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M a j o r  t h e m e s

• Inverse problems: Simulation-based Inference & Unfolding


• Anomaly detection


• Sampling high dimensional distributions


• Self-supervised learning — learning representations


• Leveraging physics knowledge / Inductive bias


• Multidisciplinary research and collaborations & cross-pollination


• Technical advances in deploying AI/ML in experiments
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Inverse Problems
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Chem. Sci., 2020,11, 4871-4881

Generative and
Inverse Design
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S u p e r  r e s o l u t i o n



S u p e r  r e s o l u t i o n
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Anomaly detection



“An image of particles 
colliding at the large 

hadron collider where the 
collisions are producing 

pink elephants”


H&N 2023



A n o m a l y  d e t e c t i o n  

•Classification Without Labels method (CWoLa) 


•Constructing Unobserved Regions by Transforming 
Adjacent Intervals (CURTAIns) 


•Anomaly Detection with Density Estimation (AnoDE)


•Classifying Anomalies THrough Outer Density 
Estimation (CATHODE)


•
22

•Probabilistic Inversion Can Efficiently Spot Signal 
(PrInCESS)



Some prompt based on 
kowala, Anode, cathode, 

curtains.


H&N 2022


Fail!



An image of a koala bear 
holding two electric 

cables with a large spark 
between the ends of the 
cable. The cables should 

be connected to a car 
battery. In the 

background there should 
be a window with curtains 

that are on fire.


H&N 2023





A n o m a l y  D e t e c t i o n

26

       Mastandrea, Interplay of ML for AD

The Interplay of Machine 
Learning-based Resonant Anomaly 

Detection Methods

1

Radha Mastandrea
In collaboration with T. Golling, G. Kasieczka, C. Krause, B. Nachman, 

J. A. Raine, D. Sengupta, D. Shih, and M. Sommerhalder

Hammers & Nails 2023

30/10/2023

hep-ph/2307.11157

       Mastandrea, Interplay of ML for AD 3

Many* ML techniques can construct the SM Template
SALAD (hep-ph/2001.05001) CATHODE (hep-ph/2109.00546)

Reweight Interpolate

FETA (hep-ph/2212.11285) CURTAINs (hep-ph/2203.09470)

Morph Morph

*I apologize if I’ve left out your favorite!

Drapes: Denoising resonant anomalies by perturbing existing samples
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t=0 t=1t  = strength

Forward Process (add noise, no learning involved)

Reverse Process (requires neural net)

Sample data Noise

DRAPES: Diffusion for weakly supervised searches

Hammers and Nails, Swiss Edition 2023
Debajyoti Sengupta, Matthew Leigh, Johnny Raine, Sam Klein, Tobias Golling



Sampling high dimensional distributions





L o u i s ’  Q u e s t i o n

•Say I only have a limited sample of training events, when will using these 
generative methods help? 


• If I start with 100 events, can I really generate more?


• Often we are interested in tails of distributions


•It’s a good question… implicitly skeptical


• Can we get something from nothing?


• No


• But can we get more from our samples if we have a model for what the data 
might be? Parametric or non-parametric with some inductive bias?


• Yes
29



M y  e x a m p l e …  I  a s k e d  C h a t G P T  t o  c o d e  i t  u p  f o r  m e

•Can you generate some python code for me that does the following. 


• First, generate 100 samples from a standard normal distribution.


• Second, estimate the sample mean and sample standard deviation for the 
samples.


• Third, sample 1e6 samples from a normal distribution with this mean and 
standard deviation.


• Make a histogram of the samples and overlay the original standard normal and 
the normal with the estimated mean and standard deviation.
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T h e  c o d e  C h a t G P T  p r o d u c e d  a n d  t h e  r e s u l t

•Yes, the model we fit on 100 examples is very useful for generating a million samples, even out in 
the tail. 


• Uncertainty in model parameters will clearly propagate through. There is no magic.
31



A l e x  M a t t h e w s  t h i s  m o r n i n g

32

3/11/2023

Normalizing flows,
Diffusion and

Annealed Importance Sampling 
Alex Matthews

Hammer and Nails Conference.



B a r n a b a s ,  t h i s  m o r n i n g
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"When solving a problem of 
interest, do not solve a 
more general problem as 
an intermediate step”

— Vladimir Vapnik



Self-supervised learning — learning 
representations
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40

Motivations for DINOv2

DINOv2

He, Kaiming, et al. "Masked autoencoders are scalable vision 
learners." Proceedings of the IEEE/CVF conference on 
computer vision and pattern recognition. 2022.

Radford, Alec, et al. "Learning transferable visual models from natural 
language supervision." International conference on machine learning. 
PMLR, 2021.

Goyal, Priya, et al. "Self-supervised pretraining of visual 
features in the wild." arXiv preprint arXiv:2103.01988 (2021).
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http://www.incompleteideas.net/IncIdeas/BitterLesson.html



•Effective data augmentation and curation is effectively a form of inductive bias


• Not on the model architecture, but part of the overarching ML strategy

42

v Sample two data augmentation of same image x1 and x2

v Compute the representations z1 and z2

v Compute the output

v Compute the loss

v Update parameters 
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Self-supervised learning of 
jets using a realistic 
detector simulation

Kyle Cranmer, Etienne Dreyer, Eilam Gross, Nilotpal Kakati, 
Dmitrii Kobilianskii, Patrick Rieck, Nathalie Soybelman

Hammers & Nails 2023 
Ascona, Switzerland
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Contrastive learning of jets via detector replicas

cells

tracks

Jet
A correlated set of particles with  
several learnable properties: 
(due to their composite nature)

✓ Process of origin (classification) 

✓ Energy, mass (regression) 

✓ Possible anomalous signatures

random 
seed (a)

random 
seed (b)

Detector  
simulation

“true” particle  
jet

Pythia COCOA [2]

ha

graph  
encoder

ga

gb

za

MLP

hb zb

detector hits Contrastive  
loss

[2] Configurable calorimeter simulation for AI applications A. Charkin-Gorbulin et al, Mach. Learn.: Sci. Tech. (2023)

Note: similar effort by MIT/KIT/SLAC 
(see their talk at BOOST) 



W h a t  i s  t h e  s a m e  a n d  w h a t ’s  d i f f e r e n t ?
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2

“same”

“same”

“different”

“different”

representation space



Leveraging physics knowledge / Inductive bias



Inductive Bias

Compositionality


Relationships

Symmetry

Causality
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H a m i l t o n i a n  g r a p h  N e t w o r k s

•We incorporated two physically-informed 
inductive biases


• ODE integrators 


• Hamiltonian mechanics

48

Hamiltonian Graph Networks with ODE Integrators

Alvaro Sanchez-Gonzalez
DeepMind

London, UK
alvarosg@google.com

Victor Bapst
DeepMind

London, UK
vbapst@google.com

Kyle Cranmer
NYU

New York, USA
kc90@nyu.edu

Peter Battaglia
DeepMind

London, UK
peterbattaglia@google.com

Abstract

We introduce an approach for imposing physically informed inductive biases in
learned simulation models. We combine graph networks with a differentiable
ordinary differential equation integrator as a mechanism for predicting future
states, and a Hamiltonian as an internal representation. We find that our approach
outperforms baselines without these biases in terms of predictive accuracy, energy
accuracy, and zero-shot generalization to time-step sizes and integrator orders
not experienced during training. This advances the state-of-the-art of learned
simulation, and in principle is applicable beyond physical domains.

1 Introduction

Learning to simulate complex physical processes has been shown to benefit from rich inductive
biases about the structure of the system’s state, such as modeling particles and their interactions via
nodes and edges in a graph [1–5], and optimizing internal representations to predict known physical
quantities [6]. Here we explore another class of physically informed inductive biases: that a system’s
dynamics can be modeled as an ordinary differential equation (ODE) and formulated as Hamiltonian
mechanics. These have recently been studied individually by Chen et al. [7], Rubanova et al. [8]
(ODE bias), and Greydanus et al. [9] (Hamiltonian bias), but here we incorporate both into graph
network-based neural architectures [10, 1, 3] for learning simulation.

Our experiments show that our trained models have greater predictive accuracy than baselines, as
well as better energy conservation (via the Hamiltonian inductive bias) and stronger generalization
to novel time-steps and integrator orders (via the ODE integrator inductive bias). These inductive
biases also carry trade-offs: with lower order integrators and coarse time-steps, both our learned
Hamiltonian model as well as a model which uses the true Hamiltonian derived from physics struggle,
because the Hamiltonian puts hard constraints on how the higher order structure of the dynamics must
be modeled, whereas the less constrained models can learn ways of approximating such structure.

2 Background

Graph networks We represent a particle system as a graph whose nodes correspond to particles,
and with edges connecting all nodes to each other. All of our models use a graph network (GN) [10],
which operates on graphs G = (u, V, E) with global features, u, and variable numbers of nodes,
V , and edges, E. Here we focus on GNs which can compute per-node outputs, V 0 = GNV (G),

Preprint. Under review.

Integrator
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�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit>

OGN / HOGN

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

HGN
<latexit sha1_base64="+GiKiVx5Wyvrg9UrFArETHNhCfI=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqSRV0WXRhV1LBXqANYTKdtkNnJmFmIpSQja/ixoUibn0Md76NkzQLbf1h4OM/5zDn/EHEqNKO822VVlbX1jfKm5Wt7Z3dPXv/oKPCWGLSxiELZS9AijAqSFtTzUgvkgTxgJFuML3J6t1HIhUNxYOeRcTjaCzoiGKkjeXbRwOO9AQjljRTP2fJk9u71LerTs3JBZfBLaAKCrV8+2swDHHMidCYIaX6rhNpL0FSU8xIWhnEikQIT9GY9A0KxInykvyAFJ4aZwhHoTRPaJi7vycSxJWa8cB0ZiuqxVpm/lfrx3p05SVURLEmAs8/GsUM6hBmacAhlQRrNjOAsKRmV4gnSCKsTWYVE4K7ePIydOo197xWv7+oNq6LOMrgGJyAM+CCS9AATdACbYBBCp7BK3iznqwX6936mLeWrGLmEPyR9fkDTlOW3A==</latexit>

GNu
<latexit sha1_base64="SamomLDwGEx5zJoMuY6504uCKCg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6EJXUsE+oB2GTJppQ5PMkGSEMs7CX3HjQhG3/oY7/8ZMOwttPRA4nHMv9+QEMaNKO863VVpaXlldK69XNja3tnfs3b22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Kvc7D0QqGol7PYmJx9FQ0JBipI3k2wd9jvRI8vT6NvOnPAjTJPPtqlNzpoCLxC1IFRRo+vZXfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZKhAnykun+TN4bJQBDCNpntBwqv7eSBFXasIDM5knVPNeLv7n9RIdXngpFXGiicCzQ2HCoI5gXgYcUEmwZhNDEJbUZIV4hCTC2lRWMSW4819eJO16zT2t1e/Oqo3Loo4yOARH4AS44Bw0wA1oghbA4BE8g1fwZj1ZL9a79TEbLVnFzj74A+vzB8bUlpc=</latexit>

✓
@HGN

@p
,�

@HGN

@q

◆

<latexit sha1_base64="YWg29ndGFr8JGopJ8w16gm8UHjc="></latexit>

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

: ODE’s time derivativesfq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

a b c d

e

f

OGN’s fOGN

q̇,ṗ
<latexit sha1_base64="BtDUU8eofJ+0Acwo8AZaJRnQ0qg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4kDJTFV0WXehKK9gHtLVk0kwbmnmY3BFLmC9x46+4caGI4Er/xvSxsK0HAodzz72597iR4Aps+8dKzc0vLC6llzMrq2vrG9nNrYoKY0lZmYYilDWXKCZ4wMrAQbBaJBnxXcGqbu98UK8+MKl4GNxCP2JNn3QC7nFKwEit7LF3pxvAHkH6+vriKklautEOQTd8Al3X0/dJcoAnlCgxpmzOzttD4FnijEkOjVFqZb/MDBr7LAAqiFJ1x46gqYkETgVLMo1YsYjQHumwuqEB8Zlq6uF5Cd4zSht7oTQvADxU/3Zo4ivV913jHOyopmsD8b9aPQbvtKl5EMXAAjr6yIsFhhAPssJtLhkF0TeEUMnNrph2iSQUTKIZE4IzffIsqRTyzmG+cHOUK56N40ijHbSL9pGDTlARXaISKiOKntALekPv1rP1an1YnyNryhr3bKMJWN+/kkeknw==</latexit>

HOGN’s fHOGN
q̇,ṗ

<latexit sha1_base64="swbO47kxs472VPbI76CqfMpsqws=">AAACH3icbVDLTgIxFO3gC/GFunTTSExcGDKDRl0SXchKMREwASSd0oGGzsP2jpE08ydu/BU3LjTGuONvLI+FgCdpcnLuubf3HjcSXIFtD6zUwuLS8kp6NbO2vrG5ld3eqaowlpRVaChCee8SxQQPWAU4CHYfSUZ8V7Ca27sc1mtPTCoeBnfQj1jTJ52Ae5wSMFIre+o96AawZ5C+Lt1cXSdJSzfaIeiGT6DrevoxSY7wlBIlxpTN2Xl7BDxPnAnJoQnKreyPmUFjnwVABVGq7tgRNDWRwKlgSaYRKxYR2iMdVjc0ID5TTT26L8EHRmljL5TmBYBH6t8OTXyl+r5rnMMd1WxtKP5Xq8fgnTc1D6IYWEDHH3mxwBDiYVi4zSWjIPqGECq52RXTLpGEgok0Y0JwZk+eJ9VC3jnOF25PcsWLSRxptIf20SFy0BkqohIqowqi6AW9oQ/0ab1a79aX9T22pqxJzy6agjX4BTVrpPE=</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

arXiv:1909.12790

Integrator
<latexit sha1_base64="tcBmATtGTuWdWxK1t1aUlGR5ygM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVZIq6LLoRncV7APaUCbTSTt0MhNmboQQ6q+4caGIWz/EnX/jpM1CWw8MHM65l3vmBDFnGlz32yqtrW9sbpW3Kzu7e/sH9uFRR8tEEdomkkvVC7CmnAnaBgac9mJFcRRw2g2mN7nffaRKMykeII2pH+GxYCEjGIw0tKuDCMNERdmdADpWGKSaDe2aW3fncFaJV5AaKtAa2l+DkSRJRAUQjrXue24MfoYVMMLprDJINI0xmeIx7RsqcES1n83Dz5xTo4ycUCrzBDhz9fdGhiOt0ygwk3lUvezl4n9eP4Hwys+YiBOggiwOhQl3QDp5E86IKUqAp4ZgopjJ6pAJVpiA6atiSvCWv7xKOo26d15v3F/UmtdFHWV0jE7QGfLQJWqiW9RCbURQip7RK3qznqwX6936WIyWrGKniv7A+vwBpEKVaQ==</latexit>

DeltaGN

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

+
<latexit sha1_base64="HFb7vPGXWshKfdtTiumEDK16me0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvctypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3LTjLM=</latexit>

(�q,�p)n
<latexit sha1_base64="ozUuZK2/Z71Fn+K9ydhiOe85b5g=">AAACEXicbVDLSsNAFL2pr1pfVZduBotQQUpSBV0WdeGygn1AE8pkOmmHTh7OTIQS8gtu/BU3LhRx686df+OkzUJbDwwczjmXufe4EWdSmea3UVhaXlldK66XNja3tnfKu3ttGcaC0BYJeSi6LpaUs4C2FFOcdiNBse9y2nHHV5nfeaBCsjC4U5OIOj4eBsxjBCst9cvVqn1NucLI9rEauV5yn56gOSlKj/s6WjFr5hRokVg5qUCOZr/8ZQ9CEvs0UIRjKXuWGSknwUIxwmlasmNJI0zGeEh7mgbYp9JJphel6EgrA+SFQr9Aoan6eyLBvpQT39XJbEk572Xif14vVt6Fk7AgihUNyOwjL+ZIhSirBw2YoETxiSaYCKZ3RWSEBSZKl1jSJVjzJy+Sdr1mndbqt2eVxmVeRxEO4BCqYME5NOAGmtACAo/wDK/wZjwZL8a78TGLFox8Zh/+wPj8AZdonOI=</latexit>

(q,p)n
<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Data
(q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Physics
<latexit sha1_base64="Cd3MzIu//1eDOhxWmi8S256786g=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6LblxWsA9oh5JJ0zY0yQxJpjAM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OGHOmjed9O6WNza3tnfJuZW//4PDIPT5p6yhRhLZIxCPVDbGmnEnaMsxw2o0VxSLktBNO73O/M6NKs0g+mTSmgcBjyUaMYGOlgev2BTYTJbLmJNWM6PnArXo1bwG0TvyCVKFAc+B+9YcRSQSVhnCsdc/3YhNkWBlGOJ1X+ommMSZTPKY9SyUWVAfZIvkcXVhliEaRsk8atFB/b2RYaJ2K0E7mOfWql4v/eb3EjG6DjMk4MVSS5aFRwpGJUF4DGjJFieGpJZgoZrMiMsEKE2PLqtgS/NUvr5N2veZf1eqP19XGXVFHGc7gHC7BhxtowAM0oQUEZvAMr/DmZM6L8+58LEdLTrFzCn/gfP4AQPmUDw==</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit> (q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit>

OGN / HOGN

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

HGN
<latexit sha1_base64="+GiKiVx5Wyvrg9UrFArETHNhCfI=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqSRV0WXRhV1LBXqANYTKdtkNnJmFmIpSQja/ixoUibn0Md76NkzQLbf1h4OM/5zDn/EHEqNKO822VVlbX1jfKm5Wt7Z3dPXv/oKPCWGLSxiELZS9AijAqSFtTzUgvkgTxgJFuML3J6t1HIhUNxYOeRcTjaCzoiGKkjeXbRwOO9AQjljRTP2fJk9u71LerTs3JBZfBLaAKCrV8+2swDHHMidCYIaX6rhNpL0FSU8xIWhnEikQIT9GY9A0KxInykvyAFJ4aZwhHoTRPaJi7vycSxJWa8cB0ZiuqxVpm/lfrx3p05SVURLEmAs8/GsUM6hBmacAhlQRrNjOAsKRmV4gnSCKsTWYVE4K7ePIydOo197xWv7+oNq6LOMrgGJyAM+CCS9AATdACbYBBCp7BK3iznqwX6936mLeWrGLmEPyR9fkDTlOW3A==</latexit>

GNu
<latexit sha1_base64="SamomLDwGEx5zJoMuY6504uCKCg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6EJXUsE+oB2GTJppQ5PMkGSEMs7CX3HjQhG3/oY7/8ZMOwttPRA4nHMv9+QEMaNKO863VVpaXlldK69XNja3tnfs3b22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Kvc7D0QqGol7PYmJx9FQ0JBipI3k2wd9jvRI8vT6NvOnPAjTJPPtqlNzpoCLxC1IFRRo+vZXfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZKhAnykun+TN4bJQBDCNpntBwqv7eSBFXasIDM5knVPNeLv7n9RIdXngpFXGiicCzQ2HCoI5gXgYcUEmwZhNDEJbUZIV4hCTC2lRWMSW4819eJO16zT2t1e/Oqo3Loo4yOARH4AS44Bw0wA1oghbA4BE8g1fwZj1ZL9a79TEbLVnFzj74A+vzB8bUlpc=</latexit>

✓
@HGN

@p
,�

@HGN

@q

◆

<latexit sha1_base64="YWg29ndGFr8JGopJ8w16gm8UHjc="></latexit>

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

: ODE’s time derivativesfq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

a b c d

e

f

OGN’s fOGN

q̇,ṗ
<latexit sha1_base64="BtDUU8eofJ+0Acwo8AZaJRnQ0qg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4kDJTFV0WXehKK9gHtLVk0kwbmnmY3BFLmC9x46+4caGI4Er/xvSxsK0HAodzz72597iR4Aps+8dKzc0vLC6llzMrq2vrG9nNrYoKY0lZmYYilDWXKCZ4wMrAQbBaJBnxXcGqbu98UK8+MKl4GNxCP2JNn3QC7nFKwEit7LF3pxvAHkH6+vriKklautEOQTd8Al3X0/dJcoAnlCgxpmzOzttD4FnijEkOjVFqZb/MDBr7LAAqiFJ1x46gqYkETgVLMo1YsYjQHumwuqEB8Zlq6uF5Cd4zSht7oTQvADxU/3Zo4ivV913jHOyopmsD8b9aPQbvtKl5EMXAAjr6yIsFhhAPssJtLhkF0TeEUMnNrph2iSQUTKIZE4IzffIsqRTyzmG+cHOUK56N40ijHbSL9pGDTlARXaISKiOKntALekPv1rP1an1YnyNryhr3bKMJWN+/kkeknw==</latexit>

HOGN’s fHOGN
q̇,ṗ

<latexit sha1_base64="swbO47kxs472VPbI76CqfMpsqws=">AAACH3icbVDLTgIxFO3gC/GFunTTSExcGDKDRl0SXchKMREwASSd0oGGzsP2jpE08ydu/BU3LjTGuONvLI+FgCdpcnLuubf3HjcSXIFtD6zUwuLS8kp6NbO2vrG5ld3eqaowlpRVaChCee8SxQQPWAU4CHYfSUZ8V7Ca27sc1mtPTCoeBnfQj1jTJ52Ae5wSMFIre+o96AawZ5C+Lt1cXSdJSzfaIeiGT6DrevoxSY7wlBIlxpTN2Xl7BDxPnAnJoQnKreyPmUFjnwVABVGq7tgRNDWRwKlgSaYRKxYR2iMdVjc0ID5TTT26L8EHRmljL5TmBYBH6t8OTXyl+r5rnMMd1WxtKP5Xq8fgnTc1D6IYWEDHH3mxwBDiYVi4zSWjIPqGECq52RXTLpGEgok0Y0JwZk+eJ9VC3jnOF25PcsWLSRxptIf20SFy0BkqohIqowqi6AW9oQ/0ab1a79aX9T22pqxJzy6agjX4BTVrpPE=</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

Integrator
<latexit sha1_base64="tcBmATtGTuWdWxK1t1aUlGR5ygM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVZIq6LLoRncV7APaUCbTSTt0MhNmboQQ6q+4caGIWz/EnX/jpM1CWw8MHM65l3vmBDFnGlz32yqtrW9sbpW3Kzu7e/sH9uFRR8tEEdomkkvVC7CmnAnaBgac9mJFcRRw2g2mN7nffaRKMykeII2pH+GxYCEjGIw0tKuDCMNERdmdADpWGKSaDe2aW3fncFaJV5AaKtAa2l+DkSRJRAUQjrXue24MfoYVMMLprDJINI0xmeIx7RsqcES1n83Dz5xTo4ycUCrzBDhz9fdGhiOt0ygwk3lUvezl4n9eP4Hwys+YiBOggiwOhQl3QDp5E86IKUqAp4ZgopjJ6pAJVpiA6atiSvCWv7xKOo26d15v3F/UmtdFHWV0jE7QGfLQJWqiW9RCbURQip7RK3qznqwX6936WIyWrGKniv7A+vwBpEKVaQ==</latexit>

DeltaGN

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

+
<latexit sha1_base64="HFb7vPGXWshKfdtTiumEDK16me0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvctypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3LTjLM=</latexit>

(�q,�p)n
<latexit sha1_base64="ozUuZK2/Z71Fn+K9ydhiOe85b5g=">AAACEXicbVDLSsNAFL2pr1pfVZduBotQQUpSBV0WdeGygn1AE8pkOmmHTh7OTIQS8gtu/BU3LhRx686df+OkzUJbDwwczjmXufe4EWdSmea3UVhaXlldK66XNja3tnfKu3ttGcaC0BYJeSi6LpaUs4C2FFOcdiNBse9y2nHHV5nfeaBCsjC4U5OIOj4eBsxjBCst9cvVqn1NucLI9rEauV5yn56gOSlKj/s6WjFr5hRokVg5qUCOZr/8ZQ9CEvs0UIRjKXuWGSknwUIxwmlasmNJI0zGeEh7mgbYp9JJphel6EgrA+SFQr9Aoan6eyLBvpQT39XJbEk572Xif14vVt6Fk7AgihUNyOwjL+ZIhSirBw2YoETxiSaYCKZ3RWSEBSZKl1jSJVjzJy+Sdr1mndbqt2eVxmVeRxEO4BCqYME5NOAGmtACAo/wDK/wZjwZL8a78TGLFox8Zh/+wPj8AZdonOI=</latexit>

(q,p)n
<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Data
(q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Physics
<latexit sha1_base64="Cd3MzIu//1eDOhxWmi8S256786g=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6LblxWsA9oh5JJ0zY0yQxJpjAM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OGHOmjed9O6WNza3tnfJuZW//4PDIPT5p6yhRhLZIxCPVDbGmnEnaMsxw2o0VxSLktBNO73O/M6NKs0g+mTSmgcBjyUaMYGOlgev2BTYTJbLmJNWM6PnArXo1bwG0TvyCVKFAc+B+9YcRSQSVhnCsdc/3YhNkWBlGOJ1X+ommMSZTPKY9SyUWVAfZIvkcXVhliEaRsk8atFB/b2RYaJ2K0E7mOfWql4v/eb3EjG6DjMk4MVSS5aFRwpGJUF4DGjJFieGpJZgoZrMiMsEKE2PLqtgS/NUvr5N2veZf1eqP19XGXVFHGc7gHC7BhxtowAM0oQUEZvAMr/DmZM6L8+58LEdLTrFzCn/gfP4AQPmUDw==</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit> (q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit>

OGN / HOGN

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

HGN
<latexit sha1_base64="+GiKiVx5Wyvrg9UrFArETHNhCfI=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqSRV0WXRhV1LBXqANYTKdtkNnJmFmIpSQja/ixoUibn0Md76NkzQLbf1h4OM/5zDn/EHEqNKO822VVlbX1jfKm5Wt7Z3dPXv/oKPCWGLSxiELZS9AijAqSFtTzUgvkgTxgJFuML3J6t1HIhUNxYOeRcTjaCzoiGKkjeXbRwOO9AQjljRTP2fJk9u71LerTs3JBZfBLaAKCrV8+2swDHHMidCYIaX6rhNpL0FSU8xIWhnEikQIT9GY9A0KxInykvyAFJ4aZwhHoTRPaJi7vycSxJWa8cB0ZiuqxVpm/lfrx3p05SVURLEmAs8/GsUM6hBmacAhlQRrNjOAsKRmV4gnSCKsTWYVE4K7ePIydOo197xWv7+oNq6LOMrgGJyAM+CCS9AATdACbYBBCp7BK3iznqwX6936mLeWrGLmEPyR9fkDTlOW3A==</latexit>

GNu
<latexit sha1_base64="SamomLDwGEx5zJoMuY6504uCKCg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6EJXUsE+oB2GTJppQ5PMkGSEMs7CX3HjQhG3/oY7/8ZMOwttPRA4nHMv9+QEMaNKO863VVpaXlldK69XNja3tnfs3b22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Kvc7D0QqGol7PYmJx9FQ0JBipI3k2wd9jvRI8vT6NvOnPAjTJPPtqlNzpoCLxC1IFRRo+vZXfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZKhAnykun+TN4bJQBDCNpntBwqv7eSBFXasIDM5knVPNeLv7n9RIdXngpFXGiicCzQ2HCoI5gXgYcUEmwZhNDEJbUZIV4hCTC2lRWMSW4819eJO16zT2t1e/Oqo3Loo4yOARH4AS44Bw0wA1oghbA4BE8g1fwZj1ZL9a79TEbLVnFzj74A+vzB8bUlpc=</latexit>

✓
@HGN

@p
,�

@HGN

@q

◆

<latexit sha1_base64="YWg29ndGFr8JGopJ8w16gm8UHjc="></latexit>

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

: ODE’s time derivativesfq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

a b c d

e

f

OGN’s fOGN

q̇,ṗ
<latexit sha1_base64="BtDUU8eofJ+0Acwo8AZaJRnQ0qg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4kDJTFV0WXehKK9gHtLVk0kwbmnmY3BFLmC9x46+4caGI4Er/xvSxsK0HAodzz72597iR4Aps+8dKzc0vLC6llzMrq2vrG9nNrYoKY0lZmYYilDWXKCZ4wMrAQbBaJBnxXcGqbu98UK8+MKl4GNxCP2JNn3QC7nFKwEit7LF3pxvAHkH6+vriKklautEOQTd8Al3X0/dJcoAnlCgxpmzOzttD4FnijEkOjVFqZb/MDBr7LAAqiFJ1x46gqYkETgVLMo1YsYjQHumwuqEB8Zlq6uF5Cd4zSht7oTQvADxU/3Zo4ivV913jHOyopmsD8b9aPQbvtKl5EMXAAjr6yIsFhhAPssJtLhkF0TeEUMnNrph2iSQUTKIZE4IzffIsqRTyzmG+cHOUK56N40ijHbSL9pGDTlARXaISKiOKntALekPv1rP1an1YnyNryhr3bKMJWN+/kkeknw==</latexit>

HOGN’s fHOGN
q̇,ṗ

<latexit sha1_base64="swbO47kxs472VPbI76CqfMpsqws=">AAACH3icbVDLTgIxFO3gC/GFunTTSExcGDKDRl0SXchKMREwASSd0oGGzsP2jpE08ydu/BU3LjTGuONvLI+FgCdpcnLuubf3HjcSXIFtD6zUwuLS8kp6NbO2vrG5ld3eqaowlpRVaChCee8SxQQPWAU4CHYfSUZ8V7Ca27sc1mtPTCoeBnfQj1jTJ52Ae5wSMFIre+o96AawZ5C+Lt1cXSdJSzfaIeiGT6DrevoxSY7wlBIlxpTN2Xl7BDxPnAnJoQnKreyPmUFjnwVABVGq7tgRNDWRwKlgSaYRKxYR2iMdVjc0ID5TTT26L8EHRmljL5TmBYBH6t8OTXyl+r5rnMMd1WxtKP5Xq8fgnTc1D6IYWEDHH3mxwBDiYVi4zSWjIPqGECq52RXTLpGEgok0Y0JwZk+eJ9VC3jnOF25PcsWLSRxptIf20SFy0BkqohIqowqi6AW9oQ/0ab1a79aX9T22pqxJzy6agjX4BTVrpPE=</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

Integrator
<latexit sha1_base64="tcBmATtGTuWdWxK1t1aUlGR5ygM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVZIq6LLoRncV7APaUCbTSTt0MhNmboQQ6q+4caGIWz/EnX/jpM1CWw8MHM65l3vmBDFnGlz32yqtrW9sbpW3Kzu7e/sH9uFRR8tEEdomkkvVC7CmnAnaBgac9mJFcRRw2g2mN7nffaRKMykeII2pH+GxYCEjGIw0tKuDCMNERdmdADpWGKSaDe2aW3fncFaJV5AaKtAa2l+DkSRJRAUQjrXue24MfoYVMMLprDJINI0xmeIx7RsqcES1n83Dz5xTo4ycUCrzBDhz9fdGhiOt0ygwk3lUvezl4n9eP4Hwys+YiBOggiwOhQl3QDp5E86IKUqAp4ZgopjJ6pAJVpiA6atiSvCWv7xKOo26d15v3F/UmtdFHWV0jE7QGfLQJWqiW9RCbURQip7RK3qznqwX6936WIyWrGKniv7A+vwBpEKVaQ==</latexit>

DeltaGN

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

+
<latexit sha1_base64="HFb7vPGXWshKfdtTiumEDK16me0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvctypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3LTjLM=</latexit>

(�q,�p)n
<latexit sha1_base64="ozUuZK2/Z71Fn+K9ydhiOe85b5g=">AAACEXicbVDLSsNAFL2pr1pfVZduBotQQUpSBV0WdeGygn1AE8pkOmmHTh7OTIQS8gtu/BU3LhRx686df+OkzUJbDwwczjmXufe4EWdSmea3UVhaXlldK66XNja3tnfKu3ttGcaC0BYJeSi6LpaUs4C2FFOcdiNBse9y2nHHV5nfeaBCsjC4U5OIOj4eBsxjBCst9cvVqn1NucLI9rEauV5yn56gOSlKj/s6WjFr5hRokVg5qUCOZr/8ZQ9CEvs0UIRjKXuWGSknwUIxwmlasmNJI0zGeEh7mgbYp9JJphel6EgrA+SFQr9Aoan6eyLBvpQT39XJbEk572Xif14vVt6Fk7AgihUNyOwjL+ZIhSirBw2YoETxiSaYCKZ3RWSEBSZKl1jSJVjzJy+Sdr1mndbqt2eVxmVeRxEO4BCqYME5NOAGmtACAo/wDK/wZjwZL8a78TGLFox8Zh/+wPj8AZdonOI=</latexit>

(q,p)n
<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Data
(q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Physics
<latexit sha1_base64="Cd3MzIu//1eDOhxWmi8S256786g=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6LblxWsA9oh5JJ0zY0yQxJpjAM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OGHOmjed9O6WNza3tnfJuZW//4PDIPT5p6yhRhLZIxCPVDbGmnEnaMsxw2o0VxSLktBNO73O/M6NKs0g+mTSmgcBjyUaMYGOlgev2BTYTJbLmJNWM6PnArXo1bwG0TvyCVKFAc+B+9YcRSQSVhnCsdc/3YhNkWBlGOJ1X+ommMSZTPKY9SyUWVAfZIvkcXVhliEaRsk8atFB/b2RYaJ2K0E7mOfWql4v/eb3EjG6DjMk4MVSS5aFRwpGJUF4DGjJFieGpJZgoZrMiMsEKE2PLqtgS/NUvr5N2veZf1eqP19XGXVFHGc7gHC7BhxtowAM0oQUEZvAMr/DmZM6L8+58LEdLTrFzCn/gfP4AQPmUDw==</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit> (q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit>

OGN / HOGN

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

HGN
<latexit sha1_base64="+GiKiVx5Wyvrg9UrFArETHNhCfI=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqSRV0WXRhV1LBXqANYTKdtkNnJmFmIpSQja/ixoUibn0Md76NkzQLbf1h4OM/5zDn/EHEqNKO822VVlbX1jfKm5Wt7Z3dPXv/oKPCWGLSxiELZS9AijAqSFtTzUgvkgTxgJFuML3J6t1HIhUNxYOeRcTjaCzoiGKkjeXbRwOO9AQjljRTP2fJk9u71LerTs3JBZfBLaAKCrV8+2swDHHMidCYIaX6rhNpL0FSU8xIWhnEikQIT9GY9A0KxInykvyAFJ4aZwhHoTRPaJi7vycSxJWa8cB0ZiuqxVpm/lfrx3p05SVURLEmAs8/GsUM6hBmacAhlQRrNjOAsKRmV4gnSCKsTWYVE4K7ePIydOo197xWv7+oNq6LOMrgGJyAM+CCS9AATdACbYBBCp7BK3iznqwX6936mLeWrGLmEPyR9fkDTlOW3A==</latexit>

GNu
<latexit sha1_base64="SamomLDwGEx5zJoMuY6504uCKCg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6EJXUsE+oB2GTJppQ5PMkGSEMs7CX3HjQhG3/oY7/8ZMOwttPRA4nHMv9+QEMaNKO863VVpaXlldK69XNja3tnfs3b22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Kvc7D0QqGol7PYmJx9FQ0JBipI3k2wd9jvRI8vT6NvOnPAjTJPPtqlNzpoCLxC1IFRRo+vZXfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZKhAnykun+TN4bJQBDCNpntBwqv7eSBFXasIDM5knVPNeLv7n9RIdXngpFXGiicCzQ2HCoI5gXgYcUEmwZhNDEJbUZIV4hCTC2lRWMSW4819eJO16zT2t1e/Oqo3Loo4yOARH4AS44Bw0wA1oghbA4BE8g1fwZj1ZL9a79TEbLVnFzj74A+vzB8bUlpc=</latexit>

✓
@HGN

@p
,�

@HGN

@q

◆

<latexit sha1_base64="YWg29ndGFr8JGopJ8w16gm8UHjc="></latexit>

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

: ODE’s time derivativesfq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

a b c d

e

f

OGN’s fOGN

q̇,ṗ
<latexit sha1_base64="BtDUU8eofJ+0Acwo8AZaJRnQ0qg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4kDJTFV0WXehKK9gHtLVk0kwbmnmY3BFLmC9x46+4caGI4Er/xvSxsK0HAodzz72597iR4Aps+8dKzc0vLC6llzMrq2vrG9nNrYoKY0lZmYYilDWXKCZ4wMrAQbBaJBnxXcGqbu98UK8+MKl4GNxCP2JNn3QC7nFKwEit7LF3pxvAHkH6+vriKklautEOQTd8Al3X0/dJcoAnlCgxpmzOzttD4FnijEkOjVFqZb/MDBr7LAAqiFJ1x46gqYkETgVLMo1YsYjQHumwuqEB8Zlq6uF5Cd4zSht7oTQvADxU/3Zo4ivV913jHOyopmsD8b9aPQbvtKl5EMXAAjr6yIsFhhAPssJtLhkF0TeEUMnNrph2iSQUTKIZE4IzffIsqRTyzmG+cHOUK56N40ijHbSL9pGDTlARXaISKiOKntALekPv1rP1an1YnyNryhr3bKMJWN+/kkeknw==</latexit>

HOGN’s fHOGN
q̇,ṗ

<latexit sha1_base64="swbO47kxs472VPbI76CqfMpsqws=">AAACH3icbVDLTgIxFO3gC/GFunTTSExcGDKDRl0SXchKMREwASSd0oGGzsP2jpE08ydu/BU3LjTGuONvLI+FgCdpcnLuubf3HjcSXIFtD6zUwuLS8kp6NbO2vrG5ld3eqaowlpRVaChCee8SxQQPWAU4CHYfSUZ8V7Ca27sc1mtPTCoeBnfQj1jTJ52Ae5wSMFIre+o96AawZ5C+Lt1cXSdJSzfaIeiGT6DrevoxSY7wlBIlxpTN2Xl7BDxPnAnJoQnKreyPmUFjnwVABVGq7tgRNDWRwKlgSaYRKxYR2iMdVjc0ID5TTT26L8EHRmljL5TmBYBH6t8OTXyl+r5rnMMd1WxtKP5Xq8fgnTc1D6IYWEDHH3mxwBDiYVi4zSWjIPqGECq52RXTLpGEgok0Y0JwZk+eJ9VC3jnOF25PcsWLSRxptIf20SFy0BkqohIqowqi6AW9oQ/0ab1a79aX9T22pqxJzy6agjX4BTVrpPE=</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

Integrator
<latexit sha1_base64="tcBmATtGTuWdWxK1t1aUlGR5ygM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVZIq6LLoRncV7APaUCbTSTt0MhNmboQQ6q+4caGIWz/EnX/jpM1CWw8MHM65l3vmBDFnGlz32yqtrW9sbpW3Kzu7e/sH9uFRR8tEEdomkkvVC7CmnAnaBgac9mJFcRRw2g2mN7nffaRKMykeII2pH+GxYCEjGIw0tKuDCMNERdmdADpWGKSaDe2aW3fncFaJV5AaKtAa2l+DkSRJRAUQjrXue24MfoYVMMLprDJINI0xmeIx7RsqcES1n83Dz5xTo4ycUCrzBDhz9fdGhiOt0ygwk3lUvezl4n9eP4Hwys+YiBOggiwOhQl3QDp5E86IKUqAp4ZgopjJ6pAJVpiA6atiSvCWv7xKOo26d15v3F/UmtdFHWV0jE7QGfLQJWqiW9RCbURQip7RK3qznqwX6936WIyWrGKniv7A+vwBpEKVaQ==</latexit>

DeltaGN

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

+
<latexit sha1_base64="HFb7vPGXWshKfdtTiumEDK16me0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvctypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3LTjLM=</latexit>

(�q,�p)n
<latexit sha1_base64="ozUuZK2/Z71Fn+K9ydhiOe85b5g=">AAACEXicbVDLSsNAFL2pr1pfVZduBotQQUpSBV0WdeGygn1AE8pkOmmHTh7OTIQS8gtu/BU3LhRx686df+OkzUJbDwwczjmXufe4EWdSmea3UVhaXlldK66XNja3tnfKu3ttGcaC0BYJeSi6LpaUs4C2FFOcdiNBse9y2nHHV5nfeaBCsjC4U5OIOj4eBsxjBCst9cvVqn1NucLI9rEauV5yn56gOSlKj/s6WjFr5hRokVg5qUCOZr/8ZQ9CEvs0UIRjKXuWGSknwUIxwmlasmNJI0zGeEh7mgbYp9JJphel6EgrA+SFQr9Aoan6eyLBvpQT39XJbEk572Xif14vVt6Fk7AgihUNyOwjL+ZIhSirBw2YoETxiSaYCKZ3RWSEBSZKl1jSJVjzJy+Sdr1mndbqt2eVxmVeRxEO4BCqYME5NOAGmtACAo/wDK/wZjwZL8a78TGLFox8Zh/+wPj8AZdonOI=</latexit>

(q,p)n
<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Data
(q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Physics
<latexit sha1_base64="Cd3MzIu//1eDOhxWmi8S256786g=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6LblxWsA9oh5JJ0zY0yQxJpjAM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OGHOmjed9O6WNza3tnfJuZW//4PDIPT5p6yhRhLZIxCPVDbGmnEnaMsxw2o0VxSLktBNO73O/M6NKs0g+mTSmgcBjyUaMYGOlgev2BTYTJbLmJNWM6PnArXo1bwG0TvyCVKFAc+B+9YcRSQSVhnCsdc/3YhNkWBlGOJ1X+ommMSZTPKY9SyUWVAfZIvkcXVhliEaRsk8atFB/b2RYaJ2K0E7mOfWql4v/eb3EjG6DjMk4MVSS5aFRwpGJUF4DGjJFieGpJZgoZrMiMsEKE2PLqtgS/NUvr5N2veZf1eqP19XGXVFHGc7gHC7BhxtowAM0oQUEZvAMr/DmZM6L8+58LEdLTrFzCn/gfP4AQPmUDw==</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit> (q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit>

OGN / HOGN

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

HGN
<latexit sha1_base64="+GiKiVx5Wyvrg9UrFArETHNhCfI=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqSRV0WXRhV1LBXqANYTKdtkNnJmFmIpSQja/ixoUibn0Md76NkzQLbf1h4OM/5zDn/EHEqNKO822VVlbX1jfKm5Wt7Z3dPXv/oKPCWGLSxiELZS9AijAqSFtTzUgvkgTxgJFuML3J6t1HIhUNxYOeRcTjaCzoiGKkjeXbRwOO9AQjljRTP2fJk9u71LerTs3JBZfBLaAKCrV8+2swDHHMidCYIaX6rhNpL0FSU8xIWhnEikQIT9GY9A0KxInykvyAFJ4aZwhHoTRPaJi7vycSxJWa8cB0ZiuqxVpm/lfrx3p05SVURLEmAs8/GsUM6hBmacAhlQRrNjOAsKRmV4gnSCKsTWYVE4K7ePIydOo197xWv7+oNq6LOMrgGJyAM+CCS9AATdACbYBBCp7BK3iznqwX6936mLeWrGLmEPyR9fkDTlOW3A==</latexit>

GNu
<latexit sha1_base64="SamomLDwGEx5zJoMuY6504uCKCg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6EJXUsE+oB2GTJppQ5PMkGSEMs7CX3HjQhG3/oY7/8ZMOwttPRA4nHMv9+QEMaNKO863VVpaXlldK69XNja3tnfs3b22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Kvc7D0QqGol7PYmJx9FQ0JBipI3k2wd9jvRI8vT6NvOnPAjTJPPtqlNzpoCLxC1IFRRo+vZXfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZKhAnykun+TN4bJQBDCNpntBwqv7eSBFXasIDM5knVPNeLv7n9RIdXngpFXGiicCzQ2HCoI5gXgYcUEmwZhNDEJbUZIV4hCTC2lRWMSW4819eJO16zT2t1e/Oqo3Loo4yOARH4AS44Bw0wA1oghbA4BE8g1fwZj1ZL9a79TEbLVnFzj74A+vzB8bUlpc=</latexit>

✓
@HGN

@p
,�

@HGN

@q

◆

<latexit sha1_base64="YWg29ndGFr8JGopJ8w16gm8UHjc="></latexit>

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

: ODE’s time derivativesfq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

a b c d

e

f

OGN’s fOGN

q̇,ṗ
<latexit sha1_base64="BtDUU8eofJ+0Acwo8AZaJRnQ0qg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4kDJTFV0WXehKK9gHtLVk0kwbmnmY3BFLmC9x46+4caGI4Er/xvSxsK0HAodzz72597iR4Aps+8dKzc0vLC6llzMrq2vrG9nNrYoKY0lZmYYilDWXKCZ4wMrAQbBaJBnxXcGqbu98UK8+MKl4GNxCP2JNn3QC7nFKwEit7LF3pxvAHkH6+vriKklautEOQTd8Al3X0/dJcoAnlCgxpmzOzttD4FnijEkOjVFqZb/MDBr7LAAqiFJ1x46gqYkETgVLMo1YsYjQHumwuqEB8Zlq6uF5Cd4zSht7oTQvADxU/3Zo4ivV913jHOyopmsD8b9aPQbvtKl5EMXAAjr6yIsFhhAPssJtLhkF0TeEUMnNrph2iSQUTKIZE4IzffIsqRTyzmG+cHOUK56N40ijHbSL9pGDTlARXaISKiOKntALekPv1rP1an1YnyNryhr3bKMJWN+/kkeknw==</latexit>

HOGN’s fHOGN
q̇,ṗ

<latexit sha1_base64="swbO47kxs472VPbI76CqfMpsqws=">AAACH3icbVDLTgIxFO3gC/GFunTTSExcGDKDRl0SXchKMREwASSd0oGGzsP2jpE08ydu/BU3LjTGuONvLI+FgCdpcnLuubf3HjcSXIFtD6zUwuLS8kp6NbO2vrG5ld3eqaowlpRVaChCee8SxQQPWAU4CHYfSUZ8V7Ca27sc1mtPTCoeBnfQj1jTJ52Ae5wSMFIre+o96AawZ5C+Lt1cXSdJSzfaIeiGT6DrevoxSY7wlBIlxpTN2Xl7BDxPnAnJoQnKreyPmUFjnwVABVGq7tgRNDWRwKlgSaYRKxYR2iMdVjc0ID5TTT26L8EHRmljL5TmBYBH6t8OTXyl+r5rnMMd1WxtKP5Xq8fgnTc1D6IYWEDHH3mxwBDiYVi4zSWjIPqGECq52RXTLpGEgok0Y0JwZk+eJ9VC3jnOF25PcsWLSRxptIf20SFy0BkqohIqowqi6AW9oQ/0ab1a79aX9T22pqxJzy6agjX4BTVrpPE=</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q,p)i
<latexit sha1_base64="1iW3J+4rEiuOg7Rt1ES86wmMwq0=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBahgpSkCrosunFZwT6gDWEynbRDJw9nJkIJ2bnxV9y4UMStv+DOv3HSFtHqgYEz59zLvfd4MWdSWdanUVhYXFpeKa6W1tY3NrfM7Z2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujy9xv31EhWRTeqHFMnQAPQuYzgpWWXHO/kvYCrIaen95m2TH6/sVZduQy1yxbVWsC9JfYM1KGGRqu+dHrRyQJaKgIx1J2bStWToqFYoTTrNRLJI0xGeEB7Woa4oBKJ53ckaFDrfSRHwn9QoUm6s+OFAdSjgNPV+ZbynkvF//zuonyz52UhXGiaEimg/yEIxWhPBTUZ4ISxceaYCKY3hWRIRaYKB1dSYdgz5/8l7RqVfukWrs+LdcvZnEUYQ8OoAI2nEEdrqABTSBwD4/wDC/Gg/FkvBpv09KCMevZhV8w3r8AWGaZnQ==</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

(q̇, ṗ)i
<latexit sha1_base64="C9Oln2KAP1rvyuPHzRO4CpxTw18=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSQUpSBV0W3bisYB/QhjKZTtqhk4czE6GE/IEbf8WNC0XcunXn3zhps7DVAwOHc+69c+9xI86ksqxvo7C0vLK6VlwvbWxube+Yu3stGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH15nffqBCsjC4U5OIOj4eBsxjBCst9c3jSm8QqqTnYzVyveQ+TU/RnBKl6Umf9c2yVbWmQH+JnZMy5Gj0zS89hcQ+DRThWMqubUXKSbBQjHCalnqxpBEmYzykXU0D7FPpJNN7UnSklQHyQqFfoNBU/d2RYF/Kie/qymxLuehl4n9eN1bepZOwIIoVDcjsIy/mSIUoCwcNmKBE8YkmmAimd0VkhAUmSkdY0iHYiyf/Ja1a1T6r1m7Py/WrPI4iHMAhVMCGC6jDDTSgCQQe4Rle4c14Ml6Md+NjVlow8p59mIPx+QPjSp0z</latexit>

Integrator
<latexit sha1_base64="tcBmATtGTuWdWxK1t1aUlGR5ygM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVZIq6LLoRncV7APaUCbTSTt0MhNmboQQ6q+4caGIWz/EnX/jpM1CWw8MHM65l3vmBDFnGlz32yqtrW9sbpW3Kzu7e/sH9uFRR8tEEdomkkvVC7CmnAnaBgac9mJFcRRw2g2mN7nffaRKMykeII2pH+GxYCEjGIw0tKuDCMNERdmdADpWGKSaDe2aW3fncFaJV5AaKtAa2l+DkSRJRAUQjrXue24MfoYVMMLprDJINI0xmeIx7RsqcES1n83Dz5xTo4ycUCrzBDhz9fdGhiOt0ygwk3lUvezl4n9eP4Hwys+YiBOggiwOhQl3QDp5E86IKUqAp4ZgopjJ6pAJVpiA6atiSvCWv7xKOo26d15v3F/UmtdFHWV0jE7QGfLQJWqiW9RCbURQip7RK3qznqwX6936WIyWrGKniv7A+vwBpEKVaQ==</latexit>

DeltaGN

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

+
<latexit sha1_base64="HFb7vPGXWshKfdtTiumEDK16me0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvctypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3LTjLM=</latexit>

(�q,�p)n
<latexit sha1_base64="ozUuZK2/Z71Fn+K9ydhiOe85b5g=">AAACEXicbVDLSsNAFL2pr1pfVZduBotQQUpSBV0WdeGygn1AE8pkOmmHTh7OTIQS8gtu/BU3LhRx686df+OkzUJbDwwczjmXufe4EWdSmea3UVhaXlldK66XNja3tnfKu3ttGcaC0BYJeSi6LpaUs4C2FFOcdiNBse9y2nHHV5nfeaBCsjC4U5OIOj4eBsxjBCst9cvVqn1NucLI9rEauV5yn56gOSlKj/s6WjFr5hRokVg5qUCOZr/8ZQ9CEvs0UIRjKXuWGSknwUIxwmlasmNJI0zGeEh7mgbYp9JJphel6EgrA+SFQr9Aoan6eyLBvpQT39XJbEk572Xif14vVt6Fk7AgihUNyOwjL+ZIhSirBw2YoETxiSaYCKZ3RWSEBSZKl1jSJVjzJy+Sdr1mndbqt2eVxmVeRxEO4BCqYME5NOAGmtACAo/wDK/wZjwZL8a78TGLFox8Zh/+wPj8AZdonOI=</latexit>

(q,p)n
<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Data
(q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

Physics
<latexit sha1_base64="Cd3MzIu//1eDOhxWmi8S256786g=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6LblxWsA9oh5JJ0zY0yQxJpjAM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OGHOmjed9O6WNza3tnfJuZW//4PDIPT5p6yhRhLZIxCPVDbGmnEnaMsxw2o0VxSLktBNO73O/M6NKs0g+mTSmgcBjyUaMYGOlgev2BTYTJbLmJNWM6PnArXo1bwG0TvyCVKFAc+B+9YcRSQSVhnCsdc/3YhNkWBlGOJ1X+ommMSZTPKY9SyUWVAfZIvkcXVhliEaRsk8atFB/b2RYaJ2K0E7mOfWql4v/eb3EjG6DjMk4MVSS5aFRwpGJUF4DGjJFieGpJZgoZrMiMsEKE2PLqtgS/NUvr5N2veZf1eqP19XGXVFHGc7gHC7BhxtowAM0oQUEZvAMr/DmZM6L8+58LEdLTrFzCn/gfP4AQPmUDw==</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit> (q,p)n

<latexit sha1_base64="mDYHmaB6e5AN+8rx0z7qL5H7VKM=">AAACBXicbZDLSsNAFIZP6q3WW9WlLgaLUEFKUgVdFt24rGAv0IYwmU7aoZNJnJkIJWTjxldx40IRt76DO9/G6UXQ6g8DH/85hznn92POlLbtTyu3sLi0vJJfLaytb2xuFbd3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh5fjeuuOSsUicaNHMXVD3BcsYARrY3nF/XI3xHrgB+ltdoy+Oc6OvFRkXrFkV+yJ0F9wZlCCmepe8aPbi0gSUqEJx0p1HDvWboqlZoTTrNBNFI0xGeI+7RgUOKTKTSdXZOjQOD0URNI8odHE/TmR4lCpUeibzvGaar42Nv+rdRIdnLspE3GiqSDTj4KEIx2hcSSoxyQlmo8MYCKZ2RWRAZaYaBNcwYTgzJ/8F5rVinNSqV6flmoXszjysAcHUAYHzqAGV1CHBhC4h0d4hhfrwXqyXq23aWvOms3swi9Z71+BuZiW</latexit>

(q,p)n+1
<latexit sha1_base64="RTzp82fEe5JSoeF6QSIly+g+GNk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJSSVEGXRTcuK9gLtCFMppN26GQSZyZCCdm58VXcuFDEra/gzrdx0kbQ1h8GPv5zDnPO70WMSmVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RldZvX1PhKQhv1XjiDgBGnDqU4yUtlxzv9ILkBp6fnKXnsAfjtIjN+HHduqaZatqTQTnwc6hDHI1XPOz1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmd6TwUDt96IdCP67gxP09kaBAynHg6c5sUTlby8z/at1Y+RdOQnkUK8Lx9CM/ZlCFMAsF9qkgWLGxBoQF1btCPEQCYaWjK+kQ7NmT56FVq9qn1drNWbl+mcdRBHvgAFSADc5BHVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1oKRz+yCPzI+vgFs15kG</latexit>

�t
<latexit sha1_base64="6YoFy1pkwQYqujyqmRUE2w/KnSk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjUg8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ildveWS6QEe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn83unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9HnSF5ozlGNLKNPC3krYkGrK0EZUtCF4iy8vk2a14p1XqvcX5dp1HkcBjuEEzsCDS6jBHdShAQwkPMMrvDmPzovz7nzMW1ecfOYI/sD5/AGQw4+o</latexit>

OGN / HOGN

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

HGN
<latexit sha1_base64="+GiKiVx5Wyvrg9UrFArETHNhCfI=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqSRV0WXRhV1LBXqANYTKdtkNnJmFmIpSQja/ixoUibn0Md76NkzQLbf1h4OM/5zDn/EHEqNKO822VVlbX1jfKm5Wt7Z3dPXv/oKPCWGLSxiELZS9AijAqSFtTzUgvkgTxgJFuML3J6t1HIhUNxYOeRcTjaCzoiGKkjeXbRwOO9AQjljRTP2fJk9u71LerTs3JBZfBLaAKCrV8+2swDHHMidCYIaX6rhNpL0FSU8xIWhnEikQIT9GY9A0KxInykvyAFJ4aZwhHoTRPaJi7vycSxJWa8cB0ZiuqxVpm/lfrx3p05SVURLEmAs8/GsUM6hBmacAhlQRrNjOAsKRmV4gnSCKsTWYVE4K7ePIydOo197xWv7+oNq6LOMrgGJyAM+CCS9AATdACbYBBCp7BK3iznqwX6936mLeWrGLmEPyR9fkDTlOW3A==</latexit>

GNu
<latexit sha1_base64="SamomLDwGEx5zJoMuY6504uCKCg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6EJXUsE+oB2GTJppQ5PMkGSEMs7CX3HjQhG3/oY7/8ZMOwttPRA4nHMv9+QEMaNKO863VVpaXlldK69XNja3tnfs3b22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Kvc7D0QqGol7PYmJx9FQ0JBipI3k2wd9jvRI8vT6NvOnPAjTJPPtqlNzpoCLxC1IFRRo+vZXfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZKhAnykun+TN4bJQBDCNpntBwqv7eSBFXasIDM5knVPNeLv7n9RIdXngpFXGiicCzQ2HCoI5gXgYcUEmwZhNDEJbUZIV4hCTC2lRWMSW4819eJO16zT2t1e/Oqo3Loo4yOARH4AS44Bw0wA1oghbA4BE8g1fwZj1ZL9a79TEbLVnFzj74A+vzB8bUlpc=</latexit>

✓
@HGN

@p
,�

@HGN

@q

◆

<latexit sha1_base64="YWg29ndGFr8JGopJ8w16gm8UHjc="></latexit>

GNV
<latexit sha1_base64="k0RMWANbUAilHNLtDMWGczJRz5g=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoQldSwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6CbzW2OqNIvko5nE1Bd4IFnICDZW8rsCm6ES6e39tNfslcpuxZ0BLRMvJ2XIUe+Vvrr9iCSCSkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUSC6r9dBZ6ik6t0kdhpOyTBs3U3xspFlpPRGAns5B60cvE/7xOYsIrP2UyTgyVZH4oTDgyEcoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanAHdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8AdwNkic=</latexit>

fq̇,ṗ
<latexit sha1_base64="UKj57dAMnibB5UDYdPh9m91jHEE=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFcSEmqoMuiG5cV7APaECbTSTt08nBmIpSQP3Djr7hxoYhbt+78GydtFrb1wMDhnHvv3Hu8mDOpLOvHWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXujm9xvP1IhWRTeq3FMnQAPQuYzgpWWXPPEd9NeP1JpL8Bq6PnpQ5adoRklzrLMNStW1ZoALRK7IBUo0HDNbz2DJAENFeFYyq5txcpJsVCMcJqVe4mkMSYjPKBdTUMcUOmkk3sydKyVPvIjoV+o0ET925HiQMpx4OnKfEc57+Xif143Uf6Vk7IwThQNyfQjP+FIRSgPB/WZoETxsSaYCKZ3RWSIBSZKR1jWIdjzJy+SVq1qn1drdxeV+nURRwkO4QhOwYZLqMMtNKAJBJ7gBd7g3Xg2Xo0P43NaumQUPQcwA+PrF+Z9ndc=</latexit>

: ODE’s time derivativesfq̇,ṗ
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Bigger picture

Time and length scales of 
different simulation 
techniques: quantum 
mechanics (QM), including 
coupled cluster (CC) and 
DFT methods, molecular 
mechanics (MM), and the 
Brownian dynamics (BD) 
technique; and continuum 
mechanics (CM).
Demand for surrogate 
multiscale modelling.

15Andrey Ustyuzhanin
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Two viewpoints for learning dynamics from data

6

Reduction and closure of dynamical systems
using deep learning

Qianxiao Li
Department of Mathematics
Institute for Functional Intelligent Materials
blog.nus.edu.sg/qianxiaoli

Hammer & Nails 2023, Swiss Edition
Congressi Stefano Franscini, Ascona, Switzerland
31 Oct 2023



Multidisciplinary research and 
collaborations & cross-pollination



53



54



J e t s  a s  a  g r a p h
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Introduction Jet Physics Previous work Proposed model Experiments Conclusions

Jet graphs

W jetQCD jet

•Connecting the semantics of physical closeness with attention in graph network 
provides a bi-directional interface. It allows us to either


• import physics knowledge by using distance measure of jet physics


• learn adjacency matrix and export an optimized notion of “distance” that can be 
used in other contexts (eg. for clustering)

i

i’dii’

i

i’

Henrion, Louppe, Cho, KC, Bruna [NeurIPS DL4Physics 2017]
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Henrion, Louppe, Cho, KC, Bruna [NeurIPS DL4Physics 2017]

•The adjacency matrix starts off as purely 
physics-inspired (kT) and then learned 
adjacency matrix becomes more important


• weight given to physics adjacency matrix 
slowly decays, but stays relevant →

= + +

physicslearnedIdentityTotal

wid wlearn wphys

w
p

hy
s



57Mario Krenn, et. Al. https://arxiv.org/abs/2204.01467 

https://arxiv.org/abs/2204.01467


58

About me

4 + 4 + 2 years

Matthews et al. 2018

5 years

FermiNet Density Functionals

Lattice QCD

Self intro

● Computer Science →  
● Data Science for industry → 
● Data Science for Particle Physics 

(CERN, LHCb, CMS, OPERA, …)
○ 7 schools of Machine Learning, online 

course on ML for Particle Physics
→ 

● Data Science for Material Science 
@Institute of Functional Intelligent 
Materials, NUS, Singapore
@Constructor University Bremen

2Andrey Ustyuzhanin
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HEP vs Material Science (MS)

Similarities
● fast simulation / generative models
● need for foundation models
● representation learning
● optimal transport methods
● inverse design / design optimization
● ML model uncertainty estimation
● spatial structures representations
● need for differential simulations / 

simulation-based inference
● denoising / stability estimation methods
● anomaly detection methods

HEP distinct features
● Centralized data collection
● Bump hunting
● Science of confidence intervals
● Plenty of theoretical models for unknown
● Search for unknown

MS distinct features
● Multiscale effects / modelling
● Time-dependent modelling
● Data is heavily fragmented

36Andrey Ustyuzhanin

Inverse problem, high-throughput screening (HTS)

● Consists of an expert-provided 
algorithm for generating candidate 
materials and 

● a computational module that predicts 
the target properties of a material. 

● Can work either ab initio calculation or 
using machine learning

● Designed as a computational funnel: 
with cheaper / easier-to-compute 
properties as initial filters, and more 
sophisticated properties at later 
stages.

27



Technical advances in deploying AI/ML in 
experiments





E V E N T  E M B E D D I N G S

•Jointly optimize jet embedding → event embedding → classifier

62

7

Jet

embeddings

v1 v2 v3 v4

h1(t1)

v(t1)

v5 v6 v7

h1(t2)

v(t2)

...

...

vN�1 vN

h1(tM )

v(tM )

h0(e)

Event embedding

... f(e)

Classifier

FIG. 4. [Gilles: write me, move me?]

Appendix A: Gated recursive embedding of jets

The recursive activation proposed in the previous sec-
tion su↵ers from two critical issues. First, it assumes
that left-child, right-child and local node information
hkL , hkR , uk are all equally relevant for computing the
new activation, while only some of this information may
be needed and selected. Second, it forces information to
pass through several levels of non-linearities and does not
allow to propagate unchanged from leaves to root. Ad-
dressing these issues and generalizing from [5–7], we pro-
pose to recursively define a recursive activation equipped

with reset and update gates as follows:

hk =

8
><

>:

uk if k is a leaf

zH � h̃k + zL � hkL+ otherwise

,! zR � hkR + zN � uk

(A1)

uk = � (Wuok + bu) (A2)

ok =

(
vi(k) if k is a leaf

okL + okR otherwise
(A3)

h̃k = �

0

@W
h̃

2

4
rL � hkL

rR � hkR

rN � uk

3

5+ b
h̃

1

A (A4)

2
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zH
zL
zR
zN

3

75 = softmax

0

BB@Wz

2

664

h̃k

hkL

hkR

uk

3

775+ bz

1

CCA (A5)

2

4
rL
rR
rN

3

5 = sigmoid

0

@Wr

2

4
hkL

hkR

uk

3

5+ br

1

A (A6)

where W
h̃

2 Rq⇥3q, b
h̃

2 Rq, Wz 2 Rq⇥4q, bz 2 Rq,
Wr 2 Rq⇥3q, br 2 Rq, Wu 2 Rq⇥4 and bu 2 Rq form
together the shared parameters to be learned, � is the
ReLU activation function and � denotes the element-
wise multiplication.

Intuitively, the reset gates rL, rR and rN control how
to actively select and then merge the left-child embed-
ding hkL , the right-child embedding hkR and the local
node information uk to form a new candidate activation
h̃k. The final embedding hk can then be regarded as a

It scales!
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x

η

T(x)

Data Flow =  
Hard Attention

control how 
we hierarchically propagate info

ϕ Representation

Structure Params 
(e.g. Jet Radius)

Representation 
Parameters 

(e.g. ParT weights)

Data Result

control what 
info we propagate through 
the structure we’re given
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Differentiating through Particle Showers

Material Distribution

Shower

Radial Hit Distribution

High Density: E-loss and splitting  
Low Density: linear propagation 

 
Design Parameter: 
Radial Distance of Material   

Design Goal: Shower Depth
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Some new Questions for next H&N ?
How do we calibrate high-dim 

representation? 
 

Will we get a “safe” calibrated fine 
tuning manifold?  

 
Can we optimize structural pieces 

(e.g. jet definition) → stochastic reconstruction? 
 

Supervised vs Self-supervised 
Backbones (JetCLR, ReSim, MPM,… )

Michael’s Talk 
Next



66

Hammers & Nails 2023 - Swiss Edition, V. Kain, 1-Nov-2023

How will AI enable 
autonomous particle 

accelerators?
V. Kain 

Data Science for Beam Operation 
Beams Department, CERN

1

Hammers & Nails 2023 - Swiss Edition, V. Kain, 1-Nov-2023

Predicting magnetic hysteresis and eddy current effects

First operational experience: 

๏ feedforward correction 
triggered before every cycle 

๏ accuracy not sufficient yet

7

First results PhyLSTM for 
SPS main dipoles 
assuming 

,  next: 
Transformers

··B + g(B, ·B) = ΓI(t)

Potentially game-changing!  

Time-series forecasting problem: need magnets to be measured on test bench 
[Bt, Bt+1, …, Bt+n−1], [It, It+1, …, It+n+N] → [Bt+n, Bt+n+1, …, Bt+n+N]

Data from July '23

Hammers & Nails 2023 - Swiss Edition, V. Kain, 1-Nov-2023

1. Hysteresis compensation  

2. Automatic and dynamic beam scheduling  
3. Automatic LHC filling 

4. Auto-pilots  

5. Automatic fault analysis, recovery and prevention 

6. Automatic testing and sequencing  

7. Automatic parameter optimisation 

6

 Fully automated standard physics 
 operation
→

 Goal: reduce commissioning  
time by 50 %
→

7 recommendations  Automating exploitation→

AI

AI

AI

AI

AI
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Parting thoughts



Towards understanding deep learning
• What is a good model to consider (analog of the stochastic block 

model for neural networks)? 
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kI n t e r p l a y  o f  k e y  i n g r e d i e n t s  o f  D e e p  L e a r n i n g
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Hard to analyze the effect of data structure for real-world data sources.

Toy models are useful!

* Lenka Zdeborova:  
Talk: https://ml4physicalsciences.github.io  
Position piece: https://rdcu.be/b4p1m 

SIMPLER QUESTION: WHEN CAN A NEURAL 
NETWORK LEARN A TEACHER-NEURAL NETWORK? 

Teacher-network 

data
X

y
labels

w1

w3

teacher-weights

w2
*

*
*

Generates data X, n samples of p 
dimensional data, e.g. random input 
vectors.  

Generates weights w*, e.g. iid random.        

Generates labels y. 

data
X

y
labels

w1

w3

student-weights

w2

Student-network

Observes X, y, the architecture of the 
network.      

How does the best achievable 
generalisation error depend on the 
number of samples n?
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https://ml4physicalsciences.github.io
https://rdcu.be/b4p1m
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Towards understanding deep learning
• What is a good model to consider (analog of the stochastic block 

model for neural networks)? 
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KC adapting from Lenka Zdeborova 

Teacher → Causal, Generative Model (Simulator)
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Richer set of problems can be investigated.



Towards understanding deep learning
• What is a good model to consider (analog of the stochastic block 

model for neural networks)? 
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T E N S I O N  B E T W E E N  T W O  T H E M E S ?

•Some tension between 


• Imposing inductive bias & domain knowledge


• recent results showing that over-parameterized networks may 
play better with optimization algorithms


•A topic for further study: when does (correct) inductive bias hurt?
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T h a n k  y o u  To b i a s  a n d  E i l a m !
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