
Effective Generation of Structured Data using LLMs

1 Context and motivation
Rather than generating unstructured text, LLMs are being extensively used for producing structured output
that adheres to a predefined schema [8]. This schema can be defined in various formalisms ranging from
regular expressions to more expressive languages like JSON Schema. Such generation is crucial in different
contexts. For example, LLM agents interact with other agents and with external tools through the A2A [1]
and MCP [2] protocols using messages specified by JSON Schema /.

Several techniques have been proposed for using LLMs to produce JSON data from JSON Schema [9, 10].
Most of them rely on constrained decoding, a popular approach that operates directly during the LLM
decoding process by restricting the set of valid tokens so that the generated output conforms to a given
grammar or structural specification. To support JSON Schema, existing techniques like XGrammar[7] and
Outlines [11] rely on a partial translation of the input schema S into a more or less equivalent grammar G
that will be used for the constrained decoding. Since JSON Schema is expressive and S is expected to be
large and complex, such techniques relying usually fail to guarantee correctness, and suffer strong limitations.

While JSON Schema has been popularized for describing data exchanged through APIs and agentic
workflows, recently graph schema languages like PG-Schema [3] are emerging and being adopted in major
database systems and for describing graphs used by agents to augment LLMs with retrieval features [6].
Leveraging LLMs to generating graph data starting from graph schemas is an appealing direction that has
not yet been investigated and which could create momentum.

2 Objectives
The aim of this doctoral project is to investigate the generation of structured data using LLMs by considering
two important data models: JSON and property graphs. While LLM-based generation of JSON data starting
from JSON Schema has been extensively studied, existing solutions suffer severe limitations both in terms
of robustness and effectiveness. The first objective of the thesis is to address these limitations by leveraging
constrained decoding techniques in order to fully support JSON Schema while ensuring efficiency which
is paramount when using LLMs. One possible direction is to extend constrained decoding techniques by
allowing them to consider larger fragments of JSON Schema. Another direction would be to investigate
hybrid approaches combining symbolic solutions [4] with LLMs [9].

The second objective is to study LLM-based generation for property graphs starting from PG-Schema
[3] specifications. Despite being dedicated to graph data, this schema language shares some common ground
with JSON Schema when it comes to specify structured information represented on the nodes and the edges
of the graphs being described. Still, the complexity of the problem is expected to be high due to the nature
of the data model which connects nodes following some patterns and probability distributions that need to
be captured and reflected during generation. An interesting direction to investigate is to leverage the use of
probabilistic generations techniques like GMark [5] with LLMs.

3 Prerequisite
The applicants should have a background in computer science with proficiency in databases, machine learning
and artificial intelligence. The candidate will be involved in a research project about effective LLM-guided
generation involving researchers from Italy and from Germany following an intensive interaction. Fluency
in English is, thus, required.
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4 Contact information
The PhD project will be held under the joint supervision of Dr. Mohamed-Amine Baazizi (mohamed-amine.
baazizi@lip6.fr) and Pr. Dario Colazzo (dario.colazzo@lamsade.dauphine.fr) following an extensive
interaction between two highly ranked research institutions, namely, the LIP6 lab at Sorbonne University
and the LAMSADE lab at PSL University.
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