
Megamodelling in a Broad Sense
Retrospective and Outlook

Ralf Lämmel
laemmel@uni-koblenz.de
University of Koblenz
Koblenz, Germany

Jean-Marie Favre
jean-marie.favre@univ-grenoble-

alpes.fr
Université Grenoble Alpes

Grenoble, France

Vadim Zaytsev
vadim@grammarware.net

University of Twente
Enschede, The Netherlands

Abstract
We review past work on megamodelling in order to illuminate
and connect different aspects and meanings of megamodelling.
In our review, we track megamodelling across different technolo-
gical spaces (dataware, modelware, programware, ontoware) and
different scenarios of usage (such as model repositories versus tech-
nology modelling). The discussion first adopts retrospective mode
and eventually switches to outlook mode on some possible devel-
opments in megamodelling. In particular, we highlight the role that
knowledge resources and AI (can) play in megamodelling in a broad
sense. We also submit a key challenge in the field.

CCS Concepts
• Software and its engineering → System modeling languages;
Architecture description languages;Orchestration languages; Software
maintenance tools; • Computing methodologies → Knowledge
representation and reasoning; • Information systems → Data
management systems.
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1 Introduction
Model-based development and deployment pipelines typically in-
clude automated steps such as model transformations, conformance
checks and artefact generation. As these pipelines become more
complex, different transformation languages may be developed;
sophisticated mechanisms for synchronisation and inconsistency
resolution may be introduced. Thus, it may be challenging to com-
prehend all artefacts and relationships involved.
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This is where (classic)megamodelling comes into play as follows:
Amegamodel is a model whose elements represent mod-
els, metamodels, languages, transformations, tools and
possibly other artefacts, together with the relationships
between them, such as ‘conformsTo’, ‘transformsFromTo’,
or ‘generates’.

Megamodelling therefore treats model management as a domain
that can itself be modelled, analysed and supported systematically.
The classic account presents megamodelling from the perspective of
model-based and model-driven (software) engineering (MD(S)E). In
the remainder of this paper, however, we adopt a broader, modern-
ised view where the model elements in a megamodel may be drawn
from more diverse categories of software artefacts and concepts in
different areas of software engineering and computer science.

In the first part of this paper (Sec. 2), we offer a retrospective; we
cover the following topics:

(1) Transformation Composition
(2) Model Management
(3) Megamodels as Model Registries
(4) Megamodelling as Modelling Foundation
(5) Global Model Management
(6) Co-Evolution Across Technological Spaces
(7) Linguistic Architecture
(8) Megamodelling in a Broad Sense
(9) Alternative Approaches
Methodologically, we adopt a purposive, concept-centric review.

Following Webster and Watson [72], we organise the literature
around concepts based on our own understanding of the megamod-
elling space and our involvement in the development of the notion
over the last approx. 20 years. The review is purposive because we
selected papers for their conceptual relevance and their ability to
clarify distinct meanings and nuances of ‘megamodelling’, rather
than to achieve exhaustive coverage. In Grant and Booth’s [33]
terms, this study is therefore a bounded conceptual synthesis, not
a systematic literature review or mapping study.

In the second part of this paper (Sec. 3), we offer an outlook
regarding areas of active research and potential developments; we
cover the following topics:

(1) Megamodelling Meets Ontologies
(2) Megamodelling Meets AI
(3) Megamodelling Meets XOps
The paper is concluded in Sec. 4 with what we believe to be the

key challenge in megamodelling, that is, the synthesis of an inclusive,
but equally delimiting definition of megamodelling including its
formalisation.
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2 Megamodelling in Retrospect
We review the fundamentals of megamodelling, the development
of megamodelling across technological spaces [43], including dat-
aware, modelware, and programware, and across use cases ranging
from model repositories to technology modelling and beyond.

2.1 Transformation Composition
Megamodelling builds on the related concept of transformations,
particularly the modelling and composition of transformations.
Early attempts to model transformation composition date back to
1958, when UNCOL [66] introduced a notation for compiler-based
transformations. This notation was later simplified into the well-
known T-diagrams, or tombstone diagrams, which have long been
used in compiler-construction teaching. Subsequent refinements
sought to clarify the notation’s semantics; the J-notation [73], for ex-
ample, was introduced to remove ambiguities. Wickerson et al. [73]
provide a comprehensive account of this tradition and show how
simple, high-level, language-oriented notations can remain useful
for reasoning about complex transformation compositions.

2.2 Model Management
Megamodelling also builds on model-management foundations. In
fact, megamodelling is considered one perspective to (or one ap-
proach to) model management (MoM). Early work emerged from
the database and entity-relationship communities and addressed
the management of database models through operators, mappings,
change propagation, and data integration. The underlying vision
dates back more than two decades [6]; its concepts, operators, se-
mantics, and algorithms matured shortly afterwards [52, 53].

2.3 Megamodels as Model Registries
The term ‘megamodel’ first appeared in a comparatively narrow
setting: a model-level graph containing models, metamodels, trans-
formations, and, sometimes, languages as nodes and edges within
an MDE or modelware context. Bézivin et al. [7] introduced the
notion of megamodelling in 2003, and the term megamodel first
appeared in a publication in 2004 [8]. There, a megamodel is a re-
gistry or model whose elements represent or refer to models and
metamodels. This initial sense was especially narrow because the
authors focused on the ATLAS model-management platform. Soon
afterwards, Bézivin et al. [14] described ‘modelling in the large’ as
management of models, metamodels, properties, and relations, with
a megamodel serving as a registry for models and metamodels.

Much work on megamodelling derives from the first definition
of Bézivin et al., as surveyed by Hebig et al. [36].

2.4 Megamodelling as Modelling Foundation
Megamodels are also used to describe some aspects of the found-
ations of modelling and MDE, for example, in work by Bézivin
and Favre [12, 28–31]. Muller et al. [55] later refined these ideas in
‘Modeling Modeling Modeling’, whose aim was to model the activity
of modelling itself.

2.5 Global Model Management
Within the Bézivin et al. school of thought, the more advanced no-
tion of Global Model Management (GMM) subsequently emerged [1,
13, 63]. GMM combines megamodelling, other facets of model man-
agement, and operations over a network of MDE artefacts. More
precisely, GMM concerns the representation, organisation, query-
ing, manipulation, and evolution of interrelated MDE artefacts,
including models, metamodels, transformations, traces, languages,
tools, and services, typically through megamodels. What distin-
guishes GMM from generic model management is its global scope:
it addresses the potentially distributed configuration space or arte-
fact graph of an entire model-driven system, project, or platform.

2.6 Co-Evolution Across Technological Spaces
Around the time megamodelling emerged, researchers in software
engineering, model-driven engineering, and related fields recog-
nised that several communities faced similar challenges in model-
ling, querying, and transformation. This observation gave rise to
the notion of technological spaces [43].

Evolution, and particularly the co-evolution of dependent arte-
facts [44], attracted substantial attention across model-driven engin-
eering [16, 17, 71], grammarware and language engineering [40, 41],
and database engineering [18, 34]. This work produced what may
now be viewed as ‘small’ megamodelling patterns: artefacts and
schemas before and after change, transformations at multiple levels,
and supporting artefacts such as traces and deltas.

Most of this work did not explicitly invoke megamodelling. Its
primary concern was usually transformation operators and their
properties. In retrospect, however, it exercised megamodelling. For
example, roughly a decade later, the notion of coupled transforma-
tions [44] was revisited using megamodelling explicitly to describe
co-evolution patterns and their instances in repositories [45].

Favre et al. [32] also applied megamodelling directly to model
evolution through model transformation. This extended the scope
of megamodelling beyond registries of models, metamodels, and
transformations to include their evolution over time. It also allowed
model-management relations, governed by suitable operators, to
stand alongside executable transformations.

Megamodelling was also applied to the change management of
models; for example, a megamodel-based approach towards main-
taining consistency in networks of models via bidirectional trans-
formations in the large has been studied by Stevens [65].

The insight that distinct technological spaces involve similar
consistency/transformation problems, especially in the context
of bidirectional transformation across several communities, has
also been reported much earlier [19], without though invoking the
megamodelling notion.

2.7 Linguistic Architecture
Favre, Lämmel, and collaborators later developed the notion of
linguistic architecture of software products and systems [26]. This
can be understood as a form of megamodelling freed from the MDE
and modelware context: its elements need not be modelling arte-
facts, and its relations may be both operationally and conceptually
diverse. It can therefore integrate programware, grammarware, and
dataware within a single megamodelling scope. Such generalised
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megamodels raise challenges of formal interpretation, executability,
and overlap with disciplines such as build management and reverse
engineering. This line of work prompted substantial follow-up re-
search [35, 37, 47].

Megamodelling also connects to software architecture through
reverse engineering and architecture recovery. Di Rocco et al. [57],
for example, use megamodels to analyse MDE projects.

Heinz et al. switch from ‘linguistic architecture’ to ‘technology
modelling’ [37] when the focus shifts from system architecture to
patterns of software-technology use. Technologymodels are neither
restricted to MDE-style megamodels nor confined to modelware.
Their elements may include placeholders for program and build
artefacts.

2.8 Megamodelling in a Broad Sense
Linguistic architecture already represents megamodelling in a broad
sense because it extends beyond modelware and supports several
scenarios, including architecture description, architecture recovery,
and the modelling of technology-use patterns. Other work has
broadened the scope further.

Favre integrates megamodelling with the IEEE 1471 standard
for software architecture, including stakeholders, views, and view-
points [27]. Zaytsev et al. [75] use megamodelling to present a
comprehensive account of parsing while abstracting from concrete
technologies; they cover, for example, sequence- and tree-based arte-
facts and the transformations between them, such as token streams
to concrete syntax trees; the authors’ broad view on megamodel-
ling is also described elsewhere [2]. Similarly, Lämmel [45] presents
megamodels for several coupled-transformation scenarios without
committing to a particular technological space. In a still broader
setting, Lämmel [46] uses megamodels for consistency and build
management in repositories spanning several technological spaces.
The connection between build management and model consistency
has also been studied by Stevens [64].

2.9 Alternative Approaches
Finally, we consider work that is closely related to megamodelling
in spirit but not directly connected to the research reviewed above.

In ‘models at (@) runtime’ [69, 70], the term megamodel has been
adopted in a specific sense for model-driven systems whose runtime
behaviour involves models.

Salay et al. [59] introduced macromodels as models of model-
management situations in which models and transformations are
connected by relations such as submodelOf and refinementOf.

Earlier work on coordinating and composing software written
in languages such as Ada and JOVIAL described complex megapro-
grams comprising several programming languages and decomposed
into megamodules [60]. This literature is difficult to transfer dir-
ectly to modern megamodelling because it often fails to distinguish
autonomous distributed components from their models or specific-
ations, referring to both as megamodules [5].

In systems engineering, the term system of systems is used when
systems thinking is applied to structures too complex to treat as
single systems. Such structures may also be viewed as megamodels
in a broad sense. Definitions overlap [38, 49, §1.2], but the emer-
ging consensus distinguishes systems of systems by autonomy,

belonging, connectivity, diversity, and emergence [9]. This reson-
ates with Bézivin et al.’s claim [3] that megamodelling implements
de Rosnay’s macroscope [20] as a means of managing complexity
in systems of systems.

Multimodels and multi-view modelling are also closely related
to megamodelling. Using several models together for a non-trivial
modelling task makes the relations among those models a domain
worthy of modelling in its own right. One example is the NGA
(Node–Graph–Automaton) multimodel [74], in which an entity may
be represented by a node for a high-level view, a graph for structural
detail, and an automaton for executable semantics. In the context
of multi-view approaches, approaches for a ‘Single Underlying
Metamodel’ (SUM) [51] and Virtual SUM (V-SUM) [39] are also
worth pointing out. One could say that the defining structure that
relates views to the SUM is essentially a megamodel. A systematic
review of multi-view software and systemsmodelling further shows
both the diversity of view-based approaches and the persistent
challenges around terminology and semantic consistency [15].

3 Megamodelling — An Outlook
We now turn to areas of active research and potential developments,
with particular attention to the roles of knowledge resources and
artificial intelligence in megamodelling broadly conceived.

3.1 Megamodelling Meets Ontologies
Ontologies may help to make megamodels more formal. We there-
fore consider their actual and potential role in model management
(MoM), without restricting the discussion to megamodelling.

Early MoM research focused on operators, their semantics, and
use cases such as consistency management and evolution. Ontolo-
gies were later proposed as a way to provide richer, more stand-
ardised semantics for MoM models. Several contributions illustrate
this ontology-oriented direction. Matsuo et al. [50] propose an
ontology-based framework for managing consistency and evolu-
tion across multiple view models. El-Gayar et al. [24] present an
ontology-basedmodel-management architecture for network-based
services. Deokar et al. [21] address distributed model sharing and
reuse through Semantic Web technologies. Bécan et al. [4] con-
nect ontological knowledge to feature-model management. More
recently, Ryś et al. [58] use a knowledge graph for model man-
agement in systems engineering. Suresh et al. [67] describe an
ontological tool for managing mechanistic mathematical models in
a pharmaceutical context. Schultz et al. [61] survey model manage-
ment and propose an algebraic-specification approach. Although
not ontology-based, their work likewise seeks a formal foundation
for model management. Lämmel’s ‘Foundations of Software Lan-
guages’ ontology [48] is explicitly ontology-oriented and covers
megamodelling-like structures across several technological spaces.

3.2 Megamodelling Meets AI
Over the past decade, machine learning and artificial intelligence
have become integral to software engineering. Modern software is
increasingly AI-based, while AI is also widely used to generate both
conventional and AI-enabled software. This raises two questions:
how can AI support megamodelling, and how can AI concepts and
abstractions be incorporated into megamodelling frameworks?
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A direct application of AI in the megamodelling context is re-
trieval or recovery of megamodels [37, 57]. Existing approaches
already use information retrieval, natural-language processing, and
logic-based rules. Today’s large language models (LLMs) could
support a substantially more comprehensive recovery and refine-
ment process. Related experiments in knowledge-graph engineering
already suggest that LLMs can assist the construction and manage-
ment of structured graph knowledge [54].

Boxology is perhaps the closest counterpart to megamodelling
in the ML and AI domain. Although this work does not use the term
‘megamodelling’, its aims are closely related, and connecting the
two communities could be productive. The seminal work introduced
‘boxology’ [68] using two kinds of nodes, data and symbol, and two
kinds of processes, inductive and deductive, to describe 14 architec-
tural patterns. Later research extended boxology to neuro-symbolic
systems [10, 56] and more general AI systems [23, 25].

The resulting vocabulary of entities and relations has expan-
ded. For example, Boer et al. [10] distinguish instances (data and
symbols), models (statistical and semantic), processes (generation,
transformation, and inference), and actors (humans, agents, and
robots). Although boxologies refer naturally to models and trans-
formations, these terms differ from their strict MDE meanings. A
model may, for example, be a statistical model such as an LLM.
Identifying, importing, and formalising relevant boxology concepts
should therefore be a prominent item on the megamodelling re-
search agenda.

3.3 Megamodelling Meets XOps
We use ‘XOps’ [76] here as an umbrella term for DevOps, DataOps,
MLOps, and related practices. A recent literature review [76] iden-
tifies 38 XOps terms and 13 well-studied forms: AIOps, BizDevOps,
CloudOps, DataOps, DevSecOps, FinOps, GitOps, MLOps, Model-
Ops, NetDevOps, NoOps, SecDevOps, and TwinOps.

XOps is best understood not as a strict taxonomy but as a fam-
ily of disciplines for continuous lifecycle control. Each centres
on a primary artefact such as code, infrastructure, data, models,
security policies, cost, or reliability, and combines automation, feed-
back, governance, and organisational responsibility around it. Each
artefact has a versioned lifecycle state that may include version,
measured quality, dependencies and provenance, execution envir-
onment, and governance or approval status. This characterisation
closely resembles several aspects of megamodelling, including regis-
tries, evolution, and artefact management. The need to make such
dependencies explicit is particularly visible in ML systems, where
hidden data dependencies, configuration and feedback relationships
create substantial maintenance debt [62].

XOps therefore shares ideas with several forms of megamodel-
ling, including megamodels as model registries [8] and megamodels
for repository consistency management [46]. This raises the ques-
tions whether megamodelling and XOps could be converging on a
common general concept and foundation, and, if so, what contribu-
tions megamodelling can make.

A recent addition to the XOps family is AgentOps [22], which ap-
plies XOps ideas in the context of agentic AI. It can be approximated
by the following sequence of specialisations:

DevOps ⊆ MLOps ⊆ LLMOps ⊆ AgentOps

From a megamodelling perspective, the question is which mod-
elling elements and relations can be reused across these scenarios
to represent XOps forms at a foundational level and to capture
recurring patterns of use. For example, in the more narrow MLOps
context, Kreuzberger et al. [42] have successfully leveraged a mixed-
method approach to provide an overview of the necessary prin-
ciples, components, and roles, as well as the associated architecture
and workflows.

4 Key Challenge
In Fig. 1, we summarise the observed progression of megamodel-
ling from ‘collecting’ (1) models and such, towards meaningfully
‘relating’ (2) the software artefacts, towards ‘abstracting’ (3) the
model elements and relationships so that, for example, patterns or
architectures are modelled, towards ‘maintaining’ (4) consistency
et al. among the artifacts, and prospectively towards ‘reasoning’ (5)
in terms of using megamodels as a knowledge resource.

Over the more than two decades since the term megamodelling
was introduced, several variations of megamodelling as well as
competing notions have emerged, also in industry, including data
warehouses, data lakes, DevOps, and MLOps. Software engineer-
ing has also advanced considerably with regard to management of
changes, builds, etc. The challenge is no longer to demonstrate that
megamodelling appears in many forms, across different communit-
ies (Sec. 2) and that it has a lot of potential for expansion (Sec. 3).
We suggest the following key challenge in megamodelling:

Let us synthesise an inclusive and equally delimiting
definition of megamodelling including its formalisation.

That is, we should focus on consolidation rather than further pro-
liferation. The community needs a modern definition of megamod-
elling, a shared conceptual vocabulary, a collection of representative
use cases and patterns, and a research agenda connecting formal
foundations with emerging AI- and XOps-based systems. The new
definition must be obviously inclusive enough to cover the survey
from Sec. 2 and whatever aspects of Sec. 3 are to be regarded as
megamodelling. However, broadening of megamodelling also risks
making the concept excessively inclusive. Thus, we shall identify
exclusion/demarcation criteria.

Megamodelling and related notions have developed into a di-
verse body of ideas spanning broadly across computer science. This
diversity demonstrates the continuing relevance and potential of
megamodelling, but it also risks leaving its concepts, terminology,
and results fragmented across communities. A focused community
effort such as a Dagstuhl seminar bringing together researchers
from model management, language engineering, knowledge rep-
resentation, AI, and XOps, could initiate this process and deliver
tangible shared resources. This effort should also be aligned with
existing research agendas. For instance, Bucchiarone et al.‘s MDE
research agenda [11] is relevant, as it identifies heterogeneous arte-
facts, repositories, scalability, runtime models, and cross-artefact
links as continuing challenges.

In future work, we plan to identify the foundational principles
that could underpin a unified notion of megamodelling, thereby
going beyond surveying existing trends and research areas.
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Figure 1: Stages of ‘Modern’ Megamodelling
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