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Introduction

Motivation & Background

Collaborative Empirical Risk Minimization (ERM)

min
x∈Rd

f (x) =
1
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f (x ; �i;j)| {z }
fij (x)

!

– ξi,j � Di is the j-th samples of the local dataset Di of device i

Typical topology structures
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Introduction

Motivation & Background

Challenges:

– Sampling variance within devices: fij 6= fi , for all device i .

– Data heterogeneity across devices: fi 6= f , for any device i .

Existing first-order optimization methods

– SGD-based methods: DSGD (Ram et al., 2009), Local-SGD (Konevcnỳ
et al., 2016), Gossip-PGA (Chen et al., 2021); → efficiency

– Variance-Reduction (VR): SAGA (Defazio et al., 2014), (L-)SVRG (Qian
et al., 2021), SARAH (Nguyen et al., 2017); → ((((((

inner-variance

– Gradient-Tracking (GT): DSGT (Pu and Nedić, 2020), DSA (Mokhtari

and Ribeiro, 2016), GT-VR (Xin et al., 2020); → (((((((
external variance

Question: Can we unify these above methods and beyond?
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Problem Formulation

Related Work

The existing state-of-the-art framework

Schemes Structures

Framework VR GT Local PGA PS Gossip

Hu et al. (2017) X % % % % %

Cooperative SGD
% % X % X X(Wang and Joshi, 2021)

Decentralized (Gossip) SGD
% % X % X X(Koloskova et al., 2020)

GT-VR (Xin et al., 2020) X X % % % X

Gorbunov et al. (2021) X X X % X %

SPP (Ours) X X X X X X

Contribution: Unify all these schemes both in PS and Gossip structures

with rate guarantee showing clear dependency on these schemes.
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