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1. Gaussian Process Regression 2. Use Primal Dual Objective

3. Use Random Features Coordinates

4. Use Momentum and Geometric Averaging

Define  
Posterior mean:  
Posterior sample: 

α⋆(b) = (K + λI )−1b
k( ⋅ , X ) α⋆(y)

f0( ⋅ ) + k( ⋅ , X ) α⋆(y − ( f0(X ) + ζ))

Data set:  
Kernel function: , kernel matrix:  
Likelihood variance: , prior sample: 

X ∈ ℝn×d, y ∈ ℝN

k K ∈ ℝn×n

λ > 0 f0
ζ ∼ 𝒩(0, λI )

α⋆ = arg min
α

L(α)
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Test RMSE

rL with Øn = 0.1 g with Øn = 0.1 g with Øn = 5 g with Øn = 50

L(α) =
1
2

∥b − Kα∥2
2 +

λ
2

∥α∥2
K

∇L(α) = K(λα − b + Kα)
∇2L = K(K + λI )

L*(α) =
1
2

∥α∥2
K+λI − α𝖳b

g(α) = ∇L*(α) = λα − b + Kα
∇2L* = K + λI

primal dual
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Test RMSE

eg with Øn = 5£ 10°4

eg with Øn = 5£ 10°3

neieTi (KÆ)° y + ∏Æ with Øn = 50

neieTi (KÆ° y + ∏Æ) = bg(Æ) with Øn = 50

random coordinatesrandom features

g(α) = λα − b + Kα

g̃(α) = λα − b + mzjz𝖳
j α ̂g (α) = neie𝖳

i (λα − b + Kα)
𝔼[mzjz𝖳

j ] = K 𝔼[neie𝖳
i ] = I

additive noise multiplicative noise

vt = ρvt−1 − βg(αt−1 + ρvt−1)
αt = αt−1 + vt

Nesterov’s momentum arithmetic averaging geometric averaging

ᾱt =
1

t − t0

t

∑
l=t0

αl ᾱt = rαt + (1 − r)ᾱt−1
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5. Parallel Thompson Sampling
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synthetic data, d = 8

Three things you NEED to know to solve large quadratic problems with stochastic gradient descent!


