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Abstract

In the absence of governing equations, dimensional analysis is a robust
technique for extracting insights and finding symmetries in physical
systems. Given measurement variables and parameters, the Bucking-
ham Pi theorem provides a procedure for finding a set of dimensionless
groups that spans the solution space, although this set is not unique. We
propose an automated approach using the symmetric and self-similar
structure of available measurement data to discover the dimensionless
groups that best collapse this data to a lower dimensional space accord-
ing to an optimal fit. We develop three data-driven techniques that use
the Buckingham Pi theorem as a constraint: (i) a constrained optimiza-
tion problem with a non-parametric input-output fitting function, (ii)
a deep learning algorithm (BuckiNet) that projects the input parame-
ter space to a lower dimension in the first layer, and (iii) a technique
based on sparse identification of nonlinear dynamics (SINDy) to discover
dimensionless equations whose coefficients parameterize the dynamics.
We explore the accuracy, robustness and computational complexity of
these methods as applied to three example problems: a bead on a rotat-
ing hoop, a laminar boundary layer, and Rayleigh-Bénard convection.

Keywords: Dimensional analysis, Buckingham Pi, dimensionality reduction,
machine learning, deep learning, fluid mechanics
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1 Introduction

Dimensional analysis is based on the simple idea that physical laws do not
depend on the units of measurements. As a consequence, any function that
expresses a physical law has the fundamental property of so-called general-
ized homogeneity [1] and does not depend on the observer. Although such con-
cepts of dimensional analysis go back to the time of Newton and Galileo [2],
it was formalized mathematically by the pioneering contributions of Edgar
Buckingham in 1914 [3]. Specifically, Buckingham proposed a principled
method for extracting the most general form of physical equations by simple
dimensional considerations of the seven fundamental units of measurement:
length (meter), mass (kg), time (seconds), electric current (Ampere), tempera-
ture (Kelvin), amount of substance (mole), and luminous intensity (candela).
From electromagnetism to gravitation, measurements can be directly related
to the seven fundamental units, e.g. force is measured in Newtons which is
kg·m/s2 and electric charge by the volt which is kg·m2/(s3·A). The resulting
Buckingham Pi theorem was originally contextualized in terms of physically
similar systems [3], or groups of parameters that related similar physics. In
modern times, rapid advancements in measurement and sensor technologies
have produced data of diverse quantities at almost any spatial and temporal
scale. This has engendered a renewed consideration of the Buckingham Pi
theorem in the context of data-driven modeling [4–7]. Specifically, as shown
here, physics-informed machine learning algorithms can be constructed to
automate the principled approach advocated by Buckingham for the discov-
ery of the most general and parsimonious form of physical equations possible
from measurements alone.

The Buckingham Pi theorem was critically important in the pre-computer
era. Indeed, the discovery of key dimensionless quantities was considered
a fundamental result, as it often uncovered the self-similarity structure
of the solution along with parametric dependencies and symmetries. In
fluid dynamics alone, for instance, there are numerous named dimension-
less parameters that are discovered through the Buckingham Pi reduction,
including the Reynolds, Prandtl, Froude, Weber, and Mach numbers. Scal-
ing and dimensional analysis continue to provide a robust starting point
for understanding both complex and basic physical phenomena, like the
physics of wrinkling [8], chaotic patterns in Rayleigh-Bénard convection [9],
the structure of drops falling from a faucet [10], spontaneous pattern forma-
tion by self-assembly [11], and osmotic spreading of biofilms [12]. In practice,
many dimensionless groups naturally arise from ratios of domain averaged
terms in physically meaningful equations that are required to be dimension-
ally homogeneous. When equations are non-dimensionalized, dimensionless
terms that are small on average relative to others can be treated as pertur-
bations, thus providing insights into the qualitative structure of the solution
and simplifying the problem of finding it. More importantly, Buckingham Pi
provides the potential for an order parameter description [13] that determines
the qualitative structure of the solution and its bifurcations without recourse
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to the full-state equations [14]. These order parameters form the basis for
casting problems into normal forms that reveal physical symmetries and can
potentially be solved analytically [15–17]. Even when governing equations
are unknown, Buckingham Pi establishes a dimensionally consistent relation-
ship between the input parameters/variables and output predictions which
help constrain models and prevent over-fitting.

The rise of scientific computing in the 1980s made it possible to numer-
ically integrate highly nonlinear ordinary and partial differential equations,
without the need for analytic simplifications provided by dimensional anal-
ysis. More recently, machine learning algorithms have shown promise in dis-
covering scientific laws [18], differential equations [19–21], and deep network
input-output function approximations [22–24] from simulation and experi-
mental data alone, with considerable progress in the field of fluid mechan-
ics [25–33]. However, these methods do not take into account the units of
their training data, which can significantly constrain the hypothesis class to
physically meaningful solutions. Active subspaces provide a principled algo-
rithmic method for extracting dimensionless numbers from experimental
and simulation data [34], having successfully been demonstrated to discover
dimensionless numbers in particle-laden turbulent flows [5]. In a related line
of work, statistical null-hypothesis testing has been used alongside the Buck-
ingham Pi theorem to find hidden variables in dimensional experimental
data [4]. Dimensional analysis has also been used for a physics-inspired sym-
bolic regression algorithm that discovers physics formulas from data [35]
and to improve neural network models [36]. Data-driven dimensional anal-
ysis has also been applied to model turbulence data [6]. Machine learning
algorithms that use sparse identification of differential equation to discover
dimensionless groups and scaling laws that best collapse experimental data
have also been recently proposed [7].

In this study, we address the problem of automatic discovery of dimen-
sionless groups from available experimental or simulation data using the
Buckingham Pi theorem as a constraint. Importantly, although the Bucking-
ham Pi theorem provides a step-by-step method for finding dimensionless
groups directly from the input variables and parameters, its solution is not
unique. Thus it relies on intuition and experience with the physical prob-
lem at hand. Our aim is to leverage symmetries in the data to inform the
algorithm of which set of dimensionless groups control the behavior (e.g. the
Reynolds number controls the turbulence of a flow-field). We develop three
methods that find the most physically meaningful Pi groups, assumed to be
the most predictive of the dependent variables. The first method is a con-
strained optimization that fits independent variable and parameter inputs
to predictions, while satisfying the Buckinham Pi theorem as a hard con-
straint. The second method uses a Buckingham Pi (nullspace) constraint on
the first hidden layer of a deep network that fits input parameters to output
predictions. And the third method uses SINDy [19, 20] to constrain avail-
able dimensionless groups to be coefficients in a sparse differential equation.
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The latter method has the added benefit of discovering a parametric (dimen-
sionless) differential equation that describes the data, thus simultaneously
generalizing the SINDy method. We apply these methods to three problems:
the rotating hoop, the Blasius boundary layer, and the Rayleigh-Bérnard
problem.

2 Methods

Given a vector of n input measurement parameters and variables p 2 R
n and

a set of k quantities of interest q 2 R
k, one generally seeks a mapping f that

minimizes the prediction error " = kf(p) � qk. The function f is typically
the solution of an initial and/or boundary value problem with known vari-
ables and parameters p and unknown solution q, all of which have physical
dimensions [units].

The Buckingham Pi theorem states that there exists a set of dimensionless
quantities π = (πp,πq), also known as π�groups, such that the dimen-

sionless input parameters/variables πp 2 R
n0

span the full dimensionless

solution space πq 2 R
k0

, with n0  n and k0  k [3].
A probabilistic corollary of the Buckingham Pi theorem is that the input-

output data (p,q) can be projected on a lower dimensional space with basis
(πp,πq) without compromising the prediction error ", such that,

kq� f(p)k < " ! kπq �  (πp)k < ", (1)

where  is an unknown function that can be approximated from available
data. However, the theorem does not provide any information on the proper-
ties of or its relationship with the Pi groups. The theorem generally assumes
p, q, and f to be deterministic without considering the optimality of their
corresponding dimensionless basis.

In a data-driven statistical setting, we assume that the inputs p and out-
puts q are sampled from a distribution function, and that f is an optimal
mapping in a given class of functions H. Accordingly, we posit the following
hypothesis

Hypothesis 1 Given a set of input and output measurement pairs p̃ = (p,q),
the most physically meaningful dimensionless basis π

⇤ is the optimal coordinate
transformation p̃ ! π

⇤ that satisfies the minimization problem

π
⇤ = argmin

π

✓

min
ψ

kπq � ψ(πp)k
2
2

◆

, (2)

where physical meaningfulness is defined as the dimensionless group’s ability to sim-
plify an equation in relevant regimes and act as a scaling parameter that collapses the
input-output solution space to a lower dimension.

While defining physical meaningfulness depends on the historical and sci-
entific context, we use known results from various scientific traditions to
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validate our hypothesis. Conversely, if this hypothesis gives rise to known
dimensionless numbers, it proposes a new approach for defining physical
meaningfulness as an optimal fit in the context of non-dimensionalization.

The functional relationship between π and p̃ is given by

⇡j =

d
Y

i=1

p̃
Φij

i , (3)

where Φij are unknown parameters that are chosen to make ⇡j dimension-
less.

Let Ω() be a function that maps a measurable quantity p̃i to a vector con-
taining the powers of its basic dimensions (i.e. mass M , length L, time T , etc.).
For example, if one chooses [M,L, T ] as the basic dimensions, then the units
of a force are [F ] = ML/T 2, and Ω(F ) = [1, 1,�2]T . Let �() be a function that
maps a dimensionless group to a vector that corresponds to the powers of the
input parameters p such that �(⇡j) = [Φ1j ,Φ2j , . . . ,Φdj ]

T , where d = n+ k.
The Buckingham Pi theorem [3] constrains �(⇡i) to be in the null-space of

the units matrix

D = [Dp,Dq] =

2

4Ω(p1) Ω(p2) . . . Ω(pn) Ω(q1) . . . Ω(qk)

3

5 , (4)

such that
D�(⇡i) = 0, 8i 2 {1, . . . , d}. (5)

The Buckingham Pi theorem determines the number of Pi-groups to be d0 =
d� rank(D). But its main shortcoming is its inability to provide a unique set
of d0 dimensionless numbers. In practice, additional heuristic constraints are
required to solve for the unknowns Φij .

Given m measurement pairs of the inputs vector p(i) 2 R
n and their cor-

responding output predictions q(i) 2 R
k, with index i, we define the input

parameter matrix P 2 R
m⇥n and the output prediction matrix Q 2 R

m⇥k

as the row-wise concatenation of all measurements p(i) and q(i) respectively.

We also define P̃ = [P ,Q] 2 R
m⇥d as the column-wise concatenation of P

and Q. The Pi-groups powers matrix is given by

Φ =

2

4 �(⇡1) �(⇡2) . . . �(⇡d0)

3

5 2 R
d⇥d0

, (6)

such that Eq.(5) is satisfied. Similarly, we define Φp 2 R
n⇥n0

to contain the n0

dimensionless groups corresponding to the n input parameters/variables p.
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Equation (3) can be written as ⇡i = exp
n

Pd

j=1 Φij log(p̃j)
o

, with matrix form

Π = exp
⇣

log
⇣

P̃
⌘

Φ

⌘

, (7)

where each row in Π 2 R
m⇥d0

corresponds to the values of the dimensionless
groups π

(i) for a given experiment i, and the exponential and logarithm are

both taken element-wise. We also define the matrix Πq 2 R
m⇥k0

to be the

data matrix of the output Pi-groups πq and Πp 2 R
m⇥n0

to be the data matrix
of the input Pi-groups πp, such that Π = [Πp,Πq].

This section introduces three methods to simultaneously identify the
nondimensionalization Φ and an approximation of  from a set of experi-
mental or simulation data. In this data-driven context, (7) can be combined
with the nullspace constraint, DΦ = 0, to optimize  over a pre-defined
hypothesis class given the measurement data.

We present three methods for discovering dimensionless groups from
data. The main features that differentiate them are

1. Imposing hard, soft, or no constraints on the null-space of D to ensure that
the Pi-groups are dimensionless according to equation (5).

2. The type of input-output function approximation  : e.g. neural network,
non-parametric function, or differential equation.

2.1 Constrained optimization

Equation (2) can be cast as a constrained optimization problem, with a fitting
function  . The input Pi-groups powers matrix Φp maps the input param-
eters/variables to the dimensionless groups through equation (7), and the
constraint of the optimization is given by equation (5). The choice of the
hypothesis class of  is assumed to be arbitrary in this formulation, notwith-
standing its effect on the accuracy of the results and the success of the
method.

In this setup, we assume that the outputs, q, can be non-dimensionalized
by known constants of motion (i.e. Πq is known). Accordingly, the resulting
optimization problem is given by

Φ̌p = argmin
Φp

kΠq �  (exp (log(P )Φp))k2 + �1 kΦpk1 , s.t. DpΦp = 0,

(8)
where the `1 regularization enforces sparsity (typical in dimensionless num-
bers). An example application of this approach that uses kernel ridge
regression as a non-parametric approximation of  is given in Sec. 3.2.

2.2 BuckiNet: non-dimensionalization with a neural network

The unknown function  is generally nonlinear and can be high dimensional.
In the absence of a governing equation, a deep neural network is a natural
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b<latexit sha1_base64="YbyHy8qSpLTVjgXgTFMYtmBxr9k=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYByRJmJ73JkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuurvCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsQZGBbQNNQx6sQLMQwbdcHq98Lt3oDSV4tbMYgg4HgsaUYKNlVrhsFjyyt4S7l/iZ6SEMjSHxY/BSJKEgzCEYa37vhebIMXKUMJgXhgkGmJMpngMfUsF5qCDdHno3L2wysiNpLIljLtUf06kmGs946Ht5NhM9G9vIf7n9RMTXQUpFXFiQJDVoihhrpHu4mt3RBUQw2aWYKKovdUlE6wwMTab9S1sLG3DhFfsMzYd/zuUukWtmpG6/5VOp1L2vbLfqpYa9SynPDpD5+gS+aiGGugGNVEbEQToAT2iJ+feeXZenNdVa87JZk7RGpy3T5Cil6M=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit>

g
<latexit sha1_base64="DYKoAtcfvCPI5G4Dl+RIsltdIMs=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYBSQizk97NkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuuruCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsAZGBbQNNQx6sQLMAwbdYHq98Lt3oDSV4tbMYhhyHAkaUoKNlVrRqFjyyt4S7l/iZ6SEMjRHxY/BWJKEgzCEYa37vhebYYqVoYTBvDBINMSYTHEEfUsF5qCH6fLQuXthlbEbSmVLGHep/pxIMdd6xgPbybGZ6N/eQvzP6ycmvBqmVMSJAUFWi8KEuUa6i6/dMVVADJtZgomi9laXTLDCxNhs1rewSNqGCa/YZ2w6/ncodYtaNSN1/yudTqXse2W/VS016llOeXSGztEl8lENNdANaqI2IgjQA3pET8698+y8OK+r1pyTzZyiNThvn5izl6g=</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit>

ω
<latexit sha1_base64="3vJEL88yMjSAaETJ4VdgODpBzto=">AAACBnicbZDLSgMxFIYz9VbrrerSTbAIrspM6WVmV9CFywr2Au1QMmnaRpPJkGSEMnTv0q0+hDtx62v4DL6EmXYUK/4Q+PnPCeecL4gYVdq2P6zc2vrG5lZ+u7Czu7d/UDw86igRS0zaWDAhewFShNGQtDXVjPQiSRAPGOkGdxdpvXtPpKIivNGziPgcTUI6phhpE3UGgpMJGhZLdtl23EatBu2yU6lX3Xpqal7dc6FTthcqgUytYfFzMBI45iTUmCGl+o4daT9BUlPMyLwwiBWJEL5DE9I3NkScKD9ZbDuHZyYZwbGQ5oUaLtLfPxLElZrxwHRypKfqby0N/6v1Yz12/YSGUaxJiJeDxjGDWsD0dDiikmDNZsYgLKnZFeIpkghrA2h1CpsI0zDlFXOMofONwEDxjBrVzHjOD51OpewYZNfVUvMy45QHJ+AUnAMHNEATXIEWaAMMbsEjeALP1oP1Yr1ab8vWnJX9OQYrst6/AB4Gmj4=</latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit>

x
<latexit sha1_base64="dwxHXYmeFIcywEMGmP2oJrvrYlg=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpw2YK9QBvKZDpth84kYWYiltCVS7f6EO7ErU/iM/gSTtooVvxh4Oc/ZzjnfH7EqFSW9WHkNja3tnfyu4W9/YPDo+LxSUeGscCkjUMWip6PJGE0IG1FFSO9SBDEfUa6/uwqrXfviJA0DG7VPCIeR5OAjilGSket+2GxZJmW7dSrVWiZdrlWcWqpqbo114G2aS1VApmaw+LnYBTimJNAYYak7NtWpLwECUUxI4vCIJYkQniGJqSvbYA4kV6yXHQBL3QyguNQ6BcouEx//0gQl3LOfd3JkZrKv7U0/K/Wj9XY8RIaRLEiAV4NGscMqhCmV8MRFQQrNtcGYUH1rhBPkUBYaTbrU9gk1A1TXtbHaDrfCDQUV6teyYxr/9DplE1bI2tVSo3rjFMenIFzcAlsUAcNcAOaoA0wIOARPIFn48F4MV6Nt1Vrzsj+nII1Ge9fQ2yYHw==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit>

m
<latexit sha1_base64="R2ZVzsZmkTFiF7HnSltiG3rXEdY=">AAACAXicbVDJSgNBEO2JW4xb1KOXwSB4CjMhEHML6MFjAmaBZAg9nZqkSS9Dd48Qhpw8etWP8CZe/RK/wZ+wkwzuDwoe71VRVS+MGdXG896c3Nr6xuZWfruws7u3f1A8POpomSgCbSKZVL0Qa2BUQNtQw6AXK8A8ZNANp5cLv3sLSlMpbswshoDjsaARJdhYqcWHxZJX9pZw/xI/IyWUoTksvg9GkiQchCEMa933vdgEKVaGEgbzwiDREGMyxWPoWyowBx2ky0Pn7plVRm4klS1h3KX6fSLFXOsZD20nx2aif3sL8T+vn5joIkipiBMDgqwWRQlzjXQXX7sjqoAYNrMEE0XtrS6ZYIWJsdn83MLG0jZMeMU+Y9Pxv0KpW9SqGan7n+l0KmXfK/utaqlxleWURyfoFJ0jH9VQA12jJmojggDdowf06Nw5T86z87JqzTnZzDH6Aef1A6Wwl7k=</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit>

R
<latexit sha1_base64="qnI9hhu8FJoYLs1FMHhhL7KVr9k=">AAACAXicbVDJSgNBEK2JW4xb1KOXwSB4CjMhEHMLePGYiFkgGUJPpydp0svQ3SOEISePXvUjvIlXv8Rv8CfsJIP7g4LHe1VU1QtjRrXxvDcnt7a+sbmV3y7s7O7tHxQPjzpaJgqTNpZMql6INGFUkLahhpFerAjiISPdcHq58Lu3RGkqxY2ZxSTgaCxoRDEyVmpdD4slr+wt4f4lfkZKkKE5LL4PRhInnAiDGdK673uxCVKkDMWMzAuDRJMY4Skak76lAnGig3R56Nw9s8rIjaSyJYy7VL9PpIhrPeOh7eTITPRvbyH+5/UTE10EKRVxYojAq0VRwlwj3cXX7ogqgg2bWYKwovZWF0+QQtjYbH5uYWNpGya8Yp+x6fhfodQtatWM1P3PdDqVsu+V/Va11KhnOeXhBE7hHHyoQQOuoAltwEDgHh7g0blznpxn52XVmnOymWP4Aef1A3bSl5M=</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit>

g
<latexit sha1_base64="DYKoAtcfvCPI5G4Dl+RIsltdIMs=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYBSQizk97NkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuuruCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsAZGBbQNNQx6sQLMAwbdYHq98Lt3oDSV4tbMYhhyHAkaUoKNlVrRqFjyyt4S7l/iZ6SEMjRHxY/BWJKEgzCEYa37vhebYYqVoYTBvDBINMSYTHEEfUsF5qCH6fLQuXthlbEbSmVLGHep/pxIMdd6xgPbybGZ6N/eQvzP6ycmvBqmVMSJAUFWi8KEuUa6i6/dMVVADJtZgomi9laXTLDCxNhs1rewSNqGCa/YZ2w6/ncodYtaNSN1/yudTqXse2W/VS016llOeXSGztEl8lENNdANaqI2IgjQA3pET8698+y8OK+r1pyTzZyiNThvn5izl6g=</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit>

ω
<latexit sha1_base64="GOktbHNs7sFt963rjYMWzIHoquU=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKeyGQMwt4MVjBPOAJITZSe9mzMzOMjMrhCV3j171I7yJV3/Db/AnnCSLGrWgoajqprvLjznTxnXfndza+sbmVn67sLO7t39QPDxqa5koCi0quVRdn2jgLIKWYYZDN1ZAhM+h408u537nDpRmMrox0xgGgoQRCxglxkrtvhQQkmGx5JbdBfBf4mWkhDI0h8WP/kjSREBkKCda9zw3NoOUKMMoh1mhn2iICZ2QEHqWRkSAHqSLa2f4zCojHEhlKzJ4of6cSInQeip82ymIGevf3lz8z+slJrgYpCyKEwMRXS4KEo6NxPPX8YgpoIZPLSFUMXsrpmOiCDU2oNUtPJS2YSwq9hmbjvcdSt2iVs1I3ftKp10pe27Zu66WGvUspzw6QafoHHmohhroCjVRC1F0ix7QI3py7p1n58V5XbbmnGzmGK3AefsEjrqZ2A==</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit>

b<latexit sha1_base64="YbyHy8qSpLTVjgXgTFMYtmBxr9k=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYByRJmJ73JkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuurvCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsQZGBbQNNQx6sQLMQwbdcHq98Lt3oDSV4tbMYgg4HgsaUYKNlVrhsFjyyt4S7l/iZ6SEMjSHxY/BSJKEgzCEYa37vhebIMXKUMJgXhgkGmJMpngMfUsF5qCDdHno3L2wysiNpLIljLtUf06kmGs946Ht5NhM9G9vIf7n9RMTXQUpFXFiQJDVoihhrpHu4mt3RBUQw2aWYKKovdUlE6wwMTab9S1sLG3DhFfsMzYd/zuUukWtmpG6/5VOp1L2vbLfqpYa9SynPDpD5+gS+aiGGugGNVEbEQToAT2iJ+feeXZenNdVa87JZk7RGpy3T5Cil6M=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit>

p
<latexit sha1_base64="mqSTgiqlWqWvKNmHe29pwq3D6v4=">AAACCXicbVDLSgNBEOz1GeMr6tHLYBA8hd0QiLkF9OAxgnlIsoTZyWwyZGZ2mZkVwpIv8OhVP8KbePUr/AZ/wkmyqFELGorqbrq6gpgzbVz33VlZXVvf2Mxt5bd3dvf2CweHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8cWs376jSrNI3phJTH2Bh5KFjGBjpduewGYUhCjuF4puyZ0D/SVeRoqQodEvfPQGEUkElYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUslFlT76dzwFJ1aZYDCSNmSBs3VnxspFlpPRGAnZwb1795M/K/XTUx47qdMxomhkiwOhQlHJkKz79GAKUoMn1iCiWLWKyIjrDAxNqPlK3wY2YGRKNtnbDredyg1i2olIzXvK51WueS5Je+6UqxfZjnl4BhO4Aw8qEIdrqABTSAg4AEe4cm5d56dF+d1MbriZDtHsATn7RObDpr6</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit>

activation 

function

log()
<latexit sha1_base64="Q5Q9loEdeJ7wgNj3+K7+p83sabE=">AAACBnicbZDLSsNAFIYn9VbrrerSzWAR6iYkpbfsCm5cVrAXaEOZTCfp2EkmzEyEUrp36VYfwp249TV8Bl/CSRvFij8M/PznDOecz4sZlcqyPozcxubW9k5+t7C3f3B4VDw+6UqeCEw6mDMu+h6ShNGIdBRVjPRjQVDoMdLzpldpvXdPhKQ8ulWzmLghCiLqU4yUjrpDxoPy5ahYskzLbjZqNWiZdqVebdZTU3PqThPaprVUCWRqj4qfwzHHSUgihRmScmBbsXLnSCiKGVkUhokkMcJTFJCBthEKiXTny20X8EInY+hzoV+k4DL9/WOOQilnoac7Q6Qm8m8tDf+rDRLlN905jeJEkQivBvkJg4rD9HQ4poJgxWbaICyo3hXiCRIIKw1ofQoLuG6YhBV9jKbzjUBDcbQa1cw49g+dbsW0NbKbaqnlZJzy4AycgzKwQQO0wDVogw7A4A48gifwbDwYL8ar8bZqzRnZn1OwJuP9C1wJmb0=</latexit><latexit sha1_base64="pcR96e1d3DjFtxfdf48kUtXNkm8="></latexit><latexit sha1_base64="pcR96e1d3DjFtxfdf48kUtXNkm8="></latexit><latexit sha1_base64="pcR96e1d3DjFtxfdf48kUtXNkm8="></latexit><latexit sha1_base64="pcR96e1d3DjFtxfdf48kUtXNkm8="></latexit><latexit sha1_base64="pcR96e1d3DjFtxfdf48kUtXNkm8="></latexit>

exp()
<latexit sha1_base64="SsZM+BtR/QRquEyeH99uDeOVmtA="></latexit><latexit sha1_base64="mbXUsDrNYpDxW0Ua43D1vkKqUfg="></latexit><latexit sha1_base64="mbXUsDrNYpDxW0Ua43D1vkKqUfg="></latexit><latexit sha1_base64="mbXUsDrNYpDxW0Ua43D1vkKqUfg="></latexit><latexit sha1_base64="mbXUsDrNYpDxW0Ua43D1vkKqUfg="></latexit><latexit sha1_base64="mbXUsDrNYpDxW0Ua43D1vkKqUfg="></latexit>

BuckiNet

π1<latexit sha1_base64="0Yxss9XBT1G84ZAWleGRVlcFKYE=">AAACBXicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpwWcG0hTaUyXTaDp1JwsxEKKFrl271IdyJW5/DZ/AlnLRRrPjDwM9/znDO+YKYUaks68MobGxube8Ud0t7+weHR+Xjk46MEoGJhyMWiV6AJGE0JJ6iipFeLAjiASPdYHaV1bv3REgahXdqHhOfo0lIxxQjpSNvENOhPSxXLNOynWa9Di3TrjZqTiMzdbfhOtA2raUqIFd7WP4cjCKccBIqzJCUfduKlZ8ioShmZFEaJJLECM/QhPS1DREn0k+Xyy7ghU5GcBwJ/UIFl+nvHyniUs55oDs5UlP5t5aF/9X6iRo7fkrDOFEkxKtB44RBFcHscjiigmDF5togLKjeFeIpEggrzWd9CptEumHKq/oYTecbgYbiajVruXHtHzqdqmlrZLe1Sus651QEZ+AcXAIbNEEL3IA28AAGFDyCJ/BsPBgvxqvxtmotGPmfU7Am4/0L9LSZlA==</latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit>

π2<latexit sha1_base64="JiRtb2ryMEhMf6Emi//T0pWjsVQ=">AAACBXicbZDLSsNAFIYn9VbrrerSzWARXIUk9JLsCrpwWcG0hTaUyXTSDp1cmJkIJXTt0q0+hDtx63P4DL6EkzaKFX8Y+PnPGc45n58wKqRhfGiljc2t7Z3ybmVv/+DwqHp80hVxyjFxccxi3veRIIxGxJVUMtJPOEGhz0jPn13l9d494YLG0Z2cJ8QL0SSiAcVIqsgdJnRkjao1QzdMu9VoQEM3rWbdbuam4TQdG5q6sVQNFOqMqp/DcYzTkEQSMyTEwDQS6WWIS4oZWVSGqSAJwjM0IQNlIxQS4WXLZRfwQiVjGMRcvUjCZfr7R4ZCIeahrzpDJKfiby0P/6sNUhnYXkajJJUkwqtBQcqgjGF+ORxTTrBkc2UQ5lTtCvEUcYSl4rM+hU1i1TANLXWMovONQEFxlFr1wjjmD52upZsK2W291r4uOJXBGTgHl8AELdAGN6ADXIABBY/gCTxrD9qL9qq9rVpLWvHnFKxJe/8C9lGZlQ==</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit>

Input-Output map

v1<latexit sha1_base64="H0xarmp1cZlpBC1JLZhQGHcEk0Q=">AAACA3icbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpwWdFeoA1lMp2kQycXZiaFErp06VYfwp249UF8Bl/CSRvFij8M/PznDOecz40ZFdIwPrTCxubW9k5xt7S3f3B4VD4+6Yoo4Zh0cMQi3neRIIyGpCOpZKQfc4ICl5GeO73K6r0Z4YJG4b2cx8QJkB9Sj2IkVXQ3G5mjcsXQDdNq1uvQ0M1qo2Y1MlO3G7YFTd1YqgJytUflz+E4wklAQokZEmJgGrF0UsQlxYwsSsNEkBjhKfLJQNkQBUQ46XLVBbxQyRh6EVcvlHCZ/v6RokCIeeCqzgDJifhby8L/aoNEepaT0jBOJAnxapCXMCgjmN0Nx5QTLNlcGYQ5VbtCPEEcYanorE9hfqQaJkFVHaPofCNQUGylZi03tvlDp1vVTYXstlZpXeeciuAMnINLYIImaIEb0AYdgIEPHsETeNYetBftVXtbtRa0/M8pWJP2/gVz2JjB</latexit><latexit sha1_base64="DiDgLOPK9o+EFs6BUzWBUnUZ47k=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HZrDcsXQDdNq1uvQ0M1qo2Y1MlK3G7YFTd1YogJy/C8+LH8MRhFOAhJKzJAQfdOIpZMiLilmZF4aJILECE+QT/qKhiggwkmX98zhhVJG0Iu4eqGES/XnRIoCIWaBq5IBkmPx28vEv7x+Ij3LSWkYJ5KEeLXISxiUEczKgSPKCZZspgjCnKq/QjxGHGGpKlzfwvxIBcZBVR2jOvk6XFVhKzRrObHN7046Vd1URd3VKq3rvMwiOAPn4BKYoAla4AbcgjbAwAeP4Am8aM/aq/amLVbRgpbPnII1aO+fKi2glQ==</latexit><latexit sha1_base64="DiDgLOPK9o+EFs6BUzWBUnUZ47k=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HZrDcsXQDdNq1uvQ0M1qo2Y1MlK3G7YFTd1YogJy/C8+LH8MRhFOAhJKzJAQfdOIpZMiLilmZF4aJILECE+QT/qKhiggwkmX98zhhVJG0Iu4eqGES/XnRIoCIWaBq5IBkmPx28vEv7x+Ij3LSWkYJ5KEeLXISxiUEczKgSPKCZZspgjCnKq/QjxGHGGpKlzfwvxIBcZBVR2jOvk6XFVhKzRrObHN7046Vd1URd3VKq3rvMwiOAPn4BKYoAla4AbcgjbAwAeP4Am8aM/aq/amLVbRgpbPnII1aO+fKi2glQ==</latexit><latexit sha1_base64="DiDgLOPK9o+EFs6BUzWBUnUZ47k=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HZrDcsXQDdNq1uvQ0M1qo2Y1MlK3G7YFTd1YogJy/C8+LH8MRhFOAhJKzJAQfdOIpZMiLilmZF4aJILECE+QT/qKhiggwkmX98zhhVJG0Iu4eqGES/XnRIoCIWaBq5IBkmPx28vEv7x+Ij3LSWkYJ5KEeLXISxiUEczKgSPKCZZspgjCnKq/QjxGHGGpKlzfwvxIBcZBVR2jOvk6XFVhKzRrObHN7046Vd1URd3VKq3rvMwiOAPn4BKYoAla4AbcgjbAwAeP4Am8aM/aq/amLVbRgpbPnII1aO+fKi2glQ==</latexit><latexit sha1_base64="DiDgLOPK9o+EFs6BUzWBUnUZ47k=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HZrDcsXQDdNq1uvQ0M1qo2Y1MlK3G7YFTd1YogJy/C8+LH8MRhFOAhJKzJAQfdOIpZMiLilmZF4aJILECE+QT/qKhiggwkmX98zhhVJG0Iu4eqGES/XnRIoCIWaBq5IBkmPx28vEv7x+Ij3LSWkYJ5KEeLXISxiUEczKgSPKCZZspgjCnKq/QjxGHGGpKlzfwvxIBcZBVR2jOvk6XFVhKzRrObHN7046Vd1URd3VKq3rvMwiOAPn4BKYoAla4AbcgjbAwAeP4Am8aM/aq/amLVbRgpbPnII1aO+fKi2glQ==</latexit><latexit sha1_base64="DiDgLOPK9o+EFs6BUzWBUnUZ47k=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HZrDcsXQDdNq1uvQ0M1qo2Y1MlK3G7YFTd1YogJy/C8+LH8MRhFOAhJKzJAQfdOIpZMiLilmZF4aJILECE+QT/qKhiggwkmX98zhhVJG0Iu4eqGES/XnRIoCIWaBq5IBkmPx28vEv7x+Ij3LSWkYJ5KEeLXISxiUEczKgSPKCZZspgjCnKq/QjxGHGGpKlzfwvxIBcZBVR2jOvk6XFVhKzRrObHN7046Vd1URd3VKq3rvMwiOAPn4BKYoAla4AbcgjbAwAeP4Am8aM/aq/amLVbRgpbPnII1aO+fKi2glQ==</latexit>

v2<latexit sha1_base64="BcocJ6Xv2q+QrXwpw0UM+wUz054=">AAACA3icbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpwWdFeoA1lMp2kQycXZiaFErp06VYfwp249UF8Bl/CSRvFij8M/PznDOecz40ZFdIwPrTCxubW9k5xt7S3f3B4VD4+6Yoo4Zh0cMQi3neRIIyGpCOpZKQfc4ICl5GeO73K6r0Z4YJG4b2cx8QJkB9Sj2IkVXQ3G1VH5YqhG6bVrNehoZvVRs1qZKZuN2wLmrqxVAXkao/Kn8NxhJOAhBIzJMTANGLppIhLihlZlIaJIDHCU+STgbIhCohw0uWqC3ihkjH0Iq5eKOEy/f0jRYEQ88BVnQGSE/G3loX/1QaJ9CwnpWGcSBLi1SAvYVBGMLsbjiknWLK5MghzqnaFeII4wlLRWZ/C/Eg1TIKqOkbR+UagoNhKzVpubPOHTreqmwrZba3Sus45FcEZOAeXwARN0AI3oA06AAMfPIIn8Kw9aC/aq/a2ai1o+Z9TsCbt/Qt1dZjC</latexit><latexit sha1_base64="+x7ChzlXIlOKqyI/MvyidABoFG8=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HVaH5YqhG6bVrNehoZvVRs1qZKRuN2wLmrqxRAXk+F98WP4YjCKcBCSUmCEh+qYRSydFXFLMyLw0SASJEZ4gn/QVDVFAhJMu75nDC6WMoBdx9UIJl+rPiRQFQswCVyUDJMfit5eJf3n9RHqWk9IwTiQJ8WqRlzAoI5iVA0eUEyzZTBGEOVV/hXiMOMJSVbi+hfmRCoyDqjpGdfJ1uKrCVmjWcmKb3510qrqpirqrVVrXeZlFcAbOwSUwQRO0wA24BW2AgQ8ewRN40Z61V+1NW6yiBS2fOQVr0N4/ASvvoJY=</latexit><latexit sha1_base64="+x7ChzlXIlOKqyI/MvyidABoFG8=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HVaH5YqhG6bVrNehoZvVRs1qZKRuN2wLmrqxRAXk+F98WP4YjCKcBCSUmCEh+qYRSydFXFLMyLw0SASJEZ4gn/QVDVFAhJMu75nDC6WMoBdx9UIJl+rPiRQFQswCVyUDJMfit5eJf3n9RHqWk9IwTiQJ8WqRlzAoI5iVA0eUEyzZTBGEOVV/hXiMOMJSVbi+hfmRCoyDqjpGdfJ1uKrCVmjWcmKb3510qrqpirqrVVrXeZlFcAbOwSUwQRO0wA24BW2AgQ8ewRN40Z61V+1NW6yiBS2fOQVr0N4/ASvvoJY=</latexit><latexit sha1_base64="+x7ChzlXIlOKqyI/MvyidABoFG8=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HVaH5YqhG6bVrNehoZvVRs1qZKRuN2wLmrqxRAXk+F98WP4YjCKcBCSUmCEh+qYRSydFXFLMyLw0SASJEZ4gn/QVDVFAhJMu75nDC6WMoBdx9UIJl+rPiRQFQswCVyUDJMfit5eJf3n9RHqWk9IwTiQJ8WqRlzAoI5iVA0eUEyzZTBGEOVV/hXiMOMJSVbi+hfmRCoyDqjpGdfJ1uKrCVmjWcmKb3510qrqpirqrVVrXeZlFcAbOwSUwQRO0wA24BW2AgQ8ewRN40Z61V+1NW6yiBS2fOQVr0N4/ASvvoJY=</latexit><latexit sha1_base64="+x7ChzlXIlOKqyI/MvyidABoFG8=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HVaH5YqhG6bVrNehoZvVRs1qZKRuN2wLmrqxRAXk+F98WP4YjCKcBCSUmCEh+qYRSydFXFLMyLw0SASJEZ4gn/QVDVFAhJMu75nDC6WMoBdx9UIJl+rPiRQFQswCVyUDJMfit5eJf3n9RHqWk9IwTiQJ8WqRlzAoI5iVA0eUEyzZTBGEOVV/hXiMOMJSVbi+hfmRCoyDqjpGdfJ1uKrCVmjWcmKb3510qrqpirqrVVrXeZlFcAbOwSUwQRO0wA24BW2AgQ8ewRN40Z61V+1NW6yiBS2fOQVr0N4/ASvvoJY=</latexit><latexit sha1_base64="+x7ChzlXIlOKqyI/MvyidABoFG8=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlon1AG8pkOkmHTh7MTAol9BPc+hF+gx/hTrp16084aaNYceGBgcM553LnHjdmVEjDWGiFjc2t7Z3ibmlv/+DwqHx80hFRwjFp44hFvOciQRgNSVtSyUgv5gQFLiNdd3KV+d0p4YJG4YOcxcQJkB9Sj2IklXQ/HVaH5YqhG6bVrNehoZvVRs1qZKRuN2wLmrqxRAXk+F98WP4YjCKcBCSUmCEh+qYRSydFXFLMyLw0SASJEZ4gn/QVDVFAhJMu75nDC6WMoBdx9UIJl+rPiRQFQswCVyUDJMfit5eJf3n9RHqWk9IwTiQJ8WqRlzAoI5iVA0eUEyzZTBGEOVV/hXiMOMJSVbi+hfmRCoyDqjpGdfJ1uKrCVmjWcmKb3510qrqpirqrVVrXeZlFcAbOwSUwQRO0wA24BW2AgQ8ewRN40Z61V+1NW6yiBS2fOQVr0N4/ASvvoJY=</latexit>

v3
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Fig. 1: Illustration of the BuckiNet layer for the rotating hoop problem
(described in section 3.1). The dimensionless loss imposes a soft Buckingham
Pi constraint from equation (5)) and the BuckiNet layer satisfies equation (3).
In this example, the output is given by the three dominant time modes v of
the output x(t) rather than taking the time t as an input.

candidate for approximating  . Equation (7) can be naturally integrated in a
deep learning architecture by first applying a log() transform to the inputs p,
then using an exponential activation function at the output of the first layer.
The number of nodes in the first hidden layer is n0 as determined by the
Buckingham Pi theorem, and Φp contains the fitting parameters of the first
layer, as shown in Fig. 1. We call this architecture the BuckiNet. When nega-
tive input data is given, it has to be shifted to the positive domain so that the
initial log() operation becomes possible.

This technique offers many advantages. First, the BuckiNet layer implic-
itly performs an unsupervised dimensionality reduction without any adjust-
ment to the overall architecture of the deep network. This results in better
generalization properties and a faster optimization thanks to a loss-less
reduction in the number fitting parameters. Second, the BuckiNet can be
easily added to deep learning algorithms that fit input-output measurement
data, with a few lines of code on Tensorflow or PyTorch.

The BuckiNet architecture on its own does not guarantee a dimension-
less combination of the input parameters. Whether the network discovers a
dimensionless basis without any constraint is discussed in Sec.B. To explicitly
account for the constraint in equation (5), we add a the loss term

Lnull = kDpΦpk22 , (9)

to the total loss function. This results in

L = kΠq �  (exp (log(P )Φp))k2 + �kDpΦpk2 + reg. (10)
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In contrast to the constrained optimization problem proposed in the previ-
ous section, this method minimizes the null-space according to equation (5)
but does not satisfy it exactly. However, this proves to be sufficient for find-
ing Pi-groups with sparse and approximately rational exponents as shown
in Sec.3.1. The regularization term includes the L1 and L2 losses on Φp to
promote simple dimensionless groups with lower powers.

2.3 Sparse identification of dimensionless equations

The previous two methods addressed the problem of data-driven non-
dimensionalization by simultaneously optimizing for the fitting function  

and the dimensionless groups π. In light of the fact that  is usually the
solution of a differential equation, we propose casting the problem as a
sparse identification of a differential equation (SINDy) [19, 20] with candi-
date dimensionless groups as coefficients. This constrains the dimensionless
groups to be physically meaningful according to their associated differential
operators that act on the unknown output variables. This is the intuition often
used in classical ways of non-dimensionalization.

In the following formulation, we assume that the time t is the only depen-
dent variable, and non-dimensionalize it separately from the rest of the input
parameters. However, the method can be generalized to any number of
dependent variables. For a dimensionless quantity of interest πq(t), our goal
is to learn an equation of the form

dπq

dt
⌘ 1

T

dπq

d⌧
= F(πq; πp), (11)

where T is a characteristic time scale, ⌧ = t/T is the corresponding dimen-
sionless time, and F is a differential operator. In the absence of a governing
equation, SINDy approximates F by a sum of differential operators with fit-
ting coefficients that are optimized for both sparsity and prediction error [19].
That is, given input-output pairs {πp,πq}, SINDy minimizes the loss

LSINDy(πq,πp, T ; Ξ) =

�

�

�

�

1

T

dπq

d⌧
�Θ (πq,πp; T )Ξ

�

�

�

�

2

2

+ � kΞk0 , (12)

where Ξ contains unknown fitting coefficients and Θ is a pre-determined
library of potential candidate functions and differential operators, a linear
combination of which makes up the approximation F = Θ (πq,πp)Ξ.

Assuming that F(πq; πp), and its corresponding dictionary Θ, are
separable, we write

Θ(πq; πp, T ) = g(πp)⌦ Θ̂(πq, T ), (13)

where Θ̂ is a dictionary of s derivatives in the dimensionless quantity of inter-
est πq , g(x) = [x,x2, . . .] is a dictionary of simple fractional powers, and ⌦ is
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the Kronecker product which is a vectorization of the outer product of two
vectors.

Having access to dimensional data, we optimize over candidate non-
dimensionalizations by minimizing the following loss function

LdSINDy(q,p; Ξ,Φ) = LSINDy (πp(p; Φ),πq(q; Φ), T (p,Φ); Ξ) , (14)

where the input-output pairs (p,q) are sampled from the dimensional data.
To account for the dimensionless constraint, we generate a finite number

of candidate dimensionless groups up to a predetermined fractional power
that satisfy equation (5). The resulting set of non-dimensionalizations cor-
respond to a set of power matrices Φ̄ = {Φ̄1, Φ̄2, . . . , Φ̄r} over which we
minimize the loss

Ξ̌, Φ̌ = argmin
Ξ,i

LdSINDy(p,q; Ξ, Φ̄i), (15)

with i 2 [1, r]. r depends on the range of predetermined powers from which
dimensionless numbers are sampled according to the null-space condition in
(5).

This method solves two problems at once, providing

1. Dimensionless input parameters πp and dimensionless dependent vari-
ables ⌧ = t/T .

2. A sparse and parametric dynamical system π̇q = F(πq; πp).

While we only consider time as a dependent variable in this section, a
generalization to spatial and other dependent variables is straightforward.
The method also allows for combining known dimensionless numbers with
unknown ones as often encountered in practical problems.

3 Results

In this section, we apply the three methods presented above on three non-
dimensionalization problems: the bead on a rotating hoop in Sec. 3.1, the
Blasius boundary layer in Sec. 3.2, and the Rayleigh-Bénard problem in
Sec. 3.3. We discuss the advantages and shortcomings of each method in
terms of accuracy, robustness, and speed in the context of our proposed
hypothesis.

3.1 Bead on a rotating hoop

Consider a wire hoop with radius R, rotating about a vertical axis coincid-
ing with its diameter at an angular velocity !, as shown in Fig. 1. A bead
with mass m slides along the wire with tangential damping coefficient b. The
equation governing the dynamics of the angular position x of the bead with
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respect to the vertical axis is known to be ([37] sec. 3.5)

mRẍ = �bẋ�mg sinx+mR2! sinx cosx. (16)

A traditional dimensional analysis leads to the following Pi-groups [37]

� =
R!2

g
, ✏ =

m2gR

b2
, ⌧ =

mg

b
t, (17)

where ✏ controls the inertial term and � is a pitchfork bifurcation parameter
that accounts for two additional fixed points at x⇤ = ± arccos(�), for � > 1.
Non-dimensionlizing equation (16) gives

✏
d2x

d⌧2
= �dx

d⌧
� sinx+ � sinx cosx. (18)

For ✏ ⌧ 1 and � = O(1), the system is overdamped and approximately first-
order.

To test the BuckiNet and the constrained optimization algorithms, we
solve the governing equations numerically to obtain 3000 solutions with
mass, radius, damping coefficient, and angular velocity sampled from a uni-
form distribution. In order to recover � and ✏ without explicitly accounting
for the time scale, we use the dominant modes (obtained by a principle
component analysis) of the time series solution matrix (where each row corre-
sponds to a different parameter combination, and each column to a different
time sample), so that the output πq is the set of coefficients for the leading
r principal components as shown in Fig. 1. Here πq ⌘ q = x because the
angle x is dimensionless. A sample of the time-series solutions for different
parameters is shown in Fig. 2.

After optimizing over neural network hyperparameters – given the opti-
mal architecture, with enough modes to represent the solution – BuckiNet
recovers the correct dimensionless numbers shown in table 1. The discovered
Pi-groups are scaled to make the power of R unity. Sub-optimal linear combi-
nations of known dimensionless groups are often discovered (see discussion
in appendix ??).

Using the dimensionless SINDy approach, we generate 20 parameter
combinations, sampled from a uniform distribution – in this case, account-
ing for the time t as an input. The library Θ contains low-order polynomials
in x and ẋ that can approximate the trigonometric nonlinearity in (16) for
relatively small values of x. For each candidate nondimensionalization gen-
erated from the nullspace of D, the nonconvex optimization problem (12) is

Φ m R b g ω

φ(π1) 0.0011 1.000 0.0001 -0.997 1.990
φ(π2) 1.991 1.000 -1.990 0.998 0.002

Table 1: Discovered Pi-groups powers with BuckiNet.
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Sample parameter space Out-of sample test case

Fig. 2: Dimensionless SINDy applied on the rotating hoop problem. The dis-
covered SINDy model reproduces the data and identifies the most physically
relevant dimensionless groups.

approximated with the simple sequentially thresholded least squares algo-
rithm [19], where the only tuning parameter is a threshold that approximates
the `0 regularization loss.

Fig. 3 shows that the method identifies the same time scale T = b/mg as
that proposed by Strogatz [37] in equation (17), along with ratios of ✏ and �

which is consistent with equation (18) – divided by ✏ – such that

⇡1 =
b2

Rgm2
=

1

✏
, ⇡2 =

!2g2

m2g2
=
�

✏
. (19)

Depending on the sparsity threshold in SINDy, models of varying fidelity
can be identified. For example, with a threshold of 10�1 the algorithm selects
a cubic model

d2x

d⌧2
= �0.96⇡1

dx

d⌧
� 0.94⇡1x+ ⇡2(0.86x� 0.34x3), (20)

while reducing the threshold to 10�3 results in the seventh-order model

d2x

d⌧2
= �⇡1

dx

d⌧
�⇡1(x�0.16x3+0.01x5)+⇡2(x�0.66x3+0.13x5�0.01x7). (21)

This closely matches the Taylor-series approximation of the true dynam-
ics (18). Accordingly, an appropriate model can be selected based on a desired
tradeoff between accuracy and simplicity. However, higher order models
increase the accuracy of the discovered dimensionless groups.

Fig. 2 tests the generalization of the two models on a set of parameters
chosen to be outside the range of the training data (i.e. an extrapolation task).
Although the cubic model captures the qualitative behavior reasonably well,
the seventh-order approximation closely tracks the true solution.

3.2 Laminar boundary layer: identifying self-similarity

Non-dimensionalization often arises in the context of scaling and collaps-
ing experimental results to lower dimensions by revealing the self-similarity
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<latexit sha1_base64="qnI9hhu8FJoYLs1FMHhhL7KVr9k=">AAACAXicbVDJSgNBEK2JW4xb1KOXwSB4CjMhEHMLePGYiFkgGUJPpydp0svQ3SOEISePXvUjvIlXv8Rv8CfsJIP7g4LHe1VU1QtjRrXxvDcnt7a+sbmV3y7s7O7tHxQPjzpaJgqTNpZMql6INGFUkLahhpFerAjiISPdcHq58Lu3RGkqxY2ZxSTgaCxoRDEyVmpdD4slr+wt4f4lfkZKkKE5LL4PRhInnAiDGdK673uxCVKkDMWMzAuDRJMY4Skak76lAnGig3R56Nw9s8rIjaSyJYy7VL9PpIhrPeOh7eTITPRvbyH+5/UTE10EKRVxYojAq0VRwlwj3cXX7ogqgg2bWYKwovZWF0+QQtjYbH5uYWNpGya8Yp+x6fhfodQtatWM1P3PdDqVsu+V/Va11KhnOeXhBE7hHHyoQQOuoAltwEDgHh7g0blznpxn52XVmnOymWP4Aef1A3bSl5M=</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit>

g
<latexit sha1_base64="DYKoAtcfvCPI5G4Dl+RIsltdIMs=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYBSQizk97NkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuuruCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsAZGBbQNNQx6sQLMAwbdYHq98Lt3oDSV4tbMYhhyHAkaUoKNlVrRqFjyyt4S7l/iZ6SEMjRHxY/BWJKEgzCEYa37vhebYYqVoYTBvDBINMSYTHEEfUsF5qCH6fLQuXthlbEbSmVLGHep/pxIMdd6xgPbybGZ6N/eQvzP6ycmvBqmVMSJAUFWi8KEuUa6i6/dMVVADJtZgomi9laXTLDCxNhs1rewSNqGCa/YZ2w6/ncodYtaNSN1/yudTqXse2W/VS016llOeXSGztEl8lENNdANaqI2IgjQA3pET8698+y8OK+r1pyTzZyiNThvn5izl6g=</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit>

ω
<latexit sha1_base64="GOktbHNs7sFt963rjYMWzIHoquU=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKeyGQMwt4MVjBPOAJITZSe9mzMzOMjMrhCV3j171I7yJV3/Db/AnnCSLGrWgoajqprvLjznTxnXfndza+sbmVn67sLO7t39QPDxqa5koCi0quVRdn2jgLIKWYYZDN1ZAhM+h408u537nDpRmMrox0xgGgoQRCxglxkrtvhQQkmGx5JbdBfBf4mWkhDI0h8WP/kjSREBkKCda9zw3NoOUKMMoh1mhn2iICZ2QEHqWRkSAHqSLa2f4zCojHEhlKzJ4of6cSInQeip82ymIGevf3lz8z+slJrgYpCyKEwMRXS4KEo6NxPPX8YgpoIZPLSFUMXsrpmOiCDU2oNUtPJS2YSwq9hmbjvcdSt2iVs1I3ftKp10pe27Zu66WGvUspzw6QafoHHmohhroCjVRC1F0ix7QI3py7p1n58V5XbbmnGzmGK3AefsEjrqZ2A==</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit>

b<latexit sha1_base64="YbyHy8qSpLTVjgXgTFMYtmBxr9k=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYByRJmJ73JkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuurvCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsQZGBbQNNQx6sQLMQwbdcHq98Lt3oDSV4tbMYgg4HgsaUYKNlVrhsFjyyt4S7l/iZ6SEMjSHxY/BSJKEgzCEYa37vhebIMXKUMJgXhgkGmJMpngMfUsF5qCDdHno3L2wysiNpLIljLtUf06kmGs946Ht5NhM9G9vIf7n9RMTXQUpFXFiQJDVoihhrpHu4mt3RBUQw2aWYKKovdUlE6wwMTab9S1sLG3DhFfsMzYd/zuUukWtmpG6/5VOp1L2vbLfqpYa9SynPDpD5+gS+aiGGugGNVEbEQToAT2iJ+feeXZenNdVa87JZk7RGpy3T5Cil6M=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit>

t
<latexit sha1_base64="g4We3sUb6JKELiO68a5W6qNWOQs=">AAACAnicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpwWcXaQhvKZDpph04yYWYilNCdS7f6EO7ErS/iM/gSTtooVvxh4Oc/ZzjnfH7MqFSW9WEU1tY3NreK26Wd3b39g/Lh0Z3kicCkgznjoucjSRiNSEdRxUgvFgSFPiNdf3qR1bv3REjKo1s1i4kXonFEA4qR0tGNgsNyxTIt22nW69Ay7Wqj5jQyU3cbrgNt01qoAnK1h+XPwYjjJCSRwgxJ2betWHkpEopiRualQSJJjPAUjUlf2wiFRHrpYtM5PNPJCAZc6BcpuEh//0hRKOUs9HVniNRE/q1l4X+1fqICx0tpFCeKRHg5KEgYVBxmZ8MRFQQrNtMGYUH1rhBPkEBYaTirU9iY64ZJWNXHaDrfCDQUV6tZy41r/9C5q5q2RnZdq7Quc05FcAJOwTmwQRO0wBVogw7AIACP4Ak8Gw/Gi/FqvC1bC0b+5xisyHj/ApYJmEU=</latexit><latexit sha1_base64="QATeeKJ+PBQFLxOasvcy7ui/wp8=">AAACJ3icjVDLSsNAFJ34rPVVdelmsAiuQlL6SHYFXbhUsQ9oQ5lMJ+3QSSbMTIQS+gdu/Qi/wY9wJ7p07U84aaNYceGBgcM553LnHj9mVCrLejNWVtfWNzYLW8Xtnd29/dLBYVvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOPznP/M4dEZLy6FZNY+KFaBTRgGKktHSj4KBUtkzLdhq1GrRMu1KvOvWM1Ny660DbtOYogxz/iw9KH/0hx0lIIoUZkrJnW7HyUiQUxYzMiv1EkhjhCRqRnqYRCon00vk5M3iqlSEMuNAvUnCu/pxIUSjlNPR1MkRqLH97mfiX10tU4HgpjeJEkQgvFgUJg4rDrBs4pIJgxaaaICyo/ivEYyQQVrrB5S1sxHVgHFb0MbqTr8N1Fa5Go5oT1/7upF0xbV3UdbXcvMjLLIBjcALOgA0aoAkuwRVoAQwCcA8ewJPxaDwbL8brIrpi5DNHYAnG+yc7v6AZ</latexit><latexit sha1_base64="QATeeKJ+PBQFLxOasvcy7ui/wp8=">AAACJ3icjVDLSsNAFJ34rPVVdelmsAiuQlL6SHYFXbhUsQ9oQ5lMJ+3QSSbMTIQS+gdu/Qi/wY9wJ7p07U84aaNYceGBgcM553LnHj9mVCrLejNWVtfWNzYLW8Xtnd29/dLBYVvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOPznP/M4dEZLy6FZNY+KFaBTRgGKktHSj4KBUtkzLdhq1GrRMu1KvOvWM1Ny660DbtOYogxz/iw9KH/0hx0lIIoUZkrJnW7HyUiQUxYzMiv1EkhjhCRqRnqYRCon00vk5M3iqlSEMuNAvUnCu/pxIUSjlNPR1MkRqLH97mfiX10tU4HgpjeJEkQgvFgUJg4rDrBs4pIJgxaaaICyo/ivEYyQQVrrB5S1sxHVgHFb0MbqTr8N1Fa5Go5oT1/7upF0xbV3UdbXcvMjLLIBjcALOgA0aoAkuwRVoAQwCcA8ewJPxaDwbL8brIrpi5DNHYAnG+yc7v6AZ</latexit><latexit sha1_base64="QATeeKJ+PBQFLxOasvcy7ui/wp8=">AAACJ3icjVDLSsNAFJ34rPVVdelmsAiuQlL6SHYFXbhUsQ9oQ5lMJ+3QSSbMTIQS+gdu/Qi/wY9wJ7p07U84aaNYceGBgcM553LnHj9mVCrLejNWVtfWNzYLW8Xtnd29/dLBYVvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOPznP/M4dEZLy6FZNY+KFaBTRgGKktHSj4KBUtkzLdhq1GrRMu1KvOvWM1Ny660DbtOYogxz/iw9KH/0hx0lIIoUZkrJnW7HyUiQUxYzMiv1EkhjhCRqRnqYRCon00vk5M3iqlSEMuNAvUnCu/pxIUSjlNPR1MkRqLH97mfiX10tU4HgpjeJEkQgvFgUJg4rDrBs4pIJgxaaaICyo/ivEYyQQVrrB5S1sxHVgHFb0MbqTr8N1Fa5Go5oT1/7upF0xbV3UdbXcvMjLLIBjcALOgA0aoAkuwRVoAQwCcA8ewJPxaDwbL8brIrpi5DNHYAnG+yc7v6AZ</latexit><latexit sha1_base64="QATeeKJ+PBQFLxOasvcy7ui/wp8=">AAACJ3icjVDLSsNAFJ34rPVVdelmsAiuQlL6SHYFXbhUsQ9oQ5lMJ+3QSSbMTIQS+gdu/Qi/wY9wJ7p07U84aaNYceGBgcM553LnHj9mVCrLejNWVtfWNzYLW8Xtnd29/dLBYVvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOPznP/M4dEZLy6FZNY+KFaBTRgGKktHSj4KBUtkzLdhq1GrRMu1KvOvWM1Ny660DbtOYogxz/iw9KH/0hx0lIIoUZkrJnW7HyUiQUxYzMiv1EkhjhCRqRnqYRCon00vk5M3iqlSEMuNAvUnCu/pxIUSjlNPR1MkRqLH97mfiX10tU4HgpjeJEkQgvFgUJg4rDrBs4pIJgxaaaICyo/ivEYyQQVrrB5S1sxHVgHFb0MbqTr8N1Fa5Go5oT1/7upF0xbV3UdbXcvMjLLIBjcALOgA0aoAkuwRVoAQwCcA8ewJPxaDwbL8brIrpi5DNHYAnG+yc7v6AZ</latexit><latexit sha1_base64="QATeeKJ+PBQFLxOasvcy7ui/wp8=">AAACJ3icjVDLSsNAFJ34rPVVdelmsAiuQlL6SHYFXbhUsQ9oQ5lMJ+3QSSbMTIQS+gdu/Qi/wY9wJ7p07U84aaNYceGBgcM553LnHj9mVCrLejNWVtfWNzYLW8Xtnd29/dLBYVvyRGDSwpxx0fWRJIxGpKWoYqQbC4JCn5GOPznP/M4dEZLy6FZNY+KFaBTRgGKktHSj4KBUtkzLdhq1GrRMu1KvOvWM1Ny660DbtOYogxz/iw9KH/0hx0lIIoUZkrJnW7HyUiQUxYzMiv1EkhjhCRqRnqYRCon00vk5M3iqlSEMuNAvUnCu/pxIUSjlNPR1MkRqLH97mfiX10tU4HgpjeJEkQgvFgUJg4rDrBs4pIJgxaaaICyo/ivEYyQQVrrB5S1sxHVgHFb0MbqTr8N1Fa5Go5oT1/7upF0xbV3UdbXcvMjLLIBjcALOgA0aoAkuwRVoAQwCcA8ewJPxaDwbL8brIrpi5DNHYAnG+yc7v6AZ</latexit>
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m
<latexit sha1_base64="R2ZVzsZmkTFiF7HnSltiG3rXEdY=">AAACAXicbVDJSgNBEO2JW4xb1KOXwSB4CjMhEHML6MFjAmaBZAg9nZqkSS9Dd48Qhpw8etWP8CZe/RK/wZ+wkwzuDwoe71VRVS+MGdXG896c3Nr6xuZWfruws7u3f1A8POpomSgCbSKZVL0Qa2BUQNtQw6AXK8A8ZNANp5cLv3sLSlMpbswshoDjsaARJdhYqcWHxZJX9pZw/xI/IyWUoTksvg9GkiQchCEMa933vdgEKVaGEgbzwiDREGMyxWPoWyowBx2ky0Pn7plVRm4klS1h3KX6fSLFXOsZD20nx2aif3sL8T+vn5joIkipiBMDgqwWRQlzjXQXX7sjqoAYNrMEE0XtrS6ZYIWJsdn83MLG0jZMeMU+Y9Pxv0KpW9SqGan7n+l0KmXfK/utaqlxleWURyfoFJ0jH9VQA12jJmojggDdowf06Nw5T86z87JqzTnZzDH6Aef1A6Wwl7k=</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit> R

<latexit sha1_base64="qnI9hhu8FJoYLs1FMHhhL7KVr9k=">AAACAXicbVDJSgNBEK2JW4xb1KOXwSB4CjMhEHMLePGYiFkgGUJPpydp0svQ3SOEISePXvUjvIlXv8Rv8CfsJIP7g4LHe1VU1QtjRrXxvDcnt7a+sbmV3y7s7O7tHxQPjzpaJgqTNpZMql6INGFUkLahhpFerAjiISPdcHq58Lu3RGkqxY2ZxSTgaCxoRDEyVmpdD4slr+wt4f4lfkZKkKE5LL4PRhInnAiDGdK673uxCVKkDMWMzAuDRJMY4Skak76lAnGig3R56Nw9s8rIjaSyJYy7VL9PpIhrPeOh7eTITPRvbyH+5/UTE10EKRVxYojAq0VRwlwj3cXX7ogqgg2bWYKwovZWF0+QQtjYbH5uYWNpGya8Yp+x6fhfodQtatWM1P3PdDqVsu+V/Va11KhnOeXhBE7hHHyoQQOuoAltwEDgHh7g0blznpxn52XVmnOymWP4Aef1A3bSl5M=</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit>

g
<latexit sha1_base64="DYKoAtcfvCPI5G4Dl+RIsltdIMs=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYBSQizk97NkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuuruCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsAZGBbQNNQx6sQLMAwbdYHq98Lt3oDSV4tbMYhhyHAkaUoKNlVrRqFjyyt4S7l/iZ6SEMjRHxY/BWJKEgzCEYa37vhebYYqVoYTBvDBINMSYTHEEfUsF5qCH6fLQuXthlbEbSmVLGHep/pxIMdd6xgPbybGZ6N/eQvzP6ycmvBqmVMSJAUFWi8KEuUa6i6/dMVVADJtZgomi9laXTLDCxNhs1rewSNqGCa/YZ2w6/ncodYtaNSN1/yudTqXse2W/VS016llOeXSGztEl8lENNdANaqI2IgjQA3pET8698+y8OK+r1pyTzZyiNThvn5izl6g=</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit>

ω
<latexit sha1_base64="GOktbHNs7sFt963rjYMWzIHoquU=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKeyGQMwt4MVjBPOAJITZSe9mzMzOMjMrhCV3j171I7yJV3/Db/AnnCSLGrWgoajqprvLjznTxnXfndza+sbmVn67sLO7t39QPDxqa5koCi0quVRdn2jgLIKWYYZDN1ZAhM+h408u537nDpRmMrox0xgGgoQRCxglxkrtvhQQkmGx5JbdBfBf4mWkhDI0h8WP/kjSREBkKCda9zw3NoOUKMMoh1mhn2iICZ2QEHqWRkSAHqSLa2f4zCojHEhlKzJ4of6cSInQeip82ymIGevf3lz8z+slJrgYpCyKEwMRXS4KEo6NxPPX8YgpoIZPLSFUMXsrpmOiCDU2oNUtPJS2YSwq9hmbjvcdSt2iVs1I3ftKp10pe27Zu66WGvUspzw6QafoHHmohhroCjVRC1F0ix7QI3py7p1n58V5XbbmnGzmGK3AefsEjrqZ2A==</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit>b<latexit sha1_base64="YbyHy8qSpLTVjgXgTFMYtmBxr9k=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYByRJmJ73JkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuurvCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsQZGBbQNNQx6sQLMQwbdcHq98Lt3oDSV4tbMYgg4HgsaUYKNlVrhsFjyyt4S7l/iZ6SEMjSHxY/BSJKEgzCEYa37vhebIMXKUMJgXhgkGmJMpngMfUsF5qCDdHno3L2wysiNpLIljLtUf06kmGs946Ht5NhM9G9vIf7n9RMTXQUpFXFiQJDVoihhrpHu4mt3RBUQw2aWYKKovdUlE6wwMTab9S1sLG3DhFfsMzYd/zuUukWtmpG6/5VOp1L2vbLfqpYa9SynPDpD5+gS+aiGGugGNVEbEQToAT2iJ+feeXZenNdVa87JZk7RGpy3T5Cil6M=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit>

candidate  

dimensionless  

numbers 

satisfying

0 0 0 0 -1

1 1 -1 0 0

-2 0 2 -2 1

1 -1 -1 2 -3

m
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<latexit sha1_base64="GOktbHNs7sFt963rjYMWzIHoquU=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKeyGQMwt4MVjBPOAJITZSe9mzMzOMjMrhCV3j171I7yJV3/Db/AnnCSLGrWgoajqprvLjznTxnXfndza+sbmVn67sLO7t39QPDxqa5koCi0quVRdn2jgLIKWYYZDN1ZAhM+h408u537nDpRmMrox0xgGgoQRCxglxkrtvhQQkmGx5JbdBfBf4mWkhDI0h8WP/kjSREBkKCda9zw3NoOUKMMoh1mhn2iICZ2QEHqWRkSAHqSLa2f4zCojHEhlKzJ4of6cSInQeip82ymIGevf3lz8z+slJrgYpCyKEwMRXS4KEo6NxPPX8YgpoIZPLSFUMXsrpmOiCDU2oNUtPJS2YSwq9hmbjvcdSt2iVs1I3ftKp10pe27Zu66WGvUspzw6QafoHHmohhroCjVRC1F0ix7QI3py7p1n58V5XbbmnGzmGK3AefsEjrqZ2A==</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit><latexit sha1_base64="uSCk/jDt3ea6K1Xn+Q9hufpXz3E=">AAACK3icjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LBfOBZAg9nZ6kTX+G7h4hDLmDWw/hGTyEK8WtKy9hJxnUqAsLGoqqerx+FcaMauN5z05uZXVtfSO/Wdja3tndK+4ftLRMFCZNLJlUnRBpwqggTUMNI51YEcRDRtrh+Hzmt2+J0lSKazOJScDRUNCIYmSs1OpJToaoXyx5ZW8O9zfxM1KCDP+L94vvvYHECSfCYIa07vpebIIUKUMxI9NCL9EkRniMhqRrqUCc6CCdnzR1T6wycCOp7BPGnavfJ1LEtZ7w0CY5MiP905uJf3ndxERnQUpFnBgi8GJRlDDXSHfWjzugimDDJpYgrKj9q4tHSCFsbIvLW9hQ2sCIV+wxthP/q4q6Ra2akbr/2UmrUva9sn9VLTXqWZl5OIJjOAUfatCAC7iEJmC4gTu4h0fnwXlyXpzXRTTnZDOHsATn7QPio6FR</latexit>b<latexit sha1_base64="YbyHy8qSpLTVjgXgTFMYtmBxr9k=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYByRJmJ73JkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuurvCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsQZGBbQNNQx6sQLMQwbdcHq98Lt3oDSV4tbMYgg4HgsaUYKNlVrhsFjyyt4S7l/iZ6SEMjSHxY/BSJKEgzCEYa37vhebIMXKUMJgXhgkGmJMpngMfUsF5qCDdHno3L2wysiNpLIljLtUf06kmGs946Ht5NhM9G9vIf7n9RMTXQUpFXFiQJDVoihhrpHu4mt3RBUQw2aWYKKovdUlE6wwMTab9S1sLG3DhFfsMzYd/zuUukWtmpG6/5VOp1L2vbLfqpYa9SynPDpD5+gS+aiGGugGNVEbEQToAT2iJ+feeXZenNdVa87JZk7RGpy3T5Cil6M=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit>

candidate  

time scales

 

combination

jth

p
<latexit sha1_base64="mqSTgiqlWqWvKNmHe29pwq3D6v4=">AAACCXicbVDLSgNBEOz1GeMr6tHLYBA8hd0QiLkF9OAxgnlIsoTZyWwyZGZ2mZkVwpIv8OhVP8KbePUr/AZ/wkmyqFELGorqbrq6gpgzbVz33VlZXVvf2Mxt5bd3dvf2CweHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8cWs376jSrNI3phJTH2Bh5KFjGBjpduewGYUhCjuF4puyZ0D/SVeRoqQodEvfPQGEUkElYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUslFlT76dzwFJ1aZYDCSNmSBs3VnxspFlpPRGAnZwb1795M/K/XTUx47qdMxomhkiwOhQlHJkKz79GAKUoMn1iCiWLWKyIjrDAxNqPlK3wY2YGRKNtnbDredyg1i2olIzXvK51WueS5Je+6UqxfZjnl4BhO4Aw8qEIdrqABTSAg4AEe4cm5d56dF+d1MbriZDtHsATn7RObDpr6</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit><latexit sha1_base64="86DYecbfixBHKzV+1AgQ0Sj2jYg=">AAACLnicjVDLSgMxFL1TX7W+qi7dBIvgqsyUQu2uoAuXCvYh7VAyaaYNTTJDkhHK0K9w60f4DX6E4ELcCv6EaTv4XnggcDjnXG7uCWLOtHHdJye3tLyyupZfL2xsbm3vFHf3WjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49OZ376hSrNIXplJTH2Bh5KFjGBjpeuewGYUhCjuF0tu2Z0D/SZeRkqQ4X/xfvGtN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nV03RkVUGKIyUfdKgufp1IsVC64kIbHJ2hf7pzcS/vG5iwhM/ZTJODJVksShMODIRmlWEBkxRYvjEEkwUs39FZIQVJsYW+X0LH0Y2MBIVe4ztxPusom5Rq2ak7n100qqUPbfsXVZLjbOszDwcwCEcgwc1aMA5XEATCAi4hTt4cO6dR+fZeVlEc042sw/f4Ly+AxNyonM=</latexit>

Input-output data

�

✏
<latexit sha1_base64="a5N4StnMb9DWFzZTGpVUtAykMp4="></latexit><latexit sha1_base64="w8HcZZRfnTCHneJWsqSagecM71U="></latexit><latexit sha1_base64="w8HcZZRfnTCHneJWsqSagecM71U="></latexit><latexit sha1_base64="w8HcZZRfnTCHneJWsqSagecM71U="></latexit><latexit sha1_base64="w8HcZZRfnTCHneJWsqSagecM71U="></latexit><latexit sha1_base64="w8HcZZRfnTCHneJWsqSagecM71U="></latexit>

1

✏
<latexit sha1_base64="d720UZ74s3OYLt7goS7B06vEA/k="></latexit><latexit sha1_base64="cOvM2RIaPvEIT9g93FVCAD2GPZ8="></latexit><latexit sha1_base64="cOvM2RIaPvEIT9g93FVCAD2GPZ8="></latexit><latexit sha1_base64="cOvM2RIaPvEIT9g93FVCAD2GPZ8="></latexit><latexit sha1_base64="cOvM2RIaPvEIT9g93FVCAD2GPZ8="></latexit><latexit sha1_base64="cOvM2RIaPvEIT9g93FVCAD2GPZ8="></latexit>

Generate all combinations 

Of dimensionless numbers

Find combination  

with optimal error

m
<latexit sha1_base64="R2ZVzsZmkTFiF7HnSltiG3rXEdY=">AAACAXicbVDJSgNBEO2JW4xb1KOXwSB4CjMhEHML6MFjAmaBZAg9nZqkSS9Dd48Qhpw8etWP8CZe/RK/wZ+wkwzuDwoe71VRVS+MGdXG896c3Nr6xuZWfruws7u3f1A8POpomSgCbSKZVL0Qa2BUQNtQw6AXK8A8ZNANp5cLv3sLSlMpbswshoDjsaARJdhYqcWHxZJX9pZw/xI/IyWUoTksvg9GkiQchCEMa933vdgEKVaGEgbzwiDREGMyxWPoWyowBx2ky0Pn7plVRm4klS1h3KX6fSLFXOsZD20nx2aif3sL8T+vn5joIkipiBMDgqwWRQlzjXQXX7sjqoAYNrMEE0XtrS6ZYIWJsdn83MLG0jZMeMU+Y9Pxv0KpW9SqGan7n+l0KmXfK/utaqlxleWURyfoFJ0jH9VQA12jJmojggDdowf06Nw5T86z87JqzTnZzDH6Aef1A6Wwl7k=</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit><latexit sha1_base64="ySRdmkt05ZyWxf5RipwQVeA7LWk=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFXbi0YB/QDiWT3mlDk8yQZIQy9Avc+hF+gx/hTsSde3/CtB3UqgsPBA7nnMvNPUHMmTau++qsrK6tb2zmtvLbO7t7+4WDw5aOEkWhSSMeqU5ANHAmoWmY4dCJFRARcGgH44uZ374FpVkkb8wkBl+QoWQho8RYqSH6haJbcufAv4mXkSLK8L94v/DeG0Q0ESAN5UTrrufGxk+JMoxymOZ7iYaY0DEZQtdSSQRoP51fM8WnVhngMFL2SYPn6veJlAitJyKwSUHMSP/0ZuJfXjcx4bmfMhknBiRdLAoTjk2EZ9XgAVNADZ9YQqhi9q+Yjogi1NgCl7fwYWQDI1G2x9hOvK8qahbVSkZq3mcnrXLJc0teo1KsX2Zl5tAxOkFnyENVVEdX6Bo1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wCwCJ8y</latexit>

R
<latexit sha1_base64="qnI9hhu8FJoYLs1FMHhhL7KVr9k=">AAACAXicbVDJSgNBEK2JW4xb1KOXwSB4CjMhEHMLePGYiFkgGUJPpydp0svQ3SOEISePXvUjvIlXv8Rv8CfsJIP7g4LHe1VU1QtjRrXxvDcnt7a+sbmV3y7s7O7tHxQPjzpaJgqTNpZMql6INGFUkLahhpFerAjiISPdcHq58Lu3RGkqxY2ZxSTgaCxoRDEyVmpdD4slr+wt4f4lfkZKkKE5LL4PRhInnAiDGdK673uxCVKkDMWMzAuDRJMY4Skak76lAnGig3R56Nw9s8rIjaSyJYy7VL9PpIhrPeOh7eTITPRvbyH+5/UTE10EKRVxYojAq0VRwlwj3cXX7ogqgg2bWYKwovZWF0+QQtjYbH5uYWNpGya8Yp+x6fhfodQtatWM1P3PdDqVsu+V/Va11KhnOeXhBE7hHHyoQQOuoAltwEDgHh7g0blznpxn52XVmnOymWP4Aef1A3bSl5M=</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit><latexit sha1_base64="JyOB2sNAu68suw4xTujrhPs7Z4s=">AAACJnicjVDLSgMxFM34rPVVdekmWARXZaYUancFNy6t2Ae0Q8mkd9rQJDMkGaEM/QK3foTf4Ee4E3Hn3p8wbQe16sIDgcM553JzTxBzpo3rvjorq2vrG5u5rfz2zu7efuHgsKWjRFFo0ohHqhMQDZxJaBpmOHRiBUQEHNrB+GLmt29BaRbJGzOJwRdkKFnIKDFWalz3C0W35M6BfxMvI0WU4X/xfuG9N4hoIkAayonWXc+NjZ8SZRjlMM33Eg0xoWMyhK6lkgjQfjq/ZopPrTLAYaTskwbP1e8TKRFaT0Rgk4KYkf7pzcS/vG5iwnM/ZTJODEi6WBQmHJsIz6rBA6aAGj6xhFDF7F8xHRFFqLEFLm/hw8gGRqJsj7GdeF9V1CyqlYzUvM9OWuWS55a8RqVYr2Vl5tAxOkFnyENVVEeX6Ao1EUWA7tA9enQenCfn2XlZRFecbOYILcF5+wB9Q58M</latexit>

b<latexit sha1_base64="YbyHy8qSpLTVjgXgTFMYtmBxr9k=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYByRJmJ73JkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuurvCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsQZGBbQNNQx6sQLMQwbdcHq98Lt3oDSV4tbMYgg4HgsaUYKNlVrhsFjyyt4S7l/iZ6SEMjSHxY/BSJKEgzCEYa37vhebIMXKUMJgXhgkGmJMpngMfUsF5qCDdHno3L2wysiNpLIljLtUf06kmGs946Ht5NhM9G9vIf7n9RMTXQUpFXFiQJDVoihhrpHu4mt3RBUQw2aWYKKovdUlE6wwMTab9S1sLG3DhFfsMzYd/zuUukWtmpG6/5VOp1L2vbLfqpYa9SynPDpD5+gS+aiGGugGNVEbEQToAT2iJ+feeXZenNdVa87JZk7RGpy3T5Cil6M=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit><latexit sha1_base64="32pNxum5Ns1NNKPv07ErEUhyWUg=">AAACJnicjVBLSgNBFHwTfzH+oi7dDAbBVZgJgZhdwI1LA+YDyRB6Oj1Jk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qzBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1lojBpYcmk6oZIE0YFaRlqGOnGiiAeMtIJJ5dzv3NLlKZS3JhpTAKORoJGFCNjpWY4KJa8sreA+5v4GSlBhv/FB8X3/lDihBNhMENa93wvNkGKlKGYkVmhn2gSIzxBI9KzVCBOdJAurpm5Z1YZupFU9gnjLtTvEyniWk95aJMcmbH+6c3Fv7xeYqKLIKUiTgwReLkoSphrpDuvxh1SRbBhU0sQVtT+1cVjpBA2tsDVLWwkbWDMK/YY24n/VUXdolbNSN3/7KRdKfte2W9WS416VmYeTuAUzsGHGjTgCq6hBRgI3ME9PDoPzpPz7LwsozknmzmGFThvH5ljnxw=</latexit>

g
<latexit sha1_base64="DYKoAtcfvCPI5G4Dl+RIsltdIMs=">AAACAXicbVDLSgNBEJyNrxhfUY9eFoPgKeyGQMwt4MVjAuYBSQizk97NkHksM7NCWHLy6FU/wpt49Uv8Bn/CSbKoUQsaiqpuuruCmFFtPO/dyW1sbm3v5HcLe/sHh0fF45OOloki0CaSSdULsAZGBbQNNQx6sQLMAwbdYHq98Lt3oDSV4tbMYhhyHAkaUoKNlVrRqFjyyt4S7l/iZ6SEMjRHxY/BWJKEgzCEYa37vhebYYqVoYTBvDBINMSYTHEEfUsF5qCH6fLQuXthlbEbSmVLGHep/pxIMdd6xgPbybGZ6N/eQvzP6ycmvBqmVMSJAUFWi8KEuUa6i6/dMVVADJtZgomi9laXTLDCxNhs1rewSNqGCa/YZ2w6/ncodYtaNSN1/yudTqXse2W/VS016llOeXSGztEl8lENNdANaqI2IgjQA3pET8698+y8OK+r1pyTzZyiNThvn5izl6g=</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit><latexit sha1_base64="6zPiyd6lnUGstXF4Arb5cvgVxbQ=">AAACJnicjVBLSgNBFOyJvxh/UZduBoPgKsyEQMwu4MalAfOBJISezptJk/4M3T1CGHICtx7CM3gIdyLu3HsJO8mgRl1Y0FBU1eP1qyBmVBvPe3Vya+sbm1v57cLO7t7+QfHwqK1logi0iGRSdQOsgVEBLUMNg26sAPOAQSeYXM79zi0oTaW4MdMYBhxHgoaUYGOlZjQslryyt4D7m/gZKaEM/4sPi+/9kSQJB2EIw1r3fC82gxQrQwmDWaGfaIgxmeAIepYKzEEP0sU1M/fMKiM3lMo+YdyF+n0ixVzrKQ9skmMz1j+9ufiX10tMeDFIqYgTA4IsF4UJc41059W4I6qAGDa1BBNF7V9dMsYKE2MLXN3CImkDY16xx9hO/K8q6ha1akbq/mcn7UrZ98p+s1pq1LMy8+gEnaJz5KMaaqArdI1aiCBAd+gePToPzpPz7LwsozknmzlGK3DePgCiLZ8h</latexit>

ω
<latexit sha1_base64="3vJEL88yMjSAaETJ4VdgODpBzto=">AAACBnicbZDLSgMxFIYz9VbrrerSTbAIrspM6WVmV9CFywr2Au1QMmnaRpPJkGSEMnTv0q0+hDtx62v4DL6EmXYUK/4Q+PnPCeecL4gYVdq2P6zc2vrG5lZ+u7Czu7d/UDw86igRS0zaWDAhewFShNGQtDXVjPQiSRAPGOkGdxdpvXtPpKIivNGziPgcTUI6phhpE3UGgpMJGhZLdtl23EatBu2yU6lX3Xpqal7dc6FTthcqgUytYfFzMBI45iTUmCGl+o4daT9BUlPMyLwwiBWJEL5DE9I3NkScKD9ZbDuHZyYZwbGQ5oUaLtLfPxLElZrxwHRypKfqby0N/6v1Yz12/YSGUaxJiJeDxjGDWsD0dDiikmDNZsYgLKnZFeIpkghrA2h1CpsI0zDlFXOMofONwEDxjBrVzHjOD51OpewYZNfVUvMy45QHJ+AUnAMHNEATXIEWaAMMbsEjeALP1oP1Yr1ab8vWnJX9OQYrst6/AB4Gmj4=</latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit><latexit sha1_base64="XkcDoT+4sW3aooJ28AnQYI0emkQ="></latexit>

x
<latexit sha1_base64="dwxHXYmeFIcywEMGmP2oJrvrYlg=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpw2YK9QBvKZDpth84kYWYiltCVS7f6EO7ErU/iM/gSTtooVvxh4Oc/ZzjnfH7EqFSW9WHkNja3tnfyu4W9/YPDo+LxSUeGscCkjUMWip6PJGE0IG1FFSO9SBDEfUa6/uwqrXfviJA0DG7VPCIeR5OAjilGSket+2GxZJmW7dSrVWiZdrlWcWqpqbo114G2aS1VApmaw+LnYBTimJNAYYak7NtWpLwECUUxI4vCIJYkQniGJqSvbYA4kV6yXHQBL3QyguNQ6BcouEx//0gQl3LOfd3JkZrKv7U0/K/Wj9XY8RIaRLEiAV4NGscMqhCmV8MRFQQrNtcGYUH1rhBPkUBYaTbrU9gk1A1TXtbHaDrfCDQUV6teyYxr/9DplE1bI2tVSo3rjFMenIFzcAlsUAcNcAOaoA0wIOARPIFn48F4MV6Nt1Vrzsj+nII1Ge9fQ2yYHw==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit>

(p1, x1(t))

(p2, x2(t))

...

(pn, xn(t))
<latexit sha1_base64="tQGO9LgFNCV3VjBiOums1A8ePlg="></latexit><latexit sha1_base64="pMhXFhriKP7B3U4C5Vg22c9q8hw="></latexit><latexit sha1_base64="pMhXFhriKP7B3U4C5Vg22c9q8hw="></latexit><latexit sha1_base64="pMhXFhriKP7B3U4C5Vg22c9q8hw="></latexit><latexit sha1_base64="pMhXFhriKP7B3U4C5Vg22c9q8hw="></latexit><latexit sha1_base64="pMhXFhriKP7B3U4C5Vg22c9q8hw="></latexit>

 dimensionless 

combinations

r

Equation with optimal  

dimensionless groups

1

T 2
ẍ = −π1

1

T
ẋ− π1(x+ 0.16x3) + π2(x− 0.64x3)

<latexit sha1_base64="JWkN63OY8NV+zpcR5+Fa2SV9o2E="></latexit><latexit sha1_base64="7j8BSzp94wsjYo3d1W1FHOAnElM="></latexit><latexit sha1_base64="7j8BSzp94wsjYo3d1W1FHOAnElM="></latexit><latexit sha1_base64="7j8BSzp94wsjYo3d1W1FHOAnElM="></latexit><latexit sha1_base64="7j8BSzp94wsjYo3d1W1FHOAnElM="></latexit><latexit sha1_base64="7j8BSzp94wsjYo3d1W1FHOAnElM="></latexit>

Pitchfork  

Bifurcation

π
<latexit sha1_base64="Yaex2FmXfx7XqzbHQOHrYGUJkJ4=">AAACA3icbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpwWdHaQhvKZDpph84kYWYilNClS7f6EO7ErQ/iM/gSTtooVvxh4Oc/ZzjnfH7MqFSW9WEU1tY3NreK26Wd3b39g/Lh0Z2MEoFJB0csEj0fScJoSDqKKkZ6sSCI+4x0/elFVu/eEyFpFN6qWUw8jsYhDShGSkc3g5gOyxXLtGynWa9Dy7SrjZrTyEzdbbgOtE1roQrI1R6WPwejCCechAozJGXftmLlpUgoihmZlwaJJDHCUzQmfW1DxIn00sWqc3imkxEMIqFfqOAi/f0jRVzKGfd1J0dqIv/WsvC/Wj9RgeOlNIwTRUK8HBQkDKoIZnfDERUEKzbTBmFB9a4QT5BAWGk6q1PYONINE17Vx2g63wg0FFerWcuNa//QuauatkZ2Xau0LnNORXACTsE5sEETtMAVaIMOwGAMHsETeDYejBfj1XhbthaM/M8xWJHx/gW/iJjw</latexit><latexit sha1_base64="tyVv0HBf6mjsbab4lxoDUfrQXPM=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlorWFNpTJdJIOnUnCzEQopZ/g1o/wG/wId9KtW3/CSRvFigsPDBzOOZc79/gJo1JZ1tworK1vbG4Vt0s7u3v7B+XDo3sZpwKTNo5ZLLo+koTRiLQVVYx0E0EQ9xnp+OOLzO88ECFpHN2pSUI8jsKIBhQjpaXbfkIH5YplWrbTrNehZdrVRs1pZKTuNlwH2qa1QAXk+F98UP7oD2OcchIpzJCUPdtKlDdFQlHMyKzUTyVJEB6jkPQ0jRAn0psu7pnBM60MYRAL/SIFF+rPiSniUk64r5McqZH87WXiX14vVYHjTWmUpIpEeLkoSBlUMczKgUMqCFZsognCguq/QjxCAmGlK1zdwsJYB0a8qo/RnXwdrqtwNZq1nLj2dyf3VdPWRd3UKq3LvMwiOAGn4BzYoAla4ApcgzbAIASP4Am8GM/Gq/FmzJfRgpHPHIMVGO+ffKigxA==</latexit><latexit sha1_base64="tyVv0HBf6mjsbab4lxoDUfrQXPM=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlorWFNpTJdJIOnUnCzEQopZ/g1o/wG/wId9KtW3/CSRvFigsPDBzOOZc79/gJo1JZ1tworK1vbG4Vt0s7u3v7B+XDo3sZpwKTNo5ZLLo+koTRiLQVVYx0E0EQ9xnp+OOLzO88ECFpHN2pSUI8jsKIBhQjpaXbfkIH5YplWrbTrNehZdrVRs1pZKTuNlwH2qa1QAXk+F98UP7oD2OcchIpzJCUPdtKlDdFQlHMyKzUTyVJEB6jkPQ0jRAn0psu7pnBM60MYRAL/SIFF+rPiSniUk64r5McqZH87WXiX14vVYHjTWmUpIpEeLkoSBlUMczKgUMqCFZsognCguq/QjxCAmGlK1zdwsJYB0a8qo/RnXwdrqtwNZq1nLj2dyf3VdPWRd3UKq3LvMwiOAGn4BzYoAla4ApcgzbAIASP4Am8GM/Gq/FmzJfRgpHPHIMVGO+ffKigxA==</latexit><latexit sha1_base64="tyVv0HBf6mjsbab4lxoDUfrQXPM=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlorWFNpTJdJIOnUnCzEQopZ/g1o/wG/wId9KtW3/CSRvFigsPDBzOOZc79/gJo1JZ1tworK1vbG4Vt0s7u3v7B+XDo3sZpwKTNo5ZLLo+koTRiLQVVYx0E0EQ9xnp+OOLzO88ECFpHN2pSUI8jsKIBhQjpaXbfkIH5YplWrbTrNehZdrVRs1pZKTuNlwH2qa1QAXk+F98UP7oD2OcchIpzJCUPdtKlDdFQlHMyKzUTyVJEB6jkPQ0jRAn0psu7pnBM60MYRAL/SIFF+rPiSniUk64r5McqZH87WXiX14vVYHjTWmUpIpEeLkoSBlUMczKgUMqCFZsognCguq/QjxCAmGlK1zdwsJYB0a8qo/RnXwdrqtwNZq1nLj2dyf3VdPWRd3UKq3LvMwiOAGn4BzYoAla4ApcgzbAIASP4Am8GM/Gq/FmzJfRgpHPHIMVGO+ffKigxA==</latexit><latexit sha1_base64="tyVv0HBf6mjsbab4lxoDUfrQXPM=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlorWFNpTJdJIOnUnCzEQopZ/g1o/wG/wId9KtW3/CSRvFigsPDBzOOZc79/gJo1JZ1tworK1vbG4Vt0s7u3v7B+XDo3sZpwKTNo5ZLLo+koTRiLQVVYx0E0EQ9xnp+OOLzO88ECFpHN2pSUI8jsKIBhQjpaXbfkIH5YplWrbTrNehZdrVRs1pZKTuNlwH2qa1QAXk+F98UP7oD2OcchIpzJCUPdtKlDdFQlHMyKzUTyVJEB6jkPQ0jRAn0psu7pnBM60MYRAL/SIFF+rPiSniUk64r5McqZH87WXiX14vVYHjTWmUpIpEeLkoSBlUMczKgUMqCFZsognCguq/QjxCAmGlK1zdwsJYB0a8qo/RnXwdrqtwNZq1nLj2dyf3VdPWRd3UKq3LvMwiOAGn4BzYoAla4ApcgzbAIASP4Am8GM/Gq/FmzJfRgpHPHIMVGO+ffKigxA==</latexit><latexit sha1_base64="tyVv0HBf6mjsbab4lxoDUfrQXPM=">AAACKHicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlorWFNpTJdJIOnUnCzEQopZ/g1o/wG/wId9KtW3/CSRvFigsPDBzOOZc79/gJo1JZ1tworK1vbG4Vt0s7u3v7B+XDo3sZpwKTNo5ZLLo+koTRiLQVVYx0E0EQ9xnp+OOLzO88ECFpHN2pSUI8jsKIBhQjpaXbfkIH5YplWrbTrNehZdrVRs1pZKTuNlwH2qa1QAXk+F98UP7oD2OcchIpzJCUPdtKlDdFQlHMyKzUTyVJEB6jkPQ0jRAn0psu7pnBM60MYRAL/SIFF+rPiSniUk64r5McqZH87WXiX14vVYHjTWmUpIpEeLkoSBlUMczKgUMqCFZsognCguq/QjxCAmGlK1zdwsJYB0a8qo/RnXwdrqtwNZq1nLj2dyf3VdPWRd3UKq3LvMwiOAGn4BzYoAla4ApcgzbAIASP4Am8GM/Gq/FmzJfRgpHPHIMVGO+ffKigxA==</latexit>

−π
<latexit sha1_base64="st8Rq3GyQbxaZyLcke3gwaY+usY=">AAACBHicbZDLSsNAFIYn9VbrrerSzWAR3BiS0kuyK+jCZQXbCm0ok+mkGTrJhJmJUEq3Lt3qQ7gTt76Hz+BLOGmjWPGHgZ//nOGc8/kJo1JZ1odRWFvf2Nwqbpd2dvf2D8qHR13JU4FJB3PGxZ2PJGE0Jh1FFSN3iSAo8hnp+ZPLrN67J0JSHt+qaUK8CI1jGlCMVBZdDBI6LFcs07KdZr0OLdOuNmpOIzN1t+E60DathSogV3tY/hyMOE4jEivMkJR920qUN0NCUczIvDRIJUkQnqAx6Wsbo4hIb7bYdQ7PdDKCARf6xQou0t8/ZiiSchr5ujNCKpR/a1n4X62fqsDxZjROUkVivBwUpAwqDrPD4YgKghWbaoOwoHpXiEMkEFYaz+oUNua6IYyq+hhN5xuBhuJqNWu5ce0fOt2qaWtkN7VK6yrnVAQn4BScAxs0QQtcgzboAAxC8AiewLPxYLwYr8bbsrVg5H+OwYqM9y8tuJkn</latexit><latexit sha1_base64="/jHLiy1+O1XG0Kj/8CWbMtvDmPQ=">AAACKXicjVDLSsNAFJ3UV62vqks3g0VwY0hKH8muoAuXCtYW2lAm00kzdCYJMxOhlP6CWz/Cb/Aj3Klbl/6EkzaKFRceGDiccy537vETRqWyrFejsLK6tr5R3Cxtbe/s7pX3D25lnApM2jhmsej6SBJGI9JWVDHSTQRB3Gek44/PM79zR4SkcXSjJgnxOBpFNKAYqUw66yd0UK5YpmU7zXodWqZdbdScRkbqbsN1oG1ac1RAjv/FB+WP/jDGKSeRwgxJ2bOtRHlTJBTFjMxK/VSSBOExGpGephHiRHrT+UEzeKKVIQxioV+k4Fz9OTFFXMoJ93WSIxXK314m/uX1UhU43pRGSapIhBeLgpRBFcOsHTikgmDFJpogLKj+K8QhEggr3eHyFjaKdSDkVX2M7uTrcF2Fq9Gs5cS1vzu5rZq2Luq6Vmld5GUWwRE4BqfABk3QApfgCrQBBiG4Bw/gyXg0no0X420RLRj5zCFYgvH+CfFvoPs=</latexit><latexit sha1_base64="/jHLiy1+O1XG0Kj/8CWbMtvDmPQ=">AAACKXicjVDLSsNAFJ3UV62vqks3g0VwY0hKH8muoAuXCtYW2lAm00kzdCYJMxOhlP6CWz/Cb/Aj3Klbl/6EkzaKFRceGDiccy537vETRqWyrFejsLK6tr5R3Cxtbe/s7pX3D25lnApM2jhmsej6SBJGI9JWVDHSTQRB3Gek44/PM79zR4SkcXSjJgnxOBpFNKAYqUw66yd0UK5YpmU7zXodWqZdbdScRkbqbsN1oG1ac1RAjv/FB+WP/jDGKSeRwgxJ2bOtRHlTJBTFjMxK/VSSBOExGpGephHiRHrT+UEzeKKVIQxioV+k4Fz9OTFFXMoJ93WSIxXK314m/uX1UhU43pRGSapIhBeLgpRBFcOsHTikgmDFJpogLKj+K8QhEggr3eHyFjaKdSDkVX2M7uTrcF2Fq9Gs5cS1vzu5rZq2Luq6Vmld5GUWwRE4BqfABk3QApfgCrQBBiG4Bw/gyXg0no0X420RLRj5zCFYgvH+CfFvoPs=</latexit><latexit sha1_base64="/jHLiy1+O1XG0Kj/8CWbMtvDmPQ=">AAACKXicjVDLSsNAFJ3UV62vqks3g0VwY0hKH8muoAuXCtYW2lAm00kzdCYJMxOhlP6CWz/Cb/Aj3Klbl/6EkzaKFRceGDiccy537vETRqWyrFejsLK6tr5R3Cxtbe/s7pX3D25lnApM2jhmsej6SBJGI9JWVDHSTQRB3Gek44/PM79zR4SkcXSjJgnxOBpFNKAYqUw66yd0UK5YpmU7zXodWqZdbdScRkbqbsN1oG1ac1RAjv/FB+WP/jDGKSeRwgxJ2bOtRHlTJBTFjMxK/VSSBOExGpGephHiRHrT+UEzeKKVIQxioV+k4Fz9OTFFXMoJ93WSIxXK314m/uX1UhU43pRGSapIhBeLgpRBFcOsHTikgmDFJpogLKj+K8QhEggr3eHyFjaKdSDkVX2M7uTrcF2Fq9Gs5cS1vzu5rZq2Luq6Vmld5GUWwRE4BqfABk3QApfgCrQBBiG4Bw/gyXg0no0X420RLRj5zCFYgvH+CfFvoPs=</latexit><latexit sha1_base64="/jHLiy1+O1XG0Kj/8CWbMtvDmPQ=">AAACKXicjVDLSsNAFJ3UV62vqks3g0VwY0hKH8muoAuXCtYW2lAm00kzdCYJMxOhlP6CWz/Cb/Aj3Klbl/6EkzaKFRceGDiccy537vETRqWyrFejsLK6tr5R3Cxtbe/s7pX3D25lnApM2jhmsej6SBJGI9JWVDHSTQRB3Gek44/PM79zR4SkcXSjJgnxOBpFNKAYqUw66yd0UK5YpmU7zXodWqZdbdScRkbqbsN1oG1ac1RAjv/FB+WP/jDGKSeRwgxJ2bOtRHlTJBTFjMxK/VSSBOExGpGephHiRHrT+UEzeKKVIQxioV+k4Fz9OTFFXMoJ93WSIxXK314m/uX1UhU43pRGSapIhBeLgpRBFcOsHTikgmDFJpogLKj+K8QhEggr3eHyFjaKdSDkVX2M7uTrcF2Fq9Gs5cS1vzu5rZq2Luq6Vmld5GUWwRE4BqfABk3QApfgCrQBBiG4Bw/gyXg0no0X420RLRj5zCFYgvH+CfFvoPs=</latexit><latexit sha1_base64="/jHLiy1+O1XG0Kj/8CWbMtvDmPQ=">AAACKXicjVDLSsNAFJ3UV62vqks3g0VwY0hKH8muoAuXCtYW2lAm00kzdCYJMxOhlP6CWz/Cb/Aj3Klbl/6EkzaKFRceGDiccy537vETRqWyrFejsLK6tr5R3Cxtbe/s7pX3D25lnApM2jhmsej6SBJGI9JWVDHSTQRB3Gek44/PM79zR4SkcXSjJgnxOBpFNKAYqUw66yd0UK5YpmU7zXodWqZdbdScRkbqbsN1oG1ac1RAjv/FB+WP/jDGKSeRwgxJ2bOtRHlTJBTFjMxK/VSSBOExGpGephHiRHrT+UEzeKKVIQxioV+k4Fz9OTFFXMoJ93WSIxXK314m/uX1UhU43pRGSapIhBeLgpRBFcOsHTikgmDFJpogLKj+K8QhEggr3eHyFjaKdSDkVX2M7uTrcF2Fq9Gs5cS1vzu5rZq2Luq6Vmld5GUWwRE4BqfABk3QApfgCrQBBiG4Bw/gyXg0no0X420RLRj5zCFYgvH+CfFvoPs=</latexit>

0
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<latexit sha1_base64="7oImLfmowbA/ca1InuI8UI21V6I=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXIWk9pLsCrpw2YK9QBvKZDpph04mYWYilNKVS7f6EO7ErU/iM/gSTtooVvxh4Oc/ZzjnfH7MqFSW9WHkNja3tnfyu4W9/YPDo+LxSUdGicCkjSMWiZ6PJGGUk7aiipFeLAgKfUa6/vQ6rXfviZA04ndqFhMvRGNOA4qR0lHralgsWaZlO/VqFVqmXa5VnFpqqm7NdaBtWkuVQKbmsPg5GEU4CQlXmCEp+7YVK2+OhKKYkUVhkEgSIzxFY9LXlqOQSG++XHQBL3QygkEk9OMKLtPfP+YolHIW+rozRGoi/9bS8L9aP1GB480pjxNFOF4NChIGVQTTq+GICoIVm2mDsKB6V4gnSCCsNJv1KWwc6YZJWNbHaDrfCDQUV6teyYxr/9DplE1bI2tVSo2bjFMenIFzcAlsUAcNcAuaoA0wIOARPIFn48F4MV6Nt1Vrzsj+nII1Ge9f1AyX2g==</latexit><latexit sha1_base64="wPUtsa4hiIZORlca1dGQ6Jwka2c=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLaR7Ir6MKlBfuANpTJdNIOnUnCzEQopV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGZXKst6M3Nr6xuZWfruws7u3f1A8PGrLKBGYtHDEItH1kSSMhqSlqGKkGwuCuM9Ix59cpn7njghJo/BWTWPicTQKaUAxUlpqXgyKJcu0bKderULLtMu1ilNLSdWtuQ60TWuBEsjwv/ig+NEfRjjhJFSYISl7thUrb4aEopiReaGfSBIjPEEj0tM0RJxIb7a4Zg7PtDKEQST0CxVcqD8nZohLOeW+TnKkxvK3l4p/eb1EBY43o2GcKBLi5aIgYVBFMK0GDqkgWLGpJggLqv8K8RgJhJUucHULG0U6MOZlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGldZmXlwAk7BObBBHTTANbgBLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8Ba5ifrg==</latexit><latexit sha1_base64="wPUtsa4hiIZORlca1dGQ6Jwka2c=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLaR7Ir6MKlBfuANpTJdNIOnUnCzEQopV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGZXKst6M3Nr6xuZWfruws7u3f1A8PGrLKBGYtHDEItH1kSSMhqSlqGKkGwuCuM9Ix59cpn7njghJo/BWTWPicTQKaUAxUlpqXgyKJcu0bKderULLtMu1ilNLSdWtuQ60TWuBEsjwv/ig+NEfRjjhJFSYISl7thUrb4aEopiReaGfSBIjPEEj0tM0RJxIb7a4Zg7PtDKEQST0CxVcqD8nZohLOeW+TnKkxvK3l4p/eb1EBY43o2GcKBLi5aIgYVBFMK0GDqkgWLGpJggLqv8K8RgJhJUucHULG0U6MOZlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGldZmXlwAk7BObBBHTTANbgBLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8Ba5ifrg==</latexit><latexit sha1_base64="wPUtsa4hiIZORlca1dGQ6Jwka2c=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLaR7Ir6MKlBfuANpTJdNIOnUnCzEQopV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGZXKst6M3Nr6xuZWfruws7u3f1A8PGrLKBGYtHDEItH1kSSMhqSlqGKkGwuCuM9Ix59cpn7njghJo/BWTWPicTQKaUAxUlpqXgyKJcu0bKderULLtMu1ilNLSdWtuQ60TWuBEsjwv/ig+NEfRjjhJFSYISl7thUrb4aEopiReaGfSBIjPEEj0tM0RJxIb7a4Zg7PtDKEQST0CxVcqD8nZohLOeW+TnKkxvK3l4p/eb1EBY43o2GcKBLi5aIgYVBFMK0GDqkgWLGpJggLqv8K8RgJhJUucHULG0U6MOZlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGldZmXlwAk7BObBBHTTANbgBLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8Ba5ifrg==</latexit><latexit sha1_base64="wPUtsa4hiIZORlca1dGQ6Jwka2c=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLaR7Ir6MKlBfuANpTJdNIOnUnCzEQopV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGZXKst6M3Nr6xuZWfruws7u3f1A8PGrLKBGYtHDEItH1kSSMhqSlqGKkGwuCuM9Ix59cpn7njghJo/BWTWPicTQKaUAxUlpqXgyKJcu0bKderULLtMu1ilNLSdWtuQ60TWuBEsjwv/ig+NEfRjjhJFSYISl7thUrb4aEopiReaGfSBIjPEEj0tM0RJxIb7a4Zg7PtDKEQST0CxVcqD8nZohLOeW+TnKkxvK3l4p/eb1EBY43o2GcKBLi5aIgYVBFMK0GDqkgWLGpJggLqv8K8RgJhJUucHULG0U6MOZlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGldZmXlwAk7BObBBHTTANbgBLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8Ba5ifrg==</latexit><latexit sha1_base64="wPUtsa4hiIZORlca1dGQ6Jwka2c=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLaR7Ir6MKlBfuANpTJdNIOnUnCzEQopV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGZXKst6M3Nr6xuZWfruws7u3f1A8PGrLKBGYtHDEItH1kSSMhqSlqGKkGwuCuM9Ix59cpn7njghJo/BWTWPicTQKaUAxUlpqXgyKJcu0bKderULLtMu1ilNLSdWtuQ60TWuBEsjwv/ig+NEfRjjhJFSYISl7thUrb4aEopiReaGfSBIjPEEj0tM0RJxIb7a4Zg7PtDKEQST0CxVcqD8nZohLOeW+TnKkxvK3l4p/eb1EBY43o2GcKBLi5aIgYVBFMK0GDqkgWLGpJggLqv8K8RgJhJUucHULG0U6MOZlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGldZmXlwAk7BObBBHTTANbgBLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8Ba5ifrg==</latexit>

γ
<latexit sha1_base64="6BnKsHVUpKYwfGXwDV0FE9CLtPI=">AAACBnicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpwWcFeoA1lMp20ozNJmJkIJXTv0q0+hDtx62v4DL6EkzaKFX8Y+PnPGc45nx8zKpVlfRiFtfWNza3idmlnd2//oHx41JVRIjDp4IhFou8jSRgNSUdRxUg/FgRxn5Gef3eR1Xv3REgahTdqFhOPo0lIA4qR0lF3OEGco1G5YpmW7TTrdWiZdrVRcxqZqbsN14G2aS1UAbnao/LncBzhhJNQYYakHNhWrLwUCUUxI/PSMJEkRvgOTchA2xBxIr10se0cnulkDINI6BcquEh//0gRl3LGfd3JkZrKv7Us/K82SFTgeCkN40SREC8HBQmDKoLZ6XBMBcGKzbRBWFC9K8RTJBBWGtDqFDaJdMOUV/Uxms43Ag3F1WrWcuPaP3S6VdPWyK5rldZlzqkITsApOAc2aIIWuAJt0AEY3IJH8ASejQfjxXg13patBSP/cwxWZLx/ARQqmjg=</latexit><latexit sha1_base64="1WToDhlQEwcCe85FoKxwM2LR4io="></latexit><latexit sha1_base64="1WToDhlQEwcCe85FoKxwM2LR4io="></latexit><latexit sha1_base64="1WToDhlQEwcCe85FoKxwM2LR4io="></latexit><latexit sha1_base64="1WToDhlQEwcCe85FoKxwM2LR4io="></latexit><latexit sha1_base64="1WToDhlQEwcCe85FoKxwM2LR4io="></latexit>

0
<latexit sha1_base64="K1caTJButfzirm5plV98OiCc55Y=">AAACAXicbZDLSsNAFIYnXmu9VV26GSyCq5CUXpJdQRcuW7AXaEOZTCft0JkkzEyEErpy6VYfwp249Ul8Bl/CSRvFij8M/PznDOecz48ZlcqyPoyNza3tnd3CXnH/4PDouHRy2pVRIjDp4IhFou8jSRgNSUdRxUg/FgRxn5GeP7vO6r17IiSNwjs1j4nH0SSkAcVI6ahtjUply7Rsp1GrQcu0K/WqU89Mza27DrRNa6kyyNUalT6H4wgnnIQKMyTlwLZi5aVIKIoZWRSHiSQxwjM0IQNtQ8SJ9NLlogt4qZMxDCKhX6jgMv39I0Vcyjn3dSdHair/1rLwv9ogUYHjpTSME0VCvBoUJAyqCGZXwzEVBCs21wZhQfWuEE+RQFhpNutT2CTSDVNe0cdoOt8INBRXq1HNjWv/0OlWTFsja1fLzZucUwGcgwtwBWzQAE1wC1qgAzAg4BE8gWfjwXgxXo23VeuGkf85A2sy3r8AzzWX1w==</latexit><latexit sha1_base64="qgMieLgUi+Ha9sEse6n8+uN4Dgk=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjKlj5ldQRcuLdhaaIeSSTNtaOZBkhHK0C9w60f4DX6EOxF37v0JM+0oVlx4IHA451xu7vFizqRC6M0orK1vbG4Vt0s7u3v7B+XDo66MEkFoh0Q8Ej0PS8pZSDuKKU57saA48Di99aYXmX97R4VkUXijZjF1AzwOmc8IVlpqo2G5gkxk2c16HSLTqjZqdiMjdafh2NAy0QIVkON/8WH5YzCKSBLQUBGOpexbKFZuioVihNN5aZBIGmMyxWPa1zTEAZVuurhmDs+0MoJ+JPQLFVyoPydSHEg5CzydDLCayN9eJv7l9RPl227KwjhRNCTLRX7CoYpgVg0cMUGJ4jNNMBFM/xWSCRaYKF3g6hY+jnRgElT1MbqTr8N1FY5Gs5YTx/rupFs1LV1Uu1ZpXeZlFsEJOAXnwAJN0AJX4Bp0AAEU3IMH8GQ8Gs/Gi/G6jBaMfOYYrMB4/wRmUp+r</latexit><latexit sha1_base64="qgMieLgUi+Ha9sEse6n8+uN4Dgk=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjKlj5ldQRcuLdhaaIeSSTNtaOZBkhHK0C9w60f4DX6EOxF37v0JM+0oVlx4IHA451xu7vFizqRC6M0orK1vbG4Vt0s7u3v7B+XDo66MEkFoh0Q8Ej0PS8pZSDuKKU57saA48Di99aYXmX97R4VkUXijZjF1AzwOmc8IVlpqo2G5gkxk2c16HSLTqjZqdiMjdafh2NAy0QIVkON/8WH5YzCKSBLQUBGOpexbKFZuioVihNN5aZBIGmMyxWPa1zTEAZVuurhmDs+0MoJ+JPQLFVyoPydSHEg5CzydDLCayN9eJv7l9RPl227KwjhRNCTLRX7CoYpgVg0cMUGJ4jNNMBFM/xWSCRaYKF3g6hY+jnRgElT1MbqTr8N1FY5Gs5YTx/rupFs1LV1Uu1ZpXeZlFsEJOAXnwAJN0AJX4Bp0AAEU3IMH8GQ8Gs/Gi/G6jBaMfOYYrMB4/wRmUp+r</latexit><latexit sha1_base64="qgMieLgUi+Ha9sEse6n8+uN4Dgk=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjKlj5ldQRcuLdhaaIeSSTNtaOZBkhHK0C9w60f4DX6EOxF37v0JM+0oVlx4IHA451xu7vFizqRC6M0orK1vbG4Vt0s7u3v7B+XDo66MEkFoh0Q8Ej0PS8pZSDuKKU57saA48Di99aYXmX97R4VkUXijZjF1AzwOmc8IVlpqo2G5gkxk2c16HSLTqjZqdiMjdafh2NAy0QIVkON/8WH5YzCKSBLQUBGOpexbKFZuioVihNN5aZBIGmMyxWPa1zTEAZVuurhmDs+0MoJ+JPQLFVyoPydSHEg5CzydDLCayN9eJv7l9RPl227KwjhRNCTLRX7CoYpgVg0cMUGJ4jNNMBFM/xWSCRaYKF3g6hY+jnRgElT1MbqTr8N1FY5Gs5YTx/rupFs1LV1Uu1ZpXeZlFsEJOAXnwAJN0AJX4Bp0AAEU3IMH8GQ8Gs/Gi/G6jBaMfOYYrMB4/wRmUp+r</latexit><latexit sha1_base64="qgMieLgUi+Ha9sEse6n8+uN4Dgk=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjKlj5ldQRcuLdhaaIeSSTNtaOZBkhHK0C9w60f4DX6EOxF37v0JM+0oVlx4IHA451xu7vFizqRC6M0orK1vbG4Vt0s7u3v7B+XDo66MEkFoh0Q8Ej0PS8pZSDuKKU57saA48Di99aYXmX97R4VkUXijZjF1AzwOmc8IVlpqo2G5gkxk2c16HSLTqjZqdiMjdafh2NAy0QIVkON/8WH5YzCKSBLQUBGOpexbKFZuioVihNN5aZBIGmMyxWPa1zTEAZVuurhmDs+0MoJ+JPQLFVyoPydSHEg5CzydDLCayN9eJv7l9RPl227KwjhRNCTLRX7CoYpgVg0cMUGJ4jNNMBFM/xWSCRaYKF3g6hY+jnRgElT1MbqTr8N1FY5Gs5YTx/rupFs1LV1Uu1ZpXeZlFsEJOAXnwAJN0AJX4Bp0AAEU3IMH8GQ8Gs/Gi/G6jBaMfOYYrMB4/wRmUp+r</latexit><latexit sha1_base64="qgMieLgUi+Ha9sEse6n8+uN4Dgk=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjKlj5ldQRcuLdhaaIeSSTNtaOZBkhHK0C9w60f4DX6EOxF37v0JM+0oVlx4IHA451xu7vFizqRC6M0orK1vbG4Vt0s7u3v7B+XDo66MEkFoh0Q8Ej0PS8pZSDuKKU57saA48Di99aYXmX97R4VkUXijZjF1AzwOmc8IVlpqo2G5gkxk2c16HSLTqjZqdiMjdafh2NAy0QIVkON/8WH5YzCKSBLQUBGOpexbKFZuioVihNN5aZBIGmMyxWPa1zTEAZVuurhmDs+0MoJ+JPQLFVyoPydSHEg5CzydDLCayN9eJv7l9RPl227KwjhRNCTLRX7CoYpgVg0cMUGJ4jNNMBFM/xWSCRaYKF3g6hY+jnRgElT1MbqTr8N1FY5Gs5YTx/rupFs1LV1Uu1ZpXeZlFsEJOAXnwAJN0AJX4Bp0AAEU3IMH8GQ8Gs/Gi/G6jBaMfOYYrMB4/wRmUp+r</latexit>

x
<latexit sha1_base64="dwxHXYmeFIcywEMGmP2oJrvrYlg=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpw2YK9QBvKZDpth84kYWYiltCVS7f6EO7ErU/iM/gSTtooVvxh4Oc/ZzjnfH7EqFSW9WHkNja3tnfyu4W9/YPDo+LxSUeGscCkjUMWip6PJGE0IG1FFSO9SBDEfUa6/uwqrXfviJA0DG7VPCIeR5OAjilGSket+2GxZJmW7dSrVWiZdrlWcWqpqbo114G2aS1VApmaw+LnYBTimJNAYYak7NtWpLwECUUxI4vCIJYkQniGJqSvbYA4kV6yXHQBL3QyguNQ6BcouEx//0gQl3LOfd3JkZrKv7U0/K/Wj9XY8RIaRLEiAV4NGscMqhCmV8MRFQQrNtcGYUH1rhBPkUBYaTbrU9gk1A1TXtbHaDrfCDQUV6teyYxr/9DplE1bI2tVSo3rjFMenIFzcAlsUAcNcAOaoA0wIOARPIFn48F4MV6Nt1Vrzsj+nII1Ge9fQ2yYHw==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit>
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�

log(L)
<latexit sha1_base64="QX7ETHuCEwnTdJ1f6O+szcwuVt4="></latexit><latexit sha1_base64="hcfwZDZ1pFPMImwdgy7X4B9FUa0="></latexit><latexit sha1_base64="hcfwZDZ1pFPMImwdgy7X4B9FUa0="></latexit><latexit sha1_base64="hcfwZDZ1pFPMImwdgy7X4B9FUa0="></latexit><latexit sha1_base64="hcfwZDZ1pFPMImwdgy7X4B9FUa0="></latexit><latexit sha1_base64="hcfwZDZ1pFPMImwdgy7X4B9FUa0="></latexit>

Log-loss per combination
T<latexit sha1_base64="aFYTNqLEKGfoT/88provvBbe06I=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpw2UJv0IYymU7boTNJmJkIJXTl0q0+hDtx65P4DL6EkzaKFX8Y+PnPGc45nx8xKpVlfRi5re2d3b38fuHg8Oj4pHh61pVhLDDp4JCFou8jSRgNSEdRxUg/EgRxn5GeP79J6717IiQNg7ZaRMTjaBrQCcVI6ajVHhVLlmnZTr1ahZZpl2sVp5aaqltzHWib1kolkKk5Kn4OxyGOOQkUZkjKgW1FykuQUBQzsiwMY0kihOdoSgbaBogT6SWrRZfwSidjOAmFfoGCq/T3jwRxKRfc150cqZn8W0vD/2qDWE0cL6FBFCsS4PWgScygCmF6NRxTQbBiC20QFlTvCvEMCYSVZrM5hU1D3TDjZX2MpvONQENxteqVzLj2D51u2bQ1slal1LjNOOXBBbgE18AGddAAd6AJOgADAh7BE3g2HowX49V4W7fmjOzPOdiQ8f4FCViX+w==</latexit><latexit sha1_base64="qqJr8gcnU+HjYT9wdMrtQ7bvkQA=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlhb6gDWUynbZDZ5IwMxFK6Be49SP8Bj/CnYg79/6EkzaKFRceGDiccy537vEjRqWyrDcjt7G5tb2T3y3s7R8cHhWPTzoyjAUmbRyyUPR8JAmjAWkrqhjpRYIg7jPS9WdXqd+9I0LSMGipeUQ8jiYBHVOMlJaarWGxZJmW7dSrVWiZdrlWcWopqbo114G2aS1RAhn+Fx8WPwajEMecBAozJGXftiLlJUgoihlZFAaxJBHCMzQhfU0DxIn0kuU1C3ihlREch0K/QMGl+nMiQVzKOfd1kiM1lb+9VPzL68dq7HgJDaJYkQCvFo1jBlUI02rgiAqCFZtrgrCg+q8QT5FAWOkC17ewSagDU17Wx+hOvg7XVbga9UpGXPu7k07ZtHVRzUqpcZ2VmQdn4BxcAhvUQQPcgFvQBhgQcA8ewJPxaDwbL8brKpozsplTsAbj/ROlmp/P</latexit><latexit sha1_base64="qqJr8gcnU+HjYT9wdMrtQ7bvkQA=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlhb6gDWUynbZDZ5IwMxFK6Be49SP8Bj/CnYg79/6EkzaKFRceGDiccy537vEjRqWyrDcjt7G5tb2T3y3s7R8cHhWPTzoyjAUmbRyyUPR8JAmjAWkrqhjpRYIg7jPS9WdXqd+9I0LSMGipeUQ8jiYBHVOMlJaarWGxZJmW7dSrVWiZdrlWcWopqbo114G2aS1RAhn+Fx8WPwajEMecBAozJGXftiLlJUgoihlZFAaxJBHCMzQhfU0DxIn0kuU1C3ihlREch0K/QMGl+nMiQVzKOfd1kiM1lb+9VPzL68dq7HgJDaJYkQCvFo1jBlUI02rgiAqCFZtrgrCg+q8QT5FAWOkC17ewSagDU17Wx+hOvg7XVbga9UpGXPu7k07ZtHVRzUqpcZ2VmQdn4BxcAhvUQQPcgFvQBhgQcA8ewJPxaDwbL8brKpozsplTsAbj/ROlmp/P</latexit><latexit sha1_base64="qqJr8gcnU+HjYT9wdMrtQ7bvkQA=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlhb6gDWUynbZDZ5IwMxFK6Be49SP8Bj/CnYg79/6EkzaKFRceGDiccy537vEjRqWyrDcjt7G5tb2T3y3s7R8cHhWPTzoyjAUmbRyyUPR8JAmjAWkrqhjpRYIg7jPS9WdXqd+9I0LSMGipeUQ8jiYBHVOMlJaarWGxZJmW7dSrVWiZdrlWcWopqbo114G2aS1RAhn+Fx8WPwajEMecBAozJGXftiLlJUgoihlZFAaxJBHCMzQhfU0DxIn0kuU1C3ihlREch0K/QMGl+nMiQVzKOfd1kiM1lb+9VPzL68dq7HgJDaJYkQCvFo1jBlUI02rgiAqCFZtrgrCg+q8QT5FAWOkC17ewSagDU17Wx+hOvg7XVbga9UpGXPu7k07ZtHVRzUqpcZ2VmQdn4BxcAhvUQQPcgFvQBhgQcA8ewJPxaDwbL8brKpozsplTsAbj/ROlmp/P</latexit><latexit sha1_base64="qqJr8gcnU+HjYT9wdMrtQ7bvkQA=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlhb6gDWUynbZDZ5IwMxFK6Be49SP8Bj/CnYg79/6EkzaKFRceGDiccy537vEjRqWyrDcjt7G5tb2T3y3s7R8cHhWPTzoyjAUmbRyyUPR8JAmjAWkrqhjpRYIg7jPS9WdXqd+9I0LSMGipeUQ8jiYBHVOMlJaarWGxZJmW7dSrVWiZdrlWcWopqbo114G2aS1RAhn+Fx8WPwajEMecBAozJGXftiLlJUgoihlZFAaxJBHCMzQhfU0DxIn0kuU1C3ihlREch0K/QMGl+nMiQVzKOfd1kiM1lb+9VPzL68dq7HgJDaJYkQCvFo1jBlUI02rgiAqCFZtrgrCg+q8QT5FAWOkC17ewSagDU17Wx+hOvg7XVbga9UpGXPu7k07ZtHVRzUqpcZ2VmQdn4BxcAhvUQQPcgFvQBhgQcA8ewJPxaDwbL8brKpozsplTsAbj/ROlmp/P</latexit><latexit sha1_base64="qqJr8gcnU+HjYT9wdMrtQ7bvkQA=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlhb6gDWUynbZDZ5IwMxFK6Be49SP8Bj/CnYg79/6EkzaKFRceGDiccy537vEjRqWyrDcjt7G5tb2T3y3s7R8cHhWPTzoyjAUmbRyyUPR8JAmjAWkrqhjpRYIg7jPS9WdXqd+9I0LSMGipeUQ8jiYBHVOMlJaarWGxZJmW7dSrVWiZdrlWcWopqbo114G2aS1RAhn+Fx8WPwajEMecBAozJGXftiLlJUgoihlZFAaxJBHCMzQhfU0DxIn0kuU1C3ihlREch0K/QMGl+nMiQVzKOfd1kiM1lb+9VPzL68dq7HgJDaJYkQCvFo1jBlUI02rgiAqCFZtrgrCg+q8QT5FAWOkC17ewSagDU17Wx+hOvg7XVbga9UpGXPu7k07ZtHVRzUqpcZ2VmQdn4BxcAhvUQQPcgFvQBhgQcA8ewJPxaDwbL8brKpozsplTsAbj/ROlmp/P</latexit> π1<latexit sha1_base64="0Yxss9XBT1G84ZAWleGRVlcFKYE=">AAACBXicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpwWcG0hTaUyXTaDp1JwsxEKKFrl271IdyJW5/DZ/AlnLRRrPjDwM9/znDO+YKYUaks68MobGxube8Ud0t7+weHR+Xjk46MEoGJhyMWiV6AJGE0JJ6iipFeLAjiASPdYHaV1bv3REgahXdqHhOfo0lIxxQjpSNvENOhPSxXLNOynWa9Di3TrjZqTiMzdbfhOtA2raUqIFd7WP4cjCKccBIqzJCUfduKlZ8ioShmZFEaJJLECM/QhPS1DREn0k+Xyy7ghU5GcBwJ/UIFl+nvHyniUs55oDs5UlP5t5aF/9X6iRo7fkrDOFEkxKtB44RBFcHscjiigmDF5togLKjeFeIpEggrzWd9CptEumHKq/oYTecbgYbiajVruXHtHzqdqmlrZLe1Sus651QEZ+AcXAIbNEEL3IA28AAGFDyCJ/BsPBgvxqvxtmotGPmfU7Am4/0L9LSZlA==</latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit><latexit sha1_base64="6zMEcrFU/NhxHf0BBrR37TLWp/E="></latexit>

π2<latexit sha1_base64="JiRtb2ryMEhMf6Emi//T0pWjsVQ=">AAACBXicbZDLSsNAFIYn9VbrrerSzWARXIUk9JLsCrpwWcG0hTaUyXTSDp1cmJkIJXTt0q0+hDtx63P4DL6EkzaKFX8Y+PnPGc45n58wKqRhfGiljc2t7Z3ybmVv/+DwqHp80hVxyjFxccxi3veRIIxGxJVUMtJPOEGhz0jPn13l9d494YLG0Z2cJ8QL0SSiAcVIqsgdJnRkjao1QzdMu9VoQEM3rWbdbuam4TQdG5q6sVQNFOqMqp/DcYzTkEQSMyTEwDQS6WWIS4oZWVSGqSAJwjM0IQNlIxQS4WXLZRfwQiVjGMRcvUjCZfr7R4ZCIeahrzpDJKfiby0P/6sNUhnYXkajJJUkwqtBQcqgjGF+ORxTTrBkc2UQ5lTtCvEUcYSl4rM+hU1i1TANLXWMovONQEFxlFr1wjjmD52upZsK2W291r4uOJXBGTgHl8AELdAGN6ADXIABBY/gCTxrD9qL9qq9rVpLWvHnFKxJe/8C9lGZlQ==</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit><latexit sha1_base64="Jhu+LjfcjIINY7KoOGbmp/L12fE=">AAACKnicjVDLSsNAFJ3UV62vqks3g0VwFZLQR7Ir6MKlgmkLbSiT6aQdOnkwMxFK6De49SP8Bj/CXXHrzp9w0kax4sIDA4dzzuXOPX7CqJCGsdBKG5tb2zvl3cre/sHhUfX4pCPilGPi4pjFvOcjQRiNiCupZKSXcIJCn5GuP73K/e4D4YLG0b2cJcQL0TiiAcVIKskdJHRoDas1QzdMu9VoQEM3rWbdbuak4TQdG5q6sUQNFPhffFj9GIxinIYkkpghIfqmkUgvQ1xSzMi8MkgFSRCeojHpKxqhkAgvW140hxdKGcEg5upFEi7VnxMZCoWYhb5KhkhOxG8vF//y+qkMbC+jUZJKEuHVoiBlUMYwrweOKCdYspkiCHOq/grxBHGEpSpxfQsbxyowCS11jOrk63BVhaPQqhfEMb876Vi6qYq6q9fa10WZZXAGzsElMEELtMENuAUuwICCR/AEXrRn7VVbaG+raEkrZk7BGrT3T8iwoWk=</latexit>

b

mg
<latexit sha1_base64="hDQHw1wXJw9O+Xu/Q5je8vaoD/A="></latexit><latexit sha1_base64="VeBRoxXGX9kVZIzfSWmbSpPok84="></latexit><latexit sha1_base64="VeBRoxXGX9kVZIzfSWmbSpPok84="></latexit><latexit sha1_base64="VeBRoxXGX9kVZIzfSWmbSpPok84="></latexit><latexit sha1_base64="VeBRoxXGX9kVZIzfSWmbSpPok84="></latexit><latexit sha1_base64="VeBRoxXGX9kVZIzfSWmbSpPok84="></latexit>

b2

m2Rg
<latexit sha1_base64="6/BBFcojUf6S/7JPFtPTL8TVtd4="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit>

ω
2b2

m2g2
<latexit sha1_base64="Qpseja3Z9EG4OT48LCe7LwEXx7k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit>

ωb2

m2g2
<latexit sha1_base64="KUFfseIxWGSwQbeRZUhuL6HW7gE="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit>

ωb

mg
<latexit sha1_base64="6CUFmdB4pvun5hh8bbuISKaL4tQ="></latexit><latexit sha1_base64="oo37qSVl5Aznmi8OsztlNuxubOY="></latexit><latexit sha1_base64="oo37qSVl5Aznmi8OsztlNuxubOY="></latexit><latexit sha1_base64="oo37qSVl5Aznmi8OsztlNuxubOY="></latexit><latexit sha1_base64="oo37qSVl5Aznmi8OsztlNuxubOY="></latexit><latexit sha1_base64="oo37qSVl5Aznmi8OsztlNuxubOY="></latexit>

b2

Rmg2
<latexit sha1_base64="ursDvDSsV9CHcTdlYcj1TA1XfnM="></latexit><latexit sha1_base64="Ic3AvqyDZNPPiH6K7nswsACFkwg="></latexit><latexit sha1_base64="Ic3AvqyDZNPPiH6K7nswsACFkwg="></latexit><latexit sha1_base64="Ic3AvqyDZNPPiH6K7nswsACFkwg="></latexit><latexit sha1_base64="Ic3AvqyDZNPPiH6K7nswsACFkwg="></latexit><latexit sha1_base64="Ic3AvqyDZNPPiH6K7nswsACFkwg="></latexit>

ωb2

m2g2
<latexit sha1_base64="KUFfseIxWGSwQbeRZUhuL6HW7gE="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit><latexit sha1_base64="IlU2VOK8qCH/EtUwd1S8cybwaRU="></latexit>

b2

m2Rg
<latexit sha1_base64="6/BBFcojUf6S/7JPFtPTL8TVtd4="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit><latexit sha1_base64="BL7zQtoskswD9QYmbirYXIU6uIQ="></latexit>

ω
2b2

m2g2
<latexit sha1_base64="Qpseja3Z9EG4OT48LCe7LwEXx7k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit><latexit sha1_base64="uAHfiZZ7T03K20qIZDSz8L8Lv9k="></latexit>
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x
<latexit sha1_base64="dwxHXYmeFIcywEMGmP2oJrvrYlg=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXIWk9JLsCrpw2YK9QBvKZDpth84kYWYiltCVS7f6EO7ErU/iM/gSTtooVvxh4Oc/ZzjnfH7EqFSW9WHkNja3tnfyu4W9/YPDo+LxSUeGscCkjUMWip6PJGE0IG1FFSO9SBDEfUa6/uwqrXfviJA0DG7VPCIeR5OAjilGSket+2GxZJmW7dSrVWiZdrlWcWqpqbo114G2aS1VApmaw+LnYBTimJNAYYak7NtWpLwECUUxI4vCIJYkQniGJqSvbYA4kV6yXHQBL3QyguNQ6BcouEx//0gQl3LOfd3JkZrKv7U0/K/Wj9XY8RIaRLEiAV4NGscMqhCmV8MRFQQrNtcGYUH1rhBPkUBYaTbrU9gk1A1TXtbHaDrfCDQUV6teyYxr/9DplE1bI2tVSo3rjFMenIFzcAlsUAcNcAOaoA0wIOARPIFn48F4MV6Nt1Vrzsj+nII1Ge9fQ2yYHw==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit><latexit sha1_base64="wzOrelWbhIGfsGsN4/tHPAoZJVY=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBfuANpTJdNoOnUnCzEQsoV/g1o/wG/wIdyLu3PsTTtooVlx4YOBwzrncucePGJXKst6M3Nr6xuZWfruws7u3f1A8PGrLMBaYtHDIQtH1kSSMBqSlqGKkGwmCuM9Ix59epH7nlghJw+BGzSLicTQO6IhipLTUvBsUS5Zp2U69WoWWaZdrFaeWkqpbcx1om9YCJZDhf/FB8aM/DHHMSaAwQ1L2bCtSXoKEopiReaEfSxIhPEVj0tM0QJxIL1lcM4dnWhnCUSj0CxRcqD8nEsSlnHFfJzlSE/nbS8W/vF6sRo6X0CCKFQnwctEoZlCFMK0GDqkgWLGZJggLqv8K8QQJhJUucHULG4c6MOFlfYzu5OtwXYWrUa9kxLW/O2mXTVsX1ayUGpdZmXlwAk7BObBBHTTAFbgGLYABAffgATwZj8az8WK8LqM5I5s5Bisw3j8B5OKf8w==</latexit>

t
<latexit sha1_base64="jrc5ba0BEHn+kw89aiSTv84LHZY=">AAACAXicbZDLSsNAFIYnXmu9VV26GSyCq5CUXpJdQRcuW7AXaEOZTCft0JkkzEyEErpy6VYfwp249Ul8Bl/CSRvFij8M/PznDOecz48ZlcqyPoyNza3tnd3CXnH/4PDouHRy2pVRIjDp4IhFou8jSRgNSUdRxUg/FgRxn5GeP7vO6r17IiSNwjs1j4nH0SSkAcVI6aitRqWyZVq206jVoGXalXrVqWem5tZdB9qmtVQZ5GqNSp/DcYQTTkKFGZJyYFux8lIkFMWMLIrDRJIY4RmakIG2IeJEeuly0QW81MkYBpHQL1Rwmf7+kSIu5Zz7upMjNZV/a1n4X22QqMDxUhrGiSIhXg0KEgZVBLOr4ZgKghWba4OwoHpXiKdIIKw0m/UpbBLphimv6GM0nW8EGoqr1ajmxrV/6HQrpq2Rtavl5k3OqQDOwQW4AjZogCa4BS3QARgQ8AiewLPxYLwYr8bbqnXDyP+cgTUZ7188+Jgb</latexit><latexit sha1_base64="9LNlwL03UL2AlofSwU+rbLBunGw=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBVsLbSiT6aQdOpOEmYlQQr/ArR/hN/gR7kTcufcnnLRRrLjwwMDhnHO5c48fMyqVZb0ZhbX1jc2t4nZpZ3dv/6B8eNSVUSIw6eCIRaLnI0kYDUlHUcVILxYEcZ+RW396kfm3d0RIGoU3ahYTj6NxSAOKkdJSWw3LFcu0bKdZr0PLtKuNmtPISN1tuA60TWuBCsjxv/iw/DEYRTjhJFSYISn7thUrL0VCUczIvDRIJIkRnqIx6WsaIk6kly6umcMzrYxgEAn9QgUX6s+JFHEpZ9zXSY7URP72MvEvr5+owPFSGsaJIiFeLgoSBlUEs2rgiAqCFZtpgrCg+q8QT5BAWOkCV7ewcaQDE17Vx+hOvg7XVbgazVpOXPu7k27VtHVR7VqldZmXWQQn4BScAxs0QQtcgWvQARgQcA8ewJPxaDwbL8brMlow8pljsALj/RPd2p/v</latexit><latexit sha1_base64="9LNlwL03UL2AlofSwU+rbLBunGw=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBVsLbSiT6aQdOpOEmYlQQr/ArR/hN/gR7kTcufcnnLRRrLjwwMDhnHO5c48fMyqVZb0ZhbX1jc2t4nZpZ3dv/6B8eNSVUSIw6eCIRaLnI0kYDUlHUcVILxYEcZ+RW396kfm3d0RIGoU3ahYTj6NxSAOKkdJSWw3LFcu0bKdZr0PLtKuNmtPISN1tuA60TWuBCsjxv/iw/DEYRTjhJFSYISn7thUrL0VCUczIvDRIJIkRnqIx6WsaIk6kly6umcMzrYxgEAn9QgUX6s+JFHEpZ9zXSY7URP72MvEvr5+owPFSGsaJIiFeLgoSBlUEs2rgiAqCFZtpgrCg+q8QT5BAWOkCV7ewcaQDE17Vx+hOvg7XVbgazVpOXPu7k27VtHVR7VqldZmXWQQn4BScAxs0QQtcgWvQARgQcA8ewJPxaDwbL8brMlow8pljsALj/RPd2p/v</latexit><latexit sha1_base64="9LNlwL03UL2AlofSwU+rbLBunGw=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBVsLbSiT6aQdOpOEmYlQQr/ArR/hN/gR7kTcufcnnLRRrLjwwMDhnHO5c48fMyqVZb0ZhbX1jc2t4nZpZ3dv/6B8eNSVUSIw6eCIRaLnI0kYDUlHUcVILxYEcZ+RW396kfm3d0RIGoU3ahYTj6NxSAOKkdJSWw3LFcu0bKdZr0PLtKuNmtPISN1tuA60TWuBCsjxv/iw/DEYRTjhJFSYISn7thUrL0VCUczIvDRIJIkRnqIx6WsaIk6kly6umcMzrYxgEAn9QgUX6s+JFHEpZ9zXSY7URP72MvEvr5+owPFSGsaJIiFeLgoSBlUEs2rgiAqCFZtpgrCg+q8QT5BAWOkCV7ewcaQDE17Vx+hOvg7XVbgazVpOXPu7k27VtHVR7VqldZmXWQQn4BScAxs0QQtcgWvQARgQcA8ewJPxaDwbL8brMlow8pljsALj/RPd2p/v</latexit><latexit sha1_base64="9LNlwL03UL2AlofSwU+rbLBunGw=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBVsLbSiT6aQdOpOEmYlQQr/ArR/hN/gR7kTcufcnnLRRrLjwwMDhnHO5c48fMyqVZb0ZhbX1jc2t4nZpZ3dv/6B8eNSVUSIw6eCIRaLnI0kYDUlHUcVILxYEcZ+RW396kfm3d0RIGoU3ahYTj6NxSAOKkdJSWw3LFcu0bKdZr0PLtKuNmtPISN1tuA60TWuBCsjxv/iw/DEYRTjhJFSYISn7thUrL0VCUczIvDRIJIkRnqIx6WsaIk6kly6umcMzrYxgEAn9QgUX6s+JFHEpZ9zXSY7URP72MvEvr5+owPFSGsaJIiFeLgoSBlUEs2rgiAqCFZtpgrCg+q8QT5BAWOkCV7ewcaQDE17Vx+hOvg7XVbgazVpOXPu7k27VtHVR7VqldZmXWQQn4BScAxs0QQtcgWvQARgQcA8ewJPxaDwbL8brMlow8pljsALj/RPd2p/v</latexit><latexit sha1_base64="9LNlwL03UL2AlofSwU+rbLBunGw=">AAACJnicjVDLSsNAFJ3UV62vqks3g0VwFZLSR7Ir6MKlBVsLbSiT6aQdOpOEmYlQQr/ArR/hN/gR7kTcufcnnLRRrLjwwMDhnHO5c48fMyqVZb0ZhbX1jc2t4nZpZ3dv/6B8eNSVUSIw6eCIRaLnI0kYDUlHUcVILxYEcZ+RW396kfm3d0RIGoU3ahYTj6NxSAOKkdJSWw3LFcu0bKdZr0PLtKuNmtPISN1tuA60TWuBCsjxv/iw/DEYRTjhJFSYISn7thUrL0VCUczIvDRIJIkRnqIx6WsaIk6kly6umcMzrYxgEAn9QgUX6s+JFHEpZ9zXSY7URP72MvEvr5+owPFSGsaJIiFeLgoSBlUEs2rgiAqCFZtpgrCg+q8QT5BAWOkCV7ewcaQDE17Vx+hOvg7XVbgazVpOXPu7k27VtHVR7VqldZmXWQQn4BScAxs0QQtcgWvQARgQcA8ewJPxaDwbL8brMlow8pljsALj/RPd2p/v</latexit>

small ✏<latexit sha1_base64="VL2n5lc2JW+yuUuALLxDUs54eB4="></latexit><latexit sha1_base64="5Dtfjv5zoOabIwQD7Mq8f9RmsbI="></latexit><latexit sha1_base64="5Dtfjv5zoOabIwQD7Mq8f9RmsbI="></latexit><latexit sha1_base64="5Dtfjv5zoOabIwQD7Mq8f9RmsbI="></latexit><latexit sha1_base64="5Dtfjv5zoOabIwQD7Mq8f9RmsbI="></latexit><latexit sha1_base64="5Dtfjv5zoOabIwQD7Mq8f9RmsbI="></latexit>

large ✏
<latexit sha1_base64="HJ+mC7ztNaLW1WRqXyyOWPsxfi8="></latexit><latexit sha1_base64="HcHeTDKjij2BUQ2XN7GsEnqXbJ8="></latexit><latexit sha1_base64="HcHeTDKjij2BUQ2XN7GsEnqXbJ8="></latexit><latexit sha1_base64="HcHeTDKjij2BUQ2XN7GsEnqXbJ8="></latexit><latexit sha1_base64="HcHeTDKjij2BUQ2XN7GsEnqXbJ8="></latexit><latexit sha1_base64="HcHeTDKjij2BUQ2XN7GsEnqXbJ8="></latexit>

Physical 

Interpretation

Inertial term

n⇣

π
(1)
pi

, xi(t/T
(1))

⌘on

i=1
n⇣

π
(2)
pi

, xi(t/T
(2))

⌘on

i=1

...
n⇣

π
(r)
pi

, xi(t/T
(r))

⌘on

i=1<latexit sha1_base64="z8nSbuM5e7vp+0JWMamnUBBfPnw="></latexit><latexit sha1_base64="CH/JAkfpnm3uKCM+Je/RSFLjaHU="></latexit><latexit sha1_base64="CH/JAkfpnm3uKCM+Je/RSFLjaHU="></latexit><latexit sha1_base64="CH/JAkfpnm3uKCM+Je/RSFLjaHU="></latexit><latexit sha1_base64="CH/JAkfpnm3uKCM+Je/RSFLjaHU="></latexit><latexit sha1_base64="CH/JAkfpnm3uKCM+Je/RSFLjaHU="></latexit>

π
(j)
1

<latexit sha1_base64="K3E1zgKPbXe7FnEi8vV/eHOszgE="></latexit><latexit sha1_base64="3P/ObYDYK/w7+Zaw3uqEe271Y/k="></latexit><latexit sha1_base64="3P/ObYDYK/w7+Zaw3uqEe271Y/k="></latexit><latexit sha1_base64="3P/ObYDYK/w7+Zaw3uqEe271Y/k="></latexit><latexit sha1_base64="3P/ObYDYK/w7+Zaw3uqEe271Y/k="></latexit><latexit sha1_base64="3P/ObYDYK/w7+Zaw3uqEe271Y/k="></latexit>

π
(j)
2

<latexit sha1_base64="dwe2Z2DxyQ0IZRj9WbwSqsT/qz8="></latexit><latexit sha1_base64="yphFXaQ8dos4sOsr/nfUW7r4wl4="></latexit><latexit sha1_base64="yphFXaQ8dos4sOsr/nfUW7r4wl4="></latexit><latexit sha1_base64="yphFXaQ8dos4sOsr/nfUW7r4wl4="></latexit><latexit sha1_base64="yphFXaQ8dos4sOsr/nfUW7r4wl4="></latexit><latexit sha1_base64="yphFXaQ8dos4sOsr/nfUW7r4wl4="></latexit>

π
(j)
p

<latexit sha1_base64="0J79KE/SZgbhxkVfvEAF7pBB1u0="></latexit><latexit sha1_base64="1WPf5K782VlkoQYy+sDc85DQFAs="></latexit><latexit sha1_base64="1WPf5K782VlkoQYy+sDc85DQFAs="></latexit><latexit sha1_base64="1WPf5K782VlkoQYy+sDc85DQFAs="></latexit><latexit sha1_base64="1WPf5K782VlkoQYy+sDc85DQFAs="></latexit><latexit sha1_base64="1WPf5K782VlkoQYy+sDc85DQFAs="></latexit>

T
(j)

<latexit sha1_base64="TkmG2s5GzWM487ZL6fKGG9yiQoo="></latexit><latexit sha1_base64="EHVAYVsLvfPdAicyK5+iXp109g0="></latexit><latexit sha1_base64="EHVAYVsLvfPdAicyK5+iXp109g0="></latexit><latexit sha1_base64="EHVAYVsLvfPdAicyK5+iXp109g0="></latexit><latexit sha1_base64="EHVAYVsLvfPdAicyK5+iXp109g0="></latexit><latexit sha1_base64="EHVAYVsLvfPdAicyK5+iXp109g0="></latexit>

Optimal combination

j
<latexit sha1_base64="MsRO7Aq6tFrMjkx9W5L8ait1vIk=">AAACAXicbZDLSsNAFIYn9VbrrerSzWARXIVJKKTZSMGNyxbsBdpQJtNJO3ZyYWYilNCVS7f6EO7ErU/iM/gSTtooVvxh4Oc/ZzjnfH7CmVQIfRiljc2t7Z3ybmVv/+DwqHp80pVxKgjtkJjHou9jSTmLaEcxxWk/ERSHPqc9f3ad13v3VEgWR7dqnlAvxJOIBYxgpaP23ahaQyayXNtpQGRatuO6KDdWw7URtEy0VA0Uao2qn8NxTNKQRopwLOXAQonyMiwUI5wuKsNU0gSTGZ7QgbYRDqn0suWiC3ihkzEMYqFfpOAy/f0jw6GU89DXnSFWU/m3lof/1QapChpexqIkVTQiq0FByqGKYX41HDNBieJzbTARTO8KyRQLTJRmsz6FT2LdMA1tfYym841AQ3G1nHphXOuHTtc2LY2sXa81rwpOZXAGzsElsIADmuAGtEAHEEDBI3gCz8aD8WK8Gm+r1pJR/DkFazLevwAUmJf8</latexit><latexit sha1_base64="Qb2DAJUxnJd/U9+UdgspaSF0MBU=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjJDYTobKbhxacE+oB1KJs20sZkHSUYoQ7/ArR/hN/gR7kTcufcnzLSjWHHhgcDhnHO5ucdPOJMKoTejtLa+sblV3q7s7O7tH1QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe0608vc797R4VkcXSjZgn1QjyOWMAIVlpq3Q6rNWQiy7WdBkSmZTuui3JiNVwbQctEC9RAgf/Fh9WPwSgmaUgjRTiWsm+hRHkZFooRTueVQSppgskUj2lf0wiHVHrZ4po5PNPKCAax0C9ScKH+nMhwKOUs9HUyxGoif3u5+JfXT1XQ8DIWJamiEVkuClIOVQzzauCICUoUn2mCiWD6r5BMsMBE6QJXt/BxrAOT0NbH6E6+DtdVuBpOvSCu9d1JxzYtXVSrXmteFGWWwQk4BefAAg5ogitwDdqAAAruwQN4Mh6NZ+PFeF1GS0YxcwxWYLx/ApwDn8E=</latexit><latexit sha1_base64="Qb2DAJUxnJd/U9+UdgspaSF0MBU=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjJDYTobKbhxacE+oB1KJs20sZkHSUYoQ7/ArR/hN/gR7kTcufcnzLSjWHHhgcDhnHO5ucdPOJMKoTejtLa+sblV3q7s7O7tH1QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe0608vc797R4VkcXSjZgn1QjyOWMAIVlpq3Q6rNWQiy7WdBkSmZTuui3JiNVwbQctEC9RAgf/Fh9WPwSgmaUgjRTiWsm+hRHkZFooRTueVQSppgskUj2lf0wiHVHrZ4po5PNPKCAax0C9ScKH+nMhwKOUs9HUyxGoif3u5+JfXT1XQ8DIWJamiEVkuClIOVQzzauCICUoUn2mCiWD6r5BMsMBE6QJXt/BxrAOT0NbH6E6+DtdVuBpOvSCu9d1JxzYtXVSrXmteFGWWwQk4BefAAg5ogitwDdqAAAruwQN4Mh6NZ+PFeF1GS0YxcwxWYLx/ApwDn8E=</latexit><latexit sha1_base64="Qb2DAJUxnJd/U9+UdgspaSF0MBU=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjJDYTobKbhxacE+oB1KJs20sZkHSUYoQ7/ArR/hN/gR7kTcufcnzLSjWHHhgcDhnHO5ucdPOJMKoTejtLa+sblV3q7s7O7tH1QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe0608vc797R4VkcXSjZgn1QjyOWMAIVlpq3Q6rNWQiy7WdBkSmZTuui3JiNVwbQctEC9RAgf/Fh9WPwSgmaUgjRTiWsm+hRHkZFooRTueVQSppgskUj2lf0wiHVHrZ4po5PNPKCAax0C9ScKH+nMhwKOUs9HUyxGoif3u5+JfXT1XQ8DIWJamiEVkuClIOVQzzauCICUoUn2mCiWD6r5BMsMBE6QJXt/BxrAOT0NbH6E6+DtdVuBpOvSCu9d1JxzYtXVSrXmteFGWWwQk4BefAAg5ogitwDdqAAAruwQN4Mh6NZ+PFeF1GS0YxcwxWYLx/ApwDn8E=</latexit><latexit sha1_base64="Qb2DAJUxnJd/U9+UdgspaSF0MBU=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjJDYTobKbhxacE+oB1KJs20sZkHSUYoQ7/ArR/hN/gR7kTcufcnzLSjWHHhgcDhnHO5ucdPOJMKoTejtLa+sblV3q7s7O7tH1QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe0608vc797R4VkcXSjZgn1QjyOWMAIVlpq3Q6rNWQiy7WdBkSmZTuui3JiNVwbQctEC9RAgf/Fh9WPwSgmaUgjRTiWsm+hRHkZFooRTueVQSppgskUj2lf0wiHVHrZ4po5PNPKCAax0C9ScKH+nMhwKOUs9HUyxGoif3u5+JfXT1XQ8DIWJamiEVkuClIOVQzzauCICUoUn2mCiWD6r5BMsMBE6QJXt/BxrAOT0NbH6E6+DtdVuBpOvSCu9d1JxzYtXVSrXmteFGWWwQk4BefAAg5ogitwDdqAAAruwQN4Mh6NZ+PFeF1GS0YxcwxWYLx/ApwDn8E=</latexit><latexit sha1_base64="Qb2DAJUxnJd/U9+UdgspaSF0MBU=">AAACJnicjVDLSgMxFM3UV62vqks3wSK4GjJDYTobKbhxacE+oB1KJs20sZkHSUYoQ7/ArR/hN/gR7kTcufcnzLSjWHHhgcDhnHO5ucdPOJMKoTejtLa+sblV3q7s7O7tH1QPjzoyTgWhbRLzWPR8LClnEW0rpjjtJYLi0Oe0608vc797R4VkcXSjZgn1QjyOWMAIVlpq3Q6rNWQiy7WdBkSmZTuui3JiNVwbQctEC9RAgf/Fh9WPwSgmaUgjRTiWsm+hRHkZFooRTueVQSppgskUj2lf0wiHVHrZ4po5PNPKCAax0C9ScKH+nMhwKOUs9HUyxGoif3u5+JfXT1XQ8DIWJamiEVkuClIOVQzzauCICUoUn2mCiWD6r5BMsMBE6QJXt/BxrAOT0NbH6E6+DtdVuBpOvSCu9d1JxzYtXVSrXmteFGWWwQk4BefAAg5ogitwDdqAAAruwQN4Mh6NZ+PFeF1GS0YxcwxWYLx/ApwDn8E=</latexit>

DpΦp = 0
<latexit sha1_base64="NNhALqT03LmFs5k7G/MV5dwqk6w="></latexit><latexit sha1_base64="ylXCevzbibHBf8oi7075cX+dY9M="></latexit><latexit sha1_base64="ylXCevzbibHBf8oi7075cX+dY9M="></latexit><latexit sha1_base64="ylXCevzbibHBf8oi7075cX+dY9M="></latexit><latexit sha1_base64="ylXCevzbibHBf8oi7075cX+dY9M="></latexit><latexit sha1_base64="ylXCevzbibHBf8oi7075cX+dY9M="></latexit>

Φp
<latexit sha1_base64="GVxLgOM7dy3cc7wi6uUkzNk3mxI="></latexit><latexit sha1_base64="+x4o63WbZtvupilwMcVVPivTiZo="></latexit><latexit sha1_base64="+x4o63WbZtvupilwMcVVPivTiZo="></latexit><latexit sha1_base64="+x4o63WbZtvupilwMcVVPivTiZo="></latexit><latexit sha1_base64="+x4o63WbZtvupilwMcVVPivTiZo="></latexit><latexit sha1_base64="+x4o63WbZtvupilwMcVVPivTiZo="></latexit>

minimize
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X
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2
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Fig. 3: The dimensionless SINDy approach applied on the rotating hoop
problem. i) generate candidate dimensionless numbers and time scales from
the nullspace of the input powers matrix Dp, ii) choose a combination of
Pi-groups and a time scale, iii) cast as a SINDy problem with the chosen Pi-
groups as coefficients, iv) choose the combination with the lowest SINDy loss.

structure of the solution space. The discovery of self-similarity is consid-
ered an important result in many applications because it reveals universality
properties.

Using scaling analysis, Prandtl showed that the Navier-Stokes equation
describing an incompressible laminar boundary layer flow can be simplified
to the boundary layer equations in the streamfunction Ψ(x, y)

ΨyΨxy �ΨxΨyy = ⌫Ψyyy, (22)

where the subscripts denote partial differentiation in x and y (with units of
L), ⌫ is the kinematic viscosity (with units of L2/T ), with u(x, y) = Ψy and
v(x, y) = �Ψx.
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u (m/s)

Laminar boundary layer

Fig. 4: Constrained optimization method for Blasius boundary layer problem,
identifying the dimensionless group that collapses the input-output map to
a single curve.

Blasius took the scaling one step further by showing that if Ψ(x, y) is a
solution of (22), then so is Ψ̃(x, y) = ↵Ψ(↵2x,↵y) for any dimensionless con-
stant ↵, leading to the discovery of the dimensionless similarity variable ⌘
and streamfunction f = f(⌘)

⌘ = y

r

U1

⌫x
, f(⌘) =

Ψ(x, y)p
⌫U1x

, (23)

with freestream velocity U1. The boundary layer equations reduce to the
nonlinear boundary value problem

f 000(⌘) +
1

2
f 00(⌘)f(⌘) = 0, (24a)

f(0) = f 0(0) = 0, f 0(1) = 1. (24b)

In this example, we show that the constrained optimization technique
(in Sec. 2.1) can replace the long history of analytical transformations that
have led to the discovery of the dimensionless variable ⌘ and its associated
ordinary differential equation in f(⌘).

Defining the output quantity of interest as the nondimensional stream-
wise velocity ⇡q = u/U1, we seek to learn a model for ⇡q =  (⇡p), where ⇡p
is an input dimensionless group that can depend on x, y, U1, and ⌫.

Here, we use kernel ridge regression (KRR) with a non-parametric radial
basis function to approximate  .
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We generate data for this example by solving the boundary layer
equations (22) via a shooting method applied to (24). The free-stream velocity
is chosen to be U1 = 0.01m/s with viscosity ⌫ = 10�6m2/s, close to that of
water at room temperature. The resulting two-dimensional profile u(x, y) is
shown in Fig. 4 (top), along with profiles at selected locations of x. 100 points
in this field are selected randomly as training data and (8) is solved with a
constrained trust region method implemented in Scipy.

Here, we use kernel ridge regression (KRR) with a non-parametric radial
basis function to approximate  . The KRR model (implemented in scikit-
learn) uses a ridge (`2) penalty of 10�4, an `1 penalty of 10�4, and a scale
factor of 1. Moreover, since only 100 points are used in training, the perfor-
mance of the final model can be evaluated against the entire field (104 data
points). The optimization problem is inexpensive but non-convex and sensi-
tive to the initial guess, which results in sub-optimal results. To address this
issue, we run multiple optimizations with different initial guesses (around
20) and return the solution that has the minimum cost.

Fig. 4 compares the discovered nondimensionalization,
y0.46U0.24

1
/(x0.22⌫0.24) ⇡ p

⌘, to the Blasius solution. When scaled to make
the power of y unity, the discovered dimensionless number is

⇡p =
yU0.51

1

x0.49⌫0.51
⇡ ⌘. (25)

The constrained optimization learns a different but equivalent model, in the
sense that  (⇡p) is one-to-one with f(⌘).

The scale of the solution is a balance between the `1 and `2 penalties and
the scale factor in the radial basis functions. Setting the scale equal to one with
small penalties thus biases the algorithm towards O(1) exponents, which is
usually desirable in dimensionless groups.

3.3 Rayleigh-Bénard convection: learning a normal form

Characterizing the onset and behavior of instabilities is crucial for under-
standing large-scale dynamical systems. In this example, we use the SINDy
method introduced in Sec. 2.3 to learn a dimensionless normal form of a
Rayleigh-Bénard convection problem from limited time-series data, along
with its corresponding dimensional parameters; particularly, the Rayleigh
number. Rayleigh-Bénard convection is a prototypical example of a system
with a global instability that has been used in a range of studies of nonequi-
librium dynamics [13, 38, 39]. The system typically consists of a Boussinesq
fluid between two plates, where the lower plate is at a higher temperature
than the upper plate, given by the boundary conditions T (z = 0) = T0,
T (z = Lz) = T0 + ∆T . Below a critical Rayleigh number Rac, the only sta-
ble solution is steady conduction between the plates; above it, the density
gradient becomes unstable to convection, as shown in the lower panels of
Fig. 5. For a fluid in the Boussinesq approximation linearized about density
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Identified normal form:
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Ra
dq

dτ
=

✓

Ra

Rac
− 1

◆

q − µq
3

Fig. 5: The dimensionless SINDy method discovers the normal form of
Rayleigh-Bénard convection problem with the analytical form of the Rayleigh
as a cofficient.

⇢0 and temperature T0, the governing equations consist of the conserva-
tion of momentum, mass, and energy (see appendix). Besides the primitive
variables, the system includes gravity g, coefficient of thermal expansion ↵,
kinematic viscosity ⌫, and thermal diffusivity . Although the Prandtl num-
ber Pr = ⌫/ has a significant impact on the behavior of the flow above the
threshold of instability [39], the onset of instability itself is not sensitive to
it [40].

Having generated only 8 simulations (see implementation details in
appendix), we use 5 points close to the bifurcation (black dots in Fig. 5) as a
training set in the dimensionless SINDy problem and withhold the other 3
points (red crosses) as a test set. We use the wall-normal integral of the neg-
ative temperature gradient (proportional to heat flux) q(t) as a quantity of
interest. Since we expect a Landau-type dynamics model for the symmetry-
breaking behavior, as a quantity of interest, we choose a cubic polynomial
library in q and search for one dimensionless group ⇡p, along with an appro-
priate dimensionless time ⌧ . Having 6 independent dimensional quantities
in this problem (H, g,↵,∆T, ⌫,), it is computationally inexpensive to per-
form the optimization over all dimensionless numbers composed of integer
powers up to ±2.

The optimal dimensionless number discovered by the algorithm is the
inverse of the Rayleigh number,

⇡p = Ra�1 =
⌫

g↵∆TL3
z

(26)
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with dimensionless time

⌧ =
t2

↵2⌫(∆T )2
, (27)

as part of a normal form for a pitchfork bifurcation,

Ra
dq

d⌧
=

✓

Ra

Rac
� 1

◆

q � µq3, (28)

with estimated critical Rayleigh number Rac ⇡ 1878, growth rate � ⇡ 1.7 ⇥
10�3 and Landau parameter µ ⇡ 4.6⇥ 10�5.

The fixed points of this model can be easily found and compared to the
steady states of the simulation, as shown in Fig. 5. The model closely matches
the steady states not only of the training, but also of the withheld test points
much farther from the bifurcation (shown as red crosses). While this is a
simple model of a well-understood instability, the ability to directly derive
normal forms from dimensional data opens the possibility of modeling more
complex bifurcations, including cases where the control parameters are not
well established.

4 Discussion

Finally, we’ve shown that data can be used to discover an optimal set of
dimensionless numbers that honor the Buckingham Pi theorem according
to an optimal input-output fit with dimensionless latent variables. In par-
ticular, we have shown that depending on the objective, there are three
distinct methods by which we can produce a model through dimensional
analysis. Each method is framed as an optimization problem which either
imposes hard, soft or no constraints on the null-space of the dimensional
matrix, favouring the robustness, accuracy and/or speed of the optimiza-
tion procedure. However, the definition of that optimality is non-unique.
Discovering a dimensionless equation through SINDy encodes an inductive
bias towards low-order polynomials, which is often appropriate in dynam-
ical systems applications or asymptotic expansions. On the other hand, the
optimal dimensionless parameters as seen by more flexible and general
representations such as neural networks or kernel regression may be com-
pletely different than those derived by classical analytic approaches giving
insight into scaling Pi-groups that cannot be discovered by inspection. We
demonstrated the application of each method on a set of well-known physics
problems, showing that without any prior knowledge of the underlying
physics, the various architectures are able to extract all the key concepts from
the data alone. This includes extracting in an automated fashion, the system’s
symmetries, parametric dependencies and potential bifurcation parameters.
Although modern machine learning can simply learn accurate representa-
tions of input and output relations, the imposition of Buckingham Pi theory
allows for interpretable or explainable models.
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