CSCI 497P/597P: Computer Vision

Scott Wehrwein

Neural Networks, Backpropagation



Reading

e http://cs231n.github.io/optimization-2/
e http://cs231n.github.io/neural-networks-1/



http://cs231n.github.io/optimization-2/
http://cs231n.github.io/neural-networks-1/

Announcements



Goals

* Understand backpropagation as an application
of the chain rule to find the gradient of a
classifier’s loss with respect to its parameters

* Understand neural networks as a stack of
linear classifiers with nonlinearities (activation
functions) in between.

* Understand the basic menu of activations
(Sigmoid, Tanh, ReLU)
— Understand the vanishing gradients problem.



Gradient Descent

while
weights grad = evaluate gradient(loss fun, data, weights)
weights += - step size * weights grad

http://vision.stanford.edu/teaching/cs231n-demos/linear-classify/



http://vision.stanford.edu/teaching/cs231n-demos/linear-classify/

Gradient Descent

while
weights grad = evaluate gradient(loss fun, data, weights)
weights += - step size * weights grad

whence the evaluate_gradient function?



Calculating the Gradient

e Suppose for a moment that everything is a
scalar:

o Li(Xii YiW, b) = maX(OI 1- yI(W X; + b))

— (whiteboard / lecture notes)






Neural Networks: The Brain Stuff
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Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung


https://thenounproject.com/term/neuron/214105/

Neural networks: without the brain stuff

(Before) Linear score function: f = Wa

Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung



Neural Networks
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Neural networks: without the brain stuff

(Before) Linear score function: f = Wa
(Now) 2-layer Neural Network ~ f = W3 max(0, Wiz)

Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung



Neural networks: without the brain stuff

(Before) Linear score function:

F=Wez

(Now) 2-layer Neural Network ~ f = W3 max(0, Wiz)
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Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung



Neural networks: without the brain stuff

(Before) Linear score function: f = Wz

(Now) 2-layer Neural Network ~ f = W3 max(0, Wiz)
or 3-layer Neural Network

f — W3 maX(O, W2 max(O, W].’E))

Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung



Training a 2 layer neural network in 20
lines of python

import numpy as np
from numpy.random import randn

N, D_in, H, D_out = 64, 1000, 100, 10
x, y = randn(N, D_in), randn{(N, D_out)
wl, w2 = randn(D_in, H), randn(H, D_out)

for t in range(2000):
h=1/ (1+ np.exp(-x.dot(wl)))
y_pred = h.dot(w2)
loss = np.square(y_pred - y).sum()
print(t, loss)

grad_y_pred = 2.0 * (y_pred - y)
grad_w2 = h.T.dot(grad_y_pred)

grad_h = grad_y_pred.dot(w2.T)

grad_wl = x.T.dot(grad_h * h * (1 - h))

wl -= le-4 % grad_wl

w2 —= le-4 % grad_w2
Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung



input lay

hidden layer

W, a 3x4 matrix
converts input
into hidden layer
activations

“Hidden Layers”

W,, a 4x2 matrix
transforms hidden
layer activations
to output scores

4

N

<\
«
e

4

;g
X
3
7
&

A SOSS
/)‘\“’//‘\\ ‘ output layer
output layer input layer

hidden layer 1 hidden layer 2

Figures: Fei-Fei Li, Justin Johnson, & Serena Yeung



Neural Networks: Nonlinear Classifiers
built from Linear Classifiers

3 hidde neurons 6 hidde neurons 20 hidd neurons

Figures: Fei-Fei Li, Justin Johnson, & Serena Yeung



Neural networks: without the brain stuff

(Before) Linear score function: f = Wa

(Now) 2-layer Neural Network  f = Wa max (0, Wix)
or 3-layer Neural Network

f = W3 max(0,Wsmax (0| Wiz))
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Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung



Activation Functions

flx, W) =Wx




Activation Functions

fle, W) =Wz




Activation Functions

flx, W) =Wx
f(.CIZ, Wl, Wg) — Wl(WQZU)




Activation Functions

fle, W) =Wx
f(.CIZ, Wl, Wg) — Wl(WQZU)

W%W1W2 ° % °
fle, W) =Wz




Activation Functions

fle, W) =Wx
f(.CIZ, Wl, Wg) — Wl(WQZU)

W%W1W2 ° % °
fle, W) =Wz




Activation Functions

fle, W) =Wz
f(ZL“, Wl, WQ) — W1 (sz)

W <+ W1W2
flz, W) =Wz




Activation Functions
f(x, Wy, W, W3) = W3 max(0, Wy max (0, Wyx)
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Neural Networks: Nonlinear Classifiers
built from Linear Classifiers

3 hidde neurons 6 hidde neurons 20 hidd neurons

Figure: Fei-Fei Li, Justin Johnson, & Serena Yeung



Activation Functions

Sigmoid
1

0(%) = 17o==

tanh(x)

RelLU
max (0, x)

tanh j_

Leaky RelLU

max(0.1x, )

Maxout

max(wi x + by, wl x + bo)
ELU ”’

T x>0

ae®—1) z<0 - - 0

Slide: Fei-Fei Li, Justin Johnson, & Serena Yeung



