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DeepMind

Viorica Pătrăucean
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Abstract

How can neural networks be trained on large-volume

temporal data efficiently? To compute the gradients required

to update parameters, backpropagation blocks computations

until the forward and backward passes are completed. For

temporal signals, this introduces high latency and hinders

real-time learning. It also creates a coupling between consec-

utive layers, which limits model parallelism and increases

memory consumption. In this paper, we build upon Side-

ways, which avoids blocking by propagating approximate

gradients forward in time, and we propose mechanisms for

temporal integration of information based on different vari-

ants of skip connections. We also show how to decouple

computation and delegate individual neural modules to dif-

ferent devices, allowing distributed and parallel training.

The proposed Skip-Sideways achieves low latency training,

model parallelism, and, importantly, is capable of extracting

temporal features, leading to more stable training and im-

proved performance on real-world action recognition video

datasets such as HMDB51, UCF101, and the large-scale

Kinetics-600. Finally, we also show that models trained with

Skip-Sideways generate better future frames than Sideways

models, and hence they can better utilize motion cues.

1. Introduction

Popular deep video models generally rely on spatio-

temporal convolutional networks (3D CNNs) [12, 18, 52,

55, 63] or recurrent networks [16, 24, 34] that are trained

with backpropagation (BP) using stochastic gradient descent

(SGD) [7, 19, 29, 33, 46, 57, 58, 60, 64]. This is a powerful

training paradigm but also an expensive one as it needs to

store all the activations in memory to compute Jacobian ten-

sors for the gradient calculations. First, all the activations

are computed in the forward mode, from the beginning to

the end of the sequence. Next, gradients are computed in

the reverse direction, from the end to the beginning. All that
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severely limits the scale at which we can train temporal mod-

els on large-volume sequences such as videos. Therefore,

typically these video models are trained on short video clips

(about 2.5s at usual frame rate), in offline batch mode.

Sideways [38] is a recent training technique for video

models that decouples the computation along the depth of

the network and introduces computation steps. As a new

frame is fed into the processing pipeline, each layer indepen-

dently updates the internal state of the network by computing

new activations and gradients. Next, these are passed to the

layers above and below in the next computation step (see

Figure 1 left). Moreover, the information cannot be back-

propagated to the same units that produced the activations

as this happened in the past computation steps. One may

say that “everything flows forward in time”, including the

backward pass. Due to these properties, Sideways is more

biologically plausible than the regular backprop, as it does

not block the computation and respects the arrow of time.

Although Sideways, as originally proposed, operates in

a temporal forward fashion, it is not a temporal model per

se, as it has access only to the present frame at each time

step. This results in improved memory efficiency similar to

single-frame models, making it suitable for real-time appli-

cations. However, this comes with the cost of not integrating

information temporally, which limits the expressive power

of the resulting models.

In this work, we show that it is possible for models to

process one frame at a time similar to Sideways, while still

being able to extract temporal features. We do this by in-

troducing shortcut (skip) connections in addition to direct

connections between the layers of the model. We study the

training dynamics of the resulting training procedure, which

we call Skip-Sideways, and show that shortcut connections

lead to more stable training and higher accuracy.

Regular skip connections [21] alter the information flow

along the data path of the network by allowing activations

to ‘skip’ layers, creating data shortcuts. In the proposed

Skip-Sideways, activations and gradients along the shortcut

connections are also sent forward in time, effectively cre-

ating data paths across time, making it possible to extract
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temporal features. This change not only extends the mod-

elling space, which subsumes spatio-temporal models, but

also gives an interesting perspective on shortcut connections

that are typically associated with vanishing or exploding

gradients [20, 23], or ensembles [56].

To validate the proposed setting, we train a traditional

image architecture, e.g., VGG [49], on action recognition

datasets [31, 50], including a large-scale one – Kinetics-

600 [12] – by encapsulating the neural modules in Skip-

Sideways units. Since there is no data dependency between

units at any one time step, they can process the data in a

depth-asynchronous fashion, maximising parallelism. This

results in a significant speed-up and reduced latency. The

efficiency of the whole network depends only on the worst-

case efficiency of an individual Skip-Sideways unit.

To the best of our knowledge, Skip-Sideways is the first

alternative to backpropagation, more biologically plausible,

that is successfully used to train video models at scale.

2. Related Work

Pipelined training. We are inspired by recent works on

pipelining during inference [11] and training [26, 38]. In par-

ticular, Sideways [38] derives approximate backpropagation

rules by taking advantage of the smoothness of the input sig-

nal. Even though the authors show that training is possible

even with the mismatch between gradients and activations,

their method is unable to learn about scene dynamics during

training and inference, and has not yet been demonstrated

outside of small-scale settings. GPipe [26] is another train-

ing procedure that does exact backprop by splitting batches

into micro-batches, allowing more efficient training. How-

ever, it maintains a ‘bubble’ to ensure gradient correctness

(Figure 2 in [26]), hence it cannot use all the hardware re-

sources in parallel, it needs to store activations, still blocks

input frames, and due to the ‘bubble’ the performance is not

the same across all frames in the sequence.

Shortcut connections. Skip connections have become ubiq-

uitous design elements in modern neural networks [8, 9, 20,

21, 25, 45, 51, 53]. These modules were originally intro-

duced to improve training dynamics, by allowing layers to

learn residual representations w.r.t. their preceding layers.

This alleviates the modelling burden and results in better

propagation of gradients to shallower layers through short-

cut connections. Here, the skip connections do not only

shortcut between layers along depth, but also along time, by

sending activations forward in time [11, 36]. In this way, we

can turn frame-based models into spatio-temporal ones.

Alternatives to backpropagation (BP). Even though BP

is the most commonly used method for training neural net-

works, multiple works have shown its limitations. BP’s

biological plausibility is questionable [5, 6, 30, 35], as the

chain rule blocks computations during the forward and back-

ward passes and uses symmetric weights in both passes [41]

– this operating regime is unlikely to exist in biological sys-

tems. Moreover, this also results in high-latency and low

throughput in training and deployment of temporal mod-

els [11, 38], as it unnecessarily couples consecutive layers of

the neural network architecture, limiting model parallelism

and increasing both memory and energy consumption.

Various decoupling strategies [1, 2, 3, 4, 11, 14, 15, 27,

37, 38, 41, 42] deal with some shortcomings of BP, but are

often applied to visually simpler domains, or static images,

or require extra buffers, or investigate solely a biological

aspect. Here, we are interested in decoupling rules that work

well at scale and are applicable to temporally smooth input

signals such as videos, that have slowly varying features [62].

Spatio-temporal models. Spatio-temporal convolutional

neural networks (3D CNNs) [12, 18, 52, 55, 63] have be-

come popular recently, mostly due to their performance.

However, since they process the whole sequence at once,

they are unsuitable for real-time applications and are ex-

pensive for representing longer videos, as their memory

footprint and training latency grow with the length of the

sequence when trained with BP. Recurrent neural networks

(RNN) [16, 24, 34] aggregate information over time and

are more suitable for online and causal settings. How-

ever, the same memory and latency problems encountered

when training 3D CNNs with BP are also present here as

RNNs require costly backprop-through-time (BPTT) for

training [47, 57, 59]. BPTT scales linearly with the length of

the input signal and requires propagation of information for-

ward and backward in time. Likewise, causal 3D CNNs[43]

still uses costly BP training that has to be done offline. In

our work, we investigate the setting where: (1) models learn

in real-time, (2) with a direct access only to present data

frame, (3) the information (activations, gradients) is sent

only forward in time, (4) the training latency is low, and (5)

we can distribute and parallelize computations.

Recent works [5, 11, 22, 38] model temporal connec-

tivities between modules by connecting consecutive layers

at different time steps. Such a structure has implications

on learning representation [5, 22] and efficiency [11, 38]

as it allows depth-parallel computations of activations and

pseudo-gradients. Our work belongs to the latter category

and we leave learning representation as a future direction.

Forward propagation in time. Regular training of tempo-

ral models with BP or BPTT suffers from the timing prob-

lem. The common assumption is that the computation of

activations and gradients and their propagation are instan-

taneous [6, 38] – this is not physically possible. Real Time

Recurrent Learning (RTRL) [39, 40, 61] and Sideways [38]

attempt to mitigate this issue. RTRL computes correct gra-

dients in the forward mode. However, this approach scales

poorly for larger input signals as it requires costly high-rank

tensor computations. Sideways and our Skip-Sideways, on

the other hand, use approximate gradients in the derivations.
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3. Background

This section formalizes the learning problem and briefly

describes Sideways [38] – the method upon which we build.

Notation. We use the same notation as [38]. We denote input

temporal sequences by x = (x[t])Kt=1,x
[t] ∈ R

d and outputs

by y = (y[t])Kt=1,y
[t] ∈ R

dy . To compute Jacobians we use

the following notation. Let ∂hl

∂hl−1
(hl−1,θl) =

∂H(h,θ)
∂h

∣∣∣
h=h

be the Jacobian tensor of H(h, θ) with respect to the variable

h evaluated at h = h, θ = θ. Note that, we use bold fonts to

distinguish between formal and actual values of the variables.

We present complete notation in the supplementary material.

Real-time learning. We are mostly interested in efficient,

low-latency training, suitable for real-time applications.

Therefore, we propose the following real-time constraints

on our learning problem. We assume that the model has

no direct access to future data, i.e. causal setting, and

has limited direct access to its past inputs. That is, at

time-step t the learning problem is just as a function of

{(x[t−k],y[t−k]), . . . , (x[t],y[t])}. In this work, we only in-

vestigate the case with k = 0. Moreover, training needs

to also scale gracefully to longer sequences, so ideally the

memory consumption is independent of the inputs sequence

length, and the training does not block computations allow-

ing processing the stream of input data at sufficiently high

frame-rate without dropping or buffering input frames. In our

case, we use 25fps, which is common in video modelling.

Reverse and forward automatic differentiation. BP im-

plements reverse mode for gradient calculation. This

allows for efficient gradient calculations by keeping all

the tensors low-rank. More precisely, in the reverse

mode, we always combine low-rank gradients with higher-

rank Jacobian tensors yielding low-rank outputs. That

is, if ∇hl
l ∈ R

n and ∂hl

∂hl−1
(hl−1,θl) ∈ R

n2

, we have

∇hl
l ∂hl

∂hl−1
(hl−1,θl) ∈ R

n as opposed to the forward mode

∂hl

∂hl−1
(hl−1,θl)

∂hl+1

∂hl
(hl,θl+1) ∈ R

n2

implemented by

RTRL [61]. The downside of BP is that it has to store in mem-

ory the activations over time until the gradients/Jacobians

can be computed.

Sideways alters the chain rule of regular BP. It does so by

taking into account the passage of time to evaluate indi-

vidual components of the chain rule at different time steps.

The easiest way to think about it is through the compo-

sition of two functions. BP assumes the whole process

is instantaneous and, in practice, it blocks computations.

Therefore, if F = G ◦ H(x[1]), we have ∂f
∂x

(x[1]) =
∂g
∂h

(H(x[1])) · ∂h
∂x

(x[1]). In this way BP combines Jacobians

of the same input frame. In contrast, Sideways [38] avoids

blocking computations by combining Jacobians of different

input frames and computing approximate gradients; we will

refer to these approximate gradients as pseudo-gradients in

the following. For the composition above, Sideways com-

putes ∂f
∂x

(x[1]) = ∂g
∂h

(H(x[1])) · ∂h
∂x

(x[2]), so that two inputs

can be processed at the same time, and it approximates BP

if x[1] ≈ x[2]. Figure 1 (left) illustrates the idea. Note

that since there are no vertical arrows to introduce depen-

dencies, all the layers of the network can be executed in

parallel using an appropriate distributed hardware setting.

The error introduced by this scheme is difficult to formally

quantify. Sideways relies on the fact that the input sequences

are smooth and are sampled with a sufficiently high frame-

rate, which was empirically shown to hold for real videos

and hence validating Sideways. We assume the same here.

4. Skip-Sideways

Single-frame (2D) CNNs do not have access to motion

information other than perhaps through motion blur or se-

mantics. The same holds for Sideways1. This narrow tem-

poral receptive field motivates us to extend Sideways by

introducing shortcut connections. Figures 1 and 2 illustrate

the difference between Sideways and Skip-Sideways. We can

see that due to the temporal aggregation happening in the for-

ward propagation of both activations and pseudo-gradients

through the shortcut connections, individual units have indi-

rect access to more frames. Moreover, their receptive fields

increase linearly with the depth of the network, similarly

to 3D CNNs with stride 1 [12, 28, 54, 55]. We formalise

the forward propagation of activations and pseudo-gradients

with shortcut connections in the next paragraphs.

Forward-propagation of activations (FA). Skip-Sideways

has two types of connections: direct connections, similar

to Sideways depicted in Figure 2 with solid arrows, and

shortcut connections shown in Figure 2 right, with dotted

arrows. In this setting, one unit can receive information from

several shallower units, e.g., to pool activations from two

units, following formula is used:

γ
[t]
l = h

[t−1]
l−1 ⊕ τh

[t−1]
l−2 (1)

where ⊕ is a fusion operator (either addition or concate-

nation), and τ denotes the operation to match dimensions

between hl−1 ∈ R
dl−1 and hl−2 ∈ R

dl−2 , e.g., max-pool or

tile. We can also extend the notation above to k units, i.e.,

γ
[t]
l = h

[t−1]
l−1 ⊕ τh

[t−1]
l−2 ⊕ . . .⊕ τk−1h

[t−1]
l−k

where τ2 = τ◦τ and ◦ is composition. For the sake of clarity,

we keep our discussion constrained to two blocks only. Note

that Sideways uses a special case when γ
[t]
l = h

[t−1]
l−1 .

The choice of fusion operator ⊕ in Equation 1 subtly in-

fluences the training behaviour. Both addition and concatena-

tion are used in the literature, e.g., addition in ResNets [21],

1Note that, due to Sideways connectivity, the model does combine some

information from different frames by using Jacobians originating in different

frames within one training iteration (see Figure 1 left). However, this is a

weak form of integration and it happens only during the backprop phase.
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<latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit>

D
e

p
th

xt1
<latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit>

xt3
<latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit>

xt5
<latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit> xt7

<latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit>

xt9
<latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit><latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit><latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit><latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit>

xt8
<latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit><latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit><latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit><latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit>

xt10
<latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit><latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit><latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit><latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit>

yt1
<latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit>

Computation Time

xt2
<latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit>

xt4
<latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit>

xt6
<latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit>

D
e

p
th

Computation Time

xt1
<latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit>

xt3
<latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit>

xt5
<latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit> xt7

<latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit>

xt9
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Figure 1: Sideways (left) and our Skip-Sideways (right) unrolled over computation steps. The coloured squares indicate data

frames. Circles indicate neural modules inside Sideways or Skip-Sideways units. We exemplify a fragment that corresponds

to the forward pass from x[t1] (dotted arrows) along with the backward pass (solid arrows). In Skip-Sideways, green arrows

illustrate that the information is sent to different units in the next computation step. Red arrows illustrate how information

is integrated from different units in the previous computation step. Empty circles indicate units outside of the exemplified

fragment. Circles with a single colour indicate where the information has originated from. Circles with multiple colours

indicate how the information is combined together in the backward pass (we only exemplify a few such units). Individual

colours of these multi-coloured circles indicate where the information has originated from. For instance, combining ‘blue

gradient’ with ‘yellow activations’ yields ‘blue-yellow gradient’ (6th computation step and second-last unit). Circles with the

red border show the temporal receptive field of the top unit during the forward pass in Skip-Sideways. Best viewed in color.

and concatenation in U-NET [48]. Addition is a commuta-

tive operation which might prevent the network from differ-

entiating between activations coming from direct or shortcut

connections. Concatenation, on the other hand, does not

suffer from this ambiguity and allows the network to learn

appropriate weights to aggregate the information coming

from direct and shortcut connections, respectively. Note also

that concatenation is well suited to pool over units with differ-

ent numbers of channels as hl⊕hk ∈ R
dl
⊕

R
dk ∼= R

dl+dk

and therefore we do not need to perform extra operations

to match the channel dimension; this comes however with

an increase in the number of model parameters. We report

experiments and ablations for both fusion options.

Forward propagation of pseudo-gradients. To account

for the aggregation of activations through schortcut connec-

tions, we distribute pseudo-gradients using shortcut connec-

tions that mirror their counterparts. Figure 2 shows that a

single Sideways unit (red circle in the left figure) takes activa-

tions h
[t−1]
l−1 and pseudo-gradient ∇̃t−1

l l as inputs, combines

them, and outputs new activations h
[t]
l and pseudo-gradients

∇̃t
l−1l that are next sent towards the future computation steps

upwards and downwards, respectively.

In Skip-Sideways (Figure 2, right), we integrate activa-

tions from direct and shortcut connections, h
[t−1]
l−1 , τh

[t−1]
l−2

together with pseudo-gradients ∇̃t−1
hl

l and ∇̃t−1
τhl

l. Next, the

neural unit processes such information and redistributes acti-

vations through direct and shortcut connections, h
[t]
l and

τh
[t]
l , together with the corresponding pseudo-gradients,

∇̃t
hl−1

l and ∇̃t
τhl−2

l.

Using total derivative, we can write formally the forward

propagation of pseudo-gradients used in Skip-Sideways:

∇̃t
γl
l =

(
∇̃t−1

hl
l + ∇̃t−1

τhl
l
)
· ∂hl

∂γl
(h

[t−1]
l−1 ,h

[t−1]
l−2 ,θl)(2)

∇̃t
hl−1

l = ∇̃t
γl
l · ∂γl

∂hl−1
(h

[t−1]
l−1 ,h

[t−1]
l−2 ) (3)

∇̃t
τhl−2

l = ∇̃t
γl
l · ∂γl

∂hl−2
(h

[t−1]
l−1 ,h

[t−1]
l−2 ) (4)

∇̃t
θl
l =

(
∇̃t−1

hl
l + ∇̃t−1

τhl
l
)
· ∂hl

∂θl
(h

[t−1]
l−1 ,h

[t−1]
l−2 ,θl)(5)

where rules 3 and 4 ‘redistribute’ the pseudo-gradients dur-

ing their forward propagation.

Note that we deliberately define shortcut connections in

the way that the approximation comes only from the tempo-

ral misalignment between pseudo-gradients and Jacobians

also present in Sideways.

5. Experiments

Tasks and datasets. We show the benefits of using the pro-

posed setting Skip-Sideways over BP and Sideways using two

tasks: action recognition and future frame prediction, and on

three datasets: HMDB51 [31], UCF101 [50], and Kinetics-

600 (K600) [12]. In the action recognition task, a single

action, represented as a class, is present throughout an entire

video sequence, i.e., y[t] = y[t−1] for all t. In the future

frame prediction task, the ground truth output y[t] changes at

each time-step t. All videos have frame-rate of about 25fps,

so that they satisfy our assumptions regarding smoothness
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l − 1
<latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit>

l − 2
<latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit>

l + 1
<latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit>

l + 2
<latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit>

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

ht−1
l−1

<latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit>

ht
l<latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit>

t− 1
<latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit>

t+ 1
<latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit>

ert−1
hl

l
<latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit><latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit><latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit><latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit>

ert
hl−1

l
<latexit sha1_base64="lo1B/CYymVHL+4WL0+XxQymU4EE=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0DJoYxnBPCCJYXb2JhkyO7vM3FXCsh9g46/YWChi6wfY+TdOHoUmHhg4nHMud+7xYykMuu63k1taXlldy68XNja3tneKu3t1EyWaQ41HMtJNnxmQQkENBUpoxhpY6Eto+MOrsd+4B21EpG5xFEMnZH0leoIztFK3WGo/iABQyADStmK+ZNldilk3pYNuKk+8LJMFm3LL7gR0kXgzUiIzVLvFr3YQ8SQEhVwyY1qeG2MnZRoFl5AV2omBmPEh60PLUsVCMJ10ckxGj6wS0F6k7VNIJ+rviZSFxoxC3yZDhgMz743F/7xWgr2LTipUnCAoPl3USyTFiI6boYHQwFGOLGFcC/tXygdMM462v3EJ3vzJi6R+WvbcsndzVqpczurIkwNySI6JR85JhVyTKqkRTh7JM3klb86T8+K8Ox/TaM6ZzeyTP3A+fwA9UZuy</latexit><latexit sha1_base64="lo1B/CYymVHL+4WL0+XxQymU4EE=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0DJoYxnBPCCJYXb2JhkyO7vM3FXCsh9g46/YWChi6wfY+TdOHoUmHhg4nHMud+7xYykMuu63k1taXlldy68XNja3tneKu3t1EyWaQ41HMtJNnxmQQkENBUpoxhpY6Eto+MOrsd+4B21EpG5xFEMnZH0leoIztFK3WGo/iABQyADStmK+ZNldilk3pYNuKk+8LJMFm3LL7gR0kXgzUiIzVLvFr3YQ8SQEhVwyY1qeG2MnZRoFl5AV2omBmPEh60PLUsVCMJ10ckxGj6wS0F6k7VNIJ+rviZSFxoxC3yZDhgMz743F/7xWgr2LTipUnCAoPl3USyTFiI6boYHQwFGOLGFcC/tXygdMM462v3EJ3vzJi6R+WvbcsndzVqpczurIkwNySI6JR85JhVyTKqkRTh7JM3klb86T8+K8Ox/TaM6ZzeyTP3A+fwA9UZuy</latexit><latexit sha1_base64="lo1B/CYymVHL+4WL0+XxQymU4EE=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0DJoYxnBPCCJYXb2JhkyO7vM3FXCsh9g46/YWChi6wfY+TdOHoUmHhg4nHMud+7xYykMuu63k1taXlldy68XNja3tneKu3t1EyWaQ41HMtJNnxmQQkENBUpoxhpY6Eto+MOrsd+4B21EpG5xFEMnZH0leoIztFK3WGo/iABQyADStmK+ZNldilk3pYNuKk+8LJMFm3LL7gR0kXgzUiIzVLvFr3YQ8SQEhVwyY1qeG2MnZRoFl5AV2omBmPEh60PLUsVCMJ10ckxGj6wS0F6k7VNIJ+rviZSFxoxC3yZDhgMz743F/7xWgr2LTipUnCAoPl3USyTFiI6boYHQwFGOLGFcC/tXygdMM462v3EJ3vzJi6R+WvbcsndzVqpczurIkwNySI6JR85JhVyTKqkRTh7JM3klb86T8+K8Ox/TaM6ZzeyTP3A+fwA9UZuy</latexit><latexit sha1_base64="lo1B/CYymVHL+4WL0+XxQymU4EE=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0DJoYxnBPCCJYXb2JhkyO7vM3FXCsh9g46/YWChi6wfY+TdOHoUmHhg4nHMud+7xYykMuu63k1taXlldy68XNja3tneKu3t1EyWaQ41HMtJNnxmQQkENBUpoxhpY6Eto+MOrsd+4B21EpG5xFEMnZH0leoIztFK3WGo/iABQyADStmK+ZNldilk3pYNuKk+8LJMFm3LL7gR0kXgzUiIzVLvFr3YQ8SQEhVwyY1qeG2MnZRoFl5AV2omBmPEh60PLUsVCMJ10ckxGj6wS0F6k7VNIJ+rviZSFxoxC3yZDhgMz743F/7xWgr2LTipUnCAoPl3USyTFiI6boYHQwFGOLGFcC/tXygdMM462v3EJ3vzJi6R+WvbcsndzVqpczurIkwNySI6JR85JhVyTKqkRTh7JM3klb86T8+K8Ox/TaM6ZzeyTP3A+fwA9UZuy</latexit>

D
e

p
th

l
<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

l − 1
<latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit>

l − 2
<latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit>

l + 1
<latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit>

l + 2
<latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit>

t− 1
<latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit>

t+ 1
<latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit>

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

ht
l<latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit>

ht−1
l−1

<latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit>

τht−1
l−2

<latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit><latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit><latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit><latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit>

τht
l<latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit><latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit><latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit><latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit>

ert−1
hl

l
<latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit><latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit><latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit><latexit sha1_base64="2jq74Azac+NanIMjOT3APEJr5sY=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4r2A9oa9hspu3SzSbsTpQScvXiX/HiQRGv/gNv/hvTj4O2Phh4vDfDzDw/lsKg43xbhaXlldW14nppY3Nre8fe3WuYKNEc6jySkW75zIAUCuooUEIr1sBCX0LTH16N/eY9aCMidYujGLoh6yvRE5xhLnk27TyIAFDIANKOYr5k2V2KJ27mpQNPZrLk2WWn4kxAF4k7I2UyQ82zvzpBxJMQFHLJjGm7TozdlGkUXEJW6iQGYsaHrA/tnCoWgummk08yepQrAe1FOi+FdKL+nkhZaMwo9PPOkOHAzHtj8T+vnWDvopsKFScIik8X9RJJMaLjWGggNHCUo5wwrkV+K+UDphnHPLxxCO78y4ukcVpxnYp7c1auXs7iKJIDckiOiUvOSZVckxqpE04eyTN5JW/Wk/VivVsf09aCNZvZJ39gff4A+4iafA==</latexit>

ert−1
τhl

l
<latexit sha1_base64="jKe0getGVCM8WE+U7rVl+mRgzGw=">AAACEHicbVA9S8RAEN347fl1ammzeIg2HokIWh7aWCp4p3A5w2Qz5y1uNmF3ohwhP8HGv2JjoYitpZ3/xtxH4deDgcd7M8zMC1MlLbnupzMxOTU9Mzs3X1lYXFpeqa6utWySGYFNkajEXIZgUUmNTZKk8DI1CHGo8CK8OR74F7dorEz0OfVT7MRwrWVXCqBSCqrb/p2MkKSKMPc1hAqKq5x2vSLIfYKM94JcFYWqBNWaW3eH4H+JNyY1NsZpUP3wo0RkMWoSCqxte25KnRwMSaGwqPiZxRTEDVxju6QaYrSdfPhQwbdKJeLdxJSliQ/V7xM5xNb247DsjIF69rc3EP/z2hl1Dzu51GlGqMVoUTdTnBI+SIdH0qAg1S8JCCPLW7nogQFBZYaDELzfL/8lrb2659a9s/1a42gcxxzbYJtsh3nsgDXYCTtlTSbYPXtkz+zFeXCenFfnbdQ64Yxn1tkPOO9ficOdgA==</latexit><latexit sha1_base64="jKe0getGVCM8WE+U7rVl+mRgzGw=">AAACEHicbVA9S8RAEN347fl1ammzeIg2HokIWh7aWCp4p3A5w2Qz5y1uNmF3ohwhP8HGv2JjoYitpZ3/xtxH4deDgcd7M8zMC1MlLbnupzMxOTU9Mzs3X1lYXFpeqa6utWySGYFNkajEXIZgUUmNTZKk8DI1CHGo8CK8OR74F7dorEz0OfVT7MRwrWVXCqBSCqrb/p2MkKSKMPc1hAqKq5x2vSLIfYKM94JcFYWqBNWaW3eH4H+JNyY1NsZpUP3wo0RkMWoSCqxte25KnRwMSaGwqPiZxRTEDVxju6QaYrSdfPhQwbdKJeLdxJSliQ/V7xM5xNb247DsjIF69rc3EP/z2hl1Dzu51GlGqMVoUTdTnBI+SIdH0qAg1S8JCCPLW7nogQFBZYaDELzfL/8lrb2659a9s/1a42gcxxzbYJtsh3nsgDXYCTtlTSbYPXtkz+zFeXCenFfnbdQ64Yxn1tkPOO9ficOdgA==</latexit><latexit sha1_base64="jKe0getGVCM8WE+U7rVl+mRgzGw=">AAACEHicbVA9S8RAEN347fl1ammzeIg2HokIWh7aWCp4p3A5w2Qz5y1uNmF3ohwhP8HGv2JjoYitpZ3/xtxH4deDgcd7M8zMC1MlLbnupzMxOTU9Mzs3X1lYXFpeqa6utWySGYFNkajEXIZgUUmNTZKk8DI1CHGo8CK8OR74F7dorEz0OfVT7MRwrWVXCqBSCqrb/p2MkKSKMPc1hAqKq5x2vSLIfYKM94JcFYWqBNWaW3eH4H+JNyY1NsZpUP3wo0RkMWoSCqxte25KnRwMSaGwqPiZxRTEDVxju6QaYrSdfPhQwbdKJeLdxJSliQ/V7xM5xNb247DsjIF69rc3EP/z2hl1Dzu51GlGqMVoUTdTnBI+SIdH0qAg1S8JCCPLW7nogQFBZYaDELzfL/8lrb2659a9s/1a42gcxxzbYJtsh3nsgDXYCTtlTSbYPXtkz+zFeXCenFfnbdQ64Yxn1tkPOO9ficOdgA==</latexit><latexit sha1_base64="jKe0getGVCM8WE+U7rVl+mRgzGw=">AAACEHicbVA9S8RAEN347fl1ammzeIg2HokIWh7aWCp4p3A5w2Qz5y1uNmF3ohwhP8HGv2JjoYitpZ3/xtxH4deDgcd7M8zMC1MlLbnupzMxOTU9Mzs3X1lYXFpeqa6utWySGYFNkajEXIZgUUmNTZKk8DI1CHGo8CK8OR74F7dorEz0OfVT7MRwrWVXCqBSCqrb/p2MkKSKMPc1hAqKq5x2vSLIfYKM94JcFYWqBNWaW3eH4H+JNyY1NsZpUP3wo0RkMWoSCqxte25KnRwMSaGwqPiZxRTEDVxju6QaYrSdfPhQwbdKJeLdxJSliQ/V7xM5xNb247DsjIF69rc3EP/z2hl1Dzu51GlGqMVoUTdTnBI+SIdH0qAg1S8JCCPLW7nogQFBZYaDELzfL/8lrb2659a9s/1a42gcxxzbYJtsh3nsgDXYCTtlTSbYPXtkz+zFeXCenFfnbdQ64Yxn1tkPOO9ficOdgA==</latexit>

ert
τhl−2

l
<latexit sha1_base64="x7+5lVz4rN2VBETE4w6O9IsTS4M=">AAACEHicbVBNS8NAEN34bf2qevSyWEQvlqQIehS9eKxgq9DUMNlM7eJmE3YnSgn5CV78K148KOLVozf/jWntwa8HA4/3ZpiZF6ZKWnLdD2dicmp6ZnZuvrKwuLS8Ul1da9skMwJbIlGJuQjBopIaWyRJ4UVqEOJQ4Xl4fTz0z2/QWJnoMxqk2I3hSsueFEClFFS3/VsZIUkVYe5rCBUUlzkVQe4TZLwf5Gq3URSqElRrbt0dgf8l3pjU2BjNoPruR4nIYtQkFFjb8dyUujkYkkJhUfEziymIa7jCTkk1xGi7+eihgm+VSsR7iSlLEx+p3ydyiK0dxGHZGQP17W9vKP7ndTLqHXRzqdOMUIuvRb1McUr4MB0eSYOC1KAkIIwsb+WiDwYElRkOQ/B+v/yXtBt1z617p3u1w6NxHHNsg22yHeaxfXbITliTtZhgd+yBPbFn5955dF6c16/WCWc8s85+wHn7BJB5nYE=</latexit><latexit sha1_base64="x7+5lVz4rN2VBETE4w6O9IsTS4M=">AAACEHicbVBNS8NAEN34bf2qevSyWEQvlqQIehS9eKxgq9DUMNlM7eJmE3YnSgn5CV78K148KOLVozf/jWntwa8HA4/3ZpiZF6ZKWnLdD2dicmp6ZnZuvrKwuLS8Ul1da9skMwJbIlGJuQjBopIaWyRJ4UVqEOJQ4Xl4fTz0z2/QWJnoMxqk2I3hSsueFEClFFS3/VsZIUkVYe5rCBUUlzkVQe4TZLwf5Gq3URSqElRrbt0dgf8l3pjU2BjNoPruR4nIYtQkFFjb8dyUujkYkkJhUfEziymIa7jCTkk1xGi7+eihgm+VSsR7iSlLEx+p3ydyiK0dxGHZGQP17W9vKP7ndTLqHXRzqdOMUIuvRb1McUr4MB0eSYOC1KAkIIwsb+WiDwYElRkOQ/B+v/yXtBt1z617p3u1w6NxHHNsg22yHeaxfXbITliTtZhgd+yBPbFn5955dF6c16/WCWc8s85+wHn7BJB5nYE=</latexit><latexit sha1_base64="x7+5lVz4rN2VBETE4w6O9IsTS4M=">AAACEHicbVBNS8NAEN34bf2qevSyWEQvlqQIehS9eKxgq9DUMNlM7eJmE3YnSgn5CV78K148KOLVozf/jWntwa8HA4/3ZpiZF6ZKWnLdD2dicmp6ZnZuvrKwuLS8Ul1da9skMwJbIlGJuQjBopIaWyRJ4UVqEOJQ4Xl4fTz0z2/QWJnoMxqk2I3hSsueFEClFFS3/VsZIUkVYe5rCBUUlzkVQe4TZLwf5Gq3URSqElRrbt0dgf8l3pjU2BjNoPruR4nIYtQkFFjb8dyUujkYkkJhUfEziymIa7jCTkk1xGi7+eihgm+VSsR7iSlLEx+p3ydyiK0dxGHZGQP17W9vKP7ndTLqHXRzqdOMUIuvRb1McUr4MB0eSYOC1KAkIIwsb+WiDwYElRkOQ/B+v/yXtBt1z617p3u1w6NxHHNsg22yHeaxfXbITliTtZhgd+yBPbFn5955dF6c16/WCWc8s85+wHn7BJB5nYE=</latexit><latexit sha1_base64="x7+5lVz4rN2VBETE4w6O9IsTS4M=">AAACEHicbVBNS8NAEN34bf2qevSyWEQvlqQIehS9eKxgq9DUMNlM7eJmE3YnSgn5CV78K148KOLVozf/jWntwa8HA4/3ZpiZF6ZKWnLdD2dicmp6ZnZuvrKwuLS8Ul1da9skMwJbIlGJuQjBopIaWyRJ4UVqEOJQ4Xl4fTz0z2/QWJnoMxqk2I3hSsueFEClFFS3/VsZIUkVYe5rCBUUlzkVQe4TZLwf5Gq3URSqElRrbt0dgf8l3pjU2BjNoPruR4nIYtQkFFjb8dyUujkYkkJhUfEziymIa7jCTkk1xGi7+eihgm+VSsR7iSlLEx+p3ydyiK0dxGHZGQP17W9vKP7ndTLqHXRzqdOMUIuvRb1McUr4MB0eSYOC1KAkIIwsb+WiDwYElRkOQ/B+v/yXtBt1z617p3u1w6NxHHNsg22yHeaxfXbITliTtZhgd+yBPbFn5955dF6c16/WCWc8s85+wHn7BJB5nYE=</latexit>

ert
hl−1

l
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Figure 2: Illustration of the data flow of Sideways (left) and Skip-Sideways (right). The red circle in the center represents

a single unit. It takes activations and pseudo-gradients from the previous step as inputs, processes them, and sends new

activations and pseudo-gradients to the next computation step.

and slowly varying features. HMDB51 and UCF101 are

used in Sideways, so for comparison, we use these same

datasets in our ablation studies. To showcase our method

Skip-Sideways in large-scale settings, we use Kinetics-600

dataset. We use resolutions 112 × 112 and 224 × 224 and

train on 64 frames for HMDB51, UCF101, and on 32 frames

for K600, with standard input augmentation [12].

As we are interested in an alternative to BP that is more

scalable and suitable for video modeling, we train all the

models from scratch; using features pre-trained with stan-

dard BP would defeat the goal of the study. Better results

are reported in the literature, but those works use non-causal

settings, or use extra features such as flow, extra modali-

ties, different backbones, or various pre-training techniques.

These directions are orthogonal to our work, where we in-

vestigate alternatives to BP on temporal sequences, in the

real-time setting, with no access to future frames.

Distributed setup. For our experiments, we use a dis-

tributed hardware with 8 devices, and we split the network

modules among these available devices. As visual back-

bones in Sideways, Skip-Sideways, and in baselines trained

with standard BP, we use VGG8 [49] for the HMDB51 and

UCF101 experiments to have direct comparison with Side-

ways, and a deeper VGG16 for the Kinetics-600 (K600)

experiments. VGG8, having 8 modules, runs as a fully-

parallel model when distributed on our hardware, whereas

for VGG16, we assign pairs of consecutive modules to every

device. The computation for the modules on the same device

happens in sequence using regular BP, and the Skip-Sideways

direct and shortcuts connections are applied between devices.

We provide more details about the experimental setting in

the supplementary material.

Baselines. We have implemented multiple baselines for our

experiments. First, we re-implemented causal 3D VGG16

based on [43]. This baseline is close to our Skip-Sideways as

it does not see future frames and it is capable of extracting

temporal features. However, it is trained with regular BP.

As results for Sideways on large-scale datasets like

Kinetics-600 are not reported in the literature, we have re-

implemented Sideways. We have obtained slightly better

results than those reported in the original paper [38]. We

include the results from our implementation throughout this

section.

For comparison with existing works in terms of hard-

ware efficiency, we also implemented a video model using

GPipe-style training [26]. We provide the details of the

implementation in the supplementary material.

For the reconstruction task, we use a simple 16-layer

deep convolutional model, without pooling or striding, hence

maintaining full-resolution throughout the depth of the

model; we denote this model as Full-Res. We depart from

the traditional encoder-decoder design for two main rea-

sons. First, we hypothesize that preserving higher spatial

resolution is important for a dense prediction task like re-

construction. Second, and more interesting in the context

of our work, even though typically such a design decision

would lead to prohibitively expensive (memory- or speed-

wise) training, we can readily afford to train such models

by distributing Skip-Sideways units to different devices, us-

ing the distributed hardware efficiently. We include further

details of the architecture in the supplementary material.

5.1. Results

Skip-Sideways vs Sideways. Table 1 shows our main results

comparing our proposed Skip-Sideways to Sideways [38].

Skip-Sideways significantly improves over Sideways, about

4, 2, and 6 per cent points (pp) respectively, showing the

benefit of the temporal integration of information.
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HMDB51 UCF101 K600

Sideways [38] 27.3 62.5 55.7

Skip-Sideways 31.4 64.5 61.8

Table 1: Skip-Sideways vs Sideways [38] on HMDB51,

UCF101, and Kinetics-600 (K600); resolution 112 × 112.

We use VGG8 for HMDB51 and UCF101, and VGG16 for

K600. We report accuracy in %. Skip-Sideways uses con-

catenation as aggregation operator.

Ablation Fusion HMDB51 UCF101

Sideways [38] - 27.3 62.5

Skip-Sideways add 29.6 62.8

Skip-Sideways concat 31.4 64.5

FA-Skip-Sideways concat 29.7 61.9

Table 2: Ablations on HMDB51, UCF101; resolution 112×
112. We use VGG8 for HMDB51 and UCF101. We use

addition (add) or concatenation (concat) operator to integrate

activations. We report accuracy in %.

Ablation HMDB51 UCF101

reg. wide reg. wide

Sideways [38] 27.3 27.8 62.5 64.6

Skip-Sideways 31.4 31.5 64.5 66.0

Table 3: Regular vs. wide models trained with Sideways

or Skip-Sideways. Wide Sideways has the same number

of parameters as Skip-Sideways. Accuracy of the latter is

superior (27.8 vs 31.4). We report accuracy in %.

Training 256 frames

Sideways + VGG16 40

Skip-Sideways + VGG16 40

BP + 3D VGG16 -

BP + 3D VGG16 (Remat) 1

Table 4: The largest batch-size that can be fit into a single

GPU under the same setting, for different training schemes.

Fitting a batch-size 1 for 3D VGG16 results in out-of-

memory (OOM) error. (Remat) uses rematerialization [32].

Ablations. Our ablation studies justify different design

choices used in Skip-Sideways and compare the results with

Sideways in Table 2.

As the first analysis, we investigate the effect of using

shortcut connections only in the forward pass to aggregate

activations, without distributing the pseudo-gradients as de-

tailed in Section 4. We report the results in Table 2, 4th

row, FA-Skip-Sideways. Although FA-Skip-Sideways im-

proves the results slightly over Sideways, re-distributing

the pseudo-gradients as proposed in our full Skip-Sideways

brings considerable additional improvement.

The choice of fusion operator is important, with a clear

preference towards concatenation, i.e., Skip-Sideways with

concatenation outperforms the Sideways baseline by about 4
and 2 per cent points (pp), respectively, and on K600 by 6
pp (see Table 1).

To rule out that the increased performance of Skip-

Sideways with concatenation is due to the larger number

of parameters rather than the temporal integration of infor-

mation, we run experiments with wider VGG8, so that this

wider VGG8 and Skip-Sideways with concatenation have

similar number of parameters. We report these results in

Table 3. For HMDB51, we can see larger improvement by

3.6pp by adding shortcut connections than merely by adding

more parameters. The results are less clear for UCF101

where models benefit from more parameters. Nonetheless,

in both cases, training with Skip-Sideways significantly im-

proves the results over Sideways.

Stability. Similar to the original Sideways paper [38], we

study the training stability with respect to the input frame-

rate, learning rate, and the number of video cuts (‘montage’).

We have found that Skip-Sideways training is slightly more

stable than Sideways. Interestingly, lower input frame-rate

affects less the Skip-Sideways performance compared to

Sideways, which collapses when the frame rate drops. This

robustness shows the benefit of faster data paths obtained

through shortcut connections. More details on this analy-

sis are included in the supplementary material (‘Stability’),

where we also show that the method converges for lower

learning rates under reasonable smoothness assumptions.

Memory consumption. Our training scheme significantly

reduces memory consumption compared to the standard BP

training. This is because Skip-Sideways is a temporal train-

ing scheme that forward-propagates all the information (ac-

tivations and pseudo-gradients), without the need to store

activations throughout the sequence length like in BPTT.

To illustrate this behaviour, we have trained 3D VGG16

(with BP), Sideways, and Skip-Sideways, and we measured

the maximal possible batch-size on a single Quadro P5000

(16GB) in all three settings, for the same sequence length.

Table 4 shows that Sideways and Skip-Sideways training

allows for much larger batches, whereas BP training has

resulted in out-of-memory error. This result opens the door

to dealing with long videos, beyond the commonly used

2-3 second clips, or to methods that need very large batches

such as contrastive methods [13], or alternative and more

expensive architectural designs such as Full-Res. Note that

Skip-Sideways has a memory usage similar to Sideways even

though, advantageously, the former has a temporal receptive
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field growing linearly with the number of Skip-Sideways

units, whereas the Sideways’s temporal receptive field is one.

Speedup. Besides the important memory savings, another

important practical advantage of our proposed training mech-

anism is the increased speedup obtained due to model par-

allelism. Table 5 shows our results where we distribute

each Skip-Sideways unit on a different device (with 8 de-

vices in total). We compare Skip-Sideways with the regular

BP (running on a single device2) and its distributed version,

GPipe [26], running on 8 devices. The number of steps per

second reported in Table 5 represent the number of whole

training iterations per second, including: fetching data3, for-

ward and backward passes, and weight updates. As we can

see, Skip-Sideways is almost three times faster than the reg-

ular BP training and about two times faster than GPipe. It

is also the only one that satisfies our real-time requirements

(Section 3) as it can process frames at 25fps, it is causal,

and is independent of the sequence length, being able to

scale to potentially infinite sequences. Moreover, we also

compare our model parallelism with batch parellelism (the

last two rows in Table 5), where we train the network with

total batch-size 8 distributed among eight devices. Note

that these parallelism schemes are complementary and Skip-

Sideways can also be used with batch-parallelism. In the

supplementary material we provide more results.

Skip-Sideways vs BP. In Table 6, we compare VGG16

trained with Skip-Sideways to other models trained with

BP. Since Skip-Sideways is a causal model, for fair compari-

son, we have implemented a causal equivalent of 3D VGG16

and trained it with BP. First, we can see that there is little

difference between I3D [10, 12], an established model for

action recognition, and a 3D CNN with the VGG16 back-

bone [49] that we denote as 3D VGG16 (see 1st and 2nd

rows). Hence using 3D VGG16 for action recognition is a

sensible choice. Next, we can observe that there is a signifi-

cant decrease in accuracy when transforming the 3D VGG16

into a causal one (1st and 3rd rows). Our Skip-Sideways (last

row) outperforms the causal 3D VGG16 showing that it is a

valid and competitive training mechanism, while being real-

time. We have also found that using another visual backbone

(InceptionNet) gives similar results to VGG16.

Note that the state-of-the-art results on Kinetics-600 are

about 83% [17, 44]. As mentioned above, these results are

generally obtained using various mechanisms that are orthog-

onal to our work. Here, we use standard visual backbones

and focus on alternative to BP training that satisfies real-time

requirements and is more scalable.

Future frame prediction. Future frame prediction is our

second task. Figure 3 shows results when training models

2Note that, because of the dependencies between layers, even if we

distribute BP training on different devices, the results would be slower due

to communication overhead.
3Our asynchronous data fetching has a negligible cost.

steps

sec
Devices

Skip-Sideways + VGG16 2.3 1

Skip-Sideways + VGG16 3.6 2

Skip-Sideways + VGG16 7.2 8

GPipe [26] + VGG16 4.2 8

BP + 3D VGG16 1.9 1

BP + 3D VGG16 (Remat) 1.5 1

BP + Causal 3D VGG16 2.4 1

BP + I3D [12] 2.9 1

BP + 3D VGG16 (Batch-paral.) 5.5 8

BP + I3D (Batch-paral.) 6.5 8

Table 5: Speed comparisons of various training strategies and

architectures in number of steps per second. Column devices

indicates the number of parallel devices used for distributed

training. All models use K600, 32 frames, resolution 224×
224, and batch-size 8. (Remat) denotes rematerialization

[32]. The last two rows are exceptions and use batch-size 1

per device. We use space-to-depth transformation.

with Sideways, Skip-Sideways. As expected, motion is a

powerful cue to predict future video frames, and thereof our

Skip-Sideways training significantly outperforms Sideways

training in terms of L2-loss (Table 7). We can observe that

Sideways produces blurry video frames, as it is unable to

extract motion futures to reduce uncertainty over where the

pixels will be moving in future frames. On the contrary, the

predictions obtained with Skip-Sideways are much sharper.

Kinetics-600 Backbone Causal Accuracy

BP 3D VGG16 N 72.3
BP I3D [10, 12] N 71.9
BP Causal 3D VGG16 Y 64.2
Skip-Sideways VGG16 Y 67.3

Table 6: Results on Kinetics-600. We use resolution 224×
224 and total batch-size 256 in our experiments.

Kinetics-600 L2-Error

Sideways [38] 0.107

Skip-Sideways 0.073

BP -

Table 7: Results of Full-Res on Kinetics-600, trained with

batch size 64, 112×112, to predict future frames at time-step

t + 8, given the frames up to time-step t. We report pixel

error as L2-norm. Training with BP in this configuration

results in out-of-memory (OOM) error.
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Figure 3: Qualitative results for two video sequences from the validation fold of Kinetics-600, where the models need to

generate the frame at step t+8 into future given frames up to t. From top to bottom: input frames, ground-truth output frames,

predictions of Full-Res trained with Sideways, predictions of Full-Res trained with Skip-Sideways. We can observe that the

predictions of the model trained with Sideways are blurry and semantically similar to inputs, indicating that the model lags

behind. On the contrary, the predictions of the model trained with Skip-Sideways are sharper and semantically closer to the

ground-truth output frames. We use resolution 224× 224.

6. Conclusion

Alternatives to regular training based on backprop face

many challenges as most of the existing frameworks and

hardware systems are developed to optimise training based

on backprop. Yet, even with all the existing optimisations,

regular backprop has limitations as it does not scale up with

the sequence length. It keeps large buffers of activations

or gradients, and couples consecutive layers of the network,

which blocks model parallelism along the depth of the model.

These result in high latency systems, which may be unsuit-

able for real-time vision. In this work, we show that there

are possible alternatives to backprop that reduce coupling be-

tween layers, decrease latency, allow for depth-parallelism,

and can integrate information temporally, to obtain accuracy

comparable to standard 3D CNNs. Our work is the first to

showcase an alternative to backprop at scale and we hope

that we will inspire further research into hardware archi-

tectures and software implementations that go beyond the

standard backprop paradigm. As future work, we will inves-

tigate different architecture designs, mechanisms to augment

the proposed Skip-Sideways with long-term memory capabil-

ities [24], and investigate similar mechanisms for learning

better representations.
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