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Lecture 2: How to train a neural net

6.7960 Deep Learning Fall 2024

Speaker: Sara Beery

https://phillipi.github.io/6.7960
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Announcements

• Pset 1 out — due 9/24 

• OH starting this week, see webpage for locations and times 

• Pytorch tutorials this week
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2. How to train a neural net

• Review of gradient descent, SGD 

• Computation graphs 

• Backprop through chains 

• Backprop through MLPs 

• Backprop through DAGs 

• Differentiable programming
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Gradient Descent
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• What’s the knowledge we have about J?

–We can evaluate

–We can evaluate           and      

–We can evaluate           ,               , and     

Optimization

✓⇤ = argmin
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Gradient Descent
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Gradient Descent

learning rate

One iteration of gradient descent:

i
i

i
i

i
i

i
i

124 Chapter 10

In the simplest setting, called zeroth-order optimization, the update function only gets
to observe the value J(✓). The only way, then, to find ✓’s that minimize the loss is to sample
different values for ✓ and move toward the values that are lower.

For gradient-based optimization, also called first-order optimization, the update func-
tion takes as input the gradient of the cost with respect to the parameters at the current
operating point,r✓J(✓). This reveals hugely useful information about the loss that directly
tells us how to minimize it: just move in the direction of steepest descent, that is, the
gradient direction.

Higher-order optimization methods observe higher-order derivatives of the loss, such as
the Hessian H, which tells you how the landscape is locally curving. The Hessian is costly
to compute but many methods use approximations to the Hessian, or other properties related
to loss curvature, and these are growing in popularity [320, 134].

10.3 Basic Gradient Descent
The simplest version of gradient descent just takes a step in the gradient direction of length
proportional to the gradient magnitude. This algorithm is described in algorithm 10.1.

Algorithm 10.1: Gradient descent (GD).
Algorithm 10.1:

Optimizing a cost function
J : ✓!R by descending

the gradient r✓J.

1 Input: objective function J, initial parameter vector ✓
0, learning rate ⌘, number of

steps K
2 Output: trained parameter vector ✓

⇤ = ✓
K

3 for k = 0, . . . , K – 1 do
4 ✓

k+1
✓

k – ⌘r✓J(✓k)

This algorithm has two hyperparameters, the learning rate ⌘, which controls the step
size (learning rate times gradient magnitude), and the number of steps K. If the learning
rate is sufficiently small and the initial parameter vector ✓

0 is random, then this algorithm
will almost surely converge to a local minimum of J as K!1 [288]. However, to descend
more quickly, it can be useful to set the learning rate to a higher value.

10.4 Learning Rate Schedules
A generally useful strategy is to start with a high value for ⌘ and then decay it until conver-
gence according to a learning rate schedule. Researchers have come up with innumerable
schedules and they generally work by calling some function lr(⌘0, k) to get the learning
rate on each iteration of descent:

⌘
k = lr(⌘0, k) (10.2)
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• Want to minimize overall loss function J, which is sum of individual losses over each
example. 

• In Stochastic gradient descent, compute gradient on sub-set (batch) of data.

• If batchsize=1 then θ is updated after each example.

• If batchsize=N (full set) then this is standard gradient descent.

• Gradient direction is noisy, relative to average over all examples (standard gradient descent).

• Advantages

• Faster: approximates total gradient with small sample

• Implicit regularizer

• Disadvantages

• High variance, unstable updates

Stochastic Gradient Descent (SGD)
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• A heavy ball rolling down a hill, gains speed.

• Gradient steps biased to continue in direction of previous update:

Momentum

• Can help or hurt. Strength of momentum is a hyperparam.

i
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i
i

i
i

i
i

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

Algorithm 1.3: GD+momentum.
Algorithm 1.3: Gradient
descent with momentum. 1 Input: objective function J, initial parameter vector ✓0, learning rate ⌘, momentum

µ, number of steps K

2 Output: trained parameter vector ✓⇤ = ✓K

3 v0 =0
4 for k = 0, . . . , K – 1 do

5 vk+1 = µvk – ⌘r✓J(✓k)
6 ✓k+1 ✓k +vk+1

Figure 1.2: (left) A
simple loss function

J = abs(✓). (right)
Optimization trajec-

tory for three different
settings of momentum µ.

White line indicates value
of the parameter at each

iteration of optimization,
starting at top and

progressing to bottom.
Color is value of the loss.
Red dot is location where

loss first reaches within
0.01 of optimal value.

It is also possible to come up with other kinds of momentum, which bias the update
direction based on some accumulated information from previous updates. Two popular
alternatives, which you can read up on elsewhere, are Nesterov’s accelerated gradient [7]
and Adam [3].

1.6 What Kinds of Functions Can Be Minimized with

Gradient Descent?

What if a function is not differentiable? Can we still use gradient descent? Sometimes! The
property we need is that we can get a meaningful signal as to how to perturb the function’s
parameters in order to reduce the loss. This property is not the same as differentiability
defined in math textbooks. A function may be differentiable but not give useful gradients
(e.g., if the gradient is zero everywhere), and a function may be nondifferentiable (at certain
points) but still allow for meaningful gradient-based updates (e.g., a relu).

Figure 1.3 gives examples of different types of functions being minimized with gradient
descent. Figures 1.3(b) and 1.3(c) are cases where the function is discontinuous, and the
analytical derivative is undefined at the discontinuity. Surprisingly, in figure 1.3(b), this is
not a problem for gradient descent. This is because the gradient descent algorithm we are
using here (the one used by Pytorch [8]) uses a one-sided derivative at the discontinuity,
that is, the gradient an infinitesimal step away from the discontinuouity in a fixed arbitrary
direction. Under the hood, for each atomic discontinuous operation, Pytorch requires that

10



https://distill.pub/2017/momentum/

Courtesy of Gabriel Goh, 2017. License: CC-BY.
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Which are differentiable?
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<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>
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<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>
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<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>
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<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

✓
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12



Which are have defined gradients in pytorch?

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

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

J
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J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

13



Which will be hard to optimize?

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

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

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>Exploding gradient

Vanishing gradient

Vanishing gradient

Local minima
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J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>

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

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

Simple case: 
• Convex
• Single minimum
• Gradients point toward it

everywhere
• Gradient gracefully goes to zero

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

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

Discontinuous:  
• But well-defined one-sided

derivatives
• Not a problem for Pytorch
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J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>
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<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>

Vanishing gradient:  
• progress is slow, noise may

dominate
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J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>

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

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

Zero gradient:  
• Gradient is completely

uninformative as to how to make
progress

• Low loss region is never reached
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J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>
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✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>

Exploding gradient:  
• Gradient goes to infinity as

minimizer is approached
• Unstable updates, overshoots
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J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>

J
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Multiple local minima: 
• Where you initialize matters
• Gradient descent does not

guarantee reaching global
minimizer

• Reaches a local minimizer
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• Gradient-like: finds a locally loss-minimizing direction in parameter space

• Sample small perturbations of θ and move toward perturbations that
achieved lower loss

Evolution Strategies
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Finally, figure 10.3(f) shows one more problematic case: when there are multiple minima,
gradient descent can get stuck in a suboptimal minimum. Which minimum we arrive at will
depend on where we initialized x.

10.6.1 Gradient-Like Optimization for Functions without Good
Gradients

What about minimizing functions like figure 10.3(d), where the gradient is zero almost
everywhere? This is a case where gradient descent truly struggles. However, it is often
possible to transform such a problem into one that can be treated with gradient descent.
Remember that the key property of a gradient, from the perspective of optimization, is that
it is a locally loss-minimizing direction in parameter space. Most gradient-based optimiz-
ers don’t really need true gradients; instead their update functions are compatible with a
broader family of local loss-minimizing directions, v.

Besides the true gradient, what are some other good choices for v? One common idea
is to set v to be the gradient of a surrogate loss function, which is a function, Jsurr, with
meaningful (non-zero) gradients, that approximates J. An example might be a smoothed
version of J. Another way to get v is to compute it by sampling perturbations of ✓, and
seeing which perturbation leads to lower loss. In this strategy, we evaluate J(✓ + ✏) for a set
of perturbations ✏, then move toward the ✏’s that decreased the loss. Approaches of this kind
are sometimes called evolution strategies [47, 421], and a basic version of this algorithm
is given in algorithm 10.4:

Algorithm 10.4: Evolution strategies (ES).
Algorithm 10.4:

Optimizing a cost function
J : ✓!R by evolution

strategies, i.e., sampling
different values for ✓ and

taking a step toward the
values that work best.

1 Input: objective function J, initial parameter vector ✓
0, learning rate ⌘, sampling

standard deviation �, number of samples M, number of steps K
2 Output: trained parameter vector ✓

⇤ = ✓
K

3 for k = 0, . . . , K – 1 do
4 for i = 1, . . . , M do
5 ✏i⇠N (0, I)
6 si = J(✓ + �✏i)

7 ✓
k+1

✓
k – ⌘

1
�M

PM
i=1 si✏i

As shown in figure 10.4, this algorithm can successfully minimize the function in
figure 10.3(c).

Figure 10.4: Using
ES (algorithm 10.4) to
minimize a nondiffer-

entiable (zero-gradient)
loss, using � = 1,

M = 10, and ⌘ = 0.02.
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Finally, figure 10.3(f) shows one more problematic case: when there are multiple minima,
gradient descent can get stuck in a suboptimal minimum. Which minimum we arrive at will
depend on where we initialized x.

10.6.1 Gradient-Like Optimization for Functions without Good
Gradients

What about minimizing functions like figure 10.3(d), where the gradient is zero almost
everywhere? This is a case where gradient descent truly struggles. However, it is often
possible to transform such a problem into one that can be treated with gradient descent.
Remember that the key property of a gradient, from the perspective of optimization, is that
it is a locally loss-minimizing direction in parameter space. Most gradient-based optimiz-
ers don’t really need true gradients; instead their update functions are compatible with a
broader family of local loss-minimizing directions, v.

Besides the true gradient, what are some other good choices for v? One common idea
is to set v to be the gradient of a surrogate loss function, which is a function, Jsurr, with
meaningful (non-zero) gradients, that approximates J. An example might be a smoothed
version of J. Another way to get v is to compute it by sampling perturbations of ✓, and
seeing which perturbation leads to lower loss. In this strategy, we evaluate J(✓ + ✏) for a set
of perturbations ✏, then move toward the ✏’s that decreased the loss. Approaches of this kind
are sometimes called evolution strategies [47, 421], and a basic version of this algorithm
is given in algorithm 10.4:

Algorithm 10.4: Evolution strategies (ES).
Algorithm 10.4:

Optimizing a cost function
J : ✓!R by evolution

strategies, i.e., sampling
different values for ✓ and

taking a step toward the
values that work best.

1 Input: objective function J, initial parameter vector ✓
0, learning rate ⌘, sampling

standard deviation �, number of samples M, number of steps K
2 Output: trained parameter vector ✓

⇤ = ✓
K

3 for k = 0, . . . , K – 1 do
4 for i = 1, . . . , M do
5 ✏i⇠N (0, I)
6 si = J(✓ + �✏i)

7 ✓
k+1

✓
k – ⌘

1
M

PM
i=1 si✏i

As shown in figure 10.4, this algorithm can successfully minimize the function in
figure 10.3(c).

Figure 10.4: Using
ES (algorithm 10.4) to
minimize a nondiffer-

entiable (zero-gradient)
loss, using � = 1,

M = 10, and ⌘ = 0.02.
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✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>

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

Successfully minimizes this function:
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10.6.2 Gradient Clipping
What about figure 10.3(e), where the gradient explodes near the optimum? Is there anything
we can do to improve optimization of this function? To combat exploding gradients, a
useful trick is gradient clipping, which just means clamping the magnitude of the gradient
to some maximum value. Algorithm 10.5 describes this approach.

Algorithm 10.5: GD+clip.
Algorithm 10.5: Gradient
descent with gradient
clipping.

1 Input: objective function J, initial parameter vector ✓
0, learning rate ⌘, number of

steps K, max gradient magnitude m
2 Output: trained parameter vector ✓

⇤ = ✓
K

3 for k = 0, . . . , K – 1 do
4 v =r✓J(✓k)
5 ✓

k+1
✓

k – ⌘[clip(v1, –m, m), …, clip(vM , –m, m)]T clip is the “clipping”
function: clip(v, –m, m) =
max(min(v, m), –m)

This algorithm indeed successfully minimizes our example of the exploding gradient, as
can be seen in figure 10.5.

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="+1LsSFmFNQIH2LXy9i7M3znPKFI=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuBFXLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP43Vi3s=</latexit><latexit sha1_base64="gw8Pa1ixMp2vvNZp4PrpWM+AVAM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBm0EasEzAckR9jbzCVr9vaO3T0hHPkFNhaK2PqT7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZKzftBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te063Ub/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDn0GMyg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit><latexit sha1_base64="hGDJ/rdfhLukv/n4ugVFVQo+G90=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgddyJoGXQRizEoPmQ5Ah7m0myZG/v2J0TwpFfYGtjI2Lrv7Hz37hJrtDog4HHezPMzAsTKQx63pdTWFpeWV0rrpc2Nre2d8q7ew0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo8up33wEbUSs7nGcQBCxgRJ9wRlaqXbdLVc815uB/iV+Tiokx8PNnWtQCzXolj87vZinESjkkhnT9r0Eg4xpFFzCpNRJDSSMj9gA2pYqFoEJstnFE3pklR7tx9qWQjpTf05kLDJmHIW2M2I4NIveVPzPa6fYPw8yoZIUQfH5on4qKcZ0+j7tCQ0c5dgSxrWwt1I+ZJpxtCGVbBr+4u9/SePE9T3Xr51Wqhd5LkVyQA7JMfHJGamSK3JL6oQTIE/kmbw6xnlx3pz3eWvByWf2yS84H9+7fZBz</latexit>
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Figure 10.5: Using
GD with clipping to
minimize a loss with
exploding gradients, using
m = 0.1.

10.7 Stochastic Gradient Descent
One problem with the gradient-based methods we have seen so far is that the gradient may
in fact be very expensive to compute, and this is often the case for learning problems. This
is because learning problems typically have the form that J is the average of losses incurred
on each training datapoint. Computing r✓J(✓) requires computing the gradient for each
element in the average, that is, the gradient of the function being learned evaluated at the
location of each datapoint in the training set. If we train on a big dataset, say 1 million
training points, then to perform just one step of gradient descent requires computing 1
million gradients! To make this clear, we will write out J as an explicit function of the
training data {x(i), y(i)}N

i=1. For typical learning problems,r✓J(✓, {x(i), y(i)}N
i=1) decomposes

• If gradients exceed a magnitude m, scale them to magnitude m

• Useful, and commonly used hack

J
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Successfully minimizes this function:
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What is important in a loss function?

• Everywhere continuous

• Everywhere differentiable

• Everywhere smooth

23



What is important in a loss function?

• Everywhere continuous

• Everywhere differentiable

• Everywhere smooth

ReLU

0

(Almost!)
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What is important in a loss function?

• Everywhere continuous

• Everywhere differentiable

• Everywhere smooth

GeLU

0

https://arxiv.org/abs/1606.0841525



Computation Graphs

A graph of functional transformations, 
nodes (     ), that when strung together 
perform some useful computation.

Deep learning deals (primarily) with 
computation graphs that take the form of 
directed acyclic graphs (DAGs), and for
which each node is differentiable.
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Computation Graphs
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14 Backpropagation

14.1 Introduction
A key idea of neural nets is to decompose computation into a series of layers. In this chapter
we will think of layers as modular blocks that can be chained together into a computation
graph. Figure 14.1 shows the computation graph for the two-layer multilayer perceptron
(MLP) from chapter 12.

x

...

W1

z

...

h

...

W2

y

... linear relu linearx z h ŷ()

Figure 14.1: In this chap-
ter we will visualize
neural nets as a sequence
of layers, which we call a
computation graph.

Each layer takes in some inputs and transforms them into some outputs. We call this the
forward pass through the layer. If the layer has parameters, we will consider the parameters
to be an input to a parameter-free transformation:

xout = f (xin, ✓) (14.1)

Graphically, we will depict the forward operation of a layer like shown below (figure 14.2).

f (xin, ✓)

✓

xin xout

forward Figure 14.2: Forward
operation of a neural net
layer.

The learning problem is to find the parameters ✓ that achieve a desired mapping. Usually
we will solve this problem via gradient descent. The question of this chapter is, how do we
compute the gradients?

We will use the color
to indicate free
parameters, which are set
via learning and are not
the result of any other
processing.
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Figure 14.1: In this chap-
ter we will visualize
neural nets as a sequence
of layers, which we call a
computation graph.

Each layer takes in some inputs and transforms them into some outputs. We call this the
forward pass through the layer. If the layer has parameters, we will consider the parameters
to be an input to a parameter-free transformation:

xout = f (xin, ✓) (14.1)

Graphically, we will depict the forward operation of a layer like shown below (figure 14.2).

f (xin, ✓)

✓

xin xout

forward Figure 14.2: Forward
operation of a neural net
layer.

The learning problem is to find the parameters ✓ that achieve a desired mapping. Usually
we will solve this problem via gradient descent. The question of this chapter is, how do we
compute the gradients?

We will use the color
to indicate free
parameters, which are set
via learning and are not
the result of any other
processing.
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14 Backpropagation

14.1 Introduction
A key idea of neural nets is to decompose computation into a series of layers. In this chapter
we will think of layers as modular blocks that can be chained together into a computation
graph. Figure 14.1 shows the computation graph for the two-layer multilayer perceptron
(MLP) from chapter 12.
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Figure 14.1: In this chap-
ter we will visualize
neural nets as a sequence
of layers, which we call a
computation graph.

Each layer takes in some inputs and transforms them into some outputs. We call this the
forward pass through the layer. If the layer has parameters, we will consider the parameters
to be an input to a parameter-free transformation:

xout = f (xin, ✓) (14.1)

Graphically, we will depict the forward operation of a layer like shown below (figure 14.2).

f (xin, ✓)

✓

xin xout

forward Figure 14.2: Forward
operation of a neural net
layer.

The learning problem is to find the parameters ✓ that achieve a desired mapping. Usually
we will solve this problem via gradient descent. The question of this chapter is, how do we
compute the gradients?

We will use the color
to indicate free
parameters, which are set
via learning and are not
the result of any other
processing.
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Forward pass — multiple layers

• This computation graph could represent an MLP, for example
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• By design, each layer will be differentiable with
respect to its inputs (the inputs are the data and
parameters)

• We need to compute gradients of the cost, J,
with respect to model parameters.

Learning
J(✓)

<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

✓1
<latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit>

✓2
<latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit>
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Matrix calculus

• We now define a function on vector    :
• If     is a scalar, then

• If    is a vector          , then (Jacobian formulation): 
The derivative of y is a row vector of size

•   column vector of size           :

The derivative of y is a matrix of size 
(m rows and n columns)

x
<latexit sha1_base64="zwEMvSbkS4FIgegmMbUfQMWaHVI="></latexit><latexit sha1_base64="zwEMvSbkS4FIgegmMbUfQMWaHVI="></latexit><latexit sha1_base64="zwEMvSbkS4FIgegmMbUfQMWaHVI="></latexit><latexit sha1_base64="zwEMvSbkS4FIgegmMbUfQMWaHVI="></latexit>
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[n⇥ 1]
<latexit sha1_base64="gaxDm4N1epQsbEeS2rqRATvqQbc="></latexit><latexit sha1_base64="gaxDm4N1epQsbEeS2rqRATvqQbc="></latexit><latexit sha1_base64="gaxDm4N1epQsbEeS2rqRATvqQbc="></latexit><latexit sha1_base64="gaxDm4N1epQsbEeS2rqRATvqQbc="></latexit>

y
<latexit sha1_base64="nxjwBrlM1ZSf2muruIgjuCSFBj0="></latexit><latexit sha1_base64="nxjwBrlM1ZSf2muruIgjuCSFBj0="></latexit><latexit sha1_base64="nxjwBrlM1ZSf2muruIgjuCSFBj0="></latexit><latexit sha1_base64="nxjwBrlM1ZSf2muruIgjuCSFBj0="></latexit>
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<latexit sha1_base64="xu/PGQXlOgSTTFwUHswiWVkl2Ho="></latexit><latexit sha1_base64="xu/PGQXlOgSTTFwUHswiWVkl2Ho="></latexit><latexit sha1_base64="xu/PGQXlOgSTTFwUHswiWVkl2Ho="></latexit><latexit sha1_base64="xu/PGQXlOgSTTFwUHswiWVkl2Ho="></latexit>

y
<latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit><latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit><latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit><latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit>
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<latexit sha1_base64="Cl1yRRu+b8IS9s/JdXSYCrL5tTU="></latexit><latexit sha1_base64="Cl1yRRu+b8IS9s/JdXSYCrL5tTU="></latexit><latexit sha1_base64="Cl1yRRu+b8IS9s/JdXSYCrL5tTU="></latexit><latexit sha1_base64="Cl1yRRu+b8IS9s/JdXSYCrL5tTU="></latexit>

[1⇥ n]
<latexit sha1_base64="10NVHCASanErYXmGQdGaWmbHyCw="></latexit><latexit sha1_base64="10NVHCASanErYXmGQdGaWmbHyCw="></latexit><latexit sha1_base64="10NVHCASanErYXmGQdGaWmbHyCw="></latexit><latexit sha1_base64="10NVHCASanErYXmGQdGaWmbHyCw="></latexit>

[m⇥ n]
<latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit><latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit><latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit><latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit>

y = f(x)
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x
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The output is a matrix of size [m⇥ n]
<latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit><latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit><latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit><latexit sha1_base64="+457GWhzGDE1+WZEu/AzspiVebc="></latexit>

Matrix calculus

• If    is a scalar and      is a matrix of size            , then y
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X
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Wikipedia: The three types of derivatives that have not been considered are those involving vectors-by-matrices, matrices-by-vectors,  
and matrices-by-matrices. These are not as widely considered and a notation is not widely agreed upon. 
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• Chain rule:
Matrix calculus

@z

@x

����
x=a

=
@z

@u

����
u=g(a)

· @u
@x

����
x=a
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Its derivative is: h0(x) = f 0(g(x))g0(x)
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For the function:  z = h(x) = f(g(x))
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and writing              , and              :z = f(u)
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u = g(x)
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Example, if           ,           ,|z| = 1
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h0(x) =
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with         length of vector           ,            ,  and p =
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u
<latexit sha1_base64="MV2GDRT0V8srlHfkOV7lhpEUB3Q="></latexit><latexit sha1_base64="MV2GDRT0V8srlHfkOV7lhpEUB3Q="></latexit><latexit sha1_base64="MV2GDRT0V8srlHfkOV7lhpEUB3Q="></latexit><latexit sha1_base64="MV2GDRT0V8srlHfkOV7lhpEUB3Q="></latexit>

= |u|
<latexit sha1_base64="YddDzxjx1Dj81S4MlujKWXK/8LM="></latexit><latexit sha1_base64="YddDzxjx1Dj81S4MlujKWXK/8LM="></latexit><latexit sha1_base64="YddDzxjx1Dj81S4MlujKWXK/8LM="></latexit><latexit sha1_base64="YddDzxjx1Dj81S4MlujKWXK/8LM="></latexit>

m = |z|
<latexit sha1_base64="Yv3X0h9eFI0kDcNjxavEunq1ROc="></latexit><latexit sha1_base64="Yv3X0h9eFI0kDcNjxavEunq1ROc="></latexit><latexit sha1_base64="Yv3X0h9eFI0kDcNjxavEunq1ROc="></latexit><latexit sha1_base64="Yv3X0h9eFI0kDcNjxavEunq1ROc="></latexit>

n = |x|
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2 Draft of Foundations of Computer Vision by Torralba, Isola, Freeman

Backpropagation is an algorithm that efficiently calculates the gradient of the loss with
respect to each and every parameter in a computation graph. It relies on a special new
operation, called backward that, just like forward, can be defined for each layer, and acts
in isolation from the rest of the graph. But first, before we get to defining backward, we
will build up some intuition about the key trick backpropagation will exploit.

1.2 The Trick of Backpropagation: Reuse of Computation

To start, we will consider a simple computation graph that is a chain of functions fL fL–1

· · · f2 f1, with each function fl parameterized by ✓l.
Such a computation graph

could represent an MLP,
for example, which we

will see in the next
section.

We aim to optimize the parameterize
with respect to a loss function L. The loss can be treated as another node in our computation
graph, which takes in xL (the output of fL) and outputs a scalar J, the loss. This computation
graph appears as follows (figure 1.3).

This computation graph is
a narrow tree; the

parameters live on
branches of length 1. This
can be easier to see when

we plot it with data and
parameters as nodes and

edges as the functions:
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The parameters, along
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Our goal is to update all the values highlighted in blue: ✓1, ✓2, and so forth. To do so we
need to compute the gradients @J

@✓1
, @J

@✓2
, etc. Each of these gradients can be calculated via

the chain rule. Here is the chain rule written out for the gradients for ✓1 and ✓2:

@J
@✓1

=
@J
@xL

@xL

@xL–1
· · · @x3

@x2

@x2

x1

@x1

@✓1
(1.2)

@J
@✓2

=
@J
@xL

@xL

@xL–1
· · · @x3

@x2

@x2

@✓2
(1.3)

Rather than evaluating both equations separately, we notice that all the terms in each gray
box are shared. We only need to evaluate this product once, and then can use it to compute
both @J

@✓1
and @J

@✓2
. Now notice that this pattern of reuse can be applied in the same way

for ✓3, ✓4, and so on. This is the whole trick of backpropagation: rather than computing
each layer’s gradients independently, observe that they share many of the same terms, so
we might as well calculate each shared term once and reuse them.

This strategy, in general,
is called dynamic

programming.

1.3 Backward for a Generic Layer

To come up with a general algorithm for reusing all the shared computation, we will first
look at one generic layer in isolation, and see what we need in order to update its parameters
(figure 1.4).
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Backpropagation is an algorithm that efficiently calculates the gradient of the loss with
respect to each and every parameter in a computation graph. It relies on a special new
operation, called backward that, just like forward, can be defined for each layer, and acts
in isolation from the rest of the graph. But first, before we get to defining backward, we
will build up some intuition about the key trick backpropagation will exploit.

1.2 The Trick of Backpropagation: Reuse of Computation

To start, we will consider a simple computation graph that is a chain of functions fL fL–1

· · · f2 f1, with each function fl parameterized by ✓l.
Such a computation graph

could represent an MLP,
for example, which we

will see in the next
section.

We aim to optimize the parameterize
with respect to a loss function L. The loss can be treated as another node in our computation
graph, which takes in xL (the output of fL) and outputs a scalar J, the loss. This computation
graph appears as follows (figure 1.3).

This computation graph is
a narrow tree; the

parameters live on
branches of length 1. This
can be easier to see when

we plot it with data and
parameters as nodes and

edges as the functions:
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Our goal is to update all the values highlighted in blue: ✓1, ✓2, and so forth. To do so we
need to compute the gradients @J

@✓1
, @J

@✓2
, etc. Each of these gradients can be calculated via

the chain rule. Here is the chain rule written out for the gradients for ✓1 and ✓2:

@J
@✓1

=
@J
@xL

@xL

@xL–1
· · · @x3

@x2

@x2

x1

@x1

@✓1
(1.2)

@J
@✓2

=
@J
@xL

@xL

@xL–1
· · · @x3

@x2

@x2
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(1.3)

Rather than evaluating both equations separately, we notice that all the terms in each gray
box are shared. We only need to evaluate this product once, and then can use it to compute
both @J

@✓1
and @J

@✓2
. Now notice that this pattern of reuse can be applied in the same way

for ✓3, ✓4, and so on. This is the whole trick of backpropagation: rather than computing
each layer’s gradients independently, observe that they share many of the same terms, so
we might as well calculate each shared term once and reuse them.

This strategy, in general,
is called dynamic

programming.

1.3 Backward for a Generic Layer

To come up with a general algorithm for reusing all the shared computation, we will first
look at one generic layer in isolation, and see what we need in order to update its parameters
(figure 1.4).

• We could separately compute all the derivatives
using the chain rule.

• But the terms in the gray box are shared. So we
should only compute this value once.

• Backpropagation is an algorithm for propagating
shared terms throughout the computation graph

The Trick of Backpropagation — Reuse of Computation 
(aka dynamic programming)
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168 Chapter 14

This recurrence is essence of backprop: it sends error signals (gradients) backward through
the network, starting at the last layer and iteratively applying equation (14.10) to compute
g for each previous layer.

Deep learning libraries
like Pytorch have a .grad
field associated with each
variable (data, activations,

parameters). This field
represents @J

@v for each
variable v.

We are finally ready to define the full backward function promised at the beginning of
this chapter! It consists of the following operation, shown in figure 14.5, which has three
inputs (xin, ✓, gout) and two outputs (gin and @J

@✓ ).

Figure 14.5: backward
for a generic layer. We use

the color to indicate
parameter gradients.

backward
L = f 0(xin, ✓)

gin = goutLx

@J
@✓ = goutL✓

@J
@✓

xin, ✓
gin gout

14.4 The Full Algorithm: Forward, Then Backward
We are ready now to define the full backprop algorithm. In the last section we saw that we
can easily compute the gradient update for ✓l once we have computed Ll and gl.The gl and Ll are the g

and L arrays for layer l. So, we just need to order our operations so that when we get to updating layer l we have
these two arrays ready. The way to do it is to first compute a forward pass through the
entire network, which means starting with input data x0 and evaluating layer by layer to
produce the sequence x0, x1, …, xL. Figure 14.6 shows what the forward pass looks like.

We use the color for
data/activations being

passed forward through
the network.

Figure 14.6:
Forward pass. f1 f2 fL–1 fLx0 x1 · · · xL–1 xL

✓1 ✓2 ✓L–1 ✓L

L

Next, we compute a backward pass, iteratively evaluating the g’s and obtaining the
sequence gL, gL–1, …, as well as the parameter gradients for each layer (figure 14.7).

We use the color for
data/activation gradients
being passed backward

through the network.

Figure 14.7:
Backward pass. f 0

1 f 0
2 f 0

L–1 f 0
Lg0 g1 · · · gL–1 gL

@J
@✓1

@J
@✓2

@J
@✓L–1

@J
@✓L

L0 1

The full algorithm is summarized in algorithm 14.1.

14.5 Backpropagation Over Data Batches
So far, we have only examined computing the gradient of the loss for a single datapoint,
x. As you may recall from chapters 9 and 10, the total cost function we wish to minimize
will typically be the average of the losses over all the datapoints in a training set, {x(i)}N

i=1.

Forward pass

Send data forward through the network, computing outputs and calculating loss.
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This recurrence is essence of backprop: it sends error signals (gradients) backward through
the network, starting at the last layer and iteratively applying equation (14.10) to compute
g for each previous layer.

Deep learning libraries
like Pytorch have a .grad
field associated with each
variable (data, activations,

parameters). This field
represents @J

@v for each
variable v.

We are finally ready to define the full backward function promised at the beginning of
this chapter! It consists of the following operation, shown in figure 14.5, which has three
inputs (xin, ✓, gout) and two outputs (gin and @J

@✓ ).
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14.4 The Full Algorithm: Forward, Then Backward
We are ready now to define the full backprop algorithm. In the last section we saw that we
can easily compute the gradient update for ✓l once we have computed Ll and gl.The gl and Ll are the g

and L arrays for layer l. So, we just need to order our operations so that when we get to updating layer l we have
these two arrays ready. The way to do it is to first compute a forward pass through the
entire network, which means starting with input data x0 and evaluating layer by layer to
produce the sequence x0, x1, …, xL. Figure 14.6 shows what the forward pass looks like.

We use the color for
data/activations being

passed forward through
the network.
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Forward pass. f1 f2 fL–1 fLx0 x1 · · · xL–1 xL

✓1 ✓2 ✓L–1 ✓L

L

Next, we compute a backward pass, iteratively evaluating the g’s and obtaining the
sequence gL, gL–1, …, as well as the parameter gradients for each layer (figure 14.7).

We use the color for
data/activation gradients
being passed backward

through the network.

Figure 14.7:
Backward pass. f 0
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Lg0 g1 · · · gL–1 gL
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The full algorithm is summarized in algorithm 14.1.

14.5 Backpropagation Over Data Batches
So far, we have only examined computing the gradient of the loss for a single datapoint,
x. As you may recall from chapters 9 and 10, the total cost function we wish to minimize
will typically be the average of the losses over all the datapoints in a training set, {x(i)}N

i=1.

Backward pass

Send error signals (gradients) backwards through the network, from outputs and 
loss back to inputs and parameters.
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Backpropagation 167

f (xin, ✓)

✓

xin xout · · · J· · ·

| {z }

L | {z }
gout| {z }

gin

Figure 14.4: A generic
layer in the computa-
tion graph. The braces
represent the part of the
computation graph we
need to consider in order
to evaluate gout, L, and
gin.

Here we have introduced two new shorthands, L and g; these represent arrays of partial
derivatives, defined below, and they are the key arrays we need to keep track of to do
backprop. They are defined as:

All these arrays represent
the gradient at a single
operating point, namely
that of the current value of
the data and parameters.

gl ,
@J
@xl

/ grad of cost with respect to xl [1⇥ |xl|] (14.4)

L, @xout
@[xin, ✓]

/ grad of layer (14.5)

Lx , @xout
@xin

/ with respect to layer input data [|xout|⇥ |xin|] (14.6)

L✓ , @xout
@✓

/ with respect to layer params [|xout|⇥ |✓|] (14.7)

These arrays give a simple formula for computing the gradient we need, that is, @J
@✓ , in

order to update ✓ to minimize the cost:
@J
@✓

=
@J

@xout| {z }
gout

@xout
@✓| {z }
L✓

= goutL
✓ (14.8)

✓
i+1 ✓

i – ⌘

⇣
@J
@✓

⌘T
/ update (14.9)

The transpose is because,
by convention, ✓ is a
column vector while @J

@✓ is
a row vector; see the
Notation section prior to
chapter 1.

The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
x

/ backpropagation of errors (14.10)

We will keep track of two kinds of arrays of 
partial derivatives:  
• L: gradient of layer outputs w.r.t. layer 

inputs (a matrix) 
• g: gradient of cost w.r.t. activations (a row 

vector)
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derivatives, defined below, and they are the key arrays we need to keep track of to do
backprop. They are defined as:

All these arrays represent
the gradient at a single
operating point, namely
that of the current value of
the data and parameters.
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These arrays give a simple formula for computing the gradient we need, that is, @J
@✓ , in

order to update ✓ to minimize the cost:
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@✓ is
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Notation section prior to
chapter 1.

The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
x

/ backpropagation of errors (14.10)
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derivatives, defined below, and they are the key arrays we need to keep track of to do
backprop. They are defined as:

All these arrays represent
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L, @xout
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These arrays give a simple formula for computing the gradient we need, that is, @J
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order to update ✓ to minimize the cost:
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@✓ is
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chapter 1.

The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
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The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
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The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
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Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
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gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
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The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
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The parameter update is easy if 
we know L and g for a layer:

Backward for a Generic Layer
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Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
x

/ backpropagation of errors (14.10)
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Here we have introduced two new shorthands, L and g; these represent arrays of partial
derivatives, defined below, and they are the key arrays we need to keep track of to do
backprop. They are defined as:

All these arrays represent
the gradient at a single
operating point, namely
that of the current value of
the data and parameters.
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/ grad of layer (14.5)
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/ with respect to layer input data [|xout|⇥ |xin|] (14.6)

L✓ , @xout
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/ with respect to layer params [|xout|⇥ |✓|] (14.7)

These arrays give a simple formula for computing the gradient we need, that is, @J
@✓ , in

order to update ✓ to minimize the cost:
@J
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=
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The transpose is because,
by convention, ✓ is a
column vector while @J

@✓ is
a row vector; see the
Notation section prior to
chapter 1.

The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
x

/ backpropagation of errors (14.10)
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Here we have introduced two new shorthands, L and g; these represent arrays of partial
derivatives, defined below, and they are the key arrays we need to keep track of to do
backprop. They are defined as:

All these arrays represent
the gradient at a single
operating point, namely
that of the current value of
the data and parameters.
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These arrays give a simple formula for computing the gradient we need, that is, @J
@✓ , in

order to update ✓ to minimize the cost:
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The transpose is because,
by convention, ✓ is a
column vector while @J

@✓ is
a row vector; see the
Notation section prior to
chapter 1.

The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
x

/ backpropagation of errors (14.10)
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Here we have introduced two new shorthands, L and g; these represent arrays of partial
derivatives, defined below, and they are the key arrays we need to keep track of to do
backprop. They are defined as:

All these arrays represent
the gradient at a single
operating point, namely
that of the current value of
the data and parameters.
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@[xin, ✓]

/ grad of layer (14.5)

Lx , @xout
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/ with respect to layer input data [|xout|⇥ |xin|] (14.6)

L✓ , @xout
@✓

/ with respect to layer params [|xout|⇥ |✓|] (14.7)

These arrays give a simple formula for computing the gradient we need, that is, @J
@✓ , in

order to update ✓ to minimize the cost:
@J
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The transpose is because,
by convention, ✓ is a
column vector while @J

@✓ is
a row vector; see the
Notation section prior to
chapter 1.

The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
x

/ backpropagation of errors (14.10)
backpropagation of error signals

Backward for a Generic Layer
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This recurrence is essence of backprop: it sends error signals (gradients) backward through
the network, starting at the last layer and iteratively applying equation (14.10) to compute
g for each previous layer.

Deep learning libraries
like Pytorch have a .grad
field associated with each
variable (data, activations,

parameters). This field
represents @J

@v for each
variable v.

We are finally ready to define the full backward function promised at the beginning of
this chapter! It consists of the following operation, shown in figure 14.5, which has three
inputs (xin, ✓, gout) and two outputs (gin and @J

@✓ ).

Figure 14.5: backward
for a generic layer. We use

the color to indicate
parameter gradients.

backward
L = f 0(xin, ✓)

gin = goutLx

@J
@✓ = goutL✓

@J
@✓

xin, ✓
gin gout

14.4 The Full Algorithm: Forward, Then Backward
We are ready now to define the full backprop algorithm. In the last section we saw that we
can easily compute the gradient update for ✓l once we have computed Ll and gl.The gl and Ll are the g

and L arrays for layer l. So, we just need to order our operations so that when we get to updating layer l we have
these two arrays ready. The way to do it is to first compute a forward pass through the
entire network, which means starting with input data x0 and evaluating layer by layer to
produce the sequence x0, x1, …, xL. Figure 14.6 shows what the forward pass looks like.

We use the color for
data/activations being

passed forward through
the network.

Figure 14.6:
Forward pass. f1 f2 fL–1 fLx0 x1 · · · xL–1 xL

✓1 ✓2 ✓L–1 ✓L

L

Next, we compute a backward pass, iteratively evaluating the g’s and obtaining the
sequence gL, gL–1, …, as well as the parameter gradients for each layer (figure 14.7).

We use the color for
data/activation gradients
being passed backward

through the network.

Figure 14.7:
Backward pass. f 0

1 f 0
2 f 0

L–1 f 0
Lg0 g1 · · · gL–1 gL
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L0 1

The full algorithm is summarized in algorithm 14.1.

14.5 Backpropagation Over Data Batches
So far, we have only examined computing the gradient of the loss for a single datapoint,
x. As you may recall from chapters 9 and 10, the total cost function we wish to minimize
will typically be the average of the losses over all the datapoints in a training set, {x(i)}N

i=1.

Backward for a Generic Layer

• All this machinery is to compute parameter update directions
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This recurrence is essence of backprop: it sends error signals (gradients) backward through
the network, starting at the last layer and iteratively applying equation (14.10) to compute
g for each previous layer.

Deep learning libraries
like Pytorch have a .grad
field associated with each
variable (data, activations,

parameters). This field
represents @J

@v for each
variable v.

We are finally ready to define the full backward function promised at the beginning of
this chapter! It consists of the following operation, shown in figure 14.5, which has three
inputs (xin, ✓, gout) and two outputs (gin and @J

@✓ ).
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parameter gradients.
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14.4 The Full Algorithm: Forward, Then Backward
We are ready now to define the full backprop algorithm. In the last section we saw that we
can easily compute the gradient update for ✓l once we have computed Ll and gl.The gl and Ll are the g

and L arrays for layer l. So, we just need to order our operations so that when we get to updating layer l we have
these two arrays ready. The way to do it is to first compute a forward pass through the
entire network, which means starting with input data x0 and evaluating layer by layer to
produce the sequence x0, x1, …, xL. Figure 14.6 shows what the forward pass looks like.
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the network.
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Next, we compute a backward pass, iteratively evaluating the g’s and obtaining the
sequence gL, gL–1, …, as well as the parameter gradients for each layer (figure 14.7).
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through the network.
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The full algorithm is summarized in algorithm 14.1.

14.5 Backpropagation Over Data Batches
So far, we have only examined computing the gradient of the loss for a single datapoint,
x. As you may recall from chapters 9 and 10, the total cost function we wish to minimize
will typically be the average of the losses over all the datapoints in a training set, {x(i)}N

i=1.
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This recurrence is essence of backprop: it sends error signals (gradients) backward through
the network, starting at the last layer and iteratively applying equation (14.10) to compute
g for each previous layer.

Deep learning libraries
like Pytorch have a .grad
field associated with each
variable (data, activations,

parameters). This field
represents @J

@v for each
variable v.

We are finally ready to define the full backward function promised at the beginning of
this chapter! It consists of the following operation, shown in figure 14.5, which has three
inputs (xin, ✓, gout) and two outputs (gin and @J

@✓ ).
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14.4 The Full Algorithm: Forward, Then Backward
We are ready now to define the full backprop algorithm. In the last section we saw that we
can easily compute the gradient update for ✓l once we have computed Ll and gl.The gl and Ll are the g

and L arrays for layer l. So, we just need to order our operations so that when we get to updating layer l we have
these two arrays ready. The way to do it is to first compute a forward pass through the
entire network, which means starting with input data x0 and evaluating layer by layer to
produce the sequence x0, x1, …, xL. Figure 14.6 shows what the forward pass looks like.
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Next, we compute a backward pass, iteratively evaluating the g’s and obtaining the
sequence gL, gL–1, …, as well as the parameter gradients for each layer (figure 14.7).
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The full algorithm is summarized in algorithm 14.1.

14.5 Backpropagation Over Data Batches
So far, we have only examined computing the gradient of the loss for a single datapoint,
x. As you may recall from chapters 9 and 10, the total cost function we wish to minimize
will typically be the average of the losses over all the datapoints in a training set, {x(i)}N

i=1.
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Figure 14.4: A generic
layer in the computa-
tion graph. The braces
represent the part of the
computation graph we
need to consider in order
to evaluate gout, L, and
gin.

Here we have introduced two new shorthands, L and g; these represent arrays of partial
derivatives, defined below, and they are the key arrays we need to keep track of to do
backprop. They are defined as:

All these arrays represent
the gradient at a single
operating point, namely
that of the current value of
the data and parameters.

gl ,
@J
@xl

/ grad of cost with respect to xl [1⇥ |xl|] (14.4)

L, @xout
@[xin, ✓]

/ grad of layer (14.5)

Lx , @xout
@xin

/ with respect to layer input data [|xout|⇥ |xin|] (14.6)

L✓ , @xout
@✓

/ with respect to layer params [|xout|⇥ |✓|] (14.7)

These arrays give a simple formula for computing the gradient we need, that is, @J
@✓ , in

order to update ✓ to minimize the cost:
@J
@✓

=
@J

@xout| {z }
gout

@xout
@✓| {z }
L✓

= goutL
✓ (14.8)

✓
i+1 ✓

i – ⌘

⇣
@J
@✓

⌘T
/ update (14.9)

The transpose is because,
by convention, ✓ is a
column vector while @J

@✓ is
a row vector; see the
Notation section prior to
chapter 1.

The remaining question is clear: how do we get gl and L✓
l for each layer l?

Computing L is an entirely local process: for each layer, we just need to know the func-
tional form of its derivative, f 0, which we then evaluate at the operating point [xin, ✓] to
obtain L = f 0(xin, ✓).

Computing g is a bit trickier; it requires evaluating the chain rule, and depends on all
the layers between xout and J. However, this can be computed iteratively: once we know
gl, computing gl–1 is just one more matrix multiply! This can be summarized with the
following recurrence relation:

gin = goutL
x

/ backpropagation of errors (14.10)

Update:
… and repeat
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<latexit sha1_base64="1yxDs7fOeBduwN1IBySrR1T+XqI=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlUQEXRbduKxgH9CUMJlO2qGTSZi5EUrIL7jxV9y4UMStO3f+jZM2oLYeGDhzzr135p4gEVyD43xZK6tr6xubla3q9s7u3r59cNjRcaooa9NYxKoXEM0El6wNHATrJYqRKBCsG0yuC797z5TmsbyDacIGERlJHnJKwEi+XfdCRWjmJUQBJwKHvsh/bh6MGRA/E3nu2zWn4cyAl4lbkhoq0fLtT28Y0zRiEqggWvddJ4FBVkymguVVL9UsIXRCRqxvqCQR04NstlGOT40yxGGszJGAZ+rvjoxEWk+jwFRGBMZ60SvE/7x+CuHlIOMySYFJOn8oTAWGGBfx4CFXjIKYGkKo4uavmI6JiQhMiFUTgru48jLpnDVcp+HenteaV2UcFXSMTlAduegCNdENaqE2ougBPaEX9Go9Ws/Wm/U+L12xyp4j9AfWxzf4855b</latexit><latexit sha1_base64="nNMqpiKQ4PSQoLA80htt5vqfsfc=">AAACNnicjVDLSsNAFJ34rPUVdelmsAhdlUQEXRbduFSwD2hKmEwn7dDJJMzcCCXkF/waF278CXdu3Ii49ROctAG1deGFgXPPOZc79wSJ4Boc58VaWl5ZXVuvbFQ3t7Z3du29/baOU0VZi8YiVt2AaCa4ZC3gIFg3UYxEgWCdYHxZ6J07pjSP5S1MEtaPyFDykFMChvLtuhcqQjMvIQo4ETj0Rf7deTBiQPxM5Llv15yGMy28CNwS1FBZ/7P79rM3iGkaMQlUEK17rpNAPyvWU8HyqpdqlhA6JkPWM1CSiOl+Nj07x8eGGeAwVuZJwFP250RGIq0nUWCcEYGRntcK8i+tl0J43s+4TFJgks4WhanAEOMiQzzgilEQEwMIVdz8FdMRMTmCSbpqTnfnD10E7ZOG6zTcm9Na86LMrIIO0RGqIxedoSa6QteohSi6Rw/oCb1Zj9ar9W59zKxLVjlzgH6V9fkFrUOl1A==</latexit><latexit sha1_base64="nNMqpiKQ4PSQoLA80htt5vqfsfc=">AAACNnicjVDLSsNAFJ34rPUVdelmsAhdlUQEXRbduFSwD2hKmEwn7dDJJMzcCCXkF/waF278CXdu3Ii49ROctAG1deGFgXPPOZc79wSJ4Boc58VaWl5ZXVuvbFQ3t7Z3du29/baOU0VZi8YiVt2AaCa4ZC3gIFg3UYxEgWCdYHxZ6J07pjSP5S1MEtaPyFDykFMChvLtuhcqQjMvIQo4ETj0Rf7deTBiQPxM5Llv15yGMy28CNwS1FBZ/7P79rM3iGkaMQlUEK17rpNAPyvWU8HyqpdqlhA6JkPWM1CSiOl+Nj07x8eGGeAwVuZJwFP250RGIq0nUWCcEYGRntcK8i+tl0J43s+4TFJgks4WhanAEOMiQzzgilEQEwMIVdz8FdMRMTmCSbpqTnfnD10E7ZOG6zTcm9Na86LMrIIO0RGqIxedoSa6QteohSi6Rw/oCb1Zj9ar9W59zKxLVjlzgH6V9fkFrUOl1A==</latexit><latexit sha1_base64="nNMqpiKQ4PSQoLA80htt5vqfsfc=">AAACNnicjVDLSsNAFJ34rPUVdelmsAhdlUQEXRbduFSwD2hKmEwn7dDJJMzcCCXkF/waF278CXdu3Ii49ROctAG1deGFgXPPOZc79wSJ4Boc58VaWl5ZXVuvbFQ3t7Z3du29/baOU0VZi8YiVt2AaCa4ZC3gIFg3UYxEgWCdYHxZ6J07pjSP5S1MEtaPyFDykFMChvLtuhcqQjMvIQo4ETj0Rf7deTBiQPxM5Llv15yGMy28CNwS1FBZ/7P79rM3iGkaMQlUEK17rpNAPyvWU8HyqpdqlhA6JkPWM1CSiOl+Nj07x8eGGeAwVuZJwFP250RGIq0nUWCcEYGRntcK8i+tl0J43s+4TFJgks4WhanAEOMiQzzgilEQEwMIVdz8FdMRMTmCSbpqTnfnD10E7ZOG6zTcm9Na86LMrIIO0RGqIxedoSa6QteohSi6Rw/oCb1Zj9ar9W59zKxLVjlzgH6V9fkFrUOl1A==</latexit>

@fl
@xl�1

<latexit sha1_base64="+y0Nczp+M7wkqk7nELI6KGLKGp8=">AAACF3icbVDLSsNAFL2pr1pfUZduBovgxpCIoMuiG5cV7AOaEibTSTt08mBmIpaQv3Djr7hxoYhb3fk3TtqA2npg4Mw5987ce/yEM6ls+8uoLC2vrK5V12sbm1vbO+buXlvGqSC0RWIei66PJeUsoi3FFKfdRFAc+px2/PFV4XfuqJAsjm7VJKH9EA8jFjCClZY803IDgUnmJlgohjkKPJ7/3NwQq5EfZPe5l/ETJ889s25b9hRokTglqUOJpmd+uoOYpCGNFOFYyp5jJ6qfFe8TTvOam0qaYDLGQ9rTNMIhlf1suleOjrQyQEEs9IkUmqq/OzIcSjkJfV1ZDCrnvUL8z+ulKrjoZyxKUkUjMvsoSDlSMSpCQgMmKFF8ogkmgulZERlhHZTSUdZ0CM78youkfWo5tuXcnNUbl2UcVTiAQzgGB86hAdfQhBYQeIAneIFX49F4Nt6M91lpxSh79uEPjI9vhoygwQ==</latexit><latexit sha1_base64="6QtMpJA4l3wamtc4WDM0mnQZLZQ=">AAACPHicjVDLSsNAFL2pr1pfUZduBovgxpCIoMuiG5cK9gFNCZPppB06eTAzEUvIX/g1Ltz4B+7cuxFx69pJG1BbFx4YOHPuvdx7jp9wJpVtvxiVhcWl5ZXqam1tfWNzy9zeack4FYQ2Scxj0fGxpJxFtKmY4rSTCIpDn9O2P7oo6u1bKiSLoxs1TmgvxIOIBYxgpSXPtNxAYJK5CRaKYY4Cj+ffPzfEaugH2V3uZfzIyXPPrNuWPQGaJ05J6lDif+2e+ez2Y5KGNFKEYym7jp2oXlYcQTjNa24qaYLJCA9oV9MIh1T2son5HB1opY+CWOgXKTRRf05kOJRyHPq6s3AjZ2uF+Fetm6rgrJexKEkVjch0UZBypGJUJIn6TFCi+FgTTATTtyIyxDpNpfOuaevOrNF50jq2HNtyrk/qjfMysyrswT4cggOn0IBLuIImELiHB3iCN+PReDXejY9pa8UoZ3bhF4zPL4vMqDo=</latexit><latexit sha1_base64="6QtMpJA4l3wamtc4WDM0mnQZLZQ=">AAACPHicjVDLSsNAFL2pr1pfUZduBovgxpCIoMuiG5cK9gFNCZPppB06eTAzEUvIX/g1Ltz4B+7cuxFx69pJG1BbFx4YOHPuvdx7jp9wJpVtvxiVhcWl5ZXqam1tfWNzy9zeack4FYQ2Scxj0fGxpJxFtKmY4rSTCIpDn9O2P7oo6u1bKiSLoxs1TmgvxIOIBYxgpSXPtNxAYJK5CRaKYY4Cj+ffPzfEaugH2V3uZfzIyXPPrNuWPQGaJ05J6lDif+2e+ez2Y5KGNFKEYym7jp2oXlYcQTjNa24qaYLJCA9oV9MIh1T2son5HB1opY+CWOgXKTRRf05kOJRyHPq6s3AjZ2uF+Fetm6rgrJexKEkVjch0UZBypGJUJIn6TFCi+FgTTATTtyIyxDpNpfOuaevOrNF50jq2HNtyrk/qjfMysyrswT4cggOn0IBLuIImELiHB3iCN+PReDXejY9pa8UoZ3bhF4zPL4vMqDo=</latexit><latexit sha1_base64="6QtMpJA4l3wamtc4WDM0mnQZLZQ=">AAACPHicjVDLSsNAFL2pr1pfUZduBovgxpCIoMuiG5cK9gFNCZPppB06eTAzEUvIX/g1Ltz4B+7cuxFx69pJG1BbFx4YOHPuvdx7jp9wJpVtvxiVhcWl5ZXqam1tfWNzy9zeack4FYQ2Scxj0fGxpJxFtKmY4rSTCIpDn9O2P7oo6u1bKiSLoxs1TmgvxIOIBYxgpSXPtNxAYJK5CRaKYY4Cj+ffPzfEaugH2V3uZfzIyXPPrNuWPQGaJ05J6lDif+2e+ez2Y5KGNFKEYym7jp2oXlYcQTjNa24qaYLJCA9oV9MIh1T2son5HB1opY+CWOgXKTRRf05kOJRyHPq6s3AjZ2uF+Fetm6rgrJexKEkVjch0UZBypGJUJIn6TFCi+FgTTATTtyIyxDpNpfOuaevOrNF50jq2HNtyrk/qjfMysyrswT4cggOn0IBLuIImELiHB3iCN+PReDXejY9pa8UoZ3bhF4zPL4vMqDo=</latexit>

• Given the inputs, we just need to evaluate:

fl
<latexit sha1_base64="/Zhdpj0m2ZRRJXmEB5Lr19a3igk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH3Rd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AUmwjck=</latexit><latexit sha1_base64="zM406i0Oghhgy+iTNVzZJHhvT88=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9nsngk5sUqfhLGyTxoyU39OZDTSehwFNhlRM9SL3lT8y+ukJrzwMy6T1KBk80VhKoiJybQc0ucKmRFjSyhT3P6VsCFVlBlbYcme7i0eukyaZ1XPrXq355X6Zd5ZEY7gGE7BgxrU4RpuoAEMBvAIz/DqPDkvzpvzPo8WnHzmEH7B+fgGy3SVQg==</latexit><latexit sha1_base64="zM406i0Oghhgy+iTNVzZJHhvT88=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9nsngk5sUqfhLGyTxoyU39OZDTSehwFNhlRM9SL3lT8y+ukJrzwMy6T1KBk80VhKoiJybQc0ucKmRFjSyhT3P6VsCFVlBlbYcme7i0eukyaZ1XPrXq355X6Zd5ZEY7gGE7BgxrU4RpuoAEMBvAIz/DqPDkvzpvzPo8WnHzmEH7B+fgGy3SVQg==</latexit><latexit sha1_base64="zM406i0Oghhgy+iTNVzZJHhvT88=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9nsngk5sUqfhLGyTxoyU39OZDTSehwFNhlRM9SL3lT8y+ukJrzwMy6T1KBk80VhKoiJybQc0ucKmRFjSyhT3P6VsCFVlBlbYcme7i0eukyaZ1XPrXq355X6Zd5ZEY7gGE7BgxrU4RpuoAEMBvAIz/DqPDkvzpvzPo8WnHzmEH7B+fgGy3SVQg==</latexit>

• Layer    has three inputs (during training)l
<latexit sha1_base64="Dcue1dtERYaQD1rba2g8uA6Pdms="></latexit><latexit sha1_base64="Dcue1dtERYaQD1rba2g8uA6Pdms="></latexit><latexit sha1_base64="Dcue1dtERYaQD1rba2g8uA6Pdms="></latexit><latexit sha1_base64="Dcue1dtERYaQD1rba2g8uA6Pdms="></latexit>

xl�1
<latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit><latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit><latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit><latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit>

✓l
<latexit sha1_base64="GT2jzuvyjyTZZksdDwtVdeQIbyU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKJvttF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbITMohcIGCZLYTjSyKJTYCse3M7/1hNqIWD3QJMEgYkMlBoIzstJjl0ZIrJfJaa9c8areHO4q8XNSgRz1Xvmr2495GqEiLpkxHd9LKMiYJsElTkvd1GDC+JgNsWOpYhGaIJtfPHXPrNJ3B7G2pcidq78nMhYZM4lC2xkxGpllbyb+53VSGlwHmVBJSqj4YtEglS7F7ux9ty80cpITSxjXwt7q8hHTjJMNqWRD8JdfXiXNi6rvVf37y0rtJo+jCCdwCufgwxXU4A7q0AAOCp7hFd4c47w4787HorXg5DPH8AfO5w/vu5ET</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit>

✓l
<latexit sha1_base64="GT2jzuvyjyTZZksdDwtVdeQIbyU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKJvttF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbITMohcIGCZLYTjSyKJTYCse3M7/1hNqIWD3QJMEgYkMlBoIzstJjl0ZIrJfJaa9c8areHO4q8XNSgRz1Xvmr2495GqEiLpkxHd9LKMiYJsElTkvd1GDC+JgNsWOpYhGaIJtfPHXPrNJ3B7G2pcidq78nMhYZM4lC2xkxGpllbyb+53VSGlwHmVBJSqj4YtEglS7F7ux9ty80cpITSxjXwt7q8hHTjJMNqWRD8JdfXiXNi6rvVf37y0rtJo+jCCdwCufgwxXU4A7q0AAOCp7hFd4c47w4787HorXg5DPH8AfO5w/vu5ET</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit>

• And three outputs
xl = fl(xl�1, ✓l)

<latexit sha1_base64="EdYqE0DLN+tu5p5N90f82OTgorw=">AAACF3icbVDLSsNAFJ3UV62vqks3g0WooCURQTdC0Y3LCvYBTQiT6aQdOnkwcyOWkL9w46+4caGIW935N07bLGrrgQuHc+7l3nu8WHAFpvljFJaWV1bXiuuljc2t7Z3y7l5LRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW94M/bbD0wqHoX3MIqZE5B+yH1OCWjJLdfsgMDA89PHzBX4CvuuqM5IqTi1shNsw4ABccWxW66YNXMCvEisnFRQjoZb/rZ7EU0CFgIVRKmuZcbgpEQCp4JlJTtRLCZ0SPqsq2lIAqacdPJXho+00sN+JHWFgCfq7ERKAqVGgac7xyereW8s/ud1E/AvnZSHcQIspNNFfiIwRHgcEu5xySiIkSaESq5vxXRAJKGgoyzpEKz5lxdJ66xmmTXr7rxSv87jKKIDdIiqyEIXqI5uUQM1EUVP6AW9oXfj2Xg1PozPaWvByGf20R8YX79iuJ9n</latexit><latexit sha1_base64="dQPirf1yzdEIdn62xZdmlaEGfhY=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBE0LArgjZC0MZSwTwguyyzk9lkyOzsMnNXDEv+wq+xsPEP7OxtRGytnTyKmFh4YOBwzr3cOSdIBNdg229WbmFxaXklv1pYW9/Y3Cpu79R1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBL2rod+4Z0rzWN5BP2FeRDqSh5wSMJJfrLgRgW4QZg8DX+ALHPqiPCVl4tgZHGEXugyILw79Ysmu2CPgeeJMSAlN8L9xv/jqtmOaRkwCFUTrlmMn4GVEAaeCDQpuqllCaI90WMtQSSKmvWwUfoAPjNLGYazMk4BH6vRGRiKt+1FgJoe59Kw3FP/yWimE517GZZICk3R8KEwFhhgPm8RtrhgF0TeEUMXNXzHtEkUomL4LJrozG3Se1E8qjl1xbk9L1ctJZ3m0h/ZRGTnoDFXRNbpBNUTRI3pCL+jDerberU/razyasyY7u+gXrO8fNfam4A==</latexit><latexit sha1_base64="dQPirf1yzdEIdn62xZdmlaEGfhY=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBE0LArgjZC0MZSwTwguyyzk9lkyOzsMnNXDEv+wq+xsPEP7OxtRGytnTyKmFh4YOBwzr3cOSdIBNdg229WbmFxaXklv1pYW9/Y3Cpu79R1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBL2rod+4Z0rzWN5BP2FeRDqSh5wSMJJfrLgRgW4QZg8DX+ALHPqiPCVl4tgZHGEXugyILw79Ysmu2CPgeeJMSAlN8L9xv/jqtmOaRkwCFUTrlmMn4GVEAaeCDQpuqllCaI90WMtQSSKmvWwUfoAPjNLGYazMk4BH6vRGRiKt+1FgJoe59Kw3FP/yWimE517GZZICk3R8KEwFhhgPm8RtrhgF0TeEUMXNXzHtEkUomL4LJrozG3Se1E8qjl1xbk9L1ctJZ3m0h/ZRGTnoDFXRNbpBNUTRI3pCL+jDerberU/razyasyY7u+gXrO8fNfam4A==</latexit><latexit sha1_base64="dQPirf1yzdEIdn62xZdmlaEGfhY=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBE0LArgjZC0MZSwTwguyyzk9lkyOzsMnNXDEv+wq+xsPEP7OxtRGytnTyKmFh4YOBwzr3cOSdIBNdg229WbmFxaXklv1pYW9/Y3Cpu79R1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBL2rod+4Z0rzWN5BP2FeRDqSh5wSMJJfrLgRgW4QZg8DX+ALHPqiPCVl4tgZHGEXugyILw79Ysmu2CPgeeJMSAlN8L9xv/jqtmOaRkwCFUTrlmMn4GVEAaeCDQpuqllCaI90WMtQSSKmvWwUfoAPjNLGYazMk4BH6vRGRiKt+1FgJoe59Kw3FP/yWimE517GZZICk3R8KEwFhhgPm8RtrhgF0TeEUMXNXzHtEkUomL4LJrozG3Se1E8qjl1xbk9L1ctJZ3m0h/ZRGTnoDFXRNbpBNUTRI3pCL+jDerberU/razyasyY7u+gXrO8fNfam4A==</latexit>
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1. Forward pass: for each training example,
compute the outputs for all layers: 

2. Backwards pass: compute loss derivatives
iteratively from top to bottom: 

3. Parameter update: Compute gradients
w.r.t. weights, and update weights:

Backpropagation Summary

x0
<latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit><latexit sha1_base64="i8RyUEbLG6/GLbN2oKZUlZEMDPA="></latexit>

…
…

(output)

(input)

xL
<latexit sha1_base64="jdwPld+3IdUo44x72/RVxC1foFc="></latexit><latexit sha1_base64="jdwPld+3IdUo44x72/RVxC1foFc="></latexit><latexit sha1_base64="jdwPld+3IdUo44x72/RVxC1foFc="></latexit><latexit sha1_base64="jdwPld+3IdUo44x72/RVxC1foFc="></latexit>

xL�1
<latexit sha1_base64="Tck5RYijalGMl+9GWWx3x1Anmtk="></latexit><latexit sha1_base64="Tck5RYijalGMl+9GWWx3x1Anmtk="></latexit><latexit sha1_base64="Tck5RYijalGMl+9GWWx3x1Anmtk="></latexit><latexit sha1_base64="Tck5RYijalGMl+9GWWx3x1Anmtk="></latexit>

xl
<latexit sha1_base64="diGieRk/+yzlPAtbe3UVtxj2Xu8="></latexit><latexit sha1_base64="diGieRk/+yzlPAtbe3UVtxj2Xu8="></latexit><latexit sha1_base64="diGieRk/+yzlPAtbe3UVtxj2Xu8="></latexit><latexit sha1_base64="diGieRk/+yzlPAtbe3UVtxj2Xu8="></latexit>

xl�1
<latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit><latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit><latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit><latexit sha1_base64="w53lUWMq41GnKvM6p0QKkRX15AY="></latexit>

x1
<latexit sha1_base64="RAksMLp2OPTUerMMqkmFz+7ilFI="></latexit><latexit sha1_base64="RAksMLp2OPTUerMMqkmFz+7ilFI="></latexit><latexit sha1_base64="RAksMLp2OPTUerMMqkmFz+7ilFI="></latexit><latexit sha1_base64="RAksMLp2OPTUerMMqkmFz+7ilFI="></latexit>

x2
<latexit sha1_base64="hqP+d0RX9fdC+S4Oh85TVquApro="></latexit><latexit sha1_base64="hqP+d0RX9fdC+S4Oh85TVquApro="></latexit><latexit sha1_base64="hqP+d0RX9fdC+S4Oh85TVquApro="></latexit><latexit sha1_base64="hqP+d0RX9fdC+S4Oh85TVquApro="></latexit>

J
<latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit><latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit><latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit><latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit>

y
<latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit><latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit><latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit><latexit sha1_base64="3cDxYccP9DGPrcHCynaPTt+x8Xc="></latexit>

L(xL,y)
<latexit sha1_base64="dHDBhmNXsWreJxg8+UODyuW2JlM="></latexit><latexit sha1_base64="dHDBhmNXsWreJxg8+UODyuW2JlM="></latexit><latexit sha1_base64="dHDBhmNXsWreJxg8+UODyuW2JlM="></latexit><latexit sha1_base64="dHDBhmNXsWreJxg8+UODyuW2JlM="></latexit>

…
…

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit><latexit sha1_base64="Mx9uAcSSnxRZ1P9GP8wn8HJkGbI=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT2vV664VXcGsky8nFQgx//ivfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZPRNyYpU+CWNlnzRkpv6cyGik9TgKbDKiZqgXvan4l9dJTXjhZ1wmqUHJ5ovCVBATk2k5pM8VMiPGllCmuP0rYUOqKDO2wpI93Vs8dJk0z6qeW/Vuzyv1y7yzIhzBMZyCBzWowzXcQAMYDOARnuHVeXJenDfnfR4tOPnMIfyC8/ENaYGVBw==</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit><latexit sha1_base64="x4i/dKZONwn2K8uIJSLdJYx6co0=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhb1ar1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJp1qqeW/Vuzyr1y7yzIhzBMZyCB+dQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbayqVCA==</latexit>

fl
<latexit sha1_base64="/Zhdpj0m2ZRRJXmEB5Lr19a3igk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH3Rd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AUmwjck=</latexit><latexit sha1_base64="zM406i0Oghhgy+iTNVzZJHhvT88=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9nsngk5sUqfhLGyTxoyU39OZDTSehwFNhlRM9SL3lT8y+ukJrzwMy6T1KBk80VhKoiJybQc0ucKmRFjSyhT3P6VsCFVlBlbYcme7i0eukyaZ1XPrXq355X6Zd5ZEY7gGE7BgxrU4RpuoAEMBvAIz/DqPDkvzpvzPo8WnHzmEH7B+fgGy3SVQg==</latexit><latexit sha1_base64="zM406i0Oghhgy+iTNVzZJHhvT88=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9nsngk5sUqfhLGyTxoyU39OZDTSehwFNhlRM9SL3lT8y+ukJrzwMy6T1KBk80VhKoiJybQc0ucKmRFjSyhT3P6VsCFVlBlbYcme7i0eukyaZ1XPrXq355X6Zd5ZEY7gGE7BgxrU4RpuoAEMBvAIz/DqPDkvzpvzPo8WnHzmEH7B+fgGy3SVQg==</latexit><latexit sha1_base64="zM406i0Oghhgy+iTNVzZJHhvT88=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdhT3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9nsngk5sUqfhLGyTxoyU39OZDTSehwFNhlRM9SL3lT8y+ukJrzwMy6T1KBk80VhKoiJybQc0ucKmRFjSyhT3P6VsCFVlBlbYcme7i0eukyaZ1XPrXq355X6Zd5ZEY7gGE7BgxrU4RpuoAEMBvAIz/DqPDkvzpvzPo8WnHzmEH7B+fgGy3SVQg==</latexit>

fL
<latexit sha1_base64="3hGimrU3VT8M6JCfBvHUArhDp3c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFUxbaEPZbDft0s0m7E6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49uZ337i2ohEPeIk5UFMh0pEglG0kh/18/tpv1pz6+4cZJV4BalBgWa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmxU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nwqNgRv+eVV0rqoe27de7isNW6KOMpwAqdwDh5cQQPuoAk+MBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AN29jrU=</latexit><latexit sha1_base64="09jvEfcupEqZmxLmHPVqx5TmH1Y=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxsJCwUuE5Ah7m71kyd7esftOCEd+g4WNf8VGxNbOzn/jJrlCEwsHFoaZebx9E6ZSGHTdL6e0tLyyulZer2xsbm3vVHf3mibJNOM+S2Si70NquBSK+yhQ8vtUcxqHkrfC4eXEbz1wbUSi7nCU8iCmfSUiwShayY+6+fW4W625dXcKski8gtSgwP/i3epnp5ewLOYKmaTGtD03xSCnGgWTfFzpZIanlA1pn7ctVTTmJsinF43JkVV6JEq0fQrJVP05kdPYmFEc2mRMcWDmvYn4l9fOMDoPcqHSDLlis0VRJgkmZFIP6QnNGcqRJZRpYf9K2IBqytCWWLGne/OHLpLmSd1z697taa1xUXRWhgM4hGPw4AwacAU34AMDAY/wDK/Ok/PivDnvs2jJKWb24Recj29/EpYu</latexit><latexit sha1_base64="09jvEfcupEqZmxLmHPVqx5TmH1Y=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxsJCwUuE5Ah7m71kyd7esftOCEd+g4WNf8VGxNbOzn/jJrlCEwsHFoaZebx9E6ZSGHTdL6e0tLyyulZer2xsbm3vVHf3mibJNOM+S2Si70NquBSK+yhQ8vtUcxqHkrfC4eXEbz1wbUSi7nCU8iCmfSUiwShayY+6+fW4W625dXcKski8gtSgwP/i3epnp5ewLOYKmaTGtD03xSCnGgWTfFzpZIanlA1pn7ctVTTmJsinF43JkVV6JEq0fQrJVP05kdPYmFEc2mRMcWDmvYn4l9fOMDoPcqHSDLlis0VRJgkmZFIP6QnNGcqRJZRpYf9K2IBqytCWWLGne/OHLpLmSd1z697taa1xUXRWhgM4hGPw4AwacAU34AMDAY/wDK/Ok/PivDnvs2jJKWb24Recj29/EpYu</latexit><latexit sha1_base64="09jvEfcupEqZmxLmHPVqx5TmH1Y=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxsJCwUuE5Ah7m71kyd7esftOCEd+g4WNf8VGxNbOzn/jJrlCEwsHFoaZebx9E6ZSGHTdL6e0tLyyulZer2xsbm3vVHf3mibJNOM+S2Si70NquBSK+yhQ8vtUcxqHkrfC4eXEbz1wbUSi7nCU8iCmfSUiwShayY+6+fW4W625dXcKski8gtSgwP/i3epnp5ewLOYKmaTGtD03xSCnGgWTfFzpZIanlA1pn7ctVTTmJsinF43JkVV6JEq0fQrJVP05kdPYmFEc2mRMcWDmvYn4l9fOMDoPcqHSDLlis0VRJgkmZFIP6QnNGcqRJZRpYf9K2IBqytCWWLGne/OHLpLmSd1z697taa1xUXRWhgM4hGPw4AwacAU34AMDAY/wDK/Ok/PivDnvs2jJKWb24Recj29/EpYu</latexit> ✓L

<latexit sha1_base64="f8XbIOYQpSKGzdumAFN4gger4bM=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0DJoY2ERwcRgEsLeZi5Zsrd37M4J4ci/sLFQxNZ/Y+e/cZNcoYkPBh7vzTAzL0ikMOR5305hZXVtfaO4Wdra3tndK+8fNE2cao4NHstYtwJmUAqFDRIksZVoZFEg8SEYXU/9hyfURsTqnsYJdiM2UCIUnJGVHjs0RGK97HbSK1e8qjeDu0z8nFQgR71X/ur0Y55GqIhLZkzb9xLqZkyT4BInpU5qMGF8xAbYtlSxCE03m108cU+s0nfDWNtS5M7U3xMZi4wZR4HtjBgNzaI3Ff/z2imFl91MqCQlVHy+KEylS7E7fd/tC42c5NgSxrWwt7p8yDTjZEMq2RD8xZeXSfOs6ntV/+68UrvK4yjCERzDKfhwATW4gTo0gIOCZ3iFN8c4L8678zFvLTj5zCH8gfP5A78bkPM=</latexit><latexit sha1_base64="0XUlrcHndBixpa9DubtgM+7Z+44=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9MljA7mU2GzM4uM3eFsOQvLGz8FRsRW7Hzb5wkW2hi4YGBwznncueeIJHCoOt+OYWl5ZXVteJ6aWNza3unvLvXMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMLyd+84FrI2J1h6OE+xHtKxEKRtFK9x0ccKTd7HrcLVfcqjsFWSReTiqQ43/xbvmz04tZGnGFTFJj2p6boJ9RjYJJPi51UsMTyoa0z9uWKhpx42fTs8bkyCo9EsbaPoVkqv6cyGhkzCgKbDKiODDz3kT8y2unGJ77mVBJilyx2aIwlQRjMumI9ITmDOXIEsq0sH8lbEA1ZWibLNnTvflDF0njpOq5Ve/2tFK7yDsrwgEcwjF4cAY1uIIbqAMDBY/wDK/Ok/PivDnvs2jByWf24Recj2+s5Zhs</latexit><latexit sha1_base64="0XUlrcHndBixpa9DubtgM+7Z+44=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9MljA7mU2GzM4uM3eFsOQvLGz8FRsRW7Hzb5wkW2hi4YGBwznncueeIJHCoOt+OYWl5ZXVteJ6aWNza3unvLvXMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMLyd+84FrI2J1h6OE+xHtKxEKRtFK9x0ccKTd7HrcLVfcqjsFWSReTiqQ43/xbvmz04tZGnGFTFJj2p6boJ9RjYJJPi51UsMTyoa0z9uWKhpx42fTs8bkyCo9EsbaPoVkqv6cyGhkzCgKbDKiODDz3kT8y2unGJ77mVBJilyx2aIwlQRjMumI9ITmDOXIEsq0sH8lbEA1ZWibLNnTvflDF0njpOq5Ve/2tFK7yDsrwgEcwjF4cAY1uIIbqAMDBY/wDK/Ok/PivDnvs2jByWf24Recj2+s5Zhs</latexit><latexit sha1_base64="0XUlrcHndBixpa9DubtgM+7Z+44=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sbBQMA9MljA7mU2GzM4uM3eFsOQvLGz8FRsRW7Hzb5wkW2hi4YGBwznncueeIJHCoOt+OYWl5ZXVteJ6aWNza3unvLvXMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMLyd+84FrI2J1h6OE+xHtKxEKRtFK9x0ccKTd7HrcLVfcqjsFWSReTiqQ43/xbvmz04tZGnGFTFJj2p6boJ9RjYJJPi51UsMTyoa0z9uWKhpx42fTs8bkyCo9EsbaPoVkqv6cyGhkzCgKbDKiODDz3kT8y2unGJ77mVBJilyx2aIwlQRjMumI9ITmDOXIEsq0sH8lbEA1ZWibLNnTvflDF0njpOq5Ve/2tFK7yDsrwgEcwjF4cAY1uIIbqAMDBY/wDK/Ok/PivDnvs2jByWf24Recj2+s5Zhs</latexit>

✓l
<latexit sha1_base64="GT2jzuvyjyTZZksdDwtVdeQIbyU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKJvttF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbITMohcIGCZLYTjSyKJTYCse3M7/1hNqIWD3QJMEgYkMlBoIzstJjl0ZIrJfJaa9c8areHO4q8XNSgRz1Xvmr2495GqEiLpkxHd9LKMiYJsElTkvd1GDC+JgNsWOpYhGaIJtfPHXPrNJ3B7G2pcidq78nMhYZM4lC2xkxGpllbyb+53VSGlwHmVBJSqj4YtEglS7F7ux9ty80cpITSxjXwt7q8hHTjJMNqWRD8JdfXiXNi6rvVf37y0rtJo+jCCdwCufgwxXU4A7q0AAOCp7hFd4c47w4787HorXg5DPH8AfO5w/vu5ET</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit><latexit sha1_base64="UrP2j67+2AkMgYiNb+Ghiwpo9rM=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ5PjTqnsVbwp3EXi56QMOf4X75Q+292YpxEq4pIZ0/K9hIKMaRJc4rjYTg0mjA9ZH1uWKhahCbLpWWP32Cpdtxdr+xS5U/XnRMYiY0ZRaJMRo4GZ9ybiX14rpd5FkAmVpISKzxb1UulS7E46crtCIyc5soRxLexfXT5gmnGyTRbt6f78oYukflrxvYp/e1auXuadFeAQjuAEfDiHKlzDDdSAg4JHeIZX58l5cd6c91l0yclnDuAXnI9v4iWYjA==</latexit>

✓2
<latexit sha1_base64="HdFqMHr303Ap8KrhKU4gRIidvIE=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laQIeix68VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWemxSyMk1suq016p7FW8OdxV4uekDDnqvdJXtx/zNEJFXDJjOr6XUJAxTYJLnBa7qcGE8TEbYsdSxSI0QTa/eOqeW6XvDmJtS5E7V39PZCwyZhKFtjNiNDLL3kz8z+ukNLgOMqGSlFDxxaJBKl2K3dn7bl9o5CQnljCuhb3V5SOmGScbUtGG4C+/vEqa1YrvVfz7y3LtJo+jAKdwBhfgwxXU4A7q0AAOCp7hFd4c47w4787HonXNyWdO4A+czx+XmZDZ</latexit><latexit sha1_base64="c9kA8osTQDhI7beLYQVx1f2TS4Y=">AAACFnicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sVQwD0yWMDu5mwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQ19VsPoI2I1R2OE/AjNlAiFJyhle67OARkvaw26ZUrbtWdgS4TLycVkuN/8V75s9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTWhJ1bp0zDW9imkM/XnRMYiY8ZRYJMRw6FZ9KbiX14nxfDCz4RKUgTF54vCVFKM6bQj2hcaOMqxJYxrYf9K+ZBpxtE2WbKne4uHLpNmreq5Ve/2rFK/zDsrkiNyTE6JR85JnVyTG9IgnCjySJ7Jq/PkvDhvzvs8WnDymUPyC87HN4GhmFI=</latexit><latexit sha1_base64="c9kA8osTQDhI7beLYQVx1f2TS4Y=">AAACFnicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sVQwD0yWMDu5mwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQ19VsPoI2I1R2OE/AjNlAiFJyhle67OARkvaw26ZUrbtWdgS4TLycVkuN/8V75s9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTWhJ1bp0zDW9imkM/XnRMYiY8ZRYJMRw6FZ9KbiX14nxfDCz4RKUgTF54vCVFKM6bQj2hcaOMqxJYxrYf9K+ZBpxtE2WbKne4uHLpNmreq5Ve/2rFK/zDsrkiNyTE6JR85JnVyTG9IgnCjySJ7Jq/PkvDhvzvs8WnDymUPyC87HN4GhmFI=</latexit><latexit sha1_base64="c9kA8osTQDhI7beLYQVx1f2TS4Y=">AAACFnicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sVQwD0yWMDu5mwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQ19VsPoI2I1R2OE/AjNlAiFJyhle67OARkvaw26ZUrbtWdgS4TLycVkuN/8V75s9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTWhJ1bp0zDW9imkM/XnRMYiY8ZRYJMRw6FZ9KbiX14nxfDCz4RKUgTF54vCVFKM6bQj2hcaOMqxJYxrYf9K+ZBpxtE2WbKne4uHLpNmreq5Ve/2rFK/zDsrkiNyTE6JR85JnVyTG9IgnCjySJ7Jq/PkvDhvzvs8WnDymUPyC87HN4GhmFI=</latexit>

✓1
<latexit sha1_base64="UwdldS9bd+OkY0zCIsd9H8BgKNQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKJvttF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbITMohcIGCZLYTjSyKJTYCse3M7/1hNqIWD3QJMEgYkMlBoIzstJjl0ZIrJf501654lW9OdxV4uekAjnqvfJXtx/zNEJFXDJjOr6XUJAxTYJLnJa6qcGE8TEbYsdSxSI0QTa/eOqeWaXvDmJtS5E7V39PZCwyZhKFtjNiNDLL3kz8z+ukNLgOMqGSlFDxxaJBKl2K3dn7bl9o5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx+WFJDY</latexit><latexit sha1_base64="4OPrgzNZFwLL3jGMSYHXwHzMrDw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ/PHnVLZq3hTuIvEz0kZcvwv3il9trsxTyNUxCUzpuV7CQUZ0yS4xHGxnRpMGB+yPrYsVSxCE2TTs8busVW6bi/W9ilyp+rPiYxFxoyi0CYjRgMz703Ev7xWSr2LIBMqSQkVny3qpdKl2J105HaFRk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/ff/eYUQ==</latexit><latexit sha1_base64="4OPrgzNZFwLL3jGMSYHXwHzMrDw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ/PHnVLZq3hTuIvEz0kZcvwv3il9trsxTyNUxCUzpuV7CQUZ0yS4xHGxnRpMGB+yPrYsVSxCE2TTs8busVW6bi/W9ilyp+rPiYxFxoyi0CYjRgMz703Ev7xWSr2LIBMqSQkVny3qpdKl2J105HaFRk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/ff/eYUQ==</latexit><latexit sha1_base64="4OPrgzNZFwLL3jGMSYHXwHzMrDw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ/PHnVLZq3hTuIvEz0kZcvwv3il9trsxTyNUxCUzpuV7CQUZ0yS4xHGxnRpMGB+yPrYsVSxCE2TTs8busVW6bi/W9ilyp+rPiYxFxoyi0CYjRgMz703Ev7xWSr2LIBMqSQkVny3qpdKl2J105HaFRk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/ff/eYUQ==</latexit>

xl = fl(xl�1, ✓l)
<latexit sha1_base64="EdYqE0DLN+tu5p5N90f82OTgorw=">AAACF3icbVDLSsNAFJ3UV62vqks3g0WooCURQTdC0Y3LCvYBTQiT6aQdOnkwcyOWkL9w46+4caGIW935N07bLGrrgQuHc+7l3nu8WHAFpvljFJaWV1bXiuuljc2t7Z3y7l5LRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW94M/bbD0wqHoX3MIqZE5B+yH1OCWjJLdfsgMDA89PHzBX4CvuuqM5IqTi1shNsw4ABccWxW66YNXMCvEisnFRQjoZb/rZ7EU0CFgIVRKmuZcbgpEQCp4JlJTtRLCZ0SPqsq2lIAqacdPJXho+00sN+JHWFgCfq7ERKAqVGgac7xyereW8s/ud1E/AvnZSHcQIspNNFfiIwRHgcEu5xySiIkSaESq5vxXRAJKGgoyzpEKz5lxdJ66xmmTXr7rxSv87jKKIDdIiqyEIXqI5uUQM1EUVP6AW9oXfj2Xg1PozPaWvByGf20R8YX79iuJ9n</latexit><latexit sha1_base64="dQPirf1yzdEIdn62xZdmlaEGfhY=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBE0LArgjZC0MZSwTwguyyzk9lkyOzsMnNXDEv+wq+xsPEP7OxtRGytnTyKmFh4YOBwzr3cOSdIBNdg229WbmFxaXklv1pYW9/Y3Cpu79R1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBL2rod+4Z0rzWN5BP2FeRDqSh5wSMJJfrLgRgW4QZg8DX+ALHPqiPCVl4tgZHGEXugyILw79Ysmu2CPgeeJMSAlN8L9xv/jqtmOaRkwCFUTrlmMn4GVEAaeCDQpuqllCaI90WMtQSSKmvWwUfoAPjNLGYazMk4BH6vRGRiKt+1FgJoe59Kw3FP/yWimE517GZZICk3R8KEwFhhgPm8RtrhgF0TeEUMXNXzHtEkUomL4LJrozG3Se1E8qjl1xbk9L1ctJZ3m0h/ZRGTnoDFXRNbpBNUTRI3pCL+jDerberU/razyasyY7u+gXrO8fNfam4A==</latexit><latexit sha1_base64="dQPirf1yzdEIdn62xZdmlaEGfhY=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBE0LArgjZC0MZSwTwguyyzk9lkyOzsMnNXDEv+wq+xsPEP7OxtRGytnTyKmFh4YOBwzr3cOSdIBNdg229WbmFxaXklv1pYW9/Y3Cpu79R1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBL2rod+4Z0rzWN5BP2FeRDqSh5wSMJJfrLgRgW4QZg8DX+ALHPqiPCVl4tgZHGEXugyILw79Ysmu2CPgeeJMSAlN8L9xv/jqtmOaRkwCFUTrlmMn4GVEAaeCDQpuqllCaI90WMtQSSKmvWwUfoAPjNLGYazMk4BH6vRGRiKt+1FgJoe59Kw3FP/yWimE517GZZICk3R8KEwFhhgPm8RtrhgF0TeEUMXNXzHtEkUomL4LJrozG3Se1E8qjl1xbk9L1ctJZ3m0h/ZRGTnoDFXRNbpBNUTRI3pCL+jDerberU/razyasyY7u+gXrO8fNfam4A==</latexit><latexit sha1_base64="dQPirf1yzdEIdn62xZdmlaEGfhY=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBE0LArgjZC0MZSwTwguyyzk9lkyOzsMnNXDEv+wq+xsPEP7OxtRGytnTyKmFh4YOBwzr3cOSdIBNdg229WbmFxaXklv1pYW9/Y3Cpu79R1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBL2rod+4Z0rzWN5BP2FeRDqSh5wSMJJfrLgRgW4QZg8DX+ALHPqiPCVl4tgZHGEXugyILw79Ysmu2CPgeeJMSAlN8L9xv/jqtmOaRkwCFUTrlmMn4GVEAaeCDQpuqllCaI90WMtQSSKmvWwUfoAPjNLGYazMk4BH6vRGRiKt+1FgJoe59Kw3FP/yWimE517GZZICk3R8KEwFhhgPm8RtrhgF0TeEUMXNXzHtEkUomL4LJrozG3Se1E8qjl1xbk9L1ctJZ3m0h/ZRGTnoDFXRNbpBNUTRI3pCL+jDerberU/razyasyY7u+gXrO8fNfam4A==</latexit>
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Backpropagation Over Data Batches

Typically we want to minimize the average cost over lots of datapoints:
<latexit sha1_base64="1P9DEMOJjAoig0/eODhu/UiwrLY="></latexit>

J =
1

N

NX

i=1

Ji(x
i, ✓)

Then the gradient of the total cost is just the average of all the 
gradients of all the per-datapoint costs: 

<latexit sha1_base64="k7LiaGTYkalW25HtfAUKf3T5P98="></latexit>

@J

@✓
=

1

N

NX

i=1

@Ji(xi, ✓)

@✓

45



Linear layer
• Forward propagation: xout = f(xin,W) = Wxin

<latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit>f(xin,W)
<latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit>

xin
<latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit>

xout
<latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit>

• Backprop to input: 

If we look at the i component of output xout, with respect to the j component of the input, xin:
@xouti

@xinj

= Wij
<latexit sha1_base64="5Lcd3D42kFKRzmuHSReW/gEJnIs="></latexit><latexit sha1_base64="5Lcd3D42kFKRzmuHSReW/gEJnIs="></latexit><latexit sha1_base64="5Lcd3D42kFKRzmuHSReW/gEJnIs="></latexit><latexit sha1_base64="5Lcd3D42kFKRzmuHSReW/gEJnIs="></latexit>

@f(xin,W)

@xin
= W

<latexit sha1_base64="1TikNKCAqeplvOQbMVcTlFpOlzc="></latexit><latexit sha1_base64="1TikNKCAqeplvOQbMVcTlFpOlzc="></latexit><latexit sha1_base64="1TikNKCAqeplvOQbMVcTlFpOlzc="></latexit><latexit sha1_base64="1TikNKCAqeplvOQbMVcTlFpOlzc="></latexit>

Therefore:

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="DcYGSNX1QSomrR38tswe4+SEdqo=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBrTXqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc3ugaYdA==</latexit><latexit sha1_base64="DcYGSNX1QSomrR38tswe4+SEdqo=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBrTXqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc3ugaYdA==</latexit><latexit sha1_base64="DcYGSNX1QSomrR38tswe4+SEdqo=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBrTXqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc3ugaYdA==</latexit>

With W being a  
matrix of size  
|xout|×|xin|

i
i

i
i

i
i

i
i
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individual scalar gradients:

Here we define LW and
Lb as matrices that store

the gradients of each
output with respect to
each weight and bias,

respectively. The columns
of LW index over all the

MN weights.

L
x[i, j] =

@xout[i]
@xin[j]

=
@

P
l W[i, l]xin[l]
@xin[j]

= W[i, j] (1.12)

L
W[i, jk] =

@xout[i]
@W[j, k]

=
@

P
l W[i, l]xin[l]
@W[j, k]

=

(
xin[j], if i == k
0, otherwise

(1.13)

L
b[i, j] =

@xout[i]
@b[j]

=

(
1, if i == j
0, otherwise

(1.14)

Equations (1.12) and (1.14) imply:

L
x = W / [M ⇥ N] (1.15)

L
b = I / [M ⇥ M] (1.16)

There is no such simple shorthand for L
W, but that is no matter, as we can proceed at this

point to implement backward for a linear layer by plugging our computed L
x into equation

(1.10), and L
W and L

b into equation (1.9).

gin = goutL
x = goutW (1.17)

@J
@W

= goutL
W (1.18)

@J
@b

= goutL
b = gout (1.19)

To get an intuition for equation (1.17), it can help to draw the matrices being multiplied.
Below, in figure 1.8, on the left we have the forward operation of the layer (omitting biases)
and on the right we have the backward operation in equation (1.17).

Figure 1.8: The
forward and backward

matrix multiples
for a linear layer.

xout
=

W xin

forward
gin

=
gout W

backward

Unlike the other equations, at first glance @J
@W does not seem to have a simple form. A

naive approach would be to first build out the large sparse matrix L
W (which is [M ⇥ MN],

with zeros wherever i 6= k in L
W[i, jk]), then do the matrix multiply goutL

W. We can avoid
all those multiplications by zero by observing the following simplification:

i
i

i
i

i
i

i
i
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Unlike the other equations, at first glance @J
@W does not seem to have a simple form. A

naive approach would be to first build out the large sparse matrix L
W (which is [M ⇥ MN],

with zeros wherever i 6= k in L
W[i, jk]), then do the matrix multiply goutL

W. We can avoid
all those multiplications by zero by observing the following simplification:
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• Backprop to input: 

Now let’s see how we use the set of outputs to compute the 
weights update equation (backprop to the weights).

i
i

i
i

i
i

i
i
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individual scalar gradients:

Here we define LW and
Lb as matrices that store

the gradients of each
output with respect to
each weight and bias,

respectively. The columns
of LW index over all the

MN weights.
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Figure 1.8: The
forward and backward

matrix multiples
for a linear layer.

xout
=

W xin

forward
gin

=
gout W

backward

Unlike the other equations, at first glance @J
@W does not seem to have a simple form. A

naive approach would be to first build out the large sparse matrix L
W (which is [M ⇥ MN],

with zeros wherever i 6= k in L
W[i, jk]), then do the matrix multiply goutL

W. We can avoid
all those multiplications by zero by observing the following simplification:

• Forward propagation: xout = f(xin,W) = Wxin
<latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit>

Linear layer
f(xin,W)

<latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit>

xin
<latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit>

xout
<latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="DcYGSNX1QSomrR38tswe4+SEdqo=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBrTXqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc3ugaYdA==</latexit><latexit sha1_base64="DcYGSNX1QSomrR38tswe4+SEdqo=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBrTXqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc3ugaYdA==</latexit><latexit sha1_base64="DcYGSNX1QSomrR38tswe4+SEdqo=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBrTXqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc3ugaYdA==</latexit>
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• Backprop to weights:

If we look at how the parameter Wij changes the cost, only the i 
component of the output will change, therefore:

• Forward propagation: xout = f(xin,W) = Wxin
<latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit><latexit sha1_base64="Xc/Rtb1Pm3zsa4Wq2fcwq5QgRo8="></latexit>

@xouti

@Wij
= xinj

<latexit sha1_base64="BRZvPbdAXB/w97q3RX4F9bti4BM="></latexit><latexit sha1_base64="BRZvPbdAXB/w97q3RX4F9bti4BM="></latexit><latexit sha1_base64="BRZvPbdAXB/w97q3RX4F9bti4BM="></latexit><latexit sha1_base64="BRZvPbdAXB/w97q3RX4F9bti4BM="></latexit>

And now we can update the weights: Wk+1  Wk + ⌘

✓
@J

@W

◆T

<latexit sha1_base64="tEv2ufs9Uvi+jyrVzXQKnOzNFrQ="></latexit><latexit sha1_base64="tEv2ufs9Uvi+jyrVzXQKnOzNFrQ="></latexit><latexit sha1_base64="tEv2ufs9Uvi+jyrVzXQKnOzNFrQ="></latexit><latexit sha1_base64="tEv2ufs9Uvi+jyrVzXQKnOzNFrQ="></latexit>

Linear layer
f(xin,W)

<latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit>

xin
<latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit>

xout
<latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit>
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=
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=
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h
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=
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h
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In matrix equations, it’s
very useful to check that
the dimensions all match
up. To the right of some
equations in this chapter,
we denote the
dimensionality of the
matrices in the product,
where xin is M
dimensions, xout is N
dimensions, and the loss J
is always a scalar.

Now we can just arrange all these scalar derivatives into the matrix for @J
@W , and obtain the

following:

@J
@W

=

2

64

@J
@W[0,0] … @J

@W[N–1,0]
...

. . .
...

@J
@W[0,M–1] … @J

@W[N–1,M–1]

3

75 (1.25)

=

2

64

@J
@xout[0] xin[0] … @J

@xout[N–1] xin[0]
...

. . .
...

@J
@xout[0] xin[M – 1] … @J

@xout[N–1] xin[M – 1]

3

75 (1.26)

= xin
@J

@xout
(1.27)

= xingout (1.28)

Note, we are using the
convention of
zero-indexing into vectors
and matrices.

So we see that in the end this gradient has the simple form of an outer product between
two vectors, xin and gout (figure 1.9).

@J
@W

=
xin gout Figure 1.9: Matrix multi-

ply for parameter gradient
of a linear layer.

We can summarize all these operations in the forward and backward diagram for linear
layer in figure 1.10.

Notice that all these operations are simple expressions, mainly involving matrix multi-
plies. Forward and backward for a linear layer are also very easy to write in code, using
any library that provides matrix multiplication (matmul) as a primitive. Figure 1.11 gives
Python pseudocode for this layer.
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Weight updates:

Wk+1  Wk + ⌘

✓
@J

@W

◆T
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Linear layer
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1.5.4 Putting It All Together: Backpropagation through an MLP

Let’s see what happens when we put all these operations together in an MLP. We will start
with the MLP in figure 1.1. For simplicity, we will omit biases. Let x be four-dimensional
and z and h be three-dimensional, and ŷ be two-dimensional. The forward pass for this
network is shown below in figure 1.15.

Figure 1.15: Forward
pass through an MLP.
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z
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=
W2 h

h = relu(z) J = kŷ – yk2
2

For the backward pass, we will here make a slight change in convention, which will
clarify an interesting connection between the forward and backward directions. Rather than
representing gradients g as row vectors, we will transpose them and treat them as column
vectors. The backward operation for transposed vectors follows from the matrix identity
that (AB)T = B

T
A

T:

g
T
in = (goutW)T = W

T
g

T
out (1.35)

Now we will draw the backward pass, using these transposed g’s, in figure 1.16.

Figure 1.16: Backward
pass through an MLP.
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This reveals an interesting connection between forward and backward for linear lay-
ers: backward for a linear layer is the same operation as forward, just with the weights
transposed! We have omitted the bias terms here, but recall from equation (1.17) that the
backward pass to the activations ignores biases anyway.

In contrast, the relu layer is not a relu on the backward pass. Instead, it becomes a sort
of gating matrix, parameterized by functions of the activations from the forward pass (a,
b, and c). This matrix is all zeros except for ones on the diagonal where the activation was
nonnegative. This layer acts to mask out gradients for variables on the negative side of the
relu. Notice that this operation is a matrix multiply — in fact, all backward operations
are matrix multiplies, no matter what the forward operation might be, as you can observe
in algorithm 1.1.
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z

=
W1 x ŷ
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and z and h be three-dimensional, and ŷ be two-dimensional. The forward pass for this
network is shown below in figure 1.15.

Figure 1.15: Forward
pass through an MLP.

linear relu linear L2 lossx z h ŷ J
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z

=
W1 x ŷ
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This reveals an interesting connection between forward and backward for linear lay-
ers: backward for a linear layer is the same operation as forward, just with the weights
transposed! We have omitted the bias terms here, but recall from equation (1.17) that the
backward pass to the activations ignores biases anyway.

In contrast, the relu layer is not a relu on the backward pass. Instead, it becomes a sort
of gating matrix, parameterized by functions of the activations from the forward pass (a,
b, and c). This matrix is all zeros except for ones on the diagonal where the activation was
nonnegative. This layer acts to mask out gradients for variables on the negative side of the
relu. Notice that this operation is a matrix multiply — in fact, all backward operations
are matrix multiplies, no matter what the forward operation might be, as you can observe
in algorithm 1.1.
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network is shown below in figure 1.15.

Figure 1.15: Forward
pass through an MLP.
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For the backward pass, we will here make a slight change in convention, which will
clarify an interesting connection between the forward and backward directions. Rather than
representing gradients g as row vectors, we will transpose them and treat them as column
vectors. The backward operation for transposed vectors follows from the matrix identity
that (AB)T = B

T
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Now we will draw the backward pass, using these transposed g’s, in figure 1.16.

Figure 1.16: Backward
pass through an MLP.
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2(ŷ – y)1

This reveals an interesting connection between forward and backward for linear lay-
ers: backward for a linear layer is the same operation as forward, just with the weights
transposed! We have omitted the bias terms here, but recall from equation (1.17) that the
backward pass to the activations ignores biases anyway.

In contrast, the relu layer is not a relu on the backward pass. Instead, it becomes a sort
of gating matrix, parameterized by functions of the activations from the forward pass (a,
b, and c). This matrix is all zeros except for ones on the diagonal where the activation was
nonnegative. This layer acts to mask out gradients for variables on the negative side of the
relu. Notice that this operation is a matrix multiply — in fact, all backward operations
are matrix multiplies, no matter what the forward operation might be, as you can observe
in algorithm 1.1.

i
i

i
i

i
i

i
i

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

1.5.4 Putting It All Together: Backpropagation through an MLP

Let’s see what happens when we put all these operations together in an MLP. We will start
with the MLP in figure 1.1. For simplicity, we will omit biases. Let x be four-dimensional
and z and h be three-dimensional, and ŷ be two-dimensional. The forward pass for this
network is shown below in figure 1.15.

Figure 1.15: Forward
pass through an MLP.

linear relu linear L2 lossx z h ŷ J
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=
W2 h

h = relu(z) J = kŷ – yk2
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Now lets look at a whole MLP: Backward
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<latexit sha1_base64="Acb6QKoElIZCeSfz1Ai7rlVLd08=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIw686HjWG15tbdBcg68QpSgwKtYfXLH8UsjbhCJqkxfc9NcJBRjYJJPq/4qeEJZVM65n1LFY24GWSLzHNyYZURCWNtn0KyUH9vZDQyZhYFdjLPaFa9XPzP66cY3gwyoZIUuWLLQ2EqCcYkL4CMhOYM5cwSyrSwWQmbUE0Z2poqtgRv9cvrpNOoe27de7iqNW+LOspwBudwCR5cQxPuoQVtYJDAM7zCm5M6L86787EcLTnFzin8gfP5A/lukaA=</latexit><latexit sha1_base64="V2AHsvhIPHrrBYamKpB3tpUDsa8=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE5mkyGzs8vMXSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSKQy67peztr6xubVd2inv7u0fHFaOjlsmTjXjTRbLWHcCargUijdRoOSdRHMaBZK3g/Ft7refuDYiVo84SXgvokMlQsEoWsn3I4qjIMza0369X6m6NXcOskq8glShwP/G+5WZP4hZGnGFTFJjup6bYC+jGgWTfFr2U8MTysZ0yLuWKhpx08vmwabk3CoDEsbaPoVkrv7cyGhkzCQK7GQexCx7ufiX100xvO5lQiUpcsUWh8JUEoxJ3hIZCM0ZyokllGlh/0rYiGrK0HZZttG95aCrpFWveW7Ne7isNm6KzkpwCmdwAR5cQQPu4B6awCCBZ3iFd+fFeXM+nM/F6JpT7JzALzizb/2fmRk=</latexit><latexit sha1_base64="V2AHsvhIPHrrBYamKpB3tpUDsa8=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE5mkyGzs8vMXSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSKQy67peztr6xubVd2inv7u0fHFaOjlsmTjXjTRbLWHcCargUijdRoOSdRHMaBZK3g/Ft7refuDYiVo84SXgvokMlQsEoWsn3I4qjIMza0369X6m6NXcOskq8glShwP/G+5WZP4hZGnGFTFJjup6bYC+jGgWTfFr2U8MTysZ0yLuWKhpx08vmwabk3CoDEsbaPoVkrv7cyGhkzCQK7GQexCx7ufiX100xvO5lQiUpcsUWh8JUEoxJ3hIZCM0ZyokllGlh/0rYiGrK0HZZttG95aCrpFWveW7Ne7isNm6KzkpwCmdwAR5cQQPu4B6awCCBZ3iFd+fFeXM+nM/F6JpT7JzALzizb/2fmRk=</latexit><latexit sha1_base64="V2AHsvhIPHrrBYamKpB3tpUDsa8=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE5mkyGzs8vMXSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSKQy67peztr6xubVd2inv7u0fHFaOjlsmTjXjTRbLWHcCargUijdRoOSdRHMaBZK3g/Ft7refuDYiVo84SXgvokMlQsEoWsn3I4qjIMza0369X6m6NXcOskq8glShwP/G+5WZP4hZGnGFTFJjup6bYC+jGgWTfFr2U8MTysZ0yLuWKhpx08vmwabk3CoDEsbaPoVkrv7cyGhkzCQK7GQexCx7ufiX100xvO5lQiUpcsUWh8JUEoxJ3hIZCM0ZyokllGlh/0rYiGrK0HZZttG95aCrpFWveW7Ne7isNm6KzkpwCmdwAR5cQQPu4B6awCCBZ3iFd+fFeXM+nM/F6JpT7JzALzizb/2fmRk=</latexit>

W3
<latexit sha1_base64="JKfCkzso0ksabTFMrwueW1FQh0s=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLoxmUF+4AmlMn0ph06mYSZiVBCf8ONC0Xc+jPu/BunbRbaemDgcM693DMnTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7T6g0T+SjmaQYxHQoecQZNVby/ZiaURjlnWn/sl+tuXV3DrJKvILUoECzX/3yBwnLYpSGCap1z3NTE+RUGc4ETit+pjGlbEyH2LNU0hh1kM8zT8mZVQYkSpR90pC5+nsjp7HWkzi0k7OMetmbif95vcxEN0HOZZoZlGxxKMoEMQmZFUAGXCEzYmIJZYrbrISNqKLM2JoqtgRv+curpH1R99y693BVa9wWdZThBE7hHDy4hgbcQxNawCCFZ3iFNydzXpx352MxWnKKnWP4A+fzB/rykaE=</latexit><latexit sha1_base64="BHbFSpd5GV7yN9u/+9MmcRROwUo=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAdkQZiezyZDZ2WXmrhCW/IaFjb9iI2Kbzr9xNtlCEwsPDBzOuZc75wSJFAZd98tZWV1b39gsbZW3d3b39isHh00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbweg291tPXBsRq0ccJ7wb0YESoWAUreT7EcVhEGatSe+iV6m6NXcGsky8glShwP/Ge5Wp349ZGnGFTFJjOp6bYDejGgWTfFL2U8MTykZ0wDuWKhpx081mwSbk1Cp9EsbaPoVkpv7cyGhkzDgK7GQexCx6ufiX10kxvO5mQiUpcsXmh8JUEoxJ3hLpC80ZyrEllGlh/0rYkGrK0HZZttG9xaDLpHle89ya93BZrd8UnZXgGE7gDDy4gjrcwT00gEECz/AK786L8+Z8OJ/z0RWn2DmCX3Cm3/9ImRo=</latexit><latexit sha1_base64="BHbFSpd5GV7yN9u/+9MmcRROwUo=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAdkQZiezyZDZ2WXmrhCW/IaFjb9iI2Kbzr9xNtlCEwsPDBzOuZc75wSJFAZd98tZWV1b39gsbZW3d3b39isHh00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbweg291tPXBsRq0ccJ7wb0YESoWAUreT7EcVhEGatSe+iV6m6NXcGsky8glShwP/Ge5Wp349ZGnGFTFJjOp6bYDejGgWTfFL2U8MTykZ0wDuWKhpx081mwSbk1Cp9EsbaPoVkpv7cyGhkzDgK7GQexCx6ufiX10kxvO5mQiUpcsXmh8JUEoxJ3hLpC80ZyrEllGlh/0rYkGrK0HZZttG9xaDLpHle89ya93BZrd8UnZXgGE7gDDy4gjrcwT00gEECz/AK786L8+Z8OJ/z0RWn2DmCX3Cm3/9ImRo=</latexit><latexit sha1_base64="BHbFSpd5GV7yN9u/+9MmcRROwUo=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAdkQZiezyZDZ2WXmrhCW/IaFjb9iI2Kbzr9xNtlCEwsPDBzOuZc75wSJFAZd98tZWV1b39gsbZW3d3b39isHh00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbweg291tPXBsRq0ccJ7wb0YESoWAUreT7EcVhEGatSe+iV6m6NXcGsky8glShwP/Ge5Wp349ZGnGFTFJjOp6bYDejGgWTfFL2U8MTykZ0wDuWKhpx081mwSbk1Cp9EsbaPoVkpv7cyGhkzDgK7GQexCx6ufiX10kxvO5mQiUpcsXmh8JUEoxJ3hLpC80ZyrEllGlh/0rYkGrK0HZZttG9xaDLpHle89ya93BZrd8UnZXgGE7gDDy4gjrcwT00gEECz/AK786L8+Z8OJ/z0RWn2DmCX3Cm3/9ImRo=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

@J

@W1
<latexit sha1_base64="kLXSo8rXTdx4kR3r8u5KL3iYAbA=">AAACEXicbVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbiqYB/QhDCZTtqhkwczE6GE/IIbf8WNC0XcunPn3zhpA2rrgYHDOffeuff4CWdSWdaXUVlZXVvfqG7WtrZ3dvfM/YOujFNBaIfEPBZ9H0vKWUQ7iilO+4mgOPQ57fmTq8Lv3VMhWRzdqWlC3RCPIhYwgpWWPLPhBAKTzEmwUAxzdJP/cCfEauwHWS/37Nwz61bTmgEtE7skdSjR9sxPZxiTNKSRIhxLObCtRLlZMZtwmtecVNIEkwke0YGmEQ6pdLPZRTk60coQBbHQL1Jopv7uyHAo5TT0dWWxpFz0CvE/b5Cq4MLNWJSkikZk/lGQcqRiVMSDhkxQovhUE0wE07siMsY6IqVDrOkQ7MWTl0n3tGlbTfv2rN66LOOowhEcQwNsOIcWXEMbOkDgAZ7gBV6NR+PZeDPe56UVo+w5hD8wPr4BTdKd7A==</latexit><latexit sha1_base64="bPNojVQRYUxLm2vqHeOwsvOCXW4=">AAACNnicjVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbhSsA9oQphMJ+3QyYOZiVBCfsGvceHGn3Dnxo2IWz/BSRtQWxceGDiccy9zz/ETzqSyrBejsrS8srpWXa9tbG5t75i7ex0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9ccXhd+9o0KyOLpVk4S6IR5GLGAEKy15ZsMJBCaZk2ChGOboKv/mTojVyA+ybu7ZuWfWraY1BVokdknqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOY1J5U0wWSMh7SvaYRDKt1sGjtHR1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66ZqObs8HXSSd46ZtNe2bk3rrvOysCgdwCA2w4RRacAnX0AYC9/AAT/BmPBqvxrvxMRutGOXOPvyC8fkF8gilZQ==</latexit><latexit sha1_base64="bPNojVQRYUxLm2vqHeOwsvOCXW4=">AAACNnicjVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbhSsA9oQphMJ+3QyYOZiVBCfsGvceHGn3Dnxo2IWz/BSRtQWxceGDiccy9zz/ETzqSyrBejsrS8srpWXa9tbG5t75i7ex0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9ccXhd+9o0KyOLpVk4S6IR5GLGAEKy15ZsMJBCaZk2ChGOboKv/mTojVyA+ybu7ZuWfWraY1BVokdknqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOY1J5U0wWSMh7SvaYRDKt1sGjtHR1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66ZqObs8HXSSd46ZtNe2bk3rrvOysCgdwCA2w4RRacAnX0AYC9/AAT/BmPBqvxrvxMRutGOXOPvyC8fkF8gilZQ==</latexit><latexit sha1_base64="bPNojVQRYUxLm2vqHeOwsvOCXW4=">AAACNnicjVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbhSsA9oQphMJ+3QyYOZiVBCfsGvceHGn3Dnxo2IWz/BSRtQWxceGDiccy9zz/ETzqSyrBejsrS8srpWXa9tbG5t75i7ex0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9ccXhd+9o0KyOLpVk4S6IR5GLGAEKy15ZsMJBCaZk2ChGOboKv/mTojVyA+ybu7ZuWfWraY1BVokdknqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOY1J5U0wWSMh7SvaYRDKt1sGjtHR1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66ZqObs8HXSSd46ZtNe2bk3rrvOysCgdwCA2w4RRacAnX0AYC9/AAT/BmPBqvxrvxMRutGOXOPvyC8fkF8gilZQ==</latexit>

@J

@W2
<latexit sha1_base64="VSevd/KGNC5+LxLxXXhxHcyYE8c=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64q2Ac0IUymk3bo5MHMRCghv+DGX3HjQhG37tz5N07agNp6YOBwzr137j1+wplUlvVlrKyurW9sVraq2zu7e/vmwWFXxqkgtENiHou+jyXlLKIdxRSn/URQHPqc9vzJVeH37qmQLI7u1DShbohHEQsYwUpLnll3AoFJ5iRYKIY5usl/uBNiNfaDrJd7zdwza1bDmgEtE7skNSjR9sxPZxiTNKSRIhxLObCtRLlZMZtwmledVNIEkwke0YGmEQ6pdLPZRTk61coQBbHQL1Jopv7uyHAo5TT0dWWxpFz0CvE/b5Cq4MLNWJSkikZk/lGQcqRiVMSDhkxQovhUE0wE07siMsY6IqVDrOoQ7MWTl0m32bCthn17VmtdlnFU4BhOoA42nEMLrqENHSDwAE/wAq/Go/FsvBnv89IVo+w5gj8wPr4BT1ed7Q==</latexit><latexit sha1_base64="u0GSUa4yvP84tWVTbL392SEmn2E=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64U7AOaECbTSTt08mBmIpSQX/BrXLjxJ9y5cSPi1k9w0gbU1oUHBg7n3Mvcc/yEM6ks68VYWl5ZXVuvbFQ3t7Z3ds29/Y6MU0Fom8Q8Fj0fS8pZRNuKKU57iaA49Dnt+uOLwu/eUSFZHN2qSULdEA8jFjCClZY8s+4EApPMSbBQDHN0lX9zJ8Rq5AdZN/eauWfWrIY1BVokdklqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOZVJ5U0wWSMh7SvaYRDKt1sGjtHx1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66aqObs8HXSSdZsO2GvbNSa11XnZWgUM4gjrYcAotuIRraAOBe3iAJ3gzHo1X4934mI0uGeXOAfyC8fkF87KlZg==</latexit><latexit sha1_base64="u0GSUa4yvP84tWVTbL392SEmn2E=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64U7AOaECbTSTt08mBmIpSQX/BrXLjxJ9y5cSPi1k9w0gbU1oUHBg7n3Mvcc/yEM6ks68VYWl5ZXVuvbFQ3t7Z3ds29/Y6MU0Fom8Q8Fj0fS8pZRNuKKU57iaA49Dnt+uOLwu/eUSFZHN2qSULdEA8jFjCClZY8s+4EApPMSbBQDHN0lX9zJ8Rq5AdZN/eauWfWrIY1BVokdklqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOZVJ5U0wWSMh7SvaYRDKt1sGjtHx1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66aqObs8HXSSdZsO2GvbNSa11XnZWgUM4gjrYcAotuIRraAOBe3iAJ3gzHo1X4934mI0uGeXOAfyC8fkF87KlZg==</latexit><latexit sha1_base64="u0GSUa4yvP84tWVTbL392SEmn2E=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64U7AOaECbTSTt08mBmIpSQX/BrXLjxJ9y5cSPi1k9w0gbU1oUHBg7n3Mvcc/yEM6ks68VYWl5ZXVuvbFQ3t7Z3ds29/Y6MU0Fom8Q8Fj0fS8pZRNuKKU57iaA49Dnt+uOLwu/eUSFZHN2qSULdEA8jFjCClZY8s+4EApPMSbBQDHN0lX9zJ8Rq5AdZN/eauWfWrIY1BVokdklqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOZVJ5U0wWSMh7SvaYRDKt1sGjtHx1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66aqObs8HXSSdZsO2GvbNSa11XnZWgUM4gjrYcAotuIRraAOBe3iAJ3gzHo1X4934mI0uGeXOAfyC8fkF87KlZg==</latexit>

@J

@W3
<latexit sha1_base64="zdijBs7EgkFMvxEUSpquoy0KtEw=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcV7AOaECbTSTt08mBmIpSQX3Djr7hxoYhbd+78GydtQG09MHA459479x4/4Uwqy/oylpZXVtfWKxvVza3tnV1zb78j41QQ2iYxj0XPx5JyFtG2YorTXiIoDn1Ou/74qvC791RIFkd3apJQN8TDiAWMYKUlz6w7gcAkcxIsFMMc3eQ/3AmxGvlB1s2909wza1bDmgItErskNSjR8sxPZxCTNKSRIhxL2betRLlZMZtwmledVNIEkzEe0r6mEQ6pdLPpRTk61soABbHQL1Joqv7uyHAo5ST0dWWxpJz3CvE/r5+q4MLNWJSkikZk9lGQcqRiVMSDBkxQovhEE0wE07siMsI6IqVDrOoQ7PmTF0nnpGFbDfv2rNa8LOOowCEcQR1sOIcmXEML2kDgAZ7gBV6NR+PZeDPeZ6VLRtlzAH9gfHwDUNyd7g==</latexit><latexit sha1_base64="bO4yBxhhTeyBQpVBYNHND90f7RQ=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcK9gFNCJPppB06eTAzEUrIL/g1Ltz4E+7cuBFx6yc4aQNq68IDA4dz7mXuOX7CmVSW9WIsLC4tr6xW1qrrG5tb2+bOblvGqSC0RWIei66PJeUsoi3FFKfdRFAc+px2/NFF4XfuqJAsjm7VOKFuiAcRCxjBSkueWXcCgUnmJFgohjm6yr+5E2I19IOsk3vHuWfWrIY1AZondklqUOJ/45757PRjkoY0UoRjKXu2lSg3Kw4gnOZVJ5U0wWSEB7SnaYRDKt1sEjtHh1rpoyAW+kUKTdSfGxkOpRyHvp4skshZrxD/8nqpCs7cjEVJqmhEph8FKUcqRkWHqM8EJYqPNcFEMH0rIkOse1S66aqObs8GnSfto4ZtNeybk1rzvOysAvtwAHWw4RSacAnX0AIC9/AAT/BmPBqvxrvxMR1dMMqdPfgF4/ML9VylZw==</latexit><latexit sha1_base64="bO4yBxhhTeyBQpVBYNHND90f7RQ=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcK9gFNCJPppB06eTAzEUrIL/g1Ltz4E+7cuBFx6yc4aQNq68IDA4dz7mXuOX7CmVSW9WIsLC4tr6xW1qrrG5tb2+bOblvGqSC0RWIei66PJeUsoi3FFKfdRFAc+px2/NFF4XfuqJAsjm7VOKFuiAcRCxjBSkueWXcCgUnmJFgohjm6yr+5E2I19IOsk3vHuWfWrIY1AZondklqUOJ/45757PRjkoY0UoRjKXu2lSg3Kw4gnOZVJ5U0wWSEB7SnaYRDKt1sEjtHh1rpoyAW+kUKTdSfGxkOpRyHvp4skshZrxD/8nqpCs7cjEVJqmhEph8FKUcqRkWHqM8EJYqPNcFEMH0rIkOse1S66aqObs8GnSfto4ZtNeybk1rzvOysAvtwAHWw4RSacAnX0AIC9/AAT/BmPBqvxrvxMR1dMMqdPfgF4/ML9VylZw==</latexit><latexit sha1_base64="bO4yBxhhTeyBQpVBYNHND90f7RQ=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcK9gFNCJPppB06eTAzEUrIL/g1Ltz4E+7cuBFx6yc4aQNq68IDA4dz7mXuOX7CmVSW9WIsLC4tr6xW1qrrG5tb2+bOblvGqSC0RWIei66PJeUsoi3FFKfdRFAc+px2/NFF4XfuqJAsjm7VOKFuiAcRCxjBSkueWXcCgUnmJFgohjm6yr+5E2I19IOsk3vHuWfWrIY1AZondklqUOJ/45757PRjkoY0UoRjKXu2lSg3Kw4gnOZVJ5U0wWSEB7SnaYRDKt1sEjtHh1rpoyAW+kUKTdSfGxkOpRyHvp4skshZrxD/8nqpCs7cjEVJqmhEph8FKUcqRkWHqM8EJYqPNcFEMH0rIkOse1S66aqObs8GnSfto4ZtNeybk1rzvOysAvtwAHWw4RSacAnX0AIC9/AAT/BmPBqvxrvxMR1dMMqdPfgF4/ML9VylZw==</latexit>

Inputs
<latexit sha1_base64="kcDwSfb/DB0OF2pSAQ+ogfv8aOA="></latexit><latexit sha1_base64="yNAzCqyZ0Xt3HwWkv+ytBZ4C7Jc="></latexit><latexit sha1_base64="yNAzCqyZ0Xt3HwWkv+ytBZ4C7Jc="></latexit><latexit sha1_base64="yNAzCqyZ0Xt3HwWkv+ytBZ4C7Jc="></latexit>

Outputs
<latexit sha1_base64="GPDM5anDg0RGasqA6KBEF6QgW8o="></latexit><latexit sha1_base64="YwpqT00LiqVDkqCrk6ELqwTjVwg="></latexit><latexit sha1_base64="YwpqT00LiqVDkqCrk6ELqwTjVwg="></latexit><latexit sha1_base64="YwpqT00LiqVDkqCrk6ELqwTjVwg="></latexit>

Backpropagation (1 iteration)
<latexit sha1_base64="RMgXPjrNccZhVXcFxpd3Fdw4LKI="></latexit><latexit sha1_base64="p7h2VeW/g8qkVKKVT47cVWNBwoU="></latexit><latexit sha1_base64="p7h2VeW/g8qkVKKVT47cVWNBwoU="></latexit><latexit sha1_base64="p7h2VeW/g8qkVKKVT47cVWNBwoU="></latexit>

WT
1

<latexit sha1_base64="IVv4kIRD6z9ke1O9Y1xM4quzvvE="></latexit><latexit sha1_base64="4OFwEHni2nQhZaqw6AtKI6HhG+o="></latexit><latexit sha1_base64="4OFwEHni2nQhZaqw6AtKI6HhG+o="></latexit><latexit sha1_base64="4OFwEHni2nQhZaqw6AtKI6HhG+o="></latexit>

WT
2

<latexit sha1_base64="wSz5pzkyb0ZGVNyQ/6eWP5+kilk="></latexit><latexit sha1_base64="A6/5ynge7Q2PlVM6gBm+tukx048="></latexit><latexit sha1_base64="A6/5ynge7Q2PlVM6gBm+tukx048="></latexit><latexit sha1_base64="A6/5ynge7Q2PlVM6gBm+tukx048="></latexit>

WT
3

<latexit sha1_base64="HcVmemOSLrOtCxEGB0Ch7MCWFjU="></latexit><latexit sha1_base64="e5SXA5xnUwqFzoCSRETj+vyHYIY="></latexit><latexit sha1_base64="e5SXA5xnUwqFzoCSRETj+vyHYIY="></latexit><latexit sha1_base64="e5SXA5xnUwqFzoCSRETj+vyHYIY="></latexit>

⇣@J
@x

⌘T

<latexit sha1_base64="uCob9OLPBTkTkqVPm2beUSUA9FA="></latexit><latexit sha1_base64="lAcKjEc2ySbm/6aH9TK9DTKlVIE="></latexit><latexit sha1_base64="lAcKjEc2ySbm/6aH9TK9DTKlVIE="></latexit><latexit sha1_base64="lAcKjEc2ySbm/6aH9TK9DTKlVIE="></latexit>
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In the diagrams above, we have not yet included the computation of the parameter gradi-
ents. At each step of the backward pass, these are computed as an outerproduct between the
activations input to that layer, xin, and the gradients being sent back, gout (see figure 1.9).

1.5.5 Forward-Backward Is Just a Bigger Neural Network

In the previous section we saw that the backward pass through an neural network can itself
be implemented as another neural network, which is in fact a linear network with parameters
determined by the weight matrices of the original network as well as by the activations in the
original network. Therefore, the full backward pass is a neural network! Since the forward
pass is also a neural network (the original network), the full backpropagation algorithm, a
forward pass followed by a backward pass, can be viewed as just one big neural network.
The parameter gradients can be computed from this network via one additional matrix
multiply (matmul) for each layer of the layer of the backward network. The full network,
for a three-layer MLP, is shown in figure 1.17.
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arx
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="JJVypg3/VUWWBTSCpWCcLIjWorI=">AAACDXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxtKASYTkCHubd8mSvb1jd084jvwCCxv/io2Irb2d/8ZNcoUmFg4sDDPzePsmSATXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLx9dTvPKDSPJZ3JkvQj+hQ8pAzaqzUzPrVmlt3ZyDLxCtIDQr8L96vfvYGMUsjlIYJqnXXcxPj51QZzgROKr1UY0LZmA6xa6mkEWo/n10zISdWGZAwVvZJQ2bqz4mcRlpnUWCTETUjvehNxb+8bmrCSz/nMkkNSjZfFKaCmJhMqyEDrpAZkVlCmeL2r4SNqKLM2AIr9nRv8dBl0j6re27da57XGldFZ2U4gmM4BQ8uoAE3cAstYIDwCM/w6jw5L86b8z6Plpxi5hB+wfn4Bk6ulHY=</latexit><latexit sha1_base64="JJVypg3/VUWWBTSCpWCcLIjWorI=">AAACDXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxtKASYTkCHubd8mSvb1jd084jvwCCxv/io2Irb2d/8ZNcoUmFg4sDDPzePsmSATXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLx9dTvPKDSPJZ3JkvQj+hQ8pAzaqzUzPrVmlt3ZyDLxCtIDQr8L96vfvYGMUsjlIYJqnXXcxPj51QZzgROKr1UY0LZmA6xa6mkEWo/n10zISdWGZAwVvZJQ2bqz4mcRlpnUWCTETUjvehNxb+8bmrCSz/nMkkNSjZfFKaCmJhMqyEDrpAZkVlCmeL2r4SNqKLM2AIr9nRv8dBl0j6re27da57XGldFZ2U4gmM4BQ8uoAE3cAstYIDwCM/w6jw5L86b8z6Plpxi5hB+wfn4Bk6ulHY=</latexit><latexit sha1_base64="JJVypg3/VUWWBTSCpWCcLIjWorI=">AAACDXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxtKASYTkCHubd8mSvb1jd084jvwCCxv/io2Irb2d/8ZNcoUmFg4sDDPzePsmSATXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLx9dTvPKDSPJZ3JkvQj+hQ8pAzaqzUzPrVmlt3ZyDLxCtIDQr8L96vfvYGMUsjlIYJqnXXcxPj51QZzgROKr1UY0LZmA6xa6mkEWo/n10zISdWGZAwVvZJQ2bqz4mcRlpnUWCTETUjvehNxb+8bmrCSz/nMkkNSjZfFKaCmJhMqyEDrpAZkVlCmeL2r4SNqKLM2AIr9nRv8dBl0j6re27da57XGldFZ2U4gmM4BQ8uoAE3cAstYIDwCM/w6jw5L86b8z6Plpxi5hB+wfn4Bk6ulHY=</latexit>

@L
@x

<latexit sha1_base64="0pxhR2Q2busUWmfyNR835Shq9N0=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKCLotuXLioYB/QlHIznbRDJ5MwMxFLyCe48VfcuFDErUt3/o2TNqC2Hhg4nHPvnXuPH3OmtON8WQuLS8srq6W18vrG5ta2vbPbVFEiCW2QiEey7YOinAna0Exz2o4lhdDntOWPLnO/dUelYpG41eOYdkMYCBYwAtpIPfvICySQ1ItBagYceyHoIQGeXmfZj3qf9eyKU3UmwPPELUgFFaj37E+vH5EkpEITDkp1XCfW3TQfSDjNyl6iaAxkBAPaMVRASFU3nRyU4UOj9HEQSfOExhP1d0cKoVLj0DeV+b5q1svF/7xOooPzbspEnGgqyPSjIOFYRzhPB/eZpETzsSFAJDO7YjIEk5A2GZZNCO7syfOkeVJ1nap7c1qpXRRxlNA+OkDHyEVnqIauUB01EEEP6Am9oFfr0Xq23qz3aemCVfTsoT+wPr4BFVSd3Q==</latexit><latexit sha1_base64="e1PcC65A4NFYrTgXy193FxzqVws=">AAACNXicjVDLSsNAFJ3UV62vqEs3g0V0VRIRdFl048KFgm2FppSb6aQdOpmEmYlYQj7Br3Hhxq9w58KNiFt/wUkbUFsXHhg4nHMvd87xY86UdpwXqzQ3v7C4VF6urKyurW/Ym1tNFSWS0AaJeCRvfFCUM0EbmmlOb2JJIfQ5bfnDs9xv3VKpWCSu9SimnRD6ggWMgDZS1973Agkk9WKQmgHHXgh6QICnF1n2rd5lXbvq1Jwx8CxxC1JFBf433rWfvV5EkpAKTTgo1XadWHfS/CrhNKt4iaIxkCH0adtQASFVnXScOsN7RunhIJLmCY3H6s+NFEKlRqFvJvNQatrLxb+8dqKDk07KRJxoKsjkUJBwrCOcV4h7TFKi+cgQIJKZv2IyAFOjNkVXTHR3OugsaR7WXKfmXh1V66dFZ2W0g3bRAXLRMaqjc3SJGoige/SAntCb9Wi9Wu/Wx2S0ZBU72+gXrM8vuKylVg==</latexit><latexit sha1_base64="e1PcC65A4NFYrTgXy193FxzqVws=">AAACNXicjVDLSsNAFJ3UV62vqEs3g0V0VRIRdFl048KFgm2FppSb6aQdOpmEmYlYQj7Br3Hhxq9w58KNiFt/wUkbUFsXHhg4nHMvd87xY86UdpwXqzQ3v7C4VF6urKyurW/Ym1tNFSWS0AaJeCRvfFCUM0EbmmlOb2JJIfQ5bfnDs9xv3VKpWCSu9SimnRD6ggWMgDZS1973Agkk9WKQmgHHXgh6QICnF1n2rd5lXbvq1Jwx8CxxC1JFBf433rWfvV5EkpAKTTgo1XadWHfS/CrhNKt4iaIxkCH0adtQASFVnXScOsN7RunhIJLmCY3H6s+NFEKlRqFvJvNQatrLxb+8dqKDk07KRJxoKsjkUJBwrCOcV4h7TFKi+cgQIJKZv2IyAFOjNkVXTHR3OugsaR7WXKfmXh1V66dFZ2W0g3bRAXLRMaqjc3SJGoige/SAntCb9Wi9Wu/Wx2S0ZBU72+gXrM8vuKylVg==</latexit><latexit sha1_base64="e1PcC65A4NFYrTgXy193FxzqVws=">AAACNXicjVDLSsNAFJ3UV62vqEs3g0V0VRIRdFl048KFgm2FppSb6aQdOpmEmYlYQj7Br3Hhxq9w58KNiFt/wUkbUFsXHhg4nHMvd87xY86UdpwXqzQ3v7C4VF6urKyurW/Ym1tNFSWS0AaJeCRvfFCUM0EbmmlOb2JJIfQ5bfnDs9xv3VKpWCSu9SimnRD6ggWMgDZS1973Agkk9WKQmgHHXgh6QICnF1n2rd5lXbvq1Jwx8CxxC1JFBf433rWfvV5EkpAKTTgo1XadWHfS/CrhNKt4iaIxkCH0adtQASFVnXScOsN7RunhIJLmCY3H6s+NFEKlRqFvJvNQatrLxb+8dqKDk07KRJxoKsjkUJBwrCOcV4h7TFKi+cgQIJKZv2IyAFOjNkVXTHR3OugsaR7WXKfmXh1V66dFZ2W0g3bRAXLRMaqjc3SJGoige/SAntCb9Wi9Wu/Wx2S0ZBU72+gXrM8vuKylVg==</latexit>

@L
@✓1

<latexit sha1_base64="tfMxyrkaYBl+BIMhR3yo3SyySHw=">AAACF3icbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsiaBm0sbCIYB6QDeHuZDYZMvtg5q4Qlv0LG3/FxkIRW+38G2eTFJp4YOBwzr137j1+IoVGx/m2Siura+sb5c3K1vbO7p69f9DScaoYb7JYxqrjg+ZSRLyJAiXvJIpD6Eve9sfXhd9+4EqLOLrHScJ7IQwjEQgGaKS+XfMCBSzzElAoQFIvBBwxkNltnv9SccQR+m7et6tOzZmCLhN3Tqpkjkbf/vIGMUtDHiGToHXXdRLsZcVcJnle8VLNE2BjGPKuoRGEXPey6V05PTHKgAaxMi9COlV/d2QQaj0JfVNZrK0XvUL8z+umGFz2MhElKfKIzT4KUkkxpkVIdCAUZygnhgBTwuxK2QhMUGiirJgQ3MWTl0nrrOY6NffuvFq/msdRJkfkmJwSl1yQOrkhDdIkjDySZ/JK3qwn68V6tz5mpSVr3nNI/sD6/AFo+qCt</latexit><latexit sha1_base64="kune2ix78KGYRx3PUuuEG8RZs+I=">AAACPHicjVC7SgNBFJ31GeNr1dJmMAhWYVcELYM2FhYK5gHZEO5OZpMhsw9m7gph2b/wayxs/AM7exsRW2tnkxQxsfDAwOGce7lzjp9IodFx3qyl5ZXVtfXSRnlza3tn197bb+g4VYzXWSxj1fJBcykiXkeBkrcSxSH0JW/6w6vCbz5wpUUc3eMo4Z0Q+pEIBAM0UteueoEClnkJKBQgqRcCDhjI7CbPZ1QccISum3ftilN1xqCLxJ2SCpnif+Nd+9XrxSwNeYRMgtZt10mwkxXHmeR52Us1T4ANoc/bhkYQct3JxuFzemyUHg1iZV6EdKzObmQQaj0KfTNZZNPzXiH+5bVTDC46mYiSFHnEJoeCVFKMadEk7QnFGcqRIcCUMH+lbACmTTR9l010dz7oImmcVl2n6t6dVWqX085K5JAckRPiknNSI9fkltQJI4/kibyQD+vZerc+ra/J6JI13Tkgv2B9/wBrVqgm</latexit><latexit sha1_base64="kune2ix78KGYRx3PUuuEG8RZs+I=">AAACPHicjVC7SgNBFJ31GeNr1dJmMAhWYVcELYM2FhYK5gHZEO5OZpMhsw9m7gph2b/wayxs/AM7exsRW2tnkxQxsfDAwOGce7lzjp9IodFx3qyl5ZXVtfXSRnlza3tn197bb+g4VYzXWSxj1fJBcykiXkeBkrcSxSH0JW/6w6vCbz5wpUUc3eMo4Z0Q+pEIBAM0UteueoEClnkJKBQgqRcCDhjI7CbPZ1QccISum3ftilN1xqCLxJ2SCpnif+Nd+9XrxSwNeYRMgtZt10mwkxXHmeR52Us1T4ANoc/bhkYQct3JxuFzemyUHg1iZV6EdKzObmQQaj0KfTNZZNPzXiH+5bVTDC46mYiSFHnEJoeCVFKMadEk7QnFGcqRIcCUMH+lbACmTTR9l010dz7oImmcVl2n6t6dVWqX085K5JAckRPiknNSI9fkltQJI4/kibyQD+vZerc+ra/J6JI13Tkgv2B9/wBrVqgm</latexit><latexit sha1_base64="kune2ix78KGYRx3PUuuEG8RZs+I=">AAACPHicjVC7SgNBFJ31GeNr1dJmMAhWYVcELYM2FhYK5gHZEO5OZpMhsw9m7gph2b/wayxs/AM7exsRW2tnkxQxsfDAwOGce7lzjp9IodFx3qyl5ZXVtfXSRnlza3tn197bb+g4VYzXWSxj1fJBcykiXkeBkrcSxSH0JW/6w6vCbz5wpUUc3eMo4Z0Q+pEIBAM0UteueoEClnkJKBQgqRcCDhjI7CbPZ1QccISum3ftilN1xqCLxJ2SCpnif+Nd+9XrxSwNeYRMgtZt10mwkxXHmeR52Us1T4ANoc/bhkYQct3JxuFzemyUHg1iZV6EdKzObmQQaj0KfTNZZNPzXiH+5bVTDC46mYiSFHnEJoeCVFKMadEk7QnFGcqRIcCUMH+lbACmTTR9l010dz7oImmcVl2n6t6dVWqX085K5JAckRPiknNSI9fkltQJI4/kibyQD+vZerc+ra/J6JI13Tkgv2B9/wBrVqgm</latexit>

@L
@✓2

<latexit sha1_base64="OLtIa/SBijvR6kMHtWCSv4co7Hw=">AAACF3icbVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbCIYB6QDeHuZDYZMvtg5q4Qlv0LG3/FxkIRW+38G2eTFDHxwMDhnHvv3Hu8WAqNtv1jFdbWNza3itulnd29/YPy4VFLR4livMkiGamOB5pLEfImCpS8EysOgSd52xvf5H77kSstovABJzHvBTAMhS8YoJH65arrK2CpG4NCAZK6AeCIgUzvsmxBxRFH6NeyfrliV+0p6Cpx5qRC5mj0y9/uIGJJwENkErTuOnaMvTSfyyTPSm6ieQxsDEPeNTSEgOteOr0ro2dGGVA/UuaFSKfqYkcKgdaTwDOV+dp62cvF/7xugv5VLxVhnCAP2ewjP5EUI5qHRAdCcYZyYggwJcyulI3ABIUmypIJwVk+eZW0alXHrjr3F5X69TyOIjkhp+ScOOSS1MktaZAmYeSJvJA38m49W6/Wh/U5Ky1Y855j8gfW1y9qf6Cu</latexit><latexit sha1_base64="ZxdiDtofzCPpz3Yd/y7oQYTnTHQ=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbBQMA/IhnB3MpsMmX0wc1cIy/6FX2Nh4x/Y2duI2Fo7m6SIiYUHBg7n3Mudc7xYCo22/WYVVlbX1jeKm6Wt7Z3dvfL+QVNHiWK8wSIZqbYHmksR8gYKlLwdKw6BJ3nLG13lfuuBKy2i8B7HMe8GMAiFLxigkXrlqusrYKkbg0IBkroB4JCBTG+ybE7FIUfo1bJeuWJX7QnoMnFmpEJm+N94r/zq9iOWBDxEJkHrjmPH2E3z40zyrOQmmsfARjDgHUNDCLjuppPwGT0xSp/6kTIvRDpR5zdSCLQeB56ZzLPpRS8X//I6CfoX3VSEcYI8ZNNDfiIpRjRvkvaF4gzl2BBgSpi/UjYE0yaavksmurMYdJk0a1XHrjp3Z5X65ayzIjkix+SUOOSc1Mk1uSUNwsgjeSIv5MN6tt6tT+trOlqwZjuH5Bes7x9tAKgn</latexit><latexit sha1_base64="ZxdiDtofzCPpz3Yd/y7oQYTnTHQ=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbBQMA/IhnB3MpsMmX0wc1cIy/6FX2Nh4x/Y2duI2Fo7m6SIiYUHBg7n3Mudc7xYCo22/WYVVlbX1jeKm6Wt7Z3dvfL+QVNHiWK8wSIZqbYHmksR8gYKlLwdKw6BJ3nLG13lfuuBKy2i8B7HMe8GMAiFLxigkXrlqusrYKkbg0IBkroB4JCBTG+ybE7FIUfo1bJeuWJX7QnoMnFmpEJm+N94r/zq9iOWBDxEJkHrjmPH2E3z40zyrOQmmsfARjDgHUNDCLjuppPwGT0xSp/6kTIvRDpR5zdSCLQeB56ZzLPpRS8X//I6CfoX3VSEcYI8ZNNDfiIpRjRvkvaF4gzl2BBgSpi/UjYE0yaavksmurMYdJk0a1XHrjp3Z5X65ayzIjkix+SUOOSc1Mk1uSUNwsgjeSIv5MN6tt6tT+trOlqwZjuH5Bes7x9tAKgn</latexit><latexit sha1_base64="ZxdiDtofzCPpz3Yd/y7oQYTnTHQ=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbBQMA/IhnB3MpsMmX0wc1cIy/6FX2Nh4x/Y2duI2Fo7m6SIiYUHBg7n3Mudc7xYCo22/WYVVlbX1jeKm6Wt7Z3dvfL+QVNHiWK8wSIZqbYHmksR8gYKlLwdKw6BJ3nLG13lfuuBKy2i8B7HMe8GMAiFLxigkXrlqusrYKkbg0IBkroB4JCBTG+ybE7FIUfo1bJeuWJX7QnoMnFmpEJm+N94r/zq9iOWBDxEJkHrjmPH2E3z40zyrOQmmsfARjDgHUNDCLjuppPwGT0xSp/6kTIvRDpR5zdSCLQeB56ZzLPpRS8X//I6CfoX3VSEcYI8ZNNDfiIpRjRvkvaF4gzl2BBgSpi/UjYE0yaavksmurMYdJk0a1XHrjp3Z5X65ayzIjkix+SUOOSc1Mk1uSUNwsgjeSIv5MN6tt6tT+trOlqwZjuH5Bes7x9tAKgn</latexit>

li
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@L
@✓2

<latexit sha1_base64="OLtIa/SBijvR6kMHtWCSv4co7Hw=">AAACF3icbVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbCIYB6QDeHuZDYZMvtg5q4Qlv0LG3/FxkIRW+38G2eTFDHxwMDhnHvv3Hu8WAqNtv1jFdbWNza3itulnd29/YPy4VFLR4livMkiGamOB5pLEfImCpS8EysOgSd52xvf5H77kSstovABJzHvBTAMhS8YoJH65arrK2CpG4NCAZK6AeCIgUzvsmxBxRFH6NeyfrliV+0p6Cpx5qRC5mj0y9/uIGJJwENkErTuOnaMvTSfyyTPSm6ieQxsDEPeNTSEgOteOr0ro2dGGVA/UuaFSKfqYkcKgdaTwDOV+dp62cvF/7xugv5VLxVhnCAP2ewjP5EUI5qHRAdCcYZyYggwJcyulI3ABIUmypIJwVk+eZW0alXHrjr3F5X69TyOIjkhp+ScOOSS1MktaZAmYeSJvJA38m49W6/Wh/U5Ky1Y855j8gfW1y9qf6Cu</latexit><latexit sha1_base64="ZxdiDtofzCPpz3Yd/y7oQYTnTHQ=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbBQMA/IhnB3MpsMmX0wc1cIy/6FX2Nh4x/Y2duI2Fo7m6SIiYUHBg7n3Mudc7xYCo22/WYVVlbX1jeKm6Wt7Z3dvfL+QVNHiWK8wSIZqbYHmksR8gYKlLwdKw6BJ3nLG13lfuuBKy2i8B7HMe8GMAiFLxigkXrlqusrYKkbg0IBkroB4JCBTG+ybE7FIUfo1bJeuWJX7QnoMnFmpEJm+N94r/zq9iOWBDxEJkHrjmPH2E3z40zyrOQmmsfARjDgHUNDCLjuppPwGT0xSp/6kTIvRDpR5zdSCLQeB56ZzLPpRS8X//I6CfoX3VSEcYI8ZNNDfiIpRjRvkvaF4gzl2BBgSpi/UjYE0yaavksmurMYdJk0a1XHrjp3Z5X65ayzIjkix+SUOOSc1Mk1uSUNwsgjeSIv5MN6tt6tT+trOlqwZjuH5Bes7x9tAKgn</latexit><latexit sha1_base64="ZxdiDtofzCPpz3Yd/y7oQYTnTHQ=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbBQMA/IhnB3MpsMmX0wc1cIy/6FX2Nh4x/Y2duI2Fo7m6SIiYUHBg7n3Mudc7xYCo22/WYVVlbX1jeKm6Wt7Z3dvfL+QVNHiWK8wSIZqbYHmksR8gYKlLwdKw6BJ3nLG13lfuuBKy2i8B7HMe8GMAiFLxigkXrlqusrYKkbg0IBkroB4JCBTG+ybE7FIUfo1bJeuWJX7QnoMnFmpEJm+N94r/zq9iOWBDxEJkHrjmPH2E3z40zyrOQmmsfARjDgHUNDCLjuppPwGT0xSp/6kTIvRDpR5zdSCLQeB56ZzLPpRS8X//I6CfoX3VSEcYI8ZNNDfiIpRjRvkvaF4gzl2BBgSpi/UjYE0yaavksmurMYdJk0a1XHrjp3Z5X65ayzIjkix+SUOOSc1Mk1uSUNwsgjeSIv5MN6tt6tT+trOlqwZjuH5Bes7x9tAKgn</latexit><latexit sha1_base64="ZxdiDtofzCPpz3Yd/y7oQYTnTHQ=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sbBQMA/IhnB3MpsMmX0wc1cIy/6FX2Nh4x/Y2duI2Fo7m6SIiYUHBg7n3Mudc7xYCo22/WYVVlbX1jeKm6Wt7Z3dvfL+QVNHiWK8wSIZqbYHmksR8gYKlLwdKw6BJ3nLG13lfuuBKy2i8B7HMe8GMAiFLxigkXrlqusrYKkbg0IBkroB4JCBTG+ybE7FIUfo1bJeuWJX7QnoMnFmpEJm+N94r/zq9iOWBDxEJkHrjmPH2E3z40zyrOQmmsfARjDgHUNDCLjuppPwGT0xSp/6kTIvRDpR5zdSCLQeB56ZzLPpRS8X//I6CfoX3VSEcYI8ZNNDfiIpRjRvkvaF4gzl2BBgSpi/UjYE0yaavksmurMYdJk0a1XHrjp3Z5X65ayzIjkix+SUOOSc1Mk1uSUNwsgjeSIv5MN6tt6tT+trOlqwZjuH5Bes7x9tAKgn</latexit>
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W1
<latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit>

W1
<latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit>

W1
<latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="+lyMSO9EK69XAUhR2GNVBXylxmE=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqeP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4BtcXlC4=</latexit><latexit sha1_base64="+lyMSO9EK69XAUhR2GNVBXylxmE=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqeP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4BtcXlC4=</latexit><latexit sha1_base64="+lyMSO9EK69XAUhR2GNVBXylxmE=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqeP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4BtcXlC4=</latexit>
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1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="+lyMSO9EK69XAUhR2GNVBXylxmE=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqeP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4BtcXlC4=</latexit><latexit sha1_base64="+lyMSO9EK69XAUhR2GNVBXylxmE=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqeP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4BtcXlC4=</latexit><latexit sha1_base64="+lyMSO9EK69XAUhR2GNVBXylxmE=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqeP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4BtcXlC4=</latexit>

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit><latexit sha1_base64="gC1TdVZAitJIwcbY3vXysa0Vu3s=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0ESsD5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEAp5RH</latexit>

W1
<latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit><latexit sha1_base64="4z4dbRoOmJz/GV5K0AVydCVXcfU=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGbtad/rV2tu3Z2DrBKvIDUo8L/xfnXmD2KWRigNE1TrrucmppdRZTgTOK34qcaEsjEdYtdSSSPUvWwebErOrDIgYazsk4bM1Z8bGY20nkSBncyD6GUvF//yuqkJr3sZl0lqULLFoTAVxMQkb4kMuEJmxMQSyhS3fyVsRBVlxnZZsdG95aCrpHVR99y693BZa9wUnZXhBE7hHDy4ggbcwT00gUECz/AK786L8+Z8OJ+L0ZJT7BzDLzizb/v2mRg=</latexit>

W2
<latexit sha1_base64="Acb6QKoElIZCeSfz1Ai7rlVLd08=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIw686HjWG15tbdBcg68QpSgwKtYfXLH8UsjbhCJqkxfc9NcJBRjYJJPq/4qeEJZVM65n1LFY24GWSLzHNyYZURCWNtn0KyUH9vZDQyZhYFdjLPaFa9XPzP66cY3gwyoZIUuWLLQ2EqCcYkL4CMhOYM5cwSyrSwWQmbUE0Z2poqtgRv9cvrpNOoe27de7iqNW+LOspwBudwCR5cQxPuoQVtYJDAM7zCm5M6L86787EcLTnFzin8gfP5A/lukaA=</latexit><latexit sha1_base64="V2AHsvhIPHrrBYamKpB3tpUDsa8=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE5mkyGzs8vMXSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSKQy67peztr6xubVd2inv7u0fHFaOjlsmTjXjTRbLWHcCargUijdRoOSdRHMaBZK3g/Ft7refuDYiVo84SXgvokMlQsEoWsn3I4qjIMza0369X6m6NXcOskq8glShwP/G+5WZP4hZGnGFTFJjup6bYC+jGgWTfFr2U8MTysZ0yLuWKhpx08vmwabk3CoDEsbaPoVkrv7cyGhkzCQK7GQexCx7ufiX100xvO5lQiUpcsUWh8JUEoxJ3hIZCM0ZyokllGlh/0rYiGrK0HZZttG95aCrpFWveW7Ne7isNm6KzkpwCmdwAR5cQQPu4B6awCCBZ3iFd+fFeXM+nM/F6JpT7JzALzizb/2fmRk=</latexit><latexit sha1_base64="V2AHsvhIPHrrBYamKpB3tpUDsa8=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE5mkyGzs8vMXSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSKQy67peztr6xubVd2inv7u0fHFaOjlsmTjXjTRbLWHcCargUijdRoOSdRHMaBZK3g/Ft7refuDYiVo84SXgvokMlQsEoWsn3I4qjIMza0369X6m6NXcOskq8glShwP/G+5WZP4hZGnGFTFJjup6bYC+jGgWTfFr2U8MTysZ0yLuWKhpx08vmwabk3CoDEsbaPoVkrv7cyGhkzCQK7GQexCx7ufiX100xvO5lQiUpcsUWh8JUEoxJ3hIZCM0ZyokllGlh/0rYiGrK0HZZttG95aCrpFWveW7Ne7isNm6KzkpwCmdwAR5cQQPu4B6awCCBZ3iFd+fFeXM+nM/F6JpT7JzALzizb/2fmRk=</latexit><latexit sha1_base64="V2AHsvhIPHrrBYamKpB3tpUDsa8=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE5mkyGzs8vMXSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSKQy67peztr6xubVd2inv7u0fHFaOjlsmTjXjTRbLWHcCargUijdRoOSdRHMaBZK3g/Ft7refuDYiVo84SXgvokMlQsEoWsn3I4qjIMza0369X6m6NXcOskq8glShwP/G+5WZP4hZGnGFTFJjup6bYC+jGgWTfFr2U8MTysZ0yLuWKhpx08vmwabk3CoDEsbaPoVkrv7cyGhkzCQK7GQexCx7ufiX100xvO5lQiUpcsUWh8JUEoxJ3hIZCM0ZyokllGlh/0rYiGrK0HZZttG95aCrpFWveW7Ne7isNm6KzkpwCmdwAR5cQQPu4B6awCCBZ3iFd+fFeXM+nM/F6JpT7JzALzizb/2fmRk=</latexit>

W3
<latexit sha1_base64="JKfCkzso0ksabTFMrwueW1FQh0s=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLoxmUF+4AmlMn0ph06mYSZiVBCf8ONC0Xc+jPu/BunbRbaemDgcM693DMnTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7T6g0T+SjmaQYxHQoecQZNVby/ZiaURjlnWn/sl+tuXV3DrJKvILUoECzX/3yBwnLYpSGCap1z3NTE+RUGc4ETit+pjGlbEyH2LNU0hh1kM8zT8mZVQYkSpR90pC5+nsjp7HWkzi0k7OMetmbif95vcxEN0HOZZoZlGxxKMoEMQmZFUAGXCEzYmIJZYrbrISNqKLM2JoqtgRv+curpH1R99y693BVa9wWdZThBE7hHDy4hgbcQxNawCCFZ3iFNydzXpx352MxWnKKnWP4A+fzB/rykaE=</latexit><latexit sha1_base64="BHbFSpd5GV7yN9u/+9MmcRROwUo=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAdkQZiezyZDZ2WXmrhCW/IaFjb9iI2Kbzr9xNtlCEwsPDBzOuZc75wSJFAZd98tZWV1b39gsbZW3d3b39isHh00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbweg291tPXBsRq0ccJ7wb0YESoWAUreT7EcVhEGatSe+iV6m6NXcGsky8glShwP/Ge5Wp349ZGnGFTFJjOp6bYDejGgWTfFL2U8MTykZ0wDuWKhpx081mwSbk1Cp9EsbaPoVkpv7cyGhkzDgK7GQexCx6ufiX10kxvO5mQiUpcsXmh8JUEoxJ3hLpC80ZyrEllGlh/0rYkGrK0HZZttG9xaDLpHle89ya93BZrd8UnZXgGE7gDDy4gjrcwT00gEECz/AK786L8+Z8OJ/z0RWn2DmCX3Cm3/9ImRo=</latexit><latexit sha1_base64="BHbFSpd5GV7yN9u/+9MmcRROwUo=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAdkQZiezyZDZ2WXmrhCW/IaFjb9iI2Kbzr9xNtlCEwsPDBzOuZc75wSJFAZd98tZWV1b39gsbZW3d3b39isHh00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbweg291tPXBsRq0ccJ7wb0YESoWAUreT7EcVhEGatSe+iV6m6NXcGsky8glShwP/Ge5Wp349ZGnGFTFJjOp6bYDejGgWTfFL2U8MTykZ0wDuWKhpx081mwSbk1Cp9EsbaPoVkpv7cyGhkzDgK7GQexCx6ufiX10kxvO5mQiUpcsXmh8JUEoxJ3hLpC80ZyrEllGlh/0rYkGrK0HZZttG9xaDLpHle89ya93BZrd8UnZXgGE7gDDy4gjrcwT00gEECz/AK786L8+Z8OJ/z0RWn2DmCX3Cm3/9ImRo=</latexit><latexit sha1_base64="BHbFSpd5GV7yN9u/+9MmcRROwUo=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAdkQZiezyZDZ2WXmrhCW/IaFjb9iI2Kbzr9xNtlCEwsPDBzOuZc75wSJFAZd98tZWV1b39gsbZW3d3b39isHh00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbweg291tPXBsRq0ccJ7wb0YESoWAUreT7EcVhEGatSe+iV6m6NXcGsky8glShwP/Ge5Wp349ZGnGFTFJjOp6bYDejGgWTfFL2U8MTykZ0wDuWKhpx081mwSbk1Cp9EsbaPoVkpv7cyGhkzDgK7GQexCx6ufiX10kxvO5mQiUpcsXmh8JUEoxJ3hLpC80ZyrEllGlh/0rYkGrK0HZZttG9xaDLpHle89ya93BZrd8UnZXgGE7gDDy4gjrcwT00gEECz/AK786L8+Z8OJ/z0RWn2DmCX3Cm3/9ImRo=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

@J

@W1
<latexit sha1_base64="kLXSo8rXTdx4kR3r8u5KL3iYAbA=">AAACEXicbVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbiqYB/QhDCZTtqhkwczE6GE/IIbf8WNC0XcunPn3zhpA2rrgYHDOffeuff4CWdSWdaXUVlZXVvfqG7WtrZ3dvfM/YOujFNBaIfEPBZ9H0vKWUQ7iilO+4mgOPQ57fmTq8Lv3VMhWRzdqWlC3RCPIhYwgpWWPLPhBAKTzEmwUAxzdJP/cCfEauwHWS/37Nwz61bTmgEtE7skdSjR9sxPZxiTNKSRIhxLObCtRLlZMZtwmtecVNIEkwke0YGmEQ6pdLPZRTk60coQBbHQL1Jopv7uyHAo5TT0dWWxpFz0CvE/b5Cq4MLNWJSkikZk/lGQcqRiVMSDhkxQovhUE0wE07siMsY6IqVDrOkQ7MWTl0n3tGlbTfv2rN66LOOowhEcQwNsOIcWXEMbOkDgAZ7gBV6NR+PZeDPe56UVo+w5hD8wPr4BTdKd7A==</latexit><latexit sha1_base64="bPNojVQRYUxLm2vqHeOwsvOCXW4=">AAACNnicjVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbhSsA9oQphMJ+3QyYOZiVBCfsGvceHGn3Dnxo2IWz/BSRtQWxceGDiccy9zz/ETzqSyrBejsrS8srpWXa9tbG5t75i7ex0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9ccXhd+9o0KyOLpVk4S6IR5GLGAEKy15ZsMJBCaZk2ChGOboKv/mTojVyA+ybu7ZuWfWraY1BVokdknqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOY1J5U0wWSMh7SvaYRDKt1sGjtHR1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66ZqObs8HXSSd46ZtNe2bk3rrvOysCgdwCA2w4RRacAnX0AYC9/AAT/BmPBqvxrvxMRutGOXOPvyC8fkF8gilZQ==</latexit><latexit sha1_base64="bPNojVQRYUxLm2vqHeOwsvOCXW4=">AAACNnicjVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbhSsA9oQphMJ+3QyYOZiVBCfsGvceHGn3Dnxo2IWz/BSRtQWxceGDiccy9zz/ETzqSyrBejsrS8srpWXa9tbG5t75i7ex0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9ccXhd+9o0KyOLpVk4S6IR5GLGAEKy15ZsMJBCaZk2ChGOboKv/mTojVyA+ybu7ZuWfWraY1BVokdknqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOY1J5U0wWSMh7SvaYRDKt1sGjtHR1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66ZqObs8HXSSd46ZtNe2bk3rrvOysCgdwCA2w4RRacAnX0AYC9/AAT/BmPBqvxrvxMRutGOXOPvyC8fkF8gilZQ==</latexit><latexit sha1_base64="bPNojVQRYUxLm2vqHeOwsvOCXW4=">AAACNnicjVDLSsNAFL2pr1pfUZduBovQVUlE0GXRjbhSsA9oQphMJ+3QyYOZiVBCfsGvceHGn3Dnxo2IWz/BSRtQWxceGDiccy9zz/ETzqSyrBejsrS8srpWXa9tbG5t75i7ex0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9ccXhd+9o0KyOLpVk4S6IR5GLGAEKy15ZsMJBCaZk2ChGOboKv/mTojVyA+ybu7ZuWfWraY1BVokdknqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOY1J5U0wWSMh7SvaYRDKt1sGjtHR1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66ZqObs8HXSSd46ZtNe2bk3rrvOysCgdwCA2w4RRacAnX0AYC9/AAT/BmPBqvxrvxMRutGOXOPvyC8fkF8gilZQ==</latexit>

@J

@W2
<latexit sha1_base64="VSevd/KGNC5+LxLxXXhxHcyYE8c=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64q2Ac0IUymk3bo5MHMRCghv+DGX3HjQhG37tz5N07agNp6YOBwzr137j1+wplUlvVlrKyurW9sVraq2zu7e/vmwWFXxqkgtENiHou+jyXlLKIdxRSn/URQHPqc9vzJVeH37qmQLI7u1DShbohHEQsYwUpLnll3AoFJ5iRYKIY5usl/uBNiNfaDrJd7zdwza1bDmgEtE7skNSjR9sxPZxiTNKSRIhxLObCtRLlZMZtwmledVNIEkwke0YGmEQ6pdLPZRTk61coQBbHQL1Jopv7uyHAo5TT0dWWxpFz0CvE/b5Cq4MLNWJSkikZk/lGQcqRiVMSDhkxQovhUE0wE07siMsY6IqVDrOoQ7MWTl0m32bCthn17VmtdlnFU4BhOoA42nEMLrqENHSDwAE/wAq/Go/FsvBnv89IVo+w5gj8wPr4BT1ed7Q==</latexit><latexit sha1_base64="u0GSUa4yvP84tWVTbL392SEmn2E=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64U7AOaECbTSTt08mBmIpSQX/BrXLjxJ9y5cSPi1k9w0gbU1oUHBg7n3Mvcc/yEM6ks68VYWl5ZXVuvbFQ3t7Z3ds29/Y6MU0Fom8Q8Fj0fS8pZRNuKKU57iaA49Dnt+uOLwu/eUSFZHN2qSULdEA8jFjCClZY8s+4EApPMSbBQDHN0lX9zJ8Rq5AdZN/eauWfWrIY1BVokdklqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOZVJ5U0wWSMh7SvaYRDKt1sGjtHx1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66aqObs8HXSSdZsO2GvbNSa11XnZWgUM4gjrYcAotuIRraAOBe3iAJ3gzHo1X4934mI0uGeXOAfyC8fkF87KlZg==</latexit><latexit sha1_base64="u0GSUa4yvP84tWVTbL392SEmn2E=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64U7AOaECbTSTt08mBmIpSQX/BrXLjxJ9y5cSPi1k9w0gbU1oUHBg7n3Mvcc/yEM6ks68VYWl5ZXVuvbFQ3t7Z3ds29/Y6MU0Fom8Q8Fj0fS8pZRNuKKU57iaA49Dnt+uOLwu/eUSFZHN2qSULdEA8jFjCClZY8s+4EApPMSbBQDHN0lX9zJ8Rq5AdZN/eauWfWrIY1BVokdklqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOZVJ5U0wWSMh7SvaYRDKt1sGjtHx1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66aqObs8HXSSdZsO2GvbNSa11XnZWgUM4gjrYcAotuIRraAOBe3iAJ3gzHo1X4934mI0uGeXOAfyC8fkF87KlZg==</latexit><latexit sha1_base64="u0GSUa4yvP84tWVTbL392SEmn2E=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KkkRdFl0I64U7AOaECbTSTt08mBmIpSQX/BrXLjxJ9y5cSPi1k9w0gbU1oUHBg7n3Mvcc/yEM6ks68VYWl5ZXVuvbFQ3t7Z3ds29/Y6MU0Fom8Q8Fj0fS8pZRNuKKU57iaA49Dnt+uOLwu/eUSFZHN2qSULdEA8jFjCClZY8s+4EApPMSbBQDHN0lX9zJ8Rq5AdZN/eauWfWrIY1BVokdklqUOJ/45757AxikoY0UoRjKfu2lSg3Kw4gnOZVJ5U0wWSMh7SvaYRDKt1sGjtHx1oZoCAW+kUKTdWfGxkOpZyEvp4sksh5rxD/8vqpCs7cjEVJqmhEZh8FKUcqRkWHaMAEJYpPNMFEMH0rIiOse1S66aqObs8HXSSdZsO2GvbNSa11XnZWgUM4gjrYcAotuIRraAOBe3iAJ3gzHo1X4934mI0uGeXOAfyC8fkF87KlZg==</latexit>

@J

@W3
<latexit sha1_base64="zdijBs7EgkFMvxEUSpquoy0KtEw=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcV7AOaECbTSTt08mBmIpSQX3Djr7hxoYhbd+78GydtQG09MHA459479x4/4Uwqy/oylpZXVtfWKxvVza3tnV1zb78j41QQ2iYxj0XPx5JyFtG2YorTXiIoDn1Ou/74qvC791RIFkd3apJQN8TDiAWMYKUlz6w7gcAkcxIsFMMc3eQ/3AmxGvlB1s2909wza1bDmgItErskNSjR8sxPZxCTNKSRIhxL2betRLlZMZtwmledVNIEkzEe0r6mEQ6pdLPpRTk61soABbHQL1Joqv7uyHAo5ST0dWWxpJz3CvE/r5+q4MLNWJSkikZk9lGQcqRiVMSDBkxQovhEE0wE07siMsI6IqVDrOoQ7PmTF0nnpGFbDfv2rNa8LOOowCEcQR1sOIcmXEML2kDgAZ7gBV6NR+PZeDPeZ6VLRtlzAH9gfHwDUNyd7g==</latexit><latexit sha1_base64="bO4yBxhhTeyBQpVBYNHND90f7RQ=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcK9gFNCJPppB06eTAzEUrIL/g1Ltz4E+7cuBFx6yc4aQNq68IDA4dz7mXuOX7CmVSW9WIsLC4tr6xW1qrrG5tb2+bOblvGqSC0RWIei66PJeUsoi3FFKfdRFAc+px2/NFF4XfuqJAsjm7VOKFuiAcRCxjBSkueWXcCgUnmJFgohjm6yr+5E2I19IOsk3vHuWfWrIY1AZondklqUOJ/45757PRjkoY0UoRjKXu2lSg3Kw4gnOZVJ5U0wWSEB7SnaYRDKt1sEjtHh1rpoyAW+kUKTdSfGxkOpRyHvp4skshZrxD/8nqpCs7cjEVJqmhEph8FKUcqRkWHqM8EJYqPNcFEMH0rIkOse1S66aqObs8GnSfto4ZtNeybk1rzvOysAvtwAHWw4RSacAnX0AIC9/AAT/BmPBqvxrvxMR1dMMqdPfgF4/ML9VylZw==</latexit><latexit sha1_base64="bO4yBxhhTeyBQpVBYNHND90f7RQ=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcK9gFNCJPppB06eTAzEUrIL/g1Ltz4E+7cuBFx6yc4aQNq68IDA4dz7mXuOX7CmVSW9WIsLC4tr6xW1qrrG5tb2+bOblvGqSC0RWIei66PJeUsoi3FFKfdRFAc+px2/NFF4XfuqJAsjm7VOKFuiAcRCxjBSkueWXcCgUnmJFgohjm6yr+5E2I19IOsk3vHuWfWrIY1AZondklqUOJ/45757PRjkoY0UoRjKXu2lSg3Kw4gnOZVJ5U0wWSEB7SnaYRDKt1sEjtHh1rpoyAW+kUKTdSfGxkOpRyHvp4skshZrxD/8nqpCs7cjEVJqmhEph8FKUcqRkWHqM8EJYqPNcFEMH0rIkOse1S66aqObs8GnSfto4ZtNeybk1rzvOysAvtwAHWw4RSacAnX0AIC9/AAT/BmPBqvxrvxMR1dMMqdPfgF4/ML9VylZw==</latexit><latexit sha1_base64="bO4yBxhhTeyBQpVBYNHND90f7RQ=">AAACNnicjVDLSsNAFL3xWesr6tLNYBG6KokKuiy6EVcK9gFNCJPppB06eTAzEUrIL/g1Ltz4E+7cuBFx6yc4aQNq68IDA4dz7mXuOX7CmVSW9WIsLC4tr6xW1qrrG5tb2+bOblvGqSC0RWIei66PJeUsoi3FFKfdRFAc+px2/NFF4XfuqJAsjm7VOKFuiAcRCxjBSkueWXcCgUnmJFgohjm6yr+5E2I19IOsk3vHuWfWrIY1AZondklqUOJ/45757PRjkoY0UoRjKXu2lSg3Kw4gnOZVJ5U0wWSEB7SnaYRDKt1sEjtHh1rpoyAW+kUKTdSfGxkOpRyHvp4skshZrxD/8nqpCs7cjEVJqmhEph8FKUcqRkWHqM8EJYqPNcFEMH0rIkOse1S66aqObs8GnSfto4ZtNeybk1rzvOysAvtwAHWw4RSacAnX0AIC9/AAT/BmPBqvxrvxMR1dMMqdPfgF4/ML9VylZw==</latexit>

⇣ @J

@W1

⌘T

<latexit sha1_base64="2bxF0fW10XS5x7iOTROuaDExZ3U=">AAACHXicbVDLSsNAFJ34rPUVdelmsAh1UxIp6LLUjbiq0Bc0MUymk3boZBJmJkIJ+RE3/oobF4q4cCP+jZM2oLYeuHA4517uvcePGZXKsr6MldW19Y3N0lZ5e2d3b988OOzKKBGYdHDEItH3kSSMctJRVDHSjwVBoc9Iz59c5X7vnghJI95W05i4IRpxGlCMlJY8s+406ajqBALh1ImRUBQxeJP9cCdEauwHaS/z7CxvPrtre2bFqlkzwGViF6QCCrQ888MZRjgJCVeYISkHthUrN81XYEayspNIEiM8QSMy0JSjkEg3nX2XwVOtDGEQCV1cwZn6eyJFoZTT0Ned+a1y0cvF/7xBooJLN6U8ThTheL4oSBhUEcyjgkMqCFZsqgnCgupbIR4jnZTSgZZ1CPbiy8uke16zrZp9W680mkUcJXAMTkAV2OACNMA1aIEOwOABPIEX8Go8Gs/Gm/E+b10xipkj8AfG5zevYaJD</latexit><latexit sha1_base64="uxd2rHZ0hcDXElH0szXyShxtir0=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5JIQZelbsSVQh9CE8NkOmmHTiZhZiKUkB/xa1y4cevOX3Aj4taFkzagti48MHA451zm3uPHjEplWS9GaWl5ZXWtvF7Z2Nza3jF397oySgQmHRyxSNz4SBJGOekoqhi5iQVBoc9Izx+f537vjghJI95Wk5i4IRpyGlCMlJY8s+G06LDmBALh1ImRUBQxeJl9cydEauQHaS/z7CwPH9+2PbNq1a0p4CKxC1IFBf4X98xnZxDhJCRcYYak7NtWrNw03wMzklWcRJIY4TEakr6mHIVEuum0ggweaWUAg0joxxWcqj8nUhRKOQl9ncwPkvNeLv7l9RMVnLkp5XGiCMezj4KEQRXBvE84oIJgxSaaICyo3hXiEdJ1Kt16RZ9uzx+6SLondduq29eNarNVdFYGB+AQ1IANTkETXIAr0AEY3IMH8ATejEfj1Xg3PmbRklHM7INfMD6/AOSdqbw=</latexit><latexit sha1_base64="uxd2rHZ0hcDXElH0szXyShxtir0=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5JIQZelbsSVQh9CE8NkOmmHTiZhZiKUkB/xa1y4cevOX3Aj4taFkzagti48MHA451zm3uPHjEplWS9GaWl5ZXWtvF7Z2Nza3jF397oySgQmHRyxSNz4SBJGOekoqhi5iQVBoc9Izx+f537vjghJI95Wk5i4IRpyGlCMlJY8s+G06LDmBALh1ImRUBQxeJl9cydEauQHaS/z7CwPH9+2PbNq1a0p4CKxC1IFBf4X98xnZxDhJCRcYYak7NtWrNw03wMzklWcRJIY4TEakr6mHIVEuum0ggweaWUAg0joxxWcqj8nUhRKOQl9ncwPkvNeLv7l9RMVnLkp5XGiCMezj4KEQRXBvE84oIJgxSaaICyo3hXiEdJ1Kt16RZ9uzx+6SLondduq29eNarNVdFYGB+AQ1IANTkETXIAr0AEY3IMH8ATejEfj1Xg3PmbRklHM7INfMD6/AOSdqbw=</latexit><latexit sha1_base64="uxd2rHZ0hcDXElH0szXyShxtir0=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5JIQZelbsSVQh9CE8NkOmmHTiZhZiKUkB/xa1y4cevOX3Aj4taFkzagti48MHA451zm3uPHjEplWS9GaWl5ZXWtvF7Z2Nza3jF397oySgQmHRyxSNz4SBJGOekoqhi5iQVBoc9Izx+f537vjghJI95Wk5i4IRpyGlCMlJY8s+G06LDmBALh1ImRUBQxeJl9cydEauQHaS/z7CwPH9+2PbNq1a0p4CKxC1IFBf4X98xnZxDhJCRcYYak7NtWrNw03wMzklWcRJIY4TEakr6mHIVEuum0ggweaWUAg0joxxWcqj8nUhRKOQl9ncwPkvNeLv7l9RMVnLkp5XGiCMezj4KEQRXBvE84oIJgxSaaICyo3hXiEdJ1Kt16RZ9uzx+6SLondduq29eNarNVdFYGB+AQ1IANTkETXIAr0AEY3IMH8ATejEfj1Xg3PmbRklHM7INfMD6/AOSdqbw=</latexit>

⇣ @J

@W2

⌘T

<latexit sha1_base64="iXFAXBY9/PnUWj1bRmBOAY78AGg=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0Wom5KUgi5L3YirCn1BE8tkOmmHTiZhZiKUkB9x46+4caGICzfi3zhpA2rrgQuHc+7l3nu8iFGpLOvLKKytb2xuFbdLO7t7+wfm4VFXhrHApINDFoq+hyRhlJOOooqRfiQICjxGet70KvN790RIGvK2mkXEDdCYU59ipLQ0NOtOk44rji8QTpwICUURgzfpD3cCpCaen/TSYS3Nms/v2kOzbFWtOeAqsXNSBjlaQ/PDGYU4DghXmCEpB7YVKTfJVmBG0pITSxIhPEVjMtCUo4BIN5l/l8IzrYygHwpdXMG5+nsiQYGUs8DTndmtctnLxP+8Qaz8SzehPIoV4XixyI8ZVCHMooIjKghWbKYJwoLqWyGeIJ2U0oGWdAj28surpFur2lbVvq2XG808jiI4AaegAmxwARrgGrRAB2DwAJ7AC3g1Ho1n4814X7QWjHzmGPyB8fkNsO2iRA==</latexit><latexit sha1_base64="w4R4mf7ojUVM4bITuZoIwwr/XY0=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5KUgi5L3Ygrhb6gqWEynbRDJ5MwMxFKyI/4NS7cuHXnL7gRcevCSRtQWxceGDiccy5z7/EiRqWyrBejsLK6tr5R3Cxtbe/s7pn7Bx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepOLzO/eESFpyFtqGpFBgEac+hQjpSXXrDtNOqo4vkA4cSIkFEUMXqXf3AmQGnt+0k3dWpqFT29brlm2qtYMcJnYOSmDHP+Lu+azMwxxHBCuMENS9m0rUoMk2wMzkpacWJII4Qkakb6mHAVEDpJZBSk80coQ+qHQjys4U39OJCiQchp4OpkdJBe9TPzL68fKPx8klEexIhzPP/JjBlUIsz7hkAqCFZtqgrCgeleIx0jXqXTrJX26vXjoMunUqrZVtW/q5UYz76wIjsAxqAAbnIEGuATXoA0wuAcP4Am8GY/Gq/FufMyjBSOfOQS/YHx+AeZOqb0=</latexit><latexit sha1_base64="w4R4mf7ojUVM4bITuZoIwwr/XY0=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5KUgi5L3Ygrhb6gqWEynbRDJ5MwMxFKyI/4NS7cuHXnL7gRcevCSRtQWxceGDiccy5z7/EiRqWyrBejsLK6tr5R3Cxtbe/s7pn7Bx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepOLzO/eESFpyFtqGpFBgEac+hQjpSXXrDtNOqo4vkA4cSIkFEUMXqXf3AmQGnt+0k3dWpqFT29brlm2qtYMcJnYOSmDHP+Lu+azMwxxHBCuMENS9m0rUoMk2wMzkpacWJII4Qkakb6mHAVEDpJZBSk80coQ+qHQjys4U39OJCiQchp4OpkdJBe9TPzL68fKPx8klEexIhzPP/JjBlUIsz7hkAqCFZtqgrCgeleIx0jXqXTrJX26vXjoMunUqrZVtW/q5UYz76wIjsAxqAAbnIEGuATXoA0wuAcP4Am8GY/Gq/FufMyjBSOfOQS/YHx+AeZOqb0=</latexit><latexit sha1_base64="w4R4mf7ojUVM4bITuZoIwwr/XY0=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5KUgi5L3Ygrhb6gqWEynbRDJ5MwMxFKyI/4NS7cuHXnL7gRcevCSRtQWxceGDiccy5z7/EiRqWyrBejsLK6tr5R3Cxtbe/s7pn7Bx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepOLzO/eESFpyFtqGpFBgEac+hQjpSXXrDtNOqo4vkA4cSIkFEUMXqXf3AmQGnt+0k3dWpqFT29brlm2qtYMcJnYOSmDHP+Lu+azMwxxHBCuMENS9m0rUoMk2wMzkpacWJII4Qkakb6mHAVEDpJZBSk80coQ+qHQjys4U39OJCiQchp4OpkdJBe9TPzL68fKPx8klEexIhzPP/JjBlUIsz7hkAqCFZtqgrCgeleIx0jXqXTrJX26vXjoMunUqrZVtW/q5UYz76wIjsAxqAAbnIEGuATXoA0wuAcP4Am8GY/Gq/FufMyjBSOfOQS/YHx+AeZOqb0=</latexit>

⇣ @J

@W3

⌘T

<latexit sha1_base64="VYUwiNm8vqHBRDFvbAwfzud8TrU=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0Wom5JoQZelbsRVhb6giWUynbRDJ5MwMxFKyI+48VfcuFDEhRvxb5y0AbX1wIXDOfdy7z1exKhUlvVlFFZW19Y3ipulre2d3T1z/6Ajw1hg0sYhC0XPQ5IwyklbUcVILxIEBR4jXW9ylfndeyIkDXlLTSPiBmjEqU8xUloamDWnQUcVxxcIJ06EhKKIwZv0hzsBUmPPT7rp4DzNmk/vWgOzbFWtGeAysXNSBjmaA/PDGYY4DghXmCEp+7YVKTfJVmBG0pITSxIhPEEj0teUo4BIN5l9l8ITrQyhHwpdXMGZ+nsiQYGU08DTndmtctHLxP+8fqz8SzehPIoV4Xi+yI8ZVCHMooJDKghWbKoJwoLqWyEeI52U0oGWdAj24svLpHNWta2qfVsr1xt5HEVwBI5BBdjgAtTBNWiCNsDgATyBF/BqPBrPxpvxPm8tGPnMIfgD4/MbsnmiRQ==</latexit><latexit sha1_base64="0/AHaIb8S7+tRLwyzmN6OSGSozE=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5JoQZelbsSVQl/QxDKZTtqhk0mYmQgl5Ef8Ghdu3LrzF9yIuHXhpA2orQsPDBzOOZe593gRo1JZ1otRWFpeWV0rrpc2Nre2d8zdvbYMY4FJC4csFF0PScIoJy1FFSPdSBAUeIx0vPFF5nfuiJA05E01iYgboCGnPsVIaalv1pwGHVYcXyCcOBESiiIGr9Jv7gRIjTw/6aT90zQLH982+2bZqlpTwEVi56QMcvwv3jefnUGI44BwhRmSsmdbkXKTbA/MSFpyYkkihMdoSHqachQQ6SbTClJ4pJUB9EOhH1dwqv6cSFAg5STwdDI7SM57mfiX14uVf+4mlEexIhzPPvJjBlUIsz7hgAqCFZtogrCgeleIR0jXqXTrJX26PX/oImmfVG2rat/UyvVG3lkRHIBDUAE2OAN1cAmuQQtgcA8ewBN4Mx6NV+Pd+JhFC0Y+sw9+wfj8Auf/qb4=</latexit><latexit sha1_base64="0/AHaIb8S7+tRLwyzmN6OSGSozE=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5JoQZelbsSVQl/QxDKZTtqhk0mYmQgl5Ef8Ghdu3LrzF9yIuHXhpA2orQsPDBzOOZe593gRo1JZ1otRWFpeWV0rrpc2Nre2d8zdvbYMY4FJC4csFF0PScIoJy1FFSPdSBAUeIx0vPFF5nfuiJA05E01iYgboCGnPsVIaalv1pwGHVYcXyCcOBESiiIGr9Jv7gRIjTw/6aT90zQLH982+2bZqlpTwEVi56QMcvwv3jefnUGI44BwhRmSsmdbkXKTbA/MSFpyYkkihMdoSHqachQQ6SbTClJ4pJUB9EOhH1dwqv6cSFAg5STwdDI7SM57mfiX14uVf+4mlEexIhzPPvJjBlUIsz7hgAqCFZtogrCgeleIR0jXqXTrJX26PX/oImmfVG2rat/UyvVG3lkRHIBDUAE2OAN1cAmuQQtgcA8ewBN4Mx6NV+Pd+JhFC0Y+sw9+wfj8Auf/qb4=</latexit><latexit sha1_base64="0/AHaIb8S7+tRLwyzmN6OSGSozE=">AAACQnicjVDLSsNAFJ3UV62vqEs3g0Wom5JoQZelbsSVQl/QxDKZTtqhk0mYmQgl5Ef8Ghdu3LrzF9yIuHXhpA2orQsPDBzOOZe593gRo1JZ1otRWFpeWV0rrpc2Nre2d8zdvbYMY4FJC4csFF0PScIoJy1FFSPdSBAUeIx0vPFF5nfuiJA05E01iYgboCGnPsVIaalv1pwGHVYcXyCcOBESiiIGr9Jv7gRIjTw/6aT90zQLH982+2bZqlpTwEVi56QMcvwv3jefnUGI44BwhRmSsmdbkXKTbA/MSFpyYkkihMdoSHqachQQ6SbTClJ4pJUB9EOhH1dwqv6cSFAg5STwdDI7SM57mfiX14uVf+4mlEexIhzPPvJjBlUIsz7hgAqCFZtogrCgeleIR0jXqXTrJX26PX/oImmfVG2rat/UyvVG3lkRHIBDUAE2OAN1cAmuQQtgcA8ewBN4Mx6NV+Pd+JhFC0Y+sw9+wfj8Auf/qb4=</latexit>

Inputs
<latexit sha1_base64="kcDwSfb/DB0OF2pSAQ+ogfv8aOA="></latexit><latexit sha1_base64="yNAzCqyZ0Xt3HwWkv+ytBZ4C7Jc="></latexit><latexit sha1_base64="yNAzCqyZ0Xt3HwWkv+ytBZ4C7Jc="></latexit><latexit sha1_base64="yNAzCqyZ0Xt3HwWkv+ytBZ4C7Jc="></latexit>

Outputs
<latexit sha1_base64="GPDM5anDg0RGasqA6KBEF6QgW8o="></latexit><latexit sha1_base64="YwpqT00LiqVDkqCrk6ELqwTjVwg="></latexit><latexit sha1_base64="YwpqT00LiqVDkqCrk6ELqwTjVwg="></latexit><latexit sha1_base64="YwpqT00LiqVDkqCrk6ELqwTjVwg="></latexit>

Backpropagation (1 iteration)
<latexit sha1_base64="RMgXPjrNccZhVXcFxpd3Fdw4LKI="></latexit><latexit sha1_base64="p7h2VeW/g8qkVKKVT47cVWNBwoU="></latexit><latexit sha1_base64="p7h2VeW/g8qkVKKVT47cVWNBwoU="></latexit><latexit sha1_base64="p7h2VeW/g8qkVKKVT47cVWNBwoU="></latexit>

W
T
1

<latexit sha1_base64="IVv4kIRD6z9ke1O9Y1xM4quzvvE="></latexit><latexit sha1_base64="4OFwEHni2nQhZaqw6AtKI6HhG+o="></latexit><latexit sha1_base64="4OFwEHni2nQhZaqw6AtKI6HhG+o="></latexit><latexit sha1_base64="4OFwEHni2nQhZaqw6AtKI6HhG+o="></latexit>

W
T
2

<latexit sha1_base64="wSz5pzkyb0ZGVNyQ/6eWP5+kilk="></latexit><latexit sha1_base64="A6/5ynge7Q2PlVM6gBm+tukx048="></latexit><latexit sha1_base64="A6/5ynge7Q2PlVM6gBm+tukx048="></latexit><latexit sha1_base64="A6/5ynge7Q2PlVM6gBm+tukx048="></latexit>

W
T
3

<latexit sha1_base64="HcVmemOSLrOtCxEGB0Ch7MCWFjU="></latexit><latexit sha1_base64="e5SXA5xnUwqFzoCSRETj+vyHYIY="></latexit><latexit sha1_base64="e5SXA5xnUwqFzoCSRETj+vyHYIY="></latexit><latexit sha1_base64="e5SXA5xnUwqFzoCSRETj+vyHYIY="></latexit>

⇣@J

@x

⌘T

<latexit sha1_base64="uCob9OLPBTkTkqVPm2beUSUA9FA="></latexit><latexit sha1_base64="lAcKjEc2ySbm/6aH9TK9DTKlVIE="></latexit><latexit sha1_base64="lAcKjEc2ySbm/6aH9TK9DTKlVIE="></latexit><latexit sha1_base64="lAcKjEc2ySbm/6aH9TK9DTKlVIE="></latexit>

m
a
t
m
u
l

<latexit sha1_base64="yekBwSV8kc11TT7y4GEzGmoGDRs="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit>

m
a
t
m
u
l

<latexit sha1_base64="yekBwSV8kc11TT7y4GEzGmoGDRs="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit>

m
a
t
m
u
l

<latexit sha1_base64="yekBwSV8kc11TT7y4GEzGmoGDRs="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit><latexit sha1_base64="TYejTEjCjHZcQ77NAk9A3wnomaE="></latexit>

Figure 1.17: The com-
putation graph for
backpropagation through
a three-layer MLP. It’s
just another neural net!
Solid lines are involved in
computing data/activation
gradients and dotted lines
are involved in computing
parameter gradients.

: params forward
: params backward
: data forward
: data backward

There are a few interesting things about this forward-backward network. One is that acti-
vations from the relu layers get transformed to become parameters of a linear layer of
the backward network (see equation (1.32)). There is a general term for this setup, where
one neural net outputs values that parameterize another neural net; this is called a hyper-

network [1]. The forward network is a hypernetwork that parameterizes the backward
network.

Another interesting property, which we already pointed out previously, is that the back-
ward network only consists of linear layers. This is true no matter what the forward network
consists of (even if it is not a conventional neural network but some arbitrary computation
graph). The reason why this happens is because backprop implements the chain rule, and
the chain rule is always a product of Jacobian matrices. Since a Jacobian is a matrix, clearly
it is a linear function. But more intuitively, you can think of each Jacobian as being a locally
linear approximation to the loss surface; hence each can be represented with a linear layer.
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xa
<latexit sha1_base64="nvuQ6zVvkAmb5L3X9kUTN3vLWh8="></latexit><latexit sha1_base64="nvuQ6zVvkAmb5L3X9kUTN3vLWh8="></latexit><latexit sha1_base64="nvuQ6zVvkAmb5L3X9kUTN3vLWh8="></latexit><latexit sha1_base64="nvuQ6zVvkAmb5L3X9kUTN3vLWh8="></latexit>

xb
<latexit sha1_base64="jsFVByinHPJ6HjaIKQCXsULHwyE="></latexit><latexit sha1_base64="jsFVByinHPJ6HjaIKQCXsULHwyE="></latexit><latexit sha1_base64="jsFVByinHPJ6HjaIKQCXsULHwyE="></latexit><latexit sha1_base64="jsFVByinHPJ6HjaIKQCXsULHwyE="></latexit>

merge

[xa,xb]
<latexit sha1_base64="tgRCOOmIH+VSMi5U1J8EVDN47sg="></latexit><latexit sha1_base64="tgRCOOmIH+VSMi5U1J8EVDN47sg="></latexit><latexit sha1_base64="tgRCOOmIH+VSMi5U1J8EVDN47sg="></latexit><latexit sha1_base64="tgRCOOmIH+VSMi5U1J8EVDN47sg="></latexit>

branch

x
<latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit>

xa = x
<latexit sha1_base64="5aC+ljMD5tUHtHYU3Gyf/N3qoM8="></latexit><latexit sha1_base64="5aC+ljMD5tUHtHYU3Gyf/N3qoM8="></latexit><latexit sha1_base64="5aC+ljMD5tUHtHYU3Gyf/N3qoM8="></latexit><latexit sha1_base64="5aC+ljMD5tUHtHYU3Gyf/N3qoM8="></latexit> xb = x

<latexit sha1_base64="VGvf2luZaQA+Jom8G2QLaSz/QkI="></latexit><latexit sha1_base64="VGvf2luZaQA+Jom8G2QLaSz/QkI="></latexit><latexit sha1_base64="VGvf2luZaQA+Jom8G2QLaSz/QkI="></latexit><latexit sha1_base64="VGvf2luZaQA+Jom8G2QLaSz/QkI="></latexit>

DAGs
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✓2
<latexit sha1_base64="HdFqMHr303Ap8KrhKU4gRIidvIE=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laQIeix68VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWemxSyMk1suq016p7FW8OdxV4uekDDnqvdJXtx/zNEJFXDJjOr6XUJAxTYJLnBa7qcGE8TEbYsdSxSI0QTa/eOqeW6XvDmJtS5E7V39PZCwyZhKFtjNiNDLL3kz8z+ukNLgOMqGSlFDxxaJBKl2K3dn7bl9o5CQnljCuhb3V5SOmGScbUtGG4C+/vEqa1YrvVfz7y3LtJo+jAKdwBhfgwxXU4A7q0AAOCp7hFd4c47w4787HonXNyWdO4A+czx+XmZDZ</latexit><latexit sha1_base64="c9kA8osTQDhI7beLYQVx1f2TS4Y=">AAACFnicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sVQwD0yWMDu5mwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQ19VsPoI2I1R2OE/AjNlAiFJyhle67OARkvaw26ZUrbtWdgS4TLycVkuN/8V75s9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTWhJ1bp0zDW9imkM/XnRMYiY8ZRYJMRw6FZ9KbiX14nxfDCz4RKUgTF54vCVFKM6bQj2hcaOMqxJYxrYf9K+ZBpxtE2WbKne4uHLpNmreq5Ve/2rFK/zDsrkiNyTE6JR85JnVyTG9IgnCjySJ7Jq/PkvDhvzvs8WnDymUPyC87HN4GhmFI=</latexit><latexit sha1_base64="c9kA8osTQDhI7beLYQVx1f2TS4Y=">AAACFnicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sVQwD0yWMDu5mwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQ19VsPoI2I1R2OE/AjNlAiFJyhle67OARkvaw26ZUrbtWdgS4TLycVkuN/8V75s9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTWhJ1bp0zDW9imkM/XnRMYiY8ZRYJMRw6FZ9KbiX14nxfDCz4RKUgTF54vCVFKM6bQj2hcaOMqxJYxrYf9K+ZBpxtE2WbKne4uHLpNmreq5Ve/2rFK/zDsrkiNyTE6JR85JnVyTG9IgnCjySJ7Jq/PkvDhvzvs8WnDymUPyC87HN4GhmFI=</latexit><latexit sha1_base64="c9kA8osTQDhI7beLYQVx1f2TS4Y=">AAACFnicjVC7SgNBFJ2NrxhfUUubwSBYhd0gaBm0sVQwD0yWMDu5mwyZnV1m7gphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIoVB1/1yCiura+sbxc3S1vbO7l55/6Bp4lRzaPBYxrodMANSKGigQAntRAOLAgmtYHQ19VsPoI2I1R2OE/AjNlAiFJyhle67OARkvaw26ZUrbtWdgS4TLycVkuN/8V75s9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bnTWhJ1bp0zDW9imkM/XnRMYiY8ZRYJMRw6FZ9KbiX14nxfDCz4RKUgTF54vCVFKM6bQj2hcaOMqxJYxrYf9K+ZBpxtE2WbKne4uHLpNmreq5Ve/2rFK/zDsrkiNyTE6JR85JnVyTG9IgnCjySJ7Jq/PkvDhvzvs8WnDymUPyC87HN4GhmFI=</latexit>

✓1
<latexit sha1_base64="UwdldS9bd+OkY0zCIsd9H8BgKNQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKJvttF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbITMohcIGCZLYTjSyKJTYCse3M7/1hNqIWD3QJMEgYkMlBoIzstJjl0ZIrJf501654lW9OdxV4uekAjnqvfJXtx/zNEJFXDJjOr6XUJAxTYJLnJa6qcGE8TEbYsdSxSI0QTa/eOqeWaXvDmJtS5E7V39PZCwyZhKFtjNiNDLL3kz8z+ukNLgOMqGSlFDxxaJBKl2K3dn7bl9o5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx+WFJDY</latexit><latexit sha1_base64="4OPrgzNZFwLL3jGMSYHXwHzMrDw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ/PHnVLZq3hTuIvEz0kZcvwv3il9trsxTyNUxCUzpuV7CQUZ0yS4xHGxnRpMGB+yPrYsVSxCE2TTs8busVW6bi/W9ilyp+rPiYxFxoyi0CYjRgMz703Ev7xWSr2LIBMqSQkVny3qpdKl2J105HaFRk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/ff/eYUQ==</latexit><latexit sha1_base64="4OPrgzNZFwLL3jGMSYHXwHzMrDw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ/PHnVLZq3hTuIvEz0kZcvwv3il9trsxTyNUxCUzpuV7CQUZ0yS4xHGxnRpMGB+yPrYsVSxCE2TTs8busVW6bi/W9ilyp+rPiYxFxoyi0CYjRgMz703Ev7xWSr2LIBMqSQkVny3qpdKl2J105HaFRk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/ff/eYUQ==</latexit><latexit sha1_base64="4OPrgzNZFwLL3jGMSYHXwHzMrDw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpfs2DZBYJ/PHnVLZq3hTuIvEz0kZcvwv3il9trsxTyNUxCUzpuV7CQUZ0yS4xHGxnRpMGB+yPrYsVSxCE2TTs8busVW6bi/W9ilyp+rPiYxFxoyi0CYjRgMz703Ev7xWSr2LIBMqSQkVny3qpdKl2J105HaFRk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/ff/eYUQ==</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

✓3
<latexit sha1_base64="sEfrZCRNHJ1LHhcgS2bOY0dpI5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHveLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t1FpXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9Bvj84=</latexit><latexit sha1_base64="bpLyrIhf3XW08FYkG7U7pdqkLtY=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMQhWYVcFLYM2lgrmAckSZic3yZDZ2WXmrhCW/ISFjb9iI2JrYeffOEm20MTCAwOHc87lzj1hIoUhz/tylpZXVtfWCxvFza3tnd3S3n7dxKnmWOOxjHUzZAalUFgjQRKbiUYWhRIb4fB64jceUBsRq3saJRhErK9ET3BGVmq2aYDEOmedUtmreFO4i8TPSRly/C/eKX22uzFPI1TEJTOm5XsJBRnTJLjEcbGdGkwYH7I+tixVLEITZNOjxu6xVbpuL9b2KXKn6s+JjEXGjKLQJiNGAzPvTcS/vFZKvcsgEypJCRWfLeql0qXYnTTkdoVGTnJkCeNa2L+6fMA042R7LNrT/flDF0n9tOJ7Ff/uvFy9yjsrwCEcwQn4cAFVuIFbqAEHCY/wDK/Ok/PivDnvs+iSk88cwC84H9+WepdH</latexit><latexit sha1_base64="bpLyrIhf3XW08FYkG7U7pdqkLtY=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMQhWYVcFLYM2lgrmAckSZic3yZDZ2WXmrhCW/ISFjb9iI2JrYeffOEm20MTCAwOHc87lzj1hIoUhz/tylpZXVtfWCxvFza3tnd3S3n7dxKnmWOOxjHUzZAalUFgjQRKbiUYWhRIb4fB64jceUBsRq3saJRhErK9ET3BGVmq2aYDEOmedUtmreFO4i8TPSRly/C/eKX22uzFPI1TEJTOm5XsJBRnTJLjEcbGdGkwYH7I+tixVLEITZNOjxu6xVbpuL9b2KXKn6s+JjEXGjKLQJiNGAzPvTcS/vFZKvcsgEypJCRWfLeql0qXYnTTkdoVGTnJkCeNa2L+6fMA042R7LNrT/flDF0n9tOJ7Ff/uvFy9yjsrwCEcwQn4cAFVuIFbqAEHCY/wDK/Ok/PivDnvs+iSk88cwC84H9+WepdH</latexit><latexit sha1_base64="bpLyrIhf3XW08FYkG7U7pdqkLtY=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMQhWYVcFLYM2lgrmAckSZic3yZDZ2WXmrhCW/ISFjb9iI2JrYeffOEm20MTCAwOHc87lzj1hIoUhz/tylpZXVtfWCxvFza3tnd3S3n7dxKnmWOOxjHUzZAalUFgjQRKbiUYWhRIb4fB64jceUBsRq3saJRhErK9ET3BGVmq2aYDEOmedUtmreFO4i8TPSRly/C/eKX22uzFPI1TEJTOm5XsJBRnTJLjEcbGdGkwYH7I+tixVLEITZNOjxu6xVbpuL9b2KXKn6s+JjEXGjKLQJiNGAzPvTcS/vFZKvcsgEypJCRWfLeql0qXYnTTkdoVGTnJkCeNa2L+6fMA042R7LNrT/flDF0n9tOJ7Ff/uvFy9yjsrwCEcwQn4cAFVuIFbqAEHCY/wDK/Ok/PivDnvs+iSk88cwC84H9+WepdH</latexit>
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x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

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

branch

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

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

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

Parameter sharing —> sum gradients
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Differentiable programming

f(xin,W)
<latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit><latexit sha1_base64="jMlYtvDfg60eyA74W6Hpj482ivk="></latexit>

xin
<latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit>

xout
<latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit>

Deep learning

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

x
<latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit>

xin
<latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit><latexit sha1_base64="KZPWy/kXBbRWZNeh68eI2o64dhE="></latexit>

xout
<latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit><latexit sha1_base64="e5mRyZQ8Kp/zuVFgEbufFZwMSLc="></latexit>

Differentiable programming

f(xin, ✓)
<latexit sha1_base64="+HUl16j41oX+BgmNP2EYcwbSZV8="></latexit><latexit sha1_base64="+HUl16j41oX+BgmNP2EYcwbSZV8="></latexit><latexit sha1_base64="+HUl16j41oX+BgmNP2EYcwbSZV8="></latexit><latexit sha1_base64="+HUl16j41oX+BgmNP2EYcwbSZV8="></latexit>
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Differentiable programming

An emerging term for general models with these 
properties is differentiable programming.

Deep nets are popular for a few reasons: 
1. Easy to optimize (differentiable)
2. Compositional “block based programming”

© Yann LeCun and Thomas Dietterich. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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Differentiable programming

[Figure from “Neural Module Networks”,  Andreas et al. 2017]
© Andreas, et al. All rights reserved. This content is excluded from our Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/
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Software 2.0
[Andrej Karpathy: https://karpathy.medium.com/software-2-0-a64152b37c35]

© Andrej Karpathy. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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Programmed by backprop
e.g., programmed by tuning behavior to match
training examples

Programmed by a human
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Backprop lets you optimize any node (function) or edge (variable) in your 
computation graph w.r.t. to any scalar cost
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Backprop lets you optimize any node (function) or edge (variable) in your 
computation graph w.r.t. to any scalar cost

@

@
<latexit sha1_base64="bgVJo3OjzEcFvzotErhHYmZwjhs=">AAACDnicbVC7TsMwFL3hWcorwMhiUVViqhKEBGMFC2OR6ENqospxnNaq4wTbQaqifgELv8LCAEKszGz8DU6bAVqOZOn4nHuvfU+Qcqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+LvzuA5WKJeJOT1Lqx3goWMQI1kYa2HUvkpjkXoqlZpgj7z7D4XTxPrBrTsOZAS0TtyQ1KNEa2F9emJAspkITjpXqu06q/bwYSjidVr1M0RSTMR7SvqECx1T5+WydKaobJURRIs0RGs3U3x05jpWaxIGpjLEeqUWvEP/z+pmOLv2ciTTTVJD5Q1HGkU5QkQ0KmaRE84khmEhm/orICJt8tEmwakJwF1deJp2zhus03NvzWvOqjKMCx3ACp+DCBTThBlrQBgKP8Ayv8GY9WS/Wu/UxL12xyp4j+APr8wdSwJzl</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit>

How the cost changes when the weights of that 
function (yellow) change
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Backprop lets you optimize any node (function) or edge (variable) in your 
computation graph w.r.t. to any scalar cost

@

@
<latexit sha1_base64="bgVJo3OjzEcFvzotErhHYmZwjhs=">AAACDnicbVC7TsMwFL3hWcorwMhiUVViqhKEBGMFC2OR6ENqospxnNaq4wTbQaqifgELv8LCAEKszGz8DU6bAVqOZOn4nHuvfU+Qcqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+LvzuA5WKJeJOT1Lqx3goWMQI1kYa2HUvkpjkXoqlZpgj7z7D4XTxPrBrTsOZAS0TtyQ1KNEa2F9emJAspkITjpXqu06q/bwYSjidVr1M0RSTMR7SvqECx1T5+WydKaobJURRIs0RGs3U3x05jpWaxIGpjLEeqUWvEP/z+pmOLv2ciTTTVJD5Q1HGkU5QkQ0KmaRE84khmEhm/orICJt8tEmwakJwF1deJp2zhus03NvzWvOqjKMCx3ACp+DCBTThBlrQBgKP8Ayv8GY9WS/Wu/UxL12xyp4j+APr8wdSwJzl</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit>

How the cost changes when the input data changes

@

@
<latexit sha1_base64="bgVJo3OjzEcFvzotErhHYmZwjhs=">AAACDnicbVC7TsMwFL3hWcorwMhiUVViqhKEBGMFC2OR6ENqospxnNaq4wTbQaqifgELv8LCAEKszGz8DU6bAVqOZOn4nHuvfU+Qcqa043xbK6tr6xubla3q9s7u3r59cNhRSSYJbZOEJ7IXYEU5E7Stmea0l0qK44DTbjC+LvzuA5WKJeJOT1Lqx3goWMQI1kYa2HUvkpjkXoqlZpgj7z7D4XTxPrBrTsOZAS0TtyQ1KNEa2F9emJAspkITjpXqu06q/bwYSjidVr1M0RSTMR7SvqECx1T5+WydKaobJURRIs0RGs3U3x05jpWaxIGpjLEeqUWvEP/z+pmOLv2ciTTTVJD5Q1HGkU5QkQ0KmaRE84khmEhm/orICJt8tEmwakJwF1deJp2zhus03NvzWvOqjKMCx3ACp+DCBTThBlrQBgKP8Ayv8GY9WS/Wu/UxL12xyp4j+APr8wdSwJzl</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit><latexit sha1_base64="iz8Mz+8FgyTALYo6Np6Guj42Qgo=">AAACM3icjVDLSsNAFJ34rPUVdelmsBRclUQEXRbduFSwD2hCuZlM2qGTSZyZCCX0C/waF278DHfiRsSt/+CkzUJbF14YOPecc7lzT5ByprTjvFpLyyura+uVjerm1vbOrr2331ZJJgltkYQnshuAopwJ2tJMc9pNJYU44LQTjC4LvXNPpWKJuNXjlPoxDASLGAFtqL5d9yIJJPdSkJoBx95dBuFkvu/bNafhTAsvArcENVTW/+x9+8ULE5LFVGjCQame66Taz4vNhNNJ1csUTYGMYEB7BgqIqfLz6c0TXDdMiKNEmic0nrI/J3KIlRrHgXHGoIdqXivIv7RepqNzP2cizTQVZLYoyjjWCS4CxCGTlGg+NgCIZOavmAzBhKhNzFVzujt/6CJonzRcp+HenNaaF2VmFXSIjtAxctEZaqIrdI1aiKAH9Iie0bv1ZL1ZH9bnzLpklTMH6FdZX9/U2qRe</latexit>

How the cost changes when the functional node 
highlighted changes
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…

dolphin
cat
grizzly bear
angel fish
chameleon

iguana
elephant

clown fish J
<latexit sha1_base64="mpZz/RTfmC1QYVttclyrLEE2GEM="></latexit><latexit sha1_base64="mpZz/RTfmC1QYVttclyrLEE2GEM="></latexit><latexit sha1_base64="mpZz/RTfmC1QYVttclyrLEE2GEM="></latexit><latexit sha1_base64="mpZz/RTfmC1QYVttclyrLEE2GEM="></latexit>

How much the total cost is increased or decreased by changing the 
parameters.

@J

@✓
<latexit sha1_base64="fntxJA732Lt5u0jLQgl7KlryOPI="></latexit><latexit sha1_base64="fntxJA732Lt5u0jLQgl7KlryOPI="></latexit><latexit sha1_base64="fntxJA732Lt5u0jLQgl7KlryOPI="></latexit><latexit sha1_base64="fntxJA732Lt5u0jLQgl7KlryOPI="></latexit>

x
<latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit>

y
<latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit><latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit><latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit><latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit>

Optimizing parameters versus optimizing inputs

© source unknown. All rights reserved. This 
content is excluded from our Creative 
Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use/
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How much the “chameleon” score is increased or decreased by 
changing the image pixels.

…

dolphin
cat
grizzly bear
angel fish
chameleon

iguana
elephant

clown fish

@yj
@x

<latexit sha1_base64="BG3OCgUUaKLuXz8VDBz01vbeJwE="></latexit><latexit sha1_base64="BG3OCgUUaKLuXz8VDBz01vbeJwE="></latexit><latexit sha1_base64="BG3OCgUUaKLuXz8VDBz01vbeJwE="></latexit><latexit sha1_base64="BG3OCgUUaKLuXz8VDBz01vbeJwE="></latexit>

x
<latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit><latexit sha1_base64="Z4e5y6nMs9sbXeAltyY2IdHf0NI="></latexit>

y
<latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit><latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit><latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit><latexit sha1_base64="+PDuWgTwP6aw2EvoElq4vv1lwm4="></latexit>

Optimizing parameters versus optimizing inputs

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

Make an image that maximizes the “cat”  
output neuron:

[https://distill.pub/2017/feature-visualization/]

argmax
x

yj + �R(x)
<latexit sha1_base64="LlLoN8tMjkUTABEqdkhLmkCklvw="></latexit><latexit sha1_base64="LlLoN8tMjkUTABEqdkhLmkCklvw="></latexit><latexit sha1_base64="LlLoN8tMjkUTABEqdkhLmkCklvw="></latexit><latexit sha1_base64="LlLoN8tMjkUTABEqdkhLmkCklvw="></latexit>

xk+1  xk + ⌘
@(yj(x) + �R(x))

@x

����
x=xk

<latexit sha1_base64="dXKc0ve9nbRGKCEoxGjlWQ+iWko="></latexit><latexit sha1_base64="dXKc0ve9nbRGKCEoxGjlWQ+iWko="></latexit><latexit sha1_base64="dXKc0ve9nbRGKCEoxGjlWQ+iWko="></latexit><latexit sha1_base64="dXKc0ve9nbRGKCEoxGjlWQ+iWko="></latexit>

Courtesy of Olah, et al. Used under CC BY.
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[https://distill.pub/2017/feature-visualization/]

Make an image that maximizes the 
value of neuron j on layer l of the 

network:

Unit visualization

argmax
x

hlj + �R(x)
<latexit sha1_base64="DV+qWmVXVVaxXyaa1/X+pf4vV2E="></latexit><latexit sha1_base64="DV+qWmVXVVaxXyaa1/X+pf4vV2E="></latexit><latexit sha1_base64="DV+qWmVXVVaxXyaa1/X+pf4vV2E="></latexit><latexit sha1_base64="DV+qWmVXVVaxXyaa1/X+pf4vV2E="></latexit>

xk+1  xk + ⌘
@(hlj (x) + �R(x))

@x

����
x=xk

<latexit sha1_base64="CGAPnylRQdYzBoc56nKr2Lc2tek="></latexit><latexit sha1_base64="CGAPnylRQdYzBoc56nKr2Lc2tek="></latexit><latexit sha1_base64="CGAPnylRQdYzBoc56nKr2Lc2tek="></latexit><latexit sha1_base64="CGAPnylRQdYzBoc56nKr2Lc2tek="></latexit>

Courtesy of Olah, et al. Used under CC BY.
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“Deep dream” [https://ai.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html]

Images created using a network trained on places by MIT Computer Science and AI Laboratory.
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CLIP

[https://openai.com/blog/clip/]

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

"What is the answer to the 
ultimate question of life, the 
universe, and everything?” To maximize 

this

e1
<latexit sha1_base64="lYE4z03Y7EMd5kkOh7HTRFWoh4U=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDKcTbwBvWG23TnIKvEK0kDSrQH9S9/mLAsRmmYoFr3PTc1QU6V4UzgrOZnGlPKJnSEfUsljVEH+TzzjJxZZUiiRNknDZmrvzdyGms9jUM7WWTUy14h/uf1MxNdBzmXaWZQssWhKBPEJKQogAy5QmbE1BLKFLdZCRtTRZmxNdVsCd7yl1dJ96LpuU3v/rLRuinrqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox2K04pQ7x/AHzucPDVuRrQ==</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit>

e2
<latexit sha1_base64="Tg2IblW3A5cGR/EL2kChnHLfo/8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPpTTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Lve7T6g0j+WjmSU4iOhY8pAzaqzk+xE1kyDMcD5sDKs1t+4uQNaJV5AaFGgNq1/+KGZphNIwQbXue25iBhlVhjOB84qfakwom9Ix9i2VNEI9yBaZ5+TCKiMSxso+achC/b2R0UjrWRTYyTyjXvVy8T+vn5rwZpBxmaQGJVseClNBTEzyAsiIK2RGzCyhTHGblbAJVZQZW1PFluCtfnmddBp1z617D1e15m1RRxnO4BwuwYNraMI9tKANDBJ4hld4c1LnxXl3PpajJafYOYU/cD5/AA7fka4=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit>

e1 · e2
<latexit sha1_base64="0qYadHJJURThHIPcVQXVgaK1IxI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cV7AOaECaTSTt0MhNmJkIJXbrxV9y4UMStn+DOv3HSZlFbD1w4nHMv994Tpowq7Tg/VmVtfWNzq7pd29nd2z+wD4+6SmQSkw4WTMh+iBRhlJOOppqRfioJSkJGeuH4tvB7j0QqKviDnqTET9CQ05hipI0U2KdegvQojHMyDVzo4UhouCA1A7vuNJwZ4CpxS1IHJdqB/e1FAmcJ4RozpNTAdVLt50hqihmZ1rxMkRThMRqSgaEcJUT5+eyRKTw3SgRjIU1xDWfq4kSOEqUmSWg6ixvVsleI/3mDTMfXfk55mmnC8XxRnDGoBSxSgRGVBGs2MQRhSc2tEI+QRFib7GomBHf55VXSbTZcp+HeX9ZbN2UcVXACzsAFcMEVaIE70AYdgMETeAFv4N16tl6tD+tz3lqxyplj8AfW1y99Upme</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit>

INPUT:

OUTPUT:

Image 
Generatorz

<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Optimize this

Code: https://colab.research.google.com/drive/1_4PQqzM_0KKytCzWtn-ZPi4cCa5bwK2F?usp=sharing70



2. How to train a neural net

• Review of gradient descent, SGD

• Computation graphs

• Backprop through chains

• Backprop through MLPs

• Backprop through DAGs

• Differentiable programming
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Backpropagation example
node 1

node 2

node 3

node 4

node 5

w13=1

0.2

-3

1

1

-1

input output

tanh

tanh

linear

Learning rate η = -0.2 (because we used positive increments)
Euclidean loss

Exercise: run one iteration of back propagation

Training data: desired output
node 1 node 2 node 5

input

1.0 0.1 0.5
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Backpropagation example
node 1

node 2

node 3

node 4

node 5

w13=1.02

0.17

-3.0

1.0

1.02

-0.99

input output

tanh

tanh

linear

After one iteration (rounding to two digits)
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Step by step solution
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First, let’s rewrite the network using the modular block notation:

W0x0
<latexit sha1_base64="nwmO/d+Rd5W0H5SNhy8LYsbPylU=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsA9oQ5hMJ+3QySTMTMQSiht/xY0LRdz6Fe78GydtBG09MHDuOfcy954g4Uxpx/mySkvLK6tr5fXKxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32HZWKxeJWjxPqRXggWMgI1kby7YNehPUwCLP2xHfQT3FvCt+uOjVnCrRI3IJUoUDDtz97/ZikERWacKxU13US7WVYakY4nVR6qaIJJiM8oF1DBY6o8rLpCRN0bJQ+CmNpntBoqv6eyHCk1DgKTGe+o5r3cvE/r5vq8MLLmEhSTQWZfRSmHOkY5XmgPpOUaD42BBPJzK6IDLHERJvUKiYEd/7kRdI6rblOzb05q9YvizjKcAhHcAIunEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9aSVczswx9YH98hwpc+</latexit><latexit sha1_base64="nwmO/d+Rd5W0H5SNhy8LYsbPylU=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsA9oQ5hMJ+3QySTMTMQSiht/xY0LRdz6Fe78GydtBG09MHDuOfcy954g4Uxpx/mySkvLK6tr5fXKxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32HZWKxeJWjxPqRXggWMgI1kby7YNehPUwCLP2xHfQT3FvCt+uOjVnCrRI3IJUoUDDtz97/ZikERWacKxU13US7WVYakY4nVR6qaIJJiM8oF1DBY6o8rLpCRN0bJQ+CmNpntBoqv6eyHCk1DgKTGe+o5r3cvE/r5vq8MLLmEhSTQWZfRSmHOkY5XmgPpOUaD42BBPJzK6IDLHERJvUKiYEd/7kRdI6rblOzb05q9YvizjKcAhHcAIunEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9aSVczswx9YH98hwpc+</latexit><latexit sha1_base64="nwmO/d+Rd5W0H5SNhy8LYsbPylU=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsA9oQ5hMJ+3QySTMTMQSiht/xY0LRdz6Fe78GydtBG09MHDuOfcy954g4Uxpx/mySkvLK6tr5fXKxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32HZWKxeJWjxPqRXggWMgI1kby7YNehPUwCLP2xHfQT3FvCt+uOjVnCrRI3IJUoUDDtz97/ZikERWacKxU13US7WVYakY4nVR6qaIJJiM8oF1DBY6o8rLpCRN0bJQ+CmNpntBoqv6eyHCk1DgKTGe+o5r3cvE/r5vq8MLLmEhSTQWZfRSmHOkY5XmgPpOUaD42BBPJzK6IDLHERJvUKiYEd/7kRdI6rblOzb05q9YvizjKcAhHcAIunEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9aSVczswx9YH98hwpc+</latexit><latexit sha1_base64="nwmO/d+Rd5W0H5SNhy8LYsbPylU=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6LblxWsA9oQ5hMJ+3QySTMTMQSiht/xY0LRdz6Fe78GydtBG09MHDuOfcy954g4Uxpx/mySkvLK6tr5fXKxubW9o69u9dScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32HZWKxeJWjxPqRXggWMgI1kby7YNehPUwCLP2xHfQT3FvCt+uOjVnCrRI3IJUoUDDtz97/ZikERWacKxU13US7WVYakY4nVR6qaIJJiM8oF1DBY6o8rLpCRN0bJQ+CmNpntBoqv6eyHCk1DgKTGe+o5r3cvE/r5vq8MLLmEhSTQWZfRSmHOkY5XmgPpOUaD42BBPJzK6IDLHERJvUKiYEd/7kRdI6rblOzb05q9YvizjKcAhHcAIunEMdrqEBTSDwAE/wAq/Wo/VsvVnvs9aSVczswx9YH98hwpc+</latexit>

x0
<latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit>

x1
<latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit>

x2
<latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit>

x3
<latexit sha1_base64="7sikxe2TJ1ePgYWw26lqNsE8Uck=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU375/1qza27M5Bl4hWkBgWa/eqXP4hZGqE0TFCtu56bmF5GleFM4LTipxoTysZ0iF1LJY1Q97JZ5ik5scqAhLGyTxoyU39vZDTSehIFdjLPqBe9XPzP66YmvOplXCapQcnmh8JUEBOTvAAy4AqZERNLKFPcZiVsRBVlxtZUsSV4i19eJu2zuufWvbuLWuO6qKMMR3AMp+DBJTTgFprQAgYJPMMrvDmp8+K8Ox/z0ZJT7BzCHzifPy1okcI=</latexit><latexit sha1_base64="7sikxe2TJ1ePgYWw26lqNsE8Uck=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU375/1qza27M5Bl4hWkBgWa/eqXP4hZGqE0TFCtu56bmF5GleFM4LTipxoTysZ0iF1LJY1Q97JZ5ik5scqAhLGyTxoyU39vZDTSehIFdjLPqBe9XPzP66YmvOplXCapQcnmh8JUEBOTvAAy4AqZERNLKFPcZiVsRBVlxtZUsSV4i19eJu2zuufWvbuLWuO6qKMMR3AMp+DBJTTgFprQAgYJPMMrvDmp8+K8Ox/z0ZJT7BzCHzifPy1okcI=</latexit><latexit sha1_base64="7sikxe2TJ1ePgYWw26lqNsE8Uck=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU375/1qza27M5Bl4hWkBgWa/eqXP4hZGqE0TFCtu56bmF5GleFM4LTipxoTysZ0iF1LJY1Q97JZ5ik5scqAhLGyTxoyU39vZDTSehIFdjLPqBe9XPzP66YmvOplXCapQcnmh8JUEBOTvAAy4AqZERNLKFPcZiVsRBVlxtZUsSV4i19eJu2zuufWvbuLWuO6qKMMR3AMp+DBJTTgFprQAgYJPMMrvDmp8+K8Ox/z0ZJT7BzCHzifPy1okcI=</latexit><latexit sha1_base64="7sikxe2TJ1ePgYWw26lqNsE8Uck=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU375/1qza27M5Bl4hWkBgWa/eqXP4hZGqE0TFCtu56bmF5GleFM4LTipxoTysZ0iF1LJY1Q97JZ5ik5scqAhLGyTxoyU39vZDTSehIFdjLPqBe9XPzP66YmvOplXCapQcnmh8JUEBOTvAAy4AqZERNLKFPcZiVsRBVlxtZUsSV4i19eJu2zuufWvbuLWuO6qKMMR3AMp+DBJTTgFprQAgYJPMMrvDmp8+K8Ox/z0ZJT7BzCHzifPy1okcI=</latexit>W1x2

<latexit sha1_base64="6V3Eqv+I9+1d0y1roVDQwUW6Sp0=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJiqDLohuXFewF2hIm00k7dDIJMxOxhLjxVdy4UMStb+HOt3HSRtDWHwY+/nMOc87vx5wp7Thf1tLyyuraemmjvLm1vbNr7+23VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr/J6+45KxSJxqycx7Yd4KFjACNbG8uzDXoj1yA/Sdua5P3yfeTXPrjhVZyq0CG4BFSjU8OzP3iAiSUiFJhwr1XWdWPdTLDUjnGblXqJojMkYD2nXoMAhVf10ekGGTowzQEEkzRMaTd3fEykOlZqEvunMd1Tztdz8r9ZNdHDRT5mIE00FmX0UJBzpCOVxoAGTlGg+MYCJZGZXREZYYqJNaGUTgjt/8iK0alXXqbo3Z5X6ZRFHCY7gGE7BhXOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3ym6XFw==</latexit><latexit sha1_base64="6V3Eqv+I9+1d0y1roVDQwUW6Sp0=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJiqDLohuXFewF2hIm00k7dDIJMxOxhLjxVdy4UMStb+HOt3HSRtDWHwY+/nMOc87vx5wp7Thf1tLyyuraemmjvLm1vbNr7+23VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr/J6+45KxSJxqycx7Yd4KFjACNbG8uzDXoj1yA/Sdua5P3yfeTXPrjhVZyq0CG4BFSjU8OzP3iAiSUiFJhwr1XWdWPdTLDUjnGblXqJojMkYD2nXoMAhVf10ekGGTowzQEEkzRMaTd3fEykOlZqEvunMd1Tztdz8r9ZNdHDRT5mIE00FmX0UJBzpCOVxoAGTlGg+MYCJZGZXREZYYqJNaGUTgjt/8iK0alXXqbo3Z5X6ZRFHCY7gGE7BhXOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3ym6XFw==</latexit><latexit sha1_base64="6V3Eqv+I9+1d0y1roVDQwUW6Sp0=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJiqDLohuXFewF2hIm00k7dDIJMxOxhLjxVdy4UMStb+HOt3HSRtDWHwY+/nMOc87vx5wp7Thf1tLyyuraemmjvLm1vbNr7+23VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr/J6+45KxSJxqycx7Yd4KFjACNbG8uzDXoj1yA/Sdua5P3yfeTXPrjhVZyq0CG4BFSjU8OzP3iAiSUiFJhwr1XWdWPdTLDUjnGblXqJojMkYD2nXoMAhVf10ekGGTowzQEEkzRMaTd3fEykOlZqEvunMd1Tztdz8r9ZNdHDRT5mIE00FmX0UJBzpCOVxoAGTlGg+MYCJZGZXREZYYqJNaGUTgjt/8iK0alXXqbo3Z5X6ZRFHCY7gGE7BhXOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3ym6XFw==</latexit><latexit sha1_base64="6V3Eqv+I9+1d0y1roVDQwUW6Sp0=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJiqDLohuXFewF2hIm00k7dDIJMxOxhLjxVdy4UMStb+HOt3HSRtDWHwY+/nMOc87vx5wp7Thf1tLyyuraemmjvLm1vbNr7+23VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO2Pr/J6+45KxSJxqycx7Yd4KFjACNbG8uzDXoj1yA/Sdua5P3yfeTXPrjhVZyq0CG4BFSjU8OzP3iAiSUiFJhwr1XWdWPdTLDUjnGblXqJojMkYD2nXoMAhVf10ekGGTowzQEEkzRMaTd3fEykOlZqEvunMd1Tztdz8r9ZNdHDRT5mIE00FmX0UJBzpCOVxoAGTlGg+MYCJZGZXREZYYqJNaGUTgjt/8iK0alXXqbo3Z5X6ZRFHCY7gGE7BhXOowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/BH1sc3ym6XFw==</latexit>

tanh(x1)
<latexit sha1_base64="YCb5iZlW0Pu2lKFYJKJqvi7cDQo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyURQZdFNy4r2Ac0IUymk3boZBJmJmII9VfcuFDErR/izr9x0mahrQcGDufcyz1zgoRRqWz726isrW9sblW3azu7e/sH5uFRT8apwKSLYxaLQYAkYZSTrqKKkUEiCIoCRvrB9Kbw+w9ESBrze5UlxIvQmNOQYqS05Jt1VyE+aboRUpMgzB9nvnPmmw27Zc9hrRKnJA0o0fHNL3cU4zQiXGGGpBw6dqK8HAlFMSOzmptKkiA8RWMy1JSjiEgvn4efWadaGVlhLPTjypqrvzdyFEmZRYGeLELKZa8Q//OGqQqvvJzyJFWE48WhMGWWiq2iCWtEBcGKZZogLKjOauEJEggr3VdNl+Asf3mV9M5bjt1y7i4a7euyjiocwwk0wYFLaMMtdKALGDJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AFpwlI8=</latexit><latexit sha1_base64="YCb5iZlW0Pu2lKFYJKJqvi7cDQo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyURQZdFNy4r2Ac0IUymk3boZBJmJmII9VfcuFDErR/izr9x0mahrQcGDufcyz1zgoRRqWz726isrW9sblW3azu7e/sH5uFRT8apwKSLYxaLQYAkYZSTrqKKkUEiCIoCRvrB9Kbw+w9ESBrze5UlxIvQmNOQYqS05Jt1VyE+aboRUpMgzB9nvnPmmw27Zc9hrRKnJA0o0fHNL3cU4zQiXGGGpBw6dqK8HAlFMSOzmptKkiA8RWMy1JSjiEgvn4efWadaGVlhLPTjypqrvzdyFEmZRYGeLELKZa8Q//OGqQqvvJzyJFWE48WhMGWWiq2iCWtEBcGKZZogLKjOauEJEggr3VdNl+Asf3mV9M5bjt1y7i4a7euyjiocwwk0wYFLaMMtdKALGDJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AFpwlI8=</latexit><latexit sha1_base64="YCb5iZlW0Pu2lKFYJKJqvi7cDQo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyURQZdFNy4r2Ac0IUymk3boZBJmJmII9VfcuFDErR/izr9x0mahrQcGDufcyz1zgoRRqWz726isrW9sblW3azu7e/sH5uFRT8apwKSLYxaLQYAkYZSTrqKKkUEiCIoCRvrB9Kbw+w9ESBrze5UlxIvQmNOQYqS05Jt1VyE+aboRUpMgzB9nvnPmmw27Zc9hrRKnJA0o0fHNL3cU4zQiXGGGpBw6dqK8HAlFMSOzmptKkiA8RWMy1JSjiEgvn4efWadaGVlhLPTjypqrvzdyFEmZRYGeLELKZa8Q//OGqQqvvJzyJFWE48WhMGWWiq2iCWtEBcGKZZogLKjOauEJEggr3VdNl+Asf3mV9M5bjt1y7i4a7euyjiocwwk0wYFLaMMtdKALGDJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AFpwlI8=</latexit><latexit sha1_base64="YCb5iZlW0Pu2lKFYJKJqvi7cDQo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyURQZdFNy4r2Ac0IUymk3boZBJmJmII9VfcuFDErR/izr9x0mahrQcGDufcyz1zgoRRqWz726isrW9sblW3azu7e/sH5uFRT8apwKSLYxaLQYAkYZSTrqKKkUEiCIoCRvrB9Kbw+w9ESBrze5UlxIvQmNOQYqS05Jt1VyE+aboRUpMgzB9nvnPmmw27Zc9hrRKnJA0o0fHNL3cU4zQiXGGGpBw6dqK8HAlFMSOzmptKkiA8RWMy1JSjiEgvn4efWadaGVlhLPTjypqrvzdyFEmZRYGeLELKZa8Q//OGqQqvvJzyJFWE48WhMGWWiq2iCWtEBcGKZZogLKjOauEJEggr3VdNl+Asf3mV9M5bjt1y7i4a7euyjiocwwk0wYFLaMMtdKALGDJ4hld4M56MF+Pd+FiMVoxypw5/YHz+AFpwlI8=</latexit>

1

2
kx2 � yk22

<latexit sha1_base64="NixnQWKBsu/NT4mdREzVKFvg+sY="></latexit><latexit sha1_base64="NixnQWKBsu/NT4mdREzVKFvg+sY="></latexit><latexit sha1_base64="NixnQWKBsu/NT4mdREzVKFvg+sY="></latexit><latexit sha1_base64="NixnQWKBsu/NT4mdREzVKFvg+sY="></latexit>

y
<latexit sha1_base64="8hiwHZkbjf7hfR4LWdaV9YU8PQ4=">AAACPnicbZDLSgMxFIaTeqv11urSzWBRXJUZEXRZdOOyir1AZyiZTKYNTTJDktEOw7yBW30eX8MXcCduXZpeoLb1QODn/87hnPx+zKjStv0BC2vrG5tbxe3Szu7e/kG5cthSUSIxaeKIRbLjI0UYFaSpqWakE0uCuM9I2x/ejnn7iUhFI/Go05h4HPUFDSlG2lgPbtorV+2aPSlrVTgzUQWzavQq8MwNIpxwIjRmSKmuY8fay5DUFDOSl9xEkRjhIeqTrpECcaK8bHJqbp0aJ7DCSJontDVx/05kiCuVct90cqQHapmNzf9YN9HhtZdRESeaCDxdFCbM0pE1/rcVUEmwZqkRCEtqbrXwAEmEtUmnVHIFecYR50gEmTvKM3e8wQ+zUZ4vsnTO0mXWnrN2nptkneUcV0XroubYNef+slq/mWVcBMfgBJwDB1yBOrgDDdAEGITgBbyCN/gOP+EX/J62FuBs5ggsFPz5BU24sNU=</latexit><latexit sha1_base64="8hiwHZkbjf7hfR4LWdaV9YU8PQ4=">AAACPnicbZDLSgMxFIaTeqv11urSzWBRXJUZEXRZdOOyir1AZyiZTKYNTTJDktEOw7yBW30eX8MXcCduXZpeoLb1QODn/87hnPx+zKjStv0BC2vrG5tbxe3Szu7e/kG5cthSUSIxaeKIRbLjI0UYFaSpqWakE0uCuM9I2x/ejnn7iUhFI/Go05h4HPUFDSlG2lgPbtorV+2aPSlrVTgzUQWzavQq8MwNIpxwIjRmSKmuY8fay5DUFDOSl9xEkRjhIeqTrpECcaK8bHJqbp0aJ7DCSJontDVx/05kiCuVct90cqQHapmNzf9YN9HhtZdRESeaCDxdFCbM0pE1/rcVUEmwZqkRCEtqbrXwAEmEtUmnVHIFecYR50gEmTvKM3e8wQ+zUZ4vsnTO0mXWnrN2nptkneUcV0XroubYNef+slq/mWVcBMfgBJwDB1yBOrgDDdAEGITgBbyCN/gOP+EX/J62FuBs5ggsFPz5BU24sNU=</latexit><latexit sha1_base64="8hiwHZkbjf7hfR4LWdaV9YU8PQ4=">AAACPnicbZDLSgMxFIaTeqv11urSzWBRXJUZEXRZdOOyir1AZyiZTKYNTTJDktEOw7yBW30eX8MXcCduXZpeoLb1QODn/87hnPx+zKjStv0BC2vrG5tbxe3Szu7e/kG5cthSUSIxaeKIRbLjI0UYFaSpqWakE0uCuM9I2x/ejnn7iUhFI/Go05h4HPUFDSlG2lgPbtorV+2aPSlrVTgzUQWzavQq8MwNIpxwIjRmSKmuY8fay5DUFDOSl9xEkRjhIeqTrpECcaK8bHJqbp0aJ7DCSJontDVx/05kiCuVct90cqQHapmNzf9YN9HhtZdRESeaCDxdFCbM0pE1/rcVUEmwZqkRCEtqbrXwAEmEtUmnVHIFecYR50gEmTvKM3e8wQ+zUZ4vsnTO0mXWnrN2nptkneUcV0XroubYNef+slq/mWVcBMfgBJwDB1yBOrgDDdAEGITgBbyCN/gOP+EX/J62FuBs5ggsFPz5BU24sNU=</latexit><latexit sha1_base64="8hiwHZkbjf7hfR4LWdaV9YU8PQ4=">AAACPnicbZDLSgMxFIaTeqv11urSzWBRXJUZEXRZdOOyir1AZyiZTKYNTTJDktEOw7yBW30eX8MXcCduXZpeoLb1QODn/87hnPx+zKjStv0BC2vrG5tbxe3Szu7e/kG5cthSUSIxaeKIRbLjI0UYFaSpqWakE0uCuM9I2x/ejnn7iUhFI/Go05h4HPUFDSlG2lgPbtorV+2aPSlrVTgzUQWzavQq8MwNIpxwIjRmSKmuY8fay5DUFDOSl9xEkRjhIeqTrpECcaK8bHJqbp0aJ7DCSJontDVx/05kiCuVct90cqQHapmNzf9YN9HhtZdRESeaCDxdFCbM0pE1/rcVUEmwZqkRCEtqbrXwAEmEtUmnVHIFecYR50gEmTvKM3e8wQ+zUZ4vsnTO0mXWnrN2nptkneUcV0XroubYNef+slq/mWVcBMfgBJwDB1yBOrgDDdAEGITgBbyCN/gOP+EX/J62FuBs5ggsFPz5BU24sNU=</latexit>

L =
<latexit sha1_base64="5QG50wh26Scfr/cDEGqGqhpw45o="></latexit><latexit sha1_base64="5QG50wh26Scfr/cDEGqGqhpw45o="></latexit><latexit sha1_base64="5QG50wh26Scfr/cDEGqGqhpw45o="></latexit><latexit sha1_base64="5QG50wh26Scfr/cDEGqGqhpw45o="></latexit>

@L
@x3

<latexit sha1_base64="u/fgAFxKntFgMwQtCdPVYxvAicI="></latexit><latexit sha1_base64="u/fgAFxKntFgMwQtCdPVYxvAicI="></latexit><latexit sha1_base64="u/fgAFxKntFgMwQtCdPVYxvAicI="></latexit><latexit sha1_base64="u/fgAFxKntFgMwQtCdPVYxvAicI="></latexit>

@L
@x2

<latexit sha1_base64="Rq7BPAzRt4+5tdi/6pFi5r42W6E="></latexit><latexit sha1_base64="Rq7BPAzRt4+5tdi/6pFi5r42W6E="></latexit><latexit sha1_base64="Rq7BPAzRt4+5tdi/6pFi5r42W6E="></latexit><latexit sha1_base64="Rq7BPAzRt4+5tdi/6pFi5r42W6E="></latexit>

@L
@x1

<latexit sha1_base64="tKhjduSG/onw/q7Lsz9G3vRYSjE="></latexit><latexit sha1_base64="tKhjduSG/onw/q7Lsz9G3vRYSjE="></latexit><latexit sha1_base64="tKhjduSG/onw/q7Lsz9G3vRYSjE="></latexit><latexit sha1_base64="tKhjduSG/onw/q7Lsz9G3vRYSjE="></latexit>

@W1x2

@x2
<latexit sha1_base64="ODFwF9MOGuFw+1tSKvO6jTgSJmI="></latexit><latexit sha1_base64="ODFwF9MOGuFw+1tSKvO6jTgSJmI="></latexit><latexit sha1_base64="ODFwF9MOGuFw+1tSKvO6jTgSJmI="></latexit><latexit sha1_base64="ODFwF9MOGuFw+1tSKvO6jTgSJmI="></latexit>

@W0x0

@x0
<latexit sha1_base64="kibKzgsqPph+CRVYC9XWRt4lkNs="></latexit><latexit sha1_base64="kibKzgsqPph+CRVYC9XWRt4lkNs="></latexit><latexit sha1_base64="kibKzgsqPph+CRVYC9XWRt4lkNs="></latexit><latexit sha1_base64="kibKzgsqPph+CRVYC9XWRt4lkNs="></latexit>

@W0x0

@W0
<latexit sha1_base64="/LUD+ZWwyky9pKo+bTHIPSBvNcU="></latexit><latexit sha1_base64="/LUD+ZWwyky9pKo+bTHIPSBvNcU="></latexit><latexit sha1_base64="/LUD+ZWwyky9pKo+bTHIPSBvNcU="></latexit><latexit sha1_base64="/LUD+ZWwyky9pKo+bTHIPSBvNcU="></latexit>

@ tanh(x1)

@x1
<latexit sha1_base64="Nya47tt/gIHpu+u3NdslHxsC9KI="></latexit><latexit sha1_base64="Nya47tt/gIHpu+u3NdslHxsC9KI="></latexit><latexit sha1_base64="Nya47tt/gIHpu+u3NdslHxsC9KI="></latexit><latexit sha1_base64="Nya47tt/gIHpu+u3NdslHxsC9KI="></latexit>

@L
@W0

<latexit sha1_base64="pJHSEwLMZZ5okSpIGpvOOOAva+w="></latexit><latexit sha1_base64="pJHSEwLMZZ5okSpIGpvOOOAva+w="></latexit><latexit sha1_base64="pJHSEwLMZZ5okSpIGpvOOOAva+w="></latexit><latexit sha1_base64="pJHSEwLMZZ5okSpIGpvOOOAva+w="></latexit>

@L
@W1

<latexit sha1_base64="0vCwuzzvEynFdmvnuK0viRzUf5M="></latexit><latexit sha1_base64="0vCwuzzvEynFdmvnuK0viRzUf5M="></latexit><latexit sha1_base64="0vCwuzzvEynFdmvnuK0viRzUf5M="></latexit><latexit sha1_base64="0vCwuzzvEynFdmvnuK0viRzUf5M="></latexit>

We need to compute all these terms simply so we can find the weight updates at the bottom.

@W1x2

@W1
<latexit sha1_base64="hGArwzThCJSStjDDJR0kGbW2xlg="></latexit><latexit sha1_base64="hGArwzThCJSStjDDJR0kGbW2xlg="></latexit><latexit sha1_base64="hGArwzThCJSStjDDJR0kGbW2xlg="></latexit><latexit sha1_base64="hGArwzThCJSStjDDJR0kGbW2xlg="></latexit>
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Our goal is to perform the following two updates:

Wk+1
0 = Wk

0 + ⌘

✓
@L
@W0

◆T

<latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit><latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit><latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit><latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit>

Wk+1
1 = Wk

1 + ⌘

✓
@L
@W1

◆T

<latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit><latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit><latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit><latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit>

Wk
0 =

✓
1 �3
0.2 1

◆

<latexit sha1_base64="9z6ZUKRXSrHQfQ8euV3WqRw7SqE="></latexit><latexit sha1_base64="9z6ZUKRXSrHQfQ8euV3WqRw7SqE="></latexit><latexit sha1_base64="9z6ZUKRXSrHQfQ8euV3WqRw7SqE="></latexit><latexit sha1_base64="9z6ZUKRXSrHQfQ8euV3WqRw7SqE="></latexit>

where Wk are the weights at some iteration k of gradient descent given by the first slide:

Wk
1 =

�
1 �1

�
<latexit sha1_base64="0b5OFmQR0df3dAS8zPtOMccHeoc="></latexit><latexit sha1_base64="0b5OFmQR0df3dAS8zPtOMccHeoc="></latexit><latexit sha1_base64="0b5OFmQR0df3dAS8zPtOMccHeoc="></latexit><latexit sha1_base64="0b5OFmQR0df3dAS8zPtOMccHeoc="></latexit>
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Now, by the chain rule, we can derive equations, working backwards, for each remaining 
term we need:

First we compute the derivative of the loss with respect to the output:

@L
@x2

=
@L
@x3

@x3

@x2
=

@L
@x3

W1
<latexit sha1_base64="tJWRgoucEc7juMh2P/ceCWYAic0="></latexit><latexit sha1_base64="tJWRgoucEc7juMh2P/ceCWYAic0="></latexit><latexit sha1_base64="tJWRgoucEc7juMh2P/ceCWYAic0="></latexit><latexit sha1_base64="tJWRgoucEc7juMh2P/ceCWYAic0="></latexit>

@L
@x3

= x3 � y
<latexit sha1_base64="gPaSA4o1Gm5Dm3QYI13EsaW2p9M="></latexit><latexit sha1_base64="gPaSA4o1Gm5Dm3QYI13EsaW2p9M="></latexit><latexit sha1_base64="gPaSA4o1Gm5Dm3QYI13EsaW2p9M="></latexit><latexit sha1_base64="gPaSA4o1Gm5Dm3QYI13EsaW2p9M="></latexit>

@L
@x1

=
@L
@x2

@x2

@x1
=

@L
@x2

@ tanh(x1)

@x1
=

@L
@x2

(1� tanh2(x1))
<latexit sha1_base64="C+YfJuhIHbpV6pekB39XO9CLXGY="></latexit><latexit sha1_base64="C+YfJuhIHbpV6pekB39XO9CLXGY="></latexit><latexit sha1_base64="C+YfJuhIHbpV6pekB39XO9CLXGY="></latexit><latexit sha1_base64="C+YfJuhIHbpV6pekB39XO9CLXGY="></latexit>

ending up with our two gradients needed for the weight update:

@L
@W1

=
@L
@x3

@x3

@W1
= x2

@L
@x3

<latexit sha1_base64="Kny5mbh4YzXGiEyGffWjkrHpsQM="></latexit><latexit sha1_base64="Kny5mbh4YzXGiEyGffWjkrHpsQM="></latexit><latexit sha1_base64="Kny5mbh4YzXGiEyGffWjkrHpsQM="></latexit><latexit sha1_base64="Kny5mbh4YzXGiEyGffWjkrHpsQM="></latexit>

@L
@W0

=
@L
@x1

@x1

@W0
= x0

@L
@x1

<latexit sha1_base64="Vg4+K+aGQtPoTczvlJMJ6iTKp3Y="></latexit><latexit sha1_base64="Vg4+K+aGQtPoTczvlJMJ6iTKp3Y="></latexit><latexit sha1_base64="Vg4+K+aGQtPoTczvlJMJ6iTKp3Y="></latexit><latexit sha1_base64="Vg4+K+aGQtPoTczvlJMJ6iTKp3Y="></latexit> Notice the ordering of the two terms being multiplied 
here. The notation hides the details but you can write 
out all the indices to see that this is the correct ordering 
— or just check that the dimensions work out.
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Finally, we simply plug these values into our equations and compute the numerical updates:

The values for input vector x0 and target y are also given by the first slide:

x0 =

✓
1.0
0.1

◆

<latexit sha1_base64="7iE6hD/PJ5bREqH96UD50qaH7nc="></latexit><latexit sha1_base64="7iE6hD/PJ5bREqH96UD50qaH7nc="></latexit><latexit sha1_base64="7iE6hD/PJ5bREqH96UD50qaH7nc="></latexit><latexit sha1_base64="7iE6hD/PJ5bREqH96UD50qaH7nc="></latexit>

y = 0.5
<latexit sha1_base64="vnrHfmUgekqbIQJCziBuP/KR7TI="></latexit><latexit sha1_base64="vnrHfmUgekqbIQJCziBuP/KR7TI="></latexit><latexit sha1_base64="vnrHfmUgekqbIQJCziBuP/KR7TI="></latexit><latexit sha1_base64="vnrHfmUgekqbIQJCziBuP/KR7TI="></latexit>

x1 = W0x0 =

✓
1 �3
0.2 1

◆✓
1
0.1

◆
=

✓
0.7
0.3

◆

<latexit sha1_base64="/JSa+c+sUTIt1R4SdYaZyKaPwjs="></latexit><latexit sha1_base64="/JSa+c+sUTIt1R4SdYaZyKaPwjs="></latexit><latexit sha1_base64="/JSa+c+sUTIt1R4SdYaZyKaPwjs="></latexit><latexit sha1_base64="/JSa+c+sUTIt1R4SdYaZyKaPwjs="></latexit>

Forward pass:

x2 = tanh(x1) =

✓
0.604
0.291

◆

<latexit sha1_base64="RbBN30YFnQ/J1spznYEKcJlQTxY="></latexit><latexit sha1_base64="RbBN30YFnQ/J1spznYEKcJlQTxY="></latexit><latexit sha1_base64="RbBN30YFnQ/J1spznYEKcJlQTxY="></latexit><latexit sha1_base64="RbBN30YFnQ/J1spznYEKcJlQTxY="></latexit>

x3 = W1x2 =
�
1 �1

�✓0.604
0.291

◆
= 0.313

<latexit sha1_base64="ypaZXbg6o6WBAILaPJaSzuhvdCI="></latexit><latexit sha1_base64="ypaZXbg6o6WBAILaPJaSzuhvdCI="></latexit><latexit sha1_base64="ypaZXbg6o6WBAILaPJaSzuhvdCI="></latexit><latexit sha1_base64="ypaZXbg6o6WBAILaPJaSzuhvdCI="></latexit>

L =
1

2
(x3 � y)2 = 0.017

<latexit sha1_base64="+aAeY1nVs1NLdAPfLt6UehSOZxg="></latexit><latexit sha1_base64="+aAeY1nVs1NLdAPfLt6UehSOZxg="></latexit><latexit sha1_base64="+aAeY1nVs1NLdAPfLt6UehSOZxg="></latexit><latexit sha1_base64="+aAeY1nVs1NLdAPfLt6UehSOZxg="></latexit>
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Backward pass:

@L
@x3

= x3 � y = �0.1869
<latexit sha1_base64="d2eXTfp/iXuWh12/ZTP1a2JZio8="></latexit><latexit sha1_base64="d2eXTfp/iXuWh12/ZTP1a2JZio8="></latexit><latexit sha1_base64="d2eXTfp/iXuWh12/ZTP1a2JZio8="></latexit><latexit sha1_base64="d2eXTfp/iXuWh12/ZTP1a2JZio8="></latexit>

@L
@x2

=
@L
@x3

W1 = �0.1869
�
1 �1

�
=

�
�0.1869 0.1869

�
<latexit sha1_base64="lSHPuopRageNVLy3NLYBih+xCTQ="></latexit><latexit sha1_base64="lSHPuopRageNVLy3NLYBih+xCTQ="></latexit><latexit sha1_base64="lSHPuopRageNVLy3NLYBih+xCTQ="></latexit><latexit sha1_base64="lSHPuopRageNVLy3NLYBih+xCTQ="></latexit>

@L
@x1

=
@L
@x2

(1� tanh2(x1)) =
�
�0.1869 0.1869

�✓1� tanh2(0.7) 0
0 1� tanh2(0.3)

◆
=

�
�0.1186 0.171

�

<latexit sha1_base64="kSa/ZuWXTCR638ohg80rBhprzRs="></latexit><latexit sha1_base64="kSa/ZuWXTCR638ohg80rBhprzRs="></latexit><latexit sha1_base64="kSa/ZuWXTCR638ohg80rBhprzRs="></latexit><latexit sha1_base64="kSa/ZuWXTCR638ohg80rBhprzRs="></latexit>

diagonal matrix because tanh is a 
pointwise operation

@L
@W0

= x0
@L
@x1

=

✓
1.0
0.1

◆�
�0.1186 0.171

�
=

✓
�0.1186 0.171
�0.01186 0.0171

◆

<latexit sha1_base64="4TRjCJvDR5vG1+Tg+qR5Vdm/Cew="></latexit><latexit sha1_base64="4TRjCJvDR5vG1+Tg+qR5Vdm/Cew="></latexit><latexit sha1_base64="4TRjCJvDR5vG1+Tg+qR5Vdm/Cew="></latexit><latexit sha1_base64="4TRjCJvDR5vG1+Tg+qR5Vdm/Cew="></latexit>

@L
@W1

= x2
@L
@x3

=

✓
0.604
0.291

◆�
�0.1186

�
=

✓
�0.113
�0.054

◆

<latexit sha1_base64="F7mxQhvTu1yIPE5wDcNbtIBLJU8="></latexit><latexit sha1_base64="F7mxQhvTu1yIPE5wDcNbtIBLJU8="></latexit><latexit sha1_base64="F7mxQhvTu1yIPE5wDcNbtIBLJU8="></latexit><latexit sha1_base64="F7mxQhvTu1yIPE5wDcNbtIBLJU8="></latexit>
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Gradient updates:

Wk+1
0 = Wk

0 + ⌘

✓
@L
@W0

◆T

<latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit><latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit><latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit><latexit sha1_base64="g2i28Rawe1D2rypQ4XdzNPIXI8E="></latexit>

=

✓
1 �3
0.2 1

◆
� 0.2

✓
�0.1186 0.171
�0.01186 0.0171

◆

=

✓
1.02 �3.0
0.17 1.0

◆

<latexit sha1_base64="PbBGgGuGVTB4B0S5CyH5cuJLz/4="></latexit><latexit sha1_base64="PbBGgGuGVTB4B0S5CyH5cuJLz/4="></latexit><latexit sha1_base64="PbBGgGuGVTB4B0S5CyH5cuJLz/4="></latexit><latexit sha1_base64="PbBGgGuGVTB4B0S5CyH5cuJLz/4="></latexit>

Wk+1
1 = Wk

1 + ⌘

✓
@L
@W1

◆T

<latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit><latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit><latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit><latexit sha1_base64="yScdYyGae4rU43nSo6N5/FS0ijE="></latexit>

=
�
1 �1

�
� 0.2

�
�0.113 �0.054

�

=
�
1.02 �0.989

�
<latexit sha1_base64="DG3Z1WtuxvtPdyofj7qkHqUL/mk="></latexit><latexit sha1_base64="DG3Z1WtuxvtPdyofj7qkHqUL/mk="></latexit><latexit sha1_base64="DG3Z1WtuxvtPdyofj7qkHqUL/mk="></latexit><latexit sha1_base64="DG3Z1WtuxvtPdyofj7qkHqUL/mk="></latexit>
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