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Accelerate AR models (training-free)

• Next Token Prediction is expensive at inference: sampling is sequential
• Images are made of long token sequences (~4K for 1024p image).

• Latency is the main blocker for interactive and real-time setting (~80s on A100).

• Parallel Decoding, assume (approximate) token independence and decode many tokens 
in parallel at inference time.

• Speculative Decoding, generate a draft of N tokens cheaply, then verify with the target 
model

The two can be combined for faster sampling, with target-model verification limits drift from 
the original distribution
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Multi Scale Local Speculative Decoding

• Tailor SD for image synthesis to allow LLM 
leverage the multi-scale inductive bias for 
acceleration

• Introduce image-specific rejection mechanism, 
exploiting local bias and redundancy of visual 
tokens. 

• We combine it with parallel decoding showing 
huge gains in latency. 

Rejected vs. Accepted Causal Rejection
(Standard)

Local Rejection
(Ours)

Rejection Mechanism



4

AlgorithmAlgorithm
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Integration with Parallel Decoding

• Sequential sampling form drafter / target still takes 
~90% of the latency (Step 1 and Step 6)

• Combine speculative decoding with parallel 
sampling for the highest speedup:
• Parallel sample the whole image from the drafter

• Resample the rejected tokens with parallel decoding 
form the target model
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Base Model – Tar 

Vision as a Dialect: Unifying Visual Understanding and Generation via Text-Aligned Representations

• MLLM: 
• QwenVL-2.5 (1.5B and 7B):
• Finetuned to generate visual tokens (token num: 81, 169, 729)

• Pixel Decoding:
• Architecture based on Llama-2 with 0.6B params
• Finetuned with the new conditioning
• Resolution specific checkpoints: 256p, 512p, 1024p.

• It is still two stage (conditioning, generation), 
but fully next-token-prediction.   

Resolution # Tokens Latency [s]

256p 256 5

512p 1024 20

1024p 4096 80

Measured on A100

https://arxiv.org/abs/2506.18898
https://arxiv.org/abs/2506.18898
https://arxiv.org/abs/2506.18898
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Experiments

• MuLo-SD outperforms other 
speculative decoding competitors 
(LANTERN and EAGLE-2)

• When combined with parallel 
decoding it delivers higher 
speedups up to ~5x
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Experiments
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Demo

Tar @ 1024p Tar @ 1024p + MuLo Tar @ 1024p Tar @ 1024p + MuLo
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