
Transformer-based large language models (LLMs) have achieved remarkable success, yet
many challenges remain. In this talk, I will address a fundamental question: Do all tokens
require the same amount of computation within a Transformer? I will share insights into
this question and introduce our dynamic layer-skipping and attention-skipping algorithm
for adaptive inference in pre-trained LLMs, where different tokens are generated using
varying numbers of Transformer layers and attention heads. Our findings show that many
layers can be automatically skipped without degrading output quality. These skipped
layers reveal a substantial amount of underutilized compute within Transformers, which
can be further exploited to enable the generation of multiple tokens using only a subset of
layers. We refer to this inference paradigm as Direct Multi-Token Decoding (DMTD).
Unlike speculative decoding, our method introduces no additional parameters, no
auxiliary routines, and requires no post-generation verification. Despite being trained on a
limited dataset, it has demonstrated promising results on a fine-tuned Qwen3-4B model,
achieving up to a 2x speedup with only minor performance degradation. Scaling analysis
suggests further gains with larger training datasets. At the end of the talk, I will also briefly
introduce our other work including agent declarative language and AI4science.
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