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lF¥�V®g�cy�|^f]+^fg�[DTW^H�Y^fT<©�gWhd]¬hnbª[DTw«#±��q^�bª[zTWXY^fgWl�u8h��³^fTW^fk|cf^fg���^ilF¥�^f^�ktl\�|^HlQ¥�V¬g\cy�q^�]+^fg
���i�w�>[zk|u¦�����i�>[D�|�¯^�[DT  ¡VYT 4 ��� � ��[zk|u¶ ¡VYT�l\�|^	�|�Z©8gWhdc�[Lb�^ihdXY^fkZ�D[�bje|^fg�«{�Fl+c�[zk�¯^�cy�q^�c ZD^fu  ¡TWVY] mpXYe|TW^���l\�p[Ll� ¡VYTJl\�|^fg\^� ¡TW^fo#eq^�kqcwhd^fg�rql\�|^��|�Z©qgÌhjc�[�b�[z]+�8bxhnmsc�[�lWhjVZk
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¥H�|^fTW^ 8�¢ � $ � �� ' $ ¤ � +�- �®¢ � $ ¤ � ' $ � +.- ��¢ � $ ¤ � �' $ ¥H�8hxbj^�l\�q^�hj]+�8bxhjcihxl�g\c��|^f]+^����w�i�TW^fg\e8bxl\g� ¡TWVY]/l\�|^�msTWgWl�gÌl\^���Vz J¢F�Y��¤\«

����� � �<� /2�������
	��$� 4 ! ��$�945�	�
!$�
�}^>cfVYkqgWhjuq^�T�[��qVY]+VZXY^fk|VZe|g�¸sV�¥ ¢ � � ��V � � V�� � 
 � r � ���:Y�� � � �-¤¬VD �cfVYkqgWly[DkZl
g\�¯^f^fu·¢��:Y�� �GV � 
 ( ¤�hdk	[��zc�] bd^�kqXDl\�	c�[zks[�bF« /�k+hdk8hxlWh [�bB��^fT<l\e|TW�s[�lWhdVYk	Vz ¯l\�|^�u|^fk|gWhxlQ©
ms^ibdu2¢ � � ��VÑ_ � V�� � 
 � ¤�hdg�bdV8c�[Ll\^fu ��^ilF¥�^�^fk � � Y#VÑ�+[zk|u � � Y V 4 «p±��|^�g�VDbde8lWhdVYk�VD 
l\�8hdg��|TWVZ�8bd^f] cfVZk|gWhdgWl\g)hdk�l\�|^�cfVYkZ�Z^�cilWhdVYk [Ll)l\�|^�cfVZk|gWly[zkYl)�Z^wbdV8cihnlF© ���� �:Y�� � V � 
 (
Vz (l\�8hdg�u#hjg\cfVZkZlWhjk�e8hxlQ©Y«��}^�[Lbdg\V+k|Vzl\^�l\�s[Ll�hjk l\�8hdg�c�[zg\^Dr � e8bd^fT �¨gH^fo�es[LlWhdVZk|g�TW^fu|e|cf^fg
l\V¶l\�|^-gWhd]t�#bj^ bnhdk|^�[zT�c�VZkZ�Y^fcilWhjVZk ^fo�es[�lWhjVZk ¢F�|�L¤\« � ^�k|V�¥ cfVZ]t�p[DTW^ l\�|^�£�^i ¡^�cil
aÄVYTWTW^fcilWhjVZk>g�cy�|^f]+^fg����L�i��[Dk|u����w�i�Z« ±ÐV¬u8hdg\cfT<hj]¬hdks[�l\^���^ilF¥�^�^fk¹l\�|^�^ �³^fcil�Vz :lWhj]+^
[zk|u+g\�s[zcf^�[Dcfcfe|T\[zcw©Yr�¥�^H[Lbdg\V�cfVYk|gÌhju|^fT{l\�|^�msTWgÌlÄVZTWu|^fTÐhd]+�8bxhjcihxlÄg\c��|^f]+^�¢ 4 ¤\«6/�bxb|l\�|^
cfVZ]t�qe8ly[LlWhdVZk|g��s[w�Y^��¯^f^�k�u|VZk|^��Z©·e|gÌhjk|X¬l\�|^��D[Dk /Hbj�s[zus[�Ê�D[zk *:^f^fT�bxhj]¬hxl\^fTWg � �f�0�Ê«
´³hjXZe|TW^ ¢ [�¤:g��|V�¥�g{l\�|^�TW^fg\e#bnl\gUVY�#ly[Lhdk|^fu�¥�hnl\��[�a�´+*�k#eq]��¯^�TUVz Ð��Y�¢�k|Vzl\^�l\�s[�l¼l\�8hdg
cfVZTWTW^�g���VZk|u�l\V+[�cfVZkY�Z^fcwlWhx�Y^�aJ´�*¼r � " � � VD )��¤\«��Fl�c�[zk	��^�g\^f^fk�l\�s[�l�l\�|^�g\Vzbde8lWhjVZk|gVZ�8ly[�hjk|^fu}¥�hxl\�¦l\�|^ lQ¥�V�g\cy�|^f]+^fg������i�>[Dk|u ���i�w�>[zTW^	hdk§XZV8V8u [zXYTW^f^f]+^�kZl¬¥�hxl\�
l\�|^�^y²p[Dcil�g\Vzbje#lWhjVZk�[Dk|u+bª[zTWXY^ibx©t�¯^ilWl\^�TUl\�s[zk+l\�|^�g\Vzbje#lWhjVZk|g)VY�#ly[Lhdk|^fu+¥�hxl\�+l\�|^HmsTWgWl
VZTWu|^fT)g\cy�|^f]+^D«�±��|^�g\^fcfVZk|u+u|^i ¡^�cil�a�VZTWTW^fcilWhjVZk+gWl\^f��VD Ð¢F�Y��¤�u|V8^fg¼kqVDl�g\^f^f] l\V��s[f�Y^
[+gWl\TWVZk|X+hdk8¸se|^fk|cf^�VYk l\�|^�g�VDbde8lWhdVYk³rp^y²qcf^f�8l�l\�p[Ll�¥�^�k|Vzl\^�l\�s[�l�l\�q^�VZg\cihnbxb [�lWhdVYk�[Ll
l\�|^HTW^�[DTUVz sl\�|^�u8hjg�c�VZkZlWhjk�e8hxlF©tl\�p[LlUhjg)T\[�l\�|^fTÐbª[zTWXY^fT�¥�hxl\�¹���i�w��hdg)g\]+V8VDl\�q^�u¬VZe8lÄ�Z©
l\�|^¬g\^fcfVYkqu VZTWu|^fT�gWl\^f�-VD )g\cy�q^�]+^+���L�i�Z« � ^��p[f�Y^¬cy�|^fc ZD^fu-l\�s[�l� ¡eqT<l\�|^fT �H^i¥�l\VZk
hxl\^fT\[LlWhdVYkqgt[�bj]+VZgWl�u|V-k|Vzl�hd]+�|TWV��Z^�l\�|^	TW^fg\e8bxl\g+[Dk|u¶l\�s[�l�l\�8hdg¬VYg\cihxbnbª[�lWhjVZk�hdg®gWlWhxbxb
�|TW^fg\^fkZl�[� ªl\^�T�cfVZkY�Z^fTWXY^fk|cf^D«(´³hjXZe|TW^	¢F_qr �Z¤Hg\�|V�¥»l\�|^+TW^fg\e8bxl\g�[�l�[·a�´+*¦k�e|]��¯^fT�VD 
[�Y	[zk|u¦�:Y�Y·¢Ähd^t[¹c�VZkZ�Y^fcilWhn�Z^+k#eq]��¯^�T�Vz &[>[zk|u¦�:Y ¤\«B±��q^®�|TW^i��hdVYe|g�cfVZk|cibjeqgWhjVZk|g
TW^f]�[Lhdk|g��D[�bnhdu- ¡VZT�l\�q^�g�^�bª[DTWXZ^�lWhd]+^®gÌl\^��qg>,¯l\�|^¬g\Vzbje#lWhjVZk|g�VY�#ly[Lhdk|^fu-¥�hxl\�-l\�|^¬msTWgWl
VZTWu|^fT+g\cy�|^f]+^	hdg+]�e|c�� ]+VYTW^ us[z]t�¯^fu¦l\�s[zk l\�q^·g\Vzbde8lWhjVZk|g¬VY�#ly[Lhdk|^fu¦¥�hxl\� ���L�i�
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1.35
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1.5

1.525

1.55

1.575

1.6

0.45 0.55 0.65 0.75 0.85 0.95

EXACT
First Order

N1I1
N2I1

´:hdXYeqTW^X[ ,p£�^fk|gWhxlF©	¥�[f�Y^ c�VZkZ�Y^fcilWhjVZk�a�´�*+�¬�:Y

[zk|u ���i�w�Dr�[Dkqu'l\�|^	g�^�cfVZk|u2VZTWu|^fT�gÌl\^��¶cfVYkZl\T<hd�|e8l\^�l\V'[�]+V8u|^fgWl�hd]+�|TWV��8]+^�kZl+VD 
l\�|^Hg\Vzbje#lWhjVZk³r�]�[�hjk#bn©¬hjk�TW^fu|eqcwhdk|X�l\�q^ [z]+�8bxhnl\e|uq^�Vz �l\�q^�VZg\cihnbxbª[LlWhdVYk+�|TW^fg\^fkZl�[Ll)l\�|^
TW^�[zT�Vz �l\�|^	u|^fk|gWhxlF©'¥�[f�Y^D«�±��8hjg msk|u8hdk|X�hdg�hdk XZV8V8u�o�es[Lbxhxly[LlWhx�Y^>[zXZTW^�^f]+^fkZl�¥�hxl\�
l\�|^ TW^�g�e8bnl\gJVY�8ly[�hdk|^fu	 ¡TWVZ]/l\�|^��|TW^i��hjVZe|g�bxhdk|^�[DT�gÌly[D�8hxbxhnlF©·[zks[Lbx©8gWhdg�hjkqu8hjc�[�lWhjkqX®l\�p[Ll
g\c��|^f]+^����L�i��hdgÄ]+VZTW^�u8hdg\gWhd�s[�lWhn�Z^�l\�s[�lÄg�cy�|^f]+^����i�w��hdk¬l\�|^��8hdXZ�® ¡TW^fo�e|^fk|ci©®T\[zk|XZ^D«

����� �2/2�9� �213!�� ��4�� !$&���13�</=/2�
!$�
�}^�k|^y²#lÄcfVZk|gWhdu|^fTÐ[��|TWVZ�8bj^f] ¥�^wbxb|g\e8hxl\^fu�l\V�l\�q^�e|g\^JVD phj]+�8bxhjcihxlÄg�cy�|^f]+^fg�«�±��8hdgÐhdg)[
�iÌ£}hdg\^fkZl\TWVY�8hdc�cfVY]+�|TW^fg\gÌhjVZk8Q^y²q�s[zk|gWhdVYk�VZ�8ly[�hjkq^�u��Z©�c�VZ]+�|TW^fg\gWhdk|X�[�X�[zg:c�VZkZly[Lhdk|^fu
hdk�[®cibdVYg�^�u l\e|�¯^DrpcwbdVZg\^fu [�l�[zk·^fk|u��Z© [+]+V���hdk|X��8hdgWl\VYkB«q�Ìk�l\�8hdg�^y²q�¯^�T<hd]+^fkYl�l\�|^

gagihkj8l�m�m8n
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1.475
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0.45 0.55 0.65 0.75 0.85 0.95

EXACT
First Order

N1I1
N2I1

´:hdXYeqTW^�_ ,p£�^fk|gWhxlF©	¥�[f�Y^ c�VZkZ�Y^fcilWhjVZk�a�´�*+� [ Y
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1.35

1.375

1.4

1.425

1.45

1.475

1.5

1.525

1.55

1.575

1.6

0.45 0.55 0.65 0.75 0.85 0.95

EXACT
First Order

N1I1
N2I1

´:hdXYe|TW^¬� ,p£�^fk|gWhxlQ©¹¥�[f�Y^�cfVZkZ�Y^fcilWhjVZk aJ´�*��¬��Y�Y

gagihkj8l�m�m8n
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bd^fk|XDl\�+Vz sl\�|^�l\e|�¯^�hdgÄ�#V Y 4 �Hc�]@[Dkqu®l\�q^�X�[Dg�hjgUhdk8hxlWh [�bnbx©t[�l)TW^�gÌl¼¥�hnl\��[�u|^fk|gÌhnlF©t[zk|u
�|TW^fg\g�e|TW^�Vz ÐTW^fg\�¯^�cilWhx�Y^ibx© ��Vd��� � V � � 
 � [Dk|u¶��Y�� � � « /Jl �
� Y8rql\�|^��8hdgWl\VZk>hdgH]tV��Y^fu
hdk [¬g\]+V8Vzl\�>]�[zk|k|^fT�[zcfc�VZTWu8hdk|X¬l\V¬l\�|^�bª[f¥ ,

��-:¢ ��¤ �»¢ � � ����¤ * �� � ��� � ¢ 4 ¢ �\¤W¤ *
� � � * � � � � �U¢ 4 ¢ ��¤W¤ �

� ¢ 4 Y#¤

¥H�|^fTW^ �¼r���[zTW^�cfVYk|gÌly[DkZl¼cfV8^ 7�cihj^fkZl\g�«z±��#hjg�b [w¥N]¬hd]¬hjcfg�l\�|^�]+V��Z^�]+^fkZlÄVz ³[��#hjgWl\VZk
]+V��Z^�u��Z©�[�cfT\[Dk Z#g��s[L ªl)gW©8gWl\^f] [zk|u¬hdk+l\�8hjg)^y²q�|TW^fg\gWhdVYk 4 hdgUl\�|^Hc�T\[zkDZ¬[Dk|Xzbd^ ¢<a�/�¤
u|^imskq^�u��Z© ,

4 ¢ ��¤ � 4 � �¦� �	� ¢���- � � _�Y#¤
¥H�|^fTW^ � - � hdg�l\�|^�k�e|]���^fT�Vz ÐTWVzly[LlWhdVZk	��^fT�]¬hdk�e8l\^D«p±��|^��D[�bjeq^�g�VD {l\�|^�cfV8^ 7�cihd^�kZl
¥�^fTW^��|^fTW^�c��|V8VZg\^fk�l\V���^�,

� � ( V ��� ���
� � �:[#V [ � �$� � - � � ��Y�Y Y � � � � � �
´|VZT¬l\�|^fg\^>�D[�bde|^fg�r�[-lF©8�8hdc�[�b ( [Dc��µk�e|]���^fT	Vz Hl\�|^·g�VDbde8lWhdVYk¦¥�hnbxb��¯^ [zTWVZe|k|u

4 Vd��Y 
 �w«)±��|^-e|g\^-Vz �hd]+�8bxhjcihxl	g\cy�|^f]+^�l\V2cfVZ]t�qe8l\^�l\�|^-g\VDbde8lWhdVYk§Vz �l\�8hdg�lQ©8�¯^�VD 
�|TWVZ�8bd^f] hdg�l\��e|g�]�[zk|us[�l\VYT<©Y«�1)©�e|gWhdk|X	l\�q^�*:V�¥ ( [zcy��k�e|]���^fT�[z�|�|TWV�²#hd]�[LlWhdVYkBr
[zk·[zks[�bn©�lWhdc�[�b:g\Vzbje8lWhdVZk>Vz (l\�8hdg��|TWVZ�8bd^f] c�[zk>�¯^� ¡VZe|k|u�¢)g\^f^�^D«¨X � �:Y �Ð¤)l\�s[�l�g\�qV�¥�g
l\�s[�lUl\�|^��Z^wbdV8cihnlF©�hdg�bnhdk|^�[DTwrLl\�|^��|TW^fg\g�e|TW^�hdgJ[�o�es[zu|T\[�lWhjcÄ ¡e|k|cilWhjVZk�[Dkqu�l\�s[�l)u|^fk|gWhxlQ©
hdg®[�bj]+VZgWl�cfVYkqgWly[DkZl�«³±ÐV ly[�Zz^+hjkZl\V�[zc�cfVZe|kZl�l\�|^�u8hdg\�8bª[zc�^f]+^fkZl�VD �l\�q^��8hjgÌl\VYk³r³l\�|^
cfVZ]t�qe8ly[LlWhdVZk�hdg)��^fT< ¡VZTW]t^fu¬VYk+[�]+V���hjkqX�]+^�g��³«z±��8hdgUhj]+�¯VYg�^�g�g\VZ]t^J]tV8u#hnmsc�[�lWhjVZk|g
hdk	l\�|^�^y²q�|TW^fg\gWhdVYk¹VD :l\�|^�¸pe#²q^�gf« �}^�TW^i ¡^fT)l\V � ( �Fr�� �:Y �³ ¡VZT�[�u|^ily[Lhxbj^fu	uq^�g�c�T<hd�8lWhdVYk VD 
l\�|^�[LbdXYVZT<hxl\�|] VYk�[¬]tV��#hdk|X+]+^fg\�³«�� ^�g\�qV�¥ ´³hjX·¢F�8r (#¤)TW^fg\�¯^fcilWhn�Z^wbx©Yrql\�|^�TW^fu|e|cf^fu
u|^fk|gÌhnlF©���	[zk|u	l\�q^�TW^fu|e|cf^fu·�|TW^fg\g�e|TW^�-�u|^imsk|^fu��Y© ,

�� � �s¢ � � �\¤ * �s¢ Y�� ��¤� � �  �s¢ � � �\¤

�- � -:¢ � � �\¤ * -:¢ Y�� �\¤� � �  -:¢ � � �\¤
±��|^�c�VZ]+�|e8ly[�lWhjVZk|g��s[w�Y^���^f^fk	u|VZk|^�VZk	[��q�i² 4 kqV8u|^�]t^fg\�BrZ¥�hxl\�·[ cfVYk|gÌly[DkZl)lWhj]+^
gWl\^f��cfVZTWTW^�g���VZk|u8hdk|X+l\V>[+�D[zT<hª[LlWhdVYk-Vz �Y#V [�u|^fXYTW^fgHVD Ul\�|^¬�s[zT\[D]+^il\^fT 4 hdk� ¡VYTW]�e8bª[
¢ 4 Y#¤\« ±��q^�a�´�*�k�e|]��¯^fT�XZV8^�gÄ ¡TWVY] [	¢)[�l�l\�|^��¯^fXDhdk|k8hdk|X¬VD (l\�q^�c�VZ]+�|e8ly[�lWhjVZk ¤Ðl\V

@BALg#@BC



���������	��
����
�������������������	������������� ���"!#��$%�&����(')�+*�����,�
	-/.���10�23��$/* ��[

   9.03   8.57

X

 0
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00
00
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4
 0

.0
00

00
E
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0

Crank = -20 Degres

N2I1 scheme
Exact solution

   9.03   8.57

X

 0
.2

00
00

E
-0

4
 0

.0
00

00
E

+0
0

Crank = -20 Degres

N1I1 scheme

Exact solution

´³hjXZe|TW^"( ,#�Ìg\^fkZl\TWVZ�8hjc�cfVY]+�|TW^fg\gWhdVZk�,8�qTW^�g�g\e|TW^

��� Y�¢�[�l�l\�q^�^fk|u�¤\« !�k|^�k|VzlWhjcf^�l\�|^�b [zTWXY^�hd]+�|TWV��8]+^fkYl��|TWV8u|eqc�^fu��Z©	l\�|^�g\^fcfVZk|u8
VZTWu|^fT®£�^La �����i�.,³±��|^¹�|TW^fg\g\e|TW^+hdg�cibdVYg\^fT�l\V�l\�|^	[zks[�bn©�lWhdc�[Lb�g\Vzbje#lWhjVZk'¥�hnl\�¦���L�i�
l\�s[zk}¥�hxl\�§���i�i�Z«�±��8hjg�hd]t�qTWV��8]t^fkZl+hjg¬^f]+�|�s[zgWh��f^fu}�Y©¦cfVYkqgWhjuq^�T<hdk|X�l\�|^ u|^fk|gWhxlQ©
cfe|T<�Z^�g)¥H�|^fTW^�l\�|^�g\Vzbje8lWhdVZk|g¼VZ�8ly[�hjkq^�u¬¥�hnl\�	�����w��g\c��|^f]+^�hdgJ[�bd]tVZgWl�l\�|^�gy[z]+^�l\�s[zk
l\�|^�^y²p[zcwl�VZk|^D« � ^�[Lbdg\V�k|VDl\^�VZk�l\�|^fg\^�u|^fk|gÌhnlF©	cfe|T<�Y^fg�l\�p[Ll������w��g\c��|^f]t^�TW^fu|e|cf^fg
u|T\[z]�[LlWhdc�[Lbxbx©	l\�|^�VZg\cihnbxbª[LlWhdVYkqg�VD {l\�|^�u|^fk|gWhxlF©>�|TW^fg\^fkZl�k|^�[zT�l\�|^��#hjgWl\VZk³«

��� � ��!�,���+ ! 4���� %�� �
!�eqT)l\�8hjTWu k�e|]+^�T<hdc�[Lb¯l\^fgWl�hdg�c�VZ]+��VZg\^fu�Vz ³l\�q^�cibª[Dg�gWhjc�[�b³��V8u�g\�qV8c�Z¬l\e|�¯^��qTWVY�8bd^f]>«
�}^�^f]+�|�s[zgWh��f^Jl\�s[Ll)l\�8hdg)gWl\TWVZk|XDbx©+e|k|gWl\^�[zu8©®�|TWVZ�8bd^f] hdg�k|Vzl¼¥�^ibxb�g\e8hxl\^fu¬ ¡VYTUhd]t�#bnhx
cihxl¼g\c��|^f]t^fg)[Ll{b [zTWXY^�aJ´�* k�e|]��¯^fTwr�[Dkqu�l\�s[�lÐl\�q^�V��Y^fT\[�bnb|�¯^fT< ¡VYTW]�[zk|cf^fgÐVz |hj]+�8bxhdcwhxl
g\c��|^f]+^�gUVZk�l\�8hdgU�|TWVY�#bj^f] [zTW^��¯V8VYTw«�±��|^�cfVY]+�|e#ly[LlWhdVYkqg¼�s[w�Y^��¯^f^fk®�¯^fT< ¡VYTW]+^fu�hdk+[
g\o�es[zTW^�VD U�fc�]@bd^fk|XDl\��VZk	[���Yq�i² 4 k|V8uq^�]+^fg\��¥�hnl\�>[¬a�´+*-k#eq]��¯^�TJVD a[8«�±��q^��D[zk

gagihkj8l�m�m8n
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Crank = -20 Degres

N2I1 scheme
Exact solution

   9.03   8.57
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Crank = -20 Degres

N1I1 scheme

Exact solution

´:hdXZe|TW^�� ,8�<g\^fkZl\TWVY�#hjc�cfVZ]+�|TW^fg\gWhdVYk ,pu|^fk|gWhxlQ©
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N1I1 scheme

Exact solution

´³hjXZe|TW^���Y ,¯��V8u-���|V8c Z�±Ðe|�¯^ ,q�|TW^fg\g\e|TW^

/Hbd�s[Dup[��D[zk-*³^�^fT�bxhd]®hxl\^fTWg��s[w�Y^��¯^�^fk e|g\^fu³rq�|e8l�¥�^�u|V+k|VDl�^�]+�8bdV�©>[zkZ© �\^fkZl\TWVY�Z©
mq² �|«¯´:hdXYeqTW^�g�¢��:Y8rn�Y�Drd����¤Uu8hjg��8b [w©>TW^fg\��^fcilWhx�Y^ibn©¹l\�|^��|TW^fg\g\eqTW^Zrpuq^�kqgWhnlF©·[zk|u	�Z^ibjV8cihxlQ©
[�l�lWhj]+^ ���@Y#Vn��_8«�±��|^�]tVZgWl�TW^f]�[DT�ZL[z�8bd^� ¡^�[Ll\e|TW^�Vz Bl\�|^����L�i��g\cy�|^f]+^HhjgÄl\�|^�b [zTWXZ^
VZg\cihnbxbª[LlWhdVYk��qTW^�g�^�kZl�[�l�l\�|^�TW^�[zT�VD Bl\�|^�T\[zTW^i Ê[DcilWhdVYk�¥�[w�Y^D«8±��8hdg�VYg�cwhxbxb [�lWhjVZk+hdg�]�e|c��
]+VZTW^�g\]�[Lbxbj^fT�¥�hnl\�¦���w�i�tg�cy�|^f]+^D« !�k�l\�8hdg�Vzl\�|^fT��s[zk|u³r³l\�|^	���L�i�+g\cy�|^f]+^�]+VYTW^
 Ê[�hnl\�# ¡e8bnbx©�TW^fg\��^fcil\g�l\�|^�cfVZkYly[zcil�u8hdg\cfVYkZlWhdk#e#hnlF© ¢��Y�L¤�¥��#hjc���hjgJ�s[DTW^ibx©+�#hdgWhd�8bd^�VZk�l\�|^
TW^fg\e8bxl\gHVY�8ly[�hdk|^fu	¥�hxl\� l\�|^����w�i��g\cy�q^�]+^D«

� � 1���� �L� * 02���:
'�L" ���'&¼���	��*t1¦" � 
���1¦��� * ¶�L&(�)�	�
��� 
	�������

�}^2^fk|u l\�8hdg��s[z��^fT��Y©ºl\�|^}gWl\e|u8© Vz ®l\�|^¶¸sV�¥ hjk l\�|^¶hdkYly[	ZD^}�|�s[zg\^¶VD �[§�8hx
u8hd]+^fk|gWhdVYks[�b8�8bª[Dks[zT(]+V8u|^ib8VD s[H�8hdgWl\VZk�^fk|Xzhjkq^Z«�±��|^�XY^fVZ]+^wl\T<©�eqk|u|^fT(hdkZ�Y^fgWlWhdX#[�lWhjVZk

gagihkj8l�m�m8n
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hdg�Xzhn�Z^�k ´:hdXYe|TW^+� 4 «Ñ[�[zk|u�� 4 «¨�	[�l�lQ¥�V+u8h��B^�TW^fkZl�lWhd]t^fgJhjk�l\�q^�ci©8cibj^D«q±��q^�u#h [z]+^wl\^fT
Vz ¼l\�q^�ci©�bnhdk|u|^fTHhjg;(8« (tc�]>rphxl\g��|^ihjXZ��hjg��8« Y 4 �+c�] [Ll��¯VDlWl\VZ] u|^�[zu-c�^fkZl\^fT�¢21�£�a�¤
¥H�8hnbd^�l\�q^�g\o�e8hdg\�¬TW^�XzhdVYk+[LlUl\VZ�®u|^�[zu+c�^fkZl\^fT�¢ ±H£�a�¤³hjg Y8«d� 4 �Hcf] �8hdXZ�³«Z±��q^�u8hª[D]+^i
l\^fT�VD �l\�|^�hdkZly[�Zz^®�#hj�¯^�hdg 4 « YY_+cf]>«p�<k-l\�8hjg�cfVZ]t�qe8ly[LlWhdVZk³rql\�|^¬c�VZk|cfe|TWTW^fkZl�]+VzlWhjVZk
Vz �l\�|^��8hdgWl\VZk [zk|u2Vz �l\�|^+�D[�bx�Y^	�s[w�Y^�l\V-�¯^�c�VZk|gWhdu|^fTW^fu³«�´:hdXYeqTW^-���-u8hdg\�8bª[f©8g�l\�|^
u8hdg\�8bª[zc�^f]+^fkZl¼bª[f¥ Vz sl\�|^��8hjgÌl\VYk�[zk|u¬�D[Lbx�Y^J¥�hxl\��TW^�g���^fcilÐl\V�l\�q^�cfT\[Dk Zt[zk|Xzbj^�¢<a /�¤\«
±��|^�c�VZ]+�|e8ly[�lWhjVZk	^y²#l\^fk|u|g� ¡TWVZ]@l\�|^�VY�¯^fk8hdk|X�Vz :l\�|^H�D[Lbx�Y^�[�l * ��Y 5 �98ºl\V�hxl\g�cibjVzgWhdk|X2[�l	� 4 Y 5 �98�«)´:hdXYeqTW^2�f�'g\�|V�¥�g¬l\�s[�ltl\�q^·�8hdgWl\VZk¦hjg+gWlWhxbxb�]+V���hjkqX2e|�Z¥�[zTWu [Ll
l\�|^-�¯^fXDhdk|k8hdk|X2Vz �l\�|^��D[Lbx�Y^-VZ��^fk8hdk|X|«)±��|^>�D[�bx�Y^��¯^�Xzhdk|g¬hnl\g	cibdVYg�e|TW^·]+V��Z^f]t^fkZl
[�l	�Z�:Y:5<�;8�[zk|u'hdg�l\Vzly[Lbxbx©'cwbdVZg\^fu [�l®� 4 Y:5 �98/¥��8hxbd^+l\�|^	�8hdgWl\VZk2�¯^�Xzhdk|g�l\V�]+V��Y^
e|�Z¥�[zTWu·[�l��?(�Y:5 �98�«Z�<k	l\�|^��|TW^fg\^fkZl�cfVY]+�|e#ly[LlWhdVYkBr�l\�|^��D[�bx�Y^�hdg�cfVYk|gÌhju|^fTW^fu	cibdVYg\^fu
¥H�|^fk	hxl�hjg���]+]/cwbdVZg\^H ¡TWVY]@l\�|^�ci©�bnhdk|u|^fT��q^�[zu³« /�l�l\�|^��¯^fXDhdk|k8hdk|X�VD :l\�|^�cfVZ]t�qe8
ly[�lWhjVZk³rq¥�^�cfVZk|gWhdu|^fT�l\�s[�l�l\�q^�¸sV�¥ hdg�[�l�TW^fgWl�¥�hnl\�-�|TW^fg\g�e|TW^�[zk|u·uq^�kqgWhnlF©>^fo�es[�b:l\V
l\�|^ihdT�[Ll\]+VZg\�|�|^fT<hdc��D[�bje|^ hF« ^ � � � � � �:Y � � � � [zk|u � � � � �@��Vd���|� 
 � � V�� � 
 � « �}^�e|g\^
gWbxhd��c�VZk|u8hxlWhdVYk�[�l�l\�q^��¯VYe|kqus[DT<hd^fg�^i²qcf^f�8l�[Ll�l\�|^�hdkYly[	ZD^¬�8hd��^�¥��q^�TW^�l\�|^��D[Lbde|^¬VD 
l\�|^�¸se#² hdg�Xzhx�Y^fk>l\�qTWVYe|XZ�·[	�Dl\^�XZ^fT< �¦[DTW]¬hdk|X� ¡VZTW]�e#b [�lWhjVZk ,

� '�� � 8 & ¢�� ' ¤ � ' � 8 
 ¢�� ' ¤ � � � �
¥H�|^fTW^ � � � � hjg�l\�|^	[�l\]tVZg\�|�q^�T<hdc	gWly[�l\^	[�l�TW^fgWl , � � � � � ¢ � � � � � Y�� Y���� � � � ¤ � r+8 &¢ TW^fg\� 8 
 ¤¼hjg�l\�|^��¯VZgWhnlWhx�Y^®¢ TW^fg\��k|^fX�[LlWhx�Y^L¤��p[DT<lHVD 

8 � +.->¢ �  �®¢�� ¤ � � � ��¢�� ¤W¤
¥H�|^fTW^ �� �»¢ �  � � � ¤
hdg�l\�q^�VYe#lQ¥�[zTWu>e|k#hnl�k|VZTW]¹[�bÊ«

� ��� ( �9/2+ &'! �$�9&;�<� �5�
±��|^®cfVZk|cfe|TWTW^fkZl�]tVzlWhdVYk|g�Vz )l\�|^��D[�bx�Y^�[Dkqu �#hjgWl\VZk-hd]t�¯VZg\^�l\V ]tV��Y^¬l\�|^¬]t^fg\�-hdk
[zk	[Duq^�o�es[�l\^�¥�[f©Y« 1�^fc�[Deqg\^�l\�|^fg\^HlF¥�V�]+VzlWhjVZk|g�u|V�k|VDl��s[w�Y^�l\�|^�gy[D]+^Jl\T\[Dk|gÌb [�lWhjVZk
[�²#hjg�r�hxlUhjgUu8h�7¹cfe8bxl)l\V�g\�¯^�cihx ª©�l\�|^�]tV��Y^f]+^�kZl�Vz sl\�|^�]t^fg\��hdk¹[zk+[Dks[�bx©#lWhdc�[Lb8¥�[w©�«��YV
hdk|gWl\^�[zu�¥�^�cfVY]+�|e8l\^�l\�q^�]tVzlWhdVYk	Vz :l\�|^�]+^fg\�	�Z©>g\Vzbx�#hdk|X�l\�|^H ¡VDbxbdV�¥�hdk|X�b [z�8bª[Dcihª[Dk
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�|TWVZ�8bd^f] ,�*:^il ¢ e³r �s¤��¯^�l\�|^�g���^f^fu>Vz Ð^�[Dc��>]+^fg\����VzhjkZl\g�«q±��|^fk>¥�^�g�VDbx�Y^�,
��� �� � V � � Y®VZk � � V � � Y¬VYk ����� � � Y VYk¹l\�|^�ci©�bnhdk|u|^fT�gÌhju|^fg
� � �-VYk + � � � � VYk +�� � l\�|^�ci©�bnhdk|u|^fT�gÌhju|^fg ¢ 4 �z¤

/Hbnl\�|VZe|XZ�®kqVDl�l\VDly[�bnbx©®g�[LlWhdgW Ê[zcwl\VZT<©¹¢ hdk+�s[DT<lWhdcfe8bª[DTwrzl\�#hjg�[�bjXZVYT<hxl\�|] uqV8^�g�k|VzlÄ^y²#
cibde|u|^��¯VYg�gWhj�#bj^)cfTWVYg�gWhjkqX�Vz s]+^fg\���¯VDhdkZl\gw¤\r�l\�8hdg(l\^fcy�qk8hjo�e|^J�s[Dg���^f^fk� ¡VZe|k|u�g\e 7�cihj^fkZl
 ¡VZTÐl\�#hjg�c�[zg\^D«ZS¼TWVZ�8bd^f] ¢ 4 �z¤³hdgÄg�VDbx�Y^fu¬hjk�[zk+^ 7�cihd^�kZl)¥�[f©+�Z©¹[�cfVZkL~We|X�[Ll\^JXYT\[zu8hd^�kZl
[�bjXZVZT<hnl\�|] [Dkqu TW^f�|TW^fg\^fkZl\g�VZk8bn©�[+�Z^�T<©-]+V8u|^fgWl��s[DT<l�Vz ¼l\�q^�l\Vzly[Lb�c�VZ]+�|e8ly[�lWhjVZks[�b
lWhd]+^Z«

� ��� � �</2% #��	/
±��|^��|e|TW�¯VYg\^�VD Bl\�8hdg�g\^fcilWhdVYk¬hdg)l\V®cfVZ]t�p[DTW^Jl\�|^�TW^�g�e8bnl\g�VZ�8ly[�hjkq^�u+¥�hnl\�tl\�|^�g\^fc�VZk|u
VZTWu|^fT>£�^La g\c��|^f]+^ ¢F�����i�z¤�¥�hnl\�Nl\�|VYg�^ VZ�8ly[�hjkq^�uµ¥�hxl\� l\�|^-msTWgÌlWQVZTWu|^fT�hj]+�8bxhdcwhxl
g\c��|^f]+^·¢ 4 ¤�VZ�8ly[�hjkq^�u�e|gWhdk|X�[	msTWgÌlWQVZTWu|^fT�lWhj]+^	[zcfc�eqT\[Ll\^�u8hdg\cfTW^ilWh���[�lWhjVZk� ¡VZTW]�e8bª[8«
±��#eqg�lQ¥�V�cfVY]+�|e8ly[�lWhdVYk|g��s[w�Y^+��^f^fk��¯^�T< ¡VZTW]+^fu�VYk-l\�|^+gy[z]+^�]+^fg\��u8hdg\�8bª[f©Y^fu�hdk
´³hjXZe|TW^�� 4 ¥�hxl\��lQ¥�V�u#h �B^fTW^�kZlUlWhj]+^�gWl\^f�|g�«�´³hjXZe|TW^���[q« [�g\�|V�¥�g(l\�q^�]�[Dg�g(¸sV�¥§�Z^fTWg\e|g
l\�|^)cfT\[zkDZ�[Dk|Xzbd^¼VZ�8ly[�hjk|^fu�¥�hnl\��l\�|^UlQ¥�VHg\cy�q^�]+^fg�«w�Ìk�l\�|^fg\^)c�VZ]+�|e8ly[�lWhjVZk|g�ryl\�|^UlWhj]+^
gWl\^f�¶hjg�mq²q^fuµ[zk|u}cfVYTWTW^fg\�¯VYkqu|g�l\V'[��D[zT<h [�lWhdVYk}VD  [65�VD �l\�|^	cfT\[Dk Z2[DkqXDbd^D«{�Ql¬c�[zk
�¯^�k|VzlWhdc�^fu-l\�s[�lHl\�|^fTW^�hdg�[Lbd]+VYgWlHk|V	u8h��B^�TW^fk|cf^¬��^ilF¥�^f^�k�l\�|^¬TW^fg\e8bxl\g�VY�8ly[�hdk|^fu �Z©
l\�|^tlQ¥�V�g\c��|^f]+^�gf«Ð´³hjXZe|TW^���[8«¨�¶u8hjg��8b [w©qg l\�|^	TW^fg\e8bxl\g¬VY�8ly[�hdk|^fu'¥�hxl\�¦[>lWhd]+^	gWl\^f�
cfVZTWTW^�g���VZk|u8hdk|X'l\V}[��D[zT<h [�lWhdVYk§Vz +�:Y:57�;8�« /�X�[Lhdk¦l\�|^fTW^�hjg	[�bj]+VZgWl�k|V2u#h �B^fTW^�kqc�^
�¯^ilQ¥�^f^fk2l\�q^�g�^+lQ¥�V�cfe|T<�Z^�g+[zk|u'l\�|^¹�|TW^i�#hdVZe|g�lF¥�V�VYkq^�gf«:±��8hjg�hdk|u8hdc�[�l\^+l\�s[�l�l\�|^
lWhd]+^>[Dkqu g\�p[Dcf^	[zc�cfe|T\[zcihj^fg�[zTW^	k|Vzl®cfT<hxlWhjc�[�b) ¡VYT l\�|^	cfVY]+�|e#ly[LlWhdVYk}Vz �hjkZl\^fXZT\[Ll\^fu
o�es[zkZlWhnlWhd^fg�bnh ZD^�l\�|^�]�[zg\gH¸sV�¥�« 3HV�¥�^i�Y^fT�hx �VYkq^�hdg�hdkZl\^fTW^�gÌl\^�u-hdk�l\�|^¬u|^ily[LhxbÐVz ¼l\�|^
]+VzlWhjVZk+VD ¯l\�|^�¸sV�¥�rLb [zTWXY^�u8h��³^fTW^fk|cf^fgÄc�[zk+k|V�¥ �¯^�k|VzlWhdc�^fu¬hdk+l\�|^�TW^fg\e#bnl\g)VZ�8ly[Lhdk|^fu
�Z©�l\�|^)lF¥�V�g\cy�q^�]+^fg�«z´|VZT:hdk|gWly[zk|cf^DrD´³hjXZe|TW^���_�u#hjg\�#b [f©8g{l\�|^�gWl\TW^�[D]¬bxhjkq^�gU[LlU� 4 Y 5 �98
VZ�8ly[�hjk|^fu�¥�hxl\��[+lWhd]t^�gWl\^f�-VD &[ 5 �98�«p±��|^�VYTWX�[Dk#h���[�lWhjVZk·Vz Ðl\�q^�]+VDlWhdVZk·hdg�VYk�l\�|^
[f�Z^fT\[DXZ^	l\�|^-gy[z]+^	 ¡VZT�l\�q^>lF¥�V2g\c��|^f]+^�g ,¼±�¥�V�bª[zTWXY^ TW^�cihdTWcfe8b [�lWhdk|X2TW^fXzhjVZk|g�[DTW^
�|TW^fg\^fkZl®eqk|u|^fT�l\�|^+lF¥�V�gWhdu|^fg�Vz �l\�|^+�D[�bn�Z^Z« 1Äe8l�l\�|^�cf^fkZl\^fTWg®Vz �l\�|^��ZVYT<lWhdcf^�g¬[DTW^
�8hdXZ�|^fT)hjk+l\�|^�TW^fg\e8bxl\g�VZ�8ly[�hjk|^fu+¥�hnl\��l\�q^�g�^�cfVZk|u8FVYTWu|^fTUg\cy�q^�]+^�[zk|u+l\�|^H�YVZT<l\^y²	VZk
l\�|^¬T<hdXY�Zl�gWhdu|^�Vz ¼l\�q^�hdkZly[�Zz^��D[�bn�Z^�hdg�]�e|c���]+VYTW^�u|^i�Y^ibjVZ�|�¯^fu³«B±��|^fg\^�u8h��B^�TW^fk|cf^fg
[zTW^+^�]+�|�p[9�ihdg\^fu�hn �VZk|^�bjV8V�Z�g�hjk�l\�|^¬¸sV�¥/[DTWVZe|k|u�l\�q^®hdkZly[�Zz^+�D[Lbx�Y^·¢F´³hjXZe|TW^��L�#« [
[zk|u �z��«¨�¯¤\«{�Ql+c�[Dk}��^¹g\^f^�k¶l\�s[�l®l\�q^	g\^fcfVYk|u}VZTWu|^fT®g\c��|^f]+^ ¢F���L�i�z¤��|TW^fu8hdcwl\g¬l\�|^

gagihkj8l�m�m8n
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^y²#hjgÌl\^�kqc�^-Vz �lQ¥�V¶TW^�cihdTWcfe8b [�lWhdk|X TW^fXzhjVZk|g+VZk§l\�|^�e|�|�¯^�T�gÌhju|^�Vz �l\�q^·hdkZly[�Zz^��D[Lbx�Y^
¥H�8hnbd^�l\�|^fg\^�TW^fXzhjVZk�[DTW^H�s[zTW^ibn©¬��hjgWhd�8bd^�hdk+l\�|^HTW^fg\e8bxl\g�VY�8ly[�hdk|^fu®¥�hnl\�+l\�q^�mpTWgWl�VYTWu|^fT
g\c��|^f]+^Z«���Vzl\^�[�bjg�V+l\�s[LlHl\�|^���VZgWhxlWhjVZk·Vz Ðl\�q^�bxhjk|^�VD Ug\^f�s[zT\[LlWhdVYk��¯^wlF¥�^f^fk·l\�q^�lF¥�V
TW^fcihjTWcfe8bª[�lWhjk|X¬TW^fXDhdVZk�e|k|u|^fT�l\�|^H�D[�bn�Z^Hhjg��Z^fT<©	u8h �B^fTW^fkYl9,Y�Fl�hjg�[�bd]tVZgWl�gW©8]+]+^il\T<hjc�[�b
¥�hnl\�	TW^fg\�¯^fcil�l\V�l\�|^H�D[�bn�Z^Hhjk>´³hjXZe|TW^¬�L�#« �+¥��8hxbd^�hxl�hdg�g\�8hx ªl\^fu�VYk�l\�q^�bd^i ªl�hjk ´:hdXYe|TW^
�L�#« [8«
´³hjXZe|TW^	�)(+k|V�¥ g��|V�¥�g�l\�|^�TW^�g�e8bnl\g�VZ�8ly[�hjk|^fu��Z©>l\�|^¬g\^fcfVYk|u#QVZTWu|^fT�g\cy�q^�]+^�¢F�����i�z¤
¥�hnl\�¬[�lWhd]+^ÄgÌl\^���VD B��Y 5 �98�«i�Fl(hjg³hjkZl\^fTW^fgWlWhjkqX�l\VHk|VzlWhjcf^Ul\�s[�l:l\�|^fg\^)TW^fg\e8bxl\g¼[zTW^ÄcibdVYg�^�T
l\V�l\�|^�TW^fg\e8bxl\g(VZ�8ly[Lhdk|^fu�¥�hnl\��¢F�����i�z¤B[zk|u�[JlWhj]+^�gWl\^f��Vz +[:57�;8¶l\�s[Dk�[DTW^Ul\�|^�TW^fg\e8bxl\g
VZ�8ly[�hjk|^fu-¥�hnl\��l\�q^®mpTWgWl�VYTWu|^fT�g\c��|^f]+^t[zk|u'[�lWhd]+^+gWl\^f��VD  [:57�;8�«¯�<k'�s[zT<lWhjcfe8bª[zTwr
l\�|^�^y²#hjgÌl\^�kqc�^�Vz �lF¥�V¬TW^�cihdTWcfe8b [�lWhdk|X®TW^fXzhjVZk|g)VZk+l\�|^�e|�|�¯^�T��p[DT<l�Vz ³l\�q^�hdkZly[�Zz^H�D[Lbx�Y^
hdgt[zX�[Lhdk'�|TW^fu8hdcil\^�u§[zk|u¶l\�|^	�¯VYgWhxlWhdVYk¶VD �l\�q^�bnhdk|^	Vz �g�^��p[DT\[�lWhjVZk'hdg®[zX�[Lhdk2g\�#hn ªl\^fu
VZk>l\�q^�bd^w ªl�«p±��8hdg�hdk|u8hdc�[Ll\^�l\�q^�hd]t�¯VZT<ly[Dk|cf^�Vz (l\�|^�g\�s[�lWh [�b([Dcfcfe|T\[zci©	 ¡VYTJl\�8hdg�lF©8��^
Vz �c�VZ]+�|e8ly[�lWhjVZk³«s�Ql�hdg�¥�VYT<l\�']+^fkZlWhjVZk|k8hdk|X¹l\�s[Ll�hxl��s[zg�kqVDl��¯^�^fk��¯VYg�gWhj�#bj^ l\V>e|g\^
[¬lWhd]+^�gWl\^f��VD ��:Y:5<�;8»¥�hnl\��l\�|^�mpTWgWl�VZTWu|^fT�g�cy�|^f]+^D«¯±��|^ c�VZ]+�|e8ly[�lWhjVZk�^i²q�8bdV8u|^fu
T<hdXY�Zl���^i ¡VZTW^�� 4 Y:5�a�/ ¢ l\�#hjg�^y²q�8b [�hdk|g�l\�|^ �Y^fT<lWhdc�[�b(�s[zT<l�Vz (l\�|^�cfe|T<�Y^�u#hjg\�#b [f©Z^fu·hdk
´³hjXZe|TW^'��[8«¨u�¤\«³�Fl®hdg�bnh ZD^ibx©2l\�s[�l�l\�|^¹g\^fc�VZk|u¦�H^w¥�l\VYk�hnl\^fT\[�lWhjVZk}��^fT< ¡VZTW]t^fu¶hjk}l\�|^
¢F�����w�L¤(g�cy�|^f]+^�TW^ihdk8 ¡VYTWcf^fgUl\�|^HgWly[D�#hnbxhnlF©+VD pl\�|^�g�cy�|^f]+^D«Z±��|^fTW^i ¡VZTW^�[�l¼bd^�[DgWlU ¡VZTÐl\�8hdg
c�[zg\^Drql\�|^®eqg\^�Vz J[+g\^fcfVZk|u8QVZTWu|^fT�g�cy�|^f]+^�k|Vzl�VYk8bx©>hd]+�|TWV��Z^�gHl\�|^+[zc�cfe|T\[zci©>Vz ¼l\�|^
TW^fg\e8bxl\gH�|e8l�[�bdg\V®�p[DgH[+��^fk|^imscihª[LbBhdk8¸se|^fk|cf^�VZk	l\�|^ gWly[D�#hnbxhnlF©>Vz Ðl\�|^ c�VZ]+�|e8ly[�lWhjVZk³«
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3)4 � [657�98  ¢ �¯¤������w��g\cy�|^f]+^�¥�hxl\� 3)4 � [:57�;85 ¢ cL¤�´³hjTWgÌl�VYTWu|^fT�g\c��|^f]t^ ¥�hxl\�
3)4 � ��Y:57�;8º�¢ u�¤������w��g\c��|^f]t^�¥�hxl\� 3)4 � ��Y:5 �98
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±��8hjg)¥�VZT�Z¬�|TWVY�¯VZg\^fgJ[ XY^fk|^fT\[�bs]+^il\�|V8u+l\V�cfVZk|gWl\TWe|cil��8hdXY��VZTWu|^fT)hj]+�8bxhdcwhxl�g\cy�q^�]+^fg
[�l�l\�|^��|T<hdcf^	Vz �hjkZ�Y^fT<lWhdk|X�VZk8bn©2[¹msk8hxl\^	k�e|]���^fT�Vz �bxhjk|^�[zT�gW©8gWl\^f]+g�cfVZ]®hdk|X  ¡TWVY]
msTWgÌl�VYTWuq^�T g\cy�|^f]+^fg�«{´|VZT�l\�|^�c�[Dg\^+Vz �g\^fc�VZk|u'VZTWu|^fTwr³¥�^�u|^f]+VYk|gÌl\T\[Ll\^fu�l\�s[�l�l\�8hdg
k�e|]���^fT	c�[zkµ�¯^�[Dg+g\]�[�bnb�[Dg�VZk|^DrU¥H�8hxbj^��|TW^fg\^fT<��hjk|X¶l\�|^ bnhdk|^�[zT�gWly[D�#hnbxhnlF©§VD �l\�|^
g\c��|^f]+^Z«q�<k-�|T\[zcwlWhdcf^Drp�|V�¥�^i�Y^fTwrp¥�^��p[f�Y^  ¡VYe|kqu>l\�s[�l�hdk�g\VY]+^�c�[zg\^Dr#hnl�hjgH��^ilWl\^fT�l\V
�¯^fT< ¡VYTW] lQ¥�V+hxl\^fT\[LlWhdVYkqg�Vz Ðl\�|^�g\cy�q^�]+^t¢�����¤\r¯[Dk|u ¥�^�TW^fcfVZ]t]+^fk|u hjk-XZ^fk|^fT\[Lb:l\�8hdg
VZ�8lWhdVYkµ¢0/Hbxl\�|VZe|XY� hjk¶g\VY]+^¬c�[Dg\^fg�r�g\cy�q^�]+^	���i�w�¬XDhx�Y^fg��¯^ilWl\^�T TW^�g�e8bnl\g�l\�s[Dk}���L�i�
g\^f^�g\^fcilWhjVZk	�|«¨�8¤\« � ^�^f]t�q�s[DgÌh��f^Hl\�s[�l�¥��|^fk�[Dk�hxl\^fT\[LlWhx�Y^ ]t^il\�|V8uthjg�eqg\^fu	l\V¬g\VDbx�Y^
l\�|^Äbnhdk|^�[DT�gW©8gWl\^f]+g�r�l\�8hdg¼u|V8^fg�k|VDl�hj]+�8bx©�l\�s[�lÐl\�q^�cfVY]+�|e#ly[LlWhdVYkp[Lb�lWhd]t^ÄhjgUu|VZe|�8bd^�u ,
u|eq^�l\V®l\�q^�XYV8V8u�hdk8hxlWh [�bxhjgy[�lWhdVYk	Vz :l\�|^�hxl\^fT\[LlWhx�Y^�g�VDbx�Y^fT��|TWV��#hdu|^fu��Y©�l\�q^�msTWgWl�gÌl\^��Br
l\�|^-g\^fcfVZk|u¦bnhdk|^�[zT�gW©8gWl\^f]�hdg�]�eqcy� ]+VZTW^·gÌhj]+�8bd^fT+l\V g\Vzbx�Y^ l\�s[Dkµl\�|^�msTWgWl	VZk|^D«
�<k��|T\[zcwlWhdcf^Drp¥�^®^y²q�¯^�T<hd]+^fkYly[�bxbn©� ¡VYeqk|u�l\�s[Ll�g\c��|^f]+^®���L�i��hdg�VZk8bx©·bd^fg\g�l\�s[Dk [�Y��
]+VZTW^�^y²q��^fk|gWhx�Y^Jl\�s[zk®g\c��|^f]+^����w�i�D«z±��|^�k#eq]t^fT<hdc�[Lbs^y²q�¯^�T<hd]+^fkYl\g)TW^f�¯VYT<l\^fu¬hjk¬l\�8hdg
�s[z�¯^�TUcfVYkqcwbde|gWhx�Y^ibx©®g\�qV�¥¦l\�s[LlUl\�|^fg\^H£�^�cJg\cy�|^f]+^fg)�|TWV���hjuq^�[��Z^�T<©�hjkZl\^fTW^fgWlWhdk|X�¥�[f©
l\V�cfVZk|gWl\TWe|cil��8hdXZ�·VZTWu|^fT�hd]+�8bnhdcihnlH]+^wl\�qV8u³«
��� � 7 Â�Á %ª¾�Ã ` �'¾ 7 �
��^i�Y^fT\[�bs��VzhdkYl\g)hdk¬l\�8hdg)¥�VYT�Z��s[f�Y^H�¯^�^fk+u8hdg\cfe|g\g\^fu¬¥�hxl\� �8« /�«�£�v^fgWhdu�v^fT<hF« � ^�[�bdg\V

l\�s[zkDZ�S�« 3H^f] Zz^fT�¥H�|V	[LlWl\T\[zcil\g�VZe|TH[LlWl\^fkZlWhjVZk-VYk l\�|^�u8h �B^fTW^fkYlH¥�[f©8gHl\V+hjk#hnlWhª[Lbxh���^
l\�|^�£�^�c�hxl\^fT\[LlWhdVZk|g�hdk�c�VZk|k|^fcilWhdVYk¹¥�hxl\�·�s[zc�ZZ¥�[zTWu·u#h �B^fTW^�kZlWhª[LlWhdVZk> ¡VZTW]�e8bª[8«
±��8hdgUgWl\e|u8©+�s[zg¼�¯^f^�k¬g\e|�q��VZT<l\^fu®hdk¬l\�|^�cfVZkZl\^i²#l�Vz ³[�cfV8VY�¯^fT\[LlWhdVZk��¯^wlF¥�^f^fk¹��^i

ks[ze8bxlJ�s« /�«nr��Dhj]�e8bjVZX�[zk|u��W����� /§hdk®VZTWu|^fT(l\V�u|^i�Z^wbdVZ�t^ 7�cihj^fkZl¼k�e|]+^fT<hdc�[�b|]+^il\�|V8u|g
 ¡VZT�l\�|^ gWhj]�e8bª[LlWhdVYkqg�Vz (l\�|^�[z^fTWV8u8©8ks[D]¬hdcfg\VD (cfVZ]��|eqgWlWhjVZk>c��s[z]��¯^�TWgf«
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������ � �� �D�	"� r{����Y Y8r����Z� Y8«
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���	$ � � � �#� ����!N��
�*S� � � 2 �#� ���"! �%$ �'&	(& � r³�Z� 4 ,n�?( 4 �q��YD�8r./��|T<hnb����Z� 4 «

@BALg#@BC



���������	��
����
�������������������	������������� ���"!#��$%�&����(')�+*�����,�
	-/.���10�23��$/* �p�

� �Y� ����«ZS ��� � � ± [zk|u+± « £�«z±�/ � *�!���« ����$ � � ��,������	��,�2 � ���M!#��
	* ���	��k2 � ��
��k23��� «
���|T<hdk|XZ^fT<�T�^fT<b [zXpr���� ( 4 «

� ��� ����«Ñ£�«#���\a 3H± (�� � � [zk|u 	 « � « ( !��Ð±�!���« �U�	� �� ��� ��� $%����!N��
�*a���� �M�+������, 2 �
�Q,�2 � ������10�23��$/* «��<kZl\^�TWg�cwhd^fk|cf^Dr����Z_��#«

� � 4 ��SU�³«z� ! � «./��|�|TWVf²8hd]�[Ll\^�T<hd^f]�[Dk|k g\VDbx�Y^fTWg�r��s[zT\[D]+^il\^fTB�Y^fcil\VYTWgfrD[zk|u�u#h �B^fTW^�kqc�^
g\c��|^f]t^fg�«�� � ���	$ � � .&!1-	* � rq� 4 , 4 [���� 4 �8�Drq��� (q�Z«

� ���4� ��« £�«:T /�� /;* 1�/�£ /�r61H«	T /�� * � � ��rZ[Dk|u � « � «Z� !;1 � ��±��s« / cfVZ]+�s[DT\[�
lWhx�Y^¬gWl\e|u8©-VD UcfVY]+�|e8ly[�lWhdVYks[�bÐ]+^il\�|VZg�hdk�cfVYg�]®hdc�X�[DgHu8©8ks[z]¬hjcfg�« � *������� ��$/-
,	�+*S� *����� � ! -�* ����* r³�:Y.( , �z_�� (z�prp���.(Y�8«

� �:[ �"1�«+T /�� * � � ��«�±ÐV�¥�[zTWu|gHl\�|^+e8bxlWhj]�[�l\^+c�VZk|g\^fT<�D[�lWhjVZk�u8h��³^fTW^fk|cf^¬g\cy�|^f]+^¬��r
[�g\^fc�VZk|u8FVYTWuq^�T)g\^fo�e|^ib¯l\V®XZV8u|e|k|V�� � g�]+^il\�|V8u³«�� � ���	$ � � .&!1-	* � r 4 � ,d��Y|� ��� 4 _qr
���#�z�q«

� ��_ � 3�« aH« � � � «p�H�Y¥�hjkqut[zk|u�gÌ©q]+]+^il\T<hjcJg\�|V8c�Z�c�[z�8l\e|T<hdk|X�g\c��|^f]t^fg�« � � � � "D� �"! �
� ��$ �	�,�� 
 � $�
������� r ( [f©'��� (��#«

gagihkj8l�m�m8n
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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