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Problem

 vertices,  connectionsn m

 connection-defining matrixC ∈ {0,1}m×n

 connections throughputsb ∈ ℝm

 data transmission ratesx ∈ ℝn

 -strongly concave utility functionsui(x) μ

max
x:Cx≤b {U(x) =

n

∑
i=1

ui(xi)}



Primal-dual approach

min
λ {φ(λ) = ⟨λ, b⟩ +

n

∑
i=1

[ui(xi(λ)) − ⟨λ, C⊤
i xi(λ)⟩]}

Economical idea

xi(λ) = arg max
xi

{ui(xi) − ⟨λ, C⊤
i xi⟩}

∥∇φ(λ1) − ∇φ(λ2)∥q ≤ L∥λ1 − λ2∥q, L ∼
nnz(C)

μ



Primal-dual approach
SGPM

O ( 1
ε2

log
1
ε )

Without the smoothness assumption:



Primal-dual approach
SGPM: communication protocol
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Update only one user per iteration and all the 
related connections

O ( n

ε
log

1
ε )

But the method is not primal-dual, so we 
apply it to the regularized dual problem, it 
produces additional  factorlog( ⋅ )

Primal-dual approach
RGEM



Primal-dual approach
RGEM: communication protocol
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Primal-dual approach
FGM

O nnz(C) ⋅ min { 1
ε

,
1
με }

Using Nesterov’s dual smoothing technique:



Primal-dual approach
FGM: communication protocol
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Primal-dual approach
Ellipsoids method

Is not communicational efficient  
due to the full-vector recalculations

O (m2 log
1
ε )

And we should also calculate the accuracy 
certificate to obtain primal solution



Switching approach

max
x:gi(x)≤0 {U(x) =

n

∑
i=1

ui(xi)}

Idea

gi(x) = Cix − bi

∥∇gi(x)∥ ≤ Mg, ∥∇U(x)∥ ≤ MU



Fully adaptive and do not utilize the 
smoothness

O max { M2
U

ε2
,

1
ε4 }

Requires the central manager for switching, 
since do not use the prices framework

Switching approach
AMD



Switching approach
AMD: communication protocol
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More flexible operation with a central 
manager due to the stochasticity

O ( M2
Un2

ε2 )

Also allowing the adaptive modifications

Switching approach
SMD



Switching approach
SMD: communication protocol
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Primal-dual vs Switching
Numerical experiment



Thank you!


