
490 Machine Learning Midterm 2, Dec. 2018

Name:

Directions:

• Please read the directions carefully so that you don’t do unnecessary
work, and check the front and back of each page so that you don’t
miss any problems.
• This is a 50-minute exam; you might want to budget your time.
• No books, notes, calculators, cell phones, slide rules, abacuses, or

Wolfram Alpha.
• Unless otherwise stated, show all of your work. Full credit may not

be given for an answer alone, and partial credit may be given for
facts relevant to the solution.
• You may use scratch paper; please don’t disassemble the exam.
• Please put your name on the first page only; if you wish, you may

put your ID number on other pages.
• Look over the exam for typos and any obvious questions you might

have. If you want to ask for a probability inequality, etc., I can
provide it for the whole class.
• Good luck!
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Problem Possible Points
1 20
2 20
3 20
4 20
5 20
Total 100
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(1) (20 pts) What is the precise mathematical definition of subgradient?
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(2) (20 pts) Fill in the blanks in the following to complete the basic
Stochastic Gradient Descent algorithm minimizing f(w):

Parameters: η > 0, integer T > 0.

Initialize: w(1) = 0.

For t = 1, 2, . . . , T

Pick vt randomly from a distribution such that

Update w(t+1) =

Output: ŵ =
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(3) (20 pts) Consider the hinge loss `(w, (x, y)) := max{0, 1− y〈w,x〉},
the domain X := {x ∈ Rd : ‖x‖2 ≤ R}, and the label set Y := {±1}.
Show that ` is convex and R-Lipschitz with respect to w.
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(4) (20 pts) Consider an algorithm A with the property that if m ≥
mH(ε), then for any distribution D it holds that

ES∼Dm [LD(A(S))] ≤ min
h∈H

LD(h) + ε.

Show that for each δ ∈ (0, 1) and for each m ≥ mH(εδ), that:

PS∼Dm(LD(A(S))−min
h∈H

LD(h) ≤ ε) ≥ 1− δ.
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(5) (20 pts) The Representer Theorem says that for a mapping ψ from
the domain into some feature space F which is a Hilbert space, i.e.,
ψ : X → F , and for each function f : Rm → R and each nondecreas-
ing function R : R+ → R, the minimization problem

min
w

[f(〈w, ψ(x1)〉, 〈w, ψ(x2)〉, . . . , 〈w, ψ(xm)〉) +R(‖w‖)]

has a solution and moreover there is a vector α ∈ Rm such that the
solution can be written

w =

m∑
i=1

αiψ(xi).

Give definitions of ψ, f , and R for which applying the Representer
Theorem gives a solution of Soft-SVM for homogeneous halfspaces.


