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d�U�Y�k|Z�W*X8Y�heY#ZcU�Y��
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^bQ¡d�X8YLT4U�Y#Z9Y�Q@d\Q
f4hiY�U�^�W�O3_5�1V@U�h\f8_bORd�^bV3Q"r�}�k�Y�Z�W�U�^bT�d�^bV3Q¡V3�-d�X8YgO�]�O3^`_�ORa4_`Y=heV�k�Y�_bZc^bZ\T8U�Y�Z�Y�Q
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d�O3^`Qz�RQ4k¡V@U�k�Y�U\O@W�W�f4U�O@W�S3r
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DIi
�8^�Z	q3^b]3Y�Qga�S

DIi =

nb∑

m=1

{(
Am +Ai

2

)[
ε2 (Qm −Qi) − ε4

(
∇2Qm −∇2Qi

) ]
}
� ���3�

n-X4Y�U�Y
m
U�Y�T8U�Y�Z�Y�Q
d*Z�d�X8YLQ8Y�^bq3X�a;V3f8U*Z�VR�-d�X8Y

i
��d�X¡Y�_bY�heY�Q@diORQ4k

nb
^�Zmd�X4Y=d�V3d�O3_�Q�f8hca;Y�U\VR�-Q8Y�^`q@X
a;V3f4U�ZmV3�	d�X8Y

i
��d�X

W�V3Q
d�U�V3_?]@V3_bf8heY3r2w8f4U9d�X8Y�U�heV3U�Y3�

∇2Qi =

nb∑

m=1

[Qm −Qi]
�
ε2 = K2 max (νi, νm)

�
ε4 = max (0,K4 − ε2)

�
νi =

∑nb

m=1
|pm − pi|∑nb

m=1
[pm + pi]

r �6Î@�

{(Q�d�X8^bZ�n�V@U��<�
K2

ORQ0k
K4

O3U�YeO3Z�Z�f8heY�kvY��
f4OR_�d�V
1/4

ORQ4k
3/256

�<U�Y�Z�T0Y#W7d�^`]@Y�_bS3r�s	X8Y
Ai

W�V
Y�Ï=W�^bY�Q
d�W�OR_�W�f4_bORd�^bV3QP^�Z
k8Y�Z�W�U�^`a;Y�kg^bQ~NPO�]
U�^bT8_`^�Z��;¤#¥3¦@¦\O3Q4kLNPO�]
U�^bT8_`^�Z��;¤#¥3¥@�8r�s	X8YmY���T8U�Y�Z�Z9^bV3Q��1V3U	d�X8Y�W�V�Y�Ï=W�^`Y�Q@d*Z	^bZ

Ai =

nf∑

k=1

sk

�
sk =

∣∣∣~qk · ~Sk

∣∣∣+ ak

∣∣∣~Sk

∣∣∣
� ��ÐR�

^bQjORQjO%d�d�Y�hiT8d-d�VeV3a�d*OR^bQgZ9d�Y#O3k�SLZ�d*O%d�Y�Z�V3_bf�d�^`V@Q4Z	n-X8^�W*XgO3U�Y�^bQ4k�Y�T;Y�Q0k�Y�Q
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�3�7r
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Ai
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O3U�Y�f4Z�Y�kL^bQ4Z�d�Y�O@k�V3�>d�X4Y�Z�W�OR_�ORU�d�Y�U�hÒ^bQ4Z�^bk�Y!d�X8Y�Z9f4hih�ORd�^bV3Qg^`Qg���;r>��Ð3�7r5s	X8Y
Ai

d�Y�U�h¢^bQg���;r>��Ð3�7��U�Y���^`Q
d�Y�U�T4U�Y�d�Y�k=�1V3U
d�X8YmT8U�Y�Z�Y�Q
dFW�Y�_`_`��W�Y�Q
d�U�Y�k"����O3W�Y���a0O3Z�Y�k�p0Q8^+d�Y���]3V@_`f8heY!�1U*ORheY�n$V3U��<��W�ORQga0Ymn-U�^`d9d�Y�QjO3Z

sk = |λ3|I +

[ |λ1| + |λ2|
2

− |λ3|
](

γ − 1

a2
k

E1 +
1

|~Sk|
E2

)
+

|λ1| − |λ2|
2ak

[E3 + (γ − 1)E4]
r �6¦@�

{(Qgd�X8^bZFY��
f4O%d�^`V@Q"��d�X4Y��1V3_b_`V%n-^bQ8qek�Y�p4Q4^+d�^`V@Q4ZFORU�Y�f4Z�Y�k

|λ1| = max(
∣∣∣~qk · ~Sk + ak |~Sk|

∣∣∣ , Vnλ)
� |λ2| = max(

∣∣∣~qk · ~Sk − ak |~Sk|
∣∣∣ , Vnλ)

�

|λ3| = max(
∣∣∣~qk · ~Sk

∣∣∣ , Vlλ)
�

λ =
∣∣∣~qk · ~Sk

∣∣∣+ ak |~Sk|
r �6¥@�

w4f8U�d�X8Y�U�heV3U�Y3�?^bQ�d�X8Y#Z9YiY���T8U�Y�Z�Z�^`V@Q4Z
Vn

_`^bhe^+d*Z�d�X8YeY�^`q@Y�Q�]%OR_bf8Y�Z!O3Z�Z9V�W�^bORd�Y�kPn-^+d�XPd�X8Y�Q8V@Q8_`^bQ8Y#ORU�W*X4ORU*O3W�d�Y�U�^�Z�d�^bW�p4Y�_�k8Z
n-X4Y�U�Y�O3Z

Vl

T8U�V%]�^bk�Y#Z-O�Z9^bhe^`_�ORU-_b^bhi^`d�Y�UF�1V@U	d�X8Y�_b^bQ8Y�O3U[W*X4ORU*O3W�d�Y�U�^�Z�d�^bW[p4Y�_bk8Z�r$��f4W*X~_`^bhe^+d�Y�U*Z[ORU�Y�f4Z�Y�kgQ8Y�O3U[Z9d�ORq@Q4O%d�^`V@Q
O3Q4k0Ó%V3ULZ�V3Q4^bWP_`^bQ8Y�Z��Fn-X8Y�U�YPd�X8YvY�^bq3Y�Q
]%O3_`f8Y#Z�O3T8T8U�V@O3W*Xt½�Y�U�V4�F^bQÉV3U*k�Y�U=d�V¬O�]3V@^bkt½�Y�U�V�ORU�d�^`p0W�^�OR_!k�^�Z�Z�^`T0O%d�^bV3Q>rÔs	X8Y
U�Y�W�V3heheY�Q4k8Y�k�]%OR_bf8Y�Z���s.f8U��@Y�_�O3Q4k�¨5O%d*Z�O4��¤#¥3¥3©
�[�1V3Umd�X8Y�Z�Y=_b^`he^`d�Y�U�Z��

Vn = 0.25
O3Q4k

Vl = 0.025
�>O3U�Y�f0Z9Y#k�^`Q�d�X8Y

T4U�Y#Z9Y�Q@d-Y��;V@U9d#r5w8f8U�d�X8Y�U�heV@U�Y@�

E1 = RT
1 R2

�
E2 = RT

3 R4

�
E3 = RT

1 R4

�
E4 = RT

3 R2

r �9¤��@�
n-X4Y�U�Y

R1 = {1, u, v, w, h, } �
R2 =

{
1

2
|~q|2,−u,−v,−w, 1,

} �

R3 =
{
0, Sx, Sy, Sz, ~q · ~S,

} �
R4 =

{
−~q · ~S, Sx, Sy, Sz, 0,

} r �9¤3¤#�

{(Q�d�X8Y�T8U�Y�]�^bV3f4Z�Y#�@f0O%d�^bV3Q0Z��
h = (e+ p) /ρ

^�Z�d�X4Y�Y�Q
d�X4O3_`T�S�ORQ4kvd�X4Y�ORU�Y�OL]3Y#W7d�V@Um^bZck�Y�p4Q4Y�k¡O3Z ~S = {Sx, Sy, Sz}
r

w4V3Ucd�X8YgN�}2s-x�O3U9d�^+p;W�^�OR_�k�^�Z�Z9^bT4O%d�^`V@Q¡heV�k8Y�_���^bQ|V@U�k�Y�U�d�Vvq3Y�diO~�1f8_b_`S�f8T�n-^`Q0k|Z�W*X4Y�heY=^bQ|Z9f8T;Y�U*Z�V3Q8^�WeU�Y�q3^bV3Q4Z��.d�X8Y
U�Y�W�V3heheY�Q4k8Y�kL]�O3_`f4Y��1V3U	d�X4Y

K2

W�V3Q0Z�d*ORQ
d-^bZ
K2 = 1/2

r
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�1Y�U�Y�Q
d�^�OR_�Z�^`Qvd�X8Y=W�V3Q4Z�Y�U�]3Y#kjT8U�V3T;Y�U�d�S�ORU�U�O�S@r\w4V3U!d�X8YLu$ª!��«×heV�k8Y�_F��£
ORheY#Z9V@Q"�2¤�¥@¥@�RO4§>£
ORheY�Z�V3Q"�2¤#¥3¥
�%a"§>��n	ORQ0Z9V@Q
Y�d�OR_�rb�8¤�¥@¥3¦@����d�X8YFO3U9d�^+p;W�^�OR_8k�^�Z�Z�^bT4O%d�^`V@Qcd�Y�U�heZ�ORU�Y$^bQ4Z9d�Y#O3kiW*X8V@Z�Y�QeO3Z2O�_b^`Q4Y�ORU5W�V3h\a8^`Q0O%d�^bV3QiVR�0d�X8YFW�V3Q4Z�Y�U�]3Y#k�T8U�V3T;Y�U�d�S
O3U�U*O�SeORQ4k�d�X8Y!l4f8�=]3Y�W�d�V@U�Z�r�s	X4Y!Z�Y�W�V3Q4k���V3U*k�Y�U�O3W�W�f8U*O%d�Y�u$ª!��«thiV�k�Y�_?ORU�d�^`p0W�^�OR_?k�^�Z�Z�^bT4O%d�^`V@Q=d�Y�U�hØ^bQ~ORQ�^bQ
d�Y�U9��O@W�Y[^�Z
U�Y���^bQ@d�Y�U�T8U�Y�d�Y#k=�1V@U	d�X8Y�T8U�Y�Z�Y�Q
dFW�Y�_`_`�(W�Y�Q
d�U�Y#k?����O3W�Y���a4O3Z�Y�k=p4Q8^`d�Ym]3V@_`f4hiY!�1U*ORheY�n$V3U��=O3Z$�1V@_`_bV%nFZ

DIi =

nf∑

k=1

dk

�
dk =

1

2
α∗ak|~Sk| (QR −QL) +

1

2
β
(
~PeR

− ~PeL

)
· ~Sk

�
α∗ = α− βMn

� �9¤#�3�

n-X4Y�U�Y ~P ^�Z-k�Y�p4Q4Y�kg^`Q~���;r>�6�@�	O3Q4k

α =

{
|Mn|

^`� |Mn| ≥ ε
1

2

(
ε+

M2

n

ε

) ^`� |Mn| < ε

�
β =

Z9^bq3Q
(Mn) min

(
1,max

(
0,

|q̄n| + |qn| − a

|q̄n| − |qn| + a

)) r �9¤��@�

{(QLd�X4Y�Z�Y!Y#�
f4O%d�^`V@Q4Z��
Mn = q̄n/a

^�Z�d�X8YmN�O@W*X�Q�f8hca;Y�U	^bQ�d�X8Y!��O3W�Y!Q4V3U�heO3_;k8^`U�Y�W�d�^bV3Q"�8W�V3heT8f�d�Y�k�O@Z
qn = ~q · ~S �8ORQ4k ε^�Z	O�d�X8U�Y�Z�X8V3_�k�^bQLV@U�k�Y�U5d�ViO�]@V3^�k�½�Y�U�ViORU�d�^`p0W�^�OR_<k�^�Z�Z�^`T0O%d�^bV3Q�Q8Y�O3U$Z9d�O3q3Q4ORd�^bV3Q=_b^`Q4Y�Z���W*X4V@Z�Y�Q�O@Z

ε = 10−8
^`Q�d�X8^�Z	n$V3U��;r

{�dF^�Z-^bheT0V@U9d*ORQ
d	d�VeU�Y�h�ORU���X8Y�U�Y!d�X4ORd-��O3W�Y�T8U�V3T;Y�U�d�^bY�Z	O3U�YmW�V@heT8f�d�Y#k�f0Z9^bQ8qid�X8Y��FV
Y�O�]@Y�U*ORq@YFT8U�V�W�Y�k�f4U�Ye���-V�Y@�"¤�¥@¦8¤3§
��n$O3Q4Z9V@QLY�d[OR_�r`�?¤#¥3¥@¦@�7��Y���W�Y�T�d-�1V@U

q̄
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s	X4Y\f8T�n-^bQ4kPk8^bZ�W�U�Y�d�^`½#O%d�^bV3QP^`QPd�X8YiT8U�Y�Z�Y�Q
d!W�V3Q
d�Y��
d�^�Z[T;Y�U��1V3U�heY�k�a�Sgd�X4Ye�FV
Ycl4f����(k�^+�<Y�U�Y�Q0W�YeZ9T8_b^`d9d�^bQ8qgheY�d�X4V�k
�6�-V�Y3�"¤#¥3¦4¤#�7r�w8V@U	d�X8^�ZFZ�W*X8Y�heY@��d�X8YmQ�f8heY�U�^�W�OR_<l0f��L^bQgd�X8Y

k
��d�Xg��O3W�Y�W�ORQga0Ymn-U�^`d9d�Y�QjO3Z

Eek =
1

2

[
EeL

+EeR
−
∣∣∣Ã
∣∣∣ (QL −QR)

] r �9¤�©
�

n-X4^bW*X~U�Y�Z�f8_+d*Z	^`Q

COi =

nf∑

k=1

(
Eek ı̂x + F ek ı̂y +Gek ı̂z

)
· ~Sk

�
DIi = 0
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{�d[W�ORQ~a;Y�Z9X8V%n-Q�d�X4ORd
∣∣∣Ã
∣∣∣ (QR −QL) =

∑

`

|λ`|α`r`
� �9¤�Î@�

n-X4Y�U�Y
λ`

^bZ�d�X4Y
`
��d�XLY�^bq3Y�Q
]%O3_`f8YoU�Y�_bORd�Y#k�d�V\d�X4Y!��f8_`Y�U	Y��
f4O%d�^`V@Q4Z��

r`
^bZ�d�X4Y�W�V3U�U�Y#Z9T;V3Q0k�^`Q4q�Y�^bq3Y�Q
]@Y�W�d�V3U$ORQ4k

α`

^�Z�d�X8Y
T4U�V3¸�Y�W7d�^`V@QPV3�5d�X8YeT8U�V3T;Y�U�d�Si¸�f8heT�ORdod�X8Ye^`Q
d�Y�U���O3W�Y\V%]3Y�Uo]@Y�W7d�V3U

r`
r�«5U�V3T;Y�U�d�^bY�Z!^`Qvd�X4Y\]@V3_bf8heYc��O@W�Y�Z�O3U�YiW�V3heT8f8d�Y�k

f0Z9^bQ8qid�X8Y��FV
YmO�]@Y�U*ORq3Y[T8U�V�W�Y�k�f8U�Y3�8O@Z	k�Y�d*OR^b_`Y#kL^bQ~�-V�Y3�?¤�¥@¦8¤@r�s	X8Y�W�^+d�Y�kLU�Y��1Y�U�Y�Q4W�Y!O3_bZ�VeT8U�Y�Z�Y�Q
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d�X8Y~W�V3U�U�Y�W7dcZ�V3_bf�d�^`V@Q|n-^+d�X�OR_b_�d�Y�Z9d�Y#k¡q3U�^�k¡W�V3Q8p4q3f8U*O%d�^`V@Q4Z�r�s	X8YLN�}.¨o��W�Y�Q@d�U�Y#k¡Z�W*X4Y�heY�T8U�Y�Z�Y�Q
d*ZcORQ|O3Q8V3h�O3_`S�^`Q
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w�^bq3f8U�Y~©4ûj¿>O3he^`Q4O3Uea0V@f8Q4k8O3U�S¡_�O�S3Y�U�Z\V%]3Y�UiOvl0ORdeT4_bORd�Y~V3a�d*OR^bQ8Y�kzn-^`d�X�k�^`�;Y�U�Y�Q@del4f8�zW�V@hiT4f�d�ORd�^bV3QtZ�W*X8Y�heY�ZeORQ4k
W�V3heT8f�d*O%d�^`V@Q4OR_?q@U�^�k8Z�r

d�X8Y=a;Y�Q4k�V3��d�X8Y�a0V@f8Q4k8O3U�SP_bO�S@Y�U�T8U�VRp4_bYi�1V3U�d�X4Y=q3U�^bk4Zon-^`d�X|O~Z�h�OR_b_`Y�UmQ
f4hca;Y�UmVR�	T;V3^bQ@d*Zm^bQvd�X8Y�_�O�S3Y�U#�>O@ZmOR_bU�Y#O3k�S
]@Y�U�^+p0Y�k?r$s	X8Y�V@Z�W�^b_b_bORd�^bV3Q"�8Q4Y�]3Y�U9d�X8Y�_bY�Z�Z��8k�Y�W�U�Y#O3Z�Y�Z	n-^`d�X~d�X4Y�^`Q0W�U�Y�O3Z�^bQ8qeQ
f4hca;Y�UFV3��Z�f4W*XjT;V3^bQ@d*Z�r���^+d�Xjd�X4Ym©@�%��T;V3^bQ@d
q@U�^�kgW�V3Q8p4q3f8U*O%d�^`V@Q"�
d�X8Y�W�V3U�U�Y#W7d-Z9V@_`f8d�^bV3Q~W�ORQga;YmV3a�d*OR^bQ8Y�kgn-^`d�Xgd�X8Y�NP}>¨!� heV�k�Y�_6r

{(Q�d�Y�U�h�Z$VR�.W�V3heT8f�d*O%d�^`V@Q4OR_;U�Y#Z9V@f8U*W�YFf4Z�ORq@Y3�@d�X8Y#Z9Y!Q8Y�nÉq3U�^bkLW�V@Q�p4q3f4U�ORd�^bV3Q4Z�ORU�Y[hcf0W*X�W*X8Y�O3T0Y�U�d�X4ORQLd�X4YoV@U�^bq3^bQ4OR_
W�V3heT8f�d*O%d�^`V@Q4OR_0hiY#Z9X>r�w�^bq3f8U�Y[��T8U�Y�Z�Y�Q
d�Z�W�V3U�U�Y�Z�T0V@Q4k�^bQ8q�U�Y#Z9^�k�f8Y-X8^�Z9d�V3U�^bY�Z��1V@U5d�X4YFT8U�Y�]�^`V@f4Z�_`Sck8Y�Z�W�U�^`a;Y�k�Z�^`h\f8_�O%d�^bV3Q0Z�r
{(Q�d�X8^�Zmp4q@f8U�Y@�.V@Q8Y=W�O3Q|W�_bY�O3U�_bS�V3a0Z9Y�U�]@Y\d�X8Y=^bQ4W�U�Y�O@Z9Y�^bQ�d�X4Y�W�V@hiT4f�d�ORd�^bV3Q4O3_2d�^bheY=n-^+d�X¡d�X4Y=^`Q0W�U�Y�O3Z�^bQ8q~Q
f4hca;Y�U�V3�
T;V3^bQ
d�Z�r={�d�^�Z�OR_�Z9Vg^bQ@d�Y�U�Y�Z9d�^bQ8qgd�VjV@a4Z9Y�U�]@Ycd�X4O%d#�>^bQ�d�Y�U�h�ZmVR�$V3Q8Y�^`d�Y�U�ORd�^bV3Q�VR�-N�}.¨o�m�?d�X8Y=N�}2s-x¢hiV�k�Y�_5^�ZmORa;V3f�d
©�d�^`heY#Z�heV3U�YgY���T0Y�Q4Z9^b]3Y@��n-X4Y�U�Y�O3Zid�X8Yvu$ªo��«Ø^bZid�n-^�W�Y�O3Q4kzd�X8Y~���FÝo��^bZ�ORa;V3f�d�p4]@Y3rÉ�[Y�]3Y�U9d�X8Y�_bY�Z�Z��$O3_`_-heV�k�Y�_�Z
a4f�d[N�}.¨o� T8U�Y#Z9Y�Q
d�Y�kLW�V@Q4Z9^�Z9d�Y�Q
d-ORQ4k�f8Q�]%ORU�S
^bQ8q\a0V@f8Q4k8O3U�S�_�O�S3Y�U$Z�V3_bf�d�^bV3Q0Z�d�X8U�V3f8q@X8V3f�d	OR_b_;d�X8Y�q3U�^�k�W�V@Q�p4q@f8U�ORd�^bV3Q4Z
d�Y�Z9d�Y#k?row4f8U9d�X8Y�U�heV3U�Y3�0Y�]3Y�Q~�1V3U[d�X8Y\hiV
Z�d!Y���T;Y�Q4Z�^`]@YcW�O@Z9Yc^`QPw�^bq4r<���0d�X8Y#Z9YiZ9^bhcf8_�O%d�^`V@Q4ZFO3U�Y�h\f4W*X�W*X8Y#ORT;Y�UFd�X4ORQ�d�X8Y
V@Q8Y�Z2W�V3Q4Z�^�k�Y�U�Y�k\^`Q�w�^bq4r3��r�s	X8^�Z�U�Y#Z9f4_+d#�@OR_bV3Q4qon-^`d�Xid�X4Y-V3Q8Y#Z�T8U�Y#Z9Y�Q
d�Y�k\^bQiw�^bq4rR©0�3W�V@U�U�V3a;V3U*O%d�Y5d�X4Y-T8U�Y�]�^`V@f4Z�O3Z�Z9Y�U9d�^`]@Y
d�X4O%d	q3U�^�k=k�Y�Q0Z9^`d�S�ORQ4k=d�V3T;V3_bV3q@S\X0O�]3Y[OiZ�d�U�V@Q8q�^bQ�l4f8Y�Q4W�Y!^bQ�a;VRd�X�Q
f4hiY�U�^�W�O3_;Z�V3_bf�d�^`V@Q�O3W�W�f8U*O3W�SiO3Q4k=W�V@Q�]3Y�U�q3Y�Q4W�Y@r.}
Z�f8^`d�O3a8_`Ymq@U�^�kgW�V3Q8p4q3f8U*O%d�^`V@Q�X4O@Z	a0Y�Y�Q~V3a8d�OR^bQ8Y#k=d�Vin-X4^bW*XjW�V@heT8f�d�ORd�^bV3Q4O3_<U�Y#Z9f8_`d�Z-O3Q4k~W�V@Q
]@Y�U�q3Y�Q4W�Y!ORU�Y!O@W�W�Y�T�d�O3a8_bY3r

� ò å1ç6±.MX¾·è/²4µ¿±4½�Ì`»�¶ ³-¹! "Å

s	X4YmT4ORT;Y�U-T8U�Y�Z�Y�Q
d*Z�U�Y�Z�f8_`d�Z	V@a�d�O3^`Q8Y#k�n-^`d�XjO\p4Q8^`d�Ym]@V3_bf8heYmW�V�k�Y�k�Y�]3Y�_bV3T;Y�k�d�V�Z�V3_b]3Yod�X8Y��[}[�o�LY#�@f0O%d�^bV3Q0Z	V%]3Y�U
O3Y�U�V@Z�T4O3W�Y!W�V3Q�p0q3f8U*O%d�^`V@Q4Z�r�s	X8YmW�V�k�Ymf0Z9Y#Z-Oi�Ff8Q8q3Y��� �f8d9d�O\d�S�T;Y�Z�W*X8Y�heYod�V�T0Y�U9�1V@U�hÒd�^bhiYmh�O3U�W*X8^bQ8q0r�s	X4Yol0f���Y�Z-V@Q
d�X8Y�]3V@_`f8heY[��O3W�Y#Z�O3U�Y!W�V@hiT4f�d�Y#k=a�SeY�^`d�X8Y�U	O\W�Y�Q@d�U�Y#k�Z�W*X8Y�heYoT8_`f0Z�Y���T8_`^�W�^`d�_bS=O3k4k�Y�k=O3U9d�^+p;W�^�OR_<k�^bZ�Z�^`T4ORd�^bV3Q�d�Y�U�h�Z�V@U$O
�RQ4kgV3U*k�Y�U$l4f8�
�(k�^`�;Y�U�Y�Q4W�Y�Z�T8_`^`d9d�^`Q4q�f8T�n-^`Q4k~Z�W*X8Y�heY@r�s	X4U�Y�Y�O3U9d�^+p;W�^�OR_?k�^�Z�Z�^`T0O%d�^bV3QgheV�k�Y�_�Z-ORU�Y!W�V3Q4Z�^�k�Y�U�Y�k�d�Ve^bQ4W�_bf4k�Y
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w�^bq3f8U�YL�8ûc�-Y�Z�^�k�f8Y=X8^�Z9d�V3U�^bY�ZmV@a�d�O3^`Q8Y#k�n-^+d�X�k�^`�;Y�U�Y�Q@dml0f���W�V3heT8f�d*O%d�^`V@Q|Z�W*X8Y�heY�Z�O3Q4k�hiY#Z9X4Y�Z�V%]@Y�U!d�X4Y=l0ORd�T8_bORd�Y
W�V3Q�p0q3f8U*O%d�^`V@Q"r

d�X8YmQ�f8heY�U�^bW�OR_"k�^`�<f4Z9^bV3Q~^bQ
d�Vid�X8Y�W�V3heT8f�d*O%d�^`V@Q4OR_"W�V�k8Yo�1V@U	d�X8Y�W�Y�Q
d�U�Y�kgZ�W*X8Y�heY3r
u�V@heT4ORU�^bZ�V3Q0ZeVR��Q
f4hiY�U�^�W�O3_Fa;V3f8Q4k4ORU�S�_�O�S3Y�U*Zi�1V3ULO�½�Y�U�VR��T8U�Y�Z�Z9f4U�Ygq3U*O3k�^bY�Q
d�l0ORd=T8_�O%d�YP_bO3hi^bQ4O3U�l4V%n¶n-^+d�Xtd�X8Y

W�V3U�U�Y#Z9T;V3Q0k�^`Q4qjd�X8Y�V3U�Y�d�^bW�OR_��$_�O3Z�^`f0Z\Z�V3_bf�d�^bV3Q|Z�X8V%n�d�X8Y�_bY�]@Y�_$VR�oO@W�W�f4U�O@W�S�d�X4O%d�W�O3Q|a;Y�V3a8d�OR^bQ8Y#k¡n-^+d�X|d�X8YLT4U�Y#Z9Y�Q@d
�1V@U�h\f8_�O%d�^bV3Q>r5{�d[^�Z-V3a4Z�Y�U�]3Y#k=d�X4O%d-d�X8YcZ�W�O3_bO3UFORU�d�^`p0W�^�OR_"k�^�Z�Z9^bT4O%d�^`V@Q~hiV�k�Y�_"T8U�Y�Z�Y�Q
d�Z-Oe]@Y�U�S=_�ORU�q3Ymk�Y�T;Y�Q0k�Y�Q4W�SLV@Qgd�X8Y
q@U�^�k�k�Y�Q4Z�^`d�SPORQ4kPd�V@T0V@_`V@q3S@r\w8V@U!d�X8^�Z�heV�k8Y�_��.ORa;V3f8d�©
�LW�Y�_b_bZ�^bQ4Z�^bk8Y\d�X8Yea0V@f8Q4k8O3U�Sj_�O�S3Y�UmORU�Y\U�Y��
f8^bU�Y#kjd�V~W�V3U�U�Y#W7d�_`S
Z�V3_b]3Y�d�X8Y\a0V@f8Q4k8O3U�SL_bO�S@Y�U-l4V%nmrFs	X4YcN�}2s-x´heV�k8Y�_��;O@ZFn$Y�_b_.O3ZFd�X8Y�u$ªo��« ORQ4kgd�X8Y\�-V�YiZ�W*X8Y�heY�Z��4U�Y��
f8^bU�YmV@Q8_`S�¤��
T;V3^bQ
d�Z!d�VgO@W*X8^`Y�]3Ycd�X8Y�Z�ORheY\_bY�]@Y�_�VR�$O3W�W�f8U*O3W�S@rc·!U�^�kPd�V3T;V3_bV3q@S
��^bQ4k�Y�T0Y�Q4k�Y�Q
d�W�V3Q�]@Y�U�q3Y�kjZ�V3_bf�d�^`V@Q4Zo�1V3UmOR_b_�hiY�d�X8V�k8Z��
X4V%n�Y�]3Y�U#��ORU�Yo]@Y�U�S�W�_bV@Z�Y!d�Vid�X4Y�d�X8Y�V3U�Y�d�^�W�O3_"�$_bO@Z9^bf4Z	Z9V@_`f8d�^bV3Q"r

s	X4Y�Z�YPZ�W*X4Y�heY�Z=O3U�Y�O3_bZ�V|W�V@heT4ORU�Y�kz^`QÉd�Y�U�h�Z�VR��W�V3heT8f�d*O%d�^bV3Q0OR_FU�Y�Z�V3f8U*W�Yjf0Z�O3q3Y3r {�dL^�Z=V@a4Z9Y�U�]@Y�k�d�X4ORd�_�ORU�q3Y�U
W�V3heT8f�d*O%d�^`V@Q4OR_>d�^bhiY#Z[O3U�YmU�Y��
f8^bU�Y#kL�1V3UoNP}2s-xc�"u$ªo��« ORQ4kg���FÝo�ÉZ�W*X8Y�heY�Z[n-X8Y�Q�W�V3heT4O3U�Y#k�d�V�d�X4YcN�}.¨o�äheV�k�Y�_�r
�[Y�]@Y�U�d�X8Y�_`Y#Z�Z��"Z9f0W*X�Z�W*X8Y�heY#Zo�@Y�Y�T�d�X4YeZ�V3_bf�d�^`V@Q�O@W�W�f4U�O@W�S~n-^+d�X�Z�f4W�W�Y�Z�Z�^`]@Y�_bSg_bY�Z�Z!U�Y�p4Q8Y#kPheY�Z�X8Y#Z��"n-X4^bW*Xv^bZ�Q8V3dmV3a��
Z�Y�U�]3Y#kin-^+d�Xed�X8Y[NP}>¨!�thiV�k�Y�_6r�w�^`Q0OR_b_`S@�3d�X8YFT8U�Y�Z�Y�Q
d5U�Y�Z�f8_+d*Z2W�V@U�U�V3a;V3U*O%d�Y�d�X8YF^bQ8^+d�^bO3_0O@Z�Z�Y�U�d�^b]3Y$d�X0O%d5q3U�^�kik8Y�Q4Z�^+d�SiORQ4k
d�V3T;V3_bV3q@SiX0O�]3Y[OiZ�d�U�V@Q8q�^bQ�l4f8Y�Q4W�Y!^bQLa;VRd�X�Q�f8heY�U�^bW�OR_<Z9V@_`f8d�^bV3Q�O@W�W�f4U�O@W�SeORQ4k=W�V3Q�]3Y�U�q@Y�Q4W�Y3r���f8^`d�ORa4_`Y!q3U�^bk�W�V3Q8p4q3f8U*O%�
d�^`V@Q4Z	ORQ4k�l4f���W�V@heT8f�d�ORd�^bV3Q�Z�W*X8Y�hiY#Z�O3U�Y[T8U�Y#Z9Y�Q
d�Y�k=^`Q�d�X8^�Z$n�V@U��\d�V\n-X8^bW*XgW�V@hiT4f�d�ORd�^bV3Q4O3_4U�Y�Z�f8_+d*Z�O3Q4k�W�V3Q�]3Y�U�q@Y�Q4W�Y
O3U�YmO@W�W�Y�T�d�O3a8_bY3r

# ò`óeM� V±/ç�Ê ¾¿»L²4½6¶�»L±Ì¸�Å

s	X4Y~O3f�d�X4V3U*Zen�V@f8_bkz_b^`�@YLd�V¡O3W*��Q8V%n-_bY�k�q@Y~u�V3Q0Z9Y�_`X8V¡�oO3W�^bV3Q0OR_-k�Y�xoY�Z�Y�Q�]3V@_`]�^bhiY�Q
d�V|u�^`Y�Q@d%$+p;W�V�Yjs>Y#W�Q8V@_'&@q3^�W�V4�
u$�[«��;�8n-X8^�W*X�T4O3U9d�^bO3_`_bS�Z9f4T8T0V@U9d�Y�k=d�X8Y�T8U�VR¸�Y#W7d�f4Q4k�Y�U$d�X8Y�{(Q@d�Y�q@U�ORd�Y�k=«5U�V3¸�Y�W�d	�-Y#Z9Y#ORU*W*XL·!U*ORQ
d$�[V4r8�R�4¤#�R�@�
Ó3�R�3�@�%�9Ð�r

¥



���������	��

�����
������������.$3Ç"65
'87:9;9�<@ ": � ";®= ;/^� �1
;�F'%�
�-�������[0!/	'� � ���������)0Ç�^���X���("65
'$9�<
&÷9#¯#°R±

( òLÌ`»�Û÷»�¹�»L±.MX»�Å

}[_`_bh�ORU*O3Z��o�<rb���3�3�
���ou�V3Q
d*ORhe^`Q0O%d�^bV3QÆVR�\¿.ORhe^`Q0ORUL�$V@f8Q4k8O3U�S�¿>O�S@Y�U*Z�a�SÉ}FU�d�^`p0W�^�OR_�xo^bZ�Z9^bT4ORd�^bV3QÆ^bQ �oO�]�^`Y�U9���
d�V@�3Y#Z
��V@_`f8d�^bV3Q4Z���)9«5U�V�W�Y�Y#k�^`Q4q@Z�VR�	d�X8Ygu�V3Q8�1Y�U�Y�Q4W�Y�V3Q¡�Ff8heY�U�^�W�O3_�NjY�d�X8V�k8Zm^bQ|w�_`f8^�k¡xoS
Q0ORhe^bW�Z+*3���-Y#O3k�^bQ8q4�.�5Q8q@_bO3Q4k?�
ªo er

}[½�Y�]3Y�k8V4�3£0rR¿5r3w$rb�4¤#¥3¥@�8�3ÝoQcd�X8YFx[Y�]3Y�_`V@T8heY�Q
d2VR�?ªFQ4Z9d�U�f4W7d�f8U�Y�ke·!U�^�k\w�^bQ8^`d�Y-¨2V3_bf8heY[��V@_`]@Y�U*Z>�1V@U5µF^bq3X���T;Y�Y�kew�_bV%nFZ��
�-Y�T0V@U9dF�os$����ÐR���(}o���2����Ó%¥
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{(Q4Z�d�^+d�f�d�V=k8Y�}	Y�U�V3Q4�3f�d�^�W�O\Y���Z9T0O3��V0�4�<r4£0r0u$ORheT;V@Z��4��«�r

}[½�Y�]3Y�k8V4�>£0r>¿5r"w$rb�.w�^bq3f8Y�^`U*O~k8Oj��^`_b]%O8�>¿�r>w$r`��ORQ4k��
d�U�O3f4Z�Z��>x\r`���R�@�8¤3�.ÝoU*k�Y�U!V3�	}-W�W�f8U*O3W�SP�
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