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What is Federated Learning (FL)?



Supervised Learning (Example of Image Classification)

� Assumption: A ground-truth distribution D linking X and Y
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Supervised Learning (Example of Image Classification)

� Assumption: A ground-truth distribution D linking X and Y

� Goal: Use D to design h : X ! R matching images X to labels Y

1) Define a loss function ‘ : R � Y ! R+ and a hypothesis class H
2) Find h 2 H to minimize the expected error E(x;y)�D [‘ (h(x); y)]
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Supervised Training in the Centralized Setting

� Given a set of m training examples:
S := f(x1; y1); :::; (xm; ym)g � Dm

� Parameterized H := fh� j � 2 Rdg

� Minimize the empirical risk (ERM):

L(�) :=
1

m

mX
i=1

‘ (h� (xi) ; yi)

Learning objective: Assuming L admits a minimum on Rd, we seek an
"-approximate solution to the ERM, i.e., �̂ s.t.

L
�

�̂
�

� L� � "; where L� = min
�2Rd

L (�) :
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Stochastic Gradient Descent (SGD) in the Centralized Setting

� Simple and efficient method

� Well understood theoretically

� Massively used in practice
(especially for deep learning tasks)

� Start with an arbitrary parameter �1

� At every step t = 1; � � � ; T do:
� Sample a data point (x; y) � Unif (S)

� Compute a stochastic gradient gt := r�t ‘ (h�t (x) ; y)

� Update the parameter �t+1 = �t � 
tgt
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Federated/Distributed Machine Learning

1. Datacenter distributed learning

! Train a model on a single massive dataset
! Distribution limits computations/storage

2. Cross-silo distributed/federated learning

! Datacenters are geo-distributed
! Keeping data locally is safer

3. Cross-device distributed/federated learning

! Same distribution/security requirement
! Less computational power per device
! More diversity in the data (heterogeneity)
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Federated Machine Learning: Problem Statement

� Server-based communications with n

nodes and a (trusted) central server

� Nodes hold the data locally (Si)i2[n]

Li(�) :=
1

j Si j
X

(x;y)2Si

‘ (h�(x); y)

� The server coordinates the training

Training objective: Finding an "-approximate solution to the ERM for the
loss function defined as L(�) := 1

n

Pn
i=1 Li(�)
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Some Additional Information on the Problem Statement (1/2)

The problem is L-smooth and �-PL

� 9L < 1 s.t. for all �; �0 2 Rd and any (x; y) 2 X � Y , we have

kr‘(h�(x); y) � r‘(h�0 (x); y)k � L


� � �0

:

� 9� < 1 s.t. for all � 2 Rd, we have

krL(�)k2 � 2� (L(�) � L�) (Polyak’s inequality)

! Numerical examples neural-network for image classification
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Some Additional Information on the Problem Statement (2/2)

� All local datasets have the same size m (everything can be adapted)
! We make this assumption, just for simplicity

� Stochastic gradients have bounded stochasticity

There exists � < 1 s.t. for all i 2 [n] and � 2 Rd,

1

m

X
(x;y)2Si

kr‘ (h�(x); y) � rLi(�)k2 � �2

� Bounded gradient heterogeneity between the nodes

There exists G < 1 s.t. for all � 2 Rd,

1

n

X
i2[n]

krLi(�) � rL(�)k2 � G2
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Distributed Stochastic Gradient Descent (DSGD)

At every step t = 1; : : : ; T

� node i computes & sends
g

(i)
t = r�t ‘ (h�t (xi) ; yi) ;

where (xi; yi) � Unif(Si).
� Server updates & broadcasts

�t+1 = �t � 
t
1

n

nX
i=1

g
(i)
t

Standard convergence see e.g. Koloskova et al. (2020) :

For some (
t)t2[T ], �̂ gives an "-approximate solution (in expectation), with

" 2 O
�

KL�2

nT

�
; and KL :=

L

�
:
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Distributed Learning is So Great!

� So distributed learning is easy to implement, efficient and trendy ...

� This means that we can use it for many great applications
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1

1
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Distributed Learning is So Great!

� So distributed learning is easy to implement, efficient and trendy ...

� This means that we can use it for many great applications

Decision-making Tools Personal Devices

1

1
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