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What is StelLA?

LoRA

• Given a pre-trained weight matrix 

𝑊 ∈ 𝑅𝑚×𝑛 , LoRA computes the 

adapted weight as 

𝑊 + 𝐵𝐴⊤

where 𝐵 ∈ ℝ𝑚×𝑟 and 𝐴 ∈ ℝ𝑛×𝑟 .

𝑊 is frozen during training.

StelLA

• Represent the low-rank adaptation 

in the SVD-style

𝑊 + 𝑈𝑆𝑉⊤

where 𝑈 ∈ St 𝑟, 𝑚 and 𝑉 ∈ St 𝑟, 𝑛

lie in the Stiefel manifold. 𝑆 ∈ ℝ𝑟×𝑟 .
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Stiefel Manifold

• The Stiefel manifold St 𝑘, 𝑛 is the 

set of all 𝑛 × 𝑘 matrices with 

orthonormal columns.

• For example, St 1, 2 consists of 

all unit vectors in the 2D plane. It 

is the unit circle as shown in the 

right f igure.
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Optimization on Stiefel Manifold

Riemannian optimization:

Euclidean grad

Riem. grad
Retraction

Convert gradient from Euclidean to Riemannian 
by projection

Retract 𝑌 + Δ back to Stiefel manifold 
by QR decomposition
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StelLA Implementation
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Highlights

• Easy to implement

• By using optimizer pre/post-hooks

• Work with PyTorch optimizers

• Easy to use

• Integrated to the peft library

• Efficient

• Use fast svd driver (1.5x speed up)

• Batched svd (15x speed up)

• Only 15% slower than vanilla LoRA (train commonsense on LLaMA3-8B)



2 0 2 5

Results
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Thank you!

https://github.com/SonyResearch/stella

https://github.com/SonyResearch/stella
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