Linear regression

Loss: L(w) = Z(x?w —yi)?
Optimum: w* = argmin L(w)
w



Linear regression with hidden responses
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Goal: Best unbiased estimator w(S)
E[w(S)] = w*
L(w(S)) < (L+4e¢) L(w")

Existing sampling methods:
1. leverage score sampling: i.i.d., biased

2. volume sampling: joint, unbiased



Volume sampling
Jointly choose set S of k > d indices s.t.

Pr(S) « det(Zx;x,T)

ieS




Volume sampling
Jointly choose set S of k > d indices s.t.

Pr(S) « det(Zx;xiT)
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Theorem [DW17]
E[W(S)] = w"

where W(S) = argmin Z(X,TW — )2
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Volume sampling
Jointly choose set S of kK > d indices s.t.

Pr(S) « det(Zx;x,-T)
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Theorem [DW17]
E[W(S)] = w'
New Lower Bound

Volume sampling may need a sample of size
k = Q(n) to get a (3/2)-approximation
——

e=1/2



Volume sampling
Jointly choose set S of kK > d indices s.t.

Pr(S) « det(Zx;x,-T)
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Solution: Use i.i.d. and joint sampling

leverage scores  volume samplmg
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Leveraged volume sampling

Volume sampling
Jointly choose set S of k > d indices s.t.

Pr(S) o det ( Z x,-x,-T>

i€eS
Theorem [DW17]
E[W(S)] = w*

New Lower Bound

Volume sampling may need a sample of size

k = Q(n) to get a (3/2)-approximation
~——

e=1/2

Solution: Use i.i.d. and joint sampling

leverage scores  volume sampling

Pr(S) « (HE) det(zlx-xT)
i€eS I ieS e



Determinantal rejection sampling trick
repeat
Sample iy, ... is iid. ~ (f1,...,0n)
det (5; 7% X, )}
det(X T X)

Sample Accept ~ Bernoulli [

until Accept = true

preprocessmg O(ndz) + sampllng O(d4)

improvable to O(nd+po|y(d)) no dependence onn



Experiments — 7 datasets from Libsvm

Determinantal rejection sampling trick cpusmall

—===leverage score sampling
= = volume sampling

— leveraged volume sampling | |
loss of optimum

repeat
Sample i1, ..., is i.id. ~ (f1,...,€n)

det (351 74 x;,%; )
Sample Accept ~ Bernoulli [Ttt(;-lr’%}

until Accept = true

total loss

100
preprocessmg O(ndz) + samplmg O(d4) 20 30 40 50 60

sample size (k)

improvable to O(nd+po|y(d)) no dependence onn

Check out poster #151



