BSBT-MLSB Track-Specific Course Descriptions

1. Advanced Mathematics for Machine Learning and Simulation in R
Credit Hours: 3
Instruction Mode: 100% In Person
Course Type: Required
Course Description
This course introduces mathematical concepts essential for machine learning, data analysis, and computational modeling, with emphasis on three core areas: statistics, linear algebra, and differential equations.
The course begins with an introduction to R programming, which is then integrated throughout the curriculum as a tool for applying and exploring mathematical concepts. Topics include probability and statistical inference, linear algebra, and ordinary differential equations.
Emphasis is placed on developing both mathematical understanding and the ability to implement these concepts computationally. The course provides a foundation for subsequent coursework in machine learning, simulation, and computational modeling.
Academic Preparation
Students should have completed college-level mathematics coursework through calculus and differential equations. Prior exposure to linear algebra and statistics is strongly recommended.

2. Machine Learning
Credit Hours: 3
Instruction Mode: 100% In Person
Course Type: Required
Course Description
This course introduces the fundamental concepts and methods of supervised and unsupervised machine learning using R, with emphasis on applications in health informatics.
Topics include regression, classification, clustering, dimensionality reduction, model evaluation, and feature selection. Mathematical concepts underlying machine learning methods, including optimization, are introduced and developed as needed.
The course balances understanding of machine learning principles with practical implementation, providing students with experience applying machine learning algorithms to biomedical and health-related data.
Academic Preparation
Students should have prior programming experience and undergraduate-level mathematics preparation through calculus and differential equations. Students should expect substantial mathematical content throughout the course.

3. Computational Genomics
Credit Hours: 3
Instruction Mode: 100% In Person
Course Type: Required
Course Description
This course applies machine learning and computational methods to the analysis of genomic data.
Students revisit and reimplement algorithms introduced in the Machine Learning course in the context of genomic applications, while also learning methods developed specifically for high-dimensional genomic data.
Topics address challenges unique to genomics, including large feature spaces, limited sample sizes, multiple testing, dimensionality reduction, feature selection, and biological interpretation.
Emphasis is placed on understanding how the structure and scale of genomic data influence algorithm selection, implementation, and interpretation.
Prerequisites
Students must complete the following courses before enrolling:
· Advanced Mathematics for Machine Learning and Simulation in R
· Machine Learning

4. Modeling & Simulation of Molecular and Cellular Dynamics
Credit Hours: 3
Instruction Mode: 100% In Person
Course Type: Required
Course Description
This course introduces computational modeling and simulation of molecular signaling systems and cellular dynamics.
Students develop mechanistic models of biological processes and use them to investigate how molecular interactions give rise to dynamic cellular behavior.
A major focus of the course is the integration of mechanistic models with experimental data. Topics include parameter estimation, optimization, sensitivity analysis, structural and practical identifiability analysis, and uncertainty in model predictions.
Through these topics, students develop an understanding of how mathematical and computational models can be used to investigate biological systems and interpret their dynamic behavior.

