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Abstract

Model transformation is a central automation mechanism in Model-
Driven Engineering (MDE), but transformation development and
adaptation still require expertise in metamodeling, transformation
languages, execution engines, serialization formats, and validation
tools. Large Language Models (LLMs) may reduce this entry barrier
by allowing users to express transformation intent through prompts,
examples, and structured artifacts. However, model transformation
is not only a generation task. Transformation artifacts must pre-
serve source-target structure, conform to metamodel constraints,
and remain consistent when related artifacts evolve.

My doctoral research investigates how LLMs can support model
transformation in MDE while preserving explicit checks for confor-
mance, structure, and consistency. The work is organized around
two research questions: first, what capabilities and limitations
LLMs exhibit when performing model transformation; and sec-
ond, how LLM-assisted transformation can be improved through
source-target examples and explicit MDE services. Completed stud-
ies show that LLMs can support regular and structurally simple
transformations, but their reliability decreases with structural com-
plexity, semantic richness, and change propagation. The remaining
work, therefore, moves from direct generation toward workflows
where LLMs coordinate MDE services for metamodel access, ex-
ample selection, checking, execution, diagnostics, validation, and
repair.
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1 Problem

Model-Driven Engineering (MDE) promotes models as first-class
artifacts for abstraction, automation, analysis, and evolution [4, 19].
Model transformation is one of its main automation mechanisms,
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supporting derivation, synchronization, migration, and genera-
tion across modeling languages, abstraction levels, and technical
spaces [9, 10, 20]. Typical cases include generating implementa-
tion artifacts from UML models, deriving schemas from conceptual
models, transforming engineering models into digital-twin repre-
sentations, and keeping related artifacts consistent as they evolve.

Despite this role, transformation development and adaptation
remain difficult in practice. The main barrier is not the execution
of an already implemented transformation, which should be repeat-
able for a given input and configuration. The barrier lies in defining,
adapting, configuring, validating, and maintaining transformation
specifications. This requires knowledge of source and target meta-
models, transformation languages such as ATL or QVT, execution
engines, XMI serialization, validation procedures, and diagnostic
messages from modeling tools [11]. As a result, there is a gap be-
tween stakeholders who understand the source and target domains
and those who can implement dependable transformations.

LLMs may reduce part of this barrier because they can process
natural-language instructions, serialized models, metamodel frag-
ments, mapping rules, examples, and tool diagnostics [2, 7, 17].
This makes them relevant for expressing transformation intent and
supporting transformation development. However, model transfor-
mation is not only a generation task. A target artifact may look
plausible while omitting required elements, breaking references,
using wrong types, or violating the target metamodel. In evolving
settings, an LLM may recognize a local edit but fail to propagate
its consequences across related artifacts [8, 13, 16]. Direct LLM
generation, therefore, improves accessibility but does not by it-
self provide metamodel conformance, structural correspondence,
semantic adequacy, or consistency under evolution.

The overall research goal is:

RG: To investigate how LLMs can reduce the entry
barrier and accidental complexity for model transfor-
mation in MDE while preserving explicit checks for
conformance, structure, and consistency.

The stakeholders in this research are domain engineers, MDE
engineers, and transformation tool builders. Domain engineers may
know the intended source-target correspondence but not the trans-
formation language or toolchain. MDE engineers need support for
developing and adapting reusable transformation specifications.
Transformation tool builders need evidence on where LLM support
is useful and where transformation development should remain un-
der explicit MDE tool control, such as metamodel access, checking,
execution, diagnostics, validation, and repair.

This framing also clarifies the role of accidental and essential
complexity in the thesis, as shown in Figure 1. The work aims to
reduce accidental complexity caused by transformation languages,
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Figure 1: Problem framing of the thesis.

tool configuration, serialization conventions, and diagnostic in-
terpretation. It does not assume that the essential complexity of
source-target mapping can be removed. Instead, it studies how such
complexity can be made explicit through examples, metamodels,
transformation specifications, validation, and tool feedback. The
problem addressed in this PhD project is therefore how to make
transformation development more accessible without weakening
the MDE checks needed for dependable transformation artifacts.
This goal is addressed through two research questions:

RQ1 What capabilities and limitations do LLMs exhibit when
performing model transformation in MDE, particularly with
respect to structural preservation, metamodel conformance,
and consistency under artifact evolution?

RQ2 How can LLM-assisted model transformation be improved
over the limitations observed in RQ1 while keeping trans-
formation artifacts inspectable, executable, and reusable?

RQ1 evaluates LLMs as direct support for transformation. It
covers zero-shot transformation and transformation under artifact
evolution and identifies where stand-alone LLMs are useful, where
they fail, and which MDE properties are difficult to preserve. RQ2
investigates improvement mechanisms for LLM-assisted transfor-
mation. It covers model transformation by example and service-
mediated transformation workflows and studies whether examples,
metamodel access, transformation checking, execution, diagnostics,
validation, and repair can improve transformation quality without
replacing transformation languages, execution engines, or valida-
tion tools.

2 Expected Contributions

The expected contributions combine empirical evidence on LLM-
based model transformation with a constructive workflow for tool-
supported transformation development. C1 and C3 address the
capabilities and limitations of LLMs in direct and evolution-aware
transformation settings. C2 and C4 address how transformation
quality can be improved through examples and explicit MDE ser-
vices.

C1: Evidence on the limits of stand-alone LLMs for model
transformation. This contribution establishes a baseline for using
LLMs as out-of-the-box model transformers. It uses controlled trans-
formation settings, oracle-based comparison, repeated generation
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under fixed prompts, and error analysis to identify recurring failure
modes, including missing elements, wrong types, unstable inheri-
tance realization, enumeration errors, and weak reference handling.
The contribution clarifies which structurally simple transforma-
tions can benefit from direct LLM generation and where stand-alone
LLMs are insufficient for dependable transformation development.

C2: An evaluation of LLM-based model transformation
by example. This contribution evaluates whether source-target
examples can improve transformation quality without requiring
users to write formal transformation specifications. Examples are
selected from a repository of concrete source-target pairs and pro-
vided to the LLM as in-context transformation guidance, together
with the new source model and, when available, mapping rules or
metamodel fragments. The contribution shows when examples help
the LLM preserve structural and semantic fidelity, and when they
introduce ambiguity, irrelevant context, or prompt complexity. Its
value is to assess model transformation by example as a low-barrier
mechanism for guiding LLM-based transformation.

C3: A benchmark for consistency under artifact evolu-
tion. This contribution evaluates LLMs in transformation settings
where related artifacts evolve. It uses controlled edit operations and
round-trip transformation to assess whether changes are preserved
across coupled artifacts without syntactic invalidity, structural in-
consistency, or unintended drift. The contribution characterizes
which edit types can be propagated reliably and which require
coordinated updates across references, containment, inheritance,
multiplicities, or declarations. Its value is to show the limits of LLMs
for co-evolution scenarios where consistency must be maintained
across repeated changes.

C4: A service-mediated workflow for LLM-assisted trans-
formation development. This contribution investigates a work-
flow in which an LLM coordinates explicit MDE services instead
of replacing transformation languages or engines. The services
cover metamodel access, example selection, transformation check-
ing, execution, diagnostics, validation, and repair. Candidate ATL or
QVTo specifications may vary across runs, but checking, execution,
loading, and diagnostics are delegated to MDE tools. The expected
outcome is a workflow that supports reusable transformation de-
velopment while keeping transformation artifacts inspectable, exe-
cutable, and validated through explicit MDE checks.

3 Related Work

This research is positioned at the intersection of model transforma-
tion, model transformation by example, LLMs for MDE, and artifact
consistency.

Model transformation languages and engines provide explicit
specifications, repeatable execution, and integration with modeling
infrastructure [10, 20]. They support model-to-model transforma-
tion, model-to-text transformation, synchronization, migration, and
code generation. Their main advantage is that transformation be-
havior can be inspected, executed, tested, and maintained. Their
practical limitation is the expertise required to define transfor-
mations, configure tools, understand metamodels, and interpret
diagnostics [11]. This motivates work on lowering the entry barrier
without weakening the explicit checks provided by MDE tools.
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Model transformation by example reduces part of this specifica-
tion effort by deriving transformation behavior from source-target
examples rather than manually written rules [12, 22]. Search-based
and neural approaches have also been used to infer transforma-
tions [6, 14]. These approaches reduce explicit rule programming,
but still depend on representative examples, refinement, or training
data. My work builds on this line by studying whether LLMs can
use source-target examples directly as transformation guidance,
and where examples are insufficient for preserving structure and
semantics.

LLMs have recently been applied to software engineering and
MDE tasks, including code generation, domain modeling, model
extraction, prompt engineering, and model transformation [2, 7,
8, 13, 16, 17]. Existing studies show that LLMs can produce useful
modeling and transformation artifacts, but also report limitations
in correctness, completeness, and metamodel conformance. This
motivates task-specific evaluation of LLM-based transformation
against MDE properties such as element coverage, source-target
correspondence, and structural validity, rather than relying on
plausible generated artifacts.

Artifact evolution adds a further MDE concern. Models, code,
and schemas often co-evolve, and changes must be propagated
consistently across related artifacts [18, 23]. Round-trip engineer-
ing and bidirectional transformations study how related artifacts
can be kept consistent under change [1, 21]. These works moti-
vate evaluating LLMs not only for one-time generation, but also
for transformation settings where edits must be preserved across
coupled artifacts without invalidity or unintended drift.

Finally, prompting and retrieval can improve the context given
to an LLM [5, 15], but they do not replace transformation execution,
metamodel conformance checking, or validation. My work there-
fore investigates LLM-assisted transformation as a service-mediated
MDE workflow, where the LLM coordinates explicit services for
metamode] access, example selection, checking, execution, diagnos-
tics, validation, and repair, rather than replacing transformation
languages and engines.

4 Proposed Approach

The PhD project follows an iterative software engineering research
style inspired by Basili’s experimental paradigm and quality im-
provement process [3]. This is suitable because the thesis combines
empirical evaluation with constructive workflow design. Each stage
characterizes a transformation setting, defines evaluation criteria,
executes controlled studies, analyzes failure modes, and uses the
results to refine the next stage. The approach uses established MDE
methods and tools, including transformation languages, metamodel-
based validation, oracle comparison, model transformation by ex-
ample, round-trip consistency, and transformation testing and de-
bugging.

Figure 2 shows the research process used throughout the thesis.
The process starts from the MDE context and the limitations of
LLM-based transformation. It then defines research questions and
evaluation criteria, designs controlled studies, executes experiments
or prototype assessments, and uses the observed failure modes to
refine the next study. This process supports the thesis structure:
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Figure 2: Iterative software engineering research style used
in the thesis.
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Figure 3: Four connected studies in the thesis, moving from
direct LLM transformation to LLM-assisted transformation
development with explicit MDE services.

the empirical studies identify limitations of direct LLM-based trans-
formation, and the workflow study addresses them through explicit
MDE services.

Figure 3 summarizes the four connected studies. Study 1 evalu-
ates zero-shot transformation as the lowest-barrier setting: the LLM
receives a source artifact and produces a target artifact without
examples, transformation rules, or tool access. This establishes a
baseline for the capabilities and limits of stand-alone LLMs.

Study 2 evaluates LLM-based model transformation by example.
Concrete source-target pairs from the studied scenarios are pro-
vided as in-context examples together with the new source artifact.
The study examines whether selected examples improve structural
and semantic fidelity, and whether additional examples introduce
ambiguity or prompt complexity.

Study 3 evaluates transformation under artifact evolution. A
controlled change is introduced in one artifact, propagated to the
coupled artifact, and then propagated back. The evaluation focuses
on edit preservation, structural validity, and unintended drift. This
captures MDE settings where related artifacts must remain consis-
tent across repeated changes.
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Study 4 develops a service-mediated transformation workflow.
The LLM interacts with MDE services for metamodel access, ex-
ample selection, transformation checking, execution, diagnostics,
validation, and repair. Candidate ATL or QVTo specifications may
be generated and revised by the LLM, but transformation-critical
operations remain delegated to MDE tools. In this study, repeatabil-
ity refers to tool-controlled operations: for the same transformation
specification, input model, metamodels, and runtime configura-
tion, checking, execution, loading, and diagnostic reporting are
expected to produce repeatable results. The aim is, therefore, not to
make LLM generation deterministic but to constrain LLM variabil-
ity through explicit MDE operations and diagnostics. The resulting
transformation specification can then be inspected, tested, repaired,
and reused.

Risks and ethical issues. The main research risk is overclaim-
ing what LLM-generated artifacts can guarantee. I therefore sep-
arate parsability, loadability, metamodel conformance, structural
completeness, semantic preservation, consistency under change,
and executable success. The use of LLMs also raises sustainabil-
ity concerns, since repeated prompting, regeneration, and repair
can increase computational cost. This risk is partially addressed by
emphasizing reusable transformation artifacts, including examples,
mapping knowledge, transformation specifications, diagnostics,
and evaluation scripts, rather than treating each transformation
as a one-off generation task. The proposed workflow is also not
intended to replace transformation engineers. Instead, it keeps gen-
erated artifacts inspectable, executable, and subject to explicit MDE
checks so that engineers can validate, adapt, and control the re-
sulting transformations. Reproducibility is addressed by archiving
prompts, datasets, outputs, model identifiers, and evaluation scripts.
The current studies use controlled artifacts and do not involve sen-
sitive personal data. If later user studies are conducted, informed
consent and institutional ethical procedures will be followed.

5 Evaluation Plan

The evaluation combines controlled experiments, oracle compar-
ison, structural validation, error analysis, round-trip checks, and
prototype assessment. Across the studies, the evaluation focuses on
MDE-relevant properties: metamodel conformance, element cover-
age, source-target correspondence, semantic adequacy, consistency
under change, and inspectability. The purpose is not only to mea-
sure whether LLMs produce valid-looking artifacts, but to assess
whether the generated artifacts and transformation specifications
preserve properties required in MDE workflows.

For the zero-shot and example-guided studies, generated artifacts
are compared with oracle artifacts. The metrics distinguish correct,
incorrect, additional, and missing elements, with higher penalties
for missing or structurally harmful elements. Structural preser-
vation is evaluated because the studied scenarios, UML-to-Java,
RDBMS-to-UML, SysML-to-AAS, and model/schema co-evolution,
require preservation of references, containment, types, and domain-
specific elements. Error analysis is used to identify recurring failure
modes such as incomplete element coverage, incorrect type map-
ping, unstable inheritance realization, and weak reference handling.

For the evolution study, controlled edit operations are evaluated
in round-trip transformation settings. The main criteria are edit
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persistence, parsability or loadability, structural validity, and run-to-
run consistency. This evaluates whether changes can be propagated
across coupled artifacts without invalidity or unintended drift. The
analysis distinguishes local edits, such as renaming or deletion,
from changes that require coordinated updates across references,
containment, inheritance, multiplicities, or declarations.

For the service-mediated workflow, the evaluation compares
direct LLM generation with tool-supported transformation develop-
ment. The criteria include executable success, diagnostic recovery,
metamodel-related failures, service-call traces, and structural out-
put quality. Executable success means that a transformation can
be checked, executed, serialized, and loaded against the registered
target metamodel. Since executable success does not guarantee
mapping completeness or semantic adequacy, the evaluation also
examines cases where transformations are executable but produce
incomplete or semantically weak target artifacts.

6 Current Status

The project is in the early-to-middle stage of the PhD. Three empiri-
cal studies have been completed, and the service-mediated workflow
is under development. The completed studies establish the empir-
ical basis for the thesis by identifying where LLMs are useful for
model transformation and where explicit MDE support is needed.

For RQ1, I have completed two studies on the capabilities and
limitations of LLMs for model transformation. The first is a zero-
shot UML-to-Java benchmark with 116 UML class diagram models
serialized in XMI/Ecore. The results show that LLMs can produce
correct outputs for simpler models, but correctness decreases as
structural complexity increases. The main errors concern type and
collection mapping, inheritance realization, enumeration handling,
and element coverage. The second is a change-aware round-trip
benchmark using paired class-oriented data models and relational
schemas. The results show that LLMs can often handle small local
edits, such as renaming or deletion, but struggle with changes that
require coordinated propagation, including splitting or merging
structures, introducing inheritance, changing multiplicities, and
introducing enumerations. Together, these studies show that stand-
alone LLMs provide useful low-barrier support in structurally lim-
ited settings, but are not sufficient for dependable transformation
development.

For RQ2, T have completed an LLM-based model transforma-
tion by example study across RDBMS-to-UML, UML-to-Java, and
SysML-to-AAS, and I am developing a service-mediated transforma-
tion workflow. The example-based study shows that LLMs perform
well in regular and syntactically predictable transformations, es-
pecially RDBMS-to-UML. UML-to-Java is more sensitive to syntax
and implementation details, while SysML-to-AAS is more difficult
because it requires semantic interpretation of engineering concepts
and mapping to a domain-specific target structure. More examples
do not consistently improve the results, which indicates that ex-
amples alone are not sufficient as transformation guidance. The
current workflow, therefore, exposes MDE operations as services
for metamodel access, example selection, checking, execution, di-
agnostics, and repair. Preliminary assessment with UML-to-Java
and SysMLv2-to-AAS using ATL and QVTo shows that an LLM can
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generate and repair executable transformations in several configu-
rations. However, executable success does not guarantee structural
completeness or semantic adequacy, so validation beyond execution
remains necessary.

The next stage of the PhD will focus on completing the service-
mediated workflow, extending its evaluation, and consolidating the
empirical and workflow results. Later PhD work will study broader
model transformation and model management workflows, includ-
ing validation, repair, and evolution beyond the current scenarios.
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