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Where are we heading? AGI?
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More data and compute (currently)    leads 
to better AI

https://arxiv.org/abs/2001.08361
https://arxiv.org/abs/2203.15556
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But, we may be running out of both!
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https://arxiv.org/abs/2211.04325
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Is federated learning* the answer?

* and related approaches (e.g., decentralized forms of ML etc)
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Federated Examples (exciting, but niche)

Navigation and Perception of Robots

Personalization 
of Speech Recognition 

Sharing of Sensitive Data 
between Organizations

Learning user keyboard behaviors 
and word selection

http://mlsys.cst.cam.ac.uk/
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Data Opportunity

Centralized ML 
Data
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Data Opportunity

Centralized ML 
Data

Distributed and 
Sensitive Data
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Compute Opportunity

exaFLOPS

22k  
Nvidia H100s 
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Compute Opportunity

exaFLOPS

22k  
Nvidia H100s 

exaFLOPS

20M 
Snapdragon 8 Gen 2   
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What if we can make all AI 
infrastructure federated?
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What if we can make all AI 
infrastructure federated?

● Cooperation & partnerships

● Privacy & control

● Scalability & flexibility

● Resource sharing

● Compatibility w/ regulation

● …

http://mlsys.cst.cam.ac.uk/
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What if we can make all AI 
infrastructure federated?

● Hardware Efficiency and Utilization

● Realizing Privacy Opportunities

● ML Optimization

● Governance

● Complexity of Decentralization 

● How should we design HW and Comms?

● …

http://mlsys.cst.cam.ac.uk/
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 “ In the near future, every SOTA 
AI model will be trained using 

federated learning ”

– @niclane7
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FlowerLLM
World’s 1st 3B LLM 

pre-trained via 
Federated Learning
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Flower A Friendly Federated Learning Framework

FlowerLLM
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Flower A Friendly Federated Learning Framework(1) Democratizing LLMs

FlowerLLM
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Flower A Friendly Federated Learning Framework(1) Democratizing LLMs

FlowerLLM

(2) Stronger LLMs
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 2.5X
FlowerLLM

3.0B

1.2B
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https://arxiv.org/abs/2405.10853

Photon Architecture and Design
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Photon Architecture and Design
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https://arxiv.org/abs/2405.10853

Photon Architecture and Design

● Separation of Data and 
Computation (broad 
access to data)

● Limited Comms Reqs.

● Broad H/W Inclusivity

● Scalable Tuned Local 
Training Pipelines

● Private and Public Data

Design Principles

http://mlsys.cst.cam.ac.uk/
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https://arxiv.org/abs/2405.10853

Photon Architecture and Design

● Adaptive Comms and 
Optimizer to Conditions

● Diversity for Efficiency

● Comms/Compute for 
Massive Model Updates

● Built on experimental 
(for now) versions of 
Pollen and Flower

Key Techniques

http://mlsys.cst.cam.ac.uk/
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https://arxiv.org/abs/2405.10853

Photon: High Utilization Independent of 
Internal Topology 

Zero to Zero-4

DDP or 
Independent 
Training + local-FL

http://mlsys.cst.cam.ac.uk/
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https://arxiv.org/abs/2405.10853

Photon: Coping with Global Optimizer 
Instability 

Aggregated model 
“blow-up”

Approach

● Tracking global model 
norm after aggregation

● Adjustment server 
learning rate, as required

http://mlsys.cst.cam.ac.uk/
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Federated Pre-training of a 1.3B LLM  

https://arxiv.org/abs/2405.10853

● IID C4 dataset
● FedMom + AdamW
● 16 A100s total
● 4 physical location
● 100Mbps client links

http://mlsys.cst.cam.ac.uk/


CaMLSys http://mlsys.cst.cam.ac.uk

Scaling up to Pre-training a 3B LLM  

https://arxiv.org/abs/2405.10853

C4 again, switched to H100s with similar physical topology

http://mlsys.cst.cam.ac.uk/
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Larger Models Appears Improves Global 
Convergence

https://arxiv.org/abs/2405.10853

75M 125M

350M 1.3B

● Preliminary 
Observation

● Perhaps indicative of 
many future 
empirical findings to 
build on…

http://mlsys.cst.cam.ac.uk/
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Worldwide Federated Language Model 
(WorldLM) – extending Photon 

https://arxiv.org/pdf/2405.14446
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Worldwide Federated Language Model 
(WorldLM) – extending Photon 

https://arxiv.org/pdf/2405.14446

● Legal

● Privacy

● Security

● Legacy FL or AI systems

Regional Governance Silos

http://mlsys.cst.cam.ac.uk/


CaMLSys http://mlsys.cst.cam.ac.uk

Worldwide Federated Language Model 
(WorldLM) – extending Photon 

https://arxiv.org/pdf/2405.14446

● Federation of Federations

● Hierarchy w/ data driven 
routing

● Scalable Differential Privacy

Key Techniques

http://mlsys.cst.cam.ac.uk/
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Comparisons to natural alternatives  

https://arxiv.org/pdf/2405.14446https://arxiv.org/pdf/2405.14446

● Size: 75M to 250M
● Three datasets

○ The Pile
○ MC4 and C4 

http://mlsys.cst.cam.ac.uk/
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Enabling Differential Privacy  

https://arxiv.org/pdf/2405.14446

● The Pile variations
○ Common Crawl, Wikipedia, 

PubMed Central, and 
PubMed Abstracts

● DP settings local to a 
region; σ = 0.5

http://mlsys.cst.cam.ac.uk/
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Where are we heading? AGI?
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Federated 
FMs

3B1.3B

Next steps for FlowerLLM and Photon 
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7B2B1B 5B

Federated 
FMs

3B 7B1.3B

FlowerLLM-30B

Next steps for FlowerLLM and Photon 
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Revisiting the FL research agenda 

● Rethink the key important settings and scenarios for FL

● Extreme comms and local compute/memory overhead

● Scaling to large model scales (e.g., FMs, LLMs)

● Coping with heterogeneity (clients/devices)

● Challenges of non-I.I.D data (i.e., data heterogeneity)

● Overly complex and limited tooling

● Primitive MLOps and tuning capabilities 

● Gaps in theoretical understanding and/or empirical best-practices 

● ...

http://mlsys.cst.cam.ac.uk/
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Open Questions for HW Design and Design 
Automation 

● Boring but correct answer: Anything for to model training 

● Memory and storage hierarchy 

○ More of it, energy efficient, and considering 

training data flow

● Hardware accelerated privacy algs (SA, FHE etc)
● Co-processors, bespoke networking/comms, 

algs in HW, anything goes! The opportunity it indeed that valuable

● ...

http://mlsys.cst.cam.ac.uk/
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Flower
https://flower.ai

https://arxiv.org/abs/2007.14390
https://arxiv.org/abs/2104.03042
https://arxiv.org/abs/2104.14297
https://arxiv.org/abs/2102.07627
https://arxiv.org/abs/2205.06117
https://arxiv.org/abs/2208.02507
https://arxiv.org/abs/2204.02804
https://arxiv.org/abs/2206.11239
https://arxiv.org/abs/2212.04084
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+ Community Driven

Flower
https://flower.ai
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Nicholas D. Lane
University of Cambridge | Flower Labs

@niclane7

Questions? Comments?
(Would love to hear thoughts on the impact to 
HW Design or Design Automation Tooling…)
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