
Trained Mamba Emulates Online Gradient Descent in In-Context Linear Regression
Jiarui Jiang*1, Wei Huang*2, Miao Zhang†1, Taiji Suzuki3,2, Liqiang Nie1

1Harbin Institute of Technology, Shenzhen, 2RIKEN AIP, 3University of Tokyo

Introduction

What is ICL?
In-context learning (ICL) is a powerful 
paradigm that enables models to generalize to 
unseen tasks by dynamically leveraging 
contextual examples (such as input-output 
pairs) without task-specific fine-tuning.

Why study ICL on Mamba?
Ø ICL is a critical capacity for large foundation 

models.
Ø Mamba is an efficient Transformer 

alternative with linear complexity,
Ø but theoretical understanding of Mamba’s 

ICL remains limited.

e.g.
Task: Translate English to French

Input: I love you
Output: Je t’aime

Input: Good morning
Output: Bonjour

Input: How are you?
Output:

prompt (context)

The model needs to learn 
from the context
and then answer this 
question
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Mamba Model

input output

Assumptions

B，C are initialized with Gaussian distribution

Training Algorithm
Mse Loss   +   Gradient Descent

Data Model

Hightlight

ØWe reveal that trained Mamba can 
emulate online gradient descent in 
In-Context Linear Regression.

ØWe establish a convergence 
guarantee for Mamba from random 
initialization to ICL solution, and 
further derive the loss bound after 
convergence. The loss matches that of 
Transformers.

Theorem 4.1 (a)

Mamba emulates online GD for ICL

Theorem 4.1 (b)

The prediction for �� is a linear 
combination of ����

���

Theorem 4.1 (c)

The Loss bound is linearly related 
to the context length N

Compare with Transformer

Transformer simulates a single step of GD

Ø The idea of “online GD” can provide insights into designing new architectures

Ø The theoretical analysis can be extended to multi-layer Mamba containing nonlinear layers

Ø The theoretical analysis can be extended to more complex and diverse ICL tasks beyond linear regression


