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Summary
The Modular Analysis Framework (MAFw) is a versatile platform engineered to streamline
the development of sophisticated data analysis pipelines. Featuring a flexible and extensible
architecture, MAFw enables users to easily define, customize, and chain multiple processing
steps, fostering efficient and reproducible analyses.

The idea behind MAFw is well described in the use case study presented in the documentation.
The researcher needs to break down their analysis strategy in simple, self-contained steps (data
import, conversion, filtering and aggregation, just to name a few examples) to be coded in a
subclass of the MAFw basic unit, the Processor. Processors can be dasy-chained to make a
pipeline via steering files and then executed by the built-in execution engine.

Statement of need
In recent years, the volume and complexity of data generated across diverse scientific disciplines
have grown exponentially. Consequently, robust data analysis has become a vital element of
modern scientific research, demanding efficient and adaptable tools capable of managing and
processing large-scale datasets.

MAFw addresses this challenge by offering a flexible, modular framework designed to empower
data scientists to execute complex analytical tasks within a well-structured environment.
Currently, researchers often juggle multiple steps — such as data ingestion, processing, and
visualization — using disparate tools, which can be time-consuming, error-prone, and hinder
code reusability across different projects.

By providing a customizable, component-based platform, MAFw streamlines the entire analysis
workflow. It enables each analytical step to be executed reproducibly within a unified envi-
ronment, supported by a centralized database that stores intermediate results and guides the
progression of analyses.

This design not only enhances efficiency and reproducibility, but also facilitates collaboration
and knowledge sharing among researchers, ultimately advancing scientific discovery through
more reliable and adaptable data analysis practices.

MAFw conceptual design

Historical roots and other similar libraries
MAFw draws inspiration from MARLIN (Aplin et al., 2012; Gaede, 2006), an object-oriented
C++ application framework for particle physicists. The authors transitioned from C++ to
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Python to streamline onboarding for data scientists and leverage the extensive array of available
analytical tools.

Apart from MarlinMT (Ete, Remi et al., 2020), the evolution of Marlin including multi-threading
and parallel processing, another commonly-used package performing similar tasks is GAUDI
(Barrand et al., 2001), developed and widely adopted by the high-energy physics (HEP)
community. Compared to GAUDI, MAFw is surely lighter weight and not bound to other
software libraries typical of the HEP sector, making MAFw potentially more accessible to a
wider user base.

MAFw was initially developed and successfully used for analyzing autoradiography images
(Krachler et al., 2024, 2025); later was expanded with enhanced database interfaces and plugin
systems for broader applicability.

The three pillars behind MAFw
The three primary driving forces behind MAFw are:

1. Modularity: Complex analytical tasks are decomposed into self-contained operations
within the Processor container, which scientists can subclass to implement sophisticated
operations tailored to specific needs.

2. Enhanced Ease of Handling Large Datasets: MAFw leverages database-assisted I/O
for better scalability and efficiency, enabling quick access to parameters and efficient
selection of data subsets for analysis.

3. Pipelines and Scalability: The framework offers a flexible execution engine that enables
the definition of comprehensive analysis pipelines through text files, facilitating seamless
deployment within container orchestration environments.

The Processor: MAFw core element
The Processor is a self-contained execution unit performing tasks such as data filtering and
transformation. Designed for reusability, Processors can be combined to form complex pipelines.
Each Processor includes methods for initialization, processing, and finalizing tasks, with flexible
looping modes enhancing its adaptability for specific applications.

The Processor execution logic schematic flowchart is shown in Figure 1, where the elements with
colored background are available to the user for customization via subclassing. A more detailed
description on how to create a processor subclass is available in the general documentation of
MAFw.
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Figure 1: The flowchart of the processor execution logic. Elements with colored background are available
to the user for customization.

Extensibility via a simple plugin mechanism
MAFw supports user-developed custom processors through a plugin system based on pluggy, en-
abling seamless integration of specialized functionality and fostering a collaborative community
where plugin libraries can be shared and compared.

Modularity and pipelines
MAFw achieves modularity through Processors combined into complex data processing pipelines
configured via TOML steering files. This approach eliminates the need for dedicated scripts,
as the built-in execution engine automatically interprets the steering file to run the pipeline.
Moreover, the pipeline execution can be seamlessly performed on a high-throughput computer
system.

A database as I/O support
MAFw provides a database interface built on the Peewee Object-Relational Mapping (ORM)
system, supporting multiple database backends (MySQL, PostgreSQL, SQLite). This ORM
abstraction simplifies database interactions, allowing users to define data models and execute
queries directly in Python.

The database component plays a crucial role in storing intermediate results and guiding analyses,
with support for filters and triggers to automate pipeline execution.

Conclusion
MAFw offers a versatile and highly customizable platform that empowers data scientists to
execute complex analytical tasks with ease. Its modular architecture, robust plugin system,
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and seamless database integration position it as an ideal solution for researchers with diverse
analytical requirements.

By delivering a comprehensive framework for data analysis, MAFw simplifies workflow man-
agement, allowing researchers to concentrate on their core research questions rather than the
technical complexities of data processing.
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