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lower bounds in Woodworth & Srebro [2016] 
on number of gradient calls:

<latexit sha1_base64="6vK+eIQIsDQS+OLBCzJwDASyHTo="></latexit>• deterministic algorithms:
<latexit sha1_base64="TIq67JmoA1tgjSV75zBjFi65Syk="></latexit>

⌦
�
n
p

L/µ log ✏�1�

Foreword: the power of randomness
<latexit sha1_base64="CyTEFipV5aFoOk+9JzE485NSAcc="></latexit>

minimize
x2Rd

1
n

nX

i=1

fi (x)
<latexit sha1_base64="Z9foSwWST5Yg7czFjkQl8Rh9mJs="></latexit>

using the →fi

<latexit sha1_base64="YZwUpyWGdEZkHdhdPiGkyQevGTI="></latexit>

with every fi L-smooth and µ-strongly convex
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lower bounds in Woodworth & Srebro [2016] 
on number of gradient calls:

<latexit sha1_base64="6vK+eIQIsDQS+OLBCzJwDASyHTo="></latexit>• deterministic algorithms:
<latexit sha1_base64="BY0C06Psuwd5wKi55rKRl3qkALY="></latexit>

⌦
�
(n +

p
nL/µ) log ✏�1�

<latexit sha1_base64="TIq67JmoA1tgjSV75zBjFi65Syk="></latexit>

⌦
�
n
p

L/µ log ✏�1�

<latexit sha1_base64="6vK+eIQIsDQS+OLBCzJwDASyHTo="></latexit>• randomized algorithms:

Foreword: the power of randomness
<latexit sha1_base64="CyTEFipV5aFoOk+9JzE485NSAcc="></latexit>

minimize
x2Rd

1
n

nX

i=1

fi (x)
<latexit sha1_base64="Z9foSwWST5Yg7czFjkQl8Rh9mJs="></latexit>

using the →fi

<latexit sha1_base64="YZwUpyWGdEZkHdhdPiGkyQevGTI="></latexit>

with every fi L-smooth and µ-strongly convex
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Server

Client 1 Client 2 Client n...

Distributed optimization
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Client 1 Client 2 Client n...

Distributed optimization
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Federated learning



Laurent Condat

KAUST

/ 433

Federated learning
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Federated learning
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FL for medical imaging [Holger Roth, Nvidia] 

Federated learning
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Optimization problem

<latexit sha1_base64="CyTEFipV5aFoOk+9JzE485NSAcc="></latexit>

minimize
x2Rd

1
n

nX

i=1

fi (x)

<latexit sha1_base64="LGub6QqhcGEPpyb2SHVdYSN5VLU="></latexit>

Every function fi is µ-strongly convex and L-smooth,
for some L � µ > 0
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Optimization problem

<latexit sha1_base64="CyTEFipV5aFoOk+9JzE485NSAcc="></latexit>

minimize
x2Rd

1
n

nX

i=1

fi (x)

<latexit sha1_base64="0dlI1XCgd3WF/fys/CDHcIlohHI="></latexit>

 :=
L
µ

<latexit sha1_base64="LGub6QqhcGEPpyb2SHVdYSN5VLU="></latexit>

Every function fi is µ-strongly convex and L-smooth,
for some L � µ > 0
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Server
<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Distributed GD
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )
<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )

Server

Distributed GD
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )

Server

Server

Distributed GD
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

<latexit sha1_base64="vXlDtMT2FboK/E9lvE2mGCsemWc="></latexit>

xt+1 := xt � �

n

nX

i=1

rfi (xt )

<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )

Server

Server

Distributed GD
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

<latexit sha1_base64="j+07ig+sOFqSDvVV+wdElCCOmac="></latexit>

DownCom

<latexit sha1_base64="AnpOiSCgDBJEwjQumlyq4jQ3/80="></latexit>

UpCom

<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )

Server

Server

Distributed GD
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

<latexit sha1_base64="j+07ig+sOFqSDvVV+wdElCCOmac="></latexit>

DownCom

<latexit sha1_base64="AnpOiSCgDBJEwjQumlyq4jQ3/80="></latexit>

UpCom

<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )

Server

Server

Distributed GD

<latexit sha1_base64="yxcUrLxbU3PLmsIiEhyrgxX1rLc="></latexit>

complexity = #com. rounds ⇥ #reals
per round to reach ✏-accuracy
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

<latexit sha1_base64="j+07ig+sOFqSDvVV+wdElCCOmac="></latexit>

DownCom

<latexit sha1_base64="AnpOiSCgDBJEwjQumlyq4jQ3/80="></latexit>

UpCom

<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )

Server

Server

Distributed GD

<latexit sha1_base64="yxcUrLxbU3PLmsIiEhyrgxX1rLc="></latexit>

complexity = #com. rounds ⇥ #reals
per round to reach ✏-accuracy

<latexit sha1_base64="QLzxW8WPOip3JjC7HNR1uMfuPoU="></latexit>

GD:
<latexit sha1_base64="TA5asFCl61ZK8j051TtYjlU4DU4="></latexit>

O
�
d log

�
✏�1��
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

<latexit sha1_base64="j+07ig+sOFqSDvVV+wdElCCOmac="></latexit>

DownCom

<latexit sha1_base64="AnpOiSCgDBJEwjQumlyq4jQ3/80="></latexit>

UpCom

<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )

Server

Server

Distributed GD

<latexit sha1_base64="yxcUrLxbU3PLmsIiEhyrgxX1rLc="></latexit>

complexity = #com. rounds ⇥ #reals
per round to reach ✏-accuracy

<latexit sha1_base64="QLzxW8WPOip3JjC7HNR1uMfuPoU="></latexit>

GD:
<latexit sha1_base64="TA5asFCl61ZK8j051TtYjlU4DU4="></latexit>

O
�
d log

�
✏�1�� <latexit sha1_base64="gKW8sI7VBvCViiLKvVVrWzyATdA="></latexit>

O
(
d
→
ω log

(
ε→1))<latexit sha1_base64="z9bOud8PXrl7EGPSfNfKMaUUSIw="></latexit>

AGD:
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<latexit sha1_base64="MUz68yOubbfYumZYK5EtCjUjmnQ="></latexit>

minimize
x2Rd

f (x) :=
1
n

nX

i=1

fi (x)

decrease
frequency

<latexit sha1_base64="0f9GLlT6DvxYsI+u1zRRAN2Ctn8="></latexit>

condition
number 

9

Local training
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<latexit sha1_base64="MUz68yOubbfYumZYK5EtCjUjmnQ="></latexit>

minimize
x2Rd

f (x) :=
1
n

nX

i=1

fi (x)

compress
vectors

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

e.g.

10

Compression
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<latexit sha1_base64="MUz68yOubbfYumZYK5EtCjUjmnQ="></latexit>

minimize
x2Rd

f (x) :=
1
n

nX

i=1

fi (x)

11

Partial participation



1) Local 
Training
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="DRkcFRBYFkGo/sJ4KZRGFSzrFek="></latexit>

xt+1
n = xt � �rfn(xt )

<latexit sha1_base64="tTTJAd834Ak1uZY0kLzhhEFw9SY=">AAAFcHiclVTbbtNAEJ2GBkq4pfACAglDFNSWEsVItCBUqQIeeEEUibQVTRqtnU1ixTfZ65Jg5Q+Q+BGeeIUf4Q/glS/g7MSBtCEQbNmePTPn7Mzseq3QdWJVrX5dyJ1azJ8+s3S2cO78hYuXisuXd+MgiWxZswM3iPYtEUvX8WVNOcqV+2EkhWe5cs/qPdX+vSMZxU7gv1aDUDY80fGdtmMLBahZvNNvmoepumsOjS2jf6ju1T </latexit>

xt+1
1 = xt � �rf1(xt )

Distributed GD
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<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="DRkcFRBYFkGo/sJ4KZRGFSzrFek="></latexit>

xt+1
n = xt � �rfn(xt )

<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

Distributed GD

Server
<latexit sha1_base64="AKct3qS/tCXM2q0EhF3m9OhgFIY="></latexit>

xt+1 :=
1
n

nX

i=1

xt+1
i

<latexit sha1_base64="tTTJAd834Ak1uZY0kLzhhEFw9SY=">AAAFcHiclVTbbtNAEJ2GBkq4pfACAglDFNSWEsVItCBUqQIeeEEUibQVTRqtnU1ixTfZ65Jg5Q+Q+BGeeIUf4Q/glS/g7MSBtCEQbNmePTPn7Mzseq3QdWJVrX5dyJ1azJ8+s3S2cO78hYuXisuXd+MgiWxZswM3iPYtEUvX8WVNOcqV+2EkhWe5cs/qPdX+vSMZxU7gv1aDUDY80fGdtmMLBahZvNNvmoepumsOjS2jf6ju1T </latexit>

xt+1
1 = xt � �rf1(xt )
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="tTTJAd834Ak1uZY0kLzhhEFw9SY=">AAAFcHiclVTbbtNAEJ2GBkq4pfACAglDFNSWEsVItCBUqQIeeEEUibQVTRqtnU1ixTfZ65Jg5Q+Q+BGeeIUf4Q/glS/g7MSBtCEQbNmePTPn7Mzseq3QdWJVrX5dyJ1azJ8+s3S2cO78hYuXisuXd+MgiWxZswM3iPYtEUvX8WVNOcqV+2EkhWe5cs/qPdX+vSMZxU7gv1aDUDY80fGdtmMLBahZvNNvmoepumsOjS2jf6ju1T </latexit>

xt+1
1 = xt � �rf1(xt )

<latexit sha1_base64="DRkcFRBYFkGo/sJ4KZRGFSzrFek="></latexit>

xt+1
n = xt � �rfn(xt )

<latexit sha1_base64="J8XKBr4opuIVI6ryfDzZoycPSY0=">AAAFfHiclVTbbtNAEJ2GBkq4pfCE4MEiRCq0jeJIpCBUqQIeeEEUibQVTYjWziax4pt8KQ1WvoFXPoJv4BV+gT+An0CcnWxK2hAItmzPnplzdmZ2vVboOnFSrX5byp1bzp+/sHKxcOnylavXiqvX9+IgjWzZsAM3iA4sEUvX8WUjcRJXHoSRFJ7lyn1r8FT5949kFDuB/zoZhrLliZ7vdB1bJIDaxdpx23ybJeu1kbFtaNscbT </latexit>

xt+2
1 = xt+1

1 � �rf1(xt+1
1 )

<latexit sha1_base64="6LW7mIL3ABDqWMbMMiGAF5QtHUo="></latexit>

xt+2
n = xt+1

n � �rfn(xt+1
n )

Distributed Local GD = FedAvg
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="tTTJAd834Ak1uZY0kLzhhEFw9SY=">AAAFcHiclVTbbtNAEJ2GBkq4pfACAglDFNSWEsVItCBUqQIeeEEUibQVTRqtnU1ixTfZ65Jg5Q+Q+BGeeIUf4Q/glS/g7MSBtCEQbNmePTPn7Mzseq3QdWJVrX5dyJ1azJ8+s3S2cO78hYuXisuXd+MgiWxZswM3iPYtEUvX8WVNOcqV+2EkhWe5cs/qPdX+vSMZxU7gv1aDUDY80fGdtmMLBahZvNNvmoepumsOjS2jf6ju1T </latexit>

xt+1
1 = xt � �rf1(xt )

<latexit sha1_base64="DRkcFRBYFkGo/sJ4KZRGFSzrFek="></latexit>

xt+1
n = xt � �rfn(xt )

<latexit sha1_base64="J8XKBr4opuIVI6ryfDzZoycPSY0=">AAAFfHiclVTbbtNAEJ2GBkq4pfCE4MEiRCq0jeJIpCBUqQIeeEEUibQVTYjWziax4pt8KQ1WvoFXPoJv4BV+gT+An0CcnWxK2hAItmzPnplzdmZ2vVboOnFSrX5byp1bzp+/sHKxcOnylavXiqvX9+IgjWzZsAM3iA4sEUvX8WUjcRJXHoSRFJ7lyn1r8FT5949kFDuB/zoZhrLliZ7vdB1bJIDaxdpx23ybJeu1kbFtaNscbT </latexit>

xt+2
1 = xt+1

1 � �rf1(xt+1
1 )

<latexit sha1_base64="6LW7mIL3ABDqWMbMMiGAF5QtHUo="></latexit>

xt+2
n = xt+1

n � �rfn(xt+1
n )

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>... <latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="ygeD/hO3xeDKU5GBAOUlA2CtB8g="></latexit>

x
t+H

n = x
t+H�1
n � �rfn(xt+H�1

n )
<latexit sha1_base64="XuR+DrZZ8TKXJO524uFd8Xe51EM=">AAAFgHiclVRbbtNQEJ0GDCW8UvhC8GERRQrQhhiJlIcqVcBHfxBFIm1Fk0a2c5NY8Ut+lAYra2ADLIFV8AsbYAewC85MHEgbAsWW7bln5pw7M/f6WqHrxEm9/m2pcOasdu788oXixUuXr1wtrVzbiYM0slXTDtwg2rPMWLmOr5qJk7hqL4yU6Vmu2rWGz9m/e6ii2An8N8koVG3P7PtOz7HNBFCn1DjqGAdZcm9rrG/oU3vNGK </latexit>

x
t+H

1 = x
t+H�1
1 � �rf1(xt+H�1

1 )

<latexit sha1_base64="eYTuYDcnQcuTYspwSz8rhuTOLjA="></latexit>

H � 1

Distributed Local GD = FedAvg
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="tTTJAd834Ak1uZY0kLzhhEFw9SY=">AAAFcHiclVTbbtNAEJ2GBkq4pfACAglDFNSWEsVItCBUqQIeeEEUibQVTRqtnU1ixTfZ65Jg5Q+Q+BGeeIUf4Q/glS/g7MSBtCEQbNmePTPn7Mzseq3QdWJVrX5dyJ1azJ8+s3S2cO78hYuXisuXd+MgiWxZswM3iPYtEUvX8WVNOcqV+2EkhWe5cs/qPdX+vSMZxU7gv1aDUDY80fGdtmMLBahZvNNvmoepumsOjS2jf6ju1T </latexit>

xt+1
1 = xt � �rf1(xt )

<latexit sha1_base64="DRkcFRBYFkGo/sJ4KZRGFSzrFek="></latexit>

xt+1
n = xt � �rfn(xt )

<latexit sha1_base64="J8XKBr4opuIVI6ryfDzZoycPSY0=">AAAFfHiclVTbbtNAEJ2GBkq4pfCE4MEiRCq0jeJIpCBUqQIeeEEUibQVTYjWziax4pt8KQ1WvoFXPoJv4BV+gT+An0CcnWxK2hAItmzPnplzdmZ2vVboOnFSrX5byp1bzp+/sHKxcOnylavXiqvX9+IgjWzZsAM3iA4sEUvX8WUjcRJXHoSRFJ7lyn1r8FT5949kFDuB/zoZhrLliZ7vdB1bJIDaxdpx23ybJeu1kbFtaNscbT </latexit>

xt+2
1 = xt+1

1 � �rf1(xt+1
1 )

<latexit sha1_base64="6LW7mIL3ABDqWMbMMiGAF5QtHUo="></latexit>

xt+2
n = xt+1

n � �rfn(xt+1
n )

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>... <latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="ygeD/hO3xeDKU5GBAOUlA2CtB8g="></latexit>

x
t+H

n = x
t+H�1
n � �rfn(xt+H�1

n )
<latexit sha1_base64="XuR+DrZZ8TKXJO524uFd8Xe51EM=">AAAFgHiclVRbbtNQEJ0GDCW8UvhC8GERRQrQhhiJlIcqVcBHfxBFIm1Fk0a2c5NY8Ut+lAYra2ADLIFV8AsbYAewC85MHEgbAsWW7bln5pw7M/f6WqHrxEm9/m2pcOasdu788oXixUuXr1wtrVzbiYM0slXTDtwg2rPMWLmOr5qJk7hqL4yU6Vmu2rWGz9m/e6ii2An8N8koVG3P7PtOz7HNBFCn1DjqGAdZcm9rrG/oU3vNGK </latexit>

x
t+H

1 = x
t+H�1
1 � �rf1(xt+H�1

1 )

Server
<latexit sha1_base64="bLERFHFSFxwQ+52GLhbqQ0hob/E="></latexit>

x
t+H :=

1
n

nX

i=1

x
t+H

i

Distributed Local GD = FedAvg
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<latexit sha1_base64="9lHlTKzFlX9AyLIJ4OOSw06zahA="></latexit>

(logistic regression)

16

Distributed Local GD = FedAvg
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Local GD: analysis

<latexit sha1_base64="9lHlTKzFlX9AyLIJ4OOSw06zahA="></latexit>

(logistic regression)

16

Malinovsky, Kovalev, Gasanov, Condat, Richtárik, “From local SGD to 
local fixed point methods for federated learning,” ICML 2020 
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x?
<latexit sha1_base64="cYDmkYI8j3U6dWHm1x0TEL0GNEU="></latexit>

x†
<latexit sha1_base64="PWZsSoZSQ8CvHyfP8ug+1ITWCp0="></latexit>

<latexit sha1_base64="rus0+ayxRzJgwaSTiGeeLoVU9Bc="></latexit>

kx
† � x

?k  S,

where

⇠ = 1 � �µ, S =
⇠

1 � ⇠

1 � ⇠H�1

1 � ⇠H

1
n

nX

i=1

krfi (x?)k.

<latexit sha1_base64="Y8aZoEVI5RQ1k1OMKSN7AdyDIwQ="></latexit>

Theorem 2.11 (linear convergence) With � 2 (0, 2
L+µ ],

(xrH )r�0 converges linearly to x† with rate ⇠H and
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Mishchenko, Malinovsky, Stich, Richtárik, “ProxSkip: Yes! Local Gradient 
Steps Provably Lead to Communication Acceleration!,” ICML 2022

Probabilistic Com:

Scaffnew: Variance-reduced local GD

<latexit sha1_base64="4GgM6/D2d+BZzjK4xTsNJkalWck="></latexit>

xt+1
i :=

⇢ 1
n
Pn

j=1 x̂ t
j with probability p

x̂ t
i with probability 1 � p

<latexit sha1_base64="ZqGDKct0GQdEApJhRRMHmp2Ufxo="></latexit>

x̂ t
1 = xt

1 � �rf1(xt
1) + �ht

1

<latexit sha1_base64="GU3Qw68dhwYkKyxpUU5aQvcaVt8="></latexit>

x̂ t
n = xt

n � �rfn(xt
n) + �ht

n

<latexit sha1_base64="nEBCmhr8u++epUGJI2Fbh4dhkFw="></latexit>

O
�
d
p
 log ✏�1�<latexit sha1_base64="Ga/noj+ifj+uCtjVfA924XvNuTk="></latexit>

p = 1p
 TotalCom
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Mishchenko, Malinovsky, Stich, Richtárik, “ProxSkip: Yes! Local Gradient 
Steps Provably Lead to Communication Acceleration!,” ICML 2022

Probabilistic Com:
<latexit sha1_base64="4GgM6/D2d+BZzjK4xTsNJkalWck="></latexit>

xt+1
i :=

⇢ 1
n
Pn

j=1 x̂ t
j with probability p

x̂ t
i with probability 1 � p

<latexit sha1_base64="ZqGDKct0GQdEApJhRRMHmp2Ufxo="></latexit>

x̂ t
1 = xt

1 � �rf1(xt
1) + �ht

1

<latexit sha1_base64="GU3Qw68dhwYkKyxpUU5aQvcaVt8="></latexit>

x̂ t
n = xt

n � �rfn(xt
n) + �ht

n

Condat and Richtárik, “RandProx: Primal-Dual Optimization Algorithms 
with Randomized Proximal Updates,” ICLR 2023

Scaffnew: Variance-reduced local GD



2) Compression
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...
<latexit sha1_base64="D8ad802Gtq3FdiHHeb2tYJLWZH0="></latexit>

rfn(xt )
<latexit sha1_base64="PESoBHe+hDJDcWzHCSXO0Dwx4yo="></latexit>

rf1(xt )

Server

Server

compression

Distributed GD
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Server

Server

<latexit sha1_base64="NOBISKoB4gXUqSXf8u0g4qShVzs="></latexit>

dt
n =

C t
n
�
rfn(xt ) � ht

n
�

<latexit sha1_base64="lzGmiFZqwMxR6Sw7O7sSntWG5vw="></latexit>

dt
1 =

C t
1
�
rf1(xt ) � ht

1
�

Distributed GD with compression
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Server

Server

<latexit sha1_base64="NOBISKoB4gXUqSXf8u0g4qShVzs="></latexit>

dt
n =

C t
n
�
rfn(xt ) � ht

n
�

<latexit sha1_base64="lzGmiFZqwMxR6Sw7O7sSntWG5vw="></latexit>

dt
1 =

C t
1
�
rf1(xt ) � ht

1
�

DIANA

<latexit sha1_base64="jAfofLHiNPIb1VLGI6IUWbtX4I8="></latexit>

xt+1 := xt � �gt with gt = ht +
1
n

nX

i=1

dt
i
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Server

Server

<latexit sha1_base64="NOBISKoB4gXUqSXf8u0g4qShVzs="></latexit>

dt
n =

C t
n
�
rfn(xt ) � ht

n
�

<latexit sha1_base64="lzGmiFZqwMxR6Sw7O7sSntWG5vw="></latexit>

dt
1 =

C t
1
�
rf1(xt ) � ht

1
�

<latexit sha1_base64="tvV+2lShlioeERG2QcS7UGGGh0Q="></latexit>

ht+1
i := ht

i + �dt
iupdate of the control variates:

DIANA

<latexit sha1_base64="jAfofLHiNPIb1VLGI6IUWbtX4I8="></latexit>

xt+1 := xt � �gt with gt = ht +
1
n

nX

i=1

dt
i

Mishchenko et al., “Distributed Learning with Compressed 
Gradient Differences,” 2019, published in 2024
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Server

Server

<latexit sha1_base64="NOBISKoB4gXUqSXf8u0g4qShVzs="></latexit>

dt
n =

C t
n
�
rfn(xt ) � ht

n
�

<latexit sha1_base64="lzGmiFZqwMxR6Sw7O7sSntWG5vw="></latexit>

dt
1 =

C t
1
�
rf1(xt ) � ht

1
�

<latexit sha1_base64="tvV+2lShlioeERG2QcS7UGGGh0Q="></latexit>

ht+1
i := ht

i + �dt
iupdate of the control variates:

DIANA

<latexit sha1_base64="jAfofLHiNPIb1VLGI6IUWbtX4I8="></latexit>

xt+1 := xt � �gt with gt = ht +
1
n

nX

i=1

dt
i

Condat and Richtárik, “MURANA: A Generic Framework for 
Stochastic Variance-Reduced Optimization,” MSML 2022
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Server

Server

<latexit sha1_base64="NOBISKoB4gXUqSXf8u0g4qShVzs="></latexit>

dt
n =

C t
n
�
rfn(xt ) � ht

n
�

<latexit sha1_base64="lzGmiFZqwMxR6Sw7O7sSntWG5vw="></latexit>

dt
1 =

C t
1
�
rf1(xt ) � ht

1
�

<latexit sha1_base64="BuQqZKpbtDm6cXOHI2fA8uq35E8="></latexit>

xt+1 := xt � �gt with gt = ht +
⌫

n

nX

i=1

dt
i

<latexit sha1_base64="tvV+2lShlioeERG2QcS7UGGGh0Q="></latexit>

ht+1
i := ht

i + �dt
iupdate of the control variates:

Condat, Yi, Richtárik, “EF-BV: A unified theory of error feedback and variance reduction 
for biased and unbiased compression in distributed optimization,” NeurIPS 2022 

EF-BV
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Unbiased random compression

<latexit sha1_base64="0JUXbT1mEGfMvKgYCPaGZ32NUHs="></latexit>

E[C(x)] = x

<latexit sha1_base64="THN3VXnJfNGf0qA6pPsNT9vh5v8="></latexit>

For every ω → 0, U(ω) is the set of compression
operators C : Rd ↑ Rd such that, for every x ↓ Rd ,

<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
<latexit sha1_base64="BAt6ADXdhP80A8piCXGTU9eEJD0="></latexit>

E
[
→C(x) ↑ x→2

]
↓ ω →x→2<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
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<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥

<latexit sha1_base64="BpG48JQB8ENB0FIWSGd1p2IZxQM="></latexit>

0

<latexit sha1_base64="BpG48JQB8ENB0FIWSGd1p2IZxQM="></latexit>

0

<latexit sha1_base64="BpG48JQB8ENB0FIWSGd1p2IZxQM="></latexit>

0

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="eWTspla9W8yezmWJAe6Qg/1pqg4="></latexit>

5
2

<latexit sha1_base64="mqOjEuMon/nHE7EoCJP8YgR3eCM="></latexit>

• rand-k : k elements out of d chosen unif. at
<latexit sha1_base64="gEjE7s2QQEzyaOFDZIzORWRWJ2I="></latexit>

random and scaled by d
k , other ones set to 0.

Unbiased random compression
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<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>

⇥

<latexit sha1_base64="BpG48JQB8ENB0FIWSGd1p2IZxQM="></latexit>

0

<latexit sha1_base64="BpG48JQB8ENB0FIWSGd1p2IZxQM="></latexit>

0

<latexit sha1_base64="BpG48JQB8ENB0FIWSGd1p2IZxQM="></latexit>

0

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="eWTspla9W8yezmWJAe6Qg/1pqg4="></latexit>

5
2

<latexit sha1_base64="mqOjEuMon/nHE7EoCJP8YgR3eCM="></latexit>

• rand-k : k elements out of d chosen unif. at
<latexit sha1_base64="gEjE7s2QQEzyaOFDZIzORWRWJ2I="></latexit>

random and scaled by d
k , other ones set to 0.

Unbiased random compression

<latexit sha1_base64="OYZwXOXuagS2RFCrOHRCMQdIjK0="></latexit>

rand-k → U
( d

k ↑ 1
)
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<latexit sha1_base64="mqOjEuMon/nHE7EoCJP8YgR3eCM="></latexit>

• rand-k : k elements out of d chosen unif. at
<latexit sha1_base64="gEjE7s2QQEzyaOFDZIzORWRWJ2I="></latexit>

random and scaled by d
k , other ones set to 0.

<latexit sha1_base64="jHI9S5JRerPv3hYhz4YeUsgEglY="></latexit>

• quantization
<latexit sha1_base64="yOhWAnNbrbmB8+wr6eDY/ZvlgXE="></latexit>{

1 with probability 4
5

2 with probability 1
5

<latexit sha1_base64="cMfWfz8SD35Bwq3457XbEWQFkuM="></latexit>

C(1.2) =

Unbiased random compression
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<latexit sha1_base64="mqOjEuMon/nHE7EoCJP8YgR3eCM="></latexit>

• rand-k : k elements out of d chosen unif. at
<latexit sha1_base64="gEjE7s2QQEzyaOFDZIzORWRWJ2I="></latexit>

random and scaled by d
k , other ones set to 0.

<latexit sha1_base64="jHI9S5JRerPv3hYhz4YeUsgEglY="></latexit>

• quantization
<latexit sha1_base64="yOhWAnNbrbmB8+wr6eDY/ZvlgXE="></latexit>{

1 with probability 4
5

2 with probability 1
5

<latexit sha1_base64="cMfWfz8SD35Bwq3457XbEWQFkuM="></latexit>

C(1.2) =

Unbiased random compression

<latexit sha1_base64="lcgd431UzYy/Uc/Lqlaq9ffaxGI="></latexit>

C → U
( 1

8

)
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<latexit sha1_base64="mqOjEuMon/nHE7EoCJP8YgR3eCM="></latexit>

• rand-k : k elements out of d chosen unif. at
<latexit sha1_base64="gEjE7s2QQEzyaOFDZIzORWRWJ2I="></latexit>

random and scaled by d
k , other ones set to 0.

<latexit sha1_base64="jHI9S5JRerPv3hYhz4YeUsgEglY="></latexit>

• quantization
<latexit sha1_base64="yOhWAnNbrbmB8+wr6eDY/ZvlgXE="></latexit>{

1 with probability 4
5

2 with probability 1
5

<latexit sha1_base64="cMfWfz8SD35Bwq3457XbEWQFkuM="></latexit>

C(1.2) =

Albasyoni, Safaryan, Condat, Richtárik, “Optimal Gradient 
Compression for Distributed and Federated Learning,” 2020 

Unbiased random compression
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...

Server

Server

<latexit sha1_base64="NOBISKoB4gXUqSXf8u0g4qShVzs="></latexit>

dt
n =

C t
n
�
rfn(xt ) � ht

n
�

<latexit sha1_base64="lzGmiFZqwMxR6Sw7O7sSntWG5vw="></latexit>

dt
1 =

C t
1
�
rf1(xt ) � ht

1
�

DIANA with independent rand-1 compressors

Distributed GD with compression

<latexit sha1_base64="Mt+Odg26EwD1QLeNveQODZGKx7Y="></latexit>

O
�� d

n +  + d
�

log ✏�1�
Uplink communication complexity (UpCom):



Local Training  
+ 

Compression
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...<latexit sha1_base64="ZqGDKct0GQdEApJhRRMHmp2Ufxo="></latexit>

x̂ t
1 = xt

1 � �rf1(xt
1) + �ht

1

<latexit sha1_base64="GU3Qw68dhwYkKyxpUU5aQvcaVt8="></latexit>

x̂ t
n = xt

n � �rfn(xt
n) + �ht

n

CompressedScaffnew

<latexit sha1_base64="JhG/gSPjwjhgmNI3tDe/sFTXesA="></latexit>

xt+1
i :=

⇢ 1
n
Pn

j=1 C t
i (x̂

t
j ) with probability p

x̂ t
i with probability 1 � p

Condat, Agarsky, Richtárik, “Provably Doubly Accelerated Federated 
Learning: The First Theoretically Successful Combination of Local Training 
and Compressed Communication,” 2022
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<latexit sha1_base64="JdnvZxJhBMx/yIFq2A60Tkd8OcA="></latexit>

xt

Server

<latexit sha1_base64="zAETvX21/VIHThU3JoT6N87sHsg="></latexit>...<latexit sha1_base64="ZqGDKct0GQdEApJhRRMHmp2Ufxo="></latexit>

x̂ t
1 = xt

1 � �rf1(xt
1) + �ht

1

<latexit sha1_base64="GU3Qw68dhwYkKyxpUU5aQvcaVt8="></latexit>

x̂ t
n = xt

n � �rfn(xt
n) + �ht

n

CompressedScaffnew

<latexit sha1_base64="JhG/gSPjwjhgmNI3tDe/sFTXesA="></latexit>

xt+1
i :=

⇢ 1
n
Pn

j=1 C t
i (x̂

t
j ) with probability p

x̂ t
i with probability 1 � p

<latexit sha1_base64="TldazTUaMxK3ZDWfLuCs+M4V3R8="></latexit>

x̂ t
1 = · · · = x̂ t

n ) C t
i ⌘ Id

We don’t compress differences, so we need 
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<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥
<latexit sha1_base64="gnyiQKfrKvF0kthXKm2svpLsLo4="></latexit>⇥

<latexit sha1_base64="FJTS3Q8rBO3xiZ9yag4roJ/4rSA="></latexit>...

correlated rand-k compressors 
<latexit sha1_base64="bIFXWbLb3JoDS+JX7TnLhg6hkK0="></latexit>

C t
1(x̂ t

1)
<latexit sha1_base64="Ja+DkZsCNETozn6i3VHfJVqp6F8="></latexit>

C t
n(x̂ t

n)

CompressedScaffnew

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

32

<latexit sha1_base64="++OV5JoEZdW6bD/Hx+v8y6BB/iA="></latexit>

s communicated values per coordinate
k = sd

c communicated values per active client
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<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>• GD:
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>• Scaffnew:
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>• DIANA:

<latexit sha1_base64="IcViWvnReyXM6SlC7jNZDtOdDzs="></latexit>

Õ
�
d
p

�

<latexit sha1_base64="FEy8RZOrJhD8XCKV+l+d1PGQH4Q="></latexit>

Õ (d)

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

Uplink communication complexity (UpCom):

<latexit sha1_base64="pqMvAw5gqZGhWzUYi54cT/Er7As="></latexit>

Õ
� d

n +  + d
�

<latexit sha1_base64="8PWsNpmZriKUV/4fy4SN8Dwhe00="></latexit>

Õ

⇣
d
p
p
n +

p
d + d

⌘

CompressedScaffnew
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<latexit sha1_base64="vXDlPO5C054lVXwI9DIiyJokJjI="></latexit>

Algorithm 1 TAMUNA
parameters: stepsizes � > 0, ⌘ > 0;
number of participating clients c 2 {2, ... , n}
sparsity index s 2 {2, ... , n} for compression
for r = 0, 1, ... (rounds) do

choose a subset ⌦r 2 [n] of size c
choose the number of local steps Lr

for clients i 2 ⌦r , in parallel, do
xr ,0 := x̄ r

for l = 0, ... , Lr do
xr ,l

i := xi � �rf t
i (xr ,l

i ) + �hr
i

end for
send vr

i := Cr
i
�
xr ,Lr

i
�

to server
end for
at server: x̄ r+1 := 1

s
P

i2⌦r v r
i

x̄ r+1 is sent to clients i 2 ⌦r [ ⌦r+1

for clients i 2 ⌦r , in parallel, do
hr+1

i := hr
i + ⌘

�

�
Cr

i (x̄ r+1) � vr
i
�

end for
for clients i /2 ⌦r , in parallel, do

hr+1
i := hr

i
end for

end for

// idle clients

// update of
control variates

// UpCom

// DownCom
// model update

Condat, Agarský, 
Malinovsky, 
Richtárik, “TAMUNA: 
Doubly accelerated 
federated learning 
with local training, 
compression, and 
partial participation,” 
2023

TAMUNA

34
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<latexit sha1_base64="vXDlPO5C054lVXwI9DIiyJokJjI="></latexit>

Algorithm 1 TAMUNA
parameters: stepsizes � > 0, ⌘ > 0;
number of participating clients c 2 {2, ... , n}
sparsity index s 2 {2, ... , n} for compression
for r = 0, 1, ... (rounds) do

choose a subset ⌦r 2 [n] of size c
choose the number of local steps Lr

for clients i 2 ⌦r , in parallel, do
xr ,0 := x̄ r

for l = 0, ... , Lr do
xr ,l

i := xi � �rf t
i (xr ,l

i ) + �hr
i

end for
send vr

i := Cr
i
�
xr ,Lr

i
�

to server
end for
at server: x̄ r+1 := 1

s
P

i2⌦r v r
i

x̄ r+1 is sent to clients i 2 ⌦r [ ⌦r+1

for clients i 2 ⌦r , in parallel, do
hr+1

i := hr
i + ⌘

�

�
Cr

i (x̄ r+1) � vr
i
�

end for
for clients i /2 ⌦r , in parallel, do

hr+1
i := hr

i
end for

end for

// idle clients

Condat, Agarský, 
Malinovsky, 
Richtárik, “TAMUNA: 
Doubly accelerated 
federated learning 
with local training, 
compression, and 
partial participation,” 
2023

UpCom

35

TAMUNA

<latexit sha1_base64="YIGB5Gf3VSurCON+PSnyMSZjW7I="></latexit>

Õ

 
p

d
r

n
c

+ d
p


p
n

c
+ d

n
c

!

<latexit sha1_base64="BxVPxroUfAyHTwjK6qYMOjnoPew="></latexit>

� ⇡ 1
L , s ⇡ max

�
2, c

d

�
,

Lr ⇡ max
⇣q

s
n , 1

⌘
,
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Experiment: logistic regression



Local Training 

Compression
+

LoCoDL

Condat, Maranjyan, and Richtárik, “LoCoDL: Communication-Efficient Distributed 
Learning with Local Training and Compression,” ICLR 2025
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Optimization problem

<latexit sha1_base64="/2Koz/15L2oSHZrz3e5EIUqWolo="></latexit>

minimize
x→Rd

1
n

n∑

i=1

fi (x) + g(x)

<latexit sha1_base64="XD1knCIWKWAy19564tZuJHjEy0w="></latexit>

All fi and g are µ-strongly convex and L-smooth,
for some L → µ > 0

<latexit sha1_base64="F8OQs9RGNSn4cer40//SDEeX9+U="></latexit>

Client i makes calls to →fi and →g
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Reformulation

<latexit sha1_base64="mjMIrN+JtpSE/V00nXAcAbvDgZM="></latexit>

Optimality conditions:

<latexit sha1_base64="Uvt7S3no4bXSrIoB61b1RiJgX5I="></latexit>

minimize
x1,...,xn,y→Rd

1
n

n∑

i=1

fi (xi ) + g(y ) s.t. x1 = · · · = xn = y

<latexit sha1_base64="g7quFDjSV1cqcaOQX6V2Vtge5ic="></latexit>x1 = · · · = xn = y
0 = →fi (xi ) ↑ ui , ↓i ↔ [n]
0 = →g(y ) ↑ v
0 = u1 + · · · + un + nv

<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
<latexit sha1_base64="mpZHEV6/d2IOQk7pJcQPxSXZB54="></latexit>•
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<latexit sha1_base64="G+SED7L20TKvB1Fe+wuP1PZmN04="></latexit>

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

1 , ... , x0
n , y0 → Rd and control variates 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 the 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="KA2cimKDWyuoMPRngVNO0XdxKqs="></latexit>

LoCoDL
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Linear convergence
<latexit sha1_base64="2G8Pi9cMpVUwliy0IsP5T7so8KM="></latexit>

Theorem (linear convergence of LoCoDL). In LoCoDL, suppose that ω → (0, 2
L ),

2ε↑ ε2(1 + ϑav) ↑ ϖ ↓ 0. For every t ↓ 0, define the Lyapunov function

!t :=
1
ω

(
n∑

i=1

∥∥xt
i ↑xω

∥∥2 + n
∥∥yt↑xω

∥∥2
)

+
ω(1 + 2ϑ)

p2ϖ

(
n∑

i=1

∥∥ut
i ↑uω

i
∥∥2 + n

∥∥vt↑vω
∥∥2
)

,

where vω := ↔g(xω) and uω
i := ↔fi (xω). Then LoCoDL converges linearly: for

every t ↓ 0,

E
[
!t] ↗ ϱ t!0, where ϱ := max

(
(1 ↑ ωµ)2, (1 ↑ ωL)2, 1 ↑ p2ϖ

1 + 2ϑ

)
< 1.

(+ almost sure convergence of all variables)
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Linear convergence
<latexit sha1_base64="3maCut6T1ziGNZY0NjDaHxKaJ00="></latexit>

Corollary. In LoCoDL, suppose that the compressors C
t
i are independent

rand-k compressors with k = →
d
n ↑, that ω = !( 1

L ), ε = ϑ = n
n→1+d/k , and

p = min

(√
dk (n ↓ 1) + d2

nk2ϖ
, 1

)
.

Then the uplink communication complexity in number of reals of LoCoDL is

O

((
↔

dϖ +
d
↔
ϖ

↔
n

+ d
)

log ϱ→1
)

.
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<latexit sha1_base64="FejFVDCLkG0o1yuV+2g4g5kuQxw="></latexit>

Logistic regression with the ‘a5a’ dataset of LibSVM. d = 122, n = 288
42
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bidirectional compression
stochastic gradients
nonconvex functions
…

Local training & compression are efficient  
communication acceleration mechanisms  
that can be combined.

Conclusion

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


