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Research profile
I develop applied-mathematical and computational methods for systems in which biological or operational entities
interact on networks, observations are incomplete, and decisions affect future dynamics. My research combines mathe-
matical programming, network optimisation, graph neural networks, causal modelling, temporal learning and mecha-
nistic simulation. Current applications span population-scale disease stratification, multi-omic cancer analysis, hospi-
tal antimicrobial resistance, and prospective modelling of influenza antigenic evolution.

Current research programme
• Mechanism-aware digital twins for hospital antimicrobial resistance. I am developing a new class of

hospital digital twins that integrate mechanistic models of pathogen transmission with data-driven learning from
evolving networks of patients, staff, wards and clinical interactions. The programme addresses a central challenge
in infection control: how to forecast the emergence and spread of antimicrobial resistance when surveillance is in-
complete, hospital systems change over time, and future conditions differ from those represented in historical data.
Rather than treating prediction as an end in itself, I connect forecasting to mathematical optimisation so that
models can identify feasible and resource-aware interventions, including screening, isolation and staffing strategies.
The broader objective is to establish digital twins as rigorous decision systems that can evaluate counterfactual
policies, quantify uncertainty and support prospective infection-control planning across different hospital environ-
ments.

• Causality-aware modelling of biological heterogeneity. My published research develops mathematical and
graph-based methods for identifying functional heterogeneity in complex biological systems and translating it into
clinically meaningful patient stratification. The central methodological contribution is to combine causal struc-
ture, prior biological knowledge and optimisation with graph neural networks, allowing prediction to be organised
around pathways and regulatory mechanisms rather than statistical association alone. This programme has pro-
duced methods for reconstructing and analysing disease-specific networks, including work on TP53 regulatory
patterns and population-scale phenotype prediction. Its longer-term aim is to create interpretable and transferable
models that reveal why biologically similar patients experience different disease trajectories, and that can support
biomarker discovery, treatment targeting and hypothesis generation across diseases and data modalities.

• Forecasting viral antigenic evolution. I am developing a new mathematical and computational framework for
predicting how influenza viruses escape existing immunity directly from their evolving molecular structure. The
work integrates graph-based representations of viral proteins with temporal learning to connect amino-acid change,
three-dimensional structure and antigenic behaviour across successive viral generations. Its central objective is to
move antigenic forecasting beyond retrospective interpretation of laboratory measurements towards prospective
prediction from routinely available sequence data. This creates a route to earlier identification of consequential
viral variants, more efficient prioritisation of experimental assays, and better-informed vaccine-strain selection.
More broadly, the project establishes a general methodology for learning evolutionary change in biological systems
where mechanistic structure, sparse observations and temporal dependence must be considered jointly.

Academic appointments
Oct 2024–present Lecturer in Modelling for Global Health, Nuffield Department of Medicine, Univer-

sity of Oxford
Lead and deliver the Data Science module on the M.Sc. in Modelling for Global Health; super-
vise M.Sc. research projects; develop an independent programme in graph learning, optimisation
and mechanistic health-system modelling.

Oct 2023–Oct
2024

Lecturer in Computer Science, Goldsmiths, University of London

Module lead for Machine Learning and Algorithms I across cohorts of more than 200 students;
supervised five B.Sc. final-year projects.

Sep 2022–Sep
2023

Lecturer in Computer Science, University of Greenwich

Taught Advanced Programming, Big Data, Systems Design and Development, and related
modules across large cohorts; supervised four B.Sc. theses and ten M.Sc. dissertations.
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Research appointments
Jul 2021–Aug
2022

MRC Early Career Research Fellow, School of Public Health, Imperial College
London
Developed machine-learning methods for personalised prediction of cardiopulmonary and peri-
operative complications for asthma and Sickle Cell Disease (SCD).

Apr 2019–Jun
2021

Senior Research Scientist, Department of Oncology, University of Oxford

Conducted ERC-funded research in computational biology, multi-omic data integration, machine
learning and network optimisation for cancer systems.

Jun 2018–Mar
2019

Postdoctoral Researcher, Smith School of Enterprise and the Environment, Univer-
sity of Oxford
Contributed scientific software development and supervision for asset-risk modelling under
sustainable-development constraints.

May 2016–Jun
2018

Postdoctoral Research Associate, Centre for Process Systems Engineering, Univer-
sity College London
Developed optimisation models, scientific software and integrated planning platforms to de-
velop mathematical programming models across an array of application fields (biology, chemical
engineering etc.).

Mar 2015–Apr
2016

Postdoctoral Research Associate, Centre for Process Systems Engineering, Imperial
College London
Conducted research on network optimisation and mathematical modelling for sustainable re-
source and infrastructure planning.

Education
2008-2013 Ph.D. in Applied Computer Science (Operations Research), University of Macedo-

nia, Greece
Thesis: A non-monotonic infeasible interior–exterior point algorithm for linear programming.
Co-advised by Professor John N. Tsitsiklis, Massachusetts Institute of Technology.

2000-2007 M.Sc. and B.Sc. in Applied Computer Science, University of Macedonia, Greece
Training in operations research, algorithms, optimisation, computer science and quantitative
modelling.

Research funding, fellowships and distinctions
• MRC Early Career Research Fellowship, School of Public Health, Imperial College London (2021–2022).
• Researcher on an ERC-funded programme in computational oncology, University of Oxford (2019–2021).
• Honorary Research Associate, School of Public Health, Faculty of Medicine, Imperial College London.
• Ranked within the top 5% nationally among 69,498 candidates in the Greek university-entry examinations (2000).

Teaching, supervision and academic administration
• Oxford: module leadership and intensive R-based Data Science teaching for global health; M.Sc. dissertation

supervision; assessment, feedback and coordination with an interdisciplinary teaching team.
• Goldsmiths: module leadership for Machine Learning and Algorithms I; large-cohort lecture and online delivery;

assessment design and marking; supervision of five B.Sc. projects.
• Greenwich: teaching in programming, big data and systems design; supervision of four B.Sc. theses and ten

M.Sc. dissertations.
• Experience spans lectures, practical classes, small-group and individual supervision, curriculum planning, assess-

ment, moderation, progress monitoring and timely written and verbal feedback.

Methods and research software
Algorithms; Mathematical programming; linear-programming algorithms; mixed-integer and network optimisation;
graph neural networks; graph attention; temporal Transformers; causal and prior-knowledge network modelling;
mechanistic-based simulation; uncertainty and distribution-shift analysis; R; Python; MATLAB; scientific software
engineering; reproducible computational workflows.
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Publications
Peer-reviewed journal articles

[1] Triantafyllidis, C.P., Aguas, R. “Causality-aware graph neural networks for functional stratification and phenotype
prediction at scale.” npj Systems Biology and Applications 11, 92 (2025). https://doi.org/10.1038/s41540-025-00567
-1
Significance: This paper establishes my independent research direction by integrating prior-knowledge, mathematical
programming and graph neural networks for pathway-level functional prediction at population scale.

[2] Triantafyllidis, C.P., Barberis, A., Hartley, F., Cuervo, A.M., Gjerga, E., Charlton, P., van Bijsterveldt, L., Ro-
driguez, J.S., Buffa, F.M. “A machine learning and directed network optimization approach to uncover TP53 regulatory
patterns.” iScience 26(12), 108291 (2023). https://doi.org/10.1016/j.isci.2023.108291
Significance: It demonstrates how predictive machine learning and directed network optimisation can be combined to
recover condition-specific regulatory structure from transcriptomic and genomic data.

[3] Triantafyllidis, C.P., Samaras, N. “A new non-monotonic infeasible simplex-type algorithm for linear programming.”
PeerJ Computer Science 6, e265 (2020). https://doi.org/10.7717/peerj-cs.265
Significance: The work introduces an unconventional simplex-type method linking infeasible basic iterates to monotoni-
cally improving interior points, extending the algorithmic foundations of my optimisation research.

[4] Wang, X., van Dam, K.H., Triantafyllidis, C., Koppelaar, R.H.E.M., Shah, N. “Energy–water nexus design and
operation towards the Sustainable Development Goals.” Computers & Chemical Engineering 124, 162–171 (2019).

[5] Triantafyllidis, C.P., Koppelaar, R.H.E.M., Wang, X., van Dam, K.H., Shah, N. “An integrated optimisation plat-
form for sustainable resource and infrastructure planning.” Environmental Modelling & Software 101, 146–168 (2018).
Significance: This article shows how mathematical programming, simulation and data integration can be engineered into
a reusable decision-support platform for large, cross-sector infrastructure problems.

[6] Triantafyllidis, C.P., Papageorgiou, L.G. “An integrated platform for intuitive mathematical programming modeling
using LATEX.” PeerJ Computer Science 4, e161 (2018). https://doi.org/10.7717/peerj-cs.161

[7] Bieber, N., Ker, J.H., Wang, X., Triantafyllidis, C., van Dam, K.H., Koppelaar, R.H.E.M., Shah, N. “Sustainable
planning of the energy–water–food nexus using decision making tools.” Energy Policy 113, 584–607 (2018).

[8] Wang, X., Guo, M., Koppelaar, R.H.E.M., van Dam, K.H., Triantafyllidis, C.P., Shah, N. “A nexus approach for
sustainable urban energy–water–waste systems planning and operation.” Environmental Science & Technology 52(5),
3257–3266 (2018).

[9] Koppelaar, R.H.E.M., Sule, M.N., Kis, Z., Mensah, F.K., Wang, X., Triantafyllidis, C., van Dam, K.H., Shah, N.
“Framework for WASH sector data improvements in data-poor environments, applied to Accra, Ghana.” Water 10(9),
1278 (2018).

[10] Bieber, N., Ker, J.H., Wang, X., Triantafyllidis, C., van Dam, K.H., Koppelaar, R.H.E.M., Shah, N. “Erratum to
‘Sustainable planning of the energy–water–food nexus using decision making tools’ [Energy Policy 113 (2018) 584–607].”
Energy Policy 116, 289 (2018).

[11] Wang, X., van Dam, K.H., Triantafyllidis, C., Koppelaar, R.H.E.M., Shah, N. “Water and energy systems in sustain-
able city development: a case of Sub-Saharan Africa.” Procedia Engineering 198, 948–957 (2017).

[12] Triantafyllidis, C.P., Samaras, N. “Three nearly scaling-invariant versions of an exterior point algorithm for linear
programming.” Optimization 64(10), 2163–2181 (2015). https://doi.org/10.1080/02331934.2014.926356
Significance: This paper develops scaling-robust exterior-point algorithms for linear programming and provides the
mathematical foundation from which my later work on optimisation and optimisation-informed learning has grown.

[13] Samaras, N., Sifelaras, A., Triantafyllidis, C. “A primal–dual exterior point algorithm for linear programming prob-
lems.” Yugoslav Journal of Operations Research 19(1), 123–132 (2009).

Preprints and manuscripts
[14] Triantafyllidis, C.P., Aguas, R. “A digital twin for hospital antimicrobial resistance forecasting and constrained

intervention optimisation.” medRxiv (2026). https://doi.org/10.64898/2026.05.15.26353296
[15] Garmendia, A.T., Gkouzionis, I., Triantafyllidis, C.P., Dimakopoulos, V., Liliopoulos, S., Vuckovic, D., Paseiro-

Garcia, L., Chadeau-Hyam, M. “Towards personalised early prediction of intra-operative hypotension following anesthe-
sia using deep learning and phenotypic heterogeneity.” medRxiv (2023). https://doi.org/10.1101/2023.01.20.23284
432

[16] Winchester, L., van Bijsterveldt, L., Dhawan, A., Wigfield, S., Triantafyllidis, C., Haider, S., McIntyre, A.,
Humphrey, T.C., Harris, A.L., Buffa, F.M. “Multi-omic profiling identifies a Dicer-to-Argonaute switch controlling
biogenesis of oncogenic miRNA.” bioRxiv (2021). https://doi.org/10.1101/2021.08.30.458145

Conference proceedings and policy research
[17] Wang, X., Guo, M., van Dam, K.H., Koppelaar, R.H.E.M., Triantafyllidis, C., Shah, N. “Waste–energy–water sys-

tems in sustainable city development using the resilience.io platform.” In Computer Aided Chemical Engineering, vol.
40, 2377–2382 (2017).

[18] Dominguez-Ramos, A., Triantafyllidis, C., Samsatli, S., Shah, N., Irabien, A. “Renewable electricity integration at a
regional level: Cantabria case study.” In Computer Aided Chemical Engineering, vol. 38, 211–216 (2016).

[19] Caldecott, B., McCarten, M., Triantafyllidis, C. “Carbon lock-in curves and Southeast Asia: implications for the
Paris Agreement.” Briefing paper (2018).

[20] Paparrizos, K., Samaras, N., Triantafyllidis, C. “A computational study of exterior point simplex algorithm varia-
tions.” Proceedings of the 20th Hellenic Operational Research Society, 777–785 (2008).
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