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1. Diversity-Quality Trade-off in LLM Alignment Diversity  Quality
Model (#Clusters) T (Reward) 1

Aligned model — high quality, low diversity L 1ama-3-8B 8.13 1.28 Collaboration between a less-aligned,
Llama-3-8B-Instruct 2.58 7.62

higher-diversity model and a more-
Table 1. Diversity and quality of L1ama-3-8B’s base and aligned alig ned, hig her-quality model during
models in our preliminary experiment. The results demonstrate a inf erence can b etter bal ance th e

clear diversity-quality trade-off in the two model’s performance.

Diversity is measured by the number of semantic equivalent clus- dive rSity' qua I ity trade-off than either

ters of the output group, and quality is the average reward per
output from another LLM. m Od el a I one.

2. BACo: Base-Aligned Inference-time Token-level Collaboration Ateach token, a lightweight router picks base or aligned
based on complementary strategies:

Base model — low quality, high diversity

Pilot Experiment: Base Is 3.15x more diverse, aligned is
5.95x higher quality.

llustrating a diversity-quality trade-off.

Prompt: Suggest a summer trip destination in the US. . . . i
Diversity ~ecne LOgit-Based: Leverages the uncertainty of
divs&jﬁzy- the next-token prediction distribution,
trade-off  routing to the base model at positions of
- _ high uncertainty (low maximum probability
Uncertainty , adiust or high entropy).
reshel Content-Based: Leverages the semantic
role of the predicted token (e.g., formatting
l o tokens and function words). Prior work
with default temp.\ shows that linguistic structures correspond
~ to human-perceived branching, and
Quality  alignment also primarily affects stylistic

tokens. These are also applicable to black-
box models.

Less cost: out-of-box models, no additional training, a single decoding pass, and a threshold Best variant (-P-Punc) combines both strategies.
that traverses the diversity—quality frontier.

(A) Example outputs from base, aligned, and BACo models. (B) The diversity-quality trade-off space.

4. Main Results: BACo Optimizes the Trade-off than Baselines

3' Evaluation setup Method Lexical Semantic Overall S— " Nudging < BACo
Open-ended Tasks: NOveltyBenCh Cov. Dom. Cov. Dom. Cov. Dom. BACo Dominance (75.26%)
(instructions), WildChat (dialogue), Narrative- Base 0.098 12.7% 0.098 16.0% 0.098 143%  _

Discourse (creative writing). Aligned 0269 49.0% 0.104 292% 0.186 39.0% 5

Models: Llama-3-8B, Olmo2-7B. Nudging 0276 93% 0247 99% 0261 96% =

Metrics: 11 diversity metrics x 2 quality metrics Decoding - 0% - 0% - 03% 818 / e

= 22 trade-off instantiations. ;(’Sr:g;?eg (gi‘z;) ?'ZZZ ?‘g;/z ?:ZZ :

- Diversity metrics include lexical (e.g., n-gram, BACO (Best) 0445 249% 0360 405% 0403 327% >

self-BLEU) and semantic (e.g., NLI diversity, 8

semantic entropy). 5 os

+0.142 Coverage over all the Sota baseline.

Indicators: 40.5% Dominance on semantic diversity, 32.7%
Coverage . &~ overall. °% : : 6 ; i
AUC of trade-off ¢ ' Consistent across all 3 datasets and 2 models. Ruality (Sewarc)
curve. 42..; Coverage :
Dominance /7. Human Evaluation 5. Verifiable Tasks: Math Reasoning
Share Of glObal NoveltyBench WildChat o Aligned : ’_BACoP-Punc
Pareto frontier. Quality Metric #1 Aligned BACO | Aligned BACo £ X
2 020- X 'S 0204 |
Quality 283 404 | 344 383 ; ‘ i
M ° ° ) 015 X A 015
6. Base—-aligned > aligned-aligned Overall  21.0% 79.0% | 36.1% 63.9%
Diversity Format 254% 74.6% | 26.8% 732% 2 S
Method Lexical Semantic Overall Content  22.9% T11% | 41.6% 58.4% : e g o 5
Cov  Dom.  Cov. Dom.  Cov.  Dom. Creativity 204% 79.6% | 382% 61.8% 300 —; v v 8 000l —— )
Base 0142 98% 0.142 132% 0142 11.5% Quality (Acc) Quality (Pass@10)
Aligned 0273 438% 0.128 19.9% 0200 31.8% - L . L .
i ‘ i Human eval suggests BACo is of Diversity-quality trade-off exists in verifiable tasks
AACO 0022 45% 0006 7.0% 0014 57% hiaher auality. more diverse. and i
BACO 0495 430% 0452 598% 0474 50.9% gher quality, : (e.g., GSM8k). BACo can also ease these trade-off.

Collaboration between aligned models (AACo)
can’t be as efficient as BACo in easing the

trade-off.

more creative.



