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A framework for designing and studying decentralized learning systems.

Rapid development Scalability



EPFL  Federated learning

» Model sharing

Federated Server




ZPFL - So many frameworks...

+» FedML Al Platform

“edScale

A scalable and extensible federated learning engine and benchmark

_ Open and Collaborative MLOps for Al Anywhere at Any Scale

Closa the gap betwean training and sarving

Train on the Kdge Teain on the elosd Sacve Anywhers Obsarvability &

Comtinual Improvement

FedScale is a scalable and

learning {FL) [ aining l ‘ Tuning ’ ’ Testing ‘ Analytics

engine. it provides high-level APIs to implement FL algorithms, deploy and

evaluate them at scale across diverse hardware and software backends.

Selector

“edScale Orchestraor
Aggregator

FedScale also includes the largest | L 1 that contains FL tasks
ranging from image classification and object detaction to language modeling

and spaech recognition. Mereover, it includas datasets to faithfully emulate

FLn t5 where FL solutions will realistically be deployed.

? Flower

We are actively developing FedScale, and welcome contributions fror

to keep up to date. TensorFlow Federated: Machine Learning on Decentralized Data

community, Join our ¢
TensorFlow Federated (TFF) is an 0pen-aource amendark for machine learning and other computations an
12ed data. TFF has been developed to Ch AN Experimentatkd arated Tport tansorfiow as
> Learning (7L) £, an approsch 1o machine learning whens s shared global model is trsined across many wpart tensorflon_fedel
particpating clients that keep their training dats localy. For example, FL has been used 1o Irain prectetiar v
A ¥ Load simulation data
rlen modls for motile heybaards 21 without uplosding sensitive typing data fo servess ;
= tff_ sinulation.datasets.canizt losd dotal)
TFF enabies developers 1o simulate the e federated learning slgorithms on their modes and dats, as def ciient.data(n)
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for many kinds of rasearch. The buslding blocks provided by TEF can alsn be u 1. 1-1]), ol'label'])
@ Isarming computations, such as fed d analylics. TFF's interfaces
Learning s
ederated Leaming T t ta{n) for n in range{3}]
¢ atters & 501 0f high-leve! Inerfaces Mat allow deveiopars 16 apply the
' 5 # Weap a Keras nodel for use with TFF
def nodel_fn{)
x model = tf_keros.aodels. Sequential(
A unified approach to federated learning, FC =(18, tf.on.softnax, input.shapes(784,)
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diverse runtime envecoments. Included with TFF is a performant multi-machine simulation runtime for
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EPFL  Decentralized learning

Train — Send I Receive — Aggregate



EPFL  Decentralized learning

Simulations + No Re-usability!
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L Building decentralized learning systems ’

Topology Communication Compression

Roles Models Datasets

flaticon.com / freecodecamp.org / studiousguy.org



https://www.flaticon.com/free-icons/resilience
https://www.freecodecamp.org/news/deep-dive-into-graph-traversals-227a90c6a261/
https://studiousguy.com/organizational-design-structure/
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flaticon.com / freecodecamp.org / studiousguy.org


https://www.flaticon.com/free-icons/resilience
https://www.freecodecamp.org/news/deep-dive-into-graph-traversals-227a90c6a261/
https://studiousguy.com/organizational-design-structure/

EPFL  As easy as ABC ...

1 from decentralizepy.node.Node import Node

2

3 class DLNode(Node):

4 def run(self, iterations, training, dataset,
sharing, graph, communication):

5 for round in range(iterations):

6 training.train(dataset)

7 msg = sharing.get_message()

8 neighbors = graph.get_neighbors()

9 communication.send(neighbors, msg)

10 rcv = communication.receive_from_all()
11 sharing.average(rcv)

12 dataset.test()

DecentralizePy already contains reference implementations of well-
- known algorithms.



1 from decentralizepy.node.Node import Node
2
3 class DLNode(Node):
4 def run(self, iterations, training, dataset,
sharing, graph, communication):
for round in range(iterations):
training. train(dataset)
msg = sharing.get_message()
neighbors = graph.get_neighbors()
comnunication. send(neighbors, msg;
rev = communication. receive_from_all()
sharing.average(rev)
dataset.test()

1 from decentralizepy.node.Node import Node
2
3 class DLNode(Node) :
4 def run(self, iterations, training, dataset
sharing, graph, communication):
for round in range(iterations):
training. train(dataset)
msg = sharing.get_message()
neighbors = graph.get_neighbors()
communication. send(neighbors, msg;
rev = communication. receive_from_all()
sharing.average(rev)
dataset. test()

=PFL  Development Phase: Single machine

1 from decentralizepy.node.Node import Node

3 class DLNode(Node):
def run(self, iterations, training, dataset,
sharing, graph, communication):
for round in range(iterations):
training. train(dataset)
msg = sharing.get_message()
neighbors = graph.get_neighbors()
comnunication. send(neighbors, msg;
rev = communication. receive_from_all()
sharing.average(rev)
dataset.test()

from decentralizepy.node.Node import Node

class DLNode(Node):
def run(self, iterations, training, dataset

sharing, graph, communication):

for round in range(iterations):
training. train(dataset)
msg = sharing.get_message()
neighbors = graph.get_neighbors()
comnunication. send(neighbors, msg)
rev = communication. receive_from_all()
sharing.average(rcv)
dataset. test()
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=PFL  Real-world deployment
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We use DecentralizePy as a catalyst for DL research 1n our lab.
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PFL - Experimental Setup

4 CIFAR-10 (Non-IID) with GN-LeNet
4 256 and 1024 DL nodes

4 Emulation on 16 machines

4+ D-PSGD with Metropolis Hastings
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=PTL Topologies

(256-nodes)
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Information spreads faster through the network with dynamic topologies.



=PTL Topologies

1 from decentralizepy.node.Node import Node
2
3 class DLNode(Node):

4 def run(self, iterations, training, dataset,
sharing, graph, communication):

5 for round in range(iterations):

6 training.train(dataset)

7 msg = sharing.get_message

9 communication.send(neighbors, msg

10 rcv = communication.receive_from_all()

11 sharing.average(rcv)

12 dataset.test()



£PFL - Communication Compression
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The loss of information due to compression dramatically affects the
convergence in non-IID settings at scale.
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£PFL - Communication Compression

1 from decentralizepy.node.Node import Node

2
3
4

O NN O

10
11
12

class DLNode(Node):
def run(self, iterations, training, dataset,
sharing, graph, communication):
for round in range(iterations):

training.train(dataset

neighbors = graph.get_neighbors()
communication.send(neighbors, msg)
rcv_= communication.receive_from_all()

sharing.average(rcv)

agataset.tes
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EPFL DecentralizePy is rapidly evolving

4 Open source
4+ Already being used for a number of projects

4 Adding new algorithms
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https://github.com/sacs-epfl/decentralizepy
https://github.com/sacs-epfl/decentralizepy

EPFL DecentralizePy is rapidly evolving

& sacs-epfl /decentralizepy Pubic 2 Ediths @ Watch 0 YRk 2 v Starred 8«
(> Code (D Issues [ Pulrequests (& Actions [ Projects [0 Wikl ) Secuity [~ Insights 13 Settings

¥ main - Fibanch ©0 fags Go to file Add file ~

D192

P rishi-s8 Add script to generate graph

eval 20 haurs ago

Jdecentralizepy

4 hours aga

gitignore

&
Lo
B tutorial
(i}
(b}

Isort.cfg
L) UCENSE

[ README rst

graph

[ download_dataset.py
Y generate_graph.oy & hours ago
[ install_nMachines.sh & va 2 yearz age
b " ‘
[ syproject.torm nitia
[ requirements.txt nitial Commit
M setupcta Add peer samplar, refactor everything 10m
Contributors 4
0 setup.py Modfy Data and Dataset, add b nl 2
B+ richi-s8 Rishi Sharm
[ split_into_files.py sst pear & bideliin
Q rafaelppires Rafaol Pires
= README 7 O: sissiki Elisab
decentralizepy
decentralizepy is a for running buted i (particularly ML) on top of arbitrary topologies Languages
server). It was primarily conceived for assessing scientific ideas on several
aspects of distri learning icatk ich , privacy, data heterogeneity etc.).

® Pythan &

Please try DecentralizePy if you are working with DL and help us improve the framework.



EPFL Go Decentralized!
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