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Suppose: 3 training examples, 3 classes.
With some W the scores f(z, W) =Wz are:

3.2

cat ) 1.3 2.2
car 51 4.9 2.5
frog -1.7 20 -31

Multiclass SVM loss:
Given an example (3, ¥;)
where z; is the image ana
where Yi is the (integer) label,
and using the shorthand for the
scores vector: s = f(z;, W)

the SVM loss has the form:

0 if sy, >s;+1
lez{— e e
iz Lsi—su otherwise
= Z max(0,s; — sy, +1)
J#Yi

Multiclass SVM loss:

) N

“Hinge loss”
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Suppose: 3 training examples, 3 classes.
With some W the scores f(z, W) = Wz are,

cat 3.2 1.3 2.2

car 5.1 4.9 2.5

frog -1.7 2 -3.1

Losses: | 2.9
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0 if s, > 8;+1
sj — 8y, +1 otherwise

= Z max(0,s; — sy, +1)
J#Yi

Multiclass SVM loss:

Given an example (i, i)
where g; is the image ana
where y; is the (integer) label,

and using the shorthand for the
scores vector: s = f(zi, W)

the SVM loss has the form:
[Li = ¥4, max(0, 5 — sy, + 1)
=max(0,5.1-3.2+1)
+max(0,-1.7-3.2+ 1)
=max(0, 2.9) + max(0, -3.9)
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Regularization

)\ = regularization strength
(hyperparameter)

L= % Efil E#y,- max(0, f(zi; W); — f(zi; W)y, + 1) +m

In common use:
L2 regularization
L1 regularization

R(W) = Ek Zz sz,z
R(W) = Zk Zz |Wk,l|

Elastic net (L1 + L2) R(W) =X, >, W2, + Wi
Max norm regularization (might see later)

Dropout (will see later)

Fancier: Batch normalization, stochastic depth

L2 Regularization (Weight Decay)

R(W) == Zk Zz Wk2,l

z=[1,1,1,1]

wy = [1,0,0,0]
wy = [0.25,0.25,0.25,0.25]
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(If you are a Bayesian: L2
regularization also corresponds
MAP inference using a
Gaussian prior on W)

Softmax Classifier (Multinomial Logistic Regression)

scores = unnormalized log probabilities of the classes.

PO =KX =2) Z32]) e [5= F(z W)
aftwex

Want to maximize the log likelihood, or (for a loss function)

to minimize the negative log likelihood of the correct class:

Li = —1log P(Y = 4i| X = z;)
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Recap

- We have some dataset of (x,y) q
- We have a score function: s = f(z; W) = Wz
We have a loss function:

Softmax
- l°g(2ef)
Li = 3,4, max(0,s; — sy, + 1

score function @ e J_lW
L= % 21111 L; + R(W) Full loss
e
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while True:

weights_grad = evaluate _gradient(loss_fun, data, weights)
weights += - step size * weights grad #

parameter update
ste P
ot gl ST Uomning 2u¢)
Stochastic Gradlent Descent (SGD)
1 Full sum expensive
L(W) = ¥ Z Li(zs, 5, W) + AR(W) when N is large!
o Approximate sum
- (s s using a minibatch of
YwL(W) = & 2_; Vw Li(zi, yi, W) + AVw R(W) oo
= 32 /64 /128 common
while T

data_batch = sample_training data(data, 256) # sample 256 examples
weights _grad = evaluate gradient(loss_fun, data_batch welghts)
weights += - step size * weights grad #

Image Features: Motivation
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Cannot separate red After applying feature
and blue points with
linear classifier

transform, points can
be separated by linear
classifier
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Example: Histogram of Oriented Gradients (HoG)

Divide image into 8x8 pixel regions Example: 320x240 image gets divided

Within each region quantize edge into 40x30 bins; in each bin there are

direction into 9 bins 9 numbers so feature vector has
30%40°9 = 10,800 numbers

Example: Bag of Words

Step 1: Build codebook

m -
L] Cluster patches to
Extract random ] B  form “codebook”
patches of “visual words”
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Step 2: Encode images
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