
Introduction


=79-/	 1-	 =89	 =>	 /;9	 A=-/	 1A?=7/,8/	 8,/47,5	 79"
-=47<9-	 /=	98-479	9<=8=A1<	899:-�	B955"D9186	=>	<1/1"
H98-	,8:	-/,D151/.	=>	/;9	<51A,/9�	�=48/7.B1:9	4?"/=":,/9
/799	<=297	A,?-	?7=21:9	2,54,D59	18>=7A,/1=8	>=7	?5,8"
8186	,8:	A,8,69A98/	?47?=-9-	/=	1829-/16,/9	5=<,/1=8
=>	/;9	79-=47<9-	,8:	/=	1:98/1>.	,>>=79-/,/1=8	,8:	:9>=7"
9-/,/1=8	?,//978-	�
7,8C518	���� �	�799	<=297	18	/;1-	<=8"
/9G/	A9,8-	/;9	,79,	<=2979:	D.	<7=B8	=>	/;9	/799�	B;1<;
A,.	 =7	A,.	 8=/	 D9	 <=8-1:979:	 ,-	 >=79-/	 ,<<=7:186	 /=
5=<,5	?7=21-1=8-�	�,8:-,/	?7=67,A	=>>97-	>799	=>	<;,769
-,/9551/9	 1A,69-	 >=7	A=79	 /;,8	 /;799	:9<,:9-	98-47186
/;9	A=-/	:9/,159:	-?,/1,5	,8:	/9A?=7,5	<=297,69	=>	5,8:
<=297	=D-972,/1=8-�	�98/1895"�	�,7/;	=D-972,/1=8	A1-"
-1=8	D.	�47=?9,8	�?,<9	�698<.	1-	,8=/;97	>799	=>	<;,769
A45/1-?9</7,5	:,/,	?7=21:97�	161/,5	>=7A,/	?7=A=/9-	<=A"
?4/97	?7=<9--186	=>	/;=-9	1A,69-	,8:	?79?,7,/1=8	=>	/;9"
A,/1<	A,?-	>=7	:1>>9798/	98217=8A98/,5	<=8/7=5	?47?=-9-
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&�� 	��+�����
���������	�������������4��:������������%�	�799	�=297	�,??186	�-186	�.D71:	
4HH.	("�9,8-

�9/;=:	,8:	�45/1-?9</7,5	�,/9551/9	�A,69-�	�# ��(�����$��%	���� �	��!@��!�

�-$��#(�

�=48/7.B1:9	 4?"/=":,/9	 /799	 <=297	 A,?-	 ?7=21:9	 2,54,D59	 18>=7A,/1=8	 >=7	 ?5,88186	 ,8:	 A,8,69A98/	 ?47?=-9-	 /=
1829-/16,/9	 5=<,/1=8	 =>	 /;9	 79-=47<9-	 ,8:	 /=	 1:98/1>.	 ,>>=79-/,/1=8	 ,8:	 :9>=79-/,/1=8	 ?,//978-�	 �,8:-,/	 ?7=67,AA9	 =>>97-
>7995.	 ,2,15,D59	 -,/9551/9	 :,/,	 B1/;	 /1A9	 -?,8	A=79	 /;,8	 /;799	 :9<,:9-	 ,8:	 1/	 <,8	 -9729	 ,-	 D,-9-	 >=7	 /799	 <=297	A,?	 <,5<45,/1=8
4-186	 -,/9551/9	 1A,69	 <5,--1>1<,/1=8O	 ;=B9297�	 ?7,</1<,5	 4-9	 =>	 <5,--1>1<,/1=8	 A9/;=:-	 1-	 51A1/9:	 :49	 /=	 5,<C	 =>	 4-97">7198:5.
-=54/1=8-	 ,8:	 <=A?59G	 18/97?79/,/1=8	 =>	 /;9	 79-45/-�	 �;9	 =DF9</129	 =>	 /;1-	 -/4:.	 1-	 /=	 92,54,/9	 4-97">7198:5.	 ;.D71:	 <5,--1>1"
<,/1=8	 -<;9A9	 >=7	 /799	 <=297	 A,??186	 18	 �,/21,	 ,8:	 /=	 9G?5=79	 /;9	 8,/479	 =>	 /;9	 -?9</7,5	 <5,--9-	 ,8:	 <=8-1-/98<.	 =>	 /;9
79-45/-	 B;98	 A9/;=:=5=6.	 1-	 ,??519:	 /=	 1A,69-	 =>	 :1>>9798/	 :,/9-�	 �799	 <=297	 18	 /;1-	 <=8/9G/	 A9,8-	 /;9	 ,79,	 <=2979:	 D.
<7=B8	 =>	 /;9	 /799�	 B;1<;	A,.	 =7	A,.	 8=/	 D9	 <=8-1:979:	 ,-	 >=79-/	 ,<<=7:186	 /=	 5=<,5	 ?7=21-1=8-�	 �799	 <=297	 1-	 9-/1A,/9:	 4-186
48-4?9721-9:	 >4HH.	 <"A9,8-	 A9/;=:-	 B1/;	 /;9	 -/,D151/.	 <;9<C	 /=	 98-479	 /;9	 ?79-98<9	 =>	 /;9	 -,A9	 -?9</7,5	 <5,--9-	 18
18:9?98:98/	 /9-/-�	 �?9</7,5	 <5,--9-	 ,79	 <5,--1>19:	 18/=	 /B=	 <,/96=719-�	 /799	 <=297	 ,8:	 =/;97	 D.	 9A?5=.186	 C"89,79-/	 8916;"
D=47-�	 �4<;	 ,??7=,<;	 :=9-	 8=/	 79I4179	 ;16;	 I4,51/.	 -,A?59	 :,/,	 ,8:	 :=9-	 8=/	 18<54:9	 4-97	 :9>189:	 18/978,5	 ?,7,A9/97-	 =>	 /;9
,56=71/;A-	 �;=B9297�	 /;9.	 <,8	 D9	 -?9<1>19:	 1>	 899:9: �	 �;9	 D9-/	 =297,55	 ,<<47,<.	 ,<;1929:	 >=7	 .9,7	 ���$	 B,-	 %$��E	 B1/;
?7=:4<97 \-	 ,<<47,<.	 %#�*E	 �/799	 <=297 �	 %���E	 �=/;97	 5,8:	 <=297 �	 4-97 \-	 ,<<47,<.	 %���E	 �/799	 <=297 �	 %#�#E	 �=/;97	 5,8:
<=297 	 ,8:	 C,??,	 ��#%�	 �=8-1-/98<.	 -/4:19-	 -;=B9:	 ;16;	 1A?,</	 �B1/;18	 ��E	 =>	 =297,55	 ,<<47,<. 	 =>	 481I49	 <=8:1/1=8-
:47186	 /;9	 1A,69	 ,<I41-1/1=8�	 �=A9	 =>	 /;9	 -?9</7,5	 <5,--9-	 79?79-98/	 D=7:975189	 <,-9	 D9/B998	 795,/1295.	 :98-9	 /799	 <=297	 ,8:
=/;97	 5,8:	 <=297	 /.?9-	 51C9	 -?,7-9	 .=486	 -/,8:-�	 �;=-9	 <,-9-	 ,79	 /;9	 A,18	 /;79,/	 /=	 /;9	 <=8-1-/98<.	 D9/B998	 /;9	 79-45/-	 =>
:1>>9798/	 :,/9-	 ,8:	 -9,-=8-�

�	51���F	 �,8:-,/	 ,8:	 �98/1895	 -,/9551/9	 1A,69-�	 /799	 <=297�	 >4HH.	 <"A9,8-�	 C"89,79-/	 8916;D=47-�	 -?9</7,5	 <5,--9-�
<=8-1-/98<.	 =>	 /;9	 79-45/-

��,8-98	,8:	�=295,8:	���� �	�9,8B;159�	:9-?1/9	 /;9
5=86	.9,7-	=>	/;9	-/4:19-	=>	A9:14A	-?,/1,5	79-=54/1=8
-,/9551/9	:,/,	<5,--1>1<,/1=8�	,	?7,</1<,5	4-9	=>	-,/9551/9
1A,69-	 18	A,8.	 >195:-	 :95,.-	A=-/5.	 :49	 /=	 4-97	 48"
>7198:5.	-=54/1=8-	��,8-98	,8:	�=295,8:	���� 	,8:	<=A"
?59G	18/97?79/,/1=8	=>	/;9	<5,--1>1<,/1=8	79-45/-	,8:	,<<4"
7,<.	,--9--A98/	�9	�994B	9/	,5�	�����	�,698:7,	9/	,5�
���! �

�=/12,/1=8	>=7	/;1-	-/4:.	1-	D,-9:	=8	/;9	,>>=79-/,"
/1=8	?7=D59A	18	/;9	,671<45/479	5,8:-	18	�,/21,�	�;9<C186
=>	 /;9	 :,/,D,-9-	 =>	 79<=7:	 C99?186	 =76,81H,/1=8-	 >=7
,671<45/479	5,8:	7961-/7.	-;=B9:	:1>>9798<9-	18	/;9	/=/,5
,79,	=>	,671<45/479	5,8:-	B1/;18	��E	��152979	���� �	�=/,5
,A=48/	=>	,D,8:=89:	,671<45/47,5	5,8:-	B,-	1:98/1>19:
,-	 �$*�(	 /;=4-,8:	 ;9</,79-	 >7=A	B;1<;	 (��	 /;=4-,8:
;9</,79-	B979	>=48:	,-	,>>=79-/9:	��152979	���� �

�9A=/9	 -98-186	 /==5-	;,29	,	?=/98/1,5	 /=	?7=21:9
,<<47,/9	/799	<=297	A,?-	>=7	-?9<1>1<	:,/9	98,D5186	/=
1829-/16,/9	 <47798/	 >=79-/	 <=297,69	 ,8:	 /=	 1:98/1>.
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<;,869-	18	/;9	>=79-/	,79,-	51C9	:9>=79-/,/1=8�	>=79-/	:96"
7,:,/1=8�	>=79-/	>7,6A98/,/1=8�	>=79-/	,>>=79-/,/1=8	,8:
>=79-/	7969897,/1=8	��5=,8	,8:	�,.97	���� �	�=A?,71-=8
D9/B998	9G1-/98/	>=79-/	,79,	:,/,D,-9-	,8:	79A=/9	-98-"
186"D,-9:	/799	<=297	A,?-	<=45:	,55=B	9>>1<198/	1:98/1>1"
<,/1=8	=>	8=8"7961-/979:	>=79-/	,79,-�

�A?;,-1-	18	/;1-	-/4:.	1-	?4/	=8	/799	<=297	<5,--1>1"
<,/1=8	18-/9,:	=>	/97A	k>=79-/	<5,--1>1<,/1=8d�


=79-/	:9>181/1=8	4-4,55.	1-	-/,/9:	18	/;9	5=<,5	?7=21"
-1=8-�	�<<=7:186	/=	/;9	�,B	=8	
=79-/-	18	�,/21,	k>=7"
9-/d	 1-	 ,8	 9<=-.-/9A	 18	 ,55	 1/-	 -/,69-	 =>	 /;9	 :9295=?"
A98/�	B;979	/;9	A,18	?7=:4<97-	=>	/;9	=76,81<	A,//97
,79	/799-�	�181A4A	;916;/	=>	/;9	/799-	;,-	/=	D9	,/	59,-/
�	A9/97-	,8:	/;9	?79-98/	=7	?=/98/1,5	/799	<7=B8	?7=F9<"
/1=8	=8	/;9	67=48:	;,-	/=	D9	,/	59,-/	��E	=>	/;9	B;=59
,79,	=>	/;9	>=79-/	-/,8:�	��,B	=>	
=79-/-	���� 

	�>>=79-/9:	,671<45/47,5	5,8:-	=>/98	:=	8=/	<=8/,18
/799	-/,8:-	�>=7	9G,A?59�	-9297,5	/799-	67=B186	18	D4-;9-
=7	/799-	D9186	-A,5597	/;,8	�	A9/97- 	,<<=7:186	/=	/;1-
:9>181/1=8�	 -=�	 18-/9,:	=>	A,??186	 >=79-/	 ,<<=7:186	 /=
/;9	:9>181/1=8�	/799	<=297	A,??186	1-	A=79	<74<1,5�	�5"
/;=46;	 /;9	 <=A?4/97	A9/;=:-	 ,79	 /;9	 -,A9	 >=7	 D=/;
/,-C-�	 :1>>9798<9-	 =<<47	 18	 ?79?,7186	 -,A?59	 ,8:	 /9-/
:,/,	 -9/-�

�,8.	�,8:-,/	1A,697.	-/4:19-	18<54:9	>=79-/	,79,
1:98/1>1<,/1=8	18	/;9	69897,5	5,8:	4-9	=7	<=297	<5,--1>1<,"
/1=8	-<;9A9	D9-1:9-	,671<45/47,5	5,8:-�	47D,8	,79,-�	B,/97
,8:	=/;97	<5,--9-	?79-98/	18	<47798/	69=67,?;1<,5	,79,
��15C18-=8	���� �

�/,/1-/1<,5	A,<;189	59,78186	A9/;=:-	51C9	C"�9,79-/
�916;D=47-	�C�� 	��,,?,898	9/	,5�	���$ �	A,G1A4A	51C9"
51;==:	��<;45H	9/	,5�	�����	�712,-/,2,	9/	,5�	���� �	-4?"
?=7/	 29</=7	 A,<;189	 ���� 	 ��,5	 ,8:	 �,/;97	 �����
�=48/7,C1-	9/	,5�	���� 	,8:	,7/1>1<1,5	8947,5	89/B=7C-
���� 	��12<=	�%%!�	&,2H=654	,8:	�,/;97	���! 	,79	9A"
?5=.9:	>=7	<5,--1>1<,/1=8	=>	/;9	?1G95-	18	/;9	5,8:	<=297
<5,--9-�

�9219B	,7/1<59	=>	�=5A6798	,8:	�;479--=8	��%%# 
-4AA,71H9:	<5,--1>1<,/1=8	,<<47,<.	>7=A	:1>>9798/	-/4:"
19-	=>	>=79-/	<5,--9-	-/,7/186	>7=A	.=486	-/,8:	,8:	98:"
186	B1/;	A,/479	 -/,8:-�	 �;9.	 <=8<54:9:	 /;,/	 /.?1<,5
=297,55	,<<47,<.	1-	 18	 /;9	7,869	>7=A	(�E	"	#�E�	D4/
18<54-1=8	=>	=/;97	5,8:	<=297	/.?9-	;95?9:	/=	1A?7=29
=297,55	,<<47,<.	,D=29	%�E�	�/4:.	=>	�712,-/,2,	9/	,5�
����� 	<=A?,79:	A,G1A4A	51C951;==:	<5,--1>197�	���	,8:
,7/1>1<1,5	 8947,5	 89/B=7C-	 ,8:	 ,4/;=7-	 <=8<54:9:	 /;,/
,??51<,/1=8	 =>	 ���	 79-45/-	 18	 =85.	 �E	 ,<<47,<.
18<79A98/�

�=A9	-/4:19-	;,29	/9-/9:	48-4?9721-9:	<5,--1>1<,"
/1=8	 /=	79:4<9	 /;9	 1A?=7/,8<9	=>	4-97	-959</9:	-,A?59
:,/,	��,/;97	���$�	
,8	9/	,5�	���% �

�/;97	/.?9	=>	A9/;=:-	>=7	/799	<=297	1:98/1>1<,/1=8
1-	D,-9:	=8	-?9</7,5	18:1<9-	,8:	1A,69	/;79-;=5:186�	�9
9/	,5�	����$ 	?7=?=-9:	-?9<1,5	-?9</7,5	18:9G	
�	�
=79-/

�8:9G 	 >=7	 -9?,7,/186	 /;9	 >=79-/9:	 ,79,-	 D.	 -1A?59
/;79-;=5:186�	 �;9.	 79?=7/9:	 =297,55	 ,<<47,<.	 >=7	 /B=
/9-/	-1/9-	18	/;9	���	,8:	�,8,:,	�D7=,:	59,>	>=79-/�	899"
:59	59,> 	%(��E	�C,??,	��%�� 	,8:	%*�#E	�C,??,	��%�$ 
4-186	 ���	 7,8:=A	 /9-/	 ?=18/-	 5,D9559:	 /;7=46;	 21-4,5
18/97?79/,/1=8�

�;979	,5-=	;,29	D998	B1:9	-<,59	-/4:19-	=>	>=79-/
<=297	A,??186�	�=/,?=2	9/�,5	����� 	-/4:19:	>=79-/	<=297
:.8,A1<-	�,884,5	>=79-/	<=297	5=--	,8:	:9<,:,5	>=79-/
<=297	6,18 	>7=A	�%#�	/=	����	18	�,-/978	�47=?9	18<54:"
186	�,/21,�	B;159	79-9,7<;97-	=>	�81297-1/.	=>	�,7.5,8:
?79?,79:	B=75:"B1:9	9-/1A,/9-	=>	/799	<=297	��,8-98	9/
,5�	���! �

�9219B	,7/1<59	=>	�15C18-=8	��15C18-=8	���� 	-4A"
A,71H9-	A=79	/;,8	���	5,8:	<=297	,8:	5,8:	4-9	<5,--1>1"
<,/1=8	9G?971A98/-	4-186	79A=/9	-98-186	:,/,	:47186	��
.9,7-	-/,7/186	>7=A	�%%��	�/	B,-	<=8<54:9:	/;,/	:47186
��	 .9,7-	 <5,--1>1<,/1=8	 ,<<47,<.	 ;,-	 8=/	 -1681>1<,8/5.
1A?7=29:	,8:	,297,69	2,549-	>=7	=297,55	,<<47,<.	,79
*(��E	B1/;	-/,8:,7:	:921,/1=8	����%E	,8:	>=7	C,??,	��(�(
B1/;	-/,8:,7:	:921,/1=8	���%#�	�.?1<,55.�	5,8:	<=297	<5,-"
-1>1<,/1=8	-<;9A9	18<54:9-	#	5,8:	<=297	<5,--9-	18	,297"
,69	B1/;	-/,8:,7:	:921,/1=8	$�(	,8:	9A?5=.-	*�#�	>9,"
/479-	B1/;	-/,8:,7:	:921,/1=8	����$�	�/	B,-	<=8<54:9:
/;,/	 -?,/1,5	 79-=54/1=8	 :=9-	 8=/	 1A?,</	 <5,--1>1<,/1=8
,<<47,<.	-1681>1<,8/5.	-18<9	/;9	;16;	-?,/1,5	79-=54/1=8
-98-=7-	 4-4,55.	 ?=--9--	 5=B	 -?9</7,5	 79-=54/1=8	 ��15"
C18-=8	���� �

�47	18/979-/-	B979	A=79	795,/9:	/=	<=8298198/	A,?"
?186	 =>	 /799	 <=297	 >=7	 5=<,5	 -<,59-	 /=	 ?7=A=/9	 4-9	 =>
79A=/9	-98-186	18	:,15.	B=7C	=>	79<=7:	C99?186	,8:	<=8"
/7=55186	18-/1/4/1=8-�	�;979>=79�	9A?;,-1-	18	79I4179A98/-
>=7	/;9	A9/;=:-	B,-	-9/	=8	<=8298198/	4-9	=>	/;9	,56="
71/;A-	B1/;=4/	,	5=/	=>	18/978,5	?,7,A9/97-	,8:	-/7=86
79I4179A98/-	>=7	-,A?59	:,/,	I4,51/.�

�.D71:	<5,--1>1<,/1=8	,??7=,<;9-	,1A-	/=	<=AD189
/;9	,:2,8/,69-	=>	-4?9721-9:	,8:	48-4?9721-9:	<5,--1"
>1<,/1=8�	 �8-4?9721-9:	 <5,--1>1<,/1=8	 /.?1<,55.	 1-	 9A"
?5=.9:	>=7	=?/1A1H9:	?79?,7,/1=8	=>	18?4/	:,/,	>=7	-4"
?9721-9:	<5,--1>1<,/1=8�	/7,18186	:,/,	<54-/97186�	/7,18186
:,/,	-959</1=8	>7=A	-?9</7,55.	;=A=6989=4-	,79,-	,8:
1A,69	-/7,/1>1<,/1=8	D9>=79	-4?9721-9:	A9/;=:-	�&49A"
A9759	9/	,5�	���( �	�;9	A,18	79,-=8	>=7	/;9	4-9	=>	48-4"
?9721-9:	A9/;=:-	=85.	18	/;9	/7,18186	:,/,	?79?,7,/1=8
?;,-9	1-	,	/1A9	:9A,8:	=>	<54-/97186	,56=71/;A-	��1<;,7:-
,8:	L1,	���( �

�9-45/-	 =>	 /;9	 48-4?9721-9:	A9/;=:-	 :9?98:	 =8
/;9	181/1,51H,/1=8	=>	<54-/97	?,7,A9/97-	,8:	<;,559869	1-	,
795,/1=8-;1?	 D9/B998	 -?9</7,5	 <5,--9-	 ,8:	 5,8:	 <=297
<5,--9-	 9G?9</9:�	 �=D4-/89--	 =>	 <54-/97186	 18	 -/4:19-
;,-	D998	,<;1929:	D.	A9/;=:-	D,-9:	=8	<=AD18186	/;9
79-45/-	=>	:1>>9798/	,56=71/;A-	,8:	:1>>9798/	?,7,A9/97
181/1,51H,/1=8-	��,897F99	9/	,5�	���� �	
,8	9/	,5�	����% 	?7="
?=-9:	-18659	?=18/	1/97,/129	B916;/9:	>4HH.	<"A9,8-	<54-"

	��GULBE ����	�

������� 	
�����

����� ����� 6�����4� ����4� 58;���� ��BB8�"	6����� 6��5��� 7���7

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

���



/97186	,56=71/;A	B;1<;	18<=7?=7,/9-	B916;/186	=>	:,/,
,//71D4/9-	/=	,:F4-/	<54-/97186	79-45/-	/=	,	-?9<1>1<	,??51"
<,/1=8�	�4	9/�,5	����# 	92,54,/9:	18<54-1=8	=>	:1>>9798/
A9/71<-	18	
��	,8:	<=8<54:9:	/;,/	>=7	79A=/9	-98-186
1A,69-	,D151/.	/=	:1-<71A18,/9	<54-/97-	=>	:1>>9798/	-;,?9
,8:	-1H9	1A?7=29-	>=7	,??7=G1A,/95.	�E�

�;9	 =DF9</129	 =>	 /;1-	 -/4:.	 1-	 /=	 92,54,/9	 4-97"
>7198:5.	;.D71:	<5,--1>1<,/1=8	B=7C>5=B	>=7	 /799	<=297
A,??186	18	�,/21,	,8:	/=	>18:	,8-B97-	/=	/;9	>=55=B186
79-9,7<;	I49-/1=8-	D.	/;9	A9,8-	=>	<,-9	-/4:19-�

�Q��	;=B	1-	-/,D151/.	=>	48-4?9721-9:	<5,--1>1<,/1=8
,>>9</9:	D.	7,8:=A	181/1,51H,/1=8	,8:	84AD97	=>	-?9</7,5
<5,--9-'

�Q��	;=B	,79	/;9	79-45/-	=>	/;9	48-4?9721-9:	<5,-"
-1>1<,/1=8	,>>9</9:	D.	481I49	<=8:1/1=8-	�51C9	,/A=-?;979�
1554A18,/1=8�	,8:	-9,-=8 	:47186	/;9	1A,69	,<I41-1/1=8'

�Q!�	B;,/	,79	/;9	795,/1=8-	D9/B998	>=79-/	-?9</7,5
<5,--9-	,8:	>=79-/	18298/=7.	?,7,A9/97-'

�9	92,54,/9:	,	297.	-1A?59	,??7=,<;�	,8	1A,69	1-
<5,--1>19:	4-186	48-4?9721-9:	>4HH.	<"A9,8-	�
�� 	/=
>18:	 /;9	8,/47,5	 -?9</7,5	67=4?186-	=>	?1G95-	 �-?9</7,5
<5,--9- 	,8:	-?9</7,5	<5,--9-	,79	5,D9559:	,8:	A9769:	18
/B=	5,8:	<=297	<5,--9-	�/799	<=297�	=/;97 	4-186	-4?97"
21-9:	C"89,79-/	8916;D=47-�	�8-4?9721-9:	,??7=,<;	B,-
<;=-98	 /=	 9G?5=79	 /;9	 ,</4,5	 1A,69	 <=8/98/	 ,2=1:186
?79--186	<5,--1>1<,/1=8	D.	-,A?59	:,/,�	B;1<;	<=45:	D9
-4DF9</129	,8:	18,<<47,/9�	
4HH.	<5,--1>1<,/1=8	B,-	<;="
-98	/=	98,D59	-4D?1G95	A,??186O	;=B9297�	-4D?1G95	A,?"
?186	;,-	D998	<=8-1:979:	,-	,	<=A?59G	A9/;=:	:49	/=
-?9</7,5	 18/97,</1=8-	 D9/B998	 8916;D=47186	 ?1G95	 ,8:
8=8"5189,7	<=AD18,/1=8-	=>	79>59</,8<9	-168,/479-	��=B8"
-;98:	9/�	,5�	���� �	�9297,5	<,-9	-/4:19-	B979	?97>=7A9:
/=	>18:	/;9	795,/1=8-	D9/B998	-?9</7,5	<5,--9-	,8:	-,A"
?59	:,/,	/=	:7,B	<=8<54-1=8-	,D=4/	B;,/	9G,</5.	1-	k-998d
18	/;9	1A,69	D.	-/,/1-/1<,5	A,<;189	59,78186	,56=71/;A-�

Material and methods

!���%���
�

�;9	-/4:.	,79,	18<54:9-	>=47	,:A181-/7,/129	7961=8-
18	/;9	<98/7,5	?,7/	=>	�,/21,�	�,5,-?15-�	�=?,H4�	�/=?184
,8:	�C-C159-	7961=8-�	5=<,/9:	D9/B998	�$��%N	�	,8:	�����N
��	�(�(N	�	,8:	�*��N	��	�=/,5	,79,	=>	/;9-9	7961=8-	1-
#($�*	CA�	=>	B;1<;	,??7=G1A,/95.	$�E	,79	<=2979:	D.
>=79-/-�	D4/	!!E	<=8-1-/-	=>	>,7A5,8:-	,<<=7:186	/=	/;9
,8<155,7.	:,/,	,2,15,D59	 >=7	 /;1-	-/4:.�	�;9	-/4:.	,79,
<=297-	!����	CA�	=>	>=79-/	=B89:	D.	/;9	�/,/9	=>	�,/21,�
=A18,8/	/799	-?9<19-	18	/;9	-/4:.	,79,	,79	�<=/-	?189
���"&$�$% !�$���$����	:=A18,8/	 18	(�E	=>	 /=/,5	,79,	=>
�/,/9	>=79-/- �	�=7B,.	-?74<9	���(�#�#-��$����	:=A18,8/
18	�!E �	D17<;	����& #���"/& #��=/;�	:=A18,8/	18	�!E 
,<<=7:186	/=	 /;9	�9645,7	
=79-/	 �8298/=7.	:,/,�	�671"
<45/47,5	5,8:-	/.?1<,55.	,79	,>>=79-/9:	B1/;	�=7B,.	-?74<9
,8:	D17<;�	�=-/5.	,55	/799	-?9<19-	,79	?79-98/	18	/;9	A1G9:

-/,8:-�	�;9	5,8:-<,?9	1-	,	A=-,1<	=>	,671<45/47,5	5,8:-�
>=79-/-�	-B,A?-�	47D,8	,8:	B,/97	,79,-�

(
���
��
����������

�,8:-,/	#	����	�,8:-,/	*	���h�	�,8:-,/	�	��	,8:
�98/1895"��	1A,69-	B979	:=B85=,:9:	>=7	/;9	/799	<=297
1:98/1>1<,/1=8	/,-C-�	�,D59	�	-;=B-	/;9	51-/	=>	/;9	1A,69-
9A?5=.9:	18	/;1-	-/4:.	,8:	/;9	A,18	<;,7,</971-/1<-	=>	/;9
1A,69	,<I41-1/1=8�	�A,69-	B979	79?7=F9</9:	/=	8,/1=8,5
A,?	?7=F9</1=8	�&�"�%%�	�,/21,	��	�����	<=:9�	!��% 
,8:	69=A9/71<	,<<47,<.	B,-	,--9--9:	D.	21-4,5	18-?9<"
/1=8	4-186	481>=7A5.	:1-/71D4/9:	7=,:	<7=--186-	-959</9:
18	=7/;=?;=/=A,?-�	�7/;=79</1>1<,/1=8	D.	4-186	-9<=8:
=7:97	 ?=5.8=A1,5	 /7,8->=7A,/1=8�	 89,79-/	 8916;D=47
79-,A?5186	,8:	��	67=48:	<=8/7=5	?=18/-	?79<1-95.	5=<,/9:
18	=7/;=?;=/=A,?-	B979	?97>=7A9:	1>	A,G1A,5	69=A9/71"
<,5	-;1>/	B,-	5,7697	/;,8	/B=	-,/9551/9	1A,69	?1G95-�	�=
,::1/1=8,5	?79"?7=<9--186	=?97,/1=8-	B979	?97>=7A9:	/=
C99?	/;9	A9/;=:=5=6.	,-	-1A?59	,-	?=--1D59�	M

���	=7/;=?;=/=A,?-	B979	,<I4179:	>7=A	�,/21,8
�9=-?,/1,5	�8>=7A,/1=8	�698<.	/=	98,D59	21-4,5	,--9--"
A98/	 =>	 /;9	 -/4:.	 -1/9�	 �971,5	 ?;=/=-	 >=7A186	 =7/;="
?;=/=A,?-	B979	18	��$	A	-?,/1,5	79-=54/1=8	,8:	1A,69
,<I41-1/1=8	B,-	=76,81H9:	18	L489	=>	���!�

)���&���&)����J��
*)G!�&������

�����
+��,66,7777-�

.�%���
�%�&������

+/-�

0%�!��
)�&���
+1-�

)02�2
����������)34��� ��,��,��,� ��,�� ',2
�
)02�2
��������'')34��� ��,��,��,� ��,�� �
,2��
)02�2
��������2
)34��� �2,��,��� ��,''� �,���
)02�2
���������')34��� �',�',��,� '�,'� �,���
)02�2
���������')34��� ��,�2,��,� �2,
� �,�
�
)02�2
���������
)34��� ��,��,��,� �2,�� �,
�
)02�2
����������)34��� ��,��,��,� ��,�� ',�
�
)02�2
������'�
�)34��� �',��,�',� ��,�� ��,�2�
)02�2
������'�2�)34��� �',�
,�',� '�,2� ��,��
)5
�2
���������26J.��� ��,�2,��,� ��,�� ��
)N'�2
����������78J��� �2,�2,��,� ��,2� ��
)5
�2
���������
5�0��� ��,�',��,� '�,�� ��
)N'�2
�����22�226J.��� ��,��,22,� ��,2� ��
)N'�2
�����2
�2'999��� ��,��,2
,� ��,
� ��
.���'�2��N�������+:����
�(��"��(!%%�J�-�

��,�2,�',� ��,�� ��

.���
����N�������+:����
�(��"��(!%%�J�-�

��,��,�
,� ��,
� ��

�

4� �	�G���,8:-,/	,8:	�98/1895"��	-,/9551/9	1A,69-	9A?5=.9:
18	 /;9	 -/4:.	 ,8:	A9/,	 :,/,	 18>=7A,/1=8

��
��� ����

�;9	>195:	A9,-479A98/-	B979	<,7719:	=4/	>=7	8,/4"
7,55.	,>>=79-/9:	>=7A97	,671<45/479	5,8:-�	�54-/97-	=>	-,A"
?59	?5=/-	18	/;9	/9-/	,79,	B979	9-/,D51-;9:	-4DF9</1295.
D,-9:	=8	21-4,5	<=A?,71-=8	=>	=7/;=?;=/=	1A,69-	�%%$"
�%%%	B1/;	1A,69-	=>	���!�

�9	9-/,D51-;9:	$	-,A?59	?5=/-	B1/;18	9,<;	<54-/97�
�98/79-	=>	-,A?59	?5=/-	B979	?5,<9:	D.	21-4,5	,--9--"
A98/	18	B,.	/=	<;,7,</971-9	?,7/1<45,7	<=8:1/1=8-	18	=297"
67=B8	,79,	,8:	?5=/-	B979	<;=-98	/=	D9	,-	;=A=6989"
=4-	,-	?=--1D59	B1/;	79-?9</	/=	/;9	>=79-/	18298/=7.	2,71"
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,D59-�	�9	/==C	,/	59,-/	���	���	79,:186-	/=	69/	<==7:1"
8,/9-	��&�"�%%�	�,/21,	�� 	=>	-,A?59	?5=/	<98/79�	
=7
9,<;	-,A?59	?5=/	B9	6,29	:9-<71?/1=8	=>	>=79-/	/.?9�

�799	5,.97	B,-	:9-<71D9:	18	<=8<98/71<	<17<45,7	-,A"
?59	 ?5=/-�	 B;979	 /799-	 B979	A9,-479:	 :9?98:186	 =8
D79,-/	;916;/	:1,A9/97	��� �	A=79	/;,8	�$��	<A	18	���
A��	(��"�$��	<A	18	���	A��	,8:	���"(��	<A	��	18	��	A�

-,A?59	?5=/-�		�/9A-	=>	-A,5597	/799-	,8:	D4-;9-	B979
<=48/9:	18	(�	A�	5,769	-,A?59	?5=/�		
=7	/799-	B1/;	��
A=79	/;,8	���	<A�	;916;/	B,-	A9,-479:	>=7	!	/799-	>=7
9,<;	-?9<19-	18	/;9	-,A?59	?5=/�

�=/,55.�	/799-	B979	A9,-479:	18	�#�	-,A?59	?5=/-�	*�
<54-/97-	 18	:1>>9798/	 5=<,/1=8-	B1/;	$	-,A?59	?5=/-	 >=7
9,<;	 <54-/97�	 
195:	A9,-479A98/-	 -;=B9:	 /;,/	 >=7A97
,671<45/47,5	5,8:-	,79	,>>=79-/9:	D.	D17<;	,8:	-?74<9�

��������%� ����

�18<9	>195:	A9,-479A98/-	B979	?97>=7A9:	=85.	>=7	/;9
8,/47,55.	,>>=79-/9:	,671<45/479	5,8:-	�=85.	.=486	-/,8:- �
/;9	79645,7	>=79-/	18298/=7.	��
� 	:,/,	D,-9	>7=A	�/,/9	
=7"
9-/	�9721<9	B,-	9A?5=.9:	,-	,::1/1=8,5	:,/,	-=47<9	/=	48"
:97-/,8:	-,/9551/9	1A,69	<5,--1>1<,/1=8	79-45/-	18	A=79	:9"
/,15-	B1/;	79-?9</	/=	/;9	>=79-/	18298/=7.	2,71,D59-�	�;9	�
�
<=8/,18-	A9,-479A98/-	,8:	9-/1A,/9-	=>	>=79-/	18298/=7.
2,71,D59-	,/	>=79-/	-/,8:	59295�	�297,69	-/,8:	,79,	1-	��*	;,
,8:	-/,/1-/1<-	=>	-=A9	>=79-/	18298/=7.	?,7,A9/97-	,79	-4A"
A,71H9:	18	�,D59	��	�,/9-/	4?:,/9-	>=7	=47	�
�	:,/,	D,-9
297-1=8	B979	79<=7:9:	=8	���$�

�799	<=297	A,?-	:97129:	>7=A	=7/;=?;=/=A,?	?7="
<9--186	4-186	:9<1-1=8	/799"D,-9:	A9/;=:	B979	9A?5=.9:
,-	B955	/=	9G,A189	1A?,</-	=>	/799	<=297	/=	-,/9551/9	:,/,
<5,--1>1<,/1=8�	�<<47,<.	 =>	 /;9-9	A,?-	B,-	 92,54,/9:
:47186	/;9	-,A9	79-9,7<;	?7=F9</	/;1-	-/4:.	B,-	?97>=7A9:
4-186	/;9	-,A9	/9-/	?=18/	-9/�	�<<47,<.	2,71,D59-	>=7	/799
<=297_=/;97	 <,-9	B979	 /;9	 >=55=B186�	 =297,55	 ,<<47,<.
%��%E�	C,??,	<=9>>1<198/	��#��	4-97\-	,<<47,<.	%!��E_##��E
,8:	?7=:4<97\-	,<<47,<.	#*��E	>=7	-/,8:-	18	/;9	�
�	:,"
/,D,-9�	%#��E	>=7	,>>=79-/9:	5,8:-	�,<<=7:186	/=	>195:	A9,-"
479A98/- 	,8:	%��$E	>=7	=/;97	<5,--�

Methods

�=7C>5=B	=>	/;9	/799	<=297	<5,--1>1<,/1=8	4-186	
��
1-	-;=B8	18	
16479	��	
=7	-=A9	=>	/;9	<,-9	-/4:19-	C��
A9/;=:	,5=89	B,-	9A?5=.9:�

.����&��)&��(��"��;7J��������&��

7���&����&�����7�
:���6�����

*&������ <�=�6!6�
&�%!� �

.��������
��&�������

*���+7���&-� ��� ��
 � ���
>���"��+6-� ��,�� ��� ��,'�
���6������������&��
"���"��+)6-�

�2,'� �2� ��,2�

?�%!6�� �22,'� 
'� � ���,'�

.����&��)&��(��"��(��%��:%��������

*���+7���&-� ��,2� ��� �,'�
>���"��+6-� �,�� ��,� � �,��
���6������������&��
"���"��+)6-�

��,�� ��,� � �,'�

?�%!6�� '2,�� ���,�� '�,��

�

4� �	� H�	 �/,/1-/1<-	 =>	 >=79-/	 18298/=7.	 :,/,
,8:	 -,A?59	 ?5=/-

#����	�G���=7C>5=B	>=7	 /799	<=297	 1:98/1>1<,/1=8

���
��� ��
�� ��
������������ ������ �%���� ��33%

���
���

��18<9	/;9	-/,/1-/1<,5	A,<;189	59,78186	,56=71/;A-
4-4,55.	,79	<=A?4/,/1=8,55.	18/98-9	�4:,	���� �	1/	1-
5=61<,5	/=	79A=29	9,-15.	1:98/1>1,D59	=DF9</-	>7=A	/;9	1A"
,69�	�4<;	=DF9</-	,79	<5=4:-	��� �	<5=4:	-;,:=B-	��� �
B,/97	,79,-	�� 	,8:	k8=	:,/,d	�� 	?1G95-�	�-9>45	,79,
��� 	A,-C	A,7C-	=85.	/;=-9	?1G95-	B;1<;	,79	2,51:	<,8"
:1:,/9-	>=7	/799	<=297_=/;97	<5,--1>1<,/1=8�

���R	�	@	����
�����
��D�
��� � �� 
�-9>45	,79,	A,-C	B,-	<,5<45,/9:	4-186	/;9	-=54/1=8


A,-C	:9-<71D9:	18	�+;4	9/�	,5�	���� �	�4/?4/	=>	/;1-	-/9?
1-	,	D18,7.	A,-C	-;=B186	4-9>45	,79,-	>=7	<5,--1>1<,/1=8�

�8-4?9721-9:	,??7=,<;	<5,--1>19-	/;9	1A,69	?1G95-
D.	,66796,/186	/;9A	18/=	/;9	8,/47,5	-?9</7,5	67=4?186-
=7	<54-/97-	�-?9</7,5	<5,--9- �	�;=1<9	=>	/;9	;,7:	<5,--1"
>1<,/1=8	A9/;=:	<,8	D9	79,-=8,D59	=85.	1>	5,769�	;=A="
6989=4-	5,8:	<=297	,79,-	,79	?79-98/	18	/;9	1A,69�	�>	/;9
5,8:-<,?9	1-	;16;5.	>7,6A98/9:	,8:	/7,8-1/1=8	5,8:	<=297
<5,--9-	,79	?79-98/	18	/;9	,79,�	/;98	,??51<,/1=8	=>	/;9
-=>/	<5,--1>1<,/1=8	1-	A=79	5=61<,5�	
��	1-	,	A9/;=:	=>
<54-/97186	B;1<;	,55=B-	=89	?1G95	/=	D95=86	/=	A=79	/;,8
=89	 <54-/97	 �-?9</7,5	 <5,--9- �	 k�9AD97-;1?	 67,:9-
7,869	18	2,549	>7=A	�	/=	�	,8:	?7=21:9	,	A9,-479	=>	/;9
:96799	/=	B;1<;	/;9	?1G95	D95=86-	/=	=7	79-9AD59-	/;9
-?9<1>19:	<5,--�	F4-/	,-	/;9	>7,</1=8-	=>	?7=?=7/1=8-	4-9:
18	5189,7	A1G/479	A=:955186d	��,/;97	�����	?�	�!$� �

�,-1<	
��	,56=71/;A	1-	/;9	>=55=B186	��;=-;	9/	,5�
�����	�,7C	���� �

�� �,8:=A5.	181/1,51H9	/;9	A9AD97-;1?	A,/71G	�	�-1H9
"�W�(�	B;979	"	1-	/;9	84AD97	=>	?1G95-	18	/;9	1A,69	/=	D9
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?7=<9--9:�	(	1-	/;9	84AD97	=>	-?9</7,5	<5,--9-	-?9<1>19:
D.	/;9	4-97 	>=55=B186	/=	/;9	<=8-/7,18/-�

�� �,5<45,/9	<98/7=1:-	�	�-1H9	(�W�� 	4-186�

B;979	4	1-	/;9	>4HH.>1<,/1=8	59295�	4�Z�*6)	18	=47	-/4:"
19-O	T

�
�1-	/;9	1/;	?1G95	29</=7	=>	-1H9	�	]	>�	T

�
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�	1-	/;9	84AD97	=>	-,/9551/9	1A,69	D,8:-�
!�	�?:,/9	A9AD97-;1?	A,/71G	�	2,549-	,<<=7:186	/=

9I4,/1=8�

/
�,�
1-	/;9	�4<51:9,8	:1-/,8<9	18	>9,/479	-?,<9	>7=A	?1G95	T

�

/=	?1G95	T
,�
'�-99	>=7A45,	*O

$�	�=A?4/9	:1--1A15,71/.	D9/B998	1/97,/1=8-�
�	R	���

�
�M��

�3*
��

B;979	/	1-	/;9	84AD97	=>	/;9	1/97,/1=8�
��	�>	���	
B;979
�
is the positive constant, then stop?,

=/;9B1-9	6=	/=	-/9?	��
�;9	 
��	 79-45/	 1-	 79?79-98/9:	 D.	 ,	A9AD97-;1?

A,/71G�

��	 1-	 ,??519:	 =85.	 /=	 1A,69	 ?1G95-�	 B;1<;	 ,79

A,7C9:	D.	/;9	4-9>45	,79,	A,-C�	�;1-	
��	1A?59A98/,"
/1=8	9A?5=.-	7,8:=A	181/1,51H,/1=8	=>	/;9	A9AD97-;1?
A,/71G	��	�,8:=A	181/1,51H,/1=8	<,8	79-45/	18	:1>>9798/
<98/7=1:-	>=7	/;9	-,A9	1A,69	1>	B9	/9-/	/;9	-,A9	1A,69
-9297,5	/1A9-�	�9<,4-9	=>	/;1-	79,-=8�	
��	1-	-4??59"
A98/9:	B1/;	/;9	>=55=B186	-/,D151/.	<;9<C�

�� 	
��	1-	79?9,/9:	>=7	/;9	-,A9	:,/,	-9/	�	/1A9-�
�98/7=1:-	,79	79<=7:9:	>=7	9,<;	=>	/;9	>129	/9-/-�

�� 	�98/7=1:-	,79	 7984AD979:	4-186	 /;9	�4<51:9,8
:1-/,8<9�	�98/7=1:	?5,<9A98/	18	/;9	>17-/	/9-/	1-	4-9:	,-	,
79>9798<9	?5,<9A98/�	�;98	>=7	/;9	89G/	/9-/-	�4<51:9,8
:1-/,8<9-	,79	<,5<45,/9:	>=7A	/;9	<47798/	<98/7=1:	18	/;9
<47798/	/9-/	/=	9297.	<98/7=1:	18	/;9	79>9798<9	?5,<9A98/�
�47798/	<98/7=1:	1-	?5,<9:	B;979	/;9	A181A4A	�4<51:9,8
:1-/,8<9	B,-	>=48:	B1/;	-=A9	79>9798<9	<98/7=1:�

!� �297,69	-/,8:,7:	:921,/1=8		=>	/;9	<98/7=1:	2,5"
49-	B,-	<,5<45,/9:	>=7	>129	/9-/-�	
17-/�	/;9	-/,8:,7:	:9"
21,/1=8	B,-	<,5<45,/9:	>=7	9,<;	1A,69	D,8:	>=7	/;9	/9-/-�
/;98	/;9	,297,69	2,549	>=7	9,<;	<98/7=1:	�,5=86	1A,69
D,8:- 	B,-	>=48:	,8:	>18,55.	/;9	,297,69	2,549	>=7	/;9
,55	<98/7=1:-	B,-	<,5<45,/9:�

$� �>	�(�"����/$	y�����	/;98	84AD97	=>	-?9</7,5	<5,--9-
1-	79:4<9:	D.	=89	,8:	/;9	B;=59	?7=<9:479	1-	79?9,/9:
,6,18	48/15	/;9	-/,D59	-=54/1=8	1-	>=48:�

�4/?4/	 =>	 /;1-	 -/9?	 1-	 ,8	 1A,69	 =>	 /;9	 -?9</7,5
<5,--9-�

�?9</7,5	 <5,--9-	 ;,29	 /=	 D9	 5,D9559:	 18	 /B=	 5,8:
<=297	 <5,--9-	 �/799	 <=297_=/;97 	 D.	4-186	 -,A?59	:,/,
,8:	/;9	-4?9721-9:	C"89,79-/	8916;D=47-\	,56=71/;A�

k�8	,	-4?9721-9:	<5,--1>1<,/1=8�	 /;9	 1A,69	,8,5.-/
k-4?9721-9-d	/;9	?1G95	<,/96=71H,/1=8	?7=<9--	D.	-?9<1"
>.186�	/=	/;9	<=A?4/97	,56=71/;A�	84A971<,5	:9-<71?/=7-
=>	 /;9	 2,71=4-	 5,8:	 <=297	 /.?9-	 ?79-98/	 18	 ,	 -<989d
��1559-,8:	���$�	??�	��� �	C��	,--4A9-	/;,/	-1A15,7	5,8:
<=297	/.?9-	9G1-/	B1/;18	,	5,769	79>9798<9	,79,	<=2979:
D.	,	-,/9551/9	1A,69	,8:	/;,/	/;9	-?9</7,5	7,:1=A9/71<	79"
-?=8-9-	=>	/;9	?1G95-	,79	=85.	:9?98:98/	=8	/;9	-/,/9	=>
/;9	5,8:	<=297	�
7,8<="�=?9H	9/	,5�	���� 

�;9	D,-1<	C��	,56=71/;A	1-	/;9	>=55=B186�
�� �79?,79	-,A?59	:,/,	D.	?7=21:186	-,A?59	?1G95

29</=7-	 ,8:	<=779-?=8:186	 5,8:	<=297	 <5,--9-	 ,<<=7:"
186	/=	/;9	79>9798<9	:,/,	=7	21-4,5	,--9--A98/�
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1-	/;9	5,8:

<=297	<5,--	>=7	?1G95	��	F	R	��	��	���	�	+�	I�1-	/;9	84AD97	=>
5,8:	<=297	<5,--9-O�	�1-	/;9	/7,8-?=-1/1=8	=?97,/1=8�

�� �,5<45,/9	/;9	�4<51:9,8	:1-/,8<9	18	>9,/479	-?,<9
>7=A	?1G95	/=	D9	<5,--1>19:	T#	/=	,55	-,A?59	?1G95-	T�	>7=A	��

!� �959</	@	A=-/	-1A15,7	-,A?59	?1G95-	�89,79-/	8916;"
D=47- 	B1/;	/;9	-A,559-/	:1-/,8<9	/�

$� �,8:	<=297	<5,--	<,8	D9	9-/1A,/9:	,-	A=:9	=>	@
89,79-/	8916;D=47\-	5,8:	4-9	<5,--9-�


1>/."=89	?1G95-	�=7	,55	?1G95-	1>	/;9	-?9</7,5	<5,--
<=8/,18-	59--	/;,8	��	?1G95- 	,79	7,8:=A5.	-959</9:	>7=A
9,<;	-?9</7,5	<5,--	,8:	<5,--1>19:	4-186	/;9	-,A?59	:,/,�
�?9</7,5	<5,--	1-	,--1689:	/=	5,8:	<=297	<5,--	/=	B;1<;
/;9	A,F=71/.	=>	��	7,8:=A	?1G95-	D95=86�	�?9</7,5	<5,--9-
,79	481/9:	18	/B=	/;9A,/1<	A,?-	�/799	<=297�	=/;97 	D.
4-186	1A,69	,::1/1=8	=>	/;9	-?9</7,5	<5,--	1A,69-	B1/;
/;9	-,A9	 5,8:	<=297	<5,--	 79<=681H9:�	�;9	84AD97	=>
?1G95-	,--1689:	/=	/799	<=297	,8:	=/;97	=89-	,79	<,559:
<=8>1:98<9	59295	18	/;1-	-/4:.	�-;=45:	8=/	D9	<=8>4-9:
B1/;	-/,/1-/1<- �	�>	/;9	A,F=71/.	=>	?1G95-	1-	,--1689:	/=
=89	5,8:	<=297	<5,--�	/;98	C��	<=8>1:98<9	59295	1-	<,559:
;16;�	�>	,??7=G1A,/95.	;,5>	=>	/;9	?1G95-	,79	,--1689:	/=
=89	5,8:	<=297	/.?9�	D4/	=/;97	?1G95-	/=	=/;97	5,8:	<=297
/.?9�	/;98	C��	<=8>1:98<9	59295	1-	<,559:	5=B�


=7	-=A9	=>	/;9	<,-9	-/4:19-	C��	B,-	,??519:	18:9"
?98:98/5.	=8	?1G95	D,-1-�

�4/?4/	=>	/;1-	-/9?	1-	/799	<=297	,8:	=/;97	5,8:	<=297
1A,69-�
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�;9	 -,A?59	 :,/,	 -9/	B,-	 ?79?,79:	 4-186	 /;9	�
�
:,/,D,-9	B;159	/9-/	:,/,	-9/	B,-	?79?,79:	=85.	D.	21-4,5
,--9--A98/�	�;9	 -,A?59	:,/,	 -9/	 -;=45:	 18<54:9	<=A"
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?79;98-129	2,71,/1=8-	18	>=79-/	18298/=7.	2,71,D59-�	/;979"
>=79	�
�	:,/,	,79	4-9>45�	�55	4?:,/9:	,8:	2,51:	�
�	:,/,"
D,-9	79<=7:-	B979	9A?5=.9:	>=7	/;9	-,A?59	-9/�	/;979"
>=79	/;9	/9-/	:,/,	-9/	B979	?79?,79:	18:9?98:98/5.�	�;9
-,A?59	:,/,	-9/	>=7	C��	-4?9721-1=8	18<54:9:	��%�	-,A"
?59	?=18/-�

� �5,--�	/799	<=297�	�=/,55.�	*��	?=18/-	B979	-959</9:
>7=A	/;9	�
�	:,/,D,-9�	�=18/-	B979	<98/7=1:-	=>	>=79-/
-/,8:	?=5.6=8-�	B;979	-/,8:186	2=54A9	B,-	679,/97	/;,8
�	A!_;,�	,79,	=>	/;9	-/,8:	5,7697	/;,8	�	;9</,79-	,8:	/;9
-/,8:	B,-	18298/=719:	8=/	9,75197	/;,8	�����

� �5,--�	=/;97���=/,55.	�#�	?=18/-�	�9645,7	?=18/	671:
B,-	69897,/9:	B1/;	-?,<186	=>	�MCA	D9/B998	?=18/-�	�55
?=18/-	=2975,??186	B1/;	/;9	�
�	:,/,D,-9	B979	79A=29:
,4/=A,/1<,55.�	D4/	 /;9	79-/	=>	/;9	?=18/-	B979	<;9<C9:
21-4,55.	 4-186	 =7/;=?;=/=A,?-	 ,8:	 �==659	 �,/9551/9
�?98	�,.97	18	Q���	>=7	���$�	�=18/-	=>	=/;97	5,8:	<=297
/.?9	D4/	<5=-97	/;,8	(�	A	/=	/;9	>=79-/	B979	A=29:�

�,-/97	2,549-	>=7	9,<;	1A,69	B979	-959</9:	>=7	9,<;
?=18/�	�=	,::1/1=8,5	?7=<9--186	=>	-,A?59	:,/,	B,-	?97"
>=7A9:	/=	C99?	/;9	A9/;=:=5=6.	-1A?59�

�;9	/9-/	:,/,	-9/	B,-	?79?,79:	=85.	>=7	�=?,H1	79"
61=8	,8:	18<54:9:	����	7,8:=A5.	?5,<9:	?=18/-�	�;9	7,8"
:=A	?=18/	?5,<9A98/	B,-	<;=-98	/=	98-479	A=79	=DF9<"
/129	,<<47,<.	,--9--A98/	D.	?1<C186	 /9-/	?=18/-	B1/;"
=4/	 ,8.	 ?79<9:186	 <=8-1:97,/1=8-	B;1<;	A16;/	 ,>>9</
,<<47,<.	2,71,D59-�	�;9	/9-/	?=18/-	B979	5,D9559:	B1/;
/;9	 5,8:	<=297	 /.?9	 5,D95-	D.	4-186	21-4,5	,--9--A98/
=>	=7/;=?;=/=A,?-	,8:	�==659	�,/9551/9	�?98	�,.97	18
Q���	>=7	���$�		�,8:=A	?1G95-	<5=-97	/=	/;9	D=7:97	=>
=/;97	5,8:	<=297	/.?9	B979	A=29:	,/	59,-/	(�	A	>,7	>7=A
/;9	D=7:97�	�9-/	:,/,	-9/	18<54:9:	$(�	/799	<=297	?=18/-
,8:	�!�	?=18/-	=>	=/;97	5,8:	<=297	/.?9�	�::1/1=8,5	�#�
,>>=79-/9:	 ,671<45/47,5	 5,8:	 ?=18/-	 B979	 92,54,/9:	 /=
,--9--	/;9	/799	<=297	?7=:4</	,??51<,/1=8	>=7	,>>=79-/9:
5,8:	1:98/1>1<,/1=8�

�������%����
���
��

�,71,D59-	:97129:	>7=A	/;9	<=8>4-1=8	A,/71G	B979	9A"
?5=.9:	>=7	/;9	,<<47,<.	,--9--A98/	,-	>=55=B-�	=297,55
,<<47,<.	��� �	?7=:4<97\-	,<<47,<.	��� �	4-97\-	,<<4"
7,<.	��� 	,8:	C,??,	�
==:.	���� �

�
���������������
����
������
�

�9-9,7<;	I49-/1=8	�Q��	;=B	1-	
��	-/,D151/.	,>"
>9</9:	D.	7,8:=A	181/1,51H,/1=8	,8:	/;9	84AD97	=>	-?9<"
/7,5	<5,--9-	<'

�9-45/,8/	-?9</7,5	<5,--9-	,79	:9?98:98/	=8	/B=	?,"
7,A9/97-�	 � 	 /;9	 84AD97	 =>	 -?9</7,5	 <5,--9-	 (	 4-4,55.
-?9<1>19:	D.	/;9	4-97�	� 	181/1,51H,/1=8	=>	/;9	A9AD97-;1?
A,/71G�

�	 <,-9	 -/4:.	 B,-	 ?97>=7A9:	 >=7	 1A,69	 �=�
��#�#*������$���������	�;1-	1A,69	B,-	<;=-98	-18<9
1/	B,-	/;9	=85.	<5=4:	>799	1A,69	>=7	-4AA97	-9,-=8	�B1/;

?79:1</,D59	 2969/,/1=8	 <=8:1/1=8	 ;,??98186	 =8	 /;9
67=48: 	18	/;9	.9,7	<=8-1-/98/	B1/;	�
�	:,/,�	�18<9	/;1-
<,-9	-/4:.	1-	795,/9:	/=	/;9	D9;,21=47	=>	/;9	
��	A9/;=:�
-1A15,7	79-45/-	<=45:	D9	=D/,189:	>=7	=/;97	1A,69-	,8:
/9-/	1A,69	79-45/-	,79	?7=21:9:	/=	1554-/7,/9	;=??186	=>
/;9	 <98/7=1:-	 :9?98:186	 =8	 /;9	 84AD97	 =>	 -?9</7,5
<5,--9-�

�>	/;9	4-97	-?9<1>19-	B7=86	84AD97	=>	/;9	-?9</7,5
<5,--9-	=7	-=A9	-?9<1>1<	<,-9	;,??98-	18	181/1,51H,/1=8
-/9?�	/;98	
��	79-45/-	<,8	D9	48-/,D59�	�9,8186�	/;,/
<98/7=1:-	79/4789:	A16;/	D9	:1>>9798/	1>	
��	;,-	D998
,??519:	/=	/;9	-,A9	:,/,	-9/	-9297,5	/1A9-	B1/;	/;9	-,A9
4-97	:9>189:	?,7,A9/97-�	�;979>=79�	
��	B,-	79?9,/"
9:5.	,??519:	 >=7	 /;9	9G?971A98/	?47?=-9-	 /=	 /;9	 -,A9
:,/,�	
=7	9,<;	84AD97	=>	-?9</7,5	<5,--9-	>7=A	�	/=	��

��	B,-	 79?9,/9:	 >129	 /1A9-	 /=	 <;9<C	 -1A15,71/.	 =>
<98/7=1:-	 ,A=86	 /;=-9	 >129	 /9-/-�	�98/7=1:	 2,549-	 >=7
9,<;	9G?971A98/	B979	-,29:	,8:	7984AD979:	-18<9	/;9
=7:97	=>	/;9	-?9</7,5	<5,--9-	<,8	<;,869�	�>/97	/;9	79"
84AD97186	B9	=D/,189:	,	A,/71G	B1/;	-1H9	��W���W��	>=7
9,<;	84AD97	=>	<5,--9-	<�	B;979	�	1-	/;9	84AD97	=>	D,8:-
,8:	�	1-	/;9	84AD97	=>	9G?971A98/-	��ZG	18	=47	-/4:. �
�98/7=1:	;=??186	1-	A9,-479:	D.	<98/7=1:	-/,8:,7:	:9"
21,/1=8	>=7	9,<;	84AD97	=>	-?9</7,5	<5,--9-�	�=B	-/,8:"
,7:	 :921,/1=8	 -;=B-	 /;,/	 <98/7=1:-	 ,79	 ,??7=G1A,/95.
/;9	-,A9	18	9,<;	9G?971A98/�	D4/	;16;	-/,8:,7:	:921,"
/1=8-	 -;=B-	 /;,/	 
��	B1/;	 /;,/	 84AD97	 =>	 -?9</7,5
<5,--9-	1-	48-/,D59	,8:	79-45/-	-;=45:	D9	,8,5.-9:	A=79
<,79>455.�

�9-9,7<;	I49-/1=8	�Q��	;=B	,79	/;9	79-45/-	=>	/;9
;.D71:	<5,--1>1<,/1=8	,>>9</9:	D.	481I49	<=8:1/1=8-	�,/"
A=-?;979�	 1554A18,/1=8	 ,8:	 -9,-=8 	 :47186	 /;9	 1A,69
,<I41-1/1=8'

�55	�,8:-,/	,8:	�98/1895	1A,69-	51-/9:	18	/;9	-9<"
/1=8	k�9A=/9	-98-186	:,/,d	B979	9A?5=.9:�

�,A?59	:,/,	B979	-959</9:	>7=A	9,<;	1A,69	4-186
/;9	-,A9	?=18/-	:9-<71D9:	18	/;9	-9</1=8	k�79?,7,/1=8	=>
/;9	-,A?59	:,/,	,8:	/9-/	:,/,d�	C��	18:9?98:98/5.	B,-
,??519:	/=	/;9	�98/1895	��	1A,69-	/=	<;9<C	<=8-1-/98<.
=>	/;9	-4?9721-9:	<5,--1>1<,/1=8�	�;9	;.D71:	<5,--1>1<,"
/1=8	-<;9A9	B,-	748	>=7	9,<;	1A,69	/=69/;97	B1/;	-/,D15"
1/.	<;9<C	-/,7/186	B1/;	(Z;	,8:	-/,8:,7:	:921,/1=8		,5"
5=B9:	B,-	�����	�;9-9	<=8-/,8/-	B979	>=48:	D.	9G?971"
A98/	,8:	/71,5	A9/;=:	,-	,	-=54/1=8�	B;1<;	?7=21:9-	79"
-45/-	B1/;	=297,55	 ,<<47,<.	;16;97	 /;,8	#�E	 >=7	 9,<;
/9-/	1A,69	18	=47	-/4:.�	C��	-/,/1-/1<-	B979	,<I4179:	>=7
/;9	7,8:=A	-,A?59-	>7=A	9,<;	-?9</7,5	<5,--	/=	9-/1A,/9
/;9	<=8>1:98<9	59295	;=B	9,<;	-?9</7,5	<5,--	B,-	<5,--1"
>19:�	�;9	<=18<1:98<9	59295	1-	9G?79--9:	,-	,	84AD97	=>
?1G95-	 >7=A	 /;9	 -?9</7,5	 <5,--	 <5,--1>19:	 ,-	 /799	 <=297
��� 	,8:	=/;97	�� �	�>	,5A=-/	,55	?1G95-	,79	,--1689:	/=
F4-/	=89	5,8:	<=297	/.?9�	/;98	<=8>1:98<9	59295	1-	;16;�
�/;97B1-9	/;9	<=8>1:98<9	59295	1-	5=B�

	��GULBE ����	�

������� 	
�����

����� ����� 6�����4� ����4� 58;���� ��BB8�"	6����� 6��5��� 7���7

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

���



�9-9,7<;	I49-/1=8	�Q!�	B;,/	,79	/;9	795,/1=8-	D9"
/B998	 >=79-/	 -?9</7,5	 <5,--9-	 ,8:	 >=79-/	 18298/=7.	?,"
7,A9/97-'

�;9	<,-9	-/4:.	B,-	?97>=7A9:	4-186	-,/9551/9	 1A"
,69-	=>	.9,7	���$�


��	 79-?=8-9-	 >=7	 /;9	 -?9</7,5	 <5,--9-	B979	 -9"
59</9:	 >=7	 9,<;	<98/7=1:	=>	 >=79-/	 -/,8:	?=5.6=8	 >7=A
/;9	�
�	:,/,	D,-9�	
=7	9,<;	-?9</7,5	<5,--	/;=-9	>=79-/
-/,8:-	B979	<;=-98�	B;979	/;1-	-?9</7,5	<5,--	<=8/,189:

��	2,549	;16;97	/;,8	����	�/,/1-/1<-	=>	>=79-/	18298/=7.
?,7,A9/97-	�-/,8:186	2=54A9�	,69	,8:	/799	-?9<19- 	B979
<,5<45,/9:	>=7	9,<;	-?9</7,5	<5,--	/=	1829-/16,/9	795,/1=8-
D9/B998	 -?9</7,5	 <5,--9-	 ,8:	 >=79-/	 18298/=7.	 ?,7,A"
9/97-�	�18<9	/;9	�
�	:,/,	D,-9	<,8	<=8/,18	:,/,	977=7-�
=85.	,297,69:	2,549-	B979	,8,5.-9:�

�9	<=A?,79:	1A,69	��#�#*������$��!�����	�/;9
;16;9-/	=297,55	 ,<<47,<.	 18	 /;1-	 -/4:. 	B1/;	��	A,?-
:97129:	>7=A	=7/;=?;=/=A,?-	/=	>18:	795,/1=8-;1?-	D9"
/B998	-,/9551/9	1A,69	<5,--1>1<,/1=8	79-45/-	,8:	/799	<=297�

=7	9,<;	-?9</7,5	<5,--	>=48:	18	�,8:-,/	1A,69	?97<98/"
,69	=>	��	B,-	<,5<45,/9:�

Results

(
�����������
����
������
�

�9-9,7<;	I49-/1=8	�Q��	;=B	1-	
��	-/,D151/.	,>"
>9</9:	D.	7,8:=A	181/1,51H,/1=8	,8:	84AD97	=>	-?9</7,5
<5,--9-	<'

�,D59	!	-;=B-	/;9	,297,69:	-/,8:,7:	:921,/1=8	=>
/;9	<98/7=1:	2,549-	18	>129	9G?971A98/-	>=7	9,<;	84AD97
=>	 -?9</7,5	 <5,--9-�	 �=B	 -/,8:,7:	 :921,/1=8	 18:1<,/9-
/;,/	<98/7=1:	2,549-	,5A=-/	:=	8=/	<;,869	18	/;9	18:9"
?98:98/	9G?971A98/-	,8:	-/,D151/.	1-	,<;1929:�	D4/	;16;
-/,8:,7:	 :921,/1=8-	A9,8	 -1681>1<,8/	 <;,869-	 18	 /;9
<98/7=1:	2,549-	,8:	48-/,D59	
��	79-45/�	�9	<,8	=D"
-9729	/;,/	
��	?7=21:9-	-/,D59	-=54/1=8-	18	-=A9	<,-9-�
�;1-	-/,D151/.	<,8	D9	=D-9729:	18	/;9	<,-9	B;98	84AD97
=>	-?9</7,5	<5,--9-	(	<=18<1:9-	B1/;	/;9	,</4,5	84AD97	=>
/;9	-?9</7,5	<5,--9-	18	/;9	1A,69	�/;9	,</4,5	84AD97	79?"
79-98/-	,</4,5	1A,69	<=8/98/	,8:	1/	1-	8=/	C8=B8	D.	/;9
4-97 �	
=7	9G,A?59�	1>	/;979	,79	$	-?9</7,5	<5,--9-	?79-98/
18	/;9	1A,69	,8:	B9	748	
��	B1/;	(ZG�	/;98	=89	<5,--
B155	D9	-9?,7,/9:	,7/1>1<1,55.	,8:	-18<9	1/	B=45:	8=/	D9
795,/9:	/=	/;9	,</4,5	-?9</7,5	<5,--�	/;9	-?51//186	<,8	D9
:1>>9798/	18	/;9	:1>>9798/	/9-/-�	�<<=7:186	/=	/;9	79-45/-
>=7	,	-?9<1>1<	�,8:-,/	1A,69�	(Z)�	(ZB�	(Z<�	(Z=	,8:
(Z;	<,8	,<;1929	/;9	-/,D59	-=54/1=8	�18:1<,/9:	D.	5=B
-/,8:,7:	:921,/1=8 	B1/;	/;9	?79-98<9	=>	7,8:=A	181/1,51"

H,/1=8�	(�2,549-	;16;97	/;,8	#	79-45/	18	48-/,D59	-9?,7,"
/1=8	=>	/;9	-?9</7,5	<5,--9-�	�=	>=7	>47/;97	-/4:19-	(Z;
B,-	 -9/	 ,-	 ,8	 181/1,5	 84AD97	 =>	 -?9</7,5	 <5,--9-�	�;1-
84AD97	<,8	D9	<=779</9:	D.	-/,D151/.	<;9<C�

�9-9,7<;	I49-/1=8	�Q��	;=B	,79	/;9	79-45/-	=>	/;9
;.D71:	<5,--1>1<,/1=8	,>>9</9:	D.	481I49	<=8:1/1=8-	�,/"
A=-?;979�	 1554A18,/1=8�	,8:	-9,-=8 	:47186	/;9	1A,69
,<I41-1/1=8'

�8	<,-9�	B;98	C��	B,-	,??519:	18:9?98:98/5.	=8
?1G95	D,-1-	B1/;=4/	
��	D,-9:	67=4?186	=>	?1G95-�	/;98
��	,8:	C,??,	B979	%$�*E_��#%	>=7	�98/1895"��	1A,69
,<I4179:	18	�,7<;	,8:	%(��E_��%�	>=7	/;9	1A,69	,<I4179:
18	�464-/�	�5,--1>1<,/1=8	79-45/-	:1>>97	18	����	CA�	?97
9,<;	-I4,79	C15=A9/79	 18	,297,69�	 M1>>9798<9-	 18	 /;1-
<=8/9G/	A9,8-�	/;,/	:1>>9798/	5,8:	<=297	/.?9-	B979	,-"
-1689:	>=7	 /;9	-,A9	,79,	18	1A,69-	=>	�,7<;	,8:	�4"
64-/�	�>/97	/;9	>15/97186	=>	?=/98/1,55.	8=1-.	:1>>9798<9-
:49	/=	69=A9/71<,5	-;1>/-	B1/;	/;9	A9:1,8	-?,/1,5	>15/97	=>
-1H9	!	D.	!�	=85.	���%	CA�	?97	9,<;	-I4,79	C15=A9/79	18
,297,69	:1>>979:�	�1-4,5	18-?9</1=8	=>	/;9	79A,18186	,7"
9,-	79-45/9:	18	<=8<54-1=8	/;,/	<5,--1>1<,/1=8	79-45/-	:1>"
>97	:49	/=�	� 	/;9	,</4,5	<;,869-	18	/799	<=297,69	�51C9
<59,7	<4//186 �	� 	/;9	D=7:97-	=>	/;9	-/,8:-	B;,/	<=45:
D9	9G?5,189:	D.	D=/;	69=A9/71<,5	-;1>/-	,8:	<;,869-	18
/;9	-=5,7	9592,/1=8	,8:	,H1A4/;�	,8:	! M/;9	5,8:	<=297
<5,--9-	B1/;	;16;	-?9</7,5	2,71,/1=8	D9<,4-9	=>	/;9	-9,"
-=8�	51C9	D=6-	,8:	A,7-;9-�	
=7	?7,</1<,5	4-9�	D=6-	,8:
A,7-;9-	 <=45:	 D9	A,-C9:	 =4/	 D.	 4-186	 /9A?=7,5	 >9,"
/479-�

�9G/�	B9	B155	<=8-1:97	/;9	79-45/-	>=7	
��	D,-9:
B=7C>5=B�	�,D59	$	-;=B-	9G?971A98/	79-45/-	,-	,	C��
-/,/1-/1<-�	�;979	,79	-?9</7,5	<5,--9-�	B;1<;	,79	<5,--1"
>19:	B1/;	,	297.	;16;	<=8>1:98<9	59295	A9,8186	/;,/	,5"
A=-/	,55	7,8:=A	?1G95-	=>	/;9	-?9</7,5	<5,--	,79	,--1689:
/=	/;9	-,A9	5,8:	<=297	<5,--�	D4/	-=A9	-?9</7,5	<5,--9-
79?79-98/	-=A9	C18:	=>	/7,8-1/1=8	<5,--9-	D9/B998	/;=-9
/B=	:9-179:	5,8:	<=297	/.?9-�	
=7	9G,A?59�	5=B	/799	:98"
-1/.	 >=79-/	 -/,8:-	 ,8:	 -;74D-	 <,8	 >=7A	 /;9	 /7,8-1/1=8
<5,--9-�	�18<9	/;9	-?9</7,5	<5,--9-	79?79-98/	/;9	,</4,5
1A,69	18>=7A,/1=8�	/;1-	9G?971A98/	-;=B-	;=B	<71/1<,5	1-
/;9	-959</1=8	=>	-,A?59	:,/,	18	/;9	-4?9721-9:	<5,--1>1"
<,/1=8�	 �8	 8=8";=A=6989=4-	 ,79,-	 -4<;	 /7,8-1/1=8
<5,--9-	,79	297.	<=AA=8	,8:	1/	 79I4179-	9G/7,	C8=B5"
9:69	;=B	/=	;,8:59	/;=-9	?1G95-�

�;979	,79	=89	=7	/B=	/7,8-1/1=8	-?9</7,5	<5,--9-	=8
,297,69	>=7	9,<;	1A,69	,8:	C��	<=8>1:98<9	59295	B;1<;
:=	 8=/	 -;=B	 <59,7	 /798:-	 ,<<=7:186	 /=	 /;9	 -9,-=8	 =7
1A,69	 ,<I41-1/1=8	 :,/9�	 �G<9?/1=8	 1-	 1A,69

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

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

�� ����� ���� ����� ����� ��	�� �	��

�

�(�"����/$

c

4� �	�I�	�/,D151/.	=>	 /;9	<98/7=1:-	 18	 >129	9G?971A98/-	 >=7	9,<;	84AD97	=>	 -?9</7,5	<5,--9-	(
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����#*��������$�
����	 /;,/	 -;=B-	 >=47	 /7,8-1/1=8
<5,--9-�	D4/	/;9	79,-=8	>=7	/;1-	<=45:	D9	18/98-129	<5=4:
<=297	,8:	5,<C	=>	/;9	84AD97	=>	4-9>45	?1G95-�

1>>9798<9-	,A=86	<5,--1>1<,/1=8	79-45/-	=>	:1>>97"
98/	:,/9-	,79	297.	-A,55	>=7	 /;9	;16;	<=8>1:98<9	59295
<5,--9-�	 D4/	 ,79	 I41/9	 -1681>1<,8/	 >=7	 /;9	 /7,8-1/1=8,5
<5,--9-�	�1-4,5	,--9--A98/	=>	-,/9551/9	 1A,69-	-;=B9:
/;,/	/;9	/7,8-1/1=8,5	<5,--9-	,79	,>>9</9:	D.	1A,69	,<I41"
-1/1=8	-9,-=8	:49	/=	<;,86186	79-?=8-9	>=7	67998	2969"
/,/1=8�

51C9	,/A=-?;979	,8:	1554A18,/1=8	<=8:1/1=8-	,8:	B=45:
79I4179	A=79	79>9798<9	:,/,	=8	,/A=-?;979	<=8:1/1=8-
/=	,8,5.-9	1/	18	:9/,15-�	�=B9297�	1/	<=45:	D9	9G?9</9:	/=
;,29	;16;97	,<<47,<.	>=7	8=8"67998	2969/,/1=8	-9,-=8-�
D9<,4-9	 /;9	 -?9</7,5	 -9?,7,D151/.	 D9/B998	 :9<1:4=4-
/799-	,8:	67,--5,8:-	1-	D9//97	18	B18/97	,8:	9,75.	-?7186�
�,7/1,5	-8=B	<=297	-;=45:	8=/	A,C9	/;9	,8,5.-1-	=>	-?9<"
/7,5	<5,--9-	A=79	<=A?59G�	D9<,4-9	/;9	-?9</7,5	79-?=8-9
=>	-8=B	1-	I41/9	:1-/18</129	<=A?,7186	B1/;	/;9	/799	<=297�
9<79,-9	18	,<<47,<.	>=7	.9,7-	�����	�����	�%##	,8:	�%#*

�������	
� C��		 �!� C��		 �#� C��		 ��� C��		�&� C��		�'� C��		�*� C��		 �+� C��		 �)

(C)!)+%#%#%!&%#�(��%%� ���G� !!��� !��� ���G� %�� � &*�� � '!��� '!�
� ������ ������ ������ ������ ������ ����� ����� ��
(C)!)+%#%#%!&%''(��%%� +�� � &*��� ���G� '!�� � %�� � &��� � $��� %���

� ������ ����� ������ ����� ������ 	���� �
���� ������
(C)!)+%#%#%!&%)+(��%%� '!�� � #!��� &+��� %�� � ��� � $�� � � � ��

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

(C)!)+%#%#%!&!�'(��%%� ���G� !��� &$��� '�� � ���G� &#�� � � � ��
� ������ ������ 
���� ������ ������ ���� � � ��
(C)!)+%#%#%!&#!'(��%%� '!�� � ���G� %��� '%�� � *�� � &*�� � ���G� ��

� ����� �	���� ������ ����� ������ ����� �
���� ��
(C)!)+%#%#%!&#&+(��%%� ���G� &#��� &$��� ��� � !%�� � &)�� � %��� ��

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

(C)!)+%#%#%!&#*�(��%%� &)�� � )��� !��� #�� � *�� � ���G� '!��� ���G�
� ����� ������ ������ ����� ������ ������ ����� ������
(C)!)+%#%#%!'%+&(��%%� %�� � %��� ���G� *�� � &%�� � ��� � '!��� ��

� ������ ������ ����� ������ ������ �	���� ����� ��
(C)!)+%#%#%!'!)*(��%%� &+�� � ���G� &#��� %�� � ��� � !�� � &'��� ���G�

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

(D+!)+%#%#%%##�)� ��%%� &�� � '!��� ���G� '!�� � %�� � !�� � ���� &$���
� ������ ����� �
���� ����� ������ ������ �	���� 
����
(�'!)+%#%#%%%#&!���%%� &+�� � ���G� +��� ���G� ���G� '�� � ���G� !%���

� ����� �
���� ������ ����� ������ ������ ������ ������
(D+!)+%#%#%%%!�+D�C%%� !!�� � '!��� $��� '!�� � ���G� %�� � !��� &)���

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

(�'!)+%#%!$))#))���%%� '!�� � #��� %��� %�� � '!�� � '!�� � ���G� '%���
� ����� ����� ������ ������ ����� ����� �	���� �����
����	�
�
�	�
	������� '!�� � '%��� '!��� !�� � ���G� '!�� � %��� %���

� ����� ����� ����� ������ �	���� ����� ������ ������
�#%!'%)#&�%$&�%!� !#�� � '!�� � '!�� � '!�� � ���G� ���G� !�� � %�� �

� �$��C� %��C� %��C� %��C� ����B� ����B� '%��C� '!��C�

�#%!+%�!*�%$&%#!� ���G� &+�� � '!�� � '!�� � $�� � %�� � B � B�
� ����B� &��C� %��C� %��C� &#��C� '!��C� B � B�

�

4� �	� J�	 �4?9721-9:	 <5,--1>1<,/1=8
-/,/1-/1<-	 >=7	 /;9	 -/,D59	 -=54/1=8	 =>

���	��	7,8:=A	?1G95-	B979	-959</"
9:	>=7	9,<;	<5,--	,8:	<5,--1>19:	4-"
186	C���	�/,/1-/1<-	-;=B	;=B	A,8.
?1G95-	 18� 9,<;	 -?9</7,5	 <5,--	 B979
<5,--1>19:	 ,-	 /799	 <=297	 ��� 	 ,8:
=/;97	 �8=8">=79-/ 	 �� 	 5,8:	 <=297
/.?9�	 �;9	 C��	 -/,/1-/1<-	 >=7	 <5,--"
9-	B1/;	5=B	<=8>1:98<9	59295	,79	<=5"
=479:	D=5:�	�>	A=-/	=>	/;9	��	?1G95-
,79	,--1689:	 F4-/	 /=	=89	 5,8:	<=297
/.?9�	/;98	<=8>1:98<9	59295	1-	;16;

9

�,D59	 �	 -;=B-	 /;9	 ,<<47,<.	 ,--9--A98/	 >=7	 9,<;
1A,69�	�8	/;9	<,-9	=>	.9,7	���$	=297,55	,<<47,<.	1-	>7=A
#!�*E	/=	%$��E�	
54</4,/1=8-	=>	 /;9	,<<47,<.	,79	8=/
<59,75.	795,/9:	B1/;	/;9	1A,69	,<I41-1/1=8	-9,-=8-�	A9,8"
186	/;,/	,<<47,<.	1-	,>>9</9:	-/7=865.	D.	=/;97	>,</=7-

��������	�

@����������
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�������
���������� �

���
����

!"�#$%�
&� ���'��(� 

)"�#$%�
&� ���'��(� �

@�))��

*+��������� ���*>=� ����� # ��� #��'#���� #���'#���� ���#�
*+��������� ���*>=� ����� #���� #���'���� �	�#'#��� �����

*+��������� ��*>=� ����� #��	� #��'#���� �#�	'#���� ����
*+��������� ���*>=� ����� ���� #��#'����  � '#��� ��	��

*+��������� ���*>=� ����� �	��� #��#'���� �	'#���� ����

*+��������� � *>=� #�� ��� � #��#'#��� ���	'#���� ���
*+��������� �	�*>=� #�	� #���� #���'����� ����'#���� ���	�

*+����������� *>=� ����� �	�	� ##�	'���� ��'##��� �� �
*+������������	*>=� ##�� �	��� #���'���� �	'#���� ����

*,������������-A.��� ����� ����� #��'���� ���'#	�� ��	��
*@����������� �/)A��� 	�	� ���#� #���'	#��� ���'#���� ��	��

*,�����������,�+� #��� ����� #��'����  ��'#� � ��	�

*@�������#�����-A.��� ����� #�#� ##��'	���� ���'#���� ��	��
�������	��
��������	 ����� ���� ##�	'	��#� 	��#'##� � ���#�

.������� @�# ���� ����� #���� �#�'#���� #���'#���� �����

.������	@�# ���� ����� �#��� ����'#���� #�� '��� ����

�

4� �	�K���<<47,<.	,--9--A98/	=>	 /799	<=297	<5,--1>1<,/1=8

<=45:	D9	9G?5,189:	D.	=4/:,/9:	 79>9798<9	:,/,	 �79>97"
98<9	:,/,	B979	,<I4179:	>=7	.9,7	���$ �	�;=-9	79-45/-
,79	-;=B8	=85.	>=7	<=A?,71-=8	=>	=4/:,/186	7,/9	>=7	/;9
/799	<=297	795,/9:	79>9798<9	:,/,�

�9-9,7<;	I49-/1=8	�Q!�	B;,/	,79	/;9	795,/1=8-	D9"
/B998	 >=79-/	 -?9</7,5	 <5,--9-	 ,8:	 >=79-/	 18298/=7.	?,"
7,A9/97-'

�,D59	(	-;=B-	/;9	-/,/1-/1<-	=>	>=79-/	18298/=7.	2,71"
,D59-	 >=7	 -?9</7,5	 <5,--9-�	 �/	 <,8	 D9	 -998	 /;,/	 18	A=-/
<,-9-	 -?9</7,5	<5,--9-	,79	 -98-1/129	 /=	 -/,8:186	2=54A9
8=/	 /=	 /799	 -?9<19-�	 �;9	 -?9</7,5	 <5,--9-	B1/;	 -/,8:186
2=54A9	A=79	/;,8	���	A!_;,	B979	1:98/1>19:	18	,55	1A,69-
B1/;	;16;	<=8>1:98<9	59295�	�85.	18	/;799	1A,69-	/;9	-?9<"
/7,5	<5,--9-	B1/;	,297,69	-/,8:186	2=54A9	-A,5597	/;,8	*�
A!_;,	B979	1:98/1>19:	B1/;	/;9	;16;	59295	=>	<=8>1:98<9�


=79-/	 <5,--9-	B1/;	 5=B97	 59295	 =>	 <=8>1:98<9	 18"
<54:9:	5=B97	-/,8:186	2=54A9	2,549-	,8:	;16;97	59295
=>	/799	-?9<19-	A1G/479�	�/;97	5,8:	<=297	/.?9	<5,--9-
B1/;	5=B97	<=8>1:98<9	59295	18<54:9:	-/,8:186	2=54A9
2,549-	-A,5597	/;,8	$�	A!_;,	=7	-/7=86	A1G/479	=>	/799
-?9<19-�
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4HH1>1<,/1=8	59295	B,-	-9/	795,/1295.	5=B	�AR��� 	/=
?7=A=/9	-9,7<;186	>=7	A=79	-?9</7,5	<5,--9-	,8:	4-186
>4HH.	5=61<	=85.	/=	:9-<71D9	?1G95-	=8	/;9	D=7:97-	,A=86
/;9	-?9</7,5	<5,--9-�	�;9	5=B97	>4HH1>1<,/1=8	59295	A,C9-
79-45/	A=79	-1A15,7	/=	;,7:	C"A9,8-	<54-/97186�	�8	>4/479
79-9,7<;	B1/;	A=79	,<<47,/9	79>9798<9	:,/,�	/;9	;16;97
>4HH1>1<,/1=8	59295	2,549-	<=45:	D9	1829-/16,/9:	18	/;9
<=8/9G/	B1/;	>=79-/	:98-1/.�

�,D59	 *	 -;=B-	 ?97<98/,69	 =>	 /799	 <=297	 >=7	 9,<;
-?9</7,5	 <5,--	 >=48:	 18	 /;9	 1A,69	 ��#�#*������$�
�!������	�;1-	/,D59	<=8>17A-	,--4A?/1=8	/;,/	/;9	-?9<"
/7,5	<5,--9-	<5,--1>19:	,-	>=79-/	,79	-/7=865.	795,/9:	B1/;
/;9	/799	<7=B8	<=297,69�	�;9	5=B9-/	/799	<7=B8	<=297"
,69	<5,--1>19:	,-	��	B,-	�*��E�	49	/=	/;9	5=B	-=5,7
9592,/1=8	18	B18/97�	/;9	-?9</7,5	<5,--9-	,79	,5-=	1A?,</9:
D.	 1554A18,/1=8	 >=7A186	 -9?,7,/9	 -?9</7,5	 <5,--9-	 >=7

-/,8:-	 18	 -48516;/	 ,8:	 -;,:=B9:	,79,-�	�8:97	 5=61<,5
,--4A?/1=8-�	 /;9	 /799	 <7=B8	 <=297,69	 18<79,-9-	 ,-
-/,8:186	2=54A9	18<79,-9-	<=8>17A186	1A?,</-	=>	-/,8:"
186	2=54A9	=8	/;9	-?9</7,5	<5,--9-�

2�
��������������������
��
��������������������

�<<47,<.	=>	,>>=79-/9:	,671<45/47,5	5,8:	?5=/-	B979
<,5<45,/9:	>=7	1A,69-	��#�#*������$��!�����	,8:
������#�$��%$!���

�85.	��	,>>=79-/9:	,671<45/47,5	5,8:	?=18/-	=4/	=>
�#�	B979	79<=681H9:	,-	,	>=79-/	18	�,8:-,/	1A,69�	�=7"
79</5.	 79<=681H9:	?5=/-	 -;=B9:	,297,69	 -/,8:186	2=5"
4A9	**	A!_;,�	B;159	4879<=681-9:	-;=B9:	,297,69	-/,8:"
186	2=54A9	$$	A!_;,�	�;9	-,A9	/98:98<.	B,-	=D-9729:
18	/;9	?7921=4-	<,-9	-/4:.�	-=	1/	<,8	D9	<=8<54:9:	/;,/
�,8:-,/	-,/9551/9	1A,69-	,79	8=/	,??7=?71,/9	>=7	1:98/1>1"
<,/1=8	=>	,>>=79-/9:	5,8:-	D9<,4-9	-/,8:186	2=54A9	,8:
-/,8:	:98-1/.	>=7	/;9-9	,79,-	18	A=-/	<,-9-	1-	/==	-A,55�
49	 /=	 /;9	 >,</�	 /;,/	 ,>>=79-/9:	 5,8:-	 ,79	 297.	 8=8"
;=A=6989=4-�	5=<,/1=8	977=7-	<,8	,5-=	,>>9</	/;9	79-45/-�

�-9	=>	/;9	�98/1895	:,/,	79-45/9:	18	�!�	<=779</5.
79<=681H9:	,>>=79-/9:	5,8:	?=18/-	>=7	�464-/�	-;=B186
18<79,-9	=>	,<<47,<.	B;98	-?,/1,5	79-=54/1=8	18<79,-9:�

�������������������
����

����
���
���
������

�;9	 D9-/	 <5,--1>1<,/1=8	 79-45/	 D,-9:	 =8	 1A,69
��#�#*������$��!����	B,-	<=A?,79:	B1/;	:1>>9798/
>7995.	,2,15,D59	A,?-	18<54:186	/799	<=297	18>=7A,/1=8�
�=8>4-1=8	A,/71G	<;,7,</971-/1<-	B979	<,5<45,/9:	>=7	/;9
-,A9	/9-/	?=18/-�	�,D59	#	-;=B-	/;9	79-45/-�	�16;	<5,--1"
>1<,/1=8	,<<47,<.	18	=47	<,-9	<=45:	D9	9G?5,189:	D.	4?"
/=":,/9�	-?9<1,55.	-959</9:	-,A?59	:,/,	,8:	6==:	-?9<"
/7,5	-9?,7,D151/.	=>	>=79-/	<5,--	18	B18/97	1A,69-�

��������	� /� ����
�0��0�� 1�
�� ������

+���� +���� +���� +�� � +���� +��	� +��� +����

*+��������� ���*>=� ���� �� �� ���� ��	�� ���!� ����� �� �� ��
� ��� �� �� �� �� �� �� �� ��
� �� ��� 		� �# � ���� � �� �� �� ��
� �� ��� ��� 	 � ��� 	� �� �� ��
*+��������� ���*>=� ���� ����� �� ���"� �� ��	�� �� ���#� ��	��

� ��� �� �� �� �� �� �� �� ��
� �� � � �� ���� �� ���� ��  �� �	��
� �� ��� �� ��� �� �� �� ��� ��
*+��������� ���*>=� ���� �� "� ��	�� �� �� ����� �� �� ��

� ��� �� �� �� �� �� �� �� ��
� �� �"� � 	� �� �� ���� �� �� ��
� �� �"� ��� �� �� �"� �� �� ��
*+��������� ���*>=� ���� �� ����� ���� �� ����� �� �� #� ��

� ��� �� �� �� �� �� �� �� ��
� �� �� !�� � 	� �� �	 � �� � � ��
� �� �� �"� � � �� ��� �� ��� ��
*+��������� � *>=� ���� �� �� �� �� �� � ����� �� �� ��

� ��� �� �� �� �� �� �� �� ��
� ��  "� �� �� ��� ���� �� �� ��
� �� ��� �� �� �� ��� �� �� ��
*+��������� �	�*>=� ���� �� ���� ��	�� ��		� ���#� �� �� �� �����

� ��� �� �� �� �� �� �� �� ��
� �� �� � � �� � ���� ���� ��� �� �#�
� �� �� �� �� ��  �� �#� �� ��
�

4� �	� L�	 �297,69	 >=79-/	 18298/=7.	 ?,7,A9/97
2,549-	 >=7	 /;9	 -?9</7,5	 <5,--9-	 �5��	 �	 1-	 /;9
-/,8:186	 2=54A9	 �A!_;, �	�	 1-	 /;9	 ,69	 =>	 /;9
-/,8:	�.9,7- �	��	1-	/;9	:=A18,8/	/799	-?9<19-�
��
	 1-	 /;9	 ?97<98/,69	 =>	 :=A18,8/	 /799	 -?9"
<19-	 -/,8:-
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4� �	�M�	�297,69	/799	<7=B8	<=297,69	>=7	9,<;	-?9</7,5	<5,--
>=48:	18	1A,69	��#�#*������$��!������	�=/,5	,79,	1-	���
CA��	�4A	=>	/;9	,79,	=<<4?19:	D.	-?9</7,5	<5,--9-	1-	:1>>97"
98/	 >7=A	 /=/,5	 ,79,	 D9<,4-9	 /;79-;=5:	 �R��$�	B,-	 ,??519:
/=	 ?79?,79	 D18,7.	A,-C	 >=7	 9,<;	 
��	 -?9</7,5	 <5,--
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4� �	� N�	 �<<47,<.	 ,--9--A98/	 =>	 :1>>9798/
:,/,	 -9/-	 D,-9:	 =8	 /9-/	 ?=18/-

���������� �!��"�#��$%� ������
)������

�	����*	�+���
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Conclusions

�;9	,1A	=>	/;1-	-/4:.	B,-	/=	92,54,/9	,	297.	-1A?59
A9/;=:=5=6.	8=/	79I417186	,<<47,/9	4-97	18?4/�	/;979	1-
8=	?,7,A9/97	18?4/	79I4179:	>7=A	/;9	4-97	,8:	/;9	<5,--1"
>1<,/1=8	1-	D,-9:	=8	48-4?9721-9:	<5,--1>1<,/1=8	-=	/;9
4-97	:=9-	8=/	;,29	/=	-959</	-,A?59	:,/,	297.	<,79>455.�
�5,--9-	,79	9-/1A,/9:	4-186	=85.	1A,69	18>=7A,/1=8	,8:
5,D9559:	4-186	/;9	-4?9721-9:	<5,--1>1<,/1=8�	�;9	-4?97"
21-9:	<5,--1>1<,/1=8	79-45/-	B979	9A?5=.9:	,5-=	>=7	-9/"
/186	,	<=8>1:98<9	59295	/;,/	/;9	-?9</7,5	<5,--	D95=86-	/=
/;9	/799	<=297	<5,--�

�G?971A98/-	-;=B9:	/;,/	/;979	1-	<=8-1-/98<.	D9"
/B998	/;9	-?9</7,5	<5,--9-	<,/96=71-9:	D.	;16;	59295	=>
<=18<1:98<9�	;=B9297�	/;9	/7,8-1/1=8	<5,--9-	<,8	:1>>97
B1/;18	/;1-	,??7=,<;�	9-?1/9	/;9	;16;	,<<47,<.	2,549-�
<=8-1-/98<.	D9/B998	/;9	79-45/-	=D/,189:	>=7	:1>>9798/
:,/9-	<,8	D9	48-,/1->,</=7.�	�	<;,869	:9/9</1=8	,8,5."
-1-�	 ;=B9297�	 <,8	 D9	 ?97>=7A9:	 >=7	 /;9	 >=79-/	 <5,--9-
B1/;	-/,8:186	2=54A9	679,/97	/;,8	���	A!_;,�	�799	<=297
A,?-	69897,/9:	D.	/;1-	B=7C>5=B	<=45:	D9	9A?5=.9:	>=7
7951,D59	9-/1A,/1=8	=>	-1681>1<,8/	/799	<=297	:9<79,-9�	
=7
,>>=79-/,/1=8	-/4:19-�	1A,69-	B1/;	;16;97	-?,/1,5	79-=54"
/1=8	B=45:	D9	79<=AA98:9:�	�;9	A,18	,:2,8/,69	=>	/;1-
B=7C>5=B	1-	-1A?51<1/.	,8:	4-97	>7198:5189--	,8:	=??=7"
/481/.	/=	-959</	7951,D59	-?9</7,5	<5,--9-	D.	A9,8-	=>	/;9
<=8>1:98<9	59295�	�>	<=47-9�	79>9798<9	:,/,	B1/;	5=B	I4,5"
1/.	<,8	,5-=	,>>9</	<=8>1:98<9	 59295	92,54,/1=8�	D4/	 18
/;1-	<,-9�	/;9	4-97	A4-/	?,.	59--	,//98/1=8	/=	/;9	-,A?59
:,/,	/;,8	4-186	/;9	-4?9721-9:	<5,--1>1<,/1=8	,5=89�	�=A"
?4/,/1=8,5	<=A?59G1/.	>=7	/;1-	-=54/1=8	1-	297.	;16;�	-=
<5,--1<,5	 -=54/1=8-	 >=7	;.D71:	<5,--1>1<,/1=8	,-	 -,A?59
:,/,	-959</1=8	>7=A	48-4?9721-9:	<54-/97186	79-45/-	<=45:
D9	 -4669-/1D59	 >=7	 A,?	 ?79?,7,/1=8	 18	 9297.:,.
?7,</1<9�


=7	?7,</1<,5	,??51<,/1=8�	1A,69	,<I41-1/1=8	-9,-=8
1-	8=/	<71/1<,55.	1A?=7/,8/�	D9<,4-9	<5,--1>1<,/1=8	79-45/-
=>	,55	-9,-=8-	,79	,>>9</9:	D.	 /;9	 /7,8-1/1=8,5	-?9</7,5
<5,--9-�	�=B9297�	B18/97	1A,69-	<,8	?7=21:9	;16;97	-?9<"
/7,5	 -9?,7,D151/.	 D9/B998	 >=79-/-	 ,8:	=/;97	 ,79,-	 <=2"
979:	B1/;	2969/,/1=8�	M

�8=/;97	59--=8	59,789:	B,-	795,/9:	B1/;	,<<47,<.
,--9--A98/�	9-?1/9	/;9	481>=7A	:1-/71D4/1=8	=>	2,51:,"
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