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Isotope chart

https://people.physics.anu.edu.au/~ecs103/chart/ 
https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html 
https://www.nndc.bnl.gov/nudat3/ 
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Ab initio for isotopes

Hu, Jiang, Miyagi, Holt, Nature Physics 18 1196 (2022)
Comment: Rios, A historic match for nuclei and neutron stars, Nature Physics 18 1137 (2022)

χ-EFT interactions Many-body methods
• No Core Shell Model
• Coupled Cluster
• Green’s functions
• Neural quantum states?

Renormalisation
SRG
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1S0 NN matrix elements from N3LO

Similarity Renormalization Group

• Series of unitary transformation
• Observables unaltered at 2-body level, but…
• Induces 3-, 4- and up to A-body forces
• If these can be treated perturbatively, calculation is easier
• Fixed point?

Bogner, Furnstahl, Schwenk, Prog. Part. Nucl. Phys. 65 94 (2010)
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• 17 LECs from χEFT

• Start from 109 realisations
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• Machine learning techniques to solve the many-body problem
• Variational Artificial Neural Networks (now NQS)

• ANNs efficiently represent high-dimensional data (coarse graining?)
• ANNs are setup for variational problems
• ANNs can be used in dynamics

Neural quantum states

…

…
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1D Heisenberg model

G. Carleo & M. Troyer, Science 355, 602 (2017)
H. Saito, J. Phys. Soc. Japan 86, 093001 (2017)
H. Saito, J. Phys. Soc. Japan 87, 074002 (2018)
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NQSs in quantum chemistry

FermiNet (DeepMind & Imperial) PauliNet (FU & TU Berlin)

Hermann et al Nat Chem 12 891 (2020)Pfau et al Phys Rev Res 2 033429 (2020)

Choo, Carleo et al Nat Comm 11 2368 (2019)

NetKet framework (Zurich & Flatiron)

12C

https://www.netket.org/
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FermiNet

Input: N-particle positions:             &  

Network: 
1) Single-particle orbitals (with backflow)

2) N-body wavefunction
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Nuclear Physics

Adams, Carleo, Lovato & Rocco, Phys. Rev. Lett. 127 022502 (2021) arXiv:2007.14282  
Gnech, Adams, Lovato et al, Few-Body Systems 63 7 (2022) arXiv:2108.06836 

Lovato, Adams, Carleo & Rocco, Phys. Rev. Research 4 043178 (2022) arXiv:2206.10021

• A<16, Neutron matter 

JWT Keeble & A. Rios, Phys. Lett. B 809 135743 (2020) arxiv:1911.13092 
J Rozalén, JWT Keeble & A Rios, EPJPlus arXiv:2205.12795

• π-less EFT 
• Gaussian int
• Spin?

• Momentum basis
• EM N3LO



Other systems

https://indico.ectstar.eu/event/177/
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Why the deuteron?

Ed=2.224575(9) MeV
rd=1.97535(85) fm
Q=0.2859(3) fm2

Deuteron

p
n

• Scalability of Neural Networks

• Direct calculation of gradients via Autograd
• Portability to multiple GPUs

<latexit sha1_base64="RFYhkyGqnO/hh0e+yrpHp4+EVHc="></latexit>
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• Simplest nuclear (np) bound state

• Experimental info well-known
• Computationally inexpensive benchmark

• Already requires 2 states coupling 3SD1

• Solved in momentum space

JWT Keeble & A. Rios, Phys. Lett. B 809 135743 (2020)
arxiv:1911.13092
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NQSs three-step process

1. Network architecture & 
initialisation
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Body Level One
• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

𝑞

Hidden layer Output layerInput layer

𝑾 𝟏 ,𝑩 𝑾 𝟐

Network architecture & initialisation

# of parameters

NW “ 4 ˆ Nhid
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•Hidden layer provides representability (UAT)
•Architecture is minimal
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Wavefunction ansatz

Softplus
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Step 2: Network training
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Wp1q P r´1, 0q, Wp2q P r0, 1q
bp1q P r´1, 1q
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targpqq “ NL qLe´ b2q2

2

Initialisation Target wavefunctionTraining

Pre-training Post-training
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Momentum discretisation

q

 log ψ
L=0 (S-state)

• No need for derivatives in momentum space
• Tangential transform on N=64 Gauss-Legendre mesh
• Training & validation set: N=64 points
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Momentum discretisation

q

 log ψ
L=0 (S-state)

L=2 (D-state)

• No need for derivatives in momentum space
• Tangential transform on N=64 Gauss-Legendre mesh
• Training & validation set: N=64 points
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Body Level One
• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

Energy minimisation - movie

RMS prop
Wt`1 “ Wt ´ ↵?

St ` ✏

BC
BWt

St “ �St´1 ` p1 ´ �q
ˆ BC

BWt

˙2
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Hyperparameters
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JWT Keeble & A. Rios, Phys. Lett. B 809 135743 (2020)
arxiv:1911.13092
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RMS prop
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Results: dependence on Nhid

Fidelity
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Results: dependence on Nhid

keV accuracy 
No bias-variance

Fidelity
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More on wavefunctions

• Variance increases with Nhid

• But in costless regions

JWT Keeble & A. Rios, Phys. Lett. B 809 135743 (2020); 
arxiv:1911.13092
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Different architectures

J Rozalen-Sarmiento, JWT Keeble & A. Rios, Eur. Phys. J. Plus 139, 189 (2024) 
arxiv:2205.12795
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๏Nuclear physics

๏Neural Quantum States

๏Deuteron

๏1D spinless (polarised) systems (A>2)

๏Optimisation strategy

Outlook

JWT Keeble & A. Rios, Phys. Lett. B 809 135743 (2020)
J Rozalen-Sarmiento, JWT Keeble & A. Rios, Eur. Phys. J. Plus 139, 189 (2024)

M. Drissi, J. W. T. Keeble, J. Rozalen-Sarmiento & A. Rios, arxiv:2401.17550

J. W. T. Keeble, M. Drissi, A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev.  A 108, 063320 (2023), 
arxiv:2304.04725



Deep-VMC approach

1.Free spinless fermions in 1D ✔

2.Interacting spinless fermions in 1D ✔

3.Interacting spin-full fermions in 1D ✘

4.3D nuclei ✘

Towards the many-body regime

PhD Thesis J Keeble
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Antisymmetry? Equivariance!

<latexit sha1_base64="jzJiilRhZQlVIw+UxeQt+clRntE="></latexit>0

BBB@

f1
fN
...
f2

1

CCCA
=

0

BBB@

W 0 · · · 0
0 W · · · 0
...

...
...

0 0 W

1

CCCA

0

BBB@

x1

xN
...
x2

1

CCCA
+

0

BBB@

b
b
...
b

1

CCCA
=

0

BBB@

Wx1 + b
WxN + b

...
Wx2 + b

1

CCCA

…
x1

x2

xN

… …
W, b

<latexit sha1_base64="/dYxZjpaqiInUuSxZTtmLbPIYDA="></latexit>

fi(x⇡(1), . . . , x⇡(N)) = f⇡(i)(x1, . . . , xN )



…

Antisymmetry? Equivariance!
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Body Level One
• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

NQS architecture

• Permutation equivariance 
• D=1 determinants
• Fixed latent width H=64
• L=2 layers
• Envelope layer (boundaries)
• Linear increase of # parameters increase in A
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J. W. T. Keeble, M. Drissi, A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev.  A 108, 063320 (2023), arxiv:2304.04725
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• 4096 walkers in real space
• Local energy & gradient every 10 MH epochs
• Total of 100,000 epochs 
• Energy computed from 104 batches ⨉ 4096 walkers
• Width of Metropolis-Hastings adapted on-the-fly
• For KE, laplacian wrt input needed

MCMC
MH sampling

10 ⨉

Local energy & 
gradient
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• Antisymmetrization ✔

Trapped spinless fermions in 1D HO
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A=2, finite range
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A=2, finite range

Ψ(x1, x2) = ψ (X )ϕ(r)
1. ψ is HO
2. Solve φ on 1D
space grid
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A=2, finite range

Ψ(x1, x2) = ψ (X )ϕ(r)
1. ψ is HO
2. Solve φ on 1D
space grid

Full CI on HO basis
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A=2, finite range

Ψ(x1, x2) = ψ (X )ϕ(r)
1. ψ is HO
2. Solve φ on 1D
space grid

Full CI on HO basis

Hartree-Fock:
1 Slater determinant
No backflow

<latexit sha1_base64="i/Rgi1kJ2Le1dSe/W18jnvt3F+Y="></latexit>

 (x1, x2) =

����
�1(x1, x2) �1(x2, x1)
�2(x1, x2) �2(x2, x1)

����
J. W. T. Keeble, M. Drissi, A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev.  A 108, 063320 (2023), arxiv:2304.04725
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Backflow correlations

J. W. T. Keeble, M. Drissi, A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev.  A 108, 063320 (2023), arxiv:2304.04725

A=2, σ0=0.5, V0=-20



Body Level One
• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

Energy A>2

J. W. T. Keeble, M. Drissi, A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev.  A 108, 063320 (2023), arxiv:2304.04725
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Body Level One
• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

Local density

Boson-Fermion duality
Girardeau & Olshanii, arXiv:cond-mat/0309396 

Valiente, PRA 103, L021302 (2021)



Body Level One
• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

Local density

Boson-Fermion duality
Wigner crystallisationGirardeau & Olshanii, arXiv:cond-mat/0309396 

Valiente, PRA 103, L021302 (2021)



Pair distribution function
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J. W. T. Keeble, M. Drissi, A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev.  A 108, 063320 (2023), arxiv:2304.04725



Body Level One
• Body Level Two

- Body Level Three

– Body Level Four
» Body Level Five

Numerical scaling

•Not so steep in practice!



๏Nuclear physics

๏Neural Quantum States

๏Deuteron

๏1D spinless (polarised) systems (A>2)

๏Optimisation strategy

Outlook

JWT Keeble & A. Rios, Phys. Lett. B 809 135743 (2020)
J Rozalen-Sarmiento, JWT Keeble & A. Rios, Eur. Phys. J. Plus 139, 189 (2024)

M. Drissi, J. W. T. Keeble, J. Rozalen-Sarmiento & A. Rios, arxiv:2401.17550

J. W. T. Keeble, M. Drissi, A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev.  A 108, 063320 (2023), 
arxiv:2304.04725



Motivation



• Cost function: E(θ)
• Goal 

Global optimization problem

E* = minθ∈ℝD E(θ)
θ* = argminθ∈ℝD E(θ)

•Problems
• Dimensionality of the problem D~105 
• E(θ) highly nonlinear

•Solution
• Solve a sequence of linear/quadratic optimizations



• Epoch n 

Iterative argument

En+1 = E(θn+1)
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Mn(δ)

E(θ)

θ

• with local model              &  trust regionMn(δ) Tn

θ*
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• Epoch n 

Iterative argument

En+1 = E(θn+1)
θn+1 = θn + argminδ∈Tn

Mn(δ)

E(θ)

θ

• with local model              &  trust regionMn(δ) Tn

θ*
E*

x

θn

Mn(δ)Tn

x

θn+1

δ



• Model

Regularized quadratic model
Mn(δ) =

1
2

δTQδ + LTδ + C

• Regularization Mn(δ) ← Mn(δ) +
1
2

δTRnδ

Gradient descent Natural gradient descent

Mn(δ) = ∇E(θn)Tδ + E(θn)

Tn ≡ {δ : | |δ | |2 ≤ α | |∇E(θn) | |2 }

α ≡ Learning rate

δn = − α∇E(θn) δn = − H−1(θn)∇E(θn)

Mn(δ) =
1
2

δT Hδ + ∇E(θ)Tδ + C

Hessian matrix

Tn ≡ {δ : δTH(θn)δ ≤ r2}

Hij = ∂θi
∂θj

E(θ)



Information geometry
Data Model

pθ

X

q=target distribution =prob. model

• Cost function: cross entropy L(θ) = − 𝔼X∼q [ln pθ(X)]
• Kullback-Leibler divergence 

• KL near minimum

DKL(pθ1
, pθ2

) = − 𝔼X∼pθ1 [ln pθ1
(X ) − ln pθ2

(X )]
DKL(pθ, pθ+δθ) ≈

1
2

δTF(θ)δ + O(δ3)

Fij = 𝔼 [∂θi
ln pθ ∂θj

ln pθ]• Fisher information matrix/“metric”

• Update rule: natural gradient descent δn = − F−1(θn)∇E(θn)
Amari (1997),  Amari Information Geometry & its Applications



NQS version
Stochastic reconfiguration

pθ = |ψθ |2 = prob. model

• Cost function: min distance in imaginary time step

• Fubini-Study distance

• FS near minimum DFS(ψθ, ψθ+δθ) ≈
1
2

δTG(θ)δ + O(δ3)

Gij = ⟨∂θi
ψθ |∂θi

ψθ⟩ − ⟨∂θi
ψθ |ψ⟩ ⟨ψθ |∂θj

ψ⟩• Quantum geometric tensor

• Update rule δn = − G−1(θn)∇E(θn)
S. Sorella, Phys. Rev. B 71, 241103 (2005)

E(θ)

θ

DFS(ψθ1
, ψθ2

) = arccos
⟨ψθ1

|ψθ2
⟩⟨ψθ2

|ψθ1
⟩

⟨ψθ1
|ψθ1

⟩⟨ψθ2
|ψθ2

⟩

|ϕ⟩ = e−ϵĤ |ψθ⟩ ≈ (1 − ϵĤ ) |ψθ⟩ ⇒ L(θ) = minθDFS(ϕ, ψθ)



Directional updates & KFAC
• Update rule for δ sometimes too crude. Call it ∆n

• Add scaling factor α + momentum μ & minimise:

Mn(αΔn + μδn−1)

<latexit sha1_base64="a0UBVsUZdkXs5FnI9hmYHCCWzeE="></latexit>✓
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◆
• Optimal values:

• Here, we can use exact Fisher (no need for inversion)

• Approximate inverse Fisher by KFAC version

KFAC: Martens, Grosse, arXiv.1503.05671



Results: KFAC

KFAC

QN-KFAC
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E(✓),r✓E(✓)
<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ

<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg

<latexit sha1_base64="ef/KsKcx8IlmeCSrFqUOO2Tweuw=">AAACSnicbVDLSgMxFM3U9/hqdekmWgRXZUZEXYq6cCMoWBVsLZn0jg3NJENyRy3DfIpb/Rl/wN9wJ25M6yyseiBwOOde7smJUiksBsGbV5mYnJqemZ3z5xcWl5artZVLqzPDocm11OY6YhakUNBEgRKuUwMsiSRcRf2joX91D8YKrS5wkEI7YXdKxIIzdFKnWmsdg0TWUbcthEfMT4tOtR40ghHoXxKWpE5KnHVq3nqrq3mWgEIumbU3YZBiO2cGBZdQ+K3MQsp4n93BjaOKJWDb+Sh7QTed0qWxNu4ppCP150bOEmsHSeQmE4Y9+9sbiv96wmrUKTiP9yAp1bGJ4Y6xsS3oeESM99u5UGmGoPh3wjiTFDUdNki7wgBHOXCEcSPcJynvMcM4up7HDkSG9QEL3/ddqeHvCv+Sy+1GuNvYPd+pHxyW9c6SNbJBtkhI9sgBOSFnpEk4eSBP5Jm8eK/eu/fhfX6PVrxyZ5WMoTL5BeoBskQ=</latexit>

�M
n

MIN
RES

<latexit sha1_base64="fG1jZA+G1uroHZevClJSqzXjAis=">AAACOHicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYqCuGzBqmBDmUxv7NBJJszcCCX0C9zqz/gn7tyJW7/ASZuFbT0wcDjnXu6ZE6ZSGPS8D2dhcWl5ZbWy5q5vbG5tV3d274zKNIc2V1Lph5AZkCKBNgqU8JBqYHEo4T4cXBX+/TNoI1Ryi8MUgpg9JSISnKGVWtfdas2re2PQeeKXpEZKNLs7zkGnp3gWQ4JcMmMefS/FIGcaBZcwcjuZgZTxAXuCR0sTFoMJ8nHSET2ySo9GStuXIB2rfzdyFhszjEM7GTPsm1mvEP/1hFGoUrAe70NcqlMTxY42kRnR6YgYnQe5SNIMIeGThFEmKSpa9EV7QgNHObSEcS3sJynvM8042lanDoSaDQBHruvaUv3ZCufJ3Undb9QbrdPaxWVZb4Xsk0NyTHxyRi7IDWmSNuEEyAt5JW/Ou/PpfDnfk9EFp9zZI1Nwfn4B3qar4Q==</latexit>

F

<latexit sha1_base64="zBrk1sMaqzoIVhlFFXx4pk5YFwg=">AAACQHicbVDLSgMxFM34rOOzunQTLYKrMiOiLkVBXCpYrbSlZNI7NjSZDMkdoQzzFW71Z/wL/8CduHVlWmdhrQcCh3Pu5Z6cKJXCYhC8eTOzc/MLi5Ulf3lldW19o7p5a3VmODS4lto0I2ZBigQaKFBCMzXAVCThLhqcj/y7RzBW6OQGhyl0FHtIRCw4QyfdtyMDj5BfFN2NWlAPxqDTJCxJjZS46la9nXZP80xBglwya1thkGInZwYFl1D47cxCyviAPUDL0YQpsJ18nLige07p0Vgb9xKkY/X3Rs6UtUMVuUnFsG//eiPxX09YjToF5/E+qFKdmBjtGBvbgk5GxPikk4skzRAS/pMwziRFTUe90Z4wwFEOHWHcCPdJyvvMMI6u3YkDkWEDwML3fVdq+LfCaXJ7UA+P6kfXh7XTs7LeCtkmu2SfhOSYnJJLckUahBNFnsgzefFevXfvw/v8GZ3xyp0tMgHv6xtRjK+Z</latexit>

F̆

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n
<latexit sha1_base64="ZG0xplMYSb/uxvsYpNoy3mVs/ko="></latexit>

ĞVMC

<latexit sha1_base64="fFUiwJS5i3U8aU5uTxGMA5x1cTY=">AAACRXicbVDLSsNAFJ34rPGtSzejRXBVEhF1KXahG0HBtkJby2R6Y4dOMmHmRiwh/+FWf8Zv8CPciVud1ixs64GBwzn3cs+cIJHCoOe9OzOzc/MLi6Uld3lldW19Y3OrblSqOdS4kkrfBcyAFDHUUKCEu0QDiwIJjaBfHfqNR9BGqPgWBwm0I/YQi1Bwhla6v+hkLYQnzOpX1TzvbJS9ijcCnSZ+QcqkwHVn09ltdRVPI4iRS2ZM0/cSbGdMo+AScreVGkgY77MHaFoaswhMOxvFzum+Vbo0VNq+GOlI/buRsciYQRTYyYhhz0x6Q/FfTxiFKgHr8R5EhTo2MdzRJjQ5HY+I4Wk7E3GSIsT8N2GYSoqKDsujXaGBoxxYwrgW9pOU95hmHG3FYwcCzfqAueu6tlR/ssJpUj+s+MeV45uj8tl5UW+J7JA9ckB8ckLOyCW5JjXCiSbP5IW8Om/Oh/PpfP2OzjjFzjYZg/P9A6p7sbo=</latexit>

GVMC

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n
<latexit sha1_base64="bQ1CMBvfBPZYWXb9hwDWe3QwNEY="></latexit>

↵�KFAC
n + µ�n�1

<latexit sha1_base64="bQ1CMBvfBPZYWXb9hwDWe3QwNEY="></latexit>

↵�KFAC
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

λ r
eg

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

<latexit sha1_base64="fG1jZA+G1uroHZevClJSqzXjAis=">AAACOHicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYqCuGzBqmBDmUxv7NBJJszcCCX0C9zqz/gn7tyJW7/ASZuFbT0wcDjnXu6ZE6ZSGPS8D2dhcWl5ZbWy5q5vbG5tV3d274zKNIc2V1Lph5AZkCKBNgqU8JBqYHEo4T4cXBX+/TNoI1Ryi8MUgpg9JSISnKGVWtfdas2re2PQeeKXpEZKNLs7zkGnp3gWQ4JcMmMefS/FIGcaBZcwcjuZgZTxAXuCR0sTFoMJ8nHSET2ySo9GStuXIB2rfzdyFhszjEM7GTPsm1mvEP/1hFGoUrAe70NcqlMTxY42kRnR6YgYnQe5SNIMIeGThFEmKSpa9EV7QgNHObSEcS3sJynvM8042lanDoSaDQBHruvaUv3ZCufJ3Undb9QbrdPaxWVZb4Xsk0NyTHxyRi7IDWmSNuEEyAt5JW/Ou/PpfDnfk9EFp9zZI1Nwfn4B3qar4Q==</latexit>

F

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

M. Drissi, J. W. T. Keeble, J. Rozalen-Sarmiento & A. Rios, arxiv:2401.17550

Supervised learning?



Results: NGD

Supervised learning!

KFAC

QN-KFAC

QN-MR-KFAC

NGD

DGD

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="SQw11Xutx+EMA59HF1mLuT1iCY8="></latexit>

�KFAC
n

γ r
eg

<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ
<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="SQw11Xutx+EMA59HF1mLuT1iCY8="></latexit>

�KFAC
n

γ r
eg

<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ
<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg
<latexit sha1_base64="Ou761SBVNIKbHxYJ7ZKrJ9VOHAA=">AAACOnicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYpuulS0D9BSJtObdugkE2ZuhFLyCW71Z/wRt+7ErR/gpM3CqAcGDufcyz1zgkQKg5735iwsLi2vrFbW3PWNza3t6s5u26hUc2hxJZXuBsyAFDG0UKCEbqKBRYGETjC+yv3OI2gjVHyHkwR6ERvGIhScoZVum/2bfrXm1b0Z6F/iF6RGClz3d5yDh4HiaQQxcsmMufe9BHtTplFwCZn7kBpIGB+zIdxbGrMITG86y5rRI6sMaKi0fTHSmfpzY8oiYyZRYCcjhiPz28vFfz1hFKoErMdHEBVqaSLf0SY0GS1HxPC8NxVxkiLEfJ4wTCVFRfPG6EBo4CgnljCuhf0k5SOmGUfba+lAoNkYMHNd15bq/67wL2mf1P1GvXFzWru4LOqtkH1ySI6JT87IBWmSa9IinAzJE3kmL86r8+58OJ/z0QWn2NkjJThf32+FrKc=</latexit>

HQ

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="SQw11Xutx+EMA59HF1mLuT1iCY8="></latexit>

�KFAC
n

γ r
eg

<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ
<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg
<latexit sha1_base64="Ou761SBVNIKbHxYJ7ZKrJ9VOHAA=">AAACOnicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYpuulS0D9BSJtObdugkE2ZuhFLyCW71Z/wRt+7ErR/gpM3CqAcGDufcyz1zgkQKg5735iwsLi2vrFbW3PWNza3t6s5u26hUc2hxJZXuBsyAFDG0UKCEbqKBRYGETjC+yv3OI2gjVHyHkwR6ERvGIhScoZVum/2bfrXm1b0Z6F/iF6RGClz3d5yDh4HiaQQxcsmMufe9BHtTplFwCZn7kBpIGB+zIdxbGrMITG86y5rRI6sMaKi0fTHSmfpzY8oiYyZRYCcjhiPz28vFfz1hFKoErMdHEBVqaSLf0SY0GS1HxPC8NxVxkiLEfJ4wTCVFRfPG6EBo4CgnljCuhf0k5SOmGUfba+lAoNkYMHNd15bq/67wL2mf1P1GvXFzWru4LOqtkH1ySI6JT87IBWmSa9IinAzJE3kmL86r8+58OJ/z0QWn2NkjJThf32+FrKc=</latexit>

HQ

<latexit sha1_base64="ef/KsKcx8IlmeCSrFqUOO2Tweuw=">AAACSnicbVDLSgMxFM3U9/hqdekmWgRXZUZEXYq6cCMoWBVsLZn0jg3NJENyRy3DfIpb/Rl/wN9wJ25M6yyseiBwOOde7smJUiksBsGbV5mYnJqemZ3z5xcWl5artZVLqzPDocm11OY6YhakUNBEgRKuUwMsiSRcRf2joX91D8YKrS5wkEI7YXdKxIIzdFKnWmsdg0TWUbcthEfMT4tOtR40ghHoXxKWpE5KnHVq3nqrq3mWgEIumbU3YZBiO2cGBZdQ+K3MQsp4n93BjaOKJWDb+Sh7QTed0qWxNu4ppCP150bOEmsHSeQmE4Y9+9sbiv96wmrUKTiP9yAp1bGJ4Y6xsS3oeESM99u5UGmGoPh3wjiTFDUdNki7wgBHOXCEcSPcJynvMcM4up7HDkSG9QEL3/ddqeHvCv+Sy+1GuNvYPd+pHxyW9c6SNbJBtkhI9sgBOSFnpEk4eSBP5Jm8eK/eu/fhfX6PVrxyZ5WMoTL5BeoBskQ=</latexit>

�M
n

MIN
RES

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
λ r

eg
<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ

<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg

<latexit sha1_base64="ef/KsKcx8IlmeCSrFqUOO2Tweuw=">AAACSnicbVDLSgMxFM3U9/hqdekmWgRXZUZEXYq6cCMoWBVsLZn0jg3NJENyRy3DfIpb/Rl/wN9wJ25M6yyseiBwOOde7smJUiksBsGbV5mYnJqemZ3z5xcWl5artZVLqzPDocm11OY6YhakUNBEgRKuUwMsiSRcRf2joX91D8YKrS5wkEI7YXdKxIIzdFKnWmsdg0TWUbcthEfMT4tOtR40ghHoXxKWpE5KnHVq3nqrq3mWgEIumbU3YZBiO2cGBZdQ+K3MQsp4n93BjaOKJWDb+Sh7QTed0qWxNu4ppCP150bOEmsHSeQmE4Y9+9sbiv96wmrUKTiP9yAp1bGJ4Y6xsS3oeESM99u5UGmGoPh3wjiTFDUdNki7wgBHOXCEcSPcJynvMcM4up7HDkSG9QEL3/ddqeHvCv+Sy+1GuNvYPd+pHxyW9c6SNbJBtkhI9sgBOSFnpEk4eSBP5Jm8eK/eu/fhfX6PVrxyZ5WMoTL5BeoBskQ=</latexit>

�M
n

MIN
RES

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ

<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg

<latexit sha1_base64="ef/KsKcx8IlmeCSrFqUOO2Tweuw=">AAACSnicbVDLSgMxFM3U9/hqdekmWgRXZUZEXYq6cCMoWBVsLZn0jg3NJENyRy3DfIpb/Rl/wN9wJ25M6yyseiBwOOde7smJUiksBsGbV5mYnJqemZ3z5xcWl5artZVLqzPDocm11OY6YhakUNBEgRKuUwMsiSRcRf2joX91D8YKrS5wkEI7YXdKxIIzdFKnWmsdg0TWUbcthEfMT4tOtR40ghHoXxKWpE5KnHVq3nqrq3mWgEIumbU3YZBiO2cGBZdQ+K3MQsp4n93BjaOKJWDb+Sh7QTed0qWxNu4ppCP150bOEmsHSeQmE4Y9+9sbiv96wmrUKTiP9yAp1bGJ4Y6xsS3oeESM99u5UGmGoPh3wjiTFDUdNki7wgBHOXCEcSPcJynvMcM4up7HDkSG9QEL3/ddqeHvCv+Sy+1GuNvYPd+pHxyW9c6SNbJBtkhI9sgBOSFnpEk4eSBP5Jm8eK/eu/fhfX6PVrxyZ5WMoTL5BeoBskQ=</latexit>

�M
n

MIN
RES

<latexit sha1_base64="fG1jZA+G1uroHZevClJSqzXjAis=">AAACOHicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYqCuGzBqmBDmUxv7NBJJszcCCX0C9zqz/gn7tyJW7/ASZuFbT0wcDjnXu6ZE6ZSGPS8D2dhcWl5ZbWy5q5vbG5tV3d274zKNIc2V1Lph5AZkCKBNgqU8JBqYHEo4T4cXBX+/TNoI1Ryi8MUgpg9JSISnKGVWtfdas2re2PQeeKXpEZKNLs7zkGnp3gWQ4JcMmMefS/FIGcaBZcwcjuZgZTxAXuCR0sTFoMJ8nHSET2ySo9GStuXIB2rfzdyFhszjEM7GTPsm1mvEP/1hFGoUrAe70NcqlMTxY42kRnR6YgYnQe5SNIMIeGThFEmKSpa9EV7QgNHObSEcS3sJynvM8042lanDoSaDQBHruvaUv3ZCufJ3Undb9QbrdPaxWVZb4Xsk0NyTHxyRi7IDWmSNuEEyAt5JW/Ou/PpfDnfk9EFp9zZI1Nwfn4B3qar4Q==</latexit>

F

<latexit sha1_base64="zBrk1sMaqzoIVhlFFXx4pk5YFwg=">AAACQHicbVDLSgMxFM34rOOzunQTLYKrMiOiLkVBXCpYrbSlZNI7NjSZDMkdoQzzFW71Z/wL/8CduHVlWmdhrQcCh3Pu5Z6cKJXCYhC8eTOzc/MLi5Ulf3lldW19o7p5a3VmODS4lto0I2ZBigQaKFBCMzXAVCThLhqcj/y7RzBW6OQGhyl0FHtIRCw4QyfdtyMDj5BfFN2NWlAPxqDTJCxJjZS46la9nXZP80xBglwya1thkGInZwYFl1D47cxCyviAPUDL0YQpsJ18nLige07p0Vgb9xKkY/X3Rs6UtUMVuUnFsG//eiPxX09YjToF5/E+qFKdmBjtGBvbgk5GxPikk4skzRAS/pMwziRFTUe90Z4wwFEOHWHcCPdJyvvMMI6u3YkDkWEDwML3fVdq+LfCaXJ7UA+P6kfXh7XTs7LeCtkmu2SfhOSYnJJLckUahBNFnsgzefFevXfvw/v8GZ3xyp0tMgHv6xtRjK+Z</latexit>

F̆

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n
<latexit sha1_base64="ZG0xplMYSb/uxvsYpNoy3mVs/ko="></latexit>

ĞVMC

<latexit sha1_base64="fFUiwJS5i3U8aU5uTxGMA5x1cTY=">AAACRXicbVDLSsNAFJ34rPGtSzejRXBVEhF1KXahG0HBtkJby2R6Y4dOMmHmRiwh/+FWf8Zv8CPciVud1ixs64GBwzn3cs+cIJHCoOe9OzOzc/MLi6Uld3lldW19Y3OrblSqOdS4kkrfBcyAFDHUUKCEu0QDiwIJjaBfHfqNR9BGqPgWBwm0I/YQi1Bwhla6v+hkLYQnzOpX1TzvbJS9ijcCnSZ+QcqkwHVn09ltdRVPI4iRS2ZM0/cSbGdMo+AScreVGkgY77MHaFoaswhMOxvFzum+Vbo0VNq+GOlI/buRsciYQRTYyYhhz0x6Q/FfTxiFKgHr8R5EhTo2MdzRJjQ5HY+I4Wk7E3GSIsT8N2GYSoqKDsujXaGBoxxYwrgW9pOU95hmHG3FYwcCzfqAueu6tlR/ssJpUj+s+MeV45uj8tl5UW+J7JA9ckB8ckLOyCW5JjXCiSbP5IW8Om/Oh/PpfP2OzjjFzjYZg/P9A6p7sbo=</latexit>

GVMC

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n
<latexit sha1_base64="bQ1CMBvfBPZYWXb9hwDWe3QwNEY="></latexit>

↵�KFAC
n + µ�n�1

<latexit sha1_base64="bQ1CMBvfBPZYWXb9hwDWe3QwNEY="></latexit>

↵�KFAC
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

λ r
eg

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

<latexit sha1_base64="fG1jZA+G1uroHZevClJSqzXjAis=">AAACOHicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYqCuGzBqmBDmUxv7NBJJszcCCX0C9zqz/gn7tyJW7/ASZuFbT0wcDjnXu6ZE6ZSGPS8D2dhcWl5ZbWy5q5vbG5tV3d274zKNIc2V1Lph5AZkCKBNgqU8JBqYHEo4T4cXBX+/TNoI1Ryi8MUgpg9JSISnKGVWtfdas2re2PQeeKXpEZKNLs7zkGnp3gWQ4JcMmMefS/FIGcaBZcwcjuZgZTxAXuCR0sTFoMJ8nHSET2ySo9GStuXIB2rfzdyFhszjEM7GTPsm1mvEP/1hFGoUrAe70NcqlMTxY42kRnR6YgYnQe5SNIMIeGThFEmKSpa9EV7QgNHObSEcS3sJynvM8042lanDoSaDQBHruvaUv3ZCufJ3Undb9QbrdPaxWVZb4Xsk0NyTHxyRi7IDWmSNuEEyAt5JW/Ou/PpfDnfk9EFp9zZI1Nwfn4B3qar4Q==</latexit>

F

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

M. Drissi, J. W. T. Keeble, J. Rozalen-Sarmiento & A. Rios, arxiv:2401.17550

Information geometry?



Decision geometry 101
• Cost function from score

• Proper scoring rules:

• G is semipositive definite.

• Update rule: decision gradient descent δn = − G−1(θn)∇ℒ(θn)

• Scoring rule:            is any integrable function that takes as 
inputs a probability distribution, p, and a sample, X, and returns a 
real valued quantity. 

• Expected score:

<latexit sha1_base64="CnRq+VAVQSVtKRIWXjncAWbxbAc="></latexit>

L(✓) ⌘ �EX⇠p✓ [S(X, p✓)]
<latexit sha1_base64="CnRq+VAVQSVtKRIWXjncAWbxbAc="></latexit>

L(✓) ⌘ �EX⇠p✓ [S(X, p✓)]

<latexit sha1_base64="SpVaulhgG6XtG0+tQc/7o9wlYwk="></latexit>

S(p, q) ⌘ EX⇠p [S(X, q)]
<latexit sha1_base64="VX25w8tmKggKQIGIxpF2FBLcRFQ=">AAACT3icbVBNSwMxFMzW7/WrVfDiJVoEBSm7ItWj6MWjorWCLSWbvrWh2U2avBVK7Z/xqn/Go7/Em5jWPdjqQGCYmUfem0hLYTEIPrzCzOzc/MLikr+8srq2Xixt3FmVGQ41rqQy9xGzIEUKNRQo4V4bYEkkoR51L0Z+/QmMFSq9xb6GZsIeUxELztBJreIWdbjZ14f6gDYk9Ma8d9AqloNKMAb9S8KclEmOq1bJ22m0Fc8SSJFLZu1DGGhsDphBwSUM/UZmQTPeZY/w4GjKErDNwfiAId1zSpvGyriXIh2rvycGLLG2n0QumTDs2GlvJP7rCatQaXAe70CSqxOJ0YyxsR3SyRUxPm0ORKozhJT/bBhnkqKioxppWxjgKPuOMG6EO5LyDjOMoyt74oPIsC7g0Pd9V2o4XeFfcndUCauV6vVx+ew8r3eRbJNdsk9CckLOyCW5IjXCyTN5Ia/kzXv3Pr2vQh4teDnZJBMoLH0DhmiwXw==</latexit>

S(p, p)  S(p, q)

• Generalized entropy & cross-entropy: 
<latexit sha1_base64="hv00B7GF8MJPCmiB2gwPh2FV/VI=">AAACQXicbVDLSgMxFM34dny1unQTLYKClBmR6lJ041LRVlGLZNI7NjSThOSOUEr/wq3+jF/hJ7gTt25M6yxs9UDgcM693JOTGCkcRtFbMDE5NT0zOzcfLiwuLa+UyqsNp3PLoc611PY6YQ6kUFBHgRKujQWWJRKuks7JwL96BOuEVpfYNdDM2IMSqeAMvXRDPS62za7ZuS9Vomo0BP1L4oJUSIGz+3KwcdfSPM9AIZfMuds4MtjsMYuCS+iHd7kDw3iHPcCtp4pl4Jq9YeQ+3fJKi6ba+qeQDtXfGz2WOdfNEj+ZMWy7cW8g/usJp1Eb8B5vQ1aoIxODHetS16ejETE9bPaEMjmC4j8J01xS1HRQHG0JCxxl1xPGrfCfpLzNLOPo6x05kFjWAeyHYehLjccr/Esae9W4Vq2d71eOjot658g62STbJCYH5IickjNSJ5wo8kSeyUvwGrwHH8Hnz+hEUOyskREEX9+17K4l</latexit>

S(p, p)

• Divergence:

<latexit sha1_base64="VX25w8tmKggKQIGIxpF2FBLcRFQ=">AAACT3icbVBNSwMxFMzW7/WrVfDiJVoEBSm7ItWj6MWjorWCLSWbvrWh2U2avBVK7Z/xqn/Go7/Em5jWPdjqQGCYmUfem0hLYTEIPrzCzOzc/MLikr+8srq2Xixt3FmVGQ41rqQy9xGzIEUKNRQo4V4bYEkkoR51L0Z+/QmMFSq9xb6GZsIeUxELztBJreIWdbjZ14f6gDYk9Ma8d9AqloNKMAb9S8KclEmOq1bJ22m0Fc8SSJFLZu1DGGhsDphBwSUM/UZmQTPeZY/w4GjKErDNwfiAId1zSpvGyriXIh2rvycGLLG2n0QumTDs2GlvJP7rCatQaXAe70CSqxOJ0YyxsR3SyRUxPm0ORKozhJT/bBhnkqKioxppWxjgKPuOMG6EO5LyDjOMoyt74oPIsC7g0Pd9V2o4XeFfcndUCauV6vVx+ew8r3eRbJNdsk9CckLOyCW5IjXCyTN5Ia/kzXv3Pr2vQh4teDnZJBMoLH0DhmiwXw==</latexit>

S(p, p)  S(p, q)
<latexit sha1_base64="s492VUKBjTF2UknjeqSs1KKbglg="></latexit>

DS(p, q) = S(p, q)� S(p, p)

• Divergence near minimum: 
<latexit sha1_base64="JAC5D1YgSzOjmE/ADS/lslT5DBk="></latexit>

DS(p✓, p✓+�) =
1

2
�
T
GS(✓)� +O

�
�
3
�

Dawid, Ann. Inst. Stat. Math. 59, 77–93 (2007);
Gneiting, Raftery, J. Am. Stat. Assoc. 102, 359–378 (2007)



Decision geometry for VMC
• Information geometry: 

<latexit sha1_base64="mxHb8AiSYcgi0lHEU+9ykGMQyRo="></latexit>

S(X, p✓) = � ln p✓(X) ✘

• VMC scoring rule: 
<latexit sha1_base64="lFqItKSnoEC7iTRKNY8jdrUrJ8Q="></latexit>

SVMC(X, p✓) = �EL,✓(X) ✔

• Local energy: 
<latexit sha1_base64="HDaymJT/Rb/oEnoY+jC3OpKPpR8="></latexit>

EL,✓(X) ⌘  ✓(X)�1
H ✓(X)

= �1

2

AX

i=1

h
@
2
xi
ln | ✓(X)|+ (@xi ln | ✓(X)|)2

i
+ V (X)

• Metric: 

<latexit sha1_base64="jjZ6dvP6V0y8JxF042x84virmn8="></latexit>

GVMC(✓)✓i✓j ⌘ 1

4

AX

k=1

EX⇠p✓

⇥
@✓i@xk ln p✓(X) @✓j@xk ln p✓(X)

⇤

δn = − G−1
VMC(θn)∇E(θn)• Update rule: 

Hyvärinen score!

• Cost function from score
<latexit sha1_base64="yKqFCbt60YPppZZuydwLRMu7Pvw="></latexit>

L(✓) = �EX⇠p✓ [S(X, p✓)] = E(✓)



Results

M. Drissi, J. W. T. Keeble, J. Rozalen-Sarmiento & A. Rios, arxiv:2401.17550

KFAC

QN-KFAC

QN-MR-KFAC

NGD

DGD

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="SQw11Xutx+EMA59HF1mLuT1iCY8="></latexit>

�KFAC
n

γ r
eg

<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ
<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="SQw11Xutx+EMA59HF1mLuT1iCY8="></latexit>

�KFAC
n

γ r
eg

<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ
<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg
<latexit sha1_base64="Ou761SBVNIKbHxYJ7ZKrJ9VOHAA=">AAACOnicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYpuulS0D9BSJtObdugkE2ZuhFLyCW71Z/wRt+7ErR/gpM3CqAcGDufcyz1zgkQKg5735iwsLi2vrFbW3PWNza3t6s5u26hUc2hxJZXuBsyAFDG0UKCEbqKBRYGETjC+yv3OI2gjVHyHkwR6ERvGIhScoZVum/2bfrXm1b0Z6F/iF6RGClz3d5yDh4HiaQQxcsmMufe9BHtTplFwCZn7kBpIGB+zIdxbGrMITG86y5rRI6sMaKi0fTHSmfpzY8oiYyZRYCcjhiPz28vFfz1hFKoErMdHEBVqaSLf0SY0GS1HxPC8NxVxkiLEfJ4wTCVFRfPG6EBo4CgnljCuhf0k5SOmGUfba+lAoNkYMHNd15bq/67wL2mf1P1GvXFzWru4LOqtkH1ySI6JT87IBWmSa9IinAzJE3kmL86r8+58OJ/z0QWn2NkjJThf32+FrKc=</latexit>

HQ

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="SQw11Xutx+EMA59HF1mLuT1iCY8="></latexit>

�KFAC
n

γ r
eg

<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ
<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg
<latexit sha1_base64="Ou761SBVNIKbHxYJ7ZKrJ9VOHAA=">AAACOnicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYpuulS0D9BSJtObdugkE2ZuhFLyCW71Z/wRt+7ErR/gpM3CqAcGDufcyz1zgkQKg5735iwsLi2vrFbW3PWNza3t6s5u26hUc2hxJZXuBsyAFDG0UKCEbqKBRYGETjC+yv3OI2gjVHyHkwR6ERvGIhScoZVum/2bfrXm1b0Z6F/iF6RGClz3d5yDh4HiaQQxcsmMufe9BHtTplFwCZn7kBpIGB+zIdxbGrMITG86y5rRI6sMaKi0fTHSmfpzY8oiYyZRYCcjhiPz28vFfz1hFKoErMdHEBVqaSLf0SY0GS1HxPC8NxVxkiLEfJ4wTCVFRfPG6EBo4CgnljCuhf0k5SOmGUfba+lAoNkYMHNd15bq/67wL2mf1P1GvXFzWru4LOqtkH1ySI6JT87IBWmSa9IinAzJE3kmL86r8+58OJ/z0QWn2NkjJThf32+FrKc=</latexit>

HQ

<latexit sha1_base64="ef/KsKcx8IlmeCSrFqUOO2Tweuw=">AAACSnicbVDLSgMxFM3U9/hqdekmWgRXZUZEXYq6cCMoWBVsLZn0jg3NJENyRy3DfIpb/Rl/wN9wJ25M6yyseiBwOOde7smJUiksBsGbV5mYnJqemZ3z5xcWl5artZVLqzPDocm11OY6YhakUNBEgRKuUwMsiSRcRf2joX91D8YKrS5wkEI7YXdKxIIzdFKnWmsdg0TWUbcthEfMT4tOtR40ghHoXxKWpE5KnHVq3nqrq3mWgEIumbU3YZBiO2cGBZdQ+K3MQsp4n93BjaOKJWDb+Sh7QTed0qWxNu4ppCP150bOEmsHSeQmE4Y9+9sbiv96wmrUKTiP9yAp1bGJ4Y6xsS3oeESM99u5UGmGoPh3wjiTFDUdNki7wgBHOXCEcSPcJynvMcM4up7HDkSG9QEL3/ddqeHvCv+Sy+1GuNvYPd+pHxyW9c6SNbJBtkhI9sgBOSFnpEk4eSBP5Jm8eK/eu/fhfX6PVrxyZ5WMoTL5BeoBskQ=</latexit>

�M
n

MIN
RES

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
λ r

eg
<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ

<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg

<latexit sha1_base64="ef/KsKcx8IlmeCSrFqUOO2Tweuw=">AAACSnicbVDLSgMxFM3U9/hqdekmWgRXZUZEXYq6cCMoWBVsLZn0jg3NJENyRy3DfIpb/Rl/wN9wJ25M6yyseiBwOOde7smJUiksBsGbV5mYnJqemZ3z5xcWl5artZVLqzPDocm11OY6YhakUNBEgRKuUwMsiSRcRf2joX91D8YKrS5wkEI7YXdKxIIzdFKnWmsdg0TWUbcthEfMT4tOtR40ghHoXxKWpE5KnHVq3nqrq3mWgEIumbU3YZBiO2cGBZdQ+K3MQsp4n93BjaOKJWDb+Sh7QTed0qWxNu4ppCP150bOEmsHSeQmE4Y9+9sbiv96wmrUKTiP9yAp1bGJ4Y6xsS3oeESM99u5UGmGoPh3wjiTFDUdNki7wgBHOXCEcSPcJynvMcM4up7HDkSG9QEL3/ddqeHvCv+Sy+1GuNvYPd+pHxyW9c6SNbJBtkhI9sgBOSFnpEk4eSBP5Jm8eK/eu/fhfX6PVrxyZ5WMoTL5BeoBskQ=</latexit>

�M
n

MIN
RES

<latexit sha1_base64="oGCjnpmLUKANvxxP1KaOLTTPJ9M="></latexit>

E(✓),r✓E(✓)
<latexit sha1_base64="ByOo8iYK6i3fNnnMqI0sE2yfaD4=">AAACQXicbVDLShxBFK32kWjHJGqWbsoMgoswdIdgspS4cWnAUdEZhts1t51i6tFU3Q4MQ/9FtvFn/Ao/wZ24zSbVYy/s0QMFh3Pu5Z46WaGkpyS5i5aWV1bfvF1bj99tvP/wcXNr+8zb0gnsCausu8jAo5IGeyRJ4UXhEHSm8DybHNX++W90XlpzStMCBxqujcylAArSZR9UMYYvfV0ONztJN5mDvyRpQzqswclwK9rtj6woNRoSCry/SpOCBjNwJIXCKu6XHgsQE7jGq0ANaPSD2TxyxfeCMuK5deEZ4nP1+cYMtPdTnYVJDTT2i14tvupJb8kWGDwxRt2orYl6x/ncV7wdkfIfg5k0RUloxFPCvFScLK+L4yPpUJCaBgLCyfBJLsbgQFCot3UgczBBquI4DqWmixW+JGdfu+lB9+DXt87hz6beNbbDPrN9lrLv7JAdsxPWY4IZ9of9ZTfRbXQfPUSPT6NLUbPzibUQ/fsPsD+vwQ==</latexit>↵, µ

<latexit sha1_base64="2DX9gSMZJ+JQYuRBW5gQzFvrq/E=">AAACQnicbVDLTgIxFO3gC8cX6NJNlZi4IjPGoEuiG5eYyCMBQjrlDjR0ppP2jgkhfIZb/Rl/wl9wZ9y6sMAsBDxJk5Nz7s09PUEihUHP+3ByG5tb2zv5XXdv/+DwqFA8bhiVag51rqTSrYAZkCKGOgqU0Eo0sCiQ0AxG9zO/+QzaCBU/4TiBbsQGsQgFZ2ildqdmRK+DQ0DWK5S8sjcHXSd+RkokQ61XdM46fcXTCGLkkhnT9r0EuxOmUXAJU7eTGkgYH7EBtC2NWQSmO5lnntILq/RpqLR9MdK5+ndjwiJjxlFgJyOGQ7PqzcR/PWEUqgSsx4cQZerSxGxHm9BM6XJEDG+7ExEnKULMFwnDVFJUdNYc7QsNHOXYEsa1sJ+kfMg042j7XToQaDYCnLqua0v1VytcJ42rsl8pVx6vS9W7rN48OSXn5JL45IZUyQOpkTrhRJEX8krenHfn0/lyvhejOSfbOSFLcH5+Adt2sFg=</latexit>

 ✓

λ reg

<latexit sha1_base64="ef/KsKcx8IlmeCSrFqUOO2Tweuw=">AAACSnicbVDLSgMxFM3U9/hqdekmWgRXZUZEXYq6cCMoWBVsLZn0jg3NJENyRy3DfIpb/Rl/wN9wJ25M6yyseiBwOOde7smJUiksBsGbV5mYnJqemZ3z5xcWl5artZVLqzPDocm11OY6YhakUNBEgRKuUwMsiSRcRf2joX91D8YKrS5wkEI7YXdKxIIzdFKnWmsdg0TWUbcthEfMT4tOtR40ghHoXxKWpE5KnHVq3nqrq3mWgEIumbU3YZBiO2cGBZdQ+K3MQsp4n93BjaOKJWDb+Sh7QTed0qWxNu4ppCP150bOEmsHSeQmE4Y9+9sbiv96wmrUKTiP9yAp1bGJ4Y6xsS3oeESM99u5UGmGoPh3wjiTFDUdNki7wgBHOXCEcSPcJynvMcM4up7HDkSG9QEL3/ddqeHvCv+Sy+1GuNvYPd+pHxyW9c6SNbJBtkhI9sgBOSFnpEk4eSBP5Jm8eK/eu/fhfX6PVrxyZ5WMoTL5BeoBskQ=</latexit>

�M
n

MIN
RES

<latexit sha1_base64="fG1jZA+G1uroHZevClJSqzXjAis=">AAACOHicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYqCuGzBqmBDmUxv7NBJJszcCCX0C9zqz/gn7tyJW7/ASZuFbT0wcDjnXu6ZE6ZSGPS8D2dhcWl5ZbWy5q5vbG5tV3d274zKNIc2V1Lph5AZkCKBNgqU8JBqYHEo4T4cXBX+/TNoI1Ryi8MUgpg9JSISnKGVWtfdas2re2PQeeKXpEZKNLs7zkGnp3gWQ4JcMmMefS/FIGcaBZcwcjuZgZTxAXuCR0sTFoMJ8nHSET2ySo9GStuXIB2rfzdyFhszjEM7GTPsm1mvEP/1hFGoUrAe70NcqlMTxY42kRnR6YgYnQe5SNIMIeGThFEmKSpa9EV7QgNHObSEcS3sJynvM8042lanDoSaDQBHruvaUv3ZCufJ3Undb9QbrdPaxWVZb4Xsk0NyTHxyRi7IDWmSNuEEyAt5JW/Ou/PpfDnfk9EFp9zZI1Nwfn4B3qar4Q==</latexit>

F

<latexit sha1_base64="zBrk1sMaqzoIVhlFFXx4pk5YFwg=">AAACQHicbVDLSgMxFM34rOOzunQTLYKrMiOiLkVBXCpYrbSlZNI7NjSZDMkdoQzzFW71Z/wL/8CduHVlWmdhrQcCh3Pu5Z6cKJXCYhC8eTOzc/MLi5Ulf3lldW19o7p5a3VmODS4lto0I2ZBigQaKFBCMzXAVCThLhqcj/y7RzBW6OQGhyl0FHtIRCw4QyfdtyMDj5BfFN2NWlAPxqDTJCxJjZS46la9nXZP80xBglwya1thkGInZwYFl1D47cxCyviAPUDL0YQpsJ18nLige07p0Vgb9xKkY/X3Rs6UtUMVuUnFsG//eiPxX09YjToF5/E+qFKdmBjtGBvbgk5GxPikk4skzRAS/pMwziRFTUe90Z4wwFEOHWHcCPdJyvvMMI6u3YkDkWEDwML3fVdq+LfCaXJ7UA+P6kfXh7XTs7LeCtkmu2SfhOSYnJJLckUahBNFnsgzefFevXfvw/v8GZ3xyp0tMgHv6xtRjK+Z</latexit>

F̆

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n
<latexit sha1_base64="ZG0xplMYSb/uxvsYpNoy3mVs/ko="></latexit>

ĞVMC

<latexit sha1_base64="fFUiwJS5i3U8aU5uTxGMA5x1cTY=">AAACRXicbVDLSsNAFJ34rPGtSzejRXBVEhF1KXahG0HBtkJby2R6Y4dOMmHmRiwh/+FWf8Zv8CPciVud1ixs64GBwzn3cs+cIJHCoOe9OzOzc/MLi6Uld3lldW19Y3OrblSqOdS4kkrfBcyAFDHUUKCEu0QDiwIJjaBfHfqNR9BGqPgWBwm0I/YQi1Bwhla6v+hkLYQnzOpX1TzvbJS9ijcCnSZ+QcqkwHVn09ltdRVPI4iRS2ZM0/cSbGdMo+AScreVGkgY77MHaFoaswhMOxvFzum+Vbo0VNq+GOlI/buRsciYQRTYyYhhz0x6Q/FfTxiFKgHr8R5EhTo2MdzRJjQ5HY+I4Wk7E3GSIsT8N2GYSoqKDsujXaGBoxxYwrgW9pOU95hmHG3FYwcCzfqAueu6tlR/ssJpUj+s+MeV45uj8tl5UW+J7JA9ckB8ckLOyCW5JjXCiSbP5IW8Om/Oh/PpfP2OzjjFzjYZg/P9A6p7sbo=</latexit>

GVMC

<latexit sha1_base64="0YYMmMjB5AwuVeCsWeznyL6W9vo=">AAACP3icbVDLSgMxFM3UVx1fVZduokVwVWZEqkvRjcsKVgt2KJn0ThuaSYbkjlBKf8Kt/oyf4Re4E7fuTOssHPVA4HDOvdyTE2dSWAyCV6+ysLi0vFJd9dfWNza3ats7t1bnhkOba6lNJ2YWpFDQRoESOpkBlsYS7uLR5cy/ewBjhVY3OM4gStlAiURwhk7qdPsgkfVUr1YPGsEc9C8JC1InBVq9bW+/29c8T0Ehl8za+zDIMJowg4JLmPrd3ELG+IgN4N5RxVKw0WQeeEoPndKniTbuKaRz9efGhKXWjtPYTaYMh/a3NxP/9YTVqDNwHh9CWqilidmOsYmd0nJETM6iiVBZjqD4d8IklxQ1ndVG+8IARzl2hHEj3CcpHzLDOLpySwdiw0aAU9/3Xanh7wr/ktvjRthsNK9P6ucXRb1VskcOyBEJySk5J1ekRdqEE0keyRN59l68N+/d+/gerXjFzi4pwfv8AkfrrxQ=</latexit>

�n
<latexit sha1_base64="bQ1CMBvfBPZYWXb9hwDWe3QwNEY="></latexit>

↵�KFAC
n + µ�n�1

<latexit sha1_base64="bQ1CMBvfBPZYWXb9hwDWe3QwNEY="></latexit>

↵�KFAC
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

<latexit sha1_base64="Z9KXBhXhbPBIcBQP0I4ayaeM4Mo="></latexit>

↵�M
n + µ�n�1

λ r
eg

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC

<latexit sha1_base64="fG1jZA+G1uroHZevClJSqzXjAis=">AAACOHicbVDLSsNAFJ34rPFVdelmtAiuSiJSXYqCuGzBqmBDmUxv7NBJJszcCCX0C9zqz/gn7tyJW7/ASZuFbT0wcDjnXu6ZE6ZSGPS8D2dhcWl5ZbWy5q5vbG5tV3d274zKNIc2V1Lph5AZkCKBNgqU8JBqYHEo4T4cXBX+/TNoI1Ryi8MUgpg9JSISnKGVWtfdas2re2PQeeKXpEZKNLs7zkGnp3gWQ4JcMmMefS/FIGcaBZcwcjuZgZTxAXuCR0sTFoMJ8nHSET2ySo9GStuXIB2rfzdyFhszjEM7GTPsm1mvEP/1hFGoUrAe70NcqlMTxY42kRnR6YgYnQe5SNIMIeGThFEmKSpa9EV7QgNHObSEcS3sJynvM8042lanDoSaDQBHruvaUv3ZCufJ3Undb9QbrdPaxWVZb4Xsk0NyTHxyRi7IDWmSNuEEyAt5JW/Ou/PpfDnfk9EFp9zZI1Nwfn4B3qar4Q==</latexit>

F

<latexit sha1_base64="9SLlZqgHdPyGH/+Nr2BglnOdCVI="></latexit>

F̆KFAC



Results

M. Drissi, J. W. T. Keeble, J. Rozalen-Sarmiento & A. Rios, arxiv:2401.17550



• Machine Learning techniques can solve nuclear & 
condensed matter many-body problems

• Potential: same as VMC, possibly less expensive

•Challenges
•Antisymmetry (dealt with)

•Symmetries in general (not dealt just yet)

•Numerical scaling in different systems

•Optimization strategies

Conclusions

PΨ → Ψ
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