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WHY USE MACHINE LEARNING 
FOR QUANTUM PHYSICS? 

COMMON STRUCTURE



THE PROBLEM OF HIGH DIMENSIONALITY IN QUANTUM MECHANICS
➤ Generic specification of a quantum 

state requires resources 
exponentially large in the number of 
degrees of freedom N


➤ Today's best supercomputers can 
solve the wave equation exactly for 
systems with a maximum of ~45 
spins. 


➤ Yet, technologically relevant 
problems in chemistry, condensed 
matter physics, and quantum 
computing are much larger than 45.


➤ We have to exploit structure of the 
problem

| i vector with 2N



THE PROBLEM OF HIGH DIMENSIONALITY IN QUANTUM MECHANICS

➤ Amount of information smaller than 
the maximum capacity — problems 
have structure and we exploit it 


➤ Quantum Monte Carlo: stochastic 
exploration of most important 
regions of the gigantic state space. 


➤ Tensor Networks: quantum states 
realized in nature have little 
entanglement


➤ Both techniques have led to 
profound implications to our 
understanding of quantum many-
body physics
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FIGURE 57. Linked vertex storage of the configuration in Fig. 55. In the graphical representation to
the left, constant spin states between operators have been replaced by lines (links) connecting the spins
just before and after the operator acts. The links can be stored in a list X(v), where the four elements
v= 4p+ l, l = 0,1,2,3, correspond to the legs (with the numbering convention shown in Fig. 58) of the
vertex at position p in the sequence SL. For two linked legs v and v′, X(v) = v′ and X(v′) = v.
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FIGURE 58. Allowed vertices for the isotropic S= 1/2 Heisenberg model. The numbering l = 0,1,2,3
of the vertex legs corresponds to the position v= 4p+ l, in linked-list storage illustrated in Fig. 57.

will continue to use also the open and solid bars in pictures, to indicate diagonal and
off-diagonal vertices, respectively, for added clarity.
For a given position p in the operator sequence SL, the corresponding list element

s(p) tells us the operator type (diagonal or off-diagonal) and the bond b on which it
acts (as explained in Fig. 55). As will become clear below, along with this information,
we only have to store the connectivity of the vertices, not their spin states. The links
allowing us to jump between connected vertex legs are stored as a list X(v), as explained
in Fig. 57. For clarity of the illustration, the one dimensional list has here been arranged
in four columns, with elements labeled v = 4p+ l, corresponding to each type of leg,
l = 0,1,2,3, with the labeling specified in Fig. 58. We will later describe an efficient
way to construct this linked list, given the operator sequence. For now, it is sufficient to
know that for a given operator at location p in the sequence, the position of its l:th leg
in the linked vertex list is v = 4p+ l. This leg is linked to another vertex leg with list
address v′ = X(v). This kind of structure constitutes a doubly-linked (bi-directional) list,
with X [X(v)] = v, in which we can move both “up” and “down”. From a position v in the
list we can extract the corresponding operator location in SL, p = v/4 (its integer part)
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Neural networks

THERE IS STILL HOPE FOR CLASSICAL ALGORITHMS
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FIGURE 57. Linked vertex storage of the configuration in Fig. 55. In the graphical representation to
the left, constant spin states between operators have been replaced by lines (links) connecting the spins
just before and after the operator acts. The links can be stored in a list X(v), where the four elements
v= 4p+ l, l = 0,1,2,3, correspond to the legs (with the numbering convention shown in Fig. 58) of the
vertex at position p in the sequence SL. For two linked legs v and v′, X(v) = v′ and X(v′) = v.
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FIGURE 58. Allowed vertices for the isotropic S= 1/2 Heisenberg model. The numbering l = 0,1,2,3
of the vertex legs corresponds to the position v= 4p+ l, in linked-list storage illustrated in Fig. 57.

will continue to use also the open and solid bars in pictures, to indicate diagonal and
off-diagonal vertices, respectively, for added clarity.
For a given position p in the operator sequence SL, the corresponding list element

s(p) tells us the operator type (diagonal or off-diagonal) and the bond b on which it
acts (as explained in Fig. 55). As will become clear below, along with this information,
we only have to store the connectivity of the vertices, not their spin states. The links
allowing us to jump between connected vertex legs are stored as a list X(v), as explained
in Fig. 57. For clarity of the illustration, the one dimensional list has here been arranged
in four columns, with elements labeled v = 4p+ l, corresponding to each type of leg,
l = 0,1,2,3, with the labeling specified in Fig. 58. We will later describe an efficient
way to construct this linked list, given the operator sequence. For now, it is sufficient to
know that for a given operator at location p in the sequence, the position of its l:th leg
in the linked vertex list is v = 4p+ l. This leg is linked to another vertex leg with list
address v′ = X(v). This kind of structure constitutes a doubly-linked (bi-directional) list,
with X [X(v)] = v, in which we can move both “up” and “down”. From a position v in the
list we can extract the corresponding operator location in SL, p = v/4 (its integer part)
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➤ Machine learning (ML): ML 
community deals with highly 
structured problems arising in 
natural datasets. 


➤ Insight: both quantum and ML 
problems have a lot of shared 
structure and symmetry.


➤ What are these commonalities 
and are they important beyond 
mere resemblance?   

QMC

H

Tensor 

networks

Physical 
states

Random 
states



DIMENSIONALITY OF QUANTUM SYSTEMS VS NEURAL MACHINE TRANSLATION

➤ Today's best 
supercomputers can solve 
the wave equation exactly 
for systems with a 
maximum of ~45 spins. 

| i vector with 2N

2N ⇠ 3.5⇥ 1013
<latexit sha1_base64="eyNUhy7n7ljYJoesb0dpz3JOGHU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CplW0WXRjSupYB/QpGUynbRDZ5IwMxFKKLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udt1va2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gyG1xO/+UClYnF0r0cJ9QXuRyxkBGsjde3DcucWeooJWHHOPc0EVRC5nQxVxl275DruFHCRoJyUQI5a1/7yejFJBY004VipNnIT7WdYakY4HRe9VNEEkyHu07ahETbL/Gz6wxieGKUHw1iaijScqr8nMiyUGonAdAqsB2rem4j/ee1Uh5d+xqIk1TQis0VhyqGO4SQQ2GOSEs1HhmAimbkVkgGWmGgTW9GEgOZfXiSNsoNcB92dlapXeRwFcASOwSlA4AJUwQ2ogTog4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnD+UKlcE=</latexit><latexit sha1_base64="eyNUhy7n7ljYJoesb0dpz3JOGHU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CplW0WXRjSupYB/QpGUynbRDZ5IwMxFKKLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udt1va2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gyG1xO/+UClYnF0r0cJ9QXuRyxkBGsjde3DcucWeooJWHHOPc0EVRC5nQxVxl275DruFHCRoJyUQI5a1/7yejFJBY004VipNnIT7WdYakY4HRe9VNEEkyHu07ahETbL/Gz6wxieGKUHw1iaijScqr8nMiyUGonAdAqsB2rem4j/ee1Uh5d+xqIk1TQis0VhyqGO4SQQ2GOSEs1HhmAimbkVkgGWmGgTW9GEgOZfXiSNsoNcB92dlapXeRwFcASOwSlA4AJUwQ2ogTog4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnD+UKlcE=</latexit><latexit sha1_base64="eyNUhy7n7ljYJoesb0dpz3JOGHU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CplW0WXRjSupYB/QpGUynbRDZ5IwMxFKKLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udt1va2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gyG1xO/+UClYnF0r0cJ9QXuRyxkBGsjde3DcucWeooJWHHOPc0EVRC5nQxVxl275DruFHCRoJyUQI5a1/7yejFJBY004VipNnIT7WdYakY4HRe9VNEEkyHu07ahETbL/Gz6wxieGKUHw1iaijScqr8nMiyUGonAdAqsB2rem4j/ee1Uh5d+xqIk1TQis0VhyqGO4SQQ2GOSEs1HhmAimbkVkgGWmGgTW9GEgOZfXiSNsoNcB92dlapXeRwFcASOwSlA4AJUwQ2ogTog4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnD+UKlcE=</latexit><latexit sha1_base64="eyNUhy7n7ljYJoesb0dpz3JOGHU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CplW0WXRjSupYB/QpGUynbRDZ5IwMxFKKLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+8JEs6Udt1va2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gyG1xO/+UClYnF0r0cJ9QXuRyxkBGsjde3DcucWeooJWHHOPc0EVRC5nQxVxl275DruFHCRoJyUQI5a1/7yejFJBY004VipNnIT7WdYakY4HRe9VNEEkyHu07ahETbL/Gz6wxieGKUHw1iaijScqr8nMiyUGonAdAqsB2rem4j/ee1Uh5d+xqIk1TQis0VhyqGO4SQQ2GOSEs1HhmAimbkVkgGWmGgTW9GEgOZfXiSNsoNcB92dlapXeRwFcASOwSlA4AJUwQ2ogTog4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnD+UKlcE=</latexit>

Vocab. SizeMax length of sentence ⇠ 8000100 ⇠ 2.03⇥ 10390
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Very large state space

➤ Language translation 
models live in very high 
dimensional spaces too 
(example from “Attention is 
all you need”)

Vocab. SizeMax length of sentence ⇠ 8000100 ⇠ 2.03⇥ 10390
<latexit sha1_base64="LCFHQu7AOnSxZdcJ2FeLw1pYaSU="></latexit><latexit sha1_base64="LCFHQu7AOnSxZdcJ2FeLw1pYaSU="></latexit><latexit sha1_base64="LCFHQu7AOnSxZdcJ2FeLw1pYaSU="></latexit><latexit sha1_base64="LCFHQu7AOnSxZdcJ2FeLw1pYaSU="></latexit>



2. COMMONALITY IN SOME THE MATHEMATICAL OBJECTS 
➤ In unsupervised learning researchers are interested, e.g. in 

understanding the underlying probability of a dataset. For 
instance images of handwritten digits  


➤ What is the probability P(     ) or what is the P(     )

Pirsa: 16060005 Page 18/49

Pirsa: 16060005 Page 18/49Pirsa: 16060005 Page 18/49



➤ Wavefunction Ψ( )
P(    )

IN ML PEOPLE STUDY P(IMAGE), IN STAT MECH ? 

➤ Boltzmann distribution 

P (E) =
e�E/kBT

Z
<latexit sha1_base64="f8AiwN1VNczZ/yLGG8oW77Za2QE=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUhTURQTdCqRRcVugL2xgm00k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMXDufcy733eBGjUlnWt7GwuLS8sppby69vbG5tmzu7TRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5w+ux33ogQtKQ19UoIk6A+pz6FCOlJdc8qBWrx/AKdn2BcELukxNYPR26SSWtp2lyl7pmwSpZE8B5YmekADLUXPOr2wtxHBCuMENSdmwrUk6ChKKYkTTfjSWJEB6iPuloylFApJNMHknhkVZ60A+FLq7gRP09kaBAylHg6c4AqYGc9cbif14nVv6lk1AexYpwPF3kxwyqEI5TgT0qCFZspAnCgupbIR4gHYnS2eV1CPbsy/OkeVayrZJ9e14oV7I4cmAfHIIisMEFKIMbUAMNgMEjeAav4M14Ml6Md+Nj2rpgZDN74A+Mzx9sRZha</latexit><latexit sha1_base64="f8AiwN1VNczZ/yLGG8oW77Za2QE=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUhTURQTdCqRRcVugL2xgm00k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMXDufcy733eBGjUlnWt7GwuLS8sppby69vbG5tmzu7TRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5w+ux33ogQtKQ19UoIk6A+pz6FCOlJdc8qBWrx/AKdn2BcELukxNYPR26SSWtp2lyl7pmwSpZE8B5YmekADLUXPOr2wtxHBCuMENSdmwrUk6ChKKYkTTfjSWJEB6iPuloylFApJNMHknhkVZ60A+FLq7gRP09kaBAylHg6c4AqYGc9cbif14nVv6lk1AexYpwPF3kxwyqEI5TgT0qCFZspAnCgupbIR4gHYnS2eV1CPbsy/OkeVayrZJ9e14oV7I4cmAfHIIisMEFKIMbUAMNgMEjeAav4M14Ml6Md+Nj2rpgZDN74A+Mzx9sRZha</latexit><latexit sha1_base64="f8AiwN1VNczZ/yLGG8oW77Za2QE=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUhTURQTdCqRRcVugL2xgm00k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMXDufcy733eBGjUlnWt7GwuLS8sppby69vbG5tmzu7TRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5w+ux33ogQtKQ19UoIk6A+pz6FCOlJdc8qBWrx/AKdn2BcELukxNYPR26SSWtp2lyl7pmwSpZE8B5YmekADLUXPOr2wtxHBCuMENSdmwrUk6ChKKYkTTfjSWJEB6iPuloylFApJNMHknhkVZ60A+FLq7gRP09kaBAylHg6c4AqYGc9cbif14nVv6lk1AexYpwPF3kxwyqEI5TgT0qCFZspAnCgupbIR4gHYnS2eV1CPbsy/OkeVayrZJ9e14oV7I4cmAfHIIisMEFKIMbUAMNgMEjeAav4M14Ml6Md+Nj2rpgZDN74A+Mzx9sRZha</latexit><latexit sha1_base64="f8AiwN1VNczZ/yLGG8oW77Za2QE=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUhTURQTdCqRRcVugL2xgm00k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMXDufcy733eBGjUlnWt7GwuLS8sppby69vbG5tmzu7TRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5w+ux33ogQtKQ19UoIk6A+pz6FCOlJdc8qBWrx/AKdn2BcELukxNYPR26SSWtp2lyl7pmwSpZE8B5YmekADLUXPOr2wtxHBCuMENSdmwrUk6ChKKYkTTfjSWJEB6iPuloylFApJNMHknhkVZ60A+FLq7gRP09kaBAylHg6c4AqYGc9cbif14nVv6lk1AexYpwPF3kxwyqEI5TgT0qCFZspAnCgupbIR4gHYnS2eV1CPbsy/OkeVayrZJ9e14oV7I4cmAfHIIisMEFKIMbUAMNgMEjeAav4M14Ml6Md+Nj2rpgZDN74A+Mzx9sRZha</latexit>

E = �J
X

hi,ji

�i�j

Pirsa: 16060005 Page 18/49

P(    )

ML and statistical (and quantum) physics are 
interested in similar high dimensional 
distributions and wavefunctions 

 

https://www.thispersondoesnotexist.com/


 CORRELATIONS AND SYMMETRIES WITH STRIKINGLY SIMILAR STRUCTURE 


➤ Critical correlations:

➤ Natural language and natural 

images 

➤ Music 

➤ Flocks of animals 

➤ All exhibit power-law decaying 

correlations identical to a (classical 
or quantum) at a critical point


➤ Translational, rotational, reflection, 
and other symmetries— rich 

Pirsa: 16060005 Page 18/49

Pirsa: 16060005 Page 18/49

Pirsa: 16060005 Page 18/49

Statistical Thermodynamics of Natural Images 

PRL 110, 018701 (2013)

Scale-free correlations in starling 
flocks. PNAS 107 (26) 11865-11870

gives Sð4" 4Þ ¼ 11:154% 0:002 bits, much less than
the 16 bits from random pixels; similarly Sð3" 3Þ ¼
6:580% 0:003< 9 bits. Thus, substantial local structure
remains in the discretized patches.

We test for scaling by analyzing how the distribution of
states in L" L patches evolves when we coarse grain the
images. Following the approach for spin systems [11], we
take the quantized image !ð ~xÞ and create new quantized
images by applying majority rule to the pixels in 3" 3
blocks. This can be iterated and we denote the resulting
distributions of states Pn, where P0 is the distribution
without blocking. Scale invariance implies that the Pn

are the same, independent of n, because the distribution
of states is at a fixed point of this renormalization trans-
formation [8]. In Fig. 1(c) we test this prediction, showing
that scaling is accurately obeyed over four decades in
probability; small deviations are partly due to aliasing
and diminish as we iterate away from single-pixel resolu-
tion. Importantly, this test of scale invariance involves the
full patch distribution, and thus goes beyond the power law
behavior of the spectrum (a second order moment) or the
invariance of distributions of features (e.g., the outputs of
local filters) evaluated at a single point. Similar results hold
for 4" 4 patches.

Each patch of our discrete images is described by a
set of binary variables ~!. We imagine that the distribution
Pð ~!Þ is the Boltzmann distribution for a physical
system at temperature T ¼ 1, with an ‘‘energy’’ function

Eð ~!Þ describing each possible patch, Pð ~!Þ ¼ 1
Z e

&Eð ~!Þ.

Following similar methods from dynamical systems
[12,13], we define the distribution at any temperature T,

PTð ~!Þ '
1

ZðTÞ e
&Eð ~!Þ=T ¼ 1

ZðTÞ ½Pð ~!Þ)
1=T; (1)

where ZðTÞ ¼ P
~!½Pð ~!Þ)1=T . The entropy is SðTÞ ¼

&P
~!PTð ~!Þ logPTð ~!Þ and the heat capacity is given by

the usual thermodynamic relation, CðTÞ ¼ T@SðTÞ=@T.
We also note that the heat capacity is proportional to
the variance in energy or log probability, CðTÞ ¼
h½"Eð ~!Þ)2iT=T2, where h* * *iT denotes an average in the
distribution PTð ~!Þ.
In a system with a critical point, the specific heat

diverges at Tc in the thermodynamic limit, corresponding
here to patches with many pixels. Are there precursors
of this divergence in the small patches that we can accu-
rately sample? Figure 2(a) shows the specific heat for
2" 2, 3" 3, and 4" 4 patches in our image ensemble,
calculated directly from the distributions Pð ~!Þ. Even when
normalized by the number of pixels N ¼ L2 in each patch
(since the heat capacity is extensive), larger patches reveal
a larger specific heat with a clear peak as a function of
temperature, and this peak is shifting toward T ¼ 1.
To calibrate our intuition about the specific heat esti-

mated from small patches, we show analogous computa-
tions on the nearest neighbor ferromagnetic Ising model in
two dimensions, defined by Eð ~!Þ ¼ &J

P
ðijÞ!i!j, whereP

ðijÞ denotes a sum over neighboring pairs of pixels.

Monte Carlo simulations of this model generate binary
‘‘images,’’ and so many of the practical sampling questions
are very similar. In Fig. 2(b) the specific heat again shows
a peak which grows and moves toward the true critical
temperature Tc ¼ 1 for larger patches [14]. Quantitatively
the behavior is less dramatic than in the images, perhaps
because the divergence of the specific heat in the
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FIG. 1 (color). Natural images and patch scaling. (a) An ex-
ample from the ensemble [9] and after quantizing into two
equally-populated levels (b). Though most intensity information
is lost, the image retains substantial structure. (c) The distribu-
tion of black and white pixels in 3" 3 patches is invariant
to block scaling. We quantify the difference in distributions
through the Jensen-Shannon divergence DJS and find
DJS½P1; P0) ¼ 8:5% 0:1" 10&3 bits while DJS½P2; P1) ¼
3:3% 0:2" 10&3 bits.
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FIG. 2 (color). Diverging specific heats of natural images.
(a) The specific heat C=N constructed from natural images for
L" L patches of linear dimension L ¼ 2, 3, 4 pixels. Away
from the natural operating temperature (T ¼ 1) the distribution
is defined by Eq. (1). The peak in the specific heat near T ¼ 1
suggests that natural images are drawn from a critical ensemble.
(b) As in (a) but constructed from Monte Carlo simulations of an
Ising model with Tc ¼ 1; also shown is the exact behavior in the
thermodynamic limit [28]. Even small patches display hints of
underlying critical behavior.
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WHAT ARE 
AUTOREGRESSIVE 

MODELS?



➤ The term autoregressive originates from time-series models: 
observations from the previous time-steps are used to predict 
the value at the current time step.


➤ Consider a probability distribution  ,


➤ To specify P in a tabular form requires exponential resources


➤ To alleviate this exponential issue: parametrize the 
conditionals  

P(σ) = P(σ1, σ2, . . . , σN)

PROBABILISTIC AUTOREGRESSIVE MODELS 

P (�i|�<i) = P✓(�i|�<i)
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✓Can be exactly sampled easily 


✓Computing the probability of a configuration 
 is easy


✓Can be defined in any spatial dimension


✓Easy to encode mean-field theories (e.g. Gutzwiller mean-
field theory)


✓We can impose symmetry and other inductive biases useful 
for physical problems


✓These properties remain true for autoregressive models of 
the quantum state

P(σ) = P(σ1, σ2, . . . , σN)

PROBABILISTIC AUTOREGRESSIVE MODELS AND WAVE FUNCTIONS



A CANONICAL EXAMPLE: 
THE RECURRENT NEURAL 

NETWORK



➤ The key building  block  of  an  RNN  is  a recurrent  cell

RECURRENT NEURAL NETWORKS (RNN)
2

ational principle. Here we investigate the power of RNNs
and their extensions for approximating the ground state
of strongly correlated local Hamiltonians. We demon-
strate how the variational principle can be combined with
RNNs to yield highly e�cient ansatz wave functions. Our
proposal makes use of the autoregressive property [30–32]
of RNNs, which, unlike traditional VMC methods, allows
for sampling from the wave function. We variationally
optimize our RNNs to approximate ground states of var-
ious strongly correlated quantum systems in one and two
dimensions. We find excellent agreement for local cor-
relation functions and entanglement entropy upon com-
parison with well-established state-of-the-art approaches,
while requiring only a fraction of the variational parame-
ters. Through extensive scaling studies, we show that the
intrinsic bias of our ansatz can be systematically reduced
to yield highly accurate ground state approximations of
large quantum systems.

II. CLASSICAL AND QUANTUM RECURRENT
NEURAL NETWORKS

A. RNNs for classical probability distributions

We consider probability distributions defined over a
discrete sample space, where a single configuration con-
sists of a list � ⌘ (�1, �2, . . . , �N ) of N variables �n, and
�n 2 {0, 1, . . . , dv � 1}. Here, the input dimension dv

represents the number of possible values that any given
variable �n can take. A central task in machine learning
is to use a set of empirical samples to infer probability
distributions in cases where there are strong correlations
among the variables �n. We denote the probability of
a configuration � by P (�) ⌘ P (�1, �2, . . . , �N ), and use
the product rule for probabilities to express this distri-
bution as

P (�) = P (�1)P (�2|�1) · · · P (�N |�N�1, . . . , �2, �1), (1)

where P (�i|�i�1, . . . , �2, �1) ⌘ P (�i|�<i) is the condi-
tional distribution of �i given a configuration of all �j

with j < i.
Specifying every conditional probability P (�i|�<i)

gives a full characterization of any possible distribution
P (�), but in general such a representation grows expo-
nentially with system size N . Typically, real-world dis-
tributions are assumed to endow enough structure on the
problem to allow for accurate approximate descriptions
of P (�) that use far fewer resources [33]. This assump-
tion is also applicable in the context of ground state wave
functions that arise in physical systems, which we will
discuss at length in this paper.

RNNs form a class of correlated probability distribu-
tions of the form Eq. (1), where the P (�) are entirely
specified through the conditionals P (�i|�<i). The ele-
mentary building block of an RNN is a recurrent cell,
that has emerged in di↵erent versions in the past [24]. In
its simplest form, a recurrent cell is a non-linear function

that maps the direct sum (or concatenation) of an in-
coming hidden vector hn�1 of dimension dh and an input
vector �n�1 to an output hidden vector hn of dimension
dh such that

hn = f (W [hn�1; �n�1] + b) , (2)

where f is a non-linear activation function.
The parameters of this simple RNN (vanilla RNN) are

given by the weight matrix W 2 Rdh⇥(dh+dv), the bias
vector b 2 Rdh , and the states h0 and �0 that initial-
ize the recursion. In this paper, we fix h0 and �0 to
constant values. The vector �n is a one-hot encoding
of the input �n such that, e.g., �n = (1, 0), (0, 1) for
�n = 0, 1 (respectively) when the input dimension is two.
The computation of the full probability P (�) is carried
out by sequentially computing the conditionals, starting
with P (�1), as

P (�n|�n�1, . . . , �1) = yn · �n,

where the right-hand side contains the usual scalar prod-
uct between vectors and

yn ⌘ S (Uhn + c) . (3)

Here, U 2 Rdv⇥dh and c 2 Rdv are weights and biases
of a so-called Softmax layer, and the Softmax activation
function S is given by

S(vn) =
exp(vn)P
i exp(vi)

.

In Eq. (3) yn = (y1
n, . . . , y

dv
n ) is a dv-component vector

of positive, real numbers summing up to 1, i.e.,

kynk1 = 1, (4)

and thus forms a probability distribution over the states
�n. Once the vectors yn have been specified, the full
probability P (�) is given by

P (�) =
NY

n=1

yn · �n.

Note that P (�) is already properly normalized to unity
such that

kP (�)k1 = 1. (5)

Sampling from an RNN probability distribution is
achieved in a similar sequential fashion. To generate a
sample � = (�1, . . . , �N ) consisting of a set of N config-
urations �n, one first calculates the hidden state h1 and
the probability y1 from the initial vectors h0 and �0. A
sample �1 from the probability distribution y1 is drawn,
which is then fed as a one-hot vector �1 along with h1

back into the recurrent cell to obtain y2, h2 and then �2.
The procedure is then iterated until N configurations �n

have been obtained as illustrated in Fig. 1(c).
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<latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit><latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit><latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit><latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

yn
<latexit sha1_base64="IBAjgHPxccfMcaELheitygVoGfs=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwW8FpgN9ymO4ezSrySNKBEO7C/hpHAaUy4xgwpNfDcRPs5kppiRma1YapIgvAUjcnAUI5iovx8Hn3mnBolckZCmsO1M1d/b+QoVkU6MxkjPVHLXiH+5w1SPbryc8qTVBOOFw+NUuZo4RQ9OBGVBGuWGYKwpCargydIIqxNW0UJ3vKXV0n3vOm5Te/uotG6LuuowjGcwBl4cAktuIU2dADDIzzDK7xZT9aL9W59LEYrVrlzBH9gff4AlPaUMA==</latexit><latexit sha1_base64="IBAjgHPxccfMcaELheitygVoGfs=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwW8FpgN9ymO4ezSrySNKBEO7C/hpHAaUy4xgwpNfDcRPs5kppiRma1YapIgvAUjcnAUI5iovx8Hn3mnBolckZCmsO1M1d/b+QoVkU6MxkjPVHLXiH+5w1SPbryc8qTVBOOFw+NUuZo4RQ9OBGVBGuWGYKwpCargydIIqxNW0UJ3vKXV0n3vOm5Te/uotG6LuuowjGcwBl4cAktuIU2dADDIzzDK7xZT9aL9W59LEYrVrlzBH9gff4AlPaUMA==</latexit><latexit sha1_base64="IBAjgHPxccfMcaELheitygVoGfs=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwW8FpgN9ymO4ezSrySNKBEO7C/hpHAaUy4xgwpNfDcRPs5kppiRma1YapIgvAUjcnAUI5iovx8Hn3mnBolckZCmsO1M1d/b+QoVkU6MxkjPVHLXiH+5w1SPbryc8qTVBOOFw+NUuZo4RQ9OBGVBGuWGYKwpCargydIIqxNW0UJ3vKXV0n3vOm5Te/uotG6LuuowjGcwBl4cAktuIU2dADDIzzDK7xZT9aL9W59LEYrVrlzBH9gff4AlPaUMA==</latexit><latexit sha1_base64="IBAjgHPxccfMcaELheitygVoGfs=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwW8FpgN9ymO4ezSrySNKBEO7C/hpHAaUy4xgwpNfDcRPs5kppiRma1YapIgvAUjcnAUI5iovx8Hn3mnBolckZCmsO1M1d/b+QoVkU6MxkjPVHLXiH+5w1SPbryc8qTVBOOFw+NUuZo4RQ9OBGVBGuWGYKwpCargydIIqxNW0UJ3vKXV0n3vOm5Te/uotG6LuuowjGcwBl4cAktuIU2dADDIzzDK7xZT9aL9W59LEYrVrlzBH9gff4AlPaUMA==</latexit>

=<latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit><latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit><latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit><latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�0
<latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

y1
<latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit><latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit><latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit><latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit>

y2
<latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit><latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit><latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit><latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

… RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�N�1
<latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit><latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit><latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit><latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit>

yN
<latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit><latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit><latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit><latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit>

�n�1
<latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit><latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit><latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit><latexit sha1_base64="pjuuVkzziLzp5ZSdpHe92FA3pkE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCG0sigi6LblxWsLXQhDCZTNqh8wgzE6GE4MZfceNCEbd+hTv/xkmbhbYeGOZwzr3ce0+UUqK0635btaXlldW1+npjY3Nre8fe3espkUmEu0hQIfsRVJgSjruaaIr7qcSQRRTfR+Pr0r9/wFIRwe/0JMUBg0NOEoKgNlJoH/iRoLGaMPPlviJDBosw56deEdpNt+VO4SwSryJNUKET2l9+LFDGMNeIQqUGnpvqIIdSE0Rx0fAzhVOIxnCIB4ZyyLAK8ukJhXNslNhJhDSPa2eq/u7IIVPllqaSQT1S814p/ucNMp1cBjnhaaYxR7NBSUYdLZwyDycmEiNNJ4ZAJInZ1UEjKCHSJrWGCcGbP3mR9M5antvybs+b7asqjjo4BEfgBHjgArTBDeiALkDgETyDV/BmPVkv1rv1MSutWVXPPvgD6/MH7xyXwA==</latexit>

. . . 

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�0
<latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

y1
<latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit><latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit><latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit><latexit sha1_base64="tmmChzGEYOS9d5dA+roRoZApu60=">AAAB+nicbVC7TsMwFL0pr1JeKYwsERUSU5UgJBgrWBiLRB9SG0WO47ZWHTuyHVAU+iksDCDEypew8Tc4bQZoOZLlo3PulY9PmDCqtOt+W5W19Y3Nrep2bWd3b//Arh92lUglJh0smJD9ECnCKCcdTTUj/UQSFIeM9MLpTeH3HohUVPB7nSXEj9GY0xHFSBspsOvDULBIZbG58mwWeLXAbrhNdw5nlXglaUCJdmB/DSOB05hwjRlSauC5ifZzJDXFjMxqw1SRBOEpGpOBoRzFRPn5PPrMOTVK5IyENIdrZ67+3shRrIp0ZjJGeqKWvUL8zxukenTl55QnqSYcLx4apczRwil6cCIqCdYsMwRhSU1WB0+QRFibtooSvOUvr5LuedNzm97dRaN1XdZRhWM4gTPw4BJacAtt6ACGR3iGV3iznqwX6936WIxWrHLnCP7A+vwBOEWT8w==</latexit>

y2
<latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit><latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit><latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit><latexit sha1_base64="ifgvL5PZ7kCqRNsDwpICQTyghbk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQIuiy6cVnBPqANYTKZtEMnkzAzKYTQP3HjQhG3/ok7/8ZJm4W2HhjmcM69zJkTpJwp7Tjf1sbm1vbObm2vvn9weHRsn5z2VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86TylXozHgkWMYG0k37ZHQcJDlcfmKvK53/LthtN0FkDrxK1IAyp0fPtrFCYki6nQhGOlhq6Taq/AUjPC6bw+yhRNMZniMR0aKnBMlVcsks/RpVFCFCXSHKHRQv29UeBYleHMZIz1RK16pfifN8x0dOsVTKSZpoIsH4oyjnSCyhpQyCQlmueGYCKZyYrIBEtMtCmrbkpwV7+8Tnqtpus03cfrRvuuqqMG53ABV+DCDbThATrQBQIzeIZXeLMK68V6tz6WoxtWtXMGf2B9/gD+3ZPg</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

… RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�N�1
<latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit><latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit><latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit><latexit sha1_base64="8dA424+Yn10OKk1oRqJYD792LUw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEBF0W3biSCvYBTQiTybQdOpMJMxOhhODGX3HjQhG3foU7/8ZJm4W2HhjmcM693HtPmDCqtON8W5Wl5ZXVtep6bWNza3vH3t3rKJFKTNpYMCF7IVKE0Zi0NdWM9BJJEA8Z6Ybj68LvPhCpqIjv9SQhPkfDmA4oRtpIgX3ghYJFasLNl3mKDjnKg+z21M0Du+40nCngInFLUgclWoH95UUCp5zEGjOkVN91Eu1nSGqKGclrXqpIgvAYDUnf0BhxovxsekIOj40SwYGQ5sUaTtXfHRniqtjSVHKkR2reK8T/vH6qB5d+RuMk1STGs0GDlEEtYJEHjKgkWLOJIQhLanaFeIQkwtqkVjMhuPMnL5LOWcN1Gu7deb15VcZRBYfgCJwAF1yAJrgBLdAGGDyCZ/AK3qwn68V6tz5mpRWr7NkHf2B9/gC+PJeg</latexit>

yN
<latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit><latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit><latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit><latexit sha1_base64="e8WmB6ONfjwziGThzE15yD/ZPic=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQi6HHoxZNMcB+wlZKm6RaWJiVJxVL6r3jxoIhX/xFv/jemWw+6+SDk8d7vR15ekDCqtON8W7W19Y3Nrfp2Y2d3b//APmz2lUglJj0smJDDACnCKCc9TTUjw0QSFAeMDILZTekPHolUVPAHnSXEi9GE04hipI3k281xIFiosthceVb4+V3h2y2n7cwBV4lbkRao0PXtr3EocBoTrjFDSo1cJ9FejqSmmJGiMU4VSRCeoQkZGcpRTJSXz7MX8NQoIYyENIdrOFd/b+QoVmU8MxkjPVXLXin+541SHV15OeVJqgnHi4eilEEtYFkEDKkkWLPMEIQlNVkhniKJsDZ1NUwJ7vKXV0n/vO06bff+otW5ruqog2NwAs6ACy5BB9yCLugBDJ7AM3gFb1ZhvVjv1sditGZVO0fgD6zPH/mZlQg=</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

�2
<latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit>

�N
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Figure 1. (a) Left-hand side: An RNN cell (green box) takes
a sequence of inputs {�n}, where at each step n the input
�n�1 and the vector hn�1 are fed in the RNN cell which gen-
erates a vector hn called the hidden state of the RNN. hn

is meant to encode the history of the previous inputs �n0<n.
Moreover, the hidden state hn is fed to a fully connected layer
with Softmax activation S (magenta circles) to compute con-
ditional probabilities. Right-hand side: The unrolled version
of the RNN layer on the left-hand side. (b) A deep RNN
model with Nl stacked single RNN cells (green blocks) fol-
lowed by a fully connected layer with activation function A
(magenta circle). Each single RNN cell at the `-th layer has
its corresponding hidden state h`

n, which serves also as an in-
put for the RNN cell at the (` + 1)-th layer. (c) A graphical
representation of autoregressive sampling of RNNs.

From Eqs. (2) and (3), it is evident that the hidden
vector hn encodes information about previous spin con-
figurations �<n. For correlated probabilities, the his-
tory �<n is relevant to the prediction of the probabili-
ties of the following �n. By passing on hidden states in
Eq. (3) between sites, the RNN is capable of modeling
strongly correlated distributions. Hereafter, we shall call
the dimension dh of the hidden state hn the number of
memory units. We emphasize that the weights W and
U and the biases b and c together comprise the varia-
tional parameters of our ansatz wave function of the next
section. These parameters are typically shared among
the di↵erent values of n, giving rise to a highly compact
parametrization of the probability distribution. Once the
dimension dh is specified, the number of parameters in
the ansatz is independent of the system size N .

By construction, the model allows for an e�cient es-
timation of the normalized probability of a given con-
figuration �. This construction is unlike energy-based
models, which require intractable calculations of the par-

tition function, or likelihood-free models such as Gener-
ative Adversarial Networks (GANs) that do not allow
for an explicit estimation of probabilities [33, 34]. The
sequential process of computing the probability vectors
yn is schematically depicted in Fig. 1(a). Deep archi-
tectures can be obtained by stacking several RNN cells
as shown in Fig. 1(b) for a general activation function
A (not necessarily Softmax). As illustrated in Fig. 1(c),
RNNs have the autoregressive property, meaning that the
conditional probability P (�n|�<n) depends only on con-
figurations �1, . . .�n�1. We also note that the computa-
tional cost of sampling a configuration �1, . . .�N is linear
in the length N of the configuration. Another important
property of the normalized RNN probability distribution
is that it can be used to produce successive samples �
and �0 that are independent. Taking advantage of this
property, the sampling procedure can be parallelized.

In practice, training vanilla RNNs can be challeng-
ing, since capturing long-distance correlations between
the variables �n tends to make the gradients either ex-
plode or vanish [23, 35–37]. Similar to MPS [38], long-
distance correlations in RNNs are suppressed exponen-
tially [39] and extensions of the vanilla RNN have been
proposed [20, 40] in order to improve on this limitation.
Two successful examples are the long short-term memory
(LSTM) unit [20], and the gated recurrent unit (GRU)
[40]. Unless stated otherwise, in this paper we use the
GRU [40] as the elementary cell in our (one-dimensional)
RNNs to study models in one and two spatial dimen-
sions. The details of the implementation can be found in
App. A.

Furthermore, we explore the use of two-dimensional
(2D) vanilla RNNs [21], where information about the
spatial location of neighboring spins is exploited by the
RNN ansatz. The basic idea of 2D RNNs is to replace
the single recurrent connection in a standard RNN, as
shown in Eq. (2), with two recurrent connections that
are passed to the neighboring sites. Thus, at each point
in the lattice the hidden layer of the network receives
both spin configuration inputs and the hidden vectors
from the neighboring sites, in a way that respects the
autoregressive property. We provide the details of the
implementation in Sec. III C and App. B.

B. RNN wave functions

The previous section focused exclusively on the ef-
ficient parametrization of classical probability distribu-
tions P (�). In contrast, quantum mechanical wave func-
tions are in general a set of complex valued amplitudes
 (�), rather than conventional probabilities. Before dis-
cussing how to modify the RNN ansatz to represent com-
plex wave functions, we note that an important class
of stoquastic many-body Hamiltonians has ground states
| i with real and positive amplitudes in the standard
product spin basis [41]. Thus, these ground states have
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ational principle. Here we investigate the power of RNNs
and their extensions for approximating the ground state
of strongly correlated local Hamiltonians. We demon-
strate how the variational principle can be combined with
RNNs to yield highly e�cient ansatz wave functions. Our
proposal makes use of the autoregressive property [30–32]
of RNNs, which, unlike traditional VMC methods, allows
for sampling from the wave function. We variationally
optimize our RNNs to approximate ground states of var-
ious strongly correlated quantum systems in one and two
dimensions. We find excellent agreement for local cor-
relation functions and entanglement entropy upon com-
parison with well-established state-of-the-art approaches,
while requiring only a fraction of the variational parame-
ters. Through extensive scaling studies, we show that the
intrinsic bias of our ansatz can be systematically reduced
to yield highly accurate ground state approximations of
large quantum systems.

II. CLASSICAL AND QUANTUM RECURRENT
NEURAL NETWORKS

A. RNNs for classical probability distributions

We consider probability distributions defined over a
discrete sample space, where a single configuration con-
sists of a list � ⌘ (�1, �2, . . . , �N ) of N variables �n, and
�n 2 {0, 1, . . . , dv � 1}. Here, the input dimension dv

represents the number of possible values that any given
variable �n can take. A central task in machine learning
is to use a set of empirical samples to infer probability
distributions in cases where there are strong correlations
among the variables �n. We denote the probability of
a configuration � by P (�) ⌘ P (�1, �2, . . . , �N ), and use
the product rule for probabilities to express this distri-
bution as

P (�) = P (�1)P (�2|�1) · · · P (�N |�N�1, . . . , �2, �1), (1)

where P (�i|�i�1, . . . , �2, �1) ⌘ P (�i|�<i) is the condi-
tional distribution of �i given a configuration of all �j

with j < i.
Specifying every conditional probability P (�i|�<i)

gives a full characterization of any possible distribution
P (�), but in general such a representation grows expo-
nentially with system size N . Typically, real-world dis-
tributions are assumed to endow enough structure on the
problem to allow for accurate approximate descriptions
of P (�) that use far fewer resources [33]. This assump-
tion is also applicable in the context of ground state wave
functions that arise in physical systems, which we will
discuss at length in this paper.

RNNs form a class of correlated probability distribu-
tions of the form Eq. (1), where the P (�) are entirely
specified through the conditionals P (�i|�<i). The ele-
mentary building block of an RNN is a recurrent cell,
that has emerged in di↵erent versions in the past [24]. In
its simplest form, a recurrent cell is a non-linear function

that maps the direct sum (or concatenation) of an in-
coming hidden vector hn�1 of dimension dh and an input
vector �n�1 to an output hidden vector hn of dimension
dh such that

hn = f (W [hn�1; �n�1] + b) , (2)

where f is a non-linear activation function.
The parameters of this simple RNN (vanilla RNN) are

given by the weight matrix W 2 Rdh⇥(dh+dv), the bias
vector b 2 Rdh , and the states h0 and �0 that initial-
ize the recursion. In this paper, we fix h0 and �0 to
constant values. The vector �n is a one-hot encoding
of the input �n such that, e.g., �n = (1, 0), (0, 1) for
�n = 0, 1 (respectively) when the input dimension is two.
The computation of the full probability P (�) is carried
out by sequentially computing the conditionals, starting
with P (�1), as

P (�n|�n�1, . . . , �1) = yn · �n,

where the right-hand side contains the usual scalar prod-
uct between vectors and

yn ⌘ S (Uhn + c) . (3)

Here, U 2 Rdv⇥dh and c 2 Rdv are weights and biases
of a so-called Softmax layer, and the Softmax activation
function S is given by

S(vn) =
exp(vn)P
i exp(vi)

.

In Eq. (3) yn = (y1
n, . . . , y

dv
n ) is a dv-component vector

of positive, real numbers summing up to 1, i.e.,

kynk1 = 1, (4)

and thus forms a probability distribution over the states
�n. Once the vectors yn have been specified, the full
probability P (�) is given by

P (�) =
NY

n=1

yn · �n.

Note that P (�) is already properly normalized to unity
such that

kP (�)k1 = 1. (5)

Sampling from an RNN probability distribution is
achieved in a similar sequential fashion. To generate a
sample � = (�1, . . . , �N ) consisting of a set of N config-
urations �n, one first calculates the hidden state h1 and
the probability y1 from the initial vectors h0 and �0. A
sample �1 from the probability distribution y1 is drawn,
which is then fed as a one-hot vector �1 along with h1

back into the recurrent cell to obtain y2, h2 and then �2.
The procedure is then iterated until N configurations �n

have been obtained as illustrated in Fig. 1(c).
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Sampling:


•Sample each conditional


•Input the sample to the next step 


 

S = Softmax 


 

RNNs are universal function approximators.  Schäfer and Zimmermann (2006) 


P (�1,�2, . . . ,�N ) = P (�1)P (�2|�1)P (�3|�1,�2) . . . P (�N |�1,�2, . . . ,�N�1)
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➤ Transformers


➤ Neural autoregressive density estimators


➤ Autoregressive flows


➤ PixelRNN 


➤ PixelCNN 


➤ Wavenet


➤ ….

BUT THERE ARE MORE AND LIST IS LONG



TODAY’S TALK:

➤Probabilistic formulation of the quantum 
state 


➤Learning quantum states and their 
quantum dynamics


➤Recurrent neural network wavefunctions

➤Variational neural annealing 



PROBABILISTIC 
SIMULATION OF 

QUANTUM MECHANICS



FEYNMAN 1981:
Motivated the field 


of quantum computing

Feynman concludes: 

This is all still true today and 
is fundamentally linked to 
the notion of quantum speed-
up in quantum computing.  


WE CAN’T SIMULATE 
QUANTUM DYNAMICS EXACTLY 
USING PROBABILITY, BUT CAN 

WE DO IT APPROXIMATELY 
WITH ML MODELS? 



PROBABILISTIC 
REPRESENTATION OF 

QUANTUM MECHANICS



HOW IS A QUANTUM STATE TRADITIONALLY DESCRIBED?

➤ Traditionally, a quantum state is represented through a 
a density matrix describes the statistical state of a system 
in quantum mechanics. Everything we can possibly know 
about a quantum system is encoded in the density matrix.


➤ For one qubit, all the states live in the Bloch sphere. 


➤ But there are alternative representations. Are these useful? 

|0i
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y
<latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit>

z
<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit>

⇢
<latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit>⇢

<latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit><latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit><latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit><latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit>



HOW TO REPRESENT A 
QUANTUM STATE WITH 
ONLY PROBABILITY?



➤  Born Rule                               quantum theory      experiment


➤ POVM elements


➤ Positive semidefinite operators

MEASUREMENTS: POSITIVE OPERATOR-VALUED MEASURE (POVM)

P (a) = Tr ⇢Ma
<latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit>

INFORMATIONALLY COMPLETE MEASUREMENTS
•The measurement statistics          

contains all of the information about 
the state.


•Relation between  and distribution                                                                                               
 can be   inverted


ρ
P(a)

P (a)
<latexit sha1_base64="ZOwE1fMXiaHHQT2PIki7wNAZJt0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APaoWTSTBuayYzJnUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7nK/NebaiFg94iThfkQHSoSCUbSSX690I4rDIMzo9KJXKrtVdwaySrwFKcMC9V7pq9uPWRpxhUxSYzqem6CfUY2CST4tdlPDE8pGdMA7lioaceNns9BTcm6VPgljbZ9CMlN/b2Q0MmYSBXYyj2iWvVz8z+ukGN74mVBJilyx+aEwlQRjkjdA+kJzhnJiCWVa2KyEDammDG1PRVuCt/zlVdK8rHqWP1yVa7eLOgpwCmdQAQ+uoQb3UIcGMHiCZ3iFN2fsvDjvzsd8dM1Z7JzAHzifP0bxkcQ=</latexit><latexit sha1_base64="ZOwE1fMXiaHHQT2PIki7wNAZJt0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APaoWTSTBuayYzJnUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7nK/NebaiFg94iThfkQHSoSCUbSSX690I4rDIMzo9KJXKrtVdwaySrwFKcMC9V7pq9uPWRpxhUxSYzqem6CfUY2CST4tdlPDE8pGdMA7lioaceNns9BTcm6VPgljbZ9CMlN/b2Q0MmYSBXYyj2iWvVz8z+ukGN74mVBJilyx+aEwlQRjkjdA+kJzhnJiCWVa2KyEDammDG1PRVuCt/zlVdK8rHqWP1yVa7eLOgpwCmdQAQ+uoQb3UIcGMHiCZ3iFN2fsvDjvzsd8dM1Z7JzAHzifP0bxkcQ=</latexit><latexit sha1_base64="ZOwE1fMXiaHHQT2PIki7wNAZJt0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APaoWTSTBuayYzJnUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7nK/NebaiFg94iThfkQHSoSCUbSSX690I4rDIMzo9KJXKrtVdwaySrwFKcMC9V7pq9uPWRpxhUxSYzqem6CfUY2CST4tdlPDE8pGdMA7lioaceNns9BTcm6VPgljbZ9CMlN/b2Q0MmYSBXYyj2iWvVz8z+ukGN74mVBJilyx+aEwlQRjkjdA+kJzhnJiCWVa2KyEDammDG1PRVuCt/zlVdK8rHqWP1yVa7eLOgpwCmdQAQ+uoQb3UIcGMHiCZ3iFN2fsvDjvzsd8dM1Z7JzAHzifP0bxkcQ=</latexit><latexit sha1_base64="ZOwE1fMXiaHHQT2PIki7wNAZJt0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APaoWTSTBuayYzJnUIZ+h1uXCji1o9x59+YabvQ1gOBwzn3ck9OkEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7nK/NebaiFg94iThfkQHSoSCUbSSX690I4rDIMzo9KJXKrtVdwaySrwFKcMC9V7pq9uPWRpxhUxSYzqem6CfUY2CST4tdlPDE8pGdMA7lioaceNns9BTcm6VPgljbZ9CMlN/b2Q0MmYSBXYyj2iWvVz8z+ukGN74mVBJilyx+aEwlQRjkjdA+kJzhnJiCWVa2KyEDammDG1PRVuCt/zlVdK8rHqWP1yVa7eLOgpwCmdQAQ+uoQb3UIcGMHiCZ3iFN2fsvDjvzsd8dM1Z7JzAHzifP0bxkcQ=</latexit>

M = {M (a) | a 2 {1, ...,m}}
<latexit sha1_base64="zlNepyu/CDMTOS9ged1uapjan+Q="></latexit><latexit sha1_base64="zlNepyu/CDMTOS9ged1uapjan+Q="></latexit><latexit sha1_base64="zlNepyu/CDMTOS9ged1uapjan+Q="></latexit><latexit sha1_base64="zlNepyu/CDMTOS9ged1uapjan+Q="></latexit>

X

i

M (a) = 1
<latexit sha1_base64="QzqhRDXjmRTSq4SxjMFZ/R4SVcs=">AAACF3icbVDLSsNAFJ3UV62vqEtdDBahbkoigroQim7cCBWMLTS1zEwm7dDJg5mJUEI2foZf4Fa/wJW4dekH+B9O2ixs64ELh3Pu5d57cMyZVJb1bZQWFpeWV8qrlbX1jc0tc3vnXkaJINQhEY9EGyNJOQupo5jitB0LigLMaQsPr3K/9UiFZFF4p0Yx7QaoHzKfEaS01DP3K65Mgh6DNw9pDR1l8AK6AVIDjFM765lVq26NAeeJXZAqKNDsmT+uF5EkoKEiHEnZsa1YdVMkFCOcZhU3kTRGZIj6tKNpiAIqu+n4iwweasWDfiR0hQqO1b8TKQqkHAVYd+YXylkvF//zOonyz7opC+NE0ZBMFvkJhyqCeSTQY4ISxUeaICKYvhWSARKIKB3c1BaMI+5lUOdiz6YwT5zj+nndvj2pNi6LgMpgDxyAGrDBKWiAa9AEDiDgCbyAV/BmPBvvxofxOWktGcXMLpiC8fULuiWfAQ==</latexit><latexit sha1_base64="QzqhRDXjmRTSq4SxjMFZ/R4SVcs=">AAACF3icbVDLSsNAFJ3UV62vqEtdDBahbkoigroQim7cCBWMLTS1zEwm7dDJg5mJUEI2foZf4Fa/wJW4dekH+B9O2ixs64ELh3Pu5d57cMyZVJb1bZQWFpeWV8qrlbX1jc0tc3vnXkaJINQhEY9EGyNJOQupo5jitB0LigLMaQsPr3K/9UiFZFF4p0Yx7QaoHzKfEaS01DP3K65Mgh6DNw9pDR1l8AK6AVIDjFM765lVq26NAeeJXZAqKNDsmT+uF5EkoKEiHEnZsa1YdVMkFCOcZhU3kTRGZIj6tKNpiAIqu+n4iwweasWDfiR0hQqO1b8TKQqkHAVYd+YXylkvF//zOonyz7opC+NE0ZBMFvkJhyqCeSTQY4ISxUeaICKYvhWSARKIKB3c1BaMI+5lUOdiz6YwT5zj+nndvj2pNi6LgMpgDxyAGrDBKWiAa9AEDiDgCbyAV/BmPBvvxofxOWktGcXMLpiC8fULuiWfAQ==</latexit><latexit sha1_base64="QzqhRDXjmRTSq4SxjMFZ/R4SVcs=">AAACF3icbVDLSsNAFJ3UV62vqEtdDBahbkoigroQim7cCBWMLTS1zEwm7dDJg5mJUEI2foZf4Fa/wJW4dekH+B9O2ixs64ELh3Pu5d57cMyZVJb1bZQWFpeWV8qrlbX1jc0tc3vnXkaJINQhEY9EGyNJOQupo5jitB0LigLMaQsPr3K/9UiFZFF4p0Yx7QaoHzKfEaS01DP3K65Mgh6DNw9pDR1l8AK6AVIDjFM765lVq26NAeeJXZAqKNDsmT+uF5EkoKEiHEnZsa1YdVMkFCOcZhU3kTRGZIj6tKNpiAIqu+n4iwweasWDfiR0hQqO1b8TKQqkHAVYd+YXylkvF//zOonyz7opC+NE0ZBMFvkJhyqCeSTQY4ISxUeaICKYvhWSARKIKB3c1BaMI+5lUOdiz6YwT5zj+nndvj2pNi6LgMpgDxyAGrDBKWiAa9AEDiDgCbyAV/BmPBvvxofxOWktGcXMLpiC8fULuiWfAQ==</latexit><latexit sha1_base64="QzqhRDXjmRTSq4SxjMFZ/R4SVcs=">AAACF3icbVDLSsNAFJ3UV62vqEtdDBahbkoigroQim7cCBWMLTS1zEwm7dDJg5mJUEI2foZf4Fa/wJW4dekH+B9O2ixs64ELh3Pu5d57cMyZVJb1bZQWFpeWV8qrlbX1jc0tc3vnXkaJINQhEY9EGyNJOQupo5jitB0LigLMaQsPr3K/9UiFZFF4p0Yx7QaoHzKfEaS01DP3K65Mgh6DNw9pDR1l8AK6AVIDjFM765lVq26NAeeJXZAqKNDsmT+uF5EkoKEiHEnZsa1YdVMkFCOcZhU3kTRGZIj6tKNpiAIqu+n4iwweasWDfiR0hQqO1b8TKQqkHAVYd+YXylkvF//zOonyz7opC+NE0ZBMFvkJhyqCeSTQY4ISxUeaICKYvhWSARKIKB3c1BaMI+5lUOdiz6YwT5zj+nndvj2pNi6LgMpgDxyAGrDBKWiAa9AEDiDgCbyAV/BmPBvvxofxOWktGcXMLpiC8fULuiWfAQ==</latexit>

⇢
<latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit><latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit><latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit><latexit sha1_base64="cshFBL47E9e0vBLdZTKkb1EqN2A=">AAAB+nicbVBNS8NAEJ34WeNXqkcvi0XwVBIR9Fj04rGC/YC2lM120y7d7IbdjVJif4oXD4p49Zd489+4aQNq64OBx3szzMwLE8608f0vZ2V1bX1js7Tlbu/s7u175YOmlqkitEEkl6odYk05E7RhmOG0nSiK45DTVji+zv3WPVWaSXFnJgntxXgoWMQINlbqe+WuGkkX/cDtexW/6s+AlklQkAoUqPe9z+5AkjSmwhCOte4EfmJ6GVaGEU6nbjfVNMFkjIe0Y6nAMdW9bHb6FJ1YZYAiqWwJg2bq74kMx1pP4tB2xtiM9KKXi/95ndREl72MiSQ1VJD5oijlyEiU54AGTFFi+MQSTBSztyIywgoTY9PKQwgWX14mzbNq4FeD2/NK7aqIowRHcAynEMAF1OAG6tAAAg/wBC/w6jw6z86b8z5vXXGKmUP4A+fjG8pCkG4=</latexit>



GRAPHICAL NOTATION AND INVERSE
P (a) = Tr ⇢Ma

<latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit>

⇢ =
X

a,a0

T�1
a,a0P (a0)M (a), with Ta,b = Tr(M (a)M (b))

<latexit sha1_base64="B9/njWHihJNcKq5LXhc0aSXLm+E="></latexit><latexit sha1_base64="B9/njWHihJNcKq5LXhc0aSXLm+E="></latexit><latexit sha1_base64="B9/njWHihJNcKq5LXhc0aSXLm+E="></latexit><latexit sha1_base64="B9/njWHihJNcKq5LXhc0aSXLm+E="></latexit>

3

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

a b

c d

FIG. 1. Tensor-network schematics of the representation. (a) The single-qubit measurement M = {M (a)}a (red), single-qubit

overlap matrix Ta,a0 and its inverse (light blue). (b) The N -qubit measurement M =
�
M (a1) ⌦ M (a2) ⌦ . . .M (aN )

 
a1,...aN

corresponds to the same local measurement on each qubit while the the overlap matrix and its inverse correspond to tensor

products of single-qubit overlap matrices Ta,a0 and inverse. (c) The Born rule relates the probability P (a) (green tensor

depicted as an N -index tensor where the indices encode the measurement outcome of each qubit.) to the quantum state % (blue

tensor) and the POVM elements. (d) A generic density matrix % is given by a contraction of P , T�1
, and M over the outcome

indices.

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

U
†

<latexit sha1_base64="swQnmIOKt1qPLWnGN/trdo/IGJk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls1m2y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/VbT1wbkah7HKc8iOlAib5gFK3U9h/ybkQHk16l6tbcGcgy8QpShQKNXuWrGyUsi7lCJqkxHc9NMcipRsEkn5S7meEpZSM64B1LFY25CfLZvRNyapWI9BNtSyGZqb8nchobM45D2xlTHJpFbyr+53Uy7F8FuVBphlyx+aJ+JgkmZPo8iYTmDOXYEsq0sLcSNqSaMrQRlW0I3uLLy6R5XvPcmnd3Ua1fF3GU4BhO4Aw8uIQ63EIDfGAg4Rle4c15dF6cd+dj3rriFDNH8AfO5w8XGI/9</latexit><latexit sha1_base64="swQnmIOKt1qPLWnGN/trdo/IGJk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls1m2y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/VbT1wbkah7HKc8iOlAib5gFK3U9h/ybkQHk16l6tbcGcgy8QpShQKNXuWrGyUsi7lCJqkxHc9NMcipRsEkn5S7meEpZSM64B1LFY25CfLZvRNyapWI9BNtSyGZqb8nchobM45D2xlTHJpFbyr+53Uy7F8FuVBphlyx+aJ+JgkmZPo8iYTmDOXYEsq0sLcSNqSaMrQRlW0I3uLLy6R5XvPcmnd3Ua1fF3GU4BhO4Aw8uIQ63EIDfGAg4Rle4c15dF6cd+dj3rriFDNH8AfO5w8XGI/9</latexit><latexit sha1_base64="swQnmIOKt1qPLWnGN/trdo/IGJk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls1m2y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/VbT1wbkah7HKc8iOlAib5gFK3U9h/ybkQHk16l6tbcGcgy8QpShQKNXuWrGyUsi7lCJqkxHc9NMcipRsEkn5S7meEpZSM64B1LFY25CfLZvRNyapWI9BNtSyGZqb8nchobM45D2xlTHJpFbyr+53Uy7F8FuVBphlyx+aJ+JgkmZPo8iYTmDOXYEsq0sLcSNqSaMrQRlW0I3uLLy6R5XvPcmnd3Ua1fF3GU4BhO4Aw8uIQ63EIDfGAg4Rle4c15dF6cd+dj3rriFDNH8AfO5w8XGI/9</latexit><latexit sha1_base64="swQnmIOKt1qPLWnGN/trdo/IGJk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBtIU2ls1m2y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0M/VbT1wbkah7HKc8iOlAib5gFK3U9h/ybkQHk16l6tbcGcgy8QpShQKNXuWrGyUsi7lCJqkxHc9NMcipRsEkn5S7meEpZSM64B1LFY25CfLZvRNyapWI9BNtSyGZqb8nchobM45D2xlTHJpFbyr+53Uy7F8FuVBphlyx+aJ+JgkmZPo8iYTmDOXYEsq0sLcSNqSaMrQRlW0I3uLLy6R5XvPcmnd3Ua1fF3GU4BhO4Aw8uIQ63EIDfGAg4Rle4c15dF6cd+dj3rriFDNH8AfO5w8XGI/9</latexit>

swS
<latexit sha1_base64="MxXQbCUYD+yF5JNK0kRWqbAc5rE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfmAbyma7aZduNmF3opbQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwauI3H7g2IlZ3OEq4H9G+EqFgFK1030H+hJl5vB13S2W34k5BFomXkzLkqHVLX51ezNKIK2SSGtP23AT9jGoUTPJxsZManlA2pH3etlTRiBs/m148JsdW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBmfcm4n9eO8Xwws+ESlLkis0WhakkGJPJ+6QnNGcoR5ZQpoW9lbAB1ZShDaloQ/DmX14kjdOK51a8m7Ny9TKPowCHcAQn4ME5VOEaalAHBgqe4RXeHOO8OO/Ox6x1yclnDuAPnM8fIq6RNA==</latexit><latexit sha1_base64="MxXQbCUYD+yF5JNK0kRWqbAc5rE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfmAbyma7aZduNmF3opbQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwauI3H7g2IlZ3OEq4H9G+EqFgFK1030H+hJl5vB13S2W34k5BFomXkzLkqHVLX51ezNKIK2SSGtP23AT9jGoUTPJxsZManlA2pH3etlTRiBs/m148JsdW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBmfcm4n9eO8Xwws+ESlLkis0WhakkGJPJ+6QnNGcoR5ZQpoW9lbAB1ZShDaloQ/DmX14kjdOK51a8m7Ny9TKPowCHcAQn4ME5VOEaalAHBgqe4RXeHOO8OO/Ox6x1yclnDuAPnM8fIq6RNA==</latexit><latexit sha1_base64="MxXQbCUYD+yF5JNK0kRWqbAc5rE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfmAbyma7aZduNmF3opbQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwauI3H7g2IlZ3OEq4H9G+EqFgFK1030H+hJl5vB13S2W34k5BFomXkzLkqHVLX51ezNKIK2SSGtP23AT9jGoUTPJxsZManlA2pH3etlTRiBs/m148JsdW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBmfcm4n9eO8Xwws+ESlLkis0WhakkGJPJ+6QnNGcoR5ZQpoW9lbAB1ZShDaloQ/DmX14kjdOK51a8m7Ny9TKPowCHcAQn4ME5VOEaalAHBgqe4RXeHOO8OO/Ox6x1yclnDuAPnM8fIq6RNA==</latexit><latexit sha1_base64="MxXQbCUYD+yF5JNK0kRWqbAc5rE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfmAbyma7aZduNmF3opbQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwauI3H7g2IlZ3OEq4H9G+EqFgFK1030H+hJl5vB13S2W34k5BFomXkzLkqHVLX51ezNKIK2SSGtP23AT9jGoUTPJxsZManlA2pH3etlTRiBs/m148JsdW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBmfcm4n9eO8Xwws+ESlLkis0WhakkGJPJ+6QnNGcoR5ZQpoW9lbAB1ZShDaloQ/DmX14kjdOK51a8m7Ny9TKPowCHcAQn4ME5VOEaalAHBgqe4RXeHOO8OO/Ox6x1yclnDuAPnM8fIq6RNA==</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

U
†
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FIG. 2. Tensor-network schematics of local swS gates.

Finally, although the representation of the quan-
tum state already provides the measurement statis-
tics of the factorized POVM M

(a), the statistics
of other POVMs ⇧(b), e.g. a POVM describ-
ing standard measurements in the computational ba-
sis and other experimentally relevant operators, are
related to M

(a) via the Born rule: P (b) =P
a,a0 P (a0) T

�1
a,a0 Tr

⇥
M

(a)⇧(b)
⇤

=
P

a0 q(b|a0)P (a0),

where q(b|a0) =
P

a T
�1
a,a0 Tr

⇥
M

(a)⇧(b)
⇤

can be charac-
terized as a somewhat conditional probability since its
entries can either be positive or negative but its trace
over b is the identity 11a0 . Due to its evocative resem-
blance with the law of total probability, the relation
between measurement statistics P (b) and P (a) is often
called the quantum law of total probability in quantum

Bayesianism11.

IV. SIMULATING QUANTUM CIRCUITS
WITH RECURRENT NEURAL NETWORKS

In its simplest incarnation, a quantum circuit is a gen-
eralization of the circuit model of classical computation
where a simple initial input state, typically a product
state in the computational basis on N qubits, is evolved
through a series of unitary operations or set of quantum
gates, U

(1)
, U

(2)
, · · · , U

(r), which act nontrivially on a
constant number k of the N qubits. This is followed by
a projective measurement of all qubits. The outcome of
this measurement is the result of the quantum computa-
tion.

Translated to our POVM representation, a quantum
circuit translates into the preparation of a prod-
uct distribution of statistically independent sets of
variables P (a) = P (a1)P (a2) · · ·P (aN ) followed by
its contraction with a series of local probabilistic
swS gates of the form depicted in Fig.2. The mea-
surement statistics after unitary evolution is thus
given by Pr = O

(r)
O

(r�1)
· · ·O

(2)
O

(1)P0. Note that
the application of each subsequent gate U

(i) defines
a series of intermediate probability distributions
Pi = O

(i)
O

(i�1)
· · ·O

(2)
O

(1)P0 with i = 1, · · · , r.
The strategy to learn the output distribution Pr

consists in constructing a probabilistic model P✓i
based on neural networks with parameters ✓i whose
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To apply these ideas, we introduce a method for the ap-
proximate simulation of unitary circuits directly in the
language of probability. The classical simulation of quan-
tum circuits is carried out by representing the quantum
state in terms of highly expressive recurrent neural net-
works in a similar fashion as they are traditionally used
for the machine learning tasks such as language mod-
elling and neural machine translation. We demonstrate
that classical simulation of a unitary circuit comprised of
a small number of local unitary gates can be understood
as a sequence of unsupervised learning problems. We
demonstrate these ideas by preparing increasingly large
prototypical quantum states in quantum information dis-
playing entanglement.

II. REPRESENTATION OF QUANTUM STATE

We consider measurements given by information-
ally complete (IC) positive-operator valued measures.
POVMs describe the most general type of measurements
allowed by quantum theory, beyond the usual notion of
von Neumann projective measurements6. Informational
completeness means that the measurement statistics con-
tains all of the information about the state, thus specify-
ing it univocally. We consider physical systems composed
of N qubits and build our measurements starting from
an m-outcome single-qubit POVM M = {M

(a)
}a, de-

fined by positive semi-definite operators M
(a)

� 0, each
one labeled by a measurement outcome a = 0, 1, .., m�1.
These satisfy the normalization condition

P
a M

(a) = 11.
Our N -qubit measurement is given by the tensor prod-
uct of the single-qubit POVM elements M =

�
M

(a1) ⌦

M
(a2) ⌦ . . . M

(aN )
 
a1,...aN

, graphically depicted.

By virtue of Born’s rule, the probability distribu-
tion P = {P (a)}a over measurement outcomes a =
(a1, a2, ..., aN ) on a quantum state %, with P (a) � 0
and

P
a P (a) = 1, is given by the linear expression

P (a) = Tr
⇥
M

(a)
%
⇤
. Provided that the measurement

is informationally complete, this relation can formally
be inverted. In other words, the density matrix can
be unambiguously inferred from the probability distri-
bution of measurement outcomes. This can be explic-
itly expressed in a concise way when the overlap matrix

T , of elements Ta,a0 = Tr
h
M

(a)
M

(a0)
i
, is invertible:

% =
P

a,a0 P (a0) T
�1
a,a0 M

(a) = Ea0⇠P

⇣P
a T

�1
a,a0 M

(a)
⌘
,

with Ea0⇠P representing the expectation value over a0

distributed according to P

III. UNITARY EVOLUTION, DYNAMICS, AND
MEASUREMENTS

The nonequilibrium dynamics of interacting quantum
systems is described by the e↵ect of a quantum channel
on the quantum state. In the simplest case, this corre-

sponds to a unitary transformation, i.e. %U = U%U
†. If

the initial quantum state is prescribed in terms of the
outcome statistics of an IC-POVM P , we can track its
evolution directly on the probability representation:

PU (a00) = Tr
h
U%U

†
M

(a00)
i

=
X

a0

Oa00a0P (a0) (1)

where

Oa00a0 =
X

a

Tr
h
UM

(a)
U

†
M

(a00)
i

T
�1
a,a0 (2)

are somewhat stochastic (swS) matrices since the val-
ues in each column add up to 1 but their entries can be
positive or negative.7,8 These are also known as pseudo-
stochastic or quasi-stochastic matrices.9,10 We note that,
in general, these matrices also characterize quantum pro-
cesses described by completely positive trace preserving
(CPTP) maps (see appendix). Here we emphasize that
Eq.1 resembles the standard rule for stochastic evolution
commonly used to describe the transitions in a Markov
chain, where the traditional stochastic (or Markov) ma-
trix has been replaced with a somewhat stochastic ma-
trix. Despite the resemblance, a generic classical Markov
Chain Monte Carlo simulation of quantum evolution in
the probabilistic factorized POVM language remains un-
feasible due to the numerical sign problem arising from
the negative entries of the sW matrix describing the pro-
cess.

Due to the Kronecker factorized nature of the POVM,
if a unitary matrix or a quantum channel acts nontriv-
ially on k qubits of the quantum system it implies that
the swS matrix Oa00a0 acts also only on k qubits. For ex-
ample, a one- or two-qubit gate unitary gate transforms
into a one- or two-qubit swS gate. The “probabilistic”
swS gates and their relation to local unitary gates are
graphically depicted in Fig. using tensor diagrams. This
also implies that quantum circuit diagrams in the prob-
abilistic language look exactly the same as they look in
the traditional quantum circuit diagram notation.

Consider now the unitary dynamics induced by Hamil-
tonian H acting on the system during an infinitesimal
time �t, i.e., U(t) = e

�i�tH. In the limit of �t ! 0,
this implies an equation of motion for the measurement
statistics

i
@P (a00

, t)

@t
=
X

a,a0

Tr
⇣h

H, M
(a)

i
M

(a00)
⌘

T
�1
a,a0P (a0

, t) ,

(3)
which is equivalent to the Liouville-Von Neumann equa-
tion i

@⇢
@t = [H, ⇢]. Here, the brackets [·, ·] de-

note commutator of two operators. A similar rela-
tion applicable the description of open quantum sys-
tems is described in the appendix. A solution to
Eqs.(3) for a time-independet Hamiltonian is given by
P (t) = e

�iAtP (0), where the matrix elements Aa00a0 =
P

a T
�1
a,a0

h
Tr

⇣⇥
H, M

(a)
⇤
M

(a00)
⌘i

.
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To apply these ideas, we introduce a method for the ap-
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language of probability. The classical simulation of quan-
tum circuits is carried out by representing the quantum
state in terms of highly expressive recurrent neural net-
works in a similar fashion as they are traditionally used
for the machine learning tasks such as language mod-
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that classical simulation of a unitary circuit comprised of
a small number of local unitary gates can be understood
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We consider measurements given by information-
ally complete (IC) positive-operator valued measures.
POVMs describe the most general type of measurements
allowed by quantum theory, beyond the usual notion of
von Neumann projective measurements6. Informational
completeness means that the measurement statistics con-
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and
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in general, these matrices also characterize quantum pro-
cesses described by completely positive trace preserving
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Eq.1 resembles the standard rule for stochastic evolution
commonly used to describe the transitions in a Markov
chain, where the traditional stochastic (or Markov) ma-
trix has been replaced with a somewhat stochastic ma-
trix. Despite the resemblance, a generic classical Markov
Chain Monte Carlo simulation of quantum evolution in
the probabilistic factorized POVM language remains un-
feasible due to the numerical sign problem arising from
the negative entries of the sW matrix describing the pro-
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Due to the Kronecker factorized nature of the POVM,
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ially on k qubits of the quantum system it implies that
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swS gates and their relation to local unitary gates are
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also implies that quantum circuit diagrams in the prob-
abilistic language look exactly the same as they look in
the traditional quantum circuit diagram notation.

Consider now the unitary dynamics induced by Hamil-
tonian H acting on the system during an infinitesimal
time �t, i.e., U(t) = e
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<latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit><latexit sha1_base64="Tw+G2439lX5McCnQBv0Yln0NBak="></latexit>

Instead of parameterizing , create 
an autoregressive model of 


ρ
P(a)

⇢model
<latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dEiO2ZmaFAn/tdd1MvB5ulHROeo=">AAAB8XicbZBLS8NAFIVv6qvWqlGXboJFcFUSN7oU3LisYB/QhjKZ3rZDJ5kwcyOGUP+KGxeK+Gfc+W+cPhbaemDg45wZ7p0TpVIY8v1vp7SxubW9U96t7FX3Dw7do2rLqExzbHIlle5EzKAUCTZJkMROqpHFkcR2NLmd5e1H1Eao5IHyFMOYjRIxFJyRtfruSU+PVb/oET5REasByum079b8uj+Xtw7BEmqwVKPvfvUGimcxJsQlM6Yb+CmFBdMkuMRppZcZTBmfsBF2LSYsRhMW8+Wn3rl1Bt5QaXsS8ubu7xcFi43J48jejBmNzWo2M//LuhkNr8NCJGlGmPDFoGEmPVLerAlvIDRykrkFxrWwu3p8zDTjZPuq2BKC1S+vQ+uyHvj14N6HMpzCGVxAAFdwA3fQgCZwyOEF3uDdeXZenY9FXSVn2dsx/JHz+QN0mpQo</latexit><latexit sha1_base64="dEiO2ZmaFAn/tdd1MvB5ulHROeo=">AAAB8XicbZBLS8NAFIVv6qvWqlGXboJFcFUSN7oU3LisYB/QhjKZ3rZDJ5kwcyOGUP+KGxeK+Gfc+W+cPhbaemDg45wZ7p0TpVIY8v1vp7SxubW9U96t7FX3Dw7do2rLqExzbHIlle5EzKAUCTZJkMROqpHFkcR2NLmd5e1H1Eao5IHyFMOYjRIxFJyRtfruSU+PVb/oET5REasByum079b8uj+Xtw7BEmqwVKPvfvUGimcxJsQlM6Yb+CmFBdMkuMRppZcZTBmfsBF2LSYsRhMW8+Wn3rl1Bt5QaXsS8ubu7xcFi43J48jejBmNzWo2M//LuhkNr8NCJGlGmPDFoGEmPVLerAlvIDRykrkFxrWwu3p8zDTjZPuq2BKC1S+vQ+uyHvj14N6HMpzCGVxAAFdwA3fQgCZwyOEF3uDdeXZenY9FXSVn2dsx/JHz+QN0mpQo</latexit><latexit sha1_base64="y96GEeo0O0LoijfQdEQeOs22Vr4=">AAAB/HicbVBNS8NAEN34WetXtUcvwSJ4KokXPRa9eKxgP6ANYbOZtEs32bA7EUuIf8WLB0W8+kO8+W/ctjlo64OBx3szzMwLUsE1Os63tba+sbm1Xdmp7u7tHxzWjo67WmaKQYdJIVU/oBoET6CDHAX0UwU0DgT0gsnNzO89gNJcJvc4TcGL6SjhEWcUjeTX6kM1ln4+RHjEPJYhiKLwaw2n6cxhrxK3JA1Sou3XvoahZFkMCTJBtR64TopeThVyJqCoDjMNKWUTOoKBoQmNQXv5/PjCPjNKaEdSmUrQnqu/J3Iaaz2NA9MZUxzrZW8m/ucNMoyuvJwnaYaQsMWiKBM2SnuWhB1yBQzF1BDKFDe32mxMFWVo8qqaENzll1dJ96LpOk33zmm0rss4KuSEnJJz4pJL0iK3pE06hJEpeSav5M16sl6sd+tj0bpmlTN18gfW5w/iuZWL</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit><latexit sha1_base64="rAtvKrNtkqe1rN4AIIQ+Pbg7WZg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE0GPRi8cK9gPaEDabSbt0kw27E7GE+le8eFDEqz/Em//G7cdBWx8MPN6bYWZemAmu0XW/rdLa+sbmVnm7srO7t39gHx61tcwVgxaTQqpuSDUInkILOQroZgpoEgrohKObqd95AKW5TO9xnIGf0EHKY84oGimwq301lEHRR3jEIpERiMkksGtu3Z3BWSXegtTIAs3A/upHkuUJpMgE1brnuRn6BVXImYBJpZ9ryCgb0QH0DE1pAtovZsdPnFOjRE4slakUnZn6e6KgidbjJDSdCcWhXvam4n9eL8f4yi94muUIKZsvinPhoHSmSTgRV8BQjA2hTHFzq8OGVFGGJq+KCcFbfnmVtM/rnlv37i5qjetFHGVyTE7IGfHIJWmQW9IkLcLImDyTV/JmPVkv1rv1MW8tWYuZKvkD6/MH4/mVjw==</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

Pmodel (a)
<latexit sha1_base64="wQ5TMVsFOKlBO/KOFjAaBBCLf6Y=">AAACI3icbVDLSgNBEJz1bXxFPXoZDEK8hF0R1JvoxWMEY4RsCLOzvcng7M4y0yuGZX/Bz/ALvOoXeBIvHjz6H04eB5NY0FBUddPdFaRSGHTdL2dufmFxaXlltbS2vrG5Vd7euTUq0xwaXEml7wJmQIoEGihQwl2qgcWBhGZwfznwmw+gjVDJDfZTaMesm4hIcIZW6pSr9U7uIzxiHqsQZFH4EiKsUj9m2AuinBW+Ft0eHnbKFbfmDkFniTcmFTJGvVP+8UPFsxgS5JIZ0/LcFNs50yi4hKLkZwZSxu9ZF1qWJiwG086HHxX0wCohjZS2lSAdqn8nchYb048D2zk41Ex7A/E/r5VhdNrORZJmCAkfLYoySVHRQTw0FBo4yr4ljGthb6W8xzTjaEOc2BIESoYFtbl40ynMksZR7azmXR9Xzi/GAa2QPbJPqsQjJ+ScXJE6aRBOnsgLeSVvzrPz7nw4n6PWOWc8s0sm4Hz/Ao7spfs=</latexit><latexit sha1_base64="wQ5TMVsFOKlBO/KOFjAaBBCLf6Y=">AAACI3icbVDLSgNBEJz1bXxFPXoZDEK8hF0R1JvoxWMEY4RsCLOzvcng7M4y0yuGZX/Bz/ALvOoXeBIvHjz6H04eB5NY0FBUddPdFaRSGHTdL2dufmFxaXlltbS2vrG5Vd7euTUq0xwaXEml7wJmQIoEGihQwl2qgcWBhGZwfznwmw+gjVDJDfZTaMesm4hIcIZW6pSr9U7uIzxiHqsQZFH4EiKsUj9m2AuinBW+Ft0eHnbKFbfmDkFniTcmFTJGvVP+8UPFsxgS5JIZ0/LcFNs50yi4hKLkZwZSxu9ZF1qWJiwG086HHxX0wCohjZS2lSAdqn8nchYb048D2zk41Ex7A/E/r5VhdNrORZJmCAkfLYoySVHRQTw0FBo4yr4ljGthb6W8xzTjaEOc2BIESoYFtbl40ynMksZR7azmXR9Xzi/GAa2QPbJPqsQjJ+ScXJE6aRBOnsgLeSVvzrPz7nw4n6PWOWc8s0sm4Hz/Ao7spfs=</latexit><latexit sha1_base64="wQ5TMVsFOKlBO/KOFjAaBBCLf6Y=">AAACI3icbVDLSgNBEJz1bXxFPXoZDEK8hF0R1JvoxWMEY4RsCLOzvcng7M4y0yuGZX/Bz/ALvOoXeBIvHjz6H04eB5NY0FBUddPdFaRSGHTdL2dufmFxaXlltbS2vrG5Vd7euTUq0xwaXEml7wJmQIoEGihQwl2qgcWBhGZwfznwmw+gjVDJDfZTaMesm4hIcIZW6pSr9U7uIzxiHqsQZFH4EiKsUj9m2AuinBW+Ft0eHnbKFbfmDkFniTcmFTJGvVP+8UPFsxgS5JIZ0/LcFNs50yi4hKLkZwZSxu9ZF1qWJiwG086HHxX0wCohjZS2lSAdqn8nchYb048D2zk41Ex7A/E/r5VhdNrORZJmCAkfLYoySVHRQTw0FBo4yr4ljGthb6W8xzTjaEOc2BIESoYFtbl40ynMksZR7azmXR9Xzi/GAa2QPbJPqsQjJ+ScXJE6aRBOnsgLeSVvzrPz7nw4n6PWOWc8s0sm4Hz/Ao7spfs=</latexit><latexit sha1_base64="wQ5TMVsFOKlBO/KOFjAaBBCLf6Y=">AAACI3icbVDLSgNBEJz1bXxFPXoZDEK8hF0R1JvoxWMEY4RsCLOzvcng7M4y0yuGZX/Bz/ALvOoXeBIvHjz6H04eB5NY0FBUddPdFaRSGHTdL2dufmFxaXlltbS2vrG5Vd7euTUq0xwaXEml7wJmQIoEGihQwl2qgcWBhGZwfznwmw+gjVDJDfZTaMesm4hIcIZW6pSr9U7uIzxiHqsQZFH4EiKsUj9m2AuinBW+Ft0eHnbKFbfmDkFniTcmFTJGvVP+8UPFsxgS5JIZ0/LcFNs50yi4hKLkZwZSxu9ZF1qWJiwG086HHxX0wCohjZS2lSAdqn8nchYb048D2zk41Ex7A/E/r5VhdNrORZJmCAkfLYoySVHRQTw0FBo4yr4ljGthb6W8xzTjaEOc2BIESoYFtbl40ynMksZR7azmXR9Xzi/GAa2QPbJPqsQjJ+ScXJE6aRBOnsgLeSVvzrPz7nw4n6PWOWc8s0sm4Hz/Ao7spfs=</latexit>



EXAMPLE: LEARN A 
QUANTUM STATE FROM 

MEASUREMENTS



NEED TO GO BEYOND STANDARD QUANTUM STATE TOMOGRAPHY

•Prepare an unknown quantum state


•Apply a measurement that probes 
enough information about the 
quantum state


•Repeat and collect the statistics of the 
measurement


•Infer a reconstruction of the state  
consistent with the measurement 
outcomes

⇢⇤
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FIG. 4. Learning ground states of local Hamiltonians. (a) (b) (c) (d)

thetic samples from the di↵erent POVM measurements (see Appendix for details ). Apart

from the classical fidelity, which, e.g., reaches FRNN (PRNN, PGHZ) ⇡ 0.98 for the modified

Pauli measurement, we observe a remarkable agreement between the correlation function

h�1 ·�ri gleaned from our reconstruction and the exact correlation function of the synthetic

state.

We use this example to emphasize that the ansatz used in our setting can be under-

stood as a factorization of the quantum state in terms of a neural function approximator

parametrizing P (a) �= 0 and a Kronecker factorized tensor network composed of local,

complex-valued three dimensional tensors. The sign structure of the state is provided by

th efactorized tensor, weighted by the experimentally observable distribution P (a). Impor-

H = J

X

i,j

�i.�j
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tum chemistry, atomic and molecular optics, and quantum computing. This class of states

exhibit a extraordinary set of intriguing phenomena, including quantum phase transitions,

exotic quantum disorder, topological order, superconductivity, and Bose-Einstein condensa-

tion, among others [29, 30]. We begin with the prototypical example of the antiferromagnetic

transverse-field Ising model in one dimension, with Hamiltonian H = J
P

ij �z
i �

z
j + h

P
i �

x
i .

This Hamiltonian is relevant for state-of-the-art quantum simulators with cold atoms and

quantum annealers [31], which have been experimentally demonstrated for 51 qubits. We

focus on the most challenging parameters for state preparation, the quantum critical point

at h/J = 1.0. For a system of 50 qubits, we first obtain synthetic data mimicking 106

experimental POVM measurements, then perform a reconstruction of the state from these

measurements using the same RNN model used for the GHZ state discussed in Fig. 3. These

reconstructions attain a fidelity FRNN (Pmodel, PGHZ) ⇡ 0.998. Furthermore, local correlation

functions, which can be obtained e�ciently for the tetrahedral and a modified Pauli POVM

(termed 4�Pauli POVM, see appendix) via stochastic sampling of the RNN model, display

good agreement with the exact synthetic state, including the total energy of the recon-

structed state which is consistent with the exact value within the error bars. In Fig.4(a)

and (b) we display the 1- and 2-body correlators from the exact state and from our RNN

model, namely h�x
i i and h�z

1�
z
i i as a function of site i.

While the above results demonstrate the power and scalability of our machine learning

technique, we note that the states thus reconstructed either lie in one dimension or other-

wise have a structure that makes them amenable to previous tomography approaches [1–5].

[Giacomo: how feasible is to apply the RBM*complexRBM to this problem before com-

mitting to this phrase?] We now investigate the applicability of our method to a case that

lies outside of conventional approaches. We thus study a two-dimensional model of frus-

trated magnetism, whose ground state possesses a highly non-trivial sign structure in the

computational basis – the antiferromagnetic Heisenberg model in the triangular lattice with

Hamiltonian H =
P

hiji �i · �j, where the Pauli vector at site i is given by �i = (�x
i , �y

i , �
z
i ).

We use a tensor network approximation to the ground state of the model to produce syn-

21

�
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<latexit sha1_base64="Amcc2WotHzhALeYb90uhGTSoR14=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJJBkyM7vM9AphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNk4N400Wy9h0Imq5FJo3UaDkncRwqiLJ29HkLvfbT9xYEetHnCY8VHSkxVAwik5q96wYKVruV6p+zZ+DrJKgIFUo0OhXvnqDmKWKa2SSWtsN/ATDjBoUTPJZuZdanlA2oSPedVRTxW2Yzc+dkXOnDMgwNq40krn6eyKjytqpilynoji2y14u/ud1UxzehJnQSYpcs8WiYSoJxiT/nQyE4Qzl1BHKjHC3EjamhjJ0CeUhBMsvr5LWZS3wa8HDVbV+W8RRglM4gwsI4BrqcA8NaAKDCTzDK7x5iffivXsfi9Y1r5g5gT/wPn8A0uKPNw==</latexit><latexit sha1_base64="Amcc2WotHzhALeYb90uhGTSoR14=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJJBkyM7vM9AphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNk4N400Wy9h0Imq5FJo3UaDkncRwqiLJ29HkLvfbT9xYEetHnCY8VHSkxVAwik5q96wYKVruV6p+zZ+DrJKgIFUo0OhXvnqDmKWKa2SSWtsN/ATDjBoUTPJZuZdanlA2oSPedVRTxW2Yzc+dkXOnDMgwNq40krn6eyKjytqpilynoji2y14u/ud1UxzehJnQSYpcs8WiYSoJxiT/nQyE4Qzl1BHKjHC3EjamhjJ0CeUhBMsvr5LWZS3wa8HDVbV+W8RRglM4gwsI4BrqcA8NaAKDCTzDK7x5iffivXsfi9Y1r5g5gT/wPn8A0uKPNw==</latexit><latexit sha1_base64="Amcc2WotHzhALeYb90uhGTSoR14=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJJBkyM7vM9AphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNk4N400Wy9h0Imq5FJo3UaDkncRwqiLJ29HkLvfbT9xYEetHnCY8VHSkxVAwik5q96wYKVruV6p+zZ+DrJKgIFUo0OhXvnqDmKWKa2SSWtsN/ATDjBoUTPJZuZdanlA2oSPedVRTxW2Yzc+dkXOnDMgwNq40krn6eyKjytqpilynoji2y14u/ud1UxzehJnQSYpcs8WiYSoJxiT/nQyE4Qzl1BHKjHC3EjamhjJ0CeUhBMsvr5LWZS3wa8HDVbV+W8RRglM4gwsI4BrqcA8NaAKDCTzDK7x5iffivXsfi9Y1r5g5gT/wPn8A0uKPNw==</latexit><latexit sha1_base64="Amcc2WotHzhALeYb90uhGTSoR14=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJJBkyM7vM9AphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNk4N400Wy9h0Imq5FJo3UaDkncRwqiLJ29HkLvfbT9xYEetHnCY8VHSkxVAwik5q96wYKVruV6p+zZ+DrJKgIFUo0OhXvnqDmKWKa2SSWtsN/ATDjBoUTPJZuZdanlA2oSPedVRTxW2Yzc+dkXOnDMgwNq40krn6eyKjytqpilynoji2y14u/ud1UxzehJnQSYpcs8WiYSoJxiT/nQyE4Qzl1BHKjHC3EjamhjJ0CeUhBMsvr5LWZS3wa8HDVbV+W8RRglM4gwsI4BrqcA8NaAKDCTzDK7x5iffivXsfi9Y1r5g5gT/wPn8A0uKPNw==</latexit>

⇥
<latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit>

+
<latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit>

⇥
<latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit>

⇥
<latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit>

1�<latexit sha1_base64="bmvOfqIpEVy0bJXRrTuHH23Bjcs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg3fRL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PmjOw=</latexit><latexit sha1_base64="bmvOfqIpEVy0bJXRrTuHH23Bjcs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg3fRL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PmjOw=</latexit><latexit sha1_base64="bmvOfqIpEVy0bJXRrTuHH23Bjcs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg3fRL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PmjOw=</latexit><latexit sha1_base64="bmvOfqIpEVy0bJXRrTuHH23Bjcs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg3fRL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PmjOw=</latexit>

tanh
<latexit sha1_base64="MqeUvUdo2a8KQbSmoLoOgC9Ew5U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30eqxoNqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gDauo6z</latexit><latexit sha1_base64="MqeUvUdo2a8KQbSmoLoOgC9Ew5U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30eqxoNqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gDauo6z</latexit><latexit sha1_base64="MqeUvUdo2a8KQbSmoLoOgC9Ew5U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30eqxoNqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gDauo6z</latexit><latexit sha1_base64="MqeUvUdo2a8KQbSmoLoOgC9Ew5U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30eqxoNqza27C5B14hWkBgVag+pXf5iwLOYKmaTG9Dw3xSCnGgWTfFbpZ4anlE3oiPcsVTTmJsgXx87IhVWGJEq0LYVkof6eyGlszDQObWdMcWxWvbn4n9fLMLoJcqHSDLliy0VRJgkmZP45GQrNGcqpJZRpYW8lbEw1ZWjzqdgQvNWX10n7qu65de/huta8LeIowxmcwyV40IAm3EMLfGAg4Ble4c1Rzovz7nwsW0tOMXMKf+B8/gDauo6z</latexit>

ai
<latexit sha1_base64="ugNieW9JIURNRDcRaoSX6Jeqvx8=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m9cjwPWejWvYa3AFonfknqUKIVul+DWJIsocIQjrXu+15qghwrwwin89og0zTFZIJHtG+pwAnVQb5IPkcXVonRUCp7hEEL9fdGjhNdhLOTCTZjveoV4n9ePzPD2yBnIs0MFWT50DDjyEhU1IBipigxfGYJJorZrIiMscLE2LJqtgR/9cvrpHPV8L2G/3hdb96VdVThDM7hEny4gSY8QAvaQGAKz/AKb07uvDjvzsdytOKUO6fwB87nDy2gk/8=</latexit><latexit sha1_base64="ugNieW9JIURNRDcRaoSX6Jeqvx8=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m9cjwPWejWvYa3AFonfknqUKIVul+DWJIsocIQjrXu+15qghwrwwin89og0zTFZIJHtG+pwAnVQb5IPkcXVonRUCp7hEEL9fdGjhNdhLOTCTZjveoV4n9ePzPD2yBnIs0MFWT50DDjyEhU1IBipigxfGYJJorZrIiMscLE2LJqtgR/9cvrpHPV8L2G/3hdb96VdVThDM7hEny4gSY8QAvaQGAKz/AKb07uvDjvzsdytOKUO6fwB87nDy2gk/8=</latexit><latexit sha1_base64="ugNieW9JIURNRDcRaoSX6Jeqvx8=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m9cjwPWejWvYa3AFonfknqUKIVul+DWJIsocIQjrXu+15qghwrwwin89og0zTFZIJHtG+pwAnVQb5IPkcXVonRUCp7hEEL9fdGjhNdhLOTCTZjveoV4n9ePzPD2yBnIs0MFWT50DDjyEhU1IBipigxfGYJJorZrIiMscLE2LJqtgR/9cvrpHPV8L2G/3hdb96VdVThDM7hEny4gSY8QAvaQGAKz/AKb07uvDjvzsdytOKUO6fwB87nDy2gk/8=</latexit><latexit sha1_base64="ugNieW9JIURNRDcRaoSX6Jeqvx8=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m9cjwPWejWvYa3AFonfknqUKIVul+DWJIsocIQjrXu+15qghwrwwin89og0zTFZIJHtG+pwAnVQb5IPkcXVonRUCp7hEEL9fdGjhNdhLOTCTZjveoV4n9ePzPD2yBnIs0MFWT50DDjyEhU1IBipigxfGYJJorZrIiMscLE2LJqtgR/9cvrpHPV8L2G/3hdb96VdVThDM7hEny4gSY8QAvaQGAKz/AKb07uvDjvzsdytOKUO6fwB87nDy2gk/8=</latexit>

hi�1
<latexit sha1_base64="JMVnjhHjp047vZKE36jOx882WWg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEN5ZEBF0W3bisYGuhDWEymbZDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAMIdz7mXOnCDhTGnH+bYqS8srq2vV9drG5tb2jr2711FxKgltk5jHshtgRTkTtK2Z5rSbSIqjgNP7YHxd+PcPVCoWizs9SagX4aFgA0awNpJvH/SDmIdqEpkrG+V+xk7d3LfrTsOZAi0StyR1KNHy7a9+GJM0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUUI0iKU5QqOp+nsjw5EqAprJCOuRmvcK8T+vl+rBpZcxkaSaCjJ7aJBypGNUVIFCJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPWcJ2Ge3teb16VdVThEI7gBFy4gCbcQAvaQOARnuEV3qwn68V6tz5moxWr3NmHP7A+fwDwUZWE</latexit><latexit sha1_base64="JMVnjhHjp047vZKE36jOx882WWg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEN5ZEBF0W3bisYGuhDWEymbZDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAMIdz7mXOnCDhTGnH+bYqS8srq2vV9drG5tb2jr2711FxKgltk5jHshtgRTkTtK2Z5rSbSIqjgNP7YHxd+PcPVCoWizs9SagX4aFgA0awNpJvH/SDmIdqEpkrG+V+xk7d3LfrTsOZAi0StyR1KNHy7a9+GJM0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUUI0iKU5QqOp+nsjw5EqAprJCOuRmvcK8T+vl+rBpZcxkaSaCjJ7aJBypGNUVIFCJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPWcJ2Ge3teb16VdVThEI7gBFy4gCbcQAvaQOARnuEV3qwn68V6tz5moxWr3NmHP7A+fwDwUZWE</latexit><latexit sha1_base64="JMVnjhHjp047vZKE36jOx882WWg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEN5ZEBF0W3bisYGuhDWEymbZDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAMIdz7mXOnCDhTGnH+bYqS8srq2vV9drG5tb2jr2711FxKgltk5jHshtgRTkTtK2Z5rSbSIqjgNP7YHxd+PcPVCoWizs9SagX4aFgA0awNpJvH/SDmIdqEpkrG+V+xk7d3LfrTsOZAi0StyR1KNHy7a9+GJM0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUUI0iKU5QqOp+nsjw5EqAprJCOuRmvcK8T+vl+rBpZcxkaSaCjJ7aJBypGNUVIFCJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPWcJ2Ge3teb16VdVThEI7gBFy4gCbcQAvaQOARnuEV3qwn68V6tz5moxWr3NmHP7A+fwDwUZWE</latexit><latexit sha1_base64="JMVnjhHjp047vZKE36jOx882WWg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEN5ZEBF0W3bisYGuhDWEymbZDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAMIdz7mXOnCDhTGnH+bYqS8srq2vV9drG5tb2jr2711FxKgltk5jHshtgRTkTtK2Z5rSbSIqjgNP7YHxd+PcPVCoWizs9SagX4aFgA0awNpJvH/SDmIdqEpkrG+V+xk7d3LfrTsOZAi0StyR1KNHy7a9+GJM0okITjpXquU6ivQxLzQinea2fKppgMsZD2jNU4IgqL5umz9GxUUI0iKU5QqOp+nsjw5EqAprJCOuRmvcK8T+vl+rBpZcxkaSaCjJ7aJBypGNUVIFCJinRfGIIJpKZrIiMsMREm8JqpgR3/suLpHPWcJ2Ge3teb16VdVThEI7gBFy4gCbcQAvaQOARnuEV3qwn68V6tz5moxWr3NmHP7A+fwDwUZWE</latexit>

hi
<latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit><latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit><latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit><latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit>

hi
<latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit><latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit><latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit><latexit sha1_base64="UEwrbkgBA+OUFeta7M38wsQVgmo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KokIuiy6cVnBPqANYTKZtEMnmTAzEUvIr7hxoYhbf8Sdf+OkzUJbDwxzOOde5swJUs6Udpxva219Y3Nru7ZT393bPzi0jxo9JTJJaJcILuQgwIpyltCuZprTQSopjgNO+8H0tvT7j1QqJpIHPUupF+NxwiJGsDaSbzdGgeChmsXmyieFn7PCt5tOy5kDrRK3Ik2o0PHtr1EoSBbTRBOOlRq6Tqq9HEvNCKdFfZQpmmIyxWM6NDTBMVVePs9eoDOjhCgS0pxEo7n6eyPHsSrjmckY64la9krxP2+Y6ejay1mSZpomZPFQlHGkBSqLQCGTlGg+MwQTyUxWRCZYYqJNXXVTgrv85VXSu2i5Tsu9v2y2b6o6anACp3AOLlxBG+6gA10g8ATP8ApvVmG9WO/Wx2J0zap2juEPrM8fCJaVEg==</latexit>

ĥi
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FIG. 5. Probabilistic RNN model. (a) Graphical representation of the gated recurrent unit de-

scribed in Eq. B6 and used in our numerical experiments. (b) Our deep RNN model stacks three

GRU units (yellow blocks) followed by a fully connected layer with a softmax activation denoted by

S. (c) Enumeration and one-dimensional path along which the RNN processes the measurement

outcomes.

to 100. In one spatial dimensional there is a natural enumeration scheme for the lattice

sites (e.g. from right to left or viceversa) along which the RNN model processes the data.

In the absence of a notion of spatial dimensionality, like in the GHZ state, one can choose

an arbitrary enumeration of the qubits. In two dimensional systems, such as the triangular

Heisenberg model in the manuscript, we define an enumeration of the lattice sites which, in

turn,defines a one-dimensional path defined by this enumeration. The RNN then uses this

path to process and learn the data. This is exemplified in Fig. 5(c) for a 4 ⇥ 4 triangular

lattice. An analogous enumeration is used in our experiments in the main text.

Appendix C: Stochastic estimation of local observables and fidelity

Given a samplable model Pmodel(a) parametrizing a quantum state ⇢model, it is possible

to compute expectation value of local observables hOii = Tr [⇢modelOi].

The fact that a POVM M is IC means that its elements span the entire space of linear

operators acting on the Hilbert space H. Therefore, one can expand any observable O on

N=50 spins. P(a) is a 
deep (3 layer GRU) 
recurrent neural  network 
language  model.

Carrasquilla, Torlai, Melko, Aolita. Nature Machine Intelligence 1, 200 (2019)        
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FIG. 5. Benchmarking AQT (a) to MLE tomography o↵ered
by IBM’s Qiskit library (b) for a noisy 3-qubit QHZ state
data generated on the IBMQ OURENSE quantum computer.
Each bar represents the absolute value of a density matrix
(DM) element.

consistent with the expectations from the built-in error.

Next, we benchmark the AQT aginst the MLE algo-
rithm that is built into the IBM Qiskit library by per-
forming tomography using the two approaches on the
measurements taken on IBMQ OURENSE on a 3-qubit
system (Fig. 5). For the reconstruction we took 100 mea-
surements in each of 33 = 27 possible measurement con-
figurations, for a total of 2, 700 measurements. Fig 5
shows two reconstructed density matrices using the usual
graphical representation. Here, each bar represents a ma-
trix element, in general complex, with the bar height set
by its absolute value. The tall bar to the left is the
density matrix element |000ih000|, the bar to the rear
is |000ih111|, and so on. Note that the matrix elements
represented by the bars in the rear and front are related
by complex conjugation. The AQT-reconstructed den-
sity matrix is in strong qualitative agreement with the
MLE reconstruction, capturing the error in realizing the
GHZ state on the quantum computer. From the Trans-
former reconstruction, we find an exact quantum fidelity
to the target pure GHZ state of FQ = 0.81, while the
MLE reconstruction has fidelity 0.84. These results give
a mutually consistent estimation of the reliability of the
IBMQ OURENSE quantum computer. The advantage of
AQT as compared to exact tomographic methods such as

FIG. 6. Reconstructed density matrix of the 6-qubit GHZ
state, using classically generated data. Each bar represents
the absolute value of a matrix element.

MLE is that AQT can be scaled to larger systems.

To explore the scalability of the AQT, we reconstruct
the density matrix for a 6-qubit GHZ state, already be-
yond the tomography functionality o↵ered in Qiskit (see
Fig. 6, and the density matrix included as supplemental
file with this submission). We use classically generated
data sampled from the noise-free GHZ state rather than
data from IBMQ. (This is due in part to limited number
of POVM measurements publicly accessible with IBMQ.)
For the 6-qubit reconstruction, we use a total of 20,000
measurements. The reconstructed IC-POVM probabil-
ity distribution p1 (see Eq. (3)) is in excellent agreement
with the GHZ state, as expected from Fig. 3. Namely,
achieving classical fidelity of FC = 0.99, which directly
measures the accuracy of p1 reconstruction, for a 6-qubit
state requires even fewer than the 3,000 measurements
required for the 10-qubit state. On the other hand, the
reconstruction of the full density matrix ⇢1 shows noise
even with 20,000 measurements, though it is still in rea-
sonable agreement with the GHZ state. In general, an
accurate reconstruction of ⇢1 requires much more data
and computing time than an accurate reconstruction of
p1, since even small errors in p1 are amplified into large
errors in ⇢1. This is a restatement of the well-known
fact that classical fidelity is an upper bound on quantum
(exact) fidelity. Error-scaling analysis in the number of
samples is in general NP-hard [23] and remains an open
question in AQT.

In summary, we proposed the AQT which adopts ele-
ments of the Transformer, a generative deep neural net-
work for NLP, to the task of quantum state tomogra-
phy. The AQT outperformed earlier neural quantum to-
mography based on the RNN architecture on an identi-
cal task, demonstrating a significant enhancement in the
sample complexity of the reconstruction. This suggests
that the AQT provides a nontrivial inductive bias suit-
able for the reconstruction of entangled states such as
the ones considered in our experiments. We constructed
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P 3
<latexit sha1_base64="setndy6vdTERg4YpgnAxhtXm4D8=">AAAB+3icbVC7TsMwFL0pr1JepYwsFhUSU5UAEowVLIxFog+pjSLHcVqrjhPZDqKK8issDCDEyo+w8Tc4bQZoOZLlo3PulY+Pn3CmtG1/W5W19Y3Nrep2bWd3b/+gftjoqTiVhHZJzGM58LGinAna1UxzOkgkxZHPad+f3hZ+/5FKxWLxoGcJdSM8FixkBGsjefXGyI95oGaRubJO7mUXuVdv2i17DrRKnJI0oUTHq3+NgpikERWacKzU0LET7WZYakY4zWujVNEEkyke06GhAkdUudk8e45OjRKgMJbmCI3m6u+NDEeqiGcmI6wnatkrxP+8YarDazdjIkk1FWTxUJhypGNUFIECJinRfGYIJpKZrIhMsMREm7pqpgRn+curpHfecuyWc3/ZbN+UdVThGE7gDBy4gjbcQQe6QOAJnuEV3qzcerHerY/FaMUqd47gD6zPH5GhlMQ=</latexit><latexit sha1_base64="setndy6vdTERg4YpgnAxhtXm4D8=">AAAB+3icbVC7TsMwFL0pr1JepYwsFhUSU5UAEowVLIxFog+pjSLHcVqrjhPZDqKK8issDCDEyo+w8Tc4bQZoOZLlo3PulY+Pn3CmtG1/W5W19Y3Nrep2bWd3b/+gftjoqTiVhHZJzGM58LGinAna1UxzOkgkxZHPad+f3hZ+/5FKxWLxoGcJdSM8FixkBGsjefXGyI95oGaRubJO7mUXuVdv2i17DrRKnJI0oUTHq3+NgpikERWacKzU0LET7WZYakY4zWujVNEEkyke06GhAkdUudk8e45OjRKgMJbmCI3m6u+NDEeqiGcmI6wnatkrxP+8YarDazdjIkk1FWTxUJhypGNUFIECJinRfGYIJpKZrIhMsMREm7pqpgRn+curpHfecuyWc3/ZbN+UdVThGE7gDBy4gjbcQQe6QOAJnuEV3qzcerHerY/FaMUqd47gD6zPH5GhlMQ=</latexit><latexit sha1_base64="setndy6vdTERg4YpgnAxhtXm4D8=">AAAB+3icbVC7TsMwFL0pr1JepYwsFhUSU5UAEowVLIxFog+pjSLHcVqrjhPZDqKK8issDCDEyo+w8Tc4bQZoOZLlo3PulY+Pn3CmtG1/W5W19Y3Nrep2bWd3b/+gftjoqTiVhHZJzGM58LGinAna1UxzOkgkxZHPad+f3hZ+/5FKxWLxoGcJdSM8FixkBGsjefXGyI95oGaRubJO7mUXuVdv2i17DrRKnJI0oUTHq3+NgpikERWacKzU0LET7WZYakY4zWujVNEEkyke06GhAkdUudk8e45OjRKgMJbmCI3m6u+NDEeqiGcmI6wnatkrxP+8YarDazdjIkk1FWTxUJhypGNUFIECJinRfGYIJpKZrIhMsMREm7pqpgRn+curpHfecuyWc3/ZbN+UdVThGE7gDBy4gjbcQQe6QOAJnuEV3qzcerHerY/FaMUqd47gD6zPH5GhlMQ=</latexit><latexit sha1_base64="setndy6vdTERg4YpgnAxhtXm4D8=">AAAB+3icbVC7TsMwFL0pr1JepYwsFhUSU5UAEowVLIxFog+pjSLHcVqrjhPZDqKK8issDCDEyo+w8Tc4bQZoOZLlo3PulY+Pn3CmtG1/W5W19Y3Nrep2bWd3b/+gftjoqTiVhHZJzGM58LGinAna1UxzOkgkxZHPad+f3hZ+/5FKxWLxoGcJdSM8FixkBGsjefXGyI95oGaRubJO7mUXuVdv2i17DrRKnJI0oUTHq3+NgpikERWacKzU0LET7WZYakY4zWujVNEEkyke06GhAkdUudk8e45OjRKgMJbmCI3m6u+NDEeqiGcmI6wnatkrxP+8YarDazdjIkk1FWTxUJhypGNUFIECJinRfGYIJpKZrIhMsMREm7pqpgRn+curpHfecuyWc3/ZbN+UdVThGE7gDBy4gjbcQQe6QOAJnuEV3qzcerHerY/FaMUqd47gD6zPH5GhlMQ=</latexit>

P ✓3
<latexit sha1_base64="LoKqF0rFolXQ6JQufCT60ifpl0Y=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AInkqigh6LXjxWsLXQhLDZbNqlm2zYnQglBC/+FS8eFPHqr/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3espkUlCu0RwIfsBVpSzhHaBAaf9VFIcB5zeB+Pr0r9/oFIxkdzBJKVejIcJixjBoCXfPHADwUM1ifWXdwo/d2FEAftnhW827ZY9hbVInIo0UYWOb365oSBZTBMgHCs1cOwUvBxLYITTouFmiqaYjPGQDjRNcEyVl09PKKxjrYRWJKR+CVhT9XdHjmNVbqkrYwwjNe+V4n/eIIPo0stZkmZAEzIbFGXcAmGVeVghk5QAn2iCiWR6V4uMsMQEdGoNHYIzf/Ii6Z22HLvl3J4321dVHHV0iI7QCXLQBWqjG9RBXUTQI3pGr+jNeDJejHfjY1ZaM6qeffQHxucPGAWX2w==</latexit><latexit sha1_base64="LoKqF0rFolXQ6JQufCT60ifpl0Y=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AInkqigh6LXjxWsLXQhLDZbNqlm2zYnQglBC/+FS8eFPHqr/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3espkUlCu0RwIfsBVpSzhHaBAaf9VFIcB5zeB+Pr0r9/oFIxkdzBJKVejIcJixjBoCXfPHADwUM1ifWXdwo/d2FEAftnhW827ZY9hbVInIo0UYWOb365oSBZTBMgHCs1cOwUvBxLYITTouFmiqaYjPGQDjRNcEyVl09PKKxjrYRWJKR+CVhT9XdHjmNVbqkrYwwjNe+V4n/eIIPo0stZkmZAEzIbFGXcAmGVeVghk5QAn2iCiWR6V4uMsMQEdGoNHYIzf/Ii6Z22HLvl3J4321dVHHV0iI7QCXLQBWqjG9RBXUTQI3pGr+jNeDJejHfjY1ZaM6qeffQHxucPGAWX2w==</latexit><latexit sha1_base64="LoKqF0rFolXQ6JQufCT60ifpl0Y=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AInkqigh6LXjxWsLXQhLDZbNqlm2zYnQglBC/+FS8eFPHqr/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3espkUlCu0RwIfsBVpSzhHaBAaf9VFIcB5zeB+Pr0r9/oFIxkdzBJKVejIcJixjBoCXfPHADwUM1ifWXdwo/d2FEAftnhW827ZY9hbVInIo0UYWOb365oSBZTBMgHCs1cOwUvBxLYITTouFmiqaYjPGQDjRNcEyVl09PKKxjrYRWJKR+CVhT9XdHjmNVbqkrYwwjNe+V4n/eIIPo0stZkmZAEzIbFGXcAmGVeVghk5QAn2iCiWR6V4uMsMQEdGoNHYIzf/Ii6Z22HLvl3J4321dVHHV0iI7QCXLQBWqjG9RBXUTQI3pGr+jNeDJejHfjY1ZaM6qeffQHxucPGAWX2w==</latexit><latexit sha1_base64="LoKqF0rFolXQ6JQufCT60ifpl0Y=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AInkqigh6LXjxWsLXQhLDZbNqlm2zYnQglBC/+FS8eFPHqr/Dmv3HT5qCtD5Z9vDfDzLwg5UyBbX8btaXlldW1+npjY3Nre8fc3espkUlCu0RwIfsBVpSzhHaBAaf9VFIcB5zeB+Pr0r9/oFIxkdzBJKVejIcJixjBoCXfPHADwUM1ifWXdwo/d2FEAftnhW827ZY9hbVInIo0UYWOb365oSBZTBMgHCs1cOwUvBxLYITTouFmiqaYjPGQDjRNcEyVl09PKKxjrYRWJKR+CVhT9XdHjmNVbqkrYwwjNe+V4n/eIIPo0stZkmZAEzIbFGXcAmGVeVghk5QAn2iCiWR6V4uMsMQEdGoNHYIzf/Ii6Z22HLvl3J4321dVHHV0iI7QCXLQBWqjG9RBXUTQI3pGr+jNeDJejHfjY1ZaM6qeffQHxucPGAWX2w==</latexit>

P ✓2
<latexit sha1_base64="Cjsaz86X7H6ICBQd9vKKPSOe+qU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIi6LLoxmUF+4AmhMlk0g6dTMLMjVBCcOOvuHGhiFu/wp1/46TNQlsPDHM4517uvSdIOVNg29/Gyura+sZmbau+vbO7t28eHPZUkklCuyThiRwEWFHOBO0CA04HqaQ4DjjtB5Ob0u8/UKlYIu5hmlIvxiPBIkYwaMk3j90g4aGaxvrLO4WfuzCmgP1W4ZsNu2nPYC0TpyINVKHjm19umJAspgIIx0oNHTsFL8cSGOG0qLuZoikmEzyiQ00Fjqny8tkJhXWmldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp1bXITiLJy+TXqvp2E3n7qLRvq7iqKETdIrOkYMuURvdog7qIoIe0TN6RW/Gk/FivBsf89IVo+o5Qn9gfP4AFoCX2g==</latexit><latexit sha1_base64="Cjsaz86X7H6ICBQd9vKKPSOe+qU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIi6LLoxmUF+4AmhMlk0g6dTMLMjVBCcOOvuHGhiFu/wp1/46TNQlsPDHM4517uvSdIOVNg29/Gyura+sZmbau+vbO7t28eHPZUkklCuyThiRwEWFHOBO0CA04HqaQ4DjjtB5Ob0u8/UKlYIu5hmlIvxiPBIkYwaMk3j90g4aGaxvrLO4WfuzCmgP1W4ZsNu2nPYC0TpyINVKHjm19umJAspgIIx0oNHTsFL8cSGOG0qLuZoikmEzyiQ00Fjqny8tkJhXWmldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp1bXITiLJy+TXqvp2E3n7qLRvq7iqKETdIrOkYMuURvdog7qIoIe0TN6RW/Gk/FivBsf89IVo+o5Qn9gfP4AFoCX2g==</latexit><latexit sha1_base64="Cjsaz86X7H6ICBQd9vKKPSOe+qU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIi6LLoxmUF+4AmhMlk0g6dTMLMjVBCcOOvuHGhiFu/wp1/46TNQlsPDHM4517uvSdIOVNg29/Gyura+sZmbau+vbO7t28eHPZUkklCuyThiRwEWFHOBO0CA04HqaQ4DjjtB5Ob0u8/UKlYIu5hmlIvxiPBIkYwaMk3j90g4aGaxvrLO4WfuzCmgP1W4ZsNu2nPYC0TpyINVKHjm19umJAspgIIx0oNHTsFL8cSGOG0qLuZoikmEzyiQ00Fjqny8tkJhXWmldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp1bXITiLJy+TXqvp2E3n7qLRvq7iqKETdIrOkYMuURvdog7qIoIe0TN6RW/Gk/FivBsf89IVo+o5Qn9gfP4AFoCX2g==</latexit><latexit sha1_base64="Cjsaz86X7H6ICBQd9vKKPSOe+qU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIi6LLoxmUF+4AmhMlk0g6dTMLMjVBCcOOvuHGhiFu/wp1/46TNQlsPDHM4517uvSdIOVNg29/Gyura+sZmbau+vbO7t28eHPZUkklCuyThiRwEWFHOBO0CA04HqaQ4DjjtB5Ob0u8/UKlYIu5hmlIvxiPBIkYwaMk3j90g4aGaxvrLO4WfuzCmgP1W4ZsNu2nPYC0TpyINVKHjm19umJAspgIIx0oNHTsFL8cSGOG0qLuZoikmEzyiQ00Fjqny8tkJhXWmldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp1bXITiLJy+TXqvp2E3n7qLRvq7iqKETdIrOkYMuURvdog7qIoIe0TN6RW/Gk/FivBsf89IVo+o5Qn9gfP4AFoCX2g==</latexit>

P ✓1
<latexit sha1_base64="a2qi4YFseLu7/dxzPIrfsy4Vjdk=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cV7AOaECaTSTt0MgkzN0IJwY2/4saFIm79Cnf+jZM2C209MMzhnHu5954g5UyBbX8btZXVtfWN+mZja3tnd8/cP+ipJJOEdknCEzkIsKKcCdoFBpwOUklxHHDaDyY3pd9/oFKxRNzDNKVejEeCRYxg0JJvHrlBwkM1jfWXdwo/d2FMAftO4ZtNu2XPYC0TpyJNVKHjm19umJAspgIIx0oNHTsFL8cSGOG0aLiZoikmEzyiQ00Fjqny8tkJhXWqldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp9bQITiLJy+T3nnLsVvO3UWzfV3FUUfH6ASdIQddoja6RR3URQQ9omf0it6MJ+PFeDc+5qU1o+o5RH9gfP4AFPuX2Q==</latexit><latexit sha1_base64="a2qi4YFseLu7/dxzPIrfsy4Vjdk=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cV7AOaECaTSTt0MgkzN0IJwY2/4saFIm79Cnf+jZM2C209MMzhnHu5954g5UyBbX8btZXVtfWN+mZja3tnd8/cP+ipJJOEdknCEzkIsKKcCdoFBpwOUklxHHDaDyY3pd9/oFKxRNzDNKVejEeCRYxg0JJvHrlBwkM1jfWXdwo/d2FMAftO4ZtNu2XPYC0TpyJNVKHjm19umJAspgIIx0oNHTsFL8cSGOG0aLiZoikmEzyiQ00Fjqny8tkJhXWqldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp9bQITiLJy+T3nnLsVvO3UWzfV3FUUfH6ASdIQddoja6RR3URQQ9omf0it6MJ+PFeDc+5qU1o+o5RH9gfP4AFPuX2Q==</latexit><latexit sha1_base64="a2qi4YFseLu7/dxzPIrfsy4Vjdk=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cV7AOaECaTSTt0MgkzN0IJwY2/4saFIm79Cnf+jZM2C209MMzhnHu5954g5UyBbX8btZXVtfWN+mZja3tnd8/cP+ipJJOEdknCEzkIsKKcCdoFBpwOUklxHHDaDyY3pd9/oFKxRNzDNKVejEeCRYxg0JJvHrlBwkM1jfWXdwo/d2FMAftO4ZtNu2XPYC0TpyJNVKHjm19umJAspgIIx0oNHTsFL8cSGOG0aLiZoikmEzyiQ00Fjqny8tkJhXWqldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp9bQITiLJy+T3nnLsVvO3UWzfV3FUUfH6ASdIQddoja6RR3URQQ9omf0it6MJ+PFeDc+5qU1o+o5RH9gfP4AFPuX2Q==</latexit><latexit sha1_base64="a2qi4YFseLu7/dxzPIrfsy4Vjdk=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cV7AOaECaTSTt0MgkzN0IJwY2/4saFIm79Cnf+jZM2C209MMzhnHu5954g5UyBbX8btZXVtfWN+mZja3tnd8/cP+ipJJOEdknCEzkIsKKcCdoFBpwOUklxHHDaDyY3pd9/oFKxRNzDNKVejEeCRYxg0JJvHrlBwkM1jfWXdwo/d2FMAftO4ZtNu2XPYC0TpyJNVKHjm19umJAspgIIx0oNHTsFL8cSGOG0aLiZoikmEzyiQ00Fjqny8tkJhXWqldCKEqmfAGum/u7IcazKLXVljGGsFr1S/M8bZhBdeTkTaQZUkPmgKOMWJFaZhxUySQnwqSaYSKZ3tcgYS0xAp9bQITiLJy+T3nnLsVvO3UWzfV3FUUfH6ASdIQddoja6RR3URQQ9omf0it6MJ+PFeDc+5qU1o+o5RH9gfP4AFPuX2Q==</latexit>

P (e)
3

<latexit sha1_base64="16fUi+DaNYKJfIdLDVEj8zBnF1Y=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMqKDLohuXFewD2nHIZNI2NJMMSUYow7jxV9y4UMStf+HOvzHTzkJbD4QczrmXe+8JYkaVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8nfudByIVFfxOT2LiRWjI6YBipI3k2wf9QLBQTSLzpc3sPq2Rk8xPzzLfrjp1Zwq4SNyCVEGBpm9/9UOBk4hwjRlSquc6sfZSJDXFjGSVfqJIjPAYDUnPUI4iorx0ekEGj40SwoGQ5nENp+rvjhRFKl/SVEZIj9S8l4v/eb1EDy69lPI40YTj2aBBwqAWMI8DhlQSrNnEEIQlNbtCPEISYW1Cq5gQ3PmTF0n7tO46dff2vNq4KuIog0NwBGrABRegAW5AE7QABo/gGbyCN+vJerHerY9ZackqevbBH1ifP7uIlww=</latexit><latexit sha1_base64="16fUi+DaNYKJfIdLDVEj8zBnF1Y=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMqKDLohuXFewD2nHIZNI2NJMMSUYow7jxV9y4UMStf+HOvzHTzkJbD4QczrmXe+8JYkaVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8nfudByIVFfxOT2LiRWjI6YBipI3k2wf9QLBQTSLzpc3sPq2Rk8xPzzLfrjp1Zwq4SNyCVEGBpm9/9UOBk4hwjRlSquc6sfZSJDXFjGSVfqJIjPAYDUnPUI4iorx0ekEGj40SwoGQ5nENp+rvjhRFKl/SVEZIj9S8l4v/eb1EDy69lPI40YTj2aBBwqAWMI8DhlQSrNnEEIQlNbtCPEISYW1Cq5gQ3PmTF0n7tO46dff2vNq4KuIog0NwBGrABRegAW5AE7QABo/gGbyCN+vJerHerY9ZackqevbBH1ifP7uIlww=</latexit><latexit sha1_base64="16fUi+DaNYKJfIdLDVEj8zBnF1Y=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMqKDLohuXFewD2nHIZNI2NJMMSUYow7jxV9y4UMStf+HOvzHTzkJbD4QczrmXe+8JYkaVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8nfudByIVFfxOT2LiRWjI6YBipI3k2wf9QLBQTSLzpc3sPq2Rk8xPzzLfrjp1Zwq4SNyCVEGBpm9/9UOBk4hwjRlSquc6sfZSJDXFjGSVfqJIjPAYDUnPUI4iorx0ekEGj40SwoGQ5nENp+rvjhRFKl/SVEZIj9S8l4v/eb1EDy69lPI40YTj2aBBwqAWMI8DhlQSrNnEEIQlNbtCPEISYW1Cq5gQ3PmTF0n7tO46dff2vNq4KuIog0NwBGrABRegAW5AE7QABo/gGbyCN+vJerHerY9ZackqevbBH1ifP7uIlww=</latexit><latexit sha1_base64="16fUi+DaNYKJfIdLDVEj8zBnF1Y=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMqKDLohuXFewD2nHIZNI2NJMMSUYow7jxV9y4UMStf+HOvzHTzkJbD4QczrmXe+8JYkaVdpxvq7S0vLK6Vl6vbGxube/Yu3ttJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8nfudByIVFfxOT2LiRWjI6YBipI3k2wf9QLBQTSLzpc3sPq2Rk8xPzzLfrjp1Zwq4SNyCVEGBpm9/9UOBk4hwjRlSquc6sfZSJDXFjGSVfqJIjPAYDUnPUI4iorx0ekEGj40SwoGQ5nENp+rvjhRFKl/SVEZIj9S8l4v/eb1EDy69lPI40YTj2aBBwqAWMI8DhlQSrNnEEIQlNbtCPEISYW1Cq5gQ3PmTF0n7tO46dff2vNq4KuIog0NwBGrABRegAW5AE7QABo/gGbyCN+vJerHerY9ZackqevbBH1ifP7uIlww=</latexit>
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FIG. 2. Schematics of the di↵erent distributions involved
in the training procedure for a circuit with 3 gates. Black
arrows indicate the exact trajectory while green arrows rep-
resent the trajectory of the optimized models P✓i . The red

dotted arrows point to the exactly evolved distributions P (e)
i+1

after the application of each gate O
(i) on the trained model

P✓i . Note that if the resulting KL divergence after training

KL
⇣
P (e)

i+1||P✓i+1

⌘
= 0 for every gate in the circuit, then the

black trajectory coincides with the green one and the proce-
dure becomes exact.

model is normalized, can be written as

r✓i+1KL(P (e)
i+1||P✓i+1) (5a)
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a
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(5d)

Here, k = Ea⇠P✓i+1
(a)


P (e)

i+1(a)

P✓i+1
(a)

�
. Note that

Ea⇠P✓i+1
(a)r✓i+1 log

�
P✓i+1(a)

�
= 0, which justifies the

equality in Eq. 5d. To estimate the gradient in Eq. 5a, we
generate a mini-batch of Ns samples of a sampled from
P✓i+1(a) and average over these samples both to com-
pute the value of k as well as Eq. 5d. While computing
Eq. 5d or Eq. 5c both evaluate the gradient, Eq. 5d has
significantly lower variance. In the limit where P✓i+1(a)

approaches P (e)
i+1(a) (i.e. ideally towards the end of the

optimization of gate i + 1), the variance of this gradient
goes to zero. This is known as the zero variance princi-

ple25. P (e)
i+1(a) =

P
a0 O(i+1)

aa0 P✓i(a
0) is evaluated by ex-

plicitly summing over the sub-string of outcomes in a0 on
which O(i+1) acts (with the other outcomes in the string
fixed).
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FIG. 3. Schematic representation of the Transformer model.
Lines with arrowheads denote incoming arrays from the out-
put of one node to the inputs of others. The Transformer
architecture starts with an input measurement a. First, a
high-dimensional linear embedding Â of the input measure-
ment is computed. This is followed by addition of positional
encoding vectors to the input embeddings Â. The multi-head
attention mechanism is applied to the modified embedding,
followed by a residual connection26 and layer normalization27.
A position-wise feed-forward is then applied the outcome of
the previous layer again followed by a residual connection and
layer normalization. The output of the last layer is processed
through a linear layer followed by a softmax which returns
the conditional probabilities P✓(ak+1|a1, . . . , ak).

By construction, the unitary matrices and their cor-
responding quasi-stochastic matrices considered here are
k-local, which means that the calculation of the gradient
estimator in Eq. 5a is e�cient. More precisely, using Ns

samples the gradient can be computed in O(Nsk2) which
is a significant improvement over the full multiplication
Pi+1 = O(i+1)Pi which takes O(22N ).
Transformer: For simplicity, in order to model Pi,
we restrict to models P✓i(a) with a tractable density
and that allow for exact sampling. While other mod-
els such as the variational autoencoder28 can repre-
sent the quantum state probabilistically, having both a
tractable density and exact sampling significantly sim-
plifies the calculation of the quantities involved in the
gradient estimation. The exact sampling avoids expen-
sive Markov Chain Monte Carlo which would otherwise
be required to obtain the samples for the gradient es-
timator. Specifically, we consider prototypical autore-
gressive models commonly used in neural machine trans-
lation and language modelling based on Transformer

https://arxiv.org/search/?searchtype=author&query=Cha%2C+P
https://arxiv.org/search/?searchtype=author&query=Ginsparg%2C+P
https://arxiv.org/search/?searchtype=author&query=Wu%2C+F
https://arxiv.org/search/?searchtype=author&query=Carrasquilla%2C+J
https://arxiv.org/search/?searchtype=author&query=McMahon%2C+P+L
https://arxiv.org/search/?searchtype=author&query=Kim%2C+E
https://arxiv.org/abs/2006.12469


SIMULATION OF QUANTUM 
CIRCUITS WITH 

AUTOREGRESSIVE MODELS



CIRCUITS IN THE PROBABILISTIC LANGUAGE

⇢U = U⇢U†
<latexit sha1_base64="0GHesTzmwoNebQt8NYquYkfQBso=">AAACB3icbZDNSsNAFIUn/tb6F3UpyGARXEhJRNCNUHTjsoJpC00Mk8kkHTqZhJmJUEJ3bnwVNy4UcesruPNtnLRZaOuBgY9z7+XOPUHGqFSW9W0sLC4tr6zW1urrG5tb2+bObkemucDEwSlLRS9AkjDKiaOoYqSXCYKSgJFuMLwu690HIiRN+Z0aZcRLUMxpRDFS2vLNA1cMUt+Bl9CBJUL3BDr3hRuiOCZi7JsNq2lNBOfBrqABKrV988sNU5wnhCvMkJR928qUVyChKGZkXHdzSTKEhygmfY0cJUR6xeSOMTzSTgijVOjHFZy4vycKlEg5SgLdmSA1kLO10vyv1s9VdOEVlGe5IhxPF0U5gyqFZSgwpIJgxUYaEBZU/xXiARIIKx1dXYdgz548D53Tpq359qzRuqriqIF9cAiOgQ3OQQvcgDZwAAaP4Bm8gjfjyXgx3o2PaeuCUc3sgT8yPn8AzoGYAA==</latexit><latexit sha1_base64="0GHesTzmwoNebQt8NYquYkfQBso=">AAACB3icbZDNSsNAFIUn/tb6F3UpyGARXEhJRNCNUHTjsoJpC00Mk8kkHTqZhJmJUEJ3bnwVNy4UcesruPNtnLRZaOuBgY9z7+XOPUHGqFSW9W0sLC4tr6zW1urrG5tb2+bObkemucDEwSlLRS9AkjDKiaOoYqSXCYKSgJFuMLwu690HIiRN+Z0aZcRLUMxpRDFS2vLNA1cMUt+Bl9CBJUL3BDr3hRuiOCZi7JsNq2lNBOfBrqABKrV988sNU5wnhCvMkJR928qUVyChKGZkXHdzSTKEhygmfY0cJUR6xeSOMTzSTgijVOjHFZy4vycKlEg5SgLdmSA1kLO10vyv1s9VdOEVlGe5IhxPF0U5gyqFZSgwpIJgxUYaEBZU/xXiARIIKx1dXYdgz548D53Tpq359qzRuqriqIF9cAiOgQ3OQQvcgDZwAAaP4Bm8gjfjyXgx3o2PaeuCUc3sgT8yPn8AzoGYAA==</latexit><latexit sha1_base64="0GHesTzmwoNebQt8NYquYkfQBso=">AAACB3icbZDNSsNAFIUn/tb6F3UpyGARXEhJRNCNUHTjsoJpC00Mk8kkHTqZhJmJUEJ3bnwVNy4UcesruPNtnLRZaOuBgY9z7+XOPUHGqFSW9W0sLC4tr6zW1urrG5tb2+bObkemucDEwSlLRS9AkjDKiaOoYqSXCYKSgJFuMLwu690HIiRN+Z0aZcRLUMxpRDFS2vLNA1cMUt+Bl9CBJUL3BDr3hRuiOCZi7JsNq2lNBOfBrqABKrV988sNU5wnhCvMkJR928qUVyChKGZkXHdzSTKEhygmfY0cJUR6xeSOMTzSTgijVOjHFZy4vycKlEg5SgLdmSA1kLO10vyv1s9VdOEVlGe5IhxPF0U5gyqFZSgwpIJgxUYaEBZU/xXiARIIKx1dXYdgz548D53Tpq359qzRuqriqIF9cAiOgQ3OQQvcgDZwAAaP4Bm8gjfjyXgx3o2PaeuCUc3sgT8yPn8AzoGYAA==</latexit><latexit sha1_base64="0GHesTzmwoNebQt8NYquYkfQBso=">AAACB3icbZDNSsNAFIUn/tb6F3UpyGARXEhJRNCNUHTjsoJpC00Mk8kkHTqZhJmJUEJ3bnwVNy4UcesruPNtnLRZaOuBgY9z7+XOPUHGqFSW9W0sLC4tr6zW1urrG5tb2+bObkemucDEwSlLRS9AkjDKiaOoYqSXCYKSgJFuMLwu690HIiRN+Z0aZcRLUMxpRDFS2vLNA1cMUt+Bl9CBJUL3BDr3hRuiOCZi7JsNq2lNBOfBrqABKrV988sNU5wnhCvMkJR928qUVyChKGZkXHdzSTKEhygmfY0cJUR6xeSOMTzSTgijVOjHFZy4vycKlEg5SgLdmSA1kLO10vyv1s9VdOEVlGe5IhxPF0U5gyqFZSgwpIJgxUYaEBZU/xXiARIIKx1dXYdgz548D53Tpq359qzRuqriqIF9cAiOgQ3OQQvcgDZwAAaP4Bm8gjfjyXgx3o2PaeuCUc3sgT8yPn8AzoGYAA==</latexit>

Unitary matrices U
<latexit sha1_base64="2VGBWFBtOAt4MFtLT2+Bt+Y1D9s=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0wF18Z1v5219Y3Nre3STnl3b//gsHJ03NJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4vpvV20+oNE/kg5mkGMR0KHnEGTXWavr9StWtuXORVfAKqEKhRr/y1RskLItRGiao1l3PTU2QU2U4Ezgt9zKNKWVjOsSuRUlj1EE+X3RKzq0zIFGi7JOGzN3fEzmNtZ7Eoe2MqRnp5drM/K/WzUx0E+RcpplByRYfRZkgJiGzq8mAK2RGTCxQprjdlbARVZQZm03ZhuAtn7wKrcuaZ7l5Va3fFnGU4BTO4AI8uIY63EMDfGCA8Ayv8OY8Oi/Ou/OxaF1zipkT+CPn8wexL4zZ</latexit><latexit sha1_base64="2VGBWFBtOAt4MFtLT2+Bt+Y1D9s=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0wF18Z1v5219Y3Nre3STnl3b//gsHJ03NJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4vpvV20+oNE/kg5mkGMR0KHnEGTXWavr9StWtuXORVfAKqEKhRr/y1RskLItRGiao1l3PTU2QU2U4Ezgt9zKNKWVjOsSuRUlj1EE+X3RKzq0zIFGi7JOGzN3fEzmNtZ7Eoe2MqRnp5drM/K/WzUx0E+RcpplByRYfRZkgJiGzq8mAK2RGTCxQprjdlbARVZQZm03ZhuAtn7wKrcuaZ7l5Va3fFnGU4BTO4AI8uIY63EMDfGCA8Ayv8OY8Oi/Ou/OxaF1zipkT+CPn8wexL4zZ</latexit><latexit sha1_base64="2VGBWFBtOAt4MFtLT2+Bt+Y1D9s=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0wF18Z1v5219Y3Nre3STnl3b//gsHJ03NJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4vpvV20+oNE/kg5mkGMR0KHnEGTXWavr9StWtuXORVfAKqEKhRr/y1RskLItRGiao1l3PTU2QU2U4Ezgt9zKNKWVjOsSuRUlj1EE+X3RKzq0zIFGi7JOGzN3fEzmNtZ7Eoe2MqRnp5drM/K/WzUx0E+RcpplByRYfRZkgJiGzq8mAK2RGTCxQprjdlbARVZQZm03ZhuAtn7wKrcuaZ7l5Va3fFnGU4BTO4AI8uIY63EMDfGCA8Ayv8OY8Oi/Ou/OxaF1zipkT+CPn8wexL4zZ</latexit><latexit sha1_base64="2VGBWFBtOAt4MFtLT2+Bt+Y1D9s=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YNpCG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPWFhYd3ZtiZN0wF18Z1v5219Y3Nre3STnl3b//gsHJ03NJJphj6LBGJ6oRUo+ASfcONwE6qkMahwHY4vpvV20+oNE/kg5mkGMR0KHnEGTXWavr9StWtuXORVfAKqEKhRr/y1RskLItRGiao1l3PTU2QU2U4Ezgt9zKNKWVjOsSuRUlj1EE+X3RKzq0zIFGi7JOGzN3fEzmNtZ7Eoe2MqRnp5drM/K/WzUx0E+RcpplByRYfRZkgJiGzq8mAK2RGTCxQprjdlbARVZQZm03ZhuAtn7wKrcuaZ7l5Va3fFnGU4BTO4AI8uIY63EMDfGCA8Ayv8OY8Oi/Ou/OxaF1zipkT+CPn8wexL4zZ</latexit>

Quantum circuits and quantum computing

Evolution of probability is almost 
classical (e.g. similar to MCMC)

Oa0a00 =
X

a

Tr(UM
(a)

U
†
M

(a00))T�1
a,a0

<latexit sha1_base64="m4ZKZmEbNbv2Az142rHGAV37l44="></latexit><latexit sha1_base64="m4ZKZmEbNbv2Az142rHGAV37l44="></latexit><latexit sha1_base64="m4ZKZmEbNbv2Az142rHGAV37l44="></latexit><latexit sha1_base64="m4ZKZmEbNbv2Az142rHGAV37l44="></latexit>

Probabilistic gates: Somewhat (or 
quasi-) stochastic matrices

PU (a
00) =

X

a0

P (a0)Oa0,a00

<latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit>

BORN RULE



APPLY ONE GATE

PU (a
00) =

X

a0

P (a0)Oa0,a00

<latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit>

Take an initial distribution

Multiply it by a somewhat stochastic matrix

Results in an evolved distribution Pu(a)



APPLY ONE GATE

PU (a
00) =

X

a0

P (a0)Oa0,a00

<latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit><latexit sha1_base64="D/moL+9BvPbYzlW4MczwKmiwI6Q=">AAACO3icbVBLS8NAGNz4rPVV9ehlsUhbkJKIoBeh6MWbVUxbaELYbDft0s0m7G6EEvK/vPgnvHnx4kERr97dPsA+HFgYZuZjv2/8mFGpTPPVWFpeWV1bz23kN7e2d3YLe/sNGSUCExtHLBItH0nCKCe2ooqRViwICn1Gmn7/eug3H4mQNOIPahATN0RdTgOKkdKSV7ive6mdlZ0QqZ4fpKhUyiqXjkxCL/3TsgzWpyJZBd7O2CfT45lXKJpVcwS4SKwJKYIJ6l7hxelEOAkJV5ghKduWGSs3RUJRzEiWdxJJYoT7qEvamnIUEummo9szeKyVDgwioR9XcKROT6QolHIQ+jo5XFLOe0PxP6+dqODCTSmPE0U4Hn8UJAyqCA6LhB0qCFZsoAnCgupdIe4hgbDSded1Cdb8yYukcVq1NL87K9auJnXkwCE4AmVggXNQAzegDmyAwRN4Ax/g03g23o0v43scXTImMwdgBsbPL9oXrfg=</latexit>

Introduce a model P✓(a)
<latexit sha1_base64="1rw6jPda3YOdpM9Tkxkj+B3ogB0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFqJeSiKDHohePFewHNCFstpt26WYTdidCCfHiX/HiQRGv/gtv/huTNgdtfTDweG+GmXl+LLgGy/o2Kiura+sb1c3a1vbO7p65f9DVUaIo69BIRKrvE80El6wDHATrx4qR0Bes509uCr/3wJTmkbyHaczckIwkDzglkEueedT2UgfGDEjWcEICYz9ISYbPap5Zt5rWDHiZ2CWpoxJtz/xyhhFNQiaBCqL1wLZicFOigFPBspqTaBYTOiEjNsipJCHTbjr7IMOnuTLEQaTykoBn6u+JlIRaT0M/7yyO1IteIf7nDRIIrtyUyzgBJul8UZAIDBEu4sBDrhgFMc0JoYrnt2I6JopQyEMrQrAXX14m3fOmbTXtu4t667qMo4qO0QlqIBtdoha6RW3UQRQ9omf0it6MJ+PFeDc+5q0Vo5w5RH9gfP4ApA+WVg==</latexit><latexit sha1_base64="1rw6jPda3YOdpM9Tkxkj+B3ogB0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFqJeSiKDHohePFewHNCFstpt26WYTdidCCfHiX/HiQRGv/gtv/huTNgdtfTDweG+GmXl+LLgGy/o2Kiura+sb1c3a1vbO7p65f9DVUaIo69BIRKrvE80El6wDHATrx4qR0Bes509uCr/3wJTmkbyHaczckIwkDzglkEueedT2UgfGDEjWcEICYz9ISYbPap5Zt5rWDHiZ2CWpoxJtz/xyhhFNQiaBCqL1wLZicFOigFPBspqTaBYTOiEjNsipJCHTbjr7IMOnuTLEQaTykoBn6u+JlIRaT0M/7yyO1IteIf7nDRIIrtyUyzgBJul8UZAIDBEu4sBDrhgFMc0JoYrnt2I6JopQyEMrQrAXX14m3fOmbTXtu4t667qMo4qO0QlqIBtdoha6RW3UQRQ9omf0it6MJ+PFeDc+5q0Vo5w5RH9gfP4ApA+WVg==</latexit><latexit sha1_base64="1rw6jPda3YOdpM9Tkxkj+B3ogB0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFqJeSiKDHohePFewHNCFstpt26WYTdidCCfHiX/HiQRGv/gtv/huTNgdtfTDweG+GmXl+LLgGy/o2Kiura+sb1c3a1vbO7p65f9DVUaIo69BIRKrvE80El6wDHATrx4qR0Bes509uCr/3wJTmkbyHaczckIwkDzglkEueedT2UgfGDEjWcEICYz9ISYbPap5Zt5rWDHiZ2CWpoxJtz/xyhhFNQiaBCqL1wLZicFOigFPBspqTaBYTOiEjNsipJCHTbjr7IMOnuTLEQaTykoBn6u+JlIRaT0M/7yyO1IteIf7nDRIIrtyUyzgBJul8UZAIDBEu4sBDrhgFMc0JoYrnt2I6JopQyEMrQrAXX14m3fOmbTXtu4t667qMo4qO0QlqIBtdoha6RW3UQRQ9omf0it6MJ+PFeDc+5q0Vo5w5RH9gfP4ApA+WVg==</latexit><latexit sha1_base64="1rw6jPda3YOdpM9Tkxkj+B3ogB0=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFqJeSiKDHohePFewHNCFstpt26WYTdidCCfHiX/HiQRGv/gtv/huTNgdtfTDweG+GmXl+LLgGy/o2Kiura+sb1c3a1vbO7p65f9DVUaIo69BIRKrvE80El6wDHATrx4qR0Bes509uCr/3wJTmkbyHaczckIwkDzglkEueedT2UgfGDEjWcEICYz9ISYbPap5Zt5rWDHiZ2CWpoxJtz/xyhhFNQiaBCqL1wLZicFOigFPBspqTaBYTOiEjNsipJCHTbjr7IMOnuTLEQaTykoBn6u+JlIRaT0M/7yyO1IteIf7nDRIIrtyUyzgBJul8UZAIDBEu4sBDrhgFMc0JoYrnt2I6JopQyEMrQrAXX14m3fOmbTXtu4t667qMo4qO0QlqIBtdoha6RW3UQRQ9omf0it6MJ+PFeDc+5q0Vo5w5RH9gfP4ApA+WVg==</latexit>

Compute a divergence between model and evolved                 

through sampling 

PU (a)
<latexit sha1_base64="ncB6+AGtRECgd/nZ642R3IHZ2gs=">AAAB/HicbVBNS8NAFHzxs9avaI9eFotQLyURQY9FLx4rmLbQhrDZbtqlm03Y3QghxL/ixYMiXv0h3vw3Jm0O2jqwMMy8x5sdP+ZMacv6NtbWNza3tms79d29/YND8+i4p6JEEuqQiEdy4GNFORPU0UxzOoglxaHPad+f3ZZ+/5FKxSLxoNOYuiGeCBYwgnUheWaj62VO3hqFWE/9IMM5Oq97ZtNqW3OgVWJXpAkVup75NRpHJAmp0IRjpYa2FWs3w1IzwmleHyWKxpjM8IQOCypwSJWbzcPn6KxQxiiIZPGERnP190aGQ6XS0C8my5Bq2SvF/7xhooNrN2MiTjQVZHEoSDjSESqbQGMmKdE8LQgmkhVZEZliiYku+ipLsJe/vEp6F23batv3l83OTVVHDU7gFFpgwxV04A664ACBFJ7hFd6MJ+PFeDc+FqNrRrXTgD8wPn8AinGUBw==</latexit><latexit sha1_base64="ncB6+AGtRECgd/nZ642R3IHZ2gs=">AAAB/HicbVBNS8NAFHzxs9avaI9eFotQLyURQY9FLx4rmLbQhrDZbtqlm03Y3QghxL/ixYMiXv0h3vw3Jm0O2jqwMMy8x5sdP+ZMacv6NtbWNza3tms79d29/YND8+i4p6JEEuqQiEdy4GNFORPU0UxzOoglxaHPad+f3ZZ+/5FKxSLxoNOYuiGeCBYwgnUheWaj62VO3hqFWE/9IMM5Oq97ZtNqW3OgVWJXpAkVup75NRpHJAmp0IRjpYa2FWs3w1IzwmleHyWKxpjM8IQOCypwSJWbzcPn6KxQxiiIZPGERnP190aGQ6XS0C8my5Bq2SvF/7xhooNrN2MiTjQVZHEoSDjSESqbQGMmKdE8LQgmkhVZEZliiYku+ipLsJe/vEp6F23batv3l83OTVVHDU7gFFpgwxV04A664ACBFJ7hFd6MJ+PFeDc+FqNrRrXTgD8wPn8AinGUBw==</latexit><latexit sha1_base64="ncB6+AGtRECgd/nZ642R3IHZ2gs=">AAAB/HicbVBNS8NAFHzxs9avaI9eFotQLyURQY9FLx4rmLbQhrDZbtqlm03Y3QghxL/ixYMiXv0h3vw3Jm0O2jqwMMy8x5sdP+ZMacv6NtbWNza3tms79d29/YND8+i4p6JEEuqQiEdy4GNFORPU0UxzOoglxaHPad+f3ZZ+/5FKxSLxoNOYuiGeCBYwgnUheWaj62VO3hqFWE/9IMM5Oq97ZtNqW3OgVWJXpAkVup75NRpHJAmp0IRjpYa2FWs3w1IzwmleHyWKxpjM8IQOCypwSJWbzcPn6KxQxiiIZPGERnP190aGQ6XS0C8my5Bq2SvF/7xhooNrN2MiTjQVZHEoSDjSESqbQGMmKdE8LQgmkhVZEZliiYku+ipLsJe/vEp6F23batv3l83OTVVHDU7gFFpgwxV04A664ACBFJ7hFd6MJ+PFeDc+FqNrRrXTgD8wPn8AinGUBw==</latexit><latexit sha1_base64="ncB6+AGtRECgd/nZ642R3IHZ2gs=">AAAB/HicbVBNS8NAFHzxs9avaI9eFotQLyURQY9FLx4rmLbQhrDZbtqlm03Y3QghxL/ixYMiXv0h3vw3Jm0O2jqwMMy8x5sdP+ZMacv6NtbWNza3tms79d29/YND8+i4p6JEEuqQiEdy4GNFORPU0UxzOoglxaHPad+f3ZZ+/5FKxSLxoNOYuiGeCBYwgnUheWaj62VO3hqFWE/9IMM5Oq97ZtNqW3OgVWJXpAkVup75NRpHJAmp0IRjpYa2FWs3w1IzwmleHyWKxpjM8IQOCypwSJWbzcPn6KxQxiiIZPGERnP190aGQ6XS0C8my5Bq2SvF/7xhooNrN2MiTjQVZHEoSDjSESqbQGMmKdE8LQgmkhVZEZliiYku+ipLsJe/vEp6F23batv3l83OTVVHDU7gFFpgwxV04A664ACBFJ7hFd6MJ+PFeDc+FqNrRrXTgD8wPn8AinGUBw==</latexit>

Minimize the distance

DKL (PU ||P✓) = �
X

a

PU (a) ln
P✓ (a)

PU (a)
<latexit sha1_base64="OKhuqzGJ8vwDvnE57T0duWKje/I="></latexit><latexit sha1_base64="OKhuqzGJ8vwDvnE57T0duWKje/I="></latexit><latexit sha1_base64="OKhuqzGJ8vwDvnE57T0duWKje/I="></latexit><latexit sha1_base64="OKhuqzGJ8vwDvnE57T0duWKje/I="></latexit>

DKL (PU ||P✓) = H(PU , P✓)�H(PU )
<latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="oGSJ27vtxxYLJCZsFEKH4KXws/8="></latexit><latexit sha1_base64="oGSJ27vtxxYLJCZsFEKH4KXws/8="></latexit><latexit sha1_base64="6VlzaDJe+BeKLdiSeVJ3OJzU/lI="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit><latexit sha1_base64="Wk4ggWHzvFjOS2uWg/S1tnRV0PE="></latexit>

H(PU , P✓) = �
X

a

PU (a) lnP✓ (a) = �
X

a,a0

P (a0)Oaa0 lnP✓ (a)

<latexit sha1_base64="6A+rMCVHlw6+ArHd6Rqi+CNHZNs="></latexit><latexit sha1_base64="6A+rMCVHlw6+ArHd6Rqi+CNHZNs="></latexit><latexit sha1_base64="6A+rMCVHlw6+ArHd6Rqi+CNHZNs="></latexit><latexit sha1_base64="6A+rMCVHlw6+ArHd6Rqi+CNHZNs="></latexit>



RESULTS: STATE PREPARATION FOR SIMPLE STATES

GHZ state

Linear graph state

cZ =

2

664

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 �1

3

775

<latexit sha1_base64="i+cLjaV60rz8hV+JJbnviBepXj0="></latexit><latexit sha1_base64="i+cLjaV60rz8hV+JJbnviBepXj0="></latexit><latexit sha1_base64="i+cLjaV60rz8hV+JJbnviBepXj0="></latexit><latexit sha1_base64="i+cLjaV60rz8hV+JJbnviBepXj0="></latexit>

a

b

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

.
.
.


X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

.
.
.


Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

H
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Based on a small transformer
FClassical =

X

a

p
P (a)Pmodel(a)
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<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

H
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FIG. 3. Measures of training of two qubit circuits (shown in insets of (a) and (e)) between the exact state and the quantum
state represented by a Transformer (dmodel = 16) after each circuit element. KL divergence (a and e), classical fidelity (b and
f), L1 norm (c and g) and the quantum fidelity (d and h). The main panels use a log-linear scale whereas the inset in (h)
displays the fidelity in linear scale.
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H<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

. . 

X<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

X<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

X<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

. . 

Z<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

Z<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>
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GHZ

Graph

FIG. 4. Classical fidelity Fc between the final probability
distribution of the Transformer versus the exact POVM mea-
surements of the post-circuit quantum states as a function of
the total number of qubits for circuits (see insets) generating
the GHZ state and linear graph states. The latter is shown
with Transformers of hidden dimensions 16 and 32.

scheme which updates the Transformer after each gate
application within the quantum circuit. This sampling
scheme works well out to a large number of qubits; in
this work we demonstrate simulations up to 60 qubits
and empirically see that the accuracy of the simulation
drops roughly linearly with the number of qubits at a
fixed hidden dimension of the Transformer architecture.

FIG. 5. Fidelity measurements of a VQE circuit for the prepa-
ration of a 6-qubit ground state of the TFIM as a function of
the gate number. The inset shows the classical fidelity which
is seen to decrease approximately linearly with the number of
gates applied to the state.

We observe that increasing the hidden dimension of the
model improves our results for the circuits we considered.
Although this observation suggests that our approach is
scalable, a detailed study of the representational power
of the Transformer and its relation to optimization over
a wider class of circuits and Transformer hyperparame-
ters is required to properly establish the scalability and
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|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

|0i
<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

|0i
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FIG. 4. Measures of training of two qubit circuits (shown in insets of (a) and (e) ) between the exact state and the quantum
state represented by a transformer (16 hidden dimensions) after each circuit element including KL divergence (a and e), classical
fidelity (b and f), L1 norm (c and g) and the quantum fidelity (d and h).
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<latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit><latexit sha1_base64="emU9ZzOfb7+5LdLhFAFWsOvPslI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthXbUDbbSbt0swm7G6HE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz08OT2FJVDgZV+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/o8pwJnBa6aUaE8rGdIhdSyWNUPvZ7OIpObHKgISxsiUNmam/JzIaaT2JAtsZUTPSi14u/ud1UxNe+hmXSWpQsvmiMBXExCR/nwy4QmbExBLKFLe3EjaiijJjQ8pD8BZfXibts7rn1r3b81rjqoijDEdwDKfgwQU04Aaa0AIGEp7hFd4c7bw4787HvLXkFDOH8AfO5w/sxpBp</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

. . 

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

. . 

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

|+i
<latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3B+GjuXxieIgjiuGsa0io3I45Qg=">AAAB5XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40aXghuXFZy20g4lk95pQ5PMkGSEMvYp3LhQxFdy59uY/iy09UDg45yE3HviTHBjff/bK21sbm3vlHcre9X9g8PaUbVl0lwzDFkqUt2JqUHBFYaWW4GdTCOVscB2PL6d5e0n1Ian6sFOMowkHSqecEatsx6fL3qaqqHAfq3uN/y5yDoES6jDUs1+7as3SFkuUVkmqDHdwM9sVFBtORM4rfRygxllYzrErkNFJZqomA88JWfOGZAk1e4oS+bu7xcFlcZMZOxuSmpHZjWbmf9l3dwm11HBVZZbVGzxUZILYlMy254MuEZmxcQBZZq7WQkbUU2ZdR1VXAnB6srr0LpsBH4juPehDCdwCucQwBXcwB00IQQGEl7gDd497b16H4u6St6yt2P4I+/zB3WgjvU=</latexit><latexit sha1_base64="3B+GjuXxieIgjiuGsa0io3I45Qg=">AAAB5XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40aXghuXFZy20g4lk95pQ5PMkGSEMvYp3LhQxFdy59uY/iy09UDg45yE3HviTHBjff/bK21sbm3vlHcre9X9g8PaUbVl0lwzDFkqUt2JqUHBFYaWW4GdTCOVscB2PL6d5e0n1Ian6sFOMowkHSqecEatsx6fL3qaqqHAfq3uN/y5yDoES6jDUs1+7as3SFkuUVkmqDHdwM9sVFBtORM4rfRygxllYzrErkNFJZqomA88JWfOGZAk1e4oS+bu7xcFlcZMZOxuSmpHZjWbmf9l3dwm11HBVZZbVGzxUZILYlMy254MuEZmxcQBZZq7WQkbUU2ZdR1VXAnB6srr0LpsBH4juPehDCdwCucQwBXcwB00IQQGEl7gDd497b16H4u6St6yt2P4I+/zB3WgjvU=</latexit><latexit sha1_base64="V4Myza0IcaYShAHKcI+Z327BRYc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoMgCOHORsugjWUEkyjJEfY2c8mS3b1jd08IMb/CxkIRW3+Onf/GTXKFJj4YeLw3w8y8KBXcWN//9gorq2vrG8XN0tb2zu5eef+gaZJMM2ywRCT6PqIGBVfYsNwKvE81UhkJbEXD66nfekRteKLu7CjFUNK+4jFn1Drp4emso6nqC+yWK37Vn4EskyAnFchR75a/Or2EZRKVZYIa0w781IZjqi1nAielTmYwpWxI+9h2VFGJJhzPDp6QE6f0SJxoV8qSmfp7YkylMSMZuU5J7cAselPxP6+d2fgyHHOVZhYVmy+KM0FsQqbfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrc+pXaVR5HEY7gGE4hgAuowQ3UoQEMJDzDK7x52nvx3r2PeWvBy2cO4Q+8zx+sMpBM</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit><latexit sha1_base64="7l45lHpbJkqOlg+BYFffOdlcRHc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/ShrLZTtqlm03Y3Qgl9ld48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSzvzThBP6IDyUPOqLHSw9NZV1E5ENgrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTwhJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAIIJneIU3RzkvzrvzMW8tOPnMIfyB8/kDrXKQUA==</latexit>
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GHZ

Graph

FIG. 5. Classical fidelity Fc between the final probability
distribution of the transformer versus the exact POVM mea-
surements of the post-circuit quantum states as a function of
the total number of qubits for circuits (see insets) generating
the GHZ state and linear graph states. The latter is shown
with transformers of hidden dimensions 16 and 32.

FIG. 6. Various fidelities after each gate for a 6 qubit varia-
tional quantum circuit.
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representations in terms of probability distributions,

| i =
X

�

 (�) |�i =
X

�

p
P (�) |�i . (6)

This property has been exploited extensively in wave
function representations using generative models such as
restricted Boltzmann machines [19]. For such wave func-
tions, it is also natural to try to approximate P (�) with
a conventional RNN, as illustrated in Fig. 2(a). For later
reference we call this architecture a positive recurrent
neural network wave function (pRNN wave function).

(b)
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RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�0
<latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�2
<latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit>

P1
<latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit>

P2
<latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit>

P3
<latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit>

 (�)
<latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�0
<latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

�2
<latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit>

P2
<latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit>

P3
<latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit>

 (�)
<latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit>

P1
<latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit>

�1
<latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit> S

<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit>

�2
<latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit>

�3
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Figure 2. (a) pRNN wave function: A graphical representa-
tion of the computation of positive amplitudes using one RNN
cell along with a Softmax layer (magenta circles) to compute
the modulus | (�)|2 = P (�). (b) cRNN wave function: A
graphical representation of the computation of complex am-
plitudes using one RNN cell along with a Softmax layer (ma-
genta circles) and a Softsign (SS) layer (orange circles). The
first computes the modulus | (�)|2 = P (�), the second to
computes the phase �(�) of  (�).

The generalization to the complex case starts by split-
ting the wave function into an amplitude and phase �(�)
[42] as

| i =
X

�

exp(i�(�))
p

P (�) |�i . (7)

As illustrated in Fig. 2(b), we use one RNN cell and a
Softmax layer to model the probability, together with
a Softsign layer (as defined below) to model the phase.
In this parametrization, the first layer uses the Softmax
activation function to get conditional probabilities Pn as

Pn = y(1)
n · �n, (8)

where

y(1)
n = S

⇣
U

(1)hn + c(1)
⌘

, (9)

in a similar fashion to Eq. (3). The Softsign layer is used
to compute the phases as

�n = y(2)
n · �n, (10)

where

y(2)
n = ⇡ Softsign

⇣
U

(2)hn + c(2)
⌘

. (11)

The Softsign function is defined as

Softsign(x) =
x

1 + |x| 2 (�1, 1).

Finally, the probability P (�) is obtained from the N in-
dividual contributions Pn as

P (�) ⌘ ⇧N
n=1Pn, (12)

and, similarly, the phase �(�) is computed as

�(�) ⌘
NX

n=1

�n. (13)

Note that sampling from the square of the amplitudes
P (�) is una↵ected by the Softsign layer and is carried
out, as described above, using only the Softmax layer as
in Fig. 1(c). For later reference, we call this architecture
a complex recurrent neural network wave function (cRNN
wave function), and hereafter, the term RNN wave func-
tion will refer to both pRNN wave functions and cRNN
wave functions. Details about the dimensions of the vari-
ational parameters of RNN wave functions can be found
in App. A.

III. GROUND STATES WITH RNN WAVE
FUNCTIONS

We focus our attention on the ground state proper-
ties of prototypical Hamiltonians in condensed matter
physics including the one- and two-dimensional (1D and
2D) transverse field Ising model (TFIM), as well as the
1D J1-J2 model, both with open boundary conditions.
Their Hamiltonians are given by

ĤTFIM = �
X

hi,ji

�̂
z
i �̂

z
j � h

X

i

�̂
x
i , (14)

where �̂(x,y,z)
i are Pauli matrices acting on site i, and

ĤJ1�J2 = J1

X

hi,ji

Ŝi · Ŝj + J2

X

hhi,jii

Ŝi · Ŝj . (15)

where Ŝi is a spin-1/2 operator. Here, hi, ji and hhi, jii
denote nearest- and next-nearest-neighbor pairs, respec-
tively. Energies for the J1-J2 model are measured in units
of J1 = 1 in the results that follow.

To train our models we use the variational principle,
where for a given problem Hamiltonian Ĥ, the optimiza-
tion strategy involves minimizing the expectation value
E� = h �|Ĥ| �i � E0 with respect to the variational
parameters �. Here, E0 is the exact ground state en-
ergy of Ĥ. The variational parameters � are updated
using variants of the gradient descent algorithm with the
objective of minimizing E� = h �|Ĥ| �i. We provide
a detailed description of the VMC scheme and the opti-
mization strategy with which we optimize our RNN wave
functions in App. C.
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representations in terms of probability distributions,

| i =
X

�

 (�) |�i =
X

�

p
P (�) |�i . (6)

This property has been exploited extensively in wave
function representations using generative models such as
restricted Boltzmann machines [19]. For such wave func-
tions, it is also natural to try to approximate P (�) with
a conventional RNN, as illustrated in Fig. 2(a). For later
reference we call this architecture a positive recurrent
neural network wave function (pRNN wave function).

(b)
<latexit sha1_base64="mDF3pIt8zg/HJLOYfx4mhcdUPbk=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZpXgbNIrld2qOwNdJl5OyiRHvVf66vZjnkagkEtmTMdzE/QzplFwCZNiNzWQMD5iA+hYqlgExs9mF0/oqVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbzyM6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQijYEb/HlZdI8r3pu1bu7KNeu8zgK5JickArxyCWpkVtSJw3CiSLP5JW8OcZ5cd6dj3nripPPHJE/cD5/AFBCkKo=</latexit><latexit sha1_base64="mDF3pIt8zg/HJLOYfx4mhcdUPbk=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZpXgbNIrld2qOwNdJl5OyiRHvVf66vZjnkagkEtmTMdzE/QzplFwCZNiNzWQMD5iA+hYqlgExs9mF0/oqVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbzyM6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQijYEb/HlZdI8r3pu1bu7KNeu8zgK5JickArxyCWpkVtSJw3CiSLP5JW8OcZ5cd6dj3nripPPHJE/cD5/AFBCkKo=</latexit><latexit sha1_base64="mDF3pIt8zg/HJLOYfx4mhcdUPbk=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZpXgbNIrld2qOwNdJl5OyiRHvVf66vZjnkagkEtmTMdzE/QzplFwCZNiNzWQMD5iA+hYqlgExs9mF0/oqVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbzyM6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQijYEb/HlZdI8r3pu1bu7KNeu8zgK5JickArxyCWpkVtSJw3CiSLP5JW8OcZ5cd6dj3nripPPHJE/cD5/AFBCkKo=</latexit><latexit sha1_base64="mDF3pIt8zg/HJLOYfx4mhcdUPbk=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZpXgbNIrld2qOwNdJl5OyiRHvVf66vZjnkagkEtmTMdzE/QzplFwCZNiNzWQMD5iA+hYqlgExs9mF0/oqVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbzyM6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQijYEb/HlZdI8r3pu1bu7KNeu8zgK5JickArxyCWpkVtSJw3CiSLP5JW8OcZ5cd6dj3nripPPHJE/cD5/AFBCkKo=</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�0
<latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�2
<latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit>

P1
<latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit>

P2
<latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit>

P3
<latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit>

 (�)
<latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�0
<latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

�2
<latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit>

P2
<latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit>

P3
<latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit>

 (�)
<latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit>

P1
<latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit>

�1
<latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit> S

<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit>

�2
<latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit>

�3
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Figure 2. (a) pRNN wave function: A graphical representa-
tion of the computation of positive amplitudes using one RNN
cell along with a Softmax layer (magenta circles) to compute
the modulus | (�)|2 = P (�). (b) cRNN wave function: A
graphical representation of the computation of complex am-
plitudes using one RNN cell along with a Softmax layer (ma-
genta circles) and a Softsign (SS) layer (orange circles). The
first computes the modulus | (�)|2 = P (�), the second to
computes the phase �(�) of  (�).

The generalization to the complex case starts by split-
ting the wave function into an amplitude and phase �(�)
[42] as

| i =
X

�

exp(i�(�))
p

P (�) |�i . (7)

As illustrated in Fig. 2(b), we use one RNN cell and a
Softmax layer to model the probability, together with
a Softsign layer (as defined below) to model the phase.
In this parametrization, the first layer uses the Softmax
activation function to get conditional probabilities Pn as

Pn = y(1)
n · �n, (8)

where

y(1)
n = S

⇣
U

(1)hn + c(1)
⌘

, (9)

in a similar fashion to Eq. (3). The Softsign layer is used
to compute the phases as

�n = y(2)
n · �n, (10)

where

y(2)
n = ⇡ Softsign

⇣
U

(2)hn + c(2)
⌘

. (11)

The Softsign function is defined as

Softsign(x) =
x

1 + |x| 2 (�1, 1).

Finally, the probability P (�) is obtained from the N in-
dividual contributions Pn as

P (�) ⌘ ⇧N
n=1Pn, (12)

and, similarly, the phase �(�) is computed as

�(�) ⌘
NX

n=1

�n. (13)

Note that sampling from the square of the amplitudes
P (�) is una↵ected by the Softsign layer and is carried
out, as described above, using only the Softmax layer as
in Fig. 1(c). For later reference, we call this architecture
a complex recurrent neural network wave function (cRNN
wave function), and hereafter, the term RNN wave func-
tion will refer to both pRNN wave functions and cRNN
wave functions. Details about the dimensions of the vari-
ational parameters of RNN wave functions can be found
in App. A.

III. GROUND STATES WITH RNN WAVE
FUNCTIONS

We focus our attention on the ground state proper-
ties of prototypical Hamiltonians in condensed matter
physics including the one- and two-dimensional (1D and
2D) transverse field Ising model (TFIM), as well as the
1D J1-J2 model, both with open boundary conditions.
Their Hamiltonians are given by

ĤTFIM = �
X

hi,ji

�̂
z
i �̂

z
j � h

X

i

�̂
x
i , (14)

where �̂(x,y,z)
i are Pauli matrices acting on site i, and

ĤJ1�J2 = J1

X

hi,ji

Ŝi · Ŝj + J2

X

hhi,jii

Ŝi · Ŝj . (15)

where Ŝi is a spin-1/2 operator. Here, hi, ji and hhi, jii
denote nearest- and next-nearest-neighbor pairs, respec-
tively. Energies for the J1-J2 model are measured in units
of J1 = 1 in the results that follow.

To train our models we use the variational principle,
where for a given problem Hamiltonian Ĥ, the optimiza-
tion strategy involves minimizing the expectation value
E� = h �|Ĥ| �i � E0 with respect to the variational
parameters �. Here, E0 is the exact ground state en-
ergy of Ĥ. The variational parameters � are updated
using variants of the gradient descent algorithm with the
objective of minimizing E� = h �|Ĥ| �i. We provide
a detailed description of the VMC scheme and the opti-
mization strategy with which we optimize our RNN wave
functions in App. C.
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representations in terms of probability distributions,

| i =
X

�

 (�) |�i =
X

�

p
P (�) |�i . (6)

This property has been exploited extensively in wave
function representations using generative models such as
restricted Boltzmann machines [19]. For such wave func-
tions, it is also natural to try to approximate P (�) with
a conventional RNN, as illustrated in Fig. 2(a). For later
reference we call this architecture a positive recurrent
neural network wave function (pRNN wave function).
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S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�2
<latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit>

P1
<latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit>

P2
<latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit>

P3
<latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit>

 (�)
<latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

�0
<latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit><latexit sha1_base64="Jenv/hyCjrsyvMxKVve+rWvvKUE=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2ARPJVdEfRY9OKxgn1Ad1my2bQNzWNJskJZe/CvePGgiFf/hjf/jdl2D9o6EDLMfB+ZTJwyqo3nfTuVldW19Y3qZm1re2d3z90/6GiZKUzaWDKpejHShFFB2oYaRnqpIojHjHTj8U3hdx+I0lSKezNJScjRUNABxchYKXKPgliyRE+4vfJA0yFH08irRW7da3gzwGXil6QOSrQi9ytIJM44EQYzpHXf91IT5kgZihmZ1oJMkxThMRqSvqUCcaLDfJZ/Ck+tksCBVPYIA2fq740ccV1EtJMcmZFe9ArxP6+fmcFVmFORZoYIPH9okDFoJCzKgAlVBBs2sQRhRW1WiEdIIWxsZUUJ/uKXl0nnvOF7Df/uot68LuuogmNwAs6ADy5BE9yCFmgDDB7BM3gFb86T8+K8Ox/z0YpT7hyCP3A+fwANs5YY</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

�1
<latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit><latexit sha1_base64="kSoFpoto/NxS8vNWd/QjS9Rr8XE=">AAAB/nicbVDNS8MwHE3n15xfVfHkJTgET6MVQY9DLx4nuDlYS0nTdAvLR0lSYZSB/4oXD4p49e/w5n9juvWgmw9CHu/9fuTlxRmj2njet1NbWV1b36hvNra2d3b33P2Dnpa5wqSLJZOqHyNNGBWka6hhpJ8pgnjMyEM8vin9h0eiNJXi3kwyEnI0FDSlGBkrRe5REEuW6Am3VxFoOuRoGvmR2/Ra3gxwmfgVaYIKncj9ChKJc06EwQxpPfC9zIQFUoZiRqaNINckQ3iMhmRgqUCc6LCYxZ/CU6skMJXKHmHgTP29USCuy4R2kiMz0oteKf7nDXKTXoUFFVluiMDzh9KcQSNh2QVMqCLYsIklCCtqs0I8QgphYxtr2BL8xS8vk955y/da/t1Fs31d1VEHx+AEnAEfXII2uAUd0AUYFOAZvII358l5cd6dj/lozal2DsEfOJ8/0k6WBQ==</latexit>

RNN
<latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit><latexit sha1_base64="Z3qkTg0hx4U2t/snaENeYB+2j1o=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VSq2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHN7nfeWTacCUfYJKwICZDySNOCVjJ7wF7guy+0ZiW+5WqW3NnwMvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsWu6lhiWEjsmQ+ZZKEjMTZLOTp/jUKgMcKW1LAp6pvycyEhsziUPbGRMYmUUvF//z/BSiqyDjMkmBSTpfFKUCg8L5/3jANaMgJpYQqrm9FdMR0YSCTSkPwVt8eZm0z2ueW/PuLqr16yKOEjpGJ+gMeegS1dEtaqIWokihZ/SK3hxwXpx352PeuuIUM0foD5zPH+JOkPk=</latexit>

�2
<latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit><latexit sha1_base64="JH5HzsTDWf/bzqCEuB8Q1phBmhk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqqSCgnGChbGItGH1ESR4zitVduJbAepirLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfeEKaNKO863VVtb39jcqm83dnb39g/sw6O+SjKJSQ8nLJHDECnCqCA9TTUjw1QSxENGBuH0tvQHj0QqmogHPUuJz9FY0JhipI0U2CdemLBIzbj5ck/RMUdFkLeLwG46LWcOuErcijRBhW5gf3lRgjNOhMYMKTVynVT7OZKaYkaKhpcpkiI8RWMyMlQgTpSfzw8o4LlRIhgn0jyh4Vz93ZEjrsodTSVHeqKWvVL8zxtlOr72cyrSTBOBF4PijEGdwDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dst1Wu79ZbNzU8VRB6fgDFwAF1yBDrgDXdADGBTgGbyCN+vJerHerY9Fac2qeo7BH1ifP6f+lxI=</latexit>

P2
<latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit><latexit sha1_base64="lSzqROD0s+VosWM1kBImgIJk6yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDQNY15</latexit>

P3
<latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit><latexit sha1_base64="l74AQsz3bi+O3h7+xb0forB7Jrk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ohf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDRuY16</latexit>

 (�)
<latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit><latexit sha1_base64="r8on/rknK+UF/u76yie5LhVv0y8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KIoMuiG5cV7AOaUCaTSTp08mDmRiihf+DGX3HjQhG3bt35N07aLLT1wDCHc+7l3nu8VHAFlvVtVFZW19Y3qpu1re2d3T1z/6CrkkxS1qGJSGTfI4oJHrMOcBCsn0pGIk+wnje+KfzeA5OKJ/E9TFLmRiSMecApAS0NzVMnVdwRLIAGdrxE+GoS6S93FA8jMsWO5OEIzoZm3WpaM+BlYpekjkq0h+aX4yc0i1gMVBClBraVgpsTCZwKNq05mWIpoWMSsoGmMYmYcvPZPVN8ohUfB4nULwY8U3935CRSxZ66MiIwUoteIf7nDTIIrtycx2kGLKbzQUEmMCS4CAf7XDIKYqIJoZLrXTEdEUko6AhrOgR78eRl0j1v2lbTvruot67LOKroCB2jBrLRJWqhW9RGHUTRI3pGr+jNeDJejHfjY15aMcqeQ/QHxucPXZqc2Q==</latexit>

P1
<latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit><latexit sha1_base64="H7gUl/4E21BHHUR2PFWjbIzT39s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodH3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB86xjXg=</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit>

�1
<latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit><latexit sha1_base64="28NH/mpTLoJn1ZeidGBZCd7O26U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1eumI93Nv2q/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ/fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRNdBzmWaGZRssSjKBDEJmT1PBlwhM2JiCWWK21sJG1FFmbERVWwI3vLLq6R1Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETfGAg4Ble4c15dF6cd+dj0Vpyiplj+APn8wcCQY/v</latexit>

S
<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit> S

<latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit><latexit sha1_base64="QFNaeUnKhL9nd6LB5oQADAVSHuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8f6UVtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj69xvP6HSPJYPZpKgH9Gh5CFn1Fjp7r7Sr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCSz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8azuuXXv9rzWuCriKMMRHMMpeHABDbiBJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8f4oSM6w==</latexit>

SS
<latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit><latexit sha1_base64="ZWkeEkN/jSPmgixsH9bQPTDSpzo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dq7Qe0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Gj0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A1E3jTQ=</latexit>

�2
<latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit><latexit sha1_base64="Nt3dbhURGps0a4/bv3m3OEP85RA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnV4yEv2sNuuXK27VXYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqaIRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmVpMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQGEp7hFd6cifPivDsfy9aCk8+cwh84nz8Dxo/w</latexit>

�3
<latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wtZeAiRKl02NscXUZLNJ1uCclIA=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2VGF7oU3LisYB/QDiWT3mlDM5kxuSOUoX/CjQtF/E3u/Demj4W2Hgh8nJOQe0+UKWnJ97+9jc2t7Z3d0l55v3JweFQ9rrRsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdje9mefsZjZWpfqRJhmHCh1rGUnByVqeXjWS/uJr2qzW/7s/F1iFYQg2WavSrX71BKvIENQnFre0GfkZhwQ1JoXBa7uUWMy7GfIhdh5onaMNiPu+UnTtnwOLUuKOJzd3fLwqeWDtJIncz4TSyq9nM/C/r5hTfhIXUWU6oxeKjOFeMUjZbng2kQUFq4oALI92sTIy44YJcRWVXQrC68jq0LuuBXw8efCjBKZzBBQRwDbdwDw1oggAFL/AG796T9+p9LOra8Ja9ncAfeZ8/0VGOlw==</latexit><latexit sha1_base64="wtZeAiRKl02NscXUZLNJ1uCclIA=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2VGF7oU3LisYB/QDiWT3mlDM5kxuSOUoX/CjQtF/E3u/Demj4W2Hgh8nJOQe0+UKWnJ97+9jc2t7Z3d0l55v3JweFQ9rrRsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdje9mefsZjZWpfqRJhmHCh1rGUnByVqeXjWS/uJr2qzW/7s/F1iFYQg2WavSrX71BKvIENQnFre0GfkZhwQ1JoXBa7uUWMy7GfIhdh5onaMNiPu+UnTtnwOLUuKOJzd3fLwqeWDtJIncz4TSyq9nM/C/r5hTfhIXUWU6oxeKjOFeMUjZbng2kQUFq4oALI92sTIy44YJcRWVXQrC68jq0LuuBXw8efCjBKZzBBQRwDbdwDw1oggAFL/AG796T9+p9LOra8Ja9ncAfeZ8/0VGOlw==</latexit><latexit sha1_base64="wP8AmisC7cB930zgR6zczdrVjdQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0n0oMeiF48VTFtoQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbq9NIR7+eX03615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmiCnynAmcFrpZRpTysZ0iF1LJY1RB/n83ik5s8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroOci7TzKBki0VRJohJyOx5MuAKmRETSyhT3N5K2IgqyoyNqGJD8JZfXiWti7rn1r17t9a4KeIowwmcwjl4cAUNuIMm+MBAwDO8wpvz6Lw4787HorXkFDPH8AfO5w8EC4/t</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit><latexit sha1_base64="R4xNP6wsvvsMyOM67/zprDUovkU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ildjcZil52Oe2VK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342v3dKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrPnSV9ozlBOLKFMC3srYUOqKUMbUcmG4C2/vEqaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEMJDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8ABUuP8Q==</latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

(a)
<latexit sha1_base64="n0kiYe3Vk54ukV3OShxrr+ilFZI=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZhV2NumVym7VnYEuEy8nZZKj3it9dfsxTyNQyCUzpuO5CfoZ0yi4hEmxmxpIGB+xAXQsVSwC42eziyf01Cp9GsbalkI6U39PZCwyZhwFtjNiODSL3lT8z+ukGF75mVBJiqD4fFGYSooxnb5P+0IDRzm2hHEt7K2UD5lmHG1IRRuCt/jyMmmeVz236t1dlGvXeRwFckxOSIV45JLUyC2pkwbhRJFn8kreHOO8OO/Ox7x1xclnjsgfOJ8/TryQqQ==</latexit><latexit sha1_base64="n0kiYe3Vk54ukV3OShxrr+ilFZI=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZhV2NumVym7VnYEuEy8nZZKj3it9dfsxTyNQyCUzpuO5CfoZ0yi4hEmxmxpIGB+xAXQsVSwC42eziyf01Cp9GsbalkI6U39PZCwyZhwFtjNiODSL3lT8z+ukGF75mVBJiqD4fFGYSooxnb5P+0IDRzm2hHEt7K2UD5lmHG1IRRuCt/jyMmmeVz236t1dlGvXeRwFckxOSIV45JLUyC2pkwbhRJFn8kreHOO8OO/Ox7x1xclnjsgfOJ8/TryQqQ==</latexit><latexit sha1_base64="n0kiYe3Vk54ukV3OShxrr+ilFZI=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZhV2NumVym7VnYEuEy8nZZKj3it9dfsxTyNQyCUzpuO5CfoZ0yi4hEmxmxpIGB+xAXQsVSwC42eziyf01Cp9GsbalkI6U39PZCwyZhwFtjNiODSL3lT8z+ukGF75mVBJiqD4fFGYSooxnb5P+0IDRzm2hHEt7K2UD5lmHG1IRRuCt/jyMmmeVz236t1dlGvXeRwFckxOSIV45JLUyC2pkwbhRJFn8kreHOO8OO/Ox7x1xclnjsgfOJ8/TryQqQ==</latexit><latexit sha1_base64="n0kiYe3Vk54ukV3OShxrr+ilFZI=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRi8cK9gPbUDbbSbt0swm7E7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WI2gjYnWP4wT8iA2UCAVnaKWHLsITZhV2NumVym7VnYEuEy8nZZKj3it9dfsxTyNQyCUzpuO5CfoZ0yi4hEmxmxpIGB+xAXQsVSwC42eziyf01Cp9GsbalkI6U39PZCwyZhwFtjNiODSL3lT8z+ukGF75mVBJiqD4fFGYSooxnb5P+0IDRzm2hHEt7K2UD5lmHG1IRRuCt/jyMmmeVz236t1dlGvXeRwFckxOSIV45JLUyC2pkwbhRJFn8kreHOO8OO/Ox7x1xclnjsgfOJ8/TryQqQ==</latexit>

h0 h1 h2 h3 hN�1 hN hn�1 hn
<latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit><latexit sha1_base64="clDwaWGdaobaYRA3Hntmi2Eh1Eg="></latexit>

Figure 2. (a) pRNN wave function: A graphical representa-
tion of the computation of positive amplitudes using one RNN
cell along with a Softmax layer (magenta circles) to compute
the modulus | (�)|2 = P (�). (b) cRNN wave function: A
graphical representation of the computation of complex am-
plitudes using one RNN cell along with a Softmax layer (ma-
genta circles) and a Softsign (SS) layer (orange circles). The
first computes the modulus | (�)|2 = P (�), the second to
computes the phase �(�) of  (�).

The generalization to the complex case starts by split-
ting the wave function into an amplitude and phase �(�)
[42] as

| i =
X

�

exp(i�(�))
p

P (�) |�i . (7)

As illustrated in Fig. 2(b), we use one RNN cell and a
Softmax layer to model the probability, together with
a Softsign layer (as defined below) to model the phase.
In this parametrization, the first layer uses the Softmax
activation function to get conditional probabilities Pn as

Pn = y(1)
n · �n, (8)

where

y(1)
n = S

⇣
U

(1)hn + c(1)
⌘

, (9)

in a similar fashion to Eq. (3). The Softsign layer is used
to compute the phases as

�n = y(2)
n · �n, (10)

where

y(2)
n = ⇡ Softsign

⇣
U

(2)hn + c(2)
⌘

. (11)

The Softsign function is defined as

Softsign(x) =
x

1 + |x| 2 (�1, 1).

Finally, the probability P (�) is obtained from the N in-
dividual contributions Pn as

P (�) ⌘ ⇧N
n=1Pn, (12)

and, similarly, the phase �(�) is computed as

�(�) ⌘
NX

n=1

�n. (13)

Note that sampling from the square of the amplitudes
P (�) is una↵ected by the Softsign layer and is carried
out, as described above, using only the Softmax layer as
in Fig. 1(c). For later reference, we call this architecture
a complex recurrent neural network wave function (cRNN
wave function), and hereafter, the term RNN wave func-
tion will refer to both pRNN wave functions and cRNN
wave functions. Details about the dimensions of the vari-
ational parameters of RNN wave functions can be found
in App. A.

III. GROUND STATES WITH RNN WAVE
FUNCTIONS

We focus our attention on the ground state proper-
ties of prototypical Hamiltonians in condensed matter
physics including the one- and two-dimensional (1D and
2D) transverse field Ising model (TFIM), as well as the
1D J1-J2 model, both with open boundary conditions.
Their Hamiltonians are given by

ĤTFIM = �
X

hi,ji

�̂
z
i �̂

z
j � h

X

i

�̂
x
i , (14)

where �̂(x,y,z)
i are Pauli matrices acting on site i, and

ĤJ1�J2 = J1

X

hi,ji

Ŝi · Ŝj + J2

X

hhi,jii

Ŝi · Ŝj . (15)

where Ŝi is a spin-1/2 operator. Here, hi, ji and hhi, jii
denote nearest- and next-nearest-neighbor pairs, respec-
tively. Energies for the J1-J2 model are measured in units
of J1 = 1 in the results that follow.

To train our models we use the variational principle,
where for a given problem Hamiltonian Ĥ, the optimiza-
tion strategy involves minimizing the expectation value
E� = h �|Ĥ| �i � E0 with respect to the variational
parameters �. Here, E0 is the exact ground state en-
ergy of Ĥ. The variational parameters � are updated
using variants of the gradient descent algorithm with the
objective of minimizing E� = h �|Ĥ| �i. We provide
a detailed description of the VMC scheme and the opti-
mization strategy with which we optimize our RNN wave
functions in App. C.
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Since the TFIM in Eq. (14) is stoquastic, the ground
state is positive [41] and hence we use the pRNN wave
function ansatz. The J1-J2 model with positive cou-
plings, on the other hand, has a ground state endowed
with a sign structure in the computational z-basis, and
thus we use a cRNN wave function ansatz.

In the following sections, we use 1D RNN wave func-
tions to approximate the ground state problem of the
1D TFIM and the 1D J1-J2 model, whereas we use both
1D and 2D pRNN wave functions in the case of the 2D
TFIM.

A. 1D transverse field Ising model

To demonstrate the power of our proposed method,
we use it to target the ground state of a TFIM in one
dimension with N = 1000 spins at the critical point h =
1 using a pRNN wave function that has a single-layer
RNN with 50 memory units. In Fig. 3(a), we show the
evolution of the relative error

✏ ⌘ |ERNN � EDMRG|
|EDMRG| , (16)

and the energy variance per spin

�
2 ⌘

D
Ĥ

2
E

�
D
Ĥ

E2

N
, (17)

as a function of the training step. EDMRG is the ground
state energy as obtained from a density matrix renor-
malization group (DMRG) calculation [43, 44], and can
be considered exact in one dimension. We obtain very
accurate results with a modest number of parameters
(⇠ 8000, see App. A). For comparison, the number of
parameters of a restricted Boltzmann machine (RBM)
[9] with one layer scales as MN with M the number of
hidden units and N the number of physical spins. This
scaling implies that the pRNN wave function here has
the same number of variational parameters as an RBM
with only eight hidden units.

While energies and variances give a quantitative indi-
cation of the quality of a variational wave function, corre-
lation functions provide a more comprehensive character-
ization. Indeed, correlation functions are at the heart of
condensed matter theory since many experimental probes
in condensed matter physics directly relate to measure-
ments of correlation functions. Examples include inelas-
tic scattering, which probes density-density correlation
functions, and the Green’s function, out of which impor-
tant thermodynamic properties of a quantum system can
be computed [45]. In Fig. 3(b) we compare the RNN re-
sults for the two-point correlation functions hŜx

nŜ
x
mi and

hŜz
nŜ

z
mi with DMRG. Here, we see consistency between

the RNN and the DMRG results.
Extracting entanglement entropy from many-body

quantum systems is a central theme in condensed matter
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Ŝ

z n
i

DMRG

RNN

0.10

0.11

0.12

0.13

0.14

hŜ
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Figure 3. Results for the pRNN wave function compared
with DMRG when targeting the ground state of a 1D TFIM
at the critical point. Our pRNN wave function has one layer
with 50 units. (a) The relative error ✏ and the energy variance
per spin �2 against the number of training steps (i.e. gradient
descent steps) for N = 1000 spins. We use only 200 samples
per gradient step, which are enough to achieve convergence.
(b) The two-point correlation function hŜ40Ŝni along the x-
axis and z-axis of the optimized pRNN wave function for sites
n > 40 using 106 samples. DMRG results are also shown for
comparison. (c) The Rényi entropy S2 against the relative size
of subregion A for system sizes N = 20 and 80. In both (b)
and (c), the error bars are smaller than the data points.
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[9] with one layer scales as MN with M the number of
hidden units and N the number of physical spins. This
scaling implies that the pRNN wave function here has
the same number of variational parameters as an RBM
with only eight hidden units.

While energies and variances give a quantitative indi-
cation of the quality of a variational wave function, corre-
lation functions provide a more comprehensive character-
ization. Indeed, correlation functions are at the heart of
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in condensed matter physics directly relate to measure-
ments of correlation functions. Examples include inelas-
tic scattering, which probes density-density correlation
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Figure 3. Results for the pRNN wave function compared
with DMRG when targeting the ground state of a 1D TFIM
at the critical point. Our pRNN wave function has one layer
with 50 units. (a) The relative error ✏ and the energy variance
per spin �2 against the number of training steps (i.e. gradient
descent steps) for N = 1000 spins. We use only 200 samples
per gradient step, which are enough to achieve convergence.
(b) The two-point correlation function hŜ40Ŝni along the x-
axis and z-axis of the optimized pRNN wave function for sites
n > 40 using 106 samples. DMRG results are also shown for
comparison. (c) The Rényi entropy S2 against the relative size
of subregion A for system sizes N = 20 and 80. In both (b)
and (c), the error bars are smaller than the data points.
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physics, with entanglement entropy providing an addi-
tional window into the structure of complex quantum
states of matter beyond what is seen from correlation
functions. Of particular interest is the family of Rényi
entropies of order ↵ of a reduced density matrix ⇢,

S↵(⇢) =
1

1 � ↵
log (Tr⇢↵) . (18)

S↵(⇢) encodes important non-local properties of quan-
tum many-body systems such as topological entangle-
ment, and contains information about universal prop-
erties of quantum phases such as the central charge
c [46, 47]. Due to their non-local character, extracting
Rényi entropies from many-body quantum systems is no-
toriously di�cult. Here, we use the so-called replica trick
[48] to calculate the ↵ = 2 Rényi entropy S2(⇢) for RNN
wave functions. The details of the implementation can
be found in App. E. In Fig. 3(c), we show results for
the Rényi entropy S2(⇢`) for two di↵erent system sizes
N = 20, 80 of 1D TFIM. ⇢` here is the reduced density
matrix on the first ` sites of the spin chain, obtained by
tracing out all sites n 2 [`+ 1, L] such that

⇢` = Trn2[`+1,L] (| i h |) . (19)

Indeed for both system sizes, Fig. 3(c) shows excellent
agreement between the pRNN wave function estimation
and the DMRG result. To improve the overall quality of
the quantum state, we have enforced the parity symmetry
on our pRNN wave function (see App. D 1), denoted by
“Symmetric RNN” in Fig. 3(c). We observe that the
symmetric pRNN wave function leads to a more accurate
estimate of S2(⇢`) for N = 80 sites.

B. 1D J1 � J2 model

Moving beyond stoquastic Hamiltonians, we now in-
vestigate the performance of RNN wave functions for a
Hamiltonian the ground state of which has a sign struc-
ture in the computational basis, specifically the J1-J2

model in one dimension.
We use a variationally optimized deep cRNN wave

function with three GRU layers, each with 100 mem-
ory units, to approximate the ground state of the J1-
J2 model. The phase diagram of this model has been
studied with DMRG [49], where it was found that the
model exhibits a quantum phase transition at J

c
2 =

0.241167 ± 0.000005 [50, 51] from a critical Luttinger
liquid phase for J2  J

c
2 to a spontaneously dimerized

gapped valence bond state phase for J2 � J
c
2 .

We impose U(1) spin symmetry in the cRNN wave
function (see App. D 2), and target the ground state at
four di↵erent points J2 = 0.0, 0.2, 0.5, 0.8. Note that at
J2 = 0, the Hamiltonian in Eq. (15) can be made stoquas-
tic by a local unitary transformation that rotates every
other spin by ⇡ around the z-axis. The ground state can
in this case be decomposed as [52]

 (�) = (�1)MA(�)
 ̃(�), (20)

No Sign Marshall Sign

10�3

10�4

10�5

10�6

�

J2 = 0.8

J2 = 0.2

J2 = 0.0

Figure 4. The relative error (compared to DMRG) of the
cRNN wave function trained on the 1D J1 � J2 model with
N = 100 spins for di↵erent values J2, both without a prior
sign (represented by “No Sign”) and with a prior Marshall
sign as in Eq. (20) (represented by “Marshall Sign”). We
observe that applying a Marshall sign improves the accuracy.

where MA(�) is given by MA(�) =
P

i2A �i with �i 2
{0, 1} [52] and  ̃(�) is the positive amplitude of the wave
function. The set A comprises the sites belonging to the
sublattice of all even (or all odd) sites in the lattice. The
prefactor (�1)MA(�) is known as the Marshall sign of
the wave function [52]. For J2 6= 0, this decomposition
is no longer exact, and  ̃(�) acquires a non-trivial sign
structure. For finite J2 the decomposition in Eq. (20)
can still be applied with the hope that the sign structure
of  (�) remains close to the Marshall sign [53].

In Fig. 4, we compare ground state energies of the
cRNN wave function trained on the 1D J1-J2 model with
N = 100 spins with and without applying a Marshall
sign. For small values of J2, we find a considerable im-
provement of the energies when applying the Marshall
sign on top of the cRNN wave function. This observation
highlights the importance of considering a prior “sign
ansatz” to achieve better results. In the absence of a prior
sign, the cRNN wave function can still achieve accurate
estimations of the ground state energies, showing that
cRNN wave functions can recover some of the unknown
sign structure of the ground state. For J2 = 0.8, however,
the improvement is less pronounced, which is expected
due to the emergence of a second sign structure in the
limit J2 ! 1 (when the system decouples into two inde-
pendent unfrustrated Heisenberg chains) [54, 55], that is
widely di↵erent from the Marshall sign in Eq. (20). We
omit from Fig. 4 our results at the point J2 = 0.5. In
this case, the 1D J1-J2 model reduces to the Majumdar-
Ghosh model, where the ground state is a product-state
of spin singlets, and we find agreement with the exact
ground state energy within error bars when we apply an
initial Marshall sign structure. We provide a summary
of the cRNN wave function’s obtained values in App. F.
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state energy as obtained from a density matrix renor-
malization group (DMRG) calculation [43, 44], and can
be considered exact in one dimension. We obtain very
accurate results with a modest number of parameters
(⇠ 8000, see App. A). For comparison, the number of
parameters of a restricted Boltzmann machine (RBM)
[9] with one layer scales as MN with M the number of
hidden units and N the number of physical spins. This
scaling implies that the pRNN wave function here has
the same number of variational parameters as an RBM
with only eight hidden units.

While energies and variances give a quantitative indi-
cation of the quality of a variational wave function, corre-
lation functions provide a more comprehensive character-
ization. Indeed, correlation functions are at the heart of
condensed matter theory since many experimental probes
in condensed matter physics directly relate to measure-
ments of correlation functions. Examples include inelas-
tic scattering, which probes density-density correlation
functions, and the Green’s function, out of which impor-
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Figure 3. Results for the pRNN wave function compared
with DMRG when targeting the ground state of a 1D TFIM
at the critical point. Our pRNN wave function has one layer
with 50 units. (a) The relative error ✏ and the energy variance
per spin �2 against the number of training steps (i.e. gradient
descent steps) for N = 1000 spins. We use only 200 samples
per gradient step, which are enough to achieve convergence.
(b) The two-point correlation function hŜ40Ŝni along the x-
axis and z-axis of the optimized pRNN wave function for sites
n > 40 using 106 samples. DMRG results are also shown for
comparison. (c) The Rényi entropy S2 against the relative size
of subregion A for system sizes N = 20 and 80. In both (b)
and (c), the error bars are smaller than the data points.
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RECURRENT NEURAL NETWORK WAVEFUNCTIONS IN 2 DIMENSIONS

Mohamed Hibat-Allah, Martin Ganahl, Lauren E. Hayward, Roger G. Melko, and Juan Carrasquilla. Phys. Rev. Research 2, 023358 (2020) 
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Figure 5. (a): Autoregressive sampling path of 2D spin configurations using 1D RNN wave functions. The 2D configurations
are generated through raster scanning, such that in order to generate spin �i one has to condition on the spins that are
previously generated. (b): Autoregressive sampling path of 2D spin configurations using 2D RNN wave functions through a
zigzag path, where each site receives two hidden states and two spins from the horizontal and the vertical neighbors that were
previously generated. For both panels (a) and (b), the digits and the green dashed arrows indicate the sampling path, while
the red arrows indicate how the hidden states are passed from one site to another. (c): A comparison of the variational energy
per spin between a 2D pRNN wave function (labeled as 2DRNN), 1D pRNN wave function (labeled as 1DRNN), PixelCNN
wave function [56], and DMRG with bond dimension � for the 2D TFIM on a system with Lx ⇥ Ly = 12 ⇥ 12 spins. The
shaded regions represent the error bars of each method. Note the broken y-axis on the plots for h = 3 and 4, denoting a change
in scale between the upper and lower portions of the plots. These results show that 2D pRNN wave functions can achieve a
performance comparable to PixelCNN wave functions and DMRG with a large bond dimension, while requiring only a fraction
of their variational parameters.

dure, and yields accurate estimations of the ground state
and its energy. From the weak dependence on the number
of layers we conclude that shallow RNNs with a su�cient
number of memory units have enough expressivity and
that deep architectures do not seem to be beneficial from
an accuracy point of view. However, deeper networks
could have potential ramifications regarding memory us-
age and training speed when it comes to training a large
number of variational parameters, as shallow RNNs with
a large number of memory units are equivalent in terms of
number of parameters to deep RNNs with a smaller num-
ber of memory units. We also note that adding residual
connections between layers [68] and dilated connections
between RNN cells [69] to deep RNNs, which we leave
for future investigations, might change our previous con-
clusions and make deep RNNs more beneficial compared

to shallow RNNs.

IV. CONCLUSIONS AND OUTLOOK

We have introduced recurrent neural network wave
functions, a novel variational ansatz for quantum many-
body systems, which we use to approximate ground
state energies, correlation functions, and entanglement of
many-body Hamiltonians of interest to condensed mat-
ter physics. We find that RNN wave functions are com-
petitive with state-of-the-art methods such as DMRG
and PixelCNN wave functions [56], performing partic-
ularly well on the task of finding the ground state of the
transverse-field Ising model in two dimensions. By in-
creasing the number of memory of units in the RNN, the

Very accurate and compact: orders of magnitude less parameters than DMRG, 


pixel CNN. Unlike PEPS, the 2d RNN is tractable. 



VARIATIONAL NEURAL 
ANNEALING
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Combinatorial optimization
• Many important challenges in science and 

technology can be cast as optimization problems. 


• Areas include artificial intelligence, machine 
learning, auction theory, software 
engineering, applied mathematics and theoretical 
computer science


• Traveling salesman problem, nurse scheduling 
problem, Vehicle routing problem, factoring, chip 
placement, etc 

https://en.wikipedia.org/wiki/Artificial_intelligence
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Combinatorial optimization 
by simulated annealing

• Deep connection between materials science and optimization. 
S. Kirkpatrick, C. D. Gelatt, and M. P. Vecchi, “Optimization by 
simulated annealing,” Science 220, 671–680 (1983).


• Annealing in materials and metallurgy: a crystalline solid is 
heated, kept at high temperature for a while, and then slowly 
cooled down to its lowest energy state— enables control of 
the properties of the material. 


• “We show how the Metropolis algorithm for approximate 
numerical simulation of many-body system at a finite 
temperature provides a natural tool for bringing techniques of 
statistical mechanics to bear on optimization”.



• SA mirrors the analogous 
annealing process in materials 
science and metallurgy


• The SA algorithm explores an 
optimization problem's energy 
landscape via a gradual decrease 
in thermal fluctuations generated 
by the Metropolis-Hastings 
algorithm. 


• Temperature is reduced slowly 
according to some user-defined 
schedule.

Combinatorial optimization 
by simulated annealing



Combinatorial optimization 
by quantum annealing

• Quantum annealing: Solve an 
optimization problem using 
quantum effects: 

 


• It is possible to emulate 
quantum annealing using 
quantum Monte Carlo— 
simulated quantum annealing 

Ĥ(t) = Ĥtarget + f(t)ĤD



CAN WE SIMULATE THESE 
OPTIMIZATION TECHNIQUES 

VARIATIONALLY?
Mohamed Hibat-Allah, Estelle M. Inack, Roeland 
Wiersema, Roger G. Melko, Juan Carrasquilla. 
Variational neural annealing. arXiv:2101.10154

https://arxiv.org/abs/2101.10154


Variational classical 
annealing

• How to train the model  so that it mimics the annealing of 
the Boltzmann distribution? 


• Use variational principle and optimize model’s free energy 
 


•  is the true free energy of the system at temperature T(t).


•  is the entropy of the model 


•  As in SA, temperature is decreased from an initial value  to  
using a linear schedule function , where 

Pθ(σ)

Fθ(t) = ⟨Htarget⟩θ − T(t) S(Pθ) ≥ F(t)

F(t)

S(Pθ) Pθ(σ)

T0 0
T(t) = T0(1 − t) t ∈ [0,1]

Mohamed Hibat-Allah, Estelle M. Inack, Roeland Wiersema, Roger G. Melko, Juan Carrasquilla. Variational neural annealing. arXiv:2101.10154. 

Dian Wu, Lei Wang, Pan Zhang. Solving Statistical Mechanics Using Variational Autoregressive Networks. Phys. Rev. Lett. 122, 080602 (2019)
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Variational quantum 
annealing

• We can extended this idea to simulated quantum annealing


• Promote RNN to a quantum state:   


• Modify the cost function:  


• 


•   typical choice in quantum annealing


• Slowly decrease quantum tunnelling , where 

Pθ(σ) → Ψθ(σ)

Fθ(t) = ⟨Htarget⟩θ − T(t) S(Pθ) → Eθ = ⟨Ψθ | Ĥtarget |Ψθ⟩ − Γ(t)⟨Ψθ | Ĥdriver |Ψθ⟩

Ĥdriver = ∑
i

̂σx
i

Γ(t) = Γ0(1 − t)
t ∈ [0,1]
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Figure 2. Variational neural annealing protocols. (a) The variational classical annealing (VCA) algorithm steps. A warm-up
step brings the initialized variational state (green dot) close to the minimum of the free energy (cyan dot) at a given value of
the order parameter M . This step is followed by an annealing and a training step that brings the variational state back to the
new free energy minimum. Repeating the last two steps until T (t = 1) = 0 (red dots) produces approximate solutions to Htarget

if the protocol is conducted slowly enough. This schematic illustration corresponds to annealing through a continuous phase
transition with an order parameter M . (b) Variational quantum annealing (VQA). VQA includes a warm-up step, followed by
an annealing and a training step, which brings the variational energy (green dot) closer to the new a ground state energy (cyan
dot). We loop over the previous two steps until reaching the target ground state of Ĥtarget (red dot) if annealing is performed
slowly enough.

where Htarget in Eq. (1) is promoted to a quantum me-

chanical Hamiltonian Ĥtarget.

Quantum annealing algorithms typically start with a
dominant driving term ĤD � Ĥtarget chosen so that

the ground state of Ĥ(0) is easy to prepare. When the
strength of the driving term is subsequently reduced (typ-
ically adiabatically) using a schedule function f(t), the
system is annealed to the ground state of Ĥtarget. In anal-
ogy to its thermal counterpart, SQA emulates this pro-
cess on classical computers using quantum Monte Carlo
methods [11].

Here, we leverage the variational principle of quantum
mechanics and devise a strategy that emulates quan-
tum annealing variationally. We dub our second vari-
ational neural annealing algorithm variational quantum
annealing (VQA). The latter is based on the variational
Monte Carlo (VMC) algorithm, whose goal is to simu-
late the equilibrium properties of quantum systems at
zero temperature (see Methods Sec. V C). In VMC, the
ground state of a Hamiltonian Ĥ is modeled through an
ansatz | �i endowed with parameters �. The varia-
tional principle guarantees that the energy h �|Ĥ| �i

is an upper bound to the ground state energy of Ĥ,
which we use to define a time-dependent objective func-
tion E(�, t) ⌘ hĤ(t)i� = h �|Ĥ(t)| �i to optimize the
parameters �.

The VQA setup, graphically summarized in Fig. 2(b),

applies Nwarmup gradient descent steps to minimize
E(�, t = 0), which brings | �i close to the ground state
of Ĥ(0). Setting t = �t while keeping the parameters
�0 fixed results in a variational energy E(�0, t = �t).
A set of Ntrain gradient descent steps bring the ansatz
closer to the new instantaneous ground state, which re-
sults in a variational energy E(�1, t = �t). The vari-
ational parameters optimized at time step t are reused
at time t + �t, which promotes the computational adi-
abaticity of the protocol (see Appendix. A). We repeat
the annealing and training steps Nannealing times on a
linear schedule (f(t) = 1 � t with t 2 [0, 1]) until t = 1,
at which point the system should solve the optimization
problem (red dot in Fig. 2(b)). We note that in our sim-
ulations, no training steps are taken at t = 1. Finally,
similarly to VCA, we choose normalized RNN wave func-
tions [20, 21] as ansätze, giving the VQA algorithm access
to exact Monte Carlo samples.

To gain theoretical insight on the principles behind a
successful VQA simulation, we derive a variational ver-
sion of the adiabatic theorem [26]. Starting from a set of
assumptions, such as the convexity of the energy land-
scape in the warm-up phase and close to convergence
during annealing, as well as the absence of noise in the
energy gradients, we provide a bound on the total number
of gradient descent steps Nsteps that guarantees the adia-
baticity of the VQA algorithm as well as a success proba-
bility of solving the optimization problem Psuccess > 1�✏.



Ising chains

• 


• 


• 


•

Htarget = −
N−1

∑
i=1

Ji,i+1σiσi+1 .

Ji,i+1 ∈ [0,1)

ϵres = [⟨Htarget⟩av − EG]dis

[ . . . ]dis = exp(⟨ln( . . . )⟩av)

4

Here, ✏ is an upper bound on the overlap between the
variational wave function and the excited states of the
Hamiltonian Ĥ(t), i.e., |h ?(t)| �i|

2
< ✏. We show that

Nsteps can be bounded as (see Appendix. B):

O

0

@ poly(N)

✏ min
{tn}

(g(tn))

1

A  Nsteps  O

0

@ poly(N)

✏2 min
{tn}

(g(tn))2

1

A .

(5)
The function g(t) is the energy gap between the first
excited state and the ground state of the instantaneous
Hamiltonian Ĥ(t), N is the system size, and the set of
times {tn} is defined in Appendix. B. As expected for
hard optimization problems, the minimum gap typically
decreases exponentially with system size N , which dom-
inates the computational complexity of a VQA simula-
tion, but in cases where the minimum gap scales as the
inverse of a polynomial in N , then the number of steps
Nsteps is also polynomial in N .

III. RESULTS

A. Annealing on random Ising chains

We now proceed to evaluate the power of VCA and
VQA. As a first benchmark, we consider the task of solv-
ing for the ground state the one-dimensional (1D) Ising
Hamiltonian with random couplings Ji,i+1,

Htarget = �

N�1X

i=1

Ji,i+1�i�i+1. (6)

First, we examine Ji,i+1 sampled from a uniform dis-
tribution in the interval [0, 1). Here, the ground state
configuration is given either by all spins up or down, and
the ground state energy is known exactly, i.e., EG =
�

PN�1
i=1 Ji,i+1 [27].

We use a tensorized RNN ansatz without weight shar-
ing for both VCA and VQA (see Methods Sec. V A).
We consider system sizes N = 32, 64, 128 and Ntrain = 5,
which su�ces to achieve accurate solutions. For VQA, we
use a one-body driving term ĤD = ��0

PN
i=1 �̂

x
i , where

�̂
x,y,z
i are Pauli matrices acting on site i. To quantify

the performance of the algorithms, we use the residual
energy [11],

✏res =
⇥
hHtargetiav � EG

⇤
dis

, (7)

where EG is the exact ground state energy of Htarget. We
use the arithmetic mean for statistical averages h. . .iav

over samples from the models. For VCA it means that
hHtargetiav ⇡ hHtargeti�, while for VQA the target Hamil-

tonian is promoted to Ĥtarget = �
PN�1

i=1 Ji,i+1�̂
z
i �̂

z
i+1

and hHtargetiav ⇡ hĤtargeti�. We consider the typical
(geometric) mean for averaging over instances of the tar-
get Hamiltonian, i.e.,

⇥
...

⇤
dis

= exp(hln(...)iav). The aver-
age in the argument of the exponential stands for arith-
metic mean over di↵erent realizations of the couplings.

101 102 103 104

Nannealing

10�7

10�6

10�5

10�4

10�3

10�2

10�1

100

✏
re

s/
N

(a)

VQA (N = 32) � 1/t0.99±0.01
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(b)

VQA (N = 32) � 1/t0.96±0.03

VQA (N = 64) � 1/t1.01±0.05

VQA (N = 128) � 1/t1.05±0.04

VCA (N = 32) � 1/t1.32±0.05

VCA (N = 64) � 1/t1.28±0.05

VCA (N = 128) � 1/t1.51±0.06

Figure 3. Variational neural annealing on a random Ising
chain. Here we represent the residual energy per site ✏res/N

vs the number of annealing steps Nannealing for both VQA and
VCA. The system sizes are N = 32, 64, 128. We use random
positive couplings Ji,i+1 2 [0, 1) (see text for more details).
The error bars represent the one s.d. statistical uncertainty
calculated over di↵erent disorder realizations [28].

We take advantage of the autoregressive nature of the
RNN and sample 106 configurations at the end of the
annealing, which allows us to accurately estimate the
model’s arithmetic mean. The typical mean is taken over
25 instances of Htarget.

In Fig. 3 we report the residual energies per site against
the number of annealing steps Nannealing. As expected,
the residual energy is a decreasing function of Nannealing,
which underlines the importance of adiabaticity and an-
nealing in our setting. In our examples, we observe that
the decrease of the residual energy of VCA and VQA is
consistent with a power-law decay for a large number of
annealing steps. Whereas VCA’s decay exponent is in the
interval 1.5 � 1.9, the VQA exponent is about 0.9 � 1.1.
These exponents suggest an asymptotic speed-up com-
pared to SA and coherent quantum annealing, where the
residual energies follow a logarithmic law [29]. Contrary
to the observations in Ref. [29] where quantum annealing
was found superior to SA, VCA finds an average residual
energy an order of magnitude more accurate than VQA
for a large number of annealing steps.

Finally, we note that the exponents provided above are
not expected to be universal and are a priori sensitive
to the hyperparameters of the algorithms, e.g., learning
rate, model choice, number of training steps, optimizer,
etc. Appendix. C provides a summary of the hyperpa-
rameters used in our work. Additional illustrations of the
adiabaticity of VCA and VQA, as well as of the anneal-
ing results for a chain with Ji,i+1 uniformly sampled from
the discrete set {�1, +1}, are provided in Appendix. A.



Ising chains
• QA —  * with 


• SA —  * with , 


• QA imaginary time —  *


•  VQA  and VCA  


• Numerics suggest a speedup with respect to quantum 
annealing and simulated annealing, close to QA - IT

[ϵres]SA ∼ ln−2 γSAτ γSA = 6.5

[ϵres]QA-RT ∼ ln−ζ γτ γ = 0.13 ζ = 3.4

1/τ1.5−2.0

1/τ 1/τ1.5−1.9

* Tommaso Zanca and Giuseppe E. Santoro, “Quantum annealing speedup over 
simulated annealing on random ising chains,” Phys. Rev. B 93, 224431 (2016). 


* T. Caneva, R. Fazio, and G. E. Santoro, Phys. Rev. B 76, 144427 (2007).




Edwards-Anderson Model

•  in a 2-dimensional square lattice 


•  


• We test no annealing (CQO), VCA, VQA and an entropy 
regularized VQA:   
where  

Htarget = − ∑
⟨i,j⟩

Jijσiσj

Jij ∈ [−1,1)

F̃θ(t) = ⟨Ĥ(t)⟩θ − T(t)Spseudo( |Ψθ |2 )
Ĥ(t) = Ĥtarget − Γ(t)∑

i

̂σx
i
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B. Edwards-Anderson model

We now consider the two-dimensional (2D) Edwards-
Anderson (EA) model, which is a prototypical spin glass
arranged on a square lattice with nearest neighbor ran-
dom interactions. The problem of finding ground states
of the model has been studied experimentally [12] and
numerically [11] from the annealing perspective, as well
as theoretically [2] from the computational complexity
perspective. The EA model with open boundary condi-
tions is given by

Htarget = �

X

hi,ji

Jij�i�j , (8)

where hi, ji denote nearest neighbors. The couplings Jij

are drawn from a uniform distribution in the interval
[�1, 1). In the absence of a longitudinal field, for which
solving the EA model is NP-hard, the ground state can be
found in polynomial time [2]. To find the exact ground
state of each random realization, we use the spin-glass
server [30].

We use a 2D tensorized RNN ansatz without weight
sharing for the variational protocols (see Methods
Sec. V A). For VQA, we use a one-body driving term

ĤD = ��0
PN

i=1 �̂
x
i . Fig. 4(a) shows the annealing re-

sults obtained on a system size N = 10 ⇥ 10 spins. VCA
outperforms VQA and in the adiabatic, long-time anneal-
ing regime, it produces solutions three orders of magni-
tude more accurate on average than VQA. In addition, we
investigate the performance of VQA supplemented with
a fictitious Shannon information entropy [21] term that
mimics thermal relaxation e↵ects observed in quantum
annealing hardware [31]. This form of regularized VQA,
here labelled (RVQA), is described by a pseudo free en-
ergy cost function F̃�(t) = hĤ(t)i��T (t)Sclassical(| �|

2).
As in VCA, the pseudo entropy term Sclassical(| �|

2) at
f(1) = 0 provides a heuristic approach to count the num-
ber of solutions to Htarget for VQA and RVQA. The re-
sults in Fig. 4(a) do show an amelioration of the VQA
performance, including changing a saturating dynamics
at large Nannealing to a power-law like behavior. How-
ever, it appears to be insu�cient to compete with the
VCA scaling (see exponents in Fig. 4(a)). This observa-
tion suggests the superiority of a thermally driven varia-
tional emulation of annealing over a purely quantum one
for this example.

To further scrutinize the relevance of the annealing
e↵ects in VCA, we also consider VCA with zero ther-
mal fluctuations, i.e., setting T0 = 0. Because of its
intimate relation to the classical-quantum optimization
(CQO) methods of Refs. [32–34], we refer to this setting
as CQO. Fig. 4(a) shows that CQO takes about 103 train-
ing steps to reach accuracies nearing 1%. The accuracy
does not further improve upon additional training up to
105 gradient steps, which indicates that CQO is prone
to getting stuck in local minima. In comparison, VCA
and VQA o↵er solutions orders of magnitude more ac-
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As a final note, the exponents provided above are not
expected to be universal and are a priori sensitive to the
hyperparameters of the algorithms (e.g., learning rate,
number of memory units dh, number of training steps
Ntrain, gradient descent optimizer, number of samples,
etc), which may open up avenues to boost the perfor-
mance of our algorithms. For reproducibility purposes,
Appendix. D provides a summary of the hyperparameters
used to produce the results shown here.

B. Edwards-Anderson model

We now consider the two-dimensional Edwards-
Anderson (EA) model, which is a prototypical spin-glass
model where a set of spins are arranged on a square
lattice with nearest neighbor random interactions. The
problem of finding ground states of the model has been
studied experimentally [76] and numerically [55, 56, 68]
from the annealing perspective, as well as theoretically [2]
from the computational complexity perspective. In this
section, we use the EA model as a benchmark to fur-
ther probe VCA and VQA, and compare them against
standard heuristics, namely, SA and SQA implemented
via discrete-time path-integral Monte Carlo [55, 68]. The
EA model is given by

ĤEA = �

X

hi,ji

Jij �̂
z
i �̂

z
j , (8)

where the sum runs over nearest neighbors, and the cou-
plings Jij are drawn independently from a uniform dis-
tribution in the range [�1, 1]. In the absence of a longi-
tudinal field for which solving the EA model is NP-hard,
the ground state can be found in polynomial time [2].
For each random realization of the couplings Jij , we use
the spin-glass server [77] to obtain the exact ground state
energy. This feature makes the EA model an ideal bench-
mark for our method, particularly for large system sizes.

To simulate our variational neural annealing protocols,
we use a 2D tensorized RNN (see Methods Sec. V B) as an
ansatz without weight sharing. We implement the meth-
ods described in Sec. II and ?? with VQA implemented
using a one-body driving term. Fig. 3 shows the anneal-
ing results obtained on a system size N = 10 ⇥ 10 spins.
As for the random Ising chains in Sec. III A, VCA out-
performs VQA and in the adiabatic, long-time annealing
regime, VCA produces solutions three orders of magni-
tude more accurate than VQA. In addition, we investi-
gate the performance of VQA supplemented with a ficti-
tious Shannon information entropy [47] term that mimics
thermal relaxation e↵ects observed in quantum anneal-
ing hardware [78] and induces a thermal-like exploration
of the energy landscape during the quantum annealing
emulation. This form of regularized variational quan-
tum annealing (RVQA) is described by a free energy cost
function:

F̃�(t) = hĤ(t)i� � T (t)Sclassical(| �(t)|2). (9)
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VCA � 1/t2.0±0.2

Figure 3. A comparison between VCA, VQA, RVQA, and
CQO for Edwards-Anderson (EA) on a 10 ⇥ 10 lattice. The
residual energy per site vs. Nannealing for VCA, VQA and
RVQA. For CQO, we report the residual energy per site vs.
the number of optimization steps Nsteps.

While the results in Fig. 3 do show an amelioration of
the VQA performance, including changing a saturating
dynamics at long annealing time to a power-law like be-
havior, it appears to be insu�cient to compete with the
VCA scaling. This suggests the superiority of a thermally
driven variational emulation of annealing over a quantum
one.

To further scrutinize the relevance of the annealing ef-
fects in VCA, we also consider VCA with zero thermal
fluctuations, i.e., setting T0 = 0. Because of its intimate
relation to the classical-quantum optimization methods
of Ref. 51, 79, and 80, we call this setting CQO. Fig. 3
shows that CQO takes about 103 training steps start-
ing from random parameters initialization to reach close
to 1% accuracy. The accuracy does not further improve
when trained up to 105 gradient steps, indicating that the
CQO limit of VCA is prone to getting stuck in local min-
ima. In comparison, VCA and VQA o↵er solutions orders
of magnitude more accurate at long annealing times, sug-
gesting the importance of the annealing e↵ect in tackling
optimization problems.

Since VCA displays the best performance in the pre-
vious benchmarks, we use it to demonstrate its capabili-
ties on a relatively large system with 40 ⇥ 40 spins. For
comparison, we use SA as well as SQA with P = 20 trot-
ter slices, and take the average energy across all trotter
slices, for each realization of randomness (see Methods
Sec. VE). In addition, we average the energy obtained
after 25 annealing runs on every instance of randomness
for SA and SQA. To average over Hamiltonian instances,
we use the typical mean over 25 di↵erent realizations for
the three annealing methods. The results are shown in
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Figure 4. Comparison between Simulated Annealing (SA),
Path-Integral Quantum Monte Carlo (SQA) with P = 20
trotter slices, and VCA using a 2D tensorized pRNN state for
the EA model on a 40 ⇥ 40 lattice. We report the residual
energy per site as a function of the number of annealing steps
Nannealing for SA, VCA and SQA.

Fig. 4, where we present the residual energies per site
against the number of annealing steps Nannealing, which
is set so that the speed of annealing is the same for SA,
SQA and VCA. We first note that our results confirm
the qualitative behavior of SA and SQA in Refs. [55, 68].
While at short annealing times SA and SQA produce
lower residual energy solutions than VCA, we observe
that VCA achieves residual energies for large annealing
time about three orders of magnitude smaller than SQA
and SA. Notably, the rate at which the residual energy
improves with increasing the annealing time is signifi-
cantly higher in VCA than SQA and SA even at rela-
tively short annealing time. These observations highlight
the advantages of solving hard optimization problems in
a variational space compared to SA and SQA paradigms.

C. Fully-connected spin glasses

We now focus our attention on fully-connected spin
glasses [2, 81]. We first focus on the Sherrington-
Kirkpatrick (SK) model [82], which provides a concep-
tual framework for the understanding of the role of dis-
order and frustration in widely diverse systems ranging
from materials to combinatorial optimization and ma-
chine learning. The combined e↵ect of disorder and long-
range interactions in the SK model results in an energy
landscape characterized by a hierarchy of valleys with a
number of local minima growing exponentially in the sys-
tem size [81]. Together with the fact that many combina-
torial NP-hard problems can be thought of as the task of
finding a ground state of a densely connected spin glass,
the properties above make fully connected spin glasses
a suitable benchmark for heuristic optimization meth-

ods [5]. The SK Hamiltonian ĤSK is given by

ĤSK = �
1

2

X

i 6=j

Jij
p

N
�̂

z
i �̂

z
j , (10)

where {Jij} is a symmetric matrix such that each matrix
element Jij is sampled from a gaussian distribution with
mean 0 and variance 1.

Since VCA performed best in our previous examples,
we use it to find ground states of the SK model for N =
100 spins. Here, exact ground states energies of the SK
model are calculated using the spin-glass server [77] on
a total of 25 instances of disorder. To account for long-
distance dependencies between spins in the SK model,
we use a dilated RNN that has dlog2(N)e = 7 layers
(see Methods Sec. V B) and we start the annealing at an
initial temperature T0 = 2. We compare our results with
SA and SQA. For SQA, we start with an initial magnetic
field �0 = 2, while for SA we use T0 = 2.

To e↵ectively compare the three methods (i.e., SA,
SQA, and VCA), we first plot the residual energy per
site as a function of Nannealing for VCA, SA and SQA
(with P = 100 trotter slices). Here, the SA and SQA
residual energies are obtained by averaging the outcome
of 50 independent annealing runs, while for VCA we av-
erage the outcome of 106 exact samples from the an-
nealed RNN. For all methods, we take the typical aver-
age over 25 disorder instances. The results are shown in
Fig. 5(a). As observed in the EA model in Fig. 4, we note
that for fast annealing runs SA and SQA produce lower
residual energy solutions than VCA, but we emphasize
that VCA delivers a lower residual energy compared to
SQA and SA as the total annealing time increases past
Nannealing ⇠ 103. Likewise, we observe that the rate at
which the residual energy improves with increasing the
total annealing time is significantly higher in VCA than
SQA and SA.

A more detailed look at the statistical behaviour of the
methods at long annealing times can be obtained from
the residual energy histograms separately produced by
each method, as shown in Fig. 5(e). For each instance
{Jij} after the end of annealing, we represent the ob-
tained residual energies in a histogram form. For the
three methods, we extract 103 residual energies for each
disorder realization. Here, we observe that VCA is supe-
rior to SA and SQA, as it produces a higher density of
low residual energies. This indicates that, even though
VCA typically takes more annealing steps, it ultimately
results in a higher chance of getting more accurate solu-
tions to optimization problems than their SA and SQA
counterparts.

We now focus on the Wishart planted ensemble
(WPE), which is a class of zero-field Ising models with a
first-order phase transition and tunable algorithmic hard-
ness [83]. These problems belong to a special class of hard
problem ensembles whose solutions are known to the con-
structor, which, together with the tunability of the hard-
ness, makes the WPE model an ideal tool to benchmark

a

b

Figure 4. Benchmarking the two-dimensional Edwards-
Anderson spin glass. (a) A comparison between VCA, VQA,
RVQA, and CQO on a 10 ⇥ 10 lattice by plotting the resid-
ual energy per site vs Nannealing. For CQO, we report the
residual energy per site vs the number of optimization steps
Nsteps. (b) Comparison between SA, SQA with P = 20 trot-
ter slices, and VCA using a 2D tensorized RNN ansatz on a
40⇥ 40 lattice. The annealing speed is the same for SA, SQA
and VCA.

curate on average for a large number of annealing steps,
highlighting the importance of annealing in tackling op-
timization problems.

Since VCA displays the best performance in the pre-
vious benchmarks, we use it to demonstrate its capa-
bilities on a 40 ⇥ 40 spin system. For comparison, we
use SA as well as SQA. The SQA simulation uses the
path-integral Monte Carlo method [11] with P = 20 trot-
ter slices, and we report averages over energies across
all trotter slices, for each realization of randomness (see
Methods Sec. V D). In addition, we average the energy
obtained after 25 annealing runs on every instance of ran-
domness for SA and SQA. To average over Hamiltonian
instances, we use the typical mean over 25 di↵erent re-
alizations for the three annealing methods. The results
are shown in Fig. 4(b), where we present the residual
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B. Edwards-Anderson model

We now consider the two-dimensional (2D) Edwards-
Anderson (EA) model, which is a prototypical spin glass
arranged on a square lattice with nearest neighbor ran-
dom interactions. The problem of finding ground states
of the model has been studied experimentally [12] and
numerically [11] from the annealing perspective, as well
as theoretically [2] from the computational complexity
perspective. The EA model with open boundary condi-
tions is given by

Htarget = �

X

hi,ji

Jij�i�j , (8)

where hi, ji denote nearest neighbors. The couplings Jij

are drawn from a uniform distribution in the interval
[�1, 1). In the absence of a longitudinal field, for which
solving the EA model is NP-hard, the ground state can be
found in polynomial time [2]. To find the exact ground
state of each random realization, we use the spin-glass
server [30].

We use a 2D tensorized RNN ansatz without weight
sharing for the variational protocols (see Methods
Sec. V A). For VQA, we use a one-body driving term

ĤD = ��0
PN

i=1 �̂
x
i . Fig. 4(a) shows the annealing re-

sults obtained on a system size N = 10 ⇥ 10 spins. VCA
outperforms VQA and in the adiabatic, long-time anneal-
ing regime, it produces solutions three orders of magni-
tude more accurate on average than VQA. In addition, we
investigate the performance of VQA supplemented with
a fictitious Shannon information entropy [21] term that
mimics thermal relaxation e↵ects observed in quantum
annealing hardware [31]. This form of regularized VQA,
here labelled (RVQA), is described by a pseudo free en-
ergy cost function F̃�(t) = hĤ(t)i��T (t)Sclassical(| �|

2).
As in VCA, the pseudo entropy term Sclassical(| �|

2) at
f(1) = 0 provides a heuristic approach to count the num-
ber of solutions to Htarget for VQA and RVQA. The re-
sults in Fig. 4(a) do show an amelioration of the VQA
performance, including changing a saturating dynamics
at large Nannealing to a power-law like behavior. How-
ever, it appears to be insu�cient to compete with the
VCA scaling (see exponents in Fig. 4(a)). This observa-
tion suggests the superiority of a thermally driven varia-
tional emulation of annealing over a purely quantum one
for this example.

To further scrutinize the relevance of the annealing
e↵ects in VCA, we also consider VCA with zero ther-
mal fluctuations, i.e., setting T0 = 0. Because of its
intimate relation to the classical-quantum optimization
(CQO) methods of Refs. [32–34], we refer to this setting
as CQO. Fig. 4(a) shows that CQO takes about 103 train-
ing steps to reach accuracies nearing 1%. The accuracy
does not further improve upon additional training up to
105 gradient steps, which indicates that CQO is prone
to getting stuck in local minima. In comparison, VCA
and VQA o↵er solutions orders of magnitude more ac-
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As a final note, the exponents provided above are not
expected to be universal and are a priori sensitive to the
hyperparameters of the algorithms (e.g., learning rate,
number of memory units dh, number of training steps
Ntrain, gradient descent optimizer, number of samples,
etc), which may open up avenues to boost the perfor-
mance of our algorithms. For reproducibility purposes,
Appendix. D provides a summary of the hyperparameters
used to produce the results shown here.

B. Edwards-Anderson model

We now consider the two-dimensional Edwards-
Anderson (EA) model, which is a prototypical spin-glass
model where a set of spins are arranged on a square
lattice with nearest neighbor random interactions. The
problem of finding ground states of the model has been
studied experimentally [76] and numerically [55, 56, 68]
from the annealing perspective, as well as theoretically [2]
from the computational complexity perspective. In this
section, we use the EA model as a benchmark to fur-
ther probe VCA and VQA, and compare them against
standard heuristics, namely, SA and SQA implemented
via discrete-time path-integral Monte Carlo [55, 68]. The
EA model is given by

ĤEA = �

X

hi,ji

Jij �̂
z
i �̂

z
j , (8)

where the sum runs over nearest neighbors, and the cou-
plings Jij are drawn independently from a uniform dis-
tribution in the range [�1, 1]. In the absence of a longi-
tudinal field for which solving the EA model is NP-hard,
the ground state can be found in polynomial time [2].
For each random realization of the couplings Jij , we use
the spin-glass server [77] to obtain the exact ground state
energy. This feature makes the EA model an ideal bench-
mark for our method, particularly for large system sizes.

To simulate our variational neural annealing protocols,
we use a 2D tensorized RNN (see Methods Sec. V B) as an
ansatz without weight sharing. We implement the meth-
ods described in Sec. II and ?? with VQA implemented
using a one-body driving term. Fig. 3 shows the anneal-
ing results obtained on a system size N = 10 ⇥ 10 spins.
As for the random Ising chains in Sec. III A, VCA out-
performs VQA and in the adiabatic, long-time annealing
regime, VCA produces solutions three orders of magni-
tude more accurate than VQA. In addition, we investi-
gate the performance of VQA supplemented with a ficti-
tious Shannon information entropy [47] term that mimics
thermal relaxation e↵ects observed in quantum anneal-
ing hardware [78] and induces a thermal-like exploration
of the energy landscape during the quantum annealing
emulation. This form of regularized variational quan-
tum annealing (RVQA) is described by a free energy cost
function:

F̃�(t) = hĤ(t)i� � T (t)Sclassical(| �(t)|2). (9)
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Figure 3. A comparison between VCA, VQA, RVQA, and
CQO for Edwards-Anderson (EA) on a 10 ⇥ 10 lattice. The
residual energy per site vs. Nannealing for VCA, VQA and
RVQA. For CQO, we report the residual energy per site vs.
the number of optimization steps Nsteps.

While the results in Fig. 3 do show an amelioration of
the VQA performance, including changing a saturating
dynamics at long annealing time to a power-law like be-
havior, it appears to be insu�cient to compete with the
VCA scaling. This suggests the superiority of a thermally
driven variational emulation of annealing over a quantum
one.

To further scrutinize the relevance of the annealing ef-
fects in VCA, we also consider VCA with zero thermal
fluctuations, i.e., setting T0 = 0. Because of its intimate
relation to the classical-quantum optimization methods
of Ref. 51, 79, and 80, we call this setting CQO. Fig. 3
shows that CQO takes about 103 training steps start-
ing from random parameters initialization to reach close
to 1% accuracy. The accuracy does not further improve
when trained up to 105 gradient steps, indicating that the
CQO limit of VCA is prone to getting stuck in local min-
ima. In comparison, VCA and VQA o↵er solutions orders
of magnitude more accurate at long annealing times, sug-
gesting the importance of the annealing e↵ect in tackling
optimization problems.

Since VCA displays the best performance in the pre-
vious benchmarks, we use it to demonstrate its capabili-
ties on a relatively large system with 40 ⇥ 40 spins. For
comparison, we use SA as well as SQA with P = 20 trot-
ter slices, and take the average energy across all trotter
slices, for each realization of randomness (see Methods
Sec. VE). In addition, we average the energy obtained
after 25 annealing runs on every instance of randomness
for SA and SQA. To average over Hamiltonian instances,
we use the typical mean over 25 di↵erent realizations for
the three annealing methods. The results are shown in
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Figure 4. Comparison between Simulated Annealing (SA),
Path-Integral Quantum Monte Carlo (SQA) with P = 20
trotter slices, and VCA using a 2D tensorized pRNN state for
the EA model on a 40 ⇥ 40 lattice. We report the residual
energy per site as a function of the number of annealing steps
Nannealing for SA, VCA and SQA.

Fig. 4, where we present the residual energies per site
against the number of annealing steps Nannealing, which
is set so that the speed of annealing is the same for SA,
SQA and VCA. We first note that our results confirm
the qualitative behavior of SA and SQA in Refs. [55, 68].
While at short annealing times SA and SQA produce
lower residual energy solutions than VCA, we observe
that VCA achieves residual energies for large annealing
time about three orders of magnitude smaller than SQA
and SA. Notably, the rate at which the residual energy
improves with increasing the annealing time is signifi-
cantly higher in VCA than SQA and SA even at rela-
tively short annealing time. These observations highlight
the advantages of solving hard optimization problems in
a variational space compared to SA and SQA paradigms.

C. Fully-connected spin glasses

We now focus our attention on fully-connected spin
glasses [2, 81]. We first focus on the Sherrington-
Kirkpatrick (SK) model [82], which provides a concep-
tual framework for the understanding of the role of dis-
order and frustration in widely diverse systems ranging
from materials to combinatorial optimization and ma-
chine learning. The combined e↵ect of disorder and long-
range interactions in the SK model results in an energy
landscape characterized by a hierarchy of valleys with a
number of local minima growing exponentially in the sys-
tem size [81]. Together with the fact that many combina-
torial NP-hard problems can be thought of as the task of
finding a ground state of a densely connected spin glass,
the properties above make fully connected spin glasses
a suitable benchmark for heuristic optimization meth-

ods [5]. The SK Hamiltonian ĤSK is given by

ĤSK = �
1

2

X

i 6=j

Jij
p

N
�̂

z
i �̂

z
j , (10)

where {Jij} is a symmetric matrix such that each matrix
element Jij is sampled from a gaussian distribution with
mean 0 and variance 1.

Since VCA performed best in our previous examples,
we use it to find ground states of the SK model for N =
100 spins. Here, exact ground states energies of the SK
model are calculated using the spin-glass server [77] on
a total of 25 instances of disorder. To account for long-
distance dependencies between spins in the SK model,
we use a dilated RNN that has dlog2(N)e = 7 layers
(see Methods Sec. V B) and we start the annealing at an
initial temperature T0 = 2. We compare our results with
SA and SQA. For SQA, we start with an initial magnetic
field �0 = 2, while for SA we use T0 = 2.

To e↵ectively compare the three methods (i.e., SA,
SQA, and VCA), we first plot the residual energy per
site as a function of Nannealing for VCA, SA and SQA
(with P = 100 trotter slices). Here, the SA and SQA
residual energies are obtained by averaging the outcome
of 50 independent annealing runs, while for VCA we av-
erage the outcome of 106 exact samples from the an-
nealed RNN. For all methods, we take the typical aver-
age over 25 disorder instances. The results are shown in
Fig. 5(a). As observed in the EA model in Fig. 4, we note
that for fast annealing runs SA and SQA produce lower
residual energy solutions than VCA, but we emphasize
that VCA delivers a lower residual energy compared to
SQA and SA as the total annealing time increases past
Nannealing ⇠ 103. Likewise, we observe that the rate at
which the residual energy improves with increasing the
total annealing time is significantly higher in VCA than
SQA and SA.

A more detailed look at the statistical behaviour of the
methods at long annealing times can be obtained from
the residual energy histograms separately produced by
each method, as shown in Fig. 5(e). For each instance
{Jij} after the end of annealing, we represent the ob-
tained residual energies in a histogram form. For the
three methods, we extract 103 residual energies for each
disorder realization. Here, we observe that VCA is supe-
rior to SA and SQA, as it produces a higher density of
low residual energies. This indicates that, even though
VCA typically takes more annealing steps, it ultimately
results in a higher chance of getting more accurate solu-
tions to optimization problems than their SA and SQA
counterparts.

We now focus on the Wishart planted ensemble
(WPE), which is a class of zero-field Ising models with a
first-order phase transition and tunable algorithmic hard-
ness [83]. These problems belong to a special class of hard
problem ensembles whose solutions are known to the con-
structor, which, together with the tunability of the hard-
ness, makes the WPE model an ideal tool to benchmark

a

b

Figure 4. Benchmarking the two-dimensional Edwards-
Anderson spin glass. (a) A comparison between VCA, VQA,
RVQA, and CQO on a 10 ⇥ 10 lattice by plotting the resid-
ual energy per site vs Nannealing. For CQO, we report the
residual energy per site vs the number of optimization steps
Nsteps. (b) Comparison between SA, SQA with P = 20 trot-
ter slices, and VCA using a 2D tensorized RNN ansatz on a
40⇥ 40 lattice. The annealing speed is the same for SA, SQA
and VCA.

curate on average for a large number of annealing steps,
highlighting the importance of annealing in tackling op-
timization problems.

Since VCA displays the best performance in the pre-
vious benchmarks, we use it to demonstrate its capa-
bilities on a 40 ⇥ 40 spin system. For comparison, we
use SA as well as SQA. The SQA simulation uses the
path-integral Monte Carlo method [11] with P = 20 trot-
ter slices, and we report averages over energies across
all trotter slices, for each realization of randomness (see
Methods Sec. V D). In addition, we average the energy
obtained after 25 annealing runs on every instance of ran-
domness for SA and SQA. To average over Hamiltonian
instances, we use the typical mean over 25 di↵erent re-
alizations for the three annealing methods. The results
are shown in Fig. 4(b), where we present the residual
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Figure 5. Benchmarking SA, SQA (P = 100 trotter slices) and VCA on the Sherrington-Kirkpatrick (SK) model and the
Wishart planted ensemble (WPE). Panels (a),(b), and (c) display the residual energy per site as a function of Nannealing. (a)
The SK model with N = 100 spins. (b) WPE with N = 32 spins and ↵ = 0.5. (c) WPE with N = 32 spins and ↵ = 0.25.
Panels (d), (e) and (f) display the residual energy histogram for each of the di↵erent techniques and models in panels (a),(b),
and (c), respectively. The histograms use 25000 data points for each method. Note that we choose a minimum threshold of
10�10 for ✏res/N , which is within our numerical accuracy.

slices), we use an initial magnetic field �0 = 1, and for
SA we start with T0 = 1.

We first plot the scaling of residual energies per site
✏res/N as shown in Figs. 5(b) and (c). Here we note that
VCA is superior to SA and SQA for ↵ = 0.5 as demon-
strated in Fig. 5(b). More specifically, VCA is about
three orders of magnitude more accurate than SQA and
SA for a large number of annealing steps. In the case
of ↵ = 0.25 in Fig. 5(c), VCA is competitive where
it achieves a similar performance compared to SA and
SQA on average for a large number of annealing steps.
We also represent the residual energies in a histogram
form. We observe that for ↵ = 0.5 in Fig. 5(e), VCA
achieves a higher density toward low residual energies
✏res/N ⇠ 10�9-10�10 compared to SA and SQA. For
↵ = 0.25 in Fig. 5(f), VCA leads to a non-negligible
density at very low residual energies as opposed to SA
and SQA, whose solutions display residual energies or-
ders of magnitude higher. Finally, our WPE simulations
support the observation that VCA tends to improve the
quality of solutions faster than SQA and SA for a large
number of annealing steps.

IV. CONCLUSIONS AND OUTLOOK

In conclusion, we have introduced a strategy to com-
bat the slow sampling dynamics encountered by simu-
lated annealing when an optimization landscape is rough
or glassy. Based on annealing the variational parameters
of a generalized target distribution, our scheme — which
we dub variational neural annealing — takes advantage
of the power of modern autoregressive models, which can
be exactly sampled without slow dynamics even when
a rough landscape is encountered. We implement varia-
tional neural annealing parameterized by a recurrent neu-
ral network, and compare its performance to conventional
simulated annealing on prototypical spin glass Hamiltoni-
ans known to have landscapes of varying roughness. We
find that variational neural annealing produces accurate
solutions to all of the optimization problems considered,
including spin glass Hamiltonians where our techniques
typically reach solutions orders of magnitude more accu-
rate on average than conventional simulated annealing in
the limit of a large number of annealing steps.

We emphasize that several hyperparameters, model,
hardware, and variational objective function choices can
be explored and may improve our methodologies. We
have utilized a simple annealing schedule in our protocols
and highlight that reinforcement learning can be used to
improve it [39]. A critical insight gleaned from our exper-
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three orders of magnitude more accurate than SQA and
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it achieves a similar performance compared to SA and
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and SQA, whose solutions display residual energies or-
ders of magnitude higher. Finally, our WPE simulations
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quality of solutions faster than SQA and SA for a large
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In conclusion, we have introduced a strategy to com-
bat the slow sampling dynamics encountered by simu-
lated annealing when an optimization landscape is rough
or glassy. Based on annealing the variational parameters
of a generalized target distribution, our scheme — which
we dub variational neural annealing — takes advantage
of the power of modern autoregressive models, which can
be exactly sampled without slow dynamics even when
a rough landscape is encountered. We implement varia-
tional neural annealing parameterized by a recurrent neu-
ral network, and compare its performance to conventional
simulated annealing on prototypical spin glass Hamiltoni-
ans known to have landscapes of varying roughness. We
find that variational neural annealing produces accurate
solutions to all of the optimization problems considered,
including spin glass Hamiltonians where our techniques
typically reach solutions orders of magnitude more accu-
rate on average than conventional simulated annealing in
the limit of a large number of annealing steps.
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be explored and may improve our methodologies. We
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➤ We have explored quantum state reconstruction with RNNs (Nature 
Machine Intelligence, vol. 1, 155-161 (2019)) and Transformers  
(arXiv:2006.12469)


➤ Simulation of quantum circuits with transformers (arXiv:1912.11052) 


➤ Recurrent neural network wavefunctions — extremely accurate ground 
states, very compact representation in 1d and 2d (Phys. Rev. Research 2, 
023358 (2020) )


➤ Variational neural annealing: produces very accurate solutions to challenging 
spin glass problems beyond SA and SQA (arXiv:2101.10154)


➤ Neural Error Mitigation of Near-Term Quantum Simulations 
(arXiv:2105.08086) (transformer)


➤ Simulation of open system dynamics (arXiv:2009.05580) (transformer)


➤ Transfer learning based on physical principles (arXiv:2003.02647) (RNN)
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