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True Pareto Front
Estimated Pareto optimal individuals, algorithm A 
Estimated Pareto optimal individuals, algorithm B
Estimated Pareto optimal individuals, algorithm C
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Composite pointD−dimensional point


List node, conatining pointer to composite point wrapper.


Composite point wrapper, containing pointer to composite point.


Pointer from D−dimesional point to list node.


Pointer from list node to composite wrapper


Pointer from composite wrapper to composite point.


Pointer from list node to list node


Pointer from composite point to D−dimensional point.


Pointer from composite wrapper to composite wrapper


Dominated tree Non−dominated tree
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Individual residing in swarm.
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Individual residing in swarm 1.
Individual residing in swarm 2.
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Fix maximum number of generations


Initialise ENN empty archive Ft


Initialise counter t=0


Initialise ENN population Xt


Evaluate ENN population Xt


t:=t+1


End


Generate new ENN population Xt 
from member(s) of  Xt−1 and/or Ft−1


Evolve members of Xt


if t=T


into Ft


Remove dominated members of Ft


Insert non−dominated members of Xt 


/ ; T6A D 5 � YU% /-@P>$j I ;^4 T DK4 : ><iU8 2 5LT65#7�5 D�4 @�" ( 1 &�& i D�4 :95
jk> D ] e







���������	��
������������
������������	
���������������
�����
����������	���������
� M�� M


�CB87�� � =�A > D�� >��4> H�GCD < K6G#@6< = � @ >�� 		� <�
0E > K


/�1 IC5 1HE
DH; *)5#I ; 7 @a2�46F 8H5 D M�><im8 2�;^1 8 2 5 1H;^1 Q 4r1v; 7�T?@P5�5 DKD > D 8H5 D : E#4 7�7�>68 *)5�:95 4 7 ; 7�T<inA�@P@,> F�D > F�4 T 4 8K5#I
8 2�D >?A�T 2&4 7�5
8Xja> D ] ; 7 4 :�A�@ 8 ; 2�>4*+5X5 E 8 ; %?5 4<F�F @ ;^E
4 8 ; >?7 e 9 2 5 2 >M* DH; Io:95f8 2 >!I 1 A 1 5#I�in> D 510 4 : F @B5 ; 7 O�b4 >
S ' ; A,Q!M M_M � d 4 7�I 2�; T 2 @ ; T 2 8K5#I ; 7 O��b4 >�Q!M M&M_M]d Q
j 2 5 D 5 ; 7�I ; % ; ICA 4 @?7�5f8Xjk> D ] 1`4<D 5.8 D�4<; 7�5#I 4 8U5 4?E�2 T?5
7�5 DK4 8 ; >67
A 1H; 7�T 4 T D�4 I ; 5#7?83I�5 1KE 5
7]8[8K5 E�2 7 ; M]A�5 ; 7 4 I�I ; 8 ; >6798H>p8 2 5 ;PD 5-%?>6@BAC8 ; >67 46D >p: 4 7 ;BF A�@ 4 8 ; >67UQ 46D 5 ; 7Cin5 4?1v; *�@B5 e /�1
1 A E�2=F 5 DH2�4<F�1a4 T D 5 4 8H5 D in> E A 1 7�5
5�I 1 8K> *)5 F�46; IG8K>N8 2 5 F 5 D 8HA D * 4 8 ; >?79:G5
8 2 >CI 1 A 1 5#I ; 7I" ( 1 &�& 4?1 8 2 5->
F�D >&% ; IC5N8 2 5�>67�@,>q:G5
8 2 >CIl><i 1 >]7 4<F 8 ;BEN4 IK5XA 1 8H:95
7]8 On; 8 4 @ 1 >J:95 4 7 1 8 2�4 8b8 2 5 " ( 1�&�& 8 DK46; 7 ; 7�T F�D > E 5 1K1
;^1 7�5 E 5 1H1K4<DK; @,> 1 @B>$ja5 D Q 4 T 4<; 7 2�; T 2 @ ; T 2 8 ; 7�TN8 2 5 ; : F > D 8 4 7 E 5m><i,8 2 50I 4 8 4N1 8 D A E 8HA D 5 13; 7]8 D >!I�A E 5�I ; 7 ( 4<D 8 $ de
/ 7�><8 2 5 D0; : F > D 8 4 7?8 ;^1H1 A�5 ;B1 8 2 5 F�D > *�@P5#: ><i3T?5
7�5 DK4 @ ;^1K4 8 ; >67 ; 7 8 2 5L" ( 1�&�& I�>6: 4<; 7 e $ 7r> D IC5 D 8H> 4<; I
T65#7�5 D�4 @ ;^1H4 8 ; >67 4�E >6:9:9>67�@3>JA 1 5�Io8H5 E�2 7 ; M]A�5 ;^1 8K> 1 5 F�4<D�4 8K5b8 ; :G5 1 5 DH; 5 1 I 4 8 49; 7]8H> E >67 1 5 E AC8 ; %6508 DK46; 7 ; 7�T�Q
% 4 @ ; I 4 8 ; >67 4 7�IJ8H5 1 8 1 5
8 1 e 9 2 5�in> D 5 E
461 83:9>CIC5
@ ;^1 8 2 5#7J8 D�4<; 7�5�I=>67�8 2 5 ; D�1 8 1 5
8kA�7]8 ; @)8 2 5u:95 4?1 A D 5�I=5 DKD > D
*)5 ; 7�T 1 8H> ; 7 EfD 5 4?1 5u>67J8 2 5 1 5 E >67�I 1 5f8 O i D >6: 4 7�> F 8 ; : 4 @): ; 7 ; :pA�: d QCj ; 8 2 8 2 5 ;�7 4 @\T65#7�5 D�4 @ ;B1K4 8 ; >?7=5 DKD > D
E
4 @ E A�@ 4 8H5�Io>67q8 2 5N8 2�;PD I 1 5
8 e * > 1 8H> F�F�; 7�T=8 DK46; 7 ; 7�T=j 2 5#7q8 2 5�>4* 1 5 D %65�IN% 4 @ ; I 4 8 ; >?7&5 DKD > D *�5#T ; 7 1 8K> DK;B1 5
8 2 5 F�D�46E 8 ; 8 ; >67�5 DG46; : 1 8H> F�D 5-%65#7]8q����� �� ��� ��  ><im8 2 5o:G>CIC5#@ >67s8 2 5�8 DK46; 7 ; 7�TwI 4 8 4 esW >$jk5-%?5 D 8 2 5oA 1 5
><i % 4 @ ; I 4 8 ; >67 1 5f8 1 8H> F�D 5 %65
7]8L>&%65 D ;�8v8 ; 7�Tq><i�&�& 1 >?7r8 DK46; 7 ; 7�T I 4 8 4q;^1LF�D >4*�@P5#: 4 8 ;^E9; 7w8 2 5J:pA�@ 8 ; 2�5 DKD > D
E
4?1 5�j 2 5 D 5 4�1 5
8u>6i3:9>!I�5
@ 1�;^1�D 5f8KA D 7�5#I e /�> D�; 7 1 8 4 7 E 5 4�E#461 5N: 4 > 46DH;^1 5Nj 2 5 D 5 1 >6:95�:G5#: *)5 D�1 >6i[8 2 5
1 5f8=510 2�; * ; 8Gi 4 @P@ ; 7�T 5 DKD > D % 4 @BA�5 1 *)><8 2 >67 8 DK46; 7 ; 7�T 4 7�I�% 4 @ ; I 4 8 ; >?7 I 4 8 4 Q[j 2�; @ 1 8J><8 2 5 D�1 510 2�; * ; 8 DK;B1H; 7�T
% 4 @ ; I 4 8 ; >6795 DHD > D % 4 @BA�5 1�O > Dc; 7�IC5#5#I 1 >6:95 % 4 @ ; I 4 8 ; >6795 DKD > D�1�DK;^1v; 7�T 4 7�I 1 >6:95h><8 2 5 D�1 i 4 @B@ ; 7�T de /�131 A E�2 8Xjk>
7�>&%?5
@-8H5 E�2 7 ; M?A�5 1 8H> 4<; IlT?5
7�5 DK4 @ ;^1K4 8 ; >67 46D 5G7�>$j F�D 5 1 5#7?8K5#I`Q`j 2�;BE�2 j ; @B@I*)5 E >6: F�46D 5�I ; 7r8 2 5�in>?@P@B>$j ; 7�T
E�2�46F 8H5 D e


T?U�V���VXT � m�`�\�i�` k��I^��#>�^Q]XZea�^	_ Z�k�d���i�`�_


9 2 5 ; D�1 8.7�5
j�:G5
8 2 >CIN8H> ; : F�D >&%65[T?5
7�5 DK4 @ ;^1K4 8 ; >67 ;^1-; 7 1vF�;BD 5#I *M>b8 2 5a8 DK4 I ; 8 ; >67 4 @ % 4 @ ; I 4 8 ; >?7 1 5
8 46F�F�D > 4?E�2 e
/�1 1 8 4 8H5#I F�D 5-% ; >?A 1 @3>?Q?8 2�;^1k46F�F�D > 4?E�2JE
4 7�7�><8 *�5u8 D�4 7 1 in5 DHD 5#IJI ;PD 5 E 8H@,>98H>�8 2 5#" ( 1�&�& I�>6: 4<; 7,Q 2 >$jk5-%65 D
8 2 5G: 46; 7l8 2�D A 1 80>6i[8 2 5 46F�F�D > 4?E�2lE
4 7A*)5 D 5 E
D 5 4 8K5#I e /u10; 7r8 2 5G8 DK4 I ; 8 ; >?7 4 @ 4<F�F�D > 46E�2 Q)8 2 5=I 4 8 4�1 5f8 ;B1
F�46D 8 ; 8 ; >?7�5#I 1 >08 2�4 8 4LF > D 8 ; >679><i\8 2 5uI 4 8 40;^131 5 F�46DK4 8H5�I 4?1[4 7 � A�7 1 5
5#7=P<8K5 1 8 1 5f83>?7=j 2�;BE�2 8 2 5�T?5
7�5 DK4 @ ;^1K4 2
8 ; >67 4 * ; @ ; 8 >p><i)8 2 5m:9>!I�5
@ O�1 d j ; @B@+*)5m5-% 4 @BA 4 8H5#I e 9 2 5 D 5
: 46; 7 ; 7�TLI 4 8 40;^1[1vF @ ; 8 4 T 4<; 7p8K> F�D >&% ; IC5 4 8 D�4<; 7 ; 7�T
1 5f8 4 7�I 4 % 4 @ ; I 4 8 ; >67 1 5
8 e /gF ><8K5
7]8 ;^4 @ 1 >6@BAC8 ; >?7 O 1�&�& d ;B1 5 % 4 @PA 4 8H5�Ilj ; 8 2wD 5
T 46D I 8H>�8 2 598 DK46; 7 ; 7�T 1 5f8 e
$�i.8 2�;^1�1 >6@BAC8 ; >?7 ;^1 in>?A�7�Io8H>?*)5N7�>?762 IC>6: ; 7 4 8K5#I	*M>J8 2 5 E A DKD 5
7]8 4<D�E�2�; %?5 4=E > F > ;B1mE
D 5 4 8K5#I 4 7�I 1K4 %65�I ; 7







���������	��
������������
������������	
���������������
�����
����������	���������
� M � O


8 2 5 46DKE�2�; %659� O @ ; 7�5 ��><i / @PT?> DK; 8 2 : M6M dfe /g1 5 E >67�I 46DKE�2�; %?5 2 >$jk5-%65 D�;^104 @ 1 >J: 46; 7]8 46; 7�5#I ; 7 8 2 5 % 4 @ ; I 4 2
8 ; >67o:95f8 2 >CI`QCj 2�;^E�2 : 4<; 7]8 4<; 7 1 8 2 5b7�>6762 IC>6: ; 7 4 8K5#I 1 5
8kj ; 8 2oD 5 1vF 5 E 8 8H>�8 2 5<% 4 @ ; I 4 8 ; >67oI 4 8 4 ecW >$jk5-%?5 D Q
F ><8H5#7]8 ;^4 @ 1 >6@BAC8 ; >67 1h4<D 5b>?7�@,> E >?7 1v; IC5 D 5�IJin> Dh; 7 1 5 D 8 ; >67�8H>98 2�;^1 % 4 @ ; I 4 8 ; >67 4<D�E�2�; %65 ; i O�4 7�Io>67�@,> ; i d ; 8 2�4?1
; 7 ; 8 ;B4 @P@,> *)5
5#7pin>?A�7�I�8H><*)5k7�>6762 IC>6: ; 7 4 8 ; 7�Tuj ; 8 2GD 5#T 46D I08K>b8 2 5 8 DK46; 7 ; 7�T0I 4 8 4u4 8.8 2�4 8.5 F > E�2  $T65#7�5 D�4 8 ; >?7 e
9 2�;^1.F�D > E 5 1K1.E >67]8 ; 7!A�5 1 A�7?8 ; @ 4 @BT6> DK; 8 2 : 8H5 D : ; 7 4 8 ; >?7,Q 4 7�IN8 2 5 1 5f8c><i):G>CIC5#@ 1.D 5f8KA D 7�5#I 4<D 538 2 > 1 5 D 5 1v; I ; 7�T
; 7�8 2 57% 4 @ ; I 4 8 ; >67 4<D�E�2�; %65?Q]7�><8 8 2 508 DK46; 7 ; 7�T 46DKE�2�; %65 e


* > >67�@,> E >6: F�46DH; 7�T 1 >6@BAC8 ; >?7 1 8K> 8 2 5 % 4 @ ; I 4 8 ; >?7 4<D�E�2�; %65 O�; i�8 2 5 > 2�4 %65 *)5
5#7 4?E
E 5 F 8H5�I F�D 5-% ; >6A 1 @3>
8H>o8 2 5G8 D�4<; 7 ; 7�T 46DKE�2�; %?5 d 8 2�;^1 :95f8 2 >!I 4 8H8H5#: F 8 1 8K> F�D 5 %65
7]80>&%65 D ;�8H8 ; 7�TJ8K>o8 2 5?% 4 @ ; I 4 8 ; >?7 4<D�E�2�; %65 e /�1
1 >6@BAC8 ; >67 1 8 2�4 8 4<D 597�><8p7�>6762 IC>6: ; 7 4 8 ; 7�Toj ; 8 2sD 5 1HF 5 E 8p8H>q8 2 5 % 4 @ ; I 4 8 ; >67 1 5f8 46D 597�>68 1 5#@P5 E 8K5#I O 5 %65
7 ; i
8 2 5 D 5 4<D 5m7�>?762 IC>6: ; 7 4 8 ; 7�Tpj ; 8 2 8 2 5�8 DK46; 7 ; 7�T 1 5f8 d Q]8 2�;B1 :95f8 2 >CI 4 @ 1 > 4<; : 1 8K> F�D 5-%?5
7]83>&%65 D ;�8v8 ; 7�TN>?7=8 2 5
8 D�4<; 7 ; 7�T=I 4 8 4 e / IC5 1HE
DH;BF 8 ; >67�8 2�;B1 8 DK46; 7 ; 7�T 46F�F�D > 46E�2�;B1m1H2 >$jh7 ; 7 / @BT6> DH; 8 2 : M6M e


������������� �"! �)� $ : F @B5
:95
7]8 4 8 ; >67o><iQ" ( 1 / ; 7�8 2 5C&�& IC>6: 4<; 7 O % 4 @ ; I 4 8 ; >67�8 D�4<; 7 ; 7�T 4<F�F�D > 46E�2 d Q ��� e
$ 7 F A�8 % /�1m; 7 / @BT6> DH; 8 2 : M O�e
( AC8 F AC8 % / 7�>?762�I�>6: ; 7 4 8H5�I 1 5f8h>6i�&�& :G>CIC5#@ 1 8 2�4 8 46D 5 4 7�5 1 8 ; : 4 8K5L><i�8 2 508 D A�5<( 4<D 5f8K>Gi D >?7?8


IC5-;�7�5#I	*M>=8 2 5NI 4 8 4 T65
7�5 D�4 8 ; >67 F�D > E 5 1K10OnD 5 F�D 5 1 5
7]8H5�IN*M>=8 2 508 D�4<; 7 ; 7�T 4 7�I % 4 @ ; I 4 8 ; >67
I 4 8 4 d Q 4 7�I�8 2 5C&�& T?5
7!A 1 e


M % � (p��� �� +����%� U�9����(
	 � 5#7�5 D�4 8K5 D�4 7�I�>6: &�& F > F A�@ 4 8 ; >67q>6i 1H;�� 5 � Q 1 A E�2 8 2�4 8m5 4?E�2�F�46DK4 :95f8H5 D
O jk5 ; T 2 8 d >6i�8 2 5 1�&�& 1�� � . f 6� 0 Q 4 7�I�8 2 57* ; 7 46D > F�4<D 8 >6iU8 2 5 E�2�D >6:9> 1 >6:95 ;B1
5 ; 8 2 5 Dh; 7 ; 8 ;B4 @ ;^1 5#I 4 8LML> D�� <¦. f 6 g 0 e � 5
7�5 DK4 8H5b8 2 5L5
: F 8 >=i D >67]8 4 @ O 7�>?762 IC>6: ; 7 4 8K5#I d 1 5f8� ) b�� Q 4 7�I�8 2 5L5
: F 8 > % 4 @ ; I 4 8 ; >?7 46DKE�2�; %65����) b�� e
� F I 4 8H5 � ) 4 7�I����) j ; 8 2 8 2 5L7�>67+2�IC>?: ; 7 4 8H5�I 1 >6@BAC8 ; >67 1 i D >6: 8 2 5 D�4 7�IC>6: F > F A�@ 4 8 ; >67,Q
j ; 8 2qD 5 1vF 5 E 8 8H>98 2 5 E�2 > 1 5
7�5 DKD > D 8K5 D : 1 e$ 7 ; 8 ;^4 @ ;B1 50T65#7�5 D�4 8 ; >?7 E >?A�7]8H5 D ,
� b f e


YU% � ���)(ª�# +�����]�"�$�!%#�!(ª�� U�9� ���!% % /u1 ; 7�� � e
V+% � ���.""�	 U�9����( �U�����!'Q� ���)( % /�1m; 7���� e
� % & �!(�� � ��''���!'_��!)(p�	(� U� ���)( % /�1m; 7 ��� e
� % � ����(��!%�%-��%�%9����(p! �!(ª� % /�1h; 7 ��� e
� % , �3+� +�#���)� � �$ +��(p��(p� �c�$'1�"� ���-	


4 d $ 7 1 5 D 8�1�&�& E�2�D >?:9> 1 >6:95 O	1 d ! G ; 7?8K> �  ; i ; 8 ;B1 7�>68�IC>6: ; 7 4 8K5#I *M> ; 7�I ; % ; ICA 4 @ 1h; 70�  e* d �h5#:9>&%65+1�&�& E�2�D >?:G> 1 >?:95 O�1 d i D >?: �  j 2�;^E�2q46D 50IC>?: ; 7 4 8H5#I	*M>=8 2 5�! G e� % , �3+� +�#���)���L +����+- U�9����( �c�$'1�p� ���-	
4 d $ 7 1 5 D 8�1�&�& E�2�D >?:9> 1 >6:95 O	1 d ! G ; 7?8K> ��� ; i ; 8 ;B1 7�><8mIC>?: ; 7 4 8H5#I	*M> ; 7�I ; % ; ICA 4 @ 1 ; 70� �� ��� e* d �h5#:9>&%65+1�&�& E�2�D >?:G> 1 >?:95 O�1 d i D >?: ��� j 2�;^E�2q4<D 50I�>6: ; 7 4 8H5�IN*M>�8 2 5�! G e$ % . �t���L��(p� % $�8K5 D�4 8K5b5 F > E�2qE >?A�7]8#Q+,�� b , @ g e $�i 1 8H> F�F�; 7�T EfDK; 8K5 DK;B4�2�4 %65b7�>68C*�5#5
7q:95f8h8 2 5
7
T6>G8K> Y QC5
@ 1 508K5 D : ; 7 4 8H5 4 @BT6> DH; 8 2 : 4 7�I 1K4 %65b:G5#: *)5 D�1 ><i,��� in> D 5 % 4 @BA 4 8 ; >?7�>?7�8K5 1 8mI 4 8 4 eM+% 5
7�I







���������	��
������������
������������	
���������������
�����
����������	���������
� M ��M


T?U�V���V W � k¡k2_Ui _Uo ^����2`bd�`¨o ^Q]XZXi ^	_ Z�k d


9 2 5 1 5 E >67�Ir7�5
j :95f8 2 >CIl8K> ; : F�D >&%659T65#7�5 D�4 @ ;^1H4 8 ; >67 ;^1 * 4?1 5�Il>?7L*)>!><8 1 8 D�4<F 8H5 E�2 7 ; M]A�5 1 e 9 2 5JI 4 8 4o;B1
F�46D 8 ; 8 ; >?7�5#I 461J; 7���� ; 7]8H> 4 8 DK46; 7 ; 7�T 4 7�I 8H5 1 8 1 5
8 e 9 2 5q8 D�4<; 7 ; 7�T 1 5
8 ;^1 8 2 5#7E*)>]>68 1 8 D�4<F 1H4 : F @P5�I
8H> E
D 5 4 8H5 ��I 4 8 4q1 A+* 1 5f8 1 Q`>67wj 2�;^E�2 8 2 597�5
A D�4 @c7�5f8Xjk> D ] 1b4<D 5p5 % 4 @BA 4 8K5#IwICA DK; 7�T�8 2 5�8 DK46; 7 ; 7�T F�D > E 5 1K1 e
(.><8K5
7]8 ;^4 @ 1 >?@PAC8 ; >?7 7�5
8Xja> D ] 1LF�D >CICA E 5#I *M>l8 2 53" ( 1 / 46D 5 ; 7 ; 8 ;^4 @B@3> 5 % 4 @PA 4 8H5�I j ; 8 2�D 5 1HF 5 E 8N8K> 4 @P@a><i
8 2 5?*�>!><8 1 8 DK46Fw1 5f8 1 e $ 7 ; 8 ;^4 @B@,> 8 2�;B1 j ; @B@c@P5 4 Ir8H>A� � ;�8H7�5 1K1 5 1L461K1 > Ef;^4 8K5#Ilj ; 8 2 4q1 >6@BAC8 ; >67 O 8 2 5=7!A�: *)5 D
><iI*)>!><8 1 8 D�4<F�1 :pA�@P8 ;BF @ ; 5�I *M>�8 2 5N7!A�: *)5 D ><ic5 DKD > D 8H5 D : 1 8K> *)5p> F 8 ; : ;^1 5#I dfe 9 2 57;�7 4 @ � ;�8K7�5 1K1 % 4 @BA�5 1
4 8H8 4?E�2 5#Io8K> 4 IC5 E
;B1H; >67 %65 E 8K> D in> D 8 2 5 4<D�E�2�; % ; 7�T F�D > E 5 1H1 5 1h46D 5L8 2 5Njk> D�1 8 � > *65X5 E 8 ; %65 % 4 @PA�5 1mD 5 E > D IC5#I
>&%65 D 8 2 5J� *�>!><8 1 8 DK46F&1 5
8 1 e � 9 2�;^1 8 DK46; 7 ; 7�TJ:95
8 2 >CI ;^1 IC5 1v; T67�5�Io8H> F�D 5 %65
7]8m>&%?5 D ;�8v8 ; 7�T=>?7 49F�4<D 8 ;^E A�@ 46D
1 A+* 1 5f8�>6i 8 2 5�8 D�4<; 7 ; 7�TlI 4 8 4 Q 4 7�I 4 @ 1 >q8K> F�D 5-%?5
7]8NT65#7�5 D�4 @[>&%?5 D ;�8v8 ; 7�Tq8H> 8 2 5J8 DK46; 7 ; 7�TrI 4 8 4&; 8 1 5#@ i e /
IC5 1HE
DH;BF 8 ; >67o><i�8 2�;^1 8 DK46; 7 ; 7�T 4<F�F�D > 46E�2�;B1h1H2 >$jh7 ; 7 / @BT6> DH; 8 2 : M Y�e


������������� �"! � � $ : F @B5
:95
7]8 4 8 ; >67o><iQ" ( 1 / ; 7�8 2 5C&�& IC>6: 4<; 7 O *)>]>68 1 8 D�4<F 8 D�4<; 7 ; 7�T 4<F�F�D > 4?E�2 d Q ��� e
$ 7 F A�8 % � Q 1H;�� 5L><i ; 7 ; 8 ;^4 @ D�4 7�IC>6: F > F A�@ 4 8 ; >67q><i 1 >?@PAC8 ; >?7 1 e 1 46E�2&1 >?@PA�8 ; >67 E�2�D >?:9> 1 >6:95 �


D 5 F�D 5 1 5
7]8 ; 7�T�8 2 5Ljk5 ; T 2 8 1k4 7�I�8H> F >?@P>?T4>=><i 4 &�& :9>CIC5
@ e
� 6 8 2 507]A�: *)5 D >6i *)>]>68 1 8 D�4<Fq1 A * 1 5
8 1 T?5
7�5 DK4 8H5#I�i D >6: 8 2 5L> DK; T ; 7 4 @)8 D�4<; 7 ; 7�T 1 5
8 1 e�?QC8 2 5 1v; � 50><i�8 2 57*)>!><8 1 8 DK46Fo1 A+* 1 5f8 1 e


( AC8 F AC8 % /�1m; 7 / @BT6> DH; 8 2 : M O�e
M % � (p��� �� +����%� U�9����(
	 � 5#7�5 D�4 8K5�� *�>!>68 1 8 D�4<Fq1 A+* 1 5
8 1 ><i-8 2 508 D�4<; 7 ; 7�TGI 4 8 4 ><i 1H;�� 5�� e


� 5
7�5 D�4 8H5 D�4 7�I�>6: &�& F > F A�@ 4 8 ; >67o><i 1v; � 5 � Q 1 A E�2 8 2�4 8m5 4?E�2�F�46DK4 :95f8H5 D
O jk5 ; T 2 8 d >6i�8 2 5 1�&�& 1�� � . f 6� 0 Q 4 7�I�8 2 57* ; 7 46D > F�4<D 8 >6iU8 2 5 E�2�D >6:9> 1 >6:95 ;B1
5 ; 8 2 5 Dh; 7 ; 8 ;B4 @ ;^1 5#I 4 8LML> D�� <¦. f 6 g 0 e � 5
7�5 DK4 8H5b8 2 5L5
: F 8 >=i D >67]8 4 @ O 7�>?762 IC>6: ; 7 4 8K5#I d 1 5f8� ) b�� e � F I 4 8K5 � ) j ; 8 2 8 2 5L7�>6762 IC>?: ; 7 4 8H5#I 1 >6@BAC8 ; >67 1 i D >6: 8 2 5 D�4 7�I�>6: F > F A�@ 4 8 ; >?7,Q
j ; 8 2qD 5 1vF 5 E 8 8H>98 2 5 E�2 > 1 5
7�5 DKD > D 8K5 D : 1LO A 1H; 7�T 4G1 >6@BAC8 ; >?7=P 1 jk> D�1 8 � 8H5 D : 1 >&%?5 D 8 2 5� 1 A+* 1 5f8 1 dfe$ 7 ; 8 ;^4 @ ;B1 50T65#7�5 D�4 8 ; >?7 E >?A�7]8H5 D ,
� b f e


YU% � ���)(ª�# +�����]�"�$�!%#�!(ª�� U�9� ���!% % /u1 ; 7���� e
V+% � ���.""�	 U�9����( �U�����!'Q� ���)( % /�1m; 7���� e
� % & �!(�� � ��''���!'_��!)(p�	(� U� ���)( % /�1m; 7 ��� e
� % � ����(��!%�%-��%�%9����(p! �!(ª� % 1J% 4 @BA 4 8K508 2 5#1�&�& O	1 d ! G j ; 8 2qD 5 1vF 5 E 8k8K>G8 2 5LA 1 5 DIC5
8H5 D : ; 7�5#Io5 DKD > D :95 461 A D 5 1 >67o8 2 508 DK46; 7 ; 7�T 1 A+* 1 5f8 1mF�D 5 1 5#7]8H5#I e $�iA�  * ! G T6>G8H> �><8 2 5 D j ;^1 50T6>�8H> � e
� % , �3+� +�#���)���� '1�p� �)� 	


4 d $ 7 1 5 D 8�1�&�& E�2�D >?:9> 1 >6:95 O	1 d ! G ; 7?8K> �  ; i ; 8 ;B1 7�>68�IC>6: ; 7 4 8K5#I *M> ; 7�I ; % ; ICA 4 @ 1h; 70�  e* d �h5#:9>&%65+1�&�& E�2�D >?:G> 1 >?:95 O�1 d i D >?: �  j 2�;^E�2q46D 50IC>?: ; 7 4 8H5#I	*M>=8 2 5�! G e� % . �t���L��(p� % $�8K5 D�4 8K5b5 F > E�2qE >?A�7]8#Q+,�� b , @ g e $�i 1 8H> F�F�; 7�T EfDK; 8K5 DK;B4�2�4 %65b7�>68C*�5#5
7q:95f8h8 2 5
7
T6>G8K> Y QC5
@ 1 508K5 D : ; 7 4 8H5 4 @BT6> DH; 8 2 : 4 7�I 1K4 %65b:G5#: *)5 D�1 ><i,�  in> D 5 % 4 @PA 4 8 ; >67�>67o8H5 1 8�I 4 8 4 e$ % 5
7�I


�
	���Q�8�Z{�v�{���|Z�1�1uw~���uwvt�Q}n�����y���5}����tu {�s1�y� {p��}��1z¢|Z��}��5}�~8{n�Qu {tuwv"}��9uw�1}�~8{"{�s�|�{t{�s1}`v�u���}`�
�N{�s1}�v�}`v�}�{�vp� �1v�{�Q}`v��|Zzwzw}��ª{�s�|Z~{�s1}`�y��u��yuw~�|Zz_{���|Zuw~1uw~��5v�}�{X���Z{�s1}����"uwv�}2{�s1}`|Z� �1���	|Z��s��5uw�5uw�nvN{�s }�v�{�|Z~ ��|Z����{���|Zuw~1uw~��5�5}�{�s1�9���







���������	��
������������
������������	
���������������
�����
����������	���������
� M � Y


"&>CIC5#@ 1 IC5 DH; %65�IJi D >6: 8 2 5LT65#7�5 D�4 @�" ( 1�&�& i DK4 :G5#ja> D ]9A 1H; 7�TG8 2 5L7�5#j T?5
7�5 DK4 @ ;^1H4 8 ; >67J:95
8 2 >CI 1 j ; @P@
7�>$j�*�5 E >6: F�4<D 5#I e


�CB87�� � D�� <-H�< � G D � = D��4GCH	< K6= � =�� @ 	3> �4>�� � >��3> H�GCD <FKbG#@6<F= � @ >�� 	 � <�
0E > K


9 2�;^1N1 5 E 8 ; >?7 ; 7M%65 1 8 ; T 4 8H5 1bF�D > *�@B5
: >6i � 7�> ;^1 > P)( 4<D 5f8K>q5 1 8 ; : 4 8H5 1 j 2 5
7 4<F�F�D >K0 ; : 4 8 ; 7�T�inA�7 E 8 ; >67 4 @ D 5#@ 4 2
8 ; >67 1v2�;BF�1 e 9 2 5 E >6: F�46DH;^1 >67q><ic8 2 5p7�5#j T65#7�5 D�4 @ ;B1K4 8 ; >?7o8H5 E�2 7 ; M]A�5 1m; 7]8 D >!I�A E 5�I ; 7 8 2 5 F�D 5 % ; >?A 1�1 5 E 8 ; >67
;^1mF�D 5 1 5
7]8H5�IoA 1v; 7�T=8 2 5pI 4 8 4 8 2�4 8 2�461 *)5
5#7 F�D 5-% ; >6A 1 @3>�A 1 5#I ; 7 D 5 E 5
7]8mT DK4 I ; 5#7]8�IC5 1KE 5#7?8 4<F�F�D > 4?E�2 5 1 8K>
" ( &�& 8 D�4<; 7 ; 7�T *M> ' > S * 461K1 A O Y�O O?Y 4 de /u1u4 *�>&%?56Q�8 2 5 1 8 4 7�I 46D Io8 DK46; 7 ; 7�T�:G5
8 2 >CI ;^1uD 5
in5 DKD 5�I�8K> 4?1
���UQ 4 7�I�8 2 5L7�5
j�% 4 @ ; I 4 8 ; >67 4 7�I *)>]>68 1 8 D�4<F 8 D�4<; 7 ; 7�T9:G5
8 2 >CI 1h4?1 ��� 4 7�I � � D 5 1HF 5 E 8 ; %65#@3> e


T?U�V
	�VXT � � ��]eZnl ^	_ Z�k�d��a�^6_'^ ^�d�a `¨o+o+k�o [ `?^2i \o `"i


$ 7�8 2 5 E
4?1 5u><i 1v; T67 4 @ F�D > E 5 1K1v; 7�T ; 7�8 2 5 F�D 5 1 5
7 E 5�>6i 4 7�5
7M% ;PD >67�:G5#7]8 4 @ F�46DK4 :G5
8H5 D 8 2�4 8 ;^1 ; : F > 1K1v; *�@B5u> D
I ;��JE A�@P8.8H> 4 I 46F 8U8K>�Q$: ; 7 ; : ;^1v; 7�Tb8 2 5k: 4 0 ; :pA�: 5 DHD > D ><i 4 inA�7 E 8 ; >?7 46F�F�D >K0 ; : 4 8 ; >?77*�5 E >?:G5 1U; : F > D 8 4 7]8#Q
461b2�; T 2 @ ; T 2 8H5�I ; 7 ' > S * 4?1H1 A O Y%O%O]Y 4 d Q�@B5 4 I ; 7�T�8K>�8 2 5 1 > E
4 @P@B5#I � � ����� � 4<F�F�D >K0 ; : 4 8 ; >67 e 9 2 5�T?5
7�5 DH;^E
in> D :pA�@ 4 8 ; >67w><i D >4*�A 1 8 F�D >6T DK4 :9: ; 7�T ;B1 � b �L.�� 6 � 0 @�� j 2 5 D 5�� ;B1�� 7�>$jh7UQ � ;B1 > * 1 5 D %65#I 4 7�I � ;B1L4 7
A�7 E 5 D 8 46; 7J5#7M% ;BD >67�:95
7]8 4 @ F�4<D�4 :95f8K5 D 8 2�4 8 E�2�4 7�T65 1 8K>]>�i 461 8kin> D 4 I 46F 8 4 8 ; >67 e�� � ;B1k1 >?:95u5#7 % ;BD >?7�:95
7]8 4 @
5 DKD > D j 2�;BE�2�E#4 7�7�><8 *�5o:9>!I�5
@B@P5�I 2<*�AC89in> D j 2�;^E�2 8 2 5oI ;^1 8 DK; *�A�8 ; >67 4 @ F�D > F 5 D 8 ; 5 1 : 4 > *�5 � 7�>$jh7 O�4 7
510 4 : F @P5�: 4 > *)5�8 2 5�5 DHD > Dp; 7 2 5 D 5
7]8 ; 7 8 2 5�:95 4?1 A DH; 7�TlIC5 % ;BE 5�j 2�;^E�2tE >6@B@P5 E 8 1 8 2 5 F�D > E 5 1K1 I 4 8 4 de $ 7
8 2 5 ;BDaD 5 E 5
7]8 F�46F 5 DK1 ' > S * 461K1 A,Q O Y�O%O]Y 4 R]Y�O O?Y * d Q]IC5-%?5
@B> FJ4LDK;B1�� 2 4 %?5 D 8 ; 7�T O � / d 8 DK46; 7 ; 7�T EfDK; 8K5 DK; >?798 2�4 8
4 8H8H5#: F 8 1 8H>L8 DK4 IC512�> B41[A E @ ; IC5 4 7=5 DKD > D : ; 7 ; : ;B1K4 8 ; >?7=>67=>?7�5m510!8 D 5#:G5�j ; 8 2 8 2 5u: ; 7 ; : 4 0=5 DKD > D[EfDK; 8H5 DK; >67
>67 8 2 5l>68 2 5 D Q�@P5 4 I ; 7�T 8H>�8 2 5 . 
 6�P 0 � / 8 D�4<; 7 ; 7�T EfDK; 8K5 DK; >?7 e $ 7*8 2 5 1H; 8KA 4 8 ; >?7 j 2 5 D 5�� 4 7�I� 4<D 5
D 5 1HF 5 E 8 ; %65#@3> 1 5f8 1 ><i,> * 1 5 D %65#I ; 7 F A�8S2�>6AC8 F AC8 F�4<;BDK1 ><i`8 2 5 F�D > E 5 1H1 Q68 2 5 ;BDkD > *�A 1 8a5 DKD > D 8K5 D : ;^1 in> D :pA�@ 4 8K5#I
461



"!$#�%'&�(*)8. � 0,+ R	SUT . 
.- 4 W0/4 - 1 0 O � V]d


j 2 5 D 5 /�e.
2?1 6 � 0 ;^1 8 2 5k>6AC8 F AC8.><iC8 2 53inA�7 E 8 ; >?7 4<F�F�D >K0 ; : 4 8 ; >67L:9>CIC5#@?j ; 8 2�F�4<D�4 :95f8K5 D %65 E 8H> Dt� e P ;^1 ; 0!5�I
4 8 Y�e q 2 5#7 
 +43 8 2 5 EfDK; 8K5 DK; >?7 ;^1h; IC5
7]8 ;^E
4 @`8H>L13A E @ ; I�5 4 7&: ; 7 ; : ;^1K4 8 ; >67 4 7�I 461 
6587 ; 8 4<F�F�D > 46E�2 5 1
9;:9uw�5uwz¢|Z��u {�uw}�v¨�X|Z~��
�N���y�1��v�} _}`�|Z�1}L{���Z{�s }n� �¤�y��}��n|Zv�{�uw~���� �y�|Zuw~1v � 	 ~ �¤�y��}��X|Zv�{�uw~��x}����y~1�y�5uw�`v�}���uw}�v £�u�� } �¨� }n�|Z~ � �¤�y�| �y�8�8�Q§��+�|Z~;<�}�©9�1z¢|Z~�|�{��y��< �|Z�n���8}n���y~1�y�5uw� �y|Z��u¢|
1zw}�v �|=< Q}��1v�}�� ���5�y~1}><\v��1�1� z <8�U|n�	}���|
�y}zw}��	}�z��
�*� } 9{X� �|Zz¢|Z~ �n}5�
���|=< �5}�~	{�vt}�{�� �$?"�X�ª}��	}��¨{�s }2�5�9�1}�zwzwuw~����
�+�5uw�����8}����y~1�y�5uw�L}��	}�~8{�vpuw~{�s }2}n���y~1�y�@<xuwv*�1v���|Zzwz <5{��8�5�1u A5���1z {n��|Z~�|Z� �	}���{�uwv�uw~���n|Z�5��|Zu��y~xuw~-|¡�1u ¥_}���}n~	{p|Z��}n|��
�U{�s1}`�n�y� ~8{���<	�Q��s1|Z~��y}�vpuw~�{�|Zv�{�}�vX��v�uw�5�1zw}puw~ �1u � uw� ��|Zz ��s �yuw�n}`�1}���uwv�uw�y~ v �







���������	��
������������
������������	
���������������
�����
����������	���������
� M � V


8 2 5�: ; 7 ; : 4 0 E
DH; 8H5 DH; >67 O ' >�Q Y%O%O?Y?de 9 2 5 1 5p5 DKD > D�1m4<D 5L8 2 5
7 F�D > F�4 T 4 8H5�IqICA DK; 7�T�8 D�4<; 7 ; 7�T�Q)j ; 8 2 5 ; 8 2 5 Db4
;+0C5#I	% 4 @BA�50><i 
 Q�> D j ; 8 2q; 8 E�2�4 7�T ; 7�T9>&%?5 D 8 ; :G5?Q�IC5 F 5#7�I ; 7�T=>67o8 2 5C&�& 5-% 4 @PA 4 8 ; >67 e


/ 7!A�: *)5 D ><ia8H5 1 8binA�7 E 8 ; >67 1L46D 59IC5-%?5
@B> F 5#I ; 7 O ' > S *k4?1H1 A,Q Y%O%O?Y 4 d ; 7w> D IC5 D 8H>&IC5#:G>?7 1 8 D�4 8H5�8 2 5
52B\5 E 8 ; %65#7�5 1K1 >6i`8 2 5 ;PDk4<F�F�D > 4?E�2 Q 4 7�I98 2 5m8 D�4 I�512�> B�>6i)*�5
8Xja5#5
781[A E @ ; IC5 4 7 O : 4 0 ; :�A�: 2 @ ; � 5
@ ;B2 >!>!I d ;�8v8 ; 7�T
4 7�I D >4*�A 1 8 ;�8H8 ; 7�T e 9 2 5 ; DK1 8m><i�8 2 5 1 508K5 1 8kinA�7 E 8 ; >?7 ;B1 IC5-;�7�5�I *)5
@B>$j


�L.#
 0,+ ��� )9D � E )9D ��� .#
 0 @ � ��� )9D � E )9D 	
� .#
 0 O � � d


j 2 5 D 50
��� f 6 3�� 4 7�I 8 2 5&5#7M% ;BD >67�:95
7]8 F�46DK4 :95f8H5 D � 2�461�4 7 $ O � F�D >4* 4 * ; @ ; 8 > ><i08 4 �!; 7�Tr8 2�4 8 % 4 @PA�5
><iNM?Q 4 7�I 4 Y%O � F�D > * 4 * ; @ ; 8 > >6iC*�5 ; 7�T � 5 D > e 9 2 5 ; 7�I ;BE#4 8K> D inA�7 E 8 ; >?7 � 2�461 8 2 5 F�D > F 5 D 8 > . ��� .6
 0�+
3 - 
���� 0�� . ��� .6
 0 + 3 - 
 >��� 0 e / T DK46F�2�;^E
4 @ D 5 F�D 5 1 5#7]8 4 8 ; >?7r>6ia8 2�;^1 inA�7 E 8 ; >67,Q.j ; 8 2 � O%O%O D�4 7�I�>6:9@3>
O ��7 ; in> D :G@,> d T65#7�5 D�4 8K5#I F > ; 7]8 1 Q ;^1h1v2 >$jh7 ; 7 / ; T6A D 5 � V�e


0


0.2


0.4


0.6


0.8


1


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1


O
ut


pu
t


Input


SAMPLES


/ ; T6A D 5 � V+%2' > 4 7�I *k4?1H1 A=P 1 ; DK1 8m7�> ;B1 >=inA�7 E 8 ; >67 O ' > SJ* 461K1 AUQ Y�O%O]Y 4 de O 9�5 1 8kinA�7 E 8 ; >?7wM de


9 2 5 ;PDm1 5 E >67�I�8H5 1 8 inA�7 E 8 ; >67 ;^1h4 7�> ;^1 > 1v; 7!A 1 > ; I,QCj ; 8 2q4GD�4 7�I�>6: F�2�461 5 1H2�; i�8 e $�8 ;^1 IC5-;�7�5#I 4?1 %


�L.�� 0 +��
��� .�� @ � 0 @ � O ��� d


j 2 5 D 5 
��� f 6! #" � Q E92�461L4 ��� � F�D >4* 4 * ; @ ; 8 >&><i *)5 ; 7�T O Q 4 7�I 4 Y � � F�D > * 4 * ; @ ; 8 > >6i *)5 ; 7�T&5PM]A 4 @.8H> YCe
� � � ? f 6 f 7 f%$Qf'&)( B e / F @B><8G><i � O O%O ; 7 F AC8'2 >?AC8 F AC8 F�4<;BD T65#7�5 D�4 8K5#Iri D >6: 8 2�;^1 inA�7 E 8 ; >?7�*M>��m7 ; in> D :9@3>







���������	��
������������
������������	
���������������
�����
����������	���������
� M � �


1K4 : F @ ; 7�T 4?EfD > 1K1 8 2 5 DK4 7�T650>6i � ;^1 F�D >&% ; IC5�I ; 7 / ; T6A D 5 ��� e


-1.5


-1


-0.5


0


0.5


1


1.5


0 1 2 3 4 5 6 7


O
ut


pu
t


Input


SAMPLES


/ ; T6A D 5 ��� %L' > 4 7�I * 461K1 A P 1 1 5 E >?7�I�7�> ;^1 >JinA�7 E 8 ; >?7 O ' > S *k4?1H1 A,Q Y%O%O?Y 4 dfe O 9U5 1 8hinA�7 E 8 ; >67 Y?de


T?U�V
	�V W � `�_+mk�axi


/ O M���M d 2)1 .5" ( 1 / * 461 5#I�>67G8 2 5�( / 1 . O O07�>$jh@P5 1cS�@ > D 7�5?Q�M M&M_M�R O07�>$jh@B5 1.S�@ > D 7�56Q Y%O%O%O]d ;^1 A 1 5#I ; 7
8 2�;B1 1 5 E 8 ; >?7=8H>�8 D�4<; 7=8 2 5 ( 46D 5
8H> " ( 1�&�& :9>!I�5
@ 1uO�; IC5#7]8 ;^E
4 @)8K>p8 2 5+" ( 1 / A 1 5�IJIC5 1KEfDK; *�5�I ; 7 @a2�46F 8H5 D
� dfe 9 2 5 46DKE�2�; %65 ;^1m; 7 ; 8 ;^4 @ ;B1 5#Iqj ; 8 2 M O%O O DK4 7�IC>6:9@,> ; 7 ; 8 ;^4 @ ;B1 5#Iq7�5
8Xja> D��C1 in> D 5 46E�2 8H5 1 8uinA�7 E 8 ; >?7,Q)j 2 > 1 5
: 4 0 ; :pA�: 8K> F >6@B>6T ;BE#4 @ D 5 F�D 5 1 5
7]8 4 8 ; >67 ;^1L; IC5
7]8 ;^E
4 @.8H>o8 2 > 1 5GA 1 5�I ; 7 ' > S * 461K1 A O Y%O%O]Y 4 d O M % M O+% M 4 7�I
M % � % M dfe 9 2 5 4 @BT6> DK; 8 2 : F�4<D�4 :95f8K5 D�1k46D 5 %


� ( D > * 4 * ; @ ; 8 >=>6i-jk5 ; T 2 8 F 5 D 8HA D * 4 8 ; >?7 � O�e YCe
� ( D > * 4 * ; @ ; 8 >=>6i-7�>!I�5NIC5
@B5f8 ; >?7  4 I�I ; 8 ; >67 � O�e O?Y�e


� ( D > * 4 * ; @ ; 8 >=>6i-jk5 ; T 2 8mIC5#@P5
8 ; >67 � O�e O]YCe
� (-5 D 8KA D * 4 8 ; >?7 � � . f 6 3 0�� f 7 3 e


� $ 7 ; 8 ;B4 @`ja5 ; T 2 8 1�� � . f 6 3 0 e


� 9 D�4<; 7 ; 7�T 1 5
8 1v; � 5 O - � - d � � O O F�4 8v8K5 D 7 1pO > D � O%O  Y�O O j ; 8 2 8 DK46; 7  &% 4 @ ; I 4 8 ; >67 d in> D 8H5 1 8minA�7 E 8 ; >?7 1 M6Q
V%O%O F�4 8v8H5 D 7 1LO > D Y%O%O  !M O O j ; 8 2 8 D�4<; 7  K% 4 @ ; I 4 8 ; >?7 d in> D 8H5 1 8hinA�7 E 8 ; >?7 Y�e







���������	��
������������
������������	
���������������
�����
����������	���������
� M � �


��* >!>68 1 8 D�4<F�1H; � 5 � M � O�e


� &mA�: *�5 D ><i * >!>68 1 8 D�4<F�1 � M O�e


� 9U5 1 8 1 5f8 1H;�� 5 V O%O O F�4 8v8K5 D 7 1 e
� 9 D�4<; 7 ; 7�T � 5#7�5 D�4 8 ; >?7 1 � M O%O O%O%O O in> D 8K5 1 8hinA�7 E 8 ; >67 1 M?Q Y � O%O%O O in> D 8H5 1 8 inA�7 E 8 ; >67 YCe


1 4?E�2 4 @BT6> DK; 8 2 : j 4?1LD A�7 V%O 8 ; :95 1 j ; 8 2 I ; B\5 D 5
7]8 ; 7 ; 8 ;^4 @ ;B1K4 8 ; >?7 %65 E 8H> DK1N4 7�I I ; B\5 D 5
7]8 D�4 7�IC>?: 1 5
5�I 1 Q
8 2 5L8Xja>J8 D�4<; 7 ; 7�T=5 DKD > DK1 8K> *�5p: ; 7 ; : ;B1 5#I 46D 508 2 5C1[A E @ ; IC5 4 7lI ;B1 8 4 7 E 5 4 7�I�8 2 5 � / E
DH; 8H5 DH; >67&IC5 1HE
DH; *�5�I
; 741 M?A 4 8 ; >67 � V O 
 1 5f8 4 8 Y%O?de 9 2 5L5-% 4 @BA 4 8K5#I�5 DKD > DK1 >6iU8 2 508 D�4<; 7�5#Io:9>CIC5
@ 1h4<D 5b8 2 5 4 %?5 D�4 T65�1[A E @ ; IC5 4 7
5 DKD > D04 7�Ir: 4 0 ; :�A�: 1[A E @ ; IC5 4 7 5 DKD > D e 9 2 5G8 D�4<; 7 ; 7�T 1H;�� 5 ;B1 � 5 F 8NIC5
@ ; *�5 DK4 8H5
@,> 1 : 4 @B@ 4 7�Il8 2 597!A�: *)5 D
><icT?5
7�5 DK4 8 ; >67 1 A 1 5#Iq@ 4<D T65b8H> 2 5
@ F M?A 4 7]8 ; i >�8 2 5N5*B)5 E 8�>6i->&%?5 D ;�8v8 ; 7�T9j 2 5#7 4 8H8H5
: F 8 ; 7�T=8H>=5 1 8 ; : 4 8K5L8 2 5
( 4<D 5f8K>�5 DHD > D T65#7�5 D�4 8 ; 7�T F�D > E 5 1K1 e 9 2 598 2�D 5
5 % 4 @ ; I 4 8 ; >67w:95f8 2 >!I 1 IC5 1KEfDK; *)5#I ; 7r8 2 5 F�D 5-% ; >?A 1 @a2�46F 8H5 D
4<D 5 E >6: F�46D 5�I`Q]8 2�4 8 ;^1 ��� O O0A F�; 7 1��!;\S / 7 4?1 8 461H; >�Q�M M_M_M�R / ; 5
@^I 1 5
7�I S . ; 7�T 2 Q Y%O%O]Y * d Q ��� 4 7�I � � e
9�ja>q:95 4?1 A D 5 1p4<D 5GA 1 5�Iw8H> E >?: F�4<D 5G8 2 5�I ; B\5 D 5
7]8p:9>CIC5
@ 1 5
8 1LD 5f8KA D 7�5#I *M> 8 2 5I" ( 1�&�& 1 >67 8 2 5


8H5 1 8�I 4 8 4 e
9 2 5 ; D�1 8h><i�8 2 5 1 50:95 4?1 A D 5 1a;^1 8 2 5��� :95 461 A D 56Q!j 2�;^E�2�2�461 *�5#5
7oA 1 5#I F�D 5 % ; >?A 1 @,> ; 7�8 2�;B1 8 2 5 1H;^1 Q 4 7�I


E >?A�7]8 1 8 2 5 F�D > F > D 8 ; >67 ; 7 F > ; 7]8 1k; 7�>?7�5 1 5f8k8 2�4 8 4<D 5uIC>?: ; 7 4 8H5#IN*M> F > ; 7]8 1k; 7 4 7�><8 2 5 D0O / ; 5#@BI 1 5#7�I �8� ]Q^PZ
Q Y%O%O6V]de $ 7o8 2�;^1m1 5 E 8 ; >67 ; 8 ;^1 A 1 5#I	*)><8 2 8K>=5 1 8 ; : 4 8H508 2 5 ; 7]8K5 D 7 4 @ E >67 1H;B1 8H5#7 E >�><i 4G1H; 7�T6@B5 1 5
8h><i.:G>CIC5#@ 1
5-% 4 @PA 4 8H5�Il>?7 8H5 1 8NI 4 8 4 Q��� . ��� 6 ��� 0 Q 4 7�Il8H> E >?: F�4<D 5N8Xjk> 1 5f8 1 ><i 1 &�& 1ND 5
8HA D 7�5#IA*M>&8Xja>qI ; B)5 D 5#7]8
8 D�4<; 7 ; 7�Tw:G5
8 2 >CI 1 Q��� . ��� 6 ��� 0 e $ 7t8 2 5 ; DK1 8 ; 7 1 8 4 7 E 5?Q[8 2 5 2�; T 2 5 D 8 2 5 % 4 @BA�5 D 5f8KA D 7�5#I�8 2 5qT D 5 4 8H5 D
7!A�: *)5 D ><i`:9>CIC5
@ 1 8 2�4 8 46D 5mI�>6: ; 7 4 8H5�I *M>p><8 2 5 D�1 >6i\8 2 5 1K4 :95 1 5f8�Q 4 7�IG8 2 5 D 5
in> D 5 8 2 5�:G> D 5 ; 7 E >67 1H;^1 8K5
7]8
8 2 5 1 5
8 ;B1mO 8 2 5 inA D 8 2 5 D34 j 4 > ; 8 ;B1 i D >6: *�5 ; 7�T 4 ( 4<D 5f8K> 1 5
8[j ; 8 2GD 5
T 4<D I 1 8H>b8 2 5 8H5 1 8aI 4 8 4 de $ 7�8 2 5 1 5 E >?7�I
; 7 1 8 4 7 E 56Q �� . ��� 6 ��� 0 Q ; 8m:95 461 A D 5 1k2 >$j 4?E
E A DK4 8H5b>67�5bi D >67]8 ;B1 ; 7 E >?: F�4<DK;B1 >67�8H> 4 7�>68 2 5 D e
9 2 5 1 5 E >?7�Il:95 461 A D 5 ;B1 8 2 5 %6>?@PA�:959:95 4?1 A D 5��uQ,j 2�;^E�2 j 4?1b4 @ 1 > ; 7]8 D >CICA E 5#I ; 7 ( 46D 87$Q 4 7�I 4 T 4<; 7


E >?: F�4<D 5 1 8 2 5 46E
E A D�46E >=>6iU8Xjk> 1 5
8 1 ><i.:9>CIC5
@ 1 >67o8 2 508H5 1 8mI 4 8 4 e


T?U�V
	�V/< � `"i�\�] _+i


/�1 8 2 5 D 5 1 A�@ 8 1L; 7 9 4 *�@P5 1 M�� 2GM M E @P5 4<D @3> 1v2 >$jLQ�8 2 5 F�D > F > 1 5#I *�>!>68 1 8 D�4<F 8 D�4<; 7 ; 7�T 4<F�F�D > 46E�2 Q ���hQ ;B1
: 4<D � 5�IC@3> 1 A F 5 DH; > D 8H> *�>68 2 ><i,8 2 5u>68 2 5 Dk46F�F�D > 4?E�2 5 1 Q F�D >CICA E
; 7�T�:9>!I�5
@ 1 5
8 1 j 2�;^E�2�4<D 5�:9> D 5 E >67 1H;^1 8K5
7]8
8 2�4 7J8 2 5b><8 2 5 D 8Xja>p8 D�4<; 7 ; 7�Tp:95f8 2 >CI 1 461 ja5#@P@ 461a; 8 1 8H5 1 8 1 5
8a5-% 4 @PA 4 8 ; >67 1 *)5 ; 7�T 1H; T67 ; ; E
4 7]8H@,> ��	��� � � �3><i
8 2 5 E >6: F 5f8 ; 7�T 46F�F�D > 46E�2 5 1 A 1H; 7�TG8 2 5	� :95 461 A D 5 1 e







���������	��
������������
������������	
���������������
�����
����������	���������
� M � �


9 4 *�@B5�M � % 9�5 1 8�inA�7 E 8 ; >?7�M e ( D > F > D 8 ; >67N>6i 4<D�E�2�; %?5 1 5f8/;�8v8K5#I�>67L8 2 538 DK46; 7 ; 7�TbI 4 8 4 8 2�4 8 ;B1 7�>?762 IC>6: ; 7 4 8K5#I
>67t8H5 1 8�I 4 8 4 O �� .��� 6 �� 0 de " 5 4 7 1=2�; T 2 @ ; T 2 8H5#I ; 7 *)>6@^I 1v; T67 ; i > 1H; T67 ; ; E
4 7]8H@,> *�5
8v8H5 DJD 5 1 A�@ 8 1 A�7�IC5 D 8 2 5q ; @ E >K0!>?7s7�>67+2 F�46DK4 :95f8 DK;^EJ1v; T67�5#I D�4 7 �C1 8H5 1 8 O Y 8 4<; @P5�I`Q O�e O]Y � ; 7�5 4?E�2 8 46; @ e d .]8 4 7�I 46D I�IC5-% ;^4 8 ; >67 1p; 7
F�46D 5#7?8 2 5 1H;^1 e


�� .��� 6 �� 0��� O�e Y � Y M
O O�e O?Y � O?d��� O�e V?Y $ M
O O�e O � � � d� � �
�
� � � #


O O�e O M � � d


9 4 *�@B5LM��0in> D[; 7 1 8 4 7 E 5 1v2 >$j 1 8 2�4 8[in> D 8K5 1 8[inA�7 E 8 ; >67 M 8 2 5 1 5f83>6i�1�&�& 1[D 5f8HA D 7�5�I * >�8 2 5����=:95f8 2 >CI
E >?7]8 4<; 7�5�I�>?7 4 %65 D�4 T?5 Y � e � � I�>6: ; 7 4 8H5�I01�&�& 1 >?7�8 2 5h8K5 1 8aI 4 8 4=On; e 5 e[Y � e � � 1 A+*)> F 8 ; : 4 @ ; 7 E >?: F�4<DK;B1 >67
8H>G><8 2 5 D 1�&�& 1 ><i,8 2 5 1H4 :G5 1 5
8 dfe /�> D 8 2 5 ��� :G5 461 A D 5m8 2�;B1 j 461 V]YCe M � j 2 5 D 5 461 8 2 5 � � 5-0 F 5 DK; 5
7 E 5#I
Y6Y�e M � 1 5#@ i`IC>?: ; 7 4 8H5#I F > ; 7]8 1 e /�> D 8H5 1 8cinA�7 E 8 ; >?7 Y 8 2�;B1 j 4?1 M O�e Y � Q�M YCe � � 4 7�I � e M � D 5 1HF 5 E 8 ; %65#@3> O 9 4 *�@B5
M1� de 9 4 *�@B5�M � 1v2 >$j 1 8 2�4 8+1 &�& 1 i D >6: 8 2 5 � � IC>6: ; 7 4 8K5#I ��� e � � ><ic8 2 > 1 5 F�D >CICA E 5�I *M>����l>?7&8 2 5
8H5 1 89inA�7 E 8 ; >67 M�8H5 1 8 ; 7�T I 4 8 4 Q 4 7�I $ � e � � >6im8 2 > 1 5q>6i�� � e 9 2 5q@P5
i�8G8 4 *�@B5 ; 7�9 4 *�@B5rM � 1H2 >$j 1 8 2�4 8
8 2 5C1�&�& :9>!I�5
@ 1hF�D >!I�A E 5�I * > ���*@ 4 >J>67 4 %?5 D�4 T65 YCe $ � 4<2 5 4 I�>67q8 2 > 1 5 F�D >!I�A E 5�I *M>�8 2 5p><8 2 5 D 8Xjk>
:95f8 2 >CI 1h; 7o> *65X5 E 8 ; %65 1vF�46E 5 e


/ ; T?A D 5 1 ��� 2 � � 1H2 >$jt8 2 5u5 1 8 ; : 4 8H5�I ( 4<D 5f8H>0i D >67]8 1 ><i 4L1H; 7�T6@B5 D A�7?* >�8 2 5h8 2�D 5
5�:G5
8 2 >CI 1 >67G8 2 5m8Xjk>
8H5 1 8hinA�7 E 8 ; >?7 1 e







���������	��
������������
������������	
���������������
�����
����������	���������
� M � �


9 4 *�@B5sM � % 9U5 1 8=inA�7 E 8 ; >67 M e @ >6: F�46DH;^1 >?7 *)5f8Xjk5
5#7 5 1 8 ; : 4 8H5�I ( 46D 5
8H>wi D >?7]8 1 >67 8K5 1 8�I 4 8 4 i D >?: 8 2 5
1 8 4 7�I 4<D I`Q % 4 @ ; I 4 8 ; >67,Q 4 7�I *�>!><8 1 8 DK46F�F�; 7�T=8 DK46; 7 ; 7�TJ:9>CIC5#@ 1 Q\A 1v; 7�T�8 2 5��� :95 461 A D 5 e �� .�� 6 � 0 ;^1 8 2 5p:95 4 7
F�D > F > D 8 ; >67&>6ic8 2 5G:95
: *)5 D�1 ><i[8 2 5p5 1 8 ; : 4 8K5#I i D >?7?8 F�D >!I�A E 5�I *M>�8 2 5�8 D�4<; 7 ; 7�T�:95f8 2 >CI � *=P)I�>6: ; 7 4 8H5�I*M>&:95
: *)5 D�1 ><i[8 2 595 1 8 ; : 4 8H5�I&i D >67]8 F�D >CICA E 5#I *M>q8 2 5p8 DK46; 7 ; 7�T�:95f8 2 >!I � 4 P e "&5 4 7 1u46D 5�>&%65 D V%O D A�7 1 Q
j ; 8 2&1 8 4 7�I 4<D I�IC5 % ;B4 8 ; >67 ; 7 F�4<D 5
7]8 2 5 1 5 1 e


�� . ��� 6 ��� 0 �
��� � � �


O O�e V%O � � d
�� . ��� 6 � � 0 O�e M�� O6V


O O�e Y<V&M?Y?d
�� . � � 6 � � 0 O�e Y $ M $


O O�e Y6Y_M_M]d
�� . ��� 6 � � 0 O�e O_M � O


O O�e M Y M6M d
�� . � �6 ��� 0 �


�
#�� � �O O�e V%O ��$ d


�� . � �x6 ��� 0 �
�
��� � �


O O�e Y M V � d


9 4 *�@B5rM � % 9U5 1 88/�A�7 E 8 ; >?7 M e @ >?: F�4<DK;B1 >67 *)5f8Xjk5
5#7t5 1 8 ; : 4 8H5#I ( 4<D 5f8K> i D >67]8 1 >67t8H5 1 8JI 4 8 4 i D >?: 8 2 5
1 8 4 7�I 4<D I`Q % 4 @ ; I 4 8 ; >?7,Q 4 7�I *)>!><8 1 8 DK46F�F�; 7�T=8 D�4<; 7 ; 7�TJ:9>CIC5
@ 1 Q�A 1H; 7�TJ8 2 5�� :95 461 A D 5 e q 2 5 D 5 � . � 0 ;B1 8 2 5
:95 4 7 F�D > F > D 8 ; >67r><ik8 2 5?%?>6@BA�:959><i38 2 5=: ; 7 ; :�A�: 2 > F 5 DKE A+*)5 E >67]8 4<; 7 ; 7�T 4 @P@c5 1 8 ; : 4 8K5#Iri D >67]8 1 Q,j 2�;^E�2
;^1 IC>?: ; 7 4 8H5#I�*M>t:G5#: *)5 D�1 >6ib8 2 5 5 1 8 ; : 4 8K5#I i D >67]8 F�D >CICA E 5#I *M>t:95f8 2 >CI � 4 P e "&5 4 7 1�4<D 5&>&%65 D V O
D A�7 1 Q 1 8 4 7�I 46D I&IC5 % ;B4 8 ; >67 ; 7 F�46D 5#7?8 2 5 1 5 1 Q % 4 @PA�5 461b4JF 5 D�E 5#7?8 4 T?5 e �h5 1 A�@ 8 1u2�; T 2 @ ; T 2 8K5#I ; 7A*)>6@^I 1v; T67 ; i >
1H; T?7 ; ; E
4 7]8K@3> *�5
8v8H5 DuD 5 1 A�@P8 1 A�7�IC5 D 8 2 5eq ; @ E >K0C>67q7�>?762 F�4<D�4 :95f8 DH;^E01v; T67�5#I D�4 7 �C1 8K5 1 8 O Y 8 4<; @P5�I`Q O�e O?Y � ; 7
5 4?E�2 8 4<; @ e d


9�><8 4 @ 1I0 E @BA 1H; %?5
@,>
� .	� 0 O�e � � Y � O�e O%O ��M


O O�e O?V � M?d O O�e O%O $ � d
��.	
 0 O�e � � � � O�e O%O?V%O


O O�e O]Y �&� d O O�e O%O � $ d
� .� 0 �


�
# � � # �


�
� � � �


O O�e O M1� V?d O O�e O?Y<V M d







���������	��
������������
������������	
���������������
�����
����������	���������
� M �%$


9 4 *�@B5�M�� % 9�5 1 8�inA�7 E 8 ; >?7 YCe ( D > F > D 8 ; >67N>6i 4<D�E�2�; %?5 1 5f8/;�8v8K5#I�>67L8 2 538 DK46; 7 ; 7�TbI 4 8 4 8 2�4 8 ;B1 7�>?762 IC>6: ; 7 4 8K5#I
>67t8H5 1 8�I 4 8 4 O �� .��� 6 �� 0 de " 5 4 7 1=2�; T 2 @ ; T 2 8H5#I ; 7 *)>6@^I 1v; T67 ; i > 1H; T67 ; ; E
4 7]8H@,> *�5
8v8H5 DJD 5 1 A�@ 8 1 A�7�IC5 D 8 2 5q ; @ E >K0!>?7s7�>67+2 F�46DK4 :95f8 DK;^EJ1v; T67�5#I D�4 7 �C1 8H5 1 8 O Y 8 4<; @P5�I`Q O�e O]Y � ; 7�5 4?E�2 8 46; @ e d .]8 4 7�I 46D I�IC5-% ;^4 8 ; >67 1p; 7
F�46D 5#7?8 2 5 1H;^1 e


�� .��� 6 �� 0� � O�e M O M M
O O�e O � O&M?d��� O�e M � � M
O O�e O � M � d��� �
�
� � � �O O�e O � V?V?d


9 4 *�@B5sMP$ % 9U5 1 8=inA�7 E 8 ; >67 Y�e @ >6: F�46DH;^1 >?7 *)5f8Xjk5
5#7 5 1 8 ; : 4 8H5�I ( 46D 5
8H>wi D >?7]8 1 >67 8K5 1 8�I 4 8 4 i D >?: 8 2 5
1 8 4 7�I 4<D I`Q % 4 @ ; I 4 8 ; >67,Q 4 7�I *�>!><8 1 8 DK46F�F�; 7�T=8 DK46; 7 ; 7�TJ:9>CIC5#@ 1 Q\A 1v; 7�T�8 2 5��� :95 461 A D 5 e �� .�� 6 � 0 ;^1 8 2 5p:95 4 7
F�D > F > D 8 ; >67&>6ic8 2 5G:95
: *)5 D�1 ><i[8 2 5p5 1 8 ; : 4 8K5#I i D >?7?8 F�D >!I�A E 5�I *M>�8 2 5�8 D�4<; 7 ; 7�T�:95f8 2 >CI � *=P)I�>6: ; 7 4 8H5�I*M>&:95
: *)5 D�1 ><i[8 2 595 1 8 ; : 4 8H5�I&i D >67]8 F�D >CICA E 5#I *M>q8 2 5p8 DK46; 7 ; 7�T�:95f8 2 >!I � 4 P e "&5 4 7 1u46D 5�>&%65 D V%O D A�7 1 Q
j ; 8 2&1 8 4 7�I 4<D I�IC5 % ;B4 8 ; >67 ; 7 F�4<D 5
7]8 2 5 1 5 1 e


�� . ��� 6 ��� 0 O�e M1� � O
O�e M � �CM


�� . � � 6 ��� 0 O�e M � � �
O�e M O&M%O


�� . � � 6 � � 0 �
�
� #�� �


O O�e Y�O �_� d
�� . ��� 6 � � 0 O�e Y�O M �


O O�e M � O � d
�� . � �6 ��� 0 �


�
� �ª# �


O O�e Y ��$ Y?d
�� . ��� 6 � � 0 O�e YQM&M_M


O O�e Y $���� d







���������	��
������������
������������	
���������������
�����
����������	���������
� M � M


0.3 0.4
0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Average Euclidean Error


M
in


im
um


 M
ax


im
um


 E
uc


lid
ea


n 
E


rr
or


/ ; T?A D 5�� � % 9�5 1 8JinA�7 E 8 ; >67 M6Qh5 1 8 ; : 4 8H5#I�( 46D 5
8H> i D >67]8 1 Q F > ; 7]8 1 i D >6: 8 2 5 1 8 4 7�I 46D It8 D�4<; 7 ; 7�T :95f8 2 >CI
IC5#7�><8K5#I *M> � � PBQ F > ; 7]8 1 i D >?: 8 2 5 % 4 @ ; I 4 8 ; >?7�8 DK46; 7 ; 7�T :95f8 2 >CI IC5
7�>68H5�I *M> � > P 4 7�I F > ; 7]8 1 i D >?: 8 2 5*)>]>68 1 8 D�4<F 8 D�4<; 7 ; 7�T9:G5
8 2 >CIqIC5#7�><8K5#I * > � 0)P e


9 4 *�@B5rM M+% 9U5 1 88/�A�7 E 8 ; >?7 Y�e @ >?: F�4<DK;B1 >67 *)5f8Xjk5
5#7t5 1 8 ; : 4 8H5#I ( 4<D 5f8K> i D >67]8 1 >67t8H5 1 8JI 4 8 4 i D >?: 8 2 5
1 8 4 7�I 4<D I`Q % 4 @ ; I 4 8 ; >?7,Q 4 7�I *)>!><8 1 8 DK46F�F�; 7�T=8 D�4<; 7 ; 7�TJ:9>CIC5
@ 1 Q�A 1H; 7�TJ8 2 5�� :95 461 A D 5 e q 2 5 D 5 � . � 0 ;B1 8 2 5
:95 4 7 F�D > F > D 8 ; >67r><ik8 2 5?%?>6@BA�:959><i38 2 5=: ; 7 ; :�A�: 2 > F 5 DKE A+*)5 E >67]8 4<; 7 ; 7�T 4 @P@c5 1 8 ; : 4 8K5#Iri D >67]8 1 Q,j 2�;^E�2
;^1 IC>?: ; 7 4 8H5#I�*M>t:G5#: *)5 D�1 >6ib8 2 5 5 1 8 ; : 4 8K5#I i D >67]8 F�D >CICA E 5#I *M>t:95f8 2 >CI � 4 P e "&5 4 7 1�4<D 5&>&%65 D V O
D A�7 1 Q 1 8 4 7�I 46D I&IC5 % ;B4 8 ; >67 ; 7 F�46D 5#7?8 2 5 1 5 1 Q % 4 @PA�5 461b4JF 5 D�E 5#7?8 4 T?5 e �h5 1 A�@ 8 1u2�; T 2 @ ; T 2 8K5#I ; 7A*)>6@^I 1v; T67 ; i >
1H; T?7 ; ; E
4 7]8K@3> *�5
8v8H5 DuD 5 1 A�@P8 1 A�7�IC5 D 8 2 5eq ; @ E >K0C>67q7�>?762 F�4<D�4 :95f8 DH;^E01v; T67�5#I D�4 7 �C1 8K5 1 8 O Y 8 4<; @P5�I`Q O�e O?Y � ; 7
5 4?E�2 8 4<; @ e d


9�><8 4 @ 1I0 E @BA 1H; %?5
@,>
� .	� 0 O�e $ V?Y M O�e O%O]Y M


O�e O?Y � O O�e O%O]YQM
��.	
 0 O�e $ V M O O�e O%O]Y M


O�e O?Y $ M O�e O%O ��M
� .� 0 �


�
� � � � �


�
� � # �


O�e O?Y � V O�e O M O �







���������	��
������������
������������	
���������������
�����
����������	���������
� M � O


0.5 0.55 0.6
1


1.2


1.4


1.6


1.8


2


2.2


2.4


2.6


2.8


3


Average Euclidean Error


M
in


im
um


 M
ax


im
um


 E
uc


lid
ea


n 
E


rr
or


/ ; T?A D 5�� � % 9�5 1 8JinA�7 E 8 ; >67 Y Qh5 1 8 ; : 4 8H5#I�( 46D 5
8H> i D >67]8 1 Q F > ; 7]8 1 i D >6: 8 2 5 1 8 4 7�I 46D It8 D�4<; 7 ; 7�T :95f8 2 >CI
IC5#7�><8K5#I *M> � � PBQ F > ; 7]8 1 i D >?: 8 2 5 % 4 @ ; I 4 8 ; >?7�8 DK46; 7 ; 7�T :95f8 2 >CI IC5
7�>68H5�I *M> � > P 4 7�I F > ; 7]8 1 i D >?: 8 2 5*)>]>68 1 8 D�4<F 8 D�4<; 7 ; 7�T9:G5
8 2 >CIqIC5#7�><8K5#I * > � 0)P e







���������	��
������������
������������	
���������������
�����
����������	���������
� M ��M


T?U�V
	�V� � k�[ [ `bd _Ui


9 2 5 1 5 D 5 1 A�@P8 1�E @B5 4<D @,> 1H2 >$jw8 2�4 8,8 2 5aT65#7�5 D�4 @ ;B1K4 8 ; >?7�i D >6:�" ( 1�&�&s8 DK46; 7 ; 7�T E#4 77*)5 ; : F�D >&%?5#I *)5->6>?7�Ib8 2 5
4<F�F�D > 46E�2=E A DHD 5
7]8H@,>�8 4 � 5
7 ; 7J8 2 5�@ ; 8H5 D�4 8KA D 5 O O0A F�; 7 1 �!;\S / 7 4?1 8 461H; >�Q�M M&M_M�R / ; 5#@BI 1 5#7�I S . ; 7�T 2 Q Y�O%O]Y * d Q
*M>�A 1v; 7�TN8 2 5 *)>!><8 1 8 DK46F 8 D�4<; 7 ; 7�TN:95f8 2 >!I e $�iU8 2�;^1 7�5
j*T65#7�5 D�4 @ ;^1H4 8 ; >67�8H5 E�2 7 ; M]A�5 ;B1 A 1 5#I`Q?8 2 5
7=8 2 5 1 5f8k><i
1�&�& 1 5-% 4 @BA 4 8H5#I9>?798 2 5u8H5 1 8 I 4 8 4NE
4 7?*�5u>4* 1 5 D %65�IG8H> *)5 1H; T67 ; ; E
4 7]8H@,>�:9> D 5 E >67 1H;B1 8H5#7]83>67=8 2 5m8Xjk>L8K5 1 8
inA�7 E 8 ; >67 1 A 1 5�I O�; e 5 e E >?7?8 4<; 7 1H; T?7 ; ; E
4 7?8K@3>&@B5 1K101 5#@ i IC>6: ; 7 4 8K5#I F > ; 7]8 1 dfeGW >$ja5 %65 D 8 2 5 ; : F�D >&%65
:95#7?8 ;B1
7�>68 5XA 1 8 : 4 7 ; in5 1 8 ; 7=8 2 5 ; 7]8H5 D 7 4 @ E >67 1H;B1 8H5#7 E >9>6i,8 2 5ui D >67]8 1 Q *�AC8 4 @ 1 > ; 7J8K5 D : 1 >6i`8 2 5 46E 8HA 4 @�> F 8 ; : 4 @ ; 8 >
><i)8 2 5�( 46D 5
8H> 4<F�F�D >K0 ; : 4 8 ; >67 e 9 2 5 5 1 8 ; : 4 8H5�I ( 46D 5
8H>bi D >67]8 1 T?5
7�5 DK4 8H5#I *M>L8 2 5�*)>!><8 1 8 DK46F T?5
7�5 DK4 @ ;^1H4 8 ; >67
@ ; 5 1H; T?7 ; ; E
4 7]8K@3> �� ��� � � �k><i,8 2 > 1 50T65#7�5 D�4 8K5#I?*M>=8 2 5 1 8 4 7�I 46D IJ:G5
8 2 >CI 4 7�I�8 2 5b7�5
j�% 4 @ ; I 4 8 ; >?7�:95f8 2 >CI
in> D *)><8 2 8H5 1 8hinA�7 E 8 ; >67 1pO�461 :95 461 A D 5�I *M>J8 2 5	� :95 4?1 A D 5 4 7�I �� :G5 461 A D 5 de


$ 7�8 2 50in>?@P@B>$j ; 7�T 1 5 E 8 ; >67o:9>!I�5
@ 1 IC5 DK; %65#I�i D >6: 8 2 5LT65#7�5 D�4 @�" ( 1�&�& i D�4 :95
jk> D �9; 7]8 D >CICA E 5#I ; 7o8 2�;B1
E�2�46F 8H5 D j ; @B@)*�5L5#: F�;PDK;^E
4 @B@,> % 4 @ ; I 4 8H5�I�>?7 4 7!A�: *�5 D ><i D 5 4 @\ja> D @^IoI 4 8 4G1 5f8 1 i D >?: 8 2 5<;�7 4 7 E 5NIC>?: 46; 7 e







� �������	��
 ��


� � ������������� � ���������������� "!  $# % �$�'&��' 


( &*)+�,�$� ( &-�/.  $��021


3 7J8 2�;^1hE�2�4<F 8K5 D 4 7!A�:54�5 D >6iU576 F 5 DK; :95#7?8 1 4<D 5 F 5 D in> D :G5�I98H> 461K1 5 1K1 8 2 5 F 5 D in> D : 4 7 E 5�>6iU:9>!I�5
@ 1 I�5 DK;98 5#I
i D >6: 8 2 5LT65#7�5 D�4 @\:9>CIC5
@UI�5 1KEfDK; 4)5#I ; 7;: 2�46F 8H5 D M=< e


��> 2 508 D�4 IC5@? >BAC4�5
8Xja5#5
7&:9>CIC5
@ 1 8 2�4 8m: 4 6 ; : ;B1 5 F�D >ED�8 4 7�Io: ; 7 ; : ;B1 5GF[A E @ ; IC5 4 7&5 DKD > D ;B1�1v2 >$jh7 ; 7
8 2 50in> D 5 E
461 8 ; 7�TG><i�8 2 5GHJI$j�KLIBMONQP�3RMTSVUTPXWZY\[^]E_a` 8 N@Yb]<TLNJPXWZIVc � [dMTSVN@6/egfVN=chW\[9ILMjiBi e i dfelk


� fmN=c7WZ[dIBMniBi e Ypo YZI 8 [^SVN=Pq]EMCN@6rW\N@MTSON=SCPZN7WsI<itN76 o N@Y\[9uvN@MrWbPq4T]LPXNQSwIBMxW\yOILPZNLizY\IBu{fmNQchWZ[dIBMniLi e iB|)j�[}W\y
~r� [dMrWZN=YZMT]EWZ[dIBMT]B_q[dMTSVN@6'PXN=YZ[dN=P�izYZILu"DTMT]BMTc7[^]E_sup]EY � N7WbP e > yONQPXN/N76 o N@Y\[9uvN=MLWbP�U�PXN�WZI o IL_9IL�B[^c@]E_d_d�
yON7W\N@Y\IB�BN=MON@ILUTP�F��q�JP@|�uv]E6V[9uv[^PX[dMO��YZN@WZUOY\Mx]EMTS�uv[9MO[duv[dPZ[dMO�pYZN@WZUOY\M 8 ]BYZ[^]EM�c7NB�


� �G� � �����p� � � � ��� � ��� �����	� � �b���7�G�j� �6�w�7� � ����� � �2� ��� � � � � � � �G� � � � �
� �"��� �G� ����� �7���������


> yON�DTYbP WvN@u o [dYZ[^c@]B_�PZN=c7WZ[dIBM�IB¡¢WZyT[dPvcbyT] o WZN=Y5[^Pvc7IBM�c7N@Y\MONQSn£�[}W\y¤] oOo _d�r[dMO�j]CuvIVSVN@_¥|�SVN=YZ[ 8 NQSj¡zY\IBu�WZyTN
�BN=MON@Yb]E_�¦�§JF��q��¡zY\]BuvN@£�IBY � |¨WZI/]wDTMT]BMTc7[^]E_t¡zILYZNQc@]LP W\[9MO� o YZIL4O_9N=uw� > yON�F��J��uvIVSVN@_^P©]BYZNªWZYb]E[dMON=Sj[dM
IBYbSVN=Y�WZI�¡zILYZNQc@]BPXW�]EMv[dMrWZN@Y\MT]EWZ[dIBMT]B_TP W\IVc � [dMTSVN76«� > yONqc@IBMTc@N@Y\Mv[9MvW\yO[dP o Y\Imc@N=P\Pt[^P�WZyONJI o W\[9uv[^PZ]EWZ[dIBMvIE¡¬W £�I
uvN=]LPXUOY\N=P=|VFUTc@_9[^SVNQ]EMxN@Y\Y\IBY�ezuv[dMO[9uv[^PXNQST®�]BMTS/¯Z°7± � ¯ � ezup]E6m[duv[dPZN=S�®h� > yTN@Y\N7¡zIBY\NsWZyONGDTMT]E_�PXN@W¢IE¡t]BcbyO[dN 8 N=S
² ³¨´Qµt¶gµ ·¥¸Q¹ º¥·��d¶¼»h½¤ºg´¿¾l· :=µ ÀRº¥¾l»hÁJÂ«µ ¶gµÃ¿¸�Q¹l¾l·¥´¿µ Äs¾lÁGÅ9ÆT¾lµ ¹lÄ¿·gµ Á¿Ä�Ç :@¾lÁ��h´rÈEÉhÊhÊhÉ
EË �


i �LÌ







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � ~


)t]EY\N7W\I/I o WZ[dup]E_¢uvN=u©4 N@YbP@|�*v|�PZyOILUO_dS o Y\I 8 [dSON	]BM NQP W\[9up]EWZNxIE¡sWZyTNwWZYb]BSVN@?¥IBA IE¡sWZyONC]Lc@c7UTY\]Lc7�,+¿Y\N7W\UOYZM
SVN@DTMON=Sj4m�;WZyONp�LN@MON=Y\]EWZ[dMO� o YZIVc@N=P\P�]EMTS�WZYb]BSO[9MO�CPXWZYb] W\N@�L�B�ª`qP�WZyO[^PG[^P�WZyTNpDTYbP W©] oOo _d[dc=] WZ[dIBM/IE¡¢¦�§JF�`
WZYb]E[dMONQS�F��q�qP©WZIxY\N=]B_£�IBY\_dSjSO]EW\]ne W\yONªILMO_9� o Y\N 8 [dIBUTP�£�IBY � UTPZ[9MT�;]EMn¦�§JF�`-WZIxW\Y\]B[9MjF��J�qP5UTPXNQSj]
PZ[9u o _dNpPX�mMrWZyON@WZ[^c5ST] W\]wPZN7Wpe.-�U o [9MTP � [�/�`¢M�]BPXW\]BPZ[dIT|ti10�0�0r®X®h|¬[9W�[dP�SVNQPX[d�BMTN=SxW\I o YZI 8 [^SVN�]	PZ[9u o _dNv[9MO[9WZ[^]E_
uvIVSVN@_�N 8 ]B_9UT]EWZ[dIBMa� > yTN	¦�§JF�` U�PXNQS�[^P�]32�`*4T]BPZN=S�u�IVSVN=_g|�WZyONxf4)F�` IE¡65 [9W � _9N=Yxe i10�0�0r®h|]EM�SnWZyTN
WZI o IL_9IL�B�pIB¡�W\yON�WZYb]E[dMON=S�F��J�qP�[^P�DO6VN=Sa�
7 [9M�]EMTc@[d]B_O¡zIBY\N=c=]BPXWZ[dMO��e¼u�IVSVN=_9_d[dMO�GW\yONq�LN@MON=Y\]EWZ[dMO� o Y\IVc7N=P\PtIB¡¨]�DTMT]BMTc7[^]E_TWZ[duvNsPZN@Y\[9NQP@|LIBY o Y\Imc@N=P\P\®t[dP�]


o I o UO_^]EY�] oTo _9[^c@]EWZ[dIBM�IE¡¨4 IEW\y��q�JP�]EMTS�IEW\yON@Y�MOIBMT_9[dMON=]BY�uvIVSVN=_dP�]BP�SV[^PZc@UTP\PXNQSª[dMw:�yT] o WZN=Y�0T�98¢I £�N 8 N=Y�[dM
up]EMm��] oOo _d[dc=] W\[9ILMTP�uv[dPZ_dN=]BSO[9MO�ªc@_d]B[9upP¢]BYZN�up]LSVNªezILY¢[9MO¡zN@Y\YZNQST®�£�[9WZyxY\N@�L]BY\STP�WZIvWZyTN©]Bc7WZUT]B_¨N � c@[9N=MTc7��IE¡
WZyTN�u�IVSVN=_dP o YZNQPXN=MrWZN=Sa� > � o [dc=]E_d_9�GWZyON¢]Lc@c7UTY\]Lc7�GIB¡¬]suvIVSVN@_O£�[d_d_T4 N¢SVN=P\c7Y\[94 N=S5¡zILYPXILu�N¢ST] W\]�PZN7Wqe¼UTPXU�]E_d_9�
[dMCWZN=YZupPJIE¡�F�UTc7_d[dSON=]EM�N@Y\YZILYb®7|�]BMTS;]BMCN=PXWZ[dup] WZN5IE¡W\yON o YZIBDOWJ�LN@MON=Y\]EWZNQSw4r�xU�PX[dMO�ªW\yON�u�IVSVN=_ ¡zIBY\N=c@]LP WbP
]EM�S�]JW\Y\]LSV[9MT��PXWZYb] W\N@�L�G[dP o YZI 8 [^SVN=Sa�:8¢I £�N 8 N@YQ| IE¡ W\N@M�WZyON�W\yONqc@ILPXW�IB¡�W\Y\]LSV[dMO�pe WZYb]EM�PZ]LchWZ[dIBMvc7IrP WbP\® ]BYZN�MOIBW
¡¼]Bc7WZILYZNQSª[dMLW\I�WZyO[^P¢c@]B_dc@UO_^] WZ[dIBM¨� > yONQPXN�]LSOSV[9WZ[dIBMwc7ILPXW\P=|mW � o [^c@]E_d_d�vWZYb]BSV[dMO�vc7IBuvuv[^PZPZ[9ILM o _dUTP¢]BMm�vW\] 6O]EWZ[dIBM
WZy�] WJup]¿�w4 N©Y\N@_dN 8 ]EMrW�e¼NB� �T�sP Wb]Eu o SVUVW �x[dMxW\yON<;�-G®qc=]EMCyT] 8 N©]ªPZ[9�LMO[9D�c@]BMLW�] A¬N=c7WJIBM;YZNQ]E_d[dPZN=S o Y\IEDTW\P=�
7OILY[dMTP Wb]EMTc@NB|LW\] � N¢]�ym� o IBWZyON@WZ[^c@]E_�uvImSON@_T£�yT[dcbyv[^Pt¡zIBUTMTS�WZIGN@6 o N=YZ[dN@MTc@N¢]EMª] 8 N@Yb]E�BN o Y\IEDOWI 8 N@Y]��LN=]BYtIE¡
WZNQP WqST] W\]�IB¡�i �T� Ì>= ezN@6Oc7_dUTSV[dMO��WZYb]EMTP\]Bc7WZ[dIBM�c@ILPXW\Pb®h|O£�yT[dcby	[9M 8 IB_ 8 N=P�]LchWZ[ 8 N=_9�vW\Y\]LSV[dMO�xez4OUO�m[dMO�pIBY�PZN@_d_9[dMO�m®
Ì��>= IE¡�WZyONsWZ[duvNB�t3 ¡�WZyON�up]EY � N@W�Y\N7W\UOYZM	IE¡¨WZyON�DTM�]EMTc@[d]B_¬PZN@Y\[dN=P�I 8 N=Y�W\yON�PZ]Bu�N o N@Y\[9IVS�£�]LP �4=ª|mW\yON@M	IBMTN
£�IBUO_^Sx]BP\PXUTu�NGWZyT]EWqWZyTN@Y\NG£�N=YZNGPZ[d�BMO[9D�c@]BMrWqI oOo IBYZWZUTMO[}W\[9NQP�¡zILYqY\N=]E_d[^PX[dMO�pN76Oc@N=P\P o Y\IEDOWbP¢4m��WZYb]BSV[dMO�pUTPZ[9MT�
WZyTNG¡zIBY\N=c=]BPXWquvIVSVN@_¥��8¢I £�N 8 N@YQ|T4m�	[9MTc@_9U�SV[9MT��]pY\N=]LPXILMT]E4O_dN�WZYb]EM�PZ]LchWZ[dIBMxc@ILPXWJ_dN 8 N=_aW\yON5]BMT]E_d�VPX[^PqcbyT]BMO�BNQP
c7ILu o _9N@WZN=_9�L� > yTNq�BNQ]EY\_9��Y\N7WZUTYZMpIB¡aWZyONq¡zIBY\N=c=]BPXW�uvImSON@_ [9MV¡zN=Y\P�]©ST]E[d_9�vY\N7WZUTYZMªIB¡¨<O� < �4=c@IBu o ILUOMTSVNQSpI 8 N=Y
WZyTN o N@Y\[dImS¤ezILYs] oOo Y\I¿6m[dup] W\N@_d�w<T� ~ <>= c7ILu o ILUOMTSVNQS o N@YsWZYb]BSVN¿®�?B�%@ [}W\y;W\Y\]BMTP\]BchW\[9ILM;c7IrP WbPqIB¡�<T� Ì>= o N@Y
WZYb]BSONGWZyTN5]Bc7WZUT]B_ o YZIBDOWqIE¡�WZyON5u�IVSVN=_ SOYZI o P¢W\I�PZ_9[d�ByrW\_9�	I 8 N=Y �V�diA= o N@Y�]EMOMmUOu e¼<T�9iB= o N=YqW\Y\]LSVNGIBYJWZyTN
N1CrUO[ 8 ]E_dN@MrW5IB¡q<O� <LÌ>= o N@YvSO]¿�O®�?�]Bc7WZUT]B_9_d��£�IBYbPZNpWZyT]BM�PZ[9u o _d�j[9M 8 NQP W\[9MT��] W5WZyON	P Wb]EYZW5IB¡�WZyON	�BNQ]EY©]BMTS
£�]E[9WZ[dMO��UOMrW\[9_�W\yON5N=MTS«�G` WZYb]EM�PZ]LchWZ[dIBMCc@ILPXWsIB¡�uvIBY\NGW\yT]EM/<O� ~ = £�ILUO_^SC_dN=]BSCWZyON�uvIVSVN@_�£�yO[^cby;[dMO[9WZ[^]E_d_9�
4 IL]BPXWZNQSp]G�LN=]EY\_d�©Y\N7WZUTYZMpIB¡¬I 8 N@Y¢i �>= WZI�]BchW\UT]E_d_d�5Y\N=]B_9[^PXN¢]©_9IrPZP=��`qP�PZUTcbypW\yONJ] oOo Y\IL]Lcby�U�PXNQSv[9MpW\yO[^P�]BMTS
_^] WZN=Y¢PXNQchW\[9ILMTP�[dP�W\Ip[9M�c7_dUTSVN�WZYb]EM�PZ]LchWZ[dIBM	c7IrP WbP�[9M�WZyON�W\Y\]B[9MT[9MO�p]BMTS�DTMT]E_«N 8 ]E_dUT] W\[9ILMa�
DFE ÁBGbÁ¿À ¾HGb¹m½�Gb¶.IhµRº¥·aº*<QÃQ¾lÀFGb¹l¹ <qµKJ=ÃBµ ¶¼¾lµ Á¿À µ�ÉMLhÊ�ºg¶NGbÄQ¾lÁ���ÄBG <=·¨ÃBµ ¶ <7µOGb¶







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i ���
����������� �	��
����� ��������
���������
�������������� ����
��"!#���$�
HJUON�W\ICW\yON	SO[ � c7UT_}W �j[dM o Y\N=SV[^chW\[9MT�;Yb]¿£ up]BY � N7WGW\[9uvNwPXN=YZ[dN=PG¡zIBY o YZIBDOW\]B4O_dN�SO]¿��WZYb]BSV[dMO��£�yON@MnW\Y\]BMTPX?
]Bc7WZ[dIBM;c@ILPXW\P�]EY\NGWb] � N@MC[dMrWZIwc7IBM�PX[^SVN@Yb] W\[9ILMa|�WZyO[^P�PXNQchW\[9ILM;c7ILu©4O[dMON=Ps]�MrUTu©4 N@Y�IE¡W\[9uvNvPXN=YZ[dN=PJ[dM/]�MOI 8 N=_
WZYb]EM�P ¡zILYZup] W\[9ILMj[9M�ILY\SON@Y�W\I;up] � NvWZyON�¡zIBY\N=c@]LP W\[9MT�xW\]LP � N=]LPX[dN@YQ� > yON�SO]EW\]wW\Y\]BMTPX¡zIBY\uv]EWZ[dIBMjUTPZN=Sn[^P©]BM
] oTo _9[^c@]EWZ[dIBMpP o NQc7[9D�c�IBMTNGe¼SVN@WZN@Y\uv[9MTN=Sv4m�GW\yON�WZYb]BSO[9MO�GPXWZYb] W\N@�L��WZI�4 N¢UTPZN=ST®7|L4TUVW�yT]LP�WZyONJ]BSOSV[9WZ[dIBM�]E_O4 N@MV?
N7DTWsIB¡�c7Y\N=] W\[9MT��]ªPXW\] W\[9ILMT]EY\��WZ[du�NvPZN@Y\[9NQP�¡zIBYq¡zIBY\N=c=]BPXWZ[dMO�T�©e §qWZyON=YsPXWZU�SV[9NQPqy�] 8 N©]B_dPZIªUTPZN=SCST] W\]�P o N=c@[}D c
WZYb]EM�P ¡zILYZup] W\[9ILMTP=|rNL� ���fV]B]LS/°@±&%(' �qe i 0�0�)L®�]EMTS+*aN-,�]EY\IBM / @�N=[9�LN@MTS/e i 0�0�)L®X®7�
> yONpSVN o N=MTSVN@MrW�W\[9uvNªPZN@Y\[9NQPsWZyT]EWG£�[9_d_t4�NpuvIVSVN=_9_dN=S/[dM�W\yO[^PGPXNQchW\[9ILMa|�.(/b|¨[^P�]�WZYb]EMTPX¡zIBY\up] W\[9ILM;IE¡�WZyTN


IBMTNvST]¿�xYZN@WZUOY\M;4 N7W £�N@N=M;W\yONvI o N@M o YZ[^c7N�IE¡�]	uv]BY � N7W�IBY�[dMTSV[ 8 [^SVUT]B_P W\IVc � |a]BMTS;WZyONvMON@6rWGSO]¿�xY\N=]B_9[^PZN=S
yO[d�Bya|�]BP�PXyTI £�M�[dMwF�CrUT] W\[9ILM10�2O� . / +43 576/8�9 :�:�; 5=</?> ��@ eA0(2r®
£�yON=YZN 5 </ [^P�WZyON�I o N=M�_dN 8 N@_«IB¡�]�up]EY � N@WM+ PXWZIVc � ] WqST]¿�CB�]BMTS 5=6/ [dP�W\yON�up]EY � N@WM+ PXWZIVc � yO[d�Byx] W¢SO]¿�DBh�> yON5WZYb]BSV[dMO�	P W\Y\]EWZN@�L�w[dP�SVN o N=MTSVN@MrW�IBMCWZyONvup]EY � N@WM+ PXWZIVc � _9N 8 N=_¨¡¼]B_9_d[9MT�	SVUTYZ[dMO��WZyONvSO]¿�x4m�C] W�_9NQ]BPXW
<O� � =�4�N@¡zIBY\Nx4OUO�m[9MT� e WZYb]BSO[9MO�B?¥[dM�®5?©]LPªSVN=P\c7Y\[d4�NQS�[dM `¢_d�BILYZ[9WZyOu i ~ � > yON o UOYbcbyT]BPZNxc7IrP Wp[^PvWZyON=YZN@¡zIBY\N
0�0T� ~ =*IE¡�WZyTNªI o N@M o Y\[^c7NB� > yONªY\N7WZUTYZMjuvN=]LPXUOY\Nv[dP©c@]E_^c7UT_d]EWZN=S/UTPZ[dMO�C]xPX[du o _dNvWZYb]BSV[dMO�CPXWZYb] WZN=�B�C4�]BPZN=S
U o IBMxW\Y\]BMTP\]BchW\[9ILMxc7ILPXW\PJc@]B_dc@UO_d]EWZNQSx] Ws<T�9iB=-IB¡ o YZ[^c7N�e¼SVN@DTMON=S�]BPJ]pYZNQ]BPZIBMT]B4O_dN�_9N 8 N@_�[9M/fVcbyO[9WXWZN=M � I o ¡q°7±%E'}�¢egÌE<L<B<r®X®h|r]EMTSpWZyON=YZN@¡zIBY\Nq]Guv[dMO[9u5UOu-[dMTc7Y\N=]LPXN¢[dM o Y\[^c7N¢¡zY\IBu 4OUO�vW\I5PZN@_d_TIB¡�<O�lÌ�=[dP�MON=N=SVNQSp4�N@¡zIBY\NJ]BMr�
o Y\IEDOWbP�c@]BM�4 N�YZNQ]E_d[dPZN=Sa�
3RM5]LSOSV[9WZ[dIBMa|EWZyON�WZYb]BSV[dMO��P W\Y\]EWZN=�B��[dP�SVNQPX[d�BMTN=S©PZUTcby©WZyT]EWt]qWZYb]BSON�[dMrWZIJWZyON�up]EY � N@W�£�[d_9_VILMO_9��Wb] � N o _^]Bc@N


[9¡ W\yON©NQP W\[9up]EWZN=S o YZIBDOW\P�4 N@�LIBMTS�W\Y\]BMTPZ]LchW\[9ILMwc@ILPXW\P�IB¡PXN=_9_d[9MT�vWZyONGMTN76mWJSO]¿��N1CrUT]E_ ] oOo YZI¿6V[duv]EWZN=_9�CiL� 0>=��
> yO[^P¢Y\N@�L[9uvN�[^P¢UTPZN=Sw[dMxIBYbSVN@Y¢WZIªN=_9[duv[9MT]EWZN�W\Y\]LSVN=P¢£�yON@Y\N�WZyTN o Y\[dc@NGFTUTc7WZUT]EWZ[dIBMx[^PqPZuv]B_9_�H�]EMTSw£�yTN@Y\NG]
PZuv]B_9_�I 8 N=YN=PXWZ[dup] WZNqIE¡¬WZyONsSVN o N@M�SVN@MrW 8 ]B_9UONJ£�[9_d_T_dN=]LS�WZI5_9IrPZPZN=P=� > yONq¡zIBY\N=c=]BPXWIE¡¬WZyONqWZYb]EMTPX¡zIBY\uvN=SvPZN@Y\[9NQP. / | �. / |VW\yON@Y\N7¡zILYZNsMON@NQSOP�WZIv4 N��BY\N=] W\N@Y�WZyT]BM�iL� <Ti � � > yON�Y\N7W\UOYZM	IB4�I N=chW\[ 8 NJuvNQ]BPZUOYZNs[^P�¡zIBY\uv]B_9_d�ªSVNQPZc@YZ[d4�NQS
[dMw`q_9�LIBY\[}W\yOu{i ~ �
> yON�uvN=]LPXUOY\N�PXyTI £¢P�WZyT]EW¢[}¡ /.(/KJ �EL iB� <Oi � e o YZNQSV[dc7WZ[dMO�vWZy�] W�WZILuvIBY\YZI £¢P�yO[d�By	[dPGiB� � = yT[9�LyON@Y�W\yT]EM	WZyTN


WZYb]BSON7? [9M o Y\[^c7NqILMªSO]¿�MBX®h|V]EMTS�SVUOY\[9MO�GWZyONsSO]¿�©W\yON o YZ[^c7N¢¡¼]E_d_dP�WZI	ezIBY�4�N=_9I £q®�]�_dN 8 N=_TIB¡ 0�0O� ~ =IE¡«W\yONqI o N=M
o Y\[dc@NB|�WZYb]BSV[dMO�x£�[d_9_�IVc@c@UOY�e¼`q_9�LIBY\[}W\yOu�i ~ ®7�w3 ¡�W\yO[^PGyT] oOo N=MTP=|�]BMTS/WZyTNªYZNQ]E_d[dPZN=S 8 ]E_dUONªIB¡ 8 ]B_9UTNªIE¡N. / [dP
�BY\N=]EWZN=YtWZyT]BM 3 9 8 3 $ |BWZyON=M�£�yON=MpWZyONJup]EY � N7W�_9N 8 N@_ Y\N=]BcbyTN=P�W\yON o IB[dMrW�IB¡a4�N=[9MO��iB� � = ]E4 I 8 N�W\yON o YZ[^c7N o ]E[^S
IBM�N@MrWZYb]EM�c7N©e¼£�yON@M�WZyONsMON@6rW�SO]¿�VP o YZ[^c7NJ[dPsiL� <4=yT[9�LyON@Y�WZyT]BMªW\ImST]¿�mP�I o N@M ®h|mWZyTNs]LPZPZN7WbP�£�[d_9_¬4 NsPZIB_^Sª]BMTS
o Y\IEDOWbP�YZNQ]E_d[dPZN=SCeg] ¡ W\N@Y�c7IrP WbP�[dMTc7UTYZY\N=ST®7��3 ¡�yOI £�N 8 N@YW\yONsuv]BY � N7W�_9N 8 N@_«SVImNQP�MTIEW�YZNQ]Bcby�]©_9N 8 N@_�iL� � =�]B4�I 8 N







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i 2 0
���������
	���"!���� > Y\]LSV[9MT��PXWZYb] W\N@�B�Ce¼YZN@WZUOY\MwIB4�I NQchW\[ 8 NQ®h�
i�� Bh|Tc@UOYZY\N@MrW�WZ[duvNGP W\N o e¼ST]¿�V®7�Ì�� �.(/b|VW\yON�uvImSON@_«¡zILYZNQc@]BPXW�] WqSO]¿�CBh�~ �����/ + ����� � 	�	 � ��!�#"%$ |T£�yON@Y\N 5 �/ [^P�WZyON�up]EY � N@W¢c7_dILPZNsILM	ST]¿� Bh����'&�( // |�)�N7W\UOY\M 8 ]B_9UONG]EW�WZ[du�NGB�e¼]LP�] o N=Y\c@N@MrW\]B�BNsIE¡tc@] o [}Wb]E_a] WNB+* 3 ®h�0���fmN@W#B-, + 3 |mDTYbP W�W\Y\]LSV[9MT��SO]¿��IE¡ WZYb]E[dM/e¼IBY�WZNQP Wh®�PXN@W¢[9M�P Wb]EMTc@NB�2.� 3 ¡0/ �.(/KJ �21 3 9 8 3 $�3 �54#6�7/?> � 8 6 </?> �:9 8�9 :�:�;%; PZyO[9¡ Wqc@] o [}Wb]E_¬¡zY\IBu YZ[^P=<v¡zY\N@NGSON o ILPZ[}W�[dMLW\Ipup]EY><BN7W�] WWZyTN o IL[9MrW¢£�yON=YZNsWZyTN�uv]BY?<LN7W o Y\[dc@Ns¡¼]E_d_dP�W\I 0�0O� ~ = IB¡ I o N=M/e¼[9M�c7UOY\YZ[dMO��WZYb]EM�PZ]LchWZ[dIBM	c7IrP WbP\®7|V�BI�WZI� |TIEWZyTN@Y\£�[dPZNJ�LI�WZIC)O�� � B@,BA BDCFEL|�:�]E_^c7UO_^] W\N o YZIBDOWM+ _9IrPZP=�).� 3 ¡0/K. / 1 E 9 8 EHG 3 |TPXN=_9_«£�yTN@Mwup]EY><BN7W�Y\N=]LcbyON=P�WZyON�_dN 8 N@_tiQ<OiB� � = IB¡�W\yT] W¢£�yTN@M	N@MrWZN=YZNQS«|& ( // AIE 9BJ |V�LI5W\IªÌV�tF_^PXN��
0.� 3 ¡0/K. /-K E 9 8 EHG 3 |TPXN=_9_a]EW�WZyON�N=MTS�IE¡tSO]¿�B|L&�( // A5/#���/ *ME 3 *N/ 8�9 E-C 8�9 E ���/ 3 |O�LI©W\I 2O�i=<.��:�]E_^c7UT_d]EWZN�MOIBuv[dMT]E_¨YZ[^P=<v¡zY\N@N�[dMrWZN=YZNQP W¢]Bc=c7Y\UON=S�IBMx]BP\PZN7W\P=|%&�( // A 8�9 8�8 E�O�egc7IBu o IBUOM�S�N CrUO[ 8 ]B_9N=MLWWZIC� = o � ]O�l®�|�B-,PA BQCREB|V�LI5W\IC2O�i=<.� 8q]B_}W o YZIVc7NQPZP�£�yTN@M	N@MTS	IE¡ WZYb]E[dMjezIBY�W\N=PXWb®�PZN7W�[^P�YZNQ]BcbyONQS«�iQÌ�� N@M�S


WZyTN o YZ[^c7N o ]E[^S�IBM	N@MrWZYb]EMTc@N¢W\yON@M	WZyTN�]LPZPZN7WbP�]BYZN�SV[^P o ILPZN=S�IE¡ ] W�WZyON�N=MTS�IB¡ BQCSEB|V£�[9WZy�WZyON o IEW\N@MrWZ[^]E_¬¡zILY
N@[9WZyTN@Y o YZIBDOW�ILY�_dILP\P@��3 ¡ 5 7/?>UT 8 5 </?>QT2V 8�9 :�:�; |BILY@W.(/ K E 9 8 EHGJW\yON@M�MOIGW\Y\]LSVN¢£�[d_9_¬IVc@c@UOY�]BMTSvWZyTNsc=] o [9W\]B_�£�[d_9_
_d[9Nv[dM/]	4T]BM�<CSVN o ILPZ[9W�]Lc@c@YZUO[dMO��WZyONvN CLUT[ 8 ]E_dN@MrW�IE¡&�4=*[dMrWZN@Y\N=PXW o � ]T�	e 8�9 8 E�O%X*]	SO]¿�Cc7ILu o IBUTMTSVN=S�I 8 N=Y
Ì�0B<GW\Y\]LSV[dMO�pSO]¿�VP\®7�
> yON�PZN=c7ILMTSpW\Y\]B[9MT[9MO��IB4�I N=chW\[ 8 N�[dP�WZIvuv[dMO[9uv[^PXN�W\yONY)¢¦;fmF IB¡¨WZyTN�u�IVSVN=_ o Y\N=SV[^chW\[9ILM�IE¡�. / ?¢eg]�SO[9Y\N=c7W


uvN=]LPXUOY\N�IB¡VWZyON�PXW\]BMTSO]EYbS�SVN 8 [^] W\[9ILMGIE¡TWZyON�¡zIBY\N=c=]BPXW�IE¡TWZyON�uvImSON@_ o Y\N=SV[^chW\[9ILM�¡zYZILu,WZyON�]Bc7WZUT]B_^®7|¿N1CrUO[ 8 ]B_9N=MrW
WZI�uv[9MO[duv[dPZ[dMO�CW\yON�FU�c7_d[dSVNQ]EM¤N@Y\YZILY=�x3 WvPXyOILUO_^Sn4�N�MOIEW\N=SjW\yT] Wv]CuvN=]LPXUTYZNªuvILYZNª[dMZ<LN@N o [9MO�;£�[}W\y�WZyTN
:�`�)�¦2¡zYb]EuvN@£�IBY><�£�IBUO_^S 4�N�WZyTN�PXW\]EM�SO]EYbS SVN 8 [^] WZ[dIBM IB¡�WZyON�uvImSON@_sYZN@WZUOY\Ma� > yO[^P�[dP�UTPXNQS [dM _d]EWZN=Y
N76 o N@Y\[9uvN=MLWb] W\[9ILM/e¥fmN=c7WZ[dIBMniBiL� ÌL®h|VyOI £�N 8 N@YQ|m4r��UTPZ[9MO�[)¢¦�fmF WZyON©YZNQPXUO_9W\P�¡zY\IBu WZyO[^PqfmNQchW\[9ILMwc=]EMw4 N�UTPXNQS
WZIwSVN=u�ILMTPXWZYb] WZN5WZyTNvc@IBu o N7WZ[9WZ[dIBM/4 N7W £�N@N@M�FUTc@_9[^SVN=]BM�N=YZY\IBYJuv[9MO[duv[dP\] W\[9ILM/]BMTS o YZIBDOWsup]E6m[duv[dP\] W\[9ILM;[dM
DTMT]BMTc7[^]E_¬¡zILYZNQc@]LP W\[9MO�v] oTo _9[^c@]EWZ[dIBMTP=�


����������\ ]_^`^ ���N�#�Da
3RM/IBYbSVN@YsWZIwUTPZN5WZyONvW\Y\]LSV[9MT�	PXWZYb] W\N@�B�x[dMrWZY\IVSVUTc7NQS«|a]	uvImSON@_t[^P�MON@NQSVN=S;WZI o Y\IVSVUTc7Np] o Y\N=SV[^chW\[9ILM�IB¡�WZyTN
WZ[duvN�PZN@Y\[9NQPG. / |bW. / � > I;SVIwW\yO[dP=|t]CPZN7W©IB¡�Y\N=c@UOYZY\N@MrWGF��J�-W\[9uvN�PZN@Y\[9NQP�¡zIBY\N=c=]BPXW�u�IVSVN=_dP©£�[9_d_�4 NªW\Y\]B[9MTN=S
e¼SON=P\c7Y\[94O[dMO��WZyTN�WZYb]BSVN@?¥IBAw4 N7W £�N@N=M	WZyON�FU�c7_d[dSVNQ]EM o Y\N=SV[^chW\[9ILM�N=YZY\IBY�]EM�S�Y\N7W\UOY\M�IL4�I N=c7WZ[ 8 NQ®7�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i 2�2
7 [}¡ W\N@N=M	N@6 o _d]BMT] W\IBY\� 8 ]EY\[d]B4O_9NQP�£�N=YZN�UTPZN=S�[9M	W\yON�F��q�JP@|�]EMTSw]EY\N�SVN7DTMTN=Sw]BP�¡zIL_9_dI £¢P �


�
T
� �B�B� � T �/ A . /?>�� � 9 9=9 � . /?>QT>T eA0 � ®


�
T>T
� �B�B� � T��/ A W.�/?>QT � 9=9 9 � W.�/?>�� eA0()r®


8 ]EY\[d]B4O_dN=PsiqW\Iwi=<vc7ILMLWb]E[dMªW\yON�_d]LP W�i=<�_^]E�L�BN=SªYZNQ]E_d[dPZN=S 8 ]B_9UTN=P�IE¡�.(/qe¥Ì©£�N@N <VP�IB¡¨W\Y\]LSV[9MT�r®h|VIB¡ c@IBUOYbPXN .(/?>UT
c@]BMOMOIBW�4 N�UTPZN=S	]BP�[}W�[dMTc7ILY o IBYb] W\N=P�[9MO¡zIBY\uv]EWZ[dIBM�WZyT]EW�£�[9_d_«MOIEW�4 N�] 8 ]B[9_^]E4T_9N�] W�WZyTN�PXW\]BYXW�IE¡�SO]¿��]EW&B *ZEB�
�]EY\[^]E4O_dN=PsiBisW\I	i 0�]EY\NsY\N=c@UOY\YZN=MLW 8 ]EY\[d]B4O_dN=P=�	7 [d�BUOY\N � � [9_d_dUTP W\Y\]EWZNQP�WZyON�MON@W £�ILY?<ªSON=PZ[9�LMa�


^
t


y


y


y


y


y


^


^


^


t−2


t−1


t−5


t−11


7 [d�BUOY\N � � �t�qN7W £�IBY><ªSVN=PZ[9�LMa|V[d_9_dUTPXWZYb] WZ[dMO��WZI o IL�BYb] o ym�ª]BMTS�Y\N=c@UOY\YZN=MTc7NL�
���������
	 � 
��"

> yONpSO]EW\]�UTPXNQS;[dM�WZyONvuvIVSVN@_t[^PJWZyONvI o N@M¨|ayO[d�Bya|a_dI £�]BMTS;c@_9IrPXN�IE¡�WZyONpHJI £�KBILMON=Ps3RMTSOUTP W\YZ[^]E_t` 8 N=Y\]B�BN
e¼HsKL3 `J®�I 8 N=YªWZyTNjÌ�0E<B<nWZYb]BSV[dMO�¤ST]¿� o N@Y\[dImS ¡zYZILu Ì()>+BÌ�+Vi10�)�2CW\I ~ +miB+EÌE<L<B< e W\yON/I o N@M�]BMTS yO[d�By,]EY\N
MON=N=SVNQSª[dM�W\yON��BN@MTN@Yb] WZ[dIBMpIB¡ SVN o N=MTSVN=MLW�W\[9uvN�PXN=YZ[dN=P .¬|V]EMTSªWZyON�_dI £']EMTS�c7_dILPZNJ]BYZNsMON@NQSVN=Sª¡zIBY�WZyTN o Y\IEDTW
c@]B_dc@UO_^] WZ[dIBM�IE¡«WZyTNqW\Y\]LSV[9MT�5PXWZYb] WZN=�B�L� > yONJ_9I £ [^P�MON@NQSVN=SªWZI <rMTI £ £�yON7W\yON@Y�]�W\Y\]LSVNq[^P�WZY\[9�L�BN@Y\N=Sa|L]EM�SpWZyTN
c7_dILPZNv[dP�MTN@N=SON=S�¡zIBYGY\N7W\UOY\MTPs£�yON@Y\NvWZyONª]LchW\UT]E_t_dN 8 N@_SVImN=P�MTIEWGY\[dPZNp]BP�u©U�cbyj]LP o Y\N=SV[^chW\N=ST®7�p3RMnfVN=chW\[9ILM
iBiL�9iL� �x]xPZ_9[^SV[dMO�x£�[dMTSVI £ [dP©UTPXNQS/WZICc@IBMrW\]B[9M/WZyTNpWZYb]E[dMO[dMO�C]EMTS�W\N=PXW5PXN@W\P�£�yT[dcby�]BYZNp�LN@MON=Y\]EWZN=S�4m�CDTYbPXW
c7Y\N=]EWZ[dMO�	WZyONpY\N@_dN 8 ]BMLW�N@6 o _d]BMT] W\IBY\� 8 N=c7WZILYG]EMTSjSVN o N=MTSVN@MrW 8 ]E_dUON o ]B[9YbPpezN=u©4 N=SOSON=Sjup] W\YZ[96T®h|�]BMTS�WZyON=M
o ]LPZPZ[9MT�©]�£�[dMTSVI £ £�[}W\ypWZyTN¢DTYbP WJi=<B<L<�PZ]Bu o _9NQP�]LPtWZYb]E[dMO[dMO�©SO]EW\]G]BMTSvW\yONqMON@6mWqi=<L<GPZ]Bu o _9NQP�]LPtWZNQP W�SO] Wb]







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i 2 �
]Bc@YZIrPZP�WZyONvPXN=YZ[dN=P=|¬PX_d[dSO[9MO��WZyON5£�[9M�SVI £�¡zIBY\£�]BY\Sw4m�ji=<L<pPZ]Bu o _9NQPsÌ�0�WZ[duvN=P=��`qPJ[9_d_9U�P W\Y\]EWZN=SC[9M 7 [d�BUOY\N � )
4 N@_dI £�|EWZyT[dP�u�NQ]EMTPtWZyT]EWWZyONsÌ�0qWZNQP W�PZN7WbPc7ILMrW\]E[dMp]sWZIBW\]E_�IE¡aÌ�0B<B<JWZYb]BSV[dMO�GSO]¿�VP�eg] oOo Y\I¿6V[9up]EWZN@_d�ªiQ<��BN=]BY\Pb®
¡zY\IBu{i¿Ì�+EÌ>+mi 0�0B<sW\I ~ +ViA+EÌB<B<L<O�


0 500 1000 1500 2000 2500
0.96


0.98


1


1.02


1.04


1.06


1.08


1.1


28/2/1986 12/2/1990 3/1/2000 


Train Test


7 [9�LUOY\NG��)���`¢Mw[9_d_dUTP W\Y\]EWZ[dIBMwIE¡�W\yON�WZNQP Wq]BMTS	WZYb]E[dMO[dMO�pPXN@W\PGezWZI o ®�[dMxYZN=_d]EWZ[dIBM	WZIvW\yON�WZYb]EM�P ¡zILYZuvN=S	SO]EW\] . /ez4 IEWZWZILup®7�


����������� ]����G��� �����$� ��� 
��� ���$�"!2a ���
> yON	N76 o N@Y\[9uvN@MrWbP©[dM�W\yO[dPvPZN=c7WZ[dIBM�]BYZN�SON=PZ[9�LMON=SjW\I/SON@uvIBMTPXWZYb] W\NªW\yON�¡zNQ]BPZ[94T[9_d[}W �jIB¡q¦�§JF��q�©|�WZyOY\IBUT�By
]EM ] oOo _9[^c@]EWZ[dIBM�[dM�W\yON	WZ[du�NwPZN@Y\[9NQPG¡zILYZNQc@]BPXWZ[dMO�;SOIBup]E[dMa�n3 Wv[dPv]E_^PZI�SVNQPX[d�BMONQSnW\I;yO[d�ByO_d[d�ByrW5W\yON	4�N=MON7DOW
IE¡ o Y\IVSVUTc@[9MO�ª] o I o UO_d]EWZ[dIBMxIB¡�uvIVSVN=_dP�£�yT[dcbyx_d[9N©IBMx]EMxNQP W\[9up] W\NGIE¡ WZyTN )t]EY\N7W\I5¡zY\IBMrWqIB¡�W\yON©�LN@MON=Y\]EWZ[dMO�
o Y\IVc7N=P\P=�¨`qPaPXW\]EWZNQS«|QWZyO[^P¨]B_9_dI £¢P WZyON o Y\]LchW\[}W\[9ILMON@Y«W\I¢cbyOImILPZN]�uvImSON@_E¡zY\IBu,] 8 [d]B4O_9NPZN7W¨WZyT]EW�SVN=P\c7Y\[d4�NQP¬WZyON=[9Y
N@Y\Y\IBY¢W\Y\]LSVN7? IEA o Y\N7¡zN@Y\N@M�c7N=Ps] ¡ W\N@YJWZYb]E[dMO[dMO��]EM�SxWZyTN@Y\N7¡zIBY\N <mMOI £�_dN=SV�LN©IB¡tWZyON5WZYb]E[dMO[dMO��N=YZY\IBY¢[dMrWZN=Y\]LchWZ[dIBM�P
ez[dMTPXWZNQ]BS�IE¡ WZyON¢] oOo Y\IL]LcbyGIE¡«PXUTu�up]EWZ[dIBMa|L£�yON@Y\N�IBMO_d�GIBMTN�u�IVSVN=_V[dPYZN@WZUOY\MON=S�]EM�S5£�yTN@Y\N�W\yON o Yb]Bc7WZ[9WZ[dIBMON=Y
u©U�P W�y�] 8 N %�� ¯	��
 ¯	�+<mMOI £�_dN=SV�LN�IE¡ WZyON¢N=YZY\IBYPZUOYZ¡¼]Bc@NQ®h��8¢I £�N 8 N@YQ| [}¡¬W\yON¢N@Y\Y\IBY o Y\I o N@YZWZ[dN=PSOI�MOIEW�yTIB_^S©W\YZUTN
IBM�WZyTN�WZN=PXWqSO]EW\]O|mW\yO[^P¢] oOo YZIr]Bcby�[^P�IE¡�MOIvUTPZN�[9M	WZyTN�DTMT]EM�c7[^]E_aSVILuv]B[9M¨�
> IvWZN=PXWqW\yO[^P@|�WZyOY\N@N o YZN@¡zN@Y\N@MTc@N=P�IB¡�WZyOY\N@NG�LN@MON=Y\]B_ o Yb]Bc7WZ[9WZ[dIBMON=Y\P¢]BYZNGSON7DTMONQSQ��YZ[^P=<w] 8 N=Y\PZNpezuvIVSVN@_��®h|


o Y\IEDOW�up] 6V[du�[^PZN@Y�ezuvIVSVN@_��s®�]EMTS�uv[dSTSV_9N@?¥£�]¿�xezuvIVSVN@_���®h� > yON�Y\N@_dN 8 ]EMrW�uvImSON@_^P�¡zIBY�N=]Lcby�IE¡�WZyONQPXNsW � o N
IE¡�[dM 8 N=PXWZILY©]EY\NªPZN@_dN=chW\N=Sn]EW©N=]LcbynIE¡�WZyON�WZYb]E[dMO[dMO�x£�[9M�SVI £¢P@|�uvIVSVN@_��*[dPGWZyON�F��q�*PXN@W©uvN@u54�N=Y©£�yO[^cby







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i 2�)
yT]LPsWZyONªyT[9�LyON=PXW�YZN@WZUOY\MjIBM�WZyONpW\Y\]B[9MT[9MO�xSO]EW\]T|¨uvIVSVN@_ � [^P�W\yONpF��q� ] W�WZyTNpu�[^SOSV_dNªIB¡�WZyTN�PXN@W�ez£�yON=M
WZyTN�PZN7W�[^P�IBYbSVN@Y\N=S�4r�pILMONsIE¡¨W\yONsW £�I�IB4�I N=chW\[ 8 N=Pb®�]BMTSªuvIVSVN=_���[^P�WZyTNsF��q� PZN7W�u�N=u©4 N@Y�£�yO[^cby	yT]BP�WZyTN
_dI £�NQP W2)q¦;fmF'ILMxWZyTNGWZYb]E[dMO[dMO��SO]EW\]T� > yON o N=YX¡zILYZup]EM�c7NGIB¡N=]BcbyxIB¡tWZyONQPXN5uvImSON@_^Pq[^P¢W\yON@M�N 8 ]E_dUT]EWZN=SwILM
WZyTNqW\N=PXW�SO]EW\]O�t`qM�[d_9_dUTPXWZYb] WZ[dIBM�IE¡a£�yON=YZNqWZyONQPXNJ[9MTSO[ 8 [^SVUT]E_^P�YZNQPX[^SVN¢[dMªW\N@Y\upP�IB¡«WZyON )t]EY\N7WZI©¡zYZILMrW�[^P�PZyOI £�M
[dM 7 [d�BUOY\N ��0T�


Risk


Return


b


c


a


7 [9�LUOY\N ��0.��`¢MC[d_9_dUTPXWZYb] W\[9ILMCIE¡tW\yON©W\yOY\N@N©[dM 8 NQP W\IBY�W � o N=Psc7IBu o ]BYZNQS«|�WZyON o Y\IEDOWZ?¥up] 6V[duv[dPZN@Y¢I o N=Y\]EWZ[dMO��]EWo IB[dMLW � ]��9|LWZyONqu�[^SOSV_dN7? £�]¿� o Yb]Bc7WZ[9WZ[dIBMON=YI o N@Yb] W\[9MO�G]EW o IB[dMLW � 4��r]EMTS�W\yON¢Y\[dP?<r? ] 8 N@YbPXN�[dMTSV[ 8 [^SVUT]B_TI o N=Y\]EWZ[dMO�] W o IB[dMrW � c��9�
` u©UO_9WZ[9? IB4�I NQchWZ[ 8 N�2�` £�]BP UTPZN=S«| W\yONqf4)F�` IE¡�eN5 [9W��=_9N=Yq°7±%E' � |rÌE<B<L<
	>5¬[}W��@_dN@Y9/ > yO[dN@_dNB|Ti10�0�0
	>5¬[}W��@_dN@YQ|


i10�0�0r®h| U o ST] WZNQSxW\I�[dMTc7ILY o IBYb] W\N©]EM;UOMTc7ILMTPXWZYb]E[dMON=SC]BY\cbyT[ 8 N©]EMTSCWZyONvSO]EW\]�PXWZY\UTc7WZUOY\N=PsSVN=P\c7Y\[d4�NQSC[dM )t]EYZW
3h�m3 W�£�]BP�[9u o _dN@uvN=MLW\N=S�UTPZ[9MO��PX[dMO�L_9N@? o IB[dMrW�c7Y\ILP\PZI 8 N@Y]BMTSvW\yONJu5UVW\]EWZILY 8 ]EY\[^]E4O_dNq£�]BP�SVY\]¿£�Mª¡zYZILu ]��@N=YZIB?
uvN=]BMa|rPZ�muvu�N@WZY\[dcB| *¨N o W\I <mUOYZWZ[^c¢SV[^P W\YZ[d4OUVW\[9ILM;e�<mUOYZWZIrPX[^P�IE 8 ®��BN=MON@Yb] W\N=Sv4m�©W\yON o YZIVSVUTc7W�IB¡ W £�IGUOMT[}¡zILYZu
SV[^P W\YZ[d4OUVW\[9ILMTP�c7I 8 N@Y\[9MO�ªWZyONvYb]EMO�LN�� <O|di�� |¬]BMTS;] 2�]EU�PZPZ[d]BM;SV[^P W\YZ[d4OUVW\[9ILM�£�[9WZyj] 8 ]BYZ[^]EMTc@N©IB¡�<O�di5]BMTS��=N@Y\I
uvN=]BMa� > yON o Y\IB4T]B4O[d_9[9W ��IE¡Tu5UVW\]EWZ[dIBMG£�]BP <O�di�]BMTS�WZyTN o YZIL4T]E4O[d_d[}W �sIE¡�c@YZIrPZPZI 8 N=Y«£�]LP�<T� )T�¨F�]Lcby o I o UO_^] W\[9ILM
IE¡aMTN7W £�IBY><mP�£�]LPtW\Y\]B[9MONQSv¡zIBY�ÌE<L<B<��LN@MON=Y\]EWZ[dIBMTP=|B£�[9WZyªWZyON�PXNQ]EYbcby o I o UO_^] W\[9ILMª[9M�N=]Lcbyp[9MTPXW\]BMTc7NJ�BN=MON@Yb] W\N=S
£�[9WZy	WZyON5PXNQ]EYbcby o I o UO_^] W\[9ILMx] W�WZyTN�N@MTS	IE¡ WZyTN o YZN 8 [9ILUTP�WZYb]E[dMO[dMO�v£�[9MTSOI £���7OIBY¢WZyON�DTYbPXWqHJKL3 `,WZYb]E[dMO[dMO�
£�[dMTSVI £ WZyTN�PZN=]EYbcby o I o UO_^] W\[9ILMnF��q� o ]BY\]BuvN7WZN=Y\PG£�yON@Y\NªYb]EMTSVILuv_9�/�BN=MON@Yb] W\N=S/¡zY\IBu����Z/ 8 � E 3 � > yTN
PZN=]EYbcby o I o UO_d]EWZ[dIBM	[}WbPXN=_}¡�£�]BP�[9u o _dN@uvN=MLW\N=Sw]BP�[dMneN5 [9W��=_9N=Y©°7± %E' � |TÌB<B<L<
	,5 [9W��@_dN@Y�/ > yO[dN@_dNB|«i10�0�0�	 5¬[}W��@_dN@YQ|
i10�0�0r®h|�c7IBM�PX[^P W\[9MT�xIE¡#)B<x[dMTSV[ 8 [dSOUT]E_^PGU o SO]EWZN=S�] W©NQ]Bcbyn�BN=MON@Yb] W\[9ILM�U�PX[dMO�C4O[dMT]BYZ��WZILUOYZM�]EuvN@MrW5PZN@_dN=c7WZ[dIBM
£�[9WZynezU o WZIr®�ÌB<�[9MTSO[ 8 [^SVUT]E_^P�¡zY\IBu�W\yON�]EYbcbyO[ 8 N6*v�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i 2�0
> yONw] 8 N=Y\]B�BNpFUTc@_9[^SVNQ]EM�N=YZY\IBY�]EMTS�YZN@WZUOY\Mn¡zILY5W\yON�WZyOY\N@N o Yb]BchW\[}W\[9ILMON@YbP�SVN=P\c7Y\[94 N=S�N=]EY\_d[9N=Y	egPXN=_9NQchWZNQS


]BPqWZyTILPZN5�q� uvIVSVN@_^PqI o N=Y\]EWZ[dMO��]EWqW\yON5Y\N@_dN 8 ]BMLW o IL[9MrW\PsILMxWZyON5WZYb]E[dMO[dMO��PZN7W6)t]EY\N7WZIª¡zYZILMLWh®h| WZyTN5up]EY><BN@W
Y\N7WZUTYZMa|L]EMTS5WZyTN o N=YX¡zILYZup]EM�c7N�IE¡ WZyON�Yb]EM�SVIBu�? £�]B_ <s¡zIBY\N=c=]BPXWtIE¡ .(/«¡zIBYWZyONqÌ�0¢W\N=PXW�PXN@W\P]BYZN�PZyOI £�M5[dM > ]B4O_dN
ÌE<T�seg`¢�r]E[dMa|�]LPN.(/�[dP�MTIEW <mMOI £�Mx] WqWZyON©PXW\]BYXW¢IB¡SO]¿�DBh|¬SVUON�W\Ip[}WbP¢UTPZNGIB¡ W\yON©SO]B[9_d��yT[9�LyxIE¡�WZyON©uv]BY?<LN7WQ|
WZyTN�Y\]BMTSVIBu £�]B_ <puvIVSVN@_aW\]�<LN=P�WZyTN�¡zIBY\u W. / A . /?> � ®h�
> ]E4O_dNCÌE<��	¦xN=]BM¤Y\[^P=<�]BMTS�Y\N7W\UOY\M�I 8 N=Y©W\yONCÌ�0CWZNQP W�PZN7WbP©¡zILYvWZyONwN@6rW\YZN=uvN	]BMTS�uv[^Sm? £�]¿�nuvIVSVN@_^P=|WZyTNYb]EMTSVILu�£�]E_ <pu�IVSVN=_¨]EM�SªW\yON�up]EY><BN7W�Y\N7W\UOYZMje¼PXW\]BMTSO]BY\S	SVN 8 [^] W\[9ILMTP�[9M o ]BYZN=MLW\yON=PZ[^P\®7�


> Yb]E[dM > N=PXW)¢¦;fVF = )�N7W )¢¦�fmF = )�N7W
)�[dP?<�` 8 N=Y\PZN <O� <B<�0B< ~ <O�di ~ 0Oi <O� <B<�0LÌ ~ <T� <�0B< �eg<O� <B<Oi-)Oi¿® e¼<O� < ~ <�2r® eg<O� <B< ~ i 2r® e¼<T� < � �rÌL®¦x[^SOSV_dN @/]¿� <O� <B<�0B<�) <O�lÌBÌ�0�0 <O� <B<�0LÌ ~ <T�9i � i=�eg<O� <B<Oi-)LÌL® e¼<O� <�0�2�0r® eg<O� <B< ~ <�)r® e¼<T�9i ~ i � ®


)Y\IEDTWq¦C] 6V[du�[^PZN@Y <O� <B<�0LÌ � <O�lÌ 0L<(� <O� <B<�0 � ) <T� ÌLÌ ~B~eg<O� <B<Oi-)(�m® e¼<O� < � 0 � ® eg<O� <B< ~ <LÌL® e¼<T�9i � )B<r®
¦C]EY><BN@W ? <O� <�0B<�) ? <T� <�2Oi10? e¼<O� <LÌB<�)r® ? e¼<T� < � i � ®


)¢]EM�SVIBu @j]E_ < <O� <Oi ~ ��) <O�diQÌ�0 ~ <O� <Oi¿Ì 0 0 <T�9iLi � 0eg<O� <B< ~ iQÌL® e¼<O� < ~ 2(�m® eg<O� <B<���2Oi¿® e¼<T� <�0�2�)r®
)�[dP?< 7TYZN=N < <O� <B<Ti 2 < <T� <L<Oi 2


`qP�[9WGc@]BM�4 Npc7_dN=]EY\_d�CPXN=N@Ma|«W\yONvuvImSON@_�]EWXWZY\[d4OUVWZNQPsIE¡�W\yONªSV[9A N=YZN=MrW o IB[dMrW\P�ILM;W\yONvN=PXWZ[duv]EWZNQS )t]EY\N7W\I
¡zY\IBMrW�IBMvW\yON¢W\Y\]B[9MT[9MO�GST] W\]©]EY\N¢c7IBM�PX[^P W\N@MrW�I 8 N@YtW\yON�WZNQP W�SO] Wb]G]E_^PZIT|L]B_}W\yOIBUT�Byv£�[}W\y�]GSVN=�BY\N@N�IB¡¬MTIB[^PXNL��`qM
N76O]Bu o _9NsIE¡�WZyO[^P�[dP�[d_d_9UTPXWZYb] W\N=S�[9M 7 [9�LUOY\N 0B<O|m£�[}W\y	WZyONsWZYb]E[dMO[dMO� )�]BYZN@WZI5¡zYZILMrW�]BMTS�NQP W\[9up]EWZN=S�WZNQP W�)t]EY\N7W\I
¡zY\IBMrW o _dIEWZWZN=S/¡zILYGW\yONpDTYbP W©WZYb]E[dMO[9MT�C]EMTS/W\N=PXW©£�[9M�SVI £�� > yONªuvN=]BMZ)¢¦;fmFIB¡�WZyON�u�IVSVN=_ ��|�]B_}W\yOIBUT�By
]E4 I 8 N�W\yT] WGIB¡�W\yONpYZ[^P?<;] 8 N=Y\PZN5uvIVSVN=_dP�ILM/WZyONvW\N=PXW©PXN@W\P=|¨[^P�MOIEW©PZ[d�BMO[9D�c@]BMrWZ_d�;PXI�� 8¢I £�N 8 N@YsWZyTNªc7N@MrW\Y\]B_
uvIVSVN@_^P �ruvN=]BMªYZN@WZUOY\Mp[^P�PZ[9�LMO[9D�c@]BMLW\_9��yO[d�ByON=Y=|m]BP�]EY\N�W\yON o Y\IEDTW�up] 6V[du�[^PZN@YbPuvIVSVN@_^P �rY\N7WZUTYZMªPZ[9�LMO[9D�c@]BMLW\_9�
yO[d�ByON=Y�WZyT]BM�4 IEW\y�W\yON�c7N=MLW\Y\]B_¬u�IVSVN=_dP �VY\N7WZUTYZMw]EMTS�uv[9MT[9up]E_«Y\[^P=<puvIVSVN@_^P�Y\N7WZUTYZMa��e :�]E_^c7UO_^] W\N=S�UTPX[dMO��WZyTN
MOILMV? o ]EYb]EuvN7W\YZ[^c�@ [d_^c7I¿6VIBMpfm[d�BMONQS )q]EM�<VP > N=PXWqe @ [d_dc@I¿6mILM /#@ [d_dc@I¿6¬|Ti10�2��r®�] WtW\yONJÌ�=�_9N 8 N@_�e iA= [9MvNQ]Bcby
W\]B[9_ ®X®7�
> yON�W\]B4OUO_^] WZNQS©Y\N=PZUO_9W\P�]EY\N�¡zUOYXW\yON@YtPZU oOo IBYZWZNQS©[dM5] 8 [dPZUT]B_L¡¼]LPXyT[9ILM©4m��WZyON o Y\IEDTW o _9IBW\P I 8 N=Y¨W\yON�i=<J�BN=]BY


o N@Y\[9IVS	¡zIBY¢WZyON 8 ]BYZ[dIBUTP�uvIVSVN=_dP=|T£�yO[^cbyC]EY\N�PXyTI £�M	[dM 7 [9�LUOY\N 0ViB��3 Wq[^P¢IE¡t[dMrWZN@Y\N=PXW�WZIpMTIEWZNGWZyT]EWJ]E_d_«WZyTYZN=N
F��J� uvIVSVN@_TW � o N=P�IBUVW o N=YX¡zILYZu�WZyONJup]EY><BN7WY\N7W\UOY\Ma|ByOI £�N 8 N@Y�W\yON¢Y\[dP?<5] 8 N@YbPXN�uvIVSVN@_^Pqe�)¢¦;fmF�uv[dMO[du�[^PZN@Yh®
SV[^P o _d]¿�v]�_dI £�N=YYZN@WZUOY\MpI 8 N=YtWZyTN o N@Y\[9IVS�WZy�]EMpW\yONJPZ[9u o _dN¢Yb]EMTSOIBu £�]B_ <5u�IVSVN=_�ILMvWZyONqWZYb]EMTPX¡zIBY\uvN=SpSO]EW\]T|







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � <


7 [9�LUOY\N10B<��wF�PXWZ[dup] WZNQS )�]BYZN@WZI/N@Y\YZILY�PZUOYZ¡¼]Bc@N	ILM�W\Y\]B[9MT[9MO�nPZN7Wª]EM�S�W\yONwMOIB[^PZ��N=PXWZ[dup] WZNQS )�]BYZN@WZI/N@Y\YZILYPZUOYX¡¼]Lc7N�IBM�WZyTN�WZN=PXWqPZN7WGe DTYbPXW¢£�[9MTSOI £q®h�


IBM�c7N�uvIBY\N�UOMTSVN=YZ_d[dMO[9MT�vWZyON�¡¼]LchW¢W\yT] WJu�IVSVN=_dPqPXyOILUO_^Sw4�N�W\Y\]B[9MTN=S	£�[}W\yxYZNQP o N=c7W�WZIpW\yONGN=YZY\IBY o Y\N7¡zN=YZN=MTc7NQP
IE¡ WZyTNsU�PXN=YGezuvIVSVN@_^P�WZYb]E[dMONQS�PXWZY\[dc7WZ_d�ªW\I�uv[dMO[du�[^PZN )¢¦;fmF £�[d_9_aMTIEW¢MONQc7N=P\P\]EY\[9_d�p�BN=MON@Yb] W\NJN@6Vc@N=P\P o YZIBDOW\Pb®h�


����������� � � � ���$� ���
3RM�W\yO[dP PZN=chW\[9ILMG]¢MOI 8 N@_B] oOo Y\IL]LcbyJW\I¢W\yON�c@IBMTPXWZY\UTchW\[9ILM�IE¡VDTM�]EMTc@[d]B_EWZ[duvN�PZN@Y\[9NQPauvIVSVN@_^P�yT]BP¨4�N=N@M�¡zILYZuvN=S�4m�
]EM�]E_dIB�B��£�[}W\ywWZyONp:�`�)�¦ ¡zYZILu o IBYZWX¡zIL_9[dIvWZyTN@IBY\�B�¢` oOo Y\I¿6V[9up] W\N%)t]EY\N7W\Iv¡zYZILMLW\[9N=Y\P¢yT] 8 N�4 N@N=MC�BN=MON@Yb] W\N=S
¡zIBYªWZyON;HsKL3 `�[9M�SVN76 4T]BPZN=S ILM �J��uvIVSVN@_JYZ[^P=<¤]EMTS Y\N7W\UOYZM¨|�PZyOI £�[dMO�/WZyT]EWªWZyTN;¦�§JF��J� ¡zY\]BuvN@£�IBY><
[dMLW\YZIVSVU�c7N=S�[dM�W\yON o Y\N 8 [dIBUTP�PZN=chW\[9ILM�[^P¢]5¡zN=]LPX[d4O_dN�u�N@WZyOIVS�¡zIBY�W\yON�uvIVSVN@_d_9[dMO�pIB¡¨WZyTN=PZN�W � o N=P�IB¡ o YZIL4O_9N=uw�
`qP�]jYZNQPXUT_}W�IB¡�WZyO[^Pª[9W�yT]LP�]E_^PZI/4 N@N=M'SVN=u�ILMTPXWZYb] WZNQS¤WZyT]EW�YZ[^P?<¤]EM�S YZN@WZUOY\M ]EY\NCc7IBu o N7W\[9MO��[9M uvIVSVN@_
o ]BY\]Bu�N@WZN=Y�P o N=c7[9D�c=] WZ[dIBM¨|O]EMTS�WZy�] W�WZyO[^P��LN@MON=Y\]B_9[^PXNQP�WZI�WZNQP WqSO]EW\]T�
8¢I £�N 8 N@Y�WZyON=YZN�]EY\NsPXWZ[d_d_¬¡zUOYXW\yON@Y�]BYZNQ]BP�IE¡�Y\N=PZN=]BY\cbyp[dM�WZyO[^P�DTN@_^S«��,�IEW\y -�U o [9MTP?<m["/`¢MT]LP Wb]BPZ[9I	e i 0�0�0r®


]EM�S�WZyON¢£�IBY>< o Y\N=PZN@MrW\N=S�[9MvW\yO[^P�PZN=chW\[9ILMªSVI�MOIBW¡zUO_d_9�vc7ILMV¡zYZILMrWtWZyON o YZIL4O_9N=u IB¡ �LN@MON=Y\]B_9[^P\] WZ[dIBM + 8 ]E_d[dST] WZ[dIBM
[dMpWZyON�SVILuv]B[9MpIB¡�)t]EY\N7WZI o I o UO_^] WZ[dIBMªWZYb]E[dMO[9MT�T� > yONs¦/§JF�`'SVN 8 N=_9I o NQSp[9MªWZyONJ_9[9WZN=Y\]EWZUOY\NJ]LSOSVY\N=P\P � c@_9NQ]EM��
o Y\IVc7N=P\P�SVIBup]B[9MTP=� 3RM�MOIL[dPZ�ªSVILuv]B[9M�P�PZUTcbyw]BP�DTMT]BMTc7[^]E_ ¡zILYZNQc@]BPXWZ[dMO��|r£�yTN@Y\NqW\yON��BN@MTN@Yb] WZ[dMO� o YZIVc@N=P\P�[9W\PZN@_9¡
[^P�4 N@[dMO��uvImSON@_d_9NQS«|mWZyON�SV[ 8 N=YZ�LN@MTc@N¢4 N7W £�N@N@M�WZyON�NQP W\[9up] W\N=S )�]BYZN@WZI�PXUOYZ¡¼]Bc@N¢¡zY\IBu W\yONsWZYb]E[dMO[9MT�5SO]EW\]O|V]BMTS
WZyTNJ]Bc7WZUT]B_�PZUOYZ¡¼]Bc7NJSVN7DTMTN=Sª4m�5WZyON o Y\Imc@N=P\P[9W\PZN@_9¡auvN@Y\[}WbP�u5UTcbyv¡zUOYZWZyON=Y�[dM 8 N=PXWZ[d�L]EWZ[dIBMa� > yO[^P[^P�c@IBMV¡zY\IBMrW\N=S
[dMwWZyONGMTN76mWJPZN7W¢IE¡tN@6 o N@Y\[du�N=MrW\P�[dMwWZyO[^Pqcby�] o W\N@YQ|O£�yO[^cbyxUTPXNG]vMmUOu54�N=YqIB¡ � MOIB[^PZ� �OWZN=PXW¢¡zUOM�chWZ[dIBM�P¢UTPZN=Sw[dM







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � i


0 500 1000 1500 2000 2500
0


0.5


1


1.5


2


2.5
x 10


4


Trading Days


C
ap


ita
l


12/2/1990 3/1/2000 


Market Ret. 


Lowest Risk NN


Random Walk 


Mid Risk/Ret. NN 


Max Ret. NN 


7 [9�LUOY\N	0Vi���)Y\IEDTW o _dIEW\P¢¡zIBYqWZyON�i=<p�LN=]EY¢WZN=PXW o N@Y\[dImS	¡zILY¢W\yON©N@6rW\YZN=uvN©]EMTSwuv[^SxuvIVSVN@_^PqILMwWZyON©WZYb]E[dMO[dMO�
)t]EY\N7W\I5¡zY\IBMrWQ|mWZyON�Yb]EMTSOIBu-£�]E_ <ªuvImSON@_¨]BMTSªW\yON�up]EY><BN@W�Y\N7W\UOYZMnegc@] o [}Wb]E_«[dMO[}W\[d]B_9[^PZN=S	] WGi=<L<L®7�


WZyTN�_9[dMON=]BY�£�N=[9�LyrWZ[dMO��¦/§s�q��_d[}W\N@Yb] WZUTYZNL�


���G��� ��� � ���
	 ��� � ��
w�7��������� ��� ��� � � ������	 � � ����������	�	 � ���  � �����
� ����	��


> yON�DTMT]E_�N@u o [dY\[dc=]E_�]BMT]E_d�VPX[^PGIB¡�WZyO[^P©WZyONQPX[^P©[^P54T]BPZN=SnILMnWZyTN o Y\N=SV[^chW\[9ILM�IE¡�W\yO[dYXW �r?RPXN 8 N@Mj[dMrWZN@Y\MT]EWZ[dIBMT]B_
[dMTSV[^c7N=P=� > yON	ST] W\];[}WbPXN=_}¡ 8 ]BYZ[dN=P©[9M¤_9N=MO�EW\y¤]Lc7Y\ILP\PGPZ]Bu o _9NQP@|�W\yON	_9ILMO�BNQP W©4 N@[dMO� ��)�� 0wSO]EW\];PZN@Y\[dN=P	ezI 8 N=Y
i10ª�BN=]BY\Pb®�]EM�SwWZyON�PXyTIBYZWZN=PXW���i 2ªSO]EW\]ªP\]Eu o _dN=P5ezUOM�SVN@Y�Ìp�LN=]EYbPb®h�¢`¢_d_�PXN=YZ[dN=PJ]EY\N©SO]E[d_d�B|¬c7IBMrWb]E[dMO[9MT�ªI o N@Ma|
yO[d�Bya|r_dI £ ]BMTSªc7_dILPZNB|r]EMTSvY\UOMpUOMrW\[9_ � W\y 7ON@4TYZUT]BYZ�vÌE<L< ~ |L]EMTSv£�N@Y\N¢IB4OW\]E[dMONQS�¡zYZILu��! " $#&%('"'*)!+-,/.103254*216879,


: 48�<;";=,�68;3>?'T�¨` SVNQPZc@YZ[ o W\[9ILM�IB¡¨WZyTN=PZNGPXN=YZ[dN=P�[^P o Y\I 8 [^SVNQSª[dM > ]E4T_9NGÌViL�
> yON�W £�I/N@Y\Y\IBY�u�NQ]BPZUOY\N=P©WZIj4�NwI o WZ[duv[dPZN=S«|�4T]BPZN=S�IBM¤¡zIBY\N=c=]BPXWZ[dMO�CW\Y\]BMTP ¡zILYZupP5IE¡JWZyONQPXNxPZN@Y\[9NQP5]BMTS


UTPZ[9MT�C]wWZYb]BSV[dMO�xPXWZYb] WZN=�B�L|�]EY\Nª]E�r]E[dM�Y\[^P=< ezuv[9MT[9uv[^PXNQST®G]BMTSjYZN@WZUOY\M ezup] 6V[duv[dPZN=ST®7� > yTNpWZYb]EMTPX¡zIBY\u ]BMTS







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � Ì


WZYb]BSO[9MO�pPXWZYb] W\N@�B�pU�PXNQS	]BYZN�PZ[9uv[d_d]BY�WZIvW\yT] W¢[dMrWZY\ImSOUTc7NQS�[dMCfmN=c7WZ[dIBMjiBiL�9iL|VyOI £�N 8 N=Y�W\yON�YZ[^P?<pWZN=YZuw|O[dMTPXWZN=]LS
IE¡t4 N@[dMO�pW\yON )¢¦;fVF IE¡�WZyTN©uvIVSVN@_¥|TyT]LPq]�DTY\uvN@Y¢�LYZILUOMTSV[dMO�p[dM 7 [9MT]BMTc7NGWZyON=IBY\�ª?�4 N@[dMO�pW\yON 8 ]EY\[^]EMTc@N�IE¡
WZyTN�YZNQ]E_d[dPZN=S�YZN@WZUOY\MTP=�
> yON�Y\N7W\UOYZM	N@Y\Y\IBY�uvN=]BPZUOY\N�[dP¢]B_9uvIrP W�[^SVN@MrWZ[^c@]B_«WZIvW\yT] W¢[dMrWZY\IVSVUTc7NQS	[9Mx`¢_d�BILYZ[9WZyTu i ~ |V4OUVW¢[dMTPXWZN=]LS	IE¡


WZYb]BSO[9MO�GSON o N@MTSVN=MrW�IBMp]�¡¼]B_9_OIB¡a<O� � =�|L]s¡¼]B_9_OIB¡a<O� 0�=�[^PtUTPZN=Sa� > yTNqP W\Y\]EWZN=�B�G[^P�WZyTN@Y\N7¡zIBY\N�WZI�W\Y\]LSVN�[dMLW\I�WZyTN
up]EY><BN@W�IBM�ST]¿�MBt£�yTN@MªW\yONs_9N 8 N@_ SVY\I o P�4m�v<T� 0>=�IE¡«WZyTNJI o N=M 8 ]E_dUONJ]BMTSªPZN@_d_�W\yON¢¡zIL_9_dI £�[dMO�5SO]¿��£�yON=MªWZyTN
_dN 8 N=_aY\[dPZN=P�iL� � = ]E4 I 8 NsWZyTN o UOYbcbyT]BPZNs_9N 8 N@_�e iB�lÌ�=�]E4 I 8 NsWZyTN�I o N@MwIE¡�WZyTN o YZN 8 [9ILUTP�SO]¿�O®h|T]Lc@c@YZUO[dMO�wiB� 0�=
o Y\IEDOW�ez[dMTc7_dUTSV[dMO�5WZYb]EMTP\]Bc7WZ[dIBMªc@ILPXW\PIB¡¨<O�diA=�N=]Lcbyª£�]¿�V®7��3 ¡¨WZyONJ_9N 8 N@_¬SVImN=P�MOIBW�¡¼]E_d_¬4m�v]EW�_dN=]LP W�<O� 0�=WZyON=M
WZyTN¢[9MT[}W\[d]B_OWZYb]BSON¢SVImN=PMTIEW�IVc@c@UOY�]BMTS5WZyONqc=] o [9W\]B_T[^Pt[dM 8 N=PXWZNQS5I 8 N@Y\MO[d�ByrW]BP] � Y\[dP?<r?g¡zY\N@N �E]BP\PXN@Wqez[¥� NL��]�4�]EM�<
SVN o IrPX[9W©N=]BYZMT[9MO�x<T� <Ti 2>=*?JN1CrUO[ 8 ]E_dN@MrW�WZI1� = o N@Y5]EMOMmUOuª®h�w3 ¡�WZyTNª[9MT[}W\[d]B_WZYb]BSONpyT]BP�IVc=c7UOY\YZNQS�]BMTS/WZyTN
_dN 8 N=_�SVImNQP¢MOIBWqYZ[^PZNªiB� � =�]E4 I 8 N�WZyTN o UOYbcbyT]LPXN�_dN 8 N@_aW\yON�¡zIL_9_dI £�[9MT��SO]¿�B|TWZYb]BSVN�ILUVWJIB¡�WZyON5uv]BY?<LN7W¢IVc@c@UOYbP
] W�W\yON�up]EY><BN@W�c@_9IrPXN�IB¡�SO]¿�DBUCRE�]EMTS o Y\IEDTWM+¿_dILP\P�ez[dMTc7_dUTSV[dMO�vW\Y\]BMTPZ]LchW\[9ILM	c@ILPXW\Pb®�IVc=c7UOYbP@� > yTN o YZNQSV[^chWZNQS
PZN@Y\[9NQP�� / [^P�]�c@IBu o ILPZ[}W\N�PZN@Y\[dN=P�4T]LPXNQS�U o IBM	W\yO[dP�W\Y\]LSV[dMO�pP W\Y\]EWZN@�L�B|V]EM�S�[^P�SVNQPZc@YZ[d4�NQS	4�N=_9I £Y�


� / A 3 5 6/8�9 :�:�J 5 </?>QT @ eA0 0r®
[}¡ 5 7/?>UT V 8�9 :�:%J 5 </?>UT � � / A E 9 8�8�8 E�O e 2B<r®
N@_^PXN/[9¡�� / 1 E 9 8 EHG � � / AIE 9 8 EHG e 2Oi¿®
N@_^PZN�� / A 3 5 �/8�9 :�:%J 5 </?>UT @ e 2LÌL®


£�yON=YZN 5 </ [^PqWZyON�I o N@M�_9N 8 N@_�IB¡tWZyON�up]EY><BN7W�] W�SO]¿�+Bh| 576/ [dPJWZyTN5up]EY><BN@WJyO[d�By�] W�SO]¿�+Bh| 5 7/ [dPJWZyTN5up]EY><BN@W_dI £ ] W�SO]¿� Bh|m]BMTS 5 �/ [^P�WZyONsup]EY><BN7W�c7_dILPZNJ]EW�SO]¿� Bh� > ymUTP�� /tN76O]Bc7WZ_d��N=MTc@] o PZUO_d]EWZNQPW\yON o YZIBDOWM+ _9IrPZP�IE¡aW\yO[dPWZYb]BSO[9MO�pPXWZYb] W\N@�B�Ce¼N76Oc7_dUTSV[dMO��WZyTN�WZYb]EMTP\]Bc7WZ[dIBM�c@ILPXW\Pb®h�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i �E~


> ]B4O_9N©ÌOi �frW\Imc <�[9MTSON76	SON=P\c7Y\[ o W\[9ILMTP
:�ILUOMrWZY\� 3RMTSVN@6 7TYZILu ;qMrWZ[d_ fV]Eu o _dN=P


`quvN@Y\[dc=]BP`¢Y\�BN@MrW\[9MT] ¦xN@Y �tIB_ ÌE�B?\iQ< ?bi10�0�2 < � ?R<LÌ¿? ÌE<L< ~ i 0 ~ ),�Y\]��@[d_ ,�I 8 N=P o ] i ~ ? < 0¿?bi10�0 ~ < � ?R<LÌ¿? ÌE<L< ~ Ì(�L<�):�]EMT]LSO] f /6) > f�� :�IBu o ILPZ[}W\N ÌBÌ ? <�) ?bi10�)�� < � ?R<LÌ¿? ÌE<L< ~ � 2(� �¦xN76V[^c7I 3K)�: Ì 0E? < 0¿? ÌE<B<Ti < � ?R<LÌ¿? ÌE<L< ~ �Ti 2
) N=YZU *a[duv] 2sN=MON@Yb]E_ i-0 ? < 0¿?bi10�0�) < � ?R<LÌ¿? ÌE<L< ~ iLi 2�0
;sfV` f /6) 0B<B< Ì�0 ?\iLi7?bi10�) ~ < � ?R<LÌ¿? ÌE<L< ~ � )(�"0`JPX[^] / )t]Bc@[}D�c`¢U�P W\Y\]B_9[^] `¢_d_ §JY\SO[9MT]BYZ[dN=P Ì()E? <�) ?bi10�)�� < � ?R<LÌ¿? ÌE<L< ~ � 2�0�0:�yO[dMT] fmyT]EMT�ByT]B[�:�IBu o IrPX[9WZN ÌVi@? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~ Ì�0


8qIBMO� -JIBMO� 8J]EMO�ªfmN=MO� i )E?\i¿Ì¿?bi10�0L< < � ?R<LÌ¿? ÌE<L< ~ ~ <B<L<3RMTSV[^] ,�fmF ~ < i � ? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~ 2�)3RMTSVILMON=PZ[^] KL] < ]EYZW\]p:�IBu o IrPX[9WZN i )E? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~B~ 2KL] o ]EM �¢[ <L<BN=[¨ÌBÌ�0 i10E? <�0 ?bi10�)�2 < � ?R<LÌ¿? ÌE<L< ~ �r< ~ 0¦;]E_^]¿�mPZ[^] -G*�fVF :�ILu o IrPX[9WZN ÌVi@?\i¿Ì¿?bi10�0 ~ < � ?R<LÌ¿? ÌE<L< ~ ÌLÌE� ��qN@£ 5 N=]B_d]BMTS � 5«fmF �r< <�2E?\iQ< ?bi10�0rÌ < � ?R<LÌ¿? ÌE<L< ~ Ì�0 0L<
)t]�<m[^P Wb]EM -�]EYb]BcbyO[ i=<L< Ì ~ ? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~ ÌLÌ
)yT[9_d[ oTo [9MTN=P )�fmF�:�ILu o IrPX[9WZN i )E? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~r� 2fm[dMO�L] o ILYZN frW\Y\]B[}WbP > [9uvNQP i=<E? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ Ì�2�0OifmILUVWZy�-JIBY\N=] fmN@ILUO_�:�IBu o ILPZ[}W\N i )E? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~ 0 �fmYZ[�*�]EM�< ] `q_9_�fVyT]EY\N i-0 ?\iQ< ?bi10�0�) < � ?R<LÌ¿? ÌE<L< ~ iQ< ~ Ì
> yT]E[d_^]EMTS fmF > i )E? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~ 2rÌ
> ]E[d£�]BM > ]E[d£�]BM @/N@[d�ByrW\N=S i )E? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~ 0OiFUOY\I o N`qUTPXWZY\[d] ` > � Ì � ?\iLi7?bi10�0rÌ < � ?R<LÌ¿? ÌE<L< ~ Ì�0Vi �,�N=_9�L[9UTu ,�F *a?RÌB< <Oi@? < � ?bi10�0rÌ < � ?R<LÌ¿? ÌE<L< ~ Ì�0() �: �=N=cby_)�N o UO4O_d[dc )�� 0E< i 2E? < � ?bi10�0�0 < � ?R<LÌ¿? ÌE<L< ~ ) � 0HJN@MOup]BY?< - 7�� iBi@? <rÌ¿?bi10�0 ~ < � ?R<LÌ¿? ÌE<L< ~ Ì(��0�0
7TY\]BMTc7N :�`q: �L< i10E? < ~ ?bi10�0L< < � ?R<LÌ¿? ÌE<L< ~ ~ Ì ~ i
2sN=YZup]EMm� H¢`�� iQÌ ?\i¿Ì¿?bi10�0L< < � ?R<LÌ¿? ÌE<L< ~ ~ <(� )
2sY\N@N=c@N 2sN@MTN@Yb]E_afmyT]BYZN i ~ ? < 0¿?bi10�0�) < � ?R<LÌ¿? ÌE<L< ~ iLi )rÌ3 Wb]E_d� ¦C3 , > N@_ <(�B? <�) ?bi10�0 ~ < � ?R<LÌ¿? ÌE<L< ~ Ì ~ 0Ti�¢N@WZyON=YZ_^]EMTSTP `qF�� 2sN@MON=Y\]B_ Ì()E?\iQ< ?bi10�0rÌ < � ?R<LÌ¿? ÌE<L< ~ Ì�2B<��
)�UTP\PX[^] ¦xILP\c7I £ > [duvN=P i-0 ? < 0¿?bi10�0�) < � ?R<LÌ¿? ÌE<L< ~ iLiQÌ�0f o ]E[dM ¦C]BSVY\[^S 2sN=MON@Yb]E_ Ì � ? < 0¿?bi10�0�0 < � ?R<LÌ¿? ÌE<L< ~ )�0 �fm£�NQSVN@M frW\IVc <ryTIB_du 2sN@MON=Y\]B_ i � ? <Ti7? ÌE<B<Ti < � ?R<LÌ¿? ÌE<L< ~ 0E<�0fm£�[9W��=N@Y\_d]BMTS fm£�[^PZP¢¦;]EY><BN7W Ì � ?\iLi7?bi10�0L< < � ?R<LÌ¿? ÌE<L< ~ ~ < ~ i
> UOY><BN@� 3XfmF �q]EWZ[dIBMT]B_ti=<B< i )E? < � ?bi10�0 � < � ?R<LÌ¿? ÌE<L< ~ i ~ ÌOi
;©� -v� 7 > fmF�iQ<B< i )E? <��E?bi10�)�� < � ?R<LÌ¿? ÌE<L< ~ � � 0B<`�¡zY\[dc=]v]EMTS	¦x[^SOSV_dN�F�]BPXW3 PXYb]EN=_ > `�?bi=<L< Ì�0 ? < 0¿?bi10�0�) < � ?R<LÌ¿? ÌE<L< ~ 0 ~ i







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � �
` 8 [^PXUT]B_TN@6V]Bu o _9NqIE¡«WZyT[dP�[dP��B[ 8 N=M�[dM 7 [d�BUOY\N�0BÌO|B£�yO[^cby�PZyOI £¢P�W\yONqI o N=Mp_9N 8 N@_�IE¡«W\yONqKr] o ]BMON=PZN¢�¢[ <L<BN@[


ÌBÌ�0G[dMTSVN@6�I 8 N@Y�WZyON o ]BPXW�i � �LN=]BY\P=|V]EMTS	[9W\P�c7ILYZY\N=P o IBMTSV[dMO� � /W\Y\]BMTP ¡zILYZup]EWZ[dIBMa�


0 500 1000 1500 2000 2500 3000 3500 4000 4500
0


0.5


1


1.5


2


2.5


3


3.5


4
x 10


4


t


In
de


x 
le


ve
l


0 500 1000 1500 2000 2500 3000 3500 4000 4500
0.8


0.925


1.05


t


ς


7 [9�LUOY\N 0BÌ�� � ��� � > yON©�¢[ <L<BN=[�ÌBÌ�0©[dMTSVN@6/e¼I o N@Mx_dN 8 N=_^®7��� �.� � ��! � > yON � /�WZYb]EMTPX¡zIBY\up] W\[9ILM�IE¡�W\yONG�¢[ <L<BN@[ÌBÌ�0V|V]BP�SON=P\c7Y\[94 N=S�4m��F�CrUT]EWZ[dIBMTP#0�0 ? 2LÌV�
`c@IBu o _dN7WZN=_9�w]BST] o W\[ 8 N�WZI o IB_dIB�L��[^P¢UTPZN=Sw[dMxW\yO[dPJPXNQchW\[9ILMa|�]B_9_dI £�[9MT�pyON7W\N@Y\IB�BN=MON@ILUTP�WZI o IL_9IL�B[dN=P�W\Iª4 N


up]E[dMrW\]E[dMONQS�4m�pW\yON�N=PXWZ[dup] WZNQS )�]BYZN@WZIvPXN@W¢IE¡t�q�JP@� > yON�uvIVSVN@_¨[9M o UVW\P¢]BYZN�SVN@DTMONQS	]LP�¡zIB_d_9I £¢P �


�
T
� �B�B� � T �/ A � /?>�� � 9 9=9 � � /?>QT>T e 2 ~ ®


8 ]EY\[d]B4O_dN=P�i�WZIni=<	c7ILMrW\]E[dM�WZyONp_^]BPXWpi=<	_d]B�B�LN=SCY\N=]B_9[^PZN=S 8 ]B_9UTN=P�IE¡&. / e¥Ì�£�N=N <VP�IE¡�WZYb]BSV[dMO�r®7�ª`¢�r]E[dM � /?>UT







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � 0
c@]BMOMOIBWs4 NvUTPXNQS;]LPq[9W�[9MTc@IBY o ILY\]EWZNQP¢[dMV¡zIBY\up] WZ[dIBM;WZyT]EW�£�[9_d_�MOIEW�4�Np] 8 ]E[d_^]E4O_dN5]EWJW\yONpP Wb]EYZWsIB¡WZyONpSO]¿�x]EWB *MEL�
` PZ_d[dSV[dMO��£�[9MTSOI £ [^P5UTPXNQSjWZI/c7ILMLWb]E[dMjWZyON�WZYb]E[dMO[dMO�;]BMTSjWZNQP WvPXN@W\P=|t£�yO[^cby�£�N=YZN��BN@MTN@Yb] WZNQSj4m�;DTYbPXW


c7Y\N=]EWZ[dMO��WZyONpY\N@_dN 8 ]EMrW�N76 o _^]EMT]EWZILYZ� 8 N=chW\IBY�]EMTS/SVN o N=MTSVN@MrW 8 ]E_dUON o ]B[9YbPpezN=u©4 N=SOSVNQS/uv]EWZY\[}6T®7� > yON�DTYbPXW)B<4= IB¡�W\yON©SO]EW\]v£�]BP�[dMO[9WZ[^]E_d_9��UTPXNQS	¡zIBY�W\Y\]B[9MT[9MO��|T]EM�S�W\yONGMON@6mWsÌE<4= ¡zIBY¢WZN=PXWZ[dMO��� > yONG4 ImIEWbP W\Y\] o 4�]BPZN=S
¦�§JF��J��uvImSON@_aIB¡�W\yON o YZN 8 [9ILUTP¢fmN=c7WZ[dIBMTP�£�]BP�U�PXNQS�]LP�WZyON�W\Y\]B[9MO[dMO�p]E_d�BILYZ[9WZyTu	�
F�]Lcby�Y\UOM	£�]LP�[9MO[9WZ[^]E_d[^PXNQS�£�[9WZyCÌE<L<�Y\]BMTSVIBu-MTN7W £�IBY><mP=� > yONG]E_d�BILYZ[9WZyOu o ]EYb]EuvN7W\N@YbP�£�N@Y\N �
� )YZIL4T]E4T[9_d[}W �pIB¡ £�N@[d�ByrW o N@YZWZUOY\4T] W\[9ILM��<O�lÌ
� )YZIL4T]E4T[9_d[}W �pIB¡ [dMTSV[ 8 [dSOUT]E_a£�N@[d�ByrW�N@_d[9uv[dMT] W\[9ILM�� <O� <LÌ
� )YZIL4T]E4T[9_d[}W �pIB¡ [dMTSV[ 8 [dSOUT]E_aMTImSONsN=_9[duv[9M�] WZ[dIBM��<O� <LÌ
� ) N=YXW\UOY\4T] W\[9ILM � �Z/ 8 � 8�9 E 3
� 3RMO[}W\[d]B_«£�N=[9�LyrW\P � � / 8 � 8�9 E 3
� 2sN@MON=Y\]EWZ[dIBMTP��Ì�0V| <B<L<


����� \ ��� � � � !2a ���
2sYb] o yO[^c@]B_¬N76O]Eu o _dN=P�IB¡ NQP W\[9up] W\N=S )t]EY\N7WZI�¡zY\IBMrW\P�SON7DTMONQS�4m��WZyONG]BY\cbyO[ 8 NJIE¡�F��q�JP�IBM�WZyTN�WZN=PXWqSO]EW\]v]EY\N
o Y\I 8 [dSVNQSv[9M 7 [9�LUOYZNQP&0 ~ ? 0�0O�	7 [d�BUOY\N 0 ~ �B[ 8 NQPW\yONJNQP W\[9up]EWZN=S )�]BYZN@WZI©¡zYZILMLW��BN=MON@Yb] W\N=S�¡zIBY�]Gup]BY?<LN7W¡zY\IBu
WZyTN©`¢uvN@Y\[^c@]BP��LYZILU o e W\yON5f /6) 0E<L<�[9MTSON76T®h| 7�[d�BUTYZN 0(�p�B[ 8 N=P�W\yONGNQP W\[9up] W\N=S )t]EY\N7W\I5¡zY\IBMrW¢�LN@MON=Y\]EWZN=S�¡zILY
]xup]EY><BN@WG¡zY\IBu WZyON	`qPZ[d]4+A)t]Bc@[}D cp�BY\IBU o ezWZyON	�¢[ <L<BN@[�ÌBÌ�0	[9M�SVN76T®h|]BMTS�7 [d�BUOY\N 0�0x�B[ 8 N=PGWZyON�N=PXWZ[dup] WZNQS
)t]EY\N7W\I5¡zY\IBMrW��BN=MON@Yb] W\N=Sª¡zIBY¢]�up]EY><BN7W�¡zY\IBu-W\yON�FUOY\I o N=]BM��LYZILU o ezWZyON<7 > fVF,iQ<B<5[9M�SVN76T®h�
> yONQPXN5DT�BUTYZNQPsPZyOI £ W\yT] W©]B_}W\yOIBUT�ByCW\yON@Y\Nv[dP�PZIBuvNpSVN@�LYZN=N5IB¡�MOIL[dPZN o YZNQPXN=MrW=|«W\yONv�BN@MTN@Yb]E_tPXy�] o N�]BMTS


o Y\I o N@YZWZ[dN=P�IB¡�F��J�-uvIVSVN@_^P�DOWZWZN=SjILM;W\yONpW\Y\]B[9MO[dMO�xSO]EW\]	[dP©c7IBM�PX[^P W\N@MrWG£�[9WZy/WZyON=[9Y o N=YX¡zILYZup]EM�c7NvIBM/WZyTN
WZYb]E[dMO[dMO��SO]EW\]T�¢F��q�JPs£�[}W\yCyO[d�ByCY\N7W\UOYZMC]BMTSxyO[d�By 8 IB_^] W\[9_d[9W ��ILMwWZyON©WZYb]E[dMO[9MT��SO]EW\]ª]B_dPZIªup]E[dMrW\]E[dMwWZyTN=PZN
o Y\I o N@YZWZ[dN=P�ILM�W\N=PXWZ[dMO�pSO] Wb]O|O]EM�S�_d[ <BN@£�[^PZNJ¡zILY�uvImSON@_^P�£�[}W\y	_dI £ 8 IB_^] W\[9_d[}W ��]EMTS�_9I £�YZN@WZUOY\Ma�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � 2


0 0.2 0.4 0.6 0.8 1
0


0.02


0.04


0.06


0.08


0.1


0.12


σ


E
(r


)


0 0.2 0.4 0.6 0.8 1
0


0.05


0.1


0.15


0.2


0.25


σ


r


7 [9�LUOY\ND0 ~ � )¢[dP?<�]BMTS/YZN@WZUOY\M�ILM/WZyON�f /6) 0B<B<	[dMTSVN76 e )L<>=*W\Y\]B[9M¨| ÌE<4=*W\N=PXWb®h������� ��� > Y\]B[9MT[9MO� )t]EY\N7W\I¡zY\IBMrW=�	� 	��� �
� F 8 ]B_9U�] WZ[dIBMwIB¡ PZN7W¢IBM�WZNQP WqST] W\]T�


0 0.2 0.4 0.6 0.8 1
0


0.02


0.04


0.06


0.08


0.1


0.12


σ


E
(r


)


0 0.2 0.4 0.6 0.8 1
0


0.05


0.1


0.15


σ


r


7 [9�LUOY\N	0E���@)¢[dP?<x]EMTSxY\N7W\UOY\MCIBMwW\yON��q[ <L<LN@[ ÌLÌ�0v[dMTSVN@6�e )B<4=�WZYb]E[dMa|¬ÌB<>=-WZNQP Wh®h������� ��� > Yb]E[dMO[dMO� )t]EY\N7W\I¡zY\IBMrW=�	� 	��� �
� F 8 ]B_9U�] WZ[dIBMwIB¡ PZN7W¢IBM�WZNQP WqST] W\]T�


0 0.2 0.4 0.6
0.01


0.02


0.03


0.04


0.05


0.06


σ


E
(r


)


0 0.2 0.4 0.6 0.8 1
0


0.05


0.1


0.15


0.2


0.25


σ


r


7 [9�LUOY\NM0�0�� )�[^P=<C]BMTSxY\N7WZUTYZM�IBMxW\yON 7 > fmF i=<L<p[dMTSVN76�e )B<4=-W\Y\]B[9M¨|«ÌB<>=�WZNQP Wh®h������ �
� > Yb]E[dMO[dMO� )t]EY\N7W\I¡zY\IBMrW=�	� 	��� �
� F 8 ]B_9U�] WZ[dIBMwIB¡ PZN7W¢IBM�WZNQP WqST] W\]T�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i �L�


> Yb]E[dM > N=PXW


0 10 20 30 40
−0.5


0


0.5


1


Market index


R
et


ur
n 


(%
 p


er
 d


ay
)


0 10 20 30 40
−0.5


0


0.5


1


Market index


R
et


ur
n 


(%
 p


er
 d


ay
)


0 10 20 30 40
0


1


2


3


4


5


Market index


R
et


ur
n 


σ


0 10 20 30 40
0


1


2


3


4


5


Market index


R
et


ur
n 


σ


7 [9�LUOY\NC0�2�� )�[^P=<;]BMTS�YZN@WZUOY\MC¡zILY ~ SO[}A¬N@Y\N@MrW�N76VN@u o _^]EY�uvN@u54�N=Y\P�IB¡�W\yONª]EYbcbyO[ 8 N=SCF��q�JPG]Bc@YZIrPZPqWZyON ~m�[dMLW\N@Y\MT] W\[9ILMT]E_¨[9MTSO[dc@N=PGe¼[9MTSO[dc@N=P¢ILY\SON@Y\N=Sw]BP�[dM > ]E4O_dN©ÌVi¿®h��¦C]EY><BN@W o N=YX¡zILYZup]EM�c7NG]EM�S o N@YZ¡zIBY\up]EMTc@N�IE¡�WZyTNYb]EMTSVILu�£�]E_ <pu�IVSVN=_aUTPZ[9MT�5W\yONGP\]EuvNsWZYb]BSV[dMO�pP W\Y\]EWZN=�B�ª]EY\N�]E_^PXIvPZyOI £�Ma�


7 [9�LUOY\N 0(2x[d_d_9UTPXWZYb] W\N=P©WZyON�YZ[^P?</]BMTSnY\N7WZUTYZM�N@6 o N=YZ[dN@MTc@N=Sn4m�nSV[9A N=YZN=MrW5I o N@Yb] W\[9MT� o IL[9MrWbP�e¼[9MTSO[ 8 [^SVUT]E_
F��J�qPb®vIE¡sWZyON�)t]BYZN@WZI/¡zYZILMrWvIB¡�¦/§JF��q�JP@|�]EM�S�W\yON@[dY�c7ILYZY\N=P o IBMTSV[dMO� o N=YX¡zILYZup]BMTc7NwIBM¤WZyTNwWZN=PXW�SO]EW\]T�
> yOY\N@N�[dM 8 N=PXWZILY�W � o N=P]BYZN�]B�L]E[dM5W\]�<LN@Mv]BP�N@6mN=u o _d]BY\P ¡zY\IBuWZyON¢]BY\cbyO[ 8 NQP@|¿W\yOILPZN�WZyT]EW_9[dN�IBMvN=[}W\yON@YN@6mWZY\N@uvN
IE¡ WZyTN�¡zYZILMrW=|O]EM�S�W\yONGuv[^S	PZN7WJu�N=u©4 N@YQ|V¡zIBY�NQ]BcbywIE¡ WZyTN ~r� SV[9A N=YZN=MLWsP W\Imc <�[9MTSO[dc@N=PGe o IL[9MrW\P � ` �9| � , �T]BMTS
� : �9|¨]LPGPZyOI £�M o YZN 8 [dIBU�PX_d�C[dM37 [d�BUOY\N ��0r®h� > yON o N@YZ¡zIBY\up]EMTc@NvIE¡�WZyON o Y\IEDTWGuv]E6V[9uv[^PX[dMO�wN76mWZY\N@uvNpF��J�G|
� ` �d|r[^P�SON@MOIBWZN=Sª4r� o _dUTP�PX[d�BM�P�[dM 7 [9�LUOY\N�0(2T|=I IL[9MONQSp4m�pSVIEWbP@� > yON o N=YX¡zILYZup]EM�c7N¢IB¡«WZyONJu�[^SªPZN7W�u�N=u©4 N@YbP@|
� , �d|�]BYZNxSVN=MOIEW\N=S 4m�nWZY\[d]BMO�B_dN=Pp]BMTS�WZyON o N@YZ¡zIBY\up]EMTc@N	IB¡JW\yONxY\[dP?<�uv[9MT[9uv[^PX[dMO�nF��J�qP=| � : �d|4m�¤c7[dYbc7_dN=P=�
> yON	up]EY><BN7W o N=YX¡zILYZup]EM�c7N�[^PvPXyTI £�M�£�[}W\y¤]�PXIL_9[^Sn_d[9MONL|�]BMTSjWZyTN�Yb]EMTSOIBu�£�]B_ <juvIVSVN@_ o N@YZ¡zIBY\up]EMTc@Nª[dP
PZyOI £�MC£�[9WZy�]�SO]BPZyONQSx_9[dMONwez[dMCW\yO[dP�c=]BPZNGWZyTN5Yb]EMTSOIBu £�]B_ <	uvIVSVN@_�UTPZN=PqWZyON5WZYb]BSO[9MO�	P W\Y\]EWZN=�B�	4T]BPZN=SxILM
[9W\P o YZNQSV[dc7WZ[dIBMwW\yT] W � /KJ T2A � /?>UT7®��L��`qPJc@]EMx4 N5PZN@N=M	WZyON o YZIBDOW¢up] 6V[du�[^PZN@Y¢uvIVSVN@_�c7ILMTPZ[dPXWZN=MLW\_9� o Y\ImSOUTc7NQP
�b³¨´Qµq¶ GbÁ¿Ä¿»h½�Â"Gb¹ I5½�»@Ä¿µ ¹ »������
	����� � ÀOGbÁ¿Á¿»bº��Bµ¢¸¿·gµ Ä Gb·�� � ¾l·�¸¿Á I=Á¿»XÂ¨Á G\º�ºg´¿µq·gºNGb¶¼º�»���ÄAG�����GbÁQÄvÀOGbÁp»hÁ¿¹ ���Bµ







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � )
yO[d�ByON=YqYb] W\N�IE¡Y\N7WZUTYZMwW\yT]EMwW\yON©IBWZyON=YquvIVSVN@_^Pq]Lc7Y\ILP\P�4�IBWZyxW\Y\]B[9MO[dMO��ST] W\]�]EMTS	W\N=PXWsSO]EW\]O|�uvN=]EMT[9MO�ªWZyT]EW
WZyTN5Y\N7W\UOYZMTN=S;c=] o [9W\]B_�ILM;[dM 8 N=PXWZuvN=MLWs[9M;WZyO[^PsuvImSON@_�£�]LPJc@IBMTPZ[^P W\N@MrWZ_d�wyO[9�LyON@YJWZy�]EMCW\yON�W £�I�IEW\yON@YsF��q�
I o N@Yb] W\[9MT� o IB[dMrW\P�e¼[9u o _d�m[9MO��W\yON¢c7ILMTPZ[dPXWZN=MTc7�GIB¡�W\yON�F��J� PXN@Wb®�]BMTS©yT[9�LyON@Y�W\yT]EM�WZyTN�YZN@WZUOY\MTP o Y\IVSVUTc7NQS©4m�
WZYb]BSO[9MO��ILM5Yb]EMTSOIBu£�]E_ < o Y\N=SV[^chW\[9ILMTP=|EIBYt[dM 8 N=PXWZ[dMO�sWZyTN¢c@] o [}Wb]E_V[dM5W\yON�up]EY><BN@Wt]EWtWZyON¢PXW\]BYXW]BMTS�YZN=u�I 8 [dMO�
[9W�] W�WZyON�N=MTS�IE¡ WZyON�W\[9uvN o N@Y\[9IVS«� > yON�up]EY><BN@W�Yb] W\N�yTI £�N 8 N@Y�N@6 o N@Y\[dN@MTc@N=P�WZyON�yT[9�LyON=PXW 8 IL_d]EWZ[d_9[9W ��IE¡¬YZN@WZUOY\M
]Bc@YZIrPZP¢WZyONpSO]EW\]T|«[9u o _d�m[9MO��WZy�] W�[}W�[^PsWZyON�_9NQ]BPXW�P\] ¡zN�IE¡�WZyON�D 8 N5uvIVSVN@_^PJ¡zIBY�[dM 8 N=PXWZuvN@MrW o UOY o IrPXNQP@� > yTN
Y\N@_^] WZ[ 8 N o N@YZ¡zIBY\uv]BMTc7N�IB¡¨WZyTN�D 8 N�SV[9A N=YZN=MrW¢u�IVSVN=_dP�c=]EMw4 NGPXN=N@M	u�ILYZN�c@_9NQ]EY\_9�p[dM�7�[d�BUTYZN 0 � �


> Yb]E[dM > N=PXW


A B C mkt rw
−0.5


0


0.5


1


R
et


ur
n 


(%
 p


er
 d


ay
)


Model
A B C mkt rw


−0.5


0


0.5


1


R
et


ur
n 


(%
 p


er
 d


ay
)


Model


A B C mkt rw
0


0.5


1


1.5


2


2.5


3


3.5


4


4.5


R
et


ur
n 


σ


Model
A B C mkt rw


0


0.5


1


1.5


2


2.5


3


3.5


4


4.5


R
et


ur
n 


σ


Model


7 [9�LUOY\N 0 � � ,�I¿6 o _dIEW\P�IE¡aW\yONqY\N=]B_9[^PZN=SvY\[dP?<p]EMTSpY\N7W\UOY\Mp¡zIBY ~ SV[9A N=YZN=MrW�N@6mN=u o _d]BY�uvN@u54�N=Y\P�IE¡«W\yON�]EYbcbyO[ 8 N=SF��J�qP�]Bc7Y\ILP\P WZyTN ~r� [dMrWZN@Y\MT]EWZ[dIBMT]B_V[9MTSO[dc@N=P=��¦;]EY><BN7W o N@YZ¡zIBY\up]EMTc@N¢]EMTS o N@YZ¡zIBY\up]EMTc@N�IE¡¬WZyONqY\]BMTSVIBu £�]B_ <uvIVSVN@_aU�PX[dMO��WZyONGP\]EuvNsWZYb]BSO[9MO�pPXWZYb] W\N@�B�ª]BYZN�]E_^PZIvPZyOI £�Ma�
8¢N=YZN©4�I¿6 o _dIEWbPqIB¡tWZyON�YZNQPXUT_}WbP¢IE¡tW\yON5D 8 N5u�IVSVN=_dPJI 8 N=Y�WZYb]E[dMO[dMO��]BMTSwW\N=PXWsPZN7W\Pq¡zIBYJWZyTNGW £�I�IB4�I N=chW\[ 8 N


uvN=]LPXUOY\N=Pt]BYZN¢PZyOI £�Ma��;qPZ[dMO��WZyON�@ [9_^c7I¿6VIBMpPZ[9�LMON=S�Yb]EM�<VP W\N=PXWJe W £�I�W\]B[9_dN=Sp]EWtWZyONq<T� < 0�PX[d�BMT[}D�c=]EMTc@N�_9N 8 N@_ ®h|
WZyTN©yO[d�ByON=Y¢Y\N7WZUTYZMxYb] W\N=P¢IB¡tu�IVSVN=_ � ` �¬]EY\N�¡zIBUTMTS	WZIª4 N5PZ[d�BMO[9D�c@]BMrWZ_d��4 N7WXW\N@YJWZyT]BM;]E_d_aW\yONGIBWZyON=YquvIVSVN@_^P@|
ÀOGb¹lÀ ¸¿¹HG\º¥µ Ä G\ºaºg´¿µÀ ¹l»h·¥µt»��Vºg¶NGbÄ¿µ»hÁJÄBG�� �


�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i � 0


£�[9WZynW\yONªMON@6rW�4�NQP W�uvImSON@_�4 N@[dMO�xW\yON�Yb]EM�SVIBu�£�]B_ <¬| ¡zIB_d_9I £�N=S/4m�/u�IVSVN=_ � , �9�§ 8 N=Y�WZyON�WZYb]E[dMO[9MT�;SO] Wb]
WZyTNªup]EY><BN7W�Y\N7W\UOYZMj[^PGyO[d�ByTN@Y�W\yT]EM/WZyTN�¦�§JF��J�-I o N@Yb] W\[9MO� o IB[dMrW � : �d|¨yTI £�N 8 N@Y�ILMjWZyONpW\N=PXW©SO] Wb]O| � : �
ezN@A NQchW\[ 8 N@_d� <BN=N o [dMO�GW\yON�c@] o [}Wb]E_¬[dM�W\yON�4T]EM�<ª]BMTS�MOIEW�WZYb]BSV[dMO�m®[^P�PX[d�BMT[}D�c=]EMrWZ_d�p4 N7WXW\N@Y�W\yT]EM�[9M 8 NQP W\[9MT�5[dM
WZyTN�uv]BY?<LN7WbPse¼£�yO[^cby	[^PZM�� WqPZUOY o Y\[dPZ[9MT�5�L[ 8 N@M	YZNQc7N@MrW�up]EY><BN@W o N@YZ¡zIBY\up]EMTc@NQ®h�
> yON 8 IB_^] W\[9_d[9W �	IB¡tWZyON�up]EY><BN@WqYZN@WZUOY\MC£�]BPsPX[d�BMT[}D�c=]EMrWZ_d�	yO[9�LyON@YJWZy�]EM�]B_9_�WZyTN5IBWZyON=YJuvIVSVN@_^P=|�¡zIL_9_dI £�N=S


4m��uvIVSVN@_ � ` �d|tW\yONxY\]BMTSVILu £�]B_ <�uvIVSVN=_q]EMTS�WZyTN@M uvImSON@_ � , �9��7 [dY\PXWZ_d�nWZyTN=PZNxYZNQPXUO_9W\PpPZyOI £-W\yONwWZyTYZN=N
SV[9A N=YZN=MrW¢I o N@Yb] WZ[dMO� o IB[dMLWbP�IE¡ WZyTN©¦�§JF��J� YZNQPXUT_}WbP�£�N=YZNGc@IBMTPZ[dPXW¢]Bc@YZIrPZP�WZyTN�WZNQP WqSO]EW\]T|O£�[}W\y � ` �OyT] 8 [dMO�
yO[d�ByON=YvYZN@WZUOY\M�¡zIL_9_dI £�N=S�4m� � , �]EMTS�WZyTN@M � : �d|]EMTS � : �yT] 8 [9MT�CWZyTNx_9I £�N=PXW 8 IB_^] W\[9_d[}W �L|t¡zIB_d_dI £�NQS�4m� � , �
]EM�S � ` �9��¦xIVSVN=_ � ` � £�]BP©]B_dPZIxW\yON�4 N=PXW o N@YZ¡zIBY\uv[9MT�CuvImSON@_�ez[dM�WZN=YZupP©IE¡¢Y\N7WZUTYZM�®GIBUVW�IE¡�W\yON�D 8 NB|t]BMTS
o Y\IVSVUTc7NQSªc7ILMTPZ[dPXWZN=MLW o IrPX[9WZ[ 8 NJYZN@WZUOY\MTP�IBM�]B_9_¬up]EY><BN@W\PJe¼]BP�PZyOI £�Mª4m��WZyONs4�I¿6m? o _dIEW\Pb®h|rN 8 N@Mª£�yTN@M�PZIBuvNJIE¡
WZyTN5up]EY><BN@W\PJ£�N=YZN5N76 o N@Y\[9N=MTc7[dMO�wPX[d�BMO[9D�c=]EMrWsSVI £�Mm£�]EYbS	WZY\N@MTSTP@�G¦xNQ]EM 8 ]B_9UONQP�]EMTS�P Wb]EMTSO]BY\S;SVN 8 [^] WZ[dIBM�P
]EY\N�PXyOI £�M	[dM > ]E4O_dNGÌBÌO��`JP�c@]BM�4 NGPXN=N@Ma|V£�yTN@M�WZyON�N@6rW\YZN=uvN o YZIBDOW�uv]E6V[9uv[^PZ]EWZ[dIBM�F��q��uvIVSVN@_ � ` �aezWZyON
F��J�'£�yO[^cbypyT]LPtWZyTNqup] 6V[du©UOu YZN@WZUOY\MpIE¡¬W\yON�)t]EY\N7W\IGPXN@W�IB¡¬F��q��u�IVSVN=_dP�IBMvW\yON¢W\Y\]B[9MO[dMO�©ST] W\]r®�[^PUTPZN=S«|
]EM/] 8 N=Y\]B�BNGSO]B[9_d�xYZN@WZUOY\M;IB¡�<O�diBi �rÌ>=�ILMCW\yON©W\N=PXWGSO] Wb]�[^PsYZNQ]E_d[dPZN=S«� > yT[dPsY\N@_^] WZNQP¢W\Ix]EM�] 8 N@Yb]E�LNG]EMOMmUT]B_
Y\N7WZUTYZM�IE¡ ~B~ �lÌ�=�|Bc@IBu o ]BYZNQS�WZIsW\yON�Y\]BMTSVILu £�]B_ <©]BMOMmUT]E_mY\N7W\UOYZM�IE¡«ÌE<T�9iB=�]EMTS©WZyTN�uv]BY?<LN7Wt]EMOMmUT]B_VYZN@WZUOY\M
IE¡ ??�T� ~ =��
> ]E4O_dNªÌBÌ���¦xNQ]EM;Y\[^P=<;]BMTS�YZN@WZUOY\M;I 8 N@YsWZyON ~m� [dMrWZN@Y\MT]EWZ[dIBMT]B_ [dMTSV[^c7NQP@� )�NQPXUO_9W\P�PZyOI £�M�¡zIBYsWZyTNª]EYbcbyO[ 8 N=SF��J�N76VN=u o _d]BY�u�IVSVN=_dP � � �9| � ����]EM�S � � �d|TW\yON�up]EY><BN7W o N@YZ¡zIBY\up]EMTc@N�]EMTS�¡zY\IBu�W\yONGYb]EMTSOIBu�£�]E_ <�uvIVSVN@_e¼PXW\]BMTSO]BY\S	SVN 8 [^] W\[9ILMTP�[9M o ]BYZN=MLW\yON=PZ[^P\®7�


> Yb]E[dM > N=PXW)¢[dP?< = )�N@W )¢[dP?< = )�N@W¦xIVSVN=_ � <T� <L<B<L< <T� <Ti 2L< <T� <L<B<L< <T� <Ti 2B<eg]EYbcbyO[ 8 NJF��q�J® e¼<T� <L<B<L<L® e¼<T� <L<B<r® e¼<T� <L<B<B<r® e¼<T� <L<B<r®¦xIVSVN=_ � <T�9i 0LÌ ~ <T� <�� � 0 <T� Ì�0(�>0 <T� < ~ 2�2eg]EYbcbyO[ 8 NJF��q�J® e¼<T� <�)�)rÌB® e¼<T� <rÌ() 0B® e¼<T� ÌB<LÌ�0L® e¼<T� < ~B~ <r®¦xIVSVN@_�� <T� 2 0 � < ��� ������� <T� � 0 �E~ ��� �����
	eg]EYbcbyO[ 8 NJF��q�J® e¼<T� ~ 0BÌ�2L® e¼<T�9i ~ i � ® e¼<T� ~ 0�0Vi¿® e¼<T�9i ~r� 0L®
¦C]BY?<LN7W � ���� � � <T� <��Ti-2 � ��� 	 ��� ?R<O� <Oi � 2e¼<T� � 0Oi � ® e¼<T� <�0(��iQ® e¼<T� 2�)�2(�m® e¼<T�9iQ<�2Oi¿®


)¢]BMTSVILu @/]B_ < <T� 0Oi=�mÌ <T� < 0E��� <T� 0Oi ~m� <T� < � ~B~e¼<T� Ì � )rÌB® e¼<T� < � iLiQ® e¼<T� Ì�2 ~ �m® e¼<T�9iQ< ~r� ®


> yON�¡¼]Bc7WtWZyT]EW�c7ILMTPX[^PXWZN@MrW o Y\IEDOWbPt]EY\N�IL4TPZN@Y 8 N=S©UTPZ[9MO�sW\yON�Y\]BMTSVILu£�]B_ <5] oOo Y\IL]LcbyG[^Pt[9MrW\N@Y\N=PXWZ[dMO�T� > yO[dP
up]¿�q4 N�SVUON�WZI�W\yONW\Y\]LSV[9MT�¢P W\Y\]EWZN@�L�¢[9W\PZN@_9¡OYZNQP W\YZ[^chW\[9MO��W\yON�Yb]EMTSOIBu £�]E_ <quvIVSVN@_LWZI�W\Y\]LSVN£�yON=YZN�W\yONup]EY><BN@W







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i )L<
[^P 8 IB_^] W\[9_dNp]EMTS;WZyTN o IBWZN@MrW\[d]B_t¡zIBY�_^]EY\�BN�YZN@WZUOY\MTP�[^P�yO[d�ByON=Yªez£�yO[^cbyj[dP�[9W\PG]B[9uª®7|¨[9WGu©UTPXWG4�NpY\N@uvN=u©4 N@Y\N=S
WZy�] WW\yON¢Yb]EMTSVILu�£�]E_ <©[^PI o N=Y\]EWZ[dMO��IBMvW\yON�WZYb]EM�P ¡zILYZuvN=S©WZYb]BSO[9MO�5PXN=YZ[dN=P�MOIBWWZyTNqYb]¿£�[dMTSV[^c7N=P=�98¢I £�N 8 N@Yt[9W
[^P�c7ILMTc7N=[ 8 ]B4O_9N�W\yT] W�WZyON�W\Y\]BMTP\]BchW\[9ILMpc7ILPXW\Pu�IVSVN=_9_dN=Svup]¿�54�NqWZImI�_9I £¤¡zIBY�c7N=YXWb]E[dM�up]BY?<LN7W\P=�¨3 ¡«W\yO[^P�PZN=c7ILMTS
c@]LPXNJ[dP�WZY\UONL|r[9W�PXyOILUO_^Sp4�NsMOIBWZN=SªWZyT]EW�N 8 N=Mª£�[}W\yªW\Y\]BMTPZ]LchW\[9ILMTP�c@ILPXW�Yb]E[^PXNQSv[9M�IBYbSVN@Y�WZI©up] <BN¢W\yONsY\]BMTSVIBu
£�]E_ <�uvIVSVN=_�UOM o YZIBDOW\]B4O_dNB|muvImSON@_ � ` �m£�[9_d_«P W\[9_d_¬N76 o N=YZ[dN@M�c7NJPZ[d�BMO[9D�c@]BMrW o IrPX[9WZ[ 8 NsY\N7WZUTYZMTP�4�N=�BILMTSª4 IEW\yªWZyTN
up]EY><BN@W�]BMTS�4T]EM�<�YZN@WZUOY\MTP=�
7 [9�LUOY\NG0�)�[9_d_9U�P W\Y\]EWZN=P�W\yON�£�[^SVN�Y\]BMO�BN�IB¡ F��J�]EYbcbyO[9WZNQchWZUTYZNQP�] oOo ]BYZN=MLW�[dM	WZyON�MOILMV?RSVIBuv[dMT] W\N=S	PXN@W¢IE¡


uvIVSVN@_^P�Y\N7WZUTYZMONQS	4r��WZyTN )�]BYZN@WZIB?¥F��J� o Y\IVc7N=P\P=��7 [9�LUOYZN 0�)B]vPZyOI £¢P�] 8¢[dMrWZIBM o _9IBW¢IE¡�WZyON©£�N=[9�LyLWbP�IE¡�WZyTN)(�©F��q�JP�Y\N=PZ[dSO[9MO��[dMpW\yONJ]BY\cbyO[ 8 N�IB¡¬WZyONs�¢[ <%<LN@[¬ÌBÌ�0 )t]BYZN@WZIE? F��J�G|BNQ]Bcbyªc@IB_dUOuvMpYZN o YZNQPXN=MrWZ[dMO�G]GSV[9A N=YZN=MrW
F��J� e¼N=]Bcby�£�yO[}W\NsP CrUT]EY\NqSVN=MOIEW\[9MT�©]EM�]LchW\[ 8 Nq£�N@[d�ByrW=|m]EMTSªN=]BcbypN=u o W �ªPFCrUT]BYZNJSVN@MOIBWZ[dMO�5]©SV[dP\c7ILMOMONQchWZNQS
£�N@[d�ByrWb®7� > yONp£�N@[d�ByrWbPs]BYZN�IBYbSVN=YZNQS;PZUTcby;W\yT] W�� T � 9=9 9 � � E EvYZN o Y\N=PZN@MrWJW\yONp£�N@[d�ByrW\PJ¡zY\IBu�W\yONwi=<	[9M o UVW\P
MOIVSVNQP�]EMTS�WZyTN�4O[d]LP�WZIvW\yON�DTYbP W�yO[^SOSVN=M	MTImSONB|�� T�� � 9=9=9 � ��� ; YZN o YZNQPXN=MrW�W\yONGPZ]BuvNJ¡zILY�WZyTNGPXNQc7IBM�S�yO[^SOSVN=M
MOIVSVNx]EM�S�PZI�ILMa��� T>T � � 9 9=9 � � E���E�Y\N o Y\N=PZN@MrW�WZyONw£�N@[d�ByrW\P54 N7W £�N@N@M¤WZyTN	yT[dSOSON@M _d]¿�LN@Yv]EMTS�WZyONwILUVW o UOW
MOIVSVNL|¬]BMTSwW\yON5ILUVW o UVWs4T[d]LP@�s`qPs[}W�c@]BMC4�NvPZN@N@M¨|¬]ª£�[dSVN�Yb]EMO�LNGIE¡£�N@[d�ByrW\PJ]EMTS;SVN@�LYZN=N=P¢IB¡�c7ILMOMONQchWZ[ 8 [}W �
]EY\N�UTPZN=S«|V¡zY\IBu � 0�]Bc7WZ[ 8 N�£�N@[d�ByrW\P�ezWZyON )Ti=PXW�F��q�J®�WZIwiQÌOi�]BchW\[ 8 N�£�N=[9�LyLWbP�e W\yON ) ~ Y\S�F��q�s®h� 7 [9�LUOYZN 0�)E4
PZyOI £¢P�£�yT[dcbyª[dM o UOW\P�£�N@Y\NqUTPZN=S�4r�vNQ]BcbyªIB¡aWZyONsF��J�qP�ez£�[9WZywPZIBuvNqF��J�qP�UTPZ[dMO�5]B_9_ WZyTNs] 8 ]E[d_^]E4O_dNq[dM o UVWbP@|
]EM�SCIEW\yON@YbPsUTPZ[9MO�w]BPq¡zN@£ ]BP 2L®J]EM�S 7 [9�LUOY\N 0�)Bc©PZyOI £¢PJ£�yO[^cby;yO[^SOSVN=M�UOMT[}WbP�£�yON@M/UTPZN=SC4m�xNQ]BcbyCIB¡�WZyTN
F��J�PXN@W�u�N=u©4 N@YbP�ez£�[9WZyx4 N7W £�N@N=M � ]EM�S�iQ<©yT[dSOSON@MwUOMO[9W\P�U�PXNQST®h�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i )Ti


� F��J� T F��J���������
	 / � T 3


]L®
� 	 / � T � T 3
�
	 /� T 3


4�®
� 	 /� T � 3
�
	 /� T 3


c=®
� 	 /� T � 3


7 [9�LUOY\N 0()���Ft6O]Eu o _dNGIB¡ W\yONGYb]EMO�LN�IE¡tF��J�W\I o IB�BYb] o yO[9NQP�IBMC]BMxN=PXWZ[duv]EWZNQS )�]BYZN@WZIv¡zY\IBMrW=��8q[9MrWZILM o _dIEW\P]EY\N�PXyOI £�M5¡zIBY�W\yON�F��J� £�N=[9�LyLWbP�e¼]r®h|E[dM o UVWtW\I o IB�LY\] o ym�ªez4�®�]BMTS©yT[dSOSON@M�WZI o IL�BYb] o ym�ªe¼cQ® IE¡�WZyON#)��JF��J�qP_d�r[dMO�vIBM�WZyTN�N=PXWZ[duv]EWZNQS )t]BYZN@WZIvN@Y\YZILY�PZUOYZ¡¼]Bc@NJ¡zILY�WZyONG�q[ <L<LN@[¨ÌBÌ�0©ST] W\]T�







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i )rÌ
����� \ ��\ �#!#��������� ����� � �$��� � ���$�����	� � � � ��
����� � ��
 � ��� �"����-a � ��������� ����� � ]�� ��!����
`qP�SVNQPZc@YZ[d4�NQSnN=]BYZ_d[dN@YQ|�]BMOIEW\yON@Y o IBWZN=MLW\[d]B_�PZIB_dUVW\[9ILMnWZI;WZyO[^P o YZIL4O_dN@u [dP©WZI�YZUOM¤];PZ[9MO�L_9N�IB4�I NQchW\[ 8 NªI o W\[}?
uv[dPZN@Ysup]EMm�	WZ[duvN=PJIBM;] o YZIL4O_dN@u <BN=N o [dMO�ªW\yON©IBWZyON=YJIL4�I N=c7WZ[ 8 Nre¼Pb® � DO6VN=S ��ez[¥� NL��c7IBM�P W\Y\]B[9MO[dMO��]Lc@c@N o Wb]E4O_dN
PZIB_dUVWZ[dIBMTPqWZI	yT] 8 NGWZyTN�IBWZyON=YJIL4�I N=c7WZ[ 8 Nre¼Pb®¢N CLU�]E_ WZI	IBYs4�N=_9I £�+E]E4 I 8 N©] o Y\N7?RSVN7DTMTN=S 8 ]B_9UON¿®h�G3 W�yT]LPJ4 N@N=M
]EY\�BUTN=S o YZN 8 [dIBU�PX_d��WZyT]EWtWZyO[^Pt[^P�[9MTN��ªc7[dN@MrW[dM5W\[9uvN�Y\N=PZIBUOYbc7NQP@|¿yOI £�N 8 N@Y�WZyO[^PPXW\]EWZN@uvN=MLWt£�[d_9_T4�N�N=u o [9Y\[dc=]E_d_9�
[dM 8 N=PXWZ[d�L]EWZN=S�yON=YZNL� > Iv¡¼]Lc7[d_9[9W\]EWZN�WZyT[dP¢]vUTMO[}?�IB4�I NQchWZ[ 8 N�I o WZ[duv[dPZN@Y�¡zILY�WZyON o YZN 8 [dIBU�P�DTMT]EM�c7N o Y\IB4O_dN@u £�]LP
¡zIBY\u©UT_d]EWZN=Sa��8qN@Y\N¢W\yONJI o WZ[duv[dPZN@Y�eg]E�L]B[9M�]�e i��5iQ®R?¥F�fT®[^P�PZIB_dN@_d�ªc7ILMTc7N=YZMTN=Sv£�[9WZy	I o W\[9uv[^PX[dMO�©Y\N7W\UOY\Ma|r¡zIBY�]
up] 6V[du©UOu ]Bc=c7N o W\]E4T_9N�Y\[dP?<�_9N 8 N@_¥� > yON o N@YZWZUOY\4T] W\[9ILM�WZN=cbyTMO[ CrUONQP�]BMTS o Y\IB4T]B4O[9_d[9WZ[dN=P]BYZN¢[^SVN=MLW\[dc=]E_VW\I�WZyTILPZN
UTPZN=Sx[dMxW\yON5¦�§JF��q� o YZN 8 [dIBU�PX_d�B| ]EMTSC]B�L]B[9M	WZyTN©4 IrIBW\PXWZYb] o �LN@MON=Y\]B_9[^PZ]EWZ[dIBMwuvN7W\yOIVSx[dPJUTPZN=S	W\I o Y\N 8 N@MrW
I 8 N=YX?¥DOWZWZ[dMO�T��7TIBYqNQ]BcbyxIB¡ W\yON ~m� DTMT]BMTc7N o Y\IB4O_dN@upP�D 8 N©PZ[9MT�B_dNGIB4�I NQchW\[ 8 NGF��q�JPs£�N=YZN�W\Y\]B[9MTN=S«|�£�[}W\yCWZyTN
c7ILMTPXWZYb]E[dMLWtIB¡ Y\[dP?<G4 N@[dMO��MOI�yO[d�ByTN@Y�WZy�]EMp<O�lÌV|r<O� �T|B<T� 2T|B<O� )�]EMTS	iB� <O|E¡zIBY�]sup] 6V[du©UOu IE¡aÌ�0E<L<B<J�BN=MON@Yb] W\[9ILMTP
ezuvNQ]EMO[dMO�wi ) 0©PZN o ]BY\]EWZN�I o WZ[du�[^PZN@Y�Y\UOMTPb®h� > yON�I o WZ[du�[^PZN@Y�[^P�SVN=P\c7Y\[94 N=S	[dM	`q_9�LIBY\[}W\yOu{i �T�
���������
	���"! � � 3Ru o _dN@uvN@MrW\]EWZ[dIBM5IE¡OW\yON�UTMO[}? IB4�I N=chW\[ 8 N�F�f5�q�¤I o WZ[du�[^PZN@Y�ez4 IrIBW\PXWZYb] o WZYb]E[dMO[9MT�J] oTo YZIr]Bcby�®7|¡zIBY�W\yON�DTMT]BMTc7N o Y\IB4T_9N=u	�
3RM o UOW � � |OPZ[ �=N�IE¡�[dMO[9WZ[^]E_aYb]EM�SVIBu o I o UT_d]EWZ[dIBMwIE¡�PXIL_9UVW\[9ILMTP=� F�]BcbyxPXIL_9UOWZ[dIBMwcbyOYZILuvILPZIBuvN��Y\N o Y\N=PZN@MrWZ[dMO�5WZyON�£�N@[d�ByrWbP�]BMTS�WZI o IL_9IL�B�pIE¡t]v�q��uvIVSVN@_¥�


� � W\yON�MrUTu©4 N@Y¢IB¡�4 IrIBW\PXWZYb] o PXUT4TPXN@W\P��LN@MON=Y\]EWZN=S�¡zY\IBu-W\yON�IBY\[9�L[9M�]E_ WZYb]E[dMO[dMO�pPXN@W\P=�
� |VWZyTNGPX[ �@N�IE¡�WZyON�4 ImIEWbP W\Y\] o PZUO4TPZN7WbP@�
 |VWZyTN�uv]E6V[9u5UOu Y\[dP?<ª]E_d_dI £�NQS�4m��]�uvIVSVN@_¥�§JUVW o UVW �+` PZ[9MO�L_9N��J��£�yO[dcbywNQP W\[9up] W\N=P�W\yON�up] 6V[9u5UOu�Y\N7W\UOYZM o ILP\PX[d4O_dNs�L[ 8 N@M  �i � !�" 	���	$#���	$%&#�� 	�� " � 2sN=MON@Yb] W\N � 4�ImIBW\PXWZYb] o PXUO4�PXN@W\P�IE¡ WZyTN�WZYb]E[dMO[9MT��SO]EW\]�IE¡tPZ[ �=N � �
2sN@MTN@Yb] WZN�Yb]EMTSOIBu��q� o I o UO_^] WZ[dIBM	IE¡�PX[ �@N'� |OPZUTcby�WZyT]EW¢N=]Lcby o ]BY\]BuvN7WZN=Yez£�N@[d�ByrWh®�IB¡�W\yON�F��J�qP � �Z/ 8 �)( 3 |T]BMTS�WZyON�4O[dMT]BYZ� o ]EYZW�IB¡¨W\yONGcbyOY\IBuvILPZIBuvNs[dPN@[9WZyTN@Y�[dMO[}W\[d]B_9[^PZN=Sw] W�i�IBY �+* / 8 � E 3 ��2sN@MON=Y\]EWZNsWZyTN�N@u o W �ªN=_9[9WZN�[dMTSV[ 8 [dSVU�]E_, � A.-V��; o SO]EWZN/, � £�[9WZy	W\yON�DOWXW\N=PXWqPXIL_9UOWZ[dIBM�¡zYZILu-WZyON�Yb]EM�SVIBu o I o UO_d]EWZ[dIBMa|£�[9WZywYZNQP o N=c7W�WZIvWZyTNGcbyOILPZN@M�N@Y\YZILY�W\N@Y\u ezU�PX[dMO�ª]vPXIL_9UOWZ[dIBM�� P�£�ILY\PXW�WZN@Y\u I 8 N@Y�WZyON
� PZUO4TPZN7WbP\®7|Tc7ILMTPXWZYb]E[dMON=SªWZyT]EW�WZyON�yO[d�ByTN=PXW¢YZ[^P=<pILM	WZyONGPZUO4TPZN7WbP�[dP�_dI £�N=Y�WZyT]BM  �3RMO[9WZ[^]E_d[dPZN��BN=MON@Yb] W\[9ILM�c7ILUOMrWZN=YNB-,PA 8 �Ì�� 021/ A.,N/h�~ � 3��4" � ��	$5 � � 5 ��!�6 	 " #���	#� " ��`qP¢[9M87:9¢��.� ; 	�� " � %&% �<%&% 	�� " ! �4" � � F 8 ]E_dUT] W\N�WZyON�F��J�©egP\®�0 1/ £�[}W\ywYZNQP o N=c7W�W\IvYZN@WZUOY\MIBM�WZyTN�WZYb]E[dMO[9MT�vPZUO4TPZN7WbP o Y\N=PZN@MrWZNQS«��3 ¡�W\yON�YZN@WZUOY\M	[dP��LYZNQ] W\N@Y�WZyT]BM�W\yT] W¢IB¡=,#/\|]EM�S�Y\[dP?<ª[^P�_dN=P\P�WZyT]BM  |T�LI©W\ID0V|VIBWZyON=YZ£�[^PXN��LI©W\I 2O�0�� , /KJ T ,BA>021/2�� � �D� �+	 " � � 3 W\N@Yb] W\NsN o IVcbywc7ILUOMrW=|�B ,BA BUCFEL� 3 ¡tPXWZI oTo [9MT�ªc7Y\[}W\N@Y\[d]5yT] 8 NsMOIBW¢4�N=N@MwuvN7WWZyTN@Mw�BI�WZIªÌO|VN@_^PXN�W\N@Y\u�[dMT]EWZN�]E_d�BILYZ[9WZyOu�]BMTSwPZ] 8 N?, / ¡zIBY�N 8 ]E_dUT] W\[9ILM�ILM�W\N=PXWqSO] Wb]O�� � N@M�S


F�]Lcby�Y\UOM	£�]LP�[9MO[9WZ[^]E_d[^PXNQS�£�[9WZyCÌE<L<�Y\]BMTSVIBu-MTN7W £�IBY><mP=� > yONG]E_d�BILYZ[9WZyOu o ]EYb]EuvN7W\N@YbP�£�N@Y\N �







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i ) ~
� )YZIL4T]E4T[9_d[}W �pIB¡ £�N@[d�ByrW o N@YZWZUOY\4T] W\[9ILM��<O�lÌ
� )YZIL4T]E4T[9_d[}W �pIB¡ [dMTSV[ 8 [dSOUT]E_a£�N@[d�ByrW�N@_d[9uv[dMT] W\[9ILM�� <O� <LÌ
� )YZIL4T]E4T[9_d[}W �pIB¡ [dMTSV[ 8 [dSOUT]E_aMTImSONsN=_9[duv[9M�] WZ[dIBM��<O� <LÌ
� ) N=YXW\UOY\4T] W\[9ILM � �Z/ 8 � 8�9 E 3
� 3RMO[}W\[d]B_«£�N=[9�LyrW\P � � / 8 � 8�9 E 3
� 2sN@MON=Y\]EWZ[dIBMTP��Ì�0V| <B<L<
> yON o Y\IB�LYZNQPZPqIE¡�W\yONvN@_d[}W\NvF��q� [dMjIB4�I NQchWZ[ 8 NvP o ]Bc@NB| , / [9Mj`¢_d�BILYZ[9WZyOu i �T|a£�]BPJY\N=c7ILY\SON=SCN 8 N=YZ�CÌ�0B<


�BN=MON@Yb] W\[9ILMTPq]BMTSCc@IBu o ]EY\N=S	W\IªW\yON�PZN7WsIE¡F��J�qP�SV[^P\c7I 8 N=YZNQS	4r�	W\yON�¦/§JF��q� ] ¡ W\N@Y�Ì�0E<L<B<v�LN@MON=Y\]EWZ[dIBMTP=|
WZyTNq�BN=MON@Yb] W\[9ILMp] W�£�yT[dcbyvW\yONJPZ[9MT�B_dN¢IB4�I NQchW\[ 8 N¢F��q��[^P�MOI©_9ILMO�BN=Y�SVIBuv[dMT] W\N=Sp4m��uvN@u©4 N@Y¿e¼Pb®tIB¡«WZyONsPZ] 8 N=S
¡zY\IBMrW�* 4 N@[dMO��up]EY><BNQS«��7OILYqNQ]Bcby	WZNQP W o YZIL4O_dN@uw|�[9¡tWZyTN5] 8 N=Y\]B�BN�MmUOu©4 N@YJIE¡�LN@MON=Y\]EWZ[dIBMTP�MTN@N=SON=Sw¡zILY¢WZyTN
PZ[9MO�L_9N�IB4�I N=chW\[ 8 N©I o WZ[duv[dPZN@YsWZI�WZYb]E[dM�]BM;F��J� WZyT]EWs[^P�MOIEW � °�� ����� *-[^PJ_dN=P\PJWZyT]BM � J(8�8�8 8	� * � WZyON=MCWZyTN@Y\N
[^P©MOI�N��ªc7[dN@M�c7�n4 N@MON@DOW5W\I;UTPZ[dMO�CW\yON	¦/§JF��q� WZYb]E[dMO[dMO�;Y\N@�L[9uvNB�/3 ¡¢yOI £�N 8 N@YGW\yON�] 8 N@Yb]E�LNpMrUTu©4 N@Y�IE¡
�BN=MON@Yb] W\[9ILMTPsMON@NQSVN=Sj[^P��LYZNQ] WZN=YsWZyT]BM�� J(8�8�8 8
� * � W\yON@Y\Nª]EY\N�W\]EMT�B[d4O_9NpN �ªc7[dN@MTc@�;�L]B[9M�P@|¨WZIx£�yO[^cbyn] 8 ]B_9UTN
c@]BM�N 8 N=M�4 NG]BP\PX[d�BMTN=S«�


� � %�� �#� %
)�NQPXUO_9W\P�¡zYZILu-WZyONGSO[}A¬N@Y\N@MrW�YZUTMTP¢]EY\N�PXyOI £�M	[dM > ]E4T_9NGÌ ~
§JMj]E_d_t4T]EY�W £�IwIE¡�W\yON ~r� W\N=PXW o YZIL4O_9N=upPsWZyONª¦�§JF�f;[^P�PZyOI £�M;W\Iw4�NpuvIBY\NvN��ªc7[dN@MrW�W\yT]EM�WZyONpUTMO[}?


IB4�I N=chW\[ 8 NGI o WZ[du�[^PZN@Y¢? o N=YX¡zILYZuv[dMO��ÌBÌvWZ[du�NQPq4 N7WZWZN=YqIBM�] 8 N@Yb]E�LN�e¼[g� NB�¢¡zIBY¢W\yON©UTMO[}? IB4�I N=chW\[ 8 N�I o W\[9uv[^PXN=Y¢W\I
DTMTS�WZyONwP\]EuvN o IB[dMLWbP�[9M � * � [}Wv£�IBUO_^SjMON@NQSnW\I o N@YZ¡zIBY\u ÌLÌwW\[9uvN=P5uvIBY\Nª¡zUOM�chWZ[dIBM¤N 8 ]E_dUT]EWZ[dIBMTPb®h� > yO[dP
[dMTSVN@NQS;up]¿�wN 8 N@M�4�Np]EM�UOMTSVN=YZNQP W\[9up]EWZN5?�]LPsMON=]BYZ_d�+�L<>= IB¡WZyTN	i-)�0ªUOMO[9?¥IL4�I N=c7WZ[ 8 N©I o WZ[duv[dPZN@Y�Y\UOMTP�SV[^S
MOIBWsY\N=]LcbyxWZyON5¡zY\IBMrWJ¡zILUOMTS;4r�wW\yONv¦�§JF�f;£�[}W\yO[9MnÌ�0B<B<L<v�BN@MTN@Yb] WZ[dIBM�P5eg]EM;N@6O]Eu o _dN©IE¡�WZyO[^P�[dP�PZyOI £�MC[dM
7 [9�LUOY\NG0�0L®7�
> yONv[du o _9[^c@]EWZ[dIBMjIE¡�WZyO[^P�[^PsWZyT]EWGWZyTNv¡zIBY\u©UO_^] W\[9ILM;IE¡�MOILu�[dMT]B_9_d�CUOMO[9? IB4�I NQchWZ[ 8 N o Y\IB4T_9N=u ]BPG]	u5UO_}W\[}?


IB4�I N=chW\[ 8 N o YZIL4O_9N=u c@]EM�]Bc7WZUT]B_9_d��[9u o Y\I 8 N�WZyON�PZN=]BY\cby o YZIVc7NQPZP¨?a]BP [dMTSVN@NQSGyT]LP 4�N=N@M o YZN 8 [9ILUTPX_d� o IrP W\UO_^] WZNQS
ezNL� ����`q4O4T]BP\P�/ HJN@4ªegÌB<B< ~ ®X®7� > yO[^Pa[^PauvILPXWa_d[ <LN@_d�sSVUTNtWZI�W\yON�PZ�mMON@Y\�B[dN=P o Y\N=PZN@MrWa[dM�u©UO_9WZ[9? IB4�I NQchWZ[ 8 N�PXNQ]EYbcbya�
> yON�N 8 IB_dUVWZ[dIBM	IE¡�] o IL[9MrW¢[dM	ILMON�]EY\N=]5IE¡ IB4�I NQchWZ[ 8 N�P o ]Bc@NB|rWZyTYZILUO�By	[}WbP¢SVNQc7[^PX[dIBM	P o ]Lc7N o ]BY\]Bu�N@WZN=Y\P=|muv]¿�
_dN=]BS©WZI�[9W\PPZyO[9¡ WZ[dMO��WZI�]�SV[9A N=YZN=MrW�]EY\N=]¢IB¡ IL4�I N=c7WZ[ 8 N�P o ]Bc7NL��3RM�u©UT_}W\[}? IB4�I NQchW\[ 8 N�I o WZ[duv[dP\] W\[9ILM©W\yO[^PPXIL_9UOWZ[dIBM







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i )��


> ]E4O_dNqÌ ~ � )�NQPXUO_9W\P�c7ILu o ]EY\[9MO��UOMT[}? IB4�I NQchW\[ 8 N¢]EMTS�u©UT_}W\[}? IB4�I NQchW\[ 8 N�I o W\[9uv[^PXN=Y=�����;[dPWZyONq] 8 N@Yb]E�LN�MmUOu©4 N@YIE¡t�LN@MON=Y\]EWZ[dIBMTP�Wb]�<BN=Mw4r��WZyON©UOMO[9?¥IL4�I N=c7WZ[ 8 N�WZI�YZNQ]Bcby�WZyONGNQP W\[9up]EWZN=S )t]BYZN@WZIv¡zY\IBMrW�¡zIBUOM�Sw4r��WZyTN©¦�§JF�f¬�
����[^P�W\yONGMmUOu©4 N@YqIE¡��BN@MTN@Yb] WZ[dIBM�P o N=Y¢MOIBMO? SVILuv[9MT]EWZNQS o IB[dMrWqIBM	WZyTN�N=PXWZ[duv]EWZNQS )�]BYZN@WZI�¡zY\IBMrW�¡zIBUOM�S�4m�WZyTN	¦�§JF�f¬� > yTN�Yb] W\[9ICIB¡�WZyON�W £�I 8 ]E_dUON=P=|���� 8 ����|t�L[ 8 N=P©]BM�] oTo YZI¿6V[dup] WZ[dIBMn]LPGW\I;yOI £-u5UTcby�uvIBY\NN��ªc@[9N=MLW�W\yON©¦�§JF�f�[^Pq]EW�DTMTSV[dMO�pNQP W\[9up] W\N=S )t]EY\N7W\IvPZIB_dUVW\[9ILMTP�¡zY\IBu ]��L[ 8 N@MxPXN@W�WZyT]BM	WZyONGUTMO[}? IB4�I N=chW\[ 8 NF�f¬�


7�[dMT]BMTc7[^]E_«3RMTSON76 ��� ��� ��� 8 ���¦xN@Y �tIB_ i=<�2�0E< )�0LÌO� 0 iBiB� 0,�I 8 N=P o ] iQÌ�0E< � )OiL� ~ iB� 2f /6) > f���:�IBu o IrPX[9WZN �rÌB<B< 2 � 0O� � 2O�lÌ3K)�: i 2�)�0E< Ì�2 ~ � Ì 2(�T� <*a[duv] 2sN=MON@Yb]E_ Ì�0B<B<B< i ~ )�)T� 0 i )O� <f /6) 0B<B< i10L<B< ~ �rÌO� 0 0V� 0`¢_d_ §JY\SO[9MT]BYZ[dN=P Ì�0B<B<B< 0rÌ�0O� 0 Ì � � <fmyT]EMT�ByT]B[�:�IBu o IrPX[9WZN iBi � <B< ~ )(��� 2 ~ <O� �
8J]EMO�ªfmN=MO� ~ ÌB<B< � � iL� � 2O� �,�fmF ~ < i-0�0�0E< ~ 0�2T� ) �L<O�lÌKL] < ]EYZW\]�:�ILu o IrPX[9WZN i=� ~ 0E< 2L<�0T� ) Ì ~ � 0�¢[ <L<BN@[ ÌBÌ�0 i10 0E< 2rÌ�0O� < ~ �di


-G*�fVF :�ILu o ILPZ[9WZN Ì 0 0E< 0�)OiL� ~ 0V� <� 5«fmF �r< 0E<L< 0rÌ�0O� 0 <O� 0
-�]EYb]BcbyO[ i=<L< i ~L~ <B< � ~ iL� < ~ <O� )
)�fmF':�ILu o ILPZ[9WZN � 0 0E< 0�2�)T�9i i=�T� <frW\Y\]B[}WbP > [9uvNQP ÌE� ~ 0E< iQ<�)�2T� 0 ÌBÌV� �fVN@IBUT_ :�IBu o ILPZ[}W\N iBi 0E< 0�0�0O� Ì iB� 0`q_9_�fVyT]EY\N Ì�0B<B<B< i ~ )�)T� 0 i )O� <fmF > i � i=<B< 0B<B<T� < ~ �T�lÌ
> ]E[d£�]BM @/N@[d�ByrW\N=S i=<�0�0E< 2 � 0O� � i 2O�lÌ` > � i ~ 2B<B< � 0 � � 2 i )O� <,�F *a?RÌB< Ì�0B<B<B< 0�)OiL� � � ~ � <


)�� 0E< ÌE<Ti=<B< iQ<�)�2T� 0 i )O� 0
- 7�� Ì�0B<B<B< )L<�2T� 0 ~ iB� <:�`q: �L< i 2 � 0E< Ì�0(���9i 0 � � <H¢`�� Ì�0B<B<B< 0 ~ iL� 0 � � � <


2sN@MON=Y\]B_¨fmyT]BYZN i=<�2B<B< 2L<�0T� ) i � � �¦C3 , > N@_ i )L<�0E< 2 0 � � 0 Ì � � �`¢F � 2sN@MON=Y\]B_ i-0B<B<B< ~L~B~ � � � 0V� <¦xILP\c7I £ > [duvN=P � 0B< i 0(2LÌO� 0 <O� 0¦C]BSVY\[^S 2sN=MON@Yb]E_ iBiLi-0E< �E~ 0O� ~ i-0V�lÌfrW\IVc <ryTIB_du 2sN@MON=Y\]B_ � i 0E< 2L<�0T� ) iBiB� �fm£�[^PZP¢¦;]EY><BN7W ÌE< 0�0E< ~ 2LÌO� ~ ~ 2O� �3XfmF �q]EWZ[dIBMT]B_ti=<B< 0 � <B< ~ � � � Ì Ì � � 0
7 > fmF iQ<B< Ì ~ 0E< 0rÌ�0O� 0 ÌV� 0
> `�?bi=<L< iBi � <B< �"0E��� 0 Ì�0V� �







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i ) 0


0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0


0.2


0.4


0.6


σ


E
(r


)


7 [9�LUOY\N 0�0��D)�[^P?<G]EMTS5YZN@WZUOY\M©ILM©W\yONN*a[dup] 2sN=MON@Yb]E_m[dMTSVN76©WZYb]E[dMO[9MT�JSO]EW\]O|EWZyON�uvIVSVN@_^P�¡zIBUOMTS54m��WZyTN�¦/§JF�f] ¡ W\N@Y�Ì�0B<B<B<G�BN@MTN@Yb] WZ[dIBM�P o _dIEWXW\N=S�]BP o IL[9MrW\P=|rWZyONsuvIVSVN@_^P�¡zIBUOMTS�4m�5W\yONsUOMO[9?¥IL4�I N=c7WZ[ 8 NqF�fª£�[9WZy+0GSV[9A N=YZN=MrWY\[dP?<ªup] 6V[du©UOupP o _dIEWZWZN=Sw]LP�c7[dY\c@_9NQP@|V]E�r]E[dM	]E¡ WZN=YqÌ�0E<L<B<©�BN@MTN@Yb] WZ[dIBM�P@�
[^P�PXWZILYZNQSp[9¡¨[}W�[^P�MTIBMV?RSVIBuv[dMT] W\[9MT�©£�[9WZy�IBWZyON=Y�PXIL_9UVW\[9ILMTP�[9M�WZyON�]EY\N=]�[9W�yT]BP�uvI 8 NQSvWZI�� 3RM�WZyON�c@]LPXNJIE¡¨UTMO[}?
IB4�I N=chW\[ 8 N©I o WZ[duv[dP\] W\[9ILMwWZyONQPXN <m[9MTSCIBYJ¡zIBYZWZUO[9WZILUTP¢uvI 8 N=uvN@MrW\PJ]EY\N©MOIBWJN=]LPX[d_d�wPZUTPXW\]B[9MONQSC]BPJ]ªuvI 8 N=uvN@MrW
[dMCSVN=c@[dPZ[9ILMCP o ]Bc7N�[^P o UTYZN=_9�wSVN7D�MON=Sx]LP�4�N@WXW\N@YsIBY¢£�IBYbPXNs?�WZyON=YZN@¡zIBY\N�WZyONGUTMO[}? IB4�I N=chW\[ 8 N�¡zIBY\u©UO_^] W\[9ILMwuv]¿�
4 N�u�ILYZN�_d[ <LN@_d�pWZIv4 NGc@]BUO�ByrW�[9Mw_dIVc@]E_«I o WZ[dup]O�


���G��� ��������� �G� � � � �"��� � 	


> yONw¦�§JF��J� ¡zYb]EuvN=£�ILY?</yT]BP�4 N@N=M¤PZyOI £�MnWZI/4 Nw]�Y\IB4OUTPXW�] oOo Y\IL]LcbyjWZI/u©UO_9WZ[9?¥IL4�I N=c7WZ[ 8 N�WZYb]E[dMO[dMO�;[dM
MOIL[dPZ�ªSVIBup]B[9MTP=|V£�[9WZy	N76 o N=YZ[duvN@MrW\]EWZ[dIBM	IBM ~ )�YZNQ]E_9?¥£�IBY\_^SpSO] Wb]�PZN7WbP�PXyOI £�[dMO�5WZyT]EWq] )t]BYZN@WZIvPXN@W�IB¡�F��J�qP
WZYb]E[dMO[dMO�nUTPZ[9MT�nWZyON;u�N@WZyOIVSVIL_9IL�B� c@]EM o N@YZ¡zIBY\u$[dM ]nc7ILMTPZ[dPXWZN=MLW�uv]BMOMON=YªIBM UOM�PXN=N@M WZNQP W	SO] Wb]O� > yO[dP
yT]LP¢4 N@N@M;uv]BMO[9¡zN=PXWJ[dMC4�IBWZyxW\yON 8 [^PXU�]E_¨[dMTP o NQchW\[9ILMCIE¡�WZyTNGWZYb]BSON7? IEA;¡zY\IBMrWbP o Y\IVSVUTc7NQS«|¬]EMTSw4m�xP Wb] W\[dPXWZ[^c@]B_
c7ILu o ]EY\[dPZIBMxIB¡�SV[9A N=YZN=MLW�I o N@Yb] W\[9MT� o IB[dMLWbPqILMCW\Y\]B[9MO[dMO��ST] W\]T|«]EMTSCWZyON=[9YsYZN=_d]EWZ[ 8 N o IrPX[9WZ[dIBMCILMCW\N=PXW�SO]EW\]T�
> yON5WZNQcbyOMO[ CLUTN�[^P�]E_^PXI	PXyTI £�MCWZI	�BN=MON@Yb] W\N5PZ[9�LMO[9D�c@]BMLWsYZNQPXUT_}WbPJ£�yTN@Mjc7IBu o ]BYZNQSwWZI	IEW\yON@Y�uvIVSVN@_^Ps[9M�WZyTN







���������	��
��������������
������������������������	����� ��!��"��
������#���%$	
�����������&���
�'%( i )�2
DTMT]BMTc7[^]E_�SVIBup]E[dMa| ]EMTS	W\I o Y\ImSOUTc7N©PZ[d�BMO[9D�c@]BMrW¢YZN@WZUOY\MTP�N 8 N@Mw£�yON=MCc7ILMTPX[^SVN=YZ[dMO�vWZYb]EM�PZ]LchWZ[dIBMxc@ILPXW\P=���qN@£
uvN7W\yOIVSOP WZI�[du o YZI 8 N��LN@MON=Y\]B_9[^PZ]EWZ[dIBM�[dMp¦�§JF��q�JP�yT] 8 N�]E_^PZIJ4 N@N=M5[dMrWZY\ImSOUTc7NQS5]BMTS5c@IBu o ]BYZNQS�IBM5WZNQP WPZN7W\P
¡zY\IBu{W\yONªu5UO_}W\[}? IB4�I N=chW\[ 8 Nª�q� _9[9WZN=Y\]EWZUOY\NB|�£�[}W\y�]EM�] oTo YZIr]Bcby/4T]BPZN=S/ILM�W\yONª4 ImIEW\PXWZYb] oTo [9MT�xIE¡�WZYb]E[dMO[dMO�
SO]EW\]5¡zIBUOM�S�W\Iv4�NGPZ[9�LMO[9D�c@]BMLW\_9��4�N@WXWZN=Y�WZy�]EM	WZyON�c@IBu o ]EYb] W\[ 8 NJuvIVSVN=_dP=�
> yONs]BS 8 ]EM�c7N=P�IE¡«W\yO[^P�4 IVSV�pIE¡a£�IBY><v]BP�]G£�yOIL_9NJ£�[9_d_¬MOI £ 4�N�SV[^PZc@UTP\PXNQSp[9M�WZyON�c7ILMTc7_dUTSV[dMO��cbyT] o W\N@Y�IE¡


WZyTN�WZyONQPX[^P@�







� �������	��
 ��


� ��������� 1�� ���


> yO[^P�WZyTN=PZ[dP o YZI 8 [^SVN=P�]xPZ�mMLW\yON=PZ[^P�IE¡�]wMmUOu©4 N@YGIB¡�uvN@WZyOIVSOP=|¨¡zY\IBu ]wMmUOu©4 N@YGIB¡¢SV[dP o ]BY\]EWZNp] oOo _9[^c@]EWZ[dIBM
SVILuv]B[9M�P@|m[dM�W\yONGc7ILMTP W\YZU�chWZ[dIBM�IE¡�]�MOI 8 N@_¬uvN7W\yOIVSVIB_dIB�L�5¡zILY�[9u o _dN@uvN=MLW\[9MT��u5UO_9WZ[9?¥IL4�I N=c7WZ[ 8 NsI o W\[9uv[^PZ]EWZ[dIBM
£�[9WZyO[dM	WZyON©�J� SVIBup]B[9Ma�t3RMx]LSOSV[9WZ[dIBMx]�MrUTu©4 N@Y¢IB¡�PZ[9�LMO[9D�c@]BMLW�MON=£'W\N=cbyOMT[ CrUONQP�yT] 8 N�4 N@N@MxSVN 8 N=_9I o NQSªW\I
[du o YZI 8 NqW\yON��BN=MON@Yb]E_«]EY\N=]5IE¡�u©UT_}W\[}? IB4�I NQchW\[ 8 NsI o WZ[duv[dP\] W\[9ILMa�
3RM )�]BYXW�3 �
��> yON�WZyON=IBY\N7W\[dc=]E_BSVN 8 N=_9I o uvN@MrWaIE¡mW £�I�MOI 8 N=_ESO] Wb]�P W\YZUTc7WZUOY\N=P�e¼c@]B_9_dN=S�SOIBuv[9M�] WZNQS�]EMTS�MOILMV?RSVIBuv[dMT] W\N=S
WZY\N@N=Pb®�£�]LP o YZNQPXN=MrWZN=S�¡zIBY�W\yONGPXWZIBY\[dMO�vIE¡�u5UO_9WZ[9? SV[duvN@MTPZ[dIBMT]B_ o IL[9MrW\P=�


� HqN@W\]E[d_^PIE¡«W\yONqI o N=Y\]EWZ[dIBMa|L[9M�c7_dUTSV[dMO�5c@IBu o UVWb] WZ[dIBM�]E_�c@IBu o _dN76V[9W �5IB¡«WZyONQPXNqST] W\]5P W\YZU�chWZUTYZNQP£�]BP]B_dPZI
SVN@Y\[ 8 N=S«�


��> yON=PZN5MTN@£�PXWZY\UTchW\UOY\N=Ps]EY\N�PZyOI £�MxW\I o N@YZ¡zIBY\u ¡¼]BPXWZN=YJW\yT]EM�_9[dMONQ]EY�_9[^PXW\Ps[9M;WZyONp]LchWZ[ 8 Nv]EYbcbyO[ 8 [9MO��IE¡
� 
 ��� � 
�� ��� % ± ��� ��PXN@W\P�¡zIBY¢WZyON=[9Y�UTPZN�4m��u©UT_}W\[}? IB4�I NQchW\[ 8 NsI o WZ[duv[dP\] W\[9ILM�uvN@WZyOIVSOP=|


� 3RM�]LSOSV[9WZ[dIBMsWZyTN@[dY¨UTPZNt[9M�W\yON�PXWZILYZ[dMO��IE¡m�BN=MON@Yb]E_EPZN7WbP«IE¡Vu©UT_}W\[}?RSV[du�N=MTPZ[9ILMT]E_ o IB[dMrW\P«[^Pa]B_dPZI�yO[9�LyO_d[9�LyLW\N=S«�
3RM )�]BYXW�3Z3 �
��> yONx�BN=MON@Yb] W\[9ILM¤IB¡�]jMON=£ u©UO_9WZ[9?¥IL4�I N=c7WZ[ 8 N 8 ]EY\[d]BMrWªIE¡sWZyONCY\N=c@N@MrW o ]BYXW\[dc@_9NCPZ£�]BYZu I o W\[9uv[^PZ]EWZ[dIBM
]E_d�BIBY\[9WZyOu-4T]LPXNQS�ILM�W\yON o Y\I o N@YZWZ[dN=P�IB¡¨WZyTN�MON@£�SO] Wb]vP W\YZUTc7WZUOY\N=P�[^P o Y\N=PZN@MrWZNQS«�


i ) �







���������	��
��� �#����� ����$�(4����� i )�)
� 3 W�£�]BP¨SON@uvIBMTPXWZYb] W\N=SsW\yT] W WZyO[^P�MON@£�]B_9�LIBY\[}W\yOu�uvILYZN�c7_dILPZN@_d�qW\Y\]BMTP ¡zN=Y\PaWZyON o ]EYZWZ[^c7_dN�PZ£�]EY\u'yON=UOYZ[^PXWZ[^c
WZIvWZyTN©u©UT_}W\[}? IB4�I NQchW\[ 8 NGSVIBup]E[dMwWZy�]EMx[9W\P o N@N=Y\P¢£�yO[dcbyxy�] 8 N�4 N@N@M�SVN 8 N@_dI o N=S	4m��IBWZyON=Y¢YZNQPXNQ]EYbcbyON@YbP
SVUOY\[9MO��W\yONGc7ILUOY\PZNsIE¡¨W\yO[^P�WZyONQPX[^P=�


� 3 W�£�]BP�]B_dPZI�N@u o [dY\[dc=]E_d_9�vSVN@uvILMTP W\Y\]EWZNQS�WZI©4 N�PXU o N@Y\[dIBYtW\IGWZyTNq4 N=PXW o N@YZ¡zIBY\u�[dMO�GIB¡«WZyONQPXNsc7ILu o N7W\[9MT�
u©UO_9WZ[9?¥IL4�I N=c7WZ[ 8 N o ]EYZWZ[^c7_dN�PX£�]EY\u�I o WZ[duv[dPZN@YbP�IBMx]�MrUTu©4 N@Y�IE¡ £�N=_9_D<rMTI £�M�W\N=PXW o YZIL4O_9N=upP@�


� `��BN=MON@Yb]E_¢I 8 N@Y 8 [9N=£ IE¡�W\yON )�fT§�]EMTS ¦�§�)�fT§ ]E_d�BILYZ[9WZyOu$yT]BP�4�N=N@M o Y\I 8 [dSON=S«|�[dMTSV[^c@]EWZ[dMO�nWZyTN
P W\YZN=MO�EW\yTP�]EMTS	£�N=]�<mMONQPZP�IB¡¨WZyTN�u�N@WZyOIVSw]EM�S o _d]Lc7[dMO�v[}W¢[dM�W\yONGc7ILMrWZN76mW�IE¡�IEW\yON@Y�F�: W\N=cbyOMO[ CrUON=P=�


3RM )�]BYXW�3Z3X3 �
��> yONs¡zIBY\u©UO_^] W\[9ILM�IE¡�]��BN@MTN@Yb]E_«¦�§JF��J� ]EYbcbyO[}W\N=c7WZUOY\NJ[^P o Y\I 8 [dSVNQS«|m£�yON@Y\NsWZyON�F��q�qPq]EY\Ns]LSO] o W\[ 8 N
[9M	4�IBWZy o ]BY\]Bu�N@WZN=Y\P�]EM�S�W\I o IB_dIB�L[9NQP@�


� �¢I 8 N=_t�BN=MON@Yb]E_d[dP\] W\[9ILMCW\N=cbyOMO[ CrUON=P5]EY\NpSVN@Y\[ 8 N=S�¡zY\IBu{W\yO[^PG�BN=MON@Yb]E_�¡zYb]EuvN=£�ILY?<;]BMTSj]wMON@£ uvN7W\yOIVS
4T]BPZN=S�IBM 4�ImIEWbP W\Y\] o P\]Eu o _d[9MT�/IB¡qW\Y\]B[9MO[dMO�jSO] Wb]/[dPpPZyOI £�M�W\I o YZIVSVU�c7NxPX[d�BMT[}D�c=]EMrWZ_d�n4 N7WXW\N@Yª]BMTS
c7IBM�PX[^P W\N@MrW�YZNQPXUT_}WbP�IBM�WZN=PXWqSO]EW\]O�


� )�N=PZUO_9W\P�]EY\N o YZI 8 [^SVN=S;IBMjN76mW\N@MTPZ[ 8 N5Y\N=]B_t£�ILYZ_^SxD�MT]EMTc@[d]B_�¡zIBY\N=c=]BPXWZ[dMO� o Y\IB4T_9N=uvP=|ayO[d�ByT_9[d�ByrWZ[dMO�	WZyTN
4�N=MON7DOW¢IB¡�u5UO_}W\[}? IB4�I N=chW\[ 8 N�F��q��W\Y\]B[9MT[9MO���


� �v� � ����� ��� ��� � 	�	�����	


�D\ ������� � � 
��	� ��
����
���� � �"��
������
 ��� !����� ��� � � � ����� � �������:a �$� �
`qP�SV[^P\c7UTP\PXNQS o Y\N 8 [dIBUTPZ_9�L|«]�c7ILuvu�ILM o Y\IB4T_9N=u*[dMCW\yON�UOMO[9?¥IL4�I N=c7WZ[ 8 NG¡zUTMTchW\[9ILM�uvIVSVN@_d_d[9MO�wSVILuv]B[9M;[dPJWZyTN
c@]B_dc@UO_^] WZ[dIBMpIB¡¨] oOo YZI o YZ[^] W\N�MON7W £�IBY><vPX[ �@NL� `�MmUOu©4 N@Y�IE¡¨SV[9A N=YZN=MrW�uvN7W\yOIVSOP�]EY\N¢UTPZN=Sp[dMpWZyTNq_d[}W\N@Yb] WZUTYZN¢ILM
WZyT[dP�up]EWXWZN=Y¢£�yO[^cby�W\N@MTS�W\Iªc7IBM�PX[^P W¢c@IBMTPZ[dPXW¢IE¡ [}W\N@Yb] W\[ 8 N@_d��]BSOSO[9MO�p]BMTS	YZN=u�I 8 [dMO��MOIVSVN=P�e § ,�f«| § ,�Hs®�ILY
o N@MT]B_9[^PX[dMO�wc7ILu o _9N@6;YZN o Y\N=PZN@MrW\]EWZ[dIBM�e¼[g� NB��£�N=[9�LyrW�SVNQc@]¿�xY\N@�LUO_d]BYZ[^P\] WZ[dIBM ®h� 8qI £�N 8 N@YQ|¬UTPZ[9MO�	W\yONvu�N@WZyOIVSOP
[dMLW\YZIVSVU�c7N=S©[9M5WZyT[dP o ]BYXWQ|E[9W�[^P o IrPZPZ[d4O_9N�WZI�NQP W\[9up] W\N�WZyON�I o WZ[du©UOu MON@W £�ILY?<Gc@IBu o _dN76V[9W ��¡zIBYt]qUTMO[}? IB4�I N=chW\[ 8 N
uvIVSVN@_d_9[dMO��W\]LP=<�SVUOY\[9MO�5WZyTN�_9NQ]EY\MO[9MT� o Y\IVc7NQPZP�]EM�S�[dM	]vPZ[9MT�B_dNJY\UOMa�`q4O4T]BP\P�egÌB<B<TiQ®ty�]BP o Y\N 8 [dIBUTPZ_9�vWb]�<LN@M
WZyT[dPt] oOo Y\IL]Bcby¨|=W\Y\]LSV[dMO�JIBApF��q� ]Lc@c7UTY\]Lc7��]EMTS©F��q� PZ[ �@NB|ByOI £�N 8 N=YaWZyTN�uvN@WZyOIVS�c@]EM54�N�N@6rW\N@MTSON=S©¡zUOYXW\yON@Y
4m��N=MTc@] o PXUT_d]EWZ[dMO��WZyONGc@IBu o _dN76V[}W ��IE¡t]vF��q� [dM	WZN=YZupP�IB¡�W\yON©PZUOu IB¡ [9W\P¢P CrUT]EY\N=S�£�N@[d�ByrW\P�?up]�<m[dMO�vWZyTN
o Y\IB4O_dN@u c7IBMrW\[9MmUOILUTP�[9Mw4 IEWZyxSV[duvN@MTPZ[dIBMTP�]LP�I oOo ILPZN=S�WZIªc@IBMrWZ[dMmUOIBUTP�[dMwIBMON�]EM�S	SO[dP\c7Y\N7W\Ns[dM�WZyON�IBWZyON=Y=�







���������	��
��� �#����� ����$�(4����� i )�0
�D\ ������\ � ! a ��� �-����� � � ��� � � �"��� ! a�
 ���$� 
����#��
ba����� 
������ 
��� � � � ��
������ � � �"� � 
�.a �
)�NQc7N@MrW/£�ILY?<�yT]BP�] WXW\N@u o W\N=S W\I�c@YZNQ] WZN¤PX[du©UO_^] W\N=S ]BMOMON=]B_9[dMO� u5UO_9WZ[9?¥IL4�I N=c7WZ[ 8 N�I o WZ[duv[dP\] W\[9ILM u�IVSVN=_dP
e¥: �=� �=]�< / Kr]BP?<r[dN@£�[^c��L|�i10�0�)
	68q] o <BN¤°@± %E' � |JÌE<L<B<�	sKr]BP?<m[9N=£�c �B|¢ÌE<L<Oi�	s¦C] W\ILP / ¦xN@_dIT|Gi 0�0�0
	J�J]Eu
/ )�]EY>< | ÌE<B<L<L®7|a]E_9WZyOILUO�By;WZyONQPXNp�LN@MON=Y\]B_9_d�wyT] 8 N�4�N=N@MjIE¡�WZyONv¡zILYZu IE¡�_d[dMON=]BYGPXUOu u�N@WZyOIVSOP=� > yONp£�IBY><
o Y\N=PZN@MrWZNQS�[dM	WZyO[^P�W\yON=PZ[dP�[^P�N CLU�]E_d_9��] oOo _d[dc=]E4O_dNsWZI�WZyTN=PZN�u�N@WZyOIVSOP=|O4 IEW\y	[dM	WZN=YZupP�IE¡ WZyTN�UTPXN�IB¡�W\yONGSO] Wb]
PXWZY\UTchW\UOYZNQP�]EMTSCWZyONv�BN=MON@Yb]E_ F��J� WZYb]E[dMO[9MT� o Y\IVc7N=SOUOYZNQP@�5`�Y\[9�LIBY\IBUTPqN76mWZN=MTPZ[9ILM;IE¡�PX[du©UT_d]EWZN=S�]EMOMTN=]E_d[dMO�
o Y\IVc7N=P\P�W\IpWZyON5u©UO_9WZ[9? IB4�I NQchWZ[ 8 N5SVIBup]E[dMw£�ILUO_^SwyOI £�N 8 N=Y�I o N@MCU o ]v£�yOIB_dNGMON=£]EY\N=]vIE¡tu5UO_}W\[}? IB4�I N=chW\[ 8 N
I o WZ[du�[^P\] WZ[dIBM¨|L]BP�[9W�£�IBUO_^S5I o N@MvWZyTN¢SVImIBY�¡zIBYWZyONqSON 8 N=_9I o uvN@MrWtIE¡«¦C]EY><BI 8 :�y�]E[dMv¦CIBMrWZNJ:�]BYZ_dIpe¼HJN@MO[^PXILM
°@±&%E' � |�ÌE<L<LÌ
	"*¨[9U¨|TÌE<B<TiQ®�u©UO_9WZ[9? IB4�I NQchWZ[ 8 N�uvN7W\yOIVSOP=�







� ��������� ��� � 1


`¢4T4T]BP\P@|48G� `G�OÌB<B<OiL� `�¦xN@uvN@WZ[^c�)�]BYZN@WZI©F 8 IB_dUVW\[9ILMT]EY\�5` oOo Y\IL]BcbyvW\I©`¢YZWZ[9D�c@[d]B_ �qN@UOYb]E_ �¢N7W £�IBY><VP@�	�N% �L°�

������ 
������ �O°M%���
h±¥¯�%E' � % ��� 
 ���T±�� 
 ���7°7¯Z° ���b° 
 � % ¯h± � � � � %E' ����± °=' ' � �r° �!�b°7��f o YZ[dMO�LN@YQ�


`¢4T4T]BP\P@|:8G� `G�d|	/ HqN=4a|:-v�¨ÌB<B< ~ ��fmNQ]EYbcbyO[dMO��UTMTSVN@Y�u5UO_9WZ[9?¥N 8 IB_dUVW\[9ILMT]EY\� o Y\N=P\PXUOY\N=P=�"�#% �r°#
%$'& ���(*)+( 
,���
��¯ 
-�b°b° � ��� ��
 
,�s±��T° ��)') $�°+. 
('/�V± ��
 � %E¯#0 �1��' ± ��
 � �@°2�7± �3. ° 
 �¬± � � �54-% ± ��
 �6� 
 �-�7°@¯Z° ���b°"7 ° � 
 ) $#8 �tf o Y\[9MO�LN@YZ?
�tN=YZ_^]E���


`�SV�r]O|¬¦n�9|"/�:�IB_d_dI o �B| 7���i 0�0�)T��8¢I £ FtA¬N=c7WZ[ 8 N�]EY\N©�¢N=UOY\]B_ �qN7W £�IBY><VP¢] W67�ILYZNQc@]LP W\[9MO�ª]BMTS�)Y\N=SO[dc7WZ[dIBM*9
`I)�N 8 [9N=£�]EM�S�F 8 ]B_9UOWZ[dIBMa�;: �T±R°7¯ � % ± ��
 � %('	< 
��V¯ � %E' 
��>= 
E¯Z°2� %?
h± ��� �E| � �a|���)Ti H �>0�0O�


`¢_d4T]T|aF¢�d|�`¢_^SO]BMT]O|¨K�� 7��d| / > Y\I �r_^]O|aK�� ¦n�ti10�0 ~ �<7OUO_d_`¢UVW\IBup] W\[dcv`J�q�-HJN=PZ[9�LMU��` 2sN=MON7W\[dcv` oOo Y\IL]Bcby¨�
@�°2�7±A�V¯Z°CB 
 ±R°#
 ���ED 
����!�V± °@¯GF!� �¼° �!�b°7|���H��a| ~ 0�0 H"�L<��T�


`¢MT�BN@_d[dMONB| )¢�d|TfV]BUOMTSVN=Y\P=| 2��9| / ) IL_9_^]Bc <¬|mKT�«i 0�0��T�¨`qM�F 8 IB_dUVWZ[dIBM�]EY\�v`q_9�LIBY\[}W\yOu WZy�] WJ:�IBMTPXWZY\UTc7W\P@)�N=c@UOYZ?
Y\N@MrW¢�¢N=UOY\]B_a�¢N@W £�ILY?<VP=�I:KJLJLJM�O¯�% �N
=%O�@± ��
 �N
 
 �PB©°+�V¯�%E'QB5°7±AR 
 ¯TS�
h|�¨e iQ®7| 0E�(H"2 0V�


`¢Y\upP W\YZILMO�T|�KT�lf¬�d|	/ :�IB_d_9I o �L|:7��i 0�0LÌO�vFYZY\IBY�uvNQ]BPZUOYZNQPs¡zIBY��LN@MON=Y\]B_9[ �@[dMO�w]E4 IBUVW�¡zILYZNQc@]BPXWZ[dMO�wuvN7W\yOIVSOP �
Fu o [dY\[dc=]E_¨c@IBu o ]EY\[^PXILMTP@�I: ��± °@¯ � %E± ��
 � %E'U< 
��V¯ � %(' 
��C= 
 ¯\°K� %�
b± ��� �B|*H�e i¿®h|�2�0 H")L<O�


`�W\[9�r]O|r`G� 7��d|mF_ fVyOIBUOYb]O|mf¬� ¦n�9|VfmyT]ByON@N=Ma|rf«� 3h�d|>/�F_«fmyON=YZ[9¡ |r¦�� f¬��i10�0�0O� `�:�IBu o ]BYZ[^PZIBM ,�N@W £�N=N@Mp�¢N=UOYb]E_9?
�qN7W £�IBY>< 7 IBY\N=c@]LP W\[9MT� > NQcbyOMO[ CrUON=P HO:�]LPXN�frWZU�SV� �-)�[ 8 N=Y�7�_dI £ 7�ILYZNQc@]LP W\[9MO���;:TJLJ;J��¨¯�% �N
=%O�@± ��
 �N
 
 �
B5°��V¯�%('*B©°@±AR 
 ¯TS�
b| � ��egÌB®7|��L<rÌ-H"�L<�0T�


,�]E_dUEIX]O|af¬��i 0�0�2T�¢F 8 IB_dUVWZ[dIBM�IE¡�]EM�`¢YZWZ[9D�c7[^]E_t�¢N=UOYb]E_��¢N7W £�IBY><+,�]LPXNQSC`¢UOWZIBMTIBuvIBUTP *¨]BMTS �tN=yO[dc@_9Nª:�IBMO?
W\YZIL_9_dN@YQ�V:TJLJLJW�O¯�% �N
=%O�@± ��
 �N
 
 �VF*0?
h± ° �1
%X % � % ���YDZ0 � °@¯ � °@± �[��
 �\�#% ¯h±�]C�1DI0 � °7¯ �¬°7± �[�#
h| 	 �¨e ~ ®h|�"0E< H"��2 ~ �


i10B<








���!	��
����<�	��( i10Ti


,�N=]B_9NL|	2�� §5�9|	/*:�ImI <¬|	2���i10 � )O��§ o W\[9up]E_�Hq[d�B[9W\]B_�fm[du©UO_^] W\[9ILM/IB¡�`q[9Ybc7Yb] ¡ W 8 [^] )q]EMTSVILu fmNQ]EYbcby > N=cbyO?
MO[ CrUON=P=����:���� < 
��V¯ � %E' 
,��� � � ��% �!�b°M% ��� D 
 �T±¥¯ 
E'}| � e �r®7|�Ì ~m� HVÌ(�TiL�


,�N@_9¡zIBY\NB|�*��9|�/�`qY?< ]BST]EMa|B`©�Oi10�0 � �m¦CImSON@_d[9MO�%7�]BUO_}W\N=Spfm£�[9W\cbyONQS )¢N@_dUTchWb]EMTc@N¢¦xIEW\IBYbP	;JPX[dMO��F 8 IB_dUVWZ[dIBM�]EY\�
�qN@UOYb]E_a�qN7W £�IBY><mP=� :TJLJLJ��¨¯�% �Q
7%'�7± ��
 �Q
 
 � : ������
b±¥¯	� %E'!J&'9°2�7±¥¯ 
 � �[��
b| ��� egÌL®h|�ÌLÌ(2 HOÌ ~L~ �


,�N@MrWZ_dN@�L|TK�� *��ai10 � 0V�t¦xUT_}W\[dSV[duvN@MTPZ[dIBMT]B_a4O[dMT]EY\��PZN=]BY\cby�WZY\N@N=P¢UTPXNQS�¡zIBY¢]BP\PZImc@[d]EWZ[ 8 N�PZN=]EYbcbyO[dMO�T�GD 
 � � � � � �
� % ± ��
 �Q
 
���± �O°��1DZXw| � H�e.0r®h|�0E< � H�0Vi � �


,�N@MrWZ_dN@�L|¨K�� *��9| / 7OY\[9NQSVup]EMa|�KT� 8G�ti 0 � 0T�5Hs] Wb]wfmWZY\UTchW\UOYZNQPs¡zIBYY)¢]BMO�BNªfmNQ]EYbcbyO[9MT�T� D 
����!�V± ��� �PF*�V¯#. °+0?
b|
� ��� eK�m®h| ~ 0�) H"�L<�0O�


,�N@Yb]O| > �9|�/ 8¢[d�B�B[dMTP=| *��¢i10�0 ~ � `2)J: 8{¦xIVSVN=_dP ��)Y\I o N@YZWZ[dN=P=|�F�PXWZ[dup] W\[9ILM ]BMTS > N=PXWZ[dMO�T� < 
��V¯ � %E' 
,�
J � 
 � 
 � �[��F*�V¯#. °�0?
h|��¨eK�m®h| ~ <�0-H ~ 2rÌV�


,�N@Y\_d]BMO�L]T|�`G�d|�¦xIB_d[dMT]O|�KT� ¦n�d|�fV]BMTcbyO[^P@|�`G�d|�/{3 P\]BPZ[g|�)¢�qi 0�0�0T�¤` oOo _d�r[dMO�nF 8 IB_dUVWZ[dIBM�]EY\��frWZYb] W\N@�B[dN=P5W\I
�qN@UOYb]E_a�qN7W £�IBY><mP@)�IL4�IBWJ:�IBMrWZY\IB_d_9N=Y=�L@°2�@± �V¯\°CB 
E± °�
 ���ED 
 � ���V±R°@¯GF!� �¼° �!�\°@| � �����a|�0Oi 2EH�0BÌ�0V�


,�[dPZyOI o |�:J� ¦��ai10�0�)O� B©°+�V¯�%('QB©°@± R 
E¯TS?
L� 
 ¯G�N% ±¥± °@¯ ���G°2� 
 � � � ± ��
 �T��§q6m¡zIBYbS ;qMO[ 8 N@YbPX[9W � )Y\N=P\P=�
,�IBY\�BNQP@|	)¢� :J�9|�/ 8J]EMTPZN@M¨|¦n� )q��i 0�0�)O�	� � %?
	� 
 � 
 ¯G�2�V±A�V¯Z°%
2�Q�2�b°�
K
@°�
 ��� �1��' ± ��
 � �@°2�7± �3. ° � 
 � � ��� % ± 
 ¯	� %E'



 � ± � � �54-% ± ��
 ��� > N=cbya�VY\N o W=� > N=cbyTMO[dc=]E_�;qMO[ 8 N@YbPX[9W �ªIB¡ HJN@MOup]EY><¬�t3 ¦C¦w? )�F�)t?bi10�0�)E??)T�
,�YZNQ]E_dN@�L|L)G� `©�9|,/ ¦x�LN@YbP@|Of¬� :J�ai10�0�2T� ��¯	���!� � � '9°�
 
���D 
 ¯ � 
 ¯ % ±R°G= ��� % ���b°@� 0¿W\ywN=SVMa�¦;c12sYb]¿£�? 8q[9_d_g�
,�YZ[d_d_g|	7��d|�,�YZI £�Ma|�H©�d|9/ ¦C]BYXW\[9M¨| @ ��i 0�0rÌV� 7T]LP W 2sN@MON@WZ[^c�fmN@_dN=c7WZ[dIBMjIE¡�7 N=]EWZUOY\N=P�¡zILY©�¢N=UOYb]E_�¢N@W £�ILY?<


:�_^]BP\PX[9DTN=Y\P=�I:KJLJLJ��a¯ % �N
=%'�7± ��
 �Q
 
 � B5°��V¯�%('*B©°@±AR 
 ¯TS�
b| � egÌL®h| ~ ÌE�(H ~ Ì�)O�
:�]EY\_d[dPZ_9NL|�`G�d|�/�HqI �@[dN@YQ|�2���ÌE<L<Oi/e¼` o YZ[d_^®7� �O¯�%'�KS ��� �VD ��% � � ��� � J�
L±¥¯Z° �C% R � ± � �N% ¯h± �[�='9°PF�R % ¯ �� � ± � �


� �54Q°7¯h� > N=cbya�LYZN o W=�V:�fOfmF�<Ti7?R<�)T�B`¢UO4TUOYZM ;qMO[ 8 N@YbPZ[}W �L|m:�IBu o UOWZN@Y�fVc7[dN@M�c7Nq]BMTSªfmIE¡ W £�]EY\N�FMO�L[9MTN@N@Y\[dMO�
HJN o ]BYXW\uvN@MrW=�


:�yON=Ma|��5�d| / @ N@[d�L]BMTS«|,@ � `G��i10�0LÌV���¢N@UTY\]B_¨�¢N@WJ¦xIVSVN@_�IE¡�,�] W\cby )Y\IVc7NQPZPJ§ o WZ[du�[ �=]EWZ[dIBM ,�]BPZN=S�IBMC`qM
Ft6mW\N@MTSVNQS�2sN@MON@WZ[^c�`¢_d�BIBY\[9WZyOuw� �N% �L°�
�� � &  � �-( 
���� :�<�D BCB�� & � :TJLJ;J���:TBCBGF ]�%(' ± � � 
E¯Z°7| 8 IL_g�m3 �©�


:�yON=Ma|��5�d| / §�� :�IBMTMON@_d_g|U)G�ti10�0 � �G`JchWZ[ 8 N )I £�N@Y *a[dMON�:�IBM�SV[}W\[9ILMON@Y�£�[9WZyj]��qN@UOYb]E_t�qN7W £�IBY><C:�ILMrWZY\IB_¥�
:KJLJLJM�¨¯�% �N
=%O�@± ��
 �N
 
 � : � ����
h±¥¯	� %E'�� � � ' �[� %E± ��
 �N
h| � � eK�r®7|«iBi ~ i H¬iBi ~ 2O�








���!	��
����<�	��( i10rÌ


:�ImN@_d_9I�| :J� `G� :J�ai10�0�0O�`�:�ILu o YZN=yON@M�PX[ 8 NGfmUOY 8 N=�ªIE¡�F 8 IB_dUVWZ[dIBMT]BYZ�r? ,�]BPZN=S�¦CUO_}W\[9IL4�I N=c7WZ[ 8 N©§ o W\[9uv[ �=] W\[9ILM
> NQcbyOMO[ CLUTN=P=��� � 
�R '9° � �r° % ���1: ��� 
 ¯ �C% ± ��
 � F*0?
h± ° �1
 � � � : ��± °@¯ � %E± ��
 � %('	< 
��V¯ � %(' | � e ~ ®7|�Ì(2�0 H ~ <�)T�


:�ImN@_d_9I�|�:J� `G� :J�9|6/ *aNQcbymUOMO�L]T|q¦n�lf¬�qÌE<L<LÌO� ¦�§�)�fT§ ��` )Y\I o ILP\]E_J¡zIBYw¦xUO_9WZ[ o _dN�§J4�I N=c7WZ[ 8 N )�]EYZWZ[^c7_dN
fm£�]EY\u�§ o W\[9uv[ �=] W\[9ILMa�"�#% �r°#
 �O) � ����O) ��� 
���� ��¯ 
��b°\° � ��� ��
 
,��±��T° ��)')�� D 
 � �r°#
2
 
 � J . 
('/�V± ��
 � %E¯#0
D 
 � ���V± % ± ��
 �����%E¯h± 
���± �O° ��)O)�� :TJLJ;J�� 
E¯ ' �6D 
 � �E¯Z°�
2
 
 �YD 
����!�V±?%E± ��
 � %('	: �T±R°=' ' � �L° ���b°@� 8q]¿£�]E[d[¥|
¦C]¿�;iQÌ¿?bi � �¨3RFF�F )YZNQPZP=�


:�IB[9W=|EH5� @ �9| / fmuv[9WZya|L`G� F¢�mi10�0�2O�BfmIL_ 8 [dMO�¢W\yON�Y\N=SOUOMTSO]BMTc7��]E_d_dImc=] W\[9ILM o YZIL4O_dN@u,UTPX[dMO�s]qc7ILu©4O[dMONQS�MON@UTY\]B_
MON@W £�ILY?<,+ �BN@MTN7WZ[^cq]B_9�LIBY\[}W\yOu ] oOo Y\IL]Bcby¨�CD 
 � ���V±R°7¯2
 % ��� 
 �T°7¯�%E± ��
 �N
�¯Z°�
@° %E¯T� �m| 	�� e 2L®7|�0Vi 0-H�0LÌ(2T�


:�IBMTY\]LSV[9NL|B`G� �©� F¢�d|V¦x[9[ <L<mUO_d]B[9MTN@Ma|%)��9|4/,`¢_^SVYZ[^cbya|V:J�rÌE<L<LÌB]O�T`�SO] o WZ[ 8 NJ:�ILMrWZY\IB_VUVW\[9_d[dPZ[dMO�G�¢N=UOY\]B_�fm£�]EY\u�?
[dMO�T� �N% �L°�
�� )� �
	 
���� ��¯ 
��\°b° � ��� ��
�
,�ª± �O° �¢° �¬°7± �[�+% � �PJ . 
('/�V± ��
 � %E¯#0ED 
 � ���V± % ± ��
 � D 
 ���7°7¯Z° ���b°��
B5°�R�
 ¯TS����	F ���


:�IBMTY\]LSV[9NL|¢`G� �©� F¢�d|s¦x[d[ <%<mUO_^]E[dMON=Ma|2)��d|�/ `q_dSVY\[^cbya|�:J��ÌE<L<LÌ 4¨�3RMrWZN@_d_d[9�LN@MrW )Y\IVc7NQPZPx:�IBMrWZY\IB_JUVWZ[d_d[dPZ[9MT�
fm�mu54O[9IBWZ[^c�¦xN=uvN7WZ[^c��qN@UOY\IE? F 8 IB_dUVWZ[dIBMa� �N% �r°�
�� � $  � ��� 
����L��¯ 
-�b°b° � ��� ��
�
���±��T° ��)')�� :TJLJLJ�D 
 � �B¯Z°#
2


 �PJ . 
E'/� ��
 � %E¯#0 D 
 � ���V± % ± ��
 � 7KD	J>D � ��)O)�� 8 �


: �@� �Q]�<¬|�)q�9|�/ KL]LP=<m[dN@£�[^c��B|�`G�¢i 0�0�)O� )�]EY\N7W\InPX[du©UO_^] W\N=S ]EMTMON=]B_9[dMO�/?5]/uvN7W\]ByON@UTYZ[^P W\[dc	W\N=cbyOMT[ CrUONw¡zILY
u5UO_}W\[}? IB4�I N=chW\[ 8 NCc7ILu©4O[dMT] W\IBY\[d]B_�I o W\[9uv[ �=]EWZ[dIBMa� < 
��V¯ � %(' 
�� XP��'}± � �#D�¯	� ±R°7¯	� %���°K� � 
	��
 � � � %E'/0?
	� 
h| �«|
~ �EH � � �


SVN ,�N@Y\�T|«¦n�d| 8 ]BM -�Y\N 8 N=_dSa|¬¦��9|�§ 8 N@Y\uv]BY\P=|�¦��9|�/�fVcbym£�]EY�� <LI o ¡ |a§5��i 0�0 � � D 
����!�V±?%E± ��
 � %(' �L° 
 �p°@±g¯#0 �%(' � 
E¯	� ±�� ��
	% ��� % � � ' �[� % ± ��
 �Q
b� ,�N@Y\_9[dMU�f o Y\[dMO�BN=Y=�
SVN 2�]EY\[dP=|	8©��i 0�0TiB��2sN@MT�qF > fF�92sN@MON@WZ[^c@]B_9_d� )�YZIL�BYb]EuvuvN=Sj�¢N=UOY\]B_��qN7W £�IBY><mP=� �N% �r°�
 � $'& ���� $'&�� 
,���


��¯ 
-�b°b° � ��� ��
 
��C:+<�D B B � & � F ��� ��% � 
E¯Z°G:TJLJ;J���:TBCBGF | 8 IL_g�TÌO�
HJN@4a|�-v�Ji10�0�0O�'¦CUO_}W\[}? IB4�I N=chW\[ 8 Nx�BN=MON7W\[dcC]B_9�LIBY\[}W\yOupP � )YZIL4O_dN@u$SO[ �ªc7UT_}W\[9NQP�]BMTS c7IBM�P W\YZUTc7WZ[dIBM IE¡�W\N=PXW


o Y\IB4T_9N=uvP=�;J . 
E'/�V± ��
 � % ¯#0 � 
 � ���V± % ± ��
 ��|��¨e ~ ®7|�ÌE< 0-HOÌ ~ <T�
HJN@4a|,-v�TÌB<B<TiB� XP��'}± � � � � �@°K�@± �3.¿°�� � ± � � �54-%E± ��
 ���	
	��� � J . 
E' �V± ��
 � % ¯#0�� ' � 
 ¯	� ± � �1
h��@ [9_dN@�L�
HJN@4a| -v�d|4/�Kr]E[dMa|Of¬�VÌE<B<rÌV� � � �	� ��� �\��°@¯ � 
 ¯ �C% ���b°\XC°@±¥¯	�[�#
I� 
 ¯CJ . 
E'/�V± ��
 � % ¯#0 X ��' ± � � 
 � �@°2�@± �3. ° � �¬± � � �54-% �


± ��
 ��� > NQcbya�VYZN o W=� ÌE<B<rÌE<L<(�T�L3RMTSV[^]EMw3RMTPZ[}W\UVWZN�IB¡ > N=cbyOMTIB_dIB�B� -�]BM o UOYQ�








���!	��
����<�	��( i10 ~


HJN@4a|�-v�9|�`¢�LY\]¿£�]E_¥|�f¬�d|	)Y\]EW\] o | `©�9|�/*¦xN@�r]EY\[ 8 ]EM¨| > � ÌB<B<B<T�ª` 7�]BPXWGF_d[}W\[dPXW��qIBMV?RHqILuv[9MT]EWZNQSjfVIBYZWZ[dMO�
2sN=MON7W\[dc¢`q_9�LIBY\[}W\yOu¡zILY�¦xUO_9WZ[9?X§J4�I N=c7WZ[ 8 NJ§ o W\[9uv[ �=] W\[9ILMU���Jf 2�`¢?¥3R3h�	�N% �L°�
 �+( & �� � � 
����;��¯ 
-�b°b° � ��� ��


,� �N% ¯ %E' '9°='!��¯ 
 � '9° ��F 
E'/. ��� � �b¯ 
 � B	% ±A�V¯Z° � �L� F B . � ��f o Y\[9MT�BN@YQ�


HJN@4a|,-v�d| > yO[dN@_dNB|�*��9|�*�]EUOup]BMOMTP=|m¦��9|,/ 5 [9W��@_dN@YQ|VF¢��ÌB<B<Ti5e¼`qUO�BU�P Wh®h� F!� %(' % � '9° � °#
h±I��¯ 
 � '9° ��
L� 
 ¯GJ . 
('/� �
± ��
 � % ¯#0 X ��' ± � � � � �@°2�@± �3. ° � � ± � � �54-%E± ��
 �T� > N=cbya��YZN o W=�¬ÌE<L<Oi=<L<OiL�4-�]BM o UOY62sN@MON@WZ[^cG`¢_d�BILYZ[9WZyTuvP�*¨]B4�IB?
Yb] W\IBY\�Ce.-�]EM 2�`�*�®7�


HJN@MO[^PXILMa|¬H©� 2�� > | 8¢IL_9uvNQP@|a:J�l:J�d|¬¦C]E_d_9[^c <¬| ,s� -v�9| /-fmuv[}W\ya|«`G� 7�� ¦n�«ÌE<L<LÌO��]�%�0B°�
	� % �6X;°@±�� 
 ��
 � 
 ¯\B 
 � �' ���¬° % ¯�D' %?
2
	� � � %E± ��
 � % ��� �q° �E¯\°#
2
	��
 ���	@ [d_dN@�B�
HJIBuv[9MT[dcB|rf¬�d|LHs]BP=|�)��d|�@ yT[}W\_9N=�B|LH5�d|�/,`¢MTSVN=Y\PZIBM¨|r:J�Oi10�0LÌO�,2sN@MON@WZ[^c0)�N@[dMV¡zIBYbc7N=uvN@MrW�*aN=]BYZMT[9MO�J¡zIBY��¢N@UTY\]B_


�qN7W £�IBY><mP=�L�N% �r°#
 	 �� 	 � 
���� ��¯ 
��b°\° � ��� ��
 
,�C:�<�D BCB�� & � F¬° % ±¥± 'd° :KJLJLJ�� :,BCB\F�| 8 IB_¥�m3R3h�
HJY\]Lc7I o IBUT_9IrP@|OH5�l:J�d| / KLIBMONQP@|�`G� KT��i10�0 0V���¢N@UTY\]B_¨�¢N@W £�ILY?<VP�]EM�S 2sN=MON7W\[dc©`¢_d�BIBY\[9WZyOupP�¡zILY¢WZyTN©`�WZWZ[9WZUTSVN


:�ILMLW\YZIL_ )YZIL4O_dN@uw� @°2�@± �V¯Z° B 
E± °�
 ��� D 
 � ���V±R°7¯GF � �¼° ���b°@| ��� �¨| ~ i-0 H ~ ÌViB�
HJUTcbya| @ �ai 0�0�0T�¨`¢_9WZN=YZM�] WZ[ 8 NQP�WZIv�BYb]BSV[dN@MrWZ?¥4T]LPXNQSpMON=UOY\]B_ WZYb]E[dMO[9MT�T�I�#% �r°#
���&  � ( 
,��� = 
��V¯h± � D 
 ���7°7¯Z° ���b°



 � B©°+�V¯�%('QB©°@± R 
E¯TS?
 % � � � �O° � ¯ � � � ' �[� %E± ��
 �N
 ���%-S 
 ��% � °�� ��
E' % ��� �
HJUTcbya|�@ �d|:/ -qILY\c �=]�<¬|¬KT�ti 0�0�0O� � � ± � � �54 %E± ��
 � % ��� ��' 
 � %(' � ��� � � �54-%E± ��
 ���p°7± � 
��?
 
#� � ±?% � '9° � 
 ¯ �¬°��V¯�%('


�¬°7±AR 
 ¯TS�
h� > NQcbya�¨Y\N o W=�:-�¦ - ;J¦ - iA+ 0�0O���¢[^c7IB_^]EU�P�:�I o N@Y\MO[^c7UTP ;¢MO[ 8 N=Y\PZ[}W �L|97T]Bc@UO_9W ��IB¡�)�yr�VPZ[dc=P@|
`JP W\YZILMOIBu5�ª]EMTS	3RMV¡zILYZup] W\[dc=P@�


FyOY\�BIBWXWQ|m¦��9| / 2�]BMTSV[d4O_9N=UV6«|��©�TÌE<L<B<T�a`¢M�`qMOMOIBW\] W\N=S ,�[d4O_d[9IL�BYb] o ym��IE¡�¦CUO_}W\[}? IB4�I N=chW\[ 8 N�:�ILu©4O[dMT] W\IBY\[d]B_
§ o W\[9uv[ �=]EWZ[dIBMa��� � F �T°KSE±¥¯#� �5| 	�	 e �r®7|��rÌ�0 H � 2B<O�


FMO�LN@_d4OY\N=cbyrW=|¬`G�d|"/ 3 PXup]E[d_¥| `©� i 0�0�0O� > Y\]B[9MO[dMO� o YZIVSVUTc7WJUOMT[}W�MON@UTY\]B_¨MON@W £�ILY?<VP=�\F�± % � � ' � ±A0+% ��� D 
 �T±¥¯ 
('5�
� �O° 
E¯#0 % � � � � � ' �[� %E± ��
 �N
h| 	 e i@?RÌL®h|�0 0EH � �T�


F 8 N@YbPXILMa|b)�� ¦��9|�7 [dN@_^SOPZN@MTS«|�KT� F¢�d|�/{fm[9MT�Bya|�f«��ÌB<B<LÌO� 7 UO_d_�F�_9[9WZNCfmN@W\P©¡zIBYv¦xUO_9WZ[9? §J4�I NQchW\[ 8 Nw§ o W\[9uv[^PZ]E?
W\[9ILMa�I�N% �L°�
\$ ( $  $ � ( 
,����)t]BYZuvN@NL|L3h� :J�«ezNQST®h| � ��% �¬± �3. °�D 
����!�V± ��� � ��� ��°#
	� � � % ���1X % �Q���7%O�@±A�V¯Z°��¨�
f o YZ[dMO�BN=Y=�


7T]BMO�T|K��d|�/ �q[¥|��5��i 0�0 � ���qN@UOYb]E_��¢N@W £�ILY?<nSVNQPX[d�BM�4�]BPZN=SnILM�N 8 IB_dUVWZ[dIBMT]BYZ� o Y\IB�LY\]Bu�uv[dMO�T� �J¯h± � � � � %('
: �T±R°7' ' � �r° ���b° ��� J � � ��� °b°@¯	��� �B| � � |«i 0�0 H i 2TiB�








���!	��
����<�	��( i10��
7 [9N=_dSTPXN=MTS«|OK�� F¢�«i 0�0�0O�ZB 
 ��� ' ��� ° % ¯����"D�� � 
E' % ± � ' � ± 01J 
b± � �C% ± ��
 ���U
	��� ��B5°��V¯�%('QB©°@± R 
E¯TS?
h�t¦;fVc > yONQPX[^P@|
;qMO[ 8 N@YbPX[9W �ªIB¡:)_d�mu�ILUVWZy¨�


7 [9N=_dSTPXN=MTS«|«KT� F¢�d|�/�fm[dMO�Bya|af¬�«ÌE<L<LÌB]O�q` ¦xUO_9WZ[9? §J4�I N=chW\[ 8 N©`¢_d�BILYZ[9WZyTu*4�]BPZN=SxU o IBM )t]EYZWZ[^c7_dN5fm£�]EY\u{§ o ?
W\[9uv[^PZ]EWZ[dIBMa|t]EMnF��pc@[9N=MrW�Hs] W\]�frWZY\UTchW\UOY\N�]EMTS > UOY\4OUO_dN@MTc@NB� �N% �L°�
 $ 	 -('( 
����%��¯ 
-�b°b° � ��� ��
 
,��� �
� 
 ¯TS�
 � 
 � 
 � D 
����!�V±?%E± ��
 � %('�: ��± °=' ' � �r° �!�b° 7 � � D : � )�� 8 �


7 [9N=_dSTPXN=MTS«|mKT� F¢�d|>/�fm[dMO�Bya|mf¬�rÌB<B<rÌ 4a� )�]BYZN@WZI�¦xUO_9WZ[9?X§J4�I N=c7WZ[ 8 Nq�qIBMV? *a[dMON=]BY )�N@�LYZNQPZPZ[dIBMv¦xIVSVN@_d_9[dMO��W\I©`¢[^S
:�`�)�¦�`qMT]E_dIB�LIBUTP 7 IBY\N=c=]BPXWZ[dMO�T� �N% �r°#
�$ � �� $O&'$ 
,��� ��¯ 
-�b°b° � ��� ��
 
���± �O° ��)O)�� :KJLJLJY: �T±R°7¯ � % ± ��
 � %('
< 
 ����±LD 
 ���7°7¯Z° ���b° 
 �1B5°��V¯�%('�B©°@± R 
E¯TS?
 � ��% ¯h± 
,��± �O° ��)')�� :KJLJLJ � 
 ¯ ' ��D 
 � �B¯Z°�
K
�
 � D 
����!�V±?%E± ��
 � %('
: �T±R°7' ' � �r° ���b°7��8q]¿£�]E[d[g|V¦C]¿�Ci¿Ì¿?bi � �¨3RFFF )�YZNQPZP=�


7 [9N=_dSTPXN=MTS«|�KT� F¢�d|�F 8 N@YbPXILMa|D)�� ¦n�d|	/ fm[dMO�By¨| f¬��ÌE<B< ~ � ;qPZ[dMO� ;¢MTc@IBMTPXWZYb]E[dMONQS;F_d[9WZN�`qY\cbyO[ 8 NQPs¡zIBY©¦CUO_}W\[}?
§J4�I NQchW\[ 8 NG§ o WZ[du�[^P\] WZ[dIBM¨� :KJLJLJ��a¯ % �N
=%'�7± ��
 �Q
 
 �PJ . 
E' �V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 �T|
�ae ~ ®h| ~ <�0 H ~ Ì ~ �


7 IB�LN@_¥|OH©� ,s�9| @ ]BP\PXILMa|VF¢� :J�9| / ,�IBUO�LyrWZIBM¨|VF¢� ¦��¨i10�0�0O� F 8 IB_ 8 [9MT��MTN@UOYb]E_«MON@W £�ILY?<VP�¡zIBYJSVN7W\N=chW\[9MT�p4OYZNQ]BPXW
c=]EMTc@N@YQ�>D�% ���b°7¯ @�°7±¥±R°7¯2
h| � �a|��>0 H�0 ~ �


7 IB�LN@_¥|rH5� ,s�d|4@ ]BP\PXILMa|LFq�l:J�d|�,�IBUO�LyLW\IBMa|LF¢� ¦n�9| / )�IBYZWZIT| �©� @ �«i10�0 � �¬`,PXWZN o WZI £�]EYbSpc7IBu o UOWZN@YZ?R]BP\PX[^P W\N=S
up]EuvuvIB�LY\] o ym�vUTPX[dMO�pN 8 IB_dUVW\[9ILMT]EY\� o YZIL�BYb]Euvuv[9MT�5]EM�S�MTN@UOYb]E_«MON@W £�ILY?<VP=� D�% ���b°7¯ @�°7±¥±R°7¯2
h| 0 ~ H40 � �


7OILMTPZN=c@]T|m:J� ¦n�d|>/ 7 _9N=uv[9MO��|�)�� KT� i10�0 ~ � 2sN@MON@WZ[^cq`q_9�LIBY\[}W\yOupP�¡zIBY�¦CUO_}W\[9IL4�I N=c7WZ[ 8 Ns§ o WZ[du�[ �=]EWZ[dIBMO[ ��7OIBY\u©UO?
_^] W\[9ILMa|rHJ[^PZc@UTPZPZ[dIBMª]EM�S 2sN@MON=Y\]B_9[ �=]EWZ[dIBMa�	�N% �L°�
 (�� � �(N� $ 
���� ��¯ 
��\°b° � ��� ��
 
��J±��T°�= � �b±��": �T±R°7¯ � % ± ��
 � %('
D 
 ���7°7¯\° �!�\° 
 � �¢° �¬°7± �[� ��' � 
E¯	� ±�� ��
h��fV]BM	¦;] WZN=IT|�:�]B_9[9¡zIBY\MO[^]��t¦xIBY\�L]BM -�]BUV¡zup]EMOMa�


7OILMTPZN=c@]T|¨:J� ¦n�d| / 7 _dN@uv[dMO�T|")�� KT�ti 0�0�0O��`¢M�§ 8 N@Y 8 [9N=£ IE¡�F 8 IB_dUVW\[9ILMT]EY\�x`¢_d�BIBY\[9WZyOupPs[9M/¦xUO_9WZ[dIB4�I NQchW\[ 8 N
§ o W\[9uv[ �=]EWZ[dIBMa�;J . 
E'/�V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 �T| � e i¿®h|ai7H i-2O�


2sY\N@N@Mm£�ImImSa| 2�� @ ��i10�0 � � > Yb]E[dMO[dMO� )t]EYZWZ[^]E_d_9� )�N=c@UOYZY\N@MrWq�qN@UOYb]E_¨�qN7W £�IBY><VP�;qPZ[9MO��F 8 IL_9UVW\[9ILMT]EY\��frW\Y\]EWZN@?
�L[9NQP@�L:TJ;JLJM�O¯�% �Q
=%O�@± ��
 �N
 
 � F �T°\°2� � % ��� � �	� ��
1��¯ 
-�b°�
K
	��� �E|�¨egÌL®h|ai 0LÌ H i10��T�


2sY\N@N@Mm£�ImIrIVS«|�2�� @ ��i10�0 � � > Yb]E[dMO[dMO��¦xUO_9WZ[ o _dN7? *¨]¿�LN@Y )�N@Ybc7N o WZY\IBMTPªWZIM)¢N=c7IL�BMO[^PZN�`�WZWZYb]Bc7WZIBYbP=� :TJLJ;J
�¨¯�% �N
=%O�@± ��
 �N
 
 � J . 
E'/�V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 �T| � eK�m®h|�Ì(���EHOÌE� )O�


2sUEIX]BY\]EWZ[¥|OH©�ai 0�0rÌV�LJ 
2
7° �T± � %E'/
 
,� J � 
 � 
 �p°7±¥¯	�[��
b��¦Cc12sYb]¿£�? 8q[9_d_¥�
8q](I N@_^]O| )��d| / *¨[9M¨| :�? ���ai10�0LÌO��2sN=MON7W\[dcGPZN=]BY\cby	P W\Y\]EWZN=�B[dN=P�[9Mwu5UO_}W\[dc@YZ[9WZN=YZ[dIBM	I o WZ[duv]B_¨SVNQPX[d�BMa� F ±g¯#�Q�@±A�V¯�%E'


� � ± � � �54 %E± ��
 �T| � | 0�0 H iQ< � �








���!	��
����<�	��( i10 0
8q]BMOMa| > �d|�/'frW\N@UOY\N@YQ|¿F¢�Vi10�0�2T�L¦xUTcby�]BSVIs]E4 IBUVW�MOIBWZyO[dMO��9�Ft6OcbyT]BMO�BN�Y\]EWZN�¡zIBY\N=c@]LP W\[9MT�.�a�¢N=UOYb]E_mMON7W £�IBY><VP


8 P=�V_9[dMON=]BY�uvImSON@_^P�UTPZ[9MO�vuvIBMrW\yO_9��]EMTS�£�N=N <m_d��SO] Wb]O�LB©°+�V¯ 
�� 
 � ���V± ��� �B| � ��eK�m®h| ~ Ì ~ H ~ �r<O�
8q]BMOMONL| > � i10�0�0T�s§JMxWZyTN5c7ILM 8 N@Y\�BN=MTc7N�IB¡u©UO_9WZ[dIB4�I N=chW\[ 8 N©N 8 IB_dUVW\[9ILMT]EY\��]B_9�LIBY\[}W\yOupP@�>J �V¯ 
 �T° % � < 
��V¯ � %('



,� � �O°@¯�% ± ��
 � %E' �©°#
@° % ¯T� �m| ��� �«|�0�0 ~ H�0(2��T�
8q]BMOMONL| > ��ÌE<B<L<O� 2s_dIB4T]B_�¦xUO_9WZ[dIB4�I N=chW\[ 8 N�§ o WZ[duv[ �Q] W\[9ILM3;JPX[dMO�CF 8 IB_dUVW\[9ILMT]EY\�;`¢_d�BILYZ[9WZyTuvP=� < 
��V¯ � %E' 
,�


�5°��V¯	� 
h± �[�#
h|��¨| ~ � � H ~ 2B<T�
8q]BMTPZN@Ma|¿KT� �©�d|B/ ¦xN=PZN@Y 8 �B|H)�� H5�Bi 0�0�2O�E*aNQ]EY\MO[9MT��N76 o N=YZ[duvN@MrW\Pa£�[}W\yG�BN=MON7W\[dc�I o WZ[duv[ �Q] WZ[dIBM�IB¡O]��BN=MON@Yb]E_d[ �=N=S


Y\N@�LYZNQPZPZ[9ILMªMON=UOY\]B_«MON7W £�IBY><¬� ��°2� � 
	��
 � F�� � � 
 ¯h±LF�0?
h± ° ��
h| � H¨e ~ ®7| ~ i � H ~ Ì�0O�
8q]BMTPZN@Ma|B¦�� )��d|�/ Kr]BP�� <m[d£�[dc �B|E`G�Vi 0�0�)O�QJ .E%E'/��%E± ��� �©± �O°�����%(' � ±A0 
���% � � ¯ 
 
 � � %E± ��
 �N
¢± 
�± �O° � 
 ��� � 
�� ��� % ±R°��



@°@±g� > N=cbya�¬Y\N o WQ� 3 ¦;¦w?�)¢F�)t?bi10�0�) ? � ��3RMTP W\[}W\UVWZN�IE¡�¦C] W\yON@up] W\[dc=]E_�¦xIVSVN@_d_d[9MO��| > N=cbyOMT[dc=]E_�;¢MO[ 8 N=Y\PZ[}W �
IB¡�HJN@MOup]BY?<¬�


8q] o <BNL|q¦n�d|JKr]BP?<m[9N=£�[dc �B|¢`G�d|�/ fV_9I £�[dMTP?<r[¥| )��¢ÌB<B<B<T� )�]BYZN@WZI�PZ[9u5UO_^] WZNQS ]EMTMON=]B_9[dMO��¡zILYª¡zU
� �@� u5UO_}W\[}?
IL4�I N=c7WZ[ 8 N�c7ILu©4O[dMT] W\IBY\[d]B_�I o WZ[duv[ �Q] W\[9ILMa��< 
��V¯ � %(' 
�� �5°��V¯	� 
h± �[�#
h|���e ~ ®h| ~ Ì 0 H ~ �"0V�


8q]¿�L<m[dMa|Tf¬�ai 0�0�0T�IB5°��V¯ %E'QB©°@±AR 
 ¯TS�
�� D 
����¬¯Z° �O° �N
	�3.¿°�= 
�� ����%E± ��
 �T�¬Ì©NQSVMa�9)Y\N@MrW\[dc@N68J]E_d_g�
8¢ILYZM¨|BKT�d|B�J] ¡ o _d[9IBWZ[^P@|r�G�d|�/ 2sIB_^SV4�N=YZ��|EH©� F¢��i10�0��T�V` �¢[^cbyONQS )�]BYZN@WZI%2sN@MTN7WZ[^c�`¢_d�BILYZ[9WZyTu ¡zIBYt¦xUO_9WZ[dIB4�I N=ch?


W\[ 8 NG§ o WZ[du�[ �=]EWZ[dIBMa�;�N% �L°�
 ���'�� 	 
,��� ��¯ 
-�b°b° � ��� ��
 
���± �O°G= � ¯2
b±I:TJLJ;J D 
 ���7°7¯Z° ���b° 
 � J . 
('/�V± ��
 � %E¯#0
D 
 � ���V± % ± ��
 ��� :KJLJLJ � 
 ¯ ' � D 
 � �E¯Z°�
2
 
 � D 
����!�V±?%E± ��
 � %E'I: ��± °=' ' � �r° �!�\°@| 8 IB_¥�tiB� )[dP\c@]EW\]¿£�]¿�B|a�qN@£
KLN@YbPXN=� ��3RFF�F�fmN@Y 8 [dc@N�:�N=MrWZN@YQ�


8¢U¨| �5�9|"/ F4 N@Y\yT]EYZW=|Q)��«ÌE<L<LÌO�¢¦xUO_9WZ[dIB4�I NQchWZ[ 8 Nv§ o WZ[duv[ �Q] WZ[dIBM ;qPZ[9MO�	Hq�mMT]Buv[dc5�¢N@[d�Bym4 IBY\yOImIVS )�]EYZWZ[^c7_dN
fm£�]EY\u*§ o W\[9uv[ �=]EWZ[dIBMa�L: �!� ��¯ 
-�b°b° � ��� ��
 
���± �O° ��)')�� D 
 � �r°�
K
 
 �PJ . 
E' �V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 � � ��% ¯h±

,�v±��T° ��)O)�� :TJLJ;J � 
 ¯ ' � D 
 � �B¯Z°�
K
 
 �VD 
 � ���V± % ± ��
 � %('Z: �T±R°7' ' � �r° ���b°7� 8J]¿£�]B[9[¥|a¦C]¿��i¿Ì¿?bi � �J3RFF�F
)Y\N=P\P=�


8¢U�]EMO��|�f¬�d|�/ 8¢UT]BMO�T|�:J��i 0�0 � ��` oOo _d[dc=] WZ[dIBM¤IE¡ 2sN@MON@WZ[^ch? ,�]LPXNQS��qN@UOYb]E_��¢N@W £�ILY?<VP5WZI > yON=YZup]E_�;qMO[}W
:�ILu�uv[9WZuvN@MrWQ�;:TJLJLJ��¨¯�% �Q
7%'�7± ��
 �Q
 
 �P��
�R�°@¯\F*0?
h±R° �1
h| � 	 e ~ ®h|�2�0(�EH�2�2B<T�


8¢UTMO�T|�f«�9|�/{`JSVN@_d[¥|�8G��i10�0(�T�/` )�]EYb]E_d_9N=_ 2sN@MTN7WZ[^c +E�¢N=UOY\]B_��qN7W £�IBY>< *¨N=]BYZMO[dMO�;`q_9�LIBY\[}W\yOu ¡zIBYv¦x3 ¦CH
fmy�]EY\N=S	¦xN@uvIBY\��¦C]LcbyO[dMON=P=�I:KJLJLJ��a¯ % �N
=%'�7± ��
 �Q
 
 � B5°��V¯�%('*B©°@±AR 
 ¯TS�
b|�ae 2L®h| 0L<B<EH40B<�0O�








���!	��
����<�	��( i10�2
3 PZyO[9�r]Euv[¥|�8G�d|�7 U�<mUTST]O| > �9|mfmyO[d4T] Wb]O| > �d|4/#7 UOuv[dyO[}W\IT|m`G��i10�0 0V��fmWZY\UTchW\UOY\]B_OI o WZ[du�[ �=]EWZ[dIBMpIB¡�¡zU
� �@��MON@UTY\]B_


MON@W £�ILY?<p4m�ª�LN@MON@WZ[^c�]E_d�BILYZ[9WZyOuw�L=;�'4K4+0"F«°7± 
G% ����F*0?
h± ° �1
b|�� � e ~ ®7|TÌ�0 � HVÌ�2(���
3 PZuv]B[9_¥|O`G�d|,/ FMO�LN@_d4OYZNQcbyrW=|O`G�¨i10�0�0O� > Yb]E[dMO[dMO� )YZIVSVU�chW�;¢MT[}WbP¢[dM 7 N@NQSm¡zIBY\£�]EYbS��¢N=UOYb]E_a�¢N@W £�ILY?<VP�UTPZ[9MT�
)�]BYXW\[dc@_9NGfm£�]EY\u § o W\[9uv[ �=] W\[9ILMa�;�N% �r°�
�$�� �(*) 
���� ��¯ 
��b°b°�� ��� ��
 
���± �O°>: �T±R°@¯ � % ± ��
 � %E'LD 
 �-�7°@¯Z° �!�b° 
 �
��¯h± �[� � %E'!: �T±R°=' ' � �L° ���b°�� ���V¯ � % � �IF 
��V±�� � �b¯	�[� % �


3 PZuv]B[9_¥|m`G�d|4/,FMT�BN@_d4OY\N=cbyrW=|m`G�VÌE<L<B<T�"2s_dIB4�]E_TI o WZ[duv[ �Q] W\[9ILM�]E_d�BILYZ[9WZyOupP�¡zILYW\Y\]B[9MO[dMO� o YZIVSVU�chW�UOMT[}W�MON@UTY\]B_
MON@W £�ILY?<VP=�U�N% �r°�
 � $ �O�� $�	 
,���;: ��± °@¯ � %E± ��
 � %(' < 
 ���T± D 
 ���7°7¯\° �!�\° 
 �%B5°��V¯�%('NB©°@± R 
E¯TS?
 :�<�D BCB � ��)O)') |
8 IB_¥�V3h�t3RFFF�:�IBu o UOWZN@YqfVImc@[9N@W �B|�*¨ILP\`¢_^]Euv[}W\ILP=|�:�`G�


Kr]EMTPZIBMa|�H5� K��9|�/ 7TYZN=M
�@N=_g|tK�� 7���i10�0LÌV�x` oOo _d[dc=] WZ[dIBM�IE¡�2sN@MTN7WZ[^c�`q_9�LIBY\[}W\yOupP�W\ICWZyTNªWZYb]E[dMO[dMO�CIB¡�8¢[d�ByON=Y
§JYbSVN@Y��qN@UOYb]E_a�qN7W £�IBY><mP=� < 
��V¯ � %(' 
��GF�0?
h± ° ��
CJ � � ���¬°\°@¯	��� �B| 	 eK�m®h|�Ì � Ì-HOÌ � 2O�


Kr]EMTPZIBMa|¿H5� K��9|B/ 7OY\N@M��@N@_¥| KT� 7��Bi 0�0 ~ � > Yb]E[dMO[dMO��)Y\IVSVUTchW�;¢MO[9W �qN@UOYb]E_r�¢N@W £�ILY?<VP¬£�[9WZy<2sN=MON7W\[dc�`¢_d�BIBY\[9WZyOupP=�
:KJLJLJ J 
	�T°@¯h±g|QH�e 0L®h|�Ì�2 H ~L~ �


Kr]BP?<r[dN@£�c��L|q`G�qÌB<B<TiB��XP��'}± � � '9° 
 � �@°2�@± �3. ° �p°7± % �T°��V¯	� 
h± �[� %E' � 
E¯	� ±�� ��
�� 
 ¯ � 
 � � ��� % ± 
 ¯	� %E' 
 � ± � � �54-%E± ��
 �T�
)y¨� H5�OW\yON=PZ[dP=| )I �@MT]BM ;qMO[ 8 N@YbPZ[}W �pIB¡ > NQcbyOMOIB_dIB�L�B�


KLIBMONQP@| 7��ai 0�0 ~ �I@�° � °�
 ���T°>: ��± ° �B¯�% ± ��
 � 
 �PJ �Q�=' � �L° % � F ��%'�b°7��,�ILPXWZILMU�tKBILMON=P�]BMTS ,�]BYXW\_9N@WXWQ�
-�]B]LP W\Y\]T|«3h�9|	/�,�I �VS«|¨¦n��i10�0�2O��HqNQPX[d�BMO[dMO�x]wMON=UOY\]B_�MON7W £�IBY><x¡zIBY�¡zILYZNQc@]LP W\[9MO��DTMT]BMTc7[^]E_]BMTS�N=c7ILMOIBuv[^c


W\[9uvNGPZN@Y\[9NQP@�LB©°+�V¯ 
�� 
 � ���V± ��� �B| � ��e ~ ®h|TÌVi 0-HOÌ ~ 2T�
-�N@MTMON=SV�L|OKT�d| /F�4�N=YZyT]BYXWQ|�)��ai 0�0�0O� )t]EYZWZ[^c7_dNGfm£�]EY\u § o WZ[duv[ �Q] WZ[dIBM¨�L�#% �r°#
 � & (N�'�� & (�� 
,��� ��¯ 
-�b°b° � ��� ��




,�w±��T°%= 
��V¯h± � :TJLJ;J : ��± °@¯ � %E± ��
 � %E'\D 
 �-�7°@¯Z° �!�b° 
 � B©°+�V¯�%E'LB©°@±AR 
 ¯TS�
b� )�N@YZWZy¨|�`qUTP W\Y\]B_9[^]��w3RFF�F
fmN=Y 8 [^c7N©:�N@MrW\N@YQ�


-�N@MTMON=SV�L|tKT�d|9/ f o NQ]EYbP@|�@ ��i10�0�)O�x¦C]EW\cbyO[dMO�;]B_9�LIBY\[}W\yOupP�WZI o YZIL4O_9N=upP �v]EMnN@6 o N@Y\[du�N=MrW\]E_�WZNQP W�IE¡�WZyTN
o ]BYXW\[dc@_9N�PZ£�]BYZu]BMTS�PXILu�N��LN@MON@WZ[^c�]B_9�LIBY\[}W\yOupP IBM5WZyON�u5UO_}W\[9uvIVSO]B_ o YZIL4O_dN@u�LN@MON=Y\]EWZIBYQ�Q�N% �r°�
 	 (N 	 	

,���;��¯ 
��b°\° � ��� ��
 � &'& � :TJLJ;J� 
 ¯ ' � D 
 � �E¯\°#
2
 
 � D 
 � ���V± % ± ��
 � %E' : �T±R°=' ' � �L° ���b°�� � ��� � 
E¯�% �r°-� � ' %?
TS�%��
X %�0 � &O& � �


-�yT]BYZNL| �5�9| ��]BIT| �©�d|�/�HqN=4a|�-v��ÌB<B<LÌO� ��°@¯ � 
 ¯ �C% �!�b° F � %E' ��� � 
,�PX ��' ± � � � � �@°2�7± �3. °PJ . 
('/�V± ��
 � %E¯#0 ��' �
� 
 ¯	� ± � �1
h� > NQcbya��Y\N o W=�¢ÌE<L<LÌE<L<�0T��-�]EM o UTY 2sN=MON7W\[dc/`¢_d�BILYZ[9WZyOupP *¨]B4�ILY\]EWZIBY\��e -�]EM 2�`�*�®7|�3RM�SV[d]BM
3RMTPXWZ[9WZUOWZN�IE¡ > N=cbyOMOIL_9IL�B� -�]BM o UOYQ�








���!	��
����<�	��( i10 �


-�MOI £�_dN=P=|�K��9| /�:�IBY\MONB| H©� i10�0�0O� > yON o ]EY\N7W\I�]EYbcbyO[ 8 N=S�N 8 IB_dUVWZ[dIBMCPXWZYb] W\N@�L� ��`MON=£�4T]BPZN@_d[9MTN©]E_d�BILYZ[9WZyOu
¡zILY o ]EY\N7W\Ipu©UO_9WZ[dIB4�I N=chW\[ 8 N�I o W\[9uv[^PZ]EWZ[dIBMa���N% �L°�
1& �O��') � 
,���C��¯ 
��b°\° � ��� ��
 
��G± �O° � &O&O&6D 
 � �B¯Z°#
2
 
 �
J . 
E' �V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 �T��)�[dP\c@]EW\]¿£�]¿�B|m�qK��O3RFFF'fmN=Y 8 [^c7N©:�N@MrW\N@YQ�


-�MOI £�_dN=P=|sK�� H©�d| /�:�IBY\MONL|sH5�JÌE<L<B<T� ` oTo YZI¿6V[dup] WZ[dMO�¤WZyONn�qIBMTSVILuv[9MT]EWZNQS#7 Y\IBMrW ;qPZ[9MO� W\yON )�]EY\N7W\I
`qY\cbyO[ 8 NQS�F 8 IB_dUVW\[9ILMwfrW\Y\]EWZN=�B�B�;J . 
E' �V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 �T|*H�egÌL®h|ai ��0EH i � ÌV�


-�I��Q]O|mKT� )��d| / )�[^c7NL|OKT� )¢�«i10�0LÌO� 2sN@MON@WZ[^cJ�LN@MON=Y\]EWZ[dIBMªIB¡¨4 IEWZy�WZyTNs£�N@[d�ByrWbP�]BMTS�]BY\cbyT[}W\N=chW\UOY\N¢¡zIBY�]5MON@UTY\]B_
MON@W £�ILY?<¬�L�N% �r°�
�$O& 	 -(�)�( 
���� ��¯ 
��b°b°�� ��� ��
 
��C:+<*D B B � & � F¬° % ±¥±A'9° :KJLJLJ�� :,B BGF�| 8 IB_¥�m3R3h�


-�U o [dMTP?<m[g|O¦n� `G�d|,/ `¢MT]LP Wb]BPZ[9I�|V¦n� `©�ai10�0�0T� ¦xUT_}W\[9IL4�I N=c7WZ[ 8 N%2sN@MON@WZ[^c©§ o WZ[duv[ �Q] W\[9ILM�IB¡ HJ[d]B�BMOIrP W\[dcG:�_^]BPX?
PZ[}D�N@YbP�£�[9WZy	3Ru o _9[^c@]EWZ[dIBMTP�¡zIBY�2sN@MTN@Yb] WZ[dMO� )�N=c@N@[ 8 N@Y¢§ o N@Yb] WZ[dMO�p:�yT]EYb]Bc7WZN@Y\[^PX[9WZ[^cJ:�UOY 8 NQP@�U:=°b°\° �V¯�% �N
 �%'�7± ��
 �Q
 
 � X;° � �[� %E' : �C% � ��� �B| � H¨e )L®7|�2 � 0 H"2�)�0V�


*¨](I 4 c@�m�B[dN@YQ|�)¢�d| ,�ImN <¬|�:J�d|�)�]B_d]BMO[^PX£�]Euv[¥|�¦n�d|�/ 7 _d[}W\up]EMa|�`G��i10�0�0O�EB©°+�V¯�%E'LB©°@±AR 
 ¯TS ��¯	�[� ��� � 
��1%(' '
��¯ � ��� % ¯	�¼°�
\F �L:�� � ± ��
 �N
 
 �P=;�V± �V¯\°#
h�	)�]B�BNQPN2(�EH �B� �


*¨]BUOup]EMOM�P@|¨¦��9|95 [}W��@_dN@YQ|aF¢�d|:/ > yO[9N=_9NL| *��¨ÌE<B<L<O�v` ;¢MO[9DTN=Sj¦xIVSVN=_t¡zIBYG¦CUO_}W\[}?X§J4�I NQchWZ[ 8 NvF 8 IB_dUVWZ[dIBM�]EY\�
`q_9�LIBY\[}W\yOupP�£�[}W\y/F�_9[9WZ[^PXuw� �N% �L°�
 ( �  ��$ 
����"��¯ 
��b°b°�� ��� ��
 
��v± �O° ��)O)') D 
 � �B¯Z°#
2
 
 � J . 
('/�V± ��
 � %E¯#0
D 
 � ���V± % ± ��
 ����)[^PZc=] Wb]¿£�]¿�L|r�JK.�O3RF�FF'fmN@Y 8 [dc@N©:�N@MrWZN=Y=�


*¨]BUOup]EMOM�P@| ¦n�9| > yO[dN@_dNB| *�d|¬HqN=4a| -v�d| /5¬[}W��@_dN@YQ|TF¢�aÌE<L<Oipe¼KLUOMON¿®h� � �/±��T° D 
 �Q. °7¯ �L° ���b° % ��� � �3. °@¯2
 � ±A0 �
��¯\°#
@°@¯#. %E± ��
 � ��¯ 
 �T°@¯h± �¼°�
 
��%X ��' ± � � � � �@°2�7± �3. ° J . 
('/�V± ��
 � %E¯#0 �G' � 
 ¯	� ± � �1
b� > N=cbya� YZN o W=� > 3�-s? )�N o IBYZW
iQ<�)O�Ofm£�[^P\P�7�NQSVN@Yb]E_«3RM�P W\[}W\UVWZNGIB¡ > NQcbyOMOIB_dIB�L� 5 UOY\[dcbyjezF > 8J®h�


*aN-,�]EY\IBMa|N,s�9|�/ @ N@[d�BN@M�S«|¢`G��i10�0�)T��` 4�ImIBW\PXWZYb] o F 8 ]E_dUT]EWZ[dIBM IB¡�WZyON�FtA NQchWwIE¡GHs] W\] f o _d[}WZWZ[dMO��ILM
7 [dMT]EMTc@[d]B_ > [9uvN©fmN=YZ[dN=P=�L:TJLJ;JM�¨¯�% �Q
=%O�@± ��
 �N
 
 �PB©°+�V¯�%E'QB5°7±AR 
 ¯TS�
h| � eXiQ®7|�ÌVi ~ HVÌLÌE<T�


*aN=NB|mfr? -v�d|�/,Kr]EMO��|BH©��i10�0�2O� > Yb]EMTPZ_^] WZ[dIBM¨| YZIBW\] W\[9ILMp]EMTSvP\c@]E_dN�[9M 8 ]EY\[^]EMrW o ] WZWZN@Y\MpY\N=c7IL�BMO[9WZ[dIBM5UTPZ[9MO�GP o N=ch?
W\Y\]B_¬]BMT]E_d�VPX[^P�]EMTS�ym�r4TYZ[^Sª�LN@MON@WZ[^ch? MON@UOYb]E_9?¥¡zU
� �=�5MON@W £�ILY?<VP=�CD 
 � ���V±R°@¯2
G% ����: ������
h±¥¯	� %E'*J � � ���¬°b°7¯	��� �E|
� �¨e ~ ®7|�0ViBi7H�0LÌBÌV�


*a[dUa|TK��lf¬�TÌE<L<OiB� X 
 ��± °%D�% ¯ ' 
 F�±¥¯�% ±R° � �¼°�
 ��� F!� �¼° �T± � � �%D 
����!�V± ��� �E��f o Y\[9MO�LN@YQ�
*a[dUa| ���9| / �s]BIT| �5�ai10�0�)O� > I £�]EYbSOP�SVN=PZ[9�LMO[dMO�vMON@UOYb]E_«MTN7W £�IBY><pN@MTPZN@u54O_9NQP�4m�ªN 8 IB_dUVWZ[dIBMa�;@�°K�@±A�V¯Z°CB 
 ±R°#



��� D 
����!�V± °@¯GF!� �¼° ���b°7| � ��� H¨|�2LÌ ~ H�2 ~ ÌO�








���!	��
����<�	��( i10�)
*aI�|�K�� > �¨ÌB<B<rÌV�p¦x[dMO[9uv[ �=]EWZ[dIBM�WZyOY\IBUO�Ly�:�IBM 8 N@6m[9WZ[ �=]EWZ[dIBM�[9M > Yb]E[dMO[9MT�	�qN@UOYb]E_��qN7W £�IBY><VP@� �N% �r°�
 � � � & 


� � & ( 
���� ��¯ 
-�b°b° � ��� ��
 
��5±��T°\:TJLJLJ�: ��± °@¯ � %E± ��
 � %('Z< 
 ����±\D 
 �-�7°@¯Z° ���b° 
 � B5°��V¯ %E'�B5°7±AR 
 ¯TS�
 � ��% ¯h± 
,�
± �O°>:TJLJ;J � 
E¯ ' � D 
 � �B¯Z°�
K
 
 �ED 
 � ���V± % ± ��
 � %E'�: �T±R°7' ' � �L° ���b°@��8q]¿£�]E[d[g|V¦C]¿�;iQÌ¿?bi � ��3RF�FF )Y\N=P\P@�


*aI�|aKT� > �d| /�,�]LPZPZUa|«H5�¨ÌE<B<rÌE]T�:)�IL4OUTPXW�` oOo Y\I¿6V[9up] W\[9ILMCIE¡ ;¢MTc@N@YZW\]E[dM 7 UOM�chWZ[dIBM�PJ£�yTN@Y\N5`qST] o Wb] WZ[dIBM�[dP
3Ru o ILP\PX[d4O_dNB�%�N% �r°�
 � & ��� �� &�� � 
,��� ��¯ 
-�b°b° � ��� ��
 
��v± �O°1:TJLJ;J : ��± °@¯ � %E± ��
 � %E'L< 
 ���T±�D 
 �-�7°@¯Z° �!�b°�
 �
B5°��V¯�%('LB©°@± R 
E¯TS?
 ����% ¯h± 
,��± �O°%:TJLJLJ � 
 ¯ ' � D 
 � �B¯Z°�
2
 
 � D 
����!�V±?%E± ��
 � %E';: �T±R°7' ' � �L° ���b°@� 8q]¿£�]E[d[¥|
¦C]¿�;iQÌ¿?bi � �¨3RFF�F )YZNQPZP=�


*aI�|rK�� > �9| / ,�]BP\PXUa|mH5�VÌB<B<rÌ 4a�Q)�IL4OUTPXW�3 SVN=MLW\[}D c@] W\[9ILMªIE¡ ;qMTc7N=YXWb]E[dM�HJ�rM�]Euv[dc=]E_¬fm�VP W\N@upP�£�yTN@Y\NJ`�SO] o W\]E?
W\[9ILM©[^P�3Ru o ILP\PX[d4O_dNB�*�N% �L°�
 � � � ���� ����$ 
����L��¯ 
-�b°b° � ��� ��
 
���± �O° :TJLJLJ6: �T±R°7¯ � % ± ��
 � %E'Q< 
 ����±LD 
 ���7°7¯Z° ���b°

 � B©°+�V¯�%E'QB5°7±AR 
 ¯TS�
 � ��%E¯h± 
,��±��T°C:TJ;JLJ � 
 ¯ ' � D 
 � �B¯Z°�
K
 
 �ED 
����!�V±?%E± ��
 � %('�: ��± °=' ' � �r° �!�b°7�98q]¿£�]E[d[¥|
¦C]¿�;iQÌ¿?bi � �¨3RFF�F )YZNQPZP=�


*aI o N �B|	)¢�d| �J[9_^]EY\[dMOIT|�H©� *�d|�/�:�]B4�N=_9_dIT|�H5��i10�0�0T� 2sN@MON@WZ[^cª`¢_d�BILYZ[9WZyTu ,�]BPZN=S > Yb]E[dMO[9MT�w¡zIBY©¦xUT_}W\[9_^]¿�BN=Y
HJ[dP\c7Y\N7W\N7? > [9uvN©:�N@_d_dUO_d]BY¢�¢N=UOY\]B_a�¢N@W £�ILY?<VP=� @�°K�@±A�V¯Z°CB 
 ±R°#
 ���ED 
 � ���V±R°@¯GF!� �¼° �!�\°@| � �����a|���2 � H � � 2O�


*aI 8 4�I N=YZ��|B¦n�d|%)q]BPZu©UTP\PXN=Ma| > � -v�9|4/ -�YZ[dM�<¬| > �mÌE<B<TiB� 8¢�m4OY\[dS )�]BYXW\[dc@_9NqfV£�]BYZu-§ o WZ[duv[dPZN@Y�£�[}W\y ,�Y\N@NQSV[dMO�
]BMTS	fVUO4 o I o UO_^] W\[9ILMTP=� �N% �L°�
 ( ��& -( 	 � 
�����f o N=c7WZIBYQ|�*�d|,2sImIVSVup]EMa|VF¢� H5�9| @/Ua|O`©�9|�*�]EMO�rSVIBM¨|>@ � ,s�9|
�tIL[9�BW=|�8�?R¦n�9|�2sN@M¨|�¦n�d|�fmN@Ma|�f¬�d|�HqILYZ[d�BI�|�¦n�d| )�N �@N=PZy�<¬|�f«�9|�2�]EY��@ILMa|�¦n� 8G�d|�/4,�UOY><BNL|�F¢�qe¼N=SOPb®h|
��¯ 
-�b°b° � ��� ��
 
��w± �O° �¢° � °@± �[� % � � J . 
E'/�V± ��
 � % ¯#0YD 
 � ���V± % ± ��
 � D 
 �-�7°@¯Z° ���b° 7 �;J>D D � � ��)O)'� 8 ��fV]BM
7TY\]BMTc7[^PZc@IT|T:�]E_d[9¡zIBY\MO[d]T| ;JfV` �T¦xILYZ�r]EM -�]BUV¡zup]EMOM¨�


¦C]BMO[9N � �=IT| �5�Oi10�0(�T�,2sN=MON7W\[dc�F 8 IB_dUVW\[9ILM5IB¡�W\yON > I o IB_dIB�L�G]EMTS<@ N@[d�ByrW�HJ[dPXWZY\[94TUVWZ[dIBMvIE¡«�¢N=UOYb]E_O�¢N@W £�ILY?<VP=�
:KJLJLJM�¨¯�% �N
=%O�@± ��
 �N
 
 � B©°+�V¯�%('QB©°@± R 
E¯TS?
h|�¨e i¿®h| ~ 0 H�0 ~ �


¦C]BYZ[^c7[^cE|�,s��i 0�0TiB� 2sN@MTN7WZ[^c@]B_9_d� )YZIL�BYb]EuvuvN=Sn�qN@UOYb]E_��¢N7W £�IBY><�¡zIBY�fVIB_ 8 [dMO� )�IB_dN7? ,�]B_d]BMTc7[dMO��)Y\IB4T_9N=u	�
�N% �L°�
 ��� 	-$ ���� 	 	 
�������¯h± � � � � %E'	B5°��V¯ %E'	B©°@±AR 
 ¯TS�
��"��¯ 
��b°b°�� ��� ��
 
��v± �O°�: �T±R°7¯ � % ± ��
 � %E' D 
 ���7°7¯Z° ���b°

 � B©°+�V¯�%('QB©°@± R 
E¯TS?
h��¢ILYXW\yV?K8¢IB_d_^]EMTS«�


¦C]BYZ[dMa|"7�� K��9|�/ fV]EMTSOI 8 ]B_g|"7��ti10�0 ~ �62sN=MON7W\[dcvfm�mMrWZyONQPX[^PsIE¡�HJ[dP\c7Y\N7W\N7? > [9uvN )�N=c@UOY\YZN=MLW��¢N=UOY\]B_ �qN7W £�IBY><¬�
@�°2�7±A�V¯Z°CB 
 ±R°#
 ���ED 
����!�V± °@¯GF!� �¼° �!�b°7|���H��a|«i � 0 H¬i )��T�


¦C]BYXW\[g|�*�«i 0�0rÌV�:2sN=MON7W\[dc=]E_d_9� 2sN=MON@Yb] W\N=S��qN@UOYb]E_«�qN7W £�IBY><mP�3 ��)�N o YZNQPXN=MLWb] W\[9ILMT]E_ FtA¬N=chWbP@�L�N% �L°�
���$ 	  � (N�

,��� ��¯ 
-�b°b° � ��� ��
 
���:+<�D B B � & � ]�%E' ± � � 
 ¯Z°G:TJ;JLJ���:TBCB\F�| 8 IB_¥�r3 �5�








���!	��
����<�	��( i10�0


¦C]EWZILP=|�¦n� `©�9|�/ ¦xN@_dIT| )¢�Ji10�0�0O� ¦xUO_9WZ[dIB4�I NQchW\[ 8 N )�N=c@IBMVDT�LUOYb] WZ[dIBM¤¡zIBY *¨ILP\P[)�N=SOUTchW\[9ILM ]BMTS fmN@Y 8 [dc@N
)�NQP W\IBYb] W\[9ILM ;qPZ[9MT�vfm[du©UT_d]EWZN=S	`¢MTMON=]B_9[dMO�T� : �!�;��¯ 
��b°b°�� ��� ��
 
��s±��T°C:KJLJLJV]��	��% �O°�
h±I��
�R�°7¯ � °2��� � &O&
D 
 ���7°7¯\° �!�\°@�3�FFF¢�


¦Cc¿:�YZN=[9�LyLWQ|¨F¢� ¦n�i 0�)L<O�%J�� � �¼° �T± %E' � 
E¯	� ±�� ��
C� 
E¯�° �*� �v°@¯�%E± ��� � ���T±R°@¯2
7°2�@± ��� � ����± °@¯#. %(' 
 % � �x¯Z°2�@±?% � ��'9°�
b�
> N=cbya�VY\N o W=� :�f�*a??)L< ?K0O� �qN=YZI¿6 )�]E_dIv`q_}W\I )�N=PZN=]BY\cbyx:�N@MrWZN=Y=| )t]B_9Ip`¢_9WZI�|�:�`G|,;sfV`G�


¦Cc¿:�YZN=[9�LyLWQ|VF¢� ¦n�ai10�)�0O�:)Y\[dIBY\[}W �ªPZN=]BY\cby�WZY\N@N=P=� F�:��>XW< 
��V¯ � %(' 
 �ED 
����!�V± ��� �E| � � |TÌ�0 � HOÌ � 2T�
¦Cc=HqILMOMON@_d_¥|�K��d| / @/]L]E�LN@Ma|�H©�Ji10�0��T� F 8 IL_ 8 [dMO� )�N=c@UOY\YZN=MLW )N=Y\c@N o W\YZILMTP�¡zIBY > [duvN7? fmN@Y\[dN=Pp¦xIVSVN=_9[dMO�T�


:KJLJLJM�¨¯�% �N
=%O�@± ��
 �N
 
 � B©°+�V¯�%('QB©°@± R 
E¯TS?
h|�¨e i¿®h|�Ì(�EH ~ )O�
¦xN=YZN=_9I�|aKT� KT�d|")t] W\IBMa|¨¦��9| :�]BMT]BP=|a`G�d|�)Y\[dN7WZI�|¨`G�d| / ¦xIBYb]EMa|�7��ti 0�0 ~ �5§ o WZ[duv[ �Q] W\[9ILM�IB¡�]	c7IBu o N7W\[}W\[ 8 N


_dN=]BYZMO[dMO��MTN@UOYb]E_JMON7W £�IBY><�4m� 2sN@MON@WZ[^c�`q_9�LIBY\[}W\yOupP@� @�°2�7±A�V¯Z° B 
 ±R°�
 : � D 
����!�V± °@¯ F � �¼° ���b°@| �*H��¨|
i-)�0-H¬i10rÌV�


¦xImIVSV�B|VK��¬i10�0�)O��7TIBY\N=c@]LP W\[9MT�GWZyTNJF�c@IBMOILu©�v£�[9WZyw�¢N@UTY\]B_ �qN7W\P �`,PXUOY 8 N=�vIE¡�:�yT]B_9_dN@MT�BN=P�]EM�S�fmIB_dUVW\[9ILMTP@�
�N% �L°�
 $ ( 	  $ 	 � 
����	§JYZYQ|�2�� ,s�9|9/ ¦xUON=_9_dN@YQ|9-s?�)�e¼N=SOPb®h|LB5°��V¯�%('ZB5°7±AR 
 ¯TS�
+� �¨¯	�[�KS�
 
,�ª± �O° �¨¯�% �L°7�,�N@Y\_d[9MU�f o YZ[dMO�BN=Y=�


¦xIrP Wb]E�ByT[9uw|Vf¬�9| > N@[^cbya|mKT�d| / > �r]E�B[¥|L`©�OÌE<B<TiGe¼HJN=c@N@u©4 N@Yh®h� D 
 � ��%E¯	� 
 
 � 
�� �M% ± %1F�±¥¯#�Q�7±A�V¯Z°�
	� 
 ¯ F�± 
 ¯	��� �
�N%E¯Z°@± 
\F¬°@±[
���� X �;J ��� > NQcbya� YZN o W=� <rÌ�+ <TiB�E:�IBu o UVW\N@YtFMT�B[dMON@N=YZ[dMO� *¨]E4¨�9|�;qMO[ 8 N@YbPZ[}W ��IB¡ )�]LSVN@Y\4�ILYZM¨�


¦xIrP Wb]E�ByT[9uw|Of¬�d| > N=[dcby¨|mK��d| / > �L]E�L[g|m`G� ÌE<B<rÌV�t:�IBu o ]EY\[^PXILMªIE¡�HJ]EW\]vfrWZY\UTchW\UOY\N=P�¡zIBY¢frW\IBY\[9MT� )�]EY\N7WZIB? PZN7WbP
[dMp¦�§JF�`qP=�*: ��� ��¯ 
��b°\° � ��� ��
 
���± �O° ��)O)�� D 
 � �r°#
2
 
 ��J . 
E'/�V± ��
 � % ¯#0%D 
����!�V±?%E± ��
 � � ��% ¯h± 
���± �O° ��)')��
:KJLJLJ � 
 ¯ ' � D 
 � �E¯Z°�
2
 
 �ED 
����!�V±?%E± ��
 � %E'!: ��± °=' ' � �r° �!�\°@��8J]¿£�]B[9[¥|V¦C]¿�CiQÌ ?\i � � 3RFFF )Y\N=P\P=�


¦xI �r]O|«¦n� ¦n�9|	/ 8¢U�PXya| H©� )��ti 0�0�2T�©�¢N@W £�ILY?<�:�ILMTPXWZYb]E[dMLWbPJ]BMTS/¦xUO_9WZ[9?¥I�I N=chW\[ 8 Np§ o WZ[du�[ �=]EWZ[dIBM;¡zIBY5§JMON@?
c@_d]LPZPq:�_^]BP\PX[9D�c=] WZ[dIBM¨�IB5°��V¯�%('QB©°@± R 
E¯TS?
h| � e ~ ®h|�� 2 ~ H � � �T�


¦xUOYb] Wb]O| > �d| /�3 PXyO[d4OUTcbyT[g|"8G�ti 0�0 0V�J¦/§62�` �«¦xUO_9WZ[9?¥IL4�I N=c7WZ[ 8 N5�BN@MTN7WZ[^c�]E_d�BIBY\[9WZyOupP=�G�N% �L°�
 ��� & O� & ( 
,���
��¯ 
-�b°b° � ��� ��
 
,�G± �O° � &O& �%:TJLJLJ : �T±R°7¯ � % ± ��
 � %(' D 
 �-�7°@¯Z° �!�b° 
 � J . 
E'/�V± ��
 � % ¯#0 D 
 � ���V± % ± ��
 �T� )�N@YZWZya|
�qI 8 N@u54�N=Y � 3RFFF )YZNQPZP=�


�q]Buw|JH5�9|6/ )�]EY><¬|�:J� 8G�¢ÌE<L<B<T� ¦xUO_9WZ[dIB4�I N=chW\[ 8 NjfV[9u5UO_d]EWZNQS'`¢MTMON=]B_9[dMO��?ª` :�IBu o ]BY\]EWZ[ 8 N�frW\UTSV� W\I
F 8 IB_dUVWZ[dIBM�]EY\�ª`¢_d�BIBY\[9WZyOupP=� : �T±R°7¯ � % ± ��
 � %E'	< 
��V¯ � %E' 
,�C=;�'4K4+0"F�0?
b±R° ��
h| 	 egÌB®7|�) � H40 � �








���!	��
����<�	��( ÌE<L<


�¢N=_dPZIBM¨|�¦n�d|�8q[9_d_g| > �9|@)�N=u©UTP=|�@ �d| /�§�� :�IBMTMOIBYQ|�¦n��i10�0�0T� > [9uvNCfmN@Y\[dN=P 7 IBY\N=c@]LP W\[9MT� ;qPZ[dMO�n�¢N@UTY\]B_
�qN7W £�IBY><mP �tfmyOIBUT_dS�WZyTNGHJ]EW\]�4�NGHJN=PZN=]BIBMT]B_9[ �@NQS 7 [dY\PXW29 < 
��V¯ � %E' 
,� = 
 ¯Z°2� %?
h± ��� �B| � Ha| ~ 0 0 H ~ 2 � �


§J_du�N �B| > �Vi 0�0 � �T:�_d]LPZPZ[9D�c@]EWZ[dIBMGIB¡�F�:�2'£�] 8 N7¡zILYZupPaU�PX[dMO�Y)J:�F/MON@UOYb]E_VMTN7W £�IBY><�]BMTS5�BN@MTN7WZ[^c�]E_d�BILYZ[9WZyOupP=�
J&'d°K�@±¥¯ 
 � �[�#
 @°@±¥± °@¯2
h| ��� e i-)L®7| i 0(2Ti H i 0(2rÌV�


§�� �¢N@[d_¥|r`©��i 0�0LÌO� 2sN=MON7W\[dc�,�]BPZN=S > Yb]E[dMO[9MT��IE¡ > £�IB??*�]¿�BN=Y=|L§ o W\ImN@_dN=chW\YZILMO[^c¢�¢N=UOY\]B_��qN7W £�IBY>< � J&'9°2�@±g¯ 
 � �[��

@�°7±¥± °@¯2
h| 	 H�e i¿®h|�� � H � )O�


§ �=c=]EMa|¿F¢�d|�/ ¦xILyT]EM¨|E:J� -v�ri10�0�0O��)�]BYXW\[dc@_9N�fm£�]EY\u § o W\[9uv[ �=]EWZ[dIBMU��fVUOYXD�MO�¢W\yON�@ ] 8 N=P=���N% �L°�
 � &O$'& �� & ('(

,���q`qMO�BN=_9[dMONB| )�� KT�d|«¦x[dcby�]E_dN@£�[^c��B|"5 �d|«fOcbyOImN@MT]BUON@YQ|�¦n�d|���]EI�| �5�9|"/ 5¬]B_ �Q]E_^]O|�`©� e¼N=SOPb®h|	��¯ 
-�b°b° � ��� ��


,��±��T°�D 
 � �B¯Z°#
2
 
 ��J . 
E'/�V± ��
 � % ¯#0%D 
����!�V±?%E± ��
 �T| 8 IB_¥� ~ �T¦;]¿��F�I £�N=Y	8qIEWZN=_g|�@/]LPXyO[dMO�BWZIBMvH5�l:J�d|�;sfV` �
3RFF�F )YZNQPZP=�


)t]EY\N7W\IT| �©�¨i10LÌ � �;X % �Q�T°=' � � � � 
 � 
 � �¼°G��
E' � ± � ���T°@� ÌEMTS�N=SVMa�9)t]BYZ[^P �t¦C]BY\c@N@_ 2s[^]EYbS«�
)�]BY?<¬|Bf��9| )�]EY>< |(*a? K��d| / )�]EY><¬|L:J�mi10�0 0V�m` �¢N@UTYZIB?K2sN=MON7W\[dc�:�IBMrWZY\IB_d_dN@Ya¡zILYt�¢IBMTu�[dMO[du©UOu )yT]BPZN�fm�VP W\N@upP@�


:KJLJLJM�¨¯�% �N
=%O�@± ��
 �N
 
 � B©°+�V¯�%('QB©°@± R 
E¯TS?
h|���e 0L®h|ai¿Ì 0 � H i ~ <B<T�
)t]EY><VP@| 2�� > �9| / ¦x[9_d_dN@YQ|T3h�¨i 0�0�)O��fmN=_9NQchW\[ 8 N ,�YZN=N=SV[dMO�p[dMC]p¦xUO_9WZ[dIB4�I NQchWZ[ 8 N 2sN@MON@WZ[^cG`¢_d�BILYZ[9WZyOuw��@¨°2�@± �V¯\°


B 
 ±R°#
 ��� D 
 � ���V±R°@¯GF!� �¼° �!�\°@| ����� H¨|TÌ�0E<EHVÌ�0 0O�
)t]EYbPXI o ILUO_dILP=| -v�9|>/ �tYb]EyT]EWZ[^P@|L¦n�LÌE<L<OiL� )t]EYZWZ[^c7_dN�fV£�]BYZu § o WZ[du�[ �@N=Y[dMª�¢IB[^PZ�©]EMTSª:�ILMLW\[9MmUOILUTPZ_9��:�y�]EMO�B?


[dMO�vFM 8 [9Y\IBMOuvN=MLWbP@� �#% �r°#
 ��� & '� & ( 
,����8J]Eu �=]T|O¦n� 8G�¨e¼N=ST®7|��J¯h± � � � � %E'*: �T±R°7' ' � �r° ���b° % ����F 
,�b± D 
 � �
�!�V± ��� �E�t3 `sf > F�H + `q: > ` o YZNQPZP=�


)t]EYbPXI o ILUO_dILP=|�-v� F¢�9| / �tY\]ByT] W\[dP=|V¦n� �©�TÌE<L<LÌV� )�]EYZWZ[^c7_dN�fV£�]BYZu § o W\[9uv[ �=] W\[9ILM�¦xN@WZyOIVS�[9M	¦xUO_9WZ[dIB4�I NQchW\[ 8 N
)Y\IB4T_9N=uvP=�I�#% �r°#
 � ) $  � ) 	 
,��� ��¯ 
��b°b°�� ��� ��
 
��s±��T° ��)O)�� �"DZX F*0 � � 
�
	�3� � 
 ��� � � ' �¼° � D 
 � ���V± ��� �
7AF ��D ��)O)�� 8 �


)t]EYbPXI o ILUO_dILP=|:-v� F¢�9|�*�]BP?<¿]BYZ[¥| F¢�l:J�d|9/ �tY\]ByT] W\[dP=| ¦�� �©��ÌB<B<OiQ]O�xfmIB_ 8 [9MT� *i��qIBY\u�FY\Y\IBYbP ? 3RMV? �J]EY\[^]E4O_dN=P
)Y\IB4T_9N=uvP=� �N% �L°�
 � � � �� & ) 
���� 8J]Eu �=]T|G¦n� 8G�©e¼N=ST®7| �J¯h± � � � � %(' : ��± °=' ' � �r° �!�b° % ��� � � � ' �[� %E± ��
 �N
h�
3 `sf > F�H + `q: > ` )Y\N=P\P@�


)t]EYbPXI o ILUO_dILP=|�-v� F¢�d| )�_d]B�B[^]EMT] <BILP=| �©� )��9|�¦C]B�BIBUT_d]LP@|:2�� H5�9|�/ �tYb]EyT]EWZ[^P@|�¦n� �©� ÌB<B<Oi=4a�pfrWZY\N7WbcbyO[9MT��W\N=cbyV?
MO[ CrUON5¡zIBYsIB4VWb]E[dMO[9MT���B_dIB4�]E_¨uv[dMO[du�[ �@N=Y\PJW\yOYZILUO�By )�]BYXW\[dc@_9Nvfm£�]EY\u{§ o WZ[du�[ �=]EWZ[dIBMa���N% �L°�
 �'�O'� & 
,���
��¯ 
-�b°b° � ��� ��
 
���± �O°G�N%E¯h± �[�='9°�F*R %E¯ � � � ± � � �54 %E± ��
 � � 
 ¯TS�
 � 
 � �I: � � � % � % � 
E' � 
 � �	F ���








���!	��
����<�	��( ÌE<Ti


)t]EY\UOMT] < | 8©� �]BMwHJ�L<BNL|�,�YZUONQc <mMON@YQ|Tf¬�d| fV]BUVWZN=Y=|TK��d|,/ ¦;] WXW\yON@£¢P=|.)��lf¬�¬ÌE<B<TiB�HJ[dPXWZ[dMO�LUO[dPZyO[dMO�pFM 8 [9Y\IBMO?
uvN@MrWb]E_¨]BMTSw`¢�BN=MrWqHq�mMT]Bu�[^c@P ��`�:�]LPXNGfrW\UTSV�	[9Mx`¢4�P W\Y\]LchWZ[dIBMx]BMTSw`¢_9WZN@Y\MT]EWZNG¦xIVSVN=_9[dMO� > N=cbyOMOIL_9IB?
�L[9NQP@�;@�°K�@±A�V¯Z°CB 
 ±R°#
 ���ED 
 � ���V±R°@¯GF!� �¼° �!�\°@| � � � 	 |«i H i �T�


)�IBYZWZI�| �©� @ �d|47TIB�LN@_¥|rH5� ,s�d| / 7TIB�LN@_¥| *�� K��Ti 0�0�0O� `q_}W\N@Y\MT] W\[ 8 Nq�¢N=UOYb]E_��qN7W £�IBY>< > Yb]E[dMO[dMO�©¦xN@WZyOIVSOP=�	:TJLJ;J
J�
 �T°7¯h±¥| � �¨e ~ ®h|¨i 2 HOÌBÌO�


)Yb]BSVIrP@|tH5��i10�0rÌV�;�qN@£ *¨N=]EY\MO[dMO�;`q_9�LIBY\[}W\yOu ¡zIBY > Yb]E[dMO[dMO��¦CUO_}W\[9_^]¿�BN=YZNQSn�¢N=UOY\]B_��qN7W £�IBY><mPGWZyT]EW�U�PXNQP
2sN=MON7W\[dc7? `q_9�LIBY\[}W\yOu > N=cbyTMO[ CrUONQP@�;J&'d°K�@±¥¯ 
 � �[�#
 @°@±¥± °@¯2
h| 	 H�e i-2L®7| i 0(2L< H i 0(2TiB�


)¢]¿�L| > �9|	/ *¨[9N=£�|:-v� ¦n�¨ÌE<L<LÌO��`�fm£�]EY\u ¦xN@W\] o yOIBY�¡zILYG¦xUO_9WZ[dIB4�I NQchW\[ 8 NªHqNQPX[d�BM�§ o WZ[duv[ �Q] W\[9ILMa� J � � � �
�¬°\°@¯	��� ��� � ± � � �54-%E± ��
 �T| ��� e¥ÌB®7|ai=��i H i 0 ~ �


)�N@¡zN@MONQP@| `�? ) � �G�d| ,�UOY\�BNQPZP=|a`G� �G�d|�/�,�N@MrW��L|��5��i10�0 � �v�¢N=UOY\]B_t�¢N7W £�IBY><VPs[9M 7 [9M�]EMTc@[d]B_tFMO�B[dMON=N@Y\[9MO����`
frW\UTSV��[9Mx¦xN@WZyOIVSVIL_9IL�B�B�L:KJLJLJ �¨¯�% �N
=%O�@± ��
 �N
 
 � B©°+�V¯�%E'�B©°@± R 
E¯TS?
h|*H�e 2r®h|«iQÌLÌBÌ H iQÌ�2 � �


fV]L]BS«|rF¢� @ �9| )Y\I <myOILYZI 8 |BH5� �©�d| / @�UOM�PZcbya|VH5�l:J� i10�0�)T�a:�ILu o ]EY\[}W\[ 8 NJfrW\UTSV�pIE¡�fmWZIVc < > YZN=MTS )Y\N=SV[^chW\[9ILM
;JPX[dMO� > [9uvN¢HJN@_^]¿�B| )¢N=c7UTYZY\N@MrW]EMTS )Y\IB4�]E4O[d_9[^PXWZ[^c��qN@UOYb]E_O�qN7W £�IBY><VP@�Q:KJLJLJ �¨¯�% �N
=%O�@± ��
 �N
 
 � B5°��V¯�%('
B5°7±AR 
 ¯TS�
h| � e 2L®7|«i=� 0�2 H¬i=� � <O�


fV]BY\] 8 ]EM�]EMa|m�G�d|,/ 7OIB�LN@_¥|OH©� ,s�ai10�0�)T�¨F 8 IB_ 8 [dMO�p�¢N=UOYb]E_�:�IBMrW\YZIL_«fV�mPXWZN=upP@�;:KJLJLJ J 
	�T°@¯h±g| � �¨e ~ ®7|TÌ ~ HOÌ � �
fVcbyT]EA N=Y=|K��d|�:�]EY\UT]EMT]T|b)��9|�/ F�PXyTN@_duv]BMa| *���i 0�0B<T� ;JPX[dMO� 2sN=MON7W\[dcwfmNQ]EYbcbyjWZI/Ft6 o _9IL[}W�WZyTN�FuvN@Y\�BN=MrW,�N@y�] 8 [dIBY�IB¡ �¢N=UOYb]E_a�¢N@W £�ILY?<VP=� � ��0?
	�[� % �©| �
	 |TÌ(���EHOÌE� )O�
fVcbyT]EA N=Y=|LKT� H©�Ti10�) 0V�O¦xUT_}W\[ o _dN¢IL4�I N=c7WZ[ 8 N�I o W\[9uv[ �=]EWZ[dIBM�£�[}W\y 8 N=c7WZILY N 8 ]E_dUT] W\N=S��BN=MON7W\[dc�]E_d�BILYZ[9WZyTuvP=���N% �L°�



&'& ��')O) 
���� ��¯ 
��b°b°�� ��� ��
 
���± �O°G= � ¯2
b± : ��± °@¯ � %E± ��
 � %('LD 
 �-�7°@¯Z° ���b° 
 � �¢° � °@± �[� �G' � 
E¯	� ±�� ��
h�
fVcbyO[9WXW\N@M�<LI o ¡ |t:J�9| > [dMOIT|:) �d|:/*HJIBYZA MON=Y=|�2���ÌE<L<B<T� > yON o YZIBDOW\]B4O[9_d[9W �CIE¡�WZYb]BSV[dMO� 8 IL_d]EWZ[d_9[9W �CUTPZ[dMO�wYZNQ]E_9?


8 ]E_dUONQS ]EMTS'PX�mu©4 IB_d[^cCuvIVSVN@_^P@� �N% �r°�
 ����O� 
,��� :KJLJLJ�� : �C=IJ�� :,B>= � �>XPF ��)')O) D 
 ���7°7¯Z° ���b° 
 �
D 
 � ����%E± ��
 � %('!: �T±R°7' ' � �r° ���b°;� 
E¯ = ��� % �!� � %(' J � � ��� °b°7¯	��� � 72D :T=IJ�¯ 8 �


fmyO[¥| �5�d| / F4 N@Y\yT]EYZW=|�)��¬i 0�0�)T��)t]EYb]EuvN7W\N@Y�fmN@_dN=c7WZ[dIBM�[dM )�]EYZWZ[^c7_dN�fm£�]EY\u § o WZ[duv[ �Q] W\[9ILMa�I�N% �L°�
 ��& �� � )O�

,��� ��¯ 
-�b°b° � ��� ��
 
���± �O°�F¬°+. ° ��±���� �	�*��%E' D 
 ���7°7¯\° �!�\° 
 � J . 
E'/�V± ��
 � % ¯#0 ��¯ 
 �B¯�% � � ��� �B�


f o IEA¬IBYbS«|EK��9|�/ 8¢[dMLW��B|�-v�mi 0�0OiL�LF 8 IB_ 8 [9MT��fmN CrUON@MrWZ[^]E_V¦C]LcbyO[dMON=P [dM5`¢uvILY o yTIBUTP��¢N=UOYb]E_V�¢N@W £�ILY?<VP=� �N% �L°�

&�	-$  & 	 � 
,������¯h± � � � � %('*B©°+�V¯�%E'NB5°7±AR 
 ¯TS�
+� ��¯ 
-�b°b° � ��� ��
 
��s± �O°C: �T±R°7¯ � % ± ��
 � %E' D 
 ���7°7¯Z° ���b° 
 � B5°��V¯�%('
B5°7±AR 
 ¯TS�
h��¢IBYZWZyO? 8qIB_d_d]BMTS«�








���!	��
����<�	��( ÌE<rÌ


fmY\[9MT[ 8 ]BP=|a¦n�d| / )�] WZM�]E[ < |�*�� ¦��ti10�0TiB� *¨N=]EY\MO[dMO�w�¢N@UTY\]B_��qN7W £�IBY>< @ N@[d�ByrW\PsUTPZ[9MT��2sN=MON7W\[dcv`q_9�LIBY\[}W\yOupP
?�3Ru o YZI 8 [dMO�3)N@YZ¡zIBY\up]EMTc@N ,�� fmN=]BY\cbyO?Rf o ]Bc7N )�NQSVUTc7WZ[dIBMa� �N% �L°�
 � $'$ ��'� $'$�� 
,��� ��¯ 
��\°b° � ��� ��
 
,�
:+<*D B B � & � F ��� ��% � 
E¯Z°G:TJLJLJ ��:,B BGF | 8 IL_g� ~ �


fmY\[9MT[ 8 ]BP=|V�G�d| /HqN=4a| -v� i10�0 0V�a¦xUT_}W\[9IL4�I N=c7WZ[ 8 NG§ o WZ[duv[ �Q] WZ[dIBM ;qPZ[9MO�v�¢ILMTSVILu�[dMT]EWZN=S	fmIBYZWZ[dMO�5[9M 2sN@MON@WZ[^c
`q_9�LIBY\[}W\yOupP@�;J . 
E'/�V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 �T| 	 e ~ ®h|TÌLÌVi HOÌE� )O�


fmUOM¨|¨¦n�d|�/ frWZN=UON@YQ|U)�� F¢��i10�0�2O��3RMrWZN=Y �JU�]BSV[ �q`¢M�[9MTN7WZN=Y\]LchW\[ 8 N<CrUT]BSCWZY\N@N�4T]BPZN=S o Y\Imc@N=SVUTYZN©¡zIBY�PXIL_ 8 [dMO�
W\yONpSV[dP\c7Y\N7W\N�]B_}W\N@Y\MT] W\[ 8 N©u5UO_}W\[ o _9Nvc7Y\[}W\N@Y\[d] o Y\IB4O_dN@uw�1J �V¯ 
 �T° % � < 
��V¯ � %(' 
�� � �O°@¯�% ± ��
 � %E'��©°#
@° % ¯T� �m|� 2LÌ-H"� � 2O�


> ]EMa|�-v� :J�d|�*aN=NB| > � 8G�d|�/#-�yOIBYQ|EF¢� 7��LÌE<L<LÌO�VF 8 IL_9UVW\[9ILMT]EY\�G`¢_d�BILYZ[9WZyTuvP ¡zILY¦xUO_9WZ[dIB4�I NQchW\[ 8 N¢§ o WZ[du�[ �=]EWZ[dIBMU�
)N=YX¡zILYZup]BMTc7N�`qP\PXNQPZPZuvN@MrW\P�]BMTSC:�IBu o ]BYZ[^PXILMTP=� �J¯h± � � � � %E'�: �T±R°7' ' � �L° ���b° �G°�. �¼°+Rt|�Ì�0 ~ HVÌ�2B<T�


> I o cbym�B|B`©� )q�9| *aN@4 N=S�<BIT|m§5� `©�9|B¦C[d]B� <m[ <mya| �©� �©�d|�/ -�]LPZ]B4�I 8 | �G� -v�Vi10�0 � �m`qMp` oOo Y\IL]LcbyGW\I )q]BSV[^]E_�,�]BPZ[^P
7 UOMTc7WZ[dIBMC�qN7W £�IBY><mP > Yb]E[dMO[dMO�v4T]BPZN=S	IBM;:�ImI o N@Yb] W\[ 8 NJF 8 IB_dUVW\[9ILMw]BMTS	F 8 IL_9UOWZ[dIBMT]BYZ� )�YZIL�BYb]Euvuv[9MO���
: ���L��¯ 
��b°b°�� ��� ��
 
���± �O° : �T±R°7¯ � % ± ��
 � %('	D 
 ���7°7¯\° �!�\° 
 �"B5°��V¯�%('': ��� 
 ¯ �C% ± ��
 � ��¯ 
��b°#
2
	��� � � :�D � B :T��� &�	@�


8 ]EM/SVN@M ,�N@Y\�Bya|"7��ti10�0�0O�6)t]EYZWZ[^c7_dNpfm£�]BYZu @ N=[9�LyrWs3RMO[9WZ[^]E_d[ �=] W\[9ILM;[dM/¦CUO_}W\[}? _^]¿�BN@Y )N=Y\c@N o W\YZILM;`¢YZWZ[9D�c7[^]E_
�qN@UOYb]E_q�qN7W £�IBY><VP@� �#% �r°#
 (���-( � 
����E��¯ 
-�b°b° � ��� ��
 
��x± �O° : ��± °@¯ � %E± ��
 � %('�D 
 �-�7°@¯Z° ���b° 
 � ��¯h± �[� � %('
: �T±R°7' ' � �r° ���b° � ���V¯ � % ���IF 
��V± � �L�b¯	�[� % �


8 ]EMpSVN=M ,�N=YZ�Lya|�7��9|4/ F�MO�BN=_94OY\N=cbyrWQ|L`G�rÌE<B<L<O� :�ImI o N=Y\]EWZ[ 8 N *aN=]BYZMT[9MO��[dMª�¢N=UOY\]B_O�¢N@W £�ILY?<VP�UTPZ[9MT� )�]EYZWZ[^c7_dN
fm£�]EY\u*§ o W\[9uv[ �@N=Y\P=� F 
��V± � �L�b¯	�[� % �ED 
 � ���V±R°@¯�< 
��V¯ � %(' |�)(�(H40L<O�


8 ]EM�SVN@MM,�N=YZ�Lya|B7��9| / F�MO�BN=_94OY\N=cbyrWQ|¿`©�A) �BÌB<B<Ti=]O�BFtA NQchWbP�IE¡�fm£�]EY\ufm[ �=N�ILM�:�ImI o N@Yb] W\[ 8 N�)�]BYXW\[dc@_9N�fm£�]BYZu
§ o W\[9uv[^PXN=Y\P=� �N% �L°�
 � & �O�� &O& 
,����f o NQchW\IBYQ|�*aN=NB| 2sImIVSVup]EM¨|OFY\[ <	H©�d|,@/Ua|�`qMOMO[dNB|�*�]EMO�rSVIBM¨| @ � ,s�9|
�tIL[9�BW=|�8q]BMTPX? ¦x[^cbyT]BN@_¥|92sN=Ma|¦x[9W\PZUOIT|�fVN@Ma|�fV]BMTSV[ o |HJIBY\[9�LIT|t¦C]EYbc7I�|:)�N �@N=PZy�<¬|�fmyT]ByOYb]Euw|�2�]EY��@IBM¨|
¦C]E6 8©�9|9/ ,�UTY?<LNB|¨F�SVu©UOM�S ezNQSOP\®7| ��¯ 
-�b°b° � ��� ��
�
,�p±��T° ��° � °@± �[� % ��� J . 
('/�V± ��
 � %E¯#0ED 
 � ���V± % ± ��
 �
D 
 ���7°7¯\° �!�\° 7 �;J>D D � � ��)O)'� 8 ��fV]BM 7TY\]BMTc7[^P\c7IT|T:�]B_9[9¡zIBY\MO[^]O| ;JfV` ��¦xILYZ�r]EM -�]EUV¡zup]EMTMa�


8 ]EMwSVN@M1,�N@Y\�By¨|47��d| /FMT�BN@_d4OY\N=cbyrW=|O`©� )���ÌB<B<Ti@4a� > Yb]E[dMO[dMO� )YZIVSVU�chW�;¢MO[9Wq�¢N@W £�ILY?<VP�UTPZ[9MT�ª:�ImI o N=Y\]EWZ[ 8 N
)�]BYXW\[dc@_9N�fV£�]BYZu�§ o W\[9uv[^PXN=Y\P=�%: �!�1��¯ 
-�b°b° � ��� ��
 
��p± �O°1: ��± °@¯ � %E± ��
 � %E' < 
 ���T±1D 
 �-�7°@¯Z° ���b° 
 � B5°��V¯�%('
B5°7±AR 
 ¯TS�
�73:+<�D B B 8 ���+%�
 � ��� �B± 
 � � D ���	F ���


�tN@_^SVymUO[ �@N=Ma| H5� �]BMa| / *�]EuvIBMrW=| 2�� ÌE<L<B<L]O��¦CUO_}W\[9IL4�I N=c7WZ[ 8 N�F 8 IB_dUVWZ[dIBM�]EY\��`¢_d�BILYZ[9WZyTuvP ��`qMT]E_d� �@[dMO�pWZyTN
frWb] W\N7? IE¡ ?¥WZyON@? `qYXWQ�LJ . 
('/�V± ��
 � %E¯#0 D 
 � ���V± % ± ��
 �T|!H¨e¥ÌB®7|«iQÌ�0 H i � � �








���!	��
����<�	��( ÌE< ~


�tN@_^SVymUO[ �@N=Ma| H5� �]BMa|:/ *¨]Bu�ILMrW=|:2���ÌB<B<L<E4a��§JMj¦xN=]LPXUOY\[dMO�x¦xUO_9WZ[dIB4�I NQchWZ[ 8 NvF 8 IB_dUVWZ[dIBM�]EY\�;`¢_d�BILYZ[9WZyOu
)�N@YZ¡zIBY\up]EMTc@NB�C�N% �L°�
 ��)�(N'���'� 
����>��¯ 
��\°b° � ��� ��
 
��©±��T° ��)O)') D 
 � �B¯Z°�
2
 
 � J . 
E'/�V± ��
 � % ¯#0 D 
 � ���V± % �
± ��
 ���


�q[^c7I�| 7�� K��9| / fV]EMTSOI 8 ]B_g| 7��«i10�0OiL�:;qPZN�IE¡92sN@MON@WZ[^cs`q_9�LIBY\[}W\yOupP�[9Mw�¢N=UOY\]B_«�¢N7W £�IBY><VP�HqN@DTMO[9WZ[dIBMa�;@°2�@± �V¯\°
B 
 ±R°#
 ��� D 
 � ���V±R°@¯GF!� �¼° �!�\°@|� � �¨|«i10�2 HOÌE< ~ �


�q[dY\[9_d[g| 7��9| / 7 YZN=[dPZ_9N=4�N=Ma|�,s�¢ÌE<L<B<O� �¢ILMTP Wb] W\[9ILMT]EY\[}W � ]EM�S HJ]EW\] )YZN o Y\Imc@N=P\PX[dMO�n¡zILY	�qN@UOYb]E_��¢N@W £�ILY?<
)Y\N=SO[dc7WZ[dIBMTP�IE¡q]BM�F�c@IBMOILuv[dc > [9uvNxfmN@Y\[9NQP@�E�N% �L°�
 � ��� &  � � $ � 
,��� ��¯ 
��\°b° � ��� ��
 
��":�<�D BCB ��)')O) �
D 
 � 
 :TJLJLJ ��:,B BGF �


@j]EMO��|����9|6/ @j]EyO_¥| 7�� ¦n��i10�0 � � ¦CUO_}W\[9IL4�I N=c7WZ[ 8 NjMON=UOY\]B_JMTN7W £�IBY><¤¡zILYw[9up]E�LN�Y\N=c@IBMTPXWZY\UTc7WZ[dIBMa� :TJ;J
��¯ 
-�b°b° � ��� ��
 � � � 
	��
 ���Z: �C% �r°M% ����F � � � %('���¯ 
��b°#
2
	��� �B| ����� eK�m®h|TÌ ~B~ HOÌ ~ 2O�


@/N@Ma|«:�?K2��d|,/ *¨N@NL| :�?Rf«�ai10�0�)O�t` MTN@UOYb]E_«MON@W £�ILY?<�] oOo Y\IL]LcbyªW\Ipu©UO_9WZ[dIB4�I NQchW\[ 8 NsI o WZ[duv[ �Q] W\[9ILM�¡zILY�£�]EWZN=Y
CrUT]B_9[9W �ªup]EMT]B�BN=u�N=MrW�[dMx]5Y\[ 8 N@Y�4�]BPZ[9Ma� � % ±R°7¯ �G°�
 
��V¯T�b°�
 �©°#
@° % ¯T� �m| � � e ~ ®h|��rÌ � H"� ~ 2T�


@ yO[9WZNL|¨H©��i 0�0 ~ �%2�`q�q�qN7W��s` 2sN@MON@WZ[^cv`¢_d�BIBY\[9WZyOu ¡zILY�§ o W\[9uv[ �@[dMO� > I o IB_dIB�B�x]BMTS @ N=[9�LyLWbPq[dMj�¢N@UTY\]B_
�qN7W £�IBY><ªHqNQPX[d�BMa� @�°2�7±A�V¯Z°�B 
 ±R°#
 ��� D 
����!�V± °@¯GF!� �¼° ���b°7|��*H��a| ~ ÌBÌ H ~ Ì � �


@ yO[9WZN=yON=]LS«|�,s� `©�9|�/{:�yOIr] WZNL| > � H5��i 0�0�2O�;:�ImI o N@Yb] WZ[ 8 Nv?G:�IBu o N7WZ[9WZ[ 8 N 2sN@MON@WZ[^cªF 8 IB_dUVWZ[dIBMnIB¡ )¢]BSO[d]B_,�]BPZ[^P�7�UTMTchW\[9ILMC:�N=MrWZN@YbP�]EM�S @ [^SmW\yTP�¡zIBY > [9uvN©fmN=YZ[dN=P�)Y\N=SO[dc7WZ[dIBMa�;:KJLJLJM�¨¯�% �N
=%O�@± ��
 �N
 
 � B5°��V¯�%('
B5°7±AR 
 ¯TS�
h|��ae �r®7|�)�2�0EH")�)B<O�


@ [dN@_^]EMTS«|V`©� )¢�¬i 0�0LÌO��F 8 IB_ 8 [9MT�©�¢N=UOY\]B_ �qN7W £�IBY><v:�ILMLW\YZIL_9_dN@YbP�¡zILY ;qMTP Wb]E4O_dNsfV�mPXWZN=upP@�U�N% �L°�
���� 	  � 	�$ 
,���
��¯ 
-�b°b° � ��� ��
 
��C:+<�D B B � & � F¬° %E±g±A'9°>:TJLJLJ ��:,B BGF | 8 IL_g�V3R3h�


@ [d_dc@I¿6mILMa|:7��d|	/ @ [9_^c7I¿6«| )�� `©��i 0�2(��� F 
 �p° � % � � � � � �¬¯ 
 
 � �C% ±R°�F ±?%E± � 
h± �[� %('Z��¯ 
��b° ���V¯Z°�
h���¢N=£ �sIBY>< �*¨N=SVN=YZ_dNG*¨]E4�P@�
��]EI�|BK��9|>/ > ]EMa|m:J� *��LÌE<L<B<O� > [9uvN¢SVN o N=MTSO]EMrW�HJ[9Y\N=c7WZ[dIBMT]B_ )Y\IEDOW�¦xIVSVN=_V¡zIBY�7 [dMT]EM�c7[^]E_ > [duvNqfmN@Y\[9NQP97OILYZN@?


c=]BPXWZ[dMO�T�Q: ���I:�<�D BCB ��)O)') � ��¯ 
��\°b° � ��� ��
 
,��±��T° :KJLJLJ �[:TBCB\F�� J B BGF : �T±R°7¯ � % ± ��
 � %('Q< 
 ����±;D 
 ���7°7¯Z° ���b°

 � B©°+�V¯�%('QB©°@± R 
E¯TS?
h�


�s]BIT|�f¬�9|�£�N@[¥|�:J�d| / 8¢NL|�5 ��i 0�0�2O� F 8 IL_ 8 [dMO��£�] 8 N=_9N@W�MTN@UOYb]E_�MON@W £�ILY?<VP©¡zIBYv¡zUOM�chWZ[dIBM ] oOo Y\I¿6m[dup] W\[9ILMa�
J&'d°K�@±¥¯ 
 � �[�#
 @°@±¥± °@¯2
h| ��	 eK�m®h| ~ 2B< H ~ 2TiB�








���!	��
����<�	��( ÌE<��
�s]BIT| �5�ai10�0�0O� F 8 IB_ 8 [dMO�v`¢YZWZ[9D�c7[^]E_��¢N@UTY\]B_a�¢N7W £�IBY><VP@�L��¯ 
��b°b°�� ��� ��
 
���± �O°>:TJLJ;J�|�H��ae 0L®7|«i=�rÌ ~ H¬i=��� � �
�s]BIT| �5�9|�/ *a[dUa| ���Oi10�0 � �m` �qN@£ F 8 IL_9UVW\[9ILMT]EY\�Gfm�VP W\N@u�¡zIBY�F 8 IL_ 8 [dMO��`¢YZWZ[9D�c7[^]E_O�qN@UOYb]E_O�qN7W £�IBY><mP=�N:TJLJ;J


�¨¯�% �N
=%O�@± ��
 �N
 
 � B©°+�V¯�%E'�B©°@± R 
E¯TS?
h|*H�e ~ ®h|�2�0��EH � i ~ �
�s]BIT| �5�9| / *a[dUa| ���¨i 0�0�)T� ¦;]�<m[9MT� ;JPXN�IB¡	)�I o UO_^] W\[9ILMw3RMV¡zIBY\up] WZ[dIBM	[dM	F 8 IB_dUVW\[9ILMT]EY\�ª�¢N=UOY\]B_¨�¢N@W £�ILY?<VP=�


:KJLJLJM�¨¯�% �N
=%O�@± ��
 �N
 
 � F*0?
h±R° �1
 � X % � % ��� DZ0 � °@¯ � °@± �[��
 � �N% ¯h±L] � DZ0 � °@¯ � °@± �[��
h| 	 H¨e ~ ®7|��Ti � H �mÌ�0V�
��]EI�| �5�9|�*a[dUa| ���9|�/�*¨[9Ma|92��i 0�0�0T�5F 8 IB_dUVW\[9ILMT]EY\��)Y\IB�BYb]Euvuv[dMO�	¦;]BSVN 7�]BPXWZN=Y=�%:=°\°b°ª±g¯�% �N
=%O�@± ��
 �N
 
 �


°+. 
('/�V± ��
 � %E¯#0 � 
 � ���V± % ± ��
 ��| � e¥ÌB®7|�)LÌ H i=<rÌV�
5¬]BUTP@|¿¦n�d| /N)�IL_d]BMTS«|¿¦n�Bi 0�0TiB�A7�U�PX[dIBMV? > N=cbyTMOIB_dIB�L�¢]EMTSsW\yON�SVNQPX[d�BM�IE¡VF 8 IB_dUVWZ[dIBM�]EY\�q¦C]BcbyT[9MONQP¬¡zIBY��¢N@UTY\]B_


�qN7W £�IBY><mP=�P�#% �r°#
 �'� � � ��'� � � 
�������¯h± � � � � %E'ZB5°��V¯ %E'UB5°7±AR 
 ¯TS�
+�%��¯ 
��b°\° � ��� ��
�
��ª± �O°": �T±R°7¯ � % ± ��
 � %('
D 
 ���7°7¯\° �!�\° 
 � B©°+�V¯�%E'�B©°@± R 
E¯TS?
h��¢ILYXW\yV?K8¢IB_d_^]EMTS«�


5 yT]BMO�T| ,�? > �9|�/ �JN@N@M.<BN@YQ|�2��ti10�0OiB���¢N=UOYb]E_��¢N7W £�IBY><VP¢W\yT] W > N=]Lcby > yON=uvPZN@_ 8 NQP¢W\yOY\IBUO�Ly 2sN@MTN7WZ[^c�Hq[^P ?
c@I 8 N@Y\�GIB¡¬�qI 8 N@_TFt6O]Eu o _dN=P=� �N% �L°�
 ��& )� ��& � 
���� ��¯ 
��\°b° � ��� ��
 
�� :+<�D B B � & � F ��� � % � 
 ¯Z°�:KJLJLJ�� :,B BGF�|
8 IB_¥�«iB�


5 yT]BMO�T|m:J�9|4/,fVyOIL]T|�8G�mÌE<B<TiB�T`qMª`q�J� � PF 8 IB_ 8 N=S54m�5]��qN@£ F 8 IL_9UOWZ[dIBMT]BYZ�5fV�mPXWZN=u ]BMTS�[}WbP�` oTo _9[^c@]EWZ[dIBMa�
�N% �L°�
�$ ��� �O $ ����$ 
���� ��¯ 
��b°b°�� ��� ��
 
���± �O°�$O&E± � :KJLJLJ � 
 �-�7°@¯Z° �!�b° 
 � �5°2� � 
	��
 � % ��� D 
 �T±¥¯ 
E'}| 8 IL_g�"�T�


5 [9W\]BY=|
)��d|�/ 8q]LPZPZIBUTMa| ¦n�Vi10�0�0V�L�¢N@UTYZIVc7ILMrWZY\IB_d_9N=Y\P > Yb]E[dMONQSG£�[9WZy )¢UO_9NQP Ft6mWZYb]BchW\N=S�4m�G] 2sN@MON@WZ[^c�`JPZPZ[dPXWZNQS
)�N=[9MO¡zIBYbc7N@uvN=MLW#*¨N=]EY\MO[dMO�pfm�VP W\N@uw�;:TJLJ;JM�¨¯�% �Q
=%O�@± ��
 �N
 
 �PB©°+�V¯�%E'*B5°7±AR 
 ¯TS�
h| �¨e �r®7|�)�0�0 H") � 2T�


5 [9W��=_9N=Y=| F¢��i10�0�0O� J . 
('/�V± ��
 � %E¯#0 ��' � 
 ¯	� ± � �1
C� 
 ¯ XP��'}± ��
 � �@°2�@± �3. ° � � ± � � �54-%E± ��
 ��� X;°@±�� 
 ��
 % � � � � � ' �[� %��
± ��
 �Q
b�	)ya� H5�VWZyONQPX[^P=|Tfm£�[dP\P�7ONQSVN@Yb]E_¬3RMTPXWZ[9WZUVW\N�IE¡ > N=cbyOMTIB_dIB�B� 5 UTYZ[^cby�e¼F > 8J®7��HJ[^PZP�F > 8��qIT�¬i ~L~ 0�)T�


5 [9W��=_9N=Y=|rF¢�d| / > yO[9N=_9NL|�*� i10�0�0O�a¦xUT_}W\[9IL4�I N=c7WZ[ 8 NqF 8 IB_dUVW\[9ILMT]EY\��`q_9�LIBY\[}W\yOupP ��` :�IBu o ]EYb] W\[ 8 NJ:�]BPZNsfrW\UTSV�
]BMTS�WZyON�fmWZY\N@MO�BWZy )�]BYZN@WZIC` oTo YZIr]Bcbya� :TJLJLJ �¨¯�% �Q
7%'�7± ��
 �Q
�
 � J . 
('/�V± ��
 � %E¯#0ED 
 � ���V± % ± ��
 ��| � e �r®h|
Ì�0 � HOÌ � iB�


5 [9W��=_9N=Y=|tF¢�d|�HJN@4a|�-v�d|�/ > yO[dN@_dNB|�*��tÌB<B<L<O��:�IBu o ]BYZ[^PZIBMnIE¡q¦CUO_}W\[9IL4�I N=c7WZ[ 8 N�F 8 IL_9UVW\[9ILMT]EY\�j`¢_d�BIBY\[9WZyOupP �
Fu o [dY\[dc=]E_D)�NQPXUT_}WbP@�;J . 
E'/�V± ��
 � % ¯#0 D 
����!�V±?%E± ��
 �T|�H�egÌL®h|«i � ~ H¬i10 0V�


5 [9W��=_9N=Y=| F¢�d| *�]EUOup]BMOMTP=|�¦n�d|"/ > yO[9N=_9NL| *��¬ÌB<B<Tiªe¼¦C]¿�O®h��F �LJ � � �>: � � ¯ 
�. ��� �	±��T°1F�±¥¯Z° � �B±�� �N% ¯\°7± 
�J . 
��'/�V± ��
 � % ¯#0���' � 
 ¯	� ± � ��� > N=cby¨�rY\N o W=� > 3�-s? )�N o IBYZWJiQ< ~ �Vfm£�[^PZP�7TN=SVN=Y\]B_�3RMTPXWZ[9WZUOWZN�IE¡ > N=cbyTMOIB_dIB�L� 5¬UOYZ[^cby
e¼F > 8J®7�






