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MA 311: Mathematical Modeling

Course Code MA 311

Course Name Mathematical Modeling

L-T-P-C 3-0-0-3

Prerequisites Ordinary and Partial Differential Equations, Linear Algebra, Basics of Programming,
Basic of Statistics

Intended for B.Tech. Mathematics & Computing

Distribution Core for BTech. Mathematics and Computing, Elective for other branches

Mutual Exclusion -
Approval 59th BoA (Apr 2025)

Course Contents

Introduction to Mathematical Modeling: Modeling Process, Types of Models, Applications in Sci-
ence and Engineering, Modeling Change, Model Fitting Techniques, Experimental Modeling, Simulation
Modeling. [9 Lectures]

Modeling with System of Differential Equations I: Compartmental Models, Population Models: Single
Species Models (Exponential, Logistic, and Gompertz growth), Interacting Population Models: Prey-
Predator Models. [9 Lectures]

Modeling with System of Differential Equations II: Chemostat Models, Competition Model, Mutu-
alism Models, Tumor Models, Structured Population Models, spatially structured and Age structured
Models, Cooperative Model, Population Dispersal Model based on Diffusion, Traveling Wave Solutions,
Fisher’s Equation. [11 Lectures]

Mathematical Modeling with Machine Learning: Neural Network Modeling, Neural ODEs, Physics-
Informed Neural Networks (PINNs), The Pareto Front, Model Selection criteria, Cross-Validation, Infor-
mation Criteria. [7 Lectures]

Case Study: Oscillator Generated Wave Phenomena and Central Pattern Generators, The spruce bud-
worm outbreak model, SEIR model, PINNs for solving Heat Equation. [5 Lectures]

Text Books
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. Haykin, Simon., Neural Networks: A Comprehensive Foundation, 2nd Edition, Prentice Hall, 1999.
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