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ABSTRACT

Transformers can fit complex data, adapt their behavior from context, and solve tasks that require planning. What
aspects of the data and training process make these capabilities possible? In this falk, | will present three studies that
connect data, optimization dynamics, and the mechanisms learned by Transformers. First, | will discuss benign overfitting
in a signal-plus-noise model, showing how the interaction between attention and value learning leads to distinct
generalization regimes governed by sample size and signal strength. Second, | will examine in-context learning through
task-vector retrieval, explaining how training data organization determines whether a model extracts fransferable task
information or retains interfering low-level features. Third, | will study planning through multi-token prediction, showing
how future-token objectives can provide learning signals for intermediate computations, supported by controlled
experiments and a staged training analysis in a minimal Transformer. Together, these results highlight a common question:
which representations and computations does training select, and when do they transfer beyond the training examples?
I will conclude with aresearch agenda on learned task structure and reliable reasoning in modern Al systems.
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All are welcome!
In case of questions, please contact Prof WONG Hau San and Prof ZHANG Qingfu at cshswong@cityu.edu.hk and
— gingfu.zhang@cityu.edu.hk, or visit the CS Departmental Seminar Web at https://www.cs.cityu.edu.hk/events/cs-
~ | seminars/recent-cs-colloquiums.
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