
Machine Learning (ECE6397) Assignment 2
“Data is the sword of the 21st century, those who wield it the samurai.”

Question 1: Given a set of training data shown in Figure 1. Values of training
data are given below, where columns are samples and rows are features:

X =

[
1 3 3 7 10 7 11 13
2 2 4 2 1 3 4 3

]
(1)

y =
[

1 1 1 −1 −1 −1 −1 −1
]

(2)

(a) Write a program (Matlab or Python) to solve for primal SVM solution
(with slack variables) using stochastic gradient descent.

(b) Find the solution of support vector machine with slack variables , and plot
its decision function for the binary classification problem in the Figure 1.
(see SVM formulation in question 1)

(c) Which samples are support vectors?

(d) Compute values of slack variables for all samples?

Figure 1: SVM training data

Answer: The objective function of SVM (with slack variables) can be written
using hinge loss function as follows:

(w∗, b∗) = argmin
w,b

(
1

2
‖w‖22 + C

∑
i

max(0, 1− yi(wTxi + b))

)
= argmin

w,b
(L)

(3)
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where L denotes the SVM’s objective function. To use stochastic gradient de-
scent (SGD), we compute the gradients for all parameters using one sample.
Assume that SGD algorithm currently selects (xt, yt):

∂L/∂w =

{
w − C ytxt, if max(0, 1− yi(wTxi + b)) > 0
w, otherwise

(4)

∂L/∂b = −C yt (5)

At each iteration t, SGD updates the parameters as follows:

w← w − αt ∂L/∂w (6)

b← b− αt ∂L/∂b (7)

where αt is the learning rate and t is the index of the current SGD iteration.
For the simplicity of notation, I omit index t on all parameters except the
learning rate. We want to select the learning rate such as

∑∞
t=0 αt = ∞ and∑∞

t=0 α
2
t <∞. This will guarantee the optimization to converge. One possibility

is setting αt = µ/t, where µ is a constant.
Support vectors are samples where yi(w

Txi + b) ≤ 1. The selection of C
will greatly affect the final solution, including which samples become support
vectors. As C increases, the optimization focuses more on reducing ‖w‖2, or
increasing the margin 1/‖w‖2. This could lead to more data samples falling
within the margin, and becoming support vectors. In case C decreases, the
optimization cares more about satisfying all constraints through minimizing the
hinge loss. This will naturally lead to fewer support vectors. Slack variables are
computed by ξi = max(0, 1− yi(wTxi + b)).
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