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Supervised Learning

[(xi, y"),izl...P] training dataset
x' ith Input training example

y'  i-th target label

P number of training examples

X
m——

Goal: predict the target label of unseen inputs.
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Supervised Learning: Examples

Classification

OCR

3
Ranzaton




Supervised Deep Learning

Classification

Denoising

OCR

“2345”
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Outline

« Supervised Neural Networks
« Convolutional Neural Networks
« Examples

« Tips
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X

hl

Neural Networks: example

Input
1-st layer hidden units

h® 2-nd layer hidden units
O output

Example of a 2 hidden layer neural network (or 4 layer network,

counting also input and output).
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Forward Propagation

Def.: Forward propagation is the process of computing the
output of the network given its input.
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Forward Propagation

xeR’ w'er"" p'er™ plep"

h'=max(0,W'x +b")

W' 1-st layer weight matrix or weights
bl 1-st layer biases

The non-linearity #=max (0, v ) is called ReLU in the DL literature.

Each output hidden unit takes as input all the units at the previous

layer: each such layer is called “fully connected”. ’
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Forward Propagation

N

ner" w*er"™™™ peR': pepr™
W=max(0,W°h'+b*)

JW*? 2-nd layer weight matrix or weights
p* 2-nd layer biases
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Forward Propagation

N N
> pPeR™ oe R

Wer" w'er™™
o=max(0,W° W+ b’)

W3 3-rd layer weight matrix or weights
b3 3-rd layer biases
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Alternative Graphical Representation

k
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How Good is a Network?

Probability of class k given input (softmax):

o

e
p( Ck — 1 |x ) — C
2.
j=1
(Per-sample) Loss; e.qg., negative log-likelihood (good for classification
of small number of classes):

L(x,y;0)==2, ylogplc|x)

k
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Training

Learning consists of minimizing the loss (plus some
regularization term) w.r.t. parameters over the whole training set.

P
0" =arg mz’n(,Z:M:1 L(x",y",;0)

Question: How to minimize a complicated function of the
parameters?

Answer: Chain rule, a.k.a. Backpropagation! That is the procedure
to compute gradients of the loss w.r.t. parameters in a multi-layer
neural network.
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Rumelhart et al. “Learning internal representations by back-propagating..” Nature 1986



Key Idea: Wiggle To Decrease Loss

Let's say we want to decrease the loss by adjusting W1 E
We could consider a very small e=1e-6 and compute:

L(x,y;0)

L(x,y;0\W, W, +¢)

I

Then, update:

W:,]'(_W:,]'_I_Esgn([‘(x?y; 9)_L(x? y;e\W:,j’ Wt’,j_l_e)) 20
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Derivative w.r.t. Input of Softmax

O

ple,=1lx)= Z =

1 k C
L(x,y,'e)z—zjyjlogp(cj|x) y=[00..010..0]|

By substituting the fist formula in the second, and taking the
derivative w.r.t. 0 we get:

0L

6—02 p(ch)—y
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Backward Propagation

Given 0 L/00 and assuming we can easily compute the
Jacobian of each module, we have:

0L 9L do 0L 8L do

ow® 0o aw’ o> 00 an
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Backward Propagation

Given 0 L/00 and assuming we can easily compute the

Jacobian of each module, we have:

oL 0L do 0L 0L do
ow® 0o aw’ o> 00 an
oL oL
= (plc|x)—y) 0" =W (ple|x)—y)»

oW’ oh’



Backward Propagation

oL
oh’

oL 0L ol oL 0L ol

ow?* on oW’ oh'  on* on'

Given

we can compute now:
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Backward Propagation

oL
oh'

0L OL Oh'
ow' on' ow'

Given

we can compute now:
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Outline

« Convolutional Neural Networks
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Fully Connected Layer

Example: 200x200 image
- 40K hidden units
m) ~2B parameters!!!

- Spatial correlation is local
- Waste of resources + we have not enough

- 33
training samples anyway.. Ranzatol3
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Locally Connected Layer

Example: 200x200 image
40K hidden units
Filter size: 10x10
4M parameters

Note: This parameterization is good
. when input image is registered (e.9.,

face recognition). Ranzaton




Locally Connected Layer

STATIONARITY? Statistics is similar at
different locations

Example: 200x200 image
\ 40K hidden units
. Filter size: 10x10

. 4M parameters

Note: This parameterization is good
when input image is registered (e.g., s
face recognition). Ranzaton




Convolutional Layer

Share the same parameters across
different locations (assuming input is

| 14 stationary):
"\ Convolutions with learned kernels
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Convolutional Layer



















Convolutional Layer
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Convolutional Layer







