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input: stepsizes v, x, p > 0; probability p € (0,1]; w > 0;
initial estimates x?, ..., x%,y% € RY and 9, ..., u3, v0 € R?
such that 1 >°7 . u? + v0 = 0.
fort=0,1,...do
fori=1,...,n, at clients in parallel, do
Xt —Xt—’ny( N+ yu!
yt=yt — VVg(y ) + wf // identical copies at clients
flip a coin 6! € {0, 1} with Prob(6! = 1) = p
if 6! = 1 then
dj = Cj (% - ')
send d! to the server

at server: aggregate d' = - Z/ ; df and send at

to all clients
x* = (1= p)&E+ p(y! + dY)
UM = uf + o7 (dT = df)
yt1 = gt 4 pdt
vt =yt 4 'y(1p+>éw) dt

else
Xt+1 — )A(it’ y1‘+1 — yt, ul_t+1 — uit’ Vt+1 Vt

end if

end for
end for

Distributed optimization with
n clients + server:

minimize — fi(x
[ xeRd Z }

fi: private loss, g: shared loss
Client i calls Vf; and Vg

All f; and g are L-smooth and

p-strongly convex. & := ﬁ

primal-dual optimality conditions:

0= Vfi(x;) — u;, Vie[n]
0=Vgl(y) -
O=ui+---+Up+nv

General unbiased compressors
with relative variance w > O:

E|lle(x)

e.g. rand-K: w = % —1

—x|F| <wlix|?, ¥x

Theorem (linear convergence). With v < ﬁ
suitable p and y, then for every t > 0,

v(1+2w)

where\l!’::l( i || xt= X*H +n||y! X*H) P

E[\Uq < max ((1 —yu)?, 1 —

t
P~X 0
1+2w> v

(S0 [t = VA0 + nl|vi-g0e)| )

Best complexity with independent rand-k compressors, k = [ 4

10°

Uplink communication complexity in #reals:

L
X LoCoDL: Natural
-~ LoCoDL: Rand-1 + Natural
4 LoCoDL: /;-select
<) ADIANA: Rand-30
€~ ADIANA: Natural
-~ ADIANA: Rand-30 + Natural
4 ADIANA: /;-select

DIANA: Rand-1

DIANA: Natural

DIANA: Rand-1 + Natural

DIANA: /;-select
<)~ s56Cs-CC: R
-~ 56cs-ce:N
-~ 5GCS- cc
-4 5GCS-CC:
—&- Compre: ds ff new: s=2 /|
—k— Gra dSkp
Scaffold

b

Algorithm O(-loge™) if n=0(d)
Scaffold dr dr
Scaffnew dvk dyvk a
EF21 dk dk L
DIANA (1+)m+d dypd 2V
ADIANA  (1+ZL)Vr+d Lyr+d
FedComGate dk dk
5GCS-CC (Vd+%)Vr+d Lyr+d .
C-Scaffnew \/5+% VE+d %\/E +d L WK WY
LoCoDL \/a+\/iﬁ VE+d %\/E+d
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Logistic regression, LibSVM a5a, d = 122, n = 288



