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Motivation

Neural nets are practical models.

Attacks (i.e., generating adversarial examples) were conducted over neural nets.

To understand attack mechanism, we need to understand neural nets first.
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Classification Problem

Goal

Find a classifier h : X → Y such that a prediction h(x) on an example x “matches” to a true label y .

The correctness metric, related to “matches”, depends on learning setups.

In offline supervised learning, solving the following is an objective:

min
h∈H

E(x,y)∼D1 (h(x) ̸= y)

▶ X : a set of examples
▶ Y: a set of labels
▶ D: a distribution over labeled examples X × Y
▶ H: a set of classifiers defined over X and Y
▶ training samples are i.i.d.

Use cases: handwriting recognition, speech recognition, biological classification, drug discovery,
spam filtering, ...,
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Implicit Goal: Learning A Decision Boundary
Suppose that there are two classes C1, C2 ∈ Y
A classifier assigns a new data point x to C1 only if it is in the decision region R1 for C1, i.e.,
classification function h(x) = Ck if x ∈ Rk .

Decision boundaries (or surface) are boundaries between decision regions

Learning a classifier = Drawing a decision boundary
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Spam Filtering

https://medium.com/@naveeen.kumar.k/naive-bayes-spam-detection-7d087cc96d9d
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Next-Token Prediction
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What’s Missing?

Recall our concise objective for classification:

min
h∈H

E(x,y)∼D1 (h(x) ̸= y)

How to define H?
How to solve min?
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Logistic Function and Its Properties

Properties of Logistic Function
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Figure: σ(t) = 1
1+e−t

σ(t)→ 0 as t → −∞

σ(t)→ 1 as t →∞

σ(−t) = 1− σ(t) (a.k.a. a symmetry property)

d
dtσ(t) = σ(t)σ(−t) = σ(t)(1− σ(t))
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Logistic Regression Model in Binary Classification

Definition (a logistic regression model)

f (x) = σ(wT x + b) = σ(wTx) ∈ [0, 1],

where w , x ∈ RD , b ∈ R, w = [wT , bT ]T , and x = [xT , 1]T .

A classifier is defined as h(x) =

{
+1 if σ(wTx) ≥ 0.5

−1 otherwise
=

{
+1 if wTx ≥ 0

−1 otherwise
.

It has probablicstic interpretaion, as follows:

p̂(y = 1 | x ,w) = f (x) =
1

1 + exp(−w⊤x)
and p̂(y = −1 | x ,w) = 1− f (x) =

1

1 + exp(w⊤x)

or equivalently,

p̂(y | x ,w) =
1

1 + exp(−yw⊤x)
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Decision Boundary of Logistic Regression Models
The decision boundary of the logistic regression is {x ∈ RD | wT x + b = 0}.

334 Chapter 10. Logistic Regression
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Figure 10.1: (a) Visualization of a 2d plane in a 3d space with surface normal w going through point
x0 = (x0, y0, z0). See text for details. (b) Visualization of optimal linear decision boundary induced by logistic
regression on a 2-class, 2-feature version of the iris dataset. Generated by code at figures.probml.ai/book1/10.1.
Adapted from Figure 4.24 of [Gér19].

where a = wTx + b.
Thus we can write the prediction function as follows:

f(x;✓) = b + wTx = b +

DX

d=1

wdxd (10.5)

where wTx = hw, xi is the inner product between the weight vector w and the feature vector x.
This function defines a linear hyperplane, with normal vector w 2 RD and an offset b 2 R from
the origin.

Equation (10.5) can be understood by looking at Figure 10.1a. Here we show a plane in a 3d
feature space going through the point x0 with surface normal w. Points on the surface satisfy
wT(x� x0) = 0. If we define b = �wTx0, we can rewrite this as wTx + b = 0. This plane separates
3d space into two half spaces. This linear plane is known as a decision boundary. If we can
perfectly separate the training examples by such a linear boundary (without making any classification
errors on the training set), we say the data is linearly separable. From Figure 10.1b, we see that
the two-class, two-feature version of the iris dataset is not linearly separable.

In general, there will be uncertainty about the correct class label, so we need to predict a probability
distribution over labels, and not just decide which side of the decision boundary we are on. In
Figure 10.2, we plot p(y = 1|x1, x2; w) = �(w1x1 + w2x2) for different weight vectors w. The vector

w defines the orientation of the decision boundary, and its magnitude, ||w|| =
qPD

d=1 w2
d, controls

the steepness of the sigmoid, and hence the confidence of the predictions.

10.2.2 Nonlinear classifiers

We can often make a problem linearly separable by preprocessing the inputs in a suitable way. In
particular, let �(x) be a transformed version of the input feature vector. For example, suppose we
use �(x1, x2) = [1, x2

1, x
2
2], and we let w = [�R2, 1, 1]. Then wT�(x) = x2

1 + x2
2 �R2, so the decision

boundary (where f(x) = 0) defines a circle with radius R, as shown in Figure 10.3. The resulting

Draft of “Probabilistic Machine Learning: An Introduction”. February 8, 2022

Recall that the classifier h(x) for the logistic regression: h(x) =

{
+1 if wTx ≥ 0

−1 otherwise

This means that x is classified by the sign of wTx .
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Main Learning Objective for Classification

Learning Objective: Log-likelihood Maximization

Maximize the likelihood of a data set Z given a parameterized probabilistic model p(· | w), i.e.,

ŵ = argmax
w

p(Z | w)

We assume the labeled examples in Z are i.i.d. samples from a fixed but hidden distribution D.
Then, we decompose the likelihood of a data set Z as follows:

p(Z | w) =
N∏

n=1

p(xn, yn | w) =
N∏

n=1

p(yn | xn,w)p(xn | w) =
N∏

n=1

p(yn | xn,w)p(xn),

where the last equality hold if the parameter does not depend on xn.

How to model p(yn | xn,w)? Use a logistic regression model.

13 / 59



Learning Objective for Logistic Regression

Negative Log-likelihood Minimization

Minimize the negative log-likelihood of a data set Z by modeling p(yn | xn,w) via a logistic regression
model, i.e.,

ŵ = argmin
w
−

N∑

n=1

yn lnσ(w⊤xn) + (1− yn) ln(1− σ(w⊤xn))

The decomposed likelihood is rewritten as follows, assuming Y = {0, 1} instead of Y = {−1, 1}:

− ln p(Z | w) ∝ − ln
N∏

n=1

p(yn | xn,w) = − ln
N∏

n=1

σ(w⊤xn)yn
(
1− σ(w⊤xn)

)(1−yn)

Recall cross-entropy, which measures the difference between two probability distributions, i.e.,

−
∑

y∈Y
p(y) ln q(y) for a discrete set Y.

Letting Y = {0, 1}, p(y) be a true label distribution (with one-hot encoding), and
q(y) := σ(w⊤x), our objective is the same as minimizing the average cross entropy. Check out!
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Connection to Expected Classification Error Minimization I

Relation between the zero-one loss and cross-entropy loss

The cross-entropy loss with some constant factor is an upper bound of the zero-one loss, i.e.,

1 (h(x) ̸= y) ≤ C · ℓCE(x , y , f )

Recall that we wish to find a classifier h that minimizes the expected error, i.e.,

min
h∈F

E(x,y)∼D1 (h(x) ̸= y)

Given the i.i.d. samples ((xn, yn))n∈[N] ∼ DN , consider the following empirical approximation and
the relation with the cross-entropy loss:

E(x,y)∼D1 (h(x) ̸= y) ≈ 1

N

N∑

n=1

1 (h(xn) ̸= yn) ≤
1

N

N∑

n=1

C · ℓce(xn, yn, f ),

where ℓce(x , y , f ) = −
(
y ln f (x) + (1− y) ln(1− f (x))

)

Thus, minimizing the average cross-entropy loss minimizes the empirical classification error.
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Connection to Expected Classification Error Minimization II

Assuming binary classification, define loss functions as follows:

(Zero-One Loss) =

{
0 if 1(f (x) > 0.5) = y

1 otherwise
(Cross-Entropy Loss) =

{
− ln f (x) if y = 1

− ln(1− f (x)) if y = 0

16 / 59



Outline

1 Problem: Classification

2 Model Class: Logistic Regression Models

3 Algorithm: Gradient-based Methods

4 Model Class: Neural Networks

5 Conclusion

17 / 59



Outline

How to solve the following minimization?

Negative Log-likelihood Minimization

ŵ = argmin
w
−

N∑

n=1

yn lnσ(w⊤xn) + (1− yn) ln(1− σ(w⊤xn))

1 Gradient Decent Method – the first-order method

2 Newton Method – the second-order method but we will not touch this.
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Gradient

Definition (Gradient)

If f : RD → R is differentiable, the Gradient ∇f (x) of f at x ∈ RD is a D × 1 vector with
∂f (x)
∂xi

at the i-th element, i.e.,

∇f (x) =




∂f (x)
∂x1
...

∂f (x)
∂xD




“Change of function values”

The Derivative of f at x is the same as (∇f (x))⊤.
Derivative and Gradient are equivalent and the only difference is the vector shape.
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Gradient Descent Method: A First-order Method

Gradient Descent Method
Given a learning rate γ and learning objective L, the gradient descent method update parameters

wnew ← w old − γ∇woldL(w).

A generic learning algorithm for almost all cases, specially for no closed-form solution exists.

How to optimize

min
w

X

(x (i),y (i))2D
log

⇣
1 + exp(�y (i) wT�(x (i))| {z }

F (x (i),w)

)
⌘

Gradient descent: (walking down a mountain)

w0

w1

w2

w3

w4

*

*

A. G. Schwing (UofI) CS 446/ECE 449: Machine Learning 2020 17 / 33
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Gradient Descent Method for Logistic Regression Models I

Update rule for logistic regression models

wnew ← w old + γ

N∑

n=1

[
yn − σ

((
w old

)⊤
xn
)]

xn

Recall the learning objective for logistic regression models:

L(w) := −
N∑

n=1

[
yn lnσ(w⊤xn) + (1− yn) ln(1− σ(w⊤xn))

]

Generally no closed-form solution of w to minimize this objective.

Consider the gradient of L(w) with respect to w, i.e., ∂L(w)
∂w .
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Gradient Descent Method for Logistic Regression Models II

Derivation: letting ŷn := σ(w⊤xn), we have

∂L(w)

∂w
= − ∂

∂w

N∑

n=1

[yn ln ŷn + (1− yn) ln(1− ŷn)]

= −
N∑

n=1

[
yn

ŷ ′
n

ŷn
xn + (1− yn)

−ŷ ′
n

1− ŷn
xn

]

= −
N∑

n=1

[
yn

ŷn(1− ŷn)

ŷn
− (1− yn)

ŷn(1− ŷn)

1− ŷn

]
xn

= −
N∑

n=1

[yn(1− ŷn)− (1− yn)ŷn] xn

= −
N∑

n=1

(yn − ŷn)xn.
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Gradient Descent Method for Logistic Regression Models III

Fitting example:
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Logistic Regression for Multiclass Classification

Almost straightforward to extend logistic regression for binary to multi-class classification.

Model the input-output mapping by a softmax transformation of linear functions of examples:

p(y = k | x) = exp(w⊤
k x)

∑K
j=1 exp(w

⊤
j x)

The negative log-likelihood is given by

L(w) = −
N∑

n=1

K∑

k=1

ykn log p(yn = k | xn),
︸ ︷︷ ︸

cross-entropy loss

where ykn = 1[yn = k].

That’s it!
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Neural Network for Function Approximation

Neural networks: a powerful set of function models which consist of

Perceptrons

Multi-layer perceptrons

Convolutions

Activation function

Maximum/Average pooling

Soft-max layer

Dropout

...
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Toward Deep Learning

Remarks
1 The representation power of an MLP is from function composition.

2 Training is nothing but optimization and the gradient method is heuristic but efficient.

Deep learning: a composition of differentiable functions to approximate function F , i.e.,

F (x) ≈ fwL
(fwL−1

(...fw1(x)...))

“Perceptron” is a basic building block.

Then, how to make “Perceptron” differentiable?
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Perceptron
Although a single perceptron with sign is trainable, an MLP with signs is not since the derivative of
sign is 0 almost everywhere
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A Neuron: McCulloch-Pitts Model (1943)

The sign function can be generalized and approximated by other activation functions
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Activation Functions

Sigmoid: φ(x) = 1
1+exp(−x)

x

y

ReLU (*): φ(x) = max{0, x}

x

y

tanh: φ(x) = tanh(x)

x

y

Leaky ReLU: φ(x) = max{0.1x , x}

x

y
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Fully Connected Layer

Definition
A layer where D input features and H output units are connected “with” weight parameters W, bias
parameters b, and activation functions i.e.,

φ(W x+ b)

is a fully connected layer, where x ∈ RD , W ∈ RH×D , b ∈ RH .

31 / 59



Multilayer Perceptron

Definition

A multilayer perceptron (MLP) is a stack of fully-connected layers, i.e.,

h1 = f1(x) = φ(W1x+ b1)

h2 = f2(h1) = φ(W2h1 + b2)

...

f̂ = hL = fL(hL−1)

or simply

f̂ = fL ◦ · · · ◦ f1(x).

Note that MLPs provide modularity – we can (almost) freely stack MLPs on top of MLPs.
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Learning Objective

Objective

L =
N∑

n=1

ℓ(yn, f̂n)

We need to compute the partial derivative w.r.t. the model parameter Wl and bl for 1 ≤ l ≤ L to
train the model.

ℓ is a loss function, which will be defined later.
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Key Question in Learning

Assume that we model single-hidden layer neural network (without bias terms) for regression with
squared loss and sigmoid activation by minimizing the following objective:

L =
N∑

n=1

(yn − w2σ(w⊤
1 xn))

2,

where w2 ∈ R,w1 ∈ RD , and xn ∈ RD .
To use gradient descent, we need to compute partial derivative w.r.t. parameters. What would be

∂L/∂w2 =?

∂L/∂w1 =?
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Compute Partial Derivatives

Remark

All we need in learning is the partial derivatives ∂L
∂Wl

and ∂L
∂bl

for all l = 1, ..., L (followed by the chain

rule).

You may wish to compute the partial derivative analytically (i.e., by writing down the equations on
a paper).

This doesn’t seem good idea since

▶ You need lots of matrix calculus (and paper)
▶ What if you want to change the loss? you need to start from beginning
▶ Not feasible for complex models.

Back-propagation is the solution.

▶ compute partial derivatives for each components
▶ combine the partial derivaties via the chain rule, e.g., for ∂(f ◦g)(x)

∂x = ∂f (z)
∂z

∂g(x)
∂x , where

z = g(x)
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

38 / 59



Backpropagation: Simple example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="EHRzjr2MVSKkbEu1L235HH77hjs=">AAACCHicdVBNS8MwGE79nPOr6tGDwSF4Km0dc94GXvQ2wX3AWkaapVtYmpYkFUbZ0Yt/xYsHRbz6E7z5b0y3Ck70gcCT53nfN3mfIGFUKtv+NJaWV1bX1ksb5c2t7Z1dc2+/LeNUYNLCMYtFN0CSMMpJS1HFSDcRBEUBI51gfJn7nTsiJI35rZokxI/QkNOQYqS01DePvFAgnHkJEooiloXT6cKlb1Zsq3ZRr7lVaFv2DJqcuY7juNAplAoo0OybH94gxmlEuMIMSdlz7ET5WT4RMzIte6kkCcJjNCQ9TTmKiPSz2SJTeKKVAQxjoQ9XcKb+7MhQJOUkCnRlhNRI/vZy8S+vl6qw7meUJ6kiHM8fClMGVQzzVOCACoIVm2iCsKD6rxCPkE5G6ezKOoTvTeH/pO1aTs2q3lQrjesijhI4BMfgFDjgHDTAFWiCFsDgHjyCZ/BiPBhPxqvxNi9dMoqeA7AA4/0LEMebVA==</latexit>

@f

@f
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="EHRzjr2MVSKkbEu1L235HH77hjs=">AAACCHicdVBNS8MwGE79nPOr6tGDwSF4Km0dc94GXvQ2wX3AWkaapVtYmpYkFUbZ0Yt/xYsHRbz6E7z5b0y3Ck70gcCT53nfN3mfIGFUKtv+NJaWV1bX1ksb5c2t7Z1dc2+/LeNUYNLCMYtFN0CSMMpJS1HFSDcRBEUBI51gfJn7nTsiJI35rZokxI/QkNOQYqS01DePvFAgnHkJEooiloXT6cKlb1Zsq3ZRr7lVaFv2DJqcuY7juNAplAoo0OybH94gxmlEuMIMSdlz7ET5WT4RMzIte6kkCcJjNCQ9TTmKiPSz2SJTeKKVAQxjoQ9XcKb+7MhQJOUkCnRlhNRI/vZy8S+vl6qw7meUJ6kiHM8fClMGVQzzVOCACoIVm2iCsKD6rxCPkE5G6ezKOoTvTeH/pO1aTs2q3lQrjesijhI4BMfgFDjgHDTAFWiCFsDgHjyCZ/BiPBhPxqvxNi9dMoqeA7AA4/0LEMebVA==</latexit>

@f

@f

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="e8+N+x5muDgBQbyB8U3Tv8DcHDU=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVech20EqUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3u9eECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LTZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDLz+baA==</latexit>

@f

@z
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="e8+N+x5muDgBQbyB8U3Tv8DcHDU=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVech20EqUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3u9eECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LTZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDLz+baA==</latexit>

@f

@z

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
<latexit sha1_base64="YSnMROdZUMHtx/8/fabuUyhzU88=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVeeB7SBVUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3uzeECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LdZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDIYmbXw==</latexit>

@f

@q
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
<latexit sha1_base64="YSnMROdZUMHtx/8/fabuUyhzU88=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVeeB7SBVUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3uzeECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LdZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDIYmbXw==</latexit>

@f

@q

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
<latexit sha1_base64="YSnMROdZUMHtx/8/fabuUyhzU88=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVeeB7SBVUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3uzeECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LdZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDIYmbXw==</latexit>

@f

@q

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4

<latexit sha1_base64="VkfT3pF5cNgXr/6HvBd0lBQFUcI=">AAACCHicdVDLSsNAFJ34rPUVdenCwSK4Ckkste4KbnRXwT6gCWUynbRDJw9mJkIIWbrxV9y4UMStn+DOv3HSRnygBwbOnHPvnbnHixkV0jTftYXFpeWV1cpadX1jc2tb39ntiijhmHRwxCLe95AgjIakI6lkpB9zggKPkZ43PS/83g3hgkbhtUxj4gZoHFKfYiSVNNQPHJ8jnDkx4pIilvl5/nVJ83yo10yjcdZs2HVoGuYMipzYlmXZ0CqVGijRHupvzijCSUBCiRkSYmCZsXSzYiJmJK86iSAxwlM0JgNFQxQQ4WazRXJ4pJQR9COuTijhTP3ekaFAiDTwVGWA5ET89grxL2+QSL/pZjSME0lCPH/ITxiUESxSgSPKCZYsVQRhTtVfIZ4glYxU2VVVCJ+bwv9J1zashlG/qtdal2UcFbAPDsExsMApaIEL0AYdgMEtuAeP4Em70x60Z+1lXrqglT174Ae01w8tuZtn</latexit>

@f

@y

<latexit sha1_base64="LiCWc7Ei/XuCV2voo+9r9ygzP58=">AAACSnicfVDPS8MwGE3n1Dl/VT16CQ7B02hlqBdh4EVvE9wP2MpIs3QLS9MuSYVS+vd58eTNP8KLB0W8mG4FtRM/CLzvvfd9SZ4bMiqVZT0bpZXy6tp6ZaO6ubW9s2vu7XdkEAlM2jhggei5SBJGOWkrqhjphYIg32Wk606vMr17T4SkAb9TcUgcH4059ShGSlNDEw08gXAyCJFQFLHES9PvJk5TeAn/c8y0o6DPChuGZs2qW/OCy8DOQQ3k1RqaT4NRgCOfcIUZkrJvW6FykmwjZiStDiJJQoSnaEz6GnLkE+kk8yhSeKyZEfQCoQ9XcM7+nEiQL2Xsu9rpIzWRRS0j/9L6kfIunITyMFKE48VFXsSgCmCWKxxRQbBisQYIC6rfCvEE6WSUTr+qQ7CLX14GndO6fVZv3DZqzZs8jgo4BEfgBNjgHDTBNWiBNsDgAbyAN/BuPBqvxofxubCWjHzmAPyqUvkLjhO4AQ==</latexit>

@f

@y
=

@f

@q

@q

@y
Chain rule:
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
<latexit sha1_base64="YSnMROdZUMHtx/8/fabuUyhzU88=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVeeB7SBVUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3uzeECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LdZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDIYmbXw==</latexit>

@f

@q

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4

<latexit sha1_base64="VkfT3pF5cNgXr/6HvBd0lBQFUcI=">AAACCHicdVDLSsNAFJ34rPUVdenCwSK4Ckkste4KbnRXwT6gCWUynbRDJw9mJkIIWbrxV9y4UMStn+DOv3HSRnygBwbOnHPvnbnHixkV0jTftYXFpeWV1cpadX1jc2tb39ntiijhmHRwxCLe95AgjIakI6lkpB9zggKPkZ43PS/83g3hgkbhtUxj4gZoHFKfYiSVNNQPHJ8jnDkx4pIilvl5/nVJ83yo10yjcdZs2HVoGuYMipzYlmXZ0CqVGijRHupvzijCSUBCiRkSYmCZsXSzYiJmJK86iSAxwlM0JgNFQxQQ4WazRXJ4pJQR9COuTijhTP3ekaFAiDTwVGWA5ET89grxL2+QSL/pZjSME0lCPH/ITxiUESxSgSPKCZYsVQRhTtVfIZ4glYxU2VVVCJ+bwv9J1zashlG/qtdal2UcFbAPDsExsMApaIEL0AYdgMEtuAeP4Em70x60Z+1lXrqglT174Ae01w8tuZtn</latexit>

@f

@y

<latexit sha1_base64="LiCWc7Ei/XuCV2voo+9r9ygzP58=">AAACSnicfVDPS8MwGE3n1Dl/VT16CQ7B02hlqBdh4EVvE9wP2MpIs3QLS9MuSYVS+vd58eTNP8KLB0W8mG4FtRM/CLzvvfd9SZ4bMiqVZT0bpZXy6tp6ZaO6ubW9s2vu7XdkEAlM2jhggei5SBJGOWkrqhjphYIg32Wk606vMr17T4SkAb9TcUgcH4059ShGSlNDEw08gXAyCJFQFLHES9PvJk5TeAn/c8y0o6DPChuGZs2qW/OCy8DOQQ3k1RqaT4NRgCOfcIUZkrJvW6FykmwjZiStDiJJQoSnaEz6GnLkE+kk8yhSeKyZEfQCoQ9XcM7+nEiQL2Xsu9rpIzWRRS0j/9L6kfIunITyMFKE48VFXsSgCmCWKxxRQbBisQYIC6rfCvEE6WSUTr+qQ7CLX14GndO6fVZv3DZqzZs8jgo4BEfgBNjgHDTBNWiBNsDgAbyAN/BuPBqvxofxubCWjHzmAPyqUvkLjhO4AQ==</latexit>

@f

@y
=

@f

@q

@q

@y
Chain rule:

Upstream 
Gradient

Downstream 
Gradient
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
<latexit sha1_base64="YSnMROdZUMHtx/8/fabuUyhzU88=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVeeB7SBVUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3uzeECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LdZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDIYmbXw==</latexit>

@f

@q

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4

<latexit sha1_base64="VkfT3pF5cNgXr/6HvBd0lBQFUcI=">AAACCHicdVDLSsNAFJ34rPUVdenCwSK4Ckkste4KbnRXwT6gCWUynbRDJw9mJkIIWbrxV9y4UMStn+DOv3HSRnygBwbOnHPvnbnHixkV0jTftYXFpeWV1cpadX1jc2tb39ntiijhmHRwxCLe95AgjIakI6lkpB9zggKPkZ43PS/83g3hgkbhtUxj4gZoHFKfYiSVNNQPHJ8jnDkx4pIilvl5/nVJ83yo10yjcdZs2HVoGuYMipzYlmXZ0CqVGijRHupvzijCSUBCiRkSYmCZsXSzYiJmJK86iSAxwlM0JgNFQxQQ4WazRXJ4pJQR9COuTijhTP3ekaFAiDTwVGWA5ET89grxL2+QSL/pZjSME0lCPH/ITxiUESxSgSPKCZYsVQRhTtVfIZ4glYxU2VVVCJ+bwv9J1zashlG/qtdal2UcFbAPDsExsMApaIEL0AYdgMEtuAeP4Em70x60Z+1lXrqglT174Ae01w8tuZtn</latexit>

@f

@y

<latexit sha1_base64="LiCWc7Ei/XuCV2voo+9r9ygzP58=">AAACSnicfVDPS8MwGE3n1Dl/VT16CQ7B02hlqBdh4EVvE9wP2MpIs3QLS9MuSYVS+vd58eTNP8KLB0W8mG4FtRM/CLzvvfd9SZ4bMiqVZT0bpZXy6tp6ZaO6ubW9s2vu7XdkEAlM2jhggei5SBJGOWkrqhjphYIg32Wk606vMr17T4SkAb9TcUgcH4059ShGSlNDEw08gXAyCJFQFLHES9PvJk5TeAn/c8y0o6DPChuGZs2qW/OCy8DOQQ3k1RqaT4NRgCOfcIUZkrJvW6FykmwjZiStDiJJQoSnaEz6GnLkE+kk8yhSeKyZEfQCoQ9XcM7+nEiQL2Xsu9rpIzWRRS0j/9L6kfIunITyMFKE48VFXsSgCmCWKxxRQbBisQYIC6rfCvEE6WSUTr+qQ7CLX14GndO6fVZv3DZqzZs8jgo4BEfgBNjgHDTBNWiBNsDgAbyAN/BuPBqvxofxubCWjHzmAPyqUvkLjhO4AQ==</latexit>

@f

@y
=

@f

@q

@q

@y
Chain rule:

Upstream 
Gradient

Downstream 
Gradient

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
<latexit sha1_base64="YSnMROdZUMHtx/8/fabuUyhzU88=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVeeB7SBVUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3uzeECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LdZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDIYmbXw==</latexit>

@f

@q

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4
<latexit sha1_base64="B8GmL1j3r/66uS1E1VRMF/JaA6s=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVech20FUUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3u9eECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LTZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDLDObZg==</latexit>

@f

@x
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Backpropagation: Simple Example

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x

<latexit sha1_base64="Kh3M2e6tYC7T8x9jpYXOk9RfdjE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOzGjQ0=</latexit>y

<latexit sha1_base64="K6KT5iYQviOaVnsuElaYYd/NyAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+5KjQ4=</latexit>z

<latexit sha1_base64="BRBDM1AIy6+gG33pfvjyYbsm9f4=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFaLCWRom6EghvdVbAPaEOZTCft0MkkzEy0aeynuHGhiFu/xJ1/47TNQlsPXDiccy/33uOGjEplWd/Gyura+sZmZiu7vbO7t2/mDhoyiAQmdRywQLRcJAmjnNQVVYy0QkGQ7zLSdIfXU7/5QISkAb9XcUgcH/U59ShGSktdM+cVRqW4NC7CK1gYncbFcdfMW2VrBrhM7JTkQYpa1/zq9AIc+YQrzJCUbdsKlZMgoShmZJLtRJKECA9Rn7Q15cgn0klmp0/giVZ60AuELq7gTP09kSBfyth3daeP1EAuelPxP68dKe/SSSgPI0U4ni/yIgZVAKc5wB4VBCsWa4KwoPpWiAdIIKx0Wlkdgr348jJpnJXt83LlrpKv3qZxZMAROAYFYIMLUAU3oAbqAINH8AxewZvxZLwY78bHvHXFSGcOwR8Ynz+Ei5JD</latexit>

f(x, y, z) = (x + y)z
<latexit sha1_base64="/PKPZ0InDuCFz9piySPTR+/+opM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMeNFbAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7F2VK/VKqXqfxZGHEziFc/DgGqpwBzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3aOjL8=</latexit>

+

<latexit sha1_base64="ilxGkGcsISXtfCVueszx9uFHbxA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWj0UETf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVXULvGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8vjKMIJnMI5eHAFdbiFBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/uzSPRA==</latexit>⇥

<latexit sha1_base64="oZn+ZLznfaswn3G8xxTXm52OdZI=">AAACFnicbVC7SgNBFJ31bXxFLW0Gg2Jj2A3x0QgBGwULBfOAbAizkxsdMvtw5q4kLvkKG3/FxkIRW7Hzb5xNUmjigYHDOedy5x4vkkKjbX9bU9Mzs3PzC4uZpeWV1bXs+kZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvc5p6lfvQWkRBtfYi6Dhs5tAtAVnaKRmdr9Ld0/ofoG6bsZF6GJyAdin7l3MWrSXegep9TBIFZvZnJ23B6CTxBmRHBnhspn9clshj30IkEumdd2xI2wkTKHgEvoZN9YQMd5hN1A3NGA+6EYyOKtPd4zSou1QmRcgHai/JxLma93zPZP0Gd7qcS8V//PqMbaPG4kIohgh4MNF7VhSDGnaEW0JBRxlzxDGlTB/pfyWKcbRNJkxJTjjJ0+SSiHvHOaLV8Vc6XxUxwLZIttkjzjkiJTIGbkkZcLJI3kmr+TNerJerHfrYxidskYzm+QPrM8fQEWbDw==</latexit>

x = �2

Let y = 5

z = �4

<latexit sha1_base64="+e43FZxoWDPm5wqN4f6mJbCe7AY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbFPOAZAmzk9lkyOzsMtMrhJA/8OJBEa/+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HBR6RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn80ik5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMnub9IXmDOXYEsq0sLcSNqSaMrThFGwI3vLLq6RZKXuX5ep9tVS7y+LIwwmcwjl4cAU1uIU6NIBBCM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/qb4z9</latexit>�2

<latexit sha1_base64="9VlA0FcVxDR/myYkTTvVz+fWLIY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXvSWgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9cteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe1flSr1Sqt5nceThBE7hHDy4hircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB4W2jMk=</latexit>

5

<latexit sha1_base64="HM8vxhICdO+H/OYl+Ti+Xbrc/3A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi96q2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw3m1Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0uj6MAx3ACZ+DBFdTgFurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gDtd4z/</latexit>�4

<latexit sha1_base64="0vg5JCqHRNLGjdY+O9myacsj0eY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+mWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvatypV4pVe+zOPJwAqdwDh5cQxXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4KujMc=</latexit>

3

<latexit sha1_base64="gVY9FDSNLmkbYuVaHac69/cuS6Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbgnoMeNFbRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHi68Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVsreZbl6Xy3V7rI48nACp3AOHlxBDW6hDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWgaNOA==</latexit>�12
<latexit sha1_base64="wW2vr3H+r902dthgHdtO+GAfpkM=">AAACQHichVDNS8MwHE39nPOr6tFLcAiCMFoZ6kUYeNHbBPcBaxlpmm5h6ceSVFbK/jQv/gnePHvxoIhXT6ZdQd0EHwQe773fL8lzIkaFNIwnbWFxaXlltbRWXt/Y3NrWd3ZbIow5Jk0cspB3HCQIowFpSioZ6UScIN9hpO0MLzO/fUe4oGFwK5OI2D7qB9SjGEkl9fT2CF7A8XECrVGMXGh5HOHUihCXFDE4mnzz8UQlzf9zSZ7r6RWjauSA88QsSAUUaPT0R8sNceyTQGKGhOiaRiTtNFuKGZmUrViQCOEh6pOuogHyibDTvIAJPFSKC72QqxNImKs/J1LkC5H4jkr6SA7ErJeJf3ndWHrndkqDKJYkwNOLvJhBGcKsTehSTrBkiSIIc6reCvEAqW6k6rysSjBnvzxPWidV87Rau6lV6tdFHSWwDw7AETDBGaiDK9AATYDBPXgGr+BNe9BetHftYxpd0IqZPfAL2ucXyq6vXA==</latexit>

q = x + y
@q

@x
= 1

@q

@y
= 1

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="Cgzef2cRAQvMBmE1LuBghmOCsp8=">AAACPXicjVBLSwMxGMzWV62vVY9egkXwVHalqJdCwYveKvQF3VKy2Wwbmn0lWaFd9o958T948+bFgyJevZptF9TWgwOBYWa+JN/YIaNCGsaTVlhZXVvfKG6WtrZ3dvf0/YO2CGKOSQsHLOBdGwnCqE9akkpGuiEnyLMZ6djjq8zv3BEuaOA35SQkfQ8NfepSjKSSBnrTrUVTaEUxcqDlcoQTK0RcUsSgm37zKIU1+I/cNMtFA71sVIwZ4DIxc1IGORoD/dFyAhx7xJeYISF6phHKfpJdihlJS1YsSIjwGA1JT1EfeUT0k9n2KTxRigPdgKvjSzhTf04kyBNi4tkq6SE5EoteJv7l9WLpXvYT6oexJD6eP+TGDMoAZlVCh3KCJZsogjCn6q8Qj5DqRqrCS6oEc3HlZdI+q5jnlepttVy/yesogiNwDE6BCS5AHVyDBmgBDO7BM3gFb9qD9qK9ax/zaEHLZw7BL2ifXx+dry8=</latexit>

f = qz
@f

@q
= z

@f

@z
= q

<latexit sha1_base64="tAzUTLLZ4VCZT7TwULJ92sAPotE="></latexit>

@f

@x
,

@f

@y
,

@f

@z
=?

<latexit sha1_base64="lfQ6+L4k0GS3aNkXD/y0QRbF/pE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4Ckkstd4KXvTWgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh7Wyura+sVnYKm7v7O7tlw4O2ypOJYUWjXksuwFRwJmAlmaaQzeRQKKAQyeYXM39zj1IxWJxq6cJ+BEZCRYySrSRmu6gVHbs6mWt6lWwYzsLGHLuua7rYTdXyihHY1B67w9jmkYgNOVEqZ7rJNrPiNSMcpgV+6mChNAJGUHPUEEiUH62OHSGT40yxGEsTQmNF+r3iYxESk2jwHRGRI/Vb28u/uX1Uh3W/IyJJNUg6HJRmHKsYzz/Gg+ZBKr51BBCJTO3YjomklBtsimaEL4+xf+Ttme7VbvSrJTrN3kcBXSMTtAZctEFqqNr1EAtRBGgB/SEnq0769F6sV6XrStWPnOEfsB6+wTBvIzy</latexit>

1

<latexit sha1_base64="tW5g6Fyi0l6Hw/6SOv8AHZbTIwQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jSUuut4EVvLdgPaEPZbDft2s0m7G6EUvoLvHhQxKs/yZv/xm0bQUUfDDzem2FmXpBwprTjfFi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLla+J17KhWLxa2eJtSP8EiwkBGsjdQsD4olx65e1qpeBTm2s4QhZc91XQ+5mVKCDI1B8b0/jEkaUaEJx0r1XCfR/gxLzQin80I/VTTBZIJHtGeowBFV/mx56BydGWWIwliaEhot1e8TMxwpNY0C0xlhPVa/vYX4l9dLdVjzZ0wkqaaCrBaFKUc6Rouv0ZBJSjSfGoKJZOZWRMZYYqJNNgUTwten6H/S9my3alealVL9JosjDydwCufgwgXU4Roa0AICFB7gCZ6tO+vRerFeV605K5s5hh+w3j4BxMSM9A==</latexit>

3
<latexit sha1_base64="YSnMROdZUMHtx/8/fabuUyhzU88=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVeeB7SBVUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3uzeECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LdZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDIYmbXw==</latexit>

@f

@q

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4
<latexit sha1_base64="B8GmL1j3r/66uS1E1VRMF/JaA6s=">AAACCHicdVC7TsMwFHXKq5RXgJEBiwqJKUpCVcpWiQW2ItGH1ESV4zqtVech20FUUUYWfoWFAYRY+QQ2/ganDeIhOJKl43PuvfY9XsyokKb5rpUWFpeWV8qrlbX1jc0tfXunI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre5Cz3u9eECxqFV3IaEzdAo5D6FCOppIG+7/gc4dSJEZcUsdTPsq/LTZYN9Kpp1E8bdbsGTcOcQZFj27IsG1qFUgUFWgP9zRlGOAlIKDFDQvQtM5Zumk/EjGQVJxEkRniCRqSvaIgCItx0tkgGD5UyhH7E1QklnKnfO1IUCDENPFUZIDkWv71c/MvrJ9JvuCkN40SSEM8f8hMGZQTzVOCQcoIlmyqCMKfqrxCPkUpGquwqKoTPTeH/pGMbVt2oXdaqzYsijjLYAwfgCFjgBDTBOWiBNsDgFtyDR/Ck3WkP2rP2Mi8taUXPLvgB7fUDLDObZg==</latexit>

@f

@x

<latexit sha1_base64="qib0HXtQq9yVemcVsQwpbtQJUf4=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBiyGpodZbwYveqthaaEPZbDft0s0m7G6EEvoPvHhQxKv/yJv/xm0bQUUfDDzem2FmXpBwprTjfFiFpeWV1bXiemljc2t7p7y711ZxKgltkZjHshNgRTkTtKWZ5rSTSIqjgNO7YHwx8+/uqVQsFrd6klA/wkPBQkawNtLNidcvVxy7dl6vVT3k2M4chpxWXdetIjdXKpCj2S+/9wYxSSMqNOFYqa7rJNrPsNSMcDot9VJFE0zGeEi7hgocUeVn80un6MgoAxTG0pTQaK5+n8hwpNQkCkxnhPVI/fZm4l9eN9Vh3c+YSFJNBVksClOOdIxmb6MBk5RoPjEEE8nMrYiMsMREm3BKJoSvT9H/pF213ZrtXXuVxlUeRxEO4BCOwYUzaMAlNKEFBEJ4gCd4tsbWo/VivS5aC1Y+sw8/YL19Ai+cjSw=</latexit>�4

Chain rule:
<latexit sha1_base64="PIzBHNgvpZDfHL9DVLM0ch0dPLk=">AAACSnicfVDPS8MwGE3n1Dl/VT16CQ7B02hF1Isw8KK3Ce4HrGWkWbqFpWmXpOIo/fu8ePLmH+HFgyJeTLeC2okfBN733vu+JM+LGJXKsp6N0lJ5eWW1slZd39jc2jZ3dtsyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8caXmd65I0LSkN+qaUTcAA059SlGSlN9Ezm+QDhxIiQURSzx0/S7uU9TeAH/c0y0o6BPChv6Zs2qW7OCi8DOQQ3k1eybT84gxHFAuMIMSdmzrUi5SbYRM5JWnViSCOExGpKehhwFRLrJLIoUHmpmAP1Q6MMVnLE/JxIUSDkNPO0MkBrJopaRf2m9WPnnbkJ5FCvC8fwiP2ZQhTDLFQ6oIFixqQYIC6rfCvEI6WSUTr+qQ7CLX14E7eO6fVo/uTmpNa7zOCpgHxyAI2CDM9AAV6AJWgCDB/AC3sC78Wi8Gh/G59xaMvKZPfCrSuUvisW3/w==</latexit>

@f

@x
=

@f

@q

@q

@x
Upstream 
Gradient

Downstream 
Gradient
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Key Messages So Far?

We need one forward pass for backpropagation.

We can compute the derivatie of a complex function if
▶ each “computational component” has a closed form derivative and
▶ the complex function consists of a directed acyclic graph of computational components.
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Coming Back to NN

Remark

All we need in learning is the partial derivatives ∂L
∂Wl

and ∂L
∂bl

for all l = 1, ..., L.

Let’s compute ∂L/∂WL first via chain-rule:

∂L
∂WL

=
∂L
∂hL

∂hL
∂WL

We can do the (stochastic) gradient descent with the gradient values obtained.

52 / 59



Coming Back to NN

Remark

All we need in learning is the partial derivatives ∂L
∂Wl

and ∂L
∂bl

for all l = 1, ..., L.

Let’s compute ∂L/∂WL first via chain-rule:

∂L
∂WL

=
∂L
∂hL

∂hL
∂WL
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Loss Functions: MSE

Regression

The mean squared error (MSE):

1

2N

N∑

n=1

∥∥∥yn − f̂n

∥∥∥
2

f(x; θ): a neural network parameterized by θ, which takes x as input.

f̂n := f(xn; θ)

How about classification? Cross entropy loss!
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Loss Functions: Cross Entropy Loss

Softmax Layer for Multi-Class Classification

p̂k =
exp(f̂k)∑K
j=1 exp(f̂j)

,

where f̂ = [f̂1, . . . , f̂K ]
T
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Cross Entropy

Definition

Cross entropy between two probability distributions p and q (over the same underlying set of events)
measures a distance between two distributions as follows:

H(p, q) = Ep[− log q] = −
∑

x

p(x) log q(x).
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Cross Entropy for Binary Classification

Recall that, in the case of logistic regression, we have

p(k) ∈ {y , 1− y}, q(k) ∈ {p̂, 1− p̂},

where k is the label. Then, the cross entropy error is calculated as

L =
N∑

n=1

[−yn log p̂n − (1− yn) log(1− p̂n)] .
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Cross Entropy for Multiclass Classification

In the case of softmax regression, we have

p(k) ∈ {y1, y2, . . . , yK} , q(k) ∈ {p̂1, p̂2, . . . , p̂K} .

Then, the cross entropy error is calculated as

L =
N∑

n=1

K∑

k=1

[−yk,n log p̂k,n] .
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Conclusion

Now we know the definition of neural nets, learning objectives, and their learning algorithm.

min
θ

N∑

i=1

ℓ(fθ, xi , yi )

What is an attack method for a neural net?

max
δ

ℓ(fθ, x + δ, y)

Learning and attacks have opposite objectives.

How to solve the maximization?
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