Lecture Notes in Networks and Systems 1799

Dalila Duraes - Anne-Cecile Caron
Sokratis Karkalas

Minoru Nakayama - Loreto Lancia -
Zuzana Kubincova Editors

Methodologies and
Intelligent Systems
for Technology

- Enhanced Learning,
ho Bt

Scanned with

‘& CamScanner’:



https://v3.camscanner.com/user/download

An Enhanced Lattice Rule
with an Optimized Generating Vector
for High-Dimensional Sensitivity Analysis

Venelin Todorov!:2®) Slavi Georgiev®*, Meglena Lazarova®,

Michail Todorov®, Fatima Sapundzhi?, Velichka Traneva®, and Mihai Petrov®

! Department of Parallel Algorithms and Machine Learning with a Laboratory in
Neurotechnologies, Institute of Information and Communication Technologies,
Bulgarian Academy of Sciences, 25A Acad. G. Bonchev Str., 1113 Sofia, Bulgaria
venelin@parallel.bas.bg
2 Centre of Excellence in Informatics and Information and Communication
Technologies, 25A Acad. G. Bonchev Str., 1113 Sofia, Bulgaria
3 Department of Information Modeling, Institute of Mathematics and Informatics,
Bulgarian Academy of Sciences, 8 Acad. G. Bonchev Str., 1113 Sofia, Bulgaria
sggeorgiev@math.bas.bg
4 Department of Applied Mathematics and Statistics, Faculty of Natural Sciences
and Education, University of Ruse, 8 Studentska Str., 7004 Ruse, Bulgaria
sggeorgiev@uni-ruse.bg
5 Department of Mathematical Modeling and Numerical Methods, Technical
University of Sofia, 8 KIl. Ohridski Blvd., 1000 Sofia, Bulgaria
meglena.laz@tu-sofia.bg
6 Department of Differential Equations in Mathematical Physics, Institute of
Mathematics and Informatics, Bulgarian Academy of Sciences, 8 Acad. G. Bonchev
Str., 1113 Sofia, Bulgaria
7 Department of Communication and Computer Engineering, Faculty of Engineering,
Neofit Rilski South-West University of Blagoevgrad, 2700 Blagoevgrad, Bulgaria
sapundzhi@swu.bg
8 Department of Mathematics, Informatics and Physics, Prof. Dr. Asen Zlatarov
University of Bourgas, 1 Prof. Yakim Yakimov Blvd., 8010 Bourgas, Bulgaria

Abstract. This paper presents an advanced stochastic method based
on a lattice rule with an optimized generating vector, which has been
developed and thoroughly analyzed. A central component of the study
is the Unified Danish Eulerian Model (UNI-DEM), a large-scale mathe-
matical model that accurately represents complex physical and chemical
processes in the atmosphere. The research compares the proposed lat-
tice rule with the one of the best available methods for the problem
under consideration - the modified Sobol sequence, and also the bijec-
tional lattice rule and the Fibonacci-based lattice rule, demonstrating
its advantageous in estimating multidimensional integrals. The enhanced
approach proves to be robust and computationally efficient, making it
highly effective for computing sensitivity indices, a critical aspect of sci-
entific computing. Additionally, variance-based sensitivity analysis tech-
niques, particularly the Sobol’ method, have been employed to quantify
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