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Abstract: Numerical algorithms and computational tools are essential for managing 
and analyzing complex data processing tasks. With ever increasing availability of 
meta-data and parameter-driven simulations, the demand and the need for reliable and 
automated workflow f rameworks to reproduce computational experiments has grown. 
In this work, we aim to develop a novel computational workflow f ramework, namely 
MaRDIFlow, that describes the abstraction of multi-layered workflow components. Herein, 
we plan to enable and implement scientific computing data FAIRness i nto actionable 
guidelines for FAIR computational experiments.
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1 Introduction

Scientific computing has been a cross-disciplinary topic at the borders of applied math-
ematics, computational sciences and engineering (CSE), as well as other scientific 
domains involving numerical computations. Likewise, algorithms from numerical math-
ematics and data are the backbone of simulations in engineering problems, where, 
practically, different numerical methods are chained to design workflows.

Over the last two decades this has led to the accumulation of significant and frequent 
difficulties i n m aintaining s olutions a nd i n e nabling c ollaborations w ithin disciplines. 
We know that the ability to reproduce original research results is contingent on the 
availability of the original data and methods. As a result, in the past many years, efforts 
have been devoted towards the development of computational workflows for various 
scientific applications [1].

In general, a computational workflow i s d efined as  a st ep-by-step de scription for 
accomplishing a scientific objective expressed in terms of tasks and their data depen-
dencies [2]. The complex multi-step methods that are typically used for data collection, 
data analytics, predictive modeling, and simulation in turn lead to the development of 
new products. As a research data management (RDM) tool they can also be stored, 
retrieved for modifications, and subsequently reused i n d ifferent scenarios with user-
defined p atterns. C urrently, c omputational w orkflows of fer gr aphical in terfaces with 
high-level mechanisms for composition as well as traditional text-based programming 
interfaces.
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However, a key challenge for computational scientists is building a framework for cre-
ating, maintaining, and accessing reusable workflows [3]. While tools and programming
interfaces are important aspects in computational science and engineering, integrating
them into a workflow framework can further express details about meta data and task
dependencies, respectively. Nonetheless, motivated by demands of the mathematical
community and other disciplines, MaRDI (Mathematical Research Data Initiative) [4],
the consortial initiative of mathematical sciences, aims to set standards for the design
of confirmable workflows.

In this regard, as a part of the MaRDI consortium on research data management
in mathematical sciences [4], we present a novel computational framework, namely
MaRDIFlow, that focuses on automation of abstracting meta-data embedded in an on-
tology of mathematical objects while negating the underlying execution and environ-
ment dependencies into multi-layered descriptions.

2 MaRDIFlow

The overall objective of our workflow framework is to provide a programming environ-
ment that simplifies the effort required by users or scientists to orchestrate a FAIR
computational experiment. In MaRDIFlow, the workflow components are considered
as abstract objects which are in turn described by their input to output behavior and as
well as by their corresponding metadata. Through metadata and by matching the I/O
interfaces, the objects are chained together to form a computational workflow. Herein,
input stands for the parameter that sets up the current part of the workflow, and output
denotes the final/intermediate result which is passed on to the next component. In this
way, a workflow component can be described in a multi-layered fashion, namely via a
mathematical/physical model, via a model that has been inferred from data, or via plain
data, see Figure. 1.

For a systematic description of CSE components, we plan to incorporate models
of different kind, code, and data equivalently and redundantly. One of the important
benefits of combining data and code lies in the flexible treatment of the associated
simulation data. For example, the storage requirements of huge time series can be
reduced by replacing the full data by parts and associated code that can provide the
missing points on demand. Also, simulation parts that are defined as the result of
empirical statistics can provisioned with the relevant code and statistical information
and further improved as needed. Another benefit of the input/output perspective is the
interchangeability of the concrete realization so that, e.g., for reproduction, a closed-
source implementation can be substituted by an open-source equivalent.

In order to present the description of individual workflow components, we produce
show cases with different meta-data for redundant and reproducible mathematical mod-
els. As a minimum working example we incorporate a two-dimensional model for
Cahn-Hilliard equation [5] that simulates the phase-separation of a binary A-B alloy.
Moreover, the developed computational workflow framework adheres to FAIR princi-
ples [6], such that abstracted components are Findable, Accessible, Interoperable, and
Reusable. In addition, going forward we plan to provide our RDM tool through elec-
tronic lab notebooks (ELNs) with minimal adjustments and user-friendly guidelines.

Lastly, we believe that the CSE workflow description presented here as a part of the
MaRDI consortium serves a scientific tool for research data management in numerical
mathematics.
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Figure 1. MaRDIFlow: A CSE workflow framework for documentation and integration of FAIR
computational experiments
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