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Study	of	real-Nme	dynamics	in	HEP		
n  Complex	Langevin	

n  Real-Nme	correlator,	3+1d	φ4 theory PRL95,202003(2005)	Berges	et	al.		
n  3+1d	SU(2)	gauge	theory	with	Schwinger-Keldysh	(SK)	setup,	non-equilibrium,	

PRD75,045007(2007)	Berges	et	al.		
n  convergence	issue	(difficult	for	t >>	β)	

n  Algorithm	inspired	by	Lefschetz	thimble		PRD95,114501(2017)	Alexandru	et	al.	
n  1+1d	φ4 theory	with	SK	setup
n  Small	box	(2x8+2)x8			(Larger	Nme	extent	seems	harder)	

n  Tensor	networks	
n  Hamiltonian	approach	See	D.	Lin’s	talk	(next)	
n  Lagrangian	approach	(=Path	integral	approach)		Here!	
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“purely”	Minkowskian	but	not	SK		

1+1dim.	Scalar	field	theory	with	Minkowskian	metric	

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>

Model	

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

1+1dim.	Scalar	field	theory	with	Minkowskian	metric	

On	laCce	 a = 1
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Path	integral	
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To	use	tensor	network	method,	path	
integral	should	be	wriien	in	terms	of	
tensor	network	representaNon	



Path	integral	
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To	use	tensor	network	method,	path	
integral	should	be	wriien	in	terms	of	
tensor	network	representaNon	



Expansion	of	H	
For	two-variable	funcNon	 orthonormal	basis	

Lay	2002,		
Shimizu	2012	

singular	values	

If	H0	is	a	compact	operator		
�

|H0(x, y)|2dxdy <�
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H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>



Expansion	of	H	
For	two-variable	funcNon	 orthonormal	basis	

Lay	2002,		
Shimizu	2012	

singular	values	

If	H0	is	a	compact	operator		
�

|H0(x, y)|2dxdy <�
<latexit sha1_base64="D18tdKtKS8/LYFkViu/B5bFHEFE=">AAACC3icbVC7SgNBFJ2NrxijrlpaOBiECCHsRsEUFgGblBHMA5K4zM7OJkNmH8zMSpZNSkvB/7BUG7G18AMs/Bsnj0ITD1w4nHMv995jh4wKaRjfWmpldW19I72Z2cpu7+zqe/sNEUQckzoOWMBbNhKEUZ/UJZWMtEJOkGcz0rQHVxO/eUe4oIF/I+OQdD3U86lLMZJKsvSjDvUlHFUtIz8sxKej2xJ0hk4ML6EyXBlbes4oGlPAZWLOSa5y/slbWeOxZulfHSfAkUd8iRkSom0aoewmiEuKGRlnOpEgIcID1CNtRX3kEdFNpo+M4YlSHOgGXJU6a6r+nkiQJ0Ts2arTQ7IvFr2JWLC9/+x2JN1yN6F+GEni49kuN2JQBnASDHQoJ1iyWBGEOVXnQtxHHGGp4suoHMzFr5dJo1Q0z4qlaxVIGcyQBofgGOSBCS5ABVRBDdQBBvfgCbyAV+1Be9betPdZa0qbzxyAP9A+fgBHcZwm</latexit>

H0(�,��) = exp
�

i

2
(�� ��)2 � i

4
V (�)� i

4
V (��)

�

<latexit sha1_base64="P/eijRU/WbGmgB6OleTH+HTbJk8="></latexit>

pure	phase?	

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

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>



�� exp
�

i

2
(�� ��)2 + (�im2

0 � �)
�2 + ��2

8
+ ...

�

<latexit sha1_base64="jHh1TpebUZ7KYi85PtBYctZYMMQ="></latexit>

Expansion	of	H	
For	two-variable	funcNon	 orthonormal	basis	

Lay	2002,		
Shimizu	2012	

singular	values	

If	H0	is	a	compact	operator		
�

|H0(x, y)|2dxdy <�
<latexit sha1_base64="D18tdKtKS8/LYFkViu/B5bFHEFE=">AAACC3icbVC7SgNBFJ2NrxijrlpaOBiECCHsRsEUFgGblBHMA5K4zM7OJkNmH8zMSpZNSkvB/7BUG7G18AMs/Bsnj0ITD1w4nHMv995jh4wKaRjfWmpldW19I72Z2cpu7+zqe/sNEUQckzoOWMBbNhKEUZ/UJZWMtEJOkGcz0rQHVxO/eUe4oIF/I+OQdD3U86lLMZJKsvSjDvUlHFUtIz8sxKej2xJ0hk4ML6EyXBlbes4oGlPAZWLOSa5y/slbWeOxZulfHSfAkUd8iRkSom0aoewmiEuKGRlnOpEgIcID1CNtRX3kEdFNpo+M4YlSHOgGXJU6a6r+nkiQJ0Ts2arTQ7IvFr2JWLC9/+x2JN1yN6F+GEni49kuN2JQBnASDHQoJ1iyWBGEOVXnQtxHHGGp4suoHMzFr5dJo1Q0z4qlaxVIGcyQBofgGOSBCS5ABVRBDdQBBvfgCbyAV+1Be9betPdZa0qbzxyAP9A+fgBHcZwm</latexit>

H0(�,��) = exp
�

i

2
(�� ��)2 � i

4
V (�)� i

4
V (��)

�

<latexit sha1_base64="P/eijRU/WbGmgB6OleTH+HTbJk8="></latexit>

In	

damping	factor	

complex	mass	

compact	

m2
0 �� m2

0 � i�
<latexit sha1_base64="l4FGWoz6sBIQg3IQi2UabiOU+4I=">AAACEHicbVDLTgIxFO3gA8QXPnZuGtHEhZAZNNEliRuXmMgjApJO6QwNfUzajoQQfsClH+A3uFQ3xq17F/6NZWCh6EmanJxzbm7v8SNGtXHdLye1sLi0nM6sZFfX1jc2c1vbNS1jhUkVSyZVw0eaMCpI1VDDSCNSBHGfkbrfv5j49TuiNJXi2gwj0uYoFDSgGBkrdXIHvOPellpMilDRsGeQUnIAE7FAWyTSlE1iebfoJoB/iTcj+fJuIRykH28qndxnqytxzIkwmCGtm54bmfYIKUMxI+NsK9YkQriPQtK0VCBOdHuUXDOGh1bpwkAq+4SBifpzYoS41kPu2yRHpqfnvYl47PP/7GZsgvP2iIooNkTg6a4gZtBIOGkHdqki2LChJQgrar8LcQ8phI3tMGt78Oav/ktqpaJ3Uixd2UJOwRQZsAf2wRHwwBkog0tQAVWAwT14Ai/g1Xlwnp03530aTTmzmR3wC87HN1ROnuk=</latexit>

(� > 0)
<latexit sha1_base64="DKxzJ8VOAIykx6R5PUOKswUcT1s=">AAAB9nicbVDJSgNBEO2JW4xbXG5eGoMQQcJMFPQkAS8eI5gFMiH0dHqSJr3R3SOGIb/hUb2IV3/Gg39jZ5KDJj4oeLxXRVW9SDFqrO9/e7mV1bX1jfxmYWt7Z3evuH/QNDLRmDSwZFK3I2QIo4I0LLWMtJUmiEeMtKLR7dRvPRJtqBQPdqxIl6OBoDHFyDopLIdEGcqkuPHPesWSX/EzwGUSzEmpdhRnqPeKX2Ff4oQTYTFDxnQCX9luirSlmJFJIUwMUQiP0IB0HBWIE9NNs5sn8NQpfRhL7UpYmKm/J1LEjRnzyHVyZIdm0ZuK5xH/z+4kNr7uplSoxBKBZ7vihEEr4TQD2KeaYMvGjiCsqTsX4iHSCFuXVMHlECx+vUya1UpwUaneu0AuwQx5cAxOQBkE4ArUwB2ogwbAQIFn8ArevCfvxXv3PmatOW8+cwj+wPv8Aa+vlL4=</latexit>

Feynman	prescripNon	V =
m2

0

2
�2 + ...

<latexit sha1_base64="fl5idgUfPq0/Ua/3dMnbpkrEh6I=">AAACB3icbVC7SgNBFL0bXzG+Vi3TLAZBVJbdtdBGCNhYRjAPyIvZyWwyZGZ3mZkVwpLCUvA/LNVGbP2DNBZW/oqTR6GJBy4czrmXe+/xY0alcpwvI7O0vLK6ll3PbWxube+Yu3sVGSUCkzKOWCRqPpKE0ZCUFVWM1GJBEPcZqfr9q7FfvSNC0ii8VYOYNDnqhjSgGCkttc185bIRCIRT3nZa3jD1ho24R1veiW3bbbPg2M4E1iJxZ6RQPP4ejbqPUGqbn41OhBNOQoUZkrLuOrFqpkgoihkZ5hqJJDHCfdQldU1DxIlsppMnhtahVjpWEAldobIm6u+JFHEpB9zXnRypnpz3xuKpz/+z64kKLpopDeNEkRBPdwUJs1RkjUOxOlQQrNhAE4QF1edauId0LEpHl9M5uPNfL5KKZ7tntnejA/Fgiizk4QCOwIVzKMI1lKAMGO7hCV7g1Xgwno03433amjFmM/vwB8bHD/bPm60=</latexit>

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

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

H(�,��) =
��

m,n=0

�m(�) Xmn ��
n(��)

<latexit sha1_base64="9s2Zo8N0v7sMhDBkad7EY1Duq8k="></latexit> �n(x) =
1�

�1/2n!2n
Hn(x)e�x2/2

<latexit sha1_base64="4zcM1kTau3OwV2cOAt5KbC7rkWo="></latexit>

basis	:	Hermite	funcNon	

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

H(�,��) =
��

m,n=0

�m(�) Xmn ��
n(��)

<latexit sha1_base64="9s2Zo8N0v7sMhDBkad7EY1Duq8k="></latexit> �n(x) =
1�

�1/2n!2n
Hn(x)e�x2/2

<latexit sha1_base64="4zcM1kTau3OwV2cOAt5KbC7rkWo="></latexit>

basis	:	Hermite	funcNon	

�
� �

��
d���m(�)�n(�) = �mn

<latexit sha1_base64="su+XZc/vd8B7LtMUukPkjIp7R00="></latexit>

Xmn =
� �

��
d�d����m(�) H(�,��) �n(��)

<latexit sha1_base64="vMigyQWxSGgZBuFnKH5u1Ph22+4="></latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

H(�,��) =
��

m,n=0

�m(�) Xmn ��
n(��)

<latexit sha1_base64="9s2Zo8N0v7sMhDBkad7EY1Duq8k="></latexit> �n(x) =
1�

�1/2n!2n
Hn(x)e�x2/2

<latexit sha1_base64="4zcM1kTau3OwV2cOAt5KbC7rkWo="></latexit>

basis	:	Hermite	funcNon	

Xmn =
��

k=0

Umk�k(V †)kn

<latexit sha1_base64="FNP4LVn4zbmAnTCt/TBwO0KtLbk="></latexit>

SVD	
�

� �

��
d���m(�)�n(�) = �mn

<latexit sha1_base64="su+XZc/vd8B7LtMUukPkjIp7R00="></latexit>

Xmn =
� �

��
d�d����m(�) H(�,��) �n(��)

<latexit sha1_base64="vMigyQWxSGgZBuFnKH5u1Ph22+4="></latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

H(�,��) =
��

m,n=0

�m(�) Xmn ��
n(��)

<latexit sha1_base64="9s2Zo8N0v7sMhDBkad7EY1Duq8k="></latexit> �n(x) =
1�

�1/2n!2n
Hn(x)e�x2/2

<latexit sha1_base64="4zcM1kTau3OwV2cOAt5KbC7rkWo="></latexit>

basis	:	Hermite	funcNon	

Xmn =
��

k=0

Umk�k(V †)kn

<latexit sha1_base64="FNP4LVn4zbmAnTCt/TBwO0KtLbk="></latexit>

=
��

k=0

�k(�)�k��
k(��)

<latexit sha1_base64="+6hVmEoDEq7QLJAkxOw92G71T3k="></latexit>

H(�,��) =
��

k=0

� ��

m=0

�m(�)Umk

�
�k

� ��

n=0

(V †)kn��
n(��)

�

<latexit sha1_base64="QIjKGBhjaUdWGHxkwQP91XCQy3w="></latexit>

SVD	
�

� �

��
d���m(�)�n(�) = �mn

<latexit sha1_base64="su+XZc/vd8B7LtMUukPkjIp7R00="></latexit>

Xmn =
� �

��
d�d����m(�) H(�,��) �n(��)

<latexit sha1_base64="vMigyQWxSGgZBuFnKH5u1Ph22+4="></latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>



Singular	values	
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⇒	
highly	compressive	

Free	case	

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>

k
<latexit sha1_base64="jJFpggqRHLsK/1ZxMcurBVjwPQQ=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyUwXdWXDjsgV7gXYomTTThiaZIckIZegTuFQXFrc+kgsfwzcw03ahrT8EPv7/HHLOCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo7ssbz1SpVkkH8w4pr7AA8lCRrCxVn3UK5bcsjsTWgVvAaXb77dM01qv+NntRyQRVBrCsdYdz42Nn2JlGOF0UugmmsaYjPCAdixKLKj209mgE3RmnT4KI2WfNGjm/u5IsdB6LAJbKbAZ6uUsMy8C8V/cSUx446dMxomhksz/ChOOTISyxVGfKUoMH1vARDE7LiJDrDAx9jwFewdveetVaFbK3mW5UndL1SuYKw8ncArn4ME1VOEeatAAAhSe4AVeHeE8O1PnfV6acxY9x/BHzscPNPiStQ==</latexit>

�
Xmn =

��

k=0

Umk�k(V †)kn

�

<latexit sha1_base64="mQ1e97Gb1lS4iy+WqQ9LEZOZ5cU="></latexit>



How	to	make	tensor	
For	two-variable	funcNon	

singular	values	

orthonormal	basis	
�

<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</latexit>

�
<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</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>

Once	the	orthonormal	basis	and	singular	values	are	obtained,	
tensor	is	formed	as	

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

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>

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



How	to	make	tensor	
For	two-variable	funcNon	

singular	values	

orthonormal	basis	
�

<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</latexit>

�
<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</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>

Once	the	orthonormal	basis	and	singular	values	are	obtained,	
tensor	is	formed	as	

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>

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



How	to	make	tensor	
For	two-variable	funcNon	

singular	values	

orthonormal	basis	
�

<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</latexit>

�
<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</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>

Once	the	orthonormal	basis	and	singular	values	are	obtained,	
tensor	is	formed	as	

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>

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



How	to	make	tensor	
For	two-variable	funcNon	

singular	values	

orthonormal	basis	
�

<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</latexit>

�
<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</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>

Tensor	

Once	the	orthonormal	basis	and	singular	values	are	obtained,	
tensor	is	formed	as	

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>

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



How	to	make	tensor	
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singular	values	

orthonormal	basis	
�

<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</latexit>

�
<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</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>

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>

Once	the	orthonormal	basis	and	singular	values	are	obtained,	
tensor	is	formed	as	

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>

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

Tijkl =
�

�(0)
i �(1)

j �(0)
k �(1)

l

� �

��
d��(0)

i �(1)
j �(0)�

k �(1)�
l

<latexit sha1_base64="pXVF7FxfY12a4jugluawHCoSGNw="></latexit>

The	integral	can	be	esNmated	by	a	recursion	relaNon	



How	to	make	tensor	
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singular	values	

orthonormal	basis	
�

<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</latexit>

�
<latexit sha1_base64="6uhUIIWsSNMKOE1eqBomBRS6I+o=">AAAB73icbVA9SwNBEJ2LXzF+XbTTZjEIFhLuIqhlwMYygpcEkhD2NnvJkt27c3dPCEd+gliqjdja+Tf8ARb+EHv3khSa+GDg8d4MM/P8mDOlHefLyi0tr6yu5dcLG5tb2zt2cbeuokQS6pGIR7LpY0U5C6mnmea0GUuKhc9pwx9eZn7jjkrFovBGj2LaEbgfsoARrI3kteMBK3TtklN2JkCLxJ2RUrV4b3/vf7zXuvZnuxeRRNBQE46VarlOrDsplpoRTseFdqJojMkQ92nL0BALqjrp5NgxOjJKDwWRNBVqNFF/T6RYKDUSvukUWA/UvJeJJ774z24lOrjopCyME01DMt0VJBzpCGXPox6TlGg+MgQTycy5iAywxESbiLIc3PmvF0m9UnZPy5VrE8gZTJGHAziEY3DhHKpwBTXwgACDB3iCZ+vWerRerNdpa86azezBH1hvP+Oskso=</latexit>

��
<latexit sha1_base64="hz30y4ZcWAilKGs3Cma4zGR7sTA=">AAAB9nicbVDLSgMxFM34rPU11Z1ugkVwIWWmgrosuHFZwT6gM5ZMmrahSSYkGbEM/QS3LtWNuO1v+AEu/BD3ZtoutPXAhcM593LvPZFkVBvP+3KWlldW19ZzG/nNre2dXbewV9dxojCp4ZjFqhkhTRgVpGaoYaQpFUE8YqQRDa4yv3FPlKaxuDVDSUKOeoJ2KUbGSkEg+/QukIpykm+7Ra/kTQAXiT8jxUrh0f0++BhX2+5n0IlxwokwmCGtW74nTZgiZShmZJQPEk0kwgPUIy1LBeJEh+nk5hE8tkoHdmNlSxg4UX9PpIhrPeSR7eTI9PW8l4mnEf/PbiWmexmmVMjEEIGnu7oJgyaGWQawQxXBhg0tQVhRey7EfaQQNjapLAd//utFUi+X/LNS+cYGcg6myIFDcAROgA8uQAVcgyqoAQwkeAIv4NV5cJ6dN+d92rrkzGb2wR844x9TkZXn</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>

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>

Once	the	orthonormal	basis	and	singular	values	are	obtained,	
tensor	is	formed	as	

H0(�,��) =
��

k=0

�(0)
k (�) �(0)

k �(0)�
k (��)

<latexit sha1_base64="mdAe1jlNEtzzUYThTYl0vPvp0HQ="></latexit>

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

Tijkl =
�

�(0)
i �(1)

j �(0)
k �(1)

l

� �

��
d��(0)

i �(1)
j �(0)�

k �(1)�
l

<latexit sha1_base64="pXVF7FxfY12a4jugluawHCoSGNw="></latexit>

Tensor	is	truncated	

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>

truncaNon	order	
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� = 0.1
<latexit sha1_base64="6Q/CTWtODK0nTOvzd6fR4pCjZVo=">AAAB93icbVDLSsNAFJ34rPVVdelmsAguJCRV0I1YcOOygn1AG8pkOmmHziPOTIQQ+h2iG3Ujbl36IS78GydtF9p64MLhnHu5954wZlQbz/t2FhaXlldWC2vF9Y3Nre3Szm5Dy0RhUseSSdUKkSaMClI31DDSihVBPGSkGQ6vcr95T5SmUtyaNCYBR31BI4qRsVLQIbGmTIoLz/WL3VLZc70x4Dzxp6R8+fmY46nWLX11ehInnAiDGdK67XuxCTKkDMWMjIqdRJMY4SHqk7alAnGig2x89AgeWqUHI6lsCQPH6u+JDHGtUx7aTo7MQM96uXgc8v/sdmKi8yCjIk4MEXiyK0oYNBLmIcAeVQQbllqCsKL2XIgHSCFsbFR5Dv7s1/OkUXH9E7dy45Wrp2CCAtgHB+AI+OAMVME1qIE6wOAOPIAX8OqkzrPz5rxPWhec6cwe+APn4wd+D5a2</latexit>

� = 0.5
<latexit sha1_base64="S57bvVIcIyOmclYaxQPVZ95DDik=">AAAB93icbVC7SgNBFJ2NrxhfUUubwSBYyLIbFW3EgI1lBPOAZAmzk9lkyDzWmVlhCfkO0UZtxNbSD7Hwb5xNUmjigQuHc+7l3nvCmFFtPO/byS0sLi2v5FcLa+sbm1vF7Z26lonCpIYlk6oZIk0YFaRmqGGkGSuCeMhIIxxcZX7jnihNpbg1aUwCjnqCRhQjY6WgTWJNmRQXnnta6BRLnuuNAeeJPyWly8/HDE/VTvGr3ZU44UQYzJDWLd+LTTBEylDMyKjQTjSJER6gHmlZKhAnOhiOjx7BA6t0YSSVLWHgWP09MURc65SHtpMj09ezXiYehfw/u5WY6DwYUhEnhgg82RUlDBoJsxBglyqCDUstQVhRey7EfaQQNjaqLAd/9ut5Ui+7/rFbvvFKlRMwQR7sgX1wCHxwBirgGlRBDWBwBx7AC3h1UufZeXPeJ605ZzqzC/7A+fgBhC+Wug==</latexit>

� = 1.0
<latexit sha1_base64="68RlKDkcXWFnyVi7iNQzVsk5UsE=">AAAB93icbVDLSsNAFJ34rPVVdelmsAguJCRV0I1YcOOygn1AG8pkOmmHziPOTIQQ+h2iG3Ujbl36IS78GydtF9p64MLhnHu5954wZlQbz/t2FhaXlldWC2vF9Y3Nre3Szm5Dy0RhUseSSdUKkSaMClI31DDSihVBPGSkGQ6vcr95T5SmUtyaNCYBR31BI4qRsVLQIbGmTIoL3/WK3VLZc70x4Dzxp6R8+fmY46nWLX11ehInnAiDGdK67XuxCTKkDMWMjIqdRJMY4SHqk7alAnGig2x89AgeWqUHI6lsCQPH6u+JDHGtUx7aTo7MQM96uXgc8v/sdmKi8yCjIk4MEXiyK0oYNBLmIcAeVQQbllqCsKL2XIgHSCFsbFR5Dv7s1/OkUXH9E7dy45Wrp2CCAtgHB+AI+OAMVME1qIE6wOAOPIAX8OqkzrPz5rxPWhec6cwe+APn4wd+EZa2</latexit>

Free	case	

Tensor	

i
<latexit sha1_base64="Adf1nggVG5athE6ZKiabroWHAeY=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMVEF3Fty4bMFeoB1KJj3ThiaZIckIZegTuFQXFrc+kgsfwzcw03ahrT8EPv7/HHLOCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFIUGjXik2gHRwJmEhmGGQztWQETAoRWM7rK89QhKs0g+mHEMviADyUJGibFWnfWKJbfszoRXwVtA6fb7LdO01it+dvsRTQRIQznRuuO5sfFTogyjHCaFbqIhJnREBtCxKIkA7aezQSf4zDp9HEbKPmnwzP3dkRKh9VgEtlIQM9TLWWZeBOK/uJOY8MZPmYwTA5LO/woTjk2Es8Vxnymgho8tEKqYHRfTIVGEGnuegr2Dt7z1KjQrZe+yXKm7peoVmiuPTtApOkceukZVdI9qqIEoAvSEXtCrI5xnZ+q8z0tzzqLnGP2R8/EDMeqSsw==</latexit>

i
<latexit sha1_base64="Adf1nggVG5athE6ZKiabroWHAeY=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMVEF3Fty4bMFeoB1KJj3ThiaZIckIZegTuFQXFrc+kgsfwzcw03ahrT8EPv7/HHLOCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFIUGjXik2gHRwJmEhmGGQztWQETAoRWM7rK89QhKs0g+mHEMviADyUJGibFWnfWKJbfszoRXwVtA6fb7LdO01it+dvsRTQRIQznRuuO5sfFTogyjHCaFbqIhJnREBtCxKIkA7aezQSf4zDp9HEbKPmnwzP3dkRKh9VgEtlIQM9TLWWZeBOK/uJOY8MZPmYwTA5LO/woTjk2Es8Vxnymgho8tEKqYHRfTIVGEGnuegr2Dt7z1KjQrZe+yXKm7peoVmiuPTtApOkceukZVdI9qqIEoAvSEXtCrI5xnZ+q8z0tzzqLnGP2R8/EDMeqSsw==</latexit>

i
<latexit sha1_base64="Adf1nggVG5athE6ZKiabroWHAeY=">AAAB63icbZDLSgMxFIYz9VbrrerSTbAILqTMVEF3Fty4bMFeoB1KJj3ThiaZIckIZegTuFQXFrc+kgsfwzcw03ahrT8EPv7/HHLOCWLOtHHdLye3tr6xuZXfLuzs7u0fFA+PmjpKFIUGjXik2gHRwJmEhmGGQztWQETAoRWM7rK89QhKs0g+mHEMviADyUJGibFWnfWKJbfszoRXwVtA6fb7LdO01it+dvsRTQRIQznRuuO5sfFTogyjHCaFbqIhJnREBtCxKIkA7aezQSf4zDp9HEbKPmnwzP3dkRKh9VgEtlIQM9TLWWZeBOK/uJOY8MZPmYwTA5LO/woTjk2Es8Vxnymgho8tEKqYHRfTIVGEGnuegr2Dt7z1KjQrZe+yXKm7peoVmiuPTtApOkceukZVdI9qqIEoAvSEXtCrI5xnZ+q8z0tzzqLnGP2R8/EDMeqSsw==</latexit>

Tijkl =
�

�(0)
i �(1)

j �(0)
k �(1)

l

� �

��
d��(0)

i �(1)
j �(0)�

k �(1)�
l

<latexit sha1_base64="pXVF7FxfY12a4jugluawHCoSGNw="></latexit>

|T
ii

ii
|

<latexit sha1_base64="/iJuOPpCukXfzWhc2O1dxOXl2c4=">AAAB9XicbVDLSsNAFJ3UV62vqhvBzWARXEhJqqDLghuXFfqCNJTJdNIOnUeYmSgl7We4VDfi1q9x4d84SbvQ1gMXDufcy733hDGj2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0ThUkLSyZVN0SaMCpIy1DDSDdWBPGQkU44vsv8ziNRmkrRNJOYBBwNBY0oRsZK/rTZT6nFbFrqlytu1c0BV4m3IJX6SZSj0S9/9QYSJ5wIgxnS2vfc2AQpUoZiRmalXqJJjPAYDYlvqUCc6CDNT57Bc6sMYCSVLWFgrv6eSBHXesJD28mRGellLxMvQ/6f7Scmug1SKuLEEIHnu6KEQSNhFgEcUEWwYRNLEFbUngvxCCmEjQ0qy8Fb/nqVtGtV76pae7CBXIM5iuAUnIEL4IEbUAf3oAFaAAMJnsEreHOenBfn3fmYtxacxcwx+APn8wfrA5T0</latexit> |T
ii

ii
|

<latexit sha1_base64="/iJuOPpCukXfzWhc2O1dxOXl2c4=">AAAB9XicbVDLSsNAFJ3UV62vqhvBzWARXEhJqqDLghuXFfqCNJTJdNIOnUeYmSgl7We4VDfi1q9x4d84SbvQ1gMXDufcy733hDGj2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0ThUkLSyZVN0SaMCpIy1DDSDdWBPGQkU44vsv8ziNRmkrRNJOYBBwNBY0oRsZK/rTZT6nFbFrqlytu1c0BV4m3IJX6SZSj0S9/9QYSJ5wIgxnS2vfc2AQpUoZiRmalXqJJjPAYDYlvqUCc6CDNT57Bc6sMYCSVLWFgrv6eSBHXesJD28mRGellLxMvQ/6f7Scmug1SKuLEEIHnu6KEQSNhFgEcUEWwYRNLEFbUngvxCCmEjQ0qy8Fb/nqVtGtV76pae7CBXIM5iuAUnIEL4IEbUAf3oAFaAAMJnsEreHOenBfn3fmYtxacxcwx+APn8wfrA5T0</latexit>|T
ii

ii
|

<latexit sha1_base64="/iJuOPpCukXfzWhc2O1dxOXl2c4=">AAAB9XicbVDLSsNAFJ3UV62vqhvBzWARXEhJqqDLghuXFfqCNJTJdNIOnUeYmSgl7We4VDfi1q9x4d84SbvQ1gMXDufcy733hDGj2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0ThUkLSyZVN0SaMCpIy1DDSDdWBPGQkU44vsv8ziNRmkrRNJOYBBwNBY0oRsZK/rTZT6nFbFrqlytu1c0BV4m3IJX6SZSj0S9/9QYSJ5wIgxnS2vfc2AQpUoZiRmalXqJJjPAYDYlvqUCc6CDNT57Bc6sMYCSVLWFgrv6eSBHXesJD28mRGellLxMvQ/6f7Scmug1SKuLEEIHnu6KEQSNhFgEcUEWwYRNLEFbUngvxCCmEjQ0qy8Fb/nqVtGtV76pae7CBXIM5iuAUnIEL4IEbUAf3oAFaAAMJnsEreHOenBfn3fmYtxacxcwx+APn8wfrA5T0</latexit>



Z	on	2x2	laCce	for	free	case	
contracNon	for	2x2	tensor	
(no	coarse	graining)	 Periodic	BC	:	not	physical	but	…	

Z =	Tr	

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>

Tijkl
<latexit sha1_base64="IDI8OTam8ExExZ9NyX+BzcTOwiY=">AAAB8nicbVDLSgNBEJyNrxhf0RxFGAyCoITdCOox4MVjhGwSSJYwO5kkY2Zml5leISz5CY8qgnj1dzz4Ff6Ck8dBEwsaiqpuurvCWHADrvvlZFZW19Y3spu5re2d3b38/kHdRImmzKeRiHQzJIYJrpgPHARrxpoRGQrWCIc3E7/xwLThkarBKGaBJH3Fe5wSsFKz1kn5/VCMO/miW3KnwMvEm5Ni5ei1cOZ/42on/9nuRjSRTAEVxJiW58YQpEQDp4KNc+3EsJjQIemzlqWKSGaCdHrvGJ9YpYt7kbalAE/V3xMpkcaMZGg7JYGBWfQm4nko/7NbCfSug5SrOAGm6GxXLxEYIjz5H3e5ZhTEyBJCNbfnYjogmlCwKeVsDt7i18ukXi55F6XynQ3kEs2QRYfoGJ0iD12hCrpFVeQjigR6RM/oxQHnyXlz3metGWc+U0B/4Hz8AMXGk70=</latexit>
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Z	on	2x2	laCce	for	free	case	
contracNon	for	2x2	tensor	
(no	coarse	graining)	

Z =	Tr	
� =

����
lnZ � lnZexact

lnZexact

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

for	real	part	of	Z	
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Larger	volume	in	free	case	
Using	TRG	as	coarse-graining	

need	improved	algorithm:	TNR,	Loop-TNR,	GILT?	

V = (1024)2
<latexit sha1_base64="J6jmZaWgd9vsYOOHIE/xm9DMIMk=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIFaTMjKLdCAU3LivYB7ZjyaSZNjTJDEmmUIb+hQsX2o249W9ciH6M6WOhrQcuHM65l3vv8SNGlbbtTyu1tLyyupZez2xsbm3vZHf3qiqMJSYVHLJQ1n2kCKOCVDTVjNQjSRD3Gan5veuxX+sTqWgo7vQgIh5HHUEDipE20n31Ku/Y7vnJg9vK5uyCPQFcJM6M5EoH0ejp+6tYbmU/mu0Qx5wIjRlSquHYkfYSJDXFjAwzzViRCOEe6pCGoQJxorxkcvEQHhulDYNQmhIaTtTfEwniSg24bzo50l01743FU5//ZzdiHRS9hIoo1kTg6a4gZlCHcJwAbFNJsGYDQxCW1JwLcRdJhLXJKWNycOa/XiRVt+CcFdxbE8gFmCINDsERyAMHXIISuAFlUAEYCPAIXsDI6lvP1qv1Nm1NWbOZffAH1vsPJFeUBQ==</latexit>
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InteracNng	case	λ=1	

V = (1024)2
<latexit sha1_base64="J6jmZaWgd9vsYOOHIE/xm9DMIMk=">AAAB9HicbVDLSgMxFM3UV62vquDGTbAIFaTMjKLdCAU3LivYB7ZjyaSZNjTJDEmmUIb+hQsX2o249W9ciH6M6WOhrQcuHM65l3vv8SNGlbbtTyu1tLyyupZez2xsbm3vZHf3qiqMJSYVHLJQ1n2kCKOCVDTVjNQjSRD3Gan5veuxX+sTqWgo7vQgIh5HHUEDipE20n31Ku/Y7vnJg9vK5uyCPQFcJM6M5EoH0ejp+6tYbmU/mu0Qx5wIjRlSquHYkfYSJDXFjAwzzViRCOEe6pCGoQJxorxkcvEQHhulDYNQmhIaTtTfEwniSg24bzo50l01743FU5//ZzdiHRS9hIoo1kTg6a4gZlCHcJwAbFNJsGYDQxCW1JwLcRdJhLXJKWNycOa/XiRVt+CcFdxbE8gFmCINDsERyAMHXIISuAFlUAEYCPAIXsDI6lvP1qv1Nm1NWbOZffAH1vsPJFeUBQ==</latexit>

preliminary	

V = 22
<latexit sha1_base64="zW/I25XN9mvq7Ml3uWF5HdLlg1s=">AAAB73icbZC7SgNBFIbPeo3xFrW0GQxCCgm7K6iNGLCxjOAmgSSG2clsMmR2dp2ZFcKSZ0ipNmLra+gzWPgYFvZOLoUm/jDw8f/nMOccP+ZMadv+tBYWl5ZXVjNr2fWNza3t3M5uRUWJJNQjEY9kzceKciaop5nmtBZLikOf06rfuxzl1XsqFYvEje7HtBnijmABI1gby6ucu7duK5e3i/ZYaB6cKeQvvt6GjcL3e7mV+2i0I5KEVGjCsVJ1x451M8VSM8LpINtIFI0x6eEOrRsUOKSqmY6HHaBD47RREEnzhEZj93dHikOl+qFvKkOsu2o2G5lHfvhfXE90cNZMmYgTTQWZ/BUkHOkIjZZHbSYp0bxvABPJzLiIdLHERJsTZc0dnNmt56HiFp3jontt50snMFEG9uEACuDAKZTgCsrgAQEGQ3iEJ+vOerCerZdJ6YI17dmDP7JefwAjh5O/</latexit>
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Summary	
•  Tensor	network	representaNon	for	scalar	field	theory	
with	Minkowskian	metric	is	derived	

•  Orthonormal	basis	funcNon	(Hermite	funcNon)	plays	an	
important	role	(SVD	&	avoid	the	sign	problem)	

•  Feynman	prescripNon	(m0
2− iε)	provides	a	damping	

factor	(compact	operator)	
•  No	sign	problem	but	there	is	a	problem	of	informaNon	
compressibility	(bad	hierarchy	of	singular	values)	

•  Need	ε → 0 extrapolaNon	
•  For	larger	volume	and	interacNng	case,	the	accuracy	
tends	to	be	worse		⇒		need	improvement	



Future	

•  Improvement	of	iniNal	tensor	using	idea	of	TNR,	
GILT,	etc	

•  Tilted	Nme	axis																					(instead	of	m0
2− iε)	

•  Schwinger-Keldysh,	Out	of	equilibrium	
•  Real-Nme	correlator,	Spectral	funcNon,	Transport	
coefficients	

•  Other	models	including	fermions	and	gauge	fields	
•  Higher	dimensional	system	(Hard!!!)	

t �� te�i�/2
<latexit sha1_base64="WdKsotG8vIaCqU5WGSgpphTXv/w=">AAACCnicbVA9SwNBEN2LXzF+RS0FWQxCBI13EdROwcZSwaiQi2Fvs0mW7O0eu3NqONJZCv4PS7URrcS/YOEPsXeTWGjig4HHezPMzAsiwQ247qeTGhkdG59IT2ampmdm57LzC6dGxZqyElVC6fOAGCa4ZCXgINh5pBkJA8HOgtZB1z+7ZNpwJU+gHbFKSBqS1zklYKVqdhl8oWRD80YTiNbqCgNmF8kG96/5ZrFTzebcgtsDHibeD8ntvea/3u78taNq9sOvKRqHTAIVxJiy50ZQSYgGTgXrZPzYsIjQFmmwsqWShMxUkt4fHbxqlRquK21LAu6pvycSEhrTDgPbGRJomkGvK64H4X92OYb6biXhMoqBSdrfVY8FBoW7ueAa14yCaFtCqOb2XEybRBMKNr2MzcEb/HqYnBYL3laheOzm9rdRH2m0hFZQHnloB+2jQ3SESoiiG3SPHtGTc+s8OM/OS7815fzMLKI/cN6/ATkLnjI=</latexit>



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

Remember	1-dim	QM	

�̃�
n(p) = in��

n(p)
<latexit sha1_base64="ZpSPIuCptHYaOF9Js/kxz8DLeFo=">AAACFnicbVDLSsNAFJ3UV62v+Ni5CRahipSkCroRCm5cVrAPaNIymU7aoZNJmLkRSug/uPRLXKobcevGhX/jNO1CWw9cOJxzL/fe48ecKbDtbyO3tLyyupZfL2xsbm3vmLt7DRUlktA6iXgkWz5WlDNB68CA01YsKQ59Tpv+8GbiNx+oVCwS9zCKqRfivmABIxi01DVPXWC8R91Ysa7opC5WMC7FJ9esI+a1rlm0y3YGa5E4M1KsHgQZal3zy+1FJAmpAMKxUm3HjsFLsQRGOB0X3ETRGJMh7tO2pgKHVHlp9tPYOtZKzwoiqUuAlam/J1IcKjUKfd0ZYhioeW8invnhf3Y7geDKS5mIE6CCTHcFCbcgsiYZWT0mKQE+0gQTyfS5FhlgiQnoJAs6B2f+60XSqJSd83LlTgdygabIo0N0hErIQZeoim5RDdURQY/oGb2iN+PJeDHejY9pa86YzeyjPzA+fwBXfqJG</latexit>

=
��

n=0

�n(x)�̃�n(p)
<latexit sha1_base64="0geH9FZNoQs1Ir/CSYTVI8tTvg0="></latexit>

if	basis	is	Hermite	funcNon	

�n(x) =
1�

�1/2n!2n
Hn(x)e�x2/2

<latexit sha1_base64="4zcM1kTau3OwV2cOAt5KbC7rkWo="></latexit>

up	to	2π	factor		

eixp = �x|p� =
��

n=0

�x|n��n|p�
<latexit sha1_base64="jNo/LR/o+3cIia8aWiaTtmj5GxM="></latexit>

=
��

n=0

�n(x) in �n(p)
<latexit sha1_base64="vXB3TxU3N3Ay6jYKdWqFIX6wTvo="></latexit>

TruncaNon	is	not	allowed	

exp
�
�i��� + (�im2

0 � �)
�2 + ��2

8

�

<latexit sha1_base64="KRqnD6qfSkwOOhb79nTR0+hiacA="></latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>

For	free	case	
e

i
2 (�2+��2)

<latexit sha1_base64="Bx5tUsen70nm+bFu7zFAaJ5KwN8=">AAACE3icbVC7TsMwFHV4E14BRpaIClEEqpIgARtILIxFolCpCZXj3lKrdhLZDlIV5RMQE1/CCCyFlZGBz2Bgx0078DqS5aNzzpV9T5gwKpXjvBtj4xOTU9Mzs+bc/MLikrW8ci7jVBCokZjFoh5iCYxGUFNUMagnAjAPGVyE3eOBf3ENQtI4OlO9BAKOryLapgQrLTWtTbjMzIz6sQ55edlPOvTS2y6uzE8E5eDlW2ZuNq2SU3EK2H+JOyKlw4/+rV/+fK42rTe/FZOUQ6QIw1I2XCdRQYaFooRBbvqphASTLr6ChqYR5iCDrFgotze00rLbsdAnUnahfp/IMJeyx0Od5Fh15G9vIO6E/D+7kar2QZDRKEkVRGT4VjtltortQUF2iwogivU0wURQ/V2bdLDAROkaBz24v7f+S869irtb8U6d0tEeGmIGraF1VEYu2kdH6ARVUQ0RdIPu0SN6Mu6MB6NvvAyjY8ZoZhX9gPH6BaHqobo=</latexit>



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

up	to	2π	factor		

eixpe��(x2+p2) =
��

n=0

�
e��x2

�n(x)
�

in
�
e��p2

�n(p)
�

<latexit sha1_base64="0V9V7Lx3tO2L9La+xwSE2RUQVwY="></latexit>

��

m=0

Gnm�m(x)
<latexit sha1_base64="nqbXEnF8vRycnHUEs9HkgcsAHcU=">AAACD3icbVDNSgMxGMz6b/2revQSFKGClN0qqAdB8KBHBatCd12yabaGJtkl+VasSx/Aow/h2aN6Ea8+gAffxmzbg1YHAsPMfEm+iVLBDbjulzMyOjY+MTk1XZqZnZtfKC8unZsk05TVaSISfRkRwwRXrA4cBLtMNSMyEuwiah8W/sUN04Yn6gw6KQskaSkec0rASmF5zTeZDHO573avfK5i6JSOwlzJbslPDQ9l5XajZFNu1e0B/yXegKwd7MHj3a1YPQnLn34zoZlkCqggxjQ8N4UgJxo4FcxenRmWEtomLdawVBHJTJD3lunidas0cZxoexTgnvpzIifSmI6MbFISuDbDXiFuRvI/u5FBvBvkXKUZMEX7b8WZwJDgohzc5JpREB1LCNXcfhfTa6IJBVth0YM3vPVfcl6relvV2qktZBv1MYVW0CqqIA/toAN0jE5QHVF0j57QC3p1Hpxn581570dHnMHMMvoF5+MbyametA==</latexit>

Gnm =
� �

��
dxe��x2

�m(x)�n(x)
<latexit sha1_base64="Hspt5E0L4FkZhS44xaIZxay6o+o="></latexit>

damping	factor	

exp
�
�i��� + (�im2

0 � �)
�2 + ��2

8

�

<latexit sha1_base64="KRqnD6qfSkwOOhb79nTR0+hiacA="></latexit>

Re[�] > 0
<latexit sha1_base64="oVD7DA/eImNt1FTjxPawvzqsXOM=">AAAB/nicbVDLSsNAFJ34rPUVqzs3g0VwISWpgq6k4MZlFfuAJJTJ9KYdOpOEmYlYQsEvcaluxK0/4sK/cfpYaOuBC4dz7uXee8KUM6Ud59taWl5ZXVsvbBQ3t7Z3du29UlMlmaTQoAlPZDskCjiLoaGZ5tBOJRARcmiFg+ux33oAqVgS3+thCoEgvZhFjBJtpI5dyn0p8B2MPD8ETYIrp9ixy07FmQAvEndGyrWDaIJ6x/7yuwnNBMSacqKU5zqpDnIiNaMcRkU/U5ASOiA98AyNiQAV5JPbR/jYKF0cJdJUrPFE/T2RE6HUUISmUxDdV/PeWDwNxX+2l+noMshZnGYaYjrdFWUc6wSPs8BdJoFqPjSEUMnMuZj2iSRUm8TGObjzXy+SZrXinlWqtyaQczRFAR2iI3SCXHSBaugG1VEDUfSIntErerOerBfr3fqYti5Zs5l99AfW5w9i5JdI</latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>

For	free	case	



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

up	to	2π	factor		

=
��

n=0

� ��

m=0

Gnm�m(x)

�
in

� ��

k=0

Gnk�k(p)

�

<latexit sha1_base64="6VITzTeTYIWoeXkPwWc0+58jBaY="></latexit>

eixpe��(x2+p2) =
��

n=0

�
e��x2

�n(x)
�

in
�
e��p2

�n(p)
�

<latexit sha1_base64="0V9V7Lx3tO2L9La+xwSE2RUQVwY="></latexit>

=
��

m,k=0

�m(x)

� ��

n=0

inGnmGnk

�
�k(p)

<latexit sha1_base64="97zuqFJyP5Wlm61kPSo3RmOZI0M="></latexit>

exp
�
�i��� + (�im2

0 � �)
�2 + ��2

8

�

<latexit sha1_base64="KRqnD6qfSkwOOhb79nTR0+hiacA="></latexit>

Re[�] > 0
<latexit sha1_base64="oVD7DA/eImNt1FTjxPawvzqsXOM=">AAAB/nicbVDLSsNAFJ34rPUVqzs3g0VwISWpgq6k4MZlFfuAJJTJ9KYdOpOEmYlYQsEvcaluxK0/4sK/cfpYaOuBC4dz7uXee8KUM6Ud59taWl5ZXVsvbBQ3t7Z3du29UlMlmaTQoAlPZDskCjiLoaGZ5tBOJRARcmiFg+ux33oAqVgS3+thCoEgvZhFjBJtpI5dyn0p8B2MPD8ETYIrp9ixy07FmQAvEndGyrWDaIJ6x/7yuwnNBMSacqKU5zqpDnIiNaMcRkU/U5ASOiA98AyNiQAV5JPbR/jYKF0cJdJUrPFE/T2RE6HUUISmUxDdV/PeWDwNxX+2l+noMshZnGYaYjrdFWUc6wSPs8BdJoFqPjSEUMnMuZj2iSRUm8TGObjzXy+SZrXinlWqtyaQczRFAR2iI3SCXHSBaugG1VEDUfSIntErerOerBfr3fqYti5Zs5l99AfW5w9i5JdI</latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>

Xmk =
��

a=0

Uma�a(V †)ak

<latexit sha1_base64="U+ZrFSyPdYwGVUmGzQOb8NdalvQ="></latexit>

For	free	case	



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

up	to	2π	factor		

=
��

n=0

� ��

m=0

Gnm�m(x)

�
in

� ��

k=0

Gnk�k(p)

�

<latexit sha1_base64="6VITzTeTYIWoeXkPwWc0+58jBaY="></latexit>

eixpe��(x2+p2) =
��

n=0

�
e��x2

�n(x)
�

in
�
e��p2

�n(p)
�

<latexit sha1_base64="0V9V7Lx3tO2L9La+xwSE2RUQVwY="></latexit>

=
��

m,k=0

�m(x)

� ��

n=0

inGnmGnk

�
�k(p)

<latexit sha1_base64="97zuqFJyP5Wlm61kPSo3RmOZI0M="></latexit>

exp
�
�i��� + (�im2

0 � �)
�2 + ��2

8

�

<latexit sha1_base64="KRqnD6qfSkwOOhb79nTR0+hiacA="></latexit>

Re[�] > 0
<latexit sha1_base64="oVD7DA/eImNt1FTjxPawvzqsXOM=">AAAB/nicbVDLSsNAFJ34rPUVqzs3g0VwISWpgq6k4MZlFfuAJJTJ9KYdOpOEmYlYQsEvcaluxK0/4sK/cfpYaOuBC4dz7uXee8KUM6Ud59taWl5ZXVsvbBQ3t7Z3du29UlMlmaTQoAlPZDskCjiLoaGZ5tBOJRARcmiFg+ux33oAqVgS3+thCoEgvZhFjBJtpI5dyn0p8B2MPD8ETYIrp9ixy07FmQAvEndGyrWDaIJ6x/7yuwnNBMSacqKU5zqpDnIiNaMcRkU/U5ASOiA98AyNiQAV5JPbR/jYKF0cJdJUrPFE/T2RE6HUUISmUxDdV/PeWDwNxX+2l+noMshZnGYaYjrdFWUc6wSPs8BdJoFqPjSEUMnMuZj2iSRUm8TGObjzXy+SZrXinlWqtyaQczRFAR2iI3SCXHSBaugG1VEDUfSIntErerOerBfr3fqYti5Zs5l99AfW5w9i5JdI</latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>

=
��

a=0

� ��

m=0

�m(x)Uma

�
�a

� ��

k=0

(V †)ak�k(p)

�

<latexit sha1_base64="wYPoq/SnWZtXDToe/63Q4t7rRVk="></latexit>

=
��

a=0

�a(x)�a��a(p)
<latexit sha1_base64="jDoptVV4mXRfF+5av8s16mU1lmI="></latexit>

For	free	case	



									How	to	obtain	�
<latexit sha1_base64="mEBxeDs8VlzF8S/M15V8wpMVa9I=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y50Z0EXLivYC7RDyaSZNjTJDElGKENfwaU3ELe+ig/gwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6ssb91TpVkk78w4pr7AA8lCRrDJrG5ds16x5JbdqdAyeHMoXX6+ZHqt94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHosSCaj+dzjpBJ9bpozBS9kmDpu7vjhQLrccisJUCm6FezDLzLBD/xZ3EhBd+ymScGCrJ7K8w4chEKNsd9ZmixPCxBUwUs+MiMsQKE2MvVLB38Ba3XoZmpexVy5Vbt1S7hpnycATHcAoenEMNbqAODSAwhAd4gmcndh6dN+d9Vppz5j2H8EfOxw8nY5PY</latexit>

�
<latexit sha1_base64="Flcf/JQa/4l4coq1b4kbi+0NTjQ=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1Jm6kJ3FnThsoK9QDuUTJrphCaZIckIZegruPQG4tZX8QFc+DZm2i609YfAx/+fQ845QcKZNq777Swtr6yurRc2iptb2zu7pb39po5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8CrPW/dUaRbLOzNKqC/wQLKQEWxyq1uPWK9UdivuRGgRvBmULz9fcr3We6Wvbj8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSIB7RjUWJBtZ9NZh2jY+v0URgr+6RBE/d3R4aF1iMR2EqBTaTns9w8DcR/cSc14YWfMZmkhkoy/StMOTIxyndHfaYoMXxkARPF7LiIRFhhYuyFivYO3vzWi9CsVryzSvXWLdeuYaoCHMIRnIAH51CDG6hDAwhE8ABP8OwkzqPz5rxPS5ecWc8B/JHz8QMWi5PN</latexit>

Xmk =
��

n=0

inGnmGnk

<latexit sha1_base64="t3tLwMY/UHt9UrNPAZMX9E3sv/8="></latexit>

� = U�
<latexit sha1_base64="QVrhdGE9dy+Kh2xrUTpj3FYzCyA=">AAAB93icbVDLSsNAFJ34rPHRqks3g0VQkJJUQTdiQQSXFUxbaEKZTCft0JlJnJkIofQ7XKobceva73DhJ/gXTtoutPXAhcM593LvPWHCqNKO82UtLC4tr6wW1uz1jc2tYml7p6HiVGLi4ZjFshUiRRgVxNNUM9JKJEE8ZKQZDq5yv/lApKKxuNNZQgKOeoJGFCNtpMCvKwovoOcnitqdUtmpOGPAeeJOSblW/L48sj+u653Sp9+NccqJ0Jghpdquk+hgiKSmmJGR7aeKJAgPUI+0DRWIExUMx0eP4IFRujCKpSmh4Vj9PTFEXKmMh6aTI91Xs14uHof8P7ud6ug8GFKRpJoIPNkVpQzqGOYhwC6VBGuWGYKwpOZciPtIIqxNVHkO7uzX86RRrbgnleqtCeQUTFAAe2AfHAIXnIEauAF14AEM7sEjeAYvVmY9Wa/W26R1wZrO7II/sN5/ALYklLE=</latexit>

� = V �
<latexit sha1_base64="MPpugpgSRiypwQ1dpPkQSKhSwnw=">AAAB93icbVDLSsNAFJ34rPHRqks3g0VQkJJUQTdiQQSXFewDmlAm00k7dGYSZyZCCP0Ol+pG3Lr2O1z4Cf6Fk7YLbT1w4XDOvdx7TxAzqrTjfFkLi0vLK6uFNXt9Y3OrWNreaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK9yv/VApKKRuNNpTHyO+oKGFCNtJN+rDyi8gE0vVtTulspOxRkDzhN3Ssq14vflkf1xXe+WPr1ehBNOhMYMKdVxnVj7GZKaYkZGtpcoEiM8RH3SMVQgTpSfjY8ewQOj9GAYSVNCw7H6eyJDXKmUB6aTIz1Qs14uHgf8P7uT6PDcz6iIE00EnuwKEwZ1BPMQYI9KgjVLDUFYUnMuxAMkEdYmqjwHd/bredKsVtyTSvXWBHIKJiiAPbAPDoELzkAN3IA6aAAM7sEjeAYvVmo9Wa/W26R1wZrO7II/sN5/AKZ1lKc=</latexit>

�
<latexit sha1_base64="zZlnIhaDFVUPuHLJ+7eXNC5JDPo=">AAAB73icbVDLSsNAFL2prxofrbp0M1gEBSlJFXRnQQSXFUxbaEOZTCft0JkkzkyEUvoNLtWNuPUb/A4XfoJ/4aTtQlsPXDiccy/33hMknCntOF9Wbml5ZXUtv25vbG5tF4o7u3UVp5JQj8Q8ls0AK8pZRD3NNKfNRFIsAk4bweAq8xsPVCoWR3d6mFBf4F7EQkawNpLXThSzO8WSU3YmQIvEnZFStfB9eWx/XNc6xc92NyapoJEmHCvVcp1E+yMsNSOcju12qmiCyQD3aMvQCAuq/NHk2DE6NEoXhbE0FWk0UX9PjLBQaigC0ymw7qt5LxNPAvGf3Up1eOGPWJSkmkZkuitMOdIxyp5HXSYp0XxoCCaSmXMR6WOJiTYRZTm4818vknql7J6WK7cmkDOYIg/7cABH4MI5VOEGauABAQaP8Awv1r31ZL1ab9PWnDWb2YM/sN5/AOGwkgc=</latexit>

Hermite	funcNon	

(SVD)	

①	

②	

③	

④	

range	of	m, n, k	is	truncated	at		

truncated	at		N
<latexit sha1_base64="yTzxs2D2nGJwTq/64BIk4HINiuA=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEF1JmqqA7C25cSQv2Au1QMmmmDU0yQ5IRytAncKkuLG59CB/EhW9jpu1CW38IfPz/OeScE8ScaeO6387K6tr6xmZuK7+9s7u3Xzg4bOgoUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDG+zvPlIlWaRfDCjmPoC9yULGcHGWrX7bqHoltyp0DJ4cyjefL5lmlS7ha9OLyKJoNIQjrVue25s/BQrwwin43wn0TTGZIj7tG1RYkG1n04HHaNT6/RQGCn7pEFT93dHioXWIxHYSoHNQC9mmXkeiP/idmLCaz9lMk4MlWT2V5hwZCKULY56TFFi+MgCJorZcREZYIWJsefJ2zt4i1svQ6Nc8i5K5ZpbrFzCTDk4hhM4Aw+uoAJ3UIU6EKDwBC/w6gjn2Zk477PSFWfecwR/5Hz8ALwOkmA=</latexit>

tensor	� N4
<latexit sha1_base64="qGEdftcegBjGwlo8Wlx68DuieGM=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4kDJTC7qz4MaVVLAPmI4lk2ba0EwSkoxaSj/DhYK6Ebeu/RAX/o2ZtgttPXDhcM693HtPKBnVxnW/nczC4tLySnY1t7a+sbmV396pa5EoTGpYMKGaIdKEUU5qhhpGmlIRFIeMNML+eeo3bonSVPBrM5AkiFGX04hiZKzkt5CUStzDy5tyO19wi+4YcJ54U1I4+3xM8VRt579aHYGTmHCDGdLa91xpgiFShmJGRrlWoolEuI+6xLeUo5joYDg+eQQPrNKBkVC2uIFj9ffEEMVaD+LQdsbI9PSsl4pHYfyf7ScmOg2GlMvEEI4nu6KEQSNgGgHsUEWwYQNLEFbUngtxDymEjQ0qZ3PwZr+eJ/VS0Tsulq7cQqUMJsiCPbAPDoEHTkAFXIAqqAEMBHgAL+DVuXOenTfnfdKacaYzu+APnI8f2RGWbA==</latexit>

K(� N)
<latexit sha1_base64="o05t836x30gXVBIg3ja/tds2LlY=">AAAB8nicbVDLSgNBEJyNrxhf8XHzMhiECBJ2o6DHgBdBkAjmAckSZiezyZCZ2WWmVwhLfsKjehGv/o4H/8bJJgdNLGgoqrrp7gpiwQ247reTW1ldW9/Ibxa2tnd294r7B00TJZqyBo1EpNsBMUxwxRrAQbB2rBmRgWCtYHQz9VtPTBseqUcYx8yXZKB4yCkBK7Xvyt3BAN+f9Yolt+JmwMvEm5NS7SjMUO8Vv7r9iCaSKaCCGNPx3Bj8lGjgVLBJoZsYFhM6IgPWsVQRyYyfZvdO8KlV+jiMtC0FOFN/T6REGjOWge2UBIZm0ZuK54H8z+4kEF77KVdxAkzR2a4wERgiPP0f97lmFMTYEkI1t+diOiSaULApFWwO3uLXy6RZrXgXleqDDeQSzZBHx+gElZGHrlAN3aI6aiCKBHpGr+jNAefFeXc+Zq05Zz5ziP7A+fwBLV2StQ==</latexit>

exp
�
�i��� + (�im2

0 � �)
�2 + ��2

8

�

<latexit sha1_base64="KRqnD6qfSkwOOhb79nTR0+hiacA="></latexit>

Gnm =
� �

��
dxe�(im2

0+�)x2/8�m(x)�n(x)
<latexit sha1_base64="kZxmq4TNRrT/RXImoVQncmbRMRw="></latexit>

�
<latexit sha1_base64="8eRfJJoUPHjYK/OPr/XB32zrUjA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuJAy0y7qzoIuXFawF2iHkkkzbWySGZKMUIa+g0t1I259Hxc+hy9gOu1CW38IfPz/OeScE8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxtezvP1IlWaRvDeTmPoCDyULGcHGWq2eZkOB+8WSW3YzoVXwFlC6+q5mavSLn71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p16LEgmo/zaadojPrDFAYKfukQZn7uyPFQuuJCGylwGakl7OZeRGI/+JuYsJLP2UyTgyVZP5XmHBkIjTbHg2YosTwiQVMFLPjIjLCChNjb1Swd/CWt16FVqXsVcuVO7dUv4G58nACp3AOHtSgDrfQgCYQeIAneIFXRznPzpvzPi/NOYueY/gj5+MHzoWSlg==</latexit>

=
��

a=0

�a(�)�a��
a(��)

<latexit sha1_base64="RojMn36e961ATheuAzGCz8lHvI4="></latexit>

Xmk �
N�

a=0

Uma�a(V †)ak

<latexit sha1_base64="/79kM+Ka8GT98UTGXkrhvD/t8vU="></latexit>
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Gnm =
� �

��
dxe�(im2

0+�)x2/8�m(x)�n(x)
<latexit sha1_base64="kZxmq4TNRrT/RXImoVQncmbRMRw="></latexit>

��
�

(m + 1)n Gm+1,n�1 � �
�

m(n + 1) Gm�1,n+1

�
.

<latexit sha1_base64="I8rBWJHtXT3lrObJTW2b0+SWgLU="></latexit>

Gm+1,n+1 =
1

(1 + �)
�

(m + 1)(n + 1)

�
Gmn + (1� �)

�
mn Gm�1,n�1

<latexit sha1_base64="a89wWCmpNbBMoGuR7cTvkGyavLo="></latexit>

� = 0.1
<latexit sha1_base64="6Q/CTWtODK0nTOvzd6fR4pCjZVo=">AAAB93icbVDLSsNAFJ34rPVVdelmsAguJCRV0I1YcOOygn1AG8pkOmmHziPOTIQQ+h2iG3Ujbl36IS78GydtF9p64MLhnHu5954wZlQbz/t2FhaXlldWC2vF9Y3Nre3Szm5Dy0RhUseSSdUKkSaMClI31DDSihVBPGSkGQ6vcr95T5SmUtyaNCYBR31BI4qRsVLQIbGmTIoLz/WL3VLZc70x4Dzxp6R8+fmY46nWLX11ehInnAiDGdK67XuxCTKkDMWMjIqdRJMY4SHqk7alAnGig2x89AgeWqUHI6lsCQPH6u+JDHGtUx7aTo7MQM96uXgc8v/sdmKi8yCjIk4MEXiyK0oYNBLmIcAeVQQbllqCsKL2XIgHSCFsbFR5Dv7s1/OkUXH9E7dy45Wrp2CCAtgHB+AI+OAMVME1qIE6wOAOPIAX8OqkzrPz5rxPWhec6cwe+APn4wd+D5a2</latexit> � = 0.5

<latexit sha1_base64="S57bvVIcIyOmclYaxQPVZ95DDik=">AAAB93icbVC7SgNBFJ2NrxhfUUubwSBYyLIbFW3EgI1lBPOAZAmzk9lkyDzWmVlhCfkO0UZtxNbSD7Hwb5xNUmjigQuHc+7l3nvCmFFtPO/byS0sLi2v5FcLa+sbm1vF7Z26lonCpIYlk6oZIk0YFaRmqGGkGSuCeMhIIxxcZX7jnihNpbg1aUwCjnqCRhQjY6WgTWJNmRQXnnta6BRLnuuNAeeJPyWly8/HDE/VTvGr3ZU44UQYzJDWLd+LTTBEylDMyKjQTjSJER6gHmlZKhAnOhiOjx7BA6t0YSSVLWHgWP09MURc65SHtpMj09ezXiYehfw/u5WY6DwYUhEnhgg82RUlDBoJsxBglyqCDUstQVhRey7EfaQQNjaqLAd/9ut5Ui+7/rFbvvFKlRMwQR7sgX1wCHxwBirgGlRBDWBwBx7AC3h1UufZeXPeJ605ZzqzC/7A+fgBhC+Wug==</latexit>

� = 1.0
<latexit sha1_base64="68RlKDkcXWFnyVi7iNQzVsk5UsE=">AAAB93icbVDLSsNAFJ34rPVVdelmsAguJCRV0I1YcOOygn1AG8pkOmmHziPOTIQQ+h2iG3Ujbl36IS78GydtF9p64MLhnHu5954wZlQbz/t2FhaXlldWC2vF9Y3Nre3Szm5Dy0RhUseSSdUKkSaMClI31DDSihVBPGSkGQ6vcr95T5SmUtyaNCYBR31BI4qRsVLQIbGmTIoL3/WK3VLZc70x4Dzxp6R8+fmY46nWLX11ehInnAiDGdK67XuxCTKkDMWMjIqdRJMY4SHqk7alAnGig2x89AgeWqUHI6lsCQPH6u+JDHGtUx7aTo7MQM96uXgc8v/sdmKi8yCjIk4MEXiyK0oYNBLmIcAeVQQbllqCsKL2XIgHSCFsbFR5Dv7s1/OkUXH9E7dy45Wrp2CCAtgHB+AI+OAMVME1qIE6wOAOPIAX8OqkzrPz5rxPWhec6cwe+APn4wd+EZa2</latexit>

G
n

n
<latexit sha1_base64="vkOmaprZGco2zSbRIwdsxMMgVhw=">AAAB8XicbVDLSgNBEOyNrxhfMR69DAmCBwm7UdBjQEGPEcwDkiXMTibJkJnZZWZWCEs+wqN6EQ9e/Ab/wKsH/8bZJAdNLGgoqrrp7goizrRx3W8ns7K6tr6R3cxtbe/s7uX3Cw0dxorQOgl5qFoB1pQzSeuGGU5bkaJYBJw2g9Fl6jfvqdIslHdmHFFf4IFkfUawsVLzuptIOcl18yW37E6Blok3J6Vq9vOjcPVWrHXzX51eSGJBpSEca9323Mj4CVaGEU4nuU6saYTJCA9o21KJBdV+Mj13go6s0kP9UNmSBk3V3xMJFlqPRWA7BTZDveil4kkg/rPbself+AmTUWyoJLNd/ZgjE6L0fdRjihLDx5Zgopg9F5EhVpgYG1Kag7f49TJpVMreablyawM5gxmycAhFOAYPzqEKN1CDOhAYwQM8wbOjnUfnxXmdtWac+cwB/IHz/gPOgJMy</latexit>

G
n

n
<latexit sha1_base64="vkOmaprZGco2zSbRIwdsxMMgVhw=">AAAB8XicbVDLSgNBEOyNrxhfMR69DAmCBwm7UdBjQEGPEcwDkiXMTibJkJnZZWZWCEs+wqN6EQ9e/Ab/wKsH/8bZJAdNLGgoqrrp7goizrRx3W8ns7K6tr6R3cxtbe/s7uX3Cw0dxorQOgl5qFoB1pQzSeuGGU5bkaJYBJw2g9Fl6jfvqdIslHdmHFFf4IFkfUawsVLzuptIOcl18yW37E6Blok3J6Vq9vOjcPVWrHXzX51eSGJBpSEca9323Mj4CVaGEU4nuU6saYTJCA9o21KJBdV+Mj13go6s0kP9UNmSBk3V3xMJFlqPRWA7BTZDveil4kkg/rPbself+AmTUWyoJLNd/ZgjE6L0fdRjihLDx5Zgopg9F5EhVpgYG1Kag7f49TJpVMreablyawM5gxmycAhFOAYPzqEKN1CDOhAYwQM8wbOjnUfnxXmdtWac+cwB/IHz/gPOgJMy</latexit> G

n
n

<latexit sha1_base64="vkOmaprZGco2zSbRIwdsxMMgVhw=">AAAB8XicbVDLSgNBEOyNrxhfMR69DAmCBwm7UdBjQEGPEcwDkiXMTibJkJnZZWZWCEs+wqN6EQ9e/Ab/wKsH/8bZJAdNLGgoqrrp7goizrRx3W8ns7K6tr6R3cxtbe/s7uX3Cw0dxorQOgl5qFoB1pQzSeuGGU5bkaJYBJw2g9Fl6jfvqdIslHdmHFFf4IFkfUawsVLzuptIOcl18yW37E6Blok3J6Vq9vOjcPVWrHXzX51eSGJBpSEca9323Mj4CVaGEU4nuU6saYTJCA9o21KJBdV+Mj13go6s0kP9UNmSBk3V3xMJFlqPRWA7BTZDveil4kkg/rPbself+AmTUWyoJLNd/ZgjE6L0fdRjihLDx5Zgopg9F5EhVpgYG1Kag7f49TJpVMreablyawM5gxmycAhFOAYPzqEKN1CDOhAYwQM8wbOjnUfnxXmdtWac+cwB/IHz/gPOgJMy</latexit>

n
<latexit sha1_base64="qa+k0lfptEG82s9lk9cGdMDHQmM=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyUwXdWXDjsgV7gXYomTTThiaZIckIZegTuFQXFrc+hA/iwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo7ssbz1SpVkkH8w4pr7AA8lCRrCxVl32iiW37M6EVsFbQOn28y3TtNYrfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHYsSC6r9dDboBJ1Zp4/CSNknDZq5vztSLLQei8BWCmyGejnLzItA/Bd3EhPe+CmTcWKoJPO/woQjE6FscdRnihLDxxYwUcyOi8gQK0yMPU/B3sFb3noVmpWyd1mu1N1S9QrmysMJnMI5eHANVbiHGjSAAIUneIFXRzjPztR5n5fmnEXPMfyR8/ED7O6SgA==</latexit>

n
<latexit sha1_base64="qa+k0lfptEG82s9lk9cGdMDHQmM=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyUwXdWXDjsgV7gXYomTTThiaZIckIZegTuFQXFrc+hA/iwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo7ssbz1SpVkkH8w4pr7AA8lCRrCxVl32iiW37M6EVsFbQOn28y3TtNYrfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHYsSC6r9dDboBJ1Zp4/CSNknDZq5vztSLLQei8BWCmyGejnLzItA/Bd3EhPe+CmTcWKoJPO/woQjE6FscdRnihLDxxYwUcyOi8gQK0yMPU/B3sFb3noVmpWyd1mu1N1S9QrmysMJnMI5eHANVbiHGjSAAIUneIFXRzjPztR5n5fmnEXPMfyR8/ED7O6SgA==</latexit>

n
<latexit sha1_base64="qa+k0lfptEG82s9lk9cGdMDHQmM=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuJAyUwXdWXDjsgV7gXYomTTThiaZIckIZegTuFQXFrc+hA/iwrcx03ahrT8EPv7/HHLOCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo7ssbz1SpVkkH8w4pr7AA8lCRrCxVl32iiW37M6EVsFbQOn28y3TtNYrfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHYsSC6r9dDboBJ1Zp4/CSNknDZq5vztSLLQei8BWCmyGejnLzItA/Bd3EhPe+CmTcWKoJPO/woQjE6FscdRnihLDxxYwUcyOi8gQK0yMPU/B3sFb3noVmpWyd1mu1N1S9QrmysMJnMI5eHANVbiHGjSAAIUneIFXRzjPztR5n5fmnEXPMfyR8/ED7O6SgA==</latexit>

Numerical	results	

� = im2
0 + �

<latexit sha1_base64="u5J5yWfgFHRas3lgiDXmmCz/nmg=">AAACAXicbVDLSsNAFJ3UR2t91dfKTbAIglqSKuhGKLhxWcE+sIllMr1ph84kYWailNCV/yG4VDfi1u9w4d84abvQ1gMXDufcy733eBGjUlnWt5GZm19YzOaW8ssrq2vrhY3NugxjQaBGQhaKpoclMBpATVHFoBkJwNxj0PD6l6nfuAchaRjcqEEELsfdgPqUYKWldmHH8UDhC8rb1l350IFIUpbqRatkjWDOEntCipXt4+5D9um22i58OZ2QxBwCRRiWsmVbkXITLBQlDIZ5J5YQYdLHXWhpGmAO0k1G5w/Nfa10TD8UugJljtTfEwnmUg64pzs5Vj057aXikcf/s1ux8s/dhAZRrCAg411+zEwVmmkcZocKIIoNNMFEUH2uSXpYYKJ0aHmdgz399Sypl0v2Sal8rQM5RWPk0C7aQwfIRmeogq5QFdUQQQl6Rq/ozXg0Xox342PcmjEmM1voD4zPH6jhmIU=</latexit>

no	sign	problem	



Path	integral	in	PBC	

Z =
�

[d�]eiS =

�
(�2�i)V
�

p K(p)
<latexit sha1_base64="Z63om170BfuxZylFXa4a1zyBKbQ="></latexit>

pµ =
2�

Lµ
nµ,

<latexit sha1_base64="eSGr+NDjSqpfC5tMqnUENdt84Kw=">AAACC3icbVA9SwNBEJ3z2/gVtbTwMCgWIdxFQRtBsLGwiGCikDuOvc1esmR379jdE8KR0kYU/B+WaiO2/gQL/417SQpNfDDD470ZdueFCaNKO863NTU9Mzs3v7BYWFpeWV0rrm80VJxKTOo4ZrG8CZEijApS11QzcpNIgnjIyHXYPcv961siFY3Fle4lxOeoLWhEMdJGCorbSeDx9MSLJMJZ1UtoP7vIlb7Ie7kQFEtOxRnAniTuiJROD+4f9jafoBYUv7xWjFNOhMYMKdV0nUT7GZKaYkb6BS9VJEG4i9qkaahAnCg/GxzSt3eN0rKjWJoS2h6ovzcyxJXq8dBMcqQ7atzLxXLI/7ObqY6O/YyKJNVE4OFbUcpsHdt5MHaLSoI16xmCsKTmuzbuIBOLNvHlObjjV0+SRrXiHlSqlyaQQxhiAbZgB/bBhSM4hXOoQR0w3MEzvMKb9Wi9WO/Wx3B0yhrtbMIfWJ8/u1Oc9Q==</latexit>

nµ = 0, 1, 2, ..., Lµ � 1.
<latexit sha1_base64="Jt1L7MjXmD/J07a/2AjP/iYuc8U=">AAACBXicbVDLSgMxFM3UV62vURcibgaL4GIcZqqgG6HgRsFFBfuAdqiZNG1Dk8yQZIQyFJd+iUt1I7r0K1z4Ay79BjNtF9p64MLJOfeSe08QUSKV634amZnZufmF7GJuaXlldc1c36jIMBYIl1FIQ1ELoMSUcFxWRFFciwSGLKC4GvTOUr96i4UkIb9W/Qj7DHY4aRMElZaa5jZvNlh86tqeXbAdx7Ev0/eB5+SaZt513CGsaeKNSb64dfH1/Za5KTXNj0YrRDHDXCEKpax7bqT8BApFEMWDXCOWOIKoBzu4rimHDEs/GZ4wsPa00rLaodDFlTVUf08kkEnZZ4HuZFB15aSXinbA/rPrsWqf+AnhUawwR6O/2jG1VGilkVgtIjBStK8JRILodS3UhQIipYNLc/Amr54mlYLjHTqFKx3IERghC3bALtgHHjgGRXAOSqAMELgDD+AJPBv3xqPxYryOWjPGeGYT/IHx/gM6kpjF</latexit>

singular	points	
For	2x2	laCce	

Z(2�2) = (2�)2
�

1
m4(m2 + 4)(m2 � 4)

<latexit sha1_base64="7yum3fA5RfK3nKAHOJ9U6AAGs2g="></latexit>

m = 0, ±2, ±2i
<latexit sha1_base64="7s89xivcrX9WeXrRiVzPkazpeAU=">AAACCHicbZDLSgMxFIYz9VbH26i4URfBIrgoZaaCuhEKblxWsBdoh5JJ0zY0yQxJRihDNy4F38NldSNu3fkALnwQ92ZaQW09IfDx/+eQnD+IGFXadT+szNz8wuJSdtleWV1b33A2t6oqjCUmFRyyUNYDpAijglQ01YzUI0kQDxipBf2L1K/dEKloKK71ICI+R11BOxQjbaSWs8/tc9vNN9MTcVj8IWrbLSfnFtxxwVnwviFX2rl3PnffRuWW895shzjmRGjMkFINz420nyCpKWZkaDdjRSKE+6hLGgYF4kT5yXiLITw0Sht2Qmmu0HCs/p5IEFdqwAPTyZHuqWkvFfMB/89uxLpz5idURLEmAk/e6sQM6hCmqcA2lQRrNjCAsKTmuxD3kERYm+zSHLzprWehWix4x4XilQnkBEwqC/bAATgCHjgFJXAJyqACMLgFD+ARPFl31sh6tl4mrRnre2Yb/Cnr9QsxBJk3</latexit>

K(p) = �(2 sin(p0/2))2 + (2 sin(p1/2))2 + m2
<latexit sha1_base64="h0memR915hhJiJiPNKJmEfU36rM=">AAACHHicbZDLSgMxFIYz9VbH26gbwc1gEaaodWYUdCMU3AhuKtgLtGPJpJk2NMkMSUYopa/h0idxqW7EpYJvY3pR1PpDws93ziE5f5hQIpXrfhiZmdm5+YXsorm0vLK6Zq1vVGScCoTLKKaxqIVQYko4LiuiKK4lAkMWUlwNu+fDevUWC0lifq16CQ4YbHMSEQSVRk3LvXSSvHlmHjh+QxLuJE330M/nb3xz75t4X4Tpq2nl3II7kj1tvInJFbeikUpN663RilHKMFeIQinrnpuooA+FIojigdlIJU4g6sI2rmvLIcMy6I82G9i7mrTsKBb6cGWP6M+JPmRS9lioOxlUHfm3NoT7IfuvXE9VdBr0CU9ShTkavxWl1FaxPUzKbhGBkaI9bSASRH/XRh0oIFI6z2EO3t+tp03FL3hHBf9KB3IMxsqCbbADHOCBE1AEF6AEygCBO/AAnsCzcW88Gi/G67g1Y0xmNsEvGe+fOLaeFg==</latexit>

� = 0
<latexit sha1_base64="eDodCROW916Hm7fgWwAKv1ISszU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dDBbBhZSZKuhGLLhxWcE+sB1KJpNpQ5PMkGQKZehfuFHUjbj1b1z4Gf6BmbYLbT0QOJxzLvfm+DGjSjvOl5VbWl5ZXcuvFzY2t7Z3irt7DRUlEpM6jlgkWz5ShFFB6ppqRlqxJIj7jDT9wXXmN4dEKhqJOz2KicdRT9CQYqSNdN9hJhqgS6fQLZacsjOBvUjcGSldfT9meKp1i5+dIMIJJ0JjhpRqu06svRRJTTEj40InUSRGeIB6pG2oQJwoL51cPLaPjBLYYSTNE9qeqL8nUsSVGnHfJDnSfTXvZeKJz/+z24kOL7yUijjRRODprjBhto7srAE7oJJgzUaGICypOdfGfSQR1qanrAd3/teLpFEpu6flyq1Tqp7BFHk4gEM4BhfOoQo3UIM6YBDwAC/wag2tZ+vNep9Gc9ZsZh/+wPr4AdPBldg=</latexit>

m � C
<latexit sha1_base64="5EsSmnuDl7NO1JLGt/VlgU538Kk=">AAAB+3icbVDLSgMxFM34rPXRUZe6GCyCCykzVdCdhW5cVrAP6AwlSTNtaJIZkoxShvkRXaobcePCT3Hhz4iZtgttPRA4nHMv9+SgmFGlXffLWlpeWV1bL2wUN7e2d0r27l5LRYnEpIkjFskOgoowKkhTU81IJ5YEcsRIG43qud++I1LRSNzqcUwCDgeChhRDbaSeXeI+FT6HeohQWs+KPbvsVtwJnEXizUj56vvw/mHUeG/07E+/H+GEE6Exg0p1PTfWQQqlppiRrOgnisQQj+CAdA0VkBMVpJPgmXNslL4TRtI8oZ2J+nsjhVypMUdmMo+o5r1cPEX8P7ub6PAySKmIE00Ent4KE+boyMmLcPpUEqzZ2BCIJTVxHTyEEmJt6sp78OZ/vUha1Yp3VqneuOXaOZiiAA7AETgBHrgANXANGqAJMEjAI3gGL1ZmPVmv1tt0dMma7eyDP7A+fgCg35fF</latexit>


