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Variational Inequality Problem
Find z* € R% suchthat (F(z*),z — 2*) > 0, Vz € R?
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Variational Inequality Problem
Find z* € R% suchthat (F(z*),z — 2*) > 0, Vz € R?

o ;’I’EIIIR% f(z2)—F(2) ==V f(z)

O ;gréll[ili?m yl’éllggi g(.’L’, y) —>F(Z) = [Va:g(xa y)a _vyg(aja y)}

e Find z* € R? such that T(z*) = z*

F(z):=2z-T(z)
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Distributed Variational Inequality

F(z) = % S F(2)

F., on local devices a Communication bottleneck!
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\ﬁ& Use compression in communications!
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Compression

® Unbiased: EQ(z) = z, E||Q(Z)||2 < CJHZHZ
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Compression

® Unbiased: EQ(z) = z, E||Q(Z)||2 < C]HZHZ

Examples: random choice of coordinates

e Contractive: E||C(z) — ZH2 (1 — 1/5)”ZH2

Examples: choice of top coordinates, rounding



Algorithms

Algorithm 1 MASHA1

Parameters: Stepsize v > 0, parameter 7 € (0; 1), number of iterations K.
Initialization: Choose 2° = w° € Z.
Devices send F},, (w?) to server and get F'(w?)
fork=0,1,2,..., K —1 do
for each device m in parallel do
22 = 72k 4 (1 — 1wk — yF(wk)
Sends gk, = Q¥ (F,,(z*TY/%) — F,,,(w")) to server
end for
for server do
Sends to devices g* = Q%™ [ﬁ SM g,,’f,’,t}

Sends to devices one bit b, : 1 with probability 1 — 7, O with with probability 7
end for
for each device m in parallel do
SRl k12 gk
If b, = 1 then w1 = 2*, sends F},,(w**1) to server and gets F(w**1)
else w1 = wk
end for
end for
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Parameters: Stepsize v > 0, parameter 7 € (0; 1), number of iterations K.
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fork=0,1,2,...,K — 1 do @® Extragradient
for each devi i
4/ ety
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Algorithms

Algorithm 1 MASHAT Ideas:

Parameters: Stepsize v > 0, parameter 7 € (0; 1), number of iterations K.

Initialization: Choose 2 = w° € Z.

Devices send F},, (w?) to server and get F'(w?) _

fork=0,1,2,...,K — 1 do ® Extragradient
for each device m in parallel do

zk+1/2 — 7k (1 Vk A F(0F)

Sends gF, :IQf,i"(Fm(z’““/z) — Fp(w®)) IO server
end for
for server do

M k

Sends to devices g~ = Q> [ﬁ > L g

Sends to devices one bit by : 1 with probability 1 — 7, 0

end for

for each device m in parallel do
SR = k12 gk .
If b, = 1 then w**+! = 2%, sends F},,(w**!) to server and gets F(w**1) ¢ C_ompressmn of
else wh+1 — wk difference

end for

end for

® Negative momentum
+

® VR tegnique




Algorithms

Algorithm 2 MASHA2

Parameters: Stepsize v > 0, parameter 7, number of iterations K.
Initialization: Choose 2 = w® € Z,e0 =0, " = 0.
Devices send F,,, (w") to server and get F'(w")
fork=0,1,2,..., K —1 do
for each device m in parallel do
22 = 72k (1 — T)wP — yF(wP)
Sends gk, = C9V (v F,, (2FT1/2) — yF,, (w*) + €F)) to server
et = efy + Y Fn (ZFTY2) =y B (w?) — gt
end for
for server do

Sends to devices gF = C%" [% Zi‘ndzl gk + ek]

=k S gl g
Sends to devices one bit by, : 1 with probability 1 — 7, 0 with with probability 7
end for
for each device m in parallel do
Skt = ShH1/2 gk
If b, = 1 then w*™! = 2*, sends F),,(w**1) to server and gets F'(w**1!)
else wht! = wk
end for
end for




Algorithms

Algorithm 2 MASHA2 Main difference:

Parameters: Stepsize v > 0, parameter 7, number of iterations K.
Initialization: Choose z* = w" € Z,¢e =0,e° = 0.
Devices send F,, (w") to server and get F'(w?)
fork=0,1,2,..., K —1 do
for each device m in parallel do
22 = 72k (1 — T)wP — yF(wP)

Sends ¢ = C¥V(~F (2FT1/2) — ~ B (wF) +
ekl = ek 4+ yF (2K T1/2) — yF (wk) — gk,
en 1
for server do
M k k
m=1 Q’m

Sends to devices g% = O}
k h probability 1 — 7, 0 with with probability 7

® Error feedback

k+1 _ _k 1 M k k
€ =€ +H2mzlgm—g

end for

for each device m in parallel do
SRl kL2 ok
If b, = 1 then w**T! = 2% sends F,, (w**!) to server and gets F(w**+1)
else wht! = wk

end for

end for 5




Thank you!
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