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Motivation

Why does LLM decoding need diversity?

1. Diversity means exploring different generation 

paths for the same prompt.

2. At equal per-sample accuracy, diversity may 

raise the chance of finding a correct answer.

Limitations of existing methods

1. Probability alone overlooks semantic similarity.

2. Truncation struggles to adapt to distribution changes.

3. Redundant candidates crowd the retained support.

Ensemble-learning inspiration:

Accuracy needs diverse votes

Main Contributions

• Reformulate LLM decoding as ensemble pruning. • Select compact token ensembles with a Mahalanobis objective.

• Develop efficient greedy selection with conditional guarantees. • Improve performance on reasoning and generation tasks.

Method: ME-Decoding

1. Probability and redundancy

MEE combines token confidence with a redundancy discount. MES adds an uncertainty-

dependent size penalty.

2. Adaptive semantic kernel

Use normalized input embeddings and probabilities renormalized over the candidate 

pool. The bandwidth adapts to local semantic dispersion.

3. Greedy selection and stopping

Start with the most probable token. Accept the largest MEE gain only while MES 

improves.

Theoretical Guarantees

Greedy-path unimodality

Under the kernel condition, the first non-increasing step τ gives the highest MES along the 

greedy path.

Approximation to the global optimum

The bound compares stopped greedy MES with the global optimum and holds under the 

same kernel condition.

Experiments

GSM8K accuracy (%)

GPQA accuracy (%)

ME-Decoding achieves the highest average accuracy on GSM8K and GPQA.

Accuracy is more stable as sampling temperature increases.

AlpacaEval and MT-Bench

DeepSeek-V4-Pro evaluation: highest average AlpacaEval win rate and MT-Bench score.

Matched controls
Method GSM8K Acc. (%) GPQA Acc. (%)

Size-matched 61.79 ±1.26 28.47 ±1.17

Entropy-matched 61.79 ±0.99 28.47 ±1.17

Cosine-matched 62.70 ±0.35 29.25 ±0.91

ME-Decoding 63.20 ±0.57 32.66 ±1.05

Qwen2.5-1.5B, T = 1.0. Mean ±SD over 3 seeds.

Gains remain after approximately matching size, entropy or cosine.

Sampling efficiency
2.7–7.4×faster CPU sampling

Versus Top-W, for sampler time only. GPU total-latency overhead: 1.5%–5.8% versus the fastest baseline.
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