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Nonlinear Model Predictive control
- Repeatedly solve the optimal control problems online with different

- Implicit control law , expensive online computational cost

Explicit MPC 
- Compute the optimal control law offline as a function of all possible states
- Multi-Parametric optimization
- Negligible online, intractable offline for process with 10+ variables

Model Predictive Control
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min
x(k),u(k)

X

k2T
l(x(k), u(k)) + Vf (x(N))

s.t. x(k + 1) = f(x(k), u(k))

x(0) = x0

x(k) 2 X, x(N) 2 Xf , u(k) 2 U
8k 2 T
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Deep Learning Based Model Predictive Control
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Two-step / “Optimize-then-train” approach
( Zoppoli 1995, Lantos 2015, Zhanfg 2018, Lucia 2018, Gopaluni 2018)

- Optimize control actions for multiple initial states to obtain
- Train the neural network to obtain the control law

Advantages
- Negligible online computational cost

Disadvantages
- Training error of the NN can lead to sub-optimal or even infeasible action

even for training samples
- Those errors would accumulate through time (poor closed loop performance)
- Multiple optimal control actions for the same initial states
- Multiple local optimal control actions

û(0) = ̂N (⇡, x0)
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(x0,s,N (x0,s))
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Illustrative Example

min
x(k),u(k)

1X

k=0

x(k)2

s.t. x(1) = x(0)2 � u(0)2

x(0) = x0
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All-in-one/“Optimize-and-train” Approach: Stochastic Optimization
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All-in-one/“Optimize-and-train” approach
- Solve only one large scale optimization problem
- Decide the control law directly instead of control actions
- Optimize closed loop performance directly
- Constraints are satisfied at least for training samples
- Parallel solvers (e.g. PIPS-NLP) can exploit the structure on HPC (CPUs)
- Links to policy search/reinforcement learning

min
⇡,xs(k),us(k)

X

s2S

X

k2T
l(xs(k), us(k)) + Vf (xs(N))

s.t. xs(k + 1) = f(xs(k), us(k))

us(k) = ̂N (⇡, xs(k))

xs(0) = x0,s

xs(k) 2 X, xs(N) 2 Xf , us(k) 2 U
8s 2 S, 8k 2 T
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Illustrative Example



Structured Nonlinear Optimization (Scalable Linear Algebra)

Structured Linear System

Schur Decomposition
 
K0 �

X

s2S
BT

s K
�1
s Bs

!
q0 = r0 �

X

s2S
BT

s K
�1
s rs

Ksqs = rs �Bsq0, s 2 S

2

666664

K1 B1

K2 B2

. . .
...

KS BS

BT
1 BT

2 . . . BT
S K0

3

777775

2

666664

q1
q2
...
qS
q0

3

777775
=

2

666664

r1
r2
...
rS
r0

3

777775

Cao et al. “Scalable modeling and solution of stochastic multi objective opti-
mization problems.” Computers & Chemical Engineering 99 (2017): 185-197.

Argonne’s Fusion Cluster
320 Nodes
12.5 TB Memory

Loose Coupling Tight Coupling
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min
⇡,xs

X

s2S
fs(⇡, xs)

s.t. cs(⇡, xs) � 0, s 2 S
xs 2 Xs, s 2 S
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x(0)
<latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit><latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit><latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit><latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit>

“Optimize-and-train”/ All-in-one Approach: Recurrent Neural Network
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The stochastic optimization problem can be reformulated as the training of RNN
- Existing packages (e.g. TensorFlow, Flux) can exploit the structure on GPUs
- Simple Input constraints (bounds) can always be satisfied by the design of NN
- Treat state constraints as soft constraints

. . .
<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>

⇡
<latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit>

⇡
<latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit>

⇡
<latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit>

u(0)
<latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit><latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit><latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit><latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit>

u(1)
<latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1ifl/ZMGq8MTg1N28n9NU/7rcXE=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFqJsy48YuBTcuK9gfaIeSSTNtaJIZkjtCGfoKblwo4lO5823MtF1o64HAxzkJufdEqRQWff/bK+3s7u0flA8rR9Xjk9PaWbVrk8ww3mGJTEw/opZLoXkHBUreTw2nKpK8F83ui7z3zI0ViX7CecpDRSdaxIJRLKysEVyPanW/6S9FtiFYQx3Wao9qX8NxwjLFNTJJrR0EfophTg0KJvmiMswsTymb0QkfONRUcRvmy1kX5Mo5YxInxh2NZOn+fpFTZe1cRe6moji1m1lh/pcNMoxbYS50miHXbPVRnEmCCSkWJ2NhOEM5d0CZEW5WwqbUUIaunoorIdhceRu6N83AbwaPPpThAi6hAQHcwh08QBs6wGAKL/AG757yXr2PVV0lb93bOfyR9/kD/HuMQw==</latexit><latexit sha1_base64="1ifl/ZMGq8MTg1N28n9NU/7rcXE=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFqJsy48YuBTcuK9gfaIeSSTNtaJIZkjtCGfoKblwo4lO5823MtF1o64HAxzkJufdEqRQWff/bK+3s7u0flA8rR9Xjk9PaWbVrk8ww3mGJTEw/opZLoXkHBUreTw2nKpK8F83ui7z3zI0ViX7CecpDRSdaxIJRLKysEVyPanW/6S9FtiFYQx3Wao9qX8NxwjLFNTJJrR0EfophTg0KJvmiMswsTymb0QkfONRUcRvmy1kX5Mo5YxInxh2NZOn+fpFTZe1cRe6moji1m1lh/pcNMoxbYS50miHXbPVRnEmCCSkWJ2NhOEM5d0CZEW5WwqbUUIaunoorIdhceRu6N83AbwaPPpThAi6hAQHcwh08QBs6wGAKL/AG757yXr2PVV0lb93bOfyR9/kD/HuMQw==</latexit><latexit sha1_base64="+sR0YiCm3Ac8E70Y64lfVDyk9oA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXkpWBD0WvHisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5YSK4sRh/e6WNza3tnfJuZW//4PCoenzSMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupXX/clit4QZeAK0TvyA1KNAaVr8Go5imkilLBTGm7+PEBhnRllPB5pVBalhC6JSMWd9RRSQzQba4dY4unDJCUaxdKYsW6u+JjEhjZjJ0nZLYiVn1cvE/r5/a6DbIuEpSyxRdLopSgWyM8sfRiGtGrZg5Qqjm7lZEJ0QTal08FReCv/ryOulcNXzc8B9wrXldxFGGMziHOvhwA024hxa0gcIEnuEV3jzpvXjv3seyteQVM6fwB97nDxHvjYc=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit>

u(N�1)
<latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPh YoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit><latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPh YoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit><latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPh YoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit><latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPh YoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit>

x(N�1)
<latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit><latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit><latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit><latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit>

x(N)
<latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit><latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit><latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit><latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit>

x(1)
<latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit><latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit><latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit><latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit>

x(2)
<latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit><latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit><latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit><latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit>

f(x(0), u(0))
<latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit><latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit><latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit><latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit>

f(x(1), u(1))
<latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit><latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit><latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit><latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit>

f(x(N�1), u(N�1))
<latexit sha1_base64="m2HFLeufoEF6kmK7d4nvpR5SDOo=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoQUtSRF0WXDjSirYC7ShTKaTduhkEmYmYg3FV3HjQhG3voc738Zpm4VWfxj4+M85nDO/H3OmtON8Wbml5ZXVtfx6YWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU7rrTsqFYvErR7H1AvxQLCAEayN1bMPgtJ96To9nbjlkySDcs8uOhVnJvQX3AyKkKnesz+7/YgkIRWacKxUx3Vi7aVYakY4nRS6iaIxJiM8oB2DAodUeens+gk6Nk4fBZE0T2g0c39OpDhUahz6pjPEeqgWa1Pzv1on0cGFlzIRJ5oKMl8UJBzpCE2jQH0mKdF8bAATycytiAyxxESbwAomBHfxy3+hWa24TsW9OSvWqlkceTiEIyiBC+dQgyuoQwMIPMATvMCr9Wg9W2/W+7w1Z2Uz+/BL1sc3SfSTHQ==</latexit><latexit sha1_base64="m2HFLeufoEF6kmK7d4nvpR5SDOo=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoQUtSRF0WXDjSirYC7ShTKaTduhkEmYmYg3FV3HjQhG3voc738Zpm4VWfxj4+M85nDO/H3OmtON8Wbml5ZXVtfx6YWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU7rrTsqFYvErR7H1AvxQLCAEayN1bMPgtJ96To9nbjlkySDcs8uOhVnJvQX3AyKkKnesz+7/YgkIRWacKxUx3Vi7aVYakY4nRS6iaIxJiM8oB2DAodUeens+gk6Nk4fBZE0T2g0c39OpDhUahz6pjPEeqgWa1Pzv1on0cGFlzIRJ5oKMl8UJBzpCE2jQH0mKdF8bAATycytiAyxxESbwAomBHfxy3+hWa24TsW9OSvWqlkceTiEIyiBC+dQgyuoQwMIPMATvMCr9Wg9W2/W+7w1Z2Uz+/BL1sc3SfSTHQ==</latexit><latexit sha1_base64="m2HFLeufoEF6kmK7d4nvpR5SDOo=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoQUtSRF0WXDjSirYC7ShTKaTduhkEmYmYg3FV3HjQhG3voc738Zpm4VWfxj4+M85nDO/H3OmtON8Wbml5ZXVtfx6YWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU7rrTsqFYvErR7H1AvxQLCAEayN1bMPgtJ96To9nbjlkySDcs8uOhVnJvQX3AyKkKnesz+7/YgkIRWacKxUx3Vi7aVYakY4nRS6iaIxJiM8oB2DAodUeens+gk6Nk4fBZE0T2g0c39OpDhUahz6pjPEeqgWa1Pzv1on0cGFlzIRJ5oKMl8UJBzpCE2jQH0mKdF8bAATycytiAyxxESbwAomBHfxy3+hWa24TsW9OSvWqlkceTiEIyiBC+dQgyuoQwMIPMATvMCr9Wg9W2/W+7w1Z2Uz+/BL1sc3SfSTHQ==</latexit><latexit sha1_base64="m2HFLeufoEF6kmK7d4nvpR5SDOo=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoQUtSRF0WXDjSirYC7ShTKaTduhkEmYmYg3FV3HjQhG3voc738Zpm4VWfxj4+M85nDO/H3OmtON8Wbml5ZXVtfx6YWNza3vH3t1rqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU7rrTsqFYvErR7H1AvxQLCAEayN1bMPgtJ96To9nbjlkySDcs8uOhVnJvQX3AyKkKnesz+7/YgkIRWacKxUx3Vi7aVYakY4nRS6iaIxJiM8oB2DAodUeens+gk6Nk4fBZE0T2g0c39OpDhUahz6pjPEeqgWa1Pzv1on0cGFlzIRJ5oKMl8UJBzpCE2jQH0mKdF8bAATycytiAyxxESbwAomBHfxy3+hWa24TsW9OSvWqlkceTiEIyiBC+dQgyuoQwMIPMATvMCr9Wg9W2/W+7w1Z2Uz+/BL1sc3SfSTHQ==</latexit>

̂N (⇡, x(0))
<latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpog z1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit><latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpog z1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit><latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpog z1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit><latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpog z1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit>

̂N (⇡, x(1))
<latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit><latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit><latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit><latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit>

̂N (⇡, x(N�1))
<latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit><latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit><latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit><latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit>



Implementation

9
Additional 10 lines to implement input/state constraints

1 function step_model(x_k, u_k)
2 return x_k.ˆ2 - u_k.ˆ2
3 end
4 control_law = Chain(
5 Dense(1, 20, �),
6 Dense(20, 1))
7 function loss(x0, setpoint)
8 x_k = x0
9 x = nothing

10 for t = 1:N
11 u_k = control_law(x_k)
12 x_k = step_model(x_k, u_k)
13 x = t==1 ? x_k : vcat(x,x_k)
14 end
15 return Flux.mse(x,setpoint)
16 end
17 data=[([I],zeros(N)) for I in -2:0.1:2]
18 opt = ADAM()
19 Flux.@epochs 1000 Flux.train!(loss, Flux.params(control_law), data,

opt)
<latexit sha1_base64="ZsB7iYTMsuGhptdowgU81ySm0rM="></latexit><latexit sha1_base64="ZsB7iYTMsuGhptdowgU81ySm0rM="></latexit><latexit sha1_base64="ZsB7iYTMsuGhptdowgU81ySm0rM="></latexit><latexit sha1_base64="ZsB7iYTMsuGhptdowgU81ySm0rM="></latexit>



Feasibility

10

Constraint Violation
For state constraints:

If
- Select the scenario leading to the largest violations
- Add the scenario to the training scenarios, and optimize the control law again
- Or chose tighter state constraints in the optimization/training

If
- It means the control law can drive any state to in N steps
- Assume a local control law can stabilize any                   , then DNN 

control law is stable
- Or we can train the control law to ensure that states in remain in the zone

x0 2 X0
<latexit sha1_base64="YlNNYn2RFa83SNKGi+KcRpW463Q=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zHd8u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4AIbOUbA==</latexit><latexit sha1_base64="YlNNYn2RFa83SNKGi+KcRpW463Q=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zHd8u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4AIbOUbA==</latexit><latexit sha1_base64="YlNNYn2RFa83SNKGi+KcRpW463Q=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zHd8u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4AIbOUbA==</latexit><latexit sha1_base64="YlNNYn2RFa83SNKGi+KcRpW463Q=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zHd8u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4AIbOUbA==</latexit>

Xf
<latexit sha1_base64="nr8iDZMLAPc/xgyAMldKf2ErktY=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDMe7NBNKg33KY7B1klXkkaUKI9qH/5w4RlMUrDBNW677mpCXKqDGcCZzU/05hSNqEj7FsqaYw6yOeZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vn5noOsi5TDODki0ORZkgJiFFAWTIFTIjppZQprjNStiYKsqMralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/AEOwkdE=</latexit><latexit sha1_base64="nr8iDZMLAPc/xgyAMldKf2ErktY=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDMe7NBNKg33KY7B1klXkkaUKI9qH/5w4RlMUrDBNW677mpCXKqDGcCZzU/05hSNqEj7FsqaYw6yOeZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vn5noOsi5TDODki0ORZkgJiFFAWTIFTIjppZQprjNStiYKsqMralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/AEOwkdE=</latexit><latexit sha1_base64="nr8iDZMLAPc/xgyAMldKf2ErktY=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDMe7NBNKg33KY7B1klXkkaUKI9qH/5w4RlMUrDBNW677mpCXKqDGcCZzU/05hSNqEj7FsqaYw6yOeZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vn5noOsi5TDODki0ORZkgJiFFAWTIFTIjppZQprjNStiYKsqMralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/AEOwkdE=</latexit><latexit sha1_base64="nr8iDZMLAPc/xgyAMldKf2ErktY=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDMe7NBNKg33KY7B1klXkkaUKI9qH/5w4RlMUrDBNW677mpCXKqDGcCZzU/05hSNqEj7FsqaYw6yOeZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vn5noOsi5TDODki0ORZkgJiFFAWTIFTIjppZQprjNStiYKsqMralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/AEOwkdE=</latexit>

µf (x0) = Kx0
<latexit sha1_base64="sZkqKnHEE2EWWiEt4SqSpgn3QtA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8Ei1E1JRNCNUHQjuKlgL9CGMJlO2qEzSZiZiDUUX8WNC0Xc+h7ufBsnbRfa+sPAx3/O4Zz5g4QzpR3n21pYXFpeWS2sFdc3Nre27Z3dhopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwVVeb95TqVgc3elhQj2BexELGcHaWL693xGpH6Lyg+8cowt0gwwUfbvkVJyx0Dy4UyjBVDXf/up0Y5IKGmnCsVJt10m0l2GpGeF0VOykiiaYDHCPtg1GWFDlZePrR+jIOF0UxtK8SKOx+3siw0KpoQhMp8C6r2ZruflfrZ3q8NzLWJSkmkZksihMOdIxyqNAXSYp0XxoABPJzK2I9LHERJvA8hDc2S/PQ+Ok4joV9/a0VL2cxlGAAziEMrhwBlW4hhrUgcAjPMMrvFlP1ov1bn1MWhes6cwe/JH1+QPmE5Ln</latexit><latexit sha1_base64="sZkqKnHEE2EWWiEt4SqSpgn3QtA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8Ei1E1JRNCNUHQjuKlgL9CGMJlO2qEzSZiZiDUUX8WNC0Xc+h7ufBsnbRfa+sPAx3/O4Zz5g4QzpR3n21pYXFpeWS2sFdc3Nre27Z3dhopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwVVeb95TqVgc3elhQj2BexELGcHaWL693xGpH6Lyg+8cowt0gwwUfbvkVJyx0Dy4UyjBVDXf/up0Y5IKGmnCsVJt10m0l2GpGeF0VOykiiaYDHCPtg1GWFDlZePrR+jIOF0UxtK8SKOx+3siw0KpoQhMp8C6r2ZruflfrZ3q8NzLWJSkmkZksihMOdIxyqNAXSYp0XxoABPJzK2I9LHERJvA8hDc2S/PQ+Ok4joV9/a0VL2cxlGAAziEMrhwBlW4hhrUgcAjPMMrvFlP1ov1bn1MWhes6cwe/JH1+QPmE5Ln</latexit><latexit sha1_base64="sZkqKnHEE2EWWiEt4SqSpgn3QtA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8Ei1E1JRNCNUHQjuKlgL9CGMJlO2qEzSZiZiDUUX8WNC0Xc+h7ufBsnbRfa+sPAx3/O4Zz5g4QzpR3n21pYXFpeWS2sFdc3Nre27Z3dhopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwVVeb95TqVgc3elhQj2BexELGcHaWL693xGpH6Lyg+8cowt0gwwUfbvkVJyx0Dy4UyjBVDXf/up0Y5IKGmnCsVJt10m0l2GpGeF0VOykiiaYDHCPtg1GWFDlZePrR+jIOF0UxtK8SKOx+3siw0KpoQhMp8C6r2ZruflfrZ3q8NzLWJSkmkZksihMOdIxyqNAXSYp0XxoABPJzK2I9LHERJvA8hDc2S/PQ+Ok4joV9/a0VL2cxlGAAziEMrhwBlW4hhrUgcAjPMMrvFlP1ov1bn1MWhes6cwe/JH1+QPmE5Ln</latexit><latexit sha1_base64="sZkqKnHEE2EWWiEt4SqSpgn3QtA=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8Ei1E1JRNCNUHQjuKlgL9CGMJlO2qEzSZiZiDUUX8WNC0Xc+h7ufBsnbRfa+sPAx3/O4Zz5g4QzpR3n21pYXFpeWS2sFdc3Nre27Z3dhopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwVVeb95TqVgc3elhQj2BexELGcHaWL693xGpH6Lyg+8cowt0gwwUfbvkVJyx0Dy4UyjBVDXf/up0Y5IKGmnCsVJt10m0l2GpGeF0VOykiiaYDHCPtg1GWFDlZePrR+jIOF0UxtK8SKOx+3siw0KpoQhMp8C6r2ZruflfrZ3q8NzLWJSkmkZksihMOdIxyqNAXSYp0XxoABPJzK2I9LHERJvA8hDc2S/PQ+Ok4joV9/a0VL2cxlGAAziEMrhwBlW4hhrUgcAjPMMrvFlP1ov1bn1MWhes6cwe/JH1+QPmE5Ln</latexit>

x0 2 Xf
<latexit sha1_base64="Y9R3QL++o5NiIZkUegtapwb7oSk=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zA99u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4Ac4uUog==</latexit><latexit sha1_base64="Y9R3QL++o5NiIZkUegtapwb7oSk=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zA99u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4Ac4uUog==</latexit><latexit sha1_base64="Y9R3QL++o5NiIZkUegtapwb7oSk=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zA99u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4Ac4uUog==</latexit><latexit sha1_base64="Y9R3QL++o5NiIZkUegtapwb7oSk=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GXRjcsK9gFtCJPppB06mYSZiRhC/RU3LhRx64e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvSn83gOVisXiXmcJ9SI8FixkBGsj+Xb90XeGTKBhhPUkCPL+zA99u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXY6kZ4XRWG6aKJphM8ZgODBU4osrL5+Fn6NQoIxTG0jyh0Vz9vZHjSKksCsxkkVEte4X4nzdIdXjl5UwkqaaCLA6FKUc6RkUTaMQkJZpnhmAimcmKyARLTLTpq2ZKcJe/vEq6503Xabp3F43WdVlHFY7hBM7AhUtowS20oQMEMniGV3iznqwX6936WIxWrHKnDn9gff4Ac4uUog==</latexit>

Xf
<latexit sha1_base64="ulysM5PgOvW/MNmI9YTiG1CrBQM=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbySS+iOAqCrDPrh/1K1a25c5BV4hWkCgUa/cpXbxCzNOIKmaTGdD03QT+jGgWTfFbupYYnlI3pkHctVTTixs/moWfk3CoDEsbaPoVkrv7eyGhkzDQK7GSe0Sx7ufif100xvPEzoZIUuWKLQ2EqCcYkb4AMhOYM5dQSyrSwWQkbUU0Z2p7KtgRv+curpHVZ89ya93BVrd8WdZTgFM7gAjy4hjrcQwOawOAJnuEV3pyJ8+K8Ox+L0TWn2DmBP3A+fwCaqpH7</latexit><latexit sha1_base64="ulysM5PgOvW/MNmI9YTiG1CrBQM=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbySS+iOAqCrDPrh/1K1a25c5BV4hWkCgUa/cpXbxCzNOIKmaTGdD03QT+jGgWTfFbupYYnlI3pkHctVTTixs/moWfk3CoDEsbaPoVkrv7eyGhkzDQK7GSe0Sx7ufif100xvPEzoZIUuWKLQ2EqCcYkb4AMhOYM5dQSyrSwWQkbUU0Z2p7KtgRv+curpHVZ89ya93BVrd8WdZTgFM7gAjy4hjrcQwOawOAJnuEV3pyJ8+K8Ox+L0TWn2DmBP3A+fwCaqpH7</latexit><latexit sha1_base64="ulysM5PgOvW/MNmI9YTiG1CrBQM=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbySS+iOAqCrDPrh/1K1a25c5BV4hWkCgUa/cpXbxCzNOIKmaTGdD03QT+jGgWTfFbupYYnlI3pkHctVTTixs/moWfk3CoDEsbaPoVkrv7eyGhkzDQK7GSe0Sx7ufif100xvPEzoZIUuWKLQ2EqCcYkb4AMhOYM5dQSyrSwWQkbUU0Z2p7KtgRv+curpHVZ89ya93BVrd8WdZTgFM7gAjy4hjrcQwOawOAJnuEV3pyJ8+K8Ox+L0TWn2DmBP3A+fwCaqpH7</latexit><latexit sha1_base64="ulysM5PgOvW/MNmI9YTiG1CrBQM=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMplO2qGTSZy5KZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilbySS+iOAqCrDPrh/1K1a25c5BV4hWkCgUa/cpXbxCzNOIKmaTGdD03QT+jGgWTfFbupYYnlI3pkHctVTTixs/moWfk3CoDEsbaPoVkrv7eyGhkzDQK7GSe0Sx7ufif100xvPEzoZIUuWKLQ2EqCcYkb4AMhOYM5dQSyrSwWQkbUU0Z2p7KtgRv+curpHVZ89ya93BVrd8WdZTgFM7gAjy4hjrcQwOawOAJnuEV3pyJ8+K8Ox+L0TWn2DmBP3A+fwCaqpH7</latexit>

g(x)  0
<latexit sha1_base64="KWMf/OcwSLzIDdYW3wuL65hIubY=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSDES9gVQY9BLx4jmAckS5iddJIhs4/MzAbDku/w4kERr36MN//G2WQPmljQUFR1093lx4Ir7Tjf1tr6xubWdmHH3t3bPzgsHh03VJRIhnUWiUi2fKpQ8BDrmmuBrVgiDXyBTX90l/nNCUrFo/BRT2P0AjoIeZ8zqo3kDcpPFx2BY+LYtt0tlpyKMwdZJW5OSpCj1i1+dXoRSwIMNRNUqbbrxNpLqdScCZzZnURhTNmIDrBtaEgDVF46P3pGzo3SI/1Imgo1mau/J1IaKDUNfNMZUD1Uy14m/ue1E92/8VIexonGkC0W9RNBdESyBEiPS2RaTA2hTHJzK2FDKinTJqcsBHf55VXSuKy4TsV9uCpVb/M4CnAKZ1AGF66hCvdQgzowGMMzvMKbNbFerHfrY9G6ZuUzJ/AH1ucP6xmQOA==</latexit><latexit sha1_base64="KWMf/OcwSLzIDdYW3wuL65hIubY=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSDES9gVQY9BLx4jmAckS5iddJIhs4/MzAbDku/w4kERr36MN//G2WQPmljQUFR1093lx4Ir7Tjf1tr6xubWdmHH3t3bPzgsHh03VJRIhnUWiUi2fKpQ8BDrmmuBrVgiDXyBTX90l/nNCUrFo/BRT2P0AjoIeZ8zqo3kDcpPFx2BY+LYtt0tlpyKMwdZJW5OSpCj1i1+dXoRSwIMNRNUqbbrxNpLqdScCZzZnURhTNmIDrBtaEgDVF46P3pGzo3SI/1Imgo1mau/J1IaKDUNfNMZUD1Uy14m/ue1E92/8VIexonGkC0W9RNBdESyBEiPS2RaTA2hTHJzK2FDKinTJqcsBHf55VXSuKy4TsV9uCpVb/M4CnAKZ1AGF66hCvdQgzowGMMzvMKbNbFerHfrY9G6ZuUzJ/AH1ucP6xmQOA==</latexit><latexit sha1_base64="KWMf/OcwSLzIDdYW3wuL65hIubY=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSDES9gVQY9BLx4jmAckS5iddJIhs4/MzAbDku/w4kERr36MN//G2WQPmljQUFR1093lx4Ir7Tjf1tr6xubWdmHH3t3bPzgsHh03VJRIhnUWiUi2fKpQ8BDrmmuBrVgiDXyBTX90l/nNCUrFo/BRT2P0AjoIeZ8zqo3kDcpPFx2BY+LYtt0tlpyKMwdZJW5OSpCj1i1+dXoRSwIMNRNUqbbrxNpLqdScCZzZnURhTNmIDrBtaEgDVF46P3pGzo3SI/1Imgo1mau/J1IaKDUNfNMZUD1Uy14m/ue1E92/8VIexonGkC0W9RNBdESyBEiPS2RaTA2hTHJzK2FDKinTJqcsBHf55VXSuKy4TsV9uCpVb/M4CnAKZ1AGF66hCvdQgzowGMMzvMKbNbFerHfrY9G6ZuUzJ/AH1ucP6xmQOA==</latexit><latexit sha1_base64="KWMf/OcwSLzIDdYW3wuL65hIubY=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSDES9gVQY9BLx4jmAckS5iddJIhs4/MzAbDku/w4kERr36MN//G2WQPmljQUFR1093lx4Ir7Tjf1tr6xubWdmHH3t3bPzgsHh03VJRIhnUWiUi2fKpQ8BDrmmuBrVgiDXyBTX90l/nNCUrFo/BRT2P0AjoIeZ8zqo3kDcpPFx2BY+LYtt0tlpyKMwdZJW5OSpCj1i1+dXoRSwIMNRNUqbbrxNpLqdScCZzZnURhTNmIDrBtaEgDVF46P3pGzo3SI/1Imgo1mau/J1IaKDUNfNMZUD1Uy14m/ue1E92/8VIexonGkC0W9RNBdESyBEiPS2RaTA2hTHJzK2FDKinTJqcsBHf55VXSuKy4TsV9uCpVb/M4CnAKZ1AGF66hCvdQgzowGMMzvMKbNbFerHfrY9G6ZuUzJ/AH1ucP6xmQOA==</latexit>

Cv(⇡) = max
x(0)2X0,x(k),u(k)

k[g(x)]+k

s.t. x(k + 1) = f(x(k), u(k))

u(k) = ̂N (⇡, x(k))

8k 2 T
<latexit sha1_base64="JBlYIy/eLcb0Z7Ya7QM65FTeiEc="></latexit><latexit sha1_base64="JBlYIy/eLcb0Z7Ya7QM65FTeiEc="></latexit><latexit sha1_base64="JBlYIy/eLcb0Z7Ya7QM65FTeiEc="></latexit><latexit sha1_base64="JBlYIy/eLcb0Z7Ya7QM65FTeiEc="></latexit>

Cv(⇡) = 0
<latexit sha1_base64="6/WzhN7jbs3LPB+4G85ZsnNYLLc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEV6qUkvehFKPbisYL9gDaEzXbTLt1swu6mUEN/iRcPinj1p3jz35i0OWjrg4HHezPMzPMizpS2rG+jsLW9s7tX3C8dHB4dl82T064KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vGkr83szKhULxaOeR9QJ8FgwnxGsU8k1y9WWO0O1YcSu0K1VLblmxapbS6BNYuekAjnarvk1HIUkDqjQhGOlBrYVaSfBUjPC6aI0jBWNMJniMR2kVOCAKidZHr5Al6kyQn4o0xIaLdXfEwkOlJoHXtoZYD1R614m/ucNYu3fOAkTUaypIKtFfsyRDlGWAhoxSYnm85RgIll6KyITLDHRaVZZCPb6y5uk26jbVt1+aFSad3kcRTiHC6iBDdfQhHtoQwcIxPAMr/BmPBkvxrvxsWotGPnMGfyB8fkDQ4OQ3A==</latexit><latexit sha1_base64="6/WzhN7jbs3LPB+4G85ZsnNYLLc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEV6qUkvehFKPbisYL9gDaEzXbTLt1swu6mUEN/iRcPinj1p3jz35i0OWjrg4HHezPMzPMizpS2rG+jsLW9s7tX3C8dHB4dl82T064KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vGkr83szKhULxaOeR9QJ8FgwnxGsU8k1y9WWO0O1YcSu0K1VLblmxapbS6BNYuekAjnarvk1HIUkDqjQhGOlBrYVaSfBUjPC6aI0jBWNMJniMR2kVOCAKidZHr5Al6kyQn4o0xIaLdXfEwkOlJoHXtoZYD1R614m/ucNYu3fOAkTUaypIKtFfsyRDlGWAhoxSYnm85RgIll6KyITLDHRaVZZCPb6y5uk26jbVt1+aFSad3kcRTiHC6iBDdfQhHtoQwcIxPAMr/BmPBkvxrvxsWotGPnMGfyB8fkDQ4OQ3A==</latexit><latexit sha1_base64="6/WzhN7jbs3LPB+4G85ZsnNYLLc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEV6qUkvehFKPbisYL9gDaEzXbTLt1swu6mUEN/iRcPinj1p3jz35i0OWjrg4HHezPMzPMizpS2rG+jsLW9s7tX3C8dHB4dl82T064KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vGkr83szKhULxaOeR9QJ8FgwnxGsU8k1y9WWO0O1YcSu0K1VLblmxapbS6BNYuekAjnarvk1HIUkDqjQhGOlBrYVaSfBUjPC6aI0jBWNMJniMR2kVOCAKidZHr5Al6kyQn4o0xIaLdXfEwkOlJoHXtoZYD1R614m/ucNYu3fOAkTUaypIKtFfsyRDlGWAhoxSYnm85RgIll6KyITLDHRaVZZCPb6y5uk26jbVt1+aFSad3kcRTiHC6iBDdfQhHtoQwcIxPAMr/BmPBkvxrvxsWotGPnMGfyB8fkDQ4OQ3A==</latexit><latexit sha1_base64="6/WzhN7jbs3LPB+4G85ZsnNYLLc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEV6qUkvehFKPbisYL9gDaEzXbTLt1swu6mUEN/iRcPinj1p3jz35i0OWjrg4HHezPMzPMizpS2rG+jsLW9s7tX3C8dHB4dl82T064KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vGkr83szKhULxaOeR9QJ8FgwnxGsU8k1y9WWO0O1YcSu0K1VLblmxapbS6BNYuekAjnarvk1HIUkDqjQhGOlBrYVaSfBUjPC6aI0jBWNMJniMR2kVOCAKidZHr5Al6kyQn4o0xIaLdXfEwkOlJoHXtoZYD1R614m/ucNYu3fOAkTUaypIKtFfsyRDlGWAhoxSYnm85RgIll6KyITLDHRaVZZCPb6y5uk26jbVt1+aFSad3kcRTiHC6iBDdfQhHtoQwcIxPAMr/BmPBkvxrvxsWotGPnMGfyB8fkDQ4OQ3A==</latexit>

Cv(⇡) > 0
<latexit sha1_base64="jBQgoOeflwL2PgIOgAIv4+yDY0g=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNoIJXkjLRU+GyMUjJvKRQNNsly1s2G6b3S0JNvwSLx40xqs/xZv/xhZ6UPAlk7y8N5OZeV7EmdKW9W0UtrZ3dveK+6WDw6Pjsnly2lVhLAntkJCHsu9hRTkTtKOZ5rQfSYoDj9OeN21lfm9GpWKheNTziDoBHgvmM4J1KrlmudpyZ6g2jNgVurWqJdesWHVrCbRJ7JxUIEfbNb+Go5DEARWacKzUwLYi7SRYakY4XZSGsaIRJlM8poOUChxQ5STLwxfoMlVGyA9lWkKjpfp7IsGBUvPASzsDrCdq3cvE/7xBrP0bJ2EiijUVZLXIjznSIcpSQCMmKdF8nhJMJEtvRWSCJSY6zSoLwV5/eZN0G3XbqtsPjUrzLo+jCOdwATWw4RqacA9t6ACBGJ7hFd6MJ+PFeDc+Vq0FI585gz8wPn8ARQqQ3Q==</latexit><latexit sha1_base64="jBQgoOeflwL2PgIOgAIv4+yDY0g=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNoIJXkjLRU+GyMUjJvKRQNNsly1s2G6b3S0JNvwSLx40xqs/xZv/xhZ6UPAlk7y8N5OZeV7EmdKW9W0UtrZ3dveK+6WDw6Pjsnly2lVhLAntkJCHsu9hRTkTtKOZ5rQfSYoDj9OeN21lfm9GpWKheNTziDoBHgvmM4J1KrlmudpyZ6g2jNgVurWqJdesWHVrCbRJ7JxUIEfbNb+Go5DEARWacKzUwLYi7SRYakY4XZSGsaIRJlM8poOUChxQ5STLwxfoMlVGyA9lWkKjpfp7IsGBUvPASzsDrCdq3cvE/7xBrP0bJ2EiijUVZLXIjznSIcpSQCMmKdF8nhJMJEtvRWSCJSY6zSoLwV5/eZN0G3XbqtsPjUrzLo+jCOdwATWw4RqacA9t6ACBGJ7hFd6MJ+PFeDc+Vq0FI585gz8wPn8ARQqQ3Q==</latexit><latexit sha1_base64="jBQgoOeflwL2PgIOgAIv4+yDY0g=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNoIJXkjLRU+GyMUjJvKRQNNsly1s2G6b3S0JNvwSLx40xqs/xZv/xhZ6UPAlk7y8N5OZeV7EmdKW9W0UtrZ3dveK+6WDw6Pjsnly2lVhLAntkJCHsu9hRTkTtKOZ5rQfSYoDj9OeN21lfm9GpWKheNTziDoBHgvmM4J1KrlmudpyZ6g2jNgVurWqJdesWHVrCbRJ7JxUIEfbNb+Go5DEARWacKzUwLYi7SRYakY4XZSGsaIRJlM8poOUChxQ5STLwxfoMlVGyA9lWkKjpfp7IsGBUvPASzsDrCdq3cvE/7xBrP0bJ2EiijUVZLXIjznSIcpSQCMmKdF8nhJMJEtvRWSCJSY6zSoLwV5/eZN0G3XbqtsPjUrzLo+jCOdwATWw4RqacA9t6ACBGJ7hFd6MJ+PFeDc+Vq0FI585gz8wPn8ARQqQ3Q==</latexit><latexit sha1_base64="jBQgoOeflwL2PgIOgAIv4+yDY0g=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNoIJXkjLRU+GyMUjJvKRQNNsly1s2G6b3S0JNvwSLx40xqs/xZv/xhZ6UPAlk7y8N5OZeV7EmdKW9W0UtrZ3dveK+6WDw6Pjsnly2lVhLAntkJCHsu9hRTkTtKOZ5rQfSYoDj9OeN21lfm9GpWKheNTziDoBHgvmM4J1KrlmudpyZ6g2jNgVurWqJdesWHVrCbRJ7JxUIEfbNb+Go5DEARWacKzUwLYi7SRYakY4XZSGsaIRJlM8poOUChxQ5STLwxfoMlVGyA9lWkKjpfp7IsGBUvPASzsDrCdq3cvE/7xBrP0bJ2EiijUVZLXIjznSIcpSQCMmKdF8nhJMJEtvRWSCJSY6zSoLwV5/eZN0G3XbqtsPjUrzLo+jCOdwATWw4RqacA9t6ACBGJ7hFd6MJ+PFeDc+Vq0FI585gz8wPn8ARQqQ3Q==</latexit>



11

x(0)
<latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit><latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit><latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit><latexit sha1_base64="f2pSv37C2ffRnrFM35qB2gxjIO0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXg6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VpY2L</latexit>

. . .
<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>

⇡
<latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit>

⇡
<latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit>

⇡
<latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit><latexit sha1_base64="NUCUQALYPVj74U8IivThG934Sng=">AAACCXicbVDLSsNAFJ34rPFVdelmsAiuSiKCuiu4cVmpfUATymQybYfOI8xMlBLyBYJb/Q134tav8C/8BCdtFtp6YIbDOfdy7z1Rwqg2nvflrKyurW9sVrbc7Z3dvf3qwWFHy1Rh0saSSdWLkCaMCtI21DDSSxRBPGKkG01uCr/7QJSmUtybaUJCjkaCDilGppCChLqDas2rezPAZeKXpAZKNAfV7yCWOOVEGMyQ1n3fS0yYIWUoZiR3g1STBOEJGpG+pQJxosNstmsOT60Sw6FU9gkDZ+rvjgxxrac8spUcmbFe9ArxP6+fmuFVmFGRpIYIPB80TBk0EhaHw5gqgg2bWoKwonZXiMdIIWxsPG4gyCOWnCMRZwFv5fazEzBiWSvPi4j8xUCWSee87nt1/+6i1rguw6qAY3ACzoAPLkED3IImaAMMxuAZvIBX58l5c96dj3npilP2HIE/cD5/ABWvmqg=</latexit>

u(0)
<latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit><latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit><latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit><latexit sha1_base64="W+CUjrCqdWkQYCCTJ5OHwP82OPo=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTXvalipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxGqjYo=</latexit>

u(1)
<latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1ifl/ZMGq8MTg1N28n9NU/7rcXE=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFqJsy48YuBTcuK9gfaIeSSTNtaJIZkjtCGfoKblwo4lO5823MtF1o64HAxzkJufdEqRQWff/bK+3s7u0flA8rR9Xjk9PaWbVrk8ww3mGJTEw/opZLoXkHBUreTw2nKpK8F83ui7z3zI0ViX7CecpDRSdaxIJRLKysEVyPanW/6S9FtiFYQx3Wao9qX8NxwjLFNTJJrR0EfophTg0KJvmiMswsTymb0QkfONRUcRvmy1kX5Mo5YxInxh2NZOn+fpFTZe1cRe6moji1m1lh/pcNMoxbYS50miHXbPVRnEmCCSkWJ2NhOEM5d0CZEW5WwqbUUIaunoorIdhceRu6N83AbwaPPpThAi6hAQHcwh08QBs6wGAKL/AG757yXr2PVV0lb93bOfyR9/kD/HuMQw==</latexit><latexit sha1_base64="1ifl/ZMGq8MTg1N28n9NU/7rcXE=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFqJsy48YuBTcuK9gfaIeSSTNtaJIZkjtCGfoKblwo4lO5823MtF1o64HAxzkJufdEqRQWff/bK+3s7u0flA8rR9Xjk9PaWbVrk8ww3mGJTEw/opZLoXkHBUreTw2nKpK8F83ui7z3zI0ViX7CecpDRSdaxIJRLKysEVyPanW/6S9FtiFYQx3Wao9qX8NxwjLFNTJJrR0EfophTg0KJvmiMswsTymb0QkfONRUcRvmy1kX5Mo5YxInxh2NZOn+fpFTZe1cRe6moji1m1lh/pcNMoxbYS50miHXbPVRnEmCCSkWJ2NhOEM5d0CZEW5WwqbUUIaunoorIdhceRu6N83AbwaPPpThAi6hAQHcwh08QBs6wGAKL/AG757yXr2PVV0lb93bOfyR9/kD/HuMQw==</latexit><latexit sha1_base64="+sR0YiCm3Ac8E70Y64lfVDyk9oA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXkpWBD0WvHisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5YSK4sRh/e6WNza3tnfJuZW//4PCoenzSMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupXX/clit4QZeAK0TvyA1KNAaVr8Go5imkilLBTGm7+PEBhnRllPB5pVBalhC6JSMWd9RRSQzQba4dY4unDJCUaxdKYsW6u+JjEhjZjJ0nZLYiVn1cvE/r5/a6DbIuEpSyxRdLopSgWyM8sfRiGtGrZg5Qqjm7lZEJ0QTal08FReCv/ryOulcNXzc8B9wrXldxFGGMziHOvhwA024hxa0gcIEnuEV3jzpvXjv3seyteQVM6fwB97nDxHvjYc=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit><latexit sha1_base64="Pz+92Jg6l+Bcl0m4Dothq8iecGw=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpexKQY8FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhurOd9o43Nre2d3dJeef/g8Oi4cnLaMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uV+94lpw2P1aGcJCyQZKx5xSmwupTX/alipenVvAbxO/IJUoUBrWPkajGKaSqYsFcSYvu8lNsiItpwKNi8PUsMSQqdkzPqOKiKZCbLFrXN86ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URrdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviKbsQ/NWX10nnuu57df+hUW02ijhKcA4XUAMfbqAJ99CCNlCYwDO8whuS6AW9o49l6wYqZs7gD9DnDxMvjYs=</latexit>

u(N�1)
<latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPhYoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit><latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPhYoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit><latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPhYoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit><latexit sha1_base64="Ij1DePXAm11qC+G2Pdd9lm+JlHw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdCegx4MWTRDAPSJYwO5kkQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjG9mfuuJayMi9YCTmPshHSoxEIyildpJ+S69mHrnvWLJrbhzkFXiZaQEGeq94le3H7Ek5AqZpMZ0PDdGP6UaBZN8WugmhseUjemQdyxVNOTGT+f3TsmZVfpkEGlbCslc/T2R0tCYSRjYzpDiyCx7M/E/r5Pg4NpPhYoT5IotFg0SSTAis+dJX2jOUE4soUwLeythI6opQxtRwYbgLb+8SpqXFc+tePfVUq2axZGHEziFMnhwBTW4hTo0gIGEZ3iFN+fReXHenY9Fa87JZo7hD5zPH+C0jyY=</latexit>

x(N�1)
<latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit><latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit><latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit><latexit sha1_base64="QF2xy2pSdsDZY7U2eMZxGuYel1w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArAT0GvHiSCOYByRJmJ5NkyOzsOtMrhiU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go+up33zk2ohI3eM45n5IB0r0BaNopdZT6TY9n3hn3ULRLbszkGXiZaQIGWrdwlenF7Ek5AqZpMa0PTdGP6UaBZN8ku8khseUjeiAty1VNOTGT2f3TsipVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/8pPhYoT5IrNF/UTSTAi0+dJT2jOUI4toUwLeythQ6opQxtR3obgLb68TBoXZc8te3eVYrWSxZGDYziBEnhwCVW4gRrUgYGEZ3iFN+fBeXHenY9564qTzRzBHzifP+VVjyk=</latexit>

x(N)
<latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit><latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit><latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit><latexit sha1_base64="MZc640HmMnQ865CmB9IdG5DSHm0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKeix4MWTVLAf0C4lm2bb0CS7JFmxLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3J/O4jVZpF8sHMYuoLPJYsZASbTHqq3l0OyxW35i6A1omXkwrkaA3LX4NRRBJBpSEca9333Nj4KVaGEU7npUGiaYzJFI9p31KJBdV+urh1ji6sMkJhpGxJgxbq74kUC61nIrCdApuJXvUy8T+vn5jw2k+ZjBNDJVkuChOOTISyx9GIKUoMn1mCiWL2VkQmWGFibDwlG4K3+vI66dRrnlvz7huVZj2PowhncA5V8OAKmnALLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fQzuNqQ==</latexit>

x(1)
<latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit><latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit><latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit><latexit sha1_base64="+8/axSnMiVqOGjTUjadNwRwNLxA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anuXQ6rNbfhLoDWiVeQGhRoD6tfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpNBue2/Dur2qtZhFHGc7gHOrgwTW04A7a4AOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8XKo2M</latexit>

x(2)
<latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit><latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit><latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit><latexit sha1_base64="VOHlgifuSLjp181OXYciFr2i+Zo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisYNpCG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9Db3u49UaRbLBzNLaCDwWLKIEWxy6anevBxWa27DXQCtE68gNSjQHla/BqOYpIJKQzjWuu+5iQkyrAwjnM4rg1TTBJMpHtO+pRILqoNscescXVhlhKJY2ZIGLdTfExkWWs9EaDsFNhO96uXif14/NdFNkDGZpIZKslwUpRyZGOWPoxFTlBg+swQTxeytiEywwsTYeCo2BG/15XXSaTY8t+HdX9VazSKOMpzBOdTBg2towR20wQcCE3iGV3hzhPPivDsfy9aSU8ycwh84nz8Yr42N</latexit>

f(x(0), u(0))
<latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit><latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit><latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit><latexit sha1_base64="lBVeRtFdZP5+1b2usY8N4yZU0U0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlXd2qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AGcaPtA==</latexit>

f(x(1), u(1))
<latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit><latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit><latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit><latexit sha1_base64="TOWHfegpeAMhX/ldaDpnk0uVfCI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovQgpSkCLosuHFZwT6gDWUynbRDJ5MwD7GE/oYbF4q49Wfc+TdO0yy09cC9HM65l7lzgoQzpV332ylsbG5t7xR3S3v7B4dH5eOTjoqNJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hbhdx+pVCwWD3qWUD/CY8FCRrC20iCsPlW92qWxrTYsV9y6mwGtEy8nFcjRGpa/BqOYmIgKTThWqu+5ifZTLDUjnM5LA6NogskUj2nfUoEjqvw0u3mOLqwyQmEsbQmNMvX3RoojpWZRYCcjrCdq1VuI/3l9o8MbP2UiMZoKsnwoNBzpGC0CQCMmKdF8ZgkmktlbEZlgiYm2MZVsCN7ql9dJp1H33Lp3f1VpNvI4inAG51AFD66hCXfQgjYQSOAZXuHNMc6L8+58LEcLTr5zCn/gfP4AHNePtg==</latexit>

̂N (⇡, x(0))
<latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit><latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit><latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit><latexit sha1_base64="dP2qb3hEOUdK23UrfBQrAUSMKc0=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLK5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH1y1lgc=</latexit>

̂N (⇡, x(1))
<latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit><latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit><latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit><latexit sha1_base64="jAxDtDIgxIr5vKTrj2ovAI4J43g=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRWpCSFEGPBS+epIL9gCaUyXbbLt0ky+5GLKF48a948aCIV3+FN/+N2zYHbX0w8Hhvhpl5geBMacf5tnIrq2vrG/nNwtb2zu6evX/QVHEiCW2QmMeyHYCinEW0oZnmtC0khTDgtBWMrqZ+655KxeLoTo8F9UMYRKzPCGgjde0jbwg69UYgBEy6NyVPsDP8UHLL5a5ddCrODHiZuBkpogz1rv3l9WKShDTShINSHdcR2k9BakY4nRS8RFEBZAQD2jE0gpAqP529MMGnRunhfixNRRrP1N8TKYRKjcPAdIagh2rRm4r/eZ1E9y/9lEUi0TQi80X9hGMd42keuMckJZqPDQEimbkVkyFIINqkVjAhuIsvL5NmteI6Fff2vFirZnHk0TE6QSXkogtUQ9eojhqIoEf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH147lgg=</latexit>

̂N (⇡, x(N�1))
<latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit><latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit><latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit><latexit sha1_base64="IuTbkcnGLd/KeAcPcAxHzjb94ME=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEBDTsBkGPAS+eQgTzgGwIvZNJMmR2d5iZFcOyRy/+ihcPinj1E7z5N04eB00saCiquunu8gVnSjvOt5VZWV1b38hu5ra2d3b37P2DhopiSWidRDySLR8U5Sykdc00py0hKQQ+p01/dD3xm/dUKhaFd3osaCeAQcj6jIA2Utc+9oagE28EQkDarRY8wc7wQyGpJuepmxaLXTvvlJwp8DJx5ySP5qh17S+vF5E4oKEmHJRqu47QnQSkZoTTNOfFigogIxjQtqEhBFR1kukjKT41Sg/3I2kq1Hiq/p5IIFBqHPimMwA9VIveRPzPa8e6f9VJWChiTUMyW9SPOdYRnqSCe0xSovnYECCSmVsxGYIEok12OROCu/jyMmmUS65Tcm8v8pXyPI4sOkInqIBcdIkq6AbVUB0R9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzByR+mK8=</latexit>

d(0)
<latexit sha1_base64="VZY2g9mwnCrMZ4w0+9oja54wWSM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXo6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/1PI1x</latexit><latexit sha1_base64="VZY2g9mwnCrMZ4w0+9oja54wWSM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXo6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/1PI1x</latexit><latexit sha1_base64="VZY2g9mwnCrMZ4w0+9oja54wWSM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXo6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/1PI1x</latexit><latexit sha1_base64="VZY2g9mwnCrMZ4w0+9oja54wWSM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXo6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/1PI1x</latexit>

d(1)
<latexit sha1_base64="Jnu5on7wA1O7MSzAWJmeMmI5y+w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXY6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/2wY1y</latexit><latexit sha1_base64="Jnu5on7wA1O7MSzAWJmeMmI5y+w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXY6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/2wY1y</latexit><latexit sha1_base64="Jnu5on7wA1O7MSzAWJmeMmI5y+w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXY6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/2wY1y</latexit><latexit sha1_base64="Jnu5on7wA1O7MSzAWJmeMmI5y+w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosePFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0sbm1vVPereztHxweVY9PujpOFaEdEvNY9QOsKWeSdgwznPYTRbEIOO0F07vc7z1RpVksH80sob7AY8kiRrDJpbDuXY6qNbfhLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9b3DpHF1YJURQrW9Kghfp7IsNC65kIbKfAZqJXvVz8zxukJrr1MyaT1FBJlouilCMTo/xxFDJFieEzSzBRzN6KyAQrTIyNp2JD8FZfXifdZsNzG97Dda11VcRRhjM4hzp4cAMtuIc2dIDABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/2wY1y</latexit>

d(N�1)
<latexit sha1_base64="4JmBI4dJyhPPRZQ/dhESDqHvrx4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpaNCHosePEkFewHtEvJZrNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnp8Iro3rfjuFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qZ+u0npjSP5YMZJ8yLyEDykFNirNQJqnfZ+QSf9ssVt+bOgJYJzkkFcjT65a9eENM0YtJQQbTuYjcxXkaU4VSwSamXapYQOiID1rVUkohpL5vdO0EnVglQGCtb0qCZ+nsiI5HW48i3nRExQ73oTcX/vG5qwmsv4zJJDZN0vihMBTIxmj6PAq4YNWJsCaGK21sRHRJFqLERlWwIePHlZdK6qGG3hu8vK/WzPI4iHMExVAHDFdThFhrQBAoCnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDEEY8N</latexit><latexit sha1_base64="4JmBI4dJyhPPRZQ/dhESDqHvrx4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpaNCHosePEkFewHtEvJZrNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnp8Iro3rfjuFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qZ+u0npjSP5YMZJ8yLyEDykFNirNQJqnfZ+QSf9ssVt+bOgJYJzkkFcjT65a9eENM0YtJQQbTuYjcxXkaU4VSwSamXapYQOiID1rVUkohpL5vdO0EnVglQGCtb0qCZ+nsiI5HW48i3nRExQ73oTcX/vG5qwmsv4zJJDZN0vihMBTIxmj6PAq4YNWJsCaGK21sRHRJFqLERlWwIePHlZdK6qGG3hu8vK/WzPI4iHMExVAHDFdThFhrQBAoCnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDEEY8N</latexit><latexit sha1_base64="4JmBI4dJyhPPRZQ/dhESDqHvrx4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpaNCHosePEkFewHtEvJZrNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnp8Iro3rfjuFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qZ+u0npjSP5YMZJ8yLyEDykFNirNQJqnfZ+QSf9ssVt+bOgJYJzkkFcjT65a9eENM0YtJQQbTuYjcxXkaU4VSwSamXapYQOiID1rVUkohpL5vdO0EnVglQGCtb0qCZ+nsiI5HW48i3nRExQ73oTcX/vG5qwmsv4zJJDZN0vihMBTIxmj6PAq4YNWJsCaGK21sRHRJFqLERlWwIePHlZdK6qGG3hu8vK/WzPI4iHMExVAHDFdThFhrQBAoCnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDEEY8N</latexit><latexit sha1_base64="4JmBI4dJyhPPRZQ/dhESDqHvrx4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpaNCHosePEkFewHtEvJZrNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnp8Iro3rfjuFldW19Y3iZmlre2d3r7x/0NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qZ+u0npjSP5YMZJ8yLyEDykFNirNQJqnfZ+QSf9ssVt+bOgJYJzkkFcjT65a9eENM0YtJQQbTuYjcxXkaU4VSwSamXapYQOiID1rVUkohpL5vdO0EnVglQGCtb0qCZ+nsiI5HW48i3nRExQ73oTcX/vG5qwmsv4zJJDZN0vihMBTIxmj6PAq4YNWJsCaGK21sRHRJFqLERlWwIePHlZdK6qGG3hu8vK/WzPI4iHMExVAHDFdThFhrQBAoCnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDEEY8N</latexit>

Uncertainty

Each scenario has data[x0,s, ds(k)]
<latexit sha1_base64="5xyz8xzApYSRqeu63WQkJWJCEOA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQilJEfRY8OKxgm2FNoTNZtMu3WzC7qZYQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZpY3Nre6e8W9nbPzg8so9PuirJJKEdkvBEPgZYUc4E7WimOX1MJcVxwGkvGN/O/d6ESsUS8aCnKfViPBQsYgRrI/m23X/yc6euZvXQV7XxpefbVafhLIDWiVuQKhRo+/bXIExIFlOhCcdK9V0n1V6OpWaE01llkCmaYjLGQ9o3VOCYKi9fXD5DF0YJUZRIU0Kjhfp7IsexUtM4MJ0x1iO16s3F/7x+pqMbL2cizTQVZLkoyjjSCZrHgEImKdF8aggmkplbERlhiYk2YVVMCO7qy+uk22y4TsO9v6q2mkUcZTiDc6iBC9fQgjtoQwcITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBPOGSrw==</latexit><latexit sha1_base64="5xyz8xzApYSRqeu63WQkJWJCEOA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQilJEfRY8OKxgm2FNoTNZtMu3WzC7qZYQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZpY3Nre6e8W9nbPzg8so9PuirJJKEdkvBEPgZYUc4E7WimOX1MJcVxwGkvGN/O/d6ESsUS8aCnKfViPBQsYgRrI/m23X/yc6euZvXQV7XxpefbVafhLIDWiVuQKhRo+/bXIExIFlOhCcdK9V0n1V6OpWaE01llkCmaYjLGQ9o3VOCYKi9fXD5DF0YJUZRIU0Kjhfp7IsexUtM4MJ0x1iO16s3F/7x+pqMbL2cizTQVZLkoyjjSCZrHgEImKdF8aggmkplbERlhiYk2YVVMCO7qy+uk22y4TsO9v6q2mkUcZTiDc6iBC9fQgjtoQwcITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBPOGSrw==</latexit><latexit sha1_base64="5xyz8xzApYSRqeu63WQkJWJCEOA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQilJEfRY8OKxgm2FNoTNZtMu3WzC7qZYQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZpY3Nre6e8W9nbPzg8so9PuirJJKEdkvBEPgZYUc4E7WimOX1MJcVxwGkvGN/O/d6ESsUS8aCnKfViPBQsYgRrI/m23X/yc6euZvXQV7XxpefbVafhLIDWiVuQKhRo+/bXIExIFlOhCcdK9V0n1V6OpWaE01llkCmaYjLGQ9o3VOCYKi9fXD5DF0YJUZRIU0Kjhfp7IsexUtM4MJ0x1iO16s3F/7x+pqMbL2cizTQVZLkoyjjSCZrHgEImKdF8aggmkplbERlhiYk2YVVMCO7qy+uk22y4TsO9v6q2mkUcZTiDc6iBC9fQgjtoQwcITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBPOGSrw==</latexit><latexit sha1_base64="5xyz8xzApYSRqeu63WQkJWJCEOA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQilJEfRY8OKxgm2FNoTNZtMu3WzC7qZYQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZpY3Nre6e8W9nbPzg8so9PuirJJKEdkvBEPgZYUc4E7WimOX1MJcVxwGkvGN/O/d6ESsUS8aCnKfViPBQsYgRrI/m23X/yc6euZvXQV7XxpefbVafhLIDWiVuQKhRo+/bXIExIFlOhCcdK9V0n1V6OpWaE01llkCmaYjLGQ9o3VOCYKi9fXD5DF0YJUZRIU0Kjhfp7IsexUtM4MJ0x1iO16s3F/7x+pqMbL2cizTQVZLkoyjjSCZrHgEImKdF8aggmkplbERlhiYk2YVVMCO7qy+uk22y4TsO9v6q2mkUcZTiDc6iBC9fQgjtoQwcITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBPOGSrw==</latexit>

min
⇡,xs(k),us(k)

X

s2S

X

k2T
l(xs(k), us(k)) + Vf (xs(N))

s.t. xs(k + 1) = f(xs(k), us(k), ds(k))

us(k) = ̂N (⇡, xs(k))

xs(0) = x0,s

xs(k) 2 X, xs(N) 2 Xf , us(k) 2 U
8s 2 S, 8k 2 T

<latexit sha1_base64="9JOXqwNN7UPxvAiVAI9eB/OXA4o="></latexit><latexit sha1_base64="9JOXqwNN7UPxvAiVAI9eB/OXA4o="></latexit><latexit sha1_base64="9JOXqwNN7UPxvAiVAI9eB/OXA4o="></latexit><latexit sha1_base64="9JOXqwNN7UPxvAiVAI9eB/OXA4o="></latexit>
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dz1
dt

= � a1
A1

p
2g(z1 + x1s)

+
a3
A1

p
2g(z3 + x3s) +

�1
A1

(v1 + u1s)

dz2
dt

= � a2
A2

p
2g(z2 + x2s)

+
a4
A2

p
2g(z4 + x4s) +

�2
A2

(v2 + u2s)

dz3
dt

= � a3
A3

p
2g(z3 + x3s) +

(1� �2)

A3
(v2 + u2s)

dz4
dt

= � a4
A4

p
2g(z4 + x4s) +

(1� �1)

A4
(v1 + u1s)

<latexit sha1_base64="szxJ38p3GtaYGTjZDbeA7k8u7UM="></latexit><latexit sha1_base64="szxJ38p3GtaYGTjZDbeA7k8u7UM="></latexit><latexit sha1_base64="szxJ38p3GtaYGTjZDbeA7k8u7UM="></latexit><latexit sha1_base64="szxJ38p3GtaYGTjZDbeA7k8u7UM="></latexit>

Training scenarios: 
- 81 initial state scenarios with each state variable discretized by 3 points
- for ideal NMPC, we need to solve 81 *20 = 1620 optimization problems (N=20 steps)
- These 1620 data pairs are used in the two-step approach
Test scenarios: 
- 256 initial state scenarios with each state variable discretized by 4 points
NN controller:
- Structure 4 - 10 - 2 - 2
- Both hidden layers use the activation function tanh
- To guarantee the satisfaction of input constraints, the last layer projects values in the 

range of [-1,1] to [vmin, vmax]
<latexit sha1_base64="TQCUOloxV2TiDqzkX2ul89M/0mk=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3Ay2ggspSTe6LLpxWcFeIA1hMp20Q2cmYWZSLKHgq7hxoYhbn8Odb+OkzUJbfxj4+M85nDN/mDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOb/N6d0KkorF40NOE+BwNBY0oRtpYgX0Ca94kyDgVs0uYA3qc+bXArjp1Zy64Cm4BVVCoFdhf/UGMU06Exgwp5blOov0MSU0xI7NKP1UkQXiMhsQzKBAnys/m58/guXEGMIqleULDuft7IkNcqSkPTSdHeqSWa7n5X81LdXTtZ1QkqSYCLxZFKYM6hnkWcEAlwZpNDSAsqbkV4hGSCGuTWMWE4C5/eRU6jbrr1N37RrV5U8RRBqfgDFwAF1yBJrgDLdAGGGTgGbyCN+vJerHerY9Fa8kqZo7BH1mfP0tblQs=</latexit><latexit sha1_base64="TQCUOloxV2TiDqzkX2ul89M/0mk=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3Ay2ggspSTe6LLpxWcFeIA1hMp20Q2cmYWZSLKHgq7hxoYhbn8Odb+OkzUJbfxj4+M85nDN/mDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOb/N6d0KkorF40NOE+BwNBY0oRtpYgX0Ca94kyDgVs0uYA3qc+bXArjp1Zy64Cm4BVVCoFdhf/UGMU06Exgwp5blOov0MSU0xI7NKP1UkQXiMhsQzKBAnys/m58/guXEGMIqleULDuft7IkNcqSkPTSdHeqSWa7n5X81LdXTtZ1QkqSYCLxZFKYM6hnkWcEAlwZpNDSAsqbkV4hGSCGuTWMWE4C5/eRU6jbrr1N37RrV5U8RRBqfgDFwAF1yBJrgDLdAGGGTgGbyCN+vJerHerY9Fa8kqZo7BH1mfP0tblQs=</latexit><latexit sha1_base64="TQCUOloxV2TiDqzkX2ul89M/0mk=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3Ay2ggspSTe6LLpxWcFeIA1hMp20Q2cmYWZSLKHgq7hxoYhbn8Odb+OkzUJbfxj4+M85nDN/mDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOb/N6d0KkorF40NOE+BwNBY0oRtpYgX0Ca94kyDgVs0uYA3qc+bXArjp1Zy64Cm4BVVCoFdhf/UGMU06Exgwp5blOov0MSU0xI7NKP1UkQXiMhsQzKBAnys/m58/guXEGMIqleULDuft7IkNcqSkPTSdHeqSWa7n5X81LdXTtZ1QkqSYCLxZFKYM6hnkWcEAlwZpNDSAsqbkV4hGSCGuTWMWE4C5/eRU6jbrr1N37RrV5U8RRBqfgDFwAF1yBJrgDLdAGGGTgGbyCN+vJerHerY9Fa8kqZo7BH1mfP0tblQs=</latexit><latexit sha1_base64="TQCUOloxV2TiDqzkX2ul89M/0mk=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3Ay2ggspSTe6LLpxWcFeIA1hMp20Q2cmYWZSLKHgq7hxoYhbn8Odb+OkzUJbfxj4+M85nDN/mDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOb/N6d0KkorF40NOE+BwNBY0oRtpYgX0Ca94kyDgVs0uYA3qc+bXArjp1Zy64Cm4BVVCoFdhf/UGMU06Exgwp5blOov0MSU0xI7NKP1UkQXiMhsQzKBAnys/m58/guXEGMIqleULDuft7IkNcqSkPTSdHeqSWa7n5X81LdXTtZ1QkqSYCLxZFKYM6hnkWcEAlwZpNDSAsqbkV4hGSCGuTWMWE4C5/eRU6jbrr1N37RrV5U8RRBqfgDFwAF1yBJrgDLdAGGGTgGbyCN+vJerHerY9Fa8kqZo7BH1mfP0tblQs=</latexit>
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Performance of two-step method with di↵erent DNN layers

# of layers
training testing

cost
Cons.

cost
Cons.

Viol. Viol.
2 582.64 1.8502 492.83 1.8502
4 584.40 0.599 490.26 1.008
6 583.74 1.12 491.06 1.18
8 586.26 0.259 492.23 1.240
10 582.87 0.636 489.71 0.746
12 586.08 0.513 492.84 1.250

<latexit sha1_base64="0fV2oPUcScKF4g8OhgMAZe3O/aQ="></latexit><latexit sha1_base64="0fV2oPUcScKF4g8OhgMAZe3O/aQ="></latexit><latexit sha1_base64="0fV2oPUcScKF4g8OhgMAZe3O/aQ="></latexit><latexit sha1_base64="0fV2oPUcScKF4g8OhgMAZe3O/aQ="></latexit>

Averaged online and o✏ine computational time

online (s) o✏ine (s)
ideal NMPC 0.016 -
two-step 4e-5 2134
all-in-one 4e-5 1194
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Performance of di↵erent controllers

training testing

cost
Cons.

cost
Cons.

Viol. Viol.
ideal NMPC 582.18 0 488.53 0
two-step 582.64 1.85 492.83 1.85
all-in-one 582.29 0 488.95 0.075
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All-in-one Approach

- Still works even if optimal control actions are not unique

- Constraints are satisfied at least for training samples

- RNN reformulation might reduce the training time

Summary
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