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<latexit sha1_base64="layCNO0E8MSto0oOLbd2z/haYYA="></latexit>

Algorithm 1 RandProx
input: initial points x0 2 X , u0 2 U ;
stepsizes � > 0, ⌧ > 0; ! � 0
v0 := K ⇤u0

for t = 0, 1, ... do
x̂ t := prox�g

�
xt � �rf (xt ) � �vt�

ut+1 := ut + 1
1+!R

t�prox⌧h⇤ (ut + ⌧K x̂t ) � ut�

vt+1 := K ⇤ut+1

xt+1 := x̂ t � �(1 + !)(vt+1 � vt )
end for

<latexit sha1_base64="cmcQ4fnr9SG1qNyUaJAG63rjszo="></latexit>

Theorem 1. µf > 0 or µg > 0, and µh⇤ > 0.
For suitable � and ⌧ , E

⇥
 t⇤  ct 0, 8t � 0,

<latexit sha1_base64="ZtHyWirt3+AZgL0s7I8Bq7A055U="></latexit>

 t :=
1
�

��xt�x?
��2+(1+!)

✓
1
⌧

+2µh⇤

◆��ut�u?
��2

<latexit sha1_base64="y1HovarziEe8T3XvYdVCEtrPCFY="></latexit>

c := max
✓

(1��µf )2

1 + �µg
, 1� 2⌧µh⇤

(1+!)(1+2⌧µh⇤ )

◆

<latexit sha1_base64="1Rggd9j1KwqXYAAY2CuULlAiSO4="></latexit>

Algorithm 1
input: initial points x0 2 X , u0 2 U ;
stepsizes � > 0, ⌧ > 0; p 2 (0, 1]
v0 := K ⇤u0

for t = 0, 1, ... do
x̂ t := prox�g

�
xt � �rf (xt ) � �vt�

Flip ✓t := (1 with prob. p, or 0)
if ✓t = 1 then

ut+1 := prox⌧h⇤ (ut + ⌧K x̂t )
vt+1 := K ⇤ut+1

xt+1 := x̂ t � �
p (vt+1 � vt )

else
ut+1 := ut , vt+1 := vt , xt+1 := x̂ t

end if
end for

<latexit sha1_base64="p28z+1M3fDf0roTFxLUFrAt7UXk="></latexit>

RandProx-skip

<latexit sha1_base64="k6X9WDap0aDmouGgsWsqd+9H1As="></latexit>

Rt : r t 7!
(

1
p r t with prob p
0 else

<latexit sha1_base64="c9ahawRhDoosa4UpXvLsLRgq8og="></latexit>

min f + g +
Pn

i=1 hi

<latexit sha1_base64="Lzyi0FTXQupMJygNRxuMt1mnkPw="></latexit>

Algorithm 1
input: initial x0 2 X , (u0

i )n
i=1 2 X n;

stepsize � > 0; k 2 {1, ... , n}
v0 :=

Pn
i=1 u0

i
for t = 0, 1, ... do

x̂ t := prox�g
�
xt � �rf (xt ) � �vt�

pick random ⌦t ⇢{1,...,n} of size k
for i 2 ⌦t do

ut+1
i := prox 1

�n h⇤
i
(ut

i + 1
�n x̂ t )

end for
for i 2 {1, ... , n}\⌦t do

ut+1
i := ut

i
end for
vt+1 :=

Pn
i=1 ut+1

i
x t+1 := x̂ t � �n

k (vt+1 � vt )
end for

<latexit sha1_base64="13BzqKOci9F7oV6cLWyd06jqE2Y="></latexit>

RandProx-minibatch

<latexit sha1_base64="iD2nEJMlHn6iJAIWrweeq4nooso="></latexit>

Rt : sampling

<latexit sha1_base64="XF43gvFpDHzr6rXt1DFNJhi7aRQ="></latexit>

Algorithm 1
input: initial estimates (x0

i )n
i=1 2 X n,

(u0
i )n

i=1 2 X n such that
Pn

i=1 u0
i = 0;

stepsize � > 0; ! � 0
for t = 0, 1, ... do

for i = 1, ... , n in parallel do
x̂ t

i := xt
i � �rfi (xt

i ) � �ut
i

at
i := Rt (x̂ t

i )
// send at

i to master
end for
at := 1

n
Pn

i=1 at
i // at master

// master broadcasts at

for i = 1, ... , n in parallel do
dt

i := at
i � at

ut+1
i := ut

i + 1
�(1+!)2 dt

i

x t+1
i := x̂ t

i �
1

1+!dt
i

end for
end for

<latexit sha1_base64="xn7mvQLYZhxHynGWZ/m4K/SyCcU="></latexit>

RandProx-FL

<latexit sha1_base64="Jrb9jTbEuf8kTKRHw2XjL0zJ56A="></latexit>

min
Pn

i=1 fi
<latexit sha1_base64="7+/wqp10lsvoDDIUIf6/JoTXP9M="></latexit>

Rt : compression

RandProx: Primal–Dual Optimization Algorithms 
with Randomized Proximal Updates 

<latexit sha1_base64="oDdG4e1I0yYN2hldJ40ggQxQHh4="></latexit>

RandProx

<latexit sha1_base64="zC2Ebj8TpUgeZ0Wm7Ik8H2bXXBs=">AAAIoXiclVXbbtNAEJ22XEK4tfDIS0oUKSklcpDawgNSBTwUIUS5pK1Ut5Fvsa36EvlSKJYF/4H4EJ74AX6AJ17pX3B2skmTtomLo3hnz845OzM7tvWe58aJovyemZ27dPnK1dK18vUbN2/dnl+4sxWHaWRYbSP0wmhH12LLcwOrnbiJZ+30Ikvzdc/a1g+ei/XtQyuK3TD4kBz1rD1fswO36xpaAqgz/75cLqu+G3SyVHUD1d </latexit>

min
u2U

⇣
(f +g)⇤(�K ⇤u)+h⇤(u)

⌘
<latexit sha1_base64="UdqhIfu85c3ZAZVI+IjLnoYuUtA=">AAAIWXiclVXbbtNAEJ20QE24tfSRl4goEkJV5FRqC0hIlegDL4gikbZSGyrb2ThW7dj4UihWJP6CB17gsxA/AH/BmckmzaWJi6NkZ2fnnD0zO87ake8lqWn+Ki0t37h5a8W4Xb5z9979B6trDw+SMIsd1XRCP4yPbCtRvtdTzdRLfXUUxcoKbF8d2meveP3wXMWJF/bepxeRagWW2/M6nmOlcLX2MsuvRHGI8ODF6WrVrJvyVG </latexit>

Dual problem:

<latexit sha1_base64="ErBXmNJRPEYyjHWb1ANDCXo2P3k=">AAAIlHiclVXbbtNAEJ22XEy4pSDxwotFFSmFKnKQ2oIEUkUBVUJAkehFqkvkW2yrvkS2U1osC/4D8Qf8Az/AE28IPgD+grOTTZq0TVxsOTs7O+fsmdlxbHYCP8007efU9My58xcuKpcql69cvXa9OntjM427ieVsWHEQJ9umkTqBHzkbmZ8FznYncYzQDJwtc29VrG/tO0nqx9Hb7LDj7IaGG/lt3zIyuFrV55VKRQ/9qJUf6H </latexit>

min
x2X

⇣
f (x) + g(x) + h(Kx)

⌘
<latexit sha1_base64="GxNutyRdVPlcSeRO7BT/K4L4ZSg=">AAAIXXiclVVNb9NAEJ22lIZS+gEHDlwiokoIVZFTqS0gIVWCAxdEkEhbqQ2V7WwcK3Zsre1CsSrxP3qFH8WJK/wL3kw2adI2cXCU7OzsvLdvZsdZJw78JLWsX3PzC3cW7y6V7i3fX3mwura+8fAgiTLtqoYbBZE+cuxEBX5PNVI/DdRRrJUdOoE6dLpveP3wTOnEj3qf0vNYNUPb6/lt37VTuE7X1+raD+2gHOsIkPDV6XrFql </latexit>

Primal problem:

<latexit sha1_base64="l87Mn8bOLiE3q7YSPyB6jXI/FZk="></latexit>

rf <latexit sha1_base64="lgP4ONVpQMHLUJhFsGzF33dqasI="></latexit>prox�g
<latexit sha1_base64="w4Nc6x8CdK3afeXTCwvQ/bek+KE="></latexit>prox⌧h⇤

<latexit sha1_base64="gd29GT56tlHdgBKdlYMLb6akFE0="></latexit>

can be costly

<latexit sha1_base64="d4mPx350KzWwqY1X7SZomXKdBfo="></latexit>

Rt = Id, ! = 0 ! ut+1 := prox⌧h⇤
�
ut + ⌧K x̂t�

<latexit sha1_base64="d33FX2bd0AaNgX9nzgGVmec8pn0=">AAAJSXiclVbJbhNBEK2QAI7ZEjhyGWFFAhRZdqQkgIQUCSS4IAIii5SEaJa23cpsmiWQjCLxB3wNV/gAvoA/gCM3xIlX5bZjx7EnzMie6up6r6ted0+PE/s6zRqNH1OXpmcuX7lama1eu37j5q25+dubaZQnrtpwIz9Kth07Vb4O1UamM19tx4myA8dXW87BM+7fOlRJqqPwXXYUq73Aboe6pV07g2t/7sELFarE9q08dDR4PK </latexit>

General unbiased randomization process:

<latexit sha1_base64="mTnWuKSfS/PM/X+kdLQZZAIx8lI=">AAAFb3iclVRdaxNREJ3GRmv8SvVBRJDFNKClhE3BVgWhoA++iBVMW2hC2N3cJEv2i7t3a2MI+O6v8VV/if9AH/0HnplsNG2Mxl12d+6ZOefOzL173STwU2PbX1cKF1aLFy+tXS5duXrt+o3y+s2DNM60pxpeHMT6yHVSFfiRahjfBOoo0coJ3UAduoPn7D88UTr14+itGSaqFTq9yO/6nmMAtcvVRMenfuiboRUnSjsm1tZGM3 </latexit>

proximity operator proxf :
<latexit sha1_base64="Rm0/VLQzz+kfQy1EibiVX6N+JBc=">AAAFlniclVTbbtNAEJ0WAqXcUpC4CB4cqioF0sipRAsPoEoFwQOIItGL1C2V7WwSq77JXhcH1xLfxNfAI30C8ROcnbiQtgSKLXtnz8w5OzO7th15bqJM88vY+KnTlTNnJ85Nnr9w8dLl6tSVtSRMY0euOqEXxhu2lUjPDeSqcpUnN6JYWr7tyXV7Z1n713dlnLhh8Fb1I7nlW93A7biOpQBtV18amSFqwreiRIUwrLjru8F2nt </latexit>

x 7!arg minx0 f (x 0)+ 1
2kx 0�xk2

RandProx = Randomized PDDY [JOTA 2022]

<latexit sha1_base64="G3haw6YZdRwK3q+UggZ2gEPFYpc=">AAAJRHiclVbLbtNQEJ1CAVNeLSxYsMCiFBVURQ5SW1hUqgRIbBClog+pSSvbcWyrdmz5UShWpK75GrbwAXwBG/4AJHaILeLM2EmTprGLreTOnTvn3DNz77VthJ4bJ5r2feLc+ckLFy8pl6euXL12/cb0zM3NOEgj09owAy+Itg09tjy3Y20kbuJZ22Fk6b7hWVvG/jMe3zqwotgNOm+Tw9Bq+rrdcduuqSdw7U3fb/h64hhG9q </latexit>

E
⇥
R(r t )

⇤
= r t <latexit sha1_base64="LJEN6Po69y2/bZA7M7kJ2OJ+I7A="></latexit>

and
<latexit sha1_base64="r7fiuSH05yUIfyYpwDlpElsOL04="></latexit>

E
h��R(r t ) � r t��2

i
 !

��r t��2


