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1 jian Ma. “Photometric Redshifts with Copula Entropy”. In: arXiv preprint arXiv:2310.16633 (2023).
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2 Jian Ma. “On Thermodynamic Interpretation of Copula Entropy”. In: arXiv preprint arXiv:2111.14042 (2021). arXiv: 2111.14042
[cs.ITI.
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3 Aderonke Akerele et al. “Complexity and Nonlinear Dependence of lonospheric Electron Content and Doppler Frequency Shifts in
Propagating HF Radio Signals within Equatorial Regions”. In: Atmosphere 15.6 (2024), p. 654. DOI: 10.3390/atmos15060654. URL
https://www.ndpi.com/2073-4433/15/6/654.
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4 Carmen Maria Constantin and Andreas Doering. “Contextual Entropy and Reconstruction of Quantum States — an Unified Framework
based on Copula Entropy”. In: arXiv preprint arXiv:1208.2046 (2021). Unpublished version at August 28, 2021.
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S5Yuhao Chen et al. “Research on performance prediction of a small sample centrifugal pump based on a pre-processing approach for
imbalanced regression and key hyperparameters optimization”. In: Physics of Fluids 37.6 (2025), p. 067148. DoI: 10.1063/5.0274888
eprint: https://pubs.aip.org/ai f/article-pdf/doi/10.1063/5.0274888/20565541/067148\_1\_5.0274888.pdf. URL

https://doi.org/10.1063/5.027:
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O%m et ol "HF—SERAEMBORASILTEMRMETESMIAN". In RERZE HARE 552 (2025), pp. 281-204, FIFER.
"EFNRFINBAEEMRIZSHGHRERR". WIL200r. EEETRS, 2024,

7Yunpeng Ma et al. “Improve thermal efficiency and reduce NOx emission of circulating fluidized bed boiler based on multi-objective
optimization framework”. In: Thermal Science and Engineering Progress (2025), p. 103753, 1ssx: 2451-9049. DOI
https://doi.org/10.1016/j.tsep.2025.103753. URL: https sciencedirect.com/science/article/pii/S2451904925005438.
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8Michel A. Cuendet, Harel Weinstein, and Michael V. LeVine. “The Allostery Landscape: Quantifying Thermodynamic Couplings in
Biomolecular Systems”. In: Journal of Chemical Theory and Computation 12.12 (2016), pp. 5758-5767. 1sSN: 1549-9618. DO!
10.1021/acs. jctc.6b00841. URL: https://doi.org/10.1021/acs. jctc.6b00841.

10/67


https://doi.org/10.1021/acs.jctc.6b00841
https://doi.org/10.1021/acs.jctc.6b00841

Real apphcatwons

1{ 1|=| ,%\%

° SFIRIT
o BItAFHERMNS FEN

9Mario Wieser. “Learning Invariant Representations for Deep Latent Variable Models”. PhD thesis. University of Basel, 2020,
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Oma. BT IOFAR GBI TETR . M2 mErEAS, 2023,
HSong Zhang et al. “Correlation between plastic deformation mechanism and texture evolution of a near B-Ti alloy deformed in B
region”. In: Intermetallics 170 (2024), p. 108333. 1ssN: 0966-9795. DOI: https://doi.org/10.1016/j.intermet.2024.108333. URL

https://w ncedirect.com/science/article/pii/S0966979524001523.

12Chengchen Jin et al. “High-Throughput Calculation and Machine Learning-Assisted Prediction of the Mechanical Properties of
Refractory Multi-Principal Element Alloys”. In: Advanced Theory and Simulations (2025), e00784.
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Bamm. S FESNRTOESTAHEMEMETMAR . Mt Sey. FifiLs, 2022

Ye%we, FH, and B "BTF VMD-Bayes-Lasso HEHIREMMEMINE ™ NOX REERIE . In: Eibi NASSI (HARZH)
52.235 (2023), pp. 117-124+4142,

15J\'ngka\' Xue et al. “Long-term spatiotemporal variations of ammonia in the Yangtze River Delta region of China and its driving
factors”. In: Journal of Environmental Sciences 150 (2025), pp. 2 7. 1sSN: 1001-0742. por
https://doi.org/10.1016/j.jes.2024.02.021. URL: https:// ciencedirect.com/science/article/pii/S1001074224001153.

1655, "B TF CatBoost-Bayes HREHMEMMFHN NSOy MEMETR". W2 ks /A%, 2004,
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17 jian Ma. “Facies Classification with Copula Entropy”. In: arXiv preprint arXiv:2501.14351 (2025).
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18Yufeng Shan, Jiangfeng Wei, and Beilei Zan. “Improving Estimates of Land—Atmosphere Coupling Through a Novel Framework of

Land Aridity Classification”. In: Geophysical Research Letters 51.2 (2024), €2023GL106598. poI: 10.1029/2023GL106598.
19 aura Mack, Marvin Kihnert, and Norbert Pirk. “Probabilistic delling of ati here-surface coupling with a copula Bayesian
network”. In: Environmental Modelling & Software (2026). arXiv: 2509.11975 [physics.ao-ph]. URI

https://arxiv.org/abs/2509.11975.
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201y Chen, Vijay P. Singh, and Shenglian Guo. “Measure of Correlation between River Flows Using the Copula-Entropy Method”. In
Journal of Hydrologic Engineering 18.12 (2013), pp. 15911606, Lu Chen et al. “Copula entropy coupled with artificial neural network for
rainfall-runoff simulation”. In: Stochastic Environmental Research and Risk Assessment 28.7 (2014), pp. 1755-1767, BR{EE et al. “—Fp
BEFSEEFE NN SEERMEHEHTIBAE". Pat. CN117151285A. CN117151285A. 2023,

2lYingy\'ng Han et al. “Non-Stationary Flood Characteristics and Joint Risk Analysis in Inland China with Uncertainty Considerations”.
n: Atmosphere 17.3 (2026), p. 281.

22|y Chen and Shenglian Guo. Copulas and its Application in Hydrology and Water Resources. Springer Singapore, 2018.

for Compound Flood Events”. In
4718.

2Bxy Wang and Yong-Ming Shen. “A Framework of Dependence Modeling and Evaluation Syst
Water Resources Research 59.8 (2023), e2023WR034718. DOI: https://doi.org/10.1029/202

24 Longxia Qian et al. “A New Estimation Method for Copula Parameters for Multivariate Hydrological Frequency Analysis With Small
Sample Sizes”. In: Water Resources Management 36.4 (2022), pp. 1141-1157. 1ssN: 1573-1650. URIL
https://doi.org/10.1007/s11269-021-03016

1667


https://doi.org/https://doi.org/10.1029/2023WR034718
https://doi.org/10.1007/s11269-021-03016-w

Real applications

o TR
o HMHET RSB
o EiMiFETREMRIN
o ENEAHHE (Tapti) ST RERIEIT
o FHAMT (FLEA. BENMDHRE) TREESHS
° ilﬂ*—lgjﬁgqumﬂz**ﬁ?ﬁﬁ* 2
o ERTIMERMRBTREMAINELS T
o BEINASEE LTS

28R et al. "BF Copula MBLHFRWHEFHEIE". In: HLALkFIKE K2 (HARZEIT) 404 (2019), pp. 51-56, C.Y. Huang
and Y.P. Zhang. “Prediction based on Copula Entropy and General Regression Neural Network”. In A/Jp//cd Ecology and Environmental
Research 17.6 (2019), pp. 14415-14424, HEE. "EMASM T REHRIFERUAR " HE2007. ARETASF, 2021, 448%. “HT
FBRE-Rl- kT F R EEREHE". -2t FibRMBHE AR, 2023,

26nglmg Ni et al. “Vine copula selection using mutual information for hydrological dependence modeling”. In: Environmental Research
186 (2020), p. 109604.

27p_ Kanthavel, C.K. Saxena, and R.K. Singh. “Integrated Drought Index based on Vine Copula Modelling”. In: International Journal of
(/,m.u/owwm(ﬂo%) pp. 9510-9529. DOT: https://doi.org/10.1002/joc.7840. eprint
cps: iley.com/doi/pdf/10.1002/joc.7840. URI

.onlinelibrar

.onlinelibrary y.com/doi/abs/10.1002/joc. 7840.

28Morteza Mohammadi, Mahdi Emadi, and Mohammad Amini. “Bivariate Dependency Analysis using Jeffrey and Hellinger Divergence
Measures based on Copula Density Estimation by Improved Probit Transformation”. In: Journal of Statistical Sciences 15.1 (2021),
pp. 233-254. por: 10.29252/j 165.1.233.

Dipz "BF GAMLSS ERTETFRSKTRAALFRIERWBRRTREEMH . ML2(00T. FolRl Az, 2025,

SO3umARR. MR AT SRR A RRAALAITG . Mt ARk, 2024,

31 Muhammad Owais Khan et al. “Assessing drought dynamics across climatic zones using parametric and entropy copula models”. In

Stochastic Environmental Research and Risk Assessment 40.8 (July 2026), p. 191. 1ssN: 1436-3259. URI
https://doi.org/10.1007/s00477-026-03313-z.
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B2 497 et al. “F Copula M-RENAMMFRMERFURIG . In: ARKIT 52.11 (2021), pp. 81-85.
33Ran Mo et al. “Long-term probabilistic streamflow forecast model with *
framework”. In: Journal of Hydrology 622 (2023), p. 129736
https://%

inputs—structure—parameters” hierarchical optimization
://doi.org/10.1016/3. jhydrol.2023.129736. URI
06789.

)OI ht
.com/science/article/pii/S002216942.

ciencedirec

34Xiao Li et al. “Predicting Monthly Runoff of the Upper Yangtze River Based on Multlple Machine Learning Models”. In: Sustainability
14.18 (2022), p. 11149. 1ssN: 2071-1050. por: 10.3390/su141811149. URL: ht : mdpi.com/2071-1050/14/18/11149.

35315 et al. "EFIEMAREMANERMAENERAESR". 0 AFRIEHRE 33.3 (2022), pp. 442-451

36Victor Costa Porto et al. “A GLM copula approach for multisite annual streamflow generation”. In: Journal of Hydrology 598 (2021),
p. 126226,

37 Ruofei Xing et al. “Temporal variation in river ice phenology of the Heilongjiang River in response to climate change”
Hydrology: Regional Studies 54 (2024), p. 101868. 1ssN: 2214-5818
https://%

. In: Journal of
DOI: https://doi.org/10.1016/j.ejrh.2024.101868. URI
.com/science/article/pii/S2214581824002167.

ciencedirec

18/67


https://doi.org/https://doi.org/10.1016/j.jhydrol.2023.129736
https://www.sciencedirect.com/science/article/pii/S0022169423006789
https://doi.org/10.3390/su141811149
https://www.mdpi.com/2071-1050/14/18/11149
https://doi.org/https://doi.org/10.1016/j.ejrh.2024.101868
https://www.sciencedirect.com/science/article/pii/S2214581824002167

Real applications

o 7K TR L& IEHEFAMR AL

EigmEmnme

&AL 7K 32 300 0 g >

JERATR KSR ; 34TSR ; A 42 b 7T 455 R 2 O 9 *©
RS e

EEERIE/ZT (Choctawhatchee) JAT37E 7K 3T IR+

o SETUMALEFEFNRIKL RGN

38 Pengcheng Xu et al. “A two-phase copula entropy-based multiobjective optimization approach to hydrometeorological gauge network
design”. In: Journal of Hydrology 555 (2017), pp. 228-241.

3945 et al. "—FHETF Copula JIASTIERE WARRIBI AL 535", Pat. CN106897530B. CN1068975308. 2010

40peshu Li et al “Developing a dual entropy-transinformation criterion for hydrometric network optimization based on information
theory and copulas”. In: Environmental Research 180 (2020), p. 108813.

4118832 et al. "BF C-Vine Copula % BAREMASRIMK T SKIERULUBZ . In: ERAIKFIKE 2 (2022), pp. 16-21. DO

10.12396/znsd .220702.
iy, 2 BRANTREK SRR SIEN". FH20ie BT AS, 2010,
BHMAE. “BF Bayesian HEMK I TRSEERME U TEMEAISEME". FH2007. RILAZE, 2023,
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44 Zengchao Hao and Vijay P. Singh. “Integrating Entropy and Copula Theories for Hydrologic Modeling and Analysis”. In: Entropy 17.4
(2015)‘ pp. 2253-2280. 1sSN: 1099-4300. poOI: 10.3390/e17042253. URL: https:// mdpi.com/1099-4300/17/4/2253.

45Francesca Condino. “La divergenza di Jensen-Shannon nell’algoritmo di clustering dinamico per dati descritti da distribuzioni
multivariate”. PhD thesis. Universita degli Studi di Napoli Federico II, 2009.
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46 jian Ma. “Estimating Transfer Entropy via Copula Entropy”. In: arXiv preprint arXiv:1910.04375 (2019).
47 Xiaoxuan Wu et al. “Research on PM2.5 Concentration Prediction Based on the CE-AGA-LSTM Model”. In Applied Sciences 12.14
(2022), p. 7009. 18SN: 2076-3417. DOI: 10.3390/app12147009. URL: https://w dpi.com/2076-3417/12/14/7009, Jieyin Chen.
“Short-Term Prediction of PM2.5 Concentration based on Self-Attention Mechanism Improved Temporal Convolution Network”. In: 2023
International Seminar on Computer Science and Engineering Technology (SCSET). 2023, pp. 528-534. pOI
10.1109/SCSET58950.2023.00121.

48Jujie Wang et al. “A novel air quality prediction and early warning system based on combined model of optimal feature extraction and
8 (2022), p. 112098. 15sN: 0960-0779. DO

intelligent optimization”. In: Chaos, Solitons & Fractals 15
/doi.org/10.1016/j 2022.112098 RL
iencedirect ticle/pii/S0960077922003083.

AOprzie, WA, and (1%, "ETF Copula MEFHEEM PSO-ELM ARKEFMME" . In: SHFHZHSHA 402 (2019), pp. 7-11.
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“cylcop: An R Package for Circular-Linear Copulae with Angular Symmetry”. In: bioRxiv
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cylcop: Circular-Linear Copulas with Angular Symmetry for Movement Data. CRAN. R
2022.

50F|orian H. Hodel and John R. Fieberg.
(2021), p. 2021.07.14.452253, Florian Hodel.

package version 0.2.0, URL: https://cran.r-project.org/package=cylcop
Microbially-Mediated Soil Carbon-Nitrogen Dynamics in Response to Future Soil Moisture Change”. In
DOL: https://doi.org/10.1029/2024EF005521.

Earth's

51Wanyu Li et al. *
Future 13.3 (2025), €2024EF005521
5zYus:ying Li et al. “Integrating Transfer Entropy and Network Analysis to Explore Social-Ecological Resilience Evolution: a case study in

South China Karst”. In: Journal of Cleaner Production (2025), p. 145926. 1ssN: 0959-6526. DOI

/10.1016/3. ro.2025.145926. URL
encedirec om/science/article/pii/S0959652625012764.
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53 Francisco Escolano et al. “The mutual information between graphs”. In: Pattern Recognition Letters 87 (2017), pp. 12-19. poI1
https://doi.org/10.1016/j.patrec.2016.07.012. URI

https:// iencedire com/science/article/pii/S016786551630174X.

5450umik Purkayastha and Peter X.K. Song. “Asymmetric predictability in causal discovery: an information theoretic approach”. In
arXiv preprint arXiv:2210.14455 (2022).
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55Vane Li et al. “CE-CNN-BiGRU-SA: A novel generalization sap flow prediction model for trees at different ages and species with
historical environmental factors”. In: SSRN:5460406 (2025)
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5<:-'Z\'ya Zhang et al. “Impact of climate change and planting date shifts on growth and yields of double cropping rice in southeastern
China in future”. In: Agricultural Systems 205 (2023), p. 103581. 1ssN: 0308-521X. DOI
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60p,olo Victor Redondo, Raphaél Huser, and Hernando Ombao. “Measuring Information Transfer Between Nodes in a Brain Network
through Spectral Transfer Entropy”. In: arXiv preprint arXiv:2303.06364 (2023), {E75%% et al. “BTF 8BS MRI RREEEANGKE
B MVPA 53683, In: BEEEIRALIS 14.6 (2023), pp. 18-25.

61 Zhaohui Li et al. “Estimating global phase synchronization by quantifying multivariate mutual information and detecting network
structure”. In: Neural Networks 183 (2025), p. 106984. 1ssN: 0893-6080
URL: https:/ i

DOI
iencedirect.c

https://doi.org/10.1016/j.neunet.2024.106984
024009134,

ience/article/pii/s08

62Wojciech Ciezobka et al. "End-to-End Stroke Imaging Analysis Using Effective Connectivity and Interpretable Artificial Intelligence”.
In: IEEE Access 13 (2025), pp. 10227-10239. po1: 10.1109/ACCESS.2025.3529179.
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63Stephanie J. Kayser et al. “Irregular Speech Rate Dissociates Auditory Cortical Entrainment, Evoked Responses, and Frontal Alpha”.
In: The Journal of Neuroscience 35 44 (2015), pp. 14601-14701, Robin A. A. Ince et al. “The Deceptively Simple N170 Reflects Network
Information Processing Mechanisms Involving Visual Feature Coding and Transfer Across Hemispheres”. In: Cerebral Cortex 26.11 (2016),
pp. 4123-4135, Robin A.A. Ince et al. “A statistical framework for neuroimaging data analysis based on mutual information estimated via
a gaussian copula”. In: Human Brain Mapping 38.3 (2017), pp. 15411573, Etienne Combrisson et al. “Group-level inference of
information-based measures for the analyses of cognitive brain networks from neurophysiological data”. In: Neurolmage 258 (2022),
p. 119347, 1ssN: 1053-8119. DOI: https://doi.org/10.1016/j.neuroimage.2022.119347. UR

https:// sciencedire com/science/article/pii/S1053811922004669.

64picter De Clercq et al. “Beyond linear neural envelope tracking: a mutual information approach”. In: Journal of Neural Engineering
20.2 (2023), p. 026007. DOI: 10.1088/1741-2552/acbeld. URL: https://dx.doi.org/10.1088/1741-2552/acbeld.

65NA Pospelov et al. “Searching for cognitive specializations of neurons using mutual information framework”. In: Genes & Cells 18.4
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Clean Technologies and Environmental Policy 27.11 (2025), pp. 6573-6585

In

onshore oil production area in Shengli Oilfield, China”
URL: https://doi.org/10.1007/510098-025-03203-y.
M0, BT S BIEEBRMB-HRRBARTRA. L2000 Rk 2023,

gt and K5 "BF Copula M UMBREN RS TRMESBISHITE". In 2024 FEEBLAZ. 2024,
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148 a0 Tang, Dongyao Jiang, and Badong Chen. “MEG Channel Selection Using Copula Entropy-Based Transfer Entropy for Motor
2024 46th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC). 2024,

Imagery BCI". In

pp. 1-4. DOI: 10.1109/EMBC53108.2024.10782066, Chao Tang et al. “Copula Transfer Entropy-Based Channel Selection for MEG Motor
Imagery Brain Computer Interfaces”. In Science and Technology 31.3 (2026), pp. 1474-1486. DOI
10.26599/TST.2025.9010006. URL: http: open.com/article/10.26599/TST.2025.9010006.

149 mpeat et ol "—HETHIEHE S AL BRI ERRURL". Pat. CN117577220A CN117577220A. 2024,
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150 i Yin, Jince Li, and Hongguang Li. “A CNN approach based on correlation metrics to chemical process fault classifications with
limited labeled data”. In: The Canadian Journal of Chemical Engineering 101.7 (2022), pp. 3982-3997. DOI: 10.1002/cjce.24749
eprint: https://onlinelibrary.wiley.com/doi/pdf/10.1002/cjce.24749. URI

https://onlinelibrary. com/doi/a 10.1002/cjce. 24749, Yingpeng Wei and Li Wang. “Copula entropy-based PCA method
and application in process monitoring”. In 2 4th International Conference on Intelligent Information Processing (IIP). 2022,

pp. 61-64. DOI: 10.1109/ITP57348.2022.00019, Shuangshuang Pan, Li Zhu, and Xirong Xu. “Root cause and fault propagation analysis
based on causal graph in chemical processes”. In: 2023 CAA Symposium on Fault Detection, Supervision and Safety for Technical
Processes (SAFEPROCESS). 2023, pp. 1-6. DOI: 10.1109/SAFEPROCE; 97.2023.10295717.

151 xja0tian Bi et al. “Large-scale chemical process causal discovery from big data with Transformer-based deep learning”. In: Process
Safety and Environmental Protection 173 (2023), pp. 163-177.

19258 BFRESIONLTERKNRRESEHE". 200 g TAZ, 2023,
153 piints. “HFH FESHERMENERTEIRL STMRAATR". W20 b ThZ, 2025,
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154305 5% et al. “$RSMRES TR SEBBRARNFE. BEMBIERG". Pat. CN121350688A. CN121350688A. 2026, Jiarong Gao

et al. “Research on nuclear power plant sensor data reconstruction based on Seq2Seq-Mamba". In: Annals of Nuclear Energy 231 (2026),
p. 112219, 18sN: 0306-4549. DOI: https://doi.org/10.1016/j.anucene.2026.112219. UR
https: v iencedirec om/science/article/pii/S0306454926001076.
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155Baby Alpettiyil Krishnankutty, Rajesh Ganapathy, and Paduthol Godan Sankaran. “Non-parametric estimation of copula based mutual
information”. In: Communications in Statistics - Theory and Methods 49.6 (2020), pp. 1513-1527. por
10.1080/03610926.2018.1563180. eprint: https://doi.org/10.1080/03610926.2018.1563180. URI
https://doi.org/10.1080/03610926.2018.1563180.

1561126 Liu et al. “Data-driven identification model for associated fault propagation path”. In: Measurement 188 (2022), p. 110628

1SSN: 0263-2241. DOL: https://doi.org/10.1016/j.measurement.2021.110628. URL
7.sciencedirect.com/science/article/pii/S0263224121014986, Zefan Zeng et al. “Satellite Telemetry Data Anomaly

Detection Using Causal Network and Feature-Attention-Based LSTM”. In: |EEE Transactions on Instrumentation and Measurement 71

(2[]22)‘ pp. 1-21. por: 10.1109/TIM.2022.3151930.

Tz RBEMEERNRBREGITOTERR TL20T RRRITEAZ, 2023,

158 24k et al. “—MERE RSB ERER". Pat. CN110766314A. CN110766314A. 2020.

159xia0wei Tang et al. "Two Stages of Arrival Aircraft: Influencing Factors and Prediction of Integrated Arrival Time”. In: Aerospace
12.3 (2025), p. 250. DOI: 10.3390/aerospace12030250.
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160pe 28 et ol “—MSKBETAIEAR K R UL A ATIR ", Pat. CN117634046A. CN117634946A. 2024,

1615heng Gao et al. “Attack Detection for Intelligent Vehicles via CAN- Bus: A Lightweight Image Network Approach”. In: IEEE
Transactions on Vehicular Technology 72.12 (2023), pp. 16624-16636. DOI: 10.1109/TVT.2023.3296705.

162 jie Xy et al. “An Adaptive Multi-Signal Framework for Real-Time Fault Diagnosis of Rolling Bearings”. In: IEEE Transactions on
Instrumentation and Measurement 74 (2025)‘ pp. 1-16. por: 10.1109/TIM.2025.3541779.

163vye Zhou, Jihui Ma, and Honghui Dong. “Weighted Copula Entropy for Structural Pruning in Long-Tailed Autonomous Driving
Object Detection”. In: Entropy 28.3 (2026), p. 336.

164 Zhiwei Li et al. “Passenger-centric model predictive control for indoor temperature to facilitate energy-efficient airport terminal”. In

Building and Environment 283 (2025), p. 113344. 1ssN: 0360-1323. DOI: https://doi.org/10.1016/j.buildenv.2025.113344. URIL

https: iencedirec om/science/article/pii/S0360132325008200.
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165 g, “ HFMIBE INEFARIERI. L2005 BRRIET A, 2022.
166, Wang et al. “Physical Layer Secret Key Capacity Using Correlated Wireless Channel Samples”. In: 2016 IEEE Global
Communications Conference (GLOBECOM). 2016, pp. 1-6.
167zt e al. @ 66 MR TELBIEMHIBABSIER . In BB 476 (2023), pp. 35-40.
168 Ajexandre Delattre, Sylvain Gaeremynck, and Mickaél Corroyer. “Compressing entropy tables with interpolative coding”. Pat
US12341538B1. US12341538B1. 2024.
169 Andreas Gocht-Zech. “Ein Framework zur Optimierung der Energieeffizienz von HPC-Anwendungen auf der Basis von
Machine-Learning-Methoden”. PhD thesis. Technische Universitat Dresden, 2022,
170 5, Liu, Cong Hu, and Xiao-Jun Wu. “CE2: A Copula Entropic Mutual Information Estimator for Enhancing Adversarial
Robustness”. In: Pattern Recognition and Computer Vision. Springer Singapore, 2024, pp. 163-174.
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171Xuexing Zeng and T S Durrani. “Band selection for hyperspectral images using copulas-based mutual information”. In: 2009
IEEE/SP 15th Workshop on Statistical Signal Processing. 2009, pp. 341-344. DOI: 10.1109/SSP.2009.5278570.

24 4 et ol "—HETFEEEASIOEIINFAE". Pat. CN116378120A. CN116378120A. 2023, ABKE. “BURABE SARBLEROHL
S NTHANIERR . L2006, LA, 2022,
B, SRREMEEERSESREREATIR . B 200 BARTEAS, 2022,
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o R-vine copula Z5fgzEiE"”

174 Qiutong Wang. “Social Networks, Asset Allocation and Portfolio Diversification”. MA thesis. University of Waterloo, 2015, BEis4g.
“BF Copula MR K EMMEMERNNRFTAESERHAR". TLF Uit ARESTEAF, 2023

TSl SRS IITENRES KT, WA bEEEAS, 2022.

176 Rafael Calsaverini and Renato Vicente. “An information-theoretic approach to statistical dependence: Copula information”. In
(Europhysics Letters) 88.6 (2009), p. 68003. DOI: 10.1209/0295-5075/88/68003. URI
https://doi.org/10.1209/0295-5075/88/68003.

177 Fadhah Amer Alanazi “Truncating Regular Vine Copula Based on Mutual Information: An Efficient Parsimonious Model for

High-Dimensional Data”. In: Mathematical Problems in Engineering 2021 (2021), p. 4347957. URI
https://doi.org/10.1155/2021/4347957, E&48. "BFEEEHR Vine Copula R EMEIRIRAAARNBMERR". Wi+FTit T

IS, 2023.

EPL
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1784j,dson and Thames. Machine Learning Financial Laboratory (MLFinLab). GitHub. 2021 Ui
https://github.com/hudson-and-thames/mlfinlab.
1794

EEF. “BF Copula fRYITIL KBS MBI (0032, FRdbli A%, 2020,

180\yanfang Chen and Marc G Genton. “Are you all normal? It depends!” In: International Statistical Review 91.1 (2023), pp. 114-139.
181 35k et al. "—MESUIHETIRME ARBIEM RGER A" Pat. CN114049198A. CN114049198A. 2021,
1825 imp. A A& AR ITEREL S—2F Copula MRSHERIE". WLt x

BEKE, 2022,
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183 Dabin Zhang et al. “A novel deep transfer learning framework with adversarial domain adaptation: application to financial time-series
g p g p pp

forecasting”. In: Neural Computing and Applications 35 (2023), pp. 24037-24054. URI

https://doi.org/10.1007/s00521-023-09047-1.

184Henryk Gurgul and Robert Syrek. “Mutual information between Polish subindexes —the use of copula entropy around the time of the
COVID-19 pandemic”. In: Statistics in Transition new series 25.1 (2024), pp. 23-41. DOI: 10.59170/stattrans-2024-002.

185 Amanda Mahmutovic. “Forecasting Cryptocurrency Returns In Adaptive Markets With an Extended Copula Based Feature Selection
and Extended Copula Divergence Hybrid Loss Function”. MA thesis. Linnaeus University, 2025.
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Softwares

e copent!®
The copent package in R and Python for estimating copula entropy,
transfer entropy, the statistic for multivaritate normality test, two-sample
test, and change point detection are available on CRAN and PyPI
respectively. The source codes are provided on GitHub.

R https://cran.r-project.org/package=copent
P https://pypi.org/project/copent/

—
@ https://github.com/majianthu

186 jian Ma. “copent: Estimating Copula Entropy and Transfer Entropy in R". In: arXiv preprint arXiv:2005.14025 (2021).
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Third-party
@ R: cylcop
o Python: MLFinLab188 and ArbitrageLablsg (authored by Prof. Marcos
Lépez de Prado from Cornell University, Github 4500+ and 670+ stars);

187 (by University of Ziirich and University of Minnesota);

187 Florian H. Hodel and John R Fieberg. “cylcop: An R Package for Circular-Linear Copulae with Angular Symmetry”. In: bioRxiv
(2021), p. 2021.07.14.452253, Florian Hodel. cylcop: Circular-Linear Copulas with Angular Symmetry for Movement Data. CRAN. R
package version 0.2.0, URL: h
188 Hydson and Thames. Machine Learning Financial Laboratory (MLFinLab). GitHub. 2021. URI
https://github.com/hudson-and-thames/mlfinlab.

://cran.r-project.org/package=cylcop. 2022.

1894y,dson and Thames. The ArbitrageLab package in Python. GitHub. 2024. Ur
https://github. com/hudson-and-thames/mlfinlab.
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Third-party
o Python: gcm1190 (by Glasgow University, Radboud University Nijmegen, University of
Amsterdam, Kyiv Al group, Github 100+ stars), pytorch—mightylgl (by Kyiv Al
group), H01192 and Frit68193 (by CNRS, INT, and Aix-Marseille Université),
Tensorpaclg4 (by Université de Montréal, INT, and Aix-Marseille Université),

195

driada (by Moscow State University);

190Robin A.A. Ince et al. “A statistical framework for neuroimaging data analysis based on mutual information estimated via a gaussian
Human Brain Mapping 38.3 (2017), pp. 1541-1573, Robin A.A. Ince et al. gemi : Gaussian-Copula Mutual Information.
://github. con/robince/gemi. 2020.

copula”. In
GitHub. URL: htt

191 Danylo Ulianych. The pytorch-mighty package in Python. GitHub. 2023. Ur

https://github.com/dizcza/pytorch-mighty.

1925 4iNets. The HOT package in Python. Github. 2024. URL: https://brainets.github.io/hoi/.

193 Etienne Combrisson et al. “Frites: A Python package for functional connectivity analysis and group-level statistics of
neurophysiological data”. In: Journal of Open Source Software 7.79 (2022), p. 3842. DOI: 10.21105/joss.03842
https://doi.org/10.21105/joss.03842.

194 Etienne Combrisson et al “Tensorpac: An open-source Python toolbox for tensor-based phase-amplitude coupling measurement in

electrophysiological brain signals”. eng. In: PLoS computational biology 16.10 (2020), €1008302. 1ssy: 1553-7358. DoI
10.1371/journal.pcbi. 1008302.
195 stitute for Advanced Brain Studies. driada: Dimensionality Reduction for Integrated Activity Data. Github. URL

https://github.com/iabs-neuro/driada. 2024.
63/67


https://github.com/robince/gcmi
https://github.com/dizcza/pytorch-mighty
https://brainets.github.io/hoi/
https://doi.org/10.21105/joss.03842
https://doi.org/10.21105/joss.03842
https://doi.org/10.1371/journal.pcbi.1008302
https://github.com/iabs-neuro/driada

Softwares
0a o

Softwares

Third-party
@ Python: CopulaGP% (by University of Edinburgh), Polars—ds
York University, 1.45+ million downloads, Github 650+ stars), COpu].198 (by
Albert-Ludwigs-Universitit Freiburg), Tcopulal®®, and pycopcor?® (

Technische Universitat Dresden);

1907 (by New

by

196 Nina Kudryashova et al. “Parametric Copula-GP model for analyzing multidimensional neuronal and behavioral relationships”. In
PLoS computational biology 18.1 (2022), €1009799, Nina Kudryashova. Parametric Copula-GP framework. GitHub. URL
https://github.com/NinelK/CopulaGP. 2022.

197 Tianren Qin. Polars-ds: Polars Extension for General Data Science Use. GitHub. URL
https://github.com/abstractqqq/polars_ds_extension. 2024.

198 \1arcus Rockel. The copul package in Python. Github. URL: https://github.con/Corrram/copul. 2026.

199 Christopher Bell. The rcopula package in Python. GitHub. URL: https://github.con/Chrisebel124/python-copula. 2026.

200 Apdreas Gocht-Zech. The pycopcor package in Python. Github. URL: https://github. con/AndreasGocht /pycopcor. 2023,
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Third-party

o Julia: CopEnt .jl201 (by University of Edinburgh), CausalityTools. j
(by JuliaDynamics), and Copulas. 1203 (by Aix-Marseille Université, Github 110+

1202

stars);

o Matlab: ngi204 (by Glasgow University, Radboud University Nijmegen, University of

Amsterdam, Kyiv Al group, Github 100+ stars), and FieldTrip205 (by Radboud

University Nijmegen);

o C++: NPStat?06 207 (by Texas Tech University).

201Kai Xu. The CopEnt. 51 package in Julia. Github. 2021. URL: https://github.com/xukai92/CopEnt. j1.

202 pistian Agasg ster Haaga. The CausalityTools. jl package v2.10.1 in Julia. Github. 2023. vr1

https://github.com/JuliaDynamics/Causality s.jl.
203 Oskar Laverny and Santiago Jimenez. “Copulas.jl: A fully Distributions.jl-compliant copula package”. In: Journal of Open Source
Software 9.94 (2024), p. 6189. DOI: 10.21105/joss.06189. URL: https://doi.org/10.21105/ 06189,

204Robin A.A. Ince et al. “A statistical framework for neuroimaging data analysis based on mutual information estimated via a gaussian
copula”. In: Human Brain Mapping 38.3 (2017), pp. 15411573, Robin A.A. Ince et al. gems : Gaussian-Copula Mutual Information.
GitHub. URL: https://github.com/robince/gemi. 2020,

205Robert Oostenveld et al. “FieldTrip: Open Source Software for Advanced Analysis of MEG, EEG, and Invasive Electrophysiological
Data”. In: Computational Intelligence and Neuroscience 2011.1 (2011), p. 156869. DOI: https://doi.org/10.1155/2011/156869.

206551 Volobouev. NPStat — Non-parametric statistical modeling and analysis in C-++ and Python. HEPForge. URL
https://npstat.hepfo: org. 2023.

207The CE estimation method is decomposed into two functions for empirical copula estimation and entropy estimation.
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Monograph

Jian Ma. "“Copula Entropy: Theory and Applications”. In: arXiv preprint
arXiv:2025.18168 (2025)
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