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Background
PART ONE



Background: Fisher Information in Diffusion Models

The diffusion Fisher (DF) in DMs, defined as the negative 

Hessian of the diffused distributions’ log density:

Current practices typically approximate the diffusion Fisher by 

applying auto-differentiation to the learned score network:

Straightforward, but lacks accuracy guarantee, and is time-consuming 



Diffusion Fisher 

PART TWO



DF: Within the Outer Product Span Space

Data distribution under the Dirac assumption 

DF resides within a space spanned by the 

outer products of score and initial data.



DF: Within the Outer Product Span Space

Data distribution under the general assumption 

DF resides within a space spanned by an infinite 

outer product basis of score and initial data.



DF Trace Matching

PART THREE



DF Trace Matching

The log-likelihood of DM can be computed through:

We need to access the 
trace of diffusion Fisher!

Current VJP-based method:

A time complexity of 𝒪(𝑑2)



DF Trace Matching
Our approach for accessing the trace of diffusion Fisher:

Learned via a trace network

Approximated via learned score



DF Trace Matching

Our DF-TM method:

Training stability of our DF-TM method:

Theoretical analysis of our DF-TM method:



DF Trace Matching

Experiments on our DF-TM method:



DF Endpoint Approximation
PART FOUR



DF Endpoint Approximation

When doing adjoint ODE, we need to access the 

matrix multiplication of the diffusion Fisher:

The current method mainly uses the 
VJP-based method, which needs time-

consuming auto-differentiation.



DF Endpoint Approximation

Our DF-EA method:

Theoretical approximation error bound:



DF Endpoint Approximation

Experiments on our DF-EA method:



DF Optimal Transport
PART FIVE



DF Optimal Transport

Numerical test for the OT property of PF-ODE map



DF Optimal Transport

Numerical OT verification results of 

common noise schedules:



THANKS!
Codes repository: https://github.com/zituitui/BELM  
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