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Figure 3. Panel (a) is a plot of the loss function L from Eq. (1)
as a function of the number of training epochs for both Ising and
Kuramoto-Hopf model. The resulting deviation of the predictions
(blue) and their divergence (red) from (2) for the coupling constant J

of the isotropic Ising model are plotted in panel (b) after one learning
epoch and panel (c) after 60 epochs. The dashed black line indicates
the analytical value J/T = 0.44 of the phase transition. The error
bars are obtained by splitting a total of 442 samples per point into
7 independent data sets. Each data set is in turn split in half into
a training and an evaluation set. For the anisotropic Ising model,
panel (d) shows the scaled deviations �J (white arrows) after the first
training epoch, and the resulting divergence as a function of Jx and
Jy. The dashed yellow lines again indicate the Onsager result of the
phase transition. Here, a total of 100 samples per point were split
into 10 independent data sets. Panels (e) and (f) show the network’s
predictions (black), the resulting deviation of the predictions (blue)
and their divergence (red) from (2) for the coupling constant V2/C
of the Kuramoto-Hopf model after five learning epochs and after 60
epochs, respectively. For this case we used 66 samples per point that
were split into 3 independent data sets. For all models, each data set
was trained 50 times from scratch for further averaging.

scribed by the situation explained in Fig. 1(b), i.e. the net-
work essentially recognizes whether the sample is in the fer-
romagnetic or in the paramagnetic phase, but cannot resolve

well within the phases. Therefore, in essence we obtain two
plateaus for the network’s predictions (black curve). Accord-
ingly, the deviations �p of the predictions with respect to the
ground truth (blue curve) are only close to zero at the cen-
ter of estimated phases and at the transition point where the
model separates the di↵erent phases. Their derivative @p0�p is
positive at the transition point and negative within the phases.

Panel (c) shows the predictions after the final training
epoch, where the network has learned to resolve the param-
eters even within a phase in the region J < Tc. The higher
resolution strongly decreases the size of the peak, but the
maximum is still in the vicinity of the phase transition, as
we would expect from the arguments illustrated by Fig. 1(c).
Furthermore, a second peak arises at around J = T , which is
approximately where the magnetization (shown in the same
plot) starts to saturate. After saturation the states again be-
come indistinguishable to the model.

Panel (d) shows the output of the network after one training
epoch for the Ising model from Eq. (6) with independent cou-
plings (Jx, Jy) sampled on a 40 ⇥ 40 grid with each parameter
ranging from �1.5 to +1.5. The divergence peak is in good
agreement with the Onsager result given below Eq. (6), which
is represented by the yellow lines. The arrows show scaled de-
viations � ~J to indicate their direction. The predictions them-
selves are again clustered at the center of the di↵erent phases,
similar to the situation expected from Fig. 1(b).

For the Kuramoto-Hopf model, we sampled a line in the
phase diagram at V1/C = 5 and V2/C logarithmically vary-
ing between V2/C = 0.1 and V2/C = 10. We discretized the
line by 100 grid points and we computed 66 independent sam-
ples per grid point. The ⇡-defects mentioned earlier become
stable at around V2/C ⇡ 1 [30] manifesting a phase transition.
Panels (e) and (f) show the output of the network after, respec-
tively, 5 and 60 training epochs. At 5 epochs, there is a clear
peak centered at approximately V2/C ⇡ 2, after 60 epochs it
becomes broader and starts at slightly lower values. While the
phase transition is captured, the exact value of the transition
is less precise than in case of the Ising model. Inspecting the
samples around V2/C & 1, we find that only a few of them
actually show defects due to the finite size of the lattice.

V. DISCUSSION AND OUTLOOK

For both of the systems tested, the learning scheme showed
promising results and found the respective phase transitions
without any prior knowledge. During the training procedure,
as the resolution of the neural network increases, more and
more structure in the phase diagram emerges. It is impor-
tant to avoid over-fitting to the training data, as this may lead
to spurious structures emerging in �p related to the features
of the particular training data. Obviously over-fitting can be
avoided by obtaining more training data, but also by data aug-
mentation, where suitable random transformations are applied
each time a sample is revisited. In our case, we made use of
the symmetries of the systems and applied a series of flips, ro-
tations by multiples of 90 degrees, as well as random transla-
tions along both the x and y axis with periodic boundary con-
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Figure 1. Illustration of the divergence-based model to find phase
transitions. (a) Parameters p0 are uniformly drawn from parameter
space to calculate corresponding samples S . A predictive model is
trained to recognize the parameters for a given sample, such that the
deviation �p of the resulting prediction ppred from the undertyling
true p0 is minimized on average. If the model can distinguish param-
eters between di↵erent phases better than within a phase, crossing
the border between di↵erent phases results in diverging predictions
�p(p0), which provides a signature of a phase transition. Panel (b)
illustrates this phenomenon by showing the vector field �p(p0) in the
presence of two phases (blue and red) for the limit of zero resolution
within a phase, where all predictions within a phase will be placed at
its center of mass. The analytical argument leading to Eq. (4) for the
opposite limiting case of high resolution is illustrated in panel (c),
where the black bars correspond to the range of possible estimates of
the order parameter at points on opposite sites of a phase transition,
and the colored bars indicate the overlap to the neighboring bars. In
this limit, the prediction will deviate towards the direction of higher
overlap.

II. THE LEARNING SCHEME

A. Introduction and regime of low prediction resolution

Our method requires to uniformly sample instances of the
state S of a physical system as a function of continuous system
parameters p0. For example, S (p0) could be a spin configura-
tion of the Ising model sampled as a function of temperature
and coupling strengths as the parameters.

As illustrated in Fig. 1(a), the ansatz of our model is as
follows: A predictive model m : S ! ppred, for example a
neural network, is trained to produce from single samples S

predictions ppred of the system parameters that minimize the
expectation value of the loss function

L = |�p|2 , (1)

where �p = ppred � p0 denotes the di↵erence between the pre-
dictions and the correct labels and | . | is the Euclidian vector
norm. While other choices of L are possible, it is essential
that the error is measured as a distance. The loss function of
Eq. (1) is typically referred to as mean squared error loss.

The idea of our scheme is then to look at the vector field
�p(p0) of prediction deviations as a function of the underly-
ing true parameters and find a structure in it. Assuming that
the model can distinguish between di↵erent phases, but each
phase looks indistinguishable to the predictive model, the best
strategy to minimize the mean squared error loss function of
Eq. (1) is the following: Within a patch of parameter space
that looks indistinguishable to the predictive model, place ev-
ery prediction for a given phase at its center of mass, as de-
rived in [31].

Therefore, two neighboring phases will lead to predictions
pointing in opposite directions in the vicinity of the border
separating them. This argument is illustrated in Fig. 1(b).
Even if the idealized assumption of indistinguishability within
a phase is lifted and such a patch can be resolved by the model
to some extent, there will still be a bias at the edges of the
patch towards the center, as long as the model’s precision and
confidence are not absolute.

Having explained the qualitative mechanism of the scheme
as based on oppositely-oriented prediction deviations near a
phase transition, we now quantify this property. For this pur-
pose we choose the vector field divergence

div(�p) = r · �p =
dX

n=1

@�p(n)

@p
(n)
0

. (2)

Here n denotes the index of the vector and d is the dimension
of the parameter space. We stress that this is the vector cal-
culus divergence known e.g. from Electrodynamics. It must
not be confused with divergence as in diverging to infinity.
In other words, we are not talking about some kind of error
going to infinity, but, roughly speaking, if the �p point in op-
posite directions at a given area. This is quantified by Eq. (2),
which will generally have local maxima at the parameter val-
ues where the system state is most susceptible to a change of
system parameters. This susceptibility suggests that the sys-
tem undergoes a phase transition at those parameters [32]. In
practice, the derivative in Eq. (2) is computed using the sym-
metric di↵erence quotient between neighboring points from
the uniformly sampled grid in parameter space. For example,
at a grid point point p̃

@�p(n)

@p
(n)
0

[ p̃] ⇡ �p
(n)[ p̃ + h · e(n)] � �p(n)[ p̃ � h · e(n)]

2h
, (3)

where h is the the distance between neighboring grid points
and e

(n) is the n-th unit vector in parameter space.

B. Discussion of high prediction resolution regime

So far, we have considered only the regime of low predic-
tion resolution, where the predicitive power of the model is
su�cient to distinguish between phases, but not within. We
now turn to the opposite limit of a predictive model with
extremely high resolution, where we quantify the expected
value of �p after making a few idealized assumptions. While
this quantification helps to better understand our scheme, one
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<latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit>

m
<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

x3
<latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit>
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Figure 1. Illustration of the divergence-based model to find phase
transitions. (a) Parameters p0 are uniformly drawn from parameter
space to calculate corresponding samples S . A predictive model is
trained to recognize the parameters for a given sample, such that the
deviation �p of the resulting prediction ppred from the undertyling
true p0 is minimized on average. If the model can distinguish param-
eters between di↵erent phases better than within a phase, crossing
the border between di↵erent phases results in diverging predictions
�p(p0), which provides a signature of a phase transition. Panel (b)
illustrates this phenomenon by showing the vector field �p(p0) in the
presence of two phases (blue and red) for the limit of zero resolution
within a phase, where all predictions within a phase will be placed at
its center of mass. The analytical argument leading to Eq. (4) for the
opposite limiting case of high resolution is illustrated in panel (c),
where the black bars correspond to the range of possible estimates of
the order parameter at points on opposite sites of a phase transition,
and the colored bars indicate the overlap to the neighboring bars. In
this limit, the prediction will deviate towards the direction of higher
overlap.

II. THE LEARNING SCHEME

A. Introduction and regime of low prediction resolution

Our method requires to uniformly sample instances of the
state S of a physical system as a function of continuous system
parameters p0. For example, S (p0) could be a spin configura-
tion of the Ising model sampled as a function of temperature
and coupling strengths as the parameters.

As illustrated in Fig. 1(a), the ansatz of our model is as
follows: A predictive model m : S ! ppred, for example a
neural network, is trained to produce from single samples S

predictions ppred of the system parameters that minimize the
expectation value of the loss function

L = |�p|2 , (1)

where �p = ppred � p0 denotes the di↵erence between the pre-
dictions and the correct labels and | . | is the Euclidian vector
norm. While other choices of L are possible, it is essential
that the error is measured as a distance. The loss function of
Eq. (1) is typically referred to as mean squared error loss.

The idea of our scheme is then to look at the vector field
�p(p0) of prediction deviations as a function of the underly-
ing true parameters and find a structure in it. Assuming that
the model can distinguish between di↵erent phases, but each
phase looks indistinguishable to the predictive model, the best
strategy to minimize the mean squared error loss function of
Eq. (1) is the following: Within a patch of parameter space
that looks indistinguishable to the predictive model, place ev-
ery prediction for a given phase at its center of mass, as de-
rived in [31].

Therefore, two neighboring phases will lead to predictions
pointing in opposite directions in the vicinity of the border
separating them. This argument is illustrated in Fig. 1(b).
Even if the idealized assumption of indistinguishability within
a phase is lifted and such a patch can be resolved by the model
to some extent, there will still be a bias at the edges of the
patch towards the center, as long as the model’s precision and
confidence are not absolute.

Having explained the qualitative mechanism of the scheme
as based on oppositely-oriented prediction deviations near a
phase transition, we now quantify this property. For this pur-
pose we choose the vector field divergence

div(�p) = r · �p =
dX

n=1

@�p(n)

@p
(n)
0

. (2)

Here n denotes the index of the vector and d is the dimension
of the parameter space. We stress that this is the vector cal-
culus divergence known e.g. from Electrodynamics. It must
not be confused with divergence as in diverging to infinity.
In other words, we are not talking about some kind of error
going to infinity, but, roughly speaking, if the �p point in op-
posite directions at a given area. This is quantified by Eq. (2),
which will generally have local maxima at the parameter val-
ues where the system state is most susceptible to a change of
system parameters. This susceptibility suggests that the sys-
tem undergoes a phase transition at those parameters [32]. In
practice, the derivative in Eq. (2) is computed using the sym-
metric di↵erence quotient between neighboring points from
the uniformly sampled grid in parameter space. For example,
at a grid point point p̃

@�p(n)

@p
(n)
0

[ p̃] ⇡ �p
(n)[ p̃ + h · e(n)] � �p(n)[ p̃ � h · e(n)]

2h
, (3)

where h is the the distance between neighboring grid points
and e

(n) is the n-th unit vector in parameter space.

B. Discussion of high prediction resolution regime

So far, we have considered only the regime of low predic-
tion resolution, where the predicitive power of the model is
su�cient to distinguish between phases, but not within. We
now turn to the opposite limit of a predictive model with
extremely high resolution, where we quantify the expected
value of �p after making a few idealized assumptions. While
this quantification helps to better understand our scheme, one

“we know nothing about phase diagram”
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Figure 1. Illustration of the divergence-based model to find phase
transitions. (a) Parameters p0 are uniformly drawn from parameter
space to calculate corresponding samples S . A predictive model is
trained to recognize the parameters for a given sample, such that the
deviation �p of the resulting prediction ppred from the undertyling
true p0 is minimized on average. If the model can distinguish param-
eters between di↵erent phases better than within a phase, crossing
the border between di↵erent phases results in diverging predictions
�p(p0), which provides a signature of a phase transition. Panel (b)
illustrates this phenomenon by showing the vector field �p(p0) in the
presence of two phases (blue and red) for the limit of zero resolution
within a phase, where all predictions within a phase will be placed at
its center of mass. The analytical argument leading to Eq. (4) for the
opposite limiting case of high resolution is illustrated in panel (c),
where the black bars correspond to the range of possible estimates of
the order parameter at points on opposite sites of a phase transition,
and the colored bars indicate the overlap to the neighboring bars. In
this limit, the prediction will deviate towards the direction of higher
overlap.

II. THE LEARNING SCHEME

A. Introduction and regime of low prediction resolution

Our method requires to uniformly sample instances of the
state S of a physical system as a function of continuous system
parameters p0. For example, S (p0) could be a spin configura-
tion of the Ising model sampled as a function of temperature
and coupling strengths as the parameters.

As illustrated in Fig. 1(a), the ansatz of our model is as
follows: A predictive model m : S ! ppred, for example a
neural network, is trained to produce from single samples S

predictions ppred of the system parameters that minimize the
expectation value of the loss function

L = |�p|2 , (1)

where �p = ppred � p0 denotes the di↵erence between the pre-
dictions and the correct labels and | . | is the Euclidian vector
norm. While other choices of L are possible, it is essential
that the error is measured as a distance. The loss function of
Eq. (1) is typically referred to as mean squared error loss.

The idea of our scheme is then to look at the vector field
�p(p0) of prediction deviations as a function of the underly-
ing true parameters and find a structure in it. Assuming that
the model can distinguish between di↵erent phases, but each
phase looks indistinguishable to the predictive model, the best
strategy to minimize the mean squared error loss function of
Eq. (1) is the following: Within a patch of parameter space
that looks indistinguishable to the predictive model, place ev-
ery prediction for a given phase at its center of mass, as de-
rived in [31].

Therefore, two neighboring phases will lead to predictions
pointing in opposite directions in the vicinity of the border
separating them. This argument is illustrated in Fig. 1(b).
Even if the idealized assumption of indistinguishability within
a phase is lifted and such a patch can be resolved by the model
to some extent, there will still be a bias at the edges of the
patch towards the center, as long as the model’s precision and
confidence are not absolute.

Having explained the qualitative mechanism of the scheme
as based on oppositely-oriented prediction deviations near a
phase transition, we now quantify this property. For this pur-
pose we choose the vector field divergence

div(�p) = r · �p =
dX

n=1

@�p(n)

@p
(n)
0

. (2)

Here n denotes the index of the vector and d is the dimension
of the parameter space. We stress that this is the vector cal-
culus divergence known e.g. from Electrodynamics. It must
not be confused with divergence as in diverging to infinity.
In other words, we are not talking about some kind of error
going to infinity, but, roughly speaking, if the �p point in op-
posite directions at a given area. This is quantified by Eq. (2),
which will generally have local maxima at the parameter val-
ues where the system state is most susceptible to a change of
system parameters. This susceptibility suggests that the sys-
tem undergoes a phase transition at those parameters [32]. In
practice, the derivative in Eq. (2) is computed using the sym-
metric di↵erence quotient between neighboring points from
the uniformly sampled grid in parameter space. For example,
at a grid point point p̃

@�p(n)

@p
(n)
0

[ p̃] ⇡ �p
(n)[ p̃ + h · e(n)] � �p(n)[ p̃ � h · e(n)]

2h
, (3)

where h is the the distance between neighboring grid points
and e

(n) is the n-th unit vector in parameter space.

B. Discussion of high prediction resolution regime

So far, we have considered only the regime of low predic-
tion resolution, where the predicitive power of the model is
su�cient to distinguish between phases, but not within. We
now turn to the opposite limit of a predictive model with
extremely high resolution, where we quantify the expected
value of �p after making a few idealized assumptions. While
this quantification helps to better understand our scheme, one

aim: infer phase diagram
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Figure 2 | Neural networks. a, A single artificial neuron, with n inputs
labelled x1 through xn and a single output y. The output of the neuron is
computed by applying the activation function f to the weighted input
a=

Pn
i wixi =w ·x. b, A neural network, consisting of many artificial

neurons that have been arranged in layers. In this particular network
architecture, called a feedforward network, the neurons within each layer
are not connected. Apart from the first layer and the last layer we use one
hidden layer in between (a shallow network, as opposed to a deep network
with many layers). The neurons in the first layer have no inputs, but instead
their outputs are fixed to the values of the input data and hence they serve
as dummy neurons. The entire network can be considered as a highly
nonlinear function g(x;W) that takes the input data x and feeds them
forward to get the output. The goal of a neural network-based approach is
to optimize the choice of the weights such that the network approximates
the desired function.

encountered before. As another display of the generalizing power of
the network, we blank out the data in a width w around µ=�2t
and ask the network to interpolate and find the transition point.
Figure 1c shows that the network has no di�culties doing so even
for w=2t . We were able to go up to widths w=3t before training
became unreliable.

The PCA as an unsupervised learning technique may be applied
without perfectly known information of the system, but it is a linear
analysis and is hence incapable of extracting nonlinear relationships
among the data. On the other hand, a NN is capable of fitting any
nonlinear function11, but a training phase with correctly labelled
input–output pairs is needed. In the following, we propose a scheme
combining both supervised and unsupervisedmethods that we refer
to as a confusion scheme. This scheme is themain result of thiswork.

We suppose that the data depend on a parameter that lies in the
range (a,b), and we assume that there exists a critical point a< c<b
such that the data can be classified into two groups. However, we do
not know the value of c. We propose a critical point c 0, and train a
network that we callNc0 by labelling all data with parameters smaller
than c 0 with label 0 and the others with label 1. Next, we evaluate
the performance of Nc0 on the entire data set and refer to its total
performance, with respect to the proposed critical point c 0, as P(c 0).
We will show that the function P(c 0) has a universal W-shape, with
the middle peak at the correct critical point c. Applying this to the
Kitaev model, we can see from Fig. 1d that for �4t < µ < 0, the
prediction performance from the confusion scheme has a W-shape
with the middle peak at µ=�2t .

The W-shape can be understood as follows. We assume that the
data have two di�erent structures in the regimes below c and above
c, and that the NN is able to find and distinguish them. We refer to
these di�erent structures as features. When we set c 0 = a, the NN
chooses to assign label 1 to both features and thus correctly predicts
100% of the data. A similar analysis applies to c 0 = b, except that
every data point is assigned the label 0. When c 0 = c is the correct
labelling, the NN will choose to assign the right label to both sides
of the critical point and again performs perfectly. When a< c 0 < c,
in the training phase the NN sees data with the same feature in the
ranges from a to c 0 and from c 0 to c, but having di�erent labels (hence
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Figure 3 | Learning the Ising transition. The position of the middle peak in
the universal W-shape deviates from T0

c =Tc for L= 10 due to the
finite-size e�ect. Here kBTc ⇡2.27J is the exact transition temperature in
the thermodynamic limit. For L=20 the middle peak is located exactly at
T0

c =Tc. Error bars are obtained by averaging over ten di�erent and
independent Monte Carlo runs for obtaining the data. The errors are larger
for points that deviate from the expected W-shape. (Parameters for
training: batch size Nb = 100, learning rate ↵=0.02 and regularization
l2 =0.005. See the Methods for an explanation of these terms.)

the confusion). In this case it will choose to learn the label of the
majority data, and the performance will be

P(c 0)=1�
min

�
c� c 0, c 0 �a

�

b�a
(2)

Similar analysis applies to c < c 0 < b. This gives the typical
W-shape seen in Fig. 1d.Note that if the point c is not exactly centred
between a and b, the W-shape will be slightly distorted. Its middle
peak always corresponds to the correct labelling, but the depth of
the minima will di�er between the left and right.

We test the confusion scheme on the thermal phase transition in
the two-dimensional classical Ising model, which has been studied
by both supervised learning6 and unsupervised learning5 methods.
Here we train a NN (with L2 neurons in the input and hidden
layers, and 2 neurons in the output layer) on the L⇥ L classical
configurations sampled fromMonte Carlo simulations. As shown in
Fig. 3, the W-shape again predicts the right transition temperature.
Note the confusion scheme works better when the underlying
feature in the data is sharper, that is, for the larger system size L=20.
We also remark that the error bars shown in the figure are large for
the points deviating from the expected W-shape. These error bars
were obtained by repeating the confusion procedure with Monte
Carlo data from independent runs.

To confirm that the confusion scheme indeed extracts non-trivial
features from the input data, we have checked the performance
curve from the confusion scheme, when the NN is trained on
unstructured random data. We use a fictive parameter as a tuning
parameter, but have completely unstructured (random) data as a
function of it. Hence, the network will not find structure in the
data, and a correct labelling does not exist. The middle peak of the
characteristic W-shape disappears, turning it into a V-shape.

We will now test our proposed scheme on an example where the
exact location of the transition point is not known.We study a case of
interest in recent literature, namely that of many-body localization.
We consider the following model:

H = J
LX

i=1

Si ·Si+1 +
X

↵=x ,y ,z

LX

i=1

h↵

i S
↵

i (3)

where S denote spin-1/2 operators. The local fields h↵
i are drawn

from a uniform box distribution with zero mean and width h↵
max.
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FIG. 1. Schematics for the proposed algorithms. (a) The
DCN scheme for learning phase transitions solely from the
dataset {(�,d(�))}, where � is the tuning parameter and d(�)
is a vector of measurements at �. (b) The DCN snake. The
blue circles are the snake nodes, the green lines denote nor-
mal directions at the nodes. Samples (stars) are generated
in the normal direction at each node and are assigned a la-
bel according to its distance to the snake. Snakes could be
open or closed, and can move to the correct phase boundary
(gray line) automatically. The open snake in this figure has 9
nodes and during motion generates mini-batches of training
data with mini-batch size Nb = 36 (Nb is much larger in real
simulations).

minimized using gradient descent methods.
Typical machine-learning data live in high-dimensional

feature spaces in an unordered fashion. The number of
ways to separate them into two classes is 2N where N

is the size of the dataset. For phase transitions how-
ever, all data are ordered in the parameter space, and for
a single transition point, the number of ways is merely
N + 1. In physics, it is a↵ordable to enumerate all these
possibilities to find the most reasonable separation point.
This observation led to the confusion scheme [5], where
one guesses the transition point �g ! �c and then train
the learner network N . By monitoring the number of
“correctly” classified samples according to this guess –
the performance, the true value for �g can be deduced.
It turns out the true value is the guess for which the
performance is optimal, because here the assigned prob-
abilities in L(�) and the structures in d(�) are the most
consistent, such that the learner network is least confused
by the training.

In the previous proposal, we searched for the opti-
mal �g by a brute-force scan of the parameter space.
For phase transitions in higher-dimensional parameter
spaces, this approach is ine�cient. In this work we in-
troduce the guesser network G. It performs the map
� ! G(�), representing the probabilities of � belonging
to each possible phase. That is, now the guesser pro-
vides L(�). The guesser is itself characterized by a set
of parameters WG on which we wish to perform gradient
descent. The overall cost function of the learner N and
guesser G is now C [N (d(�)),G(�)], see Fig. 1(a). In this

way, we have promoted the human input L to an active
agent G. During training, the learner N tries to learn
the data according to the suggested labels G(�) obtained
from the guesser, and the guesser tries to provide a better
set of labels – they cooperatively optimize the cost C.
We first assume one-dimensional (1D) parameter

space with two phases, and propose a logistic-regression
guesser network with one/two input/output neuron(s):
GA,B(�) = f [sA,B(� � �g)/�], where f(x) = 1/(1 +
e
�x) is the logistic (sigmoid) function, A/B denotes the
first/second output neuron, and sA,B = �,+. The
guesser is hence characterized by two parameters �g and
�, setting respectively the guessed transition point and
the sharpness of the transition. Gradient descent can be
performed on both �g and �. We use the cross entropy
cost function C(N ,G) = � logN ·G� log(1�N ) ·(1�G),
which is suitable for classification problems. The gradient
of C on the guesser network is obtained by the following
equations:

@C

@G = � logN + log(1�N ),

@GA,B

@�g
= � sA,B

4� cosh2 [(�� �g)/2�]
,

@G
@�

=
�� �g

�

@G
@�g

. (1)

These equations fully determine the dynamics of the
guesser: ��g = �↵�g@C/@�g and �� = �↵�@C/@�,
where ↵�g and ↵� are the learning rates for the two pa-
rameters, respectively. The dynamics of the learner fol-
lows �WN = �↵N@C/@WN with another independent
learning rate ↵N , here the gradient is obtained by the
back-propagation algorithm [45].
At this point, one could conceptually regard the

guesser and learner together as one compound agent, ca-
pable of self-learning. We call this scheme discriminative

cooperative networks (DCN), with the name inspired by
the powerful generative adversarial networks (GAN) [48]
for generating samples resembling the training data.
The DCN scheme is e�cient because there is no need

for repetitive training at each guess. This allows us to
move to higher-dimensional parameter spaces. Here we
focus on 2D since physics studies usually report phase
diagrams in 2D parameter spaces. Inspired by the com-
puter vision techniques for finding image features, we
use an active contour model – the snake [44] – for the
parametrization of the guesser.
In computer vision, the snake is a discretized curve of

linked nodes, r(s) = (x(s), y(s)), parametrized by s 2
[0, 1) (for closed snakes) or s 2 [0, 1] (for open snakes),
see Fig. 1(b). The nodes can move actively under “image
forces”, which are the minus gradients of an “external en-
ergy”, with respect to the snake nodes. Specifically, the
external energy is the total potential energy Eexternal =R 1
0 ds�(r(s)), with the potential �(r) proportional to the
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Figure 2 | Neural networks. a, A single artificial neuron, with n inputs
labelled x1 through xn and a single output y. The output of the neuron is
computed by applying the activation function f to the weighted input
a=

Pn
i wixi =w ·x. b, A neural network, consisting of many artificial

neurons that have been arranged in layers. In this particular network
architecture, called a feedforward network, the neurons within each layer
are not connected. Apart from the first layer and the last layer we use one
hidden layer in between (a shallow network, as opposed to a deep network
with many layers). The neurons in the first layer have no inputs, but instead
their outputs are fixed to the values of the input data and hence they serve
as dummy neurons. The entire network can be considered as a highly
nonlinear function g(x;W) that takes the input data x and feeds them
forward to get the output. The goal of a neural network-based approach is
to optimize the choice of the weights such that the network approximates
the desired function.

encountered before. As another display of the generalizing power of
the network, we blank out the data in a width w around µ=�2t
and ask the network to interpolate and find the transition point.
Figure 1c shows that the network has no di�culties doing so even
for w=2t . We were able to go up to widths w=3t before training
became unreliable.

The PCA as an unsupervised learning technique may be applied
without perfectly known information of the system, but it is a linear
analysis and is hence incapable of extracting nonlinear relationships
among the data. On the other hand, a NN is capable of fitting any
nonlinear function11, but a training phase with correctly labelled
input–output pairs is needed. In the following, we propose a scheme
combining both supervised and unsupervisedmethods that we refer
to as a confusion scheme. This scheme is themain result of thiswork.

We suppose that the data depend on a parameter that lies in the
range (a,b), and we assume that there exists a critical point a< c<b
such that the data can be classified into two groups. However, we do
not know the value of c. We propose a critical point c 0, and train a
network that we callNc0 by labelling all data with parameters smaller
than c 0 with label 0 and the others with label 1. Next, we evaluate
the performance of Nc0 on the entire data set and refer to its total
performance, with respect to the proposed critical point c 0, as P(c 0).
We will show that the function P(c 0) has a universal W-shape, with
the middle peak at the correct critical point c. Applying this to the
Kitaev model, we can see from Fig. 1d that for �4t < µ < 0, the
prediction performance from the confusion scheme has a W-shape
with the middle peak at µ=�2t .

The W-shape can be understood as follows. We assume that the
data have two di�erent structures in the regimes below c and above
c, and that the NN is able to find and distinguish them. We refer to
these di�erent structures as features. When we set c 0 = a, the NN
chooses to assign label 1 to both features and thus correctly predicts
100% of the data. A similar analysis applies to c 0 = b, except that
every data point is assigned the label 0. When c 0 = c is the correct
labelling, the NN will choose to assign the right label to both sides
of the critical point and again performs perfectly. When a< c 0 < c,
in the training phase the NN sees data with the same feature in the
ranges from a to c 0 and from c 0 to c, but having di�erent labels (hence
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Figure 3 | Learning the Ising transition. The position of the middle peak in
the universal W-shape deviates from T0

c =Tc for L= 10 due to the
finite-size e�ect. Here kBTc ⇡2.27J is the exact transition temperature in
the thermodynamic limit. For L=20 the middle peak is located exactly at
T0

c =Tc. Error bars are obtained by averaging over ten di�erent and
independent Monte Carlo runs for obtaining the data. The errors are larger
for points that deviate from the expected W-shape. (Parameters for
training: batch size Nb = 100, learning rate ↵=0.02 and regularization
l2 =0.005. See the Methods for an explanation of these terms.)

the confusion). In this case it will choose to learn the label of the
majority data, and the performance will be

P(c 0)=1�
min

�
c� c 0, c 0 �a

�

b�a
(2)

Similar analysis applies to c < c 0 < b. This gives the typical
W-shape seen in Fig. 1d.Note that if the point c is not exactly centred
between a and b, the W-shape will be slightly distorted. Its middle
peak always corresponds to the correct labelling, but the depth of
the minima will di�er between the left and right.

We test the confusion scheme on the thermal phase transition in
the two-dimensional classical Ising model, which has been studied
by both supervised learning6 and unsupervised learning5 methods.
Here we train a NN (with L2 neurons in the input and hidden
layers, and 2 neurons in the output layer) on the L⇥ L classical
configurations sampled fromMonte Carlo simulations. As shown in
Fig. 3, the W-shape again predicts the right transition temperature.
Note the confusion scheme works better when the underlying
feature in the data is sharper, that is, for the larger system size L=20.
We also remark that the error bars shown in the figure are large for
the points deviating from the expected W-shape. These error bars
were obtained by repeating the confusion procedure with Monte
Carlo data from independent runs.

To confirm that the confusion scheme indeed extracts non-trivial
features from the input data, we have checked the performance
curve from the confusion scheme, when the NN is trained on
unstructured random data. We use a fictive parameter as a tuning
parameter, but have completely unstructured (random) data as a
function of it. Hence, the network will not find structure in the
data, and a correct labelling does not exist. The middle peak of the
characteristic W-shape disappears, turning it into a V-shape.

We will now test our proposed scheme on an example where the
exact location of the transition point is not known.We study a case of
interest in recent literature, namely that of many-body localization.
We consider the following model:

H = J
LX

i=1

Si ·Si+1 +
X

↵=x ,y ,z

LX

i=1

h↵

i S
↵

i (3)

where S denote spin-1/2 operators. The local fields h↵
i are drawn

from a uniform box distribution with zero mean and width h↵
max.
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Now: 
Can we do this in a single shot?
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<latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit>

p(2)pred
<latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit>

calculate 
sample 

p(2)0
<latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit>

p(1)0
<latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit>

�p(p0)
<latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit>

order 
parameter

p0
<latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit>

m
<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

x3
<latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit>

predictive model m learns 
parameters p of samples S

arxiv: 1812.00895



predictive 
model

(a)

(b) (c)

S(1)
<latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit>

S(2)
<latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit>

p(1)pred
<latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit>

p(2)pred
<latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit>

calculate 
sample 

p(2)0
<latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit>

p(1)0
<latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit>

�p(p0)
<latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit>

order 
parameter

p0
<latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit>

m
<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

x3
<latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit>

predictive model m learns 
parameters p of samples S

arxiv: 1812.00895

“first step towards unsupervised learning of phases:

 supervised learning of system parameters”



predictive 
model

(a)

(b) (c)

S(1)
<latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit>

S(2)
<latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit>

p(1)pred
<latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit>

p(2)pred
<latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit>

calculate 
sample 

p(2)0
<latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit>

p(1)0
<latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit>

�p(p0)
<latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit>

order 
parameter

p0
<latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit>

m
<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

x3
<latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit>

predictive model m learns 
parameters p of samples S

loss function: |ppred � p0|2
<latexit sha1_base64="Q7kTwCkc/ykj1vC22Pal7llF4Ps=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgxpBUUbsrunFZwT6gjWEymbRDJ5MwMxFKWtz4K25cKOLWr3Dn3zhpK/g8MHA45x7m3uMnjEpl2+/GzOzc/MJiYam4vLK6tm5ubDZknApM6jhmsWj5SBJGOakrqhhpJYKgyGek6ffPc795Q4SkMb9Sg4S4EepyGlKMlJY8c3uYeFknQqonokwng9HoIPHs4XXZM0u2VbGdyrEDfxPHsscogSlqnvnWCWKcRoQrzJCUbcdOlJshoShmZFTspJIkCPdRl7Q15Sgi0s3GJ4zgnlYCGMZCP67gWP2ayFAk5SDy9WS+rPzp5eJfXjtV4ambUZ6kinA8+ShMGVQxzPuAARUEKzbQBGFB9a4Q95BAWOnWirqEz0vh/6RRtpxDy748KlXPpnUUwA7YBfvAASegCi5ADdQBBrfgHjyCJ+POeDCejZfJ6IwxzWyBbzBePwA+1pf4</latexit>

“needs to be distance for our method to work”



“what would a model with zero understanding of the system do?”



“what would a model with zero understanding of the system do?”

-> “place every guess in the center, to minimize average distance”





“such a vector field emerges for the model’s predictions”




predictive 
model

(a)

(b) (c)

S(1)
<latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit>

S(2)
<latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit>

p(1)pred
<latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit>

p(2)pred
<latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit>

calculate 
sample 

p(2)0
<latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit>

p(1)0
<latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit>

�p(p0)
<latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit>

order 
parameter

p0
<latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit>

m
<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

x3
<latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit>

“if there is more than one phase:

placement in center of each phase,

if network cannot distinguish within phase”



predictive 
model

(a)

(b) (c)

S(1)
<latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit><latexit sha1_base64="qXFlNXqBjgtb4lDvlHafsu4/QoY=">AAAB7nicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxov2ANpbNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYT10bE6gHHCfcjOlAiFIyitVr3j1nFO5v0SmW36s5ElsHLoQy56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LCoaceNns3Un5NQ6fRLG2j6FZOb+nshoZMw4CmxnRHFoFmtT879aJ8Xwys+ESlLkis0/ClNJMCbT20lfaM5Qji1QpoXdlbAh1ZShTahoQ/AWT16G5nnVs3x3Ua5d53EU4BhOoAIeXEINbqEODWAwgmd4hTcncV6cd+dj3rri5DNH8EfO5w9d8I7r</latexit>

S(2)
<latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit><latexit sha1_base64="DsmBY3nMkKDFuw/CM10yseGdqYE=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJFqJeyWwQ9Fr14rGg/oF1LNk3b0Gx2SWaFsvRHePGgiFd/jzf/jWm7B219IfDwzgyZeYNYCoOu++3k1tY3Nrfy24Wd3b39g+LhUdNEiWa8wSIZ6XZADZdC8QYKlLwda07DQPJWML6Z1VtPXBsRqQecxNwP6VCJgWAUrdW6f0zL1fNpr1hyK+5cZBW8DEqQqd4rfnX7EUtCrpBJakzHc2P0U6pRMMmnhW5ieEzZmA55x6KiITd+Ol93Ss6s0yeDSNunkMzd3xMpDY2ZhIHtDCmOzHJtZv5X6yQ4uPJToeIEuWKLjwaJJBiR2e2kLzRnKCcWKNPC7krYiGrK0CZUsCF4yyevQrNa8SzfXZRq11kceTiBUyiDB5dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7I+fwBX3aO7A==</latexit>

p(1)pred
<latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit><latexit sha1_base64="OjTKwAjrLUrGf14EhUZRCWLjFbk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYK1gYi0QfUhsix3Faq7YT2Q5SFWXhV1gYQIiVz2Djb3DaDNByJEtH59wj33uChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXxanEpINjFst+gBRhVJCOppqRfiIJ4gEjvWByU/i9RyIVjcW9nibE42gkaEQx0kby7aPkIWu4Z7mfDTnSY8kzEw/z3LfrTtOZAS4TtyR1UKLt21/DMMYpJ0JjhpQauE6ivQxJTTEjeW2YKpIgPEEjMjBUIE6Ul80OyOGpUUIYxdI8oeFM/Z3IEFdqygMzWWypFr1C/M8bpDq68jIqklQTgecfRSmDOoZFGzCkkmDNpoYgLKnZFeIxkghr01nNlOAunrxMuudN1/C7i3rruqyjCo7BCWgAF1yCFrgFbdABGOTgGbyCN+vJerHerY/5aMUqM4fgD6zPHxTElrg=</latexit>

p(2)pred
<latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit><latexit sha1_base64="hAXgbiySxWHtqwZ+nU5rdQpoYIA=">AAACAHicbVBPS8MwHE3nvzn/VT148BIcwryMdgh6HHrxOMHNwVZLmqZbWJKWJBVG6cWv4sWDIl79GN78NqZbD7r5IPB47/fI7/eChFGlHefbqqysrq1vVDdrW9s7u3v2/kFPxanEpItjFst+gBRhVJCuppqRfiIJ4gEj98HkuvDvH4lUNBZ3epoQj6ORoBHFSBvJt4+Sh6zROsv9bMiRHkuemXiY575dd5rODHCZuCWpgxId3/4ahjFOOREaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhAnGivGx2QA5PjRLCKJbmCQ1n6u9EhrhSUx6YyWJLtegV4n/eINXRpZdRkaSaCDz/KEoZ1DEs2oAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0ms1XcNvz+vtq7KOKjgGJ6ABXHAB2uAGdEAXYJCDZ/AK3qwn68V6tz7moxWrzByCP7A+fwAWWpa5</latexit>

calculate 
sample 

p(2)0
<latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit><latexit sha1_base64="ypnUlOWzKH0BWsaqFHftYN9he9U=">AAAB8nicbZDLSgMxFIbPeK31VnXpJliEuikzRdBl0Y3LCvYC07Fk0kwbmkmGJCOUYR7DjQtF3Po07nwb03YW2vpD4OM/55Bz/jDhTBvX/XbW1jc2t7ZLO+Xdvf2Dw8rRcUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzO6t0nqjST4sFMExrEeCRYxAg21vKTx6zWuMgHmZsPKlW37s6FVsEroAqFWoPKV38oSRpTYQjHWvuem5ggw8owwmle7qeaJphM8Ij6FgWOqQ6y+co5OrfOEEVS2ScMmru/JzIcaz2NQ9sZYzPWy7WZ+V/NT010HWRMJKmhgiw+ilKOjESz+9GQKUoMn1rARDG7KyJjrDAxNqWyDcFbPnkVOo26Z/n+stq8KeIowSmcQQ08uIIm3EEL2kBAwjO8wptjnBfn3flYtK45xcwJ/JHz+QN8FJC4</latexit>

p(1)0
<latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit><latexit sha1_base64="chS0r9zAOujH4qfTUElSyayl27Q=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIdVNmRNBl0Y3LCvYC07Fk0kwbmkmG5IxQhnkMNy4UcevTuPNtTNtZaOsPgY//nEPO+cNEcAOu++2U1tY3NrfK25Wd3b39g+rhUceoVFPWpkoo3QuJYYJL1gYOgvUSzUgcCtYNJ7ezeveJacOVfIBpwoKYjCSPOCVgLT95zOreeT7I3HxQrbkNdy68Cl4BNVSoNah+9YeKpjGTQAUxxvfcBIKMaOBUsLzSTw1LCJ2QEfMtShIzE2TzlXN8Zp0hjpS2TwKeu78nMhIbM41D2xkTGJvl2sz8r+anEF0HGZdJCkzSxUdRKjAoPLsfD7lmFMTUAqGa210xHRNNKNiUKjYEb/nkVehcNDzL95e15k0RRxmdoFNURx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/ZHz+QN6ipC3</latexit>

�p(p0)
<latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit>

order 
parameter

p0
<latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit>

m
<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

x3
<latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit>

ppred
<latexit sha1_base64="KDF2jxNRH+x467h+Ku5Se1WELYQ=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokKuiy6cVnBPqANYTKZtkMnkzAzUUrMp7hxoYhbv8Sdf+OkzUJbDwwczr2He+YECWdKO863tbK6tr6xWdmqbu/s7u3btYOOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTTHvPlCpWCzu9TShXoRHgg0ZwdpIvl1L/GwQYT2WUWaMYZ77dt1pODOgZeKWpA4lWr79NQhjkkZUaMKxUn3XSbSXYakZ4TSvDlJFE0wmeET7hgocUeVls+g5OjFKiIaxNE9oNFN/OzIcKTWNArNZpFSLs0L8b9ZP9fDKy5hIUk0FmR8aphzpGBU9oJBJSjSfGoKJZCYrImMsMdGmraopwV388jLpnDXc84Zzd1FvXpd1VOAIjuEUXLiEJtxCC9pA4BGe4RXerCfrxXq3PuarK1bpOYQ/sD5/AEX7lKY=</latexit>

p0
<latexit sha1_base64="0LSeTTcbtSzAcVINWJPNfA1MV4o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndZde9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwD+l42Z</latexit>

�p = ppred � p0
<latexit sha1_base64="w9TkRUikTfoBBna3CzXuT6Gy+c8=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwY0lU0I1QdOOygn1AE8JkMmmHTibDzEQoIVs3/oobF4q49Q/c+TdO2iy09cDA4Zx779x7AsGo0rb9bVWWlldW16rrtY3Nre2d+u5eVyWpxKSDE5bIfoAUYZSTjqaakb6QBMUBI71gfFP4vQciFU34vZ4I4sVoyGlEMdJG8uvQDQnTCAp4BYWfuTHSIxlnZkaY5yfCt/16w27aU8BF4pSkAUq0/fqXGyY4jQnXmCGlBo4ttJchqSlmJK+5qSIC4TEakoGhHMVEedn0khweGSWEUSLN4xpO1d8dGYqVmsSBqSw2VfNeIf7nDVIdXXoZ5SLVhOPZR1HKoE5gEQsMqSRYs4khCEtqdoV4hCTC2oRXMyE48ycvku5p0zlr2nfnjdZ1GUcVHIBDcAwccAFa4Ba0QQdg8AiewSt4s56sF+vd+piVVqyyZx/8gfX5A/Dwmds=</latexit>

“as a consequence, a ‘crack’ of deviating

 predictions emerges at phase boundaries.

how to quantify?”



Quantify via 
 vector divergence

where       are the deviations 
of the predictions 
�~p

<latexit sha1_base64="lVcjsuSJU/9xyifsy4zivJcZsCI=">AAAB9HicdVDJSgNBEO1xjXGLevTSGARPw4yKmlvQi8cIZoHMEHp6apImPYvdNYEQ8h1ePCji1Y/x5t/YWQTXBwWP96qoqhdkUmh0nHdrYXFpeWW1sFZc39jc2i7t7DZ0misOdZ7KVLUCpkGKBOooUEIrU8DiQEIz6F9N/OYAlBZpcovDDPyYdRMRCc7QSL4XgkRGvQFwmnVKZceuOG7lzKW/iWs7U5TJHLVO6c0LU57HkCCXTOu262Toj5hCwSWMi16uIWO8z7rQNjRhMWh/ND16TA+NEtIoVaYSpFP168SIxVoP48B0xgx7+qc3Ef/y2jlGF/5IJFmOkPDZoiiXFFM6SYCGQgFHOTSEcSXMrZT3mGIcTU5FE8Lnp/R/0ji23RPbuTktVy/ncRTIPjkgR8Ql56RKrkmN1Aknd+SePJIna2A9WM/Wy6x1wZrP7JFvsF4/AJWQkfw=</latexit>

~r~p0 · �~p
<latexit sha1_base64="Gypz3vhVI36wNjBvcvpwbmJpNKA=">AAACE3icdVDJSgNBEO1xN25Rj14agyAewoyKy0304jGCUSETQk1PRRt7eobuGiEM+Qcv/ooXD4p49eLNv7GzCK4PCl6/V0VXvShT0pLvv3sjo2PjE5NT06WZ2bn5hfLi0plNcyOwLlKVmosILCqpsU6SFF5kBiGJFJ5H10c9//wGjZWpPqVOhs0ELrVsSwHkpFZ5I7xBwUMNkYJW0X9kLb/LQxGnxMMYFQEfyuWKX933g/2dgP8mQdXvo8KGqLXKb2GcijxBTUKBtY3Az6hZgCEpFHZLYW4xA3ENl9hwVEOCtln0b+ryNafEvJ0aV5p4X/06UUBibSeJXGcCdGV/ej3xL6+RU3uvWUid5YRaDD5q54pTynsB8VgaFKQ6joAw0u3KxRUYEORiLLkQPi/l/5OzzWqwVfVPtisHh8M4ptgKW2XrLGC77IAdsxqrM8Fu2T17ZE/enffgPXsvg9YRbzizzL7Be/0AK2SduQ==</latexit>

2

predictive 
model

(a)

(b) (c)

calculate 
sample 

�p(p0)
<latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit><latexit sha1_base64="XMRRI7C0TFXtJxRas5Cw/5Y0XyI=">AAAB9XicbZBNS8NAEIYnftb6VfXoZbEI9VISEfRY9OKxgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6m9dYj10bE6h7HCfcjOlAiFIyitR66fS6RkoRUkp571iuV3ao7E1kGL4cy5Kr3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rGoaMSNn82unpBT6/RJGGv7FJKZ+3sio5Ex4yiwnRHFoVmsTc3/ap0Uwys/EypJkSs2XxSmkmBMphGQvtCcoRxboEwLeythQ6opQxtU0YbgLX55GZrnVc/y3UW5dp3HUYBjOIEKeHAJNbiFOjSAgYZneIU358l5cd6dj3nripPPHMEfOZ8/26CRbA==</latexit>

order 
parameter

p0
<latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit><latexit sha1_base64="kd41RNJGfaq4pxVAtFqNIIHM/kQ=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe07/Xdqlfz5iKr4BdQhUKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn1Z6meEpZWM65F2LisbcBPl81Sk5s86ARIm2TyGZu78nchobM4lD2xlTHJnl2sz8r9bNMLoOcqHSDLlii4+iTBJMyOxuMhCaM5QTC5RpYXclbEQ1ZWjTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Af3vjZc=</latexit>

m
<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>
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Figure 1. Illustration of the divergence-based model to find phase
transitions. (a) Parameters p0 are uniformly drawn from parameter
space to calculate corresponding samples S . A predictive model is
trained to recognize the parameters for a given sample, such that the
deviation �p of the resulting prediction ppred from the undertyling
true p0 is minimized on average. If the model can distinguish param-
eters between di↵erent phases better than within a phase, crossing
the border between di↵erent phases results in diverging predictions
�p(p0), which provides a signature of a phase transition. Panel (b)
illustrates this phenomenon by showing the vector field �p(p0) in the
presence of two phases (blue and red) for the limit of zero resolution
within a phase, where all predictions within a phase will be placed at
its center of mass. The analytical argument leading to Eq. (4) for the
opposite limiting case of high resolution is illustrated in panel (c),
where the black bars correspond to the range of possible estimates of
the order parameter at points on opposite sites of a phase transition,
and the colored bars indicate the overlap to the neighboring bars. In
this limit, the prediction will deviate towards the direction of higher
overlap.

II. THE LEARNING SCHEME

A. Introduction and regime of low prediction resolution

Our method requires to uniformly sample instances of the
state S of a physical system as a function of continuous system
parameters p0. For example, S (p0) could be a spin configura-
tion of the Ising model sampled as a function of temperature
and coupling strengths as the parameters.

As illustrated in Fig. 1(a), the ansatz of our model is as
follows: A predictive model m : S ! ppred, for example a
neural network, is trained to produce from single samples S

predictions ppred of the system parameters that minimize the
expectation value of the loss function

L = |�p|2 , (1)

where �p = ppred � p0 denotes the di↵erence between the pre-
dictions and the correct labels and | . | is the Euclidian vector
norm. While other choices of L are possible, it is essential
that the error is measured as a distance. The loss function of
Eq. (1) is typically referred to as mean squared error loss.

The idea of our scheme is then to look at the vector field
�p(p0) of prediction deviations as a function of the underly-
ing true parameters and find a structure in it. Assuming that
the model can distinguish between di↵erent phases, but each
phase looks indistinguishable to the predictive model, the best
strategy to minimize the mean squared error loss function of
Eq. (1) is the following: Within a patch of parameter space
that looks indistinguishable to the predictive model, place ev-
ery prediction for a given phase at its center of mass, as de-
rived in [31].

Therefore, two neighboring phases will lead to predictions
pointing in opposite directions in the vicinity of the border
separating them. This argument is illustrated in Fig. 1(b).
Even if the idealized assumption of indistinguishability within
a phase is lifted and such a patch can be resolved by the model
to some extent, there will still be a bias at the edges of the
patch towards the center, as long as the model’s precision and
confidence are not absolute.

Having explained the qualitative mechanism of the scheme
as based on oppositely-oriented prediction deviations near a
phase transition, we now quantify this property. For this pur-
pose we choose the vector field divergence

div(�p) = r · �p =
dX

n=1

@�p(n)

@p
(n)
0

. (2)

Here n denotes the index of the vector and d is the dimension
of the parameter space. We stress that this is the vector cal-
culus divergence known e.g. from Electrodynamics. It must
not be confused with divergence as in diverging to infinity.
In other words, we are not talking about some kind of error
going to infinity, but, roughly speaking, if the �p point in op-
posite directions at a given area. This is quantified by Eq. (2),
which will generally have local maxima at the parameter val-
ues where the system state is most susceptible to a change of
system parameters. This susceptibility suggests that the sys-
tem undergoes a phase transition at those parameters [32]. In
practice, the derivative in Eq. (2) is computed using the sym-
metric di↵erence quotient between neighboring points from
the uniformly sampled grid in parameter space. For example,
at a grid point point p̃

@�p(n)

@p
(n)
0

[ p̃] ⇡ �p
(n)[ p̃ + h · e(n)] � �p(n)[ p̃ � h · e(n)]

2h
, (3)

where h is the the distance between neighboring grid points
and e

(n) is the n-th unit vector in parameter space.

B. Discussion of high prediction resolution regime

So far, we have considered only the regime of low predic-
tion resolution, where the predicitive power of the model is
su�cient to distinguish between phases, but not within. We
now turn to the opposite limit of a predictive model with
extremely high resolution, where we quantify the expected
value of �p after making a few idealized assumptions. While
this quantification helps to better understand our scheme, one

ppred
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should also keep in mind that it describes a particular idealized
situation.

We assume that the phase transitions of the considered sys-
tem can be described with an order parameter y(p), which in
the following will be a real number for simplicity. We further
assume that the predictive model essentially estimates this or-
der parameter y(p) to reconstruct the physical system’s param-
eters, i.e. make the prediction ppred. As illustrated in Fig. 1(c),
let us consider three neighboring points x1, x2 and x3 on an
equidistant grid in one parameter dimension. As the sampling
in parameter space is uniform, the probability W of each of
these points is the same, i.e. W(p0 = x1) = W(p0 = x2) =
W(p0 = x3). If the resolution of the model is on the order of
the distance between these points, we neglect the probabilities
of the model to err by more than one point on the given grid
so that

P3
n=1 W(ppred = xn|p0 = x2) = 1 for the probability

conditioned on p0 = x2.
The probabilistic sampling of the finite dimensional phys-

ical system gives rise to randomness, furthermore the pre-
dictive model will typically have random errors. Therefore,
the estimation yE(S ) of the order parameter as inferred by the
model for di↵erent samples at a parameter p0 will generally
vary probabilistically around the expectation value hy(p0)i.
For a simplified description, we will assume the deviation
yE � hy(p0)i to be symmetric around zero with lower proba-
bility density for higher deviations and to follow independent
identical distributions at all points [33].

Under these conditions the predictive model will bias its
predictions in the direction where the order parameter varies
less

W(ppred = x1|p0 = x2) > W(ppred = x3|p0 = x2)
, |y(x1) � y(x2)| < |y(x3) � y(x2)|. (4)

Obviously, this leads to diverging �p at a first-order phase
transition, where y jumps discontinuously. Taking into ac-
count a finite system size or considering second-order phase
transitions, the direction of �p will depend on the sign of the
second derivative of y, which will generally change when go-
ing from one phase to another. Depending on the particular
transition, this sign can also change a second time, leading to
another peak in the divergence. Therefore further peaks in di-
vergence can be expected and each peak is indicator, but not a
proof of a phase transition, and a physicist’s understanding of
the system will be needed for final confirmation.

These arguments show the potential of our method in ideal-
ized limiting cases of high and low prediction resolution. To
evaluate how this translates to a non-ideal setting and thereby
test the performance of our scheme, we apply it to two physi-
cal systems, which are introduced in the next section.

III. TEST CASES

A. The Ising model

As a basic test case to demonstrate our method, we apply
it to the well-understood Ising model [34]. Perhaps its most

i
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Figure 2. (a) Ising model on a two-dimensional lattice with coupling
Jx in horizontal direction (red) and coupling Jy in vertical direction
(blue). For large enough coupling strength as compared to the tem-
perature, the system will enter an ordered phase, whose spin config-
uration depends on the sign of couplings. The four di↵erent ordered
phases are displayed with Jx > 0 on the right, Jx < 0 on the left,
Jy > 0 on top, and Jy < 0 at the bottom, cf. Eq. (6). (b) Kuramoto-
Hopf model with nearest neighbor (green) and next-to-nearest neigh-
bor (blue) couplings of the i-th oscillator (red) on a two dimensional
array. While V1 and C couple only nearest neighbors, the parameter
V2 includes coupling to the next-to-nearest neighbors. (c) The pat-
terns (I) and (II) are samples of stationary phases for di↵erent values
of V2 on a 128⇥128 array with random initial conditions for constant
C = 1 and V1 = 5, cf. Eq. (7). Panel (I) shows the spiral structures
for the case V2/C = 0.1. For V2/C ⇡ 4 several stable ⇡-defects
emerge in panel (II).

popular version is the case of ferromagnetically coupled spins
on a two-dimensional lattice without bias fields and isotropic
coupling. It is described by the Hamiltonian

H
iso
Ising = �J

NX

j=1

NX

k=1

⇣
� j,k� j,k+1 + � j+1,k� j,k

⌘
, (5)

where the � jk describe spin configurations that can take on
the values � jk = ±1 and J > 0 denotes the coupling energy
between neighboring spins. For temperatures above the criti-
cal value, the magnetization M =

P
j,k � jk/N2 vanishes in the

thermodynamic limit N ! 1. At Tc the system undergoes
a phase transition, with a net magnetization building up, that
reaches |M| = 1 at T = 0.

We will also consider the natural generalization described
by the Hamiltonian

H
aniso
Ising = �

NX

j=1

NX

k=1

⇣
Jx� j,k� j,k+1 + Jy� j+1,k� j,k

⌘
, (6)

allowing for di↵erent coupling strength Jx and Jy in horizon-
tal and vertical direction, as well as negative values for the

Jy
<latexit sha1_base64="uaRYYmEhAkD19hFu4GGbnCYgpQo=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSa2wWZXdCOuKtoHtKFMppN26GQSZiZCKP0ENy4UcesXufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnM/c49lYrF4k5nCfUjPBIsZARrI91eD7JBuYJs5HqugyCyXeR41Zx4Xr3mutCx0RwVsERzUH7vD2OSRlRowrFSPQcl2p9iqRnhdFbqp4ommEzwiPYMFTiiyp/OT53BE6MMYRhLU0LDufp9YoojpbIoMJ0R1mP128vFv7xeqsO6P2UiSTUVZLEoTDnUMcz/hkMmKdE8MwQTycytkIyxxESbdEomhK9P4f+kfWY7VRvd1CqNi2UcRXAEjsEpcMA5aIAr0AQtQMAIPIAn8Gxx69F6sV4XrQVrOXMIfsB6+wSjs44K</latexit>

Jx
<latexit sha1_base64="AYU9x3KA5A0JbsyeJbeDDiqCO+4=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLToa27ohtxVdE+oB1KJs20oZnMkGTEUvoJblwo4tYvcuffmGkrqOiBC4dz7uXee4KEM6UR+rByK6tr6xv5zcLW9s7uXnH/oKXiVBLaJDGPZSfAinImaFMzzWknkRRHAaftYHyR+e07KhWLxa2eJNSP8FCwkBGsjXRz1b/vF0vIPqtVXK8CkY1Q1XGdjLhVr+xBxygZSmCJRr/43hvEJI2o0IRjpboOSrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86gydGGcAwlqaEhnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlUMcw+xsOmKRE84khmEhmboVkhCUm2qRTMCF8fQr/Jy3Xdso2uvZK9fNlHHlwBI7BKXBAFdTBJWiAJiBgCB7AE3i2uPVovVivi9actZw5BD9gvX0CkfGN/Q==</latexit>





J_x

J_y

ve
ct

or
 fi

el
d 

di
ve

rg
en

ce

Onsager analytical solution



1d Ising model

5

Figure 3. Panel (a) is a plot of the loss function L from Eq. (1)
as a function of the number of training epochs for both Ising and
Kuramoto-Hopf model. The resulting deviation of the predictions
(blue) and their divergence (red) from (2) for the coupling constant J

of the isotropic Ising model are plotted in panel (b) after one learning
epoch and panel (c) after 60 epochs. The dashed black line indicates
the analytical value J/T = 0.44 of the phase transition. The error
bars are obtained by splitting a total of 442 samples per point into
7 independent data sets. Each data set is in turn split in half into
a training and an evaluation set. For the anisotropic Ising model,
panel (d) shows the scaled deviations �J (white arrows) after the first
training epoch, and the resulting divergence as a function of Jx and
Jy. The dashed yellow lines again indicate the Onsager result of the
phase transition. Here, a total of 100 samples per point were split
into 10 independent data sets. Panels (e) and (f) show the network’s
predictions (black), the resulting deviation of the predictions (blue)
and their divergence (red) from (2) for the coupling constant V2/C
of the Kuramoto-Hopf model after five learning epochs and after 60
epochs, respectively. For this case we used 66 samples per point that
were split into 3 independent data sets. For all models, each data set
was trained 50 times from scratch for further averaging.

scribed by the situation explained in Fig. 1(b), i.e. the net-
work essentially recognizes whether the sample is in the fer-
romagnetic or in the paramagnetic phase, but cannot resolve

well within the phases. Therefore, in essence we obtain two
plateaus for the network’s predictions (black curve). Accord-
ingly, the deviations �p of the predictions with respect to the
ground truth (blue curve) are only close to zero at the cen-
ter of estimated phases and at the transition point where the
model separates the di↵erent phases. Their derivative @p0�p is
positive at the transition point and negative within the phases.

Panel (c) shows the predictions after the final training
epoch, where the network has learned to resolve the param-
eters even within a phase in the region J < Tc. The higher
resolution strongly decreases the size of the peak, but the
maximum is still in the vicinity of the phase transition, as
we would expect from the arguments illustrated by Fig. 1(c).
Furthermore, a second peak arises at around J = T , which is
approximately where the magnetization (shown in the same
plot) starts to saturate. After saturation the states again be-
come indistinguishable to the model.

Panel (d) shows the output of the network after one training
epoch for the Ising model from Eq. (6) with independent cou-
plings (Jx, Jy) sampled on a 40 ⇥ 40 grid with each parameter
ranging from �1.5 to +1.5. The divergence peak is in good
agreement with the Onsager result given below Eq. (6), which
is represented by the yellow lines. The arrows show scaled de-
viations � ~J to indicate their direction. The predictions them-
selves are again clustered at the center of the di↵erent phases,
similar to the situation expected from Fig. 1(b).

For the Kuramoto-Hopf model, we sampled a line in the
phase diagram at V1/C = 5 and V2/C logarithmically vary-
ing between V2/C = 0.1 and V2/C = 10. We discretized the
line by 100 grid points and we computed 66 independent sam-
ples per grid point. The ⇡-defects mentioned earlier become
stable at around V2/C ⇡ 1 [30] manifesting a phase transition.
Panels (e) and (f) show the output of the network after, respec-
tively, 5 and 60 training epochs. At 5 epochs, there is a clear
peak centered at approximately V2/C ⇡ 2, after 60 epochs it
becomes broader and starts at slightly lower values. While the
phase transition is captured, the exact value of the transition
is less precise than in case of the Ising model. Inspecting the
samples around V2/C & 1, we find that only a few of them
actually show defects due to the finite size of the lattice.

V. DISCUSSION AND OUTLOOK

For both of the systems tested, the learning scheme showed
promising results and found the respective phase transitions
without any prior knowledge. During the training procedure,
as the resolution of the neural network increases, more and
more structure in the phase diagram emerges. It is impor-
tant to avoid over-fitting to the training data, as this may lead
to spurious structures emerging in �p related to the features
of the particular training data. Obviously over-fitting can be
avoided by obtaining more training data, but also by data aug-
mentation, where suitable random transformations are applied
each time a sample is revisited. In our case, we made use of
the symmetries of the systems and applied a series of flips, ro-
tations by multiples of 90 degrees, as well as random transla-
tions along both the x and y axis with periodic boundary con-

divergence
deviation
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<latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit><latexit sha1_base64="ddAIT4YJzBve8gA3dSRH/GayHDc=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiam5BLx4TMAskQ+jp1CRtenqG7h4hDPkCLx4U8eonefNv7CyC64OCx3tVVNULEsG1cd13J7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxhdTf3WHSrNY3ljxgn6ER1IHnJGjZXqUa9YcssV16uceeQ38cruDCVYoNYrvnX7MUsjlIYJqnXHcxPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IUdW6ZMwVrakITP160RGI63HUWA7I2qG+qc3Ff/yOqkJL/yMyyQ1KNl8UZgKYmIy/Zr0uUJmxNgSyhS3txI2pIoyY7Mp2BA+PyX/k+ZJ2bO8flqqXi7iyMMBHMIxeHAOVbiGGjSAAcI9PMKTc+s8OM/Oy7w15yxm9uEbnNcPRpaNPw==</latexit>

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>

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

x3
<latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit><latexit sha1_base64="AII+YquknBh492N6v2CGV+dFT6s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gAOuo2i</latexit>

p0
<latexit sha1_base64="NKf2RxnntXTD7CFoJrkxnICXbbE="></latexit><latexit sha1_base64="NKf2RxnntXTD7CFoJrkxnICXbbE="></latexit><latexit sha1_base64="NKf2RxnntXTD7CFoJrkxnICXbbE="></latexit><latexit sha1_base64="NKf2RxnntXTD7CFoJrkxnICXbbE="></latexit>

p̃0
<latexit sha1_base64="1Y6JksoDolRrUez2uwbyqfuH+zA="></latexit><latexit sha1_base64="1Y6JksoDolRrUez2uwbyqfuH+zA="></latexit><latexit sha1_base64="1Y6JksoDolRrUez2uwbyqfuH+zA="></latexit><latexit sha1_base64="1Y6JksoDolRrUez2uwbyqfuH+zA="></latexit>

p̃pred
<latexit sha1_base64="2kvHRsXbDeSgNaDjnMD4vpqOlZA="></latexit><latexit sha1_base64="2kvHRsXbDeSgNaDjnMD4vpqOlZA="></latexit><latexit sha1_base64="2kvHRsXbDeSgNaDjnMD4vpqOlZA="></latexit><latexit sha1_base64="2kvHRsXbDeSgNaDjnMD4vpqOlZA="></latexit>

ppred
<latexit sha1_base64="Q+UbaRRqjiQgoRk3T5wHVPRunWo="></latexit><latexit sha1_base64="Q+UbaRRqjiQgoRk3T5wHVPRunWo="></latexit><latexit sha1_base64="Q+UbaRRqjiQgoRk3T5wHVPRunWo="></latexit><latexit sha1_base64="Q+UbaRRqjiQgoRk3T5wHVPRunWo="></latexit>

S
<latexit sha1_base64="FRL2IMDaPhHSnxsnYS1vAh1PYiI="></latexit><latexit sha1_base64="FRL2IMDaPhHSnxsnYS1vAh1PYiI="></latexit><latexit sha1_base64="FRL2IMDaPhHSnxsnYS1vAh1PYiI="></latexit><latexit sha1_base64="FRL2IMDaPhHSnxsnYS1vAh1PYiI="></latexit>

S̃
<latexit sha1_base64="h7pg8cOvwpiavdgTNw05KD+TFdc="></latexit><latexit sha1_base64="h7pg8cOvwpiavdgTNw05KD+TFdc="></latexit><latexit sha1_base64="h7pg8cOvwpiavdgTNw05KD+TFdc="></latexit><latexit sha1_base64="h7pg8cOvwpiavdgTNw05KD+TFdc="></latexit>

Figure 1. Illustration of the divergence-based model to find phase
transitions. (a) Parameters p0 are uniformly drawn from parameter
space to calculate corresponding samples S . A predictive model is
trained to recognize the parameters for a given sample, such that the
deviation �p of the resulting prediction ppred from the undertyling
true p0 is minimized on average. If the model can distinguish param-
eters between di↵erent phases better than within a phase, crossing
the border between di↵erent phases results in diverging predictions
�p(p0), which provides a signature of a phase transition. Panel (b)
illustrates this phenomenon by showing the vector field �p(p0) in the
presence of two phases (blue and red) for the limit of zero resolution
within a phase, where all predictions within a phase will be placed at
its center of mass. The analytical argument leading to Eq. (4) for the
opposite limiting case of high resolution is illustrated in panel (c),
where the black bars correspond to the range of possible estimates of
the order parameter at points on opposite sites of a phase transition,
and the colored bars indicate the overlap to the neighboring bars. In
this limit, the prediction will deviate towards the direction of higher
overlap.

II. THE LEARNING SCHEME

A. Introduction and regime of low prediction resolution

Our method requires to uniformly sample instances of the
state S of a physical system as a function of continuous system
parameters p0. For example, S (p0) could be a spin configura-
tion of the Ising model sampled as a function of temperature
and coupling strengths as the parameters.

As illustrated in Fig. 1(a), the ansatz of our model is as
follows: A predictive model m : S ! ppred, for example a
neural network, is trained to produce from single samples S

predictions ppred of the system parameters that minimize the
expectation value of the loss function

L = |�p|2 , (1)

where �p = ppred � p0 denotes the di↵erence between the pre-
dictions and the correct labels and | . | is the Euclidian vector
norm. While other choices of L are possible, it is essential
that the error is measured as a distance. The loss function of
Eq. (1) is typically referred to as mean squared error loss.

The idea of our scheme is then to look at the vector field
�p(p0) of prediction deviations as a function of the underly-
ing true parameters and find a structure in it. Assuming that
the model can distinguish between di↵erent phases, but each
phase looks indistinguishable to the predictive model, the best
strategy to minimize the mean squared error loss function of
Eq. (1) is the following: Within a patch of parameter space
that looks indistinguishable to the predictive model, place ev-
ery prediction for a given phase at its center of mass, as de-
rived in [31].

Therefore, two neighboring phases will lead to predictions
pointing in opposite directions in the vicinity of the border
separating them. This argument is illustrated in Fig. 1(b).
Even if the idealized assumption of indistinguishability within
a phase is lifted and such a patch can be resolved by the model
to some extent, there will still be a bias at the edges of the
patch towards the center, as long as the model’s precision and
confidence are not absolute.

Having explained the qualitative mechanism of the scheme
as based on oppositely-oriented prediction deviations near a
phase transition, we now quantify this property. For this pur-
pose we choose the vector field divergence

div(�p) = r · �p =
dX

n=1

@�p(n)

@p
(n)
0

. (2)

Here n denotes the index of the vector and d is the dimension
of the parameter space. We stress that this is the vector cal-
culus divergence known e.g. from Electrodynamics. It must
not be confused with divergence as in diverging to infinity.
In other words, we are not talking about some kind of error
going to infinity, but, roughly speaking, if the �p point in op-
posite directions at a given area. This is quantified by Eq. (2),
which will generally have local maxima at the parameter val-
ues where the system state is most susceptible to a change of
system parameters. This susceptibility suggests that the sys-
tem undergoes a phase transition at those parameters [32]. In
practice, the derivative in Eq. (2) is computed using the sym-
metric di↵erence quotient between neighboring points from
the uniformly sampled grid in parameter space. For example,
at a grid point point p̃

@�p(n)

@p
(n)
0

[ p̃] ⇡ �p
(n)[ p̃ + h · e(n)] � �p(n)[ p̃ � h · e(n)]

2h
, (3)

where h is the the distance between neighboring grid points
and e

(n) is the n-th unit vector in parameter space.

B. Discussion of high prediction resolution regime

So far, we have considered only the regime of low predic-
tion resolution, where the predicitive power of the model is
su�cient to distinguish between phases, but not within. We
now turn to the opposite limit of a predictive model with
extremely high resolution, where we quantify the expected
value of �p after making a few idealized assumptions. While
this quantification helps to better understand our scheme, one
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should also keep in mind that it describes a particular idealized
situation.

We assume that the phase transitions of the considered sys-
tem can be described with an order parameter y(p), which in
the following will be a real number for simplicity. We further
assume that the predictive model essentially estimates this or-
der parameter y(p) to reconstruct the physical system’s param-
eters, i.e. make the prediction ppred. As illustrated in Fig. 1(c),
let us consider three neighboring points x1, x2 and x3 on an
equidistant grid in one parameter dimension. As the sampling
in parameter space is uniform, the probability W of each of
these points is the same, i.e. W(p0 = x1) = W(p0 = x2) =
W(p0 = x3). If the resolution of the model is on the order of
the distance between these points, we neglect the probabilities
of the model to err by more than one point on the given grid
so that

P3
n=1 W(ppred = xn|p0 = x2) = 1 for the probability

conditioned on p0 = x2.
The probabilistic sampling of the finite dimensional phys-

ical system gives rise to randomness, furthermore the pre-
dictive model will typically have random errors. Therefore,
the estimation yE(S ) of the order parameter as inferred by the
model for di↵erent samples at a parameter p0 will generally
vary probabilistically around the expectation value hy(p0)i.
For a simplified description, we will assume the deviation
yE � hy(p0)i to be symmetric around zero with lower proba-
bility density for higher deviations and to follow independent
identical distributions at all points [33].

Under these conditions the predictive model will bias its
predictions in the direction where the order parameter varies
less

W(ppred = x1|p0 = x2) > W(ppred = x3|p0 = x2)
, |y(x1) � y(x2)| < |y(x3) � y(x2)|. (4)

Obviously, this leads to diverging �p at a first-order phase
transition, where y jumps discontinuously. Taking into ac-
count a finite system size or considering second-order phase
transitions, the direction of �p will depend on the sign of the
second derivative of y, which will generally change when go-
ing from one phase to another. Depending on the particular
transition, this sign can also change a second time, leading to
another peak in the divergence. Therefore further peaks in di-
vergence can be expected and each peak is indicator, but not a
proof of a phase transition, and a physicist’s understanding of
the system will be needed for final confirmation.

These arguments show the potential of our method in ideal-
ized limiting cases of high and low prediction resolution. To
evaluate how this translates to a non-ideal setting and thereby
test the performance of our scheme, we apply it to two physi-
cal systems, which are introduced in the next section.

III. TEST CASES

A. The Ising model

As a basic test case to demonstrate our method, we apply
it to the well-understood Ising model [34]. Perhaps its most
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Figure 2. (a) Ising model on a two-dimensional lattice with coupling
Jx in horizontal direction (red) and coupling Jy in vertical direction
(blue). For large enough coupling strength as compared to the tem-
perature, the system will enter an ordered phase, whose spin config-
uration depends on the sign of couplings. The four di↵erent ordered
phases are displayed with Jx > 0 on the right, Jx < 0 on the left,
Jy > 0 on top, and Jy < 0 at the bottom, cf. Eq. (6). (b) Kuramoto-
Hopf model with nearest neighbor (green) and next-to-nearest neigh-
bor (blue) couplings of the i-th oscillator (red) on a two dimensional
array. While V1 and C couple only nearest neighbors, the parameter
V2 includes coupling to the next-to-nearest neighbors. (c) The pat-
terns (I) and (II) are samples of stationary phases for di↵erent values
of V2 on a 128⇥128 array with random initial conditions for constant
C = 1 and V1 = 5, cf. Eq. (7). Panel (I) shows the spiral structures
for the case V2/C = 0.1. For V2/C ⇡ 4 several stable ⇡-defects
emerge in panel (II).

popular version is the case of ferromagnetically coupled spins
on a two-dimensional lattice without bias fields and isotropic
coupling. It is described by the Hamiltonian

H
iso
Ising = �J

NX

j=1

NX

k=1

⇣
� j,k� j,k+1 + � j+1,k� j,k

⌘
, (5)

where the � jk describe spin configurations that can take on
the values � jk = ±1 and J > 0 denotes the coupling energy
between neighboring spins. For temperatures above the criti-
cal value, the magnetization M =

P
j,k � jk/N2 vanishes in the

thermodynamic limit N ! 1. At Tc the system undergoes
a phase transition, with a net magnetization building up, that
reaches |M| = 1 at T = 0.

We will also consider the natural generalization described
by the Hamiltonian

H
aniso
Ising = �

NX

j=1

NX

k=1

⇣
Jx� j,k� j,k+1 + Jy� j+1,k� j,k

⌘
, (6)

allowing for di↵erent coupling strength Jx and Jy in horizon-
tal and vertical direction, as well as negative values for the
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should also keep in mind that it describes a particular idealized
situation.

We assume that the phase transitions of the considered sys-
tem can be described with an order parameter y(p), which in
the following will be a real number for simplicity. We further
assume that the predictive model essentially estimates this or-
der parameter y(p) to reconstruct the physical system’s param-
eters, i.e. make the prediction ppred. As illustrated in Fig. 1(c),
let us consider three neighboring points x1, x2 and x3 on an
equidistant grid in one parameter dimension. As the sampling
in parameter space is uniform, the probability W of each of
these points is the same, i.e. W(p0 = x1) = W(p0 = x2) =
W(p0 = x3). If the resolution of the model is on the order of
the distance between these points, we neglect the probabilities
of the model to err by more than one point on the given grid
so that

P3
n=1 W(ppred = xn|p0 = x2) = 1 for the probability

conditioned on p0 = x2.
The probabilistic sampling of the finite dimensional phys-

ical system gives rise to randomness, furthermore the pre-
dictive model will typically have random errors. Therefore,
the estimation yE(S ) of the order parameter as inferred by the
model for di↵erent samples at a parameter p0 will generally
vary probabilistically around the expectation value hy(p0)i.
For a simplified description, we will assume the deviation
yE � hy(p0)i to be symmetric around zero with lower proba-
bility density for higher deviations and to follow independent
identical distributions at all points [33].

Under these conditions the predictive model will bias its
predictions in the direction where the order parameter varies
less

W(ppred = x1|p0 = x2) > W(ppred = x3|p0 = x2)
, |y(x1) � y(x2)| < |y(x3) � y(x2)|. (4)

Obviously, this leads to diverging �p at a first-order phase
transition, where y jumps discontinuously. Taking into ac-
count a finite system size or considering second-order phase
transitions, the direction of �p will depend on the sign of the
second derivative of y, which will generally change when go-
ing from one phase to another. Depending on the particular
transition, this sign can also change a second time, leading to
another peak in the divergence. Therefore further peaks in di-
vergence can be expected and each peak is indicator, but not a
proof of a phase transition, and a physicist’s understanding of
the system will be needed for final confirmation.

These arguments show the potential of our method in ideal-
ized limiting cases of high and low prediction resolution. To
evaluate how this translates to a non-ideal setting and thereby
test the performance of our scheme, we apply it to two physi-
cal systems, which are introduced in the next section.

III. TEST CASES

A. The Ising model

As a basic test case to demonstrate our method, we apply
it to the well-understood Ising model [34]. Perhaps its most
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Figure 2. (a) Ising model on a two-dimensional lattice with coupling
Jx in horizontal direction (red) and coupling Jy in vertical direction
(blue). For large enough coupling strength as compared to the tem-
perature, the system will enter an ordered phase, whose spin config-
uration depends on the sign of couplings. The four di↵erent ordered
phases are displayed with Jx > 0 on the right, Jx < 0 on the left,
Jy > 0 on top, and Jy < 0 at the bottom, cf. Eq. (6). (b) Kuramoto-
Hopf model with nearest neighbor (green) and next-to-nearest neigh-
bor (blue) couplings of the i-th oscillator (red) on a two dimensional
array. While V1 and C couple only nearest neighbors, the parameter
V2 includes coupling to the next-to-nearest neighbors. (c) The pat-
terns (I) and (II) are samples of stationary phases for di↵erent values
of V2 on a 128⇥128 array with random initial conditions for constant
C = 1 and V1 = 5, cf. Eq. (7). Panel (I) shows the spiral structures
for the case V2/C = 0.1. For V2/C ⇡ 4 several stable ⇡-defects
emerge in panel (II).

popular version is the case of ferromagnetically coupled spins
on a two-dimensional lattice without bias fields and isotropic
coupling. It is described by the Hamiltonian

H
iso
Ising = �J

NX

j=1

NX

k=1

⇣
� j,k� j,k+1 + � j+1,k� j,k

⌘
, (5)

where the � jk describe spin configurations that can take on
the values � jk = ±1 and J > 0 denotes the coupling energy
between neighboring spins. For temperatures above the criti-
cal value, the magnetization M =

P
j,k � jk/N2 vanishes in the

thermodynamic limit N ! 1. At Tc the system undergoes
a phase transition, with a net magnetization building up, that
reaches |M| = 1 at T = 0.

We will also consider the natural generalization described
by the Hamiltonian

H
aniso
Ising = �

NX

j=1

NX

k=1

⇣
Jx� j,k� j,k+1 + Jy� j+1,k� j,k

⌘
, (6)

allowing for di↵erent coupling strength Jx and Jy in horizon-
tal and vertical direction, as well as negative values for the



Kuramoto Hopf
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Figure 3. Panel (a) is a plot of the loss function L from Eq. (1)
as a function of the number of training epochs for both Ising and
Kuramoto-Hopf model. The resulting deviation of the predictions
(blue) and their divergence (red) from (2) for the coupling constant J

of the isotropic Ising model are plotted in panel (b) after one learning
epoch and panel (c) after 60 epochs. The dashed black line indicates
the analytical value J/T = 0.44 of the phase transition. The error
bars are obtained by splitting a total of 442 samples per point into
7 independent data sets. Each data set is in turn split in half into
a training and an evaluation set. For the anisotropic Ising model,
panel (d) shows the scaled deviations �J (white arrows) after the first
training epoch, and the resulting divergence as a function of Jx and
Jy. The dashed yellow lines again indicate the Onsager result of the
phase transition. Here, a total of 100 samples per point were split
into 10 independent data sets. Panels (e) and (f) show the network’s
predictions (black), the resulting deviation of the predictions (blue)
and their divergence (red) from (2) for the coupling constant V2/C
of the Kuramoto-Hopf model after five learning epochs and after 60
epochs, respectively. For this case we used 66 samples per point that
were split into 3 independent data sets. For all models, each data set
was trained 50 times from scratch for further averaging.

scribed by the situation explained in Fig. 1(b), i.e. the net-
work essentially recognizes whether the sample is in the fer-
romagnetic or in the paramagnetic phase, but cannot resolve

well within the phases. Therefore, in essence we obtain two
plateaus for the network’s predictions (black curve). Accord-
ingly, the deviations �p of the predictions with respect to the
ground truth (blue curve) are only close to zero at the cen-
ter of estimated phases and at the transition point where the
model separates the di↵erent phases. Their derivative @p0�p is
positive at the transition point and negative within the phases.

Panel (c) shows the predictions after the final training
epoch, where the network has learned to resolve the param-
eters even within a phase in the region J < Tc. The higher
resolution strongly decreases the size of the peak, but the
maximum is still in the vicinity of the phase transition, as
we would expect from the arguments illustrated by Fig. 1(c).
Furthermore, a second peak arises at around J = T , which is
approximately where the magnetization (shown in the same
plot) starts to saturate. After saturation the states again be-
come indistinguishable to the model.

Panel (d) shows the output of the network after one training
epoch for the Ising model from Eq. (6) with independent cou-
plings (Jx, Jy) sampled on a 40 ⇥ 40 grid with each parameter
ranging from �1.5 to +1.5. The divergence peak is in good
agreement with the Onsager result given below Eq. (6), which
is represented by the yellow lines. The arrows show scaled de-
viations � ~J to indicate their direction. The predictions them-
selves are again clustered at the center of the di↵erent phases,
similar to the situation expected from Fig. 1(b).

For the Kuramoto-Hopf model, we sampled a line in the
phase diagram at V1/C = 5 and V2/C logarithmically vary-
ing between V2/C = 0.1 and V2/C = 10. We discretized the
line by 100 grid points and we computed 66 independent sam-
ples per grid point. The ⇡-defects mentioned earlier become
stable at around V2/C ⇡ 1 [30] manifesting a phase transition.
Panels (e) and (f) show the output of the network after, respec-
tively, 5 and 60 training epochs. At 5 epochs, there is a clear
peak centered at approximately V2/C ⇡ 2, after 60 epochs it
becomes broader and starts at slightly lower values. While the
phase transition is captured, the exact value of the transition
is less precise than in case of the Ising model. Inspecting the
samples around V2/C & 1, we find that only a few of them
actually show defects due to the finite size of the lattice.

V. DISCUSSION AND OUTLOOK

For both of the systems tested, the learning scheme showed
promising results and found the respective phase transitions
without any prior knowledge. During the training procedure,
as the resolution of the neural network increases, more and
more structure in the phase diagram emerges. It is impor-
tant to avoid over-fitting to the training data, as this may lead
to spurious structures emerging in �p related to the features
of the particular training data. Obviously over-fitting can be
avoided by obtaining more training data, but also by data aug-
mentation, where suitable random transformations are applied
each time a sample is revisited. In our case, we made use of
the symmetries of the systems and applied a series of flips, ro-
tations by multiples of 90 degrees, as well as random transla-
tions along both the x and y axis with periodic boundary con-
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should also keep in mind that it describes a particular idealized
situation.

We assume that the phase transitions of the considered sys-
tem can be described with an order parameter y(p), which in
the following will be a real number for simplicity. We further
assume that the predictive model essentially estimates this or-
der parameter y(p) to reconstruct the physical system’s param-
eters, i.e. make the prediction ppred. As illustrated in Fig. 1(c),
let us consider three neighboring points x1, x2 and x3 on an
equidistant grid in one parameter dimension. As the sampling
in parameter space is uniform, the probability W of each of
these points is the same, i.e. W(p0 = x1) = W(p0 = x2) =
W(p0 = x3). If the resolution of the model is on the order of
the distance between these points, we neglect the probabilities
of the model to err by more than one point on the given grid
so that

P3
n=1 W(ppred = xn|p0 = x2) = 1 for the probability

conditioned on p0 = x2.
The probabilistic sampling of the finite dimensional phys-

ical system gives rise to randomness, furthermore the pre-
dictive model will typically have random errors. Therefore,
the estimation yE(S ) of the order parameter as inferred by the
model for di↵erent samples at a parameter p0 will generally
vary probabilistically around the expectation value hy(p0)i.
For a simplified description, we will assume the deviation
yE � hy(p0)i to be symmetric around zero with lower proba-
bility density for higher deviations and to follow independent
identical distributions at all points [33].

Under these conditions the predictive model will bias its
predictions in the direction where the order parameter varies
less

W(ppred = x1|p0 = x2) > W(ppred = x3|p0 = x2)
, |y(x1) � y(x2)| < |y(x3) � y(x2)|. (4)

Obviously, this leads to diverging �p at a first-order phase
transition, where y jumps discontinuously. Taking into ac-
count a finite system size or considering second-order phase
transitions, the direction of �p will depend on the sign of the
second derivative of y, which will generally change when go-
ing from one phase to another. Depending on the particular
transition, this sign can also change a second time, leading to
another peak in the divergence. Therefore further peaks in di-
vergence can be expected and each peak is indicator, but not a
proof of a phase transition, and a physicist’s understanding of
the system will be needed for final confirmation.

These arguments show the potential of our method in ideal-
ized limiting cases of high and low prediction resolution. To
evaluate how this translates to a non-ideal setting and thereby
test the performance of our scheme, we apply it to two physi-
cal systems, which are introduced in the next section.

III. TEST CASES

A. The Ising model

As a basic test case to demonstrate our method, we apply
it to the well-understood Ising model [34]. Perhaps its most

i
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Figure 2. (a) Ising model on a two-dimensional lattice with coupling
Jx in horizontal direction (red) and coupling Jy in vertical direction
(blue). For large enough coupling strength as compared to the tem-
perature, the system will enter an ordered phase, whose spin config-
uration depends on the sign of couplings. The four di↵erent ordered
phases are displayed with Jx > 0 on the right, Jx < 0 on the left,
Jy > 0 on top, and Jy < 0 at the bottom, cf. Eq. (6). (b) Kuramoto-
Hopf model with nearest neighbor (green) and next-to-nearest neigh-
bor (blue) couplings of the i-th oscillator (red) on a two dimensional
array. While V1 and C couple only nearest neighbors, the parameter
V2 includes coupling to the next-to-nearest neighbors. (c) The pat-
terns (I) and (II) are samples of stationary phases for di↵erent values
of V2 on a 128⇥128 array with random initial conditions for constant
C = 1 and V1 = 5, cf. Eq. (7). Panel (I) shows the spiral structures
for the case V2/C = 0.1. For V2/C ⇡ 4 several stable ⇡-defects
emerge in panel (II).

popular version is the case of ferromagnetically coupled spins
on a two-dimensional lattice without bias fields and isotropic
coupling. It is described by the Hamiltonian

H
iso
Ising = �J

NX

j=1

NX

k=1

⇣
� j,k� j,k+1 + � j+1,k� j,k

⌘
, (5)

where the � jk describe spin configurations that can take on
the values � jk = ±1 and J > 0 denotes the coupling energy
between neighboring spins. For temperatures above the criti-
cal value, the magnetization M =

P
j,k � jk/N2 vanishes in the

thermodynamic limit N ! 1. At Tc the system undergoes
a phase transition, with a net magnetization building up, that
reaches |M| = 1 at T = 0.

We will also consider the natural generalization described
by the Hamiltonian

H
aniso
Ising = �

NX

j=1

NX

k=1

⇣
Jx� j,k� j,k+1 + Jy� j+1,k� j,k

⌘
, (6)

allowing for di↵erent coupling strength Jx and Jy in horizon-
tal and vertical direction, as well as negative values for the

divergence
deviation



Conclusion and Outlook
• Addition to unsupervised learning toolbox 

• Apply this method to less understood systems 

• Regularization for regime of high resolution
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