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11. Memory and sequence modeling

• CNNs for sequences 

• RNNs 

• LSTMs 

• Sequence models and long memory
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Recurrent Neural Networks (RNNs)
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Recurrent Neural Networks (RNNs)
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2 Draft of Foundations of Computer Vision by Torralba, Isola, Freeman

dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.
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The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because
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time

Hidden

Outputs

Inputs

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

i
i

i
i

i
i

i
i

2 Draft of Foundations of Computer Vision by Torralba, Isola, Freeman

dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.

w … …w

time
input

hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because

i
i

i
i

i
i

i
i

2 Draft of Foundations of Computer Vision by Torralba, Isola, Freeman

dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.

w … …w

time
input

hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because

i
i

i
i

i
i

i
i

Draft chapter from Foundations of Computer Vision by Torralba, Isola, Freeman 3

they are directed acyclic graphs (DAGs), and therefore all the tools we have developed for
DAGs, including backpropagation, will extend naturally to them. However, note that RNNs
can run for unbounded time, and process signals that have unbounded temporal extent,
while a DAG can only represent a finite graph. The DAG depicted above is therefore a
truncated version of the RNN’s theoretical computation graph.

1.2 Recurrent Layer
A recurrent layer is defined by the following equations:

ht = f (ht–1,xin[t]) / update state based on input and previous state (1.1)

xout[t] = g(ht) / produce output based on state (1.2)

This is a layer that includes a state variable, h. The operation of the layer depends on its
state. The layer also updates its state every time it is called, therefore the state is a kind of
memory.

The idea of a time in an
RNN does not necessarily
mean time as it is
measured on a clock.
Time just refers to
sequential computation;
the timestep t is an index
into the sequence. The
sequential computation
could progress over a
spatial dimension
(processing an image
pixel by pixel) or over the
temporal dimension
(processing a video frame
by frame), or even over
more abstracted
computational modules.

f and g can be arbitrary functions, and we can imagine a wide variety of recurrent layers
defined by different choices for the form of f and g.

One common kind of recurrent layer is the Simple Recurrent Layer (SRN), which was
defined by Elman in “Finding Structure in Time” [1]. For this layer, f is a linear layer
followed by a pointwise nonlinearity, and g is another linear layer. The full computation is
defined by the following equations:

ht =�1(Wht–1 +Uxin[t] +b) (1.3)

xout[t] =�2(Vht + c) (1.4)

where �1 and �2 are pointwise nonlinearities. In SRNs, tanh is the common choice for the
nonlinearity, but relus and other choices may also be used.

1.3 Backpropagation Through Time
Backpropagation is only defined for DAGs and RNNs are not DAGs. To apply backprop-
agation to RNNs, we unroll the net for T timesteps, which creates a DAG representation
of the truncated RNN, and then do backpropagation through that DAG. This is known as
backpropagation through time (BPTT).

This approach yields exact gradients of the loss with respect to the parameters when T is
equal to total number of timesteps the RNN was run for. Otherwise, BPTT is an approxima-
tion that truncates the true computation graph. Essentially, BPTT ignores any dependencies
in the computation graph greater than length T .

As an example of BPTT, suppose we want to compute the gradient of an output neuron
at timestep five with respect to an input at timestep zero, that is, @xout[5]

@xin[0] . The forward pass
(black arrows) and backward pass (red arrows) are shown in figure 1.4, where we have only
drawn arrows for the subpart of the computation graph that is relevant to the calculation of
this particular gradient.

What about the gradient of the total cost with respect to the parameters, @J
@[W,U,V] ? Sup-

pose the RNN is being applied to a video and predicts a class label for every frame of the
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they are directed acyclic graphs (DAGs), and therefore all the tools we have developed for
DAGs, including backpropagation, will extend naturally to them. However, note that RNNs
can run for unbounded time, and process signals that have unbounded temporal extent,
while a DAG can only represent a finite graph. The DAG depicted above is therefore a
truncated version of the RNN’s theoretical computation graph.

1.2 Recurrent Layer
A recurrent layer is defined by the following equations:

ht = f (ht–1,xin[t]) / update state based on input and previous state (1.1)

xout[t] = g(ht) / produce output based on state (1.2)

This is a layer that includes a state variable, h. The operation of the layer depends on its
state. The layer also updates its state every time it is called, therefore the state is a kind of
memory.

The idea of a time in an
RNN does not necessarily
mean time as it is
measured on a clock.
Time just refers to
sequential computation;
the timestep t is an index
into the sequence. The
sequential computation
could progress over a
spatial dimension
(processing an image
pixel by pixel) or over the
temporal dimension
(processing a video frame
by frame), or even over
more abstracted
computational modules.

f and g can be arbitrary functions, and we can imagine a wide variety of recurrent layers
defined by different choices for the form of f and g.

One common kind of recurrent layer is the Simple Recurrent Layer (SRN), which was
defined by Elman in “Finding Structure in Time” [1]. For this layer, f is a linear layer
followed by a pointwise nonlinearity, and g is another linear layer. The full computation is
defined by the following equations:

ht =�1(Wht–1 +Uxin[t] +b) (1.3)

xout[t] =�2(Vht + c) (1.4)

where �1 and �2 are pointwise nonlinearities. In SRNs, tanh is the common choice for the
nonlinearity, but relus and other choices may also be used.

1.3 Backpropagation Through Time
Backpropagation is only defined for DAGs and RNNs are not DAGs. To apply backprop-
agation to RNNs, we unroll the net for T timesteps, which creates a DAG representation
of the truncated RNN, and then do backpropagation through that DAG. This is known as
backpropagation through time (BPTT).

This approach yields exact gradients of the loss with respect to the parameters when T is
equal to total number of timesteps the RNN was run for. Otherwise, BPTT is an approxima-
tion that truncates the true computation graph. Essentially, BPTT ignores any dependencies
in the computation graph greater than length T .

As an example of BPTT, suppose we want to compute the gradient of an output neuron
at timestep five with respect to an input at timestep zero, that is, @xout[5]

@xin[0] . The forward pass
(black arrows) and backward pass (red arrows) are shown in figure 1.4, where we have only
drawn arrows for the subpart of the computation graph that is relevant to the calculation of
this particular gradient.

What about the gradient of the total cost with respect to the parameters, @J
@[W,U,V] ? Sup-

pose the RNN is being applied to a video and predicts a class label for every frame of the
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they are directed acyclic graphs (DAGs), and therefore all the tools we have developed for
DAGs, including backpropagation, will extend naturally to them. However, note that RNNs
can run for unbounded time, and process signals that have unbounded temporal extent,
while a DAG can only represent a finite graph. The DAG depicted above is therefore a
truncated version of the RNN’s theoretical computation graph.

1.2 Recurrent Layer
A recurrent layer is defined by the following equations:

ht = f (ht–1,xin[t]) / update state based on input and previous state (1.1)

xout[t] = g(ht) / produce output based on state (1.2)

This is a layer that includes a state variable, h. The operation of the layer depends on its
state. The layer also updates its state every time it is called, therefore the state is a kind of
memory.

The idea of a time in an
RNN does not necessarily
mean time as it is
measured on a clock.
Time just refers to
sequential computation;
the timestep t is an index
into the sequence. The
sequential computation
could progress over a
spatial dimension
(processing an image
pixel by pixel) or over the
temporal dimension
(processing a video frame
by frame), or even over
more abstracted
computational modules.

f and g can be arbitrary functions, and we can imagine a wide variety of recurrent layers
defined by different choices for the form of f and g.

One common kind of recurrent layer is the Simple Recurrent Layer (SRN), which was
defined by Elman in “Finding Structure in Time” [1]. For this layer, f is a linear layer
followed by a pointwise nonlinearity, and g is another linear layer. The full computation is
defined by the following equations:

ht =�1(Wht–1 +Uxin[t] +b) (1.3)

xout[t] =�2(Vht + c) (1.4)

where �1 and �2 are pointwise nonlinearities. In SRNs, tanh is the common choice for the
nonlinearity, but relus and other choices may also be used.

1.3 Backpropagation Through Time
Backpropagation is only defined for DAGs and RNNs are not DAGs. To apply backprop-
agation to RNNs, we unroll the net for T timesteps, which creates a DAG representation
of the truncated RNN, and then do backpropagation through that DAG. This is known as
backpropagation through time (BPTT).

This approach yields exact gradients of the loss with respect to the parameters when T is
equal to total number of timesteps the RNN was run for. Otherwise, BPTT is an approxima-
tion that truncates the true computation graph. Essentially, BPTT ignores any dependencies
in the computation graph greater than length T .

As an example of BPTT, suppose we want to compute the gradient of an output neuron
at timestep five with respect to an input at timestep zero, that is, @xout[5]

@xin[0] . The forward pass
(black arrows) and backward pass (red arrows) are shown in figure 1.4, where we have only
drawn arrows for the subpart of the computation graph that is relevant to the calculation of
this particular gradient.

What about the gradient of the total cost with respect to the parameters, @J
@[W,U,V] ? Sup-

pose the RNN is being applied to a video and predicts a class label for every frame of the
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they are directed acyclic graphs (DAGs), and therefore all the tools we have developed for
DAGs, including backpropagation, will extend naturally to them. However, note that RNNs
can run for unbounded time, and process signals that have unbounded temporal extent,
while a DAG can only represent a finite graph. The DAG depicted above is therefore a
truncated version of the RNN’s theoretical computation graph.

1.2 Recurrent Layer
A recurrent layer is defined by the following equations:

ht = f (ht–1,xin[t]) / update state based on input and previous state (1.1)

xout[t] = g(ht) / produce output based on state (1.2)

This is a layer that includes a state variable, h. The operation of the layer depends on its
state. The layer also updates its state every time it is called, therefore the state is a kind of
memory.

The idea of a time in an
RNN does not necessarily
mean time as it is
measured on a clock.
Time just refers to
sequential computation;
the timestep t is an index
into the sequence. The
sequential computation
could progress over a
spatial dimension
(processing an image
pixel by pixel) or over the
temporal dimension
(processing a video frame
by frame), or even over
more abstracted
computational modules.

f and g can be arbitrary functions, and we can imagine a wide variety of recurrent layers
defined by different choices for the form of f and g.

One common kind of recurrent layer is the Simple Recurrent Layer (SRN), which was
defined by Elman in “Finding Structure in Time” [1]. For this layer, f is a linear layer
followed by a pointwise nonlinearity, and g is another linear layer. The full computation is
defined by the following equations:

ht =�1(Wht–1 +Uxin[t] +b) (1.3)

xout[t] =�2(Vht + c) (1.4)

where �1 and �2 are pointwise nonlinearities. In SRNs, tanh is the common choice for the
nonlinearity, but relus and other choices may also be used.

1.3 Backpropagation Through Time
Backpropagation is only defined for DAGs and RNNs are not DAGs. To apply backprop-
agation to RNNs, we unroll the net for T timesteps, which creates a DAG representation
of the truncated RNN, and then do backpropagation through that DAG. This is known as
backpropagation through time (BPTT).

This approach yields exact gradients of the loss with respect to the parameters when T is
equal to total number of timesteps the RNN was run for. Otherwise, BPTT is an approxima-
tion that truncates the true computation graph. Essentially, BPTT ignores any dependencies
in the computation graph greater than length T .

As an example of BPTT, suppose we want to compute the gradient of an output neuron
at timestep five with respect to an input at timestep zero, that is, @xout[5]

@xin[0] . The forward pass
(black arrows) and backward pass (red arrows) are shown in figure 1.4, where we have only
drawn arrows for the subpart of the computation graph that is relevant to the calculation of
this particular gradient.

What about the gradient of the total cost with respect to the parameters, @J
@[W,U,V] ? Sup-

pose the RNN is being applied to a video and predicts a class label for every frame of the
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dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.
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time
input

hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because
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they are directed acyclic graphs (DAGs), and therefore all the tools we have developed for
DAGs, including backpropagation, will extend naturally to them. However, note that RNNs
can run for unbounded time, and process signals that have unbounded temporal extent,
while a DAG can only represent a finite graph. The DAG depicted above is therefore a
truncated version of the RNN’s theoretical computation graph.

1.2 Recurrent Layer
A recurrent layer is defined by the following equations:

ht = f (ht–1,xin[t]) / update state based on input and previous state (1.1)

xout[t] = g(ht) / produce output based on state (1.2)

This is a layer that includes a state variable, h. The operation of the layer depends on its
state. The layer also updates its state every time it is called, therefore the state is a kind of
memory.

The idea of a time in an
RNN does not necessarily
mean time as it is
measured on a clock.
Time just refers to
sequential computation;
the timestep t is an index
into the sequence. The
sequential computation
could progress over a
spatial dimension
(processing an image
pixel by pixel) or over the
temporal dimension
(processing a video frame
by frame), or even over
more abstracted
computational modules.

f and g can be arbitrary functions, and we can imagine a wide variety of recurrent layers
defined by different choices for the form of f and g.

One common kind of recurrent layer is the Simple Recurrent Layer (SRN), which was
defined by Elman in “Finding Structure in Time” [1]. For this layer, f is a linear layer
followed by a pointwise nonlinearity, and g is another linear layer. The full computation is
defined by the following equations:

ht =�1(Wht–1 +Uxin[t] +b) (1.3)

xout[t] =�2(Vht + c) (1.4)

where �1 and �2 are pointwise nonlinearities. In SRNs, tanh is the common choice for the
nonlinearity, but relus and other choices may also be used.

1.3 Backpropagation Through Time
Backpropagation is only defined for DAGs and RNNs are not DAGs. To apply backprop-
agation to RNNs, we unroll the net for T timesteps, which creates a DAG representation
of the truncated RNN, and then do backpropagation through that DAG. This is known as
backpropagation through time (BPTT).

This approach yields exact gradients of the loss with respect to the parameters when T is
equal to total number of timesteps the RNN was run for. Otherwise, BPTT is an approxima-
tion that truncates the true computation graph. Essentially, BPTT ignores any dependencies
in the computation graph greater than length T .

As an example of BPTT, suppose we want to compute the gradient of an output neuron
at timestep five with respect to an input at timestep zero, that is, @xout[5]

@xin[0] . The forward pass
(black arrows) and backward pass (red arrows) are shown in figure 1.4, where we have only
drawn arrows for the subpart of the computation graph that is relevant to the calculation of
this particular gradient.

What about the gradient of the total cost with respect to the parameters, @J
@[W,U,V] ? Sup-

pose the RNN is being applied to a video and predicts a class label for every frame of the
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dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.

w … …w

time
input

hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.
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To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because
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2 Draft of Foundations of Computer Vision by Torralba, Isola, Freeman

dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.

w … …w

time
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hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because
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dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.
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time
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hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because
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Figure 1.4: Back-
propagation through

time in an RNN. W W W W W
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video. Then xout is a prediction for each frame and a loss can be applied to each xout[t].
The total cost is simply the summation of the losses at each timestep:

@J
@[W,U,V]

=
TX

t=0

@L(xout[t],yt)
@[W,U,V]

(1.5)

The graph for backpropagation has a branching structure, which we saw how to deal with
in chapter ??:

Figure 1.5: Back-
propagation through
time to minimize the

sum of losses incurred
at each timestep.
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1.3.1 The Problem of Exploding and Vanishing Gradients
Notice that the we can get very large computation graphs when we run an RNN for many
timesteps. The gradient computation involves a series of matrix multiplies that is O(T).
For example, to compute our gradient @xout[5]

@xin[0] in the example above involves the following
product:

@xout[t]
@xin[0]

=
@xout[t]
@hT

@hT

@hT–1
· · ·

@h1

@h0

@h0

@xin[0]
(1.6)

Suppose we use an RNN with relu nonlinearities. Then each term @ht
@ht–1

equals RW,
where R is a diagonal matrix with zeros or ones on the i-th diagonal element depending on
whether the i-th neuron is above or below zero at the current operating point. This gives a
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U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>V

<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

L0
<latexit sha1_base64="ARsiDEUNzPp/2X/Fkrw20wTmh2g=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLGF2cpMMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRDFssEhEqh1QjYJLbBhuBLZjhTQMBLaC8W3mtyaoNI/ko5nG6Id0KPmAM2qs5HdDakaMivR+1nN75Ypbdecgq8TLSQVy1Hvlr24/YkmI0jBBte54bmz8lCrDmcBZqZtojCkb0yF2LJU0RO2n89AzcmaVPhlEyj5pyFz9vZHSUOtpGNjJLKRe9jLxP6+TmMG1n3IZJwYlWxwaJIKYiGQNkD5XyIyYWkKZ4jYrYSOqKDO2p5ItwVv+8ippXlQ9t+o9XFZqN3kdRTiBUzgHD66gBndQhwYweIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucPrRWSBQ==</latexit><latexit sha1_base64="YYDlmzf0mYqX8DUy//dM9LArE3Q=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3put1yxa26U5BF4uWkAjn+N94tf3R6EUtClIYJqnXbc2Pjp1QZzgROSp1EY0zZiA6wbamkIWo/nSabkCOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwT08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A76SmX4=</latexit><latexit sha1_base64="YYDlmzf0mYqX8DUy//dM9LArE3Q=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3put1yxa26U5BF4uWkAjn+N94tf3R6EUtClIYJqnXbc2Pjp1QZzgROSp1EY0zZiA6wbamkIWo/nSabkCOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwT08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A76SmX4=</latexit><latexit sha1_base64="YYDlmzf0mYqX8DUy//dM9LArE3Q=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3put1yxa26U5BF4uWkAjn+N94tf3R6EUtClIYJqnXbc2Pjp1QZzgROSp1EY0zZiA6wbamkIWo/nSabkCOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwT08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A76SmX4=</latexit>

L1
<latexit sha1_base64="yBvhYl9n8J1ggG5EVIZHiVUkwnc=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wc/rlStu1Z2DrBIvJxXIUe+Vv7r9iCYhk4YK1LrjubHxU1SGU8FmpW6iWYx0jEPWsVRiyLSfzkPPyJlV+mQQKfukIXP190aKodbTMLCTWUi97GXif14nMYNrP+UyTgyTdHFokAhiIpI1QPpcMWrE1BKkitushI5QITW2p5ItwVv+8ippXlQ9t+o9XFZqN3kdRTiBUzgHD66gBndQhwZQeIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucPrpmSBg==</latexit><latexit sha1_base64="9yVmzhhmdpYCSnQQk5jrXvk4UhQ=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IlnB3MkmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRlNVpJCLVClAzwSWrG24Ea8WKYRgI1gxGl5nffGBK80jemXHM/BAHkvc5RWMlvxOiGVIU6fWk63XLFbfqTkEWiZeTCuT433i3/NHpRTQJmTRUoNZtz42Nn6IynAo2KXUSzWKkIxywtqUSQ6b9dJpsQo6s0iP9SNknDZmqPzdSDLUeh4GdzJLoeS8T//Laiemf+ymXcWKYpLND/UQQE5GsJtLjilEjxpYgVdz+ldAhKqTGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwj08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A8A7mX8=</latexit><latexit sha1_base64="9yVmzhhmdpYCSnQQk5jrXvk4UhQ=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IlnB3MkmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRlNVpJCLVClAzwSWrG24Ea8WKYRgI1gxGl5nffGBK80jemXHM/BAHkvc5RWMlvxOiGVIU6fWk63XLFbfqTkEWiZeTCuT433i3/NHpRTQJmTRUoNZtz42Nn6IynAo2KXUSzWKkIxywtqUSQ6b9dJpsQo6s0iP9SNknDZmqPzdSDLUeh4GdzJLoeS8T//Laiemf+ymXcWKYpLND/UQQE5GsJtLjilEjxpYgVdz+ldAhKqTGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwj08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A8A7mX8=</latexit><latexit sha1_base64="9yVmzhhmdpYCSnQQk5jrXvk4UhQ=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IlnB3MkmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRlNVpJCLVClAzwSWrG24Ea8WKYRgI1gxGl5nffGBK80jemXHM/BAHkvc5RWMlvxOiGVIU6fWk63XLFbfqTkEWiZeTCuT433i3/NHpRTQJmTRUoNZtz42Nn6IynAo2KXUSzWKkIxywtqUSQ6b9dJpsQo6s0iP9SNknDZmqPzdSDLUeh4GdzJLoeS8T//Laiemf+ymXcWKYpLND/UQQE5GsJtLjilEjxpYgVdz+ldAhKqTGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwj08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A8A7mX8=</latexit>

L2
<latexit sha1_base64="K4JRSoxIIHgqwEVK+KmBkZYve9I=">AAAB9HicbVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwimAckS5id3CRDZmfXmdlAWPIdNhaK2Poxdv6Ns8kWmnhg4HDOvdwzJ4gF18Z1v5219Y3Nre3CTnF3b//gsHR03NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+DbzWxNUmkfy0Uxj9EM6lHzAGTVW8rshNSNGRXo/61V7pbJbcecgq8TLSRly1Hulr24/YkmI0jBBte54bmz8lCrDmcBZsZtojCkb0yF2LJU0RO2n89Azcm6VPhlEyj5pyFz9vZHSUOtpGNjJLKRe9jLxP6+TmMG1n3IZJwYlWxwaJIKYiGQNkD5XyIyYWkKZ4jYrYSOqKDO2p6ItwVv+8ippViueW/EeLsu1m7yOApzCGVyAB1dQgzuoQwMYPMEzvMKbM3FenHfnYzG65uQ7J/AHzucPsB2SBw==</latexit><latexit sha1_base64="JbeDwSVgpGQKfogvt7YZp0muAWE=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwUzAOSJcxObpIhs7PrzKwQlnyHhY2/YiNiqZV/42yyhSYWHhg4nHMvd84JYsG1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6zPzmAyrNI3lnxjH6IR1I3ueMGiv5nZCaIaMivZ50q91S2a24U5BF4uWkDDn+N94tfXR6EUtClIYJqnXbc2Pjp1QZzgROip1EY0zZiA6wbamkIWo/nSabkGOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllm00b35oIukUa14bsW7PS3XLvLOCnAIR3ACHpxBDa7gBurA4B4e4RlenSfnxXlz3mejS06+cwC/4Hx+A8HkmYA=</latexit><latexit sha1_base64="JbeDwSVgpGQKfogvt7YZp0muAWE=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwUzAOSJcxObpIhs7PrzKwQlnyHhY2/YiNiqZV/42yyhSYWHhg4nHMvd84JYsG1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6zPzmAyrNI3lnxjH6IR1I3ueMGiv5nZCaIaMivZ50q91S2a24U5BF4uWkDDn+N94tfXR6EUtClIYJqnXbc2Pjp1QZzgROip1EY0zZiA6wbamkIWo/nSabkGOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllm00b35oIukUa14bsW7PS3XLvLOCnAIR3ACHpxBDa7gBurA4B4e4RlenSfnxXlz3mejS06+cwC/4Hx+A8HkmYA=</latexit><latexit sha1_base64="JbeDwSVgpGQKfogvt7YZp0muAWE=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwUzAOSJcxObpIhs7PrzKwQlnyHhY2/YiNiqZV/42yyhSYWHhg4nHMvd84JYsG1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6zPzmAyrNI3lnxjH6IR1I3ueMGiv5nZCaIaMivZ50q91S2a24U5BF4uWkDDn+N94tfXR6EUtClIYJqnXbc2Pjp1QZzgROip1EY0zZiA6wbamkIWo/nSabkGOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllm00b35oIukUa14bsW7PS3XLvLOCnAIR3ACHpxBDa7gBurA4B4e4RlenSfnxXlz3mejS06+cwC/4Hx+A8HkmYA=</latexit>

L3
<latexit sha1_base64="2uQcM6ZSNg/WhXEQ9XwPKyehV5E=">AAAB9HicbVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYRzAOSJcxObpIhs7PrzGwgLPkOGwtFbP0YO//G2WQLTTwwcDjnXu6ZE8SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdJv5zTEqzSP5aCYx+iEdSN7njBor+Z2QmiGjIr2fdi+6pbJbcWcgy8TLSRly1Lqlr04vYkmI0jBBtW57bmz8lCrDmcBpsZNojCkb0QG2LZU0RO2ns9BTcmqVHulHyj5pyEz9vZHSUOtJGNjJLKRe9DLxP6+dmP61n3IZJwYlmx/qJ4KYiGQNkB5XyIyYWEKZ4jYrYUOqKDO2p6ItwVv88jJpnFc8t+I9XJarN3kdBTiGEzgDD66gCndQgzoweIJneIU3Z+y8OO/Ox3x0xcl3juAPnM8fsaGSCA==</latexit><latexit sha1_base64="FVE6hDR8Ct//J7WrZgi/AnXHK9o=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYK5gHJEu5OZpMhs7PrzKwQlnyHhY2/YiNiqZV/4yTZQhMLDwwczrmXO+cEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VZTUai1g1A9RMcMlqhhvBmoliGAWCNYLB5dhvPDCleSzvzDBhfoQ9yUNO0VjJb0do+hRFdj3qnHRKZbfiTkDmiZeTMuT433in9NHuxjSNmDRUoNYtz02Mn6EynAo2KrZTzRKkA+yxlqUSI6b9bJJsRA6t0iVhrOyThkzUnxsZRloPo8BOjpPoWW8s/uW1UhOe+xmXSWqYpNNDYSqIicm4JtLlilEjhpYgVdz+ldA+KqTGllm00b3ZoPOkflzx3Ip3e1quXuSdFWAfDuAIPDiDKlzBDdSAwj08wjO8Ok/Oi/PmvE9HF5x8Zw9+wfn8BsONmYE=</latexit><latexit sha1_base64="FVE6hDR8Ct//J7WrZgi/AnXHK9o=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYK5gHJEu5OZpMhs7PrzKwQlnyHhY2/YiNiqZV/4yTZQhMLDwwczrmXO+cEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VZTUai1g1A9RMcMlqhhvBmoliGAWCNYLB5dhvPDCleSzvzDBhfoQ9yUNO0VjJb0do+hRFdj3qnHRKZbfiTkDmiZeTMuT433in9NHuxjSNmDRUoNYtz02Mn6EynAo2KrZTzRKkA+yxlqUSI6b9bJJsRA6t0iVhrOyThkzUnxsZRloPo8BOjpPoWW8s/uW1UhOe+xmXSWqYpNNDYSqIicm4JtLlilEjhpYgVdz+ldA+KqTGllm00b3ZoPOkflzx3Ip3e1quXuSdFWAfDuAIPDiDKlzBDdSAwj08wjO8Ok/Oi/PmvE9HF5x8Zw9+wfn8BsONmYE=</latexit><latexit sha1_base64="FVE6hDR8Ct//J7WrZgi/AnXHK9o=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYK5gHJEu5OZpMhs7PrzKwQlnyHhY2/YiNiqZV/4yTZQhMLDwwczrmXO+cEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VZTUai1g1A9RMcMlqhhvBmoliGAWCNYLB5dhvPDCleSzvzDBhfoQ9yUNO0VjJb0do+hRFdj3qnHRKZbfiTkDmiZeTMuT433in9NHuxjSNmDRUoNYtz02Mn6EynAo2KrZTzRKkA+yxlqUSI6b9bJJsRA6t0iVhrOyThkzUnxsZRloPo8BOjpPoWW8s/uW1UhOe+xmXSWqYpNNDYSqIicm4JtLlilEjhpYgVdz+ldA+KqTGllm00b3ZoPOkflzx3Ip3e1quXuSdFWAfDuAIPDiDKlzBDdSAwj08wjO8Ok/Oi/PmvE9HF5x8Zw9+wfn8BsONmYE=</latexit>

L4
<latexit sha1_base64="PkUkj3MWy45vVDaH71Se4eQwTik=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLGF2cpMMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRDFssEhEqh1QjYJLbBhuBLZjhTQMBLaC8W3mtyaoNI/ko5nG6Id0KPmAM2qs5HdDakaMivR+1rvslStu1Z2DrBIvJxXIUe+Vv7r9iCUhSsME1brjubHxU6oMZwJnpW6iMaZsTIfYsVTSELWfzkPPyJlV+mQQKfukIXP190ZKQ62nYWAns5B62cvE/7xOYgbXfsplnBiUbHFokAhiIpI1QPpcITNiagllitushI2ooszYnkq2BG/5y6ukeVH13Kr3cFmp3eR1FOEETuEcPLiCGtxBHRrA4Ame4RXenInz4rw7H4vRgpPvHMMfOJ8/syWSCQ==</latexit><latexit sha1_base64="zpQgr5JOhKw5Fd5Z3aCzeIMjJJk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3pnnbLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6SxknVc6ve7WmldpF3VoQDOIRj8OAManAFN1AHBvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DcU2mYI=</latexit><latexit sha1_base64="zpQgr5JOhKw5Fd5Z3aCzeIMjJJk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3pnnbLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6SxknVc6ve7WmldpF3VoQDOIRj8OAManAFN1AHBvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DcU2mYI=</latexit><latexit sha1_base64="zpQgr5JOhKw5Fd5Z3aCzeIMjJJk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3pnnbLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6SxknVc6ve7WmldpF3VoQDOIRj8OAManAFN1AHBvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DcU2mYI=</latexit>

LT
<latexit sha1_base64="fRZmmY8lSti0ZR/yMHZDyLd5L4M=">AAAB9HicbVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxsIiQhIDyRHebTbJkr29c3cvEI78DhsLRWz9MXb+G/eSKzRxYGGYeY83O0EsuDau++0U1tY3NreK26Wd3b39g/LhUUtHiaKsSSMRqXaAmgkuWdNwI1g7VgzDQLDHYHyb+Y8TpjSPZMNMY+aHOJR8wCkaK/ndEM2IokjvZ71Gr1xxq+4cZJV4OalAjnqv/NXtRzQJmTRUoNYdz42Nn6IynAo2K3UTzWKkYxyyjqUSQ6b9dB56Rs6s0ieDSNknDZmrvzdSDLWehoGdzELqZS8T//M6iRlc+ymXcWKYpItDg0QQE5GsAdLnilEjppYgVdxmJXSECqmxPZVsCd7yl1dJ66LquVXv4bJSu8nrKMIJnMI5eHAFNbiDOjSBwhM8wyu8ORPnxXl3PhajBSffOYY/cD5/AOOlkik=</latexit><latexit sha1_base64="pGuSoPkNKc1KNKVv+jXZk83SdBk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQyENIljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ihRDBssEpG6C6hGwSU2DDcC72KFNAwEtoLRZea3HlBpHsm6Gcfoh3QgeZ8zaqzkd0JqhoyK9HrSrXfLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6S5knVc6ve7WmldpF3VoQDOIRj8OAManAFN9AABvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DfpWmaI=</latexit><latexit sha1_base64="pGuSoPkNKc1KNKVv+jXZk83SdBk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQyENIljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ihRDBssEpG6C6hGwSU2DDcC72KFNAwEtoLRZea3HlBpHsm6Gcfoh3QgeZ8zaqzkd0JqhoyK9HrSrXfLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6S5knVc6ve7WmldpF3VoQDOIRj8OAManAFN9AABvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DfpWmaI=</latexit><latexit sha1_base64="pGuSoPkNKc1KNKVv+jXZk83SdBk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQyENIljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ihRDBssEpG6C6hGwSU2DDcC72KFNAwEtoLRZea3HlBpHsm6Gcfoh3QgeZ8zaqzkd0JqhoyK9HrSrXfLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6S5knVc6ve7WmldpF3VoQDOIRj8OAManAFN9AABvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DfpWmaI=</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
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Figure 1.4: Back-
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video. Then xout is a prediction for each frame and a loss can be applied to each xout[t].
The total cost is simply the summation of the losses at each timestep:

@J
@[W,U,V]

=
TX

t=0

@L(xout[t],yt)
@[W,U,V]

(1.5)

The graph for backpropagation has a branching structure, which we saw how to deal with
in chapter ??:

Figure 1.5: Back-
propagation through
time to minimize the

sum of losses incurred
at each timestep.
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1.3.1 The Problem of Exploding and Vanishing Gradients
Notice that the we can get very large computation graphs when we run an RNN for many
timesteps. The gradient computation involves a series of matrix multiplies that is O(T).
For example, to compute our gradient @xout[5]

@xin[0] in the example above involves the following
product:

@xout[t]
@xin[0]

=
@xout[t]
@hT

@hT

@hT–1
· · ·

@h1

@h0

@h0

@xin[0]
(1.6)

Suppose we use an RNN with relu nonlinearities. Then each term @ht
@ht–1

equals RW,
where R is a diagonal matrix with zeros or ones on the i-th diagonal element depending on
whether the i-th neuron is above or below zero at the current operating point. This gives a
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dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.

w … …w

time
input

hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because
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✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>

branch

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>

@L
@✓a

<latexit sha1_base64="bZrXQY8SlgXuByWugWkd/Vju8QA=">AAACF3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFhEMA/IxnB3MpsMmX0wc1cIy/6Fjb9iY6GIrXb+jbNJiph4YOBwzr137j1eLIVG2/6xCiura+sbxc3S1vbO7l55/6Cpo0Qx3mCRjFTbA82lCHkDBUrejhWHwJO85Y2uc7/1yJUWUXiP45h3AxiEwhcM0Ei9ctX1FbDUjUGhAEndAHDIQKa3WTan4pAjPEDWK1fsqj0BXSbOjFTIDPVe+dvtRywJeIhMgtYdx46xm+ZzmeRZyU00j4GNYMA7hoYQcN1NJ3dl9MQofepHyrwQ6USd70gh0HoceKYyX1svern4n9dJ0L/spiKME+Qhm37kJ5JiRPOQaF8ozlCODQGmhNmVsiGYoNBEWTIhOIsnL5PmWdWxq87deaV2NYujSI7IMTklDrkgNXJD6qRBGHkiL+SNvFvP1qv1YX1OSwvWrOeQ/IH19QuwZKDc</latexit><latexit sha1_base64="S/v17JzSZYoiUcracTFwAuAOeFE=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFgomAdkY7g7mU2GzD6YuSuEZf/Cr7Gw8Q/s7G1EbK2dTVLExMIDA4dz7uXOOV4shUbbfrMKS8srq2vF9dLG5tb2Tnl3r6GjRDFeZ5GMVMsDzaUIeR0FSt6KFYfAk7zpDS9zv/nAlRZReIejmHcC6IfCFwzQSN1y1fUVsNSNQaEASd0AcMBAptdZNqPigCPcQ9YtV+yqPQZdJM6UVMgU/xvvll/dXsSSgIfIJGjdduwYO2l+nEmeldxE8xjYEPq8bWgIAdeddBw+o0dG6VE/UuaFSMfq7EYKgdajwDOTeTY97+XiX147Qf+8k4owTpCHbHLITyTFiOZN0p5QnKEcGQJMCfNXygZg2kTTd8lEd+aDLpLGSdWxq87taaV2Me2sSA7IITkmDjkjNXJFbkidMPJInsgL+bCerXfr0/qajBas6c4++QXr+we5i6hV</latexit><latexit sha1_base64="S/v17JzSZYoiUcracTFwAuAOeFE=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFgomAdkY7g7mU2GzD6YuSuEZf/Cr7Gw8Q/s7G1EbK2dTVLExMIDA4dz7uXOOV4shUbbfrMKS8srq2vF9dLG5tb2Tnl3r6GjRDFeZ5GMVMsDzaUIeR0FSt6KFYfAk7zpDS9zv/nAlRZReIejmHcC6IfCFwzQSN1y1fUVsNSNQaEASd0AcMBAptdZNqPigCPcQ9YtV+yqPQZdJM6UVMgU/xvvll/dXsSSgIfIJGjdduwYO2l+nEmeldxE8xjYEPq8bWgIAdeddBw+o0dG6VE/UuaFSMfq7EYKgdajwDOTeTY97+XiX147Qf+8k4owTpCHbHLITyTFiOZN0p5QnKEcGQJMCfNXygZg2kTTd8lEd+aDLpLGSdWxq87taaV2Me2sSA7IITkmDjkjNXJFbkidMPJInsgL+bCerXfr0/qajBas6c4++QXr+we5i6hV</latexit><latexit sha1_base64="S/v17JzSZYoiUcracTFwAuAOeFE=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFgomAdkY7g7mU2GzD6YuSuEZf/Cr7Gw8Q/s7G1EbK2dTVLExMIDA4dz7uXOOV4shUbbfrMKS8srq2vF9dLG5tb2Tnl3r6GjRDFeZ5GMVMsDzaUIeR0FSt6KFYfAk7zpDS9zv/nAlRZReIejmHcC6IfCFwzQSN1y1fUVsNSNQaEASd0AcMBAptdZNqPigCPcQ9YtV+yqPQZdJM6UVMgU/xvvll/dXsSSgIfIJGjdduwYO2l+nEmeldxE8xjYEPq8bWgIAdeddBw+o0dG6VE/UuaFSMfq7EYKgdajwDOTeTY97+XiX147Qf+8k4owTpCHbHLITyTFiOZN0p5QnKEcGQJMCfNXygZg2kTTd8lEd+aDLpLGSdWxq87taaV2Me2sSA7IITkmDjkjNXJFbkidMPJInsgL+bCerXfr0/qajBas6c4++QXr+we5i6hV</latexit>

@L
@✓b

<latexit sha1_base64="/j22A7bnv5J8FLehNhuTuqMCK+A=">AAACF3icbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFhEMA/IxnB3MpsMmX0wc1cIy/6Fjb9iY6GIrXb+jbNJiph4YOBwzr137j1eLIVG2/6xCiura+sbxc3S1vbO7l55/6Cpo0Qx3mCRjFTbA82lCHkDBUrejhWHwJO85Y2uc7/1yJUWUXiP45h3AxiEwhcM0Ei9ctX1FbDUjUGhAEndAHDIQKa3WTan4pAjPHhZr1yxq/YEdJk4M1IhM9R75W+3H7Ek4CEyCVp3HDvGbprPZZJnJTfRPAY2ggHvGBpCwHU3ndyV0ROj9KkfKfNCpBN1viOFQOtx4JnKfG296OXif14nQf+ym4owTpCHbPqRn0iKEc1Don2hOEM5NgSYEmZXyoZggkITZcmE4CyevEyaZ1XHrjp355Xa1SyOIjkix+SUOOSC1MgNqZMGYeSJvJA38m49W6/Wh/U5LS1Ys55D8gfW1y+x6aDd</latexit><latexit sha1_base64="LW0bJDwgYq94VwKo6pmKQbCFQlo=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFgomAdkY7g7mU2GzD6YuSuEZf/Cr7Gw8Q/s7G1EbK2dTVLExMIDA4dz7uXOOV4shUbbfrMKS8srq2vF9dLG5tb2Tnl3r6GjRDFeZ5GMVMsDzaUIeR0FSt6KFYfAk7zpDS9zv/nAlRZReIejmHcC6IfCFwzQSN1y1fUVsNSNQaEASd0AcMBAptdZNqPigCPce1m3XLGr9hh0kThTUiFT/G+8W351exFLAh4ik6B127Fj7KT5cSZ5VnITzWNgQ+jztqEhBFx30nH4jB4ZpUf9SJkXIh2rsxspBFqPAs9M5tn0vJeLf3ntBP3zTirCOEEesskhP5EUI5o3SXtCcYZyZAgwJcxfKRuAaRNN3yUT3ZkPukgaJ1XHrjq3p5XaxbSzIjkgh+SYOOSM1MgVuSF1wsgjeSIv5MN6tt6tT+trMlqwpjv75Bes7x+7NahW</latexit><latexit sha1_base64="LW0bJDwgYq94VwKo6pmKQbCFQlo=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFgomAdkY7g7mU2GzD6YuSuEZf/Cr7Gw8Q/s7G1EbK2dTVLExMIDA4dz7uXOOV4shUbbfrMKS8srq2vF9dLG5tb2Tnl3r6GjRDFeZ5GMVMsDzaUIeR0FSt6KFYfAk7zpDS9zv/nAlRZReIejmHcC6IfCFwzQSN1y1fUVsNSNQaEASd0AcMBAptdZNqPigCPce1m3XLGr9hh0kThTUiFT/G+8W351exFLAh4ik6B127Fj7KT5cSZ5VnITzWNgQ+jztqEhBFx30nH4jB4ZpUf9SJkXIh2rsxspBFqPAs9M5tn0vJeLf3ntBP3zTirCOEEesskhP5EUI5o3SXtCcYZyZAgwJcxfKRuAaRNN3yUT3ZkPukgaJ1XHrjq3p5XaxbSzIjkgh+SYOOSM1MgVuSF1wsgjeSIv5MN6tt6tT+trMlqwpjv75Bes7x+7NahW</latexit><latexit sha1_base64="LW0bJDwgYq94VwKo6pmKQbCFQlo=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFgomAdkY7g7mU2GzD6YuSuEZf/Cr7Gw8Q/s7G1EbK2dTVLExMIDA4dz7uXOOV4shUbbfrMKS8srq2vF9dLG5tb2Tnl3r6GjRDFeZ5GMVMsDzaUIeR0FSt6KFYfAk7zpDS9zv/nAlRZReIejmHcC6IfCFwzQSN1y1fUVsNSNQaEASd0AcMBAptdZNqPigCPce1m3XLGr9hh0kThTUiFT/G+8W351exFLAh4ik6B127Fj7KT5cSZ5VnITzWNgQ+jztqEhBFx30nH4jB4ZpUf9SJkXIh2rsxspBFqPAs9M5tn0vJeLf3ntBP3zTirCOEEesskhP5EUI5o3SXtCcYZyZAgwJcxfKRuAaRNN3yUT3ZkPukgaJ1XHrjq3p5XaxbSzIjkgh+SYOOSM1MgVuSF1wsgjeSIv5MN6tt6tT+trMlqwpjv75Bes7x+7NahW</latexit>

X

i

@L
@✓i

<latexit sha1_base64="0uUa5Kbjd67lrsUFq1fLwv5R2fk=">AAACHnicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04sFDBPOAbAy9k9lkyOyDmV4hLPslXvwVLx4UETzp3zib5BATCwaKqu6e7vJiKTTa9o+1tLyyurZe2Chubm3v7Jb29hs6ShTjdRbJSLU80FyKkNdRoOStWHEIPMmb3vA695uPXGkRhfc4inkngH4ofMEAjdQtnbs6CbqCur4ClroxKBQgqRsADhjI9DbLZlQccIQHkXVLZbtij0EXiTMlZTJFrVv6cnsRSwIeIpOgdduxY+yk+VwmeVZ0E81jYEPo87ahIQRcd9LxeRk9NkqP+pEyL0Q6Vmc7Ugi0HgWeqczX1vNeLv7ntRP0LzupCOMEecgmH/mJpBjRPCvaE4ozlCNDgClhdqVsACYoNIkWTQjO/MmLpHFaceyKc3dWrl5N4yiQQ3JETohDLkiV3JAaqRNGnsgLeSPv1rP1an1Yn5PSJWvac0D+wPr+BTKmo8M=</latexit><latexit sha1_base64="4TROJhV1DgAIyQxgpMWhxM9dh+c=">AAACQ3icjVC7SgNBFJ31GeMramkzGASrsCuKlkEbCwsF84BsDHcns8mQ2Qczd4Ww7Jf4NRY2lnZ+g42IreBskiImFh4YOJxzL3fO8WIpNNr2m7WwuLS8slpYK65vbG5tl3Z26zpKFOM1FslINT3QXIqQ11Cg5M1YcQg8yRve4DL3Gw9caRGFdziMeTuAXih8wQCN1CmdujoJOoK6vgKWujEoFCCpGwD2Gcj0OsumVOxzhHuRdUplu2KPQOeJMyFlMsH/xjulV7cbsSTgITIJWrccO8Z2mh9nkmdFN9E8BjaAHm8ZGkLAdTsddZDRQ6N0qR8p80KkI3V6I4VA62Hgmck8m571cvEvr5Wgf95ORRgnyEM2PuQnkmJE80JpVyjOUA4NAaaE+StlfTBtoqm9aKI7s0HnSf244tgV5/akXL2YdFYg++SAHBGHnJEquSI3pEYYeSRP5IV8WM/Wu/VpfY1HF6zJzh75Bev7B54Vqzw=</latexit><latexit sha1_base64="4TROJhV1DgAIyQxgpMWhxM9dh+c=">AAACQ3icjVC7SgNBFJ31GeMramkzGASrsCuKlkEbCwsF84BsDHcns8mQ2Qczd4Ww7Jf4NRY2lnZ+g42IreBskiImFh4YOJxzL3fO8WIpNNr2m7WwuLS8slpYK65vbG5tl3Z26zpKFOM1FslINT3QXIqQ11Cg5M1YcQg8yRve4DL3Gw9caRGFdziMeTuAXih8wQCN1CmdujoJOoK6vgKWujEoFCCpGwD2Gcj0OsumVOxzhHuRdUplu2KPQOeJMyFlMsH/xjulV7cbsSTgITIJWrccO8Z2mh9nkmdFN9E8BjaAHm8ZGkLAdTsddZDRQ6N0qR8p80KkI3V6I4VA62Hgmck8m571cvEvr5Wgf95ORRgnyEM2PuQnkmJE80JpVyjOUA4NAaaE+StlfTBtoqm9aKI7s0HnSf244tgV5/akXL2YdFYg++SAHBGHnJEquSI3pEYYeSRP5IV8WM/Wu/VpfY1HF6zJzh75Bev7B54Vqzw=</latexit><latexit sha1_base64="4TROJhV1DgAIyQxgpMWhxM9dh+c=">AAACQ3icjVC7SgNBFJ31GeMramkzGASrsCuKlkEbCwsF84BsDHcns8mQ2Qczd4Ww7Jf4NRY2lnZ+g42IreBskiImFh4YOJxzL3fO8WIpNNr2m7WwuLS8slpYK65vbG5tl3Z26zpKFOM1FslINT3QXIqQ11Cg5M1YcQg8yRve4DL3Gw9caRGFdziMeTuAXih8wQCN1CmdujoJOoK6vgKWujEoFCCpGwD2Gcj0OsumVOxzhHuRdUplu2KPQOeJMyFlMsH/xjulV7cbsSTgITIJWrccO8Z2mh9nkmdFN9E8BjaAHm8ZGkLAdTsddZDRQ6N0qR8p80KkI3V6I4VA62Hgmck8m571cvEvr5Wgf95ORRgnyEM2PuQnkmJE80JpVyjOUA4NAaaE+StlfTBtoqm9aKI7s0HnSf244tgV5/akXL2YdFYg++SAHBGHnJEquSI3pEYYeSRP5IV8WM/Wu/VpfY1HF6zJzh75Bev7B54Vqzw=</latexit>

✓a = ✓
<latexit sha1_base64="R0XdPLcDrREsgAPL/OrFQSqLrx4=">AAAB+nicbZDLSgNBEEV74ivG10SXbhqD4CrMiKAbIejGZQTzgGQMPZ2apEnPg+4aJYz5FDcuFHHrl7jzb+wks9DECw2HW1VU9fUTKTQ6zrdVWFldW98obpa2tnd29+zyflPHqeLQ4LGMVdtnGqSIoIECJbQTBSz0JbT80fW03noApUUc3eE4AS9kg0gEgjM0Vs8ud3EIyO4ZvaRz7NkVp+rMRJfBzaFCctV79le3H/M0hAi5ZFp3XCdBL2MKBZcwKXVTDQnjIzaAjsGIhaC9bHb6hB4bp0+DWJkXIZ25vycyFmo9Dn3TGTIc6sXa1Pyv1kkxuPAyESUpQsTni4JUUozpNAfaFwo4yrEBxpUwt1I+ZIpxNGmVTAju4peXoXladZ2qe3tWqV3lcRTJITkiJ8Ql56RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDsgfWZ8/cjqTdQ==</latexit><latexit sha1_base64="KmhmMtE7b6NatQ4Z5JDyRNI7Cp8=">AAACH3icjVC7SgNBFJ2NrxhfGy1tBoNgFXZF0EYI2lgqmAcka7g7mU2GzD6YuauEJZ9iYeOv2IiIXf7GSbKFJhYeGDiccy537vETKTQ6zsQqrKyurW8UN0tb2zu7e3Z5v6HjVDFeZ7GMVcsHzaWIeB0FSt5KFIfQl7zpD6+nfvORKy3i6B5HCfdC6EciEAzQSF273MEBR3gAeknntGtXnKozA10mbk4qJMf/4l37q9OLWRryCJkErduuk6CXgULBJB+XOqnmCbAh9Hnb0AhCrr1sdt+YHhulR4NYmRchnak/JzIItR6FvkmGgAO96E3Fv7x2isGFl4koSZFHbL4oSCXFmE7Loj2hOEM5MgSYEuavlA1AAUNTacmc7i4eukwap1XXqbp3Z5XaVd5ZkRySI3JCXHJOauSG3JI6YeSJPJNX8m69WG/Wh/U5jxasfOaA/II1+QaxGZru</latexit><latexit sha1_base64="KmhmMtE7b6NatQ4Z5JDyRNI7Cp8=">AAACH3icjVC7SgNBFJ2NrxhfGy1tBoNgFXZF0EYI2lgqmAcka7g7mU2GzD6YuauEJZ9iYeOv2IiIXf7GSbKFJhYeGDiccy537vETKTQ6zsQqrKyurW8UN0tb2zu7e3Z5v6HjVDFeZ7GMVcsHzaWIeB0FSt5KFIfQl7zpD6+nfvORKy3i6B5HCfdC6EciEAzQSF273MEBR3gAeknntGtXnKozA10mbk4qJMf/4l37q9OLWRryCJkErduuk6CXgULBJB+XOqnmCbAh9Hnb0AhCrr1sdt+YHhulR4NYmRchnak/JzIItR6FvkmGgAO96E3Fv7x2isGFl4koSZFHbL4oSCXFmE7Loj2hOEM5MgSYEuavlA1AAUNTacmc7i4eukwap1XXqbp3Z5XaVd5ZkRySI3JCXHJOauSG3JI6YeSJPJNX8m69WG/Wh/U5jxasfOaA/II1+QaxGZru</latexit><latexit sha1_base64="KmhmMtE7b6NatQ4Z5JDyRNI7Cp8=">AAACH3icjVC7SgNBFJ2NrxhfGy1tBoNgFXZF0EYI2lgqmAcka7g7mU2GzD6YuauEJZ9iYeOv2IiIXf7GSbKFJhYeGDiccy537vETKTQ6zsQqrKyurW8UN0tb2zu7e3Z5v6HjVDFeZ7GMVcsHzaWIeB0FSt5KFIfQl7zpD6+nfvORKy3i6B5HCfdC6EciEAzQSF273MEBR3gAeknntGtXnKozA10mbk4qJMf/4l37q9OLWRryCJkErduuk6CXgULBJB+XOqnmCbAh9Hnb0AhCrr1sdt+YHhulR4NYmRchnak/JzIItR6FvkmGgAO96E3Fv7x2isGFl4koSZFHbL4oSCXFmE7Loj2hOEM5MgSYEuavlA1AAUNTacmc7i4eukwap1XXqbp3Z5XaVd5ZkRySI3JCXHJOauSG3JI6YeSJPJNX8m69WG/Wh/U5jxasfOaA/II1+QaxGZru</latexit>

✓b = ✓
<latexit sha1_base64="jQeAn0Mm2EOZIO5II0cw9l4JDfE=">AAAB+nicbZDLSgNBEEVr4ivG10SXbhqD4CrMiKAbIejGZQTzgGQMPZ2epEnPg+4aJYz5FDcuFHHrl7jzb+wks9DECw2HW1VU9fUTKTQ6zrdVWFldW98obpa2tnd29+zyflPHqWK8wWIZq7ZPNZci4g0UKHk7UZyGvuQtf3Q9rbceuNIiju5wnHAvpINIBIJRNFbPLndxyJHe++SSzLFnV5yqMxNZBjeHCuSq9+yvbj9macgjZJJq3XGdBL2MKhRM8kmpm2qeUDaiA94xGNGQay+bnT4hx8bpkyBW5kVIZu7viYyGWo9D33SGFId6sTY1/6t1UgwuvExESYo8YvNFQSoJxmSaA+kLxRnKsQHKlDC3EjakijI0aZVMCO7il5eheVp1nap7e1apXeVxFOEQjuAEXDiHGtxAHRrA4BGe4RXerCfrxXq3PuatBSufOYA/sj5/AHPHk3Y=</latexit><latexit sha1_base64="oIndJsZbyY0vHIc4d+XMqsKLaNM=">AAACH3icjVC7SgNBFJ2NrxhfGy1tBoNgFXZF0EYI2lgqmAcka5id3E2GzD6YuauEJZ9iYeOv2IiIXf7GSbKFJhYeGDiccy537vETKTQ6zsQqrKyurW8UN0tb2zu7e3Z5v6HjVHGo81jGquUzDVJEUEeBElqJAhb6Epr+8HrqNx9BaRFH9zhKwAtZPxKB4AyN1LXLHRwAsgefXtI57doVp+rMQJeJm5MKyfG/eNf+6vRinoYQIZdM67brJOhlTKHgEsalTqohYXzI+tA2NGIhaC+b3Temx0bp0SBW5kVIZ+rPiYyFWo9C3yRDhgO96E3Fv7x2isGFl4koSREiPl8UpJJiTKdl0Z5QwFGODGFcCfNXygdMMY6m0pI53V08dJk0TquuU3Xvziq1q7yzIjkkR+SEuOSc1MgNuSV1wskTeSav5N16sd6sD+tzHi1Y+cwB+QVr8g2yy5rv</latexit><latexit sha1_base64="oIndJsZbyY0vHIc4d+XMqsKLaNM=">AAACH3icjVC7SgNBFJ2NrxhfGy1tBoNgFXZF0EYI2lgqmAcka5id3E2GzD6YuauEJZ9iYeOv2IiIXf7GSbKFJhYeGDiccy537vETKTQ6zsQqrKyurW8UN0tb2zu7e3Z5v6HjVHGo81jGquUzDVJEUEeBElqJAhb6Epr+8HrqNx9BaRFH9zhKwAtZPxKB4AyN1LXLHRwAsgefXtI57doVp+rMQJeJm5MKyfG/eNf+6vRinoYQIZdM67brJOhlTKHgEsalTqohYXzI+tA2NGIhaC+b3Temx0bp0SBW5kVIZ+rPiYyFWo9C3yRDhgO96E3Fv7x2isGFl4koSREiPl8UpJJiTKdl0Z5QwFGODGFcCfNXygdMMY6m0pI53V08dJk0TquuU3Xvziq1q7yzIjkkR+SEuOSc1MgNuSV1wskTeSav5N16sd6sD+tzHi1Y+cwB+QVr8g2yy5rv</latexit><latexit sha1_base64="oIndJsZbyY0vHIc4d+XMqsKLaNM=">AAACH3icjVC7SgNBFJ2NrxhfGy1tBoNgFXZF0EYI2lgqmAcka5id3E2GzD6YuauEJZ9iYeOv2IiIXf7GSbKFJhYeGDiccy537vETKTQ6zsQqrKyurW8UN0tb2zu7e3Z5v6HjVHGo81jGquUzDVJEUEeBElqJAhb6Epr+8HrqNx9BaRFH9zhKwAtZPxKB4AyN1LXLHRwAsgefXtI57doVp+rMQJeJm5MKyfG/eNf+6vRinoYQIZdM67brJOhlTKHgEsalTqohYXzI+tA2NGIhaC+b3Temx0bp0SBW5kVIZ+rPiYyFWo9C3yRDhgO96E3Fv7x2isGFl4koSREiPl8UpJJiTKdl0Z5QwFGODGFcCfNXygdMMY6m0pI53V08dJk0TquuU3Xvziq1q7yzIjkkR+SEuOSc1MgNuSV1wskTeSav5N16sd6sD+tzHi1Y+cwB+QVr8g2yy5rv</latexit>

Parameter sharing —> sum gradients
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time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>V

<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

L0
<latexit sha1_base64="ARsiDEUNzPp/2X/Fkrw20wTmh2g=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLGF2cpMMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRDFssEhEqh1QjYJLbBhuBLZjhTQMBLaC8W3mtyaoNI/ko5nG6Id0KPmAM2qs5HdDakaMivR+1nN75Ypbdecgq8TLSQVy1Hvlr24/YkmI0jBBte54bmz8lCrDmcBZqZtojCkb0yF2LJU0RO2n89AzcmaVPhlEyj5pyFz9vZHSUOtpGNjJLKRe9jLxP6+TmMG1n3IZJwYlWxwaJIKYiGQNkD5XyIyYWkKZ4jYrYSOqKDO2p5ItwVv+8ippXlQ9t+o9XFZqN3kdRTiBUzgHD66gBndQhwYweIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucPrRWSBQ==</latexit><latexit sha1_base64="YYDlmzf0mYqX8DUy//dM9LArE3Q=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3put1yxa26U5BF4uWkAjn+N94tf3R6EUtClIYJqnXbc2Pjp1QZzgROSp1EY0zZiA6wbamkIWo/nSabkCOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwT08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A76SmX4=</latexit><latexit sha1_base64="YYDlmzf0mYqX8DUy//dM9LArE3Q=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3put1yxa26U5BF4uWkAjn+N94tf3R6EUtClIYJqnXbc2Pjp1QZzgROSp1EY0zZiA6wbamkIWo/nSabkCOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwT08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A76SmX4=</latexit><latexit sha1_base64="YYDlmzf0mYqX8DUy//dM9LArE3Q=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3put1yxa26U5BF4uWkAjn+N94tf3R6EUtClIYJqnXbc2Pjp1QZzgROSp1EY0zZiA6wbamkIWo/nSabkCOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwT08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A76SmX4=</latexit>

L1
<latexit sha1_base64="yBvhYl9n8J1ggG5EVIZHiVUkwnc=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLOHuZJIMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRFHWoJGIVDtAzQSXrGG4EawdK4ZhIFgrGN9mfmvClOaRfDTTmPkhDiUfcIrGSn43RDOiKNL7Wc/rlStu1Z2DrBIvJxXIUe+Vv7r9iCYhk4YK1LrjubHxU1SGU8FmpW6iWYx0jEPWsVRiyLSfzkPPyJlV+mQQKfukIXP190aKodbTMLCTWUi97GXif14nMYNrP+UyTgyTdHFokAhiIpI1QPpcMWrE1BKkitushI5QITW2p5ItwVv+8ippXlQ9t+o9XFZqN3kdRTiBUzgHD66gBndQhwZQeIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucPrpmSBg==</latexit><latexit sha1_base64="9yVmzhhmdpYCSnQQk5jrXvk4UhQ=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IlnB3MkmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRlNVpJCLVClAzwSWrG24Ea8WKYRgI1gxGl5nffGBK80jemXHM/BAHkvc5RWMlvxOiGVIU6fWk63XLFbfqTkEWiZeTCuT433i3/NHpRTQJmTRUoNZtz42Nn6IynAo2KXUSzWKkIxywtqUSQ6b9dJpsQo6s0iP9SNknDZmqPzdSDLUeh4GdzJLoeS8T//Laiemf+ymXcWKYpLND/UQQE5GsJtLjilEjxpYgVdz+ldAhKqTGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwj08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A8A7mX8=</latexit><latexit sha1_base64="9yVmzhhmdpYCSnQQk5jrXvk4UhQ=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IlnB3MkmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRlNVpJCLVClAzwSWrG24Ea8WKYRgI1gxGl5nffGBK80jemXHM/BAHkvc5RWMlvxOiGVIU6fWk63XLFbfqTkEWiZeTCuT433i3/NHpRTQJmTRUoNZtz42Nn6IynAo2KXUSzWKkIxywtqUSQ6b9dJpsQo6s0iP9SNknDZmqPzdSDLUeh4GdzJLoeS8T//Laiemf+ymXcWKYpLND/UQQE5GsJtLjilEjxpYgVdz+ldAhKqTGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwj08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A8A7mX8=</latexit><latexit sha1_base64="9yVmzhhmdpYCSnQQk5jrXvk4UhQ=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IlnB3MkmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRlNVpJCLVClAzwSWrG24Ea8WKYRgI1gxGl5nffGBK80jemXHM/BAHkvc5RWMlvxOiGVIU6fWk63XLFbfqTkEWiZeTCuT433i3/NHpRTQJmTRUoNZtz42Nn6IynAo2KXUSzWKkIxywtqUSQ6b9dJpsQo6s0iP9SNknDZmqPzdSDLUeh4GdzJLoeS8T//Laiemf+ymXcWKYpLND/UQQE5GsJtLjilEjxpYgVdz+ldAhKqTGllmy0b35oIukcVL13Kp3e1qpXeSdFeEADuEYPDiDGlzBDdSBwj08wjO8Ok/Oi/PmvM9GC06+sw+/4Hx+A8A7mX8=</latexit>

L2
<latexit sha1_base64="K4JRSoxIIHgqwEVK+KmBkZYve9I=">AAAB9HicbVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwimAckS5id3CRDZmfXmdlAWPIdNhaK2Poxdv6Ns8kWmnhg4HDOvdwzJ4gF18Z1v5219Y3Nre3CTnF3b//gsHR03NRRohg2WCQi1Q6oRsElNgw3AtuxQhoGAlvB+DbzWxNUmkfy0Uxj9EM6lHzAGTVW8rshNSNGRXo/61V7pbJbcecgq8TLSRly1Hulr24/YkmI0jBBte54bmz8lCrDmcBZsZtojCkb0yF2LJU0RO2n89Azcm6VPhlEyj5pyFz9vZHSUOtpGNjJLKRe9jLxP6+TmMG1n3IZJwYlWxwaJIKYiGQNkD5XyIyYWkKZ4jYrYSOqKDO2p6ItwVv+8ippViueW/EeLsu1m7yOApzCGVyAB1dQgzuoQwMYPMEzvMKbM3FenHfnYzG65uQ7J/AHzucPsB2SBw==</latexit><latexit sha1_base64="JbeDwSVgpGQKfogvt7YZp0muAWE=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwUzAOSJcxObpIhs7PrzKwQlnyHhY2/YiNiqZV/42yyhSYWHhg4nHMvd84JYsG1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6zPzmAyrNI3lnxjH6IR1I3ueMGiv5nZCaIaMivZ50q91S2a24U5BF4uWkDDn+N94tfXR6EUtClIYJqnXbc2Pjp1QZzgROip1EY0zZiA6wbamkIWo/nSabkGOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllm00b35oIukUa14bsW7PS3XLvLOCnAIR3ACHpxBDa7gBurA4B4e4RlenSfnxXlz3mejS06+cwC/4Hx+A8HkmYA=</latexit><latexit sha1_base64="JbeDwSVgpGQKfogvt7YZp0muAWE=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwUzAOSJcxObpIhs7PrzKwQlnyHhY2/YiNiqZV/42yyhSYWHhg4nHMvd84JYsG1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6zPzmAyrNI3lnxjH6IR1I3ueMGiv5nZCaIaMivZ50q91S2a24U5BF4uWkDDn+N94tfXR6EUtClIYJqnXbc2Pjp1QZzgROip1EY0zZiA6wbamkIWo/nSabkGOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllm00b35oIukUa14bsW7PS3XLvLOCnAIR3ACHpxBDa7gBurA4B4e4RlenSfnxXlz3mejS06+cwC/4Hx+A8HkmYA=</latexit><latexit sha1_base64="JbeDwSVgpGQKfogvt7YZp0muAWE=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLCwUzAOSJcxObpIhs7PrzKwQlnyHhY2/YiNiqZV/42yyhSYWHhg4nHMvd84JYsG1cd0vZ2l5ZXVtvbBR3Nza3tkt7e03dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6zPzmAyrNI3lnxjH6IR1I3ueMGiv5nZCaIaMivZ50q91S2a24U5BF4uWkDDn+N94tfXR6EUtClIYJqnXbc2Pjp1QZzgROip1EY0zZiA6wbamkIWo/nSabkGOr9Eg/UvZJQ6bqz42UhlqPw8BOZkn0vJeJf3ntxPTP/ZTLODEo2exQPxHERCSrifS4QmbE2BLKFLd/JWxIFWXGllm00b35oIukUa14bsW7PS3XLvLOCnAIR3ACHpxBDa7gBurA4B4e4RlenSfnxXlz3mejS06+cwC/4Hx+A8HkmYA=</latexit>

L3
<latexit sha1_base64="2uQcM6ZSNg/WhXEQ9XwPKyehV5E=">AAAB9HicbVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYRzAOSJcxObpIhs7PrzGwgLPkOGwtFbP0YO//G2WQLTTwwcDjnXu6ZE8SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdJv5zTEqzSP5aCYx+iEdSN7njBor+Z2QmiGjIr2fdi+6pbJbcWcgy8TLSRly1Lqlr04vYkmI0jBBtW57bmz8lCrDmcBpsZNojCkb0QG2LZU0RO2ns9BTcmqVHulHyj5pyEz9vZHSUOtJGNjJLKRe9DLxP6+dmP61n3IZJwYlmx/qJ4KYiGQNkB5XyIyYWEKZ4jYrYUOqKDO2p6ItwVv88jJpnFc8t+I9XJarN3kdBTiGEzgDD66gCndQgzoweIJneIU3Z+y8OO/Ox3x0xcl3juAPnM8fsaGSCA==</latexit><latexit sha1_base64="FVE6hDR8Ct//J7WrZgi/AnXHK9o=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYK5gHJEu5OZpMhs7PrzKwQlnyHhY2/YiNiqZV/4yTZQhMLDwwczrmXO+cEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VZTUai1g1A9RMcMlqhhvBmoliGAWCNYLB5dhvPDCleSzvzDBhfoQ9yUNO0VjJb0do+hRFdj3qnHRKZbfiTkDmiZeTMuT433in9NHuxjSNmDRUoNYtz02Mn6EynAo2KrZTzRKkA+yxlqUSI6b9bJJsRA6t0iVhrOyThkzUnxsZRloPo8BOjpPoWW8s/uW1UhOe+xmXSWqYpNNDYSqIicm4JtLlilEjhpYgVdz+ldA+KqTGllm00b3ZoPOkflzx3Ip3e1quXuSdFWAfDuAIPDiDKlzBDdSAwj08wjO8Ok/Oi/PmvE9HF5x8Zw9+wfn8BsONmYE=</latexit><latexit sha1_base64="FVE6hDR8Ct//J7WrZgi/AnXHK9o=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYK5gHJEu5OZpMhs7PrzKwQlnyHhY2/YiNiqZV/4yTZQhMLDwwczrmXO+cEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VZTUai1g1A9RMcMlqhhvBmoliGAWCNYLB5dhvPDCleSzvzDBhfoQ9yUNO0VjJb0do+hRFdj3qnHRKZbfiTkDmiZeTMuT433in9NHuxjSNmDRUoNYtz02Mn6EynAo2KrZTzRKkA+yxlqUSI6b9bJJsRA6t0iVhrOyThkzUnxsZRloPo8BOjpPoWW8s/uW1UhOe+xmXSWqYpNNDYSqIicm4JtLlilEjhpYgVdz+ldA+KqTGllm00b3ZoPOkflzx3Ip3e1quXuSdFWAfDuAIPDiDKlzBDdSAwj08wjO8Ok/Oi/PmvE9HF5x8Zw9+wfn8BsONmYE=</latexit><latexit sha1_base64="FVE6hDR8Ct//J7WrZgi/AnXHK9o=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2FhYK5gHJEu5OZpMhs7PrzKwQlnyHhY2/YiNiqZV/4yTZQhMLDwwczrmXO+cEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VZTUai1g1A9RMcMlqhhvBmoliGAWCNYLB5dhvPDCleSzvzDBhfoQ9yUNO0VjJb0do+hRFdj3qnHRKZbfiTkDmiZeTMuT433in9NHuxjSNmDRUoNYtz02Mn6EynAo2KrZTzRKkA+yxlqUSI6b9bJJsRA6t0iVhrOyThkzUnxsZRloPo8BOjpPoWW8s/uW1UhOe+xmXSWqYpNNDYSqIicm4JtLlilEjhpYgVdz+ldA+KqTGllm00b3ZoPOkflzx3Ip3e1quXuSdFWAfDuAIPDiDKlzBDdSAwj08wjO8Ok/Oi/PmvE9HF5x8Zw9+wfn8BsONmYE=</latexit>

L4
<latexit sha1_base64="PkUkj3MWy45vVDaH71Se4eQwTik=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbCIYB6QLGF2cpMMmZ1dZ2YDYcl32FgoYuvH2Pk3ziZbaOKBgcM593LPnCAWXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmjRDFssEhEqh1QjYJLbBhuBLZjhTQMBLaC8W3mtyaoNI/ko5nG6Id0KPmAM2qs5HdDakaMivR+1rvslStu1Z2DrBIvJxXIUe+Vv7r9iCUhSsME1brjubHxU6oMZwJnpW6iMaZsTIfYsVTSELWfzkPPyJlV+mQQKfukIXP190ZKQ62nYWAns5B62cvE/7xOYgbXfsplnBiUbHFokAhiIpI1QPpcITNiagllitushI2ooszYnkq2BG/5y6ukeVH13Kr3cFmp3eR1FOEETuEcPLiCGtxBHRrA4Ame4RXenInz4rw7H4vRgpPvHMMfOJ8/syWSCQ==</latexit><latexit sha1_base64="zpQgr5JOhKw5Fd5Z3aCzeIMjJJk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3pnnbLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6SxknVc6ve7WmldpF3VoQDOIRj8OAManAFN1AHBvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DcU2mYI=</latexit><latexit sha1_base64="zpQgr5JOhKw5Fd5Z3aCzeIMjJJk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3pnnbLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6SxknVc6ve7WmldpF3VoQDOIRj8OAManAFN1AHBvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DcU2mYI=</latexit><latexit sha1_base64="zpQgr5JOhKw5Fd5Z3aCzeIMjJJk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9IljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0mfnNB1SaR/LOjGP0QzqQvM8ZNVbyOyE1Q0ZFej3pnnbLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6SxknVc6ve7WmldpF3VoQDOIRj8OAManAFN1AHBvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DcU2mYI=</latexit>

LT
<latexit sha1_base64="fRZmmY8lSti0ZR/yMHZDyLd5L4M=">AAAB9HicbVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxsIiQhIDyRHebTbJkr29c3cvEI78DhsLRWz9MXb+G/eSKzRxYGGYeY83O0EsuDau++0U1tY3NreK26Wd3b39g/LhUUtHiaKsSSMRqXaAmgkuWdNwI1g7VgzDQLDHYHyb+Y8TpjSPZMNMY+aHOJR8wCkaK/ndEM2IokjvZ71Gr1xxq+4cZJV4OalAjnqv/NXtRzQJmTRUoNYdz42Nn6IynAo2K3UTzWKkYxyyjqUSQ6b9dB56Rs6s0ieDSNknDZmrvzdSDLWehoGdzELqZS8T//M6iRlc+ymXcWKYpItDg0QQE5GsAdLnilEjppYgVdxmJXSECqmxPZVsCd7yl1dJ66LquVXv4bJSu8nrKMIJnMI5eHAFNbiDOjSBwhM8wyu8ORPnxXl3PhajBSffOYY/cD5/AOOlkik=</latexit><latexit sha1_base64="pGuSoPkNKc1KNKVv+jXZk83SdBk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQyENIljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ihRDBssEpG6C6hGwSU2DDcC72KFNAwEtoLRZea3HlBpHsm6Gcfoh3QgeZ8zaqzkd0JqhoyK9HrSrXfLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6S5knVc6ve7WmldpF3VoQDOIRj8OAManAFN9AABvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DfpWmaI=</latexit><latexit sha1_base64="pGuSoPkNKc1KNKVv+jXZk83SdBk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQyENIljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ihRDBssEpG6C6hGwSU2DDcC72KFNAwEtoLRZea3HlBpHsm6Gcfoh3QgeZ8zaqzkd0JqhoyK9HrSrXfLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6S5knVc6ve7WmldpF3VoQDOIRj8OAManAFN9AABvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DfpWmaI=</latexit><latexit sha1_base64="pGuSoPkNKc1KNKVv+jXZk83SdBk=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQyENIljA7uUmGzM6uM7NCWPIdFjb+io2IpVb+jbPJFppYeGDgcM693DkniAXXxnW/nMLS8srqWnG9tLG5tb1T3t1r6ihRDBssEpG6C6hGwSU2DDcC72KFNAwEtoLRZea3HlBpHsm6Gcfoh3QgeZ8zaqzkd0JqhoyK9HrSrXfLFbfqTkEWiZeTCuT433i3/NHpRSwJURomqNZtz42Nn1JlOBM4KXUSjTFlIzrAtqWShqj9dJpsQo6s0iP9SNknDZmqPzdSGmo9DgM7mSXR814m/uW1E9M/91Mu48SgZLND/UQQE5GsJtLjCpkRY0soU9z+lbAhVZQZW2bJRvfmgy6S5knVc6ve7WmldpF3VoQDOIRj8OAManAFN9AABvfwCM/w6jw5L86b8z4bLTj5zj78gvP5DfpWmaI=</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
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Figure 1.4: Back-
propagation through
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video. Then xout is a prediction for each frame and a loss can be applied to each xout[t].
The total cost is simply the summation of the losses at each timestep:

@J
@[W,U,V]

=
TX

t=0

@L(xout[t],yt)
@[W,U,V]

(1.5)

The graph for backpropagation has a branching structure, which we saw how to deal with
in chapter ??:

Figure 1.5: Back-
propagation through
time to minimize the

sum of losses incurred
at each timestep.
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1.3.1 The Problem of Exploding and Vanishing Gradients
Notice that the we can get very large computation graphs when we run an RNN for many
timesteps. The gradient computation involves a series of matrix multiplies that is O(T).
For example, to compute our gradient @xout[5]

@xin[0] in the example above involves the following
product:

@xout[t]
@xin[0]

=
@xout[t]
@hT

@hT

@hT–1
· · ·

@h1

@h0

@h0

@xin[0]
(1.6)

Suppose we use an RNN with relu nonlinearities. Then each term @ht
@ht–1

equals RW,
where R is a diagonal matrix with zeros or ones on the i-th diagonal element depending on
whether the i-th neuron is above or below zero at the current operating point. This gives a
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The problem of long-range dependences
Why not remember everything?

• Memory size grows with t 

• This kind of memory is nonparametric: there is no finite set of 
parameters we can use to model it 

• RNNs make a Markov assumption — the future hidden state only 
depends on the immediately preceding hidden state 

• By putting the right info in to the hidden state, RNNs can model 
depedences that are arbitrarily far apart
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The problem of long-range dependences

•  Capturing long-range dependences requires propagating information 
through a long chain of dependences. 

•  Old observations are forgotten 
• Stochastic gradients become high variance (noisy), and gradients may

vanish or explode

time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
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video. Then xout is a prediction for each frame and a loss can be applied to each xout[t].
The total cost is simply the summation of the losses at each timestep:

@J
@[W,U,V]

=
TX

t=0

@L(xout[t],yt)
@[W,U,V]

(1.5)

The graph for backpropagation has a branching structure, which we saw how to deal with
in chapter ??:

Figure 1.5: Back-
propagation through
time to minimize the

sum of losses incurred
at each timestep.
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1.3.1 The Problem of Exploding and Vanishing Gradients
Notice that the we can get very large computation graphs when we run an RNN for many
timesteps. The gradient computation involves a series of matrix multiplies that is O(T).
For example, to compute our gradient @xout[5]

@xin[0] in the example above involves the following
product:

@xout[t]
@xin[0]

=
@xout[t]
@hT

@hT

@hT–1
· · ·

@h1

@h0

@h0

@xin[0]
(1.6)

Suppose we use an RNN with relu nonlinearities. Then each term @ht
@ht–1

equals RW,
where R is a diagonal matrix with zeros or ones on the i-th diagonal element depending on
whether the i-th neuron is above or below zero at the current operating point. This gives a
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dark outside as the video progressed, and a clear image of Mo became hard to discern as
the light dimmed. Then the convolutional response, and the net’s prediction, for later in
the video cannot reference the earlier clear image, and will be limited to making the best
inference it can from the dim image.

Wouldn’t it be nice if we could inform the CNN’s later predictions that earlier in the day
we had a brighter view and this was clearly Mo? With a CNN, the only way to do this is to
increase the size of the convolutional filters so that the receptive fields can see sufficiently
far back in time. But what if we last saw Mo a year ago? It would be infeasible to extend
our receptive fields a year back. How can we humans solve this problem and recognize Mo
after a year of not seeing her?

The answer is memory. The recurrent feedback loops in an RNN are a kind of memory.
They propagate information from timestep t to timestep t + 1. In other words, they remem-
ber information about timestep t when processing new information at timestep t + 1. Thus,
by induction an RNN can, in theory, remember information over arbitrarily long time inter-
vals. In fact, RNNs are Turing complete: you can think of them as a little computer. They
can do anything a computer can do.

Here’s how RNNs arrange their connections to perform this propagation:

Figure 1.2: Basic RNN
with one hidden layer.

w … …w

time
input

hidden

output

The key idea of an RNN is that there are lateral connections, between hidden units,
through time. The inputs, outputs, and hidden units may be multidimensional tensors; to
denote this we will use , as was reserved for denoting a single (scalar) neuron. Here
is a simple 1-layer RNN:

Figure 1.3: (left) RNN
with multidimensional

inputs, hidden states,
and outputs. (right) the

rolled-up version of
this RNN, which can be

unrolled for an unbounded
number of steps.

time
xin

h

xout

To the left, is the unrolled computation graph. To the right, is the computation graph
rolled up, with a feedback connection. Typically we will work with unrolled graphs because
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video. Then xout is a prediction for each frame and a loss can be applied to each xout[t].
The total cost is simply the summation of the losses at each timestep:
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1.3.1 The Problem of Exploding and Vanishing Gradients
Notice that the we can get very large computation graphs when we run an RNN for many
timesteps. The gradient computation involves a series of matrix multiplies that is O(T).
For example, to compute our gradient @xout[5]

@xin[0] in the example above involves the following
product:

@xout[t]
@xin[0]

=
@xout[t]
@hT

@hT

@hT–1
· · ·

@h1

@h0

@h0

@xin[0]
(1.6)

Suppose we use an RNN with relu nonlinearities. Then each term @ht
@ht–1

equals RW,
where R is a diagonal matrix with zeros or ones on the i-th diagonal element depending on
whether the i-th neuron is above or below zero at the current operating point. This gives a
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Optional reading: more detailed discussion of stability analysis in 
recursion from a control theory perspective from Bhiksha Raj @ CMU

https://www.cs.cmu.edu/~bhiksha/courses/deeplearning/Spring.2019/archive-f19/www-bak11-22-2019/
document/lecture/lec13.recurrent2.pdf

Analyzing Recursion

19

“1-27. Drunk under the lamp post” by Peter Morville, 
CC BY-NC 2.0
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https://www.cs.cmu.edu/~bhiksha/courses/deeplearning/Spring.2019/archive-f19/www-bak11-22-2019/document/lecture/lec13.recurrent2.pdf
https://www.cs.cmu.edu/~bhiksha/courses/deeplearning/Spring.2019/archive-f19/www-bak11-22-2019/document/lecture/lec13.recurrent2.pdf


LSTMs 
Long Short Term Memory

A special kind of RNN designed to avoid forgetting.

This way the default behavior is not to forget an old state. Instead of forgetting 
by default, the network has to learn to forget.

[Hochreiter & Schmidhuber, 1997]
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[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
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http://colah.github.io/posts/2015-08-Understanding-LSTMs/


[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
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Ct = Cell state

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
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Decide what information to throw away from the cell state.  

Each element of cell state is multiplied by ~1 (remember) or ~0 (forget).

�(x)
<latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
36

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Decide what new information to add to the cell state.

which indices to write to

what to write to those indices

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
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Forget selected old information, write selected new information. 

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
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After having updated the cell state’s information, decide what to output.

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
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Sequence models

40



Autoregressive models

Once upon a___ time

Once ___ a time Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

Upon

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>
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!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

,
,
,
,

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

Once upon a time

There and back again

The slow brown fox

To be or not to be

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am

p
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g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

x̂n
<latexit sha1_base64="tuZYpdb5xpUrPFc3v9Np5ovJ474=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJ+3QySTMTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZlaXllda26XtvY3NresXf3OipOJaFtEvNY3gVYUc4EbWumOb1LJMVRwGk3GF8VfveeSsVicasnCfUjPBQsZARrI/XtA2+EdeZFWI+CMHvI834m8r5ddxrOFGiRuCWpQ4lW3/7yBjFJIyo04Vipnusk2s+w1Ixwmte8VNEEkzEe0p6hAkdU+dk0fY6OjTJAYSzNExpN1d8bGY6UmkSBmSxiqnmvEP/zeqkOL/yMiSTVVJDZoTDlSMeoqAINmKRE84khmEhmsiIywhITbQqrmRLc+S8vks5pw3Ua7s1ZvXlZ1lGFQziCE3DhHJpwDS1oA4FHeIZXeLOerBfr3fqYjVascmcf/sD6/AG3E5YH</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit>

Colorless green ideas sleep furiously

… …
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method is perhaps the most common.
So we can model the probability of each subsequent pixel given the preceding pixels.

To generate an image we can sample a value for the first pixel, then the second given the
first, then the third given the first and second, and so forth. But is this a valid model of
p(X) = p(x1, . . . ,xn), the probability distribution of the full set of pixels? Does this way of
sequential sampling draw a valid sample from p(X)? It turns out it does, according tothe
chain rule of probability. This rule allows us to factorize any joint distribution into a
product of conditionals as follows:

As a notational
convenience, we define
here that
p(xi|x1, . . . ,xi�1) =
p(x1) when i = 1.

p(X) = p(xn|x1, . . . ,xn�1)p(xn�1|x1, . . . ,xn�2) . . . p(x2|x1)p(x1) (29.36)

p(X) =
nY

i=1

p(xi|x1, . . . ,xi�1) (29.37)

This factorization demonstrates that sampling from such a model can be indeed done in
sequence because all the conditional distributions are independent of each other, and we just
take a product over all of them. This sampling method is also called ancestral sampling
(sample your ancestors first, then each next “generation” given the preceding generation).

To train an autogressive a model, you just need to extract supervised pairs of desired
input-output behavior, as usual. For an autoregressive model of pixels, that means extracting
sequences of pixels x1, . . . ,xn�1 and corresponding observed next pixel xn. These can be
extracted by traversing images in raster order. The full training and testing setup looks like
this:

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

,
,
,
,

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am

p
li
n
g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>

T
ra

in
in

g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

x1, . . . ,xn�1
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Training e�ciency trick: When training autoregressive models, the naive way to set up
the training batches is to take as input a sequence x1, . . . ,x4, then predict x̂5, compare the
prediction to the ground truth x5, and backprob the loss. It turns out there is a much more
e�cient way to do it: typically, to predict x̂5, the autoregressive model had to also predict
x̂1, . . . , x̂4 – this is the case, for example, if the autoregressive model is an RNN, where the
hidden state has to be updated sequentially and, after you have computed the sequence of
hidden states, making predictions for each item in the sequence requires very little compute
(maybe a linear layer and a softmax). In these cases, it’s much more e�cient to compare
each prediction x̂1, . . . , x̂5 to the ground truth and backprop all five losses.

Autogressive models give us an explicit density function, Equation 29.37. To sample
from this density we can use ancestral sampling, which refers to sampling the first pixel
from p(x1), then, conditioned on this pixel, sample the second from p(x2|x1) an so forth.
Since each of these densities is a categorical distribution, sampling is easy: one option is to
partition a unit line segment into regions of length equal to the categorical probabilities and
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method is perhaps the most common.
So we can model the probability of each subsequent pixel given the preceding pixels.

To generate an image we can sample a value for the first pixel, then the second given the
first, then the third given the first and second, and so forth. But is this a valid model of
p(X) = p(x1, . . . ,xn), the probability distribution of the full set of pixels? Does this way of
sequential sampling draw a valid sample from p(X)? It turns out it does, according tothe
chain rule of probability. This rule allows us to factorize any joint distribution into a
product of conditionals as follows:

As a notational
convenience, we define
here that
p(xi|x1, . . . ,xi�1) =
p(x1) when i = 1.

p(X) = p(xn|x1, . . . ,xn�1)p(xn�1|x1, . . . ,xn�2) . . . p(x2|x1)p(x1) (29.36)

p(X) =
nY

i=1

p(xi|x1, . . . ,xi�1) (29.37)

This factorization demonstrates that sampling from such a model can be indeed done in
sequence because all the conditional distributions are independent of each other, and we just
take a product over all of them. This sampling method is also called ancestral sampling
(sample your ancestors first, then each next “generation” given the preceding generation).

To train an autogressive a model, you just need to extract supervised pairs of desired
input-output behavior, as usual. For an autoregressive model of pixels, that means extracting
sequences of pixels x1, . . . ,xn�1 and corresponding observed next pixel xn. These can be
extracted by traversing images in raster order. The full training and testing setup looks like
this:
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<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

,
,
,
,

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am

p
li
n
g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>

T
ra

in
in

g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

x̂n
<latexit sha1_base64="tuZYpdb5xpUrPFc3v9Np5ovJ474=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJ+3QySTMTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZlaXllda26XtvY3NresXf3OipOJaFtEvNY3gVYUc4EbWumOb1LJMVRwGk3GF8VfveeSsVicasnCfUjPBQsZARrI/XtA2+EdeZFWI+CMHvI834m8r5ddxrOFGiRuCWpQ4lW3/7yBjFJIyo04Vipnusk2s+w1Ixwmte8VNEEkzEe0p6hAkdU+dk0fY6OjTJAYSzNExpN1d8bGY6UmkSBmSxiqnmvEP/zeqkOL/yMiSTVVJDZoTDlSMeoqAINmKRE84khmEhmsiIywhITbQqrmRLc+S8vks5pw3Ua7s1ZvXlZ1lGFQziCE3DhHJpwDS1oA4FHeIZXeLOerBfr3fqYjVascmcf/sD6/AG3E5YH</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit>

Training e�ciency trick: When training autoregressive models, the naive way to set up
the training batches is to take as input a sequence x1, . . . ,x4, then predict x̂5, compare the
prediction to the ground truth x5, and backprob the loss. It turns out there is a much more
e�cient way to do it: typically, to predict x̂5, the autoregressive model had to also predict
x̂1, . . . , x̂4 – this is the case, for example, if the autoregressive model is an RNN, where the
hidden state has to be updated sequentially and, after you have computed the sequence of
hidden states, making predictions for each item in the sequence requires very little compute
(maybe a linear layer and a softmax). In these cases, it’s much more e�cient to compare
each prediction x̂1, . . . , x̂5 to the ground truth and backprop all five losses.

Autogressive models give us an explicit density function, Equation 29.37. To sample
from this density we can use ancestral sampling, which refers to sampling the first pixel
from p(x1), then, conditioned on this pixel, sample the second from p(x2|x1) an so forth.
Since each of these densities is a categorical distribution, sampling is easy: one option is to
partition a unit line segment into regions of length equal to the categorical probabilities and

Autoregressive probability model

p(Once upon a time)
<latexit sha1_base64="fRmRqzXqGNpFtULbyoCl9DycOCk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2IQ7EbQM2tgZwXxAEsLeZpIs2ds7dufEcKSx8a/YWChi63+w89+4+Sg08cHA470ZZuYFsRQGPe/bySwtr6yuZddzG5tb2zvu7l7VRInmUOGRjHQ9YAakUFBBgRLqsQYWBhJqweBq7NfuQRsRqTscxtAKWU+JruAMrdR2D+NCE+EBEdMbxYEmcaQooyhCGJ203bxX9Cagi8SfkTyZodx2v5qdiCchKOSSGdPwvRhbKdMouIRRrpkYiBkfsB40LFUsBNNKJ1+M6LFVOrQbaVsK6UT9PZGy0JhhGNjOkGHfzHtj8T+vkWD3opUKFScIik8XdRNJMaLjSGhHaOAoh5YwroW9lfI+04yjDS5nQ/DnX14k1dOi7xX927N86XIWR5YckCNSID45JyVyTcqkQjh5JM/klbw5T86L8+58TFszzmxmn/yB8/kDAm6YPA==</latexit><latexit sha1_base64="VlMx5vZFUOdcrIOjyhxkxus9wHc=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgpZBGzsVzAOSEGYnN8mQ2dll5q4YljR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/f4kRQGXXfiZFZW19Y3spu5re2d3b38/kHVhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBm6teeQBsRqkccRtAKWE+JruAMrdTOH0fFJsIzIiZ3igONo1BRRlEEMDpr5wtuyZ2BLhMvJQWS4n/xdn7c7IQ8DkAhl8yYhudG2EqYRsEljHLN2EDE+ID1oGGpYgGYVjI7dURPrdKh3VDbp5DO1J8TCQuMGQa+TQYM+2bRm4p/eY0Yu1etRKgoRlB8vqgbS4ohnfZGO0IDRzm0hHEt7F8p7zPNONp2c/Z0b/HQZVI9L3luyXu4KJSv086y5IickCLxyCUpk1tyTyqEkxfySt7Jh/PmjJ2J8zmPZpx05pD8gvP1DePBn7U=</latexit><latexit sha1_base64="VlMx5vZFUOdcrIOjyhxkxus9wHc=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgpZBGzsVzAOSEGYnN8mQ2dll5q4YljR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/f4kRQGXXfiZFZW19Y3spu5re2d3b38/kHVhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBm6teeQBsRqkccRtAKWE+JruAMrdTOH0fFJsIzIiZ3igONo1BRRlEEMDpr5wtuyZ2BLhMvJQWS4n/xdn7c7IQ8DkAhl8yYhudG2EqYRsEljHLN2EDE+ID1oGGpYgGYVjI7dURPrdKh3VDbp5DO1J8TCQuMGQa+TQYM+2bRm4p/eY0Yu1etRKgoRlB8vqgbS4ohnfZGO0IDRzm0hHEt7F8p7zPNONp2c/Z0b/HQZVI9L3luyXu4KJSv086y5IickCLxyCUpk1tyTyqEkxfySt7Jh/PmjJ2J8zmPZpx05pD8gvP1DePBn7U=</latexit><latexit sha1_base64="VlMx5vZFUOdcrIOjyhxkxus9wHc=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgpZBGzsVzAOSEGYnN8mQ2dll5q4YljR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/f4kRQGXXfiZFZW19Y3spu5re2d3b38/kHVhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBm6teeQBsRqkccRtAKWE+JruAMrdTOH0fFJsIzIiZ3igONo1BRRlEEMDpr5wtuyZ2BLhMvJQWS4n/xdn7c7IQ8DkAhl8yYhudG2EqYRsEljHLN2EDE+ID1oGGpYgGYVjI7dURPrdKh3VDbp5DO1J8TCQuMGQa+TQYM+2bRm4p/eY0Yu1etRKgoRlB8vqgbS4ohnfZGO0IDRzm0hHEt7F8p7zPNONp2c/Z0b/HQZVI9L3luyXu4KJSv086y5IickCLxyCUpk1tyTyqEkxfySt7Jh/PmjJ2J8zmPZpx05pD8gvP1DePBn7U=</latexit>

(<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>
p(Once)

<latexit sha1_base64="qKIE0zaRNBikuKVrauzkG5g8LCI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItQLyURQY9FL96sYD+gDWWznbRLN5uwOymW0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmBYngGl332yqsrW9sbhW3Szu7e/sH9uFRU8epYtBgsYhVO6AaBJfQQI4C2okCGgUCWsHodua3xqA0j+UjThLwIzqQPOSMopF6tp1UughPiJjdSwbT855ddqvuHM4q8XJSJjnqPfur249ZGoFEJqjWHc9N0M+oQs4ETEvdVENC2YgOoGOopBFoP5tfPnXOjNJ3wliZkujM1d8TGY20nkSB6YwoDvWyNxP/8zophtd+xmWSIki2WBSmwsHYmcXg9LkChmJiCGWKm1sdNqSKMjRhlUwI3vLLq6R5UfXcqvdwWa7d5HEUyQk5JRXikStSI3ekThqEkTF5Jq/kzcqsF+vd+li0Fqx85pj8gfX5A4YDk5I=</latexit><latexit sha1_base64="m8ENYnuhpUkUaCD7oQTcGaUEdds=">AAACHnicjVBNS8NAFNzUr1q/oh69BItQLyURQY9FL95UsK3QhrLZvrRLN5uw+1Isof/Egxf/ihcRwZP+G7dtDtp6cGBhmJnH2zdBIrhG1/2yCkvLK6trxfXSxubW9o69u9fQcaoY1FksYnUfUA2CS6gjRwH3iQIaBQKaweBy4jeHoDSP5R2OEvAj2pM85IyikTq2nVTaCA+ImF1LBuPjjl12q+4UziLxclImOf4X79gf7W7M0ggkMkG1bnlugn5GFXImYFxqpxoSyga0By1DJY1A+9n0vLFzZJSuE8bKPInOVP05kdFI61EUmGREsa/nvYn4l9dKMTz3My6TFEGy2aIwFQ7GzqQrp8sVMBQjQyhT3PzVYX2qKEPTaMmc7s0fukgaJ1XPrXq3p+XaRd5ZkRyQQ1IhHjkjNXJFbkidMDIkj+SZvFpP1ov1Zr3PogUrn9knv2B9fgPKYJsL</latexit><latexit sha1_base64="m8ENYnuhpUkUaCD7oQTcGaUEdds=">AAACHnicjVBNS8NAFNzUr1q/oh69BItQLyURQY9FL95UsK3QhrLZvrRLN5uw+1Isof/Egxf/ihcRwZP+G7dtDtp6cGBhmJnH2zdBIrhG1/2yCkvLK6trxfXSxubW9o69u9fQcaoY1FksYnUfUA2CS6gjRwH3iQIaBQKaweBy4jeHoDSP5R2OEvAj2pM85IyikTq2nVTaCA+ImF1LBuPjjl12q+4UziLxclImOf4X79gf7W7M0ggkMkG1bnlugn5GFXImYFxqpxoSyga0By1DJY1A+9n0vLFzZJSuE8bKPInOVP05kdFI61EUmGREsa/nvYn4l9dKMTz3My6TFEGy2aIwFQ7GzqQrp8sVMBQjQyhT3PzVYX2qKEPTaMmc7s0fukgaJ1XPrXq3p+XaRd5ZkRyQQ1IhHjkjNXJFbkidMDIkj+SZvFpP1ov1Zr3PogUrn9knv2B9fgPKYJsL</latexit><latexit sha1_base64="m8ENYnuhpUkUaCD7oQTcGaUEdds=">AAACHnicjVBNS8NAFNzUr1q/oh69BItQLyURQY9FL95UsK3QhrLZvrRLN5uw+1Isof/Egxf/ihcRwZP+G7dtDtp6cGBhmJnH2zdBIrhG1/2yCkvLK6trxfXSxubW9o69u9fQcaoY1FksYnUfUA2CS6gjRwH3iQIaBQKaweBy4jeHoDSP5R2OEvAj2pM85IyikTq2nVTaCA+ImF1LBuPjjl12q+4UziLxclImOf4X79gf7W7M0ggkMkG1bnlugn5GFXImYFxqpxoSyga0By1DJY1A+9n0vLFzZJSuE8bKPInOVP05kdFI61EUmGREsa/nvYn4l9dKMTz3My6TFEGy2aIwFQ7GzqQrp8sVMBQjQyhT3PzVYX2qKEPTaMmc7s0fukgaJ1XPrXq3p+XaRd5ZkRyQQ1IhHjkjNXJFbkidMDIkj+SZvFpP1ov1Zr3PogUrn9knv2B9fgPKYJsL</latexit> (<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>
p(upon|Once)

<latexit sha1_base64="WTUCiTqssYNf/3eLx0hIZP7BPlQ=">AAACCXicbVA9SwNBEN3zM8avqKXNYhBiE+5E0DJoY2cE8wFJCHubSbJkb+/YnRPDmdbGv2JjoYit/8DOf+MmOUETHwy8fW+GnXl+JIVB1/1yFhaXlldWM2vZ9Y3Nre3czm7VhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBi7NduQRsRqhscRtAKWE+JruAMrdTO0ajQRLhDxCSOQjWi9/TnfaU4jI7aubxbdCeg88RLSZ6kKLdzn81OyOMAFHLJjGl4boSthGkUXMIo24wNRIwPWA8alioWgGklk0tG9NAqHdoNtS2FdKL+nkhYYMww8G1nwLBvZr2x+J/XiLF71kqEimIExacfdWNJMaTjWGhHaOAoh5YwroXdlfI+04yjDS9rQ/BmT54n1eOi5xa965N86TyNI0P2yQEpEI+ckhK5JGVSIZw8kCfyQl6dR+fZeXPep60LTjqzR/7A+fgGSoqasQ==</latexit><latexit sha1_base64="PwluxOF10yJwxCXR52QaE+WigRE=">AAACLnicjVDLSgMxFM34rPVVdekmWIS6KTMi6LLoxp0K9gFtKZn0tg3NZIbkjljGbv0aF278EReCiLj1M0zbEbR14YHAyTn3kpzjR1IYdN1XZ25+YXFpObOSXV1b39jMbW1XTBhrDmUeylDXfGZACgVlFCihFmlggS+h6vfPRn71BrQRobrGQQTNgHWV6AjO0EqtHI0KDYRbREziKFRDeke/7xeKw/Cglcu7RXcMOku8lORJiv+Nt3LPjXbI4wAUcsmMqXtuhM2EaRRcwjDbiA1EjPdZF+qWKhaAaSbjuEO6b5U27YTaHoV0rP7cSFhgzCDw7WTAsGemvZH4l1ePsXPSTISKYgTFJw91YkkxpKPuaFto4CgHljCuhf0r5T2mGUfbcNZG96aDzpLKYdFzi97VUb50mnaWIbtkjxSIR45JiZyTS1ImnNyTB/JE3pxH58V5dz4mo3NOurNDfsH5/AKBoaIq</latexit><latexit sha1_base64="PwluxOF10yJwxCXR52QaE+WigRE=">AAACLnicjVDLSgMxFM34rPVVdekmWIS6KTMi6LLoxp0K9gFtKZn0tg3NZIbkjljGbv0aF278EReCiLj1M0zbEbR14YHAyTn3kpzjR1IYdN1XZ25+YXFpObOSXV1b39jMbW1XTBhrDmUeylDXfGZACgVlFCihFmlggS+h6vfPRn71BrQRobrGQQTNgHWV6AjO0EqtHI0KDYRbREziKFRDeke/7xeKw/Cglcu7RXcMOku8lORJiv+Nt3LPjXbI4wAUcsmMqXtuhM2EaRRcwjDbiA1EjPdZF+qWKhaAaSbjuEO6b5U27YTaHoV0rP7cSFhgzCDw7WTAsGemvZH4l1ePsXPSTISKYgTFJw91YkkxpKPuaFto4CgHljCuhf0r5T2mGUfbcNZG96aDzpLKYdFzi97VUb50mnaWIbtkjxSIR45JiZyTS1ImnNyTB/JE3pxH58V5dz4mo3NOurNDfsH5/AKBoaIq</latexit><latexit sha1_base64="PwluxOF10yJwxCXR52QaE+WigRE=">AAACLnicjVDLSgMxFM34rPVVdekmWIS6KTMi6LLoxp0K9gFtKZn0tg3NZIbkjljGbv0aF278EReCiLj1M0zbEbR14YHAyTn3kpzjR1IYdN1XZ25+YXFpObOSXV1b39jMbW1XTBhrDmUeylDXfGZACgVlFCihFmlggS+h6vfPRn71BrQRobrGQQTNgHWV6AjO0EqtHI0KDYRbREziKFRDeke/7xeKw/Cglcu7RXcMOku8lORJiv+Nt3LPjXbI4wAUcsmMqXtuhM2EaRRcwjDbiA1EjPdZF+qWKhaAaSbjuEO6b5U27YTaHoV0rP7cSFhgzCDw7WTAsGemvZH4l1ePsXPSTISKYgTFJw91YkkxpKPuaFto4CgHljCuhf0r5T2mGUfbcNZG96aDzpLKYdFzi97VUb50mnaWIbtkjxSIR45JiZyTS1ImnNyTB/JE3pxH58V5dz4mo3NOurNDfsH5/AKBoaIq</latexit>

(
<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

p(a|Once, upon)
<latexit sha1_base64="QN2OpWkqGip5cJZlvWetol10ZWk=">AAACFXicbVDLSgNBEJyN7/iKevQyGIQIIeyKoMegF28qmAckIcxOOjpkdnaZ6RXDuj/hxV/x4kERr4I3/8bJQ9HEgoHqqm56uvxICoOu++lkZmbn5hcWl7LLK6tr67mNzaoJY82hwkMZ6rrPDEihoIICJdQjDSzwJdT83snAr92ANiJUl9iPoBWwKyW6gjO0UjtXjApNhFtETFhK7+h3caY4pMWfMo5Cle61c3m35A5Bp4k3Jnkyxnk799HshDwOQCGXzJiG50bYSphGwSWk2WZsIGK8x66gYaliAZhWMrwqpbtW6dBuqO1TSIfq74mEBcb0A992BgyvzaQ3EP/zGjF2j1qJUFGMoPhoUTeWFEM6iIh2hAaOsm8J41rYv1J+zTTjaIPM2hC8yZOnSXW/5Lkl7+IgXz4ex7FItskOKRCPHJIyOSXnpEI4uSeP5Jm8OA/Ok/PqvI1aM854Zov8gfP+Bc7xn9c=</latexit><latexit sha1_base64="zbVWaL3Be2/OFzMjfSbr+sFcBok=">AAACOnicjVDLSgNBEJyNrxhfUY9eBoOgIGFXBD0GvXhTwUQhWcLspFeHzM4uM71iWPcn/BoPXvwFb169iHj1A5w8FF8HGwaqq6rpqQ4SKQy67qNTGBufmJwqTpdmZufmF8qLSw0Tp5pDnccy1mcBMyCFgjoKlHCWaGBRIOE06O739dNL0EbE6gR7CfgRO1ciFJyhpdrlzWS9hXCFiBnL6TX9aA4Vh3zzs02TWOUb7XLFrbqDor+BNwIVMqr/2dvlh1Yn5mkECrlkxjQ9N0E/YxoFl5CXWqmBhPEuO4emhYpFYPxsED2na5bp0DDW9imkA/brRMYiY3pRYJ0RwwvzU+uTf2nNFMNdPxMqSREUHy4KU0kxpv070o7QwFH2LGBcC/tXyi+YZhzttUs2uvcz6G/Q2Kp6btU73q7U9kY3K5IVskrWiUd2SI0ckCNSJ5zckFtyT56dO+fJeXFeh9aCM5pZJt/KeXsHtPmnUA==</latexit><latexit sha1_base64="zbVWaL3Be2/OFzMjfSbr+sFcBok=">AAACOnicjVDLSgNBEJyNrxhfUY9eBoOgIGFXBD0GvXhTwUQhWcLspFeHzM4uM71iWPcn/BoPXvwFb169iHj1A5w8FF8HGwaqq6rpqQ4SKQy67qNTGBufmJwqTpdmZufmF8qLSw0Tp5pDnccy1mcBMyCFgjoKlHCWaGBRIOE06O739dNL0EbE6gR7CfgRO1ciFJyhpdrlzWS9hXCFiBnL6TX9aA4Vh3zzs02TWOUb7XLFrbqDor+BNwIVMqr/2dvlh1Yn5mkECrlkxjQ9N0E/YxoFl5CXWqmBhPEuO4emhYpFYPxsED2na5bp0DDW9imkA/brRMYiY3pRYJ0RwwvzU+uTf2nNFMNdPxMqSREUHy4KU0kxpv070o7QwFH2LGBcC/tXyi+YZhzttUs2uvcz6G/Q2Kp6btU73q7U9kY3K5IVskrWiUd2SI0ckCNSJ5zckFtyT56dO+fJeXFeh9aCM5pZJt/KeXsHtPmnUA==</latexit><latexit sha1_base64="zbVWaL3Be2/OFzMjfSbr+sFcBok=">AAACOnicjVDLSgNBEJyNrxhfUY9eBoOgIGFXBD0GvXhTwUQhWcLspFeHzM4uM71iWPcn/BoPXvwFb169iHj1A5w8FF8HGwaqq6rpqQ4SKQy67qNTGBufmJwqTpdmZufmF8qLSw0Tp5pDnccy1mcBMyCFgjoKlHCWaGBRIOE06O739dNL0EbE6gR7CfgRO1ciFJyhpdrlzWS9hXCFiBnL6TX9aA4Vh3zzs02TWOUb7XLFrbqDor+BNwIVMqr/2dvlh1Yn5mkECrlkxjQ9N0E/YxoFl5CXWqmBhPEuO4emhYpFYPxsED2na5bp0DDW9imkA/brRMYiY3pRYJ0RwwvzU+uTf2nNFMNdPxMqSREUHy4KU0kxpv070o7QwFH2LGBcC/tXyi+YZhzttUs2uvcz6G/Q2Kp6btU73q7U9kY3K5IVskrWiUd2SI0ckCNSJ5zckFtyT56dO+fJeXFeh9aCM5pZJt/KeXsHtPmnUA==</latexit>

(
<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

p(time|Once, upon, a)
<latexit sha1_base64="sITh+jH6eXnGQB73fkeshfsYip4=">AAACJHicbVDJSgNBEO1xjXGLevTSGAQFCTMiKHgJevFmBLNAEkJPp2Ka9PQM3TViGOdjvPgrXjy44MGL32JnUeJS0PCWKqrr+ZEUBl333Zmanpmdm88sZBeXlldWc2vrFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPq904FfvQZtRKgusR9BM2BXSnQEZ2ilVu442mkg3CBigiKAlN7SL36uOKR73zSOQjVBWbrbyuXdgjss+hd4Y5An4yq1ci+NdsjjABRyyYype26EzYRpFFxCmm3EBiLGe+wK6hYqFoBpJsMjU7ptlTbthNo+hXSoTk4kLDCmH/i2M2DYNb+9gfifV4+xc9RMhIpiBMVHizqxpBjSQWK0LTRwlH0LGNfC/pXyLtOMo801a0Pwfp/8F1T2C55b8C4O8sWTcRwZskm2yA7xyCEpkjNSImXCyR15IE/k2bl3Hp1X523UOuWMZzbIj3I+PgFG3qZp</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit>
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Modeling a sequence of words

p(time|Once, upon, a)
<latexit sha1_base64="sITh+jH6eXnGQB73fkeshfsYip4=">AAACJHicbVDJSgNBEO1xjXGLevTSGAQFCTMiKHgJevFmBLNAEkJPp2Ka9PQM3TViGOdjvPgrXjy44MGL32JnUeJS0PCWKqrr+ZEUBl333Zmanpmdm88sZBeXlldWc2vrFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPq904FfvQZtRKgusR9BM2BXSnQEZ2ilVu442mkg3CBigiKAlN7SL36uOKR73zSOQjVBWbrbyuXdgjss+hd4Y5An4yq1ci+NdsjjABRyyYype26EzYRpFFxCmm3EBiLGe+wK6hYqFoBpJsMjU7ptlTbthNo+hXSoTk4kLDCmH/i2M2DYNb+9gfifV4+xc9RMhIpiBMVHizqxpBjSQWK0LTRwlH0LGNfC/pXyLtOMo801a0Pwfp/8F1T2C55b8C4O8sWTcRwZskm2yA7xyCEpkjNSImXCyR15IE/k2bl3Hp1X523UOuWMZzbIj3I+PgFG3qZp</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit>

How to model ?

Just treat it as a next word classifier!

Once upon a
<latexit sha1_base64="KPYfjTf2+9g6Yq1GJv1hA2yevss=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXgzgnlAsoTZSScZMju7zPSKcQn+ihcPinj1P7z5N06SPWhiQUNR1U13VxBLYdB1v53c0vLK6lp+vbCxubW9U9zdq5so0RxqPJKRbgbMgBQKaihQQjPWwMJAQiMYXk38xj1oIyJ1h6MY/JD1legJztBKneJBG+EBEdMbxYEmcaQoG3eKJbfsTkEXiZeREslQ7RS/2t2IJyEo5JIZ0/LcGP2UaRRcwrjQTgzEjA9ZH1qWKhaC8dPp9WN6bJUu7UXalkI6VX9PpCw0ZhQGtjNkODDz3kT8z2sl2LvwU6HiBEHx2aJeIilGdBIF7QoNHOXIEsa1sLdSPmCacbSBFWwI3vzLi6R+Wvbcsnd7VqpcZnHkySE5IifEI+ekQq5JldQIJ4/kmbySN+fJeXHenY9Za87JZvbJHzifP7K2lVw=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

day

elephant

time

0 1
…

year

44



Prediction

a

aardvark

absolve

accurate

adapt

after

aghast

aether

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

…

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

We can represent words as 1-hot-
vectors of size K, where K is the size 
the vocabulary (e.g., K=100,000).

How to represent words as numbers?

Once upon a
<latexit sha1_base64="KPYfjTf2+9g6Yq1GJv1hA2yevss=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXgzgnlAsoTZSScZMju7zPSKcQn+ihcPinj1P7z5N06SPWhiQUNR1U13VxBLYdB1v53c0vLK6lp+vbCxubW9U9zdq5so0RxqPJKRbgbMgBQKaihQQjPWwMJAQiMYXk38xj1oIyJ1h6MY/JD1legJztBKneJBG+EBEdMbxYEmcaQoG3eKJbfsTkEXiZeREslQ7RS/2t2IJyEo5JIZ0/LcGP2UaRRcwrjQTgzEjA9ZH1qWKhaC8dPp9WN6bJUu7UXalkI6VX9PpCw0ZhQGtjNkODDz3kT8z2sl2LvwU6HiBEHx2aJeIilGdBIF7QoNHOXIEsa1sLdSPmCacbSBFWwI3vzLi6R+Wvbcsnd7VqpcZnHkySE5IifEI+ekQq5JldQIJ4/kmbySN+fJeXHenY9Za87JZvbJHzifP7K2lVw=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

45



Prediction

a

b

c

d

e

g

h

f

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

…

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Or, represent each character as a 
class (e.g., K=26 for English letters), 

and represent words as a sequence 
of characters.

Once upon a
<latexit sha1_base64="KPYfjTf2+9g6Yq1GJv1hA2yevss=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXgzgnlAsoTZSScZMju7zPSKcQn+ihcPinj1P7z5N06SPWhiQUNR1U13VxBLYdB1v53c0vLK6lp+vbCxubW9U9zdq5so0RxqPJKRbgbMgBQKaihQQjPWwMJAQiMYXk38xj1oIyJ1h6MY/JD1legJztBKneJBG+EBEdMbxYEmcaQoG3eKJbfsTkEXiZeREslQ7RS/2t2IJyEo5JIZ0/LcGP2UaRRcwrjQTgzEjA9ZH1qWKhaC8dPp9WN6bJUu7UXalkI6VX9PpCw0ZhQGtjNkODDz3kT8z2sl2LvwU6HiBEHx2aJeIilGdBIF7QoNHOXIEsa1sLdSPmCacbSBFWwI3vzLi6R+Wvbcsnd7VqpcZnHkySE5IifEI+ekQq5JldQIJ4/kmbySN+fJeXHenY9Za87JZvbJHzifP7K2lVw=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

How to represent words as numbers?
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“Molecule-2-text”
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Hidden

Outputs

Input

LSTM LSTM

GNN

LSTM LSTM LSTM LSTM LSTM LSTM

Training
<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Targets y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
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Max-likelihood objective: maximize probability the 
model assigns to each target word: argmax

✓
log p✓(y)

<latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit>

p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>
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Training
<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Targets

Max-likelihood objective: 
minimize cross-entropy between 
model outputs and one-hot 
encoded targets.

f
⇤ = argmin

f2F

NX

i=1

H(yi, ŷi)
<latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit>

y
<latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit>

ŷ
<latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit>
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Hidden

Outputs

Input

LSTM LSTM

GNN

LSTM LSTM LSTM LSTM LSTM LSTM

Training
<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>

Teacher forcing

Condition each next word prediction on the 
ground-truth preceding word.

Targets y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
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LSTM

GNN

Testing
<latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit>

Hidden

Outputs

Input

Samples

p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>
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Sample from predicted distribution over words.

Alternatively, sample most likely word.
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A

mild stimulant

Testing
<latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit>

Tree of 
samples

Sample multiple sequences (top-k greedy completions on each step), 
then pick the sequence with highest score.

strong

A

mild stimulant

psychostimulant

neural

stimulant

p✓(y1, . . . ,yT |x)
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Score could be model’s confidence: 

Beam search
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The problem of long-range dependences
Why not remember everything?

• Memory size grows with t

• This kind of memory is nonparametric: there is no finite set of
parameters we can use to model it 

• RNNs make a Markov assumption — the future hidden state only
depends on the immediately preceding hidden state

• By putting the right info in to the hidden state, RNNs can model
depedencies that are arbitrarily far apart
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The problem of long-range dependences

Other methods exist that do directly link old “memories” 
(observations or hidden states) to future predictions: 

• Temporal convolutions

• Attention / Transformers (see https://arxiv.org/abs/1706.03762)

• Memory networks (see https://arxiv.org/abs/1410.3916)
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Modeling arbitrarily long sequences

• Recurrence — recurrent weights are shared across time

• Convolution — conv weights are shared across time

• Attention — weights are dynamically determined as a
function of the data (conv kernel with attention weights is 
shown on the right) 
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[“Attention is All you Need”, https://arxiv.org/abs/1706.03762]
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Even-larger-context transformers  
Efficiency from sparsification 

• Reformer replaces quadratic dot product attention with a mechanism that uses local
hashing to get to O(n log n) (https://arxiv.org/abs/2001.04451) 

• Performers introduce the use of positive orthogonal random features within attention to
get to O(n) (https://arxiv.org/pdf/2009.14794) 

• Linformers use low-rank matrix approximation to get O(n) in time and space (https://
arxiv.org/pdf/2006.04768) 

Published as a conference paper at ICLR 2020

Figure 2: Simplified depiction of LSH Attention showing the hash-bucketing, sorting, and chunking
steps and the resulting causal attentions. (a-d) Attention matrices for these varieties of attention.

Now we turn to LSH attention, which we can think of in terms of restricting the set Pi of target
items a query position i can attend to, by only allowing attention within a single hash bucket.

Pi = {j : h(qi) = h(kj)} (4)

Figure 2(a-b) shows a schematic comparison of full-attention with a hashed variant. Part (a) depicts
that the attention matrix for full attention is typically sparse, but the computation does not take
advantage of this sparsity. In (b), the queries and keys have been sorted according to their hash
bucket. Since similar items fall in the same bucket with high probability, the full attention pattern
can be approximated by only allowing attention within each bucket.

Hash buckets in this formulation tend to be uneven in size, which makes it difficult to batch across
buckets. Moreover, the number of queries and the number of keys within a bucket may be unequal –
in fact, it is possible for a bucket to contain many queries but no keys. To alleviate these issues, we
first ensure that h(kj) = h(qj) by setting kj = qj

kqjk . Next, we sort the queries by bucket number
and, within each bucket, by sequence position; this defines a permutation where i 7! si after sorting.
In the sorted attention matrix, pairs from the same bucket will cluster near the diagonal (as depicted
in Figure 2c). We can follow a batching approach where chunks of m consecutive queries (after
sorting) attend to each other, and one chunk back (Figure 2d). Following our earlier notation, this
corresponds to setting:

ePi =
n
j :

j
si

m

k
� 1 

j
sj

m

k


j
si

m

ko
(5)

If maxi |Pi| < m, then Pi ✓ ePi. In practice we set m = 2l
nbuckets

(where l is the sequence length).
The average bucket size is l

nbuckets
, and we assume that the probability of a bucket growing to twice

that size is sufficiently low. The overall process of LSH attention is summarized in Figure 2.

Multi-round LSH attention. With hashing, there is always a small probability that similar items
nevertheless fall in different buckets. This probability can be reduced by doing multiple rounds of
hashing with nrounds distinct hash functions {h(1)

, h
(2)

, . . .}, such that:

Pi =
nrounds[

r=1

P(r)
i where P(r)

i =
n
j : h(r)(qi) = h

(r)(qj)
o

(6)

The multi-round case essentially involves performing LSH attention nrounds times in parallel; the
details of the procedure are described in in Appendix A.

Causal masking for shared-QK attention. In a Transformer decoder, masking (denoted by
m(j,Pi) in Equation 3) is used to prevent positions from attending into the future. To implement
masking in LSH attention, we associate every query/key vector with a position index, re-order the
position indices using the same permutations used to sort the query/key vectors, and then use a
comparison operation to compute the mask.

4
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Even-larger-context transformers  
Local + global 

• Transformer XL uses segment-level recurrence and fancy positional encoding to
increase context (https://arxiv.org/abs/1901.02860) 

• Longformer scales self-attention linearly with sequence length as opposed to
quadratically, using deconstructed local + global attention (https://arxiv.org/abs/
2004.05150) 

• Big Bird uses a combo of random, dense sliding window, and global token attention to
get sparsity, also O(n) (https://arxiv.org/pdf/2007.14062) 

(a) Full n2 attention (b) Sliding window attention (c) Dilated sliding window (d) Global+sliding window

Figure 2: Comparing the full self-attention pattern and the configuration of attention patterns in our Longformer.

translation (MT), but didn’t explore the pretrain-
finetune setting. Blockwise attention (Qiu et al.,
2019) pretrained their models and evaluated on
question answering (QA). However, the evaluation
is limited as it doesn’t include language modeling,
and the QA datasets are of relatively short docu-
ments,2 therefore the effectiveness of this model
on long document tasks remains unexplored.

Task-specific Models for Long Documents

Many task-specific approaches have been devel-
oped to workaround the 512 limit of pretrained
transformer models like BERT. The simplest ap-
proach just truncates the document, commonly
used for classification (Xie et al., 2019). An-
other approach chunks the document into chunks
of length 512 (could be overlapping), processes
each chunk separately, then combines the activa-
tions with a task specific model (Joshi et al., 2019).
A third approach popular for multihop and open
domain QA tasks uses a two-stage model where
the first stage retrieves relevant documents that are
passed onto the second stage for answer extrac-
tion (Clark and Gardner, 2017; Chen et al., 2017).
All of these approaches suffer from information
loss due to truncation or cascading errors from
the two stage approach. In contrast, Longformer
can process long sequences without truncating or
chunking, allowing us to adopt a much simpler ap-
proach that concatenates the available context and
processes it in a single pass.

A few contemporaneous works3 have explored
similar ideas to Longformer using local + global
attention in Transformers, and pre-training it for
long document natural language tasks. In particu-
lar, ETC (Ainslie et al., 2020) uses a similar local
+ global attention instead of full self-attention to
scale Transformers to long documents. Different
from Longformer, ETC uses relative position em-

2SQuAD contexts typically fit within the 512 limit, and
MRQA is constructed by dropping long-document examples.

3All were published on arXiv after Longformer.

beddings (which we only used for the Autoregres-
sive LM setting), introduces an additional training
objective (CPC loss) for pre-training, and config-
ures global attention in a slightly different way.
It shows strong results on several tasks including
reading comprehension and classification. GMAT
(Gupta and Berant, 2020) uses a similar idea of
few global locations in the input serving as global
memory. BigBird (Zaheer et al., 2020) is an exten-
sion over ETC with evaluation on additional tasks,
including summarization. Importantly, through the-
oretical analysis, BigBird shows that sparse Trans-
formers are universal approximators of sequence
functions and preserve these properties of the full
self-attention.

3 Longformer

The original Transformer model has a self-attention
component with O(n2) time and memory complex-
ity where n is the input sequence length. To address
this challenge, we sparsify the full self-attention
matrix according to an “attention pattern” specify-
ing pairs of input locations attending to one another.
Unlike the full self-attention, our proposed atten-
tion pattern scales linearly with the input sequence,
making it efficient for longer sequences. This sec-
tion discusses the design and implementation of
this attention pattern.

3.1 Attention Pattern

Sliding Window Given the importance of local
context (Kovaleva et al., 2019), our attention pat-
tern employs a fixed-size window attention sur-
rounding each token. Using multiple stacked lay-
ers of such windowed attention results in a large
receptive field, where top layers have access to all
input locations and have the capacity to build repre-
sentations that incorporate information across the
entire input, similar to CNNs (Wu et al., 2019).
Given a fixed window size w, each token attends
to 1

2w tokens on each side (Fig. 2b). The com-
putation complexity of this pattern is O(n ⇥ w),

3

© Beltagy, et al. All rights reserved. This 
content is excluded from our Creative 
Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/

61

https://arxiv.org/abs/1901.02860
https://arxiv.org/abs/2004.05150
https://arxiv.org/abs/2004.05150
https://arxiv.org/pdf/2007.14062


Even-larger-context transformers  
Retrieval-enhanced 

• RETRO enables retrieval from trillion-token databases based on local similarity,
swapping model parameters for direct lookup (helps separate language modeling from 
fact lookup) (https://arxiv.org/abs/2112.04426)

Image courtesy of J. Alammar. Used under CC BY-NC-SA.
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How far back can we go with attention?

• BERT: 512 tokens

• GPT-2: 1024 tokens

• GPT-3: 2048 tokens

• GPT-4: 8,000 tokens, with a souped up 32K token version available

• Anthropic apparently has a model with a 100K token window (about
75K words)
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When do we actually need long-term context?

https://arxiv.org/abs/2308.09126
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Figure 2: We introduce the notion of a tempo-
ral certificate set (top, §3.2), a tool to measure
the intrinsic temporal length of a benchmark
and show the EgoSchema certificate length
distribution (bottom, §4.1) for randomly cho-
sen 100 clips.
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Figure 3: Certificate Length across video
datasets for a broad spectrum of tasks such as
action classification, detection, relationship
classification, concept classification, video
classification, and multiple choice question-
answering. §4.1 details the precise opera-
tionalizations.

of a video understanding task, we propose the notion of temporal certificate length [4]. Intuitively,
certificate length (§3.2) is the length of the video a human verifier needs to observe to be convinced of
the veracity of the marked annotation. The idea of temporal certificates is not limited only to question-
answering or vision-language tasks but is applicable to several video understanding tasks, including
pure vision tasks such as action classification, detection, or even temporal action localization.

Based on the length of the temporal certificate, we propose the following temporal understanding
taxonomy for video tasks: Datasets with certificate length in the order of 1 second are termed short
video tasks. Next, we name datasets with certificate length in the order of 10 seconds as, long-form
video tasks. Finally, datasets with certificate length in the order of 100 seconds are termed as, very
long-form video tasks. Fig. 3 presents estimates of the certificate lengths for a variety of datasets
plotted against the temporal length of the video clip. We observe that the temporal certificate length is
quite weakly correlated with the length of the video clip. This is due to the intentional design choice
in defining the certificate set, which decouples the task of searching or retrieving the relevant sub-clip
from a bigger clip from the task of visually understanding the retrieved sub-clip. And in this manner,
using temporal certificate length as a metric for measuring the intrinsic temporal hardness of a dataset,
avoids the failure mode of formulating an implicitly short-term task disguised as a long-term one.
Section 3.2 details precise operationalizations for estimating the temporal certificate sets.

In summary, our contributions are three-fold. First, we propose the notion of temporal certificates,
a broadly applicable notion that measures the intrinsic temporal hardness of clips in a video under-
standing dataset. We estimate temporal certificate lengths for a broad variety of existing datasets and
show that EgoSchema has a median temporal certificate of about 100 seconds, which is 5⇥ longer
than the dataset with the second longest certificate length [50], and 25⇥ to 100⇥ longer than all other
existing video understanding datasets (with or without language). Second, building upon the notion of
temporal certificates, we introduce EgoSchema, a diagnostic benchmark for assessing the very long-
form video understanding capability of multimodal video-language systems. Third, we benchmark
both state-of-the-art video-language systems and humans in Zero-shot settings on EgoSchema to
find that even the most advanced current video-language understanding systems consisting of billion
of parameters achieve very low accuracy in long-from multiple-choice question-answering (< 33%)
while humans achieve about 76% accuracy in the unconstrained setting.
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datasets for a broad spectrum of tasks such as
action classification, detection, relationship
classification, concept classification, video
classification, and multiple choice question-
answering. §4.1 details the precise opera-
tionalizations.

of a video understanding task, we propose the notion of temporal certificate length [4]. Intuitively,
certificate length (§3.2) is the length of the video a human verifier needs to observe to be convinced of
the veracity of the marked annotation. The idea of temporal certificates is not limited only to question-
answering or vision-language tasks but is applicable to several video understanding tasks, including
pure vision tasks such as action classification, detection, or even temporal action localization.

Based on the length of the temporal certificate, we propose the following temporal understanding
taxonomy for video tasks: Datasets with certificate length in the order of 1 second are termed short
video tasks. Next, we name datasets with certificate length in the order of 10 seconds as, long-form
video tasks. Finally, datasets with certificate length in the order of 100 seconds are termed as, very
long-form video tasks. Fig. 3 presents estimates of the certificate lengths for a variety of datasets
plotted against the temporal length of the video clip. We observe that the temporal certificate length is
quite weakly correlated with the length of the video clip. This is due to the intentional design choice
in defining the certificate set, which decouples the task of searching or retrieving the relevant sub-clip
from a bigger clip from the task of visually understanding the retrieved sub-clip. And in this manner,
using temporal certificate length as a metric for measuring the intrinsic temporal hardness of a dataset,
avoids the failure mode of formulating an implicitly short-term task disguised as a long-term one.
Section 3.2 details precise operationalizations for estimating the temporal certificate sets.

In summary, our contributions are three-fold. First, we propose the notion of temporal certificates,
a broadly applicable notion that measures the intrinsic temporal hardness of clips in a video under-
standing dataset. We estimate temporal certificate lengths for a broad variety of existing datasets and
show that EgoSchema has a median temporal certificate of about 100 seconds, which is 5⇥ longer
than the dataset with the second longest certificate length [50], and 25⇥ to 100⇥ longer than all other
existing video understanding datasets (with or without language). Second, building upon the notion of
temporal certificates, we introduce EgoSchema, a diagnostic benchmark for assessing the very long-
form video understanding capability of multimodal video-language systems. Third, we benchmark
both state-of-the-art video-language systems and humans in Zero-shot settings on EgoSchema to
find that even the most advanced current video-language understanding systems consisting of billion
of parameters achieve very low accuracy in long-from multiple-choice question-answering (< 33%)
while humans achieve about 76% accuracy in the unconstrained setting.
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Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> ✓

<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Parameters
<latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit><latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit><latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit><latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit>

Statistic of the dataset
<latexit sha1_base64="GNxVCXkXqSh98zdMpoSj776uppQ=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KrMdKPLohuXFe0F2qFkMpk2NJMMyRmhDHXjq7hxoYhb38Kdb2PazkJbfwh8/OcSzh+mghvwvG9nZXVtfWOztFXe3tnd23cPDltGZZqyJlVC6U5IDBNcsiZwEKyTakaSULB2OLqe1tsPTBuu5D2MUxYkZCB5zCkBa/Xd4zuwZIBTrGIMQ4YjAnYf9N2KV/VmwsvgF1BBhRp996sXKZolTAIVxJiu76UQ5ETb3YJNyr3MsJTQERmwrkVJEmaCfHbBBJ9ZJ8Kx0vZJwDP390ROEmPGSWg7EwJDs1ibmv/VuhnEl0HOZZoBk3T+UZwJDApP48AR14yCGFsgVPNpDnRINKFgQyvbEPzFk5ehVav6XtW/rVXqV0UcJXSCTtE58tEFqqMb1EBNRNEjekav6M15cl6cd+dj3rriFDNH6I+czx8m+5at</latexit><latexit sha1_base64="GNxVCXkXqSh98zdMpoSj776uppQ=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KrMdKPLohuXFe0F2qFkMpk2NJMMyRmhDHXjq7hxoYhb38Kdb2PazkJbfwh8/OcSzh+mghvwvG9nZXVtfWOztFXe3tnd23cPDltGZZqyJlVC6U5IDBNcsiZwEKyTakaSULB2OLqe1tsPTBuu5D2MUxYkZCB5zCkBa/Xd4zuwZIBTrGIMQ4YjAnYf9N2KV/VmwsvgF1BBhRp996sXKZolTAIVxJiu76UQ5ETb3YJNyr3MsJTQERmwrkVJEmaCfHbBBJ9ZJ8Kx0vZJwDP390ROEmPGSWg7EwJDs1ibmv/VuhnEl0HOZZoBk3T+UZwJDApP48AR14yCGFsgVPNpDnRINKFgQyvbEPzFk5ehVav6XtW/rVXqV0UcJXSCTtE58tEFqqMb1EBNRNEjekav6M15cl6cd+dj3rriFDNH6I+czx8m+5at</latexit><latexit sha1_base64="GNxVCXkXqSh98zdMpoSj776uppQ=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KrMdKPLohuXFe0F2qFkMpk2NJMMyRmhDHXjq7hxoYhb38Kdb2PazkJbfwh8/OcSzh+mghvwvG9nZXVtfWOztFXe3tnd23cPDltGZZqyJlVC6U5IDBNcsiZwEKyTakaSULB2OLqe1tsPTBuu5D2MUxYkZCB5zCkBa/Xd4zuwZIBTrGIMQ4YjAnYf9N2KV/VmwsvgF1BBhRp996sXKZolTAIVxJiu76UQ5ETb3YJNyr3MsJTQERmwrkVJEmaCfHbBBJ9ZJ8Kx0vZJwDP390ROEmPGSWg7EwJDs1ibmv/VuhnEl0HOZZoBk3T+UZwJDApP48AR14yCGFsgVPNpDnRINKFgQyvbEPzFk5ehVav6XtW/rVXqV0UcJXSCTtE58tEFqqMb1EBNRNEjekav6M15cl6cd+dj3rriFDNH6I+czx8m+5at</latexit><latexit sha1_base64="GNxVCXkXqSh98zdMpoSj776uppQ=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KrMdKPLohuXFe0F2qFkMpk2NJMMyRmhDHXjq7hxoYhb38Kdb2PazkJbfwh8/OcSzh+mghvwvG9nZXVtfWOztFXe3tnd23cPDltGZZqyJlVC6U5IDBNcsiZwEKyTakaSULB2OLqe1tsPTBuu5D2MUxYkZCB5zCkBa/Xd4zuwZIBTrGIMQ4YjAnYf9N2KV/VmwsvgF1BBhRp996sXKZolTAIVxJiu76UQ5ETb3YJNyr3MsJTQERmwrkVJEmaCfHbBBJ9ZJ8Kx0vZJwDP390ROEmPGSWg7EwJDs1ibmv/VuhnEl0HOZZoBk3T+UZwJDApP48AR14yCGFsgVPNpDnRINKFgQyvbEPzFk5ehVav6XtW/rVXqV0UcJXSCTtE58tEFqqMb1EBNRNEjekav6M15cl6cd+dj3rriFDNH6I+czx8m+5at</latexit>

{x(i),y(i)}Ni=1
<latexit sha1_base64="u9lj7mHrux4XP9SxpFVUqhlY7xQ=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARKkhNRNCNUHTjSirYCzRpmEwn7dDJhZmJGIY8hhtfxY0LRdx259uYtBG0+sPAz3fOYc753YhRIQ3jUystLC4tr5RXK2vrG5tb+vZOW4Qxx6SFQxbyrosEYTQgLUklI92IE+S7jHTc8VVe79wTLmgY3MkkIraPhgH1KEYyQ45+bCnLR3Lkeuoh7asaPUyP4DdJCmKljqIXZtq/qTh61agbU8G/xixMFRRqOvrEGoQ49kkgMUNC9EwjkrZCXFLMSFqxYkEihMdoSHqZDZBPhK2mh6XwICMD6IU8e4GEU/pzQiFfiMR3s858ZTFfy+F/tV4svXNb0SCKJQnw7CMvZlCGME8JDignWLIkMwhzmu0K8QhxhGWWZR6COX/yX9M+qZtG3bw9rTYuizjKYA/sgxowwRlogGvQBC2AwSN4Bq/gTXvSXrR37WPWWtKKmV3wS9rkC3oMn/4=</latexit><latexit sha1_base64="J2j9L3a84o2ENV+i4Tc5JmnTtI0=">AAACPXicjVDLSsNAFJ3UV62vqEs3g0WoIDURQTdC0Y0rUbAPaNIwmU7q0MmDmYkYhnyGX+PCjV/gzg9wI+LWrUkbQVsXHhg4nHMud+5xI0aFNIwXrTQzOze/UF6sLC2vrK7p6xstEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHZ7nfviVc0DC4lklEbB8NAupRjGQmOfq+pSwfyRvXU3dpT9XobroHv5WkUKzUUfTETHsXFUevGnVjBDhNzIJUQYH/xR392eqHOPZJIDFDQnRNI5K2QlxSzEhasWJBIoSHaEC6GQ2QT4StRtencCdT+tALefYCCUfqzwmFfCES382S+V1i0svFv7xuLL1jW9EgiiUJ8HiRFzMoQ5hXCfuUEyxZkhGEOc3+CvEN4gjLrPC8KXPy0GnSOqibRt28Oqw2TovOymALbIMaMMERaIBzcAmaAIN78ACewJv2qL1q79rHOFrSiplN8Ava5xdh0Kd3</latexit><latexit sha1_base64="J2j9L3a84o2ENV+i4Tc5JmnTtI0=">AAACPXicjVDLSsNAFJ3UV62vqEs3g0WoIDURQTdC0Y0rUbAPaNIwmU7q0MmDmYkYhnyGX+PCjV/gzg9wI+LWrUkbQVsXHhg4nHMud+5xI0aFNIwXrTQzOze/UF6sLC2vrK7p6xstEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHZ7nfviVc0DC4lklEbB8NAupRjGQmOfq+pSwfyRvXU3dpT9XobroHv5WkUKzUUfTETHsXFUevGnVjBDhNzIJUQYH/xR392eqHOPZJIDFDQnRNI5K2QlxSzEhasWJBIoSHaEC6GQ2QT4StRtencCdT+tALefYCCUfqzwmFfCES382S+V1i0svFv7xuLL1jW9EgiiUJ8HiRFzMoQ5hXCfuUEyxZkhGEOc3+CvEN4gjLrPC8KXPy0GnSOqibRt28Oqw2TovOymALbIMaMMERaIBzcAmaAIN78ACewJv2qL1q79rHOFrSiplN8Ava5xdh0Kd3</latexit><latexit sha1_base64="J2j9L3a84o2ENV+i4Tc5JmnTtI0=">AAACPXicjVDLSsNAFJ3UV62vqEs3g0WoIDURQTdC0Y0rUbAPaNIwmU7q0MmDmYkYhnyGX+PCjV/gzg9wI+LWrUkbQVsXHhg4nHMud+5xI0aFNIwXrTQzOze/UF6sLC2vrK7p6xstEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHZ7nfviVc0DC4lklEbB8NAupRjGQmOfq+pSwfyRvXU3dpT9XobroHv5WkUKzUUfTETHsXFUevGnVjBDhNzIJUQYH/xR392eqHOPZJIDFDQnRNI5K2QlxSzEhasWJBIoSHaEC6GQ2QT4StRtencCdT+tALefYCCUfqzwmFfCES382S+V1i0svFv7xuLL1jW9EgiiUJ8HiRFzMoQ5hXCfuUEyxZkhGEOc3+CvEN4gjLrPC8KXPy0GnSOqibRt28Oqw2TovOymALbIMaMMERaIBzcAmaAIN78ACewJv2qL1q79rHOFrSiplN8Ava5xdh0Kd3</latexit>

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Neural Net
<latexit sha1_base64="ZZNXbaoYBgbI4NpgsM1Uh6VRJkg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sQoRzAcmR9jbzCVL9vaO3T0hHPkXNhaK2Ppv7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKjw1MFRWkgWZQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62uHhGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjJ/nwy5QmbE1BLKFLe3EjamijJjQyrZELzVl9dJu1b13Kp3X6vUb/I4inAG53AJHlxBHe6gCS1gIOEZXuHN0c6L8+58LFsLTj5zCn/gfP4AIOGQig==</latexit><latexit sha1_base64="ZZNXbaoYBgbI4NpgsM1Uh6VRJkg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sQoRzAcmR9jbzCVL9vaO3T0hHPkXNhaK2Ppv7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKjw1MFRWkgWZQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62uHhGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjJ/nwy5QmbE1BLKFLe3EjamijJjQyrZELzVl9dJu1b13Kp3X6vUb/I4inAG53AJHlxBHe6gCS1gIOEZXuHN0c6L8+58LFsLTj5zCn/gfP4AIOGQig==</latexit><latexit sha1_base64="ZZNXbaoYBgbI4NpgsM1Uh6VRJkg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sQoRzAcmR9jbzCVL9vaO3T0hHPkXNhaK2Ppv7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKjw1MFRWkgWZQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62uHhGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjJ/nwy5QmbE1BLKFLe3EjamijJjQyrZELzVl9dJu1b13Kp3X6vUb/I4inAG53AJHlxBHe6gCS1gIOEZXuHN0c6L8+58LFsLTj5zCn/gfP4AIOGQig==</latexit><latexit sha1_base64="ZZNXbaoYBgbI4NpgsM1Uh6VRJkg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sQoRzAcmR9jbzCVL9vaO3T0hHPkXNhaK2Ppv7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKjw1MFRWkgWZQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62uHhGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjJ/nwy5QmbE1BLKFLe3EjamijJjQyrZELzVl9dJu1b13Kp3X6vUb/I4inAG53AJHlxBHe6gCS1gIOEZXuHN0c6L8+58LFsLTj5zCn/gfP4AIOGQig==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Activations
<latexit sha1_base64="fLS3SgD4ThlmbWPIGGSMTh8ja84=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6rXjxWsB/QhrLZbtqlm03YnRRK6M/w4kERr/4ab/4bt2kO2vrCwsM7M+zMGyRSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek/tFvTPl2ohYPeEs4X5ER0qEglG0Vu+WoZjmaAaVqltzc5F18AqoQqHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5f7qeEJZRM64j2Likbc+Fm+8pxcWmdIwljbp5Dk7u+JjEbGzKLAdkYUx2a1tjD/q/VSDG/8TKgkRa7Y8qMwlQRjsrifDIXmDOXMAmVa2F0JG1NNGdqUyjYEb/XkdWjXa55b8x7r1cZdEUcJzuECrsCDa2jAAzShBQxieIZXeHPQeXHenY9l64ZTzJzBHzmfP5CLkWs=</latexit><latexit sha1_base64="fLS3SgD4ThlmbWPIGGSMTh8ja84=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6rXjxWsB/QhrLZbtqlm03YnRRK6M/w4kERr/4ab/4bt2kO2vrCwsM7M+zMGyRSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek/tFvTPl2ohYPeEs4X5ER0qEglG0Vu+WoZjmaAaVqltzc5F18AqoQqHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5f7qeEJZRM64j2Likbc+Fm+8pxcWmdIwljbp5Dk7u+JjEbGzKLAdkYUx2a1tjD/q/VSDG/8TKgkRa7Y8qMwlQRjsrifDIXmDOXMAmVa2F0JG1NNGdqUyjYEb/XkdWjXa55b8x7r1cZdEUcJzuECrsCDa2jAAzShBQxieIZXeHPQeXHenY9l64ZTzJzBHzmfP5CLkWs=</latexit><latexit sha1_base64="fLS3SgD4ThlmbWPIGGSMTh8ja84=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6rXjxWsB/QhrLZbtqlm03YnRRK6M/w4kERr/4ab/4bt2kO2vrCwsM7M+zMGyRSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek/tFvTPl2ohYPeEs4X5ER0qEglG0Vu+WoZjmaAaVqltzc5F18AqoQqHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5f7qeEJZRM64j2Likbc+Fm+8pxcWmdIwljbp5Dk7u+JjEbGzKLAdkYUx2a1tjD/q/VSDG/8TKgkRa7Y8qMwlQRjsrifDIXmDOXMAmVa2F0JG1NNGdqUyjYEb/XkdWjXa55b8x7r1cZdEUcJzuECrsCDa2jAAzShBQxieIZXeHPQeXHenY9l64ZTzJzBHzmfP5CLkWs=</latexit><latexit sha1_base64="fLS3SgD4ThlmbWPIGGSMTh8ja84=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6rXjxWsB/QhrLZbtqlm03YnRRK6M/w4kERr/4ab/4bt2kO2vrCwsM7M+zMGyRSGHTdb2djc2t7Z7e0V94/ODw6rpyctk2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek/tFvTPl2ohYPeEs4X5ER0qEglG0Vu+WoZjmaAaVqltzc5F18AqoQqHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5f7qeEJZRM64j2Likbc+Fm+8pxcWmdIwljbp5Dk7u+JjEbGzKLAdkYUx2a1tjD/q/VSDG/8TKgkRa7Y8qMwlQRjsrifDIXmDOXMAmVa2F0JG1NNGdqUyjYEb/XkdWjXa55b8x7r1cZdEUcJzuECrsCDa2jAAzShBQxieIZXeHPQeXHenY9l64ZTzJzBHzmfP5CLkWs=</latexit>

Statistic of a datapoint
<latexit sha1_base64="VU1/YDw2o3/Ro7AZD/cDRjeFVoY=">AAACAXicbZC7SgNBFIZnvcZ4i9oINoNBsAq7abQM2lhGNBdIQjg7mU2GzM4sM2eFEGLjq9hYKGLrW9j5Nk6SLTTxh4GP/1yG84eJFBZ9/9tbWV1b39jMbeW3d3b39gsHh3WrU8N4jWmpTTMEy6VQvIYCJW8mhkMcSt4Ih9fTeuOBGyu0usdRwjsx9JWIBAN0VrdwfIeOLApGdUSB9gAh0UJht1D0S/5MdBmCDIokU7Vb+Gr3NEtjrpBJsLYV+Al2xmDcbskn+XZqeQJsCH3ecqgg5rYznl0woWfO6dFIG/cU0pn7e2IMsbWjOHSdMeDALtam5n+1VorRZWcsVJIiV2z+UZRKippO46A9YThDOXIAzIhpDmwABhi60PIuhGDx5GWol0uBXwpuy8XKVRZHjpyQU3JOAnJBKuSGVEmNMPJInskrefOevBfv3fuYt6542cwR+SPv8wci25ar</latexit><latexit sha1_base64="VU1/YDw2o3/Ro7AZD/cDRjeFVoY=">AAACAXicbZC7SgNBFIZnvcZ4i9oINoNBsAq7abQM2lhGNBdIQjg7mU2GzM4sM2eFEGLjq9hYKGLrW9j5Nk6SLTTxh4GP/1yG84eJFBZ9/9tbWV1b39jMbeW3d3b39gsHh3WrU8N4jWmpTTMEy6VQvIYCJW8mhkMcSt4Ih9fTeuOBGyu0usdRwjsx9JWIBAN0VrdwfIeOLApGdUSB9gAh0UJht1D0S/5MdBmCDIokU7Vb+Gr3NEtjrpBJsLYV+Al2xmDcbskn+XZqeQJsCH3ecqgg5rYznl0woWfO6dFIG/cU0pn7e2IMsbWjOHSdMeDALtam5n+1VorRZWcsVJIiV2z+UZRKippO46A9YThDOXIAzIhpDmwABhi60PIuhGDx5GWol0uBXwpuy8XKVRZHjpyQU3JOAnJBKuSGVEmNMPJInskrefOevBfv3fuYt6542cwR+SPv8wci25ar</latexit><latexit sha1_base64="VU1/YDw2o3/Ro7AZD/cDRjeFVoY=">AAACAXicbZC7SgNBFIZnvcZ4i9oINoNBsAq7abQM2lhGNBdIQjg7mU2GzM4sM2eFEGLjq9hYKGLrW9j5Nk6SLTTxh4GP/1yG84eJFBZ9/9tbWV1b39jMbeW3d3b39gsHh3WrU8N4jWmpTTMEy6VQvIYCJW8mhkMcSt4Ih9fTeuOBGyu0usdRwjsx9JWIBAN0VrdwfIeOLApGdUSB9gAh0UJht1D0S/5MdBmCDIokU7Vb+Gr3NEtjrpBJsLYV+Al2xmDcbskn+XZqeQJsCH3ecqgg5rYznl0woWfO6dFIG/cU0pn7e2IMsbWjOHSdMeDALtam5n+1VorRZWcsVJIiV2z+UZRKippO46A9YThDOXIAzIhpDmwABhi60PIuhGDx5GWol0uBXwpuy8XKVRZHjpyQU3JOAnJBKuSGVEmNMPJInskrefOevBfv3fuYt6542cwR+SPv8wci25ar</latexit><latexit sha1_base64="VU1/YDw2o3/Ro7AZD/cDRjeFVoY=">AAACAXicbZC7SgNBFIZnvcZ4i9oINoNBsAq7abQM2lhGNBdIQjg7mU2GzM4sM2eFEGLjq9hYKGLrW9j5Nk6SLTTxh4GP/1yG84eJFBZ9/9tbWV1b39jMbeW3d3b39gsHh3WrU8N4jWmpTTMEy6VQvIYCJW8mhkMcSt4Ih9fTeuOBGyu0usdRwjsx9JWIBAN0VrdwfIeOLApGdUSB9gAh0UJht1D0S/5MdBmCDIokU7Vb+Gr3NEtjrpBJsLYV+Al2xmDcbskn+XZqeQJsCH3ecqgg5rYznl0woWfO6dFIG/cU0pn7e2IMsbWjOHSdMeDALtam5n+1VorRZWcsVJIiV2z+UZRKippO46A9YThDOXIAzIhpDmwABhi60PIuhGDx5GWol0uBXwpuy8XKVRZHjpyQU3JOAnJBKuSGVEmNMPJInskrefOevBfv3fuYt6542cwR+SPv8wci25ar</latexit>

x(i)
<latexit sha1_base64="RN2uRDAVRgKYHeytBhvwZd4bY8g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1th5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5Ijk5k=</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit><latexit sha1_base64="SvT6Z/wBcl+jkDDccNP6KD9EkbE=">AAACHnicjVDLSsNAFL3xWesr6tLNYBHqpiQi6LLoxqWCfUAby2Q6aYdOJmFmUiwhf+LCjb/iRkRwpX/jpM1CWxceGDiccy93zvFjzpR2nC9raXlldW29tFHe3Nre2bX39psqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kdXud8aU6lYJO70JKZeiAeCBYxgbaSebXdDrId+kD5k92mVnWQ9u+LUnCnQInELUoEC/xvv2R/dfkSSkApNOFaq4zqx9lIsNSOcZuVuomiMyQgPaMdQgUOqvHQaL0PHRumjIJLmCY2m6s+NFIdKTULfTOZh1LyXi395nUQHF17KRJxoKsjsUJBwpCOUd4X6TFKi+cQQTCQzf0VkiCUm2jRaNtHd+aCLpHlac52ae3tWqV8WnZXgEI6gCi6cQx2u4QYaQGAMj/AMr9aT9WK9We+z0SWr2DmAX7A+vwHXg5sS</latexit>

h(i)
<latexit sha1_base64="u4/HlNqV2Q1kV/Ls1UdJNAo/MVg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgi6LblxWsA9oY5lMJ+3QySTMTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1z/JgzpR3n2yptbG5t75R3K3v7B4dH9vFJR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+9C73uzMqFYvEo57H1AvxWLCAEayNNLTtQYj1xA/SSfaU1thlNrSrTt1ZAK0TtyBVKNAa2l+DUUSSkApNOFaq7zqx9lIsNSOcZpVBomiMyRSPad9QgUOqvHSRPEMXRhmhIJLmCY0W6u+NFIdKzUPfTOY51aqXi/95/UQHN17KRJxoKsjyUJBwpCOU14BGTFKi+dwQTCQzWRGZYImJNmVVTAnu6pfXSeeq7jp196FRbd4WdZThDM6hBi5cQxPuoQVtIDCDZ3iFNyu1Xqx362M5WrKKnVP4A+vzB3lzk4k=</latexit><latexit sha1_base64="O/FxiBRUdP04xbhAk8yiBYOpQTM=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0IJ+RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjX05h6IR4KFjCCtZH6tt0LsR75QTrKHtIaO836dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7aVYakY4zSq9RNEYkzEe0q6hAodUeeksXoZOjDJAQSTNExrN1J8bKQ6Vmoa+mczDqEUvF//yuokOLr2UiTjRVJD5oSDhSEco7woNmKRE86khmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwG8g5sC</latexit><latexit sha1_base64="O/FxiBRUdP04xbhAk8yiBYOpQTM=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0IJ+RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjX05h6IR4KFjCCtZH6tt0LsR75QTrKHtIaO836dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7aVYakY4zSq9RNEYkzEe0q6hAodUeeksXoZOjDJAQSTNExrN1J8bKQ6Vmoa+mczDqEUvF//yuokOLr2UiTjRVJD5oSDhSEco7woNmKRE86khmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwG8g5sC</latexit><latexit sha1_base64="O/FxiBRUdP04xbhAk8yiBYOpQTM=">AAACHnicjVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4V7APaWCbTSTt0Mgkzk0IJ+RMXbvwVNyKCK/0bJ20W2rrwwMDhnHu5c44fc6a043xZpZXVtfWN8mZla3tnd8/eP2ipKJGENknEI9nxsaKcCdrUTHPaiSXFoc9p2x9f5357QqVikbjX05h6IR4KFjCCtZH6tt0LsR75QTrKHtIaO836dtWpOzOgZeIWpAoF/jfetz96g4gkIRWacKxU13Vi7aVYakY4zSq9RNEYkzEe0q6hAodUeeksXoZOjDJAQSTNExrN1J8bKQ6Vmoa+mczDqEUvF//yuokOLr2UiTjRVJD5oSDhSEco7woNmKRE86khmEhm/orICEtMtGm0YqK7i0GXSeus7jp19+682rgqOivDERxDDVy4gAbcwC00gcAEHuEZXq0n68V6s97noyWr2DmEX7A+vwG8g5sC</latexit>

Memory fast and slow

activations are “fast memory”

parameters are “slow memory”
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Fast weights? Slow activations?

• Hypernets are nets that output weights of another net — these 
weights are a “fast memory” of the input to the hypernet. 

• Code books use tensors of activations that are learned (backprop 
to activations). These activations are “slow memory” of the dataset 
you are learning.
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11. Memory and sequence modeling

• CNNs for sequences

• RNNs

• LSTMs

• Sequence models and long memory

67



9. Memory and sequence modeling

• CNNs for sequences

• RNNs

• LSTMs

• Sequence models

68



 
 

 

            

MIT OpenCourseWare
https://ocw.mit.edu 

6.7960 Deep Learning
Fall 2024

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms 

69

https://ocw.mit.edu
https://ocw.mit.edu/terms

	cover-slides.pdf
	cover_h.pdf
	Blank Page





