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DESCRIPTION:

Search systems built on Large Language Models (LLMs), including retrieval-augmented
generation, conversational search and agentic research assistants, usually run the same
costly process for every query: retrieve documents, re-rank them, fill the context window and
generate a long answer. This is wasteful as many queries are navigational or simple factual
look-ups that need a single retrieval step or none at all, while only a minority require multi-
step search and extended reasoning. User intent is a long-established and cheap signal in
information retrieval, and it is a natural way to decide how much computation a query
deserves. Existing intent taxonomies and classifiers, however, were designed for ranked lists
of documents, not for generative systems. This project asks how intent can be predicted
reliably at query time, and how it can then be used to make LLM-based search both more
accurate and considerably cheaper.

The first objective is to improve intent detection itself. The starting point is ORCAS-I, which
splits informational queries into factual, instrumental and abstain sub-classes and labels ten
million queries using weak supervision. Later work shows that LLMs find more instances of
each intent class than weak supervision but make more false positives, and that fine-tuning
on weak labels works better than in-context learning. The project will study how to combine
the two: using LLM predictions as additional labelling functions, distilling large models into
classifiers small enough to run on every query, calibrating confidence so the system can
abstain, and extending the taxonomy to conversational, multi-intent and non-English queries.

The second objective is to use the predicted intent to control the search pipeline. Intent can
decide whether to retrieve at all, how many passages to pass to the model, which index or
tool to call, whether to rewrite the query or ask a clarifying question, and whether to start a
multi-step agent loop. These decisions will be compared with methods that estimate effort
from question complexity or model uncertainty, such as Adaptive-RAG, Self-RAG and
FLARE. Results will report answer quality together with latency, generated tokens and cost
per query, rather than quality alone.
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The third objective is to move intent prediction inside the model. The project will test intent
prediction as an auxiliary task during supervised fine-tuning, intent expressed as special
tokens that condition the answer, and reinforcement learning with a reward that combines
answer quality with computational cost. Probing of internal representations will show how
much intent information the model already encodes and when explicit supervision helps.
The expected outcomes are new annotated resources for intent in generative search, open
models and routing recipes, and evidence on how much computation current LLM search
systems spend without benefit to the user.

REQUIREMENTS:

MSc degree in computer science, computational linguistics, mathematics, artificial
intelligence or a related field

Strong programming skills in Python, with experience in PyTorch and the Hugging
Face ecosystem

Familiarity with information retrieval concepts, evaluation methodology and standard
toolkits

Knowledge of current research on LLMs, retrieval-augmented generation and model
fine-tuning

Ability to work with large query logs and to run experiments on GPU clusters
Advanced level of English (spoken and written)
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