Semester: 1

Programme : M.Sc. Data Science

Course: Mathematical Foundations of Data Science and Data
Visualization

Paper code: M2C4DS260122T / M2C4DS260122P

Credits: 6

Hours/week : 8 (4Th + 4Pr)

Category: Core/MDC/SEC/VAC: Core

Theory / Practical / Composite: Composite

No of Modules : 2

Course Outcome for module 1:

1.

Remember the fundamental definitions of vectors, norms, matrix properties (rank, trace,
determinant), graph terminology, and logical connectives.

Understand the conceptual framework of vector spaces, the principles of linear
transformations, and the structural properties of various graph types, including Eulerian and
Hamiltonian graphs.

Apply numerical methods for solving linear systems (Gaussian elimination, Jacobi), graph
algorithms (Dijkstra, BFS, DFS), and graph coloring techniques to solve practical problems.

Analyze linear algebra techniques for data representation and dimensionality reduction
alongside the computational properties of shortest path and minimum spanning tree
algorithms.

Evaluate the validity of logical expressions using normal forms (CNF, DNF) and the
effectiveness of different matrix decompositions, such as Singular Value Decomposition
(SVD), for specific data science applications.

Create integrated mathematical frameworks by synthesizing advanced linear algebra
paradigms with discrete structures and logical reasoning to model complex data science
challenges

Prerequisites: Basic knowledge about any prior course

SYLLABUS
UNIT/Module | CONTENT HOURS or | CO COGNITIVE
NUMBER | Mapping | LEVEL
OF
CLASSES
Module 1/ Vectors, norms, Vector spaces, bases, | 6 CO1, K1, K2
Unit 1 orthogonality, Gram-Schmidt CO2
orthogonalization.
Module 1/ Review of matrices, rank, trace, | 5 CO1, K1, K2
Unit 2 determinant, Linear transformations. CO2
Module 1/ Solving linear systems: Gaussian | 7 COos3 K3
Unit 3 elimination, LU, Cholesky, Jacobi,
Gauss-Seidel; Projections, least
squares




Module 1/
Unit 4

Eigenvalues, eigenvectors, Spectral
Decomposition;  quadratic  forms;
Singular value decomposition.

CO4,
COs5,
CO6

K4, K5, K6

Module 2/
Unit 1

Graph Theory: Definition of Graph,
Graph Terminology, Finite and
Infinite graphs. Directed and
undirected graphs, Degree, Isolated
vertex, Pendant vertex. Null graphs.
Walks: Paths and circuits. Connected
and disconnected graphs, Euler's
graphs, Hamiltonian paths and
circuits. Planar Graph, Isomorphic
graph, Graph Coloring Problem

CO1,
CO2,
CO3

K1, K2, K3

Module 2/
Unit 2

Graph Algorithms: Graph
representation, Floyd’s shortest Path
algorithm, Trees, Minimal Spanning
Tree using Kruskal Algorithm and
Prim’s Algorithm, Dijkstra’s
Algorithm, Breadth First Search
(BFS), Depth First Search (DFS),
Connected components. Bellman Ford
Algorithm

14

CQOg3,
CO4

K3, K4

Module 2/
Unit 3

Prepositional Logic: Logical
Connectives, Well-formed Formulas,
Tautologies, Equivalences, Normal
Forms.

CQO1,
COs5,
CO6

K1, K5, K6

Data
Visualisation:

e Introduction to R and
RStudio, Importing datasets
in R (CSV, Excel), Basic data
handling and data frames

e Univariate and Bivariate
Visualisation using ggplot2:
Bar plots, pie charts,
Histograms, Boxplots, Scatter
plots and line plots,
Correlation and line of best
fit

e Visualisation of time series
data, Introduction to
animation using gganimate,
Animated scatter plots and
trend visualisation

e Basics of R Markdown and
Shiny, Creating simple
interactive dashboards,
Displaying plots and
summaries in dashboards
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Evaluation CIA:

Class Performance: 2
Attendance: 3
Mid-term Exam: 10
Total: 15

End Semester Exam:

Module 1= 23
Module 11=22
Total: 45

Continuous Assessment: 40

Paper Structure for
Theory Semester Short Questions
Exam Module:

Long Questions: 10 marks each

Module 1 1 out of 2 Questions, 3 marks each | 2 out of 3

Module 11 1 out of 2 Questions, 2 marks each | 2 out of 3

Course outcomes (COs) and Cognitive Level Mapping

COs

CO Description

Cognitive levels

COo1

Remember the fundamental definitions of vectors, norms, matrix
properties (rank, trace, determinant), graph terminology, and logical
connectives.

K1

CO2

Understand the conceptual framework of vector spaces, the principles
of linear transformations, and the structural properties of various graph
types, including Eulerian and Hamiltonian graphs.

K2

CO3

Apply numerical methods for solving linear systems (Gaussian
elimination, Jacobi), graph algorithms (Dijkstra, BFS, DFS), and graph
coloring techniques to solve practical problems.

K3

CO4

Analyze linear algebra techniques for data representation and
dimensionality reduction alongside the computational properties of
shortest path and minimum spanning tree algorithms.

K4

CO5

Evaluate the validity of logical expressions using normal forms (CNF,
DNF) and the effectiveness of different matrix decompositions, such as

K5



https://static-bcrf.biochem.wisc.edu/courses/Tabular-data-analysis-with-R-and-Tidyverse/book/
https://static-bcrf.biochem.wisc.edu/courses/Tabular-data-analysis-with-R-and-Tidyverse/book/

Singular Value Decomposition (SVD), for specific data science
applications.

CO6

Create integrated mathematical frameworks by synthesizing advanced
linear algebra paradigms with discrete structures and logical reasoning to
model complex data science challenges

K6




