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Maximum Margin Diagram
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Constrained Optimization Diagram

Definition
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Constrained Optimization Derivation
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Soft Margin Diagram
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Soft Margin Derivation

Definition
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SVM Formulations

Definition
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Subgradient Descent

Definition

. A T 1 4 T
vanEW W—l—n;max{o,l—@y;—l) (W Xi+b)}
iz

@ The gradient for the above expression is not defined at points
with 1 — (2y; — 1) (w”x; + b) = 0.

@ Subgradient can be used instead of a gradient.
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Subgradient Descent Step

Definition

@ One possible set of subgradients with respect to w and b are

the following.
n

0w C 3 Aw = > (27 = 1) XLy 1)(wTxrb) 21}
i=1
0bC 3 =) (2 = D)Ly 1)(wTw+ o1y
i=1

@ The gradient descent step is the same as usual, using one of
the subgradients in place of the gradient.
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Regularization Parameter

Definition

n
wW=w-—u« Z Zil w1y X — AW
i=1
2yi—1,i=1,2,..,n

Zi

@ M\ is usually called the regularization parameter because it
reduces the magnitude of w the same way as the parameter A
in L2 regularization.

@ The stochastic subgradient descent algorithm for SVM is
called PEGASQS: Primal Estimated sub-GrAdient SOlver for
Svm.
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Kernel Trick 1D Diagram

Motivation
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Kernelized SVM

Definition

o With a feature map ¢, the SVM can be trained on new data
points {(¢ (x1),y1) , (¥ (x2) ;¥2) 5 -, (0 (xa) , yn)}-
@ The weights w correspond to the new features ¢ (x;).

@ Therefore, test instances are transformed to have the same
new features.

Vi = LiwT ()20}
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Kernel Matrix

Definition

@ The feature map is usually represented by a n x n matrix K
called the Gram matrix (or kernel matrix).

Kir = o (xi) " ¢ (xi1)
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Examples of Kernel Matrix

Definition

e For example, if ¢ (x) = (x12, \/ﬁxlxz,x%), then the kernel
matrix can be simplified.

2
K,','/ = <XiTX,'/)

. . 2
@ Another example is the quadratic kernel K = (xiTx,-/ + 1) .
It can be factored to have the following feature
representations.

¥ (X) = (Xfa X227 \/§X1X27 \/§X17 \fsz 1)
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Examples of Kernel Matrix Derivation

Definition
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Popular Kernels

Discussion

Other popular kernels include the following.
Linear kernel: K = x,-Tx,-/

Polynomial kernel: K = (XI-TX,'/ + 1)d
Radial Basis Function (Gaussian) kernel:

1
K = 59 (2 3 =) (5 =)

Gaussian kernel has infinite-dimensional feature
representations. There are dual optimization techniques to
find w and b for these kernels.
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