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Preliminaries and Method
Spoken Dialogue Models 

- Becoming globally ubiquitous, with applications 
ranging from Siri, Amazon Echo, to LLMs. 

- ASR is a shared component across these 
systems, but speech data is more scarce than text 
data. 

- 380 Million people speak English as their first or 
second language, and globalization continues to 
produce diverse speech varieties / new linguistic 
patterns. 

Convex Language Detection (CLD) and ASR

- Pilanci and Ergen1 developed exact representations 
of training two-layer ReLU NN with a single convex 
program

- We recast the low-resource training problem as a 
convex program. 

[1] Neural Networks are Convex Regularizers: Exact Polynomial-time Convex Optimization Formulations for Two-layer Networks (2020)



Four Main Points of Analysis

Please see Section 4, and Appendix A of the paper for Theorems and associated proofs. 
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Binary Experiment

b) EN-ZH binary classification WER 
vs. training sample sizes

a) EN-ZH binary classification accuracy 
vs. training sample sizes

Abbreviations: Fine-tuned whisper (WSP-SFT)
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Multiclass Experiment

CLD multiclass detection accuracy, WER, CER benchmarked across language classifiers 
and ASR models

Evaluated on 5 languages: English, Chinese, Indonesian, Malaysian, and Hindi
Model abbreviations: Whisper-small (WSP), Whisper-large-v3 (WSP-L), and MMS-1B



- We propose Convex Language Detection (CLD), a fast sample-efficient algorithm for 
robust spoken language classification within low-resource accented data regimes. 
Available as a package at [2].

- Robustness: performant in low-resource regimes (~100 samples), and empirically 
outperforms competitors at 97-99% accuracy

- Speed: 13× fewer training TFLOPs of a comparable non-convex MLP, enabled by 
GPU acceleration and parallelism with JAX-ADMM

- Future work: end-to-end differentiable CLD pipeline by unrolling the ADMM iterations 
or applying implicit differentiation through the KKT conditions of the convex program. 
Particularly amiable with our JAX codebase!

Conclusions and Future Work

[2] Pip package at https://pypi.org/project/jaxcld/

https://pypi.org/project/jaxcld/

