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Motivation & Contributions

The Problem

Diffusion inference is expensive because denoising is iterativeantized.

Existing PTQ methods mainly reduce single-step error.

Our Solution

TCEC explicitly models this accumulated error and corrects it online with 
very small overhead.

Our Contributions

Identify the key bottleneck in low-precision DMs
Cumulative error is the main reason for performance degradation.

Build a principled and efficient correction framework
Formulate cumulative error through per-step error, accumulation, and 
propagation, derive a closed-form solution.

Achieve strong efficiency–quality trade-offs in practice

Significantly improves image quality and diversity while delivering 3.5×memory 
reduction and 3× inference speedup under low-precision settings..
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Quantized Diffusion Models (QDMs) achieve fast inference but suffer from 
severe quality degradation.



Methodology (1/2) - The Problem

Quantized trajectory drifts due to accumulated error.

TCEC adds online correction to pull it back.
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Full-precision trajectory follows the desired denoising path.



Methodology (2/2) - Our Correction
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Three Key Quantities
Per-step quantization error 
(𝜺𝒕)
The output distortion introduced 
by the quantized model at 
timestep .
Cumulative error (𝜹𝒕)
The deviation between the 
quantized latent state and the full-
precision latent state after 
multiple denoising steps
.

Correction term (∆𝒕)
The compensation injected online 
to reduce accumulated trajectory 
drift .

DDIM Sample
Full-presicion update

𝑥𝑡−1 = DDIM(𝑥𝑡, 𝜇𝜃(𝑥𝑡, 𝑡))

Quantized update
!𝑥𝑡−1 = DDIM("𝑥𝑡, "𝜇𝜃("𝑥𝑡, 𝑡))

Quantized model output

"𝜇𝜃("𝑥𝑡, 𝑡) = 𝜇𝜃("𝑥𝑡, 𝑡)) + 𝜀𝑡

State deviation
"𝑥𝑡 = 𝑥𝑡 + 𝛿𝑡

Error Propagation 
Equation

𝛿𝑡−1 = 𝐴𝑡𝛿𝑡 + 𝐵𝑡𝜀𝑡

𝐴𝑡𝛿𝑡 : propagated error from later 
timesteps.

𝐵𝑡𝜀𝑡 : newly injected quantization 
error at the current timestep.

Key idea: quantization error does not stay 
local. It perturbs the current prediction, 
shifts the next latent input, and keeps 
propagating through the entire denoising 
trajectory..



Methodology (2/2) - Our Correction

06Contact: liusongwei.zju@bytedance.com | cfangmin@gmail.com

Directly computing the exact 
closed-form cumulative error 
involves:
• recursive matrix products

• Jacobian-related terms

• long-horizon accumulation from timestep 

Lightweight solution

Accurate, but not practical for real-time 
inference.

Approximation 1

For a well-trained diffusion model, it is insensitive 
to local changes in the input, which implies that we 
can ignore the Jacobian term: 𝐽𝑥𝑡 ≈ 0.

Approximation 2
PThe correction term only takes into account the 
subsequent m steps. Since the denoising process 
unfolds in reverse, proceeding from T to 0, at the t-
th step, only the quantization noises at steps t + m, t 
+ m - 1, ......, t + 1 are factored in. We refer to this as 
the temporal locality approximation.

Per-step error 
estimation

Final online correction

• only uses nearby timesteps.
• only requires cached channel-wise 

coefficients.
• adds negligible computation beyond 

the quantized backbone.



Empirical evidence

Errors accumulate across denoising 
steps
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Errors correlate with generated 
structure

High-frequency regions are most 
affected



Visualization
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Quantitative Results

Key Takeaways

09Contact: liusongwei.zju@bytedance.com | cfangmin@gmail.com

SDXL W4A4: PSNR 21→ 21.9
Video W8A8: Imaging Quality +2.08

Video W4A8: Imaging Quality +3.90
Extra latency <0.5%



Conclusion
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Key Takeaways

Cumulative error is the missing piece in low-bit diffusion 
quantization。

TCEC provides a closed-form and practical online correction 
framework。

It improves image and video generation quality with negligible 
overhead。
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