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Introduction to Federated 
Learning
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The goal of Deep Learning

• Find a function, which gives a desired output given a particular input.
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Tasks Given Input Desired Output

Image Recognition (CV) 5

Next Word Prediction (NLP) Looking forward to your ? reply

Q-Learning (RL) Next action



Centralized Learning

• Centralized machine learning requires 
storing data on a single machine or in a 
datacenter

• The centralized entity trains and hosts the 
model

• Used in outsourced models (ML-as-a-
service) e.g. Amazon AWS ML

• Central trainer has access to sensitive 
training data
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Why Federated Learning?

• The needs of IoT applications in deep learning.

• Machine learning (Deep learning) needs more data.

• Regulations: GDPR (Europe), CCPA (California), PIPEDA (Canada)…

• User preference: users concern about privacy and security.

• Benefit from Edge computing: Data volume, bandwidth…

Federated Learning.
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Federated learning in five 
steps [2]

25/09/2023 7



What is Federated Learning?

• Federated learning is a machine learning setting where multiple entities (clients) 
collaborate in solving a machine learning problem, under the coordination of a 
central server or service provider. Each client's raw data is stored locally and not 
exchanged or transferred. (*arXiv:1912.04977)
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1. Initialization
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• The devices will be given a training model 
which is initialized in the central server



2. Model Distribution and Training
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• The devices will be given a training model 
which is initialized in the central server

• Train model locally on the data of each 
organization/device



3. Model Aggregation
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• The devices will be given a training model 
which is initialized in the central server

• Train model locally on the data of each 
organization/device

• Send the encrypted updates

back to the server



4. Model Updates
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• The devices will be given a training model 
which is initialized in the central server

• Train model locally on the data of each 
organization/device

• Send the encrypted updates

back to the server and

aggregate model updates

• Perform one update to the 

current global model



Federated Learning in Five Steps
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i. The devices will be given a training model which is initialized in the 
central server

ii. Train model locally on the data of each organization/device

iii. Send the encrypted updates back to the server

iv. Aggregate model updates into a new global model and perform one 
update to the current model

v. After rounds of training, the new updated model will be sent to the 
devices for on-device testing and then start a new round of training



Challenges in Federated Learning
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• Non-IID: The data generated by each user 
are quite different

• Imbalanced: Some users produce 
significantly more data than others

• Massively distributed: Heterogeneous 
devices. (Reliability of Edges Devices)

• Security and privacy (Poisoning Attack)



Weights & Biases
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Weights & Biases
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Weights & Biases
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Weights & Biases
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• Rapidly iterate: continuously refine and optimize models

• Reproduce: to reduce key-person dependencies

• Collaborate: ensure knowledge transfer across teammates



Weights & Biases

• Documents: https://docs.wandb.ai/

• Learn Wandb & MLOps: https://wandb.cources/

• Create account: https://wandb.ai/

• Get key: WANDB_API_KEY=c8bb68d3bbc09627eb...
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https://docs.wandb.ai/
https://wandb.cources/
https://wandb.ai/


Let’s play!

1. Access devices.

2. Part I: Centralized Learning.

3. Part II: Federated Learning.

4. Monitoring the Training 
Process using Wandb.
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Setup

General:

• Data: CIFAR-10

• Deep learning Model: CNN

Federated Learning:

• Data: chunks of CIFAR-10 in IID

• Algorithms: FedAvg
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