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Abstract—Optoelectronic device simulations rely on mathe-
matical models whose formulations and assumptions are often
only partially documented in publications, making results dif-
ficult to compare and reproduce. We present MathModDB, an
ontology-based database and knowledge graph for the systematic
documentation, discovery, and reuse of mathematical models.
Covering more than 200 models, including semiconductor and
optoelectronic use cases, MathModDB supports model findability
and citation. In this talk, we will illustrate the MathModDB
ontology on drift-diffusion-type models and related extensions
commonly used in optoelectronic device simulation.

I. INTRODUCTION

Mathematical models are fundamental to the numerical
simulation of optoelectronic devices. Interpreting, comparing,
and reproducing simulation results requires not only access
to numerical methods and software, but also to the underly-
ing mathematical models and their assumptions. In practice,
however, this knowledge is rarely documented in a form that
is both human-understandable and machine-readable. Instead,
relevant information is typically scattered across publications,
equations, textual descriptions, parameter tables, and implicit
domain conventions.

As a result, it is often difficult to determine precisely which
model was used, which equations and quantities belong to
it, how it relates to other models, and under which assump-
tions or validity ranges it applies. This lack of explicit and
structured model documentation limits transparency, hinders
reproducibility, and complicates the comparison of results
across publications and simulation tools.

These challenges are particularly relevant in optoelectronic
device simulation, where results often depend on coupled
physical effects, constitutive relations, and material-specific
parameterizations that are often only partially documented
in the literature. Even widely used models may vary in
formulation, scope, or assumptions while being referred to by
similar names.
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II. MATHMODDB: ONTOLOGY AND KNOWLEDGE GRAPH

In this contribution, we present MathModDB, an ontology-
based database and knowledge graph for the systematic docu-
mentation, discovery, and reuse of mathematical models. The
conceptual background of MathModDB is closely related to
the idea of Model Pathway Diagrams (MPDs) [1], which were
introduced to represent the inner physical structure of math-
ematical models through quantities and the relations between
them. In this spirit, the MathModDB ontology connects re-
search problems, mathematical models, equations, quantities,
quantity kinds, and computational tasks, see [2]. In this way,
model knowledge becomes structurally explicit and can be
queried, linked, and reused across disciplinary contexts.

As an illustrative example, we consider electric discharge
modeling [3]. In MathModDB, the research problem “electric
discharge” is linked to the “fluid Poisson model” and related
mathematical expressions such as Poisson’s equation, the
continuity equation and the chemical reations, see Fig. 1. In
addition, relevant quantities such as particle number density,
particle flux density, and electrode voltage are connected
to corresponding quantity kinds including density, flux, and
voltage. This structured representation of governing equations,
assumptions, quantities, quantity kinds, computational tasks,
and bibliographic provenance enabled by MathModDB is
making model knowledge more explicit.

III. MATHMODDB ON THE MARDI PORTAL

MathModDB is being developed within the framework of
the Mathematical Research Data Initiative (MaRDI) [4] within
the frame of the German National Research Data Infrastructure
(NFDI) [5]. MaRDI aims to implement the FAIR principles
[6] for mathematical research data through the development
of appropriate data formats, metadata schemas, and seman-
tic technologies based on ontologies and knowledge graphs.
The MathModDB knowledge graph is provided through the
MaRDI Portal, a platform based on Wikibase technology that
supports the structured representation of entities, persistent
identifiers, and semantic relations, see [7].

The database view shown in the top right of Fig. 1 presents
Poisson’s equation as part of the fluid Poisson model in



Fig. 1. Schematic representation of the MathModDB ontology and its core classes, illustrated by an electric discharge use case from low-temperture plasma
physics [3]. The figure depicts the semantic structure connecting research problems, mathematical models, mathematical expressions, quantities, quantity kinds,
and computational tasks. Top right: Database view in the MaRDI Portal showing Poisson’s equation within the fluid Poisson model in MathModDB, together
with its identifier (MaRDI QID: Q6775662) and definitions of the symbols appearing in the equation.

the electric discharge use case introduced above. The entry
is associated with a unique MaRDI QID (Q6775662) and
includes definitions of the symbols occurring in the equation.
By embedding mathematical expressions into a semantically
structured knowledge graph, the MaRDI Portal facilitates the
systematic documentation, identification, and reuse of model
components in optoelectronic and related simulation domains.
Persistent identifiers assigned to model components, such as
Poisson’s equation, support unambiguous reference and cita-
tion of mathematical models in scientific publications. Beyond
MathModDB, the MaRDI Portal provides a knowledge graph
infrastructure for mathematical research, integrating software,
publications, persons, and other research-related entities within
an identifier-based and semantically linked framework.

IV. RELEVANCE FOR NUSOD

The contribution will also highlight the relevance of Math-
ModDB for typical NUSOD application areas, where nu-
merical studies are commonly based on drift-diffusion-type
models and related extensions. In particular, we will discusses
how structured model descriptions can support the transparent
documentation of model variants and equations in application
areas such as perovskite solar cells, tunnel-injection structures,
or EBIC simulations, where additional transport mechanisms,
interface relations, or generation terms are introduced.

Beyond documentation, such structured model descrip-
tions can also be integrated into simulation workflows. Their
machine-readable representation might enable links between
mathematical models, software, numerical methods, and sim-
ulation results in the future, thereby supporting workflow
annotation, explicit model attribution, and traceable reuse of
model knowledge in optoelectronic device simulation.

V. SUMMARY

MathModDB is an ontology-based database and knowl-
edge graph for the systematic documentation, discovery, and
reuse of mathematical models in simulation-based research.
Developed within MaRDI, it supports the FAIR treatment of
mathematical research data and enables structured, machine-
readable representations of models, equations, quantities, and
related context through the MaRDI Portal. While the contri-
bution discusses the approach using drift-diffusion models as
an illustrative case, the underlying concepts are not restricted
to this class of models. Rather, they are expected to be
relevant to a broad range of modeling and simulation problems
in the NUSOD domain, where transparent and structured
descriptions of mathematical models are equally important.
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