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2 Context and Overview

Artificial Intelligence (AI) is driving scientific discovery and economic growth in all kinds of applica-
tion domains while impacting from routine daily tasks to societal-level challenges. However, research
communities, industry players and social actors are expressing increasing concern about the potential
ethical and practical implications of the pervasive presence of AI. Of particular concern is the envi-
ronmental impact of the GPU-, CPU-, and memory-intensive tasks in the machine learning life-cycle
(e.g., large-scale model training), which to high energy consumption [GMRRG19].

The ideal of Responsible and Trustworthy AI (RTAI) garnered attention from academia, industry,
national laboratories, and government agencies worldwide [LWM24, Oak24b, IBM24, Mic24, LZXW23,
SLD+22]. Particularly, principles of environmental sustainability in AI focus on the environmental and
societal impact of developing and using AI models that are energy-efficient, and how this impact can
be assessed in the short and long terms. This includes analyzing features such as the carbon footprints
and the computational power required for training algorithms [VW21].

To address these challenges, the FAIR principles (i.e., findability, accessibility, interoperability, and
reuse of digital assets) have emerged as a valuable framework [WDA+16]. However, FAIRness in AI
goes beyond the mere organization and sharing of data and code, encompassing the entire workflow
that shapes AI models and applications. Recent works suggest that workflow provenance (i.e., the
documentation and tracking of all processes within AI development) might hold the key to supporting
FAIR and Responsible AI [SAL+22, KNHJ+23]. Workflow provenance refers to capturing detailed
information about all activities, processes, and transformations applied to data and code during AI
development and operations. It includes information about data sources, data preprocessing, model
selection, hyperparameter tuning, and evaluation metrics, among others. Capturing this provenance
could provide a holistic view of the AI workflow, making it transparent and reproducible. However, a
challenging aspect of working with AI workflow provenance data is that there are no comprehensive
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frameworks or tools to navigate and analyse the complex relationships in these workflows [BBFM23,
KRCLJT22].

3 Research Objectives and Envisioned Approach

This project aims to investigate methods to retrieve, inspect, analyse and visualise provenance meta-
data in AI-powered workflows. We will build upon previous work and active research of the members
in the supervisory team in the USA and France, thus this work will be complementary to our on-
going collaboration with the Workflows and Ecosystems Group from Oak Ridge National Laboratory
(ORNL). In this collaboration we aim to bring together multiple sources of system telemetry data (e.g.,
edge devices, supercomputing facility, cloud resources), ML-specific provenance metadata taxonomies,
and workflow analysis methods to enable the comprehensive assessment of the energy efficiency of AI
workflows. We build upon three state-of-the-art tools:

• Flowcept [SSW+23], a data integration system that captures, stores, and queries workflow prove-
nance in high-performance computing systems, developed by our ORNL collaborators.

• E2CLab [RCAV21], our solution for reproducible workflow execution with support for capturing
provenance and monitoring metadata, which extends the provenance capturing capabilities of
Flowcept to edge devices.

• IOBAT [LSC+18, LSR+23], a framework to enable the programmatic and interactive analysis
and exploration of workflow, performance, and system artifacts for scientific applications in
distributed and high-performance computing environments.

As a first step, the student shall become familiar with the interfaces and data layout of Flowcept and
IOBAT with the goal of integrating the provenance metadata captured by Flowcept into the workflow
topology and analysis framework of IOBAT. This will facilitate subsequent analysis and exploration of
the provenance metadata with the existing capabilities of IOBAT. Together with our collaborators, we
will refine our existing visualisations and energy-efficiency analyses for a large language model (LLM)
fine tuning case study running on the Frontier [Oak24a] supercomputer at ORNL. We will explore
how different hyperparameter configurations, datasets, model architectures, layer configurations and
behavioural outputs (e.g., accuracy, loss and performance over time) affect system metrics like tem-
perature and resource utilisation (e.g., GPU, CPU, disk), and assess the impact in fine-grained and
end-to-end energy consumption. Finally, we will investigate the addition of new visualisation and
analysis methods to allow the vertical (i.e., from lower to higher level of detail) and horizontal (i.e.,
different tasks at the same level of detail) exploration of provenance metadata, with a focus on dis-
covering the relationships between models, data, outcome, performance, system behaviour and energy
footprint.
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