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Primal problem:

min (f(x) + g{(x) + h(Kx))

RandProx: Primal-Dual Optimization Algorithms
with Randomized Proximal Updates

Laurent Condat & Peter Richtarik
RandProx

input: initial points x° € X, u° € U;
stepsizes v >0,7>0;w >0

Vi prox,, | prox,,. A\ 0= K*uP
can be costly fotf =0,1,.. d°t g t
Dual problem: Xt = prox, (x' — yVIF(x!) —yvi)
min ((f+g)*(_K*u)+h*(u)) ut*t = ut + m[Rt(proxTh*(ut + TKX!) — ut)}
uel vt = eyt
proximity operator prox; : xB= 50— (1 +w) (v = V)
end for

x—argmin,, f(x')+%[x’

—x||?

Ri=ld,w=0 — u"*! =prox.,. (u'+ KX

General unbiased randomization process:
E[R(r!)] =r' and E||R("

Rt { Lrt with prob p

0 else

2 2
rtH } < ertH RandProx-skip

RandProx = Randomized PDDY [JOTA 2022]

input: initial points x° € X, u° c u;
stepsizes v > 0,7 > 0; p € (0,1]

e et x [P (1 +)

(1 —ypur)?
1 + Vg ’

C = max(
N

KTheorem 1. pur > 0o0rpug >0, and pp- > 0.
For suitable v and r, E[W!] < c'W0, vt > 0,

vO = K*uO
\ fort=0,1,...do
Xt =prox, (x! = yVF(x') — yv!)
Flip 6! = (1 with prob. p, or 0)
if 9! = 1 then
1 > u*! = prox_,. (ut + TKX')
t * Vt+1 - K*Ut+1
= +2 * —Uu
<7_ /’Lh) H Xt+1 = )A(t _ %(Vt+1 _ Vt)
else
B 27—,Uh* Ut = gt vt =t Xt o gt
1+w)(1+270p- end if
(1+w)( [ih+) J ol

[min frg+> i, h,-]
[R’: samplingj

RandProx-minibatch

input: initial x° € X, (u°), L EAXT
stepsize v > 0;ke{1,..,n}
VO 271 U/
fort=0,1,...do
Xt = prox.,, (X' — yVF(x') —yv!)
pick random Q! c {1,...,n} of size k
for i c Q' do
ut*! = prox L (uf + 2%
end for

foric {1,...,n}\Q! do
utt = Ut
end for
Vt+1 = Z” ut+1
Xt+1 . Xt ’Yn(vt+1 o Vt)
end for

{min > it fi]

[R’ ; compression]

RandProx-FL

|nput initial estimates (xo)j’1 € ",
(U, € X" suchthat 3"/, u° = 0;
stepS|ze v>0;w>0
fort=0,1,...do
fori=1,...,nin parallel do
Xt = xt —yVii(xt) — yut
al = RI(X!)
// send af to master
end for
=15"",al // at master
// master broadcasts &

fori=1,...,nin parallel do
d=al—a
uft = uf + 7(11@2 df
X =% - glodf
end for
end for




