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Distributed optimization with 
n clients + server:

LoCoDL: COMMUNICATION-EFFICIENT 
DISTRIBUTED LEARNING WITH LOCAL 

TRAINING AND COMPRESSION

<latexit sha1_base64="JlF9Ar+TgD4ubXB7/cuWptIqHk0="></latexit>

minimize
x→Rd

1
n

n∑

i=1

fi (x) + g(x)

<latexit sha1_base64="qNliG4VMIT6kut5smJzZDtw6tJI="></latexit>

All fi and g are L-smooth and
µ-strongly convex. ω := L

µ

<latexit sha1_base64="WqfBHionMmrCMdRiy02Men9cJGs=">AAAP3nicnVZbc9tEFN6WEhpzSQuPvOwQZcZpHNfODEkpY6ZML9POFFp6n6kSs5LW0ja6RVqncTV65Y3hlV/D/+CdB3iA38A5R5ItO7EdsMbW6ly+853LrmzFvkp1p/P7hYvvXXp/5YPLq40PP/r4k7UrVz99kUbDxJbP7ciPkleWSKWvQvlcK+3LV3EiRWD58qV1eBv1L49lkqoofKZHsdwPhBuqgbKFBlH/6srLRmPDtKSrwk </latexit>

input: stepsizes ω,ε, ϑ > 0; probability p → (0, 1]; ϖ ↑ 0;
initial estimates x0

1 , ... , x0
n , y0 → Rd and u0

1, ... , u0
n , v0 → Rd

such that 1
n
∑n

i=1 u0
i + v0 = 0.

for t = 0, 1, ... do
for i = 1, ... , n, at clients in parallel, do

x̂ t
i := xt

i ↓ ω↔fi (xt
i ) + ωut

i
ŷ t := yt ↓ ω↔g(yt ) + ωvt // identical copies at clients
flip a coin ϱt → {0, 1} with Prob(ϱt = 1) = p
if ϱt = 1 then

dt
i := C t

i
(
x̂ t

i ↓ ŷ t)

send dt
i to the server

at server: aggregate d̄ t := 1
2n

∑n
j=1 dt

j and send d̄ t

to all clients
xt+1

i := (1 ↓ ϑ)x̂ t
i + ϑ(ŷ t + d̄ t )

ut+1
i := ut

i + pω
ε(1+2ϑ)

(
d̄ t ↓ dt

i
)

yt+1 := ŷ t + ϑd̄ t

v t+1 := vt + pω
ε(1+2ϑ) d̄

t

else
xt+1

i := x̂ t
i , yt+1 = ŷ t , ut+1

i := ut
i , vt+1 := vt

end if
end for

end for

<latexit sha1_base64="vVd0trG50KOn3fjfhUiEwrMQUqQ=">AAAJlniclVbbbtNAEJ2WAk24NIUXJF4iokqoqqKkEik8gCq1CB6KKIhepKZUtrNxrPqS2k5osfInvMI/8QfwF5yZbNKkqe1iK9nZ2TlnZ2Znd212XSeKa7Xfc/O3Fm7fubtYKN67/+DhUmn50X4U9EJL7VmBG4SHphEp1/HVXuzErjrshsrwTFcdmKdbPH7QV2HkBP6X+KKrjj3D9p22YxkxVCelUjNW57HZTnaCrWB7Z1A8KV </latexit>

LoCoDL

<latexit sha1_base64="3POpuPW2ZTaE5ClbkrumLptWlvs="></latexit>

Client i calls →fi and →g

<latexit sha1_base64="12/U9J3VKf6tiGqnO7n49gLqd7Q="></latexit>

fi : private loss, g: shared loss

<latexit sha1_base64="LhHvMGAZXsceM2qYCUMQr1WM910="></latexit>x1 = · · · = xn = y
0 = →fi (xi ) ↑ ui , ↓i ↔ [n]
0 = →g(y ) ↑ v
0 = u1 + · · · + un + nv

<latexit sha1_base64="ADgdWHmIYpowwdS9bBYoktm3QTg="></latexit>

primal-dual optimality conditions:

<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•

<latexit sha1_base64="U9sQFwMQu17fQQs1tIdlhVsML0o="></latexit>

General unbiased compressors
with relative variance ω → 0:

<latexit sha1_base64="toPT8WOGk+nAC/VaBcKA4vUs/II="></latexit>

E
[
→C(x) ↑ x→2

]
↓ ω →x→2 , ↔x

<latexit sha1_base64="oylSuZYCqz2XGznc8KxyKo2jMsk="></latexit>

e.g. rand-k : ω = d
k → 1

<latexit sha1_base64="z2KfZ3Jqz+DbodRxThCKTMZVTL4="></latexit>

E
[
!t] → max

(
(1 ↑ ωµ)2, 1 ↑ p2ε

1 + 2ϑ

)t

!0,

<latexit sha1_base64="8sRt3tcMfHQLI3LL7l8UCGZKFrw=">AAAHg3iclVXbbtNAEJ0USkq4tfDIy0ISqbRVSCLUgkSlSoDEA4gi9SbVpbKdTWzVl3S9Lg0mH8Kn8Qf0K+DsxEnTW1oc2Zk9M3Pm6sTpBn6i6/Xfhalbt6fvFGfulu7df/Dw0ezc460kTpUrN904iNWOYycy8CO5qX0dyJ2uknboBHLbOXhn9NtHUiV+HG3oXlfuhXYn8tu+a2tA+7O/rCj2o5aMtLC0PNZOO9vwZKxk2Bfzht </latexit>

Theorem (linear convergence). With ω < 2
L+µ ,

suitable ε and ϑ, then for every t → 0,
<latexit sha1_base64="11hn/3kmJxPm2Rxd+ZC/0UaWBz8=">AAAH93iclVVbTxNBFD7FSxFRQX0xviwSEm42LQ+gDyQkYuKLERO5JAxtZrfTdsJeyswsUNf9IT6ZqDG++nP8B/LgP/DBM2e3hRaouM1uz5zLd75z2dZt+1KbcvlnYeTa9Rs3i6O3xm6P37l7b2Ly/paOYuWJTS/yI7Xjci18GYpNI40vdtpK8MD1xba7/8Latw+F0jIK35lOW+wFvBnKhvS4QVVtsjDOAjc6To5aQgknZRtaVh </latexit>

where !t := 1
ω

(∑n
i=1

∥∥xt
i →xε

∥∥2 + n
∥∥yt→xε

∥∥2
)

ω(1+2ϑ)
p2ϖ

(∑n
i=1

∥∥ut
i →↑fi (xε)

∥∥2 + n
∥∥vt→↑g(xε)

∥∥2
)

<latexit sha1_base64="9y+VnMWEGZS0YK5+qc3x2W2GLfA="></latexit>

Logistic regression, LibSVM a5a, d = 122, n = 288

<latexit sha1_base64="UhQFeu8r6Q+QuwXMfu2foi/a6TA="></latexit>

Uplink communication complexity in #reals:
<latexit sha1_base64="vieH6R4/gtt7P7DJbORchAhe3FQ="></latexit>

Algorithm O(· log ω→1) if n=O(d)
Scaffold dε dε
Scaffnew d

→
ε d

→
ε

EF21 dε dε
DIANA (1 + d

n )ε + d d
nε + d

ADIANA
(

1 + d↑
n

)
→
ε + d d↑

n

→
ε + d

FedComGate dε dε
5GCS-CC

(→
d + d↑

n

)
→
ε + d d↑

n

→
ε + d

C-Scaffnew
(→

d + d↑
n

)
→
ε + d d↑

n

→
ε + d

LoCoDL
(→

d + d↑
n

)
→
ε + d d↑

n

→
ε + d

<latexit sha1_base64="o90E8BypffYe75wzZgA0Cxv17uk=">AAAHSHiclVXLbtNQEJ0GSEt4tbBkY0gqIVSipIsWFpUqHhIbRJHoQ6rTynZuEit+9d6btsH471jxB/wBZYUEEmLHuRMnTV9pcWRn7pmZM08nbhL4Stdq36YK167fKE7P3Czdun3n7r3ZufsbKu5JT6x7cRDLLddRIvAjsa59HYitRAondAOx6XZfGf3mvpDKj6OPup+IRui0I7/le44GtDu781IobXlxmATi0Nd968DXHcuPmi </latexit>

Best complexity with independent rand-k compressors, k = → d
n ↑


