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Autograd
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— Computational graphs, backpropagation and
Q\\f_\ the automatic gradient computation

CTU

CZECH TECHNICAL
UNIVERSITY
IN PRAGUE

Rer 2§
JPRS




Computational graph
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Training weights
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Individual task

CCCCCCCCCCCCCC

ot 2
s

You are given the following equation

y=sin(w'x) —b

X = [2],w= [5],19:0,&:2
1 T

a) Draw a computational graph

with

b) Compute feedforward pass

0y
c) Calculate gradient —
oW

d) Calculate MSE loss, add to graph
e) Update weights with a = 0.5




Vector-Jacobian product
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""" b) Derive the —

Vjpdiag(x9 V) =7 VJP,Z(Z’ y,V ) = 0x




Backpropagation in code
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Under the hood of autograd library

WA
7

5




Activation functions

Sigmoid ReLU Tanh
J(x) = 1 J(x) = max(0, x) 1o
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Logistic loss

I (x,y) _ y

fix,y) =log (1 + ™) - Ton
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HW2 Autograd
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Creating your own library
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Matrix multiplication
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Mathematical derivatives
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Backward pass in code (using vjp)

of
vip, (v, X) =vX—=vXxY'
1pr (v, X) Py

0
Vjpf(v,Y)=a—];><v=XT><v

https://math.stackexchange.com/questions/1846339/why-does-the-gradient-of-matrix-product-ab-w-r-t-a-equal-bt 9/12
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Reqularization loss
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| R of (x, | R |
f(xay) — = ; Z [[yl — Ci]]log(xi) f(x y) — — — Z [[yl — Ci]]_
=1

Cross-entropy loss

X € |

" 1s a vector with class probabilities for input

"1s a vector of correct class predictions for input

¢ € R" is a vector of all possible classes

[ - ]| is an lverson Bracket



https://en.wikipedia.org/wiki/Iverson_bracket

Cross-entropy loss with softmax

With proof, do not learn the proof just the result is enough
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Ox ; https://towardsdatascience.com/deriving-backpropagation-with-cross-entropy-loss-d24811edeaf9 12712
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