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Levin and Nave, PRL99,120601(2007)

Tensor Network Renormalization (TNR)
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Graph Independent Local Truncations (GILT)

Evenbly & Vidal, PRL115,180405(2015)

Yang et al., PRL118,110504(2017)

Hauru et al., PRB97,045111(2018)

Higher Order Tensor Renormalization Group (HOTRG)
Xie et al., PRB86,045139(2012)

Anisotropic TRG (ATRG) Adachi et al., arXiv:1906:02007

Improvement of ATRG Oba, to appear in PTEP(2019)
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n Spin model : Ising model  Levin & Nave PRL99,120601(2007), Aoki et al. Int. Jour. Mod. Phys. 
B23,18(2009) ,  X-Y model  Meurice et al. PRE89,013308(2014),  X-Y model with Fisher zero 
Meurice et al. PRD89,016008(2014), O(3) model Unmuth-Yockey et al. LATTICE2014,  X-Y model + μ  
Meurice et al. PRE93,012138(2016)

n Abelian-Higgs Bazavov et al. LATTICE2015
n φ4 theory Shimizu Mod.Phys.Lett.A27,1250035(2012), Sakai et al., JHEP???(2019)
n QED2 Shimizu & Kuramashi PRD90,014508(2014) &  PRD90,034502(2018)
n QED2 + θ Shimizu & Kuramashi PRD90,074503(2014)
n Gross-Neveu model + μ ST & Yoshimura PTEP043B01(2015)
n CP(N-1) + θ Kawauchi & ST PRD93,114503(2016)
n Towards Quantum simulation of O(2) model Zou et al, PRA90,063603
n N=1 Wess-Zumino model (SUSY model) Sakai et al., JHEP03(2018)141

n 3D system Higher order TRG(HOTRG) :  Xie et al. PRB86,045139(2012)
n 3D Ising, Potts model Wan et al. CPL31,070503(2014)
n 3D Fermion system  Sakai et al.,PTEP063B07(2017)
n 2+1D Gauge Ising Yoshimura et al.,JHEP08(2019)023

n 4D system
n Ising model by HOTRG Akiyama et al., PRD100,054510(2019)
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<latexit sha1_base64="rhBV0wCAa+8/AiuJ07EZkL9YU2Q=">AAACFHicbZC9S8NAGMYvftb4FXXTJViEClqSOihOBRcXoYL9gCaGy/XSHr1Lwt1FKKE4uTr6lzhqF3F1c/AfcfbSVtTWBw4efu/73t37+DElQlrWhzYzOze/sJhb0pdXVtfWjY3NmogSjnAVRTTiDR8KTEmIq5JIihsxx5D5FNf97llWr99gLkgUXslejF0G2yEJCIJSIc8oFJwYckkg9Swn7pD965J+qP9A+xt6Rt4qWkOZ08Yem3x5+y7/eXsxqHjGu9OKUMJwKBGFQjRtK5Zumt2LKO7rTiJwDFEXtnFT2RAyLNx0uFHf3FOkZQYRVyeU5pD+nkghE6LHfNXJoOyIyVoGD3z2X7mZyODETUkYJxKHaPRWkFBTRmaWkNkiHCNJe8pAxIn6rok6kEMkVY5ZDvbk1tOmViraR8XSpQrkFIyUAztgFxSADY5BGZyDCqgCBO7BI3gGA+1Be9JetNdR64w2ntkCf6S9fQHOm5+6</latexit>

� � R
<latexit sha1_base64="NuTjpHXMO5+Ddg3bwWIZ23SDRA4=">AAAB/XicbVA7T8MwGHRaHqW8UmBjsaiQGFCVlAHEVImFsSD6kJqoclyntWo7ke2AqqjilzACC2JlY2ZhZODf4LQdoOUkS6e779N3viBmVGnH+bZy+aXlldXCWnF9Y3Nr2y7tNFWUSEwaOGKRbAdIEUYFaWiqGWnHkiAeMNIKhheZ37olUtFI3OhRTHyO+oKGFCNtpK5d8uIB9ajwONKDIEivx1277FScCeAicWekXNt7z8efH0m9a395vQgnnAiNGVKq4zqx9lMkNcWMjIteokiM8BD1ScdQgThRfjqJPoaHRunBMJLmCQ0n6u+NFHGlRjwwk1lCNe9l4nHA/7M7iQ7P/JSKONFE4OmtMGFQRzCrAvaoJFizkSEIS2riQjxAEmFtCiuaHtz5Xy+SZrXinlSqV6aQczBFAeyDA3AEXHAKauAS1EEDYHAHHsATeLburUfrxXqdjuas2c4u+APr7QdudZjN</latexit>

�µ� =
�

1 0
0 �1

�

<latexit sha1_base64="G690seLWCsAPB0tSK5Q34q9wGts="></latexit>

“purely” Minkowskian but not SK 


	
�� ���
���
� �����������

V (�) =
m2

0

2
�2 +

�

4!
�4

<latexit sha1_base64="1utCjWOGHL6HyW+9Be82+yCNSTo="></latexit>



S =
�

d2x

�
1
2
(�µ�)2 � V (�)

�

<latexit sha1_base64="S0SDFoYeT0FaqzAJfuvUpdlfSes="></latexit>

���

(�0�)2 � (�1�)2
<latexit sha1_base64="rhBV0wCAa+8/AiuJ07EZkL9YU2Q=">AAACFHicbZC9S8NAGMYvftb4FXXTJViEClqSOihOBRcXoYL9gCaGy/XSHr1Lwt1FKKE4uTr6lzhqF3F1c/AfcfbSVtTWBw4efu/73t37+DElQlrWhzYzOze/sJhb0pdXVtfWjY3NmogSjnAVRTTiDR8KTEmIq5JIihsxx5D5FNf97llWr99gLkgUXslejF0G2yEJCIJSIc8oFJwYckkg9Swn7pD965J+qP9A+xt6Rt4qWkOZ08Yem3x5+y7/eXsxqHjGu9OKUMJwKBGFQjRtK5Zumt2LKO7rTiJwDFEXtnFT2RAyLNx0uFHf3FOkZQYRVyeU5pD+nkghE6LHfNXJoOyIyVoGD3z2X7mZyODETUkYJxKHaPRWkFBTRmaWkNkiHCNJe8pAxIn6rok6kEMkVY5ZDvbk1tOmViraR8XSpQrkFIyUAztgFxSADY5BGZyDCqgCBO7BI3gGA+1Be9JetNdR64w2ntkCf6S9fQHOm5+6</latexit>


�
�� ��������� �
�������	�

��� a = 1
<latexit sha1_base64="ULDZ7iFpHsmf1/sE1qBIRNawUJ4=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEF1Jm3CiCWHDjsqK9QDuUTJppQ3MZkoxQhj6CS3Ujblz4Gr6EiG9jello6w+Bj/8/h5xzooQzY33/21tYXFpeWc2t5dc3Nre2Czu7NaNSTWiVKK50I8KGciZp1TLLaSPRFIuI03rUvxrl9XuqDVPyzg4SGgrclSxmBFtn3eKLoF0o+iV/LDQPwRSKlx9vX+BUaRc+Wx1FUkGlJRwb0wz8xIYZ1pYRTof5Vmpogkkfd2nTocSCmjAbjzpEh87poFhp96RFY/d3R4aFMQMRuUqBbc/MZiPzOBL/xc3UxmdhxmSSWirJ5K845cgqNFoddZimxPKBA0w0c+Mi0sMaE+sOlHd3CGa3nofaSSlwfOMXy+cwUQ724QCOIIBTKMM1VKAKBLrwAE/w7Cnv0XvxXielC960Zw/+yHv/Afx2kOE=</latexit><latexit sha1_base64="NjVohzLPDpnIWoTXGmt3d2qoBDY=">AAAB7XicbZDLSgMxFIbPeK3jrerSTbAILqTMuFGEYsGNy4r2Au1QMmmmDc0kQ5IRytBHcKluxI2Cr+FLiPg2ppeFtv4Q+Pj/c8g5J0w408bzvp2FxaXlldXcmru+sbm1nd/ZrWmZKkKrRHKpGiHWlDNBq4YZThuJojgOOa2H/ctRXr+jSjMpbs0goUGMu4JFjGBjrRtc8tv5glf0xkLz4E+hcPHx+uWWkrdKO//Z6kiSxlQYwrHWTd9LTJBhZRjhdOi2Uk0TTPq4S5sWBY6pDrLxqEN0aJ0OiqSyTxg0dn93ZDjWehCHtjLGpqdns5F5HMb/xc3URGdBxkSSGirI5K8o5chINFoddZiixPCBBUwUs+Mi0sMKE2MP5No7+LNbz0PtpOhbvvYK5XOYKAf7cABH4MMplOEKKlAFAl24h0d4cqTz4Dw7L5PSBWfaswd/5Lz/AM/kkjw=</latexit><latexit sha1_base64="NjVohzLPDpnIWoTXGmt3d2qoBDY=">AAAB7XicbZDLSgMxFIbPeK3jrerSTbAILqTMuFGEYsGNy4r2Au1QMmmmDc0kQ5IRytBHcKluxI2Cr+FLiPg2ppeFtv4Q+Pj/c8g5J0w408bzvp2FxaXlldXcmru+sbm1nd/ZrWmZKkKrRHKpGiHWlDNBq4YZThuJojgOOa2H/ctRXr+jSjMpbs0goUGMu4JFjGBjrRtc8tv5glf0xkLz4E+hcPHx+uWWkrdKO//Z6kiSxlQYwrHWTd9LTJBhZRjhdOi2Uk0TTPq4S5sWBY6pDrLxqEN0aJ0OiqSyTxg0dn93ZDjWehCHtjLGpqdns5F5HMb/xc3URGdBxkSSGirI5K8o5chINFoddZiixPCBBUwUs+Mi0sMKE2MP5No7+LNbz0PtpOhbvvYK5XOYKAf7cABH4MMplOEKKlAFAl24h0d4cqTz4Dw7L5PSBWfaswd/5Lz/AM/kkjw=</latexit><latexit sha1_base64="NjVohzLPDpnIWoTXGmt3d2qoBDY=">AAAB7XicbZDLSgMxFIbPeK3jrerSTbAILqTMuFGEYsGNy4r2Au1QMmmmDc0kQ5IRytBHcKluxI2Cr+FLiPg2ppeFtv4Q+Pj/c8g5J0w408bzvp2FxaXlldXcmru+sbm1nd/ZrWmZKkKrRHKpGiHWlDNBq4YZThuJojgOOa2H/ctRXr+jSjMpbs0goUGMu4JFjGBjrRtc8tv5glf0xkLz4E+hcPHx+uWWkrdKO//Z6kiSxlQYwrHWTd9LTJBhZRjhdOi2Uk0TTPq4S5sWBY6pDrLxqEN0aJ0OiqSyTxg0dn93ZDjWehCHtjLGpqdns5F5HMb/xc3URGdBxkSSGirI5K8o5chINFoddZiixPCBBUwUs+Mi0sMKE2MP5No7+LNbz0PtpOhbvvYK5XOYKAf7cABH4MMplOEKKlAFAl24h0d4cqTz4Dw7L5PSBWfaswd/5Lz/AM/kkjw=</latexit><latexit sha1_base64="hPH0vVnW7txoVwe17Xmvh6Xle/8=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuJAy46YiCAU3LivaC7RDyaSZNjSXIckIZegjuFQ34tYncuHbmLaz0NYfAh//OYec80cJZ8b6/rdXWFvf2Nwqbpd2dvf2D8qHRy2jUk1okyiudCfChnImadMyy2kn0RSLiNN2NL6d1dtPVBum5KOdJDQUeChZzAi2znrAN0G/XPGr/lxoFYIcKpCr0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuQ4kFNWE2X3WKzpwzQLHS7kmL5u7viQwLYyYicp0C25FZrs3Mi0j8V+6mNr4KMyaT1FJJFn/FKUdWodnpaMA0JZZPHGCimVsXkRHWmFgXUMnlECxfvQqty2rg+N6v1K/zRIpwAqdwDgHUoA530IAmEBjCM7zCm6e8F+/d+1i0Frx85hj+yPv8AZztjmg=</latexit>

lattice units

�
d2x ��

�

x�Z2
<latexit sha1_base64="IIDJf5oCkuRI/JS1dQKi3DvBMD8="></latexit>

�µ�(x) �� �x+µ̂ � �x
<latexit sha1_base64="dQ4I/83hrFRG33IEyGyowtL/4jE="></latexit>

V (�) =
m2

0

2
�2 +

�

4!
�4

<latexit sha1_base64="1utCjWOGHL6HyW+9Be82+yCNSTo="></latexit>



����

Z =
�

[d�] exp[iS]
<latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="N1LnNiGza6k9/RUxB9imMeQHXiw=">AAACIHicbVDLSgMxFL3js46vUXe6CRbBhZSZbhRBKLhxWdE+cDqUTJq2oZnMkGTEUvojLoX+h0t1Iy5c6NeYabvQ1gMXzjn3XpJ7woQzpV33y1pYXFpeWc2t2esbm1vbzs5uVcWpJLRCYh7LeogV5UzQimaa03oiKY5CTmth7zLr1+6pVCwWt7qf0CDCHcHajGBtrNjZhzuw4cLUCBgI0IDAh5ZRCXSNExg9AgoPRvtG3xjHbjp5t+COgeaJNyV5mKLcdD4brZikERWacKyU77mJDgZYakY4HdqNVNEEkx7uUN9QgSOqgsH4uiE6Mk4LtWNpSmg0dn9vDHCkVD8KzWSEdVfN9jLzJIz+a/upbp8FAyaSVFNBJm+1U450jLK0UItJSjTvG4KJZOa7iHSxxESbTLMcvNmr50m1WPAMvy7mS+fTRHJwAIdwDB6cQgmuoAwVIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/wD+PZj5</latexit>

�������	���������

��������
��������



����

Z =
�

[d�] exp[iS]
<latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="N1LnNiGza6k9/RUxB9imMeQHXiw=">AAACIHicbVDLSgMxFL3js46vUXe6CRbBhZSZbhRBKLhxWdE+cDqUTJq2oZnMkGTEUvojLoX+h0t1Iy5c6NeYabvQ1gMXzjn3XpJ7woQzpV33y1pYXFpeWc2t2esbm1vbzs5uVcWpJLRCYh7LeogV5UzQimaa03oiKY5CTmth7zLr1+6pVCwWt7qf0CDCHcHajGBtrNjZhzuw4cLUCBgI0IDAh5ZRCXSNExg9AgoPRvtG3xjHbjp5t+COgeaJNyV5mKLcdD4brZikERWacKyU77mJDgZYakY4HdqNVNEEkx7uUN9QgSOqgsH4uiE6Mk4LtWNpSmg0dn9vDHCkVD8KzWSEdVfN9jLzJIz+a/upbp8FAyaSVFNBJm+1U450jLK0UItJSjTvG4KJZOa7iHSxxESbTLMcvNmr50m1WPAMvy7mS+fTRHJwAIdwDB6cQgmuoAwVIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/wD+PZj5</latexit>

=
�

[d�]
�

x

H0(�x,�x+0̂)H1(�x,�x+1̂)
<latexit sha1_base64="l9tfrwHz/g+2lufMbJe24TQ653c="></latexit>

H1(�,��) = exp
�
� i

2
(�� ��)2 � i

4
V (�)� i

4
V (��)

�

<latexit sha1_base64="qANE5HHp05OpmribA3GD2LDdJEA="></latexit>

H0(�,��) = exp
�
+

i

2
(�� ��)2 � i

4
V (�)� i

4
V (��)

�

<latexit sha1_base64="Dt2lMxyDS+yKjpPGSp6hXYAvFlc="></latexit>

0

1

�������	���������

��������
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����

Z =
�

[d�] exp[iS]
<latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="N1LnNiGza6k9/RUxB9imMeQHXiw=">AAACIHicbVDLSgMxFL3js46vUXe6CRbBhZSZbhRBKLhxWdE+cDqUTJq2oZnMkGTEUvojLoX+h0t1Iy5c6NeYabvQ1gMXzjn3XpJ7woQzpV33y1pYXFpeWc2t2esbm1vbzs5uVcWpJLRCYh7LeogV5UzQimaa03oiKY5CTmth7zLr1+6pVCwWt7qf0CDCHcHajGBtrNjZhzuw4cLUCBgI0IDAh5ZRCXSNExg9AgoPRvtG3xjHbjp5t+COgeaJNyV5mKLcdD4brZikERWacKyU77mJDgZYakY4HdqNVNEEkx7uUN9QgSOqgsH4uiE6Mk4LtWNpSmg0dn9vDHCkVD8KzWSEdVfN9jLzJIz+a/upbp8FAyaSVFNBJm+1U450jLK0UItJSjTvG4KJZOa7iHSxxESbTLMcvNmr50m1WPAMvy7mS+fTRHJwAIdwDB6cQgmuoAwVIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/wD+PZj5</latexit>

=
�

[d�]
�

x

H0(�x,�x+0̂)H1(�x,�x+1̂)
<latexit sha1_base64="l9tfrwHz/g+2lufMbJe24TQ653c="></latexit>

H1(�,��) = exp
�
� i

2
(�� ��)2 � i

4
V (�)� i

4
V (��)

�

<latexit sha1_base64="qANE5HHp05OpmribA3GD2LDdJEA="></latexit>

H0(�,��) = exp
�
+

i

2
(�� ��)2 � i

4
V (�)� i

4
V (��)

�

<latexit sha1_base64="Dt2lMxyDS+yKjpPGSp6hXYAvFlc="></latexit>

0

1

�������	���������

��������
��������

�i���
<latexit sha1_base64="xpJWE4brWIQlB41yD3OV5UFR5e0=">AAACCnicbVC7SgNBFJ2NrxhfqykFWQyChYbdKGgZsLGMYB6QXcPs5CYZMrO7zMwKYUmnnaW9YGmpNmLrL1j4H36Ak00KTTxw4XDOvXfuHD9iVCrb/jIyc/MLi0vZ5dzK6tr6hrm5VZNhLAhUSchC0fCxBEYDqCqqGDQiAZj7DOp+/2zk169BSBoGl2oQgcdxN6AdSrDSUsvcSdx0SSKgPTwcUjfqpXXlRoJyaJkFu2insGaJMyGFcv774f7We6y0zE+3HZKYQ6AIw1I2HTtSXoKFooTBMOfGEiJM+rgLTU0DzEF6SXrC0NrTStvqhEJXoKxU/T2RYC7lgPu6k2PVk9PeSDzw+X92M1adUy+hQRQrCMj4rU7MLBVao1ysNhVAFBtogomg+lyL9LDAROn0cjoHZ/rXs6RWKjpHxdKFDuQYjZFF22gX7SMHnaAyOkcVVEUE3aAn9IJejTvj2Xgz3setGWMyk0d/YHz8AKnKnyE=</latexit>

+i���
<latexit sha1_base64="oxk5x7hAZTPnAwfS80IuEg5xKhw=">AAACCnicbVDLSsNAFJ3UV62vaJeCBIsgKCWpgi4LblxWsA9oYplMb9uhM0mYmQgldKc7l+4Fly7Vjbj1F1z4H36A07QLbT1w4XDOvXfuHD9iVCrb/jIyc/MLi0vZ5dzK6tr6hrm5VZNhLAhUSchC0fCxBEYDqCqqGDQiAZj7DOp+/2zk169BSBoGl2oQgcdxN6AdSrDSUsvcSdx0SSKgPTwYUjfqpXXlRoJyaJkFu2insGaJMyGFcv774f7We6y0zE+3HZKYQ6AIw1I2HTtSXoKFooTBMOfGEiJM+rgLTU0DzEF6SXrC0NrTStvqhEJXoKxU/T2RYC7lgPu6k2PVk9PeSDz0+X92M1adUy+hQRQrCMj4rU7MLBVao1ysNhVAFBtogomg+lyL9LDAROn0cjoHZ/rXs6RWKjpHxdKFDuQYjZFF22gX7SMHnaAyOkcVVEUE3aAn9IJejTvj2Xgz3setGWMyk0d/YHz8AKaanx8=</latexit>



�	
��

�
<latexit sha1_base64="A3NGCFGk9TYl86l3CEka1MqxYqo=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAILqTM1IWutODGZQV7gXYomTTTxiaZITkjDEPfwaW6Ebe+jwtfwycwnXahrT8EPv7/HHLOCWLBDbjul1NYWV1b3yhulra2d3b3yvsHLRMlmrImjUSkOwExTHDFmsBBsE6sGZGBYO1gfDPN249MGx6pe0hj5ksyVDzklIC1Wj2uQkj75YpbdXPhZfDmULn+DnM1+uXP3iCiiWQKqCDGdD03Bj8jGjgVbFLqJYbFhI7JkHUtKiKZ8bN82gk+sc4Ah5G2TwHO3d8dGZHGpDKwlZLAyCxmU/MskP/F3QTCSz/jKk6AKTr7K0wEhghPt8cDrhkFkVogVHM7LqYjogkFe6OSvYO3uPUytGpV77xau3Mr9Ss0UxEdoWN0ijx0geroFjVQE1H0gJ7QC3p1tPPsvDnvs9KCM+85RH/kfPwAj7+T2g==</latexit>

��
<latexit sha1_base64="Ka/J8JF/7ijvwuk9xa+iIJy5ORY=">AAAB8XicbVA9SwNBEJ2LXzEajVraLAYhhYa7pNBKAjaWEcwHJEfY2+wlS3b3jt094Qj5EZZqI7b29v4IQf+Nm49CEx8MPN6bYWZeEHOmjet+O5m19Y3Nrex2bmc3v7dfODhs6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMrqd+654qzSJ5Z9KY+gIPJAsZwcZKrfMuk6FJe4WiW3ZnQKvEW5BiLV8tvX/Jj3qv8NntRyQRVBrCsdYdz42NP8bKMMLpJNdNNI0xGeEB7VgqsaDaH8/OnaBTq/RRGClb0qCZ+ntijIXWqQhsp8BmqJe9qXgWiP/sTmLCS3/MZJwYKsl8V5hwZCI0fR/1maLE8NQSTBSz5yIyxAoTY0PK2Ry85a9XSbNS9qrlyq0N5ArmyMIxnEAJPLiAGtxAHRpAYAQP8ATPjnYenRfndd6acRYzR/AHztsPtIeT4Q==</latexit>

�

8
<latexit sha1_base64="TZdJ8yOSEwYyJ9cKx3RwgaHAaEo=">AAAB93icbVC7SgNBFJ2NrxhfUUubwSBYSNiNiKkkYGMZwTwgu4TZyWwyZGZ2nZkVlmULv0I7tRFbW39DLPwIC//AyaPQxAMXDufcy733+BGjStv2p5VbWFxaXsmvFtbWNza3its7TRXGEpMGDlko2z5ShFFBGppqRtqRJIj7jLT84fnIb90QqWgornQSEY+jvqABxUgbyXMDiXDqRjRLq1m3WLLL9hhwnjhTUqqdvN3ef79/1bvFD7cX4pgToTFDSnUcO9JeiqSmmJGs4MaKRAgPUZ90DBWIE+Wl46MzeGCUHgxCaUpoOFZ/T6SIK5Vw33RypAdq1huJRz7/z+7EOqh6KRVRrInAk11BzKAO4SgE2KOSYM0SQxCW1JwL8QCZKLSJqmBycGa/nifNStk5LlcuTSBnYII82AP74BA44BTUwAWogwbA4BrcgUfwZCXWg/VsvUxac9Z0Zhf8gfX6A9TfmFM=</latexit>

e�i��4/4!
<latexit sha1_base64="rZeFgZjYaAoWVXJu1ujlvH/yqKk=">AAACAnicbVC7TsMwFHXKq5RXAImFxVAhMUBJSiWYoBILY5HoQ2rSynEcatVxIttBqkI3voQRWBArv8HAb/AFuGkHaDmSpaNz7tG9Pl7MqFSW9WXk5uYXFpfyy4WV1bX1DXNzqyGjRGBSxxGLRMtDkjDKSV1RxUgrFgSFHiNNr3818pv3REga8Vs1iIkbojtOA4qR0lLX3CGd9Jg6TCd85MQ92qmcVPaGXbNolawMcJbYE1K8/A4y1Lrmp+NHOAkJV5ghKdu2FSs3RUJRzMiw4CSSxAj30R1pa8pRSKSbZvcP4YFWfBhEQj+uYKb+TqQolHIQenoyRKonp72ReOSF/9ntRAXnbkp5nCjC8XhXkDCoIjjqA/pUEKzYQBOEBdXnQtxDAmGlWyvoHuzpX8+SRrlkn5bKN1axegHGyINdsA8OgQ3OQBVcgxqoAwwewBN4Aa/Go/FsvBnv49GcMclsgz8wPn4ApraZ5g==</latexit>

e���4/4!
<latexit sha1_base64="ZeMPLFrKHdF9lbBX7vv8ubBA4cc=">AAACAHicbVC7TsMwFHXKq5RXeGwshgqJAUpSKsEElVgYi0QfUpNWjuu0Vu0ksh1EibrwJYzAglj5DwZ+gy/ATTtAy5EsHZ1zj+718SJGpbKsLyMzN7+wuJRdzq2srq1vmJtbNRnGApMqDlkoGh6ShNGAVBVVjDQiQRD3GKl7/auRX78jQtIwuFWDiLgcdQPqU4yUltrmDmklxw7TgQ5y7mmrdFLaG7bNvFWwUsBZYk9I/vLbT1Fpm59OJ8QxJ4HCDEnZtK1IuQkSimJGhjknliRCuI+6pKlpgDiRbpJeP4QHWulAPxT6BQqm6u9EgriUA+7pSY5UT057I/HI4//ZzVj5525CgyhWJMDjXX7MoArhqA3YoYJgxQaaICyoPhfiHhIIK91ZTvdgT/96ltSKBfu0ULyx8uULMEYW7IJ9cAhscAbK4BpUQBVg8ACewAt4NR6NZ+PNeB+PZoxJZhv8gfHxAxlWmQk=</latexit>

(� � R)
<latexit sha1_base64="zXFbu3gpQBppyI7oSsq50OKrLaQ=">AAAB/nicbVDLSgMxFM3UV62vsS7djBahgpSZutCVFNy4cFHFPqAzlCRN29AkMyQZaRkKfolLdSNu/QhduvBvzLRdaOuBwOGce7knB0WMKu2631ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwgqwqggNU01I81IEsgRIw00uEz9xj2RiobiTo8iEnDYE7RLMdRGatv5oj+kPhU+h7qPUHI7Pm7bBbfkTuAsEm9GCpWD6w+Dz2rb/vI7IY45ERozqFTLcyMdJFBqihkZ5/xYkQjiAeyRlqECcqKCZJJ97BwZpeN0Q2me0M5E/b2RQK7UiCMzmUZU814qniD+n92Kdfc8SKiIYk0Ent7qxszRoZN24XSoJFizkSEQS2riOrgPJcTaNJYzPXjzv14k9XLJOy2Vb0whF2CKLNgHh6AIPHAGKuAKVEENYDAEj+AZvFgP1pP1ar1NRzPWbGcP/IH1/gP/q5nn</latexit>

(� � R)
<latexit sha1_base64="DuDADFqr17e1VyKGuwqepwFt8CE=">AAAB/3icbVDLSgMxFM3UV62v0S7dRItQQcpMXehKCm5cuKhiH9AZSiZN29AkMyQZYRi68Etcqhtx6z/o0oV/Y6btQlsPBA7n3Ms9OUHEqNKO823llpZXVtfy64WNza3tHXt3r6nCWGLSwCELZTtAijAqSENTzUg7kgTxgJFWMLrM/NY9kYqG4k4nEfE5GgjapxhpI3XtYtmLhtSjwuNID4MgvR0fd+2SU3EmgIvEnZFS7eD6w+Cz3rW/vF6IY06Exgwp1XGdSPspkppiRsYFL1YkQniEBqRjqECcKD+dhB/DI6P0YD+U5gkNJ+rvjRRxpRIemMksopr3MvEk4P/ZnVj3z/2UiijWRODprX7MoA5hVgbsUUmwZokhCEtq4kI8RBJhbSormB7c+V8vkma14p5WqjemkAswRR7sg0NQBi44AzVwBeqgATBIwCN4Bi/Wg/VkvVpv09GcNdspgj+w3n8AvhaaUQ==</latexit>

�����������

�����
��
�����
�	
�������Z =

�
[d�] exp[iS]

<latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="JFcraBn2dqy1JrorA/d4QODUNJc="></latexit><latexit sha1_base64="N1LnNiGza6k9/RUxB9imMeQHXiw=">AAACIHicbVDLSgMxFL3js46vUXe6CRbBhZSZbhRBKLhxWdE+cDqUTJq2oZnMkGTEUvojLoX+h0t1Iy5c6NeYabvQ1gMXzjn3XpJ7woQzpV33y1pYXFpeWc2t2esbm1vbzs5uVcWpJLRCYh7LeogV5UzQimaa03oiKY5CTmth7zLr1+6pVCwWt7qf0CDCHcHajGBtrNjZhzuw4cLUCBgI0IDAh5ZRCXSNExg9AgoPRvtG3xjHbjp5t+COgeaJNyV5mKLcdD4brZikERWacKyU77mJDgZYakY4HdqNVNEEkx7uUN9QgSOqgsH4uiE6Mk4LtWNpSmg0dn9vDHCkVD8KzWSEdVfN9jLzJIz+a/upbp8FAyaSVFNBJm+1U450jLK0UItJSjTvG4KJZOa7iHSxxESbTLMcvNmr50m1WPAMvy7mS+fTRHJwAIdwDB6cQgmuoAwVIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/wD+PZj5</latexit>

=
�

[d�] exp

�
�

x

· · ·� i
�

4!
�4

x

�

<latexit sha1_base64="MRTYf0OmUB6p+dQIZv6ZeT8Qic8="></latexit> (e�i�/8)4 = �i
<latexit sha1_base64="83nIRnkRoMWd1dn631RMgn5FImI=">AAAB/nicbVDLSgMxFM3UV62vsS4FGSxCBVtnqmARhIIbN0IF+4B2WjJp2oYmmSHJiGUouvE3XKobcevKv3Dhj7g2fSy09cCFwzn3cu89XkCJVLb9ZcTm5hcWl+LLiZXVtfUNczNZln4oEC4hn/qi6kGJKeG4pIiiuBoIDJlHccXrnQ/9yg0Wkvj8WvUD7DLY4aRNEFRaaprJNG5EGVIPyGF+sN84PsuQppmys/YI1ixxJiRV2HlIfd9dfhSb5me95aOQYa4QhVLWHDtQbgSFIojiQaIeShxA1IMdXNOUQ4alG41uH1h7WmlZbV/o4soaqb8nIsik7DNPdzKounLaG4oHHvvProWqnXcjwoNQYY7Gu9ohtZRvDbOwWkRgpGhfE4gE0edaqAsFREonltA5ONNfz5JyLuscZXNXOpBTMEYcbINdkAYOOAEFcAGKoAQQuAWP4Bm8GPfGk/FqvI1bY8ZkZgv8gfH+A5inl40=</latexit>



��
��

�
<latexit sha1_base64="A3NGCFGk9TYl86l3CEka1MqxYqo=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAILqTM1IWutODGZQV7gXYomTTTxiaZITkjDEPfwaW6Ebe+jwtfwycwnXahrT8EPv7/HHLOCWLBDbjul1NYWV1b3yhulra2d3b3yvsHLRMlmrImjUSkOwExTHDFmsBBsE6sGZGBYO1gfDPN249MGx6pe0hj5ksyVDzklIC1Wj2uQkj75YpbdXPhZfDmULn+DnM1+uXP3iCiiWQKqCDGdD03Bj8jGjgVbFLqJYbFhI7JkHUtKiKZ8bN82gk+sc4Ah5G2TwHO3d8dGZHGpDKwlZLAyCxmU/MskP/F3QTCSz/jKk6AKTr7K0wEhghPt8cDrhkFkVogVHM7LqYjogkFe6OSvYO3uPUytGpV77xau3Mr9Ss0UxEdoWN0ijx0geroFjVQE1H0gJ7QC3p1tPPsvDnvs9KCM+85RH/kfPwAj7+T2g==</latexit>

��
<latexit sha1_base64="Ka/J8JF/7ijvwuk9xa+iIJy5ORY=">AAAB8XicbVA9SwNBEJ2LXzEajVraLAYhhYa7pNBKAjaWEcwHJEfY2+wlS3b3jt094Qj5EZZqI7b29v4IQf+Nm49CEx8MPN6bYWZeEHOmjet+O5m19Y3Nrex2bmc3v7dfODhs6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMrqd+654qzSJ5Z9KY+gIPJAsZwcZKrfMuk6FJe4WiW3ZnQKvEW5BiLV8tvX/Jj3qv8NntRyQRVBrCsdYdz42NP8bKMMLpJNdNNI0xGeEB7VgqsaDaH8/OnaBTq/RRGClb0qCZ+ntijIXWqQhsp8BmqJe9qXgWiP/sTmLCS3/MZJwYKsl8V5hwZCI0fR/1maLE8NQSTBSz5yIyxAoTY0PK2Ry85a9XSbNS9qrlyq0N5ArmyMIxnEAJPLiAGtxAHRpAYAQP8ATPjnYenRfndd6acRYzR/AHztsPtIeT4Q==</latexit>

�

8
<latexit sha1_base64="TZdJ8yOSEwYyJ9cKx3RwgaHAaEo=">AAAB93icbVC7SgNBFJ2NrxhfUUubwSBYSNiNiKkkYGMZwTwgu4TZyWwyZGZ2nZkVlmULv0I7tRFbW39DLPwIC//AyaPQxAMXDufcy733+BGjStv2p5VbWFxaXsmvFtbWNza3its7TRXGEpMGDlko2z5ShFFBGppqRtqRJIj7jLT84fnIb90QqWgornQSEY+jvqABxUgbyXMDiXDqRjRLq1m3WLLL9hhwnjhTUqqdvN3ef79/1bvFD7cX4pgToTFDSnUcO9JeiqSmmJGs4MaKRAgPUZ90DBWIE+Wl46MzeGCUHgxCaUpoOFZ/T6SIK5Vw33RypAdq1huJRz7/z+7EOqh6KRVRrInAk11BzKAO4SgE2KOSYM0SQxCW1JwL8QCZKLSJqmBycGa/nifNStk5LlcuTSBnYII82AP74BA44BTUwAWogwbA4BrcgUfwZCXWg/VsvUxac9Z0Zhf8gfX6A9TfmFM=</latexit>

e�i��4/4!
<latexit sha1_base64="rZeFgZjYaAoWVXJu1ujlvH/yqKk=">AAACAnicbVC7TsMwFHXKq5RXAImFxVAhMUBJSiWYoBILY5HoQ2rSynEcatVxIttBqkI3voQRWBArv8HAb/AFuGkHaDmSpaNz7tG9Pl7MqFSW9WXk5uYXFpfyy4WV1bX1DXNzqyGjRGBSxxGLRMtDkjDKSV1RxUgrFgSFHiNNr3818pv3REga8Vs1iIkbojtOA4qR0lLX3CGd9Jg6TCd85MQ92qmcVPaGXbNolawMcJbYE1K8/A4y1Lrmp+NHOAkJV5ghKdu2FSs3RUJRzMiw4CSSxAj30R1pa8pRSKSbZvcP4YFWfBhEQj+uYKb+TqQolHIQenoyRKonp72ReOSF/9ntRAXnbkp5nCjC8XhXkDCoIjjqA/pUEKzYQBOEBdXnQtxDAmGlWyvoHuzpX8+SRrlkn5bKN1axegHGyINdsA8OgQ3OQBVcgxqoAwwewBN4Aa/Go/FsvBnv49GcMclsgz8wPn4ApraZ5g==</latexit>

e���4/4!
<latexit sha1_base64="ZeMPLFrKHdF9lbBX7vv8ubBA4cc=">AAACAHicbVC7TsMwFHXKq5RXeGwshgqJAUpSKsEElVgYi0QfUpNWjuu0Vu0ksh1EibrwJYzAglj5DwZ+gy/ATTtAy5EsHZ1zj+718SJGpbKsLyMzN7+wuJRdzq2srq1vmJtbNRnGApMqDlkoGh6ShNGAVBVVjDQiQRD3GKl7/auRX78jQtIwuFWDiLgcdQPqU4yUltrmDmklxw7TgQ5y7mmrdFLaG7bNvFWwUsBZYk9I/vLbT1Fpm59OJ8QxJ4HCDEnZtK1IuQkSimJGhjknliRCuI+6pKlpgDiRbpJeP4QHWulAPxT6BQqm6u9EgriUA+7pSY5UT057I/HI4//ZzVj5525CgyhWJMDjXX7MoArhqA3YoYJgxQaaICyoPhfiHhIIK91ZTvdgT/96ltSKBfu0ULyx8uULMEYW7IJ9cAhscAbK4BpUQBVg8ACewAt4NR6NZ+PNeB+PZoxJZhv8gfHxAxlWmQk=</latexit>

(� � R)
<latexit sha1_base64="zXFbu3gpQBppyI7oSsq50OKrLaQ=">AAAB/nicbVDLSgMxFM3UV62vsS7djBahgpSZutCVFNy4cFHFPqAzlCRN29AkMyQZaRkKfolLdSNu/QhduvBvzLRdaOuBwOGce7knB0WMKu2631ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwgqwqggNU01I81IEsgRIw00uEz9xj2RiobiTo8iEnDYE7RLMdRGatv5oj+kPhU+h7qPUHI7Pm7bBbfkTuAsEm9GCpWD6w+Dz2rb/vI7IY45ERozqFTLcyMdJFBqihkZ5/xYkQjiAeyRlqECcqKCZJJ97BwZpeN0Q2me0M5E/b2RQK7UiCMzmUZU814qniD+n92Kdfc8SKiIYk0Ent7qxszRoZN24XSoJFizkSEQS2riOrgPJcTaNJYzPXjzv14k9XLJOy2Vb0whF2CKLNgHh6AIPHAGKuAKVEENYDAEj+AZvFgP1pP1ar1NRzPWbGcP/IH1/gP/q5nn</latexit>

(� � R)
<latexit sha1_base64="DuDADFqr17e1VyKGuwqepwFt8CE=">AAAB/3icbVDLSgMxFM3UV62v0S7dRItQQcpMXehKCm5cuKhiH9AZSiZN29AkMyQZYRi68Etcqhtx6z/o0oV/Y6btQlsPBA7n3Ms9OUHEqNKO823llpZXVtfy64WNza3tHXt3r6nCWGLSwCELZTtAijAqSENTzUg7kgTxgJFWMLrM/NY9kYqG4k4nEfE5GgjapxhpI3XtYtmLhtSjwuNID4MgvR0fd+2SU3EmgIvEnZFS7eD6w+Cz3rW/vF6IY06Exgwp1XGdSPspkppiRsYFL1YkQniEBqRjqECcKD+dhB/DI6P0YD+U5gkNJ+rvjRRxpRIemMksopr3MvEk4P/ZnVj3z/2UiijWRODprX7MoA5hVgbsUUmwZokhCEtq4kI8RBJhbSormB7c+V8vkma14p5WqjemkAswRR7sg0NQBi44AzVwBeqgATBIwCN4Bi/Wg/VkvVpv09GcNdspgj+w3n8AvhaaUQ==</latexit>

�����������

= exp
�
�
�

i��� �
�

i
m2

0

8
(�2 + ��2)� �

4 · 4!
(�4 + ��4)

�

<latexit sha1_base64="SKBrd7pmNCvHhBYGAUN9DwP1A4M="></latexit>

H0(�,��) �� HC
0 (�, ��)

<latexit sha1_base64="gPLV6nKbdSXkTAHhEfi8M/hb2vs="></latexit>

� �� e�i�/8�
<latexit sha1_base64="wAEJ0M4xf7eZJT8A2yleLGJQeUQ="></latexit>

(�, �� � R)
<latexit sha1_base64="HAyhNZtjArZvtPfQbxCbmyYaHEY=">AAACCXicbVDLSsNAFJ3UV62vqDtFCBahQilJBe2y4MZlFfuAJpbJdNoOnZmEmYlYQlcu/QFX7l2qG3HrN7gQ/RgnbRfaeuDC4Zx7ufceP6REKtv+NFJz8wuLS+nlzMrq2vqGublVk0EkEK6igAai4UOJKeG4qoiiuBEKDJlPcd3vnyZ+/RoLSQJ+qQYh9hjsctIhCCottcy9nHtD8rqu3FAQhl3CXQZVz/fji+Fhy8zaBXsEa5Y4E5It74QP999fpUrL/HDbAYoY5gpRKGXTsUPlxVAogigeZtxI4hCiPuzipqYcMiy9ePTG0DrQStvqBEIXV9ZI/T0RQyblgPm6MzlRTnuJmPfZf3YzUp2SFxMeRgpzNN7ViailAiuJxWoTgZGiA00gEkSfa6EeFBApHV5G5+BMfz1LasWCc1QonutAjsEYabAL9kEOOOAElMEZqIAqQOAWPIJn8GLcGU/Gq/E2bk0Zk5lt8AfG+w93fZ3S</latexit>

���	������
���



���	�����

= exp
�
�
�

i��� �
�

i
m2

0

8
(�2 + ��2)� �

4 · 4!
(�4 + ��4)

�

<latexit sha1_base64="SKBrd7pmNCvHhBYGAUN9DwP1A4M="></latexit>

H0(�,��) �� HC
0 (�, ��)

<latexit sha1_base64="gPLV6nKbdSXkTAHhEfi8M/hb2vs="></latexit>

� �� e�i�/8�
<latexit sha1_base64="wAEJ0M4xf7eZJT8A2yleLGJQeUQ="></latexit>

(�, �� � R)
<latexit sha1_base64="HAyhNZtjArZvtPfQbxCbmyYaHEY=">AAACCXicbVDLSsNAFJ3UV62vqDtFCBahQilJBe2y4MZlFfuAJpbJdNoOnZmEmYlYQlcu/QFX7l2qG3HrN7gQ/RgnbRfaeuDC4Zx7ufceP6REKtv+NFJz8wuLS+nlzMrq2vqGublVk0EkEK6igAai4UOJKeG4qoiiuBEKDJlPcd3vnyZ+/RoLSQJ+qQYh9hjsctIhCCottcy9nHtD8rqu3FAQhl3CXQZVz/fji+Fhy8zaBXsEa5Y4E5It74QP999fpUrL/HDbAYoY5gpRKGXTsUPlxVAogigeZtxI4hCiPuzipqYcMiy9ePTG0DrQStvqBEIXV9ZI/T0RQyblgPm6MzlRTnuJmPfZf3YzUp2SFxMeRgpzNN7ViailAiuJxWoTgZGiA00gEkSfa6EeFBApHV5G5+BMfz1LasWCc1QonutAjsEYabAL9kEOOOAElMEZqIAqQOAWPIJn8GLcGU/Gq/E2bk0Zk5lt8AfG+w93fZ3S</latexit>

⇒ H0C
����
��� �
� �

��
|HC

0 (x, y)|2dxdy <�
<latexit sha1_base64="Ou8KFNTUkhQrEeVvMLaNhVF3kAs="></latexit>



�����
���

= exp
�
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�

i��� �
�

i
m2

0

8
(�2 + ��2)� �

4 · 4!
(�4 + ��4)

�

<latexit sha1_base64="SKBrd7pmNCvHhBYGAUN9DwP1A4M="></latexit>

H0(�,��) �� HC
0 (�, ��)

<latexit sha1_base64="gPLV6nKbdSXkTAHhEfi8M/hb2vs="></latexit>

� �� e�i�/8�
<latexit sha1_base64="wAEJ0M4xf7eZJT8A2yleLGJQeUQ="></latexit>

(�, �� � R)
<latexit sha1_base64="HAyhNZtjArZvtPfQbxCbmyYaHEY=">AAACCXicbVDLSsNAFJ3UV62vqDtFCBahQilJBe2y4MZlFfuAJpbJdNoOnZmEmYlYQlcu/QFX7l2qG3HrN7gQ/RgnbRfaeuDC4Zx7ufceP6REKtv+NFJz8wuLS+nlzMrq2vqGublVk0EkEK6igAai4UOJKeG4qoiiuBEKDJlPcd3vnyZ+/RoLSQJ+qQYh9hjsctIhCCottcy9nHtD8rqu3FAQhl3CXQZVz/fji+Fhy8zaBXsEa5Y4E5It74QP999fpUrL/HDbAYoY5gpRKGXTsUPlxVAogigeZtxI4hCiPuzipqYcMiy9ePTG0DrQStvqBEIXV9ZI/T0RQyblgPm6MzlRTnuJmPfZf3YzUp2SFxMeRgpzNN7ViailAiuJxWoTgZGiA00gEkSfa6EeFBApHV5G5+BMfz1LasWCc1QonutAjsEYabAL9kEOOOAElMEZqIAqQOAWPIJn8GLcGU/Gq/E2bk0Zk5lt8AfG+w93fZ3S</latexit>

⇒ H0C��"������ �
� �

��
|HC

0 (x, y)|2dxdy <�
<latexit sha1_base64="Ou8KFNTUkhQrEeVvMLaNhVF3kAs="></latexit>


������	

�
�

�0 > �1 > �2 > ... � 0
<latexit sha1_base64="B0MHs4AL3RztJdrbAzXy8opOJ4w=">AAACFnicbZDLSsNAFIYnXmu8pbp0M7QIIhKSKuhKCm5cVrQXaGKYTCft0JkkzEyEEvoA7lz6JC7Vjbh148K3cXoBtfWHgY//nMOZ84cpo1I5zpexsLi0vLJaWDPXNza3tq3iTkMmmcCkjhOWiFaIJGE0JnVFFSOtVBDEQ0aaYf9iVG/eESFpEt+oQUp8jroxjShGSluBdehJ2uUocMxzc4ruD1Y02rZtel0CncAqO7YzFpwHdwrlqhXd3peui7XA+vQ6Cc44iRVmSMq266TKz5FQFDMyNL1MkhThPuqStsYYcSL9fHzTEO5rpwOjROgXKzh2f0/kiEs54KHu5Ej15GxtZB6F/L9yO1PRmZ/TOM0UifFkV5QxqBI4ygh2qCBYsYEGhAXV34W4hwTCSidp6hzc2avnoVGx3WO7cqUDOQETFcAeKIED4IJTUAWXoAbqAIMH8ARewKvxaDwbb8b7pHXBmM7sgj8yPr4BvYqdag==</latexit>

⇒ H0C	��������

 ��!#��

���
�$���%

����
���

Mab =
�

k

uak�k(v†)kb

<latexit sha1_base64="aL8O5Zyhv7eqSZSCTAZxL5/hcMs=">AAACF3icbVBNS8NAEN34bf2qevSyWES9lKQKCiIIgngRFKwttGmYbLZ1yW4SdjeFEvovvPhXvHhQ1KtexH/jpvWgrQ8W3nszw+w8P+FMadv+siYmp6ZnZufmCwuLS8srxdW1GxWnktAqiXks6z4oyllEq5ppTuuJpCB8Tmt+eJrXa10qFYuja91LqCugE7E2I6CN5RXLF14Gfr9wXGiqVHhhITU67BvFOgKM3um2mgF0dr0sNG1esWSX7QHwOHF+SOnkaPuzhc9eL73iRzOISSpopAkHpRqOnWg3A6kZ4dTsSRVNgITQoQ1DIxBUudngrj7eMk6A27E0L9J44P6eyEAo1RO+6RSgb9VoLTf/qzVS3T50MxYlqaYRGS5qpxzrGOch4YBJSjTvGQJEMvNXTG5BAtEmyjwEZ/TkcXJTKTt75cqVSWMfDTGHNtAm2kEOOkAn6Bxdoioi6A49oCf0bN1bj9aL9TZsnbB+ZtbRH1jv39qIoWg=</latexit>

u, v :
<latexit sha1_base64="xVv7mSt/PP7ym1qWWd7tOLXMTT4=">AAAB63icbVDLSgNBEOz1GeMrmqOXwSB4kLAbBcVTwIvHCOYByRJmJ7PJkJnZZWY2EJYcvXpRUEQQBH/Im//hBzh5HDSxoKGo6qa7K4g508Z1v5yl5ZXVtfXMRnZza3tnN7e3X9NRogitkohHqhFgTTmTtGqY4bQRK4pFwGk96F+N/fqAKs0ieWuGMfUF7koWMoLNWEpOBpftXMEtuhOgReLNSKGc/357vPPfK+3cZ6sTkURQaQjHWjc9NzZ+ipVhhNNRtpVoGmPSx13atFRiQbWfTm4doSOrdFAYKVvSoIn6eyLFQuuhCGynwKan572x+J/XTEx44adMxomhkkwXhQlHJkLjx1GHKUoMH1qCiWL2VkR6WGFibDxZG4I3//IiqZWK3mmxdGPTOIMpMnAAh3AMHpxDGa6hAlUg0IN7eIJnRzgPzovzOm1dcmYzefgD5+MH+iiR4w==</latexit>

�1 � �2 � ... � 0
<latexit sha1_base64="F4X4cQwDefSXnEvYZlt6vRSeSco=">AAACBnicbZDLSgMxFIYz9VbrbapLEUKL4GqYqYIuC25cVrQXaMchk2amoUlmSDJCGbpyo4/ixoUibn0Gd76N6WWhrQcSPv7/HJLzhymjSrvut1VYWV1b3yhulra2d3b37PJ+SyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1weDnx2/dEKpqIWz1Kic9RLGhEMdJGCuyjnqIxR4HXi8kcawYdxzG3G9hV13GnBZfBm0O1bkd3T5WbciOwv3r9BGecCI0ZUqrruan2cyQ1xYyMS71MkRThIYpJ16BAnCg/n64xhsdG6cMokeYIDafq74kccaVGPDSdHOmBWvQm4n9eN9PRhZ9TkWaaCDx7KMoY1AmcZAL7VBKs2cgAwpKav0I8QBJhbZIrmRC8xZWXoVVzvFOndm3SOAOzKoJDUAEnwAPnoA6uQAM0AQYP4Bm8gjfr0Xqx3q2PWWvBms8cgD9lff4AlsqaDw==</latexit>

HC
0 (�, ��) =

��

k=0

�k(�) �k ��
k(��)

<latexit sha1_base64="j7fFdDBMWva7SrRRQtaVZ7LqhsE="></latexit>

Lay 2002, 
Shimizu 2012
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= exp
�
�
�

i��� �
�

i
m2

0

8
(�2 + ��2)� �

4 · 4!
(�4 + ��4)

�

<latexit sha1_base64="SKBrd7pmNCvHhBYGAUN9DwP1A4M="></latexit>

H0(�,��) �� HC
0 (�, ��)

<latexit sha1_base64="gPLV6nKbdSXkTAHhEfi8M/hb2vs="></latexit>

� �� e�i�/8�
<latexit sha1_base64="wAEJ0M4xf7eZJT8A2yleLGJQeUQ="></latexit>

(�, �� � R)
<latexit sha1_base64="HAyhNZtjArZvtPfQbxCbmyYaHEY=">AAACCXicbVDLSsNAFJ3UV62vqDtFCBahQilJBe2y4MZlFfuAJpbJdNoOnZmEmYlYQlcu/QFX7l2qG3HrN7gQ/RgnbRfaeuDC4Zx7ufceP6REKtv+NFJz8wuLS+nlzMrq2vqGublVk0EkEK6igAai4UOJKeG4qoiiuBEKDJlPcd3vnyZ+/RoLSQJ+qQYh9hjsctIhCCottcy9nHtD8rqu3FAQhl3CXQZVz/fji+Fhy8zaBXsEa5Y4E5It74QP999fpUrL/HDbAYoY5gpRKGXTsUPlxVAogigeZtxI4hCiPuzipqYcMiy9ePTG0DrQStvqBEIXV9ZI/T0RQyblgPm6MzlRTnuJmPfZf3YzUp2SFxMeRgpzNN7ViailAiuJxWoTgZGiA00gEkSfa6EeFBApHV5G5+BMfz1LasWCc1QonutAjsEYabAL9kEOOOAElMEZqIAqQOAWPIJn8GLcGU/Gq/E2bk0Zk5lt8AfG+w93fZ3S</latexit>
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<latexit sha1_base64="liovDZMwDpFpJGpsKOIIdEz2SpE=">AAAB+HicbVC7SgNBFL3rM8ZXoqXNYBAsJOxGUJtAwMYygnlAsobZ2dlkyMzuMjMrxJBPsLf0UYhg5XfYWtj6Jc4mKTTxwMDhnHO5d44Xc6a0bX9ZC4tLyyurmbXs+sbm1nYuv1NXUSIJrZGIR7LpYUU5C2lNM81pM5YUC4/Thtc/T/3GDZWKReGVHsTUFbgbsoARrI10LTp2uc1N3MdlJ9vJFeyiPQaaJ86UFCr554+777dStZP7bPsRSQQNNeFYqZZjx9odYqkZ4XSUbSeKxpj0cZe2DA2xoModjq8eoQOj+CiIpHmhRmP198QQC6UGwjNJgXVPzXqpeOSJ/+xWooMzd8jCONE0JJNdQcKRjlDaAvKZpETzgSGYSGbORaSHJSbadJX24Mz+ep7US0XnuFi6NIWcwAQZ2IN9OAQHTqECF1CFGhCQcA+P8GTdWg/Wi/U6iS5Y05ld+APr/QdYxZaC</latexit>
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O(10)�O(100)
HC

0
<latexit sha1_base64="D1OOtASx3aNl2MPF2qIRd3nTh7I=">AAAB73icbVBNT8JAEJ3iB4hfqBcTL43ExIOSFk30SMKFIyYWiFDJdtnCht1t3d1qSMNv8KheiFd/kAf/jcvHQdGXTPLy3kxm5gUxo0o7zpeVWVldW8/mNvKbW9s7u4W9/YaKEomJhyMWyVaAFGFUEE9TzUgrlgTxgJFmMKxO/eYjkYpG4laPYuJz1Bc0pBhpI3m1rnNf7RaKTsmZwf5L3AUpVg7P+0/ZyV29W/js9CKccCI0Zk iptuvE2k+R1BQzMs53EkVihIeoT9qGCsSJ8tPZsWP7xCg9O4ykKaHtmfpzIkVcqREPTCdHeqCWval4FvD/7Haiw2s/pSJONBF4vitMmK0je/q83aOSYM1GhiAsqTnXxgMkEdYmorzJwV3++i9plEvuRal8YwK5hDlycATHcAouXEEFalAHDzBQeIZXeLMerBdrYr3PWzPWYuYAfsH6+AYlN5GF</latexit>



�������
�

<latexit sha1_base64="JvFuiWRoCslSzsyhd24cne0TbVE=">AAAB73icbVDLSsNAFL2pr1pfUXGjm2ARXEhJKqjLghuXFewD2lAm00k7dGYSZyZCCf0EcaluxK07f8MPcOGHuHfSdqGtBy4czrmXe+8JYkaVdt0vK7ewuLS8kl8trK1vbG7Z2zt1FSUSkxqOWCSbAVKEUUFqmmpGmrEkiAeMNILBZeY37ohUNBI3ehgTn6OeoCHFSBup1o77tNCxi27JHcOZJ96UFCt79/b3/sd7tWN/trsRTjgRGjOkVMtzY+2nSGqKGRkV2okiMcID1CMtQwXiRPnp+NiRc2SUrhNG0pTQzlj9PZEirtSQB6aTI91Xs14mngT8P7uV6PDCT6mIE00EnuwKE+boyMmed7pUEqzZ0BCEJTXnOriPJMLaRJTl4M1+PU/q5ZJ3Wipfm0DOYII8HMAhHIMH51CBK6hCDTBQeIAneLZurUfrxXqdtOas6cwu/IH19gPpJJLO</latexit>

� � R
<latexit sha1_base64="kYC6Wqeh1L5qs59JUQnqLxJ/K3Q=">AAAB/XicbVDLSgMxFM3UV62vqeJGN4NFcCFlpoK6LLhxWcU+oDOUJE3b0CQzJBm1DMUv8BNcqhsRd36DH+DCD3Fvpu1CWw8EDufcyz05KGJUadf9sjJz8wuLS9nl3Mrq2vqGnd+sqTCWmFRxyELZQFARRgWpaqoZaUSSQI4YqaP+WerXr4lUNBRXehCRgMOuoB2KoTZSy877t9SnwudQ9xBKLoe5ll1wi+4IzizxJqRQ3r63v3c+3iot+9NvhzjmRGjMoFJNz410kECpKWZkmPNjRSKI+7BLmoYKyIkKklH0obNvlLbTCaV5Qjsj9fdGArlSA47MZBpRTXupeIj4f3Yz1p3TIKEiijUReHyrEzNHh05ahdOmkmDNBoZALKmJ6+AelBBrU1jagzf961lSKxW9o2LpwhRyDMbIgl2wBw6AB05AGZyDCqgCDG7AA3gCz9ad9Wi9WK/j0Yw12dkCf2C9/wDNh5he</latexit>

�(�) = � cos(�/8)� i� sin(�/8) tanh2(A�2)
<latexit sha1_base64="xu5GwuPZLRRQwSe0A2pPML8+KYM="></latexit>



����	��
�

<latexit sha1_base64="JvFuiWRoCslSzsyhd24cne0TbVE=">AAAB73icbVDLSsNAFL2pr1pfUXGjm2ARXEhJKqjLghuXFewD2lAm00k7dGYSZyZCCf0EcaluxK07f8MPcOGHuHfSdqGtBy4czrmXe+8JYkaVdt0vK7ewuLS8kl8trK1vbG7Z2zt1FSUSkxqOWCSbAVKEUUFqmmpGmrEkiAeMNILBZeY37ohUNBI3ehgTn6OeoCHFSBup1o77tNCxi27JHcOZJ96UFCt79/b3/sd7tWN/trsRTjgRGjOkVMtzY+2nSGqKGRkV2okiMcID1CMtQwXiRPnp+NiRc2SUrhNG0pTQzlj9PZEirtSQB6aTI91Xs14mngT8P7uV6PDCT6mIE00EnuwKE+boyMmed7pUEqzZ0BCEJTXnOriPJMLaRJTl4M1+PU/q5ZJ3Wipfm0DOYII8HMAhHIMH51CBK6hCDTBQeIAneLZurUfrxXqdtOas6cwu/IH19gPpJJLO</latexit>

� � R
<latexit sha1_base64="kYC6Wqeh1L5qs59JUQnqLxJ/K3Q=">AAAB/XicbVDLSgMxFM3UV62vqeJGN4NFcCFlpoK6LLhxWcU+oDOUJE3b0CQzJBm1DMUv8BNcqhsRd36DH+DCD3Fvpu1CWw8EDufcyz05KGJUadf9sjJz8wuLS9nl3Mrq2vqGnd+sqTCWmFRxyELZQFARRgWpaqoZaUSSQI4YqaP+WerXr4lUNBRXehCRgMOuoB2KoTZSy877t9SnwudQ9xBKLoe5ll1wi+4IzizxJqRQ3r63v3c+3iot+9NvhzjmRGjMoFJNz410kECpKWZkmPNjRSKI+7BLmoYKyIkKklH0obNvlLbTCaV5Qjsj9fdGArlSA47MZBpRTXupeIj4f3Yz1p3TIKEiijUReHyrEzNHh05ahdOmkmDNBoZALKmJ6+AelBBrU1jagzf961lSKxW9o2LpwhRyDMbIgl2wBw6AB05AGZyDCqgCDG7AA3gCz9ad9Wi9WK/j0Yw12dkCf2C9/wDNh5he</latexit>

A
����
��

�(�) = � cos(�/8)� i� sin(�/8) tanh2(A�2)
<latexit sha1_base64="xu5GwuPZLRRQwSe0A2pPML8+KYM="></latexit>

H0(�(�),�(��)) = exp
�
�i�(�)�(��)� i

m2
0

8
(�2(�) + �2(��))� i

�

4 · 4!
(�4(�) + �4(��))

�

<latexit sha1_base64="OYEB5L2A8KkSnqYtktSeSOoPDfs="></latexit>

� HC
0 (�, ��)

<latexit sha1_base64="T9R5RWttGHsWJ5qLIIlKTfbNcz4=">AAACCnicbVC7SgNBFJ31GdfXqmAjyGIQIoSwGwstA2lSRjAPyCZhdnKTDJnZXWdmgyGksxT8D0u1ETvxFyz8EHsnj0ITD1w4nHMv997jR4xK5ThfxtLyyuraemLD3Nza3tm19vbLMowFgRIJWSiqPpbAaAAlRRWDaiQAc59Bxe/lx36lD0LSMLhWgwjqHHcC2qYEKy01rWMPbmLaNwtNp5FPebc0ravhRYJyODPNppV0Ms4E9iJxZySZO/RS3+8PXrFpfXqtkMQcAkUYlrLmOpGqD7FQlDAYmV4sIcKkhztQ0zTAHGR9OPljZJ9qpWW3Q6ErUPZE/T0xxFzKAfd1J8eqK+e9sZj2+X92LVbty/qQBlGsICDTXe2Y2Sq0x7nYLSqAKDbQBBNB9bk26WKBidLpjXNw579eJOVsxj3PZK90IFk0RQIdoROUQi66QDlUQEVUQgTdoUf0jF6Me+PJeDXepq1LxmzmAP2B8fEDNTycOg==</latexit>
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<latexit sha1_base64="liovDZMwDpFpJGpsKOIIdEz2SpE=">AAAB+HicbVC7SgNBFL3rM8ZXoqXNYBAsJOxGUJtAwMYygnlAsobZ2dlkyMzuMjMrxJBPsLf0UYhg5XfYWtj6Jc4mKTTxwMDhnHO5d44Xc6a0bX9ZC4tLyyurmbXs+sbm1nYuv1NXUSIJrZGIR7LpYUU5C2lNM81pM5YUC4/Thtc/T/3GDZWKReGVHsTUFbgbsoARrI10LTp2uc1N3MdlJ9vJFeyiPQaaJ86UFCr554+777dStZP7bPsRSQQNNeFYqZZjx9odYqkZ4XSUbSeKxpj0cZe2DA2xoModjq8eoQOj+CiIpHmhRmP198QQC6UGwjNJgXVPzXqpeOSJ/+xWooMzd8jCONE0JJNdQcKRjlDaAvKZpETzgSGYSGbORaSHJSbadJX24Mz+ep7US0XnuFi6NIWcwAQZ2IN9OAQHTqECF1CFGhCQcA+P8GTdWg/Wi/U6iS5Y05ld+APr/QdYxZaC</latexit>

O(1)

�
<latexit sha1_base64="JvFuiWRoCslSzsyhd24cne0TbVE=">AAAB73icbVDLSsNAFL2pr1pfUXGjm2ARXEhJKqjLghuXFewD2lAm00k7dGYSZyZCCf0EcaluxK07f8MPcOGHuHfSdqGtBy4czrmXe+8JYkaVdt0vK7ewuLS8kl8trK1vbG7Z2zt1FSUSkxqOWCSbAVKEUUFqmmpGmrEkiAeMNILBZeY37ohUNBI3ehgTn6OeoCHFSBup1o77tNCxi27JHcOZJ96UFCt79/b3/sd7tWN/trsRTjgRGjOkVMtzY+2nSGqKGRkV2okiMcID1CMtQwXiRPnp+NiRc2SUrhNG0pTQzlj9PZEirtSQB6aTI91Xs14mngT8P7uV6PDCT6mIE00EnuwKE+boyMmed7pUEqzZ0BCEJTXnOriPJMLaRJTl4M1+PU/q5ZJ3Wipfm0DOYII8HMAhHIMH51CBK6hCDTBQeIAneLZurUfrxXqdtOas6cwu/IH19gPpJJLO</latexit>

HC
0

<latexit sha1_base64="D1OOtASx3aNl2MPF2qIRd3nTh7I=">AAAB73icbVBNT8JAEJ3iB4hfqBcTL43ExIOSFk30SMKFIyYWiFDJdtnCht1t3d1qSMNv8KheiFd/kAf/jcvHQdGXTPLy3kxm5gUxo0o7zpeVWVldW8/mNvKbW9s7u4W9/YaKEomJhyMWyVaAFGFUEE9TzUgrlgTxgJFmMKxO/eYjkYpG4laPYuJz1Bc0pBhpI3m1rnNf7RaKTsmZwf5L3AUpVg7P+0/ZyV29W/js9CKccCI0ZkiptuvE2k+R1BQzMs53EkVihIeoT9qGCsSJ8tPZsWP7xCg9O4ykKaHtmfpzIkVcqREPTCdHeqCWval4FvD/7Haiw2s/pSJONBF4vitMmK0je/q83aOSYM1GhiAsqTnXxgMkEdYmorzJwV3++i9plEvuRal8YwK5hDlycATHcAouXEEFalAHDzBQeIZXeLMerBdrYr3PWzPWYuYAfsH6+AYlN5GF</latexit>



6857-�1�

i
<latexit sha1_base64="rtKkn/y5j48CUY4ZcOUJ3Y8sVkk=">AAAB63icbZDLSgMxFIYzXmu9VV26CRahgpSZCurOghuXLdgLtEPJpGfa0CQzJBmhDH0CFy7Ujbj1LVz5Di58EPeml4W2/hD4+P9zyDkniDnTxnW/nKXlldW19cxGdnNre2c3t7df11GiKNRoxCPVDIgGziTUDDMcmrECIgIOjWBwPc4bd6A0i+StGcbgC9KTLGSUGGtVWSeXd4vuRHgRvBnkr94L3x8P7ZNKJ/fZ7kY0ESAN5UTrlufGxk+JMoxyGGXbiYaY0AHpQcuiJAK0n04GHeFj63RxGCn7pMET93dHSoTWQxHYSkFMX89nY/M0EP/FrcSEl37KZJwYkHT6V5hwbCI8Xhx3mQJq+NACoYrZcTHtE0WosefJ2jt481svQr1U9M6KpaqbL5+jqTLoEB2hAvLQBSqjG1RBNUQRoHv0hJ4d4Tw6L87rtHTJmfUcoD9y3n4ADQSR3A==</latexit>

j
<latexit sha1_base64="Stan6RrZtz2spZ/Wt0vmyLY45KQ=">AAAB63icbVC7SgNBFJ2NrxhfG+20GQyChYTdCGoZsLFMwDwgWcLs5G4yZmZ2mZkVQsgXiJXaiK29v+EHWPgh9k4ehUYPXDiccy/33hMmnGnjeZ9OZml5ZXUtu57b2Nza3nHzu3Udp4pCjcY8Vs2QaOBMQs0ww6GZKCAi5NAIB5cTv3ELSrNYXpthAoEgPckiRomxUvWm4xa8ojcF/kv8OSmU8/fu1/77W6XjfrS7MU0FSEM50brle4kJRkQZRjmMc+1UQ0LogPSgZakkAnQwmh46xkdW6eIoVrakwVP158SICK2HIrSdgpi+XvQm4kko/rNbqYkughGTSWpA0tmuKOXYxHjyOO4yBdTwoSWEKmbPxbRPFKHGxpOzOfiLX/8l9VLRPy2WqjaQMzRDFh2gQ3SMfHSOyugKVVANUQToDj2iJ0c4D86z8zJrzTjzmT30C87rN2fCkWU=</latexit>

k
<latexit sha1_base64="zIAreY+hte5WpMVGSCzp7XIAg+A=">AAAB63icbZDLSgMxFIbPeK31VnXpJliEClJmKqg7C25ctmAv0A4lk2ba0CQzJBmhDH0CFy7Ujbj1LVz5Di58EPeml4W2/hD4+P9zyDkniDnTxnW/nKXlldW19cxGdnNre2c3t7df11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXI/zxh1VmkXy1gxj6gvckyxkBBtrVQedXN4tuhOhRfBmkL96L3x/PLRPKp3cZ7sbkURQaQjHWrc8NzZ+ipVhhNNRtp1oGmMywD3asiixoNpPJ4OO0LF1uiiMlH3SoIn7uyPFQuuhCGylwKav57OxeRqI/+JWYsJLP2UyTgyVZPpXmHBkIjReHHWZosTwoQVMFLPjItLHChNjz5O1d/Dmt16EeqnonRVLVTdfPoepMnAIR1AADy6gDDdQgRoQoHAPT/DsCOfReXFep6VLzqznAP7IefsBEBKR3g==</latexit>

l
<latexit sha1_base64="34wDJZV/JS+7qBOIABIMYGCngjA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRahgpSZCurOghuXLdgLtEPJpGfa0CQzJBmhDH0CFy7Ujbj1LVz5Di58EPeml4W2/hD4+P9zyDkniDnTxnW/nKXlldW19cxGdnNre2c3t7df11GiKNRoxCPVDIgGziTUDDMcmrECIgIOjWBwPc4bd6A0i+StGcbgC9KTLGSUGGtVeSeXd4vuRHgRvBnkr94L3x8P7ZNKJ/fZ7kY0ESAN5UTrlufGxk+JMoxyGGXbiYaY0AHpQcuiJAK0n04GHeFj63RxGCn7pMET93dHSoTWQxHYSkFMX89nY/M0EP/FrcSEl37KZJwYkHT6V5hwbCI8Xhx3mQJq+NACoYrZcTHtE0WosefJ2jt481svQr1U9M6KpaqbL5+jqTLoEB2hAvLQBSqjG1RBNUQRoHv0hJ4d4Tw6L87rtHTJmfUcoD9y3n4AEZmR3w==</latexit>
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<latexit sha1_base64="CxUW8HOkPltFKvAg6Tt+E9Pfn4k="></latexit>
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<latexit sha1_base64="YJ0pZ1LlsVNmzqlKXIAL42NMnrE="></latexit>

�
<latexit sha1_base64="bO0Ow29J2gygMllCuydA2YJx4Nk=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiVJCSVFB3Fty4rGAv0IQymU7aoZNJmJkIJfQVdKduxK0P4cp3cOGDuHfSdqGtPwx8/P85zDnHjzlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXmV5645KxSJxq0cx9ULcFyxgBOvMcuuKdYslu2JPhBbBmUHp8r38/fHgHte7xU+3F5EkpEITjpXqOHasvRRLzQin44KbKBpjMsR92jEocEiVl05mHaMj4/RQEEnzhEYT93dHikOlRqFvKkOsB2o+y8wTP/wv7iQ6uPBSJuJEU0GmfwUJRzpC2e6oxyQlmo8MYCKZGReRAZaYaHOhgrmDM7/1IjSrFee0Ur2xS7UzmCoPB3AIZXDgHGpwDXVoAIEB3MMTPFux9Wi9WK/T0pw169mHP7LefgA0XZMZ</latexit>

�
<latexit sha1_base64="paFuYmp+xb6TSpCH1jPrE4gnGYo=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiVJCSVFB3Fty4rGAv0IQymU7aoZNJmJkIJfQVdKduxK0P4cp3cOGDuHfSdqGtPwx8/P85zDnHjzlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXmV5645KxSJxq0cx9ULcFyxgBOvMcusD1i2W7Io9EVoEZwaly/fy98eDe1zvFj/dXkSSkApNOFaq49ix9lIsNSOcjgtuomiMyRD3acegwCFVXjqZdYyOjNNDQSTNExpN3N8dKQ6VGoW+qQyxHqj5LDNP/PC/uJPo4MJLmYgTTQWZ/hUkHOkIZbujHpOUaD4ygIlkZlxEBlhios2FCuYOzvzWi9CsVpzTSvXGLtXOYKo8HMAhlMGBc6jBNdShAQQGcA9P8GzF1qP1Yr1OS3PWrGcf/sh6+wEjhZMO</latexit>

H
<latexit sha1_base64="dYdq0i8xWxdqz8d0p1x0joJikpg=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiVJAyU0HdWXDTZQv2Au1QMmmmDU0yQ5IRSukTuHChbsStb+HKd3Dhg7g3vSy09YfAx/+fQ845QcyZNq775aRWVtfWN9Kbma3tnd297P5BXUeJIrRGIh6pZoA15UzSmmGG02asKBYBp41gcDPJG3dUaRbJWzOMqS9wT7KQEWysVS13sjm34E6FlsGbQ+76Pf/98dA+rXSyn+1uRBJBpSEca93y3Nj4I6wMI5yOM+1E0xiTAe7RlkWJBdX+aDroGJ1Yp4vCSNknDZq6vztGWGg9FIGtFNj09WI2Mc8C8V/cSkx45Y+YjBNDJZn9FSYcmQhNFkddpigxfGgBE8XsuIj0scLE2PNk7B28xa2XoV4seOeFYtXNlS5gpjQcwTHkwYNLKEEZKlADAhTu4QmeHeE8Oi/O66w05cx7DuGPnLcf2o6Ruw==</latexit>

k
<latexit sha1_base64="6ppBvUuKnKCDh9jxliglUFFJNb4=">AAAB63icbZC7SgNBFIZnvcZ4i1raDAYhhYTdCGpnwMYyAXOBZAmzk7PJkJnZZWZWCEuewMJCbcTWF9FnsPAxLOydXApN/GHg4//PYc45QcyZNq776Swtr6yurWc2sptb2zu7ub39uo4SRaFGIx6pZkA0cCahZpjh0IwVEBFwaASDq3HeuAWlWSRvzDAGX5CeZCGjxFirOujk8m7RnQgvgjeD/OXX23278P1e6eQ+2t2IJgKkoZxo3fLc2PgpUYZRDqNsO9EQEzogPWhZlESA9tPJoCN8bJ0uDiNlnzR44v7uSInQeigCWymI6ev5bGyeBOK/uJWY8MJPmYwTA5JO/woTjk2Ex4vjLlNADR9aIFQxOy6mfaIINfY8WXsHb37rRaiXit5psVR18+UzNFUGHaIjVEAeOkdldI0qqIYoAnSHHtGTI5wH59l5mZYuObOeA/RHzusPJ4qSrQ==</latexit>

�
<latexit sha1_base64="ixZ32UKeycx+SpHvdwY+hhQAX7I=">AAAB7nicbVDLSsNAFL2pr1pfUXGjm8EiuJCSVFCXBTcuK9gHtKFMppN26GQSZiZiCf0EXaobcevS3/ADXPgh7p20XWjrgQuHc+7l3nv8mDOlHefLyi0sLi2v5FcLa+sbm1v29k5dRYkktEYiHsmmjxXlTNCaZprTZiwpDn1OG/7gMvMbt1QqFokbPYypF+KeYAEjWGdS+44VOnbRKTljoHniTkmxsndvf+9/vFc79me7G5EkpEITjpVquU6svRRLzQino0I7UTTGZIB7tGWowCFVXjq+dYSOjNJFQSRNCY3G6u+JFIdKDUPfdIZY99Wsl4knfvif3Up0cOGlTMSJpoJMdgUJRzpC2e+oyyQlmg8NwUQycy4ifSwx0SahLAd39ut5Ui+X3NNS+doEcgYT5OEADuEYXDiHClxBFWpAoA8P8ATPVmw9Wi/W66Q1Z01nduEPrLcfMAuSZA==</latexit>

��
<latexit sha1_base64="PtDfDMLBQ6mlcGRBNP/jSerLJlE=">AAAB9XicbVC7SgNBFJ2Nrxhfq2KjzWAQLCTsRlDLgI1lBPOA3TXMTmaTITOzy8ysGkI+wdJSbcRWf8MPsPBD7J1NUmjigQuHc+7l3nvChFGlHefLys3NLywu5ZcLK6tr6xv25lZdxanEpIZjFstmiBRhVJCappqRZiIJ4iEjjbB3nvmNGyIVjcWV7ick4KgjaEQx0kby/Dt67SeSclJo2UWn5IwAZ4k7IcXKzr39vfvxXm3Zn347xiknQmOGlPJcJ9HBAElNMSPDgp8qkiDcQx3iGSoQJyoYjE4ewgOjtGEUS1NCw5H6e2KAuFJ9HppOjnRXTXuZeBTy/2wv1dFZMKAiSTUReLwrShnUMcwigG0qCdasbwjCkppzIe4iibA2QWU5uNNfz5J6ueQel8qXJpATMEYe7IF9cAhccAoq4AJUQQ1gEIMH8ASerVvr0XqxXsetOWsysw3+wHr7AZ0zlYE=</latexit>

�
<latexit sha1_base64="ixZ32UKeycx+SpHvdwY+hhQAX7I=">AAAB7nicbVDLSsNAFL2pr1pfUXGjm8EiuJCSVFCXBTcuK9gHtKFMppN26GQSZiZiCf0EXaobcevS3/ADXPgh7p20XWjrgQuHc+7l3nv8mDOlHefLyi0sLi2v5FcLa+sbm1v29k5dRYkktEYiHsmmjxXlTNCaZprTZiwpDn1OG/7gMvMbt1QqFokbPYypF+KeYAEjWGdS+44VOnbRKTljoHniTkmxsndvf+9/vFc79me7G5EkpEITjpVquU6svRRLzQino0I7UTTGZIB7tGWowCFVXjq+dYSOjNJFQSRNCY3G6u+JFIdKDUPfdIZY99Wsl4knfvif3Up0cOGlTMSJpoJMdgUJRzpC2e+oyyQlmg8NwUQycy4ifSwx0SahLAd39ut5Ui+X3NNS+doEcgYT5OEADuEYXDiHClxBFWpAoA8P8ATPVmw9Wi/W66Q1Z01nduEPrLcfMAuSZA==</latexit>

��
<latexit sha1_base64="PtDfDMLBQ6mlcGRBNP/jSerLJlE=">AAAB9XicbVC7SgNBFJ2Nrxhfq2KjzWAQLCTsRlDLgI1lBPOA3TXMTmaTITOzy8ysGkI+wdJSbcRWf8MPsPBD7J1NUmjigQuHc+7l3nvChFGlHefLys3NLywu5ZcLK6tr6xv25lZdxanEpIZjFstmiBRhVJCappqRZiIJ4iEjjbB3nvmNGyIVjcWV7ick4KgjaEQx0kby/Dt67SeSclJo2UWn5IwAZ4k7IcXKzr39vfvxXm3Zn347xiknQmOGlPJcJ9HBAElNMSPDgp8qkiDcQx3iGSoQJyoYjE4ewgOjtGEUS1NCw5H6e2KAuFJ9HppOjnRXTXuZeBTy/2wv1dFZMKAiSTUReLwrShnUMcwigG0qCdasbwjCkppzIe4iibA2QWU5uNNfz5J6ueQel8qXJpATMEYe7IF9cAhccAoq4AJUQQ1gEIMH8ASerVvr0XqxXsetOWsysw3+wHr7AZ0zlYE=</latexit>
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<latexit sha1_base64="CxUW8HOkPltFKvAg6Tt+E9Pfn4k="></latexit>
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<latexit sha1_base64="YJ0pZ1LlsVNmzqlKXIAL42NMnrE="></latexit>
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0 � i, j, k, l � N
<latexit sha1_base64="1n4QJwrWXi47vSkS4hU2r4oAkK4=">AAAB/XicbZDLSgMxFIYz9Vbrbao73QSL4GIoMxXUZcGNK6lgL9CWkkkzbWySGZKMUobiE/gILtWNiDufwQdw4YO4N9N2oa0/BD7+cw7n5PcjRpV23S8rs7C4tLySXc2trW9sbtn57ZoKY4lJFYcslA0fKcKoIFVNNSONSBLEfUbq/uAsrddviFQ0FFd6GJE2Rz1BA4qRNlbHzrstRiB1rp2Bw1K86NgFt+iOBefBm0KhnL+3v3c/3iod+7PVDXHMidCYIaWanhvpdoKkppiRUa4VKxIhPEA90jQoECeqnYxPH8ED43RhEErzhIZj9/dEgrhSQ+6bTo50X83WUtPx+X/lZqyD03ZCRRRrIvBkVxAzqEOYRgG7VBKs2dAAwpKacyHuI4mwNoHlTA7e7K/noVYqekfF0qUJ5BhMlAV7YB8cAg+cgDI4BxVQBRjcggfwBJ6tO+vRerFeJ60ZazqzA/7Iev8Bxf2XEg==</latexit>


��#��

�
<latexit sha1_base64="bO0Ow29J2gygMllCuydA2YJx4Nk=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiVJCSVFB3Fty4rGAv0IQymU7aoZNJmJkIJfQVdKduxK0P4cp3cOGDuHfSdqGtPwx8/P85zDnHjzlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXmV5645KxSJxq0cx9ULcFyxgBOvMcuuKdYslu2JPhBbBmUHp8r38/fHgHte7xU+3F5EkpEITjpXqOHasvRRLzQin44KbKBpjMsR92jEocEiVl05mHaMj4/RQEEnzhEYT93dHikOlRqFvKkOsB2o+y8wTP/wv7iQ6uPBSJuJEU0GmfwUJRzpC2e6oxyQlmo8MYCKZGReRAZaYaHOhgrmDM7/1IjSrFee0Ur2xS7UzmCoPB3AIZXDgHGpwDXVoAIEB3MMTPFux9Wi9WK/T0pw169mHP7LefgA0XZMZ</latexit>

�
<latexit sha1_base64="paFuYmp+xb6TSpCH1jPrE4gnGYo=">AAAB7nicbZDLSsNAFIZP6q3WW9Wlm8EiVJCSVFB3Fty4rGAv0IQymU7aoZNJmJkIJfQVdKduxK0P4cp3cOGDuHfSdqGtPwx8/P85zDnHjzlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXmV5645KxSJxq0cx9ULcFyxgBOvMcusD1i2W7Io9EVoEZwaly/fy98eDe1zvFj/dXkSSkApNOFaq49ix9lIsNSOcjgtuomiMyRD3acegwCFVXjqZdYyOjNNDQSTNExpN3N8dKQ6VGoW+qQyxHqj5LDNP/PC/uJPo4MJLmYgTTQWZ/hUkHOkIZbujHpOUaD4ygIlkZlxEBlhios2FCuYOzvzWi9CsVpzTSvXGLtXOYKo8HMAhlMGBc6jBNdShAQQGcA9P8GzF1qP1Yr1OS3PWrGcf/sh6+wEjhZMO</latexit>

H
<latexit sha1_base64="dYdq0i8xWxdqz8d0p1x0joJikpg=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiVJAyU0HdWXDTZQv2Au1QMmmmDU0yQ5IRSukTuHChbsStb+HKd3Dhg7g3vSy09YfAx/+fQ845QcyZNq775aRWVtfWN9Kbma3tnd297P5BXUeJIrRGIh6pZoA15UzSmmGG02asKBYBp41gcDPJG3dUaRbJWzOMqS9wT7KQEWysVS13sjm34E6FlsGbQ+76Pf/98dA+rXSyn+1uRBJBpSEca93y3Nj4I6wMI5yOM+1E0xiTAe7RlkWJBdX+aDroGJ1Yp4vCSNknDZq6vztGWGg9FIGtFNj09WI2Mc8C8V/cSkx45Y+YjBNDJZn9FSYcmQhNFkddpigxfGgBE8XsuIj0scLE2PNk7B28xa2XoV4seOeFYtXNlS5gpjQcwTHkwYNLKEEZKlADAhTu4QmeHeE8Oi/O66w05cx7DuGPnLcf2o6Ruw==</latexit>

k
<latexit sha1_base64="6ppBvUuKnKCDh9jxliglUFFJNb4=">AAAB63icbZC7SgNBFIZnvcZ4i1raDAYhhYTdCGpnwMYyAXOBZAmzk7PJkJnZZWZWCEuewMJCbcTWF9FnsPAxLOydXApN/GHg4//PYc45QcyZNq776Swtr6yurWc2sptb2zu7ub39uo4SRaFGIx6pZkA0cCahZpjh0IwVEBFwaASDq3HeuAWlWSRvzDAGX5CeZCGjxFirOujk8m7RnQgvgjeD/OXX23278P1e6eQ+2t2IJgKkoZxo3fLc2PgpUYZRDqNsO9EQEzogPWhZlESA9tPJoCN8bJ0uDiNlnzR44v7uSInQeigCWymI6ev5bGyeBOK/uJWY8MJPmYwTA5JO/woTjk2Ex4vjLlNADR9aIFQxOy6mfaIINfY8WXsHb37rRaiXit5psVR18+UzNFUGHaIjVEAeOkdldI0qqIYoAnSHHtGTI5wH59l5mZYuObOeA/RHzusPJ4qSrQ==</latexit>

�
<latexit sha1_base64="ixZ32UKeycx+SpHvdwY+hhQAX7I=">AAAB7nicbVDLSsNAFL2pr1pfUXGjm8EiuJCSVFCXBTcuK9gHtKFMppN26GQSZiZiCf0EXaobcevS3/ADXPgh7p20XWjrgQuHc+7l3nv8mDOlHefLyi0sLi2v5FcLa+sbm1v29k5dRYkktEYiHsmmjxXlTNCaZprTZiwpDn1OG/7gMvMbt1QqFokbPYypF+KeYAEjWGdS+44VOnbRKTljoHniTkmxsndvf+9/vFc79me7G5EkpEITjpVquU6svRRLzQino0I7UTTGZIB7tGWowCFVXjq+dYSOjNJFQSRNCY3G6u+JFIdKDUPfdIZY99Wsl4knfvif3Up0cOGlTMSJpoJMdgUJRzpC2e+oyyQlmg8NwUQycy4ifSwx0SahLAd39ut5Ui+X3NNS+doEcgYT5OEADuEYXDiHClxBFWpAoA8P8ATPVmw9Wi/W66Q1Z01nduEPrLcfMAuSZA==</latexit>

��
<latexit sha1_base64="PtDfDMLBQ6mlcGRBNP/jSerLJlE=">AAAB9XicbVC7SgNBFJ2Nrxhfq2KjzWAQLCTsRlDLgI1lBPOA3TXMTmaTITOzy8ysGkI+wdJSbcRWf8MPsPBD7J1NUmjigQuHc+7l3nvChFGlHefLys3NLywu5ZcLK6tr6xv25lZdxanEpIZjFstmiBRhVJCappqRZiIJ4iEjjbB3nvmNGyIVjcWV7ick4KgjaEQx0kby/Dt67SeSclJo2UWn5IwAZ4k7IcXKzr39vfvxXm3Zn347xiknQmOGlPJcJ9HBAElNMSPDgp8qkiDcQx3iGSoQJyoYjE4ewgOjtGEUS1NCw5H6e2KAuFJ9HppOjnRXTXuZeBTy/2wv1dFZMKAiSTUReLwrShnUMcwigG0qCdasbwjCkppzIe4iibA2QWU5uNNfz5J6ueQel8qXJpATMEYe7IF9cAhccAoq4AJUQQ1gEIMH8ASerVvr0XqxXsetOWsysw3+wHr7AZ0zlYE=</latexit>

�
<latexit sha1_base64="ixZ32UKeycx+SpHvdwY+hhQAX7I=">AAAB7nicbVDLSsNAFL2pr1pfUXGjm8EiuJCSVFCXBTcuK9gHtKFMppN26GQSZiZiCf0EXaobcevS3/ADXPgh7p20XWjrgQuHc+7l3nv8mDOlHefLyi0sLi2v5FcLa+sbm1v29k5dRYkktEYiHsmmjxXlTNCaZprTZiwpDn1OG/7gMvMbt1QqFokbPYypF+KeYAEjWGdS+44VOnbRKTljoHniTkmxsndvf+9/vFc79me7G5EkpEITjpVquU6svRRLzQino0I7UTTGZIB7tGWowCFVXjq+dYSOjNJFQSRNCY3G6u+JFIdKDUPfdIZY99Wsl4knfvif3Up0cOGlTMSJpoJMdgUJRzpC2e+oyyQlmg8NwUQycy4ifSwx0SahLAd39ut5Ui+X3NNS+doEcgYT5OEADuEYXDiHClxBFWpAoA8P8ATPVmw9Wi/W66Q1Z01nduEPrLcfMAuSZA==</latexit>

��
<latexit sha1_base64="PtDfDMLBQ6mlcGRBNP/jSerLJlE=">AAAB9XicbVC7SgNBFJ2Nrxhfq2KjzWAQLCTsRlDLgI1lBPOA3TXMTmaTITOzy8ysGkI+wdJSbcRWf8MPsPBD7J1NUmjigQuHc+7l3nvChFGlHefLys3NLywu5ZcLK6tr6xv25lZdxanEpIZjFstmiBRhVJCappqRZiIJ4iEjjbB3nvmNGyIVjcWV7ick4KgjaEQx0kby/Dt67SeSclJo2UWn5IwAZ4k7IcXKzr39vfvxXm3Zn347xiknQmOGlPJcJ9HBAElNMSPDgp8qkiDcQx3iGSoQJyoYjE4ewgOjtGEUS1NCw5H6e2KAuFJ9HppOjnRXTXuZeBTy/2wv1dFZMKAiSTUReLwrShnUMcwigG0qCdasbwjCkppzIe4iibA2QWU5uNNfz5J6ueQel8qXJpATMEYe7IF9cAhccAoq4AJUQQ1gEIMH8ASerVvr0XqxXsetOWsysw3+wHr7AZ0zlYE=</latexit>

i
<latexit sha1_base64="rtKkn/y5j48CUY4ZcOUJ3Y8sVkk=">AAAB63icbZDLSgMxFIYzXmu9VV26CRahgpSZCurOghuXLdgLtEPJpGfa0CQzJBmhDH0CFy7Ujbj1LVz5Di58EPeml4W2/hD4+P9zyDkniDnTxnW/nKXlldW19cxGdnNre2c3t7df11GiKNRoxCPVDIgGziTUDDMcmrECIgIOjWBwPc4bd6A0i+StGcbgC9KTLGSUGGtVWSeXd4vuRHgRvBnkr94L3x8P7ZNKJ/fZ7kY0ESAN5UTrlufGxk+JMoxyGGXbiYaY0AHpQcuiJAK0n04GHeFj63RxGCn7pMET93dHSoTWQxHYSkFMX89nY/M0EP/FrcSEl37KZJwYkHT6V5hwbCI8Xhx3mQJq+NACoYrZcTHtE0WosefJ2jt481svQr1U9M6KpaqbL5+jqTLoEB2hAvLQBSqjG1RBNUQRoHv0hJ4d4Tw6L87rtHTJmfUcoD9y3n4ADQSR3A==</latexit>

j
<latexit sha1_base64="Stan6RrZtz2spZ/Wt0vmyLY45KQ=">AAAB63icbVC7SgNBFJ2NrxhfG+20GQyChYTdCGoZsLFMwDwgWcLs5G4yZmZ2mZkVQsgXiJXaiK29v+EHWPgh9k4ehUYPXDiccy/33hMmnGnjeZ9OZml5ZXUtu57b2Nza3nHzu3Udp4pCjcY8Vs2QaOBMQs0ww6GZKCAi5NAIB5cTv3ELSrNYXpthAoEgPckiRomxUvWm4xa8ojcF/kv8OSmU8/fu1/77W6XjfrS7MU0FSEM50brle4kJRkQZRjmMc+1UQ0LogPSgZakkAnQwmh46xkdW6eIoVrakwVP158SICK2HIrSdgpi+XvQm4kko/rNbqYkughGTSWpA0tmuKOXYxHjyOO4yBdTwoSWEKmbPxbRPFKHGxpOzOfiLX/8l9VLRPy2WqjaQMzRDFh2gQ3SMfHSOyugKVVANUQToDj2iJ0c4D86z8zJrzTjzmT30C87rN2fCkWU=</latexit>

k
<latexit sha1_base64="zIAreY+hte5WpMVGSCzp7XIAg+A=">AAAB63icbZDLSgMxFIbPeK31VnXpJliEClJmKqg7C25ctmAv0A4lk2ba0CQzJBmhDH0CFy7Ujbj1LVz5Di58EPeml4W2/hD4+P9zyDkniDnTxnW/nKXlldW19cxGdnNre2c3t7df11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXI/zxh1VmkXy1gxj6gvckyxkBBtrVQedXN4tuhOhRfBmkL96L3x/PLRPKp3cZ7sbkURQaQjHWrc8NzZ+ipVhhNNRtp1oGmMywD3asiixoNpPJ4OO0LF1uiiMlH3SoIn7uyPFQuuhCGylwKav57OxeRqI/+JWYsJLP2UyTgyVZPpXmHBkIjReHHWZosTwoQVMFLPjItLHChNjz5O1d/Dmt16EeqnonRVLVTdfPoepMnAIR1AADy6gDDdQgRoQoHAPT/DsCOfReXFep6VLzqznAP7IefsBEBKR3g==</latexit>

l
<latexit sha1_base64="34wDJZV/JS+7qBOIABIMYGCngjA=">AAAB63icbZDLSgMxFIYzXmu9VV26CRahgpSZCurOghuXLdgLtEPJpGfa0CQzJBmhDH0CFy7Ujbj1LVz5Di58EPeml4W2/hD4+P9zyDkniDnTxnW/nKXlldW19cxGdnNre2c3t7df11GiKNRoxCPVDIgGziTUDDMcmrECIgIOjWBwPc4bd6A0i+StGcbgC9KTLGSUGGtVeSeXd4vuRHgRvBnkr94L3x8P7ZNKJ/fZ7kY0ESAN5UTrlufGxk+JMoxyGGXbiYaY0AHpQcuiJAK0n04GHeFj63RxGCn7pMET93dHSoTWQxHYSkFMX89nY/M0EP/FrcSEl37KZJwYkHT6V5hwbCI8Xhx3mQJq+NACoYrZcTHtE0WosefJ2jt481svQr1U9M6KpaqbL5+jqTLoEB2hAvLQBSqjG1RBNUQRoHv0hJ4d4Tw6L87rtHTJmfUcoD9y3n4AEZmR3w==</latexit>
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Z = Tr

� =
����
lnZ � lnZexact

lnZexact

����
<latexit sha1_base64="LrjXUk8+MKDxetPn5pNvMHiXnZg="></latexit>

����

10-14

10-12

10-10

10-8

10-6

10-4

10-2

100

102

 0  10  20  30  40  50  60  70

δ

N

λ=0.5

m0=0.1
m0=0.5
m0=1.0

10-14

10-12

10-10

10-8

10-6

10-4

10-2

100

102

 0  10  20  30  40  50  60  70

δ

N

λ=1.0

m0=0.1
m0=0.5
m0=1.0

�
<latexit sha1_base64="O6+D1/aTCQLs4r9DMCUXM6qQbv4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAyUxe60oIblxXsBdqhZDKZNjbJDElGKEPfwaW6Ebe+jwtfwycwnXahrT8EPv7/HHLOCRLOtHHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdQKsKWeSNg0znHYSRbEIOG0Ho5tp3n6kSrNY3ptxQn2BB5JFjGBjrVYvpNzgfrniVt1caBm8OVSuv6NcjX75sxfGJBVUGsKx1l3PTYyfYWUY4XRS6qWaJpiM8IB2LUosqPazfNoJOrFOiKJY2ScNyt3fHRkWWo9FYCsFNkO9mE3Ns0D8F3dTE136GZNJaqgks7+ilCMTo+n2KGSKEsPHFjBRzI6LyBArTIy9UcnewVvcehlatap3Xq3duZX6FcxUhCM4hlPw4ALqcAsNaAKBB3iCF3h1lPPsvDnvs9KCM+85hD9yPn4AXryTug==</latexit>

�
<latexit sha1_base64="O6+D1/aTCQLs4r9DMCUXM6qQbv4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAyUxe60oIblxXsBdqhZDKZNjbJDElGKEPfwaW6Ebe+jwtfwycwnXahrT8EPv7/HHLOCRLOtHHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdQKsKWeSNg0znHYSRbEIOG0Ho5tp3n6kSrNY3ptxQn2BB5JFjGBjrVYvpNzgfrniVt1caBm8OVSuv6NcjX75sxfGJBVUGsKx1l3PTYyfYWUY4XRS6qWaJpiM8IB2LUosqPazfNoJOrFOiKJY2ScNyt3fHRkWWo9FYCsFNkO9mE3Ns0D8F3dTE136GZNJaqgks7+ilCMTo+n2KGSKEsPHFjBRzI6LyBArTIy9UcnewVvcehlatap3Xq3duZX6FcxUhCM4hlPw4ALqcAsNaAKBB3iCF3h1lPPsvDnvs9KCM+85hD9yPn4AXryTug==</latexit>

� = 0.5
<latexit sha1_base64="KM+9Dzfn3BGayjBHP5pgvprMgk8=">AAAB9XicbVC7SgNBFJ2NrxhfUUtBFoNgIWE3IqYRAzaWCZgHbJYwOzubDJnHMjOrhCWln2CpNmJr649Y+A3a+AdOHoUmHhg4nHMu984JYkqUdpwPK7OwuLS8kl3Nra1vbG7lt3caSiQS4ToSVMhWABWmhOO6JpriViwxZAHFzaB/OfKbN1gqIvi1HsTYZ7DLSUQQ1Eby2tREQ3juFE87+YJTdMaw54k7JYWL78+7/bfaV7WTf2+HAiUMc40oVMpznVj7KZSaIIqHuXaicAxRH3axZyiHDCs/HZ88tA+NEtqRkOZxbY/V3xMpZEoNWGCSDOqemvVG4nHA/rO9REdlPyU8TjTmaLIrSqithT2qwA6JxEjTgSEQSWLOtVEPSoi0KSpnenBnfz1PGqWie1Is1ZxCpQwmyII9cACOgAvOQAVcgSqoAwQEuAeP4Mm6tR6sZ+tlEs1Y05ld8AfW6w9qM5Yr</latexit>

� = 1
<latexit sha1_base64="RDZKGT7Md6ltrEvAby3SESkYzhk=">AAAB83icbVC7SgNBFL3rM8ZX1FKQxSBYSNiNhWnEgI1lAuYhyRJmZ2eTITOzy8ysEJaUfoGl2oitvT9i4Tdo4x84eRSaeGDgcM653DvHjxlV2nE+rIXFpeWV1cxadn1jc2s7t7NbV1EiManhiEWy6SNFGBWkpqlmpBlLgrjPSMPvX478xi2RikbiWg9i4nHUFTSkGGkj3bSZiQbo3O3k8k7BGcOeJ+6U5C++P+8O3qpflU7uvR1EOOFEaMyQUi3XibWXIqkpZmSYbSeKxAj3UZe0DBWIE+Wl44OH9pFRAjuMpHlC22P190SKuFID7pskR7qnZr2ReOLz/+xWosOSl1IRJ5oIPNkVJszWkT0qwA6oJFizgSEIS2rOtXEPSYS1qSlrenBnfz1P6sWCe1ooVp18uQQTZGAfDuEYXDiDMlxBBWqAgcM9PMKTlVgP1rP1MokuWNOZPfgD6/UHhASVtQ==</latexit>

N
<latexit sha1_base64="GL4IDGYlmTGMXjy/KO2hWMXwC10=">AAAB63icbZC7SgNBFIbPxluMt6ilIINBsJCwGwvTGbCxkgTMBZIlzE4myZCZ2WVmVghLSitLtRFb38EXsfAZtPENnFwKTfxh4OP/z2HOOUHEmTau++GklpZXVtfS65mNza3tnezuXk2HsSK0SkIeqkaANeVM0qphhtNGpCgWAaf1YHA5zuu3VGkWyhszjKgvcE+yLiPYWKty3c7m3Lw7EVoEbwa5i+/Pu8O3yle5nX1vdUISCyoN4VjrpudGxk+wMoxwOsq0Yk0jTAa4R5sWJRZU+8lk0BE6tk4HdUNlnzRo4v7uSLDQeigCWymw6ev5bGyeBuK/uBmbbtFPmIxiQyWZ/tWNOTIhGi+OOkxRYvjQAiaK2XER6WOFibHnydg7ePNbL0KtkPfO8oWKmysVYao0HMARnIAH51CCKyhDFQhQuIdHeHKE8+A8Oy/T0pQz69mHP3JefwDuwZKI</latexit> N

<latexit sha1_base64="GL4IDGYlmTGMXjy/KO2hWMXwC10=">AAAB63icbZC7SgNBFIbPxluMt6ilIINBsJCwGwvTGbCxkgTMBZIlzE4myZCZ2WVmVghLSitLtRFb38EXsfAZtPENnFwKTfxh4OP/z2HOOUHEmTau++GklpZXVtfS65mNza3tnezuXk2HsSK0SkIeqkaANeVM0qphhtNGpCgWAaf1YHA5zuu3VGkWyhszjKgvcE+yLiPYWKty3c7m3Lw7EVoEbwa5i+/Pu8O3yle5nX1vdUISCyoN4VjrpudGxk+wMoxwOsq0Yk0jTAa4R5sWJRZU+8lk0BE6tk4HdUNlnzRo4v7uSLDQeigCWymw6ev5bGyeBuK/uBmbbtFPmIxiQyWZ/tWNOTIhGi+OOkxRYvjQAiaK2XER6WOFibHnydg7ePNbL0KtkPfO8oWKmysVYao0HMARnIAH51CCKyhDFQhQuIdHeHKE8+A8Oy/T0pQz69mHP3JefwDuwZKI</latexit>



������� ��
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TNR, Loop-TNR, GILT etc

� =
����
lnZ � lnZN=64

lnZN=64

����
<latexit sha1_base64="2qJl1rQAvgLShCNwHeFuM0kBu38="></latexit>
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�
<latexit sha1_base64="O6+D1/aTCQLs4r9DMCUXM6qQbv4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAyUxe60oIblxXsBdqhZDKZNjbJDElGKEPfwaW6Ebe+jwtfwycwnXahrT8EPv7/HHLOCRLOtHHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdQKsKWeSNg0znHYSRbEIOG0Ho5tp3n6kSrNY3ptxQn2BB5JFjGBjrVYvpNzgfrniVt1caBm8OVSuv6NcjX75sxfGJBVUGsKx1l3PTYyfYWUY4XRS6qWaJpiM8IB2LUosqPazfNoJOrFOiKJY2ScNyt3fHRkWWo9FYCsFNkO9mE3Ns0D8F3dTE136GZNJaqgks7+ilCMTo+n2KGSKEsPHFjBRzI6LyBArTIy9UcnewVvcehlatap3Xq3duZX6FcxUhCM4hlPw4ALqcAsNaAKBB3iCF3h1lPPsvDnvs9KCM+85hD9yPn4AXryTug==</latexit>

�
<latexit sha1_base64="O6+D1/aTCQLs4r9DMCUXM6qQbv4=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAyUxe60oIblxXsBdqhZDKZNjbJDElGKEPfwaW6Ebe+jwtfwycwnXahrT8EPv7/HHLOCRLOtHHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdQKsKWeSNg0znHYSRbEIOG0Ho5tp3n6kSrNY3ptxQn2BB5JFjGBjrVYvpNzgfrniVt1caBm8OVSuv6NcjX75sxfGJBVUGsKx1l3PTYyfYWUY4XRS6qWaJpiM8IB2LUosqPazfNoJOrFOiKJY2ScNyt3fHRkWWo9FYCsFNkO9mE3Ns0D8F3dTE136GZNJaqgks7+ilCMTo+n2KGSKEsPHFjBRzI6LyBArTIy9UcnewVvcehlatap3Xq3duZX6FcxUhCM4hlPw4ALqcAsNaAKBB3iCF3h1lPPsvDnvs9KCM+85hD9yPn4AXryTug==</latexit>

N
<latexit sha1_base64="GL4IDGYlmTGMXjy/KO2hWMXwC10=">AAAB63icbZC7SgNBFIbPxluMt6ilIINBsJCwGwvTGbCxkgTMBZIlzE4myZCZ2WVmVghLSitLtRFb38EXsfAZtPENnFwKTfxh4OP/z2HOOUHEmTau++GklpZXVtfS65mNza3tnezuXk2HsSK0SkIeqkaANeVM0qphhtNGpCgWAaf1YHA5zuu3VGkWyhszjKgvcE+yLiPYWKty3c7m3Lw7EVoEbwa5i+/Pu8O3yle5nX1vdUISCyoN4VjrpudGxk+wMoxwOsq0Yk0jTAa4R5sWJRZU+8lk0BE6tk4HdUNlnzRo4v7uSLDQeigCWymw6ev5bGyeBuK/uBmbbtFPmIxiQyWZ/tWNOTIhGi+OOkxRYvjQAiaK2XER6WOFibHnydg7ePNbL0KtkPfO8oWKmysVYao0HMARnIAH51CCKyhDFQhQuIdHeHKE8+A8Oy/T0pQz69mHP3JefwDuwZKI</latexit>

N
<latexit sha1_base64="GL4IDGYlmTGMXjy/KO2hWMXwC10=">AAAB63icbZC7SgNBFIbPxluMt6ilIINBsJCwGwvTGbCxkgTMBZIlzE4myZCZ2WVmVghLSitLtRFb38EXsfAZtPENnFwKTfxh4OP/z2HOOUHEmTau++GklpZXVtfS65mNza3tnezuXk2HsSK0SkIeqkaANeVM0qphhtNGpCgWAaf1YHA5zuu3VGkWyhszjKgvcE+yLiPYWKty3c7m3Lw7EVoEbwa5i+/Pu8O3yle5nX1vdUISCyoN4VjrpudGxk+wMoxwOsq0Yk0jTAa4R5sWJRZU+8lk0BE6tk4HdUNlnzRo4v7uSLDQeigCWymw6ev5bGyeBuK/uBmbbtFPmIxiQyWZ/tWNOTIhGi+OOkxRYvjQAiaK2XER6WOFibHnydg7ePNbL0KtkPfO8oWKmysVYao0HMARnIAH51CCKyhDFQhQuIdHeHKE8+A8Oy/T0pQz69mHP3JefwDuwZKI</latexit>

Preliminary

� = 0.5
<latexit sha1_base64="KM+9Dzfn3BGayjBHP5pgvprMgk8=">AAAB9XicbVC7SgNBFJ2NrxhfUUtBFoNgIWE3IqYRAzaWCZgHbJYwOzubDJnHMjOrhCWln2CpNmJr649Y+A3a+AdOHoUmHhg4nHMu984JYkqUdpwPK7OwuLS8kl3Nra1vbG7lt3caSiQS4ToSVMhWABWmhOO6JpriViwxZAHFzaB/OfKbN1gqIvi1HsTYZ7DLSUQQ1Eby2tREQ3juFE87+YJTdMaw54k7JYWL78+7/bfaV7WTf2+HAiUMc40oVMpznVj7KZSaIIqHuXaicAxRH3axZyiHDCs/HZ88tA+NEtqRkOZxbY/V3xMpZEoNWGCSDOqemvVG4nHA/rO9REdlPyU8TjTmaLIrSqithT2qwA6JxEjTgSEQSWLOtVEPSoi0KSpnenBnfz1PGqWie1Is1ZxCpQwmyII9cACOgAvOQAVcgSqoAwQEuAeP4Mm6tR6sZ+tlEs1Y05ld8AfW6w9qM5Yr</latexit>

� = 1
<latexit sha1_base64="RDZKGT7Md6ltrEvAby3SESkYzhk=">AAAB83icbVC7SgNBFL3rM8ZX1FKQxSBYSNiNhWnEgI1lAuYhyRJmZ2eTITOzy8ysEJaUfoGl2oitvT9i4Tdo4x84eRSaeGDgcM653DvHjxlV2nE+rIXFpeWV1cxadn1jc2s7t7NbV1EiManhiEWy6SNFGBWkpqlmpBlLgrjPSMPvX478xi2RikbiWg9i4nHUFTSkGGkj3bSZiQbo3O3k8k7BGcOeJ+6U5C++P+8O3qpflU7uvR1EOOFEaMyQUi3XibWXIqkpZmSYbSeKxAj3UZe0DBWIE+Wl44OH9pFRAjuMpHlC22P190SKuFID7pskR7qnZr2ReOLz/+xWosOSl1IRJ5oIPNkVJszWkT0qwA6oJFizgSEIS2rOtXEPSYS1qSlrenBnfz1P6sWCe1ooVp18uQQTZGAfDuEYXDiDMlxBBWqAgcM9PMKTlVgP1rP1MokuWNOZPfgD6/UHhASVtQ==</latexit>
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