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Output Diversity is Lost in LLM SFT

• Supervised Fine-Tuning (SFT) with Cross-Entropy (CE) improves 
instruction-following but often causes token distribution collapse

Softmax push convergence towards one-hot
Token distribution for the question 
“... Give me a single-digit number”

Right figure from “Preserving Diversity in Supervised Fine-Tuning of 
Large Language Models,” ICLR 2025



Preserve accuracy for small

Tail-Suppressed Plausible Diversity (TSPD)

Define 𝒑 as a token predicted probability distribution and  𝑇𝑜𝑝𝑚(𝒑) 
as the indices of the m largest coordinates of 𝒑. 
• If 𝑦 ∈ 𝑇𝑜𝑝𝑚 𝑝 , let 𝑆 ≔ 𝑇𝑜𝑝𝑚 𝒑

• Otherwise, let 𝑆: = 𝑇𝑜𝑝𝑚−1(𝒑)  ∪ 𝑦

Preserve diversity for non-trivial



Training with Sparsemax+, Testing with Softmax

• Decouple the mapping of logit 
to prob 𝒛 → 𝒑

Training with sparsemax for 
converged supervision 
Testing with softmax for output 
diversity

• Design a sparsemax+ loss with 
tail suppression softmax vs. sparsemax

sparsemax mapping: 
𝑝𝑖

𝑠𝑝
𝒛 = sparsemax 𝒛 𝑖 ≔ max{ 𝑧𝑖 − 𝜏 𝒛 , 0}



Sparsemax+ Training Loss

Sparsemax+ loss 
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where 𝑝sf = softmax 𝑧 and 𝑆sp 𝑧 is the 
sparsemax support.



Experiments

• Base models: Llama-3.1-8B and Qwen-2-7B

• SFT on UltraFeedback dataset

• Baselines: GEM (reverse KL+entropy regularization), CE, CE with Weight Decay (CE+WD), 

NEFT (adding noise to word embeddings), CE+label smoothing, sparsemax, 1.5-Entmax

•  Evaluation

• win rate & diversity on the chat task AlpacaEval dataset

• pass@k & diversity on the code generation HumanEval benchmark

• diversity on the creative writing task

• generalization on the OpenLLM Leaderboard

• capability on multi-turn dialogue benchmark MT-Bench-101



Results

Please find more results in our paper.



Take-away Messages

• Tail-Suppressed Plausible Diversity as a target 
property for useful generation diversity.    

• TS2, a decoupled recipe: train with Sparsemax+ and 
test with Softmax for achieving TSPD.    
• This decoupled recipe can extend to more logit->prob 

mapping functions

Code Link:



Thank you!
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