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�%()*+�,-%-*(,(%.�-.�$/0(1.�2(3(2�������������������������������������������������������������������������������������������������������'

	-14-*"%*5�"%.(*)-."$%�"%.$�,-.()"-2#5�#(%#$)�6-%7�-1.8-.$)9�"%.(*)-."$�����������������������������

�(:2$+,(%.�-%7�#(%#$)#�6-1.8-.$)#9�1-2"/)-."$%����������������������������������������������������������������������������

�$,,8%"1-."$%�7(3"1(#�����������������������������������������������������������������������������������������������������������������������������

�)8#.5�#(18)".+�-%7�)$/8#.%(##��������������������������������������������������������������������������������������������������������������!

�(1$%;"*8)-/2(�<-)7=-)(���#$;.=-)(5�1$�7(#"*%�-%7�"%.(*)-."$%�������������������������������������������&
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�$,,8%"1-."$%� :)$.$1$2#� �� "%;$),-."$%� )$8."%*� "%� -� %(.=$)4� =".<� <(.()$*(%($8#�

(%3")$%,(%.��������������������������������������������������������������������������������������������������������������������������������������������������>

?8-2".+� $;� #()3"1(� 6?$�9� #.-%7-)7#� 1$%3()*(%1(5� :)$3"#"$%"%*5� 7",(%#"$%"%*5�

#1-2-/"2".+5�,$7(2#�-%7�1$%.)$2��������������������������������������������������������������������������������������������������������������@

�%.(),(7"-."$%�#8/#.)-.(��������������������������������������������������������������������������������������������������������������������������
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�$1-2�7-.-�;8#"$%������������������������������������������������������������������������������������������������������������������������������������������!

�"#.)"/8.(7�"%;$),-."$%�:)$1(##"%*���<(.()$*(%(".+�,-%-*(,(%.���������������������������������������!
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�<(� 1$%."%8$8#� :)$*)(##� "%�,"1)$(2(1.)$%"1#� -%7� %(.=$)4"%*� .(1<%"C8(#�,-4(� ".� %$=�

:$##"/2(�.$�(%3"#-*(�%(.=$)4#�;$),(7�/+�.<(�"%.()1$%%(1."$%�$;�#,-).�D%(.=$)4�(%-/2(7E�

$/0(1.#�-%7�.<(�#(18)(�-%7�(;;"1"(%.�7(:2$+,(%.�$;�#()3"1(#�$%�.$:�$;� .<(,���<"#� "#�.<(�

3"#"$%� $;� .<(� �%.()%(.� $;� �<"%*#���(� %$=� #((� .<(� 7(:2$+,(%.� $;� -� %(=� *(%()-."$%� $;�

%(.=$)4(7� $/0(1.#� =".<� 1$,,8%"1-."$%5� #(%#$)+� -%7� -1."$%� 1-:-/"2"."(#� 6=")(2(##�

"%;$),-."$%� .)-%#:$).�%(.=$)4#5�����5���
�5�(.1�9� ;$)�%8,()$8#�-::2"1-."$%#���8.� .<(�

"%.()1$%%(1."$%� $;� $/0(1.#� <-3"%*� -73-%1(7� :)$1(##"%*� -%7� 1$%%(1."$%� 1-:-/"2"."(#� "#�

(F:(1.(7� .$� 2(-7� .$� -� )(3$28."$%� "%� .(),#� $;� #()3"1(� 1)(-."$%� -%7� -3-"2-/"2".+� -%7�="22�

:)$;$8%72+� 1<-%*(� .<(� =-+� =(� "%.()-1.� =".<� .<(� (%3")$%,(%.�� �%� #<$).� .<(� :<+#"1-2�

=$)27�="22�,()*(�=".<�.<(�7"*".-2G3").8-2�=$)27��

�<"#� 3"#"$%� H;)$,� #",:2(� 1$%%(1.(7� $/0(1.#� -#� #(%#$)� %(.=$)4#� .$�,$)(� 1$,:2(F� -%7�

#,-).()�1$,,8%"1-.(7�$/0(1.#�-#�"%�.<(�(%3"#"$%(7��%.()%(.�$;��<"%*#I�<$=(3()�%((7#�

.$� ",:2(,(%.� -�:28)"7"#1":2"%-)+� -::)$-1<� ;$)�%(=� .(1<%$2$*"(#5� 1$%1(:.#� -%7�,$7(2#�

6��� 7(3(2$:,(%.5� (%()*+� ,-%-*(,(%.5� 1$,,8%"1-."$%#� #+#.(,#� -%7� :)"%1":2(#5�

(,/(77(7� #+#.(,#� -%7� :-14-*"%*5� 7-.-� -1C8"#"."$%� -%7� :)$1(##"%*5� ;"(27�

(F:()",(%.-."$%9�-%7� #8::$#(#� .$� #$23(�-�%8,/()�$;� #1"(%.";"15� .(1<%"1-2� -%7�/8#"%(##�

1<-22(%*(#��
1.8-22+5�#1"(%.";"1�-%7�.(1<%"1-2�1<-22(%*(#�)(C8")(�7";;()(%.�1$,:(.(%1"(#B�

� 1<-22(%*(#� 2"%4(7� .$� .<(� "%.(*)-."$%� $;� #,-).� -8.$%$,$8#� "%.()1$%%(1.(7� $/0(1.#�

6#(%#$)#5� -1.8-.$)#5� :)$1(##$)#� (.1�9� 8%7()� )(-22+� #.)$%*� (%()*+5� #8#.-"%-/"2".+� -%7�

(%3")$%,(%.�6:<+#"1-2�-%7�1<(,"1-2�,(7"8,9�1$%#.)-"%.#5�

� 1<-22(%*(#�2"%4(7�.$�.<(�,-##"3(�6.)"22"$%#�$;�$/0(1.#�1$827�/(�"%.()1$%%(1.(79�#(18)(�

7+%-,"1�-%7�;2(F"/2(�%(.=$)4"%*�-%7�.<(�1$%1(:.�$;�8/"C8".$8#�#()3"1(�:)$3"#"$%5�

� 1<-22(%*(#� 2"%4(7� .$� .<(� ;8#"$%� $;� .<(� 7-.-� $/.-"%(7� /+� .<(� #(%#$)#5� %(.=$)4� -%7�

#()3"1(�,-%-*(,(%.5�.<(�7"#.)"/8.(7�7-.-�.)(-.,(%.�-%7�-,/"(%.�"%.(22"*(%1(���

�"%-22+5� .<(� -::2"1-."$%� -%7� /8#"%(##� 1-#(#� #<$827� /(� #.87"(7� /(;$)(<-%7� "%� -� 12$#(�

1$22-/$)-."$%�/(.=((%� .<(� -1-7(,"1� -%7� "%78#.)+�=$)27#� #"%1(� .<(� .(1<%"1-2� #$28."$%#�

.<-.�="22�/(�-7$:.(7�#"*%";"1-%.2+�3-)+�;)$,�$%(�-::2"1-."$%�.$�-%$.<()���%�-77"."$%5�.<(�

-%-2+#"#� $;� .<(� -11(:.-/"2".+� $;� .<(� #$1"(.+5� .<(� *$3()%-%1(� )(2-.(7� "##8(#5� .<(�

#.-%7-)7"J-."$%�-%7�.<(�"%.()$:()-/"2".+�$;�.<(#(�(,()*"%*�#,-).�$/0(1.#�-%7��%.()%(.�$;�

�<"%*#�-::2"1-."$%#�<-#�.$�/(�-77)(##(7��

�$� -77)(##� .<(� .(1<%"1-2� "##8(#� -� 0$"%.� "%"."-."3(�/(.=((%��-)%$.� �%#.".8.(#� 6��
�����5�

��
�����5�����K�%%$3-."$%5����5��������������5��

�5����5���5���
��(.���95�

-%$.<()� :8/2"1� )(#(-)1<� 1(%.()� 6����
9� -%7� "%78#.)+� 6�)-%*(5� 
21-.(2� �81(%.5� �<-2(#5�

�1<%("7()� �2(1.)"15� 
")/8#� -%7� 
81<-%9� <-#� /((%� 2-8%1<(7�� �<(� "%78#.)"-2� :-).%()#� $;�

.<"#� "%"."-."3(� :2-+(7� -� 4(+� )$2(� "%� 7(;"%"%*� -,/"."$8#� -::2"1-."$%� #1(%-)"$#� "%� 3-)"$8#�

;"(27#�6<$,(�%(.=$)4#5�#,-).�-%7�*)((%�1"."(#5�2$*"#."1#5�-()$%-8."1#9�.<-.�=()(�8#(7�.$�

#.)81.8)(�.<(�=$)4�$;�.<(�*)$8:���

�<(� $/0(1."3(#� $;� .<(� "%"."-."3(� -)(� .$� -%-2+J(� .<(� .(1<%"1-2� -%7� -::2"1-."3(� 1<-22(%*(#�

2"%4(7� .$� #,-).� %(.=$)4(7� $/0(1.#� -%7� .<(� �%.()%(.� $;� �<"%*#5� )-"#(� .<(� -=-)(%(##� $;�

-1-7(,"1#� "%78#.)+� -%7� :8/2"1� -8.<$)"."(#� $%� .<"#� .$:"1� -%7� :)(:-)(� 1$22-/$)-."3(�

:)$0(1.#� "%� )(#:$%#(� .$� 18))(%.� 1-22#� 6�	�5� ���
5��-."$%-2�
���:)$0(1.#5� �$,:(."."3(2+�

128#.()#�(.1�9�

�<(�:)(#(%.�=<".(�:-:()�#8,,-)"J(#�.<(�,-"%�;"%7"%*#�$;�.<"#�"%"."-."3(��
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�<()(� "#� -�=$)27="7(� 1$%#(%#8#5� /$.<� "%� "%78#.)+5� -1-7(,+� -%7� :8/2"1� "%#.".8."$%#� "%�

1<-)*(�$;�#8::$)."%*����5�$%�.<(�,-0$)�#$1"$K(1$%$,"1�",:-1.�.<-.�.<(��8.8)(��%.()%(.�

="22�<-3(���<()(�-)(�#(3()-2�3"(=#�$%�=<-.�.<(��8.8)(��%.()%(.�="22�/(�6#((�;$)�(F-,:2(�

�8)$K�����"#"$%5�
%�$3()3"(=�$%� ;8.8)(� 1$,,8%"1-."$%#5�����$;,-%5� �%#.".8.��(2(1$,5�

�(1(,/()������95�/8.�.<(+�*2$/-22+�)(;()�.$�.<(�;-1.�.<-.�=(�-)(�*$"%*�.$�#((�.<(�8/"C8".+�

$;� :()#$%-2"J(7� #()3"1(#5� .<(� *(%()-2"J-."$%� $;� 2$1-."$%� -%7� 1$%.(F.� -=-)(%(##� -%7� $;�

#()3"1(#� 1$,:$#"."$%5� .<(� *2$/-2� ,$/"2".+� $;� .<$#(� #()3"1(#� -1)$##� .(1<%$2$*"1-25�

-7,"%"#.)-."3(� 7$,-"%� -%7� .(),"%-2� /$)7()#5� .<(� (F.(%#"$%� $;� .<(� %(.=$)4� .<)$8*<�

-73-%1(�%(.=$)4"%*�:-)-7"*,#�2"4(�-7K<$15�,(#<�-%7�3(<"182-)�%(.=$)4#5�.<(�,()*(�$;�

.<(� )(-2� =$)27� =".<� .<(� 7"*".-2� $%(� .<)$8*<� .(1<%$2$*"(#� 2"4(� =")(2(##� #(%#$)� -%7�

-1.8-.$)�%(.=$)4#�6��
�#95�%(F.�*(%()-."$%�����#�$)�)$/$.#�#(.."%*�.<(�1$)%()#.$%(�;$)�

.<(� #$� 1-22(7� �(-2� �$)27� �%.()%(.�� �<"#� ,()*(� )(2"(#� "%� :-)."182-)� $%� .(1<%$2$*"1-2�

/)(-4.<)$8*<#�"%�.<(�;$22$="%*�.=$�-)(-#B�6������	��
9�-73-%1(7�,"1)$(2(1.)$%"1#�;$)�
#,-).� -8.$%$,$8#� 1$,,8%"1-."$%� (%-/2(7� $/0(1.#� 6#(%#$)#5� -1.8-.$)#5� :)$1(##$)#5�

,(,$)"(#5� /-..()"(#� -%7� (%()*+� #1-3(%*"%*5� .)-%#1("3()#� L� ��� "%.();-1(#5� /-#(� /-%7�

1")18".#5�M95�:-14-*"%*�.<-.�-)(�-;;(1.(7�/+�.<(�(%3")$%,(%.�-%7�.<(�$:()-."$%�,$7(5�6��
��
��� �� ���	��
9� "%%$3-."3(� 7"#.)"/8.(7� "%.(22"*(%1(#� -%7� <8,-%K,-1<"%(�

"%.()-1."$%�-::)$-1<(#�.<-.�-)(�1$%#.)-"%(7�/+�;2(F"/"2".+�61$%;"*8)-."$%5�:28*�-%7�:2-+5�

M95�#1-2-/"2".+�6.)"22"$%#�$;�$/0(1.#�1$827�/(�"%.()1$%%(1.(7�95�#(18)".+G:)"3-1+5�/8#"%(##�

,$7(2#5�2-=�-%7�(.<"1���"%-22+5�.<(�1$,:2(F".+�$;�.<(�"%.()-1."$%#�/(.=((%�.<(�<-)7=-)(�

.(1<%$2$*"(#5�.<(�#$;.=-)(�:)$.$1$2#�-%7�.<(�(%3")$%,(%.�;)$,�7";;()(%.�7$,-"%#�$;.(%�

)(C8")(�1$K#",82-."$%�.$$2#�.$�<-3(�-%�(3-28-."$%�$;�.<(�#+#.(,�$:()-."$%�/(;$)(�,-4"%*�

-�:)$.$.+:(��

�

�������	
����������������������

�%� -� 12$#(� ;8.8)(5� ".� "#� (F:(1.(7� .<-.� .<(#(� #,-).� $/0(1.#� ="22� #"*%";"1-%.2+� *$� /(+$%7�

:)(#(%.�D#",:2(E�#(%#$)#�-%7��������<(+�="22�/(�"%�:-)."182-)�/-#(7�$%�1<(-:�-%7�#,-22�

7(3"1(#� "%1287"%*� #(%#$)� -%7� -1.8-.$)� 1-:-/"2"."(#5� -73-%1(7� #"*%-2� -%7� "%;$),-."$%�

:)$1(##"%*5�$%(�$)�#(3()-2�1$,,8%"1-."$%�"%.();-1(#�-%7�%(.=$)4"%*�1-:-/"2"."(#5�=<"1<�

1-%� /(� (,/(77(7� "%� ,$#.� .+:(#� $;� (%3")$%,(%.#� -%7� #+#.(,#5� "%1287"%*� (F"#."%*�

1$,,8%"1-."$%� .(),"%-2#5� 3(<"12(#5� 12$.<(#5� ,(7"1-2G/$7+� -%7� ,$#.� 1$%#8,()�

(2(1.)$%"1�-::2"-%1(#���<(#(�#+#.(,#�$;;()�-%�-8*,(%.(7�:()1(:."$%�$;� .<(�)(-2".+� .$�-�

2$1-2�$)�7"#.-%.�8#()�$)�#,-).�(%.".+�=<"1<�1-%�-1.�-11$)7"%*2+���<-%4#�.$�.<(�"%.(*)-."$%�

=".<�.<(��%.()%(.5�8#()#�="22�/(�-=-)(�$;�1$%7"."$%#�"%�7"#.-%.�:2-1(#�-%7�="22�/(�-/2(�.$�

1$%.)$2�-�)(,$.(�#"%*2(�$)�-�*)$8:�$;�$/0(1.#5�,(1<-%"#,#�-%7�(%3")$%,(%.#���(1(%.2+5�



�

A�

�

.<"#� 1$%1(:.� $;� 
,/"(%.� �%.(22"*(%1(� <-#� /((%� )(<-/"2".-.(7� -%7� .<(� .(),� ����

6�(.=$)4(7��,/(77(7��(3"1(#9�<-#�/((%�8#(7�.$�"7(%.";+�.<"#�2-)*(�7"3()#".+�$;�7(3"1(#�

=".<� 1$,:8."%*� -%7� 1$,,8%"1-."$%� 1-:-/"2"."(#5� 1-:-/2(� $;� #(2;K7"#1$3()+� -%7�

1$$)7"%-."$%�;$)�.<(�:)$3"#"$%�$;�-%�"%.(*)-.(7�(F:()"(%1(�6#((�;$)�(F-,:2(��(-2��$)27�

�%.()%(.5�	$#"."$%�	-:()5��8.8)(��%.()%(.�
##(,/2(5���	)(##()�(.�-2��5��(1(,/()����@�9��

�<(��8.8)(��%.()%(.�-)1<".(1.8)(�="22�.<()(;$)(�1$%#"#.�$;�-�1$)(�-%7�.=$�)"%*#B�.<(�1$)(�

="22� /(� 1$,:$#(7� $;� .<(� (3$28."$%� $;� .<(� :)(#(%.� �%.()%(.� "%;)-#.)81.8)(� 61$)(� -%7�

1$%3()*(%.� ;"FK,$/"2(� -11(##95� .<(� ;")#.� )"%*�="22� /(� 1$,:$#(7� $;� -� %(=� *(%()-."$%� $;�

.(),"%-2#�=".<�%(.=$)4"%*�1-:-/"2"."(#�-%7� .<()(;$)(� .<(�:$##"/"2".+�$;�:-)."1":-."%*� .$�

#:$%.-%($8#�-%7�#(2;K$)*-%"J(7�%(.=$)4#5�.<(�#(1$%7�)"%*5�/-#(7�$%�.<(#(�#,-).5�-1."3(�

-%7� #(%#"."3(� #+#.(,#� -%7� .(1<%$2$*"(#�="22� -22$=� .<(�,()*"%*� $;� .<(� )(-2� -%7� 7"*".-2�

=$)27#��

�

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

�

��
���
�
������������
��

�<(�:)(#(%.�"%"."-."3(�;$18#(#�$%�.<(�.(1<%$2$*"(#�-%7�-)1<".(1.8)(#�.<-.�="22�(%-/2(�.<(�

#(1$%7�)"%*�-#�=(22�-#�"%�".#�"%.()K=$)4"%*�=".<�.<(�)(#.�$;�.<(�*2$/-2�-)1<".(1.8)(5�:-3"%*�

.<(�=-+� .$=-)7#� .<(� �(-2��$)27� �%.()%(.�� �()+� #"*%";"1-%.� (1$%$,"1-25� "%78#.)"-2� -%7�

#$1"(.-2� ",:-1.#� -)(� (F:(1.(7�� �<(� "%"."-."3(� <-#� /((%� 2-8%1<(7� /+� )(2(3-%.� �-)%$.�

�%#.".8.(#� 6��
� ����5� �

�5� ���5� ���5� ������� ������9� -%7� "%78#.)"-2� 2(-7()#�

6�)-%*(5�
21-.(2��81(%.5��<-2(#5��1<%("7()��2(1.)"15�
81<-%5�
")/8#9��"%�$)7()�.$�:)$3"7(�

-� 1$<()(%.����� ;)-,(=$)4� ;$)� 1$%.)"/8."%*� $%� .<(� 7(#"*%� $;� .<(��(-2��$)27� �%.()%(.�

-%7�7(,$%#.)-.(�".#�",:-1.#�"%�#(2(1.(7�-::2"1-."$%�-)(-#����$,(�$.<()��-)%$.�"%#.".8.(#�

6��5���5���
�����5�(.1�9�-%7�����
�)(#(-)1<�1(%.()�<-3(�C8"142+� 0$"%(7�.<"#� "%"."-."3(5�

-%7�,$)(�-)(�=(21$,(N�
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#+#.(,#�.<-.�-)(�4(+�(%-/2()#�$;� .<(��(-2��$)27� �%.()%(.���<(�=$)4�="22�/(�#.)81.8)(7�
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:)$0(1.#5� �8)$:(-%� :)$0(1.#� 6�	�5� ���
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:2-.;$),#B�

� �/"C8".$8#�#()3"1(#�-%7�,$/"2".+�
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� �)-%#:$).-."$%�-%7�-()$%-8."1#�
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�-%*(�OA�,�

O���

1,!�
O��P� Q����,"22"$%#�

�()3"1(�7"#1$3()+�

�(2;K1$%;"*8)-."$%�

�(.=$)4�7"#1$3()+�

�%.())$*-."$%�

7$=%2$-7�

�()3"1(�

7"#1$3()+�

!���������� -"%#�$)�

/-..()+�

	���$)�,"1)$=-3(�

�-.(#B�

�F�B�-�;(=�4/:#�

�F�B�-�;(=�/:#�

�-%*(�O����,�

O���

1,!�
O��AP� Q���"22"-)7#�

�(2;K1$%;"*8)-."$%�

�:$%.-%($8#�%(.=$)4�

�(.=$)4�1$7"%*�


1."3-."$%�

�%.())$*-."$%�
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)$8.-*(��

!���������������
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�-.(#B�
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�-%*(�O��4,�
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1,!�
O��AP� Q���"22"-)7#�
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�<(� "%.();-1(�/(.=((%� .<(� )(-2� -%7�7"*".-2�=$)27#� )(C8")(#� .<(� 1-:-1".+� ;$)� .<(�7"*".-2�

=$)27�.$�#(%#(�.<(�)(-2�=$)27�-%7�.$�-1.�$%�".���<(�"%"."-."3(�="22�1$%.)"/8.(�.$�.<(�7(#"*%�

$;� #,-).�%(.=$)4(7�$/0(1.#�-#�%(=�*(%()-."$%�$;� #(%#$)#�-%7�-1.8-.$)#�)(#:$%7"%*� .$�

.<(�)(C8")(,(%.#�)(2-.(7�=".<�.<(�;-1.�.<-.�.<$#(�1-:-/"2"."(#�<-3(�.$�/(�(,/(77(7�"%�-�

2-)*(�7"3()#".+�$;�7(3"1(#5� #$,(.",(#�=".<�)(781(7�1$,:8.-."$%5�,(,$)+5� #"J(5�(%()*+�

1-:-1".+� -%7� #:(1";"1� :-14-*"%*� )(*-)7"%*� #$,(� -::2"1-."$%� 1$%#.)-"%.#�� 
� )(#(-)1<�

(;;$).�="22� -2#$� /(� :)$3"7(7� $%� .<(� -)1<".(1.8)(#� $;� .<(� 7(3"1(#� .<-.�="22� (,/(7� .<$#(�

;8%1."$%-2"."(#� -%7� .<-.� ="22� ;$)� "%#.-%1(� :();$),� #"*%-2� :)$1(##"%*5� 7"#.)"/8.(7�

"%;$),-."$%�:)$1(##"%*�-%7�-**)(*-."$%���3$23(7��$��#$28."$%#�="22�/(�7(#"*%(7���

�<-22(%*(#� -)$8%7� .<(� %(1(##-)+� "%.(22"*(%1(� (,/(77(7� "%� .<(#(� #+#.(,#� ="22� /(�

7(#1)"/(7� -%7� 1$%#"7()(7� .$*(.<()� =".<� .<(� 1$,,8%"1-."$%� 1-:-/"2".+� $;� .<(")�

"%.()-1."3(� 1$,:$%(%.#�� �:(1"-2� (;;$).� ="22� /(� :)$3"7(7� $%� (F:2$)"%*� .<(� %(.=$)4�

-)1<".(1.8)(#� 6-7K<$15� ��
�#5� )$/$.� #=-),#5� (.195� -#� =(22� -#� (F:2$)"%*� .<(�

1$))(#:$%7"%*� :)$.$1$2#�� �(2;K$)*-%"J-."$%� -%7� #(2;K,-%-*(,(%.� -)(� 1)"."1-2� "%� .<"#�

(%3")$%,(%.� -%7� %(=� %(.=$)4"%*� :)"%1":2(#5� "%1287"%*� -77)(##"%*5� %-,"%*� -%7�

"7(%.";"1-."$%� :-)-7"*,#5� -7-:.(7� )$8."%*� #$28."$%#5� ,$/"2".+� #$28."$%#� -%7� #(2;K

7"#1$3()+� $;� (2(,(%.#� -%7� #()3"1(#� -%7� 2$1-."$%� 1-:-/"2".+� -)(� 08#.� -� ;(=� $;� .<(� 1$)(�

)(C8")(,(%.#�$;� .<$#(�%(=�%(.=$)4"%*�:-)-7"*,#���<(� "%"."-."3(�="22�-2#$� ;$18#�$%�.<(�

"%.()K=$)4"%*�$;� .<(�3-)"$8#�<(.()$*(%($8#�#+#.(,#5� "%1287"%*�.<(�,()*(�=".<�1(2282-)�

%(.=$)4#�-%7�.<(�%(.=$)4�-%7�#()3"1(#�,-%-*(,(%.���(18)".+�#$28."$%#�="22�/(� 0$"%.2+�

7(#"*%(7�=".<�%(.=$)4"%*�#$28."$%#S�.<()(�"#�-�)(C8")(,(%.�<()(�;$)�-7-:.-/2(�-%7�#(2;K

$)*-%"J(7�#(18)".+�-)1<".(1.8)(#��
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"%1287"%*�.<(�$:()-."%*�#+#.(,#5�-#�=(22�-#�$%�.<(�#$28."$%#�;$)�7+%-,"1-22+�8:7-."%*�.<(�

#$;.=-)(�(2(,(%.#���<"#�-1."3".+�="22�"%1287(�.<(�7(#"*%5�;$),-2�3()";"1-."$%�-%7�$%�/$-)7�

.(#.�$;� .<(�)(C8")(7�)(-2K.",(�7"#.)"/8.(7�#+#.(,#���:(1";"1���#�="22�-2#$�/(�7(#"*%(7��


73-%1(�#()3"1(�-)1<".(1.8)(#5�=".<�.<(�)(C8")(7�,"772(=-)(�-%7�#:(1";"1�#$28."$%#�;$)�
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�<"#�:-).�"#�7"3"7(7�"%�A�#8/�.$:"1#�7(-2"%*�=".<�.<(�.(1<%$2$*+�-::)$-1<B��

K �%()*+�,-%-*(,(%.�-.�$/0(1.�2(3(2�

K 	-14-*"%*5�"%.(*)-."$%�"%.$�,-.()"-2#5�#(%#$)�6-%7�-1.8-.$)9�"%.(*)-."$%�

K �(:2$+,(%.�-%7�#(%#$)#�6-1.8-.$)#9�1-2"/)-."$%�

K �$,,8%"1-."$%�7(3"1(#�

K �)8#.5�#(18)".+�-%7�)$/8#.%(##��6)(2-.(7�.$�.<(�%(.=$)4�1)".()"-�<()(9�

K �(1$%;"*8)-/2(�<-)7=-)(���#$;.=-)(5�1$�7(#"*%�-%7�"%.(*)-."$%�

�%()*+�,-%-*(,(%.�-.�$/0(1.�2(3(2 �

�%�)(1(%.�+(-)#5�,82.":2(�-::2"1-."$%#5�"%3$23"%*�%(.=$)4#�$;�-�)(2-."3(2+�2-)*(�%8,/()�$;�

=")(2(##� %$7(#5� <-3(� /((%� 1$%#"7()(7�� �-1<� %$7(� =$827� :();$),� #(%#"%*5� 7-.-�

:)$1(##"%*�-%7�=")(2(##�.)-%#,"##"$%�$;�"%;$),-."$%���$%#(C8(%.2+5�.<(#(�%$7(#�%((7�.$�

/(�#(2;K:$=()(75�,-%+�$;�.<(�-73-%.-*(#�$;�=")(2(##�#(%#$)�%(.=$)4"%*�/("%*�2"4(2+�.$�

/(� 2$#.� ";� (F.()%-2� 6"�(��=")(79� :$=()� #$8)1(#� =()(� 8#(7�� �<"#� 1$%#.)-"%.� <-#� .$� #$,(�

(F.(%.�18).-"2(7�.<(�:)$2";()-."$%�$;�=")(2(##�%(.=$)4#��

�<()(;$)(� )(#.)"1."%*� $8)#(23(#� .$� "%.()%-2� :$=()� #$8)1(#5� /-..()"(#5� (".<()� :)",-)+�

67"#:$#-/2(9� $)� #(1$%7-)+� 6)(1<-)*(-/2(95� $;;()#� -� <"*<� (%()*+� 7(%#".+5� -.� 2$=� 1$#.��

�%;$).8%-.(2+� ",:)$3(,(%.#� "%�(%()*+� 1-:-1".+�<-3(�/((%�,81<�#2$=()� .<-%� "%�$.<()�

-)(-#�#81<�-#�.<(�:();$),-%1(�$;�"%.(*)-.(7�1")18".#��
#�-�1$%#(C8(%1(�.<(�:()1(%.-*(�"%�

#"J(� -%7� =("*<.� 7(3$.(7� .$� .<(� /-..()+� "%� -� ,"%"-.8)"J(7� 7(3"1(� <-#� 7)-,-."1-22+�

"%1)(-#(7��$)($3()5�.<()(�-)(�$.<()�7)-=/-14#�-##$1"-.(7�=".<�.<(�8#(�$;�/-..()"(#B��

� �(%3")$%,(%.-2�1$%1()%#�"%�.<(�1-#(�$;�2$#.�#(%#$)#5�

� �(1$%$,"1-2�-#:(1.#�-##$1"-.(7�=".<�.<(�)(:2-1(,(%.�$;�:)",-)+�/-..()"(#5�

� �-%7�(3(%�8%:)-1."1-2�1<-%*(�$;�/-..()"(#�;$)�%(.=$)4#�(,/(77(7�"%�,-.()"-2#�$)�;$)�

/"$,(7"1-2�",:2-%.#�6:$=()�*(%()-."$%�8#"%*�L�,"1)$�L�;8(2�1(22#�-2#$�#8;;()�;)$,�.<"#�

2-#.�7)-=/-149��

�$).8%-.(2+5� -.� 2(-#.� :)",-)+� /-..()"(#� 1-%� /(� (2","%-.(7� .<)$8*<� .<(� 8#(� $;�

(%3")$%,(%.-2� (%()*+� 1-:.8)(5� )-"#"%*� .<(� .<($)(."1-2� :$##"/"2".+� $;� "%;"%".(� 2";(.",(��

�%()*+�1-:.8)(�"#�.<(�#$28."$%�;$)�2$%*�.(),�D7(:2$+�-%7�;$)*(.E�=")(2(##�%(.=$)4#���$)�

(%()*+�1-:.8)(5�.=$�:)"%1":2(#�,-+�/(�1$%#"7()(75�1-22(7�(%()*+�<-)3(#."%*�61$%."%8$8#�

#$8)1(9�-%7�(%()*+�#1-3(%*"%*�6"%.(),"..(%.�#$8)1(9���$=(3()5�-3-"2-/"2".+�$;�(%()*+�"#�

.<(%�2",".(7�/+�:<+#"1#�2",".#5�-%7�;$)�#81<�-�#(2;K:$=()(7�%(.=$)45�(%()*+�"#�.<()(;$)(�

-� 1)"."1-2� "##8(5� -%7� .<(� *2$/-2� 7(#"*%� 6#(%#"%*5� #"*%-2� :)$1(##"%*� -%7� 1$,,8%"1-."$%9�

,8#.�8#(� (%()*+� -#� $%(�$;� .<(�,-0$)� #:(1";"1-."$%#�$)� #.-)."%*�:$"%.#�� �%� $.<()�=$)7#5�

:$=()�,-%-*(,(%.�,(.<$7#�-%7�.(1<%$2$*"(#�-)(�1)"."1-2�(%-/2()#���$%#(C8(%.2+�.<"#�"#�

-� )-:"72+� *)$="%*� -)(-� ;$)� "%%$3-."$%5� =<"2(� #."22� 2-14"%*� $;� .)8(� "%78#.)"-2� #+#.(,�

"%.(*)-.$)#5�%$.�08#.�;$18#"%*�$%�$%2+�$%(�-#:(1.�$;�.<(�.$.-2�%$7(�-%+,$)(��

�%()*+�<-)3(#."%*�-%7�,-"%2+�#1-3(%*"%*�#$8)1(#�68%2"4(�/-..()"(#�$)�;8(2�1(22#9�-)(�%$.�

(%()*+�)(#()3$")#5�-%7�1$%#(C8(%.2+�-)(�1<-)-1.()"J(7�/+�.<(")�:$=()�7(%#".+�$%2+���<(+�

-)(� -� ,(-%� $;� 1-:.8)"%*� .<(� (%3")$%,(%.-2� (%()*+� #81<� -#� 2"*<.5� .<(),-2� $)�

(2(1.)$,-*%(."1�;28F5�$)�,(1<-%"1-2�,$3(,(%.���<"#�<-)7K=$%�:)",-)+�(%()*+�<-#�.<(%�
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.$�/(�(;;"1"(%.2+�1$%3().(7�"%.$�8#-/2(�(2(1.)"1-2�:$=()���<"#� ",:2"(#�/$.<�.<(�7(#"*%�$;�

.)-%#781()#5�=<"1<�,8#.�;".�.<(�-2=-+#K#:(1";"1�(%3")$%,(%.-2�1$%7"."$%#5�-%7�-�:)$:()�

",:(7-%1(�,-.1<"%*� /(.=((%� .<(� .)-%#781()� $8.:8.� -%7� .<(� 2$-75� =<-.(3()� .<(� 2$-7�

%-.8)(�"#5�"%�$)7()�.$�,-F","J(�.<(�(%()*+�.)-%#;()���;�%((7(75�-%+�(2(1.)$%"1�2$=K:$=()�

1$%3()#"$%� 1")18".� #<$827� #=".1<� ".#(2;� $;;� ";� .<(� 1-:.8)(7� :$=()� ;-22#� /(2$=� ".#� $=%�

)(C8")(,(%.#�� �/3"$8#2+5� -22� $.<()� (2(1.)$%"1� 7(3"1(#� ,8#.� -2#$� ;$22$=� -� 2$=K:$=()�

7(#"*%�-%7�$:()-."%*�:)"%1":2(#���


%$.<()� #.(:� "%� :$=()"%*� #$28."$%#� =$827� /(�,-%-*"%*� #(3()-2� (%()*+� #$8)1(#5� =".<�

1$,:-."/2(�.(1<%$2$*"(#�-%7�=".<�#8/#.-%."-2�:$=()�)-."$#����

�<(� $.<()� #"7(� $;� :$=()"%*� "#� -8.$%$,+�� �$� /(� -8.$%$,$8#5� .<(� #+#.(,� <-#� .$� *(.� -�

:();(1.�(%()*+�,-%-*(,(%.�"%�$)7()�.$�$:.","J(�:$=()"%*�-%7�-2#$�:();$),-%1(���<"#�

-#:(1.� /(1$,(#� 1)81"-2� ;$)� -� #+#.(,�=".<� #(3()-2� :$=()� #$8)1(#� -%7� (%()*+� #.$)-*(�

#$28."$%#�� H�%.(22"*(%1(I� "#� .<(%� (,/(77(7� "%� .<(� #+#.(,� "%� $)7()� .$� ,-%-*(� -22� .<(�

1$%#.)-"%.#���"4(�:$=()"%*5�-8.$%$,+�<-#�(F"#."%*�#$28."$%#�=<"1<�<-3(�.$�/(�-7-:.(7�$)�

(3(%�)(7(3(2$:(7�.$�/(�1$,:2"-%.�=".<�,"1)$�-%7�%-%$�#+#.(,#��

�%� -%$.<()� -#:(1.5� ;$)� #$,(� -1."3"."(#5� .<(� %(.=$)4� ,8#.� /(� -1."3(� =<"2(� ".#�

#8))$8%7"%*#�7$�%$.�$;;()�-%+�(%()*+�6(C8":,(%.�"#�#=".1<�$;;5�%"*<.K.",(M9���<(%�:-).�

$;� .<(�(%()*+�:)(3"$8#2+� 1-:.8)(7�=$827�<-3(� .$�/(� #.$)(7�� �.$)-*(� 1-%�:)-1."1-22+�/(�

-1<"(3(7� (".<()� .<)$8*<� #(1$%7-)+� /-..()"(#� $)� 6#8:()9� 1-:-1".$)#�� �<(� ;$),()�

%(3().<(2(##�#8;;()#�;)$,�#$,(�$;�.<(�7)-=/-14#�$;�:)",-)+�/-..()"(#5�-%7�-2#$�%((7#�-%�

(2(1.)$%"1� 1")18".� .$� 1$%.)$2� .<(� 1<-)*"%*� :)$;"2(5� .<"#� 1")18".� %(*-."3(2+� ",:-1."%*� .<(�

:$=()�7"##":-."$%���

�"%-22+5�.<(�7(#"*%�$;�-%�(%()*+K(;;"1"(%.�=")(2(##�#(%#$)�%$7(�)(C8")(#�-�*2$/-2�6<$2"#."19�

-::)$-1<�.-4"%*�"%.$�-11$8%.�.<(�7";;()(%.�-#:(1.#�$;�.<(�(%()*+�1$%#8,:."$%���$)�.<"#�

*$-25� .<(� 1<-22(%*(� "#� .<(� 7(3(2$:,(%.� $;� -� 1$K#",82-."$%� ;)-,(=$)4� .<-.� "%1287(#�

-118)-.(�(%()*+�,$7(2#�;$)�.<(�-%-2+#"#�-%7�.<(�$:.","J-."$%�$;�.<(�:$=()�8#-*(�"%�.<(�

#(%#$)�%$7(���

�::$).8%"#."1� �%()*+� 6<-)3(#."%*� (%()*+� .(1<%"C8(#9� =$827� /(� -2#$� -77)(##(75� =".<�

%(=� 1<-22(%*(#� -/$8.� (%()*+� (;;"1"(%1+� $:.","#-."$%� :)$1(78)(#�� �<"#� .$:"1�=$827� /(�

"%.)"%#"1-22+� 2"%4(7� .$� :-).� !� H#(%#$)#� ,$%".$)"%*� .<)$8*<� %(.=$)4I5� /8.� =$827� -2#$�

)(C8")(7� #:(1";"1� "%3(#."*-."$%#� $%� %(=� 1$7"%*� #1<(,(#� ;$)� "%#.-%1(5� "%� $)7()� .$�

1$%3()*(�.$=-)7�-%�",:)$3(7�/".G<JG#G���1$%#8,:."$%�)-."$��

	-14-*"%*5�"%.(*)-."$%�"%.$�,-.()"-2#5�#(%#$)�6-%7�-1.8-.$)9�"%.(*)-."$%�

�%.(*)-."$%�"%#"7(�,-.()"-2#�)(C8")(#�.$�,-4(�.(1<%$2$*"1-2�/)(-4.<)$8*<�"%�.<(�7$,-"%�

$;� ,"1)$K#+#.(,� :-14-*"%*� -%7� ".#� 1$,:-."/"2".+� =".<� .<(� <$#.� ,-.)"FB� �(%()-22+�

#:(-4"%*5� -� ,"1)$K(2(1.)$%"1� #+#.(,� )(C8")(#� 1-)(#� "%� <-%72"%*B� .<()(� -)(� $;.(%�

,(1<-%"1-22+� ;)-*"2(� -%7�:<+#"1-2� #(%#"."3(� .$� (2(1.)$#.-."1�7"#1<-)*(� -%7�(%3")$%,(%.�

1<(,"1-2� -*(%.#�� �$%#(C8(%.2+� .<(")� "%#()."$%� "%.$� -� <$#.� ,(7"8,� ",:2"(#� ,-%+�

:)$/2(,#���

�<(�,-.()"-2�1-%�/(�.<(�#".(�$;�,(1<-%"1-2�#.)-"*<.B�.<$#(�#.)-"*<.#�1-%�/(�1$%1(%.)-.(7�

$%�"%#().(7�$/0(1.#�2(-7"%*�.$�<"*<�2(3(2�$;�#.)(##�6/+�-%-2$*+�=".<�#.)(##�1$%1(%.)-."$%�

-)$8%7� <$2(#9� -.� .<(� #(%#$)G,(7"8,� "%.();-1(5� $)� "%� .<(� $::$#".(� 1-#(5� 1$827� /(�

)(7"#.)"/8.(7� (2#(=<()(� "%� .<(�<$#.�,(7"8,� ",:2+"%*� -::-)"."$%�$;�=(-4�:$"%.#�� �81<�
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:<(%$,(%$%�,-+�-2#$�-2.()�7(;-82.�,-.()"-2#�:)$:()."(#���<"#�-#:(1.�#<$827�/(�1-)(;822+�

"%3(#."*-.(75� -.� 2(-#.� /+� ,(1<-%"1-2� 7(#"*%� -%7� .(#.#�� �%� :2-#."1#� ,-.()"-2#5� ,$)(�

:()%"1"$8#�:)$/2(,#�1$827�-::(-)B�$%1(�-�,"1)$K$/0(1.�<-#�/((%�"%1$):$)-.(7�"%#"7(�-�

<$.� :2-#."1� ,-.()"-2� 78)"%*� .<(� :)$1(##"%*5� ".� ,-+� "%781(� )(7"#.)"/8."$%� $;� )(#"78-2�

#.)(##(#� 78)"%*� .<(� 1$$2"%*� :<-#(5� -%7� 2(-7� .$� $/0(1.#� =".<� ;"%-2� #<-:(#� $8.� $;�

#:(1";"1-."$%#���<(�=-+�$;� "%#()."$%� "%.$�:2-#."1�,-.)"F� "#�-�1<-22(%*"%*�:)$/2(,���#8-2�

"%78#.)"-2� :)$1(##5� 2"4(� (F.)8#"$%� $)� ,$827"%*5� ",:2"(#� <"*<� .(,:()-.8)(� 6.+:"1-22+�

/(.=((%�����-%7�&��T�9�-%7�:)(##8)(� 2(3(2� #81<�-#�����/-)#���<(�,"1)$�#+#.(,#�="22�

<-3(�.$�$3()1$,(�.<(#(�7";;"182.�1$%7"."$%#�/+�:)(#(%."%*�-%�-::)$:)"-.(�:-14-*"%*�$)�-.�

2(-#.�-�:)(K1$-."%*�.$�/(�1$,:-."/2(�=".<�"%78#.)"-2�:)$781."$%�2"%(#��

�%� .<(�=$)#.� 1-#(#5� .<(�<$#.�,-.()"-2� "%#"7(�=<"1<�=(�=-%.� .$� "%.(*)-.(� #(%#$)#� 1$827�

#$,(.",(�/(�-�1<(,"1-22+�-**)(##"3(�,(7"8,B�1$%1)(.(�$)�1(,(%.�,-.()"-2� "#�-�.+:"1-2�

(F-,:2(�=".<�:��Q������
�7")(1.�1$%.-1.�/(.=((%�.<(�,(7"8,�-%7�.<(�7"1(#�=$827�2(-7�.$�

1$))$#"$%� :)$/2(,#� -%7� 7";;8#"$%� $;� ,$"#.8)(� "%#"7(� .<(� #+#.(,�� �%� #81<� 1-#(5� -�

:-14-*"%*�="22�/(�%(1(##-)+��

�(;"%"."$%�-%7�#:(1";"1-."$%�$;�-%�-::)$:)"-.(�:-14-*"%*�"#�-�1<-22(%*"%*�.-#4�/(1-8#(�".�

#<$827�1$%#"7()�"%.();-1(�1$,:-."/"2".+�/(.=((%�,(7"8,�-%7�:-14-*"%*�,-.()"-25�-%7�-.�

.<(�#-,(�.",(�.<(�:-14-*"%*�,-+�%$.�-2.()�.<(�,"1)$�#+#.(,E#�:();$),-%1(#���<()(�-)(�

%$�*(%()-2�)82(#�$;�7(#"*%�-#�.<(�.+:(#�$;�#(%#$)#�-%7�.-)*(.(7�,(7"8,�1-%�/(�7"3()#(�

;)$,�$%(�-::2"1-."$%�.$�-%$.<()��

�","2-)�1<-22(%*(#�(F"#.�;$)�.<(�"%.(*)-."$%�$;�-1.8-.$)#�"%.$�.<(�(%3")$%,(%.���

�(:2$+,(%.�-%7�#(%#$)#�6-1.8-.$)#9�1-2"/)-."$%�

�<(�1-2"/)-."$%�:<-#(�"#�;8%7-,(%.-2�.$�$/.-"%�8#(;82�,(-#8)(,(%.#���"%1(�.<(�#(%#$)#�

-)(� .<(�,(-%#� .<)$8*<�=<"1<� -,/"(%.� "%.(22"*(%1(� #+#.(,#� H-##(##I� .<(� (%3")$%,(%.�

-%7� (2-/$)-.(� .<(")� $:()-."%*� #.)-.(*+5� .<(�,(-#8)(,(%.#�,8#.� /(� )(2"-/2(�� �","2-)2+5�

#"%1(�-1.8-.$)#�-)(�.<(�H-),#I�$;�#81<�"%.(22"*(%.�#+#.(,#5�".�"#�1)81"-2�.$�4%$=�:)(1"#(2+�

.<(")�/(<-3"$8)��

�<(�1-2"/)-."$%�:)$1(##�<-#�;$)�:8):$#(�.$�"7(%.";+�.<(�",:();(1."$%#�$;�-�,(-#8)(,(%.�

2"4(�/"-#5�7)";.5�%$"#(�2(3(25�-%7�.$�1$))(1.�".����81<�",:();(1."$%#�,-+�*(%()-.(�())$%($8#�

,(-#8)(,(%.�$)�7"#:()#"$%#�.<-.�#<$827�/(�,"%","J(7���7(-22+5�.<(�1-2"/)-."$%�#<$827�/(�

-�;-1.$)+�:)$1(##���$=(3()5�#$,(�#(%#$)#�%((7�"%K#".8�1-2"/)-."$%���,/(77"%*�#(%#$)#�"%�

,-.()"-2#� 1-%� -2#$� -2.()� .<(� 1<-)-1.()"#."1#� 6)(#:$%#(9� $;� -� :-)."182-)� #(%#$)� "%� -�=-+�

.<-.�"#�%$.�%(1(##-)+�4%$=%�-.�.<(�.",(�.<(�#(%#$)�"#�:)$781(7���.�"#�-2#$�2"4(2+�.<-.�.<(�

(F:(1.(7�2$=�:)$781."$%�1$#.�$;�.<(�#(%#$)#�="22�:)$<"/".�.<(�1$#.�$;�-�;-1.$)+�.)",,"%*�

-%7�1-2"/)-."$%���<()(;$)(5�,(.<$7$2$*"(#�.<-.�1-%�/(�-::2"(7�.$�-�;(=�<"*<�(%7�#(%#$)#�

-)(� 8#8-22+� %$.� #1-2-/2(5� -%7� %(=� -8.$,-."1� #(2;K1-2"/)-."$%� .(1<%"C8(#� ,8#.� /(�

7(3(2$:(7��

�<(�7(:2$+,(%.�$;�.<(�#(%#"%*�"%;)-#.)81.8)(�)-"#(#�-2#$�4(+�"##8(#���%�$)7()�.$�:();$),�

-�1$#.K(;;(1."3(�7(:2$+,(%.�$;� �#81<�-�,-##"3(�"%;)-#.)81.8)(5�.<(�#(%#"%*�#+#.(,�,8#.�

/(�-/2(�.$�:();$),�-�#(2;K-##(##,(%.�$%1(�7(:2$+(75�%-,(2+5�(#.",-.(�".#�H#<-:(I�6=<()(�

-)(� .<(� #(%#$)#U� <$=� 1$827� .<(+� /(� 2"%4(7� .$*(.<()U� <$=� )(78%7-%1+� -%7� )(#"2"(%1(�

(#.-/2"#<� .<(,#(23(#U9�� �81<� :)$1(##� "%3$23(#� 4(+� .(1<%$2$*+� 2"4(� #(2;� -%7� 1)$##�

2$1-2"J-."$%�-%7�#(2;�-%7�1)$##�.(#."%*��
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�$,,8%"1-."$%�7(3"1(#�

�<(%� -� #+#.(,� "#� "%.(*)-.(7� "%.$� -� %(=� ,-.()"-2� -%7� -� %(=� (%3")$%,(%.5� .<(�

1$,,8%"1-."$%� ,8#.� 8#(� -� ,$7-2".+� =<"1<� "#� -7-:.(7� .$� .<(� "%;$),-."$%� .)-%#:$).�

.<)$8*<$8.� .<(,�� �%.(*)-.(7� #(%#"%*� #+#.(,#� ,-+� "%1287(� .<(� :$##"/"2".+� .$� .)-%#;()�

7-.-� ;)$,� $%(� :$"%.� $;� .<(� %(.=$)4� .$� -%$.<()� $%(�� 
%� "%.(*)-.(7� #(%#"%*� #+#.(,�

1$,,8%"1-.(#� .)$8*<� 1$,:2(F� ,-.()"-2#� =".<� 1$%781."3(� #.)81.8)(� -%7� 7";;()(%.�

,-.()"-2� 2-+()#�� �$.#� $;�����(;;$).#� -)(� 7(7"1-.(7� .$�7(3(2$:� 2$=�:$=()� .)-%#,"##"$%�

#+#.(,� -%7� :)$.$1$2�� �%3(#."*-."$%#� ;$18#� $%� :$=()� 1$%#8,:."$%5� #"J(5� .)-%#,"##"$%5�

-%7�:();$),-%1(5�"%�$)7()�.$�;".�#(%#$)�"%.(*)-."$%�%((7#���<(�)(2"-/"2".+�$;�.<(�)-7"$�2"%4�

"#� (##(%."-2� ;$)� 1().-"%� -::2"1-."$%#� 63(<"182-)5� ,(7"1-25� #-;(.+5� (.1�9�� 
� #+#.(,� 2(3(2�

-::)$-1<�"#�.<(%�)(C8")(7�.$�*8-)-%.((�".�.<)$8*<�(�*��1$7"%*5�7"3()#".+5�1$$:()-."$%�-%7�

%(.=$)4"%*�� �.� "#� -2#$� $/3"$8#� .<-.� -%.(%%-� 7(3(2$:,(%.� <-3(� -� *)(-.� ",:-1.� "%� .<(�

.)-%#,"##"$%� :();$),-%1(� /(.=((%� ,"1)$� #+#.(,#�� �%� -77"."$%5� )-7"$� #"*%-2#� ,-+� /(�

(F:2$".(7� .$=-)7#� -118)-.(� $)� -::)$F",-.(� 2$1-2"J-."$%� $;� =")(2(##� 1$,,8%"1-."%*�

7(3"1(#5�=<"1<�$:(%#�.<(�=-+�.$�,-%+�2$1-."$%K)(2-.(7�-::2"1-."$%#�$)�#()3"1(#���

�")(2(##� "%� .<(� ���#��J� .$� �� ��J� )(*"$%� "#� .<(�,$#.� 3()#-."2(� -%7�=-#� (F.(%#"3(2+�

#.87"(7� "%� .<(� :-#.5� .<$8*<� "%� #:(1";"1� 1-#(#5� $.<()� ,$7-2"."(#� 2"4(� =")(2"%(� 6	��� ;$)�

"%#.-%1(9� $)� $:."1-2� 1-%� /(� 8#(7�� �<(� 1$%128#"$%� #."22� <$27#� .<-.� "%� -� ,-0$)".+� $;�

-::2"1-."$%#5� .<(�=")(2(##� #(%#$)� %$7(� 1$,,8%"1-."$%� :-).� "#� .<(�,-"%� 1$%.)"/8.$)� .$�

.<(� $3()-22� :$=()� 1$%#8,:."$%5� ;-)� /(+$%7� .<(� #(%#$)� #8/#+#.(,� -%7� .<(� ,"1)$K

1$%.)$22()� #8/#+#.(,5�=<(%�-%+���(3().<(2(##5� .<(�:$=()� 1$%#8,:."$%� "%�-1."3(�,$7(�

#."22�<-3(�-%�",:-1.�$%�.<(�:$=()�,-%-*(,(%.�-%7�(%()*+�#$8)1(�#(2(1."$%�-%7�7(#"*%5�

(3(%�";�".�"#�2(##�-%7�2(##�.<(�:)",-)+�#$8)1(�$;�(%()*+�7(:2(."$%5�#"%1(�.<(�#(%#$)�%$7(�

*(%()-22+�#:(%7#�,$)(�.<-%�''V�$;�.<(�.",(�"%�#2((:�,$7(5�=<()(�".�#<-22�1$%#8,(�#$,(�

���#� %
� .$� -;;$)7� #(3()-2� +(-)#� 2";(.",(�� �$=� 1$#.5� 2$=� #"J(5� 7"#:$#-/2(� -%7G$)� /"$K

1$,:-."/2(� /-..()"(#� .(%7� .$� <-3(� -� :(-4� 18))(%.� 1-:-/"2".+� /(2$=� .<(� -1.8-2�

"%#.-%.-%($8#�%((7#�$;� .<(�)-7"$�=<(%�.)-%#,".."%*�$)�)(1("3"%*���<()(;$)(5� .<(�-1."3(�

:$=()�1$%#8,:."$%�)(781."$%�$/0(1."3(�#."22�<$27#���

�<(� =")(2(##� 1$,,8%"1-."$%� #8/#+#.(,� -2#$� <-#� .$� 7(-2� =".<� #.)$%*� :-14-*"%*� -%7�

"%.(*)-."$%�1$%#.)-"%.#5�-#�<"*<2"*<.(7�:)(3"$8#2+���<$8*<�.<(�)-7"$����".#(2;�$118:"(#�-�

2",".(7�#"J(5�2-=#�$;�:<+#"1#�;$)�-%.(%%-�7(#"*%�2(-7�.$�#"J(K(;;"1"(%1+�.)-7($;;#5�:8#<"%*�

.<(� #(2(1."$%� $;� .<(� $:()-."%*� )-7"$� ;)(C8(%1+� .$� <"*<()� 3-28(#5� 2(##� #8".-/2(� .$� 2$=�

:$=()� -%7� 2$=� 2(-4-*(� $:()-."$%� ;$)� .<(� )-7"$� ���� �<()(;$)(5� .<(� /824� $;� =")(2(##�

1$,,8%"1-."%*� #(%#$)#� "#� %$=� "%� .<(� @��� �J� .$� ��&� ��J� -)(-5� /(%(;"."%*� ;)$,�

8%2"1(%1(7�L�/8.�1)$=7(7�L�/-%7#���

�<(�3"#"$%�;$)�7"#)8:."3(�#$28."$%#�(".<()�1$%#"#.#�"%�

� $:.","J"%*� (-1<� /8"27"%*� /2$14� $;� -� D12-##"1-2E� -::)$-1<� "%� -� 1)$##� #+#.(,� G� 1)$##�

1$,:(.(%1(� ,-%%()5� .<8#� %((7"%*� -� 3()+� 12$#(� 1$$:()-."$%� -,$%*� )(#(-)1<()#� $;�

/)$-7�7$,-"%#5�(#:(1"-22+�.$�#(.�8:�,$7(2"%*�-%7�7(#"*%�;2$=#5�

� $)� "%� 7(:.<� -%-2+J"%*� #:(1";"1� -::2"1-."$%� )(C8")(,(%.#� -%7� .-"2$)"%*� -� #$28."$%� .$�

.<(#(� )(C8")(,(%.#5� .<8#� -3$"7"%*� *(%()-2� :8):$#(� -::)$-1<(#5� -.� .<(� (F:(%#(� $;�

<-)7�1$#.�$:.","J-."$%�78(�.$�.<(�-/#(%1(�$;�1)"."1-2�,-##�,-)4(.#��

�"%-22+5� .(%-/"2".+� -%7� )(1$%;"*8)-/"2".+� -)(� #.)$%*2+� (F:(1.(7� ;$)� #81<� ;8.8)(� #,-).�

$/0(1.#� -%7� #(%#$)#5� -%7� "%3(#."*-."$%#� $%� (,()*"%*� %-%$.(1<%$2$*"(#� -)(� #.)$%*2+�

(F:(1.(75�"%�:-)."182-)�";�=(�1$%#"7()�(%3")$%,(%.5�%(=�)(#(-)1<�-1."3"."(#�7(-2"%*�=".<�
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W�/"$K1$,:-."/2(�X� #(%#$)#� -%7� %(=� -1.8-.$)#� =".<� %(=� :<+#"1-2� 7",(%#"$%#� 6;28"7"15�

.<(),-25�:"(J$5�(.1�9��

�)8#.5�#(18)".+�-%7�)$/8#.%(## �

�)-1(-/"2".+� $;� #-;(.+� )(C8")(,(%.#� "#� -� )(-2� %((7� "%� .<(� 1$%.(F.� $;� 1)"."1-2� #+#.(,�

3-2"7-."$%�-%7�1().";"1-."$%���%(�<-#�.$�:)$3(�.<-.�<-J-)7#�<-3(�/((%�"7(%.";"(7�-%7�.<-.�

)(2-.(7�#-;(.+�)(C8")(,(%.#�<-3(�/((%�1$))(1.2+�",:2(,(%.(7���$)�%$=5�.<(�.)-1(-/"2".+�

-%-2+#"#�78)"%*� 1().";"1-."$%� "#�8#8-22+�7$%(�,-%8-22+�/+�(F:().#5�:-)#"%*� 2-)*(� #(.#�$;�

7$18,(%.#���<8#5�1().";"1-."$%�"#�#$,(.",(�,$)(�(F:(%#"3(�.<-%�.<(�7(3(2$:,(%.�$;�.<(�

#+#.(,�".#(2;���(#:".(�)(1(%.�:)$*)(##�"%�<-)7=-)(�.(1<%$2$*+5�:()3-#"3(�-%7�8/"C8".$8#�

#()3"1(#�)(,-"%�)(2-."3(2+�;(=�-%7�.<(")�;8%1."$%-2"."(#�-)(�#."22� ;-)�;)$,�=<-.�1$827�/(�

(F:(1.(7�� �%(� $;� .<(� ,-0$)� )(-#$%#� "#� 78(� .$� .<(� ;-1.� .<-.� .<(+� -)(� %$.� .)8#.(7�� �$�

"%1)(-#(�.)8#.5�$%(�#<$827�*8-)-%.((�.<-.�-%+�#()3"1(B�

� /(<-3(#�-#�(F:(1.(75�=".<$8.�-%+�())$)�6;8%1."$%-2�1$))(1.%(##9�

� "#� ;)((� ;)$,�1$%7"."$%#�.<-.�1-%�1-8#(� "%08)+�$)�7(-.<�.$�8#()#5�7-,-*(�.$�$)� 2$##�$;�

(C8":,(%.#�$)�(%3")$%,(%.�6#-;(.+9�

� "#�:)$.(1.(7�-*-"%#.�,-2"1"$8#�-73()#-)"(#�.$�"%.)87(�$)�<"0-14�.<(�#()3"1(�6#(18)".+9���

�<"#� .+:(�$;�#+#.(,#�$;;()#�%(=�1<-22(%*(#� "%� .(),#�$;�3-2"7-."$%�� �%7((75� ;$)�:)-1."1-2�

8#(�$;�#81<�#()3"1(#5� ".� "#�(##(%."-2� .$�/(�-/2(� .$�-77�#()3"1(#�7+%-,"1-22+5�#$�.<-.� .<(+�

1-%�/(�-7-:.(7�.$�.<(�7";;()(%.�1$%;"*8)-."$%#�-%7�8#()�%((7#���$,/"%-.$)"-2�(F:2$#"$%�

78(�.$�.<(�,82.":2"1".+�$;�#()3"1(#�)(,-"%#�-�<-)7�:)$/2(,��$)($3()5�#"%1(�#()3"1(#�-)(�

2"4(2+� .$� "%.()-1.�5� -� ;"%-2� 3-2"7-."$%� #<$827� /(� 7$%(� -;.()� 7(:2$+,(%.� 6$%K2"%(�

3-2"7-."$%9��

�,-).�7(3"1(#� 1-%�:$.(%."-22+�/(�-11(##(7� "%�-� 2-)*(�%8,/()�$;�=-+#�/+�8%-8.<$)"J(7�

:()#$%%(2���-)7=-)(�2(3(2�-#�=(22�-#�#$;.=-)(�2(3(2�G�%(.=$)4�2(3(2�.(1<%"C8(#�,8#.�/(�

7(3(2$:(7� "%�$)7()�.$�(%#8)(�.<(�#8".-/2(�7(*)((�$;�#(18)".+5�-11$)7"%*�.$�.<(�.-)*(.(7�

-::2"1-."$%�)(C8")(,(%.#��


8.$%$,$8#�#+#.(,#�-)(�1$,:2(F���<(+�"%1287(�-� 2-)*(�%8,/()�$;�#$;.=-)(�1$%.)$22(7�

#(%#$)#�61-,()-#5�#$%-)#5�(.1�9�-%7�-1.8-.$)#�6,$.$)#5�=<((2��-),5�12-=5�:8,:#5�(.1�9��

�%� -77"."$%5� .<(+� "%.(*)-.(� -73-%1(7� ;(-.8)(#5� /-#(7� $%� 7-.-� 1$22(1.(7� ;)$,� .<(#(�

#(%#$)#� -%7� -1.8-.$)#� .$� :)$3"7(� <"*<� 2(3(2� #()3"1(#� 6#.()($#1$:"1� 1$))(2-."$%5�

(%3")$%,(%.� ,$7(2"%*5� .)-3(2� :2-%%"%*5� $/#.-12(� -3$"7-%1(5� %-3"*-."$%5� (.1�9�� �<(#(�

;(-.8)(#�-)(�",:2(,(%.(7�"%�*(%()-2�-#�#$;.=-)(�1$,:$%(%.#��

�%� -77"."$%� .$� .<"#� 1$,:2(F".+5� .<(#(� #+#.(,#� -)(� 1)"."1-25� -%7� .<(� #$;.=-)(� $;� .<(#(�

-8.$%$,$8#�#+#.(,#�,8#.�-2#$�,-%-*(�.<(�8%1().-"%.+�-%7�.(,:$)-2�1$%#.)-"%.#���",(�

1$%#.)-"%.#� -)(� 1)"."1-2� /(1-8#(� .<(� #+#.(,� "%.()-1.#�=".<� $.<()� 7+%-,"1� #+#.(,#� "%� -�

7+%-,"1�(%3")$%,(%.���<(�8%1().-"%.+� "#�78(� .$� .<(� ;-1.� .<-.� .<(�(%3")$%,(%.�-%7� ".#�

"%.()-1."$%#� 1-%%$.� /(� 1$,:2(.(2+� -%7� -118)-.(2+� ,$7(2(7�� �%� :-)."182-)5� #-;(.+� $;�

$:()-."$%�#<$827�/(�1$%#"7()(7�-#�-�,-0$)�1$%1()%���%7((75�,$#.�-8.$%$,$8#�#+#.(,#�

1-%�/(�-�:$.(%."-2�7-%*()�.$�:($:2(���<(�#$;.=-)(�1$,:$%(%.#�$;�-8.$%$,$8#�#+#.(,#�

��������������������������������������������������������
1 A new service can change the behaviour of pre-existing ones, break them, or even crash the 
system. This is a well known problem in the telecommunication industry known as the 
“feature interaction problem”.
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,8#.� :)$3"7(� )$/8#.� 1-:-/"2"."(#� .$� ,((.� .<(� $:()-."$%-2� 8%1().-"%."(#�� �(3().<(2(##5�

8%1().-"%.+� "#�$;.(%� .<(�#$8)1(�$;�8%(F:(1.(7�(3(%.#�-%7� "%.()-1."$%#5�-%7�1-%�:8.� .<(�

#+#.(,�"%.$�-%�8%:)(7"1.-/2(�#.-.(���)$,�-�#$;.=-)(�:()#:(1."3(5�-�,(1<-%"#,�,8#.�/(�

:)$3"7(7� .$� (%#8)(� .<-.� .<(#(� #".8-."$%#� -)(� 8%7()� 1$%.)$2� -%7� 7$(#� %$.� 2(-7� .$�

1-.-#.)$:<"1�1$%#(C8(%1(#�;$)�.<(�#+#.(,�-%7�G�$)�.<(�(%3")$%,(%.��

�<(�$/0(1."3(�"#�.$�7(3(2$:�-%�(%3")$%,(%.�.$�-##"#.�.<(�7(#"*%�$;�-8.$%$,$8#�#+#.(,#�

/-#(7�$%�#$;.=-)(�1$,:$%(%.#���.�#<$827�-22$=B�

�9 .<(� 1$%#.)81."$%� $;� 1$,:2(F� -8.$%$,$8#� #+#.(,#� ;)$,� <(.()$*(%($8#� #$;.=-)(�

1$,:$%(%.#�6#+%1<)$%$8#5�-#+%1<)$%$8#5�)(-2�.",(95�

�9 .<(� :)$3"#"$%� $;� -� 1$,:2(.(� (%1-:#82-."$%� $;� ;8%1."$%-2� -%7� (F.)-K;8%1."$%-2�

:)$:()."(#� -%7� .<(� 7(3(2$:,(%.� $;� .<(� ;$8%7-."$%#� -%7� ,(.<$7#� .$� (%#8)(� .<(�

1$,:$#-/"2".+�$;�1$,:$%(%.#5�

!9 .<(� :)(7"1."$%� $;� .<(� ,-"%� 1<-)-1.()"#."1#� $;� .<(� #+#.(,� #81<� -#� :();$),-%1(5�

)$/8#.%(##� 6.(,:$)-2� -%7� #-;(.+9� ;)$,� .<(� 1<-)-1.()"J-."$%�$;� #+#.(,�1$,:$%(%.#�

=".<�%$�1$,/"%-.$)"-2�(F:2$#"$%��

�(1$%;"*8)-/2(�<-)7=-)(���#$;.=-)(5�1$�7(#"*%�-%7�"%.(*)-."$%�

�%� -77"."$%� .$� .<(� (,/(77(7� :)$1(##"%*� 1-:-/"2"."(#� =<"1<� -)(� )(C8")(7� /+� (-1<�

-::2"1-."$%5� -73-%1(7� 1$,,8%"1-."%*� $/0(1.#� ="22� <-3(� .<(� -/"2".+� -%7� )(#$8)1(#� .$�

)(1$%;"*8)(�.<(,#(23(#5�#"%1(�.<(+�="22�/(�"%#().(7�"%�-7�<$1�%(.=$)4#B�

� �<(� "%#()."$%� $;� $/0(1.#� =".<"%� -� #:$%.-%($8#� %(.=$)4� #<$827� "7(-22+� $118)� "%� -�

.)-%#:-)(%.�=-+�=".<$8.�-%+�(F.()%-2�-1."$%���$�/(�-/2(�.$�7$�.<"#5�.<(�$/0(1.�#<$827�

<-3(�.<(�-/"2".+�.$�#1-%�".#�(%3")$%,(%.�-%7�7(.(1.�%("*</$)"%*�1$,,8%"1-."%*�$/0(1.�

"%� $)7()� .$� )(1$%;"*8)(� ".#(2;� -11$)7"%*� .$� .<(� )(C8")(7� 1$,,8%"1-."$%� :)$.$1$2#�

67(.-"2(7� "%� .<(� 7(7"1-.(7� :-)-*)-:<9�� �<(� %((7� ;$)� <"*<� ;2(F"/"2".+� -%7�

)(1$%;"*8)-/"2".+� )(C8")(#� -73-%1(7� -2*$)".<,#� 7(3(2$:,(%.� .$� 1$%.)$2� .<(� $/0(1.��

�<(� .(1<%"C8(#� -)(� ;$),-22+� #","2-)� .$� .<(� $%(#� 18))(%.2+� 8#(7� "%� 1$*%"."3(� )-7"$�

#+#.(,#����

� �%� .<(� $.<()� <-%75� #$,(� %$7(#� 1$827� :2-+� 7";;()(%.� )$2(#5� 7(:(%7"%*� $%� .<(�

(3$28."$%#�$;�.<(�-7�<$1�%(.=$)4#�.<(+�-)(�"%#().(7�"%���<(+�1$827�/(�8#(7�-#�)(2-+#5�

$)� :2-+� .<(� )$2(� $;� -� 1(%.)-2� #.-."$%� ;$)� -� #8/� %(.=$)4� =<"1<� 1$827� 1$%.)$2� -%7�

#+%1<)$%"J(� .<(� #:$%.-%($8#� %(.=$)45� 1$22(1.� "%;$),-."$%� -%7� #.(()� .<(� 1$22(1.(7�

"%;$),-."$%��

� �<(� $/0(1.� #<$827� <-3(� (%$8*<� (,/(77(7� :)$1(##"%*� :$=()� .$� #.(()� ".#� )(#$8)1(#�

:-)."182-)2+�2"%4(7�.$�(%()*+�,-%-*(,(%.���

�<(#(�-2*$)".<,#�#<$827�)8%�$%�-%�(,/(77(7�7"*".-2�:)$1(##$)���$=(3()�-�W�#$;.=-)(�X�

-::)$-1<�"%781(#�.=$�$3()<(-7#B�#"2"1$%�-)(-�-%7�(%()*+�/87*(.���<(�2-..()�"#�(#:(1"-22+�

#"*%";"1-%.�;$)�-8.$%$,$8#�$/0(1.#���<(�(%()*+�/87*(.�$;�-�:)$*)-,,-/2(����"#�/(.=((%�

���.",(#�6��	9�-%7�����.",(#�6,"1)$:)$1(##$)9�2-)*()�.<-%�.<-.�$;�-�7(7"1-.(7������<"#�

,(-%#�.<-.�-�#"*%";"1-%.�:-).�$;�.<(�)(1$%;"*8)-/"2".+�-%7�"%.(22"*(%1(�$;�.<(�$/0(1.�#<$827�

/(� ",:2(,(%.(7� "%� .<(� <-)7=-)(� 2-+()� 6
���5� 7(7"1-.(7� ;8%1."$%#5� .)-7($;;� /(.=((%�

#(%#$)�-%7�(%3")$%,(%.�;8%1."$%#9���<(�$:.","J-."$%�$;�.<(�:)$1(##"%*�-)1<".(1.8)(�="22�

%$.�$%2+�/(�/-#(7�$%�2$=�:$=()�:)$1(##$)#�/8.�#<$827�-2#$�8#(�)(1$%;"*8)-/2(�-2*$)".<,�

"%.(*)-."$%���
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�<"#�)(1$%;"*8)-/"2".+�-77)(##(#�-22�1$,:$%(%.#�-%7�#<$827�1$,/"%(�-%-2$*�-%7�7"*".-2�

1")18".#�� �%7((75�)(781"%*�.<(�(%()*+�1$%#8,:."$%�=<"2(�4((:"%*� ;2(F"/"2".+�="22� 2-)*(2+�

)(2+�$%�.<(�7(3(2$:,(%.�$;�)(1$%;"*8)-/2(�-%-2$*�1$,:$%(%.#���$)�"%#.-%1(�%(=�-%-2$*�

;8%1."$%#�#81<�-#�(%()*+�#1-3(%*"%*�#<$827�/(�-77)(##(7�"%�.<(�(-)2+�:<-#(�$;�<-)7=-)(�

-)1<".(1.8)(� 7(#"*%�� �<(� <-)7=-)(� -)1<".(1.8)(� #<$827� -2#$� 8#(� (,()*"%*� .(1<%"C8(#�

#81<� -#� !�� "%.(*)-."$%5� "%1287"%*� .<(���� :-).5� -%7� #$,(.",(#� #(%#$)#� 6-1.8-.$)#9� -%7�

(%()*+�,-%-*(,(%.�#+#.(,#��


� 4(+� 1<-22(%*(� ;$)� ;8.8)(� %$7(#� ="22� /(� .<(� ",:2(,(%.-."$%� $;� )(1$%;"*8)-/"2".+� -%7�

;2(F"/"2".+� =<"2(� 4((:"%*� -%� -11(:.-/2(� (%()*+� /87*(.�� �<"#� ="22� )(2+� $%� $:.","J(7�

<-)7=-)(�"%.(*)-."$%�2-)*(2+�/-#(7�$%�)(1$%;"*8)-/2(�-%-2$*�1")18".)+��
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�<"#�:-).�"#�7"3"7(7�"%�&�#8/�.$:"1#�7(-2"%*�=".<�.<(�1$,,8%"1-."$%�-%7�.<(�%(.=$)4"%*�

7(#"*%�-::)$-1<(#�1$%#"7()"%*�.<(� "7(%.";"(7�)(C8")(,(%.#�-.�/$.<�.<(�$/0(1.#�-%7�.<(�

%(.=$)4"%*�2(3(2#5�/8.�-2#$�.<(�#(18)".+�-%7�.<(�:)"3-1+�-#:(1.#B��

K �$,,8%"1-."$%� :)$.$1$2#� �� "%;$),-."$%� )$8."%*� "%� -� %(.=$)4� =".<�

<(.()$*(%($8#�(%3")$%,(%.�

K ?8-2".+� $;� #()3"1(� 6?$�9� #.-%7-)7#� 1$%3()*(%1(5� :)$3"#"$%"%*5� 7",(%#"$%"%*5�

#1-2-/"2".+5�,$7(2#�-%7�1$%.)$2�

K �%.(),(7"-."$%�#8/#.)-.(�

K �($2$1-."$%�-%7�:)"3-1+�62"%4�.$�.<(�#()3"1(�,-%-*(,(%.�1<-22(%*(�-2#$9�

�%� .<(� 1$%.(F.� $;� �%.()%(.� $;� �<"%*#5� ,82.":2(� <(.()$*(%($8#� .(1<%$2$*"(#� ="22� /(�

-3-"2-/2(� ;)$,� .<(� 1$%%(1.(7� $/0(1.#� .$� .<(� %(.=$)4�� �<(%5� ".� ="22� /(� ",:$).-%.� .$�

"%3(#."*-.(� .<(�#+%()*"(#�/(.=((%� .<(#(�<(.()$*(%($8#� .(1<%$2$*"(#� "%�$)7()� .$�/(..()�

.-142(�7";;()(%.�;8%1."$%-2"."(#�"%�.<"#�%(.=$)45�(".<()�12-##"1-2�;8%1."$%#�#81<�-#�)$8."%*5�

,$/"2".+� -%7� #(18)".+5� $)� %(=� $%(#� ,$)(� )(2-.(7� .$� .<(� $/0(1.#� 1$%%(1."3".+� #81<� -#�

"%.(22"*(%.� 1$%%(1."3".+� $;� .<(� #,-).� $/0(1.#5� 1$*%"."3(� )-7"$� 8#(5� $)� $.<()� %(=�

.(1<%"C8(#���)$##�2-+()�-::)$-1<�="22�/(�$;�,-0$)�"%.()(#.���.<()�-::)$-1<(#�="22�<-3(�.$�

/(�"%3(#."*-.(7�-#�=(22��

�<(� �%.()%(.� $;� .<"%*#� "#� %$.� $%2+� -%� (3$28."$%�$;� .<(� 18))(%.� "%.()%(.� .$� "%.()1$%%(1.�

%(=�D%$7(#E5� "�(��$/0(1.#5�/8.�".�-2#$�"%3$23(#�%(=�1$,,8%"1-."$%�:-)-7"*,#�#:(1";"1-22+�

7(#"*%(7� ;$)� .<(#(� $/0(1.#�� �%� -%+� 1-#(5� "##8(#� 2"%4(7� .$� 1$%%(1."3".+5� (;;"1"(%.� 7-.-�

.)-%#;()5�(-#+�-11(##�.$�#()3"1(#�(.1��="22�/(�(##(%."-2���$%#.)-"%.#�="22�%$.�$%2+�/(�2"%4(7�

.$� .<(� 2",".(7�(,/(77(7� )(#$8)1(#� "%� .<(�$/0(1.#5�/8.�-2#$� .$� .<(�<(.()$*(%(".+�$;� .<(�

7(3"1(#5�.$�.<(�#1-2-/"2".+�"%�.(),#�$;�%8,/()�$;�1$%%(1.(7�$/0(1.#5�-%7�.$�#(18)".+���<(�

$3()-22�-)1<".(1.8)(�$;�.<(��%.()%(.�$;��<"%*#�"#�-2#$�-%�$:(%�C8(#."$%B�#<$827�.<(�$/0(1.#�

/(� "%.(*)-.(7� "%� -%� -22� �	� 1$%3()*(%1(� #1<(,(� -%7� ",:2(,(%.� 2"*<.� �	� 2"4(� :)$.$1$2#�

#.-14#�6(�*��>�$=:-%5�#((�-2#$�.<(��	��B��	�;$)��,-).��/0(1.�
22"-%1(95�$)�#<$827�.<(+�/(�

1$%%(1.(7� .$� 2$1-2� #8/� %(.=$)4#�=".<� 7";;()(%.� 1$,,8%"1-."$%� .(1<%"C8(#5�=".<� #$,(�

#:(1";"1�*-.(=-+#5�#81<�-#�#(,-%."1�*-.(=-+#5�"%.()1$%%(1."%*�.<(#(�#8/�%(.=$)4#�.$�.<(�

-11(##�-%7�1$)(��	�/-#(7�%(.=$)4#U��
.�.<(�.",(�/("%*5�=(�1-%%$.�-%#=()�.<"#�C8(#."$%5�

=(�%((7�.$�"%3(#."*-.(�/$.<�-::)$-1<(#5�-%7�.)+�.$�#$23(�#(3()-2�)(#(-)1<�"##8(#��

�$,,8%"1-."$%� :)$.$1$2#� �� "%;$),-."$%� )$8."%*� "%� -� %(.=$)4� =".<�

<(.()$*(%($8#�(%3")$%,(%.�

�/0(1.#�1-%�/(�<(.()$*(%($8#�"%�3-)"$8#�)(#:(1.#B�%-.8)(�-%7�;8%1."$%-2"."(#5�:)$:()."(#�

6;"F(75�,$/"2(95� .+:(�$;� )(#$8)1(#5� 1$,,8%"1-."$%�,$7(#� 6#+%1<)$%$8#5� -#+%1<)$%$8#5�

,82."�<$:5�/)$-71-#.9�-%7�,(7"8,5�.+:(#�$;�-::2"1-."$%#���


:-).� ;)$,� "%3(#."*-."%*� .<(� :$##"/2(� #+%()*"(#� /(.=((%� .<(� <(.()$*(%($8#�

.(1<%$2$*"(#5� ".� "#� ",:$).-%.� .$� 12-##";+� .<(� <(.()$*(%($8#� 1$%%(1.(7� $/0(1.#� ;")#.�

-11$)7"%*�.$�.<(")�;8%1."$%-2"."(#5�.<(")�:)$:()."(#5�=<(.<()�.<(+�-)(�;"F(7�$)�,$/"2(5�-%�

.<(")� )(#$8)1(#5� .<(%5� -#� ;$)� 1$,:8."%*5� ,(,$)+� -%7� (%()*+5� -11$)7"%*� .$� .<(")�

1$,,8%"1-."$%� 1-:-/"2"."(#5� =<(.<()� .<(+� $;;()� #+%1<)$%$8#� $)� -#+%1<)$%$8#�
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1$,,8%"1-."$%5�/)$-71-#.�$)�-7�<$1�1$,,8%"1-."$%5�-%7�.$�.<(")�8#-/"2".+�)(*-)7"%*�.<(�

.+:(�$;�-::2"1-."$%��

�(*-)7"%*� .<(� ;8%1."$%-2"."(#� $;� .<(� <(.()$*(%($8#� 1$%%(1.(7� $/0(1.#5� =(� %((7� .$�

"7(%.";+� -%7� 12-##";+� .<(� %(=� ;8%1."$%-2"."(#� .<-.� ="22� *(%()-.(� %(=� .)-;;"1� .$� /(�

.)-%#:$).(7�"%�.<(�%(.=$)4��
#�;$)�.<(�18))(%.�(F"#."%*�$/0(1.#5�=(�1-%�,(%."$%�.<(�%(=�

;8%1."$%-2"."(#� .<-.� -)(� "7(%.";"1-."$%� ;$)� $/0(1.� .)-14"%*5� #(%#"%*� -%7� -1.8-."%*� ;$)�

(%3")$%,(%.�,$%".$)"%*5�-%7�#$�$%���.�="22�/(�.<(%�$;�,-0$)�"%.()(#.�.$�-%-2+J(�.<(�%(=�

.)-;;"1�,$7(2�-%7�".#�)(C8")(,(%.�.$=-)7�.<(�%(.=$)4��

�-#(7�$%�.<(�1$%%(1.(7�$/0(1.�1<-)-1.()"#."1#5�.<(�1$,,8%"1-."$%�,$7(2�.$�/(�7(#"*%(7�

.$� 1$%%(1.� .<(#(� $/0(1.#� ="22� 7(;"%".(2+� /(� -7-:."3(� .$� .<(� 2",".(7� )(#$8)1(#� -%7� .<(�

<(.()$*(%(".+� $;� .<(#(� $/0(1.#�� � �.� ="22� -2#$� <-3(� .$� ;-1(� .<(� <"*<� 7(%#".+� -%7� .<(�

#1-2-/"2".+�$;�.<(�%(.=$)4�1$%%(1."%*�.<(#(�$/0(1.#�� � �%�.<(�:)$1(##�$;�1$%%(1."%*�.<(#(�

$/0(1.#5�"7(%.";+"%*5�-77)(##"%*�-%7�%-,"%*�.<(#(�1$%%(1.(7�$/0(1.#�="22�#(%7�8#�/-14�.$�

.<(� .",(� =<(%� �	� -77)(##"%*� =-#� 7(#"*%(7� .$� $;;()� #1-2-/2(� 1$%%(1."3".+� $;�

<(.()$*(%($8#� %(.=$)4#�� �$=(3()5� �	� "#� *)((7+� "%� .(),#� $;� )(#$8)1(#S� -%7� .<(#(� -)(�

#1-)1(� "%� .<(� :)$0(1.(7� 1$%%(1.(7� $/0(1.#�� �(#"*%"%*� #1-2-/2(5� )(#$8)1(� -%7� (%()*+�

-=-)(� "7(%.";"1-."$%� -%7� -77)(##"%*� :2-%� "#� $%(� $;� .<(� ,-0$)� "##8(#� "%� .<(� :-.<� .$�

(;;"1"(%.2+� 1$%%(1.� $/0(1.#�� � 
7-:."%*� �	� -77)(##"%*� :2-%� 6-#� :)$:$#(7� /+� .<(� ����� "%�

>���	
��=$)4"%*�*)$8:95�7(#"*%"%*�%(=�-77)(##"%*5�-%7�-2#$�,-::"%*�.$��	�.$�-22$=�

"%.()1$%%(1."3".+�=".<��	�%(.=$)4#�="22�<-3(�.$�/(�"%3(#."*-.(7�.$$���

�$%#"7()"%*� .<-.� .<(� "7(%.";"1-."$%� -%7� -77)(##"%*� $;� .<(� 1$%%(1.(7� $/0(1.#� "#� #$23(75�

.<(%� .<(� /$$.#.)-::"%*� -%7� .<(� -8.$K1$%;"*8)-."$%� -%7� %("*</$)� 7"#1$3()+� $;� .<(�

1$%%(1.(7� $/0(1.#� "%� $)7()� .$� #(.� 8:� .<(� 1$%%(1."3".+� -%7� ,-"%.-"%� .<(� %(.=$)4� $;�

$/0(1.#� <-3(� .$� /(� 7(#"*%(7�� � 
*-"%� .<(#(� :)$1(##(#� <-3(� .$� /(� (%()*+� -%7� )(#$8)1(�

-=-)(��

�$=5�1$%#"7()"%*�.<-.�.<(�1$%%(1.(7�$/0(1.#�<-3(�=(22�1$%;"*8)(7�.<(")�-77)(##(#5�.<(+�

<-3(� .$� /(� 1-:-/2(� .$� .)-%#,".� -%7� ;$)=-)7� .<(� .)-;;"1� ;)$,� $%(� $/0(1.� .$� -%$.<()�

)(-1<"%*� .<(� )"*<.�7(#."%-."$%� "%�-� )(2"-/2(�-%7� #1-2-/2(� ;-#<"$%���()(5�=(�="22�<-3(� .$�

"%3(#."*-.(�.<(�(F"#."%*�)(2-+"%*�,$7(2#�#81<�-#�/)$-71-#."%*5��	�)$8."%*5�-7�<$1�)$8."%*5�

7(2-+� .$2()-%.� )$8."%*5� -%7� #$� $%�� 
*-"%5� (%()*+� -%7� )(#$8)1(� -=-)(� -)(� $;� ,-0$)�

",:$).-%1(5�=<"1<� "#� -2#$� .<(� 1-#(� ;$)� .<(�,$/"2".+� $;� $/0(1.#�� �$)� .<-.� )(#:(1.5� $/0(1.�

2$1-."$%� -%7� .)-14"%*� ,"*<.� /(� 8#(7� ;$)� (;;"1"(%.� .)-;;"1� )(2-+"%*�� �-4(� %$.(� .<-.� .=$�

-::)$-1<(#� ="22� /(� 1$%;)$%.(7B� .<(� ;")#.� $%(� ="22� #8::$).� .<(� (%7� .$� (%7� .)-;;"1�

.)-%#,"##"$%5�#","2-)2+�.$�.<(��	�-::)$-1<5�-%7�.<(�$.<()�$%(�="22�8#(�*-.(=-+#�L�#:(1"-2�

$%(#�#81<�-#�#(,-%."1�*-.(=-+#�L�.<-.�="22�"%.()1$%%(1.�#8/�%(.=$)4#�$;�$/0(1.#�.$�.<(�

)(#.� $;� .<(� %(.=$)45� -%7� 8%7()#.-%7� -%7� .)-%#2-.(� .<(� 1$,,8%"1-."$%� ;)$,� $%(� #8/�

%(.=$)4�.$�-%$.<()��

�%� ;-1.5� "%� .<(� %(.=$)4� 1$,,8%"1-."$%� 7(#"*%5� =(� ="22� "%3(#."*-.(� "%� :-)-22(2� .<(�

1$,,8%"1-."$%� ,$7(2� 7(#"*%� $;� .<(� %(.=$)4� 1$%%(1."3".+� /(.=((%� $/0(1.#5� -%7� .<(�

1$,,8%"1-."$%� ,$7(2� $;� .<(� 1$%%(1."3".+� $;� -%� $/0(1.5� $)� -� %(.=$)4� $;� $/0(1.#5� .$�

-%$.<()� %(.=$)4� #81<� -#� �%.()%(.�� �%� .<(� ;")#.� 1-#(5� .<"#� ,-+� )(#82.� "%� -� %(=�

1$,,8%"1-."$%�,$7(2�/-#(7�$%�%(=�:-)-7"*,#5� #81<�-#�-8.$%$,"1�1$,,8%"1-."$%�$)�

-%+�(,()*"%*�;8.8)(�%(.=$)4"%*5�$)�)(#82.�"%�.<(�-7-:.-."$%�$;�(F"#."%*�1$,,8%"1-."$%�

,$7(2#5�#81<�-#�.<(�"%.()%(.�,$7(2����%�.<(�#(1$%7�1-#(5�-#�,(%."$%(7�(-)2"()5�)(#(-)1<(#�

="22�;$22$=�.<(�(F"#."%*�"%3(#."*-."$%#�6-#�"%�.<(������$)��	��9�)(*-)7"%*�.<(�-7-:.-."$%�
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$;� .<(�(F"#."%*��	�,$7(2� .$�(F.(%7�.<(�1$%%(1."3".+� .$� .<(#(�%(=�%$7(#5�-4-�$/0(1.#5�$)�

7(#"*%� #:(1";"1� *-.(=-+#� ;$)� :)$.$1$2� -%7� .)-;;"1� #(,-%."1� .)-%#2-."$%� .$� "%.()1$%%(1.�

.<(#(�$/0(1.#� .$� .<(� .-)*(.(7�%(.=$)45� -4-� �%.()%(.5� .$� $;;()�7(#"*%� -%7� -11(##� .$�%(=�

#()3"1(#� /8"2.� 8:$%� .<(#(� $/0(1.#� -%7� -11(##(7� .<)$8*<� .<(�
22� �	� 1$%3()*(7� %(.=$)4��

�<"#�2-#.�#1(%-)"$�"#�-..)-1."%*�,$/"2(�.(2(1$,,8%"1-."$%�#.-4(<$27()#��

�"%-22+5�.<(�7(#"*%(7�1$,,8%"1-."$%�,$7(25�(".<()�/(.=((%�$/0(1.#�$)�;)$,�.<(�$/0(1.#�

.$�.<(�%(.=$)4�-#��%.()%(.5�="22�<-3(�.$�"%.(*)-.(�.<(�%(1(##-)+�1)(7(%."-2#�-%7�#(18)".+�

,(1<-%"#,#5� <()(� -*-"%� (%()*+� -%7� )(#$8)1(� -=-)(5� .$� "%#8)(� "%;$),-."$%�

1$%;"7(%."-2".+�-%7�:)"3-1+��

?8-2".+� $;� #()3"1(� 6?$�9� #.-%7-)7#� 1$%3()*(%1(5� :)$3"#"$%"%*5� 7",(%#"$%"%*5�

#1-2-/"2".+5�,$7(2#�-%7�1$%.)$2�

�$=-7-+#�=(�-)(�(F:()"(%1"%*�-�%$3(2�(3$28."$%�$;�"%.()%(.���"22"$%#�$;��%.()%(.K(%-/2(7�

(C8":,(%.#� ="22� :)$3"7(� 7"*".-2� "%.(22"*(%1(� -%7� 1$%%(1."3".+� ;$)� -2,$#.� (3()+�

1$,,()1"-2� -%7� "%78#.)"-2� :)$781.#� -%7� -::2"-%1(#5� (F.(%7"%*� .<(� �%.()%(.� "%.$�,$#.�

-#:(1.#�$;�$8)�2"3(#�L�.<"#�"#�.<(�1$%1(:.�$;�.<(�:()3-#"3(��%.()%(.����<(��%.()%(.�"#�%$=�

:)$*)(##"3(2+�(3$23"%*� .$=-)7#�-�*2$/-2�1$,,8%"1-."$%� "%;)-#.)81.8)(�#8::$)."%*�%(=�

)(-2K.",(�#()3"1(#�"%�-77"."$%�.$�.)-7"."$%-2�7$18,(%.K)(.)"(3-2�-::2"1-."$%#��

�".<�.<(��%.()%(.�*(.."%*�,$)(�-%7�,$)(�:)(#(%.�"%�$8)�7-"2+�-1."3"."(#5�%(.=$)4�$8.-*(#�

$)�(3(%�#"*%";"1-%.�7(*)-7-."$%#�$;�.<(�C8-2".+�$;�#()3"1(�/(1$,(�,$)(�1)"."1-2���$�-3$"7�

%(.=$)4�1$%*(#."$%#�-%7�.<(�)(#82."%*�#()3"1(�7(*)-7-."$%#5��%.()%(.��()3"1(�	)$3"7()#�

%((7� .$� :)$:()2+� 7",(%#"$%� .<(� 1$)(� %(.=$)4� -%7� .)8%4� 2"%(#� *"3"%*� .<(� #8/#1)"/()E#�

-11(##� .$� .<(� �%.()%(.�� �%� .<(�18))(%.�1$,:(."."3(�1$%.(F.5� .<(+�1-%%$.�-;;$)7� "%#.-22"%*�

(F1(##"3(�-,$8%.#�$;�1-:-1".+�-%7� .<()(;$)(�%((7�(;;"1"(%.�1-:-1".+�:2-%%"%*�,(.<$7#��

�<(�*$-2�$;�#81<�,(.<$7#�"#�.$�(%#8)(�-�<(-2.<+�%(.=$)4�.<-.�1-%�*)$=�.$�,((.�;8.8)(�

%((7#��

�<(� (3$28."$%� $;� .<(� :)(#(%.� %(.=$)4#� .$=-)7#� -22K�	� #$28."$%#5� .$� .<(� "%.()%(.� $;� .<(�

.<"%*#5� "#� .-4"%*� 7";;()(%.� ;$),#5� -#� .<(� .)-7"."$%-2� .(21$#� -)(�,"*)-."%*� .$=-)7#� �(F.�

�(%()-."$%��(.=$)4#�;)$,�.<(�����-%7������)(1$,,(%7-."$%#5�=<"2#.��%.()%(.��()3"1(�

	)$3"7()#�7(3(2$:� .<(")� �	�%(.=$)4#� .$=-)7#�,82."K#()3"1(�%(.=$)4#5� )(2+"%*�,$)(�$%�

.<(������#:(1";"1-."$%#���<(�,-"%�;(-.8)(#�$;��(F.��(%()-."$%��(.=$)4#�-)(�-�#(:-)-."$%�

$;� ;8%1."$%#�61$%.(%.5�#()3"1(5� .)-%#:$).9�-%7�.<(�8#(�$;�-�:-14(.�%(.=$)4�.<-.�#8::$).�

,82.":2(�#()3"1(#5�=".<�$:(%%(##�-%7�1$%3()*(%1(�-.�.<(��	�2-+()���

�%�$)7()�.$�/(�$:(%�-%7�.$�/(�1-:-/2(�$;�1-))+"%*�,82.":2(�;2$=#�-%7�7";;()(%.�#()3"1(#5�

.<-.�#<$827�/(�%$=�-/2(�.$�1$%%(1.�-22�4"%7#�$;�(C8":,(%.#�"%�.<(�=$)275�"%1287"%*�-22�#(.�

$;�#(%#$)#5�=".<�"%.()-1."3".+5�".�"#�%(1(##-)+�.$�(%#8)(�.<-.�-�,"%",8,�#(.�$;�:)$:()."(#�

)(2-.(7� .$� ?$�� "#� ;82;"22(7�� �$)� "%#.-%1(5� .<)$8*<:8.5� ,-F",8,� 7(2-+5� 0"..()� -%7� 2$##�

#<$827�/(�:)$:()2+�7(#"*%(7�$)�*8-)-%.((7� ;$)�-� 2-)*(�%8,/()�$;� (%7K.$K(%7�#(##"$%#�

7(3$.(7�.$�,82.",(7"-���

(1<-%"#,#� ;$)�(%#8)"%*�?$��=$827�-22$=� ��	#� .$� #8::$).�%(=�#()3"1(#�-%7��(.=$)4�

	)$3"7()#� .$� /8"27� ;$)� ?$�� :-.<#�� �$=(3()5� ?$�� 1-%� 2(-7� .$� 1$,:2(F� :)$/2(,#� "%� �	�

%(.=$)4#5�-2.<$8*<�2(*-1+�3$"1(�.(21$�%(.=$)4#�=()(�#:(1";"1-22+�7(#"*%(7�.$�:)$3"7(�-�

*8-)-%.((7� 2(3(2�$;�?$�5� "%� 1$%.)-#.� .$� .<(� 18))(%.� �%.()%(.�=<"1<�:)$3"7(#�$%2+� H�(#.�

�;;$).I�1$%%(1."3".+��
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	-14(.� 2$##5� 2-.(%1+� -%7� 0"..()� -)(� .<(� ,-"%� ?$�� :-)-,(.()#� 7(#1)"/"%*� .<(� %(.=$)4�

:();$),-%1(� -%7� <(%1(� C8-2".+� 1<-)-1.()"#."1#� $;� �	K.)-;;"1�� �<)((� ;8%7-,(%.-2�

#.)-.(*"(#�-%7�-::)$-1<(#�(F"#.�.$�<-%72(�?$��"%�.<(�"%.()%(.5�=<"1<�-)(�C8".(�7";;()(%.�

"%�.<(")�:)"%1":2(#5�,(1<-%"#,#5�-)1<".(1.8)(#5�7(:2$+,(%.�-%7�7";;"182.+B��

� �<(� ;")#.� $%(� -##8,(#� .<-.� 8%7()2+"%*� %(.=$)4#� -)(� -/2(� .$� :)$3"7(� .<(� )(C8(#.(7�

?$�B� %$.<"%*� <-#� .$� /(� 7$%(� "%� .<(� "%.()%(.� -)1<".(1.8)(� )(2-.(7� .$� ?$��� �.� "#� .<(�

#",:2(#.�.(1<%"1-2�#$28."$%�/-#(7�$%�.<(�-##8,:."$%�.<-.5�=<-.(3()�.)-;;"1�"#�#(%.5�.<(�

%(.=$)4� "%;)-#.)81.8)(� -%7� (C8":,(%.� ="22� -2=-+#� :)$3"7(� -� #8;;"1"(%.� ?$��� �<"#�

,(-%#� .<-.� .<(�%(.=$)4�<-#� .$�/(�8:*)-7(7�-%7� ",:)$3(75�-#�-%7�=<(%�%((7(75� "%�

#81<�-�=-+� .<-.� .<(�%(.=$)4�-2=-+#�:)$3"7(#� .<(�%(1(##-)+�?$�� ;$)�(3()+$%(���<"#�

-##8,:."$%� 1$,(#� ;)$,� (F:()"(%1(� .$� 7-.(� .<-.� %(.=$)4"%*� <-)7=-)(� .(1<%$2$*+�

1$%."%8(#�.$�",:)$3(�"%K2"%(�=".<�7(,-%7���<"#�"#�-�#.-."#."1-2�-%7�2$%*�.(),�#$28."$%5�

",:2(,(%.(7� /+� �)-;;"1� �%*"%(()"%*5� =".<� .<(� <$:(� .$� /(� -/2(� .$� *8-)-%.((� .<-.�

-2,$#.� -22� 2"%4#� ="22� /(� 8%7()K2$-7(7� ,$#.� $;� .<(� .",(�� �<(%5� /+� :();$),"%*�

,$%".$)"%*� $3()� #8;;"1"(%.2+� #<$).� .",(#1-2(#5� 2"%4#� =<"1<� -::)$-1<� .<(")� ;822�

8."2"J-."$%� 1-:-1".+� ="22� <-3(� .$� /(� 7(.(1.(7� -%7� 8:*)-7(7�� �;� 1$8)#(5� )(#(-)1<� "%�

,$%".$)"%*5� .)-;;"1� (%*"%(()"%*5� .$:$2$*+� $:.","J-."$%� -%7� $%K.",(� 8:*)-7(7�

7(:2$+,(%.5�"#�%((7(7��

� �<(�#(1$%7�)(1$*%"J(#�.<-.�.<(�:)(#(%.�%(.=$)4#�1-%%$.�:)$3"7(�?$��"%�-22�1-#(#5�/8.�

".� -##8,(#� .<-.� (%<-%1(,(%.#� .$� .<(� 18))(%.� "%.()%(.� 1-%� /(� -77(7� .$� :)$3"7(� -%�

-11(:.-/2(� ?$�S� .<"#� -::)$-1<� #.-).#� ;)$,� .<(� :)(#(%.� D�(#.K�;;$).E� �%.()%(.� -%7�

7(3(2$:#�7";;()(%.�$:.","J-."$%�,(1<-%"#,#�.$�:)$3"7(�-�/(..()�?$���
#�-�;(=�(F"#."%*�

%(.=$)4#� 1-%%$.� *8-)-%.((� ?$�5� ",:)$3(,(%.#� -)(� %((7(75� -%7� #$� 1$))(#:$%7"%*�

%(=� 7(#"*%#� -%7� #$28."$%#� <-3(� .$� ",:)$3(� .<(� 18))(%.� �(#.K�;;$).� �%.()%(.� /+�

"%.)$781"%*� $:.","J-."$%� #$28."$%#�� �<"#� -::)$-1<� ="22� #-."#;+� .<(� 8#()� ?$��

)(C8")(,(%.#� "%� #$,(� 1-#(#5� /8.5� .<(� )(#82.� $;� .<(� $:.","J-."$%� ,(1<-%"#,#� ="22�

-2=-+#�7(:(%7�8:$%�.<(�,-F",8,�1-:-/"2"."(#�$;�.<(�?$��"%�.<(�8%7()2+"%*�%(.=$)4#��

�()(�-*-"%5�-#�-�1$%#(C8(%1(5�.<()(�"#�-�#.-."#."1-2�#$28."$%5�2(##�(F:(%#"3(5�/8.�-2#$�-�

#8/0(1.� .$� 1$%.(%."$%� :)$/2(,#�� �%� $)7()� .$� ,"%","J(� .<(#(� :)$/2(,#5� %(.=$)4�

:)$3"7()#� 1-%� :();$),�,$%".$)"%*� .$� -7(C8-.(2+� 7(;"%(� .<(")� -11(:.-/2(� 8."2"J-."$%�

1-:-1".+� /(;$)(� 8:*)-7"%*� .<(,�� �<()(;$)(5� "%� $8)� 3"#"$%5� )(#(-)1<� "%� %(=� $)�

$:.","J(7�,(1<-%"#,#5�:)$.$1$25� -%7�-)1<".(1.8)(� 6(�*�� )(#:(1."3(2+����5� (.15����	5�

(.15�:)$F+#5�(.195�-%7�6:-)."-29�1$,:-)"#$%�,$7(2#�"#�%((7(7��

� �<(� 2-#.� .-)*(.� :)$:$#(#� .$� /8"27� -� %(=� %(.=$)4� -)1<".(1.8)(� .<-.�,8#.� /(� -/2(� .$�

:)$3"7(�-%+�)(C8(#.(7�?$��.$�.<(�%(.=$)4�8#()#���<(�8#()#�="22�/(�*)-%.(7�.<(�?$��

.<(+�)(C8(#.���<(�7(#"*%�$;�#81<�#$28."$%�"#�%$.�-%�(-#+�.-#4�#"%1(�".�=$827�)(C8")(�.$�

8#(� �	� -%75� -.� .<(� #-,(� .",(� .$� /(� -#� *(%()-2� -%7� $:(%� -#� .<(� :)(#(%.� �%.()%(.��

$)($3()5�".�"#�%(1(##-)+�.$�/(�-/2(�.$�,$%".$)�-%7�,-%-*(�-22��%.()%(.�)(C8(#.#�-%7�

)(#$8)1(#���2(-)2+5�7(#"*%"%*5�7(3(2$:"%*�-%7�7(:2$+"%*�#81<�-�#$28."$%�2(-7#�.$�-�<"*<�

1$,:2(F".+5� ;")#.� .$� 7(;"%(� -� #$28."$%5� -%7� #(1$%7� .$� #<$=� .<-.� .<(� 1$#.� $;� ".#�

7(:2$+,(%.� "#� )(-#$%-/2(�� �%� :-)."182-)5� #"*%-2"%*� "#� %((7(7� .$� :-##� .<(� %(1(##-)+�

"%;$),-."$%� /(.=((%� (2(,(%.#� "%� $)7()� .$� )(#()3(� )(#$8)1(#5� :();$),� -7,"##"$%�

1$%.)$25� )$8.(� :-14(.#� .$� 1().-"%� :-.<#5� :)"$)"."J(� .)-;;"1� -%7� 8#(� .<(� )(2(3-%.�

.)-%#:$).� :)$.$1$25� -#� #"*%-2"%*� (%-/2(#� "%;$),-."$%� .)-%#;()#� /(.=((%� 8#()#� -%7�

7";;()(%.� 
8.$%$,$8#� �+#.(,#� 6
�9� $)� =".<"%� 
�#5� =<"2(� %$.� -1.8-22+� :)$3"7"%*�

;8%1."$%-2".+�;$)�:)"$)"."J"%*�.<(�8#(�$;�.<(�)(#$8)1(#�"%�.<(�%(.=$)4���
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�<(�7(*)((�$;�7";;"182.+�"%1)(-#(#�;$)�(-1<�$;�.<(#(�-::)$-1<(#5�.<(�,$#.�7";;"182.�/("%*�

.<(�2-#.�$%(5�.<-.�<-#�.$�/(�-#�*(%()-2�-%7�-#�$:(%�-#�.<(�:)(#(%.��%.()%(.5�=<"2(�-.�.<(�

#-,(�.",(�/("%*�-/2(�.$�*8-)-%.((�-%#=()�.$�-22�)(C8(#.#�-%7�.$�,-#.()�-22�)(#$8)1(#���%�
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.$2()-%.�.$�.<(�-77"."$%�$)�7(2(."$%�$;�-�%$7(�$)�.$�7+%-,"1�1<-%*(#�"%�.<(�%(.=$)4��

�8).<(),$)(5� .<(� 7(3(2$:,(%.� $;� -� 7-.-� ;8#"$%� :)$1(##� "%� -� #(%#$)� %(.=$)4� ,8#.�

1$%#"7()� .<(�-#+%1<)$%+�/(.=((%�#(%#$)#5�:$##"/2(� 2$##�$;�:-14(.#�(#:(1"-22+� "%� .<(�

1-#(� $;�=")(2(##� 1$,,8%"1-."$%� -%7� 2$1-2� 7"#.8)/-%1(#�� �<(� 7-.-� ;8#"$%� -2*$)".<,#�

%((7�.$�/(�"%#(%#"."3(�.$�:-14(.�2$##(#5�$)�-.�2(-#.�/(�-/2(�.$�-7-:.�(;;"1"(%.2+�=<(%�.<(�

7-.-�2$##�"#�:-)."-2�$)�.$.-2��

� 	28*�-%7�:2-+5�#(2;�7(:2$+,(%.5�<(.()$*(%(".+�,-%-*(,(%.�

�"%+�#(%#"%*�7(3"1(#�-)(�"%1)(-#"%*2+�:)(#(%.�"%�-::2"1-."$%#�.<-.�%$=�)(C8")(�<"*<()�

?8-2".+� $;� �()3"1(�=".<� -7-:.-/"2".+� -%7� )(K1$%;"*8)-/"2".+� :)$:()."(#���$=(3()5� .<(�

2-)*(� %8,/()� -%7� <(.()$*(%(".+� $;� #(%#"%*� 7(3"1(#�,-4(� .<(,� 7";;"182.� .$�,-%-*(�

=".<� 1$%3(%."$%-2�,-%-*(,(%.� .$$2#�� �8).<(),$)(5� .<(� )(-2K.",(� %-.8)(� $;� #(%#"%*�

#+#.(,#�",:$#(#�.",(�1)"."1-2�,-%-*(,(%.�-1."$%#�"%�.<(#(�<"*<2+�7+%-,"1�#+#.(,#��

�(2;K,-%-*(-/"2".+�"#�.<()(;$)(�-%�(##(%."-2�:)$:().+�;$)�%(.=$)4(7�#(%#"%*�#+#.(,#��

�(3()-2�1<-22(%*"%*�4(+K:$"%.#�,8#.�/(�-%#=()(7B�

� �(%#$)� 7(:2$+,(%.B� :)$/2(,� <-#� /((%� ;-1(7� ;$)� "%#.-%1(� /+� .<(� �(2(1$,�

1$,,8%".+�� �$=(3()5� ".� #((,#� .<-.� %$� =$)4� #."22� (F"#.#� $%� .<(� $:.",-2� 6.<(�

"%7"1-.$)#�<-3(�.$�/(�7(;"%(79�7(:2$+,(%.�$;�-�#(%#$)G-1.8-.$)�%(.=$)4��$#.�$;�

.<(� .",(� .<(� #(%#$)#� -)(� :$#"."$%(7� =<()(� .<(+� 1-%� /(� :2-1(7� 78(� .$� (F.()%-2�

1$%#.)-"%.#� -%7� %$.� =<()(� .<(+� #<$827� /(� #(.� -11$)7"%*� .$� -::2"1-."$%�

)(C8")(,(%.#S� �8"27"%*� �%;$),-."$%� $7(2#� #<$827� /(� 8#(;82� ;$)� .-4"%*� #81<�

7(1"#"$%#���

�$%;"*8)-."$%� -%7� 
8.$,-."1� #$;.=-)(� 7(:2$+,(%.� -)(� ",:$).-%.� ;(-.8)(#� ;$)�
;2(F"/2(�#(%#"%*�#+#.(,#�/(1-8#(�.<(�(%7�8#()�"#�%(".<()�-�<-)7=-)(�(F:().�%$)�-�

#$;.=-)(�#:(1"-2"#.(��<(�,$#.�=(�1-%�-#4�.$�.<(�8#()�-.�.<"#�2(3(2�"#�-%�"%.()-1."$%�
.<)$8*<� -� =(/� /)$=#()�� �7(-22+5� =(� =$827� (F:(1.� .<-.� .<(� #+#.(,� ="22� -8.$K

1$%;"*8)(� ".#(2;� =".<$8.� <8,-%� "%.()3(%."$%5� -*-"%#.� 7+%-,"1� 1<-%*(#� "%� ".#�

(%3")$%,(%.���<(�8:7-.(�$;�7(3"1(�;"),=-)(5�.<(�:)$3"#"$%"%*�$;�%(=�#()3"1(#�-%7�

.<(� 8:7-.(� $;� -::2"1-."$%#� -)(� %(1(##-)+� ;$)� (F.(%#"/2(� #+#.(,#�� �$;.=-)(�

,-%-*(,(%.�"%�-8.$%$,"1�,-%%()�=".<$8.�<8,-%�"%.()3(%."$%�=$827�/(�$%(�#.(:�

.$=-)7#�)(-2�-8.$%$,"1�#(%#"%*�#+#.(,#���$)�.<"#�:8):$#(�-%�(3(%.�,(1<-%"#,�"#�

%((7(7�"%�$)7()�.$�%$.";+�.<(�-1.$)#�=<$�-)(�"%3$23(7�$%�.-4"%*�7(1"#"$%#�$%�%(=�

#$;.=-)(� 7(:2$+,(%.� $)� 8:7-."%*� (F"#."%*� $%(#�� �<(� 1$%#$)."8,�<-#�:-)."182-)2+�

:$"%.(7� .<"#�%((7�-.� .<(�<-)7=-)(�-%7�#$;.=-)(� 2(3(2#� "%�#(1."$%� D�(1$%;"*8)-/2(�

<-)7=-)(���#$;.=-)(5�1$7(#"*%�-%7�"%.(*)-."$%E��

� 	();$),-%1(�,$%".$)"%*� -%7�,-"%.(%-%1(�$;� #81<� #(%#$)G-1.8-.$)�%(.=$)4#� -)(�

(##(%."-2��
#�#(%#$)#�1-%�/(�:2-1(7�-.� 2$1-."$%#�.<-.�-)(�<-)72+�)(-1<-/2(5�)(,$.(�

,$%".$)"%*�-%7�,-"%.(%-%1(�*-"%�-�:-)."182-)�",:$).-%1(���$)�"%#.-%1(5�=<(%�-�#(.�

$;� #(%#$)#� $)� -1.8-.$)#� "#� #8#:(1.(7� .$� /(� ;-82.+5� #(3()-2� #1(%-)"$#� 1-%� /(�

(%3"#"$%(7���<(�;")#.�"#�.<(�"7(-2�1-#(�=<()(�.<(�;-82.+�:-).�"#�)(:2"1-.(7���$=(3()5�



�
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�

.<"#� "#� %$.� -2=-+#� :$##"/2(� -%7� *)-1(;82� 7(*)-7-."$%� 1$827� /(� -%� -%#=()�� �)-1(;82�

7(*)-7-."$%�1$%#"#.#�"%�%$.�(%#8)"%*�.<(�;822�#()3"1(�/8.�-�7(*)-7(7�#()3"1(�6(�*��2(##�

"%:8.�7-.-5�#2$=()�:)$1(##"%*9�.<-.�"%�#$,(�1-#(�1$827�/(�(%$8*<�.$�(%#8)(�.<-.�.<(�

#+#.(,�:)$3"7(#�-%�-11(:.-/2(�-2.()%-."3(��

�<(� $3()-22� *$-2� "#� .$� :)$3"7(� -� :28*� -%7� :2-+� 6	%	9� #(%#"%*� #+#.(,�� �<(� 8#()�

=$827� 1$,(� =".<� ".#� #(%#$)� $%K.<(K#<(2;5� :28*� ".� .$� .<(� #+#.(,� -%7� .<(� 7(3"1(�

=$827� /(� #(2;K7"#1$3()(75� #(2;K1$%;"*8)(75� -8.$,-."1-22+� 8:7-.(7� =".<� .<(� 2-.(#.�

;"),=-)(�-%7�,$%".$)(7�78)"%*�-22�$;�".#�2";(1+12(��
8.$%$,"1�1$,:8."%*�7$,-"%��

"%3(#."*-.(#�#","2-)�"##8(#���$=(3()�.<(�(F"#."%*�1$%1(:.#�#<$827�/(�)(.<$8*<.�-%7�

-7-:.(7� ;$)� )(#$8)1(� 1$%#.)-"%(7� %(.=$)4(7� #(%#"%*� 7(3"1(#� <-3"%*� .$8*<�

1$%#.)-"%.#5� "%1287"%*� )(-2K.",(� 1$%#.)-"%.#5� ;$)� "%#.-%1(� =".<� "##8(#� 2"%4(7� .$�

#(18)".+�$)�#+#.(,�1$,,-%7���


,/"(%.�-%7�1$$:()-."3(�"%.(22"*(%1(�

� 
,/"(%.�-%7�1$$:()-."3(�"%.(22"*(%1(�

�$7-+[#� %(.=$)4#� -)(�,-7(� $;� -� 2-)*(� %8,/()� $;��(.=$)4��2(,(%.#� 6��#9� #81<� -#�

)$8.()#5�;")(=-22#5�*-.(=-+#5�<$#.#5�(.1�5�(-1<�:();$),"%*�-�#(.�$;�(2(,(%.-)+�;8%1."$%#�

)(2-.(7�.$�)$8."%*5�#(18)".+�,-%-*(,(%.5�)(#$8)1(�)(#()3-."$%5�?$��,-%-*(,(%.5�(.1��

$)(� #$:<"#."1-.(7� ;8%1."$%#� #81<� -#� 1$%;"*8)-."$%� $;� ��#5� $:.","J-."$%� $;� )$8."%*�

.-/2(#5� .)$8/2(#<$$."%*5� (.1�5� -)(� ,-"%2+� ,-%-*(7� "%� -� 1(%.)-2"J(7� ;-#<"$%5� $;.(%�

"%3$23"%*�<8,-%�"%.()3(%."$%��

�$=(3()5� %(.=$)4#� -)(�,$)(� -%7�,$)(� ;-1(7�=".<� )-:"72+� 1<-%*"%*� #".8-."$%#� -%7�

"%1)(-#"%*2+� 1$,:2(F� 1$%;"*8)-."$%#�=<"1<� -)(� <-)7()� -%7� <-)7()� .$� /(� -7(C8-.(2+�

,-%-*(7�"%�-�1(%.)-2"J(7�,-%%()5�/(1-8#(�$;�.","%*�"##8(#�61$22(1."%*�-%7�:)$1(##"%*�

"%;$),-."$%� .-4(#� .",(9� -%7� 1$,:2(F".+� "##8(#� 67(-2"%*� =".<� %(.=$)4#�

1(%.)-22+G*2$/-22+�"#�"%1)(-#"%*2+�1$,:2(F9��

�<(�"7(-�"#�.$�:"2$.�.<(��%.()%(.�$;��<"%*#�/+�8#"%*�.$$2#�.<-.�1$,(�;)$,�.<(�-).";"1"-2�

"%.(22"*(%1(� ;"(27�� 
� :2-.;$),5� /-#(7� $%� �"#.)"/8.(7� �%.(22"*(%.� 
*(%.#5� :(),".#� .$�

:();$),�-�%8,/()�$;�,-%-*(,(%.� ;8%1."$%#� "%�-�7(1(%.)-2"J(7�=-+5�7(-2"%*� 2$1-22+�

=".<�#",:2()�#".8-."$%#�"%�-�,$)(�)(#:$%#"3(�=-+��

�-1<��"#.)"/8.(7� �%.(22"*(%.� 
*(%.� -##$1"-.(7�=".<� -%���� "#� 1-:-/2(� $;� #(%#"%*� -%7�

$/#()3"%*� (3(%.#� -%7� 1<-%*(#� .<-.� $118)� 2$1-22+�� 
*(%.#� 1$,,8%"1-.(� -,$%*�

%("*</$8)#�.$�",:)$3(�.<(")�4%$=2(7*(�$;�.<(�#".8-."$%�"%�.<(")�%("*</$8)<$$7�-%7�

.$�,-4(�1$%#$2"7-.(7G1$$)7"%-.(7�7(1"#"$%#�=".<"%�-%�-)(-�$;�.<(�%(.=$)4���

�<(�7";;()(%.�1<-)-1.()"#."1#�$;�.<(�-*(%.#�-)(�.<(�;$22$="%*B�

� �(1(%.)-2"J-."$%B�".�,(-%#�.<-.�%$�-*(%.�<-#�-�*2$/-2�3"#"$%�$;�.<(�#+#.(,�-%7�.<(�

7(1"#"$%#�-)(�.-4(%�"%�-�.$.-22+�7(1(%.)-2"J(7�=-+��

� �(-1."3".+B� -%� -*(%.� "#� -� :-).� $;� -%� (%3")$%,(%.� -%7� ".#� 7(1"#"$%#� -)(� /-#(7� $%�

=<-.� ".� :()1("3(#� ;)$,� ".#� (%3")$%,(%.� -%7� $%� ".#� 18))(%.� #.-.(�� �.� .-4(#� -� 2$1-2�

3"(=�6-2#$�1-22(7�#".8-.(7�3"(=9�$;�".#�(%3")$%,(%.��

��������������������������������������������������������
2 P. Horn, “Autonomic computing: IBMs perspective on the state of information technology,” IBM TJ Watson 
Labs, NY, 15th October, 2001. 
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� 	)$K-1."3".+B�".�"#�.<(�-/"2".+�$;�#(.."%*�*$-2#�-%7�)(-2"J"%*�.<(,���

� �$1"-/"2".+B� ".� "#� .<(� -/"2".+� .$� 7"#.)"/8.(� .<(� "%.(22"*(%1(� /(.=((%� .<(� 7";;()(%.�

-*(%.#�-%7�.$�1$$:()-.(�=".<�$.<()�-*(%.#�"%�.<(�#+#.(,���

�+� 7"#.)"/8."%*�
*(%.#� -1)$##� .<(� %(.=$)45� :)$/2(,#� -)(� 7(-2.�=".<� 2$1-22+5� #=";.2+5�

(-)2"()�-%7�-)(�#",:2()�.$�-77)(##�1$,:-)(7�.$�.<(�)(#82."%*�*2$/-2�:)$/2(,�<-%72(7�

"%�-�1(%.)-2"J(7�-::)$-1<5�#8/0(1.�.$�2-.(%1+����*��-%�-*(%.�1-%�",,(7"-.(2+�1<-%*(�.<(�

1$%;"*8)-."$%�$;�".#����.$�)(-1.�.$�-�2$1-2�2$-7�:)$/2(,��

�(+$%7� :8)(2+� 2$1-2� :)$/2(,#5� 
*(%.#� 1$$:()-.(� -,$%*� %("*</$8)#� .$� 7(-2� =".<�

:)$/2(,#� -::(-)"%*� "%� .<(� %("*</$8)<$$75� (�*�� -� 1$%%(1."3".+� :)$/2(,� 1-%� /(�

7(.(1.(7�/+�#(3()-2�-*(%.#�.<-.�1-%�.<(%�1$$:()-.(�.$�1<-)-1.()"J(�.<(�:)$/2(,�,$)(�

:)(1"#(2+�-%7�:)$3"7(�-�#+%.<(."1�)(:$).�.$�.<(�%(.=$)4�1$%.)$2�1(%.)(��

�-1<�
*(%.�,-"%.-"%#� ".#� $=%� 3"(=�$;� .<(� %(.=$)4� $%� .<(� /-#"#� $;� .<(� "%;$),-."$%�

$/.-"%(7�6"9�7")(1.2+�;)$,�2$1-2�$/#()3-."$%�$;�".#����-%7�6""9�"%7")(1.2+�;$)�.<(�)(#.�$;�

.<(�%(.=$)4�/+�(F1<-%*"%*�"%;$),-."$%�=".<�".#�%("*</$8)#���<"#�
*(%.K1(%.)"1�3"(=�

$;� .<(� %(.=$)45� ;$18#(7� $%� .<(� 
*(%.[#� 12$#(� %(.=$)4� (%3")$%,(%.5� "#� 1-22(7� .<(�

�".8-.(7��"(=���

�<(�)-."$%-2(�;$)�.<(��".8-.(7��"(=�"#�.<-.�(3(%.#�$118))"%*�"%�.<(�%("*</$)<$$7�$;�-%�


*(%.� -)(� *(%()-22+� $;� *)(-.()� ",:$).-%1(� ;$)� .<(�
*(%.� .<-%� (3(%.#� $118))"%*� "%� -�

)(,$.(�:-).�$;�.<(�%(.=$)4���<(�;-1.�.<-.�2$1-2�(3(%.#�-)(�4%$=%�(-)2"()�-%7�-)(�,$)(�

-118)-.(2+� 7$18,(%.(7� "%� .<(� �".8-.(7� �"(=�,-4(#� ".� (-#"()� ;$)� .<(� 
*(%.� .$� )(-1.�

)-:"72+�-%7�-::)$:)"-.(2+���


*(%.#�)(*82-)2+�1<(14�;$)�",:$).-%.�1<-%*(#�-::(-)"%*�"%�.<(")��".8-.(7��"(=�K�-%7�

.<8#� "%� .<(� %(.=$)4� (%3")$%,(%.� -#� #((%� /+� (-1<� 
*(%.� K� -%7� ,-+� 7(1"7(� .$�

-8.$,-."1-22+�-7-:.�1().-"%�:-)-,(.()#�$;�.<(")�$=%����$)�-#4�%("*</$)"%*�
*(%.#�.$�

7$� #$� ;$)� .<(")� )(#:(1."3(� ��#�� ��*�� ";� -%� 
*(%.� 2$1-22+� 7(.(1.#� -� :$.(%."-2� #(18)".+�

:)$/2(,5� ".� 1-%� 1$%#$2"7-.(� .<"#� "%;$),-."$%� /+� 1<(14"%*� #","2-)� "%;$),-."$%�

)(*-)7"%*�".#�%("*</$)<$$7�"%�.<(��".8-.(7��"(=�-%7�.<(%�7(1"7(�.$�-708#.�-�#(18)".+�

:$2"1+�-%7G$)�.$�.)"**()�-�#(18)".+�-2-),��

�<(� 8#(� $;� .<(� �".8-.(7� �"(=� 7)"3(#� �,:2"1".� �$$:()-."$%� /(.=((%� 
*(%.#� =<$�

Y"%;28(%1(Y�(-1<�$.<()E#�3"-�.<(�4%$=2(7*(�.<-.�.<(+�-)(�#<-)"%*���,:2"1".��$$:()-."$%�

"#� .<(� :)",-)+� ,$7(� $;� 1$$:()-."$%� -,$%*�� �<"#� ,$7(� $;� 1$$:()-."$%� "#� #",:2(5�

:-)."182-)2+�)$/8#.�-%7�=(22�#8".(7�;$)�7+%-,"1-22+�1<-%*"%*�(%3")$%,(%.#5�/(1-8#(�".�

7$(#�%$.�)(C8")(�.<(�(#.-/2"#<,(%.�$;�-%�(F:2"1".�7"-2$*�-%7�-�#.)"1.�#+%1<)$%"J-."$%�

/(.=((%�
*(%.#���

�<-.� -%� 
*(%.� "#� 1-:-/2(� $;� 7$"%*� "#� 7(;"%(7� -#� -� #(.� $;� �(<-3"$8)#�� �-1<� $;� .<(#(�

�(<-3"$8)#�1-%�/(�1$%#"7()(7�-#�-�#:(1"-2"J(7�;8%1."$%�=".<�#$,(�(F:().�1-:-/"2"."(#5�

-/2(�.$�7(-2�=".<�#:(1";"1�-#:(1.#�$;�.<(�=$)4�.$�/(�:();$),(7�/+�.<(�
*(%.���

�(<-3"$8)#�<-3(�-11(##�.$�.<(��".8-.(7��"(=�=<"1<�$:()-.(#�=".<"%�(-1<�
*(%.�2"4(�-�

=<".(/$-)7�.<-.�"#�#<-)(7�-,$%*�.<(�
*(%.[#��(<-3"$8)#���

�<(� -1."3-."$%5� 7+%-,"1� :-)-,(.()"J-."$%� -%7� #1<(782"%*� $;� �(<-3"$8)#� =".<"%� -%�


*(%.� "#� :();$),(7� /+� .<(� �+%-,"1� 	2-%%()(� �<(� �+%-,"1� 	2-%%()� 7(1"7(#� =<"1<�
�(<-3"$8)#�<-3(�.$�/(�-1."3(5�=<(%�.<(+�<-3(�.$�/(�-1."3(�-%7�=".<�=<"1<�:-)-,(.()#��

�<(� �+%-,"1� 	2-%%()� 7(.(1.#� 1<-%*(#� "%� .<(� �".8-.(7� �"(=� -%7� .<(� $118))(%1(� $;�
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(F.()%-2G"%.()%-2� (3(%.#�� �)$,� .<()(5� ".� $)1<(#.)-.(#� .<(� )(-1."$%� $;� .<(� 
*(%.� .$�

1<-%*(#�"%�.<(�%(.=$)4�(%3")$%,(%.��

�<(�(2(,(%.#�7(#1)"/(7�-/$3(�1$,(�;)$,�.<(�#.-).�8:�����������������-%7�.<(�

:2-.;$),�:)$:$#(7�/+�.<(�1$,:-%+���<(�:2-.;$),�:)$3"7(#�#",:2(�7(1(%.)-2"J(7�=-+#�

.$�7(-2�=".<�-�*)$="%*�%8,/()�$;�,$7()%�%(.=$)4#�)(C8")(,(%.#�=<"1<�-)(�<-)7()�

-%7�<-)7()�.$�)(#:$%7�.$�=".<�.)-7"."$%-2�1(%.)-2"J(7�#+#.(,#���

� �%3")$%,(%.� -%7� .$$2#� ;$)� #()3"1(� 1)(-."$%� 1$,:$#"."$%� -%7� $)1<(#.)-."$%5� 8#()�

"%.();-1(�


,/"(%.�"%.(22"*(%1(�="22�",:-1.�-22�-#:(1.#�$;�7-"2+�2";(5�.<8#�1$%#.".8."%*�-�:$=();82�

7)"3"%*� ;$)1(� ;$)� "%%$3-."$%#� -%7� 7(3(2$:,(%.�� � �%7((75� ".� "#� %(1(##-)+� .$� :)$3"7(�

#()3"1(#�-%7�;-1"2"."(#�.<-.�-)(�-::)$:)"-.(�"%�-22�1")18,#.-%1(#5�(3()+=<()(�-%7�(3()+�

.",(5�/$.<�;$)�"%7"3"78-2�%((7#�-%7�#$1"(.-2�1<-22(%*(#5�"%1287"%*�-22�-1."3".+�7$,-"%#��

�.�"#�%$�2$%*()�08#.�-/$8.�"%1)(-#"%*�:)$781."3".+�*-"%#�$;�"%7"3"78-2#�-%7�/8#"%(##(#5�

/8.� -2#$� .$� 7(3(2$:� .(1<%$2$*"1-2� -).";-1.#� .<-.� ",:)$3(� .<(� =(2;-)(5� /$.<� -.� .<(�

"%7"3"78-2�-%7�#$1"(.+�2(3(2#5�-%7�<(%1(�.$�#8::$).�.<(�#-;(*8-)7"%*�$;�$8)�:2-%(.���.�"#�

%$�2$%*()�08#.�-/$8.�:)$781"%*�)(-7+�.$�8#(�1$,:8.()#�6#$;.=-)(�-%7G$)�<-)7=-)(9�5�

/8.� -2#$� .$� -22$=�/$.<� 1"."J(%� -%7� 1$,:-%"(#� .$�/(� .<(� -1.$)K-)1<".(1.� $;� .<(")� $=%�

#()3"1(#5�=<"1<�1-%�/(�8%2",".(72+�6)(91$%;"*8)-/2(5�"%�1$,:2"-%1(�=".<�#-;(�:)$.$1$2#�

-%7�$.<()�2-=#�-%7�,-"%#.)(-,�3-28(#��

�<(�1<-22(%*(#�"%1287(B�

� $/"2".+� 6=".<� :()#"#.(%1(� -%7� 1$%."%8".+� $;� 1$,,8%"1-."$%95� ,$3"%*� 6=".<� .<(�

"%.(),"..(%.� 1$%%(1."$%9� $;� 1$,,8%"1-."%*� .<"%*#5� "%;$),-."$%� -%7� 2(-)%"%*� $;�

8/"C8".$8#� 1$,:8."%*5� .<(� �(2(:)(#(%1(� $;� "%7"3"78-2#� $)� .<(� :)(#(%1(� $;�

;)-*,(%.(7�/$7+S��

� �7(%.".+� -%7� "7(%.".+� ,-%-*(,(%.� $;� 3-)"$8#� $/0(1.#5� 78(� .$� *)(-.� %8,/()#5��

4%$="%*� .<-.� -/$3(� -� *"3(%� 1-)7"%-2� $;� #(.#5� .<(� "7(%.".+� $;� -%� $/0(1.� 2$#(#� ".#�

(;;(1."3(%(##S��

� �<(� 4(+� :)$:()."(#� $;� 1$,,8%"1-."%*� .<"%*#B� #-;(.+5� .)-%#:-)(%1+� $;� ;8%1."$%#5�

%$%K"%.)8#"3(5�%$%K-77"1."3(�=".<�)(#:(1.�.$�.<(�8#()S�

� 82.",$7-2��8,-%K#+#.(,�"%.();-1(#5�<(.()$*(%($8#�"%.()-1."$%#�"%�.<(�-##(,/2+�

-%7� .<(� 1$,:$#"."$%� $;� 7";;()(%.� -**)(*-.(#� "%� .<(� -)1<".(1.8)(#� $;� 3-)"$8#�

#+#.(,#5�.<(�%(*$."-."$%#S��

� �%.(*)-."$%5�1$$:()-."$%�6#:$%.-%($8#�$)�$::$).8%"#."19�$)�1$228#"$%�-%7�2(-)%"%*�

1-:-1".+5�-.�-22�*)-%82-)".+� 2(3(2#5�$;�%"1<(#�.<-.� "%.()#(1.S�-%7�.<(�,-%-*(,(%.�$;�

#81<�-�1$,:2(F".+S�

� �)$##K18.."%*�-#:(1.#�$;�8#(#�.-4"%*�"%.$�-11$8%.�.<(�,82."7"#1":2"%-)+�-::)$-1<���

�$%K.(1<%"1-2�1<-22(%*(#�"%1287(�-�/)$-7�#:(1.)8,B�

� �$%3"3"-2".+B�"%.8"."3(�"%.()-1."$%�6,$)(�*(%()-2�.<-%�()*$%$,"1#9S�

� 	#+1<$2$*"1-2B�)(0(1."$%�:<(%$,(%-�$;�7(3"1(#�7(3$.(7�.$�-##"#.�.<(�(27()2+S�

� �(*-2B�#-;(.+�$;�)$/$.#5�"%.(22(1.8-2�:)$:().+5�-11(##�)"*<.#�.$�-�7"*".-2�(%.".+5�)"*<.#�

.$�;$)*(.�6=".<"%�-22�.<(�.)-14#�)(1$)7(7�/+�.<(#(�.<"%*#95�2-=#�$%�:<+#"1-2�$/0(1.#S�
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� 	$2"."1-2B�;)((7$,�$;�(F:)(##"$%�$;�1"."J(%#�"%�#(,"K:)"3-.(�#:-1(#���


�#()3"1(#�7(:2$+,(%.�(%3")$%,(%.�"%1287(#�.<)((�1$,:$%(%.#B�

� �<(�;")#.�$%(� "#� .<(�-##(##,(%.�$;� .<(#(�#()3"1(#� "%� .(),#�$;� .(1<%$2$*+�-%7�8#(#�

6#((�#(1."$%�D�(1$%;"*8)-/2(�<-)7=-)(���#$;.=-)(5�1$7(#"*%�-%7�"%.(*)-."$%E9���

� �)(-."$%� $;� #()3"1(#B� ,-1<"%(� .$� ,-1<"%(� 6�9� #+#.(,#� -)(� -%� 8%-3$"7-/2(�

;8.8)(�� �<(#(� #+#.(,#� -)(� <"*<2+� "%.()-1."3(�� �<(+� 1)(-.(� 2"%4#� /(.=((%� ,$/"2(�

7(3"1(#�6	�
#5�#,-).�:<$%(#5�#(%#$)#����9�-%7�8#()#�.$�:();$),�1$22-/$)-."3(�.-#4#�

"%� -� 1$%.(F.� $;� :()3-#"3(� -%7� 8/"C8".$8#� 1$,:8."%*�� �(1-8#(� $;� .<(")� "%.)"%#"1�

1<-)-1.()"#."1#5� .<(+�,8#.� )(2+� $%� <"*<2+� 7+%-,"1� -%7� #(2;K1$%;"*8)-/2(� #$;.=-)(�

-)1<".(1.8)(#�� �$)� "%#.-%1(5� ";� =(� 1$%#"7()� .<(� <$,(� -8.$,-."$%� ;"(275� .<(�

"%.)$781."$%� $;� :)$1(##$)#� 1$,,8%"1-."%*� "%� .<(� <$,(� -8.$,-."$%� 7(3"1(#�

1$%#.".8.(#�-�,-##�$;�"%;$),-."$%�-%7�1$,:8."%*�:$=()�"%�(-1<�<$8#(���%�.(),#�$;�

(%()*+5� "%;$),-."$%� -%7� .(1<%"1-2� )(#$8)1(#� -)(� :$.(%."-22+� -3-"2-/2(� ;$)�

1$%#8,:."$%� $:.","J-."$%� -11$)7"%*� .$� .<(� (1$2$*"1-2� 7(,-%7#�� �%� .(),#� $;�

1$,;$).5�#-;(.+�-%7�-##"#.-%1(�6(27()2+5�#"145�(.1�95�#$1"(.-2�%((7#�-)(�",,(%#(�-%7�

*)$="%*���$=(3()5�.<(�-3-"2-/2(�.(1<%$2$*"(#�1-%%$.�-1<"(3(�.<(�<$,(�-8.$,-."$%�

-::2"1-."$%#�.<-.�,((.�(F:(1.-."$%#���%(�7";;"182.+�"#�.<-.�.<(�1$%;"*8)-."$%�$;�(-1<�

<$8#(� "#� 7";;()(%.5� -%7� .<(� 7(3"1(#� :)$3"7(� 7";;()(%.� #()3"1(#� "%� .<(")�

",:2(,(%.-."$%5� -%7�8#(�$;�,82.":2(�7(3"1(#� 1-%� "%.)$781(� 1$%;2"1.#� -%7� "%7")(1.�

"%1$,:-."/"2"."(#�<-)72+�"7(%.";"-/2(���

�<(� ;")#.� 1<-22(%*(� "#� .$� -1<"(3(� <"*<K2(3(2� #()3"1(#� -#� 1$,:$#".(� #()3"1(#� /8"2.�

;)$,� -22� -3-"2-/2(� #()3"1(#� 6-.$,"1� $)� 1$,:$#".(95� -%7� 3()";+� .<-.� .<(� 18))(%.�

#(.."%*�$;�.<(�<$8#(�:)$3"7(#�#()3"1(#�1$%#"#.(%.�=".<�(F:(1.-."$%#���

�<(� #(1$%7� 1<-22(%*(� "#� .<(� 7+%-,"1-2� /(<-3"$)� .<-.� "#� "%<()(%.� "%� .<"#� .+:(� $;�

-::2"1-."$%B� #()3"1(#� -)(� 1)(-.(75� "%.()1$%%(1.(75� -%7� 7(2(.(7� 78)"%*� (F(18."$%��

�<"#� 7+%-,"1".+� )(#:$%7#� .$� .<(� 1$%#.)-"%.#� $;� .<(� 7"#.)"/8.(7� -::2"1-."$%�

-7-:.-/"2".+� -%7� .<(� ,$/"2".+� $;� ".#� 8#()#�� �$)� #.-."1� -)1<".(1.8)(#5� ,$7(2#� -)(�

:)$:$#(7�/8.� .<(#(�-::)$-1<(#�-)(�%$.�8#-/2(�-%7�=(�#<$827�)(2+�$%� ;$),-2�-%7�

:$=();82� ,$7(2"%*� ;$),-2"#,#�� �$)� "%#.-%1(5� �)-:<� �)-,,-)#� =<"1<� .)(-.� .<(�

7+%-,"1�(3$28."$%�$;�#$;.=-)(�-)1<".(1.8)(#�/+�*)-:<�.)-%#;$),-."$%��

� 
11(##� .$� #()3"1(#5� "%.();-1(#5� <8,-%� ,-1<"%(� "%.();-1(#� 6��9B� �<(� :)$3"7(7�

#()3"1(#�,8#.�%$.�$%2+�/(�-11(##"/2(�.$�.<(�8#()�/8.�.<(�2-..()�,8#.�-2#$�/(�-/2(�.$�

(%#8)(� ".#� ,$%".$)"%*� -%7� 1$%.)$2�� �(� <-3(� .$� )(,-"%� 3()+� -..(%."3(� .$� .<(�

:)$/2(,#�$;�8#(�-%7�()*$%$,"1#5�(#:(1"-22+�.<)$8*<�.<(�7(#"*%�$;�8#()�"%.();-1(#5�

#"%1(� .<(�<8,-%�8#()�,8#.� /(� "%� .<(� 2$$:� 1$%.)$2� ;$)� #+#.(,#� .$�/(� -11(:.(7�/+�

8#()#���<(�#(-)1<�;$)�"%%$3-."3(�#$28."$%#�.$�<8,-%�"%.();-1(�,8#.�-22$=�8#()#�.$�

/(� -=-)(� $;� .<(� #.-.(� $;� .<(")� #+#.(,� -%7� $;� .<(� ,$."3-."$%� $;� .<(� #(2(1.(7�

)(*82-."$%� #1<(,(� #$� .<-.� .<(� #+#.(,� 7$(#� %$.� -::(-)� -#� -� /2-14� /$F�� �<(� 8#()�

,8#.� 4((:� 1$%.)$2� -%7� -2=-+#� /(� -/2(� .$� $3())"7(� .<(� 7(1"#"$%#� $;� .<(� #+#.(,�

6(F1(:.�,-%7-.$)+� #(18)".+� 1$%#.)-"%.#9�� �3(%.8-22+5� .<(+� /(1$,(� -=-)(� $;� .<(")�

(%()*+�;$$.:)"%.5�.<8#�.<(+�1-%5�";�:$##"/2(5�,$7";+�.<(")�/(<-3"$8)�.<-%4#�.$�-�)(-2�

.",(�;((7/-14�$;�.<(")�-1."$%#��
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Inter Carnot Objet Communicant

Sylvain Paineau
Schneider Electric

Stratégie et Innovation 
Partenariat R&D et Valorisation

5 Mai 2010
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Unique positionning
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Energy dilemma

�

�

Energy management needs of sensors
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Sensors networks : bases for our solutions 
development

�

Communicating object example

Autonomous Wireless Multisensors
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Active Energy Efficiency : 
Energy visibility
& means to act

2

Supply/demand of Energy started its transformation journey 

A quick evolution towards Smart Grid

Centralised Generation

DistributionTransmission

Distributed Generation1

Renewable
Backup
Power

Renewable Energy Generation
1

Transportation

Residential

Commercial

Industrial

Consumers

Energy
Storage

Electric
Vehicle

Electric
Vehicle

3
Intelligent Intelligent

4 Real-time
Grid management

Challenge for the futur

�
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M2M & Internet of Things, 
from smart spaces to smart 
cities
M2M & Internet des Objets, perspectives de recherche, 
des espaces intelligents à la ville intelligenteOrange Labs

Gilles Privat, Research & Development
05-05-2010, Rendez Vous Carnot, Lyon

�

wireless
sensor

networks

ambient
intelligence

smart spaces

ubiquitous/
pervasive
computing

mobile 
web

Internet 
of

Things

IoT topic map

M2M

disappearing
computer

embedded
computing

physical coupling

distributed embedded
processing

wireless  mobile &
ubiquitous access

augmented/mediated
reality

ambient 
human interaction
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The sensed-actuated home

�

Common IoT/smart space services for the sensed-
actuated home

� Home +network of federated sensors & actuators  = "smart space"

� Coupled  sensor-actuator system may be used for both 
human interfaces and physical context interfaces

� Relevant elements of context/content acquired by sensors :

– State of environment
• internal temperature, humidity, light, etc.

– Status of users (present)
• presence/location/identity of persons
• level/nature of individual/group activity

� Managing the home as a smart space

– beyond one-to-one device management and monitoring services
– providing shared intermediate-level services on top of shared 

sensor/actuator  & network infrastructure

�
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End to end home/building services

core
network

Smart Things/
Smart Space

Fixed & wireless 
access networks

Shared 
Service Platform

Third party 
platforms 

Shared
service platform 

End-user 
interfaces

Utility (billing, CRM )

Utility (

Home/building
LAN

�

Shared city-scale infrastructure
for the supervision of physical networks

� Physical networks
– transportation networks

• public transit systems
• car-sharing/bike-sharing networks
• physical goods distribution networks

– electrical grid
– gas/water distribution network
– waste collection networks

� Common data services 
– supervisory control (loose coupling)
– distributed control (tight coupling)
– flow analysis
– data warehousing
– data mining

Orange Labs - Research & Development – 2010-05-05 – G. Privat

�
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End to end city-scale  services

core
network

Physical
Networks

Fixed & wireless 
access networks

Shared 
Service Platform

Third party 
platforms 

End-user 
interfaces

Sensor 
Networks

�

Orange Labs - Research & Development –

IoT/M2M : 
reversing the content provision/aggregation dilemma

� no long-term value from commodity data transport (“bit-pipe” role), 
whatever the network

– core networks already commoditized
– operator-managed wireless access will inevitably follow
– capillary networks are open

� IoT/M2M is a boundless source of new “content”
– complements and de-bottlenecks existing “media” services
– content provision = owning and/or setting up sensors
– content aggregation = extracting higher level information  from raw sensor 

data, at a multiplicity of different levels :
• fusion
• classification
• recognition/interpretation
• mining

� more added value from aggregation than from provision!

�

�

�
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Communicating objects and mobile 
services 

From Internet of things to web of objects

O. Audouin, 
Director of External affairs

Alcatel Lucent Bell Labs France

�

Communicating objects and mobile services 
Societal demand

�
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Communicating objects and mobile services 
Usage evolutions
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The  mobile prosumer

and the
communicating

objects

Personalized interactions with the (intelligent) 
environment (city, building)

– Guiding the user in the city

– Enriched environment perception

– Environment configuration

with high level of automation

User-created content and applications

– Leveraging data and services brought 
by the objects

– « Mash up » with communication and 
web services

�
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Example:
Staged participatory 

events in the city

Supported by templates, smart objects and devices, users can instantiate an 
educational city-game with the click of a button, re-using the existing 
objects, devices and sensors in a city context. 

Mary is walking around in Lyon, enjoying the atmosphere and, interacting with 
the city using her mobile device.  She is presented with tourist information 
and local stories as she progresses her walk.  She decides to create an 
interactive, entertaining but also educational city game for her children.  She 
now enthusiastically touches city objects (buildings, furniture, screens, 
billboards, ..) and (inspired by the existing multimedia information) creates 
questions, hints, and media snippets for her children.  Mary re-uses a public 
billboard that will display a movie of Mary when her children approach it in 
the summer.  She uses existing city-game templates to re-use the Paris city 
security cameras to record the upcoming adventures of her family.

�

Multi domain innovation 
but siloed architectures 

�
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Web of Objects
Cities and building as an 

open platform

Service representation of the Real world 
objects exposed on the Web
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And all this requires an efficient network !!!
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Over the last century, aviation has evolved to become a driving force for the global economy. To 
address the challenges related to the expansion of air traffic, to the dramatic increase of jet fuel price, 
to environmental concerns, and to security and safety, the aerospace industry is seeking technological 
and process innovations in aircraft design, manufacturing, operation, maintenance and traffic 
management.  

In this context, Aircraft Health Monitoring (AHM) is one of the major challenges of R&D activities 
supported by aircraft manufacturers. This activity aims at proposing an innovative and comprehensive 
Global Aircraft Maintenance service for future aircraft customers, given the relative importance of 
maintenance costs for Airline Companies with respect to other types of costs such as customer 
services, flight operation, flight traffic, etc... At present, the main targets of AHM include the Airframe 
(Structure mostly), the Aircraft Systems and the Power plant (Main Engine and APU – Auxiliary Power 
Unit).  

AHM focuses on the prediction of failures to prevent structure or system damages by anticipating the 
maintenance action necessary to avoid “events”. Such predictive service is especially relevant to the 
Structure Health Monitoring (SHM). SHM therefore consists in the monitoring mainly of corrosion, of 
cracks and of impact damages taking place during aircraft life. Particular attention is paid to SHM due 
to the fact that integration at aircraft level is not fully demonstrated yet, although SHM technology 
components have become available for a few years. SHM is expected to contribute to some 
aeronautic breakthroughs such as Composite Airplanes and More Electrical Aircrafts, the use of new 
materials and new systems requiring extended monitoring capabilities of their aging and 
performances. In addition, there is a potential direct added value for those of aircraft manufacturers 
which are both Aircraft integrators and Airframe manufacturers. 

Wireless Sensor Networks (WSN) can meet the above goal by offering a cost-effective means for 
continuously monitoring the health of structures and systems. AHM by WSN, is therefore envisioned 
by major aircraft manufacturers. The wireless architecture is generally considered as a powerful tool 
to:  

�  decrease installation costs, 

�  decrease inspection costs, 

�  optimize safety margins in mechanical design, 

�  and consequently, is a means to reduce aircraft weight, fuel consumption and emissions of 
greenhouse gases. 

One drawback to moving toward a wireless network installation is the poor reliability and limited useful 
life of batteries needed to supply the sensor nodes. Regarding AHM, in addition to the required lifetime 
(~ 15-20 years), batteries are prohibited since the wireless sensor node is often implemented in 
locations without temperature regulation (temperature encountered at high altitude are close to –60 
Celsius, but can be very high in locations close to the engines) that could result in a drastically 
reduced yield and safety issues. This limitation has to some extent curtailed the proliferation of 
wireless networks in that area. However, the batteries can be eliminated through the use of 
environmental energy capture, raising the theoretical possibility of infinite lifetime, or at least a lifetime 
similar to that of the aircraft.  

In addition to AHM, WSN may find potential applications in other various fields: 

� in-flight tests: Airbus A380 carries about 500 km of cables and wiring to which an extra 300 km 
is added for in-flight tests, 

� passengers’ in-flight entertainment and services system: complex wiring between, on one 
side, passenger’s armrest, individual screen and light, and plane systems on the other, is 
complex, heavy, expensive and hard to modify when needed for commercial purposes, 

� logistical challenges: by helping managing cargo or aircraft equipment (galleys, life vests…), 

� active flow control through micro / nano sensors & actuators: active flow control, can offer 
significant improvements to aircraft wing, helicopter and wind-turbine rotor performance by 
suppressing detrimental effects of separated flow. 
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However, whatever the application, common implementation or industrialization requirements will be 
shared by the envisioned WSN. Firstly, most nodes, even if not actually embedded into aircraft parts 
(either inserted into metallic assemblies, or buried into composite materials) will not be easily and 
economically maintainable: this implies a total autonomy vs. energy (no battery replacement), a MTBF 
similar to that of most aircrafts mid-life before refit, upgrade or maintenance (16 years). Then it is 
worth to mention that industrialization will be a major concern whatever the design phase; that 
includes among other issues: 

� robustness regarding harsh aircraft environment: temperature (from 500°C close to the engine 
exhaust, to -60°C far from the engine exhaust!), sh ocks, pressure change, radiations, fungus, 
sand & dust, humidity, icing, hail…

� compliance with D0254 and D0178B design standards, and more generally with various 
certification rules, 

� compliance regarding RF regulations, robustness vs. EMC, EMI, ESD, lightning, 

� compliance regarding “green rules” such as RoHS and REACH, 

� management of obsolescence, recycling capabilities, 

� while being preferably standard-based, low-weight, and exhibiting self-identification, auto-
diagnostic and self-reconfiguring capabilities, 

� not to mention functionality robustness of the network, security (top priority of all aircraft 
manufacturers) and safety for a few specific application areas. 
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