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Introduction

o Importance of Mathematics and Probability in Engineering
@ Applications across multiple engineering domains: Signal Processing,
Control Systems, Structural Engineering, etc.

@ This talk will cover:

o Key mathematical concepts
e Fundamentals of probability theory
o Real-world applications

KR Chowdhary (MBM) CSE 2/ November 29, 2025 2/13



Core Mathematical Concepts

o Linear Algebra:

e Vectors, Matrices, Eigenvalues, Eigenvectors
o Applications in system modeling, signal processing, control theory

o Calculus:

e Differential equations, optimization
e Used in system dynamics and control analysis

o Complex Numbers:
o Essential in signal processing, stability analysis
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Probability Theory - Basics

@ Random Variables:

o Discrete vs. Continuous

o Expectation: E[X] =Y x;P(x;) (for discrete)
@ Probability Distributions:

e Uniform, Normal, Exponential
o Key Formulas:

e Bayes' Theorem: P(A|B) = %

e Law of Total Probability
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Conditional Probability and Independence

e Conditional Probability:

P(ANB)

P(AIB) = g

@ Independence: Two events A and B are independent if:
P(ANB) = P(A)P(B)

@ Applications: Communication systems, sensor networks, reliability
analysis
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Random Processes

Definition: A collection of random variables indexed by time or space.

Markov Chains: Memoryless processes, used in queuing theory,
network traffic modeling

Gaussian Processes: Used in signal processing and machine learning.

Poisson Processes: Modeling events occurring randomly over time
(e.g., failures, arrivals in queuing systems).

KR Chowdhary (MBM) CSE 6/ November 29, 2025 6/13



Key Applications in Engineering

Signal Processing: Filtering, noise reduction using probabilistic
models.

@ Control Systems: Stability analysis using state-space models, Kalman
Filters.

@ Reliability and Maintenance: Failure models using exponential
distributions, maintenance scheduling.

@ Communication Systems: Error correction codes, network traffic
analysis.
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Bayesian Inference in Engineering Design

@ Bayesian Updating: Combining prior knowledge with new data.

P(6|data) = P(data|0)P(6)

P(data)
@ Application: Optimal decision-making under uncertainty in system
design.
o Example: Updating the reliability of a system based on observed
failure data.
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Monte Carlo Simulation

@ Random Sampling: Estimating complex integrals and system
performance.

@ Applications: Risk analysis, uncertainty quantification in engineering
systems.

o Example: Estimating the probability of system failure by simulating
different random inputs.
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Optimization under Uncertainty

@ Stochastic Optimization: Optimizing systems where parameters are
uncertain (e.g., in manufacturing, logistics).

@ Methods: Simulated Annealing, Genetic Algorithms, Particle Swarm
Optimization.

@ Applications: Optimal control, resource allocation under uncertainty.
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Advanced Topics: Random Matrix Theory

@ Eigenvalue Distribution: Used in signal processing and communication

theory.
@ Applications: Network analysis, large-scale data processing.

@ Key Result: The Marchenko-Pastur law for large random matrices.
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Conclusion

@ Mathematics and probability are fundamental in solving real-world
engineering problems.

@ Theoretical concepts like random processes, optimization, and
Bayesian inference have vast applications.

@ Further research and study into these fields offer many exciting
opportunities for innovation in engineering.

Thank You!
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Questions?

Any Questions?
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