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First Strong Attention-free 7B Language model

Jingwei Zuo
Lead Researcher @Falcon LLM team, Technology Innovation Institute

19/12/2024, TotalEnergies Digital Factory
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Falcon Model Series
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Foundation Model Backbones (e.g., LLMs)*

*https://www.kolaayonrinde.com/blog/2024/02/11/mamba.html

Transformer

• Communication between tokens

• Computation within a token
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From State Space Models (SSMs) to Mamba

Selective State Space Models 
with hardware-aware state expansions (Mamba)

• Select to remember/forget

• Read/write from/to the hidden states

Fig. credit [Gu and Dao, arXiv’23]

Fig. credit [Qu et al., arXiv’24]
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Mamba Memorization & Forgetting

Fig. credit [Gu and 
Dao, arXiv’23]
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Mamba – By-Design Advantages 

Fig. credit [Gu and 
Dao, arXiv’23]

Transformers

• Quadratic time complexity: O(n²) regarding context length n

• Memory Constraints: O(n) key-value (KV) cache for each token

• Optimizations: Sparse or local attention (e.g., SWA), CUDA optimizations

(e.g., Flash Attention), etc.

Mamba (attention-free)

• Reduced time complexity: O(n) regarding context length n

• Memory Optimization: constant memory cost

• Long-context dependencies: compact state representation
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Fig. credit - [Qu et al., arXiv’24]

Mamba applications in a nutshell
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Mamba LLMs below 2.8B

Fig. credit [Gu and Dao, arXiv’23]



TII – Technology Innovation Institute

Document Classified as: Internal 
10AI Cross Unit Research Center

Mamba LLMs beyond 2.8B
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Falcon Mamba 7B

• Best open-source Mamba model at its scale

• Outperforms top Transformer models: Llama 3.1 8B, Mistral 7B, 

Falcon2 11B

• Supports infinite context length (sequential prefill) 
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Model’s Sensitivity to Learning Rate
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Stabilizing Mamba LLM’s Pre-Training
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Falcon Mamba 7B - Training Details

Training Infrastructure 

Gigatron: In-house 5D parallel training framework

• 5D Parallelism: Data, Tensor, Pipeline, Sequence, Context

• Support both Transformer and Mamba architectures

Trained on 256 H100 80GB GPUs (~ two months)

• Only Data Parallelism was applied for Falcon Mamba 7B
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Parallel Training: from Transformer to Mamba

Falcon Mamba 7B - Training Details
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Parallel Training: from Transformer to Mamba

Falcon Mamba 7B - Training Details
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Training Recipes & Procedure

• WSD (warmup-stable-decay) learning rate schedule

• Flexible pretraining & continual training

• Batch size ramp-up, batch scaling (during ramp-up), etc. 

• RMSNorms within Mamba blocks

Fig. credit - [Wen et al., arXiv’24]

Fig. credit - [Wen et al., arXiv’24]

Falcon Mamba 7B - Training Details
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Falcon Mamba 7B - Training Details

Pretraining Data

• Mostly from Falcon 2 11B

• ˜5,800GT from multiple resources, e.g., RefinedWeb, code, math, etc.
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Falcon Mamba 7B VS SoTA LLMs
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Falcon Mamba 7B VS SoTA LLMs
• Infinite context length (sequential prefill) 

• ~16K context length (parallel prefill), outperforming Transformer models 

10.5k 11k
13k

16k
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Falcon Mamba 7B VS SoTA LLMs
• Constant throughput regardless the generation length

• Constant memory usage and lower memory cost than Mistral 7B 
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How to use Falcon Mamba 7B

HuggingFace Ecosystem
Direct use with HF Transformers

• Multiple precisions (quantized & non quantized) 

• Multiple platforms (CPU & GPUs) 
Fine tuning

• SFTrainer, PEFT, etc. 

Falcon Mamba 7B Chat model (Instruct)
Online, full precision 

• HuggingFace Playground

Offline, multiple precisions

• Llama.cpp, LM Studio, etc.
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How to use Falcon Mamba 7B - LM Studio
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How to use Falcon Mamba 7B - LM Studio
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LLMs - Model & Data & Evaluation
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LLMs - Model & Data & Evaluation
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Hybrid Model - The Future Design of LLMs?

Zamba 2 7BJamba-MoE 52B 
(12B)

Hymba 1.5B

Fig. credit - [Lieber et al., arXiv’24]
Fig. credit - Zyphra Fig. credit - [Dong et al., arXiv’24]
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Falcon 3 Family of Open Models
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Thank you!


