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What is
Mamba? 
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Released end of 2023
Signal processing

Recursive
Neural Network 

(RNN)

Convolutional
Neural Network

(CNN)
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Recursive Neural Network (RNN)



Friso Smit

State Space Model (SSM)

State update ℎ  = 𝑨ℎ  + 𝑩𝑥t t-1 t

Output     𝑦  = 𝑪ℎ  t t
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Selective State Space Model

State update ℎ  = 𝑨(𝑥)ℎ  + 𝑩(𝑥)𝑥t t-1 t

Output     𝑦  = 𝑪(𝑥)ℎt t
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MCU HARDWARE
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240 MHz dual core

512 KB RAM
8 MB flash

Integer Vector Instructions

ESP32-S3 MCU

1000x less than
smartphone



Why use
Mamba ? 
Why use
Mamba ? 

Long
Sequences

Efficient
 +

 Accurate
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COMPARISON

Mamba
Memory: O(1)
Time:   O(n)

Transformer
Memory: O(n)
Time:   O(n )2
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COMPARISON
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Mamba compared to other architectures in language

COMPARISON
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USES
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Hybrid models



RESEARCH QUESTION
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Is mamba suitable for inference on MCU?’s?



RESEARCH CHALLENGE I
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What model and
 training parameters to use?

How to compare
 different AI architectures?
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RESEARCH CHALLENGE II

Training on PC,
 running on MCU

Choosing the right
framework
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RESEARCH CHALLENGE III

512 KB

Mamba is designed
 for GPU’s
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MCU has
 limited resources



SOFTWARE
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Train model with pytorch on PC  -> official implementation
Export to ONNX
Import ONNX to ESP-DL library
Hyperparameter optimization using Optuna

Parameters ESP-DL

Official Mamba
implementation

Best hardware
support
Quantization
Limited operator
support

Replace GPU
code



EXPERIMENT
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Parameters ONNX model 

 Est.  latency + accuracy

EXPERIMENT STEP 1
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EXPERIMENT STEP 2

Best models Quantize
 to int8

Test final 
accuracy 

and latency

Geneate
optimal

parameters
Train model Test model on

PC

1.  LET OPTUNA FIND OPTIMAL PARAMETERS FOR MODEL
2. TRAIN MODEL IN PYTORCH
3. TEST MODEL ON LAPTOP
4. REPORT ACCURACY + LATENCY BACK TO OPTUNA Pareto front



DATASETS
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KEYWORD
 SPOTTING (KWS)

HUMAN ACTIVITY 
RECOGNITION (HAR)
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OPTIMIZATION
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Lookup tableBidirectional Mamba Quantization



RESULTS
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RESULTS - PROFILING
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Mamba-1 on ESP-32 (Tensorflow Lite Micro)



RESULTS - PROFILING
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RESULTS - HAR
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RESULTS - HAR
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RESULTS - HAR
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RESULTS - HAR
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RESULTS - KWS
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RESULTS - KWS
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RESULTS - KWS
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RESULTS - KWS
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Variouse models, benchmarked on STM32F746ZG Mamba, benchmarked on ESP32-S3



CONCLUSION
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Mamba can be very effective on MCU’s
Software support is limited
Quantization without retraining is limited



FUTURE WORK
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Improve
quantization:

PTQ or QAT

Add Mamba-2
and other model

comparisons
 (e.g.transformer)

1.1. 2.2. 3.3.

Create kernel
for mamba

inference
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MAMBA-2 AND MAMBA-3
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