
Reinforcement Learning: 
Introduction and Applications 
to Nonequilibrium Dynamics

Marin Bukov

Big Questions: Which problems can we study with ML that we can’t do otherwise? 
                           Can ML lead to the discovery of new physics? 
                           What’s ML’s most appropriate physics application as a toolbox?
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Supervised Learning
• labelled data

Hamburg group: B. Rem, et al, arXiv:1809.05519

 
 
 
 
 
 

train set: 10,436 raw ToF images 
test set: 15,963 images 
validation set: 3,992 images

learning topological phases in experiment

Carrasquilla and Melko, Nature Physics (2017)

• find approx. model for 
    the mapping

{(x, y)}
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Supervised Learning
• labelled data

Unsupervised Learning
• unlabelled data

• find approx. model which  
 generalizes beyond fitting

• find approx. probability distr. 
    which generates the data

visualize glassy (control) transitions

A. Day, M.B., et al, arXiv:1803:10856

Machine Learning

{x}
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Unsupervised Learning
• unlabelled data

• find approx. model which  
 generalizes beyond fitting

• find approx. probability distr. 
    which generates the data

Carleo and Troyer, Science (2017)

obtaining state-of-the-art accuracy in both ground-
state and out-of-equilibrium dynamics.

Neural-network quantum states

Consider a quantum system with N discrete-
valued degrees of freedom S ¼ ðS1;S2;… ;SN Þ,
which may be spins, bosonic occupation numbers,
or similar. The many-body wave function is a map-
ping of the N-dimensional set S to (exponentially
many) complex numbers that fully specify the
amplitude and the phase of the quantum state.
The point of view we take here is to interpret
the wave function as a computational black box
which, given an input many-body configuration
S, returns a phase and an amplitude according
to YðSÞ. Our goal is to approximate this compu-
tational black box with a neural network, trained
to best representYðSÞ. Different possible choices
for the artificial neural-network architectures
have been proposed to solve specific tasks, and
the best architecture to describe a many-body
quantum system may vary from one case to an-
other. For the sake of concreteness, we henceforth
specialize our discussion to restricted Boltzmann
machine (RBM) architectures and apply them to
describe spin-½ quantum systems. In this case,
RBM artificial networks are constituted by one
visible layer of N nodes, corresponding to the
physical spin variables in a chosen basis (e.g.,
S ¼ sz1 ;… ; szN ) and a single hidden layer of M
auxiliary spin variables ðh1;… ; hM Þ (Fig. 1). This
description corresponds to a variational expres-
sion for the quantum states

YM ðS;WÞ¼
X

fhig
e

X

j

ajszjþ
X

i

bihiþ
X

ij

Wijhiszj

where hi ¼ f−1; 1g is a set ofM hidden spin varia-
bles and the network parametersW ¼ fa; b;Wg
fully specify the response of the network to a
given input state S. Because this architecture fea-
tures no intralayer interactions, the hidden varia-
bles can be explicitly traced out, and the wave

function reads YðS;WÞ ¼ e
P
j

aj s
z
j % PM

i¼1FiðSÞ,
where FiðSÞ¼2cosh½biþP

j

W ijszj '. The network
weights are, in general, to be taken complex-
valued to provide a complete description of both
the amplitude and the phase of the wave function.
The mathematical foundations for the ability

of NQS to describe intricate many-body wave
functions are the established representability
theorems (27–29), which guarantee the existence
of network approximates of sufficiently smooth
and regular high-dimensional functions. If these
conditions are satisfied by the many-body wave
function, we can reasonably expect the NQS form
to be a sensible choice. One of the practical ad-
vantages of this representation is that its quality
can, in principle, be systematically improved by
increasing the number of hidden variables. The
numberM (or, equivalently, the density a =M/N)
then plays a role analogous to the bond dimension
for the MPS. However, the correlations induced
by the hidden units are intrinsically nonlocal in
space and are therefore well suited to describe
quantum systems in arbitrary dimension. Another

convenient point of the NQS representation is
that it can be formulated in a way that conserves
some specific symmetries. For example, lattice trans-
lation symmetry can be used to reduce the number
of variational parameters of the NQS ansatz, in the
spirit of shift-invariant RBMs (30, 31). Concretely,
for integer hidden-variable density a = 1,2,…, the
weight matrix takes the form of feature filters
W ð f Þ

j for f ∈½1;a'. These filters have a total of aN
variational elements in lieu of the aN2 elements of
the asymmetric case (see supplementary materials).
Given a general expression for the quantum

many-body state, we are now left with the task of
solving the many-body problem by using machine
learning to optimize the network parameters W.
In the most interesting applications, the exact

many-body state is unknown, and it is typically
found upon solving either the static Schrödinger
equationHjYi ¼ EjYi or the time-dependent one
HjYðtÞi ¼ i d

dt jYðtÞi for a given HamiltonianH.
In the absence of samples drawn according to the
exact wave function, supervised learning of Y is
therefore not a viable option. Instead, we derive
a consistent reinforcement learning approach in
which either the ground-state wave function or
the time-dependent one is learned on the basis
of feedback from variational principles.

Ground state

To demonstrate the accuracy of the NQS in
the description of complex many-body quantum
states, we first focus on the goal of finding the

Carleo et al., Science 355, 602–606 (2017) 10 February 2017 2 of 4
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Fig. 2. Neural-network representation of the many-body ground states. Results for prototypical
spin models in one and two dimensions are shown. In the top group of panels, we show the feature maps for
the 1D transverse-field Ising (TFI) model at the critical point h = 1, as well as for the antiferromagnetic
Heisenberg (AFH) model. In both cases, the hidden-unit density is a = 4 and the lattices comprise 80 sites.

Each horizontal colormap shows the values that the fth featuremapW ð f Þ
j takes on the jth lattice site (horizontal

axis, broadened along the vertical direction for clarity). In the bottom group of panels, we show the feature
maps for the 2D Heisenberg model on a square lattice, for a = 16. In this case, the horizontal (or vertical) axis
of the colormaps corresponds to the x (or y) coordinates on a 10-by-10 square lattice. Each of the feature
maps acts as an effective filter on the spin configurations, capturing themost important quantum correlations.
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A. Day, M.B., et al, arXiv:1803:10856
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obtaining state-of-the-art accuracy in both ground-
state and out-of-equilibrium dynamics.

Neural-network quantum states

Consider a quantum system with N discrete-
valued degrees of freedom S ¼ ðS1;S2;… ;SN Þ,
which may be spins, bosonic occupation numbers,
or similar. The many-body wave function is a map-
ping of the N-dimensional set S to (exponentially
many) complex numbers that fully specify the
amplitude and the phase of the quantum state.
The point of view we take here is to interpret
the wave function as a computational black box
which, given an input many-body configuration
S, returns a phase and an amplitude according
to YðSÞ. Our goal is to approximate this compu-
tational black box with a neural network, trained
to best representYðSÞ. Different possible choices
for the artificial neural-network architectures
have been proposed to solve specific tasks, and
the best architecture to describe a many-body
quantum system may vary from one case to an-
other. For the sake of concreteness, we henceforth
specialize our discussion to restricted Boltzmann
machine (RBM) architectures and apply them to
describe spin-½ quantum systems. In this case,
RBM artificial networks are constituted by one
visible layer of N nodes, corresponding to the
physical spin variables in a chosen basis (e.g.,
S ¼ sz1 ;… ; szN ) and a single hidden layer of M
auxiliary spin variables ðh1;… ; hM Þ (Fig. 1). This
description corresponds to a variational expres-
sion for the quantum states

YM ðS;WÞ¼
X

fhig
e

X

j

ajszjþ
X

i

bihiþ
X

ij

Wijhiszj

where hi ¼ f−1; 1g is a set ofM hidden spin varia-
bles and the network parametersW ¼ fa; b;Wg
fully specify the response of the network to a
given input state S. Because this architecture fea-
tures no intralayer interactions, the hidden varia-
bles can be explicitly traced out, and the wave

function reads YðS;WÞ ¼ e
P
j

aj s
z
j % PM

i¼1FiðSÞ,
where FiðSÞ¼2cosh½biþP

j

W ijszj '. The network
weights are, in general, to be taken complex-
valued to provide a complete description of both
the amplitude and the phase of the wave function.
The mathematical foundations for the ability

of NQS to describe intricate many-body wave
functions are the established representability
theorems (27–29), which guarantee the existence
of network approximates of sufficiently smooth
and regular high-dimensional functions. If these
conditions are satisfied by the many-body wave
function, we can reasonably expect the NQS form
to be a sensible choice. One of the practical ad-
vantages of this representation is that its quality
can, in principle, be systematically improved by
increasing the number of hidden variables. The
numberM (or, equivalently, the density a =M/N)
then plays a role analogous to the bond dimension
for the MPS. However, the correlations induced
by the hidden units are intrinsically nonlocal in
space and are therefore well suited to describe
quantum systems in arbitrary dimension. Another

convenient point of the NQS representation is
that it can be formulated in a way that conserves
some specific symmetries. For example, lattice trans-
lation symmetry can be used to reduce the number
of variational parameters of the NQS ansatz, in the
spirit of shift-invariant RBMs (30, 31). Concretely,
for integer hidden-variable density a = 1,2,…, the
weight matrix takes the form of feature filters
W ð f Þ

j for f ∈½1;a'. These filters have a total of aN
variational elements in lieu of the aN2 elements of
the asymmetric case (see supplementary materials).
Given a general expression for the quantum

many-body state, we are now left with the task of
solving the many-body problem by using machine
learning to optimize the network parameters W.
In the most interesting applications, the exact

many-body state is unknown, and it is typically
found upon solving either the static Schrödinger
equationHjYi ¼ EjYi or the time-dependent one
HjYðtÞi ¼ i d

dt jYðtÞi for a given HamiltonianH.
In the absence of samples drawn according to the
exact wave function, supervised learning of Y is
therefore not a viable option. Instead, we derive
a consistent reinforcement learning approach in
which either the ground-state wave function or
the time-dependent one is learned on the basis
of feedback from variational principles.

Ground state

To demonstrate the accuracy of the NQS in
the description of complex many-body quantum
states, we first focus on the goal of finding the

Carleo et al., Science 355, 602–606 (2017) 10 February 2017 2 of 4
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Fig. 2. Neural-network representation of the many-body ground states. Results for prototypical
spin models in one and two dimensions are shown. In the top group of panels, we show the feature maps for
the 1D transverse-field Ising (TFI) model at the critical point h = 1, as well as for the antiferromagnetic
Heisenberg (AFH) model. In both cases, the hidden-unit density is a = 4 and the lattices comprise 80 sites.

Each horizontal colormap shows the values that the fth featuremapW ð f Þ
j takes on the jth lattice site (horizontal

axis, broadened along the vertical direction for clarity). In the bottom group of panels, we show the feature
maps for the 2D Heisenberg model on a square lattice, for a = 16. In this case, the horizontal (or vertical) axis
of the colormaps corresponds to the x (or y) coordinates on a 10-by-10 square lattice. Each of the feature
maps acts as an effective filter on the spin configurations, capturing themost important quantum correlations.
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The RL Formalism

Marin Bukov

RL formalism
• state space
• action space
• reward space

Sutton and Barto, Reinforcement Learning: an Introduction, MIT press
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The RL Formalism

Marin Bukov

RL formalism
• state space
• action space
• reward space

Sutton and Barto, Reinforcement Learning: an Introduction, MIT press
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RL as Markov decision process 
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<latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit>

St+1
<latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit>

St+2
<latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit>

At+2
<latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit>Rt+1

<latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit>

Rt+2
<latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit><latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit><latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit><latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit>



The RL Formalism

Marin Bukov

RL formalism
• state space
• action space
• reward space

Sutton and Barto, Reinforcement Learning: an Introduction, MIT press
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episodic learning 

RL as Markov decision process 
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<latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit>

St+1
<latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit>

St+2
<latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit>

At+2
<latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit>Rt+1

<latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit>

Rt+2
<latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit><latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit><latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit><latexit sha1_base64="xguV4FQSLiQcY+cZ06i2Tm4DVGI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1ViPNg==</latexit>
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St
<latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit>

At
<latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit>

At+1
<latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit>

St+1
<latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit>

St+2
<latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit>

At+2
<latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit>

Rt+1
<latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit>



The RL Problem

Marin Bukov

RL as Markov decision process 

Sutton and Barto, Reinforcement Learning: an Introduction, MIT press

RL algos have modular structure: 

St
<latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit>

At
<latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit>

At+1
<latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit>

St+1
<latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit>

St+2
<latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit>

At+2
<latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit>

Rt+1
<latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit>



The RL Problem

Marin Bukov

RL as Markov decision process 

Sutton and Barto, Reinforcement Learning: an Introduction, MIT press

RL algos have modular structure: 

St
<latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit>

At
<latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit>

At+1
<latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit>

St+1
<latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit>

St+2
<latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit>

At+2
<latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit>

Rt+1
<latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit>

⇡(At|St)
<latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit>

• RL agent: decision-making algorithm to learn & improve the policy

⇡(a|s)
<latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit>

probability distribution A⇥ S ! [0, 1]
<latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit>



The RL Problem

Marin Bukov

RL as Markov decision process 

Sutton and Barto, Reinforcement Learning: an Introduction, MIT press

RL algos have modular structure: 

St
<latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit>

At
<latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit>

At+1
<latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit>

St+1
<latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit>

St+2
<latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit>

At+2
<latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit>

Rt+1
<latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit>

⇡(At|St)
<latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit>

• RL agent: decision-making algorithm to learn & improve the policy

⇡(a|s)
<latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit>

probability distribution A⇥ S ! [0, 1]
<latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit>

p(St+1|St, At)
<latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit><latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit><latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit><latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit>

• environment: contains fixed state-action transition probabilities
p(s0|s, a)

<latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit><latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit><latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit><latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit>

probability distribution S ⇥ S ⇥A ! [0, 1]
<latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit><latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit><latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit><latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit>



The RL Problem

Marin Bukov

RL as Markov decision process 

Sutton and Barto, Reinforcement Learning: an Introduction, MIT press

RL algos have modular structure: 

St
<latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit><latexit sha1_base64="8pWf4z438c/cxs8wl4hMVUpLdmM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48Vmo/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLG5tb1T3C3t7R8cHpWPT9omTjXjLRbLWHcDargUirdQoOTdRHMaBZJ3gsndvN554tqIWD3iNOF+REdKhIJRtFazOcBBueJW3YXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+JlQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lh+uK/XbPI4inME5XIIHNajDPTSgBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwA3rI26</latexit>

At
<latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit><latexit sha1_base64="zGc2Q5j/qINeMXt57ZC+1Um8XcI=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJKl48VrQf0Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jds2B219YeHhnRl25g0SKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfh2Vm8/cW1ErB5xknA/okMlQsEoWuvhpo/9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG88jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gAcQI2o</latexit>

At+1
<latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit><latexit sha1_base64="HydVhxWWTHstJ2FV9BTpLaBMBQM=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuWHWqV+k8dRhBM4hXPw4ArqcA8NaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz+5qY8k</latexit>

St+1
<latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit><latexit sha1_base64="ho2kYSaefvsjK3L3lDsMphPGAUc=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/VXY82</latexit>

St+2
<latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit><latexit sha1_base64="cO/UvNKvIpzQXSkZhF6wlQh1I18=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvDisaL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuX7y0r9Jo+jCCdwCufgwRXU4Q4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8A1uKPNw==</latexit>

At+2
<latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit><latexit sha1_base64="jxEIa6rEnxdhpFeJJTLrTfVkM6A=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSFEFPUvHisYL9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3s3r7iWsjYvWIk4T7ER0qEQpG0Vrt236GF7Vpv1xxq+5cZBW8HCqQq9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nl93Ss6sMyBhrO1TSObu74mMRsZMosB2RhRHZrk2M/+rdVMMr/1MqCRFrtjiozCVBGMyu50MhOYM5cQCZVrYXQkbUU0Z2oRKNgRv+eRVaNWqnuWHy0r9Jo+jCCdwCufgwRXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9yPn8Auy6PJQ==</latexit>

Rt+1
<latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit><latexit sha1_base64="uTv82gkZFEi8MlDDRmbeY9ov49M=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSSEFPUvDisYr9gDaUzXbTLt1swu5EKKE/wosHRbz6e7z5b9y2OWjrCwsP78ywM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsa3s3r7iWsjYvWIk4T7ER0qEQpG0Vrth36GF960X664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m687JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimG134mVJIiV2zxUZhKgjGZ3U4GQnOGcmKBMi3sroSNqKYMbUIlG4K3fPIqtC6rnuX7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx85nz/T0481</latexit>

Gt = Rt+1 + · · ·+RT
<latexit sha1_base64="Z/Qlb547qXQfsM3t1itHG6KRzQw=">AAACBHicbVDLSgMxFM34rPU16rKbYBGEQpkRQTdKwYUua+kL2mHIpGkbmskMyR2hDF248VfcuFDErR/hzr8xbWehrQdCDufcQ3JPEAuuwXG+rZXVtfWNzdxWfntnd2/fPjhs6ihRlDVoJCLVDohmgkvWAA6CtWPFSBgI1gpGN1O/9cCU5pGswzhmXkgGkvc5JWAk3y7c+oCvcM1PoeROcAl3exFoc9f8um8XnbIzA14mbkaKKEPVt79MmiYhk0AF0brjOjF4KVHAqWCTfDfRLCZ0RAasY6gkIdNeOltigk+M0sP9SJkjAc/U34mUhFqPw8BMhgSGetGbiv95nQT6l17KZZwAk3T+UD8RGCI8bQT3uGIUxNgQQhU3f8V0SBShYHrLmxLcxZWXSfOs7Bp+f16sXGd15FABHaNT5KILVEF3qIoaiKJH9Ixe0Zv1ZL1Y79bHfHTFyjJH6A+szx/06pW2</latexit><latexit sha1_base64="Z/Qlb547qXQfsM3t1itHG6KRzQw=">AAACBHicbVDLSgMxFM34rPU16rKbYBGEQpkRQTdKwYUua+kL2mHIpGkbmskMyR2hDF248VfcuFDErR/hzr8xbWehrQdCDufcQ3JPEAuuwXG+rZXVtfWNzdxWfntnd2/fPjhs6ihRlDVoJCLVDohmgkvWAA6CtWPFSBgI1gpGN1O/9cCU5pGswzhmXkgGkvc5JWAk3y7c+oCvcM1PoeROcAl3exFoc9f8um8XnbIzA14mbkaKKEPVt79MmiYhk0AF0brjOjF4KVHAqWCTfDfRLCZ0RAasY6gkIdNeOltigk+M0sP9SJkjAc/U34mUhFqPw8BMhgSGetGbiv95nQT6l17KZZwAk3T+UD8RGCI8bQT3uGIUxNgQQhU3f8V0SBShYHrLmxLcxZWXSfOs7Bp+f16sXGd15FABHaNT5KILVEF3qIoaiKJH9Ixe0Zv1ZL1Y79bHfHTFyjJH6A+szx/06pW2</latexit><latexit sha1_base64="Z/Qlb547qXQfsM3t1itHG6KRzQw=">AAACBHicbVDLSgMxFM34rPU16rKbYBGEQpkRQTdKwYUua+kL2mHIpGkbmskMyR2hDF248VfcuFDErR/hzr8xbWehrQdCDufcQ3JPEAuuwXG+rZXVtfWNzdxWfntnd2/fPjhs6ihRlDVoJCLVDohmgkvWAA6CtWPFSBgI1gpGN1O/9cCU5pGswzhmXkgGkvc5JWAk3y7c+oCvcM1PoeROcAl3exFoc9f8um8XnbIzA14mbkaKKEPVt79MmiYhk0AF0brjOjF4KVHAqWCTfDfRLCZ0RAasY6gkIdNeOltigk+M0sP9SJkjAc/U34mUhFqPw8BMhgSGetGbiv95nQT6l17KZZwAk3T+UD8RGCI8bQT3uGIUxNgQQhU3f8V0SBShYHrLmxLcxZWXSfOs7Bp+f16sXGd15FABHaNT5KILVEF3qIoaiKJH9Ixe0Zv1ZL1Y79bHfHTFyjJH6A+szx/06pW2</latexit><latexit sha1_base64="Z/Qlb547qXQfsM3t1itHG6KRzQw=">AAACBHicbVDLSgMxFM34rPU16rKbYBGEQpkRQTdKwYUua+kL2mHIpGkbmskMyR2hDF248VfcuFDErR/hzr8xbWehrQdCDufcQ3JPEAuuwXG+rZXVtfWNzdxWfntnd2/fPjhs6ihRlDVoJCLVDohmgkvWAA6CtWPFSBgI1gpGN1O/9cCU5pGswzhmXkgGkvc5JWAk3y7c+oCvcM1PoeROcAl3exFoc9f8um8XnbIzA14mbkaKKEPVt79MmiYhk0AF0brjOjF4KVHAqWCTfDfRLCZ0RAasY6gkIdNeOltigk+M0sP9SJkjAc/U34mUhFqPw8BMhgSGetGbiv95nQT6l17KZZwAk3T+UD8RGCI8bQT3uGIUxNgQQhU3f8V0SBShYHrLmxLcxZWXSfOs7Bp+f16sXGd15FABHaNT5KILVEF3qIoaiKJH9Ixe0Zv1ZL1Y79bHfHTFyjJH6A+szx/06pW2</latexit>

t
<latexit sha1_base64="gFXlLce0VT0ID3+WgQjLmbD1Ubc=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF1JwI3LBMwDkiH0dCpJm54H3TVCGPIFblwo4tZPcuff2ElmoYkXGg63quiqGyRKGnLdb2dtfWNza7uwU9zd2z84LB0dN02caoENEatYtwNuUMkIGyRJYTvRyMNAYSsY383qrSfURsbRA00S9EM+jORACk7WqlOvVHYr7lxsFbwcypCr1it9dfuxSEOMSChuTMdzE/IzrkkKhdNiNzWYcDHmQ+xYjHiIxs/mi07ZuXX6bBBr+yJic/f3RMZDYyZhYDtDTiOzXJuZ/9U6KQ1u/ExGSUoYicVHg1QxitnsataXGgWpiQUutLS7MjHimguy2RRtCN7yyavQvKx4lutX5eptHkcBTuEMLsCDa6jCPdSgAQIQnuEV3pxH58V5dz4WrWtOPnMCf+R8/gDe94z0</latexit><latexit sha1_base64="gFXlLce0VT0ID3+WgQjLmbD1Ubc=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF1JwI3LBMwDkiH0dCpJm54H3TVCGPIFblwo4tZPcuff2ElmoYkXGg63quiqGyRKGnLdb2dtfWNza7uwU9zd2z84LB0dN02caoENEatYtwNuUMkIGyRJYTvRyMNAYSsY383qrSfURsbRA00S9EM+jORACk7WqlOvVHYr7lxsFbwcypCr1it9dfuxSEOMSChuTMdzE/IzrkkKhdNiNzWYcDHmQ+xYjHiIxs/mi07ZuXX6bBBr+yJic/f3RMZDYyZhYDtDTiOzXJuZ/9U6KQ1u/ExGSUoYicVHg1QxitnsataXGgWpiQUutLS7MjHimguy2RRtCN7yyavQvKx4lutX5eptHkcBTuEMLsCDa6jCPdSgAQIQnuEV3pxH58V5dz4WrWtOPnMCf+R8/gDe94z0</latexit><latexit sha1_base64="gFXlLce0VT0ID3+WgQjLmbD1Ubc=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF1JwI3LBMwDkiH0dCpJm54H3TVCGPIFblwo4tZPcuff2ElmoYkXGg63quiqGyRKGnLdb2dtfWNza7uwU9zd2z84LB0dN02caoENEatYtwNuUMkIGyRJYTvRyMNAYSsY383qrSfURsbRA00S9EM+jORACk7WqlOvVHYr7lxsFbwcypCr1it9dfuxSEOMSChuTMdzE/IzrkkKhdNiNzWYcDHmQ+xYjHiIxs/mi07ZuXX6bBBr+yJic/f3RMZDYyZhYDtDTiOzXJuZ/9U6KQ1u/ExGSUoYicVHg1QxitnsataXGgWpiQUutLS7MjHimguy2RRtCN7yyavQvKx4lutX5eptHkcBTuEMLsCDa6jCPdSgAQIQnuEV3pxH58V5dz4WrWtOPnMCf+R8/gDe94z0</latexit><latexit sha1_base64="gFXlLce0VT0ID3+WgQjLmbD1Ubc=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF1JwI3LBMwDkiH0dCpJm54H3TVCGPIFblwo4tZPcuff2ElmoYkXGg63quiqGyRKGnLdb2dtfWNza7uwU9zd2z84LB0dN02caoENEatYtwNuUMkIGyRJYTvRyMNAYSsY383qrSfURsbRA00S9EM+jORACk7WqlOvVHYr7lxsFbwcypCr1it9dfuxSEOMSChuTMdzE/IzrkkKhdNiNzWYcDHmQ+xYjHiIxs/mi07ZuXX6bBBr+yJic/f3RMZDYyZhYDtDTiOzXJuZ/9U6KQ1u/ExGSUoYicVHg1QxitnsataXGgWpiQUutLS7MjHimguy2RRtCN7yyavQvKx4lutX5eptHkcBTuEMLsCDa6jCPdSgAQIQnuEV3pxH58V5dz4WrWtOPnMCf+R8/gDe94z0</latexit>

RL objective: find policy which maximizes the total expected return  
from step    onwards

Rt+1 =
X

s0

p(s0|St, At)r(s
0, St, At)

<latexit sha1_base64="bLnvrxkp7MGcX3mqBfeHltAEyaM=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiCJGMKMCHpRIl48xiULJMPQ0+lJmvQsdNcIYcxPePFXvHhQxKvgzb+xswia+KDh1XtVVNdzI8EVmOaXkZqbX1hcSi9nVlbX1jeym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3exdCv3zGpeBjcQj9itk86Afc4JaAlJ1u8dhI4sAanLRX7TqLyg6ig8vc3DhTPHdiXuij+FNjJ5sySOQKeJdaE5NAEFSf72WqHNPZZAFQQpZqWGYGdEAmcCjbItGLFIkJ7pMOamgbEZ8pORlcN8J5W2tgLpX4B4JH6eyIhvlJ939WdPoGumvaG4n9eMwbvxE54EMXAAjpe5MUCQ4iHEeE2l4yC6GtCqOT6r5h2iSQUdJAZHYI1ffIsqR2WLM2vjnLls0kcabSDdlEBWegYldElqqAqougBPaEX9Go8Gs/Gm/E+bk0Zk5lt9AfGxzdjvZ0D</latexit><latexit sha1_base64="bLnvrxkp7MGcX3mqBfeHltAEyaM=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiCJGMKMCHpRIl48xiULJMPQ0+lJmvQsdNcIYcxPePFXvHhQxKvgzb+xswia+KDh1XtVVNdzI8EVmOaXkZqbX1hcSi9nVlbX1jeym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3exdCv3zGpeBjcQj9itk86Afc4JaAlJ1u8dhI4sAanLRX7TqLyg6ig8vc3DhTPHdiXuij+FNjJ5sySOQKeJdaE5NAEFSf72WqHNPZZAFQQpZqWGYGdEAmcCjbItGLFIkJ7pMOamgbEZ8pORlcN8J5W2tgLpX4B4JH6eyIhvlJ939WdPoGumvaG4n9eMwbvxE54EMXAAjpe5MUCQ4iHEeE2l4yC6GtCqOT6r5h2iSQUdJAZHYI1ffIsqR2WLM2vjnLls0kcabSDdlEBWegYldElqqAqougBPaEX9Go8Gs/Gm/E+bk0Zk5lt9AfGxzdjvZ0D</latexit><latexit sha1_base64="bLnvrxkp7MGcX3mqBfeHltAEyaM=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiCJGMKMCHpRIl48xiULJMPQ0+lJmvQsdNcIYcxPePFXvHhQxKvgzb+xswia+KDh1XtVVNdzI8EVmOaXkZqbX1hcSi9nVlbX1jeym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3exdCv3zGpeBjcQj9itk86Afc4JaAlJ1u8dhI4sAanLRX7TqLyg6ig8vc3DhTPHdiXuij+FNjJ5sySOQKeJdaE5NAEFSf72WqHNPZZAFQQpZqWGYGdEAmcCjbItGLFIkJ7pMOamgbEZ8pORlcN8J5W2tgLpX4B4JH6eyIhvlJ939WdPoGumvaG4n9eMwbvxE54EMXAAjpe5MUCQ4iHEeE2l4yC6GtCqOT6r5h2iSQUdJAZHYI1ffIsqR2WLM2vjnLls0kcabSDdlEBWegYldElqqAqougBPaEX9Go8Gs/Gm/E+bk0Zk5lt9AfGxzdjvZ0D</latexit><latexit sha1_base64="bLnvrxkp7MGcX3mqBfeHltAEyaM=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiCJGMKMCHpRIl48xiULJMPQ0+lJmvQsdNcIYcxPePFXvHhQxKvgzb+xswia+KDh1XtVVNdzI8EVmOaXkZqbX1hcSi9nVlbX1jeym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3exdCv3zGpeBjcQj9itk86Afc4JaAlJ1u8dhI4sAanLRX7TqLyg6ig8vc3DhTPHdiXuij+FNjJ5sySOQKeJdaE5NAEFSf72WqHNPZZAFQQpZqWGYGdEAmcCjbItGLFIkJ7pMOamgbEZ8pORlcN8J5W2tgLpX4B4JH6eyIhvlJ939WdPoGumvaG4n9eMwbvxE54EMXAAjpe5MUCQ4iHEeE2l4yC6GtCqOT6r5h2iSQUdJAZHYI1ffIsqR2WLM2vjnLls0kcabSDdlEBWegYldElqqAqougBPaEX9Go8Gs/Gm/E+bk0Zk5lt9AfGxzdjvZ0D</latexit>

⇡(At|St)
<latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit><latexit sha1_base64="ENRLcvtNylri7i4ozgEI9Dy+yyE=">AAAB83icbZDLSgMxFIYz9VbrrerSTbAIdVNmRNCVVNy4rGgv0BmGTJppQzOZkJwRSu1ruHGhiFtfxp1vY9rOQlt/CHz85xzOyR8pwQ247rdTWFldW98obpa2tnd298r7By2TZpqyJk1FqjsRMUxwyZrAQbCO0owkkWDtaHgzrbcfmTY8lQ8wUixISF/ymFMC1vJ9xavXITzdh3AalituzZ0JL4OXQwXlaoTlL7+X0ixhEqggxnQ9V0EwJho4FWxS8jPDFKFD0mddi5IkzATj2c0TfGKdHo5TbZ8EPHN/T4xJYswoiWxnQmBgFmtT879aN4P4MhhzqTJgks4XxZnAkOJpALjHNaMgRhYI1dzeiumAaELBxlSyIXiLX16G1lnNs3x3Xqlf5XEU0RE6RlXkoQtUR7eogZqIIoWe0St6czLnxXl3PuatBSefOUR/5Hz+AEhukSo=</latexit>

• RL agent: decision-making algorithm to learn & improve the policy

⇡(a|s)
<latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit>

probability distribution A⇥ S ! [0, 1]
<latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit><latexit sha1_base64="75R2KVhSsFfx5QtYC5Ch3FnnFFU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURQVdSceOyon1AEspkOmmHTmbCzEQooT/gxl9x40IRt+7d+TdO2iDaeuDC4Zx7ufeeMGFUacf5skoLi0vLK+XVytr6xuaWvb3TUiKVmDSxYEJ2QqQIo5w0NdWMdBJJUBwy0g6HV7nfvidSUcHv9CghQYz6nEYUI22krn3gx0gPMGLZ5djXNCbqR7g1gvCcYzfo2lWn5kwA54lbkCoo0Ojan35P4DQmXGOGlPJcJ9FBhqSmmJFxxU8VSRAeoj7xDOXI7A2yyTdjeGiUHoyENMU1nKi/JzIUKzWKQ9OZn6pmvVz8z/NSHZ0HGeVJqgnH00VRyqAWMI8G9qgkWLORIQhLam6FeIAkwtoEWDEhuLMvz5PWSc01/Oa0Wr8o4iiDPbAPjoALzkAdXIMGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+AdvhnAE=</latexit>

p(St+1|St, At)
<latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit><latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit><latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit><latexit sha1_base64="P8TmM6IKYZOUF7q+1B3B6khZMkg=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiVJSSiKArqbhxWam9QBvCZDpph04uzJyIJeZV3LhQxK0v4s63cdpmodUfBj7+cw7nzO/FgiuwrC+jsLS8srpWXC9tbG5t75i75baKEklZi0Yikl2PKCZ4yFrAQbBuLBkJPME63vh6Wu/cM6l4FN7BJGZOQIYh9zkloC3XLMfVppvCsZ09Nl04uXLhyDUrVs2aCf8FO4cKytVwzc/+IKJJwEKggijVs60YnJRI4FSwrNRPFIsJHZMh62kMScCUk85uz/ChdgbYj6R+IeCZ+3MiJYFSk8DTnQGBkVqsTc3/ar0E/Asn5WGcAAvpfJGfCAwRngaBB1wyCmKigVDJ9a2YjogkFHRcJR2Cvfjlv9A+rdmab88q9cs8jiLaRweoimx0juroBjVQC1H0gJ7QC3o1MuPZeDPe560FI5/ZQ79kfHwDlTOTeA==</latexit>

• environment: contains fixed state-action transition probabilities
p(s0|s, a)

<latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit><latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit><latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit><latexit sha1_base64="Zlh4T2sFnrsfpSl6dYyusWKqcfo=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiVpAyUwRdScGNywr2Iu1QMmmmDU0yQ5IRytincONCEbc+jjvfxrSdhbb+EPj4zznknD+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupvXWI1WaRfLejGPqCzyQLGQEG2s9xGV9+qTP8VmvWHIr7kxoGbwMSpCp3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdixILqv10tvAEnVinj8JI2ScNmrm/J1IstB6LwHYKbIZ6sTY1/6t1EhNe+SmTcWKoJPOPwoQjE6Hp9ajPFCWGjy1gopjdFZEhVpgYm1HBhuAtnrwMzWrFs3x3UapdZ3Hk4QiOoQweXEINbqEODSAg4Ble4c1Rzovz7nzMW3NONnMIf+R8/gCwtY+n</latexit>

probability distribution S ⇥ S ⇥A ! [0, 1]
<latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit><latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit><latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit><latexit sha1_base64="XXN1K3+FzGMx4GtyQ4AKlRj+5Sw=">AAACHnicdVDLSsNAFJ3UV62vqEs3g0VwISURRVdSceOyon1AEspkOmmHTmbCzEQooV/ixl9x40IRwZX+jZM2C231wIXDOfdy7z1hwqjSjvNllRYWl5ZXyquVtfWNzS17e6elRCoxaWLBhOyESBFGOWlqqhnpJJKgOGSkHQ6vcr99T6Sigt/pUUKCGPU5jShG2khd+9SPkR5gxLLbsa9pTNT/wqURhOccuUHXrjo1ZwI4T9yCVEGBRtf+8HsCpzHhGjOklOc6iQ4yJDXFjIwrfqpIgvAQ9YlnKEdmb5BN3hvDA6P0YCSkKa7hRP05kaFYqVEcms78VDXr5eJfnpfq6DzIKE9STTieLopSBrWAeVawRyXBmo0MQVhScyvEAyQR1ibRignBnX15nrSOa67hNyfV+kURRxnsgX1wCFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n7aWrGJmF/yC9fkNJmKjqg==</latexit>
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q⇡(s, a) = Ea⇠⇡(a|s)[Gt|St = s,At = a]
<latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit>

• action-value (or Q-) function: expected total return under the policy 
    starting from state    and taking action   : 

⇡(a|s)
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v⇡(s) = Ea⇠⇡(a|s)[Gt|St = s]
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• value function: expected total return under the policy             from state⇡(a|s)
<latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit>

s
<latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit>

q⇡(s, a) = Ea⇠⇡(a|s)[Gt|St = s,At = a]
<latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit>

• action-value (or Q-) function: expected total return under the policy 
    starting from state    and taking action   : 

⇡(a|s)
<latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit>

a
<latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit><latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit><latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit><latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit>

s
<latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit>

optimal action-value function: q⇤(s, a) = max

⇡
q⇡(s, a)

<latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit><latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit><latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit><latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit>

⇡⇤(a|s) = argmaxaq⇤(s, a)
<latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit><latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit><latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit><latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit>
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v⇡(s) = Ea⇠⇡(a|s)[Gt|St = s]
<latexit sha1_base64="TWeW+8ZlEGsEUQYXx5UxXXHZj2o=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAI7abMiKCbSkFElxXtBTrDkEnTNjRzITlTKNO+hhtfxY0LRVzqyrcx03ahrQcCH/9/Djnn9yLBFZjmt5FZWV1b38hu5ra2d3b38vsHDRXGkrI6DUUoWx5RTPCA1YGDYK1IMuJ7gjW9wVXqN4dMKh4GDzCKmOOTXsC7nBLQkps3h64d8aIq4Qq2fQJ9z0uuJ25CbMX91CFjVZq0b1wY37tQUY6bL5hlc1p4Gaw5FNC8am7+0+6ENPZZAFQQpdqWGYGTEAmcCjbJ2bFiEaED0mNtjQHxmXKS6WUTfKKVDu6GUr8A8FT9PZEQX6mR7+nOdHm16KXif147hu6Fk/AgioEFdPZRNxYYQpzGhDtcMgpipIFQyfWumPaJJBR0mDkdgrV48jI0TsuW5ruzQvVyHkcWHaFjVEQWOkdVdItqqI4oekTP6BW9GU/Gi/FufMxaM8Z85hD9KePrB9QSoDA=</latexit><latexit sha1_base64="TWeW+8ZlEGsEUQYXx5UxXXHZj2o=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAI7abMiKCbSkFElxXtBTrDkEnTNjRzITlTKNO+hhtfxY0LRVzqyrcx03ahrQcCH/9/Djnn9yLBFZjmt5FZWV1b38hu5ra2d3b38vsHDRXGkrI6DUUoWx5RTPCA1YGDYK1IMuJ7gjW9wVXqN4dMKh4GDzCKmOOTXsC7nBLQkps3h64d8aIq4Qq2fQJ9z0uuJ25CbMX91CFjVZq0b1wY37tQUY6bL5hlc1p4Gaw5FNC8am7+0+6ENPZZAFQQpdqWGYGTEAmcCjbJ2bFiEaED0mNtjQHxmXKS6WUTfKKVDu6GUr8A8FT9PZEQX6mR7+nOdHm16KXif147hu6Fk/AgioEFdPZRNxYYQpzGhDtcMgpipIFQyfWumPaJJBR0mDkdgrV48jI0TsuW5ruzQvVyHkcWHaFjVEQWOkdVdItqqI4oekTP6BW9GU/Gi/FufMxaM8Z85hD9KePrB9QSoDA=</latexit><latexit sha1_base64="TWeW+8ZlEGsEUQYXx5UxXXHZj2o=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAI7abMiKCbSkFElxXtBTrDkEnTNjRzITlTKNO+hhtfxY0LRVzqyrcx03ahrQcCH/9/Djnn9yLBFZjmt5FZWV1b38hu5ra2d3b38vsHDRXGkrI6DUUoWx5RTPCA1YGDYK1IMuJ7gjW9wVXqN4dMKh4GDzCKmOOTXsC7nBLQkps3h64d8aIq4Qq2fQJ9z0uuJ25CbMX91CFjVZq0b1wY37tQUY6bL5hlc1p4Gaw5FNC8am7+0+6ENPZZAFQQpdqWGYGTEAmcCjbJ2bFiEaED0mNtjQHxmXKS6WUTfKKVDu6GUr8A8FT9PZEQX6mR7+nOdHm16KXif147hu6Fk/AgioEFdPZRNxYYQpzGhDtcMgpipIFQyfWumPaJJBR0mDkdgrV48jI0TsuW5ruzQvVyHkcWHaFjVEQWOkdVdItqqI4oekTP6BW9GU/Gi/FufMxaM8Z85hD9KePrB9QSoDA=</latexit><latexit sha1_base64="TWeW+8ZlEGsEUQYXx5UxXXHZj2o=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAI7abMiKCbSkFElxXtBTrDkEnTNjRzITlTKNO+hhtfxY0LRVzqyrcx03ahrQcCH/9/Djnn9yLBFZjmt5FZWV1b38hu5ra2d3b38vsHDRXGkrI6DUUoWx5RTPCA1YGDYK1IMuJ7gjW9wVXqN4dMKh4GDzCKmOOTXsC7nBLQkps3h64d8aIq4Qq2fQJ9z0uuJ25CbMX91CFjVZq0b1wY37tQUY6bL5hlc1p4Gaw5FNC8am7+0+6ENPZZAFQQpdqWGYGTEAmcCjbJ2bFiEaED0mNtjQHxmXKS6WUTfKKVDu6GUr8A8FT9PZEQX6mR7+nOdHm16KXif147hu6Fk/AgioEFdPZRNxYYQpzGhDtcMgpipIFQyfWumPaJJBR0mDkdgrV48jI0TsuW5ruzQvVyHkcWHaFjVEQWOkdVdItqqI4oekTP6BW9GU/Gi/FufMxaM8Z85hD9KePrB9QSoDA=</latexit>

• value function: expected total return under the policy             from state⇡(a|s)
<latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit>

s
<latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit>

q⇡(s, a) = Ea⇠⇡(a|s)[Gt|St = s,At = a]
<latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit><latexit sha1_base64="DI+heix5PhLV2ZvYjEB6HqQA4pE="></latexit>

• action-value (or Q-) function: expected total return under the policy 
    starting from state    and taking action   : 

⇡(a|s)
<latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit><latexit sha1_base64="Y9OO2uo8CkCXZcJ6ZF4j4fZ5xsE=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEI9VISEfQkBS8eK9gPaEPZbCft0s0m7m6EEvsnvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN1M661HVJrH8t6ME/QjOpA85Iwaa7W7Ca/QJ33WK5XdqjsTWQYvhzLkqvdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWJQ0Qu1ns30n5NQ6fRLGyj5pyMz9PZHRSOtxFNjOiJqhXqxNzf9qndSEV37GZZIalGz+UZgKYmIyPZ70uUJmxNgCZYrbXQkbUkWZsREVbQje4snL0DyvepbvLsq16zyOAhzDCVTAg0uowS3UoQEMBDzDK7w5D86L8+58zFtXnHzmCP7I+fwBiI+PnA==</latexit>

a
<latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit><latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit><latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit><latexit sha1_base64="pnH3fb39GuwVtb7fIwVD94R3tZs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrSQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBwiuM4Q==</latexit>

s
<latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit><latexit sha1_base64="UaBPgCG29FHz51kIJX7jqfNAZ8o=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepJCl48tmA/oA1ls520azebsLsRSugv8OJBEa/+JG/+G7dtDtr6wsLDOzPszBskgmvjut9OYWNza3unuFva2z84PCofn7R1nCqGLRaLWHUDqlFwiS3DjcBuopBGgcBOMLmb1ztPqDSP5YOZJuhHdCR5yBk11mrqQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPEzLpPUoGTLj8JUEBOT+dVkyBUyI6YWKFPc7krYmCrKjM2mZEPwVk9eh/ZV1bPcvK7Ub/M4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwB3XOM8w==</latexit>

optimal action-value function: q⇤(s, a) = max

⇡
q⇡(s, a)

<latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit><latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit><latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit><latexit sha1_base64="1Il3oZdSZGXiBBGfa9MwJmTWfnc=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkiZEUE3SsGNywr2Ap0ynEnTNjRzaZIRy9C1G1/FjQtF3PoE7nwbM9NZaPVAwsf/n0Nyfi/iTCrL+jIKC4tLyyvF1dLa+sbmlrm905RhLAhtkJCHou2BpJwFtKGY4rQdCQq+x2nLG12lfuuOCsnC4FZNItr1YRCwPiOgtOSa+2PXAakq8hiO8AV2fLh3nYjhcXpnqmuWraqVFf4Ldg5llFfdNT+dXkhinwaKcJCyY1uR6iYgFCOcTktOLGkEZAQD2tEYgE9lN8lWmeJDrfRwPxT6BApn6s+JBHwpJ76nO31QQznvpeJ/XidW/fNuwoIoVjQgs4f6MccqxGkuuMcEJYpPNAARTP8VkyEIIEqnV9Ih2PMr/4XmSdXWfHNarl3mcRTRHjpAFWSjM1RD16iOGoigB/SEXtCr8Wg8G2/G+6y1YOQzu+hXGR/fjZCY3w==</latexit>

⇡⇤(a|s) = argmaxaq⇤(s, a)
<latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit><latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit><latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit><latexit sha1_base64="1vwilBQinLsyCBR9TlCnt3kdPRI=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0KGVGBN0oBTcuK9gHdIbhTpppQ5OZMcmIpfYj3Pgrblwo4taFO//G9LHQ1gOBwzn33tx7goQzpW3728osLC4tr2RXc2vrG5tb+e2duopTSWiNxDyWzQAU5SyiNc00p81EUhABp42gdznyG3dUKhZHN7qfUE9AJ2IhI6CN5OcP3YT5LihdhAdVOncF6K4UA5AdAfdDH/DtxFVHUPLzBbtsj4HniTMlBTRF1c9/ue2YpIJGmnBQquXYifbMcM0Ip8OcmyqaAOlBh7YMjUBQ5Q3GRw3xgVHaOIyleZHGY/V3xwCEUn0RmMrR0mrWG4n/ea1Uh2fegEVJqmlEJh+FKcc6xqOEcJtJSjTvGwJEMrMrJl2QQLTJMWdCcGZPnif147Jj+PVJoXIxjSOL9tA+KiIHnaIKukJVVEMEPaJn9IrerCfrxXq3PialGWvas4v+wPr8AX+Hnm0=</latexit>
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Bellman’s equation:

Gt = Rt+1 +Gt+1
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problem: state space has exponentially many configurations
• can we estimate values of not yet encountered states?
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RL with Function Approximation

Marin Bukov

problem: state space has exponentially many configurations
• can we estimate values of not yet encountered states?

YES, interpolate by parametrizing the Q-function/policy

q(s, a) ! q✓(s, a)
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RL with Function Approximation

Marin Bukov

problem: state space has exponentially many configurations
• can we estimate values of not yet encountered states?

• caveat: RL algorithms have convergence guarantees only for  
    linear function approximators 

• typical approach: use deep neural network (Deep RL)

• lots of empirical tricks to combine Deep Learning and RL 

YES, interpolate by parametrizing the Q-function/policy

q(s, a) ! q✓(s, a)
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Sutton and Barto, Reinforcement Learning: an Introduction, MIT press



RL with Function Approximation

Marin Bukov

problem: state space has exponentially many configurations
• can we estimate values of not yet encountered states?

• caveat: RL algorithms have convergence guarantees only for  
    linear function approximators 

• typical approach: use deep neural network (Deep RL)

• lots of empirical tricks to combine Deep Learning and RL 

YES, interpolate by parametrizing the Q-function/policy

q(s, a) ! q✓(s, a)
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Sutton and Barto, Reinforcement Learning: an Introduction, MIT press

• Tesauro’s Backgammon RL player (1992)

examples of Deep RL:

• DeepMind: Atari games, AlphaGo, etc.
• self-driving cars, autonomous drone/helicopter hovering, etc.
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RL and Optimal Control (OC)

Marin Bukov

different sides of the same medal
• RL: appeared first in behavioral psychology: decision making
• OC: appeared in optimization problem solving: variational calculus

modern Control Theory: both RL and OC under same hood
currently in physics: preferred approach is OC
• for technical reasons: RL required large computational power, big data

based on:  variational calculus
no model of controlled sys-
tem, adaptive, autonomous.
stochastic/uncertain 
environments.

figures out effective degrees 
of freedom without a model.

best suited for 
deterministic environments.

reward function can be
discontinuous, noisy.

needs model for environment 
to express cost function in.

 Markov decision processes

differentiable cost function        
uses gradient descent.

Ch

advantage: if we can compute
analytically derivative of       . Ch

RLOC closely relatedBox 3



Why RL in Nonequilibrium Dynamics?

Marin Bukov

model-free: find effective control degrees of freedom (dof)
• microscopic descriptions have extensively many dof
• cannot solve equations of motion 
• use (deep) RL to find guiding principles away from equilibrium?
• RL can handle uncertain environments and learn policies  
    in the presence of various (correlated) sources of noise?
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Why RL in Nonequilibrium Dynamics?

Marin Bukov

adaptive: train on one env., use in a different env.
• Q-function contains knowledge about the environment which can be 
    used after training
• RL can reveal similarities between at first sight unrelated problems?  

model-free: find effective control degrees of freedom (dof)
• microscopic descriptions have extensively many dof
• cannot solve equations of motion 
• use (deep) RL to find guiding principles away from equilibrium?
• RL can handle uncertain environments and learn policies  
    in the presence of various (correlated) sources of noise?

autonomous: does not require supervision
• RL can automate experimental setups?
• on-line: improve policy on-the-fly, i.e. before episode is over



RL Applied to Quantum State Preparation

agent
1

2

ENVIRONMENT

3 reward

feedback loop, 
updatesQ(s, a)

Marin Bukov

tf
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RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
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<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
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t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

agent
1

2

ENVIRONMENT

3 reward

feedback loop, 
updatesQ(s, a)

Marin Bukov

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

take action a0 : �h = +4
<latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit>

go to state s1 = [h(0), h(�t)] = [�4,+4]
<latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

2 solve Schrödinger Eq. and obtain the QM state | (�t)i

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

take action a0 : �h = +4
<latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit>

go to state s1 = [h(0), h(�t)] = [�4,+4]
<latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

2 solve Schrödinger Eq. and obtain the QM state | (�t)i

3 calculate reward     
and use it to update                
which in turn is used to choose subsequent actions

r
Q(s, a)

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

take action a0 : �h = +4
<latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit>

go to state s1 = [h(0), h(�t)] = [�4,+4]
<latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit>

t

h(t)
r = 0

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

2 solve Schrödinger Eq. and obtain the QM state | (�t)i

3 calculate reward     
and use it to update                
which in turn is used to choose subsequent actions

r
Q(s, a)

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

take action a0 : �h = +4
<latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit>

go to state s1 = [h(0), h(�t)] = [�4,+4]
<latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit>

t

h(t)
r = 0

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

2 solve Schrödinger Eq. and obtain the QM state | (�t)i

3 calculate reward     
and use it to update                
which in turn is used to choose subsequent actions

r
Q(s, a)

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

take action a0 : �h = +4
<latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit>

go to state s1 = [h(0), h(�t)] = [�4,+4]
<latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit>

t

h(t)
r = 0

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

2 solve Schrödinger Eq. and obtain the QM state | (�t)i

3 calculate reward     
and use it to update                
which in turn is used to choose subsequent actions

r
Q(s, a)

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

take action a0 : �h = +4
<latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit>

go to state s1 = [h(0), h(�t)] = [�4,+4]
<latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit>

t

h(t)
r = 0

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

2 solve Schrödinger Eq. and obtain the QM state | (�t)i

3 calculate reward     
and use it to update                
which in turn is used to choose subsequent actions

r
Q(s, a)

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

take action a0 : �h = +4
<latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit><latexit sha1_base64="rNmWpf3YZQf23iDtXJLG5rmhL54=">AAACGnicbVDLSsNAFJ34rPEV7dLNYCkIQkmkoAhC0Y3LCvYBbQiTyaQdOpmEmYkYQv9EcKu/4U7cuvEv/ASnaYXaemCYwzn3cg/HTxiVyra/jJXVtfWNzdKWub2zu7dvHRy2ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOOPbiZ+54EISWN+r7KEuBEacBpSjJSWPKuMPBtewn5AmEJwCK/gad2zKnbNLgCXiTMjFTBD07O++0GM04hwhRmSsufYiXJzJBTFjIzNfipJgvAIDUhPU44iIt28CD+GVa0EMIyFflzBQp3fyFEkZRb5ejJCaigXvYn4n9dLVXjh5pQnqSIcTw+FKYMqhpMmYEAFwYplmiAsqM4K8RAJhJXuy6zOn3n8zVr80jR1Rc5iIcukfVZz7JpzV680rmdllcAROAYnwAHnoAFuQRO0AAYZeAYv4NV4Mt6Md+NjOrpizHbK4A+Mzx/YuZ5l</latexit>

go to state s1 = [h(0), h(�t)] = [�4,+4]
<latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit><latexit sha1_base64="r1MIsM97KHRylRekIWb1nrjPROU=">AAACJ3icbVDLSgMxFM3UVx1foy7dBEuhxVpmpKCbQtGNywr2AdOhZNK0Dc08SO6IpXTrvwhu9TfciS79Az/B9CFo64GQwzn3cu89fiy4Atv+MFIrq2vrG+lNc2t7Z3fP2j+oqyiRlNVoJCLZ9IligoesBhwEa8aSkcAXrOEPriZ+445JxaPwFoYx8wLSC3mXUwJaaltYtR1cxm4/Z+cL/VyrwwQQDHmv7J6WCiclr21l7KI9BV4mzpxk0BzVtvXV6kQ0CVgIVBClXMeOwRsRCZwKNjZbiWIxoQPSY66mIQmY8kbTS8Y4q5UO7kZSvxDwVP3dMSKBUsPA15UBgb5a9Cbif56bQPfCG/EwToCFdDaomwgMEZ7EgjtcMgpiqAmhkutdMe0TSSjo8Mzs7zH3P7tOf2WaOiJnMZBlUj8rOnbRuSllKpfzsNLoCB2jHHLQOaqga1RFNUTRA3pCz+jFeDRejTfjfVaaMuY9h+gPjM9vF+ailA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

episode completed

feedback loop, 
updatesQ(s, a)

Marin Bukov

1 start from state s0 = [h(0)] = [�4]
<latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit><latexit sha1_base64="g7urfHiBhaqAedap6aDquxXNL9U=">AAACGHicbVDLSsNAFJ3UV42vVJduBkuhLiyJFHRTKLpxWcE+IA1hMp20QycPZiZqCf0Rwa3+hjtx686/8BOcphFq64FhDufcyz0cL2ZUSNP80gpr6xubW8VtfWd3b//AKB12RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcbX8/87j3hgkbhnZzExAnQMKQ+xUgqyTVKwjVhA9qjqnnqNOyzuuMaZbNmZoCrxMpJGeRoucZ3fxDhJCChxAwJYVtmLJ0UcUkxI1O9nwgSIzxGQ2IrGqKACCfNok9hRSkD6EdcvVDCTF3cSFEgxCTw1GSA5EgsezPxP89OpH/ppDSME0lCPD/kJwzKCM56gAPKCZZsogjCnKqsEI8QR1iqtvTK4pnH36zZL3RdVWQtF7JKOuc1y6xZt/Vy8yovqwiOwQmoAgtcgCa4AS3QBhg8gGfwAl61J+1Ne9c+5qMFLd85An+gff4ASm+dkw==</latexit> r = |h ⇤| (t = tf )i|2

<latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

problems:
state space exponentially big

how do we choose actions?

Marin Bukov

r = |h ⇤| (t = tf )i|2
<latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

problems:
state space exponentially big

how do we choose actions?
RL ~ biased MC sampling

Marin Bukov

r = |h ⇤| (t = tf )i|2
<latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>



RL Applied to Quantum State Preparation

i@t| (t)i = H(t)| (t)i

| ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

      : target state| ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

H(t)=H
0

+H
dr

(t)+H
co

0
l

(t)
<latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit><latexit sha1_base64="94Xe2NEnp3d6rdku6ll64JAowcw="></latexit>

t 2 [0, tf ]
<latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit><latexit sha1_base64="wqTCLbj687k8cs9c5iyDy6LuBd0=">AAACEHicbVDLSsNAFJ34rPFVdelmsBRcSElE0GXRjcsK9gFpKJPppB06mYSZG7GE/oTgVn/Dnbj1D/wLP8FpGqG2XhjmcM693HNPkAiuwXG+rJXVtfWNzdKWvb2zu7dfPjhs6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GN1O9/cCU5rG8h3HC/IgMJA85JWAoD7pces4Z9EK/V644NScvvAzcAlRQUY1e+bvbj2kaMQlUEK0910nAz4gCTgWb2N1Us4TQERkwz0BJIqb9LLc8wVXD9HEYK/Mk4Jydn8hIpPU4CkxnRGCoF7Up+Z/mpRBe+RmXSQpM0tmiMBUYYjy9H/e5YhTE2ABCFTdeMR0SRSiYlOzq/JrHX6/5r23bROQuBrIMWuc116m5dxeV+nURVgkdoxN0ilx0ieroFjVQE1EUo2f0gl6tJ+vNerc+Zq0rVjFzhP6U9fkDC8mcpA==</latexit>

t

h(t)

agent
1

2

ENVIRONMENT

3 reward r =

⇢
, 0  t < tf

, t = tf
<latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit><latexit sha1_base64="9nufgLjGTXpcptXMotjx243IYNc=">AAACInicbVDLSgMxFM34rONr1GU3wVJxIWVGBF0oFN24rGAf0Cklk2ba0MzD5I5YShf+i+BWf8OduBL8CD/BTDtCbT0QcjjnXu69x4sFV2Dbn8bC4tLyympuzVzf2NzatnZ2aypKJGVVGolINjyimOAhqwIHwRqxZCTwBKt7/avUr98zqXgU3sIgZq2AdEPuc0pAS20rf3CEbVewOwznGNq+65pagQtNzbZVsEv2GHieOBkpoAyVtvXtdiKaBCwEKohSTceOoTUkEjgVbGS6iWIxoX3SZU1NQxIw1RqOjxjholY62I+kfiHgsTrdMSSBUoPA05UBgZ6a9VLxP6+ZgH/WGvIwToCFdDLITwSGCKeJ4A6XjIIYaEKo5HpXTHtEEgo6N7M4Pebhd9fxr8w0Imc2kHlSOy45dsm5OSmUL7OwciiP9tEhctApKqNrVEFVRNEjekYv6NV4Mt6Md+NjUrpgZD176A+Mrx8OQaES</latexit>

0

|h ⇤| (t = tf )i|2
<latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit><latexit sha1_base64="3TuNwrOvY7oOs4aKyFjdIIB+y2M="></latexit>

feedback loop, 
updatesQ(s, a)

problems:
state space exponentially big

how do we choose actions?
RL ~ biased MC sampling

exploration exploitation dilemma

Marin Bukov

r = |h ⇤| (t = tf )i|2
<latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit><latexit sha1_base64="U7HSxuQ9cXZsgUWbufZ8pY3HdHk="></latexit>

tf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>
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Example 1:  
use RL to autonomously prepare  

paramagnetic many-body states in a  
nonintegrable spin chain

Marin Bukov
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<latexit sha1_base64="mBRqTXgDb2QOEAfdZQzZmr1+cfc="></latexit><latexit sha1_base64="mBRqTXgDb2QOEAfdZQzZmr1+cfc="></latexit><latexit sha1_base64="mBRqTXgDb2QOEAfdZQzZmr1+cfc="></latexit><latexit sha1_base64="mBRqTXgDb2QOEAfdZQzZmr1+cfc="></latexit>
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Example 2:  
use RL to autonomously prepare  

Floquet engineered states in a simulation of an “experiment”

Marin Bukov

Challenges:

no direct access to quantum state: 
play game w/o looking at screen

probabilistic quantum measurements

uncertainty in preparing initial state

occasional failure of control apparatus

additionally: all other problems of how to actually prepare  
the state if the above were absent and no analytics is known

(b)



The Kapitza pendulum 

Marin Bukov

Kapitza, 1951

paradigmatic example of Floquet engineering

bluedwarf1127: YouTube (2009)



The Kapitza pendulum 

Marin Bukov

Kapitza, 1951

paradigmatic example of Floquet engineering

bluedwarf1127: YouTube (2009)



Floquet Engineering Control Problem

Marin Bukov

find optimal control field on top of periodic drive
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Floquet Engineering Control Problem

Marin Bukov

find optimal control field on top of periodic drive
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<latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit>

horizontal kicks

Hdrive(t) = � A

2m
sign(cos⌦t)[p✓, sin ✓]+ +

A2

4

(1� sign(sin⌦t)) cos 2✓
<latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit>



Floquet Engineering Control Problem

Marin Bukov

GOAL:   find bang-bang protocol

such that

h(t) = h(j�t) 2 {�4, 0,+4}
<latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit><latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit><latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit><latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit>

| (t = 0)i = | ii, | (t = tf )i = | ⇤i
<latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit><latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit><latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit><latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit>

find optimal control field on top of periodic drive
H

rot

(t) = H
0

+H
drive

(t) +H
control

(t)
<latexit sha1_base64="aVlwOJrjFLWTPXM7UIIsgid2VKg="></latexit><latexit sha1_base64="7Lm4s+k9qtGDmHaAIM9h+LHdIog="></latexit><latexit sha1_base64="7Lm4s+k9qtGDmHaAIM9h+LHdIog="></latexit><latexit sha1_base64="XtcI6n1U7JQlXp0Z8raskX6Mm4E="></latexit>

initial state: | ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

target state:            inverted position eigenstate of | ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

HF (⌦)
<latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit><latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit><latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit><latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit>

H0 =

p2✓
2m

�m!2
0 cos ✓

<latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit><latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit><latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit><latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit>

H
control

(t) = h(t) sin ✓
<latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit>

horizontal kicks

Hdrive(t) = � A

2m
sign(cos⌦t)[p✓, sin ✓]+ +

A2

4

(1� sign(sin⌦t)) cos 2✓
<latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit>



Floquet Engineering Control Problem

Marin Bukov

GOAL:   find bang-bang protocol

such that

h(t) = h(j�t) 2 {�4, 0,+4}
<latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit><latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit><latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit><latexit sha1_base64="X2BjOlSW40p/WZqbXvKa+D4CMxI=">AAACJnicbVDLSgMxFM3U9/iqunRhsBRarGVGCroRRDcuFawWOkPJpGkbzWSG5I5Yhi79F8Gt/oY7EXd+gp9gWkfQ1gMhh3Pu5d57glhwDY7zbuWmpmdm5+YX7MWl5ZXV/Nr6pY4SRVmdRiJSjYBoJrhkdeAgWCNWjISBYFfBzcnQv7plSvNIXkA/Zn5IupJ3OCVgpFZ+q1eC8mGvdO21mQCCoexx6aW7tYpT2al5g1a+4FSdEfAkcTNSQBnOWvlPrx3RJGQSqCBaN10nBj8lCjgVbGB7iWYxoTeky5qGShIy7aejQwa4aJQ27kTKPAl4pP7uSEmodT8MTGVIoKfHvaH4n9dMoHPgp1zGCTBJvwd1EoEhwsNUcJsrRkH0DSFUcbMrpj2iCAWTnV38PebuZ9fRr23bROSOBzJJLveqrlN1z2uFo+MsrHm0ibZRCbloHx2hU3SG6oiie/SIntCz9WC9WK/W23dpzsp6NtAfWB9fUvOjWw==</latexit>

| (t = 0)i = | ii, | (t = tf )i = | ⇤i
<latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit><latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit><latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit><latexit sha1_base64="qNmplXCKfgZyCueQz8yio3Lx0O8=">AAACTXicbVBdS8MwFE3nd/2q+uhLcQwUZLQi6IsgCuLjBPcBaylpls5gmpbkVhzVf+R/EXwT/RG++CZiVjuYmwdCTs49l3tzwpQzBY7zalRmZufmFxaXzOWV1bV1a2OzpZJMEtokCU9kJ8SKciZoExhw2kklxXHIaTu8PR/W23dUKpaIaxik1I9xX7CIEQxaCqyLBy9VbBdOnD1PYtHn9KRQAlY+90cGCKIJi4cVlEpgVZ26U8CeJm5JqqhEI7A+vF5CspgKIBwr1XWdFPwcS2CE00fTyxRNMbnFfdrVVOCYKj8v/vto17TSs6NE6iPALtTxjhzHSg3iUDtjDDdqsjYU/6t1M4iO/ZyJNAMqyO+gKOM2JPYwPLvHJCXAB5pgIpne1SY3WGICOmKzNj7mfrRrcSvT1BG5k4FMk9ZB3XXq7tVh9fSsDGsRbaMdtItcdIRO0SVqoCYi6Am9oDf0bjwbn8aX8f1rrRhlzxb6g8rCD9vCtPI=</latexit>

measure:   quantum measurement of final state 
                   along target state       | ⇤i

| (t = tf )i
<latexit sha1_base64="vIFgdsHiMKPP8JtVc+Z5NHnGJxA=">AAACGnicbVDLSsNAFJ34rPEV7dJNsBTqpiQi6EYounFZwT6gDWUynbRDJ5MwcyOG2D8R3OpvuBO3bvwLP8FpG6G2HhjmcM693MPxY84UOM6XsbK6tr6xWdgyt3d29/atg8OmihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX90PfFb91QqFok7SGPqhXggWMAIBi31rOJjN1asApfQC066EosBpz2r5FSdKexl4uakhHLUe9Z3tx+RJKQCCMdKdVwnBi/DEhjhdGx2E0VjTEZ4QDuaChxS5WXT8GO7rJW+HURSPwH2VJ3fyHCoVBr6ejLEMFSL3kT8z+skEFx4GRNxAlSQ2aEg4TZE9qQJu88kJcBTTTCRTGe1yRBLTED3ZZbnzzz8Zp3+yjR1Re5iIcukeVp1nap7e1aqXeVlFdAROkYV5KJzVEM3qI4aiKAUPaMX9Go8GW/Gu/ExG10x8p0i+gPj8wcsG6Bl</latexit><latexit sha1_base64="vIFgdsHiMKPP8JtVc+Z5NHnGJxA=">AAACGnicbVDLSsNAFJ34rPEV7dJNsBTqpiQi6EYounFZwT6gDWUynbRDJ5MwcyOG2D8R3OpvuBO3bvwLP8FpG6G2HhjmcM693MPxY84UOM6XsbK6tr6xWdgyt3d29/atg8OmihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX90PfFb91QqFok7SGPqhXggWMAIBi31rOJjN1asApfQC066EosBpz2r5FSdKexl4uakhHLUe9Z3tx+RJKQCCMdKdVwnBi/DEhjhdGx2E0VjTEZ4QDuaChxS5WXT8GO7rJW+HURSPwH2VJ3fyHCoVBr6ejLEMFSL3kT8z+skEFx4GRNxAlSQ2aEg4TZE9qQJu88kJcBTTTCRTGe1yRBLTED3ZZbnzzz8Zp3+yjR1Re5iIcukeVp1nap7e1aqXeVlFdAROkYV5KJzVEM3qI4aiKAUPaMX9Go8GW/Gu/ExG10x8p0i+gPj8wcsG6Bl</latexit><latexit sha1_base64="vIFgdsHiMKPP8JtVc+Z5NHnGJxA=">AAACGnicbVDLSsNAFJ34rPEV7dJNsBTqpiQi6EYounFZwT6gDWUynbRDJ5MwcyOG2D8R3OpvuBO3bvwLP8FpG6G2HhjmcM693MPxY84UOM6XsbK6tr6xWdgyt3d29/atg8OmihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX90PfFb91QqFok7SGPqhXggWMAIBi31rOJjN1asApfQC066EosBpz2r5FSdKexl4uakhHLUe9Z3tx+RJKQCCMdKdVwnBi/DEhjhdGx2E0VjTEZ4QDuaChxS5WXT8GO7rJW+HURSPwH2VJ3fyHCoVBr6ejLEMFSL3kT8z+skEFx4GRNxAlSQ2aEg4TZE9qQJu88kJcBTTTCRTGe1yRBLTED3ZZbnzzz8Zp3+yjR1Re5iIcukeVp1nap7e1aqXeVlFdAROkYV5KJzVEM3qI4aiKAUPaMX9Go8GW/Gu/ExG10x8p0i+gPj8wcsG6Bl</latexit><latexit sha1_base64="vIFgdsHiMKPP8JtVc+Z5NHnGJxA=">AAACGnicbVDLSsNAFJ34rPEV7dJNsBTqpiQi6EYounFZwT6gDWUynbRDJ5MwcyOG2D8R3OpvuBO3bvwLP8FpG6G2HhjmcM693MPxY84UOM6XsbK6tr6xWdgyt3d29/atg8OmihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX90PfFb91QqFok7SGPqhXggWMAIBi31rOJjN1asApfQC066EosBpz2r5FSdKexl4uakhHLUe9Z3tx+RJKQCCMdKdVwnBi/DEhjhdGx2E0VjTEZ4QDuaChxS5WXT8GO7rJW+HURSPwH2VJ3fyHCoVBr6ejLEMFSL3kT8z+skEFx4GRNxAlSQ2aEg4TZE9qQJu88kJcBTTTCRTGe1yRBLTED3ZZbnzzz8Zp3+yjR1Re5iIcukeVp1nap7e1aqXeVlFdAROkYV5KJzVEM3qI4aiKAUPaMX9Go8GW/Gu/ExG10x8p0i+gPj8wcsG6Bl</latexit>

find optimal control field on top of periodic drive
H

rot

(t) = H
0

+H
drive

(t) +H
control

(t)
<latexit sha1_base64="aVlwOJrjFLWTPXM7UIIsgid2VKg="></latexit><latexit sha1_base64="7Lm4s+k9qtGDmHaAIM9h+LHdIog="></latexit><latexit sha1_base64="7Lm4s+k9qtGDmHaAIM9h+LHdIog="></latexit><latexit sha1_base64="XtcI6n1U7JQlXp0Z8raskX6Mm4E="></latexit>

initial state: | ii : GS of H0
<latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit><latexit sha1_base64="JEHt8oJ2TkBifTmn3ALyKFdrfdc="></latexit>

target state:            inverted position eigenstate of | ⇤i
<latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit><latexit sha1_base64="z2CDIERyJiyf6N29gPLX2CqrrBM=">AAACGHicbVDLSsNAFJ34rPGV6tJNsBRclUQEXRbduKxgH9CUMJlO2qGTSZi5UUvsjwhu9TfciVt3/oWf4DSNUFsPDHM4517u4QQJZwoc58tYWV1b39gsbZnbO7t7+1b5oKXiVBLaJDGPZSfAinImaBMYcNpJJMVRwGk7GF1N/fYdlYrF4hbGCe1FeCBYyAgGLflW+dFLFPM9rMCTWAw49a2KU3Ny2MvELUgFFWj41rfXj0kaUQGEY6W6rpNAL8MSGOF0YnqpogkmIzygXU0FjqjqZXn0iV3VSt8OY6mfADtX5zcyHCk1jgI9GWEYqkVvKv7ndVMIL3oZE0kKVJDZoTDlNsT2tAe7zyQlwMeaYCKZzmqTIZaYgG7LrM6fefjNmv/KNHVF7mIhy6R1WnOdmntzVqlfFmWV0BE6RifIReeojq5RAzURQffoGb2gV+PJeDPejY/Z6IpR7ByiPzA+fwB9ZaAZ</latexit>

HF (⌦)
<latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit><latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit><latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit><latexit sha1_base64="4F+C1zK4PJWipX6MR5Mx3in9tDk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBTqpsyIoMuiIN1ZwT5gOpRMmmlDM8mQZMQy9CcEt/ob7sStf+Bf+Amm0xFq64WQwzn3cs89Qcyo0o7zZa2srq1vbBa27O2d3b394sFhS4lEYtLEggnZCZAijHLS1FQz0oklQVHASDsYXU/19gORigp+r8cx8SM04DSkGGlDefXeTaV7G5EBOu0VS07VyQouAzcHJZBXo1f87vYFTiLCNWZIKc91Yu2nSGqKGZnY3USRGOERGhDPQI4iovw0szyBZcP0YSikeVzDjJ2fSFGk1DgKTGeE9FAtalPyP81LdHjpp5THiSYczxaFCYNawOn9sE8lwZqNDUBYUuMV4iGSCGuTkl2eX/P46zX7lW2biNzFQJZB66zqOlX37rxUu8rDKoBjcAIqwAUXoAbqoAGaAAMBnsELeLWerDfr3fqYta5Y+cwR+FPW5w9QHJwz</latexit>

H0 =

p2✓
2m

�m!2
0 cos ✓

<latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit><latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit><latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit><latexit sha1_base64="S+Vd0CSsLeqO65b8IGRrRk+4dbw="></latexit>

H
control

(t) = h(t) sin ✓
<latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit><latexit sha1_base64="n9a+hNJMBCSxyBcUuq0WEmB/9sw=">AAACLXicbVDLSgMxFM34dnxVXboJlkrdlBkRdCOIbrqsYG2hM5RMmrbBTDIkd8Qy9A/8F8Gt/oYLQdy69RPM1Aq19UC4h3Pv5Z6cKBHcgOe9OXPzC4tLyyur7tr6xuZWYXvnxqhUU1anSijdjIhhgktWBw6CNRPNSBwJ1ohuL/N+445pw5W8hkHCwpj0JO9ySsBK7cJBtR3EBPo6zqiSoJUYluEQn+G+LYHhMoA+A9IuFL2KNwKeJf6YFNEYtXbhK+gomsZMAhXEmJbvJRBmRAOngg3dIDUsIfSW9FjLUkliZsJs9J8hLlmlg7tK2ycBj9TJjYzExgziyE7m3s10Lxf/67VS6J6GGZdJCkzSn0PdVGBQOA8Hd7hmFMTAEkI1t14x7RNNKNgI3dLkmftfr6NqXNdG5E8HMktujiq+V/GvjovnF+OwVtAe2kdl5KMTdI6qqIbqiKIH9ISe0Yvz6Lw6787Hz+icM97ZRX/gfH4D5qin+w==</latexit>

horizontal kicks

Hdrive(t) = � A

2m
sign(cos⌦t)[p✓, sin ✓]+ +

A2

4

(1� sign(sin⌦t)) cos 2✓
<latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit><latexit sha1_base64="UbkZ2hb8Elc4xCSXtjej3UTD41w="></latexit>



Let’s give this game a try!

Marin Bukov

ttf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: �1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>



Let’s give this game a try!

Marin Bukov

ttf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: �1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: +1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

(different final state: different probability to be 
                                 in the target state)



Let’s give this game a try!

Marin Bukov

ttf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: �1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: +1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

(different final state: different probability to be 
                                 in the target state)

measurement:
h(t)

<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

+1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

repeat protocol!



Let’s give this game a try!

Marin Bukov

ttf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: �1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: +1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

(different final state: different probability to be 
                                 in the target state)

measurement:
h(t)

<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

+1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

repeat protocol!

measurement:

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>



Let’s give this game a try!

Marin Bukov

ttf
<latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit><latexit sha1_base64="DFTTUkyLNmr5ijTOe6eYW0rGKqc=">AAACCHicbVDLSgNBEOyNr7i+oh69DIaAp7Argh6DXjxGNA9IljA7mU2GzD6Y6RXDkh8QvOpveBOv/oV/4Sc42USI0YZhiqpuurr8RAqNjvNpFVZW19Y3ipv21vbO7l5p/6Cp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+6muqte660iKM7HCfcC+kgEoFgFA11i72gVyo7VScv8he4c1CGedV7pa9uP2ZpyCNkkmrdcZ0EvYwqFEzyid1NNU8oG9EB7xgY0ZBrL8utTkjFMH0SxMq8CEnOLk5kNNR6HPqmM6Q41MvalPxP66QYXHiZiJIUecRmi4JUEozJ9G7SF4ozlGMDKFPCeCVsSBVlaNKxK4trHn685r+2bRORuxzIX9A8rbpO1b05K9cu52EV4QiO4QRcOIcaXEMdGsBgAE/wDC/Wo/VqvVnvs9aCNZ85hF9lfXwDWqiZmQ==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: �1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement: +1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

(different final state: different probability to be 
                                 in the target state)

measurement:
h(t)

<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

+1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

repeat protocol!

measurement:

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

nondeterministic quantum measurements create headache!



Let’s get rid of this ‘quantumness’ for a sec

Marin Bukov

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement:

measurement:

measurement:

repeat protocol again!

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

Fh = |h (T )| ⇤i|2 = 0.632
<latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit><latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit><latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit><latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit>

Fh = 0.592
<latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit><latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit><latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit><latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit>

Fh = 0.668
<latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit><latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit><latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit><latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit>



Let’s get rid of this ‘quantumness’ for a sec

Marin Bukov

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement:

measurement:

measurement:

repeat protocol again!

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

Fh = |h (T )| ⇤i|2 = 0.632
<latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit><latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit><latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit><latexit sha1_base64="dtxNuVRWA5bq5KYLbSmTY8UwnqM="></latexit>

Fh = 0.592
<latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit><latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit><latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit><latexit sha1_base64="Ohl5Pq2zyTpx17XnmFr6+Nxuv0c=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFURdCURCXFewDpkPJpJk2NJMMSUYspT8huNXfcCdu/QP/wk8wnY5QWy+EHM65l3vuCRNGlXbdL2tpeWV1bb2wYW9ube/sFvf2G0qkEpM6FkzIVogUYZSTuqaakVYiCYpDRprh4HqiNx+IVFTwez1MSBCjHqcRxUgbyr/p9OEldJ3Ti0qnWHIdNyu4CLwclEBetU7xu90VOI0J15ghpXzPTXQwQlJTzMjYbqeKJAgPUI/4BnIUExWMMstjWDZMF0ZCmsc1zNjZiRGKlRrGoemMke6reW1C/qf5qY7OgxHlSaoJx9NFUcqgFnByP+xSSbBmQwMQltR4hbiPJMLapGSXZ9c8/nrNfmXbJiJvPpBF0Kg4nut4dyel6lUeVgEcgiNwDDxwBqrgFtRAHWAgwDN4Aa/Wk/VmvVsf09YlK585AH/K+vwBsyKbOA==</latexit>

Fh = 0.668
<latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit><latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit><latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit><latexit sha1_base64="VpjCo1lthyQqDp6jzKuseIrE+Vo=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTMitRuhKIjLCvYB7VAyaaYNzSRDkhHL0J8Q3OpvuBO3/oF/4SeYTkeorRdCDufcyz33BDGjSrvul7Wyura+sVnYsrd3dvf2iweHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdD3VWw9EKir4vR7HxI/QgNOQYqQN1bnpDeEldJ1KpdorllzHzQouAy8HJZBXvVf87vYFTiLCNWZIqY7nxtpPkdQUMzKxu4kiMcIjNCAdAzmKiPLTzPIElg3Th6GQ5nENM3Z+IkWRUuMoMJ0R0kO1qE3J/7ROosOqn1IeJ5pwPFsUJgxqAaf3wz6VBGs2NgBhSY1XiIdIIqxNSnZ5fs3jr9fsV7ZtIvIWA1kGzTPHcx3v7rxUu8rDKoBjcAJOgQcuQA3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+5qZs8</latexit>

initial state could not be prepared perfectly: more headache!



Let’s maybe also fix the initial state

Marin Bukov

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement:

measurement:

measurement:

repeat protocol again!

Fh = 0.657
<latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit><latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit><latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit><latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit>

Fh = 0.572
<latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit><latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit><latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit><latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit>

Fh = 0.627
<latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit><latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit><latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit><latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>



Let’s maybe also fix the initial state

Marin Bukov

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

measurement:

measurement:

measurement:

repeat protocol again!

control apparatus failed: it can’t be!

Fh = 0.657
<latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit><latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit><latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit><latexit sha1_base64="3ADS78ycDo+A7ypOYFWHovhYTvM=">AAACEHicbVDLSgMxFM3UVx1fVZdugqXgapgRtW6EoiAuK9gHtEPJpJk2NJMMSUYsQ39CcKu/4U7c+gf+hZ9gOh1BWy+EHM65l3vuCWJGlXbdT6uwtLyyulZctzc2t7Z3Srt7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdDXVW/dEKir4nR7HxI/QgNOQYqQN1bnuDeEFdJ2z02qvVHYdNyu4CLwclEFe9V7pq9sXOIkI15ghpTqeG2s/RVJTzMjE7iaKxAiP0IB0DOQoIspPM8sTWDFMH4ZCmsc1zNjfEymKlBpHgemMkB6qeW1K/qd1Eh2e+ynlcaIJx7NFYcKgFnB6P+xTSbBmYwMQltR4hXiIJMLapGRXfq95+PGa/cq2TUTefCCLoHnseK7j3Z6Ua5d5WEVwAA7BEfBAFdTADaiDBsBAgCfwDF6sR+vVerPeZ60FK5/ZB3/K+vgGtmSbOg==</latexit>

Fh = 0.572
<latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit><latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit><latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit><latexit sha1_base64="0wi9RvwwJxD+MWd+MuNl4myQ+yA=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFqRuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55tdItllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+v3Js2</latexit>

Fh = 0.627
<latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit><latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit><latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit><latexit sha1_base64="6gDW4Y0WaxRXYyf05C34ugMBAyk=">AAACEHicbVDLSgMxFM34rOOr6tJNsBRcDTNFrBuhKIjLCvYB06Fk0kwbmkmGJCOWoT8huNXfcCdu/QP/wk8wbUeorRdCDufcyz33hAmjSrvul7Wyura+sVnYsrd3dvf2iweHTSVSiUkDCyZkO0SKMMpJQ1PNSDuRBMUhI61weD3RWw9EKir4vR4lJIhRn9OIYqQN5d90B/ASus55pdotllzHnRZcBl4OSiCverf43ekJnMaEa8yQUr7nJjrIkNQUMzK2O6kiCcJD1Ce+gRzFRAXZ1PIYlg3Tg5GQ5nENp+z8RIZipUZxaDpjpAdqUZuQ/2l+qqOLIKM8STXheLYoShnUAk7uhz0qCdZsZADCkhqvEA+QRFiblOzy/JrHX6/TX9m2ichbDGQZNCuO5zre3VmpdpWHVQDH4AScAg9UQQ3cgjpoAAwEeAYv4NV6st6sd+tj1rpi5TNH4E9Znz+xe5s3</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>



The Cruel Reality: 
all together (and probably much more!)

Marin Bukov

measurement:

measurement:

measurement:

measurement:

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

+1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>



The Cruel Reality: 
all together (and probably much more!)

Marin Bukov

measurement:

measurement:

measurement:

measurement:

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

+1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>
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h(t)
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<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>
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<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

extremely tedious task!



The Cruel Reality: 
all together (and probably much more!)

Marin Bukov

measurement:

measurement:

measurement:

measurement:

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

+1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

extremely tedious task!

how do we solve it efficiently?



The Cruel Reality: 
all together (and probably much more!)

Marin Bukov

measurement:

measurement:

measurement:

measurement:

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

+1
<latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit><latexit sha1_base64="BCUnqq1tjbABUPxyWZU/eOi0GoI=">AAACB3icbVDLSsNAFL2prxpfVZduBktBEEoigi6LblxWsQ9oQ5lMJ+3QySTMTMQS+gGCW/0Nd+LWz/Av/ASnaYTaemGYwzn3cs89fsyZ0o7zZRVWVtfWN4qb9tb2zu5eaf+gqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3VWw9UKhaJez2OqRfigWABI1gb6u7U7ZXKTtXJCi0DNwdlyKveK313+xFJQio04VipjuvE2kux1IxwOrG7iaIxJiM8oB0DBQ6p8tLM6QRVDNNHQSTNExpl7PxEikOlxqFvOkOsh2pRm5L/aZ1EB5deykScaCrIbFGQcKQjND0b9ZmkRPOxAZhIZrwiMsQSE23CsSvzax5/vWa/sm0TkbsYyDJonlVdp+renpdrV3lYRTiCYzgBFy6gBjdQhwYQCOAZXuDVerLerHfrY9ZasPKZQ/hT1ucPy5CYsg==</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

�1
<latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit><latexit sha1_base64="fS08C0qCsBc3glBDvAh51jXXMOI=">AAACB3icbVDLSsNAFL2prxpfVZduBkvBjSURQZdFNy6r2Ae0oUymk3boZBJmJmIJ/QDBrf6GO3HrZ/gXfoLTNEJtvTDM4Zx7ueceP+ZMacf5sgorq2vrG8VNe2t7Z3evtH/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/up7qrQcqFYvEvR7H1AvxQLCAEawNdXfq9kplp+pkhZaBm4My5FXvlb67/YgkIRWacKxUx3Vi7aVYakY4ndjdRNEYkxEe0I6BAodUeWnmdIIqhumjIJLmCY0ydn4ixaFS49A3nSHWQ7WoTcn/tE6ig0svZSJONBVktihIONIRmp6N+kxSovnYAEwkM14RGWKJiTbh2JX5NY+/XrNf2baJyF0MZBk0z6quU3Vvz8u1qzysIhzBMZyACxdQgxuoQwMIBPAML/BqPVlv1rv1MWstWPnMIfwp6/MHztaYtA==</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

h(t)
<latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit><latexit sha1_base64="ZiNbEaZ8OUmcEag0r7deiL24boA=">AAACCXicbVDLSsNAFJ3UV42vqks3wVKom5KIoMuiG5cV7APaUCbTSTN0MgkzN2IJ/QLBrf6GO3HrV/gXfoKTNEJtvTDM4Zx7ueceL+ZMgW1/GaW19Y3NrfK2ubO7t39QOTzqqCiRhLZJxCPZ87CinAnaBgac9mJJcehx2vUmN5nefaBSsUjcwzSmbojHgvmMYMiooA5nw0rVbth5WavAKUAVFdUaVr4Ho4gkIRVAOFaq79gxuCmWwAinM3OQKBpjMsFj2tdQ4JAqN829zqyaZkaWH0n9BFg5uziR4lCpaejpzhBDoJa1jPxP6yfgX7kpE3ECVJD5Ij/hFkRWdrg1YpIS4FMNMJFMe7VIgCUmoOMxa4trHn+95r8yTR2RsxzIKuicNxy74dxdVJvXRVhldIJOUR056BI10S1qoTYiKEDP6AW9Gk/Gm/FufMxbS0Yxc4z+lPH5A2zLmZc=</latexit>

extremely tedious task!

how do we solve it efficiently?

can we automate it?
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  4 driving cycles (periods),   32 steps (8 per period)

Reinforcement Learning  
to Prepare the Inverted Position Floquet State

Marin Bukov ⌦/(m!0) = 10.0
<latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit>

h
max

/(m!
0

) = 4.0
<latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit><latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit><latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit><latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit>

A/(m!0) = 2.0
<latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit><latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit><latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit><latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit>

Kapitza pendulum
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  4 driving cycles (periods),   32 steps (8 per period)

Reinforcement Learning  
to Prepare the Inverted Position Floquet State

Marin Bukov ⌦/(m!0) = 10.0
<latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit>
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15 driving cycles (periods), 120 steps (8 per period)

Reinforcement Learning  
to Prepare the Inverted Position Floquet State
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quantum Kapitza oscillator
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15 driving cycles (periods), 120 steps (8 per period)

Reinforcement Learning  
to Prepare the Inverted Position Floquet State

Marin Bukov ⌦/(m!0) = 10.0
<latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit><latexit sha1_base64="h3TsLrpEg89OpYYfQkKBzrj7sYE=">AAACHnicbVDLSsNAFJ3UV42vqAsXboKlUDc1EUE3QtGNOyvYBzQhTKaTduhMEmYmYgn9F8Gt/oY7cat/4Sc4SSPU1gMzczjnXu6d48eUCGlZX1ppaXllda28rm9sbm3vGLt7bRElHOEWimjEuz4UmJIQtySRFHdjjiHzKe74o+vM7zxgLkgU3stxjF0GByEJCIJSSZ5x4NwyPIAnNeZEGfGs40vbqlueUVF3DnOR2AWpgAJNz/h2+hFKGA4lolCInm3F0k0hlwRRPNGdROAYohEc4J6iIWRYuGn+gYlZVUrfDCKuTijNXJ3tSCETYsx8VcmgHIp5LxP/83qJDC7clIRxInGIpoOChJoyMrM0zD7hGEk6VgQiTtSuJhpCDpFUmenV2TGPv7vmr9B1FZE9H8giaZ/WVZ723VmlcVWEVQaH4AjUgA3OQQPcgCZoAQQm4Bm8gFftSXvT3rWPaWlJK3r2wR9onz+576B7</latexit>

h
max

/(m!
0

) = 4.0
<latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit><latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit><latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit><latexit sha1_base64="4NsmJsIFjVPDvpd2mHTth6ZoKEY=">AAACJXicbVDLSsNAFJ3UV42vqEtBgqVQNzWRgm6EohuXFewDmhIm00k7dCYJMxNpCd35L4Jb/Q13IrjyF/wEJ2mE2nphmMM593LPPV5EiZCW9akVVlbX1jeKm/rW9s7unrF/0BJhzBFuopCGvONBgSkJcFMSSXEn4hgyj+K2N7pJ9fYD5oKEwb2cRLjH4CAgPkFQKso1joeuw6AccpYwOJ6eVZgTMjyArnV6VatarlGyqlZW5jKwc1ACeTVc49vphyhmOJCIQiG6thXJXgK5JIjiqe7EAkcQjeAAdxUMIMOil2R3TM2yYvqmH3L1Amlm7PxEApkQE+apztSzWNRS8j+tG0v/speQIIolDtBskR9TU4ZmGorZJxwjSScKQMSJ8mqiIeQQSRWdXp5fM/71mv1C11VE9mIgy6B1XrWtqn1XK9Wv87CK4AicgAqwwQWog1vQAE2AwCN4Bi/gVXvS3rR37WPWWtDymUPwp7SvH7x8pDk=</latexit>

A/(m!0) = 2.0
<latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit><latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit><latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit><latexit sha1_base64="CXv3LMA0ylK4OZ8W7OBu3yiSg/w=">AAACGHicbVDLSsNAFJ3UV42vVJdugqVQNzEpgm6EqhuXFewD2hAm00k7dCYJMxO1hP6I4FZ/w524dedf+AlO0wi19cAwh3Pu5R6OH1MipG1/aYWV1bX1jeKmvrW9s7tnlPZbIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH11O/fY+5IFF4J8cxdhkchCQgCEoleUbp8qTKehHDA+jZxxc1y/aMsm3ZGcxl4uSkDHI0POO7149QwnAoEYVCdB07lm4KuSSI4oneSwSOIRrBAe4qGkKGhZtm0SdmRSl9M4i4eqE0M3V+I4VMiDHz1SSDcigWvan4n9dNZHDupiSME4lDNDsUJNSUkTntwewTjpGkY0Ug4kRlNdEQcoikakuvzJ95/M2a/ULXVUXOYiHLpFWzHNtybk/L9au8rCI4BEegChxwBurgBjRAEyDwAJ7BC3jVnrQ37V37mI0WtHznAPyB9vkDFheeDA==</latexit>

quantum Kapitza oscillator



Outlook
web: mgbukov.github.io

RL in non equilibrium dynamics : PRX 8 0311086 (2018), arXiv: 1808.08910
control phase transitions: PRA 97 052114 (2018), arXiv: 1803.10856

Which problems can we study with RL that we can’t do otherwise?

What’s RL’s most appropriate physics application as a toolbox?

Can RL lead to the discovery of new physics?

ML review with Jupyter notebooks: arXiv: 1803.08823

Marin Bukov

funding:

QuSpin: http://weinbe58.github.io/QuSpin
python package for ED & many-body dynamics (with P. Weinberg, BU)


