>&!2� ��
�("*�!(�% �&%#�26$**2�24""�� $%'�� $%� 4�%�� $%���&2�#�2��$&*� $%�*42$�%��,�  ���
�#4�& $�%�&%#���,�"��2"�� 2����#4��#���$(���&%#�� 8���$%#$��� �,�%�3$ 2-�

E1?*'%(	*	�*$4-&()&'	�1*%.*0	31'	4'&*)+$,	�5)5'&	�$)&'$&)	&$*76&%	
(&'2+4&(	+$	�.*')	�+)+&(	

�8��/&%�8�2 ����$ !���'$�%��KE� $%$ $& $+�2�&���,�$%'�#�+�*�"�#� $%�"&� %��28$"�
,!�  8�� /&%�8�2 ��� �$'$ &*� ��+�*�"(�% � E'�%�!�� /��E�� >8$�8� $2� "&� � �3�
/&%�8�2 ����$ !���4%�$*��&%#� 8����(($22$�%�3��� 8����>����%�(!��>��6$%'��%�
,�8&*3� �3�  8�� E22��$& $�%� �3� K��& ��� /&%�8�2 ��� E4 8��$ $�2� .EK/E1� $%�  8��
��% �@ � �3�  8�� �$ !� ��'$�%� �$*� � &%#�  8�� "��"�2�#� L��(,$%�#�E4 8��$ !I-� �8����
&����4���% *!� 8����*$%6�#�$%$ $& $+�2�,�$%'�#�+�*�"�#��

&1 �8������$#���L�$+$%'��&,I��KE�"$*� �"����� ��&$($%'� ����%%�� �CAA�,42$%�22�2�
&%#���AAA� ��2$#�% $&*�42��2�  8��4'8�&������%� >��6��,�$%'�,4$* �,!�K����%�
,�8&*3� �3�  8�� ����$#��� �&� %��28$"�� ����#$%& �#� ,!�/&%�8�2 ��� �$ !� ��4%�$*�
 8��4'8�  8�� /��E-� �8$2� >$**� ,�� &%� &���22� %� >��6�  �2 �,�#� �%&,*$%'� %�>�
,42$%�22�  �� ,42$%�22�� ,42$%�22�  �� ��%24(��� &%#� ��((4%$ !� ,&2�#�
&""*$�& $�%2� &%#� 2��+$��2�  �� ,�� #�+�*�"�#� &2� >�**� &2� $%%�+& $�%� $%� "4,*$��
2��+$��� #�*$+��!� $%� &��&2� 24�8� &2�  �*��&��J��8�&* 8�� �%��'!� �33$�$�%�!J2(&� �
�%��'!�� ��*�&�%$%'�� 2(&� � (�,$*$ !� &%#� 3*�@$,*�� >��6$%'-� �8$2� $2� �4���% *!�
,�$%'� ,4$* � &%#�  8�� �$+$%'� �&,�  �2 �,�#� >$**� 2 &� �  �$&**$%'� &""*$�& $�%2��
$%�*4#$%'�&#+&%��#�>$��*�22� *$%6�#�  �� 3$,���%� >��62�� 3��(�  8���%#��3�	A���
3���&%�$%$ $&*�"��$�#��3����(�% 82F�

,1 �8��/&%�8�2 ���D�$� 4&*��% ��%� ��@�8&%'�E�./���X1�"��"�2&*��>8$�8�&$(2� ��
��%%�� �  8������$#��� 3$,���%� >��6�&*�%'�/� ��*$%6� ��/&%�8�2 ���  >��� 8���
6�!����%�($��'��> 8�&��&2����% �&*��&�6��>8$�8�$%�*4#�2� 8��D8&�"������� ��
&%#� 8�%� ��� 8���6�!�2$ �2��$%$ $&**!�$%��&2 �/&%�8�2 ��F�

�1 �8��/&%�8�2 ����$ !���'$�%��KE��%$ $& $+���>8$�8�$2��4���% *!�4%#�� &6$%'�&�
3�&2$,$*$ !� 2 4#!��%�  8�� 2��"�� 3���(&�6� � $%+�2 (�% � $%�%�>�&%#� $%%�+& $+��
(�#�*2� �3� �KE� #�*$+��!� >8$�8� >�4*#� 8&�%�22�  8�� &#+&% &'�2� �3�  8�� �����
%� >��6� ,�$%'� #�+�*�"�#� $%� /&%�8�2 ��� &%#� �@ �%#�  8$2� 42$%'� &**� "�22$,*��
��4 �2�� �-'-� /� ��*$%6� &%#� � 8���  �&%2"�� � ����$#��2�  �'� 8��� >$ 8� �4,*$��
D��+$��� �� >��6� #�+�*�"(�% �� &���22�  8�� >8�*�� �3� K��& ��� /&%�8�2 ����
$%�*4#$%'� 8�2��$%� 8��L3$%&*� 8$�#I��4�&*���((4%$ $�2�&%#� 8�2��$%�$%%���4�,&%�
�@�*4#�#�3��(�&���22�,!�+$� 4���3�3$%&%�$&*�&%#�� 8���2��$&*�,&��$��2F�
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�8���8&**�%'��%�>�$2� ��$#�% $3!�8�>�,�2 � ��*$%6� 8�2��"��"�2&*2�$%�>$ 8�%& $�%&*�
"�*$�!� �,��� $+�2� &%#�  �� 2��6� 24""�� �  �� &���*��& ��  8�$�� $("*�(�% & $�%-� �8��
/&%�8�2 ��� �$ !� ��'$�%� "&� %��2� ,�*$�+��  8& �  8$2� $2� &%� $%%�+& $+�� &""��&�8�
>8$�8�� >8$*�� $%$ $&**!� $2� +��!�(4�8� ��*& �#�  ��  8�� 2"��$3$�� �""�� 4%$ $�2� �33���#�
,��&42�� �3� /&%�8�2 ��I2� *��&*� �@"��$�%��� &%#� ���%�($�� �4* 4���� �&%� "��+$#��
6%�>*�#'�� &%#� �@"��$�%��� >8$�8� >�4*#� ,�� �3� ,�%�3$ �  �� &**� *��&*� &��&2� &%#�
��'$�%2��4�,&%�&%#��4�&*��$%�#�+�*�"$%'��KE�&���22� 8��F9-�

�8$2�4%#��"$%2�  8��>��6�  8& �/��E� $2�#�$%'�  ��#�+�*�"�  8��2�&*��&%#�2��"���3�
 8��/&%�8�2 ����$+$%'��&,� 8��4'8�"����� 2�>8$�8�#�*$+���*��&*�,�%�3$ �&��4%#� 8��
����� 8�(�2��3�$ 2�>��6�"��'�&((�-���&>$%'�4"�%�$ 2��@"��$�%���&2�&�"&� %���$%�
 8���F�.����34%#�#1�����)E���.�4 4����% ��%� ���2�&��8�P��@"��$(�% & $�%�)!�
E#�" $%'� �$+$%'� �&,2� H� ������C��A��2��ACDE�D������1� � "����� � /&%�8�2 ��� 8&2�
#�+�*�"�#�$ 2�%�>�K���%��&"���.��3����#� ��"��+$�42*!��$%�2�� $�%�	�&,�+�1�>$ 8�&�
L��&#(&"I�3��� 8�����&*��$'$ &*�E'�%#&�$%�/&%�8�2 ��-��8$2�&$(2� �� �&%2*& �� 8��
�+��&**�L��&#(&"I�3���D(&� ��$ $�2�#�+�*�"�#� 8��4'8� 8������)E���"����� �A�0C�
$% �� &� 2"��$3$�� #��4(�% � 3��42�#� �%�  8�� %��#2� &%#� 2 �& �'$�� �,��� $+�2� �3� &�
2"��$3$���$ !��$%� 8$2��&2��/&%�8�2 ��-�

�8$2� ��+��2� %� � �%*!� �@$2 $%'� "����� 2� ,�$%'� 4%#�� &6�%� ,!� �$ !�  8��4'8�  8��
/��E� ,4 � &*2�� L,�  �(� 4"I� '�&22� ��� 2� $%$ $& $+�2� ,�$%'� #�+�*�"�#� ,!� *��&*�
"&� %��2� $%� ��**&,��& $�%�>$ 8�  8��/��E-� �8�� L��&#(&"I� &$(2�  ��(&"� �@$2 $%'�
>��6�'�$%'��%�$%� 8���$ !���'$�%��>8$�8�$2���*�+&% � �� 8��LD(&� ��$ $�2I�&'�%#&��
&%#� ��$#�% $3!�8�>� 8$2�3$ 2�$% �� 8��34 4���+$2$�%�� 8���8&**�%'�2�&%#�'&"2�>8$�8�
�@$2 � &%#�  8�� 34 4��� 2�*4 $�%2� &%#� $%%�+& $�%� %��#2� $%�  ��(2� �3� ��&*$2$%'�  8��
 &�'� 2�&%#�&2"$�& $�%2��3� 8��/&%�8�2 ����$ !���'$�%-��8��L��&#(&"I�$2�2��%�&2�&�
3$�2 �2 &'��$%� 8��"����22��3�#�+�*�"$%'� 8�����&*��$'$ &*�E'�%#&�3���/&%�8�2 ���
&%#� 8��K���%��&"���$2�$%�"*&��� ��2 $(4*& ��#$2�422$�%�&%#���%24* & $�%2�2�� 8& �
 8�2����2"�%2�2��&%�,��42�#� ��+&*$#& ��"��"�2&*2�3���34 4���>��6�&%#� 8& � 8$2�
>$**� ,�� &,*��  �� $%3��(�  8�� "��#4� $�%� &%#� $("*�(�% & $�%� �3�  8�� ���&*� �$'$ &*�
E'�%#&�3���/&%�8�2 ��-�

�8��K���%��&"���&*2��2� 2��4 �>8& �&���2��%�&2� 8����&*��8&**�%'�2�3�����&*$2$%'�
 8��LD(&� ��$ $�2I�+$2$�%�$%�/&%�8�2 ����"&� $�4*&�*!�$%� ��(2��3����& $%'��

6C�A�D����A�>�B��B�C����BA� �B� A�����CBB�B�����D��	���BA�CB������D����	F� F�A����
�BA��B�A"�BC����� ���D����� �B� EC��� E����� C��� C����������� ���	E���B�� CB��
���AC�BC����� ������ ��� ���AC�B��� C������ E����� C������CA�	B� 	F� E��� A���� ��� ���B��
������A���	��� �B��	����C��������CB�������A�A�����C��B	A���A����B��CA��������
C�A�	B� CA� CB�� E�������C�� 	�� ���A��CA��� ��D���� ����� ��� E��� -CB����A��� ���
�	���AA���A	�A���A������A���C���	C���	�A��B������	E1�

• ����A�������BA�F��B��CB��CBC����B���		����C�A����������<3��B ���=���D��	���BA��

< ���?=� ��C����� '����� C�� �DDB�>>����"�C..	���	.CAD�A���>ABB�2����A��� &%#�
�DDB�>>����+	"%&���>ABB��2���C���>1� E����� C��� F��A� A	� ��� ����DCBA� CB��

'�	A�BA�C���(�A�CB�F���C����A	����	A���	#��A�����B����D��	����CA�C��	�C����D��@�

• ���	B����� C�A�B�� C�� C� �CAC���A� A	� ��B��CA�� B�E� ���	A� ��	#��A�� A�CA� ������ 	B�
����A�B�� �		�� ��C�A���� CA� C� �	�C�� ��D��� ��A� E����� C��	� ����C��� B�E�
��D��	���BA�� F�	��C��	���%��	���CB����	�C����E�����C��� ���BA�F���� A��	����
����	�A�B�� B�AE	�!��� ����� C�� %/$3����%�� CB�� A��� %��	��CB� 0�AE	�!� 	F�
��D�B���C���'%0	��(@�

• �����������CE�B��	�A�A�������	B����C�B���A	� ���BA�F���	E����A�A	�����CB����"
����A��������A��F�	�����	A���	#��A����	A���B�A�����	F��B�CB��B��A�����	���CB��
��C��� CA� C� �	�C�� ��D���� A��	���� ��A�B��B�� A����� ��C��� CB�� ��D��	��B�� B�E�
����B�����	�����C�����C���� �	�C�����CB�� �B�A�����	F�E�����������C����A��C��	���
%��	���7�A�CC�
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��C �����������;	����F��E��	��	�	��E���	��E����E	�������	M����E	��E=>	

�8���@"��$�%���'&$%�#�$%�/&%�8�2 ��� 8��4'8� 8��#�*$+��!��3�*��&*�"����� 2��+���
 8�� "&2 � 3$+�� !�&�2� 8&2� �%&,*�#� &� ����+&*4& $�%� &%#� ���3��42$%'� �3� #$'$ &*�
#�+�*�"(�% �"�$��$ $�2��&��4%#� $#�&2��3��$ $;�%��%'&'�(�% �&%#� L2(&� ��$ $;�%2I�
%��#$%'� ��,��& � 8����% ����3�/&%�8�2 ��I2�"��"�2�#�D���&*��$'$ &*�E'�%#&E-��8��
&$(�$2� �����& ��&�+$� 4�42��$��*��>8���,!��

&1 %+,+)*6	 +$465(+1$� '�%��& �2� 26$**2� &%#� &2"$�& $�%2� &���22� &**� 2�� $�%2� �3�
2��$� !�&%#�����%'&'�2�"��"*��$%�&**�&2"�� 2��3��$+$��*$3���&%#F�

,1 %+,+)*6	 +$%5()'+&(� '�%��& �� %�>� �("*�!(�% � �""�� 4%$ $�2� &%#� "& 8>&!2�
$% ��  8�2��  8��4'8� 26$**� #�+�*�"(�% � >$ 8� *��&*� "��"*�� &%#�  8�� $%2 $ 4 $�%2�
 8& �24""�� � 8$2��"&� $�4*&�*!�2�8��*2�&%#���**�'�2��&%#F�

�1 %+,+)*6	 +$$12*)+1$	 $2�  8�� �%'$%�� �3�  8$2� '��> 8��>$ 8� %�>�%�@ � '�%��& $�%�
�"�%� &���22� #$'$ &*� $%3�&2 �4� 4��2� &%#� 2��+$��2�� 24�8� &2� 2(&� � �%��'!� &%#�
2(&� � 8�&* 8J>�**,�$%'�� 4%#��"$%%$%'�  8$2� &%#� �%&,*$%'� (���� 242 &$%&,*��
'��> 8� >8$*�� 24""�� $%'� '��& ��� ��((4%$ !� �%'&'�(�% � >8$�8�� $%�  4�%��
24""�� 2� #$'$ &*� $%�*42$�%�� �2"��$&**!�  8��4'8� /&%�8�2 ��� �$+$%'� �&,�
$%$ $& $+�2-�

�8�� 6�!�  �� ��&*$2$%'�  8$2�� &2� &� LD(&� � �$ !I� 2 �& �'!� 3���  8�� �$ !� ��'$�%�� $2�  ��
242 &$%� 8��(�(�% 4(��3�>��6�#�%�� ��#& �� 8��4'8��

• 4+)/	 6&*%&'(-+0� .��% $%4$%'� 24""�� � 3��(�  8��(&$%�#��$2$�%�(&6��2�& �  8��
8$'8�2 �*�+�*1F�

• +$2&().&$)	 $%�%�>�#$'$ &*� $%3�&2 �4� 4��2�&%#�2��+$��2�.�+�%�$%�2"$ ���3� 8��
���%�($�� ��$2$2�� >8���� %�>� &%#� (���� $%%�+& $+�� &""��&�8�2� &%#� ,42$%�22�
(�#�*2�>$**�,��%��#�#�(���� 8&%��+��1F�

• &C&.06*'	 0'1A&4)(� &%#� &� $+$ $�2� >8$�8� ��&**!� 2 $(4*& �� $% ���2 � &%#�
�%'&'�(�% �. >���@&("*�2�$%�/&%�8�2 ����4���% *!�>�4*#�,�� 8��/&%�8�2 ���
�$'$ &*��&,��/&#�&,��&%#� 8���4 4����+��! 8$%'���2 $+&*1-�

�8�� �4 4��� �% ��%� � �%&,*�#� LD(&� � �$ !I� $2� &,�4 �  8��  �&%23��(& $�%� �3� 4�,&%�
*$+$%'� 8��4'8� 8��$(&'$%& $+��42���3�#$'$ &*� ��8%�*�'$�2�&%#��%24�$%'� 8& � 8$2�
�&%� (&6�� &� 2$'%$3$�&% � ��% �$,4 $�%�  �� 242 &$%&,*�� ���%�($�� '��> 8� ,� 8�
$((�#$& �*!� &%#� $%�  8�� *�%'���  ��(-�E �  8��2&(��  $(��  8�2��  ��8%�*�'$�2�&*2��
"��+$#�� �""�� 4%$ $�2�  ��  �&%23��(�  8�� *$+�2� �3� *��&*� ��2$#�% 2� &%#�  8��
%�$'8,�4�8��#2� >8����  8�!� *$+�-� �8$2� $2� >8!�  8�� 3��42� �%�  &�6*$%'�  8�� #$'$ &*�
#$+$#�� &%#� "��(� $%'� #$'$ &*� $%�*42$�%� $2� ��% $%4$%'�  �� ,�� 2��%� &2� &� "�$��$ !��
8$'8*$'8 $%'�  8�� %��#�  �� �%24���  8& � �$ $;�%2� 8&+��  8�� �&"&�$ !�� 26$**2� &%#�
(� $+& $�%�  ��  &6�� &#+&% &'�� �3�  8�2��  ��8%�*�'$�2� &%#�  8& �  8���� $2� &� ��&*�
��(($ (�% � ��3��42�%� ��%*!��%� 8�� �&%23��(& $�%��3�"4,*$��2��+$��2�$%� ��(2�
�3� L,42$%�22� "����22I� ,4 � &*2�� �%� ���"��#4� $�%��  8�� #$��� � &%#� &� $+��
�%'&'�(�% ��3�42��2� $%� 8��#�2$'%��#�*$+��!�&%#��>8����%��#�#�� 8���>%��28$"�
�3�2��+$��2-�

D�(���3� 8��"�*$�$�2��&2��4 *$%�#�&,�+���&���$%�"*&��� ��3&�$*$ & ��&%#�24""�� � 8��
 �&%23��(& $�%�"����22��3�/&%�8�2 ���$% ��&�LD(&� ��$ !I��,4 � 8����$2�2 $**�(4�8�
 ��,��#�%�� ���%24��� 8& � 8���""�� 4%$ $�2� 8& � 8���4 4����% ��%� ��&%�"��+$#��
 ��&��$ !���'$�%�24�8�&2�/&%�8�2 ���&���34**!��@"*�$ �#-��

�8���� &��� &� %4(,��� �3� 2"��$3$�� *�22�%2�  8& � �&%� *�&�% � 3��(�  8�� /&%�8�2 ��I2�
�@"��$�%���>8$�8�>$**�,��42�#� ��$%3��(�34 4���2 �& �'$�2�&%#� 8��"��"�2�#����&*�
�$'$ &*�E'�%#&�3���/&%�8�2 ���$%�"&� $�4*&���
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•  8��%��#�  ��#�+�*�"�#$'$ &**!��%&,*�#�2��+$��2�  8& �&���,&2�#��%�  8��2��$&*��
�4* 4�&*�&%#����%�($��%��#2��3� 8��%�$'8,�4�8��#2����G4$�$%'�&���(,$%& $�%�
�3� #� &$*�#� *��&*� ��2�&��8� &%#� ��&*� �33�� 2�  �� ��%24* �>$ 8� &%#� �%'&'�� *��&*�
"��"*�� &2� &%� �22�% $&*� "����G4$2$ �� 3��� �&" 4�$%'� 42��� %��#2� &%#� $%+�*+$%'�
42��2� $%�  8�� #�2$'%� &%#� #�*$+��!� �3� %�>� 2��+$��2��  8�� 2 &� � �3�  8�� ���
"��#4� $�%�"����22F�

•  8& �  8�� 2 &6�8�*#��2� $%�  8�� "����� �� �2"��$&**!�  8�� "4,*$�� 2�� ���� %��#�  ��
#�(�%2 �& �� &� *�%'�  ��(� ��(($ (�% �  �� ��((4%$ !� �%'&'�(�% � &%#�
�&"&�$ !�,4$*#$%'�&%#� $%+�2 � &2�(4�8� $%�  8��#�+�*�"(�% ��3�"��"*�I2� 26$**2��
��%3$#�%���&%#�&2"$�& $�%2�&2�$%� 8�� ��8%�*�'!�,�$%'�#�"*�!�#F�

•  8��%��#� ��8&+��&%��%'�$%'��+&*4& $�%�2 �& �'!� 8& �%� ��%*!�8&2� 8��&,$*$ !�
 �� $#�% $3!� >�&6%�22�2�� &%#� �+�%� 3&$*4��2�� ,4 � &*2�� 8&2�  8�� ��*�� �3�
��((4%$�& $%'�  8�2�� ��24* 2� #$��� *!� $% ��  8�� 2 �& �'$�� #��$2$�%� (&6$%'�
"����22�2�� 8& � 8��"����� ��&%�&#&" �&%#��+�*+��&2�G4$�6*!�&%#��33�� $+�*!�&2�
"�22$,*���,&�6�#�4"�,!��33�� $+��"����� �(&%&'�(�% ���2�4���2F�

•  8�� $("�� &%��� �3� #�+�*�"$%'� ��&*� �@�("*&�2�  8& � "428�  8�� ,�4%#&�$�2� �3�
>8& �"��"*��6%�>�&%#� 8�$���@"�� & $�%2��2�� 8& �"��"*�I2� $(&'$%& $�%2�&���
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