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j&gRa,gR^:��p&b�� V�C p�(&p2?@dob�� c�k�iS]�[fd
� _:b�dG]�i�[ut/�D% d/e [fa4��dG]�p�iS]�i�[ogRp,b�i dG] _:k�c�n&r�i�[ogRp c�b dG]
r�gRa4��dob��
[fi:k8r ]�dor�n�dG]�i:gR[f_:b c�b��
b�p��:b�a$#�dob�� c�b
p�[fmhb ]�n��=gRp0i8k�i:k
c�k�r�_�[fi	� VFE b
rSj(]���[fi�_:b&�:n�[fmR]�p�i b����$g��:b�_S]Qp&g�� r�gRp0i�_�[6#�n�i�[ogRp��G��gRn�_8]�a,k�df[ogR_:b�_
dG]E_:g�#�n���i:b��H�:bQc�b�� a,g
c1��dob��
]�mhb�rFr�gRp0i�_S]�[fp�i:b�c�b4t gR_�a,b2r:j&gR[
�:[
� V
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�-,/. 021#3547698
:<;=35>?6#1
� b r:j(]���[fi�_:b�k�i�n&c�[obZd/eX]�a,k�df[ogR_S]�i�[ogRp c�bZdG]�_:g�#�n���i:b��	�Sb c�b�� r�gRp�i:gRn�_	�=]Rr�i�[ut/��r�gRp�i�_S]�[fp0i	�4�(]�_ dG]�t gR_�a,b

b�i�c�b��:i�[fp&k��'%s_:k ]�df[
�:b�_�n�p&b=a�[
�:b=b�p.r�gR_�_:b��	�$gRp&c&]�p&r�b b�p0i�_:b=dob��B#,+�i�[fa,b�p�i	� r ]�_�i:gR^`_S]���j�[
@0n&b�� b�i�d/e [fa=]�^hb V
E b5#�n�i�c�e n�p i:b�d _:b�r ]�dG]�^hbZb��:i�c�eX]Rr�r�_:gA@oi�_:b dG]Ir�gRj&k�_:b�p&r�bZr ]�_�i:bCB/[fa=]�^hb ] (&pAc�b5�$b�_�a,b�i�i�_:bZn�p&b=c�k�i:b�r�i�[ogRp
c�bEp&gRp2B r:j(]�p�^hb�a,b�p�i$��n1#��Sk�@0n&b�p�i:b'( ]�#�dob V � gRn��)��_:g���g��:gRp��Qc�eX]�a,k�df[ogR_:b�_Qdob��4a,g�c1��dob��Qc�b r�gRp�i:gRn�_	��]Rr�i�[ut/�
��_:g���g��:k��4]�nqrSj(]���[fi�_:b���_:k�r�k�c�b�p0i�] (&p;c�eX]Rr�r�_:gA@oi�_:b dob�n�_ ��gRn�mhgR[f_Qc�b�_:b�r ]�dG]�^hb V�E ]5��_:b�a�[
��_:b�r�gRp0i�_�[6#�n�i�[ogRp
r�gRp���[
�:i:b %"��_:g���g��:b�_ n�p ]�df^hgR_�[fi�j�a,b c�elg���i�[fa�[
�S]�i�[ogRpIc�[ .�k�_:b�p0i �$gRn�_ d/elb���i�[fa=]�i�[ogRp c�b�� �(]�_S]�a7��i�_:b�� c�b*�$g��Sb
_:b�p&c&]�p�i dG]Fr�gRp�i�_S]�[fp0i:b2c�b t gR_�a,b\[fp0m`]�_�[G]�p0i:b"�(]�_ i�_S]�p��Nt gR_�a=]�i�[ogRpI^`dog�#(]�dob V1E ]'�:b�r�gRp&c�b4b���i _:b�dG]�i�[fmhb-%2d/e [fp2B
�:b�_�i�[ogRp;c�n�a,g
c1��dobFp0n�a,k�_�[
@�n&bEc�b'��n�_Nt/]Rr�bEDGF �9HJI c&]�p��\dob2i:b�_�a,bEc�eX]�i�iS]Rr:j&b,]�n���c�gRp�p&k�b��4c�b��4r�gRp0i:gRn�_	�
]Rr�i�[ut
� V�; p&b i:b�dfdob _:b!��_:k��Sb�p0iS]�i�[ogRpAb��:i4r�gRa4��dok�a,b�p�iS]�[f_:bZc�bEd/e [fa=]�^hb7�+]�i:b�dfdf[fiS]�[f_:b,b�i"�$b�_�a,b�iQn�p&b a,b�[fdfdob�n�_:b
c�[
�:r�_�[fa�[fp(]�i�[ogRpAc�n #,+�i�[ c�n;_:b���i:b c�b dG]=�:r���p&b V�E ] i�_:gR[
��[
��a,b [fp�p&g@mR]�i�[ogRp._:b�^0]�_:c�b d/e [fp&r�gR_��$gR_S]�i�[ogRp.c�e n�p&b
r�gRp�i�_S]�[fp0i:b4c�b t gR_�a,b m`]�_�[G]�p0i b�pZtLgRp&r�i�[ogRp c�b d/elb����(]Rr�b\b�i c�n i:b�a4��� V � b�dfdobCB r�[$b��:i c�b���i�[fp&k�b)%2r�gRp�t k�_:b�_ ��dfn��
c�bLK(b��
[6#�[fdf[fi:k�]�n��Pr�gRp�i:gRn�_	�4]Rr�i�[ut
�Q] (&pqc�bFdob�� _:b�p&c�_:bFa,gR[fp��)�:b�p��:[6#�dob��\]�n���a�[fp�[fa=]=dog
r ]�n��Pc�b�d/elk�p&b�_�^`[ob
a�[fp�[fa�[
�:k�b V Y4b�� _:k��:n�dfiS]�i	� b�� ��k�_�[fa,b�p0iS]�n�����_:g���g��:k�� b�p>(&psc�bQrSj(]���[fi�_:b"�$b�_�a,b�i�i:b�p�i c�elk�m`]�dfn&b�_ dG] r�gRp0i�_�[MB
#�n�i�[ogRpIc�b\r�b�� i�_:gR[
�G�:gRdfn�i�[ogRp��*%E]Rr�r�_:gA@oi�_:b4dG]2_:g�#�n��:i:b��	�:b\b�i d/elbCN=r ]Rr�[fi:k�?�b�p i:b�_�a,b4c�b
i:b�a4��� c�b\r ]�dor�n�d ?�c�n
_:b�r ]�dG]�^hb2r ]�_�i:bCB/[fa=]�^hb V

�-,PO QSRT35>VU�WX35>V6Y1Z476Y[
:
RJ35\]8<\%R�^_W`47WaU�bc3d47\%Re8
\
Tsim

^_W`4fWYg?hY6`4i>P35j_U�\k8
:
Rd>/U�^
g?\cl

� gRa�a,b p&gRn�� d/elk�mhgF@�n�[ogRp�� b�p4�:b�r�i�[ogRp U&Vnm�Vnm ?Rdob a�[fp�[fa�n�a c�b d/elk�p&b�_�^`[ob c�b r�gRp0i�_S]�[fp�i:b
c�b tLgR_�a,b c�k�r�_�[fi:b
c�b t ]po�gRpF^hk�p&k�_S]�dob b�pEk�@0n(]�i�[ogRpqDsr V � I ��b�n�i p&b �(]�� ] mhgR[f_ c�b �:gRdfn�i�[ogRp ]�p(]�dut
i�[
@�n&b c�b��3�(]�_S]�a7��i�_:b�� ξi∈(1,...,N)c�b4dG] i�_S]�p���tLgR_�a=]�i�[ogRps^`dog�#(]�dob T v

Jshape (φ, ψ) =

∫

Ω
D (φ (x) , ψ0 (Tx)) dx Dsr V � I

gpw D _:b!��_:k��:b�p�i:b n�p&b�c�[
��iS]�p&r�b a,b���n�_S]�p�iQdG]��:[fa�[fdG]�_�[fi:k,b�p0i�_:b dG]=t gR_�a,b�c�n;r�gRp�i:gRn�_F]Rr�i�[ut φ b�i4dG]ZtLgR_�a,b
c�b _:k�t k�_:b�p&r�b ψ0

V � elb��:i�dob r ]��Pc�b d/elk�p&b�_�^`[ob.tLgR_�aFn�dok�b.b�p k�@�n(]�i�[ogRpeD U&V r UxI gpw D (φ (x) , ψ0 (Tx)) =

(H (φ (x)) −H (ψ0 (Tx)))2 b�i T = Tsim D N = 4
I�Vzy c�k�t ]�n�i=c�eX] mhgR[f_Zn�p&bPb�� ��_:b��H��[ogRp t gR_�a,b�dfdob�c�b��

�(]�_S]�a7��i�_:b��-@�n�[ ]�n�_S]�[fiQ_:b�p&c�n d/eX]��1��_:g
r:j&b,[fp�i�_�[fp��	��@�n&b�?�[fd b���i2]�dogR_	�Qp&k�r�b��	�S]�[f_:b�c�b dob��Qb���i�[fa,b�_"�(]�_2g���i�[MB
a�[
�S]�i�[ogRpqp0n�a,k�_�[
@�n&b�]�nPr�gRn�_	�4c�n ��_:g�r�b��	�:n��
c�elk�mhgRdfn�i�[ogRp c�nqr�gRp�i:gRn�_2]Rr�i�[ut V YQ]�p��<{ ��� ? � m ? ��� r1? � U}| ?&dob��
]�n�i:b�n�_	� ��_:g��$g��Sb�p0i c�b r ]�dor�n�dob�_ p�n�a,k�_�[
@0n&b�a,b�p�i dob�� �(]�_S]�a7��i�_:b��8c�e n�p&b&��[fa�[fdf[fi�n&c�b ��dG]�p&b c�[f_:b�r�i:b
a�[fp�[fa�[MB
�S]�p�i d/elk�p&b�_�^`[ob2c�b4d/elk�@�n(]�i�[ogRp D U&V r UxI �(]�_ c�b��:r�b�p�i:b2c�b4^`_S]Rc�[ob�p0i Vi~ p�]�]�dogR_	� @0n(]�i�_:bQk�@�n(]�i�[ogRp�� _:b�dG]�i�[fmhb��&%

��� m
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rSj(]Rr�n�pPc�b��*�(]�_S]�a7��i�_:b��\c�b Tsim ?�%7�S]�mhgR[f_ d/elk�rSj&b�dfdob s ?�dG]E_:gRiS]�i�[ogRp θ b�i dG] i�_S]�p���dG]�i�[ogRp µ v




sn+1 = sn + ∆tsF
(
φ, ψ0, s

n, θn, µnx, µ
n
y

)

θn+1 = θn + ∆tθG
(
φ, ψ0, s

n, θn, µnx, µ
n
y

)

µn+1
x = µnx + ∆tµxM

(
φ, ψ0, s

n, θn, µnx, µ
n
y

)

µn+1
y = µny + ∆tµyN

(
φ, ψ0, s

n, θn, µnx, µ
n
y

)
Dsr V � I

gpw n b��:i dob _S]�p�^�c�b d/e [fi:k�_S]�i�[ogRp2? φ b�i ψ0
�:gRp0i dob�� b�p��:b�a$#�dob�� c�b
p�[fmhb ]�n�� _:b!��_:k��:b�p0iS]�p�i _:b�����b�r�i�[fmhb�a,b�p0i dob

r�gRp�i:gRn�_ ]Rr�i�[ut b�i dG]2tLgR_�a,b4�&� ���
����� V ∆ts ? ∆tθ ? ∆tµx
b�i ∆tµy

�:gRp�i dob�� �(]��8i:b�a4��gR_:b�d
� ]��	�:g
r�[ok��*%�rSj(]Rr�n�p&b
c�b��4c�b��:r�b�p�i:b��Qc�b�^`_S]Rc�[ob�p�i2b���i�[fa=]�p0i4dob�� �(]�_S]�a7��i�_:b��Qc�b Tsim V�E bFc�k�iS]�[fd c�b��4b�� ��_:b��	�:[ogRp��\c�b��
t gRp&r�i�[ogRp��
F ,G,M b�i N b��:i c�[
���$gRp�[6#�dob�c&]�p��L{ ��� | V

E elb���i�[fa=]�i�[ogRp c�b��2�(]�_S]�a7��i�_:b�� ^`_H+Rr�b ]�n��-@�n(]�i�_:b c�b��:r�b�p�i:b�� c�n'� t���i	��a,b#Dsr V � I ��b�n�i3�Sb _:k�mhk�dob�_ b���i�_���a,bCB
a,b�p�iB��k�_�[fdfdob�n��:b V2E b7�$gR[fp�i�c�k�df[or ]�iFb���iQdob,_:k�^`dG]�^hb,c�b��-�(]��Qi:b�a4��gR_:b�d
��c�b��B@0n(]�i�_:b,c�b��Sr�b�p0i:b��F_:b�dG]�i�[fmhb��$%
rSj(]Rr�n�p c�b�� �(]�_S]�a7��i�_:b�� V y dogR_	�&@0n&bEr:j(]�@�n&b c�b��:r�b�p0i:b b���i�[fa,bFn�p �(]�_S]�a7��i�_:b ] mhb�rEn�p �:b�p�� ^hk�gRa,k�i�_�[
@�n&b
c�[ .�k�_:b�p0i9D i�_S]�p���dG]�i�[ogRp2?0_:gRiS]�i�[ogRp2?0k�r:j&b�dfdob I ?�[fd(b���i tLgR_�i ��_:g�#(]�#�dob @0n&b dG]4m�[fi:b��H�:b c�b
rSj(]�@0n&b c�b��:r�b�p0i:b
p&b �:gR[fi
�(]��8dG]Fa���a,b V	y i�[fi�_:b4c�elb���b�a4��dob�?
dG]Fc�b��:r�b�p0i:b4b���i�[fa=]�p�i dG]2_:gRiS]�i�[ogRpIc�b�m
_S]�[fi���i�_:b #�[ob�p a,gR[fp��8_S]���[oc�b&@�n&b
r�b�dfdob���c�bFdG]Zi�_S]�p���dG]�i�[ogRp V � b!�$b�p&c&]�p�i�?�[fd p elb��
[
��i:b�]�n&r�n�p r ]Rc�_:b i�j&k�gR_�[
@�n&b��$b�_�a,b�i�iS]�p�i�c�b r�dG]�_�[ ((b�_2r�b�i�i:b
@�n&b���i�[ogRp;r�b$@�n�[ c�gRp�p&bFdf[ob�n %,c�b��\_:k�^`dG]�^hb��4b�a4��[f_�[
@�n&b��Qc�[MN=r�[fdob���?$[fp���iS]�#�dob��4b�i [fp2K&n&b�pTo ]�p�iQd/elb���i�[fa=]�i�[ogRp
c�b��7�(]�_S]�a7��i�_:b�� V C p�(&p2? d/e [fp�i:b�_PB c�k!�$b�p&c&]�p&r�bqc�b��4@0n(]�i�_:bIc�b��Sr�b�p0i:b��=c�b ^`_S]Rc�[ob�p�i�t/]�[fi�@�n e n�p&bIa=]�n�m`]�[
�:b
b��:i�[fa=]�i�[ogRp c�e n�p=�(]�_S]�a7��i�_:bQc&]�p�� n�p&b c�b��:r�b�p�i:b\mR]B#�[G]�[
�:b�_8dob��8]�n�i�_:b�� ]�n=�$gR[fp�i8c�b
t ]�[f_:b\c�[fmhb�_�^hb�_ _S]���[oc�bCB
a,b�p�iQd/elg���i�[fa�[
�S]�i�[ogRp V YQ]�p�[ob�d � _:b�a,b�_	� a,b�p�i�[ogRp�p&b�dob$��_:g�#�d
��a,bEc�n;_:k�^`dG]�^hb c�b��4c�b��:r�b�p0i:b��Qc�bF^`_S]Rc�[ob�p0i	�
c&]�p��<{ m � | V

; p&b4]�dfi:b�_�p(]�i�[fmhb)��dfn��8j&b�n�_:b�n��:b)@0n&b p&gRn�� ]�mhgRp�� rSj&gR[
��[ob4b���i d/e n�i�[fdf[
�+]�i�[ogRpsc�b
d/eX]�df^hgR_�[fi�j�a,bQc�n������ �������
D dob�c�k�iS]�[fd
c�bIr�b�i=]�df^hgR_�[fi�j�a,b�b���i�_S]��1��b�dokIb�i�[fdfdfn���i�_:ksb�p ]�p�p&b���b�� I�V ~ p a�[fp�[fa�[
�:b�]�dogR_	�,d/elk�p&b�_�^`[ob�c�b
r�gRp�i�_S]�[fp0i:b�c�b2tLgR_�a,bFb�� ��g��:k�b2b�pqk�@0n(]�i�[ogRp Dsr V � I b�pPi�_:gRn�mR]�p�i n�p �Nb�nqc�b N �(]�_S]�a7��i�_:b��\g���i�[fa=]�n��qb���i�[MB
a,k�� ��[fa�n�dfiS]�p&k�a,b�p�i V�E elg���i�[fa�[
�S]�i�[ogRp9�:b\t/]�[fi*�(]�_ _:kCK(b���[ogRp2?&b����(]�p���[ogRp�b�i r�gRp0i�_S]Rr�i�[ogRp;c�e n�p ��gRdut:��c�_:b2c�b
N +1 �:gRa�a,b�i	�8c&]�p�� d/elb��	�(]Rr�b
c�b�� �(]�_S]�a7��i�_:b�� V�E eX]�m`]�p0iS]�^hb4c�n>��[fa4��dob��=b���i d/eX]�#��Sb�p&r�b c�b �(]�_S]�a7��i�_:b�� c�b
_:k�^`dG]�^hb
[fp2K&n&b�pTo ]�p0i tLgR_�i:b�a,b�p�i dob _:k���n�dfiS]�i c�elg���i�[fa�[
�+]�i�[ogRp V � b�i�i:b ]��1��_:g
r:j&b�?ha,gR[fp�� �:b�p���[6#�dob
]�n�� a�[fp�[fa=]
dog
r ]�n��,c�b d/elk�p&b�_�^`[ob�?0b��:i ��dfn�� _:g�#�n���i:b @0n&b dG]2c�b��:r�b�p0i:b c�b ^`_S]Rc�[ob�p0i V � elb���i n�p&b a,k�i�j&g
c�b c�elgR_:c�_:b"! k�_:g D p&b
p&k�r�b��H��[fiS]�p0i"�(]�� dobFr ]�dor�n�d c�nq^`_S]Rc�[ob�p0i2c�bFdG]�t gRp&r�i�[ogRp c�bFr�g$#�i I ��dfn��"%,a���a,b c�bFi�_:gRn�mhb�_4n�pPa�[fp�[faFn�a
c�e n�p&bQtLgRp&r�i�[ogRp�p&b�dfdob�p&gRp ��i�_�[or�i:b�a,b�p0i\r�gRp0mhb���b V�C p�(&p2?&dob"�:[fa4��dob�� b���i r ]��(]�#�dob�c�b4a�[fp�[fa�[
�:b�_
c�b�� t gR_�a,b��
��dfn�� r�gRa4��dob���b�� c�elk�p&b�_�^`[obQc�b4r�gRp0i�_S]�[fp�i:b2c�b tLgR_�a,b�?�] mhb�r)��dfn�� c�b �(]�_S]�a7��i�_:b�� %Fb��:i�[fa,b�_�? �+]�p�� p&k�r�b��H��[fi:b�_
dob�r ]�dor�n�d i�j&k�gR_�[
@0n&b�c�b��
c�k�_�[fmhk�b�� �(]�_�i�[ob�dfdob�� ∂Jshape

∂ξi
[fp�j&k�_:b�p0i\]�n��Ic�b��:r�b�p�i:b��
c�bQ^`_S]Rc�[ob�p�i V

� b!�$b�p&c&]�p�i�?�dob ��[fa4��dob��F]
n�p&b8r�gRa4��dob��
[fi:k8r ]�dor�n�dG]�i:gR[f_:b ]Rr�r�_�n&b �(]�_ _S]��1��gR_�i %
dG] c�b��:r�b�p�i:b c�b ^`_S]Rc�[ob�p�i V
C p;b�.�b�i�?$dG]=r�gRp��:i�_�n&r�i�[ogRp [fi:k�_S]�i�[fmhb�c�b��&�SgRa�a,b�i	�\c�n ��[fa4��dob��qc�b�a=]�p&c�b d/elk�mR]�dfn(]�i�[ogRp c�bFdG]=tLgRp&r�i�[ogRp c�b
r�g$#�i Jshape @0n�[�b���i ]�[fp���[�b�.�b�r�i�n&k�b4c�b p&gRa$#�_:b�n��:b�� t gR[
� c�n�_S]�p0i dob&��_:g
r�b��	��n�� c�b4r�gRp0mhb�_�^hb�p&r�b V

Jshape b���i
n�p&bF[fp0i:k�^`_S]�dob'��n�_ i:gRn�i
dob2c�gRa=]�[fp&bEc�b2d/e [fa=]�^hbEb�i
[fa4��df[
@�n&b2n�p&bFr�gRa4��dob��
[fi:kEr ]�dor�n�dG]�i:gR[f_:b k�dob�mhk�b�?(r�bB@�n�[
]�n�^`a,b�p�i:b�_S] ��[f^`p�[ ((r ]�i�[fmhb�a,b�p0i�dob���i:b�a4���Fc�bZr ]�dor�n�d �(]�_F_S]��1�$gR_�i�%IdG]Ic�b��:r�b�p�i:bZc�b=^`_S]Rc�[ob�p0i V ~ p ��b�n�i
p&k ]�p�a,gR[fp��2df[fa�[fi:b�_\dobEr ]�dor�n�d [fp0i:k�^`_S]�d c�b Jshape ]�n �:b�[fp;c�e n�p&b$#(]�p&c�b k�i�_:gR[fi:b'��gRn�_\c�[fa�[fp�n&b�_QdG]=rSj(]�_�^hb
r ]�dor�n�dG]�i:gR[f_:b V E elb�����_:b��	��[ogRp�c�b4d/elk�p&b�_�^`[obFc�b4d/elk�@0n(]�i�[ogRp�D U&V r UxI c�b�m
[ob�p0i ]�dogR_	� v

Jshape (φ, ψ) =

∫

Ω
N (φ (x) , εb) (H (φ (x)) −H (ψ (x)))2 dx Dsr Vnm I

gpw�dG]FtLgRp&r�i�[ogRp N (φ (x) , εb) b��:i k�^0]�dobB% � ��[ |φ (x)| ≤ εb ?1��[fp&gRp�b�dfdobQb��:i k�^0]�dobB% 0
V�E ]Em`]�dob�n�_
c�b εb @�n�[

b��:i
r:j&gR[
��[obE]�_�#�[fi�_S]�[f_:b�a,b�p0iQb���i n�pqr�gRa4��_:gRa�[
� b�p�i�_:b2dG]�r�gRa4��dob���[fi:k�r ]�dor�n�dG]�i:gR[f_:bEb�i dG]���_:k�r�[
��[ogRp9�:gRn�j(]�[MB
i:k�b c�bEd/elb���i�[fa=]�i�[ogRp c�b��)�(]�_S]�a7��i�_:b�� VAC p;b�.�b�i�?$n�p&b'#(]�p&c�bFdG]�_�^hb'��b�_�a,b�i�i�_S] n�p&b'#$gRp�p&b c�[ .�k�_:b�p&r�[G]�i�[ogRp
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� � � � ��� r
c�b�� tLgR_�a,b�� φ b�i ψ ?$r�b-@�n�[ ^0]�_S]�p�i�[f_S]=n�p&bFk�mR]�dfn(]�i�[ogRp ��_:k�r�[
�:bFb�i
_:g�#�n���i:bFc�b�� �(]�_S]�a7��i�_:b���?�]�n ��_�[ �sc�e n�p
r�g$#�i8r ]�dor�n�dG]�i:gR[f_:b\k�dob�mhk V2y r�gRp0i�_S]�_�[og1?�n�p&b #(]�p&c�b
i�_:g�� k�i�_:gR[fi:b [fp&c�n�[f_S]�n�p&b\r�gRp0mhb�_�^hb�p&r�b\_S]���[oc�b mhb�_	�8n�p&b
b���i�[fa=]�i�[ogRp�[fa4��_:k�r�[
�:b�?�mhgR[f_:bQa���a,bQn�p�a�[fp�[fa�n�a dog
r ]�d c�bQdG]Ft gRp&r�i�[ogRp�p&b�dfdob�c�elk�p&b�_�^`[ob V�; p&bQc�b�a�[MB #(]�p&c�b
c�bFi�_:gR[
� ��[ ��b�d
� εb = 3 �@elb���i _:k�mhk�dok�bFn�p;r�gRa4��_:gRa�[
�"�S]�i�[
�Nt/]�[
�S]�p0i V E b��:b�n�d0�(]�_S]�a,k�i�_S]�^hb�c�bFd/eX]�df^hgR_�[fi�j�a,b
c�n5�:[fa4��dob���b��:i _:b�dG]�i�[ut0%4dG]Qr�gRp���i�_�n&r�i�[ogRp c�n���[fa4��dob���[fp�[fi�[G]�d V E b*��_:b�a�[ob�_ �:gRa�a,b�i8c�n5��[fa4��dob��,b���i r ]�dor�n�dok
%9�(]�_�i�[f_=c�n���b�n c�b����(]�_S]�a7��i�_:b��,[fp�[fi�[G]�n�� ξini ? dob _:b��:i:bIc�b��4�:gRa�a,b�i	�,b���i,r�gRp���i�_�n�[fi,b�p ] ��gRn�iS]�p0i=n�p&b
m`]�_�[G]�i�[ogRpI[fp&c�[fm�[oc�n&b�dfdob δξ(i) %FrSj(]Rr�n�p�c�b��G�(]�_S]�a7��i�_:b��
c�b ξini V YQ]�p�� dob4r ]�� c�b Tsim ?�@0n(]�i�_:b)�(]�_S]�a7��i�_:b��
�:gRp�i %�b���i�[fa,b�_ V�E b-��[fa4��dob��s]�n�_S],]�[fp���[ r�[fp�@>�:gRa�a,b�i	� b�i �SgRpsk�iS]�i [fp�[fi�[G]�d0�:b�_S] v

� H gRa�a,b�i [fp�[fi�[G]�d � v r ]�dor�n�dokB%'�(]�_�i�[f_ c�b (sini, θini, µx,ini, µy,ini)
� H gRa�a,b�i [fp�[fi�[G]�d � v r ]�dor�n�dokB%'�(]�_�i�[f_ c�b (sini + δs, θini, µx,ini, µy,ini)
� H gRa�a,b�i [fp�[fi�[G]�d m v r ]�dor�n�dokB%'�(]�_�i�[f_ c�b (sini, θini + δθ, µx,ini, µy,ini)
� H gRa�a,b�i [fp�[fi�[G]�d U v r ]�dor�n�dokB%'�(]�_�i�[f_ c�b (sini, θini, µx,ini + δµx , µy,ini)� H gRa�a,b�i [fp�[fi�[G]�d r v r ]�dor�n�dokB%'�(]�_�i�[f_ c�b (sini, θini, µx,ini, µy,ini + δµy

)

E bFr:j&gR[ �Pc�b�� m`]�dob�n�_	� c�b δξ(i) r�gRp&c�[fi�[ogRp�p&bEdG],iS]�[fdfdobFc�n ��[fa4��dob���[fp�[fi�[G]�d b�i\]�[fp���[D�:gRpq]���i�[fi�n&c�b�%,b���i�[fa,b�_
c�b�� �(]�_S]�a7��i�_:b�� k�dogR[f^`p&k��8c�b ξini V:E b
r:j&gR[ �,dob ��dfn�� ��#�_ b���i n�p5��[fa4��dob���[fp�[fi�[G]�d(_:b�dG]�i�[fmhb�a,b�p�i8^`_S]�p&cA?�r�b @�n�[
^0]�_S]�p�i�[f_S]sn�p&b=a,b�[fdfdob�n�_:b=_:g�#�n���i:b��H�:b=c�b=d/elg���i�[fa�[
�S]�i�[ogRp ]�n���_�[ �.c�e n�pAr�g$#�iEr ]�dor�n�dG]�i:gR[f_:b5��dfn��Ek�dob�mhk V3E ]
r�gRa4�(]�_S]�[
�:gRpIc�b�� c�b�n�� ]�df^hgR_�[fi�j�a,b�� %-�(]�_�i�[f_ c�b\_:k���n�dfiS]�i	� b�� ��k�_�[fa,b�p0iS]�n��Ib���i b�� ��g��:k�b\b�p=�Sb�r�i�[ogRpqr V r V � V

�-,�� ��:
Rd>V6Y1]8
\+35\"4 U�\%R \clL6YhYb%1
\%R 8
WY1<R�g?W�� 6Y1
;=35>?6Y1
1<\%gVg?\ 8����%1
\"47hY>V\ 8�� WX3��
35WY;ij
\ WY:Ll 8
6Y1<1��%\%R

E elb���]�a,b�p,c�b dG] (&^`n�_:bYr V � a,gRp�i�_:b @0n&b dob�� #,+�i�[fa,b�p�i	� _:b!��_:k��:b�p�i:k�� c&]�p�� d/e [fa=]�^hb*�+]�i:b�dfdf[fiS]�[f_:b*�(]�p&r:j�_:gAB
a=]�i�[
@�n&bG�:gRp0i dog
r ]�dob�a,b�p0i c�[
�:r�_�[fa�[fp&k�� c�nE_:b��:i:b8c�b8d/e [fa=]�^hb�?Ra=]�[
� �(]�� ^`dog�#(]�dob�a,b�p�i V y [fp��:[ ?�dG] _S]Rc�[ogRa,k�i�_�[ob
c�e n�p'#,+�i�[fa,b�p0i<��b�n�i���i�_:b c�[ .�k�_:b�p0i:b c�b �:gRpEmhgR[
��[fp(]�^hb ��_:g�rSj&b �+]�p�����i�_:b ��gRn�_ ]�n�iS]�p�i c�[
�:r�_�[fa�[fp&k�b c�nE_:b��:i:b
c�b=d/e [fa=]�^hb ]�n �:b�p��Ec�b5@�n(]�p0i�[fi:k��4��iS]�i�[
�:i�[
@0n&b��Fi:b�dfdob���@0n&b=dG]sa,g thb�p�p&b V � b���@�n(]�p0i�[fi:k����:gRp�iEr�b!��b�p&c&]�p0i
n�i�[fdf[
�:k�b��\c&]�p�� dob�� a,g
c1��dob�� #(]��:k��&��n�_ d/e [fp�tLgR_�a=]�i�[ogRp;c�b2_:k�^`[ogRp @0n&b�p&gRn��\] mhgRp��4r:j&gR[
��[
� V � b�i�i:bFc�[MN=r�n�dfi:k
[fp�j&k�_:b�p�i:b4]�n��Za�[fdf[ob�n��Zn�_�#(]�[fp�� ]�n�_S]$�$gRn�_ b�.�b�i c�b _:b�p&c�_:b dG]Fr�gRp0mhb�_�^hb�p&r�bQc�nIr�gRp�i:gRn�_ ]Rr�i�[ut3#(]��:k
_:k�^`[ogRp
�:b�p��:[6#�dob %4d/e [fp�[fi�[G]�df[
�S]�i�[ogRp V � b�dfn�[MB r�[$]�n�_S]F]�dogR_	� ��dfn�� c�b
_�[
�	@�n&b c�eX]�i�i:b�[fp&c�_:b
n�p=a�[fp�[fa�n�a dog�r ]�d(c�b
dG]\t gRp&rCB
i�[ogRp�p&b�dfdob2c�elk�p&b�_�^`[ob'%Ea�[fp�[fa�[
�:b�_ V

� b!��b�p&c&]�p0i�?8dob Fqg�c1��dob � n�a,k�_�[
@�n&bqc�b H n�_Nt/]Rr�b�DGF �9HJI @�n&bPp&gRn�� ] mhgRp��s]�n1�(]�_S]�m`]�p0iI^hk�p&k�_:k DLr�t V
rSj(]���[fi�_:b m I �Sb�aB#�dob;a�[ob�n�� _:k!��gRp&c�_:b ]�n�� r ]�_S]Rr�i:k�_�[
�:i�[
@0n&b��Ic�b�� a,g
c1��dob��>#(]��:k�����n�_ d/e [fp�tLgR_�a=]�i�[ogRp c�b
_:k�^`[ogRp V�C p�b�.�b�i�?@d/e [fp�i:b�p���[fi:k c�b��D��[ ��b�d
� c�n_F �9H b���i3��_:g���gR_�i�[ogRp�p&b�dfdob % d/eX]�dfi�[fi�n&c�b c�b�� g�# �Nb�i	� _:b�r�gRp���i�_�n�[fi	��?
^0]�_S]�p�i�[
�	�S]�p0iQ]�n���#,+�i�[fa,b�p0i	�\c�bB�:b�c�k�iS]Rr:j&b�_4c�bQdob�n�_ b�p�m�[f_:gRp�p&b�a,b�p�i&��_:g
r:j&b�? gRn�c�n�_:b��:i:b2c�bQd/e [fa=]�^hbB�:[
dG]�c�b�p��:[fi:k�c�n #,+�i�[ p elb���i �(]��
i�_:g��Pk�dob�mhk�b V ~ p ��b�n�i t gR_:r�b�_
dG],c�[
�Sr�_�[fa�[fp(]�i�[ogRpqc�e n�p9#,+�i�[fa,b�p0i\_:b!��_:k��:b�p0i:k
c&]�p�� dob�F �9H b�psa,g
c�[ ( ]�p0i d/e j�[
��i:gR^`_S]�a�a,bFc�b�r�b2c�b�_�p�[ob�_ V�� gRn�_
p&gRi�_:bE]��1��df[or ]�i�[ogRp2?&p&gRn�� ] mhgRp��\]Rc�g���i:k
dob)��_:kCB/i�_S]�[fi:b�a,b�p�i&��n�[fm`]�p0i v

IclippedMNS (x) =
1

2
max

x∈IMNS

(IMNS (x))

[
1 +

2

π
arctan

(
IMNS (x) −m+ s

ζ

)] Dsr V UxI

] mhb�r m v a,g thb�p�p&b2c�eX]�dfi�[fi�n&c�bQc�nqF �-H %Fd/e [fp0i:k�_�[ob�n�_ c�n���gRdut
^hgRp&b\r ]�_�i:gR^`_S]���j�[
@�n&b-��n1��b�_���g��:k\]�nqF �-H��
s = ζ tan

(
π(2ratio−1)

2

) ^0]�_S]�p0i�[fiB@�n&bFdob��)��[ ��b�d
�4c�n F �9H c�bFm`]�dob�n�_ m �Sb�mhb�_�_:gRp�iF]��	��[f^`p&b�_\n�p&b mR]�dob�n�_
k�^0]�dobG% max (IMNS (x))×ratio V E ] m`]�dob�n�_ c�b ratio ] k�i:k (1��k�b % 0.95 c&]�p�� p&g�� b����$k�_�[ob�p&r�b�� V E ]
mR]�_�[G]�#�dob
ζ �$b�_�a,b�i8c�b _:k�^`dob�_8dG])�$b�p�i:b c�b
dG]4t gRp&r�i�[ogRp arctan ? ��dfn�� ζ �:b�_S]2c�b
mR]�dob�n�_ t ]�[6#�dob c�b�mR]�p�i � ? ��dfn�� dG]-�$b�p�i:b
�:b�_S]=k�dob�mhk�b2dogR_	�	@�n&b IMNS (x) = m− s ?$]Rr�r�_:gR[
�	�S]�p0iQ]�[fp���[ dob�r�gRp0i�_S]��:i:bEb�p�i�_:b�dobB#,+�i�[fa,b�p0iQr�gRp���[oc�k�_:kEb�i
dob��2g�# ��b�i	�2a,gR[fp��Fk�dob�mhk�� V=y r�gRp0i�_S]�_�[og1? dob4#,+�i�[fa,b�p�i ]�n�_S]sn�p&b�[fp0i:b�p���[fi:k=i�_	���-��b�n.c�[ .�k�_:b�p0i:b=c�b��Fg�# �Nb�i	�
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��dfn�� k�dob�mhk�� V,� gRn��
] mhgRp�� rSj&gR[
��[ ζ = 0.5
V�E ]'(&^`n�_:b
r V � ��_:k��Sb�p0i:b2n�p #,+�i�[fa,b�p0i4c&]�p�� n�p&bQ[fa=]�^hb$�S]�i:b�dfdf[fi:b

b�i2c&]�p��2dob F �9H ��_:kCB/i�_S]�[fi:k7�:b�dogRp d/elk�@�n(]�i�[ogRp Dsr V UxI�V ~ p r�gRp���iS]�i:b7@�n&bFdob F �9H ��_:kCB/i�_S]�[fi:k5�:bE_S]��1��_:g�rSj&b
��dfn�� c�e n�p&b2[fa=]�^hb"#�[MB ��j(]��:[
@0n&b�]�n9�:b�p�� c�bQdG] a,g thb�p�p&b�? b�i
]�n�_S]7��dfn�� c�b2rSj(]�p&r�b�c�b4t gRp&r�i�[ogRp�p&b�_\] mhb�r2dob
i:b�_�a,b c�eX]�i�iS]Rr:j&bI]�n�� c�gRp�p&k�b��Ec�n.a,g
c1��dobZc�b � j(]�p b�i�� b��Sb,gRnAc�nAa,g�c1��dob � ] thk���[ob�p VD� k ]�p�a,gR[fp���? dG]
_:b�r�gRp��:i�_�n&r�i�[ogRp m Y c�nSF �-H b���iQi�_	����� #�_�n�[fi:k�b��H?�dob��"��[ ��b�d
�Qp&gRp _:b�p��:b�[f^`p&k���t9�:gRp�i2p&gRaB#�_:b�n�� V=y [fp���[ ?�[fd
�Sb�aB#�dob�c�[MN=r�[fdob�c�elg�#�i:b�p�[f_
n�p&b-�:b�^`a,b�p�iS]�i�[ogRp ��_:k�r�[
�:b�c�n�#,+�i�[fa,b�p0i4b�pIn�i�[fdf[
�S]�p0i n�p�[
@0n&b�a,b�p�i
dob9F �-H$V

���
	���
������������������������������ �! "	$#&%�'��!��()����(*�+����,.-/�0�!1 ��
������.2*��342534�+����3�(*(6�������
7 ���986�4:*���;:*�<	

=?>�@9A r V � �CB
b!��_:k��:b�p�iS]�i�[ogRp��
c�[ .�k�_:b�p0i:b��\c�b4dG] a���a,b-�:r���p&b v [fa=]�^hb-�S]�i:b�dfdf[fiS]�[f_:b2b�i _:b�r�gRp��:i�_�n&r�i�[ogRp m Y V

� gRn�� ��_:g���g��:gRp�� c�b t n���[ogRp�p&b�_ d/e [fp�t gR_�a=]�i�[ogRpI_S]Rc�[ogRa,k�i�_�[
@0n&bQc�b\d/e [fa=]�^hb)�S]�i:b�dfdf[fiS]�[f_:bQb�i c�eX]�dfi�[fi�n&c�bQc�n
F �9H �$gRn�_ a,b�p&b�_ %)#�[ob�pZdG]"�:b�^`a,b�p0iS]�i�[ogRp c�b*#,+�i�[fa,b�p�i V � b�i�i:b t n���[ogRpZc�b c�gRp�p&k�b�� b���gR^:��p&b�� b��:i a,gRi�[fmhk�b
�(]�_�dob�� _:b!��_:k��Sb�p0iS]�i�[ogRp��=r�gRa4��dok�a,b�p�iS]�[f_:b��Zc�b dG] �:r���p&b>@�n&b=��_:g��$g��:b�p�i,d/e [fa=]�^hbIc�b i:k�dok�c�k�i:b�r�i�[ogRp b�i�dob
F �9H v

� YQ]�p��=d/e [fa=]�^hb �S]�i:b�dfdf[fiS]�[f_:b�? dob��5#�gR_:c1� c�n #,+�i�[fa,b�p�i>�SgRp0i=dob9��dfn��=�:gRn�mhb�p0iZt ]Rr�[fdob��>%Ar ]�_S]Rr�i:k�_�[
�:b�_
b�iQd/e [fa=]�^hb=] n�p _S]��1��gR_�i-��[f^`p(]�d %=#�_�n�[fi2i�_	���2k�dob�mhk V � b!�$b�p&c&]�p�i�?�dG]>��_:k��:b�p&r�b�c�elgRa$#�_:b���? c�elg�# ��b�i	�
�$k�_�[6��j&k�_�[
@�n&b��I]�n �SgRd gRn g
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p (Isat, IMNS |φ) = p (Isat|φ) p (IMNS |φ)

gpw Isat b���iQd/e [fa=]�^hb5�S]�i:b�dfdf[fi:b�? IMNS
b���iQd/e [fa=]�^hb=c�nSF �9H$VAC p ��n1�1��g��S]�p0i$@0n&b dob��2c�b�n�� r�gRp&c�[fi�[ogRp��Ec�b

r�gRj&k�_:b�p&r�bq]�[fp���[ @0n&b�r�b�dfdobsc�e [fp&c�k!�$b�p&c&]�p&r�b9�:gRp0i=mhk�_�[ ((k�b���? p&gRn�� tLn���[ogRp�p&gRp��=d/e [fa=]�^hb �S]�i:b�dfdf[fiS]�[f_:bsb�i=dob
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Jfusion,CV (φ) = JCV (φ)

+λMNS

[∫

Ω
|IMNS (x, y) − cMNS,in|2H (φ (x, y)) dxdy

+

∫

Ω
|IMNS (x, y) − cMNS,out|2 (1 −H (φ (x, y))) dxdy

] Dsr V r I

gpw JCV
b���i=c�k�(&p�[obsb�p k�@�n(]�i�[ogRp D U&Vnm � I ? IMNS

b��:i�d/e [fa=]�^hb�c�n F �-H$V<E b��5@�n(]�p0i�[fi:k��5�:iS]�i�[
��i�[
@0n&b��
[fp&c�b���k�b�� �(]�_ MNS �SgRp0i4c�k�(&p�[ob��\r�gRa�a,bEb�p;k�@0n(]�i�[ogRp�� D U&Vnm � B U&Vnm}m I a=]�[
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b���i8dob i:b�_�a,b\k�p&b�_�^hk�i�[
@�n&bQc�eX]�i�iS]Rr:j&b2]�n�� c�gRp�p&k�b�� c�b
� j(]�p�b�i � b��Sb4_:b�dG]�i�[ut %�dG] c�gRp�p&k�b2b���gR^:��p&b�c�n)F �9H$V

E elb��
i:b�p���[ogRpPc�nsa,g�c1��dob � ] thk���[ob�pPc�b4d/elk�@�n(]�i�[ogRp�D U&V U`UxI b��:i ��[fa�[fdG]�[f_:b v
Jfusion,Bayes (φ) = JBayes (φ)

+λMNS

[∫

Ω

(
|IMNS (x, y) − cMNS,in|2

2σ2
MNS,in

+ ln
(
2πσ2

MNS,in

)
)
H (φ (x, y)) dxdy
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+

∫

Ω

(
|IMNS (x, y) − cMNS,out|2

2σ2
MNS,out

+ ln
(
2πσ2

MNS,out

)
)

(1 −H (φ (x, y))) dxdy

]
Dsr VXW I
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φ (x, t)t = −〈(u,v),∇φ (x, t)〉

−λMNSδa (φ (x, t))
(
− [IMNS (x) − cMNS,out (φ (x, t))]2 + [IMNS (x) − cMNS,in (φ (x, t))]2
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Ċ, Ċ′
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Ċ DsmR
�U�U I

� #�#&.�/ 
 #?/ �?8 % C̈ = κn
. w n

%,6�/ 0c
 #&. ����
�0 % 8 # � / 
���� % p C
*K%�/ �?8 % κ %,6�/ 0c
 +,. 8���P�8�� %$6 ��� # ) %$' 8 +,.�#?/�. 8�� *

0c
 <s. � +,% �?8�
 ' �4
 / ���28 % Fquad(s) + 
�0 + 8�0>) % 
�8eB . � #?/I' 7:
�P 64+ � 6�6�%S+ 8���1T��0���� #&% s %,6�/ v

Fquad(s) =

〈
∂Jcorrection

∂C
,n

〉
=

∮
ds′Ψ(R)

〈
α̃
(
s, s′

)
,n
〉

+

∮
ds′Ψ′ (R)

〈
β̃
(
s, s′

)
,n
〉 DsmR
�U 0 I


�1 %,+

〈
α̃
(
s, s′

)
,n
〉

= 2κ

{〈
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∂Jshape (φ, ψ, t)

∂φ

)

φ=φ̃

=
〈
Jshape (φ, ψ, t) , φ̃

〉
=

∫

Ω

∂Jshape (φ, ψ, t)

∂φ
φ̃ (x, t) dx D �I
 m I

~ �l0c
 ' )�����1K) %n'�% � ��/�% 
�8RQ '�% 0c
 <E.�#&+�/ � .�#�#&% 0�0 %"6 7 % QRB������ %S6�. 8 6 0c
 <s. ��� % v
(
∂Jshape (φ, ψ, t)

∂φ

)

φ=φ̃

= lim
ε→0

1

ε

(
Jshape

(
φ (x, t) + εφ̃ (x, t) , ψ, t

)
− Jshape (φ (x, t) , ψ, t)

) D �D
 j I

 ) / 
���0�0 .�#&6 0 %�+ 
�0 + 8�0 '�% 0�7J)2�?8�
 / � .�# D �D
 j I v
Jshape

(
φ (x, t) + εφ̃ (x, t) , ψ, t

)
=

∫

Ω

〈
∇φ (x) + ε∇φ̃ (x, t) −∇ψ (x) ,∇φ (x) + ε∇φ̃ (x, t) −∇ψ (x)

〉(
H
(
φ (x) + εφ̃ (x, t)

)
−H (ψ (x))

)2
dx

D �D
nr I
0 �}r



0 ��m � �
�
�
�
���"� � ��� � � � 
�� � � � � � ��������� 
 � ���
��� 	 � ��� � � �

� # � % ��
��J�?8�
 #2/ �28 % v

δa (φ (x, t)) = lim
ε→0

Ha

(
φ (x, t) + εφ̃ (x, t)

)
−Ha (φ (x, t))

εφ̃ (x, t)
D �D
:m I

%�/$%�#w' )�1 % 0 . B�B�
 #?/ 0�7J)2�?8�
 / � .�# D �D
nr I *&.�# 
 v
Jshape

(
φ (x, t) + εφ̃ (x, t) , ψ, t

)
=

Jshape (φ (x, t))

+2ε

∫

Ω
φ̃ (x, t) δa (φ (x, t)) (H (φ (x)) −H (ψ (x))) 〈∇φ (x) −∇ψ (x) ,∇φ (x) −∇ψ (x)〉 dx

+2ε

∫

Ω
(H (φ (x)) −H (ψ (x)))2

〈
∇φ (x) −∇ψ (x) ,∇φ̃ (x, t)

〉 D �D
 � I
� # � #?/ )����4
 #2/ B�
��DB�
�� / � %,6 0 %�'�% � # � % � /�% ��� %n'�% 0�7J)2�28�
 / � .�# D �D
 � I *A.�#e/ � . 8�1 % v

Jshape

(
φ (x, t) + εφ̃ (x, t) , ψ, t

)
− Jshape (φ (x, t)) =

+2ε

∫

Ω
φ̃ (x, t) δa (φ (x, t)) (H (φ (x)) −H (ψ (x)))

(
|∇φ (x)|2 + |∇ψ (x)|2 − 2 〈∇φ (x) ,∇ψ (x)〉

)
dx

+2ε
{[

(H (φ (x)) −H (ψ (x)))2 (φx (x, t) + φy (x, t) − ψx (x, t) − ψy (x, t)) φ̃ (x, t)
]
Ω

+

∫

Ω
φ̃ (x, t) [2 (H (φ (x)) −H (ψ (x))) ((δa (φ (x, t)) + δa (ψ (x, t))) 〈∇φ (x) ,∇ψ (x)〉

δa (φ (x, t)) |∇φ (x)|2 − δa (ψ (x, t)) |∇ψ (x)|2 + (H (φ (x)) −H (ψ (x)))2 (∆ψ (x) − ∆φ (x))
)}

D �D
 � I
, %v/�% ��� % [(H (φ (x)) −H (ψ (x)))2 (φx (x, t) + φy (x, t) − ψx (x, t) − ψy (x, t)) φ̃ (x, t)

]
Ω

%,6�/u# 8�0KB�8�� 6 B
�28	7 ��0 %,6�/l/�. 8$� . 8�� 6 B .�6�6 ��P�0 %�'�%S/ � . 8�1 % �I8 #w%,6 B�
 +,% � %,+�/ 
 # ��8�0c
���� % Ω �28��uB�8�� 6�6�% � #&+ 0�8�� % 0 %,6D<E. ��� %,6 � % B���)CB
64%�#?/ ) %,6 B�
�� φ %�/ ψ 
 y � #&6 � * 0 . � #�' 8 # ��1 % 
�8 � '�%,6�%�#&6�% �nP�0 %,6v'�%@# ��1 % 
�8RQ *�.�# 
 H (φ (x)) = 0 = H (ψ (x)) 

, 
 ' � "*)�� %�#&+,%"'�%,6 ) #&% ����� %,6I'�% 1T� %�#?/ v

Jshape

(
φ (x, t) + εφ̃ (x, t) , ψ, t

)
− Jshape (φ (x, t)) =

2ε

∫

Ω
φ̃ (x, t)

{
(H (φ (x)) −H (ψ (x)))

(
δa (φ (x, t))

(
|∇ψ (x)|2 − |∇φ (x)|2

)
− 2δa (ψ (x, t)) |∇ψ (x)|2

+2δa (ψ (x, t)) 〈∇φ (x) ,∇ψ (x)〉) + (H (φ (x)) −H (ψ (x)))2 (∆ψ (x) − ∆φ (x))
} D �D
 � I

, % ���4
 ' � %�#?/i' 7J) #&% ����� % 12� %�#2/ 
�0 . � 6�' ��� %,+�/�% � %�#2/+*H%�/�%�# � % ��
��J�28�
 #?/ �?8 % 0 %,6�#&. ����
�0 %,6h6�.�#?/ 8 # � / 
���� %,6
D |∇ψ (x)|2 = 1 = |∇φ (x)|2 I v

∂Jshape (φ, ψ, t)

∂φ
= 4 (H (φ (x)) −H (ψ (x))) {δa (ψ (x, t)) (〈∇φ (x) ,∇ψ (x)〉 − 1)}

+2 (H (φ (x)) −H (ψ (x)))2 (∆ψ (x) − ∆φ (x)) D �D
�U�� I
,-7J)2�?8�
 / � .�#M' 7J)�1 . 0�8 / � .�#g%,6�/D' ) ' 8�� /�% B�
�� +�3 
 # � % � %�#2/�'�%�6 ��� #&%n6�% 0 .�# 0�7J)2�?8�
 / � .�# D �D
 0 I 
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Q ,PO � �"4i> � �%\ 8
\eg ���%1
\"47hY>V\e8
\e; 6`474i\%; 35>V6Y1 & :
WY8<47W`35>'&-:<\

,-7J) #&% ����� % � #?/ � .T' 8�� /�%n%�# )2�28�
 / � .�# DsmR
 � I B % 8 / � / � %�6�+ � #&' ) %n6�% 0 .�# v
Jcorrection (C) = J1 (C) − J2 (C) D �D
�U�U I


�1 %,+

J1 (C) =

∮ ∮
dpdp′

〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1

Ψ(R) D �D
�U 0 I
%�/

J2 (C) =

∮ ∮
dpdp′

〈
Ċ, Ċ′

〉4 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−3

Ψ(R) D �D
�U m I

� �43	�%� � '��!�#E�"M�
J1 (C)

J1

(
C + δC̃

)
=

∮ ∮
dpdp′

〈
Ċ+δ

˙̃
C, Ċ′ + δ ˙̃

C′
〉2 ∣∣∣Ċ+δ

˙̃
C

∣∣∣
−1 ∣∣∣Ċ′ + δ ˙̃

C′
∣∣∣
−1

Ψ
(
R̃
) D �D
�U�j I

,;
 �28�
 #?/ � / ) Ψ
(
R̃
) 6�% ��),) + ��� /$6�% 0 .�# v

Ψ
(
R̃
)
≈ Ψ(R) +

〈
R̃, δC̃ − δC̃′

〉
Ψ′ (R) D �D
�U r I

%�/ ∣∣∣Ċ+δ
˙̃
C

∣∣∣
−1 %,6�/ v

∣∣∣Ċ+δ
˙̃
C

∣∣∣
−1

≈
∣∣∣Ċ
∣∣∣
−1
(

1 −
〈
Ċ, δ

˙̃
C
〉 ∣∣∣Ċ

∣∣∣
−2
) D �D
�U�m I

� # ' )�1 % 0 . B�B�
 #?/ 0 % B�� .T' 8�� /M6�+ 
�0c
���� % 
�8 + 
�����) *$%�# � % �CB�0c
po�
 #?/ Ψ
(
R̃
)
B�
���D �D
�U r I *N%�# � % �CB�0c
po�
 #?/

∣∣∣Ċ+δ
˙̃
C

∣∣∣
−1 B�
��<D �I
�U�m IH%�/I%�#e# )���0���� % 
 #?/ 0 %,6 1�
����c
 / � .�#&6 � # F # � / ) 6 ����
�0 %,6$' 7 . � ' � %n'�% 8RQ *�.�# 
 v

J1

(
C + δC̃

)
= J1 (C) + 2

∮ ∮
dpdp′Ψ′ (R)

〈
Ċ, Ċ′

〉2 〈
R̃, δC̃

〉 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1

−2

∮ ∮
dpdp′Ψ(R)

〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1 〈

Ċ, δ
˙̃
C
〉

+4

∮ ∮
dpdp′Ψ(R)

〈
Ċ, Ċ′

〉 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1 〈

Ċ′, δ
˙̃
C
〉 D �D
�U � I

� # � #2/ )����4
 #?/ 0 %S'�% � # � % � /�% ��� % B�
��IB�
�� / � %,6+*&.�#e/ � . 8�1 % �<v
J1

(
C + δC̃

)
− J1 (C) = 2

∮ ∮
dpdp′Ψ′ (R)

〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1 〈

R̃, δC̃
〉

+2

∮ ∮
dpdp′

[
Ψ(R)

(
2
〈
Ċ, Ċ′

〉〈
C̈, Ċ′

〉 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1

− 3
∣∣∣Ċ
∣∣∣
−5 ∣∣∣Ċ′

∣∣∣
−1 〈

Ċ, Ċ′
〉2 〈

C̈, Ċ
〉)

+Ψ′ (R)
〈
Ċ, R̃

〉〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1
] 〈

Ċ, δC̃
〉

� ���0��,��+:*�������P���h�P3� /����([:&��( ��(��h� �<���4()� �
∂Ψ
∂p

= Ψ′ (R)
D

R̃, Ċ
E
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+2

∮ ∮
dpdp′Ψ(R)

〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1 〈

C̈, δC̃
〉

−4

∮ ∮
dpdp′

[
Ψ(R)

(〈
Ċ′, C̈

〉 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1

−
〈
Ċ, Ċ′

〉〈
C̈, Ċ

〉 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1
)

+Ψ′ (R)
〈
Ċ, R̃

〉〈
Ċ, Ċ′

〉 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1
]〈

Ċ′, δC̃
〉 D �D
�U � I

� �43��43 � '8�!��E�"��
J2 (C)

J2

(
C + δC̃

)
=

∮ ∮
dpdp′

〈
Ċ+δ

˙̃
C, Ċ′ + δ ˙̃

C′
〉4 ∣∣∣Ċ + δ

˙̃
C

∣∣∣
−3 ∣∣∣Ċ′ + δ ˙̃

C′
∣∣∣
−3

Ψ
(
R̃
) D �D
�U � I


�1 %,+ ∣∣∣Ċ+δ
˙̃
C

∣∣∣
−3

≈
∣∣∣Ċ
∣∣∣
−3
(

1 − 3
〈
Ċ, δ

˙̃
C
〉 ∣∣∣Ċ

∣∣∣
−2
)

� # ' )�1 % 0 . B�B�
 #2/ 0 % B�� .T' 8�� /C6�+ 
�0c
���� %�* %�# � # � %,+�/ 
 #?/ 0 % ��) 6 8�0 / 
 /�'�% D �I
�U r In%�/�%�# # )���0���� % 
 #?/ 0 %,6"/�% ��� %,6
' 7 . � ' � %"'�% 8RQ *�.�# 
 v

J2

(
C + δC̃

)
− J2 (C) = 2

∮ ∮
dpdp′Ψ′ (R)

〈
Ċ, Ċ′

〉4 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−3 〈

R̃, δC̃
〉

−6

∮ ∮
dpdp′Ψ(R)

〈
Ċ, Ċ′

〉4 ∣∣∣Ċ
∣∣∣
−5 ∣∣∣Ċ′

∣∣∣
−3 〈

Ċ, δ
˙̃
C
〉

+8

∮ ∮
dpdp′Ψ(R)

〈
Ċ, Ċ′

〉3 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−3 〈

Ċ′, δ
˙̃
C
〉 D �D
 0 � I

� # � #?/ )����4
 #2/ B�
��DB�
�� / � %,6S* ��0u12� %�#2/ v
J2

(
C + δC̃

)
− J2 (C) = 2

∮ ∮
dpdp′Ψ′ (R)

〈
Ċ, Ċ′

〉4 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−3 〈

R̃, δC̃
〉

+2

∮ ∮
dpdp′

[
Ψ(R)

(
12
〈
Ċ, Ċ′

〉3 〈
C̈, Ċ′

〉 ∣∣∣Ċ
∣∣∣
−5 ∣∣∣Ċ′

∣∣∣
−3

− 15
∣∣∣Ċ
∣∣∣
−7 ∣∣∣Ċ′

∣∣∣
−3 〈

Ċ, Ċ′
〉4 〈

C̈, Ċ
〉)

+3Ψ′ (R)
〈
Ċ, R̃

〉〈
Ċ, Ċ′

〉4 ∣∣∣Ċ
∣∣∣
−5 ∣∣∣Ċ′

∣∣∣
−3
]〈

Ċ, δC̃
〉

+6

∮ ∮
dpdp′Ψ(R)

〈
Ċ, Ċ′

〉4 ∣∣∣Ċ
∣∣∣
−5 ∣∣∣Ċ′

∣∣∣
−3 〈

C̈, δC̃
〉

−4

∮ ∮
dpdp′

[
Ψ(R)

(
6
〈
Ċ, Ċ′

〉2 〈
Ċ′, C̈

〉 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−3

− 6
〈
Ċ, Ċ′

〉3 〈
C̈, Ċ

〉 ∣∣∣Ċ
∣∣∣
−5 ∣∣∣Ċ′

∣∣∣
−3
)

+2Ψ′ (R)
〈
Ċ, R̃

〉〈
Ċ, Ċ′

〉3 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−3
] 〈

Ċ′, δC̃
〉 D �D
 0 U I

� �43���� �6)L� "M)L��"M��' ������)9��� B8� � I��/'8�!��E�"��
Jcorrection (C)

� # ��� . 8�B�
 #?/ 0 %,6 ��) 6 8�0 / 
 /�6I'�% D �D
�U � IH%�/ D �I
 0 U I *&.�# 
 v
Jcorrection

(
C + δC̃

)
− Jcorrection (C) =

∮ ∮
dpdp′Ψ(R) {
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2
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1
(

1 − 3
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−2 ∣∣∣Ċ′

∣∣∣
−2
)〈

C̈, δC̃
〉

+4
〈
Ċ, Ċ′

〉〈
C̈, Ċ′

〉 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1
(

1 − 6
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−2 ∣∣∣Ċ′

∣∣∣
−2
)〈

Ċ, δC̃
〉

−6
〈
Ċ, Ċ′

〉2 〈
C̈, Ċ

〉 ∣∣∣Ċ
∣∣∣
−5 ∣∣∣Ċ′

∣∣∣
−1
(

1 − 5
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−2 ∣∣∣Ċ′

∣∣∣
−2
)〈

Ċ, δC̃
〉

−4

(
1 − 6

〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−2 ∣∣∣Ċ′

∣∣∣
−2
) ∣∣∣Ċ

∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1
[〈

C̈, Ċ′
〉
−
〈
C̈, Ċ

〉〈
Ċ, Ċ′

〉 ∣∣∣Ċ
∣∣∣
−2
]〈

Ċ′, δC̃
〉

+

∮ ∮
dpdp′Ψ′ (R)

{
2
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1
(

1 −
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−2 ∣∣∣Ċ′

∣∣∣
−2
)〈

R̃, δC̃
〉

+2
〈
Ċ, R̃

〉〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−3 ∣∣∣Ċ′

∣∣∣
−1
(

1 − 3
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−2 ∣∣∣Ċ′

∣∣∣
−2
)〈

Ċ, δC̃
〉

−4
〈
Ċ, R̃

〉〈
Ċ, Ċ′

〉 ∣∣∣Ċ
∣∣∣
−1 ∣∣∣Ċ′

∣∣∣
−1
(

1 − 2
〈
Ċ, Ċ′

〉2 ∣∣∣Ċ
∣∣∣
−2 ∣∣∣Ċ′

∣∣∣
−2
)〈

Ċ′, δC̃
〉} D �D
 0�0 I

� # � % ��
��J�?8�
 #2/ �?8 % 〈C̈, Ċ
〉

= 0
*-+,% � / 
�� #&6q/�% ��� %,6i6 7:
 #�# 8�0 %�#2/ 
 � # 6 8�B�B .�6 
 #?/ �?8 % p %,6�/ 0�7:
�P 6�+ � 6�6�%

+ 8���1T��0���� #&%�*&+,%�/�/�%S'�% � # �>=�� % )2�?8�
 / � .�#b64%�6 ���CB�0��GF %S%�/ � % 1T� %�#?/ pqDsmR
 � I 
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ts á��byD�XtkadN4adcT\]WuWXc-Y; Ä��tuKl��WXUR_�W�¸MN;«l¦Ð«���¦�£�°d³?¨d³2±Ä±e«!�Q�M¤È£k3D¦�£�°d³<°_�p5w§r£¥©V±d£­³h´��G�È¤R° # # §h©�¦�£t3D©V«I¨e«w¤w£�¨d©�£ # ¨�´e«!�l¸�I¶u uÌ2¶�¹Ðf�WXnoKÄÇIc-YTKlN4LRU&WXc-Y�_VcTnIe adNR×�LR\-ad^�¸�á�â�âF]�¸T^T^��-¾W]�â!5e¾ jMs �

ts ¼,��-x�Ttka���WX×8¸2ªG«��M¦�£ \P�4¨o¦�£�°d³�°��Ä±d£�´�£­¦|¨d©�£ # ¨�´e«w¤w®�¸-Ì!\-adU4adn�N&WXfxfgKlURNR_mZ�@!cTn�_Vc-KMKlNR_VcTn B� IKlfgadU4KFyrKlc-LR_VcTn-¸
�oadS|�.E s ¸�c-a�`�¸�^T^��]`�`�â�v `X¾�¾q}{á�â�â�¼o�w�


ts `,�FÙ���Ì5�.huSmL4Klc�¸%Hu§�¦|° # ¨�¦�£4������¨d³h´e«;±e«l¦Ð«7�M¦�£�°�³��M°d¤c��¨�©²£�±o¨�¦�£�°d³�°_�Ä±d£V´d£­¦|¨�© # ¨!3�±o¨�¦|¨)5R¨��M«��w¸]¹RyrÌÖ �y��
�kUR\
ZMadcTn�N4KML&L�¸-¹º¶uÌÖ �yD¸r�oadS|�]¼X¾-¸]¼�½�½X¾-¸T^T^���á�¼�½!52á�¼FE��


ts ¾M��V;� huNR_madU�¸�b2¦|¨�¦�£X�w¦�£4�4¨d©��È³2¨�?�«!�9�M°d¤D5w§r£¥©V±d£­³h´Æ«���¦�¤R¨d�M¦�£�°d³ �w¤{° # �l¦Ð«w¤R«4°��Q�4°�32£w�q¨e«w¤w£�¨�©Ë£ # ¨�´e«!�w¸�Ì!N4arZ��0aXzUR\-KÄ¹{yrÌÖ �yIeÆadNR×rL4\-ad^~adcqflÌ!\-adU4adn�N&WXfxfgKlURNR_mZ;_Vf�WXnoKÄWXc]WXSV��LR_mL=fx}�¼�½�½�`o�w�

ts E,�byD�uhkLR\-KlNÉWXc-Yx
-��¶;�hyrKlUR\T_�WXc�¸
�8¤R°d³]¦$�	32¤R°!3�¨�´e¨�¦�£¥³r´�>!£­¦$���l§r¤!�X¨�¦�§h¤4«�n{±e«J3T«w³D±e«w³]¦��;3T«&«R±�8�¨d©�´o°d¤w£�¦$� # �"5R¨Mn

��«R±b°d³��j¨ # £­©¬¦|°d³%n��h¨W�4°W5w£d�M°d¤ # §h©V¨�¦�£�°d³��w¸M
oadQTNRc]WXS2aXz���adfx^TQTU&WXUR_madc]WXSDÌ!\e��LR_mZML�¸ j â�¸d^T^��Tá�¼�v|¾eâg}{á�â sFs �w�

ts ],�Ft;�8Ì5WX^]WXN4arY�_VUR_mL�¸�ªI«��4°d³��l¦�¤È§��M¦�£�°d³�¦�¤È£�±d£ # «w³��È£�°d³-³8«w©¥©m«x±e«"3�¨d®��l¨�´e«!�x§h¤ 5R¨d£­³��<«w³�£ # ¨�´e«l¤È£|«��l¦J�w¤��4°��Q�4°Fn

3D£w~l§-«'�l¨�¦Ð«l©¥©¬£­¦|¨�©V«'�r¨d§�¦Ð«Ä¤����l°d©¬§r¦�£�°d³]¸]Ì!\����b�-UR\-KMLR_mL�¸TÇucT_V�oKlN4LR_VU4PjYTK+tu_mZMKwvºyrad^T\T_�Wg¶uceUR_V^8adSV_mL�¸�á�â�â s �

tsdj �Ft;�MÌ�WX^]WXN4ahY�_VUR_mL�¸�p�����adN4Y�¸�p���
eadN4Y-WXc�¸�WXc-Yc
dvÐÌ5�X��arZMieQ-KlN4Kl·o¸��:§r£­©�±d£­³h´�±e«l¦Ð«7�M¦�£�°�³<¨d³2±u¤4«��4°d³��l¦�¤È§��M¦�£�°d³

�w¤R° # # £�±Mn;¨�³2±i�e£V´��Wn ¤R«!�M°d©¬§r¦�£�°d³ ¨h«w¤È£�¨d©�£ # ¨�´h«w¤È®�¸Ö��adfx^TQTU4KlNx�k_mLR_madc$WXc-Y$¹ f�WXnoKÅÇIc-YTKlN4LRU&WXc-Y�_VcTn-¸�ÖadS|� j ¼�¸T¹ L4L4Q-Kj¼�¸�^T^���á�¼�¼�v&ál¾e¼[}{á�â�â s �w�

tsFs �Ft;��Ì5WXN&WXn�_ma�L�¸	�I«R°�±h«!�È£4�b¨d�M¦�£$�X«Ä¤R«�´�£�°d³��F¨d³2±�©V«��d«w©0�M«M¦ # «l¦$�r°�±���8	�4°d³]¦�¤w£45l§r¦�£�°d³��Ä¨d³2±�¨!3d3D©²£4�4¨�¦�£�°d³��+£­³
¨�¤w¦�£ \P�l£�¨d©0��£X�È£�°d³]¸TÌ!\����b�TUR\-KML4_mL�¸TÇIcT_V�oKlN4L4_VU4PjYTKjtu_mZMKwvºyrad^T\T_�Wx¶IchUR_V^DadSV_mL�¸�
eWXceQ]WXNR�~¼�½�½�½��


ts â,�Ft;�!Ì�WXN&WXn�_ma�L�WXc-Y� F�!��KlNR_mZ4\-K�¸AH |KN �Yn�5R¨��M«4±$©V«Q�X«w© n;�M«M¦;¨!3W32¤{°�¨d���Z�M°d¤~±e«l¦Ð«���¦�£�°d³�¨d³D±Æ¦�¤R¨d��?�£­³h´$°_�
# °M��£¥³h´�°W5$6�«��M¦$�l¸]Ø�KMZ4\��] uKl^DadNRUI`�á j ¼�¸]¹ tk I¹º¶F¸8á�â�â j �


 â�½,� ¸ �I«R°�±e«!�È£4��¨W�M¦�£X�d«x�4°d³2¦|°d§h¤!�g¨d³2±Å©m«��X«w© ��«l¦$�P�M°d¤F¦$�T«x±e«l¦Ð«���¦�£�°d³$¨d³2±?¦�¤R¨d��?�£¥³h´q°_� # °M��£¥³h´~°W5�n6�«��M¦$�l¸:¹L@�@K@ Ø�N&WXc-LÈWdZlUR_madc-L~adc)Ì5WXURU4KlNRc ¶Ic]WXSV��LR_mL?WXc-Y)p¡WdZ&\T_Vc-K�¹ÐchU4KlSVSV_VnoKlc-ZMK �%� }�¼�½�½�½o�w¸Oc-aT�G`�¸
¼F]F]!5r¼ s ½��


 â�á�� ¸ �I«R°�±h«!�È£4�[¨d�M¦�£$�X«�¤4«�´d£�°d³�� 8�H ³D«�> 3�¨d¤R¨o±d£V´ # ¦|°�±e«R¨�©�>!£�¦$�R�w¤R¨ # «'3�¨d¤l¦�£­¦�£�°d³r32¤R°W5w©m« # �<£­³
1!° # 3D§r¦Ð«w¤�¢�£o�w£�°d³2¸ 
eadQTNRc]WXSIaXzu�k_mLRQ]WXSu��adfxfÄQTcT_mZ�WXUR_madc WXc-Y�¹Ðf�WXnoK? uKl^TN4KML4KlceU&WXUR_madc &uz�}�¼�½�½�¼o�w¸
c-aT�0á=�d¼�¸-¼X¾eâ!5r¼F] s �


 â�¼,�Ft;��Ì�WXN&WXn�_ma�L�¸�h;�epqKlSVSV_Vc]W�v�/�adURU&WXN4YTaT¸�WXc-Yx�b�o uWXfgKML4\��V¸ �O¤{¨e±d£�«l³]¦��d«��M¦|°d¤ }O°F>I�M¨��w¦8´e«R° # «M¦�¤È£4�j¨d�M¦�£$�X«�&°d³]¦|°d§r¤[�l¸]¹�@K@K@�Ø�N&WXc-L&WdZlUR_madc-L�adc~Ì�WXURU4KlNRcq¶uc]WXSV�rL4_mLIWXc-Y~pÍWdZ4\T_Vc-KF¹ÐchU4KlSVSV_VnoKlc-ZMK���CÔ}�¼�½�½X¾h�w¸-c-aT�2`�¸
¾e½�¼!5e¾e½ j �



¼�á s -.� -�� � ������������� �


 â�`,�FtF��Ì�WXN&WXn�_ma�L�¸:p��� IadQ-L&L4adc�¸�WXc-Y �b�É kWXfgKMLR\�¸u¯¡¨�¦;���h£¥³h´�±�£o�l¦|¨d³.�&«��È§r³.�M¦�£�°d³���8:H �[��¨!3T«�nº¦|°Mnº¨d¤4«R¨
��¨d¤w£�¨o¦�£�°d³D¨d©]¨!3d32¤R°�¨d�Q�p�l°d¤Ë´�©�°W54¨d© nº¦|°MnÐ©V° �4¨�©2¤4«�´d£X�w¦�¤R¨�¦�£�°d³]¸d@!QTN4ad^8K�WXc���adc�z�KlN4Klc-ZMK:_Vc<��adfx^TQTU4KlNÖ�k_mLR_madc�¸
J�t+�:y?¼�`FE�á�¸2yh^TNR_VcTnoKlN{v|�ÖKlNRS�WXn-¸8¼�½�½�¼�¸T^T^�� jFj E!5 jMs â��


 âX¾M�FØ+�dÌ5W��hSV_mY�_mL�¸WHu©�´o°d¤w£�¦$� # �+�M°d¤!´d¤{¨�3%�e£4���u¨d³2±j£ # ¨�´e« 32¤R° �&«!�!�È£­³h´�¸h��adfx^TQTU4KlNÉyrZl_mKlc-ZMK:Ì!N4KML&L�¸�¹ c-Z��V¸�á�â s ¼��

 âFE,�F Ä�DÌ�PlU4KlNR_ËWXc-YÍØ+�8 uWXc-Z&\T_Vc�¸ �{��¦�¤R¨d�M¦�£�°d³Ô¨d³D±?§=3�±o¨�¦Ð«�°_� �l¦�¤R«&«l¦G³D«M¦w>Ë°d¤[?�£¥³�§h¤ 5R¨d³$¨d¤R«4¨��A�È¤R° # �e£V´��
¤R«��l°d©¬§r¦�£�°d³m�M¨�¦Ð«w©­©²£�¦Ð«b£ # ¨�´e«!�l¸2ÌÖN4ahZ��8¹RyrÌÖ ky¡��adfxfx_mL4LR_madc�¹ � LR�hfx^8a�LR_VQTf�adc f /�KMa�LR^]WXUR_�WXS!ØO\-KMadNR�o¸
Ì!N4arZMKML4LR_VcTn�WXc-Y?¶u^T^TSV_mZ�WXUR_madc-L=fg}|�k�T¶uNRfgKlc]WX×h_mLIWXc-Y �x� �k�TJ�KMK�¸-KMYTL�� �w¸��oadS|��ál¾-¸-¼�½�½�¼�¸�^T^�� j ] s 5 jFj `��


 âF],� ¸d¯~§r©�¦�£¥¤4«!�l°�©²§�¦�£�°�³Rb]³2¨�?d«��%�l°�¤Ö§h¤ 5R¨d³�¤{°�¨e±j«���¦�¤R¨d�M¦�£�°d³p�w¤{° # � �Ry���yPb�¨d³D±��O§r£w�Q?M5w£­¤{±j£ # ¨�´e«��w¸¼�`Xc-Y�@Ö¶k kyrKMJ[¶ucTceQ]WXS2yh�rfx^Da�L4_VQTf�fl IKlfgadU4KIyrKlc-LR_VcTn+_VcxØ�N&WXc-L4_VUR_madc�fj};/�ara�L4L4Klc-L�¸dKMY�� �w¸�pq_VSVSV^TN4KML4L�¸
 IadURU4KlN4Y-WXf[¸-tkKlUR\-KlNRS�WXc-YTL�¸]¼�½�½�`�¸-^T^��%]�â!5 j ]��


 â j � ¸	^0¤ 5R¨d³S�l¦�¤R«&«l¦ # ¨!3d32£­³h´Ä§W�w£¥³h´R~l§r£4��?M5w£­¤{±�¨d³2±F£o?d°d³2°��G£ # ¨�´e«!�l¸oÌ!N4arZ��o¹_/+¶u �yTyD¸d�oadS|�e`�¸o¼�½�½�`�¸^T^���á j ¼�á 52á j ¼�`��

 â s �F Ä�� kWdY�×oK�¸�yD�0¶uc-Y�N&W�¸ h;��¶IS�vJ-uaXz�WX\T_|¸5WXc-Y�Ù��0 ua���L&WXf[¸ � # ¨�´e«S�Q�r¨d³h´e«Å±h«l¦Ð«��M¦�£�°d³Î¨d©�´o°d¤w£­¦$� # �D8�H

�È®��w¦Ð« # ¨o¦�£w�'�È§r¤!�d«w®�¸-¹L@�@K@�Ø0N&WXc-L&WdZlUR_madc-LIadcq¹Ðf�WXnoKjÌÖN4ahZMKML4L4_VcTn`&)(Ô}�¼�½�½FEo�w¸Tc-aT�]`�¸-¼�âX¾ 5r`�½ j �

 â�â,�FØ+�� G_V×rSV_Vc�vÐ uWM�r_V�8¸ht;�)-�_VNR�eWXUR_|¸-WXc-YÅt;��yrarZ4\-Klc�¸2^�³-©m«��X«w©G��«l¦$�'8 �I«R° # «M¦�¤È®�¨d³D±"32¤w£�°�¤!n�5R¨��M«4±x��«�´ # «w³�n¦|¨�¦�£�°d³]¸!Ì!N4arZ�� s UR\ @ÖQTN4ad^DK�WXc���adc�z�KlN4Klc-ZMKqadc ��adfx^TQTU4KlN��u_mLR_madc�}w@É�:�É�;��¼�½�½X¾h�q}�Ø+�ÖÌ�W�Ó{Y�S�W�WXc-Y


-�TpÍWXU&WdL�¸-KMYTL�� �w¸TJ�t+�:y?`�½�¼X¾-¸2yh^TNR_VcTnoKlN�¸D¼�½�½X¾-¸T^T^��%E�½!5u]�á��

 á�½�½,�bp��X IarZ4\-KlNR�o¸d¹w�UVF��
oKlNRfF�hc�¸oWXc-YR
-�dlDKlNRQT�T_�W�¸ ��£V´���«l¤I°d¤{±h«w¤u¨d�M¦�£$�X«:�4°d³]¦|°�§h¤!�I¨d³2±j¦$�T«w£¥¤G¨!3W32©²£4�4¨�¦�£�°d³Å¦|°

¦$��«F±e«l¦Ð«��M¦�£�°d³�°_��©²£­³D«+³D«l¦w>Ë°d¤!? �+£¥³`�l¨�¦Ð«l©¥©¬£­¦Ð«+£ # ¨�´h«w¤È®�¸TÌ!N4arZ��T¼Xc-Y?¹L@�@K@�eÆadNR×�LR\-ad^[adcÅ�ËWXNR_�WXUR_madc]WXS|¸
/�KMadfgKlURNR_mZÄWXc-Y[J0Kl�oKlS5yrKlUIp¡KlUR\-ahYTL:_VcÍ��adfx^TQTU4KlNG�u_mL4_madc�¸]¼�½�½�`��


 á�½�á��bp��r IarZ4\-KlNR�o¸�¹w�UVF�u
oKlNRfF�hc�¸-WXc-YS
-��lDKlNRQT�T_�W�¸��O¦�§T±e«Ä± � §r³D«�³D°d§)�d«w©¥©m«��l©�¨M�[�M«Ä±e«'�&°d³]¦|°d§r¤[�Ä¨d��¦�£ �!�K3�°�§h¤
©�¨�±W�l¦Ð«7�M¦�£�°�³�±h«j¤R°d§�¦Ð«!�F±o¨d³��j±h«!�j£ # ¨�´h«!�Ä±e«F¦J�w© �4±W�l¦Ð«��M¦�£�°d³]¸DÌ!N4arZ��%/� 9@ËØIyr¹Oyh�rfx^Da�L4_VQTf�adcqyh_Vn�c]WXS
WXc-Y?¹Ðf�WXnoKÄÌ!N4ahZMKML&LR_VcTn-¸]¼�½�½�`��


 á�½�¼,� ¸ ��£V´���«w¤�nº°d¤R±e«w¤[¨d��¦�£X�X«Z�4°d³]¦|°d§r¤!�w¸�Ø0KMZ&\��5 uKl^DadNRU�EF]FEF]�¸5¹ tk I¹º¶F¸�¼�½�½FE�¸�U4aq�8Kg^TQT�TSV_mLR\-KMYÔ_Vc
UR\-K+¹ÐchU4KlNRc]WXUR_madc]WXS 
eadQTNRc]WXS�aXz!��adfx^TQTU4KlNu�u_mL4_madc��


 á�½�`,�bp��0 IadQ-L4L4adc�¸:15§T«�£­³]¦Ð«�´d¤R¨�¦�£�°d³Î¨d³2±��w¤{°d³2¦�«��X°d©²§�¦�£�°d³$£¥³$£ # ¨�´e«x�M«�´ # «w³2¦|¨�¦�£�°�³]¸0Ì!\����b�0UR\-KMLR_mL�¸0ÇucT_�v�oKlN4LR_VU4PjYTK+tu_mZMKwvºyrad^T\T_�Wg¶uceUR_V^8adSV_mL�¸-��KMZMKlfÄ�8KlNu¼�½�½X¾-�

 á�½X¾M�bp��T uadQ-L4L4adc~WXc-Y? F�T�kKlNR_mZ&\-K�¸+H ��¨d¤w£�¨�¦�£�°�³2¨d©F�w¤{¨ # «�>Ë°�¤[?A�M°d¤Ä¨d�M¦�£$�X«b¨d³2±�¨o±o¨�3D¦|¨�¦�£$�X«'�M«�´ # «w³2¦|¨�¦�£�°�³°_�c�X«���¦|°d¤ ��¨�©²§-«R±�£ # ¨�´e«!�w¸]Ø0KMZ4\��]N4Kl^DadNRU�¸]¹ tk I¹º¶F¸�¼�½�½�¼��

 á�½FE,�bp��2 IadQ-L4L&adcÍWXc-Y¡tF�DÌ�WXN&WXn�_ma�L�¸ b��r¨!3T«"32¤w£�°d¤!���M°d¤;©V«��d«w© �M«l¦O¤4«J32¤4«!�M«l³]¦|¨�¦�£�°d³��w¸G@É�:�É� ��½�¼��DÌ!N4arZMKMKwv

Y�_VcTnoLxaXzuUR\-K j UR\ @!QTN4ad^8K�WXc���adc�z�KlN4Klc-ZMK[adc���adfx^TQTU4KlNx�u_mL4_madc�vÐÌ5WXNRU�¹&¹È¸5J�t+�:y$¼�`FE�á�¸Ëyh^TNR_VcTnoKlN{v
�ÖKlNRS�WXn-¸]¼�½�½�¼�¸T^T^�� jMs 5râ�¼��


 á�½F],�bp��� IadQ�Ò�¸�ªG«��4¨�©�¨�´h«I±�� £ # ¨�´e«!� # §r©¬¦�£$n;�M°d§h¤��&«!����HP3d32©¬£4�4¨�¦�£�°d³<¨d§F¤R«��&¨d©�¨�´e«k±�� §r³D«É£ # ¨�´e«Pb�|�y'�¡«l¦�±�� §r³D«
�4¨d¤l¦Ð«l¸-Ì!\����b�]UR\-KMLR_mL�¸�@Öt+yrØ+¸�á�â�â�¼��


 á�½ j �bp��� uadQ�ÒxWXc-YIVF��pÍW�ÑmURN4K�¸ ���h¤R«4«Qnº±d£ # «w³��È£�°d³-³D¨d©2±e«!���l¤w£t3D¦�£�°d³~°_�I±h«w³��M«u§r¤ 5R¨d³~¨d¤4«R¨��k§W�w£¥³h´ # ¨!3%�u¨�³2±¨e«w¤w£�¨�©É£ # ¨�´e«!�l¸5ÌÖN4ahZ�� eÆadNR×�LR\-ad^�adc fl¶uQTU4adf�WXUR_mZ?KwÒ�URN&WdZlUR_madc�aXzIf�WXc�v|f�WdYTK[ad��ÓRKMZlU4LÄz�N4adf WdKlNR_�WXS
WXc-Y?LR^]WdZMK+_Vf�WXnoKML=fd¸]ÙÉ_VNR×r\]WXQ-L4KlNG�ÖKlNRS�WXn<ÙOWdL&KlS|¸�á�â�â j �


 á�½ s �bp��É IadQ�ÒÎWXc-Y �;�ÉpqZ�-+KMa 
:c�¸ �0«R¨�¦�§r¤4« # ¨�¦;���e£­³h´I�M°d¤i5w§r£¥©V±d£­³h´�«���¦�¤R¨d�M¦�£�°d³ �w¤R° # # §r©¬¦�£k32©m«r��£�«Q>	�w¸
�G¶k IÌD¶ ¹ f�WXnoKjÇuc-YTKlN4LRU&WXc-Y�_VcTn�eÆadNR×�LR\-ad^�¸�á�â�âX¾-¸T^T^��-`�`�á 5r`X¾eâ��


 á�½�â,�x/b�-y�WX^T_VN4aT¸ �I«R° # «l¦�¤w£w�p3�¨�¤w¦�£�¨d©0±d£ Ou«w¤4«w³]¦�£�¨d©�«�~l§T¨�¦�£�°d³��F¨d³2±g£ # ¨�´h«Ä¨d³D¨d©²®��w£o�l¸T�OWXfF�TNR_mY�noKjÇucT_V�oKlN4LR_VUÐ�Ì!N4KML4L�¸-¼�½�½�á��

 á�á�½,�gyD�-yrKlNR�h_Vn�c-K�¸ �u¨��M«F±e«Ä±o°d³-³+�&«!�I´W�R°4´d¤R¨!3%�h£w~l§-«!�g«l¦Ö£ # ¨�´e«!�j¨W�w¤w£�«l³-³D«!��85±e«�©�� ¨!3d3�¨d¤w£|« # «w³]¦ ��©V¨ # £o��«

� 6l°�§h¤l¸-Ì!\����b�TUR\-KMLR_mL�¸T¹ t+yr¶ J��oadc�¸�á�â�â�`��

 á�á�á��R
-��¶�yrKlUR\T_�WXc�¸rµ�«��X«w©.�M«l¦ # «l¦$�r°�±M�k¨d³2±P�M¨��w¦ # ¨d¤_�Q�e£¥³r´ # «M¦$�r°�±���80«���°d© ��£­³h´b£­³]¦Ð«w¤$�l¨d�È«!�I£­³ �&° # 32§r¦|¨o¦�£�°Mn

³2¨d©2´h«R° # «l¦�¤w® �G}�§h£�± # «7���r¨d³-£4��� �2�4° # 32§�¦Ð«w¤R��£X�È£�°d³Æ¨d³2± # ¨�¦Ð«w¤w£�¨�©k�c���l£�«l³.�&«l¸��OWXfÄ�TNR_mY�noK;ÇucT_V�oKlN4LR_VUÐ�
Ì!N4KML4L�¸�á�â�â�â��



-.� - � � ���.�����	��� � ¼�á�â

 á�á�¼,�R/x�]yh\]W�z�KlN�¸.H # ¨�¦$�T« # ¨�¦�£w�&¨d©0¦$��«R°�¤È®?°_�F«���£�±e«w³+�&«l¸DÌ!NR_Vc-ZMKlU4adcqÇucT_V�oKlN4LR_VUÐ�[ÌÖN4KML4L�¸TtkK�
 
oKlN4L4Kl�o¸-Ç+yr¶;¸

á�â j ]��

 á�á�`,��-x�ryh_mYTY�_mie_|¸hÙk�eÙk�)-�_Vfx_�W�¸hWXc-YÅ�Ëv;e��hyh\hQ�¸ �I«R° # «M¦�¤È£4�"�[��° ��?=n_�4¨!3D¦�§r¤È£­³h´ �K�Ry �Q�Q��« # «!���M°d¤p�w§�5L32£ �h«w©

£­³]¦Ð«w¤J3�°d©V¨�¦�£�°d³ ���&° # 32§r¦|¨o¦�£�°d³ ¨�³2± �l§h¤��X«Æ«Q��°d©¬§r¦�£�°d³]¸A/kN&WX^T\���pqarYTKlSmL<¹ f�WXnoK¡Ì!N4ahZMKML&L�� � � }{á�â�â j �w¸
c-aT�.E�¸-¼ jMs 5r`�½�á��


 á�ál¾M�FJË�WV;�ryhU&WX_V�?WXc-YI
-�TyD�e�kQTc-Z�WXc�¸ �I°�§h³2±e¨d¤È®2\Ö³D±d£¥³r´�>!£­¦$��3�¨�¤{¨ # «l¦�¤w£4�4¨d©­©²®�±e«w�l°d¤ # ¨W5w©m« # °�±e«l©k�l¸h¹�@K@K@Ø0N&WXc-L&WdZlUR_madc-Lkadc[Ì5WXURU4KlNRc¡¶Ic]WXSV��LR_mLIWXc-Y[pÍWdZ4\T_Vc-KÄ¹ÐchU4KlSVSV_VnoKlc-ZMKx&)(Ô}{á�â�â�¼o�w¸-c-aT��á�á�¸�á�½F]�á 52á�½ j E��

 á�á E,�b�k�DyhU4KlnoKlN�¸%e���@ÖZ&×rLRU4Kl_Vc�¸8WXc-Yq�k�%e�_mKMYTKlf�WXcTc�¸:^�3�±e¨�¦Ð«b°_�j¤R°�¨o±��F£¥³��	�[bq5w®Å¨�§r¦|° # ¨�¦�£4�g«���¦�¤R¨d�M¦�£�°d³�w¤R° # ¨e«w¤w£�¨d©T£ # ¨�´e«w¤w®�¸�ÌÖN4ahZMKMKMY�_VcTnoL!aXz]UR\-KGyrKMZMadc-Yb¹ ceU4KlNRc]WXUR_madc]WXS-¶u_VNR�DadNRc-K� IKlfgadU4KGyrKlc-LR_VcTnÄ��adc�z�KwvN4Klc-ZMK�WXc-Y�@!Òr\T_V�T_VUR_madc�¸��oadS|��`�¸,@!ce�r_VN4adcTfgKlceU&WXS- uKML4K�WXN4Z4\;¹Ðc-LRUR_VURQTU4KÉaXz]p~_mZ&\T_VneWXc�¸há�â�âF]�¸�^T^���`�½ s 5r`�á j �

 á�á ],�FpÔ�DyhQ-L&LRf�WXc�¸%@G�Dà]WXU4Klfx_|¸8Ì5�8yhfgKlN4Kl×�W�¸DWXc-YÍyD�GhkL4\-KlN�¸+Hu³�£ # 3D¤{°M�d«R±Å©m«��X«w© �M«M¦ # «l¦$��°�±��M°d¤Ä£­³.�4° # n

3D¤R«!�!�È£;5w©m«;¦w>Ë°Mn 3%��¨��M«�}:°M>	�w¸�
oadQTNRc]WXS5aXzÖ��adfx^TQTU4KlN4LkWXc-Y[à5SVQT_mYTL:�+T�}{á�â�â s �w¸-c-aT��E�vL]�¸%]F]�`!5u] s ½��

 á�á j �F¶;�5Ø0L&WX_|¸�¶;� �ËKl·M·M_|¸!WXc-YÔ¶F� yD� e�_VSVSmL4×h�o¸�15§h¤��X«q«���°d©¬§r¦�£�°d³�£ # 32©m« # «w³]¦|¨�¦�£�°d³Î°_�Å¦$��«<¯~§ # �l°�¤{±MnJb��r¨��

�w§r³.�M¦�£�°d³2¨d©��M°d¤x£ # ¨�´e«��M«|´ # «w³]¦|¨�¦�£�°d³ �k±h«w³2°d£X�È£­³h´ �I£­³]¦Ð«w¤J3�°d©V¨�¦�£�°d³ �u¨d³D± # ¨�´�³-£ \Y�4¨�¦�£�°d³]¸�¹�@K@K@�Ø�N&WXc�v
LÈWdZlUR_madc-LGadc~¹ f�WXnoKjÌ!N4arZMKML4LR_VcTn`&
��}�¼�½�½�á��w¸Tc-aT� s ¸�á�á ]�â!52á�á s ]��


 á�á s �FpÔ�2yD�-ÇuSmLRU&WdY�¸.Hu³�¨d©�´o°d¤w£­¦$� # �M°d¤F«!�l¦�£ # ¨�¦�£­³h´�� # ¨d©­©0�Q�&¨d©V«b±�£ Ou«w¤4«w³.�È«!��54«M¦w>É«4«w³�¦w>Ë°Å±d£V´d£�¦|¨d©�£ # ¨�´e«!�l¸Ì�WXURU4KlNRcq uKMZMadn�cT_VU�� �Æ}{á�â j `o�w¸D`�¼�`!5r`�`�`��

 á�á�â,�byD���u_Vc-L4adc�¸�JÖ���b����ad\-Klc�¸�WXc-YÆàO��Ì�KlNRS�WXchU�¸ �{��¦�¤R¨d�M¦�£�°d³Î°_�x¤4«��M¦|¨d³h´�§h©V¨d¤`5w§r£¥©V±d£­³h´��g§)�È£­³h´ N��É¯ ¨d³2±

°�¤w¦$�r°�£ # ¨�´e«M¸-Ì!N4arZ��-aXzÖyrZ�WXc-Y�_Vc]W��h_�WXc���adc�z�KlN4Klc-ZMKFadc[¹Ðf�WXnoKÄ¶Ic]WXSV��LR_mLj}|yT��¹º¶F��½�á��w¸]¼�½�½�á��

 á�¼�½,�R/x�j�Öa�L4L4KlSVf�WXc
WXc-YÂp��U@G�FYTK�/�QTc-LRU�¸ ^�3�±o¨�¦�£­³h´ ¤{°�¨o± # ¨!3%� 5w® �&°d³]¦Ð«���¦�§T¨d©�¤R«4¨��l°d³]£¥³h´ �m¸;Ì!N4arZ��

eÆadNR×�LR\-ad^Æadc fl¶uQTU4adf�WXUR_mZx@�Ò�URN&WdZlUR_madc�aXz�pÍWXc�vÐp¡WdYTK�hu��ÓRKMZlU4L�z�N4adf ¶:KlNR_�WXSÉWXc-Y�yh^]WdZMKx¹Ðf�WXnoKML,f
}�¶;�%/kNRQ-Klc�¸�@I��Ì��2ÙOWXSVU4LÈWM�r_�WdL�¸]WXc-Y`h;��VkKlcTNR_mZML4L4adc�¸-KMYTL�� �w¸TÙÉ_VNR×r\��XQ-L4KlNG�ÖKlNRS�WXn-¸0á�â�â j ¸T^T^��]¼F] j 5r¼ j ]��


 á�¼�á��FJË�Me�WXSmY�¸WNF«$\Ë³-£­¦�£�°d³��G¨d³2±Ä¦Ð«w¤ # �I°_�:¤4«$��«w¤4«w³.�&«k£­³�±e¨�¦|¨K�w§)�È£�°d³]¸X¹ ¶kÌÖ ky�}­�ËWXSVS�WdYTadSV_mY�¸hyh^]WX_Vc2�w¸o�oadS|�o`�¼�¸

oQTc-Kgá�â�â�â��


 á�¼�¼,�Ä�b�de�WXSVU4KlN�¸�Hu§�¦|° # ¨�¦�£4�c�l©�¨M�[�È£ \P�4¨o¦�£�°d³¡°_�u¤4« # °�¦Ð«��M«w³��w£¥³r´x±o¨�¦|¨2�M°d¤ �	�[bq±e¨�¦|¨W5R¨���«+¤4«���£X�È£�°d³]¸h¹ ¶kÌÖ �yD¸
�oadS|�2`�¼�¸�á�â�â s ¸T^T^��%]X¾-á 5u]X¾ s �


 á�¼�`,� ¸.Hu§r¦|° # ¨o¦�£w������¨d³h´e«b±e«M¦Ð«��M¦�£�°d³Æ£­³ �	�[b�±o¨�¦|¨)5R¨��M«���5R¨���«R±[°d³ �l©V¨��!�È£ \P�4¨�¦�£�°d³Æ°_� # §r©¬¦�£X�;3T«7�M¦�¤{¨�©±e¨�¦|¨�¸TÌ!N4arZ��-¹º¶uÌÖ �yD¸��oadS|�]¼�`�¸-¼�½�½�½�¸-^T^���á�á�` s 52á�ál¾WE��

 á�¼X¾M�Ä�b�Qe�WXSVU4KlN�WXc-Yj�b��à-NR_VU4L4Z4\�¸MHu§r¦|° # ¨�¦�£4�P�X«w¤w£ \Y�4¨�¦�£�°d³�°_� �	�[b�±o¨�¦|¨u§)�È£­³h´9�e£V´��j¤R«��l°d©¬§r¦�£�°d³ # §r©¬¦�£X�;3T«7�M¦�¤{¨�©±e¨�¦|¨�¸T¹º¶uÌÖ �yD¸��oadS|�]`�¼�¸�á�â�â s ¸T^T^���¾ s E!5e¾eâ�½��

 á�¼FE,�Rl5�Ge�WXcTn-¸0�;��l2_madQ�¸5�k��¶INRfgKlc]WX×r_mL�¸��b��J�_|¸0WXc-Y �;��J�_|¸ H��4° # 3�¨d¤R¨�¦�£$�X«Å¨d³2¨�©²®��È£X�g°_�x£ # ¨�´h«A�w§W�w£�°�³

# «l¦$��°�±��w¸�¹�@K@K@�Ø0N&WXc-L&WdZlUR_madc-L:adc`/�KMa�L4Zl_mKlc-ZMK+WXc-Y< uKlfgadU4KjyrKlc-LR_VcTnx(.zÍ}�¼�½�½FEo�w¸�c-aT��]�¸2á�`�â�á 52ál¾e½�¼��

 á�¼F],�F�b�U
-��e�_VSVSV_�WXfgL;WXc-Y�pÔ�0yh\]WX\�¸ H �l¨M�w¦u¨�© ´o°�¤È£�¦$� # �M°d¤<¨d��¦�£X�X«D�4°�³]¦|°d§r¤[�<¨d³D±i�M§h¤���¨�¦�§r¤R«~«!�w¦�£ # ¨�¦�£�°�³]¸¹ f�WXnoK+Çuc-YTKlN4LRU&WXc-Y�_VcTn�� �Æ}{á�â�â�¼o�w¸]c-aT��á�¸�ál¾ 5r¼F]��

 á�¼ j �FÙ�� �k_mK�¸]�b�8 uWXfgKMLR\�¸�WXc-YÍØ+�8Ù�adQTSVU�¸ b2§�±o±h«w³�£­©¥©¬§ # £­³2¨�¦�£�°d³q����¨d³h´e«<±e«l¦Ð«���¦�£�°d³�§W�w£¥³r´~°d¤R±e«w¤��4°�³��È£X�!n

¦Ð«l³.�l®�¸-¹ f�WXnoK��u_mL��]��adfx^TQTU��G�%��}�¼�½�½X¾h�w¸Tc-aT�]¼�¸�á�á j 52á�¼FE��

 á�¼ s �b�k� �kQ�WXc-Ym
-��Ì!NR_Vc-ZMK�¸ �O¤{¨o±�£�«w³2¦p�X«���¦|°d¤9}:°M> 8	H�³D«�>�«7��¦Ð«w¤w³2¨d©��M°d¤��&«9�l°d¤R�w³2¨�?d«��w¸�Ì!N4arZ�� ��adc�z{�0adc

��adfx^TQTU4KlNu�u_mL4_madc~WXc-Y[Ì5WXURU4KlNRc¡ IKMZMadn�cT_VUR_madc�}|�É��ÌÖ Â��â j �w¸�á�â�â j ¸T^T^���]F]!5 j á��

 á�¼�â,�R/x� �uQ�WXc-Yql5��l2\]WXcTn-¸ � 32£t3T°d©�¨�¤F´e«R° # «l¦�¤w®~£­³ �l¦Ð«w¤4«R° � # °�¦�£�°d³Ô¨�³2±~°W5w6M«���¦I¤4«��4°4´�³-£­¦�£�°d³�nj¨~§h³-£ \�«R±

¨�3d32¤R°�¨d���h¸8��adfx^TQTU&WXUR_madc]WXS5¹ f�WXn�_VcTn<WXc-YÅ�k_mLR_madc�¸T�oadS|�%]�¸�-�SVQ 
ÉKlNk¶:Z�WdYTKlfx_mZÄÌ!QT�TSV_mLR\-KlN4L�¸�á�â�âF]��

 á�`�½,�Rl5� �kQ-K�¸]yD��J�_|¸]WXc-Y @G�U-x�TØ�KMad\�¸ �u¨d®e«!�È£�¨d³r�[�r¨!3-« # °�±h«w©d�M°d¤	�l¨d�M£�¨d©F��«R¨�¦�§r¤4«x«���¦�¤R¨d�M¦�£�°d³Æ¨d³2±x¤4«��4°&´d³-£$n¦�£�°d³]¸TÌ�WXURU4KlNRcq uKMZMadn�cT_VUR_madcrz%C�}�¼�½�½�`o�w¸-c-aT��á�¼�¸]¼ s á�â!5r¼ s `�`��

 á�`�á��Rl2\-adcTn �uQ-K�¸�yhU&WXc�l5�MJ�_|¸�WXc-Y @G�U-x��Ø0KMad\�¸MH �!n ��£�´h«w³�b]³2¨M?d«p8T¨d³g¨ ��³8«�nÐ£­³���¨d¤w£�¨d³]¦8±e«$�M°d¤ # ¨W5l©V«A�&°d³]¦|°d§r¤

# °�±h«w©d�M°d¤Ä°W5$6�«��M¦ # ¨�¦;���e£­³h´�¸T¹ f�WXnoKÄWXc-Y?�k_mLR_madcq��adfx^TQTUR_VcTnZ����}�¼�½�½�¼o�w¸-c-aT�-¼�¸ jFj 5 s ¾-�



¼�¼�½ -.� -�� � ������������� �


 á�`�¼,�gyD���ÖQT_|¸�-x��VkWXN&W�¸�V;��l2\]W�¸-WXc-Y?Ø+��VkWdL&KlneW 
�W�¸GH��M¨��l¦Ö³2¨d¤w¤R°M>�5R¨�³2± # «l¦$��°�±Å¨d³2±x£�¦$�Ä¨!3d32©¬£4�4¨�¦�£�°d³q£­³¦|°!3�°d©V°4´d®Mn{¨o±o¨!3D¦|¨o¦�£X�X« �,N # °�±e«w©¬£¥³r´�¸Öá ]XUR\�¹ ceURS:��adc�z{��adc�Ì�WXURU4KlNRc$ IKMZMadn�cT_VUR_madc�}�¹R��ÌÖ Ä��½�¼o�w¸0�oadS|��¾-¸¼�½�½�¼��

 á�`�`,�g�k�.l2\]WXcTn-¸+@G�]Ù:WXSVU4L&W��h_�WdL�¸DWXc-Y[¶;�+/kNRQ-Klc�¸ �j³D°M>:©V«4±�´e«�n�5R¨��M«4±[£ # ¨�´e«;¨d³2¨d©¬®��È£X�K�l°�¤��,N ¤R°�¨o±�¤4«��4°�³��!n¦�¤È§��M¦�£�°d³]¸T¶kLR_�WXcZ
oadQTNRc]WXS5aXzK/�KMad_Vc�z�adNRf�WXUR_mZML'&�}�¼�½�½�á��w¸Tc-aT�T¾-¸-`!52ál¾-�

 á�`X¾M� ¸p^�3�±o¨�¦�£­³h´[°����4¨d¤l¦|°4´d¤R¨!3%�h£w��¤{°�¨o±[±o¨�¦|¨)5R¨��M«��x5w®�£ # ¨�´e«x¨d³2¨�©²®��È£X�w¸]Ì!N4ahZ�� 
ÉadNR×�LR\-ad^Íadc fl¶uQ�v

U4adf�WXUR_mZ @�Ò�URN&WdZlUR_madcÍaXz�pÍWXc�vÐp¡WdYTKRhu��Ó{KMZlU4LGz­N4adf ¶:KlNR_�WXS5WXc-Yqyh^]WdZMKF¹Ðf�WXnoKML�f�}w@G�]Ì��2ÙOWXSVU4LÈWM�r_�WdL�¸
¶F�%/�NRQ-Klc�¸]WXc-Y?JÖ�T�ËWXci/+ahadS|¸TKMYTL�� �w¸-�oadS|�]`�¸T¶F��¶;�TÙ:WXSV×oKlf�W�¸]¼�½�½�á��


 á�`FE,�RVF�U-x��l2\]WdaT¸�Ø+�d�É\]WXc�¸�Ù���p¡KlNRNR_Vf�WXc�¸�WXc-YbyD��hkLR\-KlN�¸MH ��¨d¤w£�¨o¦�£�°d³D¨d©h©m«��X«l©W��«l¦�¨!3d32¤R°�¨d�Q�;¦|° # §r©¬¦�£k3%�r¨���«
# °�¦�£�°�³]¸�
oadQTNRc]WXS�aXzË��adfx^TQTU&WXUR_madc]WXS5ÌÖ\e��LR_mZMLc&��GTÍ}{á�â�âF]o�w¸]c-aT��á ] j ¸�á j â!52á�âFE��


 á�`F],�bJÖ��l2\eQ�¸�Ø+��y�WdL&WXneW 
�W�¸�-x��Ø5WdZ4\T_V�]WXc]W�¸0WXc-Y �x�8àTQT×rQT·�W 
�W�¸"�T¤w£t3D©V«l¦G£ # ¨�´e« # ¨�¦;���e£­³h´c�M°d¤g¨d£­¤�54°d¤È³8«
±d£V´d£­¦|¨�©G�M«w³��M°d¤:H9Ncb � ��¸-Ì!N4arZ��T¹{yrÌÖ �y �
�uUR\[¹RyrÌÖ ky?��adcTn�N4KML&L�¸]¼�½�½X¾-�


 á�` j �gyD� �k�`l2\eQ WXc-Y�¶;��JÖ� �ÖQT_VSVSmK�¸~ªG«�´d£�°d³ �&° # 3T«l¦�£�¦�£�°d³ 8 ^0³-£ �w®X£­³h´ �È³D¨�?d«!� ��¤4«�´d£�°d³ ´d¤R°M>!£­³h´ �$¨�³2±
�I¨�®o«��;a]¯SNkµi�M°d¤ # §r©¬¦�£;5R¨d³D±Å£ # ¨�´h«��M«�´ # «l³]¦|¨�¦�£�°d³]¸D¹L@K@�@ Ø0N&WXc-L&WdZlUR_madc-L+adcÍÌ5WXURU4KlNRc�¶uc]WXSV�rLR_mLkWXc-Y
p¡WdZ&\T_Vc-Kj¹ ceU4KlSVSV_VnoKlc-ZMKx&�*�}{á�â�âF]o�w¸]c-aT�-â�¸ sFs ¾ 5râ�½�½��
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á��IØ+�:ÙOWX_VSVSmarKlQTS|¸A
-�:�kQ]WXc�¸O�b��ÌÖNR_Vc-KlUqWXc-Y)Ù��:yrKlNRN&W�¸Z^0¤ 5R¨d³�±�£�´d£�¦|¨d© # ¨!3 §=3�±o¨�¦�£­³h´`�È¤R° # �l¨�¦Ð«l©¥©¬£­¦Ð«
�e£�´M�Î¤R«��l°d©¬§r¦�£�°d³�£ # ¨�´h«!�q§)�È£­³h´ �	�[b ±e¨�¦|¨Î¨���¨r32¤w£�°�¤È£�?�³2°M>:©m«R±�´h«l¸:_Vc�Ì!N4arZ��G¼Xc-Y /� kyTy��X¹RyrÌÖ �y

oad_VceUpeÆadNR×�LR\-ad^[adc~ uKlfgadU4KÄyrKlc-LR_VcTn�WXc-Y?�+WXU&WxàTQ-LR_madc[adc[ÇuNR�]WXc~¶uN4K�WdL�¸�Çu uÙO¶ut�¼�½�½�`�¸TÙ�KlNRSV_Vc�¸
/�KlNRf�WXce�o¸2p¡W��Å¼�½�½�`��

¼��IØ+��Ù:WX_VSVSmahKlQTS|¸0�;��ÌÖNR_Vc-KlU�¸0Ù���yrKlNRN&W�¸0Ì5�0pÍWXNRUR\-adc�¸0Ì5�5�É\-Klc$WXc-YqV;��l2\]WXcTn-¸ Nj£�´�£­¦|¨d©25w§h£­©V±d£¥³r´ # ¨!3¤R«$\Ë³D« # «w³]¦��w¤{° # ?�³2°M>:©m«R±�´e«�n{±d¤w£X�X«l³Í¨d��¦�£X�X« �4°d³]¦|°�§h¤!��¨d³D±R�X«w¤w®��e£�´M��¤R«��l°d©¬§r¦�£�°d³Í°!3D¦�£4�4¨d©D£ # ¨�´e«l¤È®�¸h_VcÌ!N4ahZ��0¹{yrÌÖ �y�V�WXcTc-a��oKlN eÆadNR×�LR\-ad^Ôadc fQVI_Vn�\�vÐ uKML4adSVQTUR_madc @ÉWXNRUR\�¹ f�WXn�_VcTn[z�adN�/�KMa�LR^]WXUR_�WXSÉ¹ c�z�adN{v
f�WXUR_madc�fd¸�VkWXcTc-a��oKlN�¸+/�KlNRf�WXch�o¸]pÍWM�[¼�½�½FE��

`��IØ+�eÙ:WX_VSVSmahKlQTS|¸h�b�eÌ!NR_Vc-KlU�¸�Ù��ryrKlNRN&W�¸rÌ��rpÍWXNRUR\-adc�¸rÌ5�T�É\-KlcÅWXc-YIVF��l2\]WXcTn-¸P^�¤�54¨d³i5w§r£¥©V±d£­³h´b©V¨d³2±;§)�M«
���r¨d³h´h« # ¨!3d32£­³h´��w¤{° # �e£V´��~¤4«!�M°d©²§�¦�£�°d³m�l¨o¦Ð«w©¥©¬£�¦Ð«F£ # ¨�´e«l¤È® �G¨d�M¦�£$�X«��4°d³2¦|°d§h¤!�b¨�³2± �j°�§d´��r��°�¦�£­³h´�¸2_Vc
Ì!N4ahZ��]¹{yrÌÖp�yr kyD¸TÙOKl_ Ó{_VcTn-¸2�É\T_Vc]W�¸.hkZlU4ad�8KlNu¼�½�½FE��

¾-�IØ+�2Ù:WX_VSVSmarKlQTS|¸2�b�DÌ!NR_Vc-KlU�¸8Ùk��yrKlNRN&WÅWXc-YqÌ5�8p¡WXNRUR\-adc�¸ bF3T¨�¦�£�°Fn ¦Ð« # 3�°d¤R¨d©+32¤w£�°d¤'�!�r¨!3T«��4°d³��l¦�¤{¨d£­³]¦G�M°d¤
©V«��d«w©+�M«l¦ ��«�´ # «w³]¦|¨�¦�£�°d³]¸e_Vc�ÌÖN4ahZ��u@Öp¡pÍ�É��ÌÖ Ä¸�yhUÉ¶uQTn�Q-LRUR_Vc-K�¸rÇ�yr¶;¸eJ�t+�:y<` j E j yh^TNR_VcTnoKlN{v|�ÖKlNRS�WXnÙ�KlNRSV_VcrVuKl_mYTKlSV�8KlNRn-¸T^T^��%E�½�`�vLE�á�â�¸-tka��oKlfF�DKlN�¼�½�½FE��

E��IØ+�XÙ:WX_VSVSmarKlQTS|¸X�;�dÌ!NR_Vc-KlU�¸�Ù���yrKlNRN&W�¸�Ì��dpÍWXNRUR\-adc�¸�Ì��e�É\-KlcgWXc-YRVF�Fl2\]WXcTn-¸WNj£�´d£�¦|¨d©%5w§r£¥©V±d£­³h´ # ¨�3�¤4«$\Kn³D« # «w³]¦,�È¤R° # ?�³2°M>:©m«R±�´e«Qnº±d¤w£X�d«w³�¨d��¦�£X�X«2�&°d³]¦|°d§r¤[�:¨d³2±:�X«w¤w®:�e£�´M��¤4«!�M°d©²§�¦�£�°d³�°!3D¦�£4�4¨d©r£ # ¨�´h«w¤È®�¸l_Vc�/+KlN{v
f�WXc 
oadQTNRc]WXSeaXzTÌ!\-adU4adn�N&WXfxfgKlURNR�o¸d IKlfgadU4KËyrKlc-LR_VcTnkWXc-Y�/�KMa�¹ c�z�adNRf�WXUR_madc+vDÌÖà /$Ì!\-adU4adn�N&WXfxfgKlURNR_mKwv
à-KlNRc-KlNR×hQTc-Y�QTcTndv�/+KMad_Vc�z�adNRf�WXUR_madc�¸T^T^���E�á�áwvLE�¼�¼�¸2tua��oKlfÄ�8KlNk¼�½�½FE��

¼�¼�á
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¼��Vá @!NRN4KlQTN4LxYTK�YTPlSV_Vc-P�WXUR_madc�YTKML;ZMadchU4adQTN4L ��Y�_�Ú�PlN4KlceU4KMLxL&Kln�fgKlceU&WXUR_madc-L~}�Klc$c-ad_VNÈ�ÄY�QÔfg�lfgK
ad��Ó{KlUO}­�oPlNR_VU4PËU4KlNRN&WX_VcxKlcF�TS�WXc-Z���^]WXN�^TSVQ-LR_mKlQTN4L5^T\-adU4aXv|_VceU4KlNR^TN4PlU4KlQTN4L���J�K�L4Z&\-Plf�WIKMLRU5KwÒrURN&WX_VU
YTK 
ts ½,�Ð�D�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�
`FE

¼���¼ @�Ú�KlU�YTK?noPlc-PlN&WXSV_mL&WXUR_madc Y�»��¡S|��PMZ4\-KlSVSmK��ÉJ0WÍfg�lfgK~L&ZMslc-K?KMLRUgN4Kl^TN4PML4KlchU4PMKq�ÍY�_�Ú�PlN4KlceU4KML
PMZ4\-KlSVSmKML �ká ��¼FE�¸�½�½�½ �Îá �tE�½�¸�½�½�½��Îá �Vá�½�½�¸�½�½�½ }�YTK¡neWXQ-Z4\-K���Y�N4ad_VU4K��w�OJ�K¡L4Z&\-Plf�W�KML4U
KwÒrURN&WX_VUuYTK 
ts ½��Ð� �j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�
`FE

¼���` yhQT^DKlNR^8a�LR_VUR_madcÅY�� QTc-KuZ�WXNRU4KkY�Q��]�XUR_!}­^8adSV�hnoadc-KML0ÓRWXQTc-KMLw�ÖWM�oKMZuQTc-Ku_Vf�WXnoKuL&WXU4KlSVSV_VU&WX_VN4K��rJ�KML
� sMZ4\-KMLI�TS�WXc-Z4\-KMLu^Dad_VchU4KlceUuYTKMLG_Vc-KwÒTWdZlUR_VURQ-YTKMLuSmahZ�WXSmKMLIYTK�z�adNRfgK+YTKjS�WbZ�WXNRU4K��Ö�j�+�j�j�+�Ä�+�
` j

¼�� ¾ yhQT^DKlNR^8a�LR_VUR_madcgY�� QTc-K:Z�WXNRU4KOY�Qx�]�XUR_�}­^DadSV�rnoadc-KMLDÓ4WXQTc-KMLÈ��WM�oKMZOQTc-K�_Vf�WXnoK:L&WXU4KlSVSV_VU&WX_VN4KO_VSVSVQ-L{v
URN&WXceUÖS|��KwÚ�KlUËYTKOnoPlc-PlN&WXSV_mL&WXUR_madc �dQTcgL4KlQTST^8adSV�hnoadc-KGZ�WXNRU4adn�N&WX^T\T_mihQ-KIKlcTn�Smad�8KGYTKOc-adfF�TN4KlQ�Ò
�]�XUR_VfgKlceU4LkZMadceUR_Vn�Q-L��I�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�
` j

`��Vá @�ÒTKlfx^TSmK;Y�� QTcÍZMadQT^TSmKbY�� _Vf�WXnoKML�LRU4PlN4PMa�L4ZMad^T_mihQ-KML��8J�KMLk_Vf�WXnoKMLkL&adceU�YTKMLkYTadcTc-PMKML�L&WXU4KlSVSV_�v
U&WX_VN4KMLILR_VfFQTSmPMKMLu�;^]WXNRUR_VNIY�� _Vf�WXnoKMLkWdPlNR_mKlcTc-KML��!�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+��¾e¼

`���¼ Ì�adQTNkS�WbN4KMLRUR_VURQTUR_madc¡LRU4PlN4PMa�L4ZMad^T_mihQ-K�¸2YTKlQ�Ò?_Vf�WXnoKMLkL4adceU�WdZMieQT_mL&KMLIYTKjYTKlQ�Ò?^8ad_VceU4LkYTKj�rQ-K
Y�_�Ú8PlN4KlchU4L��5ÇIcÆ^8ad_VceU

P
YTK�S�W[L4ZMslc-K<L4Kx^TN4aXÓRKlURU4K�LRQTN;Z4\]WdihQ-Kg_Vf�WXnoKÅ�?S|� _VceU4KlN4L&KMZlUR_madcÔY�Q

^TS�WXc[_Vf�WXnoKjKlUIYTK�S�WgY�N4ad_VU4KOÓ{ad_Vn�c]WXchUGSmK+^8ad_VceU
P
KlU:SmKÄZMKlceURN4KÄad^TUR_mihQ-K

CA
adQ

CB
���+�Ä�+��¾e`

`���` Ì�adQTN<YTKlQ�ÒÔ^8ad_VceU4LgZMadcdÓ{QTn�Q-PML
PA
KlU
PB
¸�S|��adNR_mKlceU&WXUR_madc�N4KlS�WXUR_V�oK?^DKlNRfgKlUgYTK?Z�WXSmZlQTSmKlNxS�W

^Da�L4_VUR_madcÔY�Q�^Dad_VchU
P
Y-WXc-LÄSmK�LR��LRU4slfgK�YTK<ZMahadN4YTadcTc-PMKML;SV_mPÅWXQ�ZMadQT^TSmK�Y�� _Vf�WXnoKML��

P
KMLRU

YTPw�-cT_0ZMadfxfgK+SmKjZMKlchURN4KÄY�Q?^TSVQ-LI^DKlUR_VUGL4Kln�fgKlchUIN4KlSV_�WXchUGSmKMLGY�N4ad_VU4KMLF}
PA,CA

��KlUF}
PB
¸
CB
�w� ¾�¾

`�� ¾ @�ÒTKlfx^TSmKjYTKjLRQTN{z|WdZMK+YTKjZMadNRN4PlS�WXUR_madc�� �+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+��¾W]
`��tE Ì5WX_VN4KFY�� _Vf�WXnoKMLIKlc[noPMadfgPlURNR_mKÄieQ-KlSmZMadc-ihQ-K �j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+��¾ j
`��t] Ì5WX_VN4KFY�� _Vf�WXnoKMLIKlc[noPMadfgPlURNR_mKÄPl^T_V^DadS�WX_VN4K �+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+��¾ j
`�� j p¡WdL&ieQ-KjWdY-WX^TU&WXUR_�zÖYTKjZMadNRN4PlS�WXUR_madc��
�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+��¾ s
`�� s @!NRN4KlQTNÉY-WXc-LËSmKGZ�WdLËYTKG·�adc-KMLËarZMZlQTSVU4PMKMLÉWM�oKMZIQTc-KOz�Klc-�lURN4KIYTKGZMadNRN4PlS�WXUR_madc��TÒ�K��]}�Wo��QTcg^T_�Ò�KlS
YTKjY�_mLR^]WXNR_VU4P+chQTSVSmKjKMLRUIZMadc-L4_mYTPlN4P��0}­�2�OL4adc?\-adfgadSmadn�Q-KFY-WXc-L:S|� _Vf�WXnoKÄZMadcdÓ{QTn�Q-PMK+c���KMLRUG^]WdL
N4KlURN4adQT�oPg��Z�WXQ-L4KbYTKFS�W<^TNR_mL4KbKlc�ZMadfx^TU4KxY�� QTc-Kb^]WXNRUR_mKbY�QÍ�]�XUR_VfgKlceUÄY-WXc-L�S�W�z�Klc-�lURN4K;YTK
ZMadNRN4PlS�WXUR_madc�� �j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+��¾eâ

`���â ¶I^T^TSV_mZ�WXUR_madc?Y�QÅf�WdL4ihQ-KuL4QTNÉS�WÄ�h_Vn�c-KlURU4K�YTKkZMadceU4KwÒ�U4K��TJ0WÄ^]WXNRUR_mKkY�QÅ�]�XUR_VfgKlchUGKMLRUÉN4KlUR_VN4PMK
YTK~S�WÆz�Klc-�lURN4K¡YTK¡ZMadNRN4PlS�WXUR_madc)n�N&�dZMK��ÆS�W�noPMadfgPlURNR_mKÆWdY-WX^TU&WXUR_V�oKÍY�Q f�WdL4ieQ-K���J�Kq^T_�Ò�KlS
\-adfgadSmadn�Q-KÄKMLRU:N4KlURN4adQT�oP��@�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+��¾eâ

`��Vá�½�¹Ðf�WXnoK�YTKËY�_mL4^]WXNR_VU4PÉnoPlc-PlN4PMKO�I^]WXNRUR_VN5Y�QbZMadQT^TSmKÉYTKÉS�WO�-n�QTN4K:`��Vá �r}�Wo��ZMadNRN4PlS�WXUR_madcgZlS�WdL4LR_mihQ-K
}­�2�OZMadNRN4PlS�WXUR_madc~^]WXN:f�WdL&ieQ-KMLkWdY-WX^TU&WXUR_�z�L��u�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� E�½

`��Vá�á�yh�hchUR\-sML4KjY�Q[^TN4arZMKML4LRQ-LIYTK�N4KMZMadc-LRURNRQ-ZlUR_madc¡`d�b�Ö�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� E�á
`��Vá�¼���Pw�-cT_VUR_madcqYTKMLIWXcTn�SmKMLkY���WXURUR_VURQ-YTK<}­N4adQTSV_mL�¸-U&WXcTneWXnoK�¸-S�WdZMKlUÈ�OY�� QTc-KFZ�WXfgPlN&WxKlfÄ�]WXN4ihQ-PMKFL4QTN
QTc-Kb^TS�WXU4Kwv�z�adNRfgK<WdPlNR_mKlcTc-K~}�KlcÆLRQT^T^8a�L&WXceUjihQ-K;SmKMLÄW�Ò�KML+YTKbN4adU&WXUR_madcÆYTKbS|��W��h_madc�KlUjYTKFS�W
Z�WXfgPlN&WxL4adchUG_mYTKlceUR_mihQ-KMLÈ�w�]J0KjL4Z4\-Plf�WgKMLRUGKwÒrURN&WX_VUuYTK 
 á�á��Ð���j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� E�¼

¼�¼�`



¼�¼X¾ ����- � �( ����
� � � %������

`��Vá�`�SVSVQ-LRURN&WXUR_madc¡YTKMLuWXcTn�SmKML
(ϕ, ω, κ)

QTUR_VSV_mL4PMLIKlcq^T\-adU4adn�N&WXfxfgPlURNR_mK�����KMLuWXcTn�SmKMLkKwÒr^TNR_VfgKlchUIS�W
N4adU&WXUR_madc[KlchURN4K+SmKkN4Pwz�PlN4KlchUR_mKlS0Z�WXfgPlN&W (

xB , yB , zB
) KlUOSmKkN4Pwz�PlN4KlchUR_mKlS�U4KlNRN&WX_Vc (

xE , yE , zE
)

WdL4L&ahZl_mPj�;QTc-K+^TN4aXÓRKMZlUR_madc~Z�WXNRU4adn�N&WX^T\T_mihQ-K��2J0K+L4Z4\-Plf�W�KMLRUGKwÒrURN&WX_VUuYTK 
 á�áQ�Ð� �j�+�Ä�+�j�j�+� E�¼
`��Vál¾ VuQT_VUuf�WXN4ihQ-KMLk�]Y�Q-Zl_�WX_VN4KML+N4Kl^TN4PML4KlchU4PMKML+Y-WXc-L�SmK;^TS�WXcqz�arZ�WXS5YTKFS�W�Z�WXfgPlN&W��DJ0KFN4Kl^8slN4KbY�Q
^TS�WXc?z�arZ�WXS�KMLRUGZMKlceURN4PFLRQTN:SmK�^Dad_VchUG^TNR_Vc-Zl_V^]WXS�YTKÄLR�hfgPlURNR_mKg}�ÌËÌÉyT�:Y�Q[LR��LRU4slfgK+ad^TUR_mihQ-K��j�+� E�`

`��Vá E yh�rceUR\-sML4KxWXSVnoadNR_VUR\Tfx_mihQ-KxYTKÄS|��ad^TUR_Vfx_mLÈWXUR_madc�n�Smad�]WXSmK;YTKML�^]WXN&WXfgslURN4KML+YTKF^TNR_mL4KbYTKF�hQ-K;YTK
n
_Vf�WXnoKMLIWdPlNR_mKlcTc-KML��I�j�j�+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+� E s

`��Vá ] ��adQT^TSmKjY�� _Vf�WXnoKMLuLRU4PlN4PMa�L4ZMad^T_mihQ-KMLGN4KMZlUR_��]PMKMLuKlc[noPMadfgPlURNR_mKÄPl^T_V^8adS�WX_VN4K�� �j�+�j�+�Ä�+�j�j�+� ]�½
`��Vá j p¡t�y[KlcqnoPMadfgPlURNR_mKxPl^T_V^8adS�WX_VN4K��8J�KMLk·�adc-KMLkc-adcqN4Klc-L4Kl_Vn�c-PMKML+L&adceU�Klcqc-ad_VN��DS�W�SVQTfx_Vc]WXc-ZMK
KMLRU:^TN4ad^8adNRUR_madcTc-KlSVSmKF�xS|��WXSVUR_VURQ-YTK�� �j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+� ]�½

`��Vá s /kNR_VSVSmKÄadNRUR\-a�L4ZMad^T_mieQ-KFWdL4L4arZl_mPMKj�bS�W;^TN4aXÓ{KMZlUR_madcqZ�WXNRU4adn�N&WX^T\T_mieQ-K��F�+�j�+�j�j�+�j�+�Ä�+�j�j�+� ]�`
`��Vá�âÎÌ!N4aXÓRKMZlUR_madcqY�� QTc~URNR_�WXcTn�SmKjY�Q~p¡t�y�Pl^T_V^8adS�WX_VN4K+�oKlN4L:S�Wbn�NR_VSVSmKÄadNRUR\-a�L4ZMad^T_mieQ-K�� �+�Ä�+�j�j�+� ]X¾
`���¼�½ÎpqQTSVUR_V^TSmKMLGURNR_�WXcTn�SmKMLI^TN4aXÓ{KlU4PMLGY-WXc-LIS�W;n�NR_VSVSmKjadNRUR\-a�L4ZMad^T_mihQ-KÄKlU:_VchU4KlN4L4KMZlU&WXceUkSmK�fg�lfgKj^T_�ÒTKlS|� ]X¾
`���¼�á�p¡t�y�adNRUR\-adN4KMZlUR_��]P;WM�oKMZÄQTc?^]WdL

R = 0.65
f KlU

εcorr = 0.4
���+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+� ]FE

`���¼�¼Îp¡t�y�adNRUR\-adN4KMZlUR_��]PML�WM�oKMZÄY�_�Ú8PlN4KlchU4LIL4KlQT_VSmLuYTK+ZMadNRN4PlS�WXUR_madc��F�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+� ]F]
`���¼�`Îp¡t�y�adNRUR\-agN4P�WXSV_mL4PÄWM�oKMZjQTc-K+_Vf�WXnoKjYTK+Y�_mLR^]WXNR_VU4Pj�-SVURN4PMKÄWM�oKMZ+QTc[�-SVURN4K+fgPMY�_�WXc����+�j�j�+� ] j
`���¼X¾ p¡t�y¡adNRUR\-a[N4P�WXSV_mL4P�WM�oKMZgQTc-Kx_Vf�WXnoKgYTKgY�_mLR^]WXNR_VU4Px�-SVURN4PMK�WM�oKMZ�QTcÍ�-SVURN4KgYTKxN4PºÓRKMZlUR_madc�YTK
U&WX_VSVSmK

7 × 7
���Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+� ] s

`���¼FEÎp¡t�y�z�Q-LR_madcTc-P
MNS1 +MNS2

�D�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+� j ½
`���¼F]Î¶un�N&WXc-Y�_mL4L4KlfgKlchUuYTK�S�Wb·�adc-K+N4KMZlU&WXcTn�QTS�WX_VN4KÄN4adQTnoKjYTK+S�WF�-n�QTN4KÄ`���¼FE��u�+�j�j�+�j�+�Ä�+�j�j�+� j á
¾-�Vá yradQ-L{vÐPMZ&\]WXceUR_VSVSmadcTc]WXnoK+Y�� QTcÅZMadceU4adQTN�N4Kl^TN4PML4KlceU4PkYTK:z|WdÕMadc�KwÒ�^TSV_mZl_VU4KuKlUË^]WXN&WXfgPlURN4Pu^]WXN�L4adc
WX�-L4Zl_mL&L4K+ZlQTNR�h_VSV_Vn�c-K����j�j�+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+� j E

¾-��¼  uKl^TN4PML4KlceU&WXUR_madc��qURN4ad_mLxY�_VfgKlc-LR_madc-L�YTK<S|� _VchU4KlN4L4KMZlUR_madcÎY�� QTc�Klc-L4KlfF�TSmK?YTKÅcT_V�oK�WXQ�Ò$W��oKMZ
SmKÄ^TS�WXc¡YTKÄS|� _Vf�WXnoKÅ}­cT_V�oK�WXQ¡·�PlN4ae�w�DJ�KFZMadchU4adQTNuN4Kl^TN4PML&KlceU4P;_Vfx^TSV_mZl_VU4KlfgKlceUjKMLRUkZMKlSVQT_5YTKÄS�W
�-n�QTN4K+¾-�Vá��]J0WbSmPlnoKlc-YTK+N4Kl^TN4PML4KlchU4KjS�WbY�_mLRU&WXc-ZMK�@!Q-ZlSV_mY�_mKlcTc-KÄL4_Vn�c-PMKÄWXQ[ZMadceU4adQTN��Ö�Ä�+�j�j�+� jFj

¾-��` @�ÒTKlfx^TSmKjY���KwÒ�URN&WdZlUR_madcqYTKjL&Kln�fgKlceU4LF}�Wo��KlUuY�Q?n�N&WdY�_mKlceUk�oKMZlU4adN � a 
 WdL&L4ahZl_mPg}­�2�w�Ä�+�j�j�+�
âFE
¾-� ¾ �Öad_mLR_Vc]WXnoKML?Zl_VN4ZlQTS�WX_VN4KML[QTUR_VSV_mL4PMLÅ^DadQTNÅS�WÔZMadc-LRURNRQ-ZlUR_madc�YTK¡S�W��]WXc-YTKÍPlURN4ad_VU4KÍN&WX^T_mYTK��:J0W
SmPlnoKlc-YTK�z�adQTNRcT_VUGQTc-KÄWX^T^TN4a�Òr_Vf�WXUR_madcÍYTK�S�WxY�_mLRU&WXc-ZMKj^T_�Ò�KlSVS�WX_VN4KÄWXQ[ZMKlchURN4K��I�+�j�+�Ä�+�j�j�+�
â s

¾-�tE ¶u^T^TN4aMÒ�_Vf�WXUR_madc~SV_Vc-P�WX_VN4KFY�� QTc[ZMadceU4adQTN��+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�
â�â
¾-�t] �k_�WXn�N&WXfxfgKÄYTK�S|��WXSVnoadNR_VUR\TfgK;Y���Pl�oadSVQTUR_madcqY�Q[ZMadchU4adQTNkWdZlUR_�z �+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�½�½
E��Vá  uKl^TN4PML4KlceU&WXUR_madc-LkY�_�Ú8PlN4KlchU4KMLIYTK+S�W;fg�lfgKÄL4ZMslc-K ��_Vf�WXnoKjL&WXU4KlSVSV_VU&WX_VN4KFKlU:N4KMZMadc-LRURNRQ-ZlUR_madc¡`d�b�wá�½F]
E���¼ �ËWXNR_�WXUR_madc¡LR^]WXUR_maXv|U4Klfx^DadN4KlSVSmK;YTK+S�W;z�adc-ZlUR_madc~^8adc-YTPlN&WXceUkS�WxZMadchURN&WX_VceU4K;YTK�z�adNRfgK��

d0 = 3
¸

t1 = 100
¸
t2 = 400

¸
λmin = 1.25

KlU
λmax = 2

���Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�á�½
E���` à-adNRfgKML[¨�3D¤È£�°d¤w£x}�KlcÔ�TS�WXc-Z�¸ {x/ψ0 (x) = 0} �jKlU;SmKlQTN4LbKlc-L4KlfÄ�TSmKMLxYTK<cT_V�oK�WXQ�ÒÔWdL4L&ahZl_mPML}­cT_V�oK�WXQ�Ò[YTK+n�NR_mL�¸ |ψ0 (x)| �w�0}�Wo�0ÓRadQ-KlUF}­�2�É�]�XUR_VfgKlceU�Klc[J �j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�á�áE�� ¾ yrKln�fgKlchU&WXUR_madcÅLÈWXc-LÖ_Vc-L4KlNRUR_madc�YTK:z�adNRfgKF¨p32¤w£�°d¤w£�KlU

ξ0 = (1, 0, 0, 0)
��}�Wo��fgarYTslSmKIYTK��É\]WXc

KlU:�ÖKML4K<}­�2�ÉfgahYTslSmKjÙ:W��oPMLR_mKlc����+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�ál¾
E��tE yrKln�fgKlchU&WXUR_madcqWM�oKMZk_Vc-L4KlNRUR_madcÅYTKGz�adNRfgKx¨:32¤w£�°�¤È£ �8}�Wo�!fgarYTslSmK�YTK��É\]WXc?KlU��ÖKML4KuKlU

λ = 1}­�2��fgarYTslSmK+Ù:WM�oPMLR_mKlc¡KlU
λ = 10

� �j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�ál¾
E��t] yrKln�fgKlchU&WXUR_madc W��oKMZ�QTc�ZMadceU4adQTNÆWdZlUR_�zg�]WdL4P�LRQTN~S|� _Vc�z�adNRf�WXUR_madc�YTK�ZMadceU4adQTN�};/k��àÖ�ÅKlU

ξ0 = (s0 = 1.1, θ0 = 0.1, µx,0 = −4, µy,0 = 1)
�D}�Wo�!N4PMLRQTSVU&WXUOL&WXc-L�ZMadceURN&WX_VchU4K+YTKGz�adNRfgKF¨

32¤w£�°d¤È£���}­�2�ÉN4PMLRQTSVU&WXUuW��oKMZÄZMadchURN&WX_VceU4K;YTKkz�adNRfgK�¨c32¤w£�°�¤È£�}
λ = 5

�w� �j�+�j�j�+�j�+�Ä�+�j�j�+��á�á E
E�� j yrKlc-LR_V�T_VSV_VU4P���S�WÔURN&WXc-L4S�WXUR_madc �:L4Kln�fgKlceU&WXUR_madc�WM�oKMZ�SmKÍfgarYTslSmK�YTK��É\]WXc�KlU?�ÖKML4KÍKlU?S�W
ZMadchURN&WX_VceU4KkYTK�z�adNRfgK��oJ0K:ZMadceU4adQTN�WdZlUR_�z�_VcT_VUR_�WXS]YTKMLËKwÒr^8PlNR_mKlc-ZMKMLI}�Wo�w¸]}­�2�5KlUu}�Z���WjPlU4POURN&WXc-L{v
z�adNRfgP!^]WXN�QTc-KÖLR_Vfx_VSV_VURQ-YTKÖ^TS�WXc-KÖY�_VN4KMZlU4KËYTK�^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1.0, θ0 = 0.0, µx,0 = 5, µy,0 = 5)
�|á�á j

E�� s yrKlc-LR_V�T_VSV_VU4P:�GS�WGN4adU&WXUR_madc ��L&Kln�fgKlceU&WXUR_madc�WM�oKMZ�SmKÉfgahYTslSmK�YTK:�É\]WXc;KlU5�ÖKML4KËKlU5S�WuZMadceURN&WX_VceU4K
YTKkz�adNRfgK��-J�K+ZMadchU4adQTNkWdZlUR_�z�_VcT_VUR_�WXS0YTKMLGKwÒ�^DPlNR_mKlc-ZMKMLÄ}�Wo�w¸�}­�2��KlUÄ}�Z��:WbPlU4P�URN&WXc-L{z�adNRfgP+^]WXN
QTc-KjL4_Vfx_VSV_VURQ-YTK+^TS�WXc-KjY�_VN4KMZlU4KjYTK+^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1.0, θ0 = 0.3, µx,0 = 0, µy,0 = 0)
�&á�á s



� ��-�� �( ����
� ��� %������ ¼�¼FE
E���â yrKlc-LR_V�T_VSV_VU4PqWXQÎz�WdZlU4KlQTN<Y���PMZ4\-KlSVSmK �ÖL4Kln�fgKlceU&WXUR_madc�W��oKMZ[SmK?fgarYTslSmK~YTKq�É\]WXc KlUg�ÖKML4K[KlU
S�W�ZMadceURN&WX_VchU4K�YTK�z�adNRfgK��;}�Wo�

ξ0 = (s0 = 1.5, θ0 = 0.0, µx,0 = 0, µy,0 = 0)
�j}­�2�

ξ0 =

(s0 = 0.8, θ0 = 0.0, µx,0 = 0, µy,0 = 0)
��}�Z��

ξ0 = (s0 = 1.5, θ0 = 0.0, µx,0 = 0, µy,0 = 0)
�já�á�â

E��Vá�½ yrKlc-LR_V�T_VSV_VU4PÅ�ÅS�W?URN&WXc-LRS�WXUR_madc �0L4Kln�fgKlchU&WXUR_madc$W��oKMZ�SmKgfgahYTslSmK<ÙOW��oPMLR_mKlc$KlUjS�W[ZMadchURN&WX_VceU4K
YTKkz�adNRfgK��]J�K+ZMadceU4adQTN�WdZlUR_�z5_VcT_VUR_�WXS0YTKMLIKwÒr^8PlNR_mKlc-ZMKMLÄ}�Wo�w¸0}­�2��KlUF}�Z��OWbPlU4P�URN&WXc-LRz�adNRfgP+^]WXN
QTc-KjLR_Vfx_VSV_VURQ-YTK+^TS�WXc-KÄY�_VN4KMZlU4KÄYTK�^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1.0, θ0 = 0.0, µx,0 = 5, µy,0 = 5)
�&á�¼�½

E��Vá�á�yrKlc-LR_V�T_VSV_VU4P��ÅS�W�N4adU&WXUR_madc ��L4Kln�fgKlceU&WXUR_madc$WM�oKMZxSmKgfgahYTslSmKxÙ:WM�oPML4_mKlc�KlU+S�WÅZMadceURN&WX_VchU4K<YTK
z�adNRfgK��hJ�KIZMadchU4adQTNGWdZlUR_�z�_VcT_VUR_�WXS2YTKML�KwÒr^8PlNR_mKlc-ZMKMLk}�Wo�w¸D}­�2�!KlU�}�Z��ÖWjPlU4PIURN&WXc-L{z�adNRfgPG^]WXNËQTc-K
LR_Vfx_VSV_VURQ-YTK+^TS�WXc-KjY�_VN4KMZlU4KFYTK�^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1.0, θ0 = 0.3, µx,0 = 5, µy,0 = 5)
�u�+�+á�¼�á

E��Vá�¼ yrKlc-LR_V�T_VSV_VU4P:WXQ;z�WdZlU4KlQTN�Y���PMZ4\-KlSVSmK �XL4Kln�fgKlceU&WXUR_madc�W��oKMZ�SmKÉfgarYTslSmK�ÙOW��oPMLR_mKlcxKlU�S�WIZMadchURN&WX_VceU4K
YTK�z�adNRfgK��
}�Wo�

ξ0 = (s0 = 1.5, θ0 = 0.0, µx,0 = 0, µy,0 = 0)}­�2�
ξ0 = (s0 = 0.8, θ0 = 0.0, µx,0 = 0, µy,0 = 0)}�Z��
ξ0 = (s0 = 1.5, θ0 = 0.0, µx,0 = 0, µy,0 = 0)

���j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼�¼
E��Vá�` yrKlc-LR_V�T_VSV_VU4P:�:S|� _VcT_VUR_�WXSV_mL&WXUR_madc �XL4Kln�fgKlceU&WXUR_madcgW��oKMZÉQTc;ZMadceU4adQTNËWdZlUR_�z-�]WdL4P�LRQTN�S|� _Vc�z�adNRf�WXUR_madc
YTKjZMadceU4adQTNb};/k��à!��KlUIW��oKMZÄZMadchURN&WX_VceU4KÄYTK+z�adNRfgK��
}�Wo�

ξ0 = (s0 = 1.1, θ0 = 0.1, µx,0 = −4, µy,0 = 1)}­�2�
ξ0 = (s0 = 1.0, θ0 = −0.1, µx,0 = −1, µy,0 = −2)}�Z��
ξ0 = (s0 = 1.0, θ0 = 0.1, µx,0 = 0, µy,0 = 2)

� �+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼X¾
E��Vál¾�yrKlc-LR_V�T_VSV_VU4PÄ�FQTc-K�_VcT_VUR_�WXSV_mL&WXUR_madc¡PlSmad_Vn�c-PMK �TL4Kln�fgKlceU&WXUR_madcÍWM�oKMZ�QTc[ZMadceU4adQTNkWdZlUR_�z5�]WdL4P+L4QTN
S|� _Vc�z�adNRf�WXUR_madc¡YTK+ZMadceU4adQTNb};/k�kàÖ�OKlUIW��oKMZjZMadceURN&WX_VchU4KFYTK+z�adNRfgK��
}�Wo�

ξ0 = (s0 = 1.1, θ0 = 0.25, µx,0 = −4, µy,0 = 1)}­�2�
ξ0 = (s0 = 1.0, θ0 = −0.25, µx,0 = −2, µy,0 = −3)}�Z��
ξ0 = (s0 = 1.0, θ0 = 0.1, µx,0 = −2, µy,0 = 2)

� �Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼FE
E��Vá E� IKMZ�WXS�WXnoKxN4PlQ-L&LR_ÖWM�oKMZxQTc-Kx_VcT_VUR_�WXSV_mLÈWXUR_madc�PlSmad_Vn�c-PMKgKlU+S|� _Vc-L4KlNRUR_madc�Y�QÆp¡t+y¡KwÒ�adnoslc-KxY-WXc-L
S�W;z�adc-ZlUR_madcTc-KlSVSmKjY���Plc-KlNRn�_mK���}�Wo��fgarYTslSmKjYTKÄ�É\]WXc~KlUI�ÖKML4Kg}­�2��fgarYTslSmKjÙ:WM�oPMLR_mKlc�� �j�+�Ä�+�+á�¼F]

E��Vá ]��ÖZ4\-KMZFY�Q[N4KMZ�WXS�WXnoKFW��oKMZ+QTc-K+_VcT_VUR_�WXSV_mL&WXUR_madcÍPlSmad_Vn�c-PMKjKlUGSmKjfgahYTslSmKjYTK;�É\]WXc~KlUG�ÖKML4Kg}­^]WdL
Y�� _Vc-ZMadNR^DadN&WXUR_madc¡Y�Q~p¡t�yT�w�$�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼F]

E��Vá j �ÖZ4\-KMZIY�Q;N4KMZ�WXS�WXnoK:LÈWXc-L�_Vc-L4KlNRUR_madcxY�Qgpqt+yD¸XW��oKMZ:QTc-K�_VcT_VUR_�WXSV_mL&WXUR_madcgPlSmad_Vn�c-PMKGKlU�SmK�fgahYTslSmK
Ù:WM�oPMLR_mKlc�� �+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼ j

E��Vá s  IKMZ�WXS�WXnoKIN4PlQ-L4LR_2W��oKMZGQTc-KG_VcT_VUR_�WXSV_mLÈWXUR_madc<PlSmad_Vn�c-PMKkKlUÖS|� _Vc-L4KlNRUR_madc<Y�Q�pqt+y;KwÒTadnoslc-KIY-WXc-LÖS�W
z�adc-ZlUR_madcTc-KlSVSmK+Y���Plc-KlNRn�_mKg}­fgarYTslSmK�Ù:WM�oPMLR_mKlcÅ^8adQTN�S|� _Vf�WXnoK�¸�fgarYTslSmK�YTK��É\]WXc?KlUO�ÖKML4Ku^DadQTN
SmK+pqt+yT�w�8�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼ j

E��Vá�â� IKMZ�WXS�WXnoKxN4PlQ-L&LR_ÖWM�oKMZxQTc-Kx_VcT_VUR_�WXSV_mLÈWXUR_madc�PlSmad_Vn�c-PMKgKlU+S|� _Vc-L4KlNRUR_madc�Y�QÆp¡t+y¡KwÒ�adnoslc-KxY-WXc-L
S�Wxz�adc-ZlUR_madcTc-KlSVSmK;Y���Plc-KlNRn�_mKÅ}­fgarYTslSmK�/k�kà�^DadQTNuS|� _Vf�WXnoK�¸2fgarYTslSmK;YTK;�É\]WXcÍKlUu�ÖKML4KÄ^DadQTN
SmK+pqt+yT�w�8�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼ s

E���¼�½��ÖZ4\-KMZIY�Q;N4KMZ�WXS�WXnoK:LÈWXc-L�_Vc-L4KlNRUR_madcxY�Qgpqt+yD¸XW��oKMZ:QTc-K�_VcT_VUR_�WXSV_mL&WXUR_madcgPlSmad_Vn�c-PMKGKlU�SmK�fgahYTslSmK
/k��à�� �j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼ s

E���¼�á�yrKln�fgKlceU&WXUR_madc)WM�oKMZ?QTc-KÅ��WXNR_�WXUR_madcÎLR^]WXUR_maXv|U4Klfx^8adN4KlSVSmK~YTKÅS�WÍZMadchURN&WX_VceU4K¡YTK�z�adNRfgK?KlUxSmK
fgahYTslSmKÄÙOW��oPMLR_mKlc�}

λmin = 3
¸
λmax = 30

¸
d0 = 7

�w�!�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�¼�â
E���¼�¼ yrKln�fgKlceU&WXUR_madc)WM�oKMZ?QTc-KÅ��WXNR_�WXUR_madcÎLR^]WXUR_maXv|U4Klfx^8adN4KlSVSmK~YTKÅS�WÍZMadchURN&WX_VceU4K¡YTK�z�adNRfgK?KlUxSmK
fgahYTslSmKÄÙOW��oPMLR_mKlc�}

λmin = 27
¸
λmax = 70

¸
d0 = 7

�w���Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�`�½
E���¼�` yrKln�fgKlceU&WXUR_madc$WM�oKMZxQTc�^8ad_mYTL+ZMadc-LRU&WXceUFYTKxZMadceURN&WX_VceU4K<YTK;z�adNRfgKxKlU+SmK;fgarYTslSmKxÙ:WM�oPMLR_mKlc
}
λ = 50

�w�]�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�`�½
E���¼X¾ �ËWXNR_�WXUR_madc�LR^]WXUR_maXv|U4Klfx^DadN4KlSVSmKxYTKFS�WXfÄ�8Y-WÅWM�oKMZFSmKÄfgarYTslSmKx/k��à�KlU

λmin = 1
¸
λmax = 5

¸
d0 = 5

�
}�Wo�

ξ0 = (s0 = 1.1, θ0 = 0.25, µx,0 = −4, µy,0 = 1)}­�2�
ξ0 = (s0 = 1.0, θ0 = −0.25, µx,0 = −2, µy,0 = −3)}�Z��
ξ0 = (s0 = 1.0, θ0 = 0.1, µx,0 = −2, µy,0 = 2)

�0�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�`�á
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� � � %������

E���¼FE yrKln�fgKlchU&WXUR_madc¡WM�oKMZj�dWXNR_�WXUR_madc[LR^]WXUR_maXv|U4Klfx^8adN4KlSVSmKÄY�Q?^8ad_mYTL:YTK+ZMadceURN&WX_VchU4KÄYTKkz�adNRfgKg}­fgaXv
YTslSmK<ÙOW��oPMLR_mKlc2� �É}�Wo�

λmin = 15
¸
λmax = 100

¸
d0 = 15

}­�2�
λmin = 50

¸
λmax = 100

¸
d0 = 10

���j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�`�¼
E���¼F] �ÖZ&\-KMZuY�Q<N4KMZ�WXS�WXnoKkW��oKMZIQTc<^Dad_mYTL�ZMadc-LRU&WXchU�YTKuZMadceURN&WX_VceU4K+YTKGz�adNRfgK;}­fgahYTslSmKuÙ:WM�oPMLR_mKlc2� �
}�Wo�

λ = 20
}­�2�

λ = 70
���+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�`�¼

E���¼ j �ÖZ&\-KMZ~Y�Q�N4KMZ�WXS�WXnoK$}­fgarYTslSmK[Ù:WM�oPMLR_mKlc2��WM�oKMZ �u}�Wo�;QTcT_mieQ-K[�dWXNR_�WXUR_madc�U4Klfx^DadN4KlSVSmKqYTK?S�W
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j �Vá�`���PlU4KMZlUR_madcgYTKÉc-adc�vÐZ&\]WXcTnoKlfgKlceU:WM�oKMZOQTcxad��ÓRKlU�Z�WXNRU4adn�N&WX^T\T_mihQ-K:^]WXN{z|WX_VU!URN&WXc-L{z�adNRfgPÉ^]WXNÖL4_�v
fx_VSV_VURQ-YTKÉYTKÖ^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1, θ0 = 0.1, µx,0 = 1, µy,0 = 1)
��J�KËc-adc�vÐZ4\]WXcTnoKlfgKlceU

KMLRUGZMadc��-NRfgPFW��oKMZ
sHough = 0.76

¸
µHough = (1, 0)

¸
Egeom = 0.1

KlU
pNC = 0.63

� �+�Ä�+�+á j ¾
j �Vál¾ ��PlU4KMZlUR_madcÔYTK�c-adc�vÐZ4\]WXcTnoKlfgKlceU�W��oKMZ�QTcÔad��Ó{KlU;Z�WXNRU4adn�N&WX^T\T_mieQ-K�^]WXN{z|WX_VUÄURN&WXc-L{z�adNRfgPg^]WXN
LR_Vfx_VSV_VURQ-YTK�YTKÍ^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1.05, θ0 = 0.075, µx,0 = 4, µy,0 = −1)
�:J�K

c-adc�vÐZ4\]WXcTnoKlfgKlchUFKMLRU�ZMadc��-NRfgPxWM�oKMZ
sHough = 0.72

¸
µHough = (1, 0)

¸
Egeom = 0.08

KlU
pNC = 0.63

�<�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á j ¾
j �Vá E���PlU4KMZlUR_madcÔYTK�c-adc�vÐZ4\]WXcTnoKlfgKlceU�W��oKMZ�QTcÔad��Ó{KlU;Z�WXNRU4adn�N&WX^T\T_mieQ-K�^]WXN{z|WX_VUÄURN&WXc-L{z�adNRfgPg^]WXN
LR_Vfx_VSV_VURQ-YTKgYTKx^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1.0, θ0 = −0.02, µx,0 = −2, µy,0 = 1)
�0J�Kxc-adc�v

Z4\]WXcTnoKlfgKlchU~KMLRU?ZMadc��-NRfgP�WM�oKMZ
sHough = 0.81

¸
µHough = (0, 0)

¸
Egeom = 0.04

KlU
pNC = 0.76

�<�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á j E
j �Vá ]���PlU4KMZlUR_madcÔYTK�c-adc�vÐZ4\]WXcTnoKlfgKlceU�W��oKMZ�QTcÔad��Ó{KlU;Z�WXNRU4adn�N&WX^T\T_mieQ-K�^]WXN{z|WX_VUÄURN&WXc-L{z�adNRfgPg^]WXN
LR_Vfx_VSV_VURQ-YTK�YTK¡^]WXN&WXfgslURN4KML

ξ0 = (s0 = 1.0, θ0 = 0.0, µx,0 = 5, µy,0 = 5)
�:J�K¡c-adc�v

Z4\]WXcTnoKlfgKlchU<KMLRUxZMadc��-NRfgP~W��oKMZ
sHough = 0.84

¸
µHough = (−1, 0)

¸
Egeom = 0.01

KlU
pNC = 0.83

�<�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á j E



¼�¼ s ����- � �( ����
� � � %������

j �Vá j ��PlU4KMZlUR_madc�YTK�c-adc�vÐZ4\]WXcTnoKlfgKlchUOW��oKMZ:QTc-K:KlNRN4KlQTNÖYTKOfx_mL4KOKlcgZMadNRN4KMLR^8adc-Y-WXc-ZMK:fgarYTPlSV_mL&WX�TSmK
^]WXNÉQTc-KIURN&WXc-L{z�adNRf�WXUR_madc�n�Smad�]WXSmK��hJ�Kuc-adc�vÐZ4\]WXcTnoKlfgKlchUGKMLRUÉZMadc��-NRfgP�WM�oKMZ

sHough = 0.86
¸

µHough = (0,−1)
¸
Egeom = 0.12

KlU
pNC = 0.68

�Î�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á j ]
j �Vá s ��PlU4KMZlUR_madc�YTK�c-adc�vÐZ4\]WXcTnoKlfgKlchUOW��oKMZ:QTc-K:KlNRN4KlQTNÖYTKOfx_mL4KOKlcgZMadNRN4KMLR^8adc-Y-WXc-ZMK:fgarYTPlSV_mL&WX�TSmK
^]WXNÉQTc-KIURN&WXc-L{z�adNRf�WXUR_madc�n�Smad�]WXSmK��hJ�Kuc-adc�vÐZ4\]WXcTnoKlfgKlchUGKMLRUÉZMadc��-NRfgP�WM�oKMZ

sHough = 0.88
¸

µHough = (0, 0)
¸
Egeom = 0.03

KlU
pNC = 0.83

���j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á jFj
j �Vá�âÎ��PlU4KMZlUR_madcqYTKjc-adc�vÐZ4\]WXcTnoKlfgKlceUjW��oKMZÄYTKMLIKlNRN4KlQTN4LISmahZ�WXSmKMLuYTK�z�adNRfgK��-J�Kjc-adc�vÐZ&\]WXcTnoKlfgKlceU
KMLRUGZMadc��-NRfgP;WM�oKMZ

sHough = 0.62
¸
µHough = (1, 0)

¸
Egeom = 0.02

KlU
pNC = 0.66

���j�j�+��á jFj
j ��¼�½Î��PlU4KMZlUR_madcqYTKjc-adc�vÐZ4\]WXcTnoKlfgKlceUjW��oKMZÄYTKMLIKlNRN4KlQTN4LISmahZ�WXSmKMLuYTK�z�adNRfgK��-J�Kjc-adc�vÐZ&\]WXcTnoKlfgKlceU
KMLRUGZMadc��-NRfgP;WM�oKMZ

sHough = 0.73
¸
µHough = (1, 0)

¸
Egeom = 0.03

KlU
pNC = 0.71

���j�j�+��á jMs
j ��¼�á���PlU4KMZlUR_madcqYTKjc-adc�vÐZ4\]WXcTnoKlfgKlceUjW��oKMZÄYTKMLIKlNRN4KlQTN4LISmahZ�WXSmKMLuYTK�z�adNRfgK��-J�Kjc-adc�vÐZ&\]WXcTnoKlfgKlceU
KMLRUGZMadc��-NRfgP;WM�oKMZ

sHough = 0.75
¸
µHough = (1, 0)

¸
Egeom = 0.05

KlU
pNC = 0.71

���j�j�+��á jMs
j ��¼�¼Î��PlU4KMZlUR_madc�WXfÄ�T_Vn�Q��Å}�Z�WdLG_Vc-YTPlU4KlNRfx_Vc-P��w�

sHough = 0.45
¸
µHough = (0, 0)

¸
Egeom = 0.02KlU

pNC = 0.55
� �j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á j â

j ��¼�`Î��PlU4KMZlUR_madc YTK�Z4\]WXcTnoKlfgKlchU�KlNRN4adc-PMK�Y�Q-K�WXQ�Ò�KlNRN4KlQTN4L�SmahZ�WXSmKML�YTK�z�adNRfgK�YTKÔS�W Z�WXNRU4K��
sHough = 0.47

¸
µHough = (−1,−1)

¸
Egeom = 0.19

KlU
pNC = 0.39

���+�j�j�+�j�+�Ä�+�j�j�+��á s ½
j ��¼X¾ ¹ SVSVQ-LRURN&WXUR_madcqYTKMLkKlNRN4KlQTN4LkYTKÄYTPlSV_Vc-P�WXUR_madcÍKlUuYTK+S|��KwÚ�KlUuYTKÄnoPlc-PlN&WXSV_mL&WXUR_madc�Y-WXc-LGS�WgZ�WXNRU4KFYTK
á�â�âF]��-JË��ad��Ó{KlUIZ�WXNRU4adn�N&WX^T\T_mihQ-KÄKML4UILRQT^8KlNR^Da�L4P�LRQTNIS|� _Vf�WXnoKjL&WXU4KlSVSV_VU&WX_VN4KjYTKÄ¼�½�½�¼��!�Ä�+�j�j�+��á s á

¶F�Vá ¹ f�WXnoKÄWdPlNR_mKlcTc-K+N4Kl^TN4PML4KlchU4PMK;��E �
YTK+L&W;U&WX_VSVSmKÄadNR_Vn�_Vc]WXSmK��-J0K�z­QTURQTNI�h_VSVS�WXnoKjadSV�rfx^T_mihQ-KjL4K
LR_VURQ-KjWXQ~c-adN4YrvÐKMLRUIYTK+S|� _Vf�WXnoK��G�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�â�¼

¶F��¼ @�Ò�URN&WX_VUuYTKMLuYTadcTc-PMKML�yr¹�/�Y���PMZ&\-KlSVSmK<á �Vá�½�¸�½�½�½�YTKjS�Wb�r_VSVSmKjYTKFÌ�Pl×r_Vc��]J�Kj�]�XUR_�KMLRUIKlc~N4a�L4K�¸
SmK�N4PML4K�WXQ~N4adQTUR_mKlNIKlc[�r_madSmKlU�¸TSmKML:NR_V�r_mslN4KMLGKlUIZ�WXc]WXQ�Ò[Klc?�TSmKlQ�¸TSmKML:S�WdZMLuKlc?�oKlNRU����+�Ä�+�j�j�+��á�âX¾

Ùk�Vá LR_Vfx^TSmKwÒÅ_VcT_VUR_�WXS�KlU:N4P � KwÒ�_madc �+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�â j
Ùk��¼ @�Ò�^]WXc-LR_madc �+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�â s
Ùk��`���adchURN&WdZlUR_madc-LI^8a�L4LR_V�TSmKML �+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�â s
Ùk� ¾� uPlURN4PMZl_mL4L4KlfgKlceU �j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�+�Ä�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+��á�â s
�k�Vá yrZ&\-Plf�Wx_VSVSVQ-LRURN&WXchUIS�W;fgarYTPlSV_mL&WXUR_madc[_Vce�oKlN4L&K��]J�KML:N4Kl^8slN4KMLGU4KlNRN&WX_VcqKlUIZ�WXfgPlN&WxL4adchUIY�_VN4KMZlU4L�� ¼�½�½
�k��¼ yrZ&\-Plf�Wx_VSVSVQ-LRURN&WXchUIS�W;fgarYTPlSV_mL&WXUR_madc~Y�_VN4KMZlU4K��]J0KML:N4Kl^DslN4KMLIU4KlNRN&WX_Vc~KlUIZ�WXfgPlN&WxL&adceUIY�_VN4KMZlU4L��Â¼�½�¼
à��Vá �k_mLRQ]WXSV_mL&WXUR_madcq`d��YTK+S�W;�r_VSVSmKjYTK+Ì5Pl×h_Vc[v�WM�oKMZ+U4KwÒ�URQTN4KMLIKlUGLÈWXc-LGpqtkØ+� �j�+�j�+�Ä�+�j�j�+�:¼�á�¼



� �����q� � ��� � ����� � � ���

¼��Vá �ÉS�WdL4LR_��]Z�WXUR_madc¡YTKMLIWXNRU4Kwz�WdZlU4LGQTNR�]WX_Vc-LIKlc?z�adc-ZlUR_madc~YTKMLGY�_�Ú�PlN4KlceU4LIQTcT_V�oKlN4L����+�j�+�j�j�+�Ä�+�
`F]
¼���¼ �É\]WXcTnoKlfgKlceU4Lu^Da�L&LR_V�TSmKMLGY�� QTc[�]�XUR_VfgKlchUuY-WXc-L

Uobjectif
�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�
`F]

`��Vá  IPMLRQTSVU&WXU4L�Klc�^T_�Ò�KlSmL�YTK?S�W�ihQ]WXceUR_��]Z�WXUR_madc�YTK[S�WÍ^TN4PMZl_mLR_madc�WX�-L4adSVQ-K~YTKMLg^]WXN&WXfgslURN4KML�YTK
^TNR_mL4KjYTK��rQ-K�^DadQTNISmKML:URN4ad_mL:_Vf�WXnoKMLuWdPlNR_mKlcTc-KML��q�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� EX¾

`���¼  IPMLRQTSVU&WXU4L�Klc�^T_�Ò�KlSmL�YTK?S�W�ihQ]WXceUR_��]Z�WXUR_madc YTKÅS�WÍ^TN4PMZl_mLR_madc�N4KlS�WXUR_V�oKqYTKMLg^]WXN&WXfgslURN4KML�YTK
^TNR_mL4KjYTK��rQ-K�^DadQTNuZ4\]WdZlQTc-KÄYTKMLG^]WX_VN4KMLIY�� _Vf�WXnoKMLuWdPlNR_mKlcTc-KML����+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� EFE

`���`  IPMLRQTSVU&WXU4LxYTKÅS|��ad^TUR_Vfx_mLÈWXUR_madcÎYTKMLx^]WXN&WXfgslURN4KMLgYTKÅ^TNR_mL4K?YTK��rQ-K[WM�oKMZÅSmKMLb_Vf�WXnoKML���½���¼�á
fI��^T_�Ò�KlS�YTK+N4PML4adSVQTUR_madc�� �+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� E�â

`�� ¾  IPMLRQTSVU&WXU4LÅYTK¡S|��ad^TUR_Vfx_mL&WXUR_madc�YTKMLÅ^]WXN&WXfgslURN4KML?YTK¡^TNR_mL4KÍYTK¡�hQ-KÍWM�oKMZÍSmKML�_Vf�WXnoKML?L4adQ-LRv
PMZ4\]WXchUR_VSVSmadcTc-PMKMLu^]WXNIQTc?z�WdZlU4KlQTN:URN4ad_mL��T�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� E�â

`��tE @!NRN4KlQTNuWX�-L4adSVQ-KÄKlceURN4K+SmKML9/j��ÌËLGKlU:S�WbN4KMZMadc-LRURNRQ-ZlUR_madcq`d��Y�Q
MNS1

�
∆N

�TKlNRN4KlQTNGY-WXc-L
S�W�Y�_VN4KMZlUR_madc�c-adN4Y�¸

∆E
�DKlNRN4KlQTN+Y-WXc-L�S�W�Y�_VN4KMZlUR_madcÆKMLRU�¸

∆Z
KlNRN4KlQTNjWXSVUR_VfgPlURNR_mihQ-K�¸�KlNRN4KlQTN

Y-WXc-L:SmK+^TS�WXc �
∆P lan =

√
∆N2 + ∆E2

�T�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� ]�¼
`��t] @!NRN4KlQTNuWX�-L4adSVQ-KÄKlceURN4K+SmKML9/j��ÌËLGKlU:S�WbN4KMZMadc-LRURNRQ-ZlUR_madcq`d��Y�Q

MNS2
�
∆N

�TKlNRN4KlQTNGY-WXc-L
S�W�Y�_VN4KMZlUR_madc�c-adN4Y�¸

∆E
�DKlNRN4KlQTN+Y-WXc-L�S�W�Y�_VN4KMZlUR_madcÆKMLRU�¸

∆Z
KlNRN4KlQTNjWXSVUR_VfgPlURNR_mihQ-K�¸�KlNRN4KlQTN

Y-WXc-L:SmK+^TS�WXc �
∆P lan =

√
∆N2 + ∆E2

�T�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+� ]�¼
E��Vá @!NRN4KlQTNuWX�-L4adSVQ-K�KlchURN4K

ξ0
KlUGL&adcÅKML4UR_VfgPMK

ξ̂0
^]WXN:S|��WXSVnoadNR_VUR\TfgKjYTK�YTKML4ZMKlchU4KjYTKkn�N&WdY�_mKlceUIKlU

U4Klfx^-LIYTK+Z�WXSmZlQTS|���j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�á�¼
E���¼ @!NRN4KlQTNxWX�-L4adSVQ-K<KlchURN4K

ξ0
KlUFL4adcÔKMLRUR_VfgPMK

ξ̂0
^]WXN;S|��WXSVnoadNR_VUR\TfgKÅY�Q�LR_Vfx^TSmKwÒ�KlUFU4Klfx^-LFYTK

Z�WXSmZlQTS|�$�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�j�+�j�j�+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�á�`
E���`  uWX^T^8adNRU5KlchURN4K�SmKML�U4Klfx^-L!YTK�ZMadce�oKlNRnoKlc-ZMKIL&WXc-L�KlUÖW��oKMZËz�Q-LR_madcbYTKÉp¡t+y �

ratio =
tsans fusion
tavec fusion

��á�¼�â
E�� ¾  uWX^T^8adNRU�KlchURN4K¡SmKML�U4Klfx^-LÅYTK¡ZMadce�oKlNRnoKlc-ZMK�L&WXc-L�KlUÅW��oKMZÍZMadceURN&WX_VceU4K�YTK~z�adNRfgKqLR^]WXUR_maXv
U4Klfx^DadN4KlSVSmK �

ratio =
tcontrainte uniforme

tcontrainte spatio−temporelle

���+�j�+�Ä�+�j�j�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á�`X¾
j �Vá �uQ]WXceUR_��]Z�WXUR_madc¡YTKMLGL4ZMadN4KML:YTK+Z4\]WXcTnoKlfgKlchU!��c-adc�vÐZ4\]WXcTnoKlfgKlchU��

pNC
KMLRU:S�WF^TN4ad�]WX�T_VSV_VU4PjYTK

c-adc�vÐZ4\]WXcTnoKlfgKlchU��
sHough

KMLRU:SmK+L4ZMadN4KjYTKcVkadQTn�\[c-adNRf�WXSV_mL4P��D�+�j�+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á s ½
j ��¼ �uQ]WXceUR_��]Z�WXUR_madc[YTKMLÉN4PMLRQTSVU&WXU4LOYTKGS�WFYTPlU4KMZlUR_madc?YTKIZ4\]WXcTnoKlfgKlchUIWM�oKMZuS�WÄZ�WXNRU4KkYTKu¼�½�½�¼��rJ�KML
N4PMLRQTSVU&WXU4LIL&adceUIKwÒ�^TNR_VfgPMLGKlc[^8adQTN{vÐZMKlceUkLRQTN:QTc?U4adU&WXS0YTK jFj Z�WdL�� �+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á s ¼

j ��` �uQ]WXceUR_��]Z�WXUR_madc[YTKMLÉN4PMLRQTSVU&WXU4LOYTKGS�WFYTPlU4KMZlUR_madc?YTKIZ4\]WXcTnoKlfgKlchUIWM�oKMZuS�WÄZ�WXNRU4KkYTKÄá�â�âF]��rJ�KML
N4PMLRQTSVU&WXU4LIL&adceUIKwÒ�^TNR_VfgPMLGKlc[^8adQTN{vÐZMKlceUkLRQTN:QTc?U4adU&WXS0YTKgá�½FExZ�WdL����+�j�Ä�+�j�+�j�+�j�j�+�Ä�+�+á s `

¼�¼�â
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