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^bQ¡d�X8YLT4U�Y#Z9Y�Q@d\Qf4hiY�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�Qd�Y#k�^`Q¡d�X8Y=�1V@U9d�X4W�V@he^`Q8q
Z�Y�W�d�^bV3Q4Z�r
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s	X4Y=ORU�d�^`p0W�^�OR_5k�^�Z�Z9^bT4O%d�^`V@QvV@T0Y�U�ORd�V@U!^�Zma8f4^`_`dca�SvO~Z�n-^+d*W*X�V3�$f4Q4k�^b]^�k�Y#k�¿.ORT8_�O3W�^bO3Q�O3Q4k�a8^`��X4O3U�heV@Q8^bW\V3T;Y�U*O%d�V3U*Z�r
{(Q�U�Y�q@^`V@Q4ZiVR��X8^bq3X¬T8U�V@T0Y�U9d�S�q3U*O3k�^bY�Qd�Z��5d�X8Yja8^`��X0ORU�hiV@Q8^�WLV@T0Y�U�ORd�V@Ui^�Zed�f8U�Q4Y�k¬VR�Æ^bQtV3U*k�Y�Ued�V¡O�]3V3^�kzV@Z�W�^b_`_�O%d�^`V@Q4Z�r
{(Q¬Z9heV�VRd�X|U�Y�q3^bV3Q0Z���d�X4YLf8Q0k�^`]�^�k�Y�kz¿>O3T8_bO@W�^�ORQ¡V@T0Y�U�ORd�V3U\^bZcd�f4U�Q8Y#k|V3�¬^bQ�V@U�k�Y�U�d�Vvh�OR^bQd�O3^`Qz�RQ4k¡V@U�k�Y�U\O@W�W�f4U�O@W�S3r
}�Q�f8heY�U�^bW�OR_�T8U�Y#Z�Z�f8U�Y�Z�Y�Q4Z�V3U�^�Z\U�Y#Z9T;V3Q4Z�^ba8_`Y��1V3Ucd�X8^�Z\Z�n-^`d�W*X8^bQ8qPa;Y�d�n$Y�Y�Q¡d�X4Y�V3T;Y�U*O%d�V3U*Z�rvs	X8Y�Y���T4U�Y#Z�Z�^`V@Q��1V3U\d�X8Y
O3U9d�^+p;W�^�OR_"k�^�Z�Z�^bT4O%d�^`V@QLV@T0Y�U�ORd�V3U#�

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�Qd*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@Xa;V3f4U�ZmV3�	d�X8Y

i
��d�X

W�V3Qd�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�VY�Ï=W�^bY�Qd�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�QdFVR�.d�X8Y�d�^`heY�Z9d�Y�T��6}F½�Y�]3Y#k�V4�?¤#¥3¥�3�7r
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s	X4Y	�1V3U�hcf8_�O%d�^`V@Q��1V3U�d�X8Y-h�O%d�U�^`�cheV�k�Y�_8^�Z2Z�^`he^b_bO3U�d�V�d�X4Y-T8U�Y�]�^`V@f4Z9_bS�k�Y#Z�W�U�^ba0Y#kcV@Q8Y$�1V3U�d�X8YFN�}.¨o�theV�k�Y�_��RY��8W�Y�T�d
�1V@U5d�X8Y[k�Y�p4Q8^`d�^bV3Q=V3�;d�X8Y

Ai

d�Y�U�h�Z�r�{(Qed�X8^�Z�W�O3Z�Y3�Rd�X8Yo£O3W�V3a8^�ORQ\l4f���h�O%d�U�^�W�Y#Z��O3Z5k8Y�p4Q8Y#ke^`QLs>f8U��3Y�_4ORQ0ke¨5O%d�Z�O8�0¤�¥@¥R©4�
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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���^`Qd�Y�U�T4U�Y�d�Y�k=�1V3U
d�X8YmT8U�Y�Z�Y�QdFW�Y�_`_`��W�Y�Qd�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�Qd�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*ORQd-^bZ
K2 = 1/2

r
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«�U�Y�]^bV3f0Z9_bS3�0d�X8YiZ�W�OR_�ORU!ORQ4k~h�O%d�U�^`����]%O3_`f8Y#kjORU�d�^`p0W�^�OR_�k�^�Z�Z�^bT4O%d�^`V@Q~d�Y�U�h�Z[X0O�]3Yma;Y�Y�Q�W�V@Q4Z�d�U�f0W7d�Y#kjW�V@Q4Z9^�k�Y�U�^bQ8q�k�^`���
�1Y�U�Y�Qd�^�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$ª!��«thiV�k�Y�_?ORU�d�^`p0W�^�OR_?k�^�Z�Z�^bT4O%d�^`V@Q=d�Y�U�hØ^bQ~ORQ�^bQd�Y�U9��O@W�Y[^�Z
U�Y���^bQ@d�Y�U�T8U�Y�d�Y#k=�1V@U	d�X8Y�T8U�Y�Z�Y�QdFW�Y�_`_`�(W�Y�Qd�U�Y#k?����O3W�Y���a4O3Z�Y�k=p4Q8^`d�Ym]3V@_`f4hiY!�1U*ORheY�n$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*ORQd	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��FVY�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
��n-X8^bW*X~^�Z-W�V@hiT4f�d�Y#kLa�S�O3QjORU�^+d�X8heY�d�^�W�O�]3Y�U�O3q3Y[^bQLd�X8Y���O@W�Y3r

Â ò º òLÕLÄ?Ê�µ·±/²�Ì çV» ãc¾¿è>Ñ<ÙJ´`µ�Ú�»�¹;»L±�M:»PÃ"Ä/¾¿µ ¸¸µ·±/½|Ã"M;é/»L¶�»¡Ë�Û�Ì=Ü�°mÍ

s	X4Y\f8T�n-^bQ4kPk8^bZ�W�U�Y�d�^`½#O%d�^bV3QP^`QPd�X8YiT8U�Y�Z�Y�Qd!W�V3Qd�Y��d�^�Z[T;Y�U��1V3U�heY�k�a�Sgd�X4Ye�FVYcl4f����(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

r ��¤��3�
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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^`Qd�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��FVYmO�]@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�Qd�Z�d�X4Y�k8Y�p4Q8^`d�^bV3Q0Z	�1V3U
d�X8Y

r`
O3Q4k

α`

d�Y�U�h�Z	^`Qgd�X4YmT8U�Y�]�^`V@f4Z��1V3U�hcf8_�O%d�^`V@Q"r

Â ò ¾ ò`êÀÕ~Ã/å1ï¹Ì`»�M:ç6±.Å¸!¹�è�M%¸µ¿ç)±

s.V=O3W*X4^`Y�]3Y��%Q4kgV@U�k�Y�U-O3W�W�f8U*O3W�S�^`QjZ�T4O3W�Y��1V3U	d�X4Yiu$ªo��«ÉO3Q4kL���FÝo�tZ�W*X8Y�hiY#Z��4_`^bQ8Y�O3UFk�^�Z�d�U�^ba8f�d�^`V@Q4Z-VR��T8U�V3T;Y�U�d�^bY�Z
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^bQ�d�X8Y�Q4V3U�heO3_5k�^bU�Y#W7d�^bV3Q>r=}�]^bY�nÔVR�-Z9f0W*Xvq@U�^�kvW�ORQ�a0Ye�1V@f8Q4k�^bQ�w�^bq4r.�8re{(Qvd�X8^�Zmq3U�^bk"�"d�X4Y�T8_bORd�Y�Z9d�ORU�d�ZmORd
x = 1

r
s	X4Yiq@U�^�kj^�Z�OR_�Z9VgW�_bf4Z�d�Y�U�Y�kPQ8Y�O3U[d�X8Yil0O%d�T8_�O%d�Yi_bY�O3k8^`Q8qLY�k�q@Y\^bQPV@U�k8Y�Uod�V~O3W�W�V3f8Qdo�1V3U!d�X8Ye_�ORU�q3Y�q@U�O@k�^bY�Qd�Z[d�X4ORd�O3U�Y
Y���T0Y#W7d�Y#kg^`Qgd�X4^bZ-U�Y�q@^`V@Q"r

}[Q8VRd�X8Y�U\^`heT;V3U�d�O3Q@diO3Z�T0Y#W7d\W�V3Q4W�Y�U�Q8^`Q4q~d�X8^�Zmd�Y�Z9diW�O@Z9Y�U�Y�qORU*k8Z!d�X4Y=f4Z�ORq3Y�VR�FW�V@hiT4f�d�ORd�^bV3Q4O3_5U�Y#Z9V@f8U*W�Y�Z�a�Svd�X8^�Z
W�V3heT8f�d*O%d�^`V@Q4OR_@q3U�^bk?r>{(Qcw�^`q0r3¤3��U�Y�Z�^bk8f8Y2X8^�Z�d�V3U�^`Y#Z?�1V3U>a0V3d�XcW�Y�Qd�U�Y�kmO3Q4k�f8T�n-^`Q0k�Z�W*X4Y�heY�Z"W�ORQma;Y5�1V@f8Q4k!�1V3U�Z9^bhcf4_bORd�^bV3Q4Z
W�ORU�U�^bY�keV@Q=Oc��r �c·�µ[½[«�Y�Qd�^bf8hi��{(¨Æ«$uor�s	X8YFh�O%��^bhcf8h�U�Y�Z�^bk8f8YFVR�<d�X8YoW�V3Qd�^bQ�f8^+d�SiY��f4ORd�^bV3Q�^�Z5T8_bVRd�d�Y#k�^`Q=d�X8^�Z5p0q3f8U�Y3r
{�d[W�ORQ~W�_bY�O3U�_bS�a0YmV@a4Z�Y�U�]3Y�k=d�X4ORdF]3Y�U�S�_�ORU�q3Y�W�V@hiT4f�d�ORd�^bV3Q4O3_<d�^bhiY#Z-ORU�Y�Q8Y�W�Y�Z�Z�O3U�Si�1V3UFW�V3Q�]3Y�U�q@Y�Q4W�YFd�VeO3Q~Y�Q8q@^`Q8Y�Y�U�^`Q4q

Î
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æbõRè���ò(ú�ç*÷øð�ô

w�^bq3f8U�Ym�8û5���(xä]�^bY�nFZ	VR�.d�X8YmQ4Y�n¹q3U�^bkLV%]3Y�U	O\l0ORd-T8_bORd�Ymn-^`d�X��R�iT;V3^bQd�Z	^bQ4Z9^�k�Y�d�X8Yma0V@f8Q4k8O3U�S�_�O�S3Y�U�r

_bY�]@Y�_8V3�<O@W�W�f8U�O@W�S@r>s	X8^�Z2a0Y�X4O�]�^`V@f8U�h�O�Sca;Y-Y���T8_�OR^bQ8Y�k\a�S\Z�V3heY	f8Q4k�Y#Z9^bU�Y#keW*X4ORU*O3W�d�Y�U�^�Z�d�^bW�Z>V@a4Z9Y�U�]@Y�kc^`Qid�X4YFT8U�Y�]�^`V@f4Z�_`S
k8Y�Z�W�U�^`a;Y�kgq3U�^�k?�8Z9f0W*XgO@Z�û

• s	X8Y�Z�O3heY[q3U�^�k�Z9T4O@W�^bQ8qc^bQ=d�X8Y!Q8V3U�h�OR_0k8^`U�Y�W�d�^bV3Q�O3_`V@Q8qcY�]3Y�U�S\l0O%d$T8_bORd�Y!_`V@Q8q3^`d�f0k�^`Q0OR_<Z�d*O%d�^bV3Q>�n-X4^bW*X=U�Y�Z�f8_`d�Z�^`Qk�^`�;Y�U�Y�QdFQf4hca;Y�U-VR��W�Y�_`_�Z-^bQ4Z9^�k�Y!d�X4Yma0V@f8Q4k8O3U�S=_�O�S3Y�U-OR_bV3Q8q\d�X8Ym_bV3Q4q3^`d�f4k�^bQ4O3_"k�^`U�Y�W�d�^bV3Q"§

• ¿>O3U�q@YoZ9d�U�Y�d*W*X8^`Q4q\OR_bV3Q4q�d�X4Y!Q4V3U�heO3_;k8^`U�Y�W�d�^bV3Q�^bQ�V@U�k8Y�U�d�V\d�U�Sed�VeT8U�V%]^�k�Y!O\Z�f�Ï=W�^bY�Qd	Qf4hca;Y�U	VR�>T;V3^bQd�Z$^bQ4Z9^�k�Yd�X4Yma0V@f8Q4k8O3U�S=_�O�S3Y�U�§

• ¨2Y�U�S�_bO3U�q@Y=Q�f8hca;Y�U\VR�oW�Y�_b_bZc^`Q�d�X8YgW�V@hiT4f�d�ORd�^bV3Q4O3_�q@U�^�k�^`QzV3U*k�Y�Ucd�VPd�U�SPd�VPT8U�V%]�^bk�YLOPZ�f�Ï=W�^bY�Qd\Q�f8h\a0Y�U\VR�T;V3^bQ@d*Z	^`Q0Z9^�k�Y�d�X4Yma0V@f8Q4k8O3U�S=_�O�S3Y�U�§

• s	X8YmY��d�Y�U�Q4OR_<a;V3f8Q0k8ORU�^`Y#Z-ORU�Y�]3Y�U�S=W�_bV@Z�Y!d�Vid�X4YmT8_bORd�Y@r

• }Fa0Z9Y�Q4W�Y-V3�<O�Z�f�Ï=W�^bY�Qd5Q�f8hca;Y�U5V3�;T;V3^bQd�Z�^bQed�X8Y-a;Y�Q0k\V3�0d�X8YFa;V3f8Q0k8ORU�S�_�O�S3Y�U#�%n-X8Y�U�Y$d�X4Y-]^�Z�W�V3f0Z�U�Y�q3^bV3Qia0Y�Q4k8Zd�V�W�V3Q��1V@U�hØd�Ved�X8YmV@f�d�Y�U-T0V3d�Y�Q@d�^bO3_<l4V%nm�8ORQ0k�n-X8Y�U�Y@��d�X�f4Z��4W�V@Q4Z�^bk�Y�U�O3a8_bYoq@U�O@k�^`Y�Qd�Z	ORU�Y�Y���T0Y#W7d�Y�k?r
s	X4Y�Z�Ymq3U�^bk~W*X4O3U�O@W7d�Y�U�^�Z9d�^�W�Z$_`Y#O3kLd�V=Z�_bV%n W�V@Q�]3Y�U�q3Y�Q4W�Y!U*O%d�Y#Z��8O@Z-V3a0Z9Y�U�]@Y�k=^bQ�w�^`q0r"¤3�0k�f8Ymd�V�_bO3U�q@Yoq@U�^�k~Z�d�^+�<Q8Y�Z�Z��4ORQ4k
O3_bZ�V�k�f4Ycd�V=_bO3U�q@YcW�V@heT8f�d�ORd�^bV3Q4O3_>U�Y�Z�V3f8U*W�Y#ZFW�V@Q4Z�f8heT�d�^bV3Q�a;Y�W�ORf4Z�Y�V3�2d�X8Yi_bO3U�q@YmQ�f8hca;Y�U!VR��W�V3Qd�U�V3_.]3V3_bf8heY�Z[^`Q�d�X8Y
heY#Z9X"rjs	X8^�Z�Z�^+d�f4O%d�^`V@Q¡a0Y#W�V@hiY#Zmn$V3U*Z9Yi�1V3U�d�X8Y=f4Tn-^bQ4k¡W�O3Z�Y3�.d�Vjn-X8^�W*X�d�X8YLW�V3Q�]@Y�U�q3Y�Q0W�Yi^bZchcf4W*X¡Z�_`V%n$Y�U#�>ORQ0k�d�X8Y
W�V3heT8f�d*O%d�^`V@Q4OR_�W�V@Z9d�Z[T0Y�U[^`d�Y�U�ORd�^bV3Qj^bQ4W�U�Y�O@Z9Y�a�S~Oe��O3W�d�V@U[VR���8r[s	X8Y�Q�f8heY�U�^�W�OR_.U�Y#Z9f4_+dF�1V@UFd�X8^bZ!Z�^`h\f8_bORd�^bV3Q"�0X8V%n$Y�]3Y�U��
^�Z-]@Y�U�S=W�_bV@Z�Yod�Vid�X8Y�d�X8Y�V@U�Y�d�^�W�OR_?V@Q8Y3��Y�]3Y�QgORd[Z9f4W*XgU�Y�_�O%d�^b]3Y�_`S�X4^`q@XgU�Y�Z�^�k�f8Y�_`Y�]3Y�_"O3Z��8Z9Y�Y�Qg^`Qjw�^`q0r?¤3r

}ÆheV3U�YFZ9f8^`d�O3a8_bY[W�V@hiT4f�d�ORd�^bV3Q4O3_4heY�Z�X"�n-X8^bW*X=Z�V3_b]3Y#Z�d�X4Y[T8U�Y�]�^bV3f4Z�_`Sik�Y�Z�W�U�^ba0Y#keT8U�V@a8_bY�h�Z��W�O3Q�a0YoV3a�d*OR^bQ8Y�k?r�s	X8Y
W�V3U�U�Y#Z9T;V3Q0k�^`Q4q\heY�Z�Xgq3Y�Q4Y�U*O%d�V@U�T4_bO@W�Y�Z	Oif4Z�Y�U���T4U�V%]�^�k�Y�k�Q�f8h\a0Y�U-VR��W�V3heT8f8d�O%d�^`V@Q4OR_?W�Y�_b_bZ	^bQ4Z�^bk�Y!d�X8Yma0V@f8Q4k8O3U�S�_�O�S3Y�U�r
s	X4Y�Z�Y\W�Y�_`_�Z!ORU�Y�Y�]@Y�Q8_bSgZ�T4O@W�Y�kjO3_`V@Q8q�d�X8YcQ8V@U�h�O3_.k�^bU�Y#W7d�^`V@Q�ORQ4k~d�X8Y�S~Y��d�Y�Q4kjd�VLO�f4Z�Y�U���k�Y�p4Q8Y#k~X8Y�^bq3Xd��;q3^b]3Y�Qja�S~O
�$_�O3Z�^`f0Z���d�U*ORQ4Z9�1V3U�heY�k�_`Y�Q8qRd�X"�4n-X8^�W*X~^bZok�Y�p0Q8Y�k~O3Z

η = y

x

√
Rex

r$s	X8^�Z-X8Y�^bq3XdF]%ORU�^bY�Z-n-^`d�X~d�X8Y�_bV3Q8q@^+d�f4k�^bQ4OR_?T;V@Z�^+d�^`V@Q"�
�1V@_`_bV%n-^bQ8q�d�X4Y�d�X4Y�V3U�Y�d�^bW�OR_.q3U�V%n	d�XjVR��d�X8Y\a;V3f4Q4k8ORU�Sg_bO�S@Y�UFf8T�d�V�d�X8Y\]%O3_`f8YcVR�

η
ros	X8^�Zoq3U�^bkjW�V3Q4Z9d�U�f4W7d�^`V@Q�OR_b_`V%nFZ-d�X8Y

f0Z9Y�U-d�Ve�3Y�Y�TjOeW�V@Q4Z�d*ORQd-Q�f8hca;Y�UFV3��T;V3^bQd�Z	^bQ4Z�^bk�Y�d�X8Y�a;V3f8Q0k8ORU�S=_�O�S3Y�U-O3_`V@Q8qcd�X8Yml0ORd-T8_bORd�Ym_bY�Q8q3d�X"r�s	X8Y�ORf�d�V3h�O%d�^bW
Y���T0V@Q8Y�Qd�^�OR_�q3U�V%n	d�XPq@f4ORU*ORQd�Y�Y�Zod�X8Y�Q8V3U�h�OR_5k�^bU�Y�W7d�^`V@Qv_bY�Q4qRd�X¡O3Q4k�OgZ�f�Ï=W�^bY�Qd�_`Sv_`V%nÔQf4hca;Y�U�V3�	W�Y�_b_bZ�V@f�d�Z�^bk8Yed�X8Y
W�V3Q4Z9d�O3QdFq3U�^bkgZ9T0O3W�^bQ8qeVR��d�X4Yma0V@f8Q4k8O3U�S=_�O�S3Y�U�r2s	X8^�ZFZ�T0Y#W�^`p0W�q3U�^�kLW�V3Q4Z9d�U�f4W7d�^`V@QLU�Y��f8^bU�Y�Z$d�X4Ym�Q4V%n-_`Y#k�q3Y�VR��d�X4Y�l4V%n
�FY�S�Q8V3_�k8Z�Q�f8hca;Y�U#�@n-X4^bW*X=Z�X8V3f4_bk=W�V3U�U�Y#W7d�_`S\a0YoT8U�V%]�^�k�Y�kea�S\d�X8Yof4Z�Y�U#r�s	X8YoT8_�O%d�Yo_`Y�Q8qRd�X=^�Z2p8��Y�k�O3Z5V@Q8Y[O3Q4ked�X4Y[q3U�^�k
Y���d�Y�Q0k8Z5d�n$V�_bY�Q8q3d�X4Z�f8T4Z9d�U�Y�O3hÔd�X8Y[T4_bORd�YF_bY�O@k�^`Q4q�Y�k�q@Y[ORQ0k�V3Q8Y[_`Y�Q8qRd�X�OR_bV3Q8q�d�X8Y!Q8V3U�h�OR_4k�^bU�Y�W7d�^`V@Q"r�ÝoQ8Y[�f4O3U9d�Y�U5V3�
d�X8Y!Qf4hca;Y�U$VR�"T;V3^bQ@d*Z�Z�T;Y�W�^`p4Y#k�a�S\d�X8Y[f0Z9Y�U5�1V3U�d�X4Y[_bV3Q8q@^+d�f4k�^bQ4OR_<k�^bU�Y#W7d�^bV3Q�^bZ�T8_bO@W�Y#k�^`Q=d�X8Yod�n�V3��_bY�Q4qRd�X=Z�T4O@W�Y[O3X8Y�O@k
d�X8YmT8_�O%d�Y3�4O3Q4k=d�X8Y�U�Y#Z9f4_+d�^`Q8qeQ�f8h\a0Y�U-VR�.T;V3^bQd�Z-^�Z	T8_�O3W�Y�kgOR_bV3Q8q\d�X8YmT4_bORd�Y�_`V@Q8q3^`d�f0k�^`Q0OR_"k�^bU�Y#W7d�^`V@Q"r2s	X8Y�Z�Y�T0V@^`Qd�Z-O3U�Y
W�_`f0Z�d�Y�U�Y�k~Q8Y#ORU-d�X8Yml0ORd[T8_�O%d�Yc_`Y#O3k�^bQ8q�Y�k8q3Y�^bQjV3U*k�Y�UFd�V=O3W�W�V@f8Qd-�1V3UFd�X8Y�_�ORU�q3Y�U-q3U*O3k�^bY�Qd�Z$d�X4O%d�ORU�YmY���T;Y�W7d�Y�k~^bQ~d�X8^�Z
U�Y�q@^`V@Q"r

s	X4U�Y�Y\q@U�^�k8ZoX4O�]3Y\a0Y�Y�QPq@Y�Q8Y�U�ORd�Y#kjn-^+d�XPd�X8^�ZoheY#Z9X�q3Y�Q8Y�U*O%d�V3UF�1V@U[d�X8YeT8U�Y�]�^`V@f4Z�_`Sjk�Y#Z�W�U�^ba0Y#kPZ�f8a4Z�V3Q8^�Wml;O%d�T8_bORd�Y
l0V%nmr5x[^`�;Y�U�Y�Qd	Q�f8h\a0Y�U-VR��W�Y�_b_�Z	^`Q4Z�^�k�Y�d�X8Y�a;V3f8Q0k8ORU�S=_�O�S3Y�U#�Q4ORheY�_bS�¤#�8�4�R�iORQ0k�©�\T;V3^bQd�Z��8ORU�Y!W�V3Q4Z�^�k�Y�U�Y�k?��n-^`d�Xj�3�
W�Y�_b_bZ!V@f�d�Z�^bk8Y�d�X4Y\a;V3f8Q0k8ORU�S~_bO�S@Y�U#r!s	X8Y\f4Z�Y�U���k�Y�p4Q8Y#kja0V@f8Q4k8O3U�S~_�O�S3Y�U[X8Y�^`q@X@d�^bQ�d�Y�U�h�ZoVR�5d�X8Ye��_�O3Z�^bf4ZFd�U�O3Q4Z9�1V3U�hiY#k
W�V�V3U*k�^`Q0O%d�Yc^bZ

η = 6
ro}F_b_�q@U�^�k8Z-X0O�]3Yc¦4¤�T0V@^`Qd*ZoO3_`V@Q8qed�X8Y\_`V@Q8q3^`d�f0k�^`Q0OR_�k�^`U�Y�W�d�^bV3Q"ros	X8Y�Z�Y�q3U�^�k8ZFX4O�]@Y�_bY�Z�Z-d�X0ORQ�X4O3_+�

d�X8YmQ�f8hca;Y�U[VR��W�Y�_b_bZ	V3�.d�X8YmV3U�^bq3^bQ4OR_<q3U�^�k?��n-^+d�X~hcf4W*Xg_`Y#Z�Z-Z9d�U�Y�d*W*X8^bQ8qe^`Q4Z�^�k�Y�d�X8Y�a;V3f8Q0k8ORU�S=_�O�S3Y�U#��n-X8^�W*Xg^�Z	Y���T;Y�W�d�Y�k
d�V�q3f0ORU*ORQd�Y�Y	��O3Z9d�Y�U�W�V3Q�]@Y�U�q3Y�Q0W�Y	U�ORd�Y#Z��1V3U2d�X8YoZ�^bhcf8_�O%d�^`V@Q4Z�r�}�]�^bY�ntVR�<d�X4YFq3U�^bken-^`d�X��3�mT;V3^bQ@d*Z2^bQ4Z9^�k�Y[d�X8YFa;V3f4Q4k8ORU�S
_�O�S3Y�U-W�ORQga;Y��1V3f8Q4kg^bQjw.^bq4r0�8r

w�^bq3f8U�Y2©-T8U�Y�Z�Y�Qd�Z"a0V@f8Q4k8O3U�SF_�O�S3Y�U?U�Y#Z9f4_+d*Z?V3a�d*OR^bQ8Y�k�n-^`d�X�d�X8Y5T8U�Y�]�^bV3f4Z�_bS[k�Y�Z�W�U�^ba0Y#k!W�V3heT8f�d*O%d�^`V@Q4OR_Rq@U�^�k8Z�r�u�Y�Qd�U�Y#k
O3Q4kef8T�n-^bQ4keZ�W*X8Y�heY-U�Y#Z9f8_`d�Z5X4O�]3Y	a;Y�Y�Q=W�V3Q4Z�^�k�Y�U�Y�k\^`Qed�X8^�Z�p4q3f4U�Y@�@ORQ0kcd�X8Y�SiORU�YFW�V@hiT0ORU�Y�kcd�V�d�X4Y-d�X8Y�V3U�Y�d�^bW�OR_8�$_bO@Z9^bf4Z
Z�V3_bf�d�^`V@Q"r.{�d5^�Z2^bQd�Y�U�Y�Z9d�^bQ8q!d�VmV@a4Z�Y�U�]3Y�d�X4ORd5d�X8Y-f4Tn-^bQ4k\���FÝo�¡Z�W*X8Y�heYFORQ4k\d�X4YFN�}2s-xÆO3Q4k=u$ªo��«�heV�k�Y�_�Z2q3f0ORU*ORQd�Y�Y
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�Qd*ZcORQ|O3Q8V3h�O3_`S�^`Q

Ð
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