
Learning under constraints: inference, selection and
validation with maximum entropy models
Giuffrida, F.

Citation
Giuffrida, F. (2026, September 10). Learning under constraints: inference,
selection and validation with maximum entropy models. Retrieved from
https://hdl.handle.net/1887/4309386
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University of
Leiden

Downloaded from: https://hdl.handle.net/1887/4309386
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/4309386


Bibliography

Bibliography

[1] E. T. Jaynes. Information theory and statistical mechanics. Phys. Rev., 106:620–
630, 1957.

[2] J. Gibbs. Elementary Principles in Statistical Mechanics: Developed with Es-
pecial Reference to the Rational Foundation of Thermodynamics. Cambridge
Library Collection - Mathematics. Cambridge University Press, 2010.

[3] A. Somazzi and D. Garlaschelli. Learn your entropy from informative data:
an axiom ensuring the consistent identification of generalized entropies. arXiv
preprint arXiv:2301.05660, 2023.

[4] P. W. Holland and S. Leinhardt. An exponential family of probability distri-
butions for directed graphs. Journal of the American Statistical Association,
76(373):33–50, 1981.

[5] D. R. Hunter and M. S. Handcock. Inference in curved exponential family mod-
els for networks. Journal of Computational and Graphical Statistics, 15(3):565–
583, 2006.

[6] G. Cimini, T. Squartini, F. Saracco, D. Garlaschelli, A. Gabrielli, and G. Cal-
darelli. The statistical physics of real-world networks. Nature Reviews Physics,
1, 2019.

[7] H. Touchette. Equivalence and nonequivalence of ensembles: Thermodynamic,
macrostate, and measure levels. Journal of Statistical Physics, 159(5):987–1016,
2015.

[8] Thomas M. Cover and Joy A. Thomas. Elements of Information Theory. Wiley–
Interscience, 2006.

[9] K. P. Burnham and D. R. Anderson. Model Selection and Multimodel Inference:
A practical information-theoretic approach. Springer, 2010.

[10] H. Akaike. Information theory and an extension of the maximum likelihood
principle. In Selected Papers of Hirotugu Akaike. Springer New York, 1973.

[11] G. Schwarz. Estimating the dimension of a model. The Annals of Statistics,
6(2):461–464, 1978.

[12] T. Squartini, J. de Mol, F. den Hollander, and D. Garlaschelli. Breaking of
ensemble equivalence in networks. Phys. Rev. Lett., 115:268701, Dec 2015.

169



Bibliography

[13] T. Squartini and D. Garlaschelli. Reconnecting statistical physics and combin-
atorics beyond ensemble equivalence. arXiv preprint arXiv:1710.11422, 2017.

[14] Q. Zhang and D. Garlaschelli. Strong ensemble nonequivalence in systems with
local constraints. New Journal of Physics, 24(4):043011, 2022.

[15] D. Garlaschelli, F. den Hollander, and A. Roccaverde. Covariance structure be-
hind breaking of ensemble equivalence in random graphs. Journal of Statistical
Physics, 173(3–4):644–662, 2018.

[16] P. Grünwald. The minimum description length principle. MIT press, 2007.

[17] P. Grünwald and T. Roos. Minimum description length revisited. International
journal of mathematics for industry, 11(01):1930001, 2019.

[18] K. Yamanishi. Learning with the Minimum Description Length Principle.
Springer Nature Singapore, 2023.

[19] J. P. A. Ioannidis. Why most published research findings are false. PLoS
medicine, 2(8):e124, 2005.

[20] D. J. Benjamin et al. Redefine statistical significance. Nature Human Behaviour,
2(1):6–10, 2017.

[21] B. B. McShane, D. Gal, A. Gelman, C. Robert, and J. L. Tackett. Abandon
statistical significance. The American Statistician, 73(sup1):235–245, 2019.

[22] Aaditya Ramdas, Peter Grünwald, Vladimir Vovk, and Glenn Shafer. Game-
theoretic statistics and safe anytime-valid inference. Statist. Sci., 38(4):576–601,
2023.

[23] Aaditya Ramdas and Ruodu Wang. Hypothesis testing with e-values. Founda-
tions and Trends in Statistics, 1, 2025. Inaugural Issue.

[24] P. Grünwald, R. de Heide, and W. Koolen. Safe testing. Journal of the Royal
Statistical Society Series B: Statistical Methodology, 86(5):1091–1128, 2024.

[25] L. Wasserman, A. Ramdas, and S. Balakrishnan. Universal inference. Proceed-
ings of the National Academy of Sciences, 117(29):16880–16890, 2020.

[26] V. Vovk and R. Wang. E-values: Calibration, combination and applications.
The Annals of Statistics, 49(3), 2021.

[27] G. Shafer. Testing by betting: A strategy for statistical and scientific commu-
nication. Journal of the Royal Statistical Society Series A: Statistics in Society,
184(2):407–431, 2021.

[28] Peter Grünwald, Tyron Lardy, Yunda Hao, Shaul K. Bar Lev, and Martijn
de Jong. Optimal e-values for exponential families: the simple case. arXiv:
2404.19465, 2024.

170



Bibliography

[29] Yunda Hao and Peter Grünwald. E-values for exponential families: the general
case. arXiv: 2409.11134, 2024.

[30] Rosanne Turner, Alexander Ly, and Peter Grünwald. Generic e-variables for
exact sequential k-sample tests that allow for optional stopping. Statistical
Planning and Inference, 230:106116, 2024.

[31] T. Squartini and D. Garlaschelli. Maximum-Entropy Networks: Pattern Detec-
tion, Network Reconstruction and Graph Combinatorics. Springer Cham, 2017.

[32] A. I. Luppi, P. A. M. Mediano, F. E. Rosas, and et al. A synergistic core for
human brain evolution and cognition. Nat Neurosci, 25:771–782, 2022.

[33] Andrea Santoro, Federico Battiston, Giovanni Petri, and Enrico Amico. Higher-
order organization of multivariate time series. Nature Physics, 19(2):221–229,
2023.

[34] Andrea I Luppi, Pedro AM Mediano, Fernando E Rosas, Judith Allanson, John
Pickard, Robin L Carhart-Harris, Guy B Williams, Michael M Craig, Paola
Finoia, Adrian M Owen, et al. A synergistic workspace for human consciousness
revealed by integrated information decomposition. Elife, 12:RP88173, 2024.

[35] Andrea Santoro, Federico Battiston, Maxime Lucas, Giovanni Petri, and En-
rico Amico. Higher-order connectomics of human brain function reveals local
topological signatures of task decoding, individual identification, and behavior.
Nature Communications, 15(1):10244, 2024.

[36] T. Squartini, G. Caldarelli, G. Cimini, A. Gabrielli, and D. Garlaschelli. Recon-
struction methods for networks: The case of economic and financial systems.
Physics Reports, 757, 2018.

[37] R. Marcaccioli and G. Livan. Maximum entropy approach to multivariate time
series randomization. Scientific Reports, 10(1):10656, 2020.

[38] R. Marcaccioli and G. Livan. Correspondence between temporal correlations
in time series, inverse problems, and the spherical model. Physical Review E,
102(1):012112, 2020.

[39] M. Blume, V. J. Emery, and R. B. Griffiths. Ising model for the λ transition
and phase separation in he 3-he 4 mixtures. Physical review A, 4(3):1071, 1971.

[40] D. Lynden-Bell. Negative specific heat in astronomy, physics and chemistry.
Physica A: Statistical Mechanics and its Applications, 263(1-4):293–304, 1999.

[41] R. S. Ellis, K. Haven, and B. Turkington. Large deviation principles and com-
plete equivalence and nonequivalence results for pure and mixed ensembles.
Journal of Statistical Physics, 101(5-6):999 – 1064, 2000.

171



Bibliography

[42] M. D’Agostino, F. Gulminelli, Ph. Chomaz, M. Bruno, F. Cannata, R. Bou-
gault, F. Gramegna, I. Iori, N. Le Neindre, G.V. Margagliotti, et al. Negative
heat capacity in the critical region of nuclear fragmentation: an experimental
evidence of the liquid-gas phase transition. Physics Letters B, 473(3-4):219–225,
2000.

[43] J. Barré, D. Mukamel, and S. Ruffo. Inequivalence of ensembles in a system
with long-range interactions. Phys. Rev. Lett., 87:030601, Jun 2001.

[44] P. H. Chavanis. Gravitational instability of isothermal and polytropic spheres.
Astronomy & Astrophysics, 401(1):15–42, 2003.

[45] R. S. Ellis, H. Touchette, and B. Turkington. Thermodynamic versus statistical
nonequivalence of ensembles for the mean-field blume–emery–griffiths model.
Physica A: Statistical Mechanics and its Applications, 335(3-4):518–538, 2004.

[46] F. Bouchet and J. Barré. Classification of phase transitions and ensemble inequi-
valence in systems with long range interactions. Journal of Statistical Physics,
118(5–6):1073–1105, 2005.

[47] J. Barré and B. Gonçalves. Ensemble inequivalence in random graphs. Physica
A: Statistical Mechanics and its Applications, 386(1):212–218, 2007.

[48] C. Radin and L. Sadun. Phase transitions in a complex network. Journal of
Physics A: Mathematical and Theoretical, 46(30):305002, 2013.

[49] A. Campa, T. Dauxois, D. Fanelli, and S. Ruffo. Equilibrium statistical mech-
anics of long-range interactions. In Physics of Long-Range Interacting Systems.
Oxford University Press, 08 2014.

[50] M. Bruno, F. Saracco, D. Garlaschelli, C. J. Tessone, and G Caldarelli. The
ambiguity of nestedness under soft and hard constraints. Scientific Reports,
10(1), 2020.

[51] T. Squartini, R. Mastrandrea, and D. Garlaschelli. Unbiased sampling of net-
work ensembles. New Journal of Physics, 17(2):023052, 2015.

[52] D. Garlaschelli, F. den Hollander, and A. Roccaverde. Ensemble nonequivalence
in random graphs with modular structure. Journal of Physics A: Mathematical
and Theoretical, 50(1):015001, 2016.

[53] J.J. Rissanen. Fisher information and stochastic complexity. IEEE Transactions
on Information Theory, 42(1):40–47, 1996.

[54] M. Li and P. Vitányi. An Introduction to Kolmogorov Complexity and Its Ap-
plications. Springer, New York, 3rd edition, 2008.

[55] Saracco. F., M. J. Straka, R. Di Clemente, A. Gabrielli, G. Caldarelli, and
T. Squartini. Inferring monopartite projections of bipartite networks: an
entropy-based approach. New Journal of Physics, 19(5):053022, 2017.

172



Bibliography

[56] P. P. A. Staniczenko, M.J. Smith, and S. Allesina. Selecting food web mod-
els using normalized maximum likelihood. Methods in Ecology and Evolution,
5(6):551–562, 2014.

[57] T. P. Peixoto. Nonparametric bayesian inference of the microcanonical
stochastic block model. Phys. Rev. E, 95:012317, 2017.

[58] T. Vallès-Català, T. P. Peixoto, M. Sales-Pardo, and R. Guimerà. Consistencies
and inconsistencies between model selection and link prediction in networks.
Phys. Rev. E, 97:062316, 2018.

[59] R. E. Kass and A. E. Raftery. Bayes factors. Journal of the American Statistical
Association, 90(430):773–795, 1995.

[60] H. Jeffreys. An invariant form for the prior probability in estimation prob-
lems. Proceedings of the Royal Society of London. Series A. Mathematical and
Physical Sciences, 186(1007):453–461, 1946.

[61] J. Rissanen. Strong optimality of the normalized ml models as universal
codes and information in data. IEEE Transactions on Information Theory,
47(5):1712–1717, 2001.

[62] A. I. Khinchin. Mathematical Foundations of Information Theory. Dover Pub-
lications, New York, 1957.

[63] V. De Angelis. Stirling’s series revisited. The American Mathematical Monthly,
116(9):839–843, 2009.

[64] Tyron Lardy, Peter Grünwald, and Peter Harremoës. Reverse information pro-
jections and optimal e-statistics. IEEE Transactions on Information Theory,
70(11):7616–7631, 2024.

[65] Martin Larsson, Aaditya Ramdas, and Johannes Ruf. The numeraire e-variable
and reverse information projection. Annals of Statistics, 2025.

[66] L.D. Brown. Fundamentals of Statistical Exponential Families, with Applica-
tions in Statistical Decision Theory. Institute of Mathematical Statistics, Hay-
ward, CA, 1986.

[67] Rosanne Turner and Peter Grünwald. Anytime-valid confidence intervals for
contingency tables and beyond. Statistics and Probability Letters, 2023.

[68] Peter D. Grünwald. Beyond neyman–pearson: E-values enable hypothesis test-
ing with a data-driven alpha. Proceedings of the National Academy of Sciences,
121(39):e2302098121, 2024.

[69] Alexander Ly, Udo Boehm, Peter Grünwald, Aaditya Ramdas, and Don van
Ravenzwaaij. A tutorial on safe anytime-valid inference: Practical maximally
flexible sampling designs for experiments based on e-values, 2025. PsyArXiv
Preprint.

173



Bibliography

[70] Richard A Klein, Michelangelo Vianello, Fred Hasselman, Byron G Adams, Re-
ginald B Adams Jr, Sinan Alper, Mark Aveyard, Jordan R Axt, Mayowa T
Babalola, Štěpán Bahník, et al. Many labs 2: Investigating variation in rep-
licability across sample and setting. Advances in Methods and Practices in
Psychological Science, 1(4):443–490, 2018.

[71] Z. Zhang, A. Ramdas, and R. Wang. On the existence of powerful p-values and
e-values for composite hypotheses. arXiv: 2305.16539, 2024.

[72] Q. Wang, R. Wang, and J. Ziegel. E-backtesting. arXiv: 2209.00991, 2024.

[73] V. Vovk and R. Wang. Efficiency of nonparametric e-tests. arXiv: 2208.08925,
2024.

[74] Richard D Morey, Jan-Willem Romeijn, and Jeffrey N Rouder. The philosophy
of Bayes factors and the quantification of statistical evidence. Journal of Math-
ematical Psychology, 72(6-18):36, 2016.

[75] Kyoungseok Jang, Kwang-Sung Jun, Ilja Kuzborskij, and Francesco Orabona.
Tighter pac-bayes bounds through coin-betting. In Proceedings COLT 2023,
2023.

[76] O.E. Barndorff-Nielsen. Information and Exponential Families in Statistical
Theory. Wiley, Chichester, UK, 1978.

[77] Hélder Alves, Paula Brito, and Pedro Campos. Community detection in interval-
weighted networks. Data Mining and Knowledge Discovery, 38(2):653–698,
2024.

[78] Max Jerdee, Alec Kirkley, and Mark E. J. Newman. Mutual information and
the encoding of contingency tables. Physical review. E, 110 6-1:064306, 2024.

[79] B.S. Clarke and A.R. Barron. Jeffreys’ prior is asymptotically least favorable
under entropy risk. Journal of Statistical Planning and Inference, 41:37–60,
1994.

[80] M. Earnest (user). Extended stars-and-bars problem(where the up-
per limit of the variable is bounded). Mathematics Stack Exchange.
URL:https://math.stackexchange.com/q/3182858 (version: 2019-04-14).

[81] A Golan, G Judge, and D Miller. Maximum Entropy Econometrics: Robust
Estimation with Limited Data. John Wiley), Chichester, UK, 1996.

[82] Tiago P. Peixoto. Network reconstruction via the minimum description length
principle. Phys. Rev. X, 15:011065, Mar 2025.

[83] I. Csiszár. Sanov property, generalized I-projection and a conditional limit
theorem. The Annals of Probability, pages 768–793, 1984.

174



Bibliography

[84] Peter Grünwald, Yunda Hao, and Akshay Balsubramani. Growth-optimal e-
variables and an extension to the multivariate Csiszár-Sanov-Chernoff theorem.
arXiv: 2412.17554, 2024.

[85] Rosanne J. Turner and Peter D. Grünwald. Exact anytime-valid confidence
intervals for contingency tables and beyond. Statistics & Probability Letters,
198:109835, 2023.

[86] Thorsten Dickhaus, Karsten Straßburger, Daniel Schunk, Carlos Morcillo-
Suarez, Thomas Illig, and Alejandro Navarro. How to analyze many contingency
tables simultaneously in genetic association studies. Statistical Applications in
Genetics and Molecular Biology, 11(4), 2012.

[87] Abraham Wald. Sequential Analysis. Wiley, New York, 1947.

[88] María Eglée Pérez and Luis Raúl Pericchi. A case study on the Bayesian analysis
of 2 × 2 tables with all margins fixed. Brazilian Journal of Probability and
Statistics, 8(1):27–37, 1994.

[89] Persi Diaconis and Donald Ylvisaker. Conjugate priors for exponential families.
The Annals of Statistics, 7(2):269–281, March 1979.

[90] Valen E. Johnson. Uniformly most powerful Bayesian tests. The Annals of
Statistics, 41(4):1716–1741, August 2013.

[91] Peter Grünwald, Rianne de Heide, and Wouter Koolen. Authors’ reply to the
discussion of ‘safe testing’. Journal of the Royal Statistical Society Series B:
Statistical Methodology, 86(5):1163–1171, November 2024.

[92] J. Ville. Étude Critique de la Notion de Collectif. PhD thesis, L’Université de
Paris, 1939.

[93] Steven R. Howard, Aaditya Ramdas, Jon McAuliffe, and Jasjeet Sekhon. Time-
uniform, nonparametric, nonasymptotic confidence sequences. Ann. Stat., 49(2),
2021.

[94] W. M. Koolen and P. Grünwald. Log-optimal anytime-valid e-values. Interna-
tional Journal of Approximate Reasoning, 141:69–82, 2022. Festschrift for G.
Shafer’s 75th Birthday.

[95] J. Ter Schure, M.F. Perez-Ortiz, A. Ly, and P. Grünwald. The anytime-valid
logrank test: Error control under continuous monitoring with unlimited horizon.
New England Journal of Statistics in Data Science, 2(2):190–214, 2024.

[96] Suzana Herculano-Houzel. The human brain in numbers: a linearly scaled-up
primate brain. Frontiers in human neuroscience, 3:857, 2009.

[97] Bratislav Mišić and Olaf Sporns. From regions to connections and networks:
new bridges between brain and behavior. Current opinion in neurobiology, 40:1–
7, 2016.

175



Bibliography

[98] Ed Bullmore and Olaf Sporns. Complex brain networks: graph theoretical
analysis of structural and functional systems. Nature reviews neuroscience,
10(3):186–198, 2009.

[99] Karl J. Friston. Functional and effective connectivity: A review. Brain Con-
nectivity, 1(1):13–36, 2011. PMID: 22432952.

[100] Danielle S Bassett and Olaf Sporns. Network neuroscience. Nature neuroscience,
20(3):353–364, 2017.

[101] O. Sporns. Networks of the Brain. MIT Press, 2016.

[102] Abel Jansma, Yuelin Yao, Jareth Wolfe, Luigi Del Debbio, Sjoerd V Beentjes,
Chris P Ponting, and Ava Khamseh. High order expression dependencies finely
resolve cryptic states and subtypes in single cell data. Molecular Systems Bio-
logy, 21(2):173–207, 2025.

[103] Jacopo Grilli, György Barabás, Matthew J Michalska-Smith, and Stefano Alles-
ina. Higher-order interactions stabilize dynamics in competitive network models.
Nature, 548(7666):210–213, 2017.

[104] Unai Alvarez-Rodriguez, Federico Battiston, Guilherme Ferraz de Arruda,
Yamir Moreno, Matjaž Perc, and Vito Latora. Evolutionary dynamics of higher-
order interactions in social networks. Nature Human Behaviour, 5(5):586–595,
2021.

[105] Clélia de Mulatier, Paolo P Mazza, and Matteo Marsili. Statistical inference of
minimally complex models. arXiv e-prints, pages arXiv–2008, 2020.

[106] Fernando E. Rosas, Pedro A. M. Mediano, Michael Gastpar, and Henrik J.
Jensen. Quantifying high-order interdependencies via multivariate extensions
of the mutual information. Phys. Rev. E, 100:032305, Sep 2019.

[107] Andrea I Luppi, Fernando E Rosas, Pedro AM Mediano, David K Menon, and
Emmanuel A Stamatakis. Information decomposition and the informational
architecture of the brain. Trends in Cognitive Sciences, 28(4):352–368, 2024.

[108] T. F. Varley, M. Pope, M. G. Puxeddu, J. Faskowitz, and O. Sporns. Partial
entropy decomposition reveals higher-order structures in human brain activity,
2023. arXiv preprint.

[109] Rikkert Hindriks, Tommy AA Broeders, Menno M Schoonheim, Linda Douw,
Fernando Santos, Wessel van Wieringen, and Prejaas KB Tewarie. Higher-
order functional connectivity analysis of resting-state functional magnetic res-
onance imaging data using multivariate cumulants. Human brain mapping,
45(5):e26663, 2024.

[110] Marta Niedostatek, Anthony Baptista, Jun Yamamoto, Jürgen Kurths, Ruben
Sanchez Garcia, Ben D MacArthur, and Ginestra Bianconi. Mining higher-order
triadic interactions. Nature Communications, 2025.

176



Bibliography

[111] R. G. James, C. J. Ellison, and J. P. Crutchfield. Anatomy of a bit: Information
in a time series observation. Chaos, 21:037109, 2011.

[112] Fernando E Rosas, Aaron Gutknecht, Pedro A M Mediano, and Michael Gast-
par. Characterising high-order interdependence via entropic conjugation. arXiv
preprint arXiv:2410.10485, 2024.

[113] Giovanni Petri, Paul Expert, Federico Turkheimer, Robin Carhart-Harris, David
Nutt, Peter J Hellyer, and Francesco Vaccarino. Homological scaffolds of brain
functional networks. Journal of The Royal Society Interface, 11(101):20140873,
2014.

[114] Federico Battiston, Giulia Cencetti, Iacopo Iacopini, Vito Latora, Maxime Lu-
cas, Alice Patania, Jean-Gabriel Young, and Giovanni Petri. Networks beyond
pairwise interactions: Structure and dynamics. Physics reports, 874:1–92, 2020.

[115] Jacob Billings, Manish Saggar, Jaroslav Hlinka, Shella Keilholz, and Giovanni
Petri. Simplicial and topological descriptions of human brain dynamics. Network
Neuroscience, 5(2):549–568, 2021.

[116] Allen Hatcher. Algebraic topology. Cambridge university press, New York, 2001.

[117] F. Saracco, R. Di Clemente, A. Gabrielli, and T. Squartini. Randomizing bi-
partite networks: the case of the world trade web. Scientific Reports, 5, 2015.

[118] Lukas Roell, Stephan Wunderlich, David Roell, Florian Raabe, Elias Wagner,
Zhuanghua Shi, Andrea Schmitt, Peter Falkai, Sophia Stoecklein, and Daniel
Keeser. How to measure functional connectivity using resting-state fmri? a com-
prehensive empirical exploration of different connectivity metrics. NeuroImage,
312:121195, 2025.

[119] Enzo Tagliazucchi, Pablo Balenzuela, Daniel Fraiman, and Dante R Chialvo.
Criticality in large-scale brain fmri dynamics unveiled by a novel point process
analysis. Frontiers in Physiology, 3:15, 2012.

[120] Xiao Liu and Jeff H Duyn. Time-varying functional network information ex-
tracted from brief instances of spontaneous brain activity. Proceedings of the
National Academy of Sciences, 110(11):4392–4397, 2013.

[121] Xiahai Zhuang, Zhiguo Yang, and Dietmar Cordes. Incorporating spatial con-
straint in co-activation pattern analysis to explore the dynamics of resting-state
networks: An application to parkinson’s disease. NeuroImage, 172:64–84, 2018.

[122] Ivan Cifre, Mohammad Zarepour, Silvina G Horovitz, Sergio A Cannas, and
Dante R Chialvo. Further results on why a point process is effective for estim-
ating correlation between brain regions. Papers in Physics, 12:051, 2020.

[123] Oren Shriki, Jeff Alstott, Frederick Carver, Tom Holroyd, Richard NA Henson,
Marie L Smith, Richard Coppola, Edward Bullmore, and Dietmar Plenz. Neur-
onal avalanches in the resting meg of the human brain. Journal of Neuroscience,
33(16):7079–7090, 2013.

177



Bibliography

[124] Fabrizio Lombardi, Oren Shriki, Hans J Herrmann, and Lucilla de Arcangelis.
Long-range temporal correlations in the broadband resting state activity of the
human brain revealed by neuronal avalanches. Neurocomputing, 461:657–666,
2021.

[125] KC K Nkurumeh, Han Yuan, and Lei Ding. Recurring transient brain-wide
co-activation patterns from eeg spatially resembling time-averaged resting-state
networks. bioRxiv, pages 2025–06, 2025.

[126] Fabrizio Lombardi, Hans J Herrmann, Liborio Parrino, Dietmar Plenz, Silvia
Scarpetta, Anna Elisabetta Vaudano, Lucilla De Arcangelis, and Oren Shriki.
Beyond pulsed inhibition: Alpha oscillations modulate attenuation and amp-
lification of neural activity in the awake resting state. Cell reports, 42(10),
2023.

[127] Anna Gallo, Fabio Saracco, and Tiziano Squartini. Statistically validated pro-
jection of bipartite signed networks. npj Complexity, 2(1):22, Jul 2025.

[128] Marzio Di Vece, Emanuele Agrimi, Samuele Tatullo, Tommaso Gili, Miguel
Ibáñez-Berganza, and Tiziano Squartini. Assessing (im)balance in signed brain
networks. arXiv: 2508.00542, 2025.

[129] Michele Tumminello, Salvatore Miccichè, Fabrizio Lillo, Jyrki Piilo, and Ros-
ario N. Mantegna. Statistically validated networks in bipartite complex systems.
PLoS ONE, 6(3):e17994, March 2011.

[130] Giulio Cimini, Alessandro Carra, Luca Didomenicantonio, and Andrea Zac-
caria. Meta-validation of bipartite network projections. Communications Phys-
ics, 5(1):76, 2022.

[131] Zachary P Neal, Annabell Cadieux, Diego Garlaschelli, Nicholas J Gotelli, Fabio
Saracco, Tiziano Squartini, Shade T Shutters, Werner Ulrich, Guanyang Wang,
and Giovanni Strona. Pattern detection in bipartite networks: A review of ter-
minology, applications, and methods. PLOS Complex Systems, 1(2):e0000010,
2024.

[132] Yoav Benjamini and Yosef Hochberg. Controlling the false discovery rate: A
practical and powerful approach to multiple testing. Journal of the Royal Stat-
istical Society. Series B (Methodological), 57, 1995.

[133] Federico Musciotto, Federico Battiston, and Rosario N. Mantegna. Detect-
ing informative higher-order interactions in statistically validated hypergraphs,
2021.

[134] Matteo Neri, Dishie Vinchhi, Christian Ferreyra, Thomas Robiglio, Onur Ates,
Marlis Ontivero-Ortega, Andrea Brovelli, Daniele Marinazzo, and Etienne Com-
brisson. HOI: A Python toolbox for high-performance estimation of Higher-
Order Interactions from multivariate data. Journal of Open Source Software,
9(103):7360, November 2024.

178



Bibliography

[135] B. T. Thomas Yeo, Fenna M. Krienen, Jorge Sepulcre, Mert R. Sabuncu, Danial
Lashkari, Marisa Hollinshead, Joshua L. Roffman, Jordan W. Smoller, Lilla
Zöllei, Jonathan R. Polimeni, Bruce Fischl, Hesheng Liu, and Randy L. Buckner.
The organization of the human cerebral cortex estimated by intrinsic functional
connectivity. Journal of Neurophysiology, 106(3):1125–1165, 2011.

[136] David C. Van Essen, Stephen M. Smith, Deanna M. Barch, Timothy E. Behrens,
Essa Yacoub, and Kamil Ugurbil. The wu-minn human connectome project: an
overview. NeuroImage, 80:62–79, 2013.

[137] Matthew F Glasser, Stamatios N Sotiropoulos, J Anthony Wilson, Timothy S
Coalson, Bruce Fischl, Jesper L Andersson, Junqian Xu, Saad Jbabdi, Matthew
Webster, Jonathan R Polimeni, et al. The minimal preprocessing pipelines for
the human connectome project. Neuroimage, 80:105–124, 2013.

[138] Ludovica Griffanti, Gholamreza Salimi-Khorshidi, Christian Beckmann, Ed-
ward Auerbach, Gwenaëlle Douaud, Claire Sexton, Enikő Zsoldos, Klaus Eb-
meier, Nicola Filippini, Clare Mackay, Steen Moeller, Junqian Xu, Essa Yacoub,
Giuseppe Baselli, Kamil Ugurbil, Karla Miller, and Stephen Smith. Ica-based
artefact removal and accelerated fmri acquisition for improved resting state net-
work imaging. NeuroImage, 95, 03 2014.

[139] Theodore D Satterthwaite, Mark A Elliott, Raphael T Gerraty, Kosha Ruparel,
James Loughead, Monica E Calkins, Simon B Eickhoff, Hakon Hakonarson,
Ruben C Gur, Raquel E Gur, et al. An improved framework for confound
regression and filtering for control of motion artifact in the preprocessing of
resting-state functional connectivity data. Neuroimage, 64:240–256, 2013.

[140] Alexander Schaefer, Ru Kong, Evan M. Gordon, Timothy O. Laumann, Xi-
Nian Zuo, Alexander J. Holmes, Simon B. Eickhoff, and B. T. Thomas Yeo.
Local-global parcellation of the human cerebral cortex from intrinsic functional
connectivity mri. Cerebral Cortex, 28(9):3095–3114, 2018.

[141] Y. Tian, D. S. Margulies, M. Breakspear, and A. Zalesky. Topographic organ-
ization of the human subcortex unveiled with functional connectivity gradients.
Nature neuroscience, 23(11):1421–1432, 2020.

[142] Kai Hwang, Maxwell A Bertolero, William B Liu, and Mark D’Esposito. The
human thalamus is an integrative hub for functional brain networks. Journal of
Neuroscience, 37(23):5594–5607, 2017.

[143] Takuma Kitanishi, Ryoko Umaba, and Kenji Mizuseki. Robust information
routing by dorsal subiculum neurons. Science advances, 7(11):eabf1913, 2021.

[144] Peter T Bell and James M Shine. Subcortical contributions to large-scale net-
work communication. Neuroscience & Biobehavioral Reviews, 71:313–322, 2016.

[145] Vinod Menon. Large-scale brain networks and psychopathology: a unifying
triple network model. Trends in Cognitive Sciences, 15(10):483–506, 2011.

179



Bibliography

[146] Vinod Menon. Salience network. Brain Mapping, pages 597–611, 2015.

[147] Weidong Cai, Srikanth Ryali, Ramkrishna Pasumarthy, Viswanath Talasila, and
Vinod Menon. Dynamic causal brain circuits during working memory and their
functional controllability. Nature communications, 12(1):3314, 2021.

[148] Juyong Park and Mark E J Newman. Statistical mechanics of networks. Phys.
Rev. E, 70(6):66117, dec 2004.

[149] Diego Garlaschelli and Maria I. Loffredo. Maximum likelihood: Extracting
unbiased information from complex networks. Physical Review E, 78, 2008.

[150] Nicolò Vallarano, Matteo Bruno, Emiliano Marchese, Giuseppe Trapani, Fabio
Saracco, Giulio Cimini, Mario Zanon, and Tiziano Squartini. Fast and scal-
able likelihood maximization for exponential random graph models with local
constraints. Scientific Reports, 11:15227, 2021.

[151] Juyong Park and M E J Newman. Solution of the 2-star model of a network.
Physical Review E, 70(6):066146, 2004.

[152] Mattia Marzi, Francesca Giuffrida, Diego Garlaschelli, and Tiziano Squartini.
Reproducing the first and second moments of empirical degree distributions.
Phys. Rev. Res., 8(1):013047, 2026.

[153] Sara Larivière, Casey Paquola, Bo-yong Park, Jessica Royer, Yezhou Wang,
Oualid Benkarim, Reinder Vos de Wael, Sofie L Valk, Sophia I Thomopoulos,
Matthias Kirschner, et al. The enigma toolbox: multiscale neural contextu-
alization of multisite neuroimaging datasets. Nature methods, 18(7):698–700,
2021.

180



List of publications

List of publications

This dissertation is based on the following papers:

• Chapter 2 is based on
F. Giuffrida, T. Squartini, P. Grünwald, and D. Garlaschelli. Description length
of canonical and microcanonical Models. Phys. Rev. Research 7, 043057 (2025).

• Chapter 3 is based on
F.Giuffrida, D. Garlaschelli and P. Grünwald. Testing maximum entropy models
with e-values. Phys. Rev. E 113, 054306 (2026).

• Chapter 4 is based on
Y. Wang, S. Arnold, F. Giuffrida, P. Grünwald, and T. Dickhaus. E-values for
Contingency Tables. In preparation.

• Chapter 5 is based on
F. Giuffrida, E. Agrimi, M. Marzi, A. Gallo, T. Squartini and T. Gili. Signatures
of higher-order coordination in the human brain. In preparation.

The following paper was completed during the PhD time but is not included in
this dissertation:

• M. Marzi, F. Giuffrida, D. Garlaschelli and T. Squartini. Reproducing the first
and second moment of empirical degree distributions. Phys. Rev. Research 8,
013141 (2026).

181


